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Abstract-The London-van der Waals dispersion force concept is used to analyze the interline region of 
a falling evaporating thin film. Viscous flow significantly affects the upstream profile, e.g. the apparent 
contact angle. The slope of the liquid&vapor interface is equal to a dimensionless interline heat sink. An 
increase in the apparent contact angle causes an increase in the rewetting velocity. Large interline 
temperature gradients and superheats are possible with either a stationary or moving interline. The 
physical process whereby the interline of a falling evaporating film can be in contact with a superheated 

surface is described. 

NOMENCLATURE 

dispersion constant [J] ; 
heat capacity [J kg- ’ K - ‘I; 
gravitational acceleration [rn.s-‘1; 
molar latent heat of vaporization 

[J . mol - ‘1; 
latent heat of vaporization [J . kg-‘] ; 
thermal conductivity of solid 
[W.m-‘.K-‘1; 
molecular weight [kg. molt ‘I; 
mass flux [kg.m-‘.s-‘]; 

pressure [N m-‘1 ; 
heat flow rate [W .rn ‘1; 
heat flux [W.m-‘1; 

universal gas constant [J molt I K _ ‘I; 
temperature [K] ; 
time [s] ; 
interline velocity [m s ‘I; 
velocity [m . s- ‘1; 
molar volume [m3 . mol- ‘I; 
coordinate length [ml. 

Greek symbols 

mass flowrate per unit width [kg’m 
film thickness [m] ; 
lamina thickness [m] ; 
moving coordinate x - Ut [m] ; 
dimensionless film thickness ; 
contact angle [deg] ; 
absolute viscosity [kg.m-’ ‘s-l]; 
kinematic viscosity [m’ . s- ‘I; 
density [kg.mm3] ; 
potential [m' SC’] ; 
dimensionless interline heat sink. 

Subscripts 

d, disjoining ; 

E, excess ; 
e, evaporative, apparent; 

1 
I> 

f 
i,’ 

fixed interline ; 
liquid phase; 

10, liquid&vapor interface; 

M, monolayer thickness; 

;’ 
moving interline; 

evaluated at interline ; 
00, equilibrium thin film ; 
.& solid; saturation temperature; 

t, thermoosmotic ; 
u, vapor phase; 

IV. hot spot temperature; 

x, evaluated at x ; 
” 
43 evaluated at <. 

Superscripts 

id, ideal ; 
derivative with respect to x; 

* derivative with respect to <; 

average. 

INTRODUCTION 

THE BEHAVIOR of the junction of an evaporating 

liquid film, the corresponding vapor, and the 
adsorbed, non-evaporating film on a solid is impor- 
tant to the understanding of many change of phase 
heat transfer processes (e.g. the rewetting of a hot 
spot, boiling and the evaporating meniscus). This 
junction is termed the interline and is particularly 
important because it is the junction between the 
evaporating and non-evaporating regions of the thin 
film. (Alternatively, the term contact line is used to 
designate the junction of the thin film with the vapor 
and “clean” solid surface.) In particular, the analysis 
presented below demonstrates that viscous flow in 
the vicinity of the interline significantly affects the 
rewetting velocity and the upstream profile of a 
falling evaporating thin film. Large interline 
superheats and temperature gradients are predicted. 
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x-0, a=a, 

(Interline) 

FIG. 1. Adsorbed thin film of liquid. Depending on the 
relative size of the temperature gradient, the slope 6’ can be 

either 6’ < 0,X = 0 or 6’ > 0. 

