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An Effective Thermal Model of Coated Particle Dispersed
Fuel with High Packing Fraction

Li Wenjie', Yu Hongxing', Xiao Zhong’, Jiao Yongjun’, Chen Ping', Li Yuanming'

1. Science and Technology on Reactor System Design Technology Laboratory, Nuclear Power Institute of China, Chengdu, 610213, China;
2. Nuclear Power Institute of China, Chengdu, 610213, China

Abstract: Accurate prediction of the temperature distribution in nuclear fuel is an important
step for the design and screening of multi-coating particle dispersed nuclear fuel. This study aims to
establish an effective thermal model and numerical solutions for macro scale heat transfer analysis
by investigating the effective thermal properties of multi-coating particles and the dispersed fuel
bulk. The effects of particle arrangement, sizes, clustering on temperature distribution inside nuclear
fuel element was studied with the established effective model. This study helps clarify the micro-
and macro- scale heat transfer mechanism of multi-coating particle dispersed fuel, and provides a
guidance for the design, optimization and safety analysis of this type of fuel.
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o, XS L AMBURLAE “RL” ORL A

B

2 FEHAFRBIRE

N T BIE SRR T R AE AR T B3 H]
P, AR A ROTIE L T 2 M FROTRR,
AT TRAURRIRR R RS A ey (F 1) |
SR JH A B AL 45 20 A 3 SR R 2 2 A A 1
(FE2) B BORUBUR R (& 3) FIR
PP A AR RA T R A AR SRR (1 4)
BT HFEARAASNE (£2) , HBEHRE

K4 Hufkdgs i
Fig. 4 Geometry of Bulk Homogenized Model

2 WA T R A AR

Tab.2 Thermal Inputs for Verification Computation

N ZH 4 SHUE
SRR (£3) i
5 8 ) B W IR 600
Ui 3 AT, ORLE ) B R T o
P B0 LIRS A 1) f5e 1 e B P B 2 R4 3 b JREHZ AT 2B (W - mm ) 3315
YUY Y fe e R EE AR BN, AR S AR R ) LRI (W - mm”) 1.019
o U AT BRSO AR AR 1) e v TR I Bl i 22 AN i AT FREE/(W - mm”) 0.3078

MRT IR . P 2R AT AE AU R R o
YA, Al U] P BURE £ 50 A A5 7R 0 B OR A
RS AR B . 5 2B, T

F3 4 PR TR R E)
Tab.3 Predicted Temperature Rises of Four Models

BT =4ERsanfetsn

Fig. 1 Geometry of 3D Fine Model

K2 ok S e
Fig. 2 Geometry of Particle Homogenized Model

i R E /K SRR FK
HE A AT 155.79 60.4
RIS S AR Y 123.92 57.18
PASGUR AT 4621 1.67
el S 66.37 33.24

Tk BE L Bl Ay Jey e P 32l R ik 2 Sl

TOUREL A B 45 2500 Ky 3 4 B8 AT ) vl v e
(HTGR) #8kF, HUARR SRR SR8 F Y,
PR B0k 22 6] B B e . AR E RN
TE % 285 25 1A T RS 8+ LA DR 240 A6
RIS Y, BTG B RIAE . BT
PRBCF- A O S AR A S8

—  pc,dV
(pcp)—j v (9)
K, p WERE; o M RIS,




BIORA EAROY BT B ORI B RS A AR 99

FIFH AT 4 PR, B8 A — AR Bk
AR R A —— T RET 2] (=05 )
7 50's, UO, BMABIL RN 3.315 W/mm®,
MEE 50 s FFIR BT AN 10%, FI5E 60's
FURFHETE 6,630 W/mm®, — L F] 120 s, FIEAH
RN 600 Ko Z5HFEMH (& 5) , RE
4 iR AR f) o e ek I I 1) A8 £ il 26 T AS A TR
EAEBES TR R G 50s (=120s) #HEAT
PR . AN A FRICIE SR AR I A A A i)
SEAWCE#, 180 : Model 1 fX7E 53.28., 65.28.
77.28. 89.28 s JET 2 A fift, X BLH 2 2 1] Y i
HRAEAT AL RIS 1Y o 7 S B S5 iy B[] (1) B
4 PR AL R B AR AL I ZR e R B (IR HER Ky
10s 52 ) AT 2 —30 . X wi2b Ui,
FHRBOE B A A B A S S8 T
FERF AR o

