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ABSTRACT 

In this era the need for conventional energy is always increasing every year, some 
researchers predict future energy crisis related to conventional fuel oil due to always 
increasing human needs. The main obstacle to the ever-binding costs and emissions from 
toxic exhaust gases is that researchers are now beginning to look for alternative fuels. 
Due to the fact that in this research, the modification of Yanmar TF 85 MH-DI with 
addition of Compressed Natural Gas (CNG) as an alternative fuel to reduce fuel oil 
consumption on conventional oil. In this research use two method simulation and 
experiment. In the simulation, improvisation of the piston by varying the compression 
ratio (CR) aimed to see the best performance of Yanmar TF 85 MH-DI with addition of 
CNG. In the CR selection process is done simulation with GT-Power. The CR difference 
is obtained by modifying the piston shape. The best results of the simulations occur at 
CR 1:16 by looking at torque, power and specific fuel oil consumption (sfoc). 
Furthermore, during the experiment stage, performance testing is done by comparing 
power, torque, sfoc and specific energy consumption (sec). Performance testing is done 
by comparing CR 1:18 with CR 1:16. Not only that, at this stage the fuel variation is done 
with Pertamina Dex + 1L / min CNG, Pertamina Dex + 2L / min CNG and Pertamina 
Dex + 3 L / min CNG. In experiment this time does not reduce the injection of Pertamina 
Dex so the injection remains at 100%. Because injection fuel on this engine still works 
mechanically so it is difficult to do the amount of Pertamina Dex injection on the 
combustion chamber. From experiment result increase of torque and power at CR 1:16 
with Pertamina Dex + 1L / min. The lowest sfoc of CR 1:16 occurs at 2200 rpm and the 
lowest sec of CR 1:16 occurs at rpm 2000 with Pertamina Dex + 2L / min CNG. 
 
Keywords:  Compressed Natural Gas, Compression Ratio, Engine Performance, 

Modification, Improve Piston. 
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ABSTRAK 

Pada era ini kebutuhan akan energi konvensional selalu meningkat pada setiap tahunnya, 
beberapa peneliti dunia memprediksi akan terjadi krisis energi dimasa mendatang terkait 
bahan bakar minyak konvensional dikarenakan selalu meningkatnya kebutuhan manusia. 
Kendala utama terjadi pada biaya yang selalu menikat serta emisi dari gas buang yang 
beracun membuat para ahli saat ini mulai mencari bahan bakar alternatif. Dikarenakan 
hal tersebut pada penelitian kali ini dilakukan modifikasi mesin Yanmar TF 85 MH-DI 
dengan penambahan Compressed Natural Gas (CNG) sebagai alternatif untuk 
mengurangi konsumsi bahan bakar dengan minyak konvensional. Dalam penelitian kali 
ini menggunakan dua metode yaitu simulasi dan eksperimen. Pada tahap simulasi 
dilakukan improvisasi pada piston dengan memvariasikan kompresi rasio (CR) yang 
bertujuan untuk melihat performa terbaik dari mesin Yanmar TF 85 MH-DI dengan 
penambahan CNG. Pada proses pemilihan CR dilakukan simulasi dengan GT-Power. 
Perbedaan CR didapatkan dengan memodifikasi bentuk piston. Hasil terbaik dari 
simulasi terjadi pada CR 1:16 dengan melihat torsi, daya dan specific fuel oil consumption 
(sfoc). Selanjutnya pada tahap eskperimen dilakukan pengujian performa dengan 
membandingkan daya, torsi, sfoc dan spesific energy consumption (sec). Pengujian 
performa dilakukan dengan membandingan CR 1:18 dengan CR 1:16. Tidak hanya itu, 
pada tahap ini dilakukan variasi bahan bakar dengan komposisi Pertamina Dex + 1L/min 
CNG, Pertamina Dex + 2L/min CNG dan Pertamina Dex + 3 L/min CNG. Pada 
eksperimen kali ini tidak mengurangi jumlah bahan bakar Pertamina Dex sehingga 
penyemprotannya tetap pada 100%. Dikarenakan penyemprotan bahan bakar pada mesin 
ini masih bekerja secara mekanik sehingga sulit dilakukan pengaturan jumlah Pertamina 
Dex yang disemprotkan pada ruang bakar. Dari hasil eskperimen meningkatnya torsi dan 
daya pada CR 1:16 dengan bahan bakar Pertamina Dex + 1L/min. Sfoc terendah dari CR 
1:16 terjadi saat rpm 2200 dan sec terendah dari CR 1:16 terjadi saat rpm 2000 dengan 
Pertamina Dex + 2L/min CNG. 
 
Kata kunci:  Compressed Natural Gas, Compression Ratio, Engine Performance, 

Modification, Improve Piston.  
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CHAPTER I 

INTRODUCTION 

I.1 Background 
 

Based on the current condition, researchers predicted future energy crises 
associated with conventional fuel oil with increasing human needs, costs, and toxic 
emissions make experts start looking for alternative fuel. One of them is an alternative 
clean and non-pollution gas for the engine currently under development. The 
emissions-related regulations on current diesel engines are very tight, especially at. 
Because the demand of Compress Natural Gas (CNG) to be developed. The potential 
generated for particulate emissions and NOx is low. The best way to control diesel 
fuel diesel engines and dual fuel diesel fuel and CNG is one of them (Zheng et all., 
2008) 

Dual fuel engines are conventional diesel engines that burn gas or diesel fuel or 
both at the same time. The operating method is defined with straight diesel fuel if 
diesel oil and dual fuel are used at the same time. In dual fuel operation, the fuel gas 
is mixed with clean air entering through the air intake and the mixture is then 
compressed during the compression stroke. Toward the end of compression stroke, 
diesel fuel is injected. After a short ignition delay the combustion of diesel occurs 
first, igniting the natural gas and the flame propagation begins resulted the power 
stroke. The Injection of gas together with intake air resulted in its own 
thermodynamic and chemical properties of mixing within the cylinder. Thus, dual 
fuel combustion has its own characteristics on the performance and emissions of dual 
fuel diesel engines. The diesel fuel which acts as a source of ignition is often referred 
to as pilot diesel. The quantity of pilot diesel and concentration of CNG in the intake 
air have important effects on the performance and emissions of a dual fuel engine. 

In this thesis, an optimization of compression ratio (CR) on diesel engine with 
dual fuel (diesel oil-CNG) to find the best performance and emission on dual fuel 
engine. Theoretically increasing the CR of a machine can improve the overall 
efficiency of the engine by generating more power output. Indeed, to improve CR, 
there are many aspects about the operation of the machine that must be considered to 
check the compatibility of the part. 

I.2 Statement of Problem 
Based on the description above the problems of this thesis are: 

1. How to find the optimum compression ratio based on the resulted of 
simulation 
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2. How to know the optimum engine performance based on the simulation 
compression ratio as evidenced by the experiment 

I.3 Research Objective 
The objectives of this thesis are: 

1. To find the best result from variation of compression ratio on engine 
performance with simulation 

2. To prove the optimum compression ratio based on the result of the simulation 
on dual fuel engine performance 

I.4 Research Limitation 
The limitation of this thesis is: 

1. This thesis is focusing on engine performance with different compression 
ratio 

2. The engine that used for the experiment is a Yanmar TF 85 MH-DI one-
cylinder engine 

I.5 Research Benefit 
The benefits of this thesis is: 
The optimum Yanmar TF 85 MH-DI with CNG engine performance based on 
compression ratio.
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CHAPTER II 

LITERATURE REVIEW 

II. 1 Diesel Engine 
 

The combustion process of a diesel engine starts when fuel is injected into 
the cylinder at the end of compression stroke. During the compression stroke, pure 
air is compressed with a high compression ratio, heating the gas above the diesel self-
ignition temperature. A small amount of diesel fuel is injected and ignited in the high 
temperature air. Just after the ignition and before the combustion occurs, a short 
ignition delay exists followed by a sudden and rapid rise in cylinder pressure known 
as the premixed combustion phase. CI diesel combustion on the typical heat-release 
diagram in Figure 2.1 and the in-cylinder pressure diagram, p-θ in Figure 2.2. The 
AB phase is the ignition delay period. This ignition delay is determined from the 
change in slope on the p-θ diagram. This data is from a pump-line-injector mechanical 
system, as opposed to a high pressure common rail system. The BC phase is described 
as a premixed or rapid combustion phase. In this phase, the heat release rate has a 
high peak because the burning mixture is premixed. The burning mixture is composed 
of the injected fuel at the start of injection (SOI), which has mixed with surrounding 
air to within the flammability limits during period AB. The premixed portion of the 
charge undergoes rapid combustion. This phase is often referred to as chemically 
controlled combustion (Heywood, 1988) 

Period CD is the combustion phase where the heat release rate is controlled 
by the rate of mixing, termed mixing control combustion. At the end of combustion 
phase DE, during the expansion stroke, the heat release rate becomes slower. This 
happens as the temperature of the cylinder gases drop during this part of the stroke.  

 
Figure 2.1. Diesel combustion stages (Heywood,1988) 

file:///D:/MARINE%20ENGINEERING/SEMESTER%208/BACHELOR%20THESIS/WORD/WanMansor_colostate_0053A_12810.doc%23page36
file:///D:/MARINE%20ENGINEERING/SEMESTER%208/BACHELOR%20THESIS/WORD/WanMansor_colostate_0053A_12810.doc%23page36
file:///D:/MARINE%20ENGINEERING/SEMESTER%208/BACHELOR%20THESIS/WORD/WanMansor_colostate_0053A_12810.doc%23page37
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Figure 2.2. Cylinder pressure, p of a conventional diesel engine by (Heywood,1988) 

 
There are several forms of diesel emissions that are created during the 

combustion process, primarily PM, NOx, CO, and HC. The PM is generated in fuel-
rich zones where there is insufficient oxygen to oxidize all carbon to CO2. 
 C(s) + O2 = CO2    (1) 
In diesel engines, 90% of carbon particles that are originally generated early in the 
combustion process are consumed later in the end of the combustion and power stroke 
(Pulkrabek, 2013). 

