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Improvement of Combustion Bomb and Combustion Experiment
for Turbulent Combustion Experiment

Shigeki TOMOMATSU, Kazuaki IKEDA, Yoshinori NAGASE, Hidenori TASAKA

Abstract
As premixed combustion, there would be a close correlation between turbulence of gas flow

and combustibility. So the precise correlation is needed. The purposes of this study are

improvement of gas flow generator and quantitative evaluation of relation between gas flow

and flame. A constant volume combustion chamber which is equipped fans to generate

turbulence of desired conditions was improved and used. Turbulence intensity was measured by

LDV. Flame image was taken by the CCD camera with memory. Complexity of flame shape

was mainly evaluated by fractal dimension. As results, improving of gas flow generator, gas

flow in the chamber was found that the mean velocity was small and turbulence intensity was

the same distribution in the space, and these were reproducibility. Flame complexity was

mainly depend on turbulence intensity. At the range of turbulence intensity of from 0 to 4.5 m/s,

tendency of fractal dimension of flame shapes is increased according to turbulence intensity.

But fractal dimensions were not changed by growth of flame.

Key Words :

Gas flow generator, Turbulence intensity, Fractal dimension, Flame cross section

1. &

BUE, PRESEBIIIIER BB R E )R L 72 5T D,
UL, ZHERIFHZ, AHEIEIC L DA ORE
R0, PREAT AR LT KV REREA S SR Z LT\ D,
FDT, BREICE 2 D BB 5 72 IR

1) Kb 27 LRI
FRS AT W T2
B AT B TR

BB AT DT AR SR

2

)
)
3)
)

4

ZYE L TWSMERH D, £OHEE LT, PR
DOEGHFEDM E33FETF BD,  WREBIORhSE A1) |
SR LH7DITIE, HAYE) & RBEOBMR AR5 Z &
NHEETHD,

TS N3, FERELIR AR Z 3 2 LN TX 5 ER PR
BN, =Y o— MEIC XY KRBz A1 T -
Too FTo, KROEMSEZY—7 MBIV T T 7 2L
WICCEHli L7z, ZAUCE D, 77 7 ZRTTida kg,
KRABREE L BITHINL, —EMEICES< 2 &R L
Tzo iz, WAD AL, B AIERIFEBENIT B ELT
KROREL—F NET T 7 ICXVEBILE, 2
W&k, kKkDT7 T 7 ZVEEZ WD Z &Ik > Tk
RACTEIRINGAZ B D ELFEK I D K RWiHiE DT



224 [ 5 NI D=

oA B 3T &

P LTz, ZORER, SNOEERKREI DI LICK
ST, kRO UL A 7L L, KRBT
KAED LHEESND VA ZIVIFIET D 2 L bino
Teo LU, BRBEDIREIZZIRA) & SHL D ELIUK Y DA
WHEHRL, TAREBNOEAUE D DRBEDFEM7R2BIRIZ &
DXL, BEEOIEIZHERH D DD ER LT
WETZ R0,

AWFFECIE, T AGEBNOELAL Y & RBEO BRI H
T5, TIT, PEEEELHILL, BEE DRy
TERIRER 2 D 2 L2 X 0 BRI S & B b+ 5
Z T, BRBERHEDOE BRI AT D, £o, FOR
FEN TR N & <, 2N TRLAVIR S 2 —FRIC
DT ENTE, VHPGE & ELR S IZFBUED & 5 77 A
mEPRAE A RWET D, ZhEHWTENE AR LS,
TERHIEZATY, KRWmEH L, RIREFHMET 5 2 &
T, SLAVIR S DK RIETE IR OB LIk KIF T 8%
T HZ EEHME LT,

2. HEREE

2.1 ERMRERS

ABFFUZ AN DIRBER T, T ATRENDELIVE A&
HL, FREN NS <, B DA ZZETE S &
NG LT, B 1 IERRBER G ORI 27~

Pressure indicator

Front plate(Exhaust,

Stationary blade Top window Side window
Fan

Back plate(Intake; u]

