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Abstract- In the modern, the automobile is already an essential means of transportation for every household. However, the 
automobile has brought convenience to people and caused various kinds of pollution to the environment. Such as air 
pollution, noise pollution. This paper focuses on the reduction of noise by reducing the vibration. As the driver of the car, the 
most important comfort, while the driver during the operation, the car will produce a variety of noise to affect our living 
environment. Car noise mainly includes internal noise and external noise. The internal noise is mainly generated by the 
engine parts. In this paper, we mainly study the engine intake system butterfly valve shaftshape optimization. By changing 
the shaftshape of the butterfly valve to change the production of air vortex to reduce the generation of vibration, thereby 
reducing the noise. In this paper, we can change the butterfly valve shaft shape to reduce the air eddy beside the valve for the 
noise reduction. So we set the butterfly valve through the ANSYS program. Use the analysis of ANSYS FLUENT program 
to find the optimization shaft shape for intake system noise reduction. In this source of the discussion, we can change the 
butterfly valve shaft shape to rectangular shaft, circular shaft,hexagonalshaft. So we simulated the velocity and pressor of 
these three shaft shapes to analyze the cavitation generated around the butterfly valve shaft shape to find the optimal shaft 
shape for noise reduction. 
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I. INTRODUCTION 
 
Recently, with the development of the automotive 
industry, cars can be seen everywhere, pollution is 
also immediately come. In particular, the engine 
noise pollution.In particular, the engine noise 
pollution, so we try to optimize the engine of the 
device, while reducing the noise generated. In the 
spark engine mainly depends on three variables like 
as air intake, fuel injection and spark ignition. The air 
intake system delivers oxygenated air into the 
combustion chamber of the engine, where fuel 
injection and timely spark occurs to generate power 
for the vehicle. And air intake system required 
amount of clean air into the engine as per engine load, 
to deliver power and make better gas emission during 
operation. The design of air intake system requires 
optimization of the air flow through the throttle body, 
but in the throttle body the air flow through the 
butterfly valve can generate noise due to the air flow 
interference by valve and in the back of the valve can 
generate cavitation, so we can reduce the noise as 
reduce the cavitation generate. 
 
There are three main parts of the air intake system 
like as air filter, mass flow sensor and throttle body. 
The throttle body is usually positioned between the 
air filter box and the intake manifold. And its main 
objective is to control the amount of air flowing into 
the engine combustion chambers. It consists of a 
throttle plate that rotate on a shaft when the 
accelerator pedals in depressed. The throttle plate 
opens up and allows air into the engine and when the 
pedal is released the throttle plate closes and 
effectively to prevent air flow into the combustion 

chamber. Thereby this device can be used to control 
the airflow pressure and air velocity for controlling 
the rate of combustion and the speed of the vehicle in 
butterfly valve switching processes. 
The throttle body valve is always positioned within 
the flow therefore when the throttle valve is fully 
open, there is a restriction to the air flow due to the 
thickness of the plate and shape and size of the 
throttle shaft and shape of the throttle shaft causing 
the air flow into the combustion chamber, as well as 
this devices can make some noise generate because 
the air flow through valve make cavitation occur 
vibration in the back of the valve regions. 
 
Butterfly valves are used inside the piping of air-
conditioning facilities and the noise and vibration 
caused by cavitation can be generated make users 
uncomfortable, and make some mistake for 
mechanical trouble. So need to prevent such noise 
and vibration is increasing from an environmental 
standpoint and the prevention or suppression of 
cavitation itself is very important. Accordingly, many 
products have been proposed to prevent of control 
cavitation around many types of the shaft shapes, like 
as rectangular shaft, circular shaft, hexagonal shaft to 
compare the experiment results to find the 
optimization shaft shape for the intake system. As for 
research on the prevention of cavitation, the 
experiment can change the shaft shape to prevent the 
cavitation from occurring around the valve. 
So we can design a throttle body and bypass screw 
and the air flow through the shaft shape through the 
CFD analysis and make experiments on throttle body 
shaft shape. In this study, the fluid flow analysis will 
be conducted using ANSYS FLUENT for the flow 
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across different cross-section of the throttle shaft, the 
shaft shape are circular, hexagonal, rectangular, etc. 
The nature of flow through the valve is analyzed to 
identify the different regions formed in the air flow 
field. 
 
