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Development of Combined Optical System for
Analysis of Impinging Butane Flame
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1.

Abstract

Three-dimensional density distributions of an impinging and eccentric flame have been analyzed numerically and
experimentally by a combined optical system with a digital speckle tomography. The flame has been ignited by
premixed butane/air from air holes and impinged vertically against a plate located at the upper side of the burner nozzle.
In order to compare with experimental data, computer synthesized phantoms of impinging and eccentric flames have
been made and reconstructed by a developed three-dimensional multiplicative algebraic reconstruction technique
(MART). A new scanning technique has been developed for the analysis of speckle displacements to investigate wall jet
regions of the impinging flame including sharp variation of the flow direction and pressure gradient. The reconstructed
temperatures have been compared with a temperature photography by an infrared camera and results of numerical

analysis using a finite-element method.
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A, Hd FAF, BAF 5 OYd @Yol T 2x wbwlo] uls] EAje] BE o] EAES
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o] gdte BIo L E FAFYPL, AHA H olgsl WE W % B2 ZHi:= A=
TAAN AR SRt W& 258 BANE sjgeq. 38 wyze due AN F9
PR XK, 39, AR2s D JH=es Ao Alatol 7be @ y . (interferometric
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Figure 1 & 33 Aalo] MY} g2E HMe
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U= Lnﬂ bmm o] HAEE FEE AlEEAr)
&R 30mm><35mm><5mm _17]-4 Fo;|E A}
%3]"”0“1 S8 HY FHe E o Alo]g]

7Ael= E}@’«l /WD}E HHo® o}‘ A= 2
Astdtt. 2 vp Fo WA= TEAE CCD 72}
of ozl o= Uct.

R-type EAtl(200-1205C)= =99 WU 1mm
7hA AIAIA 20 ) AHAMY FEY exE
ZAsdon, A 877C7A ZAHYY. 9
A ogtdlet 98 sl WA HAEE o] gEty
EY AES 0.92 2 BASAT. o] AYL
719 2(0°C, 1atm)atollA] o] F o)A},

-70-

TH 2UoR FESE o Y Re 25 3
o dAg EHE Ad¥Hor dApsdct. vz
d 20E EXady 7|y e 95 2 2%
e AdsAn, AdE 2L FEW AA
207 AgsAnt. AAY 25 AAzD 2
A WA a2ln dfF 2 BA 58 13
o FEHU2 15 TEE AAE. Aldtsol A

Y9l sbletene #odd L& ofnx)
2 AZAU.

ZEED

gzt u

B A

= AgllA
olAd BRFm 9
g 493 g A
Z Ho Zo _1_—”_‘,‘— 7}“1] 2}(1000fps) il
E]‘”D} Blown Ring °olg}x &&= °]
oA FER/IAY AHel9}t ‘%
‘q] A7, AR Aol A 7}

=T

>
o~

oS
=

2 r}o_“'
‘_040?:.(\,

=
Y
A

L

'E > to

flo
‘r

D 2 L
o

g
L

2RE dojA M whek Ztwo] x
FA A A w4l (\iART)§ o[ &3}
32 2x BExz Aysiqo.
wAole 2HEEL HYE A
sn 7t2 2 Az waosm TZAM g
ol & o, Fig. 3 3} #o] =Z2RE A
2] 7} ‘3—10121011 et shelo] o] gojxn W
of Fuzt Fadle AL ¢ F Q)
olxl D=2 ol 714 Abe) %”é
sto] Fig, 4 o & &xxgow %3?}5]
of g AF 2 BHAL Ydlo] Rt
o] 88} §}°§94 =g 5% 16}‘%}.
RHEAg ol&3t7] Q& 7)A
S AHESI A, A 7l B oA

30.95kg &
o H1 2EE 1150k S gt

[5]

4.3 AN Y3 54 A4 um
o exge
@ 25 AAzALE A}
494 stolatg o] gatod
o L% o Al g8
Lk M o
3 2}l

d

Jl)l' o{o of



sawe A% 5 ) Wol A4 el fA FUch Holy szt 54 WA My
cEE ORI, HAAE BA A 208 @ 0AE PHOEM dA4E dFadtt
CCD eamera 1(307)
A
. g
He-Ne Laser

{continuotis wave)

f; j : ;;\;< {TLE<U OR //\C}/\ 'j i CCD camera 2{0°T)

b v 8

13

CCD eamera 3{-40T)

I Optical mixvor u Beam splirter H Screen 0 Objective lens El Beam expander g Ground glass

(a)

/ Impingement square plate
£ ,

Impinging flame
Infrared camera
(D; Bunsen burner
o
o NN
st 3

()

(a) (b)
Fig.2 Photographs of impinging jet flame by (a) high speed camera and (b) digital camera
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Fig.3 Reconstructed relative density distributions with various heights
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Fig.4 Reconstructed temperature distribution of flame

under plate
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Fig. 5 (a) Temperature photograph for upper side of
impinging plate by infrared camera (b)
temperature distribution from numerical analysis
by finite element method

w -“~:/ [
9 ¢

Fig. 6 Average Error between infrared photography and

numerical analysis
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