Exhaust gases of diesel engines also contain NOx emissions, primarily NO, 
with lower levels of NO2 and other nitrogen-oxygen combinations. NOx emissions do 
not form until the cylinder charge temperature reaches about 2800°F (1540 °C) as 
shown in Figure 2.3. For premixed SI engines, HC emissions have a direct relation 
with Φ as shown in Figure 2.4 (for premixed SI engines). HC emissions are 
significant at richer conditions when there is not enough oxygen to react with the 
excess fuel, resulting in a high concentration of HC emissions in the exhaust products. 
HC emissions are also significant at low load when the mixture is too lean to burn 
and the flame is quenched, leaving some fuel particles unreacted. 
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Figure 2.3. The formation of NOx as a function of temperature (Pulkrabek, 2013) 

 
Figure 2.4. NOx, CO and HC missions as a function of equivalence ratio (Pulkrabek, 

2013) 
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II.2 Natural Gas 
 
Natural gas has been known for many centuries. It was first found by the 

people of Mount Parnassus in ancient Greece. Around 500 B.C., it is known that the 
Chinese started using natural gas that seeped to the surface to boil sea water for 
drinking water. The first usage of commercial natural gas was in Britain in the 1780s, 
where gas derived from coal or coal gas was used for powering houses and streets. In 
the USA, Natural gas was discovered in the 1620s when natives were sighted by 
French explorers igniting gases that seeped into and around Lake Erie. Centuries later 
in 1821, the first well was dug by William Hart in Fredonia, New York; Fredonia Gas 
Light later became the first American Natural gas distribution company in the USA 
(Mansor, 2014). 

During most of the 19th century, Natural gas was used almost exclusively as 
a source of light, but the invention of the Bunsen burner by Robert Bunsen in 1885 
opened new opportunities to use Natural gas. Since then, Natural gas applications 
have expanded to home appliances such as stoves, clothes dryers, and furnaces and 
industrial applications such as engines for electrical power generation, pumping, and 
compression and boilers for process heating (Mansor, 2014). 

On 8 August 1967 the Association of Southeast Asian Nations (ASEAN) was 
established. The objective is to promote economic growth by promoting one product 
to all ASEAN members. The ASEAN region has abundant natural gas, ASEAN is 
taking steps to build a natural gas transportation route by using pipes by crossing the 
border. A "Cebu Declaration on East Asian Energy Security" was held in Cebu, 
Philippines on January 15, 2007 with support for the multibillion-dollar project of 
Trans-Asia Gas Pipeline (TAGP). Figure 2.5 ilustrate the mega project connection 
involving the ASEAN country. According to Sovacool (2009) ASEAN had already 
invested $14.2 billion for 3452 km gas pipeline to supply 3095 million cubic feet 
(mcf) of gas per day. Two operational cross border projects that currently involving 
Malaysia are Trans-Thailand-Malaysia (TTM) and PETRONAS-Keppel which 
connects Gulf of Thailand to Changlun, Malaysia and Peninsular Gas Utilisation 
Johor, Malaysia to Jurong Island, Singapore that cost USD 2.42 billion and USD 4 
million respectively (Ismail, no date) 
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Figure 2.5. TAGP project connection (Ismail, 2004) 

Natural gas is a mixture of gases which are rich in hydrocarbons. All these 
gases (methane, nitrogen, carbon dioxide etc.) are naturally found in atmosphere. 
Natural gas reserves are deep inside the earth near other solid & liquid hydrocarbons 
beds like coal and crude oil. Natural gas is not used in its pure form; it is processed 
and converted into cleaner fuel for consumption. Many by-products are extracted 
while processing of natural gas like propane, ethane, butane, carbon dioxide, nitrogen 
etc., Which can be further used (Mansor, 2014) 

Fossil fuels occur in three fundamentals of states: in solid form as coal, in 
liquid form as oil, and in gaseous form as natural gas. Natural gas is a non-renewable 
fuel and similar to another fossil fuel. The formation of natural gas occurs when the 
buried plants and animal were exposed to the heat for thousands of years. The 
composition of Natural gas is made up primarily of methane ethane, propane, 
nitrogen, helium, carbon dioxide, hydrogen sulphate, and water vapor with normally 
95% of natural gas composition is methane. The physical chemical properties 
described natural gas as colorless, and odorless lighter than air with a specific gravity 
about 0.6 – 0.8; inflamed during range 5 – 15% by volume of gas in air self-ignition 
temperature is 537 – 540°C; lower environmental impact compare to other fuel; 
octane number of 130 (Ismail, no date) 

Natural gas is mainly used as fuel for generating electricity and heat. Natural 
gas in compressed form is used as fuel for vehicles which is known as CNG. It is used 
as fuel for boilers and air conditioners worldwide. This is used for making fertilizers 
also, mainly ammonia. A green field project is going on in Russia to produce LNG to 
run aircrafts. Russia, USA and Canada are major producers & consumers. For 
transporting, two variants are used - LNG for cross countries exchange and CNG for 
domestic purpose (Mansor, 2014) 
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II.2.1 CNG as an alternate fuel for internal combustion engines 

CNG has emerged as a promising alternative fuel due to its clean burning 
characteristics and very low amount of exhaust emissions. In petrol engines CNG is 
used by installing a Bi-Fuel Conversion kit and the converted engine has the 
flexibility of operation either on CNG or petrol. Diesel engines can also be converted 
to run on CNG by installing a dual fuel conversion kit or converting the existing diesel 
engine into SI engine. Most existing CNG vehicles use petrol engines, modified by 
after-market retrofit conversions and retain bi-fuel capability. Such bi-fueled 
converted engines generally suffer from a power loss and can encounter drivability 
problems, due to the design and installation of the retrofit conversion kit. Whereas 
single fuel engines optimized for CNG are likely to be considerably more attractive 
in terms of performance and emissions. In diesel engines CNG as a fuel can be used 
in dual fuel mode and offers the advantage of reduced emissions of NOX, particulate 
matter and CO2 while retaining the thermal efficiency of the conventional diesel 
engine (Reddy et al., 2015). 

The safety aspects of converting engines to run on CNG are of great concern 
to users of CNG vehicles. However, CNG has four big safety features that make it an 
inherently safer fuel than petrol, diesel, or LPG. Its specific gravity is 0.587 which 
means that it is lighter than air and even if it leaks out it just rises up and dissipates 
into the atmosphere. Its self-ignition temperature is 5400C compared to 227-5000C 
for petrol and 2570C for diesel fuel and higher flammability limits give the gas a high 
dispersal rate and make the likelihood of fire in the event of a gas leak much less than 
for petrol or diesel. CNG has to mix with air within small range of 4 to 14% by volume 
for combustion to occur which is far narrower range than for petrol or diesel fuels. 
CNG cylinders are designed and built with special materials to the highest safety 
specifications, which makes its storage far safer than petrol or diesel fuel tanks (Singh 
and Maji, 2012).  

The life of engine increases by using CNG. Lubricating oil life is extended 
considerably because CNG does not contaminate and dilute the crankcase oil. A big 
advantage of CNG is that it is virtually pollution free. CNG has a good mixture quality 
with air and when correct proportions are brought together they mix thoroughly and 
rapidly, which improves combustion efficiency of the engine. The higher Research 
Octane Number (130) for CNG as compared to that of petrol (87) allows a higher 
compression ratio (15.6:1) and consequently more efficient fuel consumption. Due to 
higher compression ratio Diesel engines can also use CNG as a fuel. But it cannot 
replace diesel completely like petrol due to poor cetane rating of CNG. Hence CNG 
seems a very attractive option for its use in diesel engines. The properties of CNG as 
a fuel for IC Engines are given in Table 2.1 (Reddy et al., 2015). 
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Table 2.1: Properties of CNG as a Fuel at 25℃ and 1 atm (Reddy et al., 2015) 
CNG properties Value 
Density (kg/mᶟ) 0.72 
Falmmability limits (volume%in air) 4.3-15 
Falmmability imits (Ø) 0.4-1.6 

Auto ignition temperature in air (℃) 723 
Minimum ignition energy (MJ) 0.28 
Flame velocity (m/sec) 0.38 
Adiabatic flame velocity (K) 2214 

Quenching distance (mm) 2.1 
Stoichiometric fuel/air mass ratio 0.069 
Stoichiometric volume fraction (%) 9.48 
Lower heating value (MJ/Kg) 45.8 
Heat of combustion (MJ/Kgₐᵢᵣ) 2.9 

 
The advantages of natural gas over other fuels include the following; it has 

fewer impurities, it is less chemically complex, and its combustion generally results 
in less pollution. In most application, using natural gas produces less of the following 
substances than oil or coal. Table 2.2 shows the advantages and disadvantages of 
using natural gas engine based on report (Ismail, 2004). 

 
 

Table 2.2 : Advantages and Disadvantages of natural gas engine (Ismail, no date) 
Advantages Disadvantages 

60 – 90% less smog pollutants Require large space for fuel storing 
tank 

30 – 40% less greenhouse gas 
emissions 

Lack of infrastructure leading for 
fuelling stasion 

Less expensive than gasoline and 
diesel 

Fewer driving kilometer 

Good for engine, as cylinder and oil 
contamination is reduce. 

