
 

 
 
 

 
 

 
1. INTRODUCTION 

In recent years, global energy crises and environmental 
concerns have prompted automotive engine manufacturers to 
provide high energy efficiency of the internal combustion 
engine [1]. Changing the design of the internal combustion 
engine components to improve combustion efficiency is 
considered to be an effectual measure [2-4].  

The throttle is an integral device in the internal combustion 
engine, which controls the amount of air entering the engine 
[5]. When the engine is running, the throttle will form 
negative pressure due to the suction effect of the downward 
motion of the piston, so that air at atmospheric pressure flows 
through the throttle, and finally into the combustion chamber 
via the intake manifold [6-8]. Different angles of the throttle 
will change the flow rate, which will affect the velocity of the 
engine [9]. In the air inlet and outlet boundary conditions 
being defined, the pressure difference between the front and 
rear of the throttle valve is smaller. Thus, the throttling effect 
of the throttle valve becomes smaller. At the same time, air 
flowing through the throttle valve, and the more air into the 
cylinder charge will be larger. In such a case, more fuel may 
be injected into the cylinder, thereby increasing the engine 
output power. If the fuel injection quantity remains unchanged, 
the engine fuel economy can be improved since the air-fuel 
ratio will increase [10]. Through the establishment of the 
working principle of the throttle, model analysis and the study 

of air movement can provide a theoretical basis for the design 
and shape matching engine calibration [11]. 

By optimizing the design and control of the throttle, the air-
fuel ratio can be accurately controlled to improve engine 
power, economy, and lower emissions [12-14]. The Electronic 
Throttle Control Strategy has been utilized to carry out 
extensive research on various types of engines. Also it 
attained a higher engine performance [15, 16]. In fact, it is 
possible to enhance engine performance by improving the 
traditional throttle structure. Many of the structural designs of 
the throttle valve is used, and among them is the vortex 
throttle design. 
 

   
 

Figure 1. Conventional throttle and vortex throttle 
 

The shape of the conventional throttle and the vortex 
throttle are shown in Figure 1. In the rear of the throttle valve, 
a negative pressure zone can be easily formed due to the 
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ABSTRACT  
 
In this paper, the vortex throttle model and the conventional throttle model were established and compared. 
Both the throttles’ air flow within the model were simulated. Air flow velocity and flow were compared. The 
results show that, through the forming of a swirling motion of the air, the vortex throttle’s air flow velocity 
and flow rate were increased at each same degree of valve opening. The vortex throttle’s turbulent kinetic 
energy also helps the entry of air, thereby increasing the amount of air entering the engine. On this basis, 
engine performance tests were carried out on two engines installed with each type of throttle. Performance 
test results show that, under the same power and torque output, the economy of the engine was enhanced by 
the vortex throttle. The results of simulation analysis and performance tests show that the vortex throttle 
created a swirling motion, which increases the amount of intake air to improve engine performance. 
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restriction of the conventional throttle structure design [17]. 
As shown in Figure 1, the vortex throttle is improved to 
having three valves, which is unlike the conventional throttle 
valve. The throttle valve is changed to the shape of a handheld 
fan. Valves open along the same direction, which reduces the 
effect of the negative pressure zone. When the air flows 
through the vortex throttle, three valves organize the flow of 
air to form a swirling motion, which can increase the amount 
of intake air. Whith change to the throttle valve , the vortex 
throttle performance improves. Both of the above throttles’ air 
flow were researched in this article, and an engine 
performance test was carried out in order to compare the 
effect of the structure on the engine throttle.  

2. MODEL 

The air flow is governed by the conservation of mass and 
momentum equations for an incompressible steady flow with 
constant properties and a single phase in a two-dimensional 
domain. When air flows through the throttle valve, it satisfies 
the mass conservation equation and momentum conservation 
movement, which is expressed by the following formulas (1) 
and (2). 
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In which,   represents the density of the fluid; t  

represents the time;  ,  and   are the velocity vectors in 

the  , y  and z  directions component respectively. 

