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The article presents CFD (Computational Fluid Dynamics) analysis
of the Ferrari 348 sports car intake system for three variants of air
intake speed to the system. The article contains an analysis of the
distribution of velocities and static pressures. In addition, local ve-
locity and flow in the filtration chamber were investigated. The influ-
ence of air velocity at inlet to the intake system on the above-
mentioned parameters was determined. The analysis is a prelude to
the study of wave phenomena occurring in the intake system, affect-
ing the fill factor of the cylinders. Ansys Fluent software was used
for analysis.

Stowa kluczowe: intake system, CFD analysis, internal combustion engine,
modeling, flow, wave phenomena, Ansys.
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Modern spark-ignition engines must be characterized by large
volumetric power indicators, which makes it possible to obtain a
small mass of engine. This effect is possible by increasing the rota-
tional speed and the cylinder filling ratio [5].

In terms of improvement of the fill factor, the following develop-
ment tendencies are observed: optimization of intake systems
(along with increasing the number of valves) and the use of con-
trolled dynamic and compressor recharging (mainly turbo-
recharging). The increase of the fill factor of cylinders with a fresh
load requires a detailed knowledge and mapping of phenomena
occurring in its intake system, including the process of filling the
cylinder with the charge taking into account the fluid behavior during
its movement in the above system and laws governing this process
[8].

During engine operation, in the intake system there are also
wave phenomena, which can be analyzed under certain assump-
tions and based on the theory of acoustic waves in the scope of
their use for improving the cylinder filling ratio [18].

The fill factor is more efficiently influenced by the parameters of
the intake system than by the exhaust system, which results in the
characteristics of the torque and the useful power of the engine. The
pressure at the end of the filling process is decisive. Using the
dependence of the pressure of the end of the filling process on the
charge flow rate in the downstream system, the system parameters
can be selected so that the wave phenomena and inertia of the air
flowing through the pipes and intake ducts lead to an increase in the
pressure of the filling end [18].

The wave effect is associated with constantly occurring pres-
sure disturbances forming a wave standing in the intake duct. These
disturbances result from cyclic engine operation due to filling. When
the amplitude of the initial pulse is high and the attenuation of the
wave is small, then the standing wave influences the pressure
during the flow through the open valve, and thus the filling of the
cylinder, i.e. traveling the first pulse reflected from the open end of
the conduit to the outlet, where the pulse changes pressure and
thus affects the degree of filling of the cylinder [9].

The article presents CFD (Computational Fluid Dynamics) anal-
ysis of the Ferrari 348 GTC car's bottom system. Thanks to the

discretization and numerical solution of partial differential equations
describing the flow, it is possible to determine the distribution of
velocity, pressure, temperature and other parameters in the fluid
flow. Modern CFD pro-grams enable solving flows including viscosi-
ty and compressibility issues, multiphase flows, flows in which
chemical reactions or combustion processes take place, flow
through porous structures and flows in which the fluid is Newtonian
or non-Newtonian liquid. It is possible to simulate the interaction
between liquid and solid [13, 14].

The analysis of the influence of flow parameters such as veloci-
ty and pressure distribution is aimed at introducing further analysis
of the intake system in terms of wave phenomena.

1.Model of the intake system

In order to simulate the flow of fluid in the intake manifold, the
necessary parameters were calculated, assuming that the intake
system was running for the travel of the vehicle at the maximum
speed.

First, the speed of the fluid flow in the intake system was deter-
mined. The following parameters and operating conditions of the
engine were adopted [1, 10-11]:

— engine speed n = 8000 rpm,

— engine displacement Vss = 3.4 dm?,

— power P =281 kW (382 KM),

— volumetric efficiency nv= 0.9,

— diameter of the flow cross-section d = 0.06 m,

and the function of the intensity of the air flowing through the intake
system is expressed as:
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where: Q [m?/s] — engine air demand,
v [m/s] — air flow speed.

