
                          © 2018 IJRTI | Volume 3, Issue 4 | ISSN: 2456-3315 
 

IJRTI1804030 International Journal for Research Trends and Innovation (www.ijrti.org) 157 
 

Performance analysis of heat extraction unit by 

modification of internal structures
 

1
Viren M Patel, 

2
Jignesh J Patel 

 

1
M.E. Student, 

2
Assistant Professor 

Mechanical Engineering Department,  

Mahatma Gandhi Institute of Technical Education & Research Centre, Navsari, India 

 

Abstract—The world is facing major increase in energy demand and energy consumption. By regenerating energy sources 

are considered as solution for both energy demand and environmental issues. Out of total heat supplied to the engine in 

the form of fuel, approximately 30 to 40% is converted into useful work and the remaining heat is expelled to the 

environment through exhaust gas and engine cooling system. So, it is required to utilize the waste into useful work. If this 

waste heat energy is tapped and converted into usable energy, the overall efficiency of an engine can be improved. 

Thermoelectric modules which are used as thermoelectric generators are solid state devices that are used to convert 

thermal energy from temperature gradient to electric energy and its work on the basic principle of seebeck effect. Ideal 

heat exchangers recover as much heat as possible from the engine exhaust at the cost of an acceptable pressure drop. They 

provide primary heat for TEG and their capacity and efficiency are dependent on material, shape and type of heat 

exchangers. Present research work aims to analyse the heat transfer and pressure drop for modified internal structure 

which can increase the performance of waste heat recovery thermoelectric generation system. 

 

Index Terms—heat extraction unit, Computational fluid dynamics, heat transfer, pressure drop. 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

For automobile, waste heat is generated due to combustion in engine or due to chemical reactions. It is normally released into 

the environment. If some of this waste heat could be recovered, a considerable amount of primary fuel could be saved. 

Recovery of waste heat become very important from environmental, economic and efficiency point of view. For vehicles with 

internal combustion engine, approximately 40% of the fuel energy is wasted as exhaust gas, 5% as friction loss, 30% as coolant 

loss, only 25% of the fuel energy is used for generating effective power. The energy lost in waste gases cannot be fully 

recovered. However, much of the heat could be recovered and loss can be minimized. The energy lost in waste gases cannot be 

fully recovered. However, much of the heat could be recovered and loss can be minimized. 

 

By means of forced convection, when exhaust gas passes through the heat extraction unit, heat transfer takes place between 

exhaust gas and solid surface of heat extraction unit and that heat is absorbed in the solid surface. After it can be utilized by 

using various thermodynamic cycles like absorption cooling cycle, organic rankine cycle, open steam power cycle, A 

combined thermoelectric generator and organic Rankine cycle. Based on the Seebeck effect, the thermoelectric generator 

system takes the advantage of no moving parts, silent operation, and very reliable, therefore its better suited for waste heat 

recovery from automobile exhausts than the above cycles. 

 
Fig.1. –Thermoelectric generation system  

 

II. WORKING PRINCIPLE 

A schematic diagram of a simple thermoelectric power generator operating based on Seebeck effect is shown in Fig.1.Heat is 

transferred at a rate of QHfrom a high-temperature heat source maintained at THto the hot junction, and it is rejected at a rate of 

QLto a low-temperature sink maintained at TLfrom the cold junction. Based on Seebeck effect, the heat supplied at the hot 

junction causes an electric current to flow in the circuit and electrical power is produced. Using the first-law of thermodynamics 

(energy conservation principle) the difference between QHand QLis the electrical power output We. It should be noted that this 

power cycle intimately resembles the power cycle of a heat engine (Carnot engine), thus in this respect a thermoelectric power 

generator can be considered as a unique heat engine.
 [1] 
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Due to technology compaction, a theoretical study of waste heat recovery system has a direct effect on the efficiency of process. It 

reduces the material cost power consumption.
 

 
Fig.2. – Schematic diagram showing the basic concept of a simple thermoelectric power generator operating based on Seebeck 

effect 

The power generation of exhaust TEG (thermoelectric generator) depends on heat energy and thermoelectric conversion 

efficiency. High efficiency heat exchanger is necessary to increase the amount of heat energy extracted from exhaust gas. 

III. ADVANTAGES OF TEG TECHNOLOGY 

 

1. Silent in operation since they have no mechanical moving parts. 

2. Simple, compact and safe. 

3. Very small size and virtually weightless. 

4. Environmentally friendly. 

IV. LITERATURE REVIEW 

Ting wuet.al. [2]Six different exhaust extraction units were designed within the same shell, and their CFD models were 

developed to compare heat transfer and pressure drop in typical driving cycles for a vehicle.They have Concluded that serial plate 

structure enhanced heat transfer by 7 baffles and transferred the maximum heat of 1737 Win suburban driving cycle. 

Material - Steel  

Structure type - Rectangular structure 

Six different structures -Empty cavity, inclined plate, parallel plate structure, separate plate with holes, serial plate structure and 

pipe structure. 

 

X. Liu et.al [3]Two different structure’s CFD models are developed and compared. They have concluded that Chaos shaped heat 

extraction unit shows better heat transfer rate with 5 mm plate thickness. 

Material – brass 

Structure type - Rectangular 

Two different structures – fishbone shaped and chaos shaped structure 

 

W. S. Wanget.al [4]Three-dimensional model of three different structures of heat extraction units are compared. They have 

concluded that Accordion shape of brass material with area of 660mm X 305mm shows better performance. 