The system to be studied consists of a thin, 
adsorbed film of pure liquid on a vertical flat solid 
surface (see Fig. 1). The analysis is restricted to non- 
polar liquids wetting the solid substrate in which the 
intermolecular interactions can be predicted from 
London’s theory of dispersion forces, The liquid film 

and the solid substrate are assumed to be at a 
varying temperature above the saturation tempera- 
ture of the liquid. If the film is sufficiently thin, it is 
kept from evaporating by the London-van der 
Waals dispersion force acting between the solid and 
liquid. Depending on the size and sign of the 
temperature gradient relative to the size and sign of 
the film thickness gradient, portions of the film may 
either be evaporating or not evaporating. The 
junction between these two regions is the interline 6 
= 6,. Fluid flows in the negative “x” direction 

towards the interline as a result of gravity and/or a 
pressure gradient in the film arising from a film 
thickness gradient. In addition, the temperature 
gradient can either aid or impede the fluid flow. 

The past literature in closely related areas is 
enormous and beyond the scope of this paper. 
However, it is desirable to relate the current work to 
the literature in two particularly relevant areas: the 
stability of a dry patch in a falling evaporating film 
and the rewetting of a hot spot. Norman and 
McIntyre [I] and Norman and Binns [2] discussed 
the effect of surface tension changes on the minimum 
wetting rate of a falling evaporating film. Hartley 
and Murgatroyd [3] modeled the effect of surface 
tension and contact angle on the break up of thin 
liquid films. These analyses were extended to include 
ebullition and thermocapillarity [4] and vapor thrust 
and thermocapillarity [5]. Extensive macroscopic 
experimental data and discussions of relevant models 
have been presented by various authors [e.g. 6-8). In 
these references, the macroscopic contact angle and 
the liquid-vapor surface tension were used to 
describe the effect of interfacial forces on the 
transport processes. As outlined below, the micros- 
copic nature of the interfacial forces necessitates a 
more detailed description of the transport processes 
in the interline region. In this vein, Ponter et al. [9] 

discussed the use of the London-van der Waals 
dispersion force concept. However, the lack of 
adequate models frustrated their efforts. A set of 
equations presented by Wayner et al. [lo] for the 
interline region now makes it possible to use the 
London-van der Waals dispersion force concept to 
extend our understanding of transport processes in 
the interline region (film thickness less than appro- 
ximately 10-‘m) where the thinness of the film 

obviates the need to separate the surface region from 
the bulk region. These equations are used herein to 
explain why the interline evaporation process is 
stable in the presence of large superheats and 
temperature gradients. The effect of interfacial forces 

on the transport processes is found to be enormous 
when the film thickness approaches that of a few 
monolayers. In addition, the apparent contact angle 
is found to be a function of the heat flux, the interline 
velocity and the optical and thermophysical proper- 
ties of the system. 

In the initial part of this paper, the equations are 
developed for a stationary interline. In the later part 

of this paper, the equations developed for the 
stationary interline are extended to apply to the 
problem of rewetting a hot spot which has also been 
extensively studied [e.g. 1 l-161. However, these 
previous studies did not address the physics of the 
thin film transport processes in the interline region. 
Again, the use of the London-van der Waals 
dispersion force concept leads to enhanced under- 
standing of heat transfer in the interline region. 

INTERLINE CONDITIONS 

The thermodynamic equation for the change in 
vapor pressure of an adsorbed non-evaporating thin 
film of liquid in equilibrium with its vapor is 

r, Hid 

dlnP,,,,.=$dP,+Ld?;, 
I my= 

(1) 

where Hid is the “ideal” molar heat of vaporization 
for the liquid expanding into a vacuum. [The heat of 

vaporization for adsorbed films with thicknesses 
equal to that of a few monolayers and less is 
expected to be a function of the film thickness. 
Herein, this effect is presumed to be relatively small 
and of secondary importance. The significance of the 
final results and the conclusions are not believed to 
be effected by this presumption.] The effective 
pressure in the liquid, P,, is less than the pressure in 
the vapor at the liquid-vapor interface, Pclv, as a 
result of the London-van der Waals dispersion force 
of attraction between the solid and liquid. This 
difference can be related to the film thickness, 6,, in 
the equilibrium case, by the “disjoining pressure”, P,, 