In the non-accelerated inertial coordinate system, the 

equation of momentum conservation for the i  direction, is 

expressed by the following formula (2). 
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In which, p  is the static pressure;  ij  is the stress tensor; 

iu , ig  and iF  respectively are the speed in the i  direction, 

gravity force and volume of the external body force;  ju  is 

the speed in the j  direction; ix  and jx  are the vectors in the 

i  and j  directions respectively. 

When fluid flow through the inlet and outlet boundaries, it 
meets the total flow of the Bernoulli equation. Therefore, it 
follows the Bernoulli equation. 

 
2 2

1 1 1 2 2 2
1 2

2 2

  

 
      f

p p
z z h

g g g g
                        (3) 

 

In which, 1p and 2p represent the inlet and outlet sections’ 

pressure;   represents the density of the fluid; g  represents 

the gravitational acceleration; 1z and 2z represent the position 

of the inlet and outlet section heads; 1  and 2  represent the 

velocity of the inlet and outlet sections.  fh  is a cross-

section from the inlet to the outlet section of the total loss 

along the way . 1  and 2  are kinetic energy correction 

coefficient inlet section and outlet cross-section, taking into 
account the role of turbulence, which can be a value of 1. 

Since air is a compressible fluid, it has a Newtonian 
viscosity. When flowing through the throttle, air will generate 
partial losses along the way. Loss along the way is expressed 
by equation (4). 
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In which, L represents the flow length of the tube; 

d represents the flow tube diameter;   represents the flow 

velocity;   represents the loss coefficient for the process. As 

to Laminar flow,  is calculated by the following formula (5). 
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In which, Re  represents the flow Reynolds. For smooth 

tube turbulence,   is determined by the Blasisus Formula, as 

expressed in formula (6). 
 

0.25

0.3164

Re
                                                                    (6) 

 
Partial loss is represented by the following formula (7). 
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In which,   is a partial loss coefficient. 

3. BOUNDARY CONDITIONS 

   
 

Figure 2. Mesh modal 
 

When using numerical methods to solve the equations, the 

equations need to be spatially discrete regions. So, it is 

necessary to use a modal grid [18]. Both the throttle models 

were established, and the spatial grid of the flow field were 

divided after the STP format introduced in GAMBIT. When 

meshing, an adaptive mesh approach is adopted and Tet / 

Hybird is selected as grid cells. TGrid is selected as the type, 

which makes the division out of the grid to tetrahedral mesh 

based, with no negative volumes. The mesh models are 

established in GAMBIT, as shown in Figure 2. 
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Table 1. Boundary conditions 

 
Heading1  Inlet Outlet 

Pressure (Pa) 101325 85000 

Temperature (K) 300 300 

Hydraulic diameter (m) 0.054 0.052 

Turbulence intensity 5 % 10 % 

 

The boundary conditions are fluid physical conditions to be 
met when the hydrodynamic equations resolve the boundary 
region. To accurately describe the flow field, an uncoupled 
pressure-based correction method for resolving steady-state 
was chosen for the boundary conditions. The standard -   

model and standard near the wall equation turbulence model 
were selected, and Simple algorithm was selected. When 
calculating the speed, conservation-relaxation parameters of 
0.2 in speed were set, and pressure Asuncion relaxation factor 
was set to 0.1. Fluid inlet and outlet boundaries  established 
for the various corresponding conditions shown in Table 1. 

The maximum throttle degree angle opening is 90 ° , 

which was defined as 100 %. Suppose the throttle valve 

opens at a degree of 15 % (13.5 °) or less, and the bypass 

valve opens when calculation [19]. In this case, the air flows 
into the rear through the bypass valve. When the opening is 
greater than 15 %, the throttle’s bypass valve will be closed 
by an electronic control, and the air flows into the throttle 
backward through the throttle valve. 

4. CALCULATION AND RESULTS ANALYSIS 

The throttle valve will be opened gradually when the 
engine is running. At the start of the simulation, the 

calculation was set once to every 5 % (4.5°) open degree 

once. Relevant results will be analyzed below. 
 

