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HIGHLIGHTS

> Reducing the LPG temperature will cause a considerable decrease in NOx emissions.
> The engine output power is reduced by almost 1.85% with the increase in LPG gas temperature.

ARTICLE INFO ABSTRACT

Received :10.17.2017 LPG is the second most commonly used fuel in the world in spark-ignition engines after
Accepted  :11.27.2017 gasoline. It has a wider operating range than gasoline and less harmful exhaust emissions are
Published :12.15.2017 produced. However, when LPG is used as fuel instead of gasoline, the engine output power

reduces approximately 5-10%. This is because, LPG occupies 15-20% a larger volume (com-

:f;éwgrdsz pared to gasoline) in intake manifold. Since this lowers the energy density of the fuel-air
S engi?]?perature mixture, power output of the engine reduces in parallel to the reduction in the amount of

energy drawn into the cylinder at each cycle. Another parameter that reduces energy density
hence the volumetric efficiency is the increase of the charge temperature of fuel-air mixture.
Increase in the temperature of mixture causes decrease in the energy density in intake mani-
fold and thus causes reduction in engine performance. In this study, an experimental system
has been established to investigate the effect of LPG fuel temperature on engine performance
and exhaust emissions. Experiments carried out in high speed under high load shown that,
with increase in the LPG fuel temperature at regulator outlet; engine output power reduced
by nearly 1.85% while NO emission increased by 7%.

NOx emissions
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friendly fuel for spark ignition engines, potentially advanta-
geous in terms of emissions compared to gasoline. Studies
o ) ) have shown that there are some advantages of LPG over gas-
LPG is liquefied unde_r pressure, and is stored in steel tanl§s oline. Among these are; (i) less exhaust emissions, (ii) re-
under pressures ranging from 1.03 to 1.24 MPa. LPG is  duced engine maintenance costs, (iii) faster adaptation to
widely used in heating, cooking and as fuel. LPG is obtained  ¢old working conditions, (iv) offering lower operating costs.
from natural gas and by separation of light components of  On the other hand, 5-10% reduction in engine power output
crude oil during refinery [1, 2]. LPG is an environmentally  occurs due to its 15-20% larger volume than gasoline [2, 3].

1. Introduction
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in a Spark Ignition Engine Running on LPG

Many studies have been made over Sl engines running on
LPG. Some of these studies are as follows; in an Sl engine
equipped with sequential and multi-point gas injection sys-
tem, at different LPG usage levels (25%, 50%, 75% and
100%), volumetric efficiency decreased significantly at 25%
LPG usage level, and has been shown to reduce proportion-
ally for 50%, 75% and 100% [4]. In a small-sized spark ig-
nition engine running on LPG, engine power output is
around 95% of that of gasoline [5]. When the performance
of an evaporator assembled in LPG injection system in a
spark ignition engine is analyzed; the performance has been
observed to decrease by 4% with LPG compared to the same
figure for pure gasoline [6]. Absorption air temperature de-
creases in case the thermal energy needed for the evaporation
of LPG is obtained from the intake air, thereby engine output
power increases approximately by 6% thanks to the increase
in volumetric efficiency [7]. In a turbocharged Sl engine run-
ning on natural gas and working under poor conditions, when
intake manifold temperature is increased in parallel to that of
air/fuel mixture; power capacity, shaft efficiency and NOx
emissions remain at a constant level [8]. When quasi-dimen-
sional cycle model has been used for the cycle estimation of
Sl engine, improvements in exhaust emissions has shown,
but no significant improvement in engine performance could
be saved [9]. In an Sl engine with third generation LPG in-
jection system conversion applied, experiments conducted in
the permanent and non- permanent state conditions have
shown that LPG temperature is a significant parameter effec-
tive on engine performance [10]. In LPG injection systems,
LPG is sprayed into the intake manifold in gas phase. In these
systems, fuel arrives to the pressure regulator after exiting
the tank. The regulator enables fuel change phase from liquid
to gas. The latent heat of vaporization needed to avoid de-
scendance to extremely low temperatures is obtained from
the engine coolant. After start-up, coolant temperature in-
creases and its heat energy is transferred to LPG through reg-
ulator. However, when the coolant temperature exceeds a
certain level an excess increase occurs in LPG temperature.
Increased LPG temperature provides an increase in the tem-
perature of the mixture entering the engine and thus the en-
gine volumetric efficiency decreases. Another reason for the
low power output of spark-ignition engines using LPG is this
[11].

