
A B S T R A C T S  O F  P A P E R S  D E P O S I T E D  A T  V I N I T I *  

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

E .  G .  V o r o n t s o v  a n d  O .  M .  Y a k h n o  UDC 532.54 

The a n a l o g y  be tween  m o m e n t u m  t r a n s p o r t  in a t u r b u l e n t  f low and hea t  t r a n s f e r  i s  u sed  to d i s c u s s  the 
t e m p e r a t u r e  d i s t r i b u t i o n  in a f lowing f i lm;  the  f i l m  f lowing unde r  g r a v i t a t i o n  i s  c o n s i d e r e d  a s  c o n s i s t i n g  of 
t h r e e  zones :  a l a m i n a r  s u b l a y e r  of t h i c k n e s s  60 with a l i n e a r  v e l o c i t y  d i s t r i b u t i o n ,  a t r a n s i t i o n  zone,  and a 
t u r b u l e n t  one .  

The t e m p e r a t u r e  d i s t r i b u t i o n  i n c o r p o r a t e s  the  e f f e c t s  f r o m  the e n e r g y  d i s s i p a t i o n  in the  l a m i n a r  s u b -  
l a y e r  (0 -< y -< 60), and t h i s  can  be d e r i v e d  f r o m  the equa t ion  

o----[ = a oy--- V cppg \ dy / (i) 

The b o u n d a r y  c o n d i t i o n s  in tha t  c a s e  t ake  the f o r m  

t (y, x) = to for x = O, Onitial ruction) 

t (y, x) = % (x) for y = O, (at wall) 

t (y, x) = ~ (x) for y : :  6o, (at boundary is laminar 

I t  i s  a s s u m e d  tha t  t h e r e  is  no t e m p e r a t u r e  d i s c o n t i n u i t y  a t  the  tube w a l l ,  in which  c a s e  the  fo l lowing  
so lu t i on  to  (1) i s  o b t a i n e d :  

A t : : : t w a - - t  0 _  2)~ L \ Pe " 

If  we a s s u m e  tha t  the t e m p e r a t u r e  of  the  l iqu id  i s  t o a t  y = 50, whi l e  i t  is  t = t s a t  y = 50 + 6s ,  with t 
= t g a s  a t  the s u r f a c e  of the f i lm  (y = 6), then  we can [1] pu t  a s  f o l l o w s :  

fo r  the t r a n s i t i o n a l  r e g i o n  

(6o+6 n) 

i t - - t 0 - -  qs ~ d y , (3) 
pgcp "6'o a + S 

w h e r e  the u p p e r  l i m i t  to the i n t e g r a l  i s  (60 + 6 t) < 6 re ;  

for  the t u r b u l e n t  l a y e r  

6 

/gas --  l t : - qg t" d__y__y . 
[,gCp (6o,_F~t) e 

F r o m  (2)-(4) we g e t  the  o v e r a l l  t e m p e r a t u r e  d i f f e r e n c e :  

(6o+6 t) 
" dy qT tgas_  to -:~ qt t 

/ 8 ~.,gCl, pgCp 
6o 

6 

(6o+6t) e 

(4) 

(5) 
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This  exp re s s ion  incorpora te s  the t e m p e r a t u r e  d i f ference  in the t rans i t iona l  zone (f irs t  t e rm)  and in the t u r -  
bulent region; this enables  one to refine the p r e v i o u s  method o f  calculat ion [2] and to de te rmine  At analy t i -  
ca l ly  fo r  the t rans i t ion  region if the value of 5 is  known, which in the genera l  case  is  

"rrf dy 
e = ~  �9 ----v. (6) pg &v 

Cp 

P 
g 

t 

Wx 
x and y 

to 
tt 

60, 6t, and 6 

Pe 

V 

NOTATION 

is the molecular heat-transport coefficient; 
is the specific heat of the liquid at the average temperature; 
is the liquid density; 
is the acceleration due to gravity; 
is the local temperature; 
is the longitudinal velocity component; 
are the coordinates; 
is the liquid temperature at the boundary of the laminar sublayer; 
is the temperature,of the liquid at the boundary between the transitional and turbulent zones; 
is the t e m p e r a t u r e  o f  the wall; 
a re  the t h i cknesses  of the l a m i n a r  sub layer ,  t rans i t iona l  region,  and film as  a whole, r e -  
spect ively;  
is the P$clet  number ;  
is the k inemat ic  v i scos i ty ;  
is the dynamic v i scos i ty .  

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

1. 

2. 
S. Goldstein (editor), Modern Developments  in Fluid Dynamics ,  Vol. 2, Dover  (1938). 
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Dep. 2765-74, Apr i l  16, 1974. 
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F R A C T I O N A L - S T E P  M E T H O D  I N  N U M E R I C A L  C A L C U L A T I O N  

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

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

V .  V.  Y u s i f o v  UDC 536.24.02 

The f r ac t i on a l - s t ep  method has  been used ha numer i ca l  calcula t ion of nons ta t ionary  p a r a m e t e r  d i s -  
t r ibut ions (component concent ra t ions  and t e m p e r a t u r e s  in a react ion  mix ture  and at the sur face  of a ca ta ly -  
st ,  flux speed and densi ty ,  p r e s s u r e  in a layer ) ,  as well as  p r o c e s s e s  involving va r i ab l e  physica l  f ac to r s  
(heat- and m a s s - t r a n s f e r  f ac to r s ,  diffusion,  t he rma l  conduction, v i scos i ty ,  l aye r  r e s i s t ance  and specif ic  
heat),  toge ther  with kinetic quant i t ies  (velocity,  heat of reac t ion ,  and r e a c t i o n - r a t e  constants) ,  all  of which 
a r e  de sc r ibed  by the following s y s t e m s  of equations:  

0 0 
O0 (Mr Y) == K y  (S - -  Y) -:- H; m ~ (MU) = (L -:- K) U -:- K u V; 

dp : - - k  sdivG; divP=kTGv; G=p~ (O~r ~ I, 0 ~ x  ~ 1, 
dO 

0 ~ 0 .-.: Oh) 

(1), (2) 

(3), (4) 

subject  to the following boundary conditions: 

a) at  r == 0 
ou  o9 - - 0; 
Or Or 

b) at 0=0  Ur=UrH;  
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[ x \> , t  i 1 ', 

o qz 4+ qs qa x 

Fig. I .  Dist r ibut ions of concentrations for  CO (ct), CO 2 
(c2), for  the f i r s t  layer of catalyst; 1) t = 3 rain; 2) 6; 
3) 12; 4) 14; 5) 17 rain; solid l ine for  the gas, broken 
l ine for the catalyst surface. 

5C op 
c) at r =  1 }+rgradrT=:Tr, - -  =0;  

dr Or 

d) at x = 0  AxgradxU=Ux, p=p~, G=G0; 

c~U Op OO 
e) at x : l  - - - -  : - - : 0 .  

Ox Ox Ox 

(5) 

The o p e r a t o r  L is  r e p l a c e d  by the d i f f e r e n c e  o p e r a t o r  A; the r e s u l t i n g  equa t ion  i s  s e p a r a t e d ,  and (2) 
i s  s o l v e d  by the p r e d i c t o r - c o r r e c t o r  method to g ive  the  fo l lowing  d i f f e r e n c e  e qua t i ons :  

1 n+ n + !  n+ 1 (aFn + ~_+ 
(am K + fjrn n) [(MU) 2 _ (toO)n] __ "r [A~(~zU T + t3un) + ~Fn)]; 

l l I 

(amn+l .+ ~m n+ Y)  [(Mu)n+I __ (MU) n+ T]  = "r [A~ (aU n+t + BU n+ 2-)]; 

(6) 
, 1 

I I n + l  
(MyY) n+~ (My y)a : TKy+~'(S n+ ~ _ . _ y n + ~ ) +  *H 

The s y s t e m  (6) is  so lved  v i a  s p e c i a l  a l g o r i t h m s .  

The C r a n k - N i c h o l s o n  s c h e m e  is  f i r s t  a p p l i e d  to (3); the  f i n i t e - d i f f e r e n c e  s c h e m e  us ing  f r a c t i o n a l  
s t e p s  is  then a p p l i e d  to the equa t ion ,  us ing  (3) wi th  0 = 0, and a l s o  (4) and  a d d i t i o n s  d) and e) of s y s t e m  5, 
which  def ine  O and G with the  c o r r e s p o n d i n g  s u b s c r i p t s .  

