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Abstract

The proper design of the flywheel determines in tuning the engine to confirm the better output
engine performance. The aim of this study is to mathematically investigate the effect of various
values of the compression ratio on some essential parameters to determine the appropriate
value for the flywheel dimension. A numerical calculation approach was proposed to
eventually determine the dimension of the engine flywheel on a five-cylinder four-stroke
Spark Ignition (SI) engine. The various compression ratios of 8.5, 9, 9.5, 10, 10.5, and 11 were
selected to perform the calculations. The effects of compression ratio on effective pressure,
indicated mean effective pressure (IMEP), dynamic irregularity value of the crankshaft, and
the diameter of the flywheel was clearly investigated. The study found that 2.5 increment value
of the compression ratio significantly increases the effective pressure of about 41.53% on the
starting of the expansion stroke. While at the end of the compression stroke, the rise of effective
pressure is about 76.67%, and the changes in dynamic irregularity merely increase by about
1.79%. The same trend applies to the flywheel diameter and width, which increases 2.08% for
both.

Keywords: Flywheel Dimension; Compression Ratio; Combustion Engine

Abstrak

Desain flywheel yang tepat menentukan penyetelan mesin untuk memastikan output kinerja mesin yang
lebih baik. Tujuan dari penelitian ini adalah untuk menyelidiki secara matematis pengaruh berbagai
rasio kompresi pada beberapa parameter penting untuk menentukan nilai yang sesuai untuk dimensi
flywheel. Suatu pendekatan perhitungan numerik diusulkan untuk menentukan dimensi flywheel pada
mesin Spark Ignition (SI) empat tak lima silinder. Berbagai rasio kompresi 8,5; 9; 9,5; 10; 10,5; dan 11
dipilih untuk melakukan perhitungan. Efek rasio kompresi pada tekanan efektif, indicated mean effective
pressure (IMEP), nilai ketidakteraturan dinamis poros engkol, dan diameter roda gila secara jelas
diselidiki. Studi ini menemukan bahwa 2,5 peningkatan nilai rasio kompresi secara signifikan
meningkatkan tekanan efektif sekitar 41,53% pada awal langkah ekspansi. Sementara pada akhir langkah
kompresi, kenaikan tekanan efektif adalah sekitar 76,67%, dan perubahan ketidakteraturan dinamis
hanya meningkat sekitar 1,79%. Tren yang sama berlaku untuk diameter dan lebar flywheel, yang
meningkat 2,08% untuk keduanya.

Kata-kata kunci: Dimensi flywheel; Rasio kompresi; Motor bakar

1. Introduction design of a flywheel should be based on the forces

The flywheel of an engine is utilized to
regularize the speed of the crankshaft, but it does
not affect the engine torque or power [1]. The

acting on the piston and the consequent
momentum acting on the crankshaft. In the
internal combustion engine, the energy is
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developed only during the expansion stroke,
which is much more than the engine load, while
during the suction, compression, and exhaust
stroke, there is no developed energy. The engine
flywheel basically absorbs the exceeding energy
during expansion stroke and releases it to the
crankshaft of the engine during the other strokes.
Therefore, the rotating of the crankshaft is at a
relatively uniform speed. However, considering
the fact when the flywheel absorbs energy, its
speed increases, and it decreases during the
releasing energy, the flywheel does not maintain a
constant speed. The flywheel merely reduces the
fluctuation of engine speed [1].

Several technological advancements have been
developed and even implemented to fulfill the
global requirements in terms of engine power,
torque,
compression ratio engine is one of them, and it is
a relatively new concept that is still in its nascent
phase [2]. However, one of the issues related to
this engine development is owing to the cost and
complexity. The investigation of compression
ratio effects is practically limited due to the
difficulties of the design and conception of the
combustion chamber, taking into account the
variation of the value of the compression ratio [3].
Thus, the numerical investigation becomes
practically viable with respect to these limitations.

