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Bubble Formation from Single Nozzles in Liquid Metals

Masamichi SANO and Kazumi MORI

Synopsis:

Studies have been made on the formation of bubbles in mercury and in liquid silver by using the
single nozzle facing upward. Nozzles used in the experiments are of the sizes 0°22~0'82cm in O. D.
and 0°10~0°'30cm in I. D. The gas chamber volume V. and the gas flow rate Vg are varied from
0'15 to 200cc and from 0-0167 to 70cc/sec, respectively. The size of bubbles is determined from the
frequency of bubble formation and the gas flow rate.

A table is presented to show the effects of V¢ and Vy on the size of bubbles. The size of bubbles
found experimentally is compared with that calculated from theoretical or experimental equations
obtained for wetted nozzles. The experimental values of bubble size do not agree with the values
calculated using the inner diameter of the nozzle. On the other hand, when the non-wettability of
the nozzles in liquid metals is taken into account and the outer diameters are adopted as the nozzle
diameters in the equations, a close agreement between the experimental and the calculated results is
obtained. Thus, it is shown that the quantitative estimation of the size of bubbles from a single no-
zzle in liquid metals is possible.

(Received July 4, 1973)
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Table 1. Size of bubbles formed from wetted nozzles in water and organic liquids.
mm:::"%“ (I} Low gas flow rate ‘IZQIS’ ransitional | (1) Intermediate gas flow rate (IL) High gas flow rate
(A) Small MNe<l, £<100 bubbles/min Davidson, Schiiler” Leibsonw, Re >10*
hamb W v d,=1381 (15"/g") (6) 005
gos chamber pqier™ o= (64 0 4pg ) = du (2) des=071 Re (1o
volume applied to

Siemes™' d, = I'68 {d du/dPg " (3)

V>S5 cc/sec, m=00334cm, d =72 7dyne/em|
Ve>05 csec, 7 =00334cm, o =27 | dynefem|

Davidson, Amick"'

gy =054 (14 di™ (7 (m
obtuined for

028<Vydin> <141

Tadaki', Ny >16
Gow (4pg 10 du)=1 T30N,’

Me<]

9)
Kurmnar, Kuloor'

Mersmcm' dS-[(3dd,.l/Apg)+{(9d2dn./Apg +/((l/qa’/g)j:| (8)
Tadaki" (dd/APg) (6+25M) , M<IB (9)

volume

(8) Inter— |I<M<9, M<24 (Ae—1) The same equations as in the range
mediate gos | Tadaki" ce=(60 dutpg PN (4) (1)-{A).

chamber

volume Eq. (18) may be applied to this range by substituting du for dh and Az for Af

(C) Large | Me>9, Mu<1B The same equations as in the range
gas chamber Tudukl'" Goa= 38 (6 duildpg )V, {5) w[)— (A).

Eq. (19) may be applied to this range by substituting du for Gh.
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Fig. 6. Formation of gas bubble at the tip of a
thick-walled nozzle with sharp edges.
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BoTs. BlEXb, 90°< @ <180° TiX, P oD
MEANE (Pess Pos) ZIFDTZ &b 5.

Poy=Pes s 55’%#031

dni/dno= sin @ coveeemiin L (12)
T, ZDEE Pn X

Pi=Py+Ppg+4gsing [dyy ---oevvereeeennn(13)
Thb. HiT, Pu<Peps DLEII

Pon=Py+ Ppg+4a/dng--emremereroeeenennne (14)
Lish. ‘

ZZCHEE (1)-(B) TERT ARMORE X2 HH
HHCRD B 72, DEFDZEEFEETHWE (1)FX
HERFZ RV T/ VA7 LTV S O RIR BT
BOERIC BRTEBRTES. (2)RABEELL
BOFIEDOERIAMITIR I 50T, FOMICHIT 5%
K[REPLBRE~ND T ARMARTERTE 5. (3)BK
FLRBOENNZELL, LDHITHE P(=P,+Pyy)
wixoreE, EOKRBME UTHHT 5.

lEDEELD, & (1)-(B) tkiF5KBOAE

* RE()~(3)0R YR, LRI OEREEROBBTRIN
T3,

SREARTE LD
VB={Vch—Vc(Po"l‘Phs)}/(Pﬂ"'Phs) """ (15)