An e x a m p l e  i s  g iven  of a c a l c u l a t i o n  of an i n d u s t r i a l  p r o c e s s  f o r  c a r b o n  m o n o x i d e  c o n v e r s i o n ;  s o m e  
r e s u l t s  a r e  g iven  in F i g .  1. 

z and l 
t 

c m (m = 1 . . . . .  s ) ,  x m 

Ty and Tz 

P, 01 
P 

D r m  and Dxm 

NOTATION 

are the coordinates; 
i s  the  t i m e ;  
a r e  the  c o n c e n t r a t i o n s  of componen t  m in the  f low and a t  the  s u r f a c e  of  the  
catalyst; 

are the flow temperature at the surface of the catalyst and temperature of the 
cooling agent; 
is the linear flow speed; 
are the densities of flow and catalyst bed; 
is the pressure in layer; 

are the effective diffusion coefficients for component m (r and m, radial and 
longitudinal directions); 
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k r , ~k x , ~ ,  nx 
c v and e ~  

%m 
k v and k r 

kcl and e 
E 

~ k  and Qk 
M m  

urn, k 
T 

A1, A2 ' 

are  the effective thermal  conductivity and viscosi ty;  
a re  the specific heats of react ion mixture  and catalyst;  
is the m a s s - t r a n s f e r  coefficient for  component m; 
are  the hea t - t r ans fe r  coefficients for  the f l o w - c a t a l y s t  and bed -wa l l  cases  o r  
vice versa ;  
a re  the bed res i s tance  fac tor  and porosi ty;  
is the unit matr ix;  
a r e  the react ion rate  and heat of reaction;  
is the molecular  weight of component m; 
is the s to ichiometr ic  fac tor  for component m in react ion k; 
is the increment  in 0; 
a re  the f ini te-difference opera to r s  to approximate L 1 and L2, respect ively:  

L = L ,  + L~; L i :  l-~ dJv(Hrgraclr); Lz=adiv~Axgradx)+bdiv(Bx);  g 

U = 

4" [3 = 1; F : :  KU 4- KtjV; 

; Y =  ; V ; m ; M p ; = = rn I : - :  - -  I X . , :  ! 

~lr a t  _ 

[i ' ]  !] ['.:] K=:: 1 k2 ; Ku ~ -  2 v , 

[;] F S = ; H :=  ; W =- k0,~; R (Ri . . . . .  Rs); Q : : '  koQ~ ; 
LQ 

C = (c i . . . . .  Cs); X =:: ( x l ,  . . . , .%); Dr : : :  (Dri . . . .  Drs ) ;  D x  : :  (D;ct . . . . .  Dxs); 

Rm :=  P d ~ m  Vrn,~ ( :~  R ~ )  ; Q ~  = P l  ( :  Qh) RI~[ ; 
t !=I  k ~ l  

W ~ = - ( a v l  . . . . .  avs ) ;  H r:=rAr; T r = k  r ( T - T z )  zo; U x:=l  o(A 6 U - A G t  !U;-I); 

o .2 
SZo ; m2=z~kv; I - - t ~  zo ' .2 z~ ; k~ - c % ,  k~ .... - -  ; _ _  _ _  = -  ,>.2 . ~0  

to a ' = '  lo ' ; b l =  , ~lo ~to 
r n t = :  

fo k~ Iokc~c l ;  Z c =  ~,cl G; k s : z ~ c k c ;  k 4 = k o a v ;  ks::kokv; k s =  L-~ ; 
t a z i t 

ko .... - -  ; r - : - -  ; x : : - -  ; 0 : : - - -  . 
(1 -- e) Pl Zo to to 

Dep. 2763-74, September 7, 1974. 
Original  ar t ic le  submitted August 6, 1973. 

D I R E C T I O N A L  C R A C K I N G  O F  

L A S E R  B E A M  

G L A S S  BY A CO 2- 

V.  G.  A n d r e e v  UDC 536.3 

Exper iments  are  repor ted  on the effect of focussed CO2-1aser radiation on rotating glass  tubes; a uni- 
form ring c r ack  is produced af ter  a cer ta in  period,  which breaks the tube into two par ts .  

The effect  is explained via a theoret ical  d iscuss ion of the interaction of the beam with the glass  be- 
low the phase- t rans i t ion  point. The thermal-conduct ion problem is solved for such a tube exposed to a CO2 
lase r  around a ring of finite height, with the initial and boundary conditions given in general  form. Pa r t i cu -  
lar  attention is given to a tube everywhere  at the same initial t empera ture  and with no internal cooling, and 
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a simple express ion is der ived for  the t empera ture ,  with graphs  i l lustrat ing the distribution as a function 
of t ime in the median p!ane at the internal and external  surfaces .  A quasis ta t i0nary t empera tu re  d is t r ibu-  
tion over  the thickness is established within about 1 sec.  

The hea t ing  produces thermoelas t ic  and bending s t r e s se s ;  the tempera ture  distribution gives expres -  
sions for the thermoelas t ic  s t r e s s e s  in the median plane and the bending s t r e s s e s  in the axial direction. 
The thermoelas t ic  s t r e s s e s  a re  found to be much l a rge r  than the bending ones. Graphs are  presented for  
the thermoela~tic s t ress  distr ibution in the r ad ia l  coordinate,  and a comparison is made with the yield 
point of the mater ia l .  It is found that a glass  tube breaks as a ring crack,  and this a r i s e s  on the inner su r -  
face in response to c i rcumferent ia l  tensile s t r e s s ,  and spreads  to the outer  wail in response to the axial 
tensile s t r e s se s .  

Dep. 2764-74, September 23, 1974. 
Original ar t ic le  submitted December  10, 1973. 

D E T E R M I N A T I O N  OF T H E  A D I A B A T I C  I N D I C E S  O F  

G A S E S  AT H I G H  P R E S S U R E  

I. ADIABATIC INDICES OF AMMONIA 

A.  M. R o z e n ,  Y a .  S .  T e p l i t s k i i ,  
E .  A.  T s u k e r m a n ,  a n d  V. A.  T a p k h a e v  

REAL 

UDC 536.711 

As is known, upon an increase  in p ressu re  the proper t ies  of gases  differ considerably  f rom the prop- 
er t ies  of an ideal gas ,  i.e., it becomes impossible to use equations of the thermodynamics  of ideal gases  for 
calculations of p roces se s  of expansion and compress ion .  

A method of deviation coefficients is proposed in [1] and the fundamental thermodynamic  p rocesses  
for real  gases  are analyzed on its basis .  Some data are  also presented on the values of the adiabatic i n -  
dices  for several  real  gases  (two adiabatic indices are  introduced, the t empera tu re  index ~ and the volu-  
met r ic  index KV, and the two do not coincide with respec t  to C p / C v ) .  The present  repor t  is devoted to 
ammonia.  The method of deviation coefficients was used for the calculations.  Remember  that deviation 
coefficients are the name for  the rat ios of the P - V -  T der ivat ives  of a real  and an ideal gas:  

< ov ,, ( o v .  l _ P l ~  <') \ ~ / p -  -k- ~ , ~ - J P '  

<oP,  7 (3) V oP  . =  T o p  , , .  

The coefficient of compress ib i l i ty  Z = PV/RT is also a deviation coefficient. Using the method of devia- 
tion coefficients one can show [1] that for a real  gas  the adiabatic tempera ture  index is 

Cp cp  

= c p  - . 4 R  ~ - c v ~ ,  (4) 

where CVi 0 is the heat capaci ty  of the p rocess  at  a constant ideal volume; the adiabatic volumetr ic  index is 

Cp Z Cp 
Kv = --  , (5) 

CV P~ p Cv KT 1" 

where KTT = - P / V ( 0 V / 0 P ) T .  

An adiabatic p rocess  is then descr ibed  by the equations 

T2IT 1 = (p2/po n and PV Kr const. {6), (7) 
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Dependence of adiabatic volumetr ic  and tempera ture  indices 
Kv(a) and ~ (b) on the p res su re .  Pgauge,  kg f/cm2. 

We calculated the adiabatic volumetr ic  and tempera ture  indices for  ammonia in the tempera ture  
range t = 150-300~ and the p re s su re  range Pgauge = 0-800 kgf /cm 2 from the data of [2, 3] and Eqs. (4) 
and (5) and we Constructed graphs of K V and n as  functions of the p ressu re  (Fig. la and b). As seen from 
Fig. la  with an increase in p res su re  K V increases  sharply. This is connected with the fact that at high 
p r e s s u r e s  a gas approaches a liquid in proper t ies  (for a liquid K V ~ 104). The values of the adiabatic in- 
dices obtained were used in calculations of the charac te r i s t i c s  of ammonia jet devices  operating with super -  
cr i t ical  pa ramete r s .  Good convergence of the theoret ical  cha rac t e r i s t i c s  with the experimental  data was 
obtained in this case. 

