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Measurements  are  repor ted  on the density for isoamyl alcohol of puri ty 99.4% over the ranges  280-570~ 
and 1-800 bar ;  the g rav imet r i c  method gives an e r r o r  of •  

The working tempera tu re  T was measu red  with a s tandard res i s tance  the rmomete r  to 0.01~ while the 
p r e s s u r e  P was measured  with MP-60 and MP-2500 piston gauges of accuracy  class  0.05 with correc t ion  for 
the a tmospher ic  p re s su re .  

A method and equation previously  descr ibed  [1, 2] were  used in p rocess ing  the resu l t s :  

P = A (v) + B (v) T, (1) 

which was given for liquid hydrocarbons ,  since the P - T  sections of the v - P - T  surface for  liquid isoamyl 
alcohol are  also r ep resen ted  by s t ra ight  l ines throughout the range within • Here A and }3 are  functions 
of the specific volume v. The physical  meanings of these are as follows: A = -(SU/0.V)T , where U is the in ter -  
nal energy ,  which cha rac te r i zes  the molecular  interact ion;  B = (0P/ST)v. 

Then A and B as functions of v are  given analytically as 

A = -- 2300.9 + 186,99X -- 4.138X 2 -- 0.6400X a + 0.14304X 4 -- 0.01205X 5, (2) 

where 

X = 2 . 1 0 4  v--31, 

B = 0.8071 + 281.5 exp (--2720 v). 

(3) 
(4) 
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ANGULAR EMISSION COEFFICIENTS FOR A 

PAIR OF COAXIAL CYLINDERS OF FINITE 

BUT DIFFERENT LENGTHS 

Y u .  A .  S u r i n o v  a n d  V.  V .  R u b t s o v  U D C 5 3 6 . 3  

A l l  the  m a j o r  w o r k i n g  f o r m u l a s  a r e  g iven  f o r  the  l o c a l  and  m e a n  e m i s s i o n  c o e f f i c i e n t s  fo r  a c l o s e d  
r a d i a t i n g  s y s t e m  bounded  by a p a i r  of  c o a x i a l  c y l i n d e r s .  The s y s t e m  c o n s i s t s  of s ix  z o n e s :  two l a t e r a l  s u r -  
f a c e s ,  c o r r e s p o n d i n g l y ,  fo r  the  i n t e r n a l  and e x t e r n a l  c y l i n d e r  (zones  F 2 and Fs) and  the b a s e s  of t h e s e  (zones  

FI, F3, F4, and F6). 

The  e s s e n t i a l l y  new l o c a l  a n g u l a r  e m i s s i o n  c o e f f i c i e n t s  f o r  s y s t e m s  of  t h i s  type  a r e  (p(Ma, F6) and ~(Ms, 
F4) ; w h e r e  (M4EFa; MsE F~); the  w o r k i n g  f o r m u l a s  fo r  t h e s e  c o e f f i c i e n t s  have  been  d e r i v e d  in f in i t e  f o r m  by 
con tou r  i n t e g r a t i o n .  A l s o ,  a new w o r k i n g  f o r m u l a s  h a s  b e e n  d e r i v e d  f o r  the  m e a n  a n g u l a r  c o e f f i c i e n t ~ a  fo r  
the  e m i s s i o n  f r o m  the s i de  s u r f a c e  of the  o u t e r  c y l i n d e r  to  the  b a s e :  

2b2 
for b~ >/bx and H 

l + r  

r ~ -[ 4H 2 aH l 2 arccosr+ 

+ r [c 2 arctg Q (c2) --  c 1 arctg Q r + b2 arctg Q (b2) --  bl arctg O (bO] + 

-t- -~ L (c~) arctg R (c2) - -  L (q) arctg R (cx) -t- L (bl) aretg R (bl) R (b2) = q~; (D 

for b~>/ and 2b~.- .<H ~262 
l + r  

+ m 

q%4----tP+ . . - ' ~  2 4 4 + 4 - I  

m d M V ~  1 
~- arccos[--W(c2, H)]:- T arctgK(c~)~ 2 arctg V(c2, H) 

L(b2) [ d, 1 l - - rZ L (c2) arctg [R (cz).dd + ~ arctg arctg K (c2)) ; 
2 k R (b~)J 2 (2) 

for b~>/b 2 and H l+r  
r 

qD54 4 (3) 

H e r e  

K (x) = V 1 -  r 
l + r  

Q (x) 

T (x, t ) =  

�9 " (x, t) = 1 + 

- -  " VH(l--r)--2X2x--H(1--r) ; L ( x ) =  ~/(x2-rr~-+-l)Z--4r 2 ; 

/-X2 _~_ (1 -~ ri~ V l - - r  
* ; R ( * ) =  ~ ; r - ~ 0 - r ) 2  �9 T T - ;  ; V 1 - -  r ~ 

2 x - - t ( 1 - - r 2 )  ; V(x,  t ) - - | / / "  (t2+4) (r'~--l) 
2xr -- F 4 x 2 - ~ 4 - ~  - -  ~ ' - - ~ )  t ~ ; 

(1--r 2) t 2 ' /4 (1 - -  r) - -  2c~ 
2x(x-- t )  ; d ~ :  ] /  2 c z _ H ( l + r )  ; c i = I t - - b i ;  ( i : l ,  2), 

w h e r e  H = H ' / R ' ;  r = r ' / R ' ;  b i = b l / R ' ;  H '  and R '  a r e  the  l eng th  and r a d i u s  of the  o u t e r  c y l i n d e r ;  and b~ i s  the 
d i s t a n c e  b e t w e e n  the  b a s e s  of the  c y l i n d e r s .  The  w o r k i n g  f o r m u l a s  and e x p r e s s i o n s  have  been  u s e d  in n u m e r i -  
ca l  c a l c u l a t i o n s ,  the  r e s u l t s  b e i n g  p r e s e n t e d  a s  g r a p h s .  

Dep.  2439-76 ,  A p r i l  11,  1976. 
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C A L C U L A T F ,  D C O M P A R I S O N  O F  M E T H O D S  F O R  T A K I N G  

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

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

R A D I A T I V E  H E A T  E X C H A N G E  

M. A.  D e n i s o v  UDC 536.3 

In this  s tudy we com pare  the r e s u l t s  of ca lcula t ions  made by th ree  methods  r e p r e s e n t i n g  fundamental ly  
d i f ferent  approaches  to the desc r ip t ion  of the se lec t ive  p r o p e r t i e s  of gas radiat ion.  The calculat ions were  
c a r r i e d  out for  hea t  exchange through rad ia t ion  in a med ium fi l led with carbon dioxde. 

