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Abstract: The present work represents an experimental investigation of the effect of blending diesel fuel 

by alcohol on the cold-start combustion characteristics of the compression ignition engine. The studied 

characteristics are the CO2, CO, and HC concentrations in the exhaust gases, in addition to the mixture 

Air/Fuel ratio, exhaust temperature, and engine noise levels. The experimental work has been carried out 

using a 4-stroke, single-cylinder compression ignition engine at different blending ratio values. These 

values are 0%, 10%, 20%, and 30% by volume of alcohol concentration with respect to the total mixture 

concentration. The engine has been tested under two rotational speeds (1800 and 2000 r.p.m). Two 

alcohols have been used in the experiments, these are ethanol and methanol. The obtained results showed 

that blending diesel fuel by alcohol has a positive effect on engine exhaust results during the cold-starting 

period. And that the results obtained from the ethanol blends are better than those obtained from the 

corresponding methanol blends. It is shown also that the 10% blending ratio for both ethanol and 

methanol blends is almost the optimum blending ratio, according to the results. 
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 انتشغيم انبارد نمحرك الإتقاد بانضغطالإحتراق عنذ انكحول عهى -انذيزلوقود تأثير مزيج 
  

الإشخعاه اىبارد ىَحزك الإحقاد باىضغظ. خصائص َٝثو اىبحث اىحاىٜ دراست عَيٞت ىخأثٞز خيظ ٗق٘د اىذٝزه باىنح٘ه فٜ  انخلاصة:

ثاّٜ اٗمسٞذ اىناربُ٘ ٗأٗه اٗمسٞذ اىناربُ٘ ٗاىٖاٝذرٗماربُ٘ غٞز اىَحخزق، بالإضافت اىخصائص اىخٜ حَج دراسخٖا ٕٜ حزامٞز مو ٍِ 

حٌ إجزاء الإخخباراث اىعَيٞت اىٚ ّسبت اى٘قذ اىٚ اىٖ٘اء فٜ اىخيٞظ اىَخفاعو ٗدرجت حزارة اىعادً ٍٗسخ٘ٙ اىضجٞج اىصادر ٍِ اىَحزك. 

%، 00%، 00%، 0بِٞ ّسب اىخيظ ٕذٓ حزاٗحج  .قاد باىضغظ رباعٜ اىش٘ط، أحادٛ الإسط٘اّت ٗبْسب خيظ ٍخخيفتعيٚ ٍحزك اح

دٗرة فٜ  0000ٗ  0000سزعخٜ دٗراُ ٍخخيفخِٞ َٕا )حٌ اخخبار اىَحزك ححج  .% ٍِ مَٞت اىنح٘ه ٍقارّت باىحجٌ اىنيٜ ىيخيٞظ00ٗ

ضافت اىنح٘ه اىٚ ٗق٘د أثٞو اىنح٘ه ٍٗثٞو اىنح٘ه(. اىْخائج اىَسخحصيت اظٖزث أُ إاىذقٞقت(. ٗمذىل حٌ فحص ّ٘عِٞ ٍِ اىنح٘ه َٕا )

أُ ححسِٞ ٍ٘اصفاث ّ٘احج الإحخزاق عْذ خيظ أثٞو . مَا عْذ اىخشغٞو اىبارد ىيَحزك اىعادًحأثٞز اٝجابٜ فٜ ححسِٞ خصائص  اىذٝزه ىٔ

 % حَثو اىحاىت الأّسب. 00. ٗمذىل أظٖزث اىْخائج أُ ّسبت اىخيظ اىنح٘ه ٍع اىذٝزه ماُ أمثز ٍْٔ عْذ خيظ ٍثٞو اىنح٘ه ٍع اىذٝزه

   
1. Introduction 

 

The engine cold start period is the portion of engine working time during which the 

engine operates before the coolant temperature raises to a certain temperature, this 

temperature is about 250K [1]. This takes place when the engine is not working for a 

long time, in fact, more than eight hours [2]. The main problem with engine cold start is 

the relatively low temperature of the intake system. This causes lower evaporation rate 
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of the fuel, leading to the accumulation of fuel in the different parts of the intake system 

in the form of liquid films. The subsequent evaporation of these liquid films results in 

fuel vapour effusion to the engine combustion chamber after the proper injection times. 

