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H E A T  T R A N S F E R  IN F R E E  M O T I O N  IN H O R I Z O N T A L  

L A Y E R S  H E A T E D  F R O M  B E L O W  

A .  N .  L y a l i k o v  a n d  N .  A .  T s v e t k o v  UDC 536.248.2 

I t  is shown that the r e su l t s  of exis t ing theore t ica l  solutions for  heat  t r a n s f e r  in plane hor izontal  l ay e r s  
heated f rom below dif fer  cons iderably  f r o m  one another .  The need for  a wider  genera l iza t ion is demons t ra ted  
by analyzing new exper imen ta l  work  and exis t ing genera l iza t ions  on heat  t r a n s f e r  through a l ayer  a f te r  loss  of 
s tabil i ty.  

A total  of 605 exper imen ta l  points taken f r o m  12 publications for  the regions  of heat  conduction, convec-  
t ion,  and l a m i n a r  and turbulent  motion of a fluid in the l aye r  a r e  p r o c e s s e d  by the method of l ea s t  squares .  
A jus t i f icat ion for  the choice of the l imi t s  of genera l iza t ions  for each zone is given. F o r  a 95% confidence 
coefficient  and a m e a n - s q u a r e  deviat ion of 9.2%, the co r re la t ion  between the p r o c e s s e d  m a t e r i a l  is r ep re sen t ed  
by zones with the following four equations:  

Nu = 1; R a G  1740; (1) 

N u = 1 + 1 , 4 4 ( 1 - - 1 7 4 0 )  Ra ; 1 7 4 0 < R a < 4 .  103; 

Nu = 0,24Ra~ 4 .  1 0 8 ~ R a ~ 3 . 1 0 e ;  

(2) 

(3) 

Nu = 0,115 Ra~ 3 .  l O e ~ R a ~  I0'O; (4) 

The r e su l t s  obtained a r e  compared  with theore t ica l  solutions and a re  found to agree  only qual i tat ively.  
It  is shown that  the widely used Mikheev genera l iza t ion ,  obtained for  l aye r s  of d i f ferent  configurat ions cannot be 
r ecommended  even for  approx imate  calculat ions of hea t  t r a n s f e r  through a plane l ayer  heated f rom below. 
Equations (1), (2), and (3) approx imate  the expe r imen ta l  data m o s t  c losely in the range of var ia t ion  of Prandt l  
numbers  0.7 < P r  < 11760, while Eq. (4) approx ima tes  the data in the range 0.7 < P r  < 6. These  re la t ions  are  
re l i ab le ,  convenient ,  and fa i r ly  accura te  for  p rac t i ca l  calculat ions.  
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H Y D R O D Y N A M I C S  O F  T H E  V O R T E X  C H A M B E R  

V .  I .  K i s l y k h  a n d  I .  I .  S m u l ' s k i i  UDC 533.9.07:533.527 

The laminar  motion of a viscous incompress ib le  liquid in a vortex chamber with a tangential component 
of the velocity depending only on the radius is considered.  In this formulation the N a v i e r - S t o k e s  equations r e -  
duce to a sys tem of ordinary  differential equations. When the boundary conditions are  assigned the solution 
can be divided into two regions - a central  region and a per iphera l  region. The boundary-value problem is 
solved by the ranging method for the differential  equations. On the basis of the numerica l  solutions approxi-  
mate analytical solutions a re  obtained which depend on a single constant m. It  is shown that the constant is 
determined by the twist in the vortex chamber.  A whole c lass  of possible solutions is analyzed and m is found 
for zero  twist. The values of m for  different twists can be uniquely determined by comparing the calculated 
velocity and p re s su re  fields with the measured  fields [1]. Figure 1 shows calculated fields of the radial  com-  
ponent of the velocity u, the tangential component v,  and the axial component w, the p re s su re  drop Ap for  m = 
1.657 and a radius of the exit opening R1 = 1.5 cm, and also the s t reamlines .  It is seen f rom the figure that: 
1) The velocity and p res su re  fields obtained a re  qualitatively s imi lar  to the experimental  fields and represen t  
all the charac te r i s t i c  features  of the motion of a gas in vortex chambers ,  namely,  the presence  of radial  and 
axial flows in opposite d i rect ions;  2) that a maximum of the tangential velocity is obtained inside the opening. 
On the figure we can also note the charac te r i s t i c  shape of the curve showing the variat ion of the p res su re  
along the radius.  

