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The present ly  adopted means of analys is  of t h e r m o g r a m s  and de r i va tog rams  use  far  f r o m  al l  the infor -  
mat ion on the p roper t i es  of the spec imen  which these  curves  contain. The  presen t  r epo r t  is devoted to  the 
der iva t ion  and analys is  of equations connecting a t h e r m o g r a m  and de r iva tog ram with the  equi l ibr ium and 
t r a n s f e r  cha rac t e r i s t i c s  of a d i s p e r s e  subs tance  and the conditions of its drying.  

The  equations obtained in the r e p o r t  show that  the fo rm of the t h e r m o g r a m  and d e r i v a t o g r a m  is d e t e r -  
mined by t h r ee  groups of fac tors  : the mot ive  force  of mass  t r a n s f e r ,  i . e . ,  the  d i f fe rence  in chemica l  poten- 
t i a l s  in the spec imen  and a i r ,  the r e s i s t a n c e  to  the  motion of liquid and vapor  in the  spec imen ,  and finally, 
the  conditions of external  mass  exchange in the surrounding med ium.  Thus ,  the  individual p roper t i es  of the  
object of s tudy,  re f lec ted  by the fo rm and magnitude of the  t h e r m o g r a m  and de r i va tog ram,  depend on two 
c h a r a c t e r i s t i c s  of the  spec imen :  the chemica l  potential  of the bound liquid in the spec imen  (the equil ibrium 
cha rac t e r i s t i c )  and the mass  conductivity of the  spec imen  (the t r a n s f e r  cha rac t e r i s t i c ) .  In this case  the ex-  
pe r imenta l  conditions,  as follows f r o m  the equations obtained, de t e rmine  which p rope r t i e s  of the  spec imen  
--  equil ibrium or t r a n s f e r  p roper t i e s  --  mos t  s t rongly  affect  the fo rm of the  t h e r m o g r a m  and d e r i v a t n g r a m .  

The  equations obtained make it poss ib le  to  so lve  t w o b a s i c p r o b l e m s  o f t h e r m o g r a p h i c  ana lys i s .  The  
f i r s t  consis ts  of finding the t h e r m o g r a m  and d e r i v a t o g r a m  f rom the known proper t i e s  of the  spec imen .  This  
in tu rn  makes  it poss ib le  to  make  a quali tat ive or semiquant i ta t ive  es t ima te  of the  p roper t i e s  of the sp ec imen  
f rom the cha rac t e r i s t i c  sec t ions  of the t h e r m o g r a m  {straight, exponential ,  e t c . ) .  The  second problem con-  
gists  of the quanti tat ive de te rmina t ion  of the c h a r a c t e r i s t i c s  of the m a t e r i a l  f r o m  the known t h e r m o g r a m  or 
d e r i v a t o g r a m .  

Typica l  cases  of the appl icat ion of the equations obtained for  the analys is  of t h e r m o g r a m s  and de r iva to -  
g r a m s  of drying a r e  cons idered .  

Dep.  337-77, November  16, 1976. 
Original a r t i c l e  submit ted October 20, 1975. 

T H E R M O P H Y S I C A L  P R O P E R T I E S  OF C A R B O N - F I L A M E N T  

M A T E R I A L S  I N  T H E  R A N G E  O F  1 0 - 4 0 0 0 K  

L .  S .  D o m o r o d ,  L .  E .  E v s e e v a ,  
a n d  S .  A .  T a n a e v a  

LrDC 536A8.083 

The  coefficients of t h e r m a l  conductivity,  t h e r m a l  diffusivi ty,  and heat capaci ty  of ca rbon- f i l amen t  m a t e -  
r ia ls  along and ac ro s s  the f i l a m e n t -  f i l ler  in the t e m p e r a t u r e  range  of 10-423~ a r e  studied in the r e p o r t .  

The  method and the exper imenta l  se tup  a r e  descr ibed  in sufficient  detai l  in [1]; it should only be noted 
that  the study of the t h e r m a l  p roper t i es  of the ma te r i a l s  was pe r fo rmed  by the quasis teady compos i te  method.  
The maximum e r r o r  was 7-8%. The thc rmophys i ca l  p roper t i es  of a ca rbon- f i l ament  ma te r i a l  (specific weight 
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Fig.  1. Dependence of t h e rm a l  conductivity of carbon-f i lament  ma-  
t e r ia l s  along kll and ac ross  ~ •  f i lament {a) and the rma l  diffus- 
ivi ty of carbon-f i lament  ma te r i a l  along all and ac ross  a• the fi lament 
(b) on t e m p e r a t u r e :  1) a f te r  single cooling; 2) a f te r  fivefold t h e rm a l  
shock;  3) a f te r  10-fold t h e r m a l  shock.  T ,  ~ 

1A4 o10 ~ kg /m ~, volumetr ic  content of r e s i n  31.8%, degree  of sol idif icat ion of r e s in  98.9%) were  studied as a 
function of the t e m p e r a t u r e ,  number  of cycles of t e m p e r a t u r e  shocks (5 and 10), and the direct ion of the heat 
flux {along | and ac ross  �9 the f i l ler ) .  The  exper imenta l  data a r e  presented in Fig.  1. As seen  f rom the f igure,  
the  coefficient  of t he rma l  diffusivity a behaves in an anomalous way, The anomaly is expressed in the appea r -  
ance  of a maximum,  more  expressed  for  the spec imen  along the f i lament ,  in the region of hydrogen- -n i t rogen  
t e m p e r a t u r e s .  The  t empe ra tu r e s  at which the curves  aj] (T) and a . (T)  have maxima coincide with the points of 
inflection of the curves  ~fl (T) and ;~• 

The  t e m p e r a t u r e  dependence of air and a• is explained by the peculiar  t e m p e r a t u r e  dependence of the 
phonon mean f r e e  path of the composi te .  One can assume that two processes  take place in paral le l  in the ma-  
t e r i a l  under study,  f r om 40 to 80~ along the fi lament and f ro m  40 to  120~ in the case  of the t r a n s v e r s e  
a r r angemen t  of the f i lament ,  under the effect of res idual  and t h e rm a l  s t r e s s e s  caused by the anisotropy of the 
coefficient  of t he rma l  l inear  expansion of the carbon-f i lament  mate r ia l  (negative along the f i lament and posi-  
t ive  ac ross  it) and the considerable  d i f fe rence  between the t h e rm a l  coefficients of the fi lament and the binder :  
the  format ion  of h ighe r -o rde r  supe rmolecu la r  formations f ro m  the microf ibr i l s  of the carbon filament and the  
t r ans i t ion  of the binder  f i lm into a c rys ta l l ine  s ta te  with the format ion  of c rys ta l l i t e s .  

