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MuIt iple-contact  s tacks  of p la tes  ei ther  sp rayed  with manganese  dioxide or pe r fo ra t ed  have be t te r  
t he rma l  c h a r a c t e r i s t i c s  than s tacks  of solid "pure"  p la tes .  Under v ibra t ing  loads, however,  the insulating 
c h a r a c t e r i s t i c s  of the f o r m e r  and the mechanica l  s t rength  of the la t te r  a r e  degraded.  ~ r t h e r m o r e ,  the 
manufac tur ing  cost  of e i ther  ty-pe of s tack is quite high [t].  

The mechanica l  s t rength  of laminated meta l  s tacks  can be re ta ined  and the i r  t he rma l  r e s i s t a n c e  can 
be inc reased  at the same  t ime,  according  to s tudies p e r f o r m e d  with the aid of a tes t  appara tus  shown in 
[2], if the su r faces  of the laminat ions  a r e  made rougher  by knurl ing or by shot b las t ing.  The sma l l e r  num-  
ber  of contact points between contiguous su r f aces  and the thus g r e a t e r  number  of a r e a s  of high t he rma l  
r e s i s t a n c e  r e s u l t s  in a higher t he rma l  contact r e s i s t ance ,  while the inc rease  of the dislocat ion densi ty in 
the c rys t a l  l a t t i ces  of the m a t e r i a l  through cold working - in the case  of knur led  or shot b las ted  p la tes  - 
r e su l t s  in g r e a t e r  s t rength of the sur face  l aye r s  [3]. Both f ac to r s  reduce  the overa l l  a r e a  of t he rma l  con- 
tac t .  Finally, the higher t he rm a l  r e s i s t a n c e  of such s tacks  can a lso  be a t t r ibuted to the lower t he rma l  
conductivity of the material as a result of more intense electron and phonon scattering at pit defects pro- 
duced by cold working [4]. 

The thermal resistance of KhlSNIOT-M stainless-steel plate stacks, 0.10, 0.50 mm thick, after sur- 
face knurling and shot blasting, is calculated by the method which has been proposed in [5]. In the case of 
an elliptical shape with two contact spots and with an elongation ratio ~ = be/h e < I (b e and h e denote the 
minor and the major semiaxes of the ellipse, respectively), under assumptions similar to those in [6], the 
following expression is obtained for calculating the thermal resistance: 

y. Re1= ni~_ko tg2 q~ sh~ %1/. 1 _~.sh2 ~1__~_ ~ b2h-lP2h-l(ish~])[1 +P~_l(cosq0)]. 
k ~ l  

A compar i son  between ealeula ted and exper imenta l  values  of the t h e r m a l  r e s i s t a n c e  for such s tacks  
indicates  c lose  ag reemen t .  

k0 : 4 e- 
sh~?0 = h e / ( b 2 e -  hZe; 
q~ 

NOTATION 

is the reduced thermal conductivity of the material of the plates, taking into account 
the boundary temperatures T 1 and T2; 

is  a p a r a m e t e r  der iving f r o m  the boundary  condition for the Laplace  equation in 
curv i l inea r  coordinates;  

COS(p 

b2k_ t = (4k - 1)/P~k_l(i sh~/0) P2k-l(t) r + sh~ ~0 dr; 

P2k-i(~) a r e  Legendre  polynomia ls .  
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A par t i cu la te  phase  uni formly  d i spe r sed  in a gas occupies  a ce r ta in  volume.  All pa r t i c l e s  a r e  of the 
s a m e  s ize .  At the su r faces  of the pa r t i c l e s  the re  occurs  a heterogeneous  reac t ion  between the excess  ox- 
id izer  a lso  contained in the gas  and the substance of the pa r t i c l e s .  It is a s sumed  that the pa r t i c l e s  a r e  
sufficiently smal l  that the ent i re  p r o c e s s  is  l imi ted by the chemical  k inet ics  of the reac t ion  only. If the 
actual  volume of the pa r t i c l e s  and the mean  dis tance between them a r e  much sma l l e r  than the gas volume 
and the cha r ac t e r i s t i c  mac roscop ic  dimension,  r e spec t ive ly ,  then the g a s - p a r t i c l e s  mix tu re  can be s i m -  
ulated by a continuous medium [1]. 

The induction per iod for such a par t icu la te  phase  is de te rmined  by the approx imate  method.  

The bas ic  p r e m i s e  in this method is that the r a t e  of the chemical  reac t ion  depends v e r y  much on the 
t e m p e r a t u r e  and, consequently,  the ent i re  p r o c e s s  of heating the pa r t i c l e s  up to ignition can be broken  
down into two c h a r a c t e r i s t i c  stages:  

a) iner t ia l  heating of the pa r t i c l e s  f r o m  the initial t e m p e r a t u r e  T o to the t e m p e r a t u r e  T d c o r r e s p o n d -  
ing to the point at which the t e m p e r a t u r e - t i m e  T(t) curve bends; 

b) chemica l  heating of the pa r t i c l e s  at a t e m p e r a t u r e  T(t) > Td; this  s tage is  e i ther  quas is teady (if 
T d < T i [2]; T i denotes the f lash point of a single par t ic le)  or adiabat ic  (if T d > Ti) .  

In the analyt ical  solution, the two s tages  of heating a r e  made to join at the bending point of the curve,  
within an accu racy  de te rmined  by the continuity of the f i r s t  der iva t ives ,  as  in [3]. 

The use  of the method of success ive  approximat ions  to produce the same  r e su l t s  as  the method of 
joining solutions is cons idered .  The solution which desc r ibe s  iner t ia l  heating of the pa r t i c l e s  by the gas 
is  taken as  the zeroth  approximat ion .  

