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ABSTRACT 
Now  a  days  the  global warming  and  air  pollution  are  big 
issues in  the  world.  The  more  amount  of  air  pollution  is  
due  to emissions  from  an  internal  combustion  engine.  
Exhaust system plays  a  vital  role  in  reducing  harmful  
gases and unwanted noise but  the  presence  of after treatment 

systems increases the exhaust back pressure. Back pressure on 
engine is an important parameter and it has a very strong 
influence on engine efficiency. Hence an exhaust system 
should be designed in such a way that it should increase the 
engine efficiency by having low backpressure and should also 
meet the required noise and pollution limit. 
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1. INTRODUCTION 
A four stroke IC engine consist of Suction, Compression, 

Power or expansion and exhaust stroke. At the beginning of 

suction stroke inlet valve of cylinder opens due to pressure 
difference.Air fuel mixture is sucked into the cylinder through 
the intake valve from inlet manifold. Once air fuel mixture is 
completely sucked into the cylinder whose piston has reached 
BDC the inlet valve closes and compression stroke begins. As 
piston reaches TDC spark is done to ignite the air fuel 
mixture. This marks the beginning of power stroke. 

Once again as the piston reaches BDC exhaust stroke begins. 

During the exhaust stroke of the Engine, the piston moves 
towards the TDC and drives the exhaust gases outside through 
the open Exhaust valve. These Exhaust gases then have to be 
treated to reduce emission (Catalytic converter, Particulate 
Filter etc.) and reduce noise (Muffler) and finally let into 
atmosphere. 

These exhaust gas treatment and bend in exhaust pipe lead to 
the development of back pressure. 

1.1 Back Pressure 
Engine exhaust backpressure is defined as the exhaust gas 
pressure that is produced by the engine to overcome the 
hydraulic resistance of the exhaust system in order to 
discharge the gases into the atmosphere.It is basically the 

resistance in flow of fluid. The word back may suggest that a 
pressure that is exerted on a fluid against its direction of flow 
indeed, but there are two reasons to object. First, pressure is a 
scalar quantity and has no direction. Second, the flow of gas is 
always from a higher to a lower pressure region. Gas cannot 
flow against a higher pressure region. It isthe power of the 
engine that pumps the gas by compressing it to a sufficiently 

high pressure to overcome the flow obstructions in the 

exhaust system. 

Backpressure can have influence at two places. First one is 
Just at the start of exhaust stroke when the exhaust valve 
opens and second one at the cam overlap. 

 

Fig 1: Pressure at the exhaust valve during                                                      

exhaust stroke 

 

Positive (backpressure) spike at the far left in fig.1 is easily 
noticeable as the exhaust valve just opens at BDC. The 
exhaust gases must now push against this POSITIVE 

(back)pressure before it can leave the combustion chamber. 
The Energy must be used up in order to overcome the initial 
positive (back) pressure in the exhaust system before the 
exhaust gas is pushed out of the combustion chamber. 

After this the exhaust gas begins to travel faster and creates a 
negativepressure. More negative pressure becomes more 
suction or a vacuum is developed in the system. This lead to 
sucking or pulling out exhaust gas from the combustion 
chamber. This sucking or "SCAVENGING" effect not only 

helps to remove more exhaust gas from the cylinder but also 
helps in suckingmore intake air & fuel mix at cam overlap. 
The faster the exhaust gas travels the more vacuum it creates. 

At the cam overlap (in fig.1), there is a reflected pressure 
wave which is traveling backwards towards the exhaust port. 
This reflected wave or "REVERSION" contaminates the 
intake charge at cam overlap resulting in reduced engine 
power. But the pressure at the exhaust valve is still 

negative(less negative than before). This reflected exhaust 
wave or pulse is the second backpressure experiencedand this 
too reduces exhaust flow speed because the exhaust pulse 
must now pushed against this pressure to move forward. 
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Table 1. VERT maximum recommended exhaust back 

pressure 

ENGINE SIZE BACK PRESSURE LIMIT 

Less than 50 KW 40 KPa 

50-500 KW 20 KPa 

500 KW and above 10 KPa 

 

1.2 Exhaust Velocity 
Exhaust gases are not produced in a smooth stream. They 
originate in pulses. A 2-cylinder motor will have 2 distinct 
pulses per complete engine cycle and a 4 cylinder will have 4 
pulses and so on. More the pulses produced, more continuous 
the exhaust flowwill. It is a general misconception that wider 
exhaust gives helps in better scavenging. But actually main 
factor behind good scavenging is exhaust velocity. The faster 
an exhaust pulse moves, the better it can scavenge out all of 

the spent gasses during valve overlap. 

1.3 Effect of Increased Back Pressure 
 Increase pumping work 

 Reduce intake manifold boost pressure 

 Cylinder scavenging and combustion effects 

 Turbocharger problem 

2. CAD Modeling 
The exhaust pipeshown in the Figure.1 has thediameter of 42 

mm at the exhaust valve and 51mm at its end.  Its total length 
is 415 mm. The model has the bend in exhaust pipe provided 
by the company. 

 

Figure 1.Catia model 
Geometry has been modeled using Catia v5. The overall 
analysis is performed on ANSYS Workbench.  

2.1 Boundary Condition 

 

Table 2. Inlet boundary condition 

 Inlet gas velocity 20 m/s 

Gas Temperature 300*c 

Mass flow rate of gas 

(calculated with the 

help of data given in 

Table 4.) 

27.49 kg/hr 

Table 3. Outlet boundary condition 

Outlet Pressure Atmospheric pressure 

 

2.2 Engine Specification 

  
Table 4. Engine specification for calculating mass flow 

rate 

PARAMETER VALUE 

Engine KTM DUKE 200 

Calorific value of fuel 47300 kj/kg 

Density of fuel 803 kg/m3 

Bore & Stroke 72mm & 49mm  

Compression ratio 11.3:1 

Swept volume 199.50cc 

 

3. Meshing and CFD Analysis 
Model after meshing has been shown in the Figure.2. 

 
Fig 2. Meshed model 

 

After Meshing, simulation is carried out on this model. The 
obtained graphs are shown in figure 3 & 4. 

 

 
Fig 3. Pressure contour for exhaust pipe 
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Fig 4. Pressure developed along the length of exhaust     

pipe 

4. Result and discussion 
The result obtained by CFD simulation has been shown in the 
figure 3&4.The high pressure is developed atthe inlet of 
exhaust pipe because of the bend in the pipe. Fig 3&4 shows 
that the pressure is not uniformly distributed in the existing 
manifold. As the exhaust gasses rushed out from the 
combustion chamber, it had very high velocity. But when it 
passed through bend, its velocity reduced. This acted as a 
hurdle for next pulse of exhaust gas. Thus high pressure at 

inlet is developed. At sharper bend velocity decrease was 
more hence higher backpressure was developed because of 
this compare to smoother bend. This can be seen clearly in fig 
3&4. 

5. CONCLUSION 
Exhaust pipe of KTM Duke 200 was modeled with the help of 
Catia v5 and then CFD analysis was done on it with the help 
of ANSYS Workbench 14.0. The research shows that the 
sharper the bend in the exhaust pipe, higher is the 
backpressure developed at exhaust valve. Thus an exhaust 
pipe should be designed having smooth bend in it. 

Hence CFD analysis of backpressure due to bend in exhaust 
pipe of 4 stroke petrol engine was successfully done. 
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