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Abstract: Heat transfer is a physical phenomenon that can be represented in the form of a mathematical
model. In this study, heat transfer occurs in a viscoelastic fluid through an elliptic cylinder surface with free
convection flow. The mathematical model of heat transfer is obtained from partial differential equations and
solved numerically using the Forward Time Center Space (FICS) scheme. Numerical solution is carried out
based on an algorithm compiled by an iterative process according to a predetermined point. The iteration
process is carried out until it produces a stable and convergent value. Furthermore, the algorithm is
implemented into the Matlab programming language with the influence of a heat variable, namely the
Prandtl number (Pr). Several test results that have been carried out during the iteration process have shown
that the FTCS scheme is stable along the space and time grid. In addition, this scheme shows that the
obtained difference equations are proven to produce consistent and convergent graphs. Based on the resulting
graph, the greater the value of the Prandtl number, the smaller the resulting temperature. This is in
accordance with the definition of the Prandtl number, which is the heat determining parameter which is the
ratio between the kinematic viscosity value and the heat diffusivity, so that the large Prandtl number can
inhibit heat transfer that occurs on the surface of the object.
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INTRODUCTION

Heat transfer is a physical phenomenon that can be represented in the form of a
mathematical model. The mathematical model for heat transfer is obtained from the
differential equation. Differential equations are studies in the field of mathematics that are
widely used to solve problems in the fields of physics, chemistry, economics, industry,
engineering, and other scientific disciplines that can describe complex natural
phenomena. (Havid Syafwan, Mahdhivan Syafwan, William Ramdhan, 2018).

To solve the differential equation numerically, it is necessary to first find the
approximation of the derived terms in the differential equation. One of the methods used
to calculate the approximate derivative of a function is the finite difference method. Based
on the location of the partition point used, the finite difference method is divided into
three types, namely forward difference, backward difference, dan central difference.

This research focuses on the analysis of heat transfer on the surface of an elliptical
cylinder in an unsteady condition and the flow is incompressible. The numerical method
used is the finite difference method with the Forward Time Center Space (FTCS) scheme
as part of the explicit finite difference scheme. The numerical solution is based on an
algorithm compiled by an iterative process according to a predetermined point. Explicit
formulas are designed using the Matlab programming language, so that it can make it
easier to calculate numerical derivatives of functions.

Research on finite difference numerical solutions for heat transfer has also been
carried out before, including (Afifah & Putra, 2018; Cheng, 2012; El Maghfiroh et al., 2019;
Hapsoro & Srigutomo, 2018; Imron et al., 2013; Kasim, 2014; Mahat et al., 2017; Mardianto,
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2018; Martanegara & Yulianti, 2020; Mohammad, 2014; Pendahuluan, 2019; Purnami et al.,
2018; Sahaya et al., 2016; Tiwow et al., 2015).

METHOD

The finite difference method with the Forward Time Center Space Scheme is used to
calculate the approximate derivative of a function. In this scheme the domain of the
function f(x) is partitioned into a number of points and an approximation formula for the
derivative obtained from the Taylor series expansion. The steps for implementing the
research are as follows:

Discretize the mathematical model using the FTCS Scheme;
Designing data structures;

Arrange algorithm;

Translating algorithms into programming language code;
Arrange the code into a computer program;

Running computer programs;

Analyze the results of the visualization.

NSO LN

In simple terms, the research flow is described in the form of the following Program
Flowchart.

