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Figure 1-1 Time history of increase of global mean temperature from that in 1960 [1]
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Figure 1-2 Time history of atmospheric carbon-dioxide ppm [1]
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Figure 1-3 Transition of CO, emission regulation in Japan, USA and EU [3]

200

W H, Fuel cell EV  :Electric Vehicle
180 m Electricity PHEV  : Plug-in Hybrid Electric Vehicle

'é\ 160  MPlug-in hybrid ICE : Internal-Combustion Engine
2 W Hybrid
E 140 |-
< B CNG/LPG
8 120 mConventional diesel
<
a I = Conventional gasoline
s 100 9 EV/ PHEV
- 80
0)
2 60
2
s 40 . .
& 55 Vehicles using ICE

0

I T I T T T I T I 1
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Source: IEA 2010.

Figure 1-4 Annual light-duty vehicle sales by technology type, Blue Map Scenario [6]
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Figure 1-5 Thermal efficiency and losses under various compression ratio calculated by
zero-dimensional simulation in engine combustion chamber [58]
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Figure 2-1 Measurement system of high response thermocouple, time resolved uPIV,
and pressure transducer applied for RCEM
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Figure 2-2 Schematic of RCEM actuated by high pressure compressed air
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Figure 2-5 Instantaneous velocity distribution obtained by time resolved time resolved
uPIV and the way of averaging (averaging area: X X y = 2680 x 32um, averaging
duration: 3ms)
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Figure 2-6 Time series history of in-cylinder pressure during 3 cycle under the condition
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Figure 2-7 Time series history of mean in-cylinder pressure averaged 3 cycles under the
condition of Ne=300rpm
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Figure 2-8 Time series history of mean in-cylinder gas temperature averaged 3 cycles
under the condition of Ne=300rpm
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Figure 2-9 Time series history of mean wall temperature averaged 3 cycles under the
condition of Ne=300rpm
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gas temperature averaged 3 cycles under the condition of Ne=300rpm
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Figure 2-12 (a) Non-dimensiona mean velocity distribution based on the thermal
properties under wall temperature and in-cylinder pressure condition in the wall
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Figure 2-12 (b) Non-dimensional mean velocity distribution based on the thermal
properties under in-cylinder pressure and gas temperature condition in the wall
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Figure 2-16 Reynolds stress distribution in the wall boundary layer under the condition
of Ne = 300rpm

0.30 E 5 -
; | -==Cycle 1
0.25 = * * -==Cycle 2
020 e e I ~~=Cycle 3
§- e s . i
ol W I VS NS . | S S -
= i i
2N T SR SSN—— . H—
R ! ! i
D5 S - fommeeeees R oo
00 W =
-0.05 | | | | | |
90 60  -30 0 30 60 90

CA [deg. ATDC]

Figure 2-17 Time series history of wall heat flux during 3 cycles under the condition of
Ne = 300rpm
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Figure 2-18 Time series history of wall heat flux averaged 3 cycles under the condition
of Ne = 300rpm
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Figure 2-19 Time series history of heat transfer coefficient averaged 3 cycles under the
condition of Ne = 300rpm
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Figure 2-20 Time series history of mean gas density averaged 3 cycles under the
condition of Ne = 300rpm
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Figure 2-21 Time series history of mean specific heat at constant pressure averaged 3
cycles under the condition of Ne = 300rpm
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Figure 2-22 Time series history of friction velocity averaged 3 cycles under the
condition of Ne = 300rpm

0.25
| | —— Thermocouple | :
000 LA Eal-lg=iso) |
|| ——Eq1-11G+=200)| | |
To1s LeEeluer2so) /0 |Q
% || -0 Eq.1-11(y+=300)
—=0.10
fy)
0.05
000 T | |

90 -75 -60 -45 -30 -15 0 15 30
CA [deg. ATDC]

Figure 2-23 Wall heat flux estimated by the Egs. (1-11), (2-4) and (2-5), and that
measured by the high response thermocouple under the condition of Ne = 300rpm
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Figure 2-24 Wall heat flux estimated by the Egs. (1-13), (2-4) and (2-5), and that
measured by the high response thermocouple under the condition of Ne = 300rpm
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Figure 2-25 Wall heat flux estimated by the Egs. (1-12), (2-4) and (2-5), and that
measured by the high response thermocouple under the condition of Ne = 300rpm
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Figure 2-26 Wall heat flux estimated by the Egs. (1-14), (2-4) and (2-5), and that
measured by the high response thermocouple under the condition of Ne = 300rpm
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Table 2-1 RCEM operating condition

Compression time 95 ms (300rpm )
Ambient gas Dry air
Initial gas pressure 101.3 kPa
Initial gas temperature 298 K
Initial wall temperature 298 K
Initial gas pressure 101.3 kPa
Measured cycle 3 cycles
Operation Without combustion

Table 2-2 Measurement condition of uPIV

Laser pulse energy 1mJ
Time between each |aser 7 s
Repetition frequency of each laser 10 kHz
Frame rate of high speed camera 20 kfps
Spatial resolution of high speed camera 672x1024 pixel

Table 2-3 Characteristics of wall heat transfer models
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Figure 3-1 Configuration of the high response thin-film thermocouple
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estimated by one dimensional non-steady state heat conduction equation
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Figure 3-21 Wall heat flux estimated by the Egs. (1-14), (2-4) and (2-5), and that
measured by the high response thermocouple with heat insulated coating under the
condition of Ne = 300rpm

77






4.1

[170], [171]

[106]
[107]

CFD

78

[103],



Type 2

(DPGL-8W, )

(Micro-Nikkor 100mm f2.8s, Nikon)

4
4.2
4.2.1
2 2-1 RCEM
uPIVv
RCEM
4-1 2
Imm 16
2
CFD
CFD y+ 1
4-1
Type 2
PV 4-2 PIV
532nm DPSS Nd:YAG
PV uPIVv
RCEM 2-1
15us
20000fps
PIV
dt PV
-45deg.ATDC -5deg.ATDC
TDC dt=100ps, dt=150us

79

300rpm
dt=50us -5deg.ATDC
PIV



32pixx32pix 50%x50%
4-3  300rpm
Type 2
TDC
431 Type 2
uPlv 2 (M Plan Apox5,
Mitutoyo) Nd:YAG (LDP-100MQG, Lee Laser)
(SA-X2, Photron)
2 2 uVv
u’,Vv’ k
2 3 4-2
X y
XXy
y k
4 £
— 15, () 4-1
e=15v(31) (41
ou\? _ 1 (0uy ouy 2 Ouy 2 ouy 2
) =G + (G + () +(5)) (4-2)
w2
(—) uPIV 2 4
3ms
2 (TCS-244-AL-MU(MU-X)
-L-Z-11443, MEDTHRM)
4mm
4. 2. 2
4-1 RCEM 300rpm
500rpm 95ms(

80



Orpm

I:)in

3

TDC

10us (300rpm)  5us (500rpm)
30us (300rpm)  10us (500rpm)

300rpm ) 57ms 50
Tin Pm=101.3kPa, Tin=298K
2
PIV
TDC
PIV
4.3
4.3. 1
4-4 4-5 P
3
2 Type 1
300rpm
Type2 Typel PT
PT
Type 2 Type 1
Type 2
Type 1
P, T
4-6
uPlVv X
\% 4-6 300rpm
4-7 500rpm

81

10kHz

Imm 16

Type 2

0.1ms

300rpm

Type 1,2

Type 2



-35deg.ATDC U
U
TDC
V
V
u Vv
U
u+ y+ u+
u:
2
Cw
(1-12)
(2-4),(2-5)
Uz WHT

_ qw(21Iny*+2.5)
Ue whHr = c Tln(i)
PCp Tw

T
y* =200 0,

Uz

82

TDC

TDC

(2-4) (2-5)

(4-3)

(4-3)



4.3. 2.

