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Effect of Different Port Angle in an IC Engine
on the Swirl and Mass Flow Rate
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ABSTRACT--Diesel Engine is famous and is being utilized in numerous enterprises. It is utilized in car for
transmitting capacity to the wheels, utilized in generator sets for delivering power and furthermore utilized in the
developing apparatus to blend the development materials. Diesel motor is additionally utilized in media
transmission foundation and mining offices. Inward ignition motor has four strokes. Admission, pressure,
development and fumes strokes are the regular four strokes in an interior ignition motor. Admission and pressure
stroke are the significant strokes out of the four strokes in an IC motor. These two strokes characterize the wind
stream design in the ignition chamber, which at that point, render the fuel infusion condition during pressure stroke.
Anyway there are a few issues, for example, diminished proficiency and upgraded outflow are because of
inappropriate dispersion. Emanation attributes and ignition execution are straightforwardly influenced by the air
fuel blending. Research people group are keen on the inner burning motor, wind stream attributes. To improve the
productivity of the motor and to decrease the discharges, research of fundamental stream elements in the chamber
is basic. This paper shows reproduction investigation of various points of the valve. The valve had various points
of 300, 450 and 600. Twirl and mass stream rates are analyzed right now.
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.  INTRODUCTION

Diesel engine is extraordinarily famous and is being used in lots of industries. They are applied in automobile
for transmitting power to the wheels, utilized in generator sets from producing power and also applied inside the
building machinery to mix the construction substances. Diesel is additionally utilized in telecommunication
infrastructure and mining centers. In many conditions, the generator sets are applied in remote locations where
energy is not to be had. To run the diesel generator units, we'd like diesel or a hybrid gasoline with renewable
energy. Diesel is extremely generally used due to its correct fuel performance, reasonably-priced price of gas and
suitable reliability. Combustion engine has four strokes. Intake, compression, enlargement and exhaust strokes are
the commonplace four strokes in an indoor combustion engine. Intake and compression stroke are the critical
strokes out of the 4 strokes in an IC engine. These strokes define the air float pattern within the combustion chamber
which then, render the gas injection gadget circumstance at some point of compression stroke.

However, there are a few issues like reduced performance and more suitable emission are due to fallacious
diffusion. Emission traits and combustion overall performance are at once affected by the air gasoline mixing. The

emission overall performance is probably improved through circulating air uniformly and widely within the
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combustion chamber thirteen. But in current years, we've seen that the worth of diesel oil is rising, due to the fact
the fossil fuels are depleting and international warming problem is additionally rising. In lots of researches,
biodiesel and biodiesel blends are considered as an honest alternative to diesel. However with the utilization of
biodiesel, NOx emission increases. The upward thrust in the NOx emission is due to the high percentage of oxygen
at some stage in combustion four. Due to the above reasons, the studies community is extraordinarily a great deal
curious approximately the indoors combustion engine, air glide characteristics. To enhance the performance of the
engine and to cut back the emissions, research of fundamental glide dynamics in the cylinder is vital. The inlet
ports in an IC engine ought to be designed in such how that the swirl and tumble in the cylinder is probably
superior. Swirl and tumble are illustrated in figure 1. The yellow arrow refers back to the swirl inside the cylinder
and consequently the blue arrow refers back to the tumble inside the cylinder. Due to the fact the air, which enters
from the inlet Port, the electricity of the inlet jet will hold inside the cylinder via the combustion cycle, which may
boom the performance via mixing the gasoline and air higher. the inlet port throughout a compression ignition
engine are so designed in such how that the swirl is extra present in the cylinder, however inside the case of

internal-combustion engine , the tumble is extra present inside the cylinder.

Figure 1: Description of Swirl and Tumble

Swirl and tumble are directly linked with combustion efficiency. But too much swirl would increase the soot
emission and consumption of fuel which is due to the fuel spray collision 4. In many researches, it was found that
the inlet manifold was modified to increase the swirl and was validated with experimental data. It was found that
the experimental data and simulation data were similar.

The main objective of this paper is to compare swirl and mass flow rate inside the combustion chamber for

varying angle of the port with the help of CFD port flow simulation.

