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Abstract: The effect of using natural gas as a fuel on the components of spark ignition engines 
dedicated for gasoline is the goal of the present work. Four Renault 19 vehicles equipped with E 6 j 
(1.4 liter) engines were used in conducting the experimental work. The vehicles were initially prepared 
to be approximately in the same technical status by disassembling the four engines and carrying out the 
repairs if needed, then checking the engine components. One of the engines uses gasoline as a fuel and 
is lubricated with conventional engine oil, two of them run on natural gas with two different lubricants 
and the last engine uses 50% of the distance natural gas and the other 50% of the distance gasoline, is 
lubricated with conventional engine oil. The four vehicles were running approximately at the same 
operating conditions for a distance of 30.000 km. For each engine, selected internal parameters of its 
components were measured every 5000 km running distance. These parameters include cylinder 
diameter (at different measuring angles and depths) cylinder head flatness and the traces of carbon 
deposits formed on the piston and cylinder head. Other parameters such as connecting rod journal 
diameter, connecting rod crank pin diameter exhaust and inlet valve seat diameters valve rod (stem) 
diameters, exhaust and inlet valve lengths, piston pin length and diameter and the piston diameter at 
different angles and depths were performed at the beginning and end of the whole running distance. 
The results reveal that using natural gas as fuel in petrol engines has marked decrease on the inlet and 
exhaust valve seats diameter. This effect can be reduced by employing special lubricant. A decrease in 
carbon deposits on the piston and cylinder head when using conventional oil as lubricant. No effect on 
connecting rod journal diameter, the connecting rod crank pin diameter, exhaust and inlet valve rod 
(stem) diameters, exhaust and inlet valve lengths, piston pin length and diameter, and piston diameter 
at different angles and depths, cylinder head flatness and cylinder diameter (at different angles and 
depths).  
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INTRODUCTION 

