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Abstract

Enrichment ratio of foam liquid and the properties of foam phase were studied, based
on an assumption that a foam drainage model is composed of capillaries representing
Plateau borders between foam bubbles,

As to the properties of form phase, liquid volume fraction of exit foam, &t, is related

to the average bubble diameter, d, the superficial gas velocity, G, and the foam height,
Z, by the equation

Et=aGd-2Z}
where @ is a constant which is determined by the experimental system and apparatus.

The experimental results are discussed and compared with published equation. And the
enrichment ratio of foam liquid, E is approximated with the equation

E=adGZ*
1 # 5

BEOEMNEFMABEO—2L L€, WESEHEREE, BEHIN TS, AEIHER, €EBA4
v, RAEEEDELENSEEBRATCREINS BR2FHATI0MBIETE 5, FOEMELT
MOLShceRNbfbnd, MOFETRAHE LS WIS ERERRCESNT, X OZREKLD
HHksz e, FELBRERER CHARNCKELREIRIZLTHI2D, BEENRREWE &
RETH D, BEANCREIBLIREA~RAGTEDELARE T EER, R 0RL, [EXER
HDoOBERETRETFEHCET S EAHLLRE > TWDEY, LichisT, B IW CKRERHE
REELHORBEIC S5 & &1, WHRHHBEZEUNTE 5, 0Bk, EHTORIMBENEYE
BBREINDI o2, BREAOHHELADL X Sk 2 CERNRS BUT 5%,

AESHE I B TR, BEGD LRET S HEERARHEO LB bbb, HWEECRE W TR,
ARE OKBIC L > THERINIMBLEL C, ERMkIiEEnRET 5, < OHREARRES
LY EOBBEHRELEET S, HEBrRT AEBRCOWTERNT HER TS TR V.
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I, HRBROBROMILL Thixlo TR, BETEFVREKEOHRRNCERL T,
HEKOKARSR, BERCOWT, PHE BEERREL0RERE2RD L, Tk, WK
B L 5EBRN O/ LAEEYBEEORRR L LB L, B8 &,

2 BXEORT

AEELROYERZ R, HAK, RER BHOOBREEE, BREL2ThTh, Vi, G, VS,
Cr, Vs, Gy, & Thid, RARRKILT %,
ViCi=V;C;+VbCh (1)
BKOUE %, BATFOLEPTTS>L R, SRCFEAEIR TEELERT RO BEREHR KR
BEoeELweExbhbhb, HEKOYWERKR

Vfo=VfCi+FS (2)
‘ CCC, T REMNERYLO REFR, Sk HENKEYVOREER T
bubble | b %o BB BT, Fig.1eRT LS5k, K[EOMI Plateau

border (PIFTix P.B &8iE+%) b, P.BxBEL THOHKT
BAREREDbND, ROKTREERLERT RELSE, P. B offs
EOHEBOEND AT HHERRE ZLbhTwb, WEEOBEKE
REFINTACDRD, 2¥O LS5 {FET %,
L-fa) Brofile view of a I mERERcsdRER, FACKESATHT 20o]R
RIR& S b,

2. HWEBOHERSRE, P. B 2 EAEMEFTORK T CELULES,

8. HAZLATHHKEBRICR I /iETHY, ATEOE/LTEEHES,
HWEEOHERY, HYUYER § OEMERORRTHbbT&, ELp#E ¥ 1t Hagen-poiseuille ©
ReL->T, RE2HBRAD L SRINBY,

— 2
= L8 (3)

BRBEDE ¢ RREBRICI->TED, (1—6) ZXEMSHEYRCN TS REEEOBERLLT
BENRTD, BKBEO P.BIL ¢ 2 2o EB0D, WEEO P. B Ol% n (1 —e) &35,
n X, EEEO dry foam O¥Tth 5, P. B oHkiih OMEmEE,

F=n(1 -y (4

f ¥k, Fig.l (a) Drx5h&KEKCL>TheEhi P.B % fpr, Fig. 1 (b) 0L>5cH
K OBREICETS P. B % fr L3

f=fPB+fw

=fpr (14+R) (5)
T T frr fw lCBF B dry foam OE¥KE, FThEh, ny, 7,
BE D B 2FH5REEY d 3Thid, fee, fw OELS T WE
BRo¥ols5eRdbN b,

3

Fos=2V 2 T (1 ey (6)