The
publications dedicated to the understanding of
flywheel, the internal combustion engine, and
their practical applications. Bu et al. [4] studied
the design characteristic and method of flywheel
motor in helicopter applications. They proposed
the design method and were verified by the finite
element method. Yujiang et al. [5] investigated the
dynamics of a flywheel energy storage system
with permanent magnetic bearing and spiral
groove bearing. They compared the theoretical
results and the experiment of the pendulum-
tuned mass damper. Pezhman et al. [6] observed
the experimental determination of the mass
moment of inertia of a flywheel using dynamics
and statistical methods. They developed two
models for determining the mass moment of
inertia and presented the benefits and drawbacks
of the models. Dunne et al. [7] studied the optimal
gear ratio planning for the flywheel-based kinetic
energy recovery systems in motor vehicles and
proposed an efficient computational methodology

and vehicle emission. A variable

literature includes the numerous
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for optimal gear ratio in a motor vehicle using a
flywheel and continuously variable transmission.
Sevik et al. [8] investigated the influence of charge
motion and compression ratio on the performance
of a combustion concept employing in-cylinder
gasoline and natural gas blending. Hariram et al.
[9] studied the influence of compression ratio on
combustion and performance characteristics of a
direct injection compression ignition engine and
evaluated the thermal brake efficiency. The
exhaust gas temperature, brake specific fuel
consumption, the peak of cylinder gas pressure,
ignition delay, and cumulative heat release were
also investigated.

From the literature reviews, it can be inferred
that a lot of research works have been conducted
on the flywheel and the influence of the
compression ratio on several variables. However,
this present study investigates the effects of both
topics and numerically calculates the influences of
the compression ratio in the basic design of the
flywheel in a five-cylinder engine. This study
proposes the initial mathematical calculation to
determine some essential parameters to determine
the proper value of the flywheel dimension to
ensure its functioning properly. Therefore, this
will assist further research on the related topic.
The outcome of these findings will also contribute
to the scholars, researchers, and engineers to
design with an appropriate value of the flywheel
dimension. Moreover, the effect in effective
pressure, indicated mean effective pressure, and
dynamic irregularity of the engine crankshaft will
also be investigated. The analysis in the present
work is conducted considering a single steady-
state engine working point on a naturally
aspirated engine. In order to compute the points
of the working cycle, several formulas are
introduced. The Matlab software was used to
perform the calculations.

2. Mathematical Description and

Calculation Approach

Mathematical analysis method has been
widely employed in flywheel dynamic
characteristics [10], flywheel energy capacity [11],
flywheel rotor control [12], flywheel dynamic
modeling [13], and other related topics [14], [15].
These studies demonstrate the credibility of the
method to high-potentially predicts the real
condition of an engineering problem related to the
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flywheel as an energy storage system. This study
employs a mathematical calculation method to
investigate the issue in question. The engine
comprises of five-cylinder Spark-Ignition (SI) with
a four-stroke engine. The compression ratio (CR)
of 8.5, 9, 9.5, 10, 10.5, and 11 were selected for the
study, and the calculation approach in this section
is defined by the equation, data assumption and
calculation sequence [16] as the following section.
Before starting the calculation, several parameters
and assumptions were set. Table 1 shows the
chosen engine characteristic for the calculation.

Table 1. Engine Characteristics

Parameters Value Unit
bore (d) 73.5 mm
stroke (c) 67 mm
crank slider parameter (A) 0.25 -
engine speed (n) 5400 rpm
alternative masses (mai/V) 1.2 kg/dm?
equivalent rotating masses

(I‘}lmt - J 0.85  kg/dm’

2.1. Analysis of the indicated cycle

The indicated cycle (or actual cycle) is the
actual process with the actual gas as the working
fluid [17]. Therefore, the indicated cycle of the SI
engine is the cycle with which the pressure-
volume characteristics are studied over the four
strokes of the cycle. Figure 1 shows an ideal
pressure-volume (p-V) diagram for the SI engine.
Instead of the real indicated cycle, it considers a
simplified air-fuel cycle with four hypotheses:
Intake and exhaust valves are opened
instantaneously at the dead centers; Intake and
exhaust phases occur at constant pressure;
Combustion and blow-down phases occur at
constant volume; and Compression and
expansion phases are described as polytropic
transformations.

P‘S

2
4
\\ v
P 6 < 5
»
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1

Vine Venc v

Figure 1. Indicated cycle and strokes
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The graph clearly explains that the SI engine is
a constant volume cycle, which is the limiting case
of infinitely fast combustion at the top center (TC).
It also can be seen that the volume in point 1,4, and
5 have the same value and point 2,3 and 6 also
have equal values. Hereafter, it is intended to
identify the value of pressure, volume, and
temperature during the engine processes.

