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T R A N S F E R  IN T H E  G A S E O U S  P H A S E  IN T H E  

O F  N O N E Q U I M O L A R  T R A N S E R  OF M A T T E R  

F I L M  C O L U M N  

E. N. K o n s t a n t i n o v ,  V. F .  P e t i n ,  
V. A. K u z n e c h n i k o v ,  a n d  1~. Sh .  T e t y a k o v  

UDC 66.048 

The ar t ic le  analyzes the l i terature  data on the effect of the concentrat ion or an inert  gas on the m a s s -  
t r ans fe r  coefficient and t rea ts  the published data on evaporation in a film column. A sys tem of differential 
equations of the process  of simultaneous heat and mass  t ransfer  is given for the calculation. 

It was established that the equation of nonequimolar mass  t ransfer  obtained f rom the S t e fan -Bo l t z -  
mann relat ions according to the fi lm theory of mass  t ransfer  descr ibes  sa t is factor i ly  mass  t ransfer  in 
binary mixtures also in the case of turbulent gas flow in film columns. Consequently, for the conditions 
considered, this equation is obtained by solution of the t ime-averaged equations of motion, continuity, and 
diffusion. On this one can obtain the equation of nonequimo[ar t ransfer  of mat ter  in multicomponent mix-  
tures ,  bearing in mind that in the case of insignificant velocities of mass  t ransfer  in compar ison with the 
velocity of the medium the equations of motion a re  the same for binary and multicomponent mixtures,  and 
one can descr ibe  diffusion in multicomponent mixtures by approximate linearized equations. For a slight 
change of concentrat ion in the direct ion of t ransfer  the ar t ic le  presents a derivation, using matr ix  t r ans -  
formations,  of an equation which shows that the difference between the total quantity of the component being 
t r ans fe r red  and that quantity which is t ransfe r red  by the total flow is determined by the usual equation of 
equimolar t ransfer .  This permitted the use of the known approximate equation of equimolar mass  t ransfer  
in multicomponent mixtures  to write the equation of nonequimolar mass  t ransfer  in a general  form 

n 

Ni -- giavNE= ~ __ ~ii (giigi ~ gig]i), 

where N is the molar  flow of mat ter ;  N t is the total t r ansver se  flow of mat ter ;  y is the mole fraction; fiij 
is the m a s s - t r a n s f e r  coefficient corresponding to the multicomponent mixture.  Subscripts 1, 2, i, j de-  
note the components or t ransformed functions; n denotes the number of components; av denotes the a r i th -  
metic mean; f denotes the interface.  

Translated f rom Inzhenerno-Fizicheski i  Zhurnal, Vol. 21, No. 2, pp. 362-377, August, 1971. Orig-  
inal ar t ic le  submitted October 9, 1970; abs t rac t  submitted January 11, 1971. 
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D E T E R M I N A T I O N  OF T H E  

F I E L D  S T R E N G T H  F O R  A 

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

C R I T I C A L  E L E C T R O S T A T I C  

F L O W I N G  F I L M  OF 

G. F .  S m i r n o v  a n d  V. G. L u n e v  UDC 66.063.8.537.27 

An increase  of the hea t - t r ans fe r  coefficient during condensation of Freons  in an e lectrosta t ic  field 
upon reaching a cer ta in  value of field strength (about 2 kV/mm) was noted in [1, 2]. In this case visual 
observat ion revealed runoff of the condensate f rom the electrodes.  

The ar t ic le  considers  the flow of the film of a liquid dielectr ic  on a fiat plate in an e lectrosta t ic  field 
in order  to determine the effect of the physical pa ramete r s  of the dielectr ic  on the magnitude of the c r i t i -  
cal field strength at which separat ion of the dielectr ic  f rom the surface occurs .  

The cr i t ical  field strength is determined f rom conditions of equality of the surface tension forces  
and e lect ros ta t ic  field during steady flow of the film. 

In determining the fo rces  it was assumed in the f i rs t  approximation: 

1) that the e lectrosta t ic  field strength in the fi lm and in the vapor differ insignificantly f rom the 
strength in the case of plane flow of a dielectr ic  film; 

2) that, for  wave flow of the dielectr ic ,  1 + y,2 = 1, which is valid in the case of a small  curvature 
of the surface of the waves (~ >> h0). 

In conformity with the assumptions made, the surface-bound charge density at the phase interface on 
the side of the liquid 

~o (~z - 1) ( 1 )  
•  0 

e l 

The density of the surface ponderomotive forces  acting on these charges,  

8 Z-t-1 (2) 
P~:=xEo 2el 

or,  using Eq. fl), 

PE ~ 2e~ ' 

With considerat ion of the assumptions made and [3] for a moving thin liquid film, the density of the 
surface tension forces  can be determined for the wave c res t  

p = __ ak2oho. (4) 

The cr i t ical  e lect ros ta t ic  field strength is determined f rom the condition J PE I ~- ] P(r I: 

V/ 2~(~ho (5) 

In [4] the pa ramete r s  of a steady wave flow k, a ,  and h 0 a re  determined f rom the condition of a mini-  
mum value of the potential energy and the presence of a harmonic charac te r  of the fi lm flow. 

The energy of the e lect ros ta t ic  field per unit volume is 

T e E~%[ ho ] = - -  1+ (~t-1)  (6) 
p .e .  2 ~ -  " 

It is seen f rom Eq. (6) that with a decrease  of the firm thickness the potential energy of the e lec t ro-  
static field, like the gravitational forces ,  decreases .  Consequently, to a f i rs t  approximation the pa ram-  
e ters  of a wave flow de te rminedaceord ing  to [3, 4] can be used in determining the cr i t ieal  field strength. 

Original ar t ic le  submitted Februa ry  13, 1970; abs t rac t  submitted January  14, 1971. 
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Calculat ions by Eq. (5) with the use  of the data of exper imenta l  s tudies [1, 2] gave the following values  
of the field s t rength  at  which separa t ion  of the f i lm occurs:  for  F r e o n - l l 3  [1] Ec r  = 1.4 k V / m m ;  for  F r e o n -  
11 [2] Ecr  = 1.6 k V / m m .  

