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Abstract: The Exhaust manifold in the engines is an important 

component which has a considerable effect on the performance 

of the I.C engine. The exhaust system of an automobile consists 

of an exhaust manifold, catalytic converter, resonator & a 

muffler connected with tail pipe. Hot exhaust gas along with 

sound waves generated at the end of exhaust stroke is sent to the 

exhaust manifold through exhaust valve. The exhaust manifold 

operates under high temperature and pressure conditions. The 

design of exhaust manifold almost always has to be executed by 

trial and error through many experiments & analysis. In this 

paper we have to did numerical study by compare the result fluid 

analysis with conjugate heat transfer & thermal analysis with 

conjugate heat transfer using Abaqus software. 

      Keywords: Exhaust Manifold, Conjugate Heat transfer, 

Numerical study, Coupling, Abaqus 

I. INTRODUCTION 

The exhaust manifold is the key component in a 4-

stroke IC engine. Exhaust manifold is mounted on the 

cylinder head of an engine. The exhaust manifold collects 

exhaust gases from multiple cylinders into one pipe. At the 

exhaust stroke the exhaust valve open and inlet valve 

remains closed that time piston starts moving from bottom 

dead centre to top dead centre sweeps out the burnt gases 

from the cylinders. These exhaust gases sweeps out from the 

cylinder and transfer through catalytic converter. The 

temperature of these of hot gases is near about 800  and 

pressures is varying about 100 to 500 kpa .This temperature 

and pressure is experiencing during exhaust stroke. The 

exhaust manifold made up off gray cast iron is a type of cast 

iron that has a graphitic microstructure because its ability to 

tolerate fast and severe temperature changes. When the 

engine works hard the exhaust manifold can run almost red 

hot. So we have to investigate the complete behaviour of 

exhaust manifold experimentally. Only flow or only thermal 

analysis is not sufficient for engine exhaust system but we 

have to understand thermal behaviour of structure due to 

fluid parameter and vice versa by coupling called conjugate 

heat transfer. The term Conjugate Heat Transfer (CHT) is 

used to describe processes that involve simultaneous energy 

exchange between the solid and fluid domains due to 

interaction between them and is frequently encountered in a 

variety of engineering applications such as internal 

combustion engines, turbo-machinery, heat exchangers, etc. 
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II. LITERATURE REVIEW 

Numerical simulation for exhaust manifold based on the 

Abaqus software. They have shown comparison Between 

steady and transient analysis of exhaust manifold and 

concluded transient analysis is more realistic way in design 

procedure .coupled flow and heat transfer analysis of 

exhaust manifold using Abaqus CAE. Bin Zou, et al.[1] 

have analysed the impact of temperature effect on exhaust 

manifold modal analysis. From the CFD analysis 

temperature field is mapped and then heat conduction 

process is analysed in FEM software with the temperature 

field boundary conditions. Lastly the modal analysis that 

considers temperature effect is done. On comparison of the 

frequency and vibration mode between cold modal and 

thermal modals it is observed that the temperature has a 

great influence on the manifold mode, which is very 

valuable for the product design. 

Sweta Jain, et al.[2] in their paper “The Sequential 

Coupled Thermal Structural Analysis” have investigated the 

associated thermal stresses and deformations under  

simulated  operational conditions close to the real situation 

on different materials at different ambient temperatures i.e. 

cast iron, structural steel. The linear steady state temperature 

distribution under the thermal field & structural analysis is 

calculated. The purpose of this analysis is to ensure the 

appropriateness of material for the defined design from the 

view point of serviceability of the exhaust manifold. 

J.David Rathnaraj [3] in his paper has analysed the thermo 

mechanical fatigue of stainless steel exhaust manifolds. 

Automotive engine has large thermal stress induced by 

temperature gradient and geometrical constraints. This 

thermo mechanical coupling is one of critical problems in 

automotive engineering. Thermal fatigue analysis is 

considered in the design process of the exhaust manifold. 

The paper focuses on the application of constitutive 

equation to the thermo mechanical condition of a model 

based on isothermal data. Using the proposed model, the 

thermal stress analysis and life prediction of exhaust 

manifold made of 429EM stainless steel is done. A.K.M. 