7 VDB OZEC L B EFROFELZ MR 57290, 7
7 VAEFEISEEE 2 AT, EAD T 7 o DRl % A
VNS TR S /e,

2.2 HAFBREEE

ABIFZE T U 72 0 A GREN IS AR 25 E O 2[4 2 12
Y, HATEREAERE L LT, EROMgE I TIREMEL
72 FRP 40> 77 AREFE LB 2 L Cuelod, i
TOTIEERE - BUHTREEEN R, HAFE RS
ZAAR 7RI T TRV LT L S R 5
7oo & ZC, FEATOITAEREISGEODE LRV DI

r— 7 EEID LIS KV REL, BUHIEEEIC LY
TGO IRNE D1, (LER DO B & VTS
HE0CLT, EBIT, EROREKENRE LY, El
MEZRE LT D0, 77 % ¢150mm 2> HARGE
TiE ¢ 180mm Pk L, EEHCTZ &IZ Lz,

Casing Stationary blade Back plate(Intake)

Fan

190

P
o
jm
= =

j=j

' f
Ignition plug

BT AR A

Combustion chamber

Z DOEFRIRBERTRL, RBEER, &S RORITER
120mm &7po>TB, 4 DOEFEDZ L MAlE O
1% 90mm=90mm DBERIZEEY 1T HiLd K 512725 T
WD, B ATRENRIE OB I 2N BRI 2 E L,
KA HU OB I3 A w36 L O B A A %
BT 5D, Fio, KRWE OB ITAERIRHI 3% E ST
WDRKT T 7 HFANT, KAESKIZ L0 BB E BRbG X
D, BEOLEANIIH AT AEISEN R E S, 7

|
|
iz

Front plate(Exhaust)

X2 TAREE L EEX

e T
J | @ —
;a—#e ° © ° © ° |&
AN/SY—

R10 8-66 \8-¢7
le—A’

3 LRI

77 1k ¢ 180mm, & 30mm DT 7 AL
TWb, 72, 77 H%FICER T — MEREL, 7
7 VRIFIZIEE BITR T AMEHE L T D, 77
BIDOWRESNTZZERIE, 7 7 VRIS E ST
D2 AR BIEE & L THAHAHAAT 2> T D, 2oL
BITERA T HiE-S> THD LD ICHE L TH Y, THuE



SLURIRBE SRR D 72 3D DELAVIRIBERS Sl L PRBE TR 225

STMEFRIC LY, WA AR L CRLNVARESE S,
3. ARRBAIE

31 ARREBIESRT L

BLAVRE BRI KT TRBLMAT D720, ERR
BERIENO N A FREh & SN T D HER D D, Z DT
W, AWFETIE, LDV ZHWTHARENIEZTT o7,
AT AGRERIIE & A T ISR %7 g,

Photomultiplier
’
-

SO

Personal computer

He-Ne laser

Frequency shifter

4 FTARFERE S AT A

LDV ¥ AT AT, T a7l —AT— FEiHdELs
AV, EFIZIEH 7 50mW, #E 632.8nm @ He-Ne
L—WRHER L, o drma Rl 25 izl J8E
7 NUATAERHY, 2RO E—LENFICENEN
70, 80MHz 9237 FEH 7o, ZHUZLY, TERLE
B9 572D O AR T, FEdhs omis D5 T
H 10MHz D/N—A MESEGH Z LN TE %, BEDED
BHICIE, 74 b~ FTTAY OEBETHEE) 2H
W, BERBNCIT S T B H A T OGS TH D
IFA-550 % HIV\C, f4biieT — X & E#E S— Y FLa
B o —Z T IAATE,

PEET— 2, oY TR 20kHz &L, —[A]
DORET 081925 (2dT-% 16384 7 — X Zatdk LT-, 15
O EHHT—4 % 30 7—4 & L=, WEHmmL, 7
7 VEHEETT A X 50, L— AR A Y i, XY
EICEE S E Z e Uiz, 72, 77 v ORRER
#2403, 0, 350, 1000, 2500, 4500, 6000rpm & L 7=,

3.2 FuEAIERR - A=
BB IZIT DM M OELIN O 54 2 X 5 1R
9, ORI AENE, HEh GRS 2R LT D,

Turbulence intensity , m/s

T T T T T
—&— X direction
»» 6 —a—Y direction -
P —&— 7 direction
- t —O—Average ]
=
S4r  MERORALILARS 37mis /»/j:;;; 1
=
27 ]
2
0 . 2000 4000 6000

