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A thermoelectric generator is used as a waste heat recovery system for generating electric power. The thermoelectric generator
system consists of an exhaust heat exchanger, a thermoelectric module, and a water heat exchanger. The aim of the current work is
to explore different types of inserts used in the test section of the exhaust heat exchanger and power generation of thermoelectric
generators at different operating conditions. An experimental setup has been developed for conducting experimental investigation
on thermoelectric generators to find the effect of the exhaust heat exchanger (EHE) with inserts on the performance of ther-
moelectric generators. The cone (G-type test section) and cone-cylinder (H-type test section) type inserts were introduced to
enhance the performance of the thermoelectric generator. Compared with an insert-free (empty, F-type) thermoelectric generator
with cone and cone-cylinder type inserts in terms of the output power, the average heat transfer rate and convection heat transfer
coeflicient of F-type, G-type, and H-type test sections of the EHE are 358, 468, and 459 W and 76, 100, and 97 W/m?K, respectively.
It shows that the G-type test section of EHE exchanges more heat from engine exhaust to the hot surface of the thermoelectric
module through the wall of the EHE. The G-type test section created more temperature difference; obviously, it generated more
power output. It was observed that the G-type and H-type test sections of exhaust heat exchangers improved average maximum
output power by 29.49% and 26.11% than that by the F-type test section of heat exchanger, respectively. The F-type, G-type, and H-

type test sections of exhaust heat exchangers showed a maximum average efficiency of 0.80, 0.78, and 0.70%, respectively.

1. Introduction

Waste heat is nothing but heat generated with the aid of
a method of petroleum/gasoline combustion to dump into
the atmosphere and is not used again for beneficial func-
tions. If the waste heat may be recuperated, a notable
amount of fuel may be stored [1]. It has been diagnosed that
waste heat recuperation technology may be utilized to store
the energy [2]. If the part of unwanted heat energy may be
recuperated, energy performance could be enhanced and
automobiles can save energy and decrease worldwide global
warming [3]. A waste heat restoration technology facilitates
the regulation of engine temperature [4]. Based on exhaust
temperature, bottoming cycle, unique heat exchanger,
thermoelectric system, and turbocharger can be hired to
recover waste heat [1, 5, 6]. The mechanical or electrical

energy can be generated by using high levels of temperature,
and the low level temperature can be utilized for water or
area heating. The waste heat restoration techniques should
be selected according to the temperature condition [7].
Engine producers have accelerated engine efficiency by
means of enforcing exclusive strategies such as superior gas/
air mixing, turbocharging, and variable valve timing [8]. It is
observed that only 5-6% exhaust heat is transferred into
electrical energy, and it is shown to save 10% fuel due to
reduction in mechanical losses of alternator drive [9]. Fuel
reduction depends on heat recovery technologies and the
driving cycle [10]. The transformation of temperature dif-
ference to an electrical energy or vice versa is known as
thermoelectric effect (TEE). Thermoelectric systems are
small in size, have no fluid for process, are lightweight, and
have no moving parts [11]. Thermoelectric systems have
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some restrictions, which are high cost and low efficiency; it
restricts space, military, and medical uses [12, 13]. Ther-
moelectric generator (TEG) applications are moved from the
most primitive use on a kerosene lamp to medical services,
temperature measuring and detecting facilities, aerospace
applications, and electronic devices [12]. Thermoelectric
systems can be utilized as power generators, thermal sensors,
or coolers and are extensively utilized in biology, equipment,
and engineering products [11]. The thermoelectric genera-
tors are an alternative source to convert solar power into
electric power apart from photovoltaic technology [14].
Thermoelectric generators are also utilized in different types
of wood stove to produce electric power for lights and to
power fans [15-17]. The researchers are concentrating on the
design and development of thermoelectric generator systems
and heat exchangers. New TEG parameters such as the
number of TE modules, cooling system, heat exchanger, and
the thermoelectric material should be optimized. [18]. Heat
exchangers (HE) supply preliminary heat for a TEG, and its
efficiency and capacity are affected by the heat exchanger
material [19, 20]. Exhaust thermoelectric generators
(ETEGS) can enhance the fuel economy of an engine. The
performance of the TEG is affected by heat capacity and heat
transfer of the heat recovery device. More thermoelectric
modules are required for increasing the output power of the
TEG, which requires more surface area. So the weight and
size of heat exchangers have increased. The optimization of
the heat exchanger surface area is a different kind of issue
unlike internal structures [21]. The conversion efficiency and
power output of the TEG are significantly affected by the
heat source temperature and the mass flow rate of the fluids
[22]. Shengqiang Bai et al. [19] developed a heat exchanger
with different internal structures such as inclined plate,
parallel plate, separate plate with holes, series plate, and
novel pipe structures. The plain and offset strip fins were
studied by S. Vale et al. [23] with fin dimensions such as
length, spacing, height, and thickness. X. Liu et al. [24]
performed CFD simulation and analysis of heat exchangers
with chaos shape and fishbone shape structures. C. Q. Su
et al. [21] tried to achieve a higher temperature at the in-
terface and uniform temperature distribution through dif-
ferent types of internal structures such as fishbone, scatter,
and accordion shape. Heat exchange with a symmetrical
dimple arrangement in the upper and lower surfaces of the
heat exchanger was developed by Yiping Wang et al. [25] to
improve the rate of heat transfer with low drop in pressure.
The inserted fins deteriorate the emission performance, fuel
economy, and performance of the internal combustion
engine [26]. This is useful for the enhancement of the hot
side temperature of thermoelectric modules and the in-
crement of output power of the automobile exhaust ther-
moelectric generator [27, 28]. The temperature distribution,
temperature uniformity, conversion efficiency, and back
pressure should be considered to design the optimization
objective, length, width, angle, and spacing of fins inserted
inside the heat exchanger [29].