Analytical express ions  are given for  the velocity and p re s su re  fields in the vor tex chamber as a function 
of the constant m. These express ions  also descr ibe  the special  case of untwisted flow, for example,  the flow 
in a porous tube with a single impenetrable end, for  which the value of the constant is determined theore t i -  
cally. The resul ts  of the calculation are  compared with published data for a porous tube and agree with them 
quantitatively. 
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Fig. 1. Velocity and p re s su re  fields and s t r eam 
lines in a vor tex  chamber  (m = 1.657); r and z are  
in cen t imeters ;  u, v,  and w are  in cm/sec ;  and 
~p is in mm H20. 
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H E A T  T R A N S F E R  IN P L A N E  

I N C O M P R E S S I B L E  F L U I D  

V. I .  K o r o b k o  

F R E E  J E T S  OF  A V I S C O U S  

UDC 532.517 

The main resul ts  of the paper can be summar ized  as follows. The second and third t e rms  of the asymp-  
totic expansions of the tempera ture  in problems of the development of free plane laminar  and turbulent jets of a 
viscous incompress ib le  fluid with a " symmet r i ca l "  distribution of the tempera ture  in the surrounding space 
are  obtained in finite form.  The solution is obtained using the equations of the boundary layer.  In the problem 
of the development of a turbulent jet the semiempir ica l  Prandtl  theory of turbulence and the Four ie r  hypothesis 
for heat conduction are  used. The resul ts  of experimental  investigations of the distribution of the concent ra-  
tion of the gaseous mixture in plane free turbulent jets of air  with different initial nonuniformities of the outflow 
velocity f rom the slit  are  presented.  The express ion obtained for the tempera ture  distribution is used to de-  
scr ibe  the distr ibution of the concentration of the gaseous impurity in the free turbulent jets of a i r  being invest i -  
gated (with corresponding replacement  of the Prandtl  number by the Schmidt number) in the t ransient  par ts .  
The effect of the shape of the initial outflow velocity profile f rom the slit on the tempera ture  distribution in a 
plane free laminar  jet with an "asymmet r i ca l "  tempera ture  distribution in the space surrounding the jet is 
investigated. 

Dep. 1564-78, March 21, 1978. 
Original ar t ic le  submitted September 12, 1977. 

AN O P T I M A L  C R Y O G E N I C  H E A T - I N S U L A T I O N  S Y S T E M  

A.  G. S h i f e l ' b a i n  UDC 6 2 1 . 5 9 . 0 4 - 7 6 - 0 3 .  

The efficiency of cryogenic  heat- insulat ing envelopes can be increased considerably if the heat is with-  
drawn at intermediate t empera ture  levels ,  for example,  using cooled screens .  The idea of relat ive energy 
cost  represent ing  the rat io of the cost  of the power required to compensate the heat inflow through the insula-  
tion and the cooling of the screens  to the cost  of the power without intermediate cooling is proposed as a cha r -  
ac te r i s t i c  of the efficiency of intermediate cooling. It is shown that for each insulation, because of the nature 
of the tempera ture  dependence of the thermal  conductivity, there are  optimum tempera tures  of the screens  
and their posit ion with respec t  to the insulation thickness.  Calculations show that the use of cooled sc reens  
is the more  effective,  the grea ter  the tempera ture  dependence of the ~ e r m a l  conductivity of the insulation 
and the grea te r  the rat io of the t empera tures  of the hot and cold surfaces .  Cooled sc reens  can be employed 
mos t  effectively for cryogenic  devices having a tempera ture  below 10~ using sc reen-vacuum heat  insulation 
as a heat  shield. The resul ts  of a calculation of the relat ive energy costs E, the optimum screen  t empera -  
ture T, and their  optimum relat ive distance f rom the cold surface x for the case of sc reen-vacuum heat insula-  
tion with boundary t empera tu res  of 4.2-300~ are presented in Table 1. The energy costs are  calculated a s -  
suming ideal Carnot cycles.  

