POLITEKNIK DERGISI

JOURNAL of POLYTECHNIC

Journal of Pol&teghnic
POLITEKNiIK
DERGISi

ATE Al
J’
2

EMERGING ®
SOURCES
CITATION
INDEX

NpExE®

ISSN: 1302-0900 (PRINT), ISSN: 2147-9429 (ONLINE)
@G“Zi UNIVERSITESI URL: http://dergipark.gov.tr/politeknik

The influence of magnetic field on the growth
rate of rayleigh-taylor instability using nano-
structured porous linings in inertial
confinement fusion fuel targets

Rayleigh-taylor kararsizliginin blyime hizina
manyetik alanin etkisi nano vyapili gozenekli
kaplamalarin kullanilmasi eylemsiz hapsedilme
flizyon yakit hedeflerinde

Yazar(lar) (Author(s)): Arash Malekpour', Abbas Ghasemizad?

ORCID': 0000-0003-1148-3872
ORCID?: 0000-0001-6452-6309
To cite to this article: Malekpour A. and Ghasemizad A. “The influence of magnetic field on the growth

rate of rayleigh-taylor instability using nano-structured porous linings in inertial confinement fusion fuel
targets”, Journal of Polytechnic, 26(2): 941-951, (2023).

Bu makaleye su sekilde atifta bulunabilirsiniz: Malekpour A. and Ghasemizad A. “The influence of
magnetic field on the growth rate of rayleigh-taylor instability using nano-structured porous linings in
inertial confinement fusion fuel targets”, Politeknik Dergisi, 26(2): 941-951, (2023).

Erisim linki (To link to this article): http://dergipark.gov.tr/politeknik/archive

DOI: 10.2339/politeknik.1055366


http://dergipark.gov.tr/politeknik/archive
http://dergipark.gov.tr/politeknik

The Influence of Magnetic Field on the Growth Rate of Rayleigh-
Taylor Instability Using Nano-Structured Porous Linings in Inertial
Confinement Fusion Fuel Targets

Highlights

The effect of using nano-structured porous linings at the ablation front of ICF fuel targetsis obtained.
» The influence of exrting magetic field to the ablative surface of ICF fuel targets is acquired.

» The porous parameter is calculated for three different ICF fuel targets.

The growth rate of Rayleigh-Taylor instability as a function of wave number is obtained in each case.
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Graphical Abstract

In this study, decreasing the growth rate of RTI for different ICF fuel targets is investigated by applying nano-
structured porous linings at the ablation front of them in the absence and presence of magnetic field.
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Figure

Aim

The aim of the study is the investigation of the influence of magnetic field on the Rayleigh-Taylor Instability (RTI)
growth rate using nano-structured porous linings in Inertial Confinement Fusion (ICF) fuel targets.

Design & Methodology

The equation of RTI growth rate is obtained analytically applying conservation equations, boundary conditions and
approximate methods.

Originality
Using nano-structured porous linings at the ablation front of different ICF fuel targets is in good agreement with

previous analytical investigations. Also the idea of exerting a powerful magnetic field to the ablative surface of them
is a new idea that will be very useful for achieving hydrodynamic stability.

Findings
It is found that higher values of Hartman number will lead to the lower value of RTI growth rate.
Conclusion

Using nano-structured porous lining and exerting a convenient and powerful magnetic field reduce the growth rate
of RTI. So they can be considered as positive factors to achieve hydrodynamic stability in ICF reactions.
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The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

In recent years, achieving hydrodynamic stability in inertial confinement fusion (ICF) targets by applying nanostructured porous
linings at the ablation front of them has been of particular importance to scientists. Hydrodynamic instabilities, the most significant
of which is Rayleigh-Taylor instability (RTI), play a significant role in many physical phenomena. So how to decrease the growth
rate of these instabilities is an important purpose in ICF fuel targets. In this research, reducing the growth rate of RTI for various
fusion fuel targets has been investigated in two stages: First, it is indicated that applying different nanostructured porous linings at
the ablation front of them in the absence of a strong magnetic field causes to decrease RTI growth rate and second, it is shown that
using various nanostructured porous linings at the ablation front of these targets accompanying magnetic field exerting to the
ablative surface of them, leads to more reduction of RTI growth rate. In both of these two phases, RTI growth rate is acquired
analytically using conservation equations, boundary conditions and approximate methods and it is indicated that applying
nanostructured porous linings and exerting a powerful magnetic field, will decrease RTI growth rate.

