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Abstract:

The steady two-dimensional laminar magnetohydrodynamic boundary layer (MHD BL)
nanofluid flow has been analyzed numerically surrounding the stretching permeable
wedge-shaped surface by the coupled action of thermophoresis and Brownian motion. In
this respect, the governing PDEs have been converted into ODEs and solved using Quasi-
Linearization Method (QLM) with MATLAB bvp4c. The effects of the pertinent
parameters, such as wedge angle parameter (f3), Brownian motion (Nb), thermophoresis
(Nt), magnetic strength (M), ratio of stretching parameter (¢), permeability parameter
(K*), Prandtl number (Pr) and Lewis number (Le) have been analyzed on velocity profiles,
energy profiles and mass profiles within the BL. The results of skin friction coefficient,
rate of energy and concentration transfer, the velocity, thermal and mass profiles have
been presented graphically and the numerical values are shown in table. The results
depict that the velocity BL thickness increases for the values of  and ¢ but reduces for M
and K*. The energy transfer rate enhances for p, €, and Nb but decreases for Nt and M.
The concentration transfer rate decreases for Nb and Nt but increases for [ and e.
Finally, the numerical results have been compared with published work of other
researchers and excellent agreement has been found.
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NOMENCLATURE

MHD  megnetohydrodynamic v y axis velocity component, ms™

a base fluid thermal diffusivity, m?s* U free stream velocity

K permeability, m? T ratio of the effective heat capacity
g acceleration due to gravity, ms= € stretching ratio parameter

o] electrical conductivity, sm™* C nanoparticle concentration, kg m-=
Ds coefficient of Brownian motion, cm?2s Cw surface concentration, kg m=

D+ coefficient of thermophoresis Cx free stream concentration

v base fluid kinematics viscosity, m?s T fluid temperature, k*

p base fluid density, kg m Tw surface temperature, k!

Bo strength of magnetic field, Am™ T free stream temperature

u velocity component, ms™* v stream function

Q total wedge angle n similarity variable

c initial stretching constant d free stream constant
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B wedge angle parameter K* permeability parameter
magnetic parameter Nt thermophoresis parameter

m Power-law index Le Lewis number

Nb Brownian motion Pr Prandtl number

of skin friction coefficient Nux  local Nusselt number

Shy local Sherwood number BL boundary layer

PDEs partial differential equations QLM Quasi-linearization method

ODEs  ordinary differential equations

1. Introduction

The study of laminar two-dimensional BL nanofluid flow and energy, mass transfer over a moving surface has
obtained important applications in fiber engineering, polymer processing, atmospheric flow, biomedical devices,
solar energy storage, heat exchanger, drying technology, cooling of the electronic device etc. For this reason the
BL theory helps us to calculate the lift and the drag forces for the aerospace and automobile designers, to control
the energy transfer from the device, etc. Besides the current research work is applicable to hold the objects in
place such as the gate valves in engine because the gate valve is the mechanism which opens by lifting the
wedge-shaped disc as a result its control the timing and quantity of fluid flow into an engine.

Falkner — Skan (1931) first studied the BL flow over a wedge-shaped surface to find the similarity solution.
Yacob et al. (2011) studied the BL flow over a stretching wedge in a nanofluid and observed that the skin
friction coefficient and the Nusselt number are high in case of Cu-water nanofluid. Turkyilmazoglu (2015)
revisited the BL flow of Falkner—Skan model for finding the analytic solution. Srinivasacharya et al. (2015)
discussed the magnetohydrodynamic BL flow of nanofluid over a wedge with variable magnetic effect and
found that the velocity profiles of nanofluid, the energy profiles of nanofluid and the concentration profiles of
nanofluid are higher than that of base fluid. Nagendramma et al. (2015) investigated the unsteady BL flow over
a stretching wedge with magnetic effect, and viscous dissipation and observed that the flow separation is
occurred for the small values of unsteady and wedge angle parameter. It is also seen that the temperature
profiles increases for Eckert number and Biot number but decreases for wedge angle parameter. Haile and
Shankar (2015) studied the MHD BL flow of nanofuids with viscous dissipation effects and seen that the
velocity profiles increases for increasing magnetic parameter, surface moving parameter and the temperature
profiles also increases for Brownian motion and thermophoresis parameter but significantly decreases for
surface moving parameter.