Issues around the spare part and 
maintenance 

II.3 Dual Fuel (CNG-Diesel) 
The dual fuel engine, in its ideal burn process burns from diesel fuel which 

then evolves through the air and locally homogeneous mix gas. The premixed air and 
gaseous fuel burn in the presence of the diesel flame and a premixed flame is initiated 
by the diesel flame and propagates through the remaining air and gaseous fuel 
mixture. During the compression stroke, the premixed mixture’s temperature and 
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pressure is greatly increased, forming the pre-ignition reaction environment. During 
this phase, partial oxidation products can form at the end of compression to induce 
diesel fuel ignition and combustion. The spread of the diesel flame front is greatly 
influenced by turbulence, swirl, and squish within the cylinder (Mansor, 2014)  

Mansor described with five stages the combustion process in dual fuel 
engine. The data is taken on a single cylinder pre-chamber diesel engine with a pump-
line-injector mechanical diesel injection system. The combustion phases of a dual 
fuel engine are illustrated with a cylinder pressure trace in Figure 2.5. After diesel 
fuel is injected at point A, a longer ignition delay period AB is observed in dual fuel 
combustion than in conventional diesel engines due to the reduction in oxygen 
concentration resulting from the introduction of natural gas to the intake charge. The 
premixed combustion phase BC in dual fuel is slower compared to conventional 
diesel premixed combustion. This is because the dual fuel engine is injecting a smaller 
amount of liquid fuel, therefore a smaller amount of burning mixture is added to the 
fuel. Period CD shows a decrease in pressure until it rises at period DE. Period CD is 
described as the primary fuel (premixed air and natural gas fuel) delay period. The 
DE phase is the actual combustion of the natural gas fuel starting with the flame 
propagation initiated by the spontaneous liquid fuel ignition. Period EF as a diffusion 
combustion stage starting at the end of gaseous fuel combustion. It is unclear why 
this phase of combustion is characterized as diffusion combustion. It may be more 
appropriate to characterize it as the late combustion phase (Mansor, 2014) 

 
Figure 2.6. Combustion process of a dual fuel engine (Mansor, 2014) 

 
In diesel engines, higher peak cylinder pressures are observed compared to 

dual fuel engines. This is due to the CR being not knock-limited ratio in CI dual fuel 
engine, while the CR value of SI and dual fuel engines are knock limited. The 
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conventional diesel engine uses a heterogeneous mixture, where the cylinder charge 
is pure air. The mixture undergoes a non-premixed, or diffusion flame, combustion 
process except when rapid premixed combustion occurs (period BC in Figure 2.1 and 
Figure 2.2). In the diesel engine, the ignition starts at several points in the chamber 
where a local stoichiometric air/fuel ratio (AF) is formed, regardless of the overall 
AF in the cylinder. On the other hand, in the dual fuel engine the primary fuel 
combustion is homogeneous (premixed). The cylinder charge is a mixture of air and 
natural gas and ignited by the injection of diesel fuel. It is characterized as non-
premixed combustion of diesel fuel, followed by premixed combustion of the natural 
gas. The premixed combustion is very sensitive to AF; therefore, in lean combustion 
as observed in dual fuel engines the in-cylinder pressure has a lower peak value 
(Mansor, 2014) 

Since the dual fuel operates at lean mixtures, the flame temperature is 
lowered, therefore reducing the formation of NOx. Other factors that affect the 
formation of NOx in dual fuel engines are the quantity of gaseous fuel and Φ of the 
air-fuel mixture (Pulkrabek, 2004). The effect of Φ on emissions is shown in Figure 
2.4. This figure is specific to SI engines but the general trends are similar for CI and 
dual fuel engines. This figure shows that maximum NOx is formed at slightly lean 
conditions, around Φ = 0.95. As the mixture goes leaner, increasing excess air 
concentration reduces the gas temperature. At low temperature, atmospheric nitrogen 
is a stable diatomic molecule (N2) and less oxides of nitrogen are produced. In 
contrast, at high temperatures some of N2 breaks down to reactive monotonic 
nitrogen radicals (Heywood, 1988). At high temperatures with excess oxygen 
available oxygen can combine with the nitrogen to form nitric oxide: 

 
O + N2           NO + N    (2) 

 
N + O2           NO + O   (3) 

 
 Oxygen radicals (O) are produced from the dissociation of oxygen molecules 
(O2) or from a collision between the H radical and O2. These oxygen radicals 
combine with N2 to start the simple chain shown, called the Zeldovich mechanism. 
Nitric oxide can further oxidize to form NO2. In order to minimize NOx formation 
in ICEs, reducing flame temperature is crucial, which slows the reaction rates in the 
Zeldovich mechanism (Mansor, 2014). 

There are substantial numbers of studies investigating emissions from dual 
fuel engines. They mentioned that the presence of gaseous fuels in dual fuel operation 
reduces the amount of diffusion combustion and replaces it with lean premixed 
combustion, which affects the rate of NOx formation. However, the NOx formation 
at high load is lower for the diesel engine as shown in Figure 2.6. The author of this 
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study attributes this to the combustion of liquid fuel near TDC creating a high charge 
temperature which remains at a high temperature longer in gas-diesel dual fuel engine 
than in the diesel case (Mansor, 2014). Figure 2.7 compares CO and HC emissions 
for diesel and dual fuel by Lounici et al. at 2000 rpm. The data shows extremely lower 
CO emissions for the dual fuel case at high load, while HC emissions are significantly 
higher in the dual fuel case. 

 
Figure 2.7. Variations of NOx as a function of load (Mansor, 2014) 
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Figure 2.8. HC and CO emission as a function of load and type of fuel (Mansor, 

2014) 

(Namasivayam et al., 2009) HC emissions trend higher at all conditions in 
the dual fuel natural gas-diesel engine. This is consistent with the data in Figure 2.7. 
It is theorized that HC emissions are substantially higher because natural gas survives 
through the combustion process and ends up in the exhaust gas stream. Flame 
quenching at the wall and very lean mixtures also result in high levels of HC 
emissions.  

(Bueno et al., 2012) Another important parameter in determining an engine’s 

performance is the heat release rate (HRR) calculation. The net HRR is calculated by 
computing the amount of energy release from the fuel to obtain the experimentally 
observed pressure, while the combustion reaction extent is evaluated through the 
released fraction of the total fuel chemical energy. (Abdelaal et al., 2012) Abdelaal 
et al. in their study using naturally aspirated diesel engine, describe that longer 
ignition delays in the dual fuel engine have a negative impact on the HRR. Generally, 
the diesel engine exhibits better HRR trends than the dual fuel engine. In the diesel 
engine, a large amount of diesel is utilized especially at high load resulting in high in 
cylinder temperatures. The reduced HRR in dual fuel operation is mainly due to the 
very lean mixture of air and gaseous fuels. This affects the combustion in dual fuel; 
a portion of natural gas usually escapes the combustion process resulting in low 
combustion efficiency and high HC emissions. 

Some experimental studies show similar trends in thermal efficiency between 
dual fuel and diesel operation and some observed lower efficiencies in dual fuel than 
diesel engines (Namasivayam, 2009) (Weaver et al., 1994). This suggests that the 
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thermal efficiency comparison is dependent on engine design and operating 
conditions. (Papagiannakis et al., 2003) The authors identify that dual fuel 
experiences lower thermal efficiencies because of the reduced combustion duration, 
which also reduces cylinder charge temperature. This is exacerbated by very lean 
mixtures of air and gaseous fuels at low load. (Abdelaal et al., 2012) As previously 
mentioned, in their work using a naturally aspirated diesel engine, at part load some 
of the air and gaseous fuel mixture is burned but some escape from the combustion 
process due to valve overlap. Increased valve overlap at part load causes the intake 
charge to flow directly into the exhaust leading to poor combustion especially during 
idling. The authors also define better fuel utilization in dual fuel engine at high loads. 
This is due to larger amount of natural gas introduced leading to better combustion 
and higher brake thermal efficiency at high loads. In contrast, at high loads diesel 
engine combustion sees increment in heat loss to the cylinder wall, therefore 
negatively impacting the thermal efficiency. As a consequence, more power may be 
produced in dual fuel combustion.  

Brake specific fuel consumption (bsfc) depends on CR and Φ (Pulkrabek, 
2004). As mentioned earlier, Lounici and associates used a naturally aspirated diesel 
engine to investigate dual fuel engine performance at several engine speeds. Figure 
2.8 compares dual fuel and diesel totsl bsfc at 2000 rpm. The authors conclude an 
improvement in total bsfc in conventional diesel engine at low load, but lower at high 
loads. 

 
Figure 2.9. Brake specific fuel consumption variation (Mansor, 2014) 

If necessary, the compression ratio has to be reduced to prevent knock in the 
combustion chamber due to the high pressure and self-ignite characteristic of CNG. 
Theoretically, increasing the compression ratio can improve the thermal efficiency 
by promoting better mixing for the CNG and air. However, the theory of the 



15 

 

 

compression ratio for use on CNG and diesel in combustion processes is not linear 
and there is no formula Various parameters must be taken care not to knock. 
Increased compression ratio will increase fuel consumption that causes vibrations in 
the vehicle. Therefore, the ratio of air fuel and ignition timing is reduced to promote 
surgery without stroke (Shamsudin & Yusaf 1995, p.110). 

It is concluded that correct proportion of CNG composition and diesel fuel 
are supplied to the combustion chamber. Besides that, all the relevant analysis 
related to the crank angle, pressure distribution, temperature distribution and the heat 
transfer in the combustion chamber are carried out to analyze their effects on the 
engine performance. Engine performances such as the efficiency of the combustion 
process and the mixing quality of the gas mixture are investigated to minimize the 
existence of knocking prior to the start of the combustion process. 

