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Abstract   The one dimension computational model of a sequential injection engine, which runs on 
compressed natural gas (CNG) with spark ignition, is developed for this study, to simulate the 
performance of gas flow pressure profile, under various speed conditions. The computational model is 
used to simulate and study of the steady state and transient processes of the intake manifold. The 
sequential injection CNG engine model is developed using GT-Power software. The size of this 
model engine is developed from the real diesel engine data and was input into the software's' library. 
The simulation model engine runs with various speeds from 1000 up to 4000 rpm. The simulation 
results of the performance with gas flow pressure, in the intake manifold are collected from two data 
sets; the GT-Post post processing plots for pressure performance versus crank angle, and post 
processing cases RLT for pressure performance versus engine speed. The simulation results of the 
intake manifold and the performance of the gas flow pressure profile, with various engine speed, for 
the CNG sequential injection engine are shown by characters. The Pressure profile of the engine and 
the numerical accuracy of the model is verified and validated by comparing the average total of the 
intake manifold pressure, with the measured intake manifold pressure, of a CNG sequential injection 
engine. The simulation results show that, the conversion of diesel engine to a CNG sequential injection 
engine with spark ignition will increase the pressure performance in the intake manifold of the engine. 
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بـرای شـبيه     (CNG)مدل رياضی يک بعدی موتور جرقه ای انژکتور ترتيبی گاز طبيعی فـشرده شـده                   چکيده

در مـدل رياضـی     . سازی پروفيل فشار جريان گاز در شرايط مختلف سرعت موتور در اين تحقيق بسط داده شد               
دل موتور انژکتور ترتيبـی     م. شود حالت يکنواخت و پروسه شبيه سازی گذرای مانيفلد ورودی در نظر گرفته می            

CNG  به کمک نرم افزارGT-Power اندازه مدل موتور از اطلاعات مربوط به موتور ديزل واقعـی  . بسط داده شد
 ـ ١٠٠٠شبيه سازی مدل موتور در سرعت های مختلف از . استخراج و به نرم افزار داده شد انجـام   ٤٠٠٠ rpmا ت

بـرای تعيـين     GT-Postاز در مانيفلـد ورودی از پـردازش نتـايج           تايج شبيه سازی عملکرد فشار جريان گ ـ      ن. شد
نتايج شبيه  . عملکرد فشار برحسب زاويه ميل لنگ و همچنين عملکرد فشار بر حسب سرعت موتور حاصل شد               

، ويژگی های عملکرد پروفيل فشار جريان گاز مانيفلد ورودی         CNGسازی مانيفلد ورودی موتور انژکتور ترتيبی       
دقت عددی مدل بـا مقايـسه ميـانگين فـشار کـل مانيفلـد ورودی و        .دهد ت سرعت موتور نشان میرا در تغييرا

نتايج شـبيه  . گرفتمورد تاييد قرار  CNGمقادير اندازه گيری شده فشار مانيفلد ورودی در موتور انژکتور ترتيبی   
ز باعث افزايش عملکرد فشار     سو CNG که تبديل موتور ديزل به موتور جرقه ای انژکتور ترتيبی            دادسازی نشان   

 .شود در مانيفلد ورودی موتور می
 

 
1. INTRODUCTION 

 
Environment protection and economical fuel 

consumption seems to be the greatest problem of 
using internal combustion engine today. Gasoline 
and diesel engines are used to generate power for 
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industries and transportations [1-5]. There is an 
increasing need to research and employ new 
technology to design a new engine or its 
components that can use alternative fuels other 
than gasoline and diesel, which will in turn be 
more environmental friendly, high in power and 
efficient in fuel consumption. 
     To link the performance of the internal 
combustion engine theory with the computer 
modeling of the engine thermodynamics, for 
engine simulations is a great challenge, since the 
latter makes the most complete use of the former 
and the use of this model is becoming widespread. 
Engine modeling is a very popular subject, in part 
because of the ranges of possible engine 
configurations, and the variety of alternative 
analytical techniques which can be applied, or sub-
models in overall engine models [1]. Engine 
modeling is a fruitful research area, and as a result 
many universities have produced their own engine 
thermodynamic models, of varying degrees of 
complexity, scope and easy to use. There are also a 
number of fairly comprehensive models developed 
by engineers, which have a wider, more general 
usage with refined inputs and outputs to facilitate 
their usage. Most of these models originated from 
university-developed models [6]. They include 
WAVE from the U.S.A., PROMO from Germany 
and TRANSEG/ICENG/ MERLIN from the U.K. 
[1]. A new code covering completes engine 
systems have emerged recently, that is the GT-
Suite [1]. 
     The steady state and transient simulation of gas 
flow in the intake manifold of sequential injection 
compressed natural gas (CNG) engine uses GT-
Power software. This research focuses on single 
cylinder four strokes sequential injection dedicated 
CNG engine with spark ignition. The aim is to give 
an insight into the engines' intake manifold gas 
flow thermodynamics performance, by using the 
GT-Power simulation model could find how the 
engine model developed and the components 
interacts. 
     The sequential injection CNG engine has an 
injector for each cylinder, so these injectors can 
be placed in close proximity to the cylinder's 
intake port. It also enables fuel to be delivered 
precisely as required to each individual cylinder 
(called sequential) and enables more sophisticated 
technologies such as skip-firing to be used. Skip-

