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Abstract—LPG pressure regulator is a device which is used to 
change the phase of LPG from liquid to gas by decreasing the 
pressure. During the phase change, it is necessary to supply the 
latent heat of LPG to prevent excessive low temperature. Engine 
coolant is circulated in the pressure regulator for this purpose. 
Therefore, pressure regulator is a type of heat exchanger that 
should be designed for different engine operating conditions. The 
design of the regulator should ensure that the flow of LPG is in 
gaseous phase to the injectors during the engine steady state and 
transient operating conditions. The pressure regulators in the 
LPG gaseous injection systems currently used can easily change 
the phase of LPG, however, there is no any control on the LPG 
temperature in conventional LPG injection systems. It is possible 
to increase temperature excessively. In this study, a control unit 
has been tested to keep the LPG temperature in a band. Result of 
the study showed that the engine performance characteristics can 
be increased by using the system.  
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I. INTRODUCTION 

LPG is a fuel liberated from lighter hydrocarbon fraction 
produced during petroleum refining of crude oil and from 
heavier components of natural gas. It is also a by-product of oil 
or gas mining. It is liquefied under pressure and compressed 
and stored in steel tanks under pressure varies from 1.03 to 
1.24 MPa. LPG is a mixture of commercial butane (C4H10) and 
propane (C3H8). Butane and propane have different boiling 
points at atmospheric pressure. Boiling point is the temperature 
at which changing the phase from liquid to gas. Boiling 
temperature of propane is -43 °C whereas it is 0 °C for butane. 
Due to this difference, proportion of propane should be 
increased in colder climate regions to facilitate the gasification 
of mixture.  

It is an environmentally friendly fuel for spark ignition 
engine, it has a potential emission advantages over gasoline [1]. 
LPG has some advantages over than gasoline as the following: 
(1) LPG produces lower exhaust emissions than gasoline, (2) it 
reduces engine maintenance, (3) it offers faster cold starting 
and (4) it provides overall lower operational cost [2]. 

In the last generation of LPG gaseous fuel injection systems, 
multi-point and sequential LPG injection strategy has been 
used with EOBD. There are many reports about the effects of 
the LPG on the engine performance and emission 
characteristics. Studies performed by reference [3] and [4] have 
shown that the hydrocarbon (HC), carbon monoxide (CO) and 
carbon dioxide (CO2) emissions are substantially reduced, 

principally due to the high hydrogen/carbon ratio of LPG when 
compared to gasoline. 

Many studies, like one conducted by reference [5] have 
shown that higher thermal efficiency and therefore improved 
fuel economy can be obtained from internal combustion 
engines running on LPG. But LPG displaces 15-20% greater 
volume than gasoline. Thus the power output decreases 5-10%. 
This reduction can reach 30% at very lean conditions [2, 6].  

It is known that the temperature of the fuel-air charge has 
an effect on the engine performance and exhaust emissions 
characteristics of spark ignition engines. Increase in the fuel 
temperature can cause to produce more NOx emissions. 
Additionally, it can lead to decrease in the volumetric 
efficiency due to the decrease in the density of fuel-air charge. 
Reference [7] has performed a study on an SI engine fuelled 
with third generation LPG injection system at steady state and 
transient conditions. Results of the study have showed that the 
temperature of LPG is an important parameter on the engine 
performance. 

According to our observations, thermal conditions of LPG 
pressure regulator has an important effect on engine 
performance. LPG can be extra heated in LPG regulator and it 
causes a decrease in engine performance due to the decrease in 
volumetric efficiency.  

In this paper, a control system to keep the LPG temperature 
in a desired band and an application of this system on an engine 
test bend are presented. 

II. MAIN COMPONENTS 

A. Control System 

Schematic diagram of engine test bed has been shown in 
Figure 1. Technical specifications of test engine has been given 
in Table 1.  

TABLE I.  ENGINE SPECIFICATIONS 

Engine type Ford MVH-418, fuel injected
Number of cylinders 4
Compression ratio 10:1

Bore (mm) 80.6
Stroke (mm) 88

Displacement volume (mm3) 1796 x 103
Max. power 93 kNm/s at 6250 rpm
Max. torque 157 Nm at 4500 rpm

Cooling system Water-cooled
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FIGURE I. S
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in the band of 30 ±5 °C. Then, it has been increased to 40 °C, 
and system has increased it to the set value. Lastly, set value 
has been increased to the 50 °C and system has increased LPG 
temperature to the desired band. 

 
FIGURE IV. LPG SET TEMPERATURE (RED LINE) AND LPG 

TEMPERATURE AFTER REGULATOR (BLUE LINE) 

IV. CONCLUSIONS 

This paper shows that the LPG temperature which is 
changing in a wide band in SI engine applications is an 
effective parameter on engine performance and NO emission 
characteristics. A new control system for keeping the LPG 
temperature in a desired band has been presented in this paper. 
A new control system regulating the mass flow rate of coolant 
in the pressure regulator circuit has been produced and tested 
successfully to control the LPG temperature at the exit of 
pressure regulator. The control system uses LPG temperature 
measurement data as a control parameter. PID unit produces a 
positioning signal to drive vane to regulate the heat transfer to 
the LPG. The produced control system can keep the LPG 
temperature in a narrow band. 
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