The combined model  used  in this  study d e s c r i b e s  the r e su l t ing  heat  exchange of a non iso thermal  l aye r  of 
gas with g ray  wa l l s ,  us ing  the method of mult iple  re f lec t ions .  In accordance  with th i s ,  the resu l t ing  heat  flux 
hi t t ing wall  1, which bounds the plane l a y e r  of gas ,  is calculated as the sum of the heat  f luxes hit t ing the wall  
f r o m  the radia t ion  of the gas and f r o m  the radia t ion  of wal ls  1 and 2 t hemse lves .  The calculat ion of the r a d i a -  
t ion of the non i so the rmal  l a y e r  of gas  in the d i rec t ion  of the wal ls  is c a r r i e d  out by a method based  on Nevsk i i ' s  
approx imat ion  [1, 2] and using data on the total  rad ia t ion  of the gas, The absorp t ive  capac i t ies  of the gas with 
r e s p e c t  to the b lack  rad ia t ion  f r o m  the wal ls  a re  de t e rmined  by Hot te l ' s  fo rmula  for  the ave rage  t e m p e r a t u r e  of 
the l aye r .  The absorp t ive  capac i t i e s  of the gas with r e s p e c t  to the radia t ion  of the gas a re  de te rmined  in a c -  
cordance  with [2]. 

The r e s u l t s  of the calculat ion of the resu l t ing  hea t  f luxes of the radia t ion on the bas i s  of the combined 
model  we re  compa red  with the m o r e  exac t  calcula t ions  of Popov [3]. In th is ,  the s ta t i s t ica l  model  of a b s o r p -  
t ion bands developed by Goody fo r  an i s o t h e r m a l  med ium was  genera l ized  to the case  of inhomogeneous and 
non i so the rmal  media .  In the calcula t ions  the in ternal  s t ruc tu re  of the absorpt ion  bands of the gas was taken 
into account.  

We c o m p a r e d  the r e s u l t s  of the calculat ion with the calculat ions made  on the bas i s  of the s e l e c t i v e - g r a y  
model  with a f ixed width for  the gas absorp t ion  bands [4] and with the r e su l t s  of the calculat ion c a r r i e d  out on 
the ba s i s  of the g r a y - g a s  model .  In the l a t t e r ,  the effect ive  d imension of the l aye r  was taken to be equal to 1.8 

t i m e s  i ts  height. 

T 
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Fig. 1. The inves t iga ted  t e m p e r a t u r e  d is t r ibut ions  in the 
l aye r  and the hea t  f luxes of radia t ion  to the wal ls .  T,  ~ 
pl ,  m -  a tm;  Qp,  W/m 2. 
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The va r i a t ion  of the resu l t ing  hea t  f luxes to the wal ls  de te rmined  on the bas i s  of the gray  model  Qg, the 
s e l e c t i v e - g r a y  model  Qsg,  and the combined model  Q~ as a function of the product  of the par t ia l  p r e s s u r e  ~ of 

P 
the gas and the l aye r  d imens ion  pl for  the t e m p e r a t u r e  dis t r ibut ion (Fig. la) is shown in Fig. lb.  In this case 
the calculat ion on the bas i s  of the gray model  yielded r e s u l t s  which were  about twice as high. The calculat ion 
by the s e l e c t i v e - g r a y  model  a lso  yie lded inc reased  values  fo r  the resu l t ing  f luxes to the wa l l s ,  since the v a r i a -  
tion of the gas absorp t ion  bandwidth as  a function of t e m p e r a t u r e  was not taken into account.  

The compar i son  showed that the r e s u l t s  of the calcula t ions  of the gas radia t ion (Fig. lc) in the di rect ion 
of the a r row  on the bas i s  of the combined and s ta t i s t i ca l  mode ls  a r e  about the same.  Substantial  d i f ferences  
we re  found only for  a ve ry  low t e m p e r a t u r e ,  T 1 ~ 500~ 

In this study we compare  the r e s u l t s  of the calculat ion of the resu l t ing  radia t ion to the wal ls  according 
to the g ray ,  s ta t i s t ica l ,  and combined models  as  functions of the degree  of b lackness  of the wal ls  for  the t e m -  
p e r a t u r e  dis t r ibut ion (Fig. lc) .  We com pared  the calculat ions accord ing  to the combined,  s e l e c t i v e - g r a y ,  and 
gray  models  for  the t e m p e r a t u r e  dis t r ibut ion shown in Fig. ld. In both cases  the compared  models  yielded 
approx imate ly  the s ame  calculat ion r e su l t s .  

We conclude that  for  an a s y m m e t r i c  t e m p e r a t u r e  dis t r ibut ion in the gas l a y e r ,  if one wall  is hot and the 
other  is colder  (for example ,  in heat ing f u r a n c e s ,  when the radia t ion f r o m  glowing hot mason ry  hi ts  the cold 
metal ) ,  p r a c t i c a l  ca lcula t ions  for  hea t  exchange through rad ia t ion  can be c a r r i e d  out by using the g r ay -g as  ap-  
proximat ion .  
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C A L C U L A T I O N S  ON T H E  C O O L I N G  O F  A 

BY H E L I U M  V A P O R  

B.  V.  E l i s e e v ,  Y u .  P .  M o r d v i n o v ,  
a n d  L .  P .  P a s e c h n i k  

H E A T  B R I D G E  

UDC 621.1.01(L4 

The heat  influx to the cold zone through heat  b r idges  is often min imized  by cooling the br idges  with 
gaseous  hel ium. 

A solution is p re sen ted  for  the heat  t r a n s f e r  in a p lanar  br idge cooled by a longitudinal flow of hel ium 
under  l amina r  and turbulent  condit ions,  with al lowance for  the var ia t ions  in p r o p e r t i e s  of the gas and ma te r i a l  
along the br idge.  