Therefore, the probability of unburned hydrocarbon HC emission from the engine 

increases during the cold starting periods [3–5]. Hence, two modes of the cold starting 

time interval are distinguished; firstly the cranking mode, in which fuel rich 

combustible mixtures are required in order to compensate for the shortage of fuel due to 

low evaporation rates [1]. Secondly, the engine warm-up mode, during which the engine 

temperature, and in turn, the coolant temperature increases above 250K. Investigations 

on engine cold-start and warm-up periods are widely conducted, especially for the last 

three decades, with exhaust emissions, fuel consumption, and engine performance being 

the main parameters under investigation. Al-Hasan [6] experimentally investigated the 

effect of atmospheric temperature on the exhaust emissions and fuel consumption 

during the engine warm-up period. He found that increasing the atmospheric 

temperature has a positive effect on the exhaust emissions and warm-up time of the 

tested engine. This is appeared in increasing the carbon dioxide (CO2) concentration and 

decreasing those of the carbon monoxide (CO) and the unburned hydrocarbons (HC). 

Desantes et, al., [7] conducted a full description of the processes associated with engine 

ignition using in-cylinder high speed imaging. Laget, Pacaud and Perrin [8] also have 

used video imaging in addition to regular in-cylinder experimentation, and 

computational analysis for describing the diesel engine cold start at low compression 

ratio. The effect of low compression on the diesel engine cold start behavior was the 

main objective of the work conducted by MacMillan [9]. Bielaczyc, Szczotka, and 

Woodburn [10] pointed out a noticeable increase in the exhaust emissions and fuel 

consumption during the cold start period of several spark ignition engines. The same 

has been described by Yang, Lou, and Tang [11], and Chaichan, Maroon, and Abaas 

[12] during the early stages of diesel engine combustion. In addition to some numerical 

models [13–15]. Some offered alternative solutions to resolve the problems associated 

with engine cold start [3,4,16–18].  

Alcohols on the other hand, are being attractive alternate fuels because they can be 

obtained from a number of sources, both natural and artificial [19]. Hence, with the 

shortage of the fossil fuel resources, Alcohols represent a good alternative to the 

classical fuels since it offers both sustainability and lower effects on the environment. 

Alcohols are being used as fuel blending compounds to improve fuel quality. The 

addition of small amounts of alcohols, with carbon number greater than one, improves 

the fuel blend water, tolerance, material compatibility and volatility characteristics. 

Increasing the alcohol content, increases oxygen content up to a certain concentration 

and improves the blends knock resistance [20]. Alcohol burns with lower flame 

temperature and luminosity owing to the decrease of spark temperature inside the 

cylinder so that the heat loss and NOx emissions are lowered. Alcohol has high latent 

heat of vaporization, the latent heat cools the intake air and hence increases the density 

and volumetric efficiency, however, the oxygen content in alcohol reduces the heating 

value more than the classical fuel does [21]. Alcohol-blended fuel is going to be more 

widely used due to the environmental problems concerned with petroleum fuels. 
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Therefore, the process of blending fuel by alcohol was the basis of a vast number of 

studies all over the world. Guerrieri and co-workers tested gasoline and gasoline-ethanol 

blends on six in–use vehicles to determine the effect of ethanol content on emissions 

and fuel economy [22]. Wang and co-workers compared the exhaust emission from in-

use heavy trucks fueled with a biodiesel blend [23]. Hsieh and co-workers investigated 

the engine performance and emissions of a spark ignition engine using an ethanol-

gasoline blends fuel in the ratios of 5%,10%, 20%, and 30% [24]. Yasar experimentally 

investigated the effect of methanol and butanol addition to gasoline on exhaust 

emissions and noise level [25]. 

From all the above, the cold-start and warm-up processes and the associated 

performance and combustion issues are of great interest to the combustion community 

especially in the case of the compression ignition engines. On the other hand, blending 

diesel by alcohols represents one of the solutions offered globally to overcome or 

minimize the environmental effects of the diesel exhaust products. Hence, exploring the 

effect of these blends on the engine performance and exhaust emissions during the cold-

start and warm-up periods is essential. However, a theoretical description of the exhaust 

emissions during the cold-start period for engines supplied with alcohol-blended diesel 

fuel is a relatively complicated problem. This is because the mode of fuel combustion 

during the cold-start period is not well addressed (whether it is fuel lean or fuel rich 

combustion). Therefore, the present work offers experimental results of the exhaust 

emissions in addition to the exhaust temperature and noise levels during the cold-start 

combustion of the compression ignition engine when it is fed by alcohol-blended diesel 

fuel. 