Start

Finite Difference
Method

FTCS Scheme

Entering Data

Running the Program

Numerical and Graphical Results

Finish

Figure 1. Program Flowchart
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RESULT AND DISCUSSION
Discretization of Mathematical Models

The mathematical model of heat transfer for viscoelastic fluid flows under unsteady
conditions and incompressible flow properties is as follows (Annisa dwi sulistyanigsih,
2021):

"= () + 6sinA — KQf'f" — ff® —(f")?* =0 M

1
—0"+f0'"+y6 =0
Pr f 14 (2)

with boundary conditions
f(0)=f'(0)=0, 6'(0) =-1
f'(@)=0, f"(©)=0, 6(0)=0

Next, numerical processing is carried out for Equations (1) and (2) based on the following
FTCS Method scheme.

f'=p
f =ply
So that Equations (1) and (2) can be expressed in the form:
p" +pAyp’ —p* + Osind — K(2pp" — pAyp"’ — (p)*) = 0 3)
1
- n ! — 4
50"+ f0'+y0 =0 (4)

Based on Figure 2, the application of the center difference to p at points i,j is in the form
of the following derivative scheme.

t 4

n+1

i-1 I i+l Y

Figure2. FTCS Scheme

v

Schema for the first derivative:

op _ Pi+1 = Pima

— 0(Ay?
ayl, 2y + 0(Ay*)

Schema for the second derivative:
d%p
dy?

_ Piv1~ 2p; + i1
Ay?

+ 0(Ay?)

Yi
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Schema for the third derivative:
2%p

3
dy y

_ Piv2 — 2pit1 +2piq — Di2
2Ay3

+0(Ay?)

By using the derivative function scheme, Equation (3) can be stated as follows.

Di+1 — 2P; + Di-1 Di+1 — Di-1

Ay? + p;Ay 22y - piz + 0;sinA
gy Pt = 2Pt Piza o Pive = 2Pivs + 2Pio1 T Pia
bi Ay? pily 20y3
(Pi+1 - Pi—1>2>
N U L =0
2Ay (5)

For equation (4), discretization is carried out in the same way, resulting in the following
equation.

1 <9i+1 —20; + 9i—1) +f (9i+1 =01

— 9: =0
Ay? 24y )+yl

Pr
by assuming
1 1
= Pray? ’ r, = 2y
then we get the equation
(ry +12/1)0i41 + (1 —12£;)0;1 + 28y 6)
@2y —v)

9i=

Iteration Process

At this stage, an iteration process is carried out for Equation (5). By assuming,

A= ! B—1 SKA C= ! 3KA D =KA E=1-4KA
CAy2 T 2 207 T 2 27 o B

Then the iteration process is then carried out using for i=1,2,3,...,M with predetermined
boundary conditions, the following equations are obtained:

When i=1
. 1 1
(Api+1 + (=24)p; + Bpipis1 + 6;SINA + 5 Dpipis2 — 5 Dpips + 7 Dpl 1
pi = E
When i=2

1 1 1
ZDPi2+1 - fDPi+1Pi—1 + sziz—1

./
|\1 E

Apiy1 + (—24)p; + Api—1 + Bpipi+1+Cpipi—1 + 6;sinAd + 5 Dplsz + \
I
I
/l

When i=M
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1

. 1 2
Apis1 + (=24)p; + Api—1 + BpiDi41+Cpipi—1 + 6;sinA + 5 Dp;p; + \

1 1 1 1
7Dpl1 =5 DPisiPi-a =5 Dpivabi-1 + 7 Dpiy

E

./ l
'\ )

1 1 1 1
ZDpi2+1 - iji+1Pi—2 - ZDPi+1Pi—1 + ZDPi2—1

E

, 1
/ Apiv1 + (=24)p; + Api—q + BPiDi+1+Cpipi—1 + 0;SiNA + 5 Dpipj4z +
|
|
|

|
)

As for equation (6), we get
When i =1

Change 6;_; with 6;,, + 2Ay, so that it is obtained

_ (ry + 12f)0i41 + (rp —12f) 041 + 24y

0.
' 2r—v)

Wheni =M

Change 6;,, with 0, so that it is obtained

6; = (ry — 12£1)0i—1
(2 —vy)
Algorithm Creation

This stage describes the algorithm that is compiled based on the results of the
discretization and the iteration process that has been carried out. The algorithm is
structured in the following programming language.

