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Abstract 
 

Background/Objectives: The parametric study on heat transfer characteristics of waste heat recovery heat exchanger was carried out by 

varying different geometry parameters to suggest optimum model for automotive exhaust thermoelectric generator. 

Methods/Statistical analysis: The numerical analysis method was applied to compare the heat transfer characteristics of various heat 

exchanger models. For numerical analysis, various models were created using computer aided drawing considering different fin ar-

rangements and guide plates. Commercial code ANSYS 17.0 was used to analyze the heat transfer and fluid flow behavior of various 

models. Mesh independency was conducted to enhance the accuracy of the results.  

Findings: The thermal performance analysis of waste heat recovery heat exchanger was conducted considering pressure drop and heat 

flux at cooling side. As the fin spaces were increased, the heat flux at cooling side increased, but pressure drop also increased. 

Improvements/Applications: The developed geometry can be further optimized considering other geometry parameters and efficient 

system could be developed for power generation using waste heat with heat recovery exchanger and the present study provides detailed 

numerical analysis considering pressure drop and heat flux. 
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1. Introduction 

Reduction of energy consumption of an automotive has widely 

gained attention during recent years. Some technologies have been 

intensively studied to improve the mileage of an automotive. 

Thermoelectric generation is one of the promising technologies for 

mileage improvement of an automotive. Thermoelectric genera-

tion is a technology to generate the electricity from the heat with 

high temperature based on Seebeck effect [1]. Only about 30% of 

the energy generated in internal combustion (IC) engine is utilized 

as mechanical energy for an automotive drive [2]. Therefore, 

thermoelectric generation is expected to provide a way to enhance 

the performance of IC engine-based vehicles by recovering waste 

heat into electricity. Heo et al. experimentally and numerically 

studied the heat transfer behavior of various inside shape compo-

nents of plate-type heat exchanger and showed that brass as con-

struction material could provide enhanced effectiveness for ther-

moelectric power generation using wasted heat [3]. Various geo-

metrical parameters including dimensions of thermoelectric gener-

ator, number of thermoelectric modules, fin parameters of heat 

exchanger, thickness of heat exchanger play important role in 

designing the heat exchangers [4-5]. Astrain et al. showed heat 

transfer coefficient along with overall thermal resistance depends 

on geometrical parameters of the heat exchanger under considera-

tion. They pointed out that as surface area available for heat ex-

change increased, the thermal resistance got decreased [6] Flow 

parameters including mass flow rate at the exhaust of a vehicle 

and volumetric capacity of the exhaust gas influence the total 

power generation and efficiency of the TEG system [7-8]. Kumat 

et al. studied the thermal performance of helical double tube heat 

exchanger and found that performance was influenced by inner-

coil tube dimensions [9]. Kim et al. considered gap between sur-

faces of thermoelectric module and heat exchanger as a critical 

criterion for electricity generation efficiency [10]. Surface area 

available for heat transfer is an important parameter and could 

influence thermoelectric power generation in waste heat recovery 

[11]. Recently, Patil et al. suggested that for the same volume, 

segmented asymmetric thermoelectric element have higher con-

version efficiency than segmented symmetric thermoelectric ele-

ment [1]. Bang et al. analyzed the effect of variations in exhaust 

gas and ambient temperature on performance characteristics of 

thermoelectric generator [12].  

However, precise and concise studies on the efficient structures 

such as guide plates and different fin configurations for recovery 

of wasted heat using heat exchanger to enhance the efficiency of 

the TEG devices have been not studied more intensively. There-

fore, this paper focuses on analysis of the heat transfer perfor-

mances of the waste heat recovery heat exchanger to apply to 

vehicles. The purpose of the present study is to numerically exam-

ine the thermal performance of the waste heat recovery heat ex-
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changer with various geometric parameters of inner heat sink and 

inner guide in diffusor for the waste heat recovery heat exchanger. 

