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Abstract 

In this experimental study was mostly focused on the impact of compression 

ratio (CR) on a dual fuel engine. The diesel engine was renewed in to dual 

fuel mode by injecting the Hythane20 (20% hydrogen and 80Methane) from 

the inlet manifold and Water in Die    E                              

       W DE                       I                                     

                                 CR          I         T              TDC  

Further, carried out the experimentation with CR 16.5 and 18.5. From the 

obtained results observed the higher Brake Thermal Efficiency (BTE) for 

CR18.5 than the other. It is around 2% higher than the diesel.  It was also 

reported drastic reduction in smoke opacity and NOX emissions about 24% 

and 11% than the diesel fuel operation. 

 
Keywords: Compression Ratio, Emulsion, Hythane, Performance, 

Emission, Combustion 

 
1 Introduction 

 

Diesel engines are highly efficient in transforming fuel to heat energy 

[1]. Still, it has higher ignition temperature is  higher with effect higher  

 

 
Journal of Green Engineering, Vol. 11_3., 2697-2707.  

© 2021 Alpha Publishers.  All rights reserved 

mailto:premgreentech46@gmail.com


 
 

 

 
 
 

 

2698 Radha Krishna Gopidesi et al 

 

compression ratio [2]. The high temperature cause to formation of NOX 

emissions. It forces the researchers to regulate the abundance heat inside an 

ignition chamber. It tends to be constrained by utilizing various methods. 

From the writing review obviously, the WiDE gives a better outcome 

contrasted with different procedures. For the most part, the WiDE encloses 

greater thickness and a high pace of warmth of vaporization; these stuffs are 

utilized to conserving of the engine. It prompts diminish the pinnacle heats 

naturally and it reins NOX and PM outflow. essentially water is infused into 

the chamber straightforwardly by utilizing an ECU, with gulf air by the 

delousing strategy and WiDE technique. Yet, it has a few limits, for example, 

water with an incompressible nature creates hydrostatic lock. At the point 

when the amount of water surpasses the cut-off, it impedes the cylinder's 

responding development and it brings about actual harm on engine 

components.  Furthermore, water infusion announced an added corrosive 

nature contrasted with different techniques. Water is infused alongside 

gulf/consumption air by the fumigation strategy. WiDE provides a superior 

decrease of NOX outflow. In this technique, addition of water to the diesel 

by using ultrasonic probe Sonicator with help of an emulsifier for unification 

of two immiscible fluids. It also increases the stability of the emulsion. 

WiDE controls the burning temperature on the grounds that the vaporization 

of water prompts lessens the ignition chamber temperature and brings down 

the NOX discharges.  The WiDE when splashed by spout, frames the fine 

atomization of droplets. Water having a lower boiling point than diesel, it 

prompts earlier atomization of water and deteriorates the diesel in more 

modest drops and break down the diesel in slighter droplets. But due to LHV 

of WiDE showed lower BTE than base diesel operation. It was overcome by 

the introduction of higher heating value gases as the secondary fuel.  Many 

researchers have studied and conducted experiments on various biodiesel 

blends with diesel fuel, very limited studies have examined the use of WiDE 

for diesel engine applications. Namasivayam et al. [3] used the dimethyl 

ether biodiesel, raw methyl esters biodiesel and, emulsified biodiesel with 

altered water percentages along with the natural gas. From that investigation, 

they found a drop of NOX emission for dimethyl ether, whereas the 

emulsified biodiesel increases the NOX emissions. The exhaust tailpipes of 

the engine were increased for dimethyl ether as a direct fuel compared with 

raw methyl esters. Biplab et al. [4]worked on a DI, VCR diesel engine. In 

this work emulsified palm biodiesel was used as a direct fuel, and biogas was 

used as a secondary fuel. They observed less fuel consumption of emulsified 

direct fuel in dual fuel techniques. Moreover, they found better fuel 

efficiency and the lower energy consumption in the dual-fuel technique when 

compared with biodiesel operation. Larsen and Wallace [5] worked on a 

hydrogen supplemented natural gas. They observed improvement in 
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performance parameters and reduction of NOX and HC emissions than the 

diesel operation. Belgiorno et al. [6] used methane as secondary fuel, and 

diesel was used as a direct fuel. From that, they found a reduction of methane 

unburned hydrocarbon emission because of enhanced dwell time. The total 

HC, CO emissions were increased, and CO2 was decreased at the high load 

points.  Banapurmath et al.  [7]. reported that hydrogen is one of the viable 

sources due to the higher octane number. Moreover, neat hydrogen 

utilization has some unfavorable results such as long ignition delay was 

presented by Priybrat and Atul  [8]. As far as no literature is found with the 

trailing of WiDE with hythane gas enrichment at different compression ratios 

to mitigate the harmful exhaust emissions without penalty on the 

performance of diesel engines. 

 

2 Methodologies 
 
 
2.1 Emulsion Preparation 
 

Emulsifiers were used to decreasing the interfacial rigidity of polar 

liquids [9]. In this investigation, 10% water was mixed with 1% emulsifier 

with HLB of 6.43 by using mechanical stirrer then add 89% diesel by the 

ultrasonic probe. The ultrasonic probe Sonicator [10] was showed in Fig. 1. 

The ultrasonic generator prepared the emulsion about 30 min with uniform-

sized micro droplets. Dino-Lite microscope was to measure droplet mean-

diameter.   

