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Abstract: [Introduction] As a clean and efficient energy source, nuclear fusion promises to achieve global sustainable development in
the future. For the first wall of Chinese helium-cooled solid breeder test blanket module, the temperature fields of helium, argon and
nitrogen as coolants were calculated based on the design scheme of four coolant channels proposed by the Nuclear Thermal Security and
Standardization Research Team. [Method] To calculate the heat transfer of different coolants in the first wall of the cladding module of
fusion reactor, the B.S. Putukhov formula is used to calculate the heat transfer.[Result] Research indicates that the temperature field
variations in the Be panel and RAFM steel are similar for helium, argon, and nitrogen as coolants. The maximum temperatures in the
temperature fields are below the allowable temperature, meeting the safety requirements for temperatures. Nitrogen as a coolant offers the
largest safety margin, followed by argon, with helium presenting a relatively smaller safety margin.[Conclusion] This study provides

more optimization options for selecting the coolant for the first wall of the test blanket module of nuclear fusion reactor, thereby
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enhancing the safety margin of the first wall of the test blanket module of nuclear fusion reactor.
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Fig. 1 Cooling loop of the first wall
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Fig. 2 5-channel loop of the first wall
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Tab. 1 Physical properties of the first wall materials
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Fig. 4 Temperature distribution of helium as a coolant
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Fig. 5 Temperature distribution of argon as a coolant
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Fig. 6 Temperature distribution of nitrogen as a coolant
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Tab. 2 Temperature distribution of the first wall under three

coolant options
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Fig. 7 Comparison of three coolants in terms of temperature

distribution of the first wall

P2 AR, IR Z, AN E R IR S B
LA R/ o

4 Lt

DA v ] 285 0 ) A R B R 42, BE T
WA T 22 4 SRR ARG 1A BA AR H 1) 4 ARV H1 570 18
(T 2, SEAS [RIVe H 500 AL Ak REUEA T 9% o 3T
BTAA A ASAE R AR T2 —EE Be fit
1 RAFM 473 E300R

DEA R BAENERBRAFIE Be #fil RAFM
A TR 1 1 A Ak O AR LY, E B B 2R — BE R
B0~ 5 mm (175 B L, R B B AR AR Y,
£ RAFM ) i 28 AL J2 BRI ZU A, X2 B T I Aok
BHY AR B0 .

2) AR WA BRAENR AR BUE Be ti A
RAFM ) L1 37 HH B0 A4 B IR BE 35 /N 45 H IR

PR BE, A5 UL 22 A R

3) 3 F SARAE g v 15 X T Be M Al RAFM 41
HIELIE S o A A 22 S 1, RSUAR D v B T LS
BN e e i K, IRRZ, AR %2
M AR I /1N

B2 Hk:

(1] TR, Kk, TBET, % ITER 202 [H AL KA 2 B — e

IR L 2R X ) s BB A AT [, AL SO 1%, 2024,
46(2): 125-130. DOI: 10.7538/hhx.2024.YX.2022057.
WANG J,ZHANG L, WANG X Y, et al. Numerical analysis of bi-
directional hydrogen isotopes transport in first wall of ITER
helium coolant ceramic breeding testing blanket module [J].
Journal of nuclear and radiochemistry, 2024, 46( 2) : 125-130.
DOI: 10.7538/hhx.2024.YX.2022057.

[2] MWl ITER-H [ 2Z6——ITER +4E RIS R [J].
Tolk, 2018(1): 44.

ZHENG K. ITER—Light of China: review and prospect of ITER
decade [J]. China nuclear industry, 2018(1): 44.

(3] BALZE, Aok, ST ME, 45, B AL BT ITER TF £ H b AL

316LN IR ik 7 2R A feb 2 iy S2 w (], AR 4 B A2 412, 2013,
35(2): 117-121.
HUANG CJ, LIL F, WU Z X, et al. Effect of solution annealing
treatment on the cryogenic elongation of ITER TF jacket material-
316LN [J]. Low temperature physical letters, 2013, 35(2): 117-
121.

[4] &K' CFETR #Hi—RERmIEa A AMEERIINIR [D]. &

JIE: b E AR AR K2, 2023, DOIL: 10.27517/d.cnki.gzkju.2023.
001057.
NIAN F F. Numerical simulation of heat flux on the CFETR first
wall and divertor [D]. Hefei: University of Science and
Technology of China, 2023. DOI: 10.27517/d.cnki.Gzkju.2023.
001057.

(51 DK, ITER #ASHIAE & R R it [D]. &

fiE: op AR AR K2, 2021, DOIL: 10.27517/d.cnki.gzkju.2021.
001063.
PAN M. Design of monitoring and protection system for ITER
SMF test facility [D]. Hefei: University of Science and
Technology of China, 2021. DOI: 10.27517/d.cnki.gzkju.2021.
001063.