The initial  equations in d imens ion less  f o r m  a re  as follows in the th in-f in  approximat ion:  

d O  dT ) ~zIl ~-T ~ --}-(r--Tg)=0, (1) 

dT a17 
dx GCp (T - -  Tg) = 0. (2) 

The boundary conditions a r e  x = 0, T = To, T = Tg0; x = 1, T = T1; compute r  calculat ion for  a s ta in less  s tee l  
br idge was p e r f o r m e d  by i te ra t ion  with l inear  interpolat ion.  

The influxes at the ends have been de r ived ,  together  with the t e m p e r a t u r e  dis t r ibut ions  in the br idge and 
in the hel ium. Two di f ferent  s t a t e s  of hea t  t r a n s f e r  occur  in d i f ferent  r anges  in Reynolds number .  F igure  i 
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Fig. 1. Heat in_flux to the cold 
end of a bridge as a function of 
G/III for values of S/IIl2(m -1) 
of: 1) 50; 2) 30; 3) 20; 4) 5. 
T O = 10~ Tg 0 =8~ and 
T 1 = IO0OK. 

shows the heat fluxes at the cold end in relation to G/IIl for S/II/2 (m -1) of 50, 30, 20, and 5 (turbulent state). 
There  are clearly limiting flow ra tes  at which the heat flux becomes essentially zero. The temperature dis- 
tributions also indicate clearly the transition from turbulent to laminar heat t ransfer .  

T,  Tg 
X(T) 
Cp 
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1I 
l 
(~(Tg) 

NOTATION 

are the temperatures  of bridge and gas *K; 
is the thermal conductivity of mater ia l ,  W/m. deg; 
is the specific heat of helium, J/kg. deg; 
is the helium flow ra te ,  kg/sec; 
is the cross-sect ional  a rea ,  m2; 
ts the per imeter  of cross section, m; 
is the bridge length, m; 
is the convective heat - t ransfer  coefficient, W/m 2. deg. 

Dep. 2636-76, June 7, 1976. 
Original art icle Submitted February 18, 1976. 
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R E G U L A R I Z A T I O N  O F  T H E R M A L  K I N E T I C S  F O R  

A L I Q U I D  F L O W I N G  I N  A C H A N N E L  

N.  M. T s i r e l ' m a n  UDC 536.21 

An ana lys i s  is  p r e sen t ed  of the t e m p e r a t u r e  d is t r ibut ions  a r i s ing  dur ing s tabi l ized l a m i n a r  flow in a l iq-  
uid with constant  t he rmophys ica l  p a r a m e t e r s  in a channel for  boundary conditions of the f i r s t ,  second,  and 
th i rd  kinds. I t  is found tha t  the r a t e  V o at which the i so the rma l  su r faces  approach the axis  (plane) of the chan-  
nel in the s tabi l ized h e a t - t r a n s f e r  region is independent of the posi t ion of the c r o s s  sect ion and is de te rmined  
solely by the nature  of the boundary condit ions,  the f o r m  of the channel,  and the dis tance of the i so the rmal  
sur face  f r o m  the wall.  The local  r a t e  of approach V o is independent of the choice of the c r o s s  sect ion,  which 
is an indication that  heat  t r a n s f e r  has  become s tabi l ized ,  which can be used in addition to the global fea ture  
(absence of va r i a t ion  in the h e a t - t r a n s f e r  r a t e  along the channel). 

F igure  1 shows the zones of r egu l a r  and hea t  t r a n s f e r  co r respond  to the equidis tant  pa r t s  of the curves  
r ep re sen t i ng  the va r ious  i s o t h e r m s  O = idem (the appropr ia te  region is defined by the dashed curve).  

In the cent ra l  p a r t ,  where  the flow is l aminar ;  V 0 is independent of the t h e r m a l  conditions at the outer  
sur face  of the channel and is defined by 

~0=[" 0(I--~) m 

/ .  

o N qz ~s -c 

Fig. 1. Posi t ions  of the i so the rms  in a c i r -  
cu lar  pipe fo r  boundary conditions of the f i r s t  
kind. 

The r a t e  of approach of the i s o t h e r m s  to the core  for  a tubulent flow is desc r ibed  by the following f o r -  
mula  for  the s tabi l ized range:  

= Y / l o  and y ,  l 0 

= t = x / w  

W 

a ,  a T 

N O T A T I O N  

a re  the d imens ion less  and d imens ional  coordinates  of a point in the pipe and c h a r a c t e r i s -  
t ic pipe dimension;  
are  the d imens ion less  and d imens ional  t imes ;  
is the speed at  the axis  for  l amina r  flow and mean  speed for  a turbulent  flow; 
are  the molecu la r  and turbulent  t h e r m a l  diffusivi t ies ;  
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x is the d is tance  f r o m  the inlet  c r o s s  sect ion;  
m = 1, 2 a r e  the p lanar  or  c i r cu l a r  p ipes ,  r e spec t ive ly .  

Dep. 2634-76, June 4, 1976. 
Or ig inal  a r t i c l e  submi t ted  J anua ry  5, 1976. 

F L O W  O F  AN A X I A L L Y  S Y M M E T R I C A L  

AN I M M I S C I B L E  L I Q U I D  

V.  I .  E l i s e e v  a n d  L .  A.  F l e e r  

L A M I N A R  J E T  I N T O  

UDC 536.532.2 

Resu l t s  a r e  p r e s e n t e d  on je t  f lows for  i m m i s c i b l e  l iquids; he re  the re  is a lways an in ter face  between one 
liquid and the other .  A s imple  fo rmula t ion  is used ,  with l a m i n a r  flow and the In ter face  a smooth su r face  at 
which the ve loc i t i e s  a r e  equal ,  as  a r e  the tangent ia l  and n o r m a l  s t r e s s e s ,  the t e m p e r a t u r e s ,  and the heat  
f luxes.  The conditions for  conserva t ion  of momen tum 

f + I = coost 
0 ~. 

and for  the in tegra l  e x p r e s s i o n  

H = f clplrulOldr -}-.1 c2p2ru202dr = eonst, 
o r, 

apply h e r e ,  as  for  misc ib l e  j e t s ,  where  the subsc r ip t  1 r e l a t e s  to the liquid je t  and 2 to the adjoint m a s s ,  
with r .  the in te r face  between the two liquids.  In addition, the re  is the m a s s - c o n s e r v a t i o n  condition for  the 

liquid jet:  

6 = .i Pf fuldr  = const. 
0 

These  In tegra l  conditions a r e  der ived  on in tegra t ing  the equations for  the boundary l aye r  subject  to h o m o -  
geneous boundary  conditions at the axis  of the j e t  and at infinity,  together  with the above conditions at the in-  

t e r f ace .  