Three considerations were considered to
perform the calculation of pressure and
temperature at point 1. Firstly, the variation of the
internal chemical energy is null since there is no
chemical reaction occurring during the process.
Secondly, the work done by the system through
the control surface is the sum of the work done by
means of the displacement of the piston plus the
(negative) work done by the external environment
to “push” inside the cylinder the volume of
air+fuel. Thirdly, the heat exchange during the
process as the heat needed to increase of 30° the
temperature of the airt+fueltresiduals mixture.
Starting with the energy equations and
substituting the expressions for the internal and
the external energy changes, we obtain the
following expression for the temperature at point

1.
_ (acpq +c)To+ a' ¢/ + T, —xr

1 — + AT 1)
acyq +a'cy’ +¢f
where a' is:
, _ P RT, 1V
L RT, L,V @

and the pressure pl is given by:

B 1¥a 1 “p, 1 1RTy
P1 =P |4 (CR—1) RTa+ . RT. ) CR

®)

The volume is calculated as:
Swept volume

nd?c
= 4
A 2 @
Clearance volume
V= K 5

In order to perform the calculation, the data in
Table 2 are used. The transformation from point 1
to point 2 neglects leakages, which means it has a
polytropic However, the
transformation cannot be considered isentropic

transformation.

since the heat exchange from the cylinder walls to
the gas and vice-versa. In the first phase of the
transformation, the temperature of the gas
mixture is lower than the wall temperature Tw,
therefore, the heat is transferred from the cylinder
wall to the fluid.
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Table 2. Data for point 1 calculation

Parameters Value Unit
environment pressure (pa) 750 mmHg
environment temperature (Ta) 295 K
volumetric efficiency (Av=ma/maid) 0.82 -
residual to environment pressure ratio (p:/pa) 1.15 -
residual temperature (Tr) 905 K
air to fuel ratio (ast = (ma/mb)st) 14.7 -
relative air to fuel ratio (ot/atst) 0.95 -
fuel specific heat (cv) 2500 J/(kg*K)
fuel vaporized fraction (x = mb(vap)/mMb(iq) ) 1 -
fuel vaporization heat (r ) 320000 J/kg
temperature increment for the air-fuel-residual mixture during the o
. 30 C
intake stroke (AT)
air elastic constant (R) 287.2 J/(kg*K)
burnt gas elastic constant (R') 288 J/(kg*K)
air-fuel-residual mixture elastic constant (R1) 271 J/(kg*K)
air specific heat (cp) 1009 J/(kg*K)
burnt gas specific heat (cp') 1150 J/(kg*K)

In the second phase of the transformation, the
wall is cooler than the gas, and the heat transfer is
from the gas to the wall. The real transformation
can be approximated by means of a polytropic
equation, provided that the final point of the
polytropic transformation corresponds to the final
point of the real one. This is obtained by properly
choosing the polytropic exponent m. In this
approximation, the entropy linearly decreases
from the initial point. Therefore, the coefficient m
has to be lower than the exponent of the isentropic
transformation (m<1.4). Since the temperature,
pressure, and the volume at point 1 have been
calculated, the point 2 calculations depend on
these and are as follows:

T, = Ty.(CR)™->"Y (6)
Vo=V @)

P2 = P1- (%)’"1-2 ®)

The necessary data for calculating point 2 is
provided in Table 3. Point 3 in the indicated cycle
graph denotes the phase when the expansion
stroke starts. However, starting from the
definition of the lower heating value, we consider:
the presence of residuals (2 a’); dissociation; heat
exchanges by means of a reduction coefficient (1-
Oa); fuel-rich mixture: the stoichiometric fuel mass

calculated from which the temperature at point 3

is found out:
Hyrp = Hypo+ (1 + ag).(c, —¢,). (T, = Tp)  (9)

Thus, the temperature at point 3 is expressed by:

1
Ty = 7dq —(cys' — 2.Td.dq) + (cp3’ — 2.Td.dq)?
_ 2 [(2) . 1- _ M,
+.dq{dg.Td [(ast) (1= 34). (1 +a+ a’)]

—cp. T} (10)
The volume and pressure are given by:

Vs=V, (11)

p2-T5.R'
= (12)
P3 T,.R,

The necessary values for point 3 calculation are in
Table 4.

