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Abstract—In this study a thin liquid film on the horizontal plane is considered. It is heated isothermally from the lower
rigid boundary and its upper deformable, free interface is open to the air. Through the interface the heat flows upward.
The hydrodynamic instabilities of liquid films are analyzed theoretically when the long-wave type disturbances are intro-
duced. This analysis is performed for non-wetting systems with varying the film depth from the order of nm to that of mm.
The disturbance equations are obtained by applying the linear stability theory under the lubrication approximation and the
result is applied to a liquid film of water or ethanol. When the film depth is very small, it is shown that the liquid film is
unstable owing to the intermolecular forces. But when the depth of a liquid film is above a certain value, the liquid film

becomes stable against long wave instabilities due to gravity forces.
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Fig. 1. Schematic diagram of present system.
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Table 1. Material properties used at 1 atm[6, 12]

Water Ethanol Ethanol

Material G73K) (352K) (320K

Density p[kg m~’] 96x10°  75x10°  7.7x10°
Dynamic viscosity v{m’s”'] 3.0x1077  50x1077 9.49x1077
Conductivity k[Jm 's"'K™']  6.8x10™" 1.7x10™" 1.63x10!
Thermal diffusivity ofm’ '] 1.7x1077 88x10™® 7.64x10°°
Surface tension o{Nm '} 59x107*  20x107 2.04x107
y= -g—fr’[Nm"K"] 1.8x107* 9x10*  9x107*
Table 2. Characteristic liquid depth
Characteristic Water Ethanol Ethanol
liquid depth  AT,,..=75K AT,.u=54K AT,..a=22K
H 64x107'um  6.78x107'um  6.77x10'pum
H, 1.66X 10 pm 2.66X 10° um 8.41X 10 um
H, 1.94x10°um  4.49x10um 1.03x 10°pm
He, 2.31 mm 1.16 mm 1.75mm
Table 3. Dimensionless parameters
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Liquid
AT,,..<75K AT, =54K AT,..=22K

H, 10nm 10pm  10nm 10pm  10nm  10um

A 6.1x107* 6.1x1077 2.8x107* 2.8x1077 7.7x10~° 7.7x10™®
Ma - 2.0x1077 20x107' 40x10°® 40 76x1077 76x10™!
Ra 22x107"22x1077 3.7x107®3.7x1077 7.1x107® 7.1x 10”7
S 6.8 6.8x10° 1.0 1.0x10° 29x107" 29x10°
Bi 74x107° 74x107° 2.8x1077 2.8x107¢ 21x1077 2.1x107*
G 1.1X107°1.1x 107" 39%107"3.9% 1072 1.1x10 " 1.1x 1072

Pr 176 5.68 124
T 5 AeH13).
h, =1.24(AT,, , — AT)"? = 1244T}2 | @7

A71A AT, Ao} Qi F7)9] W2 ] Folo]n] b,8] 7
e Wm K 'elch. ma e} she] LA ATE The AR
Ssto] 7 % ik

AT=AT.,,....Bi/[1+Bi] (28)

Table 29} Table 39| 4] (22)ll4] 4] (26)7}x] o)A g =X
ol &3} FALFEE Tt Uik £ 7ol gem gl
Al 4} Table 30l W<l uje} o] ALEAL 10ume] H$ol s
Biot5> gto] =%~ 2ict. wepx] £ A72] tiate] HE S g
A1 Biot2] G2 w9 2w 4] (28)ellA4] AT} Absle] LEale
AT=BiAT,..2 ZAH 4 Slc}. o] AtFAolM= AT =3 wl$
o2 Raft® vl o} Ho) 9 AdF UL 7T
= ik 23y Ake] SA7} 100 pumE ) AR <pd o) Fo} akay
g 5 9t}

NEFAZ WSAFHA Eoll thste] A] (20))] ke A AE BE
ZA3H Fig. 2¢F 2ok Hy gto] Z715tel e} Agle] taslw G
Fkel 713t Hol AL B.3ko] U= Zhashd Maghe] 27}te.
2 <13l oA A3kel Z713ltlrL Galel A <0l bR o
2 wWighe 253 Qlck Hy gho) 2He- A% Fig. 33} o] Ruckens-
tein3} Jain[4}0] A7} Ax)3}A =, Hy 7ke] AR Fig. 4ol 4] B
o]%o] 59| AwhZHE] wolhA He).

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



284 AEA - H AT - B

film thickness ym
ax10" 0.05
—_——— 0.1
R 2 S
p ——— 16 ;
2x107 |
\
------ 2\
° =~ 0
N A\
1 |‘k||1||| :\ Ll
107 10 107

k

Fig. 2. Dimensionless temporal growth rate B vs. wave number k with
variation of film thickness H, for water.
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Fig. 3. p vs. k with H, =0.01 pm for water.
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Fig. 7. Schematic illustration on possible decay of short waves.
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: dimensionless number in Eq. (15), A (67pVH, ) [-]

: Hamaker constant for interaction between molecules of type
iandj [J]

An- A 7]

: dimensionless group, —(1/p) (@p/dT) AT [-]

: thermal expansion coefficient [K™']

: Biot number, h,H, /k; [-]

: differential operator with respect to z, d/dz

: Archimedes number, gH,/V* [-]

: gravitational acceleration constant [ms ]

: dimensionless film thickness, H, /H, [-]

: film thickness [m]

: convective heat transfer coefficient [Jm *s 'K ™]

: initial film thickness [m]

: wave number of perturbation [-]

: thermal conductivity of liquid [Jm 's 'K ']

: Marangoni number, yATH, /(pva) [-]

: dimensionless dynamic pressure, p’ /(0V/H,?) [-]

: dynamic pressure [Nm ]

Pr : Prandtl number, v/ar

Ra  :Rayleigh number, gb’' ATH,/(va)

> P

FrREIFITI®RQUYE TS »>

=
9

T o

S : dimensionless surface tension, oH, /(pV’) [-]

T : temperature [K]

T, : ambient bulk temperature [K]

T, : temperature of below boundary of liquid film [K]
T, : dimensionless perturbed temperature [T, AT ']

T, : perturbed temperature [K]

AT  :temperature difference across liquid film [K]

ATy : T~ T, [K]

t : dimensionless time, t' /(H,”> v") [-]

t : time {s]

u, w :dimensionless velocity components, u’ /(VH, ), w /(VH ) [-]

u’, W' : velocity components [ms ']

v : volume [m’]

x,z :dimensionless position in Cartesian coordinates, x /H, , z'/H,
[-]

X',z :position in Cartesian coordinates [m)

azi0la X}

a : thermal diffusivity [m’s "]

B : growth rate [-]

B : maximum growth rate [-]

4 : negative value of surface tension variation with temperature

[Nm™'K™]
: dimensionless perturbation of film thickness, £ /H, [-]
: perturbation of film thickness [m]

™
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u : viscosity (kg m™'s™']

v : kinematic viscosity [m’s ']

c : surface tension [Nm ']

i : initial temperature distribution [Km ]

¢ : dimensionless interaction potential per unit volume at point
in the liquid, ¢ (pV/H,") []

[N : dimensionless interaction potential per unit volume at free
surface of liquid {-]

¢ : interaction potential per unit volume at point in the liquid [J
m’’]

S}

1 : liquid

2 : solid

AHXL

: amplitude function for perturbation quantity
an2s
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