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Abstract - There are many parts of the propulsion system that affect the fuel consumption of internal combustion engines. 

The injector is one of the most dominant. Its working condition is responsible for the given fuel doses and in consequence it 

affects largely on fuel combustion. This is very important aspect for students who build the most economical internal 

combustion vehicle in Poland that competes in Shell Eco-marathon. The main goal of the competition is to construct a 

vehicle that will achieve the lowest fuel consumption on the appointed track. The good results in competition are being 

gained by reducing the resistance (it is created when the vehicle is moving) or by leading to the highest efficiency parameters 

of the drive system. The organizers of Shell Eco-marathon distinguished some categories of vehicles because of energy type, 

among others: electricity, hydrogen as well as ethanol or gasoline. EFIJ-1-38 is the designation of the injector used in 

gasoline-powered vehicle which was built by students of Lodz University of Technology. This article contains studies on the 

effect of gasoline temperature on the fuel doses given by the EFIJ-1-38 injector. 
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I. INTRODUCTION 

 

In recent years, the car industry has been seeking to 

improve the efficiency as a result of which the cars 

with lower power or hybrid vehicles are produced. 

Internal combustion engines are becoming more and 

more economical by reducing the engine's capacity 

and installing turbocharging or limiting the number of 

cylinders. Other measures are also used to improve 

vehicles in terms of their economic efficiency.  

 

Students from the Science Club of Automotive 

Lovers, building their own gasoline concept car for 

the Shell Eco-Marathon competition (SEM), face 

such problems. SEM is competition organized every 

year since 1985. The aim of the race is to obtain the 

least amount of fuel consumed in terms of the number 

of kilometers traveled [2].  Students are trying to 

construct the most efficient vehicle by modifying the 

components of the car. In order to achieve the best 

productivity, the body of the vehicle has special 

shape which is maximally streamlined and is limiting 

the aerodynamic resistance. Rolling resistance 

depends on special bearings and weight of the vehicle 

(if the car is lighter that the results are better).  The 

engine is the main and the most important part of the 

concept car. It is modified and improved for better 

performance. Shellare applied to the pistons and 

cylinders to reduce friction on inside components of 

the engine, which increases engine efficiency. The 

engine used in this car is the Honda GX35 - a very 

popular and light engine with a capacity of 35cm
3
. It 

is controlled by the on-board computer ECU EMU. 

Motor parameters are modified on the basis of 

available sensors. One of the parameter is well 

designed fuel map, which ensure injection of 

appropriate doses of gasoline into the combustion 

chamber of the GX35 engine. The injection used in 

this case is an electronically controlled injection with 

the designation EFIJ-1-38. Students need to precise 

knowledge about injector to set the engine parameters 

and control the delivery of gasoline in properly way. 

For this purpose, the authors of the article are 

studying the flow of fuel through EFIJ-1-38 

depending on the temperature of gasoline and engine 

rotation speed. EFIJ-1-38 is an injector manufactured 

by Ecotrons LCC, its construction is described below. 

 

 
Picture 1. Structure of EFIJ-1-38 injector 

 

EFIJ-1-38 is a coil that opens the valve (which allows 

fuel flow) controlled by the applied voltage from on-

board computer. 

 

The injector has a good opening (1ms on 3 bar load) 

and closing (0,65ms on 3 bar load) time, which 

depends on the voltage applied and pressure. 

Working pressure range of EFIJ-1-38 is between 0,1 

to 0,45 MPa. The advantage of the injector used  in  a 

super-efficient car is a low weight. The EFIJ-1-38 

weights just 30 grams. Operating temperature range is 

from -30 to 120 degrees Celsius. [1]  
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II. RESEARCH STAND 

 

Students from Iron Warriors project from Lodz 

University of Technology was built the test rig to 

determine how many gasoline pass injector by 

influence of gasoline temperature, engine speed, 

power cell voltage and pressure in air pressure 

system. Container was surrounded by water jacket to 

provide constant temperature of gasoline. A more 

detailed description of the construction of the test 

stand has been described in the article "Methodology 

of Determining Work Parameters of Injector on the 

example of the EFIJ-1-3 Injector" [3]. 

 
Picture 2. Scheme of the test rig 

 

Research position is built of: 

 compressor (1) 

 air-pressure reservoir (2) 

 pressure regulator (3) 

 manometer (4) 

 fuel container with water jacket (5) 

 liquid thermostat (6) 

 fuel filter (7) 

 injector (8) 

 laboratory glass (9) 

 power supply (10) 

 soldering board (11) 

 Arduino (12) 

 computer (13) 

 weighing scale (14) 

 

Before the measurements were taken, the gasoline 

was brought to the previously determined temperature 

values. When the thermostat had reached the desiring 

temperature, the system with water circulation was 

remained for 20 minutes without changes to bring the 

fuel parameters to the determined values of the 

measurement. 