2. Material and Method

In this study, test rig was set up to investigate the effects LPG
fuel  temperature on engine performance and
exhaust emissions. LPG  temperature was changed by
controlling the flow rate of engine coolant at the entrance of
regulator by means of a valve. In our experiments, a 4-
stroke, water-cooled, fuel injection, spark ignition engine,
Ford MVH418, as mounted on the hydraulic brake
(dynamometer) bench is used. A 3rd generation sequential
injection LPG system was assembled to this engine. In Table
1 are the specifications of the engine used, Figure 1 is a
schematic view of the test set-up with related equipments and
Figure 2 is the connection diagram for the LPG ijection
system.
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13- Exhaust gas analyzer
14- Muffler
15- Crank angle encoder

1- Engine

2- Torque and speed sensor
3- Hydraulic dynamometer
4- Gasoline tank

5- Gasoline fuel line

16- Piezoelectric pressure transducer
17- Ignition timing clamp

6- LPG tank 18- Spark plugs

7- Digital balance 19- Distributor

8- LPG fuel line 20- Intake manifold air pressure sensor
9- LPG pressure regulator 21- Amplifier and oscilloscope

10- LPG filter 22- Data acquisition card

11- LPG injectors 23- Computer

12- Air flow meter

Figure 1. A schematic view of the test set-up

\ — |l
l =T |
14 7
13 ST

1- Engine
2- Coolant heat exchanger
3- LPG Tank
4- The fuel flow measurement device
5- Regulator
6- LPG Filter

7- LPG injectors

8- Regulator-valve engine coolant line

9- Regulators op- collector LPG at the entrance temperature (T |pc-
Regulator )

10- Intake manifold on the air inlet temperature ( T 4 )

11- Manifold fuel-air mixture at the outlet temperature ( T charge-
manifold )

12- Valve fuel-air mixture at the entrance temperature (T charge-vaive)
13- Cooling water temperature (T cooling water)

14- The exhaust gas temperature ( T exnaust )

15- The data acquisition card

16- Computer

Figure 2 Detailed schematics for LPG flow line and engine coolant circuit
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Table 1 Engine details

Table 2 Steady state test conditions

Temperature of LPG at regulator outlet, charge temperatures
of LPG-air mixtures at the point where it is sprayed into
intake manifold and at the entrance to suction valve were
measured using K-type thermo-couples. Measurments of the
amount of air consumed by the engine in the
experiments were carried out with Sierra 628S-BW2-EN2-
V1 DDR-type device. Data measured with these devices
were acquired through PCle-6363 data acquisition
card manufactured by National Instrument.

One way to learn about the engine performance is the
analysis of engine exhaust gases. For this purpose a
Bosch BEA 270 exhaust emission device was employed to
determine emission figures. This device serves figures of
CO, COzand O.as percentages and those of HC
and NO as ppm. Furthermore, the excess air coefficient can
be obtained through this device.

In the experiments; an AVL GH13Z-31 pressure sensor, for
monitoring the pressure-volume change in the engine, and an
AVL 365C Encoder Set, for positioning in-cylinder pressure
measurements in accordance with crankshaft angle and
cylinder volume parameters, were employed. A Kistler 4503
torgque sensor was also employed. a 25-ton tank was used for
engine block coolant and hydraulic brake system.

3. Results and Discussion

In steady state experiments; variation of engine performance
and exhaust emissions in different LPG temperatures was
investigated. The valve we installed on the line through
which the coolant flows to the regulator, piece number 8 in
Figure 2, was used for changing the LPG temperature. The
flow rate of coolant through regulator decreases as the valve
throttled, thus the LPG temperature at regulator outlet
decreases. In the opposite case, the temperature of LPG
increases. At different engine speeds and loads, the flow
rates of both coolant and LPG through regulator varies.

In order to observe the responses of the engine at different
operating conditions, experiments were carried out with the
steady state conditions given in Table 2, in different LPG
temperatures. To ensure that only variable during the tests is
the temperature of LPG; the engine is allowed to run at stable
running conditions during which engine coolant temperature,
ambient temperature and lambda figures did not vary in time
before acquiring experimental data.

