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Analysis of the Performance of Diesel Engine
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Abstract— this is alternative research fuels in the form of biodiesel from waste cooking oil. In addition, the
purpose of this study is to determine the effect of waste cooking oil biodiesel blends in the performance testing of a one-
cylinder diesel engine simulation modeling. The method used by the author in this study is to use a simulation method.
Performance-based diesel motor performance tests are performed using HSD, and also with variations of used cooking oil
biodiesel fuel mixtures. From the performance test results at full load, it was found that the comparison of the value of the
power mix of biodiesel waste cooking oil with HSD decreased power. At B50 decreased power (6.38%), B60 (7.6%), B70
(8.9%), B80 (10.2%0), B90 (11.4%), and B100 (12.7%) at maximum RPM. The torque value obtained in the biodiesel fuel
mixture also decreased compared to HSD in the same cycle. The lowest SFOC value is produced by HSD fuel. SFOC HSD
value is lower than cooking oil biodiesel mixture which is higher (6.8%) B50 fuel, up (8.3%) B60, up (9.83%) B70, up
(11.4%) B8O, up (12.9%) B90, and up (14.5%) B100 at full load and maximum RPM conditions.

Keywords— biodiesel, performance test, waste cooking oil.

I. INTRODUCTION

Oil fuels have an important role in the

development of the transport sector, industry growth, and
agriculture sector and to meet other human needs. But
the total of oil fuel orders in the world, causing
shortening on the day reserves of fossil fuels available.
Because of that, most scientists and researchers are
looking for a substitute fuel or alternative [1]. The lack
of fossil fuel deposits will make renewable fuel energy
more attractive [2]. Whereas most renewable energy that
has energy technology is more environmentally friendly
than conventional energy options, because of its very
slow acceptance factors such as lack of supply, economic
constraints, etc.

President of the Republic of Indonesia Joko Widodo
[3], in his statement, the president said that if in this B30
should reduce the import of diesel fuel seriously.
Governments are expected to reduce the number of
Diesel fuel imports because this B30 program can make
a very large donation because it can save the country's
foreign exchange to Rp63 trillion—Indonesia’s largest oil
palm producer in the world. We have a source of
vegetable material as a substitute for Diesel fuel. We
must use this for social energy independence. In this B30
program will create a huge domestic CPO demand. This
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means B30 will have a direct impact on the small
plantations that foster people farmers who have worked
in the palm oil plantation. The B30 Program will later
become B50, and so on. It could even be B100.

Biodiesel is an ingredient that can be used as a
substitute for diesel engine fuel. This is due to raw
materials derived from vegetable oil that can be renewed,
can be produced periodically, and easily obtained. In
addition, the price is relatively stable, and the production
is easy to adjust to needs. Biodiesel is also an
environmentally friendly fuel. It does not contain sulfur
so as to reduce the environmental damage caused by acid
rain [4].

The development of renewable energy has been
much, which is done research on the diesel engine fuel
testing that has been done. For example, biodiesel is
derived from Jatropha castor oil [5]. In oil, palm oil has
also been tested on research [6]. The government has
also commercialized biodiesel through Pertamina, but
using oil palm biodiesel mixture. The commercialized
biodiesel is a mixture of diesel with biodiesel, commonly
known as bio diesel fuel.

Waste cooking oil is a biodiesel material in addition
to the potential of palm oil to become a biodiesel fuel.
The advantage of its use, in addition to its low price, can
also cope with pollution caused by waste cooking oil
waste [7].

This research tests the performance of Waste
cooking oil Dbiodiesel blends. However, the
characteristics of used cooking oil biodiesel properties, it
has been researched previously with reference to
Indonesian National Standard 2015 (SNI), only limited
its characteristic test. From there, the authors conducted
further research on the performance test of used cooking
oil that was simulated into the GT-POWER application.
Thus, future performance tests will support the use of
biodiesel B50-B100 as alternative fuels when in
commercial production.
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Il. METHOD
The method used in this research is to use a
simulated method on a diesel engine. The modeling of
diesel engines used in this simulation uses Yanmar
engine 85 MH. The variety of fuel used is the use of used
cooking oil biodiesel B50, B60, B70, B80, B90, B100.
Before the simulation begins, calibration will be done by
comparing the simulation result with engine
specifications Yanmar TF 85 MH to know the
performance of the diesel engine. . Thus, it can be
assumed that the performance of the machine at the time

of calibration is initial performance.

A. Engine Diesel Simulation Modeling

Diesel engine simulation modeling is done by
measuring the diesel engine that has been designed.
Diesel engine modeling Data using engine specifications
Yanmar TF 85 MH. Table 1 shows the machine
specification data.

