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Abstract The dust dynamics in a magnetized collisional

plasma-sheath are numerically studied by using the fluid

model. Isothermal electrons, cold fluid ions, cold fluid dust

grains and immobile neutral particles are taken into ac-

count in the sheath. As dust can be created by detaching

small pieces of the wall limiting plasma, naturally, these

grains can have different sizes. Therefore, the influence of

dust size on the sheath characteristics is considered. As-

suming the dust–neutral collision cross section has a power

law dependency on the dust velocity. The comparison of

the effect of the dust radius in both specific collisional

models shows that in the constant cross section model, dust

size plays a more role with respect to the constant collision

frequency. The effect of the dust size on dust velocity is

investigated for different values of the power factor. It

shows that dust velocity when reaching near the wall in

constant cross section model is much less than constant

mobility model, and the velocity of the smaller dust is

lower on the wall. If dust density is very small, the kind of

collisional model has no significant influence on the elec-

tric potential. But by increasing dust density, a little fall in

the local electric potential and a little rise in the sheath

thickness are seen in constant cross section model.

Keywords Plasma-sheath � Dust grains � Collisional
force � Constant cross section model � Constant collisional
mobility model

Introduction

In the steady state condition, a surface located inside the

plasma attains a negative potential with respect to the

plasma core. This potential cannot spill over to the plasma

due to the Debye shielding. Therefore, the positive ions

accelerate toward, while the electrons repel from the wall

in which lead to formation of layer of space charge that is

called plasma sheath [1, 2].

The dust particles can be introduced artificially in a

plasma-sheath or may appear as the impurity contaminants,

which are added by production tools and processes. The

presence of dense clouds of dust particles near the wall

essentially changes the plasma-sheath behavior and a new

dissipative sheath structure can be formed [3].

In addition, depending on the ambient plasma condi-

tions, dust particles can carry both negative as well as

positive charge [4].

Some earlier studies have considered the effects of the

electrostatic, gravitational, external magnetic field and

collision force on dust characteristics [5–10].

Liu et al. [8] studied the characteristics of dust plasma-

sheath in an oblique magnetic field using the fluid method

in which the authors showed that under the action of

magnetic force, the dust grains make helical movements

and some fluctuations in distribution of dust density

emerge.

In Ref. [10], dusty plasma sheath is investigated by

considering the constant collisional mobility in various

dust sizes. Their results showed that the dust having

smaller radius carries more obvious magnetic field effects

on it. In a same external magnetic field, there are less

fluctuations and the dust gyro radius is bigger for the dust

with bigger radius (i.e., the collision effects increase by

increasing the radius of dust).
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In this paper, the main goal is to investigate the effect of

the dust sizes on the characteristics of the collisional

magnetized dusty plasma sheath where the dust–neutral

collision cross section has the power law dependency on

dust flow velocity. Based on some earlier studies [8–10],

the fluid model is used for a dusty plasma sheath. We

simultaneously consider the effects of the electromagnetic,

gravitation, and collision forces on the dust characteristic,

by taking into consideration the effect of the kind of col-

lision model in the presence of dusts with different sizes.

The present sheath consists of the electrons in equilibrium

thermal, cold fluid ions in collisionless regime, cold fluid

charged dust grains and immobile neutral particles.

This work is organized as follow. In ‘‘Basic Equations

and Assumptions’’ section, the governing equations are

presented, and the set of dimensionless quantities is in-

troduced. In ‘‘Numerical Results’’ section , the equations

are numerically solved. The main results are summarized

in ‘‘Conclusions’’ section.

Basic Equations and Assumptions

We consider a magnetized dusty plasma sheath in contact

with a planar wall, which has one dimension coordinate

space and three dimensions in speed space. The constant

external magnetic field is embedded in the x–z plane. The

x-direction is taken as the direction of gravitational force

and the direction of variations of the physical parameter

and the depth direction from the plasma edge to the wall

(see Fig. 1). At the edge of the sheath x = 0, the electro-

static potential is taken to be zero, and the ion, electron and

dust densities ni0, ne0, nd0 satisfy the quasi-neutrality con-

dition eðni0 � ne0Þ þ qd0nd0 ¼ 0, where e, qd0 are the

electron charge and dust charge at the sheath edge,

respectively.

It is assumed that the sheath is consisting of isothermal

electrons, cold fluid ions, cold fluid charged dust grains and

immobile neutral particles.