950 1
900l PAs S ARl
- - ORISR AR R
s 850 | == HUNDRIALRY
g0 —— e e _em oo
mE 7
22 750 e
B0 T e
650 Hfp=m Dl
600 1 1 1
0 40 80 120
/s

K5 BRSO 4 R iR i A 1l
Fig. 5 Peak Temperature Evolutions in a Transient by 4
Models

EIRSRGIR], TGRS R IH
TR 5/ N PR 2] PR R T B A A
BAR=HEAG AN AL, ITIAE 73 A 4 P e i 3
PORHASA AT i S it — R R SRR . AT
R, ArERAW RIS, WEHRRT 240
oo FESRBUREOCIF B, T/ 250
B2 BT SR T IR T, I BLIREURRAY
ARG T 7 E R R, s
PRI L 5 T BT E B A A

3 FEHLSThFIEIREIRNT

TURLTR OB i 35 T 25 H i J0 vk PR IERA
PHBURLTE 25 8] L A BEAEHEAT , O TR (A%
TSSO, PUATT 2087 T BEAIL 3 A R 7
KR AL TN . S, (RS T BBk

BEAL ( RF+40Ai ) R ([ 6) 555 2 35 ks
PSRBT R (6 4) o WLIEW, b
LB BB E LS B E , iR )
H—EWdh, WA F-HE )G i R
B LRI SRR AU N2y S K, PR AR B
M/ D25 7 K

> ! .? -
y v\T/,x : < 2 > mm
K6 ok HLASR
Fig. 6 Geometry of Particle Stochastic Model
F 4 FEYUSAL R BUNE LS
Tab. 4 Predicted Temerature Rises of Partcile Stochastic

Models
Hi e i B E/K PR AR F/K
ORI S ALY 123.92 57.18
BERLR AL 128.14 50.70
B ASE A2 126.28 50.61
BEHLILR3 132.23 50.19
S 128.9 50.5

TR R O ] e 1o A T R T LR e 1
UL, AR IR AL b n] BE S EUR i
FETtE o 5 BB i Dl Rl th B2~ UKL L g
SHERRTT AR, T S (] B AR R 5 S R Y
UK 2 RS URL AT IR AN o R T 45 Al AR
AMURLZ AT 100 um IR, HAH A S5 %
HERIRI S8 AR . THAS R (R5) R 280
PR AR, HASE R 114 e gl Bt ol
I3 Ko DR, AR AT SR i et it JBE T o A 52 0D
ARR, XEFE B R0 a] L2

K5ORS SRR IR B SN
Tab.5 Temperature Rises of Equally Distributed Compact

Arranged and Models
o e Eh/K SR S/K
B 77.24 24.47
S ] A 74.24 24.48




100 ¥ g o TR

Vol.42. No.4. 2021

Zi LRIk, T IR L A R
BEGIRIREN , T LR SR 3 7 ik m e B sh i
BE, XFEFREAA AT B IE . FURL AT R X
R A R, X2 R R
D 220

4 & it

T WG 2 2 ORE SR B ) S R
PR, AT S AL B e HE S T ORISR O
BHRIRR SR T A, RFHET 4 FOR R RS 40
JE B PG RS, R AT DA HTBORE 24 5 Al g
T+ B TURCRS B A T e AR A R 25 268 1 3R
SR AR BT AR, i
FhEE TR RRCR . XTI PERERY
IS5, BN AR 25 B A OB TSR
JEE VHE DU e R A oy S 2 A o AR (L
ARSI, A AR A R R PR AL T — b PRd A 2y
B

e LU, H AT B = 50 UEAS SO A
BRI R SER RO, T2 RMELE T HES NS
MELIBLI G IR R AZ ER A 3, U EHE N
Xt 2 2 ATBRLORL A T IR I . I, ROk
T ZE VI IR A B F A PR PR e R
XIAR ST A BHA S5 A R A T S IE AT A,
REA TR BRIk

