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Thermal Caracteristics of the Automobile Exhaust gas based Heat
exchanger with various Exhaust gas Temperature and Mass flow rate
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Abstract The objective of this study is to numerically investigate the thermal characteristics of an automobile
exhaust-based heat exchanger for automotive thermoelectric power generation with various exhaust gas mass flow
rates and temperatures. The heat exchanger for automotive thermoelectric power generation has a square-type pin
installed inside, so the maximum amount of heat can be transferred to the thermoelectric element from the heat energy
coming from the automobile exhaust gas. The exhaust gas mass flow rate changed from 0.01, to 0.02, to 0.03 kg/s,
and the exhaust gas temperature changed from 400, to 450, to 500, to 550, to 600 C, respectively. A numerical
simulation was conducted by using the commercial program ANSYS CFX v17.0. Consequently, the exhaust gas
pressure difference between the inlet and the outlet of the heat exchanger is determined according to the flow rate
of the exhaust gas. When the mass flow rate of the exhaust gas increased, the pressure difference between the inlet
and the outlet of the heat exchanger increased, but the exhaust gas pressure difference between the inlet of the heat
exchanger and the outlet did not vary with the exhaust gas temperature. Therefore, in order to obtain the maximum
surface temperature from the heat exchanger, the exhaust gas mass flow rate should be lower, and the exhaust gas

temperature should be higher.
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Properties
Material
Density (kg/mj’)

Conductivity (W/m- C)
Specific heat capacity (J/kg: C)
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Fig. 2. Meshing details the exhaust based heat exhaust
heat exchanger’s physical model

Table 2. Mesh properties

Properties Specifications

Mesh type Automatic meshing
Nodes 2,002,390

Elements 6,919,138

Table 3. Condition of numerical analysis

Properties Specifications
Ambient temperature (C) 25
Exhaust gas temperature (kg/s) 0.01, 0.02, 0.03

Exhaust gas temperature (C) 400, 450, 500, 550, 600

TR g8 230 ANSYS CFX v.175 A
8319191, Fig. 26 Gal37] &7 5 Mesh YERUR
t}. Meshte 413 ZAglo) A vjA] MeshE A4 3517]
$13+4] Proximity and curvature sizing functions A}-&-
3F9l2H, Node 7§44} Element 7§+ 242} 2,002,390
7, 6,919,13871% 473192 Table 20] LFERNLL.

FA Ao AL-g-E Table 32} 7o] 9]7] 2%
2 25 T2 stx, 7|7k AZ-H32 0.01 kg/s, 0.02
kg/s, 0.03 kg/s= HBA7] L, vl7]7kA 222 400 C,
450 C, 500 C, 550 C, 600 C= W3}A7|H z} 274

o
rde

e welg tiaje] £As1AS A ET.
3.8 H nH

Fig. 3() duhr]o] Eof7te w77k 2% uf

2 TI9EFS ek wizivke 2t SRS

welare Zrlele AL gl 4 gl w7) ks o

©] 0.01 kg/s & W W77k L=} 400 C ol A

18

—8— Exhaust gas input mass flowrate 0.01 Kg/S|
—&— Exhaust gas input mass flowrate 0.02 Kg/§|
80000 | —a— Exhaust gas input mass flowrate 0.03 Kg/S|
“— 70000 [~
£
2 60000 |
=
2
+ 50000 -
s
S
=
= 40000 |
z
30000 [~
20000 L L L L L
350 400 450 500 550 600 650

Exhaust gas input temperature ('C)

(2)

3200

2800 |

2400 |- [—8— Exhaust gas input mass flowrate 0.01 Kg/S|
—e— Exhaust gas input mass flowrate 0.02 Kg/

—A— Exhaust gas input mass flowrate 0.03 Kg/S|

2000 |

=

3

3
T

N

S

3
T

Pressure difference (Pa)
©
38
T

0 ! ! ! ! !

400 450 500 550 600 650

Exhaust gas input temperature ("C)
(b)

Fig. 3. Wall heat flux and pressure difference of the
exhausted based heat exchanger
(a) Wall heat flux variation with inlet exhaust
gas temperature (b) Pressure difference
variation with inlet exhaust gas temperature
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Fig. 4. Temperature, pressure and velocity distribution
of the exhaust based heat exchanger
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