The above survey shows that the TEG is used for heat
recovery from engine exhaust. Different types of insert can
be used to enhance the performance of exhaust heat
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exchangers with allowable pressure drop and obviously
enhance the performance of the TEG. Selection of the
thermoelectric module (TEM) is based on available
temperature. The mass flow rate and temperature of both
hot and cold fluids govern the thermoelectric power
output.

2. Theoretical Analysis

The temperature difference at cold and hot sides of the
thermoelectric material generates electrical energy by pro-
ducing holes and free electrons in the semiconductors and is
called as the Seebeck effect. Figure of merit is a method used
to measure a thermoelectric performance. High figure of
merit can be obtained when the Seebeck coefficient is more
and electric resistivity and thermal conductivity are less. The
thermoelectric properties such as the Seebeck coefficient,
material resistance, and thermal conductance are needed to
evaluate the thermoelectric module performance, but they
are not available easily to the end user. The thermoelectric
properties can be determined from the geometric data of the
thermoelectric module such as the number of thermocou-
ples, length, and cross-sectional area of thermocouple. A real
TEG consists of a number of thermoelectric elements. Heat
conduction loss and Joule electrical resistive loss of cold and
hot junctions of the semiconductors are responsible for
creating internal irreversibility. The internal heat is created
by Joule heat loss I>R, where I and R are the current and
internal resistance, respectively. K (T, — T) is the heat loss
by conduction, where K, T, and T}, are the heat con-
ductance, cold junction, and hot junction temperature,
respectively [30].

The finite rate heat transfer creates external irrevers-
ibility, i.e., the temperature differences (T, -T),) and
(Ty — Ty)- Also, kcAi and ky Ay are the heat conductance
in the cold and hot sides of HE, where Aj; and k; are the hot
side HE area and heat transfer coefficient for thermoelectric
element and A and k, are the cold side heat exchanger area
and heat transfer coefficient for thermoelectric element.
Therefore, the heat transfer rate from the heat source to the
element hot end at temperature, and the heat transfer rate
from the element cold end at temperature to the heat sink
[31].

= [Ty, - 0.5RI® + K (T = T¢)|
(kHAH) (TH - TW)’
[
(

Qu
(D
QL

aIT¢ - 0.5RI” + K (Tyy - T¢)]
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where o = ap — ay, ay, and ap are the coeflicients of See-
beck of the N-type and P-type semiconductor legs.

A practical TEG consists of n number of thermoelectric
elements. Therefore, the rate of absorbing heat becomes nQy
and the rate of rejecting heat is nQ; .

Where (kcAc) and (ky;Apy) are the heat conductance of
exchangers between the TEG cold and hot nodes, adding
above equations yields
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Here, P is output power and 7 is the conversion effi-
ciency of the TEG:

P= QH - QL>
_Qu-Q
Q (3)
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Equations (4) and (5) show heat reservoir temperatures
effects (T'; and T,), heat transfers (kA and kcAp), in-
ternal resistance (R), internal heat conductance (K), current
(Dlim, __, ., coefficient of Seebeck («), and number of
thermoelectric elements (n) on the power output (P) and
efficiency () of the TEG.

