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Abstract: The publication describes the properties of isopropyl alcohol and is exploring the possibility of its use as an additive to diesel 
fuel. Experimental results from operation of the diesel engine with 15% isopropyl alcohol are shown. The advantages of using a 15%-
mixture of isopropyl alcohol and standard diesel fuel are presented here. The main physicochemical parameters of the isopropyl alcohol are 
also shown as well as the specification of the used diesel fuel. The specifications of the test engine are given here in detail. The experimental 
results are presented in both tabular and graphical form. The main economical parameters are show as a function of the load 
characteristics. Graphical functions proving the smoke density reduction as a function of the load characteristics, air-fuel ratio and multi-
parameter characteristics are also presented. The smoke reduction is observed in exhaust gas of the diesel engine. 
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1. Introduction 
With the continuous growth of the world population, the use 

of internal combustion engines and technology, the consumption 
of natural resources is increasing at a faster pace than these 
resources can recover. The reduction of the world reserves of 
fossil fuels and continuously growing price of crude oil and 
petroleum are the main cause for the discovery and study of 
alternative fuels for internal combustion engines. The most 
promising and widely used alternative fuels are hydrogen, 
natural gas, rapeseed, sunflower, soybean, palm and other 
vegetable oils and esters as well as methanol, ethanol, higher 
alcohols, ethers, bio fuel processed from industrial, municipal 
and agricultural waste. The use of vegetable oils, esters and 
alcohols is economically advantageous, especially for countries 
with developed agriculture and poor natural resources. The use 
of mixtures of methanol and ethanol with conventional diesel 
fuel is associated with many difficulties and shortcomings such 
as low solubility, for methyl alcohol up to 9% and ethyl alcohol 
up to 20%, quick mixture stratification, need of homogenizers 
and emulsifiers, reduced calorific ability, cetane number and 
kinematic viscosity. Estimating the shortcomings and 
difficulties in the use of lower alcohols, the opportunity of using 
a 15% isopropyl alcohol blend with conventional diesel fuel is 
studied.  

The main advantages are: 

1. The isopropyl alcohol is 100% soluble in diesel fuel thus 
forming stable mixture; 

2. There are no additional stabilizers or homogenizers 
necessary for the alternative fuel; 

3. There are no additional mechanisms or systems necessary 
for the effective functioning of the diesel engine; 

4. The fuel may be used for all diesel engine types; 

5. The industrial production of isopropyl alcohol may be 
implemented by means of renewable raw materials – through 
catalytic dehydration of CO or by carbohydrate fermentation. 

2. Physic-Chemical Characteristics of Used 
Fuels 

The isopropyl alcohol (isopropanol or dimethyl carbinol) is a 
secondary single atom alcohol with chemical formula 
CH3CH(OH)CH3. It is a colorless fluid with characteristic odor. 
It contains 60% C, 13,3% H and 26,7% O2. The calorific value 
is 33,37 MJ/kg, latent vaporization heat 669,89 kJ/kg, density 
0,7851 g/cm3 (at 20°C), boiling point 82,4 °C, viscosity 2,43.10-

3Pa.s (at 20 °C) and flash point 456° C, lower flammable limit in 
air is 2,5 vol.% (at 25 °C). Vapor is well mixed with air. Vapor 

pressure is 4,4 kPa (at 20 °C). Isopropyl alcohol is well mixed 
with water and organic solvents in any proportion. The main 
method for industrial isopropyl alcohol production is by means 
of hydration of propylene via the sulfuric acid process or direct 
hydration of propylene (CH3CHCH2 + H2O). Maximum 
acceptable concentration of isopropyl alcohol in air is 10 mg/m3. 

Table 1: Diesel Fuel Specification. 
№ PROPERTIES Value Test method 

1 Flash point, 0С, not lower than 55 ISO 2719-93 

2 Carbon residue at  10% distillation, %, 
not higher than 

0,20 ISO 6615-93 

3 Ash,wt%,not higher than 0,01 EN 26245 

4 Water,mg/kg, not more than 200 ASTM D 1744-92 

5 Mechanical impurities,mg/kg, not 
more than 

24 DIN 51419 

6 Copper strip corrosion(3 hours at 50 
0С),bale, not more than 

1 ISO 2160-95 

7 Oxidation stability, g/m3,not higher 
than 

25 ASTM D 2274-94 

8 Sulfur, wt%, не повече от 0,035 ISO 8754-92  

9 Cold filter plugging point(CFPP), 0С, 
not higher than: 
Winter (rate Е) 
Summer (rate А) 

 
 
minus 15 
5 

EN 116 

10 Density at 15 0С, kg/m3 820-860 ASTM D 4052-96 

11 Viscosity at 40 0С, mm2/s 2,00-4,50 ISO 3104-76 

12 Cetane number, not less than 49 EAS standard 
2877 

13 Cetane index, not less than 46 EN ISO 4264-96 

14 Distillation range, vol. % : 
Recovered at 250 0С , not more than 
Recovered at 350 0С, not less than  
Recovered at 370 0С, not less than 