Keywords: Hydrodynamic instability, rayleigh-taylor instability, nano-structured porous lining, growth rate, fuel target.

Rayleigh-Taylor Kararsizliginin Biiyiime Hizina
Manyetik Alanin Etkisi Nano Yapili Gozenekli
Kaplamalarim Kullanilmasi Eylemsiz Hapsedilme
Fiizyon Yakit Hedeflerinde

(074
Son yillarda, atalet 6nlerine nanoyapili gézenekli astarlar uygulayarak eylemsiz hapsetme fiizyonu (ICF) hedeflerinde hidrodinamik
kararliliga ulagmak bilim adamlari igin &zel bir 6neme sahip olmustur. Hidrodinamik kararsizliklar, en 6nemlisi Rayleigh-Taylor
kararsizligidir (RTI), birgok fiziksel olayda 6nemli bir rol oynar. Boyle, bu istikrarsizliklarin biiyiime hizinin nasil diisiiriilecegi,
ICF yakit hedeflerinde 6nemli bir amactir. Bu ¢alismada, RTI biiyiime hizinin azaltilmasi ¢esitli fiizyon yakiti hedefleri i¢in iki
asamada incelenir: Birinci, gligli bir manyetik alanin yoklugunda ablasyon onlerine farkli nanoyapili gozenekli astarlarin
uygulanmasinin RTI biiyiime hizinin azalmasina neden oldugu belirtilmektedir ve ikinci, bu hedeflerin ablatif ylizeyine uygulanan
manyetik alana eslik eden ablasyon cephesinde ¢esitli nano yapili gézenekli astarlarin kullanilmasinin, RTI biiylime hizinin daha
fazla azalmasina yol actig1 gésterilmistir. Bu iki fazin her ikisinde de, RTI bilylime hizi, koruma denklemleri, sinir kosullar1 ve
yaklasik yontemler kullanilarak analitik olarak elde edilir ve nanoyapili gdzenekli kaplamalarin uygulanmasi ve giiclii bir manyetik
alan uygulanmasinin RTI biiylime hizin1 azaltacag belirtilmektedir.

Anahtar Kelimeler : Hidrodinamik kararsizlik, rayleigh-taylor kararsizhigi, nano yapil gozenekli astar, biiyiime orani,
yakit hedefi.

1. INTRODUCTION in 1883, the acceleration is preserved. Also G. I. Taylor

When a low density fluid accelerates a dense one, or N 1950 indicated that RTI can occur in accelerated fluids

while a heavy fluid placed on a light one in a gravitational ~ [2].  This instability has many applications in
field, RTI occurs at the fluid interface and finally ~ Meteorology, astronomy, fluid dynamics and inertial
generates turbulent mixing of fluids [1]. In this instability ~ confinement fusion (ICF) [3]. In ICF, to raise the energy

which was investigated mathematically by Lord Rayleigh gain of fuel pellets, they are constructed in multi-layered
spherical shape [4]. The number of fuel layers appertains
*Sorumlu Yazar (Corresponding Author) to the kind of driver (laser or ionic fusion) and the type

e-posta : ghasemi@guilan.ac.ir of driving (direct drive method or indirect drive method)
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[5]. In designing these fuel pellets in direct drive method
of laser ICF, the central zone is usually composed of low
density, high temperature and high entropy DT gas fuel
surrounded by a layer containing DT solid fuel with high
density, low temperature and low entropy [6]. So, to
attain more hydrodynamic efficiency, a low-Z ablator is
applied to absorb the energy of the incident laser beams
radiated to the outer surface of the fuel pellet [7]. One of
the ways achieving this purpose is to investigate the
effect of exerting a powerful magnetic field in addition to
the accompaniment of a nano-structured porous layer at
the ablation front of ICF fuel targets to reduce RTI
growth rate. In this situation, both homogeneous
incompressible fluid and compressible Boussinesq fluid,
which is electrically conductive, are considered to be
bounded from the bottom by a solid surface and from the
top by a nano-structured porous lining.