E 0 

E c r  
Tp.e.  
PE 
Pcr 
d 
h 
h0 
Y 
k 

= 2~-/k  

O- 
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N O T A T I O N  

s t rength  of the e l ec t ros ta t i c  field c rea ted  by f r ee  cha rges  of the e lec t rodes ;  
c r i t i ca l  e l ec t ros t a t i c  field s t rength;  
potential  energy;  
densi ty  of the su r face  ponderomot ive  fo rces ;  
densi ty  of the su r face  tension fo rces ;  
dis tance between e lec t rodes ;  
th ickness  of the liquid d ie lec t r ic  f i lm; 
ave r age  f i lm thickness;  
moving coordinate  of the axis perpendicular  to the sur face  of the plane wall; 
wave number ;  
wavelength; 
coefficient  de termining  the ampli tude of the wave flow of the fi lm; 
su r face  tension force ;  
sur face-bound charge  densi ty of liquid d ie lec t r ic  a t  phase in ter face;  
d ie lec t r ic  constant;  
pe rmi t t iv i ty  of f r ee  space.  

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

1. Velkoff and Mil ler ,  Heat  T r a n s f e r ,  Trans .  ASME, 87, Set. C, No. 2 (1965). 
2. V . M .  Buznik, G. F. Smirnov,  and B. M. Zamkevich,  Transac t ions  of the Nikolaev Ship-Building 

Insti tute [in Russian] ,  No. 26, Nikolaev (1968), p. 75. 
3. V . G .  Levich, Phys icochemica l  Hydrodynamics  [in Russian],  F izmatgiz ,  Moscow (1959). 
4. P . L .  Kapitsa,  Zh. Eksp. Teor .  Fiz. ,  18, 3 (1948). 

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

T H E  N E C K  O F  A C R Y O G E N I C  L I Q U I D  C O N T A I N E R  

L.  I.  R o i z e n ,  Yu .  V. P e t r o v s k i i ,  
a n d  G. R .  R u b i n  

UDC 536.22 

Evapora t ion  caused by heat influxes through the neck of a ve s se l  of cryogenic  liquid is analyt ica l ly  
studied in the ar t ic le .  A calculat ion is conducted taking into account  the t e m p e r a t u r e  dependence of the 
heat -conduct ion coefficient  of the m a t e r i a l  of the neck. The problem is  solved with the following a s s u m p -  
tions: 1) the coeff icient  of heat  exchange of the wall  of the neck with t h e g a s  is constant;  2) the physical  
p rope r t i e s  of the gas do not depend on the t empe ra tu r e ;  3) axial  heat conduction through the gas is  absent;  
4) heat  influxes to the neck through the container  insulat ion a r e  negligibly sm~t[1. 

With the assumpt ions  made,  the equations of heat conduction for  the wall of the neck and of energy  
for  the gas flow a r e  conver ted to the f o r m  

= )~ (T) (r + K -- -Q), (1) 
dT 

V. I. Lenin All-Union Elec t ro technica l  Inst i tute,  Moscow. Original  a r t i c l e  submit ted July 13, 1970; 
a b s t r a c t  submit ted F e b r u a r y  1, 1971. 
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where  

Q m c L  r 
~ -  A =  , K -  ; 

mc (To - -  T c ) ' s c ( T  O - -  Tc)  

= ; T _ T o _ _ T ~  c 

(Q is the heat flux along the neck; T is the walt tempera ture ;  T O and T c a re  the tempera tures  of the hot and 
cold ends of container neck; m is the evaporation of the liquid; C is the isobar ic  heat capacity of the gas; 

is the coefficient of heat conduction; s, p are  the a rea  and per imeter  of the c ross  section of the neck 
wall; L is the neck; r is the latent heat of vaporization; c~ is the heat-exchange coefficient). 

Equation (1) is solved numerical ly  at a fixed value of the parameter  B / A ,  as a resul t  of which the 
dependence Q (~') is obtained. The variable A was computed f rom the values of Q @) 

l 
A = C ~" (T)  d T  

J 
0 

The dependence A = f(B) is obtained over the range 0 _< B _< 50. The calculations were conducted on 
the Minsk-22 computer for liquid helium and hydrogen. The tempera ture  of the hot end of the neck (To) was 
chosen to be equal to the tempera ture  of the surrounding medium (300~ of liquid nitrogen, and hydrogen 
(77.4 and 20.4~ respectively).  The neck mater ia l  was Khl8N10T steel. 

The resul ts  of the calculation a re  presented in the form of graphs of the dependence of the dimen-  
sionless evaporation A/ '~ on the dimensionless pa ramete r  fl = B ~-X-= L 4 ~ p / s ~  ()t is the mean integral 
heat-conduction coefficient). A compar ison with the solution for ~ = ~ = const is presented; it is shown that 
in this case the value A / X  is 2.5 t imes higher for  liquid helium and 35% higher for liquid hydrogen at T O 
= 300OK. 

T H E  E F F E C T  O F  T H E  T E M P E R A T U R E  D E P E N D E N C E  

O F  C O N D U C T I V I T Y  ON T H E  T E M P E R A T U R E  D I S T R I B U T I O N ,  

C U R R E N T ,  A N D  E L E C T R O M A G N E T I C  F I E L D  IN A P L A N E  L A Y E R  

R.  S. K u z n e t s k i i  UDC 538.56+536.212.2 

The s teady-s ta te  tempera ture  and electromagnet ic  field in the plane layer I zl -< 1 on the cooled s u r -  
faces of which a constant tempera ture  is specified, as well as a monochromat ic  tangential e lect r ical  field 
of amplitude e ~ is the solution of the following sys tem of equations and boundary-value conditions: 

t" = - -  a]e] ~, e " :  2iv~oe; t ( l ) = t '  (0)=e '  (0)=0,  e (1)=1; (1) 

j = ere and h = ie '  determine e. Here z is a coordinate; t is the tempera ture ;  cr = e(t) = 1 - k t  is the con- 
ductivity; e, h, and j a re  colnplex amplitudes of the e lect r ical  and magnetic fields and current  densit ies 
r e fe r red ,  respect ively,  to the quantities a, cr~176 cr ~ ~- ~(0), e ~ e~  cr~176 )t, ~, 04 2a a re  the 
thermal  conductivity, magnetic permeabil i ty,  t empera ture  conductivity coefficient, and thickness of the 
plane layer ;  co is the frequency; v -= n /2  = a~r -~pco /2 ;  k = ~~176 e is parallel  to e~ h is orthogonal 
to e ~ and parallel  to the layer  surfaces .  

