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Abstract — The combustion characteristcs of diffusion flame formead in the wake of a cylindrical bluff body
with fuel injection are experimentally studied by analysis of measured on currents characteristics and flame
stabibity houts at each flame condition. Installing of turbulence generator with strong turbulent component.
lhe [lamc stability limits are detericrated. The region that has the highest average value of fon currents in the
nuddle of flame zone is located on the down stream side at a stable condiuon compared with a near blow
off condition. The flame mass with partially active reaction 18 moved fast for the {lame with weak turbulent
componcent, but the flame mass with relatively slow reaction 15 moved slowly for the flame with stong tur-
bulent component. The autocorrelation lactor of ion cumrents and turbulent time scale are affected by the hor-
izontal and vertical distance from bluff body. Though the special dominant frequency is nol appeared w the
eddy which exists i flame, high frequency characteristics as well as low [tequency characteristics are
appeared in the cases that tirbulence penerator is not installed and turbulence generator with weak turbulent
component is installed, and low frequency characteristics are appeared in the case that iurbulence generater
with strong turbulent component 15 installed.
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Fig. I. Schematic diagram of experimental apparatus.
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Fig. 2. Shape of bluff body.
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Fig. 3. Arrangement of turbulence generator and
bluft body.

Table 1. Specification of turbulence generators.

Turbulence Generator S (mm) d {mm) n
G 30 10 4
G3 7.5 2.6 15

S: Interval of Gnd, d' Diameter of Grid. n: Number of
Grid

Energy Engg. f (2000), Vaol. 912)
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Fig. 4. Schematic diagram of electrostatic probe and
ion currents measurement system.
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Fig. 6. Average values of fon currents.

Ashgel daSy 23 149

X b gk H3lE vehd Aol 2= x4
Hl{near blow-ofly= 3}4g¢] B2 ey v odn 22
F5 10% S7HAA o] R TR ¢ I
EZ57] 29 Auz FAHA G AE ge|aid

Umform flows] 5292 J34e]e] 7§l
ol 2AF 72 Begr] AFel N v ghe ehiAsl X
<50 mm2] HHAME FFE DB EA)8lE, X=50
mnel|4] EHizh 2 F 1 sl Rl e AMAE] kgl o
Aol gle A k2 AekE vehiR|nh BEEe = A
Aol vl #A5] FE HL X=10~50 mnel] gleiA] 3
T ol AR el EvPlge] ol v Fd g
=2EE AR X=00 mm3] sHFECR o FEi A
e}, Ahlheim3} Giinther™o] 2J5lH, S o215 3k
+ B d-gEel e B9 o, o)A S ZRE uni-
form Oow?] 745 gk Aol a7 F72) o495 9
A(X=50 mmy7}4] W w7} w2 o] AR 5]
= AL o 4 qlvh 22e e Amaele)l A X<
10 mm 2 9FHA1S] X<50 mmd) P9 FHAE
o] A4 gl kel s R Holslr] oHe] =
T3] ¥AEE o AdEH, o) 3pge] Skl
Z=Ax g 5+ g

SHrEAER G3F AR A9 Be oA F el
FHdl7l F= ¢ uniform flows] 8} ARSE|
FAgc. o7 o2 HE yniform flows] -9 Wk
Ak G3E A Ao R B2 s Y
k] flaiA Aoz 1 Azke] Baskn, Wi
Axr) ofsly] Wi e Fie) Ay oz ekt
Aoz Heg - gioh e pdgaal 63E A
AT Aol e R8s} )7 TUEA) e
o &85 Alzte] ghal kA=l o8 s
AEoE ek o nigdiry) whalA) 7] o F-
o 2| o] 2HF k) £8lo) welA)= Zow AzkEd

7AE R BT GHEEA G1g dAE
el X A A HE ol el ) Wi g
o] 3 Hekgl FEALE Belo) = RE X 450
PelM EE o= Al b g S ol
Fel woh ol ARl 2AE wl$- 7}k )
FAE ol dEvh W =4 &alde]) A
2 s gk Al 7] wie] 98 1S &
FALF o) E Frd Ak AR HT, sl
8 2E 29 B4 983k Foll 9Esle] 7
22 qMEET FopA7) Wil AoE stied

3.3. O|2TR HENLY

Fig. 72 xHPAAE A5 @2 4-S-(uniform
flowyel Wgl o]24dF WE312 ehdl 7lele}. Fig.