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

1. A .M.  Rozen, Zh. Pri ld.  Khim., No. 9 (1945); Zh. Fiz.  Khim., No. 9 (1945); Dokl. Akad. Nauk SSSR, 
20, No. 3 (1950); 

2. Ya. S: Kazarnovskii  and M. Kh. Karapet 'yants ,  Zh. Fiz. Khim., 17, No. 3 0943). 
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Dep. 2905-74, October 22, 1974. 
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C A L C U L A T I O N  OF T W O - D I M E N S I O N A L  F L O W  I N  A 

N O Z Z L E  OF A GAS C O N T A I N I N G  P A R T I C L E S  

N. V. P a s h a t s k i i  UDC532.529.5 

The case of the two-dimensional flow of an incompressible  gas containing solid par t ic les  is examined 
in the report .  It is assumed that the projections of the velocit ies u and u s of the gas and the part icles  on the 
nozzle axis, the gas p ressu re  p, and the density Ps of the solid phase depend only on the coordinate x. 

Neglecting the force effect of the part icles  on the gas in the direction of the y axis and expressing the 
project ions u and v of the gas velocity through the s t ream function ~, we can write the equation of motion 
of the gaseous phase for the y axis [1] in the following form: 

O~ 0 2 ~  0"t r 02~  
- - _  (i) 

Oy " Ox 2 Ox OxOg 

Equation (1) is solved with the following boundary conditions. The nozzle axis (the x axis) is s i m u l -  
taneously a s treamline.  The curve L(x) of the nozzle profile is also a s t reamline.  

The volumetric  flow rate of the gas through the initial c ro s s  section of the nozzle (x = 0) is constant 
and equal to V. 
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2 ~  

o f .  z 3 x 
Fig. 1. S t r eaml ines  of gas  and t r a j e c t o r i e s  

Setting ~(x, y) = XY, where  X is a function only of x 
and Y is n function only of y, we find the general  solution 
of Eq. (1): 

(x, y) = (Ay @ B) exp Cx. 

The pa r t i cu l a r  solution with allowance fo r  the bound- 
a r y  conditions has  the fo rm 

= v Y---. (2) 
L 

The expres s ion  (2) sa t i s f ies  Eq. (1) if the nozzle 
profi le  L(x) is desc r ibed  by the equation L = a exp(-bx),  
where  a and b a re  constants .  

Calculat ions showed that Eq. (1) with the subst i tu-  
of motion of solid pa r t i c l e s :  1) pa r t i c l e s  2 

t ion of (2) is sa t i s f ied  with sufficient  a ccu racy  for nozzles  
in d iamete r ;  dot -dashed line - 10 ~. with different  va r iab le  radii  of cu rva tu re .  

The pro jec t ions  of the ve loc i t ies  u s and v s of the solid pa r t i c l e s  and the t r a j e c t o r i e s  of the i r  motion 
are  found by a method developed in [2]. 

As an example ,  we will examine  in the r epo r t  the motion of an a i r - s o l i d  par t ic le  mix ture  (d iameter  
of p a r t i c l e s  2 and 10 ~) in a f lat  nozzle with a prof i le  L = cos  (~/4)x+2.  

Initial data: s ize  of exit  c r o s s  sect ion of nozzle 2.5 ram, ve loci t ies  of gas  and par t i c les  at entrance 
equal 25 m / s e c ,  densi ty  of par t ic le  m a t e r i a l  3600 k g / m  3. 

The r e su l t s  of the calculat ion of the s t r e a m l i n e s  of the gas  and the t r a j e c t o r i e s  of the pa r t i c les  a re  
shown in Fig.  1. The pa r t i c l e s  10 ~ in d i a m e t e r  a r e  entra ined by the gas  cons iderab ly  l e s s  s t rongly  than 

�9 ~he pa r t i c l e s  2 ~ in d i ame te r .  
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P L A S M A  A C C E L E R A T O R  W I T H  AN A P P L I E D  M A G N E T I C  

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

V.  M. G u r o v  UDC 538.323.533.9 

The basic  c h a r a c t e r i s t i c s  of the acce le ra t ion  p r o c e s s  in the case  of the applicat ion of the magnet ic  
field of an inductive ene rgy  s torage  (IES) to the d ischarge  c h a m b e r  o[ the a c c e l e r a t o r  a re  analyzed in the 
repor t  on the assumpt ion  that  the IES magnet ic  field is concent ra ted  in the volume of the s to rage ,  is uni- 
fo rm o v e r  the d i s c h a r g e  chamber ,  and the intensi ty v e c t o r  of this field is pe rpend icu la r  to the ve loc i ty  
vec to r  of the p lasma .  

The basic  equations desc r ib ing  the p l a sma  acce l e ra t ion  and the t rans i t iona l  p r o c e s s e s  in the acce l e -  
r a t o r  c i rcu i t ,  on the assumpt ion  of an exponential  law of var ia t ion  of the cu r ren t  during the IES d ischarge ,  
have the following d imens ion less  form:  

d~yl 
--d~p. = qy~ + 2q~y 3 [exp (--~) + g~], (i) 
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dy~ _ 1 [(r--Ty~) exp (--~) -- g3 (P-}-TY~) --  ~sY2|. (2) 
dr 1+Yl 

The s y s t e m  of Eqs.  (1), (2) was solved n u m e r i c a l l y  with va r i a t ion  of the p a r a m e t e r s  en te r ing  into it 
and with the ini t ia l  condit ions Yl = Y2 - Ys = 0 at 7 = 0. 

I t  was e s t ab l i shed  through a study of the equat ions that  an i n c r e a s e  in the f rac t ion  of inductive a c c e l e -  
ra t ion leads  to in tensi f ica t ion of the p r o c e s s  of energy  t r a n s f e r  f rom the s to rage  to the kinet ic  energy  of the 
c l u s t e r ,  al though the maximum ve loc i t i e s  a t ta ined by the p l a s m a  in the course  of t ime a re  the same .  

The d e c r e a s e  in the leve l  of the d i s c h a r g e  c u r r e n t  with an i n c r e a s e  in the contr ibut ion of the induc- 
tive a c c e l e r a t i o n  in c o m p a r i s o n  with a c c e l e r a t o r s  without an appl ied magnet ic  f ield,  which l eads  to a de-  
c r e a s e  in the e ros ion  of the e l e c t r o d e s ,  is  impor tan t .  

I t  i s  e s t ab l i shed  that a change to a superconduct ing IES does not lead to a s igni f icant  i n c r e a s e  in the 
eff ic iency of the a c c e l e r a t i o n  p r o c e s s ,  which speaks  in favor  of d i s s ipa t ive  s to rage  dev ices .  

N O T A T I O N  

Yl, Y2, Y3 and T are  the d i m e n s i o n l e s s  path t r ave l l ed  by the a c c e l e r a t i n g  p la sma ,  i ts d imens ion l e s s  
ve loc i ty ,  the  d imens ion les s  ,discharge c u r r e n t ,  and the d i m e ns i on l e s s  t ime ,  r e spec t ive ly ;  

q is the energe t ic  p a r a m e t e r ;  
r ,  p a re  the d i m e n s i o n l e s s  p a r a m e t e r s  of d i s cha rge  c i r cu i t  [1]; 
y is the p a r a m e t e r  c h a r a c t e r i z i n g  the ef fec t  of the inductive coupling on the p r o c e s s  of 

e l ec t rodynamic  a c c e l e r a t i o n  of the p l a s m a .  

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

1. V . M .  Gurov and N. A. Khizhnyak, Zh. Tekh. F i z . ,  38, 37 (1968). 

Dep. 2902-74, July  8, 1974. 
Or ig ina l  a r t i c l e  submi t ted  July  25, 1974. 

STABILITY OF FLOW OF A LIQUID LAYER 

SURFACE OF A VERTICA'L CYLINDER 

OVER THE 

N. V.  Z a v a r z i n  a n d  V.  M. S u y a z o v  UDC 532.135 

In connection with the wide appl ica t ion  of film modes  of flow in many technological  p r o c e s s e s  of the 
chemica l  indust ry  and t h e r m a l - p o w e r  engineer ing  it is  in te res t ing  to study the i r  hydrodynamic  s tabi l i ty .  

The s tab i l i ty  of flow of a l a y e r  of liquid of G r a d ' s  model ,  which d e s c r i b e s  suspens ions  of low concen-  
t ra t ion ,  ove r  the sur face  of a v e r t i c a l  cy l i nde r  in a g rav i t a t iona l  field is ana lyzed  in the a r t i c l e .  The solu-  
tion is by the method of success ive  approx imat ions ,  where  the wave number  of the d i s t u r ba nc e s  (smal l  
longwave d is turbance  s o f the toro idal type we re analyzed) was used a s the minor  p a r a m e t e r .  It is  shown that 
with an i n c r e a s e  in the th ickness  of the descending  fi lm the flow over  the inner  and outer  su r f aces  of a 
cy l inder  becomes  unstable.  F o r  a given mode of flow there  ex i s t s  a ce r t a in  c h a r a c t e r i s t i c  Reynolds num- 
ber  Re ~ such that for  Re < Re ~ the flow over  the inner sur face  of the cy l inder  is more  unstable than that  
over  the outer  su r face .  F o r  Re > Re 0 the opposi te  p ic ture  is  obse rved .  

