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The main active element  in thermoelectric cooling systems is Peltier module. Its action is based 

on the Peltier effect, which results in the conversion of electrical power into a temperature gradient. 

This article presents a simulation of the thermal behavior of thermoelectric refrigerator with a focus 

on the initial peak load due to refrigerate warm object, as well as a - further transitional cooling pro-

cess and tempering of this object.  On the basis of the mathematical apparatus a software product has 

been developed to help visualize numerical results. Both the experimentally obtained and numerical 

results are in a good compliance.   
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Nomenclature 

T1     -    Cold side heat sink temperature, 0C; 

T2     -    Hot side heat sink temperature, 0C; 

T3     -    TCS volume temperature, 0C; 

T4     -    TCS outer wall temperature, 0C; 

T5     -    TCS inner wall temperature, 0C; 

T6     -    Water container temperature, 0C; 

T7     -    Ambient temperature, 0C; 

Δτ     -    Sampling time, s; 

α        -   Convective heat transfer coefficient,  

W.m-2.K-1; 

v       -    Air velocity, m.s-1; 

Qenv.    -   Heat flow between the environment and 

the air in the volume, W; 

Qprod  . -   Heat flow between the cooled product 

and the air in the volume, W; 

Qtec        -  Heat flow between the heat sink and the 

air in the volume, W; 

tenv.         -   Ambient temperature, K; 

tvol      -   Volume temperature, K; 

Fwall    -   Area of walls and the ceiling, m2; 

αout      -   Convective heat transfer coefficient be-

tween the environment and external wall 

of the container, W.m-2.K-1; 

αin       -  Convective heat transfer coefficient be-

tween  the inner walls of the container 

and air inside,   W.m-2.K-1; 

δwall       -  Thickness of the walls of the container, 

m; 

λwall     -  Thermal conductivity coefficient,  

W.m-1.K-1; 

αin
prod  -  Convective heat transfer coefficient be-

tween  cooled product and the air in the 

container,       W.m-2.K-1; 

Fprod    -  Cooled product surface area, m2; 

tprod     -  Cooled product temperature, K; 

Ntec     -  Cold side heat sink termal flow, W.K-1; 

tcold          -  Cold side heat sink temperature, K; 
t

volt
τ+Δ

  -  Change volume air temperature for time 

Δτ, K; 

Vvol      -  Volume air in the container, m3; 

Vprod    -  Volume of cooled product, m3; 

Ρvol     -  Volume air density, kg.m-3; 

Cvol      -  Volume air specific heat capacity, 

J.kg-1.K-1; 
t

prodt
τ+Δ

  -  Change cooled product  temperature for 

time Δτ, K; 

Ρprod      -  Cooled product density, kg.m-3; 
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Cprod -  Cooled product specific heat capacity, 

J.kg-1.K-1; 

P -  Power input for TEC, W 

I -  Current, A  

U -  Voltage, V 

Δ  -  Temperature difference - 

Δ  = T2-T1, 0C  

Qc         -  Refrigeration capacity, W 

Introduction 

The major node in a thermoelectric cooling system 

(TCS) is the thermoelectric pump (TEP), in which a 

thermoelectric module (TEM) is integrated. [1], [2].  

The thermoelectric module is the smallest purchase 

element that is composed of Peltier elements. These 

are the elements that convert electrical energy into a 

temperature gradient. [3]. Today, thermoelectric de-

vices are successfully used in our everyday life, en-

hancing a better comfort and quality of life. Cooling, 

based on the Peltier effect, has several indisputable 

advantages. The devices are relatively simple and with 

small dimensions, they possess a good construction 

reliability and long service life (over 200,000 hours). 

They do not have any moving parts or environmental-

ly harmful refrigerants. Modern TEM are highly ef-

fective - with power up to several hundred watts. 

That is why the methods of designing, modeling, ana-

lysing and constructing thermoelectric devices are 

attracting a still wider range of specialists. 

 In recent years, thermoelectric cooling systems 

have been widely used [4]. They have been applied in 

modern vehicles for cooling and preserving products 

during their transportation, in portable cooling bags, 

computer, military and medical equipment.
  The purpose of this study is to simulate the thermal 

behavior of a thermoelectric cooling system with a 

limited calculation procedure. Simulating results is 

presented in graphic form through user application. 