II.4 Compression Ratio (CR) 
 

Modern spark Ignition (SI) engine have compression ratios of 8 to 11, while 
compression ignition (CI) engines have compression ratios in the range 12 to 24. 
Engine with supercharger or turbocharger usually have lower compression ratios 
than naturally aspirated engine. Because of limitation in engine materials, 
technology and fuel quality, very early engine had low compression ratios, on the 
order of 2 to 3. (Pulkrabek,2004) 

It is the ratio is the volume above the piston when it is at the bottom-most 
position (BDC) to the volume above the piston when it is at the top-most position 
(TDC). The compression ratio indicates the extent to which the air-fuel mixture is 
compressed in the engine. In other words, it is a value that indicates the ratio of the 
volume of the combustion chamber from its largest capacity to its smallest capacity. 
It is the ratio between the combined volume of the cylinder along with the 
combustion chamber when the piston is at BDC (bottom dead center) to the volume 
of the combustion chamber alone when the piston is at TDC (top dead center). 
'Compression Ratio' is one of the fundamental specifications for all internal 
combustion engines. The formula expressing the definition of compression ratio is 
based on equation 1 and 2 

 
Equation 2.1: Compression ratio (Pulkrabek, 2004) 

rc = 
𝑉𝑐+𝑉𝑑

𝑉𝑐
   

  (4) 
Equation 2.2: Displacement volume (Pulkrabek, 2004) 

Vd = Nc ( 
𝜋

4
)B²S  

  (5) 
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 Generally, increasing the CR of an engine can improve the overall efficiency 
of the engine hence producing more power output. However, if the compression ratio 
approaches the limit of maximum allowable CR the engine will suffer a knocking 
phenomenon (Saidur et al., 2007; Wong, 2005). Thus, it is important for the engine 
to obtain the optimum CR. 
 Investigate the effect of CR on the performance and emissions in a CNG 
dedicated engine. The result indicates increasing the CR gave more power output. 
The NOx emission showed a trend of increasing and decreasing which is unstable. 
The overall HC emissions are higher as the increase of CR and reflected to lower CO 
emissions (Damrongkijosol,2006) 
 The increase of CR resulted to higher break thermal efficiency. For exhaust 
emissions, CO decrease while NOx increase of CR. The HC concentration shows a 
decreasing trend and then an increasing CR (Zheng et al., 2009) 

II.5 Engine Performance 

 
Alternative fuels are popularly discussed in many countries owing to 

increased environmental awareness and the rising price of diesel. Developing 
alternative diesel fuels is driven by the necessity to reduce the environmental impact 
of emissions without modifying engines. Using alternative fuels instead of diesel 
reduces the fuel consumption and improves the engine efficiency. Engine 
performance is an indication of the degree of success with which it is doing assigned 
job, i.e. the conversion of chemical energy contained in the fuel into the useful 
mechanical work (Rowen, 1971) 
In the evaluation of the engine performance certain parameters are chosen and the 
effects of various operating conditions, design concepts and modifications on these 
parameters are studied. Three points of interest when determining engine 
performance are brake mean effective pressure (BMEP), brake-specific fuel 
consumption (BSFC), and thermal efficiency (Rowen, 1971). 

B = Bore       
S = Stroke       

Nc = Number of cylinder    

Vc = Clearance volume (combustion chamber) 

Vd = Displacement volume   

rc = Compression ratio    
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II.5.1 Mean Effective Pressure 

The pressure in the cylinder of an engine is continuously changing during the 
cycle. An average of mean effective pressure (mep) is defined by: 

𝜔 = (𝑚𝑒𝑝)∆𝑣     (6) 
Or: 

𝑚𝑒𝑝 =
𝜔

∆𝑣
=

𝑊

𝑉𝑑
    (7) 

∆𝑣 = 𝑣𝐵𝐷𝐶 − 𝑣𝑇𝐷𝐶   (8) 
Where  W = work 
 𝜔 = specific work of one cycle 
 Vd = displacement volume 
Mean effective pressure is a good parameter to compare engine for design or output 
because it is independent of engine size and/or speed. If torque is used for engine 
comparison, speed becomes very important. 
Various mean effective pressures can be defined by using different work terms in 
equation(). If brake work is used, brake mean effective pressure is obtained: 

bmep = 𝜔𝑏/∆𝑣     (9) 
Indicated work gives indicated mean effective pressure:  

imep = 𝜔𝑖/∆𝑣            (10) 
the imep can further be devide into gross indicated mean effective pressure and net 
indicated mean effective pressure: 

(imep)gross = (𝜔𝑖)gross /∆𝑣   (11) 
(imep)net = (𝜔𝑖)net /∆𝑣   (12) 

Pump mean effective pressure (which can have negative value): 
pmep = 𝜔𝑝𝑢𝑚𝑝/∆𝑣   (13) 

Friction mean effective pressure: 
fmep = 𝜔𝑓/∆𝑣     (14) 

The following equations relate some of the previous definitions: 
nmep = gmep + pmep    (15) 
bmep = nmep – fmep    (16) 
bmep = 𝜂𝑚 𝑖𝑚𝑒𝑝    (17) 
bmep = imep – fmep    (18) 

where:  nmep = net mean effective pressure 
𝜂𝑚 = mechanical efficiency of engine    (19) 

Typical maximum value of bmep for naturally aspirated SI engine are in the range of 
850 to 1050 kPa (120 to 150 psi). For CI engine, typical maximum values are 700 to 
900 kPa (100 to 130 psi) for naturally aspirated engine and 1000 to 1200 kPa (145 to 
175 psi) for turbocharged engine. 
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II.5.2 Torque and Power 

Torque is a good indicator of an engine’s ability to do work. It is defined as force 
acting at a moment distance and has units of N-m or lbf-ft. Torque 𝜏 is related to work 
by:  

2𝜋𝜏 = 𝑊𝑏= (bmep) 𝑉𝑑/𝑛   (20) 
Where:  𝑊𝑏 = brake work of one revolution 
 𝑉𝑑 = displacemen volume 
 𝑛 = number of revolutions per cycle 
For a two-stroke cycle engine with one cycle for each revolution: 

2𝜋𝜏 = 𝑊𝑏= (bmep) 𝑉𝑑/𝑛  (21) 
  𝜏 = (bmep) 𝑉𝑑/2𝜋  two-stroke cycle 
For a four-stroke cycle engine with one cycle for each revolution: 

2𝜋𝜏 = 𝑊𝑏= (bmep) 𝑉𝑑/𝑛   (22) 
  𝜏 = (bmep) 𝑉𝑑/4𝜋  four-stroke cycle 
In these equations, bmep and brake work 𝑊𝑏 are used because torque is measured 
off the output crankshaft. 
According to research result from (Mansor, 2014) comparison engine performance 
between diesel engine and dual fuel engine shows the following results: 

II.5.3 Thermal efficiency and bsfc  

The bsfc is calculated by dividing the total fuel mass flow rate (diesel and 
natural gas) by engine shaft power as shown in (23). The brake thermal efficiency is 
calculated by using inverse proportion of bsfc and the weighted average lower heating 
value (LHV) as shown in (24). 

𝑏𝑠𝑓𝑐 =  
𝑚𝑓

𝑊𝑏
   (23) 

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
1

𝑏𝑠𝑓𝑐 ×𝐿𝐻𝑉
  (24) 

Comparisons of efficiency and bsfc of diesel and dual fuel engine are shown 
in Figure 2.9 and Figure 2.10. At low loads, the efficiency is lower for the dual fuel 
operation compared to normal diesel operation while the bsfc is higher for dual fuel 
operation. This may be due to slower combustion rate and poor utilization of the 
gaseous fuel in the combustion chamber. Additionally, on a mass basis the specific 
heat of natural gas is higher than pure air and higher than diesel vapor. This may also 
play a role by reducing combustion temperature and consequently slowing the 
combustion process. The trends are improved at intermediate and high loads. It is 
observed that ignition delay is decreased at high loads in dual fuel operation, which 
promotes faster combustion.  
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Figure 2.10. Engine’s bsfc for diesel and dual fuel operation as a function of brake 

power (Mansor, 2014) 

 
Figure 2.11. Engine’s efficiency for diesel and dual fuel operation as a function of 

brake power (Mansor, 2014) 

II.5.4 Combustion Pressure and Heat Release Profile 

Figure 2.11 and Figure 2.12 show combustion pressures and net heat release 
rates versus crank angle at low loads. At low loads, the cylinder pressure is lower in 
dual fuel operation due primarily to later heat release. While the motoring pressure 
peaks of both traces are nearly identical, the dual fuel case fails to reach similar peak 
pressures as the diesel case due to a late pressure peak. Also at both loads, the diesel 
case reaches complete combustion more quickly. Complete combustion is shown as 
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a mass burn fraction value of one. In both low load cases, the mass burn fraction rises 
much faster for diesel than dual fuel.  

Figure 2.13 shows pressure and heat release rate trend at 50% load. Dual fuel 
motoring and peak combustion pressures are slightly lower than the diesel condition. 
The heat release rate is also lower in dual fuel engine. The diesel case shows two heat 
release peaks, the first premixed combustion and the second mixing controlled 
combustion. For dual fuel only one heat release peak is observed.  The pressure and 
heat release rate profile at higher loads are presented in Figure 2.14 and Figure 2.15. 
The motoring pressures for dual fuel are lower at 75 and 100% loads. Peak 
combustion pressures double over the selected testing range. Although the 
compression ratio is fixed, the intake air pressure is much higher at 100% load 
compared to 12% load. Two heat release peaks are present for diesel and dual fuel at 
the higher loads. At high loads, dual fuel and diesel combustion appears similar, with 
dual fuel mass burn fraction rising slightly faster. Both regimes have completed 
combustion by approximately 45° aTDC. 

 
 

Figure 2.12. Pressure trace and heat release rate profile at 0% load (Mansor, 2014) 
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Figure 2.13.  Pressure trace and heat release rate profile at 25% load (Mansor, 2014) 

 

 
 

Figure 2.14. Pressure trace and heat release rate profile at 50% load (Mansor, 2014) 
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Figure 2.15. Pressure trace and heat release rate profile at 75% load (Mansor, 2014) 

 

 
Figure 2.16.  Pressure trace and heat release rate profile at 100% load (Mansor, 

2014) 
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CHAPTER III 

METHODOLOGY 

 
The method used to set the layers in this study is to use simulation and 

experiments. In the simulation process using GT Power aims to select the right 
compression ratio based on performance on dual fuel engine. Experiments were 
conducted with diesel engine to determine the performance of diesel engine by using 
two comparing diesel fuel with Pertamina Dex and Pertamina Dex - CNG fuel. 
Details of workmanship are as follows: 

 
Figure 3.1.  Flowchart Process
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III.1 Statement of Problem 
The problem identification in this research is to know the exact compression ratio to 
be used in dual fuel engine using CNG to avoid knocking and performance test from 
comparison of each compression ratio 

III.2 Literature Review 
The literature review was conducted to study the theory that support the research 
problem. For this research, literature studies refer to the characteristics of CNG and 
Pertamina Dex, research of dual fuel engine performance, and compression ratio of 
diesel engines. Literature in the form of sources such as journals, books, and the final 
task obtained through the internet and library. 

