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ABSTRACT

e
Among many alternative fuels for 1internal combustion
engine, natural gas can be considered as the single
largest alternative fuel which can substitute totally or
partially the liguid fossil fuel (gasoline and diesel).

This research work was intended to study the performance

characteristics and -exhaust gés-emissions (CO,HC,C02, 02) of a’

two cylinder diesel engipé/converted to spark ignition engine to
run on 100 percent compressed natural.gas (CNG) .

'In this experiment, Tartarini gas regulator of Itally, gas
air mixer, electronic ignition system, spark plugs, etc. were
fitted. Compressed natural gas (CNG) cylinder containing gas at
200-210 kg/cm?2 was used as a fuel source,

From the experimental result, it is seen that natural gas
fueled spark ignition engine can deliver nearly equal output of
its diesel counterpart (unconverted engine).

" The natural gas fueled spark ignition engine was found to be .

more efficient at the ignition timing of 15¢ BTDC (before top
dead  centre) when the Brake Specific Energy Consumption (BSEC)
of 13.22 Mj/’/kwhr and Brake Specific Fuel Consumption (BSFC) of
293,82 gm/kwhr and Brake Thermal Efficiency {(BThEff) of 27.23%
were found at full load operation.

The exhaust gas temperature of natural gas fueled spark
ignition engine is found to be 120°C to 180°C above than that of
a diesel engine and a petrol engine of comparative power range.

During the test CO,HC,CO: and O, were measured. NOx is
usually measured for diesel engine’s exhaust gas pollutants
where the formation of NOy is high due to high combustion
temperature and high compression ratio.

The harmful exhaust gas pollutant like carbon monoxide (CO)
which restricts oxygen transfer in blood hemoglobin is found nil
at the air fuel ratic above 17.48:1 for natural gas fueled spark
ignition engine indicating that natural gas is a clean fuel.

It is also found that at air fuel ratio below 17.48:1.the
exhaust gas pollutant (CO) is traceable in considerable amount
depending upon 1load tondition and richness of the air fuel
mixture.
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CHAPTER -1

INTRODUCTION :

Fuel crisis and its subsequent effect was acutely felt in
Western countries like U.K., West Germany, France, Italy, U.S.A.
along with other developed countries in early seventies when the
price of liquid fuel rose abnormally high. Since then developed
countries toock keen interest in finding out the alternative 1in
the major fuel depending sectors. The necessity of alternative
fuel in S.I (spark ignition) and C.I (compression ignition)
engine also got importance in many countries. Subsequently lot of
research and success have been achieved in countries like
Italy, U.S.S.R., New Zealand, Canada, ' Denmark, - U.s.A., Japan,
France, etc. Tartarini of Italy has developed different type of
gas regulators, mixer, cylinder and other gas controlling units
which are commercially used world wide. Japan and France have
developed gas engine of different ranges upto 750 Kw.

The alternative fuels so far sorted out are Compressed
Natural Gas (CNG),Liquified Petroleum Gas (LPG),Methanol,Ethanol,
Bio-mas, etc. Each alternative fuel has got advantages,
disadvantages and own economics, but compressed natural gas has
top position among them for using in I.C. engine because of its
more advantages and less disadvantage like-good combustion with

less engine noises and vibrations, less exhaust gas pollutants
and satisfactory engine performances.

In Bangladesh, research on natural gas fueled S.I. engine is
limited with Petro Bangla, BUET, and Bangladesh Diesel plant
Ltd. CNG Plant under Petro Bangla converted a few number of
gasoline fueled S.I. engine to natural gas fueled S.I. engine in
collaboration with Tartarini of Italy and TNO of Netharland. TNO
is working as a consultant and Tartarini as the supplier of CNG
conversion kits. CNG plant under Petro Bangla is simply taking up
the work of converting gasoline fueled S.I. vehicle to natural
gas fueled S.I. vehicle with the conversion kit imported from
- Tartarini of Italy but no experimental data are available there.

Since Bangladesh has got sufficient gas reserve against 100%
dependence on imported petroleum fuel, so the use of CNG in S.I.
.engine, in C.I. engine and converted S.I. engine can play a
vital role towards the saving of foreign courrency and dependence
on foreign coutnries for fuel, B



Bangladesh Diesel Plant (BDP) Ltd manufactures 2 bylin@er

diesel engine locally. If this diesel engines can be converted to

dedicated gas, it will generate economic and social values and
develope experties locally. -

(i)

(ii)

(1ii)

The present research work has the following objectives -

To study the effect of ignition timing on the performance

of natural gas fueled spark ignition engine at
different loads.

To study the overall performance characteristics of the

engine at a constant speed of 1500 rpm with variable load
test.

To study the exhaust gas emissions (CO,HC,COz2 and 0:1) of
natural gas fueled spark ignition engine for correlating

the . exhaust gas pollution / emissions with engine
performance characteristics.



CHAPTER-2

LITERATURE REVIEW

Nagosh and Samaga (20) optimised a biogas fueled S.I. Engine.
In their test result it is reported that engine performance in
Eeneral more satisfactory at advanced ignition (35°BTDC) and at
larger spark plug gap (0.45mm). The tested engine showed a
minimum requirement of biogas at the rate of 0.7 m3 /bhp-hr. The
biogas contained 59X methane and other combustible and 41% COz.

Karim and Ali (16 ) tested a single cylinder spark ignition
research engine fueled with natural gas . Their result showed
that in the exhaust, oxides of nitrogen (NOx) always decreased
Wwith the retarded spark ignition timing. The emission of CO
increased with decreasing mixture temperature and also with
increasing compression ratio.

Cambell (6) conducted experiments on the use of compressed
natural gas (CNG ) in spark ignition engine and in dual fuel
engine . He converted a single cylinder diesel engine {Duetz 210
D, 6.7 Kw , air cooled, comp. ratio 17:1) to a natural gas fueled
5.I. engine reducing compression ratio to 12:1 . From his test
result of single cy¥linder S.1. engine, he reported that
exhaust tempertature decreased ignificantly with ignition timimg
-advanced. An increase in ignition advance from 2° BTDC to 15¢
BTDC .. resulted in decrease in exhaust temperature from 702°C to

620°C at 2000 rpm at rated load . It was also mentioned that
exhaust temperature in natural gas fueled engine was overall
high compared to diesel fuel operation . Exhaust emission

was found to follow typical spark engine trends.

Obert (23) explained the performance characteristics for a
constant speed load test of I.C. engine . It is mentioned that
with the increase of load , brake specific fuel consumption
decreased due to increase of mechanical efficiency at high *load.

Lyon. Howland' and Loom (17) proposed the technique of
controlling smoke and gaseous emissions from a diesel engine,
using liquid petroleum gas as alternative fuel . They suggested
that direct injection of diesel responded excellently to dual
fueling and this method could be used to control smoke.,

Baluswamy (2) worked on the LPG dual fuel engine using 70%
diesel and 30% LPG and compared this result with 100% diesel
operation. He concluded from his experiment that LPG dual fuel
operation always led to lower §.F.C. values and also found
that smoke was greatly reduced. From an examination of the
various heat release record , they suggestd that dual fuel
com bustion generally appeared to undergo two distinct
phases, the first phase was associated mainly with the



combustion of pilot and associated gaseous fuel, while the second
phase was dependent on the concentration and quality of the
gaseous fuel employed. The heat release analysis of lean mixture
operation showed agreement with other experimental evidence that
comperatively inefficient combustion wunder such condition was
due to mainly the inability of the gaseous charges to supplement
effectively the heat release of the first phase . The use of

larger pilots or higher initial temperature could reduce this
tendency. :

Murty (22) investigated kinematic NO (oxide of nitrogen)
inside the cylinder of S.I. engine working on gasoline water
mixture . He mentioned that formation of NO in the engine
cylinder depended not only on the various parameters but also on
the character of combustion process which in term depended on the
design and other factors. In the investigation result it it is
seen that Nitric Oxide (NO) increases from 250 ppm to 400 ppm for
natural aspirated engine but Nitric Oxide {(NO) increases from
500 ppm to 650 ppm to supercharged hydrogen engine when inlet
temperature increased from 290 deg K to 320 deg K. It was
further observed that as a result of lean air fuel mixture and
high peak combustion temperature NO emission was high.

Newton, Steeds and Garretts (21) mentioned that unburnt
hydrocarbon in the exhaust originated from the quench layer on
the walls of combustion chamber, a few hundredths millimeter
thick in which the flame was extinguished by cooling. Therefore
surface /volume ratioc must be kept small as possible and design

should be free from <crevices and corners where quench might
occur.

Beg {(4). studied the effect of mixing on the performance
of a single cylinder dual-fuel diesel engine. The experiment
was conducted with different shape of air-gas mixers, entry
lengths, and different percentage of diesel gas consunption.

From the experimental result it is reported that for a
particular load, as the percentage of diesel consumption
decreased, the equivalent Specific Fuel Consumption increased

and the rate of increase was found to be higher at lower
percentage of diesel consumption. This increase was more
prominent at lower loads than higher loads. At higher loads,
equivalent SFC was very close to 100 percent diesel operation
though the gas flow rate increased. From the comparison of
equivalent SFC for different air-gas mixers and entry length, it

was reported that with 60 percent diesel consumption , equivalent
SFC decreased by 3.8 percent for cross-shape, 3.7 percent for L-
shape, and 3.5 percent for L-shape (direction of L opposite to

air flow ) mixer. This was due to better mixing of air and gas
before entry of the engine.



Bari (3) also conducted an experiment on the study of the
effect of dual fuel on some performance parameters of a single
cylinder small diesel engine. It is reported that though the
rated power of the original diesel engine was 5 Hp but the same
engine gave maximum 3.75 Hp with dual fuel operation. Three
types of mixers ( Direct, L-shape and Cross-shape) were used in
the experiment and among those the Cross-shape mixer was found to
be more efficient. It was also reported that at 75% of full -load
and 60X diesel consumption, the SFC was about 7% less than the
100% diesel fuel operation. It was concluded that the combustion

in dual fuel engine mainly depended on three factors were
homogenity of the mixture, flame speed and load.



CHAPTER - 3

METHODOLOGY :

Diesel engine does not need much modification for running
it with dual fuel mode. In dual fuel operation of a diesel
engine, the CNG or natural gas is supplied at low pressure in the.
intake manifold of the diesel engine and diesel is injected in
limited quantity as a pilot fuel for starting the combustion of
the air fuel mixture in side the cylinder.

But the same diesel engine needs a lot of modification for
operating it by hundred percent dedicated CNG fuel, The engine
has to be fitted with ignition system, fuel induction system
along with the reduction of the compression ratio. In this
experiment the compression of the diesel engine were also reduced
from 17:1 to 12:1 and the compression ignition system was
replaced by the installation of electronic ignition system.

