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characterized by a large wake zone. Therefore, drag reducfidhne flow field is an
interesting problem with a wide range of applicatidfhepresent papepresensthe
numerical simulation of the flovield of a noncircular cylinder. ie shielding effect of
the squareplate front body on the flow field of drag reduction and the pressL
distribution of a threedimensional bluff bodyis simulated by usinga numerical
method. The results obtained from the simulation are compared with the
experimental results. The results indicate that thide faces and the rear faces a
subjected to low pressure, whereas the front faieexperiencinghigh positive
pressure. With this flow pattern, therpssure drag coefficient assumasubstantialy
significantvalue in the rangeof 1.0 - 1.42. Such a highalue of drag coefficientis
particularlyvalidfor bluff bodies with noncirculacrosssections withsharp corners.
Keywords:

ANSYS, CFDshaped madel, Pressure
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1. Introduction

The study of the base flow field ipeevalentpractical problem with a wide range of applications.
At high enough Reynolds numbers, the flow past a bluff body is characterized by a large wake zone.
The separated shear layers from the sharp corners feed vorticity to the wake. These vorticities are
shad continuously downstreanT he front body drag is like a resistance that reduces the speed of the
vehicle and increases its vibratiamd finally resultingn decreased range and lower efficiendyis
essential to reduce the front body drag in order pooduce hidp speed, to reduce vibratiortp
enhancethe range, anduel efficiency. Given the depleting fossil fisekenario aerodynamic shape
optimization becomes essential for sustainable development. This front body effect on the drag and
flow field ofa noncircular cylinder is related to the aerodynamics of the shape as well as the type of
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flow whether the flow is laminar or turbulent. The optimum aerodynamic shape will result in
minimum front body drag and the higher fuel efficiency. The present sauhg to reduce the front

body drag by passive means. In this analysis, the ANSYS software is used as the primary tool to carry
out the numerical investigation of drag and flow field in a forcular cylinder. The pressure versus

the body of the noncircuar cylinder iscomputed by using ANSYS Fluent. This result will be used to

do theanalyseof the front body effect on the drag and the flow field of a roincular cylinder

Sowoudet al., [1] identified the flow field and the result can be seen from the experiment
conducted. Then, the pressure coefficiengi£examined for with pipe and without pipe farspeed
of 20.38 m/s Oncethe pressure coefficient,{ds determined, the drag coefficiedh is evaluated for
both caseswith a pipe, and without ppe. Thenumericalsimulationof thismodelis not conductd
earlier. Hencein order to validate their resudtwith simulation, this paper aims at the validation of
their experimental resultKhanet al., [2¢4] used a convergencealivergence nozzle with sudden
expansion duct to obtain effectivenessricrojet control to control the based pressure. The author
used computational fluid dynamic simulation with diffetgrarameter studies such ake effect of
area ratio, length to diameter ratji@ndthe NPR at different Mach number. Khanhal.,[5] identified
the supersonic flow over a delta wing through an ANSYS simulation.

Sureshet al., [6] determine the simulation result to compare with the experimahtesult.
However,the author only compared theidrag coefficient, €with the experimental resut The
author does not mention about pressure coefficieng, The flow field is alsaot shown in their
studies. So, in this present studywe aim to conduct a simulation using ANSYS to simulate the
pressue distribution and the pressure coefficie(fr) and compared them witthe experimenal
results. A body whichis nota streamlinead bodyis said to be a bluff body]. In order to compare the
variation of pressurer@und a bluff body for a varietgf flow conditions, it is conventional to use a
dimensionéss parameter which isalledasthe pressure co#ficient G, that compares the pressure
on the surface of the nowylinder, P, to that at infinity, $[7]. An approximate formulavas
developedby making use of a serempirical relation for the drag of an isolatatisk with a cavity
wake,where G is the drag coefficient of the disk based on its diam¢8r The nature of the wake
is more influential tharthe bluff body itsel{9]. Other than that, the boundary layer effects might be
caused the wake around the bluff bofi0].