TABLE 1.
ENGINE DATA SPECIFICATION YANMAR TF 85 MH

Engine Data Specification

Engine Type Diesel engine
Power Maximum 8,5 HP 2200 RPM
Torque Maximum 3,44 kg.m/1600

RPM
SFOC 171 gr/hp.hours
Power Continue 7,5 HP/2200 RPM
Type of Stroke 4 Stroke
System of Combustion Direct injection
Compression Ratio 18
Injection Pressure 200 kg/cm?®
Cooling System Hopper
Oil Type SAE 40 Class CC
or CD
Dimension of Engine (Mm) 672 X 330,5 X 496
Number of Cylinder 1 cylinder
Diameter X Length 85 mm X 87 mm
Start of Injection 18° before TMA
Cylinder Volume 493 cc
- - —.—. mm o -
i : EXHAUST
,l : SYSTEM

. 1
1 .
N |
INLET SYSTEM '-' [ CYLINDER SYSTEM J“ OUTLET SYSTEM

CRANK SYSTEM

Figure. 1. Schematic of Diesel Engine

Engine specification Data Yanmar TF 85 used for
modeling design in diesel engine simulation as per table
1 IE engine specification data Yanmar TF 85. There are
several stages in modeling creation as follows:
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1) Measurement of Engine Dimension

The engine modeling stage, diesel engine dimension
data, has been measured in accordance with the engine
specification Yanmar TF 85.

2) Engine Modeling Schematic

Figure 1 shows the diesel engine scheme of Yanmar
TF 85 MH. This scheme is divided into three main
sections. The exhaust system, both the block system and
the injector, the inlet system.

3) Component Definition Simulation

The manufacture of the diesel engine simulation
modeling is required data Engine specification
parameters from Project Guide machines. There are
several parts of the object that must be defined so that
the simulation generates output data in the form of
machine performance as well as possible with
comparative specification data. There are three main
systems, namely the exhaust gas system, cylinder block
system, and injector, inlet system.

A. Components in the exhaust system are several
stages that must be defined according to the
specifications of Yanmar diesel engine 85, as
follows: in the exhaust system, there are several
steps that must be defined according to the
Yanmar TF 85 diesel engine specifications, as
follows:

1. Exhaust Valve
This component has the same function as the
inlet valve. The Exhaust Valve is made by
inputting the diameter of the valve, valve lash,
cam timing angle, and elevator arrays.

o Tming ¢ Lift < Flow Coeffidents «# Output Plots

Attribute Unit Object Value
Cam Timing Angle Cam Angle  ~ 141 I;‘
Cam Timing Anchor Reference TDCFiring £
Cam Timing Lift Array Reference Theta=0 ¥

Source of Angle
(®) | Attached Cylinder
O |Parton Ma
O | Drive

Figure. 2. Part of Timing Exhaust Valve

o Timing %" Lift < Flow Coeffidents # Output Plots

Attribute Unit Object Value
Valve Lash mm ~ 0.25 I;‘
Variable Profie Dependency Object ign I;‘
Dwell at Maximum Lift Cam Angle  ~ ign I;‘
Angle Multiplier def (=1.0) I;‘
Lift Multiplier def (=1.0)[...]

Figure. 3. Part of Lift Exhaust Valve
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, Yalve Lift Preview - case # | & Main | o Thermal < Pressure Drop Flots
—Lift
~= TDCFiring Attribute Unit Object Value
6 == Theta=0
~=Cam Timing
Angle Diameter at Inlet End mm 3844D
S Diameter at Qutlet End mm 33.1[..]
z Length mm 152.7]...]
E 4 Discretization Length mm 32.4@
>
® Initial State Name Gas_buang D
z st = S
£
= O | smooth
2 (®) | Roughness from Material steel w
(O | 5and Roughness mm ~
=
Radius of Bend mm £ ign E
[i)| IEETERTERTTRTRTTNL [RTTRTRTTRIFARTP. AITRTRTITEN [NUNTRR] FNT\NTRTTETARTERT! Angle of Bend deg ~ \gﬂg
l-31DE§ CMP TDDCF POWER 180 EXHAUST 360  INTAKE BSE;(DZ Pipe Elevation Change or 3D Acceleration Object mm £ ign E
Crank Angle [deg] MNumber of Identical Pipes def(=1.0) B
Figure. 4. Part of Lift Exhaust Valve Figure. 8. Main Part of Exhaust Runner
o Timing <2 Lft < Flow Coefficients « Output Plots < Main % Thermal 2 Pressure Drop Plats
Attribute Unit Obiject Yalue
Attribute Unit Object Value
Valve Reference Diameter mm i 32[.] (@) | Imposed Wall Temperature K ~ asa[.]
Discharge Coefficient Reference Area Definition curtain ~ O calculated Wal Temperature
Flow Coefficient Lift Unit LiftOverDiam v (O | wall Temperature from Connected Thermal Primitive
Flow Area Multiplier def (=1.0) [..] | Adiabatic
Number of Identical Holes def (=1.0)[...]
Heat Transfer Multiplier def (=1.0) I;‘
Figure. 5. Part of Flow Coefficient Exhaust Valve Heat Input Rate W v ign [ca)
Thermocouple Object ign I:‘
2 Exhaust Port System (®) | Heat Transfer Correlation (Colburn)
’ ()| User Defined Heat Transfer Model ign
. . . (O | Heat Transfer Coeffident W/m~ 2K ~
Itisa plpe (Cyl | nder) that serves to connect the Condense/Evaporate Water Vapor {Non-Refrigerant Circuits) off ~

