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Fig. 1. Schematic of cryogenic target capsule.

Ice layer

bmg/Mg

lB:aml/Ml-i-bmg/Mg’ (1)

K, a, b 5B ERARRL 3 RN 2% BT SR 53+ i
TIRFAEG my, my S0 BREVRUR (VK2 ) 544
AR (VKIZ) W My, My 5l RS RS
RS AR I JEE 7R o i

F IR UKZ AR H o, 0 ERR R S 2y
Faimiis, IHRA (1) 15

afypr
" B +b(1—B) 2’ @)

K, p1, po FPRAIREHKIZ 524 K 2% v A
Z AR SRR TR B R BT 22 L.

SNl Y ) i N B o S D W 2 N2 1o
AR, FIRA B SARs R ERR p, TR

p—__@BIP1p2 .1_<1_2l>3 RT
" aBypi +b(1-B)p2 d

3
3)

Krfr, dNHUALNES; LRUKZREE; R 8-S <A
WAL, 8.3145 J/(mol-K) 1y T H#E IR,

MRIEC (3) Al X TN d FOKZJREE 1 —
JE AR AL, 520 A B . E IR R 202
FeE T RCR Fr BIR g SENIRE T, BAR,
BN, A2 e ERRAE p, B/]N; B8 PR EE
T AR, el e EBRAE p, to BRI

FTILA NIF (National Ignition Facility) J&#E
U2 IR SRR IR EEXT p, SN EREE . NIF
IR NS d = 2 mm, IKJZEE [ = 70 um; %
RKZB R p; = 206 kg/m3, ZFSIRVKZ %
B py = 1160 kg/m?. TN SRS TEA IR F 2
S WeE AR A 4 e BRI g, /)
B = 0.0003%. 1EHIZMATHR, IR T X445
S5 ERR p, I RBOCREL, QA 2 fis.

075207-2


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 % 3R Acta Phys. Sin. Vol. 70, No. 7 (2021)

075207

175
150.895
150 |
125
[
& 100t
=%
75
50 |
o5 . . . . .
100 150 200 250 300
T/K

Pl 2 H0 P TRLEE X A B UM R ) b BR B
Fig. 2. Influence of temperature in target on upper limit of

impurity gas pressure.
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Fig. 3. Conversion chart of gas flow field: (a) Conversion
chart of air flow field; (b) conversion chart of hydrogen flow
field.
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Numerical simulation of filling and evacuating process of
impurity gas in target capsule of inertial confinement fusion
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Abstract

Cryogenic target is one of the key components of inertial confinement fusion. The removal degree and
efficiency of impurity gas in cryogenic target are of great significance to the on-line preparation of ice layer for
cryogenic target fuel. According to the design requirements of cryogenic target physics for impurity content in
ice layer, the influence factors of upper limit of partial pressure are analyzed, based on the derivation of the
calculation formula of maximum allowable partial pressure of impurity gas in the target. Then the flow field of
air and hydrogen in microchannels is investigated, and the filling and evacuation model of gas flow in a
microscaled filling tube is established. The dynamic simulations of microtubules with different lengths and
diameters are carried out. The results show that the microtubules with a length of 5 mm could save 80% of the
time compared with the microtubules of 50 mm in length when the microtubule is 5 pm in diameter. At the
same time, the total flow washing time decreases by 46% when the diameter of 2 pm is doubled under the
condition of 20-mm-long microtubule. Considering the requirements for efficiency and fusion stability, four kinds
of tubes are proposed and simulated. The results indicate that the conical transition tube has a strong flow
capacity and high flow evacuation efficiency, and is suitable for use as a filling microtubule. On the basis of the
best tube shape, the comparison between the two processes under different intermediate pressures is carried out
with the time and number of filling and evacuating serving as evaluation criterion. Ultimately, the intermediate
pressure of 52000 Pa is selected, the total number of evacuation is 10 and the time is 758 s. Finally, the effect of
temperature on the evacuation efficiency is studied in a temperature range of 113 K—293 K in steps of 60 K.
The results show that the total time of filling and evacuation will be reduced by 15% on the basis of normal
temperature when the temperature is reduced by 60 K, which proves the feasibility of evacuation at low

temperature in practical operation.

Keywords: cryogenic target, microchannel flow, filling and evacuating, numerical simulation
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