
A B S T R A C T S  O F  A R T I C L E S  D E P O S I T E D  AT VINITI*  

LOCAL HEAT TRANSFER ON A PLATE WITH AN 

INITIAL UNHEATED PART WITH LAMINAR FLOW 

IN THE BOUNDARY LAYER 

V. M. Legkii and A. S. Makarov UDC 536.244 

Measurements  a re  reported on local heat t r ans fe r  for a plate in a current  of a ir  with a constant wall 
t empera tu re  in the hea t - t rans fe r  zone; a water-cooled sectional  plate was employed, namely, a ca lor imeter  
of length 0.3 m and thickness 0.008 m. The leading edge of the plate took the form of a c i rc le  of radius R = 
0.072 m, which provided 2.3 4- 0.2% turbulence in the incident flow, and also a stable laminar mode of flow in 
the boundary layer up to a Reynolds number of 140.103. The air  t empera tu re  was 50~ while the surface  
t empera tu re  of the plate in the hea t - t rans fe r  zone was 10~ with the speed of the air  flow in the range 2-35 
m / s e c .  The hea t - t rans fe r  measurements  were  made with t ransducers  for two cases : with the plate heated 
throughout and with the plate having an initial unheated part ,  whose length was 0.0235, 0.0385, or 0.1635 m. 

The results  for complete heating agreed within ~:12% with Polhausen's  formula.  The initial unheated 
part reduced the hea t - t rans fe r  ra te ,  and the effect of this was closely described by the cor rec t ion  factor  
derived by Ecker t  f rom the analytical  solution. 

Dep. 782-76, March 1, 1976. 
Original ar t ic le  submitted May 25, 19740 

H E A T  T R A N S F E R  IN  P L A S T I C - F I L M  C L O C H E S  

G. V.  K o b y l y a n s k i i  UDC 536.2.01 

The thermal conditions in unheated plastic cloches are determined by the energy accumulated in the soil 
when night conditions are unfavorable; proper use requires evaluation of the various types of heat loss from 
such structures. The heat loss from a cloche consists of convective and radiation fluxes from thesurface of 
the soil, those from the surface of the cloche itself, and radiation from surrounding areas. 

A previous study has been made [1] of the thermal conditions in such cloches on the basis of convection, 
radiation, and freezing of the surface of the soil during night frosts; the solutions indicate that the spectral 
characteristics of the structure influence the balance between the convective and radiative fluxes, with the 
latter predominant and in any practical case being not less than 70% of the total heat loss. 

Figure 1 shows the air temperature t a under the film as a function of the spectral characteristics of the 
cloche, which themselves determine the radiation emission. The relationship is nonlinear and indicates that 
the transmission coefficient D 2 for long-wave radiation does not by itself fully characterize the thermal pro- 
tection provided by a cloche. 

*All-Union Institute of Scientific and Technical Information. Copies of deposited papers can be ordered from 
Production and Printing Section, All-Union Research Institute of Scientific and Technical Information VINITI, 
403 October Prospect, Lyubertsy, i0, Moscow Region. 
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Fig. I .  Air  t empera tu re  in a cloche as a func- 
t ion of the spec t ra l  charac te r i s t i cs  of the cover -  
ing (outside air  t empera tu re ,  --6~ the rmal  
conductivity and the rmal  diffusivity of soil  under 
film, 0.8 W / m - d e g  and 3 -10 -4 m2/see) .  The 
numbers on the curves a re  the values of r 2. The 
values for ta a r e  in ~ 

The resul ts  show that one of the major  features for classifying such devices,  which a re  used, for 
example, to protect  plants f rom frost ,  is the ref lect ion coefficient r 2 for long-wave radiat ion.  

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

1. I . A .  Ioffe, Go V. Kobylyanskii, and I. N. Kotovich, Dokl. VASKhNIL, No. 2 (1974). 

Dep. 1921-76, January 26, 1976. 
Original a r t ic le  submitted February  20, 1975. 

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

G R A P H I T I Z E D  C O K E  A T  3 5 0 - 2 5 0 0 ~  

P .  E .  K h i z h n y a k ,  A .  N.  L u t k o v ,  
B .  K.  D y m o v ,  a n d  V .  N.  M i k h a i l o v  

UDC 536.2.082 

Artificial graphite is commonly made from finely divided coke from petroleum and other sources, which 
is first heat-treated (graphitized) above 1500~ Reliable values can be obtained for the heat-transfer param- 
eters for a bed of such material after compression on the basis of the experiments reported here. The ther- 
mal conductivity was determined for the range 350-1300~ by the tube method, while the range 1300-2500~ 
was covered by using a cylinder with an internal heat source. 

Measurements were made of the thermal conductivity of petroleum coke and pyrolysis coke of particle 
size up to 15 mm in air at pressures of 7-10 l~a and in helium at 15 .i04 ~ after compression of the powder 
at pressures up to 16,000 Pa, the results covering the range 350-2500~ The temperature dependence of the 
thermal conductivity was much the same for all compression pressures, which confirmed that the theoretical 
relationships due to Dul'nev, I~ganer, and others are applicable, and also extends the range of utility of these 
formulas up to 1300~ inclusive. The measurements also show t.hat the three components of the effective ther- 
mal conductivity in a granular material can be measured. 

1. The conductivity due to actual contact between grains, which may be measured under high vacuum 
up to 500~ 

2. The conduction due to radiat ion f rom part icle  to part icle  via the cavit ies,  which may be determined 
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under high vacuum above 800~ as the difference between the effective thermal  conductivity and the contact 
component.  

3. The conductivity due to the gas between the par t ic les ,  which may be determined as the difference 
between the total  effective the rmal  conductivity and the sum of the components due to radiation and contact.  