[IO, 171, 

P, = P, - PrIL. = -A&;, (2) 

where A is a constant which accounts for the 
London-van der Waals force (the subscript 00 is 
used to designate the non-evaporating film). Using 
equation (1) the rate of change of the vapor pressure 
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along the vertical liquid-vapor interface shown in 
Fig. 1 is 

d In Polv v dP, Hid drl;-i 

dx = z dx I dx,’ 
(3) 

Combining equations (2) and (3) and using n = 3 gives 

d ln Pvlv 

dx 

32 d&,, 

1 

Hid dT- 1 

+&dx -7 d: 
~ (4) 

In the vapor space we have: 

or 

dlnP, Mg 

dx .39T, 
(6) 

Using equations (4)-(6) with P, = PL.Ic. for the equilib- 
rium case, the slope of the equilibrium liquid-vapor 
interface can be written as: 

Mg7; Hid dll; 
~=__ --___---. 

7; 7; dx 1 
(7) 

Therefore, depending on the size and sign of the 
temperature derivative, the slope of the equilibrium 
(non-evaporating) liquid-vapor interface can be 
either positive or negative. 

For an evaporating thin film, equation (7) applies 
at the interline, i.e. where 6 = 6,. Hence, 

Mm Mg7; Hid dlT; 
___-__--- 

Ts 1 7; dx ’ (8) 
PI 

where Sb is the slope of the film. Further, Wayner et 

al. [lo] used equations (1) and (2) to obtain the film 
thickness boundary condition at the interline: 

(9) 

Note that equation (7) also applies in the evaporat- 

ing case for 6 < 6, where the symbol 6,_ will be 
used for the non-evaporating region. 

EVALUATION OF INTERLINE CONDITIONS 

The following form of equation (9) is presented in 
Fig. 2: 

ln  (AT), - I 
~=ln$+ln6;3. 

L 
(10) 

The relative size of the interline superheat, (AT), 
= (‘I;, - To),, is a function of the dimensionless group 
AL(/Hid@,. Using nanometers, the vertical axis at 6, 
= 1 nm (approximately 2-3 monolayers) can be used 
to list approximate values of A&/Hid for various 
systems. Values for A were obtained from [ 181 where 
a procedure to determine the interline heat transfer 
characteristics from the macroscopic optical and 
thermophysical properties of the system is outlined. 

. (1) C,,,H,,-Steel T,=447K 

(2) CH.-Gold T.=llI K 
(3) CH,, - Teflon TV= III K 

FIG. 2. Estimated values of the interline superheat, equa- 
tion (10). 

Bulk values were used for V, and Hid 2 Mh,,. The 
most significant aspect of these results is the large 
predicted superheats for very thin films on clean 

surfaces. The possible superheats are still large for 
thicker films on less ideal surfaces. Therefore, this 
model describes a mechanism whereby thin evap- 
orating stable films can easily stay in contact with 
superheated surfaces. 

x 10”mK~’ 

C,,H,,-Steel 
7; = 293K 
7; = 447K 

Ccl,-Quartz 
7; = 293K 
7; = 350K 

6, = 10e9m 6, = 4 x 10e9m 

-0.30 -76 
-0.19 -48 

- 13.0 - 3300 
-3.5 - 904 

Equation (8) is presented in Table 1 for various 
film thicknesses and two values of the group Hid/3A 

67;. For the range of values presented, the effect of 
gravity on the slope is much smaller than the effect of 
the temperature gradient. These results predict that 
the interline slope (approximate real contact angle) is 
very small for wetting films even with very large 
temperature gradients. Again, the presence of a 
stable non-isothermal, non-evaporating, film is de- 
monstrated. However, as described below, a small 
rate of evaporation will cause a significant change in 
the slope and, therefore, in the apparent contact 
angle. 

