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Transient Heat Transfer for Coolant Gas under Flow Decay Conditions Concerning
with the Safety Assessment of the Very High Temperature Reactor
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In the present study, in order to clarify the transient heat transfer caused

by flow decay, the forced convection transient heat transfer for a horizontal cylinder in helium
gas under flow decay conditions, was experimentally investigated with a uniform heat generation
rate. The flow rate of the helium gas decreased exponentially, according to the designed functions,
with different time constants. The surface temperature of the cylinder and heat flux were
investigated during the flow decay transient process at various initial flow velocities and flow
decay time constants. The transient heat transfer coefficient was also obtained and discussed.
Moreover, a three-dimensional numerical simulation was also conducted for this transient heat
transfer process. Based on the experimental data and simulation results, the transient heat transfer
during the exponentially decreasing flow rate conditions was clarified.
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Fig.4 Linear decreased flow rate during flow
decay process.
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Fig.5 The surface temperature difference during
flow decay process at different flow decay times.
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Fig.6 The relation of h, q and AT with time.
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Fig.7 Comparison of surface temperature of
heater with experimental data.
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Fig.8 Comparison of heat flux with
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(©)
VHTR
*
VHTR
VHTR
20

(1) LIU Qiusheng, FUKUDA Katsuya, Transient
Convection Heat Transfer for Helium Gas at
Various Flow Decay Times, Applied Thermal
Engineering, Vol.116C, pp.355- 363, 2017,

(2) Makoto Shibahara, Katsuya Fukuda,
Qiusheng Liu, Koichi Hata, Effects of outlet
subcoolings and heat generation rates on transient
critical heat flux for subcooled flow boiling of
water in a vertical tube, Heat and Mass Transfer,
Vol.53-9, pp.2999-3012, 2017,

(3)Makoto Shibahara, Katsuya Fukuda, Qiusheng
Liu, Koichi Hata, Prediction of forced convective
heat transfer and critical heat flux for subcooled
water flowing in miniature tubes, Heat and Mass
Transfer, Vol.54-2, pp.501-508, 2018,

(4)Makoto Shibahara, Katsuya Fukuda,
Qiusheng Liu, Koichi Hata, SINGLE-PHASE




CONVECTIVE HEAT TRANSFER IN A
CIRCULAR MINICHANNEL WITH
UNSTEADY THERMAL LOADS, Heat
Transfer Research, Begell house, Vol.48-13,
pp-1179-1193, 2017,

(5)Makoto Shibahara, Katsuya Fukuda, Qiusheng
Liu, Koichi Hata, Suguru Masuzaki, Boiling
incipience of subcooled water flowing in a
narrow tube using wavelet analysis, Applied
Thermal Engineering, Vol.132-5, pp.595-604,
2018,

(6) Qiusheng Liu, Akihiro Mitsuishi, Makoto

Fukuda, Transient forced convection heat transfer
for nitrogen gas flowing over plate heater with
exponentially increasing heat input,
International Heat and Mass Transfer, Vol.95,
pp-405-415, 2016,

(15) Makoto Shibahara, Qiusheng Liu, Katsuya
Fukuda, Transient natural convection heat
transfer of liquid D-mannitol on a horizontal
cylinder, Renewable Energy, Vol.99, pp.971-
977, 2016,

(16)SHIBAHARA Makoto, FUKUDA Katsuya,
LIU Qiusheng, Hata Koichi, Steady and transient

Shibahara, Katsuya Fukuda, Transient heat
transfer for helium gas flowing over a horizontal
cylinder in a narrow channel, Experimental Heat
Transfer, Vol.30-4, pp.341-354, 2017,

(7) Yantao Li, Katsuya Fukuda, Qiusheng Liu,
Transient heat transfer due to exponentially
increasing heat inputs for turbulent flow of
FC-72 in small diameter tubes, International
Journal of Heat and Mass Transfer, Vol.110,
pp-880-889, 2017,

(8) LIU Qiusheng, ENDO Hirohiko, FUKUDA
Katsuya, SHIBAHARA Makoto, ZHANG Peng,
Experimental study on solution and diffusion
process of single carbon dioxide bubble in
seawater, Mechanical Engineering Journal,
Vol.3-5, pp.1-9, 2016,