Table 3. Data for the calculation of the lower heating

value at T2
Parameters Value Unit
compression index (m) 1.35 -

air specific heat (mean value for
Hiv(T2) calculation under
stoichiometric air to fuel ratio)
(cv)

burnt gas specific heat (mean
value for Hiv(T2) calculation
under stoichiometric air to fuel
ratio) (cv')

lower heating value at To =288

744 J/(kg'k)

824 J/(kg'k)

44000 KJ/kg

burns, while the excess fuel acts as inert. K (Hiv(ro) )
Therefore, the heating value at point 2 is _To 288 K
Automotive Experiences 49
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Table 4. Data for point 3 calculation

Parameters Value  Unit
dissociation heat
(AQd = dq(Ts - Ta)?) ) Kifks
dq 0.00054 -
Ta 1850 K
burnt gas elastic constant (R') 288 J/(kg*k)
burnt gas specific heat (cp') 1328  J/(kg'k)
heat losses coefficient () 0.06 -

In point 4, the transformation cannot be
considered isentropic due to heat exchange from
the gas to the cylinder walls (m#1.4). In this case,
since we consider the system immediately at the
end of the combustion phase, in-cylinder gas is
always at a higher temperature with respect to the
cylinder wall. Therefore, the heat flux only occurs
in one direction.

d
(Ty — Tgas) <0- d—f < 0 - entropy decreases (13)

In addition, instead of considering the real
transformation, we can consider a polytropic
transformation with a coefficient m’ chosen.
Therefore, the final point of the polytropic
transformation coincides with the final point of
the real transformation, since the entropy
decreases: m’<l.4. At point 4 from the ideal
indicated cycle, the expansion process comes to an
end. The p, V, T values at this point is calculated

as:
T, = T3.(CR)(1"™s-4) (14)
V=V (15)
P4 = p3.CR™™3~4 (16)

The expansion index value of this calculation is
m’=1.27. Point 5, 6, and 7 calculations, based on the
ideal indicated cycle shown, can be calculated in a
similar way.

2.2. Indicated Mean Effective Pressure (IMEP)

IMEP is basically defined as the ratio of the
indicated work produced per cycle to the cylinder
volume displaced per cycle [8]. IMEP is a useful
relative  parameter to measure engine
performance. Unlike the torque, the IMEP does
not depend on the engine speed and engine size,
which makes it more useful to compare engines.
Even, the IMEP can be considered as one of the
optimization aspects in an internal combustion
engine [18]. The IMEP is used to compute the
resistant momentum, which in turn is used to
calculate the resistant work and the shaft work.
The IMEP is thus calculated to be:

© Aan Yudianto and Peixuan Li

pl.CR.(CR™-2 — 1)
(CR-1)(A-my_3)

p3.(CR™3-+ — 1). (p1 — pr)
(CR=1)(1 —m3_y)

imep =

17)

2.3. Effective pressure

In order to plot the effective pressure graph, it
is necessary to tabulate some necessary values.
The crank angle values change as the four-stroke
cycle process. It is defined as the distance of the
piston head from the cylinder top that varies as
the crank angle varies. The designations of the
four strokes for the intervals of the crank angle are
expansion stroke (0-180), exhaust stroke (181-360),
intake stroke (361-540), and compression stroke
(541-720). The distance from the piston head from
the cylinder head is calculated as:

x(0) =7 [(1~ cost) + 3 (1~ 1~ 22sine)| (19

_ crank radius,r (19)
" Connecting rod lenght, |

The swept volume is the total volume that
changes according to the piston head position. It
is given by:

2

Vv + %.x(e) (20)

The gas pressure is the pressure of the
combustion gases that exerts on the piston head.
It varies for the four strokes as (all pressures are in
KPa):

paVy "
Py(0<6>180) = 3o (21)
pg(0 <6 >180) =p, (22)
pg(0 <6 >180) = ps (23)
Pg(0< 6> 180) =222 (29)

The reaction pressure pc is the pressure that
the piston exerts to counter the gas pressures
exerted on it. The value of the reaction pressure is
99.99 kPa. The inertial pressure existing in the
cylinder is given by:

m
- ;lt .C.w?.T. [ cos(0) + /1(

cos(26)
cos(B)

Therefore, taking into considerations of all the
pressures explained above, the effective pressure
is given by:

Pefrf =DPg —Pct+ i (26)

1=

)] kPa  (25)

2.4. Tangential tension
The tangential tension of the SI engine depends

on various parameters, such as the shaft
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momentum and the tangential force experienced.
The following formulas show the relation between
these parameters.