4-10
4-11 y v’
[171] 2
u’ U
-250deg.ATDC 4-6
0’
0’
u u y
u 4
u’
300rpm

-5deg. ATDC TDC U
uy

v’ 0.5mm
0.5mm
2
-45deg.ATDC,-35deg.ATDC

-45deg.ATDC,-35deg.ATDC
0’
500rpm
2

3mm

2
-45deg.ATDC,-35deg.ATDC
u 2



4-12 4-13
U u’ -45deg.ATDC,-35deg.ATDC

k
-5deg.ATDC TDC U
k y
U
k %
Re, = g C’;—tv
Vi
wlv y"
[179]
_yt2
vt {i-ew (50}
x=0.41, A=26.
(4-9) (4-5)
Re: dev y
12
Re; ey = é[l + Kyt {1 — exp( ,}412 )}]
x=0.41, A=26.
4-14 4-15 y" 200 Re
Re k £ (4-4)
(4-6) Re: dev y+ 200

84

1.5mm
u -y

Re
(4-2)
\%

Reynolds

(4-5)

(4-6)



Ret_dev

—u'v'

—u'v'

T 7 _ 6U) _ Reg (aU)
uv Vf(ay ” Cy 27"

Tw
%W =uZ=—-u"v
4-16 417
uz
Re
4.4
4.4.1.

200

85

Re
Vilv (4-5)
Vi
(4-7)
—u'v'
(4-8)
—u'v'
—u'v'
(4-8)
2 v
4-18
o 4-19 h



v h TDC
2 Qv h
TDC gw h
TDC
4.4, 2.
2
( (1-12)
( (1-12)
_ pcpu T T
qw = 2.1ln§1++2.5 ln(ﬁ)' (1-12)
2 3 Cw
Cw
u:
u+
(2-4) (2-5) u*
u, 2
u:
1
u, = Civk. (2-14)
(2-149)
u, (1-12) y" uPIVv
k (2-14) u:
u, k y"
(2-149) u, k
Yi Yi

86



(2-14) u,
yi
u:
(1-12) (1-12) 2
300 T
(1-12) p
4-20
Ow
500rpm
4.3.2
Re
u?
Ow
ST
Ow
—u'v' u?
u?
Ret_dev
e
(4-5) —u'v' Re
Ret Ret_dev

’Ret _—
u_% = |—dev ",
Ret

87

u, y
Vi k
U,
y+ 150 200 250

2 3
Co
4-21 (2-14) (1-12)
Ow 300rpm
U u?
(2-14)
—u'v'
Re
1
0w
(4-9)



—Uuv

(2-9) (2-10)
) =
uz=—-uv' =v, (Z_;])

W:vt(g—;}):ﬁ:\/C_ﬂk.

(4-9 (4-10)
1 1
Uy = (R:t—::")4 Cj\/% :
Re
qW
y" 150 200 250 300 T
V'
(4-19)
£ Re: dev
u, k
(4-19) u,
4-22
qW
4-21
(4-11)
(4-11) (1-12
u:
DNS [175]
U: DNS (4-11)
k Re
4-24
(4-6)
y"=100

(2-9)
(2-10)
(4-10)
u:
(4-11)
(4-11) (1-12)
Cw
Cw
(1-12)
(1-12)
uPIvV k Re Re g
U, Re (4-9) k
(4-6)
y+
(4-4) Re
4-23 (4-11) (1-12)
Cw
4-20
(1-12
(4-11)
Re, 800
4-24 DNS
Uz model
y" (4-11)
y+ Ret_dev
y" (4-11)
DNS

88



Ur DNS (4-11) Uz model
(4-11)
u, 2
(4-11)
(1-12) Chw Ow
2
—u'v' u?
4-25
4-22
CFD
41) (1-12)
CFD
5 4-26
RCEM Casel Cassb
CFD STAR-CCM*
10um y' o1
k-¢
[180]
Casel-4
10m/s 1.7Hz
Caseb 10m/s 17Hz 1
300K 101.3kPa
4-27 Casel Caseh 4-26 u y"
u+
u* u*

(411  (1-12)

89



u-[_d = » V@
k Re
) 4-29
u,
Casel Cassb
k-¢
ur_d U,
4.4, 3
4472
4bar
2500rpm 90
RCEM
3D-CFD
RNG k-¢
(1-12)
PRF90 KUCRS

| (4-12)
y=0
Ur d (4-11) y" 100
u, ( 4-28
50%
ur_d
(4-11)
CFD
CAl
3D-CFD
4-1
89mm 100mm CAl
IMEP
4-30
CFD KIVA-4
442
Han and Reitz
[118] (2-14)

90



4-31

ROHR

ROHR
4-32

Ow

(Point2)

ROHR CFD
CFD
CFD
G CFD
Ow
(Pointl)
(Pointl)
(Point2)
(Pointl)
( )
CFD
Ow
(Point2)
4-33

91



4.5

CAl

92

CFD



CAl

93



Combustion chamber Sapphire windows

High response \
thermocouple

N\

Laser light sheet

/

\

Ly
Measuring area N

Sapphire window
of pPIV for laser

Flow port — Punching metal
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Figure 4-2 Measurement system of time resolved PIV to measure the bulk flow velocity
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Figure 4-5 Time series history of mean in-cylinder temperature averaged 3 cycles under
the condition of Ne=300rpm and 500rpm
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Figure 4-8 Non-dimensional mean velocity distribution based on the thermal properties
under in-cylinder pressure and temperature condition in the wall boundary layer under
the condition of Ne = 300rpm
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Figure 4-9 Non-dimensional mean velocity distribution based on the thermal properties
under in-cylinder pressure and temperature condition in the wall boundary layer under
the condition of Ne = 500rpm

99



T

—=— 45deg. ATDC
—0— 35

-—8--.25 .
w15

00 4= | S R E—
0.0 05 1.0 15 2.0 25 3.0

2.5

T

| [—=—-45deg ATDC

—0— .35
2.0 Pemsmesssasnaan e o i | ==@=e25 =

i : || =15

i i | a5
S, [ S— PP W— i —— il =85 |

Bt e

] 1 1
2] 1 I 1 - -
1 1 1 ® 15
1 ] 1 T
1 1 1 I
1 ]
e LI sts8ttetacce,
‘;‘ P ...ooooq..co:io uo...“.."‘.\
I I —~ - OTETIPRPT. 'y ¢ 3.4 S e X i R e NN
1.0 ".9000400¢004°“‘ TR

1
1
1
1
1
i
[

i
. YVYYYY
A.AAA-..AAA.uA‘AulA.uu.—..AAAAAA‘AIAAI“““““““ - D YAYYAA
1 = . g —

i "._.“‘.1.-.11
& ane

00 e : i i i
0.0 0.5 1.0 15 2.0 2.5 3.0
» [mm]

