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 Water in diesel emulsion fuel (W/D) is one of the alternative fuels for 
diesel engines which are well-known for simultaneous reduction of 
Particulate Matter (PM) and Nitrogen Oxides (NOx) emissions. 
However little has been done to investigate the effect of W/D emulsion 
fuel in the long run. This study aimed to investigate the effects of diesel 
engine operated on W/D for 200 hours on the lubrication oil in 
comparison with Malaysian conventional diesel fuel (D2). Two types of 
W/D were used in the experiment comprising of water, D2 and 
surfactant; with a ratio of 10:89:1 v/v% (E10) and 20:79:1 v/v% (E20). 
The measured parameters for the lubrication oil analysis include 
kinematic viscosity, Total Acid Number (TAN), and water content. The 
findings showed that the kinematic viscosity, TAN and water content 
using W/D were better or unchanged compared to using D2. 

 
1. Introduction 

At present, diesel engines are the most 
efficient internal combustion engines for 
transportation and industrial activities. 
However, diesel engines emit hazardous levels 
of Particulate Matter (PM) and Nitrogen Oxides 
(NOx) emissions [1-3]. A well-known in-
cylinder method for reducing the NOx 
emissions production rate is water in diesel 
emulsion fuel (W/D) [4-5]. The W/D droplets 
are relatively smaller than neat diesel (D2) due 
to the so-called micro-explosions which allow a 
complete combustion [6-7]. The lubrication oil 
quality needs to stay high because it ensures 
good operation of the diesel engines, provides 
the mechanical strength, maintains the 
cleanliness of the engine and reduces the 
friction. Currently, no detailed studies have 
been performed on the effects of W/D 
application on the engine durability and 
lubrication oil parameters such as kinematic 
viscosity, Total Acid Number (TAN) and water 
content. A detailed analysis on lubrication oil is 
performed in this study operating for long 
periods using W/D. 

 
 
 

2. Experimental procedure 

In this study, two types of W/D with 
different water concentrations were employed, 
E10 (10% water) and E20 (20% water). An 
electrical mixer mixed W/D from Malaysian 
low-grade diesel fuel (D2) and tap water at a 
propeller speed of 2500 rpm for 5 min. The 
characteristics of the test fuels are shown in 
Table 1. 
 
Table 1: D2 fuel characteristic.  

Properties Unit  D2 
Calorific value  
Cloud point 
Density @ 15 oC  
Total sulphur  
Viscosity @ 40 oC 

MJ/kg 
oC 
kg/L 
mass% 
cSt 

45.28 
18 
0.854 
0.28 
4.64 

 
To stabilise the emulsion, 1% v/v of SPAN 

80 was used as the surfactant. Three identical 5 
kW diesel engines generator were used, each 
engine for each type of fuel. The specifications 
of the engine are listed in Table 2 

The tests were conducted for 200 h. For the 
first 100 hours, the engines were given 3 kW 
load and for the remaining hours 1 kW at a 
constant speed of 3000 rpm. A mixer with a 
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propeller speed of 60 rpm was installed in the 
W/D emulsion fuel tank to maintain the stability 
of the fuel throughout the durability test. 
Throughout the test run, the level of the 
lubrication oil was monitored. At every 40 
hours, a lubrication oil sample was sent to 
analysis and oil replacement was performed at 
the 100th hour. The standards for the lubrication 
oil analysis are shown in Table 3.  
 
 
Table 2: Test engine specifications. 

Parameter Specification 
Engine Type  
Bore/ Stroke  
Maximum speed  
Compression ratio  
Displacement 
Combustion 
chamber 

One cylinder, DI, AC 
86/70 mm  
3500 rpm  
19.3 
416cc 
Swirl chamber 

 
 
Table 3: Lubrication oil analysis standard.  

Parameter  Standard Method 
Kinematic viscosity  
Total acid number 
Water 

ASTM D7042 
ASTM D664 
ASTM D6304 

 
3. Results and discussion 

3.1 Kinematic viscosity 

Figure 1 shows that the kinematic viscosity 
of the lubrication oil evaluated at 40 °C 
decreases rapidly for all 3 types of fuel.  In the 
beginning, the rate of change was controlled by 
the fuel which enters the lubrication oil by fuel 
dilution and led to an initial reduction in 
kinematic viscosity.  

 

 
Figure 1: Change in the lubrication oil 
kinematic viscosity at 40 °C.  
 