The se  new supermolecu la r  s t ruc tu re s  and crys ta l l i tes  possess  considerable  anisotropy of proper t ies  
along and ac ross  the fi lament and along and ac ross  the binding fi lm, respec t ive ly .  

Since the developing anisotropy of proper t ies  is a consequence of t h e rm a l  s t r e s s e s  whose magnitude and 
d i rec t ion  depend on the t e m p e r a t u r e  range ,  it a lso has a var iable  c h a r a c t e r .  

Dependences of the coefficient  of t he rma l  conductivity ~, of the carbon-f i lament  s t ruc tu re  on the t e m p e r -  
a tu re  following cycles of t e m p e r a t u r e  shocks (5 and 10) a r e  presented in Fig.  1. 

As seen  f rom the f igure,  the values of the t h e rm a l  conductivity dec reased  by almost  five t imes following 
five cycles in compar i son  with the initial data .  This is explained by the fact that cracking of the binding film 
in the radia l  d i rec t ion  with r e spec t  to  the carbon filament and split t ing of the fibri ls  of a carbon filament into 
microf ib r i l s  take  place under the effect of the t h e rm a l  s t r e s s e s  ar i s ing  under the effect of the cycles of t h e r -  
mal shocks .  

Following 10 cycles the dependences k(T) acqui re  the fo rm charac te r i s t i c  of the k {r) curves  of d ry  d i s -  
parsed media,  i . e . ,  the  carbon-f i lament  ma te r i a l  changes f ro m  a monol i th iemater ia l  into a bound dispersed 
s y s t e m with open po re s .  

The  coefficients of t he rma l  dfffusivity a lso  change considerably under the effect of t h e rm a l  shocks : the 
maximum of t h e r m a l  dfffusivity disappears  and following 10 cycles the dependences all (T) and az(T) a lso have 
the  fo rm cha rac te r i s t i c  of the coefficient of t h e r m a l  conductivi ty ofd ispersed  bound sys tems  with open pores .  

:Exper imen ta l  data on the dependence of  the  specif ic  hea t  capacity o n f h e  t e m p e r a t u r e  and cycles of t h e r -  
mal  shocks a r e  a l so  preserved in the r e p o r t .  

1. 

LITERATURE C I T E D  

L. L. Vasi l ' ev  and S. A. Tanaeva,  Thermophys ica l  Proper t ies  of Porous Materials  [in Russian],  Nauka 
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Dep.  224-77, November  19, 1976. 
Origir~l  a r t i c l e  submit ted June 17, 1976. 

H E A T  E X C H A N G E  D U R I N G  B O I L I N G  O F  S E A W A T E R  I N  

A F I L M  F L O W I N G  D O W N : O V E R  A H O R I Z O N T A L  P I P E  

V .  N .  S l e s a r e n k o  UDC 621.1.016.4 

Heat exchange dur ing the boiling of s eawa te r  is studied on an exper imen ta l  ins ta l la t ion containing an evap-  
o r a t o r  made of a ve r t i ca l  a r r a y  of horizontal ly  a r r anged  pipes a n d a s p r i n k l e r  [1]. The  t e s t s  establ ished that  
the  dependence of the h e a t - t r a n s f e r  coefficient  c~ 2 r ema ins  constant  in the en t i re  r ange  of va r ia t ion  of the  
spr inkl ing densi t ies  FV = 200-2000 kg / (m -h) for  a l l  values  of the  heat fluxes q = 10-130 kW/m 2, p r e s s u r e s  
p = 30-160 kPa,  concentrat ions b = 3.5-16%, and pipe d i ame te r s  d o = 16, 24, and 32 m m .  

In this case  with an  i nc rea se  in the heat flux one observes  an i nc r ea se  in the a v e r a g e  values of c~ 2 with 
re tent ion  of the  fo rm of the dependence ~2 = f ( r v ) .  For  example ,  ~2 - 6000 W / m  2 �9 ~ for  q = 30 kWAn 2 and 
c~ z = 10,000 W / m  2 -~ for  q = 100 kW/m 2. With q and b constant  the  values of the  h e a t - t r a n s f e r  coefficient  ob-  
/mined a r e  higher with an inc rease  in p r e s s u r e .  The intensif icat ion of heat  exchange during boiling in a ho r i -  
zontal f i lm depends to  a g r e a t e r  deg ree  on q, which de t e rmines  the na ture  of the  vapor  fo rmat ion .  In the r e -  
gion of sma l l  q one observes  an evapora t ion  mode with ve ry  sl ight  fo rmat ion  of vapor  bubbles ,  while with an  
i nc r ea se  in q a t r ans i t ion  to developed bubble boiling occur s .  The  t r ans i t ion  zone is es t imated by the  quantity 

/ b \ 2 3  
q '=  95,8p -~ 11 + ~ )  . (1-) 

Here  the  h e a t - t r a n s f e r  coefficient  for  s e a w a t e r  is 

q < q', a2~q~ d q>q', cq~q ~ 

which is explained by the s t rong  foaming in the evapora t ion  mode ,  the effect of which is supp re s sed  during 
bubble boiling. 

The  p re sence  of ordered  mot ion of the  liquid f i lm leads to  the p r e m a t u r e  washing off of the f i r s t  bubbles 
which fo rm,  c a r r i ed  off by the fi lm and des t royed beyond the  l imits  of the  heating s u r f a c e .  

