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Expe r imen t s  w e r e  p e r f o r m e d  in an appara tus  4 m high and 0.6 x 1.2 m in the plan view,  with gas d i s -  
t r i bu to r  caps .  The bed was  1.5 m above the outlet  o r i f i ces  in the d i s t r ibu tor  caps ;  it was  made  of e l e c t r i -  
c a l - g r a d e  corundum gra ins  with an ave rage  equivalent  d i a m e t e r  of  320/~m. The t e s t s  w e r e  ran  in a f r ee  
bed as well  as  in a bed packed with two se t s  of ve r t i ca l  tubes ,  both s e p a r a t e d  by a gap 0.16 m wide for a c -  
commodat ing  a f iat  c a l o r i m e t e r  0.48 x 0.82 (height) x 0.03 m.  This  c a l o r i m e t e r  cons is ted  of five copper  
p la tes  0.45 x 0.15 (height) x 0.005 m on top of un i formly  spaced  hea t e r s .  The coeff ic ients  of heat  t r a n s f e r  
be tween a plate  and the bed were  de te rmined  f r o m  the m e a s u r e m e n t s  of the t e m p e r a t u r e  d i f ference  b e t w e e n  
them and of the amount  of hea t  input. 

The r e s u l t  of using a pa r t i a l ly  packed bed was ,  f i r s t  of al l ,  a much  lower  heat  t r a n s f e r  coeff ic ient  
and,  secondly,  a not n e c e s s a r i l y  un i form heat  t r a n s f e r  between c a l o r i m e t e r  and bed, the au thors  supplied 
a i r  addit ionally below the bot tom edge of the c a l o r i m e t e r  through a pipe with two lengthwise s lots ,  each 
450 m m  long and 3 m m  wide,  which was  located 100 m m  above the outlet  o r i f i ces  in the d i s t r ibu tor  caps .  

With additional a i r  supplied underneath  the c a l o r i m e t e r ,  the s t i r r i ng  r a t e  of m a t e r i a l  in the gaps b e -  
tween the c a l o r i m e t e r  and the packing tubes inc reased ,  while the m a t e r i a l  was  v ib ra t ing  predominant ly  up 
and down the c a l o r i m e t e r  plane.  The m a t e r i a l  was  s t rongly  s t i r r e d  by bubbles  r i s i ng  along the c a l o r i -  
m e t e r  s u r f a c e ,  within the reg ion  between the c a l o r i m e t e r  and the packing,  so that cold p a r t i c l e s  f r o m  the 
bed core  acqui red  an ea sy  a c c e s s  to the c a l o r i m e t e r  p la tes .  As a consequence ,  the hea t  t r a n s f e r  p r o c e s s e s  
improved .  

The  mean  hea t  t r a n s f e r  coeff ic ients  along the c a l o r i m e t e r  height in a f r ee  f luidizat ion bed inc reased  
somewhat  under  a higher  re la t ive  r a t e  of a i r  flow through the auxi l ia ry  pipe,  as  long as  the f luidization 
r a t e  was  m o d e r a t e ,  and r em a i ned  a l m os t  constant  at high fluidization r a t e s ,  i .e . ,  when the heat  t r a n s f e r  
coeff ic ient  became  high even without additional a i r  supply.  The heat  t r a n s f e r  became  then m o r e  uni form 
along the c a l o r i m e t e r  height  even at  high fluidization r a t e s .  

In a pa r t i a l ly  packed  bed,  t h e r e f o r e ,  an i nc r ea se  in the re la t ive  r a t e  of a i r  flow r e su l t ed  in a h igher  
m e a n  heat  t r a n s f e r  coeff icient  at  all  f luidization r a t e s  within the t es t  range .  With a m o r e  uni form heat  
t r a n s f e r  a long the c a l o r i m e t e r  in a pa r t i a l ly  packed bed, t h e r e f o r e ,  hea t  t r a n s f e r  coeff ic ients  equal to 
those in a f ree  fluidization bed a r e  a t ta inable .  

S. M. Ki rov  Ura l  Polytechnic  Ins t i tu te ,  Sverdlovsk.  
Original  a r t i c l e  submi t ted  Apri l  28, 1972. 
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H E A T  A N D  M A S S  T R A N S F E R  D U R I N G  E V A P O R A T I O N  

O F  M I X T U R E S  IN A F I L M  C O L U M N  

V ,  F .  P e t i n ,  V .  A .  K u z n e e h i k o v ,  
V .  P .  Z h e l o n k i n ,  a n d  E .  N .  K o n s t a n t i n o v  

UDC 66.048 

In o r d e r  to solve p r o b l e m s  in m a s s  t r a n s f e r  dur ing evapora t ion ,  it is n e c e s s a r y  to cons ider  also the 
hea t  t r a n s f e r  p r o c e s s e s  which occur  concur ren t ly  as  wel l  as  nonequimolar  m a s s  t r a n s f e r  and the effect  
of diffusive in te rac t ion  between m i x t u r e  components .  

Adding these  phenomena  to the desc r ip t ion  of the en t i re  p r o c e s s  y ie lds  the following s y s t e m  of equa -  
t ions:  

dyl yo [ Z  dG Y~, - -Y l  ] 
-'~ "- "~o ~ ( y l ry i - ' y i yH)  ~, dF 2 ' (1) 
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(7) 

with the m o l a r  flow r a t e s  of gas  and liquid G and L r e spec t i ve ly ,  the m o l a r  f rac t ions  of  gas and liquid x 
and y r e s p e c t i v e l y ,  the in te r face  a r e a  F,  the coeff ic ients  of hea t  and m a s s  t r a n s f e r  a and fl r e spec t ive ly ,  
the hea t  content  in gas  and in liquid H and h r e spec t i ve ly ,  the t e m p e r a t u r e s  of  liquid and gas T and t r e -  
spec t ive ly ,  the hea t  los s  qL,  with the subsc r ip t s  f r e f e r r i n g  to the in te rphase  boundary,  l r e f e r r i n g  to 
the bot tom sec t ion  of a column,  and i, j r e f e r r i n g  to the mix tu re  components .  

A c o m p a r i s o n  between ca lcu la ted  and m e a s u r e d  data pe r ta in ing  to the evapora t ion  of an n-hexane  and 
n-heptane  mix tu re  into a i r  in a f i lm column have conf i rmed  the vaI idi ty  of these  equations and the feas ib i l i ty  
of  us ing s y s t e m  (1)-(7) for  an ana lys i s  of this p r o c e s s .  Such an ana lys i s  has  shown that a l a rge  net flow 
resu l t ing  f r o m  evapora t ion  causes  the second component  in the liquid phase  to be t r a n s f e r r e d  in the d i r e c -  
tion opposi te  to the d i rec t ion  of the conventional  m a s s  mot ive  fo rce .  The r e su l t  of nonequimolar  t r a n s f e r  
in the gaseous  phase  is that  the ef fec t ive  m a s s  t r a n s f e r  coeff ic ient  becomes  the l a r g e s t  of all  flij coef f i -  
c ients  and a lso  l a r g e r  than pred ic ted  by theory  of m e a s u r e d  in an evapora t ion  e x p e r i m e n t  with pure  c o m -  
ponents .  

The in te rp lay  between p r o c e s s e s  of heat  and m a s s  t r a n s f e r  p roduces  a dip in the t e m p e r a t u r e  p r o -  
file of the liquid along the column height (at equal en t rance  and exit  t e m p e r a t u r e s ) .  

Or ig inal  a r t i c l e  submi t ted  March  9, 1972. 
A b s t r a c t  submi t ted  August  31, 1972. 
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A S T U D Y  O F  T H E  V O R T E X  E F F E C T  I N  S T E A M  

A .  I .  B o r i s e n k o ,  K .  F .  N e c h i t a i l o ,  
a n d  V .  A .  S a f o n o v  

UDC 621.181.8 

A s e r i e s  of geomet r i ca l ly  s i m i l a r  vo r t e x  tubes opera t ing  with superhea ted  s t eam under  va r ious  se t s  
of  conditions was the subject  of  an exper imen ta l  study to e s t ab l i sh  the feas ib i l i ty  of genera l iz ing  the t e s t  
r e su l t s  in un ive r sa l  form.  

The r e su l t s  of this  study indicate that: 

1. The value of ~h for  a vo r t ex  tube opera t ing  with s t e am is 15-30% lower  than for  one opera t ing  with 
a i r  a t  the s a m e  expansion ra t io  ~c = P~/P~ at  the cold end. 

2. With a s m a l l e r  p r e s s u r e  reduct ion Vh at  the hot end, the value of ~h r e m a i n s  a lmos t  constant  ove r  

the given range  of Vh. 

3. As the vo r t ex  tube is sca led  up d i m e n s i o m l l y ,  i ts  p e r f o r m a n c e  becomes  m o r e  efficient .  

4. As the p r e s s u r e  p0 is r a i s e d  by a fac tor  of 2-3 ,  with Vh unchanged, ~h a lso  r e m a i n s  the s a m e  r e -  
ga rd le s s  of the d i a m e t e r  D. M o r e o v e r ,  Vc r e m a i n s  constant  too (at a constant  ~) and, consequent ly,  the 
opera t ing  modes  a t  va r ious  p r e s s u r e  l eve l s  may  be r e g a r d e d  as  being s i m i l a r .  

5. T h e r e  is  no change in ~h as  the a b s o l u t e t e m p e r a t u r e  of the incoming s t eam is r a i s e d  by 15-20%. 

