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Simulation Study of Heat Transfer from Transportable Reactors

CHEN Zhanglong, YAN Fengzhe', LUO Xinyue, LIU Jialing, ZHANG Futong

(China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

ABSTRACT: The work aims to study the heat transfer characteristics of transportable reactors during the shutdown and
cooling process before transportation and the maximum temperature on the surface of the metal container outside the
reactor, so as to meet the requirements of GB 11806-2019 "Regulations for the Safe Transport of Radioactive Materials".
The transportation heat transfer process of a mobile reactor with a rated thermal power of 15 MW under the existing
design conditions was simulated by Fluent simulation software, and the influence of the residual decay heat of the reactor
on the surface temperature of the tank was calculated under other conditions. After modeling and calculation, it was
concluded that the maximum temperature on the surface of the metal container of the mobile reactor during transportation
was 69 °C under the existing design conditions, and the maximum temperature of the surface of the tank was 83.5 °C
when the residual decay heat of the reactor was 0.1 MW, which was close to the requirement of GB 11806-2019 that the
temperature of the accessible surface of radioactive material transport container should not exceed 85 °C. In conclusion,
combined with the correspondence between the shutdown cooling time of the high-temperature gas-cooled reactor and the
residual thermal power of the reactor, it is concluded that when the thermal power of the reactor reaches 13.9 MW, only
one day of shutdown cooling is needed to meet the relevant requirements of GB 11806-2019. When the thermal power of

the reactor reaches 24 MW, it takes 10 days to cool. And when the thermal power of the reactor exceeds 24 MW, only
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additional cooling methods can be used to cool the reactor to meet relevant requirements of GB 11806-2019.

KEY WORDS: transportable reactors; high-temperature gas-cooled reactors; numerical simulation; heat transfer
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Fig.3 Temperature distribution of
mobile reactor in transit
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Fig.4 Correspondence between shutdown cooling
time and thermal power of reactor

4 L5iE

ARG T Flunt A BUA B4 0F T & e A0
%ﬁnsMwm%mTﬁﬁﬁL%ﬁ%ﬁ%ﬂm%&
AT, AR AR S OL S, 3
Emﬁﬂaﬁﬁﬂm$ﬁﬁW%E@EM%mﬁﬁ
W, RERW, UMERFHRE, NEE
SN HE B RE T E R ST, RIREE o= s i =
TEERE, T AE A BT IR SR BUE AN 18 H
Ko F R Bl E N AMERT R R sh 2 5 B HERR R T/
R, IR AT BAE A 35 6 R BUsi 4t
FRV ENFE it 1224

S 3k

(1] FEEE, %P, X, & B3l S HEz i )
K HARBEFE[T]. AU TRE, 2024, 45(15): 313-318.
YAN F Z, HE K Y, LIU J L, et al. Transportation Regu-
lation and Risk Objectives of Transportable Reactors[J].
Packaging Engineering, 2024, 45(15): 313-318.

(2] BAFH, Z=ih4E, 5KBIF. KR Sl MO RO e i

[10]

[11]

KRR I]. EPiFHY, 2023, 44(1): 54-61.
ZHAO Y, LI D W, ZHANG C F. Development and Mil-
itary Impact of the U.S.Military's Mobile Micro Nuclear
Reactors[J]. National Defense Technology, 2023, 44(1):
54-61.
LRI
LB GB 11806—2019[S]. dbit:
Jitt:, 2019.

Ministry of Ecology and Environment of the People's

MR, KT B LR R O Y B
R R

Republic of China, State Administration for Market
Regulation of the People's Republic of China. Regula-
tions for the Safe Transport of Radioactive Material: GB
11806—2019[S]. Beijing: China Environmental Science
Press, 2019.

Pipeline and Hazardous Materials Safety Administration,
Department of Transportation. General Requirements for
Shipments and Packagings: 49CFR173[S].
DC, USA: Office of the Federal Register, 2023:807.

LIN T Y, AJAY K, BINDRA H. Numerical Simulations

of Passive Heat Removal from Mobile Microreactors[J].

Washington,

Nuclear Science and Engineering, 2024: 1-15.

USA Defense Science Board. Task Force on Energy Sys-
tems for Forward/remote Operating Bases[R]. Washington,
DC, USA: Department of Defense of USA, 2016.

MOSES D L. Technical Evaluation Report for NRC of
the Nuclear Design of the Standard MHTGR[R]. Wash-
ington, DC, USA: Nuclear Regulatory Commission,
1988: 46.

CARMEN S C. Conceptual Design of a Nuclear Micro-
reactor Transportation Cask[D]. Cambridge, Massachu-
setts, USA: Massachusetts Institute of Technology, 2021.
bk, BAE)N, REE, S5 G AR R R S
Hr[Cl/ b E L K 7 HOR B S B B A R %= B &
2020 42 EARE I SCHE. dbat: P EAUR AL TR
FEBEREH AR ZE 5143, 2020: 742-747.