The  s i zes  of the  vapor  bubbles and the i r  number  a r e  de te rmined  by both q and I V. The  genera t ion  of 
bubbles takes place at a ce r t a in  f i lm th ickness ,  which depends on the pipe d i a m e t e r  and the  spr inkl ing densi ty ,  
which c o m p r i s e s  400-600 k g / ( m - h ) ,  cor responding  to  6 = 0.35-0.5 ram.  The  d e c r e a s e  in the h e a t - t r a n s f e r  
coefficient with a d e c r e a s e  in p r e s s u r e  for  q < q' is connected with an i nc r ea se  in the  v i scos i ty  of the liquid, 
producing an i nc rea se  in the th ickness  of the laminar  wall  boundary layer  which c rea te s  the ma in  t h e r m a l  r e -  
s i s t ance .  For  the  reg ion  of q > q' the vapor  bubbles tu rbu l ize  the  boundary layer ,  and t h e r e f o r e  a ce r ta in  in-  
c r e a s e  in the h e a t - t r a n s f e r  coefficient  in compar i son  with the evapora t ion  mode takes  place with an i nc r ea se  in 
p, o ther  conditions being equal. The  s i zes  of the sepa ra t ion  d i ame te r  of the vapor  bubbles inc rease  with a de -  
c r e a s e  in p r e s s u r e  [2]. An analys is  of the  data obtained shows that  the  s tab i l i ty  of heat exchange depends for  
the  most  par t  on the  min imum and m ax i m um  at ta inable  spr inkl ing dens i t i e s .  

It is es tabl ished that  the quantity r m i n  which produces the  requi red  wetting of the heating su r f ace  without 
a b r e a k  in the continuity of the f i lm during its boiling is a function of beth  the t h e r m a l  and the geome t r i ca l  
cha rac t e r i s t i c s  of the  heating s u r f ace ,  and for  the evapora t ion  mode it can be r ep re sen ted  by the  equation 

and for  the bubble boiling by the equation 

rra,n=S.3q, 3 06(~0) '  ~ ( b ) '  ' d o 1 + ] ~  (2) 

whereas  r m a x  is de te rmined  independently of q'  

-Fmax = 5,45.  l 0ad0o" 92 (3 )  
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without the  other p a r a m e t e r s  having an  apprec iab le  effect on its value.  
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Dep~ 222-77,  October  27, 1976. 
~ i g i n a l a r t i c l e  submit ted  June 15,  1976. 

D E T E R M I N A T I O N  O F  T E M P E R A T U R E  OF A S P H E R E  

A N D  T H E R M A L  D I F F U S I V I T Y  O F  T H E  M E D I U M  F R O M  

T E M P E R A T U R E  M E A S U R E M E N T S  O U T S I D E  T H E  S P H E R E  

A .  V .  K r y a n e v ,  V .  E .  R a e v s k a y a ,  
a n d  V .  K .  F a r d z i n o v  

UDC 536.24.02 

In a number  of heat -conduct ion p rob lems  it becomes  n e c e s s a r y  to  m e a s u r e  the t e m p e r a t u r e  as a function 
of t i m e  at points lying outside a ce r t a in  volume and to  r econs t ruc t  the t e m p e r a t u r e  at the boundary of this 
vo lume  as a function of t i m e .  

Often the  p rob l em  is s t i l l  m o r e  compl ica ted  because  the  heat-conduct ing p roper t i e s  of the  medium a l so  
t u r n  out to  be unknown. P rob lems  of such  a type a r i s e ,  in pa r t i cu la r ,  if  the  volume at whose boundary the 
t e m p e r a t u r e  is r econs t ruc ted  cons is t s  of a s p h e r e  formed at l a rge  depths with the help of an explosion.  

In addit ion,  the  med ium surrounding  the  cavity is often not uni form i tse l f ,  and t h e r e f o r e  the assumpt ion  
that  it is un i form is a ce r t a in  approx imat ion  within the  f r a m e w o r k  of which one mus t  de te rmine  the optimum 
coefficient  of t h e r m a l  diffusivi ty of the homogenized medium such  that  one obtains the least  d i sc repancy  b e -  
tween  the  solut ion of the  p rob lem on the a s sumpt ion  of uniformity  of the  medium and the solution within the 
f r a m e w o r k  of a model  with a l lowance for  the  nonuniformity of the  r e a l  med ium.  

In the p resen t  r e p o r t  the  c r i t e r i o n  for  choosing the opt imum coefficient  of t h e r m a l  diffusivity a is the 
min imiza t ion  with r e s p e c t  to  a of the nonnegative functional 

0 xt~ X ~ X I ' " ' '  xlt 

where  [0, z * ] is the t i m e  in te rva l  of in te res t  to  us ; T s is the t e m p e r a t u r e  at  the su r f ace  of the  sphere ;  x l, 
. . . .  x n a r e  the  d is tances  f r o m  the s p h e r e  to  the  points where  the t e m p e r a t u r e  is m e a s u r e d .  

Fo r  each fixed se t  of values  of (x, a)  the p rob lem of the de te rmina t ion  of Ts  as a function of the t ime  
E [0, , *] comes  down to  the solut ion of an in tegra l  equation of the f i r s t  kind, and consequently it belongs to 

the  c lass  of i m p r o p e r  p r o b l e m s .  

The  regu la r i zed  method of s u c c e s s i v e  approximat ions  is used in the r e p o r t  for  the  solut ion of the integral  
equation given above.  On the bas i s  of the proposed method an a logor i thm was developed and a computer  p ro -  
g r a m  was wr i t t en  for  the  solut ion of the  p rob lem stated above.  

An analys is  of the n u m e r i c a l  r e su l t s  obtained above and the i r  c o m p a r i s o n  with exper imenta l  data showed 
%he eff iciency and re l iab i l i ty  of the proposed method.  

Dep.  227-77, July 5, 1976. 
Original  a r t i c l e  submi t t ed  March  30, 1976. 
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U N S T E A D Y  H E A T  E X C H A N G E  D U R I N G  T H E  M O T I O N  OF 

P O W E R - L A W  F L U I D S  IN T H E  C A S E  OF  V A R I A T I O N  OF 

T H E  H E A T - F L U X  D E N S I T Y  AT T H E  W A L L  O F  A 

CHANNEL AND A PIPE 

R .  M .  S a t t a r o v  UDC 536.252 

The present  report  is devoted to a study of heat exchange in the steady laminar mode of motion of a 
power-law fluid in the the rmal  initial sect ion of a flat channel and of a round cyl indrical  pipe in the ease of 
variat ion in the heat-flux density at the wall. 