The details steps énd procedure for modification of the
diesel engine to hundred precent CNG fueled spark ignition engine
is described in appendix A-18.. '



CHAPTER - 4

DESCRIPTION OF THE EXPERIMENTAL SET-UP :

A schematic diagram of the experimental set-up has been

shown in fig.1.1.1. The experiment was set up with the following
equipments and measuring devices etc.

a .

| P

A two cylinder Duetz Diesel Engine {12.68Kw) converted it to
CNG fueled S.I. Engine. The details of the engine
specifications are listed in the appendix table A-2.

Hydraulic Dynamometer for measuring engine load during
experiment,

Air supply system including its air measuring and
controlling devices as shown in schematic figure no. 1.2.1

Fuel (CNG) supply system including its gas weighing device
{electronic weighing scale), pressure regulator, gas flow

control valves, pressure pipes etc. as shown in shcematic
figure no. 1.2.1..

270 Crypton (NDIR) Emission (CO,HC,CO2, 02) Analyser with
an additional hose pipe, water separator etc.

Mancmeters group for measuring different pressures {Orifice

pressure, exhaust gas depressicen, intake manifold pressure,
air inlet depression}.

Digital thermocouple groups for measuring different
temperatures (air box temperature, lube o0il temperature, air
fuel mixture temperature at the intake manifold, exhaust gas

temperature, c¢ylinder head temperature; dynamometer exit
water temperature). '

*Mixer-(gas carburator}) for proper mixing of fuel and air.

Digital tachometer for measuring engine rpm.

A sling phychrometer for measuring dry bulb temperature and
wet bulb temperature,

A Barometer for measuring atmospheriic pressure.
H



The diesel engine was modified to S.I. Engine by reducing
its compression ratio from 17:1 to 12:1 and fitting an electronic
ignition system on it. Photographs of the engine fitted on the
test bench are shown in fig. 2.1.1. and 2.1.2. The important
technical details of the original diesel engine and converted CNG
fueled S.I. Engine are listed in appendix table A-1 and A-2.

The schematic diagram of air flow syastem is shown in fig.
1.2.1. The original air filter was removed from the engine and an
air flow measuring device was fitted with the intake manifold of
engine, The air flow and its measuring device consisted of an air
drum (actually two nos. empty drums fabricated and welded to
single drum), an orifice meter with corner tapping, air hose pipe
(dia 12.7cm), air shut-off valve inclined manometer, as shown in
fig. 1.1.2. The air shut-off valve was installed before air hose
(i.e. at the exit of air from drum) for controlling intake
manifold air pressure and its flow as and when necessary.

The gas (CNG) supply system consisted of two nos. CNG
cylinders connected in parallel by pressure pipe and gas control
valves, so that gas (CNG) could be supplied to engine from any
one of these two cylinders as and when necessary. One CNG
cylinder was for supply and storage of CNG gas, called storage
cylinder. The other CNG cylinder called service cylinder was
fitted on a.,weighing electronic scale under the test bench which
supplied CNG during the period of the experimental work. This
weighing or service cylinder was refilled from the CNG of storage
cylinder through control valves before starting the experiment.

. Electronic weighing scale was used for taking weight of
service cylinder before. and after the experimental observation
from where fuel flow rate was calculated., Digital stop watch

has been used for measuring observation period during the engine
test.

High pressure gas {(CNG) passed from CNG cylinder to gas
regulator (pressure reducer) where high pressure CNG (200-210
bars}) was reduced to its line pressure of approximately 1 kg/cm?
from where the gas passed into the mixer and it is then mixed

with air to feed a homogenious mixture of gas and air to the
engine cylinder. ‘ .-

The engine was installed on an engine test bench and its out
put shaft was coupled to a hydraulic dynamometer with necessary
fittings and couplings. The fittings were fabricated in the
machine shop and welding shop of BUET.
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The exhaust gas from the exhaust silencer was passed outside
the engine room through a fabricated G.I. pipe (10.16 cm ).
Provission was also made for collection of exhaust gas sample
from exhaust line to gas analyser. A separate pot or water
separator was also fabricated and installed on the line of
exhaust gas sample, sc that it could separate water from the
exhaust sample before its entry into the analyser.

A group of manometers were installed to measure different
pressures like exhaust gas depression, intake air pressure,
manifold vacuum, air orifice pressure etc.

A sling - physhrometer was installed for measuring dry bulb
and wet bulb temperature near the engine.



CHAPTER - &

PROCEDURE

The experiment was conducted in the following steps:
5.1 Checking of CNG Reserve and Pressure in CNG Cylinders :

Before atarting the experiment, it should be confirmed that
CNG stock and its Pressure is sufficient for taking at least one
complete set of observation. As such before starting the engine,
CNG pressure in the storage c¢ylinder and in the service cylinder
was checked individually by opening the gas control valve and
observing the corresponding gas pressure from the pressure gauge
fitted at the inlet line of the gas regulator.

In our case, 100 kg/cm? pressure of natural gas in storage
cylinder and in service cylinder was sufficient for_taking a
complete set of observation,

9.2 Warming up and making the Crypton 270 Emission Analyser
Ready for use:

It takes nearly 10 minutes to make the emission analyser
ready for use. As such before starting the engine, the analyser
should be brought up into operation mode as per instructions of
operating manual of 270 Crypton Enmission Analyser. The filter
was particularly. inspected for water deposit as water in the
filter gives wrong reading. In rainy season, water deposit in
the water seperator was found in so much quantity that at

every time of engine starting, sufficient quantity of water
needed to be removed.

After those preliminary checkings the power was supplied
from the switch board to the gas analyser through a voltage
stabliser (1 Kw). Then the emission analyser was allowed for its
self calibration for bringing it into operation mode.

10



5.3 Checking Engine and Dynamometer :

Before starting the engine, o0il level and its leakage were
checked up thoroughly and o0il was added or refilled as and when
necessary. Moreover battery connectiong were also checked up and
tightened if necessary. : '

0il level in dynamometer bearings were also checked up and
oil was added if necessary. :

' Obstructions to engine rotation and dynamometer rotation
were also checked up and removed if any.

More over different measuring devices were thoroughly
inspected before starting the engine. ;

5.4 Engine Operation and Experimental Observation :

After emsuring the natural gas supply from the storage CNG
cylinder, the engine was started with the help of starting key
fitted on the switch board fixed on the engine mounting
frame/thasis, i

Engine was allowed to warm up for 5-10 minutes and then load
and speed were increased slowly. Engine was fixed at 1500 rpm and
dynamometer’s 1load was increased to the value for maximum
load carrying capacity of the engine. This was done by
Simultaneously increasing the water supply to the dynamometer
through the water regulating valve from the Sstorage water tank to
dynamometer inlet and increasing the entry of air fuel mixture

through the throttle valve under the gas carburator, keeping the
~engine rpm at 1500 rpm.

Experimental data in this position was recorded . The
dynamometer'’s load on the engine was reduced by 1kg step from the
maximum load carrying capaity to its half value and in each satep
data were recorded without changing the ignition timing.

During experiment the engine was set at the ignition timing
of 15°BTDC and at the constant speed of 1500 rpm. The engine
load was varied at the step of 1 Kg 1load (approximately) and
at each step experimental data for Engine Brake Power, Air Flow
Rate, Fuel Flow Rate, Temperatures and Pressures. for study of
engine performance characteristics and exhaust gas emissions
(Co,lc,coz, 02} were also recorded. .

11



Later on, the ignition timing was varied (reduced) at the
interval of 1.50°, At each ignition timing interval, engine load
was varied as mentioned above at a constant speed of 1500 rpm.

The emission analyser gave the direct reading of % CO v/v, %
COz v/v, % 02 v/v and HC level in ppm.

Power, rated power , specific fuel consumption, specific
energy consumption, thermal efficiency, equivalence ratio,
etc.were calculated from the experimental data Sample

calculation is shown in Appendix A-17. ,



CHAPTER - 6
RESULT AND DISCUSSION
6.1 GENERAL :

The diesel engine (2 cylinders) converted to hundred percent
compresssed natural gas fueled spark ignition engine was tested

13

at a constant speed of 1500 rpm with variable loads, for the-

study ~ of the performance characteristics " and exhaust gas
emissions at different ignition timings from 6°BTDC (before top
dead centre} to 150BTDC (before top dead centre) at 1.5°
interval.

The fig. no. 3.1 to fig. no. 3.4 are drawn from the test data
for the ignition timings of 15°¢BTDC, 120°BTDC. BOBIDC and 6°BTDC
for study of the performance characteristics at different
ignition timings. Each parameter (BS3EC, BThEff, Exht Temp.} of
the performance characteristics at different ignition timings
(15°BTDC, 12°BTDC,9°BTDC and 6°BTDC} has been drawn and compared
to fig. no. 3.5, 3.6 and fig. no. 3.7. Moreover fig. no. 3.8 . and
fig. no. 3.9 show variations of maximum brake power and exhaust
gas temperature at different ignition timings. Also fig. no. 3.10
to fig. no. 3.15 are presented from the test data for the study
of exhaust gas emissions.

6.2 INVESTIGATION OF PERFORMANCE CHARACTERISTICS :

From the test result and figures, the observations regarding
brake specific energy consumption, brake thermal efficiency,
minimum brake gpecific energy consumption, exhaust gas
temperature, maximum brake power, the effect of air fuel ratio on
the engine brake thermal efficiency, percentage of carbon
monoxide (CO) emission, carbon dioxide (CO:2) emission, oxygen
(02) emission and 1level of hydrocarbon (HC) emission are
presented here.

6.2.1 Brake Specific Energy Consumption :

It is seen from the fig. no. 3.1 to 3.4 that the brake
specific energy consumption decreases with the increase of load
upto 65% to 75% of the full load operation and again the same
(BSEC) 1increases with the increase of loads till its full load

o
“
T
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operations in all the tests under different ignition timings from
6°BTDC to 15°BTDC. :

6.2.2 Brake Thermal Efficiency :

It 1is also found that brake thermal efficiency increases
with the increase of loads till its peak value and then falls
again in all the different ignitions timings as shown in fig. no.
3.1 to 3.4. Again the brake thermal efficiency of different
"ignition timings has heen compared in fig. no. 3.6 from where it
is seen that the engine is more efficient at the ignition timing
of 15°¢BTDC.

6.2.3 Minimum Brake Specific Energy Consumption (Hj/kw—hr):

_Brake specific energy consumptions at different ignition
timings from 6°BTDC to 15°BTDC have been compared in fig. no. 3.5
from where it 1s observed that the minimum specific energy
consumption decreases with the advance of the ignition timing.

The Minimum Brake Specific¢ Energy Consumption decreases from
14.97 Mj/kw-hr to 10.92 Mj/kw-hr with the corresponding increase
of Maximum Brake Thermal Efficiency from 24.04% to 32.94% when
the ignition timing is advanced from 6°BTDC to 15°BTDC. This
result is compared with the previous test result (6) in the table
helow.