YANG L Q, WEI'Y C, SONG G L, et al. Selection and
Evaluation of Turbulence Models[C]// The 2020 Aca-
demic Annual Meeting of the Committee of China
Academy of Aerospace Electronics Technology. Beijing:
Science and Technology Committee of China Academy
of Aerospace Electronics Technology, 2020: 742-747.
TRETK, ELLAY, BRI, SR BUE U i A A
MEEPE[T]. BAHT 5 T2 42, 2006, 26(4): 242-244.
ZHANG H F, CAO H S, ZHAO H D, et al. The Choice
of Turbulence Model in Numerical Simulation[J]. Jour-
nal of Projectiles, 2006, 26(4): 242-244.

ST, T A RGP Sl b XU R i DA R Y R R ).
TR 244, 1998, 19(4): 427-432.



a0 3

MRk, 5. RoohaUs Bk i T oG SO 5

305 -

[12]

[14]

[15]

[16]

[17]

[18]

YUAN X. Selection of Two-Equation Turbulence Model
for Compressible Viscous Flow[J]. Journal of Engineering
Thermophysics, 1998, 19(4): 427-432.

HOWELL J R, MENGUC M P, DAUN K, et al. Thermal
Radiation Heat Transfer[M]. Seventh Edition. Boca Ra-
ton, Florida, USA: CRC Press, 2021.
b SCER. fRAEAIML 5 . bR
2019.

TAO W Q. Heat Transfer[M]. 5th ed. Beijing: Higher
Education Press, 2019.

ALFONSI G. Reynolds-Averaged Navier—Stokes Equa-
tions for Turbulence Modeling[J]. Applied Mechanics
Reviews, 2009, 62(4): 040802.

CESINI G, PARONCINI M, CORTELLA G, et al. Natu-

ral Convection from a Horizontal Cylinder in a Rectan-

195 AF O U,

gular Cavity[J]. International Journal of Heat and Mass
Transfer, 1999, 42(10): 1801-1811.

By, EW, BikE. PR A NS X | AR
£ ) ) B O EL[D). W A R 22 e (A AR D),
1998, 38(5): 46-49.

LIANG T F, WANG Z, YANG X Y. Numerical Simula-
tion for Conjugated Problems of Conduction, Convec-
tion and Radiation in an Annular Space[J]. Journal of
Tsinghua University (Science and Technology), 1998,
38(5): 46-49.

R, X FLUENT %@ S 8582 ) B 53 5 40 e (0], 11
B 52PN, 2014, 28(3): 358-360.

GUO L. Numerical Calculation and Analysis of the
FLUENT Radiation Model[J].
Conditioning, 2014, 28(3): 358-360.

MBS, BT, W1, 4. HET Fluent M9 3AHEA DT

Refrigeration and Air

[19]

[20]

[21]

[22]

[23]

[24]

B K RE AR % 3 [J/OL]. LA 3 i, 2024(5).
(2024-05-30)[2025-01-27]. https:// doi.org/10.13841/j.cnki.
jx8j.20240529.001.

XIAO N Q, FAN Y, HU Y, et al. Research on Flow Field
Heat Dissipation Simulation and Air Duct Optimization
Design Based on Fluent[J/OL]. Journal of Machine Design,
2024(5). (2024-05-30)[2025-01-27]. https://doi.org/10.
13841/j.cnki.jxsj.20240529.001.

PARK H K, HAM Y, YOON H S, et al. A Numerical
Study on Natural Convection in an Inclined Square En-
closure with a Circular Cylinder[J]. International Jour-
nal of Heat and Mass Transfer, 2013, 66: 295-314.
MOUKALLED F, ACHARYA S. Natural Convection in
the Annulus between Concentric Horizontal Circular
and Square Cylinders[J]. Journal of Thermophysics and
Heat Transfer, 1996, 10(3): 524-531.

OHIRA H. Numerical Simulation of Aerosol Behavior
in Turbulent Natural Convection[J]. Journal of Nuclear
Science and Technology, 2002, 39(7): 743-751.

VERMA M K, MISHRA P K, PANDEY A, et al. Scalings
of Field Correlations and Heat Transport in Turbulent
Convection[J]. Physical Review E, Statistical, Nonlinear,
and Soft Matter Physics, 2012, 85(1 Pt 2): 016310.
TESTONI R, BERSANO A, SEGANTIN S. Review of
Nuclear Microreactors: Status, Potentialities and Chal-
lenges[J]. Progress in Nuclear Energy, 2021, 138:
103822.

SURYAWANSHI P L, GUMFEKAR S P, BHANVASE B
A, et al. A Review on Microreactors: Reactor Fabrica-
tion, Design, and Cutting-Edge Applications[J]. Chemi-
cal Engineering Science, 2018, 189: 431-448.