It follows f r o m  tMs solution that for  T d < T i the pr inc ipa l  contr ibution to the d imens ion less  induc- 
tion per iod  is the t ime  of quas is teady chemical  heating of the pa r t i c l e s  f r o m  T d to Ti, whilst for T d > T i 
it is the t ime  of iner t ia l  heating f r o m  T o to T d (the t ime sca le  is  based  on the per iod  of adiabatic  induction 
of p a r t i c l e s  at t e m p e r a t u r e  Td). If T d = Ti, then the d imens ion less  induction per iod is min imum.  A c o m -  
pa r i son  with numer ica l  solutions obtained on a computer  indicates a sa t i s fac to ry  ag reement  with the ad ia -  
bat ic  and quas is teady approximat ion .  
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A par t i cu la te  phase  uni formly  dis t r ibuted in a gas  is  s imula ted  by a continuous medium with volume 
sou rce s  of heat (react ing pa r t i c l e s ) .  When the c lus te r  of p a r t i c l e s  in the gas occupies  a nar row gap of 
finite width at an incandescent  wall, then the c r i t i ca l  conditions for i t s  ignition a r e  defined as  those under 
which no s t eady - s t a t e  mode can be susta ined in the gap [1]. 

The c r i t i ca l  length Lc r  as  a function of the pa r t i c l e  rad ius  (at a constant  m a s s  concentrat ion) has a 
max imum,  which is  explained by the effect of two opposing trends:  comminut ion i n c r e a s e s  the total  s u r -  
face a r e a  of pa r t i c l e s  and lowers  thei r  t e m p e r a t u r e  ( reduces  the heat genera ted  per  unit su r face  a r ea ) .  

The m a x i m u m  Lcr ( r  ) co r re sponds  approx ima te ly  to r m = 0.89 "~, where  ~ denotes the rad ius  at which 
the ignition t e m p e r a t u r e  of a single pa r t i c l e  T i [2] is  equal to the t e m p e r a t u r e  T w of the incandescent  wall .  
(The ignition t e m p e r a t u r e  of the c lus ter ,  as  a function of the par t i c le  radius ,  has a max imum as a resu l t  
of the in te rac t ion  of these  f ac to r s  [2].) 

Combustion will occur  at any gap dimension if r >~,  which, in physical  t e r m s ,  means  that now the 
p a r t i c l e s  near  the incandescent  wall  ignite independently of the t he rma l  p r o c e s s e s  taking place  in the gas.  

Rais ing  the t e m p e r a t u r e  T w r e s u l t s  in combust ion.  If  the gap dimension is sma l l e r  than the cr i t ica l  
gap dimension cor responding  to the ignition t e m p e r a t u r e  of a single pa r t i c l e  of a given radius  (L < Lcr(Ti);  
m o r e o v e r ,  combust ion will occur as  the t e m p e r a t u r e  T w r i s e s  because  conditions become  unsteady in the 
p a r t i c l e s  r a t he r  than in the s y s t e m  as  a whole.  

Inc reas ing  the p r e s s u r e  in the gas  phase  p roduces  an i nc rea se  in oxidizer  concentra t ion and, con-  
sequently, a dec r ea s e  in the c r i t i ca l  gap dimension: Lcr  ~ p - a  (a > 1; p is the p r e s s u r e  in the gas  phase) .  
Unlike the induction per iod,  which is de te rmined  by the m a s s  concentra t ion [3], Lcr  is de te rmined  by the 
total  su r face  of p a r t i c l e s .  

Indeed, the poss ib i l i ty  of sustaining a s t eady - s t a t e  mode depends on the ra t io  of incoming heat (de- 
t e rmined  by the su r face  of pa r t i c l e s  and the hot wall  t e m p e r a t u r e  Tw) to outgoing heat (determined by the 
the rma l -conduc t ion  c h a r a c t e r i s t i c s  of the gas and the cold wall  t e m p e r a t u r e  To), while the induction per iod  
is  r e l a t ed  to the heat content.  

The c r i t i ca l  su r face  t e m p e r a t u r e  (ensuring combustion) as  a funct ion of the pa r t i c l e  radius ,  at a 
constant gap dimension,  has a m a x i m u m  and a m i n i m u m  value.  The m a x i m u m  a r i s e s  because  the s tate  
of p a r t i c l e s  b e c o m e s  unsteady ea r l i e r  than the s ta te  of the s y s t e m  as  a whole, while the min imum a r i s e s  
because  the conditions become  c r i t i ca l  with r e s p e c t  to comple te  combust ion [2, 3]. 

F r o m  the c r i t i ca l  condition obtained for combust ion during intensive homogenizat ion of a mix tu re  
(small  radii;  pa r t i c l e  and gas t e m p e r a t u r e s  a lmos t  equal) there  p roceeds  the resu l t  r epo r t ed  by Ya. B. 
Zel '  dovich in [1]. 

1, 
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L .  A.  G r u z k o v  a n d  V.  A .  K o r o b k o v  

HAVING 

UDC 621.176 

I f  the d ischarge  r i m  of the cent ra l  supersonic  nozzle of an e jec tor  has a cons iderable  thickness,  the 
ac t ive  jet induces in the initial  sect ion of the mixing chamber  a complex flow consis t ing of the ejecting jet  
and a c i rcula t ing flow in the breakdown zone between the je ts  and the ground end. The sum of the e j e c t o r -  
cur ren t  impulse  in the initial sect ion of the mixing chamber  and the stat ic  ground impulse  is taken as the 
value cha rac te r i z ing  the inducing flow. It was  es tab l i shed  by expe r imen ta l  s tudies that the ra t io  of this 
sum to the impulse  of the ac t ive  flow (the re la t ive  inducing impulse)  is a lmos t  independent of the eject ion 
coefficient  and the length of the mixing chamber  in noncr i t ical  s y s t e m s .  The re la t ive  inducing impulse  for 
the given injector  p roved  to be a function only of the Mach number  of the act ive  nozzle and the ra t io  of the 
initial  total p r e s s u r e s  of the p r i m a r y  and secondary  gases .  An empi r i ca l  express ion  is  obtained for  the 
r e l a t ive  inducing impulse  in noncr i t ical  s y s t e m s  of e jec tor  operat ion.  

