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VED+FRT, KDL+ Ko 75 78@rRg s
hre,

2.1 KHBROEC NS

AWM LR = HRQNEHPE & KBNS
Fig.2 icR&ah 5., BF S QR oREE Il
4. 84mm, 5. 85mm COLPELFEELTWS, E
HERE 1 EHEN, 2 R TREOTREMSTHY,
ToEMic L 3BRABEOLHRFFILIC {£>Tr
30, HRKREH EADH200pusec D=ZARFE
F L., BT 510m/sec ThHh-/m, PRTLEL
i COEHER 2 £05 L. BIREEHRZIZSEE
ThH0, AHLLEREEHO LB EFIZHIE S T
BZEMbnd, $RHABRELRACERPICRS
h3, —HFRBOGERS L, HREOBRIZLD
#12m/fsec CFH~BHLEALEBShTLIRE
LERL, B/eyiciitl mm, 5 mmogSRCLE
BAMA LB L 65, TOHRERZDHICETR L2
51T a—= M MEICBRL, hERLKRETVEY
DPICRBTE, DA a— MEEERTVEY &
P HRET A L KROTRREHOREIC L8
BEhrV AReH 5, BidOERBIAROFTREI
LAEROEMAHBRRY eRMLILEZS, il
BRMEFOFNIZ L SFREGICERLTVW3, &
KR TN & ORNBIREFRICL 0 EH~B
BhLEEY, FTEEHMRIRIZ -1,
SEABRBLAROBEE L v v 7 —HBCHBEL

Kégyd Kayaku, Vol. 44, No.1, 1983

S5mm

1.5mm

Fig.3 Light emission from an exploding
bubble. (Open shutter photograph,
ASA 400)

B Fig3iomah 3. RORRARRENLS
ICHACK-TEHY., ZOBOERESIMAE, kX
ELFig2osxy EO 7537 CL6 2 REROR/NM
LIRIEG LT3, #-> TRENBERE/NMI
tHHETR&/1-Z L b s,

e KO 75 706FARG A EEOSME/LR
Fig.diomm&h s, BABEEM, ARBiEmnyg
EBCH5. WHIIEHShTH 200usec TR/ IC 2
D, WRBICL - TRRICIR LIINERL ) bRELC
3. QRORGEM SR LMBMAZERIL
TWAEH, RETIRA5L 2a— FREBOADICRY
M LHER E OBV ARKECHDh TS,

— 97—




Uiquid ; Glycerin
Bubble; 70%Ar+30%(2H,+0y)
Py* 13 0tm{He)

)
=

3
7

o
&

* Ru/R, (R, *484mm)
* Re/ Ry, (Ry,*8356mm)

RADIUS RATIO ; R./Ru Ry /Ry,

%

Time ;wt (msec)

Fig.4 Temporal behavior of longitudinal and
transversal bubble radii.: Bubble explodes
at minimum size and expands beyond
the initial radius.

P eme e

Time
(msec)

Liquid ; Glycerin
Bubble ; 30 % (2H2+02)
+70% Ar
Pa= 15 atm (He)
Initial Radius
RLo= 4.34 mm
Rro= 4.66 mm

' --4 Ho ]
¥ C%g,#:i;E'_:‘

0 06507 075095 1.2 1.45 .7 195 22 245

2.2 ERABROEC LGS

—%, BRIENR—TH3IZ6h 0 b6 FEANRBS
DEZ6RVWVBELEL L, ZOBNEANE LK
o¥ghH Fig. S IRah 3, I hKROPINGE
BRBBOBENLBAECHSTHOEMICAESL, B
4.34mm, {{4.66 mm TH - =, EHEHIZZERD
A5 R R 2 RE + 5 49 500 #sec N T(ENRR
Hh, WREEHZ 6. 9KE CAHEREES L1
BL 2TV S, F A FRRE OGNSR 2420m/sec
TRBORZ ~ 1 BEICERTORB LTS,
Sy Fo7s372n8thelst, KREBKEGICL
3RS SVABRIRBBBRERVETDATHY,
R a— PEEEIRROGRIL,
BROBILBALEZ G- RS OHHRE
BT s Fig.6 il Eh 5, RAIBROE
ARG, AARBRBROBIOhLBAERLT

