# 30 5% 6 4
2007 46 A

ERXFFRCAAMFIR)
Journal of Chongging University ( Natural Science Edition)

Vol.30 No.6
Jun. 2007

B2 :1000- 582X ( 2007 ) 06- 0044- 04
WKEMEF R ERTHRILLR

QI & W,B BB K

(ERXF THEBBHEHREN, K 400030)

B EAASRBYMUANKLBET TR AGEARPHEFEETT THANHERARL, 8
BREAN, URABEIRKRLEMET N, AT ALAKADIBRAT, ERRAPERGLBE S TARA

 RARE, RERIREAGLESE S TAAAGRBE; AARKRAIBEALT, ERRGLETRAA
HBH, mERPHUNRARAEE, SRENHLA TR AELBETRILAECHE ARTR
R, MR BE BARFELIABR D, RBELEBETARECEKRFPRELALARGHEIY R, M
S RARENRAGERPHUBEARRG YA, RARRAR, AR BEAR, LAHMHLE L2IA
P AERKRRBRE, FEAKR OLNLEEmER O RBLERKARER B ok, A S HABRLEE

O RREARR

KBIR AELWME; RALKERE,; TALLE

hE Y% %0359

EMRE T A =G, nE YR MEBF MR
B AR KA B R A K i B B e o R B
FESBRRBXMEARS RGBT Y, BR
1RZ TALN iR &dE 5 8, WA AT AR B 45
KRIEFEE, AHEEZINFEED TR -BE
HREEMZX ,FRIBEAEKMBEEEAIR SR, 5
REALNMREEHNSEEKRMBRE, X FHEREITH
AR Ay REBEREPHSR - BHEHERI L
REFVERFERAEENE N

WL BT TAEE X AN AT BAE Bl i
T TS, Vazquez &5 FIF 3 FR RIWR 7 B B 5T
TEASHEHAEKRARE, Han EOHRATIRES
HEEX R11 1 R113 ZJCiR AP 86 B BN
KM, Ho, 07 -9 ] FiE T # L lE+
BAANNS W A A K FN5E Bh B B TR I o

IR SCERER R AT X B ANFL DAL TE B AN S Y
ERUKESSRE, AT BRI A RERT
S AR L R AR SR FLE F WA B R, 42 3C
FAREREIOHEFHENFREABTEE D ASHE
B KB AT T AT AL S BT 52 o

WA E /A :2006-01-17,

Rk ERG: A

1 SEUSHE Rk ik

1l ALBREHNTIER, LR RS H TR/
BER AEEE HEREINTAREHAR . THRLEE
B ZE A G54, 5k A% B WA tLBE 3R )
B, AREEEAELETERBRKR, BOBALE
BY5 mm, HEHE 7 —BREKETHHEE (FFAN
BEHE) KENAR R L cn’, A DSP-2 HEH
SIEHEELL 50 mL RE 2T H[/ERSE, R
AR EHEN SN EHIIOME, ELAYES
EHEFEEERHSARE. TRASBERBIERE
BIR %30 cm x2 em x 1.8 cm,

L% v % A3 REDLAKE MotionXtra HG — 100K &
BEEEHEFAEAEE DA HAE KRBT
EAEOSWIBWHEL IR, Z S EEHE
ARG 20 000 i, REAE TR T A 1E R IRTE
ARKBEIBRPHBRAES. AHRELES, SHE
A EBRRAAERL FR—KPFEHAZE—KELK
MmE. BEBENSHEVNE, @il MotionCentral
B SE R AR R, B R B 4 3 A4 3
AT S, AT RIS S A K A B et

XL E: BR G RPHEREE VBN B (90410005,90510020) ; H F FBAFHH EHIMBE BRI B (H A F([2003]355 §30) ;
BEERE LR S A BT S (20050611004 ,

