TERE L BBAram

e A< 234 gAl 7]

54 4] BE AT

v

Numerical Study on the Combustion Characteristics
of Low-Speed Two-Stroke Diesel Engine

2002 4 2 A

HEEFERER WHEERANER

Bk A 2o TR

£ 8



re
i
<t
ifie
e
0o
41
o
H
gl
S
H-
8
<F
-
<
lo
it

AL M E

AN ®E R

CINICIE

2000 12 H 18Y
ETABINSAE Sy N =Y (TR ¥ N1
B A 2 ' TR
& B 5F

&l

El

El



Abstract

Nomenclatures

=
L

A A

—

jul

s
)

11

—

jul

o
TH
s

B

14

—

jul

il
TH
N
o

17

—

o
4

B/

20

—

ju

iy
.y
0

e
o
n
!

22

26

2.8 Soot A H 4ts} wd

28

30

"K



A 4 F AXAS L uF 36

4.1 Atomizer /gl wE A2 FE &4 36
4.2 Atomizer G40 w2 F% 34 47
4.3 Atomizer G0l WE A4 & Emission 34 65
AsFEd B 86

2 % ¥’ 88

II



Abstract

Among the various technologies for emission reduction, The best selection of Fuel
Atomizer is widely used as an economical and effective method to control emission and
engine performance.

To provide an insight into the combustion characteristics according to atomizer geometry,
Four atomizers type have been studied for a large low speed two-stroke diesel engine
using FIRE CFD code. The measured cylinder pressure data and emission trends were
good agreement with calculated data.

And heat flux calculation for combustion components is also performed and the result
shows the similar trend with measurment temperature value. However, some injection
and combustion model constants did need to be re-optimized to improve accuracy with
the large low speed two-stroke diesel engine. The computational results celarly show that
atomizer with mixed hole size and relatively larger injection area is more advantage than
that of same hole diameter for NOx emission.

The results obtained in this simulation study further demonstrate that the CFD code can
be used as an effective design tool for optimizing engine performance and emission,

thereby saving a considerable amount of time and resources.
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Nomenclature

A : Pre-exponential factor

B : Branching agent

Cob : Drag coefficient

Gy : Constant-pressure specific heat
Cu,C, Gy, G : Empirical constant

D : Droplet diameter

D3, : Sauter mean droplet diameter
E. : Activation energy

f% : Spray vapor mass flux at droplet surface
F, : Fuel

g : Gravity acceleration

G, : Turbulence generation rate

h : Enthalpy

k : Turbulent kinetic energy

1, : Turbulence length scale

L : Latent heat of evaporation
my : Droplet mass

N, : Nitrogen

Nu : Nusselt number

0O, : Oxygen

Ox : Oxidizer
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= =

T P %

=|

Re

Sh

: Pressure

: Products

: Prandtl number

: Heat flux at droplet surface

: Intermediate species

: Convective heat flux

: Droplet radius

: Universal gas constant
: Total radical pool
: Reynolds number
: Stoichiometric oxygen requirement
: Heat release of the chemical reaction
: Time
: Releative velocity between fuel and air
: Droplet velocity vector
: Domain fluid velocity

: Velocity in x; direction

: Weber number
: Droplet position vector
: Cartesian coordinate vector

: mass fraction



Greek Symbols

M eff
H,

Subscripts
id

fu

g

1

Pr

Superscripts

B

: Turbulent kinetic energy dissipation rate
: Thermal conductivity

: Viscosity

: Effective viscosity

: Turbulence viscosity

: Density

: Surface tension

: Empirical constant for turbulence model

: Stress tensor components

: Droplet
: fuel
: Gas phase
: Liquid phase
: Products
: Droplet surface

: cell center

: Fluctuation quantity
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Fig. 1 Block Diagram of Diesel Combustion
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Table 2 General Chemical Reaction model of Hydrocarbon Fuel

Chemical Reaction Steps | Chemical Reaction Process Reaction Specific Constants
® [Initiation Fu+0Ox > 2R K4 (30)
R > R +P+Heat K, (1)
. R > R +B fK, (32)
® Propagation — =
R > R+Q fiK, (33)
R +Q > R +B £k, (34)
® Branching B S 2R K, (35)
R > nonreactive
® Linear Termination species 3K, (36)
g Quadfatic. 2R > nonreactive K, (37)
Termination species
1714 Fu £ ©8}Fa AR(CuHy), RE Bl A4 2] Z(radical),