The flow of a p lanar  l a m i n a r  je t  under  such conditions has  prev ious ly  been cons idered  by an integral  
method [1]; he re  an a sympto t i c  solution is p r e sen t ed  that  al lows one to calculate  the flow distr ibut ion fa r  f r o m  
the source .  Analyt ical  e x p r e s s i o n s  a r e  de r ived  via two approx imat ions  for  the ve loc i t ies  and t e m p e r a t u r e s  
a t  the axis.  It  is shown that  the solut ions go ove r  to s tandard  f o r m u l a s  for  a je t  of misc ib le  liquid if G -~ 0, 
and the cor responding  p a r a m e t e r s  with subsc r ip t s  1 and 2 a re  equal. 

N O T A T I O N  

r is the t r a n s v e r s e  coordinate ;  
Pi is  the densi ty;  
u i is the longitudinal veloci ty;  

8i = T i - T ~ ;  
T i is  the t e m p e r a t u r e ;  
Too is the t e m p e r a t u r e  at  infinity; 
c i is the spec i f i c  heat .  

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

1. A . L .  Genkin, V. I. Kukes ,  and L. P. Yar in ,  P r o b l e m s  in Heat  Engineer ing and Applied The rmo p h y s i c s  

[in Russ ian] ,  No. 9 (1973}, p. 100. 

Dep. 2158-76, May 18, 1976. 
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F L O W  P A R A M E T E R S  ON I N J E C T I N G  A L I Q U I D  

I N T O  A S U P E R S O N I C  F L O W  

M. S. V o l y n s k i i  a n d  V. A.  Y a m p o l ' s k i i  UDC 629.7.037:(621.43-44) 

The p a r a m e t e r s  of a two-phase flow have been determined by extending a previous model [1],, with the 
injected je t  having two charac te r i s t i c  par t s :  an initial section in which hydromechanical  p roces se s  and phase 
t ransi t ions  can be neglected and a second par t  where phase t ransi t ions  occur ,  with the main and injected flows 
mixing. Only the initial par t  is considered here.  

The incident flow past  the shock wave is divided into two pa r t s ,  with one penetrat ing into the jet  (zone 1) 
and the other flowing around it (zone 2). Mean pa rame te r s  are  introduced for  the c ross  section,  which cha r -  
ac ter ize  the equivalent one-dimensional  flows in the je t  and in the adjacent s t ream.  

A sys tem of equations is formulated  for  the conservat ion of mat te r  and energy in zone 1 and also for the 
conservat ion of the total flow rate  and momentum in zones 1 and 2, together  with the equation for energy con- 
servat ion in zone 2 and a relat ionship for  the entropy increase  in the gas on passage through the oblique shock 
wave in zone 2. 

The posit ions of the jet and shock wave are  derived f rom an empir ica l  relat ion [1]. The resul t ing sys tem 
of nonlinear a lgebriac equations is solved by pa rame t r i c  extension [2]. This involves pass ing f rom a sys tem 
of a lgebraic  equations to ordinary  differential equations in t e r m s  of a cer tain pa rame te r ,  with the laL~r solved 
numerical ly .  Results  are  presented on the flow p a r a m e t e r s  and jet  values in relat ion to the relat ive velocity U' 
for  a droplet  and the gas in the moni tor  section. If U' - 1/2 Urea x is used to est imate U', where Uma x is the maximum 
speed a l lowedby thed i spe r sa l  c r i te r ion  p'U2max a/~= D(D ~ 10.7), then the gas flow is subsonic emerging f rom 
the initial part .  Here p ' ,  a, and ~ are  the gas density, droplet  d iameter ,  and surface  tension. 

Results  are  presented for the stat ic  p r e s su re  and mean liquid concentrat ion along the axis of the jet. The 
p r e s s u r e  falls away f rom the point of injection, which is due to fall in the intensity of the shock wave,  the r e -  
sult being descr ibed sa t is factor i ly  by P'/P~o = 1 + A/~ a,  where p ' ,  p~ and are  the static p re s su re  in the jet and 
in the incident flow, with ~ the distance f rom the point of injection. The calculations are  compared with mea-  
surements  on p r e s s u r e s  at the axis of the jet  [3] on injecting ethanol into a supersonic  air  flow having M = 3.95, 
P0 = 20.5 atm, and T o = 283~ The d iscrepancies  do not exceed about 20%. 

LITERATURE CITED 

I. A.G. Prodinkov, M. S. Volynskii, and V. N. Sagalovich, Mixing and Combustion Processes in Liquid- 
Fuel Rocket Engines [in Russian], Mashinostroenie, Moscow (1971). 

2. V.E. Shamanskii, Computer Methods of Numerical Solution for Boundary-Value Problems [in Russian], 
Naukova Dumka, Kiev (1966}. 

3. F.S. Sklyar, Izv. Akad. Nauk SSSR Mekh. Zhidk. Gaza, ~ 93 (1969). 

Dep. 2438-76, May 24, 1976. 
Original article submitted May 27, 1975. 

1347 



C O N V E C T I V E  S T A B I L I T Y  IN A H O R I Z O N T A L  L A Y E R  

OF AN E L A S T O V I S C O U S  L I Q U I D  W I T H  A S H O R T  

M E M O R Y  T I M E  

F.  A. G a r i f u l l i n  a n d  A. B. G a b i t o v a  UDC 532.135-536.25 

Various feaiures ar ise in the convection in horizontal layers  oflviscoelastic liquids. 

A difference from a Newtonian liquid, where only stationary instability is possible, is that the system of 
equations for an elastoviscous liquid is not self-conjugate, so there can be complex eigenvalues (oscillatory 
instabilities can accompany monotonic ones). 

The oscil latory branch in the instability spectrum is here related to the relaxation mechanism. The 
relevant quantity is the ratio between the relaxation times for the temperature and the v iscous-s t ress  tensor.  