{EEB T M (1982-) B BRAEWMEARE, TENESIANFASRMERSBERR. KO(BKREN) . &, 88, 8¢
H: 50 ( Tel ) 023- 65102474 ; ( E-mail ) lqzx@ cqu, edu. cn,


http://www.cqvip.com

#oM

ELM,F: BRELBTETOALEKTHRLKE 45

L Bk A2 B SER 3. TP 4. TEAT R 5. AUE;
6. BHE ;7. B RIAIMIE 8. EH - 1000 [NJEAT
Bl XRRGTEE
LW HIR AT NN FE R BB HE
PTFE E4EHITER, PR ERR T /DM HEE
AR IS RN 8 U T R W T B AR
SHEBHF/D, HRABEAEE KRB LE
IR 5 oS, BB A T IE B B T AR K
AL RN, L S A B O B SIBR B AT

2 FRERSWR

2.1 R ESTNBKEMEEORE
2.1.1 TARARKRASHHERE

AL FENREETNRASER S, WE R
FBHEME BN BAE R O EBREBRNMS -
FHREL. TERAMEHAEENRTI R
0.7 mm#l 1.7 mm,[B]FE % 6 mm,

LR, ERHBEANBEEE LA (BHEAN
0.5 mn/s) , HEME LR BRFEBHAEE D, HIRE
WA 2 fiR. ME 2 RAfE L YiENKE EARE
WEE OB/ ES, RN 0.7 mm KEDE (HFRDE)
BEOAMS - BHFEEREE D, ZEA 0 ERikH
AZERE TR, BRENRZR 1.7 mm KEHE (F
FRRE) I DS - A B R AR, REZER
RFRERIRHATAE, R ET KEHARE, N
BRZANSEZE/MEHEABIRRE, R, N
BAABEEREFRTHENEAEN, ERR-TRKWE
ME B TR FRER SR/, K E R ik
B, ER/MIBAENBASUEEE ., X FRHB Tk
R AR NEMHENZILN TR, YHBREEER
A, HARFLE WA 1 S AR T R 18, W /DL &
FENE M T E8AER, AT IEBALRITE (LR o
2.1.2 ERAARKRD G LR

ERZWESHE N3 mL/min MER T, W4T
0.7 mm F 1.7 mm YEBESILEHENHRE
WMEHERIRIALNE 3 in, TREGEREH, Y
RENREERBEAEEON, HEAEEOHE

8 700 ms

o
9348 ms
E2 ZS&ERIINNKEAESEOS - RREEIHHR
WBARRRR IS, (HE/NE B N B B FLE B R
FRE, BEREET/NMNEHFARE, MAEMERNR
RERE, AT AEENSBRARKRIRE TR,
HFEEFEEE. YENAE KR e, — BB & &
NBMER SO, KB IR O B9 - B 5 Y il R
BRF/PEWRORNS - BAHFEHRER, X
BRSETR BRI, RESSSEENKREH S
/NEH TEHSER, BRIEESHA, B, 4%
LEFERTHE AL¥ERA KAWL THASUE
FEHERT SR By R FLHE D AR /LM A,

8941 ms 8 946 ms

B e T

9362 ms 9 588 ms

8338 ms

6324 ms 6 406 ms 8 155 ms 8 187 ms

B3 ASERIENKEAFTEOS - AAEIENER

2.1.3 L£mERBREGTAH

EE AT ok = RREG M E KR, IR
TR BAEE O #AT T KR, HFRA— T RES
HKLERENEN 1.7 mm HEAENHREARE
KB B E AR B E AT 75K, Lk
FEATUETS . B4 NERER, HFEEIRE
AFHFEEME, A E N NS IR RN ETHE
AR R T, 249 T ] B ¥ 35 A O 1 B, R K
ALERE B E N O SR E RO T O 4L, RS
S1b PR o4 2 A4 g 1 AL SRR I T UL 4 e, WA T 4
B fE N B EHEASE, AT RB AR E S H
HERKBE. B, ZEARENLERSEBRIE
i, MARR EELE ST RS REE