FALLING EVAPORATING THIN FILM, 
STATIONARY INTERLINE 

Using equation (7) we can predict that evap- 
oration or condensation will occur at the surface of 



1036 P.C. WAYNER, JR. 

the thin film when 

(11) 

For a falling thin film, the small increase in slope at 
6 5 b, above its equilibrium value which shows 
evaporation results from the weight of the thicker 
upstream film. As demonstrated below, a small 
increase in slope leads to significant evaporation and 
a significant change in the film profile in the region 6 
> 6,. 

Under the influence of a potential gradient, the 
velocity distribution at any point in the slightly 
tapered thin film, assuming a continuum, is obtained 
from the momentum equation: 

(124 

where the potential gradient results from the disjoin- 
ing pressure gradient, gravity, and a thermoosmotic 
pressure gradient, Pi. 

The boundary conditions are taken to be the 
traditional no-slip condition at the liquid-solid 
interface and the no-shear condition at the 
liquid-vapor interface. For these boundary con- 
ditions the mass flow rate per unit width of film is 

Combining equations (12b) and (13) gives 

The evaporative mass flux leaving the film surface is 
obtained from equation (14) as 

(15) 

The local heat flux (~‘,~~~~ is 

The heat Row rate per unit width of film for the 
length x is termed the “interline heat sink”, Qr 
Clearly 

Q,(x) = 
i 

X q(s)dx. (17) 
0 

Combining (16) and (I 7) gives 

This leads to the following approximate value of the 
interline heat sink: 

Ah,,ii’(.u) gh&“(x) 
Q/(X) = --K +--yr h-PJ (19) 

The boundary condition at the interline is achieved 
by using a thermoosmotic effect in the model to 
offset the terms a0 and Sk which do not vanish. 
Alternatively, contact line motion occurs or a model 
which includes surface diffusion has to be used in the 
region 5, -+O. Further, the magnitudes of these 
terms are small at x = 0. At X, the thermoosmotic 
effect is very small, since the absolute magnitude of 
the temperature gradient decreases as s increases. 
The relative size of the gravitational term in (19) is 
small when 6 is small. For this case, the effect of 
evaporation on the slope can be easily evaluated 
using equation (20). 

Equation (20) equates the slope at g = 6/S, to the 
dimensjonless interline heat sink “r, for the region x 
> 0. The thickness ~7 can be obtained as a function of 
the length x [ 10, 193. 

APPARENT CONTACT ANGLE, 
STATIONARY INTERLINE 

Using equation (20) the apparent contact angle is 
given by 

Q,csv 
U, = tan-’ Xc . 

! ! Js x 
(21) 

In Fig. 3 the apparent contact angle at 6 = 500A is 
presented as a ftlnction of the interline heat sink Q, 
for the following two systems: CCl,Quartz (350K) 
and C,,H,,--Steel (447K). These results demonstrate 
that the apparent contact angle is a function of the 
interline heat sink and the properties of the system 
represented by the interline heat flow number h,,A/v, 
The apparent contact angle is an inverse measure of 
the heat sink capability of the interline region. 
Therefore, the interline heat sink capability of a 
simple fluid on metal is greater than that of a simple 
fluid on glass because the London-van der Waais 
dispersion force in the metal---Auid system is greater 
than that in the glass--fluid system. As in any 

Interline heat sink. 0.103 w’m” 

FIG 3. Apparent contact angle at 6 = 500.& 
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experimental system the point at which the contact 

angle is measured is arbitrary and depends on the 
resolution of the optical equipment. However, the 

real contact angle for these two systems is essentially 

zero as was detailed in the previous section [equa- 
tion (S)]. 

FALLING EVAPORATING THiN FILM, 
MOVING INTERLINE 

A mass balance for a differential segment of the 
film gives 

Using equation (23) for the average velocity in a thin 
film, 

62 SP 
u= ___ 

3p dx’ 
(23) 

and equation (12b) gives 

Gravitational and thermo-osmotic effects are re- 

latively small and, therefore, neglected in equation 
(24). For a thin fiim of a given shape moving at a 
constant velocity I! we use the new variable i = x 
- Ut, so that equation (24) is transformed to 

d6 
+p,u~-lil,=o. 

