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Abstract-- Heat transfer can be defined as transfer of energy from one area to another as a result of
temperature differences in objects. This indicates heat transfer not only explains how heat energy is
transferred from one object to another, but can also predict the rate of heat transfer that occurs under
certain conditions. In this case, what is related to the heat flow model equation is two-chamber thermos
separator where the separator is made of polypropylene. This separator functions to prevent the flow of
heat from one side to the other side of the thermos tube. Polypropylene is included in the insulator
category, although heat transfer still occurs. The heat transfer will be calculated using the finite
difference method in parabolic partial differential equations using the Matlab application. The heat
transfer process is assumed to occur by conduction, with a separator length of 1 cm. Assume the first
side of the divider has a right temperature of 100°C, and the other side 20°C. The temperature point
measured on the separator is located in the center of the separator. After completing the solution using
the Matlab application with the finite difference method, a heat transfer flow simulation was obtained in
the two-chamber thermos separator which shows the heat flow transfer at any time. At 0.1 seconds the
temperature at T1 is 2.4°C, while at 10 seconds is 65.9704°C. Then at 0.1 seconds the temperature at
T4 is 0.48°C, while at 10 seconds 19.5436°C. The conclusion is in the separator of the two-chamber

thermos there is significant heat flow from the side of the first tube to the other side.
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1. INTRODUCTION

The transfer of energy due to changes in
temperature in objects or materials is called heat
transfer[1]. It shows that heat transfer not only
explains how heat energy moves from one object
to another, but can also predict how fast heat
transfer occurs in certain conditions[2], because
this energy cannot be measured or observed
directly. What can be observed is the direction of
movement and its influence.

In this case, the thing related to the heat flow
model equation is the two-chamber flask
separator with polypropylene material.
Polypropylene (PP) is considered the lightest,
most versatile, cheap and chemically resistant
plastic[3]. This two-chamber thermos functions is
to store drinking water with two types of water. The
separator in this thermos serves to block the flow
of heat from one side of the thermos tube to the
other side of the tube. Polypropylene material has
a low density, high melting point, and low thermal
conductivity so that polypropylene is included in
the insulator category[3]. However, heat flow will
still occur.

In many mathematical models of heat flow, partial
differential equations are the basis of the solution.

The goal and complexity of the problem determine
the approach that will be used to solve partial
differential equations[4]. In this journal the author
will try to review the temperature distribution for
the case of 1-dimensional heat flow in a thermos
separator. The approach used is the finite
difference method for parabolic partial differential
equations which are solved using the Matlab
application.

Matlab is software that allows mathematical
calculations, data analysis, algorithm
development, simulation and modeling, and visual
presentation of data[5]. One of the frequently
encountered problems in the field of engineering
is heat transfer in a substance. As in previous
research, the aim was to carry out numerical
analysis of heat transfer and heat distribution
processes, namely conduction and convection
heat transfer[6]. The next research discusses
simulating heat transfer in the middle layer of the
plate. The heat equation used is solved
numerically using the finite element method with a
linear rectangular element shape function that has
4 nodes[7]. The next research aims to show the
temperature distribution between thin plates of
iron and brass metal. The aim is to determine and
study the temperature distribution on two metal
plates as conductor materials using the finite
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difference method calculated numerically using
the Matlab 2013a application[8].

Based on all these things, Matlab can be applied
to simulate heat flow in a two-chamber thermos
separator made from polypropylene.

2. METHODOLOGY

A partial differential equation is a form of equation
that contains partial derivatives of one or more
dependent variables for more than one
independent variable of a function[9]. In science
and technology, most problems can be described
in the form of partial differential equations. This
equation is very important to show physical
conditions, where the quantities involved change
temporally and spatially[10]. Partial differential
equations can use finite difference methods,
explicit schemes, implicit schemes, Crank-
Nicholson schemes, direct integrals, variable
separators, and so on[11]. In solving this case, an
explicit finite difference method is used.

General form of second order linear partial
differential equation:

a%u %u a%u
ﬁ+B—axay+Cﬁ+Fu—G (1)

A
where A, B, C, D, E, F, and G can be constants or
functions to x and y. If G (x, y) is identical to zero
for all x and y on the right side, equation (1) is
called homogeneous. Otherwise, equation (1) is
called nonhomogeneous[12].