 
 Natural gas is a mixture of methane (80% to 90% by volume) and small portions of other hydrocarbons 
such as ethane, propane and butane. The exact portion of each gas varies from source to source and eventually 
from time to time. The advantages of using natural gas instead of gasoline in spark ignition engines were 
frequently investigated (A.Y.A, Ameenn, 2001). In addition to the lower cost of the natural gas in Egypt, engine 
performance, emission and reliability were reported to improve due to the following: 
 Previous investigations were mostly conducted on engines after installing conversion kits and carrying out 
minor modifications to some operational variables such as valve timing and spark advance angle for tuning. 
Only few publications dealt with engines originally designed to run on natural gas, in order to fully take 
advantage of the possible improvements in engine performance and reliability. It was however agreed upon the 
effectiveness of using natural gas in improving engine emission characteristics (M.F. Eltantawy, 2004). On the 
other hand, the impacts on the service life of engine components were seldom reported. Car and engine 
manufacturers consider such information confidential and publish few abstracts only in brief notes. 
 At present, natural gas is used as a cleaner fuel in many applications besides automotives (Mitsunori, et al., 
1994). So, many countries took several steps to encourage all industry sectors to gradually follow this trend. The 
major objective is to stand up to the pollution problems that seriously endanger public health. Expectations of 
more tightened emission legislations in the near future in addition to the great benefits to the economy also 
present powerful motives. Shorter service life of some engine components when natural gas is used could be a 
deterrent in the way. Investigating and clarifying this issue call for more research efforts in this field. 
 The present work is dedicated to studying the effects of using natural gas on the service life of engine parts. 
The main components of four different 1400 cc Renault E6J engines were regularly tested (every 5000 km), 
visually and dimensionally. Two of the engines were converted at the beginning to work with natural gas but 
with different types of engine oils (Auto Pride group and AMSOIL, 2003). The third engine was operated 
alternately at equal distances with gasoline and natural gas. The fourth engine was left unchanged to work with 
gasoline and normal engine oil. All engines were initially carefully selected at almost similar technical status. 
Each engine was basically installed in a similar vehicle (Renault 19) which was used in exactly the same 
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average cycle of operation. The results of the regular visual and dimensional inspections presented large 
amounts of data for investigation. The following table shows the running conditions of the four Renault 19 
vehicles. 
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Test Program: 
 Four Renault 19 vehicle were running approximately at the same operating conditions for a distance of 
30.000 km and to achieve this, 4driveres were employed as follows:- 
1- 1st vehicle with one passenger only (driver A), 6 working hours a day with an average speed of 30km/h. 
2- 2nd Vehicle with one passenger only (driver B), 6 working hours a day with an average speed of 30km/h. 
3- 3rd Vehicle with one passenger only (driver C), 6 working hours a day with an average speed of 30km/h. 
4- 4th Vehicle with one passenger only (driver D), 6 working hours a day with an average speed of 30km/h. 
 The four drivers were of nearly the same skills and the four vehicles were changing their loops weekly so 
each vehicle was passing the four loops and the four drivers monthly in summer and winter. 
 The four engines were disassembled, checked and repaired if necessary at the beginning of the test. So to 
make these 4 engines at the same technical state approximately at the beginning of the test, these engines were 
disassembled and fitted with the following kits:- 
1- Standard valve kits for both the inlet and exhaust valves. 
2- Standard new piston rings for each engine. 
3- Flushing and adjusting the cooling cycle for the 4 vehicles. 
4- Measuring and checking the whole engine parts and doing the needed repair. 
  The following items were measured according to the following technique:  
 A visual inspection of cylinder head and valve seats were performed for any excessive wear due to the 
usage of CNG compared to gasoline. The valve leak test was recorded every 5000 km running.  
 Piston diameter was measured at the beginning and after 30000 km running. The diameter readings are 
taken each 10 mm from the piston crown along piston depth until reaching the connecting rod position with 
three measures for each piston depth at different angles ( 45° ),(90°)and (135°). 
 Cylinder diameter was measured every 5000 km running each (10 mm length) at different angles (45°),( 
90°) and 135°, using a micrometer with accuracy of (0.01) mm 
 Valve length, Piston pin diameter and length were measured at the beginning and end 30000 km running, 
each valve (inlet and exhaust) is disassembled and its length is measured by a vernier caliper with accuracy of 
(0.1) mm. 
 Valve head and the valve stem diameters were measured at the beginning and end 30000 km running using 
a micrometer with accuracy of (0.01) mm. 
 Cylinder head flatness was measured every 5000 km running distance using a flat rule. 
 The main journal and crank pin diameters were measured at the beginning and end 30000 km were 
measured using micrometer with accuracy of (0.01) mm. 
 The weight of carbon deposits on the piston and cylinder head for each engine was measured every 5000km 
running to compare it with the other 3 engines. 

 
Exprimental Results: 
 Tables (1to3) show the measured values (during 30.000 Km running distance), of the connecting rod 
journal diameter, connecting rod crank pin diameter, exhaust valve head diameter, exhaust valve length, exhaust 
valve rod (stem) diameter inlet valve head diameter, inlet valve length ,inlet valve rod (stem) diameter, piston 
pin diameter, piston pin length , piston diameters, cylinder diameters, carbon deposits weights on the piston and 
cylinder head.  
 For the four vehicles, where vehicle No.1 runs 100% 0f the distance with natural gas and normal oil, 
vehicle No.2 runs 100% of the distance with natural gas and special oil for natural gas vehicles, vehicle No3 
runs 50% of the distance with natural gas and 50% of the distance with gasoline using normal oil and vehicle 
No.4 runs 100% of the distance with gasoline.  
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Table 1: Measured values of (connecting rod journal, connecting rod crank pin diameter, exhaust valve[ head diameter, length and rod  
                diameter],inlet valve [ head diameter, length and rod diameter] and piston pin[diameter and length]. 

