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Effects of Transversely Flame Jetting into Channel from Sub-chambers on Flame
Accelerations and Detonation Transition Distances
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Abstract :

Sub-chambers were used to initiate the detonation wave by injecting a flame-jet into the detonation tube. A

configuration of the sub-chamber was divided into five types by changing the number of sub-chambers and the directions
of flame injection. The detonation tube had a cross area of 50 x 50 mm, a length of 775 mm and equipped a window section
for a visualization of the flowfield. The test gas was a stoichiometric premixed gas of hydrogen and oxygen and the initial

pressure was constant as 80 kPa. The experimental results showed that the detonation transition distance was about 60%

shorter than the case of spark ignition without flame-jet. Increasing the number of sub—chambers and colliding flame-jets
emanating from counter positions resulted in decreasing the detonation transition distance. Schlieren photographs showed
that the flame-jets promoted the formation of leading shock wave ahead of the turbulent flame in a short distance. Pressure
measurements on the end wall of the detonation tube indicated that the shock or compression waves were reflected repeatedly
in the cross-section, leading to a pressure wave and flame interaction. For the flame-jet initiation using the sub-chambers,

generating turbulent flow in the premixed gas was of importance to promote the detonation transition.

Key Words : Detonation Wave, Deflagration to detonation transition (DDT), Flame-Jet, Shock Wave, Sub-Chamber

1. ¥5

TRED FIRA R % S L 7B A U 2 B8 1, 7
777 L= a v (BRI &7 = a Vi (BRI
D2 EICKNE NG, T7 77V =y aviEDERKIEH
%ﬁﬁﬁéiﬁﬁwmmmmE%;U%EW% IXRLE N
570, 2 OEFERE ISR TH S, —H, T HF—a
VDR PIRAREORIERE X OENE LRI 50
BEENIC Lo ThEINE D, T 2= a VIKIFHEIC
BERTERT 5, F %= a2 VI TIRITE 23T
NOBHAFICE S B2 WEVH 0 :@ﬁfiﬁ%rﬁ?ﬁ’v A
AL OV AF 2 —vavnyyy LIREN 5 RS2

* Corresponding author. E-mail: shinichi maeda@mech.saitama-u.ac.jp

(64)

BHFE T BTN TV B[], 2SVAT =y av T
VI ITBWWT, ERIMT 2 K A4 X & ER
T 52, T R—a viEE R S R IEEECRIG T
BIENEBEEARL, BT RILX —Z2BENICTRAR
WAL, MK EIRIERFFICT b 2= a vikEBIR SR
BRI AR E SN TE D, INETICHAL LRE
RITE T BT 2L X — DM, Z 0BT+

F—a v s RVIE (BUT, RIVIEERET) 2 Hv» TR X
NTWwW3[2]. Fhr—yavilzEERKIE2I12E, —
W O S LTV 2Rk - EREAKICN LT 1T A —

T EDIT XX -2 AP THRESE ZHEND
D, FHAMNEEFFVEY, —J, Bm] A= —D5\0i
KIFz TR T 7 7 7V —y a vikzREsE
N7 b Fr—aviE~ER I 3 )k (Deflagration to

-
—



BT E 2, FSERBEAEZH W7 L —AY 2y POKZINEE L OT b 2 — 2 VBRI XIZ T

Detonation Transition, AT DDT & W) 3] [l#EEHIG & W
Bz, F77 70—y aviizgESEsIciE, HEEH
IV YV ADORKER T TH 252, DDT 25EZHE 5
T2 DI HIRO M NIE L 72 2 BRBEM 2 IR EL, Hit
b9 % 7% icid DDT % ik & M5, ol S
2L, FhR—vavEr s s FiERELT S
CEDAUREXR D, DDT#RIE, sKD 5 KR DNEEE
B B L ORI T R R — a VIEDFEEBED 2 DI
oD, HAKDPLT N R—y a vEAOBRIEEE (ML
T, DDT fiff & WF5) 2/ EiE T 2120, KRMEZ EES
HZEICXD, TR a VIEBFAET DR A
THKT 2046535 %, Shehelkin A28 A 7 )L a2 £ )L[4]IC
RESN 2 X9 REEYS)ZRBERNICREL Z5E,
DDT s KiF i il I ns 2 EBAsNTWE, i
5 DEEEYNE, KEDOIIRAIC X B KEIMEDHED, K
RIMBIA > TEE SN EHEE L BEVOTHICL S
Fy P ARy POERE VS FEEZHS . Lo L, ik
NICETELRZ BT 5 L MBEIc k> TR ons T 2L
F—O—HrEdELLEHRIERIC KL > TRbONDFERE
%, LieBoT, ~ETFbF—va VERRELLES
I, SNSEELFIZ T N 2= a VIR O FIc R B,
60T, MRS BABERREE X D b AR O /N S WIEFLIF