Ablator layer contains a foam and is enclosed with a very
fine layer consisting of a high-Z material such as gold
(Au) and owns a thickness of about 25 nm as the outer
layer. When this layer is irradiated by laser pulses, the X-
rays generated in the foam layer are symmetrized and
preheat the shell before the ablation process begins; as a
result, the laser pulses are absorbed in the foam layer with
high yield [8]. Even if the gold layer is not applied, since
the foam layer has a porous structure, it can uniform and
smooth out the in-homogeneities in laser pulses and act
as a hohlraum in the indirect drive method [9]. In fact, the
pores in the foam layer permit the perturbations to pass
through and thus substantially decrease the growth rate
of hydrodynamic instabilities. In addition, the pores in
the foam layer may deform the expansion and contraction
of the flow and cause nonlinear flow. To attain linear
flow, a nano-structured porous lattice with very fine
pores of nanometer order can be applied. These lattices
called nano-structured porous linings, have the capability
to remain unchanged due to owning fine pores. Foametal
or aloxite are examples of them [10]. Physically, the
basic equations for a system including a nano-structured
porous lining (which is compacted at high density and
saturated with an incompressible viscos fluid) and the
shell-film (an incompressible layer which is in contact
with the porous lining) consist of momentum and mass
conservation equations as follows [10]:

_a4§ I
pa—?=—Vp+ﬂV2q—Kq @)
V.G=0 )

where = (u,V) is fluid velocity in which u and v are x
and y components of its velocity, p is density, p is fluid
pressure in shell-film, z is viscosity coefficient inside

the shell and K is the permeability as follows: global
radyasyon ve 9,26 saat gilineslenme siiresi ortalama
degerlerine sahiptir [1].

5=p, {1+ X, [Z——lﬂ ©

ﬁ:y{uxp(”ﬁ—ﬂ 4)
H

Hi o P Gy
K Xp(k + \/? |u|J (5)
where the subscripts f and p specifies shell-film and
porous layer, uet is effective viscosity, us is the fluid
viscosity inside the shell, k is the fluid permeability of
porous layer which has the line squared dimension, Cy is
the drag coefficient and X, is a constant as follows:

{O for shell film
X =

p

. (6)
1 for porous lining

In this research a shell-film of thickness h is considered
as target with a thin shell filled with a light viscous
incompressible fluid limited from above to a nano-
structured porous lining with dimensions large enough
compared to the thickness h and containing a heavy
incompressible viscous saturated fluid and restricted to a
rigid surface from below as shown in Fig. 1.

VE:

L2205 Loy=h
n_~ V/ ‘[
shell-film
h
| .

P P L Ll P s

y=0
Figure 1. The physical structure of a system consisting of shell
film and porous lining [10].

The momentum conservation equation must be solved
with appropriate boundary conditions. In this research the
analytical computations have been restricted to flows
satisfying the Stokes and lubrication approximations [10,
11]:

1. The interface elevation (#) is much smaller than the
shell-film thickness (h). By applying this assumption, the
variations of u with respect to x can be ignored.

2. By assuming B = dh? /y << 1, the gravitational force
can be ignored compared to the surface tension; where B
is Bond number, J = g (pp - pr) is the vertical stress, g is
the acceleration due to gravity at the fluid interface, pp is
the dense fluid constant density in the porous zone, ps is
the light fluid density in the shell-film region and y is the
tension of surface.

3. Reynolds number R = Uh? / L v, which vouches

laminar flow and also internal forces can be ignored with
this supposition where U = v / L is the characteristic
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velocity, L = 1/ y /& isthe characteristic length and v is
the kinematic viscosity.

4. By considering S =L/ T.U << 1, it can be concluded
that the ratio of positional acceleration (6¢/ot) to

inertial acceleration ((G.V)§) in Equation 1 is

insignificant; where S is Strouhal number, T = uy / h%5?
is the characteristic time and u = p.v is the absolute
viscosity of fluid.

