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The engine intake pipe is an important part of the engine. A reasonable layout of the intake
pipe can prolong service life of the engine and improve engine power. The optimization of
design of the intake pipe has a great impact on the overall performance of the engine. The
design of the intake pipe based on experience is subjective and unilateral, and the design
cycle and experimental period are long. Ansys Fluent software is used to simulate the design,
which can more intuitively reflect the air flow condition of the intake pipe and enable selection
of the best layout. First of all, a three-dimensional model of the intake pipe is simulated and
the airflow characteristics are studied and analyzed. The streamline diagram and velocity
contour under various conditions are obtained. Then, compared with the simulation results,
the position of the intake pipe is optimized. Finally, the optimized intake pipe is simulated
and verified. According to the experimental results, the intake performance of the optimized
intake pipe is greatly improved.
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1. Introduction

The engine intake pipe is an important part of the automobile intake system and the first channel
to guide the air flow into the combustion chamber for mixed fuel transformation (Li, 2018; Gao
et al., 2017). Although the electronically controlled fuel injection engine simplifies the structure
of the intake pipe to a certain extent and reduces design considerations, the structural design
of its inner wall directly affects the flow law of the air flow and thus the amount of intake
air (Zhang et al., 2019; Yi et al., 2018; Wahono et al., 2019). When designing the intake pipe,
in addition to considering the performance requirements of different engines, we should also
pay attention to the economy and emission of the engine, and consider the atomization and
evaporation effect of the fuel and fuel distribution. Therefore, the design of the engine intake
pipe should be considered and coordinated in many aspects. According to the flow law of air
in the intake pipe of the engine, measures are taken to improve the charging efficiency, improve
the uniformity of intake air, and make the engine better matched with the intake pipe (Dhital
et al., 2019; Karthickeyan, 2019; Khoa and Lim, 2019).
This paper takes a 480 four cylinder in-line water-cooled diesel engine as the research object.

The main parameters of the 480 diesel engine before transformation are shown in Table 1.

2. Establishment of intake pipe model

Although the structure of the engine intake pipe is simple, its bending degree is relatively
complex. It is very easy to produce a non-standard surface after scanning, so it is impossible
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Table 1. 480 Diesel engine specifications

Cylinder Displa- Rated Rated Maximum Speed at
A

bore stroke cement power speed torque max. torque
[mm×mm] L [kW] [r/min] [Nm] [r/min] [g/(kWh)]

80× 107 3.68 51.8 2300 240.5 1700 152.1

A – Minimum fuel consumption ratio of external characteristics

to standardize it, so it is not easy to adopt interactive modeling. In contrast, the advantages of
parametric modeling are highlighted. Using the parametric modeling, firstly, this paper selects
SolidWorks as the three-dimensional model modeling software, uses SolidWorks to establish
parts, establishes a single intake pipe part through parameters and uses cooperation steps in
SolidWorks to assemble the intake pipe arrangement for numerical simulation calculation and
analysis.
The intake pipe model is divided into five parts:

(1) The inlet of the engine intake pipe has a transverse width of 1000mm and a height of
115mm.

(2) The engine intake pipe assembly is integrated into a round pipe with a radius of 60mm in
a flat circular shape, which is composed of two semi-circular arcs with a radius of 25mm
with a center distance of 160mm at the inlet of the intake pipe.

(3) The left end of the intake pipe and the connecting pipe of the air filter is a 120mm square
rounded with a quarter arc with a radius of 30mm, and the right end is a regular circle
with a radius of 60mm.

(4) The placement box of the engine air filter is 600mm long, 200mm wide and 300mm high.

(5) The engine intake pipe, intake manifold connecting pipe and pure circular pipe have a
radius of 55mm.

The specific model is shown in Fig. 1.

Fig. 1. Assembly of the engine intake pipe

3. Parameter setting of Fluent intake simulation

The grid division of the engine intake pipe is an important step in numerical simulation of the
intake state of the engine intake pipe. The detail of the grid division will directly affect the
accuracy of numerical simulation. Therefore, the important positions of the intake pipe should
be divided in detail in order to obtain more accurate simulation data. As shown in Fig. 2, it is
the grid division diagram of the fluid control domain of the intake pipe.
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Fig. 2. Grid division of the intake pipe fluid control domain

After the grid division of the fluid control domain of the intake pipe, according to various
solution methods of numerical simulation of gas flow in the fluid control domain in the second
Section of this paper, the Fluent module in Ansys software is used for numerical simulation of
the air flow, and the flow state in the intake pipe is obtained.