When n = 1, equations (4) and (5) become the finite time
analysis results of single element of the TEG. If kyAy

n

(5)

=kcAc — 00, Ty =Ty, and T = T}, equations (4) and
(5) become the results of nonequilibrium thermodynamic
analysis.

P =[a(Ty - T,)I-I’Rln,

~ a(Ty - T -T’R ©)
1 &l I = 0.5RI” + K (T —T,)




In this case, 77 is independent on n and P is dependent on #.
If n = 1, equation (6) become the results of reference. However,
Tw =Ty and Ty =T, need infinite surface area of heat
transfer, and its specific output power P/ (Agy + Ac) is zero.

3. Experimental Details

3.1. Thermoelectric Generator (TEG) System. The heat re-
covery from the engine exhaust with the help of an exhaust
heat exchanger and the engine specification is shown in
Table 1. The exhaust heat exchanger (EHE) is a main
component of thermoelectric generators. It is divided into
three parts, namely, the front part, middle part, and rear
part. The front part has 38 mm diameter at the entry end and
60 x 60 mm cross-section at the exit end with a length of
150 mm. The rear part is the same as the front part but the
direction is opposite to the front part. The middle part of the
EHE has a 60 x 60 mm°cross-section on both sides with
alength of 180 mm. The middle part of EHE is called the test
section. The front and rear parts of EHE are made up of mild
steel (MS) with a thickness of 5 mm. The test section of EHE
is made up of Al (aluminum) material with a thickness of
3 mm. The front, rear, and middle parts of EHE are shown in
Figure 1. All the parts of EHE having flanges at both ends are
used to connect each other by fasteners. The EHE is joined to
the exhaust pipe of an engine. The EHE absorbs heat energy
from the engine exhaust to maintain high temperature at all
surfaces. The water heat exchanger (WHE) is equally im-
portant as an exhaust heat exchanger, as shown in Figure 2.
It is a simple box of 40 mm width, 160 mm length, and
15 mm height and is made up of an aluminum sheet of 3 mm
thickness. The water heat exchanger contains six numbers of
baffles of 3x15x30mm (thick x height x length) size for
guiding zigzagging to cold fluid. Water was used as a cooling
fluid to maintain low temperature at the cooling side of the
thermoelectric module (TEM). The WHE has an entry and
exit port of 5 mm diameter. There are four numbers of water
heat exchangers used in the TEG. The various types of inserts
can be used to improve the temperature uniformity co-
efficient and surface temperature of the test section. The
inserts are shown in Figure 3, namely, the cone type (G-type)
and con-cylinder type (H-type). The EHE without insert is
known as F-type HE. All the inserts are made up of a tin
sheet of 2 mm thickness. The size of the cone type insert is
a base diameter of 46.5mm with a length of 180 mm. The
cone-cylinder type insert is a combination of cone and
cylinder of 46.5 mm diameter with a length of 90 mm each.
The TEM is the heart of the TEG; its semiconducting ma-
terial shows low thermal conductivity and high electric
conductivity. The thermoelectric material (TM) converts
heat energy to electric energy by using the Seebeck effect. In
this work, bismuth telluride (TEP1-1264-1.5) thermoelectric
modules were used. The size of the TEM is 40 x 40 x 3.5 mmy;
the detailed specification is shown in Table 2. The TEM
consists of a number of thermocouples (N-type and P-type)
that are thermally connected in parallel and electrically in
series. All the thermocouples of TEM are sandwiched be-
tween ceramic plates. It is very important to identify cold
and hot sides of the TEM as displayed in Figure 4. The inserts
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play a vital role in enhancing surface temperature distribution
and temperature uniformity coefficient. The inserts direct the
engine exhaust in such a way to increase surface temperature of
the exhaust heat exchanger. The G- and H-type test sections
show high temperature uniformity coefficients of 0.94 and 0.96.
The permissible pressure drop has been created on the engine
by using the inserts. Hybrid type inserts can be used to recover
the waste heat from the engine exhaust by caring for back
pressure, temper uniformity, and surface temper of the exhaust
heat recovery system.