exhaust valve with an exhaust runner.

Data

filled in diameter, length, material, hardness

value, and temperature

4 Main o Thermal < Pressure Drop Plots

Figure. 9. Main Part of Thermal Exhaust Runner

3. End Environment

Aioure unt TN The last component with the environment
Dt ot et — ® 579 boundary condition of the exhaust gas
Diameter atOutet End - » 0780 combustion system. The Data is inserted, such
Length mm - w0.2[.] as an inlet environment that determines the
f:’l‘;::ENLm”g"‘ e z — ﬂ:% pressure  value, temperature, and air
. composition of combustion results.
(| smoath
@ | Roughness from Material |Est_iror1 o o Main o Options ¢ Altitude and Humidity [/ Plots
(| 5and Roughness mm -

Attribute Unit Object Value

Radius of Bend mm ign[...] Pressure (Absoluts) bar v 1.
Angle of Bend deg o ign El Temperature K ~ 303.15 I;‘
Pipe Elevation Change or 3D Acceleration Object mm ign I:l Composition air l;‘
MNumber of Identical Pipes def (=1.0) I;‘

Figure. 6. Main Part of Exhaust Port

¢ Main & Thermal o Pressure Drop Flots

Attribute Unit Object Value
(® | Imposed wWal Temperature K ~ 489 I;‘
(| calculated wal Temperature
(O | wall Temperature from Connected Thermal Primitive
(O | Adiabatic
Heat Transfer Multiplier 1.5 D
Heat Input Rate W w ign D
Thermocouple Object ign I:‘
(®) | Heat Transfer Correlation (Colburn)
(O | User Defined Heat Transfer Model ign
(O | Heat Transfer Coeffident Wima2+4) ~
Condense [Evaporate Water Vapor (Mon-Refrigerant Circuits) off ~

Figure. 7. Thermal Part of Exhaust Port

Figure. 10. Main Part of End-outlet

B. Some components must be specified in the
cylinder, crank train, and injection system. As

follows:

1. Engine Cylinder

Inside the engine cylinder, some input data
should be included, namely the cylinder wall

temperature,  fluid
combustion model.

flow,

heat

transfer,
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& Main o Advanced [ Plots o Mass o Timing < Fluid < Nozze < Profile Settings < Profie [ Plots
I I Attribute Unit Object Value Attribute Unit Ob)ect Value
et it comer Injected Ma: See C MASS] [...]
| @ | wal Temperature defined by Reference Object ectgthass ciddl] L !
[O [Wall Tempe FE Structure part (EnaC % Air-to-Fuel Ratio Limit Methodology TotalComposition v
| Heat Transfer Object Air-to-Fuel Ratio Limit [AFR] D
| Flow Object Figure. 16. Mass Part of Injector
i -
[ Confamtion Object o Mass TG op Fluid o Nozzle < Profie Settings < Profie [ Plots
| Measured Cylinder Pressure Analysis Object
| Cylinder Pressure Analysis Mode off v Attribute Unit Object Value
Figure. 11. Main Part of Cylinder Injection Timing deg v -18[...)
Source of Angle
of Main o2 Altitude and Humidity Q| Attached Cylinder
Attribute Unit Object Value @ Reton Map def E
resexe (AbeoRe) e » 1|: O Driver Reference Object ign
Temperature c v 30[.) Figure. 17. Timing Part of Injector
Composition air[..]
Figure. 12. Main Part of Initial State Object o Mass o Timing & Fluid o2 Nozze < Profile Settings < Profle [X] Plots
Attribute Unit Object Value
Fluid Object [BahanBakar] ...
V Main Injected Fluid Temperature K ~ 303.15 E
Vaporized Fluid Fraction 0l
Attribute Unit Object Value : : :
Figure. 18. Fluid Part of Injector
Head Temperature K v 523.15[...)
G SIS K % 523.15[ | [ Mase o Tming o Fid o Mot o Profie Settngs o Profie. £ Plots
Cylinder Temperature K v 403.15[...] oot - .
Figure. 13. Main Part of Wall Temperature T e o - 0.3y
Number of Holes per Nozzle 4.
” Main Nozzle Discharge Coefficient def E
Injector Location (for Injection into Pipes) ign E
Attribute Unit Object Value
— Figure. 19. Nozzle P f Inj r
Piston Cup Diameter (Maximum) mm ~ 5[ gure. 19. Nozzle Part of Injecto
Piston Cup Depth at Maximum Diameter mm v 15.5[...]
Piston Cup Diameter (Edge) mm ~ 45 m
Piston Cup Center Depth mm v 8.2[...

