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CALCULATION OF THE TEMPERATURE OF A 

MEDIUM IN A CLOSED VOLUME WITH A HEAT 

SOURCE FOR A PERIODIC VARIATION OF THE 

TEMPERATURE OF THE EXTERNAL MEDIUM 

V .  A .  O r l o v  UDC 532.2.01 

The  t e m p e r a t u r e  t i of a m e d i u m  i n  a c losed  vo lume  con ta in ing  a heat  s o u r c e  of s t r e n g t h  Q = Q(r) 
and s u r r o u n d e d  by a m e d i u m  whose t e m p e r a t u r e  v a r i e s  can  be found f r o m  the  h e a t - b a l a n c e  equa t ion  

dt i 
K ~ + ti('0 = t (0, r) - '  ~,(~), (1) 

where  

K-- Vici and w(x)= Q_('t) 
~z iFi c~ Fi 

In  o r d e r  to  so lve  Eq. (1) the t e m p e r a t u r e  t(0, r) on the i n n e r  s u r f a c e  of the she l l  e n c l o s i n g  the 
g i v e n  vo lume  m u s t  be  known.  Th i s  is  found by  so lv ing  the h e a t - c o n d u c t i o n  equa t ion  for  a n  in f in i t e  flat  
p la te  with b o u n d a r y  condi t ions  of the t h i r d  kind which ma tch  Eq. (1) on the i n n e r  s u r f a c e  of the  she l l  and 
the  v a r i a b l e  t e m p e r a t u r e  of the e x t e r n a l  m e d i u m  t o = 0 c + tmcOS ~0t on the ou te r  s u r f a c e .  

The  h e a t - c o n d u c t i o n  equa t ion  and Eq. (1) a r e  so lved  for  a n  a r b i t r a r y  (with the u s u a l  r e s t r i c t i o n s )  
g iven  func t ion  w(r) by t ak ing  Lap lace  t r a n s f o r m s .  

The  t r a n s f o r m s  a r e  i n v e r t e d  for  the  p r a c t i c a l l y  i m p o r t a n t  ca ses  of exponen t i a l  and pe r iod i c  func-  
t ions  w(r) .  

F o r  example ,  f o r w = w  0 + WmCOS (wr - -  ~) the  func t ion  t(x, r )  is found, a n d t h e n  i n t e g r a t i n g  (1) g ives  
t i ( r )  i n  the f o r m  

li:=Oc+(to_Oc) eXp(--- .~-~-~. ) tm]/N~176 I , , + a ~ K  0- + 1 i [ cos .  ((o'c - -  q~) + ( o K  s i n  ((o'r - -  q~)] - -  

" Fo ']} (Bi~ '--Bi.,---l)~- w m . 
--[eosq~--~oKsinqq exp( - - ~  +w~ Bi I ' - coCK "-+1 " 

ll' Po~P-o~ [cos (cox -- ~ -- y) + (oK sin (cox -- 3, -- 7)1 ~ [cos ((o'~ -- ~) 4- coK sin (a)T -- ~)]1 -- 

- A .  F o * ) - ,  t~ + t,o , + + 
n=l ~tn + Pd" 

+ cos 13n Fo* (Ix4n + Pd~) ' ' , ~ " 

The  va lues  of the p a r a m e t e r s  a p p e a r i n g  i n  th i s  equa t ion  a r e  g i ve n  and it  i s  shown that  the  #n a r e  the 
roo t s  of a c h a r a c t e r i s t i c  equa t ion  i den t i c a l  with the one g i ve n  in  [1]. 

* A l l - U n i o n  In s t i t u t e  of Sc ien t i f ic  and T e c h n i c a l  I n f o r m a t i o n .  
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THERMOPHYSICAL PARAMETERS OF PLASTICIZED 

FILLED POLYETHYLENE 

M. M. Revyako, V. Ya. Poluyanovich, 
L. F. Turovets, and Z. V. Gres'ko 

UDC 678.742.23.046.36.049.01:536 

Measu remen t s  a r e  r epo r t ed  on the t he rmophys i ca l  p a r a m e t e r s  of p las t ic ized  and filled low-densi ty  
polyethylene;  the f i l l e r s  were  chryso t i l e  a sbes tos  and a luminoboros i l i ca te  g lass  f iber ;  the p l a s t i c i ze r  
was Rubrax .  The t he rm ophys i ca l  c h a r a c t e r i s t i c s  were  de te rmined  by a method desc r ibed  by Fogel and 
Alekseev  [1]. 