Ashwini et al. (2015) analyzed the unsteady MHD BL flow over a wedge with the help of heat generation and
thermal radiation. The famous author Choi in 1995 was first introduced the idea of nanofluid for the distraction
of base fluids for example water, ethylene glycol, and propylene glycol. Ali et al. (2016a-c, 2017a-b, and 2018)
studied the natural convection MHD BL flow of energy and concentration transfer for stretching surface under
various conditions. Their results depicted that the velocity profiles increases for larger values of magnetic
parameter, unsteadiness parameter and pressure gradient parameter but decreases for velocity ratio parameter.
The temperature profiles increases for increasing thermophoresis and Brownian motion parameter but reverse
results arises for Prandtl number and velocity ratio parameter. On the other hand, nanoparticle concentration
decreases for thermophoresis parameter, Lewis number and velocity ratio parameter. Ullah (2016) conducted the
BL flow of Casson fluid over a moving wedge. The authors found that fluid velocity increases for larger values
of Eckert number due to assisting flow but decreases for opposing flow. It is also noticed that the fluid velocity
and temperature profiles are significantly influence by the heat generation parameter.

Rasheed et al. (2017) investigated the MHD BL flow of nanofuid past a moving surface. Ramesh et al. (2017)
studied the magnetohydrodynamic BL flow over a constant wedge through porous media. Their results showed
that the boundary layer thickness reduces for positive values of pressure gradient and mass transfer but for
negative values have different solutions. Ibrahim (2019) discussed the MHD BL flow of nanofuid over a wedge
through porous media with combined effect of viscous dissipation, Brownian motion, and thermophoresis. The
author observed that the thickness of velocity boundary layer decreases for increasing pressure gradient,
permeability, and magnetic parameters, but thermal BL thickness increases for larger values of Eckert number,
Brownian motion, and thermophoresis parameters. Nageeb et al. (2017) studied the free and forced convection
Analysis of boundary layer nanofluid flow over a stretching permeable wedge-shaped surface with magnetic effect 12
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BL flow of nanofuid over a stretching sheet with magnetic effect. Arthur et al. (2014) analyzed the BL flow of
stagnation point past a porous stretching plate with thermal radiation and viscous dissipation.

Ahmed et al. (2019) analyzed the two-dimensional mixed convection MHD BL flow of Cu-water nanofluid and
heat and mass transfer by taking square inclined cavity with adiabatic obstacle. It is found that the heat transfer
rate is higher than base fluid when the external magnetic field is very weak, but when the magnetic field is
strong then the base fluid is better than the Cu-water nanofluid. Kashmani et al. (2017) investigated the BL flow
of nanofluid over a moving wedge with the Soret and Dufour effects and the results indicate that the rate of heat
transfer increases for Soret number and decreases for Dufour parameter whereas the opposite trends are
observed in mass transfer. Waini et al. (2020) discussed the MHD BL hybrid nanofluid flow and heat transfer
over a permeable stretching/shrinking wedge and found that the hybrid nanofluid increases the heat transfer rate
than regular nanofluid. Gorla et al. (2020) studied the mixed-convection MHD BL layer Cu-water nanofluid
flow and heat transfer in a square cavity multiple obstacle and seen that the Richardson number are significantly
affected the stream lines when enhanced from 0.1 to 100.0 Also, the pattern of isotherms are changed
significantly by the position parameter. Al-Sayagh (2021) studied the BL Al,Os-water nanofluid flow and heat
transfer by using a U-shaped obstacle in the cubic cavity and the results indicate that the obstacle dimension and
orientation control the fluid flow and optimize the heat transfer rate.

Hence, the present research work focuses on MHD BL nanofluid flow above the stretching wedge-shaped
surface by using Falkner-Skan model. The purpose of this research is to analyse the action of Brownian motion,
thermophoresis, wedge angle and stretching ratio parameter on MHD BL nanofluid flow of stretching permeable
wedge-shaped surface. So the velocity profiles, energy profiles, and concentration profiles in addition to the skin
friction and heat transfer properties have been discussed by graphically and in tabular form. Therefore, the main
goal of this work is to determine the relation among the physical parameters and velocity field, temperature

field, shear stress (TW), Nusselt number (Nuy) by the use of correlation coefficient and multiple regression.

