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An Experimental Study on Characteristics of Mixture Turbulence
and Flame Scale

B. R. Choi, G. M. Choi and I. G. Chang

Key Words : High Loading Combustion(x % & <} 4), Doubled Jet Burner(o] 3 3 & o 1),
Flame Scale(3} 93~ # <), Distributed Reaction Flame (& 4} u} & 3} o y, The
Average Distance between Successive Fringes(ADSF)

Abstract

The high loading combustion is accomplished by making the turbulent intensity strong and the
scale small in the premixed combustor. The Da-mkdler number, which is decreased by short
turbulent characteristic time or by long chemical reaction time, can make the distributed reaction
flame. So we developed a doubled jet burner for high loading combustion.

The doubled jet burner was designed to make the scale of the flame small by the effect of
impingement and increasing shear stress with doubled jet. We investigated the turbulence charac-
teristics of unburned mixture and visualized several flames with the typical schlieren photogra-
phy. Then we studied the influence of several factors that related the scale of flame.

Consequently, the doubled jet burner can make the eddy very small. And we can obtain the
detail information of the flame scale through ADSF (the Average Distance between Successive
Fringes) in the micro-schlieren photography.

The ADSF is not a exact flame scale, but it has qualitative trend with increasing turbulent
intensity. The ADSF is diminished remarkably with increasing turbulent intensity. The reason is
that strong turbulent intensity makes the flame zone thick and flamelets numerous. We can

confirm this fact by the signal analysis of ion currents.

leAMy Loy % o|& Z21 7le] Azl (mm)
C 1 4F A4 Q oled &3l Fak (107 md/s)
dr o Esid FA R 25 TASFoAM ubgye 23 (mm)
L ! 29 (Euler) &5 (mm) t I o] 27 A7kxed (ms)
Lo aelal Aol &g Wistode] 7o) U x5 Z74 F4&wEs sgss
{mm) (m/s)
S, RAen AgEs, Adsare o S AHER(m/y
SRR uootxE



1041

bt ef,

rgl- &

T

7N

5

=
&

Bl ]

=

AN

4=

)

Kolmogorov) ~# < (mm)

v

(

=

a3z

T2

: ADSF (the Average Distance between Suc-
cessive Fringes

sz
- =2

ATEW%LE, immmn]rﬁwufwmmwﬂMuﬁ%mM%oﬂmﬂmw
— . < T o o o ia i SR oW oy 0w __.:.o il BH R
oo g &7 9 ooy A Mo B nE O iy il
- 50 0 Yo N BE o N,
N S Mt ome TR o W = F T
Y w0 5 o - Mo .+ °F o o FLR = o =n
PR S = ) iny h = = e To %0 4
TER < T e yw P e ® T T
— EEgp s T
PR e v oA 7l TSR TR g L N o T
oL ® g L I NG E e e T e TR oY
G o0 Y S0 e rE g b oy 8% A TR
T g, & TEY T o ® o Eodoghoop e - T
N o BB o oK w Mo oo E = £ o aiCY
1R @ E W = ST g g oy e g X
]ioﬂmun o K do A TR ) nhmﬂow of &= T T = o
B ok > o = P E e — T oy
— —_ o O < E <o 20 5 30 o M To = B gl Fo
= a7 K w9 w 2 E = o
T x5 g Wl T _ e o TR L
! T T 3 m 3 _ (T, [ ke T ol s oy = ,_l‘_ [y - ° =
W o o T Z o <t 2Tl gV F L Py c
- o= Y o —
<" @ W= — ~ ® o = o HoAd 7o Mo oo o Mo BT e B
R BN R N e S R
L g oy il 3 W OEE T e ol S
= o= D N w o o =o ;of s R — P EY ~
X | ape B W om 3
s ® o= o :0od < AR R N O# oot 4l Fo .
g T W Le IR PRSP C O T T T R S W
w = " < % | wﬁuﬂ_ — .Uu.b m(.m S N (e o H | WW IZW e
<~ T 8 2 o W o [ = ° A T oMo W o N
YwwF s A Mo T e ol oo s T oMo sk B Ro 3k Ho {
TEETT LB CATINRECT eakDT e
o WY W < = T W T wr w F o
o B eW7DMr1 i zy%1x ﬂm.rum.o_,« -~ a?_m_wnmu * zﬂvnw
al iy - e o= o .
ia il - _z_o ﬂ_.nlo = N = 1] To E#E N Ln_ o of ]%! EWH \UFL ‘_l.Or,, L_‘_ o
T o BN R T L S S T = o ~r
17Po T I7F < o = ll ﬂl \;1 oY 1 < 1! e — e Ui il X
R R - SRR L R A= A T e
EEiE L Sre i tPEy 2RI LE
= Ao X wook 20T o — T T o N
£ W:l - X ol ‘;_ iy o W,r_ Ko N3 m R m % 1o} 5 ny ] o i o -
e = We ~ J— E | | o —< o N —
E =+ . ) Miwﬂmwwﬂn;xm%ﬂDﬂﬁlw ST Nt
h 0 ~ ™ - ;
@ & TS NI U T A R, T
T x %= W e g BB ¥ T ® P B
A = AT £3 %%é%%&%%&%o,ﬁiv%_ﬂi%g,ﬂﬁ.zoﬂjﬂ
! ~ el o INeN
— 10 _1‘_ T . T , Gl ~X Jl o B b 1:._“ S lﬂrx. ,Ur o A . OT Lf |dﬂ oR 1 iy
= — —_— g bl - I~ ) .
<9z G S R I N R
“TE TI. RS S S SN S R P S
© N = e ) < HW o Of J Q = o8 T . ™ o< ~o
i ’ L 5 N ol == o To X Il [n—
- E Ay P —~ o — W oo ® TR o N B o] o < o
A N NS % g A o = o = N B X uE o M o w
R = e o N B NE o = 2% MO ™ s — o, oF e 1 oTo
o zWo R T T T i S
RN < <P o 3w - Py . il B 100 IR
_— — o 2. 4~ WE B A = M. N | = - N
& o X K T o S N OR oy L = = TR OE IS ae o W o o or wk
) IR I B T N A B N T Sl J)
© TRV IT T2 bE e dF T adrm s 0 O w
< ® w — e X RN T O X RN Mo W e oe T ome o %o of B 38 W W A

