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Onset of Marangoni Convection in a Ternary Mixture with Surfactant
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ABSTRACT: The objective of this study is to investigate the effect of surfactant on the
onset of Marangoni convection adapting a non-linear surface equation of state. The surface

tension gradient with respect to the absorbate concentration, 7, is linearly related to the sur-

face concentration of a surfactant with a coeffcient ¥ 4. The numerical results show that the

role of the initial surfactant concentration to Marangoni instability changes from the stabilizer

to the destabilizer depending on the change of the sign of x4 from negative to positive. It is

concluded that for x4>0 there is a critical modified Marangoni number of surfactant M 4.

above which liquid layer is always unstable against long wave disturbances.
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Table 1 Surface tension gradients and linear fitting equation for 1-octanol and 2-ethyl-1-henxanol

(E1)®
QOctanol (ppm) 40 100 500
7% 10" (Nm”/mol) 6.70 6.24 430
Linear fitting 7% 10"=6.83-0.0051Ca
2E1H (ppm) 0 30 50 100 200
¥% 10° (Nm”/mol) 0.526 3.07 3.24 2.78 2.50
, » ¥x10°=0.767+0.0567Ca for Ca<50 ppm
Linear fitting <
7Xx10°=338-0.0046Ca for Ca>50 ppm




ARGGA 7 TFE A4 EA M E B @Iy o 3l QT 967

[D2+ Lep- a*zlqs* = w'Dé, (13)

D*w'=—(M*"+Mj)a"%¢" — Dw*

14
D¢’ =Bi"¢' (40)
w" =0 at  ¢=0

w=Dw'=D¢*'=0 at ¢=1/Nr7 (14p)

W

AN A TEH NEFE 71279 §
Wk B¥E 087 2o
D¢y = — Biexp(Bi" ¢+ Bi*?) 15)
£ e
X erfc(2 + Bi )

$0(0) = 1— Bi*exp(Bi*?) erfc(+ Bi") (16)

A Ry, Sc,Bl elm M de o o 1
FANNE Fod FE F Ak

2 AT HAY deEAAe TS v
%"'bl F Ao A AHEZAY TS
n@sAch Fod ARES g, Ra=1, Sc=
10°, Bi" =011 FAsgez dolxl Mol w
2 I1#4F "% M"E& Fig. 19 =4840 A
ool wet Maie ¥4 &5 E¥E ML £
1o, Fig. 1149 2] Ma7k dRo & 3%
a Adgtel AZFE YA M7 Zasa,
Mi7h g8 Ze Asde 1 Aol AR
& 9A MF Brhske AE ¢ & Aok o

a7t A ASole Myt AE ESAHIA

: — =1 —. 1,252

; ZC 0---1253
: R

“0.00 0.35 0.70

Fig. 1 FEigenvalues set of M" and a" for vari-

*
ous Mj4.

7= 290z LT x,7F S ALAE M,
7} AE A= 2o FRAvE RS
ougel, £3 ojd BFS Ji and Setter-
wall®# Koenig et al.®e] #2814 239} FA}
stth. £ Folx ZANM Marh 1.253 ©]4d]l
ASEe a2 M7 &A3A g1 &9 7
2 ‘3—_}’35}-‘:— Zee Helgd, o A e
E Azt A EdAEE YE
c} olb ?4741 ac o189 z=heANE At A
Zﬂb} }7‘43111“1}“ A& oulds, ol AMA
ARERA Ao Fag 7FEE AN £
&, Mo Rodry B, x 7t M9 358 2
Sl F8 QXo|nZ J1Ee AFSANgE
g ARFAAY EUFEY w2 B4
Tl ya WAl FFAY Fxel wE WY
TFH oyol o AAGHAL] FHFEe T
x5 AREAAY mFnY ogiF T 1A
9% 5AAAE T8 AAE AN F 3
th Table 125¥ 2-&-1-844&9 A Cy

_Ol__
7F 50ppm "9 B$ x,.7t Fol BE FF

oo foro

o)

&
%4 9},
HedHDe Fysd gL BANE H%
& 4 gloh
(M"+ M%)~ g4 x
A an
Bi'exp(Bi®+ Bi*?) erfc(0.5+ Bi")
1— exp(Bi*?) erfc(Bi*)
el BANozRY tgd TAAFE Y



968 249 -

450

Ac

= 225}
=

o numerical results
— linear fitting

0 ; 10
Bi"
Fig. 2 Linear fitting between MM 4, and Bi".

+ Atk
~ (M"+ MJR4 Dgy(1)

MM, = MY Dgy(0)
_ (M"+MJ)R4
==, (18)

Bi*exp (Bi*+ Bi"?) erfc(0.5+ Bi*)
1— exp (Bi*?) erfc(Bi*)

DA Mt 94 MM MMy 9 Bi™ Akl
BAE Fig. 2ol =A8Kch AFSARY 4

9 #
3} % QA Alolol= et 2 WA} ASE
¢ & sl
(Me+M4)R,
2 = —— X
MM 4 M
Bi'exp (Bi'+ Bi**) erfc(0.5+ Bi") ;g
1 - exp (Bi*?) erfc(Bi*)
=31.26+42.67Bi"
70 -
&
g 35
o numerical results
—- linear fitting
0 i
V] 5 10
Bi"

Fig. 3 Linear fitting between MB, and Bi”.

