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In the internal combustion engines, the high-energy efficiency can be achieved by using
materials with low thermal conductivity as the cylinder in combustion chambers. One of the
development trends for heat engines is improvement of their energy efficiency. In this paper,
the application of cylinder made of Functionally Graded Material (FGM) is developed. FGMs
are new kind of materials which thermal resistant and mechanical strength can be considered
together for them. The thermal conductivity is studied in the functionally graded cylinders
using multilayer theory that each sub-cylinder is assumed as an isotropic layer. Functionally
graded properties are resulted by suitable arrangement of layers in a multilayer cylinder. Some
results have survived for a typical locomotive diesel engine and finally, the heat conduction
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A new trend in the field of internal combustion engines is to insulate the heat transfer surfaces
as a combustion chamber, cylinder wall, cylinder head, piston and valves by ceramic
insulating materials for the improvement of engine performance and elimination of the cooling
system. Engelhard Corporation has published results of using ceramic coating for cylinder
head and piston crown in an EMD 16V64SE3B diesel engine, which is used in GT26CW
locometives. These results show [1]:

-Improve fuel economy by 1.1% (Notch 8) to 6.7 %o Notch 5).

_Reduce NOx emissions by 3-15%.

_Reduce black smoke by 50-90%.

-Reduce carbon monoxide and hydrocarbon emissions

4 -Reducetotal particulate matter
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4 }MTHEMATICAL FORMULATION

- The heat transfer rates from the burned gas to the walls depend on the instantaneous
. gifferences between gas and wall temperatures. For the present study, the following usual
~ gssumptions are made concerning wall temperature computation, which were successtully

used in [12]:

1- All cylinder surfaces are ata uniform temperature,

2- Heat transfer by conduction through the walls is one-dimensional.

The one-dimensional treatment is justified, since temperature varies much more rapidly in
directions perpendicular to the surface. The assumption of one-dimensional heat transfer over

the engine cycle is reasonable for engines

- In order to calculate the heat transfer rate through a certain location of the combustion

- chamber wall during a complete engine cycle, the unsteady heat conduction equation must be

| solved with the appropriate boundary conditions for a hollow eylinder with inner radius of

- r;and outer radius of Fy . As mentioned before by using multi-layer composite method, the

~  wall thickness has divided to number of elements which material properties stay constant over

each layer. Assuming that heat flow through the surface is one-dimensional, we derive heat
transfer equation for a single layer. Since material properties remain constant over a specific
layer, constants can readily drop from derivation.

12 g, 2T _ 0T
L2wh-pcs ()

1| . 8T a1 aT
_[K—;+Kr &2]=_C.C'—ar— (2)
Where k is the thermal conductivity, r is cylinder radius, O and C are the density and the
specific heat respectively. In addition, T denotes to the temperature. In order to calculate the
heat transfer rate through a certain location of the combustion chamber wall during a complete
engine cycle, equation 2 must be solved with the appropriate boundary condition. It is
subjected to the boundary condition of the inside wall surface to be exposed to the gas
temperature and heat transfer coefficient which vary periodically in time [12]. The
temperature on the outer cylinder radius is assumed same as the coolant temperature, which
were used in previous works such as [13]. To solve equation 2 the combination of finite
element - finite difference methed has used, with the aim of backward scheme in time domain.

The shape functions for finite clement modeling are defined as below.
r—rj _ r=ry

=T _Tk—F
N = = =
Fit) s i Ne(r) e - (3)

In the above equation, N;{r)and Ng(r) are called shape function, / is length of element also

r; and n denote to the beginning and end of each element respectively.
dT _dN P Nak
e 4

Using Galerkin method in each element, we can derive the elements of stiffness matrix.

T = Na®
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By substitution equations 6, 7 and 8 into equation 5 and simplifying we have

4EXAMPLE

Engine description

The numerical investigation is been conducted on a single cylinder, Lister LV1, direct

injection (DI) diesel engine. It has a cylinder bore of 85.73 mm, a piston stroke of 82.55 mm, a

connecting rod length of 148.59 mm, a compression ratio of 18:1, and inlet and exhaust valve

Jiameters of 34.5 and 31.5 mm, respectively. The inlet valve opens 15 _CA before TDC and
while the exhaust valve opens 41 _CA before BDC and closes 15

closes 41 _CA after BDC,
CA after TDC. This is a naturally aspirated, water-cooled, four-stroke engine, with a bowl-

@ in-piston combustion chamber. The normal speed range is 1000-3000 rpm. A Bryce—Berger
8 injector with a three-hole nozzle (each hole having a diameter of 0.25 mm) is located in the
~ middle of the combustion chamber head, having an opening pressure of 190 bar [12)

. Material properties

_There are different cases for
" used in this article listed in table
. coating contains 0.2 mm topcoat 0
- provides a surface texture to promo

construction the cylinder liner. The Material arrangement that
1. For cylinder model with thermal barrier coating, the
f Cr203 and 0.4 mm bond coat of PSZ. The bond coat
te adhesion of the top coat and reduce the coefficient of
~ thermal expansion (between the top coat and the metallic substrate. In the FGM cylinder
4 model, the ceramic used in the inner radius is Mg-PSZ and the metal used for outer radius is
~ super alloy NiCrAlY. Four different volume fractions have considered for FGM cylinder.
* Figure 1 shows the variation of thermal conductivity for each volume fraction.