ENENO I CREEEE— DA, HLAVHR S T
AN — 7BV S 272> TN D,

10F 7T T T T L—

[ Xdirection 1
8r ]
6 ]
4 ]
2 ]
18 — T T T T T :

[ Y direction 1
8 . . b

F Measuring point Fan speed , rpm 4
6 — onXaxis ® 340 4 4500
e ---- onYaxis © 1000 4 6000 ]

[ -+ on45 line © 2500 ]
2r ]
1§ E— | ‘ —

[ Z direction 1
8r ]
6r ]
4r ]
2r ]
0 - -

Measuring point, mm

X5  AIFAELIVIRS D5

Fan speed , rpm

6 [ L LR S OB

7o, BHMOENRS ORRAK 6 (7T, Hlic
FHEE, MRS 2R L TWD, £, I
UL, X M, Y S5, Z FFROFHIEAVRES 2 HlC
LT bDE LTS, AJmE bR OEIN
WELIVRE DR RE K Ao TV D, X HIECE LT, o
A& S L CERAVR S AR E K Iro TWVND, ZHUE,
T AGRERAELERE DS X FECERA T LD 2 LM
L TCNDEEZEZTND, L, KEEEEICRT 5
BELABR S LA H B TORINI WD, ZhbOflh
&V D 2 & TEAL L KBTIROBIRZ FHIE T2 =
LR EEZ HND,

S BT, HERDIMFRIZET D EAREIELAVIR S A% 3.7Tmls
T o T=DITx LT, AR CIIRIEEIELVIR S 4.5mls
FTCRELLTDHILENTE L, UL, 77 U RBREIEK
L7zZ &, MEMEX O THD EEZTND,

4. KRMFEETE



226 =1

4.1 NKEFEEHAIS R T L

ARFFETIE, HAFBOFELNAKE ORI 2 D
BRI D70 L— 2 — MEIC L D kb O
WEATo T2, KRS AT 2% 7 1R, Kk
WrEDFHANT, 7L AFERD Nd : YAG L—Y B I OE /
Z7aCCD 7 L—Avy v X —NAT “HERANTIRES
1ToTz EHBIEKITA A= AFY —AKR—F (BFEH
512x512, IEIRORRE : &/ 7 v 256 BER) Az 7o/ S—
VI ar e a—2EH T To7, NdYAG L—Hid,
KOV A BmBESES I EICLY, REBANTL—Y
N— NRIZZ2 D, Fiz, BRI EELRL T
U= RLTERY, AL DR TR ORI
ZENEL, BELDEICEIENTE 5, ZIUT LY, FaEN
DKRWTHTAAR ZARTE L T D,
KEWHEFHIOBRICIE, T ur — 22K PiRARE
0.100MPa (2722 L D \ZFeH L=, I, LR T-ikads
B2 O TIRBEENICAA VAT —2 2R/ SHE, A
HULN R TRR E L Cdo 2 sk EERE (FERHIRE 2mm) Tk
TERARERED, TOH, FOVARAIEENS DIFEO%
BICRY, HERBIZL—YRIE T AT Vv v Z %
HiEH, “HOmEgA CCD H A T T Lz, Kk
FHTCIE, fLhUBE %A 0, 06, 09, 1.9, 34, 45 mfs &
L CRHIIZAT o7z, Tz, BB A MRS D12 DIE A
= AEFEHE FWESIRIE b IRIRECAT 5 72,

Personal computer
with image
memory board

Channel
selector

Nd:YAG laser
control unit

Nd:YAG laser
power unit

T Start switch
>3

Personal computer
with A/D converter

Pressure
indigat

Strain
amplifier
Combustion bomb

B7 KRR AT A

Ignition plug —T

4.2 KRRMTEERNESE
X 8 (2 kZe W st T S Ucilitg R, i S
TR ZWTEEIG > D KITRITH T 25 I 24T 5 58,
KROEmBE T D UERH D, LD, KKWHE
% U B A 2 AT - 72,
AWFFETITELNAKRRIORIC I KIF B it 5
ZENAMTH DT, EERIRIEHEEZ > THDH KK
Wi Ol L ERE SR L 722 uTZe bevy, LanL,

