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Abstract
Internal combustion engine is used in daily life activity. Fossil fuels are primary fuels which are used in IC engines 

because of increasing consumption day by day its alarming that these will deplete in near future. Researchers in field 
of inter combustion trying to use alternate fuels to fulfill energy demand of IC engine. Among the others, hydrogen is 
capturing attention as alternate fuel in engine for proper combustion without smoke as there is no carbon is present 
in it. In this article, hydroxy (HHO) gas has many excellent combustion properties that can be used for improving 
performance characteristics of diesel-fired Compression Ignition (CI) engines. Brown gas (HHO) was produced 
by using the electrolysis process with KOH (aq) as catalyst with stainless steel electrodes in a leak proof plexiglass 
reactor was presented in ongoing piece of writing. Produced gas is used as supplementary fuel in inlet manifold of 
engine test bed (modal#TQ200) which has one cylinder, air cooled, four stroke compressed ignition. Performance 
characteristics of engine were recorded under the same test condition with and without installation of HHO generator. 
Experimental results were taken over the range of speed from 1950 to 3450 rpm using hydraulic dynamometer at 
constant load condition of torque 2 N-m. Different engine performance parameters were calculated like engine brake 
power, the brake specific fuel consumption, the thermal efficiency, the mechanical efficiency and the specific fuel 
consumption with or without HHO gas. The results clearly indicated that engine’s brake power, thermal efficiency 
and mechanical efficiency increased 22%, 47% 24%, respectively while engine’s brake specific fuel consumption 
and specific fuel consumption (SFC) decreased upto maximum value of 35% and 27% respectively compared with 
engine operating without HHO generator. Main objectives of this research are to decrease the fuel consumption and 
increase power and efficiencies of CI engine and successfully achieved as witnessed in results.
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Introduction
In modern days, energy demands increased due to increase the 

population of world. Energy demands fulfilled from fossil fuels such as 
natural gas and petroleum oils but fossil fuels produced harmful gases 
after burning and have negative impacts on environment. Many scientist 
and researcher are working on alternate fuel to control emission and 
better performance of vehicles [1]. The water hybrid system introduces 
in vehicles that to produce the hydrogen gas as used as a supplement 
fuel. It is a cleaner system; one that develops supplemental fuel from 
unlimited resource water. It has distinctive property that is able to 
remove pollutants from the air during combustion, even decreases 
the carbon residue within the engine and improves performance of 
engines. HHO gas is referred as brown gas which is a weekly bonded 
water molecule in gaseous state 2:1 molar mixtures of hydrogen and 
oxygen [2]. HHO production occurs by electrolysis process by using 
different electrolytes such as KOH, NaOH, NaCl, in different electrode 
designs in a leak proof reactor [3]. In HHO generator, for production 
of oxy-hydrogen gas in which different electrode material such as 
S-302, S-306, S-309 and S-316 L are used with electrolytic solution for
electrolysis of water and mixed with conventional fuel like petrol or
diesel. It is conducted different performance test of internal combustion 
engine for calculating efficiency, mileage and exhaust emission [4].
Production of hydrogen at cathode and oxygen at anode occurs due to
migration of ions in solutions [5,6].

At anode: 2H2 + 4OH-→ 4H2O + 4e-

At cathode: O2 + 2H2O + 4e- → 4OH-

Overall reaction: 2H2 + O2 → 2H2O + electric energy + heat 

Comparison between properties of diesel and hydrogen are given 
below in Table 1.