Hence, the novelty of the current work is to develop the relationship among the dependent and independent
parameters by the correlation coefficient and also developed the numerical method to solve these highly
nonlinear equations.

2. Governing Equations

Let us assume that the flow is two-dimensional and the wedge surface is moving with the velocity uy and the
free stream velocity U. Also Ty and T, are the wall and free stream temperature. The x-coordinate is measured
along the wedge and the y-coordinate is to the x-axis. Taking which has been depicted in Figure 1. From this
figure Q = fr is the whole angle of the wedge where f is the wedge angle parameter. It is also assumed that the
no slip condition occurs between the base fluid and the nanoparticles which are in equilibrium position. Also, a
uniform magnetic field of strength By has been introduced to the normal to the direction of the flow.

The PDEs of BL flow of nanofluid, for the present study can be written according to Buongiorno (2006), Nasrin
(2011a-b):

Equation of continuity:

ou ov

ox oy
The PDEs of BL flow of nanofluid, for the present study can be written according to Buongiorno (2006), Nasrin
(2011a-b):

Momentum equation:

ou ou  dU  du oB?
U—+v—=U—+v—+

oXx oy dx ot p
Energy equation:

oT  oT o (6T aC j D, (GT T
u—+ D, —

—HV—=a—5+7 ——
ox oy 0y ay oy oy

(U-u)+ (U-u) @

T

0

©)
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Figure 1: Schematic diagram of the wedge flow

Nanoparticle concentration equation:

oC oC o°C D, o°T
Uu——+V—m = DB > -+ > 4)

OX oy oy? T, oy

The above equations are subject to the following boundary conditions:

The boundary conditions are:
u=u,=cx", v=0, T=T,=T +cx", C=C,=C_+cx", at y=0
u=U=dx", T=T,, C=C_, at y=o

Here c and d are positive constants. Among them, ¢ is the stretching rate, and the exponent m is related to the

2m
wedge angle parameter f such that f = ——.
1+m

Physically, m < O means adverse pressure gradient which causes BL separation and m > 0 means favorable
pressure gradient. In Blasius problem, m = 0 means zero angle of attack, whereas m = 1 means stagnation point
flow.

For converting the governing equations (2 — 4), the following transformation has been considered:
(1+m)u 2xvU T-T c-C Gl oy
=Y\ |—— , w= |——=F(n), 0(n)= == =— Uu=—7.,and v=———
I T Y T (em) (n). 0(n) T T, o (1) c.-C.' & ox

After applying these similarity transformations, the transformed equations of momentum, energy and
concentration are:

M +K”
1+m

F’”(n)+F(n)F”(n)+ﬂ(1—F'2(77))+( j(l—F'(U))=0 ©
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0" (1) +Pr[ F ()0 (1)~ BF' (11)0 (1) + NbO' (17) @' (1) + Nt&"* (17) | = 0 ®

" Nt 14 ! !
0" (m)+ 3y & (1) + LePr[F (n)¢' (n)= BF ()0 () ] = 0 Q
The transformed boundary conditions:

F(7)=0, F'(n)=¢, 0(n)=1 ¢(n)=1 at n=0
F'(n)>1 6(n)=¢(n)—0, at n—w

The prime means derivative with respect to #.

The mathematical expression of magnetic parameter, thermophoresis parameter, Brownian motion parameter,
Prandtl number, Schmidt number, Lewis number, pressure gradient, velocity ratio, magnetic parameter and
permeability parameter, respectively have been written as:

? D, (C, —C
M =%,ﬂ=£<l, Pr=Vf , Nb:T B( w oo)’
pf d af Vf
D, (T, —T
Nt=T T( w Oo)’ - 2m . Le — 1 % _and *:&
T v 1+m Dg KU

Now the skin friction coefficient Cs , local Nusselt number Nux, and local Sherwood number Shy , respectively
are defined as:

27 Xq xJ
Ci=—", Nu=—"— Sh=—-—""
T k(T,-T.)" * Dg(C,-C,)

X

where 7y , gw and Jy are the surface shear stress, the surface heat flux and surface mass flux, respectively. These
values have been expressed as

