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ABSTRACT
This study examines the effect of heat rate transferring from the exhaust system of motorcycle to
the environment on the performance of the Thermoelectric Generator Unit (TGU). This heat rate is
changed by attaching thermal insulationmaterial on the outside of the exhaust system and chang-
ing the heat absorbing area of the TGU. The TGU consists of 8 thermoelectric generator modules
and collects heat energy from the exhaust to produce electricity. It is attached on the custommuf-
fler of the Suzuki Sapphire 125 and tested in the speed range from 20km/h to 50km/h. The results
show that this heat rate affects both the temperature and output power generated by the TGU.
The reduction of this heat rate reduces the cool side temperature by limiting the warming effect of
cooling air and raise the hot side temperature of the TGU by decreasing heat loss. These two effects
lead to the increase of the temperature difference between both sides of the TGU and therefore
the output power increases. The difference in output power between test cases can reach up to
54%. Moreover, the heat loss at exhaust tube affects both temperature and output power of TGU
from low to mid vehicle speed. However, at high speed, this heat loss at the exhaust tube does not
considerably affect the output power of the TGU. To summarize, by reducing the heat rate between
exhaust system and environment, the TGU can reach its stable working condition faster and pro-
duces more output power. Nonetheless, reducing this heat rate too much may lead to the excess
of the hot side temperature of TGU, therefore damaging the thermoelectric generatormodules and
reducing the conversion efficiency of the TGU.
Key words: : Heat rate, temperature, output power, thermoelectric generator unit

INTRODUCTION
Today, environment pollution, traditional resource
depletion, and energy security are important issues
for all countries in the world. This has required peo-
ple to find alternative energy sources or use efficiently
for existing energy sources. In an internal combustion
engine, about 30 – 40% of the energy of fuel generated
from combustion is in exhaust gas1 and most of it is
wasted directly into the environment. The recovery
and reuse of this energy source have attracted the at-
tention of researchers and many scientific works that
have been carried out on the application of Thermo-
electric Generator (TEG)2–22 using heat source from
the exhaust gas of internal combustion engines.
In previous studies23–26, the authors conducted re-
search and development ofThermoelectric Generator
Unit (TGU) using heat source from motorcycle ex-
haust based on surveying the change in hot side tem-
perature and cool side temperature through changing
the structure of the Hot Side Heatsink (HSH) and the
Cool Side Heatsink (CSH). In this study, the authors
investigated the influence of heat rate on the operat-
ing characteristics of the TGU through the insulation

of the exhaust system. The purpose of this study is to
show the influence of heat rate on the hot side tem-
perature, the cool side temperature, the temperature
difference and the output power of the TGU. The re-
search results have important value as a basis for op-
timizing the structure and improving the conversion
efficiency of the TGU.

BASIS OF THEORY
Heat transferring through the exhaust sys-
temwall
On the exhaust system of the vehicle, there are two
main types of heat transfer: conduction and convec-
tion. Convection takes place between the inner sur-
face of the exhaust system and the exhaust gas; and
between the outer surface of the exhaust system and
the ambient air. Conduction takes place on the ex-
haust system wall.
Insulating the outer surface of the exhaust system
changes the characteristics of the thermal convection
between the exhaust system and the environment.
Figure 1 shows the heat transfer process through the
exhaust system wall when an external insulation layer
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is attached.

Figure 1: The process of heat transferring through
an insulated exhaust system

The heat rateQ (W) is calculated according to the for-
mula:

Q = k.F.
(
t f 1 − t f 2

)
(1)
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Where: k (W/m2.K) is the overall heat transfer co-
efficient; α1 and α2 (W/m2.K) respectively are the
convection heat transfer coefficient between the in-
ner surface of the exhaust system and the exhaust gas,
and between the outer surface of the exhaust system
and the ambient air; δ1 and δ2 (m) respectively are
the thickness of the exhaust system wall and the heat-
insulation layer; λ1 and λ2 (W/m.K) respectively are
the thermal conductivity coefficient of the material of
the exhaust system and the insulationmaterial; F (m2)
is the heat transfer area; t f 1 (K) is the temperature of
the exhaust gas; t f 2 (K) is the temperature of the am-
bient air.

Seebeck effect
Seebeck effect is the phenomenon that the thermal en-
ergy is converted directly into electrical energy in a
closed – circuit consisting of two metallic conductors
being weld together. It is called a closed – circuit ther-
mocouple. The current is generated by the tempera-
ture difference between the two welds (Figure 2).
The voltage of this electrical current is calculated us-
ing the formula:

US = S (Th −Tc) = S.△T (3)

Figure 2: The closed – circuit thermocouple

Where: S (V/K) is Seebeck coefficient; Th (K) and Tc

(K) are the temperatures of the hot side and the cool
side, respectively; △T (K) is the temperature differ-
ence between the hot side and the cool side.