Vehicle. No. 1 2 3 4 
Distance (1000km) 0 30 0 30 0 30 0 30 
Connecting rod journal diam.mm 
(all cylinders)  

54.78 54.77 54.79 54.77 54.76 54.75 54.79 54.78 

Connecting rod crank pin diam.mm 
(all cylinders)  

43.96 43.94 43.97 43.95 43.96 43.95 43.96 43.95 

Exhaust valve head diam. mm (all 
cylinders) 

33.5 33.35 33.5 33.5 33.5 33.5 33.5 33.5 

Exhaust valve length mm (all 
cylinders) 

107.7 107.7 107.7 107.7 107 107.7 107.7 107.7 

Exhaust valve rod diam. mm (all 
cylinders) 

6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 

Inlet valve head diam. mm (all 
cylinders) 

37.5 37.4 37.5 37.5 37.5 37.5 37.5 37.5 

Inlet valve length mm (all 
cylinders) 

107.7 107.7 107.7 107.7 107.7 107.7 107.7 107.7 

Inlet valve rod diam.mm (all 
cylinders) 

6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 

Piston pin diam. mm (all cylinders) 19 19 19 19 19 19 19 19 
Piston pin length mm (all 
cylinders) 

59.8 59.8 60 60 60 60 60 60 

 
Table 2: Measured values of piston diameter at different height and angles from the piston top. 

Vehicle 
No. 

Measuring angles (degree) 0 45 90 135 
Distance (1000 Km) 0 30 0 30 0 30 0 30 

1 Piston diam.at 1 cm 75.35 75.32 75.35 75.32 75.35 75.32 75.35 75.32 
Piston diam.at 2 cm 75.68 75.66 75.68 75.66 75.68 75.66 75.68 75.66 
Piston diam.at 3 cm 75.75 75.74 75.75 75.74 75.75 75.74 75.75 75.74 

2 Piston diam.at 1 cm 75.40 75.38 75.40 75.38 75.40 75.38 75.40 75.38 
Piston diam.at 2 cm 75.70 75.68 75.70 75.68 75.70 75.68 75.70 75.68 
Piston diam.at 3 cm 75.75 75.74 75.75 75.74 75.75 75.74 75.75 75.74 

3 Piston diam.at 1 cm 75.40 75.39 75.40 75.39 75.40 75.39 75.40 75.39 
Piston diam.at 2 cm 75.70 75.69 75.70 75.69 75.70 75.69 75.70 75.69 
Piston diam.at 3 cm 75.76 75.73 75.76 75.73 75.76 75.73 75.76 75.73 

4 Piston diam.at 1 cm 75.35 75.32 75.35 75.32 75.35 75.32 75.35 75.32 
Piston diam.at 2 cm 75.72 75.70 75.72 75.70 75.72 75.70 75.72 75.70 
Piston diam.at 3 cm 75.75 75.72 75.75 75.72 75.75 75.72 75.75 75.72 

 
Table 3: Measured values of carbon deposits on the pistons and cylinders head. 

Vehicle. No. Distance (1000Km) 5 10 15 20 25 30 
1 Carbon deposits on the pistons (gm.) 1.2 1.4 1.3 1.4 1.2 1.1 

Carbon deposits on the cylinders Head (gm.) 0.6 0.2 0.2 0.6 0.4 0.8 
2 Carbon deposits on the pistons (gm.) 2.3 1.4 1.6 1.3 1.4 1.2 

Carbon deposits on the cylinders Head (gm.) 0.6 0.4 0.7 0.8 0.6 0.5 
3 Carbon deposits on the pistons (gm.) 2 1.3 1.2 1.4 1.6 1.4 

Carbon deposits on the cylinders head (gm.) 0.3 0.3 0.4 0.5 0.4 0.3 
4 Carbon deposits on the pistons (gm.) 2 1.6 2.3 1.8 1.6 1.8 

Carbon deposits on the cylinders Head (gm.) 0.6 0.5 0.7 0.6 0.5 0.8 

 
Discussion of the Exprimental Results: 
 The examined engine components are: connecting rod journal diameter, connecting rod crank pin diameter, 
exhaust valve head diameter, exhaust valve length, exhaust valve rod diameter, Inlet valve head diameter, Inlet 
valve length, Inlet valve rod diameter, piston pin length, and diameter, piston diameter, cylinder diameter and 
finally the weight of carbon deposits formed on the cylinder head and piston. 
 
