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Abstract
CAMPRO engine is a basic Double Overhead Camshaft (DOHC) which has a capacity of 1597 cc and 
installed with a total of 16 valves developed by Malaysian car manufacturer PROTON. The name 
CAMPRO is derived from its key design feature of the CAM PROFILE. Despite the low fuel consumption 
and good torque distribution, the engine still requires a lot of improvement to be made. That is why the 
CPS (Cam Profile Switching) is incorporated in the newer model of the CAMPRO as a solution to the 
previous CAMPRO problems. Improvement also can be done on the engine fuel consumption. The objective 
of this paper is to find the effect of swirl on the engine and compare it to the normal turbulence mixing 
process. The swirl effect analysis is done by using the GT-SUITE which has a standard swirl flow 
embedded in the software. The effect is simulated on the GT-SUITE and it is found that the swirl affects the 
engine in reducing the fuel consumption and increasing the volumetric efficiency. 

1. Introduction
The main objective of this work is to investigate 
the effect of swirl on Proton’s CAMPRO Engine 
Model 1.6 L with a view to increase the engines 
capability to burn in a lean mixture during 
combustion and minimize its fuel consumption 
while comparing it with the normal turbulence at 
standard condition.  The CAMPRO Engine is 
the first ever engine developed by Proton in 
collaboration with Lotus.  

The CAMPRO engine is a basic Double 
Overhead Camshaft (DOHC) 4-cylinder engine 
which has a capacity of 1597 cc. It operated with 
of 4 valves on each cylinder and has a total of 16 
valves altogether. The bore and stroke 
dimensions of each cylinder is 76 mm and 88 
mm respectively. It is claimed to produce 110 
bhp (82 kW) @ 6500 RPM of horsepower and 
148 Nm of torque[1].  

PROTON had currently come out with a 
new version of the CAMPRO engine which is 
the Cam Profile Switching (CPS) and Variable 
Intake Manifold (VIM) technologies. The 
CAMPRO CPS works similar with any other 
variable valve timing technology such as in 
Honda’s VTEC and Toyota’s VVTi. The VIM 
technology has dual length intake runner in the 
intake system.  

The main objective of this work is to 
perform an extensive investigation of the swirl 
effect on CAMPRO engine using GT-Power – a 
solver of GT-Suite. GT-SUITE is an integrated 
set of computer-aided engineering (CAE) tools 
developed by Gamma Technologies, Inc. to 
address engine and power train design [2]. These 
tools are contained in a single executable form 
which is essential to its use in "Integrated 
Simulations". GT-SUITE comprised of six 
solvers (GT-Power, GT-Drive, GT-Vtrain, GT-
Cool, GT-Fuel, and GT-Crank), a model-
building interface (GT-ISE), a powerful post-
processing package (GT-POST), and a 
collection of supporting tools [3]. The solvers of 
GT SUITE are: 
1. GT POWER – Engine simulation for 

performance and acoustics analysis. 
2. GT DRIVE – Vehicle performance and 

cycle analysis for fuel economy and 
emissions and driveline components 
dynamics. 

3. GT VALVE TRAIN – Valve train 
kinematics, dynamics and tribology, 
camshaft vibrations, cam design. 

4. GT FUEL – Injection system pressure and 
flow dynamics, hydraulic system analysis. 

5. GT COOL – Engine heat management and 
cooling system analysis. 
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6. GT CRANK – crankshaft dynamics and 
torsional vibrations, engine balance, block 
vibrations, mounts, bearing oil films 

7. GT POST – viewing the results of the 
simulation and customizing plots. 
GT-ISE provides the user with the graphical 

user interface (GUI) that is used to build models 
as well as the means to run all GT-SUITE 
applications. Swirl is the rotational flow of 
charge within the cylinder about its axis [4]. 
Swirl is usually defined as organized rotation of 
the charge about the cylinder axis. Swirl is 
created by bringing the intake flow into the 
cylinder with an initial angular momentum. 
While some decay in swirl due to friction occurs 
during the engine cycle. Intake generated swirl 
usually persists through the compression, 
combustion, and expansion process. An engine 
with bowl-in-piston combustion chambers, the 
rotation motion set up during intake is 
substantially modified during compression. 
Swirl is used in diesels and some stratified-
charge engine concepts to promote more rapid 
mixing between the inducted air charge and the 
injected fuel. Swirl is also used to speed up the 
combustion processing in spark-ignition 
engines. In two–stroke engines it is used to 
improve scavenging. In some designs of pre-
chamber engines, organized rotation about the 
pre-chamber axis is also called swirl. In the 
engine where swirl within the pre-combustion 
chamber is important, the flow into the pre-
chamber during the compression process creates 
the rotating flow. 