_ 
(25) 

Integrating equation (25) between ; = OS where I’(O) 
= - .2b$v&, = $pt t_~S, and < gives 

I (26) 

Using equation (26) and Q, = hs$& gives equation 

(27) for the siope of the liquid-vapor interface at i. 

Therefore, for a given heat flow rate Q, an increase 
in the slope at < from the value given by equation 
(20) leads to interline motion with a velocity U. The 
increase in slope results from the weight of the 
thicker upstream film. The apparent conflict between 
a constant velocity and 6 --t 0 will be discussed 
below. 

Using an energy balance for the heat loss per unit 
time from a very thin solid iamina of thickness E 
being cooled from T, to q to approximate the value 
of &;;;h,,j leads to equations (28) and (29) [see e.g. 
151: 

~Jlss~ = psc,Ue( T, - T,). (29) 

Combining equations (26) and (29) and solving for 

HMT Vol. 22, No. 7-D 

the velocity results in: 

Equation (30) shows why, from an interline fluid 
mechanics point of view, an increase in slope and/or 
a decrease in (r,- T,) leads to an increase in the 
absolute magnitude of the velocity for the rewetting 
of a hot spot. 

The rewetting velocity given by equation (30) was 

obtained using interline fluid mechanics. For com- 
pleteness this can be related to the following 
simplified equation in the literature for the film 
velocity which was obtained using a conduction 

controlled rewetting model [e.g. 151: 

The slope 6’ can be viewed as causing the mass flow 

rate close to the interline required by equation (31). 
It should be noted that the thickness of the lamina, E, 
in equation (31) is much larger than the lamina 
thickness in equation (30) because of the relative size 
of regions modeled. 

Using equations (20) and (27) gives: 

(32) 

for the relative increase in the slope with movement 
of the interline. The approximate values of Q, and 
Q,r can be obtained from a one dimensional analysis 
of conduction controlled rewetting [ 151. 

MOTION WHERE 6 + MONOLAYER 

Considerable research has been done concerning 
the “siip velocity” associated with a moving contact 

line [20-241. For example, Ruckenstein and Dunn 
have demonstrated that “a slip velocity at the 
contact line of a liquid on a solid surface originates 
because of the force induced by the gradient of the 

chemical potential in the liquid along the 
solid-liquid interface” [20]. The potential gradient 
for flow in the present paper is based on the same 
physical principle. Strictly speaking the use of a 
continuum approach is not entirely valid where the 
thickness is of molecular dimensions. However, the 
chemical potential gradient in the region where 6 
-+ 6,W can be sufficiently large so that it easily causes 
contact line motion whatever the velocity distri- 
bution. In addition, the error associated with using a 
parabolic velocity profile would not significantly 
effect the present results. As demonstrated by 
equations (8) and (10) the use of a model based on 
chemical potential also leads to the prediction of 
large superheats and large temperature gradients in 
the interline region. 
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APPARENT CONTACT ANGLE, 
MOVING INTERLINE 

By neglecting the relatively small term [prU(6,/3 
-6)] in equation (26) when Q, = h,,rti[ is sub- 
stantial, we can easily estimate the effect of evap- 
oration on the moving contact angle evaluated at 

**J&y, (33) 

Although equations (20) and (33) are of the same 
form, 6* > 6’ at a given fi because Q, > Qs. The 
results presented in Fig. 3 apply to both cases. 

