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ABSTRACT

This paper deals with comparison of various swehgrating devices in single cylinder Cl engigagine referred
for this study is single cylinder, four stroke, hhiliel, research engine which has a capacity &f BW. Total four
swirl generating devices are modeled and analyrefiINSYS—Fluent. The swirl generating devices wilinserted
inside the intake port of the Engine. The objectif’¢his paper is to find the effect of swirl ore tengine and to
compare it with the existing base model. It is fbtimat the swirl help in providing initial angulanomentum to
charge before entering cylinder and thus providimgroved combustion phenomenon. With analysisfdurd that
six guide vane devices have added advantage of aratnmely increased velocity and swirl motion attlet
however actual strength of swirl generated willgvecisely calculated only after actual installatiohdevice.

Keywords: Swirl, turbulences, blade type vane, combustion

INTRODUCTION

Although there is rapid development in the diesgliee in last few decades it is still lagging i gherformance in
the sense of fuel economy & exhaust emission. diuis to the ineffective use of air in the enginases improper
atomization of the air-fuel mixture results in thipwor combustion, which affects the engine perforrean
characteristics in terms of fuel economy and emissiat part load conditions. So to improve the qrerince of
engine better utilization of intake charge is neeeg, different techniques are introduced in fofrmodification of
intake manifold, development of swirl and tumbleides, modification of piston profile for efficieabmbustion of
charge. In this paper different swirl generatingides are analyzed and their result is comparel faégise model
without swirl device.

The organized rotational motion of the fluid masghwespect to the cylinder axis is called SwirlSwirl

significantly improves the mixing of fresh air afgkl to supply homogeneous mixture quickly. It'sah primary
mechanism for extremely distributing of flame frahiring the combustion phenomenon. Swirl can leated in
the suction stroke within the diesel engines thiotlge intake valve and consequently by combustizamber
design in the compression process. Swirl interigifgroves the tangential velocity component of thiendgthin the
engine cylinder, that assists in the mixing up witksel and air, consequently has an effect on ostidn and
engines emission characteristics.

At part load operating conditions it is advantagetw dilute air fuel mixture with introduction ofal for these
reasons. [1].
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a) Expansion stroke work is increased for givera@sion result as result of change in thermodyngmtperties.

b) For given mean effective pressure, intake pressgicreases with increase in mixture dilution,stmeduction in
pumping works.

c) Heat losses to cylinder wall are reduced thuhicig the burned gas temperature and controllixitaest
emission parameters.

There are two ways of generating swirl in engine:

(i) BEFORE: Generate swirl within the intake matdfbefore entering charge in the cylinder; thidame generally
with use of guide vanes.

(i) AFTER: Generate swirl after entering the chaaig the cylinder; this is generally done with ke#amodification

development, changing piston profile

In this work we have developed different swirl gextimg devices to incorporate into intake manifsygtem. These
devices are modeled in PRO-E and subsequent flalysis is done in ANSYS- Fluent.

1.1 Device Specification

Overall length| 80 mm
Inner diameter| 48 mn

Fig: 1 Location of Air Swirl Device

2. LITERATURE SURVEY:

[1] Sarang Rajabhau Birehas modeled three different swirl generating cevicompared with base line engine.
With analysis he found that blade type device hedeed advantage of comparatively increased velagity swirl
motion at outlet, when compared with vane type @deitector type.

[2]ldris Saad & Saiful Barihas modeled the guide vane & tumble device for awimg the air-fuel mixture for the
highly viscous fuel in diesel engine. They haveated a device with four & six number of vanes. Rrimportance
is given to improvement of the air flow & the effeaf vane twist angle on the air flow characteciskinally it is
found that with six number of vane device swirl gexted is more than 4 vanes but the resistandeifidw way is
increased on other hand.

The vane angle is varied from 3° to 60 ° it is fbdimat with 35 © vane angle in-cylinder air pressimcreases by
0.02%, total kinetic energy of air by 2.7% & velyodf air by 1.7% compared to the unmodified diesgdine.