To improve the hydrocarbon combustion in CI engine is done 
by using hydrogen as supplementary fuel in it. HHO gas exhibits 
properties that make to more reactive than standard hydrogen. Brown 
Gas can enhance performance and fuel efficiency [7]. Emission and 
performance of a Skoda Felicia 1.3 GLXi engine was checked out by the 
series of laboratory experiments with HHO generator. It was concluded 
that HHO cell can be incorporated into engine systems without 
modification. The engine thermal efficiency has been improved up to 
10% and reduces fuel consumption up to 34% when HHO gas has been 
introduced into the air/fuel mixture [8]. Performance of four stroke 
diesel engine was investigated by effects of using a small amount of H2/
O2 mixture as an additive. Required amount of H2/O2 mixture were 
generated by electrolysis process. H2/O2 mixture has ability to increase 
over combustion that generating higher peaks pressure closer to TDC, 
ultimate producing more work. Hydrogen has nine times higher flames 
speed as compared to diesel. The experimental results showed that 
6.1% H2/O2 mixture of total diesel which was introduced that caused 
to increased thermal efficiency by 2.6% at 19 KW, 2.9% at 22 KW, 1.6% 
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at 28 KW. The brake specific fuel consumption decreased by 7.3% at 
19 KW, 8.1% at 22 KW and 4.8% at 28 KW.H2/O2 mixture should not 
be beyond 5% in enhancing performance of engine. The emission of 
hydrocarbons, carbon dioxide and carbon monoxide were reduced 
due to better combustion while NOx increased due high temperature 
accessed during combustion [9,10]. Performance and emission of diesel 
engine were investigated with effect of hydrogen and HHO. Since HHO 
gas comprises more oxygen which shows higher combustion efficiency 
and produces better combustion performance than pure hydrogen as 
an additive fuel [11]. Uniform mixing of hydroxy air and oxygen of 
HHO with diesel caused to improve combustion which has key role in 
SFC. Due to high flame range, high A/F ratio, short quenching distance 

produces complete combustion of diesel at high speed. When engine 
speed operates below 1750 rpm, control unit decrease automatically 
current and voltage for electrolysis process that cause hydroxy enriched 
diesel fuel combustion process and better energy economy [3].

Emission performance of Honda G 200 engines was carried out 
with effect of HHO gas experimentally. HHO generator was integrated 
at intake manifold of engine and enhances the combustion efficiency 
and decrease fuel consumption. Hydrocarbon concentration was 
affected by presence of HHO gas and speed of engine [12]. HHO 
generator is easy to integrate with engine without any modification and 
no hardware component is required to install in the engine. In oxy-
hydrogen gas, hydrogen is present. Oxy hydrogen blends with diesel 
which shows best combustion efficiency and thermal efficiency. Water 
vapors which are by product of combustion process that decrease 
combustion chamber temperature and decrease engine detonation. 
Production cost of procedure gas is high as compared to oxy hydrogen 
gas because AC power source is required for production of procedure 
gas using pyrolysis process. 12 V DC supply from battery is required 
for oxy hydrogen. It is impossible to fit procedure gas generation 
module with automobile engine. During pyrolysis process, coal is 
generated as by product [13]. Many researchers have been performed 
different experimentation on CI engine with HHO gas and biodiesel as 
supplementary fuel, the following conclusion have been drawn. HHO 
gas can be integrated with both spark and diesel engines with or without 
modification. Biodiesel is used as sole fuel or dual fuel in compression 
engines without modification. HHO and biodiesel utilization may 
lead to higher thermal efficiency, reduced emission and specific fuel 
consumption. However, increase in oxides of nitrogen couldn’t be 
stopped without using some treatment methods [14].

Engine was tested with HHO gas at different load application in 
which brake power increased. Mechanical efficiency increased when 
engine is operated with HHO gas. Brake thermal efficiency increased 
when engine operated with HHO gas is more as compared with pure 
diesel. Emission like carbon monoxide (CO), NOx, carbon dioxide 
(CO2), hydro carbons (HC) are decreased when engine is operated with 
HHO gas as compared to pure diesel [2]. 

Experimental Setup
The engine test bed which was aspirated direct injection diesel 

engine TQ200 with single cylinders having the total capacity of 
232 cc, absolute maximum power of 3.5 kW (4.8 hp) at 3600 rev/
min, Continuous Rated Power 3.1 kW (4.8 hp) at 3000 rev/min and 
compression ratio 22:1. The schematic diagram of experimental setup 
is shown in Figure 1 with symbol of main components.

