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FLAME BEHAVIOR OF COUNTER-FLOW DIFFUSION FLAMES
UNDER MICRO-GRAVITY CONDITION

Hirotaka MAEDA, Akira MATSUMOTO, Toshiaki YANO,
Shuichi TORI and Naoko IINO

A counter-flow diffusion flame formed in the forward stagnation region of a porous cylinder was
investigated under the influence of micro-gravity. The burner was made of sintered bronze with an outer
diameter of 30mm. A wind tunnel made of acryl was used to generate a steady air-flow. The fuel used for
the present study was propane. The flame was generated at the stagnation region when the fuel was
ejected from the cylinder and the steady flow of air was blown from a blower to interfere with the fuel
after passing through the wind tunnel. The fuel was supplied from a fuel tank and air was blown out from
a electric blower. Both the volume flow rates of fuel and air were metered by two sets of orifices and
manometers. In order to generate the effect of micro-gravity, a falling device comprised of a rack with
height of 7m and a box with a 8mm video camera, the burner and wind tunnel was employed. The box
was allowed to fall down from the top of the rack with a duration of 0.9s. Numerous images obtained
from experiments were recorded by the video camera and were processed by using a Image and
Processing Treatment device. Sundry characteristics of flame luminosities under the influence of
micro-gravity were qualitatively and precisely investigated.

Keywords : Counter-flow, Porous Cylinder, Micro-gravity, Sintered Bronze, Orifice And Manometer

1. #

il

FHRECRT 2ER TR LML OIIEESN
RECH D, ZHEHIRDF| N & FHiae £ HER

200047 B 16 HZH#

HE LA EBER T HK
w4k 18 (BK)

sok PR T2 54

DOEY ZEl>TWAHZ LIV BELALEHLHY
BoltRETH D, LL, ERCEIBNOESNN
HY . ZOWNENRET CORRE, #H LXK
WKLo TROER, MEFEECKRESEET D, #
N X > TRIBOBREEHN AN L ~ETh T < &
FIRHZH LWERB T L e sh, sl 4E
B, ZOXHICHEDOREETIIBE AR, BED
G L RPN A ZBUOEDREFIZRIZL TN D, Z
DORMBEOGFENBRBEBEHEIL TV DI RELERT



hB, L LE/INENS CREBRSEBR T E
H DX S5z BRI OB X a2 HMEARR
BEIRE XML+ HZ LN TEBH, £Z T, HET
LbEHOREZBAHRLABINENRELG
HHEC, BEBE FTECL2ERBEILIN TN S,
I OFEEFIR L The RBERBIC DV TERD
Toh RELCCHEHERAIZOVWTOERIBE
XhTuvW3 1).2).3).4)0

EH LIz kRIZHOWTik, Mtk L s Av
oo T OKRIIREIG & B AR 2 M3 5 % 38
s X EAFRICERIND FFFERERFL 2V
KRTHDH, THEHRNAGLEM, EREELHE
THHI-DFkx 2N FIZKREHE X RACTHR
FRAL. Akt 4+ 4AMRMER LI >nWTiTbh T
Wp 98D 2 - CAFI TIIMINE S BREEN TTEE
RETEERANT, BEN TR 53R
KEEDEB BB L > THLMZ LT,

2. EREBERUERAE

EHETIIMNENRELBDLHEL LTEMET
BORELEROITZXD2EBHETEEZHV, R
FHMCEE 7.0m, FAME 1.75X1. 0m DE THEZR
BLE, TOBRTHECHHRETER4.5n, $90.98
MO NENREL/RIENHES, FERTHWY
FHETEOEE K 1127, FTHETHICIIET
REOBEEZ BRI T D107 v a U REEXEDS
nTW5, £, (ELRVBELERNBITRAD X
ST HTEBEOGY M UCITER AL 2 ER L,
73y bERHET S DCENRBRE LRV,

BETHBOWEE#HM2Ic7”d, FTEBARGEIX
600mm X 900mm X 350mm D {EL 5 (K CHE & 30kef Th 5,
BEEZE Lo FEIIMK L. & 270mm DA TT
A I TERY e, THIAROBEN KX
WSEORAZENTERT HICHIE > TARICRDOE
BrEIRWEIZTHEDTHE, ZhIZEDH
SREROEELRY R Z L H¥K,

R TEEBOPIZIIREEE, SLEMO® —F, K&
BERE, 8mm £ A H 2T (V) =— (k) #. TR1000)
PEBIN TS, KROBESRBFIV Y F— R

— K 1/60, F8T7A— A A BHDHX12THY . 1/30
WEOAREZRE L BRI (ZER) X, 7o T —,
RGAL = FV T4 A7) A—=FILOHB IR,
BEHT, BER R, =— AR LT FYVT7 4R
< /) A—% % LU THHE SN EROBRIZITHEIZER
BL, B<HIEILEF—REFEN, AT1LETE
BicftieLr,

- Vinyl sheet

700
"y
g

B1 FETFE

600
Wind scree

E/»Metal plate

270

= o N
Video camera

Porous cylinder

900

' Wind tunnejl

Manometer.

