
 

 

 

 

 

SIMULATION ANALYSIS AND EXPERIMENTAL VALIDATION OF THERMO ELECTRIC       

GENERATOR BY DISCRETE RADIATION MODEL 

 
 

1N.Shanmugasundaram, 2E.N. Ganesh, 3S.Pradeep Kumar 
1Associate Professor, Department of EEE  

2Dean, School of Engineering 
3Assistant Professor, Department of EEE 

VELS Institute of Science, Technology & Advanced Studies, Pallavaram, Chennai - 600117 
1shanmugam71.se@velsuniv.ac.in, 2dean.se@velsuniv.ac.in 

3pradeep88.se@velsuniv.ac.in 
 
 

Abstract: In this study flow and heat transfer of flue gas 
and domestic heating water in a finned heat cell of a 
domestic wall hung boiler was numerically investigated 
with Fluent. Firstly, the heat cell was investigated and 
after that according to the temperature distribution 
obtained, thermoelectric generator (TEG) locations were 
chosen. Simulations were performed using discrete 
ordinates radiation model. In addition, an experimental 
setup was installed to observe TEG performance 
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1. Introduction 
 
Since the 1950s, the semiconductor material in various 
technical fields has been widely applied and has 
developed very rapidly. Good thermoelectric (TE) 
properties of semiconductor materials greatly improved 
the efficiency of the thermoelectric effect, so that the 
thermoelectric cooling and combined heat and power 
generation has began to enter engineering applications. 
Thermoelectric units embedded in heat exchangers by 
means of converting industrial waste heat into electrical 
power for local electrical energy requirements. As a green 
environmentally friendly energy conversion technology, 
thermoelectric power generation technology is mainly 
used in candle lamps, heat fans, thermoelectric 
generators, field generators, firewood generator, bio-fuel 
generator, vehicle exhaust waste heat generators, waste 
incineration generator system and boiler heat generator 
system and a series of other products and related fields. It 
can be seen from the literature review that both 
experimental and numerical investigations have been 
done. Qiu and Hayden developed a self-powered 
residential heating system using thermoelectric power 

generation technology [1]. Qui and Hayden designed, 
constructed and tested thermoelectric modules where a 
full-size prototype was incorporated into a gas-fired 
heating boiler [2]. Champier et al. have presented an 
experimental TE generator suitable for electricity 
production in multifunction biomass stoves [3]. Thacheret 
al. tested a prototype automobile exhaust thermoelectric 
generator (AETEG) installed in a 1999 GMC Sierra 
pickup truck [4]. Masterbergen developed a 
thermoelectric generator to convert a small amount of 
wasted heat into electricity [5]. Anatychuk et al. described 
the development and testing of a TEG using the exhaust 
heat of a 50-kW stationary diesel power plant [6]. 
Maneewan and Chindaruksa considered thermoelectric 
power generation from waste heat from a biomass drier 
[7]. Lertsatitthanakorn investigated the feasibility of 
adding a thermoelectric module to a stove’s side wall [8]. 
Belanger and Gosselin optimized the design of a 
thermoelectric generator sandwiched in the wall of a cross 
flow heat exchanger [9]. Atik has done the thermal and 
electrical modeling of a solar thermoelectric generator 
[10]. Hsu et al. investigated a system to recover waste 
heat comprised 24 TEG to convert heat from the exhaust 
pipe of an automobile to electrical energy [11]. Yu and 
Zhao presented a numerical model to predict the 
performance of thermoelectric generator with the parallel-
plate heat exchanger [12]. A generator's efficiency and 
output power are analytically determined and compared 
to the experimental results. To demonstrate under 
constant temperature difference, a heat exchanger 
effectiveness of 0.5 is an optimal compromise between 
heat flux and temperature difference for thermoelectric 
power conversion was confirmed in [13]. It can be seen 
from the literature review that many investigations on 
TEG’s using waste heat were performed. In this study, 
flow and heat transfer of flue gas and domestic heating 

International Journal of Pure and Applied Mathematics
Volume 118 No. 11 2018, 435-441
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
doi: 10.12732/ijpam.v118i11.54
Special Issue ijpam.eu

435



water in a finned heat cell was investigated numerically 
by Fluent. After this, simulations were performed of an 
alternative design for the heat cell with TEG’s. This was 
done according to the obtained temperature distributions. 
Also an experimental study was performed to achieve 
TEG performances. 
 

2. Experimental and Numerical Model 
 

The experimental setup build to measure TEG 
perfomances and the numerical model used in the 
simulations of heat cell are shown in this part. It can be 
seen from the figure that a TEG is sandwiched between 
two copper plates. The hot side of TEG's was positioned 
on the heater which was insulated. On the cold side of 
TEG a cold water tank was placed. A constant 
temperature water bath supplies cold water to the tank 
and a circulation was formed. The temperature on both 
the hot and cold side of TEG’s was measured using T-
type thermocouples and is acquired through a data logger. 
Using these temperatures the power generated by the 
TEG was observed through performance curves of TEG's 
which are given by the suppliers. 
 