8u] ot aC
t,=M;| —]| , q,=—K [—J ,and J,=-D (—J
f(ay y=0 f ay y=0 ’ ay y=0

Therefore, the non-dimensional skin friction coefficient, local Nusselt number, and local Sherwood number can
be written according to Nasrin and Alim (2009, 2010) as:

wf”(()), Nu, =— %9'(0), Sh, =— %q)'(O)

C,=2
2Re,

3. Methodology

The QLM is used for finding the numerical solution of the coupled system of nonlinear ordinary differential
equations (5-7) with boundary conditions because the analytical solution of these equations is very much
difficult. The basic idea of this method is that, higher order differential equations are transformed into linear
differential equations of first order and then they are further transformed into initial value problem. In this
regard, we have to define new variables for these equations such as

Vo=F(n), ¥.=F'(n), Ys=F"(n), Y.=0(n), ¥s =0'(n), Ys =(n7) and y, = ¢'(77)

So, the differential equations (5-7) are transformed to the following seven differential equations:
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Vi = VYo Y2=VYs
yi=—(M+K*)(1+m) " (1-y,)-y,ys - B(1-y?),
Yi="Ys: Y5=—Pr[Nbysy, +Nty’ +y,y; — BY,Y, |

_ Nt
Nb

The converted boundary conditions:

¥:(0)=0, ¥,(0)=1, ¥;(0)=a4, ¥,(0)=1 ¥s(0)=a,, ¥s(0)=1 y,(0)=c, at =0
Y, () >1 ¥, () >0, Ys(0) >0 at 70

Yo =VYs VYe= y!2—LePr[y,y, — BY,Ye]

where the unknowns as, a2, and a3 have been determined such that
Y, () >1 y,(0) >0, ys(0) >0 as 7>

The system of equations has been then solved numerically using the bvp4c function in MATLAB software.

4. Results and Discussion

Two-dimensional boundary layer flow nanofluid over a stretching permeable wedge-shaped surface with
magnetic field has been investigated numerically in this research work. The numerical calculation has been
performed by taking M = 0.2, Nb = 0.5, Nt = 1.5, K* = 0.5, # = 0.1, Pr = 1.0, Le = 5.0 and ¢ = 0.3. The results
have been shown in graphically and also in table in the following sub-sections.

4.1 Velocity variation

Figures 2(a-d) demonstrate the variation of fluid velocity within the BL for the variation of magnetic parameter
(M), wedge angle parameter (), permeability parameter (K*) and stretching ratio parameter (¢). It can be
concluded from this figure that the velocity distribution shows an increasing behavior for uplifting values of
magnetic parameter, permeability parameter and stretching parameter but reverse trend has been found for
wedge angle parameter. The physical behavior of the parameter M can be explained by the term

2 2
oB, (U — u) in equation (1.2). This term is the combination of pressure force ( 9%

p p

oB,’ . .
( U). When the pressure force is greater than that of the Lorentz force (UO0 > U), then the fluid

U) and Lorentz force

velocity increases within the BL and decreases when the Lorentz force greater than the imposed pressure force
(U >U w ) . The physical behavior of the parameter € is that the surface velocity dominating on the free stream

velocity. The physics of the parameter K* is that higher the values permeability cases higher resistance to the
fluid motion as a result the velocity profiles decreases but in the present work, the velocity profiles increases
because the free stream velocity dominates the surface velocity. The physics of the wedge angle parameter is
that increasing values of this parameter means shape and size of the surface increases as a result the fluid
velocity profiles increases.

Therefore, from this figures it is observed that the momentum boundary layer thickness reduces for increasing
values of magnetic, permeability and stretching parameters as the velocity of fluid increases within the BL.
Again, the boundary layer thickness increases for wedge angle parameter because the surface thickness is
increases.
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Figure 2: Velocity profile with time for the variation of (a) M, (b) ¢, (c) K* and (d)

4.2 Temperature variation

The temperature distribution for the variation of magnetic parameter (M), wedge angle parameter (), Brownian
motion (Nb) and thermophoresis (Nt) parameter has been displayed in the figure 3(a—d). From these figures it is
observed that the temperature profiles decreases by enhancing the values of wedge angle parameter and
magnetic parameter because the velocity profiles are increases as a results more fluid passes from the boundary
layer and therefore the temperature reduces.