B i branching agent, Q & EHd3 T F,

23l P += CO, CO, ¢ H,0
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K, =3.0x10"
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-1.5x10*
K ., =1.0x10" exp| ————
p2 p( RT j
Kp3 = 10)610 exp(?
1
%= ! + ! + ! (38)
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=2k, [N, ]o,] (46)

A E
k, = T exp(— RaTj (47)

o] 7] Al A = pre-exponential factor ©]™ E, <= activation energy & WEFHTH

(2) Prompt NOx
37159 AAE 719e R AR Fd Zeldovich 717 ©]99] HARE T4
3] A 5= NOx & Prompt NOx 2}l @t} & dAx % oA s 3
ol A3 NO 7 A EE dRdutatdo et g A9 i
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Table 3 Engine Specification

Cylinder bore x stroke (mm)

900 x 2550

Connecting rod length (mm)

3510

Swirl ratio

5.5(estimated)

Engine speed (RPM) 94(100% load)
Injected Fuel mass (g/cyl.rev) 147.87
Injected Fuel Diesel
Injection duration

NOx-A, NOx-B, Fuel-C 17.4 deg
Fuel-D 17.2 deg

Table 4 Atomizer Hole Geometry

Atomizer hole
TYPE DIA. 1 2 3 4 5 Surface Area
(mm?’)
Do10° | +15° | +42° | +48° | +74°
NOx-A | 5x01.4 5 7.697
) 37° 34° 36° 10° 25°
-10° +15° +42° +48° +74°
NOx-B |5x¢l1.4 7.697
29° 32° 35° 10° 25°
1.3(1,2)- -18° +5° +43° +46° +72°
Fuel-C | 1.4(3,5)- 24° 21° 34° 11° 2790 7.744
1.6(4)
1.35(1,2)- | -18° +5° +43° +46° +72°
Fuel-D | 1.45(3,5)- | 26° 23° 36° 10° 24° 8.304
1.65(4)

1) Air Flow Direction ( + : same with air flow,

2) Inclination

32
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TDC,C/A 360 Deg Cell NO: 210,000

C/A 340 Deg Cell NO: 280,000

C/A 310 Deg Cell NO: 400,000

Fig. 2 Computational grids at Crank angle of 360 °, 340 °, 310 °
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Exhaust Valve
Bottom , 600 °C

Cyliner Cover,
377 °C

Atomizer , 377 °C

Piston Crown, 380 °C

Fig. 3 Boundary Condition
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Fig. 4 Fuel Flow Rate
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Fig. 8 Distribution of SMD at Fuel-C Type Atomizer

40



CRA 375 CRA 380

O

CRA 385

Fig. 9 Distribution of SMD at Fuel-D Type Atomizer
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CRA 385 CRA 390

Fig. 11 Distribution of Equivalence Ratio at NOx-A Type Atomizer
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Fig. 13 Distribution of Equivalence Ratio at Fuel-C Type Atomizer
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CRA 385 CRA 390

Fig. 14 Distribustion of Equivalence Ratio at Fuel-D Type Atomizer

46



A3t} A

s
=

Hl o] ]

% 34
235k 7 9] 4

=

T

Aol a}

(¢}

4.2 Atomizer

of I WX FTFY RMWEAET I N W g ay
BOT e g Faag TR goea &
“mEAB T Sy de X @ oo oo
o Mg e o o o T AH L N
Fr4ou? wgeePlw o8 T
DT .| T o, 8 T N B
o B T - R R N S
Firdel ZogiuE -cxai
= Xz = N < By B0 o 2
e A - R L % I N B
DT Y LeSThy TZT W
E S o 1,A_.u| T e il cyony H oy T o o . IH
g A < ﬁw N 2 B T o PoW ‘W/Vl i1__v B/ T ol Ho iy o}
»n T 0 m X _—
Boop BN Ty & o . o T oY s wE
Row oy ® o op Ry T ooy 2T
T mo ®E =R ¥ L E®E- 7
e o ny I il al —~ ok N = T Ro
No - il S o mr Wooor Po 1 < Ty o
N < a © B o5 T oMo oo, Ty
4.amm@ua.ﬂ e S o Fw P g Loy
o- o = B -
as M TR g S 2w oM =T T = 9 =
o W M,# T = = = T ol 08T AN =
UL TN g9 o B TWE 5
_ 3 ol < T %o b = FURER . o m <
™ Ne S o @ , B ol w B o =0 1 TE = — 3 )
=y Ao 0 ‘ﬁ 17_A| J 0 N -
L s B A Moo, ] T A = o Q ,W e T < &
w7l P 50 ol ¥ 0 N o o = Ton . ~+ ™ %O 8D
ﬂammsm%%mmm%1i_ﬂm CRNAS >
N o g £ M W) oW, W 3 cUaed o W oy o= A
_ 3 & e ¢TI AT = RN~ I BN
= X Oz 63 S Q ARG dove 3 &
To W E TR 4P T W ~ 7T g T ok
of oM R T T M E R R o M N OFJ R

