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SCATTER OF SPECIFIC HEAT AND DENSITY OF 

FILLED MATERIALS IN SAMPLES OF 

FINITE DIMENSION 

S. G.  Z h i r o v  UDC 536.21 

The probabil i ty of obtaining values of the specific heat and density of fil led samples  that differ  
f rom the mean is  considered.  

In exper imenta l  de terminat ions  of the specific heat and density of small  samples ,  it is necessa ry  to 
es t imate  the possible deviation of the p roper t i e s  of the given sample f rom the mean values. Such a deviation 
may  occur  because,  when the sample is small ,  the number  of f i l le r  pa r t i c les  that the cons idered  volume con- 
tains is  a random var iable ,  and hence cha rac t e r i s t i c s  such as the specif ic  heat and density of the sample are  
also random var iables .  

Let  c be the specific heat of the cons idered  filled mater ia l .  F o r  simplici ty,  we shall consider  a com-  
posite of no m o r e  than two mate r ia l s .  Since 

c : c l P l g  r ~ c2P2g r 
(1) 
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Fig. 2 
Fig.  1. N o r m a l i z e d  p robab i l i ty  of obtaining va r ious  va lues  of the s p e c i f -  
ic heat  f o r  a d e g r e e  of  f i l l ing of 0.4. Volume:  1) 5a3; 2) 7a3; 3) 10a 3. 

Fig. 2. N o r m a l i z e d  p robab i l i ty  of obtaining v a r i o u s  va lues  of the spec i f -  
ic heat  in a vo lume  10a 3. Degree  of f i l l ing: 1) 0.2; 2) 0.4; 3) 0.6; 4) 0.8. 

and 

then 

Pigr = P1 , (2) 

P1 -t- (1 -- Pi) ~ 
7i 

P i  + (1 - -  Pi) Y* " c-"A-~ 

C = C 1 Y1 Cl ." ( 3 )  

P i  -t- (1 - -  Pi)  Y* 
7 i  

F o r  a s ample  of  finite d imens ions  the d e g r e e  of f i l l ing is i t se l f  a r andom va r i ab le  depending on the 
n u m b e r  of f i l l e r  p a r t i c l e s  conta ined  within the c o n s i d e r e d  volume.  We a s s u m e  that  the f i l l e r  p a r t i c l e s  a r e  
cubes  of s ide a. Hence  the vo lume of one cube is  a 3. We divide the volume V into n ce l l s ,  where  n = V / a  3. 

In the to ta l  volume V, the p r o p o r t i o n  of f i l l e r  p a r t i c l e s  is ma3/V = P1, whe re  m is  the n u m b e r  of f i l l e r  
p a r t i c l e s  conta ined  in the given volume.  We c o n s i d e r  the p robab i l i ty  tha t  the vo lume V will conta in  m p a r t i -  
c les :  If u is  the m e a n  n u m b e r  of p a r t i c l e s  in unit  volume,  then va 3 is  the p robab i l i ty  tha t  a p a r t i c l e  will  
occupy a cel l ,  and l l V a  3 is  the p robab i l i ty  tha t  the ce l l  is  empty  [1]. Hence  the probabi l i ty  tha t  the vo lume 
V wil l  conta in  exac t ly  m p a r t i c l e s  is 

where  rV is  the m e a n  n u m b e r  of p a r t i c l e s  in the volume V, 

F r o =  C m vV  1 - - v V - -  = C~,(vaS)"(1 __va3)  n-m = C2p.~(1 _ _ p ) n - m .  (5) 

H e r e  P is  the m e a n  d e g r e e  of fi l l ing (by volume) of the m a t e r i a l .  

Using Eq. (5), we can ca lcu la t e  the p robab i l i ty  that  a vo lume V will  contain  m p a r t i c l e s ,  and hence  the  
p robab i l i ty  of obtaining a d i f fe ren t  n u m b e r  c, s ince  P1 = ma3/V,  and c and Pl a r e  r e l a t ed  by Eq. (3). 