Using a constant heat flux model for the moving 

interline region [19], Q, = &J’ and [ = (2h,,.4 
In ~/&.v)O.~, gives ._... - 

;i*=r _ 
2&S’S; In q o.5 1. (34) 

Taking the ratio of equation (34) to a similar 
equation for a fixed interline [19] while keeping the 
dimensionless thickness TV the same (note: when 
equations (20) and (33) were compared above, b was 
kept constant) results in: 

Equations (35) emphasizes the controlling impor- 
tance of the interline thickness 6,. As a numerical 

example, we can focus on the decane-steel system 
presented in Fig. 3. Using these results, we can see 
that an order of magnitude increase in the moving 
interline heat sink above the fixed interline heat sink 
for the same dimensionless thickness change q would 
result in too large an increase in the contact angle 
unless a compensating decrease in the interline 
thickness occurred. The results presented above. 
equation (9) demonstrate that the interline thickness 
is a function of the interline temperature and. 
therefore, a decrease in interline thickness is expected 
with increased heat flux and interline motion. 
Although the calculation of exact values is beyond 

the scope of this paper, the results presented in Fig. 2 
demonstrate that large changes in 6, can occur as a 
result of large changes in the interline temperature 
To. In addition, the results presented in Fig. 3 also 
apply to the moving interline case. However. an 
analysis of micro-conduction in the interline region 
is needed to obtain a detailed description of the effect 
of evaporation on the interline temperature, the 
interline thickness and, therefore, the contact angle 
for a specific case. 

Since the interfacial heat transfer coefficient is 
huge for n > 2, small temperature increases in the 
region where q > 2 result in large changes in the 
evaporative heat sink [lo]. Therefore, the major 
resistance to heat flow is in the solid where large 
variations in the temperature gradient are needed. 
The above analysis demonstrates that the interfacial 
forces are sufficient to maintain a stable (moving or 
stationary) interline with a substantial temperature 
gradient in the solid and a large interline superheat. 

DISCUSSION 

Although many simplifying assumptions were used 
in the above analysis, a useful procedure has been 
developed to analyze the interline region. The 
significance of these results is that they describe the 
physical process whereby the interline of a falling 
evaporating film can be in contact with a hot surface. 
The results agree with the following experimentally 
observed phenomena: the apparent contact angle of 

an evaporating meniscus is a function of the heat flux 
[25] ; the interline temperature of a rewetting film is 
significantly above the saturation temperature, and 
the temperature gradient in the interline region is 
very large [ll-131; the rewetting velocity can be a 
function of the surface characteristics [14] ; and the 

value of the apparent contact angle at a dry spot is a 
function of the heat flux [7]. I hasten to point out 
that these experimental observations are not pre- 
sented as direct experimental verification of the 
above analysis because of the presence within them 
of many conflicting phenomena. It should be further 
noted that the analysis was directed at a wetting 
system (contact angle of zero) although the predicted 

trends should hold for the non-wetting experimental 
systems referred to. The above results can be used to 

design experiments with the necessary restraints to 
alleviate these uncertainties. 

CONCLUSIONS 

The analysis leads to the following conclusions: 

1, At the interline of a falling evaporating film in a 
liquid-solid system which has an isothermal contact 
angle equal to zero, the real contact angle is very 
small and is a function of the temperature gradient 
and the interline velocity. 

2. Large superheats and extremely large tempera- 
ture gradients in the interline region of a stable 

evaporating thin film are thermodynamically 

possible. 
3. Viscous flow of the evaporating liquid in the 

interline region has a significant effect on the 
apparent (observable) contact angle. 

4. The apparent contact angle of an evaporating 
film is significantly different from the real contact 

angle. 
5. An increase in the apparent contact angle gives 

an increase in the rewetting velocity. 
6. The interline velocity of an evaporating film is a 

function of the heat flux, the apparent contact angle, 
and the optical and thermophysical properties of the 
soliddliquid system. 

