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Abstract —Optimizing airflow performance during intake
valve process is the main purpose for this project. Analyses
were done in CFD simulation and experimental using a test
rig single cylinder 4 stroke direct injection diesel engine. This
analysis also reported and compared with both analyses
where experimental result can meet a nearly required
targeted limit due to some realistic condition.

Fabrication of intake valves also were made to do analysis
on experimental based on the modify design. This being done
after simulation analysis, modeling design was using to be
fabricated and analyze the model on test rig machine to verify
simulating result. This analysis could be used to increase
thermal efficiency and maximizing usage of air fuel in
combustion process, which reduce pollution to environment.
Even though air flow have been optimized on its intake valve,
but still intake system could be improve by considering other
parts of engine such as intake manifold.
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I. INTRODUCTION

Due to heterogeneous combustion the thermal “n” of
C.l. Engine is less in spite of using a large excess air.
Therefore thought of conducting the experiment to
overcome the above problem of low thermal efficiency &
also to reduce levels of pollution. The thermal efficiency of
the conventional C.I. Engine is low around 20%t028% due
to low rate of air swirl and improves the improper mixing
of air and fuel. If the swirl is weak the products of
combustion are not swept away fast from the surface of the
burning drop plate. This will further suffocate burning of
droplet.

Hence to optimize swirl, inlet valve with different
shapes on its periphery can be made first and simulated
through computational fluid dynamic. The software used
for this project is starccm+. Results are compared for
maximum swirl and turbulent kinetic energy and finally a
physical model is prepared through some suitable materials
and through machining.
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Here three varieties of inlet valves are used,

1. Base model (The conventional inlet poppet valves)
2. Type-1 valve (Inlet valve with masks on its back)
3. Type-2 valve (Inlet valve with fins on its back)

Base model (conventional inlet poppet valves):

—Tip

Keeper groove

Stem

Head
Margin

Fillet
Seat face

 Combustion face

FIG1

The conventional inlet valve is as shown above,
consisting of combustion face which is exposed to a very
high temperatures during the process of combustion. Valve
is having a delicate part called seating which should be
very accurate enough in dimensions and finishing so that
accurate locking and sealing enhances the whole engine
performances.

Type-1 inlet valve (valve with masks on its head):

FIG-2 Type-1 inlet valves.

Masking is the process of building a small piece of metal
on the valve head without disturbing the valve seating; the
small pieces are called masks. Here for analysis we have
used 2-masked valves, 4-masked valve and 6- masked
valve, which are having the following dimensions:
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Angle of mask: 120°
Width of mask: 2mm
Thickness of mask: 2mm
Outer dia of mask: 28mm
Inner dia of mask: 24mm

Hence these masks are split into 2 , 4 and 6 pieces
angularly i.e., 120%2 = 60° masks in 2 pieces

120%4 =30° masks in 4 pieces
120%6 = 20° masks in 6 numbers

Type-2 inlet valves (valve with extended fins on its head):

FIG-3 Type-2 inlet valves

In this type a small ring consisting fixed vanes are used
as fins and are easily detachable from the valve body. The
fins are equi- spaced on a circular orbit with varying
numbers say two, three and five as shown in figure. The
dimensions are: inner ring dia-7.8mm

Thickness of ring: 2mm

Width of ring: 2mm

Length of vane: 12mm

Width and thickness of vane: 2mm

Angle of vane: 45° bent approximately down to adjust
on valve head.

