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Abstra
t

This Report aim to des
ribe the turbulent �ow �eld through a Nozzle

over an simple Convex Surfa
e geometry by using the Gmsh and OPEN-

Foam Softwares.It also demostrate the Coanda E�e
t by 
omparing the

�ow �eld over Convex Surfa
e to the �ow �eld over Blunt Surfa
e Geome-

try.The Coanda e�e
t is the phenomena in whi
h a jet �ow atta
hes itself

to a nearby surfa
e and remains atta
hed even when the surfa
e 
urves

away from the initial jet dire
tion. In free surroundings, a jet of �uid

entrains and mixes with its surroundings as it �ows away from a Nozzle.
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1. Introdu
tion

OpenFOAM (Open Sour
e Field Operation and Manipulation) it's an Open

Sour
e Software proje
t 
laim to be one of the best CFD tools 
urrently avail-

able, the 
onstant development and its highly te
hni
al stru
ture, the �ne im-

plementation of 
ommon solvers and the possibility to edit and 
reate equations

and mathemati
al 
ases make OpenFOAM useful tool on resear
hing. Open-

FOAM is a C++ toolbox for the development of 
ustomized numeri
al solvers,

and pre-/post-pro
essing utilities for the solution of 
ontinuum me
hani
s prob-

lems, in
luding 
omputational �uid dynami
s (CFD). The 
ode is released as

free and open sour
e software under the GNU General Publi
 Li
ense.

The external �ow CFD analysis are 
ommonly used to study the behavior

of obje
ts submerged in 
ontinuous non stati
 �uids, it aims to determine how

e�
iently a body 
an move throw the medium and how they a�e
t ea
h other

in the pro
ess. Here the �uid it's no 
on�ned between wall type 
onditions su
h

as pipes or 
on�ned �ow 
ases, the �uid its free to move around the obje
t and

intera
t only with its external �wet� layer, this means that there is the �ow

involving the body shape what must be analyzed not the 
ore. Evaluating the

pressure distribution on the stru
ture generated by the resistan
es of the �uid

the engineers 
an optimize the design to de
rease the amount of energy needed

to move the body or the disturb impa
t on the �uid pat
h that leaves the pass

of the stru
ture.

The Coand  e�e
t is the tenden
y of a �uid jet to stay atta
hed to a 
onvex

surfa
e. As des
ribed by the eponymous Henri Coand  in di�erent patents: "the

tenden
y of a jet of �uid emerging from an ori�
e to follow an adja
ent �at or
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urved surfa
e and to entrain �uid from the surroundings so that a region of

lower pressure develops." The pressure e�e
t, whi
h is usually not indi
ated, is

fundamental for the 
omprehension of the Coand  e�e
t.

The prin
iple was named after Romanian aerodynami
s pioneer Henri Coand ,

who was the �rst to re
ognize the pra
ti
al appli
ation of the phenomenon in

air
raft development.

Many devi
es use Coanda e�e
t. One notable appli
ation of the Coanda

e�e
t is the NOTAR� heli
opter. NOTAR (No TAil Rotor) is the name of a

heli
opter system whi
h repla
es the use of a tail rotor. The system uses a

fan inside the tailboom to build a high volume of low-pressure air, whi
h exits

through two slots and 
reates a boundary layer �ow of air along the tailboom

utilizing the Coanda e�e
t.

A. Geometry

The geometry of the 
urved Body was 
reated using the software FreeCAD(v-

0.16).The total length of the geometry is 0.5 m from front to end. Its height

is 0.1 m and width is 0.1 m. The body is pla
ed in a domain whi
h is 2L-L-

L(length-width-height) where L is the length of the 
urved Body(0.5m).

B. Meshing

The meshing for this simulation was done using the software Gmsh(v-2.15.0).

1D mesh, 2D mesh and 3D mesh over the Curved Body were 
reated using

Gmsh. The 3D mesh was later optimized using Netgen.