4-2.2 |RICH Ne DEIE
BRAEFHCHE T 2 Mk Ne 1T (15) XTS5 %5

N Ve & (2') XKCELZLNBKIRE s L OVEE

INHXIEEF Vem DL E LTEESIND. LioH

DT, &KKIEE Pn BUNRATEZLLNEEE,

Vg  4V.dpgsiné

Nt = - e (16
¢ VBM denidno(P0+Phs) ( )
(1)K TE L LB EES, .
Vs 4V.dpg
NH= = c R LRI 17
S Vs wdng?(Pot Prg) an
EirB.
(16)x X v,
dg dg ,
- S NS e (4
dBM (60‘dn0/4pg)l/3 JV(:,l 3 (4 )
¥/, (1K xb,
dg dg "
= - Y
day  (6odno/dpgyin e (4%
218 %.

4-2-3 HEFR{E L ER{ED K

Fig. 7 WRAKBIZHOWT / AV EEBLT b3 & &
DR[RBWOKRE TN THEREOHE LR L. Hdmc
PRERI L 7250E de & (2)RNTE L BN 5 KIAE dem
DteE & 0, fEECE NS, N'' & &-o7-. Fig. 61T
TRENTVWBERA 0 BEOEMA L IR, K
HETH D, N OFERESWTIE sing =1 2§
E L. EFIIFHEET, N/ <1, N''<1 ofific>
WTR(2DRIT XD, LN <9, 1<N,' <9 DFsfic
DVTIE(4"), (4" R X VEHBE L. NS>9, N,

L Mercury Ranges (I)-(A) and (1)-(B)
NN b T

10} © ¢ (025cm O'l3cm

L a 4 Q082 o7

Calculated from Egs. (2}, (4’) and (5")

----- Observed

OO0l ol 0 10
N {sine=1) or M.
dpym : Bubbe diameter calculated from Eq. (2')

Fig. 7. Relation between dp/dgym and Ng'(sinf=1)
or N¢'.

* @E(])-(A) TR, Ve BNIVOT (15 X Ve »b54

Shagic@ #h (=Vedpg) BTAIXEGL EFENCL %

B (=nduao) & DNV, KHIMBITEE, 35y

ﬁ?l” (2) KTEALNARAOKRE 3= (VBu) IT7is - Tl
5.
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>9 OFFEI D>V TIE, (5)RICEWT/ XNVHER2H
BCLExI (5") R

dp av=3'8(0dno/Apg)t/® -+--eoe
WEXYEE L

dg/dgm & N, N'' OBERIE, (47, (4"MR»5H
b3 X5, /ZANVCREBFRTRTRER By
Fig. 7 WL X 5, dp/dem & N OBk (@,
AED) X2 IAVFRIEKRE LTWw 5. ik, SAEE
Pn BRTHEN Fig. 6 D6DRBETHB EEELT
N BN TWEBED, FORESKISLOTWEWT &
ERTLDTHS. —F,ds/dsm & N DB% (OFN,
AED) W AVBIRIBMEFE LTV, LihB2T, &
FERGEMETIE N 2 IPEK Fig. 6 0 4DEET
TRWEE P T E{RE L2 T EDBEBRICK DT T
W ZEAbrd. ik, EREIHEMX DETFAER
TFRTWEH, Zhit sing =1 ZEELI-DEE
xbhs.

Fig. 8121, BARMRIC DWW T DEREE R4 R L. Fig.
TTRLIEXSTKIBZOWTREN' LB itk
T, BREILSEHTE0T, SOBERMBOSESIIHE
VT Ne'(sin@ =1) @Bk ot Efux Fig. 7 &
FUSHEETH . Fig. 807 o v MiE s ZEDBHE
dno=0'22~0"82cm, PNEE dni=0"13~0-30cm ir-ou
TOERT, MprSbhb X5 de/dem & N, OB
B AVBEBEELTHWERWY. T2hp b, BRigED
HED Fig. 6 D4DMETRABELZTTIDEVX
5. Lal, N Z2ElET2LEC BREBFHELT
B 5 ONERE L0545 (OF), EBRERsta
EEIFFTRLD. ZNRBLAERNSESETHE L
EERLAL»DIcicdTHD. Tinbb, BREOEVWID
BIPPNDEL[EL VIFNOERE (7 )iz 7 2564
SNE5E, BEERCXEBRELES. Lo
T BIRRERVTRE, (DRI >FDX5LERT S
BERES.