A planar horizontal layer  heated from below is considered; the theology is described by an Oldroyd-  
Walters relation of contravariant type [1]. 

A linear formulation is employed, and the dispersion equations for the perturbation amplitudes for the 
velocity and temperature  are examined for several  part icular  theological models and compared with known 
results .  

Ideally thermally conducting boundaries are envisaged (two rigid ones). 

The t reatment  is by means of Chandrasekhar 's  variational method [2]. 

The fundamental mode in the instability is considered for the even and odd solutions, which serves  to de- 
fine the crit ical Rayleigh number in t e rms  of the elasticity parameters  and the Prandtl number. 

If the memory time is short ,  the stability threshold is determined by the Rayleigh number corresponding 
to the stationary instability, which confirms the conclusion [3] that the maximum Newtonian viscosity can be 
determined by means of the crit ical Rayleigh number for the monotonic instability. 

Values are derived for the cri t ical  parameters  for oscil latory instability for a Maxwellian liquid. The 
relaxation time destabilizes the layer  considerably on heating from below. 
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DEPLETION OF A GAS CAVITY iN THE 

OF HEAT TRANSFER 

N. P. Belik and L. G. Chirva 

PRESENCE 

UDC 533.17:536.242 

An engineer ing  method is p re sen ted  for  calculat ing the depletion of a gas cavity in which there  is influx 
of heat  f r o m  the wall.  The heat  t r a n s f e r  is  a s sumed  to be by means  of f r ee  convection. Then the heat  t r a n s -  
f e r r e d  to the gas  is  a nonl inear  function of the p r e s s u r e  and to t e m p e r a t u r e  difference.  This  exp res s ion  may 
be l inea r i zed  over  two ranges :  in the range  of fal l ing gas t e m p e r a t u r e s  (p, < p < P0, T ,  < T < To) and that  of 
r i s ing  t e m p e r a t u r e s  (0 < p < p , ,  T ,  < T < To) , which p rov ides  working fo rmu la s  for  the bas ic  the rmodynamic  
p a r a m e t e r s  (p, a n d T , a r e  the gas p r e s s u r e  and t e m p e r a t u r e  at the point of inflection on the t e m p e r a t u r e  curve).  
These  can be de te rmined  approx imate ly  f r o m  fo rmu la s  p rev ious ly  published for  such calcula t ions  on gas v e s -  
se ls  [see Inzh. -F iz .  Zh.,  No. 9 (1964)]. Calculat ions f r o m  these fo rmu la s  agree  sa t i s fac to r i ly  with e x p e r i -  
ment .  

Dep. 2640-76, June 21, 1976. 
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A G E N E R A L I Z E D  G I B B S  

I N T E R P H A S E  R E G I O N S  

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

EQUATION FOR N O N A U T O N O M I C  

UDC 536.755+ 532.6+541.11 

A genera l ized  (entropy) Gibbs equation is de r ived  for  the in te rphase  region when the dis tr ibut ion of the 
ex te rna l  f o r c e s  is nons ta t ionary  and the field ro to r  is zero .  The equation takes  the f o r m  

T d s  = du  - -  T u d ,  ij/' p - -  Z , • d N .  - -  ~ ; ~ d ; ' ~  , +" " eK : "~i/SiJ/P '< , ~i/=- ( v ~ ) i i .  ( 1 )  
R K 

This  equation (1) has  been used in the l inear  t he rmodynamics  of i r r e v e r s i b l e  and nonsta t ional~ p r o c e s s e s  
as appl icable to su r face  l aye r s .  P r igog ine ' s  method [1] has  been used ,  i .e . ,  the ent ropy product ion ~[S] is de-  
t e r m i n e d  along with the d iss ipa t ive  function �9 and the genera l ized  f luxes and fo rces .  The der iva t ion  of e[S] is 
based  on (1) and the local  ene rgy  balance.  The local  po ten t i a l - energy  balance is supplemented by a t e r m  Z on 
the r ight  that  i nco rpo ra t e s  the nonsta t ionary  ex te rna l  fo rces :  

An essen t i a l ly  new expres s ion  for  the genera l ized  m a s s - t r a n s f e r  force  is obtained: 

The theory  of su r face  f o r c e s  given in [2, 3] has  been used in formula t ing  the nonequi l ibr ium and non- 
s ta t ionary  t h e r m o d y n a m i c s  of sur face  f i lms .  

The following phenomenological  laws are  der ived:  
R .V 

. q ' ~ l  K = 2  

R N 

f ~ l  K ' = 2  

R N 

~ 1  K ~ 2  
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Pi6 ~ P~i -- ~ ap~As 6i6 + ape (Xq)i 6~ -~- 
Q = l  

N [ Owl Ow~ \ 2 Owj . + z<,,,< j + 
I,[~2 

The f i r s t  a t tempt  to fo rmula te  phenomenological  laws for  anisotropic  regions  is to be found in [41, but 
var ious  e r r o r s  were  made t h e r e ,  which have now been el iminated.  

T 
s, u + 

eij 
+ 

Nk = o o; fij 

w k 

A } =  w~-w~; wi, wj,  wf~ 

6ij ,  6ifl 

P ~  
Xi~ 
Iq and Xq 

As 
v - d~s 

aloft, = as  akk, = ak, k; 
a~k = akfl;  akq = aqk; 
apq = - a q p ;  af~p = -apf~;  
akp = - a p k  

6i, 6~ 

1. 
2. 
3. 
4. 

