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Abstract Sequential combustion process on diesel dual fuel engine with compressed natural gas (CNG) fuel was complex. 

The problems of diesel dual fuel with CNG gas are reduced thermal efficiency and resulting in high carbon monoxide (CO) 

and unburned hydrocarbon (HC) emissions. The right setting between combustion air, diesel pilot fuel, and CNG gas fuel 

can improvement the performance and emissions. The experiment was conducted with diesel fuel conventional and dual fuel 

mode with CNG fuel in a single cylinder, four strokes, constant speed (1500 rpm) diesel engine type diamond DI 800. 

Performance parameters such as thermal efficiency and specific fuel consumption (SFC), emissions such as CO, HC, and 

smoke density are determined at five starts of injection timing (SOI) CNG of 700CA, 900CA, 1100CA, 1300CA, dan 1500CA  

ATDC with ECU programmable of Vemstune software. The results indicated that retarded CNG injection timings 

improved engine performance and emissions diesel dual fuel. Start of CNG injection timing optimization at 1300CA ATDC 

with increased thermal efficiency 14,35% and decreased  specific fuel consumption (SFC) 8,83 % . in addition, it decreased 

CO emissions  21,35%, HC emissions 17,93%, and PM emissions lower 34,98%. However, engine performance diesel dual 

fuel lower than a conventional diesel engine.  
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I. INTRODUCTION1 

iesel Dual Fuel (DDF) is the standard diesel engine 

with Compressed Natural Gas (CNG) and diesel 

fuel.  CNG is one type of alternative gas fuel to reduce 

fossil fuel oil. CNG fuel potential to be applied to 

internal combustion engines with dual fuel technology 

[1]. The combustion process on diesel dual fuel mode 

occurs in sequential form. First, diesel fuel pilot 

combustion. Second  CNG fuel combustion [2]. Dual 

fuel diesel engine technology developed is a gas fuel 

input system. The first is a mixer feed technology that 

works by mixing air-fuel gas using a mixer before 

entering the suction conduit [3][4]. Next is a low 

pressure model input technology that works by doing gas 

injection on suction channels with low pressure [5][6]. 

CNG gas pressure was varied to improve engine 

performance of diesel dual fuel mode. It can improve 

thermal efficiency. But it lowers thermal efficiency than 

conventional diesel [5]. Start of Injection CNG 350, 400, 

and 450 was varied with duration setting. It can improve 

the best of thermal efficiency in 450 CA ATDC. But it 

lower than conventional diesel [7].  CNG gas pressure 

and the start of injection 50, 300, 55, and 800 CA ATDC. 

It found the optimal resulted at 800 and 1.5 injecting gas 

pressure can improve thermal efficiency, but it lower 

than conventional diesel [8].  Start of injections Gas 

CNG was varied in -5000, -4600, -3000, -2600 CA ATDC. 

Retarded injection timing of CNG at -2600 CA ATDC 

can improve thermal efficiency and exhaust emissions on 

diesel dual fuel engine mode. It suggests that retarded 

CNG injection timing formed stratified like air fuel 

mixture in cylinder chamber [9]. Combination of the 

start of injection gas CNG -4800, -4200, -3000, -2600 CA 

ATDC with an injection pressure of pilot diesel was 

varied.  It found that retarded injection timing of CNG at 

-2600 CA ATDC and used the higher injection pressure 
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can improve thermal efficiency and exhaust emissions 

[10].  The objective of this study is to experimentally 

investigate the behaviors of engine performance and 

emissions under the various start of CNG injection 

timing in a diesel dual fuel engine. 

II. METHOD 

Experiment was conducted with diesel fuel 

conventional and dual fuel mode with CNG fuel in a 

single cylinder, 4 strokes, constant speed (1500 rpm),  

water cooled, direct injection, 7hp (5.2 kW), bore 82 mm 

and stroke 78 mm, compression ratio 18:1 diesel engine 

type diamond DI 800. The complete engine specification 

in Table 1. 

The fuel modified into dual fuel system with indirect 

injection CNG gas through the intake manifold. The 

experimental setup is shown in fig.1. An electrical 

dynamometer was used for load measurement. Test were 

conducted at different loads (25%, 50%, 75%, 100%). 

