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FURN3D: A COMPUTER CODE FOR RADIATIVE HEAT TRANSFER
IN PULVERIZED COAL FURNACES
by

R. K. Ahluwalia and K. H. Im

ABSTRACT

A computer code FURN3D has been developed for assessing the impact of
burning different coals on heat absorption pattern in pulverized coal furnaces.
The code is unique in its ability to conduct detailed spectral calculations of
radiation transport in furnaces fully accounting for the size distributions of
char, soot and ash particles, ash content, and ash composition. The code uses
a hybrid technique of solving the three-dimensional radiation transport equation
for absorbing, emitting and anisotropically scattering media. The technique
achieves an optimal mix of computational speed and accuracy by combining the
discrete ordinate method (S,), modified differential approximation (MDA) and P;
approximation in different range of optical thicknesses. The code uses
spectroscopic data for estimating the absorption coefficients of participating
gases CO,, H,0 and CO. It invokes Mie theory for determining the extinction and
scattering coefficients of combustion particulates. The optical constants of
char, soot and ash are obtained from dispersion relations derived from
reflectivity, transmissivity and extinction measurements. A control-volume
formulation is adopted for determining the temperature field inside the furnace.
A simple char burnout model is employed for estimating heat release and evolution
of particle size distribution. The code is written in Fortran 77, has modular
form, and is machine-independent. The computer memory required by the code
depends upon the number of grid points specified and whether the transport

calculations are performed on spectral or gray basis.






1. INTRODUCTION

Thermal radiation is the principal mode of heat transfer in pulverized coal
(PC) furnaces. The radiative transfer is due to both band emission from gaseous
molecules (CO,, H,0, CO, SO,) and continuous emission from the various types of
particles which occur in coal flames. Continuous or luminous radiation is a
function of the type of particles, size distribution and concentration. Thus,
different coals and coal preparations with different ash content, ash
composition, coal grind, volatile matter and moisture/water content can exhibit
different heat transfer characteristics. The purpose of this report is to
document a computer model FURN3D that is sensitive to combustion particulate
characteristics and thus capable of resolving the effect of coal preparation and

substitution on furnace heat absorption.

A principal attribute of FURN3D is the ability to conduct radiation
calculations on a detailed spectral basis. This is a computationally intensive
process which necessitates development of an expedient technique for solving the
radiation transport equation (RTE) without sacrifice of accuracy. Some of the
various techniques of solving RTE in the order of computational requirement are
the Monte Carlo method, zone method, discrete-ordinate method (Sy), modified
differential approximation (MDA) and the differential approximation (P;). The
first two techniques are somewhat incompatible with finite-difference
formulations and impractical for repetitive spectral calculations inside an
iterative loop for unknown gas temperature field. The technique advocated in
FURN3D is a hybrid of Sy, MDA and P,. For a particular frequency and spectral
extinction coefficient, the code selects one of the three techniques on the basis
of computational speed and solution accuracy. In a given run, the code may use
all three techniques at different frequencies. Depending upon the spectrum of
extinction coefficients, the Sy technique may be invoked for more number of wave
bands in one simulation than in another. Similarly, the code may select the P,
approximation for more frequencies in some simulations than in others. The net
outcome is that the computational time in FURN3D is problem dependent besides

being grid dependent.

FURN3D employs Mie theory for determining the macroscopic absorption and

scattering cross-section of combustion particles. Size distributions are

1-1



i i e code
represented in form of histograms. For each frequency considered in th )

i i i char
efficiency factors corresponding to particle size grids are calculated for .

soot, and ash; integrated over respective size spectra; summed; and combined

with gas absorption coefficients to obtain the spectral extinction coefficients

and scattering albedos of the gas-particle mixture.

For use in Mie theory, the work incorporates a comprehensive procedure for

estimating the complex refractive indices of char, soot and ash particles.
Dispersion relations for char are derived from experimental data on spectral
efficiency factors, and those for soot are approximated by dispersion constants
for soot from hydrocarbon fuels. The algorithm for refractive indices of ash
follows recommendations based on experimental data for synthetic slags. The

algorithm accounts for the Si0,, A£,03, FeO/Fe;0;, Ca0, MgO and TiO, components

of ash.

A control volume approach is adopted in FURN3D for the purpose of
constructing heat balance and determining the temperature field. This approach
avoids undue complications associated with solution of the fluid flow equations
and targets the effort to an accurate determination of the radiation field. It
also allows use of a non-linear equation solver leading to a rapid convergence
for the temperature field. A simple char burnout model is incorporated to

determine the heat release pattern inside the furnace.

This report serves the function of a computer code manual. It describes
the underlying theory and its implementation, code structure, subroutines, input
data and sample outputs. It does not discuss specific applications or results
obtained from exercising the code. Three separate reports/papers are available
for consultations regarding the aspects of code not discussed here. A technical
report [Im and Ahluwalia, 1990] has been prepared on the radiation properties of
coal flames. It assesses the existing experimental data and the theoretical
bases for determining the absorption and scattering coefficients of products of
coal combustion. It describes the results from a parametric study conducted to
elucidate the role of char, soot and ash particulates in determining the
radiation properties of coal flames. A technical paper [Park, Ahluwalia and Im,
1992] has been prepared on the numerical techniques for solving the radiation

transport equation in three-dimensional absorbing, emitting and scattering media.
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It evaluates S,, MDA and P, approximation in terms of the computer memory
requirement, CPU time and numerical accuracy. A technical report [Ahluwalia and
Im, 1992] is being prepared to present results of a sensitivity study on furnace
heat absorption for coals of different ash compositions, ash content (coal

cleaning), grind (micronization), and moisture levels (slurries).
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2. THEORY

The furnace model emphasizes detailed spectral calculations of three-
dimensional radiation heat transfer from coal flames. A significant amount of
effort is expended in determining the radiation properties of products of coal
combustion. Luminous radiation from combustion particles is determined by
applying Mie theory to a cloud containing char, soot and ash particles.
Histogram representations are used to account for particle size distributions.
Optical constants of char and soot are determined from dispersion relations and
those of ash from empirical information. A separate report is available on the
effects of coal preparation, ash content and ash composition on radiation

properties of coal flames.

A hybrid technique is used to solve the three-dimensional radiation
transport equation in absorbing, emitting and anisotropically scattering media.
The technique selects P, approximation, modified differential approximation and
the discrete ordinate method for solving RTE in different range of optical
thicknesses. The selection process considers method applicability, accuracy and
computational efficiency. The basis of the method is discussed elsewhere

[Ahluwalia and Im, 1992].

A control volume formulation is used to construct heat balance and
calculate temperature field. Solution of RTE has also been coupled to an
elaborate three-dimensional fluid flow code in a separate effort and is not

described here.

2:% RADIATION PROPERTIES OF COAL FLAMES

In coal furnaces, radiative heat transfer is due to both band emission from
CO, and H,0 and continuous emission from the various types of particles (coal,
char, soot and flyash) that occur in the flame. The parameters determining
continuous radiation are particle mass fraction and distribution in the flow
field, particle size distribution, and the complex refractive index generally
represented as n + ik where n is the refractive index and k the absorption index.
For given n and k, Mie theory for homogeneous spherical particles is used for

calculating the efficiency factors for extinction (Q,) and scattering (Q,) as a



ntation is adopted for particle size

function of 2nr/A. A histogram represe .
are calculated for each size,

distribution (psd). The efficiency factors !
: obtain macroscopic
weighted over cross-sectional area and integrated over psd to

i ini ith gas absorption
absorption and scattering cross-sections. On combining w1l g B

: : ici the scatterin
coefficient, one obtains the spectral extinction coefficient and g
albedo as

B = k + [ Qurr’ndr (2.1)

w = [ Qurr?ndr/p (252

202 GAS ABSORPTION COEFFICIENTS

In coal combustion, CO,, H,0, and trace amounts of CO and SO, are produced
which participate in radiant heat transfer by the virtue of interaction of
infrared radiation with vibrational and rotational modes of energy absorption by
the gaseous molecules. The line structure of the vibration-rotation bands méy
be described by postulating a random spectrum of Lorentz lines of equal widths
(Goody model). This postulate leads to the following definition of absorptivity

of a homogeneous gas path of length L for ith species and jth band.

aj; = 1 - exp(-(s/d);p;L[1 + 2(s/d);;p;L/(27y/d) ;5] V2) (253}

1]

where s is mean intensity, d is line spacing, vy is mean line width, p is the
density of absorber and L is the mean beam length. In radiation transport
calculations, one needs to determine the absorption coefficient. It is possible

to define an ’'apparent’ absorption coefficient of gas as

(s/d);p; o
[1 + 2(s/d)yp,L/(2my/d) ;1772

k=ZX
e

In a narrow band model, an extensive data base is developed on the mean intensity
to line spacing ratio s/d and the line density 1/d over the entire infrared
spectrum for every vibration and rotation band of a gaseous species. An
empirical correlation is constructed to determine the line width as a function
of broadening pressures and gas temperatures. A comprehensive set of tabulations

has been produced for the 1.14, 1.38, 1.87, 2.7 and 6.3 um banks of H,0, 2.0,

2-2



2.7, 4.3, 9.4, 10.4 and 15 um bands of CO,, 2.35 and 4.7 um bands of CO, and 4.0,
4.3, 7.4, 8.7 and 19.3 um bands of SO,. Wide band models are constructed by
prescribing a variation of s/d and y/d versus v within a band. In an exponential
wide band model, such as due to Edwards [1976] used in this work, s/d is assigned

an exponential shape.

2.3 CHAR OPTICAL CONSTANTS

Optical constants of char have been derived from the extinction efficiency
data of Brewster and Kunitomo [1984], and represented by a dispersion relation

as a combination of three bound-electron oscillators and a free-electron

aseillator.
2 R 2
n2 —k2=nZ+3 wp; (W - w°) _ D (2.5
P -2 e Pt
uz w wz
2nk = T Ry Y3 + £t (2.6)

i - w2+ w(w? + )

Mie theory was employed to determine theoretical extinction efficiency factors
corresponding to n and k calculated from the dispersion relation. A non-linear
optimizer was used to determine dispersion constants that yielded best least-
square fit of the efficiency factor data. Table 2.1 lists the oscillator

parameters determined in this manner.

.

Table 2.1 Oscillator Parameters for Char

Saraji Char West Char Sufco Char
Ny 2B 1.896 = "103% 320128 x10:<
we, cm™! 1 STACE AR 1286 = w10 oNI57axEl0Y
PTes clii 4:.522 1,548 xal ot 5.187 x 10°
wpy,cm’? o) G ik U552 108 2252 RO
wy,em’t 1.357 % 10} 835784102 I35 7 i
v1,cmt 6259 x 7108 3.418 x 10° 9.868 x 10°
wpz,cm L5 oY 4.499 x 103 4.506 x 10°
w,,cm’t 30597 = Lo" BRS0 T N1t 3. 597 = M02
¥z cmt 7622 =02 75622 =010? 7t6228x 102
wp3,cm’ 32435 104 34508 102 31,9508 =108
wy, cm? de593 2¥L0° 75938 %8107 74593 % 102
73, cm’t 2 166m0w10¢ v 96/ w0 3.896 x 10*




2.4 SOOT OPTICAL CONSTANTS

There are no extant data on optical properties of coal soot, although
voluminous data may be found on soot produced from other hydrocarbon fuel. Lee

and Tien [1981] analyzed the optical constants of soot using dispersion theory

applied to two bound and one free electron oscillators.
ed the remaining unknowns from in-situ

They determined some

dispersion parameters rigorously and deduc

flame transmission data. Their results indicate that the infrared optical

properties of soot are relatively independent of the fuel hydrogen to carbon

Thus their dispersion constants can

Table

ratio and the molecular structure of soot.
be regarded as some mean values applicable to many fuels including coal.
2.2 lists the dispersion constants (n, = 1) at reference temperatures of 1450 and
200K At other temperatures, damping frequencies v¢ and v at 1450 K may be

corrected by multiplication with the factor (T/IASO)IM.

Table 2.2. Soot Dispersion Constants

1450 K 300 K

n, 1 1

we,cm™? 5.049 x 10* 5.049 x 10*
ve,cm™t 4 o Di-ac1 0P 1.819 x 10*
wpy,cm’t 1.201 % 10° 1.201 x 103
wgy, cm™t 6T, e 103 4.167 x 10
71, cm’ 1.967 x 10° 8.947 x 10*
wpz,cm™t 3.979 x 10° 3.979 x 10°
w,,cmt 2nklT 102 2.417 x 10°
¥z, cm > 1.867 x 10° 8.492 x 10*

2.5 ASH OPTICAL CONSTANTS

Goodwin [1986] has performed systematic measurements of transmittance
through, and, near-normal reflectance on, thin polished wafers cut from coal
slags, from which the ash optical constants were determined. The wafers were cut
from synthetic slags, prepared from oxide powder mixtures, and natural slags,

prepared by remelting flyash or gasifier slag. The transmittance spectra were

measured at room temperature from 0.19 to 8 pm and the reflectance spectra from
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1 to 13 um. The optical constants were determined from the transmittance and
reflectance data at wavelengths where both sets of data were available. At
wavelengths longer than 8 um the wafers were opaque, and a Kramers-Kronig
analysis of the spectral reflectance data was made to compute the optical

constants.

A mixture rule was developed to predict the real part of the refractive
index from 1 to 8 um in terms of the mass fraction (Y) of the mineral

constituents Si0,, A£,0;, CaO, MgO and Fe,0;

P Yy s AL (2.7)
T - pZﬂ}FiiXS

p = 2.54 +0.00978 Y o (2.8)

F,(A) = (a3% - b,)/(c;22 - d,) (2.9)

The parameters a,b,c and d are 0.9389, 53, 5.001 and 420 for Si0,; #..914,
174, 10.36 and 1633.8 for A£,0;; 4.25, 827.7, 16.63 and 6102.3 for CaO; 1.647,
0, 11.36 and O for Fe,0;; 2.72, 260, 15.8 and 1954.4 for TiO,; and 1.278, 136.9,
7.433 and 1200.9 for MgO.

According to Goodwin’s data, the imaginary part of the refractive index
depends primarily on the iron, silica and OH contents of the slag. Iron is the
primary absorber for A < 4 um. A correlation was developed for the effect of Fe
in this wavelength region, accounting for both Fe?' ligand-band absorption and
Fe?" - Fe’' intervalence charge transfer absorption. The correlation is given in

terms of the molar concentrations of Fe?' and Fe3'.

k(X)) = Ajel-752 + Ayg()) (2.10)
A; = 2.30 x 1073[Fe?'] [Fe'] (2. 11)
A, = 7.685 x 1073[Fe?*] + 7.037 x 107%[Fe?*)2 2r12)

Bl
[Fe] m Yl—'e,O, (213)
SN o a (A=A b By < X< A (2.14)

Table 2.3 provides the parameters comprising the g()\) expression.
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Table 2.3. Parameters Defining g(X)

A¢ o a, b,
0.0 1.1 585 2.5

115 TNs4 =590 2.18
1.54 L9 0.7778 2.46
L) 23 -0.9150 2.094
958 ZhGR N 0L 6523 808
2.6 4 Gars7e-22r 158

In the intermediate wavelength region, 4 < A < 8 pum,

is dominated by vibrational absorption due to S$i-0-Si and Si-0".

0= By o T ()
Po

where p,, the specific gravity of fused silica, is 2.19.

spectral variation in ko(A) at T, = 300 K.

the absorption index

(2.15)

Table 2.4 lists the

In the intermediate wavelength

region, the following temperature correction may be applied to the absorption

index.

= 2 (2.16)
(D)= 1c(i, ) [ 1+ =D STy = ]

Table 2.4. Silica Absorption Index, ky(X)

A, um e R A, pm e A, upm kg, m*
4.00 5.79 = 107 5.00 398 =105 6.667 7.16 = 10+
4.082 7.99 % 1073 5.063 ST (L Sl 6.897 8.51 xz 109
4.167 1.07 & 10:% 5.128 5Bl 0 7.143 1.06 x 1072
4,255 1,32 = 104 5.263 SEGONa N Di® 7.407 1,48 7102
4.348 2813 x 107 5.333 5.69 x 1073 7.692 372 3 108
4,396 2.65 % 10" 5.405 5.72 x 107° 7.7152 4.74 x 1072
4.444 2,84 % 107" 5.556 5,63 = 10 7813 7.68; %107
4.494 2,84 = 107* 5882 5,84 = 10 L 0132
4.545 2.56 % 105 6.061 6.32 x 1073 TR 0.216
4,651 2,62 3% 107 6.154 6.46 x 1073 8.00 0.323
4.762 4o RS i 107 6.250 6.52 x 107
4.878 180 w102 6.452 6.57 = 107

N
'
(=2}



The optical constants in the wavelength range 8 to 13 um were observed to
be dominated by three absorption bands. The first absorption peak at 9.4 um was
attributed to Si-O vibration associated with bridging oxygen (i.e., Si-0-Si).
The second peak at 10.4 um was observed to increase in strength with Fe,0;
content. This peak is associated with Si-O" vibration (non-bridging oxygen).
The third peak at approximately 13 um was similar to the peak seen in the fused
silica spectrum, and may be due to the occurrence of ring groups. The
experimental data were curve-fitted by a three-oscillator model of Eqs. (2.5)-
(2.6) with n, = 1.47 and wg = 0. The resonant frequencies and the damping
constants of the bound-electron oscillators in pairs are 1062.8 and 164.7, 955.8
and 79.1, and 702.8 and 27.5 cm’!. The plasma frequencies were expressed as a

function of silica and iron mass fractions in ash.

(wp /@)% = (0.425 - 0.60 Yg,,) (Y5, /0.52) (2.17)
(wpa/wp)? = (0.175 + 0.75 Y o) (Yg50,/0.52) (2.18)
(wp3/w3)? = 0.053(Ys;0/0.52) (2591100

Table 2.5. Oscillator Constants for Af,0; and MgO Restrahlen Bands

Oscillator 1l 2 3 4

S0} AV A ol

w,;,cm™t 210.9 7263 639.1 347.8
w;,em”1 383 442 369 635
v;,cm! 0.015 0.01 0.02 0.02

b) Mgo, nZ = 3.01

wy5,cm1 1030.2 18578
wy,em’l 401 640
v;,cm”1 Tkl 102.6

No experimental data are reported for the long wavelength region A > 13 um.
At the suggestion of Goodwin, the optical constants in this range are assumed to

be dominated by the Restrahlen bands of A£,0; and MgO. A four-oscillator fit is



r fit for Mg0 Restrahlen

used to describe the Af£,0; spectrum and a two-oscillato
or Af,0; and MgO bands.

band. Table 2.5 summarizes the oscillator parameters f
re rule in which n and

y better information, we adopt a simple mixtu

In lieu of an
tain the optical

k for A£,0, and MgO bands are mass-fraction averaged to ob

constants for ash in the long wavelength region.

2.6 RADIATION HEAT TRANSFER

For a three-dimensional absorbing, emitting and scattering rectangular

enclosure, the radiation transport equation (RTE) is

=T +/31=(1—w)[31b+%’_f I(Z, 8" )4(5,5 )d (2.20)
where I is the spectral radiation intensity in the beam direction §, B8 and w are
respectively the spectral extinction coefficient and scattering albedo, I, is the
Planck function, ¢ is the scattering phase function and  denotes the solid
The boundary conditions for diffusely reflecting walls are:

angle.

I(F,8) =eroi_#ﬁyolﬁ.ﬂl(?,g')dn'_ (2.21)

Three of the many methods of solving RTE are the differential approximation (P,),
modified differential approximation (MDA), and the discrete ordinate method (S,).
Each method has its own advantages and disadvantages. Of the three methods, P,
approximation is computationally the fastest but accurate only in the optically
thick limit. MDA is accurate for all g but has shown slow convergence in the
optically thin limit. S, is also accurate for all B but is computationally slow
particularly for large . We have developed a hybrid scheme with optimal mix of

computational speed and accuracy. In this scheme, P, approximation is used for

B > Buax, MDA for B, < B < Buax, and S; for B.< B.;,. Typically, fpi, and A, are
respectively of the order of 0.01 m?! and 2.0 m’!. Although not specifically

required, the scattering phase function is assumed to be linearly anisotropic of
the form,

(2.22)



2.7 P, APPROXIMATION

Governing equations for P, approximation may be derived by expanding the
radiation intensity in terms of a truncated series of spherical harmonic
functions or by employing the lowest-order moment method. For a linearly
anisotropic phase function and diffusely reflecting walls, the method reduces to

determining the incident radiation from

i

v-(zI

vG) - 3(1-w)BG = -127n(1l-w)pBI, (2 25D

subject to wall boundary conditions

-.BZ;_lﬁ.vG +@ = bl (2.24)
where

Br = B(1l - wy) (2 25)
w, = a;w/3, and (2.52.6)
v =2/3(2/e-1) . (2327

Equation (2.23) is solved numerically by using a cell-centered finite difference

technique.

Z2:8 MODIFIED DIFFERENTIAL APPROXIMATION

Following Modest [1989], the radiation intensity I is decomposed into two
parts: one I,, that may be traced to emission from the enclosure walls, and the
second, I,, that may be traced to emission from the medium. The two components

of intensity are governed by the following equations.

(2.28)

n
o

v.[81,(F,8)] + BI.(Z,3)

v. [3I,(T,8)] + BL(F,3) = (1 - w)BI, + {é L I(F,5" )$(5,8 )d (2.29)

I, field, given by Eq. (2.28), accounts for radiation emitted by the furnace



i i all reflection,
walls after attenuation by medium absorption and scattering by w

i lowing w.
It is solved by the discrete ordinate method (S,) subject to the following wall

boundary condition.

Ty (2.30)
I.(T,3) = e, (T) + ﬁ}%ﬁl . |a.s|1,(x, 5" )dn

Following Modest [1989] whereas I, with its origin from the radiation emitted by

the wall has highly irregular angular distribution, I, with its origin linked to
medium emission is expected to be near isotropic. Thus, Eq. (2.29) describing
I, can be simplified by applying the P, approximation. For a linear anisotropic
phase function, the following equation for the incident radiation G, may be

derived.
; g
V'Tﬁl'lvcm m 3L =G, = SLix(l =)l - 34P(1 + SR R “8

For a diffusely reflecting surface, G, admits Marshak'’s boundary condition for

a cold surface

_l%_ﬁ.vcm+cm=-_1%i's,ﬁ (2.39)
2

Equation (2.31) is solved numerically for G, by using a cell-centered finite

difference technique. As pointed out by Modest, MDA reduces to the correct

limits for optically-thin as well as optically-thick mediums. In the thin limit
the medium emission related contribution to heat transfer becomes vanishingly

small. In the thick limit, the MDA solution converges to the P, approximation.

2.9 DISCRETE ORDINATE METHOD

In the S, method, RTE is solved for twenty-four ordinate directions and the

integrals are replaced by a quadrature summed over the ordinate directions. For

a discrete direction @ defined by directional cosines we, €¢ and p,, RTE is

written as
(2.33)

e L 4
e+ fe e v g1t = (1 - wyp, + s,




where Sy is the source term for in-scattered radiation.

N’

Sg= Y Wor bgp IY (2.34)
&1
W' = 5k (2.35)

The finite-difference form of S, solution is developed by integrating RTE over

a control volume. For positive directional cosines,

BALL + €BIS + ng CLE + a[ (1 - @) BT, + S¢]V, (2.36)
HeA + &pB + 1yC + afV,

e _
s =

where

A = AxAy (2T
B = AxAz (2.38)
C = AxAy (2.39)
Vp = AxAyAz (2.40)
If =alf + (1 ~a)If, =olf +.(1 - a)I],, = eI} + (M- 2)If,, (2.41)

The interpolation parameter a varies between 0.5 and 1. The overall solution is
developed by visiting the finite-difference grid in the direction of the beam.

More details of the solution procedure are given in Carlson and Lathrop [1968].

2.10 HEAT BALANCE

For heat balance purposes, the furnace is divided into three types of
zones: a hopper zone designated as zone 1, a burner belt zone designated as zone
2, and heat absorption zones. Recirculated flue gas is directed into the hopper
zone. Fuel and oxidizer enter the furnace in the burner belt zone. A
recirculation pattern exchanges flow between zones 1 and 2. With this flow

representation, the following heat balance' equations may be written.



' i 3 (2.42)
m.(h, - h;) + mg(h, - h;) = HV v.gdvdy

T T i q 2.4
mg(he - hy) + my(h, - hy) + (my + mg) (h; - hy) + FmQy, =“'v1 v. Qs (2.43)
(m, +me +m)(hy - hy,y) + FmQy, = jfv v.qdvdv, i > 2 (2.44)

In the foregoing equations, F is fractional heat release, h is the enthalpy, m
is the flow rate and Q,, denotes the heating value. The subscripts a, f, r and

R designate air, fuel, recirculated flue gas and recirculated combustion gas,

respectively. The divergence of heat flux may be determined from the following

equation.
= Gn + Gs (2.45)
v.q =4m(l - w)B(I, T)
The energy equations are coupled and nonlinear in zone temperatures. A hybrid

non-linear equations solver based on steepest descent method and Newton update

algorithm is used to determine the gas temperature.




3. PROGRAM DESCRIPTION

The theory described in Chapter 2 has been encapsulated in a computer code
FURN3D. The code is written in a modular form in Fortran 77 language. Each
subroutine is self contained and can be modified and compiled separately. All
common blocks are segragated in a file furn3d.h and positioned in subroutines by
means of an include command. Sizes of arrays appearing in common blocks are
specified through a parameter statement. Thus, the array sizes can be easily
manipulated through integer variables specifying the dimensions in a single

statement in furn3d.h.
3.1 LOGIC FLOW

The flow diagram of FURN3D is sketched in Figs. 3.1 through 3.3. The
program starts with a call to the INPUT subroutine which reads the input data and

prints an image form of the input data.

Within MAIN, Fortran function dtime is invoked to initialize wvariable
tstart. This variable is utilized in subsequent steps to track expenditure of

CPU resources in different portions of the computer code.

Structure of MAIN can be best explained in terms of four segments: setup,
Gs, G, and post-processing. The setup segment cogsists of subroutines INPUT,
INIT, GRID, COMPSN, COMBDRV and OPTDRV. The purpose of these subroutines is
respectively to define the problem; initialize the variables; initialize the
finite-difference grid; determine the gas composition; calculate ash and soot
particle size distributions; determine evolution of char psd and heat release;
and calculate the spectral absorption coefficients and scattering albedos.
COMBDRV is actually a driver subroutine which calls DIFFUS for diffusivity of
gaseous species, CONDUC and VISCOS for gas conductivity and viscosity, and
BURNOUT for char combustion and heat release. Similarly, OPTDRV is a driver

subroutine which calls OPTPROP for radiation properties.
Figure 3.2 shows the interrelationship between the radiation property
subroutines. Calculation of particle efficiency factors for extinction and

scattering depends on the values of indices, incl(l), incl(2) and incl(3),
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supplied through input data. Contribution of ash particles to radiation
properties is excluded if incl(l) is specified as zero, that of soot particles
if incl(2) is zero, and that of char particles if incl(3) is zero. If the index
is assigned a value of one, the efficiency factors of the corresponding kind of
particles are simply read as a function of particle size and frequency from
existing files qash, gsoot or qchar. Alternately, if the index has a value of
two, the extinction and scattering efficiency factors are updated by first
calculating optical constants followed with use of Mie theory. Within OPT,
ABSGAS is called for gas absorption coefficients if the partial pressure of CO,
oxr: Ha0\ is'| mon-zero. The particle efficiency factors are multiplied by
geometrical area to obtain radiation cross sections and then integrated over size
spectrum to obtain extinction and scattering coefficients. These are
appropriately combined with the gas absorption coefficients to generate spectral

extinction coefficients and scattering albedos of the gas-particle mixture.

Subroutine OPTDRV examines the field distribution of B and compares with
Bmin and PBn.x to load solution index arrays ipl and isé4. The arrays have
dimension equal to the number of frequencies or wavebands (nfrq) into which the
IR spectrum is divided. The array ipl is assigned a value of unity for those
frequencies corresponding to which 8 > f,., everywhere and P, approximation is to
be used for solution of RTE. The array is4 is assigned a value of unity for
frequencies corresponding to which 8 < B,,, anywhere and S, method is to be used
for solution of RTE. MDA is to be used for frequencies corresponding to which
both ipl and is4 are equal to zero. For these frequencies, the G, segment of
FURN3D calls subroutine SN to determine the radiation field due to wall emission
alone. Within SN, the index is4 is examined to decide whether to solve for G,
or the complete radiation field. Outside the frequency loop for Gg, subroutine
OUTPUT is called twice with nout values of 3 and 4 to print heat flux
distribution due to Gg and the G, field if the corresponding indices iout(3) and

iout(4) are specified to be unity.

The G, segment (see Fig. 3.3) consists of an inner frequency loop imbedded
in an outer temperature iteration loop. In the inner loop, subroutine SN is
called for those frequencies with is4 equal to unity. SN solves the RTE for
total incident radiation by the discrete ordinate method (S,). Subroutine COEFF

is called for frequencies with is4 equal to zero. COEFF assembles the finite-



difference coefficients of MDA equation for G, if the index ipl has a zero value,
or of P, equation for G is ipl carries a value of unity. The resulting finite
difference equations are solved in subroutine TDI and TRIDAG. Knowing Gg, G, and

G, spectral and total divergence of heat flux is determined in DIVERQ.

The outer iteration loop proceeds with initialization or update of

temperature field in TFIELD. PLANCKG is called to calculate spectral black body

emissive power at specified gas temperatures. The inner frequency loop is

executed to establish total divergence of radiation heat flux in the furnace
control volumes. Subroutine ENERGY is called to perform heat balance and

calculate residuals in the energy equations. The residuals are supplied to the

non-linear equation solver FSOLVG which in turn returns a fresh gusss for the

temperature field. The iteration loop is reexecuted until the magnitude of
residuals becomes smaller than the specified accuracy (acc). The procedure is
terminated with an appropriate message if the maximum number of iterations

(maxcal) is exceeded or divergence is detected in FSOLVG.

In the post-processing segment of FURN3D, QFLUX is called to determine
spectral and total heat flux to different walls of the furnace. Subroutine
OUTPUT is called repeatedly with nout equal to 6, 7 and 8 to print spectral wall
heat flux, divergence of heat flux and the gas temperature field if the
corresponding indices iout(6), iout(7) or iout(8) are specified to be unity.
Finally OUTPF is called to print partial pressures, particle size spectra,
radiation properties, wall heat transfer, and a summary output of flow rates and

heat balance.
< e DESCRIPTION OF SUBROUTINES

FURN3D subroutines have been assembled in three groups and arranged
alphabetically in each group. Group A represents subroutines related to solution
of radiation transport and heat balance equations. Group B contains subroutines
dedicated to determining radiation properties of the products of coal combustion.
Group C is a compilation of Input/Output (I/0) subroutines and BLOCK DATA. Table
3.1 lists and classifies each subroutine. Appendices A, B and C describe the

purpose, arguments and main equations solved in each subroutine.
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Table 3.1.
BURNOUT B.
COEFF B.
COMBDRV B
COMPSN B
CONDUC B.
DIFFUS B.
DIVERQ B.
ENERGY B.
FRAC B.
FSOLVG B.
GRID Bi
HAIR B
HFUEL B
HGAS
BNET
PLANCKG
PLANCKW
QFLUX
SN
TDI
TFIELD
TRIDAG
VISCOS

Classification of Subroutines

1  ABSGAS
2 ALPBET
3 FCTRL

4  MIE

5% S\ORT

6  OPTASH
7  OPTCHAR
8  OPTDRV
9  OPTPROP
10 OPTSOOT
11 PHIPSY
12 QEFF
.13 s102

BLOCK DATA DATAl

BLOCK DATA DATA2

INPUT

OUTPF

OUTPUT



3 INPUT DATA

As mentioned earlier, the dimensions of adjustable arrays in the common

blocks are specified in furn3d.h by means of the parameter command. Since the

size of the common blocks must be declared in advance, the dimensions of the

arrays are fixed during compilation. In problems requiring larger size arrays,

the variables specifying the dimensions in the paprameter statement must be

increased and the code recompiled. The following integer variables are available

for modification.

imx The maximum number of grid points in x-direction.
jmx The maximum number of grid points in y-direction.
kmx The maximum number of grid points in z-direction.
nf The maximum number of frequencies into which the IR spectrum

is divided. Admissible values are 1 for gray gas treatment or

37 for spectral calculations.

nv The maximum number of control volumes for performing heat

balance.

Problem specific data are specified as 28 items. A title card generally
precedes a data item. It can be used to identify the data following it. It can
be up to 80 characters long and must be enclosed in quotation marks. All numeric
data are in free format. Individual data items are explained below in their

order of appearances.

Item 1 ‘Title card for the problem’
Item 2 ‘Debug output indices’
Lot (LT o€ (0)e =i e iout(16)

Explanation: Sixteen indices are provided for debugging or

in-depth output. A particular output is suppressed if the




Item 3

Item 4

corresponding iout index is specified to zero. Since some of
the outputs can be voluminous, it is recommended that all
indices except iout(l) be initially set to zero. Following is

the relationship between the indices and variable printed.

iout(1l) mass fraction of combustion products

iout(2) not used

iout(3) spectral heat flux due to G

iout(4) G,

iout(5) G

iout(6) spectral heat flux due to G, and G,

iout(7) divergence of heat flux

iout(8) gas temperature at interior nodes

iout(9) convergence information on Sy
solution

iout(10) convergence information on Gy
solution

iout(1ll)-iout(1l3) not used

iout(14) detailed output from non-linear

equations solver

iout(1l5)-iout(16) not used

'Number of frequencies used in spectral calculations’

nfrq

Explanation: Admissible values of nfrq are 1 for a gray gas

and 37 for spectral calculations.

'RTE solution criteria and S, relaxation parameter’

betamx betamn alpha

Explanation: Variables betamx and betamn are wused to
initialize arrays ipl(nfrq) and is4(nfrq) according to the
following criteria.

ipl(i) = 1 if B > betamx everywhere

= 0 Otherwise
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Item 5

Item 6

Item 7

is4(i) = 1 if B < betamn everywhere
= 0 Otherwise

Variable a is a relaxation parameter used in solving S,

equations.

'Maximum/minimum number of iterations’

nitergm nitgmmn niterj maxcal

Explanation:

nitergm maximum number of iterationms in G, solution

nitgmmn minimum number of iteratioms in G, solution

niterj maximum number of iterations in S, solutions

maxcal maximum number of iterations in heat balance equations

'Non-linear equations solver: accuracy and temperature increment’

acc deltg

Explanation:

acc accuracy to which heat balance equations are solved
deltg temperature increment used in  evaluating the

differential of the heat balance equation

'Grid and control volume information'’

imax jmax kmax nvol kvol(l)----- kvol(nvol)

Explanation: In conducting heat balance, the first control volume
is designated as the hopper zone. The second control volume is
where volatile matter (VM) is released, soot is formed, and VM and
soot complete burnout. Char combustion is determined from a burnout

model.

imax number of grids in x direction, imax < imx
jmax number of grids in y direction, jmax < jmax
kmax number of grids in z direction, kmax < kmx
nvol number of control volumes for heat balance

equations, nvol < nv
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Item 8

Item 9

Item 10

Item 11

kvol(ivol) demarcation of control volumes, kvol(nvol) = kmax.

'Convective heat transfer coefficients, W/m?.K'

hcoef (1) hcoef(2)-------- hcoef (nvol)

Explanation: Number of data points should equal the number of

control volumes, nvol.

'Spectral surface emissivity’

ew(1l) ew(2)------ ew(nfrq)

Explanation: The required number of data points are one for a gray
medium and 37 for spectral calculations. Table 3.2 lists the band
centers and the band width corresponding to which the surface

emissivities must be specified.

'Spectral anisotropic scattering factors'’

=) al(2)----- al(nfrq)

Explanation: In solving the radiation transport equation, the
scattering phase function is expressed as a linear function of the

cosine of the scattering angle.

P(cosfy) =1 + a;cosf,

cosf, = cosfcosfd’ + sinfsinfd’ cos(4 - ¢’ )

'Over-relaxation parameter’

omega

Explanation: Variable omega is used as the starting over-relaxation
parameter in solving the finite difference equations for G,. During
iterations, the relaxation parameter is gradually increased from

omega to 2.
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Table 3.2.

‘min
cm?

200

370

640

870
1240
1380
1880
2160
2570
2950
3120
3480
3860
4100
4400
4800
5200
5495
6100

Vmax
cm™?

370

640

870
1240
1380
1880
2160
2570
2950
3120
3480
3860
4100
4400
4800
5200
5630
5965
6350

cm™?
285
505

55
1055
1310
1630
2020
2365
2760
3035
3300
3670
3980
4250
4600
5000
ST )
5730
6225

170
270
230
370
140
500
280
410
380
170
360
380
240

400
400
430
470
250

ifrq

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Umin
cm™?
6350
6780
7000
7500
7800
8150
8500
9000
10000
11000
12000
13000
14000
15000
16000
17000
18000
19000

VUmax
cm™?
6780
7000
7500
7800
8150
8500
9000
10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000

Wavebands for Spectral Calculations

cmt
6565
6890
7250
7650
7975
8325
8750
9500
10500
11500
12500
13500
14500
15500
16500
17500
18500
19500

AV
cmt
430
220
500
300
350
350
500
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000



Item 12

Item 13

Item 14

Item 15

Item 16

'Furnace dimensions, m’'

Xmax ymax Zmax

Explanation: Furnace is modeled as a rectangular box of dimensions

Xmax X ymax X zmax

'Furnace wall temperatures, K’

txm  txp tym  typ tzm  tzp

Explanation: Wall temperatures are read in the following order: x-
minus wall, x-plus wall, y-minus wall, y-plus wall,.bottom wall, and

top wall.

‘Ultimate analysis of coal’

fuel(l) fuel(2) fuel(3) fuel(4) fuel(5)

Explanation: The first five elements of fuel array contain mass
fractions of carbon, hydrogen, sulfur, nitrogen and oxygen in that
order. Together with the coal moisture content and ash mass
fraction, read as fuel(6) and fuel(7) in item 15, they should equal

one.

'Proximate analysis of coal’

fuel(6) fuel(7) fuel(8) fuel(9) fuel(10)

Explanation: Variables fuel(6), fuel(7), fuel(8), and fuel(9)
should add up to 1.

fuel(6) mass fraction of moisture in coal

fuel(7) ash mass fraction

fuel(8) mass fraction of volatile matter

fuel(9) fixed carbon content

fuel(10) fraction of volatile matter that forms soot

'Air composition (0,, N, H,0) and excess air’

air(l) air(2) ate(3) air(4)



Item 17

Item 18

Item 19

Item 20

Variables air(l), air(2) and air(3) should add up to

Explanation:

i i

arn(l) mass fraction of 0, in air

air(2) mass fraction of N, in air

air(3) moisture content of air

air(4) excess air, i.e., combustion air/theoretical air - 1.

'Fractional gas recirculation’

Fraer (1) fracr(2)

Explanation: 'The first variable, fracr(l), represents the fraction
of flue gas externally recirculated from furnace exit to the hopper
zone. The second variable, fracr(2), refers to the fraction of fuel
and air internally recirculated from the combustion zone to the

bottom hopper zone.

'Fractional heat loss’

aloss(1) aloss(2) aloss(3)

Explanation: Heat losses are specified as fractions of the high
heating value. Variable aloss(l) refers to unburnt carbon loss

aloss(2) to unaccounted losses, and aloss(3) to radiation losses.

'Fuel, air, recirculating gas temperatures, K’

temp (1) temp(2) temp(3)

Explanation:

temp(l) fuel temperature, K

temp(2) air temperature, K

temp(3) recirculating flue gas temperature, K

'High heating valve (J/kg) and furnace rating’
hhv qfurn

Explanation:

hhv high heating value of coal, J/kg



Item 21

Item 22

Item 23

Item 24

qfurn furnace rating, W

'Ash composition’

yash(1) yash(2) yash(3) yash(4) yash(5)

Explanation: Ash composition is used in the program to determine
the optical constants. The five data points refer to the mass

fractions of Si0,, A£,0;, Ca0, Fe,0; and MgO.

'Inclusion indices: ash, soot and char’

incl(1l) incli(2) incl(3)

Explanation: Index array incl is a convenient way to dictate the
manner in which the contributions of ash, soot and char particles to
radiation properties is included. Particle contribution can be
excluded by assigning zero value to a particular index. The
efficiency factors are read from an existing file if the index is
specified to be one. The efficiency factors are recomputed and
stored in files qash, gsoot and/or qchar if the index equals two.

Contributions of gaseous species H,;0, CO, and CO are always included.

‘Cumulative mass fraction of char particles’

ypt(l,1)  ypt(1,2)  ypt(l,3)... ypt(1l,40)

Explanation: Within the program, particle number density is
calculated by differentiating the cumulative mass fraction function.
User must input ypt at discrete sizes listed in Table 3.3. The
following is the relationship between number density and cumulative

mass fraction.

- : 40
ype(i) = 30 rf N/ ¥ )N,
J=1 J=1

'Cumulative mass fraction of soot particles’

ypt(2,1) ypt(2,2) RECNEN. .. ypt (2,40)
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Table 3.3.
Radius, pm

Grid Ash Soot Char
1 0,10 0.0L 0.10
Z D.25 D.02° 0,25
3 0.50 0.03 0.50
4 ORS00SR0 TS
5 1.00° 0.05 1.00
6 1.25 0.06 "1.25
7 150 D07« [E50)
8 /) RO Te ks S b s
) 2.00 0.09°2.0
10 25 OrsAIo] S ]
11 G UrE 00T 3.0
12 355 0512735
13 B B0EN0 5180,
14 455 0.147 4.5
15 SE0LE A E5 20
16 6.0 “0.16 6.0
17 TR05 = Ul 7.0
18 8E0Ee SO 8= 800
19 9.0 "0.19 9.0
20 1050 0520 10.0

Grid Ash
21 i1,
22 14.
23 16.
24 18.
25 20.
26 29
27 24,
28 26.
29 28.
30 30
31 39,
59 34,
33 36.
34 38.
35 40.
86 Sk
37 4t
38 46.
39 48.
40 S0.

0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
0
0
0
0
0

Particle Size Grid

Radius,

Soot

()Pl
D.22
0.23
0.24
0325
0.26
0.27
0.28
0.29
0.30
0.
0
0
0
0
0
0
0
0
0

32

.34
+ 36
.38
.40
.42
o
.46
.48
.50

pm

Char
12
16;
16.
18.
200
228
24
26.
28.
305
32.
34
36
38.
40.
42.
44
46.
48.
50.

OOOOOOOOOOOOOOOOOOOO



Item 25

Item 26

Item 27

Item 28

Explanation: See item 23 and Table 3.2.

‘Cumulative mass fraction of char particles’

ypt(3,1) ypt(3,2) ¥pE(3,3) .5 ypt(3,40)
Explanation: See item 23 and Table 3.2.

'‘Material densities of ash, soot and char, kg/m”

rhopt(1l) rhopt(2) rhopt(3)

Explanation: Material densities contained in rhopt array are used

in number density calculations.

'Files for ash, soot and char efficiency factors'’

gqash gsoot qchar

Explanation: Files may be assigned any alphanumeric names up to
fifteen characters long. The files must contain efficiency factors
if the option incl(i) equal to 1 is used. The file contents are

updated for incl(i) equal to 2 option.

'Furnace pressure (atm) and reference temperatures (K)'’

pgas trad(1) Cradi(2) v onr e trad(nvol)

Explanation: Control volume temperatures specified in trad
constitute the reference temperatures for calculating radiation
properties. These are also used as starting values in the
temperature iteration loop. Section 5.2 may be consulted for

recommended method of obtaining the reference temperatures.






4. SAMPLE PROBLEM

Consider a medium-size utility furnace 12.7 m x 12.7 m in cross-section and
47.6 m in height. The furnace is fired with high-volatile bituminous coal of
28.6 MJ/kg high heating value and carries a thermal rating of 915.1 MWt. Field
tests indictate combustion losses amounting to 0.25% unburnt carbon, 0.19%
radiation loss and 1.5% unaccounted losses. According to ultimate analysis, coal
has 71.08% carbon content, 4.86% hydrogen, 2.91% sulfur, 1.41% nitrogen, and
8.04% oxygen by difference. Proximate analysis of coal indicates 38.7% fixed
carbon, 43.8% volatile matter, 11.7% ashl and 5.8% moisture. Following is the
composition of ash: 47.52% silica, 17.87% alumina, 5.75% calcium oxide, 20.13%
iron oxide, and 1.02% magnesium oxide. The furnace uses 20% excess air for
complete combustion. Air has 1.3% moisture content and is preheated to 573 K.
Coal is dried by preheating to 373 K. The furnace system does not use flue gas
recirculation. Flow tests point to the existence of an internal recirculation
pattern by which up to 30% of combustion air is directed to the hopper region.
The apparent temperature and emissively of furnace surfaces exposed to the
combustion gas are estimated from radiometric measurements as 1080 K and 0.70
respectively. Height of the burner belt zone atop the 7.5 m hopper zone is
9.3 m. It is desired to calculate the furnace exit temperature and the heat
absorption pattern.

Figure 4.1 shows the size distributions of char and flyash measured using
Malvern sizer and optical probes. It is estimated that 10% of the volatile
matter completes combustion via soot formation and oxidation. The best guess of

soot size distribution is also shown in Fig. 4.1.
4.1  INPUT DATA

Table 4.1 lists the input data for the sample problem. Item 1 identifies
the problem with a title. Item 2 selects the data to be printed. All indices
except iout(l), iout(9) and iout(l4) have been set to zero. Thus, only
information pertaining to combustion gas composition and flow rates, convergence

of S, solution, and progress of non-linear solver will be printed out.
Item 3 dictates that the radiation calculations are to be conducted on a

4=



3

—
o
£

4-2

L
o) N
> =
210 b
w =
= E
o E
A
'— 6 —
2 100 §
= E
= C
Z L
105 — 4
1()6 10
10" —— - —
- 3 s 5
Eef o
S o f Elw E
= = =
= E =
S 108 [ -
A 10
RS .
= : ]
Z0F :
SO 1 3
10 : 1 1 it - ok
10”7 10° 10°
~ 10" ¢ S .
= 10" | .
e - .
2] E 3
= 14 F 3
D10
- B
o 107 - _]
o) E E
=i 2 r 5
“0" b .
10" e 4'“"1.3 - ‘:.s
10 10 10
Particle Radius, m
Fig. 4.1. Size Distributions of Char, Ash and Soot Particles.




Tabled .1l

’

’

7

’

’

Wed Sep 9 10:43:59 1992
Table 4.1
Sample Problem
Ygodfiguqgs: Gss Gme gv div.g Tg
il 0.0 0 0 0 0 0

betamx (Pl for beta>beatmx),betamn (5S4 for beta<betamn)

input:
3§

ES 005 0.8
nitergm nitgmmn niter
30 2 20

acc deltg

l.e2 el

imax jmax kmax nvol
15 £S5 51 7

convective heat transfer coefficients in W/m**2.

15 15 15, Lo, 15

wall emissivity: fused s
(01 7= =0 A 017 S 7 A 0 [
(3, Rl T T o VT S e
0 0.7 8.7 0.7
0.7

non-isotropicity factors
1100 S NG LA o PSS Il o IS L9810
L 10 e o o LM S PR o s
TR0 L0 A1 o] 0 S0
1.0

J

0

1

Sample Input Data

covergency <not active> conv <not
0

0 0 0 0 0

1 for gray medium or 37 for spectral medium’

and alpha’

maxcal / max iterations(do not change)’

25

(kvol (n),

8 18

ur

il

n

24 30 36

0 S5
face at 1080K
T (T (27
O ORI 7
ORI OWE0 7
100 S 10s 0
10 T .0
el Al el k)

relaxzation parameter (do not change)’

(soot (%VM) )/ proximate analysis

/ nonlinear solver parameters(do not change)’

1 , nvol) / node structure’
42 51
K (h(n),n=1,nvol)’
{0 sty S0y N S 0T
{0477 (RPN 1 o, SR 07 o, 8 01985
0.7 D7 0.7 0.7
1E One 1508 Sl 05 0
1z o] SEERE S fol s alo)
s o b o o 50

tzp / wall temperature:’

1080.

(]

2

/ultimate analysis ’

0.07507

excess air /air data

’

’

/ gas recirculation ’

rad loss / combustion losses’

/gas temperatures’

4-3

1.2
Xmax ymax zmax /furnace size’
16T 127 47.6
txm txp tym typ tzm
1080. 1080. 1080. 1080. 1080.
(31 H2 S N2
0.66413 0,04537 10.02722 0.01320
H20 ASH VM FC
B0 BNN0T T T~ 0438 0:.387 0.10
oxygen nitrogen moisture
052315 0.7685 0,013 0.20
flue gas combus gas
0.0 0.30
‘unburnt carb unacc loss
0.0025 0.0150 0.0019
fuel air recirc
373.0 573.0 75040

active>’
0
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Table 5.1 Sample Input Data cont’d

' fuel HV(J/kg) heat input (Watts)’
27.864+06 915.1e+06

’ 8io2 Al203 Cao Fe203 MgO /ash composition’
0.4752 0.1787 OR0E 7 5082. 01 3 0.0102

‘cumulative mass of ash particles’

.076 .096

0.000 0.000 0.013 0.018 0.028 0.042 0.056 O 0
0.160 0.226 0.291 0.308 0.325 0.342 0.363 0.383 0.404
0.424 0.444 0.513 0.582 0.649 0.714 0.780 0.824 0.868
0.912 0.956 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000

‘cumulative mass of soot particles’

0.555 0.868 0.957 0.982 0.992 0.996 0.998 0.999 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000
‘cumulative mass of char particles’

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.006 0.008
0.011 0.013 0.027 0.041 0.058 0.080 0.101 0.133 0.165
0.203 0.249 0.294 0.366 0.438 0.507 0.571 0.636 0.697
0759 0.832 0.916 1.000

f ash soot char / material density’

1500.0 1000.0 1000.0
‘ gash gsoct gchar / file names’
‘gash.samp’ “gsoot! ‘qchar’

’ ash soot char / include indices’
1 i ik

' Pg(atm) (Tref(i),i=1,nvol)

1.000
1.588E+03 1.832E+03 1.754E+03 1.681E+03 1.618E+03 1.563E+03 1.489E+03

b=t




spectral basis.

Item 4 stipulates that P; approximation be used to solve RTE for all
frequencies with g > 1.5 m™!, S, for all frequencies with 8 < 0.05 m™! and MDA for
0.05 < B <1.5m!. An interpolation factor of 0.8 is to be used in determining

radiation intensity by S,.

Item 5 specifies the maximum number of iterations (25) in solving for G,/G
by MDA/P;, minimum iterations (2) for G, /G by MDA/P,, maximum iteration (20) for
radiation intensity/G, by MDA/S,, and maximum iteration (25) for heat balance

equations.

Item 6 directs the accuracy (100 W) to which the heat balance equations are
to be solved and increment in temperature (0.1 K) for numerical evaluation of the

derivative of the objective function.

Item 7 sets up a 15x15x51 grid for numerical solution of RTE. It also
selects 7 control volumes for solving the heat balance equations. The control
volumes extend from axial grid points 1-8, 9-18, 19-24, 25-30, 31-36, 37-42 and
43-51. The first control volumes refers to the hopper zone and the second to the
burner belt zone.

Item 8 provides estimates of convective heat tr;nsfer coefficients (15 W/m?

K) for each of the seven control volumes.

Item 9 specifies spectral wall emissivity (0.7) for each of the thirty-

seven wavebands.

Item 10 initializes anisotropic scattering factor (1.0) for nfrq wavebands.

A value of 0 implies isotropic scattering and 1 forward scattering.

Item 11 initializes the relaxation parameter as 1.2 for SOR solution of

G,/G by MDA/P;.

Item 12 sizes the furnace as 12.7 m x 12.7 m x 47.6 m.



Item 13 inputs the temperatures of the x-minus, x-plus, y-minus, y-plus,

bottom and top walls of the furnace as 1080 K.

Item 14 supplies the results from ultimate analysis of coal on a fractional

basis as 0.7108 carbon, 0.0486 hydrogen, 0.0291 sulfur, 0.0141 fuel-bound

nitrogen and 0.0804 oxygen.

Item 15 states the results from proximate analysis of coal on a fractional
basis as 0.058 moisture, 0.117 ash, 0.438 volatile matter and 0.387 fixed carbon.

It also specifies the fraction (0.1) of volatile matter that transforms into

soot,

Item 16 provides the composition of dry air on a mass fraction basis as
0.2315 oxygen and 0.7685 nitrogen. It also specifies that on a fractional basis

air contains 0.013 moisture and that 0.20 excess air is used for coal combustion.

Item 17 specifies that the furnace does not employ flue gas recirculation
and a fraction 0.30 of combustion gas is directed from the burner belt zone to

the hopper zone.

Item 18 specifies combustion losses as a fraction of coal high heating
value: 0.0025 due to unburnt carbon, 0.015 unaccounted and 0.0019 due to

radiation.

Item 19 prescribes fuel, air and recirculating flue gas temperatures as

373 K, 573 K and 750 K respectively.

Item 20 specifies coal high heating value as 28.6 MJ/kg and the furnace
rating as 915.1 MWt.

Item 21 provides input data pertaining to elemental composition of ash on
a fractional basis as 0.475 silica, 0.1787 alumina, 0.0575 calcia, 0.2013

magnetite and 0.0102 magnesia.

Items 22, 23 and 24 prescribe cumulative size distributions of ash, soot

and char particles derived from data presented in Figs. 4.1.




Item 25 specifies material densities of ash (1500 kg/m®), soot (1000 kg/m?)
and char (1000 kg/m?®).

Item 26 names files for storing efficiency data of ash (qash.I1llNo6), soot

(gqsoot) and char (qchar.BYU).

Item 27 specifies that contributions of ash, soot and char to radiation
cross-sections are to be included and that existing efficiency data in files

named in item 26 are to be used for this purpose.

Item 28 inputs furnace pressure as 1 atm and supplies reference

temperatures for each of the seven control volumes.
4.2 SAMPLE OUTPUT

Depending upon the specified values of indices array iout, an extensive
amount of output may be generated. This type of output is primarily for

debugging purposes and is not discussed here.

Subroutine OUTPF prints a five-part summary of results. Table 4.2 presents
size distribution of ash, soot and char particles in the flame zone (control
volume 2) of furnace. Similar output is also produced for bottom zone (control
volume 1) and for a representative heat absorption z;ne (control volume 3). To

help interpret the output, column headings are identified below.

inum size bin

rash radius of ash particles, m

rash number density of ash particles, #/m?

rsot radius of soot particles, m

nsot number density of soot particles, #/m’
rchr radius of char particles, m

nchr number density of char particles, #/m’

Printed at the bottom of table are average ash, soot and char loadings, and the

partial pressures of CO,, H,0 and CO.
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ash/soot /char size spectrum in flame

rash
m
.000E-07
.500E-07
.000E-07
.500E-07
.000E-06
.250E-06
.500E-06
. 750E=06
.000E-06
.500E-06
000E-06
.500E-06
.000E-06
.500E-06
.000E-06
.000E-06
.000E-06
.000E-06
.000E-06
.000E-05
.200E-05
.400E-05
.600E-05
.800E-05
.000E-05
.200E-05
.400E-05
.600E-05
.800E-05
.000E-05
J200E=05
.400E-05
.600E-05
.800E-05
.000E-05
.200E-05
.400E-05
.600E-05
.800E-05
.000E-05

NB BB LEDBWWWWWRNNMNMNNFE R HEER OIS D WWRNMNR g0 N e

average ash

nash
#/m3
.000E+00
.000E+00
.217E+10
.666E+09
.093E+09
.217E+09
.283E+09
.154E+09
.733E+08
.2671E+09
.561E+08
.690E+08
A2E+ 05
A R0
.207E+07
.007E+07
.804E+07
+ 260E+0:7
.486E+06
.187E+06
.235E+07
.178E+06
.060E+06
.448E+06
2 952E+06
.278E+06
.846E+05
.744E+05
.200E+05
.041E+05
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

COO0O0O0O0COCOO0COUNVHERNWUNFOAOFEREWSEVODS JdJRERJdJHHMNDWWWOO

loading

average soot loading
average char loading

partial pressure of CO2

U B B B D WWWWWMR MM MMM RMMN e 0o 0 Wk

partial pressure of H20

partial pressure of CO

.000E-08
.000E-08
.000E-08
.000E-08
.000E-08
.000E-08
.000E-08
.000E-08
.000E-08
.000E-07
.100E-07
.200E-07
.300E-07
.400E-07
“S00E=01
.600E-07
S 00E=07
.800E-07
= S 00RO
.000E-07
.100E-07
2 200E=07
.300E-07
.400E-07
S50 0E=07
.600E-07
.700E-07
.800E-07
.900E-07
.000E-07
.200E-07
.400E-07
.600E-07
.800E-07
.000E-07
.200E-07
.400E-07
.600E-07
.800E-07
.000E-07

rsot
m

OO 000U oO000U000 00000000 oO o ONWIWIO MO WO

nsot
#/m3

.640E+16
.796E+15
.726E+14
.785E+13
.390E+13
.217E+12
.013E+12
.393E+11
.383E+11
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

= 1.944E-03kg/m**3
7.276E-04kg/m**3
= 3.217E-03kg/m**3

1.379E-0latm

@

.448E-02atm

0.000E+00atm

Db BB BB WWWWWRNMNMNNNNRE PR EHEO®DJOO S BWWRNNE - a0 e

zone

rehe

m
.000E-07
.500E-07
.000E-07
.500E-07
.000E-06
.250E-06
.500E-06
.750E-06
.000E-06
.500E-06
.000E-06
.500E-06
.000E-06
.500E-06
.000E-06
.000E-06
.000E-0€
.000E-06
.000E-06
.000E-05
.200E-05
.400E-05
.600E-05
.800E-05
.000E-05
.200E-05
.400E-05
. 600E=05
.800E-05
.000E-05
.200E~-05
.400E-05
.600E-05
.800E-05
.000E-05
.200E-05
.400E-05
.600E-05
.800E-05
.000E-05

OO0 000O0O0O00O00 OO

o

VOV NODHEFERRPEPRERPEPRPDNDNDWWORWNDO O

nchr
#/m3

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.139E+06
.105E+06
.712E+06
.998E+06
.158E+06
.535E+06
.217E+06
.915E+06
.185E+06
.895E+06
.014E+06
.306E+06
.776E+06
.659E+06
.608E+06
.279E+06
.686E+06
.406E+06
.135E+06
.950E+05
.794E+05
.318E+05
-585E+05
- 155E+0S
.829E+05
.210E+05




Table 4.3 presents the spectral optical properties of combustion gas
corresponding to gas compositions and reference temperatures in control volumes,
1, 2 and 3. For each waveband identified by ifrq, the table lists extinction
coefficients (betl, bet2, bet3), scattering albedos (omgl, omg2, omg3), and RTE
solution indices ipl and is4. As explained earlier, P, approximation is employed
for waveband ifrq if ipl(ifrq) equals one, S, if is4(ifrq) is assigned a value

of one, and MDA if both ipl(ifrq) and is4(ifrq) equal zero.

Table 4.4 presents the spectral heat transfer for each of the seven control
volumes. Heat transfer surfaces for control volumes 2 through nvol-1 consist of
four side walls, control volume 1 also contains the bottom wall, and control
volume nvol also contains the top wall. Tabulated spectral heat transfer is in
units of W rather than W/cm so that a linear addition over wavebands yields the

total heat transfer.

Table 4.5 presents further information on heat transfer (Qrate, W), heat
flux (Qflux, W/m?) and rate of heat release from coal combustion (Qrel, W). The
information is presented for each of the seven control volumes after excluding
the bottom wall from control volume 1 and the top wall from control volume nvol.

Total heat transfer is also listed in this table.

Table 4.6 provides a summary of calculations. Various columns in the table
correspond to temperature (temp, K), flow rate (flow, kg/s), specific enthalpy
(enth, J/kg), total enthalpy at entrance (hin, W), total enthalpy at exit (hout,
W), and divergence of heat flux (divq, W). Various rows in the table designate
fuel (fuel), combustion air (air), recirculating flue gas (recg), control volumes
(voll-vol7), and overall furnace (furn). The entry for row designated fuel and
column hin corresponds to total heating value of coal, and that under column hout
to total heat release after accounting for combustion and moisture losses. 1In
the rows designated as voll-vol7, the difference (hin - hout) represents heat
exchange with other control volumes and furnace walls, whereas (hin - hout -
divq) represents convective heat transfer to the adjacent walls of the furnace.
The entry under column divq in row furn contains the total convective and
radiative heat transfer to the furnace walls. Numerically, it equals the
difference between the entries under the columns hin and hout along the row furn.

