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In this study, the influences of various engine materials such as palladium, titani-
um, thorium, zirconium, vanadium, alumina, aluminum bronze, copper, iron (gray
cast), manganese, nickel, cobalt, and carbon steel on the effective efficiency and ef-
fective power with respect to the variation of equivalence ratio at the maximum
combustion temperatures. In-cylinder gas temperatures have been determined with
respect to the melting temperatures and the performance values have been calcu-
lated with respect to the variation of the gas temperatures. The results indicated
that alumina provides the maximum performance values as aluminum bronze gives
the minimum performance values due to the combustion temperatures. Further-
more, the equivalence ratios which give the maximum performance characteristics
have been parametrically described. The obtained results can be assessed by en-
gine designers and manufacturers to choose suitable engine material.
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Introduction

Diesel engines and marine Diesel engines are the most common devices utilized in
the transportation sectors. There are so many optimization works on the Diesel engines. Xia et
al. [1] examined the performance of a Diesel engine cycle to optimize the piston motions and
to make better thermal efficiency and net work. Al-Hinti et al. [2] used an alternative calcula-
tion for heat transfer loss to analysis performance of an air-standard Diesel engine cycle.
Sakhrieh et al. [3] used a novel gas mixture model in a 0-D simulation model to examine the
performance characteristics of a Diesel engine cycle. Acikkalp and Caner [4] analyzed a na-
noscale irreversible dual cycle by using ideal Maxwell-Boltzmann gas constant for working
fluid. Acikkalp and Caner [5] used different thermodynamic assessment methods to compare
the performance of a nanoscale irreversible dual cycle engine operating with ideal Bose and
Fermi gases. Ge et al. [6] used finite time thermodynamics methods to analyze the perfor-
mance of an air standard dual cycle engine and they compared the performances of diesel, ot-
to and dual cycle engines. Hou [7] examined the impacts of heat transfer loss on the perfor-
mance specifications of a dual cycle engine. Ust et al. [8] expanded prior study for an irre-
versible dual cycle engine. Gonca and Sahin [9] analyzed the performance specifications of a
hydrogen-enriched Diesel engine with steam injection technique. Gonca [10] and Gonca et al.
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[11-16] performed a couple of studies on the Miller cycle Diesel engines and steam-injected
Diesel engines. Li et al. [17] decreased pollutant emissions simultaneously using an effective
approach and it was expressed that premixed natural gas has a positive correlation with power
output. Acikkalp et al. [18] analyzed a diesel-gas engine trigeneration system in Turkey by
using exergy analysis. Vellaiyan and Amirthagadeswaran [19] optimized operating parame-
ters of a Diesel engine operating with diesel-water emulsion fuel. Liu et al. [20] examined the
impacts of injection timing and exhaust gas re-circulation combinations on the combustion
characteristics and particulate matter emission of a Diesel engine operating on ethanol-diesel
blends.

Although there are so many thermodynamic optimization works for the Diesel en-
gines, material researches are insufficient. Novel advanced material technologies must be de-
veloped by the scientists for engine manufacturing by considering cost and environmental re-
strictions. In this report, the influences of structure materials of the Diesel engines such as pal-
ladium, titanium, thorium, zirconium, vanadium, alumina, aluminum bronze, copper, iron
(gray cast), manganese, nickel, cobalt, and carbon steel on the performance characteristics
have been parametrically examined with respect to the equivalence ratio variation. There is
not any study in the literature investigating the different material properties on the engine per-
formance of the Diesel engines. This study considers engine material properties and engine
operating conditions altogether. Therefore,
it is very important to make up for the defi-
ciency in this field.