Il.  LITERATURE REVIEW

Mohammad Abdullah Mohamad Johari et al. researched the connection between the geometry of the intake
port and therefore the mass float within the plate. The amount of air-gasoline combination shifting via the intake
port in step with 2d is referred as the mass waft. Any workbench simulation became utilized to check the mass
glide through the intake port. As the cylinder and therefore the intake port are symmetrical, the simulation turned

into conducted best on the half element. The air-gasoline combination strain changed into kept steady in the course
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of the intake port at some stage in simulation. The valve establishing turned into among 4mm to 10mm, same
within the case of fantastic flow. With these boundary conditions, the mass flow was recorded which corresponds
with the valve carry. Consumption port geometry became modified for this study.

All of the consumption ports have been used for the simulation and therefore the mass drift varied with specific
intake port. It was noticed that the mass float is probably stepped forward by 7.1% at 8mm elevate of the valve. It
had been concluded that the very great mass go with the flow is probably done when the air is hooked up to the
surface. However best intake port is merely possible theoretically, which has immediately intake port. Mass flow
might be improved by using lowering the pointy turns of the intake port 6. David rathnaraj jebamani et al.
researched approximately the effectiveness of helical port and consequently the tangential port. It had been a
regarded incontrovertible reality that, helical port turned into better to get most swirl in contrast to the tangential
port. All through this situation, volumetric performance changed into least sacrificed.

Design of the swirl was so designed in such a way that the swirl ration become reduced, as at higher pace, it
might reduce the emission. However, it had been observed that the helical port expanded the particulate smoke
emission at lower velocity and additionally the mixing time of the air and gas. It is very necessary to own a great
swirl ratio for reduction of emission and consequently the proper combustion. Therefore, to boost the combustion
in the engine cylinder, it is critical to possess converting swirl.

The charging quantity and consequently the swirl can without problems be managed by commencing of the
valve. Constant flow rig test became wont to look at the swirl whilst a helical intake port changed into used at
different working conditions. WO06dtie2 engine turned into used with extraordinary valve openings to experiment
and therefore the version inside the swirl. The sector of the inlet port is numerous via sliding the Swirl plate. This
take a look at became supported the swirl optimized combustion device, with the aid of varying the swirl plate
mechanism which become studied experimentally and become compared with the outcomes of the CFD. CFD
changed into studied on a right away injection diesel at the port-cylinder gadget. The look at turned into carried
out underneath constant waft rig. Results showed that the variable swirl improved for 70% starting of the
consumption port and therefore the swirl became decreased for 50% commencing. It had been concluded that the
excessive swirl should lessen the NOx and particulates. Those are the two important pollutants, and can be
decreased by means of increasing the swirl. It turned into also highlighted that the CFD tool is probably used for
optimization of the intake machine and this device will lessen the experiments to be administered 8. Soonseong
Hong et al. studied the engine manifold and applied layout for six sigmas inside the manifold to optimize it.

The maximum intention of this observe is to increase energy of swirl and additionally to maximize the mass
float within the cylinder chamber. Factors which have an effect on the mass glide and consequently the swirl
strength are prime pipe section shape, plenum form, port diameter, number one and secondary length and so on.
These factors were adopted. To calculate the mass, go with the flow and therefore the swirl energy, 118 orthogonal
table changed into used for CFD simulation calculation. From the results, it changed into clean that with s/n ratio
become growing for each swirl and mass waft. Which said that with growing velocity the combustion performance
advanced. With the aid of growing the beta price the use of DFSS method, most suitable mass waft changed into
received, under the PDA device 9. Bari et al. researched the use of biodiesel as a change gas, as it's far renewable
and behaves nearly like diesel oil in an engine. It has been additionally noticed that the amount of co2 emission is

cancelled by means of the plant growing biodiesel staple. Though biodiesel have disadvantage of getting heavier
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molecules and higher viscosity which makes the atomization and Blending with air sluggish and as a result the
efficiency of the combustion is low.

To unravel those troubles, manual vane swirl and tumble device became observed out to increase the turbulence
within the combustion chamber to increase the efficiency of the combustion. With the usage of curved vanes
temperature and pressure in the cylinder had been higher as compare to without vanes. Curved vanes showed
higher tumble and move tumble. Curved vanes had lower turbulence kinetic electricity. Fuel penetration become
reduced with the initially, however before TDC, the injection duration accelerated. Expanded injection length
resulted in extra carbon deposit at the piston. With the GVSTD, the cone attitude was narrow eleven. Haigin Zhou
et al. proposed a separate swirl combustion device thru which air efficiency would be stepped forward. Evaluation
of combustion and combustion overall performance became administered using 3D Simulation. Sensitivity
evaluation, soot emission and indicated electricity have been administered with the aid of chamber geometry.
Chamber geometry turned into optimized through the outcomes of the sensitivity evaluation. Emission and
combustion overall performance with the only chamber geometry of single swirl combustion chamber became
compared with the double swirl combustion chamber with exceptional velocity for the duration of a unmarried
cylinder diesel.

