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Abstract: Engine exhaust back pressure is defined as the exhaust gas pressure that is produced by 

the engine to overcome the hydraulic resistance of the exhaust system to discharge the gases into 

the atmosphere. Minimizing the level of backpressure will improve the overall performance of the 

engine as proven by various literature. The aim of this study was to study the effects of 

manipulating the exhaust manifold’s diameter of a spark ignition (SI) engines with respect to its 

backpressure. The exhaust manifold’s diameter tested were 46mm, 49mm and 52mm respectively. 

The bending radius for the manifold was fixed at 50mm. The 3D-model of the exhaust manifolds 

were developed via Computer Aided Design (CAD) with the use of SolidWork software. 

Computational Fluid Dynamics (CFD) was then conducted via ANSYS Workbench 2021 R1. The 

exhaust manifold was designed in reference to the KTM 690 motorcycle. The results showed that 

the pressure at the bent for the 46mm specification was 270.2Pa, while, the pressure before and at 

the outlet which was similar at 101.7Pa for both. Identical pattern of data was also obtained for the 

49mm exhaust manifold’s diameter, albeit, the pressure at the bent was 194.4Pa and 34.02Pa for 

pressure at the bent and outlet respectively. Contradicting to these, the 52mm exhaust manifold’s 

diameter had shown constant pressure reading throughout the manifold at 170.4Pa. From these 

data, the lowest average backpressure was determined. Thus, the 49mm diameter is found to be 

optimal with the average backpressure of 87.48Pa throughout the exhaust manifold. This is a novel 

finding since the effects given by the diameter towards the average backpressure of this specific 

exhaust is determined. For future studies, assessment on the effects given by the bending radius 

with respect to the backpressure is recommended to be explored.  
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1. Introduction 

Engine exhaust back pressure is defined as the exhaust gas pressure that is produced by the engine 

to overcome the hydraulic resistance of the exhaust system to discharge the gases into the 

atmosphere (Nor et al., 2019). Minimizing the level of backpressure will improve the overall 
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performance of the engine as proven by various literature. Greater backpressure lowers engine 

power and torque output. The fuel intake will also increase due to the increase in backpressure. 

The existence of the backpressure in the exhaust system particularly in the exhaust collector is 

critically affected by the collector's design features. The development of back pressures on the 

exhaust system directly impacts design parameters, such as diameter, weight, bending angle and 

bending radius. Therefore, the specification specifications for a collector are very critical if the 

back pressure is to be minimized and engine performance increased. 

 Joardder, Uddin and Roy, 2011 noted that extreme back-up of the exhaust system produces 

excessive heat in the engine cylinder, decreased engine power and a fuel load that can harm engine 

components and low performance. The variation of thermal brake efficiency with the backpressure 

engine. At engine speeds of 600, 950 and 1200 rpm thermal efficiency is expressed in figure 1 (a), 

(b) and (c), respectively. For short, medium, and high loads, thermal braking efficiency at a short 

engine speed of 600 rpm was almost constant. It decreased slightly at 950 rpm for low, medium, 

and moderate loads. Backpressure reduces at 1200 rpm. Medium and high load conditions were 

not tested because of excessive black smoke. 

 

 
Figure 1. Line Graph of Backpressure Effect on brake Thermal Efficiency with various loads 

(Joardder, Uddin and Roy, 2011) 

 

 Figure 1 demonstrates the change of the brake specific fuel consumption (bsfc) at various 

engine loads and speeds with backpressure. The BSFC backpressure effect is illustrated in the 

Figure 1. It was revealed that the meaning of bsfc for low-speed conditions of 600 rpm at 950 rpm 

bsfc does not change, for all load conditions (note: the term ‘load’ here is in reflection to the 

working operation of the engine by means of the revolution per minute) here the backpressure 

rises. At 1200 rpm, bsfc also increased with low load backpressure. There are also no significant 

impacts up to a certain speed and backpressure cap on engine performance. Excessive 

backpressure limits engine power and fuel penalty at extremely high operating conditions. 

The aim of this study was to study the effects of manipulating the exhaust manifold’s diameter of 

a spark ignition (SI) engine with respect to its backpressure. Exhaust manifold are used to collect 

the exhausted gas that produce from the internal combustion engine and direct away from the 
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engine. The diameter of the manifold will directly affect the performance of the engine 

performance due to the backpressure.  