There are two general ways of producing 
swirl during the induction process. Firstly, the 
flow is discharged into the cylinder tangentially 
towards the cylinder wall, where it is deflected 
sideways and downward in a swirling motion. In 
the other one, the swirl is largely generated 
within the inlet port: the flow is forced to rotate 
about the valve axis before it enters the cylinder. 
The former type of motion is achieved by 
forcing the flow distribution around the 
circumference of the inlet valve to be non-
uniform, so that the inlet flow has a substantial 
net angular momentum about the cylinder axis. 
The directed port and the deflector wall port are 
two common ways of achieving this result. The 
directed port brings the flow toward the valve 
opening in the desired tangential direction. Its 
passage is straight, which due to other cylinder 
head requirements restricts the flow area and  
results in a relatively low discharge coefficient. 
The deflector wall port uses the port inner side 

wall to force the flow preferentially through the 
outer periphery of the valve opening, in a 
tangential direction. Since only one wall is used 
to obtain a directional effect, the port areas are 
less restrictive. 
2. Simulation using GT-SUITE 
A GT-Model is created to model the CAMPRO 
engine. The model data were referred from 
PROTON Power train department database [1]. 
Due to insufficient information, some data were 
taken from default value [2]. Fig. 1 shows the 
model of the CAMPRO in GT Power. 

The design processes of the engine is as 
follows:
1. The inlet and outlet boundary conditions is 

described by setting the EndEnvironment 
object.

2. The intake and exhaust runner is created 
using pipe object. 

3. The FStateInit template object is referred to 
the init object. It is the initial conditions for 
the pipe object at the start of the simulation. 

4. Intake and exhaust ports are created using 
the pipe object. The created objects are 
cloned to create the other ports.

5. The cylinder is created using the 
EngCylinder object. The cylinder geometry 
is set in the Cylinder Geometry Object under 
the name of geom.  

6. Cylinder wall attributes are defined in the 
twal object under EngCylTWall template. 

7. Cylinder heat transfer attributes are defined 
in the htr object under EngCylHeatTr 
template. 

8. Cylinder combustion attributes are defined 
in the comb object under 
EngCylCombSIWiebe template. 

9. Cylinder Flow attributes are defined in the 
swl object under EngCylFlow template to 
create the swirling flow. Notice that the 
EngCylHeatTr’s Heat Transfer Model is set 
to “Flow” 

10. Fuel injection attributes are defined in the si-
inject object under InjAFSeqConn template. 

11. The cranktrain is created using the 
cranktrain object under the 
EngineCrankTrain template. 

12. The friction attributes are defined. The 
friction object in the cranktrain main tab is 
named friction.  

13. The parts are connected by creating links 
between each of them. 
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14. Then the components are cloned to produce 
a 4 cylinder model. 

15.  After the model is built, the simulation is 
run.

16. GT-Post is opened for result analysis. 

Fig.1. CAMPRO model in GT Power 
3. Swirl Adapter 
The swirl adapter is theoretically placed inside 
the intake port of the CamPro Engine Model. 
The Adapter angle is set to 45o to force the 
charge to bounce off the wall of the port to 
create swirl. Notice that the adapter can be 
turned to see the effective angle to direct the 
charge. Since the inside of the CAMPRO intake 
port is round and is considered as directed intake 
port the charge should not have any problem in 
swirling.

The fabrication of the swirl adapter will be 
done in the experimental investigation. The 
design of the adapter is shown in Fig. 2 and the 
adapter placement is shown in Fig. 3. 

4. Discussion and Analysis 
The simulation data obtained from GT-SUITE 
are compiled and analyzed. The data are 
obtained for both the Swirl CAMPRO Model 
and the Normal CAMPRO Model. Most of the 
data are gained from the cylinder 2. Fig. 4 shows 
that the swirl is generated in the initial part of 
the engine speed. It starts off with 7.017 x 10-14
and gradually decreases. When the speed 
reaches 1500 RPM the swirl is completely gone 
since at higher speed the swirl process is not 
significant. While in Fig. 5 as expected there is 
no swirl generation as the mixing process totally 
depended on normal turbulence only. 
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Fig. 2.  Swirl Adapter 
Fig. 6 shows the comparison of volumetric 
efficiency with the swirl and the normal 
CAMPRO model. The volumetric efficiency of 
the swirl engine has increased due to the 
increase of mass flow into the intake port as the 
swirl effect is taking place. Volumetric 
efficiency is the effectiveness of an engine 
intake or induction system [5]. An engine may 
reach up to 100% volumetric efficiency with a 
good intake system. A typical engine’s 
volumetric efficiency may vary from 80% to 
90%. An engine with higher efficiency indicates 
that the engine is effectively consumed most of 
the air supplied by the intake system [6]. The 
specific fuel consumption shows the 
effectiveness of an engine using the fuel 
supplied to produce work [7]. From the figures 7 
and 8, it can be deduced that the specific fuel 
consumption of the swirl is lower than the 
normal CAMPRO model. The Swirl effect 
shows that it has lower fuel consumption i.e., 

more fuel economy than the Normal CAMPRO. 
Even in higher RPM the figures show that the 
swirl model saves more fuel than the normal 
model. 

Fig. 3. Swirl Adapter Placement 

Swirl adapter 
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Fig. 4. Swirl Campro: Swirl versus Engine Speed Fig. 5. Normal Campro: Swirl versus Engine 
speed

Fig. 6. Comparison of volumetric efficiency 

Fig. 7. CamPro: Indicated Specific Fuel 
Consumption versus Engine Speed 

Fig. 8. Normal CamPro: Indicated Specific Fuel 
Consumption versus Engine Speed

5. Conclusion 
Investigation of the swirl effect on Model 
CAMPRO Engine is performed and the result is 
compared with the normal engine. The effect of 
swirl in comparison to turbulence shows an 
increase of the volumetric efficiency. It also 
shows a decrease of the specific fuel 
consumption. 
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