 Theoretical basis and methods 

 For the purpose of simulating an experiment has 

been carried out. A thermoelectric cooling system has 

been designed, [5], in order to carry out the experi-

ment. It consists of a thermoelectric pump 1 and a 10 

liter container with double walls 7 and 8, between 

which a thermal insulation layer 9 (Fig. 1) is embed-

ded. Thermoelectric pump 1 is constructed according 

to Peltier TEM  4 and а heat conductor 5, hot side heat 

sink 3 and cold side heat sink 6 of Peltier module and 

fan 2 attached to the hot side heat sink for temperature 

withdrawal. A plastic bag with water 10 is placed into 

the container. There is only natural convection, with-

out any additional ventilation. 

 The cold side heat sink temperature is measured 

with thermometer T1, the hot side heat sink tempera-

ture - with thermometer T2, the temperature in the 

TCS volume - with thermometer T3, the TCS outer 

wall temperature - with thermometer T4, the TCS 

inner wall temperature - with thermometer T5, the 

temperature in the water container – with thermometer 

T6 and the ambient temperature - with thermometer 

T7. 

 The electric power consumption of the thermoelec-

tric pump during the test is P = 88W. The optimal DC 

mode, which generates the lowest temperature of the 

cold side heat sink -   T1 = -12 0C and the lowest tem-

perature in the container volume - T3 = 5 0C : I = 8A, 

U = 11V  (P = U.I). 

The maximum temperature difference ΔT between 

the hot and cold side of the TEM is ΔT = 45 0C. At 

this ΔT and I = 8A, from catalog data of TEM (type 

Е 1–12712 YK-0458) the refrigeration capacity was 

- Qc = 15W.  
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Fig. 1. Thermoelectric cooling system. 

  
For the purpose of simulating it is assumed that in 

order to reduce the calculation procedure the air tem-

perature in the TCS, and the temperature of the cooled 

product should be identical in their entire volume. 
 

 To reduce the calculation procedure, taking into 

account the identical air parameters in the entire vol-

ume, it is assumed that there is a heat transfer through 

the bent flat wall with an area, insulation characteris-

tics and a specific heat capacity suitable for the con-

tainer sides.
 
 

It is assumed that the TCS is located in a confined 

space which provides the heat transfer between the 

outer walls and the environment by way of a natural 
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convection. The coefficient of convective heat transfer 

is calculated according to the model of McAdams [6]: 

(1) 5, 6 4.vα = + ,  

where v  is air velocity. 

 Considering the presence of a heat sink on the 

cold side of the Peltier module, it is assumed that  the 

heat transfer between the air volume inside and the 

inner walls of the container is through convection.The 

energy balance of air inside the container is the sum 

of:  envQ
, prodQ

 and tecQ
  (2) : 

(2) 0env prod tecQ Q Q+ + =  

 Each of these heat flows, in turn, is expressed 

through: [2], [5], [6]. 

(3) 
( ).

1 1

env vol wall

env

out wall in

t t F
Q

wall
δ

α λ α

−
=

+ +

 

(4) ( ) .
in

prod prod vol prod prodQ t t F α= −  

(5) ( )tec tec cold volQ N t t= −  

 The change of the air temperature inside the con-

tainer for a period of time Δτ is determined by: [7], 

[8]. 

(6) 
( )
( )

.

. .

env prod tect t

vol vol

vol prod vol vol

Q Q Q
t t

V V C

τ
τ

ρ

+Δ
+ + Δ

= +
−

  

 The change of temperature of the cooled product 

for a period of time Δτ is similarly determined: 

(7) 
( )

. .

prodt t

prod prod

prod prod prod

Q
t t

V C

τ
τ

ρ

+Δ
Δ

= +  

The simulation algorithm of the thermoelectric 

cooling system  is presented in Figure 2. After initial 

definition of the conditions, the following data are 

calculated successively: envQ , 
prodQ , tecQ , volt

 
and 

prodt  . 

The results are presented in graphics. 

Results and discussion 

 On the basis of synthesized mathematical model a 

user application TECS v.1.0 was created within Mi-

crosoft Visual Studio 2010. 