3.2. Experimental Setup. The experimental setup was de-
veloped to perform the experimental investigation on the TEG
under different operating conditions. Figure 5(a) shows the
experimental system of the TEG. Four numbers of thermo-
electric modules (TEMs) are located over all (four) surfaces of
the EHE. The water heat exchanger (WHE) was located over
the thermoelectric modules at each surfaces of the EHE. All the
TEMs were serially connected to each other. The EHE, WHE,
and TEMs are fixed by the “C” clamp. The entire assembly of
the TEG was connected at the exhaust pipe of the engine. The
water system was linked with the WHE of the TEG. All the
thermocouples are fixed at the appropriate places on the
thermoelectric generator for measuring the temperature of the
inlet and outlet of water and engine exhaust and cold and hot
sides of the thermoelectric modules. The thermocouples are
connected with a temperature meter. The ball and gate valves
are connected in the lane of water and the exhaust flow to
control the water and exhaust flow rates. The manometer was
coupled at the exhaust inlet and outlet of the TEG to measure
the pressure drop. The multimeter and preset were linked with
thermoelectric modules. The schematic layout and photo-
graphs of the experimental setup are shown in Figures 5(b) and
5(c), respectively.

3.3. Operating Conditions. The different operating condi-
tions should be fixed before performing the experiment on
the thermoelectric generators. The parameters and their
levels considered for experimentations are shown in Table 3.
The first factor was the test section of the exhaust heat
exchanger (EHE) of 60 x 60 x 180 mm with and without an
insert. It has three levels; the first test section without an
insert is named F-type, the second test section with a cone
type insert is named G-type, and the third test section with
a cylinder-cone type insert is named H-type. The second
factor was the engine load (EL) which has six levels of 0, 2, 4,
6, 8, and 10 kg. The engine load can be applied or control by
an electric (eddy current) dynamometer which is connected
to the engine shaft. The third factor was the water flow rate
(WER) of 0.030, 0.050, and 0.080kg/s. The flow control
system consists of two ball valves to regulate the mass flow
rate of fluid. One of the valves was fixed in the path of the
cooling water supply to bypass the excess amount of water,
and another valve was used to control/regulate the water
mass flow rate of the water heat exchanger. The last factor
was external load resistance (ELR) of 0-50 Q) with 5 in-
crements and 50-100 Q) with 10 Q) increments. According to
the factors and their levels, the experiments were carried out
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TaBLE 1: Engine specification.

Particular Specification
Number of cylinder Single

Engine stroke Four

Fuel Diesel

Engine power 3.5kwW

Engine speed 1500 rpm (constant speed)
Cylinder stroke length 110 mm

Bore diameter 87.5mm

Engine capacity 661 cc
Compression ratio 17.5:1

FIGURE 1: Front/rear and middle parts of the exhaust heat ex-
changer (EHE).

15 mm

FIGURE 2: Water heat exchanger (WHE).

on the thermoelectric generator system. The total number of
trials were 864 which have been performed on the experi-
mental setup. The exhaust entry and exit temperature, water
entry and exit temperature, WFR, cold and hot side tem-
perature of TEMs, manometer reading, and thermoelectric
voltage and current were measured. The thermoelectric
output power is a multiplication of thermoelectric current
and voltage. All the observations were taken for F-type, G-
type, and H-type test sections of the exhaust heat exchanger
under different engine loads of 0, 2, 4, 6, 8, and 10 kg, water
flow rates of 0.030, 0.050, and 0.080kg/s, and an external
load resistance of 0, 5, 10, 15, ..., 50, 60, ..., and 100 Q.

4. Results and Discussion

The experiment has been conducted on the thermoelectric
generator by using different test sections of F-type,
G-type, and H-type while changing the engine load, water

flow rate, and ELR. The engine exhaust was considered as
air; the properties of air are assessed at the mean tem-
perature. The engine exhaust was selected as the heat
source and water as the heat sink. The bismuth telluride
thermoelectric modules (TEP1-1264-1.5) were used for
the thermoelectric generator. The performance of the TEG
was measured in terms of thermoelectric voltage, current,
and output power. The different types of test section of the
heat exchanger, WFR, EL, and ELR are the parameters of
an experimental investigation. The aim of the current
work is to search different types of inserts used in the test
section of the EHE and power generation of TEGs at
different operating conditions. The average heat transfer
rate and convection heat transfer coefficient of F-type, G-
type, and H-type test sections of the exhaust heat ex-
changer are 358, 468, and 459 W and 76, 100, and 97 W/
m’K, respectively. It shows that the G-type test section of
the exhaust heat exchanger exchanges more heat from the
engine exhaust to the hot surface of the thermoelectric
module through the wall of the exhaust heat exchanger.
The G-type test section created more temperature dif-
ference; obviously, it generated more power output.

