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In this paper an experimental analysis was done aiming at studying the possibility 
of applying Peltier thermoelectric modules for building heating, more precisely, 
the optimization of a heat exchanger was performed. The concept of the system was 
designed to work without freon and harmful impact on the environment. The paper 
aims to develop a detailed mathematical optimization model of the existing heat 
exchanger for space heating by natural convection. Based on the optimal model, 
the new aluminum heat exchanger was created. The experiment was designed so 
that the Peltier elements were positioned on the heat exchangers and the input 
current and temperatures were measured. Firstly, experimental measurements 
were performed for the existing commercial heat exchanger, and, then, measure-
ments were repeated with a new optimal heat exchanger under the same conditi-
ons. The COP of a space heating system using a Peltier thermoelectric generator 
has a low value if the system operates with natural convection and heat exchangers 
without optimal fin spacing. Optimizing the distance between the fins on the heat 
exchanger provides an increase in heat flow by convection almost up to ten times 
and  the COP increases more than three times. This work has mathematically and 
experimentally confirmed that there is optimal fin spacing for finned heat 
exchangers with natural convection.  
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Introduction 

It is known that thermoelectric elements have initially found their application in the 

space program,  but subsequently also in the production of portable car freezers, for cooling 

computers, in the automotive industry, as well as in the industry utilizing waste heat at high 

temperatures [1-3]. Decreasing prices of the individual components, as well as entire thermo-

electric modules (TEM), in the last decade have led to the idea that they can also be used in 

HVAC systems without refrigerants [4, 5]. These systems are interesting if supplied by the 
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electricity from PV modules [6], because solar cooling does not 

still have an adequate commercial solution. As refrigerants used 

in conventional air conditioners are freons, this leads to irreversi-

ble damage to the ozone sphere. The additional environmental 

problem is the greenhouse effect as a result of burning fossil fuels 

used for generation of electricity used in HVAC systems. This 

continuous increase of global warming indirectly leads to a higher 

demand for air conditioning systems with freon. 

The position of these devices in the building itself is not 

limited due to their small dimensions, thus they can be installed in 

the wall [7], as shown in fig. 1, or in the ceiling of the heated room 

[8, 9]. 

There is also a possibility to design an air channel in which 

the heat exchanger with a Peltier element as a heat generator could 

be placed, whereby air circulation from the space would be pro-

vided through the module [10]. During the construction of new 

buildings the heat source can be easily positioned in the wall or in 

the ceiling. However, in existing buildings it is very difficult to 

reconstruct the ceiling and it would be financially unjustified. The 

idea of the work is to position the installation aforementioned on 

the existing wall, with additional installation of an isolation panel 

that separates the system from the surrounding air. The said exter-

nal, vertical wall can be made of PV panels. The width of the 
channel in the wall intended for the 

circulation of outside air is equal to the 

width of the heat exchanger. 

The heating system with natural 

convection positioned on the ceiling of 

the room shown in fig. 2 has other dis-

advantages. Warmer air is retained in 

the upper part of the space, which 

causes discomfort to the users while 

staying there and a feeling of coldness. 

It is possible to maintain a constant op-

erating temperature of thermoscouples 

with a small deviation of ±0.1 ℃ [11]. 

The TEM mostly have constant volt-

age and temperature values at certain 

temperature differences. 

Even though a large number of papers have analyzed the efficiency of the Peltier as 

an independent component [12-15], for a specific application of the TEM in HVAC systems, it 

is necessary to have more detailed results of the complete system with heat exchangers. Con-

trary to some authors [16-18] who considered entire systems with TEM the goal of this paper 

is to create a mathematical model and, then, to experimentally confirm the results obtained with 

the mathematical model on a smaller scale. 