The temperature profiles increases for increasing values of Brownian motion parameter because the fluid
nanoparticles are moving randomly which accelerates the collision between nanoparticles and fluid molecules.
Therefore, the kinetic energy of these molecules is converted in thermal energy within the boundary layer as a
result the temperature profiles increases. The thermophoresis parameter also increases the temperature profiles
because thermophoresis accelerates the fluid particles from hotter area to cooler area as a result heat moves
quickly from the hotter surface to the surrounding fluid and increases the temperature within boundary layer.

Thus, it is concluded that the thermal boundary layer thickness increases for wedge angle parameter and
magnetic parameter because the heat transfer rate decreases but the reverse results has been raised for the
variation of Brownian motion parameter and thermophoresis parameter as the heat transfer rate increases.
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Figure 3: Temperature profile with time for the variation of (a) M, (b) Nb, (c) Ntand (d) 8

4.3 Concentration variation

The variation of Brownian motion (Nb), thermophoresis (Nt), Lewis number (Le) and stretching ratio parameter
(¢) on the concentration profiles have been plotted in the figure 4(a—d).

The concentration profiles decreases for increasing the mentioned parameters. Since the nanoparticles are
moving randomly which scatter the nanoparticles quickly as a result concentration decreases. Again the
thermophoresis accelerates the fluid particles from hotter area to cooler area as a result particles moves quickly
from the hotter region to the surrounding fluid and therefore the concentration decreases within boundary layer.
The increasing values of Lewis number means reducing the mass diffusivity as a result the concentration
decreases. The velocity profiles increases for increasing stretching ratio as a result fluid particles moves quickly
from viscous region to inviscid region and therefore the concentration decreases.

From these figures, it has been observed that the concentration BL thickness decreases for an increment of
Brownian motion from 0.1 to 0.5 and thermophoresis from 0.5 to 2.0. This is happened due to increment of the
mass transfer rate for increasing values of Brownian motion and thermophoresis parameter. Similar result has
been obtained for the variation of Lewis number and stretching ratio parameter.
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Figure 4: Concentration profile with time for the variation of (a) Nb, (b) Nt, (c) Le and (d) ¢
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4.4 Skin friction, heat and concentration rates

L 1 _ 1.5
Similarity variable 7

(d)

The various values of skin friction, rate of energy transfer and rate of nanoparticle concentration have been
presented in Table 1 for different values of mentioned parameters. From this table it is observed that the skin
friction reduces for stretching parameter but increases for magnetic parameter and porosity parameter. The heat
transfer rate increases for stretching parameter, magnetic parameter and porosity parameter but decreases for
Brownian motion and thermophoresis parameter. The mass transfer rate increases for enhancing the values of
stretching parameter, Lewis number, porosity parameter, Brownian motion and thermophoresis parameter.

Table 1: Computed values for the local skin-friction, rate of heat transfer, and rate of concentration for

different values of stretching ratio parameter (¢), porosity parameter, wedge angle parameter,
Brownian motion, thermophoresis at Le = 4.0

€ K¥ M 8 Nb Nt Le f”(O) |_9r(0)| |_(pf(0)|
0.0 05 10 01 05 05 5.0 2.3817 0.3902 1.7348
0.2 05 10 01 05 05 5.0 1.9066 0.4075 1.9567
0.4 05 10 01 05 05 5.0 1.4226 0.4247 2.1705
0.6 05 10 01 05 05 5.0 0.9297 0.4419 2.3741
0.2 05 10 01 05 05 5.0 0.9247 0.4419 2.3682
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0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

2.5
4.5
6.5
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

10 01 05 05
10 01 05 05
10 01 05 05
10 01 05 05
50 01 05 05
100 01 05 05
150 01 05 05
02 01 01 05
02 01 05 05
02 01 10 05
02 01 15 05
02 01 01 05
02 01 05 10
02 01 09 15
02 01 15 20
02 01 05 05
02 01 05 05
02 01 05 05
02 01 05 05

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
3.0
5.0
7.0
10.0

1.0875
1.2255
1.3497
1.0579
1.9066
2.6135
3.1671
0.5557
0.4075
0.2731
0.1811
0.4075
0.3303
0.2712
0.2251
1.2034
1.4781
1.6938
1.9567

0.4451 2.3884
0.4475 2.4044
0.4494 2.4176
0.2587 1.3603
0.2731 1.4781
0.2808 1.5454
0.2854 1.5862
1.9066 1.2485
1.9066 1.4689
1.9066 1.4781
1.9066 1.4798
1.9066 1.4781
1.9066 1.5902
1.9066 1.7237
1.9066 1.8753