firing is when some cylinders operate and others 
skip. This enables even more efficient use of the 
fuel at low loads, further lowering fuel 
consumption and unburned hydrocarbon 
emissions [7-12]. The gas fuel is usually injected 
at high velocity as one or more jets, through small 
orifices or nozzles at the injector tip, via intake 
port into the combustion chamber. The gas fuel 
mixes at high temperature and high air pressure, 
in cylinder. The air is supplied from intake port of 
the engine. Since the temperature and pressure of 
the air and gas are near the ignition point, thus the 
spark ignites of portions of already-mixed gas 
fuel and after air input a delay period of few 
crank angle degree occurs. The cylinder pressure 
increases as the combustion of gas-air mixture 
occurs [1,12,13]. 
     The major design problem in the combustion 
chamber of a spark ignition CNG engine is, 
achieving sufficiently rapid mixing between the 
injected gas fuel and the air from intake port of the 
cylinder, to complete combustion in the 
appropriate crank angle interval close to top-center 
[8,12,14-17]. Horsepower output of an engine can 
be dramatically improved with a good design and 
manufacturing of the intake port [18]. 
     To determine the condition of the gas flow right 
through the engine is the essence of modeling at 
small time interval. Gas flow condition through the 
engine basically means pressures, temperatures, 
gas composition and mass or energy flow. The 
core of any model is the energy equation for each 
control volume in the engine [1]. The first essential 
item in a model engines' performance, is the 
energy for a control volume, which is derived from 
the first law of thermodynamics and the perfect gas 
law. The first law states that, the rate of change of 
internal energy of the volume from connected gas 
flow, minus any net heat transfer out through the 
volume walls and also minus any work done by the 
control volume gas, against its surroundings as 
shown in Equation 1. 
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Where u is the specific internal energy per unit 
mass of gas in the control volume and there is a 
pipe connected to the control volume, the flow in 
the ith pipe having specific enthalpy hi and mass 
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flow rate mi and negative for outflow. Net heat 
transfer out of the control volume is dQ/dt, M is 
the mass of gas in the control volume at pressure P 
and this gas carries out a net work of its 
surroundings PdV/dt, where dV/dt is the control 
volume’s current rate of change of volume and 
zero for manifold control volume and not for 
cylinder control volume. 
     To determine the flow through a pipe and its 
constriction the orifice equation is needed, in an 
internal combustion engine [1]. The stagnation or 
total temperature Tt at any point in a flow is given 
by Equation 2, 
 

2

2vTpctTpc +=  (2) 

 
Where, Tt is the temperature that the gas flows at 
the velocity v with static temperature T would 
reach if it were brought to rest adiabatically, the 
equation is simply an energy balance, cpT being a 
measure of the static energy, v2/2 the kinetic 
energy and cpTt the total energy or enthalpy. And to 
determine the mach number Ma is using equation 
(3), where c is velocity of sound, γ is equal with 
cp/cv and cp-cv = R.  
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Relationship of total to static temperature is 
obtained using Equation 4 and 5. Then the total 
static pressure equation is shown in Equation 6. 
The total static pressure will increase if the total 
temperature in any point Tt and gas flow velocity v 
is increase. 
 

p2c

2
aγRTM

1
p2c

2v1
T
tT

+=+=  (4) 

 

( )
2

2
aM

1γ1
T
tT

−+=  (5) 

 

1γ
γ

2
aM

2
1γ11γ

γ

T
tT

P
tP −

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −

+=
−

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=  (6) 