I N C I D E N C E  O F  AN I N D E T E R M I N A T E  S U P E R S O N I C  J E T  

O N  A P L A N E t  

V.  I .  P o g o r e l o v  UDC533.601.15 

When a supersonic  inde termina te  jet i s  incident on a plane mounted perpendicu la r  to the nozzle axis,  
t he re  f o r m s  in front of it a receding shock wave, the f o r m  of development  of which depends on the d i s -  
tance between the nozzle and the plane.  The case  of smal l  d is tances  was examined in [2]. If the dis tance 
between the nozzle and the plane is  such that the receding  shock wave en te r s  the region of r a r e f ac t ion  of the 
f ree  jet, where  flow away f rom the source  is  r ea l i zed  [1, 3], then i ts  cu rva tu re  is  r e v e r s e d  toward the 
plane and it in te rac t s  with the standing discontinuity of the jet .  Having wr i t ten  d ischarge  equations for  the 
gas  cur rent  up to the receding  shock wave and beyond it, using a function for the shock wave and the a s -  
sumption that the densi ty and veloci ty  component pa ra l l e l  to the plane a r e  constant  beyond the receding  
shock wave, it is  poss ib le  to obtain a normal  differential  equation which al lows the geomet r i ca l  f o r m  of 
the development  of the receding  shock wave to be  de te rmined .  

The der iva t ive  of the shock wave equation in a t r ip le  configurat ion of shock waves,  which is d e t e r -  
mined f r o m  i ts  calculation, s e r v e s  as  the boundary condition for  this equation. In addition, the value of 
this der iva t ive  allows the coordinate  of the t r ip le  shock wave configurat ion to be de te rmined  f r o m  an ordin-  
a r y  a lgebra ic  function. 

All the gas  dynamic p a r a m e t e r s  in the subsonic region of flow beyond the shock wave a r e  a lso  de-  
t e rmined  for  a known f o r m  and posi t ion of the wave re la t ive  to the plane.  

Calculations of the coordinates  of the t r ip le  point according to the s y s t e m  presen ted ,  as  well  as the 
geomet r i ca l  f o r m  of the receding  shock wave, were  compa red  with the r e su l t s  obtained a f te r  ana lys is  of 
shadow photographs of the flow. Good ag reemen t  of the calculated and exper imenta l  data was es tabl ished.  
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B R E A K - A W A Y  D I A M E T E R  F R E Q U E N C Y  OF A B U B B L E  

D U R I N G  B O I L I N G  U N D E R  C O N D I T I O N S  O F  

F R E E  C O N V E C T I O N  

A . A .  V o l o s h k o ,  A . V .  V u r g a f t ,  
and Yu.P. F o k i n  

UDC 536.423.1 

An analytical solution for the break-away diameter of a vapor bubble, obtained in [i], taking into 
account the inertial force of the liquid mass, referred to the movement of the growing bubble, has the 
form 

1 (1 )  
d_. = Co [8c~ (0)] T .  
l, 

I t e r e  C o is a specif ic  function of the d imens ion less  p a r a m e t e r  

K -- K S  Cm~2 p'a ,2 Ja 2. 
3__ ~l, 

i~0 (0)l 2 

The growth r a t e  of the bubble is  taken f r o m  [2]: 

dR a' (2) 

At a bubble b r e a k - a w a y  f requency f = c7/71 a compar i son  of Eqs. (1) and (2) gives 

l 

A comparison of the solutions (i) and (3) with experimental results showed that the solutions obtained 
correctly reflect the nature of the functions under consideration and give satisfactory quantitative corre- 
spondence with the experimental data at large values of the parameter K (for water Ja >- 30). 

It was found that the experimental results corresponding to small values of the criterion Ja deviate 
from the solutions (1) and (3), and possible reasons for this deviation were indicated. 

Xo 

2. 
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B U B B L I N G  IN A H O M O G E N O U S  W A T E R  P U L S E D  R E A C T O R *  

A .  N .  S i z o v  a n d  V.  F .  K o l e s o v  UDC 621.039.57 

In the ar t ic le ,  a model of the format ion  of nuclei of the gaseous  phase  by means  of f iss ion f r agmen t s  
is  studied in applicat ion to a homogeneous water  r e a c t o r .  A f ragment  produces  6 e lec t rons  along its  path.  
As a resu l t  of the local generat ion of heat caused by the braking  of the 6 e lect rons ,  a continuous vapor  
t r a i l  is produced along the t r ack  of the f ragment  and then b r eaks  up into f iner individual bubbles.  

Moreover ,  in i t s  flight the f ragment  produces  rad io lys i s  of the water  into hydrogen and oxygen along 
the t rack .  It is  a s s um ed  that this " radio ly t ic"  gas  r e m a i n s  within the boundar ies  of the vapor  t ra i l  and 
then within the bubbles.  A bubble fo rmed  in the liquid by a f i ss ion f ragment  has a t e m p e r a t u r e  higher than 
that of the surrounding liquid. Upon cooling, it cont rac ts  to the point where  the p r e s s u r e  within it does not 
sa t i s fy  the Laplace re la t ion  for a s table  rad ius  assuming  equality of t e m p e r a t u r e  in the bubble and in the 
liquid. Here  the p r e s s u r e  in the bubble is  de te rmined  by the sum of the pa r t i a l  p r e s s u r e s  of the radiolyt ic  
gas and the water  vapor .  

The p r e s s u r e  dynamics  of the bubble (its growth or contraction) is de te rmined  by the diffusion of gas  
through i ts  surface ,  which depends on the concentra t ion of radiolyt ic  gas  in solution in the act ive  zone at 
the t ime of format ion  of the bubble.  

A sys t em of equations is developed to desc r ibe  the p r o c e s s  of radiolyt ic  boiling in the act ive zone 
of the r e a c t o r  during a pulse .  The concentra t ion of radiolyt ic  gas at the boundary of a bubble in the liquid 
is de te rmined  f r o m  H e n r y ' s  law for the solubili ty of gases .  It is a s sumed  that the concentrat ion gradient  
at the boundary of the bubble has the f o r m  

grad C = . C~ -- C____.__~., 
VDT 

where C o and Coo a r e  the concentra t ions  of radiolyt ic  gas  in the liquid at the bubble boundary and far  f r o m  
it, r espec t ive ly ;  D is  the diffusion coefficient; t is the t ime .  

