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Dynamic Thermal Characteristics of Cryogenic Target Under
Temperature Disturbance of Thermal Shield
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Abstract: Dynamic thermal characteristics of cryogenic targets are studied under conditions of
temperature disturbance of the thermal shield. Based on user-defined functions and the discrete
coordinate radiation model, a model is numerically developed and the propagation characteristics
of the temperature disturbance in the hohlraum system are studied. The influences of the thermal
mechanical package (TMP) shell absorptivity and the sealing film transmissivity on the stability
and uniformity of the capsule surface temperature field are obtained. The results show that the
temperature fluctuation of the shield has two paths. The first path is the shield-sealing film-
capsule and the second one is the shield-TMP-gold hohlraum wall-helium chamber-capsule. Under
typical operating conditions, the temperature fluctuation of shield with amplitude 10 K is
attenuated to 0. 85 mK at the outer wall of the target. The temperature amplitude of each surface
of the hohlraum system varies from large to small: the outer wall of the target, the outer wall of
TMP, the inner wall of TMP, and the inner wall of gold hohlraum. The stability and uniformity
of the capsule temperature is significantly improved by decreasing the TMP shell absorptivity
when the sealing film transmissivity is small, or increasing the TMP shell absorptivity when the
sealing film transmissivity is large, or decreasing the sealing film transmissivity.
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Fig. 1 Schematic diagram of cryogenic target structure
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Fig. 2 Schematic diagram of capsule
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Fig. 3 Model of thermal shield
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Fig. 4 Grid of two-dimensional axisymmetric model
0.194r1

0.192

S

o

S
T

I KR % /mK
o
%
[~<]
:

0.186

0.184

0 1 ;2 3
[ %5/10
5 A% JE S S ik

Fig. 5 Grid-independence verification
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Fig. 6 Average surface temperature of capsule at the initial

time of each cycle
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Fig. 7 Schematic diagram of monitoring points
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Fig. 8 Temperature fluctuation of monitoring points under

different conditions

P W FAF 2 57 PN A BE IR RE 35 B o D 4R R DA R B/ 1Y
TP Sk B0 AU AP BE | 5 1] AP BE S fR PN BE | 4x I N BE
PN ] A BE 0 PN BE | 4 6 PN RE iR I 8 sk T A A
FUIR BE I 20 B I A K (B I A X 4 AR R B Y
o, B FEZEME S, R A AE R
JEPRIE—2, HS C2.D2.C4.D4 Ab 4R g AH IR o H
A L Bl R BS s 5 EFH NEE CL R C5 R
AR ) B AR (R R IR I 22 S JAR K SR Wi
JE U Bl 2 B D R S B T N 2 A ) 4 AL 4
Sk B 5B AL RN AT IR EE B B 0 PRI R SR Y s
M) K5 38 AL A1 B R ] A0 BE HC rp — AN Y IR SR R
R O Sk 5 e G G e A o B B Y AR G P A IR R D
Bl HH o) — 1> 3R TH R R S R T L . 1B 8e Ry
S WS T 71 B B S 4 A 5 3 T A A 1) TR R R T
1 00 N a] ) 42 5 A RE IR ORI 0 J5 L 4
LA BE 4 B R T Ay = A T A i e I U
) 10° mK LUF AT RLZBE AN T, AT 0L AL 1 L
W By [n) 56 7 A% 46 B 7E SR 52 B A K
HIl 55 5 B3k 43 s P RE B 2 42230 T % L 0T 4 I RN S 1R IR
JEGEEARBA W . K 8d IR T i # L A BE 4R
S A BT 2% WA A 00 VIR R AR 1O T e i PN RE
8] DA RE RIS B /D BE 1 5 M A8 0 i s R M 7R T 4
— 5, BB LA BE B i LR T ALY 0. 85 mK [ E
0.22 mK, LA C3.D3 Ay JE i I8 2 1F £ 3 9 21 BE
) I B2 U Bl L AR R ER R BRI £ 18 A RE LS TR
BE 4G I N RE VB JUABE | i3k Bl b 2 R 3 B R 0% T
W U SR IR B A BE D3 & 4 ks N BE B3 R
T 11.6% . 4 & N BE B3 EHEILAMNEE A3 I T
42. 1% 2 33 2 RN B 16 R0 4 s I A S 3R 4% 3Rk R
SR TS A I I SR IR i A BE D3 2