For simulation analysis of the intake pipe, the control area of gas flow should be selected
first, and the circulation medium should be selected as well. Generally, the main gas flowing in
the intake pipe is the air, so various parameters of the air should be set during the simulation
(Xu et al., 2021; Yan et al., 2020). The internal model is set as k-ε (2 eqn), and the gravity
acceleration is 9.8m/s2 in the negative direction of Y axis. When idling, the negative pressure of
the single intake manifold is 64-71 kPa, then the negative pressure of the general intake manifold
is about 128-142 kPa under normal idle state of the engine. With a change of the pipe radius,
the vacuum degree in the intake pipe is also changing. Therefore, the value of vacuum degree
does not have a significance of full reference. In order to better study air flow characteristics, a
method of amplifying the negative pressure is used to more obviously reflect the flow state of
the air flow (Shi et al., 2020). When simulating the intake of the intake pipe, the vacuum degree
(i.e. boundary parameter) of the intake pipe is taken as 135 kPa. The air flowing in the intake
pipe is generally the air under normal pressure, and the temperature is set to 20◦C. Given the
value at 20◦C in Table 2, physical parameters of gas at 20◦C are assumed.

After setting various parameters in Fluent, the inlet speed and outlet pressure of the gas flow
in the intake pipe are selected to simulate the air convection speed under different vehicle speeds
and the air flow state under negative pressure in the intake pipe. The simulation interface and
working environment of the intake pipe are shown in Fig. 3.

4. Simulation analysis of the intake pipe

The rated speed of diesel four cylinder engine is maintained at about 2300 r/min. During the
calculation, the air density is set as 1.15 kg/m3, the inlet and outlet pressure are used as the inlet
and outlet boundary conditions, and the wall surface of the intake manifold adopts the non-slip
boundary conditions. Assuming that the gas flow in the intake system of the explosion-proof
diesel engine is a steady turbulent flow of an incompressible viscous fluid, the k-ε turbulence
model can be used as the flow model. The boundary conditions are shown in Table 3.

4.1. Velocity contour analysis

Based on the perfect creation of a three-dimensional model, accurate meshing of the fluid
control domain, accurate setting of the fluid domain boundary value and correct fluid physical
parameters, numerical simulation of the fluid control domain is carried out with the help of
Fluent module of Ansys software according to the calculation method given in Section 2 (Zhuang
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Table 2. Air physical property parameters

Tempe- Density Thermal Specific heat Thermal diffus. Viscosity Kinematic Planck
rature ρ conductivity capacity coefficient µ viscosity number
t [◦C] [kg/m3] λ [W/(m k)] cp [kJ/kg k] α [µm2/s] [µPa s] ν [µm2/s] Pr [–]

−50 1.584 204 1.013 12.7 14.6 9.23 0.728

−40 1.515 212 1.013 13.8 15.2 10.04 0.728

−30 1.453 220 1.013 14.9 15.7 10.80 0.723

−20 1.395 228 1.009 16.2 16.2 11.61 0.716

−10 1.342 236 1.009 17.4 16.7 12.43 0.712

0 1.293 244 1.005 18.8 17.2 13.28 0.707

10 1.247 251 1.005 20.0 17.6 14.16 0.705

20 1.205 259 1.005 21.4 18.1 15.06 0.703

30 1.165 267 1.005 22.9 18.6 16.00 0.701

40 1.128 276 1.005 24.3 19.1 16.96 0.699

50 1.093 283 1.005 25.7 19.6 17.95 0.698

60 1.060 290 1.005 27.2 20.1 18.97 0.696

70 1.029 296 1.009 28.6 20.6 20.02 0.694

80 1.000 305 1.009 30.2 21.1 21.09 0.692

90 0.972 313 1.009 31.9 21.5 22.10 0.690

100 0.946 321 1.009 33.6 21.9 23.13 0.688

120 0.898 334 1.009 36.8 22.8 25.45 0.686

140 0.854 349 1.013 40.3 23.7 27.80 0.684

160 0.815 364 1.017 43.9 24.5 30.09 0.682

180 0.779 378 1.022 47.5 25.3 32.49 0.681

200 0.746 393 1.026 51.4 26.0 34.85 0.680

Fig. 3. Intake pipe simulation workbench
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Table 3. Boundary conditions of parameters

Wall tem- Inlet Outlet Air Kinematic
Speed
[r/min]

perature pressure pressure density viscosity
[K] [kPa] [kPa] [kg/m3] [m2/s]

320 95 93 1.15 1.5 · 10−5 2300

Fig. 4. (a) Velocity cloud diagram of the intake pipe assembly, (b) local velocity cloud diagram of
the intake pipe

et al., 2020; Yin et al., 2020; Zheng et al., 2019). The velocity cloud diagram of the intake pipe
is shown in Fig. 4a.