In this case  the problem comes down to  the solution of the differential  energy equation in dimensionless  
form 

O ( T - -  To) ,~=-I O(T__ To ) O2 (T__ To) o~ O ( T - -  To) 
OFo +Ae[l__(l__y ) n ] OZ = OY 2 (l--Y) #Y ' 

where A 0 = (2n + 1)/(n + 1) for ~o = 0, AI = (3n + 1)/(n + 1) for w = 1, T is the t empera tu re  of the moving m e -  
dium, T o is the t empera tu re  at the entrance to the pipe, Fo is the Four ie r  pa ramete r ,  Y and Z a r e  d imension-  
less coordinates ,  and n is the nonlinearli ty pa rame te r .  

The problem is solved by the boundary- layer  method in conjunction with the method of charac te r i s t i c  
curves ,  for which the t empera tu re  distr ibution over the thickness 6 of the boundary layer was assigned in the 
form of a polynomial whose coefficients were determined f rom the boundary conditions ~ IT -- T0)/SY = --qwh/ 
~t for Fo > 0 and Y = 0 while T --  T O = 0 and 3(r  - T0)/0Y = 0 for Fo > 0 and Y = 6, where qw is the heat flux 
density at the wall, 2h is the distance between the plates of the channel, and h is the coefficient of the rma l  
conductivity. 

The calculations showed that the t ime needed for the estabUshment of the t empera tu re  field is less for 
pseudoplastic media than for viscous and dilatant media.  In this case  a change in the nonlinearity pa ramete r  
n has an important effect on the t ime of establishment of the process  for pseudoplastic media whereas this 
change is insignificant for diiatant media.  The foregoing is obviously explained mainly by the rad ica l  r e o r -  
ganization of the t empera tu re  field, which is connected with a s t rong increase  in the velocity gradients ,  for 
dilatant media in compar ison  with viscous and pseudoplastic media.  

The t ime of establishment of the t empera tu re  field for different n s t rongly depends on the length of the 
initial the rmal  sect ion.  

This dependence increases  with an increase  in Z, other conditions being equal. 

An example is given of calculations of the t ime of establishment of a steady t empera tu re  field and of the 
wall t empera tu re  at a cer ta in  dis tance f rom the s ta r t  of the heated sect ion at any t ime .  

Dep. 223-77, November 24, 1976. 
Original a r t ic le  submitted December  15, 1975. 

S O M E  D A T A  ON T H E  H Y D R A U L I C  R E S I S T A N C E  OF A P I P E  

T O  T H E  M O T I O N  OF A H I G H L Y  V I S C O U S  L I Q U I D  W I T H  T H E  

I N J E C T I O N  OF A S O L V E N T  T H R O U G H  T H E  P O R O U S  W A L L  

S h .  A .  E r s h i n ,  U .  K.  Z h a p b a s b a e v ,  
I .  D .  M o l y u k o v ,  a n d  K. I .  M u k h a n b e t k a l i e v  

UDC 532.542 

In the t ranspor ta t ion  of highly viscous liquids the problem ar i ses  of reducing the frict ion near the channel 
su r face .  Among the numerous means of affecting the liquid boundary layer [1-10] injections of a low-viscosi ty 
liquid through the porous channel wall find application [5, 6]. The study of the flow in pipes with mass  exchange 
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th rough the  wall  is of wider  in te res t  in connect ion with p rob lems  of swamp  dra inage ,  sub t e r r anean  i r r iga t ion ,  
the  condensat ion or evapora t ion  of liquids f rom the inner su r f aces  of heat exchangers ,  e tc .  Data  of an expe r i -  
menta l  s tudy of the  hydraulic r e s i s t a n c e  of a round pipe to  the mot ion of a viscous liquid with the injection of 
a solvent  through the  porous channel wall  a r e  presented  below. 

The  exper imen ta l  se tup  consis ts  of a s y s t e m  of pa ra l l e l  pipelines with the s a m e  inner d i ame te r s  and 
lengths.  One of t h e m  was made of solid copper  tubing with an inner d i a m e t e r  of 4 m m  and a length of 1 m .  
The  second consis ted of a coaxial  s y s t e m  o f p i p e s .  The  inner pipe with an inner d i ame te r  of 4 m m  and a wall  
th ickness  of 1 m m  was made of porous Nickonel (penetrat ion fac tor  K = 10 - l~ m) .  The outer pipe (of solid 
metal )  left an annula r  gap of 2 m m  between the  p ipes .  A solvent  (kerosene) was injected into the space  b e -  
tween  p ipes .  A viscous liquid (oil) moved through the inner pipe.  The operat ing p a r a m e t e r s  we re  var ied  in 
the  following r a n g e s :  60 -< Re - 523, 0 -< Rew -< 18. The  p r e s s u r e  at the inlets and outlets of the pipelines,  
the  t e m p e r a t u r e ,  the  vo lumet r i c  flow r a t e  of the t r anspo r t ed  liquid, and the to ta l  flow r a t e  per  second of 
solvent  through the pipe s u r f a c e  were  measu red  in the expe r imen t s .  

The  expe r imen ta l  data  on the liquid flow through the unary  pipe obey the Hagen- -  Poiseui l le  law. 

The  exper imen ta l  r e su l t s  on the flow of liquid through a porous channel with the injection of a solvent  
show that  the  flow r a t e  can be inc reased  up to  40% through the  inject ion of no m o r e  than 0.5% of solvent  with 
r e s p e c t  to  the  ma in  flow. 

On the  bas i s  of the data obtained it is found that  the  coefficient  of hydraulic r e s i s t a n c e  is reduced about 
twofold with the  injection of a solvent  through the  porous channel wall .  
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H Y D R A U L I C  R E S I S T A N C E  O F  G R A N U L A R  B E D S  OF 

C R U S H E D  B A U X I T E  C A K E S  

L .  N .  P a v l o v  a n d  Y u .  I .  P a v l o v a  UDC 669.712.061 

The  con t rad ic to ry  data of many r epo r t s  on the  hydrodynamics  of g ranu la r  media  a r e  caused by the ab-  
s ence  of a phys ica l  bas is  for  the  analogy of flows of fluids through granu la r  media  at equal Reynolds numbers .  
The  conclusions of t hese  r epo r t s  a r e  used without c r i t i ca l  analysis  by many engineer ing offices in applied ca l -  
culat ions,  on the bas is  of which des ign  o rde r s  a r e  issued for the development  of i n s t rumen ta l - - t echno log ica l  
s y s t e m s .  

