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Longitudinal stability analysis ef’piston-driven pathological
detonation wave
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Abstract: Pathological detonation is a non-idealdetonation that cannot effectively support the propagation of detonation waves
due to other physical or chemical factors'offsefting part of the chemical heat release. It is common in the practical processes, and
the study on propagation stability Of the detonation is of great significance. A single-step global reaction model was adopted to
analyze the propagation stability'efpathglogical detonation waves. Reduction of the reactant molar quantity decreased the overall
system volume, introducing’amegatiyveswork effect that enables the pathological detonation regime. The process was numerically
simulated using the oneéddimensional reactive Euler equations, which couples chemical energy release with flow-field dynamics.
A high-order finite differencg method combined with a high-resolution flux-splitting scheme ensured accurate resolution of shock
fronts and detailéd/reactionszone structures. Parametric variations in piston-driven speed and activation energy were introduced
to represent the effeets of external mechanical forcing and intrinsic chemical reactivity, respectively. Comparative analyses of
temporal evolution across parameter sets revealed the coupling mechanism between piston-driven flow dynamics and chemical
kinetics. Further examination of the spatiotemporal distributions of temperature, pressure, and reactant mass fraction elucidated
the link between detonation stability and the internal structural evolution of the reaction zone. The effects of piston-driven speed
and activation energy on the stability of pathological detonation wave are systematically investigated, and the relationship

between the stability of detonation wave and the reaction zone structure is analyzed. The results show that the pathological
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detonation is more unstable than the ideal detonation wave under the same reaction exothermic conditions. The increase of piston-
driven speed is beneficial to the stability of the pathological detonation wave, while the increase of activation energy can lead to
the instability of the pathological detonation wave. The high-frequency and low-amplitude oscillation of overdriven pathological
detonation has little change in the structure of the reaction zone; the low-frequency and low-amplitude oscillation of detonation
wave under the condition of strong solution is caused by the alternation of two configurations of strong solution in the reaction
zone. The low-frequency and high-amplitude oscillation characteristics of overdriven pathological detonation are characterized
by the alternating occurrence of reaction zone structures such as weak solution, strong solution and overdriven solution.

Keywords: pathological detonation; reaction zone structure; nonlinear stability; piston-driven detonation; numerical simulation

518

HR S W P RS B0 15 B B A A S S DR 5 T B R el R e e AR T A LA it
B R4 5 AT IE RN o H T AR TR UM B ) — Sep IR O A AR 22t (g
RS B S NP S ) EROBE TS S JE RN (Ve BE (R4 L OB T Sl &, SR RN
ARERAEAETE AT ARSI — REE R, AR R 0 R S B T S X 2% L TR 9 ) 1 75
R, RIS S AR AN BE A RO TS RFBSE B AR AR, WA A I R R [ 5 10, AT A 2%
SRR B IASEVE . FESEPR =, EIRAREAR R B SO AT AL B, I8 rp 2 S A B R
RN R WAL TR AR, R IR R ARSIl (RDE) Bhke 2 WA T B K 2800 Fr) 1 2 T A 48 AT N
3, ULRHFIRFTIRARSE (W0 Hy-Cly RGEH. A0SR APIR S RS ERRAT NS, B,
TFFE MU 2R 0 R 1) — 2 AR VR 0 B B35 X B SRR Y A

Fickett M1 Woodl®T & S56Ht 7T 1 85 S N 25 IR USRI AR e 1, AR B sk
O AR B AL BRI e NPIE s T DA HE S W I g A6 A e M PRI & £ 41R3% - Sharpe 11
FalleMUZE— BB T T AEAS KN (R AL BE SN 4B I AR E o R B BUR T AL REREM T 1Y
FRLRNERERI AR S LR T A R -3 ARMBEETEACRERIIE R, ARk Dish, &
THRGRAAF LI SRG, AATEE—BWETE T mnd e TSR BORBAE R IR ). 45 R,
IR 2 T BUR R X S AR MR ], (B AR LA e M A AR SR A M) 5 RV AR E k7 A7 4
BRZESt . FERXFIFOLT, LRPRFEME T A RHEEAER] . Henrick S80I Ng SEUORF LALLM, BEE
FALRERIAAL, S IIRG =L PR IME I 2 R . B 7 AT i) e Mgk, Ay 223 R Fl PR 4
(1 S N ATLER SR 1 3% 20 B < A AT N Yungster 55 AU 12505l 5 T S50/ SR LI5S
JR BRI E I o AT ORI, ARG AR T, BRI AR EE, B AL 2N ARtk