These approximations permit us to ignore some nonlinear
sentences in the momentum conservation equation. We
can also assume that due to the approximation of laminar
flow in a porous medium compressed with high density,
the heavy fluid in the porous lining is almost stationary.
So, by applying this supposition, the above mentioned
approximations and by using the saffman slip condition,
Equations 1 and 2 will be converted as follows [9]:

0 U
—a—s+#f oy (7)
-‘;—5=0 (®)

Also the incompressibility condition for the x and y
components of fluid velocity, u and v respectively, is
expressed as the following relation:

ou ov
—_t =
ox 0oy
The above equations must be solved by applying
convenient surface and boundary conditions, the first of

which is the non-slip condition at the solid surface as
follows [10]:

u=v=0 at

0 )

y=0 (10)

Also, at the interface of porous lining and shell-film, the
Saffman slip condition is as follows:

ou
_:_iu at

oy  Jk
where a is the slip parameter and k is permeability. In
addition to the above conditions, the dynamic and the
kinematic conditions at the interface are as follows
respectively:

y=h (11)

2

on

=—06n- at y=h 12
p Ut y (12)

on 0n
V=—-+Uu—o> at =h 13
ot 0X y (13

By using linearization, kinematic condition is reduced to
the following relation:

0
V:_
ot
So, by solving Equation 7 applying the boundary
conditions mentioned in Equations 10 and 11, the x
component of fluid velocity will be acquired as follows:

at y=h (14)

15
l+ao (15)

ziﬂz(y_zﬂwjh
M OX 2

where o =h/.[k is porous parameter. By applying

scales h for the length, o4 for the pressure, us / ok for the
time and 642 / s for the fluid velocity, the above relations
can be expressed as dimensionless equations. So, with
these suppositions, Equation 15 can be converted as
follows:

y{ _MF_D

T2 (1+ ao-) oX (16)

2
To acquire the y component of fluid velocity, Equation 9
must be integrated from 0 to 1 with respect to y. So by
using Equation 16 and after simplification, this
component will be obtained as follows:

V:_l(l_M] op

6l 2(l+ao) Jox? ")

2. DISPERSION RELATION LACKING
MAGNETIC FIELD

Since Rayleigh-Taylor instability grows exponentially
with time, so the amplitude of this instability changes
exponentially with time as follows:

n=n,exp(ifx+nt) (18)

where n is RTI growth rate, 7 is the wave number and 7o
is initial amplitude of disturbances and in the above
equation, the wave vector is considered in the direction
of the x-axis. According to Equations 16-18, the
dispersion relation has been computed in several steps. In

the first step %7 / & x? is obtained as follows:
on
ox?

In the second step, by substituting Equation 19 in the
relation 12, 0°p / &x” is acquired as follows:

=—0n, exp(ifx+nt) (19)

o*p 2\ 01
e ~Orr)ae
Then in the third step, by combining Equations 19 and 20
and replacing them in Equation 17, the y component of
fluid velocity is obtained as follows:

v=-%%-%%{§§{ﬁ—5@—%§}y—ﬁ%emwwx+m»

(21)
On the other hand, in the fourth step, due to Equations 14
and 18, this velocity equals to:

(20)

v =nr,exp(ifx+nt) (22)

By equating the right side of Equations 21 and 22 and
applying the dimensionless relations, the dispersion
relation lacking magnetic field is acquired as follows:
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1 oo 02 types of these porous layers mentioned in Table 1, o =
= z——— | (23) 0.1and B=0.04.
3 4(1+ao)

5

where n is RTI growth rate and B = 64? /y is the Bond
number. Lacking nano-structured porous layer (k — oo or
o — 0), Equation 23 converts to the following equation:

2 2
N, :E( _Ej (24)

which corresponds to the relation acquired by “Babchin
et al. (1983)” [12]. So by applying Equations 23 and 24,

4

w

Growth rate, nx10~3

the following relation can be expressed as follows: 1
(? it N
n=n, %7 ?l1-—|= n,—pB1ev, (25) oo 005 010 015 020 025 030
4(1+ aO') B Wave number, |

Figure 2. RTI growth rate lacking nano-structured porous
lining (¢ — 0) and magnetic field, for various
amounts of Bond number [18].