The simulation results showed that the fuel distribution in internal and outer chamber changed into affected
because of angle of inner chamber, SSCS combustion performance changed into inspired substantially. Second
critical parameter for optimization was the depth of the separated chamber, then the outer chamber, then the
separated chamber diameter. Lastly, the quantity ratio of inner to outer chamber and additionally the perspective
of the outer chamber. Nice geometry decided after inspecting the numerous pace distribution, fuel/air aggregate,
soot emission and Combustion performance with extraordinary SSCS chamber geometries, Combustion and
emission overall performance of DSCS become in comparison with SSCS. It has been discovered that the indicated
thermal performance become higher and had lower wreck-precise gas Intake, in comparison to DSCS at one of a
kind engine speeds 12. Himanth Kumar h y et al. studied the 3-d version and carried out numerical analysis.
Numerical evaluation became conducted on a 46mm diameter of inlet port, 43mm diameter of valve and
consequently the cylinder having 562mm period and 93.65mm of diameter.

The primary goal of the look at become to see the effect of valve raise at the fluid float within the cylinder. It
was known that the velocity of the go with the flow will change for numerous valve lifts. It was concluded that,
for accomplishing exact efficiency, and to understand low emission, it is critical to check the drift inside the
consumption port. With the help of CFD tool, the float characteristics had been studied. It has been clean that the
valve lift affected the waft, but there have been a few exceptions close to the port mixture upstream. It had been
additionally said that the glide separation turns important with valve lift. This turned into because of the losses
extended with the upward push within the valve elevate three. Xiangrong li et al. Researched about the lateral swirl
combustion machine, which stepped forward the soot emission, combustion and fuel performance in the course of
a direct injection diesel.

Numerical simulation changed into applied to in addition enhance the LSCS overall performance and to
examine the impact of LSCS chamber geometries on combustion and emission traits under the circumstance of
2500 r/min and full load, exposing the applicable influence mechanisms. Accomplishment of chamber geometry

optimization turned into completed which were supported the sensitivity analysis supported indicated power. The
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wall floor and the fuel spray jet has interaction in between; various fuels have one of a kind effects. LSCS
combustion performance had an impact on break up-glide geometry, in which a dominant function turned into
performed by means of 6. Favorable glide guidance was created within the combustion chamber whilst 6 changed
into in 15-270 Range. After the geometrical optimization of the LSCS, fuel consumption reduced by using 2. eight
to 4.1 g/ (kw.h) and soot emission reduced with the variety between 69-75% beneath various engine speeds, in
comparison with the double swirl combustion gadget thirteen.

Federico Perini et al. studied the in-cylinder glide structure, at some point of a swirl supported engine equipped
with distinctive piston geometries. The piston turned into having a trendy re-entrant bowl, first one had a reduce-
out valve and therefore the opposite had a cut-out valve and consequently the third one had stepped-lip bowl. In
an optical engine, particle picture velocimetry was administered to measure shape throughout intake and
compression stroke and consequently the swirl intensity. Fresco code become wont to build the optical diesel for
computational version. Validation of the version was administered in swirl-aircraft speed area and more than one
cycles have been assessed for simulation overlapping. Study of drift topology became administered which
addressed the turbulence quantities and therefore the bulk flow, swirl shape, operating parameters, squish flux and
geometrics. It had been located that the traditional re-entrant bowls at consumption had sturdy flow separation.

Enclosed form had better and powerful squish waft, due to which neat TDC changed into more potent and 10%
larger than SL bowl; even though it had greater prominent global swirl than stepped-lip bowls, which was
especially because of lesser tilted swirl and stronger and extra axisymmetric squish mechanism. Stepped-lip bowls
had higher turbulence stage and extra in homogeneities. At an equivalent time, it had quicker turbulence on the
TDC. With the valve reduce-outs, velocity is big and consequently the hit the piston floor which reduced the swirl
ratio by way of 1.3% and turbulence expanded by using 4.6% 15. Guixin Wang et al. investigated a controllable
consumption swirl, its consumption waft subject throughout a diesel by using CFD. Degree characteristics have
been discovered with the hole of the intake baffle with the version of the consumption swirl; although cut-off point
of the baffle opening became 480 inside the analysis of the baffle commencing and valve lift, the drift coefficient
turned into stimulated and it had been found that flow coefficient became more sensitive to valve raise. To calculate
the controllable intake swirl and its traits during a diesel, mathematical version became used.