[3] A.K. Mohiuddininvestigates the swirl effect on the engine perfamoe by using insert swirl adapter. The testing
has carried out on the protons CAMPRO engine mofi2l6 liter.
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In swirl device adapter blade angle is maintaine80® & is fitted in the intake port. Obtained riksiccompared
with the normal engine & it has found that at th# bad condition the swirl generation is less htithe part load
condition the swirl produce is effective. The BSFE@uces at part load condition but as the speedases beyond
3500 rpm BSFC increases.

[4]Liu Shenghuainvestigates the effect of new swirl system & iffeet on DI engine economy. In this ring type
generator with four curvilinear blades used. Theegator fitted in the intake air duct & the compari is carried
out, the result found out that with 1500 rpm effiezswirl is generated and with reduced emissions.

[5] G .S .Gurudattatreya investigates the swirl eféecthe engine performance by using whirl air fathwlifferent
inclinations placed before the intake manifold éffective air swirl motion. For this, the experimés done on
Kirloskar AV1 water cooled, natural aspirated dinegection diesel engine with pure diesel.

[6] Abhilash M Bharadwaj in his study he concernedt@swirl motion of inducted air during the suctistnoke
and during compression stroke. The results obtaim fthe numerical analysis can be employed to exartte
homogeneity of air-fuel mixture structure for betembustion process and engine performance.

MATERIALS AND METHODS

Concept for different Swirl generating devices éveloped taking into consideration turbulence, bigha of air

flow through pipes these devices are modeled takitayconsideration their installation into intaéi& flow duct.

Total four such devices are modeled and their fi@sformance is compared with base system (withaytsavirl

device) , All comparison is done in ANSYS-Fluentiamompared on basis of outlet velocity , pressuop écross
device and turbulence kinetic energy of device.

Developed swirl device can be inserted into intdket of engine as mentioned in Fig.1. Capabilitydefice to
produce variable swirl is also explored. On ba$idavice geometry devices are named as Three gaide , four
guide vane, five guide vane and six guide vaneadsvas shown in Fig:2,Fig:3, Fig:4, and Fig:5.mrimportance
is given to improvement of the air flow & the effeaf vane twist angle on the air flow charactecisiihe vane
angle is varied from Q° to 40°.

The shape of the geometry is modeled like thatoukd give efficient angular momentum to the chasgewithout
affecting to the volume flow rate so less resistatacthe charge. Devices are shown in following Fig

Swirl Generation: In this flow rate of charge idcheonstant, with known velocity and pressure cbods at inlet.
With some maodifications in inlet duct swirl devigeintroduce. The geometry of devise is made shah it will
offer minimum resistance to flow and minimum vortae generated after air pass through device.

Fig: 2 three guide vane device Fig: 3 four gualvane device
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Fig: 4 five guide vane device  Fig: 5 six guidene device

Resistance offered by device to flow is prime fac&ince volumetric efficiency of Cl engine is alygaa critical

parameter due to numerous component in intake mysAeldition of swirl generating device should navdlop

more resistance to flow. Requirement of swirl soabarying in engine and is not constant at allilog conditions.
At cold start conditions and part load conditionmjiee require slightly rich mixture. Geometry ofvie is

maintained in such a way that it should allow maxt@flow inside it will affect volumetric efficiecy of engine as
low as possible. In case of uniform flow device Wodumetric efficiency is more because resistancéhé flow way

is less. By considering this factor the geometry ¢r@ated. The geometry has curvature like that fets deflected
into angular momentum.

3.1 ANSYS—Fluent 14.0 Analyses:
Three main steps are involved in the solving of 8ow domain problem are 1) Geometry 2) MeshingCED
Problem set up and solution.

