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Abstract: Premixed gas detonation wave has a typical cellular structure, mainly using smoked technolo-
gy to record the triple point trajectory of the detonation wave in the pipeline by the shear wave, incident
wave and Mach stem intercourse. Detonation cell width \ acts as cellular length characteristics, detona-
tion cell size also can be used to determine the most basic characteristic parameters of the combustible gas
mixture,, based on cell size, other detonation dynamic parameters, such as the critical pipeline diameter,
detonation limit and direct initiation critical energy and so on all can be obtained through the simultaneous
detonation cell size. Detonation cellular structure is of great significance in the study of premixed gas det-
onation wave propagation characteristics, different initial conditions will have some impact on the cell
size ; this paper studies the relationship among detonation cells size and the initial conditions through the
combination of qualitative and quantitative modeling, according to the quantitative comparison with the
experimental data to verify the correctness and feasibility of qualitative simulation.
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Fig. 1 Straight piping systems experimental diagram

(3 sensor schematic)
A. ignition electrode; B. vacuum valve; C. mercury manometer;
D. vacuum pump; E. mixed gas cylinders; F. pressure sensor;

G. waveform memory; H. charge amplifier; J. fume steel
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Fig. 2 The laws of propagation experiments schematic

diagram in bend pipeline
A. ignition electrode; B. vacuum valve; C. mercury manometer;
D. vacuum pump; E. mixed gas cylinders; F. pressure sensor;
H. charge amplifier; G. waveform memory;

J. fume steel; N. photoelectric sensor
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A. He-Ne laser light B. stressed section
C. the beam adjuster D. beam expander mirror E. mirror
F. reflective concave mirror G. observation window

H. observed region J. incision K. lighter filter L. speed cameras

2 PiEHER

2.1 QSIM &3%

QSIM F5 32 v BiF 5% 1) bR 5CER T T 0T 4 3 11 bR
/G N D/ I $15E S GOR &

EX1: Xf[a,b] CR* , f:[a,b] >R=* &
LIRS A G ORI W A S

1) f7E [a, b] XA Fi%%E;

2) fTE (a, b) XA F3ESEWHY;

3) fHEAREARXN L, #aHAaBRN—B
SRET O WA S, B S HEARTEUS;

4) £ R+ L fF1EH BB wBRME
lim,__,.f"(¢) F1lim,__, f (1) , SRS X W1 R
H 53 3E SGH AR S (a) Ff (D)

EX 2: TEVHEMREAT N . RS L EE S
EEBMRNIEIAE . BAMEESTHEER [a,
b] XSRS ERf (a) . f (b) FHRRELS T 0
(ni s BEAh, FEEPERHERLERE S, RTAR 4 4k 2
TR A B ) B AR (B AR G S P B I AR, B
T (BT A 4 Bs) T s AR 1T X ) [ a5

EX3: BIMEMES, BT RS R
G EA RN AR E A, & <@, < - <,
—ANTE ¢ BE 2P ZI05 4L, qual(f,1) = < gqmag(f,
t) qdir(f,0) >, HH gmag FRA & VERE &, M

qdir FoR BT, FRHh

gmag(f.1) = {li,f(t) =1 ,
(li’li+l)’f(t) € (lisliJrl)
+,/(t) >0
qdir(f,t) = {O,f/(t) =0 (1)
-.f(t) <0

EX4: —NRGEA L ATHEHREF = /£,
foyof AN, ENTEAS BB ESES . FTIX
SYEFEA . F AT XAy Ef ] SSRGS, & S AT IX 4
B Ia] oS B IFAE, ARG MRS R AR S 5 Y R
FE MRS AR —4 m Jod

QS(S,t;) = [QS(fi,t;),++,QS(f, 1)) ]
QS(S,ti,t:,0) =L OSUfstistiy) s, QS (i tiy) |
(2)

EX5: FIHEH R F MRS T 5 e 8 44 i
—MNRFERBEXE [, b] EBEMHITH,
QS(F,ty) ,QS(F,t,1,) ,QS(F,t,) ,QS(F,t,,1,),
=, QS(F,t,) o
2.2 QSIM EEMAREHY (Q2)

FESEVEDT Fd AR Y b, R A — A R GRS
RS EZ ML RES, I LR HOR % R 50
AT AT HERR ' Wi B o & BT B
WP EL A, 76 QSIM Fy et Bi@ k200 (%
BARFEMELA ) KFR ARG B RMEIM LR