A UeRd

[<]

3y
47

&9 A7l wep Zel 7t

QLN

=]

Atomizer
Atomizer



EAY7} vete g 3l Byxud £ Aoz or Fgutsto R Fa 53
oz YA HAE 4SS HoFEr o] Hl‘c?} 3
Atomizer &= Atomizer =32 7|7} NOx-A & NOx-B
U Az dEdo] E=g bk webs e FxwA md sk
Vo Ao w2 FA yebdth gk F233 Zhwo] wE il ankek
= azhjRd 3 e AR FAPEHE A EALE ARTF A4S °F20° 7F A
CRA 380° =A oA Q14 g Atomizer & EHOE
30 & 4 7HA] Atomizer Bl e AAnAU H o
UEeERH ZZ3Z 24 NOx-A & NOx-B &4} Atomizer 7} Fuel-C & Fuel-D &4

Atomizer H.U} 20 ~ 30K % A A YeH o]gfst A3= NOx o A=k
449 GFE v

48



150.0m .

| T T H

—_— 0w A calculated txt
----------- NOw—A_measured. txt Ec
B s‘
) H
= 1000 | i —
L
-
0 H
Ell_) o i
: I
> i
E /
= o000 —
S !
é; kS
L 'js t\&‘” ]
%ﬁ-
i“ '““%@
-"“-,ﬂa,-“" ‘b"
C,O e I- ........... | | | | | "--.I- ......... i
—200.0 —-100.0 0.0 100.0 2000

Crank Angle

Fig. 15 Comparison of Cylinder Pressure Between Calculated and Measured

Cyl.pressure at NOx-A Type Atomizer

49



A C

CRA 385 CRA 390

Fig. 16 Absolute Pressure at NOx-A Type Atomizer
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Fig. 17 Absolute Pressure at NOx-B Type Atomizer

51



Fig. 18 Absolute Pressure at Fuel-C Type Atomizer
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CRA 385 CRA 390

Fig. 19 Absolute Pressure at Fuel-D Type Atomizer
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Fig. 21 Calculated Heat Release for Various Atomizer Types
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Fig. 25 Turbulent Kinetic Energy at Fuel-D Type Atomizer
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CRA 385 CRA 390

Fig. 26 Temperature at NOx-A Type Atomizer
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Fig. 27 Temperature at NOx-B Type Atomizer
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CRA 385 CRA 390

Fig. 28 Temperature at Fuel-C Type Atomizer
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Fig. 31 Burned Fuel Fraction at NOx-A Type Atomizer
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Fig. 32 Burned Fuel Fraction at NOx-B Type Atomizer
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Fig. 33 Burned Fuel Fraction at Fuel-C Type Atomizer
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Fig. 34 Burned Fuel Fraction at Fuel-D Type Atomizer

71



CRA 385 CRA 390

Fig. 35 NOx Formation Rate at NOx-A Type Atomizer
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CRA 385 CRA 390

Fig. 36 NOx Formation Rate at NOx-B Type Atomizer
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CRA 385 CRA 390

Fig. 37 NOx Formation Rate at Fuel-C Type Atomizer
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Fig. 38 NOx Formation Rate at Fuel-D Type Atomizer
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Fig. 40 Soot Formation Rate at NOx-A Type Atomizer
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Fig. 41 Soot Formation Rate at NOx-B Type Atomizer
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Fig. 42 Soot Formation Rate at Fuel-C Type Atomizer

79



CRA 385 CRA 390

Fig. 43 Soot Formation Rate at Fuel-D Type Atomizer
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