e (51)

Liquid silver Ranges (I)-(A) and (1)-(B)
Gno=022 ~082cm, du=0'13 ~030cm

10 - owith }c'orrecﬁon for temperature distribution
sWithout! in gas chamber

Caleulated from Egs. (27, (4°), (51
------ Observed

s Py
et <

k2
1Ot 2T

2 s PR | e L PR | n PRI |
ool ol 10 10
N, (sine=1)

dgm : Bubble diameter calculated from Eq. (29
Fig. 8. Relation between dy/dgy and Ne'(singd=1).

VaTa [Tl (P (Pt Pr)}/

(PytPyg) oveeemeemee i (151)
ZZTT, T BBDOKDERE, [UBOEETHS.
L7chs2TC, N iRAKLR 5.

| 4TBRﬂV°u/T)dm47w]Apgﬂne
Nc - 7'i'dnidno (P0+Pl1s)

FRD 7 ZADIRESZH, FOIRESHCELVD
DEL, Teg=1273°K L LC(6)Ric X {BEBEL
7o Ne' & dp/dem DBfE% Fig. 8 1w OFICH L7
COEE, EREEBEMEC» L VES E2TWS. L
L, EREDC oy McAWS N #3ET 3 - X,
sind =1 ZNELTWS 7D, EBRET SFEEOLR
CFNBRTTH52, BRBOBSIREFTEL EHR
EREFRECERICcThTWS. ZoRERFAE LClRiaeE
HIEDIRENR—EHE X 505, HMMITEATS 5.
4-3 $EE (IO)

(o7 AHEB T, Fig. 1(d) wRTERSCLY
EREITL DOk, ZOPEOMEOREREL, (1)DH
AMBBICHTIED5 L (C)DIERITHEY L, Bhss
LTRBORE ITHETIEEATSH D25, WED(]I)
DHAMBIBTRAGE Lok ST/ AVBFIC BT DE
NERBPREVD, BREONBRILIBREL LTHY
Twicv. bbb, (1)DOFAREH T, » vk
DAKTHXTMWORETR, (1)OFRFEBTEEX
NhBEREARCIEERTH 5.

(D)o AT RAMEIRCE T DEREHE LTI, FRE
= 5~30cc/ sec T, FINFEALEE X 15~35bubbles/
sec THo7c.

Photo. 11T, fEIR(I)icKiF 5/ AANDEHZT(LD
VR L. SUBARO 1 BEEXE 2 7+ EiE
KNELTWS. ZOBPEOKIFEESEEIZ 17 1bubb-
les/sec TH 5.

Fig. 92, K BZ2W T/ AVBEELIBAELSD
SME dp EHAPRE Ve OBMRERLA. BXY, &
BER AVARCITERRTHD, / XUEEED
CRELRDTEPbr 5. Fig. 9 121k, Davipson,
ScaULER DT, ((6)x), X Davipson, AMICK @
EERA T/ AAMERIMER Lok

dB=0'54(ngno°'5)°'28° ( 7 ')
WEBETEELRBRICAR L. Fig. 9k, BRsEEL
KGR, AR L CRMEELIER R st drh
BT, S ZANRCHTEINEENRED E Y HDBENF

- (16")

*oonik (1) oXFxmBEiIcK 5 A, Wked s 2 <o
MhEDBENCL2 b OTHB.
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356 % & &
10
" Mercury Range (I)
Cro £
M O 0B2cm Oi7cm
8 049 026
- e 026 015 -
E ror 0B 082
": | / =T L cm
€ | % 049
026
—————— Eq. (8)
3 Eq. (7
o} 1 1 o 1 A 1 )
2 10 100

V, (cc/sec)

Fig. 9. Effect of gas flow rate on the size of bubb-

les for various nozzle diameters.

50m sec/div, 0-2 V/div
Mercury, dno=0'82cm, dpj=0"17cm,
Vg=7"1 cc/sec, f=17"1 bubbles/sec, dg=0"926cm

Photo. 1. Variation of pressure in gas train

during bubble formation.

