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1. INTRODUCTION 

Relevant studies show that 60% energy in the automobile 

fuel is yet to be used. Most of them are released in the 

atmosphere in the form of waste heat. Energy in the 

automobile exhaust can account for 30-45% of total fuel heat 

value[1,2]. Therefore, to generate power by using the waste 

heat is energy-saving and facilitates the dynamic 

performance and fuel economy of vehicles. In this way, more 

oil resources can be saved and less green house gases are 

emitted, both of which can bring huge social and entomic 

benefits[3,4]. 

The cylindrical automobile exhaust thermoelectric 

generator system uses the seebeck effect to realize a direct 

transfer from thermal energy to electric energy[5]. At the 

present, common automobile exhaust thermoelectric 

generator systems are either flat plate or cylindrical. The flat 

plate systems are widely applied and have attracted much 

attention[6]. Though the thermoelectric power generation 

modules are easy to install, the flat plate system has a 

negative impact on pressure drop of exhaust, which is 

adverse to the efficiency[7,8]. The cylindrical system has a 

higher efficiency and can be integrated with the exhaust 

silencer so as to reduce backpressure of fluid exhaust. But in 

order to eliminate noise, the size of the section of exhaust 

silencer should be increased, which as a result, reduces 

energy grade. What’s more, the cylindrical system is 

complicated, posing high demand on manufacturing[9,10]. 

Many researchers, both home and abroad have studied the 

cylindrical automobile exhaust thermoelectric generator 

systems, but few discussed the optimization of such 

system[11,12]. Consequently, this paper simulates the 

cylindrical automobile exhaust thermoelectric generator 

system dealing with automobile exhaust under certain 

conditions and proposes optimization schemes. 

2. MODEL OF THE CYLINDRICAL AUTOMOBILE 

EXHAUST THERMOELECTRIC GENERATOR 

SYSTEM 

Thermoelectric power generation modules are essential to 

the power generation system. They are distributed between 

the exhaust channel and the cooling channel. The power is 

generated by using the temperature difference between two 

channels. The high-temperature exhaust released from the 

engine moves through the exhaust channel in the automobile 

exhaust thermoelectric generator system. By heating the gas 

tank in the traditional way of heat convection, the gas tank 

reaches certain temperature on its surface. The 

thermoelectric power generation modules deployed on the 

surface of the gas tank have cool temperature at the other 

end due to the cooling effect of the cooling channel. 

Therefore, the temperature difference is formed at two ends 

of the thermoelectric power generation modules, allowing 

power output[13-15]. 

Fig.1 shows the three-dimensional model of cylindrical 

automobile exhaust thermoelectric generator system. Fig.2 is 

the section view of the system which consists of octagon 

exhaust pipe, sleeve, thermoelectric power generation 

modules, insulation, cooling fin and cooling water jacket. 

The exhaust pipe is fixed with one plane exposed upward to 

the air. The mica is fixed against the exhaust pipe, and 
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thermoelectric power generation modules, against the mica, 

and the insulation, against the power generation modules. 

The thermal silicone grease is smeared on the contact site. 

The exhaust pipe is embedded in the supporting barrel and 

fixed by springs and bolts. There are fins inside the exhaust 

pipe to boost heat transfer. The whole system is connected to 

the catalytic reactor and the silencer by flange and lies in 

between the two. 

 

 
 

Figure 1. Three-dimensional model of cylindrical 

automobile exhaust thermoelectric generator system 
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Figure 2. Section view of cylindrical automobile exhaust 

thermoelectric generator system 

 

As is shown in Fig.2, the fins are distributed evenly along 

the channel. Their thickness is 3mm,4mm,5mm,6mm and 

7mm respectively, their height is 5 mm, 10mm, 15 mm and 

20mm, and their numbers are 0(smooth channel), 8 or 16. 

The size and structure of the cylindrical automobile 

exhaust thermoelectric generator system is shown in Fig.3. 

