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Fig. 1 Schematic of the heat-power measurement model for

spent fuel in high-temperature gas-cooled reactors
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Fig.2 Results of transient heat-transfer analysis for

the 11 W sample
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Fig.3 Comparison of temperature distributions in support

structures fabricated from different materials
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Table 1 Calculated results for samples with different heat-power levels

FE HER/W 3 hewiy/(Wem >« K T,/C T,/C HE YR/ W s/ V0
R 1 11.0 0.9 2. 850 101. 53 34. 24 10. 753 —2.25
K 2 9.0 0.9 2.767 89. 55 31. 80 8. 805 —2.17
K 3 7.0 0.9 2. 664 76. 64 29. 33 6. 850 —2.14
B4 5.0 0.9 2.533 62. 66 26. 86 4.893 —2.14
FEGL S 3.0 0.7 2. 406 51.08 24. 29 3. 037 1.23
FE i 6 1.0 0.7 2. 049 31.51 21.70 1. 011 1.10
FESL 7 0.5 0.3 1.984 27.91 20. 90 0. 507 1. 40
2.2.3 HBHRAFIESHT PR TT LRSS L RRAE
Oy b — 35 ST AR A X8 45 B AR [ 07 58 1% 2 (T, — T.) SRINFKEMK. P, =T W,

E R By N ) S T4 5 v 2 R e S 1 =/ 7 H2=>47.31 C,P,<1 WH,jE2£<9.81 C.
XF 7 ARSI E TN K BRI T4 X L. R BERT UL, DR B iR 22 A E N &K,
%£2 ARAMESHFRIERBLSIT

Table 2 Statistical analysis of heat transfer through different heat-transfer modes

hs ] (T, —T,)/ THE IR /W HAL T G BT B %
T (SRR B R W N 2 B AAXM A ESHR

K1 0.9 67.29 2.32 6. 64 1.79 10.75 21.58 61.77 16. 65

il 0.7 78.11 2.78 6.30 2.08 11.16 24.91 56. 45 18. 64
B 1 0.3 109. 65 4.18 4,34 2.92 11. 44 36. 54 37.94 25. 52
B 2 0.9 57.75 1.93 5.34 1.54 8.81 21.91 60.61 17.48
KES 2 0.7 67.01 2.31 5.03 1.79 9.13 25. 30 55.09 19. 61
FESL 2 0.3 93. 66 3.45 3.38 2.50 9.33 36. 98 36.23 26. 80
B3 0.9 47.31 1.52 4.07 1.26 6.85 22.19 59. 42 18. 39
B3 0.7 54.91 1.82 3. 80 1.46 7.08 25.71 53.67 20. 62
FE 3 0.3 76. 36 2.70 2.50 2. 04 7.24 37.29 34,53 28.18

4 0.9 35. 80 1.10 2. 84 0.95 4. 89 22.49 58.08 19.43
FE S 4 0.7 41. 60 1.31 2. 64 1.11 5.06 25. 89 52.17 21. 94
FE S 4 0.3 57.67 1.92 1.69 1.54 5.15 37.28 32. 82 29. 90
FES 5 0.9 22.97 0. 66 1.67 0.61 2.94 22. 45 56. 80 20.75
K 5 0.7 26.79 0.78 1.55 0.71 3. 04 25. 66 50. 99 23.36
B 5 0.3 36. 96 1.14 0.96 0.99 3.09 36. 89 31. 07 32.04
FE 6 0.9 8. 38 0. 20 0.55 0.22 0.97 20. 62 56. 70 22. 68
FEfh 6 0.7 9. 81 0.24 0.51 0.26 1.01 23.76 50. 50 25. 74
F i 6 0.3 13.55 0.35 0.31 0.36 1.02 34. 31 30. 39 35.29
FESL T 0.9 4.36 0.09 0.28 0.12 0. 49 18. 37 57.14 24. 49
B 7 0.7 5.12 0.11 0.26 0.14 0.51 21.57 50. 98 27.45