1) Geometry Setup: The devices are modeled in PR@eEhen imported in DESIGN MODELER in ANSYS 14.0.
Fluid domain inside domain is developed in ordesitulate fluid flow problem.

2) Meshing: Meshing is necessary to simulate theingoboundary technique. Mesh quality has majduerice on
the results. Element size should be small. Poohra#fects numerical accuracy & convergence. Fisgieat ratio
describes the width & height of element.

3) CFD Problem set up and solution: Initial bourydemnditions are set up in problem consideringtiak Velocity
inlet with velocity keeping at 35m/s and pressufel@Kpa. Problem is solved taking 1000 iterati@amsl final
values of pressure, Pressure based solution méhfadlowed and K-Epsilon Model is followed for Thuwlence
flow. Cell zone conditions are specified with diese

RESULTS AND DISCUSSION

Modeled devices are compared on basis of outletcitg| swirl flow at outlet. Plots and counter agsaach device
are plotted in ANSYS and shown in following sectid¥ith values of pressure drop and tangential \ilage can
conclude on ability of device to generate swirl imotat intake of cylinder.

Outlet Velocity Vector: Direction of velocity vector is important facttw determine strength of swirl created at
inlet of cylinder. In case of base model there éstangential vector found. Thus we can determirs #wirl
generated inside cylinder will be very less.
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Fig: 4.1 Velocity Vectors of Base Model
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Fig: 4.2 Velocity Vectors of Three Guide Vane Model
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Fig: 4.3 Velocity Vectors of Four Guide Vane Model
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Fig: 4.4 Velocity Vectors of Five Guide Vane Model
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Fig: 4.5 Velocity Vectors of Six Guide Vane Model

Velocity Vectors We get increased velocity at outlet of swirl de& as compared to base model maximum outlet
velocity is obtained in cases of vane type geometry
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Fig: 4.6 Velocity Contour Base model
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Fig: 4.7 Velocity Contour of three guide vane model
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Fig: 4.8 Velocity Contour of four guide vane model
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Fig: 4.9 Velocity Contour of five guide vane model
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Fig: 4.10 Velocity Contour of Six guide vane model

Pressure Drop Ideally there should be no pressure drop acrdes and outlet studied system, addition device int
intake duct will increase pressure drop, maximuasgure drop is found in case of blade type device.
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Fig: 4.11 Pressure contour Base model
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Fig: 4.12 Pressure contour three guide vane model
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Fig: 4.13 Pressure contour of four guide vane model
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Fig: 14 Pressure contour of five guide vane model

1: Contours of Static Pressur w

Contours of Static Fressure (pascal Mar 14, 2016
ANSYS FLUEMT 14.0 (3d, dp, phns, lam)

-~

mixture
zones,

outlet

inlet

interior—-solid

wall-solid

solid
Done .
Preparing mesh for display.._.
Done -
Reading "*%""| gunzip -c \"[::\users\userhp\Desl'ctnp\jaipal\ﬁftuhefnewiFiIES\ﬂpﬂ\FFF\Fluent\FFF71fﬂ1l]l]l].ua1
Done .

~

<

Fig: 4.15 Pressure contour six guide vane model
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Evaluated values for all devices after analysfeimd out and tabulated below

Table: 2 Evaluated values for all devices.

S. No Model Pressure Drop (KPa)  Outlet Velocity)ny/ Strength of Swirl generated
1 Base Model 10 108 Very Less
2 Three Vane guide blade 14 141 less
3 Four Vane guide blade 15 160 medium
4 Five vane guide blade 16 165 High
5 Six vane guide blade 16 168 Very High
CONCLUSION

Thus from above values we can conclude that Sideguane geometry generates high swirl as comparethers,
also we can explore the possibility of variable rkwi this device. Pressure drop across this deisckess as
compared to other and thus its implementation takie duct of engine is justified. This study giwsswhich device
is more effective in swirl generation, however attstrength of swirl generated will be validate@gsely only
after the implementation of device in intake maldifo
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