The total length of TEG is L＝ 945mm. The length of 

expanded section is L2＝80mm. The length of plane where 

TEM is arranged is L3＝685mm. In every plane, 10 TEM 

are arranged. The inner diameter at the entrance of the 

exhaust pipe is D＝60mm and the external diameter is D1＝
66mm. The inner diameter of the octagon is 163mm and the 

external diameter is D2＝169mm. The mica is D3＝4mm in 

thickness. The TEM is D4＝4mm in thickness. The inner 

diameter of the cooling pipe is D5＝11mm. 

 

 
 

Figure 3. Size and structure of the cylindrical automobile 

exhaust thermoelectric generator system 

3. THE GOVERNING EQUATION AND GRID MODEL 

The fluid flow governing equation is the mathematical 

form of conservation law. It includes continuity equation, 

momentum equation and energy equation [16, 17]. 

The grid system built is quite adaptive to geometrical 

structure and flow characteristics of the model, which is 

beneficial to the dealing with inter-zone coupling conditions 

of divisional numerical simulation. The total calculation 

domain is divided into 4119326 hexahedron grid units for 

the model in this paper. 

 
 

Figure 4. Grid model 

4. INITIAL PARAMETERS AND BOUNDARY 

CONDITIONS 

Fundamental assumptions have been made as follows in 

numerical stimulation. The fluid medium is incompressible 

fluid featuring steady-state flow; The turbulence model is 

standard k-E two-equation model; The near-wall region is 

analyzed by the standard wall function method; The 

pressure-velocity coupling method is SIMPLE [18]. The inlet 

boundary condition is set as the velocity inlet boundary 

condition, with the inlet velocity of exhaust u, defined as 

60 /u m s , and the turbulence is defined by turbulence 

intensity and hydraulic diameter; the outlet boundary 

condition is set as the pressure outlet boundary condition, 

with the pressure equivalent to the standard atmosphere 

pressure and without gauge pressure, and the turbulence is 

also defined by turbulence intensity and hydraulic diameter. 

As for the surface, its thermal condition is set as convection 

heat transfer, with the inlet velocity of cooling water v, 

defined as 3 /v m s , and the temperature of 353K; The 

outlet boundary condition is set as the free stream boundary 

condition, with the heat transfer coefficient of 

5 /W m K [19]. All walls are no-slip, and the 

heat exchange walls of the solid metal fin and the fluid are 

set as coupled walls automatically. The physical parameters 

of materials concerned are shown in Table 1[19], 

 ,  ,
pc ,   referring to density, thermal conductivity, 

specific heat capacity, and dynamic viscosity respectively. 

 

Table 1. Parameters of material properties 

 

Material 3( / )kg m

　
 

 ( )W m K





　　  

( / )

pc

J kg K

　
 

( / )kg m s





　
 

Exhaust 

(500℃) 
0.457 0.656 1185 3.48e-5 

Cooling 

water(80℃) 
965 0.68 4208 3.15e-4 

Exhaust pipe 7840 42 465 － 

Aluminum fin 2610 148 904 － 
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Cooling water 
jacket 

(Aluminum 
alloy) 

2710 201 904 － 

TEM 3000 2.4 250 － 

Mica 290 0.58 2422 － 

 

5. STIMULATION RESULTS AND ANALYSIS 

The temperature field distribution and the velocity field 

distribution in every structure are obtained through the 

stimulation of cylindrical thermoelectric generator with 

smooth exhaust channel and that with exhaust channels with 

fins on the Fluent software. The velocity of exhaust is 

average and the temperature is local in the following 

paragraphs. 

 

5.1 Analysis of the temperature field of the exhaust pipe 

The temperature field distribution of the exhaust pipe 

without any fin is tabulated in Fig.5. The left end is the 

exhaust inlet, and the right end is the outlet. The surface 

temperature of the inlet is high, 683K; in the middle of the 

pipe where the airflow is relatively steady, the temperature is 

constant at 572K; and in the end of the pipe, the temperature 

reduces to 450K due to the cooling water in the cooling fin. 