This equation involves a derivative on one of the
variables involved. For example, the temperature
in a thermos separator in two 1-dimensional
spaces is at a spatial x and temporal t (time), so
that it is expressed by T (temperature) depending
on the position of x at t.
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Figure 1. lllustration of a two-chamber thermos
separator
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Figure 2. lllustration of heat transfer in a two-
chamber thermos separator

This illustration is only 1 dimensional about the x
axis and the heat flow to the center of the
separator will be calculated. then an equation can
be derived to predict the heat/temperature that
propagates in the rod from point A to point B in a
certain time interval (At)[10]. So the equation used
is:

q(x)AyAzAt — q(x + At)AyAzAt
= AxAyAzpCAT Q)

Dividing equation (1) by the volume of the element
(AxAyAZz) and At,

a@)=qGr+at) _ AT

o pC—; (2
by taking the limit, we obtain the form:
a a
T=pcs (3)

and from Fourier's law of heat conduction, the heat
conduction equation is produced as follows:

aT _ ., 9°T

at Kﬁ (4)

where T is temperature, K is thermal coefficient, t
is time and x is distance (space).

Equation (4) is a mathematical equation or model
for 1-dimensional heat flow as a function of time.
This equation is classified as a parabolic partial
differential equation. This equation can be solved
analytically or numerically. One of the methods for
solving these equations is the finite difference
method.

This finite difference method uses an explicit
scheme. In the explicit scheme, the variable at
time n+1 is calculated based on the known
variable at time n.
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Figure 3. Explicit schema grid
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Using the scheme depicted in Figure 3, the Table 1. The fifth iteration results
variable (temperature) function T(x,t) and its i s Temperature (°C) in calculation point
derivatives in space and time can be 3 t 1T0% Tol Tg T03 To4 gg
approximated using the following form, 1 01 100 24 0 0 048 20

o 2 02 100 4.6848 0.0576 0.0115 0.936 20
where the equation is: 3 03 100 6.8613 0.1675 0.0348 1.3722 20

4 04 100 89359 0.3250 0.0701 1.7872 20

i :k(az_T) Tin+1_Tin:k TR, —2TP4TT | 5) 5 05 100 10.914 0.5255 0.1174 2.1831 20
At dx?2 At Ax?

Then the equation is reduced to:
A
=T + (kA_xtz) (Th1-2T1 + T) (6)

The thermal coefficient (k) is constant along the
separator and at all times. Meanwhile Ax is the
same along the separator.

Based on the equation above, the heat transfer in
the insulation will be calculated at any time using
the MATLAB application. The use of the MATLAB
application in this research provides advantages
in terms of speed and accuracy in applying
numerical methods to solve finite difference
method equations.

3. RESULTS AND DISCUSSION

The heat transfer process is assumed to occur by
conduction, with a separator length of 1 cm.
Assume the first side of the divider has a right
temperature of 100°C, and the other side has a
temperature of 20°C. The temperature point
measured on the separator is located in the center
of the separator.

The heat conduction in the two-chamber thermos
separator is known to have a length L = 1 cm, the
distance between the separator length segments
Ax = 0.2 cm, time step At = 0.1 seconds, thermal
diffusion coefficient in polypropylene material k =
0.096 mm2/s = 0.0096 cm2/s, T(x=0,t) = 100°C
and T(x=1,t) = 20°C, while the initial value T(x,t=0)
=0°C.

After knowing the boundary conditions, heat
transfer calculations are carried out in the
separator using the equations in the finite
difference method with an explicit scheme.

The following is the calculation on T1:
TI=TP + (k) (T7-2T7 + T
TE=T? + 0.024 (T2, — 2T + T ,)
T{=0 + 0.024 (100 —(2 x0) + 0)
T{=0 + 0.024 x 100 = 2.4°C

After calculating each segment of the length of the
T2, T3, and T4 separator in the first iteration or at
a time of 0.1 seconds to 0.5 seconds, the following
results were obtained.:

Next, the solution will be carried out using the
MATLAB application. After entering the syntax
used for solving equations using different methods
up to an explicit scheme, the iteration results will
come out according to what is needed.