Item Test result for two Test report
cylinder engine (Nat- (6)
ural gas fueled , -
spark ignition engine)

i. Minimum Brake Specific 10.92 Mj/kw-hr 12.2 Mj/kw-hr
Energy Consumption. -

iji. Maximum Brake Thermal 32.94% . 28.1%
Efficiency. |

6.2.4 Exhaust Temperature :

It is also observed from f£fig. no. 3.7 that exhaust
temperature decreases with the advance of ignition timing. It is
further observed from fig. no. 3.8 that maximum exhaust
temperature decreases from 698cc¢ to 554°c when the 1ignition
timing was advanced from 6°BTDC to 15°BTDC.
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But while comparing this exhaust temperature with that of a
typical diesel engine or a gasoline engine, it 1s seen that
exhaust gas temperature of CNG fueled engine is higher than that
of diesel and gasoline fueled engine.

In genéral the exhaust temperature of diesel engine and
gasoline engine is within the temperature range of 370Q00c to 4l1l0gc¢
at full load operation but the exhaust temperature can be reduced
to 6584 oc by adjusting (advancing)} the ignition timing for CKNG
fueled spark ignition engine at full load operation.

Item Tested engine General range Reported
{2 cylinder CHNG of exhaust at (6)
fueled spark full load
ignition engine) operation.

i. Maximum 5630c~-584°c¢ 370cc¢c=-410°cC 5500¢ at
exhaust temp. at 1500 rpm. 1500 rpm.
at full load &
operation 700°¢c at

) 3000 rpm.

6.2.5 Maximum Brake Power :

It 1is observed from fig. 3.9 that the maximum brake power
increased with the advance of ignition timing. The brake power
increased from 10.09 Kw to 12.68 Kw when ignition timing was
advanced from 6°BTDC to 15°BTDC. The maximum power is obtained
at the ignition timing of 15¢BTDC. : '

6.2.6 The Effect of Air Fuel Ratio on the Engine Brake
Thermal Efficiency : : '

The effect of air fuel ratioc on the engine brake thermal
efficiency showed typlical relation. Substantial increase of
engine brake thermal efficiency could be obtained by proper air
fuel mixure, as found from fig. no. 3.17. The complete burning at
proper air fuel mixutre causes.the increase of brake tharmal
efficiency. .
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6.3 INVESTiGﬁTIOR OF THE EXHAUST GAS EMISSIONS

Though the exhaust gas pollutants are CO, NOx, SOQ, ~HC
particles but our investigation was limited to analyse the
percentage of €O, €02, 0z and HC level for natural gas fueled
S.I. Engine. There were no facility for measuring NOx in our test
and moreover NOx meter is generally used for measuring emission
of diesel engine where the formation of the oxides of nitrogen
(NOx) 1is  likely to be high due to high combustion temperature
inside the cylinder for its high compressor ratio.

6.3.1 CO0 Emission :

At air fuel ratio above 18.84:1, CO emission is found nil in
all the different ignition timing from 6°BTDC to 15°BTDC as
apparent from fig. no. 3.14.

The carbon monoxide (CO) emission is found to increase with
rich fuel operation and it is true for all the. . different ignition
timing. The percentage of €O is found to decrease with the lean
air fuel mixture as seen from the above figures no. 3.14.
Percentage of Carbon monoxide emission found nil even at 85% of
full load operation and it raises to 0.6% v/v when the output
(kw) is 93% of its full locad and percentage of CO further rises
to 1.9% at its full load operation. While comparing the CO
emission of CNG fueled spark ignition engine with that of
admissible limits of CO pollutants in USA legislative or accepted
limit of exhaust gas pollutants in E.E.C. and Japan, it is seen
that the harmful CO level 1is in "safe level and much lower than
that of gasoline or diesel fuel operation as shown in the table
below :

Emission CNG fueled _ Accepted limit Accepted limit Accepted
engine{at of US legisla- of Toyota veh- limit in
constant tive 1978. icle, Japan. England &
speed and {22) (27) in Europe-
variable : ' an country
load test) (8)

a. 300 1.9% by v/v 3.4 ¢ 1 to 2.5% v/v -

b. HC 160 ppm . - - 400 ppm,_

¢. % NOx - 0.39* - -

(Noted - .« g/vehicle mile ; 275 ppm = 2.2 g/vehicle mile)
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So it found that the harmful CO emission is well below the
accepted limits of USA,Japan,and EEC.Moreover CO emission can be
reduced to zero by leaning air fuel ratio above 17.48:1 , at 15¢°
BTDC when the load carryng capacity is about 85% of full load.
The test procedure of exhaust gas pollutants in USA is different
from laboratory test, since .in USA, exhaust gas pollutants are
measured by collecting them in bag while the vehicle is operated
inside and outside of town at different speed and modes on a
chassis mounted dynamometer. But Toyota Company recommended to
measure CO when engine run at hot condition while the vehicle is
kept ‘stationary for its test.

6.3.2 HC Emission :

HC 1is the unburnt hydrocarbon originating from the qguench
layer on the walls of combustion, a few hundredths millimeter in
which the flame is extinguished by cooling. The other cause. of
the presence of hydrocarbon in the exhaust is the misfiring when
the unburnt hydrocarbon of the full cylinder is escaped into the
exhaust gas. The level of hydrocarbon is found high when the fuel
in the mixture is high as apparent from fig. no. 3.10 to 3.1..
At too lean mixture the level of hydrocarbon is found to rise
again. From the experimental data, the fig. no. 3.10 shows that
the level of HC is traced even at lean mixture. This is mainly
due to insufficient fuel in the mixture to start firing.

Through there are several proposals of the HC level limit in
U.S.A. from 1966 to 1975 but no level limit of HC 1is available
for world wide or for their national level application. But the
manufacturer of Crypton 270 Emission Analyser of U.K. has
recommended the level of HC upto 400 ppm as normal. But 1in our
case it is 160 ppm at full load. '

S0 it is feound that HC level in CNG fueied 5.I. Engine 1is
also in safe side and comparatively low and it only 40% of the
accepted limit.

6.3.3 (O, Emission :

€O, in the exhaust gas indicate the combustion efficiency
and it is the equilibrium product of combustion. COz-curve in the
‘fig. no. 3.9 to 3.13 is found to follow typical CO2- curve trends
of gasoling engine. The level of CO: is found to raise at its
.peak value at the air fuel ratio arround 17.48 : 1 and comes
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down again. At optimum air fuel ratio (17.48:1),the percentage of
€0, becomes high because of complete combustion of the. air fuel
mixture. At rich mixture, percentage of COz is lower because of
incomplete combustion of air fuel mixture. Again at too lean air
fuel mixture, percentage of COz 1s also low because of the fact
that excess air containing only 0.4% COz hring the
overall percentage of CO2 in the exhaust gas to a low level.

While comparing the percentage of CO2 in the experimental
work with that of the value of the ultimate analysis of natural
gas in the table A-4 , it is found that the percentage of the COa2
of the experimental result is slightly less than that of the
theoritical value as shown in the table bhelow :

BExhaust emission Test result with Theoritical result from
CNG fuel. ultimate analysis
{Table A.4)
$C0z for ignition 9% 9.52%
timing of 15°¢BTDC
and at 1500 rpm.

The above' 0.52% discrepency in the percentage of CO:z is most
probably for the leakage of air through the exhaust gas manifold
joints.

.

6.3.4 0O,~ Emission :

Level of 02 gmission in the exhaust gas has been shown in
fig. no. 3.10 to 3.13 for different ignition timing. Moreover
percentage of oxygen(0O:) with respect to air fuel ratio in the
exhaust gas emission is shown in fig.no. 3.16 for the ignition
timing of 15 degree before top dead centre and it is found that
with rich mixture, percentage of 0, 1is low hecause of the fact
that most of the oxXygen is burnt in the combustion process. Again
percentage of oxygen is found to decrease with leaner fuel-air
mixture because most of the oxygen remains unburnt in leaner
mixture. '
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CHAPTER - 7

CONCLUSIONS

7.1 General Conclusion :

From the experimental result it is seen that the overall
performance characteristics are competitive and quite
satisfactory 1in natural gas fueled spark ignition engine.
Moreover the exhaust gas pollutants (CO/HC) are also very low and
below the admissible limits of the exhaust gas pollutants for
natural gas fueled spark ignition engine.

The formation of the oxides of nitrogen(NOx) in natural gas
fueled vehicle can also be controlled by installing exhaust gas
recirculation system (EGR) with natural gas fueled
vehicles/engines if necessary. Duetz 2FL 912 diesel engine can be
adopted to run on dedicated CNG with appropriate modifications.

7.2 Future Recommendation :

Though our research was 1imited with variable load test at
constant speed, in future research, the natural gas fueled spark
ignition engine should be optimized at a variable speed load test
along with the study of the side effects like the durability of
engine oil viscosity and wear and tear of engine parts like
‘piston.rings, cylinder liners, bearings etc. for modified 2FLS12
engine. ' '
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Fig. 1.1.1 Schematic Diagram of The Experimental Set-up.
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Fig. 1.1.2 Schematic Diagram of Air and Fuel Flow System .
j |

l. CNG cylinder (storage) 14. Air orifice
2, CNG cylinder {service) 15. Inclined manometer
3. CNG cylinder shut-off valve 16. Flexible plastic pipe
4. High pressure hose 17. Throttle valve
5. High pressure pipe 18. Flange with nut- bolt
6. Gas shut-off valve 19. Two cylinder engine unit
7. Pressure regulator -20. Piston .
8. Power/load valve . 21. Sensor with hanger of
9. Mixer (gas carburator) weightronic scale
10 Air hose 22. Weightronic scale
11. Shutter . 23. Adopter
.12. Air drum 24. Voltage stabliser

13. Air drum stand 25. Power plug of pannel board
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Fig. 1.2 Schematic Diagram of Fuel Flow System.
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Fig. 2.1-1 Photograp

Ignition

Engine at the time of its installation on

test bench-

h of the converted CNG Fueled

the
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Fig- 2-1.2 Potograph of the Engine, Dynamometer, Engine
Test Hench along with other accessories where the engine load
is wvaried hy controlling the water regulating wvalve for
supply of water from storage water tank to dynamometer.
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2-2 Photograph of the
Stac Voltage Stabhlizer

Crypton Z70 Emission
and Power Distribution

Analyser,
Bo:.
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Fig-
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2-3 Photograph of Crypton Z70 Emission
Voltage Stablizer during warm up period.

Analyser

and
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Fig.
switch

A

2.4 Photograph of the CNG Fueled S.1.
board for starting the engine.

Engine

showing
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Fig. 2.3
shaowing 1ts

Photograph

of

the

speed adjustment.

CNG

Fueled

S.I.

Engine
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Photograph of Weightronic GScale, Stop Watch,
CNG Service Cylinder and Pressure Gauges.