Figure. 14. Main Part of Piston Object

& Main o Options <« Advanced
Attribute Unit Object Value

Ignition Delay 3 m
Premixed Fraction 0.02[...]
Tail Fraction 0.05[...)
Premixed Duration 2 I;‘
Main Duration 3s[...)
Tail Duration 0.
Premixed Exponent def (=0.7)[...]
Main Exponent def (=0.9)[..]
Tail Exponent def:-“_',m

Figure. 15. Main Part of Combustion Object

2. Injector System
The diesel engine Direct Injection Compression
Ignition (DICI), the type of data that must be
inserted, includes the fuel temperature, fuel
type, the angle of its appearance, and the fuel
mass injected.
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. T T < Main ¢ Piston-to-Crank Offset ¢ Crank-Slider Compliance
Attribute Unit Object Value

01 8.0 = 0.0 v Bore mm v 85@
2 -17.0[.. 1511111111, S mm > &7l...
3 -16.0[,..)| 1811111111 Connecting Rod Length |mm v 118.1[...
4 -15.0|...] 22.11111111|...f Compression Ratio 18[..]
5 -14.0|... 27.11111111),.. TDC Clearance Height  [mm v 0.8[...]
2 "13.01... 33.11111111),., Figure. 23. Main Part of EngCylGeom
7 -12.0[... 40.11111111)...)
8 -11.0... 48.11111111 U o Main o Cylinder Geometry < Firing Order ¢ RLTNorms < Inertia o BearingLoads ] Plots
9 -10.0[...) 57.11111111}...| P = p—
10 -9.0|... 67.11111111[... R R m——— o
19 -8.0/... 78.11111111|...| Number of Periods at Initial Speed def (=4.0)[..]
12 -7.0 : 90.11111111|,..| Figure. 24. Inertia Part of Cranktrain
13 6.0 /..., 103.1111111|...|
13 -5.00... 17.1111111).. 4. Load Torque/ Dynamometer
15 =0l 1321111111, The load Torque/dynamometer is a component
% 3.0l 1481111111 that will be coupling with the crank train of the
7 200 165.1111111]. machine, and it serves to regulate the loading by
s 1ol 83.1111111]| changing the load value according to the desired
19 0.0 200.0[...| research.
20 1.0{... 183.1111111|...]
21 2.01...] 165.1111111]... & Main ] Plots
2 3.0|... 148.1111111|...]
23 4.0[... 132.1111111 ... Attribute Unit Object Value
5 . oranl ]| [T [seecose v pepan .
26 7.0 90.11111111 : Figure. 25. Inertia Part of Cranktrain
27 8.0|... 78.11111111|... . . L .
- - - I C. In the inlet system of diesel engine simulation has

Figure. 20. Profile Part of Injector

3. Cranktrain

Diesel engine simulation Cranktrain explains
the type of motor, cylinder arrangement,
ignition sequence, the characteristics of the

several components that must be defined :

1. Inlet Environment

The inlet environment in the simulation of a

diesel engine must

make a condition of

supporting boundary by determining the value
of pressure, temperature, and air composition of

crankshaft, and other characteristics. Input data the environment according to normal
that need to be filled in the form of motor type, conditions.
motor rotation, inertia, cylinder geometry, and
ignition sequence. & Main | o Cptions < Altude and Humidty [ Plots
Attribute Unit Object Value
o Main o Cylinder Geometry < Firing Order < RLT Norms o Inertia < Bearing Loads Plots Pressure (Absolute) bar v AD
Attribute Unit Object Value empeptine * - 303.15[...
Engine Type 4-stroke v Compestion = El
Speedor Load spedfication foxd > Figure. 26. Main Part of Inlet Environment
Engine Speed See Cas.., reM [
Engine Friction Object or FMEP friction]...]
Start of Cyde (CA at IVC) -110[o] o Main < Fluids
Figure. 21. Main Part of Cranktrain Fiuid Object P e
Attri...
0 fraction ~
1 n2-vap 0.767
& Main 2 02-vap 0.233
Atrbe Lt Suicctvehe Figure. 27. Part of Composition Air in Simulation
Constant part of FMEP bar v 0.03[...]
Peak Cylinder Pressure Factor 0.004[...] 2. Intake Runner System
Mean Piston Speed Factor barf(mfs) 0.053[...] . . . - .
e — 2ol Diesel engine simulation also has a connection
e e e Tl = aef 20 in one circuit. The network link is a pipe that