15
S
[ Sc=10°
+ << 1.0H
=
o numericla results
0.5} —— equation (21)
0.0 L
) 5 10
'*
Bi

Fig. 4 Comparison of Eq.(21) with numerical
results on M 4% and Bi® plane.

AA Mok Bi' 219 AR#AE fx817] 9
#4 WA MB.& ohet 2ol Ae@ 3
9} Bi*e #AAE AY 5
A EAFPen, 1 AFBANLS e 2o,

MB,= M:Bi*x
exp(Bi*+ Bi*?) erfc(0.5+ Bi*)  (20)
=4.38+6.30Bi"

(Mot M)/ Mg Mol wisis Mo7h o $
228 M{/Mae & # dow, o B4 3

golel JUOE FAsn T ol ACoE 49
W hgol 4BAS FEY F A

Mac _ _4.38+6.30Bi"
Ra 31.26+42.67Bi”
1
1— exp(Bi*?) erfc(Bi*)

(21)

Fig. 4ol 9 27 #=x34& Bl & g
& Hluste At em, Tdd Ueld bhep
Pol Fd o] vfg BFEE & F Utk

AT HH dA MjgLgke Bi* #4239
Ay, ol FUHOE x47t F #FHE e A
oM 74 EAADZAL HIHAAA wdn

g i EAse 238 # 98 due
5.2 2

2 ATE g9 wAY JUYE fEsa, 1



ARGAAA T3 AHEA W2

A& i AFAEE FYstA AREZA
vt ay dHFEA vlAe 9% nFdso

a7dd dojn 28L& uhsy gk

(1) FAY = @2 zugde] 79 ¢
T x9 xa 08 Zo2 FoiAY, 1 A3 Ao
A AL F5A FE AWEHAY BT
To) o) vAdges BREE & ok

(2) x49 ¥z w Mazb A9 HEAel
nXE o] dE2A JElgton, o|2RE A
AEgAe] E-HFE Mol gt yo] Fu) x 7t
AdgdAe viany dfF EAAd g E4E&
#adte F8 EYFYES gt

(3) MA7F 42 A% o @A o) delMe
Mo Haghel YElYR @¥m, ade Mjie
& Mgo7t Bitel 32 Folae & 5 i

2 dAF43s vtdny dF A dAY Sl
gt olafel Ego] # Ao AT, volst
F¢ A% E HH3sle AAGAHAY Meo
2384 Al2" RAola ydiEch

7|

o

g d7E FTANAY ZH/NZAFSHAR
% R01-2001-000-00398-0) 2| go2 FF A}

Hgogs

1. Ziegler, F. and Grossman, G., 1996, Heat-
transfer enhancement by additives, Int. J.
Refrig., Vol. 19, pp. 301-309.

2. Kang, Y. T., Akisawa, A. and Kashiwagi, T,
1999, Visualization and model development
of Marangoni convection in NH3;-H20 sys-—
tem, Int. J. Refrig., Vol. 22, pp.640-649.

5% vy A% 24 97 %69

. Ji, W. and Setterwall, F., 1995, Effect of

heat transfer additives on the instabilities of
an absorbing falling film, Chem. Eng. Sci.,
Vol. 50, pp. 3077-3097.

. Kim, ], Choi, C. K. and Kang, Y.T. 2003,

Instability analysis of Marangoni convection
for NHz/H;O absorption process accompa-
nied by heat transfer, Korean J. Air-Condi-
tioning and Refrigeration Eng., Vol. 15, No.
2, pp. 126-131.

. Kren, Ch., Hellmann, H.-M. and Ziegler, F,,

1999, Dynamic surface tension of LiBr-solu-
tions with higher alcohols as heat-transfer-
additives, ISHPC'99, Proc. of Int. Sorption
Heat Pump Conf., pp. 375-380.

. Zhou, X. and Herold, K. E.,, 2002, The vapor

surfactant theory of absorption and conden-
sation enhancement. ISHPC'02, Proc. of Int.
Sorption Heat Pump Conf., pp. 341-346.

. Kim, J.-S., Lee, H. and Yu, [ S., 1999, Ab-

sorption of water vapour into lithium bro-
mide-based solutions with additives using a
simple stagnant pool absorber, Int. J. Re-
frig., Vol. 22, pp. 188-193.

. Koenig, M.S., Grossman, G. and Gommed,

K., 1999, Additive-induced enhancement of
heat and mass transfer in a static absorber:
A numerical study, ISHPC’99, Proc. of Int.
Sorption Heat Pump Conf., pp. 359-366.

. Chang, C.-H. and Franses, E.I, 1995, Ad-

sorption dynamics of surfactants at the air/
water interface: a critical review of mathe-
matical models, data, and mechanism, Col-
loids and Surfaces A, Vol. 100, pp. 1-45.