It was found that  the t h e r m a l  conductivity of polyethylene was inc reased  by the f i l l e r s ,  espec ia l ly  
when a sbes to s  was used.  Fo r  ins tance ,  30 wt.% asbes tos  i nc reased  the t h e r m a l  conductivity by 20%, 
while the s a m e  amount  of g lass  f iber  produced only a 9% r i s e .  This  effect  is due in the main  to filling 
of par t  of the space  by a m a t e r i a l  of higher  t h e r m a l  conductivity.  Dif ferent ia l  t h e r m a l  analys is  indicated 
that  the f i l ler  r educes  the c rys ta l l in i ty  of the polyethylene,  with some  tendency to equalize the t h e r m a l  
conductivi t ies of the resul t ing  s t r u c t u r a l  de fec t s .  Also,  the t h e r m a l  conductivity in such a s y s t e m  tends 
to  be reduced  because  the s t ruc tu re  of the po lymer  becomes  m o r e  open in the p r e sence  of the f i l ler  [2]. 

The p l a s t i c i ze r  a l so  tends to reduce  the t h e r m a l  conductivity,  which is due to effects  on the in t e r -  
mo lecu la r  and s t r u c t u r a l  in te rac t ions ,  which tend to open up the po lymer  s t ruc tu re  fur ther .  The re su l t  
is that  the contacts  tend to  be reduced,  the t h e r m a l  r e s i s t a n c e  is i nc reased ,  and the overa l l  t h e r m a l  con- 
ductivi ty of the composi te  is reduced  [3]. 

The  t h e r m a l  diffusivity of polyethylene containing a sbes tos  is r a i s ed  0nly sl ightly,  while that  in the 
case  of g lass  f iber  is actual ly  reduced .  The p l a s t i c i ze r  a l so  tends to reduce  the t h e r m a l  diffusivi ty.  

Fil l ing a l so  r educes  the speci f ic  heat;  the p l a s t i c i ze r  tends to r a i s e  it .  The effect  of the p l a s t i c i ze r  
b e c o m e s  less  as the f i l le r  concentra t ion  i n c r e a s e s ,  and at 20-30% filling the speci f ic  heat  of the p las t ic ized  
and filled ma te r i a l  approaches  that  of the filled polyethylene.  
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CHOICE OF MODEL AND STRUCTUBAL 

FOR RESEARCH ON THE MECHANICAL 

OF A POROUS SOLID 

R .  I .  A y u k a e v ,  V.  K .  K i v r a n ~  
a n d  M.  E .  A z r o v  

PARAMETERS 

STRENGTH 

UDC 539.4.01: 

Inc rea sed  product iv i ty  in equipments  w~ith s t a t ionary  or f luidized beds r equ i r e s  methods of i m p r o v -  
ing the  mechanica l  s t rength  of the packing, as  well  as  means  of t r ea t ing  the bed to  e l iminate  contaminants  
t aken  up on pur i fying suspens ions  of low concentra t ion.  Here  it is impor tan t  to  se lec t  a sui table  model 
and app rop r i a t e  s t r uc tu r a l  p a r a m e t e r s  for  the porous  m a t e r i a l ,  which should give the bes t  poss ib le  de- 
c r ip t ion  of the s t rength .  Reb inde r ' s  model  [1] is r a t h e r  a r b i t r a r y ,  s ince it envisages  a s tochas t ic  poly-  
d i s p e r s e  s y s t e m  s imula ted  by a cubic m a t r i x  packing of sphe res  of s ingle d i a m e t e r ,  which is thus of r e -  
s t r i c t ed  use .  

A method has been  devised for  s imulat ing porous  bodies  [2], which enables one to define var ious  
s t ruc tu r a l  p a r a m e t e r s  r e l a t ed  to  the s t rength ,  which include the following: the p a i r - e l e m e n t  s epa ra t ion  
d is t r ibut ion  and the d is t r ibut ion for  pa i r s  of e l ements  v is ib le  one f r o m  another .  The f i r s t  function r e p -  
r e s e n t s  the probabi l i ty  of encounter ing a pa i r  of e lements  in the s y s t e m  with a g iven dis tance  between the 
c e n t e r s .  The second r e p r e s e n t s  the probabi l i ty  of finding a pa i r  of e l ements  with no intervening e lements ,  
i . e . ,  d i r ec t ly  v is ib le  one f r o m  the o ther .  These  functions can give qual i ta t ive and quanti tat ive d e s c r i p -  
t ions of the s i zes  of the gaps  and c r a c k s ,  and they a r e  of some  in t e re s t  in r e l a t ion  to the mechanica l  
s t rength  of g r anu la r  m a t e r i a l s  and var ious  a spec t s  of phys icochemicaI  mechan ics .  