In an earlier paper [19], it was concluded that the system with Peltier elements and 

aluminum heat exchangers with natural convection is usable. The system easily reaches 90 °C 

Figure 2. Heating system with TEM positioned in 
the ceiling; 1 – thermoelectric module, 2 – heat sink-hot side, 
3 – heat sink-cold side, 4 – module carrier-plexiglas, 
5 – PV module, 6 – insulation, 7 – air duct, 8 – air inlet, and 
9 – air outlet 

Figure 1. Heating system 
with TEM positioned in the 

wall; 1 – thermoelectric 
module, 2 – heat sink-hot side, 
3 – heat sink-cold side, 
4 – module carrier-plexiglas, 
5 – PV module, 6 – insulation, 
7 – air duct, 8 – air inlet, and 
9 – air outlet 
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at low voltages and currents, which can also be provided by solar PV systems. A disadvantage 

of such a system is the low heating COP. 

The goal of this paper is to create a detailed mathematical model of heat transfer by 

natural convection and then to optimize the distance between fins on the exchanger. According 

to the optimal mathematical model defined for the heat exchanger with fins, a new heat ex-

changer was made and identical measurements were repeated. If the mathematical model of the 

new heat exchanger is confirmed experimentally, the idea is to show optimal heat exchangers 

for several different dimensions of heating bodies. For optimal heat exchangers defined in this 

way, completely covered with Peltier elements, heat flow emitted to the air in the room can be 

defined. 

Methodology 

Analytical analysis of the natural convection heat exchanger 

Heat transfer is very specific in heat exchangers with narrow fins measuring around 

1 mm. Natural convection from a vertical finned surface with rectangular shape has been the sub-

ject of numerous studies, mostly experimental. Bar-Cohen 

and Rohsenow [20] have compiled the available data under 

various boundary conditions and developed correlations 

for the Nusselt number and optimum spacing. 

Heat exchanger dimensions that were used in the ex-

periment were 40×40 mm, which was a starting value for 

the mathematical model, and a limit value of square ex-

changer dimensions to be used in the space is 1×1 m. As 

shown in fig. 3, characteristic length of a heat exchanger 

include the height L = 40 mm, heat exchanger width is   W 

= 40 mm, and height from the base H = 25.1 mm. The fin 

spacing was S = 1.5 mm and fin thickness t = 1.2 mm. In 

order to define the heat exchanger surface As , the number 

of fins n = 15 is deemed necessary. The calculation was 

first performed for the existing heat exchanger and the re-

sulting values were analyzed with the values obtained ex-

perimentally. The heat exchanger model used during the experimental analysis had a very small 

fin spacing S, and therefore did not have optimum fin spacing for the given dimensions. 

The surface temperature Ts of 90 °C was adopted as in the experiment, and the ambient 

temperature T∞ at a value of 20 °C. The average temperature Tf for which the fluid characteri-

stics were adopted was 55 °C. The characteristic length for vertical parallel plates used as fins 

is usually taken to be the spacing between adjacent fins S, where the Rayleigh number is 

expressed according to eq. (1), where β is the volume expansivity, n the kinematic viscosity, 

and Pr the Prandtl number: 
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The fin height L could also be used for characteristic length, where the ratio of these 

two Rayleigh numbers is defined by: 
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Figure 3. Dimensions of a finned 
surface oriented vertically 
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During the experimental analysis, it was observed that the temperature distribution 

along the length of the exchanger was uniform, that is, it had very small deviations [19]. With 

that assumption, the recommended relation for the average Nusselt number for vertical isother-

mal parallel plates [21, 22] was adopted, that is Ts = constant: 
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 (3) 

A fin spacing problem will be shown, where the convection heat transfer coefficient 

according to eq. (4) has a small value for the specified real exchanger with the Rayleigh and 

Nusselt number defined: 

 Nu
S


 =  (4) 

which implies a very small heat transfer rate, defined by: 

 ( ) ( )( )con 2s s sQ A T T n LH T T  = − = −  (5) 

This shortcoming is due to narrow fin spacing and the impossibility of ideal air-flow 

between two fins, and, therefore, optimum heat transfer. To overcome this shortcoming, a further 

mathematical model was defined with optimum fin spacing, because there must be a distance that 

ensures the maximum heat flow by natural convection from the exchanger [20, 21]: 
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which leads to the conclusion that the Nusselt number for S = Sopt must be a constant value: 

 
opt

Nu 1.307
S


= =  (7) 

According to eq. (6). for a commercial heat exchanger as shown in the model from 

fig. 4(a) that has the distance between the fins S = 1.5 mm and the length of the fins L = 40 mm, 

the optimal distance between the fins is Sopt = 4.71 mm. Furthermore, a detailed structural 

analysis was performed for the production of the exchanger so that the fin thickness dimensions 

and the exchanger width were kept. 