Thermoelectric generator – TEG
The relationship between the output power P (W) and
the heat rate Q (W) transferring through the TEG
module is presented by the formula:

P = η .Q (4)

Thermal – electrical conversion efficiency η is deter-
mined by the formula:

η =
△T
Th

.

√
1+ZT −1√

1+ZT +Tc/Th
(5)

Where: △T (K) is the temperature difference between
the hot side and the cool side of TEGmodule; T (K) is
the average temperature of the hot side and cool side;
and Z (1/K) is the quality factor of the thermoelectric
material, presented by the formula:

Z =
S2

λρ
(6)

With: S (V/K) is Seebeck coefficient; λ (W/m.K) is the
thermal conductivity coefficient of the material of the
TEG module; and ρ (Ω.m) is resistivity.
Considering the circuit provides load (Figure 3) of
TEG, we have the following equation:

US = ES = S.△T (7)

IL =
ES

Ri +RL
=

S△T
Ri +RL

(8)
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Figure 3: Mathematical model of TEG modules

UL = ILRL = ES − ILRi (9)

Qin = kt .△T +S.Th.IL −0,5.Ri.I2
L (10)

Qout = kt .△T +S.Tc.IL −0,5.Ri.I2
L (11)

PL = IL.UL = Qin −Qout

= S.IL.△T −RiI2
L

(12)

Where: ES (V) is the electromotive force of TEG; US

(V) is the voltage generated by the Seebeck effect; S
(V/K) is Seebeck coefficient; Ri (Ω) is the resistance
of the TEG; RL (Ω) is the load resistor; Th (K) is the
temperature of the hot side; Tc (K) is the temperature
of the cool side;△T (K) is the temperature difference
between the hot and cool side; kt (W/K) is the total
thermal conductance of TEG; PL (W) is the output
power with load; Qin (W) is the heat input; Qout (W)
is the heat output; IL (A) is the amperage; UL (V) is
the voltage.

RESEARCHMODEL
Thermoelectric Generator Unit – TGU
TheTGU’s structurewithmuffler is shown in Figure 4,
which includes: muffler (7) designed for Suzuki Sap-
phire 125 motorbike; the HSH (5); 08 TEP1-142T300
TEG modules connected in series (4); the CSH (1).
In addition, the system has other components such
as screws (3) and gasket (6) to connect the HSH (5)
to the muffler (7); the nuts (2), the threaded rods (8),
the washers (9) and the springs (10) for pressing the
CSH (1), the TEG modules (4) and the HSH (5) to-
gether. Between the CSH (1) and the TEG modules
(4), as well as between the TEG modules (4) and the
HSH (5), there is a layer of thermal compound.

The TEG modules used in the model are type TEP1-
142T300 with dimensions of 40 mm x 40 mm x
3.8 mm; and the maximum working temperature is
3000C.
In this study, two aluminum HSHs are used with dif-
ferent quantity of fins: 21 fins and 12 fins; the CSH is
made of aluminum with 11 fins. The structure of the
HSHs and CSH are shown in Figures 5, 6 and 7.

Figure 5: Dimension of HSH – 21 fins

Figure 6: Dimension of HSH – 12 fins

To change the heat rate through the TGU, the au-
thors change the HSH and insulate the exhaust sys-
tem by fiberglass fabric (maximumworking tempera-
ture: 5000C; thermal conductivity coefficient λ : 0.027
– 0.04W/m.K) to investigate the characteristics of the
TGU.

Experiment description
The diagram of the experimental system is shown in
Figure 8. To investigate the operating characteristics
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Figure 4: Structure of the TGU with muffler