4.1. Effect of External Load Resistance (ELR) on Voltage,
Current, and Output Power. The thermoelectric voltage,
current, and output power variation of the F-type, G-type,
and H-type test sections of the EHE with ELR (0-100 Q) at
EL of 10 kg and different WFR (0.03, 0.05, and 0.08 kg/s)
are shown in Figures 6-8. The thermoelectric voltage
increases with increasing ELR. The thermoelectric current
decreases with increasing ELR. The thermoelectric output
power increases with increasing ELR; once it has achieved
maximum output power, it then decreases with increasing
ELR. The maximum thermoelectric output power is ob-
tained when ELR matches with the internal resistance and
is called matched load output power. The G-type test
section of the exhaust heat exchanger shows higher
voltage, current, and output power than other test sec-
tions. The F-type test section of the EHE generated the
maximum output power of 3.80, 3.92, and 4.30 W at WER
of 0.03, 0.05, and 0.08 kg/s, respectively, EL of 10 kg, and
ELR of 40 Q, as shown in Figure 6. Similarly, the G-type
and H-type test sections of EHE generated the output
power of 4.79, 5.24, and 5.59 W and 4.21, 4.51, and 4.83 W
at WEFR of 0.03, 0.05, and 0.08kg/s, respectively, EL of
10 kg, and ELR of 45 Q, as shown in Figures 7 and 8. The
G-type and H-type test sections of the exhaust heat ex-
changer improved the average maximum output power by
29.49% and 26.11% than that by the F-type test section of
the heat exchanger, respectively. Thermoelectric voltage
generation depends on temperature difference between
hot and cold surfaces of the thermoelectric modules. The
G-type (cone) test section maintained more temperature
difference and generated more voltage and power output
than H-type (cone-cylinder) and F-type (empty) test
sections. The matched load condition shows maximum
thermoelectric power generation. Thermoelectric current
decreases with increasing external load resistance.
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Cone type insert Cone-Cylinder type insert

FIGURE 3: Photos of different types of inserts.

TaBLE 2: Description of the TEM 1 (TEM1).

TEM Model dimension (mm) Parameters Value
Temperature ("C) (hot side) 300
Temperature (°C) (cold side) 30

Open circuit voltage (V) 9.40

TEP1-1264-1.5 40x40x 3.5 Resistance (Ohms) (matched load) 2.80
Output voltage (V) (matched load) 4.70

Output current (A) (matched load) 1.56

Output power (W) (matched load) 7.30

FiGure 4: Hot and cold sides of the thermoelectric module (40 x 40 x 3.5 mm).

Exhaust Heat Exchanges

xhaust Calorimeter

Thermoelectric Generator Assembly

()

FiGURE 5: Continued.
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(b)

(c)

FIGURE 5: (a) Experimental setup of the thermoelectric generator. (b) Schematic layout of the experimental setup. (c) Photographs of the
experimental setup.
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FIGURE 8: Voltage, current, and power output variation of the
F-type, G-type, and H-type heat exchangers with load resistance at
EL 10kg and WEFR 0.08 kg/s.

4.2. Validation of Experimental TEG Power Output with the
Theoretical Model of TEM. The theoretical and experimental
output power increases with increasing hot surface tem-
perature of the TEM. The difference between theoretical and
experimental power outputs at lower temperature of the hot
surface is very less but it increases with increasing the hot
surface temperature. The theoretical power output range of
F-type, G-type, and H-type test sections are 0.46-4.65W,
0.75-6.29 W, and 0.64-5.74 W, respectively. The experi-
mental power output range of F-type, G-type, and H-type
test sections is 0.38-4.80 W, 0.71-5.59 W, and 0.62-4.83 W,
respectively, as shown in Figure 9. The average error between
theoretical and experimental power outputs of F-type, G-
type, and H-type EHE is 10.90%, 11.60%, and 14.10%,
respectively.