R 7 0.3 7.01 0.17 0.15 0.19 0.51 33.33 29.41 37.25
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Table 3 Tolerance-class specifications for industrial platinum
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Table 4 Linear fitting of sensitivity coefficients at
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Fig. 5 Influence of temperature deviations on the

relative error in calculated heat power
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Fig. 6 Influence of emissivity deviations on the relative

error in heat-power measurement

3.3 BERESN
PR TR A £ G B B R R TR 2 LR
w2 AT, AT, 54 R M2 Ae B EUMXTR 2

HOHE 52
3.3.1 REERFT®

AW ST R T 15 25 4 3o 1) 29 5 AR O 16 % 2 AR
ZEVRHEAT B L B AR ZE O WTRTR N

B =/ BT F@OTFGOT )
K O AR B AR 2%, T B R A R 5 gy B

P Z ) [ A 22 5 BAR LR 150, I B2 D &
RS H IR AL RS NG BE D aE 6. R R S A 25
TR 22 o R A S 2RI S R A i 25 5 R
3.3.2 AR ERAE

LSRG B IR B A RS 0. 15 C 5 & A Rk
Elm#E 40,02 X —8 TR 5, T4 &R E 1T
LR ME S PR, ATLAE N TR TSR GiR
G 3. 26% LN, BRI EE, K
FATIRBZAREART 2. 64% 0T F Bl
i IR E R 2 0.1 C R AA U5 H BH . Al iR
ZE—R4E 2 2.84% VIV,



68 KR TR R E 2R 40 B 5 M
x5 HMATRATHEGRESW
Table 5 Comprehensive error analysis under typical operating conditions

R WEYIFE/W E O pasic/ %6 8/ % 8./% LERIRZE O/ V0
a1 11.0 0.9 —2.25 0.23 1.37 2. 64
FEfh 2 9.0 0.9 —2.17 0.26 1.35 2.57
B3 7.0 0.9 —2. 14 0.31 1.32 2.54
FE 4 5.0 0.9 —2.14 0.41 1.29 2.53
w5 3.0 0.7 1.23 0.56 1.45 1.98
FE b 6 1.0 0.7 1.10 1.52 1.43 2. 36
FEd 7 0.5 0.3 1.40 2.16 2. 00 3.26
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Rapid Measurement Method for Decay Heat Power of Spent Fuel
Pebbles in High Temperature Gas-Cooled Reactors

ZHANG Rui, XU Peng, CAIl Xinghui” , ZHENG Chenghao, SONG Yongliang
(Rocket Force University of Engineering, Xi’an 710025, China)

ABSTRACT: To enable the accurate and rapid measurement of decay heat power in spherical spent-fuel elements
used in high-temperature gas-cooled reactors (HTGRs), a measurement approach based on steady-state composite
heat-transfer theory was developed. A measurement system composed of a “titanium-alloy shell and a copper outer
spherical shell” was designed and established to determine heat power through the measurement and analysis of the
temperature distribution. Finite element simulations were performed to characterize the temperature-distribution
responses of the system under seven discrete heat-power conditions, ranging from 0.5 to 11 W. Subsequently, the
heat power of each sample was calculated from the measured temperature data, while different surface coatings
were applied to alter surface emissivity and, consequently, optimize the system’'s temperature distribution. The re-
sults indicate that the proposed measurement system attains steady-state conditions within 3 h, thereby significant-
ly shortening the measurement duration compared with conventional direct calorimetry. The surface temperature of
the samples exhibits a positive correlation with the corresponding heat power. Under an ambient temperature of
20 °C and surface emissivity of 0. 9, the surface temperature of the high-power sample (11 W) reaches 101. 53 C.
Error analysis shows that the relative deviations between the calculated and prescribed heat-power values remain
within +2. 25% , while the comprehensive errors can be consistently controlled within 3. 26%. These findings es-
tablish the proposed approach as a simple, reliable, and practical solution for measuring the decay heat power of
spent-fuel elements.

KEYWORDS: spherical spent fuel element; decay heat power measurement; steady-state composite heat transfer;

emissivity regulation
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