Since the electrons are in the isothermal equilibrium

therefore, they are distributed according to Boltzmann re-

lation [11–15].

ne ¼ ne0 exp
eu
kTe

� �
ð1Þ

where u is the electrostatic potential, Te is the electron

temperature and ne0 is the electron density at the sheath

edge.

We assume kd & ke and ki � ke where ke, ki and kd are
electron deby lengh, ion and the dust mean free path, re-

spectively. This means that we are in a regime of ion-

neutral collisionless and dust–neutral collisional. This

regime has been considered elsewhere [16, 17].

The cold fluid ion equations are:

oðniviÞ
ox

¼ 0 ð2Þ

vi
oðviÞ
ox

¼ � e

mi

� �
ou
ox

ð3Þ

where mi, ni and vi are the mass, density and velocity of

ion. We assume that magnetic field cannot affect ion

density distribution directly [8–10]. This assumption is

valid, because the mean effect of the magnetization of ions

on their movement is zero. This is due to the fact that

movement of dust grains is far slower than that of the ions,

and so the ions are excessively magnetized.

Among the models developed to study the dusty plasma

[18–20], we use the fluid model since the micron-sized dust

grains, when dust density is not very small are collectively

treated as fluid. For charged dust grains, the continuity and

momentum equations are as follows:

oðndvdÞ
ox

¼ 0 ð4Þ

mdvdx
ov~d

ox
¼ �qd

ou
ox

x̂þ qdv~d � B~0 þ mdgx̂þ F~c ð5Þ

where nd, md, vd and qd are the density, mass, velocity and

charge of the dust, respectively. F~C is the neutral colli-

sional force as follow:

F~c ¼ �mdmdnv~d ð6Þ

where mdn is the collision frequency between dust grains

and neutrals which is generally given by the following

relation:

mdn ¼ nnrvd ð7Þ
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z 

X 
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Fig. 1 The geometry of the sheath model
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Here nn is the neutral gas density, r is momentum trans-

ferring cross section between dust grains and neutrals and

vd is dust velocity.

In general case, the cross section has the power law

dependence on dust velocity as follow [21–24]:

r ¼ rs
vd

cds

� �p

ð8Þ

where p (i.e., pawor factor) is the dimensional parameter,

depending on type and pressure of neutral gas, that can

change from -1 to 0, cds is the dust acoustic velocity and

rs is the cross section measured at dust acoustic velocity.

There are usually two special aspects to cross section r:
constat cross section model corresponding to p = 0 and

constat mobility model corresponding to p = -1. In the

first model, the collision frequency depends linearly on

dust velocity while, in the second model, the cross section

depends inversely on dust velocity, and therefore the col-

lision frequency is independent of velocity. Here we con-

sider the dust as spherical particle with constant mass,

md ¼ 4
3
pR3q where R is the dust radius and q is the mass

density of dust grains.

The model is completed with the poisson equation.

o2u
ox2

¼ �½eðni � neÞ þ qdnd� ð9Þ

To solve the governing equations numerically, some

dimensionless quantities are introduced as

Mi ¼
vix0

cis
; g ¼ �eu

Te
;Ne ¼

ne

ne0
;Ni ¼

ni

ni0
;Nd ¼

nd

nd0
; n ¼ x

ke

where Mi is the ion mach number, vix0 is the ion velocity at

the sheath edge, cis ¼ Te=mið Þ0:5 is the ion sound speed,

ne0, ni0 and nd0 are the electron, ion and dust density dis-

tribution at the sheath edge. As we are going to compare

the dust dynamics with different radiuses, we normalized

the dust velocity with the dust sound speed that has specific

radius ‘a’. We hinted the dust characteristics of this ref-

erence radius with ‘a’ as superscript, so

c
ðaÞ
ds ¼ Te

.
m

ðaÞ
d

� �0:5

. We assume that dust mass density is

constant, and the dust sound speed that has radius R is;

cds ¼ c
ðaÞ
ds ða=RÞ

1:5
. Thus, the dimensionless dust velocity is

ud ¼ vd

.
c
ðaÞ
ds .