As  an example ,  Fig.  1 shows the n o r m a l i z e d  p robab i l i ty  of obtaining va r ious  va lues  c / c  2 f o r  vo lumes  
5a 3, 7a 3, and 10a 3, when 71/72 = 5 and c l / c  2 = 5. As  is  evident,  i n c r e a s e  in Volume is  accompan ied  by a sharp  
d e c r e a s e  in the p robab i l i ty  of obtaining va lues  of the spec i f ic  heat  g r e a t l y  d i f ferent  f r o m  the mean.  

In Fig.  2, the n o r m a l i z e d  p robab i l i ty  of obtaining va r ious  va lues  of c / c  2 is  shown fo r  d i f ferent  d e g r e e s  
of f i l l ing in the s a m e  vo lume (10a3). The dashed  l ines indicate  the mean  va lues  of the spec i f ic  heat .  The c a l -  
cula ted  c u r v e s  show that i n c r e a s e  in the d e g r e e  of f i l l ing is a s s o c i a t e d  with d e c r e a s e  in the p robab i l i ty  of  ob -  
ta in ing a value of the spec i f ic  heat  that  d i f fe r s  sha rp ly  f r o m  the m e a n .  

Replac ing  c, Cl, and c 2 by Y, T1, and T2 in Eq. (3) g ives  an e x p r e s s i o n  fo r  the densi ty:  

P~ + (1 - -  PO \ ~ -  (6) 

7 = 7~ 
PI + (1 -- Pi) 7~ 

5'1 
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Using Eqs. (3) and (6), together  with Eq. (5), it is possible to calculate  the probabil i ty of any values of 
specific heat and density,  given the degree  of filling and volttme. This  is of par t i cu la r  importance in si tua- 
t ions which Involve ve ry  small  samples ,  for  example,  in car ry ing  out exper iments  in m i c r o c a l o r i m e t e r s  or  
in the differential  thermal  analysis of mater ia l s .  

N O T A T I O N  

Pigr ,  f ract ion by weight; Pi,  f ract ion by vohune;  ? i ,  density; c i, specif ic  heat  of i - th  component; P, 
mean degree  of filling (by volume); C m, number  of combinations of m e lements  f rom a set  of n. 
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E N E R G Y  S E P A R A T I O N  IN T W O - P H A S E  F L O W S  

A. " A.  S t o l y a r o v  UDC 532.529 

A new, essent ia l ly  nondissipative effect  of energy s e p a r a t i o n  in steady two-phase flows is  dis-  
cussed. 

The separat ion of gas molecules  by energies  in gravi tat ional  and centr i fugal  fo rce  fields (the Rank 
effect) is ve ry  widely known. Recently,  severa l  thermodynamical ly  more  favorable  methods of energy sep- 
ara t ion  in gaseous media  have been discovered,  for  example,  by means  of pulsing gas  columns and in 
cryptos teady motion. Common to these  effects  is a redis t r ibut ion of internal  mechanical  energy and the ac-  
companying the rmal  energy among the individual pa r t i c les  of initially homogeneous continuous media under 
the effect  of an external  mechanical  perturbat ion.  

The p resen t  work gives theore t ica l  and exper imenta l  resu l t s  regarding a new, fundamentally different  
energy-  separat ion effect,  which takes place in a two-phase,  initially homogeneous medium moving at high 
veloci t ies ;  a f te r  decelera t ion and separat ion of the two phases ,  the i r  t empera tu re s  a re  found to be signi- 
f icantly different.  

w 1. Essent ial ly ,  the physical  basis  of the effect  is as follows. In an adiabatic flow of ideal gas, the 
relat ion between the absolute decelera t ion t empera tu re  T o and the static t empera tu re  T is given by the speeif -  
fc-heat  equation in the fo rm 

Air  input  . . . ~  , 4 tz  , 

tnpu, t ~ ~a ~ _ ao ao / 

 lt: ; :  :I ,: = :  
Fig. 1. Exper imenta l  nozz le - - separa to r  system: 1) a tomizer  (10 
holes,  d iamete r  0.8 ram); 2) a i r  inlet (6 holes, d iameter  6 ram); 3) 
mixer ;  4) tapering section of nozzle;  5) neck; 6) broadening section 
of nozzle;  7) separa tor ;  8) thermocouples  (aligned along pr incipal  
axes of ellipse: one at the center ,  two on the minor  and two onthe 
major  axes, respect ively ,  15 and 40 mm f rom the center) .  
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