4.1 Flows velocity analysis 

From the analysis of design theory, the vortex throttle 
valve should be able to form a more intense vortex motion 
and accelerate the flow of air. Thus, the disturbance effects of 
each of the two throttles’ air flow was analyzed by comparing 
the conventional throttle airflow velocity field and the vortex 
throttle. 

Figure 3 shows a section at the opening of the flow field 
velocity field in the X-Y coordinates. In Figure 3, the 
conventional throttle flow field is shown on the left, and the 
vortex throttle is on the right. When air flows through the 
throttle valve, a low-speed zone will form at the front and 
rear positions. 

As can be seen from comparing the two throttles at 4.5 °, 
there is a small area of low variable velocity swirl around the 
vortex throttle valve is formed than normal throttle. In this 
case, the bypass valve is opened through which the air now 
mainly passes. In other words, the speed of the air flowing 
through the vortex throttle is larger than the average speed of 
the conventional throttle valve. When the throttle opening 
exceeds 13.5 °, the air mainly flows through the throttle valve 
when the bypass valve has been closed by an electronic 
control. 

Of course, the throttle’s low-speed area is not constant, as 
it will change with the sized of the throttle opening. With the 
increasing throttle valve opening, both throttle valves low-
speed zone areas in front of the valve gradually reduce. But in 

contrast, the vortex throttle low-speed zone area decreased 
faster. 

When the engine throttle position exceeds 80 %, and the 
throttle opening exceeds 72 °, it can be considered as a large 
load opening range. As can be seen from Figure 3, before 
entering the large throttle opening degree, the vortex 
throttle’s maximum speed on the section was significantly 
higher than the conventional throttle.  

And after the opening degree exceeds 72 °, the two throttle 
flow fields maximum speed are gradually approaching each 
other’s. Further, when the throttle is fully opened, the 
maximum flow field speed of the conventional throttle will be 
larger than that of the vortex throttle. After entering the large 
load opening range, the role of spoiler vortex will become 
gradually reduced and the throttle’s impediment to the air 
flow is reduced. Therefore, the maximum speed will be 
determined by the pressure difference between the inlet and 
the outlet sections. Since the total structural area of the vortex 
throttle valve is larger than the conventional throttle, in the 
overall circumstances, the hindrance of the vortex throttle 
valve in the flow direction was manifested. 

 

   
4.5 ° 

   
18 ° 

   
40.5 ° 

   
72 ° 
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Figure 3. Velocity field under different openings 

4.2 Outlet section velocity field 

The air flow in the outlet section has a direct correlation 
with the amount of air entering the engine cylinder [8, 16]. 
Two kinds of the throttles’ velocity flow field in the outlet 
section are shown in Figure 4, which shows that before the 
bypass valve is closed, the speed of the bypass valve portion 
has relatively large perturbations. With the increasing size of 
the throttle opening, the bypass valve is closed, and the 
vortex throttle’s flow field characteristics had centrally 
symmetric distribution. 

 

   
4.5 ° 

   
18 ° 

   
40.5 ° 

   
72 ° 

   
90 ° 

 

Figure 4. Outlet section velocity field 
 

As can be seen by comparison, the vortex throttle’s low 
speed area in most of the opening degrees of the throttle 
valve is smaller than the conventional throttle, and the 
maximum speed on the outlet section is larger than the 
conventional throttle. When the throttle valve is fully opened, 
the speed of the conventional throttle is greater than that of 
the vortex throttle on outlet interface. 

In the process of the throttle valve going from 0 ° to being 
fully open, the average speed comparison results in the outlet 
section are shown in Figure 5. As can be seen, the average 
velocity of the outlet section increases with the throttle 
opening. When the range of the opening of the throttle valve 
exceeds 80 %, this increment becomes smaller, and the two 
different speeds gradually became equivalent.  
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Figure 5. Velocity in the outlet section  

 
As smooth swirling motion is created, the average velocity 

of vortex throttles in the outlet is larger than the conventional 
throttle. But after entering the wide open range, the hindered 
movement of the throttle valve for air flow greatly reduced 
the influence of the vortex motion, with both speeds gradually 
becoming equivalent. When the throttle is fully open, the 
conventional variable throttle speed is gradually larger than 
the vortex throttle. 

