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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
𝜕2𝑢

𝜕𝑥2 + 𝐵
𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝐶

𝜕2𝑢

𝜕𝑦2 + 𝐹𝑢 = 𝐺     (1) 

 
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. 

 
Figure 1. Illustration of a two-chamber thermos 

separator 

   
 
 

Figure 2. Illustration 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 (∆t)[10]. So the equation used 
is:  
 
𝑞(𝑥)∆𝑦∆𝑧∆𝑡 − 𝑞(𝑥 + ∆𝑡)∆𝑦∆𝑧∆𝑡 
= ∆𝑥∆𝑦∆𝑧𝜌𝐶∆𝑇         (1) 
 
Dividing equation (1) by the volume of the element 
(∆x∆y∆z) and ∆t, 
 
𝑞(𝑥)−𝑞(𝑥+∆𝑡)

∆𝑥
= 𝜌𝐶

∆𝑇

∆𝑡
         (2) 

 
by taking the limit, we obtain the form: 
𝜕𝑞

𝜕𝑥
= 𝜌𝐶

𝜕𝑇

𝜕𝑡
          (3) 

 
and from Fourier's law of heat conduction, the heat 
conduction equation is produced as follows: 
 
𝜕𝑇

𝜕𝑡
= 𝐾

𝜕2𝑇

𝜕𝑥2          (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.  
 

 
Figure 3. Explicit schema grid 
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Using the scheme depicted in Figure 3, the 
variable (temperature) function T(x,t) and its 
derivatives in space and time can be 
approximated using the following form, 
 
where the equation is: 
 
𝑇𝑖

𝑛+1

Δt
 = k (

𝜕2𝑇

𝜕𝑥2)           
𝑇𝑖

𝑛+1−𝑇𝑖
𝑛

Δt
= 𝑘 

T𝑖+1
𝑛 −2T𝑖

𝑛+T𝑖−1
𝑛

Δ𝑥2    (5) 

 
Then the equation is reduced to: 
 

T𝑖
𝑛+1=T𝑖

𝑛 + (k
Δt

Δ𝑥2) (T𝑖+1
𝑛 -2T𝑖

𝑛 + T𝑖−1
𝑛 )    (6) 

 
The thermal coefficient (k) is constant along the 
separator and at all times. Meanwhile Δx 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 
Δx = 0.2 cm, time step Δt = 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
𝑛+1=T𝑖

𝑛 + (k
Δt

Δ𝑥2) (T𝑖+1
𝑛 -2T𝑖

𝑛 + T𝑖−1
𝑛 ) 

T1
1=T1

0 + 0.024 (T1+1
0  – 2T1

0 + T1−1
0 ) 

T1
1=0 + 0.024  (100 –(2 x 0) + 0) 

T1
1=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.: 
 

Table 1. The fifth iteration results 
i s Temperature (°C) in calculation point 

n t T0 T1 T2 T3 T4 T5 

0 0 100 0 0 0 0 20 

1 0.1 100 2.4 0 0 0.48 20 

2 0.2 100 4.6848 0.0576 0.0115 0.936 20 

3 0.3 100 6.8613 0.1675 0.0348 1.3722 20 

4 0.4 100 8.9359 0.3250 0.0701 1.7872 20 

5 0.5 100 10.914 0.5255 0.1174 2.1831 20 

 
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\nIteration\t Time\t T0\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 
    for i=2:s-1 
        T(1,n)=100; 
  T(6,n)=20; 
  T(i,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 %f\t %f\t %f\t %f\t 
%d\t\n',n-
1,t,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 
application and then executing the syntax, the 
following calculation results are obtained. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 4. (a) Iterative temperature changes 0-14 
(b) Iterative temperature changes 15-30 (c) 

Iterative temperature changes 93-107 
 

 

 
Figure 5.  Temperature Changes for Each 

Segment at Each Time 
 

4. CONCLUSION 
 
Based on the results of calculations and 
discussions using the finite difference method in 
the Matlab application, a simulation of the heat 
transfer flow in a two-chamber thermos separator 
was obtained which shows the heat flow transfer 
with a number of iterations of 107, total time of 
10.7 seconds and time difference from one 
iteration to another is 0.1 sec.  
 
At 0.1 second, the temperature at point T1 is 
2.4°C. Meanwhile at the 10th second, the 
temperature at point T1 became 65.9704°C. Apart 
from that, at 0.1 second, the temperature at point 
T4 is 0.48°C. Meanwhile, in the 10th second, the 
temperature at point T4 becomes 19.5436°C.  
 
So it can be concluded that in the separator in this 
two-chamber flask, there is significant heat flow 
from the first tube side to the other side of the tube. 
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