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Abstract— The present experiment is to improvement of hydrogen energy share in 3.5 kW single 
cylinder direct injection diesel engine under dual fuel mode. The experimental test is conducted at the 
injection operating pressure (IOP) varying from 200 to 240 bar using pure diesel, B20, and B20 with 
various less concentration flow rate of hydrogen at 100% load with 1500 rpm constant. The acquisition 
data of the test fuels is compared with 200 bar pressure of diesel baseline. The energy share of hydrogen 
for performance parameters like Brake thermal efficiency (BTE) is high with maximum IOP and also the 
specific fuel consumption (SFC) reducing with increasing with maximum IOP. The combustion 
parameters of Net Heat Release Rate (NHRR) and Cylinder Peak pressure also increases with increasing 
IOP. The emission parameters of HC, CO, and CO2 reduces with share of hydrogen at high IOP 
meanwhile the NOx emissions  increases with increasing hydrogen and IOP. 
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I. INTRODUCTION 

Nowadays fossil fuels are widely used in IC engine combustion applications, which cause dangerous effects 
to the environment and world geopolitical climate. Diesel engines have been under the process of development 
in the last few decades so as to meet legislations related to emission control [1]. Many researchers around the 
world are interested in the field of developing alternate fuels and to alleviate emissions by peripheral means, like 
use of catalytic convertors and necessary engine modifications. However, some of them have also recommended 
the use of additives like browns gas, blending vegetable oils with petrol etc to deduct the emissions [2]. The use 
of vegetable oils in original conventional diesel engines result in decreased thermal efficiency and increased 
smoke levels. These problems are further compounded owing to higher viscosity, less volatility and reactivity of 
the unsaturated hydrocarbon (UHC) chains in vegetable oil fuels. Amongst the aforementioned factors, higher 
viscosity of vegetable oils poses a challenge as it results in high carbon deposits and  ring sticking [3,4]. A 
variety of vegetable oils such as Karanja oil, rapeseed oil, rice bran oil, cottonseed oil, Jatropha oil etc. has been 
employed as fuels in diesel engines [5]. Along with these, Karanja oil exhibits extremely high-quality properties. 
It is a non-edible oil and It is a non-edible oil and possesses higher calorific value and higher cetane number 
when compared to several other fuels. The Karanja plant can mature roughly anywhere including gravely, sandy 
and saline soils. It thrives well even under drought-like conditions [6, 7]. 

Dual fuel operation mode in diesel engines has the potential to improve performance and reduce emissions 
[8]. On the flip side, dual fuel process in general pose problems of less efficiency when the concentration of the 
introduced fuel is less than a least value. This is because a lean mixture of the induced fuel with air does not 
burn well. Use of fuels with extensive flammability limits and higher burning velocity can decrease these effects. 
Since vegetable oils typically generate high smoke emissions from diesel engines, dual fuel operation can be 
adopted as a technique to better their performance. A small quantity of hydrogen can be introduced with air 
while using vegetable oil as the pilot fuel. Some of the significant properties of pure diesel, Karanja oil and 
hydrogen are shown in Table I. Due to the absence of carbon, exploit of hydrogen in dual fuel engines will often 
reduce hydrocarbon and carbon monoxide emissions [9, 10]. 
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In this present work, a single cylinder direct injection diesel engine is modified to work in the dual fuel mode 
with hydrogen as an introduced fuel. Karanja oil methyl ester (KOME) blend (B20) is used as the injected fuel 
and most of the engine’s energy is derived from it. It is injected by the conventional fuel injection system. 
Experiments were conducted at a constant speed of 1500 rpm, full load conditions and the quantity of hydrogen 
and Injection Operating pressure were varied. Comparison has been made with results obtained while using base 
line diesel as the pilot fuel instead of the KOME blend. 

II. EXPERIMENTAL SETUP AND TEST PROCEDURE 

A Single cylinder water cooled DI diesel engine developing 3.5 kW at 1500 rpm with the fuel of pure diesel. 
Specifications of the engine details are shown in Table II. A schematic view of experimental set up illustrated in 
Fig 1.With the help of high-speed digital data acquisition system to traced the output signal of pressure. The 
piezoelectric transducer and crankshaft position optical encoder were employed for the measurement of cylinder 
pressure as a function of crank angle. The exhaust emissions of Engine were quantified by advanced MN-05 
multi-gas analyzer (5 gas version). 

 
Figure 1 Scamatic diagram of Test Engine 

The combustion study was carried on the averaged value of 100 cycles after the engine attained steady state 
condition. For the duration of the first stage of operation the engine was in progress of fuel on pure diesel to 
produce baseline data. In the second stage of operation, the engine was made to use on B20 fuel after arriving at 
stable conditions the outcomes are contrasted to baseline data. In the third stage of process engine running on 
B20 fuel and inducted air is augmented with a small concentration of hydrogen (5, 10 and 15 lpm), the results 
were achieved at full loading conditions for three different injection opening pressures of 200, 220and 240 bar. 

TABLE I: Test Fuel Properties 

Properties Diesel Hydrogen B20 Karanja 

Density(Kg/m³) 850 0.08 831 885 

Calorific Value(kj/Kg) 44500 119930 42770 40750 

Viscosity(gm/cc) 2.76 … 3.88 5.12 

Flash Point(°C  ) 76 … 81 161 

Pour Point(°C) 3.1 … 3.1 5.1 

Cetane value 47 … 53 56.65 

Acid Value (mg KOH/g) … … … 1.13 

Sp.gravity 0.835 0.091 0.844 0.937 
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IV. CONCLUSION 

A single cylinder compression ignition diesel engine was operated successfully using B20 as pilot fuel and 
hydrogen as introduced fuel at unlike injection operating pressures. Tests carried out at 200, 220, and 240 bar 
IOP point out that 240 bar IOP is most favorable pressure for improved performance, combustion and smallest 
amount emissions. The following conclusions are recapitulated based on the experimental results acquired for 
hydrogen operated engine with B20 as pilot fuel injected with 240 bar injection operating pressure and 
contrasted to pure diesel operation at base line injection opening pressure of 200 bar at 100% load. 

 B20 and B20 with hydrogen can be directly used in diesel engines with or without any modifications. 

 The maximum BTE of 27% was observed at IOP of about 240 bars and at 100% engine load. BTE was 
found lowest at 200 bars. 

 B20 with 15lpm of hydrogen reduces BSFC by 27%. Brake specific fuel consumption was 
continuously decreasing with the increase in IOP. Minimum brake specific fuel consumption was 
noticed at 240 bars and BSFC was found maximum at 200 bar of injection operating pressure. 

 Peak cylinder pressure and Net heat release rate was detected at 240 bar of IOP. 

 Compared with pure diesel, exhaust emissions of CO, CO2 and HC are reduced while NOx emissions 
are increased with B20 and B20 among hydrogen with diesel. 

Experimental analysis exposed that the supply of 15 lpm hydrogen in direct injection diesel engine running 
on B20 and operated with increased injection operating pressure of 240 bar gives maximum brake thermal 
efficiency than at 200 bar. Also, HC and CO emissions are reduced at the penalty of increased NOx emissions 
than that of diesel fuel operation 
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