By seeking the solution in the form of a se r ies  t = ~ k l t  l , one obtains for the coefficients linear 
l=0 

equations which can be integrated in quadratures .  In part icular ,  the f i rs t  approximation assumes  a famil iar  

Original article submitted June 24, 1970; abstract submitted January 5, 1971. 
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t t  ~ = t5  

I//// Fig.  1. The  d e p e n d e n c e  of 
t I on z fo r  v a r i o u s  v a l u e s  
of v. 

f o r m  

~o -- ce (n) - -  c~ (nz) ch (1 + i) vz sh (t + i) vz 
nect(n) ' e~176 c h ( l + i )  v ' h~ c h ( l + i )  v ; 

(2) 

f o r  the  f i r s t  c o r r e c t i o n  p r o p o r t i o n a l  to k one  ob ta in s  

n Q ( n ) - s ~ ( n )  1 I [~(n ) ] } 
2 , ~  (n) t, = { 2~] (n) [s~ (2n) - 2h (n)] - ~- 6 q ~ -  + 7c~ (n) + ~ (n) [c~ (n) - ~ (.z)] 

! 
+ To- (4 [fl (n) - [l (nz)] + 3 [c I (2n) --  c 1 (2nz)]) --  nc~ (n) [sl (n) --  zs I (nz)]; (3) 

nq (n)--s~ (n) 
2n2c 2 (n) Re e~=[c~ (n) nz - -  s~ (nz)] f~32 + {f3 (n) f~T43--[f~ (n) +i ]  f+34~} 

ci (n) 

§ - ~  12 - -  --cl (n )§  cl (nz) ~alaal §  [cdn)--c2 (nz)l/~3a , cl (n) 

2n~c~ (n) Im ex=-  [c2 (n) nz - -  s~ (nz)] [1+234 -~ nc~ (n) - -  s~ (n) [2341 + [fl (n) -t- 1] c~(n) {f3(n) + f~43} 

+ ~ -  3 c~ (n)--c.2 (nz)--4 - -  fi3al +[c t  (n)--q (nz)] [~33 ; q (n) 

c~ (n) - -  c2 (nz) 

[ 4 ] nc~.(n)--s2(n) 

fu33 + q (n) 4nc~ (n) Re hi=2 c 3 (n) nz--  -if- s 2 (nz) + 

x{[[i(,O+ll + ' [2442 ~- [3 (n) [f~2} + T [q (n)-- e~ (nz)] [i432 + 6s~ (nz) ~ + 12 eL (n) + 7 lea (n)-- c~ (nz)] [~+34 , 

[ 4 1 n~(,O-s~(n) 
4nc~ (n) Im hl = 2 c~ (n) nz--  T s~ (nz) [~34~- C l(n) 

X {[[~(n)-i-ll[4422--/:~(n)[~42 } ~ - T  7[c~(n)- -c~(nz)]  /~32-~- 12 c~(n) Q(n)~-c~(nz)  [+1234--6s~(nz)[~33 �9 

(4) 

(5) 

(6) 

H e r e  el,2(}) =cosh~_ + c o s } ;  sl,2(~ ) = s i n h }  :~ s i n ~ ;  fl(}) = c ~ 1 7 6  f2,t(~) = c ~  ~: s i n h ~ c o s ~ ,  
f3 (4) = s inh  } s in  ~ ; f~l  m s  -= f+ (v, z) = fg (v)f/(vz) ~= f m  (v)fs Wz) �9 

As  s h o w n  in Fig .  1, t i ,  a s  wel l  a s  the modu l i  and  p h a s e s  of el,  hi,  and fl ,  have  b e e n  a n a l y z e d  a s  f u n c -  
t i ons  of z, c a l c u l a t e d ,  and p lo t ted ,  f o r  v a r i o u s  v a l u e s  of the  p a r a m e t e r  v; the  l im i t i ng  c a s e s  have  b e e n  i n -  
v e s t i g a t e d  in  de ta i l .  The  cond i t i ons  u n d e r  wh ich  the ob ta ined  a p p r o x i m a t i o n  could  be used  w e r e  a l s o  e s t a b -  
l i shed .  
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C A L C U L A T I O N  O F  T H E  T U R B U L E N T  C H A R A C T E R I S T I C S  

O F  F L O W  IN A P L A N E  C U R V I L I N E A R  D U C T  

B.  P .  U s t i m e n k o  a n d  N. D.  G o b y z o v a  UDC 532.54 

We consider  the s t eady- s t a t e  c i r cu la r  motion of an incompress ib le  v iscous  fluid under p r e s s u r e  in a 
plane curv i l inear  duct. The following equations hold for  this type of flow: v x = v~; Vr = v~; v~0 = v~0 + v~;  
p = p + p ' ;  Vx = Vr = 0; v = v (r); p = p(r,  q~); and the der iva t ives  of the averaged  var iab les  with r e sp ec t  to q~ ~o 
t h e  coordinates  x and ~o vanish  at zero  (except that 0p/a q~ ~ 0). 

, i The equations for  the components  of the co r re l a t ion  tensor  viv ] have the same  f o r m  as for  the case  of 
c i r cu la r  flow between rotat ing cyl inders  [1]. 

In the der iva t ion  of the equations we used s e m i e m p i r i c a l  re la t ions  for  the diss ipat ion of fluctuation 
motion: 

3 

D = 2 ' v  ' Oz i Ox'~z = vcl - - ~ -  + 61i ~ " 12 
k=t  

and for  the exchange of energy  between different  components  of the veloci ty  fluctuations [2]: 

In order  for  these equations to be closed they must  be augmented with the equation of ave rage  motion 

and the turbulence sca le  l must  be determined.  