The r e su l t s  of calculat ions for s eve ra l  given pulses  a r e  p resen ted .  It is  found that the nature of the 
boiling depends essent ia l ly  on the initial p r e s s u r e  in the r e a c t o r  and on the number  of bubbles  fo rmed  per  
f ragment  (i. e . ,  on the s ize of these bubbles) .  It is  shown that the s t a r t  of boiling at the bot tom of the 
r e ac to r  lags  behind the s t a r t  of boiling at the sur face  of the act ive zone. 

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

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

Y a .  P .  B o i k o v a  a n d  N .  P .  G l a z k o v  UDC 53.082.79 

A method of high energet ic  resolut ion,  based  on the Mbssbauer  effect,  al lows the detect ion of minute 
energy va r i a t ions  with a p rec i s ion  of up to 10 -6 eV. 

The poss ib i l i ty  of applying the MSssbauer  effect to m e a s u r e  mechanical  osci l lat ions of smal l  amp l i -  
tude on the o rder  of 10-4-10 -2 # in the u l t rasonic  f requency range  of 20-100 kHz is  examined in the a r t i c l e .  

* T r a n s l a t e d  f r o m I n z h e n e r n o - F i z i c h e s k i i  Zhurnal,  Vol. 21, No. 5, p.  943, November ,  1971. Orig--  
inal a r t i c l e  submit ted October 29, 1969; abs t r ac t  submit ted May 5, 1971. 

t Polytechnical  Institute,  Ioshkar -Ola .  T rans l a t ed  f r o m  Inzhenerno-Fiz ichesk i i  Zhurnal,  Vol.21, 
No. 5, pp. 943-944, November ,  1971. Original a r t i c le  submit ted  March  13, 1970; abs t r ac t  submit ted 
March 25, 1971. 
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It is  shown that the t rans i t ion  can be made f r o m  low-f requency  to h igh-f requency m e a s u r e m e n t s  of the a m -  
plitude and veloci ty  of mechanica l  osc i l la t ions .  It i s  a lso  shown that averaging  of the r e sonance  a b s o r p -  
tion effect  with r e spec t  to the ve loc i ty  does not depend on the v ibra t ion  frequency,  but on the m a x i m u m  
veloc i ty  of the mechanica l  osc i l la t ions .  For  this reason ,  ampli tude v i b r o m e t e r s  using this effect a r e  
e x t r e m e l y  s imple  in const ruct ion.  In them Sn11902 (a g a m m a  source)  and SnO 2 (an abso rbe r  at r o o m  t e m -  
pe ra tu re )  can be used as  the r e sonance  couple. The de te rmina t ion  of v ibra t ion  ve loc i t ies  and ampl i tudes  
r educes  to compara t ive  m e a s u r e m e n t s  of the impulse  counting r a t e  behind the abso rbe r  (in a t r a n s m i s s i o n  
geometry)  and the counting r a t e  without the a b s o r b e r .  

A ca l ibra t ion  graph of the dependence of the r e sonance  absorp t ion  effect on the m a x i m u m  veloci ty  
was calcula ted theore t ica l ly  on the bas i s  of the B r e i t - W i g n e r  equation. According to the graph the total  
m e a s u r e m e n t  e r r o r  a v e r a g e s  ~10%. 

The sens i t iv i ty  {lower l imit)  and range  of the veloci ty  and ampli tude m e a s u r e m e n t s  of v ibra t ions  
using a MSssbauer  ampl i tude v i b r o m e t e r  depend on the ins t rumenta l  absorp t ion  line width. In accordance  
with this two subranges  of the osci l la t ion ampli tude m e a s u r e m e n t s  a r e  isolated: 10-4-10 -3 and 10-3-10-2#. 

F r o m  the evaluat ion p re sen ted  it is concluded that the sensi t ivi ty  of a MSssbauer  v i b r o m e t e r  is  an 
order  of magnitude g r e a t e r  than that obtained with the in te r fe rence  method.  

ON SATISFYING THE MOISTURE DISTRIBUTION FUNCTION 

IN AN INORGANIC MEDIUM, ARISING FROM AN 

ELEMENTARY PLANE SOURCE, BY THE NONLINEAR 

DIFFERENTIAL EQUATION OFMOISTURE CONDUCTION 

N.  P .  Z l o b i n a  a n d  L .  B .  T s i m e r m a n i s  UDC 621.317.39: 533.275(088.8) 

On the basis of a moisture distribution function in an inorganic medium from an instantaneous plane 
source, which is an exact solution of a linear differential equation, an impulse method for determining the 
coefficient of moisture diffusion is developed. It is shown in the article that the given function is an ap- 
proximate solution of a nonlinear differential equation of moisture conduction under isothermal conditions 
expressing the dependence of the diffusion coefficient on the moisture content. 

The deviation of the linear differential equation from the nonlinear equation is evaluated on the basis 
of experimental data obtained for 22 materials. The error with which the moisture diffusion coefficient is 
determined by the impulse method neglecting its dependence on the moisture content is presented: it has 
the average value 17%. Moreover, the given function permits the calculation of the exact coefficient of 
moisture diffusion, taking into account its variation due to the moisture content. 

The Ural  Sc ien t i f i c -Resea rch  Inst i tute of Building Design, Chelyabinsk.  T rans l a t ed  f r o m  Inzhene r -  
no-F iz ichesk i i  Zhurnal,  Vol.21, No.5, p .944,  November ,  1971. Original a r t i c l e  submit ted  July  31, 1970; 
ab s t r ac t  submit ted March  31, 1971. 
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A REFINEMENT OF THE INTEGRAL HEAT-BALANCE 

EQUATION AND ITS APPLICATION TO 

PROBLEMS CONSIDERED IN NONLINEAR 

HEAT-CONDUCTION THEORY* 

E .  P .  K a z a k o v  UDC 536.2.01 

We consider  the one-dimensional  nonlinear heat-conduct ion equation 

O0 0 [A(O) 00] ( I )  
C (0) O Fo - ox - ~ x  ' 

for  an approx imate  solution of which we apply the in tegra l  re la t ion  

b b 
d COdx-- " OC d8 O0 - - A  -~x  ' 

d F-%o a Fo o d . -  = A ~ .=6 
0 o 

which is  the t he rma l  analogue of the dynamic K a r m a n - P o h l h a u s e n  re la t ion.  