The quest ion a r i s e s  now whether  the t e s t  r e su l t s  per ta in ing  to vo r t ex  tubes may  be r e p r e s e n t e d  in the 
fo rm of a un ive r sa l  d imens ion less  r e l a t ion  between c r i t e r i a l  s imp lex  and complex  groups ,  such groups b e -  
ing usual ly  der ived  f r o m  the condition of identici ty at the boundar ies .  

In an endeavor  to r e p r e s e n t  the Reynolds number  as  a complex  of inlet  p a r a m e t e r s ,  one can (under 
conditions of a supe rc r i t i c a l  head in the d i scharge  nozzle ,  usual  for  vo r t ex  tubes) wr i t e  

Dp0 
p Re t,/.~. ~ ~' 

with/~w denoting the dynamic v i scos i ty .  

Viewing the s i m i l a r i t y  in t e r m s  of usual  a s sumpt ions ,  one m a y  thus expect  a single r e l a t ion  to apply 

to al l  geomet r i ca l ly  s i m i l a r  v o r t e x  tubes:  
~lh = ~lh(~, ~li' Re). 

T e s t  r e s u l t s  per ta in ing  to vo r t ex  tubes a r e  s o m e t i m e s  r e p r e s e n t e d  in t e r m s  of such re la t ions .  

Accord ing  to s i m i l a r i t y  theory ,  the d imens ion less  r e l a t ions  for  all  geomet r i ca l ly  s i m i l a r  tubes m u s t  
r e m a i n  invar ian t  as  long as  the adiabat ic  exponent k for  the opera t ing  med ium r e m a i n s  the s a m e  along with 
the c r i t e r i a l  number s  Eu,  Ma,  Re defined f rom the identicity condit ions.  The s l ight  va r i a t i on  in k due to 
changes in the s ta te  v a r i a b l e s  of superhea ted  s t eam is negligible.  M o r e o v e r ,  the condition Eu = idem 
and Ma = idem can be r ep laced  (at a constant  t e m p e r a t u r e  T~) by the condition P ~ / P ~  = idem and P~/P~ 

= idem.  

The  t e s t  data indicate ,  however ,  that  a r e l a t ion  of the Vh = ~h(#, Vh, Re) kind is ambiguous  and thus 
unsui table  for  a genera l iza t ion  of t e s t  r e s u l t s  per ta in ing  to vo r t ex  tubes .  

N O T A T I O N  

D is the d i a m e t e r  of a vor t ex  tube at  the nozzle  sect ion;  

k is  the i sen t rop ic  exponent;  
p~ is  the s t e am p r e s s u r e  a t  the tube en t rance ;  
p0 c is the s t e a m  p r e s s u r e  at  the cold end of a tube;  
p0 is the s t e am p r e s s u r e  a t  the hot end of  a tube;  
. h  is the enthalpy of s t e a m  at  the tube en t rance ;  
A i  o = i - - i  c is the d e c r e a s e  in enthalpy a t  the cold end Of a tube;  
# is  the weight  f rac t ion  of cold s team;  
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~h = pO/p~  is the expansion ra t io  in the s t r e a m  of hot s team;  
0 0 ~c = P 1 / P c  is the expansion ra t io  in the s t r e a m  of cold s team;  

Eu P / p W  2 is the Eu le r  number ;  
Ma = W / p  is the Maievski i  number ;  
W is the s t r e a m  veloci ty ;  
a is the local  ve loci ty  of sound; 
p is the densi ty;  
~h = Aih/Ais  is the eff ic iency of a vo r t ex  tube; 
Ai h is the inc rease  in enthalpy at the hot end of a tube; 
Ai s is the change in enthalpy cor responding  to an isentropic  expansion f rom p0 to P~. 

Original  a r t i c l e  submitted Au~o~ist 12, 1971. 
Abs t rac t  submit ted November  1, 1972. 

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

L I Q U I D S  U N D E R  N A T U R A L  C O N V E C T I O N  

V.  V.  T s y b u l ' s k i i  a n d  Y u .  A .  K i r i c h e n k o  UDC 536.423.1:546.21 

The authors  studied pool boiling of liquid ni t rogen ove r  the t em p e ra tu r e  range f rom -1 9 5  to -168~ 
and under p r e s s u r e s  f rom 0.098 to 1.08 M N / m  2 at a hor izontal  tubular  hea te r  made of grade 1KhlSN9T 
s teel .  

Visual observa t ions  of n i t rogen boiling have revea led  four d i f ferent  p r o c e s s  modes  depending on the 
the rmal  flux density:  

a) pure  convect ion f rom 200 to 1900 W/m2;  

b) bubble boiling (isolated bubbles) f rom 1950 to 7700 W/m2;  

c) bubble boiling (merged bubbles -- n u c l e a t i o n o f v a p o r r i s e r s ) f r o m  8000 to 30,000 W / m 2 ;  

d) developed bubble boiling (developed vapor  r i s e r s )  above 30,000 W / m  2. 

The t es t  data per ta ining to the boiling of liquid ni t rogen fit the following empi r i ca l  re la t ion  (in the 
Internat ional  System of units) with a maximum e r r o r  of ~ 5%: 

~. : : 2 . 1 6 .  lO-"-po.38qO.75, (I) 

where  a denotes the heat  t r a n s f e r  coeff ic ient ,  p denotes the p r e s s u r e ,  and q denotes the t he rma l  flux den-  
s i ty.  

Well known d imens ionless  re la t ions  for the ra te  of heat t r a n s f e r  during the boiling of n i t rogen yield 
r e su l t s  which deviate appreciably  f rom the tes t  data. The c loses t  ag reemen t  is obtained with the B o r i -  
shanskii--Minchenko formula ,  within • for  q < 30,000 W / m  2 and within • for  q > 30,000 W / m  2. 

The coeff ic ient  of heat  t r a n s f e r  during the boiling of n i t rogen or  oxygen [2] is desc r ibed  by a re la t ion  
which contains the d imensionless  Bor i shansk i i -Minchenko  var iab les :  

=:3510 [ q (2) 
o,v,  J J ' 

with the the rma l  conductivi ty ~, the coeff ic ient  of sur face  tension o,  the acce le ra t ion  due to gravi ty  g, 
the the rmal  diffusivity a, the la tent  heat  of evapora t ion  L,  the densi ty  of liquid and vapor  PL and PV r e -  
spec t ive ly ,  and with ~,  P ,  q defined e a r l i e r .  

The maximum deviation of t e s t  data f rom re la t ion  (2) was • 15%. 
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2. 

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

V. M. Bor i shansk t i ,  G. I. Bobrovich,  and F. P .  Minchenko, in: P r o b l e m s  of Hea t  T r a n s f e r  and 
Hydrau l ics  in T w o - P h a s e  Media [in Russ ian] ,  (S. S. Kuta te ladze ,  edi tor) ,  " �9 Gosene rgomda t ,  Moscow 
- L e n i n g r a d  (1961). 

Yu. A. Kir ichenko,  V. V. Tsybu l ' sk i i ,  and A. V. K o s t r o m e e v ,  "Heat  t r a n s f e r  dur ing pool boil ing 
of  liquid oxygen, ~ Inzh. F iz .  Zh. ,  21, No. 2 (1971). 

Inst i tute  of L o w - T e m p e r a t u r e  P h y s i c s  and 
Engineer ing ,  Academy  of Sc iences  of the Ukra in ian  

SSR, Kharkov.  
Original  a r t i c l e  submi t ted  May 13, 1971. 

A b s t r a c t  submi t ted  N o v e m b e r  21, 1972. 

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

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

E .  M .  S e m e n i s h i n ,  G .  A .  A k s e l ' r u d ,  
a n d  S. V .  L i m a r e n k o  

S O L I D  

UDC 532.73-3:549.231 

This  a r t i c l e  deals  with the kinet ics  of  ex t rac t ing  a solid substance  f r o m  a semi inf in i te ly  la rge  porous  
med ium under  conditions where  no insoluble solid or  gas is f o rmed  at  the s a m e  t ime,  and a r a t h e r  s imple  
method is  p roposed  he re  for  de te rmin ing  the dfffusivity.  I f  the ex t r ac t  is a c r y s t a l  hydra te  with a m a s s  
f rac t ion  of the sa l t  equal to ~,  then the m a t e r i a l  ba lance  in the ex t r ac t  f rom such a semiinf in i te ly  l a rge  
med ium yie lds  the following equation: 

l 
dl de 

0 

where  

_ 0~-- ~zc~, 8 = ~, - -  c_.____.~.  ( 2 )  
ep ' l  - -  C 1 e p l  - -  6" 1 

The in tegra l  equation (1) is  used  h e r e  for  solving the m a s s  t r a n s f e r  p r o b l e m ,  which r e q u i r e s  that the con-  
cen t ra t ion  function c be approx ima ted  by an equation which would sa t i s fy  the app rop r i a t e  boundary condi-  
t ions [1, 2]: c = c a a t  x = 1 and c = c s a t  x = 0. One such equation could be 

x 

- ~ - I - ~ .  ( 3 )  
cs  - -  c l  [ 

In se r t i ng  this  into Eq. ( 1 )  and subsequent  t r an s fo rma t ions  yie ld  

I =~iV~. (4) 

Equation (4), e x p r e s s e d  in t e r m s  of the function l = f (~  r ) ,  r e p r e s e n t s  a s t r a igh t  l ine with the slope ~: 

= W/r 26DK 
- ~ c + ,  (mp-- o 5 rnpk ~ (5) 

f rom which the dfffusivity can be eas i ly  de te rmined .  