The mass flow rate of air and CNG gas measured by 

static pitot tube and digital manometer. The mass flow 

rate of diesel fuel measured by burret meter. CO, HC, 

and PM emissions measured by Stargas 989 gas analyzer 

and smokemeter. Start of CNG injection timing was 

varied in 700CA, 900CA, 1100CA, 1300CA, dan 1500CA 

ATDC. The illustration varied of CNG injection timings 

is shown in fig.2. The duration of CNG injection is 

constant at 700CA. The setting of CNG injection and 

duration used ECU programmable of VEMSTUNE 

software. The pilot injection parameters (pilot injection 

timing and pressure) and natural gas injection pressure 

remain constant is 2 bar [11].  

III. RESULTS AND DISCUSSION  

A. The effect starts of CNG Injection Timing on the 

Thermal Efficiency  

Thermal efficiency influenced by the amount of heat 

energy utilization stored in the fuel to be converted to 

effective power. Thermal efficiency increased with 
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addition load as shown in Figure 3. The maximum 

increased value at 75% load compared with minimum 

one. Addition load increased thermal efficiency because 

more fuel that can be converted during the combustion 

process into the power discharged through the engine 

shaft. However, thermal efficiency decreased in full load 

because it can’t be converted to engine power during the 

combustion process in the combustion chamber, so much 

of the fuel is wasted with combustion gas. Thermal 

efficiency is increased with the retarded CNG injection 

timing as shown in Figure 3. The maximum increased 

value is 14,35 % compared with the minimum one at the 

start of injection (SOI) CNG 1300CA. However, it 

lowers 43,02%  than conventional diesel fuel engine. The 

results indicated that the retarded start of CNG injection 

timing increased the amount of air in the combustion 

chamber. So, more burning fuel with oxygen and it can 

make better performance. 

B. The Effect Starts of CNG Injection Timing on the 

Specific Fuel Consumption (SFC) 

The specific fuel consumption (SFC) is influenced by 

the amount of fuel needed to produce one unit of power 

in an hour.  If the value of SFC decreased, the fuel 

consumed more effective. SFC decreased with addition 

load as shown in Figure 4. Addition load the engine 

becomes more effective at consuming fuel. The 

maximum decreased value at 75% load compared with 

minimum one. SFC value will be increased at full load.  

Thermal efficiency is increased with the retarded CNG 

 
Figure 1. Experimental Setup. 

 
TABLE 1.  

ENGINE CHARACTERISTIC 

Items  Specifications 

Type DI 800 

Model One cylinder, four stroke 

Bore x Stroke 82 x 78 mm 

Max. Power 8 HP (6 KW)/ 2400 

Continous Power 7 HP (5.22 KW) / 2200 rpm 

Compression Ratio 18:1 

Injection pilot diesel 130 BTDC 

Cooling system water cooling 

Lube capacity 1,8 liters 

 

 
Figure 2. Illustration CNG injection timings. 

 

 
Figure 3. Graph of thermal efficiency versus % load. 

 

 
Figure 4. Graph of SFC versus load.         
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injection timing as shown in Fig. Figure 4. The 

maximum increased value is 8,83 % compared with the 

minimum one at the start of injection (SOI) CNG 

1300CA. However, it lowers 63,09%  than Conventional 

diesel fuel engine. The results indicated that the retarded 

start of CNG injection timing increased the amount of air 

in the combustion chamber. So, more burning fuel with 

oxygen and it can make fuel consumption more 

effective. 

C. The Effect Starts of CNG Injection Timing on Diesel 

Fuel Substitution 

Diesel fuel substitution is replaced diesel fuel by CNG 

at every load. The use of CNG fuel makes the flow rate 

of diesel fuel reduced and replaced by CNG fuel. Diesel 

fuel substitution decreased by addition load as shown in 

Figure 5. Addition load makes the amount of diesel oil 

needed to keep the constant rotation, so the percentage of 

diesel fuel substitution is getting smaller. The maximum 

fuel substitution is 55,81% compared with the 

conventional diesel fuel engine at the start of injection 

(SOI) CNG 1300CA ATDC. The results indicated that 

the retarded start of CNG injection timing increased the 

amount of air in the combustion chamber. So, energy 

from diesel fuel replaced by CNG fuel and more burning 

fuel with oxygen. 