R = 23D—d*n(n+ 2)— 2 mdy D*— 2 Dd

1.{b) A Plateau border ‘ (2 1/3—‘7’)”1‘12
of column wall

(7)
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2

. (D _ z
=72, nl—(T)) m—m (8)
Egs. (8) ~ (7) % Eq. (4) tfRALT
52 27 8 —=x 1 {+R) 42
Tr T+ (d/Dym/emid/D=dy; (! +8 (95
b, Lieh-T, Eg. (8) i
= (32#)(1~5)k(1+R) a (10)
L,
_2V8-—=n 1
k=5 T3(a/Dy/sin-{d/(D=d)} (D
BTEBARARE 11, G(1 —)/TCHilTHEREL T, WAER KL, »0c, SEERE 15,
&t =I{_G_(_ﬁ1_~i), (12)

Eq. (10), (12) x b

()Y )

il 1 > s (328Y 1
#R(g)e v K= () 19
DX, HEKKOBEEY
_Ci—Ci
45, Eq. (2) ki<, S=zD*Ga/4, a= 6/d <H B0, ERRIDIS5EE 2D
oo
(T \(_6_
E_(_t‘i )(th) (18)
X -7, Eq. (18), (15) 25, BMHIRLCOWTRABSBEU LD,
E (T
=z wr) 1 +R)g (16)
REERDER, [RERACR W TRELGHcEHL &, I wowT Gibbs o2& L T,
C da 1 da
P'=—3RT 5= "iRT InC - an

Eq. (1T) &sWnwT, FET REERS 0 & InC nEHRCEUHRD 2R, T B—EThb, Lk
R -T,Eq. (18) oF4T, FMlohdrEkT~CERK RS,

3 RELERFE

Fig. 2 c EREBEOKE A R Ui, EEEAKDORT 7 ) Vi lEROBRE T, TORZERXT.76cm
ThD, MEFRPETIORCk®d, HEKOBEHFDIE U FETHd, HEXT - ODORA
By ) a—viiER®Y, HESILHHTHAKEREEL T WEKELIHEL . ERY, KA
OEIE—E (0cm) FEE, WEERER 48cm, 120cm, 222cm, oW THEBEIT -k, KERE
EROHT AR, EEEIANVZ~CBLTrLEALL, =470, v7@% #AHiL, BEIMER
0.5~5.0 cm/sec ORE TCEAHONOREY Rt L, REKBOHWHARLEN THEHLE, &
RO REBELBEHAS L, 0.6mm, 0.8mm, 1.0mm T %, HRABOXEL T, ¥ RAEKESR
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THALEREOTENNKOERAB I bRAWL S L, RERIFALHAVRE 2R, SEEE
ORERR, HAOCHMMECIVEMLTIeDTHS, JEBREEBEC &> CHEL, BEHRFY
HED-> TFHRAEE L,

REEHRFERE, ~y F—E0 2V 700 bHRTL, AbR-A70RY 7O L » THEY T
ML Tob, AEERRCHBRINRD, REGEEEFR, FFYLrF b vayr7=— (UTFTR,
D. N. S: e+ %) 2H\vio HHKICIEMEL oA
Bk —ERE (1.76x10°mol/l) TH 5%, MEKKDOEE
it Auerbach Ofh: (Foaz=/—vT7v—38) ©
Lo THELLk, COBFERELHHLERBFARENLTS
WERABRIC S WRENSBR, T3k B 15 %,
D. N.S BB OBRE L ZERAO G, S, AEKKOBE
BRDBDLTENUKLEDT, cDOFERHEB LR, LiL
RERIOBRKZ R E DD, FEEOSB7— 2215
501, »RVEHTED, REROEHICH W Fig.7
. , WELBOELLERAETHD, HEY ¢ ORED
BIFTH %, HAKOBEREN TSN, UEEDOE
e B Eq. (1) 2bRErDbRS,

4 WROBHELER

CREa) Eq. (1) © k %5k THBE, H2EL, BERAS

2. Diagram of experimental apparatus (B LEHR->T, 1ES b, D>d cr s
K5, d=0.5cm, D=T7.76cm & LTt ETHE, £=0.042 + %%, EBcH Wiz D. N. S A&
SEYHmE, BIUWER, ThEh, 0.997gr/cms, 9.19x108 R7 X TH 500, COEPERL
T, Eq. (18) ;b RK=7.17x10"%m. sec tix 5%, ¥%, Eq. (7) REEOBEHELRTLDOTH
D, BRIC X ->TETS, Eq. (7) ©k5 D