An exper imen ta l  s tudy of the hydrodynamics  of g ranu la r  media  formed by crushed bauxite cakes made it 
poss ib le  to  es tab l i sh  that  for  this pa r t i cu la r  case  ~,Re = 450 u p t o t h e  m a x i m u m  values of Re --- 10.5 reached in 
ghe p resen t  work .  

The  authors  developed a method of de te rmin ing  the par t ic le  shape  coefficient  both for  porous lump m a t e -  
r i a l s  and for  di f ferent  kinds of column packings and na tura l  so i l s .  
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In the determination of the bulk (apparent specific) weights of porous materials with particle sizes of 
less than 10 mm the method of hydrostatic suspension of the particles with their preliminary saturation by 
inert liquids (not entering into a chemical reaction with them) following saturation for two minutes makes it 
pessible to drain the liquid from the test samples. In our case this turned out to be unsuitable. When kero- 
sene was used as the inert liquid a thick film was left on the rough surface of the cake grains, while in the 
case of the use of benzene it evaporated rapidly. In either case the convergence in seven parallel tests was 
poor. This difficulty could be overcome by removing the excess liquid with fliter paper. Another novelty 

�9 introduced into the method was the use of a pycnometer with twoground~-glass joints : base--throat and 
throat- stopper. With the throat removed the smallest diameter of the open!~ ~in the base of the pycnometer 
was 12 ram, and thus it was easy to introduce cake grains (the maximum fraction studied was --10 + 8 ram). 

The number of particles in the sample was counted downto the fraction of --0.8 + 0.63 mm inclusively. 
Knowing the volume of the sample of a given narrow fraction of cake and the number of particles in it, the 
average volume per particle was calculated, and taking it as a sphere the nominal particle diameter for the 
given fraction was found and from it the specific surface S i. 

The shape factor ~, which allows for the dependence of the equivalent diameter of a particle on its shape, 
was determined from the equation 

q~:= s~_s . 
s, (1) 

where S 2 is the specific su r face  of part icles of the bed f rom the average  par t ic le  d iameter  of the fract ion on 
the basis of a s teve analys is .  

The part icle  shape coefficient was determined from the equation 

l (2) 

Values of ~o both sma l l e r  and larger  than unity were obtained for bauxite cakes,  which can pertain to 
a luminosi l icates .  The authors have not encountered values of ~ < 1 in the l i terature .  

Dep. 225-77, December  1, 1976. 
Original a r t ic le  submitted July 7, 1976. 

STATIONARY FRONT 

THROUGH A POROUS 

HEAT RE LEASE 

L. K. Tsabek 

IN THE MOVEMENT OF A MIXTURE 

MEDIUM WITH ALLOWANCE FOR 

UDC 532.546 

Numerical and analytical solutions of the equations of isothermal and nonisothermal sorption dynamics 
for isotherms and thermal sorption functions of arbitrary form are analyzed for model A (the pore size of the 
Dorous grain is far larger than the sizes of the sorbate molecules) and model B (the pore size of the porous 
grain is comparable with the sizes of the sorbate molecules). It is shown that with infinitely large values of 
the coefficients of heat and mass exchange the system of equations of motion of a mixture through a porous 
medium admits of the existence of only two types of invariant solutions : solutions of the traveling-wave type 
and self-similar solutions of the spreading-wave type. For the existence and uniqueness of self-similar solu- 
tions of the spreading-wave type in the isothermal and nonisothermal cases, respectively, in the presence of 
a thermal sorption equation f(c, T) of arbitrary form it is necessary and sufficient to satisfy the following con- 
ditions : 

d2F/dc 2 > O, (~l - -  a)/Q + (a~daT)/(o~.dOc) > o. 

Xl,-- = B • (/32 -- all) l/2, B ~ (a +/4 + QF)/2, /4 ~ (af /Oc)- l ,  F = --HOI/OT. 
(l) 

The second condition (1) is a limitation on the the rma l  function of physical  sorpt ion.  If the conditions (1)-(3) 
a r e  not satisfied for any the rma l  function found from thermodynamic  considerations then such a the rmal  func- 
t ion does not have physical  meaning. 
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The sec t ions  of i so the rms  o r t h e r m a l  functions which admi t  of the  exis tence  of solut ions of the t r ave l i ng -  
wave type  will  be  cal led convex see t ions .  If  k (ci) ~ wi ~ X (ci +1) (wi is the  veloci ty of the t r ave l ing  wave),  then 
the  n e c e s s a r y  and suff icient  conditions for convexity of a sect ion c i -< c < c i +l of the  t h e r m a l  equation have 
the  f o r m  

If 

wl = min ~.,p, ~. (ci) < wi < )~ (ci+l)- (2) 
P 

= i  = . X  (c i )  = ~,(c~+x), /4(=) (c() = H(8)  ( c9  . . . . .  H 0 - a )  (c l)  = 0, 

H(~) (c~+,) = H(~) (c~+~) . . . . .  H(p-1) (ci+0 --- 0, 

t hen  the conditions of convexity for  a t h e r m a l  equation of a r b i t r a r y  fo rm have the f o r m  

(C - -  Ci) H(s) (ci) < O, (c - -  Ci+I) H(p) (Ci+l) > 0 (s, g even) ,  (3) 

wi = m i n w p ,  H(s) (ci) < O, H(p) (cf+x) > 0 (s, p odd), 
p 

p 

H(p) (c) -~- X CraAmO[(P) (c, T)/(Oc(P-m)oTm), A, = Q ] ( ~  - -  a) p * 
n,u~-'3 

In the  i s o t h e r m a l  case  under  the  conditions (3) we have Am l m > 0 = 0. Fo r  the  equations of i so the rma l  and non- 
i s o t h e r m a l  desorp t ion  dynamics  the  s igns mus t  be r e v e r s e d  in the  inequali t ies (1)-(3). 

