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Abstract

External aerodynamic analysis is considerable waew solid body obstructs the flow, like on roadigieh Generally flow
is parallel to the vehicle direction and in oppesibut in some cases like on high way where, wsridldwing from sides
also. It is more interesting if the vehicles aredaking each other, because considerable transiendition is occurring.
For overtaking vehicles transient condition is iitalkle which has considerable effects on resulismirical flow around
the passenger car, a bluff body, is the subjegre$sent work in both, steady state as well as teartcondition. Cross wind
situation will arise transient condition on high y&frequently which can affect the directional dtgbof the vehicle. Here
2D cross flow and axial flow steady as well as siant cross flow with dynamic mesh CFD simulat®icampleted using
commercial package. Generally numerical analysiedgts values near to experimental value, whidn ierms of time and

cost saving.
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Introduction

Vehicle stability and fuel economy are major parters for
good auto-mobile design. During axial flow vehidgbility
will not be issue, because the stagnation poirtheilnear to the
middle of front part. Vehicle is more stable if theometric
centre, centre of gravity and stagnation point &hdue fall in
line, and also GC (geometric centre), CG (centreyraivity),
and moment centre should be as nearer as pdssibleile
vehicles are overtaking due to un-steady condifioessure
distribution will be different compare to steadyatst This
situation can be worst if vehicle is emerged inssravind,
because in cross wind stagnation point will shofvards from
where the flow is coming. That can be revealingrfrcontours.
In present work drag, side force and moment foeflicient
for 2D case are measured, and compare between dhicles.
Significant changes can be observed from the pias y/L=

(”x

Figure 1*
Shape optimization

Experimental and CFD study of Gillieron and Nogeithw
different range of relative velocity, different &stream velocity
and scaled Ahmed model came to conclusion that feice is

-0.5 to y/L= +0.5. It reveals that there are a considerab$®-120% higher in un-steady case than predictesieiady state

changes happening at the interaction of two vesicle

The idea of vehicle aerodynamic is borrowed fronp stnd air
craft design. The difference between aircraft desigd vehicle
aerodynamic is unsuitability of lift force and balamy layer
separation present in vehicles. In vehicle dedigm; separation
can be seen at the rear end whereas it will betetthin aircraft
design.

CFD analysis of Okumura and Kuriyama concluded tht

dynamic effects are important and yawing momeni (9%
higher than steady state results at ratio Vr / VE2.0
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condition. Results of Noger et al depicts that dgnamic
forces on overtaking and overtaken vehicles areocisi
dependent when the ratio Vr / V is greater thar.0.2

It is broadly accepted that cross wind effect calveasely
influence vehicle handling and stability. Stagnatfwressure is
around 21% exceeds then steady state condition adigat

overtaking the flow separation re-establishmentaiso not
present for transient case, like in steady staéhidle attributes
Il also affect the constant values as well asvfieeparatioh

so these results may vary due to geometry chardjfferent

velocity ranges and angle at which flow is comihigre little

wok is presented to understand the flow phenomearonnd

overtaking vehicles for particular parameters.
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a) and b) Dimensions of model 1 and 2 respectivel{c)
lateral and longitudinal spacing (All dimensions ae in mm)

Non-Dimensional Co-Efficient: Non-dimensional co-efficient compare to k-

are find out from standard equations (1)-(4) exgeddelow
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Methodology

Computational Mesh: Computational domain size was set as
2L each side of vehicle and 3L for upper and dodsiThis
domain is hired, that is used by Okumura and KumigaMesh
was generated with commercial package ANSYS ICEMDCF
To predict the flow near wall spacing was 0.3 anthrggement
ratio kept as 1.1. Number of mesh element is endagéolve
the case with this set up. Also one case was witddfine mesh
with different set up; there is not much signifitalifference.
Increasing the mesh size will improve the accuuy also cost
of simulation. With optimum size also can get thsults with
not much significant results, which will also dezse the cost as
well.