2.6

Fig-
Adopter,



- 2.7

Photograph

in

. 3
SR \_ ?i{lﬁ

b

of Inclined Marmometer

for

measuring
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Fig- 2-8

Photograph

of

Sling Psychrometer.
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13 Pips, tlhicutaling wates o tha piensuts reguiaing,
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vorse Rypushingihe bulien the artmarpprans avelre
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23 Bettery

24 CoH

Wirirg and othery

Photograph of CNG Pregsure Fegulatoy and CNG
it Electrical

Flow
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[NTRSTITIN

epulatan

Pennt tburcti

Shut -t
Vahe

= A ——
\ [ Sl ofl Vahwe

Petnl Pump

“Watet

Line Gas Cylindes

Fig. 10 Photograph of Cl& Conversion hits Installation in
Gasoline Fueled Vehicles. ,
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267 COHE Analvser
270 COfHC(C02 /0 Analyser

LI

- Fig. Z.11 Photograph of 270 Cryptorn Emissions (CU/HL/CO/0n)
Analyser. T
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FILK XUV ITrnasy S CRISSION ANALYSER

lC
rpn
wiiL

Fig. 2.12 Photograph of Front Pannel of 270 Crypton
Emiesions Analyser.



CONNECTING i1 HiE TAR

HATER OUTLET

\
FRUBL

Fig. 2.13 ' Photograph of Emission Analyser fitted with

during observation

of emissions from running vehicle.

vehicle.
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Fig. 3.1 The variation of brake specific energy
consumption (BSEC), brake thermal efficiency (B.Th.Eff),
exhaust gas temperature (Exht.temp.) and air fuel ratio
{AFR) with respect to brake power {Kw) at a constant
speed of 1500 rpm and at an ignition timing of 16°
BTDC. _
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Fig. 3.2 The variation of brake specific energy
consumption (BSEC), brake thermal fficiency (B.Th.Eff),
exhaust gas temperature (Exht.temp.) and air fuel ratio
(AFR) with respect to brake power {(Kw) at a conatant
speed of 1500 rpm and at an ignition timing of 12°
BTDC. "
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a
E el —p— EX. temp.
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Brake power (K W)

Fig. 3.3 The variation of brake specific energy
consumption (BSEC), brake thermal efficiency (B.Th.Eff),
exhaust gas temperature (Exht. temp.) and air fuel
ratio (AFR) with reapect to brake power (Kw} at a
constant speed of 1500 rpm and at an ignition timing
of 9° BTDC. ‘
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Fig.3.4 The variation of brake specific enerdgy
consumption (BSEC), brake thermal efficiency (B.Th.Eff},
exhaust gas temperature (Exht.temp.) and air fuel
ratio (AFR) with respect to brake power (Kw) at a
constant speed of 1500 rpm and at an ignition timing of

6° BTDC.
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Fig. 3.5 The variation of brake specific energy
consumption (BSEC) with respect to brake power (Kw) at
different ignition timingd from 6°BTDC to 15°BTDC at a
constant speed of 1500 rpm.
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3.6 The variation of brake thermal efficiency
with respect to brake power (Kw) at

different ignition from 6° BTDC to 16°BTDC at a

constant of

speed of 1500 rpm.
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Fig. 3.7 The variation of exhaust gas temperature
with respect to brake power(Kw) at different ignition
timing from 6°BTDC to 15°BDTC at a constant apeed of
1500 rpm.
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Fig.3.8 The  variation  of maximum exhaustu gas

temperature with respect to the different ignition
timings from 6°BTDC to 15¢ BTDC at constant speed of
1500 rpm,
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Fig.3.9 The variation of maximum load
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Fig. 3.10 The variation of exhaust gas emissions
(CO,HC,COz and Oz} with respect to brake power (Kw)

at a constant speed of 1500 rpm and at an ignition
timing of 15°BTDC.
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Fig. 3.11 The va}iution of exhaust g£as emissions

(CO,HC,CO2 and 02) with respect to brake power (Kw) at
a constant speed of 1500 rpm and at an ignition timing
of 12°BTDC,. ‘
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Fig. 3.12 The variation of exhaust gas emissions
(CO,HC,COz2 and 02) with respect to brake power{(Kw) at a
constant speed of 1500 rpm and at an ignition timing of
9°BTDC.
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Fig. 3.13 The variation of exhaust gas emiassions
~(CO,HC,CO2 and O2) with respect to brake power(Kw) at a
constant speed of 1500 rpm and at an ignition timing of
6 °BTDC.
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Fig. 3.16 The variation of the percentage of Oxygen
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constant speed of 1500 rpm.
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TEST RESULT AT THE IGNITION TIMING OF 13°RTDC.

58

Ohe.7

S1. Item Ohs.1 Dhs.2 Ohs.3 Qks.d Dhs.5 Dhs.6 Unit of
No. No. item-

| Power(Sy* 12.68 11.d3 10.29 .82 7.3  7.03  6.12 KW

2 Wee 1.035 0.213  0.718 0.535 0.555 0.512  0.479 gm/secs
3 Ua 16,306 13.860 12.597 11.770 10,790 10.220 9.300 gm/sec:
4 AFR 15.71  16.99 17.48 19.73  19.38  19.91 19.94

5 BSEC 13,22 11.52  11.30  10.92  11.2d  11.80  12.70 Mj /Kwhr
& EThEFf  27.23 31.23  31.85 32.94 31.75 30.53  28.63 %

7 Ex.Tem. S&3 584 576 558 549 537 531 o

& E.R. 1.09  1.01  0.98 1.15  0.89 0.8  0.86

9 % CO 1.9 0.6 0.0 0.0 0.0 0.0 0.0 viv

10 HC 160 120 120 40 0.0 20 101-1 ppm

11 %C0z 8.0 8.0 9.0 9.0 §.0 80 2.0 viv

12 %02 11.5  11.6  11.9  12.7 130 133 13.7 viv

13 B 7117 7117  71.17 71.17  70.29 &9.4  £9.4 %

14 P. 752018 g -

Power(S)%—- Power at Standard condition, We.~Standard fuel flow rate.

Table

no. 1

L]



TEST RESULT AT THE IGNITION TIMING OF 13.S5° BTDC.

59

Sl. Item Ohs.1 Oks.2 Ohs.% 0(bs.d 0Ohs.5 Obs.& 0Obs.7 Unit of

No. No. ' itgm-

1 Power(S)} 12,14 11413 9.0 B.72 7,50 5.79  d4.50 kW

2 HWes 1.11 G.8d 0.75 Q-?O .61 0.38  0.50 gm/secs

T MWa 16.54 - 14.57 13.07 - 12.03  11.03 10.3d ° .20 gm/secs

4 AFR 1d.86 17.29 17.38 17.21 152.06 17.73 18.34

7  BSEC 1d.231 12.23  12.27 13.01 13-18. 1£.28  13.00 Mi/Kwhr

& BThHEFf 2d.30  2%9.dd4  29.33  27.80  27.37 22.18 EO-QO %

7 Ex-Tem. 617 619 634 621 &£03 534 587 o

8 E.R. 1.15 .99 0.93 0.99 0.93 G.96 0.93

9 %C0 2.4 0.9 0.0 0.0 0.0 0.0 00 v/iv

10 HQ 30.0 £0.0 0.0 0.0 20.0 20.0 2040 rem

11 %C0= 6.0 7.0 2.0 2.0 6.0 6.0 5.0 v/v

12 %0 11.2 11.5 11.8 12.2 12.6 13.1 13.5 viv

13 B, 75.0 ?5-0 75.0 72.0 72.0 72.0 72.0 %

14 Pa 749.53 mmHyg
Table No. 1.2

v



TEST RESULT AT THE IGNITION TIMING OF 12° BTDC.

60

1. Item Obs.1 . DOhs.2 Ohs«3 Obs.d ths 3 Ohs.6& Lnit of

Na. No-r ‘ item.

1 Power¢8) 11.11 10,01 .59 7.67 6,45 5.67 KW

2 Wea 0.29 0.77  0.bd 0.64 0.60  0.56 gm/sec

3 Wa 14.35  13.19  12.07  11.17 10.23  10.13 gm/sec.

4  AFR 16.03  17.11 18.84  17.40 17.08  18.04

s  BSEC 12,93 12.46  11.66  13.52  15.07  16.00 Mj /Kwhr

6 BTREFf 27.74  28.88  30.87  26.63 23.8% 22.50 %

7 Ex.Tem 622 629 615 602 591 590 °C

3 E.R. 1.07  1.00  0.88 0.96 0.970  0.93

9 %CO 0.5 0.1 0.0 0.0 0.0 0.0 viv

10 HC 95 80 20 0.0 0.0 0.0 ppm

11 %C0= & g 9 g 7 6 Vv

12 %0 10,9  11.1  11.d4 121 12,5 12.7 viv

13 B, 78.2  Tl.2z  71.2 71.2 71,2 71.2 %

14 Pao fEO.SS mmHy
Table no« 1.3



TEST RESULT AT THE IGNITION TIMING OF 10.3° BTDC.

61

Sl. Item fbs.1 Obs.2  Obs.3 Obhesd  0Ohs.5  Ohbs.6 Dbs-f Un;t of

No- No. item.

1 Power(5} 11.11 10.57  10.01 2.0  7.79 637 5.79 KW

2 Wea 0.70 1.1% 1.1%2 0.85 0.63 0.%d 0.36 gm/Sec.

2 Ha 14.24 19.43 19.33 13-§Q 11.57 16.08 2.9 gm/sec-

q AFF 15-77- 16.27 16.33 16.d40 16,95 12.60 2d.77

S ERSEC 13.13 12.2d 19.10 15.47 1d4.14 13.12 10.07 Mj /Kwhr

&  BThEff- 27.43 1%.97 19.02 ia.ée 25.46  27.04d  35.74 *

7  Ex.Tem. 6Q7 &£20 LY 627 A00. Sad 575 oc

2 E«R. 1.09 1.06 1.03 1.03 1.01 G.92 G.6%

3 A 3-80_ 3.30 2460 0.40 0.00 .00 0.00 viv

10 HC 160 135 140 20 0.0 20.0 20.0 ppm

11 %C0= £.0 6.0 6.0 7.0 2.0 A0 6.0 viv

12 %0z 10.4 10.4 10.6 10.9 11.3 12.6 12.9 v

}3 Ao 72:5 A0 £9.0 £9.0 &30 69.0 63.0 %

14 Pa 752-33 mmHyg
Table no. 1.d



TEST RESULT AT THE IGNITION TIMING QF 9° BTDC.

t

62

§1. Item ksl Chs.2 Obs3 Chsad Ohso Ohs &
No. No- ’

Ohs7

Unit of
items

1 Power(S) 11.3d 10.21  9.0% = CRES 613 5.45 KW
Z Wea O.88  D.78 '6.59 067 Oebl s 60 0.57  gm/sec.
I Ua 15.11  13.63  1Z.dd  12.36  11.36 1117 10.13 gm/sec.
4  AFR 1711 17.40  17.%% 2.35%  18.62  18.56  17.71

5 BSEC  12.57 1238 1231 1377 Q4.1 C15.86 1694 Mi/Kwhr
&  BTHEff 28.44  28.05% 2%.24  26.1d  2B.81 22.70  Z1.25 0 %

7 Ex.Tem 628 S0 B3 627 616 GO g06. oC

& E.R. 1.0B 0 0.99 0.9 0.93 092 092 0.37

9 %CO 0.8 0.0 0.0 0.0 0.0 0.0 .0 v/v

10 HC 12% 120 75 46 Qa0 0.0

0 .0

]:l]:lm

11 %C0= 7 .7 & 7 7 7 & v/v
12 %= 10.9 11.2  11.5 11.5 2.3 12,5 129 v/iv
17 @,  70.5d 3.1 e3.1 6341 631 63,1 £3.1 %

id Pa 732632

mmH g

Table no 1.5



TEST RESWLT AT THE IGNITICON TIMING OF 7.5°

BTDC.