Theoretical model

This study carried out a performance
examination for a dual cycle based Diesel
engine which is constructed with different
engine materials. The cycle is shown in fig.
1. Maximum melting temperatures of mate-
rials used for engine manufacturing are

Figure 1. The P-V and T-S diagrams for the demonstrated in tab. 1.
irreversible dual-diesel cycle

Table 1. Maximum melting point of materials used for engine manufacturing [21]

Material Maximum r.pelting point, Material Maximum ronelting point,

[°C] [°C]
Palladium 1555 Copper 1084
Titanium 1670 Gray cast iron 1204
Thorium 1750 Manganese 1244
Zirconium 1854 Nickel 1453
Vanadium 1900 Cobalt 1495
Alumina 2072 Carbon steel 1540

Aluminum bronze 1038

A numerical simulation of engine efficiency and power is performed. In the study,
air intake pressure, p1, intake temperature, T1, engine speed, N, cycle temperature ratio, «, cyl-
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inder stroke length, L, bore diameter, d, residual gas fraction (RGF), cylinder wall tempera-
ture, Tw, and friction coefficient, w, are considered in calculations and they are defined as fol-
lows: 100 kPa, 300 K, 3600 rpm, 8, 0.072 m, 0.062 m, 0.05, 400 K, and 12.9 Ns/m, respec-
tively, at the first condition. The effective efficiency and power can be expressed:

: P
Pef :Qm Qout R, Net = Qf 1)

where the heat addition, Qm, at constant volume (2-3) and constant pressure (3-4), the heat
rejection, Q. at constant volume (5-1) and loss power by friction, P), [11] can be given:
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The other equations have been obtained from [22]. Where Z is a constant which is
related to friction [11] and it is 75, where u is the friction coefficient, cn is the average piston
velocity which is written:

SN

Cpn=—o
™30

where S [m] is the stroke, and N [rpm] — the engine speed. The Qf states heat potential of the
fuel injected into the cylinder and it is derived:

©)
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Q =m¢H, (6)

where Hy is the calorific value of the fuel, m; — the mass-flow rate of fuel per second and it is
expressed:

_mN 7
120 %

where Q'tC is the heat release and Q,, — the heat loss by heat transfer into cylinder wall and
they are given:

n.’]f
Qf,c = 77cr’hf Hu (8)

th = htr A‘:yl (Tme _TW) = htr A:yl (Tz ;‘T?, _TWJ (9)

where 7c expresses efficiency of the combustion process. It is stated [23-25]:

4.18581 1.86876

1. = —-1.44738 + - (10)
¢
where gexpresses equivalence ratio and it could be given:
ms
ma
—_2a 11
= (11)

st
where m, [kg] is the mass of the air per cycle introduced into the cylinder during the intake

process and Fg — the ratio of the fuel and air at stoichiometric combustion conditions. They
are written:

m, = pVa =2 (V7 _Vrg) (12)
V.r
Vi =Ve +Ve = 5_1 (13)
Vi md?®S 1
V,=—T = — 14
Cor 4 r-1 (14)
F, - £(12.01x +1.0084 +16y +14.015) (15)
28.85
Pa=f(1,R) (16)

where V¢, Va, Vs, Vig, and Vr are volumes of compression, air, stroke, residual gas, and total
cylinder, respectively, and prg — the residual gas density which is expressed:

Prg = f (T B 17)

where Tmix is the mean temperature of air-residual gas mixtures which is:
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B m,T,R, + mrgT,gR
mix —

& (18)

m,R, + MR
where Ra is the gas constant of the air, which is 0.287 kJ/kgK and Ry — the gas constant of the
residual gas, which is 0.293 kJ/kgK. The compression ratio, r, of the engine is [26-29]:
— Vl
A
The functional statements are acquired by using engineering equation solver [30].

The used fuel in the combustion model is diesel (C14.4H24.9) [31]. The ¢ signifies molar ratio of
the fuel to air [32]:

r (19)

oo 0.21 (20)

v, B
1)

where v is the carbon atom number, 8 — the hydrogen atom number, and y — the oxygen atom
number in the used fuel. The hy is coefficient for the heat transfer and it is given [33]:

hy =130Vr R T (0 #1.4)™ (21)

where Acvi [m?] is the heat transfer area, 7ia, niarg, and et [kgs™] — the flow rates of air, residu-
al-gas, and total charge, respectively, which are:
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where m, [kg] is the mass of the air per cycle, myg [kg] — the mass of the residual-gas per cy-
cle, Tw and Tme — the cylinder wall temperature and average combustion temperature, respec-
tively, and Cv and Cp — the constant volume and constant pressure specific heats [33, 34]:
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The relations for (1-2s) process and (4-5s) process are attained [35]:
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Results and discussion