SO0 usec

'msec
D2 420 m/sec

Fig.5 Pressure oscillograms at observation window and highspeed

shadowgraph records of bubble motion (no explosion occurs)

BY, EEOEFGOBVIAGHTHS, Tiabs,
BRNOR & LBSIERROEERSADR COHER X
D LRKES R VIRHAMLERL 2505, BROEZS
RVWBSCREBRABS A CINERLI VI LKE(R
63, EHPPLES LH->TW5,

ZORLBRBIBELVRBI OGN TIRR
i1, SIRENORE LKROTMEERICRLT 5/
Fra—v s BRTHS, Tibs, BBIEZS
it hiTERKIIER L e odiF+ 50, fic—a
BEEHE ZhiE, ERHEIEENE &0 LSl & siey
ICBEBEEZNDTHS,

3. B %

3.1 BRTITaokT
BRARRREEERBIZ AN KRG L SRBRANE
HEREM<=B =01z, PATOERICESVTHERR
WEfies.
(i) KR —RELKETH 3.
(i) SMANEH, B, BER—RTHS.
(i) gk EESE cilER—ETH 5.
(iv) EEroititk~nBtg, mikotkit, R
BHeBEIZANS,
(v) 73, B8 BBLYoRARXISERNTS.
(vi) RSB LY 2 CHILARBHTRRE
LHATHD,

IRARB2HE



Liquid ; Glycerin, Bubble ; 30% (2H21+02)4+70% Ar
Ps=15 atm (He)

o
v

o Explosion
R10¢5.09 mm

o No explosion
R1o=4.66 mm

..

=3

o
o

TRANSVERSE RADIUS RATIO; Rr/Rro

(vii) 7 >D{EEEE LNOREE & E RS (Table
1.
= = CRIEMER Baulch® o7 — 4 16 L 6h,
BEREORRICLELTHERIIJANAF Table 2
T 300~6000K {Z35vT 0.5 S%LATF DFEIE CIRKE
DAEBBY L LTRREh S,
ENRREIZLE D BBIRNL H iz,

(BRRHX) pg7R'=—& !

oO 0.5 I:O l..5 E:O ["a;ﬂiéﬂ-fl Raﬂe:igh i
Time ; 1 (msec) RGE 5 () + R A
Fig.8 Comparison of transversal radius change bet- 20 _ PP @
ween explosion and no explosion cases. eiR [
(= ¥—R1H#K (RAHEB—EAD)
AT | NRET=T) (g 2y S0 IR (4 ) .
E(T) = Z Ni[h(T) - %T) )
(R 8X)
%I%’l = W,(mole « sec!) (5)
(R 5 EX)
p3 7R3 = N#T, N=] N, )
(HtkhnES)

ZZTRREEER oo T, N EhELKERA
EhH, T, BE, BErBTH3. P, o1, Tilde
hehifitkhoE)H, GE, BELTT. b 3HEE
SRR COESH T, ARORIBERER O
MHhEnsLnThs5. E(TIRARB A ¥—7T,
Ny, by (T) i3e i oenll, ELB09NT ¥
ne—1Hsd, h(T) i2JANAF Tableizk~T 300
~6000K NEEHETHE05%N~AJ/KY L LTR
bahs, W i{t28 i nERFIERDT. m, v
R OIIER UTHER K 0 R REBHREK. Ko 12
SEORMEHER, ¥ IHHIAGBRTHS. N, i1
Ryt PT Nu=2Rqo1a/Ke(T—T0) LE
BEND, 22T Qi REREHERDT, v
A MRRERIFIC BV TR SEES AN,
XS ARG R EE Mz o~ T SR OIREHEN I
HVOTIRENBRELEBATLWY, ¢ ek, -
RERPLNHHNEBERDTRHANERTH S,