           
 

                      Fig. 1. Ultrasonic Probe Sonicator 

 
2.2 Hythane Fuel 

 
Hythane is a mixture of hydrogen and methane [11]. Here, used 

Hythane20 (20% hydrogen and 80% methane) having a LHV of 56604.5 

kJ/kg [12] as a secondary fuel with a flowrate of 5lpm. Hythane20 as a more 

prospective fuel for attainment of lesser emissions. It is an odourless, 

colourless and nontoxic. 
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2.3 Research Set-Up 
 

Kirloskar 3.5kW diesel engine was used and its technical information 

were shown in Table 1. Smoke meter and DI gas analyser was used to 

measurement of tail pipe gases. Figure 2 depicts test set up. 

 

 

 
Table 1 Engine Data 

 
Factor  Description 

Brand Kirloskar 

Model 4S, CI engine 

Injection DI 

Power and 

speed 

3.5 kW at 1500 rpm 

Stroke and 

Diameter 

110mm and 87.5 mm 

Bore 661 m
3 

IT 23
° 
bTDC 

 

 

 
 

Fig. 2. Test set up 
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3 Results and Discussions 
 

From the previous investigation observed the WiDE10 with hythane20 at 

a flow rate of 5 lpm showed enhanced thermal efficiency with abnormal 

reduction in exhaust emissions. So, in this investigation vary the compression 

ratio for the same sample and run the engine for evaluation the engine  

characteristics. The results showed improvement in thermal efficiency as 

well as further reduction in tail pipe gases like HC, CO, and Smoke. 

 

3.1 BTE 

 
The BTE is the index for the fuel effective utilization of fuel [13]. Figure 

3 illustrates the influence of BP on BTE, and gradual increase of BTE with 

increase of BP. The BTE of fuel samples were enhanced with higher CR. 

WiDE10 with hythane20 at 5lpm at CR18.5 showed the higher BTE than the 

other CR of CR16.5 and CR17.5. By the sophisticated HRR at CR18.5 than 

the other CR [14]. It is around 2% higher than the diesel. 

 

 

 
                                                Fig. 3 BP Vs BTE 
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3.2 BSFC 

 
Figure 4 represents the relation between BP and BSFC. Here, observed 

same pattern. At CR16.5 noted the uppermost BSFC than the others.   The 

BSFC was reduced with increase of CR and WiDE with hythane at CR18.5 

showed the lowest BSFC than the other samples. BSFC was showed lower 

for higher CR by the improved combustion rate [15]. 

 

        
 

 
                                        Fig. 3. BP vs BSFC 

 
 

3.3 NOX Emissions 

 
Figure 4 illustrated the relation between BP and NOX at various CR. 

Mostly, the NOX is generated due to the sophisticated ignition temperatures 

[7]. Here, the ignition temperature was moderated by the emulsion. The 

highest NOX was noted at diesel fuel contrasted with the other samples. At 

CR16.5 showed 13.5% decline of NOX than diesel. By the lower ignition 

temperature with lower CR[16]. 

 

            
                                              Fig. 4. BP Vs NOX 
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3.4 HC Emissions 

 

Unburned HC is a significance of amount of indecorous combustion of 

the fuel. It showed similar trend for all the samples and gradual decrease with 

increase of load. Figure 5 portrays the stimulus of BP on the HC emissions. 

HC emissions were noted lowest for diesel than the other samples. CR16.5 

showed 25.5 % greater HC emissions than diesel [17]. By the lower burning 

rate with the effect of lower CR. 

 

 

          
                                         Fig. 6. BP Vs CO Emissions 

 

 

3.5 Smoke Opacity 

 
Smoke opacity was enlarged for the dual-fuel mode due to the fall of 

oxygen. Figure 7 showed the influence of BP on smoke. At CR18.5 reported 

the least smoke opacity by the sophisticated temperature with higher CR. At 

CR18.5 showed 24.31% lower smoke opacity when differentiated with the 

diese 
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                                    Fig. 7. BP Vs Smoke Opacity 

3.6 Net Heat Release Rate (NHR) 
 

The HRR is defined as the rate of heat generated during the engine 

combustion process.[19]. Figure 8 depicted the NHR rate at the various crank 

angles for various CR. All the tests were shown a similar trend of NHR with 

pure diesel. The NHR is noted the highest for CR18.5 and lowest for CR16.5. 

This is due to the inferior ignition temperature with lower compression ratio 

[20]. 

 

 

 
 

                                        Fig. 8. Influence of Crank angle on NHR 
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4 Conclusions 
 

The current study primarily attention on the evolution of characteristics 

of diesel engine with WiDE and hythane at various CR of CR16.5, CR17.5 

and, CR18.5 respectively. The subsequent inferences are tired from the 

overhead tests. WiDE10 with hythane20 at 5lpm at CR18.5 showed the 

higher BTE than the other CR of CR16.5 and CR17.5, and BSFC was 

reduced with increase of CR and WiDE with hythane at CR18.5 showed the 

lowest BSFC than the other samples. Coming to the emissions at CR16.5 

showed higher NOX reduction than the other it is around 13.5% decline of 

NOX than the diesel and at CR18.5 showed 24.31% lower smoke opacity 

when contrasted with the diesel. The highest NHR was noted at CR18.5.  

Comprehensively, it is concluded that the WiDE10 with hythane20 at 5 

lpm at CR18.5 can be noted as the optimum operation. 
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