Figures 2 and 3 show the equivalence ratios, ¢, and different engine materials on the
effective power. The maximum effective power enhances with raising melting point also the
melting points of the materials enhance from palladium to alumina. Alumina provides maxi-
mum effective power as it has the maximum melting temperature. However, aluminum
bronze has the minimum effective power since it has the minimum melting temperature. The
melting temperature of the materials increases from aluminum bronze to carbon steel as can
be observed in the fig. 2. However, the ¢ affects the engine power, it augments with enhanc-
ing ¢ to a specified point and then starts to diminish with enhancing ¢. The optimum equiva-
lence ratio which gives the maximum engine power shifts right with respect to increasing
melting temperatures. This result has been observed from aluminum bronze to carbon steel
and from palladium to alumina in both of the figures.
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Figure 2. The effects of equivalence ratios and Figure 3. The effects of equivalence ratios and
different engine materials which have high melting different engine materials which have low
temperatures on the effective power melting temperatures on the effective power

Figures 4 and 5 show the equivalence ratios and different engine materials on the ef-
fective efficiency with respect to the equivalence ratio. It is clear that the maximum effective
efficiency increases with increasing maximum melting temperatures. The maximum engine
efficiency is obtained with alumina while the minimum effective power is attained with alu-
minum bronze as the maximum melting temperatures of the materials studied rises from alu-
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Figure 4. The effects of equivalence ratios and Figure 5. The effects of equivalence ratios and
different engine materials which have high melting different engine materials which have low
temperatures on the effective efficiency melting temperatures on the effective

efficiency
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minum bronze to alumina. However, the efficiency is affected by the ¢. The engine efficiency
first enhances with increasing equivalence ratio to a determined value and then begins to re-
duce with enhancing ¢. The optimum ¢ which provides the maximum effective efficiency
shifts right with respect to enhancing melting temperatures. It increases from aluminum
bronze to alumina.

Figures 6 and 7 show the variation of the engine power and efficiency with respect
to the variation of the ¢ and different engine materials. The engine power and efficiency en-
hance altogether with changing materials. Aluminum bronze provides the minimum power
and efficiency as it has the minimum melting temperature. However, the maximum perfor-
mance characteristics are obtained with alumina.
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Figure 6. The variation of the effective power and Figure 7. The variation of the effective power
effective efficiency at the different engine materials and effective efficiency at the different engine
which have high melting temperatures materials which have high melting

temperatures

In exceptional running conditions, when cylinder walls have a cooling system prob-
lem occurs, cylinder walls may reach the gas temperature at the specific location of the inner
surface. This will cause melting and material deformation at this specific locations. The en-
gine material can fail in a short time with hot deformation and wear. The material can fail un-
der load which may be lower than yield strength of the material at high temperatures as a well
known creep phenomena. As a conclusion, the maximum temperature of combustion gas can
be taken as a melting temperature of the cylinder wall to avoid damage on the cylinder walls
as an approach to possible cooling problem.

Conclusion

This work reports the effects of engine structure materials such as palladium, tita-
nium, thorium, zirconium, vanadium, alumina, aluminum bronze, copper, iron (gray cast),
manganese, nickel, cobalt, and carbon steel on the performance characteristics with respect
to the equivalence ratio variation. The results showed that the maximum engine power and
efficiency enhance with augmenting melting points. Therefore, while the alumina provides
the maximum performance characteristics, aluminum bronze has the minimum performance
characteristics due to melting temperatures. Moreover, the equivalence ratio has a consider-
able impact on the performance characteristics. They augment with raising equivalence ratio
to a particular value and then start to diminish with increasing equivalence ratio. The opti-
mum equivalence ratio which provides the maximum performance characteristics shifts
right with respect to increasing melting temperatures. It increases from palladium to alumi-
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na. This study has a remarkable originality and it can be used as an approach by engine
manufacturers and designers.
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