(9) MIN Han Htet, FUKUDA Katsuya, LIU
Qiusheng, Transient boiling critical heat flux on
horizontal vertically oriented ribbon heater with
treated surface condition in pool of water,
Mechanical Engineering Journal, Vol.3-3,
pp-1-19, 2016,

(10)Makoto  Shibahara, Katsuya Fukuda,
Qiusheng Liu, Koichi Hata, Correlation of high
critical heat flux during flow boiling for water in
a small tube at various subcooled conditions,
International Communications in Heat and
Mass Transfer,Vol.82, pp.74-80, 2017,
(11)Makoto  Shibahara, Katsuya  Fukuda,

forced convection heat transfer for water flowing
in small tubes with exponentially increasing heat
inputs, Heat and Mass Transfer, Vol.53-3,
pp.787 - 797, 2017,

(17) Wang Li, LIU Qiusheng, Fukuda Katsuya,
Numerical solution of heat transfer process in a
prismatic VHTR core accompanying bypass and
cross flows, Nuclear Engineering and Design,
Vol.307, pp.275-283, 2016,

(18) Yantao Li, Katsuya Fukuda, Qiusheng Liu,
Steady and Transient CHF in Subcooled Pool
Boiling of Water under Sub-atmospheric
Pressures, Journal of JIME, Vol.52-2, pp.114-
119, 2017,

(19) Yantao Li, Katsuya Fukuda, Qiusheng Liu,
Makoto Shibahara, Turbulent heat transfer with
FC-72 in small diameter tubes, International
Journal of Heat and Mass Transfer, Vol.103,
pp.-428-434, 2016,

(20) LIU OQiusheng, Zhao Zhou, FUKUDA
Katsuya, Experimental Study on Transient Heat
Transfer Enhancement from a Twisted Plate in
Convection Flow of Helium Gas, International
Journal of Heat and Mass Transfer, Vol. 90, pp.
1160-1169, 2015,

15
(1)Liu_Qiusheng, Shibahara Makoto, Fukuda
Katsuya, TRANSIENT CONVECTION HEAT

Qiusheng Liu, Koichi Hata, Steady and transient
critical heat flux for subcooled water in a mini
channel, International Journal of Heat and
Mass Transfer,Vol.104, pp.267-275,2017,
(12)Makoto  Shibahara, Katsuya Fukuda,
Qiusheng Liu, Koichi Hata, Yuji Nakamura,
Takeo Muroga, Masayuki Tokitani, Hiroyuki
Noto, Transient critical heat flux for subcooled
boiling of water flowing upward through a
vertical small-diameter tube with exponentially
increasing heat inputs, Journal of Thermal
Science and Technology,Vol.11-3, pp.16-0037,
2016,

(13) Makoto Shibahara, Qiusheng Liu, Katsuya

TRANSFER FOR HELIUM GAS UNDER
EXPERIMENTALLY DECREASING FLOW
CONDITION, Proc. of the 16th International
Heat Transfer Conference, IHTC16-21556, pp.1-
8, August 10-15, 2018, Beijing (China),

(2) Liu Qiusheng, Ayumi Kitano, Fukuda
Katsuya, Shibahara Makoto, Transient Heat
Transfer for Helium Gas at Various Flow Decay
Time Conditions and Heat Generation Rates,
Proceedings of the 26th International Conference
on Nuclear Engineering, ICONE26-81391,
pp-1-7, July 22-26, 2018, London (UK),

(3) Liu Qiusheng, Shibahara Makoto, Fukuda
Katsuya, Convection Heat Transfer of Helium

Fukuda, Heat transfer characteristics of
d-mannitol as a phase change material for a
medium thermal energy system, Heat and Mass
Transfer,Vol.52-9, pp.1993-2004, 2016,

(14) Makoto Shibahara, Qiusheng Liu, Katsuya

Gas under Flow Decay Conditions, International
Symposium on Marine Engineering (ISME 2017),
Oct.15-19, 2017, TIEC (Tokyo)

(4)Makoto Shibahara, Katsuya Fukuda, Qiusheng
Liu, Koichi Hata, Flow Boiling and High Critical




Heat Flux for Subcooled Water in a Mini Channel,
International Symposium on Marine Engineering,
Oct.15-19, 2017, TIEC (Tokyo)

(5)Nakamura Yuji, Liu Qiusheng, Fukuda
Katsuya, Shibahara Makoto, Hata Koichi,
Transient Heat Transfer in Vertical Small Tube at
Slow Flow Velocities, International Symposium
on Marine Engineering, Oct.15-19, 2017, TIEC
(Tokyo)