III.3 Simulation and Experiment 
At this stage done collection of materials and data to support the course of research. 
Checking the diesel engine for engine condition, basic engine performance, full load 
from diesel motor before experiment. Engine data used are as follows: 
 

Table 3.1. Specification of Diesel Engine 
Brand Yanmar 
Model TF-85 MH 
Tipe In line, single cylinder, 4 stroke, water 

cooled, direct injection 
Bore x Stroke (mm) 85 x 87 
Piston Displacement 
(L) 

0.493 

Output / Crankshaft 
Speed (HP / rpm) 

7.5 / 2200 

Compressed Ratio 18 : 1 
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Figure 3.2. Schematic system of dual fuel engine 

In figure 3.2 is a schematic of the experimental process using Yanmar TF 85 MH-
DI with the addition of CNG and there are several supporting elements to perform the 
measurement in the data retrieval. The tools and materials that will be used to perform 
this experiment are as follows: 
1. Compressed Natural Gas 
2. Pertamina Dex 
3. Diesel engine single cylinder YANMAR TF 85 MH-DI 
4. PLC system of dual fuel engine 
5. Tachometer 
6. Alternator  
7. Tang meter 
8. Volt meter 
9. Heat coil 

In performance testing engine setup must be done first to know the location of 
the full load on each round varied. In testing engine setup is used Pertamina Dex fuel. 
In testing engine setup is used variation of the rounds of 1500, 1800, and 2200 rpm. 
It aims to find out the maximum power estimation and maximum torque at certain 
rounds, with load variations of 1000, 2000, 3000 and 4000. The existence of rotation 
difference in engine and alternator so used pulley as bales round generated. With the 
variation of loading, we can know the power and the resulting rotation. 
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III.3.1 Load for Diesel Engine Performance 
Load for performance of this diesel engine using a heater to obtain the power 

generated diesel engine. First for the choice of alternator which is adjusted to diesel 
engine rotation, which is meant when diesel engine reaches maximum rotation then 
the alternator reaches the maximum rotation so that the data taken has been sync. For 
this study the market-generated alternator does not match the rotation of the diesel 
engine, so calculations are needed to determine the diameter of the pulley as the 
material for synchronizing the diesel engine rotation with alternator rotation. Here's 
the calculation: 

- Pulley Count 

comparison Ø pulley  = rpm engine / rpm 
alternator   = 2200/1500  

= 1.4666667 
Pulley Election 
Ø alternator   = Ø pulley engine / comparison Ø pulley 

= 11 / 1.467 
= 7.5 cm 

That way the pulley used is with 7.5 cm in diameter. For loading use heater 
with a total power of 5 kW, therefore required installation of cables in accordance 
with the load of the heater, for the selection of security cable can be seen from the 
following table: 

Cable cross section 
(mm²) 

KHA (Ampere) Safety (Ampere) 

1 11 2, 4, 6 

1.5 14 10 
2.5 20 15 
4 25 20 
6 31 25 
10 43 35 
16 75 60 

25 100 80 
Table 3.2. Cable safety selection 

From the above data then selected cable with cross section 2.5 mm², so that 
security for electrical system can be guaranteed. 
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III.3.2 Performance Test of Diesel Engine fueled by Pertamina Dex and CNG with 
variation compression ratio of the simulation results. 

At this stage, performance testing of diesel engine with Pertamina Dex and 
CNG fuels is done in marine power plant workshop FTK-ITS, this test is done to get 
performance test result from dual fuel diesel engine modification. 

- Data retrieval 

At this stage the data is taken in the form of performance comparisons of two different 
diesel engines namely diesel engines with Pertamina Dex fuel and dual fuel engine, 
Pertamina Dex-CNG. The data obtained is a comparison by using different loading 
variations on diesel engines. The resulting data will be delivered in the form of graphs 
and tables. 

- Dual Fuel Engine Performance Test 

Experiment at this stage by using dual-fuel diesel engine between Pertamina 
Dex and CNG, for testing of dual fuel engine performance test this mass between 
CNG and Pertamina Dex will be varied so as to get the most optimum value with low 
SFC value. In taking performance test data, gradually Pertamina Dex data collection, 
1 l/min CNG, 2 l/min CNG, and 3 l/min CNG respectively. The data taken are data 
such as current, voltage, and rpm. The data will be used to obtain SFOC, SEC, mixed 
fuel ratio data on full load, etc. 

III.4 Collecting Data 
 Data collection was obtained after doing the best compression ratio modeling 
on GT-POWER application then continued with experiment of performance 
analysis with Pertamina Dex-CNG fuel. The results obtained some data from the 
experiment. The data is compression ratio and engine performance  

III.5 Data analysis 
In this section analysis is done with armed with the data that have been 

obtained from the results of performance test to answer the questions underlying this 
research is, how to find the optimum compression ratio based on the resulted of 
simulation? and How to know the optimum engine performance based on the 
simulation compression ratio as evidenced by the experiment? 

III.6 Conclusion and Suggestion 
At this stage can be done drawing the conclusions and answers of the 

problems underlying this research. This suggestion is intended to allow this thesis to 
continue its research to be refined. 
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CHAPTER IV RESULTS AND DISCUSSION 

 
This chapter improves results and discussion on performance tests on diesel 

engines. The fuel used is Pertamina Dex, Pertamina Dex -CNG 1 l/min, Pertamina 
Dex -CNG 2 l/min, and Pertamina Dex -CNG 3 l/min. The topics in this chapter are 
performance including power, torque, and SFC (Specific Fuel Consumption) and 
SEC (Specific Energy Consumption). 

IV.1 Modification Yanmar TF 85 MH-DI with CNG Performance Based on 
Simulation Result 

Performance test on this diesel engine aims to find out the comparison of 
performance based on variation of ratio compression from diesel engine with power, 
torque and SFC (specific fuel consumption) through simulation. Pertamina Dex fuel 
is used as a reference for comparison in measuring diesel engine performance. Figure 
4.1 is a simulated of the Yanmar TF 85 MH-DI. 

 

 
Figure 4.1. Yanmar TF 85 MH-DI in simulation 
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From the figure 4.1 the results are a comparison of torque vs. rpm with variations 
of compression ratio at 1500, 1800 and 2200 rpm engine speeds using 100% 
Pertamina Dex. By looking at the graph 4.1 it can be seen that there is no significant 
difference from any compression ratio that is so with graph 4.3 using 1L/min CNG 
fuel – Pertamina Dex as well as 2 L/min CNG-Pertamina Dex and 3L/min CNG-
Pertamina Dex can be seen in figure 4.2 to 4.5. 

 

 
Figure 4.2. Torque vs RPM with Pertamina Dex 
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Figure 4.3. Torque vs RPM with Pertamina Dex + 1 l/min CNG 

 

 
Figure 4.4. Torque vs RPM with Pertamina Dex + 2 l/min CNG 
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Figure 4.5. Torque vs RPM with Pertamina Dex + 3 l/min CNG 

 
In the four comparison charts torque vs rpm with different variations of 

compression ratio seen several different results each case. the authors rate the best 
results contained at 1:16 compression because at the time of low rpm this ratio has a 
high enough torque to at high rpm the result was not proportional. So, the authors rate 
at 1:16 compression ratio has a good result. 

The next discussion is power vs rpm ratio. In the charts 4.5 to 4.8 there is a 
difference of power with different compression ratio variations. Although in this 
result there is no significant difference in the loyalty of the compression ratio with 
cases ranging from 0 L/min CNG to 3 L/min CNG. Here's the power vs rpm 
comparison chart. 
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Figure 4.6. Power Vs RPM with Pertamina Dex 

 

 
Figure 4.7. Power Vs RPM with Pertamina Dex + 1 l/min CNG 
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Figure 4.8. Power Vs RPM with Pertamina Dex + 2 l/min CNG 

 

 
Figure 4.9. Power Vs RPM with Pertamina Dex + 3 l/min CNG 
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Of the power vs rpm comparison graphs with variable compression ratio and 
CNG has good results although still not in accordance with the actual engine 
specifications because there are some constraints from making this simulation so as 
not to achieve maximum results. From this result seen at 1:16 compression have good 
result from comparison of power vs rpm. 

In the next figure the comparison between indicated specific fuel 
consumption (ISFC) vs rpm. In this graph using variable difference of compression 
ratio and CNG addition. From this result it does not seem very distinguished that if 
from some references there should be a very significant comparison of each of these 
CNG additions. Here is the comparison graph of ISFC vs rpm. 

 

 
Figure 4.10. ISFC Vs Power (kW) with Pertamina Dex 
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Figure 4.11. ISFC Vs Power (kW) with Pertamina Dex + 1 l/min CNG 

 

 
Figure 4.12. ISFC Vs Power (kW) with Pertamina Dex + 2 l/min CNG 
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Figure 4.13. ISFC Vs Power (kW) with Pertamina Dex + 3 l/min CNG 

 
Of the four figure 4.10 to 4.13 is in accordance with the existing theory that the 

higher the rpm the fuel consumption will be lower. However, this chart is still not 
satisfactory because it is not clearly visible difference between diesel engines fueled 
Pertamina Dex 100% with the addition of CNG 1 L/min, 2 L/min, and 3 L/min of 
CNG. Of the three data presented there are still many shortcomings in the results of 
this cause less valid data to be used as a reference. Therefore, the author will try with 
experiment directly on diesel engine which will be compared the results of both 
experiments. 