63

51. Item Qhs.l Dbs-ﬂ Ths.2 (hsd Chs. Obs & nit of
No. No. : items

I Power(S) 10.92 .3 B89 7.78 £ b 5. 55 KW

2 Weo 0,57 =L 0.75 0.71 0. EE 060 gm/sec.
3 Ua 15.50 15,38 13.75 2,28 11.84 11.00 gm/sec.
4 AFFR 16.00  17.2& 18.32 17.25 1739 1616

S ESEC 1d.3%  14.51 17,67 1d .75 16« 5d 17.51 Mj/HQhr

7 ETHEFf 25.02  2E.82  26.3d  22.42 2176 20.37 %

2 Ex-Tem Eidd (63 LeT 655 £36 £33 o

9 E.F 1.11 0.99 0.94 0.9 0.59 0.94

g %CO 2.2 0.9 0.0 0.0 0.0 0.0 v/v
10 HC 150 140 140 g0 20 0.0 ppm
11 %Cde E: 2 3 7 7 5 v/v
17 %0z 0.7  10.9 11.3 13.7 12.0 12.3 v/v

13 . 79 0.5 79.5 50 20 20 o

75019

mmH g

Tahle no. 1.6
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TEST RESULT AT THE IGNITION TIMING OF &°BTDC.

S1. Ttem Nbs.1 hsa 2 Ohs.3 Obs.d hs .5 Unit of
No. Mo : item.
1 Power(S) ‘1o.oq 8,98 7.97 6.72 5. 60 KW
2 Wes 1105' 0.83 | 0.75 0.69 0.65" qm/Sec.
3 Wa 15.97 13.72 13.78 12.21 12420 gm/sec.
4 AFR 15.16 16.51 18,32 17.63 13.%0
S  BSEC 16,86 14.97 15.25 16.63 18.&7 Mi /Kwhr
&  BThEFf 21,35  24.04 2341 21464 19.15 %
7 Ex}Tem. 687 697 695 674 670 oC
&  E.R 1.04 1.04 0.94 0.97 B
8wo 1.7 0.2 0.0 0.0 0.0 v/v
10 HC 160 160 - 40 20 0.0 ppm
11 %0z 7 7 & g 7. v/v
12 %0z 10.3 10.7 11.2 11.5 12.0 viv
13 . £l o 35 63.d1 74.9% 65 . dE £5.d48 %
14 Pa | 749.92 - mmH g

Tahle no. 1.7

B
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APPENDIX TABLE A-1

..-—.---.——..-—-.-..—-..-.-_-_————_..--.___—__.-.-—...-..-—-—_._-—_.--—.-—-—_..-—.-—-——.—-“———-—

Engine Duetz

Model F2L912

No. of cylinders 2 cylinders

Compression ratio ‘ 1701

Bore/Stroke 100/120 mm

Rotational speed (rated rpm) 2500

Tested speed (rpm) 1500

Minimum iddle speed {rpm) 650 - T00

Injection with two stage combustion
specific fuel consumption 223 gm/Kw-hr

‘Starting system Electric motor started(12 V)
Cooling system . Air cooled

Battery 12 v

Cylinder order inline Vertical

Power,

Tntermetent Rating (B" to DIN 6270},
no overload.

(a) Heavy duty {i) 22 Rw
(1i) 25 Kw
{b)} Light duty (i} 24 Rw

i
Continous rating (A" to DIN 6270 Yo

at 10% overload capacity.

¢ {ii) 25 Kw

(i) 14 Rw
{ii) 15.5 Kw

(1) for Deutz pump
(ii) for Bosh pump

APPENDIX TABLE A-2

-———-“-#——*_-——.-‘—”_—.’-—-v—-——--—‘—-———--'---|——-ﬁ.—-—-—q——-‘—_-ﬂ_"--*_--—"-—

Engine : Duetz

No. of cylinder 2

Rpm (tested) 1500.,

Compression ratio 12:1
_Ignition system Electronic ignition system
Spark plug {Lyye} CR-9E ( for NGK )

G-. 58 (for Champion)

Spark plug size 19mm

Spark plug gap 0.3 to 0.5 mm

Dual angle 75 degree
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APPENDIX TABLE A-3

COMPOSITION OF NATURAL GAS BY WEIGHT (9)

Methane Ethane Propane Butane Nitrogen Carbondioxide

94.3502226 2.56423 1.09133 1.0B266 0.2545388 0.67257

APPENDIX TABLE A-4

PROPERTIES OF NATURAL GAsS(24)

Fald

1. Chemical formula CHa { mainly)

2. Ultimate analysis

Carbon , 12%
Oxygen -
Sulpher -
3. Specific heat : 2.26
4. Auto ignition temp. 7130°C

5. Theretical flame temp. 2100°C

6. Stoichicmetric

(i) Air rcguirement (w/w) 16.5 Kg. air/Kg. fuel
(ii) Air requirement {v/v) -

7. Stoichiometric combustion product

CO2 9.52
H20 _ 19
N2 71.48

8. QOctane number 120-127
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APPENDIX TABLE A-5 .

TABLE FOR LIMIT OF FLAMIBILITY OF GASES IN AIR AT S.T.P.
WITH UPWARD PROPOSAL (13)

v vy . —— vt - ———— s — e T e e e Al SR e WA M TR T = S ML e e A e R SR A S S S e e e e e o

Gas Lower Iimit {(v/v)% Upper limit{v/v)X%
Methane 5.0 15.0
Ethane 3.2 12.5
Propane 2.2 ‘ 9.5
n-Butane ' 1.9 ' 8.5
Hydrogen 1.0 15.0
Carbon monoxide & water vapor 12.5 74.0

= e m— mn e W e T e dre i ek A e o M A R e A R M R W ET Wm G e e e e M R R NN e W W S e e R e e
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APPENDIX TABLE A-6

VIGNITION %EMPERATURE OF COMMON FUEL GAS IN AIR AT
ATMOSPHERIC PRESSURE (13) )

— e - — A M A R E A N B AR M AR MR W T e M em e e mE M mm mm M A M A e A e M W e R AR Ew W A e A A AR S Am

Gas Ignition temperature, °C
Methané 825-945
Butane 800
Ethylene . ' B20
Hydrogen 860
co 95

Propone 820
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APPENDIX TABLE A-T7

TABLE OF MAXIMUM FLAME SPEED AND CORRESPONDING MIXTURE OF
GAS IN AIR (13)

Gas Mixture Flame speed
% vol ( cm/sec)

Methane 9.96 33.8

Ethane 6.28 33.8
Propane Ce 4.54 39

Butane 3.52 a7.9
Ethylene 7.40 . 62.3
Hydrogen 42 252

1

APPENDIX TABLE A-8

 SPECIFICATION OF CNG CYLINDER USED IN CNG FUELED VEHICLE
IN BANGLADESH (*)

CNG cylinder's working pressure 200-210 Kg/cm?

CNG cylinder’s test pressure 300 Kg/cm?

Cylinder content _ ' 10 m?

Cylinder water capacity 40 litres

Cylinder empty weight : 39 Kg

Length of the cylinder : 950 mm

Diameter of the cylinder 256 mm

Cylinder weight when filled with gas 50 Kg

Fuel equivalent 2.2 Imp.gallon/
' : cylinder gas

Service cylinder’'s weight(empty) 23 Kg

o — it G i . — v - e e A L W S MR M Er Em e M am e e am e e MR SR M mr Ew M e e e T e i e N M S w e e e e e T s s

¥ -~ CNG Ltd, Bangladesh



APPENDIX TABLE A-8

TRADE BALANCE AND PETROLEUM IMPORT OF BANGLADES
(In Million U.S. Dollar)

...——-..——-.-—_——.-q—_—_-...--——_.-..---.-—_—..-—--—--.-..—-———-.--.————
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H (24)

Year .Mercendise Mercendise Trade Petroleum Petroleum Quantity of

exports imports . balance import import as petroleum

(FOB) " {C&F) : bill percent of preduct

. export imported
~(million tons)

1975-76 610 -1,556 946 126 20 1.25
1978-80 723 -2,372 -1,649 383 53 1.05
1880-81 711 -2,533 -1,822 503 70.1 1.58
1981-82 626 ) -2,572 -1,946 561 89.6 1.58
1982-83 686 -2,309 -1,623 456 66.5 1.30
1983-84 811 -2,553 -1,542 361 44.5 1.35
1584-85 943 -2,633 -1,690 371 39.3 1.51
1985-86 953 -2,500 -1,546 337 35.4 1.72

—-——_—--.....-«--——...-..-.......---————-—-._—..-—..-.....—__._—_—-o-.-———_--.-'.....——_——...————
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APPENDIX TABLE A-10
(Natural gas reserve in Bangladesh)

Peilds Chatak Sylhet Railas Rashid Babi  Yitai Bakhra Sesu Tutub  Begw Feni Bewri Laata
tila pur gon bad  tan dia  gonj bazarc

1. Proven rese- O0.04 .43 0.50 106 1.2 .25 L1 0.03 1.0 0.123 .M 110 009
rve in tacf i

2. Condensate Trace 44 10-13.1 030 0.3-% L5 200 Trate Trace 0.290 - 2.0 0.15
recovery

bbl/mact

1 Calerific 1061 1.52 1050 104 020 1036 102z 104) 104) 064 - - -
value, Gross

btu/cft

{. Cheaical

coaposition

Nethane ¥ 99.05 96,26 95.7 98,02 9.8 97.5 9.1 96.94  95.72 94.07 9000 $1.00 $4.56
Sthane % e 1,99 26 L2 LS 14 34 L Y R Y U N S [ U )
Propane ¥ o - 01 0.8 6.2 - 04 0.8 0.1 0.7 °* ' :
Butane § - 0.2 0.4 0.1 - 0.3 0.6 1.01 03 " : * '
Nitrogen § 067 0.8 0.2 0.5 01 005 0.4 085 0365 ot
Carbon 0.0 0.3 0.2 0.05 - 0.25 6.5 0.3 0.065 ° e
diozide X -

Yesr of - 1959 1455 1962 1060 1963 1962 1968 1868 1977 1980 1981 1982 1482
discovery

13 { thirteen] gas feilds bave been discovered in the country
upto nov. Out of these gas feilds only Titas, Habigosj, Raripur
(Sylbet} and Cbatak have been devoloped aad st present
producing gas from 11 {eleven wells}, five at Titas, two at
Babigonj, two at Haripur, one at Chatak and ome at Railashtil,
producing at an verage of 212 mecft per day.
Note: tacf- Trillion Cubic Peet - 1012
aacf- 10 cft, bbl- American barrel, btu- British Thersal Gait
Source- Petrobangla.
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APPENDIX TABLE A-11
(FROM BS 5514 /1SO 3046)

Annex F

Determination of water vapour pressure -

The water vapour pressure (¢, p.,)is given in tha table below in units of kPa lor difterent values of the air t2moeratue 1, in ¢
Celsius and triative hurmdnty ¢, .