 
65 
85 
95 

ISO 3405-88 

 

The diesel fuel is transparent, highly flammable fluid with 
characteristic odor. It is produced by mixing of distillation fractions 
obtained by primary petroleum distillation phase. Fuel additives are 
allowed. 

3. Experimental Study 
The experimental study is carried out with four-cylinder, four-

stroke prechamber diesel engine VW Golf CK. The basic technical 
data of the test engine VW Golf CK is presented in table 2. 
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Table 2: Technical data of the test engine. 
Stroke Volume 1,471 dm3 

Effective Power 37 kW at 5000 min-1 
Effective Torque / Brake Torque 82 Nm at 3000 min-1 

Cylinder Diameter 76,5 mm 

Piston Stroke 80,0 mm 

Compression Ratio 23,5 

Mean Piston Speed 13,3 m/s at 5000 min-1 

High Pressure Pump BOSCH VE 4/9F 2500 R 16 D 
Injection Order 1-3-4-2 
Swirl chamber RICARDO COMET Mk V 

Glow plug BOSCH typ R 
Nozzle BOSCH DNO SD 193 

Injector BOSCH KDA SD 27/4 
Injection Pressure 12,6 MPa 

Fuel Consumption 
at Maximum Power / Output 330 g.kW-1.h-1 

Smoke Value 3,4 BSU (Bosch Smoke Units) 

Minimum Fuel Consumption 280 g.kW-1.h-1at 2600 min-1 

Engine Cooling Forced Fluid 

FROUDE EC-38 Eddy-current load system and LAYRUB 
elastic shaft are used in the experiment. 

The work of the engine with alternative fuel (mixture of 15% 
isopropyl alcohol with standard diesel fuel with specifications 
shown in table 1) is experimentally studied. 

4. Results 
Based on the experiments carried out the following results are 

obtained and presented in Tables 3, 4, 5, 6. 

Table 3: 0% Isopropyl Alcohol Fuel, 3000 min-1. 
№ n Me Pe pe Bh be α B TEG 

- min-1 Nm kW MPa kg/h g/kWh - BSU K 

1 3000 2,0 0,63 0,017 1,6 2540 6,39 1,9 414 

2 3000 19,8 6,22 0,171 2,672 430 3,80 2,95 479,5 

3 3000 39,5 12,41 0,341 3,766 303 2,63 3,25 573,5 

4 3000 59,3 18,63 0,511 5,13 275 1,92 2,75 677 

5 3000 75,0 23,56 0,647 6,532 277 1,50 2,55 795 

Table 4: 15% Isopropyl Alcohol Fuel, 3000 min-1. 
№ n Me Pe pe Bh be α B TEG 

- min-1 Nm kW MPa kg/h g/kWh - BSU °K 

1 3000 1,8 0,57 0,016 1,576 2765 6,48 1,7 410,5 

2 3000 19,8 6,22 0,171 2,631 423 3,82 2,85 483,5 

3 3000 39,5 12,41 0,341 3,816 307 2,61 2,45 569,5 

4 3000 59,3 18,63 0,511 5,188 278 1,90 2,2 676 

5 3000 70,8 22,24 0,611 6,178 278 1,60 1,75 749 

Table 5: 0% Isopropyl Alcohol Fuel, 4800 min-1. 
№ N Me Pe pe Bh be α B TEG 

- min-1 Nm kW MPa kg/h g/kWh - BSU °K 

1 4800 2,6 1,31 0,022 3,649 2785 4,08 2,6 528 

2 4800 17 8,55 0,147 4,991 584 2,98 2,65 584,5 

3 4800 34 17,09 0,293 6,56 384 2,24 3 665 

4 4800 51 25,64 0,44 8,361 326 1,75 3,15 784 

5 4800 68 34,18 0,586 11,41 334 1,26 3,7 975,5 

Table 6: 15% Isopropyl Alcohol Fuel, 4800 min-1. 
№ n Me Pe pe Bh be α B TEG 

- min-1 Nm kW MPa kg/h g/kWh - BSU °K 

1 4800 2,8 1,41 0,024 3,77 2674 3,96 1,8 528 

2 4800 16,6 8,34 0,143 4,916 589 3,02 2 587,5 

3 4800 33,2 16,69 0,286 6,402 384 2,3 1,9 665 

4 4800 49,8 25,03 0,429 8,544 341 1,71 2,4 775,5 

5 4800 66,5 33,43 0,574 11,197 335 1,27 2,4 925,5 
 

 