  

 
 

Figure 5. The temperature field of the exhaust pipe 

 

5.2 Comparison between smooth exhaust channels and 

exhaust channel with fin 

The comparison between the quantity of heat transferred 

in the smooth exhaust channel and that in the exhaust 

channel with fin at different flow velocities of exhaust is 

tabulated in Fig.5. There are 8 fins in an exhaust channel 

with fin, which are 10 mm high and 5 mm thick. As is 

shown in Fig. 6, the exhaust channel with fin transfers much 

more heat, 50 W to 100 W more, than the smooth exhaust 

channel does. In addition, with the increase of the exhaust 

flow velocity, the quantity of heat exchanged in the exhaust 

channel with fin increases from 100 W to 300 W while it 

increases from 55 W to 215 W in the smooth exhaust 

channel. From the result, it can be concluded that with the 

exhaust channel with fin, the hot side temperature of the 

thermoelectric generating module is nearly 80 °C higher 

than that with the smooth exhaust channel. Therefore, in the 

view of heat transfer, the exhaust channel with fin should be 

used as the heat exchange channel for exhaust. 

 

 
 

Figure 6. Variation of heat transfer rate through different 

channel with Velocity of Exhaust 

5.3 The influence of the height of fins on heat transfer 

capability 

 

The variation of the quantity of heat transferred in 

channels with the height of fins and flow velocity is 

tabulated in Fig.6. There are five sizes of fins in height h: 5 

mm, 10 mm, 15 mm, and 20 mm, while the thickness is all 5 

mm and a channel consists of 8 fins. As what can be seen 

from Fig.7, the higher the fin, the more heat the exhaust 

channel with fin transfers; the channel with 15-mm-high fins 

transfers nearly twice as much heat as 5-mm-high fins. The 

major reason is the increase of heat transfer area, but when 

the height exceeds a certain limit, the increase becomes 

slower[20]. 

 

 
 

Figure 7. Variation of heat transfer rate through different 

channel with exhaust flow 

 

The variation of the surface temperature of the heat 

exchanger with the height of fins and flow velocity is 

tabulated in Fig.8. It can be seen that when the fin height is 

fixed, the higher the flow velocity, the higher the surface 

temperature of the heat exchanger, but the increase of 

temperature gets slower and slower; when the flow velocity 
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is fixed, the higher the fin, the higher the surface 

temperature of the heat exchanger. At a low flow velocity, 

the increase of temperature is quick, but it gets slower as the 

flow velocity increases. It is because the heat exchange area 

increases as the fin gets higher, transferring more heat to the 

surface of the pipe, but the temperature difference between 

fins and exhaust will be less notable when the height of fins 

continues increasing, and the heat transfer coefficient will 

decline; then it will be harder and harder for the exhaust to 

transfer heat to fins, reducing the work efficiency of fins. 

 

 
 

Figure 8. The variation of the surface temperature of the 

heat exchanger with the height of fins 

 

5.4 The influence of the thickness of fins on heat transfer 

capability 

The quantity of heat transferred in channels with fins of 

different thicknesses and the same height is tabulated in 

Fig.9. The height h is fixed to 15 mm with 5 sizes of 

thickness △L: 3 mm, 4 mm, 5 mm, 6 mm, 7 mm. It can be 

seen that the channel with 3-mm-thick fins transfers much 

less heat than that with 5-mm-thick fins, while there is not 

much difference between the quantity of heat transferred in 

the channel with 5-mm-thick fins and that with 7-mm-thick 

fins. 

 

 
 

Figure 9. Variation of heat transfer rate through different 

channel with exhaust flow 

 

The variation of the surface temperature of the heat 

exchanger with the thickness of fins and flow velocity is 

tabulated in Fig.10. It can be seen that when the thickness of 

fins is fixed, the higher the flow velocity, the higher the 

surface temperature of the heat exchanger, but when the flow 

velocity is fixed, the surface temperature of the heat 

exchanger does not greatly increase as the thickness of fins 

increases. It is because the heat transfer area only slightly 

increases as the fin gets thicker while thick fins have very 

limited influence on the exhaust flow. 