ZHHIL, BAKDHEKZY C o Oz EE 2 %

TELMEE RS,

EELIE 2 FH 7w DDT FBfo Mk Fik e LT, Rl
e CHAE S IRBES A % FIRBEE IS 3 2 Tk (ML
T, Flame Jet: F] LMY 23b %, ZDXI%TFR—> a2
VIKDBIRIEE LT, FI EEALOER TAEL Z2ilic B 1
LRGN - BER R OFEIREAIC X 2T, T2 —v 3
VIEDIZIZEBENICHEHB I NS 5AH D, Jet initiation
[6-9] EWFIE4L TV %, Jet initiation "CTl, BHAZE I FodE X
NIARER G RIS LT 7 b 2= a v 2 BHan vl hg
TH 5D, FI OWHHLARICKH L CReViRZE +o/h & T3
AN 2 —J5T, et initiation 23FEA L 7\ & 9 R
WBWTYH, KENMEDOMRHETEE LT F 2T 2%
BT h T 5[10-13], EEIR D ERRBERR DI IT A1
ER L% FI Z WA RTE L TfTbILTE D, FI D
by 1 (1], BEE(10,13], X SICHREEA ISR L 28
Bl o TR A BEBEPTITEIN TV S, IN5DH
Bcid, KROBAFCEEEE S X 5 TEM10,12]L T
250 H 508, BMAEE FI EFICREIR TV S,
S ST RO L IRBER I OB 1%, 17—,
B4 A 70 =797 4 b A A—FE2HOTW S,
L7285 T FI O N CAR S 115 BB I v
T, 7u— 7RO FENREFERED RPRINTED,
FJ O 2 ORBU 58 S 2 SRR DASRE 2 B0k e
WA IRAT T 2 AW D BRI DWW TR ST 2
W,

ARWFETIE, FRRBEE IR L THRREDY 200 7D 1 FREED

INRERIZED S D FI Z MV, KENEHEIZ X % DDT Bk

(65)

223

i1
=]

iz HE L TERZTo ., MNENCERIE L 72 FJ OEE
EEEHE, ZOTRTERI NS EHENE X RBEL O
Rz onWT, Y2 ) =L ViEBIOEHEE T4 D X 5
ZRGTAEALBIL 72, $£72, EHBEICED A7 EH
BHgE A Ay 7u—7, BXOTTEEH O L
BlEic kb, FI Off%Hs DDT FHEEEIC ST 82 1 5 0
Izl 7.

2. RBREKESIUERRTE

FERIH BT 2=y a VEOMEEZK 1 12RT. 7
b R— a3 YL, WD 50x50 mm DHEE TH D, i
BEIIZ 775 mm THS, 7 Fx—a VEIRBEICHKE
STk, LiEIPHEN, ThmFHEmRCZ>Tw5
T F—a O RRHICHRE S kS (Sub-
Chamber Section) IZEW T PIREXREZRKTE I EITLD,
FI 27 b3 —>a VERNICEZ > GRS 5. FI O
LI, P& SRS S 25 mm FHRICAZE T 5. FI D4R
WA L 2 RIS oM 2 X 2 1R 3, ’I=E, Wk 14
mm OMEO RN HBIHEHRA T 7 72D 572D
THY, FIEFF 22— a VEOMEBECHHIOL TWw3,
AL TIE, MEOBITBICHREZK S A4 Y 7 4 AHIXHF
ALTOwZRW, JKT7 70X vy 7(iED o =D
HETORMBEZIZ61lmm TH 5. K 2@ IS8T LI,
FI &7 b 2= a2 VEOEIN L CIER T % 5 S

Sub-Chamber
Section 0
——m —  Closed end
e |__ L. 25
- E—I&—E
(=)
- J L L =
P1Y IT11 54
(=3
|
P f 2
S [~ Observation
- Section
H ! ! B
P37 [ I3
§ —
T T
| |
Lol 14
P o
[ A
| |
| |
| |
| |
| |
Hy/0; |11
fill line |1
2
| |
| |
Lo
[ —t 1
I Open end
Dump Tank
Fig.1 Schematic of experimental setup.
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Fig.2 Schematic of cross-section of the sub-chamber (top view).
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Table 1 Experimental condition.
Mixture | Initial pressure Sub-chamber type
kPa No. Name
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2H> + Oz 80
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Fig.3 Pressure and lon probe signal histories by using one spark plug.
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Fig.4 Pressure and lon probe signal histories by using two spark plugs.

