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Abstract The fuel rods in high temperature gas reactor face a great axial temperature gradient, and the
heat transfer of pellets will change the material characteristics of the fuel rods on the one hand. On the
other hand, the gas has obvious thermal expansion under the influence of a heat source, which makes the
fluid structure interaction of the fuel rods more complicated. In order to study the dynamic stability of
fuel rods excited by high-temperature and high-speed axial gas. the spatial temperature distribution of
fuel rod cladding is solved, and the thermodynamic coupling control equation of fuel rods was derived.
The instability boundary of the fuel rod is defined by using the eigenvalue distribution of Jacobian ma-
trix, and the effects of the maximum heat source line power density, inlet temperature and thermal ex-
pansion on the first critical mass flow rate of the fuel rod are obtained. The results show that the maxi-
mum heat source line power density has little influence on the first critical mass flow rate of the fuel
rods, and the higher the inlet temperature, the smaller the first critical mass flow rate. Considering the

thermal expansion of gas, the maximum heat source line power density and inlet temperature are nega-
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tively related to the first critical mass flow rate. If the thermal expansion effect of gas is not considered,

the first critical mass flow rate of fuel rod will be overestimated.

Key words high temperature gas reactor,

thermal expansion of gas

51

il

o Ul AR B I HE I 5 DU AR S R g R
— BT R W R AN R B S R
T 5 52 I HE AR A2 A il 1) A 19 Bl T 5 A T sl
B b A A Bk 2y o T 45 4G 4R Bl B it e SOXF SR 3l ik

(S ] S BT £ 3 TR A ] A

T DAAE /K E R BIFFE H o 22 G T RHIR 78 T 4
PR T IR IR Bl L L DR R R A AL A T
IR UL 2 3 A % G R Bl B 5 e SR o iR A
J5 7 3 HE P Ul 2 JE v T 7K HE L HE PR RORE A T 1 A
R 7 T B Bl — S — PRI PR T X B O
EEZ U AR Uy N D LR R e N E | SR
IREERRRE O S BORUAR 8 tTE =S ) b Rk AR W 3R
. BT | AR 3 S B8 g 43 A 0 AR 288 A £ 1R
R L RS A AT R AR AR O A

X TBR] A 22 ) A A 1] 3 e 0 AL R AT L [
AN TR T K Bl R 0 5 0T A T 5 AR
T RNy TR A A2 B A T AT i
TCRE 3 FURG P 75 7T it B8 R AR 44 B 18 7T LA
43 44k, Modarres-Sadeghi 25 & %F B 43 45 ¥4 76
Aty ) v B A (RS S TRD R B T — b s AR L M R
shahl oy, HAFSE 1l ) (A5 R 3R EE A RE
FBRC5E ) 235 4 Jer ot 2R R e S U 1 R o [) B ek
A TR O T 25 R 0 T il S B R 2k RS i i DL K&
TEH R T AR IR BT R, & B % M I
BRI FEAT T IRAARIE I Hoh VR 2 R4 P TR
SRR S AT O A o R AR DR BT DR R ) A
Bl | R Bl ) 3 30T, 45 2R 3 B R A S B I 1A A R
RUATY e A b P00 H 5 A8 Ja it R AR OR B 4R 2R R
I S0 . 7 S ST T M o TR S [ A A ik
sl T B AR Lk AR G 5 R L The T bk sh A
SR KR B AT S R L X R R R R
H H PR Bl B BT A o 1 2y R AT AL
e 57 AN B 1 S R T IR B AL BR ER B T

fuel rod,

dynamic stability, thermodynamic coupling,

b s AN 7D 2 2 R BB AR 480 T B ot A 1) 3 o [ A 25
T OB 1 U [ 6% 5 47 S 247 T 858, 40 Liu
SELSUE G T R B AT RO K
¥4 2 A7 BR o0 77 FRAE A B0 3K f# 2% Fluent, 58 i
TOXF I AR AR AR R A U 1R S 8L L. Santis
a0 B STAR-CCM + 3 & %6 X5 A AL 18 4
A Al 1] Y v B A TR S IR S AT S AT ) 4
17 ARG R. Lin & R BOE Ty 204 14
25 [A] A% SRR T T T 0 19 % 50 g 1z

S IR AR X BA R A 3X 2 [ AT 445 A4 7E il )
it R I TR A R AT TR R A T A A 5L AE R
TR B g 2 R P R R AR T P ] 5 ) 445
I 5 2R AR A e A AR R 33K %o i T AR S o HE A
S 4 1 7 M 30 R 5 34 4 R
AR SCAE AR AR WA A2 25 (R B 4 A R 1 ik |-,
7 Bt ) AR R RO H A A Gl I E RS RS
FREAEAF B BT 4 ) 2 5 50R B0 T 2 S R R B
J1 2R M 1 52 e BIL

1 BB EERES S

1.1 fEHEs

7 W A8 A2 i 17 3k 2 23 A3 AT 75 3l EE
At 7 1) B A8 A ML SR eh AR S 00 % 205 i
JEE 3t RO Ao Al BE A A S O L 1 R TR
P AR S A A2 18] 7 1) A 12 PR RY. 0O el Y
R A AN AL e AL OB R R L SR
78 Z AR B S B A A2 A 5 N A2 0 5 b
I BIN vy B s B2 Q A BB VIR AR ) R 4
B DRE T SN R TR T,
FIEN RIS T, BRI E N T, 4
AHE R e A0 RNR L T i T OB N AR LT
TEULAR UL SN » FT N SRR L 5 L B AR B P
P LIRS o F AL 5E A R T T TR A 22 1) LA
XoF i A .



30 g J1 %

TR B

2024 45 22 4

Mﬂ%ﬂ,} &

AA

1 HROR R A 1 A PR 2

Fig. 1 Radial heat transfer model of fuel rod
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Fig. 3 Critical instability velocities under different axial tensions
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