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Abstract- A new design of inlet valve has been innovated based on a study of flow formation using CFD (Computational Fluid 
Dynamics) simulation software of two intake valve’s designs. Three-dimensional figs of simulations represent flow were used 
to visual the turbulence kinetic energy of the air that is formed in the combustion chamber. The new design of inlet valve 
contains holes in the chamfer to allow more swirl turbulence flow than conventional design in order to leverage the good 
Air-Fuel mixing in the combustion chamber. Simulations carried by two port flow speeds 5 & 15 m/s for different designs and 
compared with conventional design simulation. Figs showed 60 % improvement in turbulence when using valve contains sided 
circular holes in simulation. A new Variable Inlet Valve Opening (VIVO) design was proposed based on the promising result 
in forming swirl and tumble turbulence that should improve burning, torque and power of the engine. The innovated valve 
design with self drive variable opening holes also should give more breathe during the high speed of the engine. 
 
Index Terms- Inlet valve Optimization, Variable Valve Timing, Fuel efficiency, combustion engine turbulence. 
 
I. INTRODUCTION 
 
Highlight Valves are usually controlling flow in 
automotive internal combustion engines. Poppet valve 
is the most common type of valve used which contains 
of a disc-shaped head having a stem at one side 
extended to a certain length. There is an edge 
chamfered from the side of the valve head and it is  
accurately ground at an angle usually 45 degrees, and 
sometimes 30 degrees, to form the seating face[1] 
Optimization of airflow and fuel spray is very 
important for the interaction within the cylinder to 
achieve stable combustion with least emissions. [2] 
The different flows can be optimized by the following 
variables; 
 
1. Inlet port design 
2. combustion design 
3. valve design 
4. piston head design ( bowl in it) 
5. Valve alignment and number of intake valve 
6. Shrouding direction of valves 
The turbulent air motion in spark ignition engines 
controls combustion efficiency and formation [3] 
In addition to the normal desired turbulence, a 
rotational motion called swirl is generated on the 
Air-Fuel mixture during intake valve opening. [4] 
Swirl and tumble are type of turbulence and they are 
considered important factors to improve the reaction 
of combustion. Swirl is the rotational component 
whose axis is parallel to the axis of the cylinder but 
tumble is denoted by the component whose axis is 
perpendicular to the axis of the cylinder. [5] 
The swirl coefficient ( Cs ), defined as a ratio of the 
flow angular to axial momentum at each valve lift, can 
be defined as   
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Where G is impulse mater torque, m is the air mass 
flow rate that enters the port, and B is the cylinder 
bore. [6] 
Swirl usually enhances the mixing of air and fuel to 
give a homogeneous mixture faster than those mixing 
have less swirl flow. Swirl also has an effect to have 
rapid spreading of the flame during the combustion 
process.  [8]   
The air motion in cylinder in diesel engines is 
generally characterized by swirl, squish and 
turbulence, which have a major impact on Air-Fuel 
mixing and combustion. Swirl motion of the air is 
usually controlled by the design of the intake port. The 
good intake port design will generate higher swirl and 
help to improve combustion [7] 
Murali and Mallikarjuna in their research suggested 
that the intake airflow analysis would be very much 
useful for the optimization of the combustion chamber 
of the modern internal combustion engines.[9] 
In general, the purpose of improve and study the flow 
in combustion chambers is to amplify the combustion 
rate and to extend the flammability limit, along with 
improving efficiency, and fast burning. This will 
reduce hydrocarbon (HC) and carbon monoxide (CO) 
emissions because of god mixing and better 
burning.[5] 
It is important to have turbulence to speed evaporation 
of the fuel, to enhance air-fuel mixing, and to increase 
combustion speed and efficiency. [4] The swirl levels 
can be measured by CFD and predictions with the 
same or variable intake port geometries[6]   
The flow effect also noticed in compressed Natural 
Gas (CNG) engines to improving the mixture flow and 
the flame propagation speed in cylinder. The stronger 
turbulence intensity leaded to a lean combustion, 
higher flame propagation speed, and improve the 
turbulent kinetic energy (TKE) in cylinder, and which 
should increase the flame propagation. CFD 
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simulations were successful to analyze the mixture 
formation in combustion chambers. [10] 
 
II. MATH DESIGN AND SIMULATION 
 
If The most commonly used valve is the poppet valve. 
It has several advantages over rotary and disc valves 
[1]. It gives good lubrication, good flow properties, 
good heat transfer to the cylinder head good seating, 
and it is cheap in manufacturing. Inlet valves are 
usually constructed using the one piece design, 
whereas exhaust valves are normally manufactured 
using a two piece design.[1] 
We have used in our simulation a selected design of 
combustion chamber as per the fig (1) with matched 
inlet valve design that has smaller stem than exhaust 
valve. 
 

 
Fig 1:  Combustion Chamber (mm) 

 
Analysis system of fluid flow (CFX) in ANSYS 
software has been used to simulate designed 
geometries along with designed valves. Then designs 
were meshed according to parameters in fig (2). 
  

 
Fig 2:Parameters of the meshing 

Each valve design had two setups for speed 5 and 
15m/s under the boundary details of the inlet valve 
which starts from the port surface to indicate the start 
of flow of air. It can be also simulated for air-fuel 
mixture but material should be selected in the domain 
at the basic settings. In our experiment we have 
selected air at 25 C. and boundary details of the 
exhaust to a relative pressure of 1 (Pa). After that we 
have run the solutions and got the results of 
streamlines of air flow by geometry of 50 points. We 
came out with six different three dimensional air flow 
figs, representing three different designs with 
distinguished velocity and turbulence patterns. See 
table (1). 
Multipliers can be especially confusing. Write 
“Magnetization (kA/m)” or “Magnetization (103 
A/m).” Do not write “Magnetization (A/m)  1000” 
because the reader would not know whether the top 
axis label in Fig. 1 meant 16000 A/m or 0.016 A/m. 
Fig labels should be legible, approximately 8 to 12 
point type. 