2. MATERIALS AND METHODS 
 
The computational modeling of four stroke 
sequential injection CNG engine with spark 
ignition is developed using GT-POWER software, 
based on real engine selected data. According to 
[6,7,15,19,20-24], the specification of the engines 
and intake parameter of diesel engine and CNG 
engine are shown in Table 1. In the GT-POWER 
engine model development, a typical intake 
manifold is modeled using Inport, while engine is 
modeled using EngCylinder and 
EngineCrankTrain, the component objects are the 
Valve*Conn and EngCylConn connection objects 
[25]. 
     The diesel engine converted or designed to run 
on dedicated natural gas engines are optimized for 
the natural gas fuel. They can be derived from 
spark ignition engines or may be designed for this 
purpose. Since Original Equipment Manufacturer 
(OEM) engines are more readily available, the 
practice of converting diesel engines to spark 
ignition CNG engine will continue, which involves 
the replacement of diesel fuelling equipment by a 
gas sequential injection system with the addition of 
an ignition system and spark plugs. 
     For compression ignition engines to be 
converted to spark ignition CNG engine, the 
pistons must be modified to reduce the original 
compression ratio, and a high-energy spark 
ignition system must be fitted. The system is 
suitable for compressed natural gas and is ideally 
suited to sequential injection system, and low 
pressure in-cylinder injection. Gas production 
provides greater precision for the timing and 
quantity of fuel, and should be further developed to 
provide better fuel emission performance [26,27]. 
The computational model is developed in this 
research to investigate the engine performance.  
     The sequential injection CNG engine model 
based on diesel engine converted to CNG engine 
data is shown in Figure 1. In the sequential injection 
CNG engine model an intake pipe and throttle is 
added, then fuel is injected using injector in the 
intake manifold. A typical intake manifold is 
modeled using 9, engine cylinder is modeled using 
11 and engine is modeled using 12, then 
Valve*Conn and EngCylConn connection objects. 9 
is used to define the basic geometry and 
characteristics of intake manifold, 11 and 12 are 
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TABLE 1. Specification the Engine. 
 

Engine and Intake Parameter Diesel Engine CNG Engine 
Bore (mm) 86.0 86.0 

Stroke (mm) 70.0 70.0 
Displacement (cc) 407.0 407.0 
Compression Ratio 20.28 14.5 

Intake Valve Close (CA) 496 496 
Exhaust Valve Open (CA) 191 191 
Intake Valve Open (CA) 361 361 

Exhaust Valve Close (CA) 325 325 
Ignition System Compression Spark 

Fuel System Direct Injection Port Injection 
Fuel Diesel Natural Gas 

Intake Port Diameter in (mm) 40.69 40.69 
Intake Port Diameter out (mm) 32.78 32.78 

Intake Port Length (mm) 55.2 55.2 
Discreatization Length (mm) 34.4 34.4 

 
 
 

 
 

Figure 1. Sequential injection CNG engine model using GT-POWER. 
 
1. Is intake environment, 2. Is intake pipe 1, 3. Is air cleaner, 4. Is intake pipe 2, 5. Is throttle, 6. Is intake pipe 3, 7. Is intake runner, , 8. Is 

fuel injector, 9. Is intake port, 10. Is intake valve, 11. Is engine cylinder, 12. Is engine crank train, 13. Is exhaust valve, 
14. Is exhaust port, 15. Is exhaust runner, 16. Is muffler, 17. Is exhaust pipe and 18. Is exhaust environment. 

Components 1 to 10 are intake system, components 11 to 12 are engine, 
and components 13 to 18 are exhaust system. 

used to define the basic geometry and characteristics 
of engine. These objects further refer to several 
reference objects, for more detailed modeling 
information on such attributes as gas flow 
temperature. Intake manifold is connected to the 

engine cylinder with the Valve*Conn and engine 
cylinder must be connected to the engine with the 
EngCylConn part, which is made of predefined 
object, available in the template library. 
     While Pipe, EngCylConn parts have no user 
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Figure 2. Intake and exhaust valve lift of CNG engine and 
diesel engine. 

defined attributes, the global cylinder number for 
cylinder is assigned by the port number where the 
EngCylConn connection is attached to the engine. 
Cylinder are connected to intake and exhaust ports 
with Valve*Conn connections. Many Valve*Conn 
connection templates are available to define 
different types of valve, port and their 
characteristics. 
     Solver of GT-POWER determines the 
performance of an engine model simulation, based 
on engine speed mode in the EngineCrankTrain 
object [25]. Speed mode is the most commonly 
used mode of engine simulation, especially for 
steady states cases [13,25]. This research imposes 
the engine speed as either constant or by a 
dependency reference object. This method 
typically provides steady-state results very quickly 
because the speed of the engine is imposed from 
the beginning of the simulation, thus eliminating 
the relatively long period of time that a loaded 
engine requires for the crankshaft speed to reach 
steady-state. 
 