(6)LIU Qiusheng, Shibahara Makoto, Fukuda

Qiusheng  Liu, Hata Koichi, Watanabe
Sho,Nakamura Yuji, Muroga Takeo, FLOW
BOILING AND CRITICAL HEAT FLUX FOR
SUBCOOLED WATER IN VERTICAL TUBE
DUE TO EXPONENTIALLY INCREASING
HEAT INPUTS, Proc. of The 27th International
Symposium on Transport Phenomena (ISTP27),
101,1-5, Sep. 20-23, 2016, Hawaii(US),

(14)Makoto  Shibahara, Katsuya  Fukuda,
Qiusheng Liu, Koichi Hata, Convective Boiling

Katsuya, Forced Convection Heat Transfer for
Helium Gas under Exponentially Decreasing
Flow Condition, The 25th International
Conference on Nuclear Engineering (ICONE 25),
Paper No. 66469, pp.1-6, July 17-21, 2017,
Shanghai (China),

(7)Makoto Shibahara, Katsuya Fukuda, Qiusheng
Liu, Koichi Hata, Critical Heat Flux for
Convective Boiling in Mini-Tube due to Power
Transient, ASME 2017 Summer Heat Transfer
Conference, HT2017-5043, 1-6, July 9-12, 2017,
Washington(US),

(8) Park Jongdoc, FUKUDA Katsuya, LIU
Qiusheng, Critical Heat Flux Phenomena
Depending on Pre-pressurization in Transient
Heat Input, Proceeding of the 3rd International
Conference of Global Network for Innovative
Technology, AIP Publishing, 1865, 080005, 1-7,
Jan. 27-29, 2017, Penang(Malaysia),

(9) LIU Qiusheng, Transient Heat Transfer of
Helium Gas and Thermal Hydraulics in the Very
High Temperature Gas-cooled Reactor,9th
International Symposium on Heat Transfer
(ISHT9),Tsinghua University, Keynote Q1004,
1-7, Aug. 15-19, 2016, Beijing (China),

(10)LIU Qiusheng, FUKUDA Katsuya, Transient
Forced Convective Heat Transfer for Helium Gas
under Flow Decay Conditions, The 5th
International Conference on Nuclear and
Renewable Energy Resources (NURER2016),
Chinese Academy of Sciences, OS5B-101,1-10,
Sep.18-21, 2016, Hefei(China) ,

(11) LIU Qiusheng, WANG Li, SHIBAHARA
Makoto, FUKUDA Katsuya, TRANSIENT
HEAT TRANSFER FOR HELIUM GAS
FLOWING OVER A  HORIZONTAL
CYLINDER UNDER FLOW  DECAY
CONDITIONS, International Conference on
Nuclear Engineering (ICONE24), ICONE24-
60783, 1-6,June 26-30, 2016, Charlotte(USA),

(12) LIU Qiusheng, Zhang Yu, Wang Li,
Shibahara Makoto, Fukuda Katsuva,

TRANSIENT CONVECTIVE HEAT
TRANSFER FOR HELIUM GAS AT VARIOUS
FLOW DECAY TIMES, 9th International
Symposium on Heat Transfer (ISHT9),Tsinghua
University, Paper No. ISHT9-R0226, 1-6, Aug.
15-19, 2016, Beijing (China),
(13)Makoto  Shibahara,

Katsuya  Fukuda,

Heat Transfer Characteristics for Pressurized
Water in a Small Tube, Proceedings of 7th Pan
Asian Association of Maritime Engineering
Societies and Advanced Maritime Engineering
Conference 2016, AMEC2016-2B3-074, 1-6,
Oct.13-14, 2016, Hong Kong(China).

(15) Wang Li, LIU Qiusheng, Shibahara Makoto,
Fukuda Katsuya, NUMERICAL STUDY OF
TRANSIENT HEAT TRANSFER FOR
HELIUM GAS FLOWING OVER A
HORIZONTAL CYLINDER UNDER FLOW
DECAY CONDITIONS, 9th International
Symposium on Heat Transfer (ISHT9),Tsinghua
University, Paper No. ISHT9-R0320, 1-6, Aug.
15-19, 2016, Beijing (China),

@
Qiusheng Liu
80294263
&)
Katsuya Fukuda
10127417
®

Makoto Shibahara

70628859