Figure 4-10 Turbulent intensity (u’ and v°) distribution in the wall boundary layer under
the condition of Ne = 300rpm

100



—&— -45deg ATDC
—0—-35
-—e--25
-=0=--15

(]
<
|
' g
-
:
;
. §
s

o ST

0.0 0.5 1.0 1.5 2.0 25 3.0
Y [mm]

§ § | [ —=—-45deg ATDC
| | : | —0—-35
3.0 g P P P {| =-#==-25 [
| | i | ==0=--15
B () o ST S S— " SOE—— 4| =& 5 o
_ s s a | =
@ E i i | —e—15
33_0 B s - e R dmmmemenean fmmmemmm e
- i ol * i ou::'.‘;‘:;;::::u . fAOIRE
2_0 e o :—- e ."'."‘qc uo‘::"'. ———————————————————————————
R oy o SRR o i AERR SN SETRSRES YRS PR

Figure 4-11 Turbulent intensity (u” and v°) distribution in the wall boundary layer under
the condition of Ne = 500rpm

101



6 T L]
; i ; i | —=—-45deg. ATDC
' : | || —o—-35
[} ) 1 1
G TR e L L 1| ==@==25 o
z a s | =mome13
s e E | =S
4 [ LT - _: _______________ :_ —ly § 5 -
¥ -8 =15
= : Illl.l.l........... :
A : : : :
Sl QN ¥ L S—— 8 S B nia - SRR R
1 i 1 i
|§J i H i H - Sy -
e : ; : : !
2 B - .’.‘i‘o’"“ LH e oo gD e e s e s 6 94§ 43208, N W00
.oo" i i 1
:'.‘..000'01'.“!;“.. i H i 1
i i i i i
1 _____________ R B T S T R P oo oo oy 1 __
| H T T r
i H H i
1 i b ] i I
1 ] 1 ]
Y 1 1 1 1
0 ) A; it "';;", DAAAA S0 A pemdn A0 8 8 aictot £ pc0 it 200 S A SR AL AAANRAAN AA et b 4 At AA A AN i Al

Figure 4-12 Turbulent kinetic energy k distribution in the wall boundary layer under the
condition of Ne = 300rpm

20 i | —®—-45deg. ATDC
H| —0—-35

o
(o))

|

E

i

1

E

1

]

. W

co
I
i
O S

0.0 0.5 1.0 1.5 20 2.5 3.0

Figure 4-13 Turbulent kinetic energy k distribution in the wall boundary layer under the
condition of Ne = 500rpm

102



i e e e i i

[
Q
< i
oy “
= i
9 AT 116 ¥ R I~
S "
—
= “
N m
o [
= i
S Hitm-t-e--- e R -
Y i
=, i
i
1 I
] ]
] ]
1 ]
1 ¥
i i
< s | — <
— o o >
— — — —
PRV
Y

30

CA [deg. ATDC]
Figure 4-14 Time series history of spatially averaged turbulent Reynolds number Re; ayg

300rpm

in the wall boundary layer under the condition of Ne

i o

IIIIIIIIIIIIIIII

e e e e g
O

__|.___________________________{_____ i

-------ﬁ-------q--—----—--- —
Near wall turbulence

IIIIIIIIIII

103

104

10 |
102

&

g

an
8

10°

30

15

-15
[deg. ATDC]

-30

45

-60

C4

Figure 4-15 Time series history of spatially averaged turbulent Reynolds number Re; ayg

500rpm

in the wall boundary layer under the condition of Ne

103



L0 —&— -45deg ATDC
1A T =35
12 1 --a---25
10 + -=A=---15

:\-__:“ 08 - Nearwall turbulence
; 0.6 m"m“m”mm“;>&_

0.4 I (NSRSl i o - O [ 18 ¥ e T b T O FEEE R

/

0_2 = plelalel Bl (kS B ; _;_{__'_“____________—;_ ________________ :__.47

0.0 e

-0.2

10° 10! 102 103
y+

Figure 4-16 Non-dimensional Reynolds stress -u’v’/u,? distribution in the wall boundary
layer undey the condition of Ne — 300rpm

1.6 :
——-45deg ATDC i
14 + o—235 T F T TR
1 2 4| ——&==25 0 e e e A
10 4 --a=---15 |t L Ll M
Na" 08 - Nearwall turbulence _______;,g_f_:_::_:_ ....
N T e ot 8 R S R . L__T’_ ___________________________
] :,
04 ___-_-__________--..__.._--_._.._’_E‘! __________________________________________________________
02 deeedod L /f'h ____________________________________________________________
0.0 ok omdg
0.2 ’ =
10° 10! 10° 103
y+

Figure 4-17 Non-dimensional Reynolds stress -u’v’/u,? distribution in the wall boundary
layer under the condition of Ne = 500rpm

104



T T
1 I
1 1
g g g§| ! !
B B o “ “
| I
] ]
m _.ma_ m i i
cl ol — e —————— 1
L L L ] 1
) - - H i
o e ! !
i i i
| | m
| fronfmmandmsm- e
1 1
1 i
1 ]
1 ] ]
1 1
| 1
1 1
1 1
| 1
" 1
1|||11|tl|¥|‘.|.‘u| ||||||||
7~
|
-
1 Y
| Sal
1 -
.......... .
1 1
1 1
1 1
1 ]
1 1
1 1
1 I
1 1
1 1
1 1
1 ]
1111111111 | S R ——— p—
] 1
1 1
1 1
1 1
1 1
1 1
1 I
1 1
I 1
1 1
1 1
| 1
t }
(o] n/u. —
o o o

90

60

30

CA [deg. ATDC]

Figure 4-18 Time series history of wall heat flux averaged 3 cycles under the condition

of Ne

300rpm and 500rpm

L T T T
i i i
1 1 1
1 1 1
= 5 &| | | "
O B | | |
g g 8| i | "
o Ug] Lo T S mm—————— -
1 l — 1 1 i
0 L © ! ! !
a2 a & i i i
) e e 1 1 1
= B K - i :
' b
I I |
_ m |
1 i
1 1
1 1
1 1 1
1 1 1
1
" “
b e i e s O =
-~ | i
& :
" |
L 1
h Y I
™ i
.......... _..isu-w.llu FE g -!.!.n!i.ﬁ_:x!i:n..
! 2 i
1 1
1 1 1
1 [ 1
i : i
i - 1
1 1
.......... (N SO .
1 1 1
1 1 1
1 1 1
1 1 [ I
1 1 ] 1
1 1 i 1
1 1 i 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 ] 1
t i 1 t
(e ] (e S S
(e o (=) o o
S 00 O <+ N
—i

i
=

60 90

30

-30

-60

-90

CA [deg. ATDC]

Figure 4-19 Time series history of heat transfer coefficient averaged 3 cycles under the

= 300rpm and 500rpm

condition of Ne

105



0.4 _________________ 'i _________________ r _______________ T — e —— '}

E : —O=—Thermocople |

—a—Eq1-12(-=150) ||

. : ! ——Eq.1-12 (7=200)