FAE

-7 &
T T T ¢

5___}
7 100 ms 7 760 ms 7 790 ms 7 810 ms

7 ms

B4 EHERMHENSBEKHER

2.2 SERBMNNKEREE D SREKA
B B P A Ry

AT HRARSAETREXT BAE RO MR
B R, LRRAEALR 1.7 mm E


http://www.cqvip.com

46 TAKFFHROAAMFR)

BB BN E , 8T SO TE S R A Bk
HEHASERNSERRE . LERERAXTBAEE
DA BB AR S R RN 5 fim. B
BRI BEE R R R, BN LY BREER
BEZ K, B AT I, AR B 5 | A B B
TIHPE R ER IR K, SRR EE
TR, B UEERBENEE DHEARELH
RS SRR I R TR E K N % 1k
A, T REE SR 3 K, S R RSN 7 3 R
R, TS A ot B8 SR8 T U il < O B ¥ KT
B/

5 0 15 20
Q,AmL . min™)
Hs5 SEREISaRENRE
ARSHERET, ABRUKEHAEE ILHE
(BRI MR 2)EKMEEZWMNEG6 -8
B, B sV, MV, 43RS 1 FS0E 2 B,
BT, A KRR B, ISR K E R
A% BREETE] 7 AR, 1 MAERKZEW
1, FAABRE/PNEZE AT, SN 2 A4 K E 0
MEZREEAEE D, KW 2 BEEHEE, <E
1 R 2 IR 3% KRG IR — A Bk Bl 2,
HFEFEEH TR 2 MR EHFERZEENRSER
SHRE A R N, A TSR IR SAGHEAE 1,5 1
R P [E s 7R B [ P, BB SR R TR R
BB, S 1 R BUOCRE R E, NTTEAT
— WA KRR EAIEAR R, Ei, KR ELE
RfLOASHAE RS EABRRWMEER W, E—fLO4
SRS SRR BOES L O A KW AL,
A5, A 6 -8 S 1 MR K R 5, &
SRR, S 1 MEREKEBHEZ K,
2.3 wiewE SR A KB R
L RAMNEBKEABENENRLYN 1.7 mm, 5
FRHSIWEN 20 mL/min, HEEFTEN 8. 76 x
107 m/s B, BB B O MAERMBEE SR 0E 9
Fimso HERTH, SBEREE/NT , EE W EBAE N
OAEESMERKRE, 3 B 5 MRS AR E &4
BEBIERESTHLREFRAHLARN, ERIERE L
BUNG, SRR RS R L A& RS T/, IR
BRI R sh e X EAE S O NSEE BRI,

V;2/mm?

2.0

L5}

V1/mm?

Bo6 SARA1 mL/min BSEEKBSE
T - 60

10}

0.5 —

130
{20

50
40

V2 fmm?

110

0 1 i i N J0
0.1 0.2 0.3 0.4 0.5

Tls

B7 SAEA 10 mL/min BSEEKSE

10T ; T 80
81 60
% :
< E - — 140 %
= 4l j B
2f 120
0t 0

0.1 0.2 0.3

T/

B8 SifilkX 20 mL/min B4 €K

PR AR
4 888 ms 4 898 ms 4919 ms 4 956 ms
e —— —_— ] . ; - 7
4 966 ms 4978 ms 4 988 ms 5 ms

B9 /MEERETSEMEKBEENR
LRIRFFIE KR 19.34 x 107 m/s B LR LS
RUNE 10 s i ERTH], FER IR R AR, SR
st AR B AE (FRVZEE) 3 O ML B B R 35
BN EHERBRINE, THT B OLME
AE (AR W O R OEERNZBEIE, I B R A wik
ERHEALEHRR . HIFE R & BT EMR,


http://www.cqvip.com

£ 6M B, ¥ RBEMETETH AL RTALEE 47

RHAEBEE OIS KMRE, Mﬁﬁ‘%ﬁffﬂg PSERN developments in the brewing industry using immovilized yeast
}_—Ej]]}&/]\,Mﬁ'ﬁ{fﬁ%bﬁﬁmyﬁwlﬁﬁﬁgﬁ)\éﬂgo A cell bioreactor systems[ J]. Inst Brew,1997 ,103.363-370.
W RS NREARET, 2727 O AN B RS W [2] KLEIN J,ROSENBERG M,MARKOS ]. Biotransformation of
ﬂéﬁ%ﬁﬁ%i&/\*ﬁ@ﬁ?iﬁ TR glucose to gluconic acid by Aspergillus niger-study of mass

transfer in an airlift bioreactorBiochem[ J]. Eng, 2002(10) .