Figure 4. Heat exchangers for the heating system; (a) a heat exchanger model with non-optimal fin 

spacing; (b) a heat exchanger model with optimal fin spacing, and (c) a comparison of heat exchangers 
made with and without optimal fin spacing 
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In addition to convection, heat transfer must also include radiation if a complete and 

detailed mathematical model is desired, which is done according to eq. (8), where ε is the 

emissivity of the surface and σ = 5.67∙10-8 [Wm2K4] is the Stefan-Boltzmann constant. Heat 

transfer radiation obtained from a heat exchanger with a constant surface temperature Ts can be 

divided into radiation from exposed surfaces and radiation in the channel [23]: 

 ( ) ( )4 4

rad ch chs sQ SL A A T T   = + − −    (8) 

Channel radiation has an effective channel emittance εch [24], unlike exposed surfaces 

that have an emissivity ε: 

 ( )4 4

r,ch ch sQ SL T T  = −  (9) 

Some authors [24, 25] ignore small surfaces and introduce certain simplifications for 

surfaces that do not emit much energy by radiation. Equation (8) is written taking into account 

all surfaces of the heat exchanger according to fig. 3: 

 ( ) ( ) ( ) ( )4 4

rad r,ch1 2 2 2 sQ n Q LH nt L H B L W T T = − + + + + + −    (10) 

Based on the total heat flow from the exchanger, a number of possibilities were 

analyzed and it was observed that the exchanger would give its maximum thermal energy for 

the number of fins n = 7 and the distance Sopt = 5.26 mm, fig. 5. If an exchanger with S = 4.71 

mm and n = 7 is modeled, heat flow by convection is 8.815 W, while an exchanger with 7 fins 

and fin spacing of 5.26 mm shown in fig. 4(b) emits 9.477 W by convection. 

Channel radiation on the heat exchanger can also be defined by the body view factor 

chF̂  [24]: 

 ch
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where FS-∞ is the total factor between the walls and base of the duct and the surrounding air. 

If the shape factor is included in the equation for the amount of energy obtained by 

channel radiation, and if the channel height H is not ignored when defining the surface, as in 

eq. (9), a new equation is obtained as: 
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Figure 5. Optimum fin spacing for a 40´40 mm heat exchanger 
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The total factor FS-∞, for the channel shown in fig. 6, has a very demanding definition 

procedure, and it depends on the shape of the channel on the exchanger and fins. For an 

exchanger with fins of constant thickness, according to [24], the view factor can be defined 

according to: 
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The view factor shown by eq. (13) is not directly defined by the length of the fin or 

channel L and the height of the fin or channel H, but rather by their relationship with the width 

of the channel S: 

 ,   
L H

L H
S S

= =  (14) 

Figure 7 shows the heat flow values for different 

dimensions of a commercial heat exchanger, which were 

confirmed experimentally for a 40×40 mm heat exchanger, 

and, then, modeling was performed for several standard 

dimensions of heating bodies (Qrad – radiation, Qcon – 

convection, and Q – total). Based on the presented 

mathematical model, the heat flow values for the heat 

exchanger with optimal distance between the fins are 

shown (Qrad,opt – radiation, Qcon,opt – convection and Qopt – 

total). The amount of heat received by radiation has 

approximate values for these two cases and the curves in 

the diagram almost match. 

It was observed that the optimal distance between 

the fins led to an increase in heat transfer by convection 

Figure 6. A heat exchanger channel 
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from Qcon = 1.026 W, to Qcon,opt = 9.477 W, whereby heat flow was almost ten times higher. The 

number of fins was reduced from 15 to n = 7. The convection heat transfer coefficient in that 

case increased from 0.451 to α = 8.671 [Wm2K1]. 