By observing the velocity cloud diagram obtained from numerical simulation of the intake
pipe of the original engine, it can be seen that the maximum flow velocity 418.56m/s and
the minimum one is 0.01m/s. The air flow at the inlet and outlet is 2.47 kg/s and −2.47 kg/s,
respectively, which conforms to the law of mass conservation (Lin and Lv, 2019; Wang et al.,
2018). When the original engine intake pipe turns too sharp, it is easy to produce high-speed air
flow, which intensifies friction and heat generation on the inner wall of the intake pipe, resulting
in an intake loss. As shown in Fig. 4b, at the inlet of the engine intake pipe, the air flow velocity
in the pipe caused by a rapid contraction of the pipe wall is accelerated, which is easy to produce
intake turbulence, which is not conducive to improving the intake performance (Agureev et al.,
2020; Mazzaro et al., 2020).

4.2. Pressure cloud analysis

Under the cloud image option in Fluent of Ansys, the pressure cloud image of the intake air
flow in the engine intake pipe, as shown in Fig. 5 is found and analyzed.

Fig. 5. Pressure cloud of the intake pipe
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According to the observation in Fig. 5, the air flow pressure in the intake pipe changes with
the bending degree of the pipe. At the bend, the pressure gradually increases from inside to
outside, that is, the negative pressure gradually decreases. Compared with Fig. 4a, the position
with a small negative pressure is the position with a small air flow rate. Because the negative
pressure at the elbow changes greatly and the air flow state is complex, the greater the curvature
is, the more unfavorable it is to the rapid flow of gas (Adithya et al., 2020).

4.3. Turbulent flow energy analysis

Turbulent kinetic energy is a kind of flow potential energy generated by the swirling inertia
of the air flow in the intake process of the intake pipe (Sun et al., 2020). Turbulent kinetic
energy is divided into turbulent component kinetic energy and total turbulent kinetic energy.
The calculation formula for turbulent kinetic energy is usually

k =
3

2
(ul)2 (4.1)

where u is velocity, l – turbulence intensity.

In the engine combustion chamber, intake turbulence can increase the mixing degree of the
combustible mixture, but in the intake pipe, larger intake turbulence is more likely to cause intake
turbulence, which is not conducive to the rapid flow of the air in the intake pipe. Therefore, to
analyze the intake turbulence, the intake turbulence cloud diagram shown in Fig. 6 should by
analyzed.

Fig. 6. Cloud diagram of inlet turbulence

Through the analysis of the turbulence cloud diagram in Fig. 6, it can be found that posi-
tions 1 and 2 in Fig. 6 are prone to inlet turbulence affecting the air flow. Improving the above
components can enhance the intake response of the engine and is conducive to the rapid intake.

4.4. Analysis of a partial nephogram of the air inlet pipe

The local pressure cloud diagram at the inlet of the air filter housing of the engine intake
pipe is shown in Fig. 7. Due to the complex geometric situation at the inlet, the intake pressure
changes greatly due to the excessive bending angle, excessive fillet and lack of necessary air flow
guidance support. Close to the inner wall of the shell, the air directly flows into the plane, and
commutation is not timely. It is not conducive to the rapid air intake.
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Fig. 7. Partial pressure nephogram at the inlet of filter housing

5. Analysis and improvement of the intake pipe structure

5.1. Structural analysis of the intake pipe

In order to verify feasibility of the improvement measures and provide a basis for the im-
provement measures, the following simple local pipelines are simulated and analyzed:

(1) During numerical simulation and analysis of the simple local pipe of the engine intake
pipe, the air is set to enter the local pipe with the speed of 10m/s, which turns too fast
and gently, as shown in Fig. 8a and 8c, but the reversing angle is 90 degrees.