Figure. 22. Main Part of Friction

serves as a conduit between the Inlet
Environment and the Intake Port. The Data
required is basic geometry and material.
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o Tming <" Lift ¢ Flow Coeffidents ¢ Output [ Plots
w Main o Thermal o Pressure Drop [2] Plots Attribute Unit Object Value
Valve Lash mm v 0.125[,.)
Diameter at Inlet End ~ 40.34 [ orisuie ofhe Depenceney Oofect on..]
Diameter at Cutlet End oy = 0.1 Dwell at Maximum Lift Cam Angle  ~ ign [o..]
Length mm v 59.7[:' Angle Multiplier )
Discretization Length mm ~ 34.4[.) Lift Multiplier
Initial State Name: nitial [..)
8 Figure. 32. Lift Part of Intake Valve
| O | Roughness from Materia ~|
@ | Sand Roughness mm ~ def[...]
Radus of send oo |2 ol 7 Valve Lift Preview - case # 1 . - .
Angle of Bend ceg ~ wnl.l] — Lift
Pipe Elevation Change or 3D Acceleration Object mm ~ ign [ — T
Mumber of Identical Pipes def (=1.0)[-] TDCFiri
6 ng
Figure. 28. Intrunner's Part of Basic Geometry and Initial — Theta=0
Conditions ~—Cam
5 Timing
o Man & Thermal o Pressure Drop [ Plots g Angle
Attribute Unit Object Value E, 4
Wall Tem) thod % [ ] [ ]
@ | Imposed Wall Temperature K v 323.15),.. =
Q| calaulated Wall Temperature < 3rF
=
(| wall Temperature from Connected Thermal Primitive =
(O | Adiabatic
Figure. 29. Intrunner Part of Thermal 2F
@ Main o Thermal < Pressure Drop  [i] Plots
Attribute Unit Object Value 1 Y
\
Diarnater at Iniet End mm E 40-5&73@ 0 ITTTRTTTRTTTNTI) lIItllIIIIIIIIIIIIIIIIII IIJIIIIIIIII INTITRTITAT l . .
f‘::;“"""“"""" . 3:'5’:% -180CMP 0 PWR 180 EXH 360 INT 540
e — = 3“ﬁ BDC TDCF BDC TDC BDC
Initial State Name. initial [...] Crank Angle [deg)
Q| smooth
O | Roughness from Materia | o Figure. 33. Lift Array Part of Intake Valve
(@ | Sand Roughness mm ~ def...]
Radius of Bend mm ~ ign ... . . . . .
e — L)| %) Model Series of Diesel Engine Simulation Yanmar
Pipe Elevation Change or 3D Acceleration Object mm “ ign [_..] TF-85
lumber ofdentical Poes w0k Object Data from diesel engine specification has been

Figure. 30. Basic Geometry and Initial Conditions Part of
Intport

3. Intake Valve
The diesel engine intake valve simulation has a
model of valves made by inserting valve
diameter value, lash valve, timing cam angle,
and lift array. This component serves to make
the camshaft and valve characteristics of the
diesel motor.

< Timing o Lift < Flow Coefficents < Output Plots

Attribute Unit Object Value
Cam Timing Angle Cam Angle 199.5)...
‘Cam Timing Anchor Reference I TDCFiring ~
‘Cam Timing Lift Array Reference Theta=0 ~
Source of Angle
(@ | Attached Cylinder
O | Part on Map | ign
(O | Driver Reference Object | ign

Figure. 31. Timing Part of Intake Valve

incorporated into the modeling of engine simulation.
The simulation engine can already be run for

simulating the performance of biodiesel fuel
variations. Figure 35 shows the diesel engine
simulation series.
Den
.g:,
o e T -2 ‘;J - =} e e ke
|
AEE

Figure. 34. Modeling diesel engine simulation Yanmar TF 85

B. Simulated Fuel Variations

This simulation uses the computing system of the setting
in the simulation to create a variety of used cooking oil
biodiesel B50-B90. The Data needed for the manufacture
of fuel variations are the characteristics of the HSD and
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B100 obtained from the journal. In table 2 shows the fuel
properties that will be simulated.
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TABLE. 4.
COMPARISON OF RESULTS CALIBRATION AND ENGINE
SPECIFICATIONS