Kogyd Kayaku, Vol. 44, No.1, 1983

FEXE O~ 28R LLSR, RO, @), 6
ERRMBR TS Lict->TR, T, N &R, K1),
6, 06, b 1 ERDNITLVOTHEN, X
FREARRYT Cix lusec LAF TR - H{LERE L BN
800psec NHMIRB LGEIBFICM  eNERENS
NT, KETHURHOEE T& 5 Gear ORAFHE:A:
RBuvohrs, $HEEBTSSRBH TOEN -
LT, RRTHBILAEABREHEE I Avoh
r,

R TR S L - KR ORISR E OB IEL L8
iR Fig. 7 @) il S h 5, BRI B SYMEEIR
5 mmT, §RRBS TOEHEL o - EPICREHL
BEMWTH S, HEUCHBVTRBAIRYBRICITVE
HHTRTRPH IS SR/MIFHER /7 ¥ 2 — M
22 BRKMFHE T, BRI RRMINATHhTRY,
¥ 3B TN YR OfI30usecc EN TRESE D
STLEIEVHIEIOBLEET S5, 280

— 29 —




Table 1 Elementary reactions and their rate constants used in calculation. Equilibrium con-

stants K,¢(i=H,, Os, H, etc.) are taken from JANAF Tables.

Reaction rate constants
Elementary reactions
(Forward) (Backward)
(1)
Hg+01(~——)‘ OH+OH | &k =2.5x10" exp (—19600/T) [cm3-mole~-sec!] | k3=k,/Kp;
2
(3)
H+0, ﬁ OH+ 0 ky=2.2x10" exp (—8450/T) [cm?-mole~t+sec™!]) | ky=ks/Kps
4
{5)
O+H, (.——; OH+H ky=1.8x10" T exp (—4480/T) [cm3-mole-1-sec!]| ke=ks/Kps
6
(n
OH+H, (.—-; HyO+H | ky=2.2x10' exp (—2590/T) [cm?-mole~'+sec™!] ks=k1/Kn¢
8
(9)
OH+OHEH,O+0 ks=3.8%10% exp (—503/T) [cm?-mole~t-sec™1] kio=ko/Kps
1}
H+H+X=2H,+X kg=9.0x107 T~ [cm® mole-3.sec-!] kia=k /(Kps « RT)
12
13
H+OH+X;‘)H,O+X k;=8.4%10% T-2[cm® mole-3-sec~!] kuu=ki3/(Kpr - RT)
a9
H+O+X$OH+X kyg=1.0%x10" [cm®-mole~3.sec™!] kig=k1s/(Kpg+ RT)
i
O+0+X§Oz+x ky=1.05%10" T3 [cm® mole-3+sec!] kww=k17/(Kpo » RT)
09
H+0;+X ;HO:+X kyo=1.5x101% exp (+500/T) [cm®-mole~2+sec~!] kyo=k1s/(Kp1o+ RT)
en
HO3+H;=H;0+OH| k);=1.3x10'* exp (—11077/T) [cm3-mole~t+sec™!] | kag=ku/Kpn
22

Kp1=(Kpou)*/(Kpu, * Kpo,)

Kp:=Kpon+ Kpo/(Kpn- Kpo,)
Kps=Kpou+ Kpn/(Kpo * Kpm,)
Kp4=Kpll,o . KpH/(Kpou .
Kps=Kpmo « Kpo/(Kpo)?

R=1.9861x10"3 [Kcal-mole~!-K-1]

Kp1= KpH,O/(KpH * KPOH)
Kps=KpOIJ(KpH +Kpo)
Kp9=Kpo,/(Kpo)’

pHy) Kp10=Kpmo,/(Kpn * Kpo,)

Kﬁll=KpH,0 M KpOH/(KpE()g .

K pll,)

Kps=Kzall,/(Kpll)2
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Fig.7 (a) Experimental and theoretical oscillations of bubble radius. Average radius is
used as the experimental value. p,.. assumes a triangular-type profile.
(b) Calculated temporal behaviors of bubble and liquid pressure fields.
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Fig. 8 Effect of initial radius on bubble explosion (calculated).