It is  e s t ab l i shed  that  both flows become s table  with an inc rease  in the sur face  tension,  whereas  
al lowance for  the ro ta t ion  of p a r t i c l e s  of the suspens ion  leads  to des t ab i l i za t ion  of s t r e a m s  o;r a cy l in-  
de r .  

The axial  a s y m m e t r y  of the s t r e s s  t e n s o r  for  a Grad liquid does  n o t a f f e c t  the ve loc i ty  of propagat ion 
of waves over  the sur face  of a descending l ayer .  Jus t  as for  a Newtonian l iquid the ve loc i ty  of wave 
propagat ion over  the outer  su r f ace  of the c y l i n d e r  is  g r e a t e r  than over  the inner sur face .  

Dep. 2908-74, Sep tember  12, 1974. 
Or ig ina l  a r t i c l e  submit ted  M a r c h  16, 1973. 
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D E V E L O P M E N T  O F  G R A D I E N T  F L O W  O F  A C O N T I N U O U S  

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

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

L .  A .  L u n e v a ,  A.  M. M a k a r o v ,  
a n d  V.  G.  S a l ' n i k o v  

UDC 532.54;532.135 

The d i r e c t  and inve r se  p r o b l e m s  of the d e v e l o p m e n t  f r o m  a s ta te  of r e s t  of the o n e - d i m e n s i o n a l  flow 
of a cont inuous  med ium With a H e r s e h e l - B u l k l e y  rheo log ica l  equat ion in a cy l ind r i ca l  tube of cons t an t  
d i a m e t e r  under  the e f fec t  of  a p r e s s u r e  g r a d i e n t  which v a r i e s  with t ime a r e  ana lyzed  below in a con t inua -  
tion of [1]. 

A cont inuous  med ium of dens i ty  p with a rheo log ica l  equat ion  in the f o r m  

' o~~ -1 ]o~t Ox n-l). ~0" = (To + k~ for I~t>~o (1) 
% 

(~ is the tangent ia l  s h e a r  s t r e s s ,  T 0 is the c r i t i ca l  tangent ia l  s h e a r  s t r e s s ,  u is  the ve loc i t y  of  the me d iu m,  
and k n is the rheo log ica l  constant)  f i l l s  a cy l ind r i ca l  tube of r ad ius  a (0 - x -< a) a n d a t  the t ime t = 0 is 
set  into mot ion  f r o m  a s ta te  of r e s t  under  the e f fec t  of  a p r e s s u r e  g rad ien t  P(t) which v a r i e s  with t ime.  

In the case  under  c o n s i d e r a t i o n  the equat ion  has the f o r m  

Ou 1 O 
POt = ~ " ~ (~x) " P (O" (2) 

Simple ope ra t ions  lead to the p r o b l e m  d e s c r i b i n g  the flow of a cont inuous med ium in the p las t ic  zone 
in d i m e n s i o n l e s s  v a r i a b l e s :  

o ( !  O ( T + S ) x )  o 
0--2- " 0x = ~ (TI / " ) ,  ( 3 )  

T ( x ,  t)l~=A(t) = o, (4)  

l l_ 0 (T4-S) x x=Ait). 2S 
o~ - A (t) ' (5)  

1 O(T+S)x x=l= 
x " o~ ~ (t), (6)  

(l) l~=o = 1. (7) 

F o r  the "d i r e c t  p r o b l e m "  the funct ion r is a s s u m e d  to be known while T(x, t) and A(t) a r e  unknown; 
for  the " i n v e r s e  p rob l e m  "" the function &(t) is a s s u m e d  to be known while T(x, t) and ~o(t) a r e  unknown. &(t) 
is the boundary  of s epa ra t i on  of the zones  of v i s c o u s  flow and of a quas i so l id  co re .  

By in tegra t ion  of Eq. (3) ove r  the spat ia l  coo rd ina t e  using the rhco log i ca l  law and the c o r r e s p o n d i n g  
boundary  condi t ions  one obta ins  a s y s t e m  of i n t eg ro -d i f f e r en t i a l  equa t ions  whose solut ion is cons t ru c t e d  
by the method  of  s u c c e s s i v e  app rox ima t ions .  

LITERATURE CITED 

1. A. M. Makarov and V. G. Sal'nikov, Inzh.-Fiz. Zh., 24, No. 6, 1088 (1973). 

Dep. 2903-74, November ii, 1974. 
Original article submitted June 20, 1973. 

5 3 7  



V I S C O S I T Y  OF D I B U T Y L P H T H A L A T E  

A N D  D I F i e E R E N T  T E M P E R A T U R E S  

N. A.  A g a e v  a n d  A. D.  Y u s i b o v a  

A T  H I G H  P R E S S U R E S  

UDC 532.13:547.37.043 

The e s t e r s  of phthalic acid, whose thermophysical  proper t ies  have not been studied, find extensive 
application as p las t ic izers  and as the working fluids of hydraulic machines and mechanisms.  Only data on 
the viscosi ty  and density a t a tmospher ic  p r e s s u r e  are presented in [1], and in a limited tempera ture  range 
at that. 

The resul ts  of an experimental  study of the v i scos i ty  of dibutylphthalate performed in the tempera ture  
interval of 20-350~ and at a p re s su re  of f rom 1 to 700 kgf/cm 2 a re  presented in the ar t icle .  

The viscos i ty  was measured by the capi l lary  method. A diagram of the experimental  apparatus ,  the 
construction of the v i scos imete r ,  the method of conducting the experiments ,  and the calculation of the v i s -  
cosity are  descr ibed in detail in [2-3]. 

Two v i sc0s ime te r s  were used in the experiments :  the f i rs t  in the tempera ture  interval of 20-I00~ 
and the second in the interval of 100-350~ The matchup at the 100 ~ isotherm showed agreement  within the 
limits of 0.2%. 

The absolute tempera ture  for  the experiments  was measured  by a standard platinum res is tance  ther-  
momete r  with an accuracy  of 0.02~ and a constant experimental  tempera ture  was maintained within 
l imits  of •176 

The p res su re  was created and measured  with a load-piston MP-600 manometer  of c lass  0.05. 

The outflow time was measured  automatical ly  by an e lect r ical  t imer  with an accuracy  of 0.1 sec. 
The measurements  were made with respect  to i so therms;  15 i so therms were taken. 

The measuremen t s  were made twice at each point, with the reproducibil i ty of the exper iments  not ex- 

ceeding �9 0.2 %. 

The step of the pressure  var ia t ion on the i sotherms was 50-100 kgf/cm 2. The maximum pressu re  on 
the i sotherms was 700 kgf/em 2. The puri ty of the dimethylphthalate studied is charac te r ized  by the grade 

cp. 

Fig. 1. Viscosi ty of dibutylphtha- 
late (N" s ec /m  2) at constan t p r e s -  
sures  as a function of tempera ture  
(~ 
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The experimental  e r r o r  of est imated to be a value on the o rder  of +1.0-1.5 70. 

Smoothed values of the v i scos i ty  are presented in Table 1 and i l lustrated in Fig. 1. 

The data obtained agree well, within the l imits  Of 1-2 70, with the l i te ra ture  data [1]. 

L I T E R A T U R E  C I T E D  
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C A L C U L A T I O N  OF T,HE P R O C E S S  O F  D U S T  

I N  C L O T H  F I L T E R S  

V.  A.  U s p e n s k i i ,  G. L .  S i t n i t s k i i ,  
a n d  R.  G.  A d a m o v  

C O L L E C T I O N  

UDC 621.928.94/96 

A mathemat ical  descript ion of the p rocess  of dust collection in a cloth f i l ter  is proposed in the ar t icle .  
The nonsteady nature of the process  of filtration of a d u s t - g a s  mixture ,  caused by the variation in the 
poros i ty  of the fi l ter  and in its thickness due to the accumulation on the fi l ter  baffle plate of a deposit  of 
f i l tered dust par t ic les ,  is taken into account in the description.  

The deposit  of dust takes place both within pores  of the cloth and on its surface.  The presence of 
intracloth and above-cloth dust layers ,  forming a so-cal led self-f i l ter ,  leads to a high efficiency of dust 
collection. 

It is assumed that during the regenerat ion of the f i l ter ,  accomplished through an increase in its ae ro-  
dynamic res is tance  to a certain value,  only the above-cloth dust l aye r  is completely removed.  The r e -  
moval of dust from within the cloth is hindered because of the high sinuosity of its pores.  