 
 

3. RESULTS AND DISCUSSION 
 
The investigation of the four stroke sequential 
injection CNG engine with spark ignition system is 
running in 4 different cases of engine speed for 
GT-Post post processing plot and 7 different cases 
of engine speeds for GT-Post post processing 
casesRLT. For post processing plot, case 1 is 
engine running at 1000 rpm, case 2 is engine 
running at 2000 rpm, case 3 is engine running at 
3000 rpm and case 4 is engine running at 4000 
rpm. GT-Post post processing plot result is the 
intake manifold static pressure versus crank angle 
degree based on engine speed. GT-Post post 
processing casesRLT results are the intake 
manifold pressure, versus engine speed based on 
any speed, engine speeds varies from 1000 rpm-
4000 rpm. 
     Both sequential injection CNG engine spark 
ignition and diesel engine are operated in the same 
valve timing and combustion start. So, the valve 
timing profile of both engines is the same. The 
valve timings' open and close angles data are 
shown in Table 1 and the valve lift profile of both 
engines are shown in Figure 2. In the diesel 

combustion, the fuel injection start is, at-22.0 crank 
angle degree and the combustion start is at-21.1 
crank angle degree. In the sequential injection 
CNG engine, the combustion starts at-21.1 of 
crank angle degree, which is the same as diesel 
engine. Gas fuel is injected during the intake 
strokes and would follow the intake valve lift 
profile, where the gas fuel injection process started 
at 30.4 BTDC, and the injection duration is, at 7.4 
crank angle degrees. 
     The static pressure characteristics in the intake 
manifold pressure profile of four stroke sequential 
injection CNG engine, and simulations results 
from GT-Post post processing plots compared with 
direct injection diesel engine are shown in Figures 
3 and Figure 10.  
     The results from the GT-Post plots investigation 
is focused on the intake manifold static pressure 
with various engine speeds, based on crank angle, 
engine stroke and valve lift. Figures 3 and 6 show 
the static pressure of the diesel engine intake 
manifold and Figures 7 and 10 show the sequential 
injection CNG engines' intake manifold static 
pressure. Figure 3 shows the base of the diesel 
engines' intake manifold static pressure, versus 
crank angle profile at 1000 rpm. Figure 4 shows 
the base of the diesel engines' intake manifold 
static pressure versus crank angle profile at 2000 
rpm. Figure 5 shows the base of the diesel engines' 
intake manifold static pressure versus crank angle 
profile at 3000 rpm and Figure 6 shows the base of  
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Figure 3. Diesel engine intake port static pressure in 1000
rpm. 
 
 
 

 
Figure 4. Diesel engine intake port static pressure in 2000
rpm. 
 
 
 

 
Figure 5. Diesel engine intake port static pressure in 3000
rpm. 

 

the diesel engines' intake manifold static pressure, 
versus crank angle profile at 4000 rpm engine 
speed. Figure 7 shows the sequential injection CNG 
engines' intake manifold static pressure versus crank 
angle profile at 1000 rpm. Figure 8 shows the 
sequential injection CNG engine intake manifold 
static pressure versus crank angle profile at 2000 
rpm. Figure 9 shows the CNG engine intake 
manifold static pressure versus crank angle in 3000 
rpm and Figure 10 shows the sequential injection 
CNG engine intake manifold static pressure versus 
crank angle profile at 4000 rpm engine speed. 
     Figures 3 and 6 show the intake manifold static 
pressure profile versus crank angle profile at 1000-
4000 rpm of the diesel and CNG engines. In this 
speed for both of the engine, nominal static 
pressure in the intake manifold is the most 
extreme, when compression stroke is compared 
with the power and exhaust strokes. The intake 
stroke, started from static pressure when the intake 
valve started to open. The intake valve opened and 
the static pressure extremely increased because 
during the stroke, the cylinder needs to suck the air 
in, to mix with the fuel, for the engine combustion 
to produce power. When the intake valve is closed, 
the static pressure is very low, because in this 
process the gas flow in the intake manifold is crass 
with back static pressure from closed intake valve. 
Then the static pressure lowers in compression 
stroke, when power and exhaust stroke are the 
lowest. 
     The highest static pressure in the intake port, 
during an intake stroke of a diesel engine, is 1.335 
bars, observed at 4000 rpm, as shown in Figure 6. 
This is because of the excellent combustion at the 
said speed, needing most air for the process. The 
minimum static pressure is 0.624 bar, also 
observed at 4000 rpm as a shown in Figure 6 .In 
this investigation the combustion and the intake 
valve lift, closes quickly. Thus the air flow backs 
up and the static pressure from closing of intake 
valve is higher than the other engine speed. 
    At the intake stroke of CNG engine, the highest 
intake manifold static pressure is 1.172 bar 
observed at 4000, as shown in Figure 10. At this 
speed the combustion is excellent, because most of 
the air needed is used in this process. The 
minimum static pressure is 0.85 bar, observed at 
4000 rpm as shown in Figure 10. In this engine 
speed investigation, the combustion and the intake 
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Figure 6. Diesel engine intake port static pressure in 4000
rpm. 
 