In o rder  to s implify the calculat ions we consider  sepa ra te ly  the flow domains near  the duct walls ,  
where  v~0/r  << ~ 9 / 0 r  and, there fore ,  Reco / << Re/,  and in the cent ra l  par t  of the flow, where the motion 
approx ima tes  potential flow, v~0r = B = const,  and it is pe rmis s ib l e  to let 

I z 1 d 

The dis t r ibut ions of the ave rage  veloci ty,  turbulent  f r ic t ion s t r e s s ,  f luctuation intensi t ies  of the 
veloci ty  vec tor  components ,  and other c h a r a c t e r i s t i c s  exhibiting good a g r e e m e n t  with exper iment  [3-4] 
a r e  obtained on integrat ing the der ived equations. 

The analytical  equations have the f o r m  

-- 2-- 4/3(te[c--1)ReE - -  2(ReE-]-cl]c) 
v , i  (k/c) Re E + cdc (kit) R% + cdc ; 

~/-v'~'r ~ [ 213(klc--1)R% ] 1/2 Ree 

\ v , 

Y % -'~' I _ -{ 2(ReE+cl[c) 11/2 ReE 
v,~ (k/c) Re z + cx/c (k/c) (Re E + clio) ~ ; 

v 

Kazakh Sc ien t i f i c -Resea rch  Insti tute of Power Engineering,  Alma-Ata .  Original a r t i c l e  submit ted 
July 20, 1970; a b s t r ac t  submit ted January  1, 1971. 
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for  flow near  the walls ,  and 

z),i 

Ur 

2_2kcl/3 412/3 R% l ]112 ReE ; 
- + ~ 

V , i  -- [ kcl/3 4C2/3-k'~E Re~ J ] 112 l'-~-,~ 

u 

vq~ : ki/2 cl/6 I~e E 
v, i  ~ , i  ; 

'V 

Re~ 
V rv ,~v~ : c~/3 lv ,~ 

'v 

for the potential flow domain. 

E 

l 
Cl, C, k 
6_ij 

I ? T p l  
Vx, Vr, vcp, p, Vx, Vr, v r  

P 
Y 

~7 
rl ,  r2 
v , i  
Re/ = (/2 32v~p/Or)/v; 
Re~l = ~ 2 ~ / r ) l  v; 
Re E = lY E / v  

N O T A T I O N  

is the f luctuation kinetic energy;  
is the turbulence scale ;  
a r e  emp i r i ca l  constants;  
is the Kronecker  delta; 
a r e  the ave r a ge  and fluctuation values of the veloci ty  vec tor  components  and 
p r e s s u r e ,  respec t ive ly ;  
is the density;  
is the k inemat ic  v i scos i ty  coefficient;  
is a un iversa l  coordinate;  
a r e  the tangential  f r ic t ion s t r e s s e s  at  the walls;  
is the dynamic velocity;  

are dimensionless local criteria. 

1. 

2. 
3. 

4. 
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HEAT TRANSFER IN THE NUCLEATE 

OF FREE-FLOWING LIQUID FILM 

B O I L I N G  

I .  V. D o m a n s k i i  UDC 536.242 

The pr incipal  mechan i sm respons ib le  for  heat t r a n s f e r  in the nucleate boiling of a f ree- f lowing f i lm 
at  modera te  heat inputs is convection. The h e a t - t r a n s f e r  p rocess  can the re fo re  be descr ibed by means of 
the following equation f r o m  the s e m i e m p i r i c a l  theory  of turbulent heat t r ans fe r :  

~z v Pr 
X u. ap'  

provided that the dynamic ve loc i ty  u .  is exp res sed  in t e r m s  of the total energy  diss ipat ion E 0 in the layer  
adjacent  to the wall, in the f o r m  u ,  = 4 ~ - E - ~ .  Here  k, v, and p a r e  the t he rma l  conductivity, k inemat ic  
v i scos i ty ,  and densi ty  of the liquid; and P r  is  the Prandt l  number.  

In the case  of boiling of a f ree- f lowing f i lm the quantity E 0 consis ts  of the energy  diss ipat ion due to 
flow of the f i lm and the diss ipat ion due to the rapid growth of vapor  bubbles on the heat -exchange sur face  
[1]. 

The h e a t - t r a n s f e r  equation deduced f r o m  these assumpt ions  appea r s  as  follows a f t e r  t r ans fo rma t ion  
to a f o r m  suitable for  engineer ing calculat ions:  

I " " 

% \ % ] 

where  ~0 is the h e a t - t r a n s f e r  coefficient  for  f r ee  flow of the f i lm and ~b  is the h e a t - t r a n s f e r  coefficient  for  
boiling of the liquid in a thin f i lm and may  be a s sumed  to be proport ional  to the h e a t - t r a n s f e r  coefficient 
~pb for  pool boiling, i .e . ,  

ab=a r 

The value of the propor t ional i ty  fac tor  a is de te rmined  exper imenta l ly .  

The val idi ty  of Eq. (1) was tes ted exper imenta l ly  on a s y s t e m  the pr incipal  working component  of 
which is a s ta in less  s teel  (steel 1Kh18N9T) tube 1 m in length. An e lec t r ic  hea te r  is located inside the 
tube. The liquid, preheated to the boiling point, was made to flow in a f i lm over  the ex te r io r  sur face  of 
the tube. The exper imen t s  were  conducted with ethyl alcohol at a tmosphe r i c  p r e s s u r e .  

The val idi ty  of Eq. (1) was a lso  conf i rmed by compar i son  with the exper imenta l  data obtained in [2] 
for  f i lm boiling of wa te r  on the in te r io r  sur face  of a copper  tube. 

It was es tabl ished by compar i son  of the data of Eq. (1) with the exper imenta l  r e su l t s  that the p ro p o r -  
t ionali ty fac tor  a in express ion  (2) may  be a s sumed  to be constant  and equal to 0.5. 

1 ~  

2. 

