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Numerical Analysis of Diesel Engine with
Modified Inlet Valve

Amit Malasddhappa Patil

Abstract: The Internal combustion engine is one of the widely
used mechanical system. The primary aspect of all types of
enginesisthe amount of power produced which, is affected by the
complete combustion of a mixture of air and fuel. The objective of
this present work is to outline the improved performance of
single-cylinder Compression Ignition engine with the aid of
geometrical modifications of Inlet manifold. The Study is
performed on Kirlosakr Cl engine. For modeling of engine
assembly, CATIA V5 Software has been used. The Numerical
simulations are performed with Ansys 14.5 and solver used as
CFX. In this work, two different engine models such as
Conventional valve and Modified valve with plate is being
considered for CFD analysis. The simulation study of air flow
motion with a valvelift of 4 mm, 6 mm and 8 mm is performed for
both valve configurations. This numerical analysis aims to
maximize the air velocity in the inlet valve with minimum
turbulence which in turn improves the engine performance. The
study is performed on the single cylinder four-stroke variable
compression ratio diesel engines. I n the present study, the air flow
motion inside the intake manifold of an engine is simulated and
investigations are performed by considering the six conditions of
the intake valve. The results obtained acts as a basis for further
investigation of a variety of valve geometry.

Index Terms: Analysis, Air, Engine, Velocity

I. INTRODUCTION

Performance and power output are primary concern for
Compression Engines irrespective of Applications where
they are being used. So many people are coming with
geometrical modifications of engine components such as use
of different types of pistons with modified piston head.
Providing additional features on vave such that air flow
velocity will be improved and which will lead to complete
combustion fuel. This maximizes the output power of engine.
Modified intake valve design for obtaining high swirl. The
result shows that with increase in valve lift swirl intensity
reduces as Poppet valve geometry is considered better than
other geometries because it gives highest swirl in intake
manifold. [1]. had evaluated effect air swirl at intake
manifold of diesel engine. In this study modified valves are
provided with masks and flow rate has been studied [2].
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Effect of swirl on engine performance. Through Numerical
simulation of inlet and exhaust manifold. The various
geometrical configurations such as helical, winding,
helical-winding etc. are studied. Helical winding geometry
has better swirl rather than other two models. P
[3].Investigations are carried out for diesel engine intake
manifold of TATA INDICA. Numerical modeling result
shows that Model 2 gives better air flow distribution than
other models hence model 02 has high swirl [4]. Studied
changes in intake manifold design for the purpose of
improving engine performance. During the study three
different configurations were studied. For original model
same velocity was reported at each outlet with increment in
air velocity about 15% [5].Proposed numerical study of
single cylinder diesel engine with vanes for improving swirl.
The intake manifold has provided with vane type geometry
while parameters like number of vanes and vane angle is
varied during the investigation. Results shows that model
with six vanes is having less pressure drop and swirl
produced by this model is higher than other models [6].
Numerical analysis with three different innovative inlet
manifoldsfor understanding air flow. Theresults are showing
that geometry number three has better air flow behavior [7].
Numerical Analysis of single cylinder four stroke petrol
enginesfor knowing massflow rate during suction and power
stroke. The vave lift has taken as 2mm, 4mm and 6mm. The
swirl intensity reduces with stroke length while mass flow
rate increases with increment of valve lift [8]. Investigations
are done for achieving better swirl flow inside single cylinder
diesel engine. In order to obtain this six different intake
manifold configurations were evaluated. The models are
designed with helical groves. The model MM8 shown high
value of turbulence indicating better air-fuel mixing, The air
swirl also results into reduction in cylinder temperature [9].
Swirl flow motion investigation inside engine cylinder
manifold with variable height vanes. The results shows that
vane with smaller height are better than vanes with higher
height with respect to air swirl motion [10]. M. N
Channappagoudra et a. (2013) [10] had performed effect of
air swirl on engine emissions. With biodiesel asworking fuel.
During the analysis the modified piston head geometries are
taken. Piston geometries are modified by providing grooves
on piston. The piston with 6 grooves in combination with
Honge biodiesel results into better air swirl and low amount
of emissions. Since various researchers had undertaken study
of performance improvement of diesel engine. During this
study parametric analysis of intake manifold is performed.
Some people had come with introducing vanes, modifying
poppet valve by providing masks, adding number of slots,
helical grooves etc.
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The study was performed as numerical simulations for al
these cases and it has been reported that with aforesaid
modifications with intake manifold significant improvement
has been observed with respect to air swirl motion inside the
cylinder, increase in turbulence caused complete mixing of
air and fuel. In some cases with these geometrical
modifications such as changing valve lift resulted into
considerable amount of rise in mass flow rate. This
summarizes that there is still much scope for improving
engine performance with the help of different gemotrerical
structures. With this objective present study has focused on
numerical ssimulation of single cylinder diesel engine with
plate like structure placed on intake valve Cl. Engine.