Orifice

ider Biower

//Needle valve

Orifice
Fuel bomb

B2 ZETEE



BENRE L ERERBEORTEIL. O UDHHEL
EELORTEMBEERL TEE, B TRIOY /A
— A DEEOFEHMEIZL VITol, BEHZIT T oA
CERERAL, RERKEEERREEL T A—FEL
TEBRETol, B 1LIZASET o ERFHE2TT,

®1 EBREH
il (x10°m/s)
EBES oy ZR
At 20
A2 5 30.5
A3 36
B1 20
B2 10 30.5
B3 36
€1 20
G2 15 30.5
C3 36

3. ERMHTARX

AR TIIEGLABER (ZA/E G W, Win
Roof) ZFIF L TARDOIIRFFM . KREEL X T
7 A (R. G. BE) #8IE L1z, EGEHT ORI OHE
EHK 31T, EROEEREICKREREZIYIA
Fr. BRENC X, ftEhEY & U7 & O ERAEH
THDHRI ZH4DEIICHREL., &% DFHIETH
WEITo 72, M5 KROERHETH D,

[MWE?TthEkﬁﬁﬁ%J
¥
1E@ME§EKE@§HUﬁGJ

¥

" L—E
ppp——
BE 2 Eit EXRTS A
R, G, B)
LEWMEDRE

A D RARIHE
KT - RREE
< ek & S—FRADIERE

3 HRTotEADORNIRE

(450, 370)

B4 ROl @& E

® XE®@HES
@ KKEEFEET
® K ENA—FHMOEED

Ba 5 KoM IKFR

4. EBRBERGLOVITER

4.1 BINEATIZET R XEER

B 6i13# 1 CRLEERESD AL OWM/NENR
BEFICBITHAAROERER THD, #0.9 HO
WAENRETHY, 1 a<vhH=0 1/30fTO 2=
25 27 A< F T 28 a~DERIRE SHhic,

0 a<~BOHEBIIETEMOBEBFEENT THORE
B THY ., FILEMAGE/AS—FTORIK X & HIKIC
ZE Lot ik A BRI TV 5, B TH
LEDF 0. 233D 7T a~v B0 b, KEDOIR
R, KEDEHPRKEL 2V ED D, BEDKTR
FIRLNT, D LAEEX EN-TWD, B TH
LEDF0.333 %D 10 a<BH 0 b kKRR
N—FFENHENIBEDTNEDR NS, 18 a<
HH7VEBED L KEBENIEDTEATEA & KK
BA—=FORIEOFICH T 2R FBROND,
T AR ATRE TH B0, hOEREREMHL L
84 578 0 225 18 <= O TR E1T- 7,



6 X#OMRER



4.2 K#EDOHBREHHE

78,9k #F1TCRLESEREHCOWT,
HIBISHET 2 L LI KR EROBREEEZ TR L
bDTHD, M7TIIETRM ¢ L AREHES. X8
TR ¢ LRREXT, MORETREt &K
RKEN—FHOMERED OBFERLTVWD, S, T, D
X ENRENBNES OBIED HMOER D B,
TOREELTEXLRADOI, BRAMBOBKIZ
L0, kEBRTELI-=d Tyt Bbh s,
S,T,D DHFTS, Ttk 0.2 HEICENETHL-
FELIIRET—EFE o EML BB EHD S,
Kz S, T ITABAEME LTV, S OEIIRAE
B T4~ . TH4fE~6FHEmML TV 5,
Yy IRHRAS A F— 7 L BT OEEP, ©
INF—Ip2 DN E kKT, BTEENLTSIC
FRERKE L feote ), KARIBRELARBLEVS
B ETRT I EBREIRTWS Y, Lo L, &BF
FATIS VT B MM A R TR IO L I RBERITR
bhvdot, ik, RERERe Y 7iED
KRBICHAD 2 KEWVWT LI L D ARBBW2R
BELIZ SN TV 2o e - T2V LB
o, Tro, kK EA—FTHIOERD X, HT%,0.4
BEICHWIZRERBTIITI LAV, EOHRBUTH
ME DB DHRLIS,
IRLERALTEXD L, kREHE S, BT
1349 0. 2 IRIZE L&D, k& \—FHDERE
D iX#9 0. 4 BHBRICELLIZLD B, HREREICIXY
35S, T,D BEDOEALITHER TE /2, EXRMRITH
THEREVEHEVHIBTE RO,

200
180 Foen
160 oAl
oy - A2 /
B 140 |em] e
5; L — oR / \
- /' \
e &
™ w0
ﬁ 60 |- / Yl h T
40 / ps
2 ug$tég&”
0 z ;
0 0.1 0.2 0.3 0.4 0.5 0.6
BsR t (s)
(a) MAYE :5%10%mY/ s
200
‘8) L.
E w )
© 120 p] B3
= ;
L M =4
2 el /J%V
ol
0 0.1 02 0.3 0.4 0.5 0.6
Bt (s)
(b) PAMFHER :10x10°mY/ s
20
190 n/n
160 e /0“94?}%_‘
%‘ 10 -2 /
w1 «@ ravi
" 100 / A(
B AN
X o r/
DAzt —
20
o i
0 01 02 03 04 05 0.6
Bt (s)

