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The kinet ics  of the development  of p r e s s u r e  genera ted  by the act ion of the cap i l l a ry  fo rces  
between two d i s p e r s e  pa r t i c l e s  a r e  inves t iga ted  using a s l i t  model  of a cap i l l a ry -po rous  
body. The m o i s t u r e  vapor iza t ion  m e c h a n i s m  is a lso  studied. 

The p r o c e s s  of drying var ious  cap i l l a r y -po rous  bodies  is cha rac te r i zed  by a change in thei r  
s t ruc tu re  and volume [1]. The in te rna l  s t r e s s e s  fo rmed  as a r e su l t  of a drop  in the in terna l  p r e s s u r e s  between 
zones with d i f ferent  m o i s t u r e  contents a r e  genera ted  in mixed mac roscop ic  volumes of a m a t e r i a l  due to the 
nonuniformity of the vo lumet r ic  changes taking place  under the action of cap i l l a ry  contract ion fo rces  [2]. 

The development  of the p r e s s u r e  genera ted  by the action of the cap i l l a ry  fo rces  between two d i spe r se  
pa r t i c l e s  is inves t iga ted  on a device permi t t ing  the const ruct ion of a s l i t  model  of a cap i l l a ry -po rous  body 
f r o m  two hor izonta l  p la tes ,  the joining su r faces  of which f o r m  a dihedral  angle.  According to Churaev [3] this 
model  is the bes t  approximat ion  of r e a l  s y s t e m s  c h a r a c t e r i z e d  by a fixed dis t r ibut ion of pore  d imensions  o r  of 
the l imit ing radi i  of the c u r v a t u r e  of the menisc i  fo rmed  in the pores  during drying.  In addition, the p r e s s u r e  
inside the fluid held between two hor izonta l  p la tes  is de te rmined  by the re la t ion  

L = 2 ~ (  1 1 ) 
a b 

which co r re sponds  to the cap i l l a ry  p r e s s u r e  of the junction fluid [4]. 

The device  fo r  invest igat ing cap i l l a ry  effects  (Fig. 1) is ins ta l led on a v ib ra t ion-proof  base  (1) and c o m -  
p r i s e s  a m i c r o t h e r m o s t a t  (2) with a t e m p e r a t u r e  r egu la to r  f rR) ,  a r e a d - o u t - m e a s u r e m e n t  m i c r o s c o p e  (3), and 
pla tes  (4) and (5) making up the cap i l l a ry  s l i t .  The joining su r faces  of the pla tes  fo rm a dihedral  angle of 1 ~ 
24 ' .  P la te  (4) is  made  in the f o r m  of thin c i r c u l a r  m e m b r a n e  r igidly r e s t r a ined  around the c i r cumfe rence .  
P la te  (5) is  fixed to the viewing hood (6) in which the m i c r o s c o p e  is ins ta l led.  The viewing hood with the plate 
can be d isp laced  in the plane perpendicu la r  to the m e m b r a n e  su r f ace ,  es tabl ishing the requi red  width of the gap 
between the p la tes .  The viewing hood is  d isplaced by the mechan i sm (7). The sl i t  width is m e a s u r e d  by the 
sp r ing -ac tua t ed  contact  c o m p a r a t o r  (8) of the Inst i tute of Applied Geophysics  01 type.  

The m e m b r a n e  is 0.17 $ 0.03 m m  thick and 15 ~ 0.01 m m  in d i a m e t e r  and is  made of g lass  with a modulus 
of e las t ic i ty  of E =66,500 MN/m 2 and a Poisson  coeff icient  of T = 0.22. The plate (5) is 40 m m  thick and made 
of K-8 quar tz  g l a s s .  The unevenness  of the sur face  in contact  with the m e m b r a n e  is not g r e a t e r  than 0.07/~. 

The p la tes  a r e  in a m i c r o t h e r m o h y g r o s t a t  in which a p r ede t e rmined  t e m p e r a t u r e  t is  mainta ined with an 
a c c u r a c y  of 0.5 ~ The p r e d e t e r m i n e d  re la t ive  mo i s tu r e  content of the a i r  q~ is  maintained by sa tu ra ted  solu-  
t ions of sa l t s  p laced in the tank (9). 