In  o r d e r  to de t e rmine  D K, it  is  n e c e s s a r y  to se t  up an e x p e r i m e n t  so that  the functional r e l a t ion  b e -  
tween Z and r can  be es tabl i shed.  As the t e s t  objec t  the authors  used  a synthet ic  model  of  a porous  body 
consis t ing of CuSO 4 �9 5H20 and an i n e r t m a t e r i a l  (polystyrene)  i m m e r s e d  in a solution of su l fur ic  acid.  The 
magni tude of l was  de t e rmined  with the aid of  a readout  m i c r o s c o p e .  The value of ~7 could be de t e rmined  
as  tariff ,  with 13 denoting the slope angle of  the l = f(T) l ines .  

The va lues  of  diffusivity we re  de te rmined  under  the following condit ions:  m p  = 0, 61 = 0, &c = Cs, 
r = l / e ,  5 = 1 / e .  We found that  e = 9.64 for  CuSO 4 �9 5H20. The values  of  diffusiviW at  t e m p e r a t u r e s  of  
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20, 30, 40, and 50~ were  found to be 0 .226.10  -9, 0 .48 .10  -9, 0 .662 .10  -9, 0 . 9 7 4 . i 0  -9 m 2 / s e c  r e s p e c t i v e -  
ly.  

A c o m p a r i s o n  between these  va lues  with those  of na tura l  diffusivi ty a t  the s a m e  t e m p e r a t u r e s  indi -  
ca tes  a r a t h e r  c lose  a g r e e m e n t .  Thus ,  for  example ,  at  20~ we have DK = 0 .226 .10  -9 m 2 / s e c  and D 
= 0 .38 .10  -9 m 2 / s e c .  

UT 

mp 
mpk  
c 

c l  

Cs 
p 

P~ 

T 

l 

N O T A T I O N  

is the m a s s  of ex t r ac t ed  subs tance  pe r  unit vo lume of the porous  med ium;  
is the m a s s  f rac t ion  of sa l t  in the c r y s t a l  hydra te ;  
is the po ros i t y  of  the med ium befo re  ex t rac t ion ;  
is the po ros i ty  of  the med ium af te r  ex t rac t ion ;  
is the ins tantaneous concent ra t ion  in the solution; 
is the concent ra t ion  in the pool reg ion  of the solution; 
~s the sa tu ra t ion  concent ra t ion;  
is the ins tantaneous densi ty  of the solution; 
is the densi ty  of the solut ion in the pool region;  
is the effect ive  diffusivi ty;  
is the constant  in Eq. (2); 
is the t ime ;  
is the depth of the ex t rac t ion  zone. 

lo 

2. 
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G. A. A k s e l ' r u d ,  T h e o r y  of Diffusive Ex t r ac t ion  of Substances  f rom P o r o u s  Media [in Russ ian] ,  
Izd.  Lvov ,  Pol i tekh.  Ins t . ,  Lvov (1959). 
G. A. A k s e l ' r u d ,  Mass  T r a n s f e r  in a So l id -L iqu id  System [in Russ ian] ,  Izd. Lvov,  Univ., L ' vov  
(1970). 

O r d e r - o f - L e n i n  Polytechnic  Ins t i tu te ,  Lvov.  
Or ig ina l  a r t i c l e  s u b m i t t e d  F e b r u a r y  29, 1972. 

A b s t r a c t  submi t ted  N o v e m b e r  3, 1972. 

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

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

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

E .  M .  S e m e n i s h i n ,  G .  A .  A k s e l ' r u d ,  
a n d  S. V .  L i m a r e n k o  

UDC 532.73-3:549.231 

This  a r t i c l e  deals  with the k ine t ics  of ex t rac t ing  a solid subs tance  f r o m  a semiinf in i te ly  l a rge  porous  
med ium when a fas t  chemica l  r eac t i on  p roduces  a soluble solid phase .  

The ex t r ac t ed  m a t e r i a l  in this  s tudy was  ma lach i t e  CuCO 3 �9 Cu(OH) 2 d i s t r ibu ted  in the p o r e s  of an 
ine r t  m a t e r i a l  (polys tyrene) ,  and a solution of su l fur ic  acid  as  the solvent .  

In the f i r s t  s tage of the p r o c e s s ,  a s t rong  reac t ion  at  the ma lach i t e  su r face  p roduces  gaseous  CO 2 
and solid CuSO 4 "5H20, the l a t t e r  shielding the ma lach i t e  p a r t i c l e s  and impeding an intensive continuation 
of  the p r o c e s s .  Owing to the poor  solubi l i ty  of copper  v i t r io l  in sul fur ic  acid,  i ts  diffusion into the pool 
reg ion  of the solut ion p roceeds  slowly.  Sulfuric acid  r e a c h e s  the malach i t e  su r f ace  only as  CuSO 4 �9 5H~O 
wi thdraws .  The  p r o c e s s  of m a s s  t r a n s f e r  is thus cons t ra ined  by i ts  s lowes t  s tage ,  name ly  by the di f fu-  
s ion of coppe r  v i t r io l  into the ambien t  solution.  

The  p r e s e n c e  of a p ro t ec t ive  CuSO 4 �9 5H20 fi lm has  been  es tab l i shed  by combining ex t rac t ion  and a 
per iod ic  r ins ing  of the s p e c i m e n s  with wa t e r ,  a lso  by an x - r a y  s t ruc tu ra l  examinat ion  of the r eac t ion  p r o -  

ducts .  
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In o r d e r  to es tab l i sh  the kinetic laws governing the p r o c e s s  of  
malach i te  ext rac t ion ,  the authors  cons ider  a model  shown in Fig.  l a .  
The concentra t ion  of copper  v i t r io l  on the in te rphase  contact  su r face  
is  equal to the sa tu ra t ion  concentra t ion  cs .  I t  d e c r e a s e s  along the 
x - ax i s  down to c 0. On the ba s i s  of F i e k ' s  law and of m a s s  balance  
with r e g a r d  to the ex t rac ted  m a t e r i a l ,  the au thors  have der ived  the 
equation 

Fig.  1. Disp lacement  of the in-  
t e rphase  contact  su r face  h M as  
a function of ( t .  (a) schemat ic  
d i ag ram of  ex t rac t ion  of a solid 
subs tance ;  (b) ex t rac t ion  k ine t ics :  
cu rve  1 ) e x t r a c t i o n  of copper  
v i t r io l ,  c u r v e  2) ex t rac t ion  of 
ma lach i t e .  

V h" - h ~  = ,~ ~, 7, (1) 
where  

2Dcs 
p (2) 

Equation (1), e x p r e s s e d  in t e r m s  of the function h2f~-~-h 2 = f(Ct) ,  r e -  
p r e s e n t s  a s t r a igh t  l ine with the s lope angle ~?. 

�9 Equation (1) can be reduced  to 

hM ~: q I/~- (3) 

A c o m p a r i s o n  between (1) and (3) indicates  that  the ef fec t  of a fas t  
chemica l  r eac t ion  is  to modify  the ex t rac t ion  depth prof i le  h. A c -  
cording to (1), h M should be propor t iona l  to Ct .  In Fig.  1 we note 
this propor t iona l i ty ,  which c h a r a c t e r i z e s  a s imple  ex t rac t ion  p r o -  
cess  (curve 2). 

A s m a l l e r  p r o c e s s  mot ive  fo rce ,  r e su l t ing  f rom a reduced  
sa tu ra t ion  concent ra t ion  of copper  v i t r io l  in the acid  solution, e x -  
plains  why curve  2 is not as  s teep  as  cu rve  1 (Fig. lb) .  

The concent ra t ion  of acid  has  a s ignif icant  ef fec t  on the k inet ics  of in te rac t ion  between malach i t e  and 
sul fur ic  acid .  The e x p e r i m e n t  has  shown that  m o s t  f avorab le  p r o c e s s  conditions a r e  r e a l i z ed  a t  a 6% con-  
cen t ra t ion  of acid.  

Cs 
Co 
D 

P 
t 
h 

h0 

N O T A T I O N  

is the sa tu ra t ion  concent ra t ion;  
i s  the concentra t ion  in the pool reg ion  of the solution; 
is  the diffusivity;  
i s  the densi ty  of copper  v i t r io l  d is t r ibut ion;  
is  the t ime ;  
is  the depth of the ex t rac t ion  zone;  
is  the zone of ex t rac ted  m a t e r i a l  los t  as  a r e s u l t  of a chemica l  reac t ion .  

Original  a r t i c l e  submi t ted  July  6, 1972. 
A b s t r a c t  submit ted  November  5, 1972. 

AN A N A L Y T I C A L  S T U D Y  C O N C E R N I N G  T H E  E F F E C T  

O F  T H E  V E L O C I T Y  O F  T H E  D R Y I N G  A G E N T  ON T H E  

R A T E  O F  P E A T  D E H Y D R A T I O N  

B .  A .  B 0 g a t o v  a n d  P .  K .  S h c h i p a n o v  UDC 66.047 

The effect  of the ve loc i ty  of the drying agent  on the dehydrat ion of pea t  in pneumogaseous  d e s i c c a t o r s  
is  ana lyzed on the bas i s  of a model  se t  up he re .  The pea t  p a r t i c l e s  a r e  r e g a r d e d  as  exis t ing  in a s ta te  of  
s t a t ionary  suspens ion  in space .  The veloci ty  of  a f ict i t ious gas s t r e a m  is  in th is  case  equal to the ve loc i ty  

o f  the drying agent  and of the pea t  p a r t i c l e s  in a r ea l  p r o c e s s .  Equations of m a t e r i a l  ba lance  and of hea t  
ba lance  a r e  a lso  se t  up for  this  model .  
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An analysis  of these  equations shows that ,  as  the a i r  flow in  such a pneumogaseous  des i cca to r  s tabi-  
l i zes ,  mo i s tu re  is r emoved  f rom the sur face  of peat  pa r t i c l e s  at a ra te  which depends on the feed veloci ty  
of  wet  ma te r i a l  and r ema ins  independent of the ve loc i ty  of the drying  agent.  