M,10°
t(0) = (27)
/2
The shaft momentum [Nm] can be calculated from
the following:
M, = F,.r.1073 (28)
Therefore, the tangential force [N]:
wd?.107%\ /sin(8 + )
Fe= p“'ff( 4 >( cos(pB) ) 29)

2.5. Shaft and resistant tension, shaft and
resistant work
It is necessary to compare the tension of the
shaft and the resistant tension, as well as between
the work done by the shaft and the resistant ones.
Resistant work can be calculated as follow:
Resistant momentum [Nm]:

imep.v
Mr(6) = 4_7; 1076 (30)

Because we also have the shaft momentum, we
can calculate the shaft and resistant work as
follow:

41T
Ly(6) = f M, (6)d6 []] (31)
]

41T (32)
L,(6) = f M, (6)d6 [J]
]

2.6. Dynamic irregularity

The dynamic irregularity of the engine
crankshaft rotation influencing the operation of
the flywheel is an essential measure for the
flywheel design. In actual cases, there are many
other considerations of dynamic effects, including
other mechanical component vibrations in the
engine [19]. However, this
considers the dynamic irregularity related to the
working cycle of the engine. The dynamic
irregularity is a function of the maximum and the
minimum work done (shaft and resistant work)
and is inversely proportional to the IMEP. It is

thus expressed as:
— ((ALmax + ALmin))
imep.V.10-°

section merely

(33)

2.7. Instantaneous angular velocity

The instantaneous angular velocity of the
engine is generally calculated with the rpm given
as ((2.7.n)/60), where n is the rpm.

© Aan Yudianto and Peixuan Li

2(Ls(6) — L, (6))

34
7 4

w(8) = j(wo)2 +

Where wavg is the average angular velocity and is
given by:

2(Ls (6) — L,(6)) (35)

w,(0) = \](waug)z + 7

1 41 36
Oungr =5 [ 02(6)d8 0
0

With a specific correction factor, the real angular
velocity is:
s =w;(0) —w(®) (37)

2.8. Flywheel diameter

The determination of the value of the flywheel
diameter highly depends on the previous
calculations. The expression to calculate the
flywheel diameter is as follows.

Flywheel diameter formula is presented as:

5 320]fly
dfly = 71'4[;; (38)

where,
]fly:jcyl_jeng (39)
is the inertial momentum of the flywheel.
vl = &.imep.V.107° (40)
] yL= 5. (l)z

is the inertial momentum of the cylinder. (0 is the

kinematic irregularity which is chosen 0.01).
Mot

— 210-6
Jeng = ( o vr210 (41)
is the inertial momentum of the engine which
depend on the masses of the rotating components
within.

kg

is the value of density from the assumed data.

With the above values, the flywheel diameter
is found out. In this case, the hypothesis of the
thickness of the flywheel is 0.1dy.

3. Resuts and Discussion

3.1. Effective Pressure and Indicated Mean
Effective Pressure

Considering Eqn. (26), it is obvious that the
effective pressure depends on gas pressure,
exerted pressure by the piston to encounter the
gas pressure, and inertial pressure. This is
interesting to graphically and numerically
investigate the effects of the compression ratio to
the effective pressure since it is highly related to
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the compression ratio and how high the
compression ratio affects on it. Figure 2 shows the
results of the effective pressure inside the engine
cylinder as the function of the crank angle at the
compression ratio of 8.5 to 11. Comparing the
results altogether, it is clear that increasing the
compression ratio of the engine affects the
increment of effective pressure. Each stroke,
namely expansion (0-180), exhaust (181-360),
intake (361-540), and compression (541-720), is
respectively depicted in the horizontal axis of the
graph. When the compression ratio is equal to 8.5,
the effective pressure in the starting of the
expansion stroke is approximately 6113 KPa, and
this the
compression ratio increment. For compression
ratio is equal to 11, the starting effective pressure
is in the order of 8652 Kpa, which means there is
approximately 41.53% increment of the effective
pressure value. As the crankshaft rotates, the
effective pressure significantly decreases.