Dynamic Mesh: Mesh is controlled by three methods: i.
Smoothing, ii. Layering, iii. Remeshing. Considerithe first
cell height and largest, control parameters cansadjhich will
governs the merging of nodes and remeshing. Twestyqf
smoothing are available spring smoothing and laplac
smoothing mainly use for tetra/tria while layerifngquently use
for hexa/quad if boundary motion is only presengpecial
features are applicable according to 2d dt 3d

Boundary Condition: Boundary conditions are specified
properly in FLUENT to capture the real condition ftdw. In
general for axial flow external aerodynamic casay mlet and
outlet conditions are predominant while side walls defining
as 'wall' only but in cross flow it is mandatory keep side as
inlet and outlet also, velocity is mentioned in nter of
components, such a way that resultant will be & t20the
vehicle with respect to lateral direction. Freemtnevelocity is,
V=27 m/s, cross-wind velocity isgy= 9.8 m/s. Based on these,
resultant Ve can find out which is used for calculation of co-
efficient. For transient condition inevitable feau are
algorithm, based on selection of it, control parsmetime
stepping method, time step and numbers of it.

Turbulence Modelling: One equation Spalarat-Allmaras model
is used. It is effectively a low-Reynolds-number dab
requiring the viscous influenced region of the baany layer to
be properly resolved. Near wall the gradient ofnsmorted
variable i.e. kinematic viscosity in the model isugh less
or k- models, so it is less sensitive to
numerical error when non-layered meshes are usadweS.
Further only one equation is to be solved so coatmit time
and cost is less. But model is often criticized thugir inability
to rapidly accommodate changes in length scale.hdit
clearly defined geometric-separation point, problean be
more complicated. The point of separation is sttpdgpendent
on the flow structures and turbulence productiorthiwi the
buffer region of the boundary layer therefore detiaibulence
modeling is required to predict separation as \asllvertices
formation in wake region which is predominant foagl. These
vertices are the energy consumer, taking the enteogy main
flow and forming large eddies gathering small eddighich is
in result weaken the flow.
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Solution Procedure: Equations which are governing the flowschemes are designed to numerically simulate mageply the

are

Continuity Equation®

Momentum Equations

rD—u:-'”—p+1””+ﬂl‘yx+ﬂt”+rfX
Dt Tx Tx Ty 1z

rﬂ:-ﬂ—p+ﬂt”+ﬂt”+wzy+rf
Dt fy  fix fy 1z Y
rM m+‘“l‘“+ﬂ[zy+ﬂ[u+rf8
Dt fz  Tx Ty 1z z

Standard solution procedure is followed.
equation pressure term solves by different metltsgsends on
the type of solution, e.g. for steady state SIMPhfessure-
velocity coupling scheme can use while for simpinsient
SIMPLEC can use. PISO can maintain a stable caloolavith
a larger time step and an under-relaxation factdr.® for both
momentum and pressure. It is preferable to use lEdigtcheme
for poor mesh and large time step. Different diszation
schemes are also available, for few iterations guiitable to run
the case in first order upwind scheme, after tkabed order is
preferable, to control numerical diffusion, becaimsérst order,
diffusion will be more which lead to unstable s@uat Upwind

ylL=-15
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direction of propagation of information in a floveld along the
characteristic curve. As a result if upwinding stieeis used in
proper manner calculation of sharp discontinuitas possible
with no oscillation. Flow type is considered as isoid,

incompressible flow which is governed by ellipticphrtial

differential equation, and also relaxation techeguessential
for iterative procedure are classic numerical meéthto solve
elliptical problem& The structural analysis of the over taking
vehicles can be carried out numerically similar toe
literature$'®. A number of researches using commercial CFD
tool for automotive applications are cited in therhtures'°

Results and Discussion

Cross-Wind Flow: Steady state, pressure variation along the
From moimenodel in a 20 crosses wind. Lateral Spacing Latspacing

x/W = 0.5, V=27 m/s, ¥, = 9.8 m/s, R No = 1e6. V=
28.7235 m/s. Left-hand model is overtaken and +igintd
model is overtaking (figure-3).

From the contours it reveals that before overtakimg(figure a)
vehicle_2 has pressure developed at left-side,t deap on
moving stagnation pressure is reducing upto certaitent
(figure b and c) due to the inluence of wake regibrehicle_1,
and from fig ‘d’ to ‘g’ pressure of vechicle_2 é®ntinuously
increasing, and after figure ‘g’ it will start tdabilize towards
the normal pressure.

ylL=-0.5

Figure 3
Absolute pressure contours of 20° degree cross flosondition
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Flow Separation, Suppression and Re-Establishmentit when vehicle_2 is about to reach to vehicle_1,ate.y= -0.5
seems from the plot, flow separation suppressiod a& the suppression started and where both model warellgl
establishment is happening at particular positioa, while reveals that flow is totally suppressed, and agdiar y= 0
overtaking the effect is present of relative velpdioth model, separation re-establishment started.

