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Abstract
Energy is the basic need of human to survive in this dynamic world. The whole world is toiling
hard to meet its energy demands. Every country in this world has high energy demand owing to
its increasing population which is posing a threat to energy sustainability. Generally, Energy is

consumed in Agriculture, Residential and Transportation sector in which transportation sector
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has a high percentage of energy consumption. Conventional fuels which are used to power
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vehicles are having limited reserves. In the present scenario, Petroleum reserves are depleting at
a faster rate and causing environmental pollution. It has inspired the researchers to develop new
alternate fuels. Alternate fuels are having significant energy content and lower emissions as
compared to conventional fuels. Alcohol, Biodiesel, Liquefied Petroleum Gas (LPG),
Compressed Natural Gas (CNG) and Hydrogen are the alternate fuels which are being used
today. CNG is being used extensively all over the world. CNG is having low laminar burning
velocity which makes it more prone towards knocking. Hydrogen has high laminar burning
velocity which makes it a better supplement to CNG. The blend thus obtained by mixing
Hydrogen and CNG is known as Hythane or HCNG. Hythane has the advantages of both the
parent fuels which make it a promising fuel for automotives. This paper includes the effect of
Hydrogen addition to CNG which is tested on a single cylinder, four-stroke, water cooled Sl
engine. Determination of optimum percentage of Hydrogen in CNG and emissions analysis is
also included in the paper.
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1. Introduction

Energy sustainability is hard to achieve without using renewable energy sources or
alternative sources. Alternate fuels are playing a vital role in transport sector to meet its
continuously increasing energy demands. Rapidly increasing population of vehicles is causing
too much air pollution and stringent emission norms are also fostering to look for new fuels.
Hythane can be a futuristic fuel for automotives due to its characteristics. Hythane is a mixture of
Hydrogen and CNG. Hydrogen has lower minimum ignition energy (0.02 mJ), high burning rate,
high diffusivity, high heating value, high octane number and wide flammability range (4-75%)
which makes it a perfect partner of CNG (Nanthagopal, 2011). Hydrogen has wide flammability
range which makes Hythane to be lean burning and it subsequently reduces HC emissions. This
paper contains results of an experiment which is done on a stationary Sl engine. It includes
Performance and Regulated emissions analysis of CNG and three blends of HCNG. Used three
blends of HCNG contain 5%, 10% and 15% of Hydrogen which are termed as HCNGS5,
HCNG10 and HCNG15 respectively. It is observed that increasing Hydrogen fraction to CNG
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would increase the brake thermal efficiency of the engine. It was found in the experiment that
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HCNG10 has the highest efficiency among all blends. HCNG15 has low efficiency as compared
to HCNG10. Fuel Consumption is almost similar for HCNG10 and HCNG15. By considering
efficiency and BSFC it is concluded that HCNG10 can be used in tested engine without any
modifications. Noy emissions and Exhaust Gas Temperature (EGT) are higher for Hythane
(HCNG).

2. Literature Review

Lot of research work has been carried out by different researchers in the field of alternate
fuels for past many years, HCNG is one of them. K R Patil (2010) carried out an experiment on
neat CNG and 5% blends of hydrogen with CNG. It is found by the experimental work that
HCNG engines are better than CNG engines from power output, fuel economy and emission
point of view. The power is improved by 3 -4%, torque is improved by 3% and fuel consumption
is reduced by 4% in comparison to neat CNG engine. Kapadani (2014) performed an experiment
on 4.50 kW, single cylinder, 4 stroke, variable speed, water cooled gasoline engine. The
researcher used Gasoline, Compressed Natural Gas and HCNGS5 as fuels. Hydrogen is produced
by electrolysis of water and CNG is supplied from a cylinder. A Hydrogen electronic control unit
(HECU) has been designed for regulating the rate of hydrogen production according to the
engine load condition to ensure 5% Hydrogen mixture with compressed Natural gas. It was
observed from the experiment that the Air-Fuel mixture for HCNG5 has comparatively lean for
nearly all range of operating conditions. The engine combustion pressure increases by addition of
5% Hydrogen in Compressed Natural gas. The HCNG5 fuel improves power gain 14 % in
comparison to gasoline and around 8% more than Compressed Natural gas. HC emissions are
reduced up to 15% for CNG and up to 20% for gasoline. The engine component embrittlement
phenomenon does not occur with addition of 5% hydrogen in Compressed Natural gas. Mariani
(2012) suggested that to obtain maximum braking torque (MBT) in HCNG engine, ignition
timing should be lower as compare to Compressed Natural Gas. For low brake mean effective
pressures (bmep) high efficiency can be achieved by increasing the hydrogen amount reducing
throttling losses. HCNG blend improves engine efficiency and reduces CO, emissions because of
the reduced C/H ratio and fuel consumption. NOy emissions are higher than CNG due to the

higher in-cylinder temperature attained for a given equivalence ratio. The good combustion