which coincides to the relation acquired by “Takabe et al.
(1985)” [13] where:

Table 1. The acquired porous parameters for different nano-structured porous linings applied for various fusion fuel targets

[14-17].
Atzeni's Target Betti's Target | Craxton's Target
Porous Specimens Permeability k [m?]
h1 [pm] o1 h2 [um] G2 hs [um] 03
Foametal 7.1x10° 870 10.33 | 422 5.01 1663 19.74
Foametal A 9.7x10° 870 8.83 422 4.28 1663 16.89
Foametal C 8.2x10°® 870 3.04 422 1.47 1663 5.81
Aloxite 1 6.45x107%° 870 34.26 | 422 16.62 | 1663 65.48
Aloxite 2 1.6x10° 870 21.75 | 422 1055 | 1663 41.57
_ 3ao : K=7.1x10~°m? Atzeni's Target
- A+ ac (26) B=0.04 R o Betti's Target
2201 R o e - Craxton's Target
2 2
v, = _4+ao O 27)
12 (1+ ao-) B

Growth rate, nx10~3

3. RTI GROWTH RATE LACKING MAGNETIC
FIELD

In this research, three spherical fuel targets with various
amounts of thicknesses (h) have been applied as fusion
fuel targets. These fuel targets are presented by “Atzeni

0.00 0.05 0.10 0.15 020 025 030

etal. (2019)” [14] with h =870 pm, “Betti and Hurricane Wawe numer, |
(2016)” [15] with h =422 pum and “Craxton et al. (2015)”  Figure 3. RTI growth rate lacking magnetic field considering
[16] with h = 1663 pm. As a result, by applying nano- k=7.1x10"m?

structured porous layer at the ablation front of them, the
changes in RTI growth rate at the ablation front of these
fuel targets have been investigated analytically; So that
lacking nano-structured porous layer, RTI growth rate is
indicated in Fig. 2 for various amounts of Bond number
and accompanying it, RT1 growth rate can be observed in
Figs. 3-10 for the above mentioned fuel targets, different
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3
k=9.7x10"m? —— Atzeni's Target
B=0.04 B N Betti's Target
=01 o N e Craxton's Target
) )

Growth rate, nx10~3

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Wawe numker, |

Figure 4. RTI growth rate lacking magnetic field considering
k =9.7x10"°m?

: k=8.2x10"8m? . “ —— Atzeni's Target

B=0.04 B
a=0.1 R ORI Craxton's Target

----- Betti's Target

Growth rate, nx10-3

-1
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Wawe number, |

Figure 5. RTI growth rate lacking magnetic field considering
k =8.2x107°%m?

k=6.45x10"°m? —— Atzeni's Target

B=0.04
a=0.1
2

..... Betti's Target
..... - Craxton's Target

Growth rate, nx10—%

0.00 0.05 0.10 0.15 020 - 0.25 0.30
Wawe numer, |
Figure 6. RTI growth rate lacking magnetic field considering

k =6.45x10""m’

3
k=1.6x10"°m? —— Atzeni's Target
B=0.04 ----- Betti's Target
@=01 e Craxton's Target
5 .

Growth rate, nx10~3

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Wawe numker, |

Figure 7. RTI growth rate lacking magnetic field considering

— 2
k=1.6x10"m
4
-9
Atzenis Target — k=7.1x10
_ T=0 e S k=9.7x10"°
3| B=0.04 ). N
..... - k=8.2%10"8
, - — - k=6.45%10"%°
7
S k=1.6%10"°
X
[=
g1
=
8
O Op=
-1
~6.00 005 010 015 020 025 030

Wawe number, |

Figure 8. RTI growth rate lacking magnetic field considering
Atzeni's Target

-9
Bettis Target —— k=7.1x10
------ k=9.7%107°
3
----- - k=8.2x10"%
2 - - - k=6.45x1071°
i
S k=1.6x10"°
X
S
g1
[
<
g
O Op=
-1
~6.00 005 010 015 020 025 030