It is shown that nonuniformity of the optimum position of the screens  - increas ing the frequency of their 
position in the region of the cold surface - is the g rea te r ,  the grea ter  the dependence of the thermal  conduc- 
tivity on the tempera ture .  It  is charac te r i s t i c  that for any form of this dependence the use of a large number 
of cooled sc reens  (in prac t ice ,  grea ter  than three) is not very  effective. In the major i ty  of cases it is suffi-  
cient to introduce a single cooled screen  into the insulation. Calculation has shown that consideration of the 
actual cooling coefficient hardly changes the optimum tempera ture  of the screens  and their  optimum dis t r ibu-  
tion, but considerably reduces the relat ive energy cos ts ,  i .e. ,  the use of cooled screens  is actual sys tems is 
more  effective than would follow f rom the table. 
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TABLE 1. Optimum P a r a m e t e r s  of Systems with Cooled Screens 

Parameter No. of screens 
, 2 3 } 

E 
X 

0,071 
0,25 
79 

0,04 
0,1 0,39 
45 142 

0,033 I 0,028 
3,055 0,201 0,5] 0,019 0,072 0,175 0,35 0,62 

38 95 1831 20 49 92 147 217 
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E X P E R I M E N T A L  D E T E R M I N A T I O N  O F  T H E  

E F F E C T  O F  D I M E R I Z A T I O N  O F  

M O L E C U L E S  OF  B I N A R Y  M I X T U R E S  O F  

I N E R T  G A S E S  ON T H E R M A L - D I F F U S I O N  

S E P A R A T I O N  

V.  L .  Z h d a n o v  UDC 533.735 

According to [1, 2, 3], at low tempera tu res  double molecu le -d imers  are  formed,  the number of which in- 
c reases  as the p r e s s u r e  of the mixture i nc reases ,  as the tempera ture  is reduced,  and as the content of heavier  
gas in the mixture increases .  Dimer iza t ion of the mixture leads to anomalies in the tempera ture  and concen- 
t rat ion dependences of the thermal-di f fus ion constant (s T) [2, 3]. 

The purpose of this work was to make an experimental  determination of the effect  of d imerizat ion on 
thermal-dif fusion separation. 

Using the two-vesse l  method [4], we investigated the t empera tu re  and concentrat ion dependences of the 
thermal-di f fus ion constant  of K r - A r ,  X e - A r ,  and X e - K r  mixtures  in the tempera ture  range T = 168-271~ 
where 

ru (ru- r~-'. ~= ruT s In (i) 

The exper iments  were  made at the two values of the s ta r t -up  p re s su re  of the mixture in the appara-  
tus - 380 mm Hg and 228 mm Hg. The resul ts  show a monotonic change in s T with tempera ture  for all the 
concentrat ions of the mixtures  investigated provided that the rat io Ps/P0 (where Ps  is the saturat ion vapor 
p r e s s u r e  of the heavy component in the mixture at the given tempera ture  of the lower vesse l ,  and P0 is the 
par t ia l  p r e s s u r e  of the heavy component at the given tempera ture  of the lower vessel)  is g rea te r  than 2.05 for 
the K r - A r  mixture  and grea te r  than 1.8 for  the X e - A r  and X e - K r  mixtures.  

When the tempera ture  in the lower vessel  is reduced so that the rat io Ps/P0 becomes less  than 2.05 and 
1.8 for  the corresponding mixtures ,  a minimum is found f rom the tempera ture  dependence of s T at all con- 
centrat ions of these mixtures .  Exper iments  car r ied  out with pure gas {Kr) showed that when the tempera ture  
in the lower vesse l  is reduced to values corresponding to Ps/P0 < 2.05, there is a sharp increase  in the t he r -  
mal conductivity of the gas. This effect cannot be explained by dimerizat ion,  since it does not lead to an in-  
c rease  in the thermal  conductivity of the gas. On the other  hand, since the tempera ture  range between the 
l inear  phase transi t ion and the tempera ture  corresponding to the rat io Ps/P0 = 2.05 is of the o rder  of 4-5 ~ the 
increase  in the thermal  conductivity may be due to the fact that the state of the sys tem approaches the phase 
transit ion.  In our opinion, this is the explanation for the anomalies in the tempera ture  dependences of o~ T ob-  
served when Ps/P0 = 2.05 for  K r - A r  mixtures  and for  Ps/P0 = 1.8 for X e - A r  and X e - K r  mixtures .  
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We c a r r i e d  out an ana lys i s  of the data in the l i t e ra tu re  on the the rmal -d i f fus ion  constant  for  the gaseous 
mix tu re s  inves t igated at low t e m p e r a t u r e s .  All the r e su l t s  cons idered  were  in th~ t e m p e r a t u r e  range for 
which the ra t io  Ps/P0 > 3, and, with the exception of [3], not one of them ment ions  the effect  of d imer iza t ion  
on the the rmal -d i f fus ion  separa t ion  of gaseous mix tu res .  

