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A Study on the Characteristics of Swirl Flow in a Diesel Engine
by 2-Zone Energy Method and Image Process of Flame
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Abstract

Recently, many researches have been performed to improve the performance of the combustion and
emission in a D.IDiesel engine. And many new techniques have been introduced and developed to
reduce NOx and soot exhausted from diesel combustion. Some of these methods have the peculiar
injection timing which is not used to traditional timing. To optimize these injection timing,
characteristics of swirl flow and interaction of swirl with injection in the diesel engine should be
investigated more carefully. Therefore, in this study, 2-zone energy method is adopted for the
understanding of swirl flow in condition of moving piston, and then flame visualizations and image
process are performed. From these studies, the characteristics of the swirl flow generated by SCV was
investigated and the effect of swirl on injection timing was elucidated. As the results, velocity
distribution caused by swirl flow increase the space utilization rate of flame plums. And flame plums
of weak momentum are remained inside of combustion chamber by the swirl flow.

7154
h : JAE & (bow)e ol [m]
dH : 4 $FFY FT (kg m's) Ie P ARY Fo ti@ F719 BHRAE
dKE : £F5ANUAY F71% (1] [kg- m’]
dm A% HAEF [kg] R, R: : J2E B&bowl) € A4 A H([m]
dt D AF7HE [sec)] 1 D ENAA B Fol B 944
Hey c 27 & FF kg ms] [m]
mo cdadd 3719 AA A kel
t YA, Y, AFALFATL o EE §7] 4% [l
E-mail : chjwoo@hanmail.net Vi P EFY e BE R ()
TEL : (031)418-9293  FAX : (031)406-5550 z :AYUY FmHeRRY AR FEHS

* 39, dgetw ) AFEH AR Al [m]




1656

A -

om; &7 FHF [kys]
w, :E7Y BFA AF kg s)
0a s ARYY F7)9 WE [kg/m’)
r c A3 [keg/m- )]

1. M B

A2 AFAE Hd7)del g iyl L Fe
A7t B Ame) FAY e wekd 1
a8 Al AEE Vs 28 A7t &
28 AL Gk o FANH A2 FE9a
£ 7l da day u Aavt 7%3} 7
) Oal e dial &4 HHEE
7] dee] Fgolgtn & + Alr:}.
A oA Axe AT WL s|Ede

cleigd a%£y® 2 43
%01 A deH, olg Fito E49
st ek 2ol AR
= d5s #719 EF A3l
5 £ BAE o3 demg, d3
Ho R o0t =9 /\17_]-3} OEH Hﬂ7]%,] xgidg
zdste ARE AL g 484 O
Ao} ~¥e} usso) meE dsd F719
A ARe A3 BY) ER F8AE
oE FAA7I Uk oldl g3yl 9§ B
oz ANFL e 7SS AA AR BAM
A8 AEF AEFsA A2 AR

2 MK(modulated kinetics) A4 A28 Fo] F

il

(‘_8,

L v A

I~

Nt

f

}:1

2uky glon, ol#d BE AN 2¥ #¥%
o] o] &= Y} 7]Ee A $E33he] A4
AdolA A7 4F FA Adez H4A
stgon, o BEAAZY WEle o8 2R ¥%
o}, HTo da e viekd 2sar|st
nEHT Qerg {fEFY -} $E&2 4

gt Qdad WAE 22e IR FY ¥
HYSUAE TARE AT Badt e A
oz gzEd

Hepy B ATAE A 944 wolde
2499 24 299 qYARCTE ol gsid
Adsoz BAstm, o9 542 7% 2%
2 dxgde @4 A%s Sohod G AN
@7 EA0] O Qo) vAE 24 459 o
¥ 543 9912 FAHez Hetaain

o71%

R

2. 28 739 HgH nE
9%
2449
o uwak

gEPT reE, A
del ¥4 ¥ %3 2E
| ehdt. meby 2ol

% wE Sadae ¥

i3

]% 3la] bowl-in-piston 3
)b-‘] 59 B4S

7“%;‘

Py
oz w?swu}

21 2 &9 oix|y
2 99 gAY o
£ 999 F AR
quxziy 24 #
g 4 e
AT

Lo

211 &Y ®&
FYA A g FAUA Frhst
TH@ET TEAYANY Frhe v 2
v, ?
dKE /= om——, dH;=démh; (1)
4 eEH /e 249 f59 EEAUAE
F7HA713, I8 29 A™Y R F7)9
0T F59 ¥dte 54F ¥4 /58 w3
Ak #2F ARE WEte] dd Fd #KE5FY
LEAYA WEE b3 Zol YEd 5 v

dKE yp = dKE sip;+ dKE gt

212 BY 71Us
A7 5 daAge] &8 E¥E A
3] A(solid vortex)ol2 7R ST} webA F<17)
7+ Fo] =& ¥ 1 ) Fo upF

o 28 73



2sE AU €4 4
Aue BEt BE FQstn Hgsn

74]*&'}04 & E(m)ﬁ
NE@L)S] 42 o

_ mB® [(2/hy) +(Dy/B)"]

L 3
8 [(z/hy) +(DJBY 3
FQT 29 AEEE go Ae ALgd

o Aag = g

H.y
- 4
w T “4)
213 &7 ¥2 Y 7|2t 32 28 /S
$7] Wuv) 98 n ¢ o] Fe] Ardyo
S Rye gadon wWaHe dEAd: 2

ESONE @E %E—E— th59] Fig. 17 Zo] B
2~

o
8
o
>
o,
A
i1
M
4
49

EEE 4“?‘01 -’:% fré< Askgll.