 
 

Figure 1. Schematic view of experimental setup 
 
A. Numerical Model 

 
Numerical simulations for the finned heat cell were 
performed in the Fluent CFD code. The finned heat cell 
used in the numerical simulations of this investigation is 
presented in Figure 2. Water inlet and outlet sections can 

be seen from the figure. The flue gas channel is 
perpendicular to page and is flowing over the finned 
water channels. Flue gas enters the flow section with 11 
g/s mass flow rate and 1990 K temperature. Water enters 
with 295 g/s mass flow rate and 333 K temperature. 
Material of heat cell is aluminium and was modeled with 
constant properties. Convection boundary condition were 
implemented on the outer walls of heat cell to air at 333 
K. The flow was found to be turbulent so k-ω turbulence 
model was used to calculate the turbulence effects. There 
were also two models created where radiation is 
considered and not considered. For the simulations where 
radiation was considered, the discrete ordinates model 
(DO) was used. Water was modeled with constant 
properties and flue gases were the combustion gases of 
natural gas and had a composition of of 7.7% CO2, 
15.4% H2O, 4.0% O2 and 72.9% N2. Flue gases were 
modeled using species transport model in Fluent. Firstly, 
the simulations were done for mesh independency and 
after that solutions are obtained for velocity and 
temperature distributions. The optimized mesh number 
was found to be 5,403,407. TEG mounted heat cell is 
presented in Figure 3. Six TEG's were implemented in the 
water channel of heat cell on the walls which are in 
contact with flue gases. Water enters the channel with 333 
K and 295 g/s mass flow rate at the section where the first 
TEG is implemented and flows out at the sixth TEG. Flue 
gases enter from the top of the heat cell with 1990 K and 
0.011 g/s mass flow rate. TEG’s are mounted in the water 
channel on the walls with contact to flue gases. TEG’s 
were modeled as 40x40x4 mm (Thermonamic TEHP1-
1264-0.8 module) and heat conduction coefficient was 
accepted as 2W/m.K. The flow was modeled as turbulent 
using k-ω turbulence model and radiation was also 
calculated using DO radiation model. 
 

 
 

                      Figure 2. Finned Heat Cell 
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Figure 3. TEG mounted heat cell 

 
3. Governing Equations and Data Reduction 

 
The governing equations for three dimensional, steady 
and incompressible flow and heat transfer which are the 
continuity, turbulent momentum and energy equations are 
solved via the Fluent program. Governing equations are 
given below. 
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W = Qh-Qc = VI                  (4) 
 
Re = VDh / v                   (5) 
     In these equations, velocity, pressure and temperature 
are presented with U, P and T, respectively. Properties 
which are density, specific heat, conductivity and 
viscosity are presented with ρ, cp, k and µ, respectively. 
According to the energy balance equations, electrical 
power can be obtained from Eq. 4. In this equation, Qh 

and Qc shows the heat flux on the hot and cold surfaces, 
respectively. V is the voltage and I is the current produced 
by each TEG. Reynolds number is calculated using Eq. 5. 
In Eq. 5 v, Dh and ν show velocity, hydraulic diameter 
and kinematic viscosity, respectively. Using Eq. 5. the 
Reynolds number for the water channel and flue gas 
channel was calculated as 8748 and 3279, respectively. 
This shows that the flow is turbulent  
 

4. Results and discussion 
 
Results obtained for the simulations and experimental 
work done is presented in this chapter. It was observed 
that the simulation converged and the conservation 
equations were satisfied. The temperature contours 
obtained perpendicular to the flow direction of flue gases 
is presented in Figure 4. The upper figure shows the 
temperature distribution on the fins and the lower one 
shows the temperature distribution on the outlet section. 
This result was obtained for the simulation without 
radiation. It can be seen that flue gases transfer their heat 
to water and cools down. It was observed that flue gases 
are cooling down rapidly around the fins. The 
temperature distribution on the outlet section is very 
uniform and shows that flue gases transfers their heat 
effectively to the water. The outlet temperature of flue 
gases was calculated as 481.3 K. It was calculated that 
increase of water temperature along the channel was 19 K 
and had a value of 352 K at the outlet. This value was a 
satisfying result, which is very close to the real working 
conditions, where the water outlet temperature is 
353K.Temperature contour obtained for the finned heat 
cell parallel to the flue gases is presented in Figure 5. It is 
observed that     during the flow of hot gases through the 
channel the temperature decreases rapidly on the finned 
water channels. The velocity distribution in the flue gas 
channel is presented in Figure 6. The flow distribution is 
in agreement with the  temperature contour obtained 
before. An almost constant velocity distribution was 
observed in the entrance region of the channel. The 
velocity of flue gases rapidly decreases at the first water 
channel and becomes nearly stagnant at the finned 
channel.  Simulations performed with radiation effects 
showed that higher wall temperatures were achieved. The 
aim was to observe the effects of radiation on heat 
transfer to the heat cell walls where TEG’s will be 
implemented. Compared with the results obtained without 
radiation, lower temperatures for flue gases were 
observed. Especially, heat transfer to the walls occurred 
effectively. It was observed that radiation effects decrease 
with the decrease of flue gas temperature. However, due 
to higher wall temperatures higher outlet temperature for 
water was calculated and 360K was achieved, which is 
still a good result. It is seen that the results are meaningful 
and showed a good accuracy. After the simulations for the 
finned heat cell were completed, simulations for the new 
heat cell with TEG's implemented were performed. The 
most important factor in this part are temperature values 
on TEG surfaces. In this analysis Thermonamic TEHP1-
1264-0.8 module was investigated. Maximum hot side 
temperature of this module is 623K. Obtained 
temperatures on the hot and cold side of TEG’s are 
presented in Figure 6 
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Figure 4 (a). Temperature contour on finned heat cell 
 