This model for the t ranspor t  mechanism allows one to examine each of the components separate ly ,  
especially via detailed measurements  of the components in fairly s imple  experiments .  For  the same  reason,  
differential  equations for the effective the rmal  conductivity in t e rms  of these  components a re  more  real is t ic  
and convenient. 

The following formula applies for the s teady-s ta te  effective the rmal  conductivity along the x coordinate:  

OT _ ), 07" OT OT 

and, correspondingly,  for the nonstationary thermal  conductivity: 

( OT', ,:3( OT) 0 tiT'\ 
C 01: Ox 

Dep. 780-76, February  19, 1976. 
Original ar t ic le  submitted Apri l  24, 1975. 

THERMOPHYSICA L CHARACTERISTICS 

CONTAINING GLASS FIBER 

OF P O L Y E T H Y L E N E  

M.  M.  R e v y a k o  UDC536.21 

A composite containing erosslinked polyethylene filled with glass fiber has been made,  which has im-  
proved heat res i s tance  in combination with good physicomechanieal  pa ramete r s .  

The initial mater ia l  was low-density polyethylene grade 10702-020, which was filled with 5, 10, 20, or 
40 wt. % glass fiber of length 5-10 ram, grade VSO-10V. The crossl inking agent was dicumyl peroxide, MRTU 
anterrepublic  Technical  Specification) 09-6273-69, which was used in the following weight ratios to the poly- 
ethylene: 3, 5, and 7 wt. %. 

The degree  of crossl inking in the polymer  has a marked effect on the s t rength and thermophysica l  char -  
ac te r i s t i c s .  

Heating at a constant ra te  was used to determine the thermophysiea l  cha rac te r i s t i c s .  

The e r ro r s  of measurement  did not exceed the theore t ica l  e r r o r s  for the method (5% for h and 8% for 
a). 

The resul ts  were  used to draw up the following cu rves :  

= f (p). a = f (p). c = HP) 

The the rmal  conductivity and the rmal  diffusivity increase  with the degree  of filling; h and a fall over 
the range 5-10 wt. % filling, the falls only exceeding the e r r o r  of experiment slightly, however.  The the rmo-  
physical  parameters  of composites containing up to 20 wt. % filler differed little f rom those of the initial poly- 
ethylene. At higher filling contents, the the rmal  diffusivity and the rmal  conductivity increased .  

The filler reduced the specific heat, the value 1.6.103 J /kg  .deg being attained at 40% filling, which is 
less by almost  a factor  of 1.5 than that for pure polyethylene, the reason  being that the specific heat of glass 
fiber is less than that of polyethylene. 

Dep. 784-76, February  16, 1976. 
Original article submitted July 23, 1975. 
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D O U B L E - C O N T A C T  M E T H O D  OF D E T E R M I N I N G  

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

D .  D .  T a l i n  a n d  V .  V .  T e r e s h a t o v  UDC 66.021.3 

It is not pract icable  to determine by experiment the mass content of a t ranspor ted  mater ia l  in various 
sol ids,  granular  mate r ia l s ,  or bonding agents,  which complicates the determinat ion of m a s s - t r a n s p o r t  co-  
efficients.  In that case ,  the coefficients can be determined as follows. A spec imen with an initial specific 
mass content ul0 is put in contact with a standard spec imen and a spec imen of the s a m e  mate r ia l  but having a 
different specif ic  mass  content u20. The experiment is performed under i so thermal  conditions for a t ime r 
such that the specific mass contents of all  three  bodies far  f rom the contacts r ema in  unchanged. 

Measurements  a re  made of the amounts of mater ia l  t r ans fe r r ed  f rom body 1 to body 2 and to the s tan-  
da rd ,namely ,  Ms and lVI~, respect ive ly .  

The amount of mater ia l  t r ans f e r r ed  through unit a rea  in t ime T for bodies 1 and 2 can be put as 

and for body 1 and the s tandard 

Ms = (Uxo - -  U,o) V V~amT , (1) 

(2) 

F r o m  (1) and (2) we have 

M~ 2(u10--~) 
- (3) 

Ms /210 - -  U20 

The effective t ranspor t  coefficient a m for the mater ia l  is found f rom (1), while (3) gives u b. 

The m a s s - t r a n s p o r t  potential 0b is deduced f rom the mass content of the standard body at the boundary 
on the basis of 

u b = cmO b , 

�9 which enables one to calculate the mean  isothermal  specific eapaeity em for the mater ia l .  

This method has been used to de termine  t ranspor t  eoefficients for plast te izers  in polymers  with large 
amounts of f i l ler .  The standard body was a s tack of polyethylene f i lms,  which provided a s imple  sys t em as 
well as re l iable  determinat ion of ~b. 

Dep.  779-76, February  12, 1976. 
Original a r t ie le  submitted Apri l  7, 1975. 

G E N E R A L I Z E D  C O N S T R U C T I O N  

L A W S  F O R  B O U N D A R Y  B O D I E S  

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

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

UDC 536.21 

The t empera tu re  distr ibution in a body of regula r  geometr ica l  shape can be represented  as a ser ies  in 
even powers of the coordinate:  

T (X, "r) = X A2n (X) x2n, 
n~O 

and then the ra te  of displacement  vo for the isotherms is 

i A'9_n ( ' 0  x ~  

[O(lo--X) 1 = n=O 

% = k O r  Jo 2 '~ 
nAgn x2n-1 

(z) 
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E x p r e s s i o n s  for  A m ( r )  have  b e e n  used  t o  show tha t  t h e  s e r i e s  in  t h e  n u m e r a t o r  and d e n o m i n a t o r  in  (1) c o n -  
v e r g e  in  a c c o r d a n c e  wi th  d ' A l e m b e r t ' s  c r i t e r i o n  for  cons t an t  va lue s  of t h e  t h e r m o p h y s i c a l  p a r a m e t e r s  and 
mono ton ic  t i m e  v a r i a t i o n  A 0(r) in  t h e  t e m p e r a t u r e  a t  t h e  c e n t e r .  