A combustion function, which become inspired by swirl ratio changed into investigated. It was concluded that,
in the course of a diesel, the energy performance had too much impact with swirl ratio. 5.79% growth in energy
performance turned into found while the swirl ratio modified from zero.4 to at least one.2, following which
development in gas consumption become discovered 16. Alper tolga Calik et al. studied mr-method combustion
chamber, which isn't the same as the traditional combustion chamber throughout a diesel engine. Conventional cc
has single swirl wherein as simply in case of mr-technique its twin swirl, facilitates in boosting higher air fuel
combination. It’s done by way of fuel spray vaporization that is tangential to the piston wall. Within the starting
of the have a look at, a combustion chamber geometry of two-valve changed into modified, to make dual swirl,
called quasi mr-manner. The study summarized that, for dual swirl formation, a four-valve engine became required.
Designing an engine head with four valves (with Two Consumption manifold), which would possibly fulfill the
perfect swirl situation inside the combustion chamber, turned into a challenging venture. Ultimate values for swirl
condition, air drift subject and injection characteristics, experimental statistics weren't available for Mr-manner

combustion chamber. Twin swirl initiation feasibility become investigated through numerical evaluation of mr-
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procedure combustion chamber. Dual swirls capacity software became revealed during this look at, utilizing closed
cycle simulation. Current swirl model (kiva3v-r2) became altered to get twin swirl, throughout the start of
compression stroke. Initial swirl with exceptional angular velocities and gas spray injection instructions was
employed get the beneficial air gas aggregate and to increase efficiency and decrease the harmful gases.

Results showed that mr-procedure had potentiality to offer better air gas mixture and gas efficiency, which
would possibly reduce the emission of harmful gases 18. Dan Moldovan et al. optimize the combustion procedure
all through a compression ignited engine just so it could reduce the emission. Optimization was simplest feasible
by assuring a far higher air fuel aggregate. Evaluation of velocity and vertices formation in the combustion
chamber, in 13 instances was administered for numerical evaluation the usage of AVL fireplace software program.
Software program was wont to create natural swirl motion, natural tumble motion, and no air motion in in-cylinder
and specific mixtures of swirl and tumble motion. Tumble and swirl motion instances have been selected integrate
0%, 50%, 70% and a 100%. At 100% tumble and 50% swirl movement, maximum air motion (77.2 m/s at 736
tiers ca) turned into noted. at the same time as lowest speed was referred to while one hundred% swirl and 0%
tumble, i.e., 71.07 m/s at 736 tiers, ca numerous induced movement create vertices, which had had an effect on the

air gasoline aggregate 19.

. CAD MODEL

A 3-d version of the cylinder, inlet port and valve turned into created with the assistance of solid works 2017.
The model is shown in Figure 2. The size of the version is indexed in desk 1. Discern three shows the imported

cad geometry within the any software program.

Figure 2: CAD File for Port Flow Simulation.

Throughout the geometry advent, 3 exceptional publish planes had been created. The space of the post planes
from the reference planes have been 30mm, 45mm and 60mm. the inlet plenum size become 100mm and therefore
the kind of plenum changed into hemisphere, as shown in figure 3. 3 differing styles of valves were generated in

solid works, with different angles, 300,450 and 600.
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Table 1 : 3D Model Parts Dimension

Diameter of inlet port 24 mm
Diameter of outlet port DA mm
Diameter of the cylinder | 89.90 mm
Length of the cylinder {10 mm
Vilve lift bmm

Vilve angle 30";45E';6{]°

= | e | = | e | D | —

Figure 3: Imported CAD Geometry in Ansys.
V. MESHING

The 3D version become generated in solid works model 2018. To get to the bottom of the problem, the

geometry has got to be decomposed in 3 degrees.

.00 i 100 00 200 0O ()
C———
S50 00 IS0 .00

Figure 4: Meshed Geometry
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Within the first degree, the geometry is decomposed in 3 degrees then, they may be meshed. Within the 2d
step, with the utilization of the setup magazine, the engine case is setup and inside the final step, simulation is

completed.

Figure 5: Meshing with Triangular Element

Maximum of the surface of the geometry became meshed with triangular detail; the element length turned into
1.415 mm and consequently the local min Size become considered to be zero.315mm. Just in case of cylinder wall
and consequently the output plenum, the mapped mesh type turned into hex/prism with 15mm minimum area

duration. Range of elements used for era of mesh turned into 1088684.