Table 1. Engine Specifications.

S| Parameter Specifications

1 Engine Make Kirloskar TV1VCR
Engine

2 Number of Cylinders 01

3 Cycle 4 Stroke

4  Rated Power 3.5 KW @ 1500 rpm

5  Cylinder Diameter 87.5mm

6  StrokeLength 110 mm

7  Compression Ratio 12 to 18

8 Cooling Medium Water Cooling

9 IntakeVaveOpening 4 Degree ATDC

10 IntakeVaveClosing 25 Degree ABDC

Fig. 1. Assembly of Engine Cylinder

Il. NUMERICAL SIMULATION

The 3d geometry of engine cylinder with valvesismodeled in
CATIA V5, while further analysis is performed with Ansys
14.5. The Solver used in this simulation is CFX which is
considered as better for existing type of anaysis. CFX is
solver used by commercial CFD software and product of
ANSY S more than twenty years history. The CFD software
gives solution in various domains such as multiphase flow,
reactions, turbulence, smulation of heat and mass transfer
and fluid flow. CFX solver has potential of investigating
complex nature of models involved with fluid flow and
thermal analysis.CFX isalso able to solve models meshed as
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unstructured type of meshing which is mainly used in
complex assemblies. CFX gives quite good results for the
analysis performed for both compressible and incompressible
fluid. The part of simulation boundary conditions are defined
for thismodel. In this analysis two inlets are considered with
Velocity inlet. The cylinder bottom is considered as outlet
which is nothing but pressure outlet. For wall no dip
condition is defined. The geometry has been meshed with
Tetrahedral element with minimum edge length of 0.5mm,
manual sizing. The resulting nodes will be 902663 where as
number of elements were 459430.

Fig. 3. Meshed Model

I1l. RESULTSAND DISCUSSION

Steady state air flow computations are performed for six
different valve lifts viz. 4 mm, 6mm and 8mm for both
regular valve and new modified valve configurations. The
caculations are carried out by solving compressible
Naiver-Stokes equation for mass, momentum and energy.
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The air flow velocity in regular intake valve is high in pipe
side than liner part. Hence, turbulence produced in regular
inlet valve was more than that in case of modified intake
valve with plate. The In-cylinder air flow velocity is noted as
lower than that around valve, for all valve configurations of
lift. Due to sudden rise in sectional area near engine outlet,
the air flow velocity is seen as rapidly increasing.

Maximum air flow streamlines tend to move towards bottom
of the cylinder. In case of conventional valve, the nature of air
movement inside the cylinder is more than that with modified
valve. For conventional valve having lift value of 4, 6 and
8mm the value of total pressure 2.86e+015 Pa, while total
velocity is 7.14e+08 m/s, turbulent kinetic energy as 4.36
JKg. For modified valve having lift value of 4mm, 6mm and
8mm value of total pressure 1.59e+09 Pa, while total velocity
is 6.73e+02 m/s and turbulent kinetic energy as 3.72 JKg.

IV. FUTURE SCOPE

This research work may be further extended with respect to

following points.

1. Change the valve lift positions to higher side and compare
the results.

2. The existing plate is of 2mm thickness the parametric
study may be also extended by changing thickness of
plate.

3. In this work VCR engine is only taken for study, other
engines such as Engine with EGR need to be studied.

4. The present work may be extended by means of applying
optimization techniques.

V. CONCLUSION

The ar flow motion affects the combustion of fuel a a
greater extent. The engine performance will be better with the
effect of the axial and radial velocity of air. Since the area
nearer to the valve velocity of air should be more which gives
complete mixing of air and fuel. Hence with such high
velocity higher turbulence will be created and which gives
good air swirl. In the present study irrespective of valve lift
for amodified valve the vortex forming was lower inside the
cylinder than non- modified valve. The modified valve also
has higher turbulence than the rest of the conventional valve.
The use of higher valve lift, modification of existing plate,
including the newer type of plate structure is some of the
areas for further study.