Finally, a breakdown is given of CPU time expenditure in optical property
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Table 4.3 Radiation Properties of Combustion Gas and Solution Indices

Dpti:al‘Pruperties of Combustion Gas

ifrg betl omgl bet2 omg2 bet3 omg 3 ipl is4
m-1 m-1 m-1
1 1.308E+00 2.767E-02 1.546E+00 1.453E-01 1.299E+400 2.971E-02 0 0
2 4.269E+00 1.020E-01 4.353E+00 1.366E-01 4.372E+00 1. 06ZE=01N1 0
3 1.976E+00 1.982E-01 2.308E+00 1.974E-01 1.970E+00 2.120E-01 1 0
4 6.014E-01 2.838E-01 9.663E-01 2.554E-01 6.175E-01 2.948E-01 O 0
5 2.868E-01 3.741E-01 7.385E-01 2.673E-01 2.979E-01 3.840E-01 0 0
6 5.055£-01 6.614E-01 1.0S55E+00 3.798E-01 5.279E-01 6.754E-01 0 0
7 5.621E-01 8.776E-01 1.262E+00 4.366E-01 5.932E-01 8.868E-01 0 0
8 2.498E+00 2.185E-01 3.603E+00 1.706E-01 2.432E+00 2.395E-01 1 0
9 5.720E-01 9.653E-01 1.637E+00 3.864E-01 6.092E-01 9.666E-01 0 0
10 5.650E-01 9.568E-C1 1.773E+00 3.527E-01 6.017E-01 9.583E-01 0 0
11 6.052E-01 8.794E-01 1.954E+00 3.166E-01 6.392E-01 8.880E-01 0O 0
12 1.141E+00 4.604E-01 2.715E+00 2.255E-01 1.155E+00 4.851E-01 O 0
13 6.736E-01 7.765E-01 2.353E+00 2.593E-01 7.059E-01 7.902E-01 0 0
14 5.831E-01 9.039E-01 2.374E+00 2.585E-01 6.187E-01 9.085E-01 0 0
5 5.707E-01 9.430E-01 2.499E+00 2.494E-01 6.080E-01 9.440E-01 O 0
16 S. 3 9.123E-01 2.652E+00 2.322E-01 6.170E-01 9.151E-01 O 0
17 6. 3 JE-0X 2.821E+00 2.216E-01 6.588E-01 8.736E-01.0 0
18 5.7 9 8E-01 2 887E+00 2 155E-01" 6. 129E-0% 24E-01 O 0
195 9.344E-01 2.961E+00 2.095E-01 6.085E-01 ¢ 44E-01 0O 0
2005 9.301E-01 3.025E+00 2.046E-01 6.090E-01 9.303E-01 0 0
2 55 9.016E-01 3.092E+00 1.983E-01 6.177E-01 9.048E-01.0 0
22 6; 7.737E-01 3.246E+00 1.888E-01 7.100E-01 7.859E-01.0 0
2 5% 8.962E-01 3.194E+00 1.912E-01 “6.171E-01 8.987E-01 O 0
245 9.103E-01 3.220E+00 1.895E-01 6.080E-01 9.104E-01 0 0
A SIS T 9.066E-01 3.263E+00 1.879E-01 6.141E-01 9.066E-01 0 0
2O 9.024E-01 3.315E+00 1.863E-01 6.219E-01 9.024E-01 0 0
27005 9.027E-01 3.394E+C0 1.822E-01 6.206E-01 9.027E-01 0 0
28005 9.034E-01 3.509E+00 1.776E-01 6.226E-01 9.034E-01 0 0
2805 9.008E-01 3.636E+00 1.710E-01 6.174E-01 9.008E-01 0 0
30 5. Bl 3SE-01 3.785E+00 1.635E-01 6.107E-01 8.953E-01 0 0
Sl B.896E-01 3.973E+00 1.579E-01 6.178E-01 8.896E-01 0 0
32 5.602E-01 8.758E-01 4.171E+00 1.472E-01 5.975E-01 8.758E-01 0 0
33 S5.450E-01 8.583E-01 4.407E+00 1.371E-01 5.813E-01 8.583E-01 0 0
34 S5.368E-01 8.407E-01 4.688E+00 1.284E-01 5.725E-01 8.407E-01 O 0
35 5.324E-01 8.197E-01 5.015E+00 1.205E-01 5.678E-01 8.197E-01 0 0
36 5.115E-01 7.900E-01 5.374E+00 1.107E-01 5.455E-01 7.900E-01 0 0
37 5.019E-01 7.628E-01 5.794E+00 1.033E-01 5.353E-01 7.628E-01 0 0
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Table 4.4 Spectral

L

.46E+02
.64E+02
.88E+03
.12E+03
.13E+03
.42E+04
.99E+03
.93E+04
.15E+04
.91E+03
.69E+04
.51E+04
.35E+04
.34E+04
.53E+04
.56E+04
.65E+04
.45E+04
.56E+03
.01E+04
.83E+03
.08E+04
.82E+03
.78E+03
.07E+03
.76E+03
.56E+03
.83E+03
.19E+03
.22E+03
.61E+02
.55E+02
.86E+02
.56E+01
.82E+01
.40E+01
.39E+01

HOHFHFWOFNWOARPEPRERREREPENEFNFOWWOWAWNWWHEFWNEFNODONEFEW

=
&

.74E+02
.17E+03
.79E+03
.38E+03
.20E+03
.55E+04
.89E+04
.73E+04
.59E+04

2E+04

.79E+04
.76E+04
.55E+04
.16E+04
.05E+04
.77E+04
.69E+04
.73E+04
.73E+04
.67E+04

2E+04

.40E+04
.25E+04
.28E+04
.11E+04
.32E+04
.87E+04
.15E+04
.81E+03
.94E+03
.23E+03
.23E+03
.71E+02
.59E+02
.89E+02
.81E+01
.07E+02
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Heat Transfer to Sidewall in Control Volumes

Spectral Heat Transfer

3

.61E+02
.06E+03
.59E+03
.89E+03
.76E+03
.20E+04
.35E+04
.71E+04
.91E+04
L 55E+03
.74E+04
.92E+04
.18E+04
.16E+04
.40E+04
.51E+04
.76E+04
.30E+04
.04E+04
.63E+04
.22E+03
.03E+04
.41E+03
.16E+03
.08E+03
.44E+03
.19E+04
.13E+03
.19E+03
.42E+03
-371E+03
.70E+02
L 27E+02
-33E+02
.26E+02
.74E+01
.31E+01

WWOFEFNEBEJIFEFNB_IUSELBUOHFHUOVORRFREREPREPEPWNUOFEDORESE IJNDOW

4

.12E+02
.25E+02
.29E+03
.73E+03
.00E+03
.82E+04
.99E+03
.36E+04
.02E+04
.44E+03
.00E+04
.26E+04
.70E+04
.48E+04
.45E+04
.66E+04
.96E+04
.42E+04
.28E+03
.87E+03
.30E+03
.45E+04
.34E+03
.97E+03
.30E+03
- 1IRE+03
.00E+03
.07E+03
.32E+03
.31E+03
.26E+02
.02E+02
.21E+02
.19E+02
.33E+01
- 35E+01
.46E+01

FRWOFMNAEOHFNAWWWWHWNSKRERERRPEPREPRPEPRNDED JIJNDORE WON®N

5

.71E+02
.14E+02
.02E+03
.82E+03

2E+03

.59E+04
.43E+03
.06E+04
~T0E+DS
+19E+03
.65E+04
.73E+04
.41E+04
.19E+04
.12E+04
.31E+04
.56E+04
.08E+04
.71E+03
.35E+03
.96E+03
.09E+04
.91E+03
.59E+03
.08E+03
.62E+03
.83E+03
-71E+03
.49E+03
.13E+02
.36E+02"
.34E+02
.24E+02
.48E+01
.34E+01
Pl RO
.65E+01

.36E+02
.22E+02
.79E+03
.01E+03
.10E+03
.38E+04
.20E+03
.81E+04
.35E+03
.47E+03
.38E+04
.30E+04
.17E+04
.78E+03
.07E+03
.06E+04
.24E+04
.58E+03
.68E+03
.69E+03

03E+03

.29E+03
. 93E+03
. 67E+03
.27E+03
.63E+03
.43E+03
.86E+03
.89E+02
.20E+02
.70E+02
.40E+02
.18E+01
.61E+01

80E+01
91E+00

.06E+00
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.90E+02
.97E+02
.49E+03
.88E+03
.45E+03
.08E+04
.28E+03
.47E+04
.42E+03
.43E+03
.94E+03
.77E+04
.56E+03
.86E+03
.26E+03
.29E+03
.56E+03
.78E+03
.45E+03
- 75E+03
.97E+03
.46E+03
.86E+03
.69E+03
.42E+03
.62E+03
.06E+03
.07E+03
.49E+02
.78E+02
.39E+02
.91E+01
.41E+01
.65E+01
.89E+00
DI SER00
.13E+00



Table4.5

fuel
air

recg
voll
vol2
vol3
volé4
vol5S
vol6
vol7
furn

Wall Heat Flux
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Table 4.5 Furnace Heat Transfer

voll
vol2
vol3
vold
volS
vol6
vol7
bott
top
EoE I

Table 4.6

temp

K
. 8
1k
.50
.58
.84
L 1S)
S 6T
V61
295
.47
AT

HFHEPRPRHERPRERP 90w

time
time
time
time

0E+02
0E+02
0E+02
4E+03
SE+03
9E+03
9E+03
1E+03
3E+03
6E+03
6E+03

spent
spent
spent
spent

BRI WWWs ovE W,

and Heat Transfer Rate Distribution

Qrate

.364E+07
.487E+08
247 2E+07
.580E+07
.681E+07
. 023E+07
.296E+07
.463E+07
.065E+07
.482E+08

Qflux

S S2EH0S
1598 +05
.448E+05
.130E+05
.508E+05
.054E+05
.485E+05
252 7E+05
.601E+04

VR NN WS N

Qrel
.000E+
.146E+
.000E+
.000E+
.000E+

oo ocoowo

.000E+

00
08
00
00
00

.000E+00

00

Summary of Results and CPU breakdown

WWWWWwWwwHoWWw

in
in
in
in

summary output

flow enth hin
kg/s J/kg W
.285E+01 0.000E+00 9.151E+08
.599E+02 2.858E+05 1.029E+08
.000E+00 4.914E+05 0.000E+00
.178E+02 1.535E+06 2.219E+08
.927E+02 1.883E+06 1.176E+09
.927E+02 1.768BE+06 7.396E+08
.927E+02 1.661E+06 « 6.942E+08
S927E+02  1.571E+06  6.524E+08
.927E+02 1.494E+06 6.170E+08
.927E+02 1.393E+06 5.865E+08
.927E+02 1.393E+06 9.956E+08
optical props 6.396E+01
Gs computation L1 45E+03
Gm computation 4.426E+03
Planck Function 0.228E+02

LU oo o) O

secs
secs
secs
secs

hout
W

;927 R+-08

.809E+08
.615E+08
.942E+08
.524E+08
.170E+08
.865E+08
.469E+08
.469E+08

BwWhDwWww s D W

divg

-815E+07
.090E+08
250 FA0
.928E+07
.314E+07
.842E+07
< TELEF0T
.482E+08



calculations, determination of G, field by MDA, determination of G,/G field by
MDA/P,/S,, evaluation of Planck function at gas temperatures, and non-linear

equation solver.






5. RECOMMENDATIONS

FURN3D is a modular code written in Fortran 77. The code and input data
are structured to permit a user to conduct many different types of calculations:
spectral vs gray body, isotropic vs anisotropic scattering, with or without ash
particles, with or without char particles, with or without soot particles, P,
approximation vs MDA vs S, method, fine vs course grid, limited vs extensive
printout, etc. Different choices of input data affect results in magnitude,
accuracy, speed or printout. This flexibility in input is useful for conducting
sensitivity analysis or gaining understanding of the results of calculations.
Discussed below are our recommendations of input data choices which are not

specific to a particular problem.

35 OUTPUT CONTROL

Optional printout is controlled by item 2 input data. Generally, output
pertaining to wall heat flux due to G; (Qg), G; field, G, field, total heat flux
(Q) and divergence of heat flux should be suppressed by assigning a value of zero
to indices iout(3) - iout(7). Each of these quantities is four dimensional
(three field variables and one spectral) and generates a lengthy output. Arrays
G, and Q. are non-zero only for frequencies corresponding to which MDA is used
to solve RTE. The boundary conditions used on constructing Gy solution are hot
walls and cold gas. Thus, Q, is always negative signifying that heat transfer
is from the walls to the gas. On the other hand, total heat transfer Q in
practical furnaces should be positive. A negative value for Q represents non-

convergent solution by MDA.

Index iout(8) controls printout of the three-dimensional temperature field.
We recommend setting iout(8) equal to zero since a more concise output of
temperatures is available elsewhere.
Bl SPECTRAL VS. GRAY CALCULATIONS

Meaningful and consistent results are obtained only if full spectral

calculations are performed by setting nfrq equal to 37 in data item 3. The code

does require estimates of reference temperatures as data in item 28. These

5-1



estimates are used in determining radiation properties of the products of

combustion. The estimates can be obtained by making a quick run with nfrq set

equal to one (gray body calculation). The code will print an error message and

terminate if nfrq is assigned a value different than, 1 ex 37,

9.3 RTE SOLUTION

As explained earlier, FURN3D employs a hybrid technique in which S, is used
to solve RTE for B < PBmin, MDA for Bpin < B < Bmax and P; for A > foceidhc
recommended initial values of B,., and fn;, to be specified in data item 3 are 1.5
and 0.05, respectively. Both computational speed and accuracy are affected by
choice of By, and Bh,. Computational speed can be enhanced by choosing smaller
Bmax but at the expense of invoking P, approximation in the range where it is less
accurate. Too high a value of B, lends to use of MDA in the range where small
inaccuracy in G, solution is known to lead to non-physical results. Similarly,
faster solutions can be obtained by increasing By, and using MDA for frequencies
for which S, would be used otherwise. However, the line-by-line method of
inverting algebraic equations for G, has shown slow convergence in the limit of

small .

Recommended value for the interpolation parameter a is 0.8. This is a
reasonable compromise between 0.5, where S, solution has second-order accuracy,
and 1, where upwind differening is used and negative intensities are not produced

in intermediate steps.
5.4  ITERATIVE SOLUTION

Number of iterations required to solve the finite-difference equations for
G,/G by MDA/P, may depend upon the choice of fB,;, and B,... In our experience, a
choice of 30 as maximum number of iterations and 2 as minimum has generally
proved adequate. A message is automatically printed if convergence is not
achieved within the specified number of iterations. Subroutines related to
solution of G,/G by MDA/P, are called from inside a temperature iteration loop.
In a well-behaved problem, fewer iterations are needed to solve for G, /G as the
temperature field approaches the converged value and increments in temperatures

from one iteration to the next decrease in magnitude. Thus, it is possible to



have a situation in which convergence in G,/G is not obtained initially but is

attained subsequently as the temperature field is iterated upon.

Number of iterations needed for solving G,/G by S, depends upon the
mégnitude of Bnin- For Bu, < 0.05, 20 iterations are generally sufficient.

Convergence behavior of S, can be monitored by specifying iout(9) equal to one.

Number of iterations needed by the non-linear solver is proportional to the
specified number of control volumes over which heat balance is conducted.
Twenty-five iterations are generally sufficient for up to seven control volumes
and prescribed accuracy of 100 W in heat rate. We recommend that a temperature
increment of 0.1 K (deltg) be prescribed for numerically calculating the gradient
of the objective function. Numerical differentiation becomes inaccurate if too
large a value of deltg is used and convergence shows down. Round off errors

degrade convergence if deltg is made too small.

The non-linear equations solver based on steepest descent and Newton update
has proved robust in our experience. Past failures to solve heat balance
equations have been associated with non-convergent or inconsistent solutions of
RTE. These could always be resolved by proper selections of B;in, Bpax and a.
Progress of the non-linear solver can be followed by assigning a value of unity

to iout(1l4).

The algebraic equations for G,/G obtained from applying MDA/P, to RTE and
finite differencing are solved by a line-by-line inversion technique in
conjunction with successive overrelaxation (SOR). It has been found that
convergence can be speeded by gradually decreasing the SOR parameter from one
iteration to the next. Numerical experimentation has shown that a starting value
of 1.2 for the relaxation parameter is near optimum under many conditions and is

recommended.
5.5  NUMERICAL GRID
FURN3D has been extensively executed on SUN SPARC workstationms. In

simulations for typical industrial furnaces, grid fineness has been limited by

availability of computer memory rather than being determined from numerical



accuracy. For a 15 x 15 x 51 grid as used in Table 3.1, FURN3D requires more
than 16 Mb of storage if calculations are performed in double precision. Much
of the storage requirement (11 Mb) is imposed by arrays for spectral quantities
G, and G, and angular intensity I. Thus, for all practical purposes the larges

grid than can be accommodated on a computer should be used. In certain cases,

run cost may also be a determining factor.

In any run the number of grid points (imax, jmax, kmax) and control volumes

(nvol) should be smaller than the maximum allowable (imx, jmx, kmx, nv). The

code will terminate the run with an appropriate message if this condition is

violated. The user can than either decrease the number of grid points or

recompile FURN3D with larger dimensions specified in the parameter statement.

We also recommend that user select imax, jmax and kmax to produce a near cubicle
grid.

5.6 RADIATION PROPERTIES

Determination of efficiency factors for ash, soot and char can be &

computer time intensive process since for each kind of particle Mie theory must

be invoked 44,400 times (number of particle size bins x number of wave bands X

number of subdivisions within a wave band). Mie solution is tedious to execute
as it involves complex number algebra, complex trigonometric functions and
infinite series summation. A file management and a particle size grid systens
have been set up in FURN3D to minimize expenditure of computer resources on Mie
solution. A file index array incl(3) has been provided through which the user
can specify whether the efficiency factors are to be read from existing files,
or calculated and stored in new or existing files. Efficiency factors for char
and soot only need to be calculated once since the optical constants for these

particles are independent of composition. Efficiency factors for ash need to be
updated for different ash composition.

The foregoing method of file management works because the efficiency

factors in Mie theory are function of 2ar/\ and optical constants, and we have
fixed the particle size grid and the wavebands. The absorption and scattering
cross-sections do depend on particle size distributions and these are calculated
in every run. However, different size distributions can be accommodated with a




single database for efficiency factors.

5.7 HARDWARE REQUIREMENT

As mentioned earlier, requirement of computer memory depends on the grid
parameters imx, jmx, kmx and nv, and the number of frequencies nf. Table 5.1
summarizes the total memory occupied by the major arrays in FURN3D and also
provides a breakdown in terms of variables related to the Planck function (I)
heat flux (q), divergence of heat flux (v.q), S, subroutines, and G,/G
subroutines. Memory required by v.q and S, solution arrays is independent of nf.
For the coarsest 5x5x15 grid tabulated, random access memory (RAM) is determined
by S, arrays for gray-body calculations, and by I,, q, S, and G,/G arrays for
spectral calculations. For spectral calculations on the finest 18x18x60 grid
listed, more than half of 22 Mb RAM needed is occupied by arrays needed in G,/G
solution. In gray-body calculations on the finest grid listed, 67% of 7.6 Mb RAM
needed is taken up by variables appearing in S, solution. The portion of heat
flux (q) arrays dependent on nf is for output purposes only and can be trimmed
with slight reprogramming for machines with limited RAM. The spectral arrays
involved in G,/G subroutines greatly expedite solution convergence. On machines
with limited RAM, these can be substituted by ROM (read only memory) at the

expense of greatly increased I/0 time.

5.8 GETTING STARTED

The complete code package consists of seven source and data files and an
optional output file. The fortran source code is contained in file furn3d.f.
Common blocks are stored separately in file furn3d.h. During compilation,
furn3dd.f extracts the common-block information from furn3d.h through include
statements. Many workstations require that furn3d.f and furn3d.h be stored in

the same directory.

File cp.d contains curve-fit coefficients for calculating specific heats
and enthalpies of CO,, H,0, SO,, N,, 0,, carbon, ash and coal. Contents of this
file, read by furn3d during execution using formatted statements, should not be

altered.



Table 5.1. Computer Memory Requirement

Grid Parameters Memory Required, Mb

dmae = mae S lemye s nve st Total I, q v.q S, G,/G
5 5 1) e 0575 = =0T S0l [0 S0 SO 70 25
5 5 15 5 1 031 =<0 08«0, D1SS<0F 0TRSO R 04
LOE=0 £10 AR 4.00""0.44 " 0.43 002 5N0 9402 02
108 10 =30 -~ .5 1 1.41: 0.04 :.0.02 20252094 B0 =20
15 15 51« 100 37 13536 1S LI07 02093010727 1
TSRS T SR 4.65  0.12 0706 0,00« 31O TS IENI)
18 L8 Sh A1 537 21 71 w163 153 0.16 501 2813506
18 BB Sh DR SR 22605200308 0. 16" “5C01NTRR7
18 18 60 8 37 21T HS L5 016585580121 AE D5
18 L8608 . 755" 0.20 " J0.08 )en e STERE L ALy

Remaining files have variable names. An input data file, say furn3d.d,
should contain problem specific data as explained in Section 3.3. 1Included in
data are names of files to be used for reading efficiency factors for scattering
and extinction by char, soot and ash. Internally, furn3d.f assigns them names
qchar, gsoot, and qash. These files may be new or existing, empty or full.
Generally, contents of files referenced by qchar and gsort should not be changed
from data documented in Appendices G and H. Contents of file referenced by gash
should be updated for ashes of different compositions using procedures outlined
in Sections 3.3 and 5.6. On workstations, it may be convenient to store all

files in a single directory.
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APPENDIX A. FURNACE HEAT TRANSFER SUBROUTINES




PURPOSE

ARGUMENTS

MAIN EQUATIONS

A.1 SUBROUTINE BURNOUT

To calculate char particle temperature, fractional carbon
burnout, remaining char concentration and oxygen partial

pressure.

nsize, anumc, rc, akg, diff02, tg, tp, amcf, p02, rhochar,
rhoc, dtm,
1 Char Oxidation Rate
q = Aexp(-E/RT,)Pg ,
2 C0/CO, Product Ratio
£ = A exp(-E /RT;)
3 Burning Mode
P/Py = (m/mg)"

d/dg = <m/m0)(1'a)/3

4. Swelling Factor
w = dy/d.
2 Heat Release

Q = q(AHy + fAH,) /(1 + £)
6. Heat Transfer

N
Q- %U_) (T, = T,) + eo(T? -~ T
s Oxygen Partial Pressure
(1+£/2) MW, NuyDo — p B
on w, T () () B, 7 Pos)

c
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SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

None

OHeo = 9.283 x 10° J/kg
AHoo = 3.28 x 107 J/kg

Nu = Nu, = 2

Equations for char oxidation kinetics, heat release, heat
transfer and oxygen mass transfer are coupled and non-linear
functions of particle temperature T, and oxygen partial
pressure P, s These are rearranged in terms of a single
unknown, T,. Starting from initial bounds of i Gl bisection
method is used to successively halve the bound interval until
convergence to 107“K is achieved. The procedure is repeated

for each particle size in char histogram.

The burnout results are integrated over particle size to

obtain char spray density and reduction in oxygen partial

pressure.
Hurt, R. H. and Hardesty, D. R., ’'Rates and Mechanisms of
Pulverized Coal Char Combustioh,’ Seventh Annual Coal

Preparation, Utilization, and Environmental Control Contractor

Conference Proceedings, Pittsburgh, PA, July 1991.




PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.2 SUBROUTINE COEFF

To assemble coefficients of finite difference equations for

Gar.

ifrq

1. AF = ay;82/(Byiaa2db¥ien/z)
2. AY = AyAz/(Bric1/25k0%i-1/2)

3. AY = A%z /(Bryje1/abY 541/2)

4 AS = Ax;82/ (B1ij-1/26DY 5-1/2)
5. AR = A% 8/ (Byj jke1/208%k+1/2)
6. Al = 8%,8Y;/ (Brijx-1/28%k-1/2)

7 AP = AE 3 AW, AN 4 ASI¢ AH 4L
+ 3(1 - w50 By kA% 8Y ;82
ik = 12m(1-w; 330 B 5o k8% 8Y ;82

* 3wiJk [ 1+aljk/3 ( l-wlxjk) ]GsukAx1AYJAZk

None
None

Subroutine COEFF is called from MAIN for frequencies for which
P, approximation or MDA is used. The coefficients AE, ANSSAL
AS, al, AP and S, are modified for grid points adjacent to
walls to account for diffusely reflecting boundary conditions.
Park, H. M., Ahluwalia, R. K. and Tm, "R, "H. HThrpes
Dimensional Radiation in Absorbing-Emitting-Scattering Media
Using the Modified Differential Approximation,’ to appear in

International Journal of Heat and Mass Transfer, 1992.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.3 SUBROUTINE COMBDRV

To determine heat release from char and volatile matter
combustion and evolution of char size distribution in

different control volumes.

None

None

1% BURNOUT (nsize, anumc, rc, akg, diff02, tgas, tp, amcf,
pl2 s rhochar, wrhopt(3), dtm)

2 CONDUCT (nspe, x, t, visc, akg)

None

COMBDRV is a driver module that coordinates calls to other
subroutines for estimating the heat release source term
appearing in the energy equation and the char size
distribution required for radiation property calculations.
All calculations are based on initial gas temperature

estimates supplied as input data. ,

None




PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.4 SUBROUTINE COMPSN

To determine fuel and oxidizer flow rates, gas throughout
flue gas recirculation rate, combustion gas recirculation
rate, gas composition, partial pressures of participating
gases, flyash size distribution, soot size distribution and

initial char size distribution.

None

hv = hhv(l- Slosses)-Fuel(6)x2.41722x10°
mg = Qe/hhv

G+ 0y = CO0;

s e 178 0 = 1L

S + 0, = S0,

Pco, = X P

2

PH10 = Xﬂ,OP

None
None

COMPSN utilizes input data on furnace rating, high heating
value, ultimate analysis of coal, fuel and air moisture
contents, combustion losses and fractional recirculation rate
to calculate gas composition and various flow rates. Input
data on cumulative size distributions are used to determine
ash, soot and char (initial) number density in specified size

bins and furnace control volumes.

None



A.5 SUBROUTINE CONDUC

PURPOSE To calculate thermal conductivity of gaseous mixture.
ARGUMENTS NSpeyRR ) t uvasc, T akg
MAIN EQUATIONS 1y Specific Heat of Species i

cpie—dcy £ be, T +cc T2+ dc ,T°

2. Thermal Conductivity of Species i

e cpi -R

a=c,/R - 3/2

B =0.762 - 0.71090; + 1.3168w?

Z =2 +10.5(T/T,,)2

$ =1 +a([0.215 + 0.28288a - 1.0688 + 0.26665Z]
/ [0.6366 + Z + 1.061aB])

R
K, = 3750<W‘ﬁ)"i

i Thermal Conductivity of Gaseous Mixture

R [1 ¥ (#i/l‘j)l/z (ij/Mwi)l/A]z
b [8(1 + MW /MW,) ] 172

SUBROUTINES

CALLED None

DATA Arrays acgy;, bcp;, ccy;, dey;, w; and T are initialized in a
BLOCK DATA statement.

DESCRIPTION Prior to calling CONDUC, subroutine VISCOS must be called for

calculating viscosity pu;. The algorithm for estimating the

thermal conductivity of a pure gas is due to Chung et al.
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REFERENCES

theory of gases. The interaction parameters and the collision

integral are based on Lennard Jones 12-6 potential.

Reid, R. C., Prausnitz, J. M., Polling, B. E., The Properties
of Gases and Liquids, Fourth Edition, Chapter 11, McGraw-Hill

Book Company, 1987.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.7 SUBROUTINE DIVERQ
To calculate divergence of radiation heat flux.
ifirg
Divergence of Heat Flux
v.q = lan(1-w)B(T, - G_m[:;&)du
None
None
DIVERQ is called from MAIN for each frequency band. It
calculates the spectral quantity and integrates it for total

divergence of heat flux.

None



A.8 SUBROUTINE ENERGY

PURPOSE To calculate the residual functions which must be reduced to

zero for proper convergence of the energy equations.

ARGUMENTS itry
MAIN EQUATIONS 1. Radiative Heat Transfer
Qs = fysv.q v
2. Convective Heat Transfer
Qﬁl = Z thﬁ(T;p_ Tvu)
Walls
3. Residual Enthalphy Function for Control Volume 1
Fy = m(h.-hy) + mg(hy-hy) - Q= Q
4. Residual Enthalpy Function for Control Volume 2
F, = m(hy + £,hv - hy) + m,(h,- hy)
*+ (m +mg) (hy-hy) - Q, - Q
~ Residual Enthalpy Function for Other Control Volumes
F, =mfhv + (m +m, +m)(h,_- h,)
= Qa5 = er
SUBROUTINES
CALLED i HFUEL(temp(l), cp)
25 HAIR(temp(2), air, cp)
3 HGAS(temp(3), gas, cp)
4. HGAS(tg(ivol), gas, cp)
DATA None
DESCRIPTION ENERGY is called inside a temperature iteration loop in MAIN.

For specified temperature fields, the radiation field is

updated prior to entering this subroutine.

A-12



REFERENCE

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A9 FUNCTION FRAC

To calculate fractional emission in a waveband.

vl, w2

v = Cyu/T
f(vy,vy) = £(0-vy) - £(0-v,)

@

15 e™ 3. 3v% _6v_ 6

f (0~ = __E o s i T e
(e el n ¢ n n2 nd

None
None

FRAC 1is called from PLANCKG and PLANCKW to calculate
fractional blackbody emission in a wave band bounded by v, and
vy;. The summation process indicated in F(0-v) infinite series

is performed until incremental contribution decreases to 107*.

Chang, S. L. and Rhee, K. T., "Blackbody Radiation Functions,"
International Communications Heat Mass Transfer, Vol. 11,

1984, pp. 451-455.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

A.10 SUBROUTINE FSOLVG

To solve a set of nonlinear algebraic equations.

R hIc bt NHee del ) n, #1., maxi, prt, a

See references cited below.

None

jacob(

(o S T

x, £, bl, bu, xs, fs, xsc, fsc, b, bi, ait, del,

1t print)

update(x, £, dx, df, %3, f3, wl, w2, b, bi, n)

steps(

wl, w2, fs, b, bi, tl, t2, n)

newx(x, bl, bu, wl, w2, xs, dx, xsc, b, amu, n,

print)

invt(a, n, m, del)

FSOLVG, developed by H. Geyer, implements the algorithm of M.

J. D. Powell for solving a set of nonlinear equations.

The

algorithm is based on Newton’s update and steepest descent

methods .

The subroutine is structured in a reverse calling

sequence which means that when called it returns with an

update of the solution vector without calling any functional

subroutines.

Various arguments of the subroutine

identified below.

x(n)
f(n)
bl(n)
bu(n)
acc
del
n

i
maxi

prt

independent variable vector

residual vector

lower bound vector on x

upper bound vector on x

accuracy criteria

x increment used to calculate gradient
number of equations to be solved
iteration counter

maximum number of iterations

are

print switch: 0 for no printing, 1 or 2 for
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REFERENCES

printing

work array of dimension 2*n*n+8*n+6

Geyer, H. K., Personal Communications, 1990.

Powell, M. J. D., "A Hybrid Method for Nonlinear
Equations," Numerical Methods for Nonlinear Algebraic
Equations, Gordon and Breach Science Publishers, New

York, 1970.



A.11 SUBROUTINE GRID

PURPOSE To generate finite-difference grid system and calculate

diffusion distances and geometrical areas.

ARGUMENTS None

MAIN EQUATIONS None

SUBROUTINES

CALLED None

DATA None

DESCRIPTION The subroutine subdivides the furnace of dimensions XMAX,
YMAX, and ZMAX into a uniform IMAXxJMAXxKMAX grid.

REFERENCE None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.12  FUNCTION HAIR
To calculate enthalpy of air at air inlet temperature.
el e

1. Enthalpy of Air Components (0,, N,, H,0)
hy = Cpy; + (Cp;i/2)T + (Cpyy/3)T? + Cp,,/4)T?
+(Cps;/5)T* + Cpg;/T

2. Mixture Enthalpy

RuY
bh = z ML;J‘[h,(Tl) - hy(T,) ]

None

T, = 298K. Arrays Cp;, Cp,, Cps, Cpy, Cps and Cpg are read from
file cp.d in subroutine INPUT.

HAIR is called only once from MAIN. All enthalpics in the

computer code are referenced to 298K.

Gordon, S. and McBride, B. J., "Computer Program for
Calculation of Complex Chemical Equilibrium Composition,
Rocket Performance, Incident and Reflected Shocks, and

Chapman-Jouquet Detonations," NASA SP-273; 1971.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.13 FUNCTION HFUEL

To calculate sensible enthalpy of fuel at fuel inlet

temperature.
t, cp
1. h = Cpig + (Cpps/2)T + (Cpsg/3)T? + (Cpug/4)T?
+ (Cpsg/5)T> + Cpeg/T
2. shy = BY (1) - n(T)]
pid Mwa r
None
T, = 298

HFUEL is called only once from MAIN. Numerical values of
Cpi1s, CP2s, CP3s, Cpus, CPsg, Cpes and MWg correspond to carbon

data.

Gordon, S. and McBride, B. J., "Computer Program for
Calculation of Complex Chemical *Equilibrium Compositions,
Rocket Performance, Incident and Reflected Shocks, and

Chapman-Jouquet Detonations," NASA SP-273, 1971.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.l4 FUNCTION HGAS

To calculate enthalpy of combustion gas at control volume

temperatures.
t, gas, cp
10 Component enthalpy (CO,, H;0, SO, co, 0, C)

h; = Cpyy + (Cpas/2)T + (Cpai/3)T? + (Cpys/4)T°
+ (Cpsi/5)T* + Cpg;/T.

2 Mixture Enthalphy
RuY
Ah =¥ M";‘[hi(T) - b, (T,)]

i

None

T, = 298 K

HGAS is called from MAIN inside a temperature iteration loop.

Gordon, S. and McBride, B. J., "Computer Program for
Calculation of Complex Chemical Equilibrium Compositions,
Rocket Performance, Incident and Reflected Shocks, and

Chapman-Jouquet Detonations," NASA SP-273, 1971.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.15 SUBROUTINE INIT

To initialize variables.

None

None

PLANCKW

None

INIT is called from MAIN after reading the input data. Arrays
zeroed out are those corresponding to total heat flux,
divergence of heat flux, spectral heat flux, incident
radiation G,, incident radiation G, radiation intensity, and
direction cosine indices. Mean beam length is estimated for
use in gas property calculations. A call is made to PLANCKW
for determining spectral radiation intensity at wall
temperatures. The lower and upper bounds for gas temperature
arrays are set as 273 and 3500 K, respectively.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.16 SUBROUTINE PLANCKG

To calculate spectral Planck function at gas temperature.

ifrq

1. Gray Gas
I, = oT* /7

2 Spectral Band
A= 15 = Uz

I,= £(Cyuy/T,Cou,/T) (oT*/m) (1/av)

FRAC (fl, £2)

g = 5.669 x 10® W/m?.K*
C, = 1.43883 cm.K

PLANCKG is called from MAIN inside a gas temperature iteration
loop. It returns spectral Planck function, after averaging

over the limits of the wave band.

Chang, S. L. and Rhee, K. T., "Blackbody Radiation Functions,"
International Communications Heat Mass Transfer, Vol. 11,

1984, pp. 451-455.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

Ayikd SUBROUTINE PLANCKW

To calculate spectral Planck function at wall temperture.

ifxrqg

Same as for PLANCKG

None

@ = 5,669%x 107%  W/m?.K*
C, = 1.43883 cm.K

PLANCKW is called once from INIT. It returns spectral Planck
function at wall temperatures after averaging over the limits

of the wave band.

Chang, S. L. and Rhee, K. T., "Blackbody Radiation Functions,

International Communications Heat Mass Transfer, Vol. 11,

1984, pp. 451-455.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

A.18 SUBROUTINE QFLUX

To calculate wall heat flux attributable to diffusion

approximation.

None

i Modified Differential Approximation
4.0 = - G/ [2(2/,"1)]

2 Combined Heat Flux

S et
qu_qm+qs

3 P, Approximation

-

q .0 = -(G, - 4nly,)/[2(2/€,~1)]

4. Total Heat Flux
SO
e /quu
None
None
Gpw 1s determined by finite-differencing the Marshak's

boundary conditions for G,. The boundary conditions for MDA
and P, are different by inclusion or exclusion of the wall
emission term. In MDA, q, is added to q, to obtain net heat

flux. Spectral integration is performed to obtain the total

heat flux.

Parlk, -H.,%M, ; ~Ahlawalia, Ry Ko vand Tm B H St e
Dimensional Radiation in Absorbing-Emitting-Scattering Media
Using the Modified Differential Approximation," to appear in

International Journal of Heat and Mass Transfer, 1992.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

A.19 SUBROUTINE SN

To solve the radiation transport equation by the discrete

ordinate technique for G; if modified differential approxi-

mation is used and G if S, is specified.

ifrq

None

Radiation intensity by S,

a1t a1t art

MeTge * bt S v ALY = (L - W, + Bs,

Tn

L
HALS + £BIS + neCLY + a[(1 - )BT, + SV,

= HeA + EB + nC + afV,
A = AxAy

B = AxAz

C = AxAy

Vp = AxAyAz

G; for modified differential approximation
a1t a1t a1t
Mg * g

t 3 3
7t = HeALy + 5BI; + neCly
P uA + EB +1C +afy
-

R

Incident radiation

G =Y wrt

Surface radiation flux

Q = me, Iy, - €, E "’U“LIc

Direction cosines, y,, { and 7, and weights w, are initialized

in a BLOCK DATA STATEMENT.

The finite difference analogs of the radiation transport

equation are valid when the direction cosines are positive.
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REFERENCES

The equations are solved by a point-to-point successive
substitution technique. The grid points in the computational

domain are visited according to the direction of the radiation
beam. The face intensities If, If and If are related to the

cell center intensities through linear interpolation.

1. Carlson, B. G. and Lathrop, K. D., Transport Theory -
The Method of Discrete Ordinates in Computing Methods
in Reactor Physics, edited by Greenspan, Kelber, and

Okrent, Gordon and Breach, New York, 1968.

2. Fiveland, W. A. and Jamaluddin, A. S., "Three-
Dimensional Spectral Radiative Heat Transfer Solutions
by the Discrete-Ordinate Method," J. Thermophysics,
Vol. 5, No. 3, pp. 335-339, July-September 1991.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCES

A.20 SUBROUTINE TDI

To solve the algebraic equations formed from finite-

differencing the G, transport equation.

ifrq
P = nE W,
A GmiJk = Gmx*ljk +A Gmi~1jk i ANGmiJOlk i~ AsGme—lk
H
+ ARGy 01 + AlGyy *+ Sig
TRIDAG
None

Subroutine TDI is called from MAIN after assembling the
coefficients AP, AE, A¥, AN AS, AF and Al and the source term
S in COEFF. It solves the finite-difference equations by an
iterative line-by-line elimination procedure. In this
procedure, the equations are solved alternately along lines of
constant x, y and z. When a line of constant x is solved, the
contributions from the adjacent constant x lines is added to
the source term, thus reducing the equations to a tridiagonal
form, which is easily solved by the Gauss elimination
procedure in TRIDAG. A similar procedure is repeated when
solving along lines of constant y and constant z. The grid is
visited alternately along lines of contstant x, y and z until
the change in G, on consecutive iterations becomes smaller

than the prescribed tolerance.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCES

A.21 SUBROUTINE TFIELD

To maintain consistent temperature fields in radiation

transport and heat balance equations.

None

None

None
None
TFIELD equates the three-dimensional temperature field used in
the radiation transport equation to the one-dimensional

temperature field employed in the heat balance equations.

None
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PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCES

&2 SUBROUTINE TRIDAG

To solve a tridiagonal set of algebraic equations.

bju, = a;u;; *cyuyyy try

None

None

TRIDAG, called from TDI, is an implementation of the Thomas
algorithm for solving a tridiagonal set of algebraic
equations. Depending upon the direction of sweep in TDI, the
arrays a;, b; and c; contain AP, A and AS, or AP, AF and A¥ or
AP, AH and AL. The array r; contains the source term S
together with the contributions from the transposed terms.

The order n corresponds to IMAX, JMAX or KMAX.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCE

A.23  SUBROUTINE VISCOS
To calculate viscosity of combustion gas.
nspe, X, t, visc, amug

i Viscosity of gas species i

n, = 2.699 x 10°F, (MW,T)¥/?/ (o0, (T}) ]
2, Function F;

F, =1 - 0.2756 w; + 0.059035 uf; + x;
3 Collision integral

g, = _L-1615% ', 52487 exp(-0.7732 T,)

= (T;)o.uan
+2.16178 exp(-2.43787 T;))

4. Dimensionless temperature

D=k =]

None

Subroutine VISCOS, called from CONDUCT, returns viscosities of
CO,, N;, 0, H,0 and SO,. The data necessary to calculate

viscosities are given in block data DATA2.

Reid, R. G, ‘Prausnitz, "J. M. and PoliIng, B. El setihe
Properties of Gases and Liquids," p. 396, Fourth Edition,
McGraw-Hill, 1987.
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BoL SUBROUTINE ABSGAS

PURPOSE To calculate absorption coefficient for gaseous species H,0,
CO, and CO.

ARGUMENTS vv, bl, t, ph20, pCO2, pCO, pt, akh20, akC02, akCO, akgas

MAIN EQUATIONS it Absorption coefficient of band j in species i

Kyij = (S/d)jjpi/[l &l 2(5/d)1jﬂ1L/(IBUPn)]V2

2. Mean intensity to line spacing

au

(%)lJ = o 9XP('2|V 'chl/wu)
J

- Effective broadening pressure
= P Py n
e = i i b - T
* Po Po - ]
4. Band width parameter
Wy = wo“(T/To)l/z
o Absorption coefficient

K, = X;ZJZ'%.,

SUBROUTINES
CALLED ALPBET (alph, bet, £, v, d, g, t, to, nm)
DATA
Spectral Band Absorption Parameters
Location
Vibrations
Ve Bands v, P oy, W,
cm’ Oy 041 5eas n cm’! cm’! cm’'/gm m B cm’!
1. H,0
m=3 (1) Rotational
v, = 3652 1 140 10400.0 0.14311 Sl



v, = 3756
g =1
g =1
g, =1
Cco,
m=3

v, = 1351
v, = 667
vy = 2396
g =1
g =2
g, =1
co
m=1

v, = 2143
g =1

(0]

3

(C)

()]

(O]

2

3)

(C))

®)

©6)

(0]

2)

0,0,0
6.3 pum
0,1,0
2.7 pm
0,2,0
1,0,0
0,0,1
1.87 pm
0,1,1
1.38 um
1,0,1

15 pm
0,1,0
10.;1 pm
-1,0,1
9.4 pm
0,-2,1
4.3 pm
0,0,1
2.7 pm
150
2.0 pm
2,051

4.7 pm
1

2.35 pm
2

byzo = 8.6 (TyT)'? + 0.5

beoy = 1.3

0.7

0.8

0.8

0.8

0.65

0.65

0.8

0.8

1600

3760

5350

7250

667

960

1060

3660

5200

2143

4260

beo = 1.1 for 4.7 um beo = 1.0 for 2.35 pm

41.2

0.19

2.30
22.40

3.0

25

2.47 x 10°

2.48 x 10?

2410

110.0

4.0

0.066

0.14

0.094.27

0.07361

0.08169

0.11628

0.06157

0.04017

0.11888

0.24723

0.13341

0.39305

0.07506

0.167.58

60.0

1277

10.1

34.5

2o

20.0




DESCRIPTION

REFERENCES

Exponential wide band model developed by Edwards and

Balakrishnan is employed for estimating the absorption

coefficients of H,0, CO, and CO molecules. The overall
procedure involves determining the individual contribution to
absorption at a given wavelength from the 6.3, 2.7, 1.87 and
1.38 um bands of H,0, 15, 10.4, 9.4, 4.3, 2.7 and 2.0 um bands
of CO,, and 4.7 and 2.35 pm bands of CO. The individual
contribution from each band in gaseous species is linearly

added to obtain gas absorption coefficient. Subroutine ALPBET

is called for evaluating (a/ag);; and (B/Bg);; -

Edwards, D. K. and Balakrishnan, A., "Thermal Radiation by

Combustion Gases," Int. J. Heat Mass Transfer, Vol. 167, pim2ss

1T973%



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B.2 SUBROUTINE ALPBET

To calculate the band intensity a and the broadening parameter

B
alphisbe Sl iy ad, e st S to S nm

1L Band intensity

[1 - exp(- 2 uéy) ] ¥y ;(T)
Py =1
) N
[1 - exp(- E Ugby) ] ¥i5(To)

2. Broadening parameter

(ﬂ/ﬁo)ij = (T/To)l/zcbij(T)/(bij(To)

PHIPSY (psy, phi, t, £, v, d, g, nm)

Subroutine ALPBET, called from ABSGAS, returns ("/ao)ij and
(B/By); for specified values of £, vy, 8, T and Tp. It calls
PHIPSY for calculating functions \PU(T), ‘Ili_j(To), <I>-U.(T) and
®;5(Ty) -

Edwards, D. K. and Balakrishnan, A., "Thermal Radiation by
Combustion Gases," Int. J. Heat Mass Transfer, Vol. 16, p. 25,
1973.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B.3 SUBROUTINE FCTRL

To compute factorials of three numbers.

nl, n2, n3, rl, z2, 3

ik r, = n!
2 r; = ny!
3. r; = ny!
None

This subroutine, called from PHIPSY, computes factorials of
three integers passed through argument and returns three real

numbers.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

B.4  SUBROUTINE MIE
To calculate the efficiency factors for extinction and
scattering as functions of particle size parameter and complex

refractive index.

x, refre, refim, qext, gsca

I, Size parameter
X = 2xr/X
2. Complex refractive index

m=ng - ing
Bl Efficiency factor for extinction

Quet = 2 T (2n+1)Re(a, + by)

4, Efficiency factor for scattering

Qea = 5 X 20s1)(|a? + |17

Sy Coefficients a, and b,

_ W (mX)YPn (%) = 3, (%) g (mx)
mp, (mx) € (x) - £, (X) P, (mx)
Yo (mx) Py (x) - mp (x) Py, (mx)
Yo (mx) € (x) - mé (x) Py (mx)

6. Riccati-Bessel functions

Yo(p) = pin(p)
Enlp)i= (p) =i (p)

None

The radiation cross-section calculations are based on
application of Mie theory to interaction of electromagnetic
waves with homogeneous spherical particles. The efficiency

factors for absorption and scattering are expressed in terms

B-7



REFERENCES

of the Riccati-Bessel functions. Both ¥, and £, satisfy

Yo (0 = 2L 4 0) = 9y ()

and are computed by this upward recurrence relation beginning
with
Y (x) =cos x, P(x) =sinx

X1 = -sin x, xo(x) = cos x

The series summations in Q. and Qs., are terminated after
NSTOP terms, where NSTOP is the integer closest to x + 4x!/3
+ 2. Subroutine MIE has been adapted from BHMIE with some

minor modifications.

Bohren, C. F. and Huffman, D. R., Absorption and Scattering of
Light by Small Particles, John Wiley and Sons, New York, 1983.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

By S SUBROUTINE OPT

To calculate spectral absorption coefficients and scattering

albedos.

nsize, anum, ph20, pco2, pco, pg, nfrq, v, nmax, incl, yash,

tg, bl, omega, beta

By = kg + 1 Y rf Quue(i, )N,

o, =1 Y 17 Q. (i,3)N;

20 20
B = E ﬂiA"i/E Avy
i=0 i1
20 20
o =Y otv/Y Ay
i=1 i=1
w=0/B

ABSGAS (vnu, bl, tg, ph20, pco2, pco, pg, akh2o, akco2, akco,
akg)

OPT first calculates the contributions of the gaseous species,
CO,, H,0 and CO, to the absorption coefficient. For this
purpose, each waveband is subdivided into 20 intervals, and
subroutine ABSGAS is called at each interval. Subintegration
is performed by summing over the 20 intervals to obtain the
average absorption of the gas over the waveband. Next,
particle extinction and scattering cross-sections are
determined by integrating the corresponding efficiency factors
for ash, soot and char over the particle size spectra and
weighting over geometric cross-sections and number density.
Finally, the particle cross-sections are combined with gas
absorption coefficients to generate gas-particle mixture
absorption coefficients and scattering albedo over each of the

37 wavebands considered.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

DATA

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B.6 SUBROUTINE OPTASH

To calculate complex refractive indices of ash for specified

composition.
wavl, yash, t, tefre, refim
Equations (2.7) - (2.19)

Section (2.5)

SI02 (wavl, asio2)

The complex refractive indices of ash are calculated using the
procedure outlined in Section (2.5). In the short wavelength
region, A < 8 pm, a mixture rule is employed for calculating
the contributions of Si0,, CaO, Fe,0; and MgO. Iron is the
primary absorber for A < 4 um and silica for 4 pm < A < 8 pm.
In the intermediate wavelength region, 8 um < A < 13 um, the
complex indices are determined by the Restrahlen band of
silica. In the long wavelength region, A > 13 um, the optical
constants are determined from the data for Restrahlen bands of

alumina and magnesia.

m Goodwin, D. G., "Infrered Optical Constants of Coal

Slag," HTGL Report No. T-255, Stanford, CA, 1986.

2. Im, K. H. and Ahluwalia, R. K., "Radiation Properties

of Combustion Products," ANL/FE-91/2, 1991.
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PURPOSE

ARGUMENTS

MAIN EQUATIONS

DATA

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

Bi7 SUBROUTINE OPTCHAR

To calculate the complex refractive indices of char particles.

wavl, dummyl, dummy?2, refre, refim

Equations (2.5) - (2.6)

Table (2.1)

None

The oscillator model used in calculating the optical constants
of char is derived from a least-square fit analysis of
efficiency-factor measurements of Brewster and Kunitomo on

chars produced from Australian coals.

15 Im, K. H. and Ahluwalia, R. K., "Radiation Properties
of Combustion Products," ANL/FE-91/2, 1991.

2. Brewster, M. Q. and Kunitomo, T., "The Optical
Constants of Coal, Char and Limestone," Journal of Heat

Transfer, Vol. 106, p. 678, 1984.



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B.8 SUBROUTINE OPTDRV

To calculate extinction coefficients and scattering albedos

and to assign solution indices for spectral radiation

transport equation (RTE).
None

None

OPTPROP (nsize, nfrq, incl, r, anum, yash, tg, ph2o, pco2
pco, pg, bl, dfrq, beta, omega)

OPTDRV is a driver module that calls OPTPROP for radiation
cross-section at different frequency bands, gas temperatures,
and gas compositions reflective of psd’s in furnace zones.
The RTE solution indices are assigned according to the

following criteria

ipl(ifrq) =1 if B > B .. everywhere
is4(ifrq) =1 if B < B, anywhere

ipl(ifrq) = 0 and is4(ifrq) = 0 if B, < B < Bpax eVerywhere
TErgi=a1s2 e nErg
The discrete ordinate method is used if is4 = 1, modified

differential approximation if is4 = 0 and ipl = 0, and P,

approximation if ipl = 1.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B9 SUBROUTINE OPTPROP

To determine extinction coefficients and scattering albedos

for particle laden combustion gas.

nsize, nfrq, incl, r, anum, yash, tg, ph2o, pco2, pco, pg,

dfrq, beta, omega

None

QEFF (iunit, optcon, nsize, r, 1, nfrq, v, nmax, yash, tg)
OPT (nsize, r, anum, ph2o, pco2, pco, pg, nfrq, v, nmax, incl,

yash, tg, omega, beta)

OPTPROP works internally with three files called gash, gsoot
and qchar. Names of these files are read as input data. If
the values of indices, incl(l), incl(2) and incl(3) read as
input, are 2, files are opened with status unknowﬁ and
efficiency factors are calculated and stored in the files by
making calls to subroutine QEFF. Next, subroutine OPT is
called to calculate the spectral absorption coefficients and
scattering albedos of the gas-particle mixture. Finally, if
the index nfrq is unity, the optical properties are averaged
over the infrared spectrum by weighting over the Planck

function.

None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

DATA

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

B.10 SUBROUTINE OPTSOOT

To calculate the optical constants of soot particles.

wavl, dummy, t, refre, refim

Equations (2.5) and (2.6) with n, = 1

Y(T) = 7(Ty) (T/Tg)*2, Ty = 1450K

Table (2.2)

None

OPTSOOT uses dispersion constants recommended by Lee and Tien
for hydrocarbon fuels. The data of Habib and Vervisch can
also be used by removing the comments on the Fortran

statements in the subroutine.

1l Lee, S. C. and Tien, C. L., "Optical Constants of Soot
in Hydrocarbon Flames," 18th Symposium (International)

on Combustion, p. 1159, 1981.

2. Habib, Z. G. and Vervisch, P., "On the Refractive Index

of Soot at Flame Temperature," Combustion Science and

Technology, Vol. 59, p. 121, 1988.



B 1Y SUBROUTINE PHIPSY

PURPOSE To calculate functions ¥ and ¢
ARGUMENTS psy, phi, £, £, v, d, g, nm
MAIN EQUATIONS i Function ¥
@
knx E B (v
) o T
m
I
o u,z::) Hk(Uk)
Uy + + |6 - !
Buy = Dt ol Ut

200 Function &

(R [Y Gu)¥22

&(T) =

=1
= exp (~uvy)
T o, 1

Ve =0 if 6, >0

voe = |6x| if S <0

u = fy, /T
SUBROUTINES
CALLED FCTRLA(nl,in2;"n3, rl, r2, r3)
DESCRIPTION The factorials appearing in the equations ¥ and ¢ are
evaluated in subroutine FCTRL.
REFERENCES Edwards, D. K. and Balakrishnan, A., "Thermal Radiation by

Combustion Gases," Int. J. Heat Mass Transfer, Vol. 16, p. 25,
1973.



B.12 SUBROUTINE QEFF

PURPOSE To calculate the efficiency factors for scattering and

extinction by combustion particles.

ARGUMENTS iunit, optcon, nsize, r, 1, nfrq, v, nmax, yash, tg

MAIN EQUATIONS None

SUBROUTINES

CALLED OPTCON (wavl, yash, tg, refre, refim)
MIE (x, refre, refim, gext, gsca)

DESCRIPTION QEFF calls OPTCON for spectral complex refractive indices of
ash, ~soot or char. Next, MIE is called to calculate the
efficiency factors for extinction and scattering as functions
of particle size and frequency. For later reference, the
results are stored in fields specified by the logical unit
iunit.

REFERENCES None



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

REFERENCE

B.13 SUBROUTINE SI02

To obtain the spectral value of the absorption index for fused

silica.
wavl, asio2

None

None
Table (2.4)

The absorption indices of fused silica are available at
discrete wavelengths. Linear interpolation is wused to
estimate the absorption index at wavelenth, wavl, passed to

the subroutine as an argument.

Phillip, H. R., "Silicon Oxides (Glass)," Handbook of Optical
Constants of Solids, Ed. E. D. Palik, 1985.
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PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

REFERENCES

Gl BLOCK DATA DATAL

To initialize some variables appearing in Common Blocks.

None

None

None

o e SRR U | TR -, S R )

None

Number of ash, soot and char particle size grids:
npt(l) = npt(2) = npt(3) = 40.

Frequency band centers: frq(37). See Table 3.2.
Frequency band widths: dfrq(37). See Table 3.2.

Ash particle size grid. See Table 3.3.

Soot particle size grid. See Table 3.3.

Char particle size grid. See Table 3.3.

Directional cosines for S, solution: xnu(24), yxi(24)
and zet(24). See Eqs. (2.34) and (2.36).
Directional weights for S, solution: wt(24). See Egs.
(2:34) End (2 35):

Direction indices: ixnu(24), iyxi(24), and izet(24)

Cc-2



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

REFERENCES

c.2 BLOCK DATA DATA2

To initialize variables pertaining to physical, thermodynamic,

transport and reaction kinetic data.

None

None

None

Molecular weight (MW), normal boiling point (Ty),
critical temperature (T.), critical pressure (P.),
critical volume (V.), accentric factor (w) and dipole
moment (&§) of CO,, N, 0, H0, and SO,. See
description for subroutines CONDUC, DIFFUS and VISCOS.

Constants for calculating specific heats of CO,, H,,
0z, Hz0 and SO;: acp, bcy, ccp, and dc,. See description

for subroutine CONDUC.

Pre-exponential factors (A and A.), activation energies
(E and E.), burning mode parameter (a), swelling factor
(®), and reaction order (n). See description for

subroutine BURNOUT.

Refd SR C P Prausnitz, J. M., and Pollinp, B. E.;iThe
Properties of Gases and Liquids, Fourth Edition,
Chapter 10, McGraw-Hill Book Company, 1987.

Hurt, R. H. and Hardesty, D. R., 'Rates and Mechanisms
of Pulverized Coal Char Combustion,' Seventh Annual
Coal Preparation, Utilization, and Environmental
Control Contractor Conference Proceedings, Pittsburgh,

PA, July 1991.

c-3



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DATA

DESCRIPTION

e.3 SUBROUTINE INPUT

To read input data.

None

None

None

None

Input reads twenty-eight items of data. Each item consists of
a title followed by free-formatted numeric or alphanumeric
data. The title must be enclosed in quotation marks and can
be up to 80 characters long. Data items are specified in the

following order:

L. Problem title

25 Debug indices

3. Number of frequencies

4. Cut-off extinction coefficients

2 Number of iterations

6. Nonlinear solver parameters

o Finite difference grid

8% Convective heat transfer coefficients
s Spectral surface emissivities

10. Spectral anisotropic scattering factors
1S Over-relaxation parameter for G, equation
L2 Furnace dimensions

198 Wall temperatures

14, Ultimate analysis of coal

1 Proximate analysis of coal
16. Air composition and excess air

17, Fractional gas recirculations
18 Fractional heat losses

C-4



19. Inlet temperatures

20 High heating value and furnace rating

a0 Ash composition

22; Particle inclusion indices

235 Cumulative ash size distribution

24, Cumulative soot size distribution

25 Cumulative char size distribution

26. Material densities of ash, soot and char

2 File names for ash, soot and char efficiency factors

28 Furnace pressure and reference temperatures
REFERENCES None



PURPOSE
ARGUMENTS
MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

REFERENCES

C.4 SUBROUTINE OUTPF

To print out final results.

None

None

None

OUTPF prints the following sets of results:

None

Ash, soot and char particle size distributions in
first, second and last control volumes.

Average ash, soot and char loading, and partial
pressures of CO,, H;0 and CO, in first, second and last
control volumes.

Spectral extinction coefficients and scattering albedos
in first, second and last control volumes; and the RTE
solution method index for every band.

Spectral heat transfer rates in every control volume
Heat transfer rates, heat fluxes and heat release rates
in every control volume.

