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Abstract:  As per the rulebook of Formula SAE committee, India, it is must to have a restrictor for 20mm diameter fitted in the air inlet system of Student 
Formula SAE car’s engine. The ultimate goal of installing a restrictor is to regulate the engine's power output and performance increased by regulating 
the engine's mass flow. This research paper is ultimately aimed on improving the layout of the air inlet system, which functions as a venturi pipe with a 
20 mm diameter of the throat as the restrictor. Through increasing the pressure drop across the venturi, this allows for a total allowable mass flow rate 
into the tube. Through considering the converging-diverging angles of venturi, analytical calculations based on standard findings were conducted using 
Computational Fluid Dynamics (CFD) as a tool in ANSYS to achieve total mass flow speed and pressure fall throughout the venturi. Using the CFD 
method, it is observed from the analysis results that minimum pressure fall and peak output can be obtained through the venturi design by using the 
converging angle of 12 degrees and the diverging angle of 6 degrees. 
 
Index Terms:  Air-inlet system, ANSYS, CATIA, Computational Fluid Dynamics (CFD), Mach number, mass-flow restrictor, pressure, SAE, Venturi. 
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1 INTRODUCTION                                                                    

Formula Student Car Racing is an event organized once a 
year by the Indian chapter of the Society of Automotive 
Engineers, where students form as a group or a team from 
various engineering colleges across the country, contesting to 
design, fabricate and run a model of an open formula racing 
car under multiple guidelines on vehicle design, dynamics and 
safety aspects of the vehicle. The event is judged by a jury of 
different automobile experts weighing a minimum of 1000 
points which is distributed evenly across numerous static and 
dynamic cases. In their rulebook, the Indian SAE Formula 
Racing Committee enforced a rule that a restrictor having the 
diameter of 20 mm must be added to the air intake mechanism 
and that air flow into the engine must be achieved through this 
same restrictor, either for a single or multi-cylinder engine. The 
engines used in FSAE were limited to the size of610 cc in 
volume with a power output of 120 horse-power having a 
maximum of 15000 revolutions [1].The engine used for KTM 
Duke 390 is taken into consideration in this paper. It is a single 
cylinder engine having a volume of 373.2 cc fitted with 4 
valves delivering a maximum power of 43 BHP @ 9000 rpm 
and providing a maximum torque of 37 NM @ 7000 RPM. 
Choosing the particular engine is because good power 
production is comparatively inexpensive. Nevertheless, the 
introduction of a 20 mm restrictor will decrease the air flow to 
the engine, it compensates for the drop in the pressure rate by 
increasing the air velocity. This paper therefore designs the 
intake manifold as in the form of a venturi meter for the 
engine, which the venturi throat acts as a restrictor 
[2].Therefore, mass flow at the restrictor exceeds its maximum 
speed of Mach number 1 with potential reduction of pressure 
drop across the venturi, enabling the engine to consume air 
with less drag. 

2 RESEARCH PROCEDURE                                                                    
Research procedure employs the selection of appropriate 
restrictor that gives the best result output, usage CFD 
techniques, for calculating different angles of convergence and 
divergence of the venturi, which the best optimized angles that 
give up the best result were used. The working output 
efficiency is high by raising the order of restrictor, flow path 
and the runner. 
 
2.1 Restrictor 
A restrictor is a device that is fitted on the flow path that 
reduces the mass flow into the engine. In the engine intake 
manifold, it is possible to use two forms of restrictors, namely 
an orifice plate and a venturi duct. An orifice plate is a basic 
disk which incorporates a concentric hole in the middle, which 
the flow converges through the hole, which reduces the 
upstream pressure of the system that expands the flow by 
increasing velocity. Following Bernoulli's theory, the orifice 
effect can be measured by measuring the pressure and 
velocity difference. 
 
2.2 Venturi 
A venturi tube is a small pipe which incorporates a converging 
and diverging segment with a constricted narrow throat in the 
middle, which passes through a venturi drain, through a gap 
and at low pressure drawn into the engine. The pressure drop 
results in a rise in the speed of motion due to the increase of 
kinetic energy, which fulfils the theory of mechanical energy 
conservation [3]. The venturi effect can be accomplished by 
measuring the difference between pressure and velocity by 
integrating the Continuity formula using Bernoulli’s theory. 
The choice of restrictor considering few assorted parameters 
is given below in Table 1. 
 
2.3 Choice of Restrictor 
Taking into account the parameters specified in Table 1, it 
could be observed that it was comparatively better to fit a 
venturi as a restrictor than to fit an orifice, considering the 
discharge coefficient primarily [4]. As according to the SAE 
rulebook, venturi's throat is the 20 mm restrictor. The throttle 
body diameter of the engine considered in this paper is 46 
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mm, which the throttle body is fitted into the inlet face of 
designed venturi, as the throttle body diameter would be 
served as inlet diameter and outlet diameter of the venturi 
nozzle. 

 
2.4 Mass flow and Mach number  
The constants and variables must be defined when 
considering venturi's model as a restrictor. In order to apply 
boundary conditions for CFD analysis, such parameters are 
required. By the information gathered from above discussion, 
we have diameters of the inlet, throat and outlet. Furthermore, 
the additional requirements are the venturi's converging angle 
and diverging angle. This paper describes three parameter 
that are known and two that are uncertain. The application of 
boundary conditions of variables such as pressure and 
velocity is a dynamic approximation method which is a  
complex calculation. This paper therefore deals with the 
estimation of the outlet mass flow rate of the venturi using the 
chocked mass flow rate equation [5]. Choked flow is a state in 
fluid dynamics consistent with the Venturi effect. Choked flow 
is a restricting phenomenon where the mass flow for a given 
upstream pressure and temperature will not increase with a 
further decline in the downstream pressure environment. 
 