TABLE.2.
PROPERTIES VARIATIONS OF BIODIESEL AND HSD FUELS
Fuel Density, Lower Critical Critical
properties kg/m? heating temperature, pressure,
value, K bar
MJ/kg
HSD 836 43,25 594,4 24,6
B100 890,7 37,11 785,9 12,07
B50 864,3 39,76 677,7 18,34
B60 868.82 39,14 699,3 17,082
B70 874,29 38,52 720,95 15,829
B80 879,8 37,92 742,6 14,58
B90 885,23 37,33 764,25 13,323

Power, Torque, SFOC,
kw Nm 9/kW-
h
1600 Calibration - 32,09 -
RPM
Annual - 33,73 -
book
2200 Calibration 6,61 - 230,25
RPM
Annual 6,33 - 229,31
book
Error 4,4% 4,8% 4,07%

C. Validation engine simulation Diesel TF 85

Calibration is used to validate diesel engine simulation
Yanmar TF 85. Data needed to validate the Power,
SFOC, and torque. Supporting data from calibration is
obtained from simulated results compared to Data in
accordance with the specifications of Yanmar diesel
engine 85. In table 4 is the result of a simulation that will
be compared to engine specifications.

TABLE. 3.
HSD SIMULATION CALIBRATION RESULTS
HSD Fuel
RPM POWER, TORQUE, BFSC,
kw Nm gr/kWw-
h

500 1,548 30.260 282.641
600 1,978 31.478 268.282
700 2,368 32.304 258.61
800 2,752 32.847 250.717
900 3,126 33.170 245.124
1000 3.491 33.334 240.765
1100 3.848 33.359 237.438
1200 4.182 33.276 234.835
1300 4.504 33.087 232.892
1400 4.813 32.829 231.346
1500 5.104 32.491 230.273
1600 5.337 32.092 229.523
1700 5.631 31.632 229.114
1800 5.868 31.129 228.916
1900 6.084 30.580 228.946
2000 6.238 29.997 229.151
2100 6.457 29.360 229.662
2200 6.613 28.706 230.254

D. Simulation of Engine Diesel

In the modeling of this diesel engine, use the GT-
Power simulation to know the performance value of the
Yanmar diesel engine 85 by using used cooking oil
biodiesel fuel at full load conditions.

I11. RESULT AND DISCUSSION

In this research, a performance test will be
conducted to determine the effect of biodiesel B50-B100
on the simulation of the Yanmar TF85-MH diesel
engine. This research uses GT-POWER software. The
results of this experiment will later determine the
performance in using B50-B100 fuel and will be
compared with biofuels that have been traded in the
market, namely HSD. The rotation used in this
experiment starts at 600 RPM, 800 RPM, 1000 RPM,
1200 RPM, 1400 RPM, 1600 RPM, 1800 RPM, 1900
RPM, 2000 RPM, 2100 RPM, and 2200 RPM under
100% full load condition.
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6.6 .,,J-
6.1 9 I
o EpE==
51 Lk —e—HSD
- o
46 - —e—B50
e 4 B60
£36
031 —e—B70
ii 7 —e—B30
15 | V. i B90
1.1 —e—B100
0.6

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Speed (RPM)

Figure 35. Graphic Power Vs. RPM at Full Load Conditions

Based on Figure 1 is the comparison graph between
Engine round to power in full load conditions for all
types of fuel. This chart is a comparison of engine round
performance to power on all types of fuel. This value is
derived from the lowest SFOC point described in
previous graphs. Obtained the highest or maximum
obtained from a high rotation of 2200 RPM on each fuel,
at a speed of 2200 RPM, HSD has the highest power
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value of 6.63 kW, in the same round, the fuel B50 has
the second-highest power value of 6.21 Kw, followed by
B60 fuel has the third-highest power of 6.12 Kw, on B70
fuel has a power of 6.04 Kw, on the B80 fuel has a
power of 5.95 kW, the B90 fuel has a power of 5.87 kW,
and on the material, B100 has a power of 5.78 KW.
Furthermore, at a round of 1800 RPM seen in the image
1, HSD fuel still has the highest power value of 5.87 kW,
in the same round conditions, fuel B50 has the second-
highest power value of 5.50 Kw, followed by the B60
fuel to have the third-highest power of 5.42 Kw, on the
B70 fuel has a power of 5.35 Kw, on B80 fuel has a
power of 5.28 Kw, on the B90 fuel has a power of 5.20
kW, and in B100 material has a power of 5.13 kW. In a
round of 1000 RPM seen in the image 1, HSD fuel still
has the highest power value of 3.50 kW; in the same
round conditions, fuel B50 has the second-highest power
value of 3.28 Kw, followed by the B60 fuel has the third-
highest power of 3.24 Kw, on the fuel B70 has a power
of 3.20 Kw, on B80 fuel has a power of 3.16 Kw, on the
B90 fuel has a power of 3.11 kW, and in B100 material
has a power of 3.07 kW.