(a) History of radius.

(b) Bubble pressure and liquid pressure at r=50mm.

0GUEMINL, RS CROMEANOEIZLS, —F
HkhoEH L BROBMABIZEAL, LB »6
r=50mm (r/Ro=10) 75}l KCiIM4EEN
EAERANBOAD, it r=50mmBhit =5
KRoErbNE, BRAMEECEBIAD L E
BHELTVW3, HBRCHE, - L ERoKMERIzE
SOMEBTRBEES (7.55F) BESRBRIZL -
TELSEHEANANMDZOT, RRTHABIALL

SEHBREIN REECEZNTHA S,

Rie 5EREICH 5 3HERER A Fig. 8 ol &
%5, Fig 8(a) ixp@EoBRIIEL, Fig. 8(0) ix&EA
EAH () & r=50mmicid 58 hEH (B
ORMTE T, HETHACSARSRES CHEALE

Kégyd Kayaku, Vol.44, No.1, 1983

B b iBRiCRENATVWS, Re=2mm DB 4L,

S 200psec LEE<, EANLER LEGR N
9 HICRERICES 5 O TRUMERIIMIC TR E i
5. LZAHTHETIAT0% Ar+30% (2H,+0;) 7
LR NBERBN R/Ry=const. =0.610 L 2 R&x 5, &
ZANEROL S CHBEEISE { 25 LEBOME
BAhE L ZOFRENIESh {50 T, SR
el nd, —FH, K&E%KM Ro=5mm, 8mm
DBLERDI L, RELAKREVIRYEEHRMIZEL,
BERIIELE LTRBEROWRIKE 5.
BBAKE { 25 DREROFT 5 I A R BT e
T50Ic L, ARADBRRERFICEFAILTKE
BN THS. D Fig. 80) nENTLER

- 31 —



LIGIUDIGLYCERIN, Ryc5.0 Mn
2.0 120.
LI0JUBIGLYCERIN, R, 25.0 M Ar 0.9R: ¢ 0.7Rr ¢
1.8 : 0.1¢2H, 40, [  0.3¢2H,+0,)
- 169.0] I
-8 o
3 0.7R7+0.3(2H,+0,) ~
> o
& 1.4 w0
o t.2 Qo
g 1o Efeo
o ]
& 0.9Ar ¢0.1(2H, +0,) w
0 (3
2 0.8 a
o < 40.0
g 0.6 fle ‘&"
1.3nPA-f - =
el ; 20.0
0.2 e 800 © . ' ™ 1"
o o ] N 3 -
psEC JSEC - e e P A N
0-%% 0ee () 7] 13 20 %P5 0. Bo 6.4 0.0 5ee 0.0

TINE : T (NSEC)
(a)

TINE 1 t INSEC)
(b)

Fig.9 Effect of exothermicity on bubble explosion (calculated).

(a) History of radius.

(b) Bubble pressure and liquid pressure at r=50mm.
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Deformation of an oblate bubble in water under the influence

of sudden pressure rise and induced liquid flow 1m/sec.
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Shock Wave Propagation in Glycerin with Oxyhydrogen Bubbles

by Tatsuya HASEGAWA®* and Toshitaka FUJIWARA*

In order to simulate the detonation propagation in bubbled explosives,

shock

wave propagation in glycerin with 70% Ar+-30% (2H,; +0,) bubbles and associated

bubble behaviors were observed in a vertical shock tube.
once bubble explosion started, propagation

It was found that

continued, the amplitude and

propagation velocity of the shock wave increased, and the pressure profile changed

significantly.

On the other hand, there was a limit in such chain bubble explosions,

depending on the initial bubble radius. Theoretical analysis of bubble dynamics

containing realistic oxyhydrogen reactions showed an agreement with the observed

bubble behaviors, shock amplification and the existence of the limit in

detonation”.

“bubble

(*Department of Aeronautical Engineering, Nagoya University,
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