66
Available Online at: http://qrdspublishing.org/




@ CrossMark
MATTER: International Journal of Science and Technology

ISSN 2454-5880

patterns of HCNG help to maintain low Hydrocarbon (HC) emissions. Suryawanshi (2011)
reported that existing CNG kits can be modified for Hythane or HCNG. Spark retardation i.e.
optimum spark timing was used because of increase in laminar flame burning speed. The
possibility of backfire increases owing to low quenching gap of hydrogen. Goyal (2014)
suggested that the addition of hydrogen to CNG will increase the lean operation limit and
decreases maximum brake torque (MBT) which clearly shows relation among hydrogen (H,)

fraction, spark timing and excess air ratio.

3. Experimental Set-up
3.1 Engine

A single-cylinder, 4-stroke, S.I engine coupled to a dynamo (generator) is used to study
the effect of Hydrogen addition to CNG. Dynamo converts mechanical shaft work of engine into
electrical output with the help of alternator. The engine used in experiment, is a modified diesel
generator. It utilizes gaseous fuel to produce shaft work which is converted into single phase A.C

as explained above.
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Figure 1: Engine
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Table 1: Specification of the Engine

S. NO. SPECIFICATION RATING
1 Engine type Water cooled
2 KVA 3KVA
3 No. of cylinder ONE
4 R.P.M. 1450-1500
5 Bore 114 mm
6 Stroke 116 mm
7 Cylinder Volume 1200 cc
8 Spark Plug MICO 10X1 mm
9 Fuel Gaseous fuels
10 Lubricating Oil sump Capacity 3.5 Liter
11 Lubricating Oil SAE -30
12 Weight 600 Kg
13 Alternator 3KVA
14 Power Factor Unity
15 Output Voltage 220V AC
16 Frequency 50 Hz
17 Max. Current 13.0 Amp
18 Phase Single Phase
19 Voltage Regulation + 10%
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3.2 Flame Trap and Flame Arrestor

Flame trap and Flame arrestor are safety devices which are placed in between the gas
cylinder and inlet manifold of engine which allows gas to flow under normal operating
conditions but prevent the transmission of a flame (backfire).
3.3 Exhaust Gas Temperature measurement

Exhaust gas temperature was measured with the help of a thermocouple. K type
thermocouple was placed in the exhaust manifold of engine to measure the temperature of
exhaust gases. The K type thermocouple is cheaper as compared to others and a wide variety of
probes are available in the market for —200 °C to +1350 °C range. Exhaust gas temperature gives

an indication of the potential available in the exhaust gas from heat recovery point of view.

Figure 2: Flame Trap and Flame Arrestor Figure 3: Temperature Indicator

3.4 Load Arrangement

30 bulbs of rating 100 watt each was installed on the load bank. Arrangement was made
to vary the load from zero to full at 3000 W.
3.5 Gas Analyzer

The gas analyzer is used to find out the exhaust gas emissions. Carbon monoxide (CO),
Carbon dioxide, Oxygen, NOx and Unburned Hydrocarbon are measured with the help of Gas
Analyser. CO is measure in vol %, HC in ppm vol. Hex., COzin vol %, O, in vol %, NOy in ppm.
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Figure 4: Connection of bulbs on load bank Figure 5: Gas Analyzer

3.6 Auxiliary Devices
Many auxiliary devices were used in the research work some of them are - Pressure
Regulator, Tachometer for RPM measurement of engine, NRV (Non return Valve), pipe

connector and Reducer.