Summary output

Column No. 1 = variable names

Column No. 2 = temperatures (K)

Column No. 3 = flow rates (kg/s)

Column No. 4 = enthalpy (J/kg)

Column No. 5 = enthalpy entering control volume (J/kg)
Column No. 6 = enthalpy leaving control volume (J/kg)
Column No. 7 = heat transfer rate from control volume
(W)

CPU time spent in various subroutines



PURPOSE

ARGUMENTS

MAIN EQUATIONS

SUBROUTINES
CALLED

DESCRIPTION

c.5 SUBROUTINE OUTPUT

To produce detailed outputs of different variables.

nout

None

None

Depending upon the value of nout, different variables listed

below are printed.

index iout (nout) has a value of zero.

iout

1

00 Ny oW

Variable to be printed

No output is generated if the associated

Combustion gas composition, fuel flow rate, air flow

rate, flue gas recirculation and combustion
recirculation

Wall heat flux distribution due to Gy

Incident radiation field, Gg

Incident radiation field, G,

Total wall heat flux distribution

Distribution of divergence of heat flux

Temperature field

c-7
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program furn3d

@
© FURN3D VERSION 1.0
© DATE OF RELEASE 9-3-92
@
e
implicit real*8 (a-h,o-z)
include ’furn3d.h’
real*4 dtime, time(2)
data tgs, tgm, tpl, ttg /4*0.d0/
Ce==cs input data
call input
c---- initiate clock timing
tstart = dtime(time)
e s sinitalalizatdlon
caililSriinait
cE=sssgriidisysten
call grid
c---- gas composition
call compsn
call output (1)
c---- combustion module
call combdrv
Ceeasn optical properties module
call optdrv
topt = dtime (time)
c==—== frequency loop foxr Gs
do 10 ifrg=1,nfrg
@ skip if beta = 0 everywhere
if (ibeta(ifrq) .eg. 0) goto 10
Ce==c skip if S4 or Pl approximation
if (ipl(ifrqg)+is4d (ifrq) aeiz s ) Cenee 1)
Cec—— 54 solution of I and Gs for MDA
call sn(ifrqg)
10 continue
call output (2)
call output (3)
call output (4)
15 continue
tgs = tgs + dtime (time)
C---- temperature iteration loop
do 30 itry = 1, maxzcal
C———— load gas temperatures: tg(ivol)——>t(i,j,k)
call tfield
CEs=s frequency loop for Gm

QO0aao0
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c-——-

c-————

c————

e

E——

Eommm

20

E=—oc

e

do

CO

Fri Sep 11 14:47:41 1992
20 ifrg=1,nfrg

skip if beta = 0 everywhere
if (ibeta(ifrg) .eq. 0) goto 20

Planck function at gas temperature
call planckg(ifrq)
tpl = tpl + dtime (time)

if (is4(ifrg) .eg. 0) then
coefficients of Gm equation
call coeff (ifrq)

Gm field from tdi
call tdi(ifrq)
tgm = tgm + dtime (time)
else
S4 solution of I and G (=Gs+Gm)
call sn(ifrq)
tgs = tgs + dtime (time)

end if

div (Qr) : cumulative (w.r.t. frequency)

call diverqg(ifrq)

ntinue

energy equation

ca

no

11 energy (itry)

n-linear equations solver

summation.

call fsolvg(tg,hres,tgl,tgu,acc,deltg,nvol,ntry,

a2

maxcal, iout (14), rwork)
(ntry .ge. 1000) go to 40

30 continue

40

oo

Cc———=

[T

2000
2003

write
conti

cass

wall
call
call
call
call

final
call

timin
write
write
write
write
write

forma
forma

(6,*) '‘no convergence in temperature iteration loop

nue
output (5)

heat flux
gflux

output (6)
output (7)
output (8)

summary output
outpf

g test
(6,2000
(6,2003

(6,2003
(6,2003

e (1hmaL))
t(10x, a,lpel2.3,a)

)

) ‘time spent in optical props
(6,2003) ’"time spent in Gs computation

) ’‘time spent in Gm computation

) ‘time spent in Planck Function’,

’
’

’

r

’
’

EopERd
tgs ,
Emes
el ;7

,

secs’
secs’
secs’
Seesk
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end

subroutine burnout (nsize, anumc, rc,akg,diffo2,tg, tp, amct,
al po2, rhochar, rhoc,dtm)

implicit real*8(a-h,o-z)
parameter (nsz=40)

dimension amcf (nsize), anumc(nsize), rc(nsize), tp(nsize)

common /comb/ order , aoxid , aprod , eoxid, eprod, parmod,parswl
data hco TN C O G e , amwc , amwo2 , pi , anu
1L /820876, 8.200cr7, B.014 , 0.002 , 0.082 , 3, l4155285, 2.0/

data pconv
1 / 1.01325e+5/

do 40 i = 1, nsize

S skip i m = 0.0
if (amcf(i).eqg.0.0) then
tp(i) = tg

0

C=——~— char particle diameter
aa = (1.-parmod) /3.
d = 2.*rc(i)*amcf(i)**aa

G iteration loop for particle temperature
tp(i) = tg+0.1
iter =0

10 iEer —Siter th ]

G oxidation rate constant, kg/m**2 s
aks = aoxid*exp (-eoxid/ (ru*tp(i)))

S == mole fraction ratio of reaction products ,co/co2
fco = aprod*exp (-eprod/ (ru*tp(i)))

Caer heat of reaction per kg of carbon
hc = (hco2 + hco*fco)/ (1. + fco)

G neat flux from a burning char partcle
gflux = anu*akg/d* (tp(i)-tq)

CESES oxygen pressure at particle surface
gradyo2 = ru*tg/amwc/pconv*d/(2.*diff02)*(l.+fco)/(1.+2.*fco)
po2s = po2 - gradyo2*qflux/hc

c=——— if po2s < 0 then set po2s = 0
pPo2s = max (po2s,0.d0)

c-—~-— characteristic oxidation rate, (kg of carbon)/m**2.s
ratec = aks*pol2s**order

Cese equation to be solved
e = il o ratec*hc/ (gflux+1.e-40)
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if (abs (fx) .lt. 1.e-04) goto 30

if (iter .gt. 200) then
write(6,*) ‘Failed in finding Tp’

wslEe (G, =) & o welad) , 53
if (iter.gt.250) goto 30
end if

it (Sigcye (GRe., 2) coee 20

c-—-——- set up bounding values for bisection method
sLiE (lieeE GEl, L) Ehem
xa = tp (1)
fa = fx
tpmax = tg + 0.9999*po2*hc/gradyo2*d/ (anu*akg)
tp(i) = tpmax
goto 10
else
xb = tp (i)
fb = fx
tp(i) = 0.5%* (xa+xb)
goto 10
endif
20 continue
guss=ms bisection method

ihie ((BesiEtey Ldlie, ©.0) ehen
xb = tp (1)
fb = fx

clise i E (ExxEbE NI e IR 00) S Ehen
xa = tp(1i)
A=

clse
write(6,*) ‘Failed in finding Tp’
wEle@ (6,%) Ziter="  ile@e, 71578, CWa(i)=l sep(a) , et
stop

end if
tp(i) = 0.5* (xa+xb,
goto 10

Cc————- completed tp calculation
30 continue

CEESS fractional carborn burnout, m(i)/m0 (1)
aa = (l.+2.*parmod) /3.
il amcf (1) **aa - 3.*aa*parswl**2/(rhoc*rc(i))*ratec*dtm
tl = max(tl, 0.d0)
amcf (1) = tl**(1l./aa)

40 continue

C---- remaining char concentration, (kg of char)/m**3
gl = 0.0
do 60 i = 1, nsize
D=5
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tl = tl + rc(i)**3*amcf (i)*anumc (i)
60 continue
drhochr = rhochar - 4.*pi/3.*rhoc*tl
rhochar = 4.*pi/3.*rhoc*tl
c---- oxygen partial pressure, atm
po2 = po2 - drhochr/amwc*ru*tg/pconv

end

subroutine coeff (ifrq)

L R et @
© SUBROUTINE COEFF (ifrq) c
o - @

implicit real*8 (a-h,o0-z)
include ‘furn3d.h’

c---- calculate coefficients of finite difference equation for Gm
c---- calculate Al,As,Aw,Ap,Ae,An,Ah, and S. beta is function of k only.

do 20 k = 1, kmax

SEN (I e 1t e n

betahm = betal (k,ifrqg)
else

betahm = 0.5*(betal(k,ifrq)+betal(k—l,ifrq))
end if

if (k .eq. kmax) then

betahp = betal (k,ifrqg)
else

betahp = 0.5* (tetal (k,ifrq)+betal (k+1,ifrq))
end if

do 10 j = 1, jmax
do 10 i = 1, imax

al(i,j, k) = dx(i)*dy(j)/ (betahm*delzm(k))

AsHETEI) = dx(i)*dz(k)/(betal(k,ifrq)*delym(j))

aw (i, j, k) = dy (3) *dz (k) / (betal (k,ifrq) *delxm (i)

ae(i,j, k) = dy(j)*dz(k)/(betal(k,ifrq)*delxp(i)

an(i,j, k) = dx(i)*dz(k)/(betal(k,ifrq)*delyp(j))

ah(i,j, k) = dx (1) *dy (j) / (betahp*delzp (k) )

ap(i,j, k) =-al(i,j, k) - ah(i,j, k) - ae(i,j, k) - aw (i, j, k)
1 -an(i, j, k) - as(i,j, k) - 3.*(1l.-omeg(k,ifrq))

*beta(k,ifrq)*dx(i)*dy(j)*dz(k)

S iy 25 0R) =-12.*pi*(l.—omeg(k,ifrq))
*beta(k,ifrq)*ebg(i,j,k)*dx(i)*dy(j)*dz(k)
—3.*omeg(k,ifrq)*beta(k,ifrq)*gs(i,j,k,ifrq)
*(1.+a1(k,ifrq)/(3.—al(k,ifrq)*omeg(k,ifrq)))
*dx (1) *dy (j) *dz (k)

wwN -

if (k .eq. 1) then

gam = (2./(3.*betal (k,ifrq)))*(2./ew(k,ifrq)-1.)
upzo = gam/dz(k)-0.5

dozo = gam/dz (k)+0.5

alzo = upzo/dozo
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bezo 4. *pi*ipl (ifrq) *ebwzm(i, j,ifrg) /dozo
gazo gam*beta (1,ifrq) *al (1,ifrq)
s *omeg (1,ifrqg) *gzm(i, j,ifrqg) / (dozo*dx (i) *dy (j))

ap(i,j, k) = ap(i,j, k)+al(i,j, k)*alzo
S ) s(i,j,k)-al(i, j, k)* (bezot+gazo)
al(i,j, k) 0.0

[

end if
if (k .eq. kmax) then

gam = (2./(3.*betal (k,ifrq)))*(2./ew(k,ifrg)-1.)
upzmax = gam/dz(k)-0.5

dozmax = gam/dz(k)+0.5

alzmax = upzmax/dozmax

bezmax = 4.*pi*ipl (ifrqg)*ebwzp (i, j,ifrqg)/dozmax
gazmax = gam*beta (k,ifrq) *al (k,ifrq)

il *omeg (k,1ifrqg) *gzp (i, j,ifrq) / (dozmax*dx (i) *dy (J) )
ap(i,j, k) = ap(i,Jj,k)+ah(i, j, k) *alzmax
s(i,3j,k) = s(i,Jj,k)-ah(i, ], k)* (bezmax+gazmax)
ah(i,j, k) = 0.0
end if

if (j .eqg. 1) then

gam (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrg)-1.)
upyo = gam/dy (j)-0.5

doyo = gam/dy (j)+0.5

alyo = upyo/doyo

beyo = 4.*pi*igpl (ifrq) *ebwym (i, k,ifrqg) /doyo

gayo = gam*beta (k,ifrqg)*al (k,ifrq)

[

1 *omeg (k,1frq) *qym(i, k,ifrq) / (doyo*dx (i) *dz (k) )
ap(i,j,k) = ap(i,j, k)+as(i, j, k)*alyo :
s(i,j, k) = s(i,j,k)-as(i, ], k)* (beyotgayo)
as(i,j, k) = 0.0

end if

if (j .eqg. jmax) then

gam = (2./(3.*betal (k,ifrqg)))*(2./ew(k,1frqg)-1.)
upymax = gam/dy(j)-0.5

doymax = gam/dy (j)+0.5

alymax = upymax/doymax

beymax = 4.*pi*ipl (ifrq) *ebwyp (i,k,ifrqg) /doymax
gaymax = gam*beta (k,ifrq)*al (k,ifrq)

1 *omegqg (k,ifrq) *qyp (i, k,1frq) / (doymax*dx (i) *dz (k) )
ap(i,j, k) = ap(i, j,k)+an(i, j, k)*alymax
s(i,3j,k) = s(i,j,k)-an(i, j, k)* (beymax+gaymax)

0.0

1]

an(i, j, k)
Eel Lid
g (i cGE d) ©hE
gam = (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrqg)-1.)
upxo = gam/dx(i)-0.5

doxo = gam/dxz (i)+0.5
alxo = upxo/doxo
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bexo = 4.*pi*ip1(ifrq)*ewam(j,k,ifrq)/doxo
gaxo = gam*beta(k,ifrq)*al(k,ifrq)

1 *omeg(k,ifrq)*qu(j,k,ifrq)/(dOKO*dy(j)*dZ(k)
ap(i,j, k) = ap (i, j, k) +aw (i, j, k)*alxo
s(i,j,k) = s(i,3, k)-aw(i,j, k)*(bexotgaxo)
aw(i,j, k) = 0.0
end if

if (i .eqg. imax) then

gam = (2,/(3.*betal(k,ifrq)))*(2./ew(k,ifrq)—l.)
upxmax = gam/dx (i)-0.5

doxmax = gam/dx(i)+0.5

alxmax = upxmax/doxmax

bexmax = 4.*pi*ipl (ifrq)*ebwxp(j,k,ifrq)/doxmax
gaxmax = gam*beta(k,ifrq)*al(k,ifrq)

i *omeg(k,ifrq)*qxp(j,k,ifrq)/(doxmax*dy(j)*dz(k))
ap(i,j, k) = ap(i,j, k) +ae(i, j, k) *alxmax
s(i,j, k) = s(i,j,k)-ae(i,J, k)* (bexmax+gaxmax)
ae(i,j, k) = 0.0
end if
10 continue

20 continue

end

subroutine combdrv

B e e K e c
@ SUBROUTINE COMBDRV c
e e e e e e e c

implicit real*8(a-h,o-2)
parameter (nsz=40,nsp=5)
include /furn3d.h’

common /comb/ order, aoxid , aprod , eoxid, eprod, parmod,parswl
common /critc/ amw(nsp), tb (nsp), tc (nsp), pc(nsp), vc(nsp),

1 ome (nsp), dip (nsp)

common /heatc/ acp(nsp), bcp(nsp), ccp (nsp), dcp(nsp)

dimension amcf (nsz), anumc(nsz), rc(nsz), tp(nsz), xg(nsp)

data (amcf(i), i = 1 , nsz)
1 / nsz*1.d0 /

data pi , pconv o SEE o e chom , nspe
i1 S LGRS, L OLEAG208, G.8id , 40,058 5, 5.3 4 5/
pid43 = 4.*pi/3.
nsize = nsz
Awel - = 2
tgas = trad(ivol)
c---- char concentration
ychar = fuel (9)*flow(l)/(flow(l)+flow(2)+flow (3)
rhogr = pgas*1.01325e+05/(8314.0/amwg*tgas)
E1N=0070

do 10 i = 1, nsize
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anumc (1) = pdist (3,1i,2)

rc (i) = rpt(3,1)

if (anumc (i) .1t.1.) amcf(i) = 0.0
tl = tl + rc(i)**3*anumc (1)

10 continue
rhochar = pi43*rhopt (3)*tl

c--- theoretical oxygen pressure
po2th = rhochar/0.012*ru*tgas/pconv

do 20 ig = 1, nsp
xg(ig) = gas(ig) *amwg/amw (ig)
20 continue

c---- gas volocity
area = xmax*ymax
velg = (flow(l)+flow(2)+flow(3))/ (rhogr*area)
write(6,100) ’average gas velocity =’,velg,’ m/s’
write (6,100) ’residence time =’,zmax/velg,’ s’
c---- air to fuel ratio

af = flow(2)/flow (1)

c---- oxygen due to excess air
yo2 = (air(l)*air(4)*af + gas(5)*fracr(l)* (1.+af)
1 /((1.+af)*(l.+fracr(l)))

po2ex = amwg/l2.*yo2*pgas

c---- starting value of oxygen partial pressure for char burnout
po2 = po2th + po2ex

c---- fraction of heat released from volatile matter
he = 3.280e+7
gcha = fuel (9)*flow(l) *hc
gvol = gfurn - gcha

c---- initialize fraction of heat released in control volume
do 30 ivl = 1, nvol
gfrac(ivl) = 0.0
30 continue

c---- control volume size

zvol = (kvol (ivol)-kvol (ivol-1)) *zmax/kmax
c---- char burnout calculation

time = tpyro

rhochao = rhochar

40 time = time + dtm
z = velg*time
tgas = trad(ivol)
C---- oxygen diffusivity

call diffus(5,nsp,xg,tgas,pgas,diffo2)

C---- thermal conductivity
call conduc (nsp,xg,tgas,akqg)

C---- char burnout
call burnout (nsize, anumc, rc, akg,diffo2,tgas,tp,amct,po2, rhochar,
1 rhopt (3) ,dtm )

C--- fraction burned
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yfrac = rhochar/ (ychar*rhogr)
if(z .ge. zvol .or. yfrac .le. 1.d-3) then

Camas heat release fraction in ivol

gfrac(ivol) = (rhochao—rhochar)/(ychar*rhogr)*qcha/qfurn
G update size distribution for heat transfer calculation

do 45 i = 1, nsize ) i i
pditsE (3,4 dvol) = 0.5* (anumc (1) + amcf (1) *pdist (3,1,2))
anumc (i) = amcf (i) *pdist (3,1,2)

45 continue

zvol = zvol+ (kvol (ivol) -kvol (ivol-1)) *zmax/kmax

rhochao = rhochar

ivol = el sF b

end f

iif (iErac i le it d=B)Ego ol 50
goto 40
50 continue
c---- volatiles are released in volume 2
gfrac(2) = gfrac(2)+gvol/gfurn
1008 S format i (//, 5x%;a, lx, ipe 053 #lx a)

end

subroutine compsn

e e e e e e e e e e e e e e e e e e e e e e e e s e s e e ©
@ SUBROUTINE COMPSN €
O e e e e e e s e e e e e e e s e e e e s e e e e e e e s e e e e ©

implicit real*8 (a-h,o-2z)
include ‘furn3d.h’

c---- fuel heating value
hv = hhv* (1. =aloss (i) =aloss (2)=aloss (3)
1 -fuel (6)*2.417422e+06

C==== fluel flow rate
flow(l) = gfurn/hhv

c---- theoretical oxygen/unit mass of fuel
flowox = fuel(1)*32./12.+fuel(2)*16./2.+fuel (3)*32./32.
1 = fuelN(SH

c---- wet air flow rate
flowair = flowox*(l.+air(4))/((1l.-air(3))*air(l))
flow(2) = flowair*flow(1l)

S====gas composition:cos,hZe,502,n2,02,carbon,ash
gas (1) = fuel(l)*(l.-aloss(1))*44./12.
gas (2) = fuel (2)*18./2.+fuel (6)+flowair*air (3)
gas (3) = fuel (3)*64./32.
gas (4) = fuel (4)+flowair*(l.-air(3))*air(2)
gas (5) = flowox*air (4)+aloss(1l)*fuel (1)*32./12.
gas (6) = aloss (1) *fuel (1

D-10
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gas (7) = fuel (7)
el = gas (1) +gas (2) +gas (3) tgas (4) +tgas (5) tgas (6) +tgas (7)
clo 1O ig = i, 7
gas (ig) = gas(ig)/tl
10 continue
c---- gas recirculation:3-->flue gas, 4-->combustion gas
flow(3) = fracr(l)*(flow(l)+flow(2))
flow(4) = fracr(2)*(flow(l)+flow(2))
c---- combustion gas molecular weight
el = gas(1l)/44.+gas(2)/18.+gas(3)/64.+gas (4)/28.+gas (5)/32.
amwg =1./tl
c---- partial prassures of co2, h20, co
pco2 = gas(1l)/44.*amwg*pgas
ph2o = gas(2)/18.*amwg*pgas
pco = 0.
c---- ash size distribution: volume 1
ivol = 1
yashp = S (1)
pid3 = So/ (A )
rhogr = pgas*1.01325e+05/(8317.0/amwg*trad(ivol))
fac = pi43*rhogr/rhopt (1) *yashp
pdist (1,1,ivol) = fac*ypt(1l,1)/rpt(l,1)**3
ee 20 m = Z, beis ()
pdist (1,n,1) = fac*(ypt(l,n)-ypt(l,n-1))/rpt(l,n)**3
20 continue
c---- ash size distribution: volumes 2 to nvol
do 28 ivol = 2, nvol
rhogr = pgas*1.01325e+05/(8317.0/amwg*trad(ivol))
fac = pi43*rhogr/rhopt (1) *yashp
pdist(1,1,ivol) = fac*ypt (l,1)/rpt(l,1)**3
do 25 1 = 2, npt(l)
jpekibsie (1w, dwel)) = Eae Gy (0L, 0) =weie (3L, =il ) /igeie (L, ) =3)
25 continue :
28 continue
Cc---- soot size distribution: in volume 2 only
ivol =2
ysoot = fuel (8)*fuel (10)*flow (1) / (flow(l)+flow(2)+£flow (3)
rhogr = pgas*1.01325e+05/ (8317.0/amwg*trad (ivol)
fac = pid43*rhogr/rhopt (2) *ysoot
pdist (2,1,ivol) = fac*ypt (2,1)/rpt(2,1)**3
el 30 m = 2, e (2)
pdist (2,n,ivol) = fac* (ypt(2,n)-ypt(2,n-1))/rpt(2,n)**3
30 continue
C-=-- char size distribution
ivol =2
ychar = fuel (9)*flow(l)/ (flow(l)+£flow (2)+flow(3))
rhogr = pgas*1.01325e+05/(8317.0/amwg*trad(ivol))
fac = pi43*rhogr/rhopt (3) *ychar
pdist (3,1,ivol) = fac*ypt(3,1)/rpt(3,1)**3
do 40 n = 2, npt(3)
pdist (3,n,ivol) = fac* (ypt(3,n)-ypt(3,n-1))/rpt(3,n)**3
40 continue
end
subroutine conduc (nspe,x,t,akg)



————————————————————————— ©
oo R T
c SUBROUTINE CONDUC S
e @
implicit real*8 (a-h,o-z
parameter (nsp=5)
dimension cond(nsp), cp(nsp) , visc(nsp), x(nspe)
common /critc/ amw(nsp), tb (nsp), tc (nsp), pc (nsp), vc(nsp) ,
i ome (nsp), dip(nsp)
common /heatc/ acp(nsp), bcp(nsp), ccp (nsp), dcp(nsp)
Bu =8 811314
c=== specific heat
do 10 i=1,nspe
cp(i) = acp(i) +bep(i)*t + ccp(i)*t*t + dcp (i) *t**3
10 continue
c--- wviscosity of individual species
call viscos(nspe,x,t,visc,amug)
¢--- thermal conductivity of individual species in terms of viscosity
do 20 i = 1, nspe
cv = @) = @
alpa = cv/ru-3./2.
if (dip(i) .eq. 0.0) then
beta = 0.762-0.7109*%0ome (1) +1.3168*0ome (1) **2
else
beta = 0.758
endith
z = 2o e MBS (e fiem () ) e
D SHEE = alpa*(0.215+0.28288*alpa—1.0Gl*beta+O.26665*z
@ /(O.6366+beta*z+l.O6l*alpa*beta)
cond(i)= 3750.*ru/amw (i) *psi*visc (i)
20 continue
@== thermal conductivity of gas mixture
akg = 0.0
do 40 i = 1, nspe
sum2 = 0.0
do 30 j = 1, nspe
aij = (1.+sqrt (visc (i) /visc(3))
e * (amw (3) /amw (1)) **0.25) x*2
@ /sqrt (8. * (1.+amw (1) /amw (§)))
sum2 = sum2 + Zalis)) ety
30 continue

akg = akg + x(i)*cond(i)/sum2

40 continue

Ne19
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10

subroutine diffus (n,nspe,x,t,p,dv)

implicit real*8 (a-h,o0-2z)

dimension x(nspe)

parameter (nsp=5)

common /critc/ amw(nsp), tb (nsp), tc (nsp), pc(nsp) ,
ome (nsp), dip(nsp)

vb = 0.285*vc(n)**1.048

dipa = 1.94d+03*dip(n)**2/ (vb*tb (n)) %
elca =SS Ig (1IN0 18 d i pax#i2) X t bi(n)

sicr =L . SRS sy (1L, ORHL - ShEhifervna) ) i (AL 778

amwa = amw (n)

suml = 0.0

do 10 1 = 1, nspe
if(i.eqg.n) goto 10
vb = 0.285*vc(i)**1.048

dipi = 1.94d+03*dip (i) **2/ (vb*tb (i)

Akl = 1L JLEE (L, ORFL o Sehijenl=2) “aeje) (L))

g =1, 5855w/ (1L, O, SSehipaliana) ) i (Ol /8, )
ek = sqrt (eka*eki)

sig = sqgrt(siga*sigi)

tsta = t/ek ]

am = 2.*amwa*amw (i) / (amwa+amw (1))

dipm = sqgrt (dipa*dipi)-
omega= 1.06036/tsta**0.1561+0.1930*exp(-0.47635*tsta)

i +1.03587*exp(-1.52996*tsta)
2 +1.76474*exp(-3.9411*tsta)
2 +0.19*dipm**2/tsta

binary diffusion coefficient (m**2/s)
dai = 2.66d-07*t*»1.5/ (p*am*sig**2*omega)
suml = suml +x(i)/dai

continue

diffusion coefficient of species n in gas mixture
dv = 1./suml

end

subroutine diverqg(ifrq)

implicit real*8 (a-h,0-z)
include ‘furn3d.h’

if (ifrg .eq. 1) then

do 10 k = 1, kmax
clo 10O 3 = i, JjwEess
do 10 i = 1, imax
Gl 9)pR) = 0.0
continue
end i f

do 20 k = 1,kmax

vc (nsp)

’
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do 20 j = 1, jmax

do 20 i = 1,imax
divqg(i, j, k) = divg(i, j, k) ; ;
i +dfrq(ifrqg) *4.*pi* (1.-omeg(k,ifrqg)) *beta (k,ifrq) ;
2 (ebg (i, 3, k) - (gm(i,j, k,ifrq) +gs (i, ], k,ifrq))/(4.*pi))

20 continue

end

subroutine energy (itry)

e e
(e} SUBROUTINE ENERGY &
e
implicit real*8 (a-h,o-z
include ’furn3d.h’
c---- fuel/air/gas enthalpy at inlet temperature
EAR (e nyaN e gl Bt hen
hfag(l) = hfuel (temp(l),cp)
hfag(2) = hair(temp(2),air,cp)
hfag(3) = hgas(temp(3),gas,cp)
end if
c---- gas enthalpy
do 10 ivol = 1, nvol
enth (ivol) = hgas (tg(ivol),gas,cp)
10 continue .
c---- integrate divg(i, j, k) over control volume
do 50 ivol = 1, nvol
divqv (ivol) = 0.
if N (ivol “eg. 1) then
© Kklow = 1
else
klow = kvol(ivol-1) + 1
end if
khigh = kvol (ivol)
do 40 i = 1,imax
do 30 j = 1, jmax
do 20 k = klow, khigh
vol = dx(i)*dy(j)*dz (k)
divgv (ivol) = divgv(ivol) + divg(i, j, k) *vol
20 continue
30 continue
40 continue
50 continue
C--- convective heat transfer
do 55 ivol = 1, nvol
gconv (ivol) = xwall (ivol) *hcoef (ivol) * ( tg(ivol) - txm )
a + xwall (ivol) *hcoef (ivol) * ( tgl(dvol) =t xpt)
2 + ywall(ivol)*hcoef(ivol)*( tg(ivol) - tym )
3 + ywall (ivol) *hcoef (ivol) * ( tg(ivol) - typ )
55 continue .
C---- residual enthalpy in volume 1
hres (1) = flow(3)*(hfaq(3)—enth(l))+flow(4)*(enth(2)—enth(l))
8 - gconv (1) - divqv (1)
Cc---- residual enthalpy in volume 2
hre's (2) = flow (1) * (hfag (1) +hv*qfrac (2) -enth (2))

D-14
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1 +flow (2) * (hfag (2) —enth (2))
2 + (flow (3)+flow (4)) * (enth (1) -enth(2))
3J - gconv (2) - divqv(2)
c---- residual enthalpy in volumes 3 through nvol
sumf = flow(l)+flow(2)+£flow (3)
do 60 ivol = 3, nvol
hres (ivol) = flow(l)*hv*gfrac(ivol)
1 +sumf* (enth (ivol-1) -enth (ivol)
2 -gconv (ivol) - divgv(ivol)

60 continue

end

function frac(vl,v2)

implicit real*8 (a-h,o-z)
fct(n,a,c) = c**n/n**4* ((a*n)**3 + 3.*a*a*n*n + 6.*a*n + 6.)

suml = 1./0.153989734
dE( vl cel. 0.0) core 20

suml = 0.0
e = exp(-vl)
clo 1O m = i, 20
el = EeE (9, vil, ce)
suml = suml + tl
A (el (e, L.c=04) gote 20
10 continue

20 continue
sum2 = 0.0
iR V2 .ee. L.C6) cote A0

€ = exp(-v2)
e 30 » = i, 20
tl = fct (n,v2,cc)
sum2 = sum2 + tl
i (Bl o, A.c=04) ceiee 40
30 continue

40 continue .
frac = 0.153989734* (suml - sum2)

end

subroutine grid

e e e e e e e e e e —————————— e ——————— — — —— — — ————— c
© SUBROUTINE GRID ©
O o o e e e e c

implicit real*8 (a-h,o-2z)
include ’furn3d.h’

C---- generate the grid system (nonuniform)
do 10 i = 1,imax
dx (i) = xzmax/imax

D-15
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10 continue

do 20 j = 1, jmax
dy (j) = ymax/jmax
20 continue

do 30 k = 1, kmax
dz (k) = zmax/kmax
30 continue

c---- position of each cell
px (1) = 0.5*%dx (1)
do 15 i = 2,imax
px (1) = px(i-1)+(dx(i-1)+dx (1))

15 continue

py(l) = 0.5*dy (1)
do 25 j = 2,jmax

/2%

py (§) = py(j-1)+(dy(3-1)+dy(J)) /2.

25 continue

pz (1) =80l 5Xdzi(1)
do 35 k = 2,kmax
pz (k) = pz(k-1)+(dz(k-1)+dz(k))
35 continue

dc 40 k = 1,kmax

42

15

if (k.ne.kmax) delzp(k) = 0.5*(dz(k)+dz(k+1))

if(k.ne.l) delzm(k) = 0.5* (dz (k)+dz(k-1)
if (k.eqg.kmax) delzp(k) = dz (kmax)
if(k.eq.1l) delzm(k) = dz (1)

40 continue

clo 50 9 = L, apuEse

if(j.ne.jmax) delyp(j) = 0.5*(dy(j)+dy(j+1)
if(j.ne.l) delym(j) = 0.5*(dy(j)+dy(3-1))
if(j.eq.jmax) delyp(j) = dy(jmax)

AR () e e Bl S) delym(j) = dy (1
50 continue

do 60 1 = 1,imax
if(i.ne.imax) delxp(i) = 0.5% (dx (i)+dx (i+1))
S El(S ne ) delxm(i) = 0.5* (dx(i)+dx(i-1)
if (i.eq.imax) delxp(i) = dx(imax)
sliz (ol Seg, L) delxm(i) = dx (1)

60 continue
c---- surface areas
do 62 ivol = 1, nvol
xwall (ivol) = 0.0
ywall (ivol) = 0.0

62 continue

do 80 j = 1, jmax

ks =l
ivol = 0
65 ivel = ivol + 1
do 70 k = ks, kvol (ivol)
xwall (ivol) = xwall (ivol) + dy(j)*dz (k)
70 continue

ks = kvol(ivol)+1l

SRV F =
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if (ivol .lt. nvol) goto 65

80 continue

do 110 i = 1, imax

ks =1
ivol = 0
90 ivol = ivol + 1
do 100 k = ks, kvol (ivol)
ywall (ivol) = ywall (ivol) + dx (i) *dz (k)
100 continue

ks = kvol (ivol)+1
if (ivol .lt. nvol) goto 90

110 continue
zwall = 0.0
do 140 i = 1, imax
do 140 j = 1, jmax

zwall = zwall + dx(i)*dy(j)
140 continue

end

function hair(t,air,cp)

o e o e e e e e e o S e e e o ©
© FUNCTION HAIR @
e o e B e e B o e e o e e e e e S o c

implicit real*8 (a-h,o-z)

dimension air(4), amw(8), comp(3), cp(8,7,2), index(3)
data amw /

i 0.044011, 0.018016, 0.064000, 0.028016, 0.032000,
2 0.012000, 0.012000, 0.012000 / ;

c---- oxygen
index (1) = 5
comp (1) = (1.-air(3))*air(l)
Cas e NiE RO g e
index (2) = 4
comp(2) = (l.-air(3))*air(2)
C---- moisture
index (3) = 2
comp(3) = air(3)
C---- air enthalpy
hair = 0,
ieie = 298.0
TER(CE G 0 00 Ehen
n2 = 1
else
wz = 7
end if
el 10 ig = i, 3
n = index(is)
hr = ((((cp(n,5,2)/5.)*tr+cp(n,4,2)/4.)*tr
il srere (my, 3,29 /13.) Yesrep iy, 2, 2) (125 ) e
Z s (a1, 2) ey, 6, 2) e
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h = ((((cp(n,5,n2)/5.)*t+cp(n,4,n2)/4.)*¢t
1 +cp(n,3,n2)/3.)*t+cp(n,2,n2)/2.)*t
2 +cp(n,1,n2)+cp(n,6,n2)/t

hg = 8.317/amw(n) * (t*h -tr*hr)

hair = hair+comp(is)*hg

10 continue

end

function hfuel (t,cp)

e e e T e e S e e c
® FUNCTION HFUEL s
et e e e e e e e S S e c
implicit real*8 (a-h,o-z
dimension amw (8), cp(8,7,2)
data amw /
al 0.044011, 0.018016, 0.064000, 0.028016, 0.032000,
2 0.012000, 0.012000, 0.012000 /
c---- fuel sensible enthalpy
L = 298.0
IEE (et gt 000 then
nZ2g =l
else
nz. = 2
end if
hr = ((((cp(8,5,2)/5.)*tr+cp(8,4,2)/4.)*tr
i[3 +cp(8,3,2)/3.)*tr+cp(8,2,2)/2.)*tr
2 +ep(8,1,2) +cp(8,6,2) /tr
h = ((((cp(8,5,n2)/5.)*t+cp(8,4,n2)/4.)*t
1 +cp(8,3,n2)/3.) *t+cp(8,2,n2)/2.)*t
2 +cp(8,1,n2)+cp(8,6,n2)/t
hfuel = 8.317/amw(8) * (t*h -tr*hr)
end
function hgas (t,gas,cp)
o mm
( FUNCTION HGAS
e e e
implicit real*8 (a-h,o0-z)
dimension amw(8), gas(7), cp(8,7,2)
data amw /
il 0.044011, 0.018016, 0.064000, 0.028016, 0.032000,
2 0.012000, 0.012000, 0.012000 /
c---- combustion gas enthalpy
Er = 298.0
AR g IS 10 0,050 St hen
n2 =1
else
n2 = 2
end if
hgas =08
dolll0f s =S
hr = ({0 (cpi(s, 5, 2) /5. NXE shepiitsiani2) /4 it
1 +epi(ds, 3,2)/3 )Xt rtcp(is, 2.12) /2 Et
2 +cp(is,1,2)+cp(is,6,2)/tr

TaailiQ
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h = ((((cp(is,5,n2)/5.)*t+cp(is,4,n2)/4.)*t
1 rete (58, 8 /85 ) Heareis(phel, Zp ) (/26 ) wie
2 +cp(is,1,n2)+cp(is,6,n2)/t

hg = 8.317/amw (is) * (t*h -tr*hr)

hgas = hgas+gas (is) *hg
10 continue

end

subroutine init

implicit real*8 (a-h,o-2z)
include ’furn3d.h’

c---- initialization
clo 20 o = i, shues
el 20 5] = i, Jpebs
do 20 k = 1, kmax

@==== ebg: Planck function at gas temperature
ebg(i,j, k) = 0.

@==== gt: total heat flux
gxmt (j, k) = 0.
qxpt (J, k)
qymt (1, k)
qypt (i, k)
gzmt (1, )
gzpt (1,3) =

[
coococoo

e divqg: divergence of heat flux
chtweifal, 9, 0) = 0,

do 10 ifrg = 1, nfrg
ebg (i, j, k) = 0.

ebwxm(j, k,ifrqg)
ebwxp (j, k,ifrg) =
ebwym (i, k,ifrq)
ebwyp (i, k,1ifrq)
ebwzm (i, j,ifrqg) =
ebwzp (i, j,ifrqg) =

1
oo oooo

Ce=== q: spectral heat flux
gzxm(j, k,1i1frqg) = 0.
axp(j, k,ifrq) =
qym (i, k,ifrq)
qvp (i, k,ifrq)
gzm (i, j,ifrq)
qzp(i,3j,ifrq)

coocooo

CEEss gm: medium-originated irradiation
g (sl 3, 0%, digize) = 0

Cos=— gs: surface-originated irradiation
e (ol 9,0, ditiney) = O,

10 continue
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20 continue

c~—-- initialize imax2, jmax2, kmax2
imax2 = imax + 2
jmax2 = jmax + 2
kmax2 = kmax + 2
do 30 mu = 1, mumax
do 30 k = 1, kmax2
do 30 j =1, jmax2
do 30 i = 1, imax2
T (15, 5k, mu) S =80r0

30 continue

c---- Planck function at wall temperature
call planckw

c---- mean beam length
beam = 1.7*xmax*ymax*zmax/ (xmax*ymaxt+xmax*zmax+ymax*zmax)
c---- temperature limits for non-linear equation solver
do 40 ivol = 1, nvol
tg(ivol) = trad(ivol)
tgl(ivol) = 273.0
tgu(ivol) = 3500.0

40 continue

end

subroutine planckg(ifrq)

o e
c SUBROUTINE PLANCKG (ifrq)
I o
implicit real*8 (a-h,o-z)
include ’furn3d.h’
c---- radiation constants
data sig, cl o @)
i /7 5.669e-08, 1.1908e-08, 1.43883 /
c---- planck function at gas temperature

do 10 k = 1,kmax
do 10 j = 1, jmax
= do 10 1 = 1,imax
ebg (i, j, k) = sig*t(i,j, k)**4/pi
10 continue

if (nfrq .eqg. 1) return

c---- spectral calculation
dfreqg = dfrqg(ifrq)
vl SRc2 llEeg(l frq) N0 T 5rdfireq)
v2 = c2* (frq(ifrg) + 0.5*dfregq)
if( ifrq .eg. nfrg) then
v2 = 1.d+20
Glee) i (e oGel 4) Ehem
V=R 0N
end if

do 20 k = 1, kmax
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clo 20 3 = i, ShEss
do 20 1 = 1, imax

21l = wal i ({6 5] 0%)
E2 = we/le (g 3 k)
ebg (i, j, k) = frac(fl,£f2)*ebg(i, j, k)/dfreq

20 continue

end

subroutine planckw

Cmmm
@© SUBROUTINE PLANCKW
e,
implicit real*8 (a-h,o0-2)
include ’furn3d.h’
c---- radiation constants 5
data sig, @i, 7 c2
;. =gk 5.669e-08, 1.1908e-08, 1.43883 /
c---- planck function at wall temperatures
do 20-j = 1, jmax
G 20 i = i, bwEss
ebwzp (i,j,1) = sig*tzp**4/pi
ezp = ebwzp(i,j, 1)
20 continue
o 21, 9 = L, Pueks
Glo 21 i = i, e
ebwzm(i, j,1) = sig*tzm**4/pi
ezp = ebwzp (i, j,1)
21 continue
do 22 k = 1, kmax
do 22 i = 1, imax
ebwyp (i,k,1) = sig*typ**4/pi
eyp = ebwyp (i ,k,1)
22 continue
do 23 k = 1, kmax
ele 23 i = i, abneEse
ebwym (i, k,1l) = sig*tym**4/pi
eym = ebwym(i,k,1)
23 continue :
do 24 k = 1, kmax
do 24 j = 1, Jjmax
ebwxp (j, k,1) = sig*txp**4/pi
exp = ebwxp(j,k,1)
24 continue
do 25 k = 1, kmax
do 25 j = 1, jmax
ebwxm(j,k,1) = sig*txm**4/pi
exm = ebwxm(j,k,1)
25 continue
if ( nfrg .eq. 1) return
C¢---- spectral calculation

el 130 sigee = L, iguess;
dfreq = dfrg(ifrqg)
vl = c2*(frg(ifrg) - 0.5*dfreq)
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v2 = c2*(frg(ifrq) + 0.5*dfreq)

if( ifrqg .eq. nfrqg) then

v2 = 1.d+20
else if (ifrqg .eq. 1) then
vl = 0.d0
end if
do 30 3 =1, jmax
do 30 i = 1, imax
fll =tviltzp
f2 = v2/tzp
ebwzp (i, j,ifrqg) = frac(f1,£f2) *ezp/dfreq
30 continue
do 31 j =1, jmax
oS (=11 F S A a1 0c
£f1 = vl/tzm
f2 = v2/tzm
ebwzm(i, j,ifrq) = frac(fl,f2)*ezm/dfreq
3t continue
o B2 Ik = 1, IuEpR
do 328h =R 1 iimax
Elf = vl/typ
£ v2/typ
ebwyp(l k,ifrg) = frac(fl,f2)*eyp/dfreg
82 continue

doi33 Skai= sl max
il

don33 = 1, imax
a3 vl/tym
f2 = v2/tym
ebwym (i, k,ifrqg) = frac(fl, £f2) *eym/dfreg
33 continue
el St s = il JenEry
do 34 j =1, jmax
£l =R/t xp
£f2 = v2/txp
ebwxp(j, k,1frq) = frac(fl,f2)*exp/dfreq
34 continue
do 35 k = 1, kmax
@lo 315 9 = b, PUEDS
fl = vl/tzm
£2 8=ty 2/t
ebwxm(j,k,1frq) = frac(fl,f2)*exm/dfreq
S8 continue

130 continue

end

subroutine gflux

ce—emoooooo L TR e e
@ SUBROUTINE QFLUX
B e e o e e o e i o
implicit real*8 (a-h,o-z)
include ’furn3d.h’
c---- this subroutine calculates heat flux contributed by the
c---- radiation originated from the gas medium and adds it to the

"N AN
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c---- cntribution from the surface orginated radiation if the
c--—-—- MDA is the soulution method.

do 40 ifrg=1 , nfrq

if (is4 (ifrg) .eq. 1 .or. ibeta(ifrg) .eqg. 0) goto 40

do 10 j =1 , jmax
cle L oL = L , aess
upzo = (2./(3.*betal(l,ifrq)))*(2./ew(l,ifrqg)-1.)/dz(1)-0.5
dozo = (2./(3.*betal(l,ifrqg)))*(2./ew(l,ifrq)-1.)/dz(1)+0.5
alzo = upzo/dozo
bezo = 4.*pi*ipl (ifrq) *ebwzm (i, j,ifrqg) /dozo
gazo = (2./(3.*betal (1,ifrqg)))
i *(2./ew(l,ifrq)—l.)*beta(l,ifrq)*al(l,ifrq)
i *omeg(l,ifrq)*qzm(i,j,ifrq)/(dozo*dx(i)*dy(j))
gijo = alzo*gm(i, j,1,ifrq)+bezot+gazo
gijhlf = 0.5%(gij0+gm(i, 3, 1,1ifrq))
gzm(i, j,ifrq) = gzm(i,j,ifrq)
i —dx(i)*dy(j)*(4.*pi*ipl(ifrq)*ebwzm(i,j,ifrq)
1 —eplallallie)) / (A0 = (2. e (il sz =il ) )
upzmax = (2./(3.*betal (kmax,ifrq))
1 > *(2./ew (kmax,ifrqg)-1.)/dz (kmax)-0.5
dozmax = (2./(3.*betal (kmax,ifrq))
a *(2./ew(kmax,ifrqg)-1.) /dz (kmax)+0.5
alzmax = upzmax/dozmax
bezmax = 4.*pi*ipl (ifrq) *ebwzp(i,j,ifrq) /dozmax
gazmax = (2./(23.*betal (kmax,ifrq)))
i *(2./ew (kmax,ifrq)-1.) *beta (kmax, ifrq)
1 *al (kmax,ifrq)
a *omeqg (kmax,ifrq) *qzp (i, j,ifrq) / (dozmax*dx (i) *dy (7))
gijkmxp = alzmax*gm(i, j, kmax, ifrq)+bezmax+gazmax
gijkmxh = 0.5%* (gijkmxp+gm(i, j, kmax,ifrqg))
gzp(i,J,ifrq) = gzp(i,j,ifrq)
i —dx (1) *dy (j) * (4. *pi*ipl (ifrqg) *ebwzp (i, j,ifrqg)
1 -gijkmxh) /(2.* (2. /ew (kmax,ifrq)-1.))
10 continue
do 20 k = 1 , kmax
e 20 i = i , buess
upyo = (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrqg)-1.)/dy(1)-0.5
doyo = (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrg)-1.)/dy(1)+0.5
alyo = upyo/doyo
beyo = 4.*pi*ipl (ifrq) *ebwym (i, k,ifrqg) /doyo
gayo = (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrqg)-1.)
a *beta (k,ifrqg)*al (k,ifrq)
1 *omegqg (k,ifrqg) *qym(i, k,ifrq)/ (doyo*dx (i) *dz (k))
gilk = alyo*gm(i,1l,k,ifrq)+beyo+gayo
gihalfk = 0.5* (giOk+gm(i,1,k,ifzrq))
qym(i,k,ifrq) = qym(i,k,ifrq)
1 -dx (i) *dz (k) * (4. *pi*ipl (ifrqg) *ebwym (i, k,ifrq)
1 -gihalfk)/(2.*(2./ew (k,ifrq)-1.))

upymax = (2./(3.*betal (k,ifrq))
D-23
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1 * (2. /ew(k,ifrq)-1.)/dy(jmax)-0.5
doymax = (2./(3.*betal (k,ifrqg)))

1 *(2./ew(k,ifrg)-1.)/dy (jmax)+0.5
alymax = upymax/doymax

beymax = 4.*pi*ipl (ifrq) *ebwyp (i, k,ifrq)/doymax

gaymax = (2./(3.*betal (k,ifrq)))
il *(2./ew(k,ifrq)-1.) *beta (k,ifrq) *al (k,ifrq)
4 *omeg (k,ifrq) *qyp (i, k,ifrq) / (doymax*dx (i) *dz (k) )

gijmxpk = alymax*gm(i, jmax,k,ifrq)+beymax+gaymax
gijmxhk = 0.5%* (gijmxpk+gm(i, jmax,k,ifrq))

qyp(i,k,ifrq) = qyp(i,k,ifrq)
L -dx (i) *dz (k) * (4. *pi*ipl (ifrqg) *ebwyp (i, k, ifrq)
1l -gijmxhk)/(2.*(2./ew(k,ifrg)-1.)) 3
20 continue

@ter S0 Ve = A 5 TapEs

do 30 3 1, jmax
upxo = (2./(3.*betal (k,ifrq)))*(2./ew(k,ifrqg)-1.)/dx(1)-0.5
doxo = (2./(3.*betal (k,ifrqg)))*(2./ew(k,ifrqg)-1.)/dx(1)+0.5
alxo = upxo/doxo

]

bexo = 4.*pi*ipl (ifrq) *ebwxm(j,k,ifrqg)/doxo
gaxo = (2./(3.*betal (k,ifrqg)))

L *(2./ew(k,ifrq)-1.)*beta (k,ifrq) *al (k,ifrq)
1 *omeg (k,ifrq) *gxm(j, k,ifrqg) / (doxo*dy (j) *dz (k)
g0jk = alxo*ym(1l, j, k, 1ifrq)+bexo+gaxo

ghalfjk = 0.5*(g0jk+gm(1, 3, k, ifrq))

qxm(j, k,ifrq) = gxm(j,k,ifrq)

i} =dy (J) *dz (k) * (4.*pi*ipl (ifrq) *ebwzm(j, k, ifrq)
i -ghalfjk) /(2.*(2./ew(k,ifrqg)-1.))
upxmax = (2./(3.*betal (k,ifrqg)))
i *(2./ew(k,ifrg)-1.)/dx (imax)-0.5
doxmax = (2./(3.*betal(k,ifrq)))
i *(2./ew(k,ifrq)-1.)/dx (imax)+0.5
alxmax = upxmax/doxmax

bexmax = 4.*pi*ipl (1frq)*ebwxp(j, k,ifrq) /doxmax
gaxmax = (2./(3.*betal (k,ifrq)))

it *(2./ew(k,ifrq)—l.)*beta(k,ifrq)*al(k,ifrq)
al *omeg(k,ifrq)*qxp(j,k,ifrq)/(doxmax*dy(j)*dz(k))
gimxpjk = alxmax*gm(imax,j,k,ifrq)+bexmax+gaxmax

gimxhjk = 0.5* (gimxpjk+gm(imax, j, k, ifrq))
axp(j, k,ifrq) = gxp(j,k,ifrq) .
1 —dy(j)*dz(k)*(4.*pi*ip1(ifrq)*ewap(j,k,ifrq)
i, -gimxhjk)/(2.*(2./ew(k,ifrq)-1.))
30 continue
40 continue
¢--- add contributions from all frequencies.

Gloy G0 shidiser = Al nfrq

del 50 i =] i ma x:
do 50 j =1, jmax
CERE (ol ) & qut(i,j)+qu(i,j,ifrq)*dfrq(ifrq)
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gzmt (i, j) = gzmt (i,3)+gzm(i, j,ifrq) *dfrg(ifrq)
S0 continue

ele 6O & = 1L , abiess
do 60 k = kmax
qypt (1,k) = qypt (i,k)+qyp (i, k,ifrq)*dfrq(ifrq)
qymt (i,k) = gymt (i,k)+qym(i, k,ifrq)*dfrq(ifrq)
60 continue

|
i

do 70 k = 1 , kmax
cee 70 3 = 1 , e
gxpt (j, k) = gxpt(j,k)+axp(j, k,ifrqg)*dfrg(ifrq)
gxmt (j, k) = gxmt (j,k)+axm(j, k,ifrqg)*dfrg(ifrq)
70 continue

80 continue

end

subroutine sn(ifrq)

s PR R RS L B S e R e a e S e
© SUBROUTINE SN (ifrq)
omemee e e e s S e
implicit real*8 (a-h,o-z)
include ‘furn3d.h’
dimension
.1 ebwxml (jmx2,kmx2), ebwxpl(jmx2,kmx2), ebwyml (imx2,kmx2),
2 ebwypl (imx2, kmx2), ebwzml (imx2,jmx2), ebwzpl (imx2,jmx2),
3 error (mumax) ,  ewl (kmx2) %
3 riyr(imx2) , rizr (imx2, jmx2) 0 riold (imx2, jmx2, kmx2)
c---- initialize arrays
do 10 1 = 1, imax2
do 10 j = 1, jmax2
do 10 k = 1, kmax2
ebwzxml (j, k) = ebwxm(l,1,ifrqg)
ebwxpl (j, k) = ebwxp(l,1,ifrq)
ebwyml (i,k) = ebwym(l,1,ifrq)
ebwypl (i,k) = ebwyp(l,1,ifrq)
ebwzml (1, j) = ebwzm(l,1,ifrq)
ebwzpl (1, J) = ebwzp(l,1l,ifrq)
riold(i,j, k)= 0.0
10 continue
C---- initialize ewl arrays
ewl (1) = ew(l,ifrq)
ewl (kmax2) = ew (kmax,ifrq)
do 20 k = 1, kmax
ewl (k+1) = ew(k,ifrq)
20 continue
C---- interpolation parameter alph
alphal = 1./alpha
C---- start of iteration
iter = 0
999 iter = iter+l
C---- negative intensity ccunter

nzero = 0
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do 260 mu = 1, mumax

SE (Sl oefes b))l ElE
do 25 i = 1, imax2
€l 25 9 1, jmax2
do 25 k = 1, kmax2
riold(i,j, k) = ri(i, 3, k,mua)
25 continue
end if

c---- radiation intensity leaving x=0 wall
if (ixnu(mu).gt.0) then
do 40 k = 1,kmax2
do 40 j = 1,jmax2

sum=0.0
do 30 imu = 1, mumax
if (ixnu(imu) .gt. 0) go to 30
sum = sum+wt(imu)*ab5(xnu(imu))*ri(l,j,k,imu)
30 continue
£ (), ke mu) = ewl (k) *ebwxml (j, k)
i +(1.-ewl(k))*sum/pi
40 continue
end if
c---- radiation intensity leaving y=0 wall
HE () B g0 Bt hen
do 60 k = 1, kmax2
do 60 i = 1, imax2
sum = 0.0
do 50 imu = 1, mumax
if (iyxi(imu) .ge. 0) go to 50
sum = sum+wt(imu)*abs(yxi(imu))*ri(i,l,k,imu)
50 continue
ri(i,1,k,mu) = ewl (k)*ebwyml (i,k)
a, +(1.-ewl (k)) *sum/pi
60 continue
end if
c---- radiation intensity leaving z=0 wall
if (izet (mu) .gt. 0) then
do 80 j = 1, jmax2
do 80 i = 1, imax2
sum =0.0

do 70 imu=1,mumax
if (izet (imu) .ge. 0) go to 70

sum = sumtwt (imu) *abs (zet (imu)) *ri(i, j, 1, imu)
70 continue
ri(i,3,1,mu) = ewl(l)*ebwzml (i, ])
1l +(l.-ewl (1)) *sum/pi
80 continue
end if
c---- radiation intensity leaving x=xmax wall

if (ixnu(mu) .lt. 0) then
do 100 k = 1, kmax2
do 100 j = 1, jmax2

sum = 0.0
do 90 imu = 1, mumax
if (ixnu(imu) .lt. 0) go to 90
sum = sumtwt (imu) *abs (xnu (imu)) *ri (imax2, j, k, imu)
90 continue
ri(imax2, j, k,mu) = ewl (k) *ebwxpl (j, k)
i +(1.-ewl (k)) *sum/pi
100 continue
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end if

¢c---- radiation intensity leaving y=ymax wall
AE (el Goe) o, @) clhcm
do 120 k = 1, kmax2
do 120 1 = 1, imax2
sum = 0.0
do 110 imu = 1, mumax
A (e (i) . 0) go wo LiE
sum = sum+twt (imu) *abs (yxi (imu) ) *ri (i, jmax2, k, imu)
110 continue

ri (i, jmax2,k,mu) = ewl (k) *ebwypl (i, k)
i +(1.-ewl (k)) *sum/pi
120 continue
end if
c---- radiation intensity leaving z=zmax wall

if (izet(mu) .lt. 0) then
do 140 j = 1, jmax2
do 140 1 = 1, imax2
sum = 0.0
do 130 imu = 1, mumax
i (lzee (don) L. 0) go to 130

sum = sumtwt (imu) *abs (zet (imu) ) *ri (i, j, kmax2, imu)
130 continue
ri(i, j, kmax2,mu) = ewl (kmax2)*ebwzpl (i, J)
1 +(1l.-ewl (kmax2)) *sum/pi
140 continue
end if
‘c-—-- radiation intensity at x-y wall

o LSO i = 2, ekl
do 150 j = 2, jmax+l
if (izet (mu) .gt. 0) then

mitme (e, 9)) = @i (a9, )
else

eize (e, ) = el (i, ), leneee ) n)
end if

150 continue

do 230 kk = 2, kmax+l
if (izet(mu) .gt. 0) then
k = kk
else
k = kmax+3-kk
end if

Cog== radiation intensity at x-z wall
do 160 i = 2, imax+1l
1 (Tyx N (m) I gt 0) St hen

igabivie (L)) = ssat (ol 3L Ug feiey)
else
riyr(i) = ri(i, jmax2,k,mu)
end if
160 continue

do 200 jj = 2, jmax+l
if (iyxi(mu) .gt. 0) then
j = 33
else
j = jmax+3-3j
end if

Cesan radiation intensity at y-z wall
D-27
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if (ixnu(mu) .gt. 0) then
rixe =l i (5 ke, mu)
else
rixr = ri(imax2,j,k,mu)
end if

180 ii = 2, imax+l

if (ixnu(mu) .gt. 0) then
G =l

else
i = imax+3-ii

end if

aa = dy(j-1)*dz(k-1)
ba = dx(i-1)*dz(k-1)
ca dx (A=1HEEd (=11
vol = dx(i-1)*dy(j-1)*dz(k-1)

check numerical stability

TZalbiee = max (0.d0, rixr)

riyr (i) = max (0.d0, riyr(i))

rizr (i, 89) = max(0:do, rize(an )

if (rixr*riyr(i)*rizr(i,j) .eq. 0.0) then
nzero = nzero +1

end if

den = abs (xnu(mu)) *aat+abs (yxi (mu)) *batabs (zet (mu) ) *ca
+ alpha*beta (k-1,ifrq) *vol

rnum = abs (xnu (mu) ) *aa*rixr+abs (yxi (mu) ) *ba*riyr (i)
+ abs(zet (mu)) *ca*rizr (i, Jj)

add radiation source term
if (is4(ifrg) .eq. 1) then

sum=0.0
do 170 imu=1,mumax
phase=1.+al (k-1,ifrqg) * (xnu(mu) *xnu (imu)
+yxi (mu) *yxi (imu) +zet (mu) *zet (imu) )
sum=sum+twt (imu) *phase*ri (i, j, k,imu)
continue

scat = alpha*vol*omeg(k-1,1ifrq) *beta (k-1,ifrqg) *sum/ (4.*pi)
rnum = rnum + alpha*vol* (l.-omeg(k-1,1ifrq)) *beta(k-1,ifrq)
*ebg(i-1,j-1,k-1) + scat
end if

ri(i,j,k,mu)=rnum/den

radiation intensity at face (xitdx/2,v, 2)
rixr = alphal*ri(i,j, k,mu) - (alphal-1l.)*rixr

continue

radiation intensity at face (x,y+dy/2,z)
do 190 i = 2, imax+l

riyr(i) = alphal*ri(i,j, k,mu) - (alphal-1.)*riyr(i)
continue
radiation intensity arriving at x = 0 & x = xmax walls
if (ixnu(mu) .gt. 0) then

ri(imax+2,j,k,mu) = rixr
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else
@l (1L, 9, Ve mny) = redlsRiE
end if
200 continue
c----— radiation intensity at face (x,y,z+dz/2)

do 210 i = 2, imax+l
do 210 j = 2, jmax+l

rizr (i, j) = alphal*ri(i,j, k,mu)-(alphal-1.)*rizr(i,j)
210 continue
c---- radiation intensity arriving at y = 0 & y = ymax walls

do 220 i = 2, imax+l
if (iyxi(mu) .gt. 0) then

ri(i,jmax+2,k,mu) = riyr(i)
else
iat (o, L s ) = milyie (L)
end if
220 continue
230 continue
g=—o radiation intensity arriving at z = 0 & z = zmax walls
do 240 j = 2, jmax+l
do 240 i = 2, imax+l
R (Gifz e BN (mu) S g s 0) SR Ehen
ri(i,j,kmax+2,mu) = rizr(i, j)
else
25t (b, ), o) = satass (Al 51)
end if
240 continue
error (mu) = 0.0
do 250 k = 2, kmax+l
do 250 j = 2, jmax+l
Glo 250 st = 2, shuesaril
absri = abs(ri(i,j,k,mu))
if (absri .eqg. 0.0) goto 250 .
error (mu) = error (mu)+abs(ri(i,j, k,mu)-riold(i,j, k))/absri
250 continue
260 continue
Cc-=--- convergence test
sum = 0.0
do 270 mu = 1, mumax

sum = sum + error (mu)
270 continue
sum = sum/ (imax* jmax*kmax*mumax)
A (Eum (Gies 207 cawel deer e, mlEeEl) e te 888

C---- print non-convergence

if (iter .ge. niterj ) then

write (6,*) ‘no convergence in S4 for ifrq = ’,ifrg
endaiE
C-—-- calculate (Gs) by summing over discrete angles
do 300 k = 1, kmax
do 300 j = 1, jmax
do 300 i = 1, imax
gs(i,j,k,ifrg) = 0.0
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do 280 mu = 1, mumax i
gs(i,j, k,ifrq) = gs (i, 3, k, ifrq)+wt (mu) *ri(i+l, 3+1, k+l, mu)
280 continue

300 continue

c---- Heat Flux Calculation
do 320 j = 1, jmax
do 320 i = 1,imax

qzmi (i, L) S =800
qzpiH L Ere) i =R00

do 310 mu = 1,mumax
gzm(i, j,ifrq) = gzm(i,j,ifrqg)
1 —wt(mu)*zet(mu)*ri(i+l,j+l,l,mu)*dx(i)*dy(j)
qzp (i, j,ifrq) = qzp(i,j,ifrqg)
il +wt (mu) *zet (mu) *ri (i+1, 3+1, kmax2,mu) *dx (1) *dy (J)
310 continue

320 continue

do 340 k = 1, kmax

do 340 i = 1, imax
qym(i,k,ifrg) = 0.0
qyp (i, k,ifrg) = 0.0

do 330 mu = 1, mumax
qym(i,k,ifrqg) = qym(i, k,ifrq)
1, —wt(mu)*yxi(mu)*ri(i+l,l,k+l,mu)*dx(i)*dz(k)
qyp (i, k,ifrg) = gyp(i,k,ifrq)
1, +wt (mu) *yxi (mu) *ri (i+l, jmax2, k+1,mu) *dx (i) *dz (k)
330 continue

340 centinue

do 360 k = 1, kmax

do 360 j =1, jmax
gxm(j,k,ifrg) = 0.0
qxp(j, k,ifrq) = 0.0

do 350 mu = 1, mumax
gqzm(j, k,ifrq) = gzm(j, k,ifrq)
L -wt (mu) *xnu (mu) *ri (1, j+1,k+1,mu) *dy (j) *dz (k)
gqxp(j, k,ifrq) = axp(j,k,ifrqg)
1 +wt (mu) *xnu (mu) *ri (imax2, j+1, k+1,mu) *dy (j) *dz (k)
350 continue

360 continue

if (iout (9) .eq. 1) then
write(6,2100) ‘ifrq =’ ,ifrq,’isd4=',is4(ifrq), iter =',iter,

i ‘nzero =',nzero,’error =’,sum
return
end if
c---- BEGIN ACCURACY CHECK (Divergence Theorem)
c====Ftotalfheartftransfer
gtot = 0.

do 370 j = 1, jmax
do 370 k = 1, kmax
gtot = gtot + gxm(j,k,ifrq) + gxp(j, k,ifrq)
370 continue

do 380 i = 1, imax
do 380 k 1, kmax
gtot = gtot + gym(i,k,ifrq) + qyp(i,k,ifrqg)
380 continue

I

do 390 1 = 1, imax
D-30
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do 390 j = 1, jmax
gtot = gtot + gzm(i,j,ifra) + azp(i, j,1frq)
390 continue

c---- total divergence of heat flux due to gs or gs+gm if S4
divgt =0
do 400 1 = 1, imax
do 400 j = 1, jmax
do 400 k = 1, kmax

vol = dx (i) *dy (J) *dz (k)

it = (l.-omeg(k,ifrqg)*is4 (ifrq)) *beta (k,ifrq) *
1 (4.*pi*is4 (ifrqg) *ebg (i, j, k) -gs (i, j, k,ifrq))

divgt = divgt + tl*vol

400 continue

if (iout (10). eg. 1) then

write (6,2000) ‘iter =’,iter,’nzero =’,nzero,’error =’,sum,
i ‘gtot =’,gtot,’divgt =’,divgt
end if
c-—--- END ACCURACY CHECK

2000 format (2x,a,i3,3x%x,a,17,4 (3x,a,1pel0.3)
2100 format (2x,3(a,i3,3x),a,17,4 (3x,a,lpell.3)

end

subroutine tdi (ifrqg)

B e e S R S R S DU ST RS S RES R S S S E
c SUBROUTINE TDI (IFRQ)
e i ey T U N NN RS Sy et
implicit real*8 (a-h,o0-2z)
include ’furn3d.h’
dimension a(100),b(100),c(100),utd(100),r(100)
dimension phi (imx, jmx, kmx) ,phio (imx, jmx, kmx)
c---- load phi and phio

do 10 k = 1,kmax
do 10 j = 1, jmax
do 10 i = 1,imax

ol (4L, 3,0k = i, 9, Vs Ligisey)
phio(i,j, k) = 0.0
10 continue
C---- successive overrelaxation with the relaxation parameter omega
iter=0

15 continue
iter = iter+l
omeg0 = omegag*exp(-0.ll*iter) + 1.7*(l. - exp(-0.ll*iter)

do 40 k = 1,kmax

do 40 j = 1,Jjmax
do 20 i = 1,imax
a(i) = aw(i, j, k)
b(i) = ap(i, j, k)
c(i) = ae(i,Jj, k)
() = 8, 3509)
i (o e, IL)) (i) = @) =al (d, 3,0 sgeit (i, 5, i)
if(j.ne.1) r(i) = r(i)-as(i,j, k) *phi(i,3-1,k)
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if (k.ne.kmax) r(i) = r(i)-ah(i,J, k)*phi (i, k+l)
if(j.ne.jmax) r(i) = r(i)-an(i,j,k)*phi (i, J+1, k)

20 continue
call tridag(a,b,c,r,utd,imax)
do 30 i = 1,imax i
phi (i, j, k) = phi(i,j, k)+omeg0* (utd(i)-phi (i, ], k))
30 continue

40 continue

do 70 k = 1,kmax
do 70 1 = 1,imax

do 50 j = 1, jmax
a ()N =Nas (i, k)
b(j) = ap(i,j, k)
c(j) = an(i, Jj, k)

2(9) = 8y el

if(k.ne.1) T (5) 8 =05 () =a 1N (G P R p I (A Rl =1

if(i.ne.1) (g = = (O SEwT (b, 9)p s aysieet (il - 5) 1)

dEl(kt ne . kmax) S () =S cl(Ghi= a hi (G0 k) X phdt (a7 Pkt 10)

1 E(L neimax) v (G = Blghi=ae (1, k)= phit(a =107 )
50 continue

call tridag(a,b,c,r,utd, jmax)

do 60 j=1, jmax
phi (i, j, k) = phi(i, j, k)+omeg0* (utd(j)-phi(i,j, k))
60 continue

70 continue

do 100 j = 1, jmax
do 100 i = 1,imax

do 80 k = 1,kmax
alllk) s ="al(d, 3, k)
b(k) = ap(i, ], k)

c(k) = ah(i,j, k)

T (K= ST )

(58 ) r(k) = r(k)-as(i,Jj, k)*phi(i,j-1,k)

e IPn e al) (k) S="r(k)-aw(i, ], k)*phi(i=-1,7, k)

if(j.ne.jmax) r(k) = r(k)=an(i, j, k) *phi (i, 3+1, k)

if (i.ne.imax) r(k) = r(k)-ae(i,J, k) *phi(i+l, j, k)
80 continue

call tridag(a,b,c, r,utd, kmax)

do 90 k = 1,kmax
phi(i, j, k) = phi(i,J, k)+omeg0* (utd(k)-phi (i, j,k))
90 continue