IV.2 Modification Piston Yanmar TF 85 MH-DI 
The process of this modification is done by calculating the volume of the 

combustion chamber first by using a burette glass to know in detail the volume of the 
combustion chamber when the CR condition is 1:18. From these results it is found 
that the piston must be reduced 2 ml to become CR 1:16. 
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Figure 4.14. Sketch drawing of Piston Yanmar TF 85 MH-DI 

 
 

 
 

 
 

Figure 4.15. Modification piston from CR 1:18 to CR 1:16 
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IV.3  Experiment Result 
This chapter described the results and discussion of experimental test of 

diesel engine performance between CR 1:18 and CR 1:16. Comparison of fuel use to 
the subject by comparing the compression ratio used. Engine performance discussed 
includes power, torque, SFC (Specific Fuel Consumption) and SEC (Specific Energy 
Consumption). It also analyzes the effect of compression ratio on diesel engine 
performance. 

IV.3.1 Power Analysis with Pertamina Dex 

In this test aims to determine the power generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better power at 1800, 
1900 and 2100 rounds while at CR 1:16 is better in lap 2000 and 2200. The results 
can be seen in figure 4.16. 

 

 
Figure 4.16. RPM Vs Power using Pertamina Dex 

In figure 4.16 shows that the higher rpm and power generated during full load. At 
rpm 1800, the maximum power when using CR 1:18 and CR 1:16 respectively is 2.8 
kW and 2.7 kW. When the 1900 rpm, the maximum power is 3.1 kW and 3.09 kW 
successively between CR 1:18 and CR 1:16. At 2000 rpm, obtained 3.49 kW and 3.53 
kW CR 1:18 and CR 1:16. Then the power generated 4 kW at CR 1:18 and 3.95 kW 
with CR 1:16 at rpm 2100. At the time of rpm 2200, the maximum power when using 
CR 1:18 and CR 1:16 in a row is 4.27 kW and 4.38 kW. This phenomenon shows that 
the effect of compression ratio can improve engine power. 
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IV.3.2 Power Analysis with Pertamina Dex + 1l/min CNG 

 In this test aims to determine the power generated by different compression 
ratio is done with full load. In the graph CR 1:18 tendency to produce better power at 
rpm 1900 while at CR 1:16 at rpm 1800, 2000,2100 and 2200. The results can be seen 
in figure 4.17. 
 

 
Figure 4.17. RPM Vs Power using Pertamina Dex + 1 L/min CNG 

 
In figure 4.17 shows that the higher rpm and power generated during full load. At 
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using CR 1:18 and CR 1:16 in a row is 4.1 kW and 4.38 kW. This phenomenon shows 
that the effect of compression ratio can improve engine power performance. 
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IV.3.3 Power Analysis with Pertamina Dex + 2l/min CNG 

In this test aims to determine the power generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better power at rpm 
2100 and 2200 while at CR 1:16 at rpm 1800, 2200. At rpm 1900 produce the same 
result in CR 1:18 and CR 1:16. The results can be seen in figure 4.18. 

 

Figure 4.18. RPM Vs Power using Pertamina Dex + 2 L/min CNG 
 

In figure 4.18 shows that the higher rpm and power generated during full load. At 
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between CR 1:18 and CR 1:16. At 2000 rpm, obtained 3.5 kW and 3.48 kW CR 1:18 
and CR 1:16. Then the power generated 3.91 kW at CR 1:18 and 3.89 kW with CR 
1:16 at rpm 2100. At the time of rpm 2200, the maximum power when using CR 1:18 
and CR 1:16 in a row is 4.1 kW and 4.4 kW. This phenomenon shows that the effect 
of compression ratio can improve engine power performance. 
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IV.3.4 Power Analysis with Pertamina Dex + 3l/min CNG 

In this test aims to determine the power generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better power at rpm 
1800, 1900 and 2000 while at CR 1:16 at rpm 2100 and 2200. The results can be seen 
in figure 4.19. 

 

Figure 4.19. RPM Vs Power using Pertamina Dex + 3 L/min CNG 
 

In figure 4.19 shows the higher power generated during full load. At rpm 1800, 
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the power generated 3.85 kW at CR 1:18 and 3.95 kW with CR 1:16 at rpm 2100. At 
the time of rpm 2200, the maximum power when using CR 1:18 and CR 1:16 in a 
row is 4.37 kW and 4.4 kW. This phenomenon shows that the effect of compression 
ratio can improve engine power performance. 
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IV.3.5 Torque Analysis with Pertamina Dex  

In this test aims to determine the torque generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better torque at rpm 
1800, 1900 and 2100 while at CR 1:16 at rpm 1900 and 2200. The results can be seen 
in figure 4.20. 

 

 
Figure 4.20. RPM Vs Torque using Pertamina Dex 

 
The result in figure 4.20 shows the torque that produces when full load. At 1800 

rpm, maximum torque when using CR 1:18 is 14.9 Nm and at CR 1:16 14.2 Nm 
where at this rpm CR 1:18 has better torque than CR 1:16. While 1900 rpm, maximum 
torque is 15.96 Nm at CR 1:18 and 15.15 Nm at CR 1:16. From 1900 rpm results look 
better using CR 1:18. At 2000 rpm, 16.69 Nm was obtained for CR 1:18 and 16.73 
Nm at CR 1:16. At 2000 rpm the torque of CR 1:16 is better. Then the torque 
generated at 2100 rpm for CR 1:18 is 18.21 Nm and 18.07 Nm with CR 1:16. At rpm 
2100 CR 1:18 has lower result than CR 1:16. At 2200 rpm, maximum torque when 
using CR 1:18 and CR 1:16 in a row is 18.54 Nm and 19 Nm. In maximum rpm where 
the maximum torque at CR 1:16 is better than CR 1:18. This phenomenon shows that 
the compression ratio can improve engine performance. 
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IV.3.6 Torque Analysis with Pertamina Dex + 1l/min CNG 

In this test aims to determine the torque generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better torque at rpm 
1900 rpm while at CR 1:16 at 1800, 2100, and 2200 rpm. At 2000 rpm has the same 
result.  The results can be seen in figure 4.21. 

 
Figure 4.21. RPM Vs Torque using Pertamina Dex + 1 L/min CNG 

 
The result in figure 4.21 shows the torque that produces when full load. At 1800 

rpm, maximum torque when using CR 1:18 is 14,1 Nm and at CR 1:16 14,2 Nm 
where at this rpm CR 1:18 has better torque than CR 1:16. While 1900 rpm, maximum 
torque is 15.48 Nm at CR 1:18 and 15.15 Nm at CR 1:16. At 1900 rpm results look 
better using CR 1:16. At 2000 rpm, 16,72 Nm was obtained for CR 1:18 and 16.72 
Nm at CR 1:16. At 2000 rpm the torque of CR 1:16 and CR 1:18 has same result. 
Then the torque generated at 2100 rpm for CR 1:18 is 17,97 Nm and 18.07 Nm with 
CR 1:16. At rpm 2100 CR 1:18 has lower result than CR 1:16. At 2200 rpm, 
maximum torque when using CR 1:18 and CR 1:16 in a row is 18,2 Nm and 19 Nm. 
In maximum rpm where the maximum torque at CR 1:16 is better than CR 1:18. This 
phenomenon shows that the compression ratio can improve engine performance. 
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IV.3.7 Torque Analysis with Pertamina Dex + 2l/min CNG 

In this test aims to determine the torque generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better torque at rpm 
1900, 2000 and 2100 while at CR 1:16 at rpm 1800 and 2200. The results can be seen 
in figure 4.22. 

 
Figure 4.22. RPM Vs Torque using Pertamina Dex + 2 L/min CNG 

 
The result in figure 4.22 shows the torque that produces when full load. At 1800 

rpm, maximum torque when using CR 1:18 is 14,1 Nm and at CR 1:16 14,3 Nm 
where at this rpm CR 1:16 has better torque than CR 1:18. While 1900 rpm, maximum 
torque is 15.48 Nm at CR 1:18 and 15,4 Nm at CR 1:16. From 1900 rpm results look 
better using CR 1:18. At 2000 rpm, 16.72 Nm was obtained for CR 1:18 and 16,5 Nm 
at CR 1:16. At 2000 rpm the torque of CR 1:18 is better. Then the torque generated 
at 2100 rpm for CR 1:18 is 17,97 Nm and 17,9 Nm with CR 1:16. At rpm 2100 CR 
1:16 has lower result than CR 1:18. At 2200 rpm, maximum torque when using CR 
1:18 and CR 1:16 in a row is 18,2 Nm and 19 Nm. In maximum rpm where the 
maximum torque at CR 1:16 is better than CR 1:18. This phenomenon shows that the 
compression ratio can improve engine performance. 
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IV.3.8 Torque Analysis with Pertamina Dex + 3l/min CNG 

In this test aims to determine the torque generated by different compression ratio 
is done with full load. In the graph CR 1:18 tendency to produce better torque at rpm 
1800, 1900, 2000, 2100 while at CR 1:16 at rpm 2200. The results can be seen in 
figure 4.23. 