RBEE MR LR ARG . 2 LN T 1.2 B, R I 2 I v S P 5 IR o i =X
T2 BT 1.2 Wy W R BRI R R R G TR SRR, FUE LR A AR E 1L 4k 1

H 25 Wt X P IR 2 I 5 ) 46 T 713 ) B4 N s B R 34, [ B I 5 ) 2 P2 P P o T R0 e o
Daimon 1 Magsuot3Tii i &0 - 28— G- 0 1 As 0 M I A A5 2 T AH IR 4518 . Radulescu 5 A
U4TR] ] B S8 OB 9T 1 A SRR B PO A E P RE IR . BT 7R8I, I
BEERRR, 2 FEUR X IS, HREBOE RN, M S X G5 54 0] il FE AR A AN U,
B HT I DL — S AU NIR B R . B RSB IIRD, R RS, SRR BRI K
Han 55 NISERHE AR GUHAT T ARG SRR E T BB BAL i FE BB, M3 1 = e
AKEE 2 JH B A SRk S A R e DA SRR E ) = Fh AN R R B i o A AT T8 R I PT R SUARAR
HOBROK, REPOBAEEE . tbAh, Han 5 NIEHEIT T ¥ O A —4EAFR e MRz mlel, R LB 5
O3 IRFE 3G N, BRI R1T H AR E

IR H T B R AR R, AT AR AR RS — A e R S A AT D . Dionne &5 AL
PP OB TE T B PR R A E B ARG ) — 4R AR 2R E AR e 1, IV BE R ) 1A 1S I A



wmoE 5 &
Explosion and Shock Waves

HTIIN T A ROERE, TSRS AT E . Goldin 5 NI TR, 1E% B &K 1A
WP T, EEE RN AR 2 S S BUE L 5. Wi U, BB R EUR IR AR 1L
HIBR, AT A L R 5 2 B AN R e 22 R o Sharpe A1 Fallel ST A0 35 WA S 2
PSR R N, BT T BRI IR ST T AR S AR R R — AR e . TS RR ], BEF
WS RAEANAE T A S AE M, T SRR 2 Y BUAR LR & IO 4k, L vb 3 — T8 T
CAME 5 55—, MM YERP R IR AL G . JAh, MATIEHIFE 1 R A O AL B B o — 4
HUBRBRSR BAR AT NI .

PR W) — AR E R 5 RSN X S T DDA G, (B AR BB SR B IR 2R %
IS DX 5RO, T RS B AR FE S FL A KR A H RTIE RS BR L (O Re . RIL, ARSCR AT RS E
IR BN R BT A ST S I LA o A R I B A B AR, SR IS A H 2 M R AT
T B (A 7 S ARSI A R HOAT 9 o AEBEIEAN B, 38 IR SR SORAX i 5 2618 5
PR A A7 ) s et R P A S0 5 A S ML AL RE s T T B A S R AP MR P A B I
PIRREAL R AL AR, 25 S I AR RS SR S5 M RV 2% A R S B rh AR B SR
BehasE R M HR TR T .

1 ERBRI A% I IE

L1 iSRRI SRR BB ER A
ARSOR AN FERGVE IR B MAE RR R 7 RE AT B IS lp A A A ) — YR AR e ME AN RRUE PRI B
BB, DA SRR — AN IR G R . A7 F P M RN 3 /5 R Rl F

XL (M
Arf, SFEFE U SRS E F BRSNS AT &m0 T -

p pU 0
U U + 0
L R R - e )
E U(E + p) 0
p(122) pU(1-2) —dA/dt

b p NRRIRIR, p A TARE D, U NSEIR S AR R MRV AR G x TR, E NSk
PSR PIT R A R, MGRE RNIEE,  E SURNV AR A=0, SMIZEHRI A=1. X SR A 5
S H ) S B FE—-d Aty RIE A

dA

Ea
—Eer (l—ft)exp(—RT] (2)