10} | ¢ R ofFEE2RLEDR, Fig. (3) T&%,
i — Rinb, D #ik&hsde, RamdL D>30
X cm TRIBEOBBYEL R THI W &5 b

b, KEBROEHS, R=0.668 THb, Lici

B
- R >C, UED & ¥, R #B\v52, Eq. (13)
~ RO¥DLSKKicb,
«1.0p o

E &t d2=4.58x 10°KG (18)
: \°\:\o G=0.6~4.0cm/sec, FkEE, Z=10~175
\0\0 cm K#WT, d OEMEEAL R, G %
T ExTbd BRLALEDLY, WERBECE-T
0-15 16 - 20 % bHEVEDRV, SO REERE DOFLY

SJEREFELTWbEWx %, Fig. (4) k¢
d* & G oBfEERLEk, BERKTEFVERE
LTWwaht, HAEEERFZEECE L WO
T, HREE G 2AVTWwb, HEKBOREEIER, REERCX > TE/LTS2b, Fig. (4)
VT, Std kW THRKBEOEENRS L DbNS, HEABROEELE 25, Fig. (5)

3. Effect of column diameter on R
(calculated value)
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RT L0, EdNs Z 0— L RICHAIL T DTS
DT, ThEHKBOBER: L THW, EREY
BELT, XABEDL NIk,
EtdrZ4=6.45% 10~4G (19)
Eq. (18) ® K&, MAEBRCEEIRTWERE L
TWwAhb, F—AHEORD Z=1cm & LTHHK
ERERDB L
K=1.41x10"! (20)
oKk, EX G O%% Fig. (6) wRL T3
STV NN E Bo BIEERR, FAFEOEME &b, SHECKHD
G (em/sec) L, G #8cm/sec Ll LTk, BLACBHEYER
4. Correlation between ¢4 and G {lrdo GBRREVL, BAOHAMMERERY,
BHET320c LB BH AT St wrb
ThB, ZhIELT, G # 0.8cm/sec DI TFTR, WEEENRKLL L VERATHCTbhb0
T, BREAMEATIEELOND, BAKBT 2REOHHKHEALEZ 2T, D. N. S nKEKE
CREEMICT > LD L IRERE S, Eq. (7) kBT, D. N. SOofAR, i=2TH50b,
Fig. (1) ©RLTH % o vs. InC X v EH L RS TEETHRIE

£td? X10* (em*)

I'=2.72 % 10-*mol/cm? @
Lhb, Eg. (18) el LA L, Z OREEEAVWB L, 2X¥D LS55,
E 1
= =1.45— (22)
dz* G

E/dZ¥r G TR Licon, Fig. (8) Th5, RickwnT, Eq (22) %&bbIiER
Y, ERROPREHON, G AR WE A TORKEENBRLTERDTEHLELbRD, &
BRI B0 5BIEEE, Eq. (22) »bRDAKES Fig. (9) WRLTH %, ERELRLE
Fig. (6) L HEELTH DL, Eq. (22) REMEBILCOWT, ISEMLTWD WL d, —BEKC,
Eq.(22) 1, E=a/dGZ e LCEb LB B, @ REROR, HERIIC Lo ThEBERTH Do

15
10
b
r 10
5 0
5t &)
X
T 1.0t 5
G F
0. A sl NN |
210 10’( 10° G 3 2 ~ 5
Z
on) G (cm/sec)
5. Correlation between £¢d? and Z 6. Effect of gas velocity on E

¢, BEOERRE LKL THS, Garden® 1%, #E, 2.46cm, MEEF 40~80cm i k-
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7. Relationship between surface tention and

. Correlation bet E -}’dG
concentration of D. N. S. at 25°C 8 orrelation between E/dZ%an

T, REBHRELTCE/ TFNVET 2a=m—F PV T a9VT 2 — AW, 1.6~1.7%10-*mol/]
DHEEBC B TEBRYTok, TOME, HEBKBI2EEEOHRERL LT, S¥0EBNE
HHLTW3,
€1d?=4.35x 10—y, 0. (23)
v REEEETHE S, Eq. (19) L HiRT2L, BEEEOEELRT Z OBERERSLL TR TY
e BHIBD L S, G p/N&We, BEEEINI L RBEALRTOR, BERCbhL kDT
bbHo ¥le, MABRCHLhIEEREKEEBC L->TEAnD, AEEEYHEWLE, Z OBERAR
mMThIWweELbRB, LaL, BEEHRE LT, BEERC L > CE{THEEEEYHV
DRBEHBTRR VW, Z OFERR, HEKOIHLhIEHAXEBETHIETHL L ELLRD, KER
LEILBERHE TS 00, REBUHFHOERC X ->C, BE, KERASZVELLTVWETRIE, &
e REBDE K 2Bnbz 83 MED, T, BED
REELE2DHE, R=1.46 L hd, 2hbLOME¥EWT,
Eq. (23) o HEHR L kD TH B L,
K=1.48x10"!