In the transition of the expansion stroke and
exhaust stroke, there is a stepping down of the
pressure because of the suddenness of the exhaust
valve opening. For every variation of the
compression ratios, the values are approximately
1000 KPa. During the exhaust stroke, the effective
pressure is decrement. For the different
compression ratio, these values are slightly
different, but all values are in the order of -1000
KPa. Furthermore, the effective pressure in the

value considerably increases as

P-EF85 -oonen P-Eff 9 P-EFF9.5

8500

6500 °
-
=]
& 4500
X
g
3
w
¢
& 2500

‘.:.E‘
500 =
0 100 200 3
-1500
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next stroke, intake, increases to the value of about
600 KPa, and it is followed by a small decrement
until it finally goes back to the value of 600 KPa
for CR= 8.5 and about 1060 KPa for CR=11 at the
end of the compression stroke. This is clear that
the 2.5-value of the compression ratio makes the
changes by about 76.67% of effective pressure by
the end of the compression phase of the engine.
The increasing of the compression ratio does not
give significant changes in the value of effective
pressure apart from the beginning of the
expansion stroke and the end of the compression
phase.

The essential of IMEP parameters has also
been studied by several researchers in some other
related topics [18], [20], [21]. These studies show
the needs of IMEP assessment in determining
engine performance characteristics. Table 5 and
Figure 3 explain the difference in the theoretical
results of indicated mean effective pressure for all
variations of the compression ratio. Considering
the Eqn. (17) in the previous section, it is clear that
the values of IMEP considerably increase as the
compression ratio increases. This linear function
starts from 1.2318e+03 KPa when the compression
value is 8.5, and it has a continuously increasing
trend until the compression ratio is equal to 11,
and the value of IMEP attains higher value, that is
1.3429e+03 KPa. In every 0.5 compression ratio
increment, the value of IMEP rises 0.0597e+03
KPa in average.

P-Eff 10

P-Eff10.5 P-Eff 11

Crank angle [degree]

Figure 2. Effective pressure for CR=8.5to CR=11.
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Table 5. Indicated mean effective pressure

CR 8.5 9

9.5 10 10.5 11

IMEP (KPa)

1.2318e+03 1.2569e+03 1.2805e+03 1.3025e+03 1.3233e+03 1.3429e+03

1.35E+03

1.30E+03

1.28E+03

1.26E+03

1256403 1 33F403

imep [kPa]

1.20E+03

1.15E+03 =
8.5 9

9.5 10

1.34E+03
1.32E+03
1.30E+03

CR

Figure 3. Resulting IMEP calculation for various CR

3.2. Results of dynamic irregularity, flywheel

diameters, and the flywheel width

Table 6 compares the result of dynamic
irregularity (§) of the engine crankshaft rotation
and the basic dimension of the flywheel due to the
variation of the compression ratio. This dynamic
irregularity becomes important since fluctuation
in cyclic variations negatively affects engine
performance as well [22]. Based on the Eqn. (30)
and Eqn. (33) the dynamic irregularity is linearly
proportional to shaft and resistance work, but it is
inversely proportional to the IMEP. However,
shaft and resistance work is determined by the
resistance momentum, which also depends on the
IMEP. It, however, gives a correlation for each
other. The IMEP itself depends on the
compression ratio and on the condition in every
point in the indicated cycle, and the final results of
the dynamic irregularity are depicted in Table 6.
As such, the more the compression ratio, the more
the dynamic irregularity of the engine crankshaft
rotation. When the compression ratio is 8.5, the
result of the dynamic irregularity calculation is
0.9617, and for an engine with a compression ratio
is equal to 11, the result of the dynamic
irregularity is 0.9789. The effect of the chosen
compression ratio gives a less significant rise in
the value of dynamic irregularity, which is merely
about 1.79%.