ATEEVE 0-0167cc/ sec H> & 30cc/ sec FTHE{L X B 7.

#E, [ Davipson, Amick ORI X Dﬁfﬁlt’%%
WETE 3 Lbhr5. '
4-4 FE(I)-IID-(A)

22T, (DI H2AFERE FOMDE
B AR (GEH(]) - (1)) 2&5LE(1)-(1) %
2B

(D)FXC(D) - (1) 0FEE TR, £RT55EOK
EXRPBLASAROFE R BT 5720, Fig. 1(c) iR
TLOCEEDOEPCEWEEZ AN, ER/ERTRLERX
TEEL N, (sin g =1) ¢ 1 UTFic LCERB T o7 #

10 iz, KERCOWT/ AVEERZELRD, @
DHEDOLKIE L FARBOBHRER Lie. EAKKiX
S ZXNEFELE LTHESR & oBEEa80 MErsMaAN DR,
130dn 9o2d, 2 Vgtdp, \1/2) 1/3 )
| dpg +{ dorgr K gg } = (87)
X AFHEEERERTR LA (8") R 5EHKK
(L) D H A ERTHEES (7)) R AK—FT 5
X5k K=10 X L. Fig.10 Xb, & (1)-(1)-
(A&, ERIET (8') R X 35tEBIEE—

Fig.

dp=

- Mercury Range (I)-(L)-(A)
O o © o Ono=082cm dy=0'17cm T
ol@ & & & g,=026cm g;=017cm ooodfﬁé%‘i/
! Eq. (8") O oo 1 _ans®
= . ©.6p 00 o005 g ad27l
£ F——038—3——¢—v0* 0_£ 00 A n B8 2 :
[S]
~ 4 a R 4 s A a4 A4k M :
¥ 0) ! ] i I
(1) ; > (1) (m)— e (I)
|
@ (1) . (1)-(T) > (1) ———
i ]
O.I L 1 ) 1 1 L 1 1 : 1 1 X 1 L 1 1
00l (o} 1'0 10
Vq (CC/SEC)
N (sine=t) N, (sine =) Piping Apparatus
O | large large [Gas supply system—nozzle Fig. 1 (d)
0195 0613 |Gas supply system— capillary=nozzle| Fig.! (c)
e | 0195 | & | 0613 |Syringe—capillary—=nozzle Fig. t {c)
Fig. 10. Effect of gas flow rate on the size of bubbles.
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HT D bbb ik, BEFR,LL S XV 71275:
EEHST 5EE (Fig. 1(d)) TR, Vg<3cc/secik
B E, EERE (O, A X (8') R XBFEMEX
DREL LTS, Eiz, ZDEEDEE Ve<lee/
sec TiE, R[EBAERC EXIEENOENERCID, £
WEmEItO< /X~ 2BEBHLTC, MEEZRETER
ot ThHDZE XD, EMAIT D ICHE - T, Fig.
1(d) ERTEETIERRONBERBPEL[EL LTH
EIRD DL T L5,

Fig. 10 2V T, EEFSIC (8") RNtk 55E
HE» BHETT 5 L, S[UREBRTAKEORE2ZU T,
BIF—F L AR HHEIE, OO dye=0'82cm Tlik
Mg Vg<0-dcc/sec C, @D dno=0'26cm TIIKIE Vg
<0-2cc/sec ThHdH. ok, [UBFEEMHEEIL dno=0-82
cm, Vg=0-4cc/sec DAL 44 bubbles/sec, dp,=
0:26cm, Vg=02cc/sec DFETE 6°8 bubbles/sec ¢
otz DEkXb, AEROES, [BEIZ, 7 IVvE
k2T AR LM, 54 bubbles/sec LT TR AR
MBI I DOTEILET, —BELHBRTENTES.
4-5 @A (I)-1)-(B)

ZOFMEATIE, BRI OWTERZTR oK. HiF
(I)-(D)-(A)LFR coFEATH(I)FIT(I) -
(I) O#FARBEIKTWIE Fig. I(c) R T EBHEEZHA
7o BREBRRIKBOBELITEFRCTH 525, BE
BMEHD N' 1% 2°34 o7 (1) OFRBEET
V¥, Fig. 1(d) @RTEEEZHAV AR ERR

DIRETH S 1000°C icia®H LT, 0°025~70cc/sec ¢
Hof.