4.5 Comparison

The present research results have been compared with Mohammadi et al. (2012), Rajagopal et al. (1983), Khan
& Pop (2013), and White (1991). The Comparisons of local heat transfer rate and the local skin friction
coefficient have been shown in Table 2 and Table 3, respectively. Comparison of thermal transfer for various
values of Pr with g = 1/10 with the results of Mohammadi et al. (2012) has been enlisted in the Table 2 where
values of other parameters are kept as zero. Again, comparison of skin friction [f "(0)] for different values of
wedge angle parameter 8, when M = Pr = Nb = Nt = K* = Le = 1 = 0 have been expressed in the Table 3 with
the results of Mohammadi et al. (2012), Rajagopal et al. (1983), Khan & Pop (2013), and White (1991).
Percentage of errors have also been calculated and shown in these tables. From these tables it is observed that
the comparisons of the present numerical results show a good agreement with previously published results under
the special cases. These comparisons ensure the validity and accuracy of the present research work.

Table 2: Comparison of energy transfer for various values of Pr with g = 1/10

Mohammadi et al. (2012)

Present results

Percentage(%o) of

Pr -0'(0) -0'(0) error
0.72 0.501508 0.5044 0.6
6.0 1.107140 1.0912 0.0014
10.0 1.317881 1.3215 0.3

Analysis of boundary layer nanofluid flow over a stretching permeable wedge-shaped surface with magnetic effect
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Table 3: Comparison of skin friction [f "(0)] for different values of wedge angle parameter S

Rajagopal et| White [Mohammadi| Khan & | Present
al. (1983) | (1991) | etal. (2012) | Pop (2013) | results

p f"(0) f"(0) f"(0) f"(0) f"(0) Percentage (%) of error
0.03 with Mohammadi et al.
-0.12 - - 0.281772 - 0.28211 (2012)
0.08 with Mohammadi et al.
-0.15 - - 0.216335 - 0.217153 (2012)
0.27 with Mohammadi
-0.18 - - 0.128637 - 0.13138 et al. (2012)
0.005 with Mohammadi et al.
0.0 0.4696 | 0.469589 0.4696 0.46964 (2012)
0.002 with Rajagopal et al.
0.2 0.686708 - - - 0.686690 (1983)
1/6 - 0.6550 - 0.6550 0.6550 0.0 with White (1991)
1/3 - 0.8021 - 0.8021 0.80212 10.002 with Khan & Pop (2013)
0.002 with Mohammadi et al.
0.5 0.927680 0.9277 | 0.927601 0.9277 0.92768 (2012)
2/3 - 1.0389 - 1.0389 1.0389 | 0.0 with Khan & Pop (2013)
0.0 with Mohammadi et al.
1.0 1.232585 1.2326 | 1.232587 1.2326 1.232587 (2012)

0.0001 with Rajagopal et al.
1.6 1.521514 - - - 1.5215139 (1983)

5. Conclusions

Boundary layer nanofluid flow over a stretching permeable wedge-shaped surface with magnetic effect has
been investigated numerically by using the bvp4c MATLAB software. From the simulations, the following
conclusions are summarized:

. The skin friction coefficient increases about 23% and 27% due to increasing magnetic effect (1.0 —
15.0) and porosity parameter (0.5 — 3.5), respectively. On the other hand, increasing stretching ratio
parameter (0 - 0.6) decreases the skin friction by 24%.

. Rising values of magnetic (1.0 — 15.0) and porosity parameters increase the heat transfer rate
approximately 5% and 14%, respectively but Brownian motion (0.1 to 2.5) and thermophoresis (0.5 —
2.0) decreases the heat transfer rate by 12%.

. Rate of mass transfer increases about 20% for Brownian motion (0.1 — 2.5) and about 10% for
thermophoresis parameter (0.5 — 2.0).

The outcome of this study may be useful for manufacturing of optical fiber, separating different polymer
particles, exchanging heat, drying technology and cooling electronic device. Furthermore, the research output
can be applied to measure turbulence intensity, turbulent kinetic energy, the Eulerian spectra, micro/macro-
scales of the gas phase in a horizontal pipe flow.
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