There arehree different types of flow regimes and pattewhichcould be identified for strakes
close to the corner, optimum strakes cayfration and stri&es close to the centdd1]. Theyalso
foundthat anotherfactor that contrilutes towards drag reduction is the novel technique usethe
generation of significant suction over the windward fgd@4]. Next,is the separationsrbm bluff
bodies which are of two types they are the sharpedged and a continuous surface where the
bounday layer fails to withstanctritical adverse pressure gradiefit2]. The measurements on
circular cylinders have shown that a curved or serrated separation line inhibited the periodic vortex
shedding and thus created a steady base flow behind the cylinder, with a corresgandrease in
the base pressurg¢l3]. The CFD is a numericaulationtechnologyused br the solution of he
governing fluid flowequations and the heat transferinside a defined flow geometry14].
Computational Flid Dynamics (CFD) is an engineering tool that assmstthe experimentad
investigdion [15].

Theoreticallyjt is possible to obtairthe front body dragby using the analytical approacihe
front body drag from the experimentahethodis a challengingask. The reason for this is that the
rear bodyis exposedo a perturbed flow field andthat get substantialy altered by the front body.
Also, there isalso some upstream influence of the rear body the frontbody flov field. In
experiments the model of the prototype 3D neaircular cylinder needs tbe fabricatedandthen,
the prototype in a wind tunnel is tested fararious lengths othe front body ofvarious sizes of the
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flat plate in the font to arriveat an optimumdimension of the front bodyhat results in minimum
drag.An optimumdimension willresult inredudng the dragof the body Thus, this limitation will
needto be further investigatedThis studyprimarily consists of th&Dsegment. For theD segment

the understandig of the front body drag istudied and explored\ext,the stag will be the analysis

by observing the pressure distribution from the inlet to the outlet to understand its behaVioe.
Bernoulli equation isised to get the dimensionless drag coefficient and pressure coefficient. Then,
the dimensionless drag coefficieahd pressure coefficient isonverted to mrmalize drag and the
velocity.

2. Methodology
2.1Finite Element Method

In thisstudy, the finite element methods usedas one of the nmerical methods for solving any
engineering problemThe problem in thistudyis about fluid flow for a nosircular cylinder flow
field. ANSYSoftwareis utilized which is aersatile technique of modimg andsimulation of flow
fields thatprovideaccurate results regarding the flow characteristics of an oljjesit

2.1.1 Geometry and odelling

The geometry of the finite element for fluid flow based on the designed square plate front body
on the drag reduction and pressure distribution of a bluff badghownin Figurel. The square plate
front body of thebluff body is designe@hose lengthis 108 mm, and 100 mm width of the rear body
[1] is formedto investigate the flow structure on the blu@dged delta wing furtherthe team called
as Vortex Flow Experiment (VEE Theprimaryobjective of the VFE test was to validate the results
of NavierStokes calculations and to obtaimore detailed experimental data. The VBEExperiments
were carried out for both sharp and blulgadingedgeshape delta wingl17¢20].

t1 [y
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Fig. 1.Geometry of 2D Square Plate Front Body of a Bluff Body

The dimensions of the square plate bluff baahe mentionedn Table 1.

Table 1

TheDimension of 2D Square Plate Front Body of a Bluff Body
Bu B D1 D2 Ly Lo L3 Ls Ru t1
0.25t01.0B 100mm 10mm 8mm 10mm 0.25t02.25B 15mm 43 mm 50mm 8 mm
(0 & 25) mm (0 & 100) mm
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2.1.2 Twodimensional finite element model

The two-dimensional 2D) model of a bluff body without a square plate front boyshownin
Figure2(a). The 2D model was created by using ANSYS workj2hEhrhe 2D model of a square
plate front body of a bluff bodis shownin Figure2(b).
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(a) (b)
Fig. 2.2D PlanafFluid Body Finite Element (a) without Pipe (liihvPipe

2.1.3 Meshingand boundary condition

The closed form of finite element meshing for a 2D model of a bluff body without a square plate
front bodyis shownin Figure3(a). Total,20673binary nodesvere generatedor the 2D planar model
[3]. The closed form of finite element meshing for a 2D model of a square plate front body of a bluff
bodyis shownin Fgure 3(b). Total, 42681binary nodesvere generatedor the 2D planar modgP].