Wawe numer, |

Figure 9. RTI growth rate lacking magnetic field considering
Betti's Target
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Craxton's Target —— k=7.1x107°
3| B=0.04 L wenen k=0.7%107°
=01 ceren k=8.2%107
B - == k=6.45x10"1°
7
i k=1.6%10"
X
%
g1
=
H
O Q=
-1
BN
i)
“600 005 010 015 0.20 025 030

Wawe number, |

Figure 10. RTI growth rate lacking magnetic field considering
Craxton's Target

It can be realized from Fig. 2 that because vy is inversely
proportional to the Bond number, reducing Bond number
amount, increases surface tension. So by decreasing
Bond number value, RTI growth rate reduces. It can be
understood from Figs. 3-7 that the presence of porous
layers decreases RTI growth rate; so that by decreasing
the permeability, the growth rate of this instability will
reduce too. In other words, as obviously seen in Figs. 8-
10, RTI growth rate is proportional to permeability. So,
it can be concluded that using the aloxite layers compared
to the foametal layers, which have lower permeability, at
the ablation front of ICF fuel targets, will make it
possible to attain hydrodynamic stability. On the other
hand, by applying the fuel targets with appropriate and
sufficiently significant thickness, due to their low amount
of aspect ratio [19], the growth rate of hydrodynamic
instabilities at the interface of them with nano-structured
porous linings will decrease more than the other ones.
That is why the fuel target presented by “Craxton et al.
(2015)” [16] has the lowest value of RTI growth rate
compared to the others. This target is very suitable in
terms of attaining hydrodynamic stability, so that the
performed computations in this research confirm this
case.

4. EXERTING MAGNETIC FIELD and
MATHEMATICAL COMPUTATIONS

In this case, according to Equation 1, the linear

momentum conservation equation due to the addition of

the volumetric force expression caused by exerting the

magnetic field, called Lorentz force 7, J x H converts to

the following equation [20]:

(00 /. e\s =, [,
p(8—?+(q.v)qj =-Vp+ 1, VG-KG+am, JxH (28)
The mass conservation equation for a Boussinesq

compressible fluid is the same as Equation 2 with the
following equation of state:

p=p, [1—0& (X, (T, =T, )+T, - T, )} (29)

where X, is permeability of porous layer, ar is volumetric
expansion coefficient, T, is temperature of porous layer,
Tt is fluid temperature in the shell-film, To and po is the
temperature and the density of rigid surface respectively.
In this case, the energy conservation equation is as
follows [20]:

, oT . =
(X, (M —D+DEE+(qVﬁ (30)
=(X,(&'"-D+)VT +1,Qe

In Equation 30, «'=x,/x Wwhere x is thermal

diffusivity of fluid, «.r is the effective thermal diffusivity
accompanying porous layer, Q is absorption coefficient,

M’ = (pcp)p/ (pc,), is the heat capacity ratio and the
+ sign in the right hand side of this equation, depends on

physical condition, videlicet whether energy is lost or
gained. Also the current density is as follows:

J=6,[E+maxH] (31)

and Maxwell equations can be expressed as:

V.H=0 (32)

- oH

VxE=—-u—-0 33
ey (33)

V.E=0 (34)

where magnetic permeability and electrical conductivity
are defined respectively as follows:

_ H

Hy = Hy {1‘*‘ X, (i_lﬂ
Hy
O,

G, =0, [1+ X, [ﬂ—lﬂ
Oh

and all other quantities in the above mentioned equations
have already been introduced.

(3%)

(36)

5. DISPERSION RELATION ACCOMPANYING
MAGNETIC FIELD

As the next step, the dispersion relation accompanying a
powerful magnetic field exerted to a nano-structured
porous lining at the external surface of fuel pellet
combined with laser radiation effect has been obtained
analytically. By using approximation methods discussed
in the previous sections, it can be said that in this
situation, Equation 7 converts as follows [20]:

2
_op, ou

- —-M?u=0
ox 0oy

@37)
So that, by solving this differential equation using the
boundary conditions mentioned in Equations 10 and 11,
the x component of fluid velocity is obtained as follows:
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. { M cosh[ M (1-y) ]+ acsinh[ M (1-y)]