BRIBRIC DWW TS DR ARBE &V X iiED BkE
Fig. 11 @R L7z WX Y, Vg>10ce/ sec TiX, KEED
BE LR EBRED (8) Ric X 5HEEEE—
THZENDIrS. L L, EREIZ, Vg<l0cc/sec T
13 (8) RITXBFEMEXOVRELRD, XK V<l
cc/sec TRAAMECEBARIITTF—ERED>TWS.
8, Vg=1lcc/sec T, [IMHLESEEX 45 bubble/ sec
THot ' '

Ve<lOcc/sec THE, ERENPBKEOHE R ML
72 (8") R X BFHEMEI—KRLEVWZELD, BLAS
DEBEREBTHVEDDLZ b5, (8" Rix
Ve=0 0 & Xiti3(2NR—%T5%. (2)KRORDIC
BELXEVPRBOKE SICHELXETHA (1)-(B) T
Bohik (4) REAVEE, (8) RNE-FDEdK

TIN5
3od (' 9a2dpyot Va2d,\1/2)1/8
d =.’ Do Ari no” aArrzy g8 no) }
BT dpg Q dpzgr ¢ * g

ceerree (18)
N/=2-34(sing =1) % (18)7 (K=10) it A LT
FHHELAKRE dp & Fig. 1l WgiRcrli. (18)
Rk BEEMEIX (8') Rk 5ETEM X v EREILE
{IEDTW5ED, DILHERMBELIET/NIEV. Zhi
Rl CAEmRv, &6ER (1)-(B) oXKEBBER (Fig. 8) T3
A L. '

40r Liquid silver {1000°C) Range (I)-(1)-(B)
o © e 4,=025cm dy=015cm
B Eq. (8')
| B Eq. (18) M
o 10 3 o]
© T d eee s em®a, ¢o © 000__1_)_00@—'2’00
(1) (m)
02 Il : Ll L
002 (o] 80
Vo {cC/sec) at | 000°C ’
N (sins=1) Piping Apparatus
large |Gas supply system—s=nozzle Fig. 1 (d)
© | 234 | Gas supply system—scapillary-=nozzie| Fig. | (c)
234 | Syringe—>capillary—=nozzle Fig. | (c)
Fig. 11. Effect of gas flow rate on the size of bubbles.
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% 60 4 (1974) ®3 =

4.6 Zoft
4-6-1 Zoftho ¥k }
A (1)-(C), (I)-(I)-(C) Tk, EKRERFH
(Ne'>9) BREWED, |{HOKBLERY S5 5BLAHK A
AR Vs ((15)R) BAEVE, K[EANDHT IDFHA
CRERM D H B, SHRIEXERKE Ve O0BHo 1@
OR/MTIL L, BEOKEK SR TETEM. 20
B8, fIOKEBHERLTH 5, 2EFORBMBLERT S
ETCOBRENENO LERHIL 5T, ZoFED
KDL, MRS IEECEI W, THbbE
HLBEORMEDEDICHBENT ESL ), AEBT
KB DOFRESAEOBIEIXRARETH D7
TH(1-(C) iIz2o2WnTlE, WEETHRRTERZ L
PHHWELT, / XVEHT 5BOENELZERE LT,
(5)RE BT 5B/ AVARE SMRICE 2 2FHD (5")
RRBREBOBEGO[NFOHBCERATEL DL
#z25. @A (1)-(1)-(C) wowvTix, #HE (I)-
(I)-(B) LFEMICLT, Ve=0 THiE (1)-(C) @
(5K —F+5 X5, Mersman D= ((8)R) %
TRT5E, (19KRDX Sk, chXyQmEssk
DEZENBTES.
o2dy?

3-8%  gdy, ( 3-83 2
dp— . .
B { 2 dpg + ( 2 ) dp2g?

N —
g

)

DER, (L)DHAMEK T, FAOMNIOENIT
XD2ENZEHBEL, IHIRF AR AV VEPITR
B D2TASEDT, 7 XNH OENEALOBE Eo 5
I, [ERESHELZHIETERV. LS oT, Eiée
Boge, oKk T 3AmE0RAzEET, ¥
HBTHR LN Lusson 529, ARSI OFEEBRRNZEA
BEDZEZRV. £ThsoRkeksF s 2 IAVFEE, Th

ETOEENSHRTHE WELY L ORTHIER B
W, IERERVE 2 Xouvd LT DO REE, [l

LEME LTHLENSEOS BB T T UE
HaH5.