¢, r, WWrat . 7
. - [}
o '- 'l 3 ]
' 1°C? 1. D8 06 . D4 - 02 !
- 10 0.1 02 0.2 0.1 0.1 ! .
- 5 04 07 02 0.2 0
0 06 s o4 0.2 0.1
N 5 0.9 0.7 0.5 04 0.2
10 12 1 0.7 0. 0.2 ' i
15 1.7 1.4 ' 0.7 0% ) '
20 2.3 19 1.4 0.9 0s . :
25 3.2 25 1.9 1.3 0.8 _ !
27 16 29 2.1 t.4 0.7 .
0. S ! e .25 t7 ... 03 i
s 12 agp 318 239 1.9 1 i ;
) (7 5.3 43 32° 2:9 1.1 :
s 6 48 16 78 1.2
28 E6 £ ‘ 2. 1.3
; 20 7.4 59 4. 3 1.5
a2 2.2 6.5 49 32 1.6
44 93y .. 13- 55 . 18 1.E ;
25 191 ] E.% 4 2 .
<f 112 £9 B e 2.2 !
& 12.3 9 74 a0 2.5 e
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APPENDIX TABLE A-~12
(FROM BS 5514 / ISO 3046)

Determnation o! dry 3ir pressure rgr o

I-". - ﬂ¢| p;-

) used in lorme-a 13) s grven i the tante boelpwes lor the value of
- oo oy

+ = 1 of lormuta references A, E and G and tor ghitieennt o

he dry air pressure 1a1Q (

ol gt At Baeprnetree treannte (] and wWRlRr vapour prersaee U
=] the walel vauour Dressure is nUt known 11 can b obrtaris Yemgn the ot termgsezature and rriative hyriudity by the use of anpse =

o
LA

+_ as on ~
. N ] - en .
Altituds Tota! bnrum_!s [~ .
presaure oy - s, p,, IaPa '
m LY 0 b ] - I | 1 5 6 7 8- 9 10 1 1w 13
0 101.3. - 1.04 1.0 .o 19 nea QI 097 0% 095 oM 0T 092 0% 0%
100 109.0 1.02 1.0 1M 0%y oM 087 075 055 oot 09 092 09 gany Qo
200 51.9 1.0 top 022 0731 09 035 095 0% 093 092 0% 023 C&53 G222
200 5.7 023 098 097 C3% pos 0™ 093 092, 0N 0% 03 083 085 085
&7 ot 4 0.9 095 04 O™ 0922 ON oM O02 0P 087 OB 0.B5 ogr oR?
B axn “ pos 093 0% 01 £ o0 0@ O p?7 OR 02 08¢ 08 oOog 08
10 g0 nae? 091 09 (®3 082 0857 0% pEy O/ O0EX O0X 081 080 0.73
o0 7.7 o 0B 0 0T O0ff 2B OR g’ o®mY 0% 09 07 0T J7s
V4 258 03" OBE 905 0% CM 0T OoOR1 OEC 9579 pe o077 075 075 0.4
180 235 o8s OBt 0P} CS €% 0™ 072 O 'R o077 07 079 074 073 0.2
1800 95 cey 082 o ow €T 073 07 € 015 972 073 072 on 0O
200 195 ngr o 073 0% 077 06 07« 0N om1 072 M QM0 08 063
2 200 775 079 078 07! NIt 075 074 a9.73 > 071 07 0B OF3 0 NK
2400 756 077 076 05375 274 °0mf 972 oOMN 60 0f) o0f3 o0& 0485 O e 0%
2 600G ER 075 074 N73 Cir 01 00 0@ 0L3 0pS’ 0G5 06 0~ OEY O0A
1 80 AN 073 072 0% 671 0€» 0@ 05 006~ 065 06 0B 062 061 0&
3000 70.1 072 07 070 0€ 0€3 C5 0f5 06 063 0B 061 050 C=3 0%
X0 -68 4 070 063 0£3 05 0% 05 0O 05 06 06 060 0%5% 05 O 57
Jaw £5.7 08 067 05 065 064 021 062 06 06 053 0%8 057 0% 0%t3
IHC 64.9 0 065 064 nEl 062 08 0G) o053 03 0957 0% 055 0 09
3o 62.2 0ES 0G4 0S5) 0€2 0 0= 058 05 05 pes 0% 053 052 09
LR 61.5 0K 062 06t O0€) 053 0%fd 057 05 055 05 05 052 051 0%
4 270 60,1 061 0% 0°%3 €3 per 0% €% 0% 083 0°%2 051 00 043 028
4 L0 %35 0K0 053 083 0°? 0% 0t3 0% 053 0 051 0% 049 028 0.4?
4 B0 £5.9 058 057 0.5 iz ot Q=Y 082 0% 05 043 048 047 0¢h 0.45
4 800 £3.3 Q5 0% 0% °crfy 02 05F ©% 043 048 0437 04 045 043 043
5000 41 0% 054 C&% 052 05 0% 043 043 047 046 045 041 04 0.42
-




APPENDIX TADLE A-13
(From BS 5514 / ISO 3046)

: 73
. Avtvine s s
Determination of the ratio of indicated power (/)
.
" Formula (3} of (4) can be whtten as t 4 = (7, (R,01 IR,)%)
rFy =942, M r
where K, = — o
L. = aen, p,, ea
7 I,
R? = —: ot —'.—
7.l 7‘
T.
RJ = T"‘
. Tem
and yy = m Yr=< ¥y=q
Po — ec,Fy, :
The value ot R = ———=—""22 can be obtamned from annex £ and other vaiues of R can be calculated.
P — 0O, Py
The values ot m, n, g are obtained from tatlg I."
The table below then gives values of R» for known ratios R and known factors y
The value of & is then oblained by myuitphang toaether 1ne 2puropnate values of R+,
o F
R v *
0.5 0.5 0.57 0.7 0.75- 0.5 12 L 2
0.60 0.77% 0775 0 7147 05> 0.622 0.615 0,542 0,429 0.267
o0& ¢ 0.787 0.779 0.762 0.7115 0.629 0. 663 0.564 0.413 0,374
0.64 0.800 0,182 0.7:5 0.12 0.716 0. 81 0.585 0,458 0.410
0.65 0.817 0.7345 0.7¢3 0.742 0.732 0.700 0.6o7 0.483 0,135
0.c3 0825 0.E9 0.87) 0.2G63 0.749 078 0.620 0.509 0 262
0.70 i om? 0222 0.B16 0.779 0.765 0,716 0,652 0.536 0,420
0.72 0.819 0225 0829 0.725 0.782 0.754 0.674 0.563 0.518
0.74 0 860 0.617 0.Rpa2 0810 0,738 0772 0,697 0.5290 0.548
0.76 0.872 09 0.e85 0.ES 0.814 0.7 0,719 0.619 0578
0.78 Q.E8] 0E;2 0erA 039 T8W orss 0.742 0617 o3
0./ C. 294 £ o] ¢ o=t 0.es5 0.56 0.5 0.7€5 0617 0 fao
0.g2 0.00% 0.e27 03] 0.810 0 852 0. B3 0,789 0,707 0.572
0.B4 097 QoM 0.27% 0.£<5 0.877 0 551 oan 0.7 0.705
0.85 0.927 0922 03 09w 0.F13 0.B78 0.£ 0.7€R 07¢0
0.F3 0.923 € 912 ¢c.em 0,914 0 o O35 0 BES3 0.8 0 T7e
0.29 0.%:9 0o 0 o42 0.9 C.ord 0912 0 Egi 0 oe
092 0.8x2 o ors 0 254 0.3 ©.ara 0.831 0.5 0 Fea 0 k6
0.94 02970 0,857 0.%5 008 Qons 0 318 0.°28 o.en 0 EM
0.25 0.282 0.978 0.277 0.972 0.9.0 Q.95 0,222 0.9 ooz
0.93 0.e2¢ 0.3 0,953 0.5 0.845 0.9%¢3 0.976 0.965 0.99%0
1.00 1,000 t.om 1,000 1,009 1,000 1,000 1.000 1.00Q 1,000
1.02 1,010 1,011 1.0n 1.014 1.01% 1.017 1.C24 1.035 1.040
1,03 1,020 1022 1.C7 1629 1,00 1.0 1.0:8 1.071 1.082
1.05 1,030 1,07] 104 Y.Ca2 1,045 1.05% 1,072 1,107 1, 12a
1.o? r.ar 1,023 T 0 1.055 1.057 Lo 1.087 1,141 1.1L8
110 1,042 L ais] LAY RN La] 1074 1.ce5 L 1.2 1.210
1.12 1058 LR ] V057 1 CE] 1.0 1102 1,125 1.219 1.25%
1,14 1.00a 1075 t.orm | oo 1.103 1.%19 1,170 1,258 1,300
1.16 1077 V. CFS5 tce2 1,110 1.118 1.135 1,195 1.297 1.3
118 1.005 1075 1009 1103, (IR RV, 1,15 1,20 1.105 L0 <
] [t 1.025 1,10 110 1,135 1,147 1170 1.245 1376 1. 429
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Determination of the fuel consumption adjustment factor (£)

The table below gives vatues of the !

machanica! elficiency {n,,).

APPENDIX A-14

Annex C

The value of k can be determined from annex O.