HHO gas generator
HHO generator is a device in which water could be splitted into its 

two components hydrogen and oxygen by the process of electrolysis 
for the production of HHO gas. Chemical decomposition produced by 
passing an electric current through a liquid or solution containing ions 
is called electrolysis as shown in Figure 2.

Methodology of HHO generator: Reactor consisted on three 
components i.e. water tank, purifier and bubbler. In reactor, Jain sheet 
is placed between the two-stainless steel (316 L) plates which are fitted 
in leak-proof fiber sheet with help of 316 L stainless steel nuts and bolts. 
Twenty-nine stainless steel plates are used in this reactor as shown in 
Figure 3.

Water tank is used as a water storage in which catalyst KOH 
is added. Oxyhydrogen gas (HHO) is passes through purifier for 

Properties Units Diesel Hydrogen
Ignition Temperature K 530 858

Minimum ignition energy mJ ---- 0.02
Flammability Limits volume % in air 0.7-5 4-75

Stoichiometric A/F ratio mass basis 14.5 34.3

Limits of flammability equivalence 
ratio ---- 0.1-7.1

Density at 16 C and 1.01 bar kg/m3 833-881 0.0838
heating value Net MJ/kg 42.5 119.93

Flame velocity cm/s 30 265-325
Quenching gap cm2 --- 0.064
Diffusivity in air cm2/s --- 0.63

Research octane number --- 30 130
Cetane number --- 40-55 ---

Table 1: Properties of hydrogen and diesel.

Figure 1: Schematic diagram of experimental setup.

Figure 2: Electrolysis process.

Figure 3: Reactor configuration.
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removing water vapours and moisture contents. Bubbler is also used to 
purify the HHO gas from the moisture. Assembly of components are 
shown in Figure 4.

Electrolysis voltage, current and short circuit are checked via a 
digital Multimeter (Figure 5). 

Letters “D”, “L”, “T”, “W” and “H” represent “diameter”, “length”, 
“thickness”, “width” and “height”, respectively in given Table 2.

HHO generator provides 5 l/min gas with voltage and current is 

12 V, 14.1 A respectively. Capacity of HHO generator is described in 
Table 3.

CI engine

HHO gas injection to CI engine: Hydroxy gas (HHO) is injected 
directly in engine without modification. Before entering intake 
manifold, HHO gas is transferred to 1/3 water-filled pot to prevent 
backfiring. Non-return valve is used to prevent rising of gas pressure 
over 1 bar in the container. Hydrogen and oxygen generated by the 
electrolysis process of water by a unique electrode design which is in 
their mono-atomic state. It is an unstable state of H2O vapor, more 
energy is achieved compared to hydrogen burning with oxygen.

Pulverized water clashes the fuel and they unite with each other. 
Due to densities difference, water acts as a core and the fuel leads to be 
water shell. During compression stroke, pressure and heat increases, 
the water explodes to steam and consequently, the fuel gets atomized. 

After ignition, temperature increases rapidly in cylinder which 
results water to be splitted into hydrogen and oxygen and re-
ignition occurs by which increased combustion efficiency. Due to the 
simultaneous production and consumption of hydrogen, no storage 
is necessary, which results in safe operation. HHO is generated and 
used as a sole fuel in CI engines to benefit from peculiar features and 
minimize disadvantages of hydrogen (Figure 6) (Table 4).

Synchronization with control panel: Versatile Data Acquisition 
System (VDAS) connected with pressure transducer, temperature 
sensor and fuel consumption gauge. The ambient pressure and 
engine cylinder pressures at inlet and outlet can be calculated with 
help of pressure transducers attached with engine test bed. Cylinder 
temperature can be calculated before and after combustion process 
with the help of temperature transducer. It indicates speed, power and 
torque of engines on digital display (Figure 7).

Results and Discussion
HHO gas was used as a supplementary fuel in engine with 

Figure 4: Components of HHO generator.

Figure 5: Digital multimeter.