We calculated the values  of o~ r both for  a b inary  mix tu re  using the L e n n a r d - J o n e s  potent ial  and for  a t e r -  
na ry  mix tu re  using the method desc r ibed  in [5]. The concentrat ion of the d i m e r s  in the mix tu re s  invest igated 
was  de te rmined  as  in [1]. The theore t ica l  calculat ions do not r evea l  any apprec iab le  e f fec t  of d imer iza t ion  of 
the mix tu re  on the rmal -d i f fus ion  separa t ion  (the deviat ion of c~ t e r  f r o m  ~bin_ for  the cor responding  t e m p e r a -  
tu res  is within the l imi t s  of expe r imen ta l  e r r o r ) .  

T u 

Tl 

NOTATION 

is the t e m p e r a t u r e  of the upper  ve s se l ;  
is the t e m p e r a t u r e  of the lower  ve s se l ;  
is the the rmal -d i f fus ion  constant  of a binary mix ture ;  

is the the rma l -d i f fus ion  constant  of a t e r n a r y  mix ture .  

i. 
2. 
3. 
4. 

5. 
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D E T E R M I N A T I O N  O F  T H E  N O N S T E A D Y - S T A T E  

H E A T - T R A N S F E R  C O E F F I C I E N T  B Y  T H E  

M E T H O D  O F  I N T E G R A L  C H A R A C T E R I S T I C S  

V.  V .  V l a s o v ,  Y u .  S. S h a t a l o v ,  
a n d  N .  P .  P u c h k o v  

UDC 536.24.02 

Using the method desc r ibed  in [1], the p rob lem of ext rapola t ion  of the t he rma l  informat ion in t e r m s  of 
a phys ica l  med ium with p r o p e r t i e s  which va ry  with r e s p e c t  to the spat ia l  coordinate  is solved. The non- 
s t eady- s t a t e  h e a t - t r a n s f e r  coeff icient  c~(t) is found f r o m  the boundary-value  p rob lem 

Ou~ (-x, t) O~u~ (x, 0 , t > o,  l~_~ < x < t~, l o = o, l~ = 1, (1)  
O ~  - -  ai  ax~ 

ui (x,  O) = O, i = 1, 2 . . . . .  n ,  u~ (0,  t) = g (t), uk (lh,  t) ----- h (t),  1 ~< k ~< n ,  ( 2 )  

Oui (l i ,  t) Oui+l (l i ,  t) 
U i ( l i ,  t )= Ui+z(/i, t), Xi OX = ~'~+l Ox , i = 1, 2 . . . . .  n - - 1 ,  

Oun (ln, t) 
- -  X~ Ox q (t) = ~ (t) [u~ (t~, t) - -  Ucp (t)l, 

where  the t h e r m a l  conductivity Xi, the t h e r m a l  diffusivity a i ,  and the geomet r i ca l  d imensions  l i a re  known and 
constant;  the t e m p e r a t u r e s  g(t}, h(t),  and Uav(t) a re  known for  all  t > 0, and the subsc r ip t  k in (2) takes only 
one fixed value. The p rocedure  for  calculat ing q(t) is as follows. 

1. F r o m  the solution of p rob l em  (1), (2) we de te rmine  the hea t  flux 
Ouh (lh, t) 

qk ( t) = - -  ~.u Ox 
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2. The functions Q(t) and H(t) a re  found f r o m  the in tegral  equations of the f i r s t  kind 

L,,. / .( .d.  
o i=k+ l o i=k+0 " (3) 

( Y ~ )  l i - - t ' - I  
Y - - 7  lr~ (g , t )=  2tl#~ exp ,L~-- 

The solution of Eqs.  (3) can be found,  for  example ,  by the regu la r iza t ion  method desc r ibed  for  such equa-  
t ions in [2]. 

3. q(t) = Qn(t) and Un(/, t) = Hn(t), where  Qn(t) and Hn(t ) a r e  obtained by in tegra t ing  Q(t) and H(t) with 
use  of the r e c u r r e n t  re la t ions  given in the text.  