Analyt ica l  express ions  a r e  found for  invar iant  solutions of the t r ave l ing -wave  and sp read ing -wave  types  
of i so the rma l  and non i so the rmal  so rp t ion  dynamics  for  i so the rms  and t h e r m a l  equations of a r b i t r a r y  fo rm.  
The  equations of so rp t ion  dynamics  w e r e  in tegrated by the d i f fe rence  s y s t e m  using a compute r  for  var ious  
i so the rms  of a r b i t r a r y  f o r m  and d i f ferent  t h e r m a l  equations of a r b i t r a r y  f o r m .  It is showntha t  in the non- 
i s o t h e r m a l  ca se  for  concave and l inear  t h e r m a l  equations the  solutions a r e  r e p r e s e n t e d  in the  f o r m  o f i n v a r i -  
ant solutions of t r ave l ing  waves and sp read ing  waves s imul taneous ly .  

Dep .  388-77, D e c e m b e r  17, 1976. 
Original  a r t i c l e  submit ted  January  3, 1975. 

N O N A D I A B A T I C  D Y N A M I C S  O F  P H Y S I C A L  S O 1 R P T I O N  

L .  K .  T s a b e k  UDC 532.546 

Numer i ca l  and analy t ica l  solut ions of nonadiabatic so rp t ion  and desorp t ion  dynamics  in the p re sence  of 
t h e r m a l  so rp t ion  functions of a r b i t r a r y  f o r m  a r e  analyzed for  models  A and B of one-component  and mu l t i com-  
ponent sorb ing  m i x t u r e s .  It is shown that  the s y s t e m  of equations of nonadiabatic so rp t ion  dynamics  s t r i c t ly  
admits  of the  exis tence  of only the  mode  of t r ave l ing  waves .  The  conditions of convexity or the  conditions of 
ex is tence  of invar iant  solut ions of the t r ave l i n g -wave  type and the  conditions of concavity or the  conditions of 
exis tence  of s e E - s i m i l a r  invar iant  solutions of the  sp read ing-wave  type  for  t h e r m a l  functions of a r b i t r a r y  fo rm 
a r e  the  s a m e  in the  nonadiabatic and i s o t h e r m a l  c a s e s .  The  conditions of convexity for mul t icomponent  non- 
adiabat ic  so rp t ion  dynamics  have the  f o r m  

~i (c(p)) > I/~P ) > ~i(c(p+1)), c(P) = c (V -~ o~), 

~i_1(c(P+1>) > llw~ p~ > ~i+dc(P)), c(P+1> = c (V -* - -  ~), (I) 

~}P)= m~nw~ s), y = z--w~P)t, 

where # i  a re  the eigenvalues of the m a t r i x  Amk  = afm(e , 0)/80 k. I f  

,adc(R) ) = I I~ p}, ,~i(c(R+~)) -- ll~p), 

G~n2)(c(P)) = G(ma)(c(P)) . . . . .  G(mS, l)(c(P)) = O, 

E $ 

rnp=l p=l  p=! 

R.~(c) = r ~ ( c ) l # ( c ) ,  
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where  r {~)(c) is a r ight-handed e igenveetor  of the  ma t r i x  Amk cor responding  to  the eigenvalue ~i, then the  
conditions of convexity have the f o r m  

(cl - ~P) )  G~)(~(")) > 0, (~1 - c~P)) 0 ~ ) ( c ( . + 1 ) )  < 0 (s, e - -  even), 
(3) 

G(mS)(c(P)) > 0, G(mg)(c(P+l)) < 0 (s, g - -  odd). 

r e= l ,  2, . . . , n .  

For  i so the rma l  and nonadiabat ic  d e s o r p t i o n d y n a m i c s  the  s igns  mus t  be  r e v e r s e d  :in the  inequalit ies (1) and (3). 
,~nalytical express ions  a r e  presented  for  calculat ing invar iant  solutions of t h e  t r ave l ing -wave  type  and of the  
type  of q u a s i - s e l f - s i m i l a r  solut ions of sp read ing  waves for  t h e r m a l  equations of a r b i t r a r y  f o r m .  The  equations 
of nonadiabatic so rp t ion  and desorp t ion  dynamics  for  different  coefficients  of heat exchange with the  externa l  
medium and the  equations of nonadiabatic t h r ee -componen t  so rp t ion  dynamics  we re  in tegra ted  on a compute r  
by a d i f fe rence  s y s t e m .  An analys is  of the  numer i ca l  solutions showed that  the  dependence of the  t e m p e r a t u r e  
on the concentra t ion  in a t r ave l ing-wave  front  can be approx imate ly  descr ibed  by a quadrat ic  function. Solu- 
t ions a r e  found for the s t e a d y - s t a t e  equations of mot ion of a sorbed  mult icomponent  mix tu re  through a moving 
porous medium in the adiabat ic  and nonadiabatie e a s e s .  It is shown that  using the  conditions (2) and (3) one 
can find the  l imiting exit concentrat ions at the exit f r o m  a moving porous  medium.  

Dep.  389-77, D e c e m b e r  27, 1976. 
Original a r t i c l e  submit ted  D e c e m b e r  2, 1975. 

A P P L I C A T I O N  O F  P E R T U R B A T I O N  T H E O R Y  T O  T H E  

C A L C U L A T I O N  O F  T H E  D I F F U S I O N  P O T E N T I A L  A T  A N  

I O N - E X C H A N G E  M E M B R A N E  

V .  G .  V e r e s o v  UDC 541.183.12 

The  comple te  s y s t e m  of equations descr ib ing  the  movement  of ions in an  ion-exchange m e m b r a n e  with 
a l lowance for  the  s e l f - cons i s t en t  field and on the  a s sumpt ion  of ideal  behav ior  of the ions in the m e m b r a n e  
phase  has the fo rm [1] 

�9 t ~X, �9 

dc-[ d~ 
j-~ = vhRT -~x - -  ohc-~F d--x-x ' 

) e'-+ 4~ S ~,+ - ~r +,o 2 
d x  ~ 8 m 

(1) 

] = 1  k = l  

Z J+ = • Jr. 
i k 

One ks able  to  t r a n s f o r m  (1) into an  ord inary  t h i r d - o r d e r  d i f fe ren tml  equation which depends only on the  
potential: 

' [I )-( )I- ,2, (A*--B*)  . . . .  a - - ~ - '  (c-~-*+Co'i')~-(A*+B*)~+r d~ _~_ (x "d~  2 dT'2 

