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ABSTRACT

Many efforts have been made in energy efficiency in power
plants. One way to improve the efficiency of energy
consumption is to conduct analysis. The purpose of this study
was to analyze the thermal efficiency of a diesel engine with
B30 at PLTD Selat Panjang unit 4. The data were collected
using a daily operation report log sheet for Caterpillar 3512B
diesel with duration 3x24. From the calculation carried out, the
average thermal efficiency of diesel engine with B30 as fuel at
PLTD Selat Panjang was 47.52%.

KEYWORDS: Diesel Engine, Energy Analysis, Biosolar,
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NOMENCLATURE

AFR = Air-fuel ratio mole basis
AFR = Air to fuel ratio

Cp = Specific heat of mole basis (kJ/kmol.K)
Cp = Specific heat at constant pressure (kJ/kg.K)
Cy = Specific heat at constant volume (kJ/kg.K)

Cpm = Specific heat of mixture (kJ/kg.K)
Cym = Specific heat of volume of mixture (kJ/kg.K)

k = Specific heat ratio

To = Ambient temperature (K)

Ty = Gas mixture temperature (K)

T, = Temperature during compression process (K)
Ts = Temperature during the combustion process (K)
Ty = Exhaust temperature (K)

T = Median temperature (middle value) (K)

Py = Ambient air pressure (kPa)

Py = Pressure of gas mixture (kPa)

P, = Pressure during compression process (kPa)

P; = Pressure during the combustion process (kPa)
P, = Exhaust pressure (kPa)

R = Gas constant (kJ/kg.K)

R = Constant gas mixture (kJ/kg.K)

my, = Fuel flow rate (kg/s)

myq = Air flow rate (kg/s)

m,, = Mass flow rate of mixture (kg/s)

Ppp, = Density of fuel (kg/m3)
pua = Density of air (kg/m?)

Vua = Combustion air discharge (m3/s)
Vo, = Fuel discharge (m3/s)

Vi, = Mixed discharge (m3/s)

W, = Compression work (kW)

Whet = Net work (kW)

W, = Useful work (kW)

Qin = Heat in (kW)

Qout = Heat out (kW)

Whett = KTotal work (kW)

nth = Cycle thermal efficiency (%)

1.0 INTRODUCTION

Electrical energy is a very important supporting factor for the
overall development of a nation, as industrial activities and
population increase, the need for electrical energy also
increases. There are several factors that affect the availability of
electricity in Indonesia; the availability of primary energy and
fuel prices [1]-[3]. Increasing energy demand, harmful
emissions and depletion of fossil fuel resources inevitably
require optimal utilization of depleted fossil fuels and non-
renewable energy resources. Therefore, the use of alternative
fuels such as biodiesel is one of the best available sources to
meet the world's energy needs [3][4]. The concept of using
vegetable oil as a fuel has been around since 1895 in the work
of Rudolf Diesel.

Many efforts have been made to increase efficiency in
power generation. One of the steps is to perform an exergy
analysis. So far, the analysis carried out is only based on the
first law of thermodynamics, namely energy can neither be
created nor destroyed, in which the degradation of energy
quality is not taken into account. So to examine more deeply
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about the decline in the quality of the energy can be used
exergy analysis. By conducting this exergy analysis in
accordance with the relationship in processing resources more
efficiently, because this method can identify the location, type
and magnitude of losses and can also be used for thermal
system design and can reduce energy waste in existing systems
[5].

By using the exergy analysis method, it can be used as an
alternative to increase the efficiency of fuel which is used in a
power plant. A large amount of exergy loss in a diesel engine
can occur in one or more components of a diesel engine. To
find out these components. Therefore, it is necessary to analyze
each component of the diesel engine. This method has been
widely used by researchers and system designers to increase the
efficiency of the generator. Such as the exergy analysis of the
gas engine at the PLTMG Duri power plant with a capacity of 7
x 15 MW with HSD fuel and natural gas. The results of the
exergy analysis show that the largest exergy destroyed occurred
in the combustion process, where the previous period before
the overhaul exergy destroyed was 9,879.6 kW and after the
overhoul was 10,6654 kW. Exergy analysis showed the
location where the largest exergy loss occurred in cylinder
number 3 by 31.4% [6].