I t  has a l s o  b e e n  shown tha t  fo r  A0@) ~ v ( q u a s i s t a t i o n a r y  s t a t e s )  t ha t  

m t z  

o 0 - -  
x 

(2) 

w h i l e  fo r  A0(v ) ~ exp ( - - a t )  ( r e g u l a r  t h e r m a l  s t a t e )  t ha t  ~0 = [8(1 - -  7?)/aFo]o , r e s p e c t i v e l y ,  fo r  p l a t e ,  c y l i n -  
d e r ,  and s p h e r e :  

Jo (~1~) ~ 
ttl ctg ~i~l; .ai ~ ;  1 

-- -- ~i ctgltD] 

t n t h e  n o n l i n e a r  c a s e ,  w h e r e  ep = cp(T)  and h = h ( T ) ,  i t  is  found tha t  

1 
A0 (3) = T (x = 0, 3); As (3) = 2m---~- Ao (T); 

1 dA2 m A2 d ln cp 1 d In 3. 
An(3)= (4m+S)  a dr + ~  2 dr 2 A~ dT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

If  i t  is  a s s u m e d  tha t  d i n t o / d r  and d In h / d r  a r e  bounded ,  t he  fo l lowing  f o r m u l a  is  der i ,eed f r o m  (1) and 
t h e  v a l u e s  for  A m ( r )  fo r  t h e  r a t e  of d i s p l a c e m e n t  of t h e  i s o t h e r m s  in t he  c e n t r a l  p a r t  of t h e  body (x --" 0): 

ma (T) 
o 0 = - -  , (3) 

x 

w h e r e  a Or) is t h e  t h e r m a l  d i f fu s iv i t y  of t he  m a t e r i a l  a t  t he  t e m p e r a t u r e  a p p l i c a b l e  to  t h e  c e n t e r  a t  t i m e  r fo r  
w h i c h  the  s p e e d  v 0 a t  point  x n e a r  t he  c e n t e r  of s y m m e t r y  is  to  b e  c a l c u l a t e d .  

Equa t ion  (3) can  be  used  to  d e t e r m i n e  the  t e m p e r a t u r e  d e p e n d e n c e  of t he  t h e r m a l  d i f f u s i v i t y  a = a or) 
f r o m  a s i n g l e  e x p e r i m e n t  wi thout  r e s t r i c t i o n  on the  r a t e  of change  of 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  in  t h e  body ,  
and thus  without  r e l a t i o n  to  t h e  f o r m  of t h e  b o u n d a r y  c o n d i t i o n s .  

NOTATION 

T,  t e m p e r a t u r e ,  x and 71 = x / l  o, l o t h e  d i m e n s i o n a l  and d i m e n s i o n l e s s  c o o r d i n a t e s  of a poin t  in t h e  body ,  
and a l s o  t h e  c h a r a c t e r i s t i c  d i m e n s i o n  of t he  body {ha l f - th ickness  fo r  a p l a t e ,  r a d i u s  of c y l i n d e r  o r  s p h e r e ) ,  
cp ,  X, a = k / c p ,  t h e  bu lk  s p e c i f i c  hea t ,  t h e r m a l  c onduc t i v i t y ,  and t h e r m a l  d i f fu s iv i t y ,  r ,  Fo  = a r / l  2, t i m e  
and F o u r i e r  n u m b e r ;  #1, t h e  f i r s t  r o o t  of t h e  c h a r a c t e r i s t i c  equa t ion  for  t he  t h e r m a l  conduc t ion .  

Dep .  781-76,  F e b r u a r y  16, 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  N o v e m b e r  4, 1975. 

A NONSTATIONARY PROBLEM IN CONVECTIVE DIFFUSION 

A. T. Chub and V. M. Zakopailo UDC 621.38 

Distribution of the concentration has been determined for the reducing component in a working electrolyte 
in the cathode region of a ehemotron transducer in the form of a truncated cone. The region is axially sym- 
metrical, so the concentration distribution is two-dimensional if the region is treated as a truncated wedge. 
In practice, the truncated cones have radii at the ends that differ little, so the wedge may be approximated as 

a circular sector bounded by the arcs of two concentric circles r = a I and r = a 2 (a I < a2) and two sections of 
straight lines constituting an angle 2xp i (~0 i > 0). 

It is assumed that the readout electrode is the cathode, which coincides with the side surface of the 
truncated cone, while the electrolyte flows through the cathode channel in a laminar fashion, and the device 
works in the limiting diffusion-current mode. It is also assumed that the concentration of the active compo- 

nent at the inlet to the cathode channel is CI= coast, whereas it is zero at the outlet, i.e., C(a2, q0, t) = 0 if 
t > 0and --~ -< ~0-<~o I. 
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' In that ease,  the der ivat ion of the concentrat ion in this region amounts to solving the equation for con- 
veotive diffns i o n :  

OC , alv o OC 
-r = DV2C {1) 

at r Or 

subject  to the following boundary and initial conditions: 

C(r,  ~1, t ) = C ( r ,  - - ~ x ,  t ) = 0 ,  a 1 < r < a 2 ,  t > 0 ,  

C (a a, % t) = CI"= const, - -  ~1 < tp < r t > 0, 

C(a., % t)=0, - -qh<~<~l ,  t>0 ,  

C (r, ~,  0) = Co (r, ~),  a x < r < % ,  I ~ t < ~ x .  