In low rounds of 600 RPM seen in the image graph
1, HSD fuel still has the highest power value of 2.00 kW,
in the same round conditions, fuel B50 has the second-
highest power value of 1.88 Kw, followed by the B60
fuel has the third-highest power of 1.86 Kw, on B70 fuel
has a power of 1.83 Kw, on B80 fuel has a power of 1.81
Kw, on the B90 fuel has a power of 1.79 kW, and in
B100 material has a power of 1.76 kW. From the
observation of the graph as a whole, it can be concluded
that the larger the engine rotation then, the greater the
power is generated, and the power generated HSD is
greater than the power generated from the biodiesel
mixing fuel in each round. According to research [8], the
heating value of a biodiesel fuel lower than the HSD fuel
results in a decrease in the resulting power output. The
larger the value of the biodiesel mixture then the lower
the calorie value, which causes the resulting power to fall
down.
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Figure 36. Graphic Torque Vs. RPM at Full Load Conditions

Based on figure 2, which is the comparison graph
between Engine round to torque in full load conditions
for all types of fuel, the graph is a comparison of the
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maximum torque value with a rotation on each type of
fuel, where the largest torque value is obtained at a load
of 100%. At a low round of 600 RPM, it was seen that
the HSD fuel had the highest torque value of 31.47 Nm,
in the same round conditions as the B50 fuel had the
second-highest torque value of 29.61 Nm, followed by
the B60 fuel having the third-highest torque of 29.26
Nm, on the B70 fuel having a torque of 28.89 Nm, on a
B80 fuel having a torque of 28.54 Nm, on the B90 fuel
has a torque of 28.18 Nm, and on the B100 material has
a torque of 27.8 Nm. In the 1000 RPM round, it was seen
that the HSD fuel had the highest torque value of 33.34
Nm, in the same rotation condition that B50 fuel had the
second-highest torque value of 31.31 Nm, followed by
the B60 fuel having the third-highest torque of 30.90
Nm, on the fuel B70 had a torque of 30.50 Nm, on B80
fuel had a torque of 30.11 Nm, on the B90 fuel has a
torque of 29.72 Nm, and on the B100 material has a
torque of 29.33 Nm. In the 1100 RPM round, it was seen
that the HSD fuel had the highest torque value of 33.38
Nm, in the same rotation condition that B50 fuel had the
second-highest torque value of 31.33 Nm, followed by
the B60 fuel having the third-highest torque of 30.92
Nm, on the fuel B70 had a torque of 30.52 Nm, on B80
fuel had a torque of 30.12 Nm, on the B90 fuel has a
torque of 29.72 Nm, and on the B100 material has a
torque of 29.33 Nm. In the 1800 RPM round, it was seen
that the HSD fuel had the highest torque value of 31.24
Nm, in the same rotation condition that B50 fuel had the
second-highest torque value of 29.27 Nm, followed by
the B60 fuel having the third-highest torque of 28.88
Nm, on the fuel B70 had a torque of 28.49 Nm, on B80
fuel had a torque of 28.10 Nm, on the B90 fuel has a
torque of 27.71 Nm, and on the B100 material has a
torque of 27.33 Nm. Furthermore, there is a maximum
round of 2200 RPM seen that the HSD fuel has the
highest torque value of 28.91 Nm, in the same round
conditions as the B50 fuel has the second-highest torque
value of 27.07 Nm, followed by the B60 fuel has the
third-highest torque of 26.33 Nm, on the fuel B70 has a
torque of 26.33 Nm, on B80 fuel has a torque of 25.96
Nm, on the B90 fuel has a torque of 25.60 Nm, and on
the B100 material has a torque of 25.23 Nm.

This is in accordance with the calculations of the
software and theories where torque is derived from the
calculation between power comparisons and RPM,
resulting in a maximum increase at 1100 RPM. Where
on the chart also seen an increase from low RPM to
1100, and dropped from 1100 to 2200. These torque
tendencies will continue to decline as the RPM increases
after the peak point and RPM reduction before the peak
point. It is according to the formula that has been
formulated in the software. From the overall graph
observation, the results gained that HSD fuel is a greater
torque value than B50, B60, B70, B80, B90, B100 in
each round. According to research [8]. The increase in
biodiesel joints is the decrease in the torque value that is
generated by the heat value contained in each fuel. The
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value of the Calor is lower; then, the torque result will be
decreased.
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Figure 37. Graphic SFOC Vs. RPM at Full Load Conditions