Sk

[1] KONINGS R J M. Comprehensive nuclear materials[M].
Amsterdam: Elsevier, 2012.

[2] SNEAD L L, TERRANI K A, VENNERI F, et al. Fully
ceramic microencapsulated fuels: a transformational
technology for present and next generation reactors-
properties and fabrication of FCM fuel[J]. Transactions
of the American Nuclear Society, 2011: 104.

[3] TERRANI K A, SNEAD L L, GEHIN J C.
Microencapsulated fuel technology for commercial light

water and advanced reactor application[J]. Journal of
Nuclear Materials, 2012, 427(1-3): 209-224.

[4] LEE Y, CHO N Z. Three-dimensional single-channel
thermal analysis of fully ceramic microencapsulated fuel
via two-temperature homogenized model[J]. Annals of
Nuclear Energy, 2014(71): 254.

[S]KNUDSON D L, MILLER G K, MILLER G K, et al.
PARFUME theory and model basis report[R]. Idaho
Falls: Idaho National Lab., 2009.

(6] XUPRTE, 2230, FRF, 2. FCMURRHIAETERE >
W0, #sh I T2, 2016, 37(6): 150-154.

[7TLIU M L, LEE Y, RAO D V. Development of effective
thermal conductivity model for particle-type nuclear fuels
randomly distributed in a matrix[J]. Journal of Nuclear
Materials, 2018(508): 168-180.

[8] SCHAPPEL D, TERRANI K, POWERS J J, et al
Modeling the performance of TRISO-based fully ceramic
matrix (FCM) fuel in an LWR environment using
BISON[J]. Nuclear Engineering and Design, 2018(335):
116-127.

[9] STAINSBY R, GRIEF A, WORSLEY M, et al
Investigation of local heat transfer phenomena in a
pebble bed HTGR core: NROO1/RP/002R0O1[R]. United
Kingdom: Amec Foster Wheeler-Nuclear, 2009.

[I0] FOLSOM C P. Effective thermal conductivity of Tri-
Isotropic (TRISO) fuel compacts[D]. Logan: Utah State
University, 2012.

[IIJFOLSOM C, XING C H, JENSEN C, et al
Experimental measurement and numerical modeling of
the effective thermal conductivity of TRISO fuel
compacts[J]. Journal of Nuclear Materials, 2015(458):
198-205.

[12] 55 18 B Arid A5 L BT R ARRHORE (4 S8 A A T R AR
FEREWSE[D]. i RIERCHERSA, 2018.

(B XIFF, J, IMR. A RORR R T PR B
WM [CY/AR 7S A [ B e B TR~ AR 2l
R RS SIS HE BT K T B B S 50 38 201 94F 24
AAEZR S, M P E BB U BT ST,
2019: 746-759.

( DALk KAL)


https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.nucengdes.2018.05.018
https://doi.org/10.1016/j.jnucmat.2014.12.042
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.nucengdes.2018.05.018
https://doi.org/10.1016/j.jnucmat.2014.12.042
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.nucengdes.2018.05.018
https://doi.org/10.1016/j.jnucmat.2014.12.042
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.jnucmat.2012.05.021
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.anucene.2014.03.039
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.jnucmat.2018.05.044
https://doi.org/10.1016/j.nucengdes.2018.05.018
https://doi.org/10.1016/j.jnucmat.2014.12.042