Energy Engg. J (2000}, Yol. 9(2)



150 gk

o0z
0'1M/‘—/L_A\w M/\MM
00 T - A, ‘

a 8 14 15 2

Time{ms)
{a) X=50mm, ¥=12mm, I=0024 1A

lon Current{A)

0.3
302
]
5
S g4
. Y
0.0 T T T
] 5 10 15 20
Time{ms)
(&) X=50mm, Y=9mm, T=0.059 ;A
03 ‘
% 0o 1
@
& 'Iul
0o T 3 T
0 5 10 15 20
Time(ms)
fc) X=5tmm, Y=3mm, [=0.069 z A
03
3 02 -
g
E
3
: 1;&&& M
5
0.0 T L T T
0 5 10 15 20

Time{ms}
[d) X=50mm, Y=0mm, T=0037 u A

Fig. 7. Fluctuation waves of jon currents for unj-
form flow (U,=30 m/s).

T(a)~(dye 27 E=2.958 AAaba ] X=50 mmel| 201
ez s, A S, 93 Alededd, W& A
SeglodadelAle] ol aAF T o FRE Hdi
sy Foro e e Alkrglodele) uld ek sld| 2
Bl FPrhe BU S oulale, S AeseddE 2
o) Fa}Be rlrbe A HE WS AeBddE v=
Ommal $7)9) ALgledel & A2 2n]gl}

saz aeid e W2 Agiedde] M s ot
ol vl ¥ Z(peaky 7t A1, o] EoplEvL
o 7L ok 4 oo} WEE (levely s WIS Al
< AgEin, e WEew dS Feln WiF
AFe] el A W] v, m=e] #ale] v 4
ole ®adr)o] ojat Lwale] oJike] AT Hegwle|
ol F&wrt 27 WZel Flez P,

Fig. 8~10& 83215 AxslA] 2 7-$-(uni-
form flow)el WAL} G3 £ GIE AR AT
o dalM e Folkel gleld 2R A
9} ek A o)e# R WEHEE vlshd melv}. Unifonn

ojuxEs Hod M2z 20004 6

=
—
a2
202+
f=4
b
5 ]
8
a.0 T T T 1
0 5 10 15 20
Time(ms)
(a) Near Blow-off, X=50mm, Y=9mm, I=0059 z A
03
202
[=
B
Q04
R T . (R
\J
00— T T k,l'-f
0 5 10 15 20
Time(ms)

(b) Stable, X=50mm, Y=8 5mm, I=0.028 s A

Fig. 8. Fluctuation waves of ion currents for unif-
orm flow (U,,=30m/s).

.02
3
5
g o4
=
(&)
§
0.0 +— T T T 1
0 5 10 15 20
Time{ms)
fa) Near Blow-oll, X=50mm, Y=8mm, T=0.032 g A
. oz
3
"":' .
2 0.1 |
5
3 ! \
E v
0o T T T
0 5 10 15 20

Time(ms)
(b) Stable, X=50mm, Y=9m, [=0050x A

Fig. 9. Fluctuation waves of ion currents for furbul-
ence generator G3 (U,=20 m/s).

_ a2
£l
T
g 014
5
F M _)\/\‘
€
5
2 0 ‘ AN LY

9] 5 10 15 2

Time(ms)
(a) MNear Blow-off, X=50mm, Y=12mm, I=0016xA
02

£
‘c
g ) '\( kbj\/ \J\M
5 i 'f‘}\ﬂ{j\\)d
0.0+ )\ T T T

a 5 10 15 20

Time(ms)
{b) Stable, X=50mm, Y=13mm, I=0042 ¢ A

Fig.10 Fluctuation waves of ion currents for turbul-
ence generator Gl (U,=10m/s).



m

olgAFe) SAL o] 53 FakEsls] QsS4 ud 151

Mows] A5 B3 e zZFAled Bz} gdAle] ¥
W asrl B SR o, B o] &R el
Hy =} oAlE B2 et Aol A4t 2e
3] Bapgler) 57, BT B2 3R kel T
Hka], abgAle] A o] X Aol Ale gk E] Ot
2 Fe|HA] g2 ik Al gtEg Giad
o) eofzl Wb AR G3Z AR A9 uniform
flow2] 7392} fAlelsl o] =pr) won, 2=23= 49t
2.8 AL Jepd}. Uniform flow 352 2=2¢=%
Z)Z A8 A AL G3E AREE A1) <A
o] MZ FABKT, uniform fow 735 9kA)2
AR G35 AT A SEes A )
Fla] MR GRS VR Q] ol 3.28e0M gl
Fg Fig. 62 Azel 2 JdFFRT leh =3t g o
FAEE kale GRAAA GIE AXE A5 T
257t AR, PR S T a3 E Vel A
SR AL G35 AFE A YRl A s
Sabsle sedlelelrl Wi L2 oFslal ols A
Hlal] A A GIE AR8 Al Hald vheo
gzigt seile]z)rl J&oz o) pdivin ATEH.