Items Quantity
316 L stainless steel electrode plates (115 mm × 70 mm × 2 

mm, D × L × T) 29

Plexiglas plates (350 mm × 130 mm × 20 mm, L × H × T) 2
Water level system 1

Water tank (200 mm × 200 mm × 150 mm,W × L × H) 1
DC device (DC supply) 1

Multimeter 1
Catalyst (KOH) ~1% by mass

Table 2: Basic system materials and quantity.

Specifications Details
Maximum gas supply 5 L/min

Electrodes (anode-cathode) 316L stainless steel plates
Maximum electrolysis voltage and current (≥ 1900 

rpm for CI) 12 V-14.1 A

Electrolyte (1% by mass) KOH aqueous solution
Water container volume 5 L

Table 3: Technical specifications of the HHO generator.

Figure 6: CI engine modal.

Items Specifications
Fuel type Diesel

Absolute maximum power 3.5 kW (4.8 hp) at 3600
rev. min-1

Continuous rated power 3.1 kW (4.8 hp) at 3000 rev. 
min-1

Bore 69 mm
Stroke/crank radius 62 mm/31 mm

Connecting rod length 104 mm
Engine capacity 232 cm3 (0.232 L) or 232 cc

Compression ratio 22:1
Oil capacity 2.6 Litre

Table 4: Technical specifications of CI test engine.

Figure 7 : CI engine with HHO generator.
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single cylinder, four strokes but without any modification in 
this experimentation. Various parameters such as Specific Fuel 
Consumption (SFC), break power, mechanical efficiency, thermal 
efficiency, break specific fuel as function of engine speed was recorded 
and promising results were reported by conducting tests.

Specific fuel consumption and engine speed

The decline in SFC is due to uniform mixing of HHO with air (high 
diffusivity of HHO) as well as oxygen index of HHO gas which assists 
diesel during combustion process and yields better combustion. An 
average decrease of 27% is achieved in SFC by using HHO gas. The 
improvement in engine brake thermal efficiency for the HHO enriched 
engine is more evidently seen at low manifold absolute pressure 
conditions.

This can be attributed to that, at high speed, the diesel is hard to be 
completely burnt at lean conditions due to the increased residual gas 
fraction (RGF) and poor mixing. Since HHO gains a high flame speed 
and wide flammability, the addition of hydrogen would help the diesel 
to be burned faster and more completely at high speed conditions.

Low ignition energy of HHO-air mixture derives diesel even to be 
burned safely under leaner conditions. However, at low speeds (≤2500 
rpm), low lean flammability limit prevents HHO to have positive 
influence on combustion efficiency due to mixture requirement around 

stoichiometric conditions and high volume occupation of HHO causes 
reduced volumetric efficiency unless load is induced to the system. The 
decreasing curve of the specific fuel consumption is more smooth and 
fine along with HHO gas instead of simple combustion as shown in 
Figure 8.

Comparison between SFC with and without coupling HHO 
generator and results presented column chart in clearly indicates that 
betterment in introducing HHO during the suction stroke. Maximum 
value is obtained at low rpm compared to high speed with constant flow 
rate of hydroxy gas, average 27% of fuel consumption was decreased is 
recorded. 

Brake power and engine speed
Brake power of CI engine increased 16% by using HHO at constant 

load. After 2500 rpm, the gain of brake power exceeds up to 22%. At 
high rpm, the engine is working smoothly compared to speed when 
HHO gas is introduced into it as shown in Figure 9.

Overall increasing trend of brake power w.r.t engine is followed 
by engine while integrating the generator. Maximum brake power is 
obtained at 3400 rpm as shown in above mentioned figure. 

Mechanical efficiency and engine speed

Mechanical efficiency of engine is achieved by 7% at 2550 RPM, it is 
increased about 14% at 2850 RPM and it gradually increases to 24% at 
3400 RPM. This indicates that the engine is working more smoothly at 
high RPM when HHO gas is introduced into it (Figure 10).

Thermal efficiency and engine speed
Thermal efficiency of engine is achieved by 27% at 2550 RPM, 

while incremental trend is obtained same as other parameters and is 
about 30% at 2850 rpm compared to thermal efficiency without HHO; 
furthermore, by accelerating the engine up to 3200 rpm 47% increase 
was witnessed. This indicates that the engine is working more efficiently 
at constant load when HHO gas is introduced into it (Figure 11).

