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Fig. 1. Schematic of NIF Revb cryogenic target: (a) Structure of NIF cryogenic target; (b) structure of capsule.
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Fig. 2. Schematic of directional infrared.
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Fig. 6. The temperature contour of the capsule.
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Fig. 11. Schematic of the deviation of the IR bands: (a) Single-
side IR band drifts; (b) both-sides IR bands drift.

110702-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 11 (2022) 110702

—
o
Nt
—~
=3
=

18.0127 18.0121

18.0127 18.0121
M 1 18.0127 ¢ H18.0121
S H 18.0127 S H18.0120
5 118.0127 5 1 18.0120
£ H18.0127 = H18.0120
5 H18.0126 § F18.0120
2 H18.0126 & 118.0120
§ H18.0126 £ H18.0120
& H18.0126 E H18.0119

18.0126 18.0119
(d) @ 18.0115 (e) @ 18.0113
. []180115 18.0112
& H18.0114 ¥ H18.0112
o 18.0114 g 1 18.0111
2 H18.0114 2 H18.0111
S H18.0113 § B18.0111
¢ H18.0113 g H18.0110
£ H18.0113 £ 1 18.0110
& [ 18.0112 & | 18.0110

18.0112 18.0109

18.0112 18.0109

—
(2]
~

18.0119
18.0119
18.0119
18.0118
18.0118
18.0118
18.0118
18.0118
18.0117

Temperature/K

18.0117
18.0117

—
-
=

18.0109
18.0109
18.0108
18.0108
18.0107
18.0107
18.0107
18.0106
18.0106
18.0105
18.0105

Temperature/K

B 12 OR[EDm e m A B g T R ALR IR E =K (a) 0 mm; (b) 0.1 mm; (c) 0.2 mm; (d) 0.3 mm; (e) 0.4 mm; (f) 0.5 mm
Fig. 12. The temperature contours of the capsule at different offsets of the northern IR band: (a) 0 mm; (b) 0.1 mm; (c) 0.2 mm;

(d) 0.3 mm; (e) 0.4 mm; (f) 0.5 mm.

34 TEmMANZHESHIRESBHNTE
BT

H 5 1] £ 812 (1] 43 A 15 22 T 5 B0 D'ty 8] R
AR T LA RS O, A& 11 Bz, 18] 11(a)
FOR MR A7 BB T AERERE, 55—t
AR KRS & 11(b) R PN i 07 2
B TAEERE, HO PG i s A PRI A S
FAI. PR IR R A E X T e

3.4.1 MRS

H T R A0 D o7 5 1) R O B TR 25 2R b
M AR RS I 45 S FEAAH [F], FE G m)
(S 7 B AR RS IR . 43 BIWFSE T demiid e
g AR 0, 0.1, 0.2, 0.3, 0.4, 0.5 mm KT
LR A I B A3 A R BRI BT R AR
6.41 W, ARG AL BE 25T A $E L2 miR
EAEE 12 iR, MNaBE ErTLUE ), Mg
WG 2 ) Jb s, R ALAY LRI R A W . 7t
15, FOAL R PR BRI S (I A DX A, #E LR b
BRI T 2 S 2 T

13 7R TRl e m R B B T AL
RS R LI ZR. BEEI LMD B E AL
TS, LR T 114 o R I 25 RIS e 2 A S e
B, HERAHE RN 0.709 K/m 1 0.147 K /m,
AL R S S M e 2 Ak B0 LR T AR
WPl 22 FRAIG, 32 i F 24 A0 i 67 m bR S e
B AL 32 2T MR S O T AR RRAIR,, AR Ll iy 21
SN IN, (A LT 2 T R AR

0.50 0.11  718.0130
0.45 k T0.10
0.40 F 40.09 418.0125
* 10.08
0.35 |
E {007 & 7180120
el 0.06 & &
g 40. &
E o005l {18.0115
3 02 {0.05 4
0.20 Toos  is0110
015 {0.03
0.10 ' ' ' ' '0.02 d18.0105
0 01 02 03 04 05
e S /mm

8 13 TR B P 2 ) AL oo i R it
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Analysis of influence of spatial distribution error of
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Abstract

For an inertial-confinement-fusion cryogenic target, the fusion ice layer inside the capsule should have a
uniformity more than 99% and an inner surface roughness less than 1 pm (root mean square) to avoid Rayleigh-
Taylor instabilities. And this highly smooth ice layer required for ignition is generated in the presence of
volumetric heat and affected by the thermal environment around the capsule. For the D, fuel targets, the
uniformity of the fusion ice layer inside the capsule is consistent with the uniformity of the surface temperature
around the capsule, and the latter can be controlled by directional infrared illumination. A major challenge of
directional infrared illumination is the precision of directional infrared spatial distribution. In this paper, a
numerical model coupling the directional infrared tracking and temperature field calculation is proposed and
validated by experimental results. A three-dimensional physical model of the cryogenic target is used to study
the influences of different forms of directional infrared spatial distribution errors on the temperature uniformity
of the capsule. The results show that the eccentricity of IR band axis has the worst effect on the temperature
uniformity of the capsule, followed by the distance between both IR bands, and the width of the IR band has
the least effect on the temperature uniformity of the capsule. Therefore, the eccentricity of IR band axis should
be avoided in experiment to ensure the uniformity of the temperature of the capsule, further ensuring the

uniformity of the fuel ice layer inside the capsule.

Keywords: inertial confinement fusion, directional infrared illumination, spatial distribution error, numerical

simulation.
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