Conducting experiments on a single cylinder four stroke
diesel engine fueled by a mixture of Mahua Oil Methyl Ester
(MOME). Emissions performance, energy, and exergy analyzes
have been carried out in B20 (80% diesel by volume mix with
20% MOME). From the exergy analysis, it is known that the
input of fuel energy and the energy carried by exhaust gas is
6.25% and 11.86% more for diesel compared to B20 [7].

In this study, the analysis was carried out on the Selat
Panjang PLTD on one of the main components of the diesel
engine. This component will be analyzed to find out how much
energy and exergy losses are caused by the tourbocharger,
engine, radiator and exhaust gas components as well as the
location of the exergy loss in the diesel engine.

The benefits of this research are expected to provide
convenience in determining the occurrence of a decrease in
energy quality in diesel engines with biodiesel fuel and provide
references in efforts to improve the system on diesel engines at
the Diesel Power Plant in Selat Panjang.

2.0 LITERATURE REVIEW

2.1 Diesel Power Plant (PLTD)

Diesel Power Plant (PLTD) is a power plant that uses a
diesel engine as the prime mover. Prime mover is equipment
that has the function of producing the mechanical energy
needed to rotate the generator rotor. Diesel motors are also
called compression ignition motors (compression ignition
engine) due to ignition method the fuel is done by spraying the
material the baker into compressed air and high temperature, as
a result of the process in the combustion chamber head
cylinder.

The PLTD is a power plant installation consisting of a
generating unit and generating facilities. In diesel engines, fuel
energy is converted into mechanical energy by the combustion
process in the engine itself. This type of generator is usually
used to meet the electricity needs of small loads, especially for
remote or rural areas and to supply the electricity needs of a
factory. An example of a Caterpillar 3512B diesel engine can
be seen in Figure 1.

Figure 1: Engine caterpillar 3512B

2.2 Biodiesel Fuel

Biodiesel is produced from vegetable oil through a
transesterification reaction process between vegetable oil,
methanol and a catalyst. The transesterification reaction is
shown in Figure 2. Transesterification is a transformation
process from one type of ester to another type of ester. Esters
are hydrocarbon chains that form bonds with other molecules.
From Figure 2 it is shown that there is an excess of oxygen
atoms in biodiesel, so biodiesel can be said to be a fuel that has
oxygenate properties, and because of these properties, biodiesel
has the ability to bind carbon monoxide (CO) molecules to
carbon dioxide (CO2). Methanol which is used as a mixture of
vegetable oils produces a biodiesel reaction that is more stable
than other types of alcohol [8].

The Tramsesterificmion Keaction
4]
1
R—C—0-CH OH—CH,
| |
] | {F ||
] | i
Rl —3—i"H + WHOH = .W-l.:-ﬂ-l’.'.l-l:_ 4 OH—CH
]
[4] |
| | 1
ReeCoiCH, OH—CH,
Vepaisble (6 iplus)  Methanol  f Bindiesel {plus)  Cilyeerin
iplus catalyst)

Figure 2: Transesterification reaction [8]

2.3 Air Fuel Ratio (AFR)
Air Fuel Ratio (AFR) is the ratio of the amount of air to the
amount of fuel in a reaction [9].

AFR = air mole x Mg, 1
" moles of fuel x Mgy M

/My
AFR = AFR (M—a‘r) (2)

fuel

e Excess air (A)

The process of complete combustion of fuel with
theoretical air is called stoichiometric combustion. However, in
fact the combustion process uses excess air to increase the
chances of complete combustion or to control the temperature
of the combustion chamber. The amount of excess air is called
excess air [10] The equation of excess air () is,