xk r e
K [ la®+| o [T - T 2
£y = ; 14429 (9) | : ; X )
45{]4 £:43 had [1;‘14 43 s Table 1, Thermal properties of engine wall insulator liner materials[14]
N Partially Plasma Cast iron
WhICh Stabilized sprayed Silicon (flake
xkj k=r e ) ﬂ: ik —r)? = rj)-‘ Material Zirconia Zirconia Crz04 NiCrAlY nitride graphite)
€l=pc ff ! o T" ’:—"}fr - £ 2 o ECI [tk rierk BT pi density . glom’ 57 8.0 5.0 55 32 7.0
L rr—mrk=r)  rr=m)? [ 12 [k mednk (10) & _
72 7 J A x w""m‘K'“’ DA 3.05 29-38 26 10 20.9 33
awT an wk =t v = Specific heat , KI/Kg.K 0.450 i 059 0.450 0.67 0.5
[X] K'Ir—a——dr-ic.{ { =L ‘I-]d.--.x 7 2 d'r—K[d+'* -ﬁjf—rk:| (11 0.50
" 131 1 -r r ET] y
g ¥ |7 b _f:’:- .:—2 AU|l-g-rk ri+rk )

1= anT o
dr |5

Ixk
iy (12)

Equation 10 gives temperature distribution in cylinder wall. In FGM cylinder mechanical

properties varies in radial direction with a speci i i
pecific volume fraction. M i
FGM cylinder are assumed as follows: eefanical properties

(13)

P=Pc+(Pm—Pe)x (—="yn
ro—ri

whm Ld s LU 1. no_m -
P" is material property, "n" is a non-negative volume fraction exponent and subscripts

Pl M ot £ o H
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Figure 1, Thermal conductivity variation in cylinder thickness for different volume fmcnnn of

FGM cylinder

S-NUMERICAL RESULTS AND DISSCUSSIONS

The temperature distribution and heat transfer rate are calculated in three engi

T . ne speed 1500,
2000 and 2500 rpm for various loads such as 20%, 40% and 60% of full =:ngir|gt=;:I !oasd_ 1

Figure 2, 3 and 4 display the transient tem i i

2 = : | perature fluctuation at different points of

guckness o_f c;_-'!mder liner for 40% of full load at the speed of 1500 rpm I%[r:I castoirc:ruelhwil
S_Z; ceramic liner and FGM_ cy[_indcr respectively. It can be concluded that in FGM cylinder,

:al surface t:[]_-nperznure swing increased compared with metal and ceramic cylinder whema;
e corresponding temperature swing inside th I, signi . g

i ot g ins e wall, significantly reduced compared with two

Figqm 4 shc-\_vs in the case of FGM cylinder, when the depth exceeds about 0.6 mm an
obvious transient temperature can hardly be seen. In the other hand, this means the heat
conduction over this depth obeys a kind of pseudo steady rule.

Figure 5 depicts the heat transfer absorbed or rejected against crank angle, for the case of 40%
of full icad at speed of 2000 rpm for cast iron liner and FGM cylinder. ‘i‘he area under these
curves representing the associated heats. The heat flows in and out of the body periodicall
because of the temperature difference between gas and wall surface become smm:timé
p{:ls_m\-'e and other times negative due to their phasing. It can clearly be seen that in FGM
cylinder the rate of heat transfer reduced compared with a metallic eylinder.
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Figure 5, Heat transfer against crank angle ina
cast iron and FGM(n=2) cylinder

Figure 6 shows the total heat loss to coolant water for different candidate materials at the
speed of 1500 rpm and different operation loads within 10 minutes after engine operation
under cold starting. By using FGM cylinder with different volume fraction, one can obtain
25-40% decrease in heat loss compared with cast iron cylinder at the speed of 1500 rpm, 41-
61% at 2000 rpm and 50-68% at 2500 rpm whereas at the same condition, Cr2C3 coaiing can
reduce heat release up to 9.5% at 1500, 17% at 2000 and 22% at 2500 speed. Data for
percentage of heat loss reduction for different materials is listed in table 2.

Figure 7 indicates the maximum wall surface lemperature for candidate materials at 1500 rpm
and various loads. It is clear that maximum and minimum surface temperature is subjected to
ceramic and cast iron cylinder respectively. In the FGM cases, cylinder wall temperature is
located between these two cases.
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Figure 6, Total heat loss at 1500 rpm and