The dust retention is determined by two oppositely acting factors :  the deposit  of dust par t ic les  on the 
porous baffle and their  blowing off due to the aerodynamic action of the gas s t ream.  The dust balance in 
the e lementary  above-cloth dust layer  with allowance for the mechanism of dust retention leads to a sys tem 
of nonlinear differential equations containing part ial  derivat ives:  

i _ OC O(mC)  . Op 
- w -~y-y - - W -  + "-~i- ; ( 1 )  

op = a rwc ( ,_m)_  ~p.w~ '-~ ]. 
Ot L ~ rn~ j 

The direct ion of the coordinate axis y in.this case coincides with the direction of the fi l trat ion veloci ty 
W, while the point of origin for  the measuremen t  of y lies at the boundary between the cloth and the above,  
cloth dust  layer .  

There is a sys tem of equations s imi lar  to (1) for the intracloth dust layer,  with m being replaced by 
mm c and b by bg. By the introduction of a cer ta in  average effective porosi ty  m 1 each of these s y s t e m s  is 
reduced to one l inear f i r s t - o r d e r  differential  equation of the form 

IV OC OC (C- bpplV ) (2) 
ay = - ,nl - Z  - a w  (1-:-m,) ,  m~ , 

The solution of (2) is found by the method of charac te r i s t i c s ,  where the additional condition for the 
f i rs t  case is the condition of constancy of  the dust concentration in the gas ahead of the fi l ter,  while in the 
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Fig. 1. Dependence of average residual 
dust  concentrat ion Cav �9 1061 ̀ kg/m 3 on 
fil tering t ime (sec) for different f i l t ra -  
tion ra tes  [W = 0.01 m/sec  (1), 0.03 (2), 
and 0.05 m/sec  (3)] with an initial con-  
centrat ion C o = 3 -10  -3 kg/m 3 for  $120 
metall ic cloth. Points :  exper iment  for  
the corresponding curves .  

second case the additional condition is the solution of (2) at y = 0. The final express ion for  the average 
over  the interregenerat ion time period of the dust concentrat ion Cav in the gas behind the fi l ter  has the 
fo rm 

Cav-- m~ + 1-- exp[--a(1]--ml)6 ] 
C \ 

The functions obtained are  confirmed experimental ly  (Fig. 1). 

N O T A T I O N  

C is the dust concentration in gas,  kg/m3; 
m, mc are  the poros i t ies  of dust layer  and of cloth, respect ively;  
t is the fil tering time, sec; 
0, Op are  the density of dust deposit  and of mater ia l  of dust par t ic les ,  respect ively ,  kgf/m3; 
g is the coefficient of adhesion of dust to filtering mater ia l ;  
a, b are  the proport ional i ty  fac to rs ,  l /m,  sec/m; 
C o is the dust concentrat ion in gas ahead of f i l ter ,  kg/m3; 
t r is the length of in ter regenera t ion  period,  sec ;  
6 is the thickness of dust layer  within cloth, m. 

Dep. 2898-74, September 12, 1974. 
Original ar t ic le  submit ted 'March  25, 1974. 

AN A P P R O X I M A T E  M E A N S  OF S O L V I N G  H Y D R O - A E R O M E C H A N I C S  

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

( E H D A )  M E T H O D  

V.  P .  T o l m a c h e v  UDC 533.6.011+532.546.013.3 

Electromodel ing is present ly  obtaining ever  wider distribution as a method of solving problems 
from different fields of engineering. One of the important  t rends  in the development of e lectromodel ing is 
the expansion of the c l a s s  of problems solvable on a specific e lectromodel ing device. 

In the present  repor t  we shall consider  a means of e lectromodel ing of hydro -ae romechan ics  prob-  
lems by the E~DA method using the representa t ion of the unknown functions in the form of harmonics ,  
which allows one to  use the technique of e lect romodel ing of the Laplace equation. 
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We represent  the continuity equation for  an established ax i symmet r i c  s t r eam of liquid {gas) in a natu-  
ral orthogonal coordinate system consist ing of the distance s along the s t reamlines  and the distance 7/ along 
the normal  to them:. 

oO _ a In pwy (1) 
O~ Os ' 

where 0 is the angle between the s t ream lines and the axis of symmetry;, w is the total s t ream velocity; p is 
the density; y is the Cartesian coordinate perpendicular  to the axis of symmet ry .  Since Eq. (1) cor responds  
in the form of notation to one of the Cauchy-Riemann conditions for  the functions 0 and In owy we assume 
that the second Cauchy-Riemann  condition is also satisfied: 

0 In pwy O0 
- -  - - -  ( 2 )  

O~ I Os 

Consequently, the functions 0 and in p w y  sat isfy the Laplace equation and the e lectromodel ing technique can 
be used with respect  to them. The solution of the Laplace equation for  0 allows one to find the geomet ry  of 
the s t reamlines  of the flow and the configuration of the boundaries (free sur faces ,  shock waves, etc.), while 
with the help of the solution of the Laplace equation for  In pwy we can find the distribution of the dynamic 
charac te r i s t i cs  in the region studied. 

To take into account the physical proper t ies  �9 of a specific s t r eam one uses a cor rec t ion  to the d is -  
tribution function In pwy, determined by the difference between Eq. (2) and the equation of the momentum 
in the projection on the normal  t o t h e  s t reaml ine ,  which are  separated relat ive to the derivative ap/~7/, 
where p is the p res su re .  

Dep. 2897-74, September 12, 1974. 
Original ar t ic le  submitted January  23, 1974. 

E F F E C T  OF T H E  M O L E C U L A R  W E I G H T  ON T H E  S T R U C T U R E  

A N D  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  P O L Y E T H Y L E N E  

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

UDC 678.742:536+ 539.1 

Polymers  usually consis t  of a mixture of macromolecu les  of different s izes  which is charac ter ized  
by the average molecular  weight (MW). Such a heterogeneity essent ia l ly  determines  many proper t ies  of 
p o l y m e r s ,  par t icu lar ly  the the rmophysical  proper t ies .  

The purpose of the work is a study of the effect of the MW on the variation of such pa ramete r s  of the 
crystal l ine s t ructure  as the degree of crysta l l in i ty  ~t, the sizes L of the crys ta l l i tes ,  and the thermophysical  
proper t ies  (specific heat capacity Cp, the rmal  conductivity coefficient },) of low-pressu re  polyethylene 
(LPPE) with an MW of from 10,000 to 106,000. 

A ca lor imet r ic  study showed that in the Vitreous state the passage below the glas s - t rans i t ion  tempe rature 
(Tg), caused by the hindered motion of sections of the macromolecule  chain containing four success ive  CH 2 
groups about the col l inear  bonds, is observed at 153~ for  all MW. In the temperature  interval of devi t r i -  
fication both an increase in Tg (which a lmost  ceases  at MW = 100,000) and an increase in the jump ACp in 
the specific heat capacity occur  with an increase  in the  MW. The specific heat capaci ty Cp decreases  with 
an increase in the MW. Calculations based on the hole theory by B. Wunderl ich 's  method [1] for  a m o r -  
phouspolyethylene lead to values of ACp on the order  of 11.3 J / m o l e  "~ whereas  for our specimens the 
experimental  values lie in the range of 0.6-1.1 J / m o l e "  ~ Thus, it becomes c lear  that a conside.rable 
amount of the amorphous phase of L P P E  exists  in a "bound" state (through sections,  sites of bends in the 
macromolecu les  between crystal l i tes) .  The increases  in the densi ty  of the amorphous phase of LPPE 
(Table 1) with an increase  in the MW is a confirmation of this. The lat ter  fact, despite the decrease  in • 
with an increase  in MW (Table I), leads to a decrease  in the values of Cp. The spec i f i c  heat capacity of 
LPPE with different MW at T = 300~ was also obtained through calculation using V. V. Ta ra sov ' s  theory 
of heat capacity [2]. Good correspondence is observed between the calculated and experimental  values of 
Cp. 
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TABLE 1. Degree  of Crys ta l l in i ty  ~, T r a n s v e r s e  (Lli0) and Longi-  
tudinal (L002) Dimensions  of Crys ta l l i t e s ,  Densi ty  pa of Amorphous 
Phase ,  Specific Heat  Capaci ty  Cp, and Coeff icient  k as Funct ions of 
the MW 

M W  �9 103 10000 24500 42000 52000 62000 76000 99000 106000 

:~, % 

LIIO, 21 
LOo 2, .,4 

p~, N/rn ~ 
J 

Cp, kg.OK 
k,W/m. ~ 

62,5 

85,0 

43,9 

803 
1990 

0,5 

68,6 

97,4 

82,5 

805 

1843 

0,49 

73,4 

252,0. 