Detail diagram of burner and typical nozzle

Fig. 1

b A o

13

22t



1042 2 & - &
v, B oo 7

CE N
“the Average Distance between Succes-
sive Fringes”¢] <kxtg gzl AR Aol d A5 ol
He hzAze 4 ved o, ool A48 st
2Rz A7 AelE Hdh dkolrh Awd
g Q7] fel £0FE A solon,
2 2 74 o] 26. g mme]t},

o] g5 % (o] £HF) O HAS

X=15mm

A

i

Ao

LFEFLH oleh, v

3 (i), H>
7]— O}io]» /(L7g 0.1 mm, /Lg_r 7{;0
BT ]%O]NRC]'. ;?Zéﬂ

7d Sl Elxl o] 7

(EaLr
mmée| Pt-13%Rh 3}

= o]-A% A&7 E B,
o UG8V

. 73%% Ol

B

chA] kgl :;

T ]
Al 354 7] 8} Oﬂiiﬂ?ﬁﬂﬁ Al bbb A

=)
ol
2

~
oo

Knife edge

Camera .
Vo

I~

Concave mirror

Tesl section Concave ‘'mirror

stroboscope

N
Pin hole

(a)

Concave urror

Test section

Pm hole

i, R

Facy 1=mn lens

Sy

Camera

- Stroboscope

l’)n\ hole )
(b)
Fig. 2 Optical system for schlieren photography

=
o Meurreni amp }{vert o 1

m\‘ ‘

et T .l ‘
—fcarrent wmp Hmvert & -
r—] Carrent wmp fH{ivert amp o, |

. ion probe _
. - | Data recorder

Oscilloscope |

_ Compuier ]

Fig. 3 Block diagram of measurement of ion cur-
rents
dold dladlel +Estdch, 53, fidsidE

54817 Sshed ¥ A o]e Zzud X
% ]

gt HPsiA dAstged, F ool Zg
2] (Lyp) ¥ 3~10mme] HYoll4] HAs] =
2 =ZgH
o
=

Feldl A4S o] &7 744 s Table 13} 2ol
Quel e A

zee] 3

oA EH7S] HREAL 1 2EU v g
wo) 448 AESh o] FFE ATE slmels) 9



vl E£3le dRE4H Bl sl A3 AdE o7 1043
Table 1 Experimental condition {unit : 107* m%/s)
Qi=0.8, ¢=1.2 Q:=1.35 ¢1=1.2 Qi=2.04, ¢1=1.2
Q.=0.88 @:=0, 0.2, 0.4, 0.6 e:=0, 0.2, 0.4, 0.6 w:=0, 0.2, 0.4, 0.6
Q.=1.12 p.=0, 0.2, 0.4, 0.6 e.=0, 0.2, 0.4, 0.6 =0, 0.2, 0.4, 0.6
Q.=1.66 @:=0, 0.2, 0.4 p2=0, 0.2, 0.4 p2=0, 0.2, 0.4

Table 2 Experimental condition for turbulent characteristics and combustion

(unit: 107*m?/s)

Q1 2] ‘ Qz 23 Re
Case 1 1.35 1.2 0.0 15559
Case 2 1.35 1.2 1.12 0.2 41430
Case 3 1.35 1.2 1.66 0.2 59091
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