2. Numerical method 

The details of numerical method are presented in this section. The 

relevant numerical analysis aspects for the current study including 

geometry details, meshing and mesh independency, physical as-

sumptions, various initial and boundary conditions have been 

summarized. The mesh independency study was carried out to 

check the independency of results with the number of nodes and 

appropriate mesh was selected based on costing and mesh inde-

pendency. The appropriate boundary conditions were selected 

based on the previous literature with relevancy to present study. 

The k-ε model was considered as turbulence model for all cases 

considering simplicity and accuracy. 

Figure 1 shows the schematic of the models used in the present 

study. Various models were considered based on the fin spaces 

and guide plates. The suggested model was developed to recover 

waste heat from an automobile exhaust for generating electricity 

using thermoelectric generators. The efficiency of thermoelectric 

generator is greatly dependent on the temperature distribution on 

hot side and cold side of generator. The hotter side of thermoelec-

tric generator is attached to the waste heat recovery heat exchang-

er and colder side is generally attached to cooling channel. There-

fore, the performance of waste heat recovery exchanger plays 

crucial part in the overall efficiency of the system. In this study, 

various geometry parameters were considered in order to examine 

the performance of the waste heat recovery heat exchanger.  

 
(A) Fins Space 

 
 

(B) Fins Space 12 

 
 

(C) Fins Space15 

 

(D) Fins Space 20 

 
 

(E) With No Guide Plates. 

 
 

(F) With two Guide Plates. 

 
 

(G) With three Guide Plates. 

 
Fig. 1: Geometry. 

 

Different meshing schemes were used to correctly predict the heat 

transfer and flow analysis of waste heat recovery heat exchanger. 

As the geometry under consideration had thin fins along with 

small gaps to flow the hot air, unstructured mesh type was used. 

Fine meshing was employed at area near walls and curvature to 

capture precise variation in the temperature, velocity and pressure. 

Total 2, 131, 152 elements were generated with 667,328 nodes 

during meshing process. To enhance the accuracy of the analysis 

mesh independency test was carried out. The mesh independency 

test was performed considering pressure drop and heat flux at 

cooling side. Figure [2] shows that as the mesh numbers were 

increased from 2,131,152 to 5,233,756, the heat flux at cooling 

side and pressure drop were almost constant and varied within 
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0.5% after the mesh element numbers 2,131,152. Thus, mesh in-

dependency test was conducted. 

 

 
Fig. 2: Mesh Independence Test. 

 

Table 1 shows details of the initial and boundary conditions em-

ployed in the current numerical analysis. Ansys 17.0 was used to 

analyze the temperature and flow distribution of the waste heat 

recovery heat exchanger. The inlet temperature of the exhaust hot 

gas was kept constant at 470 ºC and heat transfer coefficient of 

cooling side was considered as 300 W/m2-K to study the effect of 

various geometry parameters. Outlet boundary condition was con-

sidered with pressure outlet at atmospheric pressure for present 

simulation. The material of the construction was considered to be 

aluminum.  

 
Table 1: Numerical Analysis Boundary Conditions 

Parameter Specification 

Working fluid Hot air 

Inlet hot gas temperature (ºC) 470 

Inlet hot gas mass flow rate (kg/s) 0.02828 
Cooling side heat transfer co-efficient (Wm-2K-1) 300 

Wall slip No-slip 

Material of heat exchanger Aluminum 
Turbulence model k-ε 

3. Results and discussion 

The performance of waste heat recovery heat exchanger was in-

vestigated considering various geometry parameters. The fin space 

and guide plate geometry were varied at constant hot air tempera-

ture of 470 ºC. The number of fin space of the heat exchanger was 

varied from 10 to 20. Accordingly, the thickness of the fin was 

changed from 9 mm to 3 mm. In order to enhance flow pattern and 

uniform temperature distribution for better heat transfer, effect of 

guide plates was investigated. The heat exchanger with guide plate 

of 2 and 3 were considered and results were compared to heat 

exchanger with no guide plate. This section summarizes the results 

of numerical study considering various parameters including tem-

perature distribution, pressure drop variation of hot air and heat 

flux at cooling side.  