Fuel dilution is mainly caused by the 
clearance between the piston rings and the 
cylinder liner. It was shown that W/D tends to 
reduce the wear between the piston ring and 
cylinder liner due to lower combustion 
temperature. The lubrication oil kinematic 
viscosity variation of W/D emulsion fuels did 
not exceed the allowable limits. It also created 

a similar reduction in the kinematic viscosity as 
compared to D2 
 
3.2 Total acid number (TAN) 

The total acid number (TAN) is an indicator 
of lubrication oil serviceability. The lower TAN 
indicates a better performance and lower 
corrosion risks of the lubrication oil. These 
items also indicate the cleanness of the fuel. The 
anti-oxidation and part of the anti-wear additive 
to determine whether the alkalinity has 
decreased to a certain level and that the 
lubrication oil should be replaced. Figure 2 
shows the TAN variation in lubrication oil 
during 200 h operation. Lower TAN values 
were observed at 14% and 18% for E10 and E20 
respectively as compared to D2. So, the 
introduction of water in W/D did not cause 
higher TAN in lubrication oil.  

 

 
Figure 2: Change in the TAN of lubrication oil. 
 
3.3 Water content 

Figure 3 shows the water content of 
lubrication oil. It can be observed that the water 
content in lubrication oil for diesel engine 
fuelled with W/D was less than D2. 

 

 
Figure 3: Change in the water content of 
lubrication oil.  
 

The E20 gave lower water content by 74% 
compared to D2. The cooling effect provided by 
W/D resulted in lower blow-by gases that lead 
to lower amount of water vapour condensing in 
the crankcase which might be the reason for this 
result. The concern that water in W/D would 
negatively affect the lubrication oil and cause 
corrosion in a diesel engine is thus not proven.  
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4. Conclusion 

The W/D emulsion fuel caused the slightly 
higher kinematic viscosity of the lubrication oil 
by 14.31% compared to D2. The results were 
caused by lower fuel dilution through the 
clearance between the piston rings and the 
cylinder liner. Also, the lubrication oil 
kinematic viscosity variation did not exceed the 
allowable limits. The W/D resulted in a 
reduction of water content, and TAN in the 
lubrication oil by 74% and 18% respectively. 
The concern of water intrusion in the crankcase 
can then be ignored based on the results.  
 
 
Reference 

 
[1] Hasannuddin, A. K., Wira, J. Y., Srithar, 

R., Sarah, S., Ahmad, M. I., Aizam, S. A., 
... & Mohd, S. S. (2016). Effect of 
emulsion fuel on engine emissions–A 
review. Clean Technologies and 
Environmental Policy, 18(1), 17-32. 

[2] Ithnin, A. M., Noge, H., Kadir, H. A., & 
Jazair, W. (2014). An overview of 
utilizing water-in-diesel emulsion fuel in 
diesel engine and its potential research 
study. Journal of the Energy Institute, 
87(4), 273-288. 

[3] Hasannuddin, A. K., Ahmad, M. I., 
Zahari, M., Mohd, S. S., Aiman, A. B., 
Aizam, S. A., & Wira, J. Y. (2014). 
Stability Studies of Water-in-Diesel 
Emulsion. In Applied Mechanics and 
Materials (Vol. 663, pp. 54-57). Trans 
Tech Publications. 

[4] Ithnin, A. M., Ahmad, M. A., Bakar, M. 
A. A., Rajoo, S., & Yahya, W. J. (2015). 
Combustion performance and emission 
analysis of diesel engine fuelled with 
water-in-diesel emulsion fuel made from 
low-grade diesel fuel. Energy Conversion 
and Management, 90, 375-382. 

[5] Hasannuddin, A. K., Wira, J. Y., Sarah, 
S., Ahmad, M. I., Aizam, S. A., Aiman, 
M. A. B., ... & Azrin, M. A. (2016). 
Durability studies of single cylinder diesel 
engine running on emulsion fuel. Energy, 
94, 557-568. 

[6] Ramlan, N. A., Yahya, W. J., Ithnin, A. 
M., Hasannuddin, A. K., Norazni, S. A., 
Mazlan, N. A., ... & Koga, T. (2016). 
Performance and emissions of light-duty 
diesel vehicle fuelled with non-surfactant 
low grade diesel emulsion compared with 
a high grade diesel in Malaysia. Energy 
Conversion and Management, 130, 192-
199. 

[7] Hasannuddin, A. K., Wira, J. Y., Sarah, 
S., Aqma, W. W. S., Hadi, A. A., 
Hirofumi, N., ... & Azrin, M. A. (2016). 
Performance, emissions and lubricant oil 
analysis of diesel engine running on 
emulsion fuel. Energy Conversion and 
Management, 117, 548-557. 

 
 
 
 
 
 

 