0.3 o T AN T —8—Eq1-12(-=250) |

%‘ i —u—Eq..l- 12(»=300) |i

O R P S8 . WY ] |
EO.Z E

s |

0.1 : L= P

0.0 : i i |

-45 -30 -5 0 15 30

CA [deg. ATDC]
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Figure 4-21 Wall heat flux estimated by the Egs. (1-12) and (2-14) and that measured by
the high response thermocouple under the condition of Ne = 500rpm
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Figure 4-22 Wall heat flux estimated by the Egs. (1-12) and (4-11) and that measured by
the high response thermocouple under the condition of Ne = 300rpm
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Figure 4-23 Wall heat flux estimated by the Egs. (1-12) and (4-11) and that measured by
the high response thermocouple under the condition of Ne = 500rpm
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Figure 4-31 Time series history of rate of heat release obtained by experiment and CFD
in the single-cylinder 4 stroke gasoline test engine

112



! m m
.........
! ! :
] ] ]
L
1 1 1
—_ m :
=t — 1 I
ol " “
S5 L
o e “ “
— —
FI O B
£ & & I
g e g “ | :
a M | “ ;
LI T : : '
O O R e S
A ; m ;
't ; ; ]
_ | " |
| i m
_ I I
W —_—

45

30

-30

CA [deg. ATDC]

T e —

o s e e e

s o o

m m
| |
......... mﬁ------lmﬂ--------
! |
N ~~
<t )
= 5
o™l <t
S
— —_—
- RO
R
w... g g
A
_.m F m
O O |
]
g
]
1 T
O v <r
~
o)
—

30 45

15

-30

CA [deg. ATDC]

Figure 4-32 Time series history of wall heat flux obtained by experiment and CFD in

the single-cylinder 4 stroke gasoline test engine ((a): point 1, (b): point 2)

113



Heat release rate

Proposed model Conventional model

High

Low

squish
liner
liner

center
squish

Figure 4-33 Time series history of ROHR calculated by CFD in single-cylinder 4 stroke
gasoline test engine

Table 4-1 Engine operating condition

Engine Type 4stroke 1cylinder
Bore x Stroke 89mm x 100mm
Engine speed 2500 rpm
Combustion mode CAl
IMEP 4bar
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Figure B-1 Wall heat flux measured by fast response thermocouple used in chapter 2 and 4 with and
without laser emitted condition (Type 2 cylinder head, Ne=300rpm)
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Figure B-2 Cycleto cycle fluctuation of wall heat flux (Type 2 cylinder head, Ne=300rpm)
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128



[1] Stocker, T.F, Qin, D., Plattner, G.K., Tignor, M.M.B., Allen, SK., Boschung, J.,

Nauels, A., Xia, Y., Bex, V. and Midgley, PM., , 2013

5 1
, available from

< http://www.datajma.go.jp/cpdinfo/ipcc/arS/ipcc_ar5_wgl spm jpn.pdf >

(2018 6 )
[2] International Energy Agency, World energy outlook 2017, (2017).
[3] ! ,

, V0I.58, N0.184 (2016), pp.65-72.

[4] EUROPEAN COMMISSION, Proposal for a regulation of the European
parliament and of the council, available from
<http://eur-lex.europa.eu/resource.html2uri=cellar:609fc0d1-04ee-11e8-b8f5-01aa
75ed71a1.0001.02/DOC_1&format=PDF > (2018 6 )

[5] Hitomi, M., Our direction for ICE - efficient contribution to environment-,
Proceedings of the International Symposium on Modeling and Combustion in
internal combustion engines (COMODIA) 2017, No. PL-3 (2017).

[6] International Energy Agency, Energy technology perspectives 2012, (2012), p.443.

[7] Heywood, JB., Internal combustion engine fundamentals, (1989), McGraw-Hill
Education.

[8] ! , , ! : :

, V0l.44, No.6 (2013), pp.1335-1340.
[9] ! , . : : :
, 2016
, VoI.59, No.16 (2016)

[10] Nakata, K., Nogawa, S., Takahashi, D., Yoshihara, Y., Kumagai, A. and Suzuki, T.,
Engine technologies for achieving 45% thermal efficiency of S.I. engine, SAE
Paper, N0.2015-01-1896 (2015).

[11] : , : : : :

, 2016
, V0I.177, No.16 (2016)
[12] Attard, W. P. and Blaxill, H., A lean burn gasoline fueled pre-chamber jet ignition

129



combustion system achieving high efficiency and low NOx at part load, SAE
Paper, N0.2012-01-1146 (2012).

[13] Manente, V., Johansson, B. and Cannella, W., Gasoline partially premixed
combustion, the future of internal combustion engines ?, International Journal of
Engine Research, Vol.12, No.3 (2011), pp. 194-208.

[14] Yin, L., Ingesson, G., Tunestal, P, Johansson, R., Johansson, B., An experimental
investigation of a multi-cylinder engine with gasoline-like fuel towards a high
engine efficiency, SAE Paper, N0.2016-01-0763 (2016).

[15] Sellnau, M., Foger, M., Moore, W., Sinnamon, J., Hoyer, K. and Klemm, W.,,
Second generation GDCI multi-cylinder engine for high fuel efficiency and US
Tier 3 emissions, SAE Paper, N0.2016-01-0760 (2016).

[16] Reitz, R.D., Review of high efficiency and clean reactivity controlled
compression ignition (RCCI) combustion in internal combustion engines,
Progress in energy and combustion science, Vol.46 (2015), pp.12-71.

[17] , . . ,

, Honda R& D technical review, Vol.27, No.2 (2015), pp.67-75.

[18] Takahashi, D., Nakata, K., Yoshihara, Y. and Omura, T., Combustion
Development to Redlize High Thermal Efficiency Engines, SAE Paper,
No0.2016-01-0693 (2016).

[19] Yoshihara, Y., Nakata, K., Takahashi, D., Omura, T. and Ota, A., Development of
high tumble intake-port for high thermal efficiency engines, SAE Paper,
No0.2016-01-0692 (2016).

[20] , . . ,

28 , N0.63 (2017).
[21] ! , . : : :

—, 28
, No.64 (2017).

[22] Nishio, N., Aochi, T., Yokoo, N., Nakata, K., Abe, Y. and Hanashi, K., Design of a
high ignitability spark plug with a flow guide plate, SAE Paper,
No0.2015-01-0780 (2015).

[23] Le M.K., Padaa, S., Nishiyama, A. and Ikeda, Y., Control of microwave plasma
for ignition enhancement using microwave discharge igniter, SAE Paper,
No0.2017-24-0156 (2017).

[24] ! . . : : :

130



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

, 28 , N0.103 (2017).
Yu, S, Xie, K., Yu, X., Wang, M., Zheng, M., Han, M. and Tjong, J., High energy
ignition strategies for diluted mixtures via a three-pole igniter, SAE Paper,
N0.2016-01-2175 (2016).

: : 25
, N0.62 (2014).

Gentz, G., Thelen, B., Litke, P, Hoke, J and Toulson, E., Combustion
visualization, performance, and CFD modeling of a pre-chamber turbulent jet
ignition system in a rapid compression machine, SAE Paper, N0.2015-01-0779
(2015).

Noguchi, M., Tanaka, Y., Tanaka, T. and Takeuchi, Y., A study on gasoline engine
combustion by observation of intermediate reactive products during combustion,
SAE Paper, N0.790840 (1979).

: : : : : HCCI
: No0.27 (2009).

Olsson, J.O., Tunestal, P and Johansson, B., Closed-loop control of an HCCI
engine, SAE Paper, N0.2001-01-1031 (2001).