Fig. 8. Three dimensional modeling and velocity cloud chart comparison of simple local pipelines

It is found that when the inlet pipe turns too sharp, the velocity cloud diagram is as
shown in Fig. 8b. Due to its flow inertia, the turning speed becomes larger, which is easy
to produce a turbulent flow, and the flow velocity near the inner wall of the inlet pipe is easy
to become larger, which consumes a lot of intake energy and is not conducive to the intake.
On the contrary, when turning of the air inlet pipe is relatively gentle, the velocity cloud
diagram is as shown in Fig. 8d. The air velocity in the air inlet pipe is relatively uniform,
which reduces the flow resistance to a certain extent. Therefore, reducing the rotation
angle of the intake pipe is an effective method to improve the intake performance of the
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engine intake pipe. Therefore, according to space conditions in the engine compartment,
the intake pipe layout with a low curvature should be properly selected (Magdas et al.,
2019; Gobi et al., 2019).

(2) When the engine intake pipe lacks the necessary air flow guide pipe wall, it is easy to
increase the intake turbulence. It is not conducive to the rapid flow of the air in the intake
pipe. An appropriate application of the corresponding guide device can reduce or even
avoid the generation of turbulence that hinders the flow of the air in the intake pipe. The
air flow of 10m/s is introduced into the ordinary and improved pipes with diversion grooves
respectively, and their simulation analysis is carried out. As shown in Fig. 9, comparison
of the air flow in a section of the pipeline for the same parameters without and with the
guide groove is shown.

Fig. 9. Three dimensional modeling and comparison of the velocity contour in a simple local pipeline
diversion channel

Through the comparison of simulation, it can be seen that there is no pipeline velocity
cloud diagram with the guide groove, as shown in Fig. 9b. There is a certain obstruction
in the process of air inlet, and the uneven distribution of air inlet velocity is not conducive
to the rapid air inlet. The velocity cloud diagram in the pipe after setting the guide groove
at an angle of 30◦ to the axis direction is shown in Fig. 9d. In the process of air intake, the
intake vortex is formed due to action of the guide groove, which reduces the intake loss
caused by bending, reduces the back pressure on the inner wall due to the airflow inertia,
and makes the air flow in the intake pipe smoother. According to the local simulation
experiment, the air inlet performance of the intake pipe can be improved by setting the
guide groove at the appropriate position.

5.2. Improvement measures for the intake pipe

According to the results of simulation analysis, such as speed, air pressure, density and shock
cloud diagram, a specific improvement is achieved out under the condition of taking effective
measures:

(1) Guide and optimize the inlet of the engine intake pipe, as shown in a mark in Fig. 10,
introduce engine intake pipe inlet fillet guide improvement, modify the inner wall of the
inlet to a fillet with a radius of 100mm inclined to the direction of the narrow inlet, pass
it with a smooth curve, so as to help the vehicle obtain more air brought by the oncoming
wind during riding. At the same time, the air inlet obstruction caused by edges and corners
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is reduced. As shown in Figs. 9c,d, the narrow inlet of the engine intake pipe is set with a
radius of 60mm, and the fillet is optimized to increase the inlet area, increase the fluency
of the upwind intake and reduce the intake resistance.

Fig. 10. Improvement of the fillet guide of the air inlet in the air inlet pipe

(2) An appropriate vortex guide groove is applied at the sharp bend in the middle of the pipe,
as shown in Fig. 11, to help the air take the central axis of the pipe as the rotation center,
and rotation of the vortex to quickly pass through the curved pipe to reduce generation
of the turbulence is achieved.

Fig. 11. Improvement of the diversion groove in an excessively sharp bend of the air inlet pipe

(3) The improvement of the filter housing is shown in Fig. 12. The excessive fillet improvement
is cancelled at the inlet of the filter (C in Fig. 12) to provide necessary airflow guidance
support to help the airflow smoothly enter the air filter. Large arc fillets with a half
diameter of 150mm and 100mm are added on the air filter housing (A and B in Fig. 12)
to help the airflow change direction and achieve the purpose of rapid filtration. At the
same time, it ensures the maximum efficiency of inlet filtration.

Fig. 12. Filter housing fillet improvement

(4) A vortex guide groove is applied at the inlet of the pressure stabilizing chamber of the
intake pipe (as shown in Fig. 13), so that the intake air flow enters the large angle curved
pipe in front of the pressure stabilizing chamber in the form of a vortex under the action
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of the guide groove, so as to improve the flow rate of the intake air into the pressure
stabilizing chamber, and then increase the flow rate of the air into the intake manifold, so
that the air is quickly sucked into the cylinder from each intake manifold.

