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An experimental investigation for the coolant
temperature effect on the exhaust emissions for a
spark ignition engine fuelled with gasoline and
CNG

Mina B. R. Abaskharon, Fawzy M. H. Ezzat, Ali M. Abd-El-Tawwab, Mohamed R. El-Sharkawy

Abstract— In the present work a comparative assessment has been made for the exhaust emissions of a spark ignition engine fuelled with gasoline
and CNG. The engine under test was operated separately by gasoline or CNG using a conversion switch. The produced hydrocarbon (HC), carbon
monoxide (CO) and carbon dioxide (CO.) of both fuels were measured at coolant temperature of 80°C, 90°C and 100°C.Tests have been conducted at
full and half load operating conditions with a speed range from 1000:5000 rpm. The results showed that reducing the coolant temperature from 100°C to
80°C increased the produced hydrocarbon and carbon dioxide and reduced the carbon monoxide for both fuels at full and half load conditions.

Furthermore, the CNG produced less HC, CO and CO, than the gasoline at full and half load operating conditions.

Index Terms— CNG, Gasoline, Emissions, Hydrocarbon, Carbon monoxide, Carbon dioxide, Coolant temperature, Combustion.

1 INTRODUCTION

Natural gas is a promising alternative fuel to meet strict
engine emission regulations in many countries. Compressed
natural gas (CNG) has long been used in stationary engines,
but the application of CNG as a transport engines fuel has
been considerably advanced over the last decade by the
development of lightweight high-pressure storage cylinders.
Engine conversion technology is well established and suitable
conversion equipment is readily available [1]. M. U. Aslam
and co-workers reported that on average, the retrofitted CNG
engine reduced the CO by around 80%, CO, by 20% and HC
by 50% and increases the NOx emissions by around 33% in
comparison with gasoline engine [2]. M .I. Jahirul et al [3],
studied the exhaust gases released by cars in Malaysia using
liquid fuels and natural gas between 2006 and 2020. It was
found that CNG has much lower emission levels than gasoline
or diesel fuels. The study revealed that from the use of CNG as
motor fuel, the air pollution reduction can be as high as 90%
from passenger cars in Malaysia. Shamekhi et al [4],
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investigated that using the CNG as a fuel reduced the CO and
CO,. CO emissions decreased between 58% and 89% and the
CO; between 0% and 11%. The HC emissions demonstrate
reduction between 37% and 58%. The NOx emissions were the
only ones that increased with the CNG. Exhaust emissions for
a retrofitted CNG engine were measured by How Heoy Geok
et al [5], it was found that emission of pollutant gaseous from
automotive engine was significantly reduced by the use of
CNG with 40-87% reduction of unburned hydrocarbons. The
reduction of CO and CO; emissions were 20-98% and 8-20%
respectively using CNG. M.L Jahirul et al [6], experimentally
studied the performance and exhaust emission on a gasoline
and CNG fuelled retrofitted spark ignition engine. Lower HC
and CO were produced by using the CNG throughout the
speed range. Higher NOx emissions were the main emission
concerned for CNG as automotive fuel. 41% and 38% higher
NOx emissions have been recorded at 50% and 80% throttle
position respectively, compared to that of gasoline. A.
Rehman et al [7] investigated the influence of coolant
temperature on the Performance of a four stroke spark
ignition engine with a dual circuit cooling system. It was
observed that the higher coolant temperature around the
cylinder block decreased the amount of HC due to the
reduced wall quenching effect. Results revealed about 12-15%
reductions in HC emissions. Santhosh Thomas et al [8],
investigated the effect of coolant temperature on the
performance and emissions of naturally aspirated gasoline
engine. Lower coolant temperature increased the CO,
percentage, and decreased the CO percentage emission. But
this advantage was offset by the increase in the total
hydrocarbon emissions. Lowering the coolant temperature has
a slight advantage on the NOx emission. Dashti Mehrnoosh et
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al [9], carried out a thermodynamic cycle simulation of a
conventional four-stroke SI engine using gasoline and CNG
fuels.it was found that the CO,, CO and concentration of HC
were decreased considerably by about 33%, 60% and 53%,
respectively, while NOx concentration increased by 50%. Ajay
K. Singh et al [10], experimentally studied the effect of the
engine coolant temperature on exhaust emission of four stroke
spark ignition multi cylinder engine. The study confirmed that
exhaust emission was a dependent parameter on the engine
coolant temperature. Raising the temperature of coolant in the
engine block can produce significant improvements in the
engine performance with a corresponding reduction in
Hydrocarbon emission. Also lowering the coolant temperature
in the cylinder head increased the knock limit of the engine
with a corresponding reduction in the levels of NOx in
exhaust emissions. Saad Aljamali et al [11], investigated a
comparison of performance and emission of a gasoline engine
fuelled by gasoline and CNG. The emission of NO and NOx of
CNG was lower at the low and high engine speeds. The
emissions of CO, and CO were found less for the CNG
compared to gasoline. In this study, a comparative evaluation
for the emissions of gasoline and CNG fueled engine with
respect to the coolant temperature has been performed.