Mohiuddin, et al.[4] in their paper “Optimal design of 

automobile  exhaust  system using gt- power”, designed 

exhaust system using GT-Power software and compared its 

performance with an existing system. The newly designed 

exhaust manifold shows lower back pressure which 

ultimately results better performance of the engine. Swathi 

Satish, et al.[5]paper does a comparative study of 

predictions obtainable using the conformal and indirect 

interfaces for Conjugate Heat Transfer (CHT) analysis in an 

exhaust manifold with a view to ascertain the degree of 

closeness of certain pre- defined physical quantities. 
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 A steady-state analysis was performed for base mesh 

size values of 2 mm and 4 mm using the RANS k-epsilon 

turbulence model. Predicted results for the conformal and no 

conformal meshes at the two base mesh size values were 

observed to be in good agreement. Xueyuah ZHANG, 

YuLVO [6] is investigates an exhaust manifold of 

automobile engine. 1st welding residual stress was 

predicated by thermo elastic plastic FEM. The internal flow 

fields are obtained using CFD software .solid part is 

recalculated and the thermal stress is done using ABAQUS.  

III. CO-SIMULATION 

Its multiphysics capability which provides run time coupling 

between multiple solvers. Techniques available fluid 

structure interaction and conjugate heat transfer. 

A. FSI (Fluid Structure Interaction) 

Fluid–structure interaction (FSI) is the interaction of some 

movable or deformable structure with an internal or 

surrounding fluid flow.  Fluid–structure interactions can be 

stable or oscillatory. In oscillatory interactions, the strain 

induced in the solid structure causes it to move such that the 

source of strain is reduced, and the structure returns to its 

former state only for the process to repeat. 

B. CHT (Conjugate Heat Transfer) 

It represents a class of multi-physics problems where fluid 

flow affects the thermal behaviour of structure, which in 

turn affects the fluid flow. For conjugate heat transfer 

analyses, the solid material conduction and the fluid 

convection are analysed simultaneously. The conductive 

heat transfer in a solid region is coupled to the convective 

heat transfer in a neighbouring fluid flow.  

                                       

Fig. 1.Co-Simulation Technique 

IV. GEOMETRICAL MODEL OF EXHAUST 

MANIFOLD 

Thermal analysis solved by finite element method. 

Thermal analysis solved by heat transfer using finite 

element method. Finite element method is discretization 

method.     Flow analysis solved by finite volume method. 

Flow analysis solved by incompressible transient flow using 

finite volume method. 

Table.1 

Analysis Flow Thermal 

Solver 
Incompressible 

Transient 
Heat Transfer 

Discretization                                                                  
method 

DG/FVM FEM 

  

Fig. 3. Exhaust manifold 

 

Fig. 4.Structural part 

 

                   Fig.5. Exhaust gas (fluid gas) 

A. Finite Element Analysis 

Finite element analysis has now become an integral part of 

computer aided engineering (CAE) and is extensively used 

in the analysis and design. The FEM analysis stress and 

temperature distribution. The exhaust manifold  model is 

made in abaqus software and then model of structural part is 

generate mesh on the structural part and analysis finite 

element analysis during 10 hours of cycle in abaqus. 
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B. Finite Volume Analysis 

The finite volume method is based on the approximate 

solution of the integral form of the conservation equation. 

The problem domain is divided into a set of non- 

overlapping control volumes. The exhaust manifold model 

of exhaust gas made in abaqus software then model of 

exhaust gas part is  generate mesh on the exhaust gas model 

and analysis using finite volume method fluid flow analysis 

and flow is incompressible transient during 10 hours of 

cycle in abaqus. 

V. MESH GENERATION 

Mesh generation forms the backbone of finite element 

method. Mesh generation refers to the generation of nodal 

coordinates and elements. It also includes the automatic 

numbering of nodes and elements based on a minimal 

amount of user supplied data. Automatic mesh generation 

reduces errors and saves a great deal of user time therefore 

reducing the FEA cost. 

   The model constructed exhaust manifold in abaqus 

software. Mesh generation details of exhaust manifold 

structural part exhaust gas. 

 
Fig. 6.Structural part mesh(EM) 

Table.2 

Feature Structural part mesh 

Element type 
DC3D4:  A 4-node linear 

heat transfer tetrahedron 

Number of  Tetrahedron 75,759 

Number of nodes 20,728 

Volume 0.014 

External surface 2.456 

 
Fig. 7.Fluid part mesh(EM) 

 

 

 

Table.3 

Feature Fluid part mesh 

Element type C3D4:  A 4-node linear 

tetrahedron. 

