Flow studies on increasing the efficiency of the inlet manifold
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Abstract. The current study focuses on improving the flow of air through the inlet manifold.
With using CFD software, the phenomena occurring within the pipeline are studied.
Modification of the intake results in an increase in the air mass flow, and thus in the increase of
the engine performance. The air flow rate allowed at the boundary layer between the duct and
the air tends to be zero. The high-rugged surface increases the flow velocity in the center of the
tube. In this paper, the effect of a rough surface created by dimples in the intake pipe is studied.
By applying small dimples to the surface of the piping, the velocity distribution becomes more
uniform within the tube. Dimples cause lowering pressure at the start, thus increasing the air
flow rate. The limit layer that has low flow rates relative to the speed at the center of the tube
becomes thinner. By applying this method, the air flow rate in the intake manifold can be
improved.

1. Introduction

In the automobile industry continuous research on the flows around bluff bodies and “immersed bodies.
With a better understanding of the fluid dynamics can lead to an improvement in the design. Examining
solutions from the past can provide new ideas, like the solution used in case of a golf ball where a small
change in the surface geometry results in a significant change in drag. The dimples lead to a turbulent
flow which is similar to adding roughness to the surface. Studying dimples may help to improve the air
intake system on the internal combustion engine.

1. Inlet manifold
In the following paragraph short description of the flow in the intake manifold is presented, it is one of
the central parts of the engine. The role of the intake manifold is to provide a uniformly distributed air
flow to the cylinders,rational design can reduce the inlet pressure losses also increasing the air volume
introduced in engine. Increasing the inlet manifold efficiency is a major challenge to increase the engine
overall efficiency, in this way the emissions can be reduced. VVolumetric efficiency of the engine is a
measure of the effectiveness of the air intake system composed by intake manifold, intake port and
cylinder [1]. This means that the velocity of air in the inlet manifold is increasing more air the intake
system can deliver to the engine. This will increase the volumetric efficiency, this effect can increase
the torque and the power of the engine [2]. Many studies are related to the shape and length of the inlet
manifold [3]. On the effect of the boundary layer which is being generated by air flow through the inlet
manifold there are only a few studies [4]. Computational Fluid Dynamics (CFD) is a helpful tool for
predicting the flow characteristics in the inlet manifold.

Using dimples on the surface: Adding dimples to a surface is similar to adding roughness to the
surface, the effect of the boundary layer has to be similar to the flow over a rough surface. On the



boundary layer in dimples are vortexes created like in Figure 1. Flow over the dimpled surface can
generate stable vortexes.

Figure 1. Mechanism of swirl motion in a dimple [5].
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Figure 2. Effectiveness of different skin roughness technics [5].

The red line represents linear dependencies between heat transfer and pressure drop properties of
surface roughness achieved with different techniques. Figure 2 shows that VHTE (vortex heat transfer
enhancement) provide the best heat transfer with the least pressure drop then every other technique.
Simulating the flow over golf ball shows that dimples create vortexes on the surface, these vortexes are
increasing the momentum near the wall and serve to reattach the flow after the dimple[6]. Simulations
prove that flow over a dimpled flat surface achieve higher velocity due to the fact they are creating a
favorable pressure gradient [7]. This publication is focusing on using dimple technology in inlet
manifold for achieving higher volumetric efficiency.

2. Simulation data

Figure 3. AVL Boost engine model for input data.
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Figure 4. Results in inlet manifold measuring

point at 2000 rpm.
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Figure 5. Results in inlet manifold measuring
point at 6000 rpm.

Correct input data for CFD simulation is one of the most important requirement to have valuable results,
just like seen in otherresearchers [10]. For having input data for simulation of inlet manifold pipes a one
cylinder engine model (Figure 3) is used, the simulations are performed in AVL Boost. The load of the
engine is controlled by the ECU via R3 flow restriction on the inlet system. Two different cases is taken
into consideration one on 2000 rpm and one on 6000 rpm. The engine parameters are shown in Table 1
as input data for CFD simulation the air velocity and temperature in MP8 measuring point are taken in

count.

Table 1. Simulated engine characteristics.

Bore

Stroke

Nr. of cylinders
Injection type
Control

Data Unit
86 [mm]
86 [mm]
4 [-]
Indirect

Intake flap

3. Simulation scheme

For accurate results the inlet will be in plenum before the pipe system to cover the turbulence generation
then the flow is introduced in the smooth surface pipe, the entry pipe length is for developing the flow
to have a fully developed velocity profile that is not changing with the length of the pipe. For the
calculation of the entry pipe length Reynolds number is taken into the consideration and the equation
Error! Reference source not found.) is used, where |, is the entry length, D is the diameter of the pipe
and Re is the Reynolds number. The equation Error! Reference source not found.) is only available

for turbulent flow:
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Since velocities higher than 120m/s were used, the Reynolds number is over 4000 so the flow is
turbulent[8].

After the entry pipe a 200 mm length dimpled pipe with the same diameter is used. Before the outlet
boundary condition another smooth surface pipe with the same length as the first one is used to getting
a fully developed flow at the outlet. The simulated system scheme is in Figure 6.
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Figure 6. The analyzed pipe system scheme.

Dimples analysis: in this section different forms of dimples are studied. The flow over dimples is
governed by the vortexes created in dimples. As the pressure is minimum in the center of the vortex [9]
this phenomenon creates a reattaching flow after the dimple. Either laminar or turbulent flow they are
affected by boundary layers. The shear stress created by the boundary layer has a different magnitude
for laminar and turbulent flows. Due the upward eddy motion of the fluid particles has a negative effect
on the velocity of the flow, this momentum transfer from the lower part of the flow to the upper part
reduces the velocity of the lower part. The force is acting on the particle that is moving through
differential area dAError! Reference source not found.it depends on the horizontal (u’),vertical(v’)
velocity and also on density(r). Creating vortexes with dimples with reduces the vertical velocity of the
particle, thereby the negative effect of this phenomenon on the velocity is decreased.

In this section five different shapes for dimples will be studied. For having accurate results for
different dimples forms only one dimple is simulated with a simulation scheme in Figure 7. The best
shape of the dimple is chosen the pressure distribution in the upstream of the dimple and also the flow
reattaching length. Having lower pressure inside the vortexes created by dimples and smaller reattaching
length makes the dimple shape more effective.
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Figure 7. Studied dimples shapes.

Based on the results shape nrl which is a half globe creates the smallest flow reattaching length and
creates the highest vortex, therefore it was considered for further investigations/simulations. The inlet
was populated with shape 1 dimples so that the air flow can be analyzed.

4. Simulation with shape nr. 1
Shape nr. 1 has the smallest reattaching length and maximal kinetic energy. Shape nr. 1 is a half globe
which is a perfect shape for creating vortexes.
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Figure 8. Air velocity with nr. 1 shape [m/s].
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Figure 9. Turbulence velocity [m/s].

5. Conclusions

Figure 8 represents the air flow velocity on a dimpled intake tube with the length of 200 mm, after the
flow is entering in the dimpled is shaped into a straight vane having a stable high-speed flow in the
middle of the tube. The flow in the center of the tube has a 39.5% higher speed than at the inlet speed.
The stabilization effect of the dimples creates a constant turbulence velocity (Figure 9) in the dimpled
section. The density of the dimples and placement will be further analyzed including the simulations for
bent intake pipes.
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