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ABSTRACT 
By increasing the rotational speed of the engine brake specific fuel consumption increases. In 
general, the maximum amount of fuel consumption is seen at 55% load torque engine, and the 

lowest operating is seen at full load (100%). Specifically, in this diagram, the fuel consumption 

increases with increasing the rotational speed. As amount of dispersion increases, with 
increasing the rotational speed of engine, specific fuel consumption increases. In splashing 

angles of 38 and 45 degrees of crankshaft rotation, reducing the amount of fuel can be seen. In 

Diagrams of the brake specific fuel consumption at constant speeds, we can see that by 
increasing load on the engine torque, brake specific fuel consumption is reduced. Minimum 

brake specific fuel consumption in angle ˚ 38, full load torque is observed and minimum speed is 

seen rpm1500. Consequently, the maximum angle 45 at which in brake specific fuel 
consumption ˚, rpm1450 maximum speed and load torque of 55% was observed. Generally, the 

amount of fuel for torque load 55% was the lowest, and for full load torque was the highest. 

Optimum fuel splashing angle ˚ 45, load torque80% and speed rpm1450 were observed. The 
maximum amount of fuel splashing angle ˚ 25, load torque100% and maximum speed rpm 1645 

were seen. 
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INTRODUCTION 

                                                                                                                                                                                                                

 In the present study, considering the load torque of engine, fuel injection and engine speed that can be 

adjusted and controlled, Examines the relationship of these parameters on the specific fuel consumption and 

fuel consumption in fueling cycle. In this study tested engine is a stationary engine (to pump water for 

agriculture) with a power output of 3.68 kW. We use this engine Because, it is a small single cylinder engine 

with a capacity of approximately 0.5 liters as an auxiliary engine for power generation source in urban and as 

conventional energy sources for rural environments. Engine was placed in a test room, and the equipment and 

measuring instruments such as tachometer, timer and measurement units were installed on the in specific fuel 

consumption. The parameters such as fuel consumption at that time were measured. Torque load on the engine 

is set on the desired value, and it is adjusted and controlled by digital display control unit. Fuel consumption in 

this sample, is measured by a fuel indicator of a dynamometer. 

 

Instruments and Method:  

 Table 1 shows characteristics of engine under the test and Table 2 summarizes the characteristics  

 Of test equipment to accurately measure the desired parameter. The examined engine has a wide range of 

applications, similarly, in many countries, it used in the fields of agriculture to pump water out. Measurement 

of fuel consumption is one of the most important parts of the engine tests. To measure the fuel consumption, a 

fuel consumption of Benz was used. 

 The unit enables components of the recording interval for a predetermined amount of fuel consumption. 

This predetermined amount of fuel that is 50 ml, stored in a glass pipette calibration. Upper and lower levels of 

fuel pipette determined by a pair of optical sensor. When the upper sensor, sense the amount of fuel in a 

specified level, it command timer clock to start, and similarly when fuel consumption reach to the lowest level, 

the lower sensor ordered the timer to stop. Thus, the time interval in seconds for a specific amount of fuel 

consumption can be achieved. Timer unit needs a crystal clock, and a unit for measuring the time interval, to 

obtain a digital display of time. For static timing of engine fuel injection, infusion method was used. An 

adopter with a specially designed by a hypodermic needle helps splashing. Crank angle position to identify the 
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exact time of splashing is determined with a needle indicator, and a sign that was found on the edge of the 

flywheel engine. To modify or replace the fuel injection static, we can change the number of the layers under 

the flanzh on the fuel pump. 

 
 Table 1: Characteristics of engine under the test. Table 1 

1 

4 stroke 
Direct splashing 

Natural suction 

Cooling water 
80 

110 

.553 
16.5 

Rpm 1500 

23.0 Nm 

Number of cylinders 

Motor cycle 

Ignition system 
Air Intake System 

Cooling system 

The diameter of the cylinder 
Length of course 

Cylinder volume 

The compression ratio 
Nominal engine speed 

 

 Nominal engine speed is rpm1500.although the lowest level for speed is rpm 900, but if we want that 

engines work in a steady state, it should be used with the minimum speed change rpm 5 ± 1200 under the 

different loads. Similarly, the upper limit for this engine speed is considered rpm 1650. Load torque range is 

allowed between 50 to 100%. To estimate the stable combination of speed - time, a series of preliminary 

experiments were conducted. In these experiments, 55% of the allowable load torque obtained as a lower level. 

At This level of torque, engine control was satisfactory and speed variations are negligible. Peak torque of 

100% was considered permissible load torque till the motor in full load conditions were also tested. Specific 

fuel consumption of the brake was calculated by using the equation (1). 
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In which: 

fV= Volume of fuel pipette  ml  

 = Unit weight of fuel  3/ mkg  

Ti = the time interval for a certain amount of fuel consumption  ms  

W= Engine brake power  kW  

 Brake specific fuel consumption values were obtained from the average of 3 consecutive harvests. 