The main source  of e r r o r  in the given method is  a s soc ia t ed  with the p r e sence  of the der iva t ive  of the 
unknown function 0(x, Fo) in the second t e r m  on the r ight  side of the in tegra l  re la t ion  (2). As the r e su l t  
of two consecut ive quadra tures  of the initial Eq. (1), this  t e r m  may  be wri t ten in t e r m s  of in tegra ls  of the 
unknown function 

5 x 6 x 0 bx= 0 

00 ' , o r ~  t' 
0 0 0 0 0 ix=6 

Thanks to the in tegra l  fo rm of r ep resen t ing  the der iva t ive  of the unknown function 0(x, Fo), the 
method is l e s s  sensi t ive  to the choice of the function approximat ing  the t e m p e r a t u r e  dis tr ibut ion in the 
t he rma l  layer  6(Fo). 

The m o r e  p r e c i s e  method may be i l lus t ra ted  by solving the p rob l em of the heating of a body with 
va r i ab le  the rmophys iea l  p r o p e r t i e s  when it is subjected to boundary conditions of the f i r s t  kind in the ease  
of nonsta t ionary  and quas i s ta t ionary  modes .  

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

C O N D U C T I N G  L A Y E R  W I T H  A V A R I A B L E  C U R R E N T  

R . S .  K u z n e t s k i i  UDC 6 2 1 . 3 6 5 . 3 : 6 2 1 . 3 . 0 2 5  

The dis tr ibut ion of the s teady t e m p e r a t u r e  t and the cur ren t  in the plate I zl -< 1 which is heated by a 
monochromat ic  cur rent  I exp ( i w r )  may be de te rmined  f r o m  the equations and boundary conditions 

1 

t " ~ - - 2 ~ - a  l j a S  12 , t ( 1 ) = t ' ( 0 ) = 0 ;  ] " = 2 i n ' i ,  ] ' ( 0 ) = 0 ,  .~.t- j d z -  2al , (1)  
{) 

* T a t a r  State Sc ien t i f i c -Resea rch  and Planning Insti tute of the P e t r o l e u m  Industry,  Bugul 'ma.  
T r a n s l a t e d  f r o m  Inzhenerno-F iz ichesk i i  Zhurnal,  Vol.21,  No.5, pp. 944-945, November ,  1971. Original  
a r t i c l e  submit ted  March  24, 1970; abs t r ac t  submit ted  March  1, 1971. 

t T rans l a t ed  f rom Inzhenerno-Fiz ichesk i i  Zhurnal,  Vol.21, No.5, pp.945-946,  November ,  1971. 
Original a r t i c l e  submit ted  March 11, 1970; abs t r ac t  submit ted March  24, 1971. 
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Fig.  1. T e m p e r a t u r e  d i s t r ibu t ion  in a 
t w o - d i m e n s i o n a l  l aye r  for  va r ious  
va lue s  of the number  n (for va r i ous  
c u r r e n t  f r equenc ie s ) .  

whe re  z is a coo rd ina t e  r e f e r r e d  to the p la te  s emi th i cknes s  a; 2~, (r, and # a re ,  r e spec t i ve ly ,  i ts  t h e r m a l  
conduct ivi ty ,  e l e c t r i c a l  conduct ivi ty ,  and magne t i c  pe rmeab i l i t y ;  n - a ~ ;  j is  the complex  ampl i tude  
of the c u r r e n t  dens i ty .  F r o m  this  we have 

[ ch 2 j = ~ a  ( l + i ) n  (l+i)nz 
sh 2 (t + i) n (2) 

o r  
' a , . j :  '< l ] I =- 2-a- n c2 (In) ' -~  -- [arctg (cth n tg n) + arclg (th nz tg nz)]; (3) 

,~ [ c, (2nz) ] s~ (2n) ] 12 t = ~  1 ; 7 =  12 [1 t ( 0 ) = ~  (4) 
c~ (2n) 16~.a L 2nc~ (2n) ' 167~cr 

(see Fig .  1), whe re  cl.2(x) = eo thx  • c o s x ,  st.2(x) = s inhx  • s i nx .  At sma l l  f r equenc i e s  (n << 1) we obtain a 
smal l  c o r r e c t i o n  to the d i s t r ibu t ion  t o = ( 1 6 ~ ) - l I  2 (1 - z 2) (~-0 = I2/24h(7) for  a cons tan t  c u r r e n t  I~2; at high 
f r e q u e n c i e s  (n >> 1), t is  a l m o s t  cons tant  e v e r y w h e r e  except  in the v ic in i ty  of su r f ace  l a y e r s  of th i ckness  of 
o r d e r  a/2n, where  it fa l l s  sha rp l y  (in the l imi t  a s  n --" ~, t = ( i2 /167u~)s ign(1-  I z [)): 

r 2n 4 ] 
, I1 + - ~ )  (n<0,5); t =/(0){ 1--exp{--2n(i--z)]}, 

(5) 
7 - - t ( 0 ) (  l -  1--')2~ ( n > 3 )  

We note that t >-to, 0 t / 0 n  >-- 0, 0t(0)/0n = 0, (t/t0)' >- 0, t/t0(1 ) = nsl(2n)/c2(2n) (which is c lose  to 1 
+ 4n4/45  and to n, r e s p e c t i v e l y ,  for  these  s a m e  l imi t ing  c a s e s ) .  