F o r  de te rmining  the veloci ty  of peat  pa r t i c l e s  in var ious  des icca to r  zones ,  the authors  propose  a 
fo rmula  by which they have es tabl ished that within the zone where  pa r t i c l e s  a re  a cce l e r a t ed  the d e s i cca -  
tion r a t e  i nc rea se s  with inc reas ing  veloci ty  of the drying  agent.  The veloci ty  of the drying  agent gradually 
ceases  comple te ly  to have an effect  on the des iccat ion  r a t e  while the par t i c les  a t ta in  the i r  full s t eady-s ta te  
veloci ty.  

An analysis  of these re la t ions  also shows that  the effect  of par t ic le  s ize  on the des iccat ion r a t e  dur -  
ing the acce l e ra t ion  per iod  becomes  continuously s t r o n g e r ,  up to some constant  level .  

The authors  conclude,  on the bas is  of this study, that peat  can  be des icca ted  at  a f a s t e r  r a t e ,  if the 
r e l a t ive  veloci ty  of the drying  agent is increased  within the acce l e ra t ion  zone (by twisting the s t r e am  t r a n s -  
v e r s e l y  to the d i rec t ion  of flow) and if heat  is injected into the des icca t ion  zone during the final stage of 
the p r oc e s s .  

Poly technic  Inst i tute ,  Kalinin. 
Original  a r t i c le  submit ted November  14, 1971. 

Abs t r ac t  submit ted November  1, 1972. 

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

O F  F I L L E D  P O L Y F O R M A L D E H Y D E  A N D  

FO  R M A L D E  H Y D E - - D I O X O  L A N  C O P O L Y M E R  

N.  I .  S h u t ,  V .  P .  D u s h c h e n k o ,  
V.  M.  B a r a n o v s k i i ,  A .  Sh .  G o i k h m a n ,  
V .  P .  S o l o m k o ,  a n d  V.  P .  G o r d i e n k o  

STRUCTURE 

UDC 536.21 

The thermophys ica l  p rope r t i e s  of fil led po lymers  during c rys ta l l i za t ion  a re  l a rge ly  de te rmined  by 
the s t ruc tu re  of the m a t r i x  po lymer  at var ious  levels  of its supe rmolecu la r  consti tution.  

A study was made concerning the effect  of f i l l e rs  on the thermophys ica l  p rope r t i e s  ( thermal  con-  
ductivity A, thermal  diffusivity a,  and specif ic  heat  Cp) and on the s t ruc tu re ,  at var ious  levels  of its s upe r -  
molecu la r  const i tut ion (degree of c rys ta l l in i ty ,  longitudinal and t r a n s v e r s e  dimensions of c rys ta l l i t e s ,  and 
ave rage  s ize  of spherol i tes ) ,  of grade A polyformaldehyde (PFA), s tabi l ized 2% grade 54 polyamide with 
2% diphenylamine,  and of fo rmaldehyde- - l ,  3-dioxolan copolymer  (CFD). 

Aeros i l  of spher ica l  pa r t i c l e s  0.02 #m in d iamete r  and with a specif ic  sur face  of 175 m 2 / g  as  well  
as  ac ieu la r  mull i te  single c ry s t a l s  30-300 #m long and 3-8/~m wide of a 3A1203 �9 2SiO 2 composi t ion se rved  
as  f i l l e r s .  

The t empera tu re -dependence  of in terplaae  d is tances  eli00 and di05 was es tabl ished on the bas is  of 
fundamental i n t e r f e r ence f r i nges  in a unit cell  of PFA. 

The changes in the the rmophys ica l  p rope r t i e s  of PFA and CFD due to f i l l e r s  added in smal l  concen-  
t ra t ions  (1 to 5%) a re  explained by s t ruc tu ra l  t r ans fo rmat ions  which those f i l l e r s  have effected in a block 
of the m a t r i x  po lymer .  An addition of such amounts  of ae ros i l  and mull i te  to these po lymers  r a i s e s  the 
e rys ta l l in i ty  level ,  i ne r ea se s  both the longitudinal and the t r a n s v e r s e  dimensions of c rys t a l l i t e s ,  r educes  
the s ize  of sphero l i t es ,  and produces  a dimensional ly  m o r e  uniform supe rmolecu la r  s t rue tu re .  All those 
effects  combined,  while causing the s t ruc tura l  s ca t t e r  of heat to diminish,  inc rease  the t he rma l  con-  
duetivity ~ and yield a specif ic  heat  ep lower  than that based on additive tes t s .  

The changes in the the rmophys ica l  p rope r t i e s  of PFA and CFD due to f i l l e r s  added in l a rge  concen-  
t ra t ions  (10 to 307o) a r e  explained by a combination of effects  due to the thermophys ioa l  p rope r t i e s  of the 
f i l l e r  ma t e r i a l s  and due to fu r the r  s t ruc tu ra l  t r ans fo rmat ions  occur r ing  in a block of the m a t r i x  po lymer .  
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The thermal diffusivity of all systems studied here  decreases  with r ising temperature.  Such an a 
= f(T) trend can be explained in qualitative te rms,  if one considers that a = k/Cpp. As the fi l ler concen- 
tration increases ,  the thermal diffusivity a of all systems containing aerosH and mullite increases.  

It has thus been demonstrated that, with fi l lers added in small amounts, the changes in the thermo-  
physical propert ies  of PFA and CFD are  governed by structural transformations in the matr ix  polymer at 
various levels of its supermolecular constitution. With f i l lers  added in large amounts, on the other hand, 
the effects of their thermophysical propert ies  must also be taken into account. 

A. M. Gor'kii State Pedagogical Institute, Ktev. 
Original art icle submitted June 12, 1972. 

Abstract  submitted December 12, 1972. 

COMPOSITE DETERMINATION OF THE THERMOPHYSICAL 

PROPERTIES IN THIN LIQUID LAYERS 

S. A. Drozdov, B. I. II'in, 
V. F. Salokhin, and G. G. Spirin 

UDC 536.223 

An evaluation is made of the pulse method used for a composite determination of the thermophysical 
propert ies  of dielectric liquids in thin layers .  

The tes t  liquid was poured into the plane-parallel  gap between two semiinfinitely large bodies. On 
one boundary of this gap was placed a thin-film resistance probe. A rectangular current  pulse was applied 
to it and the subsequent temperature r i se  of the sensing element was tracked (on the basis of the resis tance 
cl~nge}. The problem of transient  heating is now formulated for this system and an exact analytical ex-  
pression is derived for the probe temperature,  which for a Four ier  number Fo <- 1 becomes 

F ~  [eo-~- elJ L (eo'~-~ el)(eo-I- ~ )  

With the aid of this formula and on the basis of temperature readings at two instants of time, the 
thermal activity and the thermal diffusivity of the test  liquid are  then calculated: A "compensation" meth-  
od is described which makes it feasible to improve the accuracy of thermal diffusivity measurements .  The 
method has been applied to two liquids: toluene and benzene. The resul ts  agree with known published data 
within 5%. The method is applicable to gap widths ranging from one to several  hundred microns,  with the 
required width of the test  pulse varying accordingly from 5 #sec to 0.5 sec. 

q 
T 
T 

L 
Fo = a r  / L  ~ 

NOTATION 

is the thermal diffusivity of the test  liquid; 
a re  the thermal activities of the test  substance and of the two semiinfinite bodies r e spec -  
tively; 
is the thermal flux; 
is the temperature;  
is the t ime; 
is the layer  thickness; 
is the Four ier  number. 

Original art icle submitted March 16, 1971. 
Abstract  submitted November 3, 1972. 
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T H E R M A L  C O N D U C T I V I T Y  O F  I S O B U T Y L  A C E T A T E  A T  

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

K .  D .  G u s e i n o v  a n d  K h .  M a d z h i d o v  UDC 536.2:547.271 

Resul ts  a r e  shown of the rma l  conductivi ty m e a s u r e m e n t s  made on isobutyl e ther  of ace t ic  acid ove r  
the 303.1-623.0~ t e m p e r a t u r e  range and under  p r e s s u r e s  f rom 0.098 to 49 M N / m  2. The the rmal  conduc-  
t ivi ty of isobutyl  ace ta te  was m e a s u r e d  with a cy l indr ica l  double c a l o r i m e t e r  in the r eg u l a r  heat ing mode 
[1]. The thickness  of the t e s t  l aye r  of liquid and vapor  was 0.47, 0.365, and 0.85 m m .  The t e m p e r a t u r e  
drop a c r o s s  the liquid and the gaseous l aye r  va r i ed  f rom 1.65 to 2.49~ 

Isobutyl ace ta te  was additionally t r ea t ed  accord ing  to the p rocedure  shown in [2] to a 99.97% pur i ty ,  
as  indicated by a chromatograph ic  ana lys i s .  