4-6-2 FEDOERICOWT

—RICBH LA 3RO RITRBEEN 2 ~ 3
mmBLFTIEERIK, 2~ 3 mm 510 mm &R T3
AR, 10mmBl BTl 7/ akic s 2 ERg T
V5.

FEBRICE T 54AERKBOERIE4 mm 55 14mm
THDH2D, / ANVKAAFELTWS E EZ0LRMMOEIK
BRELRRLS ZLBRFRINS. Lbl, ZERT
WERE 2 E U TRAYERZ RO KR, £E8FA

B YARBEOHAT, [iBoXxE ICBAREL, &l
BRI AREREDE /T » — 2T HEAST Shvke. L
30T, ARTHRBOXE SIHE L TEKBORIK
BEBLELTHIWT EHbhD7.

5. & B

BREBRTE—/ XV I DERTLIARDOARE X%
FENICHEL S 5R%857-9, K8, BEisRiconv
T/ ANER, ERERH FARBEL LI, [iBFt
PEELAFARBELVKEORE Ikkdrz. Ak
HBRERERREL TV AMBR X > TEMICEILTS. &
M%fm%naokgém;¢rx@x®3@&&%@
L, WIBTKBERYE, /ArveEosTEkconTE
LRTWHEHR, ERAC L HFEME L AEROBR
I, WETL7c. TR, 7/ AnEh bk
ETE/ ZANVFEELTHER E2TWBDIAL, /X
BRI WIBRISBTHNEEZ LY, BToOBER
MEB T ETXDT, KBRS ETHLATWE RIS
MEBCHEATEDCEBHELIICEDE. ik, B
RERHE, FARMBOEBRIC I > TRABWOKRE I 2H)
FBCTERPD20H, FOX5RFHT > VWTH / AvE
DEDFEREZDHZ LR LT, KBREETEHE LN
AP ERATES D LRI

AR EO IR B AREMBREI 47 EELRE - 2
B EREDRN 2 F T 2b DT, LLTRHOESR
ELET. FAERMREZETT D H2D, ERTHN
SN YMREOCERHRRICEL EHILEZP L LT S.

fi E=3

(1) #7414 20HFOMERR

W2ET, #@E(I)-(B), (I)-(C), (1)-(I)-
(B), (I)-(I)-(Cliz>nWTlE, /XnEFY 742
LTRSS R D Z L2 L. Y 74
AL DWTRAELTIXERREZEM LIzDT, T T
a5,

#E (1)-(B) :

JZADBE, (I)OFAFEB TRELETOEE >
ZIY, [EBRKEODRIE—ERETH ABRBINE 0
XL, Y74 20HE, BEREOFEEZZT, K
A~DH AMAEEIRBORIR E & HiTEbLT 5.
BRENTHREL LW(B)DEKTIE, RIBOEEE
LD BRENOENDE L L, il mIEs
BHTHD. TOBEBFORBERTFLIEVW OB 5
2322, FHOKE I RHECEFETCELVWDT, &
T TIIERET 5.
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&P (1)-(C)
LRENEFHIC REL RSB L, [UBLR I ESER
ENOENEIT T LAYEBHTES LSS, D
BE, BRENOENEI—EFRh55, [EROE
NERBDERE EDTEMT B 2D, [RIBA~DH A
OWMIAEERENT 5. —EENTOLBERE F 1T
W Dp g ), EREER S ) XLFHBELTWDS.
Lemson 5200, EXERRPIERIC KT VWEHET T,
K-ZERFZHA, F U741+ 2% 004~03cm iToW
TOEOERRELE TS

dp=0"29 dp'/2Re1/3 300<Re<<2 100 - (AD)
FEHE (1-(ID-(B)HXO(1)-(1)-(C)

(C)DERICHIET HBREAHTDH, [IBR~DH
AMAEE XL D BRERN~DOF AYEISEED HHEN &
LY, ERENOTENR—FLHEihiximns. L
AT, EE(I)-(1)-(B)RXO(I)-(I)-(Clicxt
LT, SWERANO T ZRAGEE &L EKRENOENHR
REICZEA(LT 5 & Lol e Fr 2@ Ui
N AQRTILON

DECTRTARSWORE, ELxOKEME, Bk
EDOWTITIRDEROBER I VIELhALLIOTHS.