 
 

 
Figure 7. CNG engine intake port static pressure in 1000 rpm.
 
 
 

 
Figure 8. CNG engine intake port static pressure in 2000 rpm.

 
 

 
Figure 9. CNG engine intake port static pressure in 3000 rpm.
 
 

 
Figure 10. CNG engine intake port static pressure in 4000 rpm.

 

valve lift and close very quickly so that the air flow 
backs up static pressure from the intake valve and 
closes faster than other lower engine speed. 
     The simulation result from GT-Post post 
processing cases RLT are shown in Figure 11 and 
20. The result is focused on intake manifold 
pressure performance profile, of CNG engine and 
original diesel engine, for any engine speed. 
Figures 11 and 12 show the average inlet and 
outlet pressure in the intake port at 1000-4000 rpm. 
Figures 13 and 14 show the maximum inlet and 
outlet pressure in the intake port at 1000-4000 rpm. 
Figures 15 and 16 show the minimum inlet and 
outlet pressure in the intake port at 1000-4000 rpm. 
Figures 17 and 18 show the pressure amplitude for 
the inlet and outlet, in the intake port at 1000-4000 
rpm. Figures 19 and 20 show the average total inlet  
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Figure 11. Average pressure inlet at intake manifold. 
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Figure 12. Average pressure outlet at intake manifold. 
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Figure 13. Maximum pressure inlet at intake manifold. 
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Figure 14. Maximum pressure outlet at intake manifold. 
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Figure 15. Minimum pressure inlet at intake manifold. 
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Figure 16. Maximum pressure inlet at intake manifold. 
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Figure 17. Pressure amplitude inlet at intake manifold. 
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Figure 18. Pressure amplitude outlet at intake manifold. 
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Figure 19. Average total pressure inlet at intake manifold. 

and outlet pressure in the intake port at 1000-4000 
rpm. 
     Figure 11 shows the average inlet pressure to 
the intake manifold from the intake runner, the 
highest is at 1000 rpm, for both CNG and diesel 
engines. The trend of the average inlet pressure in 
intake manifold both of CNG and diesel engines 
will decrease if the engine speed increases. The 
average inlet pressure at intake manifold of CNG 
engine is higher than diesel. The average outlet 
pressure from the intake manifold to the engine 
cylinder is shown in Figure 12. The lowest average 
outlet pressure is at 4000 rpm for diesel and 2500 
rpm for CNG engines. Average outlet pressure at 
intake manifold of CNG engine is higher than 
diesel. 
     Figure 13 shows that the maximum inlet 
pressure to the intake manifold of the gas flow is 
from the intake runner. The highest value of 
maximum inlet pressure is at 4000 rpm for both of 
CNG and diesel engines. Similarly at the static 
pressure of 4000 rpm the combustion was excellent 
because the engines' cylinder needed most air 
volume for in cylinder combustion process. 
Maximum inlet pressure of CNG engine is lower 
than diesel. Maximum outlet pressure from the 
intake port of the engines' cylinder is shown in 
Figure 14. The maximum outlet pressure is at 4000 
rpm for both CNG and diesel engines. This is 
because at 4000 rpm the combustion is the best, 
because the engine cylinder needed most air 
volume for in cylinder combustion process, 
therefore the engine needs most pressure and 
volume, compared to other speeds. Maximum 
outlet pressure of CNG engine is lower than diesel. 
     Figure 15 shows that the lowest minimum inlet 
pressure to the intake manifold is at 4000 rpm and 
the highest is at 1000 rpm, for both CNG and 
diesel engine. At that engine speed the combustion 
and the intake valve open and close faster. It can 
be pushed by air flow from cylinder and the intake 
valve closes very fast. The backed up air flow 
pressure can reduce the intake inlet pressure to the 
intake manifold. Figure 16 shows the minimum 
outlet pressure from intake manifold, to engine 
cylinder is at its highest, at 1000 rpm and lowest at 
4000 rpm .It is similar to the minimum inlet 
pressure, because at that speed the combustion and 
the intake valve open and close more rapidly. The 
backed up air flow pressure can reduce the intake 
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Figure 20. Average total pressure outlet at intake manifold. 
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Figure 21. Pressure of gas flow at intake manifold. 