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

I. V. Domanskii ,  Inzh.-Fiz .  Zh., 19, No. 4, 629 (1970). 
V. I. Leverash ,  Teploenerget lka ,  No. 3, 86 (1969). 

Lensovet  Technological  Insti tute,  Leningrad.  Original  a r t i c l e  submit ted May 4, 1970; a b s t r a c t  sub-  
mit ted November  23, 1970. 
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EFFECT OF RADIATION ON HEAT TRANSFER 

IN PLANE LAYERS OF LIQUID 

T. V. Gurenkova, p. A. Norden, 
and A. G. Usmanov 

UDC 536.3 

In the measurement  of heat conduction coefficients of liquids special attention has recent ly  been 
turned to e r r o r s  connected with the effect of radiation. 

In this ar t ic le  the resul ts  of a study of tempera ture  fields in plane layers  of liquid in the absence of 
f ree  convection a re  presented and a tentative evaluation of the radiant component of the effective coeffi-  
cients of heat conduction of 11 liquids (saturated hydrocarbons,  alcohols,  toluene, benzene, and water) is 
given. 

The tempera ture  fields were constructed f rom in te r fe rograms  taken on an IAB--451 instrument,  con-  
verted into a diffraction in ter ferometer .  An LG-75 optical quantum genera tor  [1] was used as the light 
source.  

The effective coefficients of heat conduction of the liquids were measured by the relative method on 
a plane layer.  The thickness of the layer studied varied over the interval f rom 5 = 1.20 to 6.00 ram. All 
the studies were conducted in the region of room tempera tures ;  the tempera ture  difference at the boundary 
layers  was f rom 0.5 to 5.0~ 

The in te r fe rograms  and tempera ture  distributions constructed f rom them (Fig. 1) graphical ly  show 
that under the same conditions the tempera ture  distributions in water and octane have different natures. 
For  octane, as well as for all the saturated hydrocarbons,  toluene, and benzene studied, the tempera ture  
distr ibution represen ts  a curve the nature of which depends on the thickness of the layer studied, the t em-  
perature  difference at the boundaries,  and the optical propert ies  of the medium. For  water and alcohols,  
which absorb s t rongly in the infrared region of the spectrum, the tempera ture  distribution always remains  
linear. 

A monotonic dependence of the effective coefficient of heat conduction of saturated hydrocarbons,  
benzene, and toluene on the thickness of the layers  studied was discovered.  The dependence obtained 
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Fig. 1. In te r fe rograms of t em-  
perature  fields in layers  of water 
(a) and octane (b, c) and t emper -  
ature distributions constructed 
f rom them: 1) octane; 2) water.  

S. M. Kirov Chemical-Engineer ing Institute, Kazan' .  Original ar t ic le  submitted September 23, 
1970; abs t rac t  submitted January  13, 1971. 
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al lowed a tentative evaluation of the magnitude of the radiant  component of the effective heat-conduction 
coefficient. This value was negligibly small  for water and alcohols, while for saturated hydrocarbons,  
benzene, and toluene under the conditions of our experiment it was f rom 3.7 to 7.6%. 

Thus, the experimental  resul ts  showed that, in the room tempera ture  region radiant heat exchange, 
accompanying the molecular  heat conduction, can affect in a marked fashion the tempera ture  distribution 
and effective coefficient of heat conduction of liquids. 

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

1. A . I .  Narbekov, P. A. N6rden, and A. G. Usmanov, Inzh.-Fiz.  Zh., 16, No. I (1969). 

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

A S T A C K  OF S H E E T S  O F  E L E C T R O T E C H N I C A L  S T E E L  

A. I .  B e r t i n o v ,  O. M. M i r o n o v ,  
V. N. B a z a r o v ,  a n d  V. F .  I v a n o v  

UDC 536.21:621.3.042.2 

Equivalent thermal  conductivities are  given in Table 1 for packs of t r ans fo rmer  sheet steel of grades 
E31, ~.44, and Hyperco; the values are  for  compress ion  up to 2.8 �9 10 r N / m  2 at 60-180~ and heat fluxes 
of 0.98-4.4 W / c m  2 (Fig. 1). 

A descript ion is given of the apparatus,  the experimental  methods, and the calculations, and also 
a roughness tests.  

An analysis  of the experimental  resul ts  shows that the equivalent thermal  conductivity increases  with 
the p ressure  on account of reduction in the contact res is tance.  The change is largest  up to 8 �9 106 N / m  2. 

The tempera ture  also affects ~e; tow Pc means that much of the heat is t ransmit ted through the air  
f i lms,  and the effects of t empera ture  a re  then most  prominent. The t ransfer  is controlled by the e las to-  
plastic behavior at higher Pc, and the decisive feature is the number of contact spots; the effects of t em-  
perature  a re  then small.  

TABLE I .  

6 

Steel 

�9 t~31 

~44 
I~44 

Basic Charac ter i s t ics  of the Packs 

~ Treatment sheet ~ ~ ~ 

Oxidation at 600 ~ C in 
air for 1 h 

0,4 37,9115,6 

3 -- 0,37 37,94 5,194 
3 Reduction at 900~ for 0,37 37,94 5,194 

2 h, cooling with 
container to 200 ~ C 

4 Hyperco 7 -- 0,365 38,02 5,11 

5* Hyperco 7 Coating with talc 0,395/0,365 38,02 4,165 
suspension 

*Pack of five coated sheets and sex uncoated sheets placed alternately. 

o,oi5 

14 

14 
14 

14 

11 

S. Ordzhonikidze Aviation Institute, Moscow. Original ar t ic le  submitted November 23, 1970; ab-  
s t rac t  submitted December  31, 1970. 
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Fig. 1. Values of )re, W / m - d e g ,  as  
functions of contact p r e s s u r e  Pc (N 
/ m  2) for: 1--4) E44; 5, 6) E31; 7-10) 
Hyperco;  1) t = 106-115~ q = 1.07- 
2.18 W/cm2;  2) 151-164; 2.28-3.14; 
3) 103-109; 1.89-2.76; 4) 154-163; 
3.06-4.4; 5) 102-112; 1.29-1.98; 6) 
161-180; 2.7-3.36; 7) 99-107; 1.77- 
2.44; 8) 60-66; 0.98-1.23; 9) 107-115; 
2.04-2.52; 10) 165-174~ 3.52--4.21 
W / c m  2. 

