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Engine performance and fuel efficiency are very important in a motor vehicle, so many studies aim to improve the 
performance of motor vehicles. The Intake Manifold Spacer (IMS) is placed on the intake manifold channel before 
the air and fuel mixture enters the combustion chamber, while the Cyclonic Air Injector (CAI) is placed on the air 
channel that will enter the carburettor chamber. With the addition of IMS and CAI, it is expected to increase the 
homogeneity of the fuel-air mixture and provide a turbulent flow effect (swirling) on the air entering the carburettor 
and the air-fuel mixture entering the combustion chamber. The method used in this study is to manufacture IMS and 
CAI with variations in the number of blades: 3 and 4 and the angle of inclination of the blades 35o and 45o. Testing 
was conducted on a 110cc 4-stroke motorcycle, where a dyno test was used to determine power, torque, and fuel 
consumption. The results of this study show that the addition of IMS and CAI can improve performance and increase 
fuel efficiency compared to standard motor vehicle conditions. The largest increase in motor power was in the 
variation of adding IMS and CAI with 4 blades and a blade angle of 35o, which was 3.9%. Meanwhile, the maximum 
torque increased by 3.9 in the variation of adding IMS and CAI with 4 blades and a blade angle of 45o. Fuel 
consumption also experienced savings or decreased compared to the standard conditions of all test variations. The 
highest efficiency of 9.36% occurred in the variation of adding IMS. Based on this research, it can be one of the 
considerations to improve the performance of combustion engines for the automotive industry. It can also serve as a 
reference for other researchers who wish to conduct research on combustion engine performance. 
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HIGHLIGHTS 

− Developed and tested IMS and CAI devices on a 110cc 4-stroke motorcycle. 
− Blade numbers (3 and 4) and angles (35° and 45°) significantly influenced airflow dynamics. 
− The combined IMS and CAI setup improved engine power by up to 3.9%. 
− Maximum torque increased by 3.88% with a 4-blade, 45° CAI configuration. 
− Fuel consumption decreased by up to 15.47%, indicating higher fuel efficiency. 

NOMENCLATURE  

Symbol/Term Description 
IMS  Intake Manifold Spacer  
CAI  Cyclonic Air Injector  
RPM  Revolutions Per Minute  
HP  Horsepower  
Nm  Newton-meter  
SFC  Specific Fuel Consumption (kg/hour.HP) 
b  Volume of fuel used in a test (l) 
ρbb  Fuel density (kg/l) 
mbb  Fuel consumption mass (kg/hour) 
T  Torque (kg·m)  
P  Engine power output (HP) 
n  Engine shaft rotation (RPM) 

1 Introduction 

Motorcycles are one of the most popular vehicles for the community due to their efficiency and relatively low prices. 
Along with the increasing demand for motorcycles, many companies are competing to increase the level of 
motorcycle specifications to attract consumers to buy their products. Fuel efficiency and good engine performance 
are still the most important factors for a motorcycle. 
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Installing a turbocyclone can be a solution to overcome fuel consumption and improve efficiency with good engine 
performance, as it creates a swirling or rotating air flow entering the carburetor and combustion chamber [1,2]. 
According to the simulation, the design and application of turbocyclones and manifold spacers can significantly 
improve the performance of small-capacity motorcycles, potentially leading to better fuel efficiency and reduced 
emissions [3,4]. Optimizing the swirl ratio in a compression ignition engine is crucial for achieving better engine 
performance, including improved combustion efficiency and reduced emissions [7]. Complete combustion can 
improve engine performance and fuel efficiency [8]. One of the conditions for complete combustion is a homogeneous 
fuel-air mixture entering the combustion chamber [9,10]. The study about modification of intake manifold [11,12] 
indicates that commercial codes can be used to investigate different configurations of internal combustion engines' 
intake manifolds, and that simple modifications to the manifold geometry can lead to significant improvements in 
engine performance [13,14]. 
The research about the influence of the number of blades on the turbocyclone shows that the 4-blade turbo cyclone 
and IMS are the most effective variations for increasing the torque and power of the 100cc motorcycle, indicating 
that the number of blades in the turbo cyclone influences the engine's performance [15,16]. A curved diffuser helps 
increase static pressure by reducing gas lift and flow resistance. The pressure shape becomes concave, influenced 
by both suction and driving fluid pressures [17]. 
Therefore, research on the effect of adding equipment that causes the airflow entering the carburetor to rotate or the 
mixture of fuel and air that will enter the combustion chamber to be more homogeneous is still needed. Furthermore, 
research that applies to a cyclonic air injector (CAI) and intake manifold spacer (IMS) with variations in the number 
of blades and variations in the angle of inclination of the blades is expected to improve the performance and fuel 
efficiency of 4-stroke motor vehicles.  
The novelty of this research is the combined installation of the Intake Manifold Spacer (IMS) and the Cyclonic Air 
Injector (CAI) with variations in blade number (3 and 4) and angle (35° and 45°) to create optimal turbulence and 
improve the homogeneity of the air-fuel mixture, resulting in increased power, torque, and fuel efficiency in a 110cc 
motorcycle engine. 