142,5 

806 

I795 

0,46 

72,5 

90,0 

I72,4 

808 

1730 

0,46 

72,5 

82,5 

190,0 

809 

1719 

0,45 

64,7 

64,7 

198,0 

811 

1690 

0,43 

47,0 

53,9 

201,0 

814 

1665 

0,39 

50,0 

46,7 

212,4 

816 

1654 

0,39 

The va r i a t ions  in ~ and in the d imens ions  of the c rys t a l l i t e s  de te rmine  the value of ~. fo r  the spec i -  
m e n s  studied. Actually,  since a c r y s t a l  has  s m a l l e r  phonon-sca t te r ing  cen te r s  than an amorphous  poly-  
m e r ,  the value of k will dec r ea s e  with a d e c r e a s e  in the degree  of c rys ta l l in i ty  and the d imensions  of the 
c rys t a l l i t e s .  Consequently,  the d e c r e a s e  in k with an inc rease  in the MW as  a r e su l t  of the d e c r e a s e  in 
and in the c rys ta l l i t e  d imension  Lll  0 which is obse rved  in these s tudies  is weakened due to the inc rease  in 
L002 arid in the densi ty  of the amorphous  phase  of L P P E .  
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S O M E  P H Y S I C A L  P R O P E R T I E S  O F  F I B R O U S  T U N G S T E N  

D.  M. K a r p i n o s ,  V. S. K l i m e n k o ,  
Y u .  V.  K o n d r a t ' e v ,  G.  A .  D u z h a n s k i i ,  
Ao E .  R u t k o v s k i i ,  I .  K.  S e n c h e n k o v ,  
a n d  L .  L .  S n k h i k h  

UDC 536.21:537.311.33 : 621.763 : 669.277 

G a s - p e r m e a b l e  f ibrous  tungsten is a h e a t - r e s i s t i n g  m a t e r i a l  suitable for  use in va r ious  novel  t ech -  
niques,  e spec ia l ly  at v e r y  high t e m p e r a t u r e s  with t r ansp i ra t ion  cooling. 

Resul ts  a r e  given on some the rmophys ica l  and mechan ica l  p r o p e r t i e s ,  and a lso  the pe rmeab i l i t y  of 
porous  (25% porosi ty)  tungsten with an or iented f ibrous  s t ruc tu re  made f rom tungsten f ibers  of d i a m e t e r  
25-30 ~m. 

The s t rength  of this 25% poros i ty  tungsten exceeds  the s t rength  of va r ious  fo rms  of compact  tungsten 
at all t e m p e ~ t t u r e s  between room values  and 2800~ being only s l ight ly in fe r ior  to the rhen ium-a l loyed  
compact  and rol led tungsten.  

The t h e r m a l  conductivi ty and r e s i s t i v i t y  were  de t e rmined  by Koh l rausch ' s  s ta t ic  method between room 
t e m p e r a t u r e  and 1300~ at p r e s s u r e s  below 10 -4 m m  Hg; the coeff icient  of var ia t ion  for  the t h e r m a l  con-  
ductivity was 5 -7%,and  for  the r e s i s t i v i ty ,  1.2-1.8 %. 

TABLE 1 

~ 473 673 873 1073 1273 1473 

TEC. 106, deg" 1 3,86 4,38 I 4,42 
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Fig. 1. Thermal  conductivity and e lec-  
t r ical  conductivity as functions of t em-  
pera ture :  1) thermal  conductivity of 
fibrous tungsten converted to the pore -  
free state; 2 and 3) thermal  conductivity 
of compact  tungsten (handbook); 4 and 5) 
thermal  conductivity and e lect r ical  re -  
sistance of fibrous tungsten (measured 
value); 6) res is tance of compact  tungsten 
(k in W/m "deg, p in ~2 .m,  and T in ~ 

Figure  1 shows the thermal  conductivity and res i s t iv -  
ity of f ibrous tungsten as functions of temperature ;  it also 
shows data f rom re fe rence  works for  compact  deformed 
tungsten. 

The conductivity charac te r i s t i c s  of f ibrous tungsten 
are  poo re r  than those of the compact  mater ia l  on account of 
the reduced effective c ross  section, as well as  contact r e -  
s is tance.  On the other  hand, there  is  sa t i s fac tory  agree -  
ment between the thermal  conductivity as calculated back to 
the p o r e - f r e e  state and the resu l t s  for  compact  tungsten, 
which shows that the second fac tor  is unimportant,  i .e. ,  
there  is good contact between the f ibers  in the mater ia l .  
is sa t i s fac tory  agreement  between the thermal  conductivity 
as calculated back to the pore - f r ee  state and the resul ts  for 
compact  tungsten, which shows that the second fac tor  is un- 
important ,  i.e., there is good contact between the f ibers  in 
the mater ia l .  

The thermal-expansion coefficient (TEC) was mea-  
sured as a function of t empera tu re  with a Chevenart  quar tz  
di la tometer  for the range 300-1500~ in argon; the coeffi-  

cient of var ia t ion did not exceed 1.5%. The t empera tu re  dependence of the coefficient increases  monotoni- 
cally in this range.  Table 1 gives the mean values averaged over  five specimens.  

The permeabi l i ty  was measured  f rom the flow ra te  of gas through a flat specimen at p r e s su re  dif- 
ferences  up to 30 atm, and it indicated that the flow was near ly  laminar ,  the permeabi l i ty  coeff icientbeing 
0.5-1.5 �9 i0 -9 cm 2 for  porosi t ies  of I0-35%. 

Dep. 2909-74, September 12, 1974. 
Original ar t ic le  submitted July 28, 1969. 

THERMAL CONDUCTIVITY OF POTASSIUM CARBONATE 

V. Y a .  C h e k h o v s k i i  a n d  G. I .  S t a v r o v s k i i  UDC 536.2 

The thermal  conductivity of potassium carbonate K2CO 3 has been measured at 250-7000C; a static 
method was used with a radial heat flux in argon at 1.2 aim, this gas  filling the sealed equipment a f te r  r e -  
moval of the air .  The specimens were weighed from the white anhydrous crysta l l ine  powder of chemically 
pure grade as  follows: the powder of part icle size less than 0.5 mm was dried in a des icca to r  at  160~ for  
1 h and then pressed in a mold at 1 t / c m  2. Potass ium carbonate loses its absorbed water  and water of 
crysta l l izat ion above 152~ and gives the anhydrous salt. This is hygroscopic,  so the prepared specimens 
are s tored in a des icca tor  and removed direct ly  before insert ion in the apparatus.  The density after  the 
experiment was 1.600 g/cm 3, which goes with the density of po re - f r ee  potassium carbonate,  2.418 g/cm 3, to 
define the t rue  porosi ty as 34 %. 

The resul ts  may b e approximated via the following formula with the tempera ture  in ~ 

~= (0,326+0,00479 T) -~ W �9 m "I" deg'l 

The 0,.95 confidence range in relat ive t e r m s  for resul ts  f rom this fo rmula  is 5-10%;similar ly ,  the con- 
fidence range at the 0.95 level for the sys temat ic  e r r o r  is + 6 . 

The following are  recommended values of the thermal  conductivity calculated from this formula:  

T, ~ 500 600 700 800 900 1000 
W 

X, m:deg 0,367 0,312 0.271 0240 0,215 0.i05 

Dep. 2901-74, May 6, 1974. 
Original ar t icle  submitted July 5, 1973. 
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E S T I M A T I O N  O F  T H E  E R R O R  D U E  T O  T H E  T W O - D I M E N S I O N A L  

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

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

V .  A .  A r u t y u n o v ,  L .  Y a .  L y u b i n ,  UDC 536.21 
a n d  M. N .  P i v o v a r o v  

The t e m p e r a t u r e  d i s t r i b u t i o n  in an  o r t h o t r o p i c  d i sk  is d i s c u s s e d ;  the in i t i a l  equa t ion  is  

% z O ~ T  1 O (  O T )  
Oz"- + ~r - -  " r = 0 .  - -  r -~-r , ~ (i) 

The bounda ry  conditions (h = ~r /~r )  a re  

T ~ T  i at z=0 ,  T = T  2 at z=5 ,  O T / O r = h ( T  l - T )  at r=ro. (2) 

If the r e c o r d i n g  i n s t r u m e n t  r e g i s t e r s  the heat  flux th rough a c i r c u l a r  spot of r ad ius  r 1 at z = 5, we have 

(r 1 -< r0; R 0 = r0/5 ; R i = r JS )  that  
;Lzr 4h6 ( Xr ~3/2 ~ cth ~,, ], ( ~  I / xd;b G) 

' r i ~ |  

The n a r r o w - b a n d  a s y m p t o t i c  method  can  be used  for  V ~ r r  ~ >> 1 to obta in  a m o r e  c o n v e n i e n t  e x p r e s s i o n  
for  e s t i m a t i n g  the e r r o r ;  (1) b e c o m e s  

A o._O~T = __--e" . __O (p aT A'~ kz r z 
0p p 0p , =-~-~'  p . . . .  ' ~= �9 (4) 

As e = 8/ r  0 << 1, the p r o b l e m  is  a s i n g u l a r l y  p e r t u r b e d  one; to so lve  i t  one needs  not only the ex t e rna l  
a s y m p t o t i c  expans ion  [the so lu t ion  to (4): T = T(~ + a T ( 0 + . . . ]  but a l so  the i n t e r n a l  one t = t(~ + et(i)+ ... .  
which is a so lu t ion  to the equa t ion  

O~t O"-t .) O t  
A ~ - - +  - - + ~ ( 1  +~1]+ .. = 0, ~1 = ( r~- - r ) /6 .  