The cap i l l a ry  p r e s s u r e  which develops in the s l i t  i s  due to the deflection of the m e m b r a n e ,  which is  m e a -  
su red  by a mechanot ronic  d i sp lacement  t r a n s d u c e r  (10), the basic  component  of which is a 6MKhZS e lec t ron  
tube.  The e lec t rode  cu r r en t  of this tube is  va r i ed  by the mechan ica l  d i sp lacement  of i ts  e lec t rodes  which a r e  
connected to the m e m b r a n e .  The sens i t iv i ty  of the t r a n s d u c e r  to d i sp lacements  in t e r m s  of cu r r en t  i s  not l ess  
than 100 ~ A / ~ .  The tube c u r r e n t  is m e a s u r e d  by a br idge c i rcu i t .  The br idge is balanced in advance using 
an M 266M m i c r o a m m e t e r ,  and an R 33 r e s i s t a n c e  box is  connected into one of the a r m s  of the br idge fo r  
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Fig. 2 
Fig.  1. Line d i a g r a m  of device for  inves t igat ing cap i l l a ry  ef fec ts .  

Fig.  2. Dependence of cap i l l a ry  p r e s s u r e  La,  N/m 2 {calculated va lues ,  solid line; expe r imen ta l  
da ta ,  dashed line) and re la t ive  intensi ty  of mo i s tu r e  vapor iza t ion  f r o m  the s l i t  model  j E/J0 on 
width of gap between pla tes  a ,  m.  

accu ra t e  balamzing. A reading  of the deflect ion of the m e m b r a n e  is obtained f r o m  the sca le  of anM 195/1 z e r o -  
ga lvanome te r  with a cu r r en t  sca le  division of 9.2.10 -9 A/d iv .  Sets of "Mars  " - type  galvanic e lements  a r e  used 
as supply sources  for  the m e a s u r e m e n t  c i rcu i t  and the f i lament  c i rcu i t s  of the mechanot ron .  

The magnitude of the cap i l l a ry  p r e s s u r e  is de te rmined  taking into account the fact  that  the p r e s s u r e  
genera ted  by the deflect ion of the m e m b r a n e  is d is t r ibuted  uni formly  over  the su r face  of a c i r c l e ,  the d i ame te r  
of which is  s m a l l e r  than that  of the m e m b r a n e  and the cen te r  of which does not coincide with that  of the m e m -  
brane .  The calcula t ions  a r e  based  on the fo rmulas  obtained by Gershgor in  [5] for  de te rmin ing  the e las t ic  s u r -  
face of c i r c u l a r  p la tes  with r igidly held edges subjec t  to n o n s y m m e t r i c a l  c i r c u l a r  loads.  These  fo rmu la s  a r e  
defined m o r e  accu ra t e ly  by the p re sen t  authors  with r e f e r e n c e  to de termining  the cap i l l a ry  p r e s s u r e  in the 
s l i t  model  under  invest igat ion.  

The cap i l l a ry  p r e s s u r e  for  the case  in which the cen t e r  of the m e m b r a n e  is  covered  by the c i r c l e  of load 
appl icat ion is  

32 E 5  s ]~J~7 C9~0 ) 

La = 3 b' (l-- ~) (1) 

2c ~ + In ~ + -if- + ~  

The d i a m e t e r  and eccen t r i c i ty  of the drop  re la t ive  to the m e m b r a n e s  a r e  de t e rmined  through the opt i -  
ca l ly  t r a n s p a r e n t  plate  (5) by a m i c r o s c o p e  (3) with a sca le  divis ion on the Huygen 's  eyepiece  sca le  of 15 d iv . /  
m m ~  

The device desc r ibed  is a lso  used  to study the m e c h a n i s m  for  the vapor iza t ion  of mo i s tu r e  f rom the sl i t  
model  under  var ious  t h e r m a l  and m o i s t u r e  condit ions.  The intensi ty of vapor iza t ion  ]I~ is a s s e s s e d  f rom the 
change in one unit of t ime  Ar in the amount of Mdis t i l la te  held in the sl i t  p~V, r e f e r r e d  to the init ial  side s u r -  
face  of the c rushed  drop S without taking into account  the cu rva tu re  of the meniscus  and the dihedral  angle 
between the pla tes :  

SAT 4b H AT 
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A glass  v e s s e l  19 • m m  in d i a m e t e r  and 5 m m  deep is used to de te rmine  the intensi ty of mo i s tu re  
vapor iza t ion  f r o m  the f r ee  su r face  J0, which is a c h a r a c t e r i s t i c  of the t h e r m a l  and moi s tu re  conditions e s t a b -  
l ished in the t h e r m o s t a t  chamber .  The ve s se l  with the fluid under  invest igat ion,  degassed  dist i l led water  
f r o m  a double dis t i l la t ion,  is placed in the t h e r m o s t a t  chambe r .  Af te r  s t a t ionary  conditions a r e  es tab l i shed  
in the c h a m b e r ,  the ve s s e l  with the wa te r  is weighed per iodica l ly  on A-31 W mic roana lys i s  sca les  with a r e a d -  
out accu racy  of 0.05 g. The intensi ty  of vapor iza t ion  f r o m  the f r ee  su r face  J0 is  a s s e s s e d  f r o m  the change in 
the amount  of mo i s tu re  being vapor ized  pAV0 re la t ive  to the vapor iza t ion  su r face  S o over  the per iod of t ime  
between two consecut ive  m e a s u r e m e n t s ,  A~ 0. 