100 continue

C---- convergence test
error = 0.0
do 110 j = 1, jmax
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do 110 1 = 1,imax
error = error+abs((phi(i,j,1)-phio(i,3j,1))/phi(i,3j,1))
error = error+abs ((phi (i, j,kmax)-phio (i, j, kmax)) /phi (i, j, kmax))
110 continue
do 120 k = 1,kmax
do 120 i = 1,imax
error = errortabs((phi(i,1,k)-phio(i,1,k))/phi(i,1,k))
error = errortabs ((phi (i, jmax,k)-phio (i, jmax,k))/phi (i, jmax,k))
120 continue
do 130 k = 1,kmax
do 130 j = 1, jmax
error = error+abs ((phi (1, 3,k)-phio(1,3j,k))/phi(l,3,k))
error = errortabs ((phi (imax, j, k)-phio (imax, j,k)) /phi (imax, j, k))
130 continue
do 140 k = 1,kmax
do 140 j = 1, jmax
do 140 i = 1,imax
phio(i,j,k) = phi(i,j, k)
140 continue

==

o=

error = error/ (2.*imax*jmax+2.*Jjmax*kmax+2.*imax*kmax)

if (iter

if (error

ok

t. nitgmmn) go to 15

.gt. l.e-7 .and. iter .lt. nitergm) go to 15

print non-convergence

if (iter .ge. nitergm .and. iout (10) .eg. 1) then
write (6,*) ’‘no convergence in Gm for ifrg = ’,ifrgq,

1 4 error =’,error

end if

load gm(i, j, k,1ifrq)

do 150 k = 1,kmax

do 150 j = 1, jmax

ele L350 i = i, admese

gm(i,j,k,ifrg) = phi(i,j, k)
150 continue

end

subroutine tfield
e c
c SUBROUTINE TFIELD c
O N et c

C————

implicit real*8 (a-h,o-z)
include ’furn3d.h’

load gas temperatures: tg(ivol) --> t(i,J, k)
do 40 ivol

= 1, nvol

i (lvel, &el, ) Eloac
klow

else

klow

end if

=1

= kvol (ivol-1) + 1
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khigh = kvol (ivol)
clo 80 a4 = ik, shEss
do 20 j = 1, jmax
do 10 k = klow, khigh

£k = Egi(ivol)
10 continue
20 continue

30 continue

40 continue

end

subroutine tridag(a,b,c,r,u,n)

R e e e e e c
(& SUBROUTINE TRIDAG(a,b,c,r,u,n) (c]
B e e e o e e e e e e e e A e e e ©

implicit real*8 (a-h,o0-2)
dimension gam(100),a(n),b(n),c(n),r(n),u(n)

diE Qofil) Celn O.) Eheh
write(6,*) ‘Stopped in tridag’
stop

end if

Bet =D (i)

u{l) = r(l)/bet

el Ll 5 = Zp W

gam(j) = c(j-1)/bet

bet = b(j)-a(j)*gam(J)

if (bet .eq. 0.) then
write(6,*) ‘Stopped in tridag’
stop

end if

u(3j) = (r(j)-a(j)*u(j-1))/bet

10 continue

el 20 3 = p=ilpdl, =il
u(j) = u(j)-gam(j+1l)*u(j+1)
20 continue

end

subroutine viscos(nspe,x,t,visc,amug)

e e e e e
@ SUBROUTINE VISCOS
e st A s s e e I fe S D L A e e D S

implicit real*8 (a-h,o-z)

parameter (nsp=5)

dimension akap(nsp) , ek(nsp) , ekij (nsp,nsp), sig(nsp),

i visc (nspe) , x(nspe) , sigij(nsp,nsp)

common /critc/ amw(nsp), tb(nsp) , tc(nsp) , pc(nsp) , vc(nsp),

1 ome (nsp), dip(nsp) i
Ce= visc : viscosity of single component in pa.s
Cma amug : viscosity of gas mixture in pa.s
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=
G
G
G
o
10
G
@
20
30
c-—-
40
45
Cos
e

50

i : gas temperature in k
X : mole fraction

function statement for collision integral
omega (tstr) = 1.16145/tstr**0.14874
+ 0.52487*exp(-0.77320*tstr)
+ 2.16178*exp (-2.43787*tstr)

sig : lennard-jones potential parameter in angstrom
ek : e/k in k

do 10 i=1,nspe

akap (i) = 0.0682

dipr = 131 .3*dip (i) /sqrt (ve (i) *tc (1))

fc = 1.-0.2756*ome (1)+0.059035*dipr**4+akap (i)

s glERE=N0RB 00 <vcl() =181/ 318

ek (1) = 0.79409196*tc (1)

ts = t/ek (i)

visc(i) = 2.699e-06*fc*sqrt (amw (i) *t)/ (sig(i)**2*omega (ts)
continue

the rest of program is to calculate viscosity of gas mixture
combining rules

do 30 i = 1, nspe
do 20 j = 1, nspe

sigij (i, j) = sqrt(sig(i)*sig(j))
ekij(i,3) = sqgrt(ek(i)*ek(J))
continue

continue

potential parameters of mixutre

suml = 0.0

sigm3 = 0.0

do 45 i =1 spe

PR
do 40 j = 1, nspe
sigm3 = sigm3 + x(i)*x(j)*sigij(i,J)**3
suml = suml + x(i)*x(j)*sigij(i,j)**3*ekij(i,ﬁ
continue
continue

sigm = sigm3** (1./3.
ekm = suml/sigm3

mixture rule for reduced mass, accentricity factor,
dipole moments and association factor

suml = 0.0
sum2 = 0.0
sum3 = 0.0
sum4 = 0.0
do 55 i = 1, nspe
do 50 j = 1, nspe
amij = 2.*amw (i) *amw (j)/ (amw (i)+amw (J))
st = ) g
suml = suml + xij*ekij(i,J)*sigij(i,J)**2*sqrt (amij)
sum2 = sum2 + xij*0.5% (ome (i)+ome (j))*sigij(i, ) **3
sum3 = sum3 + xij* (dip(i)*dip(j))**2/sigij(i,J)**3
sumé4 = sumé4 + xij*sqrt (akap(i)*akap(Jj))
continue

55 continue
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amwm = (suml/ (ekm*sigm**2))**2
omem = sum2/sigm3
dipmx = (sigm3*sum3)**0.25
akapm = sumd
G mixture rule of critical temperature and volume

tcm = 1.2593*ekm
vem = (sigm/0.809)**3

dipm = 131.3*dipmx/sqrt (vcm*tcm)
fcm = 1.-0.275*omem+0.059035*dipm**4 + akapm
ts = t/ekm

B=— viscosity of gas mixture, pa.s
amug = 2.669e-06*fcm*sqrt (amwm*t) / (sigm**2*omega (ts))

end

subroutine fsolvg(x,f,bl,bu,acc,del,n,it,maxit,print,a)

gt ) COAE < CRE TN o M) b S R AU S R e I 8 R c
o SUBROUTINE FSOLVG c

realk Bl s (w) 0 F#), BL(®)y bul*), al(*), acc;del, s tiitaReS
integer n, it, maxit, print
integer 1i,nb,ndx,ndf,nxs,nfs,nh,
* nhs, nxsc,nfsc,nmu,nmi, nhi,nit, nbi,nwl, nw2
nb=1
nbi=nb+n*n
ndx=nbi+n*n
ndf=ndx+n
nxs=ndf+n
nfs=nxs+n
nfsc=nfs+n
nxsc=nfsc+n
nwl=nxsc+n
nw2=nwl+n
nh=nw2+n
nhs=nh+1
nmu=nhs+1
nhi=nmu+l
nmi=nhi+1
nit=nmi+1l
if (it.eq.0) then
if (ai(mit)  .me.0 .and. delilt 0V)" then
a(nit)=n+l

a (nmu)=0.
a(nmi)=0.
a (nhs)=0.
do.- 10 - i=1;" n
aiinfsti=1) =8fi(i)//alntscti=1)
a(nhs) =a(nhs)+ a(nfs+i-1)*a(nfs+i-1
10 continue
a (nhi)=a (nhs)
else
a(nit)=0
endif
else
a(nit)=a(nit)+1
endif
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t1=0.0
do 20 i=1, n
El=El+E (1) *£(i
20 continue
tl=dsqgrt (tl)
if (print.ge.l .and. (a(nit).eq.0 .or. a(nit).gt.n)) then
wmite (6,1000) it,tl
1000 format (/’solvg n=',i4,’ f=',el2.4)
write(6,1010) (x(i),i=1,n)

1010 format (* x=',10el2.4)
write(6,1020) (f(i),i=1,n)
1020 format (f = e=",10e12.4)
endif
e (tl . ltiace) then
it=1000
return
endif

if (it.ge.maxit-1l) then
write(6,1030)
1030 format (/’maximun iterations exceeded in solvg’)
it=2000
return
endif
if (a(nit) .le.n) then
palissacob (2, £ 451, buanxs) , a(nfs) ,a(nxsc) ,a(nfsc),
Q a(nb),a(nbi)ya(nit) del, tl, n,i1t,print)
a(nh)=tl
a (nhs)=tl
a(nhi)=tl
if (a(nit).1t.n .or. it.eq.5000) return
else
Ft=ittl
a(nh)=0.0
do 30 i=1, n
x(1i)=x(i)*a(nxsc+i-1)
f(i)=£f(i)/a(nfsc+i-1)
a(nh)=a(nh)+£ (i) *f (1)
30 continue v
if (a(nh).lt.a(nhs)) then
a(nhs)=a (nh)
do 40 i=1, n
tl=x(i)
X (i) =a (nxs+i-1)
a(nxs+i-1)=tl
tl=£ (i)
f(i)=a(nfs+i-1)
a(nfs+i-1)=tl
40 continue
endif
if (a(nh).gt.a(nhs)) then
a(nmu)=a (nmu) +1
else
a (nmu)=a (nmu) -1
a (nmu) =dmax1 (0.0, a (nmu) )

endif
if (a(nmu).ge.a(nmi)+3.0.and.a(nhi).ge.a(nhs)
@ .and.a(nh) .gt.a(nhs)) then
a(nit)= -1.0

do 50 i=1, n
% (i)=a(nxa+i-1)/a(nxsc+i-1)
50 continue
return
endif
if (a(nhs) .ne.a(nhi))
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Q call: update(x,f,a(ndx),a(ndf),a(nxs),a(nfs),a(nwl),a(an),
@ a(nb),a(nbi),n)
endif
call steps(a(nwl),a(nw2),a(nfs),a(nb),a(nbi)/tlztzr“)
if (a(nit) .eq.n) then
a (nmu) =dmax1 (0.0,dlog(tl/a(nhs))/log(2.0e0)
a (nmi) =a (nmu)
endif
if (print.ge.2) then
t3=0.0
do 60 i=1, n
t3 = t3+a(nwl+i-1)*a(nw2+i-1)
60 continue
t3=t3/sqrt (£1*t2)
write (6,1040) a(nh),a(nhs),a(nmu),tl, t2,t3
1040 format (/ =’ ell.4,’ hs=',ell.4,’ mu=',e7.2,’ n=
@ (0.2, 0 s=0elli2,/ a=",e82)
endif
call newx (x,bl,bu,a(nwl),a(nw2),a(nxs),a(ndx),a(nxsc),a(nb),
@ a(nmu),n,it,print)
end

’

subroutine jacob(x, f,bl,bu,xs,fs,xsc,fsc,b,bi,ait,del,tl,n,
G e ashailiong))
secelia ) (R 0 = (5 ek (Ga)) o el o sRE () SRR ()

@ xsc(*), fsc(*), b(*), bi(*), ait, del, tl, £2
giEEefaE By, Alg, joiEeiE, obp g, aiel
id= ait+l
if (id.eg.1l) then
it=it+1

do 10 i=1, n
xs(i)=x(1)
fs(i)=£ (i)
10 continue
else
do 20" 1=18, 4 n
Bl = 1) nki d SInI=E (D= Es (1)) T/ (A d =)= si¢id =19)8)
20 continue
% (id-1)=xs (id-1)
endif
ERGd Mlieln) Bt hen
tl=dabs (del*x (id))
t2=dabs (del* (bu(id) -bl (id)))
abig (gl o diE s Le—lleie? peiE, Bl oCe e tl=t2
% (1id) =xs (id) +t1
return
endif
do 30 i=1, n
xsc(1)=0.0
do 40 j=1, n
xsc(i)=dmaxl (xsc (i), dabs(b((j-1)*n+i)))
40 continue
if (xsc(i).eq.0.0) then
write (6,1000) i
1000 format (/'no equation depends on variable ’,i3,
(¢ ‘" in task solvg’)
1t=5000
xsc(i)=1.0
endif
test line
xsc(i)=1.0
xs (1) =xs (i) *xsc (i)
x(1)=xs (i)
do 50 j=1, n

(@)
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b((j—l)*n+i)=b((j—l)*n+i)/xsc(i)
50 continue
30 continue
t1=0.0
do 60 i=1, n
t2=fsc (i)
fsc(1)=0.0
do 70 j=1, n
fsc(i)=dmaxl (fsc(i), dabs(b((i-1)*n+j)) )
70 continue
if (fsc(i).eq.0.0) then
write (6,1010) i

1010 format (/’constraint ’,i3,
Q is independent of all variables in solvg ')
1£=5000
fsec(i)=1.0
endif

i3E (aleegie. i) Ese (L) el (82, Es5e ()
€ test line

fsc(i)=1.0

£si(1) =Es\(1)/ Esci(1)

f(i)=£fs (1)

do 80 j=1, n

I9) ({ (al=L)) ianna)) S § (Sh=L)) Sinrs)) /656 (k)

80 continue

tl=tl+£fs (i) *£fs(1)
60 continue

S (GEERe g 50/0.0) e tien!

j=n*n
do 90 i=1, jJ
bi(i)=b (1)

90 continue
call invt(bi,n,n,t2)
end

subroutine update (%, f,dx,df,xs,fs,wl,w2,b,bi, n)
dEallsl ml), EER), ek, cki(®), =), B8, Wl
@ w2(=), B, L(E), &, #8; &3 .
LNESERIE i, 9, @
do 10 i=1, n
dx (1)=x(1)-x5 (1)
©UE () = (L) =523 (o)
10 continue
do 20 i=1, n
wl (1)=df (1)
w2 (i) =dx (i)
e 30 =i, B
wl (1)=wl (i) -b((i-1)*n+Jj)*dx (J
w2 (1)=w2 (i) -bi ((i-1) *n+7j) *df (
30 continue
20 continue
£1=0.0
£2=0.0
do 40 i=1, n
£3=0.0
do 50 j=1, n
£3=t3+bi ((j-1) *n+i) *dx (J)
50 continue
tl=tl+dx (i) *dx (1)
€2t 7 FEBEd )
@i (L) =iz
40 continue
if (dabs(t2).lt.0.1*tl) then
t3=0.8

)
3)
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else
£3=1.0
endif
E2=t3)/A(E8 X2 RIIN0 =t SHEEEAY)
tl=t3/tl
dot 60NH=102n
dof 70R =1 n
b((i-1)*n+3)=b((i-1]J*n+j)+tl*wl (i) *dx(J)
bi((i—l)*n+j)=bi((i—l)*n+j)+t2*w2(i)*df(ﬁ
70 continue
60 continue
end

subroutine steps(wl,w2,fs,b,bi, tl,t2,n)

real*8 wl(*), w2(*), £s(*), b(*), bi(*),d2,d3,tl,t2
integer i, Jj, n

£1=0.0

t2=0.0

do 20 j=1, n
wl (1)=wl (i)-bi ((i-1)*n+J)*£s (J)
w2 (1)=w2 (i) -b((j-1) *n+i) *£s(3)
20 continue
tl=tl+wl (1) *wl (1)
£2=t2+w2 (1) *w2 (1)
10 continue
d2=0.0
do 30 i=1, n
d3=0.0
do 40 j=1, n
d8 ="d3thiE (i -1)*nt)*xw2l(5)
40 continue
d2 = d2+d3*d3
30 continue
d2=t2/d2
£2=0.0
de 50 1=1, n
w2 (1)=d2*w2 (1)
t2 = t2+w2 (i) *w2 (1)
50 continue
end

subroutine newx (x,bl,bu,wl,w2,xs,dx,xsc,b,amu,n,it,print)

real*8 x(*), bl(*), bu(*), wl(*), w2(*), xs(*),

@ b)), sy 19 peraslsiel

integer n, it, print

integer i, J
10 continue

clo 20 =il o g

dx (1)=2.0** (—amu) * (wl (i) +amu*w2 (i)

20 continue

£1=0.0

j= 0

do 30 i=1, n

tl=dmaxl (tl,dabs (dx (1)) /xsc(i))
% (i)=(xs(i)+dx (1)) /xsc (i)
TER (c(1)F gE T bl () S e 2o () R ER oA (B ) =t

30 continue

if (j.gt.0) then

amu=amu+1l
if (tl.lt.le-12) then
write(6,1000) j
D-40
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format (/’hitting bound on variable ’,i3,’ in solvg’)
it=6000
return
endif
if (print.ge.2) write(6,1005)
1005 format ("b=",13)
endif
4 (FeEiE.0) coiEe L0
if (tl.lt.le-15) then
if (amu.gt.10) then
write(6,1010)
format (/’unable, find an improved point in solvg’)
it=3000
return
endif
L (eEilinie .2, 2)
write(6,1020)
format (/’convergence of independent variables in solvg’)
1t=4000
return
endif
endif
end

1000

J

1010

then

10

subroutine invt (a,n,m,det)

el a(®), deE, §; &, &, GO

integer n, m, rno(l100), cno(100),

det=1.0

do 10 i=
rno (i

i, 3, k, Js, im; Jm,

n

1
)= =i

10

do
20
do

20 i=I,
cno (1) =
30 k=1,

m
=il
n

rm=0.0
do 40 i=1, n
SLiE - ((5ziae) (L) o Gfie s =IL))
js= -1
s=0.0
£t=0.0
do 50 j=1, n
r=dabs ( a((i-1)*mt+3j)
i5E (@ () cefics =l @5,
e=ie
iz
E=S
s=r
js=3
continue
if (s.eq.0.0)
det= 0
write(6,1000) 3Js
format (/’determinant zero,
return
endif
GEER (B e g 0210
r=s/t
ST (P e =)
rm=r
im=1
jm=3s
continue
cno (jm)=im
rno (im)=jm
t=a ( (im-1) *m+ jm)

goto 40

)

e E) R got ol 50

(=, 0E.8) geie 50

50
then

1000 variable=’,1i3)
t=1.0e-20*s

goto 40

40
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s=1.0/t
a((im-1)*m+jm)=1.0
do 60 j=1, m
a((im—l)*m+j)=a((im—l)*m+j)*s
60 continue
do 70 i=1, n
if (i.eq.im) goto 70
t=a ((i-1) *m+jm)
a((i-1)*m+jm)=0.0
do 80 j=1, m
a((i—l)*m+j)=a((i-l)*m+j)—t*a((im-l)*m+j)
80 continue
70 continue
30 continue
Aol 90 =17 r
k= cno (1)
if (ki.eqg:i) goto 90
do 100 j=1, m
r=a ((i-1) *m+3J)
a((i-1)*m+j)=a((k-1)*m+j)
a((k-1)*mt3) =
100 continue
= rno (i)
doSE 0 =178
s=a((j-1)*m+i)
a((j-1)*m+i)=a((j-1) *m+l) -
a((j-1)*mt+l)=s

110 continue
rno (k) =1
cno (1) =k

90 continue

end

subroutine optdrv

.
c SUBROUTINE OPTDRV
e
implicit real*8 (a-h,o-2z)
include ‘furn3d.h’
dimension bet (37), om(37)
c---- flame zone: no ash particles, ivol = 2
= ivol = 2
do 208 ikndi="1, "3
do 10 n = 1, npt(iknd)
anum(iknd,n) = pdist (iknd,n,ivol)
10 continue
20 continue
call optprop(npt,nfrqg,incl, rpt, anum,yash,trad(ivol),ph2o0,pco2,
L pco,pgas,beam, df rq, bet, om)
doEs S8k E=Slcv ol st v o 18 (124)
dor 30 i fra ="1 " nErqg
beta (k,1frq) = bet (ifrq)
omeg (k, 1frq) = om(ifrq)
betal (k,ifrg) = beta(k,ifrqg)*(l.-al(k,ifrq)*om(ifrq)/3.)
30 continue
35 continue
c---- non-flame zones: no char/soot particles, ivol =1
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ivol = 1
do 50 iknd = 1, 3
do 40 n = 1, npt (iknd)
anum(iknd,n) = pdist (iknd,n,ivol)
40 continue
50 continue

call optprop (npt,nfrg,incl, rpt, anum,yash, trad(ivol),ph2o,pco2,
1 pco, pgas, beam, dfrqg, bet, om)
el 710 Xs = 1k, tevedl (L)

do 60 ifrg = 1, nfrg

beta (k, 1ifrq) = bet (ifrqg)

omeg (k, ifrq) = om(ifrqg)

betal (k,ifrq) = beta(k,ifrqg)*(1.-al (k,ifrqg)*om(ifrqg) /3.
60 continue

70 continue

c---- non-flame zones: no char/soot particles, ivol = 3 to nvol
do 100 ivol = 3, nvol
do 80 iknd = 1, 3
do 75 n = 1, npt (iknd)

anum(iknd,n) = pdist (iknd,n,ivol)
75 continue
80 continue

call optprop (npt,nfrqg,incl, rpt,anum,yash,trad(ivol),ph20,pco2,
1 pco,pgas, beam,dfrqg, bet, om)
do 90 k = kvol(ivol-1)+1l, kvol (ivol)
dom 858 frge = AN e

beta (k, 1frq) = bet (ifrq)
omeg (k, ifrq) = om(ifrqg)
betal (k,ifrq) = beta(k,ifrqg)*(1.-al(k,ifrqg) *om(ifrqg) /3.
85 continue
90 continue
100 continue
c---- modify dfrg(l) for gray body computation
iiE (e &eis 1) elgisei(l) = I,
c---- if beta < betmin everywhre skip calculation

betmin = 5.e-05

c---- set method index
@lo 120 digwe = i, niEEe

gem== MDA
ipl (ifrq) =0
is4 (ifrq) = 0
ic = 0
jc =0

do 110 ivol = 1, nvol
k = kvol (ivol)

if (beta(k,ifrqg) .lt.betmin) then
e = 9+ 14

else if (beta(k,ifrqg).le.betamn ) then
Czmz solve by S4
is4 (ifrqg) = 1

else if(beta(k,ifrq) .ge. betamx) then
g = dg ¢ 1
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end if
110 continue
== Pl-Approximation
1 (ic Neqg nvol) Hipli(itEra) =i
ibeta(ifrg) = 1
Cre skip calculation
if (jc .eq. nvol) ibeta(ifrg) = 0
120 continue
c write (6,200) (is4(i),i=1,nfrq)
(e write(6,200) (ipl(i),i=1,nfrq)
@ write(6,200) (ibeta(i),i=1,nfrq)

200 format (20(i3))
end

subroutine mie( x,refre,refim,gext,gsca)

implicit real*8 (a-h,o0-z)

dimension amu(100) , theta(100), pi(100) , tau(100) ,
a pi0(100) , pil (100)

complex di(B00/0) SE=ray, . refrel o ool .
4 xi0 o el , an b '
it s1(200) , $82(200)

refrel= cmplx(refre,refim)
nang = 1

dx = x

v = x*refrel

o= series terminated after nstop terms
X SEopE =t R AR X e X k0R3 SRBE LR 9 ()
nstop = xstop
ymod = cabs(y)
nmx = max (xstop, ymcd)
dang = 0.0
if (nang.gt.1l) dang = 1.570796327 / float (nang-1)
do 10 j=1,nang
cheta(g)ie (flloat (1) =1 1) *dang
amu (J) = cos (theta(j))
10 continue

e AL

== logarithmic derivative d(j) calculted by downward
C= recurence beginning with initial value 0.0 + i*0.0 at j=nmx
d(nmx) = cmplx(0.0,0.0)
nn =inmx=i1
do 20 n=1,nn
rn = nmx-n+1
d(nmx-n) = (rn/y) -
20 continue

(1./ (d(nmx-n+1l)+rn/y))

do 30 j=1,nang
pi0(j) = 0.0
piliGh =100
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30 continue

nn = 2*nang - 1
do 40 j=1,nn
sl(j) = cmplx(0.0,0.0)
s2(j) *= cmplx(0.0,0.0)
40 continue

c-- riccati-bessel functions with real argument x by upward recurence
psi0 = dcos(dx)
psil ="dsin(dx)
chi0 -sin(x)
ehil "« = cosix)
apsi0 = psi0
apsil = psil

I

xi0 = cmplx (apsi0, -chi0)
=i = cmplx (apsil, -chil)
gsca = 0.0
n =1
EE= main loop begins

S0 dn =n
rn =n
fn =S D e ek A en o (enck T 1))
psi =2 dn =12 *ps1 T/ dx"="psi0
apsi = psi -
chi = {2.*dn~1.)*chil/x ~ chi(
Pl = cmplx (apsi, -chi)
an = ((d(n)/refrel+rn/x) *apsi - apsil)
i / ((d(n)/refrel+rn/x)*xi - xil)
bn = \( (refrel*d(n) trn/x) *apsi — apsil)
1 [ frefrel xd (n)+rn/x)Eei (= xil)
gsca = gsca + (2.*rn+l.)* (cabs(an) *cabs (an)+cabs (bn) *cabs (bn) )

do 60 j=1,nang

33 = 2*nang - 3
pi(3) = pil(Jj)

tau(j) = rn*amu(j)*pi(j) - (rn+l.)*pi0(J)

P =S(=T) S+ (i)

s1(j) = sl(j) + fn*(an*pi(j)+bn*tau(j))

£ == Sk

s2(j) = s2(j) + fn*(an*tau(j)+bn*pi(j))

if (j.eq.3jj) go to 60

s1(jj)y = s1(jj) + £n*(an*pi(j)*ptbn*tau(j)*t)
s2(Jj) = s2(jj) + £n*(an*tau(j)*t+bn*pi (j)*p)

60 continue

psi0: = psil

psil,. = psi

apsil = psil

chi0 = chil

ehil = chi

41 = emplx(apsil, ~cliil)
n o

rn =n

do 70 j=1,nang
Pl = ({Fuxen—1 . ) *amu (j)*pL{7)" = rn*pi0(j))/(xn=1.)
pi0(3) = pi(3)
70 continue
if (n-l-nstop) 50,80,80

C---- loop branching point
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80 gsca = (2./(x*x))*gsca
gext = (4./(x*x))*real (sl (1))
end

subroutine optprop (nsize,igray,incl, r,anum,yash,tg,ph2o,pco2,

1} pco, pg,bl,dfrg,beta, omega)
___________________________________ c
e e S
c SUBROUTINE OPTPROP c
_____________________________________________________________________ c
©
implicit real*8 (a-h,o-z
character*1l5 gash, gsoot, gchar
common /files/
1 gash o CEEEIE gchar
e L I ——F  Se MRtk
@ nsize (i) : number of partcle size(l=ash,2=soot,3=char
(©! incl (1) : switch index
G 0 = do not include in calculation
c 1 = include without updating efficiecy factor
© 2 = update and include
© vash (1) : ash composition(1=S5i02,2=A1203,3=Ca0, 4=Fe203, 5=Mg0)
c ph20o,pco2,pco: partial pressure in atm
© Pg : gas pressure in atm
c tg : reference gas temperature in K
© bl : mean beam length in m
e (187 )| : particle radius in m
@ anum(l,i) : number density in #/m**3
c dfrg(ifrqg): band width in cm-1
O = e SV UUU) SO0 VN O S U s 5 0 L B
dimension v (100) , beta(37), omega (37), r(3,40) , anum(3,40),
it yash(5), dfrqg(37), incl(3) , nsize(3)
external optash, optsoot, optchar
c---- function statement of Planck function

pf(t,frq) = 1.1908e-08*frg**3/ (exp(1.43883*frqg/t)-1.)

nfrg = 37

vi =W210.08

do 10 ifrg = 1, nfrg
vi(ifeg)h = witdfrg (1frqg)
vi = W {{aigee)

10 continue
nmax = 20

if (incl(l) .eq.2) then
open(unit=8,status=’unknown’,file=qash)
call qeff(B,optaSh,nsize(l),r,l,nfrq,v,nmax,yash,tg)
close (8)

end if

if (incl(2).eq.2) then
open(unit=9,status=’unknown’,filezqsoot)
call qeff(9,optsoot,nsize(2),r,Z,nfrq,v,nmax,yash,tg)
close (9)

endii

if(incl(3).eq.2) then
open (unit=10, status='unknown’, file=qchar)
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call geff(10,optchar,nsize(3),r,3,nfrq, v,nmax,yash, tqg)
close(10)
end if

c---- open files to read efficiency factors
open (unit=8, status=’'o0ld’, file=gash)
open (unit=9,status=’'o0ld’, file=gsoot)
open (unit=10,status='o0ld’, file=qchar)

c---- optical properties
call opt (nsize, r,anum,ph20,pco2,pco,pg,nfrqg,v,nmax, incl,
1 yash, tg,bl, omega, beta)
c---- close files
close (8)
close (9)
close (10)
c---- gray body averaging
if (igray .ne. 1) return
frq = 200.+0.5*dfrq(1)

betas = beta (1) *pf (tg, frq) *dfrq (1)
omegs = beta (1) *omega (1) *pf (tg, frq) *dfrg(l)
do 20 ifrq = 2, nfrg
frg SR EroRENNbEdEra(l fra-1) Fdfrg(1fra))
betas = betas + beta(ifrq) *pf (tg, frq) *dfrq(ifrq)
omegs = omegs + beta (ifrq) *omega (ifrq) *pf (tg, frq) *dfrq(ifrq)
20 continue

c---- grey body planck function
pEst="5.669%9c-08*tg**4/3.14159265

c---- Planck mean of beta and omega
beta (igray) = betas/pfs
omega (igray) = omegs/betas
end .

subroutine opt (nsize, r,anum,ph20,pco2, pco, pg,nfrqg, v, nmx, incl,
1 yash,tg,bl, omega, beta)

implicit real*8 (a-h,o0-z)

dimension r(3,40) , -anum(3,40), v(100) , beta(37),

1 omega (37), yash(5) 7 cext (3) =, ‘csecal(3) i

2 ge (40) , gs(40) PN {3y ns o (3
3 ineli3)

data iunit/8,9,10/
pi = 3.14159265
vi = 200.
do 40 ifrq = 1, nfrqg
akbnd = 0.0
if (pho2+peol.gt.0.0) then

nmax= nmx
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dv = (v(ifrq)-vi)/float (nmax)
Ve Rdv/ (v CiErg) =)
vou = vi -0.5*dv
do 10 iv = 1, nmax
vnu = vnu + dv

wavl = 1.d+04/vnu
call absgas(vnu,bl,tg,phZo,pcoZ,pco,pg,akhZO,

1 akco2, akco, akg)
akbnd = akbnd + akg*vf
10 continue
vi = v(ifrq)
end if

cex = akbnd + 1.d-20
csc = 0.0

do 30 L = 1, 3

cext(l) = 0.0
csca(l) = 0.0

if (incl(l) .eq.0) goto 30

iounit = iunit (1)
read (iounit, *) (qe(i),i=1,nsize(l)),(qs(i),i:l,nsize(l)
do 20 i = 1, nsize(l)

CESS = pi*r(l,i)**2*anum(l, i)

cext (1) = cext(l) + crss*ge(i)

csca(l) = csca(l) + crss*gs(i)

20 continue

cex = cex + cext(l)

csel = cseit csca (1)
30 continue
beta(ifrqg) = cex

omega (ifrg)= csc/cex
40 continue

end

subroutine geff (iunit,optcon,nsize,r,l,nfrqg,v,nmx,yash,tqg)

implicit real*8 (a-h,o-z)
dimension r(3,nsize), v(37), ge(40), gs(40), yash(5)

SIAL41'592:65
200.

[

pi
vi

do 40 ifrg = 1, nfrq

nmax= nmx

dv = (v(ifrqg)-vi)/float (nmax)
vE = dv/(v(ifrqg)-vi)
vau = vi - 0.5*dv

doR 0SS =N nsize
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I

qge (1)
gs (i) =
10 continue

0.0
0]

do 30 iv = 1, nmax

vnu vnu + dv
wavl = 1.d+04/vnu
call optcon(wavl,yash,tg, refre,refim)

do 20 i = 1, nsize
rad = 1.d+06*xr(1,1i)

x = 2.*pi*rad/wavl
call mie (x, refre, refim,gext, gsca)
gqe (i) = ge(i) + gext*vf
gs(i) = gs(i) + gsca*vf
20 continue
30 continue
write (iunit,200) (ge(i),i=1,nsize), (gs(i),i=1,nsize)
vi = v(ifrqg)

40 continue
200 format (4(1x,1pe23.16))

end

subroutine optash(wavl,yash,t,refre, refim)
implicit real*8 (a-h,o-z)

ot (=
& this subroutine calculates optical constants of ash. el
€ ref. David G. Goodwin s
o Infrared Optical Constants of Coal Slags, g &}
e High Temperarture Gasdynamics Laboratoty c
e Stanford University, Topical Report T-255 July 1986. (o
€ c
e wavl: wavelength (micrometer) c
c £ : temperature (k) [
c yash: weight fraction of ash component ©
c species numbering convention ; c
c $i02 =1 Al203 = 2 Ca0 = 3 Fe203 =4 MgO =5. (z]
c refre, refim: real and imaginary part of complex refractive index c
c ©
c Ref. D. G. Goodwin and M. Mitchiner, "Infrared Optical Constants ofc
c Coal Slag: Dependence on Chemical Composition", j. Thermophysics (s
c vol 3;N0. 1, pp 53, 1989. c

dimension yash(5)

dimension a(6) , b(6) , c(6) , d(6),
al (6], bL(6), cl(6)
AZ(S D23, 2 {3)
a3(4), b3(4), c3(4),
a4(2), b4(2), c4(2)

s W e

= statement function ref (refractive index).
ref (aa,bb) = 0.7071067*sqrt (aa+sqrt (aa*aa+bb*bb))

(i rhol : specific gravity of ash.
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rhol = 2.542+0.978*yash(4)
c-= vnu : wave number (cm-1).
vnu =1./(l.e-04*wavl)

if (wavl .ge. 8.) go to 200

c
c refractive index for the wavelength wavl < 8
G e e e
G== refractive index is calculated from mixture rule.
data ( a(i) 0 bl o @) 2 EUal) ,1=1,5)/
i 0f938 90 51850 0 SO, 420.0 i
2 15914 7 L74750 o 1086 o ALGES S '
3 4.250 827 7 16568 60288 7
4 1.647 ) 0.0 5 Lk Sl 7 0.0 P
5 1.278 718659 oo WLAZ8 o, 1200, /
£ 1= 00
dol 15018 =10 S
f = (a(i)*wavl*wavl-b(i))/(c(i)*wavl*wavl-d(i)
tl = tl+yash(i)*f
10 continue
refrer —NsSqrti(t(2 rrhell=c it VAT rho 19kt 10)5)
if(wavl.gt.4.3) go to 100
@
B e e e e e e
© absorption index for = wavl< 4.
B e e e
@
@== gf - function is curve fitted (see appendix b of goodwin) .
cos
data (a1 ()RR TSR 1T (1) =106 )/
L 550 oAl dl o B 7
2 =1l 3328 , L.B8 5 2.8
3 O 7UTE 5 AL o Bolier g
4 = QB0 , 253 20948
5 =), 6833 ; 2.6 L B0 R
6 QPRI A3 o PS5 )
gEN=n03

if(wavl.lt.0.7) goto 25

dor 2081 =810 =6
if (wavl .le. bl(i)) then
gf = al(i)*(wavl-bl(i))+cl (i)
go te 25
end if
20 continue

25 gf = gf*l.e-04

o=
== fe2p : molal concentration of fel2+
e fe3p : molal concentration of fe3+ (mole/litre)
C== assume that the fraction of fe2+ is 0.77 as sugested in ref.
C—= r2 = (fe2+)/((fe2+) + (fe3+)) = 0.77
G wfe203: molecular weight of fe203.
c-- (fe) : mole / litre of iron element.
s
) =0.77
aal = 3.61e-03*rhol**2*r2* (1.-r2) *yash (4) **2
aa2 = rhol*yash(4)*(9.63+11.*rhol*r2*yash(4))

D-50



furn3d. £ Fri Sep 11 14:47:41 1992 50

refim = aal*exp(l.75/wavl) + aa2*gf

go to 400
G
c-- absorption index for wavelength between 4 and 8.
c-- for this range absorption index is calculated from silica glass.
c-- ref. H.R. Philipp ’Silicon Oxide(sio2) (glass)’,
c-- Handbook of Optical Constants of Solids
c-- Ed. by E.D Palik 1985.
e
100 call sio2(wavl,asio2)
rsio2 = 2.190
refim = rhol/rsio2*yash(1l) *asio2
go to 400
200 if (wavl .gt.13.) goto 300
[+
R e
(o absorption and refractive indeces for 8 < wavl < 13
c
e complex refractive index is calculated from oscillator model
c=- for wavelength between 8 and 13.
C— species contributing the most is SiO2.
(s the following table is for the Reststrahlen band obtained
= from the Table 4.15 of Goodwin.
& oxide wavl comments ref.
I e e s o R e o R B
€ sio2 g5l fused silica i
e al2o3 L5057 sapphire 2
(& cao S 8
c mgo 24.9 4
e e e e
e
o Ref. D. G. Goodwin and M. Mitchiner, "Infrared Optical Constants of
c-- Coal Slag: Dependence on Chemical Composition", j. Thermophysics vol 3,
G NO- 1, pp 53, -1989.
o= a2 (18 —Swp**? (cm=-2) ,» b2(1) = wj(ecm-1), c2(i) = gap(cm-l)
data ( B2 ()N e (0, de=l, 3)
1 L6285 el %
2 985 8%, =991,
3 6PN 20+ 2T.50
g
s fn2mk2 = n**2-k**2 : real part of dielectric function
e f2nk = 2*n*k : imaginary part of dielectric function
o
fn2mk2 = 2.15
f2nk = 0.0
a2(l) = (0.425-0.60*yash(4))*(yash(1)/0.52)*b2(1)**2
ass (2= (0L 175+0 07 5xyashi(d) ) (yashi(1)/0.52) *b2 (2) **2
aZ2(3) = 0.053* (yash(1)/0.52)*b2(3)**2
Ao d0- 1, =1, 3
{531 = (b2 (1)*b2 (1) -vou*vnu)**2+ (c2\(i) *vnu) **2

fn2mk2 = fn2mk2+a2 (i) * (b2 (i) *b2 (i) -vnu*vnu) / tl
f2nk £2nk “¥a2(i)*c2 i) *wmu /[ £l
30 continue

refre = ref (£n2mk2, £2nk)
refim = 0.5*f2nk/refre
goto 400

300 continue
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S
© | mmmsomlc oo e B e e s o S RS SRS
@ absorption index for wavel > 13.
o e R
c
c-- optical constants of Al203 ---Reststrahlen band obtained from
G O0.B.Toon, J.B. Pollack and B.N. Khare
@5 'The Optical Constants of Atmospheric Aerosol Species:
== Ammonium Sulfate, Alumium Oxide and Sodium’
@== J. Geophysical Research vol 18 no 33 p5733 1976
e
c-- a(i) = (wp/wj)**2, b(i) = wi(em-1) , c(i) = gam/w]j
i
dattal(a3iEnh b3 (R e 3 1A = 1024 )/
il U800 ; SEE8.0 , @015
2 257 00 42 SORSE IR 015010 R
3 00 5 862.0 , 0,020 ,
4 W80 5 6850 5 0,020 /
fn2mk2 = 3.20
f2nk = (00
do 40 i=1,4
tl = (b3 (1) *b3 (i) -vnu*vnu) **2+ (c3 (1) *b3 (1) *vnu) **2
fn2mk2 = fn2mk2 + a3 (i) *b3 (i) *b3 (i) * (b3 (i) *b3 (1) -vnu*vnu)
f2nk =8 £2nlk ar e Gl el easel (L) @sial) Saseliel fvvimm /il

40 continue

ral2o03 = ref (fn2mk2, £2nk)

refre = ral2o03*yash(2)
refim = 0.5*f2nk/ral2o03
G
@@= Reststrahlen region of MgoO.
C== ref. G.F. Bohren and D.R. Huffman
G== Absorption and Scattering of Light by Small Particles
Cas p245 1983.
G=e
c-- a(i) = wp(cm-1) , b(i) = wj(cm-1), c(i) = gam(cm-1)
G
data (Fadia) S ba(a), ca(i) (1=1,2)/
1 Loslen o A0, G658
2 155~ SRARG 4 QR 00 S U

fn2mk2 = 3.01
f2nk

|
o
o

eler S0 il S a2
154k = (b4(i)*b4(i)—vnu*vnu)**2+(C4(i)*vnu)**2
fn2mk2 = fn2mk2+a4(i)*a4(i)*(b4(i)*b4(i)—vnu*vnu) /ARt
f2nk = f2nk +ad(i)*ad (i)*c4 (i) *vnu AR
50 continue
rmgo = ref (fn2k2, f2nk)
refre = refre + rmgo*yash (5)
refim = refim + 0.5*£2nk/rmgo*yash (5)
refre = max(1.0,refre)
400 continue

C---- temperature correction
if(wavl .gt. 4. .and. wavl .1t.8) then
cc2 = 14388.
refim = refim* (1. + 2./ (exp(0.5%cc2/ (wavl*t))-1.))
end if

/el
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end

subroutine sio2 (wavl,asio2)

S B A S i i s ol sl o e e e o D S S = R s S Sy @
c ref. H.R. Philipp ’Silicon Oxide(sio2) (glass)’, @
c Handbook of Optical Constants of Solids c
@ ed. by E.D Palik 1985 c
O e e e s e s s s e e e S s s s S s s S SR RS sE R Sa T s s s S ©

implicit real*8(a-h,o-z)

dimension w(34), ak(34)
data w /
1 4,000 , 4.082 , 4,167 , 4.255 , 4.348
2 4,396 , 4444 , 4494 o 4 545 o 4 G5,
3 4762 , A4.878 , 5.000 [, 5,068 , 5.128
& 5.263 , 5,338 , 5.408 , 5.856 , 3.8682
5 B.06L , B.ASE [, G.280 , G.452 , 6.667 ,
G 6.8097 , T.A88 , T.407 , T.692 , 9.932 4
7 D813, T.8784 , T.937 , §.000 7
data ak /
i1 5.792=05, 7.995-05, L.07c=04, L.82c-04, 2,1a-04,
2 2.65e-04, 2.84e-04, 2.84e-04, 2.56e-04, 2.62e-04,
g A.85a=04, L.826-08, 8.06c=03, 55,1203, S.Llc=03,
3 5.49e-03, 5.69e-03, 5.72e-03, 5.63e-03, 5.94e-03,
& B.32e-03, 6.46-08, 6.52c-03, 6.51c-08, 7.16a-08,
5 8.51e-03, 1.06e-02, 1.48e-02, 3.72e-02, 4.74e-02,
6 7.68e-02, 1.32e-01, 2.16e-01, 3.23e-01/
if (wavl .le. w(l) ) then
asio2 = ak (1)
return
end if
co 10 i = 2, 4
if (wavl .1lt. w(i)) then
slop = (ak(i)-ak(i-1))/(w(i)-w(i-1)
asio2 = slop*(wavl-w(i-1))+ak(i-1)
return
end if
10 continue
if (wavl .ge. w(34)) then
asio2 = ak(34)
else
write(6,100) ’‘error in asio2’
end if
100 format (5x,a)

end

subroutine optsoot (wavl,dummyl,t, refre, refim)

c OPTICAL CONSTANTS OF SOOT

c Ref.l Z.G. Harbib and P. Vervisch, "On The Refractive
c at Flame Temperature'", Combust.Sci. and

c Index of Soot Tech. Vol.59,pp.121,1988

c Ref.2 S.c. Lee and C.L. Tien, "Optical Constants
@

of Soot in Hydrocarbon Flames",18th symp. (int.) on

D-53
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c Combustion pp.1159,1981
____________________________________________________________________ c

implicit real*8(a-h,o-z)
dimension a(2), b(2), c(2), dummyl (*)

c== a(i)= wp(cm-1) b(i)= wj(cm-1) c(i)= gam(cm-1)
= wavl: wave length in micrometer
(o5 vnu : wave number in cm-1
c= Habib & Vervisch data
A SR s BB Gt e R e e e
c data ( a(i) G aslEh) / c (i) . i=1,2)/
@ i 7.690e+04 , 4.167e+04 , 2.333e+05 ,
© 2 2.545e+05 , 2.417e+05 , 2.417e+05 /
(@)
c data wpc 5 gamc /
G ik 2.112e+04 , 4.000e+04 /
e
i Lee and Tien data
T B T

data ( a(i) v B 7 () ood=120/

1 1.201e+05 , 4.167e+04 , 1.967e+05

2 3.979e+05:%, "2.417e+05 , “1867e+05 /

data wpC i gamc /

<! 5.049e+04 , 4.000e+04 /
e R

ref(fl, £2) =00 7071 *aaqr t(El tsart (1Sl 2* £

vnu = 6.283e+04/wavl

tcor =l sqgrt(t/1450%)

fn2mk2 = 1.

f2nk = 0.

dONLIORE == ] 5 0

il (b(L)**2 - vnu**2)**2+ (c (i) *tcor*vnu) *+2
fn2mk2 = fn2mk2 + a(i)**2*(b(i)**2-vnu**2) /tl
f2nk =f2nk + (L) AR2 rnure (1) *tcor [E1
10 continue

£2 = vnu*vnu + gamc*gamc*tcor

fn2mk2 = fn2mk2 - wpc**2/t2

f2nk = f£2nk + wpc**2*gamc*tcor/ (t2*vnu)

refre = ref (fn2mk2, £2nk)

refim = 0.5*f2nk/refre

end

subroutine optchar (wavl,dummyl, dummy2, refre, refim)

implicit real*8(a-h,o-z)
dimension a(3), b(3), c(3), dummy1 (*)

S a(i)= wp(cm-1) b(i)= wj(cm-1) c(i)= gam(cm-1)
(el wavl: wave length in micrometer
g vnu : wave number in cm-1

saraji coal char data
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G mm
c data ( a(i) 7 b (i) ¥ e Pl R/
c 1 3.550e+04 , 1.357e+04 , 6.259%e+03 ,
c 2 4.500e+03 , 3.597e+05 , 7.622e+05 ,
c 3 3.435e+04 , 7.593e+03 , 2.166et+04 /
e
c data wpc " gamc ¢ refinf i
c al 1.371e+04 , 4.522e+00 , 2.046e-02 /
B
c-- sufco coal char data
c data ( a(i) ’ b (i) ’ c (i) i a=1,30/
c i 2.252e+04 , 1.357e+04 , 9.869e+03 ,
c 2 40s506e+03 , 3.597e+05 , 7.622e+05 ,
c 3 3.950e+04 , 7.593e+03 , 3.896e+04 /
e
€ data wpC " gamc 7orefint /
c 4 9u157e+03 , 5.187ex01 , 3.012e-02
S
c- west coal char data
S
data (Mali) ' b (1) ’ e (1) r d=1,3)/
1 3.542e+04 , 1.357e+04 , 3.418e+03 ,
2 4.499e+03 , 3.597e+05 , 7.622e+05 ,
3 3.450e+04 , 7.593e+03 , 1.964e+04 /
data wpc ' gamc , refinf /i
1 1.286e+04 , 1.548e-01 , 1.896e-02 /
e
ret (€1, F2) —#0L 7071l sqrt: (£1+sqrt (F1*E1+£2*F£2) )
vnu = 6.283e+04/wavl
fn2mk2 = refinf*x*2
2nk = 0.
»
do 10 i =1, 2
£l = (b(i)**2 - vnu**2)**2+(c (i) *vnu) **2
fn2mk2 = fn2mk2 + a(i)**2* (b(i)**2-vnu**2) /tl
f2nk = f2nk + a(i)**2*vnu*c(i)/tl

10 continue

t2 = vnu*vnu + gamc*gamc

fn2mk2 = fn2mk2 - wpc**2/t2

f2nk = f2nk + wpc**2*gamcr/ (t2*vnu)
refre = ref(fn2mk2,f2nk)

refim = 0.5*f2nk/refre

end

subroutine absgas (vv,bl,t,ph20,pco2,pco,pt,akh2o0,akco2

34 ,akco, akgas)
= o o e e e o o o o e o o — —————————————————
ref. j. heat mass transfer vol.1l6,pp25,1973
bl ; radiation beam lenth m
vv . wave number in 1l/cm
rhohZo, ~g/m**3
rhoco2,
rhoco ,
ph2o , atm

0O0o00o0o0a0

0O00000a0
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(o jeieelzl

! pco ;

(¢ DPE e atn }

c A2 O wide band absorption coefficient in 1/m
(o ke,

e akco 7

©; kgas >

(c] alph , integrated band intensity

(o] bet , line width parameter

@ w , band width parameter

(e b , pressure broadning parameter

(¢! pe , broadning pressure (o

c soverd, spectral band intensity over line spacing
€ £=1.43883027 /* cm.k*//* h*c/kb &7

(o}

implicit real*8(a-h,o0-z)
real*BEwi(3), " al (B)F, be(3), h2ovk (3), co2vk (3), covk (1)

real*8 h2o0al(7), 20N R2ow 05T 2 ave (I5)Fe ki 2o (158
1 co2a0(6), co2b0(6), co2w0(6), co2vc(6), co2n(6),
2 cod0N@HNTRcob 208 cowl (2NN c o el(2) e o (11F)

integer h2ogk (3), h2cdl (3), h20d2(3), h20d3(9), h2od4 (3),
h20d5(3), co2gk(3), co2dl(3), co2d2(3), co2dl(3),
ceZddi(3) N coZd S8 Nco2d6i(3)l, N codl (2 Scogk N (L)s
di(8) o ()

w N

data
h2ovik /8652 11505 5 37560/
h2aoglke /15 1/
2ierelil 10}, ), 0,
h2 o200/ 07 05
h2cd3NV 020 e IO 00 R/
R2ed48 /0,1, 175
IsWaetels) //ak (0l AL
B2en /A,
2R S0, LE00)., L FTE0 . SRS, . HES0). /L,
h20a 08 /52,000 T 2710 2915, 2880, 822 240,300, 2.5/,
hZ2o0b0 /0.14311, 0.99427, 0.13219, 0.08169, 0.11628/,
20w0 /28.4, 56.4, 60.0, 43.1, 32. /

NH®O®OJdo WU s W

data
coZvicl/ SSIEEE TR N2 30600/
COLgkas/ 1 PRSI/
CO2c TaN/A0P A0 727
co2d20V/=1 70 /7
co2dSRVI07=2 0
co2d4 /0,0,1/,
claZ d5NyArA0 I/
cleiziels yhzl W/l
co2n /0.7, 0.8, 0.8, 0.8, 0.65, O 6 Ey
co2vc /667., 960., 1060., ZE 50NN 660005 (7
co2al0 /19., 2.47e-09, 2.488~-09, 110., 4., 00667
co2b0 /0.06157, 0.04017, O wakEltelel - o) 2 ORISR 400 9310157/
co2w0 /12.7, 13.4, 10.1, 112 e S AN

WNHE®O®Joy0 & Wi

data
covik /2143 /"
cogke/ A/,
@reiolil ol 2
Elet A0 B,
covc /2143., 4260./,
Elelzdol 2200} o)l

B W N

(e} (el (2] (@) (@) (&) (o} (@) Q) (el (0}

O 0
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7 cob0 /0.07506, 0.16758/,
8 CewUN/@58 S 1 208/

c---- densities
rhoh20 = 1.013e+05*ph20*18./(8.3143*t)
rhoco2 = 1.013e+05*pco2*44./(8.3143*t)

rhoco = 1.013e+05*pco*28./(8.3143*t)
ok =0
t0 = 100.
i = 1.43883027d0
akh2o = 0.0
akco2 = 0.0
akco = 0.0
c-- H20 molecules

if (ph2o .eq. 0.0) go to 45

do 40 j =1, 5
TE(abs (ww=h2ove (NN (h2ew0 () =sqrt (E/E0))N gt 210 )" go tol 40
nm = 3
1fi(7.eq.3) go to 15

if(j.eq.1l) then
alph = h2o0a0 (1)
bet = h20ob0 (1) *sgrt (£t/t0)

else

@lei ILE) dc =ty g
v (k) = h2ovk (k)
g(k) = h2ogk (k)
(e 1efel (L0 2 Aol

2 d(k) = h2od2 (k)
gorte 10
4 d(k) = h2od4 (k)
go to 10
5 d(k) = h2od5 (k)
10 continue
nm=3

call alpbet (alph,bet,f,v,d,g,t,t0,nm)

if (i.gt.j) then

3y = i
else
5] =]
end if
alph = h2o0a0(jj)*alph
bet = h2ob0(j) *bet
end if

15 if(j.eq.3)then

sl = 0.0
52 = 0.0
ks =1

A= )=

D-57
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do 30 kk =1, 3
k =0
T8l

do 20 kl = ks, ks+2
k k+1
v (k) = h2ovk (k)
g(k) = h2ogk (k)
d(k) = h2o0d3(kl)
20 continue

I

call alpbet (alk,bek,f,v,d,g,t,t0,nm)

al (kk) = h2oal(1i)*alk
be (kk) = h20b0 (j) *bek
ks = s
S = sl+al (kk)
S2 = s2+sqgrt (al (kk) *be (kk)
30 continue
alph = sl
bet =52 ~xs3/s !
end if
b =R 86 s et (E0)/EEE0RS
pe = (pttphZ2o* (b-1.))**hZ2on (1
w = 1.2*h20ow0 (j) *sgrt (£t/t0)
soverd = alph/w*exp(-2.*abs (vv-h2ovc(j)) /w)
akh2o0 = akh2o+soverd*rhoh2o
[c} /sqrt (1.+soverd*rhoh20*bl/ (bet*pe) )

40 continue

c---- co2 molecules
45 if (pco2.eq.0.0) go to 75

do 70 § =1, 6

if(abs(vv—coZvc(j))/(ConO(j)*sqrt(t/tO)).gt.lO.) goto 70
nm = 3

@le) (50} Ix = il 3
v (k) = co2vk (k)
g (k) = co2gk (k)
SeMECM(S17i52/45 8//154 785545 6}

it d(k) = co2dl (k)
go to 60

52 d(k) = co2d2 (k)
go to 60

58 d(k) = co2d3 (k)
go to 60

54 d(k) = co2d4 (k)
go to 60

5 d(k) = co2d5 (k)
go to 60

56 d(k) = co2d6 (k)

60 continue

D-58
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call alpbet (alph,bet,f,v,d,qg,t,t0,nm)
alph = co2a0l(j)*alph

bet = co2b0(j)*bet
b e
pe = (ptt+pco2* (b=1.)) **co2n(j)
w = 1.2*co2w0(j) *sqrt (t/t0)
soverd = alph/w*exp(-2.*abs (vv-co2vc(j)) /w)
akco2 = akco2+l.l*soverd*rhoco2
@ /sqgrt (1.+soverd*rhoco2*bl/ (bet*pe))

70 continue

¢c---- co gas
75 if (pco.eqg.0.0) goto 90

nm = 1
do 80 G = 1, 2
if (abs (vv-covc (J)) / (cow0 (j) *sgrt (£/t0)) .gt.10.) goto 80

if(j.eq.1l) then

o=l
else

lE= i
end if
v(l) = covk(l)
g(l) = cogk(l)
()= c o TR ()

call alpbet (alph,bet,f,v,d,q,t,t0,nm)

alph = coal(j)*alph

bet = cob0(Jj) *bet
pe = (pt+pco* (b-1.))**con (1)
W =R 2= cow (G saet (E/E0)
soverd = alph/w*exp (-2.*abs (vv-covc (j)) /w)
akco = akcotsoverd*rhoco
@ /sgrt (1.+soverd*rhoco*bl/ (bet*pe))

80 continue
Cc---- absorption coefficient of gas mixutre

90 akgas =akh2o+akco2+akco

end

subroutine alpbet (alph,bet,f,v,d,g,t,t0,nm)

implicit real*8 (a-h,o-z)
EE = B ()
integer d(*), g(*)

sl 020
s2 = 0.0

ceigNK =1 nm
SIR=ES 1 avi(K)scl ()it
s2 = s2+f*v (k) *d(k)/t0
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10 continue

call phipsy (psy,phi,t,£,v,d,g,nm)
calil: phipsy(psyO,phiO,tO,f,v,d,g,nm)

alph = (l.—exp(—sl))*psy/((lw-exp(—SZ))*psyO)
bet = sqrt(t0/t)*phi/phil

end

subroutine fctrl (nl,n2,n3,rl,r2,x3)

______________________________________________ c
e
@ SUBROUTINE FCTRL c
e e o e e T e T e e e s i i e e e e c
implicit real*8 (a-h,o-2z
il 1.0
r2 = 1.0
r3 = 1.0
if(nl.gt.l) then
do 10 i =1, nl
el = sellesal
10 continue
end if
if (n2.gt.1) then
do 20 i = 1, n2
TN —Nr oA
20 continue
end if
T E(n8gtr )R Ehen
do 30 i = 1, n3
128 = edit
30 continue
end if
end
subroutine phipsy (psy,phi,t,f,v,d,g,nm)
(] SUBROUTINE PHIPSY
e

hpeilaeatis sasEulaE] (B, @)
real*8 v (*)
integer d(*), g(*)

CI= 0
t2 = 1.0
t3 = 1.0

do 30 k = 1, nm

*

AWM e

(k) /t
Xp (-uk)

nn
I o oo

0
0
0
v
e

O E nonon

xpu

if(d(k).gt.0) then
1 SE=N0
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10

%)

20

25

30

else

is = abs(d(k))
end if
doB gy =81i5 8 2l[

nd=abs (d (k) )

CaNIE et MR i) Stnd =1 e ()= 18 Skl e 1E Ay 2 = 3 )

if (iv.eq.0) then

£2 =i
else

£f2 = expu**iv
end if

Sl =N gl il £20/0 (r 2% r R
SZ2N=WsZ:tsqrt(ielts £2//A(r2+ r3)
o EA(CE 2R e S S 016D o St o SlID

continue

el = jeiliegul
E2N=Sr2 %57

do 20 iv = 0, 30

el EeE Hll (vt gi(ik) = 1 g (le)i=1 ity il Sr 2 A r S)

if (iv.eq.0) then
£2 =l
else
f2=expu**iv
end if

s3 = s3+rl*f2/ (r2*r3)
QEREZ = SIS S 06) oot o 25
continue
ESS=St x5 3

continue

phi = t2**2/t1
psy = tl/t3

end

subroutine output (nout)

e e e e e C
c SUBROUTINE OUTPUT c
(6= e ) S e U AR B L L i SRR SRS R c
implicit real*8 (a-h,o0-2z)
include ’furn3d.h’
if (iout (nout) .eq. 0) return
GoRt o (110/, 20, 30/,40,50,60,70,80) nout
C---- gas composition
10 continue
write(6,501) ‘combustion gas:C02, H20, SO2, N2, 02, CARB, ASH’

(ot

write(6,503) (gas(n), n = 1,7)

flow rates D-61



furn3d. £ Fri Sep 11 14:47:41 1992 61

write(6,501) ‘flow rates:fuel,air,flue and comb gas recirc’
write(6,503) (flow(n), n = 1, 4)

return
e=—-= radiosity field: ajzm(jmax,kmax,nf)
20 continue
return
c---- wall heat flux due to Gs: gxm(jmax,kmax,nf)

30 continue
write (6,501) ‘gxm(jmax,kmax,nf) due to Gs'’

dor 31 g =1, " Jmax

elo ik 1 =l s Vaneie
el (GBI 48] = g = Uk
write(6,503) (gxm(j,k,ifrq), ifrg=1,nfrq)

31 continue

c---- wall heat flux due to Gs: gym(imax, kmax,nf)
write(6,501) ‘qym(imax,kmax,nf) due to Gs’
do 32 1 = 1, imax
dot 32 'k = 1/ kmax

wiekte (6, 505)8 T B= T i s =S Tic

write(6,503) (qym(i,k,ifrq), ifrg=1,nfrq)
32 continue

e———- wall heat flux due to Gs: gzm(imax, jmax,nf)
write(6,501) ’gzm(imax,jmax,nf) due to Gs’
don88 s = max
do 33 j = 1, jmax

Write(6,508) ‘1 = ', 4,79 <= 1 5

i = el (6 RS 018 B cre i (P i OF ) ifrgq=1,nfrq)
33 continue

return
e-——- Gs field: gs(imax, jmax, kmax,nf)
40 write(6,501) ’gs(imax, jmax, kmax,nf)
do 41 i = 1, imax
do 41 j = 1, jmax
do 41 k 1, kmax

Wi Ee ((65:50/5) M= TS — S0P PR e
write (6,503) (gs (a7 ik 1 Era)y ifrg=1,nfrq)
41 continue

return
c---- Gm field: gm(imax, jmax, kmax, nf)
50 write(6,501) ‘gm(imax, jmax, kmax,nf)
doS5TNEI =T max

do 51 j = 1, jmax
do 51 k = 1, kmax
write (6l 505) IR = S BERA B S e S
write(6,503) (gm(i,j, k,ifrq), ifrg=1,nfrq)
51 continue
return

C---- wall heat flux due to Gs and Gm: gxm (jmax, kmax, nf)
60 continue
write (6,501) 'gxm(jmax, kmax,nf) due to Gs and Gm’
do 61 j =1, jmax
do 61 k = 1, kmax
WETEE(16,:505) 0l = N0 nl e
write(6,503) (gxm(j, k,ifrq), iLigiget=il e e )
61 continue

g=--= wall heat flux due to Gz and Gm: qym (imax, kmax, nf)
D-62
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write(6,501) ’‘gym(imax, kmax,nf) due to Gs and Gm’

cot®2 =10, 1max
do 62 k = 1, kmax
WaedEe (6, 505) i = oHs Dk =0 7k

write (6,503) (gqym(i,k,ifrq), ifrg=l,nfrqg)
62 continue

c---- wall heat flux due to Gs and Gm: gzm(imax, jmax,nf)
write(6,501) ’‘gzm(imax, jmax,nf) due to Gs and Gm’
do 63 1 = 1, imax
do 63 j = 1, jmax

Wit el (167506 B T= 0T i S = 80

write(6,503) (gzm(i,j,ifrq), ifrg=1,nfrqg)
63 continue

return
c---- divergence field: divg(imax, jmax, kmax)
70 write(6,501) ’‘divg(imax, jmax, kmax)’
do 71 k = 1, kmax
do 71 1 = 1, imax
Wl Eei(6, 5105 ) BRAk = Hle L =

write(6,503) (diva(i,j, k), j=1,jmax)
71 continue
EetEn

c---- temperature field: t (imax, jmax,kmax)
80 write(6,501) ’t (imax, jmax, kmax)’
do 81 k = 1, kmax

do 81 i = 1, imax
Wit e ((EFD 0\S ST — R A0 =
write(6,503) (t(i,j, k), j=1,Jjmax)
81 continue
return
e—==-"Formats

501 format(//10x,a,5x,a,i3,5x,a,lpel5.8)

502 format (1x,a5,i3,1x%,7 (lpel0.3),/8 (lpel0.3)
503 format (8 (lpel0.3)

504 format (/8 (3x,a,3x))

505 format (/5x,10(a,i2,2x))

end

subroutine outpf

implicit real*8 (a-h,o-z)
include ’furn3d.h’
character head(nv)*7

dimension gwxmv(nv) , qwxpv(nv) , qgwymv(nv) ,  gwypv(nv) ,
ik gwall (nv) , gwflux(nv), qwv (nv)

data (head(n),n=1,nv) /nv*’Vol No '/

C---- partial pressures and particle size spectrum: bottom zone
write (6,501) ‘ash/soot/char size spectrum in bottom zone’
Wreite (6,502) ‘inum’,“rash’,’nash’,‘xrsot’, nsot’ ,’rchr’, ' nchr’
write(6,503) ' o D U (R R (RS
nmz = max (npt (1) ,npt (2) ,npt (3)
izl = 0.