MZ[M cosh(M)+0!O'5inh(M)] (38)

ac[sinh(M y)-sinh(M)]-M cosh (M )}X@
M?[ M cosh(M)+acsinh(M)] dx

where M = uHgh,/o, / 1, is Hartman number, Ho is

Magnetization and oy is the electrical conductivity. On
the other hand, according to Equation 38 the
incompressibility condition mentioned in Equation 9 and
the boundary conditions mentioned in Equations 10 and
11, the y component of fluid velocity is obtained as
follows:

2a0[1-cosh(M)+M?cosh(M)]
- M*[M cosh(M)+aosinh(M)]

(39)

2 - i 2
. ao-[(ao- 1)><MS|nh(M)} Xa_p
M*[M cosh(M)+aosinh(M)]| &x*
Then, by using the method applied to obtain Equation 25,
RTI growth rate accompanying nano-structured porous

layer and by exerting magnetic field, can be obtained as

follows:
n=n,—- A7V, (40)

where n is RTI growth rate and 7/ is wave number. In
above equation, quantities S, va and ny is computed as
follows:

M®-3[M —tanh(M)]

B=
3{M —tanh(M )+ao tanh(M )+2a0[1_005h('\/|)]}
(41)

M cosh(M)
6ac | cosh(M)—1]
M cosh(M)

2a0[1-cosh(M )]}

M cosh(M)

ac(M? -3)tanh(M )+
+

3{M —tanh(M)+actanh(M )+

. M —tanh(M )+ ao tanh (M)

M 3{1+ ao-th(M )}
M

2ac[1-cosh(M) ] 42
,__ Mcosh(M) Xf[g_ﬁ]
3{ tanh(M)} B
M*|l+tac—F—~
M
(? ¢?
N ‘E(‘”Ej @3)

where g is a constant, v, is the fluid velocity at the
external surface of fuel pellet accompanying nano-
structured porous lining and by exerting magnetic field,
np is RTI growth rate lacking magnetic field, which is

called RTI growth rate classical value, B=3;h?/yis

Bond number, ¢ equals to 1 or (6, —6,) where
0=(T-T,)/(T,-T,) is actually

temperature, 6 is for T = T and about fluid, 6y is for T
= Tp and about nano-structured porous lining, ¢, and 6,

dimensionless

are the amounts of 6, and 6s at y = 1, the normal stress is
5%=9(p,-p;), 7y is the surface tension,

Py = Po |:1_aT (Tp _To):| 1 P =ho |:1_aT (Tf _TO):| and

subscript 0 refers to solid surface at y = 0. When M
— 0, Equation 40 converts to Equation 25 and lacking
nano-structured porous layer (¢ — 0 or k — ),
Equations 41 and 42 will become the following relation
[20]:

M?®—3[M —tanh(M)]

h= 3[M —tanh(M)] 44
. ™ —tanh(lv:v)l}3 t(s-/B) s)

6. RTI GROWTH RATE IN THE PRESENCE OF
MAGNETIC FIELD

As the final step, RTI growth rate accompanying
magnetic field is investigated for the targets mentioned in
the previous section. In this research, nano-structured
porous layers assigned in Table 1 have been applied and
magnetic field exertion effect is assumed for each of
them. So, by using Equation 40, RTI growth rate
accompanying magnetic field has been investigated at the
ablation front of these targets and in all cases the used
magnetic field is uniform and normal to surface of them.
RTI growth rate accompanying magnetic field can be
seen in Figs. 11-18 for the above noted targets and
various types of nano-structured porous linings
mentioned in Table 1 and o= 0.1, B=0.04 and M = 1.