The ini t ial  d i a m e t e r  of the drop  c rushed  between the pla tes  is 6.0-6.5 m m  for  al l  the expe r imen t s .  The 
e r r o r s  in the m e a s u r e m e n t  of cap i l l a ry  p r e s s u r e  and in the m e a s u r e m e n t  of mo i s tu re  vapor iza t ion intensi ty ,  
as calcula ted taking into account  the law of s u m m a t i o n  of individual ind i rec t  m e a s u r e m e n t  e r r o r s  for  all  ex -  
p e r i m e n t s ,  a r e  l ess  than 3.5 and 5.0%, r e spec t ive ly .  The min imum n e c e s s a r y  number  of repet i t ions  of the 
expe r imen t ,  ca lcula ted  by a genera l ly  accepted  p rocedure  [6], is  s ix.  The m e m b r a n e  deflection is  not m o r e  
than the units of the m i c r o m e t e r ,  so that  the change in the m e m b r a n e  su r face  c u r v a t u r e  during the expe r imen t  
can be neglected.  

Before  each expe r imen t  the s u r f ace s  of the p la tes  a r e  washed care fu l ly  with acetone  and ethyl alcohol.  
Af t e r  drying the p la tes  with purif ied w a r m  a i r ,  the cap i l l a ry  s l i t  is f i l led with wate r .  The plate  (5) (Fig. 1) is  
moved to the e x t r e m e  top posi t ion fo r  this  purpose .  A drop of wa te r  is  applied to the sur face  of the m e m b r a n e  
(it mus t  be in the cen te r !  ). Then by displacing the plate (5) and thus crushing the drop,  the requi red  s l i t  width 
is es tab l i shed .  

F igure  2 depicts  the dependences of the re la t ive  intensi ty  of vapor iza t ion  j ~/J0 and the cap i l l a ry  p r e s s u r e  
L~ on the width of the s l i t  a .  As follows f r o m  the r e su l t s  obtained,  with a width of < 100 ~ for  the gap between 
the pla tes  the theore t i ca l  and expe r imen ta l  values of the cap i l l a ry  p r e s s u r e  coincide with an accuracy  fall ing 
within the l imi t s  of m e a s u r e m e n t  e r r o r .  When a > 100 #,  a ce r t a in  d i sc repancy  between the ca lcula ted  values 
of the cap i l l a ry  p r e s s u r e  and the expe r imen ta l  data is  obse rved .  The intensi ty of m o i s t u r e  vapor iza t ion  is 
a lso  dependent on the s l i t  width and grows when the t e m p e r a t u r e  of the envi ronment  r i s e s  and the sli t  width and 
re la t ive  mo i s tu r e  content of the a i r  r fa l l .  

The r e su l t s  obtained can be explained as fol lows.  As the gap between the plates  i n c r e a s e s ,  the c o r r e l a -  
tion between the fo rces  acting within the fluid changes and an i n c r e a s e  is  then noted in the contr ibution of the 
fo rces  of g rav i ty  to the ove ra l l  ba lance  of f o r c e s .  This  red is t r ibut ion  of the fo rces  causes  a change in the c u r -  
va ture  of the m e n i s c u s ,  which gives  r i s e  to an i n c r e a s e  in the d i a m e t e r  of the m e m b r a n e  su r face  wetting spot .  
Since the p r e s s u r e  L~, as de te rmined  by fo rmula  (1), is  dependent on the square  of the d i a m e t e r  of the spot 
of fluid on the m e m b r a n e  s u r f ace ,  even sma l l  changes in the cu rva tu re  of the meniscus  give r i s e  to a d i s c r e p -  
ancy between the exper imen ta l  and theore t ica l  r e su l t s  when a > 100 ~. 