Connecting Rod Journal Diameter: 
 Figure 1 shows that for the connecting rod journal diameter, there was a normal wear for vehicles (1),(2),(3) 
and (4). The difference is between (0.01) mm and (0.02) mm which can be considered as a normal wear. These 
results indicate that there is no effect when using natural gas as fuel instead of gasoline. 
 
Connecting Rod Crank Pin Diameter: 
 Figure 2 shows that for the connecting rod crank pin diameter the wear in all vehicle engines is between 
(0.01) mm and (0.02) mm which can be considered as normal wear. This means that there is no effect on wear 
rate when using either natural gas or gasoline. 
Exhaust valve length, head and rod diameters 



Aust. J. Basic & Appl. Sci., 6(3): 28-37, 2012 

31 

 Figure 3 shows that for the exhaust valve head diameter there is an excessive wear for vehicles No.1 only 
(about 0.15mm) while no changes during the whole running distance for the other vehicles were observed. This 
is due to the absence of the lubricating effect (caused by gasoline additives) when replacing gasoline with 
natural gas. The same result is mentioned in (John B. Heywood, 1988). When using special engine oil instead of 
conventional one in vehicle No.2, there was no wear mentioned and this may be due to the reduction in the 
viscosity of the natural gas engine oil according to its specification in appendix i compared to the conventional 
one in appendix ii which enables oil to reach the valve heads and valve seats and in turn reduces the natural gas 
effect on these parts.  
 The results show also that there is no changes in exhaust valve length and its rod diameter through the 
entire running distance, see figures 4 and 5.  
 
Inlet Valve Length Seat and Rod Diameters: 
 Figure 6 shows that for the inlet valve head diameter, there is a relatively excessive wear for vehicle No.1 
only (about 0.1mm) through the distance covered. This is an expected result due to the lack of lubricants when 
using natural gas instead of gasoline. This result agrees with that mentioned in (John B. Heywood, 1988). The 
wear was not noticed when using special engine oil as the case in vehicle No2. This may be due to the reduction 
in the viscosity of the natural gas engine oil specified in appendix i compared to the conventional one in 
appendix ii. The oil so can easily reach the valve heads and valve seats and thus reduce the natural gas effect on 
these parts. 
 No changes in the inlet valve length and its rod diameter during the whole running distance are observed, 
see figures 7 and 8.  
 
Piston Pin Diameter and Length: 
 Figure 9 and figure 10 show no traces of wear in piston pin length diameter. There was no changes in the 
dimension during the whole running distance for the four testing vehicles. 
 
Cylinder Diameter: 
 Figure 11 shows that for the cylinder diameter (measured at depth from 1 to 7 cm) does not change through 
the whole running distance. This occurs for the four cylinders in each vehicle. 
 
Piston Diameter: 
 Figure 12 illustrates that for the piston diameter measured at a depth of more than 1cm there is a normal 
wear for all vehicles of value between (0.01) mm and (0.03) mm. 
 Figure 13 shows the variation in the piston diameter (after 2cm depth) with running distance. A normal 
wear for the whole vehicles between (0.01) mm and (0.02) mm is observed. After 3cm depth, a normal wear is 
also observed (0.01 – 0.03mm).figure 14. 
 
Carbon Deposits Formed on the Piston and the Cylinder Head:  
 The quantity of carbon formed on the surface of piston and cylinder head at the end of regular intervals of 
running distance (for all vehicles) is given in figure 15 The total quantities of carbon deposits depicted from the 
figure are 10.4, 12.8, 11.1 and 14.8 gm. for vehicles 1, 2, 3 and 4 respectively. Heaviest carbon deposit is so 
formed in vehicle No.4 that runs on gasoline and this is due to higher carbon content of gasoline relative to 
natural gas (SAIC, 2002). 