      
 

Figure 10. The variation of the surface temperature of the 

heat exchanger with the thickness of fins 

 

5.5 The pressure drop in exhaust channel with fin 

The pressure drop in the smooth exhaust channel and the 

exhaust channel with fin with different flow velocities is 

tabulated in Fig.11. Fins in the exhaust channel with fin are 

15 mm high and 5 mm thick. It can be seen that when the 

flow velocity is fixed to 60 m/s, there is a huge difference 

between the pressure drop in the smooth exhaust channel 

and in the exhaust channel with fin, since the pressure drop 

in the smooth exhaust channel is not more than 200 Pa while 

it exceeds 500 Pa in the exhaust channel with fin. 

 

 
 

Figure 11. The pressure drop of different channel 

 

The pressure drop of exhaust with the different heights of 

fins and flow velocities is shown in Fig.12, and the pressure 

drop of exhaust with different thicknesses of fins is shown in 

Fig.13. It can be concluded that at a low flow velocity, the 

height and thickness of fins almost have no influence on 

pressure drop, and as the velocity gets higher, the their 

influence becomes more notable. 

 

 
 

Figure 12. The influence of the height of fins on pressure 

drop 
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Figure 13. The influence of the thickness of fins on 

pressure drop 

 

In summary, although the smooth exhaust channel has 

very small pressure drop, its poor heat transfer capability 

makes it not suitable for the automobile exhaust 

thermoelectric generating system. To ensure good heat 

exchange capability and small pressure drop, the best size of 

fins is 5 mm in thickness and 15 mm in height. 

 

5.6 The influence of the number of fins on heat exchange 

capability 

The variation of the surface temperature of the heat 

exchanger with the number of fins and flow velocity is 

shown in Fig.14. The number of fins is 8 or 16. It can be 

seen that the heat exchange efficiency greatly increases as 

the number of fins increases. When the flow velocity is 40 

m/s, the surface temperature of the heat exchanger rises by 

5 °C as the number of fins increases from 8 to 16, but when 

the flow velocity increases, the effect of increasing the 

surface temperature of the heat exchanger by adding the 

number of fins is undermined. This is because more fins 

leaves less space between each other, which makes air hard 

to flow through, and thus the heat transfer is influenced. 

 

 
 

Figure 14. The influence of the number of fins on the 

surface temperature of the heat exchanger 

 

The variation of the pressure drop of exhaust with the 

number of fins and flow velocity is shown in Fig.15. It can 

be seen that at a high flow velocity, the number of fins has a 

great influence on the pressure drop of exhaust. When the 

flow velocity is 90 m/s, the pressure drop in the channel with 

16 fins is nearly 900 Pa. Considering pressure drop and heat 

exchange efficiency, the number of fins is finally decided to 

be 16. 

 
 

Figure 15. The influence of the number of fins on pressure 

drop 

6 CONCLUSIONS 

In this paper, cylindrical automobile exhaust 

thermoelectric generator system dealing with automobile 

exhaust is simulated and the following conclusions are 

reached. 

(l) Though the pressure drop of the smooth exhaust 

channel is small, the heat transfer coefficient is also very low, 

which is not conductive to generating power by waste heat. 

(2) Adding the thickness of fins can enhance the heat 

transfer efficiency to a small degree. Adding the height of 

fins can enhance the heat transfer efficiency. When the 

exhaust moves at a low speed, the efficiency is enhanced 

greatly. When the exhaust moves at a high speed, the 

efficiency is enhanced slightly. 

(3) The parameters of fins can pose significant influence 

on pressure drop in exhaust channel. When the exhaust 

moves at a low speed, adding the thickness and the height of 

fins would reduce the influence on pressure drop of exhaust. 

When the exhaust moves at a high speed, adding the 

thickness and the height of fins would increase pressure drop. 

(4) Adding the number of fins can enhance the heat 

transfer efficiency, but pressure drop of exhaust as well. 

Therefore, the cylindrical automobile exhaust thermoelectric 

generator system with octagon channel and 16 fins is the best 

choice. 
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