__actual air quantity
" theoretical air quantity

(3)
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ol Compression work on the compressor as follows:
- U o 1 ] '
\ ‘\‘ / . Optimum of Wke_y = MygaraX Ps x (V1 — V5) €)
5000 H / - efficiency
',‘\V‘.“ N [ e Process 6a-1 : Intercooler
e 1 f\‘ N i This process starts from the position of the piston at TDC,
» - ,> \ N the piston will move down. At the same time the intake valve
g - sl BUL X \ opens and the exhaust valve closes. When the piston is at BDC,
_F’:é oy WS .l \‘ 4 | \{ Lean buming the cylinder. volume is at its maximum so that air will enter
uao A1 RS wo.\_ Combustion /] through the intake valve at a constant pressure.
1000 L J ‘ AN | —— \ I = /{_ 1
V2 e e m—:- We—1 = Po(v1 — vg) (12)
3-Way catalytic Air ratio A ® Process 1-2 : Compression
converter

Figure 3: Caterpillar Engine AFR

Based on the exhaust emission monitoring results for the
NOx was 895.9 mg/Nm3 (437 ppm), and the excess air factor
value for the Caterpillar engine is 1.5 or 150% (Figure 3).

2.4 Thermodynamic Analysis

Fuel input energy is affected by energy loss depending on
incomplete combustion, friction loss, heat transfer loss and
exhaust gas output loss 11]. For practical cycling on engine
performance, it is important to evaluate the effect of the
variable specific heat of the operating fluid on the actual cycle
performance [12]. In Figure 4 is illustrated the thermodynamics
for the diesel cycle using a turbocharger [9].

Pressure, P

TDC BDC
Spesific Volume, v

Figure 4: Diagram on the diesel cycle [9]

The work (W) and heat (Q) in each state of the diesel
engine are as follows:

e Process 6-6a : Compressor

Process air enters the compressor to increase its pressure
before entering the engine. According to [9], the relationship
between temperature and pressure is expressed in Equation 10.

Téa <P6a)(k_k1)

T6 ~ \Pe (10)

In this process the piston will move up and compress the
air.

Wk, _, = (1) x ((Cvl xTy) — (cyz x Tz)) (13)

o Process 2-3 : Combustion
In the final compression stroke, the high-pressure fuel
pump will inject fuel into the combustion chamber containing

compressed air. The fuel will mix with the air and there will be
combustion.

My + el
Qin = (W) X ((Cp3 xTs) = (cp2 XTz)) (14)

e Process 3-4 : Expansion Step
When combustion occurs, the pressure in the combustion
chamber rises and the piston moves from TDC to BDC.

m, + Meye
k = (W) X ((Cv3XT3) - (Cv4XT4)) (15)
e Process 4-1 : Dispose process
Before the piston is at BDC, the exhaust valve opens so that
heat and combustion gases exit the cylinder.

Qout = (M + rhg,e)x ((Cpl X Tl) - (Cp4 X T4)) (16)

e Process 1-5 Exhaust gas

Process exhaust gases into the Turbocharger. Therefore, the
pressure and temperature of the exhaust gas decreases because
the heat is used to heat the air entering the compressor.

Wy = (i + rhfuel)x((cplxrrl) - (CpS XTS)) a7

The thermal efficiency of a diesel engine is the following
equation:

[Whetl

|Qinl

(n¢)Diesel =

x 100% (18)

