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Abstract

This research was conducted with the aim of empirically analyzing the impact of fuel
pressure and filter clogging on the injection rate of injectors. To this end, a laboratory
injector testing device was designed and constructed. This device is capable of
performing leakage tests and examining the shape and quantity of injector spray. The
experiments were conducted at six pressures: 20, 30, 60, 80, 90, and 100 pounds per
square inch. The results showed that, in general, the average spray rate of the
injectors increases with an increase in pressure; for instance, raising the pressure
from 20 to 30 pounds per square inch over a period of 30 seconds resulted in a 12%
increase in fuel spray volume. Additionally, it was found that as the system voltage
increases, the fuel spray volume also increases. For example, within a period of 10
seconds, the system at a voltage of 10 volts sprays 7 millimeters more fuel compared
to the 6-volt setting. Finally, it was established that, depending on the percentage of
filter clogging, the system pressure will be between 4.5 to 6.5 bar.
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1- Introduction

This research was conducted with the aim of

empirically analyzing the effect of fuel pressure
and filter clogging on the injection rate of
injectors. For this purpose, an injector testing
device was designed and constructed in a
laboratory setting. This device is capable of
conducting leakage tests, examining the shape and
guantity of injector spray. The experiments were
performed at six pressures: 20, 30, 60, 80, 90, and
100 pounds per square inch. The results indicated
that, in general, the average spray of the injectors
increases with an increase in pressure. For
example, over 30 seconds, the spray amount
increases by 12 percent when the pressure rises
from 20 to 30 pounds per square inch. It was also

found that the higher the system voltage, the
greater the spray amount. For instance, when the
system voltage is 10 volts, compared to a situation
where the system voltage is 6 volts, 7 millimeters
more fuel is sprayed over a period of 10 seconds.
Finally, it was determined that, depending on the
percentage of filter clogging, the system pressure
would range between 4.5 to 6.5 bars.

2- Research Methods

To investigate the effect of fuel pressure and fuel
filter clogging on the spray rate in injectors, an
injector cleaning device was designed and
manufactured.  The  components of the
manufactured device are shown in Figure 1 in the
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following order: 1- fuel rail, 2- injectors, 3- glass
fuel measuring cylinders, 4- Digital timer, 5- Five-
pin relay, 6- pressure gauge, 7- fuel hose entering
the fuel rail, 8- fuel drain valves of the glass
cylinders, 9- Arduino board, 10- Adjustable
voltage AC to DC adapter.

Figure 1: Overall view of the injector cleaning device components

This device operates with a 220-volt power supply
and has a working pressure of zero to 16 bar. A
Civil pressure gauge was used for pressure
measurement. This gauge is used for industrial
applications and has high accuracy. The power
supply for the fuel pump and injectors is 12 volts.
This device can be used to investigate and observe
injector leakage; test the injection angle and
itemization method of the injectors; test the
uniformity of fuel spray from the injectors;
perform chemical cleaning and completely remove
internal deposits from blocked injectors; and
observe and compare the fuel spray volume of
injectors relative to each other. To switch the
injectors on and off and prevent them from being

constantly open, the circuit shown in Figure 2 was
designed and built. In this circuit, the test time is
determined with the help of a digital timer (10, 20,
30, and 40 seconds), and the on and off time of the
injectors is specified by programming on the
Arduino board. Pins 85 and 86 in the 5-pin relay
are related to the magnetic relay, and the Arduino
board can switch the injectors' power on and off by
switching the current of this relay on and off.
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Figure 2: Injector power on/off mechanism
3- Discussion and Results

Investigation of the Effect of Increasing Pressure
on Spray Quantity

Experiments were conducted at six pressures: 20,
30, 60, 80, 90, and 100 psi. Generally, the average
injector spray quantity increases with increasing
pressure. For example, in 30 seconds, increasing
the pressure from 20 to 30 psi increases the spray
quantity by 12%. Similarly, in 40 seconds,
increasing the pressure from 90 to 100 psi
increases the spray quantity by 6.5% (Figure 3).
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Figure 3: Effect of Pressure on Injector Spray Quantity

Effect of System Voltage on Injector Spray Rate

Spray tests were performed on the system at four
different voltages and five time intervals. The
average spray rates were calculated, and the results
are reported in Figure 4. According to this figure,
the higher the system voltage, the greater the spray
guantity. For example, when the system voltage is
10 volts, 7 mm more fuel is injected in 10 seconds
compared to when the system voltage is 6 volts.
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Figure 4: Effect of System Voltage on Injector Spray Rate
Investigation of Fuel Filter Clogging

Depending on the percentage of fuel filter
clogging, the fuel pump pressure will be between
4.5 and 6.5 bar

4- Conclusion

To empirically analyze the impact of fuel pressure
and filter clogging on the injection rate of
automotive injectors, a laboratory model of an
injector testing device was designed and
constructed. Experiments were conducted at six
pressures: 20, 30, 60, 80, 90, and 100 PSI. The
results showed that, generally, the average
injection rate of the injectors increases with
increasing pressure. For example, in 30 seconds,
increasing the pressure from 20 to 30 PSI increases
the injection volume by 12%. Or, in 40 seconds,
increasing the pressure from 90 to 100 PSI
increases the injection volume by 6.5%. It was also
found that the higher the system voltage, the
greater the injection volume. For instance, when
the system voltage is 10 volts, 7 mm more fuel is
injected in 10 seconds compared to when the
system voltage is 6 volts. Finally, it was
determined that, depending on the percentage of
filter clogging, the system pressure would be
between 4.5 and 6.5 bar.
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