A l ap l ace  t r ans fo rm is applied to (1) to give 

where 

D [ - ~ r  ~O~C ~ l--2Vr OC= q l . a ' C  ]_p-~(r,  ~, p)=--Co(r ,  ~p), 
Or r" Oq~ ~ 

(2) 

2V = alv'--~~ �9 
D 

The substitution C = rVU(r, ~0, p) t r ans fo rms  (2) to 

mu l au , a~.u ( ~ ~- I  Co(,-,~) 
Or - -T  + -7-'--~r + r: "a,~ -~  + u Dr v (3) 

It is showntha t  a special  integral  t r a n s f o r m  applied to (3) with the boundary conditions appropriately 
t r ans fo rmed  can give the exact solution 

w 

o 
- -  d s ,  

where  F(~0, p, s), Rn(# (p/D)r, p, s) a re  known functions and Jis is a Besse l  function of complex argument;  
then ~ = rUU(r, ~0, p), and thus the Riemann- -  Mellin formula gives 

1 f C (r, % t ) =  ~ i .  C (r, ~, p) ePtdp. 

L 

Dep. 789-76, Februa ry  25, 1976. 
Original a r t ic le  submitted August 28, 1975. 

N O N S T A T I O N A R Y  M O T I O N  OF A F L U I D  IN  A 

C Y L I N D R I C A L  S H E L L W I T H  AN A D D I T I O N A L  

N O I S E  S O U R C E  

A .  A .  K a n d a u r o v ,  A .  K. G a l l y a m o v ,  
a n d  T .  M.  M u b a r a k o v  

UDC 532.51 

Differential  equations have been solved for the nonstat ionary motion of a fluid in an axially symmet r i ca l  
shell  of rotat ion neglecting the frict ional loss;  these  cha rac te r i ze  the process  with sufficient precis ion only 
for a shell having no additional noise sources  at any point along the length, such sources  being leaks, blind 
branches ,  part ly blocked p re s su re  controls ,  and so on. 

These  additional sources  of in terference substantially dis tor t  the pat tern of the nonstat ionary p rocesses ;  
in te r fe rence  then occurs  between oscillations of various frequencies and amplitudes,  which can cause auto-  
mat ic -con t ro l  or monitoring devices to t r igge r ,  and can also cause overshoot and so on. 
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Nonstationary motion of a fluid in a cyl indrical  shell  with an additional noise source  is considered for 
the case  of instantaneous occur rence  of a perturbat ion (for instance,  connection or disconnection of a pump, 
or opening or c losure  of a p ressur iz ing  sys tem) .  

It is shown that the sys t em of equations for the nonstationary motion in the presence of this additional 
noise and s imple  t ransformat ions  produce an equation with a deviating argument  of neutral  type.  

The case is that of a noise source  producing a constant delay ~'. 

It is assumed that the speed of propagation c for the perturbations is constant.  Miknsinsky t r a n s f o r -  
mations a re  used for zero initial conditions and for boundary conditions specified as piecewise-continuous 
t ime functions to der ive  solutions for the equation without delay and with delay. An explicit operator  r e p r e -  
sentat ion is used to examine the behavior of the solutions.  It is found that the liquid in any given sect ion is 
involved in severa l  different types of motion, the number of these increasing with t ime.  Oscillations ar is ing 
in the initial sect ion propagate with the velocity c throughout the length. Distorted oscillations begin t o  propa-  
gate for ~ < ~o after  t ime intervals t = jT (] = 1, 2 . . . .  ), i . e . ,  noise effects a r i se .  These oscillations also 
propagate with speed c, and a t a n  a rb i t r a ry  point x show distort ions of a definite form.  The propagating waves 
a re  ref lected f rom the ends, and the dis tor t ion remains  the same  for any point in the range for all ref lect ions.  

A comparat ively  s imple formtda descr ibes  the nonstationary motion in a cyl indrical  shell  with such an 
additional noise source  (leaks, blind sect ions,  and so on), and this can be used as a working formula.  

Dep. 783-76, February  25, 1976. 
Original a r t ic le  submitted March 28, 1975. 

AN ITERATIVE METHOD IN OPTIMAL CONTROL 

OF METAL HEATING 

V.  V.  K u l i k o v  a n d  A .  F .  K r a v t s o v  UDC 669.046.518.61 

Optimal control  in a metal  heater involves a sys tem with distributed pa ramete r s ,  no mat ter  what the 
per formance  cr i ter ion,  and the sys tem is descr ibed by differential  equations in part ial  derivatives in conjunc- 
t ion with complex boundary and initial conditions. 

Numerical  methods have to be used in such cases ,  but the lack of suitable computational techniques has 
previously prevented one f rom utilizing numerical  methods fully, in par t icular ,  i terat ive methods.  Fast  digi-  
ta l  computers  incorporated into au tomat ic-cont ro l  sys tems  for metal  heating can provide adequate accuracy  in 
defining the optimal control  input by i terat ive methods, one advantage of these being that the operations a re  
always of the same  type, and therefore  a re  readily p rogrammed.  

Quasi l inearizat ion is used as an i terat ive method in optimal control  for metal heating in a sys t em w i t h  
distributed parameters  ; the method is as follows. The differential  equation for the controlled process  is used 
with the boundary conditions which a re  supplemented by equations for the influence functions (conjugate s y s -  
tem).  Nominal values a re  then selected for the phase variables and influence functions to satisfy as many of 
the boundary conditions as possible,  and the optimality conditions a re  used to determine the nominal control  
action. The equations fo r the  controlled process  and the conjugate sys t em are  linearized with respect  to this 
nominal input, af ter  which a sequence of inhomogeneous two-point boundary-value problems is solved. The 
solution is improved until the equations for the heating and those in the conjugate sys tem a re  satisfied with the 
required accuracy .  

This method is applicable to define the most rapid mode of heating, and expressions a re  derived that 
can be utilized in the i terat ion algori thm to define the optimal solution. 