WL A IR . BUL AR, 5y
HORAH,

TERREOCR Yrh, i WAL R R EEN LR
PR BREOCER, TN M R F k& R AL
ZIRI AN OC AR, T M R R s I
IR, EATE ST

EX 6: M* KRNI T LB, 171E
PRER H(t) , BRSO ¢ [ESUE £, A H (1) >
0; BPf 1 g WLIE O &R IF H A8 — 2

EXT: M~ RFRNAMFTE DB, T
PRECH (1) , EME SR g ME8RE g, A H' (1) <
0; B £ g WU HE O FRIF H LR PR AH o
2.3 ETF QSIM MFRS IR R KIS SRR

ZIEFI A% RH K T ZND i 5 X i R 3,
BN =A A, Hp A R BAEREHBEE VIG5
AT, A HESKKE, A5 %" ZE
AR TG & TS5, Hiks s T
FHIESELA JE K T HR SRS B L (@) , WA T
B BE (X)) WG () /py) BIRREL, W0TF PR :

A=Ce"(1-X,)" (p/po)”
Hr, CHEE, o B,y SRR



34 HIlRA R AR (ASRBERR)

552 4%

TER G SRAFIRE RGO, SRS 5 A S
DA HEE Z [ A L ] R A B, B XKE A
ATLUE TR, XSS MRS ROt s 4 b w0 ih
REPE T o TEIX HLE SUHRSE MRS FRIE 2k

A =f(e, X;,p) 4
H o FoRMEFIR AR Y5 1, X, 2H S
BRI, p ZR BB WIIA IR o A SC BT TR <
REEE A% RAE (A) SIRG AR L (e) VR A
M (X, ) FIWIAG ) (P) SRR Z A E R .

TN T R FH T P 24 SRR () A R RO R
JHOMS SR8 AT T ) SR TR A

TERE— 20 o, BRI e HEARAS QS (S, v,) ]
DUHR S 11> B 18 o 808 MRS T2 R — 4> m
JUdH, WHEERIR:

QS(S,t;) = [QS(fi,t;) -, 05(f, 1) ]
QS<S’ti’ti+l) =|:QS(fl it ) ’”"Qs(ﬁn’ti’tin )J
WA, AT RAIE i P ) O I R R TE ) ¢, Y
8 RS 118 7 1P B i A8 AR T 1]

qoal(A, t) = < qgmag(A,t), qdir (A, 1) >
B gmag FROEVEREE S, T qdir o2 E T
AR5 A

g5 EIR, FRATAT LUBCE 75 R 2 45 5 Hfaa%
RoF (0) 5iREG ARG R (o) UM B
(X,,) FIWIAGIE S (P) VLR CR T R

QS(A,t) =[0S(e,t;),Q8(X,,,t;) ,05(P, t,) ]
g0, b ey i 20 )85 Mg 2548 5 it %)
MRS ARG R L (@) VAW B E (X,,) F14)
WRIEJ(P) A BBV LR TELIT SR
B oA 2 N RS s PR R e g, WA 3] 1
— B2, AR SCRIUY E L LR A
WG AR E R, R AT — RIS R 5250
XA T 73 BT A IE

3 HESEMIME T 50086 R A AR

TEZeat K W 5L s B LR i, T B
() B — N SE 0 2R AR R4 2 R S = AR I AR
FHESER, STERYHN 1 ARAE, RE
23 C, {BJ¥ 58% .
3.1 BERBRITESRESELHSLHXER

AT BRI SARFEAS IR ) 2 2 LU ) 1) A R 52
WAL “U” B R, —MIELT, M5/
(HA FHIS B LT, Wil o = 1, 78BS —0
(Bl >1), MAs RT B384 i B /N T & S — )
(Mle<l), FHEHME 4 BREERESESEE
SRTEA R Y £ L fAs ROt

20 ™ ..II

0 0.5 1.5 2

1
kit
B4 ke - 2 URE UARTEA R 2 LUl s RF

(po = 10 kPa)
Fig. 4  Cell size of propane-air mixture in different

equivalent ratio (p, = 10 kPa)

3.2 BREMEBRIEESHERRENXER

TETE AR REW g ks RE, BRI
H T e 8 AR I A RO ARG R NS B
AR NLE - 25 R A TURTEIA Ar SR B 19
2k <IN

120+
100 IS
80- °
60 - ®
40 ®
20 ¢
0 L aad
0 20 40 60 80 100
AR 1%
El5 W - SRR ETRAEAR Ar BB T
kg R (po = 10 kPa)

Fig. 5 Cell size of propane-air mixture under different

JiAg R+ 2/mm
*

Ar dilution detonation (p, = 10 kPa)
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Fig. 8 Qualitative phase space of propane detonation cell
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Table 3 Initial pressure p and Ar detonation cell size A
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