D-63
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£2 0
£3 =0
pi43 = 4./3.*pi
do 10 n = 1, nmx
il = tl+pi43*rpt(l,n)**3*pdist(l,n,l)*rhopt(l)
=2 = t2+pi43*rpt(2,n)**3*pdist(2,n,l)*rhopt(Z)
£3 = t3+pi43*rpt(3,n)**3*pdist(3,n,l)*rhopt(3).
write (6,504) n,rpt(l,n),pdist(l,n,l),rpt(2,n),pdlst(2,n,l),
i rpt (3,n),pdist (3,n,1)

10 continue

[}

write (6,507) ‘average ash loading Atk g/ m=%x8i
write (6,507) ’average soot loading 2k gy/ mExsil
write(6,507) ’average char loading =8 Ak )/ mEEs
write(6,507) ‘partial pressure of COZ =’ ,pco2,’atm’
write(6,507) ’‘partial pressure of H20 =’,ph20,’atm’
write(6,507) ’‘partial pressure of CO =’ ,pco,’atm’

1]

c---- partial pressures and particle size spectrum: flame zone
write (6,501) ’ash/soot/char size spectrum in flame zone’
write (6,502) ’inum’,’rash’,’nash’,’rsot’,’nsot’,’rchr’,’nchr’

write(6,503) ’ & e R R 3T S SR e AL/ MBIl
nmx = max (npt (1) ,npt (2) ,npt (3))
E =
&7 =
£3 =0.
pid3 =S4/ ST XD
do 20 n = 1, nmx 3
12l = tl+pid3*rpt(l,n)**3*pdist (1,n,2) *rhopt (1)
E2 = t2+tpid3sept (2, n)A%3%pdist (2, n,2) frhopt (2)
=3 = t3+pid3*rpt (3,n)**3*pdist (3,n,2) *rhopt (3)
write (6,504) n,rpt(l,n),pdist(l,n,2),rpt(2,n),pdist(2,n,2),
1 rpt (3,n) ,pdist (3,n,2)
20 continue
write(6,507) ‘average ash loading =4 tl, Ykg/mEk3L
write(6,507) ‘average soot loading =402 Blcgy/ mAr8il
write(6,507) ‘average char loading =EAE3Akay/ mEX8ll

write(6,507) ’'partial pressure of CO2 =',pco2,’atm’
write(6,507) ’partial pressure of H20 =’,ph20,’atm’
write (6,507) ’‘partial pressure of CO =’,pco,’atm’

c---- partial pressures and particle size spectrum: absorption zone
write(6,501) ‘ash/soot/char size spectrum in absorption zone’
writel(6,;502) " Ainum% “ rash’ “nash’,“rsot’, ‘nsot%, irchr’, “nchr’
write(6,503) Gt R S R R R A Rk /S U R A S
nmx = max (npt (1) ,npt (2) ,npt (3))
tl = 0.

2 = 0.

£33 = 0.

pid3 = 4./3.*pi

do 30 n = 1, nmx
icdl tl+pid3*rpt (1,n) **3*pdist (1,n, 3) *rhopt (1)
£2 = ©2+tpid3Xrpt(2, n)**3Xpdist(2,n,3) *rhopt(2)
3 = t3+pid3*rpt (3,n) **3*pdist (3,n, 3) *rhopt (3)
write (6,504 n, roc i 1l iedisei(l \n, 8 irpe (20 0 ipd it s e (2 inl, 8 )
a rpt (3,n) ,pdist (3,n, 3)
30 continue

write(6,507) ’average ash loading =/, tl,’ kg/ms*3&
write(6,507) ‘average soot loading =0 EZ o/ mEE Sl
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write(6,507) ’average char loading =0, ©88,7 Teg/megY
write(6,507) ‘partial pressure of CO2 =’,pco2,’ atm’
write (6,507) ’‘partial pressure of H20 ='’,ph2o,’ atm’
write (6,507) ’‘partial pressure of CO =',pco,’ atm’

c---- optical properties
write (6,501) ‘Optical Properties of Combustion Gas’
write(6,521) ‘ifrqg’,’betl’,’omgl’,’bet2’, omg2’,’bet3’, " omg3’,

1 7 gl slgil?

write(6,503) ' 7o lmel, 7,0 0=l 7,0 R
k1l = kvol (1)

k2 = kvol (2)

k3 = kmax

do 40 ifrg = 1, nfrg
write (6,522) ifrqg,beta(kl,ifrq),omeg(kl,ifrq),beta(k2,ifrqg),
it omeg (k2,ifrqg),beta(k3,ifrq),omeg (k3,ifrqg),
2 ipl (ifrqg),isé (ifrq)
40 continue

write (6,501) ’Spectral Heat Transfer’
write(6,511) ’‘ifrqg’, (ivol,ivol=1,nvol)

c———— inigialize

Elo A5 shyedl = b, el

gwall (ivol) = 0.0

gwflux (ivol) = 0.0

45 continue

qwalzm =
qwalzp
qwfluxm =
qwfluxp

(I}
oo oo
oo oo

el 70 sigee; = AL, puEiEe

Cees initialize the spectral quantities
cle 50 sgel = A, el
gwxmv (ivol) = 0.0
qwxpv (ivol) = 0.0
gqwymv (ivol) = 0.0
aqwypv (ivol) = 0.0
50 continue
do 80 j = 1, jmax
ks =1 -
ivol = 0
60 ivol = ivol + 1
k£ = kvol (ivol)

do 70 k = ks , kf

gwxmv (ivol) = qwxmv(ivol) + gxm(j,k,ifrq)*dfrg(ifrq)
qwxpv (ivol) = gwxpv (ivol) + gxp(j,k,ifrqg)*dfrg(ifrq)
70 continue

lsB=Slcf il
if (ivol.lt.nvol) goto 60

80 continue

do 120 i =1, imax
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ks =1
ivol = 0

90 ivol = ivol + 1
kf = kvol (ivol)

do 110 k = ks , kf i - :
quymv (ivol) = qwymv(ivol) + gym(i, k,ifrq)*dfrq(ifrq)
quwypv (ivol) = gwypv(ivol) + qyp (i, k,ifrq)*dfrq(ifrq)
110 continue

kst =l fiit L
if (ivol.lt.nvol) goto 90

120 continue
qwzmv = 0.0
gwzpv = 0.0

do 150 i = 1, imax
do 140 j = 1, jmax
quzmv + gzm(i, j,ifrq)*dfrg(ifrq)

gqwzmv =
qwzpv = qwzpv + gzp(i, j,ifrq)*dfrg(ifrq)
140 continue
150 continue

do 155 ivol = 1, nvol
qwv (ivol) = 0.5%* (qwxmv (ivol) +qwxpv (ivol))/zwall (ivol)
al +0.5% (qwymv (ivol) +qwypv (ivol)) /ywall (ivol)
55 continue

write(6,512) ifrqg, (qwv(ivol),ivol=1l,nvol)

S summing ove frequency
do 160 ivol = 1, nvol
qwall (ivol) = gwall(ivol) + gwxmv(ivol) + qwxpv (ivol)
il + gwymv (ivol) + gwypv(ivol) + gconv (ivol)/nfrg

qwflux (ivol)= gwflux (ivol)

al + 0.5* (qwxmv (ivol) +qwxpv (ivol)) /xwall (ivol)
2 + 0.5* (qwymv (ivol) +qwypv (ivol)) /ywall (ivol)
3 + 0.5*gconv (ivol) / (nfrg* (xwall (ivol)
4 + ywall (ivol)))
160 continue
gwalzm = gwalzm + gwzmv
qwalzp = gwalzp + qwzpv -
gwfluxm = gwfluxm + qwzmv/zwall
gwfluxp = qwfluxp + qwzpv/zwall

170 continue

gtotal = gwalzm + gwalzp
do 180 ivol = 1, nvol
gtotal = gtotal + gwall (ivol)
180 continue

write(6,501) ‘Wall Heat Flux and Heat Transfer Rate Distribution’
write(6,520) Gl Qrate S COEINIX AR 0 rell
do 190 ivol = 1, nvol
qrele = gfrac(ivol) *qfurn
write(6,510) ‘vol’,ivol,qwall (ivol),qwflux (ivol),qrele
190 continue
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c——--

c————

c———=—

write(6,513) ‘bott ’,qwalzm,gwfluxm
write (6,513) ‘top ‘,qwalzp,qwfluxp
w65 1IBH IR Bttt o tall

heat balance
write (6,501) ‘summary output’

write (6,502) RASEEpEAR oWl Ale 1 EHERE hain ARG h ot A cl i v ol
write(6,503) ’ ol B CoUlegel JVaRel 0 T B0 T 8.0 i 0
fuel

hinf = flow (1) * (hhv+hfag(l)

houtf = flow (1) * (hvthfag (1)

write(6,505) ‘fuel’,temp(l),flow(l),hfag(l),hinf, houtf

air
hina = flow (2) *hfag(2)

write(6,505) ‘air ’,temp(2),flow(2),hfag(2),hina

c————

@=——r

c———

C=mme

200

o

210

recirculating gas
hinr = flow (3) *hfag(3)
write (6,505) ’‘recg’,temp(3),flow(3),hfag(3),hinr

furnace volume 1

flowl = flow(3)+flow(4)
hinl = flow(3) *hfag(3)+flow (4)*enth(2)
houtl = flowl*enth (1)

write(6,505) ’‘voll’,tg(l),flowl,enth(l),hinl,houtl,divqgv (1)

furnace volume 2 .

sumf = flow(l)+£flow(2)+£flow (3)
hin2 = houtf+hinat+houtl
hout2 = (sumf+flow (4)) *enth (2)

write (6,505) ’'vol2’,tg(2),sumf,enth(2),hin2,hout2,divqgv (2)

furnace volumes 3 through nv
do 200 n = 3, nvol

hin = sumf*enth (n-1)

hout = sumf*enth (n)

write (6,506) ‘vol’,n,tg(n),sumf,enth(n),hin, hout,divgv(n)
continue

furnace
divgt = 0,
do 210 n = 1, nvol
divgt = divgt+divqu(n) + gconv (n)

continue
hint = houtf+hina+hinr
houtt = sumf*enth (nvol)

write (6,505) ’furn’,tg(nvol),sumf,enth(nvol),hint,houtt,divgt
9

formats

Eorma B (A9 0 a /i)

format (10 (3x%,a,4x))

format (10 (3x%,a,4x)/)

format (3x%x,13,4%,8 (lpel0.3,1x))
format (3x,a4,4x,8 (lpel0.3,1x))
format (3x,a3,11,4x%,6 (lpel0.3,1x))
format (/,10x,a,1pel0.3,a)

format (3x,13,4x,6(1lpel0.3,1x),2 (3x,13)
format (/,a,8(1lx,a,il,1x))

format (4x,a,11,2x%,4 (2x,1pel0.3))
format (/,a4,8 (4x,12,4x))

format (1x,13,8(1x,1pe9.2))
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513 format (4x,a,1x,4(2x,1pel0.3))
520 format (1x,a5,5x,3(2x,a7,2x))
521 format (6(3x,a,4x),3x,a,2x,2(a,1x))
522 format (3x,i3,4x,6(1lpel0.3,1x),2(1x,1i2)
end
block data datal e
e S S A S e R S i
@ e T e P e
SRR S e
implicit real*8 (a-h,o-z
include ’furn3d.h’
c---- number of particle sizes
data (npt (i), i= 1, 3) / 40, 40, 40 /
c--- Dband centers in l/cm ( histogram )
data (frg(n), n =1, 37) /
1 285110, 51051501, 75510, 180551507 LS, ) ;
2 236507217610 S0, 30135 50,83 3 00140, 888 67.0° 20/
3 4600810850000, 88541 5TH0 B NE T 30501, 8E622.50
4 7250007650 50, 797510, 83258100, 87:50..0/,
50 1150010, 12500.0, 13500.0, 14500.0, 15500.0,
6 18500.0, 19500.0 7
c--- band width
data (dfrg(n), n = 1, 37) /
1 17.0.0, 270207 230.0, 370507 140.0,
2 410.0, 380.0, 177.0..0, 360.0, 380.0,
8 400.0, 400.0, 430.0, 470.0, 250.0,
4 500.0, 300.0, 350..0, 3507807 500.0,
5. 110000, 1000.0, 1000.0, 1000.0, 1000.0,
6 1000.0, 1000.0 /
c=== Ash particle sizes
data ((rpt(nl,n2), n2 = 1, 40), nl =1, 1)
1 0.10e-06, 0.25e-06, 0.50e-06, 0.75e-06,
2 1.50e-06, 1.75e-06, 2.00e-06, 2.50e-06,
3 4.00e-06, 4.50e-06, 5.00e-06, 6.00e-06,
4 9.00e-06, 10.00e-06, 12.00e-06, 14.00e-06,
5 20.00e-06, 22.00e-06, 24.00e-06, 26.00e-06,
6 32.00e-06, 34.00e-06, 36.00e-06, 38.00e-06,
7 44.00e-06, 46.00e-06, 48.00e-06, S50.00e-06
c--- Soot particle sizes
data ((rpt(nl,n2), n2 = 1, 40), T =D PR
1 0.0le-06, 0.02e-06, 0.03e-06, 0.04e-06,
2 0.07e-06, 0.08e-06, 0.09e-06, 0.10e-06,
3 0.13e-06, 0.14e-06, 0.15e-06, 0.16e-06,
4 0.1%-06, 0.20e-06, 0.21e-06, 0.22e-06,
S 0.25e-06, 0.26e-06, 0.27e-06, 0.28e-06,
6 0.32e-06, 0.34e-06, 0.36e-06, 0.38e-06,
7 0.44e-06, 0.46e-06, 0.48e-06, 0.50e-06
C—=——= Char particle sizes
data ((rpt(nl,n2), n2 =1, 40), nl = 3, 3)
1 0.10e-06, 0.25e-06, 0.50e-06, 0.75e-06,
2 1.50e-06, 1.75e-06, 2.00e-06, 2.50e-06
3 4.00e-06, 4.50e-06, 5.00e-06, 6.00e-06,
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N0 0000 O~

- W~

.00e-06,
.00e-06,
.00e-06,
.00e-06,
.00e-06,
.00e-06,

.05e-06,
.1lle-06,
.17e-06,
.23e-06,
.29e-06,
.40e-06,

.00e-06,
.00e-06,
.00e-06,

2020.
4250.
6890.
10500.
17500.

oo oo

28108

220.
1000.
1000.

oo ooo

.25e-06,
.50e-06,
.00e-06,
18.00e-06,
30.00e-06,
42.00e-06,

® W

.06e-06,
.12e-06,
.18e-06,
.24e-06,
.30e-06,
.42e-06,

coocoocoo

1.25e-06,
.50e-06,
8.00e-06,

w
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4 9.00e-06, 10.00e-06, 12.
5 20.00e-06, 22.00e-06, 24.
6 32.00e-06, 34.00e-06, 36.
7 44.00e-06, 46.00e-06, 48
c---- quadrature for s4

data (xnu(i), i =1 , 24)
1/ 0.2958788, 0.9062463,
2 0.2958759, 0.9082483,
3 0.2958759, 0.9082483,
4 0.2958759, 0.9082483,
5 -0.2958759, -0.9082483,
6 -0.2958759, -0.9082483,
7 -0.2958759, -0.9082483,
8 -0.2958759, -0.9082483,
data (yxi(i),i =1 , 24)
i/ 0.29568758, 0.2956759,
2 0.,2956759, -0.2858759,
3 0. 28956875¢), 0. 295875C),
4 —0.2958759, -0.2958759,
5 029568755, 0.2058759,
6 =0.2956875%, =0.285675¢),
7 0. 29568759, 0.2058799,
g =0.295875%, =0.28568759,
data (zet(i),i =1 , 24)
1/ 0.9082483, 0.2953759,
2 0.9082483, 0.2958759,
3 =0.90682483, =0,28568759,
AR 00018 21418 SV =I015219 /5181715107
5 0.9082483, 0.2958759,
6 0.9082483, 0.2958759,
7 -0.9082483, -0.2958759,
6 =0,008246s, =0.29956759,
data (wt(i),i = 1, mumax)

c———
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1 / mumax*0.523598776 /

signs of direction cosines

[o}
~

t

a
1,
1,
i

’

[y

® oUW
(o] TSl [V}
B e

’

Q.

~
ot

N = = )

@ oUW WN
1
oy

1
=

(ixnu (i),
Lo Ay
Lo g
s by
P

=, =i,

=ik, =i,
=i, =iy,

SR

i

= 1 , 24)

(Slypmit (BL) ot = AL, 2d)

A = A
-1, =i,
ol
=i, =i,
T
=il =iy
1, Ay
-1, -1/

(e (L) gt = 1L, 24)

17,

00e-06, 14.00e-06,
00e-06, 26.00e-06,
00e-06, 38.00e-06,

o o o

.00e-06, 50.00e-06

.2958759,
$2{9151817.5.9);
52958759,
.2958759,
=0
=),
=)
=0

2958759,
2958759,
2958759,
2958759 /

.9082483,
. 9082483,
.9082483,
.9082483,
.9082483,
.9082483,
.9082483,
.9082483/

.2958759,
- 295875,
- 2988759,
- 2988759,
$2.9:58§/15100
2219:5,8§i5108
821958§7i5108
.2958759/
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2 b kel
3 =1 =11,
A=l el =10,
5 b ke
6 1T, 1y,
TR =1 = 1A=
g -1, -1, -1/
end

block data data2

c
fe- BLOCK DATA2 A
EAP ol s LR SRS ST SRRt S EEE S S
inplicit real*8(a-h,0-2)
parameter (nsp=5)
common /comb/ order , aoxid , aprod , eoxid, eprod, parmod, parswl
common /critc/ amw(nsp), tb (nsp), tc (nsp), pc (nsp) , vc(nsp) ,
1 ome (nsp), dip(nsp)
common /heatc/ acp(nsp), bcp(nsp), ccp (nsp), dcp(nsp)
c--- (C02=1; N2=2; 02=3; H20=4:; S02=5;
data (amw (i), tb(i), tc(i), pc(i), vc(i), ome(i), dip(i),i=1,5)
1 INAA 0TI T o4 0T S 30T 20 ST 78 04 S0, N0IN2 S, 000,
4 18.015 , 373.2, 647.3, 217.6, 56.0, 0.344 , 1.8 ,
5 64.063 , 263.0, 430.8, 77.8, 122.0, 0.251 , 1.8 .,
2 2E01 3TN S8 12 67 2 S 3SR 8 GRS LD B0 R0 S R
3 310 900G 12 5 A0 AR A0 NE RT3 4 SN0 0D N RO U
data ( acp(d) , 'bepi(i) , ecep(i) , dep(i)t , i=1,nsp)
1 / 1.980e+l , 7.344e-2 ,-5.602e-5 , 1.715e-8 ,
4 3.194e+1 01 J436e-8 0 2.432e=-5, =117 6e-81,
5 2.385e+l , 6.699%e-2 ,-4.96le-5 , 1.328e-8 ,
2 3.115e+1 ,-1.357e-2 , 2.680e-5 ,-1.168e-8",
3 2.81le+l ,-3.680e-6 , 1.746e-5 ,-1.065e-8 /
data order , aoxid , aprod , eoxid , eprod , parmod , parswl
I/ 0.6 , 590. , 3.e+8 , 1.088e5 , 2.10e5, 0.3 R RS G
end
subroutine input
SUBROUTINE INPUT
implicit real*8 (a-h,o-z
include ’furn3d.h’
character*80 card, title
c---- print card image of input data
10 read(5,501,end=20) card
write(6,501) card
go to 10
20 rewind 5
c~=== problem title

read(s, *)title
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write(6,502) title

c---- debug output index
EREEl(S, ) Etelle,  (ewkE (@), » = i, iE)
write (6,503) ‘iout(l) - iout(1l6)’

write (6,505) (iout(n), n =1, 16)

c---- some parameters
pi=2.*asin(1.0)

c---- selection of gray or spectral medium
readi(iSs) i Elle i n e
write(6,503) 'nfrqg = 1 if gray medium and nfrg = 37 if spectral
write(6,506) nfrg
sliE (muBige] oCfes A EuEel, EuEiEs; RS 7)) Ehice
write (6,503) “error in nfrg input : input 1 or 37/
stop
end if

c---- cut-off value of beta for Pl approximation and S4 and alpha

read(5,*) title, betamx, betamn , alpha

if (alpha .lt. 0.5 .or. alpha .ge. 1.) then
write(6,503) ‘error in alpha input: 0.5 <= alpha < 1.’
stop

end if

if (betamn .lt. 0.005) then
write (6,503) ‘increase betamin to grater than 0.005’
stop

end if

write (6,503) ‘cut-off vales of beta for Pl & S4 and alpha’

write(6,504) betamx,betamn,alpha

c---- maximum iterations in Gm solution, enclosure problem, energy equation
read(5,*) title, nitergm, nitgmmn, niterj, maxcal
write(6,503) ’‘nitergm, nitgmmn, niterj, maxcal’
write(6,506) nitergm, nitgmmn, niterj, maxcal

c---- nonlinear solver parameters
readi(ic)tuttlle i ace, s deltg,
write(6,503) ‘nonlinear solver parameters: acc, deltg’
write(6,504) acc, deltg

c---- grid structure
read(5,*) title,imax, jmax,kmax,nvol, (kvol(n), n = 1, nvol)
if (nvol .gt. nv) then
write(6,503) ’‘need to increase nv in common block’
stop
end if

if (imax .gt. imx .or. jmax .gt. jmx .or. kmax .gt. kmx) then
write(6,503) ‘need to increase imx, jmx or kmx in common block’

stop
end if
write(6,503) ‘nodes : imax, Jjmax, kmax, nvol, kvol(n)’
write (6,505) imax, jmax, kmax,nvol, (kvol(n), n = 1, nvol)
C---- convective heat transfer coefficients in W/m**2.K

read (51 tlieAlicoet (T eiRlE Vol N =8 o)
write (6,503) ‘convective heat transfer coefficients’
write (6,504) (hcoef(ivol),ivol = 1, nvol)

c---- wall emissivity
read(5,*) title, (ew(l,n), n = 1, nfrq)
write (6,503) ‘wall emissivity’
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30
40

c————

S0

c-——-

c-——=

C———=

c———=

c—~———

e

Cm———=

G

e

(e

write(6,504) (ew(l,n), n = 1, nfrq)
do 40 k = 2, kmax

do 30 ifrg = 1, nfrg
ew(k,ifrq) = ew(l,ifrq)
continue
continue

non-isotropicity factors
read(5,*) title, (al(l,n), n =1, nfrqg)
write (6,503) ’‘non-isotropicity factors’
write(6,504) (al(l,n), n =1, nfrq)
do 60 k = 2, kmax

do 50 ifrg = 1, nfrg

al(k,ifrq) = al(l,ifrq)

continue

continue

relaxation parameter (use 1.2)

read(5,*) title, omegag

write (6,503) ‘relaxation parameter: omega
write (6,504) omegag

furnace size
read(5,*) title,xmax,ymax, zmax

71

g’

tzp’

write(6,503) ‘furnace size: xmax, ymax, zmax’
write (6, 504) xmax,ymax,zmax

wall temperature

read (S, *) title,txm,txp,tym,typ,tzm, tzp

write(6,503) ‘wall temperature: txm, txp, tym, typ, tzm,
write(6,504) txm,txp,tym,typ,tzm,tzp

fuel composition: ultimate analysis

read(5,*) title, (fuel(n), n = 1,5)

write (6,508 Aultimate: 1€ A2 B SR SEEUERINZ e 21
write(6,504) (fuel(n), n =1, 5)

fuel composition: proximate analysis

read(5,*) title, (fuel(n), n = 6,10)

Wl te (65 08) P roxdimatelt N H2 0N SENA SHESTESRY MESAEE @A SOOTY
write(6,504) (fuel(n), n = 5,10)

air composition

read(5,*) title, (air(n), n = 1, 4)

tresteE@ (G, 50 Cruleg On N2, H20 , EXCESS AIR'
write (6,504) (air(n), n = 1,4)

gas recirculation

read(5,*) title, fracr(l),fracr(2)

write(6,503) ‘flue gas recirc, combus gas recirc’

write(6,504) fracr(l),fracr(2)

combustion losses
read(5,*) title,aloss(l),aloss(2),aloss(3)

write(6,503) ‘unburnt carb, unaccounted losses,

write (6,504) aloss(l),aloss(2),aloss (3)

fuel/air/recirculated gas temperature
read(5,*) title,temp(l),temp(2),temp(3)

wWiiite (1675080 fuety i adi: preheat, recirc gas temperatures’

write(6,504) temp(l),temp(2),temp(3)

fuel high heating value and furnace rating

read (5, *) title,hhv,gfurn

rad loss’
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writ=(6,503) ‘hhv ’,’gfurn’
write(6,504) hhv,gfurn

c---- ash composition
read(5,*) title, (yash(n), n = 1,5)
mrire(6,903) 5102”7 ,"Al12037," CaQ’,’Fe203’,’ MGO’
write(6,504) (yash(n), n =1, 5)

c---- ash cumulative size distribution
read(S,*) title, (ypt(l,n), n = 1, npt(l))
write(6,503) ‘ash cumulative mass fraction’
write(6,504) (ypt(l,n), n.= 1, npt(l))

c---- soot cumulative size distribution
read(5,*) title, (ypt(2,n), n = 1, npt(2))
write(6,503) ’soot cumulative mass fraction’
write(6,504) (ypt(2,n), n = 1, npt(2))

c---- char cumulative size distribution
read(5,*) title, (ypt(3;n), n = 1, npt(3))
write(6,503) ’‘char cumulative mass fraction’

write(6,504) (ypt(3,n), n = 1, npt(3)

c---- ash, soot, and char material densities
read(5,*) title,rhopt (1), rhopt (2), rhopt (3)
wedte (6, 503) “rash®;"raot”, "cchr’
write(6,504) rhopt (1), rhopt (2), rhopt (3)

c--- file names of extinction coefficients data
read(5,*) title,gash,gsoot,gchar
write(6,503) gash,gsoot,qchar

c---- include indices for efficiency factor calculation
pead(S F) 1t leincdi(D),inel (2) ,incl (3)
write(6,503) Yiash’;,"isot’,’ichc’
write (6,506) 1ncl (1),inecl{2),incl (3)

c---- furnace pressure and temperature
read(b, *) title,pgas, (trad(ivel), ivol = 1, nvol)
write(6,503) ’‘pgas’,’trad’

write(6,504) pgas, (trad(ivol), ivol = 1, nvol)

c---- read specific heat data
open (unit=2, status='0ld’, file='cp.d’)
do 70 is = 1, 8
read(2,501) title
write(6,501) title

read(2,507) (ew (1, 0l nd) anl=1L7), n2=1,2)
Writei6,507) ((cplis,nl,n2), nl=1,7), n2=1,2)
70 continue
close (2)
C---- formats

501 format (a80)

902 format (’1”,5%,a50)
503 format (/8 (3x,a,3x))
504 format (8 (1lpel0.3))
505 format (20 (2x,12))
506 format (8 (3x,i4,3x))
507 format (5 (el5.8))

end

D-73
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parameter %
1 ( imx = 16 , Jmx = 16 , kmx = 60 o B 5 227
2 imx2 = imx+2 , jmx2 = jmx+2 , kmx2 = kmx+2 , mumax =
3 nv =10 , iwork = 2*nv*nv+8*nv+6 )

character*15 gash, gsoot, gchar

common /inptl/

1 ibeta (nf) A ipling) , 1is4 (nf) 5 %out(ZO)
2 ixnu (mumax) , 1lyxi (mumax) , izet (mumax) , imax
3 jmax , kmax , kvol (nv) , maxcal
4 nitergm , nitgmmn , niterj . nfrqg
5 nvol
common /inpt2/
1 xmax , ymax , zmax
common /inpt3/
1 omegag
common /inpté4/
A (4)) . fracri(2) , fuel (10)
common /inpt5/
1 aloss(3) T Cn (B 7 ‘hhv . gEuER
2 temp(3)
common /inpt6/
1 txm T D) , tym , typ
2 tzm T D)
common /inpt7/
1 pgas . rhopt (3) , trad(nv) , yash(5)
2 ypt (3,40) 5 sl ((5))) ;. npE (3
common /inpt8/
1 acc , deltg , betamn , betamx
common /hbalc/
1 amwg , flow(4) , divqgv (nv) , enth(nv)
2 gas(7) , hfag(3) , hres(nv) v
S Eg (nv)
common /radprop/
1 al (kmx,nf) , anum(3,40) , beam , beta (kmx,nf)
2 betal (kmx,nf) , dfrg(37) , ew(kmx,nf) o iBiel (87
2 omeg (kmx,nf) , pco TERCO2 , ph2o
3 pdist(3,40,nv), gfrac(nv) RIS R410))
common /files/
1 gash . gsoot , gchar
common /grids/
1 delxm(imx) , delxp (imx) , delym(jmx) , delyp (jmx)
2 delzm(kmx) , delzp (kmx) , dx (imx) , dy (Jmx)
3 dz (kmx) , Px (imx) , py (jmx) , pz (kmx)
common /plnck/
1 ebg (imx, jmx, kmx) , ebwxm(jmx,kmx,nf) , ebwxp(jmx,kmx,nf)
2 ebwym(imx, kmx,nf) , ebwyp(imx,kmx,nf) , ebwzm(imx,jmx,nf)

3 ebwzp (imx, jmx, nf)

common /qflx/
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1 gxm(jmx, kmx,nf) ,  gxp(jmx, kmx,nf) ,  qym(imx, kmx,nf) :
2 qyp (imx, kmx,nf) , gzm(imx, jmx,nf) , Qqzp(imx, jmx,nf) ¢
3 gconv (nv) , hcoef (nv)

common /walls/
1 xwall (nv) , ywall (nv) , zwall

common /qflxt/
1 gxmt (jmx, kmx) , gxpt (jmx,kmx) , qymt (imx,kmx) , qypt (imx, kmx)
2 gzmt (imx, jmx) , gzpt (imx, jmx)

’

common /dvrgqg/
1 divg(imx, jmx, kmx) , gm(imx, jmx,kmx,nf), gs(imx, jmx,kmx,nf)

common /s4/

1 ri(imx2, jmx2, kmx2, mumax) .

2 wt (mumax) , Xnu(mumax) , yxi (mumax) , zet (mumax)
3 imax2 , Jmax2 , kmax2

common /field/
1 t(imx, jmx, kmx)

common /cons/

1 pi

common/coe/

1 ae(imx, jmx, kmx) , ah(imx, jmx, kmx) 7o saloaime SR PRt ) ;
1 an(imx, jmx, kmx) , ap(imx, jmx, kmx) o as (ims, s, knx) 7
2 aw (imx, jmx, kmx) , s(imx, jmx, kmx)

common /solve/
1 tgl (nv) , tgu(nv) , rwork (iwork)

common /tempr/
1 alpha

E=3
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cp.d
co2
0.44608041e+01 0.
-0.48961442e+05-0.
0.20021861e-08 0.
H20
0.27167633e+01 0.
-0.29905826e+05 0
-0.29637404e-08 0.
502
0.
-0.
=),
N2

52451364e+01 0.
37558227e+05-0.
52810047e-08 0.

o

.28963194e+01 0.
.90586184e+03 0.
63217559e-09-0.

=0
=0F
02
0.36219535e+01 0.
-0.12019825e+04 0
-0.67635137e-08 0.
C(8)
0.13604942e+01 0.
-0.65713870e+03-0.
-0.40459298e-08 0.
ASH
0.00000000e+01 0.
-0.00000000e+03-0.
-0.00000000e-08 0
COAL
0.00000000e+01 0.
-0.00000000e+03-0.
-0.00000000e-08 0.

Wed Mar 11 11:41:28 1992

ak

g B/EHE A, Z.00 0,00 0.€
8098181 9e=02-—0 W 239257 e=0500"
98635982e+00 0.24007797e+01 0.
63274039e~-15-0.48377527e+05 0.
Ji 3/61HE 2.0, 1.10000.0050.G
29451374e-02-0.80224374e-06 0.

.66305671e+01 0.40701275e+01-0.

80702103e-12-0.30279722e+05-0.
g6/ 61s 1Tion 2 800800008006

19704204e-02-0.80375769e-06 0.
10873524e+01 0.32665338e+01 0.
25590454e-11-0.36908148e+05 0.
S QBN 2.0 0.0 0.0 0.@

15154866e-02-0.57235277e-06 0.
61615148e+01 0.36748261e+01-0.
22577253e-12-0.10611588e+04 0.
JE9/650 20 0F0T 00 - O E0IEG,

73618264e-03-0.19652228e-06 0.

.36150960e+01 0.36255985e+01-0.

21555993e-11-0.10475226e+04 0.
g F/61E 1,0 0.0 0.0 @ 0,8

19182237e-02-0.84040389e-06 0.
80070207e+01-0.44778053e+00 0.
21134939e-11-0.94280688e+02 0.
JgSEIE .0 0.0 0 0.0 0.8

00000000e-02-0.00000000e-06 0.
00000000e+01-0.00000000e+00 0.

.00000000e-11-0.00000000e+02 0.

I3/ e ¢ R 000 RO OO S

00000000e-02-0.00000000e-06 0.
00000000e+01-0.00000000e+00 0.
00000000e-11-0.00000000e+02 0.

300.000 5000.000
22741325e-09-0815525054c=13
87350957e-02-0.66070878e-05
96951457e+01

300.000 5000.000
10226682e-09-0.48472145e-14
11084499e-02 0.41521180e-05
32270046e+00

300.000 5000.000
15149969e-09-0.10558004e-13
53237902e-02 0.68437552e-06
96513476e+01

300.000 5000.000
99807393e-10-0.65223555e-14
12081500e-02 0.23240102e-05
23580424e+01

300.000 5000.000
36201558e-10-0.28945627e-14
18782184e-02 0.70554544e-05
43052778e+01

300.000 5000.000
16448707e-09-0.11672670e-13
53691002e-02-0.39775571e-06
16840791e+01

300.000 5000.000
00000000e-09-0.00000000e-13
00000000e~02-0.00000000e-06
00000000e+01

300.000 5000.000
00000000e-09-0.00000000e~-13
00000000e-02-0.00000000e-06
00000000e+01
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.8238332660962275E-05
.7618735741401293E-03
.8457208153175001E-02
.4019251193606732E+00
.7715755176627805E+00
.6719443743076967E+00
.5724890487789365E+00
.4998463668806354E+00
.4512303741991590E+00
.4167086078808895E+00

8661359972040462E-07

.0842033897608727E-03
.6440278915930637E-02
.3961935421735325E+00
-7666349316415535E+00
.6674375220739099E+00
.5684106205828048E+00
.4959718828821642E+00

4474746729932337E+00

.4130307908854620E+00
.2859171079535411E-02

9517835514003381E-01
0189474370486211E+00
1657802339543553E+00

.7082469269698550E+00
-3658053833580550E+00
.0778861341432404E+00

9150020706339426E+00
8005020570526002E+00
7249002200785251E+00

.3378207879993204E-05
.0668494117893887E-01
-5054599634396313E+00
.8873238017718674E+00
.5099069664701297E+00
-2015429962390147E4+00
.9403111738871761E+00
-7920103219153622E+00
.6902389729715939E+00
-6199860706358815E+00
.9119797519594442E-01
-8114643615453641E+00
-9790763184594002E+00
-4698103663847939E+00
.6218656743966875E+00
.5076855506573286E+00
-3843480687572041E+00
-3134874380692438E+00
-2681275505161471E+00
-2364161430310285E+00
-5185951252136166E-05

7886698590948322E-01

-7741484195889965E-01
-2876016564480368E+00
-5158879737551647E+00
-5311000357763858E+00
-5165518809391674E+00
-5013698292324658E+00
-4890595483860924E+00

s SR KON RN SRS DI SN S I O Wwww oo N LWL e W =

MDD DRONNONNENMEHENNNNNON RN -

gchar

.3796158178635588E-04
.1237481218442487E-02
0832518814530754E-01
9053337302594666E+00
.7714719035643163E+00
.6672363598959259E+00
5555394615493308E+00
.4872983548409064E+00
4421591602692350E+00
-4099681112597353E+00
-5145793638915476E-05
.0285134060325088E-02
0541721797948290E-01
.8993308416259176E+00
.7665250654443603E+00
.6628858586574209E+00
.5515286962833255E+00
.4834605450108924E+00
-4384256656448411E+00
-4063042327448252E+00
.9484330752945611E-02
.1380484582980295E+00
.7334691554104036E+00
.0265036257684104E+00
.6332455560143577E+00
.2696605881472554E+00
.0282478484898006E+00
.8832256235497380E+00
.7763186145568852E+00
.7047221256392646E+00
.3584260824222896E-04
.7573377595098063E-01
.3867986939192818E+00
.7840642710010108E+00
-4405178261426128E+00
-1142618260382426E+00
.8952092895479402E+00
-7631444396988023E+00
-6688683478380382E+00
.6021967843608032E+00
-7982904308392726E-01
-9485102986398797E+00
-1524991634480721E+00
.5379847485719833E+00
-5980936206394367E+00
-4692062094708791E+00
-3631262317573603E+00
-3003875331668899E+00
-2592030393869176E+00
-2298999269746713E+00
-3823404549701151E-03
-6866154761393192E-01
-2705655792734987E-01
-3533936964623592E+00
-5280657143526795E+00
-5278946174091770E+00
-5124998874784619E+00
-4980291369087502E+00
-4863847555550254E+00

9o
2.3404269765925682E-02
4.6485223752027305E-01
o
215
2.6292957172890343E+00
2.5329033472984452E+00
2
2.4321446086880476E+00
2
2.4485518313541242E-04
2
4.6091796401987906E-01
217
2.7512663968288940E+00

1209270624316813E-04

2940450132632284E+00
7561322185786810E+00
4728959818013032E+00
4024648612175632E+00
2134494375895195E-02

2881724734535762E+00

2.6250504504875436E+00
2.5289432664781950E+00
2.4690882753570511E+00
2.4284317393222352E+00
2.3988169775864141E+00
1.4108949840758142E-01
1.8231453662379180E+00
4.0648392247057572E+00
3.8945726670618419E+00
3.5341819473765526E+00
3.1974943309461050E+00
2.9871740030854901E+00
2.8545861438977189E+00
2.7565865304982835E+00
2.6833575138150061E+00
9.3686802611315147E-03
1.1766462940166407E+00
3.7746537475766280E+00
3.6673903397024801E+00
3.3537401379242238E+00
3.0491165518477694E+00
25
2
2)
2
9
1
2)
2
2
2
2
2
2
2
2
6
il
ak
1
1!
1
il
1

8578206740380065E+00

-7375700191886891E+00
-6507527238450721E+00
-5843649019488608E+00
.6700245217583836E-01
.9448914905687462E+00
-3471236871008232E+00
.5898192371307167E+00
-5822095934624931E+00
-4367216562715326E+00
-3445310240052417E+00
-2885796229904849E+00
-2509991231962365E+00
-2238259624621000E+00
-2116543569172028E-02
.0459735660500036E-01
-0918381996665760E+00
-4149834611647452E+00
-5352868225060741E+00
-5244986934946976E+00
-5086065822784691E+00
-4948702409853769E+00
-4838489918968034E+00

.7107550803998975E-03
.4407671967047486E-02
.7975638412533530E-01
.6888026672657501E+00
.7178327428447542E+00
.5973376249018978E+00
5150598205835331E+00
4615983379501336E+00
.4243806615006220E+00
.3968698234307024E+00
.2612562569362014E-03
.2782175760861699E~-02
.7478414786152647E-01
.6835461891408676E+00
.7131700019469136E+00
.5931920979127314E+00
.5111481238764135E+00
.4578185250105440E+00
.4206851816846160E+00
-3932326038102829E+00
.9063289450788599E-01
-4748070980143755E+00
.2018308848212387E+00
.7824398000595592E+00
.4702051437391757E+00
.1319442290162716E+00
.9482007309629696E+00
.8264814741681454E+00
.7401856533141822E+00
.6677425518235394E+00
.4784724141092284E-02
-8669349957338894E+00
.9022942651524675E+00
.5622296974008241E+00
.2942032445714915E+00
-9892790010716412E+00
.8221997969252968E+00
.7128236095770357E+00
.6347697615111256E+00
.5708456283746344E+00
-4430629197039686E+00
-9413827034206503E+00
.4227552925350690E+00
.6060331370113889E+00
-5530459735142048E+00
-4087026385824544E+00
-3281069692294736E+00
.2778773868522073E+00
.2434284284343926E+00
.2181478663591823E+00
.0626159577457839E-01
.9935937633889600E-01
-2131011295659997E+00
.4775355341772547E+00
5338415308607449E+00
5206430210734669E+00
.5048958397135477E+00
.4918841795161815E+00
.4814420774745376E+00



.4791544697879397E+00

U o 2200 A e SRR T W it
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.3700360551919038E-02

6732543286139323E-01
0472513438264111E+00
9660000316727824E+00
6465954290668945E+00

.4563899129790761E+00
.3311723955390979E+00

2682179889211782E+00
2290708812593101E+00
2018866743592889E+00

.0373068207902135E-05
.5116826600493858E-01
.7311707071557958E+00
.4688786481504663E+00

3182765791085640E+00
2949598825867961E+00
2835842397733692E+00

.2755873932051938E+00
.2695021729606626E+00
.2646541869718859E+00
.4541432555570498E-02
.9337394460218338E+00
.2574861384947105E+00

7691803320368096E+00
5302773752301899E+00

.3830020761636104E+00
.2810289052721786E+00
.2289828101253866E+00
.1963322113839485E+00
.1735183712954922E+00
.3388260143482883E-05
.2365673789267111E-01
.5370195289570832E+00
.4455695237622070E+00
.3929659492627993E+00

3753734423043202E+00

.3581198765526348E+00
-3472808276573456E+00
.3396250690735987E+00
.3338258565626908E+00
.4866766570529811E-02
-5149003247981070E+00
-8789436636436978E+00
.6187986587732746E+00
-4493775953765251E+00
-3288215680291913E+00
-2442239141981202E+00
.2004192155165794E+00
-1726686703315239E+00
-1531372523728356E+00
-1663122662731309E-04
.7883753035753163E+00
-5004895390461424E+00
-5140635527625881E+00
.4889442543190841E+00
.4632374998456414E+00
.4415464440126440E+00
.4289531092587329E+00

gchar

.4769773826809172E+00
.1913628838127330E-02
.3459713232566601E+00
.2172699285919952E+00
.8981850663283817E+00
.5891851057639812E+00
.4144810369150314E+00
.3119865735310876E+00
.2568584801524305E+00
.2214132193952008E+00
.1963050418235426E+00
.0792973959339497E-04
.3051863003315189E-01
.7461866834703184E+00
.4304272507146749E+00
.3057460249196866E+00
.2918923883999280E+00
.2813578091491051E+00
.2739206517098771E+00
.2681923123968628E+00
.2635873876681183E+00
.8523454751033205E-02
.8807021781171729E+00
.8324894454104901E+00
.6896728374558818E+00
.4896769004114638E+00
.3488779234081663E+00
.2652169728137066E+00
.2195323136731258E+00
.1899176240073102E+00
.1688189801348576E+00
.5410679219039405E-03
.1158643638127037E+00
.2587583526460056E+00
.4046244975090323E+00
.3890308465866437E+00

.3701278113863011E+00

.3549900093540870E+00

.3451380381347662E+00

.3380340385275971E+00

.3325811980432121E+00

.1906986297407181E-01

.3182200845089911E+00

.8028565697292280E+00

.5798784502027137E+00

.4159421903970104E+00

.3006618848733531E+00

.2309673521458362E+00

.1924099830072530E+00

1671894589850220E+00

.1490986947996378E+00
-9553177456930966E-03
-7421157050438618E+00
-5340961454292292E+00
-5108457809601559E+00
-4823810537840194E+00
-4563771844174933E+00
-4378402880039867E+00
-4265394818938304E+00

.4749026701762122E+00
.5000198482441482E-01
.2533170817393691E+00
.1392912486230431E+00
.8345664959942387E+00
.5454519777286939E+00
.3810021768956489E+00
.2954335745646435E+00
-2466627868122164E+00
-2143802943122823E+00
.1911019982276110E+00
.3600144728275991E-02
.1868394062242182E+00
.6266873302328533E+00
-3958509206379177E+00
-3003003811824387E+00
.2887887552091364E+00
.2792922815073042E+00
.2723579976656556E+00
.2669516385770683E+00
.2625694748525857E+00
.1599754184956671E-01
-9957801980835792E+00
.8194740580352575E+00
.6409140571476528E+00
.4560717396453517E+00
.3217633270786617E+00
.2515431187975099E+00
.2110333813031215E+00
.1840181844378113E+00
.1644337886871159E+00
.4421784180775671E-02
.3921300499033342E+00
.3526283234972838E+00
.3936424261472478E+00
.3852378399167085E+00
.3655908287096861E+00
.3521716018183518E+00
.3431611367563920E+00
.3365438983045508E+00
.3314034184892745E+00
.7042026779966624E-01
.0215064058821675E+00
.7352342078400098E+00
.5461494052776867E+00
.3885097344524349E+00
.2781887572841111E+00
.2194679425979822E+00
.1851915736980585E+00
.1621416760801866E+00
.1453248258391620E+00
.7697212425103034E-01
.5125545329054895E+00
.5364783885460978E+00
.5059741992707274E+00
.4766788445637837E+00
.4506497763348347E+00
.4345527496767920E+00
.4243331510347041E+00

.4729229946695483E+00
.1824501961157198E-01
.8129676622676527E+00
.0457874587376850E+00
-7225586706316292E+00
.5108343311780925E+00
-3537815272227243E+00
-2809755200261890E+00
.2374485044937900E+00
-2078932930400357E+00
.1862374815107648E+00
.4076633776270967E-02
.5921414453058884E+00
.5272081274400846E+00
.3425034835354377E+00
.2979037467717114E+00
.2860244962114631E+00
.2773727595420314E+00
.2708881545063482E+00
.2657740396587851E+00
-2615967278452254E+00
.5592898998314930E-01
.4982005418894624E+00
.8334388273647715E+00
.5855069762137859E+00
-4276575274579759E+00
.2995857002805238E+00
.2395721954231047E+00
.2033390378729409E+00
-1785697409567719E+00
.1603296845829894E+00
.5616126439609860E-01
-8437027491097864E+00
.4557273712831023E+00
.4008492417972367E+00
.3815158493532060E+00
.3616254059887947E+00
.3496149026455109E+00
.3413292572603348E+00
.3351441656457546E+00
.3302866361564250E+00
.3215099084664153E+00
.9405833188244994E+00
.6677428721018330E+00
.4911694339060761E+00
.3654974820757930E+00
.2597291012201421E+00
.2093725443806358E+00
.1786433549635640E+00
.1574725084084969E+00
.1417885119945685E+00
.9125461341987720E-01
.4866023351893787E+00
.5212660689028950E+00
.4964844803869870E+00
.4716701063587523E+00
.4457707696048474E+00
.4316093646278842E+00
.4223056521653517E+00
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4204337378441076E+00

.4141622618095933E+00
.9118560031049323E-02

9940524675611928E+00

.7596302630570677E+00
.5429834859216758E+00
.4049474589878792E+00

3046032101668059E+00

.2319955562887857E+00
.1933014218827753E+00
.1682656840929000E+00
.1503518998315063E+00
.4723092048416669E-04
.8151639812301521E+00

7871015186530661E+00
7313483206993592E+00

.6805116594851761E+00
.6397328707743555E+00
.6086115387349449E+00

5915999636911520E+00

.5804778978722569E+00

5724784404847461E+00

.9845554938684569E-02
.0236811600934352E+00
.8979605657424083E+00

6581073078979109E+00

.5089083581539873E+00
.3953354982774742E+00
.3073951572961473E+00
.2575881958030521E+00
.2240405923695841E+00
.1993708022097636E+00
.6695255161826711E-03
.2184049168784790E+00

2121336195084074E+00

.0720614681710825E+00
.9797302326898842E+00
.9077022388159766E+00
.8520327407747466E+00
.8209751167182651E+00
.8004066103604681E+00
.7855163934468399E+00
.4794205728746174E-01

6549677150117486E+00

.2260760435691989E+00
.9041889704336645E+00
.6962002271965817E+00
.5248529560258257E+00
.3842523589338254E+00
.3041177875951857E+00
.2515873522784222E+00
.2144631059738140E+00
.6025574634424825E-03
.9138264151954862E+00
.6489882853858098E+00
.4182168318232922E+00
.2623445655986782E+00
.1349182875315615E+00
.0336820130069468E+00

1.
s
2-
.8660297272777386E+00
2.6882494668314334E+00
2.5109910634414079E+00
2.3773649068994502E+00
2.2806902066071904E+00
2.2203800844569082E+00
2.1861219676032411E+00
2.1632663095823856E+00
2.1466140430166707E+00
2.7889833539469853E-02
1.7586466806850227E+00
1.7767357006795848E+00
1.7202383955410996E+00
1.6695977582058186E+00
1.6296148371677055E+00
1.6035311760721203E+00
1.5884184449786669E+00
1.5782485095935654E+00
1.5708058228867241E+00
4.0140418163994285E-01
3.1125115135801642E+00
2.8146781561093648E+00
2.6231583177282332E+00
2.4783886717694905E+00
2.3670547397053130E+00
2.2926895260242013E+00
2.2480781110704280E+00
2.2172114184398306E+00
20
9
2
2
2
i
1
1
1
ot
1
7
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2

gchar

4186982307489382E+00
4128352989370336E+00
7955312695385770E-01

1941551145326175E+00

.5723925004084452E-02
.3148276237495531E+00
.1646028851806811E+00
.0506800444215401E+00
.9604206995734883E+00
.8897395293826542E+00
.8428101839347424E+00
.8151110862084940E+00
.7962629433734647E+00
.7823973016614743E+00
.3037790176460704E-01
.4188645287384984E+00
.1116646627878195E+00
.8575915327340278E+00
.6514669458802707E+00
.4801748935956760E+00
.3604765712712066E+00
.2890462796433311E+00
-2411562355883223E+00
.2068318083462222E+00
.2913486417203074E-01
.7832476439321638E+00
.5691911069681770E+00
.3834195105810929E+00
.2288703889263668E+00
.1022879951139850E+00
.0170548066865459E+00

i
1
1

2
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.4170831173244052E+00
.4115856344227276E+00
.5916987765210497E+00
.8951074970872357E+00
.6323673626027775E+00
.4834693512072361E+00
.3546304109826757E+00
.2614342694482308E+00
.2102404137069547E+00
.1796200252388274E+00
.1586431023876966E+00
.1431103893949683E+00
.6214573704784399E-01
.8206267246077343E+00
.7608950865916597E+00
.7102823356210677E+00
.6604167090954220E+00
.6213700886518632E+00
.5990770710075639E+00
.5855314536325340E+00
.5761846141740907E+00
.5692369640769916E+00
.3360419831386317E+00
.9886583256634438E+00
.7497322311587538E+00
.5936158440203845E+00
.4528112748781217E+00
.3438167473163278E+00
.2796839300754121E+00
.2393895744984138E+00
.2108573152189703E+00
.1892452384699257E+00
.3759697690046042E+00
.2561939188697875E+00
.1269712610206915E+00
.0325951024251734E+00
.9442295989369058E+00
.8750087872891774E+00
.8346883912394532E+00
.8097755963571700E+00
.7924221815336916E+00
.7794710021165150E+00
.0830559578057688E+00
.3913972390091991E+00
.0263869215811665E+00
.8172492447889326E+00
.6133286173185244E+00
.4430257340725294E+00
.3394997111068090E+00
.2753888017508155E+00
.2315512983097365E+00
.1997276440427580E+00
.9851562948586343E+00
.7588426920440989E+00
.5080395409538654E+00
.3531570785133580E+00
.2003857571651482E+00
.0754568429106715E+00
.0025286226008978E+00

1
a,
3
2
2
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.4155749383513736E+00
.4104059588920466E+00
.1128272535674268E+00
.8125503382434855E+00
.5822771435301024E+00
.4391504816104681E+00
.3354400731731220E+00
.2454886258592222E+00
.2012860151202300E+00
.1736948659505360E+00
.1543509117229940E+00
.1398172198514125E+00
.7267839568476502E+00
.8068524148765359E+00
.7442051533130352E+00
.6937104591768248E+00
.6525651734827880E+00
.6144811721960277E+00
.5951298942172287E+00
.5828961313397449E+00
.5742667195265256E+00
.5677615824760456E+00
.3808332435822916E+00
.9456140573383349E+00
.6994092657897908E+00
.5462538470235865E+00
.4310146317849828E+00
.3242365602263857E+00
.2680621418378597E+00
.2314081098200482E+00
.2049253864344172E+00
.1846131069761978E+00
.4542246542834172E+00
.2306183033149178E+00
.0971612584189749E+00
.0031952649895892E+00
.9303918448758655E+00
.8626351545574040E+00
.8274611052169694E+00
.8048943230802375E+00
.7888497151795681E+00
.7767190248478417E+00
.5476750460187323E+00
.2701566205743142E+00
.9592558006763685E+00
.7501674730597703E+00
.5801319925270478E+00
.4114697305725898E+00
.3208383225674036E+00
.2629546688480624E+00
.2226801597699373E+00
.1930983835778690E+00
.8337886411930184E+00
.6838570823579433E+00
.4589877577747243E+00
.3027843497538267E+00
.1757062834363849E+00
.0529165420880564E+00
.9897259402199494E+00
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9783547753662665E+00

.9432676527928285E+00
.9190518650136590E+00
.2226136507605607E-01
.9942947384429290E+00
.4112887239604204E+00

0404093540483434E+00
7692541830609345E+00
5423359176711249E+00
3643732647320830E+00
2717133246131112E+00

.2160760509601505E+00
.1796066156604557E+00
.1354539720489465E-03
.3005145057625467E+00
.8671294960063030E+00

5754424445977229E+00
3667674571054369E+00
1955033578171781E+00

.0685707006969745E+00
.0059618223662530E+00
.9693312068689535E+00
.9454155771613106E+00
.6061459561497233E-01
.0483301346520468E+00
.6025858037943017E+00

0905410360039807E+00

.7506251953251049E+00
.4860054247549592E+00
.3048446662244011E+00
.2223153115872170E+00
.1765743003507128E+00
.1477983320436778E+00
-9552985579282048E-02
.3604331142047816E+00
.0336175228420883E+00
.6411232444460016E+00
-3794210184947784E+00
-1868509548150419E+00
.0628173415077597E+00
.0072836196621036E+00
.9757688485325853E+00
.9552536863190291E+00
-1098727877635846E-01
-5625713089211057E+00

6578722337606151E+00
0181282043536819E+00
6270998352536297E+00
3741865992556 663E+00
2321549499185456E+00

-1735795061218450E+00
-1413104131085374E+00
-1205457687877263E+00
-1553719531231739E-02
.7192641041763683E+00
.0841851443328099E+00

6035046083630036E+00

.3224140464434662E+00

1497501192927664E+00
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gchar

.9681880015021924E+00
.9364162819165771E+00
.9141295847416233E+00
.2874881980318293E+00
.7233693531705621E+00
.2806177077545717E+00
.9818595081922150E+00
.7097095349049489E+00
.4842562244841835E+00
.3360221489850894E+00
.2552926471606569E+00
.2055810593651684E+00
.1724173546586276E+00
.9432058338768514E-01
.0586656612077725E+00
.7641047410756410E+00
.5302103459887206E+00
.3210986550409838E+00
.1532102592637319E+00
.0491579600175371E+00
.9950979014824044E+00
.9624570056376816E+00
.9406782019569364E+00
.5871812921821080E+00
.0463605742635256E+00
.4195704844397481E+00
.0120678313191132E+00
.6788067365921218E+00
.4239276517370403E+00
.2787052587796923E+00
.2085436686427968E+00
.1682138936039781E+00
.1422018238520328E+00
.1812722645962903E+00
.3719477472826860E+00
.8975319565359268E+00
.5803652417069167E+00
.3259893164581391E+00
.1436545937935727E+00
.0452782053652410E+00
.9978959070017650E+00
.9698783033135114E+00
.9511760726729905E+00
.5132783959668794E+00
.1351473889463772E+00
.4343642837872492E+00
.9264655356793043E+00
.5530560404771236E+00
.3228007679004103E+00
.2133698214956823E+00
.1639090403768133E+00
.1353327451477364E+00
.1164349939934533E+00
.5293432476749280E+00
.4288584063307970E+00
-9184076309172382E+00
.5363264697821388E+00
-2711961185906038E+00
.1147427237581842E+00
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7
w

.9590444030355765E+00
.9301408732085423E+00
.9095625600990160E+00
.9607202966640527E+00
-6149213094195876E+00
.1846028716353811E+00
-9297135392690525E+00
-6591402668564212E+00
-4369413430110272E+00
-3115839443683557E+00
-2407243790476650E+00
.1960878064450422E+00
.1658188941246119E+00
.8760095293810508E+00
.0241311451178476E+00
.6881803899404977E+00
-4900847692172006E+00
.2826015136511297E+00
-1193215846394278E+00
.0326091911533277E+00
.9855022422348623E+00
.9562368398703396E+00
.9363168739615790E+00
.9392258731243013E+00
.8115884964082891E+00
.2871906804575399E+00
.9469074246428315E+00
.6185232886690040E+00
.3753193673903699E+00
.2568022341683616E+00
.1965225491280123E+00
.1607107744710001E+00
.1370795725855922E+00
.9775874556265962E+00
.1810134958516065E+00
.7933273399366900E+00
.5291741638285083E+00
.2817635677166592E+00
.1103915312786192E+00
.0305718890491344E+00
.9896392481245804E+00
.9645458655451020E+00
.9474152749094753E+00
.7718369667150027E+00
.9446632115519602E+00
.2699772293034512E+00
.8472967812299479E+00
.4941917695480735E+00
.2846518489390060E+00
.1978321496283613E+00
.1554470450010283E+00
.1299327752017527E+00
.1126472575892712E+00
.7676557050922947E+00
.3157378344227473E+00
.7920333962627213E+00
.4789125654372306E+00
.2309988684719717E+00
.0883613692501513E+00
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.9507774095256660E+00
-9243723086047959E+00
.9053137528745947E+00
.8293074339864837E+00
.5450840837390820E+00
.1069229984109024E+00
.8411456379826436E+00
-6152532471031660E+00
-3975903704852497E+00
.2903324972574390E+00
.2277282201369029E+00
-1874660403449209E+00
.1597445541051536E+00
.0605646782032085E+00
.9480245634636768E+00
.6271896246014430E+00
.4220316205290837E+00
.2495513076305333E+00
.0916096131912543E+00
.0183545442189650E+00
.9769684037099069E+00
.9505811268125990E+00
.9322875599663720E+00
.5785025495245675E+00
.6828889424960560E+00
.1827409362206494E+00
.8380674487252762E+00
.5675475888673880E+00
.3364636819283255E+00
.2382307456459376E+00
.1859464228277710E+00
.1539399809295841E+00
.1323726154978728E+00
.6521732252210062E+00
.1051715416109240E+00
.7116536194444234E+00
.4457000957683905SE+00
.2448477195970482E+00
.0840883461785680E+00
.0180612855290243E+00
.9823151111597908E+00
.9596925281922244E+00
.9439339997463965E+00
.8704837362396702E+00
.8158503967514026E+00
.1258889664351717E+00
.7218628425886862E+00
.4463505237925833E+00
.2553380094029931E+00
.1847537136164239E+00
.1479709535061056E+00
.1250265939904613E+00
.1091443306595083E+00
.9949255896636418E+00
.2055943429452398E+00
.6864187298405677E+00
.3888756249638061E+00
.1985667944889884E+00
.0677033409402177E+00