. The value of r, is stated by the manufacturer {see clause 1, note 4].

vel consumption adjustreant factar () for known values of the ratio of indicated pawer {k] and

F]
X e

; 0.70 0.75 0.80 0.65 0.90 0.95
0.50 v 1,429 1.304 1.212 1,141 1.004 1.039
0.52 1.333 1,215 1,193 1,129 1.0m 1.00%
0,54 . 1,313 1,248 1.115 1.118 1.0m 1.012
0.58 5 1,308 122% t.159 1,108 1,065 1.000
0.58 " a8 .20 1.145 1.008 1.060 1.027
0.60 t.zsa 1,184 1.132 1.090 1.05% 1,025
0.62 .22 1.167 1,120 1.082 1,050 1.9}
0,84 1,203 1181 1.1 ' o7 t.ran 1091
0.58 L g 1,137 .07 1.008 1.042 1019
0.64 1 1,184 1123 1.0m 1.062 1.018 1.018
0.70 1.148 1IN 1.091 1.056 1.035 1.018
0.72 R E 7 1.100 1,073 1.051 1,001 1,015
0.74 It 1118 1,089 1.068 1.045 1.028 1.01)
0.78 1.105 1.080 1.059 1.041 1,025 1.012
0.78 1092 1.070 1.052 1.016 1.022 1.0
0.80 ; t.0at 1082 1.046 1.032 1.020 1.009
08 = To.on 1.054 1,040 1.028 1,017 V.008
0.84 I 1,08 1047 1,035 1.024 1.015 1.007
0.85 1 1,051 1,010 1.029 1.021 1,013 1.006
0.89 ;1043 .03 1.024 1,017 1.0 1.005
0.90 RN o' 1.027 1.020 1.014 1,009 1,004
0.92 1,027 1.00 1.018 1.011 1,007 +.003
0.94 1.020 1.015 1,011 1,008 1.005 1.002
0,96 1,013 1,010 1.007 1.005 1.001 1,002
0,98 , 1008 1.005 1.004 1.003 1,002 1,001
1.00 ! 5.000 1.000 1,000 1.000 1.000 $.000
1,02 ' 094 0.995 0.297 0.938 0.999 0.99
. 1,04 0,939 0.991 0.99) 0995 0,997 0.999
T 1,068 ¢ 0.9 0.997 0.990 0.357- 0.998 0.939
1.08 . 009718 0.o83 0,987 0.991 0.994 0.997
1.10 ' 0974 0979 0,94 0.989 0.993 0.997
1,12 0,99 0.976 0.982 0.997 0.992 0.998
114 . 0.965 0.972 0.919 0.935 0.991 0.998
1.16 0,960 0.959 0.978 0.@3 0.989 0.935
1.18 ¢ 0.958 0.965 0.974 0.282 0.983 0.994
1.20 i 0,952 0.953 0.972 0.980 0,987 0.994

in

11
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APPENDIX TABLE A-15 .
(From BS 5514 / 1ISO 3046) -,

Nonnex 8

Determination of the power adjusument factor (ol

=i table below gives valies ol the nower ddiustment fzores Lt o baowen valuss of the tano of indicaed power 1k) and mechanicat
=i iciency (q,) '

he value of & can be determined from arnnex D

he vaive of 7, stated by the manufacturer Isee clause 10, --~te 41,

[+ .
5 V- '

Yoo 07s o ED 0. . 0.9 0.°<
toe nozon Q232 0 atl 0 4ly 0 &5t 0 >
: 0s?. C I5% 0 are ¢ a1 0 a5y 0 ¢l 0 w2
0.5 0 =7 ERE] 0 e 0 2] 0. 532 2.5
0.~ 0.3 0 257 0 23 R 0,525 | D, &4
¢ %A 0 251 0 222 0 =37 oy LX) 0,565
e o] 0 w7 s 0 551 D %) 0 %85
o.ar ; C == C St [ oS3 o.M 0 &6
Qe 0237 0.t~ 0.57% ¢S 0.612 0.627
0.65 "3 0 s 0 0618 0 068
0.6 0 5y Lo 1AL S 067z AR EY 0 635 0 &8
0.70 -3 [ oS 0 fm 0,43 WX el G ]
0.727 0 =35 0 Ess CEN £eLc 0 £33 0.719
o7 N o X el CE"R G oot € ea £ 7o kg
076 . 073 0 e 07k Do 0120 0.751
o.e : B AT 0,773 0 rer 0.752 B ek ] 0.772
0. 0 720 (LR 0.7s= 0.775 D TR 0.79)
0er 0.765 C s 0 ;oo n 7as ol o o813
((:X) C =2 0 ey oR2 0 Er0 ¢ oZe [T
0.53 G 31e o J iy 2 g1 on C Rio € £33
n e i LY 0.ecz 0 £n0 oIrs 051 O.E7E
0 rogie LR £ npe © e 02
oo C o roass e e C g £.917
ra: Teoz AR £ rovn B-<13 o me
TR X5 omaw n rL v £.577 ¢ w2

o 3?} T o7 morrt oz T C e cor: '
1 2 (r" 1t~ 1 e {' R ' 1o 1y
1 e YT R 1178 1o 12 1.0
V.6 1 Ve tul 1 1nes 1,002
vy Ll vPy 1107 oY L S BRI 1002
10 o RSt Vs 1o ) onh '3
yr LI Jniel 1177 Tt LR B Iy 1.1012 1.104
U bt V17K | IR 112y B I e D 1,129 1.12¢
104 11y 1173 10 i1y 1,181 1.18%
110 1 >3 185 118 1,180 1172 1.106
118 1.7 Py 1.217 B 1,14 1,187
1.2 1,009 1,717 A 22 Bl 1216 1,207




APPENDIX TABLE A-16

(From BS 5514 / ISO 3046)
\ |
-- . ; " . \
romericel values Joronower safu .
i Facior Lananents
. . - Foemula
Enagine 1vne Condition ! colmrencn |
i [ e ,' m n I a
i
i ) ] 1 C.= ¢
Horn. '
wrbeckareed T T T e - — 7
L
1
H 5! 0 1 1 o]
Trmgoession 1
o : i e — —— e e
.- Turisr: ;
z without ) i c 0 0.7 2 a
ensines crargr ar I :
coolin ..
g Low ard rmodinm wpeed f
- NI aF THIT A T —
Turbncharged -
P } ) .
e ) ) 0.7 1.2 .
charge air
caniing
MHan- -
turhocharged E 1 0.25 0.55 ]
E.:.E" igr\inon uireonarge
t-Tines - e — E—
Kocharone
Uring gareous 'Fu:..,om.mc.n_i Lows mredd sy egen
tue i . epeed fgursuone ¥ 0 0.57 0.55 1,7%
charoe air .
N engines
cuolm_q - :
Scerx ignition ‘
encines Matreally G
vsng liguid asoirated 1 1 0.5 U.
foet

13Tz — The taztors and exnonents aiverintable 1 have been rsia
vrec in the absence of any cther speciic inlarmation:
water the value for esponent q could be zero,:Al rresent the
cther types when sulicient data are available.

shed by tests on 2 number of engines to be generally represeniative and shall be

lor exariple in formeta reletence D), for an engine with the charoe air tooled by enome jazhed
1 . - . . . r

y arply only 1o the tyres of engines specified but table 1 will be-exlended 1o inciude
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APPENDIX A-17

SAMPLE CALCULATION

AIR FLOW RATE CALCULATUION

Air flow rate is calculated using sample data of appendix
A-17.11., From B.S. 1042, air flow rate is calculated by
the following formula-

Air flow rate = 0.01252 CZe Ed?2 (ha fa)l/2

Where,Wa = Air flow rate .in Kg/hr.

C = Constant of orifice.

d = Diameter of orifice.

ha = Pressure difference across the orifice meter in mmH:20
fa = Density of the air at the orifice meter in Kg/m3

Z,e and E -approximately equal to one.

0.01252 x 0.596x1000xd%(ha fa)l/2

Wa gs-l S e e o e o  m e e
60x60
= 0.002073 d2?(ha fa)l/?
Pa 7562.18x13.6x62.4

Again, fa = ~== 5 cemmeee

RTa 25.4x12x53.3x{460+91.4)

= 0.0713 1b/ft3

0.0713 1
T m—m——mmme—— X ———==-- Kg/m?3
2.205 0.0283

= 1.1419 Kg/m3 =1.142 Kg/m?
Therefore ,
Wa = 0.002073 x (30.02)2 (ha fa)l/2

1.868188(ha fa)l/2 =16.306 for fa=1.142 Kg/m3

ha=§6,709 mmHzg¢

16.305 gm/sec. and ta =339
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A 17-1.2 Uncertainiy of discharge coefficient

From 38 1042 : Sec 1.1 :1981, page-20, 3, D, Rep, and
k/D0 are assumed to be known without error, the percentage
uncertainty of the value of C is equal to

: ; Corner taps | Flangs taps { D and D/2 taps)
5o 0.6 0.6 % 0.6 % 0.6 %

0.6 < B <0.8 B % - -

0.6 < N <0.75 - B % B %

A-17.3 CALCULATION OF FUEL FLOW RATE

Initial wt. of service cylinder wi = 25.30 Kg, measured by
weighironic scale,
Final weight of service cylinder w2z = 24.880 Kg
(at the end of observation)
Time of observation t = 337.25 sec.

¥

measured by digital tachometer

(25.30-24.880)x1000
Hence fuel flow rate we S memme e mm

= 1.038gm/sec

A-17.3 AlR FUEL RATIO

Alr Fuel Ratio(AFR) = -=rmecerm—e———— T - = 15.709
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A-17.4 POWER CALCULATION

BHP= NLx0.001 for hydraulic dynamometer used in the

experiment.
Whaﬁe, BHP - Brake horse power (metric horse power)
= N - Speed in rpm.
L - Indicated load on dynamometer scale in Kg.
0.001 - Constant of the dynamometer.

Hence BHP=1500x11.2x0.001 = 16.8 for N= 1500 rpm and L=11.2 Kg

Therefore, POWER = 16.8 x 0.736 =12.3648 Kw. {since 1
metric hp =0.736 Kw) .

A-17.5 STANDARDIZATION OF BHP

Since the laboratory condition (site condition) were not
the same as standard condition accepted by ISO ,s0 it needs
standardization for finding out standard power and standard
fuel consumption .

For standardization of BHP (brake horse power) and BSFC
(brake specific fuel consumption), IS0-3046 with corresponding BS
5514 has been used. '

From BS 5514 tr = 27 ©°C, T, =273+27 = 300°K and pr =
100 Kpa are taken as standard temperature and pressure.

Where as our laboratofy- temperature varied from 27.5 °C to
35°C and pressure also varied . Px=100.28 Kpa from sample data.

From the sample data (at the ignition timimg of 15 ©°BTDC),

tx = 91.4 91.4 91.4 91.4 91.58 91.76 and 91.76°F
tw = 83.3 83.3 83.3 83.3 83.3 83.3 and 83.3 °F
Bx =

72.13, 71.13 71.13 71.13 71.14. 70.14 and 70.14 %

Now from table A-11 ( Annex. F of BS 5514), Water vapor
pressure (Ox psx ) is found out for tx=33°C (91.4 °F) and @x
=0.7213, we get Ox psx = 3.6565

Let us now find out Dry Air Pressure Ratio Ri1= (--—=====---- )
‘ ’ Pr - aPBr psr
from table A-12 ( Annex. E of BS 5514). For the value of water
vapor pressure @x psx =3.6565 and px =100.28 Kpa , we gdet
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Dry Air Pressure Ratio (R1)} = ===-=-=--=== =0,9869

Using standard temperature and room tenperature we get

Tr 273427  300°K
R2% ——m = mmmmmae = e = 0.98039

Again from table A-16 we get the numerical value of m=0.86,
n=0.55 and p=0 for natural aspirated gas fueled spark ignition
engine.

Now the ratio of indicated'power (k) is found out using the

formula k = (Ri)®(Rz2)" (Ra)P
= (Rp)™(R3)n" since p=0
= (0.9869)0'35(0.98039)0'55
= 0.9785

The power adjustment factor (a.) is now calculated from
table A-15. For the value of k = 0.9785 and mechanical efficiency
Hp =0.85, we get o= 0.976, which is the power adjustment factor.

The fuel consumption adjustment factor ( B8 ) is similarly
found out by interploting the value of k= 0.9785 and ==0.85 in
table A-14., from where we get the value of B = 1.00315.