Thus ,  along with an  abso lu te  e l e c t r o m a g n e t i c  skin effect ,  t he r e  is a r e l a t i ve  t e m p e r a t u r e  skin e f -  
fect ,  i . e . ,  the r e l a t i v e  r e d i s t r i b u t i o n  of the t e m p e r a t u r e  in the use  of the n e a r - s u r f a c e  r eg ions  is at the 
expense  of the depth.  Th i s  is na tura l  s ince ,  with an  i n c r e a s e  in f r equency ,  the p r inc ipa l  s o u r c e s  of Jou le  
heat  a r e  al l  c o n c e n t r a t e d  in a sma l l  ne ighborhood  of the s u r f a c e s  of the t w o - d i m e n s i o n a l  l a y e r .  

The  r e d i s t r i b u t i o n  of the t e m p e r a t u r e  in the p la te  with an  i n c r e a s e  in n (in the f requency)  is ana logous  
to the evolut ion of the r e l a t i v e  p rof i l e  of the loca l  m e a n  ve loc i t y  of the l iquid in a two-d imens iona l  channel  
with an i n c r e a s e  in the Reyno lds  number  (in the outflow ra te ) .  Th i s  ana logy  is u n i v e r s a l  for: al l  f o r m s  
of conduc to r  c r o s s  sec t ions  and, co r r e spond ing ly ,  of the channel  c r o s s  sec t ions  for  a l iquid.  
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NONSTATIONARY HEAT CONDUCTION IN BODIES 

WITH A UNIFORMLY MOVING HEAT-EMITTING LAYER 

G.  G.  G o l o v  UDC536.21 

In this paper we consider an unbounded or a semibounded body with an initial t empera ture  T 0. The 
thermal  charac te r i s t i c s  of the body material ,  i . e . ,  the coefficients of thermal  conductivity (~) and thermal  
diffusivity (a~), are assumed to be constant.  

F rom the instant of time r = 0 a two-dimensional  heat-emitt ing layer  of thickness a and with source 
density (A + BT2)~/a~ moves along the body; A and B are  constants of a r b i t r a r y  sign, the f i rs t  of which 
may be zero .  

The ra te  of displacement u of the layer  is constant with t ime.  

For the semibounded body, conditions of thermal  insulation or of constant tempera ture  a re  imposed 
on the moving bounding surface, which is at the same time a boundary of the heat-emit t ing layer .  

The heat-conduction equations for an unbounded body in a moving sys tem of coordinates have the 
form 

aT x O"-T~ OTl 

OT~ = ~ O~T2 u aT,, 
o--7- - ~ +  - ~ + a + B r , ~  ( ~ > 0 , - - ~ < ~ < 0 ) ;  

OT30"-~- = a21 --~O2T3 "-}- u -~_OTs "('v > O, ~ < - -  a); 

r~(~, ~)I~=o=O, (~> o); T~(L ~)l~=o=O (- -a<~<o) ;  T3(L ~)I~=o=O (~<--a); 

OT~ (~, ~) OT, (~, x) ar,  ~) aTs (~, (~>0). 
/0:o- %0, .... 

The tempera ture  of the semibounded body may be descr ibed by the equations 

OT~ O~T~ OT~ 

aTs 2 a~T~ q_ u aT.2 a-~ =al a~ ~ " ~ - [ - A + B T ~  ( z > 0 , - - a < [ < 0 ) ;  

T, (~, ~)I~=0 = 0; (~ > 0); r~ (~, ~) ]~=0 = 0 (-- a < ~ < 0); T~ (L ~) [~=. = 0, ( i) 

OT~. (~ "t)l~ 
- -  = - ~  = 0 or r~  (L  ~) I ~ = - a  = TS - -  To. 

OT~ (L x)"l OY~ (~, ~) (~ > 0), 

where T S is the tempera ture  of the body on the bounding surface.  

After making the substitutions 

T~ (~, ~) = Tx' (~, x) exp [(B -- u2/4a~) "c], T~ (~, z) ~ T~ (~, v) exp [(B -- u2/4a~) "c], 

T~ (~, ~) = T3 (~, T) exp [(B -- u~/4a~) T] 

we can solve the heat-conduction equations by an operational method. 

The inverse  Laplace t rans form may be reduced to a contour integral  (see Fig. 1), which may be 
evaluated with the help of Jordan'  s 1emma and Cauchy' s residue theorem.  The temperature  t r ans fo rms  
have simple poles at S = u 2 / 4 a [ -  B. When B > 0 a finite number of poles of the f i rs t  order  also appears  
on the interval ( -B,  0) at the points (-Xn).  In the unbounded body problem these points may be determined 
f rom equation 

ctg (aa-i 1 t/-~Yn) :~ -- (I3 -- 2Xn)/2 1/Xn ]/--'B'~ Xn, 

Trans la ted  f rom Inzhenerno-Fizlcheski i  Zhurnal, Vol.21, No. 5, pp.946-948, November, 1971. 
Original ar t ic le  submitted December 28, 1970; abs t rac t  submitted April 25, 1971. 
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[ 

Fig.  1. Contour  of in tegra t ion  in the 
p lane  of the complex  v a r i a b l e  S fo r  
B > 0: S = - B  is a b r a n c h  point;  - X  n 
and S t = u2/4a~ a r e  f i r s t  o r d e r  po le s .  

and, in p r o b l e m s  for  a body with the bounda ry  condi t ions  (1), f r o m  the equat ion 

ctg(aa~ -~ |#Xn):= - - ( ] / -B--X-n~a- -Xn)[ ] /~n  (-~a~ + l/-B---~--~-n)] -I  

o r  

V ~  
tg (aa~ -I 1/'Xn) = - -  1 /B  - -  Xn" 

If, for  all X n ( co r r e spond ing  to the p rob lem) ,  the inequal i ty  (B - X n -  (u2/4a ~ ) < 0 is  sa t i s f ied ,  them 
the t e m p e r a t u r e  of the body tends  t owards  a s t eady  d i s t r ibu t ion  as  "r i n c r e a s e s .  The  va lues  of the t e m -  
p e r a t u r e  IT(~, ~)l i n c r e a s e  in t ime  without bound when even for  one X n this  condi t ion is not sa t i s f ied .  

When B -< 0 a s teady  d i s t r ibu t ion  n e c e s s a r i l y  ex i s t s .  