2 Materials and methods 

This research methodology is divided into three stages: modeling, manufacturing, and testing. In the modeling stage, 
(CAI) and (IMS) are developed. CAI is created with variations in blade angles, such as 35o and 45o, with 3 or 4 blades. 
Similarly, IMS modeling involves the design of 24 grooves to enhance functionality. These grooves can be 
strategically placed to optimize engine performance and fuel efficiency. 

 
Fig. 1. Design of CAI 3 blades 

 
Fig. 2. Design of CAI 4 blades 
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Fig. 3. Design of IMS 

The final stage is testing the performance of the motorcycle by using additional CAI and IMS, comparing it to the 
standard condition. This test measures the power, torque, and fuel consumption by comparing the engine speed 
(RPM). 
Finally, the testing stage evaluates the performance and functionality of the manufactured CAI and IMS systems. 
Various tests are conducted to ensure the systems meet the desired specifications and operate effectively. Overall, 
this research methodology encompasses a comprehensive approach to developing and accessing CAI and IMS 
systems for optimal performance. 

                
Fig. 4. CAI and IMS installed on the motorcycle 

 
Fig. 5. Setup testing the performance of the motorcycle using dyno test 

CA
 

IMS 
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The motorcycle specifications are: Engine type: 4-stroke, SOHC with Engine Capacity: 109.1cc (110), compression 
ratio: 9.0:1, maximum power: 8.46 PS (8.34 HP) @7500 RPM and maximum torque: 0.86 kgm (8.43 Nm) @5500 
RPM. 
Torque (T) 
Torque is the rotational force generated when the piston moves downward during the engine's operation, leading to 
the rotation of the crankshaft via the piston rod. The amount of torque produced increases with the pressure exerted 
on the piston. Therefore, higher combustion pressure results in more torque. Typically, torque in engines is measured 
using a dynamometer, which can also measure power simultaneously through the dynamometer equation. 

T = 4500P
2πn

      (1) 

Where T is the torque moment of the object (kg.m), P is power (HP) and n is engine shaft rotation (RPM) 
Power (P) 
Power is the amount of motor work per unit time. Power on a motorbike can be measured using a tool known as a 
dynamometer, with power units expressed in hp (horsepower) 

P = 4500T
2πn

      (2) 

Where P is power (HP), T is torque (kg.m) and n is engine shaft rotation (RPM) 
Specific Fuel Consumption (SFC) 
Specific fuel consumption is the amount of fuel needed to burn each hour to produce one unit of power. This specific 
fuel consumption calculation is used to determine the amount of fuel needed to produce power in a certain time. If 
the power is in kW units and the fuel mass flow rate is in kg/hour then the specific fuel consumption can be formulated: 

SFC = mbb
P

       (3) 

mbb = b
t

+ 3600
1000

ρbb       (4) 

Where SFC is specific fuel consumption (kg/hour.HP), mbb is fuel consumption (kg/hour), b is weight volume (MI) t is 
burette empty time (s) and ρbb is fuel density (kg/l). 

3 Result and discussion 
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Fig. 6. Comparison between power, torque, and engine rotation 