 
3. Experimental Work 

 

Figure 1 shows the schematic drawing of the experimental setup. An economic, 

single-cylinder, four-stroke, air-cooled compression ignition engine has been used for 

all the experiments. The bore, stroke, and compression ratio of the engine are 8.2 cm, 

6.8 cm, and 16 respectively. The engine is connected to a TecQuipment TD114 lab 

Instruments Unit. This unit is an integration of a hydraulic dynamometer for measuring 

the engine torque, a tachometer for measuring the engine rotational speed, and a 

chrome/alumel thermocouple that is connected to the engine exhaust system for 

measuring the exhaust temperature. All these parameters are displayed and controlled 

by the control board of the unit that is shown in Figure 1.  

The exhaust gas analysis is carried out using a Flux 2000 gas analyzer that is an 

infrared-microprocessor-based photometer designed to measure the CO, CO2, HC, O2, 

and Air/Fuel ratio by collecting a gas sample from the engine exhaust system. 

Additionally, a sound level meter is used for measuring the variation in sound levels –in 

db – during the engine cold start and warm-up. All the experiments have been 

performed in the combustion lab in the mechanical engineering department / Al-

Mustansiryah University.  

Two types of alcohols are used in the present work, namely ethyl alcohol and methyl 

alcohol. These alcohols are mixed with diesel fuel in three proportions (10%, 20%, and 
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30% of alcohol by volume compared to the overall mixture volume. These proportions 

are termed up as the blending ratio in the present work. The blending process is applied 

using a metered glass. The base fuel (diesel fuel) is added to glass first; then, the alcohol 

(whether ethanol or methanol) is added gradually. The contents are then mixed together 

by rapid shaking of the glass until a uniform mixture colorless mixture is obtained. This 

mixture is then added to the fuel tank attached to the engine (which is already empty).      

Three types of fuel have been used in the experimental work, these fuels are; pure 

diesel, ethanol-blended diesel, and methanol-blended diesel, at different blending ratios 

(0%, 10%, 20%, and 30% of alcohol concentration with respect to the overall mixture 

concentration. The engine has been tested under two rotational speeds (1800 and 2000 

rpm). The selected testing times were (0, 5, 10, 15, and 20 minutes after the initial start-

up of the engine).  

 

 
Figure 1: Schematic diagram of the experimental setup. 

 
4. Results and Discussion  
 

The data obtained by the experiments described in section (3) have been curve fitted 

and then used to construct some graphs that are shown in the coming figures. These 

figures outline the effect of both blending ratio and warm-up time on the main 

characteristic parameters of engine performance and exhaust emissions.  

Figure 2 shows the variation of carbon dioxide (CO2), carbon monoxide (CO), and the 

unburned hydrocarbons (HC) with engine warm-up time for different diesel-ethanol 

blending ratios. From this figure, it can be seen that at the early time of operation (the 

first 5 minutes) the CO and HC concentrations show higher values compared to their 

behaviors in later times. This is exactly the opposite in the case of CO2 concentration. 

The behaviors of the three parameters are in agreement with the published literature 

mentioned and discussed in the introductory section of the present work. It is shown 

also that the values of each parameter are varied with varying alcohol blending ratio 

(from 0% to 10%, 20%, and 30%) which infers that fuel blending is also affected during 
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The engine early start-up times. This fact takes place for all the three emissions 

parameters.  

 

 
Figure 2: Variation of CO2, CO, and HC concentrations in the exhaust with the warm-up time for 2000 

rpm engine speed and ethanol-blended diesel. 
 

Figure 3 shows the variation of the Air/Fuel ratio, exhaust temperature, and engine 

noise with engine warm-up time for different diesel-ethanol blends. From this figure, it 

is shown that at the early time of operation (the first 10 minutes) the behavior of all 

parameters seems to be arbitrary, then it seems to stabilize at the operating condition 

after that time. It is shown also that the values of each parameter are varied with varying 

alcohol blending ratio (from 0% to 10%, 20%, and 30%) which means that fuel-

blending is also affected at the early starting time. This fact takes place for all the 

parameters except exhaust temperature, where varying blending ratio has no effect on 

exhaust temperature, because the thermo-physical properties of alcohol fuel are almost 

close to those of the fuels used in internal combustion engines. 

 

 
Figure 3: Variation of Air/Fuel ratio, exhaust temperature, and engine noise level with the warm-up time 

for 2000 rpm engine speed and ethanol-blended diesel. 
 