Model representation of the intake system of the Ferrari 348
GTC engine

Result (Fig. 1) and its analysis was carried out in the Ansys Flu-
ent program, for which the process of model discretization was done
(Fig. 2) and a wall effect was defined using the program functions of
the above simulation tool.

The following global grid settings were used in the analyzes:
adaptive with a growth rate of 1.2, inflation options, smooth transi-
tion, type of elements (Tetra).
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Intake manifold
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Fig. 1. View of the model of the intake system of the Ferrari 348
GTC sports car
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Fig. 2. Discrete model of the intake system of a Ferrari 348 GTC

Temperature and viscosity of air flowing in the tested intake
manifold for atmospheric conditions were determined:
— airdensity p =1.2 kg/m3,
— kinematic viscosity v =35¢10-6 m%s,
— dynamic viscosity p = 42¢10-6 kg/(mes),

2.Simulation of air flow in the engine's intake system
2.1.Determining the boundary condlitions

Three cases of air velocity at the beginning of the Vp system
were considered:
1. vp=0m/s,
2. vp=236m/s,
3. vp=9%m/s.

Considering the calculated demand of the air motor, the final air
velocity in the intake system was defined as: v = 36.09 m/s. The
intensity of turbulence was based on [2] as equal: 10%. The model
was selected to simulate the flow k-omega SST, because the k-
epsilon model is not able to capture appropriate behaviors turbulent
in the boundary layer until fluid detachment [16].

The air temperature at the inlet to the intake system was as-
sumed to be equal to T1 = 293 K, whereas the pressure in the
intake system as (0.85-1.05 kPa).

The velocity distribution in the filtering chamber without filter
was determined due to the lack of data on the filtering material
(inertial resistance [m'"] and viscous resistance [m2]). These are
values determined experimentally.
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2.2.Results simulation of processes occurring in the intake manifold
During the simulation, the total velocity distribution (Fig. 3) and
the static pressure distribution were examined (Fig.4).

348e+01
3206401
283e+01
287e+01
240e+01
213401
187e+01
1.60e+01
1.33e+01
107e+01
8.00e+00
534400
268e+00
123002

245e+01
2.25e+01
2.04e+01
1.84e+01
1.63e+01
1.43e+01
1.22e+01
| 1.02e+01
8.17e+00
6.12e+00
4.08e+00
2.04e+00
] 0.00e+00

7.29e+01
6.68e+01
5.07e+01
5.46e+01
4.86e+01
4.25e+01
364e+01
3.04e+01
243e+01
1.82e+01
1.21e+01
6.07e+00
0.00e+00

fmis]

Fig. 3. Distribution of total velocity values a) vp=0 m/s; b) vp= 36
m/s; ¢) vp= 94 m/s
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Speeds and turns as well as directions of velocity vectors over
the entire chamber area and current lines between the influence
and outflow of fluid in the filtration chamber were determined
(Fig. 5, 6).
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Fig. 4. Static pressure distribution a) vp=0 m/s; b) vp= 36 m/s;
C) vp=94 m/s

SUANANT .
Fig. 5. Presentation of velocity and directions and returns of velocity
Based on the analysis of Figs. 3 and 4, it can be stated that at ~ medium in the filter chamber a) vp=0 m/s; b) vp= 36 mis;
0 m/s air inflow, dynamic engine charge can be observed. In the  C) Vo= 94 m/s
case of speeds v, = 36 and 94 m/s, the share of this phenomenon in
the process of filling cylinders is smaller or harmful.
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a)

Fig. 6. Current lines between the inflow and outflow of medium in
the filter chamber a) vp=0 m/s; b) vp= 36 m/s; c) vp= 94 m/s

Analyzing Figs. 5 and 6, it can be concluded that the worst case
is the inflow velocity vp = 36 m/s, because the fluid turbulence that
occurs at that time reduces the volumetric efficiency.