The 2D model was created by usilySY S/orkbench foranunstructuredmesh with the number of
elements has been used high to enhance fine mesh.

The meshing of the finite element for fluid flow and the number of elements used must be high
to create a fine mesh in the close area at the edge of the planar body. It produeesdist
appropriate mesh for accurate and efficient Myginysics solution$2¢5], [22¢24]. In the present
mesh, the fine mesh is used with the number of divisions for edge sizing is 100 for both cases. The
mesh is high at the bluff body because we need to see the precise result for the bluff body. The
volume aea is not compulsory to have high mesh. The meshing is also used triangle shape for an
unstructured mesh with refinement to get smooth triangle shape of mesh with a high number of the
element.

nnnnn 200.00

(a) (b)
Fig.3. 2D Planafluid Body Meshing (aithout Pipe (b) with e
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2.1.4 Validationof present finite element results

In order to validate our present FE model, considered the expsrial work of Sowouekt al.,
[1]. Sowoudet al.,[1] have conducted experiments #Hie velocity of 20.38 m/s for without pipe and
with pipe to see the flow field, to investigate the pressure coefficiepari@ to determine the dag
coefficient, G. By comparinghe experimental results obtaindoly Sowouckt al.,[1] and the present
simulation result, the pressure coefficientp 8 comparable where the difference between each
method isminima and is withinthe acceptable limitIn this study, we are using the resulighout
pipe and with pipe for 20.38 m/s of velocity. However, ttesultsof the pressure coefficient, gZor
simuhtion is slightly different in comparison to the experimental resaftthe pressure coefficient,
G-, The reason for this trend may be due to ttype o meshof the model whichs nota structured
mesh Howeverthe structured mesh is more precise in termtbé finaloutcomeascompared to
the unstructured meshbut the unstructured mesh is also acceptaliesome caseslhey are case
sensitive, and one has to deal with on a case to case basis.

The resultof the pressure coefficient, gZor simulation also is not smootivthen compared with
the pressure coefficient,fin case othe experimentadata. The results obtained frosimulatiors
havesome fluctuatios at the meanvalue ofthe data. This is because the results obtained from the
simulation have amore significanhumber of data point plotted such that the experimental result
obtained havea limited datapoints which wereplotted. Thus, thedatapoint plotted for simulation
results have around 1354and 2648data point plotted for withoutpipe and with pipe respectively
Whereaghe experimental results have around 42 anddétapointswhich wereplotted for without
pipe and with pipe respectivelfrigure 4)
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Fig. 4.Validation of Resulta) without Pipe (b) with Pipe
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3. Resultsand Discussion
The ASYSoftware already has the equaftis that required to proceed fothe computtion.

Hence, in this study we have used governiguations to calculate thdlow parameters. The
equations and the boundargonditions used in this studare as follows (Table 2 and Table 3):
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Table2

Related Equation for The study

No. 9 1lj dzI G A 2 y Q2 Equations

1 . SNy2dftacY M MCE
#1 1 OOAI O
2 Reynolds Number YQ —

3 Pressure Coefficient 0

Drag Coefficient 0 mgyp O

4
Table3
Boundary Conditions
Type PressureBased
Energy Equation On

k-epsilon, Standard witt
Compressibility Effect
Boundary Condition  Inlet, Outlet, and Wall
Initialization Methods Standard Initialization
Number of Iterations 10000

Reporting Interval 100

Profile Update Interval 100

Viscous Model

3.1 Without Pipe
3.1.1 Pressure dtribution

In this section we have showhe pressure variation from the inlet to the outlet of the 2D model
of a bluff body without square plate front body. This pressure variation consists of dynamic pressure,
static pressure, and total pressure. The numerical study was performed and véoifiedchcase
[24]. The Figwe 5 to 7show the dynamic pressure, static pressure and total pressure variation from
the inlet to the outlet of the 2D model of a bluff body without square plate front body by considering
contoursFigure %a), 6(a), and qa) and plots respectivelfrigure 5(h 6(b), and 1b)) respectively.
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Fig.7. Total Pressure (a) Contours (b) Plot