Number of tetrahedron 98,510 

Number of Nodes 19526 

Volume (m³) 0.0034 

External surfaces (m²)  0.31 

VI. EXHAUST MANIFOLD: MATERIAL 

PROPERTIES STRUCTURE: GREY CAST IRON 

(HT300) 

Table.4 

Value and 

setting 
Parameter 

 
Density 

(kg/mm3) 

Thermal 

Conductivity 

(W/mm K) 

Specific 

heat 

(J/Kg 

K) 

Young’

s 

modulu

s (GPa) 

Gray Iron 

(HT300) 
7.841E-006 3.097E-011 459 135 

Thermal Expansion Coefficient= 1.38E-005 

 Fluid: (Hot Gases Considered as air with temperature) 

Table.5 

Value    and 

setting 
Parameter 

 

Densit

y 

(kg/m

m3) 

Thermal 

conductivi

ty 

(W/mmK) 

Specific 

heat 

(J/Kg K) 

Dynamic 

Viscosity 

(N/mm s) 

Air (1089K ) 

 

7.534

E-010 

 

2.42E-005 

 

1056.643

4 

 

3.097E-

011 

 

Section Property: 

• Structural →Solid section 

• Flow →Fluid section 

VII. EXHAUST MANIFOLD BOUNDARY 

CONDITION FLUID BOUNDARY CONDITION 

Table.6 

Value and 

setting 

Parameter 

Fixed Temperature (K) 
Heat transfer 

Coefficient 

Outer wall 293 13.5 

Inner wall 1089 - 

Walls at inlet 628 - 

Wall at outlet 395 - 

Interface wall 
Mapping From simulation calculation on water 

jacket 

http://www.ijeat.org/


 

Numerical Study of Exhaust Manifold using Conjugate Heat Transfer 

82 

Published By: 
Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number E5007066517/17©BEIESP 
Journal Website: www.ijeat.org 

 

Fig. 8.Boundary conditions for Flow analysis 

      All the values are fluid flow boundary condition is 

obtained from references. At inlet 1 m/s and temperature is 

523K. that time exhaust gases are mixing like vorticity 

behavior and then static pressure is negligible. Wall 

condition is no slip wall means the viscous fluids states that 

at a solid boundary the fluid will have zero velocity relative 

to the boundary. Turbulence model is a turbulence 

modelling is key issue in most CFD simulations. Spalart- 

Allmaras is a one equation model which solves a transport 

equation for a viscosity like variable. This may be referred 

to as the spalart allmaras variable. Interface wall mapping 

from simulation calculation for structural part. 

A.  Thermal Boundary Condition 

Table.7 
Values and 

setting 

Parameter 

velocity 

(m/s) 

Fixed 

Temperature (K) 

Static 

Pressure (Bar) 

Inlet 1 100 1089   

Inlet 2 1 523   

Outlet     0 

Wall No slip wall  

Turbulence 

model 

Spalart  Allmarus 

Interface 

wall 

Mapping from simulation calculation on 

structural part 

All values are thermal boundary condition is obtained from 

references. Heat transfer coefficient is difference in 

temperature between the solid surface and surrounding fluid 

area K. It is used in calculating in heat transfer typically by 

convection or phase transition between a fluid and a solid. 

 
Fig. 10.Boundary conditions of Thermal Analysis 

VIII. RESULT AND DISCUSSION ONLY FLOW  

 

 

 

 

 

 

 

    Fig. 11.Exhaust manifold Back pressure zone 

The total pressure drop between the inlet and outlet of 

exhaust manifold is 9.016Mpa. Back pressure usually refers 

to the pressure exerted on a moving fluid by obstructions 

against its direction of flow. Back pressure caused by the 

exhaust system of an automotive engine has a negative 

effect on engine’s performance as it will restrict the flow 

rate of the exhaust gasses this will result in reduced engine 

power. 

 
Fig. 12.Exhaust manifold Max velocity zone 

 

 

 

 

 

 

 

 

 

Back pressure 
zone 
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Fig. 13.Exhaust manifold Max Recirculation zone 

 

Average virtuosity (measure of recirculation) is detected in 

the vicinity of exit which is 47695. 