4. Experimental Technique for testing engine

CNG and HCNG were used and study was done to measure the performance of engine. A
sequence of experiments was done by varying the load on engine to compare the performance of
neat CNG and blends of CNG. During the experiment exhaust gas temperature and emissions
were recorded at each load after allowing the engine to warm up and stabilize.
4.1 Variation of Load

The rated power output (full load) of the engine was 3KW. The different loads applied to
the engine for all fuels (Neat CNG, HCNG5, HCNG10 and HCNG15) were 0.5 kW, 1.0 kW, 1.5
kW, 2.0 kW, 2.5 kW and 3.0 kW. The loads were increased by switching on bulbs of appropriate
wattage.
4.2 Variation of Fuel

First engine was made to run on neat CNG only to have a baseline data. Subsequently, it
was made to run on various blends. The fuels for experiments were CNG, HCNG5, HCNG10
and HCNG15.
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Sr. No. Parameters Range
1. Fuel CNG, HCNG5, HCNG10 and HCNG15
2. Load 0-3 kw
3. Engine Speed 1500 rpm

5. Engine Performance Parameters

These parameters are used for comparison of various engines. It includes Brake thermal
efficiency, Brake specific fuel consumption and Brake specific energy consumption.
5.1 Brake Thermal Efficiency

Brake thermal efficiency (BTE) is a measure of net power developed by the engine which
is readily available for use at the engine output shaft. Brake thermal efficiency (BTE) for all
fuels increased with increase in load and reached its maximum at 2.5 kW load and then it
dropped slightly at full load. Brake thermal efficiency in case of neat CNG was 17.63% which
occurred at 2.5 kW load. As hythane was used as a fuel in engine then its efficiency started
increasing. For HCNG5 maximum brake thermal efficiency obtained was 19.48% at 2.5 kW
load. For HCNG10 maximum brake thermal efficiency obtained as 20.95% which was at 2.5 kW
load. So by increasing hydrogen percentage in hythane, break thermal efficiency tends to
increase up to 10% of hydrogen but as hydrogen content was increased to 15% or HCNG15 then
efficiency was decreased.

For HCNG15 efficiency was lower than HCNG10 at all loads. Hydrogen has high
burning flame velocity as compared to CNG so when its fraction is increased then ignition
timing should be set according to it. Ignition timing should be retarded as hydrogen fraction is
increased. Due to this engine efficiency was decreased as combustion took place before time so
peak pressure and temperature were not occurring on designed point. Increasing hydrogen
fraction will increase peak pressure and temperature so it may also cause knocking so decrease in
efficiency can be understood. Figure 6 shows the variation of brake thermal efficiency with

respect to load for all fuels used.
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BTE vs Load
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Figure 6: BTE variations with Load

5.2 Brake Specific Fuel Consumption (BSFC)

Brake specific fuel consumption is defined as the rate of fuel consumed per unit of brake

power developed by the engine (Wikipedia). It is a measure of the fuel efficiency of engine
which burns fuel and produces shaft power. In the present research work, minimum Brake
specific fuel consumption was found as 0.509 kg/kW-hr at 2.5 kW for CNG which was
decreased by addition of hydrogen content to it. By adding 10% hydrogen to CNG, it reached a
minimum value of 0.357 kg/kW-hr at 2.5 kKW.
For HCNG15, minimum value of brake specific fuel consumption was 0.354 kg/kW-hr at 2.5
kW engine load. BSFC was minimum for HCNG15 which was almost equal to HCNG10.
Efficiency was lower for HCNG15 in comparison to HCNG10 but BSFC was almost same for
both the fuels, this conflict would be clear by studying BSEC (brake specific energy
consumption) curves of the fuels. A graphical representation of brake specific fuel consumption
(BSFC) with respect to varying engine load for various fuels is shown in figure 7.
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BSFC vs Load
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Figure 7: BSFC variation with Load

5.3 Break Specific Energy Consumption (BSEC)

It is defined as a product of BSFC and Calorific value (CV) of fuel. BSEC for all fuels
found to be the highest at low load which decreased with increasing load and found to be
minimum at 2.5 kW load and again increased at full load. In the present research work, minimum
Brake specific energy consumption was obtained as 20,360 kJ/KW-hr at 2.5 kW for CNG which
was decreased by addition of hydrogen content to it. By adding 10% hydrogen to CNG, it
reached a minimum value of 17,136 kJ/kW-hr at 2.5 kW. For HCNG15, minimum value of brake
specific energy consumption was obtained as 18,408 kJ/kW-hr at 2.5 kW engine load. BSEC is
higher for HCNG15 as compared to HCNG10 because HCNG15 has high hydrogen content.
Minimum BSEC was obtained for HCNG10. A graphical representation of brake specific energy

consumption (BSEC) with respect to varying engine load for various fuels is shown in figure 8.
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BSEC vs Load
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Figure 8: BSEC variations with Load