 
 

Fig. 1: Connecting rod journal diameter verses running distance for vehicles 1,2,3 and 4. 
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Fig.2: Connecting rod crank pin diameter verses running distance for vehicles 1,2,3 and 4 
 

 
 

Fig.3: Exhaust valve head diameter verses running distance for vehicles 1,2,3 and 4 
 

 
 
Fig.4: Exhaust valve length verses running distance for vehicles 1,2,3 and 4. 

distance(1000km)
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Fig. 5: Exhaust valve rod diameter verses running distance for vehicles 1,2,3 and 4. 
 

 
 

Fig. 6: Inlet valve head diameter verses running distance for vehicles 1,2,3 and 4. 
 

 
 
Fig.7: Inlet valve length verses running distance for vehicles 1,2,3 and 4 
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Fig. 8: Inlet valve rod diameter verses running distance for vehicles 1,2,3 and 4. 
  

 
 
Fig.9: Piston pin length verses running distance for vehicles 1,2,3 and 4 
 

 
 

Fig. 10: Piston pin diameter verses running distance for vehicles 1,2,3 and 4. 
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Fig. 11: Cylinder diameter from depth (1to7) cm verses running distance for vehicles 1,2,3 and 4. 

 

 
 
Fig. 12: Piston diameter after 1cm depth verses running distance for vehicles 1,2,3 and 4. 
 

 
 

Fig. 13: Piston diameter after 2cm depth verses running distance for vehicles 1,2,3,and 4. 
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Fig. 14: Piston diameter after 3cm depth verses running distance for vehicles 1,2,3 and 4. 

 

 
 
Fig. 15: Carbon deposits formed on the piston and cylinder head verses running distance for vehicles 1,2,3 and 4 
 
APPENDX I: 
Natural Gas Engine Oil Specification (OIL NGE 20W/50): 
  

Typical Characteristics Test Methods Units Grade: Super v 20W-50 
Density at 15 ºC ASTM D 1298 Kg/m³ 882 

Flash point (COC) ASTM D 92 ºC 235 
kinematic Viscosity at 100 ºC ASTM D 445 CSt 15.2 

Viscosity Index ASTM D 2270 - 120 
Pour point ASTM D 97 ºC -12 

Total Base number ASTM D 2896 mgkOH/g 5.5 
Sulphated Ash ASTM D 874 % Wt 0.70 

 
Conclusions: 
 The conclusions extracted from the test results are summarized as follows: 
1. Using natural gas as fuel in gasolie engines has no effect on connecting rod journal diameter, connecting 

rod crank pin diameter, exhaust and inlet valve rod (stem) diameters, exhaust and inlet valve lengths, piston 
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pin length and diameter, and piston diameter at different angles and depths till reaching the piston pin hole, 
cylinder head flatness and cylinder diameter (at different measuring angles and depths).  

2. Natural gas in gasoline engines results in great wear of the inlet and exhaust valve head diameter as 
compared to gasoline. Wear can be reduced by using special engine oil. 

3. Carbon deposits formed on the piston and cylinder head are heaviest when using gasoline as fuel with 
conventional engine oil as a lubricant.  

4. The results showed that the best way to minimize the effect on engine components is to use natural gas 
simultaneously with gasoline or to lubricate the engine with special oil.  

 
APPENDIX II: 

 
 Conventional Engine Oil Specification (SJ 20W/50): 

 
Typical Characteristics Test Methods Units Grade: visco 2000 

Color Visual - Red 
Density at 15 ºC ASTM D 1298 Kg/m³ 885 
Flash point (coc) ASTM D 92 ºC 240 

kinematic Viscosity at 100ºC ASTM D 445 cSt 18.8 
Viscosity Index ASTM D 2270 - 125 

Pour point ASTM D 97 ºC -21 
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