Mass-flow chocking equation is given by: 

  
 

For an ideal compressible gas, maximum mass flow rate at M 
= 1 (when flow is chocked) is given by: 

 
 

Where ṁ is mass flow rate, 
A is the area which is 0.001256 m2. (20 mm restrictor), 
Pt is the total pressure which is 1.01325 Bar at ambient 
condition,  
Tt is the total temperature which is 300 K. 
γ is the specific heat ratio which is 1.4. 
R is the gas constant which is 0.287 KJ / Kg-K. 
Using the above equation, calculating using the known 
parameters we get, Mass flow rate as 
 
 
Where M is the Mach number, which is considered as 
significant parameter in a compressible flow stream. Mach 
number is a dimensionless quantity defined as the ratio of 
velocity of flow that past a boundary to the speed of sound in 
the medium. It is important to use the Mach number to 
categorize compressible flows into various Mach number 
regimes. It is given by: M = V/C  

Where V is the flow velocity and C is the speed of sound in the 
medium. Categorization of Mach number is given in figure 1. 
 

 
 
Figure 1 describes that during initial subsonic upstream 
conditions the conservation of the mass theorem involves a 
raise in the velocity of the flow as it flows through the 
constricted narrower cross-sectional area. The Venturi effect 
causes a reduction in the residual stress and hence in the 
intensity at the constriction. It is evident from the figure above 
that the application of converging-diverging nozzle decreases 
the air density going through the restrictor. This results in 
pressure reduction at downstream side of the designed 
venturi. 

 

3 DESIGN & ANALYSIS 
 
3.1 Design of Venturi  
The venturi design is performed using CATIA. The designed venturi 
is structurally meshed utilizing quad elements consisting of 2560 
and 1806 component nodes in numbers [7]. The mesh geometry 
file is therefore imported using ANSYS to determine the inlet and 
outlet wall boundary conditions for CFD analysis. Many number of 
iterations  considering several converging-diverging angles are 
carried out to find the optimal result that provide the minimum 
pressure drop [10].Among number of iterations considered, table 2 
provides the optimal five iterations that is chosen based on various 
studies. Among the five iteration, which give the minimum pressure 
difference is resulted the optimal venturi design.  
 

 
 
 
 
 

TABLE 1 
DIFFERENCE BETWEEN ORIFICE PLATE & VENTURI NOZZLE 

Parameters Orifice plate Venturi nozzle 

Co-efficient of 
discharge (Cd) 

0.58 to 0.65 0.85 to 0.975 

Pressure loss 
Medium on a scale of 

high to low. 
Low on a scale of 

high to low. 

Accuracy 3 % 1 % 

Viscosity effect High High 
Manufacturing 

cost 
Low cost High cost 

Manufacturing 
method 

Compact Complex 

     ṁ = r × V × A                         (1) 

 

        ṁ = [(A ×Pt)/√Tt+ × *√γ/R+ × *(γ+1) / 2+ – *(γ-1) / (2γ-2)]     (2) 

 

ṁ = 0.0703 Kg/s 
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3.2 Analysis 
The CAD model of designed venturi was imported to ANSYS 
for analysis. Mesh geometry was of he designed venturi was 
created. Finite numbers of nodes and elements have been 
defined in order to achieve précised resultant values of 
analysis. Many number of iterations considering several 
converging-diverging angles are carried out to find the optimal 
result that provide the minimum pressure drop [10].Among 
number of iterations considered, table 2 provides the optimal 
five iterations that is chosen based on various studies. Among 
the five iteration, which give the minimum pressure difference 
is resulted the optimal venturi design. 

 

4 RESULTS AND DISCUSSIONS 
For the simulation of calculated mass flow of 0.073 Kg/s, the 
iterations given in table 2 are performed by specifying the 
mesh geometry of fine quality using ANSYS which gives 
different results for the same iteration respectively. Pressure 
contour for iteration 1, 2, 3, 4 and 5 are given in the figure 4, 5, 
6, 7 and 8 respectively. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

TABLE 3 
PRESSURE DIFFERENCE FOR DIFFERENT ITERATIONS 

Iteration 
number 

Converging 
angle 

(degree) 

Diverging 
angle 

(degree) 

Throat 
Diameter 

(mm) 
1 10 6 20 
2 12 6 20 
3 14 6 20 
4 16 6 20 
5 18 6 20 
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The resulted pressure difference for different iterations is listed 
in the table 3 below. Table 3 reveals that second iteration that 
has converging-diverging angles of 12 degrees and 6 degrees 
respectively has the minimum pressure difference of 1.62 Bar, 
through the venturi. Figure 9 gives the tabulation for pressure 
difference for the respective iterations, which shows that 
iteration 2 has drastic difference in pressure drop in contrast 
with rest of the other iteration.  

 

5 CONCLUSION 
This paper examined the pressure performance for a venturi 
model with a 20 mm diameter throat as the restrictor. Design of 
venturi is done using CATIA. CFD analysis was performed using 
ANSYS 16.0. The analysis concludes that for a 20 mm restrictor 
in the flow path, compared to an orifice plate, a venturi nozzle 
having converging angle and diverging angle of 12 degree and 
6 degree respectively serves as an optimal design that provide 
a better mass flow rate to the engine with maximum 0.0703 
Kg/s and minimum pressure loss of 1.62 Bar through the venturi 
nozzle. 
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