The the rma l  conductivi ty of isobutyl ace ta te  was m e a s u r e d  f i r s t .  The  r e su l t s  shown in Fig. 1 apply 
to t e m p e r a t u r e s  up to 623~ and p r e s s u r e s  up to 49 M N / m  2 in the liquid phase and in the vapor  phase as  
well  as  nea r  the sa tura t ion  l ine.  The e r r o r  is e s t imated  at  2.5%. Measu remen t s  nea r  the sa tura t ion  line 
were  p e r f o r m e d  accord ing  to the p rocedu re  shown in [3]. F o r  the points c loses t  to the sa tura t ion  l ine,  
G r - P r  < 1000. The r e su l t s  obtained by d i rec t  m e a s u r e m e n t s  n ea r  the sa tura t ion  line were  then compared  
with the r e su l t s  of the rma l  conductivity m e a s u r e m e n t s  on the basis  of i so the rms  nea r  the sa tura t ion  l ine.  
The d i f fe rence  between both methods  did not exceed 2-3%. One may  conclude,  t he re fo re ,  that  a t e m p e r a -  
ture  drop a c r o s s  the l aye r  of t e s t  l iquid (vapor) has no s ignif icant  effect  on the final r e su l t  of the rmal  con-  
ductivity m e a s u r e m e n t s  nea r  the sa tura t ion  l ine.  

Near  the c r i t i ca l  point the t he rma l  conductivity ~ i n c r ea se s  anomalously .  This ,  in the authors '  view, 
is r e l a t ed  to an ene rgy" t r ans fe r  by separa te  molecu les  continuously building up and breaking  down in the 
c r i t i ca l  s ta te .  

Accord ing  to m e a s u r e m e n t s ,  the the rmal  conductivi ty of gaseous isobutyl  ace ta te  i n c r ea se s  at  a c e r -  
ta in  t e m p e r a t u r e  ( thermal  pyro lys i s  [4]). 

At t e m p e r a t u r e s  within the 573-623~ range,  the molecu les  of isobutyl ace ta te  b reak  down as  follows: 

C4I-I 9 - -  C O O  - -  CH~ ~ C~H 8 ~ -  C H 3 C O O H .  

One molecule  of isobutyl ace ta te  yields  a molecule  of isobutylene (C4H6) and a molecule  of ace t ic  acid 
(CH3COOH). In this way,  the number  of molecu les  par t ic ipa t ing  in the heat  t r a n s f e r  i nc rea se s  and so does 
then the t he r ma l  conductivi ty ~ of the gas.  The range assoc ia ted  with t he rma l  pyro lys i s  is indicated in 

Z. IO 3 
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f liquid 

. $  . $  m . , ~ , , . ~  7 
~ O  

j /  

B73 " 373 O73 573 T 

Fig.  1. T h e r m a l  conductivity ~ (W/m .deg) of i so -  
butyl ace ta te  a t  var ious  t e m p e r a t u r e s  T (~ and under  
va r ious  p r e s s u r e s :  1, 1') nea r  the sa tura t ion  l ine;  2) 
0.098 MN/m2;  3) 2.94 MN/m2;  4) 4.9 MN/m2;  5) 9.8 
MN/m2;  6) 19.6 MN/m2;  7) 29.4 MN/m2;  8) 39.2 MN 
/ m 2 ;  9) 49.0 M N / m  2. 
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Fig. 1 by a dashed line. The anomalous increase in the thermal conductivity 2 of the gas at high tempera-  
tures is very  well explained by the But le r -Brokaw theory of dissociating gases [5]. 

lo 
2. 

31 
4. 
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VISCOSITY OF CEMENT - SAND CONCRETE 

AND STRUCTURAL MORTARS 

V. N. E v s t i f e e v  

M I X E S  

UDC 691:539.55 

The physical nature of colloidal cement paste in structural  mor ta r s  and in concrete mixes has not 
been thoroughly enough explored to this day and is of considerable interest  to the building industry where 
the improvement of technological processes  is concerned. 

This study on the subject has made it possible to establish how the dynamic viscosity var ies  with the 
size and the shape of colloidal part icles ,  with the time of particle transit ion from one equilibrium state to 
another, with the activation energy, the temperature ,  and the external force on the mass.  The following 
formula is to describe this relation: 

AU 
1 2 k T l  o e-fi~- 

where # denotes the dynamic viscosity, k represents  the Boltzmann constant, T denotes the temperature ,  
t o denotes the time of particle transition from one equilibrium state to another, &U denotes the activation 
energy of a colloidal part icle,  A denotes the work of an external force through the path of a colloidal par t i -  
cle, and V denotes the volume of a colloidal particle.  

The derivation of this formula is based on the diffusion theory of part icle motion. 

Measurements have yielded values for several  physical parameters  of colloidal paste in structural  
mor ta r s  and concrete mixes.  

The tes t  data indicate that, when the difference between actual and shearing s t ress  and shear 
strength (T--~-0) changes from 0.08 to 3.75 kgf /m 2 due to a change in the t ransport  velocity from 0.1 to 
0.3 m / s e c  and a change in the velocity gradient from 2 to 5 sec -1 , then the dyr~mic viscosity ~ of the mix 
change from 0.4 to 0.75 kgf �9 s e c / m  2. The activation energy of colloidal part icles increases  corresponding- 
ly from 0.352-10 -2~ to 0.5.10 -z~ kg f . m .  

The tes t  results  pertaining to the dynamic viscosity # as a function of the water - to-cement  ratio,  of 
the cement (Portland) consumption ra te ,  of the mix mobility, and of the t ransport  velocity are  shown in 
Fig. I in the form of nomograms. 

From the mor ta r  grade Rm and the cement grade Rc we calculate the ratio Rc /Rm,  and from this 
we find the point on curve 1 whose abscissa indicates the water- to-cement  ratio;  a perpendicular line is 
then drawn to intersect  one curve on the lower nomogram corresponding to the cement consumption rate.  
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O P T I M I Z I N G  T H E  F R A C T I O N A L  C O M P O S I T I O N  

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

T .  T .  G r i b n y a k  a n d  L .  G .  G u r ' e v  

OF A 

UDC 621.798-492.3 

The  p r o b l e m  of filling a vo lume with sphe r i ca l  bodies  a s s u m e s  some  p r a c t i c a l  s igni f icance  in the 
deve lopment  of m e t a l - c e r a m i c s ,  in t e r m s  of opt imiz ing the powder  m ix tu r e  as  well  as  in t e r m s  of p r o -  
ducing the m o s t  eff ic ient  f rac t iona l  compos i t ion  of minute  round gra ins  in v i b r a t o r y  g r i n d e r s .  The geo -  
m e t r i c a l  method is genera l ly  used  in theore t i ca l  ana lys i s  when an ideal packing a r r a n g e m e n t  is , rea l ized:  
the i n t e r s t i c e s  between s p h e r e s  of equal  d imens ions  a r e  f i l led with co r respond ing ly  s m a l l e r  sphe re s .  Such 
a packing is not feas ib le  in p r a c t i c e ,  however ,  because  the p a s s a g e s  which join the in te r s t i t i a l  cav i t ies  
a r e  stil l  s m a l l e r  in c r o s s  sec t ion .  This  is the cause  of d i s c r e p a n c i e s  between expe r imen ta l  and t h e o r e t i -  
cal r e s u l t s .  In this  s tudy the au thors  take an en t i r e ly  d i f ferent  approach  to the p rob l em.  The s ize  d i s -  
t r ibut ion  of sphe r i ca l  p a r t i c l e s  is hypothet ica l ly  de sc r ibed  by a polynomial  with unknown coeff ic ients .  A 
s y s t e m  of equat ions for  these  coeff ic ients  is se t  up on the bas i s  of  a m a x i m i z e d  e a r l i e r  equation for  the 
munbe r  of contac ts  be tween loose  p a r t i c l e s .  I t  a p p e a r s  that  the solution to this  s y s t e m  a r e  coeff ic ients  
of  a polynomial  of the th i rd  degree  with r e s p e c t  to the r e f e r r e d  pa r t i c l e  rad ius .  Af te r  normal iza t ion ,  this 
polynomial  y ie lds  a s ize  d is t r ibut ion  of loose p a r t i c l e s ,  and the c lo ses t  packing  can be obtained he re  on 
the a s sumpt ion  that  the packing  densi ty  i n c r e a s e s  with the n u m b e r  of  contac ts .  The d is t r ibut ion  function 
thus der ived  is then used  for  ca lcula t ing  the f rac t ional  composi t ion .  The packing of a powder  m ix tu r e  on 
this bas i s  is c o m p a r e d  with an expe r imen ta l  m ix tu r e  produced  by V. V. Okhotnyi.  The number  of contacts  
in the designed mix tu re  is l a r g e r  by two o r d e r  of magni tude.  

Or ig inal  a r t i c l e  submi t t ed  J anua ry  7, 1972. 
A b s t r a c t  submi t t ed  D e c e m b e r  12, 1972. 