Table 1: The parameters of sensors

No. Device Type Range Accuracy

1 Temperature sensor RTD PT100 type B -500C to 5000C ±0.20C

2 Infrared sensor V1 2cm to 5cm -

Figure 7: Dimension of CSH – 11 fins

of the TGU, the data collection system will record the
values including hot side temperature, cool side tem-
perature, voltage, current of the TGU; and speed of
the vehicle. The temperature sensors used are RTD
PT100 type B (4 mm in probe diameter, 30 mm in
probe length). In that, 02 sensors are located on 02
different points of the HSH to measure the tempera-
ture of the HSH; the other 02 sensors are located on
the CSH, which is symmetrical with 02 sensors on the
HSH, to measure the temperatures of the CSH. The
average temperature of the two sides is calculated by
averaging the temperature value of the two sensors on
those sides.
Voltage and current are measured by an integrated
circuit (power circuit) operating in the ADC method
(Analog-to-digital converter, the input voltage is con-
verted to the numerical value to represent the magni-
tude of voltage, the current is calculated based on the
initial resistance value and the voltage value). Vehi-
cle speed is measured by an infrared sensor (V1) by
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measuring the speed of the front wheel. Characteris-
tic values obtained by the data collection system are
transmitted directly to the laptop via Bluetooth con-
nection in real-time. The parameters of the temper-
ature sensors and the infrared sensors are shown in
Table 1.
The TGU installed on Suzuki Sapphire 125 (Figure 9)
is tested on urban roads at stable speed modes of 20,
30, 40 and 50 km/h with a load of 2 peoples. The time
duration for investigating at each mode is 15 minutes,
of which the first 10 minutes is used to achieve the
temperature stabilization state and the 5 remain min-
utes is used to collect the device’s parameters.
The test cases are shown in Table 2. The actual images
of the TGU before and after insulation are shown in
Figures 10 and 11.
Figure 12 and Figure 13 compare the hot side temper-
ature, the cool side temperature, the temperature dif-
ference between the hot and cool side, and the output
power of cases (1) and (3).
The results in Figure 12 shows that the hot side tem-
perature in the case of heat-insulating is always higher
than in the case of non-heat-insulating. This is ex-
plained by the fact that insulating the exhaust system
helps reduce the heat loss and increase the heat rate
which is absorbed by the HSH. At 50 km/h, the hot
side temperature of case (3) and case (1) are 2150C
and 185.70C, respectively. In the speed range from 20
km/h to 40 km/h, the cool side temperature of case (3)
does not seem to change. Meanwhile, the cool side
temperature of case (1) increases gradually. This is
due to insulating the exhaust system helps reduce the
warming phenomenon of the cooling air which flows
through the CSH by the effect of heat loss. Therefore,
the cooling capability of the CSH increases.
Figure 13 shows that the output power of case (3) is
always higher than that of case (1) due to the higher
temperature difference. At 50 km/h, the maximum
output power of case (1) and case (3) are 5.37W and
8.28W, respectively. As the speed increases, the out-
put power of case (3) increases faster than that of case
(1). Specifically, as the speed increases from 20 km/h
to 50 km/h, the output power of case (1) increases
up to 233.5% (from 1.61W to 5.37W) and the output
power of case (3) increases up to 314% (from 2W to
8.28W). This is explained by the fact that the higher
increase in the temperature difference of case (3), re-
sulting from absorbing more heat and better cooling
capability when insulating the exhaust system.
Figure 14 and Figure 15 compare the hot side temper-
ature, the cool side temperature, the temperature dif-
ference between the hot and cool side, and the output
power of cases (2) and (3).

The results in Figure 14 show that the hot side tem-
perature of case (2) is lower than that of case (3) due
to heat loss at the exhaust tube. From 40 km/h, the
hot side and cool side temperature of case (3) increase
slower than those of case (2). This is explained by the
fact that the heat rate, which is absorbed by the HSH,
increases considerably when insulating all the exhaust
system. Therefore, the TGU reaches the heat satura-
tion state faster and the temperature increases slower.
Figure 15 shows that the output power of case (3) is
higher than that of case (2) due to the higher tempera-
ture difference. In the speed range from 30 km/h to 40
km/h, the average difference of output power between
2 cases is 0.6W. However, as the speed increases, this
difference decreases to 0.28W at 50 km/h.
Figure 16 and Figure 17 compare the hot side temper-
ature, the cool side temperature, the temperature dif-
ference between the hot and cool side, and the output
power of cases (3) and (4).
The results in Figure 16 show that the hot side tem-
perature of case (3) is considerably higher than that of
case (4) due to larger fin quantity (21 fins and 12 fins,
respectively). At 50 km/h, the difference in hot side
temperature between 2 cases is 18.80C. Meanwhile,
the cool side temperature of the 2 cases is not consid-
erably different because the cooling capability of the
CSH is substantially larger than the heat rate which is
absorbed by the HSH.
Figure 17 shows that the temperature difference be-
tween the hot side and cool side of 2 cases are con-
siderably different. At 50 km/h, the temperature dif-
ference of case (3) and case (4) are 1160C and 1030C,
respectively. In the speed range from 20 km/h to 40
km/h, the output power of case (3) is higher than that
of case (4). However, as the speed is greater than 40
km/h, the output power of case (4) is higher. At 50
km/h, the output power of case (3) and case (4) are
8.28W and 8.87W, respectively. This is explained by
the fact that if the hot side temperature is too high,
it may lead to a decrease in conversion efficiency of
TEGs. Then the output power will increase slower,
especially in the case (3).