Table 2. MATLAB Syntax

% enter boundary conditions
S = 6;
deltat = 0.1;
t=12;
d = 0.024; % calculation results from
(k*deltat)/(deltax”2)
x = t/deltat;
T = zeros(s,X);
T(2,1) =0;
T(3,1) =0;
T(4,1) =0;
T(5,1) =0;
% processing iteration
n=0;
fprintf("\n\nlteration\t Time\t TO\t T1\t\t T2\t\t
T3\t\t T4\t\t T5\n');
% looping against time
for u=0:deltat:t-deltat

n=n+1;

t=0;
%looping against position

fori=2:s-1

T(1,n)=100;
T(6,n)=20;
T(,n+1)=T(i,n)+d*(T(i+1,n)-2*T(i,n)+T(i-

1.n));

end
end

% looping against time displays images and
iteration results

figure(1);

i=1:s;

for n=1:x
fprintf('%d\t %.2f\t %d\t %M\t %M\t %\t %t
%d\t\n',n-
1t,T(1,n),T(2,n),T(3,n),T(4,n),T(5,n),T(6,n));
t=t+deltat;

plot(i, T(i,n));
hold on;
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After entering the syntax in the MATLAB 4. CONCLUSION

application and then executing the syntax, the

following calculation results are obtained. Based on the results of -calculations and
discussions using the finite difference method in

the Matlab application, a simulation of the heat

ZOCR S S TR e IS transfer flow in a two-chamber thermos separator
Iterssi Waktu T0 Tl n n i T5 ; ;

e e v oo o o was obtained which shows the heat flow transfer
1 2.0 100 2.400000 0.000000 2.000000 0.480000 2

S SN coco N ossss S S with a number of iterations (_)f 107, total time of
3 038 188  6.86312 0.167547 0.032836 1.372262 Py 10.7 seconds and time difference from one
4 0.40 100 8.935090 0.325012 0070120 1.787230 2 . . .

5 0.50 100 10.914863 0.525558 0.117448 2.183126 » iteration to another is 0.1 sec.

6 0.60 100 12.80353 0.765187 0.176819 2561158 )

7 070 100 14.607354 1.039911 0.248162 2.922463 2

3 6.80 100 16331150 1.346528 0.331347 3.268140 2 ; ;
9 2.9 100 17.979580 1.681794 0.426194 3.500222 2 At 0.1 second, the temperature at point Tl is
10 1.8 188 19.556924 2.842807 8.532481 3.9166828 20 2.4°C. Meanwhile at the 10th second the
1 110 100 21.667219 2.426898 0.640950 4.221466 2 !

1 120 100 251428 283161 0.778313 4.510435 P temperature at point T1 became 65.9704°C. Apart

13 1.38  1ee 23.901513 3.254722 0.917268 4.796422 28

1 140 108 25.23035 3.684186 1066459 5.068208 bl from that, at 0.1 second, the temperature at point
(a) T4 is 0.48°C. Meanwhile, in the 10th second, the

15 1.58 109 26.509850 4.147999 1.225565 5.338529 20 temperature at p0|nt T4 becomes 195436°C

16 160 190 27.736939 2.614505 1.304223 5.584077 2

17 178 190 28.916315 5.092195 1.572067 5.829502 2

18 1.8 100 30.050545 5.570490 1.758728 6.067416 b} . . . .

B 1% e Nime 6 1.953835 6.20838 w0 So it can be concluded that in the separator in this

bl 200 190 32.193011 £.577793 2.157015 5.522050 bl ; iynifi

1 218 108 33.235514 7.836;53 2.3678% 5.741625 bl two-chamber flask, there is S|gn|f|cant heat flow

2 228 19 018819 T.60007 2.586111 5.950857 0 from the first tube side to the other side of the tube.

B 238 100 35.123494 8.117781 2.811296 7.1630%8 28

n 240 100 36.032301 8.638485 3003093 7366722 »

5 250 100 36010160 2.161851 3381150 7.566164 »

% 260 190 377583 2.686483 1551 7.7617% » BIBLIOGRAPHY
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