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Abstract

Combustion chamber modification in diesel engine is much important than petrol engine, be-
cause the combustion chamber profile imparts squish and swirl effects for better mixing of air and
fuel. While modifying the profile of combustion chamber of diesel engine, it is important to relocate
the hot spot regions on the combustion chamber surface which supports combustion initiation. With
these hot spot regions on combustion chamber surface regulates/controls ignition delay period
which results in controlled detonation. In diesel engines, controlled detonation which in turn im-
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proves engine performance and reduced emissions. Therefore, to include the hot spot regions at

proper locations, it is required to measure the temperature values at different locations/coordinates
with the help of thermocouples on the surface exposed to combustion chamber.
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on cylinder head.

1. Introduction

Diesel engines are being extensively used for rail and road
transportation, agriculture applications and power gener-
ation. Increasing demand and depleting fossil fuels have
lead to research and development on production of energy
efficient engines. Minimizing the energy losses in the en-
gine definitely improves the power output and efficiency
of the engine. In order to improve that performance of the
engine, many experimental and theoretical investigations
have been carried out elucidating the heat transfer charac-
teristics of compression ignition engines. Proper design
of the combustion chamber is at least as important in the
ClI engine as in the Sl engine. In the Sl engine, a nearly
homogeneous mixture enters the cylinder, is compressed,
and the ignited by means of a spark plug. The fuel and air
are mixed in the carburetor. In the CI engine, on the other
hand, only the air is compressed in the cylinder and the
fuel is injected during a period of 30 to 35 degrees of
crank angle. In this short period of time, the fuel and air
must be mixed. In essence, the mixing portion of the SI
engine carburetor’s duties is performed within the com-
bustion chamber in a Cl engine. Consequently, the com-
bustion chamber in a CI engine must be designed to pro-
vide for this mixing of fuel and air.

NOx emission increases with increase in in-cylinder tem-
perature and the peak NOy level occur at combustion peak
temperatures which occur between start of combustion
and in-cylinder peak pressure [1].

Burned zone temperature (localized in-cylinder tempera-
ture) is significantly higher than the global/average in-cyl-
inder temperature during the combustion. The reason for
this significant difference is due to localized phenomenon
i.e., the in-cylinder temperature varies with respect to spa-
tial coordinates in the combustion chamber [2].

The combustion temperature was not sufficiently high to
make soot inception or to continue their growth in most
regions, except for several high-temperature regions. This
is analogous to the inverse diffusion flame, where the nas-
cent soot particles can be transported away from the flame
front by thermophoretic force toward lower temperature
regions [3-6]. It is noted that an individual soot particle
experiences the process of evolution and oxidation along
the diesel spray flame axis and in the radial direction dur-
ing conventional diesel combustion [7, 8], even though
partially premixed combustion could be achieved in low
temperature combustion.

NOx forms in the lean mixture zone where flame temper-
ature is above 2200 K, whereas soot forms in the rich mix-
ture zone above 1800 K. Conventional combustion over-
leaps the formation zones of NOy and soot, but LTC tech-
niques like HCCI and PCCI avoid these zones and reduce
NOy and soot simultaneously [9-11]. Interestingly they
observed that even on higher EGR, higher biodiesel con-
tent showed lowest ignition delay and they suggested that



N. Shivakumar / International Journal of Automotive Science and Technology 1 (3):8-11, 2017

ﬁ\soaﬂv OF \

AUTOMOTIVE
QIAVERS :viinccrs

ignition delay relied more on chemical kinetics mecha-
nism than the temperature reduction made by EGR. How-
ever, shorter ignition delay may also produce less NOy if
the ignition delay is short enough to make a weak mixture
[12]. Exergy destruction rate increased with increasing the
dead state temperature [13].

2. Temperature Measurement

Thermocouple used for the measurement of temperature
on the cylinder head surface exposed to combustion
chamber is based on its operating range and compression
fitting. The Cromel/Alumel is the thermocouple material
selected for the measurement of temperature and its max-
imum operating range is 1300°C. The description of the
Cromel/Alumel2 thermocouple is as follows:

Type : Transition K-type

Gas Model  :HT-04

Protective Tube : MI SS316

Dimension inmm : OD-4mm, L-150mm

Cable  : Braided, Size-7*36, L-1m

Compression Fitting : Adjustable SS Ferrule Lock-
able
having thread M10*1
Termination Style : Pin type lugs
Accuracy Standard : 1S2054
Operating Temperature : 0 to 1300°C

Fig. 1. K-type, Compression Fitting Alumel-Cromel
Thermocouple.