25

k=7.1x10""m? Atzeni's Target
20} B=004 T Betti's Target
=01 LT e Craxton's Target

M=1

Growth rate, nx10~%

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Wawe number, |

Figure 11. RTI growth rate accompanying magnetic field
considering k =7.1x10"°m?
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Figure 12. RTI growth rate accompanying magnetic field
considering k =9.7x107°m?
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Figure 13. RTI growth rate accompanying magnetic field
considering k =8.2x107*m?
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Figure 14. RTI growth rate accompanying magnetic field
considering k = 6.45x107°m?
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Figure 15. RTI growth rate accompanying magnetic field
considering k =1.6x10°m?
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Figure 16. RTI growth rate accompanying magnetic field
considering Atzeni's Target
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Figure 17. RTI growth rate accompanying magnetic field
considering Betti's Target
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Figure 18. RTI growth rate accompanying magnetic field
considering Craxton's Target

It can be derived from Figs. 11-18 compared to Figs. 3-
10 that exerting magnetic field to a nano-structured
porous lining used in ablation front of a fuel pellet,
reduces RTI growth rate. Also, for a particular amount of
Bond number, the lower value of permeability leads to
the lower amount of RTI growth rate. In other words, it
can be deduced that RTI growth rate is directly
proportional to permeability. As a result, the target
presented by “Craxton et al. (2015)” [16] which is the
thickest target with respect to the others, has the least
amount of growth rate compared to the others. Therefore,
the computations performed in this research confirm that
this target is very convenient for attaining hydrodynamic
stability. In addition, as indicated in Figs. 19-23, by
increasing the amount of Hartman number, the magnetic
field becomes more powerful and as a result the growth
rate of RTI reduces for each of the above mentioned ICF
fuel targets.

k=7.1x10"°m? — Atzeni's Target
B=004  eme, — Betti's Target
2=0.1 - ., — Craxton's Target

[N

Growth rate, nx10~3

0.00 0.05 0.10 0.15 0.20 \‘ 0.25 0.30
Wave number, |

Figure 19. RTI growth rate accompanying and lacking

magnetic field and Porous lining considering

k=7.1x10"m?
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Figure 20. RTI growth rate accompanying and lacking
magnetic field and Porous lining considering

k=9.7x10"°m?
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Figure 21. RTI growth rate accompanying and lacking
magnetic field and Porous lining considering

k=8.2x10"%m?
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Figure 22. RTI growth rate accompanying and lacking

magnetic field and Porous lining considering
k =6.45x107"m?
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Figure 23. RTI growth rate accompanying and lacking
magnetic field and Porous lining considering
k=1.6x10"m?

Figs. 19-23 show that exerting a magnetic field can
substantially reduce RTI growth rate. Also Hartman
number illustrates the field's strength; so that the stronger
magnetic field and the greater its magnitude indicates the
more the value of Hartman number. These figures show
that as the magnetic field intensifies and becomes
stronger, the growth rate of RTI reduces further.
Therefore, it can be derived that because exerting a strong
magnetic field with considerable and convenient
magnitude decreases the growth rate of RTI, so it can be
assumed as a positive factor to attain the hydrodynamic
stability.

7. CONCLUSIONS

In this research, RTI growth rate at the ablation front of
different fuel targets with various thicknesses is
investigated in two stages: In the first stage, applying
different nano-structured porous linings with various
porous parameters in the ablation front of them to
decrease RTI growth rate is investigated; so that solving
mass and linear momentum conservation equations,
using boundary conditions and approximation methods
and acquiring the dispersion relation, the equation related
to the growth rate of RTI is acquired analytically .
Therefore, it is found that using nano-structured porous
layer at the external surface of fuel pellet, will further
decrease RTI growth rate compared to its classical value;
so that RTI growth rate is proportional to layer's
permeability. As a result, it can be derived that applying
aloxite layers compared to foametal layers, which have
lower permeability, at the ablation front of ICF fuel
targets is more suitable. Also the targets with convenient
and sufficiently substantial thickness, due to their low
value of aspect ratio, are appropriate; because the
reduction amount of the RTI growth rate in them, is more
than the others. In the second stage, exerting a magnetic
field to a nano-structured porous lining used in the
ablation front of a fuel target is investigated and it is
derived that using a strong magnetic field with high
amounts of Hartman number can significantly decrease
RTI growth rate, so that Hartman number higher amounts

will lead to the lower value of RTI growth rate. So, by
applying nano-structured porous lining at the ablation
front of ICF fuel targets and by exerting an appropriate
magnetic field to the external surface of them, the growth
rate of RTI will be substantially decreased and for this
reason they can be considered as positive factors to attain
hydrodynamic stability in ICF reactions.
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