The amount of heat obtained by radiation from the non-optimal heat exchanger was 

1.664 W, which generated total heat from the non-optimal heat exchanger in the amount of 2.69 

W. If the input electrical power (9,026 W) and the amount of heat obtained are considered, the 

heating coefficient of performance is obtained in the maximum amount: 

 0.298
Q

COP
P

= =  (15) 

It was observed that the COP had a very small value because the heat exchanger that 

did not have optimal fin spacing and was not able to deliver the maximum amount of heat for 

that surface of the Peltier element. By optimizing the heat exchanger with natural convection, 

the COP increased from 0.298 to a value greater than 1 (COP was in the range from 0.74 to 

1.12 at input electrical power in the range from 15 W to 9.9 W), with the total heat flow from 

the new heating element being 11.1 W (heat obtained by convection 9.477 W and radiation 

1.623 W). In addition, a system was considered in which the Peltier element and the heat 

exchanger are of the same surface, which is not rational. It is necessary to reduce the number 

of TEMs and therefore the input electric power, and to increase the area of the exchanger, that 

is, to optimize the number of modules on the exchanger of a certain area. 

The experimental set-up 

Based on the analysis of previous research [6, 26, 27], an installation, shown in fig. 8, 

was designed so that one side of the Peltier element was maintained at a constant temperature 

using a laboratory cooling device. The accuracy of air temperature adjustment inside the cool-

ing device was ±0.1 °C, which simulated the environment temperature. The temperature of 

adjacent rooms, that is the air temperature in the laboratory where the installation was located, 

was maintained at a fixed desired temperature of 20±0.5 °C using a heat pump. 

The basic component of the installation with a thermoelectric generator (TEG) is cer-

tainly a Peltier element shown in fig. 8. The contact of a thermomodule with the heat exchanger 

was made using thermal paste. The existing heat exchangers were identical on both sides and 

made of aluminium alloy, as shown in fig. 4(c). The space between hot and cold air is separated 

by 4 mm thick plexiglass. It played the role of a thermomodule support along with the rest of 

Figure 8. Experimental installation for the TEM analysis and Peltier module: 
1 – experimental room/heated room, 2 – cooling device that simulates outside air, 3 – data acquisition, 
4 – air temperature sensors in the room, 5 – heat exchanger surface temperature sensors, and 
6 – heat exchanger on the warm side 
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the installation. The electrical cables that supply the Peltier element were located in Plexiglass 

and had no effect on air-flow through the heat exchangers. 

The warm (winter) or cold (summer) side of a Peltier element had variable temperatures 

depending on the demands, and the heat exchanger was mounted on the device itself in order to 

increase the surface area for transferring heat to the ambient air. The thermomodule was powered 

by a 24 V power supply with the ability to regulate voltage from 0-14.5 V and current from 0-12 

A. Temperature sensors were PT100 probes, with a resolution of ±0.1 °C. The acquisition to 

which the sensors were connected was manufactured by QuantumX, a MX840B model. The ac-

quisition was moderated with calibrated devices and measured voltage and current at the ends of 

the Peltier element and temperature at several points. 

Results and discussion 

The results of experimental measurements are presented simultaneously for the non-

optimal and optimal heat exchanger. The analysis of rapid heating of the heat exchanger aims 

to achieve the desired temperature in a short period of time, and the results are shown in fig. 9. 

Certainly, this is very important when starting the system after an interruption in operation, and 

it has been observed that the exchanger has reached a temperature of 90 °C in less than 4 

minutes. The external air temperature during the measurement shown in fig. 9. was within 

10±0.5 °C. 

Figure 10 shows the results of gradual heating of the heat exchanger in order to ana-

lyze the stability of the system. More precisely, the goal of that measurement has been to 

achieve the desired temperature on the heat exchanger with minimal energy consumption and 

to reach a conclusion as to whether the system can work stably with parameters changed. 

