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Chemical Reaction Effects on
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Stagnation Point Flow
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Abstract—The effects of chemical reaction on nanofluid
vertical surface were considered on the flow of stagnation point.
The numerical results were obtained by MATLAB to observe the
impacts of the parameter of chemical reaction to the governing
parameters. The results are graphically portrayed to observe the
presence of dual solutions. The validation of the results is
compared to the previous study and tends to give a favorable
argument.
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I. INTRODUCTION

Heat transfer in liquid, such as ethylene glycol, engine oil
and water, has some limitations in the capabilities of heat
properties that can cause limitations in many thermal
applications. Most solids, specifically, metals, have high
thermal conductivity. Therefore, fluid containing solid
particles can substantially raise its conductivity. This is one
of the important factors in industrial processing that will be
highlighted for product enhancement. Inclusion of
nanoparticles in the base liquid is a reliable method to
enhance the heat conductivity. Enhancing heat transfer from
electricity saving views, has been accepted widely in
industrial sectors.

A discussion and observation on convective transport in
nanofluids was reported by [1]. They added the possibility
to use nanofluids in systems of nuclear. The efficiency in
engineering sector, technology growth and electronic
equipment can be influenced by the important role of mixed
convection flow. Therefore, from that motivation, this study
aims to fill the gap from the recent study that can contribute
to the fundamental knowledge on mixed convection flow.

This study applies the Buongiornomodel that are well
known among researchers in the same field. He highlights
the important slip mechanisms in nanofluid as Brownian and
thermophoresis diffusion. Not only interested in mixed
convection flow, this study also includes the effect of
chemical reaction, an effect that slowly gain attention
among researchers.

Because of the important functions in processing sector
such as drying, evaporation and transferring energy, the heat
and mass transfer with chemical reaction attracted
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researchers’ interest. One of the researchers that show
interest to examine such effect is [2]. He found that for the
stretching/shrinking surface, there are dual solutions.
Later, in [3] were continued the work done by [2] by
focusing on cylinder. She observed that the unique
solution exists for stretching case but not for shrinking
case. She also makes a conclusion that consistent with the
observation made by [2].

Recently, problem with mixed convection stagnation
point flow in a nanofluid was considered on the surface of
vertical stretching/shrinking [4]. Up to date, still no
investigation has been made towards similar problem with
the presence of chemical reaction. Therefore, this study
emphasizes on that effect with thermophoresis and
Brownian motion parameter are taken into consideration.

Il. FORMULATION OF THE PROBLEM

As shown in Fig. 1, the laminar viscous problem and
nanofluid’s steady stagnation-point flow are considered.
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Fig. 1: Discussed model: (a) Assisting flow, (b)
Opposing flow
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The velocities involve are stretching/shrinking velocity
U,(x)=ax and free stream velocity U, (x)=bxwhere

constant b>0. The governing equation then will be express
as [4]:
oujéx+ovjev=0

uéuféx+véu/éy=U, dU, |
+ g/ ps [1-C)poy, (T-T.)-
u 8T/ ex+veT [y = o, 87T,
+ T[DB oT/ey ac/ev+D, /T,
u 8C/éx +vaC|éy = Dg &°C

+D|T, &*T/&v* -R(C-C,
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subject to boundary conditions equations from partial differential equations were then
u=U,/(x). v=0, T=T,. C=C, at y=0 solved numerically using similarity transformation
u U, (x). T 5T . CC. as yo» (5) technique by MATLAB, repeating the technique for solving
e N . ' PDE in [5].

where the components of velocity denoted by uandv.
The viscosity of kinematic and the diffusivity of thermal
represented by v and «, p; is the liquid density,

r:(pcp)np/(pcp)f is the heat capacity ratio of

nanoparticles, the Brownian and thermophoresis diffusion
coefficient denoted by Dz and Dy, and the constant
pressure heat is c,, .
The similarity variables have been used to find the
similarity solution for (1)-(4) with boundary condition (5)
U:{Ux/w)l‘u_ln
v = (U ) £(n).
p=(C-C)C,—C.).
0=(T-T.)/(T,-T.) 6)
whereu =0y /dy and v=-0y /Ox with stream function,
w . The differential partial equations, (2)-(4) then was

reduced to ordinary differential equations below

fr 11—+ 26-N,g=0 (7)
/Pr@" + f6 + Nbg6' + N,8” =0 (8)
¢"+ Lef + Nt/Nb 6" —Lefip =0 9)
with new boundary conditions transformation from (5),
flo)=0.  flo)=e.  60)=1. #0)=1.
fln)—=1. 6ln)—o0. ¢n)—=0 as np—=o (10

where the stretching/shrinking parameter is ¢ =a/b, the
chemical reaction parameter is S =R/b, the parameter of

mixed convection is *=U~C)er, T-To)g/prbx e
parameter of buoyancy ratio is

v v 2
N, =loy ~ oz NC=Clg/ oy b and Reynolds number is

Re, =U_ x/v. Meanwhile, the number of Prandtl and
Lewis, Prand Le, the parameter of Brownian motion and
thermophoresis, Nb and Nt, are defined as
Pr=v/a. Le=v/Dy. Nb :(,cr]pDB(C‘"_.—Cx]/{',ac’:]fv
N =(pc), Dp(T, ~ . )/ (pe) s Ty (11)
In this research, there are several physical interests that

are the coefficient of skin friction and number of Nusselt
and Sherwood,

Cr=r1,/p;U=.
N, = xq“./k(f"_. -I, ) >

r,, = uloufoy)

Gy = —f\’(f‘f/f"[)}:(]

th = -\‘(IM/DB (Cw - Cx: ) - m = _DB (6(-'/51]\=0 (12
Then, obtained (13) from (6),

C(Re)"? = 7(0).