Brake specific fuel consumption and engine speed
Similar to above mention parameters, for the calculation of brake 

specific fuel consumption engine was operated at various accelerating 
speed ranges from 1950 rpm to 3450 rpm and results undoubtedly 
showing that it was also reduced up to 35% by using HHO gas (Figure 
12). Decline of the specific fuel consumption curve is uniform with 
using HHO gas instead of simple combustion.

Conclusion
The present study has investigated efficiency and performance of 

Figure 8: SFC and engine speed.

Figure 9: Brake power and engine speed.

Figure 10: Mechanical efficiency and engine speed.

Figure 11: Thermal efficiency and engine speed.
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CI engine in dual fuel mode with HHO gas in induction air without 
any modification in design of engine. All data points are carried at least 
5 times for each result. It is concluded that 

• HHO generator can be incorporated with existing Engine without 
any modification.

• Best available catalyst was KOH(aq), with production of gas 5 L/min.

• It is obtained 55% hydrogen and 45% oxygen by electrolysis of
water in HHO generator but theoretically it is 66.6% hydrogen and 
33.3% oxygen.

• Specific fuel consumption has been decreased average of 27% by
using HHO gas.

• Brake power of CI engine has been increased up to 22% by using
HHO using dynamometer at constant load.

• Mechanical efficiency has been increased up to 24% at high speed 
using dynamometer at constant load.

• Thermal efficiency has been increased up to 47% at high speed
using dynamometer at constant load.

• Brake specific fuel consumption which is reduced up to 35% by
using HHO gas.

Acknowledgement

Authors are very grateful to Department of Mechanical Engineering CIIT 

Sahiwal and Bilal Engineering (Pvt) Lahore who provide us a chance to perform 
some of the experiments with proper guidance.

References

1. Mustafi Nirendra N, Ruhul AM, Zakaria AM, Mayeedul IM (2013) An Investigation 
on the production of brown gas (HHO) as an alternative automotive fuel by
water electrolysis. Paper 14: 239-244.

2. Naresh C, Sureshbabu Y, Bhargavi Devi S (2014) Performance and exhaust
gas analysis of a single cylinder diesel engine using HHO gas (Brown’s Gas).
Int J Eng Res 3: 40-47.

3. Yilmaz AC, Uludamar E, Aydin K (2010) Effect of hydroxy (HHO) gas addition
on performance and exhaust emissions in compression ignition engines. Int J
Hydrog Energy 35: 11366-11372.

4. Patil K, Birajdar V, Handrol B (2016) Development of electrolysis kit for internal 
combustion engines.

5. Merle G, Wessling M, Nijmeijer K (2011) Anion exchange membranes for
alkaline fuel cells: A review. J Memb Sci 377: 1-35.

6. Dahake MR, Patil SD, Patil SE (2016) Effect of hydroxy gas addition on
performance and emissions of diesel engine. Int J Sci Engineer Technol Res
3: 756-760.

7. Wang J, Huang Z, Zheng J, Miao H (2009) Effect of partially premixed and 
hydrogen addition on natural gas direct-injection lean combustion. Int J Hydrog 
Energy 34: 9239-9247.

8. EL-Kassaby MM, Eldrainy YA, Khidr ME, Khidr KI (2016) Effect of hydroxy
(HHO) gas addition on gasoline engine performance and emissions. Alexandria 
Eng J 55: 243-251.

9. Bari S, Esmaeil MM (2010) Effect of H2/O2 addition in increasing the thermal
efficiency of a diesel engine. Fuel 89: 378-383.

10. Bose PK, Banerjee R (2012) An experimental investigation on the role of
hydrogen in the emission reduction and performance trade-off studies in
an existing diesel engine operating in dual fuel mode under exhaust gas
recirculation. J Energy Res Technol 134: 012601.