Figure 11 shows the measurement results for the heat exchanger with a Peltier ther-

moelectric element as a heat generator and regulation system. The regulation system has had a 

heat exchanger temperature set at 90 °C. The goal is to analyze the behavior of the heating sy- 
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Figure 9. Experimental results of measurements of rapid heating of the aluminium heat exchanger; 
(a) a heat exchanger with non-optimal fin spacing and (b) a heat exchanger with optimal fin spacing  
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stem. It has been observed that the heat exchanger has had a very rapid temperature drop with 

the change in the outside air temperature. With the change of outside air temperature from 

10.9 °C to 10.0 °C (time 745 seconds in the diagram), the temperature of the heat exchanger in 

fig. 11(a) in heated room has dropped from the set value to 82.8 °C in a time period of 60 

seconds. For the same condition, the heat exchanger in contact with the outside air had a 
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Figure 10. Experimental results of measuring gradual heating of the heat exchanger; 
(a) a heat exchanger with non-optimal fin spacing and (b) a heat exchanger with optimal fin spacing  
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Figure 11. Experimental results of measuring regulated heating of the heat exchanger; 
(a) a heat exchanger with non optimal fin spacing and (b) a heat exchanger with optimal fin spacing  
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temperature change from 51.2-29.5 °C. The regulation system increased the electrical power 

from 11.9-27.6 W to ensure the set temperature of the heating body. Electricity consumption is 

low during this temperature change because the regulation system works with increased elec-

trical power for a very short time. The heating system operates within 3 minutes with the elec-

trical power of 12 W, and already in an additional minute the electrical power is 9.9 W.

The experiment started at a room temperature of 20.0 °C, and during the measurement for the 

non-optimal heat exchanger it reached 22.7 °C. The temperature of the exchanger in the envi-

ronment has initially cooled below the air temperature and then heated up to a maximum tem-

perature of 56.4 °C. The temperature difference between the heat exchangers on the hot and 

cold sides has been 31.4 °C on average, while the minimum and maximum temperature differ-

ences have been 0.1 °C and 47.8 °C, respectively. For the heat exchanger with optimal fin 

spacing, the experiment started at a temperature of 20.0 °C, and it reached the maximum air 

temperature of 24.7 °C in the experimental room. 

Figure 12 shows heat transfer for the temperatures obtained by experimental meas-

urement from fig. 11. Figure 12(a) shows a comparison of experimentally obtained data for 

the heat exchanger with non-optimal fin spacing (experimental non-optimal) and heat transfer 

data based on an analytical model (analytical non-optimal). Based on the experimentally ob-

tained temperatures, analytical heat transfer data for the optimal (analytical-optimal) and non-

optimal (analytical-non-optimal) heat exchanger are shown. Figure 12(b) shows data for the 

experimental measurement on the heat exchanger made according to the optimal fin spacing 

(experimental-optimal). The data defined as experimental have been calculated using the heat 

loss in the experimental room. Deviations between the experiment and the analysis at the 

beginning of measurements shown in fig. 12(b) are due to sudden heating of the heat ex-

changer and gradual heating of the air in the room. More precisely, at the beginning of the 

measurement, the air inside the experimental room and adjacent rooms has been at the same 

temperature, with small values of the convection heat transfer coefficient. These coefficients 

inside and outside all structures have been recalculated for each temperature sample, that is, 

once a second, whereby with an increase in the ambient air temperature, a realistic picture be-

tween the the comparison of analysis and experiment has been obtained. 

Conclusions 

This paper presents an experimental analysis for the justification of using a space 

heating system based on the Peltier TEG. For this purpose, the measurement and simulation of 
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Figure 12. The comparison of analytical and experimental results of measurements shown in fig. 9;   
(a) a heat exchanger with non-optimal fin spacing and (b) a heat exchanger with optimal fin spacing 
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the heat generator have been carried out. This generator could be positioned inside the wall of 

the building, with solar PV panels as a source of electricity. Measurement acquisition has col-

lected data on input voltage, input current, internal and external air temperatures, and surface 

temperatures of the heat exchanger on the hot and cold side. Aluminium heat exchangers have 

been used, which make up the heating body together with the Peltier element. 