3.1.2 Temperature ttribution

This section shows the temperature variation from the inlet to the outlet of the 2D model of a
bluff body without a square plate front body. This temperature variation consists of static
temperature and total temperature. For the temperaturanation, a numerical study was permed
and results were validated foeach case Figure8 and 9show the static temperature and total
temperaturevariationfrom the inlet to the outlet of the 2D model of a bluff body without a square

plate front body byconsiderig contours (Figure &) and 9a)) and pbts respectively (Figure 8(b
and 9qb)).
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Fig.8. Static Temperature (a) Contours (b) Plot
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Fig.9. Total Temperature (a) Contours (b) Plot
3.1.3 Density astribution

In this section the density variation from the inlet to the outlet of the 2D model of a bluff body
without a square plate front bodyFigurel0shows the density variation from the inlet to the outlet
of the 2D model of a bluff body without a square platenfrdoody by consideing contours (Figure

10(a)) and plots (Figurg(b)).
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Fig.10. Density (a) Contours (b) Plot
3.1.4Machnumber
This part shows the velocity variation from the inlet to the outlet of the 2D model of a bluff body
without a square plate front bodyFigurell shows the Mach number variation from the inlet to the

outlet of the 2D model of a bluff body without a square plate front body by considering contou
(Figure 11a)) and plots (Figuré1(b)).
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Fig.11. Mach Numbei(a) Contours (b) Plot
3.2 Without Pipe

3.2.1 Pressurdistribution

In this section the pressure variation from the inlet to the outlet of the 2D model of a square plate
front body of a bluff body. This pressure variation consists of dynamic pressure, static presslre,
total pressure. The Figurg2 to 14show the dynamic pressure, static pressure and total pressure
variation from the inlet to the outlet of the 2D model of a square plate front body of a bluff bgdy b

considering contours (Figure (8, 13a) and 14a)) and plots (Figure 12b13(H and 14(b))
respectively.

Dynamic Pressure

160
8.86e+02
842e+02 140 4
7.98e+02
753e+02 —_ ]
7096402 & 120
6.65e+02 ~
6200402 o 100+
5
5760402 2
5320402 o 804
4.88e+02 o
4430702 o 60
3.990+02 E
3550+02 g 40
3100402 A
2660402 20
2.220+02
1.77e+02 04
1330402
8:86+01
4.43e+01 -20 T T T T T
GBS 0.10 0.05 0.00 0.05 0.10 0.15
Lgesos] 0 o3 Body (mm)
() (b)
Fig.12. Dynamic Ressure (a) Contours (b) Plot
Stalic Prassure
100
5.73e+02
5.23e+02
473e+02
4.23e+02 0 —_—
3.73e+02 —
3226402 ©
2720402 T 400
2220402 g
1720402 2
1220402 @ 200
7170401 a
2150+01 e
2860401 £ 300
-7.:886+01 n
-1.206+02
1790402
2206402 400 4
-2.79e+02 |
3.308+02
-3.80e+02 -500 T T T T T
~4.30e+02 -0.10 -0.05 0.00 0.05 0.10 0.15
[pascal
’ —_ un Body (mm)
(a) (b)

Fig.13. Static FPessure (a) Contours (b) Plot

45



Penerbit

CFD L i
etters Akademia Baru

Volume1ll, Issue5 (2019) 37-49
0+ 1” uﬂ
=100+

Total Pressure (Pa)

T T T T T
-0.10 -0.05 0.00 0.05 0.10 0.15
Body (mm)

(b)
Fig.14. Total Pessure (a) Contours (b) Plot

3.2.2 Temperaturedistribution

The temperature variation from the inlet to the outlet of the 2D model of a square plate front
body of a bluff bodysshown in this section. This temperature variation consists of static temperature
and total temperature. Figurg5 and 1&how the static temperature and total temperature variation
from the inlet to the outlet of the 2D model of a square plate front body of a bluff body by cenirsig
contours (Figure 1®)and 16(a)) and plots (Figure 15f(band 1€b)) respectively.

@) (b)
Fig.15. Static Emperature (a) Contours (b) Plot

(a) (b)
Fig. B. Total Bmperature (a) Contours (b) Plot
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