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

F I E L D  O F  A B O U N D E D  M E D I U M  

N .  M .  T s i r e l ' m a n  

T E M P E R A T U R E  

UDC 536.2.01 

T h e r m a l  p r o c e s s e s  in media  whose p r o p e r t i e s  a r e  t e m p e r a t u r e - d e p e n d e n t  can be r e p r e s e n t e d  in 
t e r m s  of d i sp l acemen t s  of c o n s t a n t - t e m p e r a t u r e  0 f ron ts .  Each  0 = idem front  t r a v e l s  through the med ium 
with f ic t i t iously constant  t he rm ophys i ca l  p r o p e r t i e s  which change to another  constant  level  for  the next  0 
= idem front ,  e tc .  The path of any 0 = idem front  depends on some  f ict i t ious t h e r m a l  diffusivi ty af accoun t -  
ing for  the h i s to ry  of the m a t e r i a l  p r i o r  to the f ront  pa s sage  as well  as for  the t h e r m a l  s ta te  of the m a t e r i a l  
a f t e r  the f ront  p a s s a g e .  The quantity x/4C4~0T, which a p p e a r s  as  the a rgumen t  in c e r t a i n  solut ions to non-  
l i nea r  p r o b l e m s  in a h a l f - s p a c e ,  m a k e s  it feas ib le  to d e t e r m i n e  af  by one method which is explained he re  
on an example. 

f 

~8 / 
o o,z o,~ 46 VF0 

Fig.  1. Pa th  of 0 = idem f ronts  
in an infinitely long cy l inder  with 
B i =  oo. 

The t r ave l  of 0 = idem fronts  through bounded med ia  is to be 
r e p r e s e n t e d  as  an initial d i sp l acemen t  in the p e r i p h e r a l  l a y e r s ,  in 
acco rdance  with the laws appl icable  to a h a l f - s p a c e  where  af = af(O), 
and a subsequent  pene t ra t ion  deepe r  into the reg ion  of a l r eady  r e -  
gular  k ine t ics .  

In view of th is ,  the following p r o c e d u r e  is p roposed  for  d e t e r -  
mining the t e m p e r a t u r e  f ie lds  of bounded media .  F r o m  well  known 
t e m p e r a t u r e  r e l a t ions  of the t he rmophys i ca l  p r o p e r t i e s  one finds 
the solution to the nonl inear  equation of heat  conduction a h a l f - s p a c e  
and in t eg ra te s  this  solut ion as  the path of  0 = idem f ronts  in x, 
fa0T coord ina tes .  The over lapping  of the 0 - idem l ines  on the graph 
with the init ial  path  s egmen t s  of the O = idem f ronts ,  plot ted in (1 
- x / / 0 ) ,  ~/Fo = a o ' r / l  2 coord ina tes  on the ba s i s  of  well  known 
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F ig .  1. N o m o g r a m s  for d e t e r m i n -  
ing ~ of a c e m e n t - s a n d  m o r t a r  and 
concre te  mix ;  enc i rc led  number s  in-  
dicate  the dip of  a "Stroi tsnfl"  funnel 
(cm): 1) v = 0.5 m / s e c ;  2) v = 0.3 m 
/ s e c ;  3) v = 0.2 m / s e c ;  4) v = 0.1 m 
/ s e e ~  I) va r i a t ion  of R c / R c . m  with 
va ry ing  w a t e r - t o - c e m e n t  ra t io  in 
sandy conc re t e s  and m o r t a r s ;  Q d e -  
notes  the consumpt ion r a t e  of c e -  
m e n t  (kg weight  p e r  1 m 3 of mix) .  

The  cemen t  consumpt ion ra t e  and the w a t e r - t o - c e m e n t  ra t io  de t e rmine  the mix  mobi l i ty  accord ing  
to a "Stroi tsni l"  funnel. F r o m  the thus de t e rmined  mobi l i ty ,  w a t e r - t o - c e m e n t  r a t io ,  and known t r a n s p o r t  
ve loc i ty  we then obtain the value of the dynamic v i scos i ty .  

Example .  Given a r e  the m o r t a r  grade  Rm-75 ,  the grade  of Por t l and  cemen t  "300," a lso  the mix  
mobi l i ty  equal to 6 cm (according to a "Stroi tsni l"  funnel) and the t r a n s p o r t  ve loc i ty  v = 0.5 m / s e c .  Find 
the dynamic v i scos i ty  ~. 

We find the r a t io  R c / R m  = 300/75  = 4r 

On the axis  of o rd ina tes  we lay off this  value of R c / R m ,  then draw a line pa ra l l e l  to the axis  of a b -  
s c i s s a s  till  i t  i n t e r s ec t s  with curve  I.  

Through the in te r sec t ion  point we draw a line pe rpend icu la r  to the axis  of a b s c i s s a s .  This  line in-  
t e r s e c t s  s e v e r a l  cu rves  in the upper  and in the lower  nomogram at  points  co r r e spond ing  to a cement  quality 
( w a t e r - t o - c e m e n t  rat io)  0;8, and wiil y ie ld  the cemen t  consumpt ion r a t e  as  well  as  i ts  dynamic v i scos i ty .  

A cement  consumption r a t e  of  400 kg (weight) pe r  1 m 3 of m i x  is found on the lower  nomogram f rom 
the in te r sec t ion  of this l ine with the mobi l i ty  curve  at  6 cm,  and the dynamic v i scos i ty  is  found on the upper  
n o m o g r a m  f rom the in te r sec t ion  of the s t ra igh t  l ine with the v i scos i ty  curve  a t  v = 0.5 m / s e c  and with the 
mobi l i ty  curve  at  6 cm.  

In  this  way,  the dynamic  v i scos i ty  of  the m i x  under  the g iven  conditions is found to be u = 0.77 kgf 
�9 sec/m 2. 

The n o m o g r a m  indicates  the mobi l i ty  of a mix  accord ing  to a "Stroi tsnf l"  funnel. 
Or ig inal  a r t i c l e  submi t ted  F e b r u a r y  16, 1971. 

A b s t r a c t  submit ted  November  1, 1972. 
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solutions to l inear  problems of heat conduction in bounded media ,  singles out and defines a family of 0 
= idem curves  represen t ing  the t empera tu re  field, for the nonlinear case now. 

An example is shown where this p rocedure  is applied in combination with the weI1 known solution to 
the l inear  p roblem concerning the t empera tu re  field of an infinitely long cyl inder ,  and the n e c e s s a r y  graph-  
ical in terpreta t ion is given on a d iagram.  

N O T A T I O N  

9 is the dimensionless  instantaneous t empera tu re ;  
T is the t ime;  
Fo = aoT/120 is the Four i e r  number ;  
af is the fictit ious thermal  diffusivity at 0 ~ 0; 
a 0 is the true thermal  diffusivity at 0 = 0; 
x is the distance bounding the ha l f - space ;  
Z0 is the cha rac te r i s t i c  dimension; 
x / / 0  is the dimensionless  space coordinate.  

Original ar t ic le  submitted March 23, 1972. 
Abs t rac t  submitted November  3, 1972. 

E Q U I V A L E N T  T H E R M A L  R E S I S T A N C E  

H E A T  T R A N S F E R  D U R I N G  T R A N S I E N T  

TO C O N V E C T I V E  

H E A T  C O N D U C T I O N  

N.  M.  T s i r e l ' m a n  UDC536.25 

On the basis  of the formulas  der ived here  for the veloci ty  of cons tan t - t empera tu re  0 fronts under 
boundary conditions of the f i r s t  or  the third kind, it is easy  to show that the finite dimensionless  t ravel  
t ime Fo of 0 = idem fronts f rom the point in a body where their  motion begins to follow a regula r  heating 
mode to the center  of the body x / l  0 is 

x 
o o s i n  t q  - -  I 

- t n  J o  P,i - -  - - - 6 - -  I n  c o s  , a  1 ; - -  - -  - -  _ _  

. ~ x lo 
lo l o  f~ 

respect ive ly  for a plate, a cyl inder ,  and a sphere.  

For  boundary conditions of the f i r s t  kind we have u 1 = ~ / 2 ,  2.4048, ~ respec t ive ly  and insert ing 
these values into the formulas  for Fo at x / l  o = 1 yields Fo = o~, cor responding  to an infinite t ime of hea t -  
ing a body to 0 ~ 1 with a front which t ravels  through the region of regula r  heating f rom a lmost  the outer  

edge to the center .  

Fo r  m o r e  general  boundary conditions the third kind (where Pl is a function of the Blot number),  we 
obtain Fo = ~ at some distance X/lo > 1 determined f rom the condition Fo = o~ for an a r b i t r a r y  value Pt 

and equal to 
2 . 4 0 4 8  

2~li ' ~i ' !h 

respectively for a plate, a cylinder, and a sphere, 

Thus,  the t rave l  of a 0 ~ 1 front through a body with a cha rac te r i s t i c  dimension l 0 under boundary 
conditions of the third kind can be rep laced  by such a t ravel  in a body with a cha rac te r i s t i c  dimension equal 

to 
~lo 2 . 4 0 4 8 / ,  . ~ l n  

2 t ~  i ' t t i  ~L1 

respec t ive ly  for a plate,  a cyl inder ,  and a sphere under boundary conditions of the f i rs t  kind. 
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Calculations have shown that at a Biot number Bi -- 5 to ~ such a change of boundary conditions does 
not distort  the travel  pattern of 0 = 0.1-1.0 fronts,  while at a Biot number Bi = 0.004-1.0 it resul ts  in a 
permissible e r r o r  in the determination of Fo only for 0 = 0.9-1.0, i .e. ,  for the final stages of front travel  
processes .  

An example i l lustrates the practical use of this proposed change of boundary conditions for the de te r -  
ruination of temperature fields. 

0 

l0 
x / l o  

Fo 

Bi 

N O T A T I O N  

is the dimensionless temperature;  
is the character is t ic  dimension; 
is the dimensionless space coordinate; 
is the Fourier  number; 
is the f i rs t  root  of the character is t ic  equation; 
is the Biot number. 

S. Orclzhonikidze Institute of Aviation, Ufa. 
Original art icle submitted August 7, 1972. 

Abstract submitted December 19, 1972. 