8 kAR

KRWHITEHE TR E LTV D b, REREICiET
% HGELRL - OWREE A R 72 B 72, b LTz =
Ve
7 A MIETHER->TWe, 20728, fE{bLPirs
T TIRARWTR ORI Z 1T - & 0 LT 2 L IR
ThHY, WEHIH T 2 7T ML D BT A e h o
7o BIT, TAELZEITHRNC, PR & RIRBOTER
ERENCT D UENR D o7, TOEEL LT, L
Eg WG 1 7T ML VLTS 2 8T,k
RWTHEIRERZ 13> & 0 &8, MHLOBMEEE O TE
MAVIZK LT, bz iT-7,

4.4 PREBEENFHARER - B

B 912 K AR Wit & HIIRA S F I U 72 RBEE ) O R 2o
o BRI R KR ORFRTRGOE,  HEEh IR 2R LT
WD, TIT, BREEEI NI TOBRBEC K HEEE
& ARARBER 7 &0 U CESIRT BRI B o T
REZRBEIE I DR & 70 Do Z DIRBEE IR X595
TERIARATT D3, ABIFSE CIIPRBEDIRRE & F -t &
U CIRBEE IR KA K Ok s DIRBEIE i KAl & C
OHZ ANTERETo72, K&, LR SR E
<Iled L, WEERAKEIZER LTS, ZoZ Ln
D, LRI NKRE {72 d LBBEHRES TN D &
ZHD, ZIT, BEAVRSIZIVTIRBEE IR
FCORHEZ T 5 &, SRS RE <25 Icoh
T, WNEE CORFHENEL 720 TETND Z &MV
%o HLAVIRE 09m/s &7z v 2 DIEcKAE £ CORIIRE
2K 7e o CVE, ELAVIRE 34mis & 4.5mis TIIABET
T KRB E CTORHEOZET Ims INE 72> Td, Zh
HOZ L XV, EABRSNPREL 2D E, BRBEEES



SLURIRBE SRR D 72 3D DELAVIRIBERS Sl L PRBE TR 227

AUTIEN D23, BRBEE SRRl £ CORFH D 2D A
Ao L, [EEERICLRAR S D EEX DD, ZD7
D, & D ELAVIRE TIRBEE )i RAE FE T ORISR &
720, IHITHEAIVRSEZRES LTV &, BREET

DOFRFITRLS 25 EE 2 bILD,
1+ S ITu'rbul(lence'inte:nsit;/,rTI1/s_

Pressure , MPa

0 10 20 30 40 50
Time , ms
B9 HRBEE )RR R

4.5 KREFTERHAMER - B

4.5.1 BRSAENERE
AWFZETIE, BRBEOIREIZ OV TR 5 72 1242
HNOELIRAK ROV TR IR K 55 I Z21T95 Z &
IZL7e, 208, ZIRA, F—k&k LT LT,
EGAEE U7 bR L 0, BERE OmiZEEA E
L, 1HEEOHETHD 0.04mm? ZiF CrfdzHit L
7

5000

Turbulence intensity , m/s Time , ms

L o ~®-4-8 i
w0l g% f s
v 09 ;o -w-a~8 ]
® 19 / -&-4-~425,475 ~6
4000 - LA 32 | —A—425-475 B
-®-4~525,575 ~6
] —8-5.25 ~5.75 )
3500 i -
3000 e
£ ;P
1S L >
- 2500 i ! . 1
1+ I ! J
1]
<

2000 / 4
A ]
1500 |- / -

4 ! L _,.
/ S e
1000 | e S -
‘,’/,/ e e
, - o
500 % - 4
e
LA
2 5 6 7 8
Time , ms

10 BRRRESHIAE HIRS R

[ 10 | Z B iR HARE A R 3, B Rk R DR
F&t, el BRI R L Q0 D, Ein, FHHUTE
—KRPOHEH LT =2 TH Y, MHTE LD kKD
T—HERLTWD, GLIVES 34m/s, 6ms CTORES
FFEITF R DIZAH L TS O T, EfleT—4
TIHROD, KROIENY 285235 T, BET—4
E LT 2, SEBRCIT I BB mAE A I LTy
HEEZBID, ZIT, ELNVRINKRE L RDITE-
T, BRTEESKE L RoTWnD, Z0Z & &y, L
FUBRIBRENEBBEMEE SN D EE X BIVD,