Haraldsson, G., Tunestdl, P, Johansson, B. and Hyvénen, J., HCCI combustion
phasing with closed-loop combustion control using variable compression ratio in
amulti cylinder engine, SAE Paper, N0.2003-01-1830 (2003).

: : : EGR HCCI
: 26
, No.62 (2015).

Yamasaki, Y., Umahashi, S., Uesugi, Y., Ma, O., Kaneko, S., Hikita, T., Mizuno,
S., Tsumura, Y. and Hashiguchi, T., Development of Dynamic Models for an
HCCI Engine with Exhaust Gas Rebreathing System, SAE Paper,
No0.2015-01-1803 (2015).

: : , HCCI
: No.31 (2013).
: : HCCI
: , Vol.42, No.6 (2011).

Shiraishi, T., Kakuho, A., Urushihara, T., Cathey, C., Tang, T. and Gundersen, M.,
A study of volumetric ignition using high-speed plasma for improving lean
combustion performance in internal combustion engines, SAE Paper,

131



[37]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

No0.2008-01-0466 (2008).

Wenting, S. and Yiguang, J.U., Nonequilibrium plasma-assisted combustion: a
review of recent progress, Journal of plasma fusion research, Vol.89, No.4 (2013),
pp.208-219.

: : 28
, N0.99 (2017).
: : , DBD
, 92 :
No.E114 (2015).

Mendrea, B., Chang, Y., Zeynel, Y., Akkus, A., Sterniak, J. and Bohac, S.,
Investigations of the effect of ambient condition on SACI combustion range,
SAE Paper, N0.2015-01-0828 (2015).

Wang, Z., He, X., Wang, J.X., Shuai, S., Xu, F. and Yang, D., Combustion
visualization and experimental study on spark induced compression ignition
(SICI) in gasoline HCCI engines, Energy Conversion and Management, Vol.51,
Issue 5 (2010), pp.908-917.

Xie, H., Li L., Chen, T. Yu, W., Wang, X. and Zhao, H., Study on spark assisted
compression ignition (SACI) combustion with positive valve overlap at medium-—
high load, Applied Energy, Vol.101 (2013), pp.622-633.

Olesky, L.M., Martz, JB., Lavoie, G.A., Vavra, J, Assanis, D.N. and
Babajimopoulos, A., The effects of spark timing, unburned gas temperature, and
negative valve overlap on the rates of stoichiometric spark assisted compression
ignition combustion, Applied Energy, Vol.105 (2013), pp.407-417.

Pastor, J.V., Garcia-Oliver, JM., Garcia, A., Mico, C. and Durrett, R., A
gpectroscopy study of gasoline partially premixed compression ignition spark
assisted combustion, Applied Energy, Vol.104 (2013), pp.568-575.

Middleton, R.J., Olesky, L.K.M., Lavoie, G.A., Wooldridge, M.S., Assanis, D.N.
and Martz, J.B., The effect of spark timing and negative valve overlap on Spark
Assisted Compression Ignition combustion heat release rate, Proceedings of the
Combustion I nstitute, Vol.35, Issue 3 (2015), pp.3117-3124.

Ceper, B.A., Yildiz, M., Akansu, S.O. and Kahraman, N., Performance and
emission characteristics of an IC engine under Sl, SI-CAIl and CAI combustion
modes, Energy, Vol.136, No.1 (2017), pp.72-79.

SAE international, Automotive engineering October 2017, (2017).

132



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Vol.43, No.1 (2012), pp.81-87.
, , Vol.42, No.4
(2011), pp.853-858.

, Vol.41, No.2 (2010), pp.283-288.

Bozi¢, M., Vuceti¢, A., Seri¢, M., Kozarac, D. and Luli¢, Z., Experimental study
on knock sources in spark ignition engine with exhaust gas recirculation, Energy
Conversion and Management, VVol.165 (2018), pp.35-44.

Zhi, W., Hui, L. and Reitz, R.D., Knocking combustion in spark-ignition engines,
Progress in Energy and Combustion Science, Vol.61 (2017), pp.78-112.

: EGR , 26
, N0.89 (2015).

Hoppe, F., Thewes, M., Baumgarten, H. and Dohmen, J., Water injection for
gasoline engine: potentials, challenges, and solutions, International of Engine
Research, Vol.17 (2016), pp.86-96.

d'Adamo, A., Berni, F, Breda, S., Lugli, M., Fontanesi, S. and Cantore, G., A
numerical investigation on the potentials of water injection as a fuel efficiency
enhancer in highly downsized GDI engines, SAE Paper, N0.2015-01-0393
(2015).

Yamada, R., Sato, S. and Kosaka, H., A study on reduction of cooling loss by
water addition in Sl engine by using rapid compression and expansion machine,
Proceedings of the International Symposium on Modeling and Combustion in
internal combustion engines (COMODIA) 2017, No. A206 (2017).

: 28

, N0.100 (2017).

: : 55 ,
No0.B323 (2017).

Fujimoto, H., Yamamoto, H., Fujimoto, M. and Yamashita, H., A study on
improvement of indicated thermal efficiency of ICE using high compression ratio
and reduction of cooling loss, SAE Paper, N0.2011-01-1872 (2011).

Yamashita, H., Fujimoto, H., Fujimoto, M., Tanaka, T. and Yamamoto, H.,
Thermal efficiency improvement by increasing compression ratio and reducing
cooling loss, Proceedings of the International Symposium on Modeling and

133



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Combustion in internal combustion engines (COMODIA) 2012 (2012), pp.
36-42.
Tsuchida, H., Hiraya, K., Tanaka, D., Shigemoto, S., Aoyama, S., Tomita, M. and
Sugiyama, T., The effect of a longer stroke on improving fuel economy of a
multiple-link VCR engine, SAE Paper, No.2007-01-4004 (2007).

: : : : (2009),

Eichelberg, G., Some New Investigations on Old Combustion Engine Problems,
Engineering, N0.148 (1939), pp.547-550.
Woschni, G.A., Universally applicable equation for the instantaneous heat transfer
coefficient in the internal combustion engine, SAE Paper, N0.670931 (1967).
Jafari, A. and Hannani, S.K., Effect of fuel and engine operational characteristics
on the heat loss from combustion chamber surfaces of Sl engines, International
Communications in Heat and Mass Transfer, Vol.33 (2006), pp.122-134.
Koénigsson, F., Dembinski, H. and Angstrom, H.E., The influence of in-cylinder
flows on emissions and heat transfer from methane-diesel dual fuel combustion,
SAE Paper, N0.2013-01-2509 (2013).
Rahman, M.M., Hamada, K.I., Rashid, A. and Aziz, A., Characterization of the
time-averaged overall heat transfer in a direct-injection hydrogen-fueled engine,
International journal of hydrogen energy, Vol.38 (2013), pp.4816-4330.
Benajes, J., Garcia, A., Pastor, JM. and Serrano, JM., Effects of piston bowl
geometry on reactivity controlled compression ignition heat transfer and
combustion losses at different engine loads, Energy, Vol.98 (2016), pp.64-77.

: Sl

: 2016
, N0.82-16 (2016), pp.1-6.
Sl : 2016
, N0.39-17 (2017), pp.1-6.

Kvernes, I. and Lillerud, K.P, Ceramic coating on diesel engine components, U.S.
Department of Energy, No. DE-AC-O3-79ET15320 (1979).