The  a lgor i thm for  computing the d i s tance  d is t r ibut ion  for  pa i r s  of pa r t i c l e s  is  as  follows. The ma th -  
ema t i ca l  model  for  the packing is drawn up as  a s amp le  of s eve ra l  hundred packed sphe re s  or e lements  of 
any shape;  any sphe re  is taken as the f i r s t ,  and the d is tances  f r o m  the center  of it to al l  the other sphe res  
a r e  ca lcula ted .  Then the next sphe re  is t aken  as the f i r s t ,  and the p rocedure  is r epea ted  until a l l  sphe res  
have been used as  the f i r s t .  The numbers  in pa r t i cu l a r  d is tance ranges  a r e  tabula ted .  The par t i c le  pa i r s  
a r e  s to red  in the compute r  m e m o r y  in o rder  of inc reas ing  separa t ion .  This  gives  the p a i r - d i s t a n c e  d i s -  
t r ibut ion.  Di rec t  v is ib i l i ty  is defined as a line joining two points nea r  which t he r e  a r e  no other points 
Iess  than  a c e r t a i n  specif ied d is tance  away.  In the case  of sphe re s ,  this  d is tance  may  be t aken  as  the 
rad ius  plus a c e r t a i n  a l lowance .  The magnitude and s ign of this a l lowance may be va r i ed  to e s t ima t e  the 
probabi l i ty  of c r acks  and other  s i m i l a r  defects  of known width in packings of a g iven densi ty  and g r a in  
s ize  composi t ion.  A compute r  method of calculat ing such p a r a m e t e r s  is p resen ted ,  and examples  a r e  
g iven  for  s tochas t i c  packings {various densit ies},  and a l so  for  sphe re s  of equal  or  d i f ferent  s i zes  d i s t r i -  
buted in var ious  ways .  
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A SEMIEMPIRICAL FORMULA FOR THE 

THERMAL-DIFFUSION SEPARATION IN A 

BINARY GAS MIXTURE 

A. F. Bogatyrev, N. D. Kosov, 
and E. E. Makletsova 

UDC 533.15;621,029.341 

The e l emen ta ry  kinet ic  theory  of gases  has been  examined,  and a s e m i e m p i r i c a l  fo rmula  has  been  
der ived  for  the s epa ra t i on  by t h e r m a l  diffusion in a b inary  gas m i ~ u r e  without invoking the t h e r m a l -  
diffusion constant  and the mean  t e m p e r a t u r e :  

Ac 2c~ (=~- l )  
zk-~ l 

where  k = (b - -  1) -1, 

Here  

and z is the roo t  of the equation 

z =a+~ + dtz  k+~ - -  d~z ~ -  d3 : O. 

d 1 = (1 - - 2 c ~ ~  d~, ----- [ ( T d T I )  l- 'a/ '2 ] . (1  - - 2 c ~ ~  da = [ ( rdra) I'-=/2 1 ilk ; 

(I) 

(2) 

and a i s  a s e m i e m p i r i c a l  coeff icient ,  which is a l inear  function of the mix tu re  concent ra t ion  and vi r tual ly  
independent of t e m p e r a t u r e :  a = A-e~  ~ + B (A and B a r e  constants) .  Then a can be calculated if at leas t  
two se t s  of r e l i ab le  values  for  the s epa ra t i on  a r e  avai lab le  for  two concentra t ions  of a given pa i r  of gases ;  
then f r o m  a one can find the sepa ra t ion  for any concentra t ion  and any t e m p e r a t u r e  by solving (2) by chord 
or  pa rabo la  methods .  