‘ Figure 7, Maximum wall surface temperature
different loads at 10 minutes after cold starting

at 1500 rpm and different loads

Figure 8 represents the percentage of heat loss reduction fi i idate
. . . 'or wvarious candi Li i
compared with cast iron in the case of 60% of full load at different engine speed. i
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Cast Iron
o5 B8E8838
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Figure 8, Percentage of heat loss reduction compared with cast iron
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Table 2 , Percentage of heat loss reduction compared with cast iron at different engine

load and speed condition

ks 1500 rpm 2000 rpm 2500 rpm
Materials 20% 40% 60%. 20% 40% 60% 20% 40% B80%
full load full load full load il load full load Tl boad full load ol boad tull load
Si3Ng 7.05 T 12 T.57 13.91 1398 | 14.66 | 19.13 | 19.25 | 19.49
coating 9.56 9.56 J002 [ 1716 | 17.18 | 17.87 | 22.83 | 2290 | 23.13
FGMNn=0.05 | 25.19 | 2544 | 26.68 | 41.50 | 41 66 | 43.00 | 50.83 | 51.05 | 51.45
FGMn=1 30.15 | 30.44 | 31.84 | 47.74 | 47.91 | 49.28 | 57.12 57.33 | 57.73
FGMn=2 3553 | 35.86 | 37.40 | 53.97 | 54.14 | 55.51 63.12 | 63.34 | 63.72
FGﬂp=5 40.87 41.24 | 42.87 59.61 5079 | 61.13 | 68.32 | 68.53 | 68.89
PSZ 4623 | 46.61 4828 | 6493 | 65.08 | 66.31 73.07 | ¥3.23 | 73.53

~SUMMARY AND CONCLUSIONS

In this paper, the application of ceramic coating is surveyed in a typical locomotive diesel
engine and then heat loss to cooling system and cylinder wall temperature swing are analyzed
for a FGM cylinder in a typical DI diesel engine by using combination of finite element-finite
difference method at different load and speed conditions. The results have also compared with
various materials of cylinder liner. The conclusions can be outlined as follows:

I- By using FGM cylinder, temperature fluctuation of cylinder wall surface will increase
compared with metal and ceramic cylinder, but the corresponding temperature swing inside
the wall will significantly reduce compared with two mentioned cases.

2- FGM cylinder can decrease some problem which may occurred in the interface of ceramic
and metal in the ceramic-coated engines.

3- FGM cylinder can decrease heat loss to coclant water up to 40% compared with cast iron
cylinder at 1500 rpm, 61% at 2000 rpm and 68% at 2500 rpm.

4- The extra exhaust gas energy resulting from insulation may be used to aid engine power via
compounding.

5- Using FGM cylinder in diesel engines offers the potential of simplified and lighted cooling
systems, which cause reduction in cost and noise level due to downsizing of cooling system.
6- High temperatures on the combustion chamber wall surface due to insulation may cause a
drop in volumetric efficiency but increased boost pressure from the turbocharger, can be used
to overcome this problem.
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Ankara-istanbul Hizli Tren insaat1

CETiNKAYA Coskun
Mithatpaga Cd.Kivang A pt.No:56/4 Kiztlay/ANKARA

OZET

Ulagturma  insanhik tarihi kadar eskiye dayanmir. Bu anlamiyla ulagimin yarattig etkiler
ekonomik kalkinma ve gelisme agisindan olduZu kadar toplumsal hayatta da etkilerini
gﬁcslermektedir. wollarm ve araglann geligmesi mal ve hizmet dolagumini artinp maliyet
diismesini saglamakla beraber, Bzellikle demiryolu ulagim agisindan bir kiltir ve uygarhik
projesi olarak ta tammlanabilir. Mesafelerin yakinlagmasi, hizi bir metafor olarak toplumsal
yagama sokmus ve ulagim sistemleri i¢in gﬁvenli-emniy::tli-a.lcuz tammlamalarimn yam sira
gabuk-hizl tammlamalan da yer almstir. Diinyamn bir ucundan bir ucuna gabuk gitmek bir
ekonomik ihtiyag olarak tammlanmaya baslamig ama aym zamanda ulasim modlar birbirini
entegre etmekten ziyade birbiriyle yangir noktaya gelmistir. Oyle ki 19001 yillarin baginda
60-T0km/saat olan arag hizlari 2000°1i yiilarda 400 km/saate ulagmigtir.

Bu anlamda artik giiniimiizde ulagtirma sistemlerinin mzlandinimasi ancelikli hedeflerden biri
haline gelmigtir.

Ugakla rekabet edebilecek bir rayh sistem diisi bizi TGV, Shinkansen vb. ileri teknoloji Gritnii
trenlere getirmistir.

Ulkemiz agisindan bu geligim trendi olabildigince yakindan izlenilmeye cahsiimustir. Hatia
zaman igerisinde temel altyapt problemlerini bile anceleyecek sekilde. ..

70°1i yillarin ilk yansmmdan itibaren islemeye baglayan siireg iilkemizi hizh trenle tangurmayi
bagaramamigsa da ortaya ibret ahnacak traji-komik bir Sykil cikarmigtic.

Ashinda hizlh trene iligkin siirecin incelenmesi iilkemiz ulagimindaki demiryolu  payimn nigin .
hizla daraldigini da anlamamiza yardime: olacaktir.

Ankara-istanbul Fast Train Construction

SUMMARY

The history of transportation goes as far as the history of humanity. In this manner, the effects
of transportation show themselves in social life as well as economical development.
Development of roads and vehicles increases goods and services’ circulation and reduces
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