A, AARIEINE T, E ARG LRE, ROVER AR E, TOARRIERE. B Uy EREES
i, W (2) HIFEWEE E ATRIEN:

__r Lo _
E—F(ﬂ)_1+2pU +pg(l1-2) 3)

A, g AR RBIEH: MHRERFHILLIALE, ER KT AR RE. ASCRH T RSB R
NS SN, AT RIE T

A-(1-0B §<1 (5)



wmoE 5 &
Explosion and Shock Waves

b SRS S ML e L BE /R BOAAG b, HABLAE 0~1 ZWIA2AL, 4550 I, A2 M) i
S IREE s 2 6=0 I, USSR S A BE/RBANAE . 247> A R B 1705873508 Wa M W, N
SN G R G 7 TR AT RIE N

W, ==, (6)

K415 A FILLS B A B AR FIISEE HH con BT e MR SR AR AW TSR ¢, TR

C,=Cp +/1(ch —cpA) 4)

F— i, W TEAS AR B AKN —outk R, HARRII R UL R BORR R, B 1S
FIPHR ARG RE TR

pv:(Y_A+£]RT:(1—5ﬂ)RT )

A B A

Hrb, YA R Y 0 HAREA > A FIB R EDE. EER (8) MBS EH T H0 &S B
RN EAZ AR R Ya=1-4, Yp=A. Bk, AR (7)) @ fe#itt rHrRE TS

oy _ S Con tAC L €0))
¢, ¢t Uog A 0,)AI-)RIW,

(6)

Horp o, HEEREHC B (9 WREH, 5 S BEGHER D ook &b, A AR R
B, WRMEE. EARHAA, e C8505) , FIfEs: kBT RS fE s, kb Y
b BN R AT T R AR AR AL

Pl (1D PRXHREET, ASCRA Lax-Friedrichs 185843375155 T WENO #% U208 411
BIBOTVERAT R SRS, RAZH DK A VODE f2 7Rk, ST HEgEm, AL
KH 7 2 =F Runge-Kutta i [AZREUR 2, 58 E B2 CFL (Courant-Friedrichs-Lewy) ¥ 0.4, LA
TR AT L I SRS B ZR G0 I B RS S VN B e 1k

AR S5 % AR BT Y, W B — TSRS BE N 1000A 1, 31X FLA G ARZRAH B () 1%
2% ZND S5k )2 ORER ICED S B S 58 B — 2 I R SO XK o AR %, LE TSR ) 2
BNGEE AT TG IS 2N ZND S5 s, B AN 10A1,, PAMRIE ZND 4544 R 2
AR B S W45 AR PPIRAS s T, ZND 2544 1) N RS AR rT VR g TH SR e i i S oA, TSR A
Ui MV T8 9 R BALE I Fegk At o BUERAUNT, BRZZ BN 0 I 2 [ARZS ZND 5t k., MElmiss),
TEHE 1% 72 AR AN IR AR A AR R A R AIRES s AR SOE AL SRAN R I 2] 45 22 30k B 1 s g e
1B pmax K75 SHFZL P —YEAELAE DN In) AT R

1.2 FRASIRIRE ZND &R E 5 3E

TERF _E IR 5 23R e I N JBE R B Rk R S Mg s I R & AR e MR It 2 A, Be TR
XfH ZND S5t AT R, DMEVE ABEB GG 24 . SKiE ZND St il i i 420 (1) W
FaShR, BB RER RIHESE I (oU/or) WIsehn, [ Sbisd 5 248 N E My A e, RSk
X (D WRT=AN AT ESE, FHRABB AR R, AT LA 20T e



wmoE 5 &
Explosion and Shock Waves

dp  p2

d o

d—u=£ (10)
dt 7§

dp  pu’X

[

LA B AR R IR R SIS B, n=1-M 2, MONRARR S REsh Dk, IRk N
M=u/a, XH o REREFE LT, o=[TWp/p]2. ZRERPERAHME (thermicity) , &
SO,

2:0%1 (11)
o NPWEREL AR B RBAL S N, AT AR 7S 1,
o= (qu _ 5 (7)

cop tAC,; —c,y) 1504
Hrb o NI 2%, W TRERGEESIR, ar=p(0v/0T), =1/TV . <A SE4E 5 [ N7 1T I Z2 45 10 25 s EL FAVER
FEAAE, B, cpa=cp, TR H R A:
)
TN