With s m a l l  ~ (a = XD/d), where  h D is the  Debye length and d is the th ickness  of the  m e m b r a n e ,  one is 
ab le  to  obtain an asympto t ic  solut ion of (2) using the  methods of pe r tu rba t ion  theo ry ,  The  nontr ivial i ty  consis ts  
in the  s ingular  c h a r a c t e r  of the p rob lem,  which leads to  the  appea rance  of regions of the  bounda ry - l ay e r  type  
near  the m e m b r a n e  boundary,  Confining oneself  t o t h e  f i r s t  two t e r m s ,  one is able  to  wr i te  a uniformly valid 
express ion  for  the potential  of the inner m e m b r a n e :  

c~ + c  o ( A + B )  X , A - - B +  + = ~ ~[o]_Wo 

pF--Volu.v ..... A - - ~  m A + B c ~  RT~X 
A +  B A - - B  C+o + C o  

A + B ' (o)i 
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- -  ]/ 4~F2(co+ + co) RT - -  RT  (co+-+ cO) U, 

2+o  
+ 4 ~ F Z ( c + + c o )  " RT ~r(co + + c o l  exp - v  

I / e re  q[0] is the  solut ion o f t h e t r a n s e e n d e n t a l  T e o r e l l  equation [2], 

+ ~- c o (A + B) x A - - B  c o 

~g[o ]_uZ ~  RT A--Bin A+ B ~X +--RT~ + ~ [ ~ 1 7 6  
F A + B  A - - B  co++c o 

- - A -  - -  

A + B ' o~X 

. 

+ 
J i ,  Jk, f luxes;  

concentra t ions  ; }'D -- 4 RT em/8~F2cl ;  

N O T A T I O N  

ui, Vk, mobi l i t ies ;  ~o, potential;  F, Fa raday  number ;  Sm, d ie lec t r ic  constant;  

F ~p ,, u i * vt~ x 
~F ~ R T  ; u i = _ - -  ; v i = - - "  ~--  ~ ; 

u 1 u~ d 

X, concent ra t ion  of immobi l ized  ions in m e m b r a n e ;  7 +, 7 - ,  coefficients  of d is t r ibut ion.  
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N U M E R I C A L  I N T E G R A T I O N  O F  T H E  E Q U A T I O N  O F  

O S C I L L A T I O N S  O F  A V I S C O E L A S T I C  M E D I U M  

E .  E .  R a f a l e s - L a m a r k a ,  A .  S .  P e t r o v ,  
a n d  B .  A .  L i s h a n s k i i  

UDC 666.015:691.15 

The  given p rob lem c a m e  up in the  s tudy of p roces se s  of v ibra t iona l  t r ea tmen t  of d i s p e r s e  s y s t e m s  in 
closed ve s se l s  [1-4]. 

The  Stokes equation of i s o t h e r m a l  mot ion of an incompress ib l e ,  viscous,  Newtonian liquid in project ion 
onto the  x ax i s ,  with a l lowance for  the fact that  E (~2e/0x 2) is introduced in place of ap/Sx [5], where  E is the 
e las t ic  modulus of an  e l emen ta ry  vo lume of medium and e is the d isp lacement  of an e lement  of medium,  takes 
t he  f o r m  

0v 0~e / 0~v a~v / 
Ot Ox 2 Oy 2 / '  

where  v = Oe/Dt is the  veloci ty  of movemen t  of an e lementa ry  volume of medium;  e ~ ~ is the velocity of 
sound in the med ium;  p is the  densi ty;  v is the  coefficient  of k inemat ic  v i scos i ty .  

Fo r  the n u m e r i c a l  in tegra t ion  of the  equation obtained we r e p r e s e n t  it in the  d i f fe rence  fo rm,  replacing 
the  f i r s t  and second der iva t ives  by finite d i f fe rences  in d imens ionless  quanti t ies,  for  which we designate  
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e = A u ,  v = A ~ ,  ~.= 2:~ St-- ~'/ (2) 
K t '  ~ " 

where  A is the  ampl i tude of the osci l la t ions;  u is the  d imens ion less  displacement,  of an e l emen ta ry  volume;  
w is the  d imens ion less  veloci ty;  5t is the  d imens ion less  s t ep  i n t i m e ;  5t is the in tegra t ion s tep  i n t i m e ;  I~ 
is the  number  of t i m e  s teps  in an osci l la t ion per iod.  

With al lowance for  (2) Eq.  (1) t akes . the  f o r m  

~6-7 A~w4_ v~ Au~w+ c~/ A2 u (3) w+~t=Wo+ ~ - ~ -  x -  8-~-~ ~ x 

The  conditions of s tab i l i ty  of the solut ion of an equation of the hyperbol ic  type  (3) a r e  r ep re sen t ed  in the  
f o r m  c --- 8x/St [6], which contradic ts  the  physica l  e s s ense  of the p roces s  of propagat ion  of osci l lat ions in a 
v i scoe las t i c  med ium.  We have t h e r e f o r e  a s sumed  that  ~ = 6y = es t .  

In the numer i ca l  in tegra t ion of (3) we took into account the  l imitat ions on the s t r eng th  of the  per turbing 
act ion on an e lement  of a v i scoe las t i c  med ium and on the  movement  of an e l emen ta ry  volume of med ium.  We 
a l so  used the approx imat ion  of the seeond der iva t ives  in (3) by d i f fe rence  equations,  in which the  approximat ing  
function is r ep re sen t ed  in the f o r m  of a to ta l  quadrie obtained by the method of leas t  s q u a r e s ,  as well  as a 
model of re laxa t ion  smoothing in a v i scoe las t i c  medium.  