Simulation using cfd:

Simulation requires valve models, engine inlet manifold
model, combustion chamber model, engine operating
parameters. Discussion of each may become a very lengthy
topics hence just explained through some neat sketches.
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Engine manifold:

Fig-4 Intake Manifold

Engine combustion chamber (bowl-in-piston):

Engine
‘ combu
stion

chamb
er

(bowl-in-piston):

Fig-5 Combustion Chamber
Engine operating parameters:

Water Cooled, Single Cylinder, 4-Stroke Diesel Engine
Specifications:

BHP = 5HP = 3.68KW
Bore Diameter =80mm

Stroke length =110mm

Speed =1500rpm
Brake drum Radius =147mm

C.V of Diesel =45, 355 Kj / Kg
Specific Gravity of diesel = 0.8225gms/cc
Orifice dia =15mm

Brake Rope dia =159 mm
Torque arm radius =0.2 mts
Compression ratio =16.5:1

Simulation By Using CFD:

Here valve lift is considered as major criterion for
simulation.
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Total valve lift = 12mm

This 12mm is divided into 3 parts and called as
Low Lift (valve at 4mm downward movement)
Medium lift (valve at 8mm downward movement)
High lift (valve at12mm downward movement)

Hence CFD simulations were carried out for analyzing
swirl, turbulence, velocity of inlet air and also pressure
distribution inside the cylinder during suction stroke and
are analyzed at different inlet valve lift positions in
comparison with base model.

Analysis of swirl by simulation:

Fig-6 Base Model:

AT LOW LIFT AT MEDIUM LIFT AT HIGH LIFT

The swirl intensity is very less at the medium and at high
valve lifts. Compare this intensity with the following
model; we can notice that which type of valve will give
better swirl intensity.

2 masked valve

AT LOW LIFT AT MEDIUM LIFT AT HIGH LIFT
|
L4 | |
“‘1‘ “
| " i
4 masked valve:
ATLOW LIFT AT MEDIUM LIFT AT HIGH LIFT
| | | | | )
' ¢ W &
i | i
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6 masked valve:

AT LOW LIFT AT MEDIUM LIFT AT HIGH LIFT
| - |
! ) W &
| | |

FIG-7

Hence a table of swirl ratios and turbulent Kinetic energy
can

Give ideas to optimize the swirl through inlet valves: the
tables are as follows

2 finned valve:

AT LOW LIFT AT MEDIUM AT HIGH LIFT
| | |
-
¥
‘ ¥ e S | |

3 finned valve
AT LOW LIFT AT MEDIUM LIFT AT HIGH LIFT

5 finned valve:

AT LOW LIFT AT MEDIUM LIFT AT HIGH LIFT
- - L

e &
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TABLE-1
Type of Lift
Valve I:,arameterLow(4.3mm) Medium High
Base
2 Mask| Swirl
4 Mask| Ratio
6 Mask
TABLE-2

Type of Lift

Valve Parameter Low(4.3mm) | Medium High
Base

2 Fins |  Swirl

3 Fins | Ratio

5 Fins

TABLE-3 AND 4
Lift
Geometry Parameter Low(4.3mm) | Medium | High
Base
TURBULENCE
Typel JIKG
Lift
Geometry Parameter Low(4.3mm) | Medium | High
Base
TURBULENCE
Type2 JIKG

Here by observation of swirl and turbulent kinetic
energy in above tables and graphs one can choose the best
type of valve which will give optimum results among all
varieties.

Hence we can go for 2 MASKED TYPE AND 3
FINNED TYPE INLET VALVES for physical models.
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Physical model preparation:

1. Tungsten steel is selected for making fins and masks
on the inlet valves because of;

2. It can with stand high temperature up to 800°C to
1000°C.

3. It is wear resistant and has machine able properties.

Il. METHODOLOGY

1. Two pieces of tungsten in the shape of arcs with an
angle 60° are cut and finished in hand machines.

2. Arc pieces are welded with stainless steel welding
electrode of 1.5mm dia.

3. Special care is taken while positioning the masks on
the valve as shown in the figure

4. Finally it is cooled in atmospheric temperature and
finishing is done with small needle files and emery
papers

5. Fins are also made by using lathe and drilling
machines

6. Accurate size and shape of fins are made and finally
finished with hand tools.

7. Fins are so smooth that it can rotate on valve head
periphery when we blow air on to its vanes.

8. Engine head is well serviced and poppet valves are
assembled with due care and tested for smooth and a
foul free up and down movement of valves with a
spring force.