ACKNOWLEDGMENT

| am very much thankful for my Doctora Guide Dr.
Ghanshyam S. Tasganokar, colleague Dr. Abhijit Malge,
Prof. Amol Kolhe, Pavan Choudhari and Prof. Dilip Pancha
(MIT, Alandi) for constant support and guidance during this
research work.

REFERENCES

1. Pandey, K. M., and Roy B, “CFD analysis of intake valve for port petrol
injection SI engine”. Global journal of research in engineering
mechanical and mechanics engineering, vol.12, no. (5-A), 2012,
pp.12-18.

2. Yerennagoudaru, H., & Desai, S. P., “Effect of inlet air swirl on four
stroke single cylinder diesel engine performance”. International Journal
of Recent Development in Engineering and Technology, vol. 2, no. 6,
2014, pp. 95-103.

3. Ramanjulu, B., Adissu Fulli, D., & Bekele, A. E., “Performance
Analysis of IC Engine Based on Swirl Induction by Using CFD”.

Retrieval Number F8220088619/2019©BEIESP
DOI: 10.35940/ijeat.F8220.088619
Journal Website: www.ijeat.org

2380

International Journal of Engineering and Advanced Technology (IJEAT)

I SSN: 2249-8958 (Online), Volume-8 I ssue-6, August, 2019

International Journal of Advanced Research in Science, Engineering and
Technology, vol.2, no. 5, 2015, pp. 622-627.

4. Solanki, P. D.“Simulation Studies on Different Intake Manifold
Designs for Performance Improvement of Four Stroke Four Cylinder
Diesel Engine”. Mechanical Engineering Department, Student of Master
of Engg.(IC Engine and Automobile) SVMIT, Bharuch, Gujurat, India,
2015.

5. Singla, S, Sharma, M. S, & Gangacharyulu, D., “Study of design
improvement of intake manifold of interna combustion
engine”. Internationa Journal of Engineering Technology, Management
and Applied Sciences, vol. 3, 2015, pp. 234-242.

6. A. Rg Kumar, G. Janardhana Raju and K. Hemachandra Reddy,
“Comparison of swirl turbulence generating devices in compression
ignition engine’. Archives of applied science research, vol. 8, no.7,
2016, pp. 31-40.

7. Xu,J. (2017, October). “Flow analysis of engine intake manifold based
on computational fluid dynamics”. In. Journal of Physics: Conference
Series, vol. 916, no. 1, 2017, p. 012043.

8. Madhusudan Barot, Abhishek Shah and Mit Patel, “CFD analysis of
single cylinder four stroke gas fueled engine for prediction of air flow
rate during suction stroke”. International journal of engineering
development and research, vol. 5, no. 2, 2017, pp. 1136-1140.

9. Prasad, S. L. V., and Pandurangadu, V.,“Reduction of emissions by

intensifying air swirl in asingle cylinder DI diesel engine with modified

inlet manifold”. International journal of applied engineering and
technology, vol.1, no.1, 2011, pp.18-23.

Yasin, M. H. M., Mamat, R., Yusop, A. F., Idris, D. M. N. D., Yusaf, T.,

Rasul, M., & Najafi, G., “Study of a diesel engine performance with

exhaust gas recirculation (EGR) system fuelled with pam

biodiesel”. Energy Procedia, vol. 110, 2017, pp. 26-31.

Channappagoudra, M. N., Thaned, S., Banapurmath, N. R., Ramesh, K.,

& Manavendra, G., “Effect of swirl on DI diesel engine operated with

honge biodiesel”. International journal of engineering research and

applications, vol. 3, no.6, 2013, pp. 595-60.

10.

11.

AUTHORS PROFILE

Dr. Amit M. Patii was born in Sangli,

Maharashta, India in 1984. He obtained his

Bachelor Degree in Mechanical Engineering in

2006 from Shivgji University Kolhapur,

Maharashtra. He completed his Post Graduation in

Design Engineering a D Y Patil College of
Engineering, Akurdi, Pune in 2013. He had completed his Doctoral studies
from JJTU Ragjasthan. Currently, he isworking as Assistant Professor in the
Department of Mechanical Engineering at Zeal College of Engineering and
Research at Narhe, Pune, and Maharashtra, India. His research interests
Machine Design IC engine, FEA. He is Also a life member of Indian
Welding Society (IWS).

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijeat.org/