http: // zkxb. xjtu. edu. cn

Ry Bt W B - - R L R R B O B AR
T P AR I AR S AT R U Bl R Sk R R AR R A
s R IFBR I R AHE S,
2.2 HmMEAZXERSH

Hy T i 5 R PR R G 22 IR NG i e S A T
P DR A BR AR T 0 b R e S A X O S
FEATIE M R . B AR — b MR S AR R
iR R S B B ORI S R R LR . BRI R
FMGE F O 2 TAT S , R mOGH . & I R 8AR,
B ALAE R I R T A e A R O AR R R
MW B 1 S B U 2 O 9 o 3B R, —
S AR G R 0B W R A Y S — R R 2
S o PRI o S S R R AR — LR B
R RHAR SRR . BRAR T BB RS SRR A B i
BRI R ST R SR R S A AR 5 iR R S R A
B SCHT IR SE bR vl 3 B/, BRIl E TE
AT A1 WAL ) 6 S AT RS/ o %o B AR b U A B
ARG MAAR A . R0 9 2 2 R A L VR D B AR
R R B R IR R 2 R — o B R R
Y AR AT — 0 A0 4 48 5 R R R G R A B 3
FRE 1o BT D2 0 S S i 2 0 N SR Y A
H T A3 B 3R 1 A IROBOCR 5 R PR 2 R 1,
W A WSO 5 R S R TE — R e o 38 o B R
375 Gk 23 R R IR AR, TR 5 ) 559 00 I B A% 4 L
o 0 R T B R R AN Y S M T
2.2.1 EEEKE BIRRI, B ESE FREUN
T L 25 Fe O A 3 okt R AL TR BB 3 I S el AN Tl . 7
B 1% S 2% 43 54 0,01 AT 0.1 T Bl AR 4 R W ik
ROPUME N 0,0.1,0.5 F1 1, & 9 JBIR T & 1%
SR 0,01 A 0. 1 T BB LS 357 38 B U Sl 4R
5 KL 22 B S R RBCR  B AR S B . K TP AT B
B, 24 5 05 TR 0. 01 I, 19 2 £ W i R ]
DA 00 AL R 5 0 N e R TR 25 8 5 2 R R
O B HN 1 B, 8 AU 7L 32 iR MR B 6. 19 A% L R KR
ZEHM 10. 9%, ME O PEGFE R 0.1 B KE
AT IR A 256 2 Al S A VIR IR W R e R TR 2 08N L B
WS I O S H 1 B $E LI B IR0 R R 11, 9%,
R 2 TR 23. 6%,

S 0B 543 BIER 0. 01 F1 0. 1 I, §1 AL IR B
I 1 60 5 R VIR 22 B 2 7 WG AR A A R [ 3, X




118 LI |

P

R

Eird i 55 4

0.4

1.0 08 06 02
0.9§r——s——T— : 0.26
- e @,
08F e T 40.24
07
.- 022
v OO acmmgoorsm T 4020 %
:\; 05F - o=~ JE AT Z0. 1 4R R S‘_
. —=— G R0.01R % {o1s &
B 04] —e—imntR0. 1% =
= {0.16 2
03}
ool {0.14
o1k 0.12
. - ' . 0.10
0 0.2 04 0.6 08 1.0
S
PEl O I SHL I B AR W A K I 22 o A R WA SR 1Y 2B 4k

Fig. 9 Variation of temperature amplitude and maximum
temperature difference of capsule with TMP absorp-

tivity
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