X AD Fr, Ak 2 RAE TR RGUE SR DO AME 0 77 2 ) 3R B A% 44 2 e
IR e . XTSI G R IR BN AR AR A [ B IR B AR, 30 (13) Ao 28 I ] 22
W, bR, DREAT R SBEEIK S S0 MO g 5, IR R SRR 2 R — . H
P FARSCHIR AT, BT SO AR A B IR BRI/ 38R T B R AR AR AR /s (13 A0 28 10D,
T 12784 BT 51 A6 A0 A7 ) () 280 SR KT 350 70 IR R AMBCE D 1 Be g, BRI, B SRIA Tk
IS AR T Ot S s e, X AN IR s & T RIS OB T HLE L5 T ROBE R JR 8
AL RN . HE— DM QW) T LRI, Bl R BT (MG, S5 o 5 — T
(SI(1-62)) RIZHTIGK I, \GAZ IR T U A i 25 — TS, R o s, o s, 7R
FRAPET, N BE R BRSBTS 5 35, BRI RIIEERES .

Xif T AR (1) ZNDWE B & i DR (2) mfa S ety REsR g, B vl LLE 1
SRR A T REZEL R TR A, R AR 25 R CT 25 Emf e o« (B0 AR AR A, BT Hm s
CIARAS, WURE AL HE My R RANN, HAGFAAGER €, TR AT 67 FE R
W IR gt TR F A B AR T iE SRR (10D, LIS 2] ZND 450k, 0 &A1
FoR: Y 00, 200, B RS (10) BB S Bk, TPUERT— M, FHKES
BAERNYILE XA R (100 BEATRLGr, 405 2 IE W 2RI AR 4551, 19 2 A HR 2% R I ZND 45445
AW, HFEE M, LA R VG Sk S A R & A
1.3 ¥EIIE

TEFF R — e AR AR O BUE AR B, B SRR HEAT TS MR S0 o B8 FH A - A Y
KRS N, A R NRT G BERBAAE (5~0) , W (9) Almitbtb s 5, X E4
=12, HihzHh, %HE ¢=50RT,, E=20RT,, FEEWITIE 1.0, fE N f~(D/Dcy)? HH, D
RFEBRIGHIVLRAERFRE, Do fRFRHEAR CJ 4 4F FHRIBRIALEEE . ARAT
16pts/Aip~ 32pts/Ap FlI 64pts/Ayp B =FPIE 3 HER UM T EIRSHOERAF N HIERP AT, XE
pts/Arp TN LXK FE IR B . 78 LIRS EA N TR AR R A e m, H

(13)



wmoE 5 &
Explosion and Shock Waves

TN G R SR I A ) )2 H2 5 von Neumann VB T 3B (pn=42.06) HIFEX iR 2245 B0 %
1:
= | TREME SR T RS HIEERE H RIBMHRE

Table 1 Peak pressure and relative error obtained at different grid resolutions

RS 73 JE 2 (pts/ Ay ) WEAETE ) Prvae FHXT R 22 (%)
16 41.36 1.66
32 41.65 0.97
64 41.85 0.50

PR BoR, AR PERIEE A 6dpts/A, I, FIXHRZEFEZE 0.5%, %1% 2K 88K,
A DA BN PO 20 98 O3 R T B0RE B 355k . Ng A1 Zhang FORIF 582240 3 B, 24 0 s 2 H 22 ik 3
20pts/Ayp BA BB, — BB RS 3 L2 T DUR G5 bl P S D IR 3 i 0 VA R, FRATTTE S 48
FITHELIR ] 64pts/Ay o B RIHE 73 5

BEAh, ASCEE N Fickett 28 N EFIEAT TI0AE, KA FS AN N BERECRAE) 1)
ZHH q=50RT,y, =12, f=1.6, E=50RT,, %ZH T 11515 25 VR e ) BE I A) SR 3R . —
MR RS A, W 1 Fos. BF E SRR 3 3 po 1 T MEA P RICENM, o po REVIUG
K71, Tip NPT E], RIS 7E SSOBE DX AT 35 2F e B KA FEAG 1o FITAE 2R AR ) o P 5 1
R MUEH N B F e IR G I B, AR SO RS B B ORI JJVEAE N poa/p=97.7, 5
HR[221HH AR (Prax/po=98.6) HIAIRTRZEUN 0.9%; \THHAB TR H AN v T ,=7.53,
TEAESCHR[22]0 7.4~7.6 IRNEFEI N o B 3RS JERT 50, /A8 SCRF 1A S50 R0 IR AR P A 5 B AT 5 01