2. Analysis

The CFD analysis of the air�ow over the Ahmed Body was done using the

software OpenFOAM (v-5.0).
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A. Boundary Conditions

Air enters the 
omputational domain at a freestream velo
ity u ∞ = 40m/s

normal to the inlet surfa
e. The referen
e pressure was taken to be 1 atm. The

pressure at outlet was kept �xed and equal to the atmospheri
 pressure. The

road or the bottom ,top and side surfa
es of the domain was de�ned as wall.

B. Turbulen
e Model

The Reynold's Number was 
al
ulated using the freestream velo
ity and the

length of the body. The kOmegaSST turbulen
e model of OpenFOAM is used

for this simulation. This model is a 
ombination of k =w and k = models. The

initial values of k and Omega were 
al
ulated to be 6.00 and 2.346 respe
tively.

Following are the formulae used in the 
al
ulations:

� Reynolds Number,

Re = UL
v

where,

U - Maximum velo
ity of the obje
t relative to the �uid,

L - Chara
teristi
 linear dimension,

n - Kinemati
 vis
osity

� Turbulent Energy,

k = 3

2
(UI)
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where,

U - Mean Flow Velo
ity

I - Turbulent intensity

� Spe
i�
 Turbulent Dissipation Rate

ω =
√

k
l

where,

k - Turbulent Energy

l - Turbulent length S
ale

C. simpleFoam solver

Sin
e we want to analyze steady-state turbulent �ow for an in
ompressible �uid,

we have used the simpleFoam solver. We do not need to solve the energy

equation due to the in
om- pressibility. The SIMPLE(Semi-Impli
it Method for

Pressure- Linked Equations) algorithm[2℄, whi
h the simpleFoam solver is based

upon, is solving the momentum equation (Equation 1) and the Poisson pressure

equation (Equation 2).

(

∂ρui

∂t
+

∂ρujui

∂xj

)

= −
∂p
∂xi

+ ∂
∂xj

(

µ ∂ui

∂xj

)

+ ρfi

∂
∂xi

(

∂p
∂xi

)

= −
∂

∂xi
[ρuiuj ]
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As OpenFOAM utilizes a 
ollo
ated grid, Rhie-Chow inter- polation is used

for the pressure-velo
ity 
oupling. Following is the SIMPLE algorithm whi
h is

the basis of simpleFoam solver:

1) Set the boundary 
onditions.

2) Solve the dis
retized momentum equation to 
ompute the intermediate

velo
ity �eld.

3) Compute the mass �uxes at the 
ells fa
es.

4) Solve the pressure equation and apply under-relaxation.

5) Corre
t the mass �uxes at the 
ell fa
es.

6) Corre
t the velo
ities on the basis of the new pressure �eld.

7) Update the boundary 
onditions.

8) Repeat till 
onvergen
e.

D. For
e 
oe�
ients

For studying the air�ow over an Ahmed Body, we have to 
al
ulate the for
e


oe�
ients or the aerodynami
 
oe�
ients, viz. Co-e�
ient of Lift(CL ), Co-

e�
ient of Drag(CD ) and Co-e�
ient of Moment(CM ). A for
e 
oe�
ient

fun
tion was 
alled in the 
ontrolDi
t �le. It was de�ned as follows:

{ type for
eCoe�s;

fun
tionObje
tLibs ( "libfor
es.so" );

outputControl timeStep;

timeInterval 1;

log yes;

pat
hes ( body );

rhoName rhoInf; // Indi
ates in
ompressible

rhoInf 1.225; // Redundant for in
ompressible

liftDir (0 0 1);

dragDir (1 0 0);

CofR (0 0 0); // Axle midpoint on ground

pit
hAxis (0 1 0);

magUInf 40;

lRef 1; // Wheelbase length

Aref 10; // Estimated

}

III. Result and Dis
ussion

We 
an visualize the pressure variation over the Curved Body from the pressure


ontour(Figure 4). As 
an be seen, the pressure around the 
urved surfa
e while

the �uid is �owing around is 
reating a lower pressure region.
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IV. AirFlow over edgy surfa
e

If we repla
e the 
urved surfa
e with plane surfa
e the �uid �ow around the

edges is dire
tly �ow in the �uid �ow dire
tion .it does not atta
hed itself to

the surfa
e as 
omparsion to 
urved surfa
e.
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