Algorithm 1 Algoritma Penyelesaian Numerik dengan Menggunakan Matlab
Set Input: nilai variasi parameter. ketebalan lapisan batas (A y). panjang ketebalan lapisan batas (y)
procedure
Kondisi awal p(i).f(i). dan 6(i)
fOr it 0 = 1 sampai 5000 do

for i = 1 sampai M do
= ((‘PH»L +(=24)p: + Api—1 + Bpipir1 + Cpipiy + 6isin A+
L
1 1 15 1 1, A%
El)p‘p‘u - E])p.sz + I[)p,’,1 - E[)p,“p‘fl + I[)pj,,);l:)
G = ((r+rafi)firr +(r1 —r2f)0i1)/((2r1 — )
ifi = 1 then
P10
Pi-2 & Ps

6,1 « 6,41 +2Ay
il = 2 then

pi—a 0
ifi =M — 1 then

P2 Pr
if i = M then
Pitl & Pi-1

end if
end for
end for
end procedure

Figure 3 Heat Transfer Algorithm with FTCS Skema Scheme
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Simulation Results

Based on the algorithm in Figure 3, the temperature profile graph is obtained as
follows.

Profil Temperatur pada Fluida Viskoelastik
0.25 T T T T T T T

0.2}

Figure 4 Heat Transfer Profile on Elliptical Cylinder Surface

Figure 4 is the visualization result of the algorithm that has been compiled with variations
of Prandtl Numbers (Pr), namely 0.5, 0.6, 0.7, 0.8 and uses the value y = 1,K = 0.5,a =
10,b = 5.. The results obtained in the form of a heat transfer profile on the surface of an
elliptical cylinder with a heat variable, namely the Prandtl Number (Pr). The resulting
graph is a consistent and convergent graph. The greater the value of the Prandtl number,
the smaller the resulting temperature. This is in accordance with the definition of the
Prandtl number, which is the heat determining parameter which is the ratio between the
kinematic viscosity value and the heat diffusivity, so that the large Prandtl number can
inhibit heat transfer that occurs on the surface of the object.

CONCLUSION

Based on the results and discussion above, it can be concluded that the heat transfer
of a fluid on the surface of an elliptical cylindrical object can be represented in the form of
a mathematical model. The mathematical model that is built from an unsteady and
incompressible flow can be simulated into an algorithm, resulting in a graph of a function
in the form of a heat transfer profile that is solved numerically using the Forward Time
Center Space (FTCS) scheme. Furthermore, the algorithm is translated using a
programming language and visualized with Matlab software. When running the
computer program, an iteration process is carried out so as to produce a graph of a stable
and convergent heat transfer profile. From the graph, it can be seen that the variation of
the Prandtl Number affects the heat transfer that occurs on the surface of the object. The
larger the given Prandtl number, the slower the heat distribution that occurs. This is
because the value of the kinematic viscosity that is generated is getting bigger which
causes the frictional force between the fluid and the surface of the object to be large.

ACKNOWLEDGMENTS
The author would like to thank all parties who have supported the completion of this
research, especially to the University of PGRI Adi Buana Surabaya which has provided

Journal of Education and Learning Mathematics Research | Volume 3, Number 1,2022 72



Annisa Dwi Sulistyaningtyas, et al (Forward Time Center Space Algorithm)

the opportunity and support in the form of good materials and facilities, so that the

author can complete this research properly and on time.

REFERENCES

Afifah, Y. N., & Putra, B. C. (2018). Model Matematika Aliran Tak Tunak Pada Nano Fluid
Melewati Bola Teriris Dengan Pengaruh Medan Magnet. Teknika: Engineering and
Sains Journal, 2(2), 119. https:/ /doi.org/10.51804/ tesj.v2i2.274.119-124

Annisa dwi sulistyanigsih. (2021). Article, Page 44 - 52. 4(1), 44-52.