3.0 RESULTS AND DISCUSSION

3.1 Research Result Data

Observational data is actual data obtained from the data
record (log sheet) of unit 4 PLTD Selat Panjang, on September
25-27 2021. As an example of the calculation used data on
September 25, 2021 at 11.00 which is shown in Table 1.
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Table 1: Machine data for unit 1 PLTD Selat Panjang 0.899 k& K
Parameter Notasi Value Unit Wk;_, = TS X <( 0.718 @X 309.15 K)
Compressor intake air Te 306.35 K
temperature K]
Engine intake air temperature Ti 309.15 K - (1-053 R X 634.79 K)>
Environmental air temperature To 304.15 K &
Engine intake air pressure Pe 144.00 kPa
Environmental air pressure Po 101.325 kPa Wk, _, = —35.460 kW
Mass flow rate of fuel My, 0.2226 m3/h )
Compression ratio r 14:1 e Process 2-3 : Combustion
Expansion ratio Te 7 After mixing of fuel and air (m, + mg,e) the combustion
T4 Blok process is considered as heat input at constant pressure, the
Exhaust gas temperature Al 795.15 K calorific value entering the engine (Qin) is obtained by Equation
14.
Ihu + I'hfuel
Table 2 : Biodiesel and solar fuel specifications Qn ( cylinders ) x ((Cp3 xT5) — (cpa x TZ))
Parameter Biodiesel (B100) Solar (B0) _
Heat value (MJ/kg) Min. 37 Min. 42.7 Qun . «
Density (kg/m®) 890 870 0.899-=+ 0,0541-2 ( K]
= X (1.260 x 1482.11 K)
12 kg. K

The work (W) and heat (Q) in each state of the diesel K]
engine are as follows: - (1'340@ X 634'79K)
e Process 6-6a : Compressor

The temperature of the air entering the compressor (T6) is
306.35 K and the air leaving the compressor (T6a) is 338.71 K.
Compressor work (Wk) is formulated by Equation 11.

Qin = 73.212 kW

e Process 3-4 : Expansion

In the expansion process there is no heat (Q) entering and
WKkg_ga = (1hy) X ((Cp6a X T6a) - (Cp6 X Te)) leaving, but it produces work, so:
k K] W, —(m“+mbb) ((cvsxTs) — (cyaxTy))
Wkg_gq = (0.899 —g)x<(1.014 x338.71 K) k(silinder A1) = T e ) X \NCvaXla) T ACvaXls
S kg. K
10087 k] 306.35 K Wi (silinder A1)
- ( T gk T ) 0.899 £+ 0.0541% K
WKg_ga = 30.958 kW
K]
e Process 6-1 : Intercooler B (0'888 kg. K" 79515 K))
Qoue = 1) x ((ep, % 1) = (cpg, *Tea)) Wi siinder Aty = 52.294 kW

e Process 4-1 : Dispose process

Qout = (0.899 ke ) X (1.005 K x309.15 K) The calorific value coming out of the diesel engine (Qout) is
S kg.K obtained by Equation 16.

K]
- (1.014— x 338.71 K)) my, + My
ke K out = ( silinder )X (v xT0) = (cua x T)
Qout = —30.281 kW Qout
kg kg
e Process 1-2 : Compression _ 0,899 s T 0.0541 s |y (O 877 K] ¥ 685.23 K)
The temperature of the air entering the engine (T1) is 12 ' kg. K '

309.15 K and after the compression process (T2) is 634.79 K.

The work of compression (Wk) is formulated by Equation 13. k]

- (0.888k e x 795.15 K))

Wky_p = () x ((cy1 X Ty) = (cy2 X T2)) Qout = —38.451 kW
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e Process 1-5 Exhaust gas
Turbine work is obtained as follows:

W, = (i + rigp)x ((cpr X Ty) — (cps X Ts))

kg kg K
W, = (0.899 —+ 0.0541 —)x (1.172 —— x Ty, K)
s s kg. K

k]
- (1.172k < X 665.30 K))

Where the work of the turbine is as large as the work of the
compressor
W, = —Wj = 38.293 kW

So:
kg
38.293 kKW = (0.899 5

+00541kg) (1172 Mot K)
' s )\ kg k BT

(1 072 ul 665 30K)
0725 ¢ X .

Tr=685.23K

The thermal efficiency of a diesel engine is the following
equation:

W
(e)Diesel = ”(litllx 100%
in
|420.16 kW |

(no)Diesel = x100% = 47.52%

[883.76 kW]|
Using the same calculation for cylinder (A1), the heat in
(Qin ), heat out (Qout ) and thermal energy efficiency (1) of the

12 cylinder diesel engines are obtained as shown in Table 3.