IX. RESULT AND DISCUSSION ONLY 

THERMAL 

Fig. 14. Exhaust manifold Heat flux vector 

Surface heat flux distribution seen inside the exhaust 

manifold in HFL plot. Heat flux or thermal flux is the rate of 

heat energy transfer through a given surface, per unit 

surface. 

 
Fig. 15.Exhaust manifold Nodal temperature 

A node temperature change due to conduction in element is 

represented in NFL plot. 

 

 

 

 
Fig. 16.Exhaust manifold Node temprature Due to 

conduction in element 

 

 

Fig. 17.Exhaust manifold Element temprature 

Node temperature (NT) and element temperature (TEMP) 

distribution is achieved in element. 

X. COUPLED ANALYSIS 

Now we have to do coupled analysis, the solid material 

conduction and the fluid convection are analysed 

simultaneously. The conductive heat transfer in a solid 

region is coupled to the convective heat transfer in a 

neighbouring fluid flow. Coupled analysis is done for 

thermal structural, wherein the result values obtained of one 

analysis is used for doing another analysis. The entire model 

will have single set of nodes. The geometry created for the 

first analysis is used for the coupled analysis also. The 

geometry is kept constant throughout. 

XI. RESULT AND DISCUSSION OF COUPLED 

FLOW ANALYSIS 

 

Fig. 18.Exhaust manifold Back pressure zone 

 

 

 

                                         Back pressure 

zone 
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The total pressure drop between the inlet and outlet of 

exhaust manifold is 8.729 Mpa. 

 Back pressure usually refers to the pressure exerted on a 

moving fluid by obstructions against its direction of flow. 

Back pressure caused by the exhaust system of an 

automotive engine has a negative effect on engine’s 

performance as it will restrict the flow rate of the exhaust 

gasses this will result in reduced engine power. 

 

 

Fig. 19.Exhaust manifold Max Velocity Region 

Velocity is seen maximum back pressure zone in vicinity of 

exit which is 161.3 m/s. 

 

Fig. 20.Exhaust manifold max Recirculation zone 

Average vorticity (measure of recirculation) is detected in 

the vicinity of exit which is 47490. 

XII. RESULT AND DISCUSSION OF COUPLED 

THERMAL ANALYSIS 

 

Fig. 21. Exhaust manifold Heat flux vector 

Surface heat flux distribution seen inside the exhaust 

manifold in HFL plot. 

 

Fig. 22.Exhaust manifold Nodal temperature 

Node temperature changes due to conduction in element is 

represented in NFL plot. 

 

Fig. 23.Exhaust manifold Node temperature due to 

conduction in element 

 

Fig. 24.Exhaust manifold Element Temperature 

Node temperature (NT) and element temperature (TEMP) 

distribution is achieved due to conduction in element. 

XIII. RESULT AND DISCUSSION: COMPARISON 

BETWEEN COUPLED AND FLOW ANALYSIS 

 

Fig. 25.Only Flow Pressure drop 9.016Mpa 

 

Max Velocity     

region                                          

  Max 

Recirculation 

zone  
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Fig. 26.Coupled Flow pressure drop 8.729Mpa 

 

 
                

Fig. 27.Only flow max velocity164.4m/s 

 

 

 
              Fig. 28.Coupled Flow Max velocity 161.3m/s 

➢ When only flow analysis did the pressure get 

9.016Mpa and coupled analysis did the pressure 

drop get 8.729Mpa. 

➢ When only flow analysis did the maximum velocity 

obtained 164.4 m/s and coupled analysis the 

maximum velocity did obtained 161.3m/s. 

XIV. RESULT AND DISCUSSION BETWEEN 

COUPLED ANALYSIS AND THERMAL ANALYSIS 

 

Fig. 29. Coupled thermal heat flux=159.7W/mm² 

  
 

Fig. 30. Only thermal heat flux=161.4W/mm² 

 

Fig. 31. Only thermal uniform temperature distribution 

 

Fig. 32.Coupled Thermal uniform temperature 

distribution 

➢ When thermal analysis did the thermal heat flux get 

161.4W/mm² and coupled thermal analysis did the 

heat flux get 159.7W/mm². 

➢ When only thermal analysis node temperature and 

element temperature gets non uniform distribution 

and when coupled thermal analysis did the nodal 

temperature and element temperature gets uniform 

distribution. 