On the TEM with the heat exchanger with non-optimal fin spacing, the maximum 

surface temperature of 90 °C was reached, at the input electric power of 9.026 W and the outside 

air temperature of 10 °C. Given that the system delivered only 2.69 W of heat energy into the 

space, it can be concluded that the COP is small (0.298). Based on the experimental measure-

ments, it can be concluded that the system works stably, because it manages to heat the room 

air to a temperature of 22.7 °C. 

Considering the value of input electricity, the value of heat released into the space is 

very small, which leads to the conclusion that, without optimizing the heat exchanger, this sys-

tem is not justified to use. In the paper, the optimization of the heat exchanger with parallel fins 

was carried out, that is, the optimal distance between fins or the width of channels. A detailed 

mathematical model of heat transfer with natural convection has been created, and, then, a new 

heat exchanger has been made according to the defined model. With the new heat exchanger 

with optimum fin spacing, identical measurements were repeated as in the first case. In order 

to perform a comparative analysis of these two exchangers, the same exchanger on the cold side 

was kept, as well as the fluid parameters. 

The optimal heat exchanger for natural air circulation, heated up to 90 °C, provides 

heat flow to the space in the amount of 11.1 W, but not at the same current characteristic 

as the non-optimal exchanger. In order to maintain the same temperatures as in the first 

case, the system ensures much more heat in the room, but also consumes more electricity. 

For the obtained quantities of heat flow and consumed electrical energy in the system, it 

can be concluded that the COP is within the limits of 0.6-1.2. When heating up the heat 

exchanger and ambient air to the set temperature, the COP has ranged between 0.6-0.9. 

When the desired temperature has been reached and the system has had stable electricity 

consumption, the COP has ranged between 0.9-1.1. The maximum recorded value of COP 

during a series of measurements has been 1.9, but only for a short time. A system with these 

COP values is not competitive with heat pumps, but it is certainly one of the options for 

replacing freon systems. 

Using a system with forced air circulation would further increase the efficiency of the 

system. In addition to defining the system for air cooling, further research should aim to opti-

mize the number of modules per surface of the exchanger, that is, the arrangement of a smaller 

number of modules on a larger surface of the exchanger, and thus an increase in COP. 
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Nomenclature 

Ach – surface area of heat exchanger channel, 
[m2] 

As – total surface area of heat exchanger, [m2] 
B – base thickness of heat exchanger, [mm] 

chF̂   – body shape factor, [–] 

S–F    – total view factor between the walls and 
the base of the channel and its surround-
ing, [–] 

g – gravitational acceleration, [ms–2] 
H – channel or fin height, [m] 

H   – normalized channel or 
fin height (H/S), [–] 

I – current, [A] 
L – length of fin heat exchanger, [m] 

L   – normalized channel or 
fin length, (L/S) [–] 

Nu – Nusselt number, [–] 
n – number of fins, [–] 
nopt – optimum fin number, [–] 
P – electric power, [W] 
Pr – Prandtl number 
Q – total heat transfer rate, [W] 
Qcon – total convection heat transfer rate, [W] 
Qrad – total radiation heat transfer rate, [W] 
RaL – Rayleigh number 

(characteristic length L) 
RaS – Rayleigh number 

(characteristic length S) 

S – fin spacing, [mm] 
Sopt – optimum fin spacing, [mm] 
Tadj – temperature of adjacent space, [K] 
Tf – film temperature (Ts + T∞)/2, [K] 
Ts – surface temperature of fin, [K] 
T∞ – ambient temperature, [K] 
t – fin thickness, [mm] 
U – voltage, [V] 
W – width of fin heat exchanger, [m] 

Greek symbols 

α – heat transfer coefficient, [Wm–2K–1] 
β – volumetric expansion coefficient, [K–1] 
ε – emissivity [–] 
εch – effective (apparent) channel emittance 
λ – thermal conductivity [Wm–1K–1] 
n – kinematic viscosity, [m2s–1] 
σ – Stefan-Boltzmann constant [Wm–2K–4] 

Subscripts 

adj – adjacent 
ch – channel 
f – fin 
he – heat exchanger 
opt – optimal 
r – radiation 
s – surface 
∞ – ambient
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