(c) #EHFKE : 15x10°m"/ s

B7 k&@miESORMEL



[E&XT (cm)

BE&ET (cm)

BEET (cm)

oAl

0.1 02

03 04
Bt (s)

(a) HHRRE :5x10%m/ s

+B1

0

-8
o8B

VAN

[

7 s

2

0.1 0.2

0.3 0.4
BEfE t (s)
(b) #HBSE -

0.5 0.6

10x10%mY/ s

03 04

BEf t (s)

(o) MRS 15x10%mY/ s

05 06

8 KREETOBEMZEL

EEEED (cm)

SEBE D (cm)

BB D (cm)

10

8 L
Al 2
6 A2 : B
oM ' f
0 i i i
0 0.1 02 03 0.4 05 0.6
BRI ¢ (s)
(a) MHFAR . 5%x10°m/ s
10
8
Bl
6| ~B
- /7
“ oy

0 01 0.2 0.3 0.4 05 06
BRIt (s)
(b) #AHRE - 10x10°m/ s
10
8
-+ Cl
-+ G2
6 o C3
4
2
0 H i H H
0 0.1 0.2 0.3 0.4 0.5 0.6

B t (s)
(c) MHKE - 15%x10°m¥/ s

9 REENA—FROIKEED DML



4.3 KEKOBEEXLT S L

510 X Al (2384F D@ % B/ (NG) & #/INE 1 (MG)
DOEEDEEMBE®R, G, B DERA ST hERDE
HLDTH D, NG IXRIE, G{E. BEDCENEVEZ
ATP(EIZEAK) OE— I BETEY ., MG iHED
EWEZACPOE— I B ETVD, ZHIIMG T,
e D BEOBVAKABE#HEICDZ YR I T
WAHZEERLTWD,

18000
16000
14000
12000
10000
8000
6000
4000
2000 v N A—

O & | i
200 210 220 230 240 250 260

RIS (E

--NG
-+ MG

E#P

-o-NG

12000 MG

ERyP
g

GigE{E

18000
16000

!

l

.

2000 ; b

0 e mmamwwwwwd

200 210 220 230 240 250 260
BiEEE

10 KEWEEX LTS L

TOFEELELERLTHDE, AIESRHA
SA & —L VoKL, WIENBIZTRD E
KPR TR K A JE & i3t IRk R D & [Fhk,
WIME M 2R A, KREEIMET 452 &8bd
STWA, Zhit, ThODILBKRDBRET AD
W EBEREORA LV IBR VAT Lk BRIATED
HEEY CB I RoTW0OR, WMIENSTIXA
RATENER SN, TOVRTABREFIEH LA
K12 KRDBERRRZOREIZALE-DITHEED
ETHRELNE, UL, stk R iz E
BB TREOTB- R E V> T ZEBNITS )
FL Y LRLEMERTOEX L TOARBEIT L
BoTWD, i, —HREERMEE VD HAH R
BIZ A=A o TN TN DD BERRRED
RECIA2 LT, D LALBINBEREREE
., Lo IVREBEREXET b0 L Ebh D,

5. ¥ W

WNEA TIo B At Ml kR D EE % 8om
EFAIATCRE L, BRABTHIZEICE-T
UTO/RRE R

1 MEZNOEE 7.0m OFETHEEZFERLT,
#0. 9 BRLEVINENRETIIH 505,
BEEEHLMNEDCBY DML .
KDOKRIGIRRPARBOENERD I LN
T&T,

(2) 8Smm EF AN AT TCIRE IR AREBRE
EROBEBICERY AL, BHGLET LD
LItk oT, KRR KAREEDKFHE
XD ENTEI,

3 KKE, T, EXIIBT&. @mopm
PR, Thid, BARMESARY RN
-/ EAB TR RESILE S h D &
MIED Y | OIS BV TREERG DS
IHEEIBRD, THITEVKRR L S—
FTHOEBEHITIV6L,

4 KEBEL, WAEHRBIZBVWTETY
HEEZLRTWER, SEIOERTAE



BRI R ToBEaEBVWTRELE, &
i, BRAME RS 2D b0, ThHH
b DZER (BELHD) OMEHI XD/ DIZE D
HLEZLRD,

BEXR

1)

2)

3)

4)

5)

6)

7)

8)

9)

HE - Hl, BE=A 0l o7 —IGH¥
£33, vol.12(2), 1995, p80—87

P #E. B 7TRIFEIIH R T L1990,
p73—178

g, HAEM¥ESEE. vol. 197, 1994, p767
—1769

Fit. BABMFESRE, vol. 100, 1997, pd9
—51

i AR, F16 ERREES R U L 1978,
p4—=6

i - ik, FI6EHREBET R T T L 1978,
p7—9

HH - F - LG, BARERFERE T4 PIEE
RGBS ETANCE, 1997, p25—26

2L FTER 5B 26 [EIREBES AR U A 1988,
pl70—172

A - &% - BJE - A, % 36 B ZEREHE -
FHEERES. 1996, p213—218