Brake horse power is now adjusted by using the formula-

Px = ol Pr where Pr - Brake horse power at standard condition
Px -~ Brake horse power at laboratory condition

Hence Standard Power Pr=Px/X=(16.8x0.736)7/0.976=12.678 Kw

A-17.6 CALCULATION OF BRAKE SPECIFIC FUEL CONSUMPTION.

Brake Specific Fuel Consumption at standard condition is
now found out from the relation, bx = B.br, where bxis Specific
Fuel Consumption at room condition and br is Specific Fuel
Consumption at standard condition.
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- bx 1.038x60x60C
Now using sample data , br = m~~2 cermermnen—
B 12678 x1.00315

br = 293.82. gm/Kw-hr

Hence Brake Specific Fuel Consumption at standard condition
is br =293.42. gm/Kw-hr.

'A-17.7 CALCULATION OF BRAKE SPECIFIC ENERGY CONSUMPTION.

It is calculated on the basis of Lower-Calorific Heating
Value = 45 Mj/Kg CNG , the value wused by Liquid Fuel Management
Group Ltd of Newzealand.

Brake Specific Energy Consumption (BSEC) = BSFCxFuel Value
' (kg/Kw-hr x Mj/Kg).

293.8x45 (kg/Kw-hrxMj/kg)’

Thus, BSEC

13.22 Mj/Kw~hr

A-17.8 CALCULATION OF BRAKE THERMAL EFFICIENCY

1.0345x10-3x45x108(kg/sec x joules/kg)

= 00,2723 =27.23%"

A-17.9 CALCULATION OF EQUIVALENCE RATIO.

Actual value of air fuel ratio



Let us now find out the theoritical value of air fuel
ratio from the combustion equation of natural gas.

The composition of natural gas is as follows as mentibned
in appendix table A-3 ‘

Methane - 94.35022% W/w -
Ethane - 2.56423 % "
Propane - 1.09133% "
Butane & higher- 1.08266% "
higher

Nitrogen - 0.2545388% "

Carbondioxide- 0.67257% "

A 17.9.1 Combustion of Methane (CH4):
CHs + 202 =CO:z + Z2H20
Therefore, (12+4)CHa +2(32)0z =(12+32) COz + 2(16+2) Ha.

Hence , (12+4) Kg of Methane combines with 2x32 Kg of Oxygen
for complete combustion to give (12+32) Kg of Carbon dioxide and
2x18 Kg of vapor.

Hence 16 Kg of CH4 needs 64 Kg of Oz for its complete
combustion {theoritically).

Again from the gravimetric analysis, air has T77% N2z by
weight and 23% Oz by weight. So 1 Kg of Oxygen is present in
100/23 Kg of air.

Therefore 16 Kg of Methane needs 64 Kg of Oxygen which is

100
available in 64x --- Kg of air.
23
64 100
Hence one Kg of methane require ---- x -- = 17.39 Kg of air.
: ‘ 16 23

Since the compressed natural gas containé 94.35022 % of CHa.
Therefore 1 Kg of compressed natural gas needs 17.39x0.9435022
Kg of air = 16.409078 Kg of air for complete combustion of its
CHa.

A 17.9.2 Combustion of Ehtane (Ca2He):

2C2He + 702 = 4 CO2 + 6 H20

82
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2(24+6)Kg of Cz2Hs + 7(32)Kg of Oz gives 4(12+32) Kg of COz2 +
2 (18) Kg of Hz0.

100 224
Hence 1 Kg of C2 Hs needs -——— x --——- Kg of air,.
23 60
100 224 2.56423
Therefore 1 Kg of natural gas needs ----Xx —--—---= X ———=——--
23 60 100

0.4162228 Kg of air for complete combustion of its Cz2He

A 17.9.3 Combustion of Propane (C3 Hs ):

C3Hs + 5 02 = 3CO02 + 4H20
Hence 1 Kg of CNG haﬁing 0.42% of. propane require

100 1.09133 (5x32 )
—_——— X == X === = 0.1725422 Kg of air.
23 100 (36 +8 )

A 17.9.4 Combustion of n-Butane ( CsaHio ):

2 Cs Hio0 + 13 02 = 8 COz + 10 H20
Hence 1 Kg of CNG having 1.08266% of n-Butane require

100 1.08266 x 32 x13
Ll R e - 0.1688105 Kg of air.
23 100 x 2 (24 +48 )

Thus 1 Kg of CNG needs 16.408078 + 0.4162228 + 0.1725422
+ 0.1688105 =17.167356 =17.17 Kg of air.

Since the composition on natural gas may vary and more over there
may be other form of n-Octane ( CsH1s),so the theoritical air
requirement may also vary.

For our calculation we have taken the theoretical air fuel
ratio 17.17 . Thus the Equivalence Ratio (E.R.) = 17.17/16.409685
=1.046 where 16.409695 is the actual air fuel ratio as found in
the sample calculation and its data. '



17.10 CALCULATION FOR REDUCTION OF ENGINE COMPRESSION RATIO.

Compression ratio is changed by increasing clearence volume
by removing metal from piston head or piston cavity .If V¢ is the
clearence volume of the engine initially. Vs is the swepl volume.

Then the compression ratio Cr = ~==-===--

Now, let V¢ be the volume of metal to be removed for
reducing the compression ratio Lo a desired value, then final
compression ratio becomes

So choosing any compression ratico we may calculate the
volume (Vr) to be removed from the piston.
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APPENDIX-17. SAMPLE DATA AT THE IGNITION TIMIMNG OF 15°BTDC

51. Item Initial Ohsal Ohs .2 Oksa3 Ohs.d  Dks.D Ohs.b Ohsa7
No. Na. reading

1. N 0 1500 1500 1500 1500 1500 1500 1500
2. L 0 11.20  10.10  9.10 7.80  7.00 ba2 S.d
I, P, 0 - S1.52 dl.d3 3d.5d 675 10.36 691 .91
de Pz 0 93.66 109.22 147.32  182.88 210.82 233.63 259.08
S. Pz 0-0 T ad.14 S6.20  dd.12 | 37.15  30.23  27.31 Zd.76
6. Pa 0-0 LB.709  42.205  39.216  3d.782 279.212 26.2dd  22.660
7. SigT. [S<ETDC 15°BTDC 1S°BTDC 1% °BTDC 1S°BTDC 1S°BTDC  15°BTDC
Fe We 25.23 SST530  24.960 24.3d9  24.76%  2d.A32 24.d33 24.210
90 Wz - 54.550 2d.750 24.640 24.530  2d4.d65 24.335  24.040
10. t - 337.25  257.43  290.03  300.00  300.00 3000.00 356.78
11. t, 33 35 35 35 35 35 35 35
12. t= 33 €0 6 63 63 70 71 7z
13, t= 33 4z 56 65 71 71 71 70
td.  ta 33 563 Siad 576 556 549 537 531
15. ts 33 600 601 596 567 552 540 533
the te 33 101 105 101 96 92 a3 a6
17. tz 29.5 43 a4 4d.5 dd dd a4 dd
13.  %C0 1.9 0.6 0.0 0.0 0.0 0.0 0.0
13. HC(ppm) 160 120 120 40 000 20 101-1
20,  %C0=2 2 7 9 9 a g )

21, %02 11.5  i1.6 11.9  12.7 12,1 13.3 13.7
22, ta 33 33 33 T 33.2 33.2
23, tw 23.5  28.5 285 28.5  28.5 23.5 28.5

2d. . 72.13 72,13 T2.13 72.1%  71.1d 70.14d 70.14%



APPENDIX A-18

A-18.1 REDUCTION OF ENGINE COMPRESSION RATIO:

The engine compression ratio was reduced in the following
steps

8. The diesel engine was properly placed on a support for
dismantling of its cylinder head. .

b. The tappet cover from the cylinder head and crank case
were removed.

c. Cylinder head bolts were loosened and both the cylinder
head. were removed from the engine block.

d. Connecting rod's bolts were removed for opening the piston
and connecting rod from the crank shaft.

e, After removing the connecting rod's hubs, the connecting
rods with piston assemblies were pushed upward to bring
out the pistons and connecting rods through the upper side
of the cylinders.

f. The pistons and connecting rods assemblies were placed on a
table,
g, Piston pin and its lock were removed and piston was

seperated from its connecting rod. Piston rings were also
removed from the piston.

h. To reduce compression ratio, either piston head is cut off
or piston groove {precombustion chamber} is enlarged to
increase clearence volume for reducing the compression ratio
to desired value.

i. in our case the compression ratio was reduced from 17:1 to
12:1. This was done by increasing the clearence volume to
the predtermined or calculated value. The calculation for
volume to be enlarged has been shown in the sample
calculation.

In our laboratory one single cylinder diesel engine (Duetz
210 D, 6.7 Kw) and a double cylinder diesel engine (Duet:z
2FL 912) were modified to hundred percent CNG fueled
operation. In the single cylinder diesel engine, the
precombustion chamber’s diameter (pisteon cavity diameter)
was enlarged in the machine shop by removing metal from
the piston on a lathe machine to the calculated diameter



for reducing the compression ratio from 17:1 to 12;1. Here the
piston head or length of the piston were not changed.

But in the two cylinder diesel engine, an alternative
technique was adopted to reduce the compression ratio. In this
case the piston head’s metal was removed by facing it on a lathe
machine to enlarge the clearance veolume to the calculated value.
The dome inside the precombustion chamber was also removed. The
volume of the dome in the piston precombustion chamber was
measured by filling the precombustion chamber with water before
removing the dome and after removing the dome as measured by
micro shringe.

After necessary fitting of the piston and connecting rod
to the respective position of the crank shaft, the <c¢ylinder head
and tapet cover were also fitted +to the engine block as they
were before.
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A-18.2 MODIFICATION AND FITTING OF SPARK PLUGS ON THE CYLINDER HEAD:

The injectors of the diesel engine were removed from the
cylinder heads. Two nos. spark plugs of the required
specification (as mentioned in table A-2) are selected for
fitting them in the place of injectors. If the hole of injector
on the cylinder head is smaller than spark plug diameter, then
the hole is enlarged in the same angle by drilling to the
required diameter and keeping allowence for thread cutting and
fitting spark plug to the hole on the cylinder head.

A-18.3 INSTALLATION OF ELECTRONIC IGNITION SYSTEM

The diesel engine having compression ignition system was
modified to spark ignition engine by installing an electronic
ignition system with the engine. For doing so, two nos.
electronic control units, two nos. induction coils and tweo nos.
spark plugs were installed on the unit along with two other
proximity switches as shown in the diagram no. 1.3. The necessary
electrical wiring was done as per wiring diagram of electronic
ignition system as shown in the schematic diagram no. 1.3.

A-18.4 INSTALLATION OF CNG FUEL SYSTEM BY REPLACING DIESEL
FUEL INJECTION SYSTEM
The diesel fuel injection system of the original engine was
replaced by CNG fuel system by the installation of pressure
regulator, mixer(carburator), CNG cylinder ;
1.1.1 and Fig. 1.1.2.
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