.0510342057322593E+00
.0071131503456363E+00
.9815548567872976E+00
.9645596197946809E+00
.9040423290724242E+00
3887800379951 054E+00
.5329376391076424E+00
.8594893714749339E+00
.4978645321314934E+00
.2995626111676502E+00
.1948179109069001E+00
.1496601056724751E+00
.1236323421484711E+00
.1064052456333462E+00
.8366369431778831E-01
.6420157798649120E+00
.9940395721948874E+00
.5072162304459731E+00
.2632405909502844E+00
.1260602591852269E+00
.0452293066312159E+00
.0076967998652790E+00
.9853984577706871E+00
.9703970623065110E+00
.2008189986065414E+00
.3882550616020479E+00
.3633928162525448E+00
.7013542694889532E+00
.4108692572743871E+00
.2592379336577384E+00
.1742384532445502E+00
.1355343892364713E+00
.1127130449019420E+00
.0974282190476852E+00
6.2220111172030246E-01
.5051956585227324E+00
.8628641494346110E+00
.4236556813362262E+00
.2275722162722449E+00
.1130490345391055E+00
.0421899480489674E+00
0085034156051 766E+00
.9882767625002506E+00
.9745823978684622E+00
.9417432545276956E+00
.9290935809690049E+00
.0488024684257593E+00
.5447896379859092E+00
.3401966438057622E+00
.2252162326874272E+00
.1549667930565479E+00
.1217221717826038E+00
.1018075839510719E+00
.0883465888519739E+00
.328907298115630SE+00
.2179535203962937E+00
.6734029753341377E+00
.3499483833129560E+00
.1972996581300430E+00
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.0372593405119974E+00
.9995629372978228E+00
.9767057386986422E+00
.9611453339065608E+00
.1906039307646150E+00
.2211359799792856E+00
.3152787179308225E+00
.7680347467432567E+00
.4370203884122295E+00
.2617793320579658E+00
.1805855078409038E+00
.1419550087368648E+00
.1187108625622315E+00
.1029515098130682E+00
.5192711310068878E+00
.4926523148625335E+00
.8251311562212575E+00
.4443745274905750E+00
.2223131930594842E+00
.0978798332968940E+00
.0335687773917490E+00
.0011433114291028E+00
.9811320174427014E+00
.9673671978771898E+00
.4454295304123139E+00
.9731636320121346E+00
.1066623378850253E+00
.6254252820598110E+00
.3645869246449522E+00
.2292970301889330E+00
.1621720804348992E+00
.1288145530261491E+00
.1083602113819717E+00
.0943477320086377E+00
.7841578299896641E+00
.2675647303486688E+00
.6900794323380310E+00
.3732247184669029E+00
.1940948102340201E+00
.0886258986673250E+00
.0317738401533312E+00
.0025749236473365E+00
-9843890969984312E+00
.9718081034767103E+00
.1157460105392181E+00
.6135605725121525E+00
.8443226354557796E+00
.4909535409395405E+00
-3063321139185060E+00
-2009490683316382E+00
-1446773402031569E+00
.1158813831983192E+00
.0979840293369865E+00
-0856220893462183E+00
.2647961397311955E+00
.0222866065894554E+00
-5472139321935203E+00
.3117957229821888E+00
.1698073121865820E+00
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.0256552099114420E+00
.9928799027697099E+00
.9722948773420343E+00
.9579855231445593E+00
.6342487488239250E+00
.9836348029144513E+00
.1145527675636320E+00
.6935670939033334E+00
.3903564400775146E+00
.2337959840715302E+00
.1686483555657974E+00
.1351466548018534E+00
.1142385313309515E+00
.0997576031502581E+00
.1142627909956548E+00
.2895922596743326E+00
.6861164054922337E+00
.3941982115038312E+00
.1904355436791199E+00
.0763201673329252E+00
.0236666820960028E+00
.9953187174672171E+00
.9772415619333976E+00
.9645584155302027E+00
.0754896377917404E+00
.7052972400853221E+00
.9307365186967722E+00
.5639999426035320E+00
.3291446401722551E+00
.2066261419920714E+00
.1519557027868190E+00
.1228508427683823E+00
.1043952856361225E+00
.0914945256483812E+00
.4372611929435140E+00
.1031786715032856E+00
.5742240985813298E+00
.3326569373205750E+00
.1676458679644628E+00
.0697331632837290E+00
.0228930547531143E+00
.9972945070283961E+00
.9808391460140413E+00
.9692337380377765E+00
.8857855845975173E+00
.3755452321843187E+00
.7094366904957696E+00
.4483683909449141E+00
.2797410479542073E+00
.1822180220838989E+00
.1359118224314719E+00
.1106816323862119E+00
.0944944786791955E+00
.0830946097835223E+00
.7113633078652750E+00
.8742954687246836E+00
.4610147310341626E+00
.2806949669402474E+00
.1477656701351600E+00

NN WRNRONRDPODRORNDNRNNWBEREREFERERODRODRODONOMNNWRNRNNNRONONNONNWORRE,EONNNOMNRNNRODWWONONRNONNRONNRNRNDW:D B B =N

.0157243689294049E+00
.9869157385859757E+00
.9682625442382724E+00
.9550513174787925E+00
.6788712664588914E+00
.7196030790161529E+00
.9742169614350851E+00
.5796457350643465E400
.3535968208358828E+00
.2121436430397168E+00
.1584662736673268E+00
.1290793270485127E+00
.1101534571381970E+00
.0967935139296143E+00
.7728344513686158E+00
.1100122907913601E+00
.5858552171077629E+00
.3178406123013033E+00
.1648329181814385E+00
.0592035314808115E+00
.0151357319189214E+00
.9901020971395045E+00
.9736770205306926E+00
.9619461385677321E+00
.0491043398273945E+00
.5170291398871827E+00
.8018118308169693E+00
.4738531042747378E+00
.3010776530200729E+00
.1887547252857713E+00
.1431753966997484E+00
.1175167061345839E+00
.1007653657436145E+00
.0888422582494655E+00
.8798785491380237E+00
.9739785108336068E+00
.4883905886122948E+00
.2716119419529792E+00
.1461301007399567E+00
.0546118190599629E+00
.0152163940534482E+00
.9925562883854537E+00
.9775825134875566E+00
.9668372777378083E+00
.3536016284657935E+00
.1922124801861624E+00
.6148251150035664E+00
.3851576167064259E+00
.2582012676870531E+00
.1672490550761583E+00
.1283396897889513E+00
.1060178599041826E+00
.0912940209481770E+00
.0807424802913355E+00
.4699177756833910E+00
.7612479066502091E+00
.3980872638195314E+00
.2327688522889426E+00
.1296324980590633E+00
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.1014130875730470E+00
.0396829931094964E+00
.0097606407536270E+00
.9916213038043928E+00

9792663590890618E+00
3078789866628537E+00
3789357631455581E+00
7625983610819467E+00
4390918202533443E+00

.2909726949183304E+00
.1982429162992849E+00
.1385736471025600E+00
.1096666918846516E+00
.0921540180891531E+00

0802326983964154E+00
1316863628138119E-01

.8842149402473476E+00
.5319532784808594E+00
.2975308010209416E+00
.1739488806330454E+00
.0921680034475036E+00

0380210321323204E+00

.0113682659354160E+00
.9950811901718526E+00
.9839306775817729E+00
.3482514484189734E+00
.9514321165428847E+00
.6015643049502954E+00

3753452968472426E+00
2564397298807863E+00

.1777299309746612E+00
.1256157806601377E+00
.0999744376051996E+00
.0843125549170867E+00
.0735952644689228E+00
.9879460820076748E-01
.6790888088275122E+00
.4457977713201315E+00

2614503394616778E+00
1569465434412360E+00
0854609698603470E+00
0371752502982141E+00
0131301792596470E+00
9983446552465938E+00

.9881808059113826E+00
.7748257007641721E-01
-7254116946287996E+00
-5035744774895070E+00
-3284851910808602E+00
.2289397650172296E+00
-1607231276774441E+00
-1146075872273351E+00
-0916395762674584E+00

0775173204332922E+00
0678109990454177E+00
9862248825364923E-01

.5515642856876903E+00
.3845370584505483E+00
.2336315458010585E+00
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.0803279357346209E+00
.0304693792183528E+00
.0044573620121144E+00
.9881199733374129E+00
.9767561050742604E+00
.4037608494782496E+00
.1404381819833356E+00
.6341986519722949E+00
.4019534109346843E+00
.2643778436944206E+00
.1778587206761792E+00
-1296708211602331E+00
.1045455811748108E+00
.0887749983793165E+00
.0778114560371508E+00
.3889254618264366E+00
.7591475398650500E+00
.4444423452635182E+00
.2674692428799639E+00
.1508034094771924E+00
.0738007569006118E+00
.0298423917667221E+00
.0066167445616774E+00
.9919259419967632E+00
.9816593712021795E+00
.7093411348543373E+00
.8245998068850469E+00
.5168845282793968E+00
.3464207721323369E+00
.2341658510661158E+00
.1600508923685244E+00
.1177462546335288E+00
.0954045037711877E+00
.0812795583070689E+00
.0714126563543451E+00
.8110096305320069E+00
.6030748960230414E+00
.3793513337212242E+00
.2364442890104965E+00
.1368945280304543E+00
.0691662209484938E+00
.0298164398591316E+00
.0088240283698995E+00
.9954720631851675E+00
.9861062724693985E+00
.9331627381329932E+00
.6528294612822192E+00
.4405252337256576E+00
.3046867469229451E+00
.2098136031993403E+00
.1451630131257260E+00
-1075784694209250E+00
.0875263725871922E+00
.0747740126807850E+00
.0658301512234387E+00
.5030577844262458E+00
-5016020354982915E+00
.3315030796411933E+00
.2123351813162397E+00
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.0638773240877950E+00
.0225865106578897E+00
.9997244489124970E+00
-9849185903637174E+00
.9744245083000900E+00
.2239264631292617E+00
.9745046176123484E+00
-5481301338298299E+00
-3717520867567119E+00
-2430614601218597E+00
-1619567562537028E+00
-1220552463328994E+00
.0999759533445728E+00
.0856858855072238E+00
.0755627592679717E+00
.1365679800632162E+00
.6641708800659329E+00
.3818866116097346E+00
.2425459908304504E+00
.1320678324913187E+00
.0593782476932301E+00
.0228251122335967E+00
.0023691285997693E+00
.9890377082218462E+00
.9795479604300119E+00
.2587122492942497E+00
.7306132198663620E+00
.4565575822637586E+00
.3224420488413382E+00
.2161342220301266E+00
.1461693202426524E+00
.1109949939741504E+00
.0913197372802506E+00
.0785034156719231E+00
.0693839169478352E+00
.7245447771739300E+00
.54015674893778465E+00
.3300657224719887E+00
.2155047870450448E+00
.1205581070722332E+00
.0563104269878854E+00
.0234887570068025E+00
.0049694660590376E+00
.9928401760505472E+00
.9841764758663687E+00
.7795590605263403E+00
.5930841675835121E+00
.3937209314467287E+00
.2847481836619918E+00
.1942260385104819E+00
.1328849368374452E+00
.1015341799793643E+00
.0838447241523310E+00
.0722605135727492E+00
.0639875809273374E+00
.4950547285192051E+00
.4565006759220704E+00
.2911291199279096E+00
.1943697185155591E+00
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.0506251528685060E+00
.0157522663344443E+00
.9954700099641096E+00
.9819781611496570E+00
.9722521232294286E+00
.7336926295250645E+00
-8538380078708987E+00
-4861424705500839E+00
.3253032966344156E+00
.2255272761177891E+00
.1491481650858075E+00
.1154535543455402E+00
.0958688434723958E+00
.0828487189057570E+00
.0734679994642438E+00
.0416371892075036E+00
.5905473637804146E+00
.3346506363185990E+00
.2034291415266258E+00
.1165384341399722E+00
.0477014859302392E+00
.0167264357253329E+00
.9985451727410606E+00
.9863821405414277E+00
.9775791987924907E+00
.1210732002160473E+00
.6585515064127296E+00
.4110696494917647E+00
.2848066394627895E+00
.2011873002476037E+00
.1349315112383844E+00
.1051282347289040E+00
.0876430267108605E+00
.0759510491657522E+00
.0674925564311142E+00
.7584699632299543E+00
.4885457575071919E+00
.2919344662121590E+00
.1822749151926399E+00
.1069472027866594E+00
.0458630556965947E+00
.0179789938979455E+00
.0014952241682549E+00
.9904182809451998E+00
.9823759392926088E+00
.8039135449460608E+00
.5441214461383055E+00
.3574794883004206E+00
.2530873559814553E+00
.1812354610644293E+00
.1229060467605261E+00
.0962710030681668E+00
.0805264260171272E+00
.0699477086793716E+00
.0622683723222757E+00
.5918275989814745E+00
.4176839289908552E+00
.2593515420509216E+00
.1656207938079755E+00
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.1435173869893980E+00

0802813662723350E+00
0368746366229669E+00

.0150504270971403E+00

0015597244715750E+00

.9922537008519217E+00
.6593070356018212E-01

6183034330168491E+00
4490181770155326E+00
2999217244651802E+00

.2115186221464627E+00

1496891412857915E+00
1073488651457706E+00

.0860965233625084E+00

0729733547029952E+00

.0639277658690882E+00

6455838294922517E-01

.4819345946890161E+00
.3484382236403984E+00
.2165357924953071E+00
.1351744224769900E+00
.0771515413465869E+00
.0369084720762296E+00
.0165476469967816E+00
.0039178102698929E+00
.9951855483082503E+00
.6614599760536826E~-01
.5480112544498987E+00
.4100952691866304E+00
.2784790209878625E+00
-1980958551816734E+00
.1410349990700253E+00
.1015825292254342E+00
.0816626797492210E+00

0693215986764049E+00

.0607962007683360E+00
.4879494390760298E-01
.4338595904097122E+00

3221909147341386E+00

.2037398421954704E+00
.1288921172971818E+00
.0748643819275490E+00
.0370959668021071E+00
.0178948221013617E+00

0059522584985703E+00

.9976803403903400E+00
.0517296944383021E-01
-4949493334202431E+00
.3793459148992731E+00
.2610299082861243E+00
-1869942589097393E+00
.1337940987227486E+00
.0967165296487198E+00
-0779034002221572E+00
.0662156622283447E+00
.0581267349900862E+00
.4008201576048537E-01
.3969177160865964E+00
-3013318799671447E+00

gchar

2.1259048505563740E+00
2.0656951789595674E+00
2.0302104302713269E+00
2.0111270222568831E+00
1.9989322762225692E+00
1.9903509545209712E+00
1.6552468063686372E+00
2.5666273386462910E+00
2.3964196596741565E+00
2.2789964323599885E+00
2.1942810493348746E+00
2.1354516272792696E+00
2.1008565271992663E+00
2.0822788348946952E+00
2.0704188688965184E+00
2.0620787989772640E+00
1.3708941523192721E+00
2.4446194990466665E+00
2.3028241107683192E+00
2.1974583635122147E+00
2.1190871920801073E+00
2.0636657851116915E+00
2.0307002615333074E+00
2.0128780962676158E+00
2.0014540316818374E+00
1.9933980417907162E+00
1.513126030695580SE+00
2.5083028266283787E+00
2.3643366589063111E+00
2.2595882226717880E+00
.1822545094871488E+00
2.1278026881895511E+00
2.0955055918040277E+00
2.0780757875318567E+00
2.0669156087981553E+00
2.0590518553374961E+00
1.2992679380932479E+00
2.4045327371420560E+00
2.2817258754536609E+00
2.1862926341588191E+00
2.1139640755897084E+00
2.0622346829494900E+00
2.0312480103433077E+00
2.0144275266391611E+00
2.0036196235397421E+00
1.9959855379948528E+00
i
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.4236542866231821E+00
.4635513649953893E+00
.3387105285395156E+00
.2437335774203886E+00
.1722759524481452E+00
.1213850501126883E+00
.0909838994868490E+00
.0745089512360275E+00
.0639341607339663E+00
.0564701316606717E4+00
.2552166664645843E+00
.3733504254760658E+00
.2648328588070381E+00
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2.1114830149024182E+00
2.0541427889348878E+00
2.0244695326245696E+00
2.0076111503484695E+00
1.9965231365481992E+00
1.9885799399087956E+00
2.5879176183368799E+00
2.5209700641466100E+00
2.3565378833980017E+00
2.2613608409404939E+00
2.1801758489100256E+00
2.1241820759583643E+00
2.0952654940385709E+00
2.0788586299405201E+00
2.0680769152460403E+00
2.0603582931710207E+00
2.3855439273381966E+00
2.4085402097033288E+00
2.2675248550897464E+00
2.1812900685115748E+00
2.1058717756306438E+00
2.0529581552738909E+00
2.0253457630367344E+00
2.0095872871537628E+00
1.9991938204104933E+00
1.9917336501954945E+00
2.4789151788545212E+00
2.4710567828054271E+00
2.3291213115205669E+00
2.2435996878455349E+00
2.1692530807066128E+00
2.117304384609580SE+00
2.0902667438681779E+00
2.0748600327657205E+00
2.0647087258487620E+00
2.0574279123310673E+00
2.3187774386375808E+00
2.3743160252196764E+00
2.2500226401339600E+00
2.1714548708889008E+00
2.1016710316821050E+00
2.0521875508501344E+00
2.0261995582256813E+00
2.0113163301581851E+00
2.0014788409062052E+00
1.9944069943316238E+00
2.4041121896649713E+00
2.4322799280533434E+00
2.3070489872313775E+00
2.2290433660290381E+00
2.1601665281880593E+00
2.1115208513982688E+00
2.0860371689470223E+00
2.0714638033886366E+00
2.0618405560810400E+00
2.0549272309468885E+00
2.2724568495819355E+00
2.3474425667376710E+00
2.2359383111915245E+00

2.0994178928307767E+00
2.0447256268819167E+00
2.0194627508237595E+00
2.0044390075572700E+00
.9943046347398310E+00
.9869266398068492E+00
.6647309633408773E+00
.4820557975899380E+00
.3252241025267226E+00
.2331695851358400E+00
.1683823986309991E+00
.1150002812202540E+00
.0903911514843427E+00
.0757730721372969E+00
.0659206902222857E+00
.0587524013904179E+00
.5049473425761333E+00
.3764225730552626E+00
.2394414871534538E+00
.1552808781380088E+00
.0947868957091789E+00
.0442120800120729E+00
.0206711000592907E+00
.0066162210187590E+00
.9971114593355763E+00
.9901793310019189E+00
.5776558012312587E+00
.4383585283142781E+00
-3011996583147156E+00
.2179181796942236E+00
.1583559944224424E+00
.1087347784242638E+00
.0856944319721515E+00
.0719572636055017E+00
.0626760067191419E+00
.0559117067416728E+00
.4469052778144156E+00
.3466653957292287E+00
2245970237639883E+00
.1474923158384733E+00
.0913393955568575E+00
.0439683336891092E+00
.0217885085386951E+00
.0085059410333801E+00
.9995057952982718E+00
.9929324230073249E+00
.5135747131090729E+00
.4040916974679600E+00
.2817419345752099E+00
.2053541526258860E+00
.1499967646398219E+00
.1034561385932746E+00
.0817160764302001E+00
.0687138972788044E+00
.0599113647109175E+00
.0534863754883186E+00
.4032178212030932E+00
.3231400148269423E+00
.2126097476633171E+00

MO RORONRONNRNRODOMRONNNNEERENNNOMNMNRNONRONORONRONNNRNDOMNONOONERERPRNNONONNONNNNRODNRONONNNONNONDNDNDN B -
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.1933813299820035E+00

1237894374926722E+00
0730489345111138E+00

.0373448701994636E+00
.0191197428946173E+00
.0077585335312231E+00

9998773704178008E+00

.6439856791962252E-01

4498742137746699E+00
3519572043065269E+00
2449987898246255E+00

.1766153577564582E+00
.1269379307785847E+00
.0920646492574217E+00
.0742902778990633E+00
.0632198984281191E+00
.0555450936058914E+00
.3583263375462823E-01
.3651843518103313E+00
.2827054701383136E+00
.1839395713452916E+00
.1191202540262708E+00
.0714307799879115E+00
.0376726714599029E+00
.0203768288861625E+00
.0095723662292682E+00
.0020668750539499E+00
.3448199568842479E-01
.4093750587737666E+00
.3264286033833734E+00
.2297018952447667E+00
.1665780485361057E+00
.1202412140492992E+00
.0874864747672648E+00
.0707193848117869E+00
.0602505655328969E+00
.0529806555594310E+00
.3452617765273128E-01
-3365615454552837E+00
.2653482610912943E+00
.1749935313914981E+00

1146792864647694E+00

.0699204245139589E+00

0380545750168282E+00

.0216696205016844E+00
-0114133911630701E+00
.0042789938894083E+00
-1935778839512934E-01
-3830740590546466E+00
-3091880820970840E+00
.2191203310104828E+00
.1595387384737728E+00
.1154962674159470E+00
.0842172210174557E+00
.0681580613844370E+00
.0581144365117217E+00
.0511318130984315E+00
.3569761888318316E-01
.3179615133724916E+00

IR I SIS SIS ISR SRCER SISO SIS IS ROSIOSI SIS SIOSISI SIS IS IS IO CRCE SISO ISR SISO SIS R SIS OSSR SO RS RSIS B S A S A )

gchar

.1772384341873736E+00
.1098098675400205E+00
.0611307140775650E+00
.0317994897236482E+00
.0158232909881586E+00
.0055370943593824E+00
.9982613886606728E+00
.3646543433372880E+00
.4248764654327508E+00
.3156229513372955E+00
.2291068573667641E+00
.1629144880203506E+00
.1152895098416211E+00
.0866543510507114E+00
.0710773914889735E+00
.0610560492875383E+00
.0539717030927358E+00
.2294282772387093E+00
.3461730953345583E+00
.2496217310322533E+00
.1689695713920960E+00
.1060153889328541E+00
.0601804558766319E+00
.0324146905759655E+00
.0172437399329208E+00
.0074576970362470E+00
.0005268245731331E+00
.3245611858785700E+00
.3896440720446348E+00
.2939173733462792E+00
.2151060849961541E+00
.1538369650292686E+00
.1093210414472825E+00
.0823883440175091E+00
.0676832766912097E+00
.0582018895313912E+00
.0514892386893560E+00
.2162959912476305E+00
.3213414883258641E+00
.2353517636451414E+00
.1611222073221494E+00
.1024103672481509E+00
.0593173493356196E+00
.0330777558543685E+00
.0186971769950914E+00
.0094040965666728E+00
.0028140782895685E+00
.3083147914858140E+00
.3664058395918421E+00
.2791287874781938E+00
.2053900539084927E+00
.1474531014169633E+00
.1050815957242444E+00
.0793375732994677E+00
.0652465274544167E+00
-0561474771796053E+00
.0496985619326495E+00
.2159772120450725E+00
.3049510399342354E+00

G-9

NRODONNMNDODNOMOMRODNOMNODOMNRONNOMNNNNDNRNNNDNODROVNORNRNNNMNOMNOMNMNRNODNNNNNNERONROOMOMNMNONRNNRODRODNODNDNNDNNDNODODNONNNENNDDDDD

.1634705117613304E+00
.0982745458570817E+00
.0516344027086793E+00
.0270085085909506E+00
.0128639621732654E+00
.0034976734128644E+00
.9967558742602043E+00
.3476574075073340E+00
.3983311190219920E+00
.2869986298788727E+00
.2155678252907025E+00
.1516175080613280E+00
.1060134607981942E+00
.0819816168864107E+00
.0681938158436850E+00
.0590699336258753E+00
.0525062753615200E+00
.2379552511114542E+00
.3237658571303528E+00
.2231853782980253E+00
.1561693432036400E+00
.0951821117773872E+00
.0512031687035921E+00
.0278687602163781E+00
.0144297925287895E+00
.0055156943341745E+00
.9990917207677332E+00
.3020696317500353E+00
.3670966017464585E+00
.2680306021223271E+00
.2026348769183617E+00
.1433090992008661E+00
.1006103862781567E+00
.0779811356609916E+00
.0649565746941971E+00
.0563210015011313E+00
.0500995194838527E+00
.2109480769435588E+00
.3019402495790127E+00
.2111674585633878E+00
.1492324749975089E+00
.0922504183867776E+00
.0508446333905481E+00
.0287719460116556E+00
.0160263654478996E+00
.0075582983453608E+00
.0014486624104073E+00
.2760323684715607E+00
.3462834449012724E+00
.2550245154672655E+00
.1936351148940982E+00
.1374525698446671E+00
.0967643283189257E+00
.0751171671160176E+00
.0626311680074116E+00
.0543407650725301E+00
.0483625700427917E+00
.1963792767848593E+00
.2873955862512267E+00

B ol Sl o o o o o ro N ot RO RO O R OROR O USH IS EOE DA RO EORLESOEOFORSEOEDRSEDEDEDENEDEDEDESLRSEORDADADADEORDR S OROEN

2.1411634163899711E+00
2.0885637451533308E+00
2.0438557900769672E+00
.0228195807853044E+00
.0101895945714401E+00
.0016174453027409E+00
-9953491829635046E+00
.4604683734988595E+00
-3738013321373783E+00
.2639550095164376E+00
.1936584736496583E+00
.1421129495104188E+00
.0984189201079322E+00
.0778970956477485E+00
.0655879350708473E+00
.0572391158349688E+00
.0511370623231224E+00
.3664793777114035E+00
.3022550272834739E+00
.2017132892604190E+00
.1353695996005513E+00
.0860486727837326E+00
.0438410271828658E+00
.0238915819065282E+00
.0118857843321241E+00
.0037247641762375E+00
.9977505152743791E+00
.4135549466792106E+00
.3457302986800963E+00
{2470475191276389E+00
.1823852959284142E+00
.1344362559699261E+00
.0934687227759170E+00
.0741259342267337E+00
.0624918813661943E+00
.0545863753505595E+00
.0488008228838614E+00
.3338283396616513E+00
.2828846700676508E+00
.1914123056630865E+00
.1298586651876521E+00
.0836724095273738E+00
.0438883774773737E+00
.0250025557821028E+00
.0136107898222351E+00
.0058556117025415E+00
.0001723214298837E+00
.3835654676403890E+00
.3268848452671675E+00
.2353977060006422E+00
.1745062837701319E+00
.1290143273039210E+00
.0899388753986008E+00
.0714232270919721E+00
.0602657713654509E+00
.0526746646431242E+00
.0471139792890898E+00
.3128995577206606E+00
.2698900165575240E+00



NN P DN DD NN DN

[SRUSINNY

SN TN RN
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2536443473796224E+00
1688504980358791E+00

.1116134885871887E+00
.0688934754798955E+00
.0383611422502765E+00
.0226235095928224E+00

0127587609097777E+00

.0058902382327859E+00
.0874901974795221E-01
.3593868432678358E+00
.2931654958217802E+00
.2091033765655381E+00
.1528038712318964E+00
.1109203298029819E+00
.0810450303156935E+00
.0656642563861523E+00
.0560295933304755E+00
.0493243836057529E+00
.3849898682463008E-01
.3012404221053324E+00
.2427866405437902E+00
.1630649004365825E+00
.1087094204693702E+00
.0679264466056821E+00
.0386739579893245E+00
.0235616678183144E+00
.0140765543167292E+00
.0074665343412685E+00
.0172545546035003E-01
.3358323001600851E+00
.2766541897543981E+00

1985710747726070E+00

.1456404698267435E+00
.1060107542900108E+00
.0776187541658038E+00
.0629607068165292E+00
.0537637023720769E+00
.0473559842963098E+00
.4367208169405826E-01
.2846746350084666E+00
.2316210160050738E+00
.1570083602029761E+00
.1056435847497905E+00
.0669036881687686E+00
.0390162415094402E+00
.0245757548228749E+00
.0155001996940847E+00
.0091698538273706E+00
.9988419756790821E-01
.3042838853328020E+00
.2534274152874527E+00
.1833492062976583E+00
.1351268191196624E+00
.0987214105908745E+00
.0724862651312304E+00
.0588901052005331E+00
.0503406508499733E+00
-0443750907014864E+00
.5653078958614972E-01

FNRONDMOOMNODONENRONNONNRONNODRODNNENNNNNRONRNRONRONNONENRDDNRONRNNRNRODONENRODNRODNONRODNONONERENNNRDDNDND R

gchar

.2256595146379894E+00
.1557234311857365E+00
.0999230607100303E+00
.0587449362173289E+00
.0335837553822147E+00
.0197656318229833E+00
.0108248964445403E+00
.0044792534966906E+00
.3015445476923386E+00
.3451988069748513E+00
.2652912286081928E+00
.1961692826377806E+00
.1413322069584417E400
.1009849121193662E+00
.0763746938716703E+00
.0628726317631019E+00
.0541416464918432E+00
.0479472483444012E+00
.2226614507873674E+00
.2900054356143560E+00
.2166145720517254E+00
.1506301870332778E+00
.0975662902231087E+00
.0582129546773555E+00
.0340889110369491E+00
.0208147674561299E+00
.0122159667678594E+00
.0061080260484077E+00
.3047628284327373E+00
.3237778062847019E+00
.2509254864839976E+00
.1864480197822651E+00
.1348063633390111E+00
.0965801630653180E+00
.0731707320133710E+00
.0602970669369256E+00
.0519600761403742E+00
.0460394974260812E+00
.2384460164346249E+00
.2749350281875649E+00
.2072491245988548E+00
.1452868791785460E+00
.0950750371735141E+00
.0576527593159724E+00
.0346374756101095E+00
.0219484484415053E+00
.0137188158021613E+00
.0078682320387737E+00
.3311635074083925E+00
.2944547480423343E+00
.2305132430307872E+00
.1723477826482278E+00
.1251989847394643E+00
.0900216011551143E+00
.0683643884486309E+00
.0564154975650299E+00
.0486622457692940E+00
.043.482126585911E+00
.2804805843836138E+00

MDD RODRONNONNRNRODRODONNRNONNODRNNRONNNNNRONDRODNODONNONNRODRONNRNRPONRNRNNONNNNNRNDOVMNNOMNRONRONRONONNROODNDRNDNDNDNDND DN N

G-10

.2029647392769731E+00
.1444535365733612E+00
.0902308250042250E+00
.0506277054844029E+00
.0294485086480214E+00
.0171969957095892E+00
.0090480150870231E+00
.0031638844983100E+00
.2550743210259205E+00
.3271408084453546E+00
.2427952626866117E+00
.1850763627684393E+00
.1318271810313849E+00
.0930418222509561E+00
.0723329520263167E+00
.0603636886466052E+00
.0524068314748378E+00
.0466634817381268E+00
.1854341544341898E+00
.2740318796222496E+00
.1952788384489397E+00
.1399391104495726E+00
.0883178827452276E+00
.0504367770164991E+00
.0301183923023354E+00
.0183451876321263E+00
.0105060693273389E+00
.0048414095731251E+00
.2368607067766337E+00
.3076410398835678E+00
.2300311889359357E+00
.1760324278696115E+00
.1258181365567221E+00
.0890326071758638E+00
.0693195963492603E+00
.0579023740838429E+00
.0503024762646902E+00
.0448116760105357E+00
.1769062084518738E+00
.2604422097378705E+00
.1872828113464551E+00
.1351947153002890E+00
.0862940762691284E+00
.0502402645727624E+00
.0308438665220421E+00
.0195857015565655E+00
.0120813791565202E+00
.0066544552645711E+00
.2166108040849086E+00
.2806393172500252E+00
.2117645903207399E+00
.1628745348513898E+00
.1169483526362582E+00
.0830483299801252E+00
.0647926378469492E+00
.0541898259580398E+00
.0471191352605982E+00
.0420041468082228E+00
.1692531681379035E+00

PMPOPRDRDRODOVNRONRNONNNNNNRDRDNONRNONONONNNDNRNNODNONNONNRNRODRONNRNNNRNNNNNONNODODRONDNRONONNODNRNDONODNDNNDNDNDNDNDRN NN

.1843569186945713E+00
.1260558841262651E+00
.0820398226212111E+00
.0439581307943784E+00
.0258269257227806E+00
.0148732048836062E+00
.0074085813153886E+00
.0019341424488322E+00
.3568584812284930E+00
.3094505921847124E+00
.2244023215073714E+00
.1669878199347035E+00
.1237986303102088E+00
.0865179203105693E+00
.0687940206989506E+00
.0580943460117038E+00
.0508062596477457E+00
.0454634768468609E+00
.2942698670049455E+00

2578851195123510E+00
1777266783644058E+00

.1224571489841781E+00
.0804950287484565E+00
.0440428499647880E+00
.0266397261723252E+00
.0161104472364246E+00
.0089281394047847E+00
.0036570730524703E+00
.3306434766881283E+00
.2915750463251614E+00
.2128789991529456E+00
.1590138768985776E+00
.1182178298940308E+00
.0828281107943338E+00
.0659457300336266E+00
.0557357686936126E+00
.0487728634199067E+00
.0436638779876146E+00
.2760390823793908E+00
.2455988492882337E+00
.1708046987315912E+00
.1186650665256401E+00
.0788600795602195E+00
.0441409075842034E+00
.0275188747410215E+00

0174470812165324E+00
0105700373570006E+00
0055193562407210E+00

.2963832491809351E+00
.2665992065659282E+00
.1962977464205240E+00
.1473554999487421E+00
.1099616577421374E+00
.0773092132245070E+00
.0616618816245729E+00
.0521749355603478E+00
.0456949152313393E+00
.0409340970710876E+00
.2524455003561599E+00
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.2626339506503950E+00
.2159449764051673E+00

1482762652500784E+00
1011516714525884E+00

.0653729546629118E+00
.0394941648840703E+00

0260519697291461E+00
0175884585781487E+00
0116776830613690E+00

.0986120252990598E-01
.2741439143307383E+00
.2299058733771715E+00

1674264326565229E+00
1239266920979327E+00
0908493755511550E+00

.0668851719315295E+00
.0544217716945954E+00
.0465683000542931E+00
.0410804151746178E+00
.7900317887163197E-01

2417350966708143E+00
2000643891643583E+00
1391041235958590E+00
0963040025828339E+00
0636278921038986E+00

.0398924937695369E+00
.0275280333585011E+00
.0197297566502379E+00
.0142771282118539E+00
.2981283116425777E-01
.2529422851897274E+00
.2123562533782057E+00
.1551337574543110E+00
.1151156887420264E+00

0845691897074556E+00
0623688420742918E+00

.0507972428198382E+00
.0434958667215342E+00
.0383889910137554E+00
.0674256074322611E-01
.2270907911645308E+00
.1881459254978286E+00
.1319146096375463E+00
.0923566981792265E+00
.0620752635017459E+00
-0400262712705359E+00
-0285201762464218E+00
-0212554464823356E+00
.0161720205157518E+00
-5687689288813809E-01

2373049549213668E+00
1987265216878100E+00
1453135015216418E+00
1079677672952397E+00
0794164427591038E+00
0586312741621913E+00
0477831933204302E+00
0409328328698768E+00

.0361385491003263E+00

MO VNN ERNRNNDNNNRDNNEDNNONNONRNNNENRONNNNORNRNENNRNNRNNNRNNERNNNRNNNN NN
NN NN e

gchar

.2543664658321667E+00
-1939689155812592E+00
.1375556219670133E+00
-0914105756068588E+00
-0567998836476908E+00
.0354212044733422E+00
-0236030843704231E+00
.0159257590685646E+00
.0104615595025042E+00
-3892358061965664E+00
.2657653183410273E+00
.2095901068584616E+00
.1575348818435693E+00
.1149265251359921E+00
.0829145971118237E+00
.0631098792234286E+00
.0521497719635202E+00
.0450245977013974E+00
.0399508020352477E+00
.3523034687579276E+00
.2343082465017208E+00
.1803374153798210E+00
.1293910557468396E+00
.0874231888083723E+00
.0557745384626114E+00
.0361487466084913E+00
.0252727277330917E+00
.0181964910194821E+00
.0131545840089471E+00
.4621270721408886E+00
.2451783211756293E+00
.1937769928328854E+00
.1460481795405020E+00
.1068146242399317E+00
.0772254206826877E+00
.0588657803966059E+00
.0486858481559742E+00
.0420600160363378E+00
.0373375425535301E+00
.4340460016403758E+00
.2199292186247841E+00
.1699494172574996E+00
.1229462578671434E+00

0841343880454271E+00
0547852149183052E+00
0365439662353477E+00
0264198161854443E+00

-0198263242724912E+00
-0151250738001565E+00
-5411874525519078E+00
-2297057166532608E+00
-1813637179275753E+00
-1368383902533994E+00
-1002135436468539E+00
-0725442437306749E+00

.0553482600263582E+00
.0458027995188854E+00
.0395850093873311E+00
.0351513564382997E+00

-2416703939109746E+00
-1758646632860792E+00
.1283089723742825E+00
-0833058936814326E+00
.0499223199841596E+00
-0318903732648308E+00
.0213999395782145E+00
-0143969966419002E+00
.0093272685372447E+00
.2006078809289953E+00
.2538176325148567E+00
-1928791939110801E+00
-1490017087371727E+00
.1074353585078662E+00
-0765463162011746E+00
-0598364510291534E+00
-0501058028385599E+00
-0436052658771242E+00
.0388974694888979E+00
.1649009299912545E+00
.2230506812173068E+00
.1640330529300438E+00
.1210021526151666E+00
.0800254472394935E+00
-0494674998035087E+00
.0329014571111279E+00
.0232429769301330E+00
.0167863456301673E+00
.0121073677032797E+00
.1900958922191225E+00
.2342146743054676E+00
.1784769563412882E+00
.1382037714781683E+00
.09989941574649S6E+00
.0713264021019575E+00
.0558268874005861E+00
.0467855940978241E+00
.0407393242507079E+00
.0363564365098248E+00
.1622695557677667E+00
.2094071492061258E+00
.1549145526067979E+00
.1151966407433491E+00
.0772809532008383E+00
.0489268145222406E+00
.0335223751590115E+00
.0245290713037662E+00
.0185117447757954E+00
.0141482516859024E+00
.1817269285381542E+00
.2192568269709008E+00
.1670861909257515E+00
.1295197418640690E+00
.0937514466960248E+00
.0670218247747578E+00
.0524994715944369E+00
.0440199497547766E+00
.0383452362533152E+00
-0342298908444603E+00

G-11
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-2284679172554918E+00
-1608674113752224E+00
-1131330488167466E+00
.0764364962454134E+00
-0442575870047444E+00
-0287940274364678E+00
-0194050703423230E+00
-0129855935850993E+00
-0082662981249890E+00
-2653630799988225E+00
-2415159992903457E+00
-1790425414813606E+00
-1349922458889377E+00
.1010835458564627E+00
.0712990101681483E+00
.0569651104419360E+00
.0482543054547611E+00
.0422949091855473E+00
.0379117332039760E+00
.2315889895809895E+00
.2112692744845903E+00
-1504935913254046E+00
-1072114535016304E+00
.0737489378771712E+00
.0442680123079340E+00
.0300523130863986E+00
.0214044831897855E+00
.0154841382693949E+00
.0111276422254769E+00
.2456294811291486E+00
.2229683481035556E+00
.1657932842506238E+00
.1253112775190544E+00
.0940319329766166E+00
.0664624364990449E+00
.0531600016438643E+00
.0450641454262461E+00
.0395194918494668E+00
.0354386940842333E+00
.2189317532224337E+00
.1984958769117973E+00
.1424254746854405E+00
.1024481667242032E+00
.0714630763843171E+00
.0440945965257571E+00
.0308704226317107E+00
.0228161232998834E+00
.0172975820316998E+00
.0132342685496822E+00
.2325750976155736E+00
.2086714812761974E+00
.1552556477457121E+00
.1174874417277065E+00
.0882664680156240E+00
.0624665737882131E+00
.0499991531130282E+00
.0424045648049702E+00
.0372001864835947E+00
.0333677697849333E+00



MR ONNOMROONWNDNDNRN DN
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.3900214070375833E-01
.2162794169951696E+00
.1787795069986124E+00
.1260304686533416E+00
.0889952505888596E+00
.0606234494308513E+00
.0399409759278417E+00
.0291374493557468E+00
.0223119382724049E+00
.0175336400864641E+00
.8951036297868732E-01
.2254023950540787E+00
.1877879472083284E+00
.1372479143643015E+00
.1020231016019606E+00
.0750916096113965E+00
.0554726083123511E+00
.0452260906642157E+00
.0387528082110991E+00
.0342211096413467E+00
.7527679673688599E-01
.2080275626186645E+00
.1711366037669451E+00
.1210510207171680E+00
.0860404110438107E+00
.0592330764215783E+00

0396850251697640E+00

.0294695760961674E+00
.0230134529423758E+00
.0184925780469740E+00
.2673704324149089E-01

2160593555877868E+00

.1787665856727148E+00

1304710391449495E+00

.0969779637080269E+00
.0713942555893277E+00
.0527568761268151E+00
.0430211634090036E+00
.0368691656572886E+00
.0325614600623427E+00
.1515251442578768E-01
.2015065963163272E+00
.1647069761075257E+00
.1167278698948926E+00
.0833851383525399E+00
.0578886223256831E+00
.0393014152714066E+00
.0295874097631410E+00
.0234474681641408E+00
.0191475360045921E+00
.6785129495210744E-01
.2084297238854180E+00
.1711554674389166E+00
.1246689602003825E+00
.0926239224882717E+00
.0681843196263214E+00
.0503889119081009E+00
.0410935626516595E+00
.0352196667160101E+00

MRV ERNONRNROMNRONRONMNNNENRNDRORNONONRNNNONNERORONRONNMNNONRNRNONNONNNERONRONRONOMNRNONNMNNRON R, NDNDND NN N P

qchar

.5191549888039733E+00
.2090721451927937E+00
.1616721470769584E+00
.1176343967969400E+00
.0812944067027361E+00
.0537878394022235E+00
.0366721399049696E+00
.0271644417718528E+00
.0209687899282169E+00
.0165493001977368E+00
.6210125591547706E+00
.2176026740231558E+00
.1713130214753957E+00
.1292517623673439E+00
.0947101688018024E+00
.0686067571113811E+00
.0523722257899286E+00
.0433550291230800E+00
.0374791457315786E+00
.0332873345124636E+00
.6032998110705630E+00
.2004880104147486E+00
.1548359369532268E+00
.1131093762707955E+00
.0787642961489627E+00
.0527733820217322E+00
.0365945238323628E+00
.0276035265116872E+00
.0217427650590731E+00
.0175611403040730E+00
.6979885426831696E+00
.2078331420252524E+00
.1629647972941219E+00
.1228623668031021E+00
.0900301877876588E+00
.0652342055195088E+00
.0498113233625412E+00
.0412431154718615E+00
.0356584616416811E+00
.0316739118446669E+00
.6834672477781425E+00
.1934555844563626E+00
.1490261617240005E+00
.1091572707761479E+00
.0764631732215482E+00
.0517463704297723E+00
.0363627294085060E+00
.0278128263644026E+00
.0222389262020584E+00
.0182615508546919E+00
.7696630410241907E+00
.1997443923330913E+00
.1558822000349349E+00
-1173814395476507E4+00
.0859847208494009E4+00
.0623021923426448E+00
.0475766442559546E+00
.0393959555994075E+00
-0340637256630751E+00

@
1
—
N
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.1594935234251578E+00
.1989136437564087E+00
.1475724431129675E+00
.1103796527093577E+00
.0748741050940560E+00
.0482928398402556E+00
.0338351961642722E+00
.0253880867260108E+00
.0197331609743574E+00
.0156308093445188E+00
.1749965894880825E+00
.2074294206827170E+00
.1578070045849209E+00
.1223484207148511E+00
.0886151826086050E+00
.0633943609103742E+00
.0496814856241912E+00
.0416703841134343E+00
.0363071521827316E+00
.0324162132798058E+00
.1568760197610248E+00
.1905097318069520E+00
.1414517579891612E+00
.1062500688763106E+00
.0726982283004274E+00
.0475799240803698E+00
.0339120780798750E+00
.0259233510784593E+00
.0205737246454274E+00
.0166919685709113E+00
.1703425454186331E+00
.1977886877904589E+00
.1500617777695141E+00
.1162966371132503E+00
.0842401607181751E+00
.0602827124317575E+00
.0472547575059581E+00
.0396419724323662E+00
.0345446414537025E+00
.0308457151167447E+00
.1553311959854788E+00
.1835442411750994E+00
.1362079258211111E+00
.1026225294628400E+00
.0706934807199975SE+00
.0468082400626466E+00
.0338119903289802E+00
.0262149531532372E+00
.0211270263004519E+00
.0174347829289845E+00
.1681562325059280E+00
.1897293854959892E+00
.1434650093081511E+00
.1110972767050513E+00
.0804533416770417E+00
.0575743039131758E+00
.0451356885963663E+00
.0378672717293509E+00
.0329998399976574E+00

MRORNRPRRPODODPODRODRONRDRODRODRPONRNOLRODRODODRONRONRNRONRONRNRNNRODNONNNNNNOMNNOMNNNRNRONONNNNRNDNRNRNONONRONODOONNNNONRDNDNDNDNDNDNDND DN

.2110110606012747E+00
.1885501050121534E+00
.1358725509223451E+00
.0984445659377102E+00
.0694226905021602E+00
.0437590387890952E+00
.0313448452313927E+00
.0237785677572169E+00
.0185918084008034E+00
.0147713420439688E+00
.2232164749373937E+00
.1972684461130196E+00
.1466319493549744E+00
.1110007175926362E+00
.0834413344374032E+00
.0590939443074703E+00
.0473197599715540E+00
.0401439306711926E+00
.0352246982168833E+00
.0316009908150954E+00
.2054927627735901E+00
.1804987348388392E+00
.1303663653022302E+00
.0949694362472600E+00
.0675474873874613E+00
.0432944123757455E+00
.0315571330478570E+00
.0244008575460706E+00
.0194938272958387E+00
.0158786168692902E+00
.2157883931104725E+00
.1879115343425015E+00
.1394072505142430E+00
.1055092683592362E+00
.0793254103719261E+00
.0561973282872739E+00
.0450105358543960E+00
.0381910845004945E+00
.0335153417049323E+00
.0300706807594135E+00
.2010074726673485E+00
.1737702850445864E+00
.1256160226370930E+00
.0918821474927332E+00
.0657949949859136E+00
.0427334138149904E+00
.0315725900812223E+00
.0247669937604975E+00
.0200998888857402E+00
.0166610935987928E+00
.2095014686897292E+00
.1800485331438137E+00
.1332360116745073E+00
.1007792673452941E+00
.0757587516468083E+00
.0536738078554477E+00
.0429930492487647E+00
.0364819237608742E+00
.0320175819144972E+00
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0311065075086385E+00
5825157986186856E-01
1960978766056094E+00:
1591636220671711E+00

.1129003282924148E+00
.0809623480410102E+00

0565850697837331E+00
0388254599650768E+00
0295457234963035E+00
0236804579318695E+00

.0195728508130770E+00
.1229005452835960E~-01
.2019596500511383E+00

1646108701687998E+00
1196226626973944E+00
0888132522414389E+00
0653618360473800E+00

.0482994667135350E+00
.0393892368433493E+00
.0337594321896346E+00
.0298172033695381E+00
.0421356548583653E-01
.1914020538986674E+00
.1542892624684633E+00
.1094604362718292E+00
.0787280089224054E+00
.0553217076703985E+00

0382850848925504E+00

.0293863693633760E+00
.0237627077823648E+00
.0198245603988605E+00
.5957422422355254E-01
.1963569467843063E+00
.1588924511434584E+00
.1151756810412272E+00
.0854386548504498E+00
.0628532339608974E+00
.0464368075969377E+00
.0378678973486144E+00
.0324544420026851E+00
.0286641254230000E+00

5269023662673302E-01
1872352557825057E+00
1499351339510309E+00
1063329012920167E+00
0766517604914569E+00
0540992386102102E+00
0377018130571907E+00
0291411481990687E+00
0237322579417749E+00
0199449553952706E+00
0928022500303205E-01
1914698026541 615E+00
1538283914579130E+00
1112129160228581E+00
0824200879366113E+00
0606028406194818E+00
0447622562970884E+00

.0364985015992545E+00

gchar

.0302590843507389E+00
-7575642981047350E+00
-1875317236226675E+00
.1439753079227954E+00
.1056400098020536E+00
.0743416030285822E+00
-0507155932574714E+00
-0360180790317290E+00
.0278505263929136E+00
-0225259759744607E+00
.0187264881210738E+00
-8344295235707753E+00
-1928833451438838E+00
-1497657157666819E+00
.1126076032957455E+00
-0824396490386414E+00
.0597210722339105E+00
.0456035610630821E+00
.0377618744010717E+00
.0326514004144678E+00
.0290050120022980E+00
.8242106704468299E+00
.1824071234134079E+00
.1395045358958718E+00
.1024648750198809E+00
.0723677982775066E+00
.0496900564313290E+00
.0355927805225269E+00
.0277609489148660E+00
.0226558358337989E+00
.0190131339573609E+00
.8913422523347163E+00
.1869351293355219E+00
.1444043691654198E+00

.1083959731933959E+00

.0792970909831805E+00

.0574249077945934E+00

.0438439699511628E+00

.0363031281679000E+00

.0313890346951298E+00

.0278831946806322E+00

.8826090931734911E+00

.1778688438421323E+00

.1354902931254545E+00

.0995672278990849E+00

.0705200570840505E+00

0486775435293905E+00
0351115318786470E+00

.0275777239286170E+00
-0226677481180197E+00
-0191646511349397E+00
-9399908062661222E+00
+1816962895871277E+00
-1396458645915999E+00
-1046395099564319E+00
-0764842103914316E+00
-0553636136145630E+00

.0422615279103544E+00
.0349895661663839E+00

G-13
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-0294684149581697E+00
-1555479503797641E+00
-1776084942473268E+00
-1316180863403562E+00
-0993778123660127E+00
-0688246823413996E+00
-0459973310365309E+00
-0335813661935274E+00
-0263241303561381E+00
.0214638157281168E+00
-0179366870531550E+00
-1683630080400071E+00
-1828497468233863E+00
-1377510762010745E+00
.1065630005525273E+00
-0771315054543105E+00
-0551878642770940E+00
.0432637219076981E+00
-0362968642411707E+00
-0316317976090863E+00
-0282472743784754E+00
-1576465053624538E+00
.1724373607745724E+00
-1275326925891314E+00
-0964360451671444E+00
.0670699288892340E+00
.0451638307203979E+00
.0332561009787975E+00
.0262974245323369E+00
.0216374940972144E+00
.0182559395825619E+00
.1703885926354163E+00
.1768693869861679E+00
-1327313624404605E+00
.1025586887676671E+00
-.0741841353857571E+00
.0530631446294056E+00
.0415937547150489E+00
.0348942989736805E+00
.0304088639816547E+00
.0271548305634370E+00
.1611846370040713E+00
.1678476571373766E+00
.1238479257731244E+00
.0937415052378694E+00
.0654146779483780E+00
.0443210606744242E+00
.0328635718809505E+00
.0261700749154601E+00
.0216884001454534E+00
.0184365107545874E+00
.1733475228259156E+00

1715902426851494E+00

.1282684174967730E+00
.0989847024894077E+00
.0715442226504881E+00
.0511549361165655E+00
.0400912138182510E+00
.0336311517613685E+00

-0287283113152315E+00
-1970199513058648E+00
-1679994024256808E+00
-1214333127585019E+00
.0890931981892571E+00
-0641418022977591E+00
.0421042269737759E+00
-0314421180982194E+00
-0249409549035042E+00
.0204826145605632E+00
-0171975865168679E+00
.2041716506461846E+00
-1733074782421662E+00
-1278782548978099E+00
-0966458519064353E+00
.0726272349390502E+00
.0514483189282831E+00
-0412099619553721E+00
.0349693717402935E+00
.0306903896769399E+00
.0275378850194428E+00
-1935165684866895E+00
.1629454110419646E+00
-1176916448201100E+00
.0865430675090901E+00
.0625742535651663E+00
-0414296688232847E+00
.0312047642581574E+00
.0249712422631005E+00
-0206967723635363E+00
-0175473572676599E+00
.1998009734953450E+00
.1674305504701739E+00
.1231634384197324E+00
-0929899278839583E+00
-0698469310187217E+00
.0494658484474613E+00
.0396185094598245E+00
.0336177227248640E+00
.0295036448365544E+00
.0264725591068533E+00
-1906167278224258E+00
.1584444059970309E+00
.1143029612789510E+00
.0841903777330231E+00
.0610837045218675E+00
.0407275619279344E+00
.0308902753900226E+00
.0248945701043723E+00
.0207837311801646E+00
.0177551238911295E+00
.1962853502244828E+00
.1622338066117917E+00
.1189662496152830E+00
.0897230087563341E+00
.0673553294812756E+00
.0476841232810705E+00
.0381867311987603E+00
.0324002791275895E+00



MODRODRONODODNONNDOLDRDODRDRDODRONND DN OGN N

.0312785948525671E+00

0276245276553828E+00

.0334583325968252E-01

1835233578579909E+00

.1459961431683245E+00
.1034634911020031E+00
.0747116611833301E+00
.0529185334134050E+00
.0370920575364591E+00
.0288341537434977E+00
.0236179249268886E+00
.0199660777276427E+00
.6102539933235551E-01
.1871606657501435E+00
.1492922137958086E+00
.1076478948508708E+00
.0796971123526369E+00

0585681635126445E+00
0432457894537959E+00

.0352567743204295E+00

0302121836042688E+00
0266813812463846E+00
5585837270540861E-01
1801860039979544E+00

.1423961124489379E+00
.1008119070814195E+00
.0728911539490089E+00
.0517801622596243E+00
.0364681476016027E+00
.0284836328835447E+00
.0234415795865286E+00
.0199122983653486E+00
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2.0302517306152277E+00
2.0268718115672999E+00
1.9324500867760199E+00
2.1737873316491916E+00
2.1318446404706131E+00
2.0969003936111927E+00
2.0687828468178555E+00
2.0476841573347255E+00
2.0345930872610771E+00
2.0273263144425888E+00
2.0225914445854039E+00
2.0192137342040684E+00
1.9804050232617216E+00
2.1770270035938752E+00
2.1353768573623850E+00
2.1012580107143610E+00
2.0739449511647905E+00
2.0534987738840913E+00
2.0408277918621116E+00
2.0337984400101998E+00
2.0292196829330233E+00
2.0259541554788534E+00
1.9738344179551004E+00
2.1700771517778961E+00
2.1285031890937383E+00
2.0944295665059096E+00
2.0671443341256941E+00
2.0467144031178690E+00
2.0340515822466889E+00
2.0270260225599244E+00
2.0224494961763781E+00
2.0191852705502722E+00

2.0293067026858580E+00
2.0261695621701503E+00
2.1653690801636571E+00
2.1637122509757658E+00
.1204894844991826E+00
.0912539838401769E+00
.0638485684659029E+00
2.0434792783918048E+00
2.0324245873973945E+00
2.0259687859876596E+00
2.0216471189077723E+00
2.0185117057083164E+00
2.1763162202977604E+00
2.1668719208230107E+00
2.1242602421574177E+00
2.0957656723170919E+00
2.0691601538909183E+00
2.0494275036106973E+00
2.0387298885041161E+00
2.0324856152230639E+00
2
2
2
2
2
2
2
2
2
2
2
2
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.0283065958613644E+00
.0252753126026235E+00
.1693424966304367E+00
.1599435241164540E+00
.1174026648688864E+00
.0889433649585931E+00
.0623636876665654E+00
.0426461184297584E+00
.0319548235274763E+00
.0257138037901266E+00
.0215368538011185E+00
.0185068744640433E+00
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.0284340147633770E+00
.0255123580070600E+00
.1883004788698979E+00
.1543809618595140E+00
.1112039677808911E+00
.0820052398498192E+00
.0596641658880173E+00
.0400114998548458E+00
.0305211930099576E+00
.0247387500379705E+00
.0207748217008517E+00
.0178547626370671E+00
.1933542730090845E+00
.1575831045290510E+00
.1151932641082936E+00
.0867779357379628E+00
.0651041065627322E+00
.0460711887067013E+00
.0368886654808045E+00
.0312962271574118E+00
.0274629341778816E+00
.0246402990387469E+00
.1863574872783720E+00
.1506724295633877E+00
.1083478352814691E+00
.0799651732239868E+00
.0583109797965187E+00
.0392916888123827E+00
.0301145723335927E+00
.0245248871393065SE+00
-0206938561239638E+00
.0178720707073468E+00
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.2967964652242535E-04
.6522823155052423E-03
.7905150032777882E-03
.9571125371798402E-03

1650555071345879E-03

.1427593281498439E-02
.3758274571974477E-02
.6170965964420036E-02
.0633461437057282E-02
.6195916715737483E-02
.0686994243634491E-11
.9181477742390637E-08
.0141101836076260E-07
.7712453670380433E-07
.5663839673993787E-06
.9800505699579166E-06
.2021348795346185E-05
.1787862859627139E-05
.1848838643529339E-05
.1604306909428102E-04
.3420654380476324E-03
.7249530628881128E-03
.2167195863382859E-02
.7718387020454477E-02
.3430387832918242E-02
.9357609039047498E-02
.5557290382283314E-02
.2089791855791502E-02
.4516299325743894E-02
.0682920670679009E-02
.7772584126284212E-10
.7363382072454715E-07
.8240876581383998E-06
.9497450884788637E-06
.3284240758419250E-05
.4326601668129762E-05
.0938226909647487E-04
.9861560611162380E-04
.7449728557885423E-04
.0678313948270246E-03
.4251977658789367E-03
.2164945409522723E-02
.2064242398597719E-02
.2260001797454092E-02
.2899278068983679E-02
.4140697097287541E-02
.6155928257536495E-02
.9131198741851205E-02
.0476626808944886E-01
.4000225516026746E-01
.2141493614111267E-09
.5930780339075960E-07
.9822557836969192E-06
.4825425973019708E-05
.0214900458031951E-04
.3876895877513710E-04
.8180239858260852E-04
.7711143747510288E-04

1067969724621991E-03
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.0595530163811512E-03
.1848815823129245E-03
.3290022927267849E-03
.5047093820969175E-03
.7250482902458118E-03
.2003339175769063E-02
.4353209242981609E-02
.6788610078481633E-02
.1973572666204061E-02
.7677190539230359E-02
.9099864918589674E-10
.9776709446699801E-08
.0700885957017010E-07
.1799226691415145E-06
.2261567601402542E-06
.2044990095949842E-06
.4066560299654623E-05
.4958877637620554E-05
.4410817320907624E-05
.3873968123392238E-04
.6848573568789566E-03
.0780481873087787E-03
.3542795764056993E-02
.9129231494875085E-02
.4889831162760504E-02
.0879683713806044E-02
.7156784243488630E-02
.3782308589901786E-02
.8340902885390525E-02

5118636791706050E-02

.4437901633076098E-09
.6009947329812261E-07
.7808950397805347E-06
.0696618393894772E-05
.9279020867536335E-05
.5474447227841542E-05
.2804768040479550E-04
.2763741490353844E-04
.9020857475148702E-04
.2786655033633961E-03
.8523221497983977E-03
.4619624812475439E-02
.4579828042826383E-02
.4872255353436306E-02
.5646713408335177E-02
.7064946919895110E-02
.9302129259062220E-02
.2548355151426181E-02
.1291188277639877E-01
.5002879036465083E-01
.9427878637669227E-08
.5749413900009264E-06
.2172078251515144E~05
.6873940698933080E-05
.2850249807177627E-04
.8791285613850149E-04
.6436283929294320E-04
.0059820091704306E-03
.6251573227493810E-03
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.5898142267666026E-03
.7186544264027652E-03
.8694627194930613E-03

0550942275020732E-03

.0288661300838503E-02

2583557459114592E-02

.4953488790011113E-02
.8042837944720471E-02
.3346067784176222E-02
.9198688348346442E-02
.4857373797936896E-09
.3695644990218235E-08
.4953477338973842E-07
.5551203316152383E-06
.0057449286465707E-06
.6082284399096985E-06
.6362697898800521E-05
.2328590546691185E-05
.9136358984792246E-05
.6463104439564232E-04
.0291081644299636E-03
.4356052872917838E-03
.4925989180620594E-02
.0550948767841963E-02
.6363589216787865E-02
.2419697020708640E-02
.8778036781519615E-02
.7245787373913654E-02
.2303882888008824E-02
.9732050236590718E-02
.2498178139922469E-08
.6724336360884888E-07
.0726368011919764E-06
.4101501357971177E-05
.6365745363120402E-05
.8261762915322525E-05
.4901716039368026E-04
.9516679554783125E-04
.2611400523472566E-04
.5197463776841301E-03
.2833274696712464E-03
.7086315807205758E-02
.7116128866667547E-02
.7514575742461490E-02
.8434313578773779E-02
.0040305983459490E-02
.2511308815253861E-02
.9613723734699988E-02
.2147801150846300E-01
.6061266734508448E-01
.8366190181115983E-08
.9187374853592568E-06
.7830621167222480E-05
.1816210065046391E-05
.5967638152051050E-04
.4432848087527409E-04
.5720028484975125E-04
.3063353092598053E-03
.2356036324558699E-03

2
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6
8
al,
1
ab
1
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6
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9
1
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1
1
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4
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1
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.1206587467068076E~-03
.2537987551433606E-03
.4120988358347432E-03
.6084738395604942E-03
.0856105739911975E-02
.3168464426710982E~02
.5559333951705216E-02
.9323840273199347E-02
.4752865574767625E-02
.0762430130086213E-02
.8564092336435307E-09
.2573013896612851E-07
.3674157994762958E-07
.0134480732632975E-06
.9188806859443729E-06
.0208002164793384E-05
.8929595869299277E-05
.1225463833651994E-05
.6263416208105466E-05
.9400852315674654E-04
.3755577113668617E-03
.0798395486301024E-02
.6317581340575250E-02
.1984382999042131E-02
.7852547828882215E-02
.3978582923762816E-02
.0422035715775073E-02
.0820895284033482E-02
.6414655681055867E-02
.4533684131427977E-02
.1111942373470362E-08
.1385134233031828E-06
.7698117194048174E-06
.8262388542909915E-05
.4670517094051759E-05
.2843571201594601E-05
.7247560545262993E-04
.7682375976889199E-04
.8450896262809540E-04
.7939643241725255E-03
.7201966270380469E-03
.9567136432092926E-02
.9675413417963505E-02
.0189416981145018E-02
.1264741523232842E-02
.3069657519642428E-02
.5786605577932639E-02
.7010156243502524E-02
.3049694628081962E-01
.7179134768706966E-01
.1094122862821481E-07
.9811342314610593E-06
.5268152234002611E-05
.0086071364848498E-05
.9623328119829490E-04
.0871393452435807E-04
.6115673452091016E-04
.6703452225862742E-03
.9490523490529044E-03
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7771918654873720E-03
9637261696866032E-03

.9913940576467306E-02
.6259051803087000E-02
.3349384401046168E-02
.1573557670527366E-02
.1364715389374226E-02
.1320704946912644E-01
.3764240102788772E-01

8850471039893096E-01

.6353360087058730E-01
.4894868842280325E-09
.8092131061714505E-06
.9570029490471859E~-05
.2926840461912562E-04
.8019303879203769E-04

9170206047553535E-04
8066481058202162E-03

.3044886867387500E-03
.0148442885206016E-03
.8414862513783589E-02
.4726990750998544E-03
.7532250070098227E-02
.0296583311710413E-02
.4404891701816828E-02
.0058122935916877E-01
.2964929391140956E-01
.6254783762736438E-01
.0034579048631720E-01
.8201204697153121E-01
.0816885598794267E-01
.8542572391344568E-09
.1689857811054629E-06
.5004656592662513E-05
.8464352852966465E-04
.3902012691864552E-04
.9732378098512070E-03
.0109148876384844E-03
.3635295156088592E-03
.7993245871776004E-02
.1734163876718453E-02
.7209872597943574E-03
.8921615635372712E-02
.1459075652497941E-02
.0658189100682565E-01
.4574318776234491E-01
.9063839087861106E-01
.4324172626499418E-01
.0583388237122339E-01
.4736298067426089E-01
.7650209390904559E-01
.3653411706797152E-08
.4821289496205653E-05
.5650585125212630E-04
.8751241263829120E-04
.0351017591324285E-03
.8108429647855501E-03
.8365350193098441E-03
.8175268670749894E-02