Cheng, C. Y. (2012). Free convection of non-Newtonian nanofluids about a vertical
truncated cone in a porous medium. International Communications in Heat and Mass
Transfer. https:/ /doi.org/10.1016/j.icheatmasstransfer.2012.08.004

El Maghfiroh, R., Khusniah, R., & Sholeh, M. (2019). SIMULASI NUMERIK
PERPINDAHAN PANAS BATANG BAJA MENGGUNAKAN SKEMA BEDA
HINGGA KOMPAK PADA METODE CRANK-NICOLSON. Transformasi: Jurnal
Pendidikan Matematika Dan Matematika. https:/ /doi.org/10.36526/tr.v3i02.708

Hapsoro, C. A., & Srigutomo, W. (2018). 2-D Fluid Surface Flow Modeling using Finite-
Difference Method Pemodelan Aliran Fluida 2-D Pada Kasus Aliran Permukaan 2-D Fluid
Surface Flow Modeling using Finite-Difference Method. August 2013.

Havid Syafwan, Mahdhivan Syafwan, William Ramdhan, R. A. Y. (2018). Pemrograman
Komputasi Rumus Eksplisit Metode Beda Hingga Untuk Turunan Pertama Dengan
Menggunakan Matlab. Seminar Nasional Royal (SENAR), 9986(September), 61-68.
https:/ /jurnal.stmikroyal.ac.id /index.php/senar/article/viewFile/140/86

Imron, C., Suhariningsih, Widodo, B., & Yuwono, T. (2013). Numerical simulation of fluid
flow around circular and I-shape cylinder in a tandem configuration. Applied
Mathematical Sciences. https:/ /doi.org/10.12988 /ams.2013.39490

Kasim, A. R. M. (2014). Convective Boundary Layer Flow of Viscoelastic Fluid. In
Universiti Teknologi Malaysia, Faculty of Science: Ph. D. Thesis.

Mahat, R., Rawi, N. A, Kasim, A. R. M., & Shafie, S. (2017). Mixed convection boundary
layer flow of viscoelastic nanofluid past a horizontal circular cylinder: Case of
constant heat flux. Journal of Physics: Conference Series. https:/ /doi.org/10.1088 /1742-
6596,/890/1/012052

Mardianto, L. (2018). Solusi Numerik dari Aliran Fluida Magnetohidrodinamik Konuveksi
Campuran Melalui Bola Bermagnet-Numerical Solution Of The Model Of ....

Martanegara, H. A., & Yulianti, K. (2020). Model Matematika Fluida Lapisan Tipis Pada
Bidang Miring. Jurnal EurekaMatika, 8(1), 29-41.

Mohammad, N. F. (2014). Unsteady Magnetohydrodynamics Convective Boundary Layer
Flow Past A Sphere in Viscous and Micropolar Fluids. Universiti Technology Malaysia,
Malaysia.

Pendahuluan, 1. (2019). Implementasi Algoritma Backward Time Central Space Pada
Penyelesaian Model Distribusi Panas. 9.

Purnami, D., Putri, S., Sukarsa, I. M., Ngurah, G., & Agustika, S. (2018). Analisis Kestabilan
Numerik Metode Beda Hingga pada Persamaan Getaran Membran dan Simulasinya.
September, 8-11.

Sahaya, R., Widodo, B., Imron, C., & Matematika, J. (2016). Aliran Fluida
Magnetohidrodinamik Viskoelatis Tersuspensi yang Melewati Pelat Datar. Jurnal
Sains Dan Seni ITS.

Tiwow, V. A, Malago, J. D., Fisika, J., Matematika, F., & Alam, P. (2015). Penerapan
Persamaan Navier-Stokes Untuk Kasus Aliran Fluida Laminer Pada Pipa Tidak Horizontal
Application of Navier-Stokes Equations To Laminar Fluid Flow Case In Unhorizontal Pipe.
1V(1), 51-56.

Journal of Education and Learning Mathematics Research | Volume 3, Number 1,2022 73