2 EXPERIMENTAL SETUP

The layout of the experimental setup has been shown in
figure (1). The engine under test was spark ignition engine and

was converted to a bi-fuel (gasoline and CNG) engine at
automotive and tractors engineering department laboratory,
faculty of engineering, Minia University, Egypt. The main
specifications of the test engine were listed in table [1].

Table [1]. Engine specifications

Engine model Hyundai (G4EH)
Engine type Gasoline
Displacement {cm?) 1341
Number of cyvlinder 4
Compression ratio 9.5
Bore (cm) 7.15
Stroke (cm) 8.35
Max.power (Kw/rpm) 61.78/5500
Max.torgue (Nm/rpm) 116.7/3000
Crycle Four
Fuel system Multipoint injection

I

Thermocounles J

Fig.1: Engine test bed

1: CNG cylinder

3: CNG mixer

5: Intake air surge chamber

7: Temperature measurement at the coolant
inlet port

9: Radiator & fan

11: Spark timing advance processor

13: Gasoline vessel with fuel pump

15: Digital tachometer

17: Hydraulic dynamometer

2: CNG regulator

4: Air filter

6: Temperature measurement & controller at the
coolant outlet port

8: Relay for the fan operation

10: Sl engine

12: Conversion switch

14: Exhaust emissions analyzer

16: Water paths for hydraulic dynamometer
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The used CNG kit was the conventional (mixer) kit. The
engine was work separately by gasoline or CNG using a
conversion switch. A hydraulic dynamometer (HPA engine
dynamometer 203) was connected to the engine to measure
the engine load. The specifications of the used gasoline and
CNG were listed in tables (2, 3). Emissions parameter such as
hydrocarbon (HC), Carbon monoxide (CO) and Carbon
dioxide (CO;) were measured using KANE AUTO 4-2 exhaust
gas analyzer.

Table [2]. Gasoline specification [12].

Properties

Research octane

number (MIN) =

Lead content

(MAX) 013 (g1

Existent gum

content (MAX) Sy TR oy

Total Sulphur .05 (% Mass)

(zross heating value 47589 kj'ke
Net heating value 44310 kj'ke
Table [3]. CNG specification [13].
Component Symbaol Value Unit
Nitrogen Nz 6120
Methane CH, 20.038
Ethane C,Hjs 5.1380
Propane CiHs 6260
Iso butane C4Hio 189 Mole (%)
Iso pentane CsHn 068
Hexanes CsHiy 0650
Carbon
o CO; 3.2640
Gross
heating GHV 10258.2 (Btu/ft?)
value
Tisk heatiny NHV 931.58 (Btu/fe)
value

Engine coolant temperature was measured at the inlet and
outlet port between the engine and the radiator. The outlet
Coolant temperature was controlled using a PID temperature
controller (REX-C100) with K type thermocouple. The PID
controller activated the radiator fan to maintain the coolant
temperature at a certain limit, figure (2).
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Figure (2): PID temperature controller diagram

A compression test has been made for the engine before doing
the experiments to determine the engine case and the results
were as follow

Table [4]. Compression test results.
Cylinder number
Cylinder 1
Cylinder 2
Cylinder 3
Cylinder 4

Pressure
195 psi
188 psi
185 psi
190 psi

3 TESTMETHDOLOGY

To determine the optimum condition for the emissions of the
bi-fuel engines three cases were considered in this study. The
first case was the coolant temperature effect on the exhaust
emissions for the gasoline operation. The second case was the
coolant temperature effect on the exhaust emissions for the
CNG operation. The third case was an exhaust emissions
investigation for the both fuels at constant coolant
temperature. The three cases were measured at the full and
half load conditions from 1000:5000 rpm. Speeds over 5000
rpm were avoided for the safety concern