 

 
Picture 3.  Direction of moving mediums in cross-section of container with water jacket 
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The real temperature of the gasoline was checked by 

the thermocouple. We had set the value, had checked 

the pressure in the system and next we performed 

measurement thanks for  the manometr. The engine 

RPM values were set on the computer. The injector 

was controlled by the microcontroller and H-bridge 

(sn754410n). The measuring cycle was started and 

taken about 3 minutes. When the whole cycle was 

completed the settings of pressure and temperature 

were checked again. At the end, the  amount of 

gasoline was measured by a precise weight. 

  

 
Picture 4. Test rig 

 

III. MEASUREMENT RESULTS 

 

The researches were conducted to in three series for a 

given temperature. In each series, measurements were 

made for 6 different engine speeds. One measurement 

cycle (when the injector was active) lasted 3 minutes. 

The first test measurement was made at room 

temperature of fuel (22°C). The pressure in the 

injector system was 3 bars for each measurement, and 

the fuel used was the 95 octane gasoline from Lukoil 

dated 12/05/2018.  

 

 
Picture 5. The relationship between the engine speed and the 

amount of fuel given by the injector at 22°C. 

 

The above graph shows 3 measurements for each of 6 

rotational speeds at a temperature of 22°C. As the 

engine speed increases, the fuel doses increase 

linearly. This is due to the characteristics of the 

engine's operation. From each data series, for a given 

rotational speed, the average is pulled out to obtain 

the most reliable results and to reject incorrect 

measurements with too large deviations from the 

average. The next charts will show the average of 

measurements at different temperatures and engine 

speeds. 

Established parameters of measurements: 

 Gasoline temperatures [° C]: 10, 15,, 25, 30, 45, 

50 (+/- 1.0 °C) 

 Pressure in the system [MPa]: 0.3 (+/- 0.001 

MPa) 

 Number of cycles: 3 for each rpm value at a 

given temperature 

 Simulated speeds [rpm]: 1000, 2000, 3000, 4000, 

5000, 6000 

 Injector supply voltage [V]: 12 

 Weight accuracy [g]: 0.001 

 

 
Picture 6. Dose of fuel for different gasoline temperatures at 

1000 rpm 

 

 
Picture 7. Dose of fuel for different fuel gasoline temperatures 

at 2000 rpm 
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Picture 8.Dose of fuel for different gasoline temperatures at 

3000 rpm 

 

 
Picture 9. Dose of fuel for different gasoline temperatures at 

4000 rpm 

 

 
Picture 10. Dose of fuel for different gasoline temperatures at 

5000 rpm 

 
Picture 11. Dose of fuel for different gasoline temperatures at 

6000 rpm 

 

Pictures 6-11 show graphs how fuel temperature 

influence on gasoline doses at a given engine speed. 

It is easy to notice that the temperatures of the fuel is 

lower the fuel doses are higher. The difference 

between the fuel dose at 10°C and 50°C is from 0.7g 

(at 1000 rpm) to 2.2g (at 6000 rpm). At an engine 

speed of 1000-2000 rpm, the difference in dosage at 

20-40°C is insignificant. We see noticeable changes 

in the dose values at higher engine revolutions. It is 

simply dependence on higher fuel doses and a 

relatively higher difference between them. This can 

be easily perceivable in Picture 12, which presents a 

graph of the function: fuel doses depending on the 

engine speed at different temperatures. 

 

 
Picture 12. Function of fuel doses depending on the engine 

speed at different temperatures 

 

 
Picture 13. Function of average value of measurement samples 

on the temperature of gasoline 
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In the Picture 13 we can observe a graph of the values 

of averaged fuel doses depending on its temperature. 

The graph shows a decrease in the weight of fuel 

doses between 10 degrees and 50 degrees by over 

8.5%. 

 

IV. CONCLUSION 
 

Graphs are the result of the measurements and they 

inform us about the working of the EFIJ-1-38 

electronic injector at different gasoline temperatures. 

With this information it is possible to tune the engine 

exactly under the conditions prevailing during the 

race. One of the factors that cause a change in fuel 

doses is the thermal expansion of the liquid. It causes 

an increase in gasoline density as the temperature 

decreases. This agrees with the conducted 

measurement. Fuel rates at 45-50 degrees are much 

lower than at 10-15 degrees. The dependence of 

gasoline viscosity on temperature [4] can also be a 

factor influencing on the fuel doses. The operation of 

the electronic components of the injector can also 

change at different temperatures. Temperature 

increasement of the injector consequently change 

resistance of the coil  [5]. The most optimal operating 

temperature of the injector is 20-30 degrees due to 

small changes in the amount delivering fuel. 
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