5.7325149723768684E-03
7.9321408262680894E-03
2.3950111013623446E-02
4.0447291593759600E-02
5.7783018695460923E-02
7.6356453348644701E-02
9.6612872080048762E-02
1.1905027189501534E-01
1.4422590751065120E-01
2.0535272706239840E-01
2.8582875809899627E-01
7.1842330466123126E-08
5.8282957765974383E-06
4.5110691184948082E-05
1.7409754927133722E-04
4.7865422359687481E-04
1.0762587432551268E-03
2.1185958553266277E-03
3.7948431727175560E-03
1.0017867797561442E-02
2.2176732081102213E-02
1.0953668587858279E-02
3.3133610380224457E-02
5.6170936347182759E-02
8.0724744848812910E-02
1.0754257269560019E-01
1.3747540693847665E-01
1.7149318608606917E-01
2.1069956715561627E-01
3.0982682908273224E-01
4.4662225714062520E-01
1.5770049181692346E-07
1.2801545031395111E-05
9.9203713097578334E-05
3.8354740593692999E-04
1.0569797416095312E-03
2.3834661580838185E-03
4.7076360772535875E-03
8.4646216639751529E-03
2.2541827013028818E-02
5.0380987744747981E-02
1.5457415610270453E-02
4.6885036840518521E-02
7.9944419168219621E-02
1.1593181530810880E-01
1.5635734286625730E-01
2.0298289325105312E-01
2.5785727062639058E-01
3.2333998744286452E-01
4.9705678907731166E-01
7.4761604533668202E-01
3.7857672524318017E-07
3.0769209410534353E-05
2.3901146003530620E-04
9.2729333288483378E-04
2.5668632189536616E-03
5.8191844142341806E-03
1.1563315648757032E-02
2.0927868457310261E-02
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6.8283548308119444E-03
1.1910030008221823E-02
2.8016067618281317E-02
4.4687743833153347E-02
6.2293788489504710E-02
8.1244277554148717E-02
1.0199705076968367E-01
1.2506430282939562E-01
1.5803244165199740E-01
2.2340448994345691E-01
3.0976253974784118E-01
3.6379059965175491E-07
1.0804441211764888E-05
6.6113338087220107E-05
2.2974587180791146E-04
5.9526427771747280E-04
1.2884285036933742E-03
2.4699609925879600E-03
4.9410204412847439E-03
1.2387413826249907E-02
2.6513419203091061E-02
.6451390038121873E-02
.8788192411745102E-02
.2139644133741567E-02
.7185592037490531E-02
.1469800610091632E-01
.4555617077858918E-01
.8076212078282294E-01
.3263295116175528E-01
.3998616708125828E-01
.8827639448698096E-01
.9863132386320554E-07
.3737284136566319E-05
.4544838668148908E-04
.0641497690109036E-04
.3153628083662353E-03
.8556086893819135E-03
.4934104705793721E-03
.1043994316984810E-02
.7939417172269426E-02
.0376535552675949E-02
.3225226439946772E-02
.4949574670255276E-02
.8611723129477016E-02
.2555789238312118E-01
.6735759606620151E-01
.1584140410167030E-01
.7313428732246769E-01
.6088199421046691E-01
.5156351545749238E-01
.2487585125451668E-01
.9175713676320772E-06
.7081872622616680E-05
.5069844244888074E-04
.2256050146465484E-03
.1983622960601176E-03
6.9820464832580009E-03
1.3514989570967775E-02
2.7396873714892946E-02
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8.0789234834850558E-03
1.590229172167817SE-02
3.2117203299333388E-02
4.8986393765457777E-02
6.6888350194885718E-02
8.6244477759769650E-02
1.0752558493390200E-01
1.3125848503490645E-01
1.7276242745495843E-01
2.4276247633833711E-01
3.3545265831948717E-01
1.1501501261935008E-06
1.8445277556131196E-05
9.3739625117463061E-05
2.9785526250092136E-04
7.3218193208724022E-04
1.5309342162971122E-03
2.8640884742053693E-03
6.3356602177951603E-03
1.5169740999694150E-02
3.1487266581907924E-02
2.1974591561364356E-02
4.4505812448469170E-02
6.8213802052978625E-02
9.3800073935191158E-02
1.2206194845622102E-01
1.5390800183440456E-01
1.9037324391730864E-01
2.5634382467525951E-01
3.7269596713732261E-01
5.3335107900260403E-01
2.5252726465104499E-06
4.0535723575342117E-05
2.0631458586989866E-04
6.5691847282599433E-04
1.6190480306090089E-03
3.3958946593400517E-03
6.3759874434836435E-03
1.4191766373061474E-02
3.4296838118327455E-02
7.1869634761395559E-02
3.1040925092701364E-02
6.3134316732464099E-02
9.7483187436611884E-02
1.3548603203893786E-01
1.7877414412193568E~-01
2.2924893068259278E-01
2.8911277290232440E-01
4.0209861988510626E-01
6.1125943431141694E-01
9.0848640512956935E-01
6.0649991277847763E~-06
9.7532491070647078E-05
4.9787216479860391E-04
1.5915768164914284E~-03
3.9419470202027088E-03
8.3154776661406773E-03
1.5711836208366151E-02
3.5323714019496188E-02
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.4933098629478460E-02
.0536348629900429E-01
.0815384320990960E-02
.4648447223419577E-02
.0091748845927097E-01
.5195687896422641E-01
.1054565251145016E-01
.7998757178653122E-01
.6417231922208265E-01
.6757954025884063E-01
.0978407024747137E-01

1096045073885121E+00

.1739579761833781E-08
.2453299463202807E-05

4347610173026804E-04

.5140151227096370E-03
.5012781581840735E-03
.0695146652025729E-02
.1988604548721830E-02

0850628610418688E-02

.0172491486186887E-01
.3806218594985817E-01
.3871462529022981E-02
.0251523816703659E-02
.3047227335593917E-01
.9828831321544904E-01
.7823995894044817E-01
.7576869095000881E~-01
.9723266866141280E-01
.4968095476109933E-01
.0114544709581381E+00
.5901442224114628E+00
.3661779337589469E-08
.8814388474122421E-05
.2399634102636528E-04
.7602365041572078E-03
.2415480893417870E-03
.9671451993659710E-02
.0610775929300617E-02
.5650675188181443E-02
.8775557830897960E-01
.2660887927612201E-01
.7567163783126786E-02
.9208609555711749E-02
.6678727470369964E-01
.5620699043250161E-01
.6467681876068636E-01
.0078957017059367E-01
.7420948449762208E-01
-9452110540056795E-01
.4098696862765550E+00
.1524139060216725E+00
.6410654358247143E-07
.0318094084081658E-04
.0976602990936596E-03
.8734268850893379E-03
.4610516662013462E-02
.4997032083313714E-02
.2368805855976451E-02
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.6469579417754316E-02
.2740504623785823E-01
.1658510678056773E-02
.5902975722405499E-02
.1312979259487721E-01
.6577681746492337E-01
.2674704282655780E-01
.9948639033880881E-01
.8803501953521835E-01
.9700843493564695E-01
.9634479473436370E-01
.2324790868292916E+00
.2820831174394421E-07
.7404371568225265E-05
.2494301435668125E-04
.0441190471653073E-03
.6843589886268050E-03
.2954347331624361E-02
.5884549906517822E-02
.7097498845537669E-02
.2796096310802021E-01
.8682466007553575E-01
.7786172943801979E-02
.4812093415241568E-02
.4655134953587201E-01
.1694199902972552E-01
.0074101141283960E-01
.0362397469727573E-01
.3215665379891219E-01
.9347699080207226E-01
.1399243428705144E+00
.7576961018185293E+00
.4994829759523159E-06
.2221589990279950E-04
.5442338972579822E-04
.7304620498636895E-03
.0419509462356443E-02
.3853127314792534E-02
.7847162042613946E-02
.7244629050160158E-02
.3521576771795435E-01
.0685481566744583E-01
.5200501864694193E-02
.0783652292692111E-01
.8777417547293163E-01
.8122604055928035E-01
.9574931857156997E-01
.4025740104265718E-01
.2454810020795168E-01
.5785051536005439E-01
.5856062363784929E+00
.3398259248593720E+00
.6277074121342848E~-06
.1452824866348834E-04
.6803343717367541E-03
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.8489681646553260E-02
.2464352930961562E-02
.5255625383671138E-02

gsoot

CUDNDONWENDFEFEJODLDWNHEFUOUOUNEFEONESRPRPNSRP R 08 WNERE OB WHAWR O JdF 8 P 006 WK EF B 9 Wwe

.0196864538359535E-02
.5283111600555530E-01
.2558175093065307E-02
.7342028104544963E-02
.2567858912746660E-01
.8011427922952561E-01
.4368105455814101E-01
.1997037236794962E-01
.1317210223241096E-01
.6071878839377209E-01
.9161602994018929E-01
.3642623795621056E+00
.1959522686479652E-06
.2511297250441985E-04
.7087597541249033E-04
.7046041577433420E-03
.0917514022987085E-03
.5564401929303844E-02
.0295037823658694E-02
.1802232931541447E-02
.5908582968789786E-01
.4222384589148791E-01
.1789226811527511E-02
.9663927569654476E-02
.6316712963931540E-01
.3642913292746168E-01
.2443027472284724E-01
.3307923833700551E-01
.6913071099559343E-01
.8862476245707758E-01
.2797133297849359E+00
.9303076408291295E+00
.5986259543444734E-06
.2698204075585892E-04
.4027633121876696E-03
.9410416019786563E-03
.3014156372916575E-02
.8689679806286308E-02
.6041848872923100E-02
.1447746468757497E-01
.9066276152612641E-01
.9443043600230150E-01
.2969304043840426E-02
.2691515021641003E-01
.0959905231121839E-01
.0755514198526090E-01
.2869091601650983E~-01
.8221337247512850E-01
.7796630972406611E-01
.0949022587154091E+00
.7704737030254438E+00
.5177275150581413E+00
.3319503067451626E-05
.9868089046116119E-04
.4719040838213999E-03
.7416060812768887E-03
.3115445554158502E~-02
.1100782564111713E-02
.9819754067826033E-02
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.6396179485722799E-02
.8194739338041452E-01
.3544392299502271E-02
.9001161889361621E-02
.3860621220533406E-01
.9501970083916678E-01
.6140725656195296E-01
.4150857636115672E-01
.3966070987204853E-01
.3143539133819904E-01
.9597062954987381E-01
.5042732759815880E+00
.3275139220067462E-05
.1390381135022362E-04
.0953534788171627E-03
.5161566327076847E-03
.7518459307046395E-03
.8562595679491797E-02
.5267186053515164E-02
.9845705225961419E-02
.9562312783186886E-01
.0441824669281706E-01
.5927853588579768E-02
.1486404761195168E-01

.8038864249206352E-01

.5683284843455545E-01
.4940570018128697E-01
.6424470984850114E-01
.0826829519304970E-01
.9443867073689665E-01

.4301925804463411E+00
.1048265896387499E+00
.4048333403359043E-05
.8832036660160307E-04

.9950358118337509E-03

.4306705678317750E-03
.6078978708258859E-02
.4250922553676184E-02
.5280168923220847E-02
.4773452856527988E-01

.5444115894828593E-01

.8811172985017044E-01

.0946445458272001E-02

.4653399344725099E-01

.3237160001734958E-01
.3532627980833785E-01
.6365287281633133E-01
.2681331214086700E-01
.3458821816649609E-01
.2457926625317726E+00
.9609083248391330E+00
.6809631352666528E+00
.2169535885162927E-05
.8255050518952463E-04
.5189290309382395E-03
.1388701035685069E-02
.8583720243225572E-02
.1027053055006407E-02
.1619445786248146E-01
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.3451205811009051E~-01
.2673510002271317E-01

9141606766276720E-01
0192464146899260E-02
0273761907349230E-01
9299062556253432E-01

.9868271545010383E-01

2926846777916178E-01
9585333882120006E-01
1029294143365105E-01
0826368581980408E+00

.7004602669150455E+00
.4903392697684015E+00
.2931549250765329E-07
.4430497148292594E-04

5378532880571836E-03
8432475069679800E-03
0560304751172955E-02
9304857655626984E-02

.0182853934763146E-01
.8822097903461632E-01
.4478701665729720E-01
.7669691133004202E-01
.2703031467302206E-02
.1573985315190700E-01
.1846746114928484E-01
.4066579778191680E-01
.9424417708015683E-01
.9279081868104353E-01
.4952142866550493E-01

2723501137779722E+00

.9669330811713550E+00
.7233922494714280E+00
.0869894135716809E-07
.9443160067402304E-04
.0756345334771277E-03
.2548959167832335E-03
.7845871855014734E-02
.6744128241598477E-02
.3724710771912174E~-01
-5095878796375787E-01
.6831743382401545E-01

0255833166582959E+00
6099876321845916E-02
3343176708060045E-01
5358454424439519E-01
9955842638032435E-01
8695263760877814E-01
3244702053041 952E-01
1489674535110828E+00
5360031808045067E+00
2879204227774999E+00
9122031490784717E+00
4462775675286029E-07
8036822619913692E-04
9994020123076713E-03
3402064885475254E-02

.0345956336799757E-02
.6377166662923813E-02

-5490149817215434E-01
.0432718457340444E-01
-9915866473386676E-01
-0470345341080308E-02
.2430391014485229E-01
.1762751940345684E-01
.2858688350531579E-01
.6707724870205586E-01
-4452441293818907E-01
-7265806157714465E-01
.1603943872616245E+00
-9004206064038900E+00
.6624162674358716E+00
.6722640911956543E-06
.0014194929283133E-04
.3554614397034014E-03
.2633677397332970E-03
.6030218476167006E-02
.9823698773653726E-02
.1985382636260647E-01
.1624519007365434E-01
.4302872824760429E-01
.8906886795579396E-01
.5512922972487574E-02
.4016672922262682E-01
.4676286601357580E-01
.7560826012042453E-01
.3911681576690118E-01
.5106606974046475E-01
.0239465415924713E+00
.3631576807162340E+00
.1750830900000757E+00
.8600393609510504E+00
.9440977837115999E-06
.0455112859617175E-04
.1807582752348558E-03
.2533597734845277E-02
.5258440361598066E-02
.0932263695076764E-02
.6122147347202850E-01
.8715730757266639E-01
.8105935524977212E-01
.1276723789051419E+00
.2340326403077161E-02
.6180735053529541E-01
.8708846220787648E-01
.4186870937305689E-01
-4225391666386200E-01

0461389662166225E-01

-2396128503862260E+00
-6414183483763849E+00
-4839557857711094E+00
+9922989521393557E+00
-1222426779933781E-06
-8363310901570202E-04

-5990187828938520E-03
.8156519719770239E—02
.1067425226350605E—02
.1664895509147444E—01
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-0237721663469826E-01
-9182434762394711E-01
-0828673699571483E-01
-0923283861522154E-02
-4645569685433985E-01
-4335786506403204E-01
-6020367639059242E-01
-0731817695669057E-01
-9637526254800741E-01
-3878855471060918E-01
-3272736506897194E+00
.1028803538297938E+00
.8126120142815823E+00
.8617658305367481E-05
-5802080999823006E-04
-4670151777495346E-03
-2288916028480031E-02
-2553710769893981E-02
-1976626300466612E~-02
-4016022114129995E-01
.8080160269586280E~-01
.4981297097457336E-01
.0953039340003230E+00
.8542056050775832E-02
.6533011980135409E-01
-7643806922450087E-01
-1270933749254851E-01
.8702113045584148E-01
.1318170257354982E-01
.1025952930724421E+00
.5552177739052524E+00
.3753026293388646E+00
.9677041649333153E+00
.5070385739224473E-05
.5245110506111379E-04
.6841689472406451E-03
.6633964477729836E-02
.4093827452760158E-02
.7284823520932956E-02
.8807815449159354E-01
.6916367923564958E-01
.9785667298523810E-01
.2172072789980990E+00
.8869560603766681E-02
.9115794160561392E-01
.2242310882512909E-01
-8702556670799269E-01
.0145290808404182E-01
.8139979692199253E-01
.3345771814960230E+00
.8580731984470584E+00
6566836726611238E+00
0435007644818213E+00
6124329744868782E-05
0861025809004684E-03
.7765716025118992E-03
.4102113468558853E-02
.3822635940146019E-02
-3988700230345705E~01

-5946657056253586E-01
-8813015965593174E~-01
.0154301977339619E+00
-1645810570157781E-02
.6931009508218844E-01
.7032584540130000E-01
-9370490322696422E-01
-5018030808551677E-01
-5157855927371109E-01
.0087669827919892E+00
.5081295907488590E+00
.3017151553908244E+00
.9372239198961805E+00
.8958283112839460E-05
.5578953498827793E-04
.9383881903637605E-03
-6018694474228608E-02
.0264618055293147E-02
-5923905147095900E-02
-6290163222518009E-01
-5704153899793556E-01
.6225211607247401E-01
.1918151598773636E+00
-1909192592030883E-02
.9137821387543999E-01
-0767539934124838E-01
.5218200782972928E-01
.3817548855093131E-01
.7929289879629313E-01
-1854324824174762E+00
.7581617107949494E+00
.5602312044655191E+00
.0463318546642864E+00
-9413166745765152E-05
.2894007300685978E-03
.6754759152324690E-03
-1689717483056883E-02
-4527825394261813E-02
-1599398784642780E-01
.1795496214128138E-01
.6342661666183027E-01
.1424053071120837E-01
.2921119223505653E+00
.0584458355516717E-01
.2168088481317968E-01
.5982953183888772E-01
.3529748433491731E-01
.6478229449337298E-01
.0628585791509038E+00
.4335266883100626E+00
.0763817494082706E+00
.8003878580040151E+00
.0705337757597513E+00
.1446609484214472E-04
.8621807235196372E-03
.6624044984962888E-03
.1430141802669120E-02
.8846649472346195E-02
.6629817738313435E-01
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.9606173344791566E-01
.5064244990676907E-01
.3685009590860218E-01
.1715731007165355E+00
.8793847570278506E-02
.4756109397383552E-01
.8207251625125140E-01
.4830838235683168E-01
.6505229763236406E-01
.5079769203596987E-01
.3153285631934597E+00
.7453735201612011E+00
.4952526333210989E+00
.9717372770262975E+00
.8252042786964652E-07
.6764906332424136E-04
.9391529875160659E-03
.7621183650169975E-02
.3000709582305849E-02
.2592426283892499E-01
.5278732147794569E-01
.4110168368356117E-01
.6198897365590510E-01
.2401949267933525E+00
.0978554013287859E-02
.5910795474143996E-01
.0575045102092496E-01
.8967258181756795E-01
.3236547601071555E-01
.0528545249131769E+00
.4551481064901177E+00
.9104857303066989E+00
.6226031204137934E+00
.9741417031389181E+00

2339477964597352E-07

.5690844651436634E-04
.9012937820988650E-03
.1935894532382691E-02
.5846550408907023E-02
.5532304647120670E-01
.0694130365661504E-01
.2143550838879038E-01
.5089444354858388E-01
.2671900973289985E+00
.3565250427354927E~-02
.7290793184035147E-01
.3462312121424137E-01
.4129526465845246E-01
.1764731081018704E-01
.1814930581714238E+00
.6249220440311911E+00
.0953511771958278E+00
.7270415102103351E+00
.9489302027645024E+00
.3513640386422133E-07
.9120191581586311E-04
.3499709263436007E-03
.8416559569195480E-02
.4933992645978271E-02
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.2921859621224177E-01
.9811541908601644E-01
.5753212516870891E-01
.2478792935507337E+00
.7759627214799887E-02
.7914554789289547E-01
.1996117703290522E-01
.9699030468026506E-01
.2939558127435289E-01
.0345429400681001E+00
.4179470908869765E+00
.8582416567397932E+00
.6644359834263662E+00
.0122832671856234E+00
.3322362916611776E-06
.6559432095170345E-04
.0421991216882400E-03
.3873611563414894E-02
.7030884572445978E-02
.5203956997205451E-01
.9419750866367250E-01
.9674223754598829E-01
.7799022257410861E-01
.2932457207915746E+00
.2158617279340501E-02
.9336441946500288E-01
.4742363654071023E-01
.4398420749122300E-01
.0464948794634028E-01
.1461908460422372E+00
.5660591648340447E+00
.0252902776058432E+00
.7618198666002742E+00
-9925050538142268E+00
.1590369196023462E-05
.5174457426235471E-04
.5198387686893587E-03
.9714023246344878E-02
.3178477047823357E-02
.8697340529234582E-01
.5522377081046785E-01
.8226280890754600E-01
.0560298727278818E+00
.3036923029177467E+00
.7373013310109406E-02
.1042963835939851E-01
.8110977117901523E-01
.0292644734019130E-01
.0009526698154729E-01
-2860969491836298E+00
-7430945210497897E+00
.2070576107271593E+00
-8277279041342704E+00
.9544687792600444E+00
.4984990782102355E-05
.2318976670009799E-03
-7443471321973351E-03
.8471764331393460E-02
-0705559612844495E-01
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2.6615994363716849E-01
5.0244490979608458E-01
9.7334211238315960E-01
1.3075521750828627E+00
8.7078939491301993E-02
2.1192788403613244E-01
3.6009956759511846E-01
5.4913803204491329E-01
7.9833866528478514E-01
1.1233133376377313E+00
1.5243123067919584E+00
2.0831467592400479E+00
2.8008842516307810E+00
3.0305921227109480E+00
4.7342886556182527E-05
1.4252659067344089E-03
8.9060140922422055E-03
3.1688043003997579E-02
8.3678349001329699E-02
1.8178350866000886E-01
3.3950745544780364E-01
6.1525793868351542E-01
1.0817880420759289E+00
1.3305036688019634E+00
9.3753389534294310E-02
2.2903004005372846E-01
3.9174043948157616E-01
6.0232036258395838E-01
8.8207886224817633E-01
1.2446111728818654E+00
1.6796335021250131E+00
2.2469132747190241E+00
2.8648840881819240E+00
2.9965007334353344E+00
5.8808526618267023E-05
1.7723505492589983E-03
1.1086007953490438E-02
3.9425779402444953E-02
1.0367455473136641E-01
2.2275064287375093E-01
4.0734249391363025E-01
7.0781140495989636E-01
1.1445334227839219E+00
1.3272251004855606E+00
1.0168044488672880E-01
2.4965520351381909E-01
4.3078386283409703E-01
6.6931196648177316E-01
9.8824899751986883E-01
1.3953896537681019E+00
1.8618576444313240E+00
2.4131823907544496E+00
2.8937138196746215E+00
2.9552053451765237E+00
7.6048684872226301E-05
2.2948417129927804E-03
1.4366530325998886E-02
5.1002292141974506E-02
1.3306529122539132E-01
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3.0661551984607233E-01
6.1676178004375315E-01
.0792992469826135E+00
.3513469722838634E+00
.1694457062052492E-01
.4615134425364574E-01
.0278106653381551E-01
.0505945959781338E-01
.7208909877346175E-01
.2169896601545369E+00
.6337352832012937E+00
.2987383753234476E+00
.9027603408109477E+00
.0334779630838109E+00
.5005320413540298E-04
.4446632044961823E-03
.2702042378477945E-02
.1310263168084928E-02
.0322013045967293E-01
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.6850082684728782E-01
.1353687546771221E-01
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.5551618889621822E-01
.6503239924300284E~-01
-1142361929178566E+00
.6772538021057701E+00
-2142295965597687E+00
.5747091089067720E+00
-7641605972500098E+00
-9259500714797189E+00
.9480401544101147E+00
-1966106961823360E-04
-7131363878664775E-03
.0380481771940449E-02
-0320367835946823E-01
.6105663269763653E-01
.6612770636821359E-01
.0116005753605828E+00
-1822650901470257E+00
.3071480285059578E+00
.3595224863001920E+00
.4083381582590179E-01
.6713873132213787E-01
.9726002088980843E-01
.1807094932484046E+00
-7713376033146304E+00
-3008867961740003E+00
.6234894167984533E+00
.7847455148773714E+00
.9550868098840022E+00
.9283603532143259E+00
.8047177233052463E-04
.1571980939390877E-02
.1731875833584299E-02
.3798502248328302E-01
.2313629180903498E-01
.3404288759091993E-01
.0635574958943705E+00
.2131473580715297E+00
.3358755795909754E+00
.3592201072795034E+00
.4314164035712956E-01
.7645513267300540E-01
.2430755448117023E-01
.2366118911695212E+00
.8475028773384414E+00
.3667076035772285E+00
.6578864087432268E+00
.8065242338478003E+00
.9717768465814762E+00
.9153443565733470E+00
.3683111784093015E-04
-3296939225512987E-02
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.2266081151453018E-01
.7891989075706498E-01
.7466151423481766E-01
.0117811789968933E+00
.1970937803437891E+00
.3072049936488379E+00
.3572150165417129E+00
.8688152350463061E-01
.2192549355813375E-01
.6334086150482805E-01
.2480556866713359E+00
.8209843698830179E+00
.3245676753214224E+00
.6313609456536300E+00
.8043915339620966E+00
.9547138639354240E+00
.9278461016211650E+00
.0155355146196268E-03
.6679816164976241E-02
.5480562690664508E-02
.5776823353021655E~-01
.3745891151500214E-01
.3616242888618664E-01
.0572009103580675E+00
.2206432050229923E+00
.3308603984204654E+00
.3552610916479333E+00
.9139812462068845E-01
.3728624329818133E-01
.0317487153685674E-01
.3233773455022226E+00
.9170766650656672E+00
.4034671840395183E+00
.6704289525735625E+00
.8292081271723850E+00
.9703274750937259E+00
.9089611840881142E+00
.2090954500220635E-03
.9869739127461428E-02
.0133265749304743E-01
.0000060462965178E~01
.0369317967002811E-01
.0142008984467414E-01
.1040600451669773E+00
.2487639561194896E+00
.3548666682409727E+00
.3506857310677483E+00
.9483209967020373E-01
.4978784021149504E-01
.3676579451155286E-01
.3863206265343149E+00
.9938103228749606E+00
.4621713703290409E+00
.6982594978075758E+00
.8565988401602374E+00
.9730367518702696E+00
.8999430166719149E+00
.3885716765368410E-03
.2828676242088605E-02
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.6748979926657176E-02
.5803161900796681E-01

1234924970744341E-01

.3907196334498260E-01
.0094024439953064E+00
.1704977647189367E+00
.3061344587184742E+00
.3716441477188064E+00
.7321064295041654E-02
.5535841611399163E-01
.4978675186291759E-01
.0060111182798137E+00
.6160613120294454E+00
.2096246306927805E+00
.5913382770357032E+00
.7557119076819281E+00
.9411426699334067E+00
.9452431916522293E+00

1838144066369933E-06

.9462246318727797E-03
.2476198493360394E-02
.8109786475562570E-01
.6120000468217661E-01
.9807679211763016E-01
.0577077682498424E+00
.2037100962199323E+00
.3350347533916582E+00
.3743030021674973E+00
.8110074493622895E-02
.6164777867911765E-01
.7311502456425456E-01
.0650987427350873E+00
.7105488132553321E+00
.3020216254150543E+00
.6445042438364195E+00
.7892839244135339E+00
.9761767526873815E+00
.9315593075584019E+00
.3363567497084205E-06
.6880924907879706E-03
.0423740979102252E-02
.1239276814525115E-01
.2364125269473938E-01
-6844019043241039E-01
.1131173785802013E+00
.2428000097989444E+00
.3685823286083869E+00
.3728658141114130E+00
.9481162116690576E-02
.7327572236203490E-01
.1875267157115332E-01
.1803121489991766E+00
.8835297704235783E+00
.4532265039393542E+00
.7237109478960360E+00
.8634295804174892E+00
.0036836485130469E+00
.9205602428209794E+00
.8277103749080088E-06
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.6164746299688345E-02
.0911714430526768E-01
.9242130710420556E-01
.1590345599764103E-01
.0596922838685863E+00
.1966112553371546E+00
.3351662678576481E+00
.3658153279789831E+00
.5505111585970748E-02
.1763503626162004E-01
.4654033377737818E-01
.1481077016675751E+00
.7751355449487993E+00
.3295834457025495E+00
.6473608943333162E+00
.7824780631156711E+00
.9729230250114949E+00
.9231900567054092E+00
.9245633324152347E-05
.2430699113513143E-03
.4850649581383465E-02
.3857506311889520E-01
.4615633975504863E-01
.7363100825163975SE-01
.1039306209913156E+00
.2274234650308051E+00
.3609451752213695SE+00
.3639201457538215E+00
.7184807193650427E-02
.2665341014182137E-01
.7713527814320307E-01
.2176545744417122E+00
.8735601065024845E+00
.4142516120422881E+00
.6912799510694030E+00
.8182962155442275E+00
.9892275515951590E+00
.9142912411245647E+00
.1777108879201605E-04
.7954215672156047E-03
.6869678831594693E-02
.7809097596366322E-01
.1355431124899051E-01
.4162736817272996E-01
.1544442661072543E+00
.2647234687670421E+00
.3865724229550358E+00
.3608340717900406E+00
.0013092724582320E-01
.4363538402038840E-01
.3731617698044449E-01
-3517520389533304E+00
.0498356281102907E+00
.5473858350795431E+00
-7610363919261016E+00
.8983222645131095E+00
-9848720888891660E+00
-9041416844497521E+00
-5784002343111539E-04
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.2195997202438018E-02
.6908555741220680E-01
.7517960239416999E-01
.8716235042818181E-01
.1029174074527779E+00
.2387705575431964E+00
.3574350028146545E+00
.3564348229571423E+00
.4551117912047082E-01
.8656846886233354E-01
.5464932680944630E-01
.2990185724197230E+00
.9294697629091924E+00
.4334849865327643E+00
.6912731091061746E+00
.8356990348539770E+00
.9804565788809088E+00
.9066825918190640E+00
.0482222889049958E-04
.5380254609006817E-02
.4748532109752204E-02
.0528931755838762E-01
.3231088771540500E-01
.4248710625333121E-01
.1430905437848797E+00
.2674192624586791E+00
.3764035622802926E+00
.3534321424750477E+00
.4830495096729013E-01
.9922088651739857E-01
.9378657459211210E-01
.3784481075419102E+00
.0289184485276186E+00
.5083330356105176E+00
.7285516558580736E+00
.8787367173773561E+00
.9781701602378061E+00
.9015145989751092E+00
.9926016556668287E~-04
.8277823349255602E-02
.1204067117488015E-01
.5318214443547730E-01
.0264925656275001E-01
.0069855202193363E+00
.1890036195225544E+00
.3039279696292947E+00
.3911344381364321E+00
.3514620763770495E+00
.5327872505593199E-01
.2342991516371992E-01
.7087401367413175E-01
.5293694012959429E+00
.2026157936019244E+00
.6215593575346716E+00
.7951048278714232E+00
.9609503841522735E+00
.9586659892741016E+00
.8818550632040694E+00
.0369675534192715E-04
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.1587775297291378E-01
.3726968308437638E-01
.581716598892620.7E-01
.5184387314809649E-01
.1395924969101650E+00
.2738498973398296E+00
.3697305797183073E+00
.3472764531027157E+00
.9840532487128293E-01
.6351584050490702E-01
.7453790980017987E~-01
.4561082023610390E+00
.0753828601763722E+00
.5205893389195371E+00
.7262861574037718E+00
.8912891196686763E+00
.9677405489114554E+00
.8946763512993936E+00
.6051854144945507E-03
.6400710226914550E-02
.3324431489970023E-01
.8011229487527332E-01
.1704525750924664E-01
.0039350405646892E+00
.1759971449976832E+00
.3027969649881599E+00
.3800413795958302E+00
.3452535757041488E+00
.0268058310401307E-01
.8088908638290284E-01
.2329972719059183E-01
.5440838867623525E+00
.1728039531251460E+00
.5845108695956642E+00
.7601272190458048E+00
.9361704136900388E+00
.9548621497004581E+00
.8876189100614580E+00
.9062264003418935E-03
.1365461994857166E-02
.5701417278786539E-01
.3587173081210090E-01
.8829961529615789E-01
.0641286784641519E+00
.2180014049795325E+00
.3393957694455048E+00
.3847312843854038E+00
.3440968848496326E+00
.1043310440079999E-01
.1456157594565888E-01
.0190643504871217E+00
.7083487878378281E+00
.3379776674978587E+00
.6788443672678066E+00
.8288428150040454E+00
.9986586564908211E+00
.9367757614515115E+00
.8532958777392667E+00
.5585375221983736E-03
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2969753200189027E-03
7579943848623786E-02
7708221406996636E-01
4024689833392001E-01

.8798243922431339E-01
.2018018814334601E+00

3105536752519857E+00
4112077634770905E+00
3682268562123090E+00
1416135723773418E-02

.9067592228387990E-01
.9035592208534269E-01

3558730111353923E+00

.1212130487006093E+00

6232841140913692E+00
8209634959759478E+00
9790024326751694E+00
9887674039328278E+00

.8942996006852089E+00
.4144694210370237E-05
.0978868890150919E-03
.7162213794445257E-02

8069989661530945E-01
0192565703761554E-01
1351902807001264E+00
3036519650684288E+00
3986961399085276E+00

.4268549033049147E+00
.3582296047109574E+00
.3625081968346124E-02
.1143730463786812E-01
.7820689599880710E-01
.5580210829868131E+00
.3544711080815079E+00

7487197990653809E+00
9325614135203182E+00
0596873820946358E+00
9681799051597437E+00
8289437125381665E+00
9941200206193184E-05
2880475277614234E-02
3640629166919155E-01

.0362765571685320E-01
.6339858189096228E-01
.2593006780408544E+00
-3909678906000973E+00
-4676758944101742E+00
-4130961716483972E+00
.3262799550698721E+00
.6216966873181666E-02
.3657062493148743E-01
.8543857895013511E-01
78313554094 98659E+00
.5599265502447706E+00
.8476100899750767E+00
.0460513771968398E+00
.0622440473495467E+00

9451728907128598E+00
7735673144242061E+00

-3163533866788047E-02
.0266816952210930E-01
-5809480170426561E-01
.3594269203441565E-01
-0551697447521575E+00
-2352185598656074E+00
-3316021822846809E+00
-4089662207332430E+00
-3573913307753052E+00
-0432511452180755E-01
.6947988357625305E-01
-3182901592968161E-01
.5519759271911073E+00
.2831434135654227E+00
.6894337390095955E+00
.8607300207320883E+00
.0077890777351493E+00
.9614896954032446E+00
.8580027485723787E+00
.2733293617385614E-04
.9029600529263061E-02
.4670241962186112E-01
.8211451226731078E-01
.0010324049892831E-01
.1909504483905502E+00
.3303556611969829E+00
.4168544266442586E+00
.4064657939224527E+00
.3403492247027784E+00
.0914334165322095E-01

.0070639897038923E-01

.4709745374044840E-01

.7756385329848037E+00
.4971213718101275E+00

.7961903033528035E+00

.9786588908050957E+00

.0592499835798947E+00

.9467575509597905E+00

.7938359076149006E+00

.2075193396124816E-04

.6952094923927160E-02

.0415961523419815E-01

2288909910506518E-01
0580169230780807E+00
3012893154927518E+00
4157097110292973E+00

.4725660675557630E+00
.3929371157280306E+00
-3047022087235995E+00
-1482108486691772E-01
-3882525032602809E-01
-0860153502394077E+00
-0153600037230941E+00
-6679273285061371E+00
-8970354161230749E+00
-0751349772312886E+00

.039’081451923422E+00
.8997880858519625E+00
.7472381786653650E+00
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.4562756640810680E-02
.4883491944273125E-01
.4778764182238795E-01
.2716255928452065E-01
.1129173025759460E+00
.2634295895622070E+00
.3695794046405700E+00
.3966079402931979E+00
.3466897679781076E+00
.6046055191730274E-01
.6079630686764805E-01
.9139686111590775E-01
.7493282581562231E+00
.4221406262907723E+00
.7400049287605484E+00
.9018593978395057E+00
.0331993594601165E+00
.9423054758406200E+00
.8213651220857523E+00
.1587064941437281E-03
.5498966859319130E-02
.1068709885885351E-01
.8915703311242829E-01
.8932379359952427E-01
.2362695585174626E+00
.3548003536303825E+00
.4398399736183309E+00
.3883544974211162E+00
.3211396233784760E+00
.6879903273850128E-01
.0638161218585687E-01
.1365297632010722E+00
.9865730933503070E+00
.6077212362009745E+00
.8400185941224474E+00
.0182076255815455E+00
.0304609794038053E+00
.9154406674018509E+00
.7674996418525866E+00
.6367240726384655E-03
.0237912878516332E-02
.8947901582756458E-01
.4248545933610977E-01
.1391746981823552E+00
.3352484761456151E+00
.4378684632615646E+00
.4628447562361777TE+00
.3736027046188402E+00
.2889512106800114E+00
.7869898245971130E-01
.6231570039628853E-01
.3079691589966131E+00
.2289637891415737E+00
.7436918758874533E+00
.9497984625849187E+00
.0858884958063650E+00
.9999388724269727E+00
-8477030776150429E+00
.7198294188761891E+00

-2117935587543294E-02
-0696784660061823E-01
.4303229539361875E-01
-1168046014834492E-01
-1614999010802953E+00
-2880949553430925E+00
-3979375268700260E+00
-3814417912130745E+00
-3342619821710338E+00
-2182458578139738E-01
.6707746126076719E-01
-1672790126087429E+00
-9412608984126496E+00
-5354134107455049E+00
.7818958655992385E+00
-9424486431915575E+00
.0195498420502913E+00
.9226812386855925E+00
-7908441022735877E+00
.6928558736686176E-03
.0771411986124756E-02
.8918844325662324E-01
-9716999749931796E-01
.0679801263601489E+00
-2730467199593256E+00
.3776771247440287E+00
.4415357994166520E+00
-3734479660578305E+00
-3038323038587867E+00
.3522852172979708E-01
.3149621263550104E~-01
.3423257971317535E+00
-1822050360114562E+00
.6890912847791695E+00
.8852641327183810E+00
-0461402861769455E+00
-9938299872529011E+00
.8726326036407208E+00
.7441883000877185E+00
.2228192847399626E-03
.5773340218081209E-02
.9063207229339109E-01
.5728163265191937E-01
.2060290944612595E+00
.3643928444706337E+00
.4557702681617113E+00
.4381717918419084E+00
.3508567583300444E+00
.2780782633183534E+00
.5129571097694586E-01
.1057294012289274E-01
.5436587097234049E+00
.4131191411220927E+00
.7993614259201185E+00
.0019418153112252E+00
.0798426863182273E+00
.9742914551823310E+00
.8045215880125145E+00
.6932774938228921E+00
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.7593261908479176E-05
.7903451300094131E-02
.8708144614040331E-01
.4147908408745369E-01
.1152814054483244E+00
.3546778330148341E+00
.4665396313184642E+00
.4904431825528948E+00
.3936628025419486E+00
.2908016891618428E+00
.9265182891651634E-02
.6698070375225689E-01
.0143947801568831E+00
.0229821778543813E+00
.7153492444901448E+00
.9499716996647196E+00
.1064546440823397E+00
.0248031764931600E+00
.8820411300961668E+00
.7270691135087555E+00
.7539441766091896E-05
.4469907962376435E-02
.5063576015646427E-01
.8775996414754068E-01
.2453588322976041E+00
.4277859861850644E+00
.5149251177213505E+00
.4693184244625661E+00
.3584976915545031E+00
.2686847821182863E+00
.2826328545589907E-02
.0356603533581548E-01
.1663964490332484E+00
.2634226760500096E+00
.8205591948314441E+00
.0558043666347325E+00
.0910089400975989E+00
.9954104841701135E+00
.8109925175167527E+00
.6803198392781900E+00
.0290070421581165E-05
.2931929613651809E-02
.2786587296886055E-01
.3498114170982582E-01
.3431682252128054E+00
.4871378993554880E+00
.5176423445249725E+00
.4350433089474470E+00
.3133268183074922E+00
.2534959445253628E+00
.6950739882685184E-02
.4727303910052874E-01
.3413488675703871E+00
.4835788635841531E+00
.9007146139664033E+00
.1253884748060585E+00
.0420383785358562E+00
.9591033376549181E+00
.7642255936785944E+00

MOV WWNNFORRPRPREE,RPERELOOONNNWOBWNNR,ORERERRR,HEREOWIANNDWWWNRNESRRRRERRRJINDWS

.4423833970582441E-04
.7465005565590140E-02
.7665892570198075E-01
.7355320029961205E-01
.1989057371055329E+00
.3869568692651808E+00
.4849027673507584E+00
.4777218590114996E+00
.3677075623466222E+00
.2776132968646616E+00
.2152566819129787E-01
.8524286732526822E-01
.2498926129008989E+00
.2573957931302742E+00
.7872988780453958E+00
.0084313003147987E+00
.0979292116836818E+00
.0059017170180118E+00
.8264650712186628E+00
.6971328305195246E+00
.0498095525452931E-04
.1182724674003435E-02
.6481757121323732E-01
.2621826446393674E-01
.3107213791984562E+00
.4570358796661864E+00
.5151759671889982E+00
.4501612846458511E+00
.3244165112694946E+00
.2589365296517234E+00
.2939438996377256E-01
.4136686997067784E-01
.4380814642032491E+00
.4803869948704738E+00
.8756606191687091E+00
.1011301168013010E+00
.0603153985883327E+00
.9797517263413913E+00
.7735968281147394E+00
.6602148634295406E+00
.1137715790566690E-04
.8798910674955444E-02
.6780321951365045E-01
.0721329153207617E+00
.3898193244369876E+00
.5114496577977463E+00
.4985742258805084E+00
-4188522366412151E+00
.2884805397127401E+00
.2493427618342527E+00
.3855612721367261E-01
.0864373377263192E-01
.6474976963891907E+00
.6602483437507360E+00
.9621051388885524E+00
.1300188298418385E+00
.016866953880430SE+00
.9291179400514076E+00
.7305789797904336E+00

H-12

gsoot

MNP WWONRONFEHEPEPEREHEERERPOAOREBLABNNNWWNNRE ONRPRPRPRRERESOWNNNWWNNROR P RREREREE®®WON

.2697257079258579E-03
.9722176235953420E-02
.8576454897290008E-01
.9954379922002792E-01
.2649873668442830E+00
.4158760666421502E+00
.4954503920395030E+00
.4453658058840160E+00
.3379706480361138E+00
.2676002704750906E+00
.9047177094332984E-01
.3058211131481678E-01
.5048286724023561E+00
.4559758425810396E+00
.8417044955951956E+00
.0598858700425331E+00
.0758836066748403E+00
.9778887876642299E+00
.7866450112259451E+00
.6729853572091717E+00
.0952939039476986E-03
.4990881309139324E-02
.9820334908384145E-01
.0515685269272108E+00
.3589362370711069E+00
.4833572835879465E+00
.5054717099621635E+00
.4186659473603831E+00
.2977082629508854E+00
.2520090183663590E+00
.0439383122628010E-01
.1308562737725079E-01
.7232648081132018E+00
.6423610582238468E+00
.9324022485567247E+00
.1211077432346928E+00
.0323958039041665E+00
.9325421721347200E+00
.7423033696231749E+00
.6452593042650041E+00
.1574920372834910E-03
.2714145310795816E-01
.2338688978422452E-01
.1877333604666447E+00
.4259088540527263E+00
.5261078131230539E+00
.4758865340787666E+00
.3871240344204234E+00
.2733763645093523E+00
.2492517760947353E+00
.2074047026110047E-01
.1161247780264356E-01
.9558530414202808E+00
.7733031634831438E+00
.0294198519818303E+00
.1087202430266134E+00
.9986623411846685E+00
.8580008304136473E+00
.6961708245054679E+00

MO WWRONNREFWHREBRERERREJDEPODOONDWWRONRNNONEPEREEREHEREREARE ONNNONWWOWRNNR®ONE BB R BB Qe 9

.2524098787833998E-03
.1854546011063434E-01
.0970826298037630E~-01
.0146621256750097E+00

3155549825247086E+00
4427332015305747E+00

.4970741822865115E+00
.4170472597136980E+00
.3106559422612012E+00
.2591998779476421E+00
.7057024398988649E-01
.0673141759342704E-01
.7671796160864881E+00
.6086596465029088E+00
.8935847128273919E+00
.0943366525525695E+00
.0491685062105640E+00
.9390644584792005E+00
.7569413508354330E+00
.6558834087560963E+00
.9040431939805291E-03
.6051882495604716E-01
.4236318389370439E-01
.1589968240973698E+00
.3960790131383478E+00
.5037701116744657E+00
.4888810269761321E+00
.3910431004775692E+00
.2805750355154479E+00
.2489935332440758E+00
.9356974450235213E-01
.2201575387758039E~-01
.0047076027299564E+00
.7502951054726616E+00
.9950758855554120E+00
.1150837620584704E+00
.0112976729803536E+00
.8672885499934502E+00
.7092453685594871E+00
.6307852683104249E+00
.3321253727046057E-02
.1298782195503288E-01
.8268212365475853E-01
.2778010917117399E+00
.4577407094527965E+00
.5280327737715624E+00
.4539661210563808E+00
.3494269792682720E+00
.2620810263016213E+00
.2509783132857786E+00
.2083181997929949E-01
.0578864400406696E+00
.2427448498963116E+00
.8440281764536515E+00
.0893404694441586E+00
.0749842230680025E+00
.9814760172990411E+00
.8009463814580258E+00
.6698280041336164E+00
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.6524016008723534E+00

6438017020142365E-05
3694274231213456E-02
1855888655562057E-01
0746389551790105E+00

.4090933483864982E+00

5272080090469917E+00

.4832298293507764E+00
.4020300065631373E+00
,2826705559216909E+00

2503212321173736E+00
1688433860949585E-02
9912028365494632E-01
5372468295139337E+00
6608298561261754E+00
9812954485192837E+00
1271059283577203E+00

.0023418566207689E+00
.8933114535417435E+00
.7229434591029240E+00
.6315754425549645E+00
.6671125400587535E-05

7216025680144625E-02

.2120180564017160E-01
.1965887938444724E+00
.4537015158543778E+00
.5333534289191217E+00
.4398229032996355E+00
+3621382520443126E+00

2670356915077785E+00

.2561808282035913E+00
.7092547371240341E-02
.6019974753743829E-01
.7495917916298440E+00
.7834316366028791E+00
.0619704038570337E+00
.0784317850884988E+00
.9663495747417477E+00
.8233810800793164E+00
.6849199683219411E+00
.6122469490309062E+00
-1178661184466120E-04
.4008766091748168E-02

3286590365806927E-01

.2911249070443296E+00
.4865220553646068E+00

5040335835730441E+00
4030180948344850E+00
3198388924139315E+00

-2591616291348540E+00
-2637305225954536E+00

32214753562839S0E-02
3165554232008347E-01
9707385096635126E+00

.8594131436936183E+00
.1169165633438691E+00

0215669899955238E+00
9124665853116447E+00
7763791574730083E+00

MNNMNRNWNNORERPERERRPEEREOERPNNOMNNNNMNWWNN SR, EPRPHEEPRRRREORPENMNNMNNNNWOWWONREORPRRERREREREOGLRN

.6373292929922001E+00
.0732206705104440E-03
.1077169996719401E-02
.8308539543017179E-01
.2005586467707152E+00
.4448480485888657E+00
.5349260561733480E+00
.4582477649220191E+00
.3840236662686518E+00
.2688847941214987E+00
.2520795160068134E+00
.4914377280409508E-01
.8854325977815101E-01
.8720013270561473E+00
.7845699805573236E+00
.0516896392287838E+00
.0948169304630415E+00
.9839959483490093E+00
.8551859266765049E+00
.6882852219989393E+00
.6160726171524127E+00
.4019189639847324E-03
.1882908406172386E-01
.0651795978848664E-01
.3007284826923426E+00
.4863605886246518E+00
.5181809749183095E+00
.4195918392359546E+00
.3400726355167318E+00
.2575378414744087E+00
.2589446203741372E+00
.6130173183277088E-01
.8249161344382434E-01
.1015817594675585E+00
.8632090851417615E+00
.1177796441102261E+00
.0382720683710991E+00
.9373021756350228E+00
.7951922431731289E+00
.6616017110118464E+00
.5988675380024273E+00
.8107440009366802E-03
.5287433597724631E-01
.3267717486457049E-01
.3680378890217140E+00
.5145391887184485E+00
.4747579257024532E+00
.3844442863338662E+00
.3018436691391440E+00
.2560125704062903E+00
.2664355207054674E+00
-7519076940839409E-01
-9174684706036933E-01
-3218649577123194E+00
-9202489027936753E+00
.1316003374327108E+00
-9931979936153921E+00
.8713598010807040E+00
.7578723449847877E+00

H-13

gsoot

.6220953042537500E+00
.5078754647495008E-03
.6726117263700863E-01
.5617415534085131E-01
.2962115331748130E+00
.4770702638982447E+00
.5275816690642627E+00
.4367723871823661E+00
.3428850881604681E+00
.2583503222674426E+00
.2545324007472589E+00
.3980577997213987E-01
.2769490907805574E-01
.1905549309056775E+00
.8581246029149865E+00

.0564015961129893E+00
.9615264100119587E+00
.7957294951682039E+00
.6640769710259051E+00
.6029222710533659E+00
.2066366895460901E-03
.1632051837168298E-01
.9024979975359531E-01
.3710512565829140E+00
.5147851193584434E+00
.4926869418529429E+00
.4017230219436396E+00
.3020251943652437E+00
.252909638553301 6E+00
.2616732090582252E+00
.6191492970016333E-01
.0623809003885112E+00
.4102117334258857E+00
.9226896774887066E+00
.1366449545560293E+00
.0084602187733220E+00
.8997747539068905E+00
.7563404658520634E+00
.6448659807509207E+00
.5860215417661512E+00
.3238949704978896E-03
.7502443969774243E-01
.0183490955334655E+00
.4169350336983026E+00
.5292084809035345E+00
.4459330548412814E+00
.3637973865713213E+00
.2795594369254937E+00
.2577768118739172E+00
.2687567407786433E+00
.8743221604860208E-01
.2159080184108204E+00
.5953779326596060E+00
.9870021197504628E+00
.1063858887057569E+00
.9720239475444474E+00
.8317575138503224E+00
.7210841896037983E+00

MNDNDWNNMEPENMNERPRERPERERPEREENONDIODNONNWWNNRENRPEREREREREPR,ON SNDNDNONWWOWRNNONRRERRREEREJREON

.1093406020116321E+00

MRONWWRNER&EPRHHERPRRRHESNNONNMNNMNNMNWOWNONNRWRERRERPRPERPPONNNNONDWWONNDNEWERP,REREEREONEN

-6085300763452515E+00
-7671613854481669E-02
-7690355188873456E-01
.2368128407747396E-01
-3629899354023614E+00
-5061216903575478E+00
-5083259008738017E+00
.4188026859586433E+00
-3058218399390624E+00
-2517299681961394E+00
-2570261866382841E+00
.5294093783701386E-01
-2148868168134599E+00
-4618953754307684E+00
.9163924758792801E+00
-1358107047236010E+00
.0246156009691902E+00
-9306748412791670E+00
.7584289985701647E+00
.6475418291339365E+00
-5910416783734629E+00
.3149753098320233E-02
.5261826667622131E-01
.0573727937169763E+00
.4177922820487847E+00
.5323163989422386E+00
.4646650489143085E+00
.3830445418115780E+00
.2798233149732452E+00
.2534870053878981E+00
.2643008364397434E+00
-9054367615077273E-01
.3922037260197135E+00
.6410275686889650E+00
.9894744365199926E+00
.1179100356129337E+00
.9874961291574436E+00
.8594816124405025E+00
.7198256558761171E+00
.6279680848319829E+00
.5728250863254605E+00
.9980302327812441E-02
.3961886961436880E-01
.1745213841180129E+00
.4533919617678135E+00
.5249425362565090E+00
.4222687412990485E+00
.3413996650421534E+00
.2676204389243333E+00
.2608804316752529E+00
.2702645916101947E+00
.3435503849020868E-01
.5871458602675084E+00
.7676070229215868E+00
.0610512805814403E+00
.0623556053703602E+00
.9470815252990032E+00
.7998221108208137E+00
.6853563360396455E+00
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6615962151882444E+00

-5959817378528909E+00
.4270766975781174E-04
.4629176897363221E-02
.4930951286193292E-01
.3541141716888709E+00
.5069330428940158E+00
.4570195701715118E+00
.3683151879654631E+00
.2910470013145037E+00
.2602548803839173E+00
.2710673001048449E+00
.0140364499258580E-02
.1463538041601693E-01
.1894216629702630E+00
.9102302428177360E+00
.1231426134200273E+00
.9787398268270877E+00
.8480710182397222E+00
.7449837532733414E+00
.6453314479442329E+00
.5793384397163650E+00
-8050271064962349E-04
.1966333178224589E-01
.6522776923066480E-01
.3897260461153866E+00
.5072612723491148E+00
.4131332959306984E+00
.3331656784428290E+00
-2790744818776605E+00
.2676335464900426E+00
.2770856883016111E+00

2.6441567682161460E+00
2.5820500287442583E+00
2.3151220146505843E-03
1.9397732324104611E-01
9.5517670272842670E-01
1.4074033854915897E+00
1.5202615804467783E+00
1.4285318230030992E+00
1.3466425373958248E+00
1.2815724118220646E+00
1.2625913152369015E+00
1.2729692737159242E+00
1.9099149041613345SE-01
1.0172079127546751E+00
2.5156246958800961E+00
2.9749808724921190E+00
3.0949536472156844E+00
2.9566569596761552E+00
2.8109578387759804E+00
2.7262914326643868E+00
2.6265753108746801E+00
2.5644345816120677E+00
2.9329645018080683E-03
2.4275582143257982E-01
1.0668977538653268E+00
1.4293373059423824E+00
1.4988675181756947E+00
1.3922382148383770E+00
1.3126933520757942E+00
1.2744272897355768E+00
1.2708529192945734E+00
1.2777367859388771E+00

gsoot

2.6263527533473687E+00
2.5679493095183314E+00
1.1941119693747042E-02
3.4362682346147672E-01
1.1322864542603428E+00
1.4449304096648892E+00
1.5127338952820031E+00
1.4062722277769633E+00
1.3245549287574274E+00
1.2702425712002641E+00
1.2658255466996118E+00
1.2739867615342269E+00
3.1676634694849987E-01
1.3872883419472803E+00
2.7320730400963993E+00
3.0498419010380147E+00
3.0479989827246312E+00

2.9283860368990240E+00

2.7831777344334934E+00
2.6892573428931712E+00
2.6094010571341419E+00
2.5502485016811813E+00
1.5152685768517889E-02
4.2172814607404818E-01
1.2241157574083679E+00
1.4637208770705386E+00
1.4727588284692148E+00
1.3742241016721011E+00
1.2965277045416284E+00
1.2674473202249925E+00
1.2734139754605391E+00
1.2777553568280726E+00

2.6100983459845621E+00
2.5543535095198875E+00
3.8420461436446757E-02
5.3631128597577904E-01
1.2663444325527407E+00
1.4786253212277720E+00
1.4882352449189713E+00
1.3876489543270907E+00
1.3053247055866675E+00
1.2626206601739782E+00
1.2685884975087709E+00
1.2742726187274087E+00
4.8515727206873321E-01
1.7945818202908248E+00
2.8459291262559687E+00
3.1083551218887426E+00
3.0065478123540257E+00
2.8901541859732003E+00
2.7628311242790673E+00
2.6637489621628112E+00
2.5942923101191275E+00
2.5368386339158229E+00
4.8761763296075671E-02
6.3992216542471059E-01
1.3285054614022356E+00
1.4932384545269728E+00
1.4408225521505913E+00
1.3546795396359319E+00
1.2857505893020247E+00
1.2651923910522915E+00
1.2755733936235500E+00
1.2774563381840867E+00



NOTE:

APPENDIX I: qash FILE

Efficiency data in this file are only appropriate for ash composition
listed in Table 4.1. For ash of different composition the data must be

regenerated using procedure explained in Chapters 3, 4 and 5.