NOTATION 

is the absolute t empera tu re ;  
a re  the specif ic  entropy and internal  energy (J/kg); 
is the s t r e s s  t ensor ;  
is the s t ra in  t ensor ;  
a re  the density and par t ia l  density of ma te r i a l  of type "k" ; 

is the specif ic  chemical  potential  of ma te r i a l  type "k"; 

is the component of Tij due to the fo rce  F~; 

is the external  specif ic  fo rce  on par t i c les  of type "k"; 

is the speed of pa r t i c l e s  of type "k" ; 

a re  the veloci ty  vec to r s  for  the cen t e r  of mass ;  

is the radius  vec to r  for  the center  of mass  for  par t i c les  of type "k"; 

a re  the Kronecker  symbols;  
is the coordinate  (B = 1, 2, 3); 
is the genera l ized  flux in viscous  flow; 
is the genera l ized  force  in viscous  flow; 
are  the genera l ized  flux and fo rce  in heat  t r ans fe r ;  

a re  the genera l ized  flux and force  in mass  t r ans fe r ;  

is the de Donde affinity; 
is the reac t ion  ra te ;  
is the extent  of reac t ion  s  

a re  the phenomenological  Onsager  and O n s a g e r - C a s i m i r  coefficients;  
is the v iscos i ty ;  
is the bulk v iscos i ty  coefficient;  
a re  the unit d imensionless  vec to r s  having ma t r ix  (III). 
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AN A N A L Y T I C A L  S T U D Y  O F  A V A R I A B L E - O U T P U T  

T R A V E L I N G  E L E C T R I C  O V E N  

V.  Vo T r e g u b o v  a n d  V .  I .  K u s o v  UDC 621.783.223.045:352.681.3 

This  type of cont inuous-act ion oven is used  in p r o c e s s i n g  s t r i p s ,  and the t e m p e r a t u r e  dis tr ibut ion in the 
s teady s ta te  v a r i e s  along the length of the oven,  while the hea t e r  t e m p e r a t u r e s  a r e  kept  constant  within the 
control led zone. Output f luctuations occur  on account  of speed changes and a lso  changes in width and thickness  
in the s t r i p ,  which lead to a l t e red  t e m p e r a t u r e  d is t r ibut ions  in the oven zones.  

When a new s teady s tate  has  been r eached ,  the individual t e m p e r a t u r e s  s tabi l ize  and the approach t o  the 
new s ta t ionary  s ta te  can be defined by the following equations:  

dO. = - -  W~ Ox -}- c)r 

dO = ct I tI~ (x, ~) - - t M  (x, z)] dxd't:, (2) 

[ F }. FO'c 

where  G M and PH a re  s t r ip  m a s s  and hea t e r  m a s s ,  r e s p e c t i v e l y ,  in kg; F is the a r ea  of the heated s t r ip  in m2; 
W M is the speed  of the s t r i p  in m / h ;  CM and CH a re  the specif ic  heats  of the meta l  and he~aters in k c a l / k g ,  deg; 
tM(x, ~) a r e  the t e m p e r a t u r e s  of s t r ip  and he a t e r s  in ~ M is the input power  to the h e a t e r s  in kcal/h;  q loss  is 
the heat  loss  f r o m  the oven in kca l /h ;  qg is  the hea t  loss  to the p ro tec t ive  gas  in kca l /h ;  and ~ is the hea t -  
t r a n s f e r  f ac to r  in kcaL/m ~ �9 deg. 

Sys tem (1)-(3) has  been solved analyt ical ly  and by Minsk-22 computer .  The r e su l t s  allow one to evaluate 
the t r ans ien t  s tate  in such ovens.  Fo r  ins tance ,  if the actual  output devia tes  by 20-3(~0 f r o m  the nominal  one, 
the t r ans ien t  r e spons e  l a s t s  no more  than 2-3 min. 

Dep. 2440-76, March  19, 1976. 
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M A S S  T R A N S F E R  IN F R E E Z I N G  S A N D S  

N.  S. I v a n o v ,  N.  N.  K o z h e v n i k o v ,  
a n d  A.  S. K u r i l k o  

UDC 551.340:536.248.2 

The invest igat ions  a re  c a r r i e d  out with sands  f r o m  q u a r r i e s  in Wes te rn  Siberia  and Central  Yakutia and 
cons i s t  in de te rmin ing  the intensi ty and d i rec t ion  of m a s s  t r a n s f e r ,  studying the behavior  of the mo i s tu re  con-  
tent  on the f r eez ing  f ron t  f r o m  the d i rec t ion  of the me l t ed  zone,  and e s t ima t ing  the value of the diffusion coef-  
f ic ient  for  pos i t ive  t e m p e r a t u r e s  close to the f r eez ing  t e m p e r a t u r e  of the mo i s tu re  in the sands.  The inves t i -  
gations involve the se lec t ion of s am p l e s  in specif ied reg ions  of f rozen  spec imens  and de t e rming  the mo i s tu re  
content in these  s am p l e s  by a s tandard  weight  method [3]. The initial  mo i s tu re  content v a r i e s  f r o m  values  
which a re  safe f r o m  the standpoint of f r eez ing  to va lues  r e p r e s e n t i n g  complete  sa tura t ion  with moi s tu re ;  the 
t e m p e r a t u r e  of the surrounding med ium r anges  f r o m  - 1 0  to -40~ To de te rmine  the diffusion coeff icient ,  
we use  one of the modif ica t ions  of the method of i so the rma l  nons ta t ionary  m a s s  flow, consis t ing in s impl i f i ca -  
t ion of its calculat ion p a r t  [1, 4]. The invest igat ions  a r e  c a r r i e d  out at initial  mo i s tu re  content va lues  of 5, 7, 
10, and 15% and t e m p e r a t u r e s  of 2, 5, 10, and 15~ 

The d i f fe rences  between the c o m p a r e d  ave rage  va lues  of mo i s tu re  content a re  cons idered  significant  
s t a r t ing  f r o m  va lues  of 0.75%. In de te rmin ing  the diffusion coeff icient  the confidence in terval  does not exceed 
10 -5 m2/h [3, 5]. An ana lys i s  of the expe r imen ta l  m a t e r i a l  led to the following conclusions.  

In d i f ferent  r anges  of va r i a t ion  of the initial mo i s tu r e  content va lue s ,  the m a s s  t r a n s f e r  in f reez ing  sands 
takes  place  in d i f ferent  ways :  F r o m  safe va lues  to some cr i t i ca l  va lues ,  it can be d i s r ega rded  within the l imi t s  
of expe r imen ta l  e r r o r ;  f r o m  cr i t i ca l  va lues  to some t rans i t iona l  va lues ,  there  is a migra t ion  of the mo i s tu re  
in the me l t ed  zone toward  the f r eez ing  f ront ;  and f r o m  t rans i t iona l  va lues  to sa tura t ion  mo i s tu re  content va lues ,  
the mo i s tu re  is extended f r o m  the f reez ing  f ront  into the mel ted  zone. The c r i t i ca l  and sa tura t ion  moi s tu re  
content  va lues ,  r e s p e c t i v e l y ,  a re  9-12%and 22-23% in Kichiga and Bas 'yanovsk i i  sands and 6-87o and 24% in 
Yakutsk  sand. The l imi t ing  m o i s t u r e  content va lues  for  all  the sands invest igated lie in the 18-20% range.  

