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Fig. 1 Effect of Height of Bulk Liquid on Bubble
Collapse (The Original Non-Dimensional
Velocity of Bubble Wall Is Zero)
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Fig.2 Effect of Original Velocity of Bubble
Wall on Bubble Collapse (£,=1000)

1.0 LSE e oo 0600
—o— 11=0.1000
0.8 =a— 1=0.1193
—— u=0.0600 o 1=0.1500
06_-—0—;1:0.1000 1'0-_°_ﬂ=0-2000
. —— p=0.1193 . —e—= 11=0.4000
04} —— [L=0.2000 —p— #;0.8000
—— 1=0.4000 0.5 =+ 11=1.0000
02k —~ #=0.6000
“l ~w— p=0.8000
—— u=1.0000 , . \
0 02 04 06 08 10 12 0™ 02 04 06 08 1.0 12

1 t
a YILEERATRBEEN 0

U

0 0.1 0.2 0.3 04 05

b LT RNTVREEEEN -1

3 oo
~a— 1=0.0600
" —o- p=0.1542
| 1=0.2000

P -

1\\\>‘
05 1.0 1

S5 20 25

1 Il i 1

0 05 10 L5 2.0 0

¢ VHERRTREEZEN 1

B3 SHLEER 4 B T e X SRR (hy =1000)
Fig. 3 Effect of Original Velocity Direction of Bubble Wall on Bubble Collapse



WA . AREEBIRPRBERGS W 89

LSRR KB, BRESIERE
WRE, AHSHEERAGRE 5o,

31 HESERYE

LUK T RIBRERB. B 1 AESHER .
SIPBERIIAHEEE . MAREE . WA EN T 2HE
MEAGT, TRNBEE h SIEHBRN LR
NinF p HAHTESER ., AE 1R, HARHFE
— AN o TE ho B8/ T 1 B ST SRR B
ETW, BEE ho R, R 3, SEER
SRE; TE ho BEKHIRHE, STSINBERERIE AR
BE, LUAKBERILHE. AE1TR, 7
TR TR HEA2H9 100 507, BIKTTABIER
THFB, BT E T SIEHREAZ RN
32 KRigeEusEEr®m

SR 1R 18 B A /N R ) %A S
WREKRMZWE, WE 275, FEESIEEE
EEAENE R, SEEALBER, HYyBg
B, BESHBEMREERNEA, SRR
ENFREHRBR, SIERFHBRE.

B 3 AHTTE h=1000, KHEELEFYIME
HESFIA 0, 1. -1 AR R, E BER A7
HRFR, SHIEERIIRTEE 7 0 IS MR L
HR 0.1192, SHVBER) 4R B A T B Y S I iR
R wfH7 0.1743, SHLEERILGHE N IER S
WEREINE R w0 (R 0.1542 , SIMEEYILAEE R 0 B,
KA FHBRENRE, KEFABEHBRE, K
RN TENNE 1.0 £4; SHEEEMEE
ERfat, BISHEARWREEAERER, i
BRAGHE, BRI RPN E 7 0.4 FiHE;
LS HETREE N EN SRR SE, Sl
BB TENNRZE 2.1 £4,

3.3 RRERMNTE

BEREWERNSEBERAFEEENY
MeI( 4). P 4 AT, BEE AR T 1 A,
SHBBMIER R, SHHERAS
BERE., HOBREE A EIMEER AR, SaRT
ZHMEHNER, SEEASEY, SHEEHNT
HERIZ, SHELFAREHRE, SEHHE
BEEWHE,

34 BEEEHIRME

ME S ATLVEY, BEEBRERKEM, |

HWEAGER, SUEENERTEEERRS

BEFEFRFERERR ., ERERE—ENE

0.281

0.24

3 0.20F

0.16

.12 L ! 1
0 0 1 2 3

p
B4 RS xS RBER A
Fig. 4 Effect of Pressure at Liquid Interface on
Bubble Collapse

FN N

0.6

04
E}

0.2}

0 i ,2, 3
Bs BEEENTHEBERGER
Fig. 5 Effect of Liquid Density on Bubble Collapse
OUT . WIREEBEBR, ST Z M E R,
SHMER SRR Wil EIMEE SRR EE
X EFER AR, HERETR
HEERENES, EEATAREHRE, &
(i AR(2L N

4 LRSS

Bogoyavlenskiy"|Z B FE /1 MR K G
ERNL T OS5 TR SA p By F R SRiE BT
SIESHEBHAER, SERREERINT

L. (19)

8 PRV,
ERPESRF VL TFIEFBERERE, M5

FARHRBRE, FFERQ0). QDEF, £3E
FHEMERE PSR, E£Z2BSHEEREK
1. BRSIEREIREE R 0 FIARHT, EE
J1A po B 18 SR HE T Oy
H#'<0.119

L

(20-1)
, H
= (20-2)
g Ro\p Py
RIXGERFRTRERE . SBVHREKE
B. BERE. SERrESYmEE, 83
TRIEBREER M. ZEEMTBRKE(he>100).




90 % h L@

Vol. 27. No. 1(S1). 2006

VIS HER 0.0004mERIER Y, S

AR 0 S&HT, KIEBRENIER&GR
H

—— 1)

R,pp,
RARQOML, AIUES, AXHRERS

SCHR[3 A A .