5.4 Hydrocarbon (HC) Emissions

Un-burnt hydrocarbons (UBHC) are the direct consequence of incomplete combustion
(I.C. Engine book by Sharma 2012). UBHC variation with respect to load for all fuels is
represented in the figure 9. By the experiments it was found that hydrocarbon emission was
higher at low load conditions and then at the moderate load condition it was decreased and again
rose slightly at higher load conditions. This might be due to the improper mixing of fuel which
resulted in incomplete combustion of fuel giving high hydrocarbon emissions.
UBHC emission are higher for neat CNG as compared to all HCNG fuels, it is due the more
carbon content in CNG as compared to Hythane. As hydrogen fraction was increased in the fuel,
HC emissions were reduced as HCNG allows lean operation. In case of HCNG15 there was
slight increase in HC emissions as compared to HCNG15 at higher load conditions, it might be
because of knocking which is likely to be occurred at higher hydrogen percentage. Besides that
hydrocarbon emissions from the engine depend on induction system design and combustion

chamber design (I.C. Engine book by Sharma 2012).
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HC emissions vs Load
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Figure 9: HC emissions vs. Load
5.5 Carbon Monoxide (CO) emissions

Carbon monoxide (CO) occurs only in the exhaust of engine. It is a product of incomplete
combustion because of inadequate amount of air in fuel-air mixture or inadequate time in the
cycle for complete combustion of fuel. Carbon content of fuel oxidized with Oxygen available in
the air to CO and then to CO,. Carbon which is not converted to CO, will come out as CO in
exhaust (1.C. Engine book by Sharma 2012).

As addition of hydrogen to CNG makes it possible to operate engine on very lean
conditions so it means more air is available in case of HCNG so lower CO is obtained in case of
HCNG. CO variation with respect to load for all fuels is represented in the figure 10.

5.6 NOy emissions

Nitrogen and Oxygen react at relatively high temperature. NOy formation in an engine

depends on-

a) Reaction temperature

b) Oxygen availability and

c¢) Duration of availability of oxygen

NOy emissions are increasing by increasing load as increasing load will cause more fuel
to enter in the combustion chamber due to this more NOy emissions will be formed. NOy
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emissions were found to increase in all HCNG blends in comparison to pure CNG it is due to

more calorific value of hydrogen as compared to CNG so higher in cylinder temperature were

observed in case of HCNG blends so more NOy emissions were obtained. NO, emissions

variation with respect to engine load for all fuels is represented in the figure 5.6.

CO emissions vs Load
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Figure 10: CO emissions vs Load
NOx emissions vs Load
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Figure 11: NOemissions vs Load
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5.7 Exhaust Gas Temperature

The exhaust gas temperature was measured during all the experiments. Figure 5.7 shows
the variation of exhaust gas temperature at various engine loads. It also shows the effect of
hydrogen substitution percentage on exhaust gas temperature. In the experiment, exhaust gas
temperature increased with addition of hydrogen fraction because hydrogen has more energy as
compared to CNG. Effectiveness of utilization of heat energy produced by combustion of fuel

can be known with Exhaust Gas Temperature.

EGT vs Load
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0 500 1000 1500 2000 2500 3000 3500
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Figure 12: EGT vs Load

6. Conclusion

Increasing hydrogen fraction in compressed natural gas (CNG) increases the brake thermal
efficiency of the engine and the optimum percentage of Hydrogen, is limited to 10% in
compressed natural gas (CNG). So HCNG10 can be used in the presently tested engine without
any modifications. HCNG15 has low brake thermal efficiency as compared to HCNG10 because
of presently set ignition timing which is to be retarded when hydrogen fraction is increased.
Efficiency of HCNG10 is found to be highest among all fuels. Neat CNG has highest efficiency
as 17.63% while HCNG10 has highest efficiency as 20.95% so efficiency is increased by 3.32%.
BSFC is found to be minimum for HCNG10 and HCNG15 which is almost similar. But
HCNG15 has high BSEC (Brake Specific Energy Consumption) as compared to HCNG10.
Hydrogen has wider flammability limits (4-75) as compared to methane (5-15) so it provides

lean operation so HC and CO emissions are reduced (Nanthagopal 2011). Nox emissions are
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higher for HCNG10 as compared to CNG. Exhaust gas temperature (EGT) has an increasing
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tendency with increasing hydrogen content, it is found maximum in case of HCNG15. EGT is

lower in case of neat compressed natural gas (CNG).

References

Retrieved June 8, 2016, from Wikipedia:
https://en.wikipedia.org/wiki/Brake_specific_fuel_consumption

A. Sonthalia, C. R. (volume 10, No. 4, 2015). Combustion and Performance Characteristics of A
small Spark Ignition Engine Fuelled with HCNG. Journal of Engineering Science and
Technology , 404 - 419.