4 RESULTS AND DISSCUSSION

4.1 Gasoline operation emissions at different coolant
temperature.

During this test, engine emissions were measured repeatedly
at coolant temperature of 80°C, 90°C and 100°C at the engine
outlet port. All the temperature accuracies were within +2°C.
Figures 3 to 5 show the effect of the coolant temperature on
the exhaust emissions at the full load condition. It has been
observed that reducing the coolant temperature from 100°C to
80°C increased the amount of hydrocarbons emissions.
Cylinder wall temperature of an engine has a direct relation
with the coolant temperature.
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Fig.3: Hydrocarbon emissions versus engine speed at full load
with gasoline
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Fig.4: carbon monoxide emissions versus engine speed at full
load with gasoline
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Fig.5: carbon dioxide emissions versus engine speed at full
load with gasoline
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So the lower coolant temperature reduced the cylinder wall
temperature and increased the flame quenching effect which
increased the amount of the unburned hydrocarbon [10]. Also
decreasing the coolant temperature from 100°C to 80°C
decreased the carbon monoxides and increasing the carbon
dioxide in the exhaust emissions. This gave an indication of
the more complete combustion with the 80 °C coolant
temperature. Coolant temperature affected on the temperature
of all the engine parts, especially on the intake manifold
because the engine under test has a coolant path in the throttle
body. The lower coolant temperature reduced the intake
manifold temperature and increased the volumetric efficiency
[8], this ensured the profusely presence of the oxygen and
enhanced the oxidation of the carbon monoxide to the carbon
dioxide. Figures (6 to 8) show the effect of the coolant
temperature on the exhaust emissions at half load condition
with gasoline operation
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Fig.6: Hydrocarbon emissions versus engine speed at

half load with gasoline
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Fig.7: carbon monoxide emissions versus engine speed at
half load with gasoline
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It has been detected that reducing the coolant temperature
increased the hydrocarbon in the exhaust emissions because of
increasing of the quench layer at the cylinders walls. Lower
coolant temperature reduced the carbon monoxide and
increased the carbon dioxides because of the higher
volumetric efficiency at lower coolant temperature.
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Fig.8: carbon dioxide emissions versus engine speed at half
load with gasoline

The half load operation condition produced more
hydrocarbon and carbon monoxide than the full load
condition. The carbon dioxide which performed a sign of the
complete combustion has been reduced at half load condition.
So the combustion process tended to be less efficient at half
load condition because of increasing of the residual gases, also
the reduction of the turbulence and swirl which reduced the
mixture homogeneity

4.2 CNG operation emissions at different coolant
temperature.

During this test engine emissions were measured repeatedly
at coolant temperature of 80°C, 90°C and 100°C at the engine
outlet port. All the measurements were within +2°C. Figures
(9 to 11) show the effect of the coolant temperature on the
exhaust emissions at the full load condition.
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Fig.9: Hydrocarbon emissions versus engine speed at full load
with CNG

It has been detected that decreasing the coolant temperature
from 100°C to 80°C increased the hydrocarbon in the exhaust
emissions because of increasing of flame quenching
phenomena at the cylinders walls at the lower coolant
temperature.
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Fig.10: carbon monoxide emissions versus engine speed at full

load with CNG
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Fig.11: carbon dioxide emissions versus engine speed at full
load with CNG

Reducing the coolant temperature reduced the carbon
monoxide and increased the carbon dioxide in the exhaust
emissions. This due to the increasing of the volumetric
efficiency which secured the needed oxygen for the carbon
monoxide oxidation. The design of the CNG reducer also
contributed in the variation of CO and CO; with the coolant
temperature. As the reducer has a path from the engine
coolant circuit to prevent freezing due to the pressure
reduction, the outlet gas properties were more sensitive to the
variation in the coolant temperature especially because the
high molecular distance in the gases. Figures (12 to 14) show
the effect of the coolant temperature on the exhaust emissions
at the half load.
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Fig.14: carbon dioxide emissions versus engine speed at half

load with CNG

It has been observed that reducing the coolant temperature
from 100°C to 80°C increased the hydrocarbon in the exhaust
emissions because the increasing of the quench layer at the
cylinders walls. The higher volumetric efficiency at the lower
coolant temperature decreased the carbon monoxides and
increased the carbon dioxides. Generally, decreasing the load
to the half has a negative effect on the exhaust emissions
because of increasing the residual gas at half load.