9. Finally engine head is assembled with type-1 valve
and carried for experiment in lab.

10. Similarly the second type of valve is also
assembled and tested in the same engine in the lab

Type-1 valve (physical model):
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Type-2 valve (3 finned valves):

FIG-12
FIG-11VALVE WITH 3 FINS
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1. EXPERIMENTAL SET UP (TEST RIG): KIRLOSKAR MAKE 6. A swinging arm field with spring force adjustment.
FOUR STROKE SINGLE CYLINDER DIESEL ENGINES OF AV 7. An orifice meter.
SERIES

8. A crank handle to start engine

w_ 9. Initially load applied gradually from zero load to 2.5
A kW and every reading is tabulated and calculations
done by using specific formulae.

IV. EXPERIMENTAL ANALYSIS

TABLE-5
S | TYPE OF | BRAEE | INDICA | MECHA | SFC co HC
L | vaLve THERM | TED WICAL
¥ | USED AL THEFM | EFFICIE | KGEW | (%) PPM
o EFFICIE | AL ¥CY
¥CY EFFICIE
NCY (24)
)
(%)
T [ EASE 6T0O3L |32 TO| 18 TO |13 TO| €11 130 TO
MODEL 45 71 0.519 TO ]
0.06
1 [ 2 MASEED | 615 TO |32 TO| 12 TO|12 TO| 0l 120 TO
VALVE 3815 51 75 0.40 TO 20
0.02
5[5 FDMED[6F TO | 353 TO| 18 TO| 122 TO| 006 |70 TO
VALVE 36.16 5418 72 0.4 TO 30
0.03

—&— with mask

—o— with fin
40 —A— without mask
35
30 4
® 254
z
£ 20
]
(=3
154
Fig-13 test Set Up 10+
Test rig consists of: 5-
1. Manometer to note down air head. 00 05 10 520 25
2. Water flow indicator LOAD (KW)
. Bur m re 1 f oil consumed in 1
3. Burette to easure 10cc of oil consumed 0 Fig-14 Brake Thermal Efficiecy Vs Load
seconds
4. Thermo couple points to measure temperature of
gases.
5. An electrical load starting from zero kw to 2.5 kw
load
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144 454
12 % : 404 +with mask
—a— with mask —o—with fin
\ —e— with fin " —A—without mask|
c 1 —A— ithout mask 0
: | g
%‘, 0.8 Y 301
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FIG-16 INDICATED THERMAL EFFICIENCY Vs LOAD FIG-18 CO Vs LOAD
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—8— with mask
—o— with fin
—A— without mask|

N mechin %

0.0 05 10 15 20 25
LOAD IN KW

FIG-19 MECH. EFFICIENCY Vs LOAD

I with mask
I with fin

1409 I without mask

HC IN PPM

0.0 0.5 1.0 15 20 25

LOAD (KW)

FIG-20 HC Vs LOAD

V. CONCLUSIONS

. Optimization of inlet air to the engine can be done by

means of inlet poppet valves.

. CFD simulation can advise better results.
. Masking of inlet valves improves swirl rate and intern

brake thermal efficiency of engine.

. Fins also increase the swirl rate and hence we can get

better thermal efficiency.

. Pollution levels are also decreased with both valves

when compared to conventional valve.

. Manufacturing cost of masks and fins are less and can

easily prepared
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VI. FUTURE RECOMMENDATIONS

. The shape of masks can be changed and to be

checked.

. The design and shape of fins can also be thoroughly

studied.

. The inlet valve rotation during process can be made

static to enhance good swirl rates.

. The engine valves can be modified to generate air

swirl at the entrance for better performances.

. Engine size can be made compact for same capacities

with use of less air , i.e., with lower volumetric
efficiencies and at high swirl rates for the same
capacity, the engine can be made compact in size
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