 The fluid flow in smaller diameter pipe will have higher velocity and when the diameter 

pipe is enlarged, the fluid will travel in a slower speed (Qin & Duan, 2017). Backpressure is a 

force that will resist toward the desire flow fluid, this will decrease the power output, or the fuel 

consumption will be increase to deliver the desire output. The engine backpressure is a production 

that is to overcome the hydraulic resistance of the exhaust system to release the gases into the 

atmosphere, in theory the backpressure should be reduce in order to improve the overall 

performance of the engine, as observed from various study and research. An engine with higher 

efficiency of power output, will need to have lower backpressure, to decrease the restriction toward 

the fluid flow.   

  

 

2. Methodology 

 Figure 2 shows reference manifold design for KTM DUKE 690CC. Experimental 

parameters are indicated in Table 1. The exhaust manifold’s diameter tested were 46mm, 49mm 

and 52mm, respectively. The bending radius for the manifold was fixed at 50mm. The 3D-model 

of the exhaust manifolds were developed via Computer Aided Design (CAD) with the use of 

SolidWork software. Computational Fluid Dynamics (CFD) was then conducted via ANSYS 

Workbench 2021 R1. The exhaust manifold was designed in reference to the KTM 690 

motorcycle. 

 

 

 

 
Figure 2. Reference Manifold Design for KTM DUKE 690CC 
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  Table 1. Experiment Parameters 
Constant Variable 

 

Manipulated Variable Responding Variable 

Exhaust Manifold KTM Duke 

690cc 

Diameter 2 Backpressure  

Diameter 1 Bending Radius 6  

Bending Radius 1   

Bending Radius 2   

Bending Radius 3   

Bending Radius 4   

Bending Radius 5   

Fuel: Gasoline   

Inlet Velocity: 17.03   

Turbulence: 10%   

Wall Temperature: 300K   

Inlet Temperature: 1477.59 K   

 

3. Result and Discussion 

Pressure contour for 46mm, 49mm and 52mm diameter radius is shown in Figure 3.  

 

 

 
Figure 3. Pressure contour for (a) 46mm (b) 49mm and (c) 52mm diameter radius 

 
Table 2. Stage 2 Results 

Design 
Diameter 

(mm) 

Bending 

Radius (mm) 

Pressure 

before Bent 

(Pa) 

Pressure at 

Bent  

(Pa) 

Pressure at 

Outlet Diameter 

(mm) 

a 46 50 101.7 270.2 101.7 

b 49 50 34.02 194.4 34.02 

c 52 50 170.4 170.4 170.4 
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 The results showed that the pressure at the bent for the 46mm specification was 270.2Pa, 

while, the pressure before and at the outlet which was similar at 101.7Pa for both. Identical pattern 

of data was also obtained for the 49mm exhaust manifold’s diameter, albeit, the pressure at the 

bent was 194.4Pa and 34.02Pa for pressure at the bent and outlet respectively. Contradicting to 

these, the 52mm exhaust manifold’s diameter had shown constant pressure reading throughout the 

manifold at 170.4Pa. From these data, the lowest average backpressure was determined. Thus, the 

49mm diameter is found to be optimal with the average backpressure of 87.48Pa throughout the 

exhaust manifold. 

 Backpressure is a pressure that are push back into the exhaust pipe, when the pressure of 

the fluid is lower than the atmospheric pressure outside the exhaust. As shown in Table 2, bigger 

pipe diameter does not necessary mean that it will produce less backpressure. A large diameter of 

exhaust pipe will lower the fluid flow velocity of the gases that is exhausted. If the gases travel at 

higher velocity flow, hence a low pressure will be created behind the gases, this helps to suck out 

the gases at an extreme high rate. Hence if there is unburned air or fuel mixture, it will escape. 

Hence waste the fuel in the engine. This show that the proper and balance size of diameter is 

needed to ensure that the performance of the engine will operate at it optimum or deliver the power 

efficiency.  

   

 

4. Conclusion 

 Conclusively, the 49mm diameter is found to be optimal with the average backpressure of 

87.48Pa throughout the exhaust manifold. This is a novel finding since the effects given by the 

diameter towards the average backpressure of this specific exhaust is determined. For future 

studies, assessment on the effects given by the bending radius with respect to the backpressure is 

recommended to be explored. This shall facilitate towards continuous improvement with respect 

to design optimization. Design optimization shall lead towards overall increment in product 

performance and sustainability. 
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