7. The apparent contact angle can be expressed as 
a function of a dimensionless interline heat sink, 

iiQv/h,,A. 
8. The interline heat sink capability of a simple 

fluid on metal is greater than that of a simple fluid 
on glass because the Londonvan der Waals 
dispersion force in the metal-fluid system is greater 
than that in the glass fluid system. 
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EFFET DU PHENOMENE INTERFACIAL SUR LE REMOUILLAGE D’UN 
POINT CHAUD DANS LA REGION DE LA LIGNE SEPARATION 

Rbumt Le concept de la force de dispersion de London-Van der Waals est utilist pour analyser la 
rtgion frontiire d’un film mince tombant et s’evaporant. L’ecoulement visqueux affecte sensiblement le 
profil amont et I’angle apparent de contact. La pente de I’interface liquideevapeur est tgale a un puits de 
chaleur adimensionnel a I’interligne. Un accroissement de I’angle apparent de contact cause un 
accroissement de la vitesse de remouillage. De grands gradients de temperature B I’interligne et de fortes 
surchauffes sont possibles aussi bien avec I’interligne stationnaire que mobile. On dtcrit le micanisme 
physique par lequel I’interligne d’un film tombant et stvaporant peut itre en contact avec une surface 

surchauffke. 

DER EINFLUSS VON GRENZFLACHEN-ERSCHEINUNGEN IM GRENZLINIEN-GEBIET 
AUF DIE WIEDERBENETZUNG EINER HEISSEN STELLE 

Zusammenfassung-Das Konzept der London-van der Waals’schen DispersionskrCfte wird zur Analyse 
des Grenzlinien-Gebiets eines fallenden, verdampfenden, diinnen Films herangezogen. Zahigkeitsglieder 
beeintlussen mal3geblich das stromaufwarts liegende Stramungsprofil, also den scheinbaren Randwinkel. 
Die Steigung der Fliissigkeits-Dampf-Grenzfl&che ist gleich einer dimensionslosen Grenzlinien- 
Wirmesenke. Eine Zunahme des scheinbaren Randwinkels bewirkt eine Zunahme der Wiederbenetzungs- 
Geschwindigkeit. GroBe Grenzlinien-Temperaturgradienten und Uberhitzungen sind sowohl bei 
ortsfester wie such bei wandernder Grenzlinie miiglich. Der physikalische ProzeB, bei dem die Grenzlinie 
eines fallenden, verdampfenden Films in Kontakt mit einer iiberhitzten Oberfliiche sein kann, wird 

beschrieben. 
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BnMIlHME ME_WC@A3HbIX IIBflEHMfi B OISIACTM I-PAHMubI PA3AEJlA HA 
IlOBTOPHOE CMAqMBAHME 30HbI nEPErPEBA 

AmoTaunn-- B man& Hcnonb3yeTcn noHlT&ie o necnepceoHHbIx cmax JIoH~oH~-B~H nep Baanbca 

~lnfl a~ami3a rpawr~ofi 06nacre c-reramueii scnaprtorueFicr ~0~~0i-i nneHKH W~LIK~~TI(. BR3KOCTb 

"OTOKa OKa3bIBaeT 3HaqUTe,IbHOe B,UUlHWe Ha npO@"b BBepX n0 TeSeHWO, HanpHMep, Ha yrOn 

KOHTdKTa. HaKJIOH rpaHAUb1 pa3nena WlnKOCTb-nap paBeH 6e3pa3MepHOMy CTOKy TC"Jla Ha rpaHHlle 

"JleHKH. YBe.UWeHWZ yr,W KOHTaKTa Bb13bIBaeT yBenW,eHHe CKOpOCTN CMaSWBaHWI. 60,IbL"He TeM- 

"epdTypHb,e rpd,WCHTbl Ha rpaHHL,C nJleHKU I( neperpeBb1 MOryT RMeTb MeCTO KaK ilnll HenOnBWKHOti. 

TaK &i LlJlS nertmyuretics II.U&HKH. OnHCbIBaeTCSl cpu3wiecKsii npouecc Ha rpattsue KOHTaKTa CTeKa- 

v.weA rtcriapnioueticn nnEHKsi c noBepxHocTbm neperpesa. 