By substituting these dimensionless quantities into the

governing Eqs. (1)–(9), we obtain.

ne ¼ expð�gÞ ð10Þ

Ni ¼
2g

M2
i þ 1

� ��1
2

ð11Þ

Nd ¼
Md

udx

a

R

� �3
2 ð12Þ

udx
oudx

on
¼ a

R

� �3

zd
og
on

þ czd sin hudy

� �
þ l

� a

R

� �4þ3p

aupþ1
d udx ð13Þ

udx
oudy

on
¼ a

R

� �3

czd cos hudz � sin hudxð Þ

� a

R

� �4þ3p

aupþ1
d udy ð14Þ

udx
oudz

on
¼ � a

R

� �3

czd cos hudy �
a

R

� �4þ3p

aupþ1
d udz ð15Þ

d2g

dn2
¼ zdddNd þ diNi � Ne ð16Þ

where Md ¼ vdx0
cds

; di ¼ ni0
ne0

; dd ¼ nd0
ne0

; zd ¼ qd
e
; c ¼

e0
ne0m

ðaÞ
d

� �0:5

B0; l ¼ gke
m

ðaÞ
d

Te
and a ¼ kennr

ðaÞ
s where rðaÞs is

the collision cross section measured at dust sound speed for

dust grain having radius ‘a’.

Numerical Results

In this section, we attempt to solve the basic equations via

the Runge–Kutta method. In the following numerical re-

sults we adopt the parameters as;

zd ¼ �1000; a ¼ 4 lm; qm ¼ 2
gr

cm3
;

Te ¼ 2ev;
og
on n¼0j ¼ 0:01; di ¼ 1:01; dd ¼ 10�5;Md ¼ 1:1

The parameters are considered the same as used by Liu

et al. and Masoudi et al. [8–10]. Therefore, we can compare

our results with their results.

It is assumed that dust grains enter the sheath perpen-

dicularly to the sheath boundary; udy n¼0j ¼ udz n¼0 ¼ 0j .

In Fig. 2 we have presented the dust velocity profile

versus dust radius in the constant collisional mobility

model; p ¼ �1ða ¼ 7; c ¼ 0:3; h ¼ 40�Þ which is in

agreement with the Ref. [10].

The figure shows that the magnetic field corresponding

to c ¼ 0:3; h ¼ 40� is strong enough to make fluctuations

in dust velocity that has radius 4 lm in a magnetic colli-

sional plasma-sheath. However, for larger values of radius,

the fluctuations decrease.

In Fig. 3, the same plot is presented in the constant cross

section model; p = 0.

It can be seen that in constant cross section model there

are no fluctuations in dust velocity for three different dust
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radiuses since the magnetic field is not strong enough to

make fluctuations in dust velocity in depth direction.

By comparison of Fig. 2 with Fig. 3, one can conclude

that in constant cross section model in addition to disap-

pearing fluctuations, dust velocity becomes slower. As the

collision force can decrease the fluctuations in dust velocity

in depth direction. So in this model, dust grains experience

more collisional force through the sheath and the influence

of the magnetic field on dusts diminishes. The derivation of

the collision force equation between dust grains and neutral

particles, given in the ‘‘Appendix’’, shows that in constant

cross section model, the collision force is proportional to

dust velocity square, and in constant mobility model the

collision force depends directly on dust velocity. i.e., in a

same dust velocity, the friction force is more in constant

cross section model compared with constant mobility

model. Hereby, the above-mentioned results can be

confirmed.

Now, we focus on the influence of collision and mag-

netic force on the profile of dust velocity in constant cross

section model. As shown in Fig. 2, in a same external

magnetic field, there are more fluctuations in the dust with

smaller radius. Therefore, we consider R = 4.

In Fig. 4 the dust velocity profile is presented as a

function of collisional amplitude in constant cross section

model.

The figure shows that for lower collisional amplitude, a

fluctuations in dust velocity near the sheath edge appear.

But, by increasing distance from the sheath edge, the

fluctuations vanish quite, i.e., by increasing distance from

the sheath edge, the collision force eliminates the fluc-

tuations. In addition, the increasing of the collision am-

plitude causes the dust velocity to reduce more.

In Fig. 5 we have presented the dust velocity profile in

collisional case and collisionless case with R = 4.

As the figure shows, the difference in dust velocity be-

tween a constant collisional mobility model and colli-

sionless case is very little in the near sheath edge. While,

this difference will be more by increasing the distance from

the sheath edge. But, the difference in dust velocity be-

tween a constant collisional cross section model and col-

lisionless case is very more. Therefore, the effect of the

collision force is more in constant collisional cross section

model.