4.5.2 IR ILRTEH

AT TIE, KROBHES BT 572012, Ry s
AN T 4 TR T T 7 A NRTTOFELT
Sty Ry T AN T 4 7L, EilgE DOE
IAL, U2, UA- - - ETRDEFBITHE L TOE,
HEGEIENE EN TN DIESFRORE A TN 2 & T
Hb, Tz, ZOMBLSNT-IELEOMEESE 2L &R
5 BAO—UOESET, MREFO—HMINEEND
A N(r), 777 ANMRTEAED ETHE, NI & T
WZIFIRDOBAEREAE Y 1D,

N(r)=C-r P «ee (1) (C :EH
XWIZHD D BXG L 72 20RO 7 Z 7 H )ARIEE 72D,
2F Y, RQ)OMEREET 7 > b Oy N FREARO A
777 HNRIED L725, 0T, DITIRATRT L
NTED,

D:_IogN(r) e @
logr

Tz, RQ)TROTAEE OERETELITE S T O
B, KRR B O E BT 2&HTHY, Z0HE
FHODB MEZ TIRME, FoRfEz ERREE VD,

452 I35 ILRRT

77 7 BNARTC & RHROBSR A X 11 1™, Al
KB ORERIRGE, #7727 2 WRoeE R LT D,
FHUIF— KRN DR LT =2 Th Y, LR
DRROT—HERLTND, KNIV, GLASESBHIIN
THET T HNRITHEIML TNWD Z ERDND, S
DICHFRIAYEE L Ch 7 7 7 2 WIRTTIZZE L LT
b, ZOZE LY, REGE & KK
£ U CEERESmEES I L CH 7 7 7 X Wkt b L
RNEBEZ B,

12 1T K% Ams IR DL VR E & 7 T 7 2 VIRSE



228 CRL PN

oA B 3T &

ORfRERY, BENCELVRE, #7272 VIRoe
ZRLTWD, SIS AKREL 0D LT T 7 2R
BRELSBRDMEANZDH D Z L3 DD D, ZD12, Hi
MEEZRELTDHILITED, KRR 72> T
WHEBZBILD,

T ‘ |
16 u', mis i
® 00
------ O-- A 06
o "2 m 09
~ - 2 i v 19 |
glaf e s 5
2 N O 45
| ————
=}
= 1.2 + |
g e ---m
s W
1.0 - c":::'---\-\.____:%_';_'::::::::::::L‘:O |
| | | | |
4 6 7 8
Time , ms

11 W& 7 7 7 2 Rt DR

T T T T T T T

Fractal dimension
% (% e
N £y o
T T T T
[ ]
1 1 1

,_.
—
i
|
|
|
|
|
|
|
i
i
i
i
|
i

0.8 1 1 1 1

Turbulence intensity , m/s

12 UK dms OFLNWIRS & 75 7 X VIRoeDB%

LLEORRE DRBETI NGRS 2 RE<THILT,
KRRTCARDEMET 2 0 BIRSTERE DG 2, e 2 et S
BDZENHBRD Z Evbholz, EHIZFE—ELRS
(ZIBW TR KRR L, BERESHEFE)S
HINLTH 7 77 ZVRITIIZEIL L7222 &3 binoTe,

SO
5. haaf

LAV S & KRICROBIMR 2T 272012, SRS
Z ISR —REIC T X D ATE R AELE R OGRS
1To7=, LDVICXDELIVRS OJIE, L—%— MAIZ
X B kAWER ATV, SRS SRR -2 B8
BUTHOUWTIRA L7z, £ ORER K 0 7ofima LA TICRE TS

(1) FEROBIELY 7 7 L REREL L2 2 & Ttz
HWOT LN TE, SAUVRS KT 5 Z LN TEIL
FTo, AR AEILEARUEL, ZAMEZEGAE
L7, BV S A ZE2IRIC—FRICT D 2 LR TE
7

2 KEWEFHIEIT, 77 7 A NVRTOFEN AT 72
FER L, BRI ORGE & AR R LR
EAEIILCH 7 7 7 ZVIRTTIE L LN 2 &)
Lot

@) FlhRsaRELS L, KEREEHETT 5 2 & T
PEARESED Z ENTE DL Z EvbhoT,

SE 3T

1) AL A%, HH(B)64-623, pp.2325-2331, 1998

2) FALM 34, HEH(B)69-682, pp.1509-1514, 2003

3) ER W TIRRKFERPEFEER S AT AHER
SRR LT R B ERSC