 
Table 1: comparison of velocity and turbulence between 

different designs 

 
 

III. ANALYSIS OF THE RESULTS 
 
The calculation has been taken under air flow inlet 5 
m/s and 15 m/s that enter the port of inlet valve with 1 
Pascal pressure in outlet valve.  The simulations of 
flow in combustion chamber, and information about 
swirl in cylinder have been obtained as 3D figs with 60 
lines of air direction flows. We have taken two design 
of holes one of them rounded shape with 1 mm 
diameter and with direction 45 degree from the surface 

 Flow speed inlet port 5 m/s 
Streamline-Isometric view (Y up) 

 Flow speed inlet port 15 m/s 
Volume rendering-View from +X 
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Stream line beteen (.0005-9.02) m/s  
Turbulence Kinetic Energy (.004-3.96)m2/s2 

 

Stream line between (.002-27.39) m/s  
Turbulence Kinetic Energy (.015-26.54)m2/s2 
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Turbulence Kinetic Energy (.017-43.05)m2/s2 
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Turbulence Kinetic Energy (.022-41.55)m2/s2 
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of the valve head toward cylinder surface. The other 
design has oval shape and open through the valve head 
with also 45 degree from the piston surface. In each 
design there are 8 holes circulating the valve stem with 
similar distances. Both designs and also the 
conventional design have been simulated to get the 
flow in the cylinder at two flow speeds.  In the table (1) 
we can see the 3D camera view that shows conditions 
of flow in the three designs. Swirls and turbulences 
can be obtained from the fig of velocity fields along 
with streamline pattern and Turbulence Kinetic 
Energy (TKE) volume rendering. We find that best 
turbulence from the simulation within the valve design 
which has circular holes sizing (0.5) mm, and also we 
find the higher velocity obtained from the simulation 
of the valve design that have oval shaped hole sizing 
(0.5X1 mm).  
For valve design contains circular holes, we got TKE 
(.017-43.05)m2/s2   , whereas standard valve design 
with no holes gave result of TKE (.015-26.54)m2/s2 
.But for valve contains oval shaped holes, the result of 
TKE was (.022-41.55)m2/s2 which is giving little less 
turbulence than circular holes, therefore oval holes 
resulted more (TKE) speed in the design. The result 
was shows generation of more swirls and tumbles 
from the design has (.5 mm) circular holes than 
conventional valve design. But the flow in the design 
has oval shaped holes were having more lean flows. 
More turbulence leads better combustion efficiency 
than conventional design and more opening through 
valve gives more breathe.  
 
IV. NEW VARIABLE INLET VALVE OPENING 
(VIVO) DESIGN 
 
Since there are relatively few studies available that 
document the air flow for valve designs and hence it is 
important to control the turbulence and mixing of the 
fuel, we came up with new design that can be self 
controlled to increase the turbulence in high speed as 
well as open more room for the breathing in a high 
speed gradually. Normally, the air pressure is 
increased proportionally to the rotation speed of crank 
shaft. We have utilized this phenomenon to create a 
rotating disk on the head of the intake valve with 
carving in the head of the holes of the disk. The head 
can be attached to the valve head by thermal affect or 
cooling the head part using liquid nitrogen then 
attaching it to the base of valve head. The disk part has 
circular grove parallel for surface head that match a 
cavity in the centre of the valve head. After adding 
suitable spring around the grove that is perpendicular 
to the surface disk, we will be able to get a rotating 
disk to certain angle when applying a pressure around 
the stem valve axis. With the help of cavities, gaps in 
between matched two parts are opening gradually 
when applying pressure until reaching the maximum 
opening. The timing of opening and strength of 
pressure required for moving the desk can be 
controlled by the spring. See fig (3). 

 

 
Fig 3: Upper part and lower part of the new design 

 
CONCLUSION 
 
Two designs of inlet valves with sided holes were 
created in the conventional lollipop valve for specific 
geometry. One design contains circular holes and the 
other with oval shaped holes, and both are 
perpendicular to the side chamfer of the valve head 
toward the direction of the centre of the combustion 
chamber. The designs along with conventional inlet 
design were simulated by ANSYS software in CFX 
tools box option using an estimated combustion 
chamber. The simulations were done for three similar 
geometries; represent the conventional inlet valve 
design and represent the new two designs. The 
simulation carried out for two speeds 5 & 15 m/s. 
Velocity steam line of valve design contains circular 
holes was increased up to 92% that the conventional 
valve design with no holes and also the turbulence 
increased by 62%. The valve design of oval holes 
showed little higher velocity streamline than valve 
design contains circular holes, but it showed 3.5% less 
in turbulence.    
A new design (VIVO) was proposed to have a self 
driven side holes opening by the affect of air flow 
pressure. It was found the variable opening not only 
gives better turbulence but also gives more breathe to 
the combustion chamber in the high speed of engine. 
The new design is in primary stage and can be further 
modified to design the spring in the core of the valve 
head to match the speed of the engine. The diagonal 
side opening in the valve head can be increased or 
decreased at specific timing according to the need in 
the combustion engine by controlling the strength of 
the spring, holes’ dimension and holes’ cavities.  
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