O~ Oq~ �9 &l (5) 

These  e x p a n s i o n s  m u s t  s a t i s fy  the cond i t ions  

T = T  x at g=0,  T = T  2 at g ~ I ,  

Ot/OT I = h ( t - -  T 0 at ~1 = O, (T(~) + 8T(~)+...)r~ro ~ (t(~ + e td)+ '" )n~"  

The f i r s t  t e r m s  in the e x p a n s i o n s  (TO), t (~ a r e  used to e s t i m a t e  the e r r o r  of m e a s u r e m e n t  for  the 
t r a n s v e r s e  t h e r m a l  conduc t iv i ty  with the r e c o r d e r  placed above and below; for  ~ = 1 we have 

k ~ -  - -  ~ " ) . z  "" n (n + ar~l~ ~ ' M.z=~,zr-;~z, va=(ro- -q) /6 .  
l"t~l 

If r 1 = r 0 and a r 5  -,-~ v~fkr~ z we have 

A%z 2aa3~ h~. z I eta6 ~ 
- -  4 - -  

%---'-~" ~ 3ro~ z ~ --  1, ~'z 3 %zro g = O. 

If r 0 - r  i -.-. 6~b,r/kz, then &~'z << 4arf2/0r2r0); fo r  i n s t a n c e ,  for  (r 0 -  r 0 6  = 0.22 x~- /X-z ,we  have Az ~ 0:236 
a r 5 2 / r 0  �9 

T 
6 a n d  r 0 
~z and Xr 

~zr 
~r 

NOTATION 

i s  the t e m p e r a t u r e ;  

a r e  the t h i c k n e s s  and r a d i u s  of d i sk ;  
a r e  the t r a n s v e r s e  and l ong i tud ina l  t h e r m a l  e onduc t i v i t i e s ;  
a r e  the r e c o r d e d  t r a n s v e r s e  t h e r m a l  conduc t iv i ty ;  
is  the ef fec t ive  r a d i a t i v e - t r a n s f e r  f ac to r .  

Dep. 2904-741 N o v e m b e r  12, 1974. 
O r i g i n a l  a r t i c l e  submi t t ed  D e c e m b e r  30, 1973. 

545 



T H E R M A L  S T R E S S  B U I L D U P  IN S O L I D - S T A T E  

L A S E R  E t ,E  M E N T S  

G. I .  Z h e l t o v  a n d  G. G. M e s h k o v  UDC 621.378.32 

A sol id-s ta te  l ase r  working in the continuous-wave regime for high-frequency pulsed state responds 
to any change in the mean pumping power with tempera ture  changes  in the rod, and hence in the internal 
thermal  s t r e s ses ,  which influence the optical pa ramete r s  of the mater ia l  and hence the stability of the 
spatial and other  charac te r i s t i c s  of the output. 

The t h e r m a l - s t r e s s  buildup has been calculated for a cylindrical  rod; the quasis tat ic  theory of the r -  
moelast ic i ty  is applied in the homogeneous approximation for  heat re lease  in the rod. The resul ts  are  
presented as tables  and graphs,  which allow one to per form engineering es t imates  of the thermal  s t r e s s e s  
as functions of time. 

Measurements  have also been made on the t h e r m a l - s t r e s s  buildup in glass and ruby rods; the thermal  
s t r e s se s  were determined from the induced optical an i s0 t ropy .  

The measurements  are  compared with calculations,  and it is found that the e r r o r  in the calculations 
does not exceed 157o at  heating levels more  than 0.5 of the maximum. 

Dep. 2895-74, September 20, 1974. 
Original ar t ic le  submitted May 29, 1974. 

C A L C U L A T I O N  OF A D I A B A T I C  P R O C E S S E S  F O R  

N 2 0  4 ~ - 2 N O  2 ~ - 2 N O  + 0 2 GAS M I X T U R E S  

G. M. N o v i k  a n d  B. 2. L o m a s h e v  UDC 534.174 

A method is given for calculating nonequilibrium flows o f a  dissociating mixture of gases  in channels 
of variable c ro s s  section; it uses the adiabatic pa ramete r s  with the usual assumptions of gasdynamics .  

The method is as follows: 

1. An integral form is given for  the adiabatic equations, and this is used with BernoullPs equation 
for the flow and the equation of continuity to get 

K T Kp- - I  
[ - "Cnsn "]2 2gKp [ [Tn+l~  --Kp " Kr--I ] 

Conditions are  imposed in the steps in the longitudinal coordinate,  which gives the t empera tu res  Tn+ 1 at 
section n + 1 in the channel. 

2. F r o m  Tn+ 1 the value of the p ressure  Pn+ s is found from the adiabatic equation. 

3. The component concentrat ions at section n + 1 are  found from equations obtained by d i rec t  integra-  
tion of the differential equations for  the reaction kinetics. 

4. The known values for T n +~, Pn+ 1, and the component concentrat ions are  used with the appropriate 
equations to find the volume Vn+ 1 and gas feed C n + 1- 

5. The nonequilibrium adiabatie pa ramete r s  required to caIculate the flow at the next si~ep are  found 
from equations derived from the in ternal -energy equation, the adiabatic equation, and the equation of state 
for the gases :  
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/:~ + (1 "-{- a2) T P ACZ 1 

K T = I - -  f i + l + a  l'-{-cqcz2 "T--'" AP 

8~ + a l T  P Aas 1 -4- (Zl + ula~ (3) 
fi + 1 + a i + (zia ~ T AP ~i +1 -}- c~ i + (zi~z ~ 

K~ 1 (4) 
Kp=K~ KT--1 ' 

where ~1 and ~ are  the degrees  of dissociat ion in the f i rs t  and second stages of the reaction,  with fl, f2, 
and f3 the composit ion function and the cha rac te r i s t i c  vibrational frequencies of the components.  

The method has been used in an algori thm for  calculating gas -mix tu re  flows in such channels with a 
Minsk-22 computer;  the run time is short  for Mach numbers  of 1; and the resul ts  are  of high accuracy ,  so 
it is assumed that this scheme can be used in design calculations for par t icu lar  gas mixtures  and systems.  

Dep. 2906-74, September 25, 1974. 
Original  ar t ic le  submitted March  28, 1974. 

S I M U L A T I O N  OF N O N S T A T I O N A R Y  T H E R M A L  

W I T H  N O N L I N E A R  O U T P U T  F R O M  I N T E R N A L  

A~ V. A r c h a k o v  a n d  L .  I .  G u t e n m a k h e r  

C O N D U C T I O N  

S O U R C E S  

UDC 536.24.02 

When the nonlinear equation for  nonsta t ionary  thermal  conduction is handled with network models,  it 
is n e c e s s a r y  to supply the nonlinear cur ren t  Iw(U m) to the nodes, where U m is the potential at node m, and 
w is the subscr ipt  indicating that this s imulates  the nonlinear  power output f rom internal sources .  

To avoid laborious i terat ive methods of specifying Iw(Um) it is suggested that one should simulate a 
nonlinear drain by means  of a cur ren t  genera tor  with a controlled internal res is tance  Ri; when cer tain 
conditions are  met,  the corresponding cur ren t  is given by 

I~ = y/• i, (1) 

where V is the potential external to the RC network,  which considerably exceeds the voltage at the nodal 
point. Then Ri(Um) can be varied in accordance  with (1) by applying an a rb i t r a ry  control  law I w. 

This controlled res is tance  R i has been real ized via a c i rcui t  in which each capaci tor  in the network 
is per iodical ly  connected to r e s i s t o r s  R 0 and R via a h igh-frequency electronic  switch, which are  such that 
the effective res is tance  i s  a function of t ime: 

(/~, (v-- D 0 ~ t  < (v-- I)0-:- ~c; 
R (t) = lRo, (~-- 1) 0 + ~.(t  < ~0; (2) 

v ~ l ,  2, 3, . . . ,  

where t is cu r ren t  time and | is the switching period, whose length is much less than the solution time for 
the RC model; TE [0, | 

The t ransient  response  for c i rcui ts  of this type indicates that in this case the equivalent controlled 
c i rcui t  res is tance  (which is also the internal res is tance  R i of the cur ren t  source) becomes a function of the 
interval T: 

ORR. (3) 
Ri'= OR--'~(R--Ro) 

The interval ~- is produced by a pulse-width modulator ,  which controls  Um, and then from (1) and (3) 
the cur ren t  supplied to the node becomes a function of U m. 