Vol.64, N0.624 (1985), pp.2730-2736.
Jaichandar, S. and Tamilporai, P.,, Low heat regjection engines — an overview, SAE

134



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Paper, N0.2003-01-0405 (2003).
Shabir, M.F, Authars, S., Ganesan, S., Karthik, R. and Madhan, S.K., Low heat
rejection engines — review, SAE Paper, N0.2010-01-1510 (2010).
Domakonda, V.K. and Puli, R.K., Application of thermal barrier coatings in
diesel engines: areview, Energy and Power, Vol.2, No.1 (2012), pp.9-17.
Durat, M., Kapsiz, M., Nart, E., Ficici, F. and Parlak, A., The effects of coating
materials in spark ignition engine design, Material & Design, Vol.36 (2012),
pp.540-545.
Kosaka, H., Wakisaka, Y., Nomura, Y., Hotta, Koike, M., Nakakita, K. and
Kawaguchi, A., Concept of “temperature swing heat insulation” in combustion
chamber walls and appropriate thermo-physical properties for heat insulation coat,
SAE Paper, N0.2013-01-0274 (2013).

, 24 (2013), pp.
1-6.

,Vol.47, No.1 (2016), pp.61-66.

2
, ,\Vol.47, No.1 (2016), pp.39-46.

3 ,
, Vol.47, No.1 (2016), pp.47-54.
: B , Vol.58, No0.553 (1992),

pp.2812-2818.

: : , No.31 (2013),
pp.44-47.
Oguri, T., On the coefficient of heat transfer between gases and cylinder walls of
the spark-ignition engine, Bulletin of JSME, Vol.3, No.11 (1960), pp.363-369.
Annand, W.JD., Heat transfer in the cylinder of reciprocating internal
combustion engines, Proceedings of I nstitution of Mechanical Engineers, Vol.177,
N0.36 (1963), pp.973-996.
LeFeuvre, T., Myers, P and Uyehara, O., Experimental Instantaneous Heat

135



[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Fluxesin aDiesel Engine and Their Correlation, SAE Paper, N0.690464 (1969).
Annand, W.J.D. and Ma, T.H., Instantaneous heat transfer rates to the cylinder
head surface of a small compression-ignition engine, Proceedings of Institution
of Mechanical Engineers, Vol.185 (1970), pp 976-987.

Hohenberg, G.F., Advanced approaches for heat transfer calculations, SAE Paper,
No0.790825 (1979).

Huber, K., Woschni, G. and Zeilinger, K., Investigations on heat transfer in
internal combustion engines under low load and motoring conditions, SAE Paper,
N0.905018 (1990).

Lawton, B., Effect of compression and expansion on instantaneous heat transfer
in reciprocating internal combustion engines, Proceedings of Institution of
Mechanical Engineers, Vol.201, No.A3 (1997), pp 175-186.

Depcik, C. and Assanis, D., A Universal heat transfer correlation for intake and
exhaust flows in a spark-ignition internal combustion engine, SAE Paper,
No0.2002-01-0372 (2002).

Chang, J., Guralp, O., Filipi, Z. and Assanis, D., New heat transfer correlation for
an HCCI engine derived from measurements of instantaneous surface heat flux,
SAE Paper, N0.2004-01-2996 (2004).

Wu, Y.Y., Chen, B.C. and Hsieh, F.C., Heat transfer model for small-scale
air-cooled spark-ignition four-stroke engines, International Journal of Heat and
Mass Transfer Vol.49 (2006), pp.3895-3905.

Nefischer, A., Hallmannsegger, M., Wimmer, A. and Pirker, G., Application of a
flow field based heat transfer model to hydrogen internal combustion engines,
SAE Paper, N0.2009-01-1423 (2009).

Hamada, K.l., Rahman, M.M. and Aziz, A.R.A., Time-averaged heat transfer
correlation for direct injection hydrogen fueled engine, International journal of
hydrogen energy, Vol.37 (2012), pp.19146-19157.

Michl, J., Neumann, J., Rottengruber, H. and Wensing, M., Derivation and
validation of a heat transfer model in a hydrogen combustion engine, Applied
Thermal Engineering, Vol.98 (2016), pp.502-512.

Schubert, C., Wimmer, A. and Chmela, F., Advanced hesat transfer model for CI
engines, SAE Paper, N0.2005-01-0695 (2005).

Nefischer, A. and Hallmannsegger, M., Wimmer, A., and Pirker, G., Application
of aflow field based heat transfer model to hydrogen internal combustion engine,
SAE Paper, N0.2009-01-1423 (2009).

Boust, B., Sotton, J. and Bellenoue, M., A novel physical approach for wall heat

136



[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

transfer in internal combustion engines, SAE Paper, N0.2007-24-0027 (2007).
Suzuki, T., Oguri, Y. and Yoshida, M., Heat transfer in the internal combustion
engines, SAE Paper, N0.2000-01-0300 (2000).

Fiveland, S.B. and Assanis, D.N., Development of atwo-zone HCCI combustion
model accounting for boundary layer effects, SAE Paper, N0.2001-01-1028
(2001).

Komninos, N.P. and Kosmadakis, G.M., Hest transfer in HCCI multi-zone
modeling: valid- ation of a new wall heat flux correlation under motoring
conditions, Applied Energy, Vol.88 (2011), pp.1635-1648.

Yenerdag, B., Minamoto, Y., Aoki, K., Shimura, M., Nada, Y. and Tanahashi, M.,
Flame-wall interactions of lean premixed flames under elevated, rising pressure
conditions, Fuel, Vol.189 (2017), pp.8-14.

Kondo, Y., Minamoto, Y., Harada, Y., Shimura, M. and Tanahashi, M.,
Flame-wall interaction of n-heptane-air combustion in a HCCI configuration,
Tenth Mediterranean Combustion Symposium (2017).

: , Vol.52, N0.220 (2013), pp.33-38.

Launder, B.E. and Sharma, B.I., Application of the energy dissipation model of
turbulence to the calculation of flow near a spinning disc, Letters in Heat and
Mass Transfer, Vol. 1, No. 2 (1974), pp. 131-138.

Abe, K. Kondoh, T. Nagano Y., A new turbulence model for predicting fluid flow
and heat transfer in separating and reattaching flows-1. Flow field calculations,
International Journal of Heat and Mass Transfer, Vol.37, No.1 (1994), pp.
139-151.

Craft, T.J. Launder, B.E. Suga, K., Prediction of turbulent transitional phenomena
with a nonlinear eddy-viscosity model, International Journal of Heat and Fluid
Flow, Vol.18, No.1 (1997), pp.15-28.

Hall, M.J. and Bracco, FV. Cycleresolved velocity and turbulence
measurements near the cylinder of a firing engine SI, SAE Paper, N0.861530
(1986).

Foster, D.E. and Witze, PO., Velocity measurements in the wall boundary layer
of a spark-ignited research engine, SAE Paper, N0.872105 (1987).

Payri, F.,, Margot, X., Gil, A. and Martin, J., Computational study of heat transfer
to the walls of a DI diesel engine, SAE Paper, N0.2005-01-0210 (2005).

Etemad, S, Wallesten, J, Stein, C.F, Eriksson, S. and Johansson, K.,
CFD-analysis of cycle averaged heat flux and engine cooling in an 1C-engine,

137



[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

SAE Paper, No.2005-01-0200 (2005).