T H E R M O D Y N A M I C S  OF I R R E V E R S I B L E  P R O C E S S E S  FOR 

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

IS U N S T E A D Y  

E .  V. V e i t s m a n  UDC 530.162 

The thermodynamics (phenomenological theory) of i r revers ib le  processes  is studied for continuous 
systems when the external force field is unsteady, although its vectors  do not change their orientation in 
space with time. The curl of the force field is equal to 0. Three  kinds of force are  considered: gravita-  
tional, centrifugal, and surface intermolecular macroforces .  The region being considered is anisotropic. 

The generalized currents  and forces a re  sought by the method given in [1], i.e.,  the local energy 
balance is constructed and an expression is found for the production of entropy ~ Is] and for the dissipative 
function ~,. The expression for the local potential energy balance is given in the following form: 

O-'-t" = - -  Oxl (P~,)i p~, -- xiPv a---7-- 

To find a [s] the generalized equation of Gibbs is taken in the following form [2]. 

du - -  ~ x i i d e i ] -  iXvd,u v - -  Nvdte v (i, ] = 1, 2, 3)~ 
P 

"k, xi]~i] VoSei] 
% -- Pv a l ] =  t5-----~ = const ,  

�9 . 

Finally the generalized currents  are  found: v~2 is the rate of the chemical react ions,  I T i  is the mass t r ans -  
port ,  Iqi the heat t ransport ,  Pij  = Pj i  are  the frictional forces and the generalized forces analogous to 

them: A~ (affinity), (X~) i, (X~) i, Xij= Xji = - I / 2 ( 8 w i / a x j  + ~wj/8xi) .  

A fundamentally new expression is  obtained for 
+ 

(x),=[(e),_ o[(e )ml ]. 
(Av) i at - -  \ O x i / r J  

The phenomenological laws are  formulated: 
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V=2 [~=1 ~=2 ? = 2  "~=2 
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(~q)~ :: ~ ,~ q~ A#~ + ~,q~ (Xq)~ + ~ %, (x~)~ -§ ~qpx~.,~/, 
'.} = I ~1=2 

N ) aw~ 
R ~k" ~ , { Ow~ Owi "~ . i' 2 

) 
'.}=l ,/-=2 

O) 

(2) 

(3)  

(4)  
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(FT)i 
P ' P T  
T 
+ + 
S, u, N T 
vij 
gij 
TIj 
+ 
# y  

a~2~ , ,  a T , ,  / , 

5i, flij 

6ij 

(AT) i = (wT)i - -wi ;  
wi; (w.z)i 
V 

V0 

N O T A T I O N  

a r e  the local  speci f ic  potential  energy  ( J /m3) ,  ent ropy,  and in terna l  energy;  
is the s o - c a l l e d  flow of potent ia l  energy;  
is the speci f ic  force  act ing on a pa r t i c l e  of the y type (N/kg) ;  
a r e  the dens i t ies  (at a point) of m a t e r i a l  and of p a r t i c l e s  o f  the -y type;  
is the absolute  t e m p e r a t u r e ;  

a r e  ~/p, ~/p, py/p ; 

is the s t r e s s  t enso r ;  
is the de format ion  t enso r ;  
is the pa r t  of Tij produced by the ex is tence  of the externa l  force  field; 

is the specif ic  chemica l  potent ial  of m a t e r i a l  of pa r t i c l e s  of the y type;  
a r e  the phenomenological  coeff ic ients ;  

, 111  [ 

a r e  the unit d imens ion less  vec to r  and tensor  with m a t r i c e s  (111) and{1 1 1);  
\ 1 1 1  / 

is the K r o n e c k e r  delta;  
a r e  the coeff ic ients  of v i scos i ty  and second v i scos i ty ;  

a r e  the ve loc i t i es  of cen te r  of m a s s  and of pa r t i c l e s  of the 7 type; 
is the volume;  
is the initial vo lume.  

1 ,  

2. 

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

I. P rogog ine ,  Etude The rmodynamique  des Phenomenes  I r r e s v e r s i b l e ,  P a r i s - L i e g e  (1947). 
E. V. Ve i t sman ,  Zh. Fiz .  Khimii ,  45, No. 9, 2391 (1971). 

Or ig inal  a r t i c l e  submit ted  October ,  13, 1971. 
Abs t r ac t  submit ted  November  3, 1972. 

S O L U T I O N  O F  S P A T I A L  P R O B L E M  

C O N D U C T I O N  F O R  S E M I I N F I N I T E  

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

O F  T H E R M A L  

C Y L I N D E R  W I T H  

P~ Z .  L i v s h i t s  UDC 536.2 

In the a r t i c l e  a solution is cons t ruc ted  by the method p roposed  in [1, 2] for  the equation of s t a t ionary  
t he rma l  conduction for  an unbounded cyl inder  sa t i s fy ing the uni form mixed  boundary conditions at  p = 1: 

1 0T77 Tn--0, ~ / 0 ;  v' Tn=0,  ~<0. 
Bi 0p 
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Two prob lems  on the a r b i t r a r y  heating of the end of a semifinite cyl inder  with uniform mixed boundary 
conditions (l = c /a )  are  examined with the help of the solutions constructed:  

1 c3T~ 
p = l : V a : = 0 ,  0~.~-<.~I; ni dO ~ - r , , = 0 ,  ~ < 0 ;  (1) 

;= l : 7',~ = / @), o ..: p_ ( . l ;  

l OTn ~ - T , , = O , - - / . . ~ < 0 ;  (2) 
p = l : T ~ = : 0 ,  O . ~ < ~ ;  Bi 0p 

. . p  ~\. I 

The problem of the uniform (in the axial direction) heating of par t  of the end surface  of a semifini te  
cyl inder  is solved: 

1 OTn 

OTn 

2 ~ Jn (~o) ch ~ (l -- 0 (0.<~0. (3) -- Tnop ~T- , ~  Xs ~s Tn (p, ~)-- n ,. , . 

A solution is found for  the problem of the a r b i t r a r y  heating of a sect ion of the surface  of an unbounded 
cyl inder  in the case  of heat  exchange with a medium on the remaining par t  of the end sur face .  

In all the problems examined the conditions at  the end surface  are  sat isf ied exact ly.  The coefficients  
in the se r i e s  for  the uniform solutions are  de termined  from normal  (according to Poincarfi  and Koch [3}) 
sys tems  of a lgebraic  equations of the type 

s { 1~- Chk ( s = k )  
as~Xl~=ds, s ~  I, 2, . . .  ; a s ~  

k~4 csl~ (s r k). 

The asymptot ic  equations obtained make it possible to find the intensity of radial  heat flow at the end 
surface  near  dividing line of the boundary conditions. 

p= r / a ;  ~= z / a  
Tn(p,  ~) e x p  (in ~) 

~s  =-/~ns 
all= Bi 

N O T A T I O N  

a re  the dimensionless  coordinates  (a is the radius of the cylinder)  ; 
is a par t i cu la r  solution of the equation V2T = 0; 
a re  the posi t ive nulls of the Besse l  functions Jn(l~)(n = 0, 1, 2 . . . .  ); 
is the Biot ' s  c r i t e r i on  (h is the re la t ive  heat  t r ans fe r  coefficient}. 

le  
2. 
3. 

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

B. M. Nul ler ,  P r ik l .  Matem. i Mekhan.,  34, No. 4, 621-631 (1970). 
B. Noble, The W i e n e r - H o p f  Method [Russia--n t ranslat ion] ,  IL,  Moscow (1962). 
V. F.  Kagan, Foundations of the Theory  of Determinants  [in Russian],  Odessa (1922). 

Chemica l -Pharmaceu t i ca l  Insti tute,  Leningrad.  
Original  a r t i c le  submit ted May 20, 1971. 

Abs t rac t  submitted November  21, 1972. 

N O N S T A T I O N A R Y  M I X E D  P R O B L E M  O F  T H E R M A L  

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

A .  P .  Popova 
UDC 536.25 

The  following ax i symmet r i c  problem is considered.  Heat  t r ans fe r  to a medium at  the t empera tu re  
T0(r ) is  maintained in conformity  with Newton's law in a pa r t  of the ha l f - space  z > 0 which const i tutes  a 
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c i r c l e  w i t h  the  r a d i u s  R.  T h e  t e m p e r a t u r e  a s s i g n e d  o u t s i d e  the  c i r c l e  o v e r  the  s u r f a c e  of  the  h a l f - s p a c e  
v a r i e s  a c c o r d i n g  to t h e  h a r m o n i c  l aw  T = v0(r) exp  (kot) .  

T h e  H a n k e l  i n t e g r a l  t r a n s f o r m  i s  u s e d  to r e d u c e  the  a b o v e  p r o b l e m  to a d u a l  i n t e g r a l  e q u a t i o n  a n d  
t h e n  to t h e  f o l l o w i n g  F r e d h o l m  i n t e g r a l  e q u a t i o n  b y  m e a n s  of  N o b l e ' s  m e t h o d  [1]: 

1 I' 
~ ( x ) +  x + v  [ t e ( l x - - z l ) - - k ( x + x ) l ~ ( x ) d ~ = f ( x  ) ,  x <  1, 

"o 

k (z) = In " ' cos z td t ,  v = R R~t. 
t 

0 

H e r e ,  ~ i s  the  B l o t  n u m b e r  a n d  a i s  the  t h e r m a l  d i f f u s i v i t y .  T h e  r i g h t - h a n d  s i d e  i s  e x p r e s s e d  i n t e g r a l l y  
i n  t e r m s  of  the  a s s i g n e d  f u n c t i o n s  v 0 a n d  T 0. 