Furthermore, from both Figure 2 and Figure 3, blending the diesel fuel by ethanol is 

shown to decrease the CO and HC concentrations of the exhaust emissions during 

engine cold-start and warm-up periods i.e. increasing combustion efficiency, but at the 

same time engine noise levels are found to be greater than its level when using pure 

diesel. Therefore, it could be concluded that blending diesel by ethanol has a positive 

effect on combustion efficiency and adverse effect on engine noise. 
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Figure 4 shows the effect of varying engine speed on the CO2, CO, and HC 

concentrations in the exhaust gases from the CI engine during cold-start and warm-up 

operation when the engine is fueled by 10% ethanol-blended light diesel. From this 

figures, it is shown that increasing engine speed increases both CO2 and HC 

concentrations and decreases the CO concentration with respect to the engine warm-up 

time. This is because of the increased fuel flow rate when increasing engine speed 

which means that the cylinder receives a fuel-rich mixture, and, therefore, the mass 

burning rate is increased, which leads to increasing exhaust emissions and temperature. 

 

 
Figure 4: Variation of CO2, CO, and HC concentrations in the exhaust with the warm-up time for 1800 

rpm and 2000 rpm engine speed and (10%) ethanol-blended diesel. 
 

While CO is decreased due to increasing CO2 which means improving the 

combustion efficiency since the engine is working at its average operating speed (2000 

r.p.m). The same is shown in Figure 5 that represents the effect of varying engine speed 

on the Air/Fuel ratio, exhaust temperature, and engine noise for the CI engine at cold-

start and warm-up operation when the engine is fueled by 10% ethanol-blended light 

diesel. Where increasing the engine speed led to the increase in engine noise and 

exhaust temperature. 

 

 
Figure 5: Variation of Air/Fuel ratio, exhaust temperature, and engine noise level with the warm-up time 

for 1800 rpm and 2000 rpm engine speed and 10% ethanol-blended diesel. 
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Figure 6: Comparison between blending diesel by ethanol and methanol on the CO2, CO, and HC 

concentrations in the exhaust during the engine cold start period. 
 

Figure 6 shows a the effect of alcohol type on the concentrations of the CO2, CO, and 

HC respectively in the exhaust from the CI engine during cold start when the blending 

ratio is 10% alcohol by volume. From the figure, it is shown that ethanol properly gives 

results better than those corresponding results of methanol, since CO, and HC in the 

case of ethanol are lower than those corresponding values in the case of methanol. This 

is shown also in the case of exhaust temperature and engine noise shown in Figure 7. 

Therefore, it could be concluded that blending diesel by alcohol (either ethanol or 

methanol) will improve combustion efficiency during engine cold-starting time of a 

compression ignition engine. It is noticed also, that ethanol addition has better exhaust 

characteristics than methanol addition, due to the low CO and HC emissions of ethanol-

blended diesel compared with those of the methanol-blended diesel, but methanol has 

better noise decrease ability than ethanol.  

 

 
Figure 7: Comparison between blending diesel by ethanol and methanol on the Air/Fuel ratio, exhaust 

temperature, and engine noise level during the engine cold start period. 
 

5. Conclusions 
 

In the present work, an experimental investigation of the effect of blending the diesel 

fuel by ethanol and methanol in different proportions on the cold start characteristics of 

the compression ignition engine has been performed. The following points represent the 

main conclusions: 
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1. At the early time of operation the CO and HC concentrations show higher values 

compared to their behaviors in later times. This is exactly the opposite in the case of 

CO2 concentration. The behaviors of the three parameters are in agreement with the 

published literature.  

2. The values of CO, CO2, and HC concentration during the cold-start period when the 

engine is fueled with the alcohol-blended diesel are responsive to the change in 

blending ratio.  

3. The exhaust temperature is shown to be irresponsive to the change in blending 

ratio. This is because the thermo-physical properties of alcohol fuel are almost 

close to those of the fuels used in internal combustion engines. 

4. A slightly arbitrary behavior in the trend of all the studied parameter is shown to 

occur in the early time of engine operation (the first 10 minutes).  

5. Blending the diesel fuel by ethanol is shown to decrease the CO and HC 

concentrations of the exhaust emissions during engine cold-start and warm-up 

periods i.e. increasing combustion efficiency, but at the same time engine noise 

levels are found to be greater than its level when using pure diesel. Therefore, it 

could be concluded that blending diesel by ethanol has a positive effect on 

combustion efficiency and adverse effect on engine noise. 

6. The ethanol properly gives results better than those corresponding results of 

methanol.  

7. Blending diesel by alcohol (either ethanol or methanol) will improve combustion 

efficiency during engine cold-starting time of a compression ignition engine.  

8. Ethanol addition has better exhaust characteristics than methanol addition, due to 

the low CO and HC emissions of ethanol-blended diesel compared with those of the 

methanol-blended diesel, but methanol has better noise decrease ability than 

ethanol.  
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