4. The quantity 

a ( t )  = 

is then calculated.  

'q (t) 
un (t, t) -- Uav(t) 

F o r  the case  when the t he rmophys i ca l  coeff icients  ki and a i ,  i = k + 1 . . . .  , n, a re  unknown, the p ro b l em 
of ext rapola t ion  of the t he rm a l  informat ion  reduces  to solving a s y s t e m  of nonlinear  a lgebra ic  equations con-  
taining the in tegra l  c h a r a c t e r i s t i c s  of  the t e m p e r a t u r e .  
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ANALYTICAL RELATIONS FOR CALCULATING THE 

STEADY-STATE TEMPERATURE FIELD AND 

VARIABLE BOUNDARIES IN A HEAT EXCHANGER 

A.  E .  S o l o v ' e v  UDC 536.27 

An adequate ma thema t i ca l  descr ip t ion  of a hea t  exchanger  r equ i r e s  the considera t ion and solution of a 
nonlinear  boundary-va lue  p r o b l e m  for  a s y s t e m  of d i f ferent ia l  equations in pa r t i a l  de r iva t ives .  The theo re t i -  
cal f o r m  of such a hea t  exchanger  is an equivalent  s y s t e m  of the "tube in a tube" type and in the second a r -  
r angement  contains an e c o n o m i z e r ,  an e v a p o r a t o r ,  and a v a p o r - r e h e a t i n g  sect ion with movable  p h a s e - t r a n s i -  
tion boundaries .  The difficulty in solving this p rob l em is due to the t i m e - v a r y i n g  boundaries  of the evapo ra to r  
seci ion zl0-) and to the fo rma t ion  of rehea ted  vapor  z2(T), defined impl ic i t ly  by the initial s y s t e m  of equations 
and a lso  by the s y s t e m  of initial  and boundary conditions. The var iab i l i ty  of the boundar ies  is due to d i sp l ace -  
ment  of the l a t t e r  as  a function of the power  enter ing  and leaving the hea t  exchanger .  

When s imula t ing  the nons teady-s t a t e  modes  of opera t ion  of a heat  exchanger  on a computer  taking into 
account  the dis t r ibut ion of the p a r a m e t e r s ,  it is n e c e s s a r y  to know the s t eady - s t a t e  t e m p e r a t u r e  dis t r ibut ion 
for  the initial  conditions. In this pape r ,  analyt ical  re la t ions  for  calculat ing the s t eady- s t a t e  t e m p e r a t u r e  field 
of the e c o n o m i z e r ,  e v a p o r a t o r ,  and v a p o r - r e h e a t i n g s e c t i o n s  and equations for  the va r i ab le  boundaries  z I and 
z 2 of the economize r  and evapo ra to r  sec t ions  a r e  obtained both for  a two-zone and a t h ree -zone  hea t  exchanger .  

Dep. 925-78, January  30, 1978. 
Original  a r t i c le  submit ted  Apr i l  30, 1977. 
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I O N  T R A N S F E R  IN A P O R O U S  

W I T H  F I X E D  C H A R G E  

V.  G .  V e r e s o v  

M E M B R A N E  

UDC 541.183.12+577.37 

The t r a n s f e r  of ions in "thick" porous  m e m b r a n e s  having fixed charge is considered.  The potential  d i s -  
t r ibution and charge  in the po res  is de te rmined  by solving the P o i s s o n -  Bol tzmann equation 

d ~  "~ ! d ,  4nF ( c+oe_F , /Rr_  c oeF,/RT). (1_) 
dr = r dr s 

The boundary condition for  Eq. (1) at  0 can be wri t ten  [Eq. (1) is s ingular  at  0] 

, (0) = 0. (2) 

The approx imate  solution of this equation enables  one to calculate  the act ivi ty of the posi t ive  and nega -  
tive ions in the m e m b r a n e  phase .  Thus ,  we have 

a+=v+~C+o=V+o c_.+C~_of ~ , 

-t-o 

13) 

(4) 

where  

1 (p-- l~b~/ '2)  x l / 4 ~ b x l / 2 ~ x 3 / 4  [b(p--l~b2/2)] - ~ - - - 1 4  
f c_o ~. f (x) - A A + 1 x 

i _~ (p-- 1 -}-b~/2) x 1/4 (5) 
A 

b=_4 
L 1/2 k ~ 2  

( 2 _ ~ ) 1 / 2  ' 3 ~ 2  

The potent ial  obtained by solving Eq. (1) and also the act ivi ty calculated f r o m  (3), (4), and (5) a r e  used 
in the i o n - t r a n s f e r  equations in the m e m b r a n e  to de te rmine  the concentrat ional  dependence of the diffusion 
potent ial  d i f ference  and e l ec t r i ca l  r e s i s t ance .  Good a g r e e m e n t  with exper imen t  is obse rved  for  cer ta in  na tu-  
ra l  m e m b r a n e s .  