The solut ion of the heat conduct ion  equa t ions  for  the unbounded body s impl i fy  g r e a t l y  if B = 0: 

A v 

, 2al]/-0- -[- 2a 1 ) - -  
0 

Tz(~, z )=  - ~ ,  err \ 2al]/-0- @ 2a 1 ] 
0 

T3(~, 'v) : - 2 . ) L  \ z a l v v  zc~ / 2al]/-~- + 2aa ]J 
o 

(In fact ,  t he se  equat ions  can be  used  fo r  the a p p r o x i m a t e  ca lcu la t ion  of the t e m p e r a t u r e  of the body for  
sma l l  1- and B ~ 0)o 

In the pape r  the r e s u l t s  of an  i l l u s t r a t i ve  ca lcu la t ion  of the t e m p e r a t u r e  for  an  unbounded body is  
p r e s e n t e d .  
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APPROXIMATE DETERMINATION OF THERMOELASTIC 

STRESSES IN A SPHERE DURING SYMMETRICAL HEATING 

V. M. Guba, Yu. S. Postol'nik, 
and V. A. Garanehuk 

UDC 539.377 

An approx imate  method of determining the the rmoe la s t i c  s t r e s s e s  in a hollow sphere  (Rl -< r -< R 2) 
heated s y m m e t r i c a l l y  f r o m  the outside is examined.  The p r o c e s s  of nons teady-s ta te  heat conduction is in-  
t e r p r e t e d  by an engineering model .  During the iner t ia l  stage,  while the preheat ing  is taking place,  the 
c r o s s  sect ion of the sphere  is divided into two zones: a p rehea ted  zone (R 1 + b(t) -< r -< R2) with an excess  
t e m p e r a t u r e  Tl(r ,  t) and an unpreheated zone (R l ~ r -< R1 + b(t)) with ze ro  excess  t e m p e r a t u r e .  Here  b(t) 
is the th ickness  of the unpreheated  zone. The genera l  solution of the the rmoe las t i c  p rob lem in the iner t ia l  
s tage has the following form:  

t o~rO)_ 2aE r 3 -- l~t  Tff~dr; 
"~ 3 3 r 3 1 - -  ~ (R 2 -  R~) , 

Rxq-b(t) 

R2 

40,= j" 1 - -  Ix {R2 3 : -  R~) r 3" Tlr2dr; 
Rt+b(t} 

O~rl) 2~zE . 1_ [ rZ--  R31 f Tlr.Zdr_ Txr2dr ; 
1 - -  [.t i, a [_ 3 R 2 - -  R l Rx+b(t) Rl+b(l) 

aE 1 [ 2r3-}-R~ S Tlr~dr r 3 3 3 + Txr~dr - -  Tlr3 ' 

R 2 - -  Rl RtWb(t) R t + b ( D  

where  a(0) and a(i) a r e  the s t r e s s e s  in the unpreheated and p rehea ted  zones, respec t ive ly ;  a is the l inear  
expansion coefficient; E is the elast ic  modulus; /~ is  the Po i s son  coefficient .  

During the regu la r  heating stage, when the t e m p e r a t u r e  v a r i e s  through the ent i re  c r o s s  sect ion of 
the body, the the rmoe las t i c  s t r e s s e s  a r e  de te rmined  by well-known express ions  which can be obtained 
f r o m  the equations for  a(1), set t ing b(t) = 0 and substituting the t e m p e r a t u r e  function corresponding to this  
s tage.  As an example  a calculat ion is p resen ted  of the s t r e s s e s  in a solid sphere  with a uni form initial 
t empe ra tu r e ,  heated at a constant sur face  t e m p e r a t u r e .  Approximate  t e m p e r a t u r e  functions a r e  obtained 
by the method of averaging  functional co r r ec t ions .  It is shown that in the iner t ia l  stage, in the unpreheated 
zone, the rad ia l  and c i r cumferen t i a l  s t r e s s e s  a r e  posi t ive,  equal in value, and constant  in coordinate .  The 
m a x i m u m  tension s t r e s s e s  a r i s e  in the center  of the sphere  at the moment  the iner t ia l  s tage ends, c o r r e -  
sponding to the g rea tes t  t e m p e r a t u r e  drop a c r o s s  the c r o s s  sect ion for the given boundary conditions of 
heating.  In the regu la r  stage,  when t e m p e r a t u r e  equalizat ion takes  place,  the s t r e s s e s  d e c r e a s e .  Graphs  
a r e  p resen ted  i l lus t ra t ing the solution obtained. The r e s u l t s  of the calculat ion a re  compared  with the 
exact solution. 

M . I .  Arsenichev  Dneprodzerzhinsk  Indust r ia l  Inst i tute .  T rans l a t ed  f r o m  Inzhenerno-F iz ichesk i i  
Zhurnal,  Vol.21, No.5, pp.948-949,  November ,  1971. Original  a r t i c le  submit ted Feb rua ry  5, 1970; 
abs t r ac t  submit ted Apri l  7, 1971. 
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H E A T  C O N D U C T I O N  I N  S O L I D  OR H O L L O W  

C Y L I N D E R S  W I T H  H E A T - E X C H A N G E  

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

M .  K .  Kleiner  UDC 536.212 

In [1, 2] the  h e a t - c o n d u c t i o n  p r o b l e m  for  m a s s i v e  s o l i d  c y l i n d e r s ,  

Ot (p, ~, Fo) R 2 2 0 Fo = v~t (o' % Fo) + R~L (Fo) t (0, % Fo) + ~ Q (O, % Fo), 

t' t (o, 0, Fo) sin af (~0,ap (p' Fo) _ [Bi~ (q0) ~ l  ! (o), % Fo) = --  Bi~ (q~) tcl (% Fo) --  4 -  , 

at( l ,  tp, Fo)+ 
ap Bi e (qo) [tc~ (% Fo) --  t (I, r Fo)] = 0 

0--qo d0, 
2 

(1) 

(2) 