The mo i s tu re  content on the f ront  of phase  t rans i t ion  f r o m  the d i rec t ion  of the mel ted  zone is not a phys i -  
cal p a r a m e t e r  but is f o r m e d  dur ing the f r eez ing  p roce s s .  An e m p i r i c a l  fo rmula  is p roposed  for  de te rmin ing  
this  value.  The diffusion coeff icient  va lues  lie between 2 . 1 0  -5 and 2 3 . 1 0  -5 m2/h [2]. 
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C O E F F I C I E N T S  O F  M A S S - T R A N S F E R  E F F I C I E N C Y  

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

V. V. R a i k o  a n d  I .  A.  A l e k s a n d r o v  UDC 518.5.66.048 

The p r o c e s s  of m a s s  exchange in the rec t i f i ca t ion  of m ix tu r e s  is de te rmined  by the kinet ics  of m a s s  
t r a n s p o r t  and the hydrodynamics  of in teract ion between vapor  and liquid flows. The Murphree  coeff icients  of 
m a s s - t r a n s f e r  eff iciency (MEC) a re  used as the kinetic c h a r a c t e r i s t i c s  which account for  the inequality of the 
degree  of contact  between phases .  

P r a c t i c a l  calculat ions of MEC a re  based on de te rmin ing  the p rac t i ca l  diffusion coefficients  (PDC), which 
take into account  the nonideali ty of the mix tu re  to be separa ted .  The calculat ion of PDC in a mul t icomponent  
mix tu re  is s impl i f ied  cons iderably  by in te rpre t ing  the kinet ic  coeff icients  of the phenomenological  equations of 
m a s s  t r a n s f e r  as  " f r ic t ion coef f ic ien t s , "  which m a k e s  it poss ib le  to r e p r e s e n t  the a lgor i thm for  calculat ing 
PDC in a unique f o r m  for  both the gaseous  and the liquid phase.  The re la t ionship  between PDC and the " f r i c -  
tion coeff icients"  is es tab l i shed  by solving s imul taneous ly  the s y s t e m  of phenomenological  diffusion equat ions,  
F i c k ' s  equations of mo lecu la r  t r a n s p o r t  of m a t t e r ,  and the G i b b s - D u h e m  equation. 

The concentra t ion dependence of the f r ic t ion  coeff icient  in the liquid phase  is de te rmined  by means  of a 
theore t ica l  equation der ived  on the bas i s  of the modif ied theory  of absolute reac t ion  r a t e s  and e x p r e s s e d  in 
t e r m s  of an exponential  function of the composi t ion.  

In this case ,  a re la t ionship  der ived  on the bas i s  of the C h a p m a n - E n s k o g  theory  is used for  the gaseous 
pha se. 

Thus ,  a unique ma thema t i ca l  descr ip t ion  of mul t icomponent  diffusion in both phases  with an allowance 
for  the nonideali ty of mul t icomponent  m i x t u r e s  and the mot ive  fo r ce s  with r e s p e c t  to all  components  has  been 
proposed.  

The eff ic iency of m a s s  t r a n s p o r t  is analyzed on a model  cha r ac t e r i z ed  by the additivity of r e s i s t a n c e s  
to m a s s  t r a n s p o r t  in the phases  for  c r o s s  cu r ren t s  under  conditions of ideal d i sp lacemen t  for  the vapor  phase  
and incomplete  mixing with an allowance for  t r a n s v e r s e  nonuniformity in the liquid phase.  A sect ion model 
with a liquid bypass  is used  as the model  of the hydrodynamic  s t ruc tu re  of liquid flow. 

On the bas i s  of the l inear ized  theory of m a s s  t r a n s f e r ,  the m a t r i c e s  of the coeff icients  of integral  m a s s -  
t r a n s f e r  eff ic iency a r e  de te rmined  success ive ly  as functions of PDC m a t r i c e s  in the gaseous and [he liquid 
phase s ,  m a t r i c e s  of unit t r a n s p o r t  n u m b e r s ,  and m a t r i c e s  of local  m a s ' s - t r a n s f e r  efficiency.  Thus,, the  a lgo-  
r i thm for  calculat ing the m a t r i c e s  of in tegra l  m a s s - t r a n s f e r  eff ic iency is reduced  to the calculat ion of func-  
t ions of m a t r i c e s  by means  of S y l v e s t e r ' s  fo rmula .  

O n  the bas i s  of the proposed  a lgor i thm,  we composed  a computer  p r o g r a m  and calculated the concen t ra -  
tion of vapor  leaving the contact  devices  of the appara tus  in the rec t i f ica t ion  of a mix tu re  of hydrocarbons .  
The C h u e h - P r a u s n i t z  and C h a o - S e i d e r  co r r e l a t i ons  a re  used  for  de te rmin ing  the m o l a r  volumes,  the volat i l i ty  
f ac to r s ,  and the act ivi ty.  

Compar i son  between the calculat ion r e s u l t s  and expe r imen ta l  data showed good a g r e e m e n t  for  component  
concentra t ions  along the height of the appara tus .  

Dep. 2633-76, M a y 2 7 ,  1976. 
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F o r  the ma thema t i ca l  desc r ip t ion  of the t e m p e r a t u r e  f ie ld in a continuous ingot we used a two-d imen-  
sional  equation of nons ta t ionary  hea t  conduction, taking account  of the generat ion of the heat  of c rys ta l l i za t ion  
in the l i q u i d u s - s o l i d u s  t e m p e r a t u r e  in te rva l  [1]. Complex boundary conditions of the th i rd  kind were  spec i -  
fied. 

Using the method of r e m o v a l  of heat  in the secondary -coo l ing  zone,we dist inguished s eve ra l  types  of sur face  
segments :  1) with a i r  cooling (radiat ive and convect ive);  2) shielded by the b a r s  (contact hea t  exchange);  3) sub-  
j ec ted  to the d i r ec t  e f fec t  of the s p r a y e r  j e t s ;  4) spr inkled  by wa te r  flowing down beyond the l imi t s  of action of 
the s p r a y e r  je ts .  