Figure 3 shows the distribution of pressure drop and heat flux at 

cooling side with different number of fin spaces and with no guide 

plate. As the number of fin spaces increased the from 10 to 20, the 

heat flux at cooling side increased by 38.5% due to increase in the 

surface area, but pressure drop increased 43.2% due to reduction 

in the cross-sectional flow area. The optimum point was discov-

ered at the fin space number 16. The optimum point shows that the 

values of heat flux and pressure drop could be compared, and 

optimum fin space could be decided.  

 

 
Fig. 3: Effect of Number of Fin Spaces on the Pressure Drop and Heat 
Flux at Cooling Side with No Guide Plate. 

 

Figure 4 shows the distribution of pressure drop and heat flux at 

cooling side with different number of fin spaces and with [2] 

guide plates. As the number of fin spaces increased the from 10 to 

20, the heat flux at cooling side increased by 22.7% due to in-

crease in the surface area, but pressure drop increased 12.2% due 

to reduction in the cross-sectional flow area. The optimum point 

was discovered at the fin space number 18. 

 

 
Fig. 4: Effect of Number of Fin Spaces on the Pressure Drop and Heat 

Flux at Cooling Side with [2] Guide Plates. 

 

Figure 5 shows the distribution of pressure drop and heat flux at 

cooling side with different number of fin spaces and with 2 guide 

plates. As the number fin spaces increased the from 10 to 20, the 

heat flux at cooling side increased by 22.7% due to increase in the 

surface area, but pressure drop increased 12.2% due to reduction 

in the cross-sectional flow area. The optimum point was discov-

ered at the fin space number 19. The trend shows that as the guide 

plate number in increased from [0] to [3] the optimum point shifts 

more towards the higher fin space number. 

 

 
Fig. 5: Effect of Number of Fin Spaces on the Pressure Drop and Heat 

Flux at Cooling Side with [3] Guide Plates. 

 



International Journal of Engineering & Technology 9 

 
Figure 6 shows the variation of average surface temperature of 

cooling side with different number of fin spaces and with guide 

plates. As the number of fin spaces increased the from 10 to 20, 

the average surface temperature of cooling size increased indicat-

ing enhancement in the thermoelectric power generation. The 

results indicate that the more fin spaces and more guide plates 

could increase the power generation by thermoelectric generator 

as thermoelectric power generation greatly depends on hot side 

temperature. Figure [7] shows the temperature distribution of hot 

air for various geometry arrangements and it could be seen that 

more fin spaces and guide plate help in the uniform temperature 

distribution which could enhance the overall efficiency of the 

thermoelectric power generator. 

 

 
Fig. 6: Average Surface Temperature of Cooling Side. 

 
(A) 

 
 

(B) 

 
 

(C) 

 

(D) 

 
 

(E) 

 
 

(F) 

 
Fig. 7: Temperature Distribution (A) 15 Fin Spaces with No Guide Plate 
(B) 20 Fin Spaces with No Guide Plate (C) 15 Fin Spaces with 2 Guide 

Plates (D) 20 Fin Spaces with 2 Guide Plates (E) 15 Fin Spaces with 3 

Guide Plates (F) 20 Fin Spaces with 3 Guide Plates. 

4. Conclusion 

The numerical analysis was conducted to investigate the thermal 

performance of waste heat recovery exchanger of thermoelectric 

generator. Pressure drop in the heat exchanger, temperature distri-

bution of hot air and heat flux at cooling side were considered as 

performance parameters. The various geometry parameters includ-

ing fin spaces and guiding plates were considered and its influence 

on pressure drop and heat flux were reported. The various geome-

try parameters including fin spaces and guiding plates were con-

sidered and its influence on pressure drop and heat flux were re-

ported. In addition, the effect of guiding plate on thermal perfor-

mance of heat exchanger were reported for flow pattern analysis 

and uniform temperature distribution. The study concludes that the 

guide plates could be effective tool for increasing the average 

surface temperature of hot side surface of thermoelectric generator 

at lower number of fin spaces. And, at higher number of fin spac-

es, guide plates are less effective. 
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