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Fig. 1. Schematic diagram of fusion fuel mass distribution function m(c) under different mix morphology: (a) Ideal chunk mix;

(b) heterogeneous mix; (c) homogeneous atomic mix.
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Fig. 2. m(c) taken as the distribution of § function with different parameters and corresponding correction factor of thermonuclear

reaction rate: (a) 3 function distribution with different parameter; (b) corresponding 7.

015201-3


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. 72, No. 1 (2023) 015201

A A SR A R WE B SR A 0 R R
B, IIRAE T (5) AR, s T #u%
J5 7 2% 5 07 POk RLE R S ] e 3 SR R 4k 3 A
R C T3

SR IR A TE S TEAE R R . R IR
SHTURE™ | AR L, AR SCE E S ORI
HEER JLAAT b B3, A J0RE 41 1 £, P — 2 AR R
FH “HBURLY 570 S /INBR 22 ] 1 L3 0 P A A
PBE K IR A A AL B2, R 3 s, ks
B A o B O A4 A m(c) R AT 28 38, W
WO ENG AT T FIALAD TR, (SRR Bt
TR U B e T RSS2 400 58 3 ORISR 4
(T BRI 19, 30 By = Ro(ug /° — 1) (REREAF 5
WIERE A LI ), HE— 2B IR IR A X N ST
W BE R A1 50, NI TT AR (5) A 5 Hh B I 3
SABE DT 547 8003 HL 09 b /s TR BB R

T R e

vs
T )
(0 < h/rs < 1), (6)

Forpros 016 BPIRAS S IR Y R AR TR 2.

[vg ! — (14 ha/rs)?]

K3 R RO NR R Y B s R
Fig. 3. Schematic diagram of mutual diffusion process of
chunk+DT system.

N T R A Y RO AR, AR RS | R
A AR O R BE R A T A BRZS )R 19— 2Bk
JUATY HOG R, MR SR AR B TR B8 5V BE Y 25
[E1) 73413 IS T8] £ R 4 ) A S IO S4B T TR 7

Bt s 1] (e A e A, O S AT 48 SR AT T LA,
Kl 4 Fros. ZIEBEHT A= (6) 1, 4P HURE
h = rs MR EY BT FREE R, B2 AIRE,
TSPy B A rh v J3 58 4 1 5 e AR IR ], B
Taiffusion = T's 2/ (6.76D) FRAFH F I AR 52 ik 1] (3
D RYTERED), I A R BN B =
V6.76Dt . IE 4 LR, M A4 e
TE R E B A A T e | T Sms N T4k
{ELf, X SR HT RS Y BB AR G, FF 5 e
PERLAERE. 5 2% it G 230 il W S AT A5 A i
fajfk, MR BA B SRS

1.6
AP, WRPTHR 0.5

= L5 — bR
g — PEOTERER
o4t
=
ﬁ(—‘l\
% 1.3}
=
2 1
s
# 11t

1.0 . . . .

0 0.2 0.4 0.6 0.8 1.0

t/Taittusion (Tdittusion = R2/6.76D)

4 PSR AR A IE X 7 BB 5 AT A Y LK
Fig. 4. Comparison of numerical and analytical solutions for

the correction factor of thermonuclear reaction rate.
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Fig. 8. Comparison of the mutual diffusion coefficient between MC simulation and kinetic theories: (a) Carbon and deuterium;

(b) gold and deuterium.
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Abstract

Mixing between shell material and gas fuel, caused by hydrodynamic instability, isolated defects, or kinetic
effects, is the key to understand the degradation of implosion performance in the research of inertial
confinement fusion. Understanding the mixing mechanism and reducing its impact is of extreme importance to
achieve the ignition and high gain. The impact of mixing morphology on thermonuclear reaction rate in sub grid
level has gradually attracted people’s attention in recent years due to its direct influence on burn rate and
fusion process, the study on physical model of thermonuclear reaction rate in different mix morphology has
important scientific significance and application value. In the paper, the dependence of thermonuclear reaction
rate on mass distribution of different fuel concentrations at sub grid scale is derived. Based on thermodynamic
equilibrium and ideal gas equation of state, the physical law of the evolution of the thermonuclear reaction rate
with mix morphology under the dominance of diffusion mixing is revealed through analytical formula and
numerical solution of diffusion equation in one-dimensional spherical geometry. It is convinced that the mixing
amount directly affects the thermonuclear reaction rate by mainly affecting the volume fraction of the fuel, and
the mixing diffusion time determined by heterogeneous mixing scale and diffusion coefficient directly affects the
evolution behavior of the thermonuclear reaction rate. Furthermore, based on mutual diffusion coefficient
obtained from direct simulation of diffusion process by Monte Carlo method, the difference of impact to
thermonuclear reaction rate for low-Z Carbon and high-Z gold mixing is quantitatively investigated.
Heterogeneous mix size with 0.1 pm, 0.01 pm respectively for the low-Z and high-Z mixing can be treated as
atomic mix in burn rate aspect, and heterogeneous mix size with 10 pm, 1 pm respectively for the low-Z and
high-Z mixing can be treated as ideal chunk mix in burn rate aspect, and heterogeneous mix size in the middle
state needs to be evaluated by using the heterogeneous mixing model of thermonuclear reaction rate in the
paper. Finally, the physical model is compared with 3D simulation results of the heterogeneous mixing effect
experiment called “MARBLE Campaign” carried out on OMEGA laser facility, which is designed as a separated
reactant experiments and capsules are filled with deuterated foam and HT gas pores of different size, covering
typical mix morphology from atomic mix to chunk mix, which validate the reliability of the theoretical
evaluation about the evolution of mixing morphology and its impact to thermonuclear reaction rate. This work

is significant for the design and improvement of inertial confinement fusion mixing effect experiment in China.
Keywords: mix morphology, heterogeneous mix, thermonuclear reaction rate, mutual diffusion coefficient
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