 

Fig. 1 Load characteristics at n=3000 min-1 
 

 

 

Fig. 2 Load characteristics at n=4800 min-1 
 

 

 

Fig. 3 Load characteristics at n=3000 min-1 
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Fig. 4 Load characteristics at n=4800 min-1 
 

 

 

Fig. 5 Smoke density, exhaust gas temperature vs. air-fuel ratio, 3000 min-1 
 

 

 

Fig. 6 Smoke density, exhaust gas temperature vs. air-fuel ratio, 4800 min-1 
 

Fig. 1 and fig. 2 show the relation between the hourly and brake specific 
fuel consumption as load characteristics of the test engine when operating 
with conventional and alternative diesel fuel, at engine speeds 3000 min-1 
and 4800 min-1, respectively. Similarly, on fig. 3 and fig. 4 the smoke value 
and exhaust gas temperature are presented. 

At 3000 min-1, the hourly fuel consumption when operating on standard 
diesel fuel coincides with the consumption with 15%  isopropanol mixture, 
at low, medium and full load. Also, the fuel consumption reduction is 

observed at 0,3-0,55 MPa when operating on standard fuel. A coincidence is 
observed of the exhaust gas temperature through the whole working range of 
the test engine when working on the two fuels. An exception is the full-load 
mode when an exhaust gas temperature rise is observed during operation 
with standard diesel fuel. 

We could note full coincidence of the specific fuel consumption when 
the engine is operating on both fuels. Significant smoke reduction (17,9%) is 
observed for the whole load range tested when working on 15%-isopropanol 
fuel. Similar functional relations are observed for the hourly fuel 
consumption and exhaust gas temperature at 4800 min-1 when operating on 
both fuels. 

The brake specific fuel consumption is lower at low to middle engine 
load when working on standard diesel fuel. It is also lower as load 
corresponding to 0,35-0,6 Mpa when working on 15% isopropyl alcohol 
fuel. At this engine speed, smoke density reduction is also registered 
(31,8%) when operating on 15% isopropanol. 

Fig. 5 and fig. 6 show the relation between the smoke value and exhaust 
gas temperature on the one hand and the air-fuel ratio (α) on the other hand. 

At 3000 min-1, significant smoke reduction (25,3%) is observed at lower 
α values and insignificant reduction (6,9%) at maximum α values.  

At 4800 min-1, exhaust gas smoke reduction with 30% is registered 
throughout the whole range of the air-fuel ratio α, when operating on fuel 
containing 15% isopropanol. 

5. Conclusion  
Based on the tabular and the graphical results presented, the following 

conclusions are made: 

1. The mixture of 15% isopropyl alcohol and standard diesel fuel 
may be used as diesel engine fuel; 

2. The engine operates stable and steady, without misfiring; 
3. The power characteristics of the engine remain almost unchanged 

in all operating modes. Effective power reduction is up to 3%. Results are 
obtained with factory settings of injection timing and maximum cycle 
portion; 

4. Economy characteristics remain almost unchanged; 
5. Exhaust gas temperature remains unchanged; 
6. Exhaust smoke emissions are reduced due to the presence of 

hydroxyl groups in the fuel; 
7. The ignition delay period is extended as well as the time of 

combustion. Corrections may be performed on the engine’sinjection 
parameters; 

8. Maximum pressure is reduced due to the reduced calorific value 
of the mixture and the extended ignition delay period and time of 
combustion; 

9. The emission of oxy-hydrocarbon and aromatic hydrocarbon 
fractions increases; 

10. Diesel cold start at lower ambient temperatures is impeded due to 
the high latent heat vaporization of isopropyl alcohol. 

A mixture of 15% isopropyl alcohol and standard diesel fuel may be 
used as a fuel for all types of diesel engines. The presented alternative fuel 
may be used as an effective way of diesel internal combustion engine 
exhaust smoke emission reduction. The use of conventional diesel fuel may 
be reduced by industrial production of isopropyl alcohol from annually 
renewable raw materials. Isopropyl alcohol may be used for biodiesel 
production. Mixing of isopropyl alcohol with conventional diesel fuel 
corresponds to the European Union policies on using additives for 
conventional diesel fuel. 
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