5 & #

ARG EHIBRAKE . Bty
Ml . ARRBE R . REER . MBS
AR MBS R E, RO T
LI E X BRI R AR, BB
THiL:

(DREEBRIAR BRI, SHUEA SR,
YBAREA TR 100 FLLER, A
AR T T R

QREE SR A, EER S
BB SIBEERIIA B R TT A S B E
B, HRMBERIIREEE N O B, SIEALT AR
RERRS, RUAESER. TWEFMRK
45 B B I B B R

(OE Rl ZEol ol €rudi:ain a1 153
RBCATGE; TYSEAMREIKEER, <
TR (R

p'<01192, y4'=

YRR A 5 B

Hex:

r: SHER. m

R: SHERAER

v WAEEE. m/s

o MEHHERE, Pas

t: HT“EJ- S

E: TESMEBIEE

p: E®&. Pa

p: WAEHE, kg/m’
Oprs O » Oy + RN TEME AR LT R 6. ¢)
BERM 1. Pa

hy: ﬂiﬁﬁlﬁ. m

Ry: SHFHERE, m

po: W LAFEEIR, Pa

Vo: SHBEMIIRZEIEE ., s

BEH:

[1] Rayleigh L. On the Pressure Developed in a Liquid dur-
ing the Collapse of a Spherical Cavity[J]. Phil. Mag,
1917, 34: 94 ~ 98.

[2] Plesset M S. The Dynamics of Cavitation Bubbles[J]. J
Appl Mech, 1949, 16: 228 ~ 231.

[3] Bogoyavlenskiy V A. Differential Criterion of a Bubble
Collapse in Viscous Liquids[J]. Physical Review E,
1999, 60(1): 504 ~ 508.

[4] Wang X F, Xiong A K. Advanced Fluid Mechanics[M].
Wu Han: Huazhong Science and Technology University
Press, 2003, 211.

@R RTEERM A E A,

Parametric Study on Bubble Collapse in the Finite Depth Liquid

XU Cheng-jie!, BAIBo-feng', WANG Xian-yuan®, LIU Hong-yun®

(1. State Key Lab of Multiphase Flow in Power Engineering, Xi’an Jiaotong University. 710049, China;
2. Research Institute of Nuclear Power Operation, Wuhan, 430074, China)

Abstract: Based on an improved mathematical physical model of bubble collapse in the finite depth of

liquid caused by an initial bubble wall motion, the effect of fluid viscosity, initial bubble wall motion, height
of bulk liquid, ambient hydrostatic pressure and the liquid density on the bubble collapse are investigated.
The numerically calculated solutions show that the bubble collapse criterion has close relationships with
these factors. With the increase of the liquid depth, the bubble is apt to collapse in advance. In addition, the
height of liquid affects hardly the criteria of bubble collapse if it is 100 times more than the initial radius of
the bubble, which can be considered as the bubble staying in the infinite depth of liquid. It is difficult for the
bubble to collapse if the initial bubble wall velocity is of Om/s. On the contrary, it is easy for the bubble to
collapse easily if the bubble wall has the initial shrinkage velocity. With the increase of absolutely velocity of
the bubble wall, ambient hydrostatic pressure, or density of liquid, the bubble is also apt to collapse in ad-

vance.
Key words: Bubble, Collapse, Kinetic energy of bubble, Physical model
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Nonlinear Characteristics of Two-Phase Natural
Circulation and Its Experimental Investigation

LIU Xiao-jing', KUANG Bo !, CHEN Hong?, XU Ji-jun',
WANG Tao®, SUN De-xiang®, JIANG Xu-lun?

(1. Department of Nuclear Science and System Engineering, Shanghai Jiaotong University, 200030. China; 2. Shandong Nuclear
Power Co. Ltd, Yantai, Shandong, 264000, China; 3. National Key Laboratory of Bubble Physics & Natural
Circulation, Nuclear Power Institute of China, Chengdu, 610041, China)

Abstract: Based on experimental investigation and bifurcation analysis on two-phase natural circulation

system, certain nonlinear mechanisms of the system, especially static bifurcation features and hysteresis
effect, are verified and discussed in this paper. Study of time series of the dynamic parameters is carried out
in both time and frequency domains, with boiling eruption induced relaxation instability mechanism under
certain conditions being suggested and investigated. Further, through the phase space reconstruction of
relating time series and fractal analysis, discussion to nonlinear evolution of the system with varying heating
power is delivered.

Key words: Two-phase natural circulation, Static bifurcation, Boiling eruption, Relaxation instability
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distribution and surface evaporation effect, an evaporation drag model for one high temperature particle
moving inside coolant is proposed based on the analysis of acting forces on the particle. It is theoretically
indicated that the thickness of the vapor film has great effects on the drag force. In the beginning of vapor
film growing, the evaporation drag is always much larger than that in general conditions except the relative
velocity is very high. The calculation results prove that unless the initial film thickness or the relative velocity
is very large, the inner evaporation drag should be taken into account at high temperature conditions.

Key words: High-temperature particles, Evaporation drag, Model
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