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Overview

* Motivation

« Effective Thermal Conductivity (ETC)
- ETC Relationships

* Modular high-temperature gas-cooled reactor (mmHTGR)-350
* Impact of ETC in mHTGR-350
- Steady State

- Pressurized conduction cooldown (PCC)
- Depressurized conduction cooldown (DCC)

* High Temperature Test Facility (HTTF)
* Impact of ETC in HTTF

 Conclusions
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Motivation

* This work is motivated by an upcoming OE% anization for Economic Cooperation and
Development-Nuclear Energy Agenc D-NEA) gas-cooled reactor thermal
hydraulics benchmark based on HT

 HTTF is a thermal- hﬁdrauhcs test facility at Oregon State University designed as a 7s-
length-scale model the General Atomics Modular High-Temperature Gas-Cooled

Reactor (mHTGR)

- Helium-cooled, electrically heated up to 2.2 MW
- Prismatic blocks in the core are Al,O3; ceramic rather than graphite

« HTTF experiment data are being used to develop an HTGR thermal hydraulics
benchmark that can be used for validation exercises

* Further information about the benchmark will be presented on Wednesday in Advanced
Reactor Thermal Hydraulics |l
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Holes in prismatic blocks impact heat transfer

* Fort St. Vrain blocks contain
holes for coolant channels
and fuel compacts

* The holes reduce conduction
heat transfer compared to a
solid block

* |[dentified relationships in the
literature to calculate an ETC
for these blocks
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GAMMA + ETC relationship

* Is coolant channel volume
fraction

* Is ceramic thermal
conductivity

* Is helium thermal conductivity Fuel

compacts
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Rayleigh ETC relationship

IS coolant channel volume fraction

ceramic thermal conductivity value

IS helium thermal conductivity
Must define thermal conductivity in parallel and perpendicular directions to coolant holes

Denominator of second term on right-hand side of perpendicular term contains a
truncated series expansion
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MHTGR-350 is an OECD/NEA computational
multiphysics benchmark for HTGRs Fueled rings

* 350 MW, prismatic block-type
HTGR

Blocks are made of H-451
graphite

Inlet/Outlet temperature
532/960 K

Coolant flow rate 157 kg/s
Pressure 6.39 MPa

* Using ring model developed
at I[daho National Laboratory
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Benchmark mHTGR-350 RELAPS5-3D model used
bulk graphite thermal conductivity, not ETC

« ETC is about 69% of bulk thermal
conductivity o

- GAMMA+ and Rayleigh relationships — 801 e~ GAMMA+ Equation
provide excellent agreement ' -+~ Rayleigh Equation

* Indistinguishable on graph

« Selected GAMMA+ relationship for RELAP
model

* Only changed graphite in fueled blocks, not
reflectors

* Changed thermal conductivity but not
conductance between the blocks

» Reactor is modeled as a series of
concentric rings, with rings 4, 5, and 6 700 800 900 1000 1100 1200 1300 1400 1500
representing the fueled region of the core Temperature (K)
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H-451 thermal conductivity includes

effects of irradiation
ﬂ
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Steady-state temperature differences with and without

ETC are small

* Difference in peak fuel
temperature is 5 K

* | argest difference in fuel
temperature ~10 K

* In outermost ring, difference in
temperatures is negligible

* Given that heat is generated In
fuel and not blocks, the small
Impact of ETC Is not surprising
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Temperature differences in PCC are also very small in

mMHTGR-350

« PCC occurs when forced
circulation stops but coolant
pressure boundary remains
Intact

 Maximum difference in
temperature is about 6 K

- ETC model remains at elevated
temperatures for longer times

 ETC model has lower
temperatures at a few times

* Natural circulation rates differ
slightly between the two models
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DCC temperature differences are also small

DCC occurs when coolant pressure
boundary is ruptured

Maximum temperature difference about 7 K

ET1C temperature always higher than bulk
graphite

Once again, no meaningful difference in
performance

Differences in temperature are small for first
10 hours, but temperatures diverge at longer
times due to reduced conduction heat
transter

Shape of PCC and DCC peak temperature
vS. time curves arise due to bottom of core
cooling down while top of the core heats up

~~Q

Idaho National Laboratory

1180

K)

N—

1160+

=
=
i
o

Peak Fuel Temperature
=
o
@

=
=
o
o

1080

—— Bulk Graphite
ETC

0 10 20 30

Time (Hours)

40

50

@ANS



Reactor Cavity Storage Tank \

HTTF

« 2.2 MW; integral effects thermal hydraulics

test facility

- Heated with 210 graphite resistive heater
rods

* Inlet/QOutlet temperature match :

MHTGR-350 Heated Rings
 Mass flow rate at full power ~ 1 kg/s
+ 0.7 MPa :
« Uses an Al,O3 ceramic instead of graphite Y] Socmdeny U o

for inner-outer reflector and heated blocks R
 Looking at block temperature because N Ve eeees <

there is no fuel R RS :
- Replaced all the Al,O3 i Sl R Inner Reflector
- Using RELAP5-3D model developed at INL R, Outer Refloct
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Al,O3; thermal conductivity is much lower than that of

graphite

* Lower thermal conductivity and
lower power lead to comparable
temperatures tfor HI TF and
mHTGR-350

* Looking at HT TF also allows us to
compare impact of ETC at low
thermal conductivity and high
thermal conductivity

* ETC IS 75-80% of nominal thermal
conductivity

* Replaced the thermal conductivity
of all Al,O3; with an ETC based on
the whole-core helium volume
fraction.
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Peak block temperature in HT TF differs by 19 K for
PCC and 20 K for DCC

 Behavior is similar tor PCC and . — BukALO,
DCCINHITF |

* Difference between bulk Al,O3
temperature and ETC
temperature is larger for DCC
than PCC

* |In DCC difference reaches 40 K
at 17.67 hours, and in PCC it
takes 2/7.15 hours to reach 40 K
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* Difference I1s smaller in PCC
because natural circulation can 55 To 15 20 2 30 3% 40
redistribute heat in the core Time (Hours)
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Conclusions

« ETC reduces the rate of heat removal in HTGRs

» Steady-state temperatures are slightly higher when using ETC
iInstead of thermal conductivity

» Peak temperatures during PCC and DCC are only slightly higher,
out no impact on safety performance

 Long-term cooldown is slower with ETC, so temperature difference
grows larger with time
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