(3) 

and for  t h i n - w a l l  hol low c y l i n d e r s ,  2~+~ 

0Fo -- &p2 M(% Fo)t((p, Fo)+Q(% --~-~-~-Lt(% Fo)-- T t(0, Fo) sin ~-~--- d , (4) 
(P 

s u p p l e m e n t e d  by  the  i n i t i a l  cond i t i ons ,  the  e ond i t i ons  of t e m p e r a t u r e  p e r i o d i c i t y  and of con t inu i ty  of the  
hea t  f low wi th  r e s p e c t  to  the  ang le  condi t ion ,  w e r e  s o l v e d  unde r  the  a s s u m p t i o n s  Bi k = cons t  (k = 1, 2) and  
M( r  Fo) = M ( F o ) .  The  a n a l o g o u s  p r o b l e m  for  a s o l i d  c y l i n d e r  i s  f o r m u l a t e d  in  the f o r m  (1), (3) r e p l a c -  
ing  (2) by  the  cond i t i on  of the  f i n i t e n e s s  of t(0, ~0, Fo) [3]. In Eqs .  (1)-(4) w = R1 ,R  2 a r e  the  i nne r  and~ 
o u t e r  c y l i n d e r  r a d i i .  T h e  o t h e r  no ta t ion  i s  c o n v e n t i o n a l .  

If the  h e a t - e x c h a n g e  c o e f f i c i e n t s  a r e  dependen t  on the  ang le  (then Bi  k and  M a l s o  depend  on q) i t  i s  
v e r y  d i f f icu l t  to  f ind  the  k e r n e l s  of  the  i n t e g r a l  t r a n s f o r m a t i o n s .  The  s o l u t i o n  of the  p r o b l e m  (1)-(3) and  
(4) was  t h e r e f o r e  ob t a ined  b y  m e a n s  of p e r t u r b a t i o n  t h e o r y .  In the  e a s e  of cons t an t  Bi k and M(q ,  Fo) 
= M(Fo)  the  p r o b l e m  r e m a i n s  u n p e r t u r b e d .  I f  

Bik (q~) = Biko [C h ,+ J3 Bikl (q))], 

M (% Fo) -- M 0 (Fo) [C + JIM 1 (% Fo)l, 

max [ Bikz (q)) [~Ck, max!M 1 (% Fo) {.~ C, ~ < t, 

(5) 
(6) 
(7) 

the  so lu t i on  i s  sought  in the  f o r m  of a p o w e r  s e r i e s  

tO, % Fo)= i ~ t~ (o, % Fo). (8) 

I t  h a s  b e e n  shown tha t  the  f i r s t  two cond i t i ons  of (7) can  a l w a y s  be  s a t i s f i e d .  The  s u b s t i t u t i o n  of (8) into 
the  o r i g i n a l  equa t i ons  r e s u l t s  in r e e u r r e n e e  r e l a t i o n s  for  tv (p ,  r  Fo) (for t h i n - w a l l e d  p i p e s  the  sought  
func t ion  i s  i ndependen t  of p), e ach  b e i n g  s i m i l a r  to the  u n p e r t u r b e d  p r o b l e m .  With  (7) s a t i s f i e d  the  the  
c o n v e r g e n c e  of (8) i s  p r o v e d  in  the  e a s e  of s o l i d  or  hol low ( m a s s i v e  o r  t h i n - w a l l e d )  c y l i n d e r s .  

A n u m e r i c a l  e x a m p l e  h a s  shown tha t  fo r  fl = 0.2 i t  s u f f i e e s  tha t  the  f i r s t  t h r e e  t e r m s  of the  s e r i e s  
(8) be  r e t a i n e d .  The  so lu t i ons  thus  ob t a ined  enab le  one to  show the  p r i n c i p a l  d i f f e r e n c e s  b e t w e e n  two 
h e a t i n g  m o d e s ,  in each  of w h i c h  e i t h e r  the  t e m p e r a t u r e  of the  m e d i u m  o r  the  h e a t - e x c h a n g e  c o e f f i c i e n t  a r e  
a n g l e - d e p e n d e n t .  

In  the  p a p e r  the  r o o t s  of the  equa t ion  

Ira (IXm,n) ~rn,n 
lm+l ([tm,n) trt + Bi 
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Vo l . 21 ,  No. 5, p p . 9 4 9 - 9 5 0 ,  N o v e m b e r ,  1971. O r i g i n a l  a r t i c l e  s u b m i t t e d  Augus t  6, 1970; a b s t r a c t  s u b -  
m i t t e d  A p r i l  12, 1971. 
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were  m, n = 1, 2 . . . . .  6 and 0 - Bi - 100; f u r t he rmore ,  p roposa l s  were  made for a new index c h a r a c -  
te r iz ing  the lack of s y m m e t r y  of the heat flow and the functions M(~0, Fo) and Q(~0, Fo) were  obtained. 
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T W O  R E P R E S E N T A T I O N S  O F  T H E  T E M P E R A T U R E  

F I E L D  F O R  G I V E N  P O W E R  F U N C T I O N S  

O F  T I M E  

M .  I .  D u b o v i s  UDC536.21 

Cases  a r e  cons idered  in which the boundary conditions and s t rength  of heat sources  a r e  specif ied as  
power functions of t ime with exponents equal to 0, 0.5, 1, and 1.5. Special solutions a r e  obtained for  an 
infinite pla te  and a spher i ca l  shell  using the Laplace  t r a n s f o r m  of the fundamental  solution consis t ing of 
t h e r m a l  potent ia ls .  These  solutions a r e  then e x p r e s s e d  in t e r m s  of in tegra l s  of the probabi l i ty  in tegra l .  
It is shown that, by integrat ion operat ions  applied to the general  r ep re sen t a t i on  given in a f o r m  which is 
m o r e  convenient for  long in te rva ls  of t ime,  specia l  solutions can be obtained. These  special  solutions a r e  
e x p r e s s e d  in t e r m s  of exponential t r igonomet r i c  s e r i e s  and Bernoull i  or Euler  polynomAals. The r e -  
mainder  of the s e r i e s  is  es t imated .  
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