Table 3. Thermal efficiency of each cylinder

Cylinder  Qin kW) Qout kW)  Wher (kW) i (%)
Al 73.212 38.451 34.760 4748
A2 72.370 38.098 34.271 47.36
A3 71.865 37.887 33.977 47.28
A4 71.696 37.816 33.879 47.25
A5 69.507 36.899 32.607 46.91
A6 73.886 38.733 35.152 47.58
B1 74.054 38.804 35.250 47.60
B2 76.917 40.003 36.914 47.99
B3 81.464 41.907 39.557 48.56
B4 73.886 38.733 35.152 47.58
B5 69.338 36.829 32.509 46.88
B6 75.570 39.438 36.131 47.81

Average 47.52

4.0 CONCLUSION

This paper was carried out the analysis of value of thermal
efficiency on diesel engines. A case study was conducted in
power plant of the PLTD Selat Panjang, Indonesia using B30 as
fuel. The study result revealed the average of thermal energy
efficiency (1) of the 12 cylinder diesel engines of 47.52%. The
value of total work of turbine (Wye) maximum was occurred

in the cylinder B3, which the value of 39.557 kW. This study
result may determine the occurrence of a decrease in energy
quality in diesel engines with biodiesel fuel and provide
references in efforts to improve the system on diesel engines at
the Diesel Power Plant in Selat Panjang.

REFERENCES

[1] Kadir, A. (2010). Energi Sumberdaya, Inovasi, Tenaga
Listrik dan Potensi Ekonomi. Canada: John Wiley &
Son, Inc.

[2] Romy, R. & Rizki, M. (2021). Energy analysis of steam
cycle efficiency with feed water heater modification
(case study: pt. pertamina EP asset 1 field Lirik),
Journal of Ocean, Mechanical and Aerospace -Science
and Engineering-, 65(3), 88-93.

[3] Mukul S. & Agarwal, R. (2009). Energy and exergy
analysis of braytone-diesel Cycle, Proceedings of the
World Congress on Engineering, 11, July 1-3, 2009,
London, UK,

[4] Handoko, H., Adianto, A. & Loon, S. (2020). The effect
of population behavior on new renewable energy in
primary energy mix for 2025 national target: sumedang
regency review, west java, Journal of Ocean,
Mechanical and Aerospace -Science And Engineering-,
64(1), 1-8.

[5] Moran, M. (1998). Fundamental of Engineering
Thermodynamics. New York: John Wiley.

[6] Risnawat, K. (2019). Analisis Exergy Mesin Gas Pusat
Listrik PLTMG Balai Pungut 7x15 MW, Skripsi di
Jurusan Teknik Mesin, Fakultas Teknik, Universitas
Riau.

[7] Panigrahi, N.D. (2014). Performance, emission, energy,
and exergy analysis of a C.I. engine using mahua
biodiesel blends with diesel, International Scholarly
Research Notices, Hindawi Publishing Corporation, 1-
13.

[8] Kristanto, P. & Winaya, R. (2002). Penggunaan minyak
nabati sebagai bahan bakar alternatif pada motor diesel
sistim injeksi langsung, Jurnal Teknik Mesin, Petra,
4(2), 99-103.

[9] Moran, M.J. & Shapiro, H.N. (2006). Fundamental of
Engineering Thermodynamics (5th ed). Southern Gate:
John Wiley & Sons, Inc.

[10] Cengel, Y.A., Boles, M.A. & Mehmet, A. (2019).
Thermodynamic an Engineering Approach. (9" ed.),
New York: Mc Graw-Hill Education.

[11] Gonca, G. & Palaci, Y. (2019). Performance
investigation into a diesel engine under effective
efficiency-power-power density conditions, Scientia
Iranica, 26(2), 843-855.

[12] Raman, R. & Kumar, N. (2019). Performance analysis
of diesel cycle under efficient power density condition
with variable specific heat of working fluid, Journal of
Non-Equilibrium Thermodynamics, 44(4), 405-416.

JOMAse | Received: 6-April-2022 | Accepted: 30-July-2022 | [(66) 2: 63-67]
Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085