Agarwal, T. S. (2015). Experimental study of the composition of hydrogen enriched compressed
natural gas on engine performance, combustion and emission characteristics. Fuel , 470-
478.

Antonio Mariani, B. M. (2012). A Review of Hydrogen-Natural Gas Blend Fuels in Internal
Combustion Engines. Intech open .

Cheolwoong Park, C. K. (2011). The influences of hydrogen on the performance and emission
characteristics of a heavy duty natural gas engine. International Journal of Hydrogen
Energy , 3739-3745. https://doi.org/10.1016/j.ijhydene.2010.12.021

Ganesan, V. (2015). Internal Combustion Engines. McGraw Hill Education.

Geoffrey M. Morrison, R. K. (2012). Hydrogen transportation in Delhi? Investigating the
hydrogen-compressed natural gas (H-CNG) option. International Journal of Hydrogen
Energy , 644-654. https://doi.org/10.1016/j.ijhydene.2011.09.090

K R Patil, P. M. (volume 2 (2010),). Development of HCNG Blended Fuel Engine with Control
of NOx Emissions. 1JCISIM, ISSN: 2150-7988, , 087-095.

Kapadni, K. R. (n.d.). Review on Development of Hydrogen CNG Blender Mechanism for

Existing Gasoline Engine Vehicles. IOSR Journal of Mechanical and Civil Engineering
(IOSR-JMCE), ISSN(e) : 2278-1684, ISSN(p) : 2320-334X , 32-37.

Kasianantham Nanthagopal, R. S. (volume 15, No. 4, 2011). Hydrogen Enriched Compressed
Natural Gas — A Futuristic Fuel For Internal Combustion Engines. Thermal Science , 1145-
1154, https://doi.org/10.2298/TSCI1100730044N

78
Available Online at: http://qrdspublishing.org/




—

@ CrossMark

M. M. Gosal, L. M. (June 2013). Improved efficiency of CNG using hydrogen in spark ignition

MATTER: International Journal of Science and Technology
ISSN 2454-5880

engine. Journal of Petroleum Technology and Alternative Fuels , 99-112.

Mohand Said Lounici, A. B. (2014). Experimental investigation on NG dual fuel engine
improvement by hydrogen enrichment. International Journal of Hydrogen Energy , 21297-
21306. https://doi.org/10.1016/j.ijhydene.2014.10.068

Musthafah Mohd. Tahir, M. S. (2015). Performance analysis of a spark ignition engine using

compressed natural gas (CNG) as fuel. International Conference on Sustainable Energy
Engineering and Application (ICSEEA), Energy Procedia , 355 — 362.

Navale, K. R. (Volume 03, Issue 04, Apr-2014). Investigation of performance of Sl engine with
fuels -Gasoline, Natural gas and HCNGS5 gas. International Journal of Research in
Engineering and Technology, eISSN: 2319-1163, pISSN: 2321-7308 .

Nitnaware, J. G. (volume 7, Issue3, June 2011). An Investigation on S.I. Engine using Hydrogen
and CNG Blends. International Journal of Research and Reviews in Applied Sciences
(IJRRAS) ISSN: 2076-734X, EISSN: 2076-7366 .

Prankul Middha, D. E. (2011). Can the addition of hydrogen to natural gas reduce the explosion
risk? International Journal of Hydrogen Energy , 2628-2636.
https://doi.org/10.1016/j.ijhydene.2010.04.132

R. Chandra, V. V. (2011). Performance evaluation of a constant speed IC engine on CNG,

methane enriched biogas and biogas. Applied Energy , 3969-3977.

Reddy, E. R. (volume 4, July 2011). Performance analysis of a 4-stroke SI engine using CNG as
an alternative fuel. Indian Journal of Science and Technology, ISSN: 0974-6846 .

Sharma, M. L. (2012). Internal Combustion Engine. Dhanpat Rai Publications.

Sharma, P. G. (Volume 4, Number 1, 2014). Review on Opportunities and Difficulties with
HCNG as a Future Fuel for Internal Combustion Engine. Advances in Aerospace Science
and Applications, ISSN 2277-3223 , 79-84.

Sunyoup Lee, C. K. (2014). Emissions and fuel consumption characteristics of an HCNG-fuelled
heavy-duty engine at idle. International Journal of Hydrogen Energy , 8078-8086.

T.O. Kukoyi, E. M. (n.d.). Biomethane And Hydrogen As Alternative Vehicle Fuels: An

Overview. IEC .

79
Available Online at: http://qrdspublishing.org/