P 197-205.
n | I ﬂ | I f | I f | I | I [3] PRAKASH A,MARGARITIS A,SAUDERS R C. High con-
M Y M M N

8902 ma 8927 ma 595 ma 8 965 me 5 975 me centrations ammonia removal by the cyanobacterium plec-

tonema boryanum in a photobioreactor system{ J]. Chem

M10 XB&RETSOMERBREER Eng,1999(77) :99-107.
3 4 iﬁ (4] BOLESJ R,CLARK J F,LEIFER I, et al. Temporal Varia-
- tion in natural methane seep rate due to tides, coil oil point
a1 ) S S ) B T A S area[ J]. Geophys Res,2000(11) ;27077-27086.
WA K B B DL R A B S AT T RIS 8 . ST [5] VAZQUEZ A, SANCHEZ R M. A look at th[re(; measure-
o sk B | v A U R A O 2 PTG ment techniques for bubble size determination[J]. Experi-

mental Thermal and Fluid Science,2005(30) :49-57.
[6] HAN CHOON LEE, JEONGBAE KIM, BYUNG DO OH,
et al. Single bubble growth in saturated pool boiling of binary

SURMSHEOLT , B R R B 4B oA R EE , T
R/ S TE ; 3K E BOTRMAGETE , 17K

BROVSEEIE ERSARSIER T, BR KM EN mixtures [ J ]. International Journal of Multiphase Flow,

B RN AR, A R/ SO R EE . SR 2004 (30) :697-710.

FRHIREEAN, SERRNKEAER AL (7] 208, 68, E8R, 5. TRERRBRES EFEERY

MW BRI, BRI B3 RSN B Z )N, SKEB ()] % SBRFEF R, 2003,37(9):971-

FHEMKEAEREERNBRRE SR EHENHEE I78.

AR ﬁﬁiﬁﬁﬁi , E\?@.Eﬁ»% A , /EM@B@ER% "2 (8] YOUICHI SHIMOMURA , TAKESHI NISHIMURA, HARUO

MU s SRR SRS SEHRE O ) B st oL 1], Jous of Vloaniogs v Goshrn

D%@Eﬁfﬂﬂ%%ﬁ@]imﬁlﬁﬁi& , AT S BT 8 £ Research, 2006 ( 155 :307-322.

ggg H E‘Jﬁ%@ﬁm%o [9] FAVELUKIS M,RAMON, ALBALAK. Bubble growth in vis-
% SOk : cous newtonian and non-newtonian liquids[ J]. Chemical En-

[1] MENSOUR N A, MARGARITIS A, BRIENS C L, et al. New gineering Journal, 199 (63) :149- 155.

Visual Experiments on Bubble Growth and Departure at the Open Tip of

Two Capillary Tubes Connected with a Gas Chamber

BAO Li-jiong, ZHU Xun, LIAO Qiang, SHI Yong

(Institute of Engineering Thermophysics, Chongqing University, Chongging 400030, China)
Abstract ; The bubble growth and departure at the open tip of two capillary tubes joined with a gas chamber was investi-
gated by using a high-speed video imaging system. The experimental results showed that the capillary tube with larger
size and hydrophilic property act as the liquid flow channel while the one with smaller size and hydrophobic property as
the gas flow channel when liquid submerged the tip of the two capillary tubes without internal gas flow. In contrast, the
larger capillary tube become a gas flow channel and the smaller one a liquid flow channel when liquid submerges the tip
of the two capillary tubes with internal gas flow. The bubble departure period significantly decreases and the bubble de-
parture diameter eeps in gentle increase with the increase of the flow rate of gas injected into the gas chamber. The liquid
flow rate in test section has a significant effect on the bubble growth and departure. A larger liquid flow rate led to a
higher bubble departure frequency and a larger bubble departure diameter. At a larger liquid flow rate, the bubble
growth and departure at the tip of the upstream capillary become faster, which result in the liquid return at the tip of the
downstream capillary tube.

Key words:two capillary tubes;bubble growth and departure ; visual experiment
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