To concentrate on the effect of a power factor on the

sheath region, we have plotted the dust velocity at the end

of the sheath (n = 20) as a function of p for three different

dust radiuses.

Fig. 2 The profile of dust velocity for three different dust radius in

the constant collisional mobility model ða ¼ 7; c ¼ 0:3; h ¼ 40�Þ

Fig. 3 The profile of dust velocity for three different radiuses in

constant collision cross section ða ¼ 7; c ¼ 0:3; h ¼ 40�Þ

Fig. 4 The profile of dust velocity for three different collision

amplitude in constant cross section model ðc ¼ 0:3; h ¼ 40�Þ
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According to Fig. 6, by increasing the power factor the

dust velocity decreases, and the dust velocity that has

smaller radius will decrease more. In constant cross section

model, the dust velocity when reaching near the wall is

much less than constant collisional mobility model, and the

velocity of the smaller dust is lower on the wall.

Figure 7 shows the electrostatic potential in depth di-

rection for two collision models.

If dust density is very small, the kind of collisional

model has no significant influence on the electric potential,

and the electrostatic potential is the same for two models.

But by increasing ten times for dust density, we can see

that there is a little drop in the local electric potential and a

bit rise in the sheath thickness (the distance between the

sheath edge and the wall with constant electric potential) in

constant collisional cross section model comparing with

constant mobility model. In constant cross section model

compared with constant collisional mobility model, the

effect of the friction force brings more decrease in the dust

velocity. Because of the inverse relation between the ve-

locity in depth direction and the dust density, the more

decrease of the dust velocity would lead to more increase

of the dust density Nd. From the Poisson equation, this

would cause more decrease of the electrostatic potential g.

Conclusions

Magnetized collisional dusty plasma sheath is studied nu-

merically by using the fluid model. The electromagnetic,

gravitational and dust–neutral collisional force affect the

cold fluid dust with different sizes. To generalize the col-

lisional plasma sheath problem, it is assumed that the cross

section for collisions between dust and neutral has a power

law dependency on the dust velocity. We found that dust

size play more role in constant collision cross section

model as the effects of collisions are more apparent in this

model and fluctuations diminish. The dust velocity near the

wall was carefully scanned for whole range of the power

factor. It is observed that by increasing the power factor,

the dust velocity decreases. This scanning reveals that in

constant cross section model, near the wall, dust velocity is

much slower with respect to the constant collisional mo-

bility model. Also, the velocity of the smaller dust is slower

near the wall. Our results show that in low concentration of

Fig. 5 The profile of dust velocity in collision case and collisionless

case with R = 4 ðc ¼ 0:3; h ¼ 40�Þ

Fig. 6 The dust velocity at the end of the sheath versus power factor

for three different dust radiuses ða ¼ 7; c ¼ 0:3; h ¼ 40�Þ

Fig. 7 The profile of the electric potential for dd = 10-5, p = 0,

p = -1 (solid line); dd = 10-4, p = 0 (dashed line); dd = 10-4,

p = -1 (square line) ða ¼ 7; c ¼ 0:3; h ¼ 40�Þ

J Fusion Energ (2015) 34:1175–1180 1179

123



dust, the electric potential is independent of the power

factor while in high concentration of dust, the local electric

potential is a little decreased, and the sheath thickness is a

bit increased in constant collisional cross section model.

Appendix: Derivation of the Dust–Neutral
Collision Force

The dust�neutral collision force is : F~c ¼ �mdmdnv~d

ð17Þ
The collision frequency is: mdn ¼ nnrvd ð18Þ

The cross section is: r ¼ rs
vd

cds

� �p

ð19Þ

By substituting the value of r from Eq. 19 into Eq. 18,

then substituting the new value of mdn into Eq. 19. We

obtain the new value of the dust–neutral collision force as

follow:

F~c ¼ �mdnnrs
vd

cds

� �p

vdv~d ) F~c

¼
�mdnnrsvdv~d if p ¼ 0 ðcross sectionmodelÞ
�mdnnrscdsv~d if p ¼ �1 ðconstant mobility modelÞ

�

ð20Þ

Equation 20 shows that in constant cross section model,

the collision force is proportional to dust velocity square,

and in constant mobility model the collision force depends

directly on dust velocity.
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