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EXPONENT FOR HEAT FLUX IN EXPERIMENTS 

HEAT EXCHANGE IN A BOILING LIOUID 

I .  I .  G o g o n i n  

ON 

UDC 536.24: 536.25:536.423.1 

In expe r imen t s  on heat  exchange in boiling under conditions of f ree  convection there  holds a power 
law of the f o r m  

ct=Aq n, 

where  n takes  a value f rom 0.6 to 0.8, and, according  to the data of some studies ,  f rom 0.55 to 0.95. 

A compar i son  of a l a r g e  number  of published studies shows that  the var ia t ion  in the exponent over  
such wide l imi t s  is  connected with a substantial  indeterminacy in conducting the exper iments .  The expo-  
nent in (1) and the coefficient  of heat  exchange during boiling, o ther  conditions being equal,  can depend con-  
s iderab ly  on the mechanical  and chemical  puri ty of the heat -exchange sur face ,  and also on the chemical  
pur i ty  of the coolant. 

Exper imen t s  on heat  exchange during boiling in a la rge  volume are  conducted presen t ly  according 
to two methods ,  which differ  f r o m  each other  according to the means  of heating the working volume.  The 
working  volume is  heated by an e lec t r i c  hea te r ,  coiled outside,  o r  placed in the the rmos ta t .  We conducted 
expe r imen t s  on the same  appara tus  and the same exper imenta l  sect ion while changing the method of hea t -  
ing the working volume. Figure  1 shows re su l t s  of exper imen t s  on the heat  exchange during boiling of 
wa t e r  under a tmospher i c  conditions. 

The f igure shows that for  l a rge  the rmal  f luxes,  the magnitudes of the coefficients  of heat  exchange in 
both cases  a re  the s ame ,  and agree  with the data of [1], while for  smal l  the rmal  fluxes the values  of the 
m e a s u r e d  quanti t ies  a re  s t ra t i f ied  along the different  curves .  The exponent in exper imen t s  with a t h e r m o -  
started volume equals 0.8, and according  to data obtained in a nonthermosta t ted  volume,  the exponent can 
be chosen f r o m  0.6 to 0.8 in different  the rmal - f lux  ranges .  

The ar t ic le  p re sen t s  s imi l a r  m e a s u r e m e n t s  for  the boiling of Freon-21 (for two values  of p re s su re ) ;  
a lso given a re  photographs made on h igh-speed  mot ion-p ic ture  f i lm, at the t rans i t ion point f r o m  convec-  
tion to boil ing for  different  methods of heating the working volume,  and the mos t  probable  cause of 
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Fig. 1. Effect  of method of heating the working 
volume on the coefficient  of heat  exchange during 
boiling of wa t e r  (a tmospher ic  p r e s s u r e ,  the 
open c i r c l e s  indicate the rmos ta t t ed  volume; the 
solid t r iangles  indicate nonthermosta t ted  volume; 

I )  indicates  the data of [1]). a ,  W / m  2 .deg; q, W 
/ m L  
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in tens i f ica t ion  of the heat  exchange is  indicated for  expe r imen t s  in which the working volume is  heated by 
an e l e c t r i c  hea te r .  On the b a s i s  of the p r e s e n t  expe r imen t s  i t  is  concluded that pa r t  of the work  on hea t  
exchange during boi l ing under  condit ions o[ f ree  convection has  been c a r r i e d  out i n c o r r e c t l y ,  s ince  in these 
works  the condit ions o[ f ree  convection have not been fulf i l led r i go rous ly .  

1. 
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V. M. Bor i shansk i i ,  G. I. Bobrovich ,  and F. M. Minchenko, in: Quest ions  on Heat T r a n s f e r  and Hy-  
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U S E  O F  C R Y O G E N I C  E V A C U A T I O N  IN L O W  D E N S I T Y  

G A S - D Y N A M I C  A P P A R A T U S  

E.  G.  V e l i k a n o v  a n d  A.  K .  R e b r o v  UDC 536.423.4 

Condensation of carbon  dioxide in a c i r cu la t ing  s y s t e m  onto a fiat  plate  cooled to a t e m p e r a t u r e  below 
the t r ip le  point,  as well  as  the de l ive ry  c h a r a c t e r i s t i c s  of a vacuum condensat ion appara tus  des igned for  
g a s - d y n a m i c  s tudies .  

In the f i r s t  ease  a je t  of CO 2 escap ing  f rom a sonic nozzle  s t r i k e s  a cold copper  disk 10 cm in d i a m -  
e t e r  s i tuated in a vacuum chamber  26 em in d i a m e t e r  and 40 cm long, where  i t  condenses  into the sol id  
phase.  