Summary

The analysis of simulation data presented in the article showed
that the air velocity at the inlet to the engine's inlet system has a
significant impact on the total distribution of air velocity in the sys-
tem, static pressure and turbulence. The velocity vectors and flow
directions graphically represent the places where the air has the
highest flow velocity values. The obtained test results also indicate
unevenness of the air flow. In the case when the air velocity at the
inlet is 0 m/s, the distribution of the total velocities and static pres-
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sures is without significant turbulence or turbulence. As in the case
of study no. 2, for vp = 36 m/s. This is caused by the demand of the
engine in the air and by the capacity of the inlet system. Consider
the increasing pressure at the inlet and the filter chamber when
considering the third case.

In the CFD calculation methods, the interpretation of results is
an important aspect. These methods give results that in many cases
are demonstrative and not always consistent with the physical char-
acteristics of the phenomenon. They can be used as preliminary
tests for real-world tests, initial selection of structural parameters
and designing changes. By extending knowledge in the field of
frequency analysis of pulsation of pressure with the influence of
work, design and thermodynamic parameters on the spectrum of the
signal, a tool can be created for effective and quick assessment of
changes in the system.

List of markings

Anin [mm2] — minimum surface

d [m] — diameter of the flow cross-section

n [rpm] - engine speed

P [kW] - engine power

Q [m?3/s] - engine air demand

T1 [K] - air temperature at the inlet to the intake system
v [m/s] - air flow speed

vp — air speed at the beginning of the intake system
Vss [dm3] - engine displacement

d [mm] - the length of the element parameter

v — volumetric efficiency

p [kg/(mes)] — dynamic viscosity

v[m¥s] - kinematic viscosity

p [kg/m3] - air density
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Wplyw predkosci powietrza na wlocie do uktadu dolotowego
na parametry przeptywu

W artykule przedstawiono analize CFD (obliczeniowej dynamiki
ptynéw) uktadu dolotowego samochodéw sportowych Ferrari 348
dla trzech wariantdw predko$ci wlotu powietrza do uktadu. Artykut
zawiera analiz¢ rozktadu predkosci i naciskéw statycznych. Ponadto
zbadano lokalng predko$¢ i przeptyw w komorze filtracyjnej. Okre-
$lono wptyw predkosci powietrza na wlocie do ukfadu dolotowego
na wyzej wymienione parametry. Analiza jest wstepem do badania
zjawisk falowych zachodzacych w uktadzie dolotowym, wptywaja-
cych na wspotczynnik wypetnienia cylindréw. Do analizy uzyto
oprogramowania Ansys Fluent.

Stowa kluczowe: uktad dolotowy, analiza CFD, silnik spalinowy, modelo-
wanie, przeptyw, zjawiska falowe, Ansys

Authors:

dr inz. Monika Andrych-Zalewska- Wroctaw University of Science
and Technology, Faculty of Mechanical Engineering, Division
of Automotive Engineering,

Braci Gierymskich 164 street, 51-505 Wroclaw

e-mail: monika.andrych@pwr.edu.pl

phone: +48 713477918

dr inz. Wojciech Ambroszko- Wroctaw University of Science and
Technology, Faculty of Mechanical Engineering, Division of Automo-
tive Engineering, Braci Gierymskich 164 street, 51-505 Wroclaw
e-mail: wojciech.ambroszko@pwr.edu.pl

inz. tukasz Wielki- Wroctaw University of Science and Technology,
Faculty of Mechanical Engineering,

e-mail: lukaszwielki@gmail.com

inz. Krzysztof Ziora- Wroctaw University of Science and Technolo-
gy, Faculty of Mechanical Engineering,

e-mail: k01zorbo@gmail.com

AUTOBUSY12/2019 87


mailto:monika.andrych@pwr.edu.pl
mailto:wojciech.ambroszko@pwr.edu.pl
mailto:k01zorbo@gmail.com