Material – brass and iron 

 

G. Murali et.al [5]Four different configurations of heat extraction unit modelled and compared through CFD software and 

concluded that serial plate has maximum heat transfer rate of 4062W. 

Structure type- Accordion shape, fishbone shape, empty cavity and serial plate structure 

 

Shekhar R. Gulwade et.al [6]Six different internal structures are compared in terms of heat transfer. They have concluded that 

concluded that temperature distribution in the inclined-plate structure with 5mm thickness of plate is uniform. 

Material – Aluminium 
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V. DATA COLLECTION 

An attempt is made in the paper to design and perform the analysis of heat extraction unit. The model is created by using 

SOLIDWORKS 2017(trial version). By applying boundary conditions, CFD analysis is carried out in ANSYS 19.0(academic 

version). Design data which is used for the design of heat extraction unit is tabulated below. 

Table 1 Geometrical Dimensions for heat extraction unit
 [2] 

Exhaust pipe 

diameter 

40 mm 

Length 280 mm 

Width 110 mm 

Height 30 mm 

Thickness 5 mm 

Material Stainless steel 

For CFD analysis the boundary conditions are given to both fluids which are tabulated below. Throughout project same boundary 

conditions are taken. Air (exhaust gas) is used as working fluid. 

Table 2 Boundary Conditions 

Fluid inlet Mass flow rate – 0.0057 kg/s, 0.0144 

kg/s, 0.0801 kg/s 

With inlet temperature of 573.15K, 

673.15 K, 873.15 K respectively
 [2]

 

Fluid outlet Gauge pressure 0 Pa 

Convective heat transfers co-efficient of 

outer surface and ambient air 

15 W/m
2
K

 [1]
 

Solver Pressure based 

Steady state condition 

Model Realizable k-ɛ (Turbulent-model), 

Standard wall function 

Solution method Scheme: SIMPLE 

Convergent scale Momentum balance: 10
-3

 

Energy balance: 10
-6
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VI. MODELING 

 

 
 

Fig.3. – Design ofV structure model 

 

 

VII. MESHING 

Meshing of V structure model is done for various number of elements. To reduce mesh quantity and promote the robustness and 

precision, only half of the whole body was used, and the model was obtained using a symmetrical plane. A value of skewness in 

the range of 0.25-0.5 indicates that the corresponding mesh quality is good. 

 

 
 

Fig.4. – Meshing of V structure model of heat extraction unit 

VIII. RESULTS 

Analysis of V structure model is done by varying angle 1 and 2 and it is found that 1=37
o
 and 2=90

o
 gives better heat transfer. 

 
Fig.5. –Change in Heat transfer rate with change in baffle angle 
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Fig.6. –Temperature contour of modified V structure  

 

Fig.7. –Pressure contour of modified V structure  

Fig.6 and Fig.7 shows the temperature and pressure contours of modified V structure of suburban driving cycle respectively 

for 1=37
o
 and 2=90

o
. 

Table3 Operating conditions
 [1]

 

Driving cycle 
Mass flow rate of 

Exhaust (g/s) 

Hot side temperature of 

generator (K) 

Exhaust temperature 

(K) 

Urban 5.7 423.15 573.15 

Suburban 14.4 473.15 673.15 

Maximum power output 80.1 423.15 873.15 

 

 

Fig.8. – Comparison of heat transfer rate and pressure drop of serial plate and V structure for different cycle 
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IX. POWER DEVELOPED BY TEG 

The CFD simulation result provides the basis to calculate the power generation of the TEG. Because the cross section of a 

single TE couple is about 3.77 mm X 3.77 mm, the total number of TE couples for a TE module is about N = (L/3.77)
2
, where 

L = 40 mm is the length of a TE module. In evaluating the power generation rate, the measured Seebeck coefficient αm (295 

μV/K) and the measured electric resistance Rm (6.48 mΩ) of the TEG chips were adopted.
 [7] 

When selecting an external load 

resistance equal to the total internal electric resistance (Rm), the maximum power developed by one TEG is given by 

Pmax= 3.36 X 10
-6

 X NT
2
ave      (1) 

  
      

          (2) 

Tave= Th-Tc       (3) 

In 280 X 110 mm rectangular section total 12 numbers of modules can be arranged on one side. So total N=24 number of TEG 

modules can be placed on the exhaust heat exchanger. Fig. 6 shows the amount of power and current developed at different 

conditions. It was assumed that cold side temperature is constant and is Tc=269 K.
 [8]

The average values of outer surface 

temperature (Th) are 307.5K, 310.46K, 359.789K of urban, suburban and maximum power cycle respectively. 

 

Fig.9. –Variation of maximum power and current developed for different mass flow rate and inlet temperature 

X. CONCLUSION AND FUTURE SCOPE 

CONCLUSION 

 CFD models with a solid domain, liquid domain and fluid–solid interfaces were developed for exhaust heat exchangers 

under 3 typical driving cycles. Under Three operating driving cycles, modified V structure has better heat transfer 

compared to serial plate structure.  

 In modified V structure, heat transfer is 49.86 %, 52.70% and 1.34% more than serial plate structure under Urban, 

Suburban and Maximum power cycles respectively and pressure drop is 90%, 89.83% and 78.34% less than serial plate 

structure for the Urban, Suburban and Maximum power cycles respectively. 

 For maximum power output condition pressure drop in the modified structure is 41.29 kPa, which is less than 80 kPa. 

So, it will not adversely affect the performance on engine. The maximum power developed by TEG system is 74.82 W. 

FUTURE SCOPE 

 Further Analysis can be possible with different internal shapes and by varying thickness and material of plate of heat 

extraction unit. 
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