Based on Figure 3, the comparison graph between
Engine round to SFOC on Full Load condition. On the
graphs described earlier, that the lowest SFOC value is
seen at a maximum load of 100% Full Load. At a low
round of 600 RPM, it appears that HSD fuel has the
lowest SFOC value of 268.26 g/kWh, in the same
rotation conditions as B50 fuel has the second-lowest
SFOC value of 284.91 g/kWh, followed by fuel B60 has
the third-lowest SFOC of 288.29 G/kWh, on B70 fuel
has an SFOC of 291.94 g/kwh, on the fuel B80 has an
SFOC of 295.40 g/kWh, on the fuel B90 has an SFOC of
299.14 g/kwh, and on B100 material has an SFOC of
302.98 g/kwWh. In the 1000 RPM round, it appears that
the HSD fuel has the lowest SFOC value of 240.72
g/kwh, in the same rotation conditions as B50 fuel has
the second-lowest SFOC value of 256.19 g/kWh,
followed by fuel B60 has the third-lowest SFOC of 259.5
G/kWh, on B70 fuel has an SFOC of 262.88 g/kWh, on
the fuel B80 has an SFOC of 266.23 g/kWh, on the fuel
B90 has an SFOC of 269.73 g/kWh, and on B100
material has an SFOC of 273.25 g/kWh. In the 1800
RPM round, it appears that the HSD fuel has the lowest
SFOC value of 228.25 g/kWh, in the same rotation
conditions as B50 fuel has the second-lowest SFOC
value of 243.47 g/kwh, followed by fuel B60 has the
third-lowest SFOC of 246.78 G/kWh, on B70 fuel has an
SFOC of 250.11 g/kWh, on the fuel B80 has an SFOC of
253.57 g/kWh, on the fuel B90 has an SFOC of 257.08
g/kwh, and on B100 material has an SFOC of 260.62
g/kWh.

At a high round of 2200 RPM, it appears that HSD
fuel has the lowest SFOC value of 228.57 g/kWh. In the
same rotation conditions, B50 fuel has the second-lowest
SFOC value of 244.26 g/kwh, followed by fuel B60 has
the third-lowest SFOC of 247.62 G/kWh, on B70 fuel
has an SFOC of 251.06 g/kwWh, on the fuel B80 has an
SFOC of 254.62 g/kWh, on the fuel B90 has an SFOC of
258.22 g/kWh, and on B100 material has an SFOC of
261.91 g/kWh. From the observation of the chart as a
whole, it can be concluded that the fuel HSD, as well as
variations of the used cooking oil biodiesel fuel the
larger round of the Engine then the lower the SFOC
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value, but at 2000 RPM increased the value of SFOC on
fuel HSD, B50, B60, B70, B80, B90 because the Engine
is experiencing overload. It is different from the B100
fuel, first experiencing an overloaded engine at 1900
RPM. The results obtained that the fuel HSD lower the
value of SFOC than B50, B60, B70, B80, B90, B100 in
each round. According to research [14]. The Calor value
contained on the HSD is higher than the biodiesel calor
value. The more the replenishment of the biodiesel value
then the smaller the Calor value resulting in biodiesel
fuel need more fuel to get the same energy, resulting in a
higher SFOC biodiesel value than the HSD.

IV. CONCLUSION

Based on the results of the simulated performance
test on HSD fuel, B50, B60, B70, B80, B90, B100 waste
cooking oil biodiesel, it can be withdrawn as follows:

1) The SFOC value gained in performance tests can be
concluded that the lowest SFOC value is located in
full load at each round, and the higher the engine
rotation, the lower the SFOC value. In full load
conditions with maximum RPM the lowest SFOC
value is HSD fuel with a value of 228.57 gr/kw,
further comparison of the value of SFOC HSD with
B50 up about 6.8%, B60 up 8.3%, B70 up 9.83%,
B80 up 11.4%, B0 up 12.9%, and B100 up 14.5%.

2) The resulting power is influenced by engine
rotation. The higher the engine rotation, the greater
the power generated by the Engine. When the
condition is a full load at maximum RPM, the
largest power is generated on the type of HSD fuel,
followed by a variety of used cooking oil biodiesel
fuel. HSD's generated power is 6.63 kW, further
comparison of HSD power values with B50 down
6.38%, B60 dropped 7.6%, B70 dropped 8.9%, B80
dropped 10.2%, B90 11.4%, and B100 dropped by
12.7%.

3) The resulting torque increased at 500 RPM to a
maximum torque point at 1100 RPM after it
decreased torque value to maximum RPM. The
results obtained that HSD fuel is greater torque
value than B50, B60, B70, B80, B90, B100 in each
round. Torque value HSD at maximum RPM full
load condition i.e., 28.9 Nm, further comparison
with the B50 down 6.3%, B60 dropped 7.6%, B70
dropped 8.9%, B80 dropped 10.2%, B90 dropped
11.4%, and B100 dropped 12.7%.
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