L0, FEBO K kb WMETH %, vy ORN+FER I
QL TWwBh6, Eq. (19) REEEoEdeonwg, X
DIKEBLTWEEELbRD, BiEREYS 5T Eq.
(22) #kd % s, T OHERX Gibbs OXE BT
%53, Gibbs DXL D & DOEKBRIRIER T THL L, EE
TRLELE, Ballokesh ks eBabhT
WaY, HERGBRNEL S, SEAECREEER R
HEREINDEERRE VWS, BRAEHREROERXMER
2 G%cm/sei] CR birbkbo Lil, T REER L > TESINTWES,

Thbb, REEINELL T T BB LEWE &0,

9. Effect of gas velocity on E .
(calculated value) Gibbs OXEH VT, REFERL—HTHC LHREND,
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10(a) Foam at foam height, 120cm, 10{b) Foam at foam height, 10cm,
G=1.78cm/sec G=1.78cm/sec

PlEcr, HEEYEBRMEAREEFVELTCELTWDR, EBRZ, 0I5Bt dO TR
LB A TH B, Fig.10 (a) RLEEHER, AKER, 120cm, G=1.67cm/sec ik sl
HHEEBETHHM, FERMEAE, BLALIAKERR6ALLRLTWT, H120° TXETH350D
L YFRED, EI2HEKORES IT° TRXbB T b, KERILAMCE 12EEOEELAELT
wWhHEELbh b, Fig. 10 (b) RL O, AKER, 10cm, GREL 1.57cm/sec DFAT
BN, [AR, ERELIRE-TWT, RELEL W, 2Oz &hb, BEBREAZCLE
BT, Bilke, BE,D, WRALE REECREEL, ¥k, BHARTRERCDLRT, 40
ARDFEED -2 HEBAELL TP 2E 2 b, BARENY LR T5REBIEEL 02X
THHH, —BECHEREN EBROEENERKOEELYRET SO TH 5, REIHC KT 58
HBREERIETEH B2, Plateau border OfREHEI b &5 ERE =T ML, WEIEEC
BT, BRETHHERSD, Ibc, ERRILETEIEELLND,

5 ®

i

AESBC BT, [IEAAELZARELTHCLEOFEL WAL, EHRERCEST S8,
WARBENEILTRETH D, L L, LEERNIWE, BKAESIBSHEMLC, BERCRST
Bo ¥fo, HAFEER/NILTHE, BHEREREMT IR, —CBOEKEXRI>OERELYET
Hinb, BIEFELZBEYC 2 L IBLERS D, JEMIT, EKEO Plateau border ic X 2EHE
FME X DR L, RBREREL T, ROELURLE .

E=a'dGZ}
o’ 3, REFEEFHOESE, RIURKISHOREE L - THRELSEHTE %,
BHic, ERCBHIL TWkZu R tEcBBoReyEL 3,
Nomenclature
a=specific surface area {1/cm)
C=concentration of adsorbate (mol/cm?®)
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D=column diameter

d=average bubble diameter

E=defined by Eq. (14)

f fra, fw=1fractional cross section for liquid flow
G=superficial gas velocity

t=constant Eq. (17)

K=constant assumed by Eq. (12)
k=constant defined by Eq. (11)

F’ =constant defined by Eq. (13)

1, me=number of Plateau border

R=gas constant

R=defined by Eq. (7)

S=surface area of exit foam phase

T =absolute temperature

#=average liquid velocity in a capillary

V =volumetric flow rate

Z=foam height

<Greek>

I'=excess adsorbate of bubble surface

d =equivalent Plateau border diameter
€=average volume fraction of liquid in column of foam
&t =volume fraction of liquid in exit foam
a=liquid viscosity

p=liquid density

o =interfacial tension

<<Subscripts>

i=feed liquid

sf=foam liquid

b=exit liquid
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