This method can also be used in minimizing the energy consumption in heating, minimizing scaling,  and 
S O  on. 

Dep. 788-76, February  6, 1976. 
Original ar t ic le  submitted December  9 ,  1975. 
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T H E R M A L  C O N D U C T I V I T Y  I N  A L A Y E R E D  S Y S T E M  

N. V .  P a l ' t s u n  a n d  B .  M.  P r o k o f ' e v  UDC 536.21 

A method is given for determining two-dimensional  nonstat ionary t empera tu re  distributions in a mult i-  
layer sys t em.  

The sys t em consists  of n homogeneous plane-paral le l  layers of a rb i t r a ry  thickness that differ in the rmal  
diffusivity. Each layer has its own local coordinate sy s t em xk0yk, with the xk axis taken as the s y m m e t r y  
axis of the layer and the Yk axis lying along a common s t ra ight  line perpendicular  to the Xk axes .  The layers 
a re  numbered f rom the top downward. 

The t empera tu re  distr ibution in any layer is defined by the function Tk(x, y,  t), which is a solution to 
the equation for nonstat ionary the rma l  conduction. Laplace and Four ie r  integral  t r ans fo rms  with respec t  
to t and x, respect ively ,  a re  applied in sequence to reduce this equation to an ordinary second-o rde r  differen-  
t ia l  equation with constant coefficients for the desi red function. The general  solution is dependent on two a r -  
b i t r a ry  coefficients Ak and Bk, while the solution for the sys tem as a whole is dependent on 2n coefficients,  
which can be derived f rom the boundary conditions and the conditions for t empera tu re  and heat-flux continuity 
at the common boundaries .  The continuity conditions provide r e c u r r e n c e  formulas for the coefficients a k  and 
ilk, which a re  equivalent to the unknown coefficients Ak and Bk. These  r e c u r r e n c e  formulas define all  the 
functions ~k and flk and, consequently, all the Tk(~, y, p) if one can define a single pair  of the ~k and /3k, 
for instance cz 1 and ill. 

The values for ~l and f l  have been determined for major  boundary-value cases for such a sys tem,  
which thus yield the other coefficients via the r e c u r r e n c e  formulas ,  which involves solving only one linear 
algebraic  equation, no mat ter  what the number of l ayers .  For  instance,  if the following conditions a re  spec i -  
fied for the upper and lower boundaries of the sys tem,  

OTn (x, - -  hn, t) 
T1 (x, hi, t)=f(x, t), =0, (1) 

OV 

then the expressions for a n  and fin a r e  used with (1) in t e rms  of the coefficients cx 1 and /31 to give 

~i = H~ (a, p, hi, ha . . . . .  hn) al, 

where hi, h 2 . . . . .  hn a r e  the half- thicknesses of the corresponding layers and Hn is the function cha rac t e r i z -  
ing the thermophys ica l  p a r a m e t e r s  of the sys t em.  This a lso shows that a single equation for al  is sufficient 
to  solve the problem for the t r a n s f o r m  region.  

The t empera tu re  distr ibution in the mult i layer  sys t em can be derived via inversion formulas when ak  
and /~k have been der ived.  

Computational difficulties a re  involved in deriving Hn, but these may be avoided by employing a r e c u r -  
rence  formula for the function. 

The application to a two- layer  sys t em is d i scussed .  

Dep. 786-76, March 9, 1976. 
Original ar t ic le  submitted June 12, 1975. 

D R O P L E T  S I Z E  I N  M O N O D I S P E R S E  L I Q U I D  S P R A Y I N G  

V. F. Dunskii and N. V. Nikitin UDC 66.069.8 

Approximately identical drops a re  produced when a nonwetting liquid flows at a very  low ra te  f rom a 
capi l lary under gravi ty ;  the drop d iameter  d = ( 1 2 R c r / p g )  1/3 given by theory is confirmed by experiment,  e .g . ,  
for drops of water  formed at the lower end of a ver t ica l  s teel  capi l lary of radius R = 0.024 or 0.033 cm. 
About 30 drops were  produced in 1 min. The ra t io  of the mean measured d to the calculated value was 0.89- 
0.92, i . e . ,  the agreement  was c lose .  
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When a nonwetting liquid is d ispersed by a rotating perforated d rum (at ve ry  low liquid flow rates) ,  d = 
(12Ra/prco) 1/3, and experiments on this were based on the drum of outside radius r = 2.5 cm and radius for a 
single radial  hole R = 0.025 cm. Water  was supplied at a flow ra te  Q = 0.004 cm3/sec with the drum rotating 
at co = 157 see -1. The mean values of d differed f rom the calculated values by 9-10%. The coefficients of 
var ia t ion for the deviations of d f rom the mean were 0.84-1.5%, i . e . ,  the drops were highly uniform in s ize .  

In the case  of a wetting liquid d ispersed by a rotating disk d = (C/c0)(cr/pr) 1/2, with the constant C close 
to  2.7 for mineral  oils [1]. The formula has been verified for co in the range f rom 30 to 10,000 sec -1, r f rom 
2 t o  1 1 c m ,  p f rom 0.9 to 1 3 . 6 g / c m  3, a f rom 29 to 465 g / c m  2, ~? f rom 0 .01 to  26 g / c m . s e c ,  a n d d f r o m  
0.003 to 0.4 Cmo In this range,  C var ies  f rom 1.9 to 4.6 [1-3]. The formula is also applicable for a wetting 
liquid dispersed by a rotat ing perforated drum (this has been cerified for co of 105-314 sec -1, r of 1-5 cm, R 
of 0.04-0.2 cm, ~ f rom 29 to 33 g / s e e ,  and W of 0.19-2.4 g / e r a . s e e ) .  Throughout this range,  the values of C 
for drum and disk were  s imi la r .  