11. Baltacioglu MK, Arat HT, Özcanli M, Aydin K (2016) Experimental comparison
of pure hydrogen and HHO (hydroxy) enriched biodiesel (B10) fuel in a
commercial diesel engine. Int J Hydrog Energy 41: 8347-8353.

12. Sa’ed A, Al-Rousan AA (2011) Effect of HHO gas on combustion emissions in
gasoline engines. Fuel 90: 3066-3070.

13. Kumar GA, Rao GV (2013) Performance characteristics of oxy hydrogen gas
on two stroke petrol engines. Int J Engineer Trends Technol 6: 358-366.

14. Kale KA, Dahake MR (2016) The effect of HHO and biodiesel blends on
performance and emission of diesel engine-A review.

Figure 12: BSFC and engine speed.

http://icmime-ruet.ac.bd/2013/Contents/Technical Papers/Energy Technology/ET-14.pdf
http://icmime-ruet.ac.bd/2013/Contents/Technical Papers/Energy Technology/ET-14.pdf
http://icmime-ruet.ac.bd/2013/Contents/Technical Papers/Energy Technology/ET-14.pdf
http://www.ijer.in/ijer/publication/v3si1/IJER_2014 NCETMESD 08.pdf
http://www.ijer.in/ijer/publication/v3si1/IJER_2014 NCETMESD 08.pdf
http://www.ijer.in/ijer/publication/v3si1/IJER_2014 NCETMESD 08.pdf
http://www.sciencedirect.com/science/article/pii/S0360319910013595
http://www.sciencedirect.com/science/article/pii/S0360319910013595
http://www.sciencedirect.com/science/article/pii/S0360319910013595
https://www.irjet.net/archives/V3/i8/IRJET-V3I8193.pdf
https://www.irjet.net/archives/V3/i8/IRJET-V3I8193.pdf
http://www.sciencedirect.com/science/article/pii/S0376738811003085
http://www.sciencedirect.com/science/article/pii/S0376738811003085
https://www.irjet.net/archives/V3/i1/IRJET-V3I1133.pdf
https://www.irjet.net/archives/V3/i1/IRJET-V3I1133.pdf
https://www.irjet.net/archives/V3/i1/IRJET-V3I1133.pdf
http://www.sciencedirect.com/science/article/pii/S0360319909013901
http://www.sciencedirect.com/science/article/pii/S0360319909013901
http://www.sciencedirect.com/science/article/pii/S0360319909013901
http://www.sciencedirect.com/science/article/pii/S1110016815001714
http://www.sciencedirect.com/science/article/pii/S1110016815001714
http://www.sciencedirect.com/science/article/pii/S1110016815001714
http://www.sciencedirect.com/science/article/pii/S0016236109003974
http://www.sciencedirect.com/science/article/pii/S0016236109003974
http://dx.doi.org/10.1115/1.4005246
http://dx.doi.org/10.1115/1.4005246
http://dx.doi.org/10.1115/1.4005246
http://dx.doi.org/10.1115/1.4005246
http://www.sciencedirect.com/science/article/pii/S0360319916002718
http://www.sciencedirect.com/science/article/pii/S0360319916002718
http://www.sciencedirect.com/science/article/pii/S0360319916002718
http://www.sciencedirect.com/science/article/pii/S0016236111002754
http://www.sciencedirect.com/science/article/pii/S0016236111002754
http://www.ijettjournal.org/volume-6/number-7/IJETT-V6N7P164.pdf
http://www.ijettjournal.org/volume-6/number-7/IJETT-V6N7P164.pdf
http://inpressco.com/wp-content/uploads/2016/06/Paper11-9.pdf
http://inpressco.com/wp-content/uploads/2016/06/Paper11-9.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Experimental Setup 
	HHO gas generator
	CI engine

	Results and Discussion
	Specific fuel consumption and engine speed
	Brake power and engine speed 
	Mechanical efficiency and engine speed 
	Thermal efficiency and engine speed 
	Brake specific fuel consumption and engine speed 

	Conclusion
	Acknowledgement
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	References