N O T A T I O N  

r is the potential ;  
F is the Fa r aday  number ;  
R is the gas constant;  
c+0 and 

c-0 a re  the concentra t ions  of counter ions and co- ions ,  r e spec t ive ly ,  on the axis of a pore ;  
7+0, 7-0 a r e  the act ivi ty  coeff ic ients ;  
a+, a_ a r e  the ac t iv i t ies  of the pos i t ive  and negative ions,  respec t ive ly ;  
a is the radius  of a pore ;  
k ~ -2~aFa/gRT; ~ . _ 

is the sur face  charge  density in a pore ;  
e is the d ie lec t r i c  constant  of the aqueous med ium in the m e m b r a n e .  

DelJ. 1390-78, March 2, 1978. 
Original  a r t i c l e  submit ted  January  12, 1978. 
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T E M P E R A T U R E  F I E L D  O F  A R U B B E R  - M E T A L  

D U R I N G  C O N V E C T I V E  V U L C A N I Z A T I O N  O F  I T S  

E L A S T O M E R  C O A T I N G  

A.  A .  A v a e v  a n d  Y u .  R .  O s i p o v  

C O M P O N E N T  

UDC 662.289:678.063 

The ~ I c a n i z a t i o n  of a l aye r  of e l a s t o m e r  deposi ted on a me ta l  subs t ra te  occurs  a t  r e la t ive ly  high t e m -  
p e r a t u r e s  (200-250~ and is accompanied  by a cons iderable  t i m e - v a r y i n g  t e m p e r a t u r e  gradient  ove r  the 
thickness  of both the subs t ra t e  and the vulcanized e l a s t o m e r  coating. Hence,  the t e m p e r a t u r e  field of the 
meta l  and the e l a s t o m e r  enables  one to p red ic t  the quali ty of the r u b b e r - m e t a l  component ,  to e s t ima te  how 
the vulcanizat ion is p r o g r e s s i n g  with t ime ,  and thus to choose the opt imum vulcanizat ion p rocedure .  

An "infinite" two- l aye r  p la te ,  one of the l a y e r s  of which is the meta l  subs t r a t e ,  the o ther  being an adhe-  
sive l ayer  between the me ta l  and the e l a s t o m e r  and s eve ra l  joined l aye r s  of e l a s t o m e r ,  is chosen as the 
model  of convective vulcanizat ion of the r u b b e r - m e t a l  component ,  i . e . ,  the p rob l em of the analyt ical  inves t i -  
gation of the t e m p e r a t u r e  f ield of a r u b b e r - m e t a l  component  is  fo rmula ted  as a one-d imens iona l  p rob lem - the 
t e m p e r a t u r e  of the me ta l  and the e l a s t o m e r  only v a r i e s  along the thickness  of the plate  and during the vulcani -  
zation p roce s s .  In addition, the sma l lnes s  of the in tegra l  heat  effect  of the p r o c e s s  compared  with the heat  
flow supplied f r o m  the vulcanizing medium enables  one to introduce the assumpt ion  that there  a r e  no heat  
sources  in the model  and to desc r ibe  the heat  t r a n s f e r  in the e l a s t o m e r  and me ta l  using the same  equations.  

The solution of the p rob l em  is found by an opera t ional  method.  A s e r i e s  of expe r imen t s  in which the 
t e m p e r a t u r e  f ield of the r u b b e r - m e t a l  component  was m e a s u r e d  showed sa t i s f ac to ry  a g r e e m e n t  between the 
theore t ica l  and exper imen ta l  values  of the t e m p e r a t u r e  of the me ta l  and e l a s t o m e r .  I t  should be noted that 
the method of calculat ing the t e m p e r a t u r e  field can be used for  any two- l aye r  component  which can be reduced 
to an ~infinite" plate a r r a n g e m e n t  and which is subjected to convective t h e r m a l  p r o c e s s i n g ,  a s suming  that 
there  is no in ternal  hea t  dissipat ion.  