These  formulas for the droplet  s izes  for a var ie ty  of d i spersa l  p rocesses  thus give resul ts  in total ag ree -  
ment with experiment,  i . e . ,  a re  suitable for approximate calculat ions.  

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

1. W. Walton and W. W. Prewett ,  in: Aerosols  in Agr icul ture  ERussian translat ion],  Moscow (1965), p. 
22. 

2. V . F .  Dunskii and V. Nikitin, I n z h . - F i z .  Zh., 9, 54 (1965). 
3. H. Hege, C h e m . - I n g . - T e c h . ,  36, 52 (1964). 

Dep. 1843-76, September 8, 1975. 
Original ar t ic le  submitted May 29, 1974. 

SATELLITE DROPLETS IN MONODISPERSE 

DROPLET PRODUCTION 

V. F. Dunskii, N. V. Nikitin, 
and G. A. Shul'ginova 

UDC 66.769.8 

When a liquid is being dispersed as droplets of the same  size,  smal le r  polydisperse satell i te droplets 
a re  somet imes  produced.  

A liquid emerging f rom a capi l lary under gravity at ve ry  low flow rates  (primary state) produces only 
identical droplets  (no satel l i tes);  satel l i te  droplets a re  produced only at elevated flow rates  (near the cr i t ical  
flow ra te  and in the second mode of spraying) .  

In the case of a rotating sp raye r ,  the auxil iary droplets a re  formed even in the f i rs t  state,  i .e . ,  at 
very  low flow ra tes .  Experiments have been performed on liquid spraying at very  low flow ra tes ,  and even 
a ra te  of Q = 0.00027 cm3/sec did not yield droplets without satel l i tes ,  but in that case the main droplets and 
the satell i tes had a very  narrow range of s izes ,  with the number of satell i tes equal to the number of main 
droplets ,  the d iameter  rat io being about 0.3 and the proport ion of satel l i tes by weight about 3%. 

The spread in the droplet s izes increases  with Q {the width of the deposition r ing increases) .  

Similar resul ts  have been obtained in dispers ing a liquid with rotating perforated drums .  

The probable cause of the differences is that droplets produced by gravity alone grow in virtually im-  
mobile a i r ,  whereas centrifugal  d i spersa l  resul ts  in large speeds of the dispers ing sys t em with respec t  to the 
a i r ,  i . e . ,  large a i r - r e s i s t a n c e  forces  act on the droplets .  It is c lear  that at the s ta r t  of formation,  where the 
droplet  projects  only a little beyond the outer edge of the d i spersa l  sys tem,  the a i r  r e s i s t ance  should be of 
secondary  importance,  but in the second (final) stage the air  r e s i s t ance  increases ,  and this would appear  to 
acce le ra te  the second stage,  i . e . ,  droplet  detachment,  which implies accelera ted rupture  in the neck between 
the drop and the liquid at the edge (by compar ison with immobile air}, with the resul t  that satellite droplets  a re  formed.  

Dep.  1844-76, September 8, 1975. 
Original ar t ic le  submitted March 11, 1975. 
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HYDRODYNAMIC BEHAVIOR OF A TWO-PHASE 

VORTEX FLOW AT LOW V ORTICITIES 

V. P. Gribkova, L. V. Novosel'skaya, 

and I. M. Plekhov 

UDC 532.529.5 

A mathematical  model is presented for the hydrodynamic processes  in an absorpt ion apparatus employ-  
ing a r is ing two-phase  spiral  flow. 

In such a case,  the laminar liquid film is exposed to a turbulent sp i ra l  gas flow, and it is assumed that 
the liquid and gas a r e  incompress ible ,  with the flow in the steady s ta te  and axially symmet r i ca l .  The film 
thickness is much tess than the d iameter  of the contact device,  so the problem is one involving the differen-  
t ia l  equations for a boundary layer ,  which can be considered as lying on a flat sur face .  

The viscous tangential s t r e s s  is accompanied by turbulent s t r e s se s  in the gas flow, and these can be 
discussed in t e rms  of available measurements .  The mathematical  model is descr ibed by a sys tem of equa- 
tions for the motion and for the continuity for the turbulent gas flow and for the laminar film, which a re  sup-  
plemented by boundary conditions for the immobile sur face  (attachment condition), for the interface (equality 
of the velocities and tangential s t r e s s  es, and abs ence of mass t r ans fe r  through the interface),  and also for the 
flow (constancy of the axial component of the velocity).  The film thickness may be determined by employing 
the equation for the constancy of the liquid flow ra te  in each sect ion.  

The problem has been solved with a Minsk-22 computer .  

The tangential,  axial, and radial  components of the velocity in the film and the boundary gas layer have 
been determined in relat ion to the actual speed of the gas,  the liquid input, and the angle of the spi ra l ;  values 
have also been derived for the tangential  s t r e s s  at the interface,  the fi lm thickness,  and other quantities, 
which a re  presented in figures and a table.  

For  instance, for a liquid flow ra te  G = 0.115 kg /msec ,  an axial speed Uax = 10.75 m/ sec ,  and a film �9 
thickness ranging f rom 6 = 0 .75.10 -4 m at x = 0.075 m to 5 = ] .8 '10  -4 m at x = 0.078 m will give a tangential 
s t r e s s  T5 under analogous conditions ranging f rom 5 to 2.5 kgf/m 2. 

These  resul ts  show that a spi ra l  flow differs f rom an axial flow in giving high velocity gradients near the 
interface,  which accelera tes  the mass  t r ans fe r .  

Dep. 1910-76, March 24, 1976. 
Original ar t ic le  submitted June 9, 1974. 