As can be seen in Fig. 6 above, according to the test results with 6 test variations, the comparison between power 
(HP), torque (Nm) and engine speed (RPM). Fig. 4.a shows the basic performance of the engine in its standard 
configuration. However, the optimal combination of power and torque occurs at engine speeds of 5000-5500 RPM. 
As can be seen in Fig. 6.a, the maximum power produced is 7.7 HP at 6250 RPM, and the maximum torque produced 
is 9.81 Nm at 4,750 RPM. Compared to the specifications issued by the motor vehicle manufacturer, the standard 
conditions of this test show that the maximum power that can be produced is 8.34 HP at 7500 RPM and the maximum 
torque is 8.43 Nm at 5500 RPM. This indicates that the condition of the vehicle is still normal and meets the 
requirements for testing. This indicates that the condition of the vehicle is still normal and meets the requirements for 
testing. according to Fig. 6.b above, by adding the intake manifold spacer (IMS) reached the maximum power reached 
7.8 HP and the maximum torque reached 9.87 Nm. This shows an increase in maximum power of 1.3% and maximum 
torque of 0.6% compared to standard conditions. Although the results are not significant, the addition of IMS can 
improve the performance of the motor vehicle. 
In the variation of IMS and CAI addition with the number of blades 3 and a blade inclination of 35o as shown in Fig. 
6.c, a maximum power of 7.8 HP and a maximum torque of 9.91 Nm were obtained. When compared to standard 
conditions, there was an increase in power of 1.3% (the same as with only the addition of IMS) while the torque 
increased by 1.01%. This shows an increase compared to the variation with IMS addition alone. While in the graph 
on Fig. 6d, where the variation of the addition of IMS and CAI with the number of blades is 3 and the blade angle 
inclination of 45o, an increase in power of 2.6% and torque of 2.03% was obtained. 
As seen in Fig. 6.e, the variation of IMS and CAI addition with the number of blades 4 with a blade inclination of 35o 
obtained a maximum power increase of 3.9% and the maximum torque also increased by 2.02%, while in the last 
variation, where the addition of IMS and CAI with the number of blades 4 with a blade inclination of 45o as seen in 
Fig. 6. if there was an increase in power of 2.6%, while torque experienced a significant increase of 3.8%. 

 
Fig. 7. Comparison of power (HP) generated from various test variations 
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Fig. 7 shows the relationship between engine speed (RPM) and power (HP) in various test variations, where all test 
variations show maximum power and maximum torque, followed by a decrease as the engine speed continues to 
increase. Various configurations involving the addition of IMS + CAI generally produce greater power than the 
standard condition, and even the addition of IMS alone, especially at mid-range RPM. The number and angle of 
certain blades affect the power curve, with some variations performing better at specific RPM ranges. This graph 
concludes that the combination of IMS + CAI generally improves performance over standard conditions, with the best 
variation depending on the targeted RPM range. The maximum power for each variation occurs near the peak of its 
respective curve. Visually, it can be seen that the highest power is obtained from the variation of IMS + CAI 3 blades 
and a blade pitch angle of 45o and IMS + CAI 4 blades 35o, which reaches a maximum power of 8 HP. 

 
Fig. 8. Comparison of Torque (Nm) generated from various test variations 

In the graph of Fig. 8 which shows the relationship between engine rotation speed (RPM) and torque (Nm) in various 
test variations. The main conclusion from the graph is that the addition of IMS and CAI can increase engine torque 
compared to standard conditions. The highest torque occurs in the addition of IMS + CAI with 4 blades and a 45o tilt 
angle, with the highest torque of 10.18 Nm. 

 
Fig. 9. Comparison of fuel consumption at various engine speeds and test variations 

Fig. 9 shows the average fuel consumption diagrams in kg/h for different engine configurations and RPM. The 
independent variables are engine configuration (Standard, IMS, IMS+CAI 3 blades 35o, IMS+CAI 3 blades 45o, 
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IMS+CAI 4 blades 35o, and IMS+CAI 3 blades 45o) and engine speed (4000 RPM, 5000 RPM, and 6000 RPM). For 
all test variations, fuel consumption increases with higher RPM. The standard engine configuration consistently 
shows the highest fuel consumption at all RPMs. Applying IMS alone reduces fuel consumption compared to the 
standard engine. Adding CAI further reduces fuel consumption compared to IMS alone. Among the CAI 
configurations, 3 blades and 35o blade pitch generally show the lowest fuel consumption, especially at 4000 and 
5000 RPM. The IMS+CAI test variations showed a significant improvement in fuel efficiency compared to the 
standard and IMS-only setups. The number of blades and the specific CAI angle affected fuel consumption, with 3 
blades and a 35o blade pitch generally performing the best. This suggests that optimizing the CAI design can yield 
significant fuel savings. 

4 Conclusions 

Based on the research and analysis that has been done previously about the effect of variations of the CAI and IMS, 
it can be concluded: 

1. The addition of IMS and CAI can improve motorcycle performance, with both maximum power and maximum 
torque increasing, and there is an increase in fuel efficiency across all test variations. 

2. The largest increase in maximum power occurs in the variation of the addition of IMS and CAI 4 blades with 
an angle of 35o, which is 3.9% compared to standard conditions. 

3. The largest increase in maximum torque occurs in the variation of the addition of IMS and CAI 4 blades with 
an angle of 45o, which is 3.88% compared to standard conditions. 

4. The largest fuel efficiency improvement is 15.47% in the variation with the addition of IMS. 
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