4.3 Flow in outlet section 
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Figure 6. Flow in outlet section 
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Figure 7. The rate of change 

 
The mass flow is employed in the calculation, and the flow 

increments are defined by the following equation (8). 
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In which, 1M  is the flow in the outlet section of the vortex 

throttle; 2M  is the flow in the outlet section of the 

conventional throttle. The two kinds of changes in the outlet 
flow of the throttle are shown in Figure 7. It can be seen that 
in the process of the throttle opening from a small degree to 
being fully opened, up until the middle of the process the 
incremental flow of the vortex throttle is very obvious. In fact, 
the engine is running at more moderate speeds. Accordingly, 
the throttle bringing more air into the engine at medium loads 
is advantageous overall. 

5. ENGINE PERFORMANCE TEST 

5.1 Test instruments and conditions 

To verify the influence of the shape of the throttle valve on 
engine performance, performance tests were carried out. The 
Vehicle Engine Performance Test Method (GB/T 18297-
2001) and the Vehicle Fuel Consumption Test Method (GB/T 
12545.1-2009) were adopted, and the test conditions and 
methods are in accordance with China national standards as 
stipulated in reference [20]. A four-cylinder gasoline engine 
was employed in the performance test because this is the most 
common type of engine on the Chinese automobile market. 
The main instruments and environmental conditions used in 
the engine performance test are shown in Table 2.  

 

Table 2. Test instruments and conditions 

 
Name Specifications Model 

Engine performance tester ET2000 

AC power dynamometer 110 KW 

Gasoline engine JL465QE-Y 

Transient fuel tester ET4500 

Dry air temperature 23 ℃～27 ℃ 

Relative humidity 75 % 

Atmospheric pressure 96 kPa 

 

5.2 Results analysis 

 
Figure 8. Performance test result 

 
Engine net power test is generally used to examine changes 

in engine performance [20, 21]. Under the same operating 
conditions, the engine was mounted with a traditional throttle 
and a vortex throttle respectively, thereby to test engine 
performance. Performance test results were analyzed to 
understand the effects of the different throttles on engine 
performance. Engine performance test results are shown in 
Figure 8. 

During the engine performance test, considering this 
engine in the actual running speed, comparative tests were 
conducted of the engine speed from 1600 to 5200 r / min. As 
can be seen from the results of the tests with two throttles, the 
engine output power and torque did not change significantly, 
but the engine economy was improved when fitted with the 
vortex throttle. That is, compared with the engine with the 
conventional throttle engine, the economy of the engine with 
the vortex throttle was improved. 

In fact, the engine also performed very well on emissions 
when using the vortex throttle. It performed better in 
emissions than the engine with the conventional throttle, 
which fully meets the requirements of China’s national 
standards. 

6. CONCLUSIONS 

Engine performance is directly affected by intake air, 
which can be changed by the shape of the throttle. In this 
paper, the conventional throttle and the vortex throttle’s flow 
field were simulated with the throttles open at various degrees. 
The results showed that the vast majority of the vortex 
throttle opening angles have a reduced low-speed region, 
which is due to the three vortex throttle valves opening and 
organizing the movement of air. Compared with the 
conventional throttle, the air eddy swirling motion formed in 
the throttle valve increases the air intake, especially for 
medium and smaller degrees of throttle opening. By changing 
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the design of the throttle valve, a certain vortex motion is 
created, and the strength of the intake was increased. 

In the case of simulation, engine performance tests were 
also carried out. The results showed that the engine fitted 
with the vortex throttle performed better than the engine with 
the traditional throttle. Under the same conditions as the case 
of the engine control, vortex throttle engine’s fuel 
consumption has been reduced, and engine torque and power 
were not decreased. In other words, even while demonstrating 
fuel savings, the engine power has not declined. Therefore, 
the economy of the engine was enhanced. 
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