(6] WA, RHUL, Wifk, 5. ITER BB KILMERS (1],
Mg 7 AE R # IR, 2022, 9(2) : 19-25. DOL: 10.16516/j.gedi.
issn2095-8676.2022.02.002.

HU X G, SONG Z Q, GAO G, et al. ITER fusion device and its
power supply system [J]. Southern energy construction, 2022,
9(2): 19-25. DOLI: 10.16516/j.gedi.issn2095-8676.2022.02.002.

(7] e, RS, 24k, 4. CFETR AR AL AR TIST

0], B BEJR EE 1%, 2022, 9(2): 45-52. DOIL: 10.16516/j.gedi.
issn2095-8676.2022.02.006.
XIANG K, LIANG Z P, LI H, et al. Conceptual design
technology research of CFETR fusion power plant [J]. Southern
energy construction, 2022, 9(2) : 45-52. DOL: 10.16516/j.gedi.
issn2095-8676.2022.02.006.


https://doi.org/10.7538/hhx.2024.YX.2022057
https://doi.org/10.7538/hhx.2024.YX.2022057
https://doi.org/10.7538/hhx.2024.YX.2022057
https://doi.org/10.7538/hhx.2024.YX.2022057
https://doi.org/10.27517/d.cnki.gzkju.2023.001057
https://doi.org/10.27517/d.cnki.gzkju.2023.001057
https://doi.org/10.27517/d.cnki.Gzkju.2023.001057
https://doi.org/10.27517/d.cnki.Gzkju.2023.001057
https://doi.org/10.27517/d.cnki.gzkju.2021.001063
https://doi.org/10.27517/d.cnki.gzkju.2021.001063
https://doi.org/10.27517/d.cnki.gzkju.2021.001063
https://doi.org/10.27517/d.cnki.gzkju.2021.001063
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.006

80

7 RETR A B

H11E

(8]

[9]

(11]

[12]

[13]

ZEEL, ek, 24, S RAR RIS SO A E AL (30, M
fig PR A, 2022, 9(2): 63-69. DOIL: 10.16516/.gedi.issn2095-
8676.2022.02.008.

LI X K, XIANG K, LI H, et al. General layout optimization for
fusion power plant [ J]. Southern energy construction, 2022, 9(2):
63-69. DOI: 10.16516/j.gedi.issn2095-8676.2022.02.008.

X, S IFE, RS, SF R TTER 25 SE 02 Bt T
K IARACBAT A A (], Rk 5 TR, 2009, 29(4): 299-
307. DOL: 10.3321/j.issn:0258-0918.2009.04.003.

ZHAO Z, FENG K M, ZHANG G S, et al. Thermal-hydraulic
optimization design and analysis for the CH HCSB TBM of
ITER [J]. Chinese journal of nuclear science and engineering,
2009, 29(4) : 299-307. DOI: 10.3321/j.issn:0258-0918.2009.04.
003.

TR, AR LiPb L5 M BRI E5T (D], &8 G0
Tl KA, 2005.

ZHANG M L. Preliminary studies of liquid metal LiPb
experimental loop [D]. Hefei: Hefei University of Technology,
2005.

ZEAg P E R T ARSI HE SV S R A5 R 5 TR
JIHEESE (D). GHE: EREERAR K, 2015,

LI M. Structural design and thermal-hydraulic analysis research
of helium cooled solid blanket for CFETR [ D]. Hefei: University
of Science and Technology of China, 2015.

FEAENE, E P, BUE. CLAM HIFERB I SR )2 55— BES5 1
MOEH IS R PERE T [ Cl/AL A% 2551 (2014 4F)
BN HE AR AR R 2B 3, iR, 2014-11-27. bt (T
RERAHOR ) AETE, 2014: 7.

DANG C H, KUANG B, WEI T. Thermal and stress properties
of CLAM used as the first wall structural material of supercritical
water-cooled cladding [C]//Proceedings of the 10th Beijing
Nuclear
Academic Exchange Meeting, Wuhan, November 27, 2014.
Beijing: Atomic Energy Science and Technology, Editorial
Department, 2014: 7.

BN CFETR 45 6)2 BIMES BRI MHD 206734 [D].
AL Hh ERAEOR A, 2015.

WEI C Z. Conceptual design and MHD analysis of the liquid
blanket for CFETR [D]. Hefei: University of Science and
Technology of China, 2015.

F L. BRI ME(HCCB-DEMO) & 74 [ 25 w3 7 40 2 A
HBcHsE (D). G AE: AP ERERAR I, 2017,

WANG S H. Helium cooling ceramic breeder blanket design for
fusion DEMO (HCCB-DEMO) [D]. Hefei: University of
Science and Technology of China, 2017.