Ao oMt o] BE JHdMY £
¥ A 3 A (solid vortex)olgt 71A L =
W AFA] el FHL A3 H(free
vortex)ol g 7FA stk 6D
B 59 AT Fol sl Z g4
T wgs vy F Yty g%
g HgE W, +&F 3F F
Zdel] wit AP TP 2
I ~FHA FFE o)FstH, 7k JHddA
2 3t ZEFEHE AP
g z=sz Aoz E

[~

o

o

Vi) =K+ Kale

V{nN=wr,

V@)

, Bowl zoue

r

Squish zone

Fig. 1 Velocity profile in a combustion chamber
used to calculation

AxHW 29 #5 BN B A7 1657

_g?(]bzwbz):T/BB‘f‘ Tt Tret Tar (5)

‘g;(]sqzwsqz) =Tmct+ Tret Tt Tz (6)

9 Aol ALEE 22 wEol BE 4R
7 A2 Fig 200 Uehiglen, ol el
sk,

Ts - E% oggjﬂo”)\.] —}—\—':rq’\] gldﬁ’-f—i-q] -’11‘:!4
A e A% £5F Ads

Te : B2 99 dl=d vz B3 (=Tms)

Tos : H& Jole] ng sune o2 22

Tne : 294 99 AQY driel v w3

Ri-R!  dm
R-RY

1

T2
g, AFFHA e gl o] Fgolr] wEa
dm2 57 99, Ta

(dm,20) (7)

Tg = 5 O (dm,<0) (8)
e Ad FHoz Ry Atsid, opF3 A
o &= e og g

{7 = 617 o Lvdn]*Re™"? )

LY
gt e

g9 4g Fig 29 2 F9lo) HEAYoA
vz S Add + g gee 7 #3
o] oAl 7 Fgo) g Ao 93 EEHF
< e

Re=

-

ot Hy i

B

(2299 J2EW
P &ANGY 2Rl

A E R |

P HEYY den
 2FAYY FEd
c BEYY gE&n

s 2N L

Fig. 2 Definition of two zones in combustion
chamber - bowl zone and squish zone



1658

A -

KEswir1= KEsw, bz+KEsw,sqz (11)

70 by, & pd
64

KE g o= X1 K24 X2 K Ko+ X3 Kp*

KE 5= (12)

13)

=2 =

thel Fig 32 9 A8E olgstel Ay
o9 BgH 29N JYIAY £T EEE AN
& Aspolch.

59 99 399 29 K58 2709 BH
ot shde dgez dstd 29 £5FE =
24 Uu, ohEn AR FAZ Astel 24
f&e Agdr 53 FY7¢ F9 BE A

A 997 4F 2 A% g Fo 2E Iy
FE5E ZAA Aol N £ JoeBE dAx
A AFH Fotd dF BAHRWES Frte A
Ay 24 F5& AZA7IA "k
o]F9 ¢4 YAFTA ALH A9
EHEE A7ZA 7)1, o]F TDCE
2FN dHo2RE BE Yoz
L Ao A HE JHU ~
k=S
olg g A A Fee AN E SR A

A7

faw §
T

9
:

j=1
3
7

(o]

1 Mo wt o

T

o oft »
ol ol Jju ox

i

(a) Velocity distribution

~—— in Bowl Zone
««+ < in Squish Zone

Swirl speed (cm/s)

” c:nk Av:me (d:ng.) .o

(b) Swirl speed profile

Fig. 3 Calculated results of swirl velocity in the
two zone

o719

ol g4

o 598 YHE Yehn
AME mZA AL W 3
F7h oloiA o} 2ol AUHoz 7@
43 Zxe] 9@ AF7} F2 FYIAGE
2eu B ATolAE oed ~ge 246 o
da Bhe gHdd BAAsle WaE F o
A e 299 B4 Waa s
s

slem, 71Ee o
AR E L

o

=)

)

Aol A weldt Y3 Zhoo] e ~Y9
37b gl v Fge sty Hskd
Ao JtAEet g olulA AHYE s
o BA4E g, th&9 Table. 19&
Age] 218€ 7HAI3 dxe F2 AYE e
Wl £ d7dA dagddie] 29 A4 W
©.2AM SCV(swirl control valve, ©]3} SCV)E Al
lan, scve F7|Fd R&EHo /9 FF
€ AFAA daxdd 249 {FF5 ARAIE

=2

g¢g @} Fig 49 949 scvel g4 o
24 2 Mg 998 dehiglen, scvel ¢

W
5

ste] AAdE 249 wEge AAYFge] HEF
33t
Fig. 4ol4 HlFo] A7 FEL 2N FHo]

o, 7HA8 e Bee] WRolt},
~90] 293 Zxd wet 9o ANAT

Fig 3% 22 308 deharha, ofs e 2
AAZNAAE 28] okd 25 wLsAUA 2
B FHAA A7t ol FolAA B Rols, BH
o2 ¢HPAY AR BAh o] FoiAE A

Folle= ol we 248 557 S dart A

Table 1 Specifications of the visualization engine

D.I. diesel Displacement 673
single cylinder volume ¢
Bowl-in-piston C«GW#SM 17

Tatio
No. of
95x95 1
*93(mm) Intake: valve
5 el B | J60cban)
pressure




Visualized field
Fig. 4 Shape of SCV and direction of the flow
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