Dep. 1565-78, Apr i l  10, 1978. 
Original  a r t i c l e  submit ted  July 18, 1977. 
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INVESTIGATION OF THE KINETICS OF THE DIELECTRIC 

DRYING OF LEATHER 

V. R. Borovskii  and V. M. Minakovskii UDC 621.3.023:675 

Specimens of dimensions 130 m m •  215 mm of chrome leather  for the uppers of footwear with an initial 
mois ture  content W 0 = 96-154% were  packed face downward on the e lectrodes  of a rod-type capaci tor  and dried 
at a cur rent  frequency f = 63.7-65.1 Mttz and a voltage Ua = 1.875-2.5 kV. The available osci l la tory  power of 
the equipment was 0.6 kV. The f i r s t  period of drying extended down to Wcr,1 ~ 60-65%, whichwas pract ical ly  in- 
dependentof W 0, the thickness 5 of the specimens ,  and the e lec t r ic  field strength E in them, and is cons ider -  
ably lower than Wcr  J for convective drying. The relat ive length of this drying period is increased compared 
with convective drying,  where the values of Wcr,1 c loser  to the lower of these l imits ,  correspond to higher 
values of E. 

In the f i r s t  period the rate of drying N and the drying intensity j ,  r e f e r r ed  to the total geometr ical  area  
of the specimen,  depend on S and E, decreas ing  as 5 increases .  The variat ion of W 0 f rom 103% to 154% does 
not affect N and j to any appreciable extent. When 6 is reduced by a factor  of 2, N increases  by a factor  of 2- 
2.5; j var ies  f rom 3.36 kg/m2h for U a = 1.875 kV, W 0 = 13~0, and 6 = 1.75 mm to 10.12 kg/m2h for Ua = 2.46 kV, 
W 0 = 140%, and 5 ~ 0.8. For  fixed 6 and W0, N and j increase  when E increases  due to the increase  in U a. The 
dependence of N and j on Ua 2 is nonlinear. 

The drying curves in the second period can be approximated by an empir ica l  formula of the fo rm 

~' (1) 

where r* is the t ime measured  f rom the beginning of the period; n = l /N; and ~ ~ 0.0245 and is independent of 
the mode of drying. The difference between the theoret ical  and experimental  drying curves does not exceed 
14% in the mois tu re -conten t  region close to equilibrium. 

In the case considered the well-known hypothesis put forward by V. V. Krasnikov with regard  to the 
equation (Nr)w = const  is confirmed. Shrinkage of the leather  is observed as the p rocess  proceeds .  When 
the specimens are  dried f rom W 0 = 115% to W = 20~ their  area  F dec reases  by approximately 10% (particu- 
lar ly  when W < 40%). The experimental  data can be approximated by relat ions of the form 

F w = ro ( l  + p;w), w < 3 5 % ;  (2) 

Fw,, = Fo [ 1.2,~ --~ [~(W --0.4)1, 40 ~IV ~ 160%, (3) 

where fl~ ~ 0.6 and fl~ ~ 0.42 and are  independent of the fo rm and thickness of the leather ,  the mode of drying,  
and on whether the specimens are  f i r s t  dr ied or  are  dried after  secondary moistening. 

The drying of a nonuniformly moistened skin is accompanied by compensation of the mois ture  content 
with increas ing eff iciencywhen W I > Wcr, t  > W 2. If W t > W 2 > Wcr, t  , then up to the instant when the equation 
W 2 = Wcr,1 holds, the nonuniformity of the mois ture  content increases .  After  this instant the rate of increase  
of the nonuniformity slows down, becomes equal to zero ,  and the mois ture  contents of separate  par ts  of the 
skin then become equalized. 

Resul ts  of the investigation confirm that the use of d ie lect r ic  drying instead of vacuum-contact  drying 
of leather  in the unfixed state is promising.  It is best  to use dielectr ic  heating in the two-state  finishing of 
leather  for conditioning it before s t re tching after  vacuum-contac t  drying. 