Nit,(Re),* =—6/(0) .

Shy(Re), ™ =-¢/(0). a3

I11. RESULTS AND DISCUSSION

This study focuses on the similar problem by [4] with
chemical reaction effects. The reduced ordinary differential
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convection parameter, 1. Clearly from the figures, the
highest range of solution shown is for
smallest range of solution is 1 =-0.3. As the value of 1
rising, the widest range of solution can be obtained. The
critical

results by [4] and present results. The results
favorable agreement and prove that the present results is
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Fig. 2-4 show the variation of f"(0), —6'(0) and —¢'(0)
stretching/shrinking parameter, & and mixed

A=0.3 and the

values of ¢, are shown in Fig. 2-4 for

A1=-0.3,0,0.3. Unique solution exists for stretching sheet

while dual solution exists for shrinking sheet.

Notice the variation of f(0), —¢'(0) and —¢'(0)with

stretching/shrinking parameter, & and chemical reaction
parameter, £, from Fig. 5-7. As seen in those figures,
unique solution exists for stretching sheet and dual solution
exists for shrinking sheet at certain value of ¢, similar with
results from Fig. 2-4. The highest range of solution can be
obtained at £=0.5 and the smallest range of solution at

S =0. Unexpected results obtain from g=1 because it

gives the result in between.

Table 1 listed the result comparison between previous
give a

reliable.
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Fig. 2: Variation of the skin friction coefficient 1"(0)
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Fig. 3: Variation of the local Nusselt number — H'(_O) with

e and A
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Fig. 5: Variation of the skin friction coefficient f"(0)

with £ and g
with ¢ and £

Table 1: Results comparison for the values of f"(0). —&'(0) and —¢'(0) when Pr=7. Nt =0.1. Nb =0.1.N, =0
and e =-1 for various values of A

Previous Results [4] Display Results
2| rlo) -6/(0) ~¢(0) /"(0) -6/(0) -¢'(0)
-0.3 | 0.7805488184 0.0002407581 0.2347555070 0.7805487972 0.0002407622 0.2347254965
-0.2 | 1.0159279071 0.0027331354 0.3375646205 1.0159278832 0.0027331453 0.3375646061
-0.1 | 1.1872651574 0.0082618263 0.3991200579 1.1872651347 0.0082618380 0.3991200433
0 1.3288168893 0.0161046565 0.4404938458 1.3288168824 0.0161046606 0.4404938381
0.1 1.4521076049 0.0254438075 0.4698550528 14521075969 0.0254438122 0.4698550444
0.2 1.5627955031 0.0356782077 0.4914213723 1.5627954937 0.0356782124 0.4914213638
0.3 1.6641608567 0.0464074169 0.5076442409 1.6641608465 0.0464074223 0.5076442304
-0.08 o= od 15
—— Np=0. —— Np=01
_____ N, =0.1 £=0051
0.1 - Nb = 0.5 lo o2 Nb =05
0.12 b=
-0.14 o
o) - 10}
-0.16 -
054
0.18 =
02
-0.22 T T T T T T T T
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Fig. 8: Variation of the skin friction coefficient f"(0)
with Nt, Nb and S

Fig. 9: Variation of the local Nusselt number 78'(0) with
Ni, Nb and 8
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Fig. 10: Variation of the local Sherwood number — gf)'[O)
with Ni, Nb and 3

Fig. 8-10 explain the results according to Nb, Nt and p
for variation of "(0), —€'(0)and —¢'(0). Increases Nt is
also to increase the — ¢'(0)as well, but to decrease the f"(0)
and - 6'(0). The parameter of Brownian motion at Nb=0.1
gives higher results compared to Nb=0.5 except for f”(O).
Increases value of S produced increases of f”(0) and
—¢#'(0) but decreases the value of —'(0).

Fig. 11-13 depict the variation of f"(0), —6'(0) and
—¢'(0) with certain value of B and Ntand the value of Nb
varies. Increases the parameter of chemical reaction is to
increase the f"(0)and—¢'(0). This phenomena repeating

the results obtain from Fig. 7-9. The Nusselt number will
decrease by increasing the value of Nb. The parameter of
thermophoresis at Nt=0.5tends to give higher range of
solution than Nt=0.1, as can be seen in Fig. 11 and Fig. 13
for £7(0)and —¢'(0).
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Fig. 11: Variation of the skin friction coefficient f"(0)
with Nb, Nt and g3
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Fig. 12: Variation of the local Nusselt number —6'(0)
with Nb, Nt and f3
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Fig. 14-16 show the profiles of velocity, temperature and
concentration on mixed convection parameter at 4 =-0.3
and 1 =0. It is found that, opposed to the other, the second
solution has higher boundary layer thickness. Increases the
value of A is to increase the first solution and decrease the
velocity profile for second solution (see Fig. 14) but
different concentration profile circumstances have occurred

(see Fig. 16).
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Fig. 13: Variation of the local Sherwood number —¢'(0)
with Np, Nr and S
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Fig. 15: Temperature profiles 6(77) for 1=-0.3 and
A=0
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Fig. 16: Concentration profiles ¢(r7) for 1=—-0.3 and
A=0

IV. CONCLUSION

The chemical reaction effects were observed on a
stretching/shrinking vertical surface in 2-D stagnation point
flow. Three conclusions can be drawn,

. existence for the solutions of unique and dual on
the case of stretching and shrinking, respectively,

. increases the parameter A is to increase the range
of £"(0), —0'(0) and —¢'(0), where increases of the
reduced f”(0), may leads to increase the rate of heat at

surface,
o the chemical reaction effects are really high on

£7(0) and —¢'(0).
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