U
Figure 4
Pathlines for 20° degree cross flow condition

yIL=+1.5

Figure 5
a) Flow separation, b) suppression and c) re-estashment
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Axial Flow Results: Pressure ContoursSteady state solution, Figures depicted that directional stability is megue for axial
for axial (0 cross wind) flow, Lateral Spacing/W = 0.5, flow around the vehicles because there is no afif)@arameter

V=27 m/s, R No = 1e6.

like yawing moment that creates the direction ibdits also no
flow separation, suppression and re-establishmesiemt. From

Pressure contours presented over here clearlyatedichat in the pressure and streamline contours it revealsthieae is no

axial flow there will not be significant deviatidn stagnation effects of wake region of vehicle_1 on vehicle_2.

pressure. Regarding the position of the vehiclesetiwill not

much effects of vehicle_1 on vehicle_2 or vice gefSinally in Absolute Pressure Contours¥Variation in pressure distribution
axial flow either only one vehicle motion or ovéitey motion, exists along the length scale which is clearly ¢ating the

it will not affects more compare to cross flow, aaldo this difference between steady state and transient tondFig a. to

effect depends on the lateral spacing.
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yiL = +0.5

0. flow is strengthened at the wake region of tlewimg vehicle
which is not captured in steady state. From dynapnéssure
contours it reveals.

Figure 6
Absolute pressure contours of axial flow
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Figure 7
Pathines of axial flow

y/lL=-1.5 y/lL=-1 ylL =-0.5
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Figure 8
Absolute pressure contours of transient 20° cros$ofv condition with dynamic mesh
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ylL=-1.5 ylL=-1 ylL=-0.5 ylL=0
y/lL = +0.5 ylL=+1 ylL=+1.5
Figure 9
Dynamic pressure variation along length
ylL=-1.5 ylL=-1 ylL=-0.5 yiL=0
ylL =+0.5 ylL=+1 ylL=+1.5
Figure 10

Pathline of transient case with dynamic mesh
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ylL =+0.5 ylL=+1 ylL=+1.5
a) b) c)
Figure 11

Flow separation, suppression but no re-establishmén

Apart from monotonous increment in pressure, fl@pagation
re-establishment is absent in transient case winiiig 6 it is re-

established in steady state which clearly revéasanly steady
state solution is not enough for overtaking typeafblems. At
wake region pressure also high pressure is buildinglue to
the main flow energy source which also contributingthe

evaluation of constant values. Other parametersildhalso

consider which will contribute for fluctuating tiséde force and
yawing moment.

Conclusion

Transient condition is inevitable for cross flow ndition.

Stagnation pressure is high at windward side coenpasteady
case, sO more prone to yawing moment and side fatgeh

leads to instability of the vehicles. Path line twams depict that
there is no flow re-establishment at particulartilike in steady
state condition which is depicted in Fig 6. Whilkesiyning the
vehicle according aerodynamic way, following parseme must
be considered in terms of controlling the yawirigesorce for
critical condition like cross wind.

Tapered front section will slightly decrease theviysy moment
and side force effects on overtaking vehicle. No&atk exhibits
highest yawing moment and square back will lowesitlev
reverse for side force. Rounding of the edges aftfiend and
hood and hood sides increase the yawing momenteal$ to
lower pressure on leeward side of front end. Iregem side
projection area will leads to decrease in sidedaat rear end
but will increase in yawing moment due to incremientength.

Low placed cowl with less extent and greater wihilsl angle

reduce the front side force and yawing moment.

Regarding the present work one can simulate actraition of
highways
modification as explained earlier either the pheapnan
frequently happening like car is overtaking thekretc.
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like more than two vehicles with dimension -

Symbols and Notations:Cy = Drag-force co-efficient, (Xs) =
Static pressure co-efficient, s € Side force co-efficient, (=
yawing moment co-efficient, D = Drag force (N), MYawing
moment (Nm), P, = Static pressure (N P = free stream
static pressure (N/fy Re= Reynolds number, SF= Side force,
CFD = Computational Fluid Dynamics, V = velocity of
overtaken vehicle (vehicle_2) (m/s),.¥ Resultant velocity
(m/s), Vw= Cross wind velocity (m/s), \&= relative velocity
between two vehicles (m/s), W= Width of overtakerhicle
(m), L= Length of overtaken vehicle (m)x= Lateral spacing
between two vehicles (m), y= Longitudinal spacing between
two vehicles (m), = Density of air (kg/M)
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