D. The Effect Starts of CNG Injection Timing on Carbon 

Monoxide (CO) Emissions 

Carbon Monoxide (CO) emissions are produced by 

burning a little oxygen. This occurred because, on a dual 

fuel system, the fuel mixture is too rich so that the small 

oxygen into the combustion chamber. CO emissions is 

another harmful emission from the engine, and its 

formation is a function of in-complete burned fuel 

availability and in-cylinder combustion temperature, 

both of which control the rate of fuel decomposition and 

oxidation. CO emissions decreased with addition load as 

shown in Figure 6 Addition load the engine becomes 

improvement combustion process because the diesel fuel 

addition with addition loads, so the high temperature of 

combustion chamber and CO emissions decreasing. CO 

emissions decreased with the retarded start of CNG 

injection timing as shown in Fig. 6. The maximum 

decreased value is 21,35 % compared with the minimum 

one at the start of injection (SOI) CNG 1300CA. 

However, it higher 56,18%  than conventional diesel fuel 

engine.  

E. The effect starts of CNG injection timing on 

hydrocarbon (HC) emission 

Hydrocarbon (HC) emissions are the consequence of 

incomplete combustion of hydrocarbon fuel. While the 

temperature for complete oxidation of HC is lower, Hc 

emissions decreased with addition load as shown in 

Figure 7.  Addition load the engine becomes 

improvement combustion process because the diesel fuel 

addition with addition loads, so the high temperature of 

the combustion chamber and HC emissions decreasing. 

HC emissions decreased with the retarded start of CNG 

injection timing as shown in Figure 7.  The maximum 

decreased value is 17,93 % at the start of injection (SOI) 

CNG 1300CA  compared with the minimum one. 

However, it higher 55,17 % than conventional diesel fuel 

engine. 

F. The effect starts of CNG injection timing on the 

particulate matters (PM) emission 

Particulate Matters (PM) emissions produced by 

burned solar fuels. It replaced by CNG fuel so that diesel 

fuel flows less than single fuel. Little of diesel fuel 

produced smaller PM emissions, so dual fuel mode with 

CNG fuel decreased PM emissions. Retarded the CNG 

injection time can allow the oxygen to enter the larger 

combustion chamber so that more diesel and CNG fuels 

are burned when oxygen into the combustion chamber 

feels sufficient. PM emissions increased with addition 

load as shown in Figure 8.  

Addition load the engine becomes addition diesel fuel, 

so PM emissions are increasing. PM emissions increased 

6,01% with the retarded start of CNG injection timing 

1300CA ATDC compared with the minimum one as 

shown in Fig. 7b. The maximum decreased value is 

    
Figure 5. Graph of Substitusi fuel versus load. 

 

   
Figure 6. Graph of CO emission versus load.  

 

    
(a)    

       

     
(b) 

Figure 7. (a) Graph of HC emission versus load, (b) Graph of PM 

emission versus load 
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34,98% at the start of injection (SOI) CNG 700CA  

compared with conventional diesel fuel engine. 

IV. SUMMARY 

The combustion process on diesel dual fuel mode 

occurs in sequential form — first, diesel fuel pilot 

combustion. And then CNG fuel combustion. The right 

setting between combustion air, diesel pilot fuel, and 

CNG fuel can improvement the performance and 

emissions. In the present work, an experimental 

investigation has been conducted to explore the effect 

start of CNG injection timing on engine performance and 

emissions. By the results and discussions presented 

above, the conclusions can be summarized as the 

following: 

1. Diesel dual fuel engines in general decreased engine 

performance. Retarded start of CNG injection timing 

improved engine performance. Optimal retarded start of 

CNG injection timing at 1300CA ATDC increased 

thermal efficiency 14,35% compared with dual fuel 

minimum one. Also, it decreased specific fuel 

consumption (SFC) 8,83 % compared with dual fuel 

minimum one. The results indicated that the retarded 

start of CNG injection timing increased the amount of air 

in the combustion chamber. So, more burning fuel with 

oxygen and it can make better performance. 

2. Diesel dual fuel engines in general increased CO 

emissions average 56.18% and HC emissions 55.17% 

compared with diesel fuel conventional. Retarded start of 

CNG injection timing improved emissions in dual fuel 

mode.  Optimal retarded start of CNG injection timing at 

1300CA ATDC decreased CO emissions  21,35% and 

HC emissions 17,93%. PM emissions lower 34,98% than 

conventional diesel fuel engine. 
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