Noori, A.R. and Rashidi, M., Computational fluid dynamics study of heat transfer
in a spark-ignition engine combustion chamber, Journal of Heat Transfer, VVol.129
(2007), pp.609-616.

Mizuno, H., Ashida, K., Tergji, A., Ushijima, K. and Takemura, S., Transient
analysis of the piston temperature with consideration of in-cylinder phenomena
using engine measurement and heat transfer simulation coupled with
three-dimensional combustion simulation, SAE Paper, N0.2009-01-0187 (2009).
Hamada, K.I., Rahman, M.M, Rashid, A. and Aziz, A., Parametric study of
instantaneous heat transfer based on multidimensional model in direct-injection
hydrogen-fueled engine, International Journal of Hydrogen Energy, Vol.38 (2013),
pp.12465-12480.

Chiodi, M. and Bargende, M., Improvement of engine heat-transfer calculation in
the three-dimensional simulation using a phenomenological heat-transfer model,
SAE Paper, N0.2001-01-3601 (2001).

Launder, B.E. and Spalding, D.B., The numerical computation of turbulent flows,
Computer Methods in Applied Mechanics and Engineering, Vol.3 (1974),
pp.269-289.

Angelberger, C., Poinsot, T., Delhay, B., Improving near-wall combustion and
wall heat transfer modeling in SI engine computations, SAE Paper, N0.972881
(1997).

Han, Z. and Reitz, R.D., A temperature wall function formulation for
variable-density turbulent flows with application to engine convective heat
transfer modeling, International Journal of Heat and Mass Transfer, Vol.40, No.3
(1997), pp.613-625.

Saric, S. and Basara, B., A hybrid wall heat transfer model for IC engine
simulations, SAE Paper, N0.2015-01-0388 (2015).

Huh, K.Y., Chang, I.P. and Martin, JK., A comparison of boundary layer
treatments for heat transfer in 1C engines, SAE Paper, N0.900252 (1990).
Nijeweme, D., Kok, J., Stone, C. and Wyszynski, L., Unsteady in-cylinder heat
transfer in a spark ignition engine: experiments and modeling, Proceedings of
Institution of Mechanical Engineers Part D: Journal of Automotive Engineering
2001, Vol.215 (2001), pp.747-760.

Rakopoulos, C.D., Kosmadakis, G.M. and Pariotis, E.G., Critical evaluation of
current heat transfer models used in CFD in-cylinder engine simulations and
establishment of a comprehensive wall-function formulation, Applied Energy,

138



[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

Vol.87, No.5 (2010), pp.1612-1630.

Wang, Z., Wang, Y., and Reitz, R.D., Pressure oscillation and chemical kinetics
coupling during knock processes in gasoline engine combustion, Energy Fuels,
Vol.26, No.12 (2012), pp.7107-7119.

Craft, T.J., Gerasmov, A.V., lacovides, H. and Launder, B.E., Progress in the
generalization of wall-function treatment, International journal of heat and fluid
flow, Vol.23 (2002), pp.148-160.

Suga, K., Craft, T.J. and lacovides, H., An analytical wall-function for turbulent
flows and heat transfer over rough walls, International journal of heat and fluid
flow, Vol.27 (2006), pp.852-866.

Nuutinen, M.A., Kaario, O.T., Vuorinen, V.A., Nwosu, PN. and Larmi, M.J.,
Imbalance wall functions with density and material property variation effects
applied to engine heat transfer computational fluid dynamics simulations,
International journal of engine research, Vol., No.3 (2014), pp.307-324.

Ma, C.P, Greene, M., Sick, V. and Ihme, M., Non-equilibrium wall-modeling for
internal combustion engine simulations with wall heat transfer, International
journal of engine research, Vol.18, No.1-2 (2017), pp.15-25.

Ishii, A., Nagano, H., Adachi, K., Kimura, S., Koike, M., lida, N., Ishii, H. and
Enomoto, Y., Measurement of instantaneous heat flux flowing into metallic and
ceramic combustion chamber walls, SAE Paper, N0.2000-01-1815 (2000).
Hendricks, T. and Ghandhi, J., Estimation of surface heat flux in IC engines
using temperature measurements. processing code effects, SAE Paper,
No0.2012-01-1208 (2012).

B Vol. 50, No. 456 (1984), pp.1972-1980.
Sugihara, T., Shimano, K, Enomoto, Y., Suzuki, Y. and Emi, M., Direct heat loss
to combustion chamber walls in a D.l. diesel engine, SAE Paper,
No0.2007-24-0006 (2007).

,Vol. 40 (2011), pp.199-204.

, , No.32 (2015),
pp.222-227.

139



[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

: , Vol.82, N0.840
(2016), pp.1-13.
Ishii, D., Saito, H., Mihara, Y. and Takagi, Y., Instantaneous surface temperature
measurement in internal combustion engine using newly developed coaxial type
thin-film temperature sensor, SAE Paper, N0.2017-32-0113 (2017).

MEMS :
, V01.84, N0.858 (2018), pp.1-15.

Product Information Coaxial Surface Thermocouple Probes, Medtherm
Corporation, Huntsville, Alabama USA
Whitehouse, N.D., Heat transfer in compression ignition engines, first paper, heat
transfer in a quiescent chamber diesel engine, Proceedings of Ingtitution of
Mechanical Engineers, Vol.185 (1970-71), pp.963-975.
Alkidas, A.C., Heat transfer characteristics of a spark-ignition engine, Journal of
Heat Transfer, Vol.102 (1980), pp.189-193.
Enomoto, Y., Furuhama, S., A study of the local heat transfer coefficient on the
combustion chamber walls of a four-stroke gasoline engine, JSSME International
Journal, Series  , Vol.32, No.1 (1989), pp.107-114.
Kamimoto, T., Kobori, S., Noh, S.H., Enomoto, Y., Effects of flame motion and
temperature on local wall heat transfer in a rapid compression-expansion
machine simulating diesel combustion, SAE Paper, N0.922208 (1992).
Arcoumanis, C., Cutter, P. and Whitelaw, D.S., Heat transfer process in diesel
engines, Transactions of Institution of Chemical Engineers, Vol.76, Part A (1998),
pp.124-132.
Nishiwaki, K., Modeling engine heat transfer and flame-wall interaction,
Proceedings of the International Symposium on Modeling and Combustion in
internal combustion engines (COMODIA) 98 (1998), pp.35-44.
Ogawa, H., Kimura, S. and Koike, M., A Study of heat rejection and combustion
characteristics of a low-temperature and pre-mixed combustion concept based on
measurement of instantaneous heat flux in a direct-injection diesel engine, SAE
Paper, N0.2000-01-2792 (2000).
Ishii, H., Emi, M., Yamada, Y., Shimano, K., Enomoto, Y. and Kimura, S., Heat
loss to the combustion chamber wall with deposit adhering to the wall surface in
D.l. diesel engine first report: influence of deposit on instantaneous heat flux into
the piston surfaces, SAE Paper, N0.2001-01-1811 (2001).
Nijeweme, D.J.O., Kok, JB.W., Stone, C.R. and Wyszynski, L., Unsteady

140



[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

in-cylinder heat transfer in a spark ignition engine: experiments and modelling,
Proceedings of Institution of Mechanical Engineers, Vol.215, Part D (2001),
pp.747-760.