XV. COMPARISON OF TEMPERATURE 

DISTRIBUTION IN CHT (CONJUGATE HEAT 

TRANSFER) AND STANDALONE 

➢ Pressure drop between uncoupled and coupled 

analysis seems to be different. It shows impact of 

structural on fluid. 

➢ Heat flux changes by 1% for 0.01 sec of impact. It 

shows impact of fluid path variation on structural 

part. 

➢ This variation increases as time increases. Due to 

computational resources limitations we solved this 

for 0.01sec. it require 10 hours to execute the 

simulation on 8GB RAM machine. 
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Table.8 

Parameter Uncoupled 
Coupled 

(CHT) 

% 

change 

(0.01 

sec) 

Pressure 

(MPa) 
9.016 8.729 3.2 

Velocity (m/s) 164.4 161.3 1.9 

Vorticity 

(Unit) 
95390 94980 0.4 

Heat Flux 

(W/mm2) 
161.4 159.7 1 

NT 

Distribution 

Uneven and 

Uniform 

Even and 

accurate 
-- 

XVI. CONCLUSION 

Total pressure loss between inlet and outlet is 9.016MPa and 

8.729MPa in standalone flow and coupled flow case 

respectively which implies there is no possibility of 

cavitation. Back pressure region detected in the vicinity of 

exit and gases pickup max velocity in same region. Need to 

improve this area in order to avoid overheating this region. 

Noticeable Maximum velocity attains by particle is 164.4 

m/s and 161.3 m/s in standalone flow and CHT analysis 

respectively for 0.01 sec. More accurate and even 

distribution of temperatures is observed in CHT than 

Standalone simulation which implies CHT analysis is more 

realistic than standalone analysis. Flow and heat transfer 

analysis both are equally important to analyse the exhaust 

manifold study for design and analysis. Coupled analysis is 

more realistic analysis than uncoupled analysis and avoids 

misguiding the user while designing any components by 

giving accurate results. The abaqus co-simulation technique 

can be used to solve complex conjugate heat transfer 

problems by coupling Abaqus/Standard with CFD analysis 

programs, including Abaqus. 

REFERENCES 

1. Vivekanand Navadagi, siddaveersanganad  “Cfd analysis of exhaust 
manifold of multicylinder petrol engine for optimal geometry to 

reduce back pressure” Intrnational journal of engineering Research 

and Technology (IJERT) March-2014 
2. BinzouYaqian Hu, Zhien Liu Fuwu Yan and chaowang.”The 

imapctof  Temperture effect on exhaust manifold Thermal modal 

analysis” Research journal of applied science Engineering and 
Technology Aug 20, 2013 

3. SwathiSatishmani ,prithviraj and shridharhari “comparison of 

prediction obtained on an exhaust manifold analysis using conformal 
and indirect mapped interface” . International congress on 

computionalmechnics and simulation(ICCMS),IIT hydrabad 10-12 

Dec 2012 
4. Xueyuan ZHANG YuLUO And Jianhua Wang “Coupled Thermal-

fluid-solid Analysis of engine Exhaust manifold considering welding 

Residual stresses” Transaction of JWRI special issue on 

WSE2011(2011) 

5. Gopaal , MMM Kumara varma , “Exhaust manifold design –FEA 

Approch”(IJETT) Volume 17 number 10 – november. 
6. Zhi-EN Liu, Xue-Nili “Numerical simulation For exhust manifold 

based on the serial coupling of STAR-CCM+ AND ABAQUS 

Reasearch”  journal of Applied sciences ,Engineering & Technology , 
Nov 10 ,2013 

7. Gopaal, MMM Kumara verma “Thermal and structural Analysis of 

An Exhaust manifold of A multicylinder engine” (IJMET) vol 5 12 
DEC(2014) 

8. Dr.Rajadurai, “Non-linear Thermal modal analysis for Hot End 
Exhaust System” International journal of emreging trends in 

engineering Research vol 2. Jan 2014 

9. AshwanikumarArunkumar “Thermo-mechnical Analysis of 321-
Austenitic stainless steel Exhaust manifolds of a Diesl Engine based 

on FEA” Dehradun india. 

10. J.DavidRathnaraj “Thermomechniacl fatigue analysis of stainless 
steel exhaust manifolds (ESTIJ) vol 2. April 2012 

11. Jian Min xu “An analysis of the vibration charecterstics of suspension 

points” the open mechanical Engineering journal 2014. 

http://www.ijeat.org/