 
Figure 4.23. RPM Vs Torque using Pertamina Dex + 3 L/min CNG 

 
The result in figure 4.23 shows the torque that produces when full load. At 1800 

rpm, maximum torque when using CR 1:18 is 14,1 Nm and at CR 1:16 14 Nm where 
at this rpm CR 1:18 has better torque than CR 1:16. While 1900 rpm, maximum 
torque is 15.48 Nm at CR 1:18 and 15,21 Nm at CR 1:16. From 1900 rpm results look 
better using CR 1:18. At 2000 rpm, 16.72 Nm was obtained for CR 1:18 and 16,49 
Nm at CR 1:16. At 2000 rpm the torque of CR 1:18 is better. Then the torque 
generated at 2100 rpm for CR 1:18 is 17,97 Nm and 17,91 Nm with CR 1:16. At rpm 
2100 CR 1:16 has lower result than CR 1:18. At 2200 rpm, maximum torque when 
using CR 1:18 and CR 1:16 in a row is 18,2 Nm and 19 Nm. In maximum rpm where 
the maximum torque at CR 1:16 is better than CR 1:18. This phenomenon shows that 
the compression ratio can improve engine performance. 
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IV.3.9 SFOC (Specific Fuel Oil Consumption) Analysis with Pertamina Dex 

In this test aims to find out SFOC of Yanmar TF 85 MH-DI with different 
compression ratio between CR 1:18 and CR 1:16. Data is taken at four variation load 
of 1 kW to 4kW. The data are presented in the chart below when the engine rpm is 
1800. The results can be seen in figure 4.24. 

 

 
Figure 4.24. Power Vs SFOC at 1800 rpm using Pertamina Dex 

In figure 4.24 the results obtained that the SFOC has decreased until a certain 
power increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1800 rpm when the 
maximum power, fuel consumption between CR 1:18 and CR 1:16 respectively is 
0,42 Kg / kWh and 0,39 Kg / kWh. This suggests that when using CR 1:16 leads to 
lower energy consumption when the maximum power at a constant rotation of 1800 
rpm with Pertamina Dex. The difference of fuel consumption caused by viscosity 
between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 1900 rpm can be seen in figure 4.25 where the trend is different than before 
when using CR 1:18 energy consumption is lower when compared with CR 1:16. But 
there is a same from the previous where the maximum fuel consumption load is lower 
at CR 1:16. 

 

 
Figure 4.25. Power Vs SFOC at 1900 rpm using Pertamina Dex 

In figure 4.25 the results obtained that the SFOC has decreased until a certain 
power increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, fuel consumption between CR 1:18 and CR 1:16 respectively is 
0,43 Kg / kWh and 0,38 Kg / kWh. This suggests that when using CR 1:16 leads to 
lower fuel consumption when the maximum power at a constant rotation of 1900 rpm 
with Pertamina Dex. The difference of fuel consumption caused by viscosity between 
Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2000 rpm can be seen in figure 4.26 where the trend is still the same than before 
when using CR 1:18 energy consumption is lower when compared with CR 1:16. But 
there is a different from the previous where the maximum fuel consumption load is 
lower at CR 1:18. 

 

 
Figure 4.26. Power Vs SFOC at 2000 rpm using Pertamina Dex 

In figure 4.26 the results obtained that the SFOC has decreased until a certain 
power increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, fuel consumption between CR 1:18 and CR 1:16 respectively is 0,4 
Kg / kWh and 0,47 Kg / kWh. This suggests that when using CR 1:18 leads to lower 
fuel consumption when the maximum power at a constant rotation of 2000 rpm with 
Pertamina Dex. The difference of fuel consumption caused by viscosity between 
Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2000 rpm can be seen in figure 4.27 where the trend is different than before. 
When using CR 1:18 at 2100 rpm fuel consumption is lower when compared with 
CR 1:16. But there is a different from the previous where the maximum fuel 
consumption load is lower at CR 1:16. 

 

 
Figure 4.27. Power Vs SFOC at 2100 rpm using Pertamina Dex 

In figure 4.27 the results obtained that the SFOC has decreased until a certain 
power increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, fuel consumption between CR 1:18 and CR 1:16 respectively is 
0,41 Kg / kWh and 0,37 Kg / kWh. This suggests that when using CR 1:16 leads to 
lower fuel consumption when the maximum power at a constant rotation of 2100 rpm 
with Pertamina Dex. The difference of fuel consumption caused by viscosity between 
Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2200 rpm can be seen in figure 4.28 where the trend is same than before. When 
using CR 1:16 at 2200 rpm energy consumption is lower when compared with CR 
1:18. There is a same from the previous where the maximum load fuel consumption 
is lower at CR 1:16. 

 

 
Figure 4.28. Power Vs SFOC at 2200 rpm using Pertamina Dex 

In figure 4.28 the results obtained that the SFOC has decreased until a certain 
power increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, fuel consumption between CR 1:18 and CR 1:16 respectively is 
0,46 Kg / kWh and 0,37 Kg / kWh. This suggests that when using CR 1:16 leads to 
lower fuel consumption when the maximum power at a constant rotation of 2200 rpm 
with Pertamina Dex. The difference of fuel consumption caused by viscosity between 
Pertamina Dex and CNG, besides the difference of calorific value. 

 

 

 

 

 

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0 1 2 3 4 5

SF
O

C
 (

K
g/

kW
h

)

Power (kW)

CR 1 : 18

CR 1 : 16



52 

 

 

 

IV.3.10 SEC (Specifiq Energy Consumption) Analysis with Pertamina Dex + 1 
L/min CNG 

In this test aims to find out SEC of Yanmar TF 85 MH-DI with fuel Pertamina 
Dex + 1 L/min when different compression ratio between CR 1:18 and CR 1:16. Data 
is taken at four variation load of 1 kW to 4kW. The data are presented in the chart 
below when the engine rpm is 1800. The results can be seen in figure 4.29. 

 

 
Figure 4.29. Power Vs SEC at 1800 rpm using Pertamina Dex + 1 L/min CNG 

In figure 4.29 the results obtained that the SEC has decreased until a certain power 
increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1800 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
212 kJ / kWh and 218 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
fuel consumption when the maximum power at a constant rotation of 1800 rpm with 
Pertamina Dex + 1 L/min. The difference of energy consumption caused by viscosity 
between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 1900 rpm can be seen in figure 4.30 where the trend is same than before. When 
using CR 1:16 at 1900 rpm energy consumption is lower when 25% and 50 % load 
and CR 1:18 at 75% and 100% lod. There is same like the previous where the 
maximum load energy consumption is lower at CR 1:18. 

 

 
Figure 4.30. Power Vs SEC at 1900 rpm using Pertamina Dex + 1 L/min CNG 

 
In figure 4.30 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
208 kJ / kWh and 221 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 1900 rpm 
with Pertamina Dex + 1 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2000 rpm can be seen in figure 4.31 where the trend is same than before. When 
using CR 1:16 at 2000 rpm energy consumption is lower when compared with CR 
1:18. Different like the previous where the maximum load energy consumption is 
lower at CR 1:16. 

 

 
Figure 4.31. Power Vs SEC at 2000 rpm using Pertamina Dex + 1 L/min CNG 

 
In figure 4.31 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2000 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
272 kJ / kWh and 240 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 2000 rpm 
with Pertamina Dex + 1 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2100 rpm can be seen in figure 4.32 where the trend is same than before. When 
using CR 1:16 at 2100 rpm energy consumption is lower when 25% and 50% load 
and CR 1:18 at 75% and 100% load. Different like the previous where the maximum 
load energy consumption is lower at CR 1:16 and CR 1:18. 

 

 
Figure 4.32. Power Vs SEC at 2100 rpm using Pertamina Dex + 1 L/min CNG 

 
In figure 4.32 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2100 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
same 231 kJ / kWh. This suggests that when using CR 1:16 or CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 2100 rpm 
with Pertamina Dex + 1 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2200 rpm can be seen in figure 4.33 where the trend is same than before. When 
using CR 1:16 at 2200 rpm energy consumption is lower when 75% and 100% load 
and CR 1:18 at 50% and 25% load. Different like the previous where the maximum 
load energy consumption is lower at CR 1:16. 

 

 
Figure 4.33. Power Vs SEC at 2200 rpm using Pertamina Dex + 1 L/min CNG 

 
In figure 4.33  the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2200 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
289 kJ/kWh and 229 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 2200 rpm 
with Pertamina Dex + 1 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 

 
 
 
 
 

0

50

100

150

200

250

300

350

400

0 1 2 3 4 5

SE
C

 (
kJ

/k
W

h
)

Power (kW)

CR 1 : 18

CR 1 : 16



57 

 

 

 

IV.3.11 SEC (Specific Energy Consumption) Analysis with Pertamina Dex + 2 
L/min CNG 

In this test aims to find out SEC of Yanmar TF 85 MH-DI with fuel Pertamina 
Dex + 2 L/min when different compression ratio between CR 1:18 and CR 1:16. Data 
is taken at four variation load of 1 kW to 4kW. The data are presented in the chart 
below when the engine rpm is 1800. The results can be seen in figure 4.34. 

 

 
Figure 4.34. Power Vs SEC at 1800 rpm using Pertamina Dex + 2 L/min CNG 

 
In figure 4.34 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1800 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
231 kJ/kWh and 218 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 1800 rpm 
with Pertamina Dex + 2 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 1900 rpm can be seen in figure 4.35 where the trend is different than before. 
When using CR 1:16 at 1900 rpm fuel consumption is lower when compared with 
CR 1:18. Same like the previous where the maximum load energy consumption is 
lower at CR 1:16. 

 

 
Figure 4.35. Power Vs SEC at 1900 rpm using Pertamina Dex + 2 L/min CNG 

 
In figure 4.35 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
256 kJ/kWh and 193 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 1900 rpm 
with Pertamina Dex + 2 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2000 rpm can be seen in figure 4.36 where the trend is same than before. When 
using CR 1:16 at 2000 rpm energy consumption is lower when compared with CR 
1:18. Same like the previous where the maximum load energy consumption is lower 
at CR 1:16. 

 

 
Figure 4.36. Power Vs SEC at 2000 rpm using Pertamina Dex + 2 L/min CNG 

 
In figure 4.36 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2000 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
240 kJ/kWh and 207 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 2000 rpm 
with Pertamina Dex + 2 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2100 rpm can be seen in figure 4.37 where the trend is same than before. When 
using CR 1:16 at 2100 rpm energy consumption is lower when 50% load and at 75 % 
and 100 % load CR 1:18 lower than CR 1:16. But different like the previous where 
the maximum load energy consumption is lower at CR 1:18. 