Figures (15, 16) show the effect of the coolant temperature on
the exhaust emissions with CNG at the maximum power
(43.91 Kw), 5000 rpm.
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Fig.15: hydrocarbon concentration versus coolant
temperature at 5000 rpm

10
v 9
- 8 -
= 7
é 6 ——CO
e 5
@)
C; 3
oF

0 —— =

75 80 85 90 95 100
Coolant Temperature (°C)

105

Fig.16: CO and CO, concentration versus coolant
temperature at 5000 rpm

A little significant effects were noticed for HC and CO; with
the coolant temperature change, for example HC changed
from 237 ppm at 80°C to 219 ppm at 100°C. CO2 showed a
non-substantial changes as temperature varied from 80°C to
100°C. CO  showed no  variations in  values.
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4.3 CNG emissions compared to gasoline emissions

This section presents a comparative evaluation for the exhaust
emissions of the both fuels at 90°C coolant temperature at the
engine outlet port. Figures (17 to 19) indicate the effect of
using CNG on the exhaust emissions such as hydrocarbon,
carbon monoxide and carbon dioxide in comparison with
gasoline at the full load condition
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Fig.17: Hydrocarbon versus engine speed at full load, 90°C
coolant temperature
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Fig.18: carbon monoxide versus engine speed at full load,
90°C coolant temperature

It has been observed that CNG produced lower hydrocarbon,
carbon monoxide and carbon dioxide emissions throughout
the speed range as compared to gasoline. This is mainly due to
that gaseous fuels such as CNG can form much better
homogenous mixture and tends to more complete combustion
than liquid fuels which require time for complete atomization
and vaporization [6]. CNG also has a better air mixing
characteristic because its molecular weight is less than that for
gasoline [6].
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Fig.19: carbon dioxide versus engine speed at full load, 90°C
coolant temperature

Hydrocarbon concentration was higher at lower engine
speeds and decreased as the engine speed increased because
the turbulence and swirl intensity is a strong function of
engine speed. Increasing the turbulence and swirl enhanced
the rate of evaporation, mixing and combustion [14]. Slightly
reduction of CO with the increasing in engine speed has been
noticed for the same reason. Also the different in hydrogen to
carbon ratio for both fuels (4 for CNG and 2.03 for gasoline)
caused that gasoline produced more CO; than CNG all over
the speed range [15]. The same reason contributed toward the
higher hydrocarbon and CO for the gasoline operation.
Figures (20 to 22) show the exhaust emissions for both fuels at
the half load condition.
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Fig.20: Hydrocarbon versus engine speed at half load, 90°C
coolant temperature

CNG produced less hydrocarbon and carbon monoxide at the
half load for the same previous reasons. Also less carbon
dioxide was produced with CNG at half load.
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Fig.22: carbon dioxide versus engine speed at half load, 90°C
coolant temperature

It has been observed that for both fuels the half load condition
has more hydrocarbon, carbon monoxide and carbon dioxide
than the full load condition. This because the half load was
obtained at different throttle positions less than the wide open
throttle which reduced the initial pressure in the cycle,
turbulent and air-fuel mixing and increased the amount of
residual gases, causing poor combustion at part load. [14]

5. Conclusions

1- For the CNG full load operation, reducing the coolant
temperature from 100°C to 80°C increases the HC by 1.66-
5.39% and CO2 by 2.96-4.77% and reduces the CO by 5.88-
10% throughout the speed range.

2- For the CNG half load operation, reducing the coolant
temperature from 100°C to 80°C increases the HC by 1.96-
5.03% and CO2 by 1.23-4.05% and reduces the CO by 5.55-
5.26% throughout the speed range.

534
3- At the CNG full load operation with 5000 rpm, the lower

HC and CO2 was at 100 °C

4- At full load condition with 90°C coolant temperature,
using the CNG reduces the HC by 42.5-44.56%, CO2 by 37-
39.84% and CO by 91.58-91.66% in comparison with the
gasoline operation throughout the speed range.

5- At half load condition with 90°C coolant temperature,
using the CNG reduces the HC by 45.97-47.86%, CO2 by
35.77-39.44% and CO by 91.2-91.22% in comparison with
the gasoline operation throughout the speed range.
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