I-1
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.3274665889109305E-02
.3545848083108530E-01
.7727168022874249E-01
.6826397041845769E-01
.1220161992778999E-01
.6712745520425916E-01
.3237791996296491E+00
.7353735191194783E+00
.0018727225061737E+00
.0994088243344038E+00
.4026717903909070E-08
.3930298551732154E-04
.3909931624577522E-02
.0679594947329842E-01
.2964891879007227E-01
.5351201543610409E-01
.7296337814318836E-01
.2587227237764349E+00
.5060137545115395E+00
.5877979564247198E+00
.6617861183879333E-01
.0007727538036990E+00
.7158396546609902E+00
.3274041681336297E+00
.2517320365920899E+00
.9740687772320840E+00
.7441493185846602E+00
.6384270648055432E+00
.5478969018877717E+00
.4770672463940326E+00
.3865218902737976E-04
.2840811071135384E-01
.9896236662348974E+00
.8557243976801638E+00
.8497920980744702E+00
.6498670255333199E+00
.4714437697128586E+00
.3889883763224837E+00

3155416105381930E+00

.2569276972912586E+00

7980043922397873E-02

.3154173836864180E+00
.1332113804245800E+00
.2978794350369189E+00
.9978107474774958E+00
.7029405903949120E+00
.5172226893614575E+00
.4076540535159392E+00
.3402277779001150E+00
.2961405698619606E+00
.4256027850342086E-05
.7988169698224064E-01
.7447377227696623E+00
.6248208471270438E+00
.2723047251308022E+00
.0653764259654737E+00
.9447432557462916E+00
.8773541398445106E+00
.8335489594225276E+00

PP ERERDONERPRODRODODOMNNONNDWNND ONDNRPDRONNONNMNONNORNROONNONDWWWREOREERER,OONDE ONWNNE R OO WERE W

gash.samp

.3229776001236527E-02
.7074963122248538E-01
.4262659836502019E-01
.9240215328598891E-01
.6067089916887900E-01
.7824620710925603E-01
.4358858012846620E+00
.8179614684159895E+00
.0412804539353799E+00
.1016445432625939E+00
.6748526703401987E-06
.2766228902863111E-03
.0545995736044697E-02
.3059363723523140E-01
.7174645393065577E-01
.5390755379580803E-01
.7773619031049419E-01
.3360201693543794E+00
.5412360167858099E+00
.5864939390341504E+00
.3315666062553726E-01
.2356604769208812E+00
.3658980079725138E+00
.4769422036552475E+00
.1379401159120333E+00
.9172450823213687E+00
.7059519824080400E+00
.5950089738124786E+00
.5341263604074449E+00
.4710014140264747E+00
.8989912650998010E-02
.2584023024584914E-01
.6123755199479524E+00
.9579148986852850E+00
.7639393802143113E+00
.6085946181043531E+00
.4416752424456067E+00
.3527688110500762E+00
.3029878693498151E+00
.2521180837862769E+00
.1325535780218066E-02
.1708777737730340E+00
.5318409022198129E+00
.3384725507174489E+00
.8070632098491410E+00
.6429696832142313E+00
.4825994075627356E+00
.3887150386049743E+00
.3269083774785915E+00
.2883087268622351E+00
.0576069386156119E-03
.5938967324707973E+00
.9950415631583789E+00
.6518021140228489E+00
.1117602465945438E+00
.0249238837415122E+00
.9232448249213636E+00
.8653269614885422E+00
.8248427551328839E+00
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.6749819774507321E-02
.0645578509986220E-01
.9693842594431250E-01
.1472972690491448E-01
.0927482854709856E-01
.0928158855230126E+00
.5429748852090430E+00
.8901908679013939E+00
.0701923185569253E+00
.0971709086886232E+00
.8860896374788782E-05
.6555776687434627E-03
.3835502952806619E-02
.5169312835118134E-01
.1470625285105247E-01
.5884166787355991E-01
.0781615350657585E+00
.4033262600720613E+00
.5661299254684868E+00
.5786497188914415E+00
.7372745505057912E-01
.6746781734816731E+00
.4476969283742096E+00
.4002764770419853E+00
.1537266776151407E+00
.8677557891491912E+00
.6888619308633404E+00
.5782586257895801E+00
.5164224915295832E+00
.4706390739781963E+00
.1839087796511744E-01
.2844842648472081E-01
.8518850830891207E+00
.9239266021141628E+00
.7847085366730875E+00
.5720091372974778E+00
.4303443237321809E+00
.3408414612047741E+00
.2899276134547120E+00
.2508649454780567E+00
.7478462828651464E-01
.9612141811468098E+00
.0682330406581269E+00
.3504101937121757E+00
.8010339019964761E+00
.5943497137313272E+00
.4530709926107437E+00
.3712583519746131E+00
.3151778741820221E+00
.2810985105238810E+00
.1549273372592480E-02
.5428304064095408E+00
.4434949749002395E+00
.6509523998325486E+00
.1176411996121485E+00
.9923628983607427E+00
.9051778484510216E+00
.8539726495396309E+00
-8172370646538183E+00

PR HEHEFRORODOMERPNONNNNNONNNNWWRELONNONODRONRORNONNOMNERERODRONRONMNNONNDWWWN OHEFEHEFEJDWHEOONNNDE R P 908N B

.0078515384719698E-01
.4216636167907196E-01
.3802226156826030E-01
.6206556629183602E-01
.6051853218823195E-01
.2087342815237734E+00
.6433232123794468E+00
.9515580485093000E+00
.0892777002857152E+00
.0872533013455747E+00
.9799542356285792E-04
.4315478377988678E-03
.0494822973228158E-02
.9002751848326344E-01
.5891885218672903E-01
.6587731620191080E-01
.1723393521272021E+00
.4600686439115005E+00
.5813589294127910E+00
.5655424355013325E+00
.0857964604775210E-01
.2892068400687622E+00
.3031394733269295E+00
.2162003883038830E+00
.0372411408734310E+00
.7992802668466958E+00
.6745293116255615E+00
.5673852252385680E+00
.4977063683828895E+00
.4527816113832466E+00
.1837371178225320E-01
.5348727216213465E+00
.8077721728327298E+00
.8057466915040665E+00
.6959634871787661E+00
.5153490582878648E+00
.4201021191257315E+00
.3328996684832100E+00
.2748596417743303E+00
.2356949235551924E+00
.4907549078464137E-01
.9719788118126049E+00
.1431722457102187E+00
.1033299383090807E+00
.7462711005397180E+00
.5546129909284980E+00
.4286510452453207E+00
.3550654763988548E+00
.3049842406088681E+00
.2741744835479643E+00
.7882638635925260E-01
.5966569741796908E+00
.5506377604015138E+00
.3930806895399925E+00
.0796648087578888E+00
.9675609838982417E+00
.8903257951977306E+00
.8433148787516664E+00
.8106691027839541E+00
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8049784794154025E+00
6312413798992502E-02

.0001374428943204E+00
.0717899342192401E+00

4345305729062048E+00
3802515218162199E+00
3344671184633166E+00
2718007941006393E+00
2302881500134419E+00
2015373550943123E+00

.1803672778686480E+00
.2683719331362395E-05
.1345170634268890E-01
.3362203603312659E-01
.0657488372768453E+00

1330296006290903E+00
2105350172477214E+00
2400668314868242E+00
2459018850900501E+00
2463486028283068E+00
2451465624504858E+00

.9328597052888565E-02

1568841104573536E-01

.0365158104058827E-01
.2119880961922624E+00
.1332334243450486E+00
.5608075621860840E+00
.1866406339124760E+00
.2181889564040542E+00
.1579052115738593E+00
.1507249824891157E+00
.4163759411982482E-06
.9680410315983766E-02
.4643712940607587E-01
.3274233721659168E-01
.3678692153459775E+00
.6355002190621122E+00
.1561324339469248E+00
.1579621174422190E+00
.0968798249246672E+00
.0964434617524856E+00
.3663026913755742E-03
.8606304220646547E-01
.1833660657727658E+00
.3034206350160735E+00
.8771310231653016E+00
-4214793960076437E+00
-2701347776393983E+00
-2116567200230328E+00
-1900624026072011E+00
-1544142273864728E+00
.8376813265480236E-05
.5519179688256327E-01
.1023804343489303E+00

1253911821371205E+00
5710719570091216E+00
9517548906562141E+00
6573721998465691E+00

.5012295261434050E+00
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1.7998855535460008E+00
2.1812731620148798E-01
1.3023944664661102E+00
2.3057992463020676E+00
2.4184303273601464E+00
2.3785574168440777E+00
2.3170376583100452E+00
2.2597536322772513E+00
2.2221698313725566E+00
2.1956692980893120E+00
2.1759067389356024E+00
4.9600155791539502E-04
2.4174379901309018E-01
9.2700442629735880E-01
1.0634179596666256E+00
1.1643673494315179E+00
1.2235516902802543E+00
1.2424547125367233E+00
1.2462932969879534E+00
1.2461375910530137E+00
1.2447414104362680E+00
4.8604465147389919E-02
2.8263436835415279E-01
6.7382743820429325E-01
1.3868004721536928E+00
2.3358050906660965E+00
2.4474935043072081E+00
2.1976476983412367E+00
2.1952502394774926E+00
2.1604092073183896E+00
2.1425672941700862E+00
9.3610259723552161E-05
4.1619079137950682E-02
2.4630374555029105E-01
7.6820418879849373E-01
1.5281305424537936E+00
1.4841044335382652E+00
1.1551800646615678E+00
1.1332262093617049E+00
1.1008291126806189E+00
1.0901821734515036E+00
6.7202707199551445E-03
3.5010202731776247E-01
1.8246797908611143E+00
3.5049148006585518E+00
2.5574131820832231E+00
2.2880745113636771E+00
2.263923651357790SE+00
2.2100852140939735E+00
2.1656285601345711E+00
2.1548116057368270E+00
7.1746711075208627E-04
3.0854380767298578E~01
1.7183275535817595E+00
3.3031230553744106E+00
2.2114647066299549E+00
1.7743321940689674E+00
1.6232234809699124E+00
1.4801662420809569E+00

1.7950873612386857E+00
4.5203361000264602E-01
1.5966805027346525E+00
2.3934488663792184E+00
2.4047718205125386E+00
2.3691956712502242E+00
2.2999300144835138E+00
2.2489763323059138E+00
2.2147211427880507E+00
2.1902132451773118E+00
2.1717150637661220E+00
7.8900788604811256E-03
4.0904966361922823E-01
1.0032139212305009E+00
1.0722723073024885E+00
1.1828234217991431E+00
1.2310237144067870E+00
1.2441382544255866E+00
1.2464600614222197E+00
1.2458564183958223E+00
1.2443140649749247E+00
9.9383815552003860E-02
3.5379298744890458E-01
8.5429258121398943E-01
1.5578619111708623E+00
2.4752900460589888E+00
2.3117038371137824E+00
2.2198659947505743E+00
2.1730812740676297E+00
2.1615877324048873E+00
2.1365162117593064E+00
1.4490463018479837E-03
7.1669996489356555E-02
3.6929664743642676E-01
9.0412823296819078E-01
1.6313262925042495E+00
1.3193888491839989E+00
1.1688950465847374E+00
1.1105733950829868E+00
1.1036608835704200E+00
1.0860355224509166E+00
2.4271692552465293E-02
5.6877235331104314E-01
2.4155577067045559E+00
3.5421463459830838E+00
2.4227364294340408E+00
2.3075971721964690E+00
2.2533297232594376E+00
2.1921712152766015E+00
2.1673072010557308E+00
2.1511341084292206E+00
1.1375655620948151E~02
5.1440721849297788E-01
2.2852911383766297E+00
3.3195448676115653E+00
2.0425754607778170E+00
1.7571970767794147E+00
1.5870726835289581E+00
1.4442872129132684E+00
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1.7903692416909438E+00
7.1249594268572336E-01
1.8591510668419369E+00
2.4548925575130527E+00
2.3830671847592710E+00
2.3560987160786944E+00
2.2850996012119427E+00
2.2391848948587278E+00
2.2078684010002432E+00
2.1851250655125019E+00
2.1677673739534478E+00
3.8717756728000235E-02
5.8238880099540913E-01
1.0574272940336156E+00
1.0951616638533892E+00
1.1935566492713581E+00
1.2364222196451360E+00
1.2452199922571072E+00
1.2464663845033086E+00
1.2455215848445438E+00
1.2438707467386723E+00
1.5458629674530172E-01
4.2735481646267481E-01
1.0301886960434690E+00
1.8706681188522254E+00
2.5539890446019959E+00
2.2185922562536491E+00
2.2289914791454488E+00
2.1603796638561552E+00
2.1581088116939160E+00
2.1334671053784753E+00
6.8866367865818168E-03
1.0702829354680927E~-01
4.9590311776148066E-01
1.1557815734497836E+00
1.6788430553153679E+00
1.2044474299702150E+00
1.1722799743782959E+00
1.0983065149727347E+00
1.1019618561765552E+00
1.0848793659944178E+00
7.6411906652073619E-02
8.6982985139363844E-01
2.9277329885325249E+00
3.3162278431739667E+00
2.4338558551563194E+00
2.3251847865718278E+00
2.2140527490231774E+00
2.1914125258072779E+00
2.1638441211168198E+00
2.1437649503310294E+00
5.5183411249676462E-02
8.0108874333007574E-01
2.7738257802153448E+00
3.0493474019876805E+00
2.0199994371318306E+00
1.7441409306724771E+00
1.5246556762433561E+00
1.4257771475382917E+00
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.4074499173626256E+00
.3223985325753056E+00
.0510256982436037E-03
.2962027169733091E-01
.3881273071647322E+00
.8832389884317107E+00
.0336820209680213E+00
.0968047518923099E+00
.2768700958295658E+00
.1966094696388687E+00
.1314171818838252E+00
.1451263448630571E+00
.4661515033990551E-05
.1437075161055709E-01
.3463625092017564E+00
.7895485332758465E+00
.8701989995446444E+00
.8614989290624908E+00
.9603941884391420E+00
.8147986598865813E+00
.6956561112025574E+00
.6635040725449781E+00
.4203516332254878E-04
.4473974759955663E-01
.3364986652584370E+00
.8668626212654855E+00
.7785032200830395E+00
.4289223537753770E+00
.1913522300438379E+00
.1431438508768248E+00
.1367060736185048E+00
.1141955988827426E+00
.1389679243722721E-04

3296886635565273E-01

.3069719036642451E+00
.8023680912250115E+00

6665817167647692E+00

.2761042002825795E+00
.9744205139767808E+00
.8737341376561245E+00
.8223463174439876E+00
.7595968331433300E+00
.8731945834742796E-04
.2971088175450187E+00
.0567053574884566E+00
.9985616377709643E+00
.4021801337972635E+00
.1885368653723138E+00
.1959804702922034E+00
.1482863228537767E+00
.1376841569043670E+00
.1107771578031405E+00
.2241974920127154E-04
.2823131917819186E+00
.0218198376723091E+00
-9236976127235139E+00
.2810037980684768E+00
.0183868885380547E+00
.9525338839767641E+00
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.0504128141889042E-01
.2996107940678265E+00
.4080188910333531E+00
.5402815224438342E+00
.4497687359599447E+00
.1850125110317964E+00
.1577882753342643E+00
.1721508779886443E+00
.1184405560147948E+00
.1415436207705774E-03
.8298040703111793E-01
.2448558934746461E+00
.3045576875021405E+00
.3595855505024397E+00
.1960474125832539E+00
.8509557256679752E+00
.7607502349035227E+00
.7234449282031314E+00
.6278418302005844E+00
.1502664293266208E-03
.4751008124940914E+00
.0421697775255270E+00
.2306875984046339E+00
.6221038672861168E+00
.1818318754529029E+00
.2187367653057590E+00
.1697134704449712E+00
.1327691085481626E+00
.1270045883984090E+00
.4760566022889183E-03
.4573591905663197E+00
.0039107600388313E+00
.1572610366386140E+00
.4987100585215214E+00
.0109717886564451E+00
.9878563479028646E+00
.8876322158270940E+00
.8064183620896437E+00
.7627608579796723E+00
.0574849752440047E-02
.1352291569857771E+00
.1707177933371788E+00
.9253081487834889E+00
.0436543201010644E+00
.2538250399210833E+00
.1758356424393992E+00
.1371939493494962E+00
.1119392278307623E+00
.1045402167409941E+00
.7672831023799438E-03
.1169595303955919E+00
.1265249579210872E+00
.8418869506961604E+00
-9142720301677141E+00
.0626951996378162E+00
.9151701230517755E+00
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3719083320358145E+00
3121226324221600E+00
7339609779861831E-03
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.3592974095102526E+00
.2986907842247912E+00
.9957754161990731E-02
.4000195915814215E+00
.9252271046038492E+00
.8405885082576514E+00
.7920751739409653E+00
.2299264545739370E+00
.2232032572894713E+00
.1720598834892422E+00

1336125706125508E+00

.1391023113005039E+00
.4099506035876123E-02
.3690217867638701E+00

8560667818995054E+00

.7218833182947928E+00
.5923284700331042E+00
.9553896432279712E+00
.8714691302462325E+00
.7605617190627330E+00
.6737271443628967E+00
.6380726771241012E+00
.4870253252157626E-02
.0971125323644992E+00
.0844421107217475E+00
.9113826218073835E+00
.1880830749281883E+00
.2814141712397813E+00
.1514385651360803E+00
.1486361080937235E+00
.1306499229468390E+00
.1029587404830687E+00
.0857532616799696E-02
.0768602923918880E+00
.0379203250179465E+00
.8289764992800090E+00
.0549264759653436E+00
.0928397653842503E+00
.9068259129390768E+00
.8536880569640184E+00
.7945873014903815E+00
.7303172498057509E+00
.4054480110761119E-01
.9499218165130365E+00
.4867509497614813E+00
.2705670284383306E+00
.4197246583722487E+00
.2285719120082659E+00
.1559489535935130E+00
.1456054999846268E+00
.1207377910333691E+00

1078477341502442E+00

.3603802251487024E-01
.9249005872490819E+00
.4333284953347318E+00
.1799039694295379E+00
.2773042374022148E+00
.0207143189965375E+00
.8791247150519490E+00
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.3422641670452544E+00
.2823995697705262E+00
.7112825169962223E-01
.8992512866658944E+00
.1069253723936381E+00
.9544241997442495E+00
.5519426359714927E+00
.2192852298764310E+00
.1798582967634470E+00
.1746251348873318E+00
.1379802882499108E+00
.1146444134700464E+00
.6099278025437919E-01
.8636064246598334E+00
.0232947165826385E+00
.8140783692181957E+00
.3385178688445269E+00
.9249143317990354E+00
.8137512034794017E+00
.7502107113410368E+00
.6674206726150418E+00
.6048915382415057E+00
.1863955913859743E-01
.7735699409081982E+00
.5939798002514136E+00
.2377624474706970E+00
.1483697308312504E+00
.2137483460616934E+00
.2081633803071594E+00
.1440457594147211E+00
.1280376901764662E+00
.1153059822838007E+00
.1143889326875551E-01
.7464489931709579E+00
.5386469358379058E+00
.1384673257744344E+00
.0095348771130892E+00
.0095021057148998E+00
.9481711329617346E+00
.8397879358281595E+00
.7822285704633805E+00
.7346333367498947E+00
.4239377089589569E-01
.5270166808326917E+00
.5890952115342536E+00
.8827482649059673E+00
.4726932022135863E+00
.1825549984980093E+00
.1644886883822099E+00
.1176218560205959E+00
.1116257123657443E+00
.0955781319667950E+00
.3407331275259562E-01
.4987742470981975E+00
.5250748830948200E+00
.7753406075463505E+00
.3256345602760962E+00
.9564669259106746E+00
.8715113745655749E+00
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8388892806077735E+00

.7700740806630306E+00

6909260110710875E+00
0475762662016999E-03
7773900683468937E+00
1234470465058912E+00
8070956179190290E+00

.9727147928943252E+00
.4276505923545195E+00
.0979458769967572E+00

1728688350307035E+00
1101848885950094E+00
1040206272077371E+00
3062569916998973E-04
7604889217834245E+00

.0878486927855313E+00
.7335796769488281E+00
.8465702897953542E+00
.2492777627333851E+00
.8396702431554521E+00
.8459667115067508E+00
.7220238513424393E+00
.6632165384444662E+00
.2425579913243484E-03
.1036186500758984E+00
.2276897482005538E+00
.1806454288243451E+00
.2352325284850529E+00

1183864616163262E+00

.1702321463444756E+00
.1198574385896869E+00
.1076231147369686E+00
.1005965643434785E+00
.7264240491454027E-04
.0862543824775241E+00
.1846501297353855E+00
.0922195628361364E+00
.1034452550207559E+00
.9293343949725741E+00
.9000267183030743E+00
.7792544243029638E+00
.1022187751483357E+00
.6393562581890557E+00
-5848282616997581E-03
-4439971363519546E+00
.8268536651347120E+00
-7172479964613037E+00
.5820216932677296E+00
-3199565120952435E+00
-1667932162677892E+00

1204464921236195E+00
1092724610676470E+00
0919075478718545E+00
3574556773432895E-04
4248517323748926E+00

.7825883068610939E+00

6229496454532053E+00

.4467776298237705E+00
.1188278026315097E+00
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.8130426973748297E+00
.7313134536235817E+00
.6723684626454640E+00
.5037375777970000E-02
.4917556071453855E+00
.7302822751006901E+00
.2568288110431443E+00
.4190742587958511E+00
.1730812661431020E+00
.1723275583828809E+00
.1389484206362761E+00
.1081580687302397E+00
.1014126836062208E+00
.3055216312461062E-02
.4712099608723963E+00
.6823489125084352E+00
.1670345075075819E+00
.2806857455601133E+00
.9697771509506923E+00
.8970965894767555E+00
.7964872731303749E+00
.7072165805503485E+00
.6479088250149301E+00
.0855465008502574E-02
.0635383358986443E+00
.4193865609023111E+00
.7341503263781393E+00
.5629172500632826E+00
.2717805202074595E+00
.1600450288696500E+00
.1283251545326842E+00
.1188407549514352E+00
.0942792755765627E+00
.8689407342246549E-02
.0386976703287973E+00
.3670749211103721E+00
.6382568921650034E+00
.4231298944050770E+00
.0642618719899479E+00
.8711176145314337E+00
.7700822486985306E+00
.6978204603827702E+00
.6201359381335401E+00
.1572890942123510E-02
.5753319187765453E+00
.7224888456878067E+00
.9111378873873979E+00
.1105977657580137E+00
.1857342238153170E+00
.1450439811214230E+00
.1041418346777765E+00
.0957276448169746E+00
.0875780624648121E+00
.9123334722981113E-02
.5487958716362304E+00
.6618346928564645E+00
.8050789714967839E+00
.9621361775587487E+00
.9618525861339733E+400
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-8066940678371379E+00
.7266294030422651E+00
-6638481283307394E+00
-0290627672868242E-01
-5003810688552539E+00
-9391742873361517E+00
.7663418301411640E+00
-5295913892104140E+00
.1366564596022117E+00
-1992367387583887E+00
.1005642845137280E+00
-1218572048891216E+00
.0945214542701067E+00
-9782390893211657E-01
-4733919040574999E+00
-8748964655861227E+00
.6656650739201924E+00
.3836431650979804E+00
-9185859643382477E+00
.9060960000626819E+00
.7434920541339163E+00
.7072340217932980E+00
.6284769977387299E+00
.7837705686586695E-01
.6582042847669261E+00
.2922830657913984E+00
.9255503485665559E+00
-1128666328999524E+00
.2162404121901420E+00
.1456429224027795E+00
.1319428965043303E+00
.1007406482556719E+00
.0927052564857060E+00
.7268906318410097E-01
.6297387966363992E+00
.2282137393833032E+00
.8190579938751688E+00
.9631985898870368E+00
.9858846561234815E+00
.8382641110468616E+00
.7571749417328448E+00
.6666066447945775E+00
.6061101456271099E+00
.0305140751478247E-01
.2174477687651635E+00
.8726678609899909E+00
.4858984258589727E+00
.2933947669753252E+00
.1323422709721505E+00
.1374137499003485E+00
.1092962720737329E+00
.0922299967139835E+00
-0871078577229856E+00
.9642593296244205E-01
.1827000390048417E+00
-8010040937157117E+00
-3719611915717591E+00
-1309075817092573E+00
-8843944189034780E+00
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-7639556357462862E+00
-7045826868645955E+00
-6396813788705744E+00
-2888224115841116E-01
-9494230193946445E+00
-0942830816178963E+00
.6512942582276033E+00
-0537834781343318E+00
.3094382469872814E+00
-0899792913962028E+00
-1473344363115006E+00
-0981568990558217E+00
.0945294259977252E+00
.1913506272724348E-01
-9158769579183379E+00
.0233481196129666E+00
-5348083076054269E+00
-8916704641754902E+00
.0647553807313277E+00
.7812601518557754E+00
-7755756244265282E+00
.6697625094031214E+00
.6170327978599270E+00
.5929363328062656E-01
.2380929590302276E+00
.8384677480675984E+00
.1569366283842104E+00
-2486022351436517E+00
.1394011904789787E+00
.1417478399375107E+00
.1050172390311297E+00
.0965408518368753E+00
.0889667705781645E+00
.476880425625504 6E-01
.2029152542979951E+00
.7637304670852847E+00
.0351834393136987E+00
.0848192249680415E+00
.8889290296972798E+00
.8169627866787641E+00
-7146652200066628E+00
.6485747046324550E+00
.5900856668216283E+00
.3945623386528831E+00
.1783266423955618E+00
.0811302733724744E+00
.0858383801699225E+00
.3232361622494189E+00
.1580556786165963E+00
.1372007070781405E+00
.1180944681526022E+00
.0948522113076042E+00
.0849170070879941E+00
.3799604640043475E+00
.1373183531137299E+00
.9989353348404242E+00
.9581918298065060E+00
.1450093947495223E+00
.8895247918138296E+00
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.8774598351021561E+00
.7557807285932372E+00
.6779692289979196E+00
.6028258640336355E+00
.9964985936799053E-03
.9003036609237536E+00
.6588528149264157E+00
.9594034134107132E+00
.3081457416436129E+00
.1031358156087827E+00
.1611470728993627E+00

1203155715218300E+00

.0975109703996067E+00
.0809796477449063E+00

0253794178693709E-03

.8758155789637696E+00

6010385858840408E+00

.8515478953334807E+00
.1507745956170861E+00

8819327950177804E+00

.8420901559489538E+00
.7203637264831564E+00
.6273476039223493E+00
.5510538942309855E+00
.4401479801579983E-03

3845657002678475E+00

.9948751876476516E+00
.8131461190026243E+00

0390941244131127E+00

.1988559840418467E+00
.1119833994129005E+00
.1126573672761841E+00
.0932932751466198E+00
.0877203453680546E+00
.3448064461479008E-03

3555243824475727E+00

.9394628036812849E+00
.6955858953871203E+00
.8763095969707866E+00
.9546796414968701E+00
.7648618297565397E+00
.6796101815718179E+00
.5874437037509750E+00
.5206569675722963E+00
.1398554166809332E-03
.6343037843991488E+00
.6558352275539230E+00
.4116064112346134E+00
.2572079086509751E+00
.1950855791317814E+00
.1344905890912225E+00
.1031015092118794E+00
.0868523795272234E+00
.0777452918312975E+00
.8636352908459927E-03
.6028716449853078E+00
.5823223539338738E+00
.2760562169972398E+00
.0701753060910608E+00
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.8357897781699535E+00
.7214214404572470E+00
.6486005714832386E+00
.5853191720532704E+00
.3444129933858627E-02
.6998131747167791E+00
.1140019810097752E+00
.5918179532539645E+00
.1714054332818740E+00
.1936554609759651E+00
.1135952941820668E+00
.1209757929602291E+00
.0968500425765595E+00
.0782821375307163E+00
.0581612924272994E-02
.6699270557953581E+00
.0472753201540792E+00
.4743187879254598E+00
.0038349031396701E+00
.9460635099201860E+00
.7725582386832890E+00
.7024055182522331E+00
.6107550495294820E+00
.5347527170893502E+00
.6447540993011615E-02
.0946746309391635E+00
.9563401040584825E+00
.1943084222916216E+00
.4398106241085835E+00
.1305224482743799E+00
.1199787277917754E+00
.1043824834255695E+00
.093570787647429ZE+00
.0826232176153754E+00
.3156520693337241E-02
.0572049243802280E+00
.8809895156230272E+00
.0662750667953049E+00
.2565347842223371E+00
.8613478388986346E+00
.7503008296047224E+00
.6516604750031434E+00
.5715737847352766E+00
.5018205553331507E+00

7330804882602050E-02

.2966273416977634E+00
.8585069238026244E+00
.0007441547950480E+00
.2531461389909841E+00
.1778262083744431E+00
.1250436689876122E+00
.0982386560205657E+00
.0839185131934306E+00
.0759691860561569E+00
.3399845477945841E-02
.2552949060984409E+00
.7680179668296956E+00
.8567397043804093E+00
.0467448688942489E+00
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.8086178908199428E+00
.7098346539313365E+00
.6309105053773374E+00
.5719091437594654E+00
.2270931807991727E-01
.1772023564291150E+00
.8636477542609720E+00
.0511686891052774E+00
.4147101789932330E+00
.2394173782446929E+00
.0978528248795767E+00
.1119089874232388E+00
.0940224949360111E+00
.0800878734134471E+00
.1476969071119938E-01
.1407443030503854E+00
.7867569538175847E+00
.9259944530166646E+00
.2319461795960827E+00
.9673255587429530E+00
.7371470092468888E+00
.6756040271988610E+00
.5930381720717264E+00
.5234172323966251E+00
.3842657306535255E-01
.1400105450811990E+00
.1242773144525176E+00
.0073625410163145E+00
.1086283631930081E+00
.1079751116782330E+00
.1239153831990110E+00
.0976199507998206E+00
.0937051845391133E+00
.0776374462479326E+00
.2904340311736429E-01
.0949441138794356E+00
.0290213904614394E+00
.8692291951501758E+00
.9085132615253124E+00
.8100656412810106E+00
.7317353748670890E+00
.6264119752502584E+00
.5558865500885992E+00
.4836584347296471E+00
.099129Y5549045350E-01
.1809335282056761E+00
.5163666374269256E+00
.3339160359756250E+00
.2134627075095854E+00
.1606149833574180E+00
.1167031116815935E+00
.0936289014405989E+00
.0816735565668889E+00
.0743017741464764E+00
.9814026169936758E-01
.1294019217257523E+00
.4103837656880867E+00
.1836565597106339E+00
.9905051924353308E+00
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.7902032989085728E+00
.7024407319168386E+00
.6195163872387650E+00
.5574027527120813E+00
.8082829150699877E+00
.1704268984285875E+00
.5274111596361601E+00
.4573082844722522E+00
.0594010477851690E+00
.2166630731273340E+00
.1080729890993357E+00
.1019998590974907E+00
.0876340490746372E+00
.0829561454515253E+00
.7909044382647386E+00
.1252165563359116E+00
.4286501745073408E+00
.3246819341851754E+00
.8631713884428542E+00
.9210692102407709E+00
.7269090115639023E+00
.6482224645256327E+00
.5720223337423294E+00
.5137901431806511E+00
.0824980128185602E+00
.6878707708406746E+00
.8091345103966474E+00
.6234708880956958E+00
.3006410590952253E+00
.1057018659761626E+00
.1204317818199687E+00
.0939845130195751E+00
.0916773394423105E+00
.0737288199467621E+00
.0635966821187255E+00
.6376413601088076E+00
.7038905022174911E+00
.4692714804816611E+00
.0868043007377954E+00
.7819436486061522E+00
.7073377793128248E+00
.6052973447606542E+00
.5388865930604352E+00
.4669378461159459E+00
.3072244463152929E+00
.5005906853610123E+00
.9583001259830177E+00
.3055047622174243E+00
.2218381833714371E+00
.1458089876023827E+00
.1095726642757717E+00
.0900401196094740E+00
.0796411373838222E+00
.0726440672419666E+00
.2863050403896481E+00
.4376169100054668E+00
.8361579125578289E+00
-1401264442002179E+00
.9828656588857447E+00
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.9234121445372101E+00
,7495117103908260E+00
.6261891472807244E+00

5343960092409421E+00

.4634232629489754E+00

1179136806331418E-03
7663316067021246E+00
0974473148979627E+00
0203515819944853E+00
4319177024310648E+00
1859683160478367E+00

.1299963042864030E+00
.1074777604689148E+00
.0821391781424152E+00
.0735387718074771E+00
.6199984190087735E-03

7293291095338112E+00
0134810382139161E+00

.8703740093295718E+00
.2202211012230042E+00
.8810496776082486E+00
.7023077573201930E+00
.5829914784395758E+00
.4806413839548174E+00
.4107220666805784E+00
.3144760879864830E-03
.2528660675848480E+00
.8184650808232556E+00
.0899431496959151E+00
.1084435472005287E+00
.1365184817427689E+00
.1202445225975572E+00
.0926459957528993E+00
.0832556137650404E+00
.0699334051891713E+00
.6277433955899268E-03
.2069718229849551E+00
.7309131849251340E+00
.9304336404527624E+00
.8794956990466172E+00
.8065460909624664E+00
-6606159704834775E+00
-5332859176894105E+00
.4468228229883977E+00
.3733605876468338E+00
.8345303759274048E-03
-2388598434282736E+00
.9184450646762843E+00
.4738107446867050E+00
.2215617408322559E+00
.2005477995698848E+00
.1099778729605423E+00
-0879321675461089E+00
-0762835331934286E+00
.0645823681276143E+00
.0223319264676887E-03

1942046851390486E+00
8195967056869056E+00

.3131402391080536E+00
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1.8751770898493465E+00
1.7150429287931717E+00
.6009054292649110E+00
.5150004006490627E+00
.4479779150982570E+00
.0718763497751273E-01
-1039241824466197E+00
.0385053439230956E+00
.2345903085920309E+00
.1086933095413931E+00
.1870719709982001E+00
.1183555679000734E+00
.1025933884002894E+00
.0783948199092532E+00
.0713808110918199E+00
.0244445062905312E-01
-0549887152793076E+00
.9340959171296530E+00
.0793134657027057E+00
.8777265728192136E+00
.8477656659366324E+00
.6641306830486637E+00
.5570003877267908E+00
.4601737148936567E+00
.3951982499526447E+00
.4563148689276911E-01
.2576209769260434E+00
.4425359843231473E+00
.6010953816064082E+00
.3528492357452415E+00
.1144927591517630E+00
.1114769829727122E+00
.0832567469425149E+00
.0779709927325092E+00
.0665312219178515E+00
.4014146663572363E-01
.1993840907562259E+00
.3282719877575797E+00
.4281081348477596E+00
.1030335331714887E+00
.7489587050508555E+00
.6245112354401290E+00
.5029318656852066E+00
.4250913834936478E+00
.3571179378616687E+00
.9634028327484318E-01
.7048771823380431E+00
.8242596051561972E+00
.4765659025293152E+00
.1205643509924723E+00
.1464095920890771E+00
.1096878450024565E+00
2.0912805162968708E+00
2.0732661896509659E+00
2.0646089174100011E+00
1.9027265548270708E-01
3.6482610755971843E+00
2.7037552709078705E+00
2.3029370152171014E+00
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1.8288309968026215E+00
1.6832303487896321E+00
1.5770002615816987E+00
1.4968691277496771E+00
.4332765587808243E+00
.0557439965716553E+00
.6545223713943509E+00
.8807718024491411E+00
.6021491415295115E+00
.2914790860214689E+00
.1709149666273793E+00
.1124170740612955E+00
.0955009721915969E+00
.0762861785472206E+00
.0687122302710637E+00
.0404861201482491E+00
.5939628297493615E+00
.7587108834767480E+00
.4354429885473565E+00
.0420938358619023E+00
.8013048771104807E+00
.6334134891600756E+00
.5302926829240786E+00
.4423793617988236E+00
.3799027494421561E+00
.3912588340873961E+00
.3956175150071144E+00
.9147686013671854E+00
.3750457999022738E+00
.1028179673598371E+00
.1301340825289872E+00
.1105218717873884E+00
.0830361558478176E+00
.0742814858715577E+00
.0647007733049323E+00
.3723907520656662E+00
.3270649628200366E+00
.7815493349777811E+00
.1965634711849003E+00
.8314238514916445E+00
.7307543804786496E+00
.5979127924424041E+00
.4827851381507280E+00
.4059033891670338E+00
.3432191815008527E+00
.7962201789448871E+00
.7803927961333277E+00
.5873475086515820E+00
.0541120748207504E+00
.2840279494423648E+00
.1187341160950073E+00
.1035562996340338E+00
.0815215981796551E+00
.0717018610174973E+00
.0643500989514436E+00
.7751552630072238E+00
.7052552474155234E+00
.4479591218056926E+00
.8676346051169523E+00
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1.7869061121776049E+00
1.6536459587484333E+00
1.5550496602920800E+00
1.4797088519671580E+00
1.4191455996674600E+00
2.6030438978863928E+00
2.8204900301691129E+00
2.6442431787054290E+00
2.0481368839712526E+00
2.1587714363354822E+00
2.1498557344976081E+00
2.1101796514096618E+00
2.0881564083291195E+00
2.0750238220838697E+00
2.0661396593486390E+00
2.5773432734750896E+00
2.7483104421761131E+00
2.5089860239730810E+00
1.8607066705553672E+00
1.8894043630875073E+00
1.7499034360267611E+00
1.6076739861092231E+00
1.5042821011514587E+00
1.4262331615542476E+00
1.3655016445114412E+00
3.1353528599908258E+00
2.3686444609067085E+00
2.1983399225780778E+00
2.3306833290164608E+00
2.2367904508143766E+00
2.1337621473691533E+00
2.1047654668234639E+00
2.0853205244599939E+00
2.0725083664118253E+00
2.0647774540708292E+00
3.1029859337522048E+00
2.2912962502507992E+00
2.0468831442857605E+00
2.1245808250166038E+00
1.9451228801386358E+00
1.7029897679625663E+00
1.5681003709131569E+00
1.4663833421240735E+00
1.3896448483007402E+00
1.3319236100398473E+00
3.5983523329605669E+00
2.0347770699484689E+00
1.9916668895449934E+00
2.4020537482269440E+00
2.1406207017316037E+00
2.1198743319435072E+00
2.0870319754851496E+00
2.0763466126074195E+00
2.0689691640168109E+00
2.0604471806091067E+00
3.5640516954642125E+00
1.9449464082544992E+00
1.8376953004472096E+00
2.1867971626588227E+00
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.9834717251255580E+00
.8573422923682239E+00
.6334120569813131E+00
.5103098533644517E+00
.4215596319763959E+00
.3508049213087392E+00
.3031303814828060E-03
.0659626451994635E+00
.0653081313372175E+00
.6447611479749442E+00
.3796208276869590E+00
.0816815863886022E+00
.1279492750972864E+00
.0820695648117216E+00
.0726575200549506E+00
.0640361377617458E+00
.3837824754859078E-03
.0177536501009206E+00
.9535265435267091E+00
.4753992879867810E+00
.1343346190372832E+00
.7269077707824301E+00
.6374906104750502E+00
.4896074083575306E+00
.4035933300945513E+00
.3367702487009405E+00
.9966109829360272E-03
.2721170536822299E+00
.3065237056531305E+00
.4835935328314371E+00
.1747110099719200E+00
.1812260459196628E+00
.1023355597648390E+00
.0883479246875449E+00
.0691712239793207E+00
.0623386587692139E+00
.9348504237141890E-03
.2145883860872368E+00
.2036275084774100E+00
.3118535110967207E+00
.9193093335136382E+00
.8118932326186945E+00
.5932028434270753E+00
.4766028893179242E+00
.3813979026744558E+00
.3180193667129909E+00
.1916612563992060E-02
.1893722043725194E+00
.5958140037460971E+00
.2547141034563780E+00
.0634580567303678E+00
.1079079205285765E+00
.0818938839321688E+00
.0721647003910237E+00
.0661685528870555E+00
.0604781071472762E+00
.6387017129226232E-03
.1313248987992823E+00
.4637857276161257E+00
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.8612084200871919E+00
.7665420076907832E+00
.6052876557773890E+00
.4924178247609396E+00
.4022374334000183E+00
.3382955391300815E+00
.4359465389505996E-01
.6659519289884623E+00
.9989496184385893E+00
.1679915295505605E+00
.1647483837378569E+00
.1542810030705031E+00
.1008231562515496E+00
.0808298480803127E+00
.0699117817008958E+00
.0637827062916392E+00
.3703175360400000E-01
.5945227283205297E+00
.8784666230282570E+00
.9901845344263176E+00
.8946083428577243E+00
.7617499053656864E+00
.5819410693147413E+00
.4671966574307596E+00
.3847683332649157E+00
.3243611292470960E+00
.9445467975618628E-01
.2548133240224932E+00
.8943363323769966E+00
.0356308927602784E+00
.2991518594240721E+00
.1184665870169246E+00
.0960466773273776E+00
.0761569349972970E+00
.0690959986219992E+00
.0589984661148129E+00
.8727073066378139E-01
.1896935319709780E+00
.7597894419201152E+00
.8502542394489290E+00
.0174618032852902E+00
.7097904489157563E+00
.5584077574985513E+00
.4433071134999012E+00
.3656082428053611E+00
.3029469492773744E+00
.4759610874796382E-01
.7408049192381361E+00
.6397780164012707E+00
.1512983073920231E+00
.1447438277084219E+00
.1568734457770979E+00
.1107918755147872E+00
.0831566041519607E+00
.0667363207850480E+00
.0568649997039619E+00
.3952477370938688E-01
.6722218526218078E+00
.4937388029265803E+00
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.0012355975798930E+00
.7035447679378808E+00
.5730456579287690E+00
.4627855737547195E+00
.3854512317995242E+00
.3263301279851214E+00
.0649146232664153E+00
.4920950920066582E+00
.2462506812604084E+00
.1488831617233957E+00
.0948059918069055E+00
.1483208030086796E+00
.0842591397137675E+00
.0812588960488925E+00
.0697456358714170E+00
.0577027227776172E+00
.0432224230020752E+00
.4153154634774761E+00
.0964435257197667E+00
.9553727668394933E+00
.8027313903355895E+00
.7211099601931572E+00
.5391840249972104E+00
.4478514287879432E+00
.3695552752023179E+00
.3069061644093238E+00
.2287303194554613E+00
.0664230790062730E+00
.0329159810364987E+00
.4001105607124731E+00
.1653476215063114E+00
.1220380898907192E+00
.0962791413958088E+00
.0773758651178307E+00
.0650690749115594E+00
.0587520150817316E+00
.2066123919821141E+00
.9863839975314710E+00
.8837093137099084E+00
.1948316018757241E+00
.8615211531943152E+00
.6770339470937863E+00
.5320600417897667E+00
.4248623613359750E+00
.3469810095423733E+00
.2918343211555763E+00
.3476809804512402E+00
.0750750019358302E+00
.9458308107053131E+00
.4689124701268454E+00
.2707883884871025E+00
.0906503507595819E+00
.0758633616026816E+00
.0689732862622665E+00
.0633686820388664E+00
.0575514683546734E+00
.3240954916471392E+00
.9765065185144481E+00
.7945866177598619E+00

1
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.8370523682364173E+00
.6731724367790615E+00
.5321858224164955E+00
.4390601438683368E+00
.3685026376435749E+00
.3113803256407981E+00
.6774040320397199E+00
.7469174917771577E+00
.1042301492851658E+00
.1192609175637140E+00
.2621416457257073E+00
.0821825925877770E+00
.1010792104101803E+00
.0748978044041499E+00
.0639881195672833E+00
.0601001777456567E+00
.6437085051693945E+00
.6652481349721824E+00
.9570240999744228E+00
.9003260343738981E+00
.9487529232427530E+00
.6216203565890908E+00
.5317134634680525E+00
.4230086074992185E+00
.3497633040970898E+00
.2986579008069119E+00
.7353593928594506E+00
.8968478285540287E+00
.4069452984971478E+00
.0851462516987591E+00
.0978981383048598E+00
.1148543366023000E+00
.0819018234059552E+00
.0735296403640930E+00
.0633767125120737E+00
.0565181933787606E+00
.6991197109241822E+00
.7950783854888412E+00
.2414299080879823E+00
.8522410789642956E+00
.7702805954820615E+00
.6361324777317221E+00
.4929424773035058E+00
.4027310575065790E+00
.3316896883057672E+00
.2794310303823442E+00
.9666538228500543E+00
.9010455147752228E+00
.5851510687379253E+00
.2767632729630574E+00
.1966832784015322E+00
.1304230790419552E+00
.0953960465429762E+00
.0740094784790468E+00
.0611593006282782E+00
.0535522579247587E+00
.9235202751120726E+00
.8068214346247387E+00
.4222755984953914E+00
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.0702169452557402E+00
,7885982265773595E+00

7145070746381896E+00
5438017684498688E+00

.4313023428079381E+00
.3510459944785174E+00

2914753819184037E+00

.4413403580546102E-02
.7392383868183923E+00

8287936914740159E+00
0568666042472961E+00
2488900212794367E+00
1474822232050310E+00

.0964010527240635E+00
.0819202188726509E+00
.0660893893285976E+00

0571737345259855E+00
1873924261516461E-02

.6793831708505307E+00
.6970305871868900E+00
.8555941722680076E+00
.9532507049359968E+00

7260433078442157E+00
5273869530368100E+00
4103432992378166E+00

.3228744401980956E+00
.2637248121643179E+00
.7581744806155951E-02
.6048545024920822E+00

9753503165619954E+00
1005659209973349E+00
2647303755942776E+00
1013969654536271E+00

.1056369360495784E+00
.0752966763630671E+00
.0654213484820461E+00
.0560887221432562E+00

4737609830103865E-02
5265378455248388E+00
8354063957059727E+00
8830417536576780E+00
9465139696171461E+00
6508160584541742E+00
5038494079335607E+00

.3724932531940359E+00
.2945409292535339E+00
.2392136172375525E+00
.0551633025814871E-02
.5412584454071019E+00
.8951994404751362E+00
.2969255123494392E+00
.0955457369676780E+00
.1376338172405394E+00
.0938997227554044E+00
.0721745148807846E+00
.0603051968081094E+00
.0534281546607098E+00
.7446074123244344E-02
.4577146502266025E+00
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1.9462947339225507E+00
1.8444240419022468E+00
1.7229625238368069E+00
1.5438865402602848E+00
1.4215396558907674E+00
1.3364711706226955E+00
1.2768392607002910E+00
4.1198098475517714E-01
2.6867389696505568E+00
2.3924774765368126E+00
2.3799374609878337E+00
2.1171300411059071E+00
2.1109495799829809E+00
2.0897973114604369E+00
2.0725387764319110E+00
2.0628825123011199E+00
2.0569288635626055E+00
4.0281525042598043E-01
2.5974055701291974E+00
2.2401318410877367E+00
2.1597887379460161E+00
1.7943973309258114E+00
1.6475205251408176E+00
1.4915495506694176E+00
1.3805718311196227E+00
1.3054209346712993E+00
1.2535229248748789E+00
4.8834075843846597E-01
2.2086899531918687E+00
2.1688184172974343E+00
2.4603770467935577E+00
2.2737502001558791E+00
2.1560145414867979E+00
2.0888535010071498E+00
2.0717950315972282E+00
2.0612698897317236E+00
2.0525577718821366E+00
4.7786531963782358E-01
2.1257055109118839E+00
1.9920867386795771E+00
2.2239529641012918E+00
1.9266711778118517E+00
1.6615856740430037E+00
1.4577635667554141E+00
1.3494112525407929E+00
1.2771731580507397E+00
1.2267606595110632E+00
5.5448681904161312E-01
2.0280586689419482E+00
1.9890764888574903E+00
2.3003670848734910E+00
2.1544570553154418E+00
2.0869086316463985E+00
2.0817795340997067E+00
2.0715325134824178E+00
2.0612335996794870E+00
2.0530617118165417E+00
5.4284211973464491E-01
1.9265978481778911E+00

2.2485162955785389E+00
1.9440297653041601E+00
1.6188347683518285E+00
1.4821292966837789E+00
1.3879327443356733E+00
1.3191299105328400E+00
1.2673881431036995E+00
2.4999309279927706E+00
1.7867326017790257E+00
2.1516564406787220E+00
2.2607288826972916E+00
2.1060097187759830E+00
2.1185383304158965E+00
2.0903691433359199E+00
2.0714304864935951E+00
2.0621762805000903E+00
2.0536703065856843E+00
2.4733590399127263E+00
1.6930855881606943E+00
1.9774071842748406E+00
2.0246816970872290E+00
1.7567734039486869E+00
1.6166705331588629E+00
1.4654918802674333E+00
1.3608818338265896E+00
1.2916454262384964E+00
1.2411115874764014E+00
2.7525709775491416E+00
1.9350959744070833E+00
2.3877176155904789E+00
2.0532769208518702E+00
2.1999588445698581E+00
2.1030075488212896E+00
2.0778697864855249E+00
2.0685637864365725E+C0
2.0574451918121315E+00
2.0532923802460239E+00
2.7209897732051815E+00
1.8141727172254061E+00
2.2162939152961143E+00
1.7983114757234351E+00
1.8240458134693414E+00
1.5691234195940220E+00
1.4205185609776068E+00
1.3283658399515030E+00
1.2613244069879914E+00
1.2193599759991409E+00
3.0480060444681158E+00
1.9230785901540415E+00
2.5885415987812759E+00
2.1216434947072176E+00
2.1971211138528615E+00
2.1003843593992659E+00
2.0806231710498402E+00
2.0684463385902747E+00
2.0589031636743371E+00
2.0513803903938888E+00
3.0113283444438448E+00
1.8148091070251691E+00
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2.0295333883299334E+00
1.8471227997033510E+00
1.6241976886500065E+00
1.4771723160500601E+00
1.3752465316031628E+00
1.3040393463779267E+00
1.2540941312109344E+00
.3106493814447822E+00
2.1930491290530232E+00
2.6080215595079719E+00
2.3558300362370095E+00
2.1660840447640894E+00
2.1042125101494702E+00
2.0764853237350529E+00
2.0687189533114907E+00
2.0593407833623680E+00
2.0534729448435138E+00
4.2608344808115115E+00
2.0724043447448031E+00
2.4199020127358204E+00
2.0912293358196825E+00
1.7914600190320906E+00
1.5672156264125148E+00
1.4271987005461302E+00
1.3411069075454449E+00
1.2768672193472199E+00
1.2324325778537968E+00
4.3304811486876966E+00
2.3945824632186556E+00
2.3818420516644476E+00
.1611215560730823E+00
1131748561939165E+00
0850058875934954E+00
0812334632158063E+00
0647930707674389E+00
0589590862460341E+00
0516385384328060E+00
2793216813648840E+00
2738677817132609E+00
1867833054266455E+00
8738189962522682E+00
7124024163858722E+00
.5154735526358025E+00
.3999593303835796E+00
.3085429273594578E+00
.2519752215967306E+00
.2103437500740488E+00
.1464061199991704E+00

FS

6900925368559729E+00
1680865300810059E+00
0676822849712235E+00
2062972568419319E+00
1103697130067323E+00
.0766002448682994E+00
.0623131225480762E+00
.0548723017404229E+00
2.0496353207410207E+00
4.0933669201393164E+00
2.5470564192565375E+00
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7425418858145467E+00

.0649338661967778E+00

7584543233253109E+00

.6643265132421630E+00

4670280524133428E+00

.3462557426799342E+00
.2697499853544694E+00

2205366581149546E+00

.4157349622180198E-02
.0489708424439157E+00
.8545418592426821E+00
.4519047750287264E+00

1288210407034920E+00

.1235834540078629E+00
.0825434359682218E+00

0697008047476673E+00

.0604209890791352E+00

0533600956103744E+00

.0756102119035384E-02
.9720455643943677E+00
.6976759279960039E+00
.2067785695868496E+00
.7732996145199376E+00
.6251815905515576E+00
.4304430817733989E+00
.3210778297933250E+00
.2510787502848584E+00
.2055929432297880E+00
.9185065055535357E-02
.7265466028263843E+00
.5880858162767817E+00
.4033974693432576E+00
.2574154129453494E+00
.1299615693997165E+00
.0882679245486537E+00
.0688626488706081E+00
.0582327051788463E+00
.0507185518694224E+00
.5402343894417336E-02
.6314731552726904E+00
.4085760191331871E+00
.1367957545304637E+00

8779225417565171E+00

.6032826498595947E+00
.4072788605045012E+00
.2955127065426510E+00
.2291594775930916E+00

1879980579713876E+00

.9424431388266234E-02
.2938311463500445E+00
.1336411940052713E+00

1098750374271757E+00

.1399379656379467E+00
.1092104470069120E+00
.0816533674441047E+00
.0654376068837017E+00
.0551305094037819E+00
.0481742087580761E+00
.5532120607314831E-02
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.8171560011795886E+00
.0482081777362402E+00
.7868584395438272E+00
.5684070937643817E+00
.4261345155883052E+00
.3268540219391873E+00
.2583509766037346E+00
.2120755095505991E+00
.2967764491168243E-01
.0174054225143863E+00
.9893458067310184E+00
.0999896310453545E+00
.0914556684412116E+00
.1359186378994357E+00
.0801163076188676E+00
.0674799215490061E+00
.0565516358346470E+00
.0516345042737849E+00
.1664825793146116E-01
.9055492104303593E+00
.8043950940654911E+00
.8324056814352041E+00
.7036698592604378E+00
.5921682558328623E+00
.3995278807834504E+00
.3009866587197634E+00
.2358882007589311E+00
.1967244645786965E+00
.2804643619381249E-01
.7643222564284806E+00
.1844903007932608E+00
.0924006518791232E+00
.2214622408838069E+00
.1083304840863017E+00
.0842812423661186E+00
.0648345617858674E+00
.0565262118546568E+00
.0490432219744608E+00
.1310194080833955E-01
.6541375892805013E+00
.9878067284152412E+00
.8084434215872882E+00
.8082682555580958E+00
.5351824455495802E+00
.3756340423660756E+00
.2748449113550655E+00
.2173989437068167E+00
.1802403725239956E+00
.3090429300637467E-01
.9558325891627262E+00
.5401271663057603E+00
.3282112733719695E+00
.1419791248507645E+00
.0958131788239620E+00
.0753839655562762E+00
.0624346423608961E+00
.0534548018360006E+00
.0469487659216208E+00
.1443149880035712E-01
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.3964465182014711E+00
.8521764841832029E+00
.8016442443854452E+00
.5417916247424563E+00
.3989733916452500E+00
.3068168288701130E+00
.2449620937959498E+00
.2031393710475344E+00
.3788623655386307E+00
.1135511682921853E+00
.6360486115970758E+00
.3134156510640893E+00
.0819496787463367E+00
.1192619345491837E+00
.0789056957475989E+00
.0667086953708202E+00
.0546584014011180E+00
.0496800702916778E+00
.3374696370393586E+00
.9742701465697574E+00
.4326175284726017E+00
.0296330690109077E+00
.6632846290270598E+00
.5349406924895945E+00
.3729664484252184E+00
.2842797590324015E+00
.2239083654806540E+00
.1884267905958661E+00
.6258418186679235E+00
.3394263171824425E+00
.4657674784824355E+00
.3450925682427419E+00
.1920712885638336E+00
.0971978020162365E+00
.0793826628775349E+00
.0619511897000429E+00
.0546359856266561E+00
.0476676719716456E+00
.5816650632922924E+00
.2096636939050462E+00
.2518330720957946E+00
.0414657205538549E+00
.7473739297707429E+00
.4834886282376776E+00
.3464094160619549E+00
.2572688834013412E+00
.2065999336240583E+00
.1734826635046995E+00
.7083576186965717E+00
.7605607889535748E+00
.1161958850445863E+00
.1201317021172619E+00
.1373152402125766E+00
.0906398442530252E+00
.0707418115580816E+00
.0593076799881831E+00
.0515512836109471E+00
.0457293700269319E+00
.6669651014884099E+00
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.9590001185352888E+00
.7646644605785693E+00
.7825624321284128E+00
.5157646786952785E+00
.3717287202595885E+00
.2854434152712786E+00
.2309477847858361E+00
.1948737474842943E+00
.0659410113561298E+00
.8394993768757084E+00
.0353788235232315E+00
.2038606711703399E+00
.0896540834393345E+00
.0954407732206710E+00
.0745359536569095E+00

0645262458490148E+00

.0541508430385358E+00
.0482421446208585E+00
.0049633375059042E+00
.6936244661975386E+00
.8130705641916860E+00
.8820271626896088E+00
.6427342494318526E+00
.4752240107648968E+00
.3460320656485054E+00
.2678842367175256E+00
.2144008549207816E+00
.1812869825086687E+00
.2748736777076379E+00
.9556458402285739E+00
.1209805883197075E+00
.2969346858481119E+00
.1668624918428065E+00
.0918498888148234E+00
.0738973633719731E+00
.0599112145883440E+00
.0526385877613627E+00
.0465310419925182E+00
.2005314541508003E+00
.8002655460406976E+00
.8811994134819956E+00
.9524287238976457E+00
.6929908588939031E+00
.4423636149315111E+00
.3194645887972218E+00
.2422617949073596E+00
-1967754430622066E+00
.1676287105542960E+00
.8738193201345625E+00
-7905972127425436E+00
.4169805596834188E+00
-1326399405685001E+00
-1284998872998950E+00
-0871738003207732E+00
-0678565102049276E+00
-0568759721885299E+00
-0496862355398520E+00
-0444181953579079E+00
-8081641093501544E+00



2.2016532679156731E+00
1.9653311841921759E+00
1.8481136575652026E+00
1.7622374948335309E+00
1.5843456113136407E+00
1.4018755564553507E+00
1.2930701398245432E+00
1.2269811325584137E+00
1.1863357613355121E+00
5.7100553348343630E-02
1.9368752157733209E+00
2.0592997216977103E+00
2.3162244403921468E+00
2.1378787431214228E+00
2.1020501275261272E+00
2.0742318224882497E+00
2.0609129118071623E+00
2.0515857309822700E+00
2.0451428861753276E+00
5.3051175350958726E-02
1.8407951528284798E+00
1.8916894420348627E+00
2.0600704987971659E+00
1.7630149207767090E+00
1.5786556382587877E+00
1.3957750639393418E+00
1.2896990337287308E+00
1.2244504022133798E+00
1.1843185027714012E+00
8.0540729324497268E-02
1.8927730812938091E+00
2.4432445090009671E+00
2.1527040957297943E+00
2.1583159528441587E+00
2.1092653123585210E+00
2.0709842171706994E+00
2.0570824200652464E+00
2.0485572288236789E+00
2.0425488317063598E+00
7.616871517.0621487E-02
1.7908832258982557E+00
2.2754203467146192E+00
1.8902097290021547E+00
1.7751455802601637E+00
1.5754969161194270E+00
1.3819156127430885E+00
1.2769639658137888E+00
1.2147355807081530E+00
1.1770001852487970E+00
1.1060262175533413E-01
2.1161827303716216E+00
2.5966297920909307E+00
2.2186316396922625E+00
2.1534692994567712E+00
2.0907509207677717E+00
2.0691306317716363E+00
2.0539254391140411E+00
2.0459346954725675E+00
2.0402800387024587E+00

gash.samp

1.8363349831806077E+00
.3502323552231066E+00
.0471851381451756E+00
.7307325909533362E+00
.5242624203891872E+00
.3678593601624498E+00
.2733858224752892E+00
.2152316109229542E+00
.1790255833238863E+00
.2917603147455188E+00
.3771128872876215E+00
.4575416869422813E+00
.1107771910889412E+00
.1293587062287553E+00
.1037602508007947E+00
.0717137552065861E+00
.0573721980608455E+00
.0495827851980115E+00
.0439007714925661E+00
.2728278375090589E+00
.2563140031517523E+00
.2726732565256555E+00
.8309842917408685E+00
.7212748973294125E+00
.5337468065976421E+00
.3654650132150159E+00
.2694109904977580E+00
.2123503099267441E+00
.1769874759089263E+00
.7410046060717952E+00
.7994611716288280E+00
.0719581975238945E+00
.2811961004735646E+00
.1254851696761063E+00
.0844678699810846E+00
.0677013161484119E+00
.0553843156011729E+00
.0465904368331111E+00
.0412575339754637E+00
.7196939691686639E+00
.6756492545973556E+00
.8832257742018168E+00
.9952745017088029E+00
.7072174564287923E+00
.5036362473476590E+00
.3512067375356611E+00
.2591135163111093E+00
.2032107118421485E+00
.1700612405952981E+00
.1110616886993725E+00
.9422677053190314E+00
.2198830004119854E+00
.1022210841726641E+00
.1232876321086840E+00
.0905263131800624E+00
.0627854912265806E+00
.0518899699855000E+00
.0444000046551492E+00
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2.0389893768140035E+00

.6162158676832190E+00
.9020610798455495E+00
.8176080782483368E+00
.6946973434559773E+00
.4782207002453593E+00
.3387015720721394E+00
.2555999250487750E+00
.2044367485307790E+00
.1724667626945566E+00
.1135732667803495E+00
.9220639296203461E+00
.2484889633467904E+00
.2647908503583567E+00
.1284379582194997E+00
.0873004439628811E+00
.0688727610235911E+00
.0562801552171730E+00
.0478472875293194E+00
.0424323823518815E+00
.0669786207827503E+00
.7853763913742711E+00
.0370671487754910E+00
.9648842385034861E+00
.6881429000710397E+00
.4764013394115085E+00
.3382420511515800E+00
.2535861255784155E+00
.2017257863674951E+00
.1701803599045422E+00
.3105552464335126E+00
.6682551083446682E+00
.4247893982096906E+00
.1250895554471567E+00
.1210417672441162E+00
.0857712947886444E+00
.0634988508864285E+00
.0518644567871807E+00
.0455479290980434E+00
.0401488511447456E+00
.2643277377046127E+00
.5251975760215211E+00
.2067895734492327E+00
.8185928755774010E+00
.6709220803943734E+00
4638798449451 740E+00
.3227522997362979E+00
.2414054403092256E+00
.1937872468106661E+00
.1640357706028186E+00
.1067115437607589E+00
.1906114255584654E+00
.1034331756558422E+00
.2053132588874478E+00
.1140718971556027E+00
.0803320377454337E+00
.0590314544577439E+00
.0502504955140983E+00
.0425652556435048E+00
.0380500106749255E+00
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.6323247097309834E+00
.1773648050925254E+00
.7909291751799539E+00
.6567247982390889E+00
.4388909887084205E+00
.3144447311535796E+00
.2401700975634908E+00
.1947466681433225E+00
.1664321298156031E+00
.5118664288981574E+00
.3177101981558068E+00
.1849846941446613E+00
.1829478875683295E+00
.1166302932201759E+00
.0815162636039921E+00
.0636301642526957E+00
.0537520560668492E+00
.0468438573974974E+00
.0414687837457297E+00
.4372507997500428E+00
.1627120740159955E+00
.9481600540257329E+00
.8445244971119537E+00
.6466681954544988E+00
.4346908003482397E+00
.3113547773081715E+00
.2380622779671016E+00
.1929079852583988E+00

1645385215832835E+00

.7945823762563200E+00
.9822807786148355E+00
.1849092221290691E+00
.1880149399997939E+00
.1083344794385712E+00
.0767180016949029E+00
.0601870754218252E+00
.0507794614446673E+00
.0436648089834790E+00
.0389818452919739E+00
.7220564847944875SE+00
.8288939440324907E+00
.9448106215372216E+00
.8420305288458914E+00
.6283845630325273E+00
.4189534736468621E+00
.2985283872906588E+00
.2278591624336432E+00
.1845548640698693E+00
.1585364998370735SE+00
.3887991207791623E+00
.2139327790136694E+00
.3273534927344497E+00
.1146411830324836E+00
.1035610678511802E+00
.0725907678318016E+00
.0571959647007256E+00
.0476891931096959E+00
.0413929641770832E+00
.0370366844385597E+00



.0572209204498823E-01
.0072840293678591E+00
.4289590378915089E+00
.9421823827118916E+00

7513083800398808E+00

.5349357818699243E+00
.3590311069193448E+00
.2568444847302274E+00
.1995224923260361E+00
.1658956865754453E+00
.4803428750949157E-01
.5012590901456906E+00
.3182052261971120E+00
.2023600450193310E+00
.1232293087681651E+00
.0876942809605410E+00
.0652504081266123E+00
.0513731274768343E+00
.0436440897476853E+00
.0382575090653705E+00
.4240114079576555E-01
.3827180961527290E+00
.1349273067445682E+00
.9036626085829693E+00
.6919284092271156E+00
.4978394707177780E+00
.3246602809927073E+00
.2309113263668590E+00
.1806358775578756E+00
.1527116653578887E+00
.9335276653738631E-01
.8551169229357987E+00
.0506986800835811E+00
.1374197461000981E+00
.1075760361999181E+00
.0919634940658018E+00
.0607240218148628E+00
.0491664330212491E+00
.0416181270745097E+00
.0364487553537174E+00
.8664847574017385E-01
.7193153787285982E+00
.8436531828683218E+00
.8071209817138980E+00
.6353761726160352E+00
.4578600422110122E+00
.2829788417559600E+00
.2021184117499837E+00
.1610950715084927E+00
.1399543733713169E+00
.4675597945421179E-01
.9636559403377869E+00
.1830728753696396E+00
.2307028601978085E+00
.1181674633622314E+00
.0795721292924729E+00
.0581165857957795E+00
.0471588582758473E+00
.0398138302779043E+00

gash.samp

.0886818396205271E+00
.8123995254396048E+00
.0196067061397405E+00
.8036926885339946E+00
.6855063733013937E+00
.4873337038155157E+00
.3261208066772701E+00
.2397327610750115E+00
.1894495982505404E+00
.1597558794054654E+00
.3255651644663953E+00
.7400712701084862E+00
.4582712138693723E+00
.2478038384241406E+00
.1213016399298401E+00
.0789458564656154E+00
.0616118106641377E+00
.0487945478486247E+00
.0422833417066681E+00
.0370474477221197E+00
.3020207856984034E+00
.5995159149026095E+00
.2409030558702163E+00
.9244649344925253E+00
.6530687782963989E+00
.441992375582314SE+00
.2960765318156140E+00
.2150518016494072E+00
.1722286695297193E+00
.1477781156467723E+00
.5256058677325597E+00
.3577451592798404E+00
.2288193799813860E+00
.0996016152806414E+00
-1186231713958419E+00
.0787441918307930E+00
.0565739847317688E+00
.0473203542857408E+00
.0401369476249647E+00
.0353590833198099E+00
.4981608348926572E+00
.2011466928475576E+00
.9868102311733005E+00
-7422857989128733E+00
.6074934609502642E+00
.3982899116868428E+00
.2565576582940940E+00
-1895092387708301E+00
.1544424343314943E+00
.1364343177121929E+00
.8715118913839595E+00
.0622070127560579E+00
.0741083587081048E+00
.2168826165311315E+00
.1131237406186880E+00
.0749840756553586E+00
.0561326921494651E+00
.0449312573361214E+00
-0383278740221762E+00
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.0552713591827443E+00
.0394402252062274E+00
.8763599769777530E+00
.8838126898811736E+00
.6437154609136788E+00
.4362164451734476E+00
.2995264163611198E+00
2250505005031 687E+00
.1801845879256732E+00
.1546586461682644E+00
.2536438165421648E+00
.9680837603830195E+00
.2138499389258195E+00
.1497164529337764E+00
.1087312832115948E+00
.0731605729862834E+00
.0579790295800926E+00
.0467409311161582E+00
.0409259443923284E+00
.0359639541059922E+00
.1932471504433426E+00
.8150407934358725E+00
.9678622594653727E+00
.8028103605547616E+00
.6060139276750545E+00
.3960488541401264E+00
.2710258458673822E+00
.2016559040216284E+00
.1648605682218565E+00
.1435544256404260E+00
.706639205049681TE+00
.1877669125401407E+00
.3443589564764049E+00
.1477652134853424E+00
.1035259463530189E+00
.0695649625122998E+00
.0545052335434719E+00
.0452870235866532E+00
.0386570961428840E+00
.0344212328127207E+00
.6448015644292053E+00
.0087472887629767TE+00
.0738488888821758E+00
.7653410140358450E+00
.5571800984737987E+00
.3506118755511549E+00
.2359627561741835E+00
.1784716364608077E+00
.1486682807113544E+00
.1335053227861540E+00
.5953404008828480E+00
.5005483110015509E+00
.1053519600034436E+00
.1690461639666769E+00
.0989056637876207E+00
.0687964050693872E+00
.0515425436598407E+00
.0429250954707681E+00
.0372239486212882E+00
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.3100588335003209E+00
.0502050369730793E+00
.0762311325780973E+00
.7515671509267956E+00
.6024935608192497E+00
.3931587662263796E+00
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