3. Experimental Work

Kirloskar Diesel Engine is chosen for combustion cham-
ber modification/temperature distribution measurement
on cylinder head surface.
Engine Specifications:

B.H.P:5hp

Speed : 1500 rpm

Bore  :80mm

Stroke: 110 mm

Type : Single Cylinder 4S Diesel En-

gine
Fuel : Diesel
Loading Type : Rope Brake Loading
Cooling Type : Water Cooling

Fig. 2. Kirloskar Diesel Engine.

To install/fit the thermocouples through cylinder head
which is incorporated with water jacket, provisions for in-
let and exhaust manifolds, valves, push rods, fuel injector
and foundation bolts, CAD model was done in which the
paths were found for fixing thermocouples with any re-
strictions with respect to compression leakage from en-
gine cylinder and water leakage from water jacket. The
CAD model of piston, cylinder liner and cylinder head
with fuel injector and valves assembly as shown in figure-
3 below.

ASSEMBLED PARTS OF CYLINDER HEAD, HEAD PACKING, PISTON,
PISTON RINGS, PISTON PIN, SLEEVE, VALVES AND INJECTOR. (3D-
ISOMETRIC VIEW)

Fig. 3. CAD Model (Wireframe) of piston, cylinder head
and cylinder sleeve assembly.

The cylinder head with fabricated sleeves for fixing ther-
mocouples is as shown in fig-4.
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Fig. 4. Cylinder Head with fabricated sleeves for fixing
thermocouples.

Figures 5 and 6 show the cylinder head fitted with ther-
mocouples through sleeves fabricated.

Fig. 6. Cylinder Head with Fitted Thermocouples.

Finally, the installed thermocouples with Kirloskar diesel
engine is tested for temperature measurement over cylin
der head surface exposed to combustion chamber. The en-
gine with installed thermocouples is as shown in figure-7
below.

Fig. 7. Kirloskar Diesel Engine with installed Thermo-
couples.

4. Results and Discussion

The measured values of temperatures on cylinder head
surface at different loads of 0 kg, 5 kg, 10 kg and 15 kg
using thermocouples with their locations from the exhaust
valve centre were tabulated as shown below.

Table 1. Measured values of Temperatures at different
loads using thermocouples and their locations from ex-
haust vale centre.
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Load in k] 3 E g k] K
kg
0 75 61 78 63 181 228
5 78 64 81 64 182 232
10 84 67 85 68 184 252
15 91 74 93 75 188 266
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The measured values of temperature at different loads of 0 kg, 5 kg,
10 kg and 15 kg are plotted with respect to their positions from the
exhaust valve centre shown in graph-1 below.
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Graph. 1. Measured Temperature Values at different loads 0 kg, 5
kg, 10 kg and 15 kg.
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The positions of various thermocouples from exhaust
valve centre are plotted with graph-2 as shown below.
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Graph 2. Distance of Thermocouple points from Ex-
haust Valve Centre.

From the above graph, it is clear that the thermocouple
locations 3, 5 and 6 are nearest to the exhaust valve cen-
tre and the measured values of temperature at these loca-
tions for different loads of 0 kg, 5 kg, 10 kg and 15 kg
are plotted shown in graph-3 below.
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Graph 3. Measured Temperature Values from Thermo-
couple locations-3,5 and 6 for different applied loads of
0 kg, 5 kg, 10 kg and 15 kg.

4. Conclusions

From the obtained values of temperature on cylinder
head surface exposed to combustion chamber of diesel
engine, it is possible to modify the surface profile of
combustion chamber by imparting the hot spot regions
at proper locations which support complete combustion
in order to improve its performance and also to con-
trol/reduce the harmful emissions from diesel fuel com-
bustion. Also the modified profile of combustion cham-
ber impart swirl and squish effects by keeping in mind
the hot spot regions, results in better performance and
reduction in harmful emissions.
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