Grandin, B. and Denbratt, 1., The effect of knock on heat transfer in SI engines,
SAE Paper, N0.2001-01-0238 (2001).

Tsurushima, T., Kunishima, E., Asaumi, Y., Aoyagi, Y. and Enomoto, Y., The
effect of knock on heat loss in homogeneous charge compression ignition engines,
SAE Paper, N0.2002-01-0108 (2002).

Wang, X. and Stone, C.R., A study of combustion, instantaneous heat transfer,
and emissions in a spark ignition engine during warm-up, Proceedings of
Ingtitution of Mechanical Engineers, Vol.222, Part D: Journal of Automotive
Engineering (2008), pp.607-618.

Rakopoulos, C.D. and Mavropoulos, G.C., Experimental evaluation of local
instantaneous heat transfer in the combustion chamber of air-cooled direct
injection diesel engine, Energy, Vol.33 (2008), pp.1084-1099.

Demuynck, J., Paepe, M.D., Sileghem, L., Vancoillie, J., Verhelst, S., and Chana,
K., Applying design of experiments to determine the effect of gas properties on
in-cylinder heat flux in a motored Sl engine, SAE Paper, N0.2012-01-1209
(2012).

Kavtaradze, R, Zelentsov, A., Gladyshev, S.P, Kavtaradze, Z. and Onishchenko,
D., Heat insulating effect of soot deposit on local transient heat transfer in diesel
engine combustion chamber, SAE Paper, N0.2012-01-1217 (2012).

Hendricks, T.L., Splitter, D.A. and Ghandhi, J.B., Experimental investigation of
piston heat transfer under conventional diesel and reactivity-controlled
compression ignition combustion regimes, International Journal of Engine
Research, Vol.1, No.22 (2014), pp.1-22.

Gingrich, E., Ghandhi, J. and Reitz, R., Experimental investigation of piston heat
transfer in a light duty engine under conventional diesel, homogeneous charge
compression ignition, and reactivity controlled compression ignition combustion
regimes, SAE Paper, N0.2014-01-1182 (2014).

[155] Wimmer, A., Pivec, R. and Sams, T., Heat transfer to the combustion chamber

[156]

and port walls of IC engines — measurement and prediction, SAE Paper,
No0.2000-01-0568 (2000).

Hensel, S., Sarikoc, F., Schumann, F., Kubach, H. and Spicher, U., Investigations
on the Heat Transfer in HCCI Gasoline Engines, SAE Paper, No.2009-01-1804
(2009).

141



[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

Soyhan, H.S., Yasar, H., Walmsley, H., Head, B., Kalghatgi, G.T. and Sorusbay,
C., Evaluation of heat transfer correlations for HCCI engine modeling, Applied
Thermal Engineering, Vol.29 (2009), pp.541-549.
Huegel, P,, Kubach, H., Koch, T. and Velji, A., Investigations on the heat transfer
in a single cylinder research Sl engine with gasoline direct injection, SAE Paper,
No0.2015-01-0782 (2015).
Borman, G.L., In-cylinder heat transfer research at the U.W. engine research
center, Proceedings of the International Symposium on Modeling and
Combustion in internal combustion engines (COMODIA) 90 (1990), pp.1-10.
Wu, H.W. and Perng, S.W., LES analysis of turbulent flow and heat transfer in
motored engines with various SGS models, International Journal of Heat and
Mass Transfer, Vol.45 (2002), pp.2315-2328
Kleemann, K.P. and Gosman, A.D., Heat transfer sensitivity study for an
advanced diesel engine, SAE Paper, N0.2003-01-0561 (2003).
Plengsaard, C. and Rutland, C., Improved engine wall models for Large Eddy
Simulation (LES), SAE Paper, N0.2013-01-1097 (2013).
Jial, M., Gingrich, E., Wang, H., Li, Y., Ghandhi, J.B. and Reitz, R.D., Effect of
combustion regime on in-cylinder heat transfer in internal combustion engines,
International Journal of Engine Research, Vol.1, No.16 (2015), pp.1-16.
Lucht, R.P, Rankin, D.D., Walter, T., Dreier, T. and Bopp, S.C., Heat transfer in
engines. comparison of cars thermal boundary layer measurements and heat flux
measurements, SAE Paper, N0.910722 (1991).
Pierce, PH., Ghandhi, J.B. and Martin, J.K., Near-wall velocity characteristics in
valved and ported motored engines, SAE Paper, N0.921052 (1992).
Grandin, B. and Denbratt, |., The effect of knock on the heat transfer in an S|
engine: thermal boundary layer investigation using CARS temperature
measurements and heat flux measurements, SAE Paper, N0.2000-01-2831
(2000).
Alharbi, A.Y. and Sick, V., Investigation of boundary layers in internal
combustion engines using a hybrid algorithm of high speed micro-PIV and PTV,
Experiments in Fluids, Vol.49, No.4 (2010), pp.949-959.

: B , Vol.77, No.784 (2011), pp.
250-259.
Dronniou, N. and Dec, J., Investigating the development of thermal stratification
from the near-wall regions to the bulk-gas in an HCCI engine with planar

142



[170]

[171]

[172]

[173]

imaging thermometry, SAE Paper, N0.2012-01-1111 (2012).
Jainski, C., Lu, L., Dreizler, A. and Sick, V., High-speed micro particle image
velocimetry studies of boundary-layer flows in a direct-injection engine,
International Journal of Engine Research, Vol.14, N0.3 (2012), pp.247—-259.
Shimura, M., Yoshida, S., Minamoto, Y., Yokomori, T., Iwamoto, K., Tanahashi,
M. and Kosaka, H., Micro PIV investigation of near wall behaviors of tumble
enhanced flow in an IC engine, Proceedings of the International Symposium on
Modeling and Combustion in internal combustion engines (COMODIA) 2017,
No. A205.

: , N0.33 (2016), pp.100-105.
Aoki, O., Nakao, A., Tanaka, T., Koike, Y., Kiyosue, R., Harada, Y. and
Yamamoto, H., Analysis of heat transfer phenomena on high response heat
insulation coatings by instantaneous heat flux measurement and boundary layer
visualization, SAE Paper, N0.2015-01-1996 (2015).

[174] Patanker, S.V., ( ),

[175]

[176]

[177]
[178]

[179]

[180]

(1985), p.198.

Tanahashi, M., Kang, S.J., Miyamoto, T., Shiokawa, S. and Miyauchi, T., Scaling
Law of Fine Scale Eddies in Turbulent Channel Flows up to Re=800,
International Journal of Heat and Fluid Flow, Vol.25 (2004), pp.331-340.
, Vol.34,
No.6 (2015), pp.397-402.
Pope, S.B., Turbulent flows, Cambridge University Press (2000).

, S

: 2017 :
N0.20176214 (2017), pp.1168-1173.
Reynolds, W.C., Computation of turbulent flows, Annual Review of Fluid
Mechanics, Vol.8 (1976), pp.183-208.
Abe, K., Kondoh, T. and Nagano, Y., A new turbulence model for predicting fluid
flow and heat transfer in separating and reattaching flows I. Fow field
calculations, International Journal of Heat and Mass Transfer, Vol.37, No.1
(1994), pp.139-151.

143



Basmil Yenerdag

2018 6

144