NONSTATIONARY THERMOELECTRIC COOLING 

IN A TWO-STAGE THERMOELEMENT 

E .  K.  I o r d a n i s h v i l i  a n d  B .  E . - S h .  M a l k o v i e h  UDC 537.324 

Experimental  and mathematical  studies have been made on nonstationary the rmoelec t r i c  cooling in a 
two-s tage  thermoelement  in the cons tan t -cur ren t  mode with separa te  supplies to the s tages .  

The thermoelements  were made as previously described [1,2]; the height and a rea  of a branch in the 
working sect ion WS were 1 cm and 0.01-0.05 cm 2, while those for the r e a r  s tage RS were 4-65 cm and 2 cm 2. 
Experiments have been made with the independent and joint operation of the s tages .  If only the r e a r  s tage 
car r ies  current ,  the peak cooling in the working stage,  which here is a passive load, does not attain the opti- 
mal cooling for a single thermoelement  in the steady state  (ATopt); the maximum cooling in that case  (AT -~ 
0.6 ATopt) occurs when the r e a r  s tage ca r r i es  a current  2Iop t (Iop t is the optimum current) .  If only the work-  
ing stage ca r r i es  current ,  the r e a r  s tage serves  as a heat sink, in which case the peak and s teady-s ta te  de-  
grees  of cooling attained for Iopt a re  the largest ,  the Values being, respect ively ,  0.7ATopt and 0.6 ATopt. If 
the two stages a re  operated together ,  the cooling is dependent not only on the ra t io  between the currents  in the 
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stages but also on the connection sequence.  The largest  t empera tu re  reduct ion (N1.2ATopt) occurs for IRs = 
2Iopt and IWS = Iopt. Here the current  in the working stage is switched on at an instant such that the mini-  
mum tempera tures  due to the two currents  a re  attained simultaneously.  

The Laplace t r ans fo rm has been applied to derive analytical  expressions for the cold-junction t empera -  
~ure in the working s tage when current  flows only in one of the s tages ,  and also when the two stages work to -  
gether .  If the r e a r  s tage alone is operating, the t empera tu re  at the cold junction in the working stage is de-  
pendent on the cur ren t .  If the current  is smal l  (IRs < 2Iopt), the maximum cooling at the cold ]unction in a 
two-s tage  thermoelement ,  ATopt, is [I2/2 p~ ,  which corresponds  to Iopt and is attained in the steady s ta te .  
In the range IRS > 2Iopt, the maximum cooling is a peak effect and occurs at smal l  t imes .  The peak cooling 
ATm in that case  is dependent on the ra t io  of the a reas  of the stages /~ = (SRs -- SWS)/(SRS + SWS) and on the 
parameter  h /2 / - a tm (h is the height of the working stage,  a is the thermal  diffusivity of the mater ia l ,  and tm 
is the t ime at which the maximum cooling is attained). Thevalue of ATm increases  as h/2C'~tm decreases  and 
as fl increases ,  but it does not exceed II2/Trp,,,~ (II is the Peltier coefficient, p is specific res i s tance ,  and x is 
~hermal conductivity). If the working stage alone car r ies  current ,  it operates as a finite body if the height h is 
smal l  or if the t ime is large,  and the heat conduction is then dependent on the hea t - t ransfer  conditions at the 
hot end. If the a rea  of the working stage is much less than that of the r e a r  stage,  then the Pelt ier  and Joule 
components of the heat a re  effectively t r ans fe r r ed  to the r e a r  stage,  and then the working stage behaves as a 
single thermoelement  whose hot-junction t empera tu re  is maintained constant.  The maximum s teady-s ta te  
cooling in the device is ATopt = I I2 /2p~ .  If the areas  of the stages a r e  comparable ,  the heat t r ans fe r  through 
the r e a r  stage is insufficient, and the Pelt ier  heat at the hot ]unction in the working stage and the Joule heat 
in the volume of the device general ly together  reduce  the limiting cooling attained in the working stage.  If 
the two stages operate together,  the peak cooling is maximal  if the two components themselves  a re  maximal,  
s ince the t imes at which the peak eoolings a re  attained at the cold ]unction of the working stage due to each 
s tage  separa te ly  a r e  not the same,  in which case  the currents  must be applied to the stages not simultaneously 
but at instants such that the peak coolings coincide in t ime.  In that case ,  the maximum value for the peak cool-  
ing [1 + (2/Tr)(~2/2p%)] is about 0.8 of the limiting cooling produced by a two-s tage  thermal  element in the steady 
s ta te .  

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

1. E . K .  Iordanishvil i ,  B. E . -Sh .  Malkovich, and I.  I. Khazanovich, Inzh . -F izo  Zh., 21, No. 4 (1971). 
2. E . K .  Iordanishvil i ,  B. E . -Sh .  Malkovich, and M. No Veits, Inzh . -F iz~  Zh., 22, No. 2 {1972). 

Dep. 1918-76, Apri l  26, 1976. 
Original ar t ic le  submitted May 29, 1974. 

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

S W E L L I N G  OF A C Y L I N D R I C A L  F U E L  ROD 

V.  V.  V a k h r o m e e v a  a n d  S. I .  T i k h o n o v a  UDC 518:539.3 

A numerical  method is presented for solving the nonlinear equation for swelling in a cylindrical  fuel rod; 
a model for gas swelling is used, which involves the assumption that the nuclear fuel consists of regular ly  d i s -  
posed identical spher ica l  cells in the initial s tate,  each of which is a thick-walled hollow sphere .  Any elemen- 
t a ry  volume of the body contains a reasonably large number of spher ica l  cel ls .  

The swelling in the individual cells is determined by the creep in the thick-walled hollow spheres ,  which 
a re  loaded by internal p ressu re  f rom the gaseous fission products,  which accumulate  in the free volume as 
~he fuel is consumed, while the external p re s su re  is determined by the interaction between the individual swel-  
ling elements and is equal to the component of the spher ica l  m a c r o s t r e s s  tensor  ar is ing from creep in the fuel 
core .  