The na ture  of the change in the re la t ive  in tensi ty  of vapor iza t ion  j z/J0 is a t t r ibutable  to the fact  that  fo r  
a cap i l l a ry  model  with a Slit width of > 100 p the bulk of the mo i s tu re  is t r a n s f e r r e d  by diffusive flow at  v i r -  
tual ly any r va lues .  The f i r s t  c i r c u m s t a n c e  is r e l a t ed  to the growth in the th ickness  of the adsorpt ion f i lm h 
and to the i n c r e a s e  in i ts  conducting capaci ty  and the second is r e la ted  to the i nc r ea se  in the ra t io  of the ad-  
sorp t ion  f i lm th ickness  to the double cu rva tu re  of the meniscus  which governs  the deg ree  of par t ic ipa t ion  of 
pe l l i cu la r  t r ans f e r .  It  should also be noted that  the change in the intensi ty  of mo i s tu re  vapor iza t ion  f r o m  the 
sl i t  JZ, which is r e l a t ed  to the width of the gap between the p la tes ,  is  caused by the d isequi l ibr ium of the p r o -  
c e s s e s  of mo i s tu r e  vapor iza t ion  f r o m  the s l i t ,  vapor  condensat ion,  and mo i s tu re  absorpt ion by the solutions 
of sa l t s  which take place  s imul taneous ly  in the t he rmohygros t a t  chambe r .  

No change is r evea led  in the in tensi ty  of vapor iza t ion  f r o m  the cap i l l a ry  s l i t  which is dependent on the 
posi t ion of the drop  of fluid re la t ive  to the m e m b r a n e  cen te r  with equal  widths for  the gap between the p la tes .  
This  is  due to the fact  that  the ini t ial  volume of the drop is  cons iderab ly  g r e a t e r  than the change in i ts  volume 
caused  by the vapor iza t ion  and in addition the expe r imen t s  a re  t e rmina ted  when the drop volume is reduced to 
20-25% of  the or ig ina l  volume.  F o r  the s a m e  r ea son  and also because  the drop is located only a t t h e  cen te r  
of the m e m b r a n e ,  no change is  r evea led  in the intensi ty  of vapor iza t ion  due to the change in the dis tance f r o m  
the mouth of the cap i l l a ry  s l i t  to the men i scus .  

Thus ,  the r e su l t s  of an invest igat ion into the p r o c e s s  of mo i s tu r e  vapor iza t ion  f r o m  the cap i l l a ry  sl i t  
show that  the contr ibut ion of pe l l i cu la r  f l o w b e e o m e s p e r c e p t i b l e  when the width of the gap between the pla tes  
< 100 p and r > 50%. This  is in good a g r e e m e n t  with the theore t i ca l  conclusions drawn in [7, 8]. 
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By t rans forming  the resul ts  obtained to the p rocesses  of s t ructur ing capi l lary-porous  mater ia l s ,  it can 
be concluded that the magnitude of the internal  p r e s su re  developing during the vaporizat ion of mois ture  f rom 
these mater ia ls  is dependent on the mobility of the d isperse  par t ic les  (i. e . ,  on the degree of dispers ion and, 
consequently,  on the coefficient of shrinkage) and, to a l e s se r  extent, on the intensity of mois ture  vaporization 

f r o m  the mater ia l .  

NOTATION 

Lff, capillary (Laplace) pressure, N/m2; % surface tension, N/m; a, width of gap between plates, m; 
b, diameter of fluid drop held between plates, m; E, modulus of elasticity of membrane material, N/m2; 7, 
Poisson coefficient of membrane material; t, temperature in thermohygrostat chamber, ~ 9, relative mois- 
ture content of air, %; 6, membrane thickness, m; W(0,0), deflection of center of membrane, m; c, eccentricity 
of fluid drop relative to membrane, m; d, diameter of membrane, m; iS' intensity of moisture vaporization 
from slit, kg/m 2. sec; AV, increase in drop volume, m3; S, surface of vaporization of moisture from slit, m2; 
T, duration of process, sec; J0, intensity of vaporization from free surface of water, kg/m 2. sec; So, vaporiza- 
tion surface, m 2. 

1. 
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F O R M A T I O N  ON S O L I D  S U R F A C E S  O F  A GAS M O N O L A Y E R  

P R O V I D I N G  P R O T E C T I O N  A G A I N S T  F R I C T I O N  IN R A R E F I E D  

M E D I A  

A.  D .  I g n a t o v s k i i ,  L .  I .  S h u b ,  
a n d  I .  S.  K u z ' m i n  

UDC 531.43 

The dynamics of formation of a monomolecular  gas layer  on an exposed surface  are  analyzed 
on the basis of a solution of the kinetic adsorption equation, with allowance for adsorption,  
desorpt ion,  and the migrat ion of molecules to the free par ts  of the surface  under equilibrium 
external  conditions. 

It is known [2, 3] that gas films adsorbed on the surface  of rubbing bodies have an important  influence on 
the variat ion of the fr ict ion and wear  cha rac te r i s t i c s .  This effect is especial ly significant in connection with 
studies of fr ict ion p rocesses  in a high vacuum, where the use of liquid lubricants and g reases  is impossible 
owing to their  evaporabil i ty.  Adsorbed gas fi lms protec t  the sur faces  f rom "juvenile" contact ,  thus reducing 
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