The calculation of velocity and pressure 
 
The following calculations have been set to find the 
velocity at inlet and pressure at outlet which will be 
used to set the boundary conditions. 
The around of the throttle body temperature was 
considered as 25℃and the pressure at inlet equal to 
the atmospheric pressure. 
Normally, we only calculate the inlet velocity and 
outlet pressure, and in the pipe inside we need to 
calculate turbulent intensity because to find the 
optimization shaft shape for throttle body. 
 
The equation of velocity at inlet has been shown 
below: 
 

Vt= 
�∗�����∗

�

�

�����
                                            (1) 

Where, 
Vt= Velocity at inlet (m/s) 
Vdisp =Displacement volume of engine (litre) 
N = Maximum Engine Speed (rpm) 
Cd = Coefficient of Discharge 
D = Diameter at inlet (m) 
 
The pressure drop between inlet and outlet is 
governed by the type of the shaft shape used and its 
valve flow coefficient, for butterfly valve, the value 
of Cv use the standard tables.So the equation of 
pressure at outlet has been shown below: 
 

∆P =
��∗��
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)                      (2) 

 
The calculation of volumetric flow rate Q: 
 
    Q = Sarea* Vinlet                           (3) 
 
Where, 
∆P = Pressure different between inlet and outlet (psi) 
T1 = Absolute upstream Temperature (°R) 
Gg = (Molecular weight of gas)/ (Molecular weight of 
air) =1 
P1 = Upstream absolute static pressure (psia) 
P2 = Downstream absolute static pressure (psia) 
Q = Volumetric flow rate 
Γ = Gas constant =1.4 
Cv = Valve flow coefficient 
Sarea= Area of cross section  
Vinlet = Velocity at inlet 
 
Outlet Pressure of is calculated as follows: 
 
P2 = P1 - ∆P                  (4) 

When setting boundary conditions for a CFD 
simulation it is often necessary to estimate the 
turbulence intensity on the inlets. To do this 
accurately it is good to have some form of 
measurements or previous experience to base the 
estimate on. Here are a few examples of common 
estimations of the incoming turbulence intensity: 
 
1. High-turbulence case: High-speed flow inside 

complex geometries like heat-exchangers and 
flow inside rotating machinery (turbines and 
compressors). Typically the turbulence intensity 
is between 5% and 20% 

2. Medium-turbulence case: Flow in not-so-
complex devices like large pipes, ventilation 
flow etc. or low speed flows (low Reynolds 
Number). Typically the turbulence intensity is 
between 1% and 5% 

3. Low-turbulence case: Flow originating from a 
fluid that stands still, like external flow across 
cars, submarines and aircrafts. Very high-quality 
wind-tunnels can also reach really low 
turbulence levels. Typically the turbulence 
intensity is very low, well below 1%. 

 
The equation of turbulent intensity (%) has been 
shown below: 
 

I = 0.16* Re�h

��

�                                     (5) 
 
Where, 
Re = Reynolds Number 
ρ = Density of air 
v = Velocity of air entering the valve  
μ = Dynamic viscosity of air 
 
And the Reynolds Number is greater than 4000, the 
flow is turbulent. 
For the experiments of the flow analysis at different 
cross-sections of the shaft shape were created in the 
ANSYS design program. And we set the butterfly 
valve shaft shape to rectangular, circular, and 
hexagonal.  To mesh these models at 10mm and the 
flow structures were shown in setup process. At last 
the flow cavitation properties were shown in the 
solution. 
 