The problem is that of numerical  solution of a nonlinear equation for S (p, t) :  
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The method cons is t s  in se lec t ing  a p a r a m e t e r  e (~ such  that  the norm of the f in i te -d i f ference  opera tor  
becomes  much less  than 1, which provides rapid convergence  in the s u c c e s s i v e a p p r o x i m a t i o n s .  Then ~(n) = 
C:2  . . . . .  of e by s u c c e s s i v e  approx imat ion  in the f i r s t  t i m e  s tep ,  

f ,m~-um=~vn- -v  v y ~ L v ,  iuL e~e~bX:in~ vaues~ul vvu by means  of the values of the cor responding  functions ob- 
*ained for  e(n-l) ,  The  solut ion to  the nonlinear swell ing equation for  the subsequent  s teps  is then found by 
using the solut ion for  the previous  s tep  as the zero th  approx imat ion  in the next s tep .  

Dep.  1917-76, Apri l  19, 1976. 
Original a r t i c l e  submit ted June 31, 1969. 

TEMPERATURE DISTRIBUTION AND THERMAL 

STRESS IN THE WALL OF AN INSULATED PIPELINE 

I. S. Reshetnyak and I. N. Manusov UDC 539.43:536.244 

An approx ima te  analyt ica l  solution is p re sen ted  for  the in ternal  conjugate p rob lem for nonsta t ionary 
heat t r a n s f e r  in an insulated pipeline subject  to  per iodic  var ia t ions  in the t e m p e r a t u r e  of the fluid at the inlet.  
T h e r m a l  s t r e s s e s  with a cycl ic  t i m e  cou r s e  a r i s e  in the wall,  which can cause  the ma te r i a l  to  fail  f rom t h e r -  
mal  fat igue.  

The  t e m p e r a t u r e  d is t r ibut ion has been der ived by operat ional  methods by approx imate  expansion of the 
exponential  in the image  reg ion:  

l -b z/2 
expz~ ]_z/2  

The  t h e r m a l  s t r e s s e s  in the wall  a r e  de te rmined  f rom standard express ions  f rom the quasis ta t ic  theory  
of t he rmoe la s t i c i t y  on the assumpt ion  of a planar  s ta te  of s t r e s s  in the pipeline wall .  

A detai led analys is  of the t e m p e r a t u r e  dis t r ibut ions and t h e r m a l  s t r e s s e s  in the s t a t i ona ry -pe r iod ic  
s t age  is p resen ted .  

Depo 1919-76, March  26, 1976. 
Original  a r t i c l e  submit ted  October 2 0 ,  1971. 

I N T E G R A L  R E P R E S E N T A T I O N  OF S O L U T I O N S  T O  

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

Y u .  A .  M e l ' n i k o v  a n d  I .  M.  D o l g o v a  UDC 536.24.02 

Cons iderable  Computational diff icult ies a r e  involved with two-  and t h r ee -d imens iona l  p roblems in t h e r m a l  
conduction for  mult icoupled regions  of complex  shape;  t hese  difficult ies i nc r ea se  if t h e r e  a r e  nonuniformit ies  
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(for instance,  s t ra t i f i ed  bodies) .  Such prob lems  a r i s e  in many aspec ts  of sc ience  and technology, so  efficient 
a lgor i thms  a r e  of s o m e  cons iderable  in te res t .  

Two-d imens iona l  p rob lems  in s t e a d y - s t a t e  t h e r m a l  conduction a r e  considered for a mul t i layer  s t r i p  
weakened by holes of a r b i t r a r y  shape,  and a l so  a one - l aye r  s t r i p  with a finite number  of holes;  an a lgor i thm 
is desc r ibed  that us es in tegra l  r ep re sen t a t i on  of the t a rge t  quanti t ies,  which is appl icable  a lso  to a t h r e e -  
d imensional  layer  with cav i t i es .  

In the f i r s t  s tage ,  the Green ' s  m a t r i x  is constructed for  the boundary-va lue  p rob lem for  a mul t i layer  
s t r i p .  The boundary conditions at the contact lines p resuppose  ideal t h e r m a l  contact ,  while the boundary 
conditions at the outer su r faces  may take any fo rm.  The  Green ' s  ma t r ix  is constructed by t r igonomet r i c  
expansion for one di rec t ion,  with subsequent  va r ia t ion  of the a r b i t r a r y  constants ,  which resu l t s  in s y s t e m s  
of ordinary  di f ferent ia l  equations.  The solution is sought as a finite s u m  of contour in tegrals  over  the bound- 
a r i e s  of the holes.  T h e k e r n e l  of this in tegral  r ep re sen t a t i on  is the Green ' s  mat r ix ,  which means that  the initial 
d i f ferent ia l  equations can be sa t is f ied exact ly .  The  weights of the in tegrals  a r e  de te rmined  by sat is fying the 
boundary conditions at the edges of the holes .  This  r esu l t s  in s y s t e m s  of in tegra l  equations of F redho lm type,  
which a r e  read i ly  solved,  fo r  ins t ance ,by  qua d ra tu r e - fo rmu la  methods .  

Numer ica l  examples  a r e  given of rea l iza t ions  of this a lgor i thm yielding detailed t e m p e r a t u r e  d i s t r ibu-  
t ions ,  which a r e  presented  as i so therms  in f igures .  The computations were  pe r fo rmed  with an M-222 c o m -  
puter ,  the t i m e  needed to de t e rmine  the s t eady - s t a t e  t e m p e r a t u r e  d is t r ibut ion in the s t r ip  varying f rom 5 to 
10 min.  

Dep~ 787-76, F e b r u a r y  27, 1976. 
Original a r t i c l e  submit ted October 24, 1975. 
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