Dep. 1563-78, March,  1978. 
Original ar t ic le  submitted October 25, 1977. 
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O V E R A L L  T E M P E R A T U R E  F I E L D S  IN H O L L O W  

S Y M M E T R I C A L  U N I F O R M  B O D I E S  

V .  N .  D o g o t a r '  a n d  M .  P .  L e n y u k  UDC 517.946 

F o r  h ighly  in tense  n o n s t a t i o n a r y  m o d e s  the t rue  t e m p e r a t u r e  f ield in an i so t rop i c  un i fo rm  hollow s y m -  
m e t r i c a l  body D = [0, tl] x ~ = {(t, r ) ,  0 -< t -< tl ,  R1 -< r -< R 2} d e s c r i b e s  the s c a l a r  quant i ty  T which  is the 
solut ion of the g e n e r a l i z e d  (hyperbolic)  equat ion of hea t  conduct ion [1] 

o2r b ~ 07 ( O~T 2 v + ]  aT) 
b2 T "}- 1 " ~  -- a~" T "+" r 0r = ~1 (t, r) (I) 

f o r  the ini t ial  and boundary  condi t ions  

dT I 
TIt ~ = fi (r), -~-L'=0 = :3 (r), 

( o o ) I  =(-,)J+~60,(t),i=,,2 Bi[Tllr=Rj =-- hi, ~r +h'~2 -~ +h13 Tr=,~ I 

(2) 

(3) 

H e r e  2v + 1 ~ 0, a/bo = Wr, hxt = h~l = ~'T ' hla =al~l~2Tr ' h l $=~ l~ l  ' hz2=--~Z2~z~'lTr' h~ = -- a#,;  ~h (k = I,-'--~) a r e  a r b i t r a r y  
p a r a m e t e r s  which  enable  solut ions  to be obta ined  fo r  any of the f i r s t  t h r ee  kinds of boundary  condi t ions  a s -  
s igned on any of the s u r f a c e s  r = Rj 0 = 1, 2) o r  on both s imu l t aneous ly ;  b 0 and bl a r e  a r b i t r a r y  nonnegat ive  
p a r a m e t e r s  which  enable one to obtain both a pu re  wave  (1)1 "* 0), and the o r d i n a r y  (parabolic)  t e m p e r a t u r e  
f ie lds  {b0-- 0, bl = 1); the funct ions  wj a r e  given,  r e s p e c t i v e l y ,  by 

( o) ( o) 
co 1 ( t )  = c q  1 + Tr~ 2 -~-  h (t), 602 (t) = ~2 l -~ Tr~ 4 -~-  :6 (0" 

The r e m a i n i n g  quant i t i es  have the i r  usua l  m e a n i n g s  [1]. When v = 0, we have the case  of  axial  s y m m e t r y ,  and 
when u = 1/2,  we  have c e n t r a l  s y m m e t r y .  

The  solut ion of  p r o b l e m  (1)-(3) can be found us ing  the p r inc ipa l  so lut ions  (fundamental  functions)  of the 
p r o b l e m  and has  the f o r m  

t R, t 

r = .[ e~ .i E ( t -  ~, r, o) : ,  (~, o) : v + ,  eo + .[ [w_ ( t -  ~, r) 60~ (~) 
0 Rt 0 

O S'K(I, r, p) :2(0) P2V+Idp + t', b"-~" 12(0) Our+leO - (4)  +W+(t--T, r) o)~(~)1 de + ~t -~ R'~ 

I f  on the boundary  r = R 2 of a cy l ind r i ca l  body (v = 0) the re  is an ins tan taneous  " t h e r m a l  shock"  of power  
to, the t e m p e r a t u r e  f ie lds  a r e  given by 

T = a t  ~ ~ lo(~nR1) lo(~nR2) Uo(~nr, ~nR1) [l__e-kt(chq--nt +_~n shqnt)] 
a= l  12 ([~rlR1) - -  -/~ (~/I, R2) 

. . . . . . .  2 2 = ~t0 X IO (STt*~l) 10 (~nl~2) U0 (Sn r,  Prr (1 -- E - a  ~r/t ). (5) 
n = l  13 (~nR,) -- I20 (~nR2) 

Equat ions  (5) show that  as  t ime  p a s s e s  (t --" co) the t e m p e r a t u r e  f ie lds  become  s tab i l i zed  to a s t e a d y - s t a t e  t e m -  
p e r a t u r e  

In r - -  In R1 
Tst = to In R~ -- In R1 
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