outlet pressure from intake manifold to the engine 
cylinder. Minimum pressure inlet/outlet of CNG 
engine is higher than diesel engine. 
     Figures 17 and 18 are show the inlet/outlet 
amplitude pressure at intake manifold. The highest 
nominal for maximum inlet/outlet amplitude are 
shown at 4000 rpm and the lowest at 1000 rpm. 
The gap of CNG and diesel engine inlet and outlet 
amplitude pressure are zero at 1000 rpm, thus 
increasing the engine speed will increase inlet and 
outlet amplitude pressure.  
     Average total pressure is minimum pressure 
added to maximum pressure and then divided by 
two. Average total pressure from the inlet process 
to intake port and outlet process from the intake 
manifold to the engine cylinder is shown in Figures 
19 and 20. Figures 19 and 20 show that, the highest 
average inlet pressure to intake manifold is at 4000 
rpm both for CNG and diesel engines. The lowest 
total average inlet pressure is at 3000 rpm for 
diesel engine and 2000 rpm for CNG engine. The 
total average inlet pressure at intake manifold of 
CNG engine is higher than diesel engine. The 
highest total average outlet pressure from intake 
manifold is at 4000 rpm for both CNG and diesel 
engine .The lowest total average outlet pressure 
from intake manifold is at 3000 rpm for diesel 
engine and 2000 rpm for CNG engine. The total 
average outlet pressure of CNG engine is higher 
than diesel. 
     The pressure of gas flow at the intake manifold 
is the mean average total pressure inlet and outlet. 
Figure 21 shows the pressure of gas flow at intake 
manifold of sequential injection CNG engine 
model, compared with diesel engine. The final 
result shows that the trend of CNG engine model 
with CNG engine developed is equal, and 
increasing engine speed will increase the gas flow 
at intake manifold. The minimum pressure of gas 
flow at the intake manifold is at 2000 rpm and after 
that, by increasing engine speed up to 4000 rpm 
will increase the pressure of gas flow at the intake 
manifold. The intake manifold gas flow pressure of 
CNG engine both, the model and the developed are 
higher than the diesel engine. It means that the 
sequential injector in the intake manifold will 
increase mass flow, thus the effect of increasing 
mass flow increases pressure. Theoretically, to 
increase the CNG engine is to increase the intake 
of gas flow and pressure. 

4. CONCLUSSION 
 
The gas flow pressure in the intake manifold 
versus crank angle and engine speed data, can be 
used to obtain quantitative information, To predict 
the characteristics of the intake port of the gas flow 
pressure, the above information were needed on 
the progress of combustion of CNG engine 
performance and its effect to compare with base 
diesel engine. The performance result shows that 
the static pressure versus crank angle for CNG 
engine is lower than the base diesel engine, and the 
highest intake port static pressure is at 4000 rpm 
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both for CNG and diesel engine. Both maximum 
and minimum inlet/outlet pressure in the intake 
manifold, for CNG engine is lower than diesel. The 
total average inlet and outlet pressure developed in 
the intake manifold of CNG engine model is higher 
than diesel engine, so the use of CNG fuel for 
engine will increase the intake pressure at the 
intake port of the engine. The model performance 
is higher than the other, because in model the 
ambient effect is zero, but in the real engine it will 
have nominal effect. Increasing gas flow pressure 
in intake manifold is caused by the development of 
gas fuel sequential injector in the intake manifold 
of sequential injection CNG engine, the effect is 
the increase of mass flow and pressure in the 
intake manifold. In diesel engines using direct 
injection causes the combustion duration to be 
shorter after the injection starts. In CNG engine 
combustion is delayed because the injection 
duration of sequential injection CNG fuel, takes 
longer time in the early stages of the intake stroke 
compared with direct injection diesel fuel at the 
end stage of its compression stroke. 
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