The resu l t s  for  1~44 and Hyperco  show that reduct ion i n c r e a s e s  h e by up to 15%, while tale coating 
reduces  it  by a f ac to r  1.6-1.9.  

The r e su l t s  can be used in calculat ions on laminated cores .  

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

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

S T A T I O N A R Y - F L O W  M E T H O D  

V. E .  V o l k o v ,  R .  A.  R y a b o v ,  
a n d  P .  V. G e l  rd 

UDC 669.788:539.219.3 

In the a r t i c l e  an expres s ion  is obtained for  the es t ima te  of the opt imal  t ime of degassing of a sample  
between two success ive  m e a s u r e m e n t s  of the diffusion coefficient  of hydrogen in me ta l s  according to the 
s t a t ionary- f low method. 

In the case  of a comple te ly  degassed  sample ,  the length L intercepted on the t ime axis by the a s y m p -  
tote of the t ime  dependence of the p r e s s u r e  of the gas diffusing into the volume V e q u a l s / 2 / 6 D  (l is  the 
sample  th ickness;  and D is the diffusion coefficient).  For  the case  of the s ame  sample  par t ia l ly  degassed 
during a t ime t '  l a rge r  than the re laxa t ion  t ime,  the re la t ive  deviation of this length f r o m  L is de termined 
f r o m  the express ion  

12 [ D~2I ' ] 
e ~  z~ ~ exp [ - - - - F - 3  " 

S. M. Kirov Ura l  Polytechnic Insti tute,  Sverdlovsk.  Original a r t i c l e  submit ted July 2, 1970; ab -  
s t r ac t  submit ted December  31, 1970. 
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F r o m  this express ion  we can obtain the opt imal  degass ing  t ime of the sample ,  which enables us to de-  
t e rmine  a value of the diffusion coefficient  with sys t ema t i c  deviat ion not exceeding e. 

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

O. F .  T i t o v a  a n d  A.  S. T r o f i m o v  UDC 536.2.01 

In the a r t i c l e  a solution is presented for  a t e m p e r a t u r e  prob lem by an approx imate  method. 

The main  problem of the approx imate  method is the reduction of par t ia l  differential  equations to 
a sy s t em of ord inary  different ia l  equations with the condition of min imum e r r o r  of the solution. One of 
the mos t  useful  methods is  the method of the quas i s t a t ionary  t e m p e r a t u r e  distr ibution,  in which it is a s -  
sumed that  the t e m p e r a t u r e  field v a r i e s  in the s a m e  way as does the t empera tu re .  However,  it is i m -  
possible  sa t i s fac to r i ly  to desc r ibe  the function for  the va r ia t ion  of the t e m p e r a t u r e  field over  the ent i re  
t ime  in terva l  by the f i r s t - o r d e r  equation that r e l a t e s  the t e m p e r a t u r e s  of in te res t  to us. 

In the a r t i c l e  a method using a s econd-o rde r  equation is suggested for  decreas ing  the e r r o r  of the 
solution obtained. As an example  we take a s ing le - l aye r  plate with heat  r e l e a se ,  the rmal ly  insulated on 
one side and washed by a coolant flow on the other side. A s y s t e m  of o rd ina ry  different ial  equations r e -  
la tes  the plate t e m p e r a t u r e  averaged  over  the c r o s s  sect ion and the per turba t ions  (internal sources  of 
heat  r e l e a se  and t e m p e r a t u r e  of the cooling coolant) in nonsta t ionary  conditions. 

Calculat ions show that a sma l l  complicat ion in the s y s t e m  of equations leads to a more  exact  solu-  
tion of the t empe ra tu r e - ca l cu l a t i on  p rob lem (the va r iab i l i ty  of the coefficient  of heat exchange is allowed 
for  in the equations). F igure  1 gives a compar i son  between the approx imate  solution obtained and the exact  
solution [1]. We see  f r o m  Fig. 1 that for  large t imes  the exact  and approx imate  solutions ag ree ,  and for  
smal l  t imes  our s econd-o rde r  approximat ion  differs  only v e r y  slightly f r o m  the exact  solution, whereas  
the quas i s t a t ionary  solution gives qual i ta t ively i n c o r r e c t  resul t s .  

The proposed method can be used a l so  for m o r e  complex s y s t e m s  - a mul t i layer  plate, a cyl inder ,  
and others  with two-sided heat  exchange, with dis t r ibuted heat sources ,  etc. 

o2 .11  

o qoz 

f 
2 

" �9 3 

qo4 o, o8 ~oa T 

Fig. 1. Var ia t ion of mean  t e m -  
pe ra tu re  of plate for  t e m p e r a t u r e  
jump on the surface:  1) exact  so -  
lution; 2) quas i s t a t ionary  solution; 
3) s econd-o rde r  approximation.  

1. 

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

A. V. Lykov, Theory  of Heat  Conduction [in Russian],  Vysshaya Shkola, Moscow (1969). 

Original  a r t i c l e  submit ted November  11, 1968; a b s t r a c t  submit ted November  24, 1970. 
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CALCULATION OF TEMPERATURE FIELDS OF 

PLACED IN A CONTAINER, WITH NONLINEAR 

BOUNDARY CONDITIONS 

N. M. Belyaev and A. A. Ryadno* 

SOLIDS 

UDC 536.24 

The problem of determining the nonstat ionary tempera ture  field of a mater ia l  inside a metal con- 
tainer,  when the heat flux outside is related to the tempera ture  of the container surface by a nonlinear 
function, reduces  to the solution of a nonlinear Vol ter ra  integral  equation, second order  with respec t  to 
the t empera tu re  of the container.  To simplify the solution of the obtained integral  equation we consider 
two periods - quasis ta t ionary and initial. For  the quasis ta t ionary conditions an exact analytical  solution 
is obtained. The initial period is investigated using the integral  method. Calculation formulas  are  given 
for the case of r ad i a t ive -convec t ive  heating. The solutions obtained enable us, for h igh- tempera ture  hea t -  
ing conditions, to take account of the effect of the specific heat of the container on the tempera ture  d i s t r i -  
bution in solids of c lass ica l  shape inside the container. 