o

34, R (A3 Al

gekd ez Bapata) alie) sl -85 koA
AaEkpe) e 913 B4 A2|A) 9l 2 4T
e Fefe| o] 2R WEe] fpel] FEI]
FEAS st Al B3 EapE 8F xyr)
F1Ae] AEr A, T2 A Az & FHAF
Wdr g apd ) wee) AdE] fakeA chebdet
mela dA4ek Azk ¢ 9F 1AL sle e L
w55 A Awg AR, AEge] FrdnE ¢
Wah= & s xiern)?] 4SS FEPE At AR
sh WAL ol 7 g x2h x(tme] e it
FeE AoE BAF e AR sk Ot A
A4 BEaAadMe A7 E4E AREEeR HE
& 4 gle, A7k ok gl A At ] kR
Atk gk 7] ZALAE AlgelH
W A gL w7 wge] Al geeEtE

5] EAAl AR ) B2 B A 7] W5
tFat A2 F5E - Qo) Taylod] 7}
A2 ol 53| 2 FEe] dAT AS U
= A9l AREoa slE Ao, dukaElew
[P U 13 722 3 Fgdell gleis] DaAld & g
TFEZUE BAAZHTR o8 F3gc)

SHEAGAE AAEA %2 AP umlom flow) &
2o= 2AAAEL] X=50 mm $F)l)A] 5= 31, 5
A Fobt o Aegs o] o2l w-Eel W3t 2}

i
g

—y=12
-— Y=y
,,,,, Yes

Time (ms)

Fig. 11. Autocorrelation of ion currents for nniform-
flow (near blow-off, X=50 mm).

714 ApE Fig 19 vjepdc, o] &2 A5 1
ATE 10 ps® AA3EL A WA 0~2 me7kA| 2] H 5o
A ARk Agw) sk §2tel el Hatelet Uniform
flaws] 73-5- 2p7|Adatel] F71Ae] RelR] gkal. o &4
F - Y3 Falg wHg xPER] S 73
gt wiEel AL ok 5 aloh A Aer) 5 s
HBolA i) ATEAALE Tk S sle A
# Age] FAEE Hibe| BeAE AL 3] 4
GB7E 21 Azt "AA o] FERe A& ER7] ol Eel
o] WE 73elle Y AaAde] 2 AL 2olgt
ol & 4= glrk, Afgreidel s FRELR o] F{l
ulebr] 27D AR AElr) WA S wkE A7
#Hgeo] Aeprlch

Fig. 12%= A7 2ol v|=] bRddE=le] o
e el Alejdh B2 o= Akl X=50 mmel
glelA] slde] Folel chak A=bo|tt. 7744 A

1 7 T T
N a1
0.8 V", TG 4
\‘ . Unifar
0.6 \\ . |
= AN
hnd | A \\ -
& 04 \ .
02 N e ]
0 S —
_0.2 =L L L
0 0.5 1 1.5 2

Time (ms)

Fig. 12. Autocorrelation of ion currents for turbul-
ence generators (near blow-off, X=50 mm, Y=middle
of flame zone). :

Energy Engg. J (2000}, Vol. %2)



152 3k

A% Al7le] dis) FAEEE PR G Re) A
2F8} uniform flow®] -7 77 wie] epal, oE-
£ GREA GIE AEEE A5, Z1E A

FAE-S 2= IR GLE A 2SS A

A vepdet, o)zl ez e FajellA] dAlE e R
Fo| Ao n g w4y AL
£ Hoz A,

SEERIAERL G3 =2 G1E YR A EEeE A
A2 27V Pepe] Azl gk WEE Fig
13 & Fig. 14 vepdic} Gl Ea) 63 me GIE
AT A, 27 g Fobiel] Ak el 5
PR AARE] H 2F Bl A5 X=10 mmell
oAl Ak A8 FAEEE el W] vepie,
o Be} s AP R o] Farg A3t A48 FHst
e o] Leolzlvl AR K4d7] 2] Ferle) O Al

1 4 T T T
\ -
0.8 1% T st {
B X=T0mm
06| \“ i
= TR i
= n4 \‘ - -

o2| N el .
o 23

_0-2 'l L 1
0 0.5 1 1.5 2

Time (ms)

Fig. 13. Autocorrelation of ion currents for turbul-
ence generator G3 (near blow-off, Y=middle of flame
Zone).