Engine type Ford MVVH418 Engine
4-stroke, water cooled, fuel injection, Experiment name | Speed (r/min) | Torque Test conditions
spark Ignited (Nm)
Number of cylinders 4 Group 1 tests 2550 33 Low speed, low-load
Compression ratio 10:1 Group 2 tests 2520 72 Low-speed, high load
Diameter (mm) 806 Group 3 tests 4050 50 H!gh-speed, I(_)W-Ioad
Group 4 tests 3860 80 High speed, high load
Strok (mm) 88
Capacity (mm 3) 1796 x 10° ] ]
Taximum power 5250 rov ] Tin 93 KW Accordlng to the test results; When to valve m_s_talled on the
- - line to regulator switched to fully open position from its
maximumtorque 4500 rev / min . At 157 Nm e
throttled position; measurements for the temperature of LPG

at regulator outlet, temperatures of fuel-air mixture at
manifold output and at entrace of valve were made using K-
type thermo-couples at points 9, 11, and 12 shown in Figure
2 respectively. The variation of these values with time are
shown in Figure 3, Figure 4 and Figure 5.
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Figure 3. LPG temperature at regulator outlet (Tpc-regutator)
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Figure 4. Temperature of fuel-air mixture at manifold output (Tcharge-manifola)
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Figure 5. Temperature of fuel-air mixture at entrance of valve (Tcharge-vaive)

The amount of energy transferred to LPG needed for phase
change is increased as the flow rate of engine coolant passing
through the regulator increased, therefore the temperatures at
points 9, 11 and 12 were increased respectively.

The variation of effective power with increasing
LPG temperature at regulator output are shown in Figure 6,
Figure 7, Figure 8, and Figure 9.
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Figure 6. The variation of effective power with time for Test-1
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Figure 7. The variation of effective power with time for Test-2
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Figure 8. The variation of effective power with time for Test-3
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Figure 9. The variation of effective power with time for Test-4

In Figure 6, during the first group experiments, Although the
temperature of LPG is increased, the temperature of air-fuel
mixture was not affected much since LPG flow rate was at
very low levels, and therefore no significant change in
effective power could be observed. When Figure 7 is
analyzed, increasing LPG temperature at regulator outlet led
to a decrease especially in the effective power, which is this
most important parameter analyzed in the scope of this study,
and throughout the experiment; engine effective power has
reduced by approximately 1.0% as the LPG temperature
increased from about 20 °C to 65 °C. In Figure 8, engine
effective power has reduced again by approximately 1.0% as
the LPG temperature increased from about 20 °C to 68 °C.
In Figure 9 around 1.85% reduction in engine effective
power is observed as the LPG temperature increased from
about 25 °C to 62 °C. Thus maximum power loss is shown
to have occurred during high speed and high load
experiments [12].

In Figure 10 and Figure 11, variation of NO emissions with
time is shown for experiments 1, 2, 3 and
4. LPG temperature at regulator outlet also increased
continuously increased during these experiments.
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Figure 10. Variation of NOX emission with time for Test-1 and Test-2
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Figure 11. Variation of NOX emission with time for Test-3 and Test-4

In Figure 10 and Figure 11, it was observed that; in first
group experiments, NO emissions increased by about 8%
while LPG temperature at regulator outlet increased from 20
°C to 75 °C; in second group experiments, NO emissions
increased by about 6% while LPG temperature at regulator
outlet increased from 20 °C to 65 °C; in third group
experiments, NO emissions increased by about 6% while
LPG temperature at regulator outlet increased from 20 °C to
68 °C; and in fourth group experiments, NO emissions
increased by about 7% while LPG temperature at regulator
outlet increased from 25 °C to 62 °C [12]. Growth rate in
NO emissions signify a great value for NO emissions emitted
from all SI engines on which an LPG conversion is applied.

4. Conclusion

a. In low speed low load experiments, effective power
remained almost unchanged while LPG temperature at
regulator outlet increased from 20 °C to 75 °C; In low speed
high load experiments, effective power has reduced by about
1.0% while LPG temperature at regulator outlet increased
from 20 °C to 65 °C; In high-speed low load experiments,
effective power has reduced by about 1.0% while LPG
temperature at regulator outlet increased from 20 °C to 68
°C; and In high-speed high load experiments, effective
power has reduced by about 1.85% while LPG temperature
at regulator outlet increased from 25 °C to 62 °C.

b. NO emission, which is a direct function of combustion
temperature, is observed to increase with increased LPG
temperature at regulator outlet. This increase is found to be
at levels of 8%, 6%, 6% and 7% in low speed low load
experiments (first group), low speed high load experiments
(second group), high speed low load experiments (third
group) and high speed high load experiments (fourth group)
respectively.

c. The excessive increase of LPG temperature at regulator
outlet led reduction in engine effective power and a
significant increase in NO emissions.
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