 The average amount of fuel consumed in engine by a per cycle of the engine (fuel) was obtained from 

equation (2)  

 This relationship has been used for 4-stroke engine, where N is the speed of the motor rpm: 

 
 
Table 2: Characteristics of Test Equipment. 

equipment Measurement range accuracy 

Speed Tester 4 ±  1 rpm 

Screen time 3.5 1% / 10˚c 

Pipette calibration 50-150 ml ±10.1/ رقم sec 

 
Table 3: Matrix experiments. 

levels 
parameters 

5 4 3 2 1 

- 1650 1500 1300 1200 Motor speed  ( rpm) 

- 100 85 70 55 
 

Engine load torque (%) 

42 37 32 27 22 Fuel injection ((CA btdc 

 

 Table 3 matrix experiments to measure parameters related to engine performance, shows fuel consumption 

analysis. In This section, engine speed (rpm), engine load torque (%) and fuel injection ((CA btdc work as 

controllable parameters. On the other hand amount and timing of fuel by using equipment were assessed to 

achieve this goal. 

RESULTS AND DISCUSSION 

 

 Figure 1 and 2, respectively, shows the relationship between the fuel and the engine brake specific fuel 

consumption for fuel injection CA btdc ˚22. Generally by increasing the engine speed, the brake specific fuel 

consumption increases. Approximately the same trend is also observed about the effect of engine speed on fuel. 
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Each figure represents brake specific fuel consumption of the 4 levels of the load engines. Such engines are 

often charged with more than 50% of full. Thus test has not been performed for less than 50% of full load 

motor. It can be seen that the amount of fuel for a full load torque is maximum, and by reducing engine load 

torque reduced the amount of fuel reduced. It can be seen In This charts at the time of spraying 22 degrees 

crankshaft before top dead center, the lowest Fueling related to load torque and speed rpm 1200 was 55%. The 

amount of brake specific fuel consumption was significantly higher in 55% load torque and by increasing the 

rotational speed the brake specific fuel consumption become more. In 100% load torque, brake specific fuel 

consumption has the lowest, and reached its minimum in rpm 1200 speed. In this minimum amount of brake 

specific fuel consumption in all loads rpm1200 quickly obtained. 

 

 
 

Fig. 1: The relationship between engine speed and fuel. 

 

 
 

Fig. 2: The relationship between speed and specific fuel consumption. 

 

 In Figure (3 and 4) relationship and diagram of the fuel and brake specific fuel consumption has been 

shown. By increasing the speed, the brake specific fuel consumption increases but almost it can be said with 

regard to the increasing of the rotational speed, the amount of fuel does not increase. The figure (4) like (2). 

Figure (3) the maximum amount of fuel is at full load torque and minimum torque is 55%.as the load torque 

become greater the amount of fueling also increased. In Figure 5, by increasing the rotational speed, fueling 

increases. But the minimum value for it, is rpm1200 speed and load torque of 55% of full load. However the 

amount of fueling in this figure like (3 and 1) and in the total amount of fueling change was not observed. In 

Fig (6) the amount of brake specific fuel consumption for a load 70% has a significant increase. However load 

torque 85% of the brake specific fuel consumption has decreased. The least amount of brake specific fuel 

consumption at minimum speed and load torque peak is observed. 

 In Fig 7, the amount of fueling at an angle of 37 degrees of crankshaft Displays. Diagrams of the same 

shape have changed. In the load torque 55% with increased rotational speed, reduction in the amount of fueling 

is obvious. This decrease in the load torque70% in maximum speed rpm1650 also can be seen. The remarkable 

thing in this figure is that, the amount of fueling loads and torque are equal in speed rpm 1200. In this 

maximum amount of figure fueling compared to previous forms has decreased. While its minimum value at 

55% load and rpm 1 speed is not reduced. Specifically, amount of fueling in this figure dropped, this is because 

it is more time to burn the fuel in this spray angle, and this reduces the amount of fueling in a cycle. The least 

amount of fueling is related to minimize the load torque and the maximum speed. But the maximum amount of 

fueling in 85% load torque and speed rpm1350 can be observed. In Fig (8) the amount of brake specific fuel 
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consumption was reduced and the lowest amount in torque under full load and minimum speed rpm 1200 can 

be observed. It can be claimed that with increased the amount of angle, brake specific fuel consumption can be 

reduced. In this figure, curve of the load torque 55% is specifically greater than other load. Perhaps the reason 

is that In this case the engine and combustion chamber walls become cold, and it tends to increase the amount 

of fuel consumed. 

 
 

Fig. 3: The relationship between speed and brake specific fuel consumption. 

 

 
 

Fig. 4: Relationship between engine speed and fuel. 

 

 
 

Fig. 5: The relationship between speed and brake specific fuel consumption. 

 

Conclusion and suggestion: 

Recommendations on continuing this work include: 

1. For a better comparison use the same engine for testing, that by more information about different engine 

the best choice can be made. 

2. It is recommended for better analysis of the data, statistical program used for analysis. And, of course, it is 

clear by having more data we can obtain a more accurate analysis. In this study since the data had a mean of 3 

consecutive harvests, we could not be used analytical applications. 
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3. To maximize accuracy of the better comparison and analysis, a wider range of variables such as the 

relative rotational speed or the torque loads should be used. Perhaps In these limits can be achieved interesting 

results, but it would need to spend the time and extra cost. 

4.  With more data and more detailed, in a wider range, we can fit the data to the charts and offer accurate 

and reliable information. 

 
 

Fig. 6: The relationship between speed and brake specific fuel consumption. 

 

 
 

Fig. 7: relationship between the engine speed and fuel. 
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