F—=a VEOBEBRICA SN RITEEIC LD AT E
Ezoh, ERAAMICL 2=y avEBERLTVS,
L7ed3>C, TNHDFEBETIEPI DTS TRTT k%2 —
aviRItEBER LI EEZ NS,

K 3~5 &b, FI(EIE) OfBzH2TILIck> T,
KBACIBI AL THER I N MBI DR 725 2 &35 h
5. 2k D, XD EFOAKRIEINVERINTWS E
HEHICE 2, KPS Jet-1 S5tk & Spark & T, mK7 77
DEBIIEC TH B b 6T, HEOFEEICLD T
F = a VENORBREGFIT L TF 2= 2 viER
PEHMCELPTWIRNGZ2FERETEL LEZ LN,
A A v 7a—7DWNd 6 IEME R KR DIBIREERER, KK
HORELZTEG T 2 2 LIZWEECH 5. XEITIE, mEE
AATEH G 2 — L VIEIBRIC O WTERT 3.

3.2. EMEEES LCARRKEADFHRILBRARZR
612, 1 D Spark 42> 5 Jet-3 St E TOKKEHD



226

40 0
\ HP Ion probe signal
1
-~ 30F
2 4{-10 _
= 3
@ =
o 20F =
=
2 .40§
<
& . 4-30 =
510/0—EL————?—;éL__“________“ g
£ Shock velocity: A —
= 1010 m/s <
] P2 440 —
g 10/0 -— T Retonation wave—
4
0 et e Bl i S R | )
00 02 04 06 08 1.0 12 14
Time after ignition [ms]
(a) Jet-3
40 T 7 0
Ion probe signal
'T
> 30
2 10
= ]
] =
o 20 =
=
= 405
<
2 30 B
FOT | 2L — g
= Shock veloclty:/ \ —_
= 1100 m/s =<
=10/0 (P2 1NN 4-40
> 1050 m/s/
P1 ‘
0 = o ctsao o et asad 50
0.0 02 04 06 08 1.0 12 14

Time after ignition [ms]
(b) Jet-4

Fig.5 Pressure and lon probe signal histories by using three or four
spark plugs.

o)=LVl ERT, RUXEME A X 7 Ty L 72k
FANWERD 1 ThH D, KRMPEE L Z2EHMBD T LA
B (R o— K8, FI OEHEALA, S 200 mm k) (S5
L7z LT 5, X6 (a) D Spark 5 Tld, K%K
R KR DO AL EMICRK T 2WBBEI N LD
D, EEMICIFERARZE L TEHBL WS, K3 @b T
BHNEHDO ERABHELT0E 2 D6, KRERHICHEST
JEMEE DRI N T 0B EEZ NS, L LENs,
DT ORERICB T 22 2 ) — L VRO
TR ICIZR S e\, K6 (b) BXO () D Jet-1 Gt
TUE, FMRICREITR L7 FT OBEYTR (X 2 @ No.l
F 721 No3) Ik > TR Y BRSNS, FI 2 EH
L 72l D BETH & [ 23\ & o 7 D BEIT IS K R AR - T8
D, JERNFRIEREL T3 2 &5, FJ OEHFFOME)
Ko TWwa I ENmn5. K6 (b)y~0) Ti&, KRMHIZHK
7L TG OEBBBE S N, s DR Tldn
FULRER DI BB L 2B TH 5. Spark Feff L 134D,

(68)

HABMEE &5 55 57 %4181 %5 (2015 4E)

FJ direction

FJ direction

(a) Spark

(d) Jet-2-Counter (e) J et2-Cross

(f) Jet-3

Fig.6  High-speed schlieren photograph for the various sub-chamber
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Fig.9 Averaged velocities of the shock and flame fronts inside the
visualized region for the various types of sub-chamber.
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tube, and (b) the maximum peak pressure of the pressure
oscillation.
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Fig.11 Typical soot foil record obtained for Jet-4 condition.
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Fig.12 DDT distances for various types of sub-chamber.
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