As a resu l t  of the  s tudies  we obtained a s i m i l a r i t y  c r i t e r i o n  in the  f o r m  K = ~/c~/E making it poss ib le  to  
model  the  p rocess  of propagat ion of osci l lat ions in a v i scoe las t i c  med ium in the p r e sence  of nonlinear  boundary 
conditions (~ is the  coefficient of dynamic v i scos i ty ) .  
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P R O B L E M S  O F  H E A T  C O N D U C T I O N  F O R  A R O D  W I T H  

T I M E - D E P E N D E N T  C O E F F I C I E N T S  O F  H E A T  E X C H A N G E  

A N D  T H E I R  A P P L I C A T I O N S  

V .  I .  I g o n i n  a n d  V .  M .  K h o r o l ' s k i i  UDC 536.2 

We examine the  p rob lem of de te rmin ing  the  t e m p e r a t u r e  field with va r i ab l e  coefficients  of heat exchange 
through the  ends and l a te ra l  su r f aces  of a semibounded rod :  

ut= cou.~.~-- v (t) [u-- ~ (t)] + -~-, ;  t>O; x>O, (1) 

- -  ~ ,u .~l .=o= ~ It, u (t)l  [6 (t) - -  u ( t ) ] ,  u [ t = o =  I~ (x) ,  ( 2 )  

where  k and w a r e  the coefficients  of t h e r m a l  conductivity and t h e r m a l  diffusivi ty;  ~ and v a r e  the  va r i ab le  
coefficients of heat exchange; ~b is the dens i ty  dis t r ibut ion of heat sou rce s ;  u(t) = u(0, t ) .  

Designat ing the  unknown heat flux (2) as q(t) -- - -~uxlx=0,  using the  Green  function G(x, ~, t) of tlae 
second boundary p rob lem of heat conduction we wr i te  the  in tegra l  r e p r e s e n t a t i o n  of the  p rob l em:  
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t ~ 0, t --~) d~. (3) u ( x , O = F ( x , t ) +  ~ h(O 

t 
Here  F(x, t)  is a known function; h(t) = exp [-- . [ v ( r ) d r ] .  

0 
Substituting ir~o (3) the  heat flux through the  r ight  s ide  of Eq.  (2) and taking x = 0, we obtain a nonlinear 

in tegra l  equation with a weak s ingular i ty  r e l a t i ve  to  the  t e m p e r a t u r e :  
t 

S~z [~, u (~)1 h (t) 
u ( t )  = F (t) + I~ /~ (*) t/-C: S- [6 (T) -- u (T)] tiT, (4) 

where  F(t) = F(0, t);  ~ = (1 /X)~] -~- .  

Fo r  the solut ion of Eq. (4) we p ropose  an  approx ima te  r e c u r r e n t  method which is convenient for  making 
n u m e r i c a l  ca lcula t ions .  The  unknown function u(t) and a l l  the  known functiDns a r e  r ep re sen ted  in the f o r m  of 
s t ep  functions : 

n--1 

,(0 = ~] ,, (t~) [ e  (t - t~) - z (t - t~+~) i ,  ( 5 )  
i=0 

where  E {t) is a unit function. Substi tuting (5) into Eq. (4) and taking t = tn,  we obtain 

Here  

n--1 

u (tn) = -~- r It,, u (tD] [8 (ti) -- u (tD] V (t~, tD. (6) 

t~j *.1 dv ! 
,, (t~, t~) = V t~ -  �9 l z ~  (t~+~- ti). 

t i . 
Setting n = 0 . . . . .  n s u c c e s s i v e l y  in (6), we obtain a s y s t e m  of r e c u r r e n t  equations of t r i angu la r  f o r m  

f r o m  which the values  of u(ti) a r e  de te rmined  succe s s ive ly ,  s t a r t i ng  with the f i r s t  u(t 0) = F(t0), a f t e r  which the 
heat flux is found f r o m  Eq.  (2) and then  the t h e r m a l  field f r o m  (3). 

The  boundary p rob l em  with va r i ab l e  coeff icients  of heat exchange at the  boundaries  of a finite red is 
analyzed s i m i l a r l y .  With ce r t a i n  assumpt ions  the  solut ions obtained were  used to find the t h e r m a l  conditions 
of gas  tu rb ine  blades operat ing in t r ans i t iona l  r eg imes ,  

The  r e su l t s  of the  ana ly t ica l  calculat ions were  compared  with data obtained by model ing.  
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S O L U T I O N  O F  M I X E D  P R O B L E M S  O F  S T E A D Y  H E A T  

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

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

A .  M .  M a k a r o v  a n d  V .  R .  R o m a n o v s k i i  UDC 536.24 

Many p rob lems  of t he rmophys i c s  which a r e  of p rac t i ca l  in te res t  a r e  connected with the s tudy of hea t -  
conduction p r o c e s s e s  in reg ions  posses s ing  c i r cu l a r  s y m m e t r y .  The  de te rmina t ion  of the s teady  heat field of 
a c i r c u l a r  cyl inder  is a wel l -s tudied  p rob l em.  T h e r e  a r e  a number  of p rob lems ,  however,  which have been 
l i t t le  studied be fo re ,  such  as p rob lems  connected with the  de te rmina t ion  of heat fields in nonideally conjugate 
regions  with va r i ab l e  boundary conditions. 

In the  p resen t  r e p o r t  we examine  the  p rob l em of de te rmin ing  the  s teady t e m p e r a t u r e  field in a p iecewise -  
or thot ropic  t h e r m a l l y  insulat ing cyl inder  in the  p r e sence  of nonideal nonuniform t h e r m a l  contact at the contact 
su r f aces  : 

p Op ~ - ~ p  ] + p---V" ~ 2  __p,i) (p, ~), PC (P~-I, Pi), i =  l, N (PC (0, 2n) 
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with the boundary conditions 

and the conjugation conditions 

Ou(1) 
n,, (q~) u(') (Po, qP) + n,, (~) ~ (Po, (P) = h (~), 

OU(N} 
n:, ((p) u(^') (P,v, ~) + n.,d~) T (p,v, qo = f.. (qo 

(P = a i )  
i �9 a u ( 1 )  u('+') - -u( i )  =~ (]R{'-) ,__ ~(i) Im~ 

"0 ~ a p  ' x r l ,  

~.(p..'+=, ) au(t*') _ ~ )  au(h 
' 0p ap -- Xd)(~), 

i =  1, N--l ,  

where ~{i) and x(i) a re  assigned parameters  of the problem; p ( i )  np,q, fp, ip{i), and X (i} a re  known piece- 
P 

wise-smooth functions; 1~, )a  is the contact res i s tance  of the i - th  layer .  

The initial problem is solved using a finite integral  t ransformat ion  with respect  to  the variable r In 
the image space the problem is reduced to an infinite sys t em of l inear algebraic equations which a r e  solved 
by the reduction method. The convergence of the approximate solution is demonstrated.  
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