DISCUSSION AND RESULTS 
 
The simulation of this experiment, we are through the 
ANSYS software to carry out.This paper mainly 
analyzes the influence of the shape of butterfly valve 
shaft on the air flow and analyzes the vibration 
generated by the butterfly valve shaft in the process 
of air flow.Therefore, we set the butterfly valve fully 
open under the specific conditions to analyze this 
experiment. So the change of velocities and the 
pressures have been shown use the ANSYS analysis 
and be compared as follow: 
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Circular Shaft 

(a)                                                                           (b)
Fig.1   (a) Pressure contour of flow through throttle body with 

circular cross section of the shaft
(b) Velocity contour of flow through throttle body with

cross section of the shaft

 
Rectangular Shaft  

(a)                                                                           (b)
Fig.2 (a) Pressure contour of flow through throttle body with 

rectangular cross section of the shaft
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(a)                                                                           (b) 

Fig.1   (a) Pressure contour of flow through throttle body with 
circular cross section of the shaft 

(b) Velocity contour of flow through throttle body with circular 
cross section of the shaft 

 
(a)                                                                           (b) 

Fig.2 (a) Pressure contour of flow through throttle body with 
rectangular cross section of the shaft 

(b) Velocity contour of flow through throttle body with 
rectangular crosssection of the shaft

Hexagonal Shaft 

(a)                                                    (b)
Fig.3 (a) Pressure contour of flow through throttle body with 

hexagonal cross section of the sha
(b) Velocity contour of flow through throttle body with 

hexagonal cross section of the shaft

 
The following different shaft shapes of the velocity 
and pressure contours can be used to compare and 
analyze the flow properties when the airflow through 
the cross sections. Fig.1-Fig.3 show the change of the 
pressure and velocity when the airflow through 
butterfly valve to be set fullyopen.
 
In the figures, the figure (b) the 
observed in the back of the butterfly valve is 
as the wake region. When the air flow though the 
butterfly valve, the air recirculation is caused around 
the shaft surface, resulting the turbulent eddies can be 
formed. Following the eddygenerated
will lose in the process. So the 
the negative pressureincreases, but the 
pressure increases as the turbulent eddy increases. 
the wake regions local velocity diminish 
overall energy drop thereby the outlet velocity 
diminish. Following the velocity diminishes, make 
the airflow smaller vibration frequency for noise 
reduction.  
 
In the figures (b), we can observe the region of the 
wake where the local velocity of air approaches to 
zero. Follow this result we can discover the wake 
region is bigger that use the hexagonal shaft than the 
other two types shapes. 

Volume- 5, Issue-3, Mar.-2017 
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contour of flow through throttle body with 
rectangular crosssection of the shaft 

 
(a)                                                    (b) 

Fig.3 (a) Pressure contour of flow through throttle body with 
cross section of the shaft 

(b) Velocity contour of flow through throttle body with 
hexagonal cross section of the shaft 

he following different shaft shapes of the velocity 
and pressure contours can be used to compare and 
analyze the flow properties when the airflow through 

Fig.3 show the change of the 
when the airflow through the 

open. 

the vacant place can be 
observed in the back of the butterfly valve is known 

hen the air flow though the 
butterfly valve, the air recirculation is caused around 
he shaft surface, resulting the turbulent eddies can be 

generated, the air energy 
o the velocity diminishes as 

increases, but the negative 
as the turbulent eddy increases. So 

regions local velocity diminish result in the 
overall energy drop thereby the outlet velocity 
diminish. Following the velocity diminishes, make 
the airflow smaller vibration frequency for noise 

can observe the region of the 
where the local velocity of air approaches to 

zero. Follow this result we can discover the wake 
use the hexagonal shaft than the 
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CONCLUSION 
 
With the different shaft shape of the throttle body 
cross section, the pressure and velocity will variation. 
The study of the different shaft shape can form the 
different wake regions.With this analysis results, the 
optimal shaft shape can be found that is the 
hexagonal shape, among the other shaft 
shapes.Because butterfly valve shaft have little 
effects on airflow at other angles, thereby the analysis 
of this section can be omitted in this paper. In this 
paper, we only analyze the effects of the shaft on air 
flow under special conditions (fully open condition). 
With this study of the shaft shape analysis, the 
hexagonal shaft shape has a bigger region than the 
other two shapes, so the shape allows negative 
pressure increase. With the negativepressure 
increases, the velocity diminishes in this process.The 
hexagonal shaft’s wake region causes the 
minimalvelocity drop,thereby cavitation noise can be 
reduce. 
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