We calcula ted a f r o m  exper iment  (about 280 values  for  the range  290-1000~ which we had p r e -  
viously r e c o r d e d  for  h e l i u m - a r g o n ,  h e l i u m - n i t r o g e n ,  h e l i u m - h y d r o g e n ,  and h y d r o g e n - a r g o n  at a 
va r i e t y  of compos i t i ons  and t e m p e r a t u r e  d i f f e rences .  We a l so  calculated values  for  a for  var iuus  gas  
s y s t e m s  for which the l i t e r a tu re  gives  consis tent  data .  The mos t  detai led m e a s u r e m e n t s  a r e  avai lab le  
for  the h e l i u m - a r g o n  s y s t em ,  an~d, we com pared  the a calculated f r o m  the m e a s u r e m e n t s  given by var ious  
w o r k e r s  for  a wide r ange  of t e m p e r a t u r e s  and concent ra t ions .  The d i f fe rences  between the values did net 
exceed 3%. 

The  pape r  gives  values  found by l e a s t - s q u a r e s  fitting for  A and B, which a r e  needed in der iving a; 
the r e su l t s  apply to  22 pa i r s  of ga s e s .  

N O T A T I O N  

c~ ~ init ial  concent ra t ion  of light component;  b = 4m2/mt ,  m 1 and m 2, m a s s e s  of the molecules  of 
the two components ;  T 1 and T2, t e m p e r a t u r e s  of the cold and hot reg ions .  
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; 3 - R A Y  M E A S U R E M E N T  O F  I N T E R N A L  W A T E R  

T R A N S P O R T  I N  D R Y I N G  A P O W D E R  

N.  I .  G a m a y u n o v  a n d  L .  I .  I I ' c h e n k o  UDC 66.047 

T h e r e  a r e  ce r t a in  diff icul t ies  in de te rmin ing  the in tegra l  phase - t r an s i t i on  c r i t e r i on  for in terna l  
wa te r  t r anspo r t ,  p r i m a r i l y  due to the need to  dist inguish the liquid and vapor  fluxes within the ma te r i a l  
[1,2]. 
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We have used sulfur-35 in the compound Na2S*O 4 as label for the liquid phase; the data provided by 
radioact ive  and other l~tbels for the liquid were  tested by examining possible diffusion effects .  We used 
a modified equation for one-dimensional  convective diffusion, which is convenient for prac t ica l  ca lcula-  
tions [3], which showed that diffusion at drying ra tes  of i >- 1 �9 10 -~ g / ( c m  2 �9 sec) can be neglected for p r a c -  
�9 ical  calculations in which e r r o r s  less than 0.1% are  acceptable ,  

The above integral  c r i t e r ion  e i was measured  for quartz  sand for the following fract ions;  the fluxes 
of heat and water  were s t r ic t ly  one-dimensional .  The a i r - f low speed in these experiments  varied f rom 
zero  to 3 m / s e c ,  while the a i r  t empera tu re  varied f rom 293-393~ The following express ion  for ~i is 
der ived f rom the convective-diffusion equation 

i Z p(l/F).dN/d-c e i -  1 -- :=1 
i i(c=/c.)Co ' 

where 1 /F  .dN/dr  is the t ranspor t  ra te  for the radioact ive label in the surface  layer  of the mater ia l  due 
to  the liquid flux il = ov/ ,  p is the density of the liquid phase,  i = 1 /F"  d W / d r  is the drying rate ,  and Cx/ 
C 0 is the re la t ive  label concentrat ion.  

These measurements  showed that e i takes nonzero values in the period of constant drying ra te  and 
in the absence of a t empera tu re  gradient;  here  ei is dependent not only on the s t ruc ture  of the pore space 
but a lso  on the drying rate ,  since it tends to a limit for i >- 1.5 �9 10 -4 g / c m  2 � 9  which indicates a 
change in the t r anspor t  mechanism.  

lo 

2. 
3. 

Dep. 

L I T E R A T U R E  C I T E D  

A. I. Veinik and A. S. Shubin, in: Heat and Mass Trans fe r  in Cap i l l a ry -Porous  Bodies [in R u s s i a n ] ,  

No. 8, Energoizdat ,  M o s c o w - L e n i n g r a d  (1957). 
N. V. Churaev, I n z h . - F i z .  Zh., No. 12 (1962). 
N. I. Gamayunov, Author ' s  Abst rac t  of Doctoral  Disser ta t ion,  Kalinin Polytechi~ic Institute (1967). 

150-75, December ,  2, 1974. 
Original ar t ic le  submitted December  12, 1973. 

951 