MATHEMATICAL DESCRIPTION OF TRANSIENTS IN 

THERMOELECTRIC POWER SOURCES WITH 

DISTRIBUTED PARAMETERS 

A. p. Baranov, Yu. G. Manasyan, 
and A. E. Solov'ev~ 

UDC 621.362 

Increased power and performance in thermoelectric power sources require one to consider the tem- 
perature gradients at heat-transfer surfaces on account of cooling of the heat carrier and heating of the 
coolant at finite flow rates. This requires a mathematical description of the transients that incorporates 
this gradient. 

The temperature is represented by continuous functions with piecewise-continuous derivatives up to 
the second order, inclusive. 

The transients in a system with flat elements are described by a system of nonlinear inhomogeneous 
equations of parabolic type incorporating the Peltier, Thomson, and Joule effects in the presence of gra'- 
dients at the surfaces. 

Analytic expressions are derived for the current, voltage, and power in terms of the temperature 
distribution in the elements for the following cases: 

I. The electrical parameters are expressed via integral mean characteristics for the temperature 
distributions. The units are joined in series and the load is resistive. There is negligible insula- 
tion leakage. 

2. As I, but leakage must be considered. 

3. The electrical parameters are defined in terms of the temperature distribution on the basis of 
constant temperature gradient along the y axis, with the partial derivatives replaced by finite- 
difference relations. The load is resistive and the leakage is negligible. 

The equations allow one to simulate on a computer the transients in the elements and the power source. 

* State University, Dnepropetrovsk. Original article submitted October 28, 1970; abstract submitted 
January 5, 1971. 

~Original ar t ic le  submitted November 2, 1970; abs t rac t  submitted January  27, 1971. 
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A T U R B U L E N T  A I R  J E T  P A S S I N G  T H R O U G H  

A S E M I P E R M E A B L E  O B S T A C L E  

V. F .  D u n s k i i  a n d  L.  I .  M o n d r u s  UDC 532.517.4 

There  a r e  var ious  technical  p rob lems  involving passage  of turbulent  jets  through pe rmeab le  ob-  
s tac les .  A study has a l r eady  been made [1] of p a s s a g e  through a p l ana r  grat ing,  and here  we consider  the  
m o r e  genera l  case  of passage  through a s e m i p e r m e a b l e  layer .  

The momen tum M is constant in the incident par t  of the j e t ,  but it d e c r e a s e s  in the layer .  The de-  
c r e a s e  in a dis tance dx is 

d M  = - -  ~ M d x ,  (1) 

where  ~ is  a constant  for  the l ayer  and c h a r a c t e r i z e s  the permeabi l i ty .  

We solve this equation and a s s u m e  that the ve loc i ty  profi le  r ema ins  s i m i l a r  in an axial ly  s y m m e t r i c  
jet, so that the boundar ies  r e m a i n  rec t i l inea r  [2]; we a lso  a s s u m e  that the profi les  cor respond  approx imate ly  
to that for  the unper turbed jet [2], which gives us an equation for  the a i r  flow through an a r b i t r a r y  c r o s s  
sec t ion  within the layer." 

O~ ~O . 484 UoRox exp [ _  ~ ( x 2 xl) ] . (2) 

It follows f r o m  (2) that the flow ra te  i n c r e a s e s  with x fo r  x = xl, and a lso  that Q2 "~ 0 for x --* ~o. The 
flow ra te  ini t ial ly i nc rea se s  with x but then dec rea se s ;  but the la t ter  is physical ly  imposs ib le ,  so the above 
assumpt ions  about the veloci ty  profi le a r e  physical ly  possible  only if the a i r  flow ra te  within the layer  in-  
c r e a s e s  with x. The c r i t i ca l  l ayer  thickness  is then 

2 (3) 
AXcr ~ T - -  xl" 

If the thickness  exceeds  this ,  we a s s u m e  that the r a t e  is  constant,  which means  that the boundar ies  
mus t  be curv i l inear ,  and the jet expands m o r e  rapidly  than does an unper turbed one. 

The c r i t i ca l  th ickness  becomes  negative if 2 /}  < xl, which means  physical ly  that the jet is unable to 
ove rcome  the obstacle  comple te ly  when there  is a l ayer  of low permeab i l i ty  f a i r ly  r emote  f r o m  the nozzle. 
The l ayer  t r a n s m i t s  only par t  of the jet, as  in [1]. 

These  r e su l t s  a r e  conf i rmed qual i ta t ively by photographic tes ts  on jets ,  and quanti tat ively by the 
prof i les  of the total  and s tat ic  p r e s s u r e s  in f ront  of the l ayer  and behind it. 

N O T A  T I O N  

M is the momentum;  
is the l ayer  permeabi l i ty ;  

x is  the dis tance f r o m  the init ial  sect ion of jet; 
x 1 is the dis tance f r o m  that sect ion to the front  of the layer;  
Ax is the layer  thickness;  
AXcr is the c r i t i ca l  l ayer  thickness;  
R 0 is the nozzle radius;  
U 0 is the mean  a i r  speed in the initial  sect ion;  
Q2 is the a i r  flow ra te  in the c ro s s  section. 

1o 

2. 

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

V. F. Dunskii and L. M. Mondrus,  Inzh. -Fiz .  Zh., 18, No. 4 (1970). 
G. N. Abramovich ,  Theory  of Turbulent  Je ts  [in Russian] ,  F izmatg iz ,  Moscow (1960). 