The maximum e r r o r  in defining the nonlinear drain Iw(Um} is given by 

~imax = O (R - -Ro)  (4) 
4RRoC 

where  C is the capacitance a t  the node. 
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The e r r o r  was  not  m o r e  than 0.5 % under  the  cond i t ions  of the  e x p e r i m e n t ;  the  p r i n c i p l e  is  a l s o  s u i t a b l e  

fo r  r e a l i z i n g  a n o n l i n e a r  t h e r m a l  c o n d u c t i v i t y  and n o n l i n e a r  b o u n d a r y  c o n d i t i o n s  of  t y p e s  II ,  I l l ,  and IV. 

D e p .  2899-74,  A p r i l  16, 1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  O c t o b e r  9, 1973. 

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

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

R .  N .  S h v e t s  a n d  M. S .  R a v r i k  UDC 53 9.3 77 

The v a r i a t i o n a l  p r i n c i p l e  has  been  used  to w r i t e  a s y s t e m  of  d i f f e r e n t i a l  equa t i ons  fo r  the mean  t e m -  
p e r a t u r e  t and  so lu te  c o n c e n t r a t i o n  c:  

h 2 0 
h2ATt - -  b~V x - -  b2T ~ - -  ( r ,  + V~) = - -  (b~t~ + b2t~), 

a O~ 

0 
h~AT, - -  3 (i + Or) T~ - -  3b,T 1 - -  ~ �9 ~ (r ,  + Wc~) = --  3 (b,t~ + t, lt~), 

�9 h 2 0cl 1 e 

- - -  " - d ~ -  (~'~ + 8~I)' h~Acl + h~doATi - -  el (doTx + cl) - -  e~ (doT~ + c~) D c O'~ 

h 2 OQ 3 c r 
�9 = -- ~ (e21zi+~,~2) (I) h2ac2+h~dohT~ - 3 ( l+~)(doT~+c~)  - -  3e~ (doTx+cx)--  ~ O'c 

and the  c o r r e s p o n d i n g  b o u n d a r y  cond i t i ons  at  the  e n d s :  

vtTxni + h t ( T  1 - -  T b = O, viV2ni + ht (T~ - -  7 b) = O, 

e,c e,T b 
V t (DtT x + Dcq)  n~ + H (d T T t + d c c 1 -  ttl) = O, (2) 

V t ( o t r z  + Dec2) n i + H (d~cr ,  + dec'Tc2- [~b) = O, 

which a r e  E u l e r - O s t r o g r a d s k y  equa t i ons  fo r  the  v a r i a t i o n a l  p r o b l e m  5I = 0 on the a s s u m p t i o n  tha t  the  t e m -  
p e r a t u r e  and c o n c e n t r a t i o n  a r e  l i n e a r l y  d i s t r i b u t e d  o v e r  the t h i c k n e s s  of  the  s h e l l ,  v i a  which  hea t  and m a s s  
t r a n s f e r  o c c u r  in a c c o r d a n c e  wi th  N e w t o n ' s  l aw.  H e r e  

h H 
b,,~ = ~ (h+ ~ h7); 8,,~ = T (H+~ .. n7) ;  n l  = T ; 2 

tc _ 1 1 
,.2 - y (t+ • iV); ~ .2  = T (~+ • , 7 ) ;  

"~c - - - -  C e'c To; d o = ~ ;  A =  1 0 0 A 0 

wi th  C e ,c  the  s p e c i f i c  hea t  at c o n s t a n t  v o l u m e  and c o n c e n t r a t i o n ;  d e , c ,  d e ' T a r e  c o e f f i c i e n t s  r e p r e s e n t i n g  
T c 

the v a r i a t i o n  in the c h e m i c a l  p o t e n t i a l s  of the p a r t i c l e s  in r e s p o n s e  to the c o n c e n t r a t i o n  and t e m p e r a t u r e  
r e s p e c t i v e l y ;  T o i s  a b s o l u t e  t e m p e r a t u r e ;  L i s  a coe f f i c i en t  r e p r e s e n t i n g  the  a t o m i c  m o b i l i t y  of the d i f fu s -  

:1 :  �9 �9 • 5 :  ing m a t e r i a l ;  h:~,tH 1 a r e  the  r e l a t i v e  h e a t -  a n d  m a s s - t r a n s f e r  c oe f f i c i e n t s ;  t c ,  tz c a r e  the t e m p e r a t u r e s  
and c h e m i c a l  p o t e n t i a l s  of the d i f fus ing  m a t e r i a l  in the  m e d i u m  a round  the s u r f a c e s  at  z = + h; Dt and D c 
a r e  d i f fus ion  c o e f f i c i e n t s ;  a i s  the t h e r m a l  d i f fus iv i ty ;  n i i s  the v e c t o r  of the  e x t e r n a l  n o r m a l  to the she l l  
s u r f a c e ;  V i ,  Vi a r e  symbols f o r  the  c o n t r a v a r i a n t  and c o v a r i a n t  d i f f e r e n t i a t i o n  with  r e s p e c t  to the  c o o r d i -  
n a t e s  ~ and/3;  T~, T b and # b , # b  a r e  the  m e a n  t e m p e r a t u r e s  and c h e m i c a l  p o t e n t i a l s  a t  the  ends ;  A and B 
a r e  the c o e f f i c i e n t s  in the  f i r s t  q u a d r a t i c  f o r m  fo r  the m e d i a n  s u r f a c e  of  the  she l l ;  and T i s  t i m e .  

S i m i l a r l y ,  coup led  e q u a t i o n s  a r e  d e r i v e d  f o r  the m e a n  v a l u e s  of  T 1, T,/~1, and /a  2, in p a r t i c u l a r  when 
the de f i n i t i ve  p a r a m e t e r s  a r e  the t e m p e r a t u r e  t and c h e m i c a l  po t en t i a l /~ .  Th i s  s y s t e m  can  be  d e r i v e d  

f r o m  ( 1 ) v i a  the e q u a t i o n s  of  s t a t e  

e,T e,e , e,T ~ q = d ,  c x + d r  Tx, V t~=d,  c,+cl~.'CT,. (3) 

5 4 8  



An example handled via (i) is the solute concentration redistribution on account of uneven heating in 
an infinite plate with a circular hole of radius R, the material being a two-component solution of concen- 
tration c o . Heat and mass transfer to the environment occur through the surface of the plate, the tempera- 
ture and chemical potential of the environment remaining constant. Particular cases are discussed. 

Dep. 2894-74, September 30, 1974. 
Original article submitted June 14, 1973. 

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

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

Y u .  I .  B a b e n k o  UDC536 .24 .01  

The p r o b l e m  of hea t  t r a n s f e r  in a u n i f o r m l y  coo led  thin  s e m i - i n f i n i t e  rod  i n i t i a l l y  a t  a b s o l u t e - z e r o  
t e m p e r a t u r e  is  d i s c u s s e d :  

O Oz @y(x) ]T =0 ,  0 ~ x < o o ,  0 < t < ~ ,  
Ot Ox 2 

OT i 
TIx=o = T .  (t); -~-x Ix=o= qo (t); Tix=~ * = 0; rlt=o = 0 (1) 

(T i s  the  t e m p e r a t u r e ,  x is  the c o o r d i n a t e ,  t i s  the  t i m e ,  and y i s  the h e a t - t r a n s f e r  funct ion) .  I t  i s  r e q u i r e d  
to d e t e r m i n e  7(x) wi th  the  u se  of an " e x c e s s "  b o u n d a r y  cond i t ion .  The a u t h o r  has  p r e v i o u s l y  ob ta ined  a 
r e l a t i o n s h i p  be tween  To, q0, and 7 a s  a s e r i e s  in f r a c t i o n a l - o r d e r  d e r i v a t i v e s :  

_ nl/~ 'r ._L "e (0) n_~/2 T, § ~' (0) D_ l To q- ~''' (0) - -  't '2 (0) D_3/~ TAW... 
- -  ~ o  - -  ~ - o  ~ 2 - 4 8 ( 2 )  

If T O and q0 a r e  s p e c i f i e d  in the  s e r i e s  f o r m  
vo 

r ,=  ~ ~.t "/~. qo= ~b.t~.-',/~., ~., b.-con~t, (3) 
n ~ 0  r t ~ 0  

then  by the  s u b s t i t u t i o n  of  (3) into (2) and  equa t ing  of the  c o e f f i c i e n t s  of I ike  p o w e r s  of t i t  i s  p o s s i b l e  to d e -  
t e r m i n e  s u c c e s s i v e l y  a l l  the  d e r i v a t i v e s  7n(0) = (0nT/0xn)x = 0 and so the func t ion  7(x) i t s e l f  in the  f o r m  of  a 
T a y l o r  s e r i e s  in p o w e r s  of x. 

Dep.  2893-74,  A u g u s t  8, 1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  May  29, 1974. 
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