Fig. 13. Improvement of the guide groove at the inlet of the pressure stabilizing chamber

According to the above improvement measures, a three-dimensional model of the fluid
control domain of the intake air flow of the intake pipe after the improvement of the
automobile engine is established, as shown in Fig. 14.

Fig. 14. Modeling of the fluid control domain of the optimized intake pipe

6. Comparison of improvement results of the intake pipe

The optimized three-dimensional model of the fluid control domain of the intake pipe has been
imported into the Fluent module of Ansys for simulation analysis, and the results were compared
with the simulation data before the improvement:

(1) The intake air flow line diagram from numerical simulation before and after improvement
is shown in Fig. 15a and 15b, respectively.
Through comparison, it can be seen that the fluctuation of the air flow diagram in the
gas pipe before improvement is small in the early stage, but with increasing duration of
the simulation process, the fluctuation begins to stabilize in a large range and continues
to decline, and the comprehensive flow rate significantly decreases. The optimized intake
pipe performs better in the intake response. Although the fluctuation in the early stage is
large, it is more stable in the later stage, and the comprehensive flow rate is less than that
before the improvement. The intake performance of the optimized intake pipe is improved,
which is conducive to the continuous operation of the engine and ensures continuous and
reliable intake of the engine.
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Fig. 15. Air flow line diagram of the air inlet pipe before and after improvement

Fig. 16. Cloud chart of air velocity before and after improvement

(2) Before and after the improvement, the numerical simulation intake air velocity contour is
shown in Fig. 16a and 16b, respectively.
The comparison shows that the optimized intake pipe has a better intake efficiency at the
inlet of the intake pipe. The maximum speed in the intake pipe is 524.57m/s and the
minimum speed is 0.02m/s. The air flow at the air inlet and outlet of the intake pipe is
2.80 kg/s and −2.80 kg/s, respectively, which conforms to the law of mass conservation.
The maximum and low speeds are increased by 106m/s and 0.01ṁ/s, respectively. The air
intake per unit time is increased by 0.4 kg/s compared with that before the improvement.
In particular, the left side can collect the air more effectively to enter the narrow inlet
of the intake pipe, which can effectively improve the cross-sectional average air velocity
in the intake pipe. The vortex guide groove set at the sharp turn in the intake pipe can
effectively apply the air flow in the intake pipe through the bend in the form of vortex,
improve the intake condition at the bend of the intake pipe, reduce the vacuum caused by
poor intake, and improve the intake response in a short time.

(3) The local velocity contour of the intake air flow in the air cleaner housing from numerical
simulation before and after the improvement is shown in Fig. 17a and 17b, respectively
Through comparison, the vacuum degree in the optimized air filter housing is significantly
reduced and the air inlet is smoother, which is conducive to improving the filtering effi-
ciency of the air filter to a greater extent and reducing the air inlet resistance caused by
the edges and corners of the housing. The optimized speed of air inflow, air filtration and
air outflow in the shell is significantly accelerated, which improves the intake response of
the engine intake pipe. It is conducive to improvement of the overall intake efficiency of
the intake pipe, and then improvement of the performance of the engine.
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Fig. 17. Cloud chart of air flow velocity in optimized front and rear filter housings

7. Conclusion

In this paper, a three-dimensional model of an intake pipe is established by SolidWorks three-
-dimensional modeling software. The Fluent module of Ansys is used to simulate and analyze
the air flow state of the engine intake pipe, and deficiencies in the design of the existing engine
intake pipe are found out, including too large angle of the pipe, lack of necessary support or
excessive fillet. The fillet improvement shall be cancelled or reduced, and the position of the air
inlet shall be surrounded by the inner wall of the pipe as far as possible to increase the pressure
effect of the facing air flow. The innovation puts forward the improvement measure of setting a
guide groove at the position with too large angle to help the intake air flow pass through the
intake pipe bend quickly and evenly, and establishes a three-dimensional model of the improved
intake pipe fluid control domain. Through simulation and comparative analysis, the optimized
engine intake pipe has a good intake response, which is more conducive to the engine to inhale
more air in a short time. The maximum and low speeds in the intake pipe are increased by
106m/s and 0.01m/s, respectively, and the air intake per unit time is increased by 0.4 kg/s.
The cross-sectional velocity distribution perpendicular to the pipe wall is more uniform, which
improves the intake efficiency of the intake pipe.
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