In order to determine the flywheel diameter,
it is compulsory to find the results of the inertial

momentum of the flywheel for the five-cylinder
engine based on the Eqn. (41). It depends on the
value of the dynamic irregularity and also IMEP.
In this case, the chosen kinematic irregularity is
0.01. The mass of the rotating component is
determined as 7.7 kg/dm?3 as explained in Eqn.
(38). Therefore, after observing the expressions,
the compression ratio eventually determines the
flywheel dimension. The compression ratio
determines the condition of the points in the
indicated cycle of the engine, which finds out the
IMEP and effective pressure. Furthermore, it has a
correlation in the tangential tension, resistance
momentum, dynamic irregularity, and finally, it
determines the flywheel diameter.

Based on the specification and assumed
values, the compression ratio equals to 8.5 yields
in 268.3 mm of flywheel diameter while for 11
compression ratio results in the 273.9 mm
flywheel diameter. The width of the flywheel is
26.83 mm for 8.5 compression ratio and 27.39 for
CR equal to 11. The increasing values of flywheel
diameter and flywheel width are at the same value
of 2.08%. These are based on the hypothesis that
the width of the flywheel is 10% of the flywheel
diameter. The more compression ratio, the bigger
the flywheel diameter. This dimension is the
initial value references to further design the
flywheel serving as kinetic energy storage and
retrieval devices. The proper analytical
calculation should be performed appropriately so
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that the flywheel is also able to retrieve the energy
to deliver high output power at high rotational
velocity as the potentially emerging energy
storage technology in today’s world.

Table 6. Flywheel diameter and width

Compression Diameter  Width
Ratio (mm) (mm)

8.5 0.9617 268.3 26.83

9 0.9654 269.6 26.96

9.5 0.9689 270.8 27.08

10 0.9723 271.9 27.19

10.5 0.9756 272.9 27.29

11 0.9789 273.9 27.39

4. Conclusion

The influence of the compression ratio on the
five-cylinder SI engines was clearly examined in
this study over the entire numerical calculations at
the various value of the compression ratio. The
engine compression ratio determined the value of
the pressures and temperatures in the indicated
cycle, which, furthermore, defined the value of the
IMEP and effective pressure. The value of the
effective pressure was necessary to calculate shaft
momentum, while IMEP was useful to determine
the resistance momentum. These two values were
needed to compute shaft and resistance work,
which, next, these were used to find the value of
the dynamic irregularity that, together with IMEP
and angular velocity, determined the value of the
inertial momentum of the flywheel. Finally, the
flywheel diameter was calculated by the value of
the inertial momentum and the masses of the
rotating component. By following this procedure,
it is concluded that the more compression ratio of
the engine, the more dynamic irregularity
experienced by the engine, and as an impact, the
more diameter of the flywheel is needed. The 2.5
increasing value of CR enormously increases the
effective pressure of 41.53% on the initial phase of
the expansion stroke. At the end of the
compression stroke, the progression of effective
pressure is about 76.67%, and the alterations on
dynamic irregularity merely rise about 1.79%. The
identical trend occurs for the value of flywheel
diameter and width, which equally increases by
2.08%. Further studies are, therefore, to conduct
the calculation of the flywheel diameter for a
multi-cylinder engine. It is also planned to
perform the study on the effect of engine rpm to

© Aan Yudianto and Peixuan Li

the result of the engine parameter such as IMEP
and dynamic irregularity.
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Nomenclature
a air
c stroke
€ constant
Cp air specific heat
cp' burnt gas specific heat
d bore, diameter, dissociation
F, tangential force
f fuel
H air specific heat
Hi lower heating value
i number of cylinders
] inertial momentum
L work
M momentum
m mass, compression index
n engine speed
p pressure
R universal gas constant
R’ burnt gas elastic constant
r specific heat of vaporation, residual
s specific correction factor
T Temperature
t tangential
14 volume
w wall
x fuel vaporized fraction
o kinematic irregularity
0A thermal losses term
i inertial pressure
1) angular velocity
X piston distance from the top center
A crank slider parameter
Ao volumetric efficiency
'3 dynamic irregularity
I, masses of the rotating component
dq loss term
rpm  revolution per minute
st stoichiometric
ATM  atmosphere
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BDC  Bottom Dead Center

CR Compression Ratio

IMEP Indicated mean effective pressure
SI Spark Ignition

TDC  Top Dead Center

TC Top Center
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