1<N, <9, Nw<2 4(N.—1)

dg= (Gadni/Apg)l/aNcl/”'"""'-'-"-----------(A—2)
1<N, <9, 2:'4<Nw<16
dp=(0dn1/4pg) /(6 +2"5Nw)1/3 woooroeoe-(A3)

Ng>9, Nw<16 dg=3'8(odp;/dpg)/s ---(A4)
(2) #BgkEMv 7o PaTEL, PALODEERIT DWW T
PaTtrL, PaL X, %I 2>2WTAHE LI 2Zmm oY 7

1 2 (AER) »oRB2ERIEHEREZTRV, &
AWEEN 401 /hr 25 1131 /hr OFAT, K[BFX
9 2mm —ETHHEEHELTWS. EBRERD)
S¥iT 5 &, BRERFEMPERCAEVEHETCER
EFAEOTWABDT, PATEL BOERIEHEE(I)-(1)-
(AR EEZLNRE. ZOBEY, [WBRLREETS
Y T4 AFEROWTETO X S ERHS. Tihb
b, BEICENIC W/ ZVDBEEE, 2 ZickFEL
TWAHBRBDETE / ANVINEETABLZEnb s X
WANEERE DT ENTERN, PATEL 50D X 5 KiERIE
BEhitdwzx ) 74 22BW-8481E, 2 ot
B TEIONL VD, U 74 ZFEDL Y HR
RHATDH Y, LiadBo>TREELZINROMHEBER & Lk

AT DT ERRARETH 5.
] =
dp : [IE (cm)
dBav ¢ KAD ETEIGEFED (cm)

dem: (2)E7(2)RTE5 250 5K0EFE  (cm)

devs : [BMOKRER FHE (cm)
do: / ZNVEREFAY 74 5% (cm)
dnit 2 ZVRFEE LY 74 2F (cm)
dno : 7 XIUHE (em)
S RIeRAEE (bubble/ sec)
Fr: 70— P (=u?/dng) (=)
g EhINEE (cm/ sec?)
K :(8)Fm13(8YRizkiF 558 (=)

Ne: (R TEEINDEMRITNT # — & (=)
N' - (I6)RTCEHRSRSBEMETT/ T x —& (=)
N (IR TEESNDBEBRITT/T * — % (—)
Ny : $BIRIT/¥T # — & (=We-Fr-v5) (=)
P QUBNDET] (dyne/ cm?)
P, : £ FE (capillary pressure) (dyne/ cm?)
P : BREHO H ABKE~RHEWICRA Lz

BOERE LROOMOEMEES  (dyne/ cm?)
Prg: 7 ZOVHEHRIT 3513 B MKIE (dyne/ cm?)
Po : B KW (dyne/cm?)
Py : R&JE (dyne/ cm?)
Ps: 5 (=Py+ Prg) (dyne/ cm?)
ai: / XVRERERIEA Y 70 REFE (cm)
Re: vA4 7 W (=4w/ndnpg) (=)
T:BE (°K)
Ty : QIR (°K)
S XNWEREA ) T 1 ABRIED H AFE

(cm/ sec)
Ve SERTR (em?)
Ve : BREEM (em?)
Ve : 7 AMRE (cm?/ sec)
Vem: (2)F2R(2N)KXCcH5Ex 605
KRR (ems)
w HAEERE (g /sec)
We: o . —N—%t (=dau?py/a) (=)
dp : Witk L AR W% (g/ cm?)
o1 YRR (8/ cm?)
pe @ TAAKERE (g/cm- sec)
w1 ARG EE (g/ cm- sec)
6 :Fig. 6 ick\F HiEMA (degree)
¢ FEWEN (dyne/ cm)
X 73

1) D. PapamanTELOs, K. W. Lance, K. OKOHIRA,
and H. ScHENk: Met. Trans., 2(1971), p.3135

2) pl=, NIBZ=—, FAHIER, HEeHE: &
i, 58(1972), S 134
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