4.3. Effect of External Load Resistance (ELR) on Thermoelectric
Efficiency. The thermoelectric efficiency variation of the
F-type, G-type, and H-type test sections of the EHE
with ELR (0-100 Q) at EL of 10kg and different WFRs
(0.03, 0.05, and 0.08 kg/s) is shown in Figures 10-12. The
thermoelectric efficiency increases with increasing
ELR; once it has achieved maximum efficiency, it then
decreases with increasing ELR. The F-type test section of
EHE showed the maximum efliciency of 0.76, 0.78, and
0.86% at WFR 0f0.03, 0.05, and 0.08 kg/s, respectively, EL
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FIGURE 9: Comparison of experimental output power with theoretical power output for F-type, G-type, and H-type HE.
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FiGUre 10: Thermoelectric efficiency variation of the F-type,
G-type, and H-type heat exchangers with load resistance at EL 10 kg
and WER 0.03 kg/s.

of 10kg, and ELR of 40 Q. Similarly, the G-type and
H-type test sections of EHE showed the maximum effi-
ciencies 0f 0.70, 0.79, and 0.84% and 0.65, 0.69, and 0.75%
at WER of 0.03, 0.05, and 0.08kg/s, respectively, EL of
10kg, and ELR of 40-45 Q. The F-type, G-type, and H-
type test sections of the exhaust heat exchanger showed
maximum average efficiencies of 0.80, 0.78, and 0.70%,
respectively.
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Figure 11: Thermoelectric efficiency variation of the F-type,
G-type, and H-type heat exchangers with load resistance at EL 10 kg
and WFR 0.05 kg/s.

4.4. Pressure Drop. The variation of exhaust pressure drop of
all test sections with engine load is shown in Figure 13. The
exhaust pressure drop of all test sections increases with in-
creasing the engine load. The ranges of exhaust pressure drop
of F-type, G-type, and H-type test sections show 853-1207,
903-1256, and 952-1285 Pa, respectively. It reflects that the
H-type test section shows more pressure drop and the F-type
test section shows minimum pressure drop. Intermediate
pressure drop is shown by the G-type test section.
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5. Conclusions

The parameters of the study are heat exchangers with
different kinds of inserts, water flow rate of the water heat
exchanger, engine load, and external load resistance.
Results are generated in the form of the thermoelectric
voltage, current, and output power. The G-type test
section of the exhaust heat exchanger extracted more
heat compared to the F-type and H-type test sections. The
output power increases with increasing EL 0-10kg and
the water flow rate of 0.03-0.08 kg/s. The F-type test
section of the exhaust heat exchanger generated the
maximum power output of 4.30 W at the engine load of
10kg, water flow rate of 0.08kg/s, and ELR of 40 Q.
Similarly the G-type and H-type test sections of the
exhaust heat exchanger generated the maximum output
power of 5.59 W and 4.83 W at the engine load of 10 kg,
water flow rate of 0.08 kg/s, and external load resistance
of 45Q), respectively. The average error between
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theoretical and experimental power outputs of F-type, G-
type, and H-type EHE is 10.90%, 11.60%, and 14.10%,
respectively. The G-type and H-type test sections of the
exhaust heat exchanger improved maximum output
power by 29.49% and 26.11% than that by the F-type test
section. The difference between theoretical and experi-
ment output power is due to the effects of heat losses and
nonuniform exhaust flow in the thermoelectric genera-
tor. The F-type, G-type, and H-type test sections of the
exhaust heat exchanger showed maximum average effi-
ciencies 0f 0.80, 0.78, and 0.70%, respectively. The G-type
test section generated a permissible pressure drop. It is
observed that the G-type test section is suitable for
thermoelectric generators to generate maximum power.
In future, different kinds of insert geometries can be
designed to absorb maximum amount of heat with al-
lowable pressure drop. The simulation tool should be
used to analyze the performance of the heat exchanger
with the inserts to save the cost and time.

Nomenclature

I.  Electric current, Amp

K: Thermal conductance, WK™!

k:  Thermal conductivity, Wm K!
P:  Power output, W

Q: Heat transfer rate, W

Qp: Power output, W

T: Temperature, ‘C or K

Vi Voltage, V

Greek Symbols

a:  Seebeck coefficient, VK™
n:  Efficiency of thermoelectric generator
AT: Temperature difference, K or °C

Subscripts

= Cold side, cold junction
Ceramic: Ceramic plate

con' Conversion

Copper:  Copper strip

exp: Experiment

Grease:  Ihermoelectric grease
B Hot side

int Input

max’ Maximum value

out* Output

solder:  Soldering material layer
th Thermoelectric
Abbreviations

Cu: Copper

EL: Engine load

ELR: External load resistance

ETEG: Exhaust thermoelectric generators
EHE: Exhaust heat exchanger

HE:  Heat exchanger

HTC: Heat transfer coeflicient (convective)
TEG: Thermoelectric generator
TEM: Thermoelectric module
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TM:  Thermoelectric material
WEFR: Water flow rate
WHE: Water heat exchanger.
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