110

100

60 |

I
120

P NA
500 20 40 60 80 100

4T,

B 1 IR T B TR ARt B 28 (g=50RT,, I'=1.2, E,=50RTy, /~1.6)
Fig.1 Time history-of péak pressure of detonation wave ( g=50RT,, I'=1.2, E,=50RT, /~1.6)

2 HEER5TR
2.1 BREBHATRSIBRRIRE MR

T A RS X ZE R AN [F] T B AR R R B 450, AE IR S AR A v, ] DI a4 i) SR X R v
(R J5T 538 2 5 S RE X R 5 4, T SOt A o et )3 5 ek B2 P AT o A A P IR 50 3 B R 5
B HonmBEILE 2, B w, AREIEEZS) (IRBD I, ug M1y, 73 ARG 22 U i AN 55 AR IR
R X R i i p I B . fEE] 2() T, VEZE RIS T uymug<us N, SO X RN GRS 5
Y up=u I, RBIXOABRIREE I . FEXPMIGOLT (up<uy), BEFEAEHRLZBFN. B 204, %4
TEIEE LR — DI Cup>ug), BB, TR AR R I IR ) o AR el i 08wy, SR ZEHNT
— YIRS E R . B 3 25 T AN w, N —4ERR R IR AR TR ST BE [R]ARAY,  3X B R R [
ENEZHN: E=~1TRTy, O=50RT,, 5=0.5. FHiHIEIKDHELEE u, M SUSNEEE U ug A1 uy,)
1R FH R 22 ke e vy P AT 7 R AL, A TR OGN IR 2 py AR EE IR von
Neumann WEAE & 77



wmoE 5 &
Explosion and Shock Waves

u
% iy [
U u
i N,
b I
EE/S e
- - L, D
5 Uy .- —
Uy » ,_._._._A-~f
~ Eo)
________________ X x
(a) Self-sustained detonation (b) Overdrive detonation

B2 IR N X S5 R
Fig.2 Schematic of reaction zone structure for pathological detonation

Bl 3(a)Fl 3(b)2A H 1 1E ZE RN FE wap—uay, AT 0 BN Caty=1.63 T 1=2.02), " AT DEEAEL Pt BT i) £ 2% £
k. ATLAE Y, i ZEAKEE AN ug I, PRSRIIEE I ) 2 SAEDEN LR A, 243
FEYRBN TR LG INE] 0,-2.3 I (1 3(c)), VAR e d )R 0 58 JZ W8 J o ot s g I e 52 5 HH L)
NSRBI . RS KRBT & 0,27 (B 3(d)), ey WR4E RIS T A8 Ay B S T
B u, HE— 208N, PRSI IR G B WSS, JFRAEFIE, WK 3(eM 3Hinr. L
RAIRRN], BEAE TG IE MRS B AN, N SR B AR A A A AR ), IR AR A R AT B AR
PR — B

25 pi3
2 2P
& 15 715
Y
1 1
1 1 1
054 50 700 750 05 50 700 750
U1, 4T,
(@) up=u,, (b) uy=us
25 2

plp,
N P
Plpx

1 1 1 1 1 1
054 50 700 750 054 50 700 750
T, 4T,

(c) uy=2.3 (d) u,=2.7



wmoE 5 &
Explosion and Shock Waves

1.1 1.1

59 Y
1 1 1
094 % 760 5 095 50 700 750
4T, T,
(e) uy=2.8 (f) u=2.9

B3 AFAEERE (u,) KBNS E AR 2k (E=17RT,, ¢=50RTy, 5=0.5)
Fig.3 Pressure peak oscillation curves of detonation wave under different piston-drivén/speeds ( u;)
(E=17RTy, q=50RTy, &=0.5)