 The operating interface consists of an input tabular 

part and an output - drawings. In the tabular part, the 

following parameters are given: 

• Simulation duration; 

• Sampling period; 

• Air velocity outside TCS; 

• Air velocity in the volume of TCS; 

• Ambient temperature; 

• Initial temperature of TCS ; 

• Initial temperature of a cooled product; 

• Length, width and height of the TCS contain-

er; 

• Thermal conductivity of the walls of a con-

tainer; 

• Thickness of the walls of the container; 

Surface area of a  cooled product; 

• Mass of a cooled product; 

• Specific heat capacity of a cooled product; 

• Volume of a cooled product; 

• Relative power of the cold side heat sink of  

TEP; 

• Electric power of TCS.  

The input part is shown in figure 3. After pressing 

the button "Simulate",  simulation of processes in the 

TCS can be carried out and the results are displayed in 

graphical form. 

The application offers users two modes: 

- Mode "True values" – in this mode, the sim-

ulation of processes in the TOC is compared to the 

experimental data. The results are presented in graph-

ical form. The following conditions can be simulated: 

 

• ( )volt f t= ; 

• ( )prodt f t= ; 

• ( )cQ f t= ; 

• ( )COP f t= .  
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 Calculating of the heat flows
 

5, 6 4.vα = + , 

( ).
1 1

t t Fenv vol wall
Q

env wall
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δ
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−
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+ +
, 

( ) .Q t t Fprod volprod prod in
α= − , 

( )Q N t tcold voltec tec
= −  

 
 

 
 Calculating the change in temperature 

in the volume of the container 

( )
( )

.

. .

Q Q Qenv prod tect t
t t
vol vol V V Cvol prod vol vol

ττ

ρ

+ + Δ+Δ
= +

−
 

 
 

 
 Calculating the change in temperature 

of the cooled product 

( )
. .

Qprodt t
t t
prod prod V Cprod prod prod

ττ
ρ

Δ+Δ
= +  

 
 

 
 

maxτ τ≥  

 
 

 
 Displaying graphic information 

 
 

 
 

End 
 

Fig. 2. Simulation algorithm. 
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Fig. 3. Introduction to the user application. 

 

Figure 4 shows an example of simulated air tem-

perature in the container volume - tvol , as all input 

parameters, similar to those of the test, are preliminary 

set. 

    The simulation results graphics are compared to 

those of the test. 

- Mode "Constant" - in this mode, it is be-

lieved that the cold side heat sink has already   

reached a certain temperature (set by the user) and at 

this point a product is put into TOC for cooling. The 

program simulates: 

• ( )volt f t= ; 

• ( )prodt f t= ; 

• ( )TECQ f t= ; 

• ( )prodQ f t= ; 

• ( )envQ f t= . 

 
Fig. 4. Temperature simulation tvol and the results com-

pared to the experimentally received values.
  

 Figure 5 shows the simulation of the heat flow - 

Qenv, Qprod and Qtec.- time function t with set input 

conditions corresponding to the data in Figure 3. 

    

 

 
 

Fig. 5 Simulation of heat flow - Qenv, Qprod  Qtec
.,
  

time function -  t. 

Figure 6 shows the simulation of cooled product 

temperature tprod  if cold side heat sink temperature is -

10 degrees Celsius. 

 
 Fig. 6. Simulation of cooled product temperature tprod   

time function -  t. 
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Conclusion 

 A simulation of the thermal behavior of a thermoe-

lectric cooling system has been made. It has been 

significantly simplified from a technical standpoint in 

order to limit the calculation procedure. 

 Experimental tests were carried out on a thermoe-

lectric cooling system, developed for the purpose, to 

find out dependence of the cold side heat sink tcold, the 

air temperature in the volume tvol and the temperature 

of a cooled product tprod on time - t. 

    The experimental results were used for comparing 

and validating the simulation results.
  Simulating results are presented in graphics. Soft-

ware product - TECS v.1.0 within Microsoft Visual 

Studio 2010 was used for the purpose. 

 The program allows the user to assign a great 

number of input variables, such as: maximum time 

simulation; velocity; ambient temperatures, the air 

temperature in the volume and that of a cooled prod-

uct; physical dimensions of the container - h /l /w; 

surface area, mass, volume and a specific thermal 

conductivity coefficient of a cooled product; relative 

power of the cold side heat sink and electric power 

consumption. The results of the simulations are pre-

sented in graphical form, as depending on the mode of 

operation one or several graphics may be observed 

simultaneously. 
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