JEl e, XA, BEAS, 5F. SRR ME KOG (0 AR LA — BEAL FA4G
AT (], P ALT R4, 2012, 32(26): 91-95. DOL:
10.13334/j.0258-8013.pcsee.2012.26.018.

ZHOU T, LIU M Y, LIAO H T, et al. Heat transfer structure
optimization analysis for the first-wall of fusion power reactor [J].
Proceedings of the CSEE, 2012, 32(26): 91-95. DOL: 10.13334/j.
0258-8013.pcsee.2012.26.018.

Society (2014) Nuclear Application Technology

[16]

[17]

[18]

[19]

[20]

[21]

3, T, AR, 2. P R 0 [ S S0 = AR SR 1]
BT (7). RS SR T EE, 2010, 30(1): 71-75..
DOI: 10.3969/j.issn.0254-6086.2010.01.015.

XIANG B, FENG K M, YE X F, et al. Helium experiment loop
of CHHCSB TBM [J]. Nuclear fusion and plasma physics, 2010,
30(1): 71-75. DOI: 10.3969/j.issn.0254-6086.2010.01.015.
WANG X Y, FENG K M, ZHANG G S, et al. Thermal hydraulic
and mechanical analysis of CH HCSB TBM [J]. Nuclear fusion
and plasma physics, 2006, 26(3): 181-185.

R, T, SRS, 45 v El ITER #8052 s —
BEZERG B A3 MT (D). R85 58 B TR B, 2009, 29(3):
258-263. DOI: 10.3969/j.issn.0254-6086.2009.03.014.

ZHAO Z, FENG K M, ZHANG G S, et al. Preliminary structure
analysis for the first-wall of CH HCSB TBM [J]. Nuclear fusion
and plasma physics, 2009, 29(3) : 258-263. DOI: 10.3969/j.issn.
0254-6086.2009.03.014.

PR, SRS AR 1 TR A B 28 R R R
fif5e (1], o R TRE2A4], 2010, 30(26): 62-68. DOL: 10.
13334/j.0258-8013.pcsee.2010.26.006.

RAN J Y, ZHANG Z R. Numerical study on evaporation
characteristics of different substance droplet in low temperature
flue gas [J]. Proceedings of the CSEE, 2010, 30(26): 62-68. DOI:
10.13334/1.0258-8013.pcsee.2010.26.006.

ZRARHE, AR5, FRAR. IR HVE B ALY [T,
[ B AL T R4, 2010, 30(17): 57-61. DOIL: 10.13334/7.0258-
8013.pcsee.2010.17.011.

LI J W, ZOU Y, CHENG L. Experimental study on thermo
physical properties of capillary wicks for loop heat pipe [J].
Proceedings of the CSEE, 2010, 30(17): 57-61. DOIL: 10.13334/j.
0258-8013.pcsee.2010.17.011.

T2 AZRBHER T 3 IR (M. _Eiff: BilsSlR
Jitit, 2002: 267-269.

YU P A. Nuclear thermal hydraulic analysis (3rded. ) [ M]. Shang-
hai: Shanghai Jiaotong University Press, 2002: 267-269.

EEE N

KRE CE—1EH)

2000-, 55, ARFE K43 ) TR J TR vy 3
i, FENERRT 5L 200 TAE
(e-mail ) zhangkk2022@126.com,

k=
RAiE GAfE1EHR)
1965-, B, R R FH2, WAE R0, Fi 2 scil R+, £
FNF BB E LA 5 H TAE(e-mail) 101012636@seu.

edu.cn,

(% HEWR)


https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.02.008
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.3321/j.issn:0258-0918.2009.04.003
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.13334/j.0258-8013.pcsee.2012.26.018
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2010.01.015
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.3969/j.issn.0254-6086.2009.03.014
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.26.006
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
https://doi.org/10.13334/j.0258-8013.pcsee.2010.17.011
mailto:
mailto:101012636@seu.edu.cn
mailto:101012636@seu.edu.cn

	0 引言
	1 几何模型
	1.1 中国固态增殖剂包层模块第一壁冷却回路
	1.2 第一壁5通道设计回路
	1.3 第一壁4通道设计回路

	2 计算公式
	2.1 努塞尔数经验公式
	2.2 温度场数学描写
	2.3 物性参数

	3 计算结果与分析
	3.1 氦气作为冷却剂的计算结果
	3.2 氩气作为冷却剂的计算结果
	3.3 氮气作为冷却剂的计算结果
	3.4 三种冷却剂的对比

	4 结论
	参考文献