CONCLUSIONS
This study examines the effect of heat rate transfer-
ring from the exhaust system to the environment on
the performance of the thermoelectric generator unit
(TGU) by insulating the exhaust system. Thework re-
sults in the conclusion as follows:

• The heat transfer between the surface of the ex-
haust system and the environment affects the
characteristics of the hot side and the cool side of
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Figure 8: The diagram of the experimental system

Figure 9: The TGU is installed on the vehicle
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Table 2: Test Cases

Cases Characteristics Quantity of fin of the HSH Insulation thickness

(1) No insulation 21 -

(2) Insulate the muffler 21 1mm

(3) Insulate the exhaust system 21 1mm

(4) Insulate the exhaust system 12 1mm

Figure 10: The TGU before insulating

Figure 11: The TGU after insulating the exhaust system

the TGU. By insulating the outside surface of the
exhaust system, the heat loss reduces. Therefore,
the hot side heatsink absorbs more heat energy
and it leads to the increase of hot side tempera-
ture. Besides that, insulating the exhaust system
helps reduce the warming phenomenon of the
cooling air by the effect of heat loss. Thus, the
cooling capability of the cool side heatsink in-
creases. The output power of the TGU increases
considerably when insulating the exhaust sys-

tem. Specifically, at 50 km/h, the difference in
output power between the case of insulating and
non-insulating is 54.2%.

• By insulating the exhaust system, the heat loss
reduces. Therefore, the TGU will reach to the
heat saturation state faster.

• The output power does not only depend on the
temperature difference between the hot side and
the cool side of the TGU. If the hot side tem-
perature is too high, the conversion efficiency of
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Figure 12: Characteristics of hot side temperature and cool side temperature correspond to vehicle speed in case
(1) and case (3)

Figure 13: Characteristics of output power and temperature difference between the hot and cool side correspond
to vehicle speed in case (1) and case (3)
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Figure 14: Characteristics of hot side temperature and cool side temperature correspond to vehicle speed in case
(2) and case (3)

thermoelectric generators will decrease. Thus,
the output power may increase slower despite
the high-temperature difference.

ABBREVIATIONS
TGU: Thermoelectric Generator Unit
TEG: ThermoElectric Generator
HSH: Hot Side Heatsink
CSH: Cool Side Heatsink
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TÓM TẮT
Nghiên cứu này khảo sát ảnh hưởng của nhiệt lượng truyền từ hệ thống xả xe gắn máy vào môi
trường đến đặc tính hoạt động của bộ phát điện nhiệt điện. Nhiệt lượng này được thay đổi bằng
cách bọc cách nhiệt bên ngoài hệ thống xả và thay đổi diện tích thu nhiệt của bộ phát nhiệt điện.
Bộ phát nhiệt điện bao gồm 8 mô-đun nhiệt điện và chúng hấp thụ nhiệt năng từ khí thải để sinh
ra điện. Bộ phát nhiệt điện được gắn trên bộ giảm âm tùy chỉnh của xe Suzuki Sapphire 125 và
được thử nghiệm ở dải tốc độ từ 20 km/h đến 50 km/h. Kết quả thực nghiệm cho thấy nhiệt lượng
ảnh hưởng đến nhiệt độ và công suất phát của bộ phát nhiệt điện. Việc giảm lượng nhiệt này làm
giảm nhiệt độ mặt lạnh thông qua việc hạn chế hiện tượng sấy nóng không khí làm mát và tăng
nhiệt độ mặt nóng của bộ phát nhiệt điện do việc giảm tổn thất nhiệt. Hai hiệu ứng này dẫn đến
sự gia tăng chênh lệch nhiệt độ giữa hai bềmặt của thiết bị nhiệt điện; do đó, công suất phát tăng.
Sự khác biệt về công suất phát giữa các trường hợp thử nghiệm có thể đạt tới 54%. Bên cạnh đó,
phần nhiệt lượng thất thoát tại ống dẫn khí thải có ảnh hưởng đến cả nhiệt độ và công suất phát
của bộ phát nhiệt điện tại dải vận tốc thử nghiệm thấp và trung bình. Tuy nhiên, ở dải vận độ cao,
nhiệt lượng tỏa ra ở ống dẫn khí thải gần động cơ ảnh hưởng không đáng kể đến công suất đầu
ra của bộ phát nhiệt điện. Tóm lại, thông qua việc giảm nhiệt lượng truyền từ hệ thống xả vào môi
trường, bộ phát nhiệt điện có thể nhanh chóng đạt trạng thái làm việc ổn định và tăng công suất
phát. Tuy nhiên, việc giảm nhiệt lượng này quá mức có thể dẫn đến sự quá nhiệt ở bề mặt nóng
của bộ phát nhiệt điện, từ đó làm hỏng các thiết bị nhiệt điện và làm giảm hiệu suất của bộ phát
nhiệt điện.
Từ khoá: Nhiệt lượng, nhiệt độ, công suất phát, bộ phát nhiệt điện
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