The dis t r ibut ion of the h e a t - t r a n s f e r  coeff icient  rv at  the point of impac t  of the wa te r  j e t s  was  specif ied 
by a function of the f o r m  

~ (1) 
exp 1 a~ ~ -  ) In 

where  x and y a re  coordinates  along the hor izonta l  and ve r t i c a l  axes  of an e l l ipse  (the e l l ipse  is the shape of the 
zone of act ion of the sp ray  jet);  a and b a r e  the s e m i m a j o r  and s e m i m i n o r  axes  of the e l l ipse .  

According  to fo rmula  (1), the m a x i m u m  value of the h e a t - t r a n s f e r  coeff icient ,  ~ = s 0, is obtained at the 
center  (c~ 0 is of the o r d e r  of 103-104 W / ( m  ~. K) [2]) and the m i n i m u m ,  c~ = c ~ ,  is  obtained at the boundary of the 
region because  a bubble r e g i m e  is e s tab l i shed  at  the center  of the zone and a t rans i t ion  r eg ime  c lose r  to its 
boundar ies .  Beyond the l imi t s  of act ion of the sp ray  or  j e t s ,  in the region of the descending liquid, the value 
of ~ is not l a rge :  ~ ,  = 175-230 W/(m 2 .~ and this  is due to the p r e sence  of a buffer  s t eam or  s t e a m - a i r  f i lm 

[21. 

In o r d e r  to fo rmula te  an effect ive p r o g r a m  for  specifying the local  coeff icients  of heat  t r a n s f e r ,  we sub-  
divided the compl ica ted  p ic ture  of the cooled su r face  into a number  of s imp le r  p ic tu res ;  and through success ive  
fo rma l i zed  ana lys i s  of the la t te r ,  we found the value of the h e a t - t r a n s f e r  coefficient  at each point of the surface .  

The p roposed  method was used  in calcula t ions  of the sol i f icat ion and cooling of a continuous s teel  ingot 
on the M-222 e lec t ron ic  computer .  An ana lys i s  of some calculat ion r e su l t s  is given. 
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We s o l v e d  the  t w o - d i m e n s i o n a l  p r o b l e m  of the  s o l i d i f i c a t i o n  of a con t inuous  s t e e l  ingot  wi th  a r e c t a n g u l a r  
c r o s s  s e c t i o n  in a c r y s t a l l i z e r .  Unl ike  p r e v i o u s  i n v e s t i g a t i o n s ,  in ou r  s tudy  the c o e f f i c i e n t  of h e a t  t r a n s f e r  
a long  the he igh t  of  the  ingot  w a s  s p e c i f i e d  in the  f o r m  of a con t inuous ,  m o n o t o n i e a l l y d e c r e a s i n g  funct ion .  T h i s  
a p p r o a c h  a g r e e s  wi th  the  known e x p e r i m e n t a l  f a c t  t ha t  the  h e a t  r e m o v a l  i s  m o r e  i n t e n s i v e  in the  u p p e r  p a r t  of 
the  c r y s t a l l i z e r  and wi th  the  l a t e s t  i d e a s  c o n c e r n i n g  the  p r e s e n c e  of a p u l s a t i n g  c o n t a c t  b e t w e e n  the enve lope  
of the  ingot  and  the  w a l l s  of the c r y s t a l l i z e r .  The  h e a t - t r a n s f e r  c o e f f i c i e n t  ce w a s  g iven  by the  f o r m u l a  

0~ 0 

~, j  - (,~ + z),~, i , (1) 

w h e r e  

hi.i= In (hc+ 1) , (2) 
r k - -  k 0 .5  .-t- b ;  azy 0"5 -}- bz %,o = ax , o,i -- �9 (3) 

F o r  the  w ide  f a c e  j = O and i = 0, 1, 2 . . . .  ; f o r  the  n a r r o w  f ace  i = 0 and j = 0, 1, 2 . . . .  

The  so lu t i on  w a s  c a r r i e d  out  n u m e r i c a l l y  on the M-222  e l e c t r o n i c  c o m p u t e r .  We c a l c u l a t e d  ti le t e m p e r a -  
t u r e  d i s t r i b u t i o n  a long  the c r o s s  s e c t i o n ,  the  d e n s i t i e s  of h e a t  f l u x e s  a long  the  p e r i m e t e r ,  and the  t h i c k n e s s e s  
of the  sk in  a long  the  wide  and n a r r o w  f a c e s .  The  m a t h e m a t i c a l  m o d e l  was  m a d e  m o r e  p r e c i s e  by  c o m p a r i n g  
the c a l c u l a t e d  v a l u e s  of the  a m o u n t  of h e a t  r e m o v e d  f r o m  the ingot  wi th  the e x p e r i m e n t a l  va lue  of h e a t  r e m o v a l  
fo r  a g iven  c r y s t a l l i z e r .  The  c a l c u l a t i o n s  w e r e  t e r m i n a t e d  when  the i n d i c a t e d  v a l u e s  a g r e e d  wi th  the  r e q u i r e d  
a c c u r a c y .  We c a r r i e d  out  c a l c u l a t i o n s  fo r  an ingot  wi th  a c r o s s  s e c t i o n  of 0.24 x 1.71 m 2 fo r  w i t h d r a w a l  v e l o c -  
i t i e s  of 0 . 6 6 . 1 0  -2 and 0 . 9 8 . 1 0  -2 m / s e c .  The c a l c u l a t e d  r e s u l t s  w e r e  found to a g r e e  w e l l  wi th  the  e x p e r i m e n t a l  
da ta .  

h 

h c 

zd 
a, b ,  a l ,  b 1 

N O T A T I O N  

is  the  h e i g h t  of ingo t  m e a s u r e d  f r o m  the  m e n i s c u s ;  
i s  the  w o r k i n g  h e i g h t  of the  c r y s t a l l i z e r ;  
i s  the  h e a t - t r a n s f e r  c o e f f i c i e n t  fo r  h = 0; 
i s  the h e a t - t r a n s f e r  c o e f f i c i e n t  fo r  h = hc ;  

a r e  the  c o n s t a n t s .  

Dep.  2157-76 ,  May 18, 1976. 
O r i g i n a 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  23,  1976. 

1355 