T h e  s o l u t i o n  of the  i n t e g r a l  e q u a t i o n ,  o b t a i n e d  by  m e a n s  of  the  m e t h o d  u s e d  in  [2], h a s  the  f o l l o w i n g  
f o r m :  

2 (• _T_ v ) ' ~  m n x  
- -  ' " - -  ~,,~ == c , ~ - : : - d m ( x + v ) ' L  (x) := f ( x ) - -  a ~ am~m sin 2 ' 

m = l  

2 [ ']: ' -Tll--ln 2), m--O, 

i ' 1 ttl,~Z 

Cm:= , [ Z :  - - ' 7 "  ] ( 2 ( t n a ) - a S i ( n z z )  r e > O ,  

In ~ cos dz = 

0 , , 

I 

I V  ,, r ] v ] , l--v2exp(--2wc) dv inn '~ 7 ~ l ~ - V " - - v  .1 - -  St' *tn.~)-- (-- 1) m v2 ' " 
d,n : : "-72- 2 7m 3 7,n ~i.~'--~-~ "6 1 7 -  'v"-Tm" "cc 2 

T h e  c o e f f i c i e n t s  Cm a r e  found  f r o m  the  r e g u l a r  i n f i n i t e  s y s t e m  

tirol 

2 s i n -  
2 

bnm = : bn_m - - b . + m ,  bh ::: k.~ " '  
t* !L~X 

f" : : t ~i~1 .--7-- ; (x) dx, 

w h i c h  i s  s o l v e d  by  u s i n g  the  r e d u c t i o n  m e t h o d .  

T h e  n u m e r i c a l  r e a l i z a t i o n  of  the  m e t h o d  is  g i v e n  for  the  c a s e  # = 0, v0(r) = 0, w h i c h  w a s  i n v e s t i g a t e d  
i n  [3] b y  u s i n g  the  a p p r o x i m a t e  m e t h o d .  F o r  the  a b o v e  p a r t i c u l a r  c a s e ,  t he  t e m p e r a t u r e  a t  t he  h a l f - s p a c e  

b o u n d a r y  fo r  r < R i s  g i v e n  by  the  e x p r e s s i o n  

" - - - -  I "~lk [~21{~ 1 . (R, 0 ) . . *  (9, o) : 2• I i - - , : :  1 --  4-5-z (2k -:-,32~ 2~!! (I l--p'-') l 
~ , ~ ~ (2k i-I)!! I I-0 ~ ] 

Here T o = const, Pn(X) are Legendre polynomials, and Ak (N) are expressed in terms of the coefficients Cm" 

Comparison between the numerical results and the results obtained by means of the approximate 
method in [3] shows good agreement for Biot numbers 0.i and 1.0. 

I 

2. 
3. 
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C A L C U L A T I O N  O F  T H E  M O T I O N  O F  D R O P S  IN 

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

A V .  A l e k s e e v ,  V .  D .  G o r y a c h e v ,  
a n d  B .  G .  E f r e m o v  

FRONT 

UDC 621.928.96 

The a r t i c l e  deals  with the p rob lem of calculat ing the eff ic iency of the cap ture  of smal l  d rops  of wa te r  
by a la t t ice  of cy l inders  p laced a c r o s s  the flow. 

The equations of  mot ion of the drops  were  in tegra ted  by the B les s  method on a "Nai r i "  computer .  I t  
was  a s sumed  that  the veloci ty  of mot ion of a drop fa r  f rom the la t t ice  is equal to the ve loc i ty  of the c a r r y -  
ing s t r e a m  of gas.  

The p rob lem was solved for two types  of  cyl inder  la t t ices :  for a s ing le - row la t t ice  of cy l inders  with 
a re la t ive  t r a n s v e r s e  pitch of al and for  a " th ree -d imens iona l "  la t t ice  consis t ing of three  rows of cy l inders  
a r r a n g e d  in checke rboa rd  fashion. The geom e t ry  of the la t t ice  was de te rmined  by the re la t ive  t r a n s v e r s e  
pitch a 1 and the re la t ive  longitudinal pi tch ~2. 

In o r d e r  to calculate  the ve loc i t ies  of the gas flow in the case  of a s ing le - row la t t ice  of cy l inders ,  we 
used the analyt ic  solution obtained in [1]. In the case  of the mu l t i - row  lat t ice  we used the EGDA method.  
The de te rmin ing  c r i t e r i o n  used  in the calcula t ions  was the number  

H 
K--  

Stk ' 

where  H = 12.5/24~/u ~ d d r / ~ g  and Stk = the Stokes number .  

As the calculat ions showed, reducing al to 1.11 i n c r e a s e s  the eff iciency of capture  of the drops  by 
one cyl inder  of the la t t ice  by 15% over  that  of an i so la ted  cyl inder .  

De te rmina t ion  of the c r i t i ca l  conditions of  d rop  cap ture  by a la t t ice  of cy l inders ,  i .e . ,  the conditions 
at  which the drops  of wa te r  a r e  no longer  cap tured  by the la t t ice ,  by e lec t ronic  compu te r s  is made  m o r e  
difficult  by the sharp  inc rease  in the machine  t ime  requ i red  for  the ca lcula t ions .  The use  of the method 
desc r ibed  in [2] made  it  poss ib le  to calculate  the c r i t i ca l  Stokes number  de te rmin ing  such conditions.  We 
obtained the following fo rmula  for the c r i t i ca l  Stokes number :  

0.25 (2) 
Stkcr = [ rn~ ~ m~ ] '  

p3 sh 2p (sh~p -~- sin~p~.)~ ' sh4--~ 

where  p, m i , me, and ~ a r e  d imens ion less  p a r a m e t e r s  of the la t t ice .  

In o r d e r  to de te rmine  the ef fec t  of the geomet ry  of the m u l t i - r o w  lat t ice  on the eff ic iency of drop  
cap ture ,  we c a r r i e d  out calculat ions for  four va r i an t s  of the l a t t i ces :  a 1 = 2, a2 = 2; ol = 2 ,  v2 = 1; vl = 2, 
o~ = 0.75; and ol = 1.5, a~ = 1. The  calculat ions showed that the effect  of the t r a n s v e r s e  pitch on the e f -  
f iciency of capture  of pa r t i c l e s  by the la t t ice  is g r e a t e r  than the effect  of  the longitudinal pitch.  

Since the calculat ions neglected the effect  of flow separa t ions  and turbulence beyond the f i r s t  and 
second rows  of the la t t i ce ,  the r e s u l t s  obtained should be cons idered  as  a f i r s t  approx imat ion  which will 

have to be c o r r e c t e d  exper imenta l ly .  
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I O N O M E T R I C  I N V E S T I G A T I O N S  O F  T H E  E F F E C T  OF  

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

G, G o e r s ,  G. A.  G u m a n s k i i ,  
I .  S. T a s h l y k o v ,  a n d  F .  S h v a b e  

UDC 539.12.04:546.87 

Using the method of ionometry  the authors  obtained information on imperfect ions  of the c rys ta l  lattice 
in single c rys ta l s  of pure bismuth grade Bi 000 and its alloys with tin of three concentrat ions ,  0.2, 0.6, and 
1 at.  %, upon their  i r radia t ion by 100 keV protons.  The same specimens were  subjected to i r radia t ion by 
an integral flux of 5 �9 1015 em -~ and 1.0-1016 cm -2. After  each of the i r radiat ions  the baekseat ter  spec t ra  
were  recorded ,  then the specimens were  annealed, and once again investigated by the same method. An-  
nealing was done for 4 h at 120~ 

Calculation of the defects formed under the effect of i r radia t ion was done with the use of the o r i en ta -  
tion relat ionship of  the magnitude of the Rutherford sca t te r ing  yield during channelling of a 1.4 MeV ana lyz-  
ing beam of helium ions by means of a slightly modified method used in [1]. The axial spec t ra  with o r ien ta -  
tion of the analyzing beam in the direct ion of axis <0009> were recorded  by means  of a semiconductor  de -  
tec tor  and 256-channel analyzer .  

Concentrat ion relat ionships of the number of displaced atoms were  obtained for the f i rs t  and second 
i r radia t ions .  With an increase  of lead in the impuri ty mater ia l  there was a tendency toward a decrease  
of the number  of defects formed on i r radiat ion,  which evidently can be re la ted  with the addition of the lead 
impuri ty ,  leading to strengthening of the bismuth latt ice [2]. 

Attention is called to the fact that the number  of defects per  proton af ter  the second i r radiat ion with 
a large integral  flux is less than after  the f i rs t  i r radiat ion.  It is suggested that af ter  the f i rs t  i r radiat ion 
and subsequent annealing the main effects are  those of imperfect ions  in the i r radia ted  l ayer  of the mono-  
crys ta l l ine  s t ruc ture  of the pure and alloyed bismuth specimens and the format ion  of c lus te rs  of defects 
that a re  stable up to the recrys ta l l i za t ion  t empera tu re ,  analogous to that found for graphite af ter  i rradiat ion 
and annealing [3]. The second i r radiat ion leads mainly to the formation of the usual radiat ion defects ,  a 
considerable  proport ion of which is captured by t raps ,  and to a small increase  of the number  of stable de-  
fects.  Annealing of defects ,  increas ing  with increase  of the impuri ty content during the second annealing, 
can serve  as confirmation of the assumption of the presence  of t raps  of s imple defects in the i r radia ted 
layer  af ter  the second effect. 
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