PN R HE ZE UK FEANR RN, AL RE R K/ INRT— 4B S SE RS E PRI . [ 4
Zth VIR EEHE w=u,, (HFFEER, W 200 I, AFENEACRESRAT T Ry B {5 I B 1)
AR 2. BTSSR BN, BEEELREMIEIN, MR POE T e e IR A T E L3k . 1A 4(a)
A 40T UKL, AEARSEFA T, SR BT E NG REN E=~14.4RT,, XMEE
FEARIFR D26 S (g=50RTy) BARKEE —HEAFRE INm TG Tt (E,=25.28RT,) UOME/h, X
YHIEARRI I ZEAE T, RS ESR AR T B AR SR T R 5 ok B E T AL RE A BE— 2D 1 T, We{E
JETIBUREE ) T SR (B 400 IURESIRY (B4 VEZREIRY (K 3a) BmEITMNIRY

(Kl 4e) TEAMHEAL .

1.05 1.08

2 X
0955 50 - 100 750 0854 %0 o 760 750
(a) E#M3RF, (b) E,;=14.4RT,
2 2
15 15

Pipy
Pipy

L L L L 1 L L L L 1 L L L L B 1 1 1
0° 50 700 750 055 50 700 750
1T, T,

1”2

(c) E=15.0RT, (d) E=16.0RT,



wmoE 5 &
Explosion and Shock Waves

25

) . . . . . . . | . . . . |
05 0 50 100 150
T,

12

(e) E;=20.0RT,
K4 AEIERE T BRI R RGN (u=uy, ¢=50RTy, j50.5)

Fig.4 Peak pressure oscillation curves of detonation wave under different activation energies{ #p—ity,’ g=50RTy, 6=0.5)

KA BRI BUE R T B, AR SO X 5 ZE SR A S =0, ~3.0 F7E LA AL RE
E,=143RT~20RT, MG |12k — 4R vERR e PR 7T, B SR 1 AN u, A1 E, Y61 A 15
FWVEAE I TR IR IE AR B LA AR R . B E IR IEAp/pn 29 1507 2 5 To R4 I %
JIR I RAE A e/ IME Z T I 228, THIREN EA & IR P RO A SR e (FFT) I JVEN IS 1R
FHH 24 P 4/ ) AT AR

K 5(a) AR EHT, TR ZEIRBIE E w, AR, — AR 8 S5 I O IR IR 5 T AL RE E. RO n
3G, i R is AL RE T 58 2 O MR AR SE M SR TN Bt 3 ZE B L G N, iR e
s T HRME 3G 06 el N R, 0 WD 8 SR S R A TSR AR E B 5(0) ORI TR
U EIR AN BoR T SIREA R RS » BIRERR, 0GR L u,<3.1 B, (A
JE TR GIRR k BIRFFEARAKY FFBE w, IS NS 18 It ETHES, VB IR G IR K22
WIHFAMIR T IH L RE . Leung 55 AN2300f BAR IR e A E MR RIDT FUSR B, RMMIRAIRG 1T 9t i
SZEAF TSR AR E B . 2 up>3 1 I, BORIE L RE SR AT T RORSE BRE EAH B 1)
FERPOTIR . AV, MR AUERAT A 47 3 2 IAE P A e 823Vl 2 e e b2 A A
T ARG R . ASCBI R Y RS ZEIREhIE R KSR, b s SN 2 A
T BRI S R W A AR AR 3 W B DR 3 F) e 4 e 7

2r- 1
L u u, L A

E=143 ,'D—EPD’

E=144
E=150
E=16.0
E=17.0
E=200
E=20.0

fitting line

Osve«dreo

Ap/p.\J

mii—fr*ﬁﬂ*yp*”

(a) Variation of amplitude (b) Variation of dominant frequency
Bl 5 s ik 0 (E e 07 (R R AN 2 409 B V7 S5 Bl 50 o AN A B 1 AR 1L 1
CBARS O SAREANTERE RG], KRS ORF SRR FORES T, 20555 REF RS K H )

Fig.5 Variations of detonation peak pressure amplitude and dominant frequency under different piston-driven speeds and

activation energies ( The black solid symbol represents unstable state, the gray solid symbol represents critical state, and the



wmoE 5 &
Explosion and Shock Waves

open symbol represents stable state )
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