1 T T T
\\\\‘ —X=10mm
RS -— X=50mm
AT ekl X=T0mm
05} N i
~~
) T~ T
i el T
0 e
0.5 L L 1
0 0.5 1 1.5 2
Time (ms)

Fig. 14. Autocorre]ation of ion currents for turbul-
ence generator G1 (near blow-off, Y=middle of flame
zone).

OillixIZEl Mo H2= 20004 6

%l

i B
-

Zhedlelo] #1F AL, oM} SR o] FarE A
AR A& 4 4

35 Fr 54

Fig. 15(a)~(cxll FFaAAAS Ax1eA] & 3¢

”
i

- X=#tmm
00 0 X=70mm
z |
2
[P ‘_._._... X=Eomim
5 IR
& i
140 L HH X=38mm
) ”
0ot 04 1 5 A=1mm
Frequency, {[KHzZ)
{(a) Uniform flow(U.+=30m/s)
n\‘h M
¢ Il
20 ' b ‘
! s XeTBrmm

g - X=Edmm
9 .z [l t
£
5
140 + X=39mm
168 L L X=10mm
0.0 o1 1 5

Fraquency, f{KHx)

(b) G3(Ue=20m/s)

K=Famm

Galn, G{dB}

Fr-“q'uen:y. ﬁ::mz)1
(©) G1(U,=10m/s)

Fig. 15. Spectrum distribution of fluctuating ion cur-
rents (Y=middle of flame zone).



JLAFS F4L 4T WY s

(uniform flow)s} 2G4 G = GIE AA[E
A5l Wt ol F wiEy dawEag epic
o5& B e X Axaele] g Skl 9lojA] X
Hhakel o2 W3tE e Zlelo), Uniform flows] 7
S} il A Al G AAEG A9 AlgkAlde] £
slaEpl -5 AFalr 9 (500 Hz o)stpilds &
E, Al de] A2 g Sl g oy
(500 Hz o| el M= vl & ohdx]7} velhdsl a1
ot A GIE "2 A AlzkeAl o] 2
el d-2ehe ATE 439 (500 Hz ofetplMe &
2 o1 7} Vel 5L, AlZkaA Y o] B gl o
B IFSEE 29 (500 He o el v «hi=l7}
el

Uniform flow?] ¢, Syt F71485 20 g
2 B H rER o] FolA 1Y) el olemH |
Bl =Y Tyl vhehbr] ook A7E- gk
Bquchi"t= Re37]e] 23] = o E£513lede)
HE) s} sl Ee) glelM B Fegr) o}
el bx] ebeekal shydel. v OBt GRE 2l Ay
+ AR G3E AAE ASel uniform flow
2] 7358} 2o o] eAF W U FILE et
=) ebed 22, At GRS BAATE A
AzF G A= Al o] 235 W52 vl A
Fule] gk AES T3 9 g 4 4 ot
el7l e 2 RE] bl G AA 5 A-9ellE G
el B B R T P s o R B K B R
RS HhE oGRS AE, o 2AF WESAY S 1
HF o Rt ale] B¢ 2)Eadsr g

=== AR AR ek 9-(uniform flow)
o} whpEbll AR} G3 = GL1E AX)E A5l e
Y Bl ubE A ey 2X T wasgs v, B
£ A Fded Wale] 2 oA HE )
=2 ZpE ATt 98] oux)r) FellE HE Y
sialem, ol 34delA] odF5 vie} o] W= H
d2 dpE ARksAlde] AAle el YAFl
Umform flow?| 792} 4=} G35 Ax& 4
Fellz = Foprl epA] gske), g ER
G155 HAE Aol AFa ofodells] =& 3
E & ¢ edd A GRRaAa GrE AHE A
2] FE-2 e 713 s A sk,
uniform flow?| 3-89} vHakdlz) 2l G35 A=) A5
8] B Aot AL TEE ok 53] wdl
el Aes g

3.6. HEUT F=
2 AFoA e W] BA AR HEe RN 71A o

d T 153

I - - \
wmt IVEINE \ : X=Tomm
w

Q 1 1

(33 L 1 X=3amm

° 0.1 b.2
1 zA

(2)Uniform flow (U..=30m/s)

3 XeTDmm

4 XeE0mm

N
AN

4 Xe1Dbmim
0.2

(b) G3(U,a=20m/s)

1 X=T0mm

\

4 XmEOmm

N\

R ,
0 .1 0.2
1 uhA

() Gl{U.e=10m/s)

Fig. 16. Probability density functions of fuctuating
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