 
 

Figure  4. (b).  Temperature contour on finned heat cell. 
 

 
 

Figure 5. Temperature contours parallel to flue gases 
 

 
 

Figure 6 (a). Velocity vectors of flue gases 

 
 

Figure 6 (b). Velocity vectors of flue gases 
 

      It was seen that the highest temperatures occurred on 
the fifth and sixth TEG’s. This was explained with the 
fact that water heats up through the channel and the 
cooling effect on cold side degrades. Due to the same 
reason the temperature distribution was not symmetrical 
on the TEG’s. However, the temperature distributions on 
the third and fourth TEG are almost symmetrical. Also 
the lowest temperature values are obtained on these two 
TEG’s. This is due to the cooling effect of water from two 
sides of TEG’s. Hot and cold surface temperatures 
obtained from the simulation are in the operating 
temperature range of TEG’s. After the temperature 
contours on TEG’s were investigated, the temperatures on 
hot and cold sides of TEG’s were calculated. The 
temperature difference and according to these 
temperatures power output of each TEG was also 
obtained from the supplier’s catalog values. The results 
are presented in Table 1. The temperature on hot side and 
cold side is shown with Th and Tc, respectively. 
Temperature difference between hot and cold side is 
shown with ∆T and the power output according to this 
temperature is presented with P. The power output of 
each TEG is obtained using the suppliers catalog data. 
Mean values were also calculated. It is seen that the 
calculated temperatures are in agreement with the 
temperature contours. All hot side temperatures are in the 
working range of TEG’s. The mean outpup power of 
TEG’s was calculated as 3.26 W, which overall supplies 
approximately 20 W of power. This is a good result for an 
alternative design of heat cell, but has to be improved to 
be a self-powered residential heating system. 
Experimental results were also obtained and were in 
agreement with the numerical results. Tests were done to 
measure the performances of Thermonamic modules 
under different working conditions were measured. It was 
aimed to create the same temperature ranges on the hot 
and cold sides of TEG’s to investigate the power output 
of each module under the same working conditions with 
the numerical model.  
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Table 1. Temperature values on TEG’s. 
 

TEG Th Tc ∆T P(W) 
1 592 355 227 3.5 
2 600 368 233 3.3 
3 553 364 188 3.5 
4 545 365 180 2.9 
5 602 374 228 2.92 
6 617 380 236 2.86 
Mean 585 370 216 3.26 

 
     Results were in agreement with the numerical results 
and nearly the same power outputs were obtained. So the 
numerical results were validated and due to these results a 
prototype was manufactured and the TEG’s were 
implemented. Experimental study is ongoing and it is 
aimed to have power outputs which are in agreement with 
the foregoing  results 
 

5. Conclusions 

 
CFD simulations of a domestic wall hung boiler heat cell 
were performed and presented in this investigation. The 
effects of radiation on the heat transfer especially on the 
walls were examined using DO radiation model. After 
completing the simulations for the present heat cell, 
design studies were performed for new heat cell design 
with TEG’s implemented. Very close results were 
obtained to the real working conditions from the CFD 
simulations. Due to fins, flue gases exit the flow channel 
slower, thereby heat transfer to water is more efficiently. 
Water outlet temperature was calculated as 79°C which is 
very close to the real working conditions. Although, flow 
and heat transfer simulations of heat cell were appropriate 
and in agreement with real working conditions, 
temperature differences on walls could not be observed. 
So, radiation effects were implemented. Significant 
temperature distributions on walls were observed and this 
gave an opinion on the new design of the heat cell, 
including TEG’s. The same approaches were used for the 
design of the new heat cell and TEG’s were implemented 
on it. Simulation results were appropriate. Investigation 
of surface temperature of hot and cold sides of TEG’s was 
done and it was seen that the temperatures were in the 
working range of TEG’s. The results showed that this 
approach could be used for the new heat cell. Although 
work done on new ideas about heat cell design and TEG 
implementation are still going on. 
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