All-Union Sc ien t i f i c -Resea rch  Insti tute of Phytopathology, Moscow. Original  a r t i c l e  submit ted Sep- 
t e m b e r  16, 1970; ab s t r ac t  submit ted November  23, 1970. 
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PARAMETERS OF NONEQUILIBRIUM PLASMA JET 

OF HIGH FREQUENCY DISCHARGE IN HELIUM 

V. A.  S h u v a l o v  UDC 533.932 

An experimental  study is presented of the pa ramete r s  of a subsonic nonisothermic raref ied plasma 
jet generated by a coaxial source  at a frequency of 7 MHz at p ressures  in the working chamber of 0.03, 
0.09, and 0.15 mm Hg and magnetic fields of 40, 30, 25, and 20 Oe in the measur ing  region. On the axis 
in the center  of the source,  the magnetic field was equal to 800 Oe. A thermoanemometer  adapter,  a 
Langmuir  probe with a molybdenum fiber 0.09 mm in diameter  and 17 mm long, was used in all the mea-  
surements .  The tempera ture  T w = Tw(V ) and v o l t - a m p e r e  I2 = IE (V) charac te r i s t i cs  of the adapter  fiber 
were read at distances of 50, 75, 100, and 125 mm f rom the output opening of the source along the jet axis. 

For  t reatment  of the e lectron component the probe charac te r i s t i cs  were measured by the Langmuir 
method. On the other hand in a subsonic jet where U~ < 9 k T e / m i ,  the plasma potential 

%~.lx=o 4- kTe in ( 
e 1 -[0.97 Sel 

and the concentrat ion of charged part icles  

n~I~/0,4e 2~aL ~2~7e/~ err ( g~ / a )  

can be determined f rom the ion part  of the probe charac ter i s t ics .  (Here ~? = eV/kTe ,  Sei = U o o ~  
and a is the radius of the electrode layer.) It must be noted that the concentrat ion of ions n i was sys temat i -  
t a l ly  1.2-1.4 t imes lower than the concentrat ion of electrons n e found by the Langmuir method. 

The values of the plasma potential determined by the Langmuir method and calculated f rom Eq. (1) 
a re  found to be in good agreement .  

The velocity ra t io  S n was calculated f rom the values 

of the measured p res su re  in the source  P0 and the static p ressure  in the jet p. The maximum e r r o r  in de- 
termining S n did not exceed ~:10%. 

The tempera ture  T n of the neutral  part icles  was determined f rom the level of the energetic balance 
of the fiber. The maximum relat ive e r r o r  in determining T n did not exceed ~:18~c. 

The values of T n found made it possible to evaluate the mass  velocity of the jet Uoo ~ 800, 600, and 
480 m / s e c  and the concentrat ion of neutral part icles  n n ~ 0.76, 2.01, and 3.29 �9 l0 ts cm -3 at p = 0.03, 0.09, 
and 0.15 mm Hg, respect ively.  

The analysis  of v o l t - a m p e r e  and tempera ture  charac te r i s t i cs  of the t h e r m o a n e m o m e t e r - L a n g m u i r  
probe made it possible to obtain the distribution of the basic local parameters :  t empera ture  of e lectrons 
Te, ions Ti, and neutral  part icles  Tn, the concentrat ion of charged part icles,  and the plasma potential 
along the jet. The resul ts  of the studies showed that an increase  in discharge and gas p ressure  leads to a 
decrease  in the tempera ture  of the charged part icles ,  the Maeh number,  and the veloci ty of the jet, and in- 
c reases  the tempera ture  of the neutral  gas. The decrease  in the temperature  of the charged part icles along 
the jet was accompanied by a slight decrease  in the degree of ionization. The tempera ture  of the neutral 
gas along the jet remained constant within the limits of measurement  e r ro r .  

Original ar t ic le  submitted April  7, 1970; abs t rac t  submitted November 23, 1970. 
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TEMPERATURE DEPENDENCE OF THE DAMPING 

COEFFICIENTS FOR A DYNAMICAL SYSTEM 

WITH A SINGULAR KERNEL 

S. I. Meshkov and Yu. A. Rossikhin UDC 532.135 

Algebra ic  equations in f rac t ional  powers  a r e  the cha r ac t e r i s t i c  equations encountered for  damped 
f r ee  osci l lat ions in a o n e - m a s s  s y s t e m  the m e m o r y  effect  of which is r ep resen ted  by weakly s ingular  
kerne ls .  If the kerne ls  a r e  of Abel, Rabotnov, or  Rzhani tsyn a f te re f fec t  type,  the cha rac t e r i s t i c  equations 
do not have r ea l  roo ts  on the f i r s t  sheet  of the Riemarm sur face  and so they cannot be used to desc r ibe  
aper iodic  damping. It is found f r o m  the roots  and the r e t a rda t ion  and re laxa t ion  spec t ra  that there  is a 
reg ion  of aper iodic  motion only if the s y s t e m  has i ts  6-function s ingular i t ies  confined to the r e l axa t ion-  
t ime  spec t rum.  

An example  is considered of a Rzhani tsyn re laxa t ion  kernel ,  for  which the following is the initial  
equation of motion in t e r s m  of the d isp lacement  x a f t e r  a pulse FS(t): 

~ + o ~ x -  ( o ~ - @  .I R (t '), ( t - t ' ) a t ' =  FS(O. (1) 
0 

Here  co~ and COo a r e  the natural  f requencies  of the unrelaxed and re laxed e las t ic  v ibra t ions ,  while R(t) is 
the re laxa t ion  kernel :  

38 
t ~'-1 exp (-- t / 'r)  sin a~ 7 I ~,--2 exp (--t/T) d'~ (2) 

R (0 = r (7) ~ - n .J (~ -- ~j~ ' 
0 

o < 7.~ 1. 

By analogy with a s tandard l inear  body (7 = 1), the solutions to (1) with the p rope r t i e s  of (2) descr ibed  
v ibra t iona l  and l imi ta t ional  motions.  The equi l ibr ium posit ion is de te rmined  by the r e t a rda t ion  and iner t ia l  
f ea tu res  via a Laplace t r a n s f o r m ,  the dis tr ibut ion of which becomes  that of the re ta rda t ion  t imes  in the 
quas is ta t ic  case.  

The behavior  of the roo ts  is  examined in the pr incipal  complex plane, and it is found that Q influences 
the t e m p e r a t u r e  dependence of the damping coefficients and of the cor responding  ampl i tudes  for  the v i b r a -  
t ional  and l imitat ional  motions.  

Original  a r t i c l e  submit ted March  1O, 1970; a b s t r a c t  submit ted January  13, 1971. 
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