V. MATHEMATICAL EQUATION

To solve a computational fluid dynamics problem, three equations are mainly used such as Energy Equation,

Continuity Equation and Naiver Stroke Equation (momentum eq).

1.1 Energy Equation
This equation demonstrates that, per unit volume, the change in energy of the fluid moving through a control

volume is equal to the summation of rate of heat transferred into the control volume, rate of work done by surface

forces and work done because of gravity 3.
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1.2 Continuity Equation
A continuity equation expresses a conservation law by “Equating a net flux over a surface with a loss or gain

of material within the surface”. Continuity equations is shown below 3.
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This equation is for principle of mass conversation for a one dimensional, steady, with one inlet and outlet.

1.3 Naiver Stroke Equation (Momentum Eq)
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The momentum equation states that sum of forces acting on a fluid element to its acceleration or rate of change

of momentum. The Newton’s second law of motion F = ma is the basis of the momentum equation 3.

VI. RESULT AND DISCUSSION

The problem was solved with the help of using Ansys Fluent. The different valve angles (300; 450 & 600) were
compared with each other. Below are the pictures of the air velocity inside the chamber. Figure 6Figure 8 show
the velocity profile at different reference planes and timings. Figure 9-11 show the mass flow rate at different

reference planes of different valves. Figure 12 shows the average mass flow rate.

YN Y

Figure 6: Velocity Profile at 450 Valve Geometry, (a) Velocity Profile at Different Reference Planes, (b)
Velocity Profile at Different Time.
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Figure 7: (a) Velocity Profile at Different Reference Planes, (b) Velocity Profile at Different Time.
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Figure 8: Velocity Profile at 300 Valve Geometry, (A) Velocity Profile at Different Reference Planes, (B)
Velocity Profile at Different Time.
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Figure 9: Velocity Profile at 450 Valve Geometry at 30mm, 45mm & 60mm Reference Plane Respectively.
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Figure 10: Velocity Profile at 600 Valve Geometry at 30mm, 45mm & 60mm Reference Plane Respectively.

Received: 22 Sep 2019 | Revised: 13 Oct 2019 | Accepted: 15 Jan 2020 1094



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 06, 2020
ISSN: 1475-7192

Moiilon: Flim Fate swlil3d (loe_sadi_plane_3)

Monitior: Fhow Rabe sl [ke_swhil_plane_1} it o Rate swe (ice_smin_piane_3)
- A~ S~ " R
{ ﬂ / %. II."l \ / E. .flll I".IH
s (W ] ] .= -\
é " .'I A, _,-’I é . . .""-l‘l J_.-'l E III * ".IL
Fasy, 1 ‘ALY r
/" __p-’; ___r'/ \j‘l
e,
(a) ih) ic)

Figure 11: Velocity Profile at 300 Valve Geometry at 30mm, 45mm & 60mm Reference Plane Respectively
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Figure 11: Velocity Profile at 300 Valve Geometry at 30mm, 45mm & 60mm Reference Plane Respectively

VIl.  CONCLUSION

Air gasoline mixture is extremely crucial for combustion to require vicinity. Intake port plays a genuinely
critical function inside the air go with the flow in the combustion chamber. The flow of air in the combustion
chamber allows in attaining higher gasoline performance and lower emission. This paper studied the valve layout
which can help in increasing the swirl and therefore the mass drift inside the combustion chamber. The look at was
concluded with the assistance of CFD IC engine module, any. The valve Attitude was changed to 300, 450 & 600.
Special CAD files were generated with the help of solid works; the cad files were imported into Ansys v16 in the
IC engine module. Port waft simulation become performed at the generated documents.

Following end turned into concluded from the analysis. whilst the port perspective was set to 450, the swirl
became limited to the top area of the combustion chamber and therefore the mass glide become higher in the 2d
case, whilst the post perspective become set to six hundred, the Swirl inside the chamber was higher that 450 port
perspective, and therefore the mass drift turned into but the number one situation in the 0.33 case, the post attitude
become set to 300. The swirl become less but the mass flow was better. Because of unique perspective of flow, the
swirl and therefore the mass waft changed. But from the above effects, we may want to conclude that 450 port
perspective become a far better choice for swirl. Mass float even though 600 port perspective have to even be taken

into consideration and experimental validation ought to be administered in the destiny research.
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