 

 
Figure 4.37. Power Vs SEC at 2100 rpm using Pertamina Dex + 2 L/min CNG 

 
In figure 4.37 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2100 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
230 kJ/kWh and 275 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 2100 rpm 
with Pertamina Dex + 2 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2200 rpm can be seen in figure 4.38 where the trend is same than before. When 
using CR 1:16 at 2200 rpm energy consumption is lower when 25 % and 50% load 
and at 75 % and 100 % load CR 1:18 lower than CR 1:16. Same like the previous 
where the maximum load energy consumption is lower at CR 1:18. 

 

 
Figure 4.38.Power Vs SEC at 2200 rpm using Pertamina Dex + 2 L/min CNG 

 
In figure 4.38  the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2200 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
220 kJ/kWh and 272 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 2200 rpm 
with Pertamina Dex + 2 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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IV.3.12 SEC (Specific Energy Consumption) Analysis with Pertamina Dex + 3 
L/min CNG 

In this test aims to find out SEC of Yanmar TF 85 MH-DI with fuel Pertamina 
Dex + 3 L/min when different compression ratio between CR 1:18 and CR 1:16. Data 
is taken at four variation load of 1 kW to 4kW. The data are presented in the chart 
below when the engine rpm is 1800. In the CR 1:16 chart the SEC trend is lower at 
1800 rpm and 2200 rpm. The results can be seen in figure 4.39. 

 

 
Figure 4.39. Power Vs SEC at 1800 rpm using Pertamina Dex + 3 L/min CNG 

 
In figure 4.39 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1800 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
237 kJ/kWh and 234 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 1800 rpm 
with Pertamina Dex + 3 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 1900 rpm can be seen in figure 4.40 where the trend is diffrent than before. 
When using CR 1:18 at 1900 rpm energy consumption is lower when compared with 
CR 1:16. Different like the previous where the maximum load energy consumption 
is lower at CR 1:18. 

 

 
Figure 4.40. Power Vs SEC at 1900 rpm using Pertamina Dex + 3 L/min CNG 

 
In figure 4.40 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 1900 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
191 kJ/kWh and 238 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 1900 rpm 
with Pertamina Dex + 3 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2000 rpm can be seen in figure 4.41 where the trend is same than before. When 
using CR 1:18 at 2000 rpm energy consumption is lower when compared with CR 
1:18. Same like the previous where the maximum load energy consumption is lower 
at CR 1:18. 

 

 
Figure 4.41.Power Vs SEC at 2000 rpm using Pertamina Dex + 3 L/min CNG 

 
In figure 4.41 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2000 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
183. kJ/kWh and 231 kJ / kWh. This suggests that when using CR 1:18 leads to lower 
energy consumption when the maximum power at a constant rotation of 2000 rpm 
with Pertamina Dex + 3 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2100 rpm can be seen in figure 4.42 where the trend is same than before. When 
using CR 1:18 at 2100 rpm energy consumption is lower when compared with CR 
1:16. Different like the previous where the maximum load energy consumption is 
lower at CR 1:18. 

 

 
Figure 4.42. Power Vs SEC at 2100 rpm using Pertamina Dex + 3 L/min CNG 

 
In figure 4.42 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2200 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
289 kJ/kWh and 229 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 2200 rpm 
with Pertamina Dex + 1 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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At 2200 rpm can be seen in figure 4.43 where the trend is different than before. 
When using CR 1:16 at 2200 rpm fuel consumption is lower when compared with 
CR 1:18. Different like the previous where the maximum load energy consumption 
is lower at CR 1:16. 

 

 
Figure 4.43. Power Vs SEC at 2200 rpm using Pertamina Dex + 3 L/min CNG 

 
In figure 4.43 the results obtained that the SEC has decreased until a certain power 

increase again. This causes when the maximum power does not mean fuel 
consumption becomes the highest point or otherwise. At 2200 rpm when the 
maximum power, energy consumption between CR 1:18 and CR 1:16 respectively is 
294 kJ/kWh and 266 kJ / kWh. This suggests that when using CR 1:16 leads to lower 
energy consumption when the maximum power at a constant rotation of 2200 rpm 
with Pertamina Dex + 3 L/min. The difference of energy consumption caused by 
viscosity between Pertamina Dex and CNG, besides the difference of calorific value. 
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IV.3.13 Total Power Analysis  

 

 
Figure 4.44. Power total 

 
In figure 4.44 can be seen that the phenomenon of total power in each fuel and 

rpm not significant power difference between CR 1:18 and CR 1:16. The difference 
when the 2200 rpm with Pertamina Dex and Pertamina Dex + 1 l / min. although not 
much different at 2200 rpm with Pertamina Dex but can be seen the power generated 
at CR 1:18 of 4.26 kW and at CR 1:16 of 4.4 kW. 3.3% increase occurs when using 
CR 1:16 at 2200 rpm with Pertamina Dex. While on the Pertamina Dex + 1 l / m CR 
1:18 generate power of 4.18 kW and at CR 1:16 produce power of 4.38 kW. From 
this result there was an increase of 4.8% when using CR 1:16. The rest between CR 
1:18 and CR 1:16 at each rpm and no significant fuel difference. 
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IV.3.14 Total Torque Analysis  

 

 
Figure 4.45. Torque total 

 
In figure 4.45 can be seen the phenomenon of total torque on each fuel and rpm 

no significant torque difference between CR 1:18 with CR 1:16. Because power and 
torque are directly proportional. So just like the previous graph where the difference 
looks when the 2200 rpm Pertamina Dex and Pertamina Dex + 1 l / min. Although 
not so much different at 2200 rpm Pertamina Dex can be seen the torque generated at 
CR 1:18 of 18.5 Nm and at CR 1:16 of 19 Nm. There was a 2.7% increase when using 
CR 1:16 at 2200 rpm with Pertamina Dex fuel. While on the fuel Pertamina Dex + 1 
l / m CR 1:18 produce torque of 18.2 Nm and at CR 1:16 produce torque of 19 Nm. 
From this result there was an increase of 6.6% when using CR 1:16 at 2200 rpm 
Pertamina Dex + 1 l / m. The rest between CR 1:18 and CR 1:16 at each rpm and no 
significant fuel difference. 
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IV. 3.15 Total SEC Analysis  

 
Figure 4.46. SEC Total 

In figure 4.46 can be seen the total SEC phenomenon in each fuel looks so 
different. When looking at the above graph it will be very difficult to see the 
difference of each fuel and rpm how the SEC happens. Due to this the authors take 
one rpm where there is a difference seen when rpm 2200 between CR 1:18 and CR 
1:16 can be seen in figure 4.47. 
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Figure 4.47. SEC at 2200 rpm  

 
In Figure 4.47 chart we can see the comparison between CR 1:16 and CR 

1:18 at 2200 rpm on each fuel. The phenomenon that occurs when using CR 1:16 
lower fuel consumption on Pertamina Dex, Pertamina Dex + 1l / m CNG and 
Pertamina Dex + 3l / m CNG. While using CR 1:18 the lowest amount of fuel 
consumption on Pertamina Dex + 2l / m CNG. From this CR ratio it can be seen that 
CR can be upgraded to decrease machine performance especially from SEC. 
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CHAPTER V 

CONCLUSION AND SUGGESTION 

V.1 Conclusion 
In this chapter will be deduced from the results of simulation and experimental 

study of Yanmar TF 85 MH-DI experiments with the addition of CNG which the 
result of diesel engine diesel fuel modification, the conclusion of engine performance 
obtained as follows: 

A. In the simulation process aims to select the optimum of compression ratio 
on engine performance and from the graph above can be concluded that 
the most optimum compression ratio is CR 1:16. 

B. The power at CR 1:18 and CR 1:16 does not occur significantly different 
with average of only 0.1%. But it can be seen at 1800, 1900 and 2000 rpm 
the power produced maximum power at CR 1:18 and at 2100 rpm and 2200 
CR 1:16 is better. This data is collected at 100% load with Pertamina Dex, 
Pertamina Dex + 1l / min CNG, 2 l / min CNG and 3 l / min CNG. 

C. The torque at CR 1:18 and CR 1:16 does not occur very significantly with 
an average 0.3%. But it can be seen on the graph at rpm 1800, 1900 and 
2000 is the maximum torque at CR 1:18 and at 2100 rpm and 2200 CR 
1:16 is better. However, at 1800 rpm with Pertamina Dex + 2 l / min CNG 
the maximum torque is higher at CR 1:16. This data is collected at 100% 
load with Pertamina Dex, Pertamina Dex + 1l / min CNG, 2 l / min CNG 
and 3 l / min CNG. 

D. SFOC with different compression ratios shows that CR 1:16 at 1800, 1900 
and 2000 rpm has increased fuel consumption when compared to CR 1:18. 
However at rpm 2100 and 2200 at CR 1:16 the fuel consumption is lower 
when compared to CR 1:18. There was no significant difference with the 
average difference ranging 0.3%. 

E. SEC with different compression ratio shows that CR 1:16 of fuel 
consumption is lowest at 1900 rpm Pertamina Dex + 2 l / min with 75% 
load 177 kJ / kWh. At CR 1:18 the lower fuel consumption at 2000 rpm 
Pertamina Dex + 3 l / min for 183 kJ / kWh at 100% load. The higher fuel 
consumption CR 1:16 at 1800 rpm with Pertamina Dex + 3 l / min of 447 
kJ / kWh at 25% load. At 1:18 CR the highest fuel consumption at 1800 
rpm Pertamina Dex + 3 l / min for 492 kJ / kWh at 25% load. 
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V.2 Suggestion 
 In the simulation process there are still not been valid so that the piston 
selection is still not optimum. To the authors suggest to continue the research with 
other compression variations to improve the engine performance especially in SEC.
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