The d i s cha rge  ra te  of the carbon  dioxide is  m e a s u r e d  with a flow m e t e r ,  and the p r e s s u r e  with a 
thermocouple  and an ionizat ion p r e s s u r e  gauge. 

At a p r e s s u r e  m e a s u r i n g  1 -10 -2 mm Hg the spec i f ic  condensat ion r a t e  r e a c h e s  12.4 I i t e r / c m  2 sec .  

Another  s e r i e s  of e x p e r i m e n t s  was  conducted on a vacuum appara tus  of 3 m 3 volume.  Cryogenic  
con t ro l s  a r e  loca ted  along the chamber  wa l l s :  cold shie ld ing on one side of the chamber  wa l l s ,  and the w o r k -  
ing c i r cu i t  and cold b a r r i e r  on the side of the gas s t r e a m .  Liquid n i t rogen is  drawn f rom a 1200 l i t e r  
TRZhK-2u tank into the c i r cu i t  tubing and then e m e r g e s  into the a tmosphe re  in a g a s - v a p o r  mix tu re ,  
cool ing the c i r cu i t  to a temperat-~re of 90 ~ 5~ 

A BN-4500 pump is  connected to the chamber  as  well  as  a vacuum a s s e m b l y  for p r e l i m i n a r y  evacu-  
at ion and evacuat ion of noncondensing gases .  

The l imi t ing  de l i ve ry  c h a r a c t e r i s t i c s  were  obtained for  the appa ra tus  studied dur ing condensat ion of 
carbon dioxide in the p r e s s u r e  range of 3.10-5-2.104 mm Hg with cooling of all  su r f aces  with l iquid n i t r o -  
gen. In ca lcu la t ing  the d e l i v e r y  volume the r e s u l t s  we re  p r e sen t ed  in t e r m s  of the chamber  p r e s s u r e  and 
room t e m p e r a t u r e .  At a p r e s s u r e  on the o r d e r  of 1 -10 -4 mm Hg the output of the appara tus  exceeded 
2 -10 ~ l i t e r / s e c .  

In the chamber  p r e s s u r e  range of 3 .10-5 -1 .10  -1 m m  Hg the mass  de l ive ry  c h a r a c t e r i s t i c s  were  taken 
for  a c ryogenic  pump without a "cold t r ap"  in the conical  sec t ion of the chamber .  F o r  carbon dioxide 
de l i ve ry  r a t e s  above 18 g / s e c  (P > 4 .10 -3 mm Hg) a sha rp  i n c r e a s e  in the chamber  p r e s s u r e  o c c u r s  b e -  
cause  of an i n c r e a s e  in the t e m p e r a t u r e  on the sur face  of the c ryogenic  deposi t .  

The appa ra tus  has an exhaust  t ime for the s y s t e m  of about 20 rain with a l iquid n i t rogen consumption 
for cool ing of about 50 l i t e r s .  
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At high carbon dioxide de l ivery  and at P > 1.10 -2 m m  Hg a t e m p e r a t u r e  of up to 120~ was  recorded  
at  "hot spots . "  

A s ta t ionary  state was  achieved at carbon dioxide de l ivery  r a t e s  of about 30 g / s e e ,  which co r responds  
to a chamber  p r e s s u r e  of 1.10 -4 m m  Hg. 

Ins t rumen t s  which use cryogenic  evacuat ion are  now widely used in the p rac t i ce  of gas -dynamic  
s tudies .  The appara tus  desc r ibed  is used for the study of hypersonic  s t r e a m s  of low density in a wide 
range of p r e s s u r e s  and flow ra t e s .  

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

F L O W  S T A B I L I T Y  I N  A S Y S T E M  O F  P A R A L L E L  

S T E A M - G E N E R A T O R  T U B E S  

V.  B.  K h a b e n s k i i ,  O.  M. B a l d i n a ,  
V.  G.  Z i n k e v i c h ,  a n d  R .  I .  K a l i n i n  

The flow ra te  of a medium corresponding  to the boundary of vibrat ional  s tabil i ty of a flow in a s y s -  
tem of para l le l  heated tubes is  a compl ica ted function of a la rge  number  of p a r a m e t e r s :  

(PW)bo-f(P, Ai 0, q, d, l, ~in, ~out, 0). 

The qualitative effect  of mos t  of them has been de te rmined  exper imenta l ly ;  the quantitative effect ,  
however ,  of the individual p a r a m e t e r s  and the m e c h a n i s m  of their  action have not been es tabl ished for the 
general  case .  

The a r t i c l e  gives r e su l t s  of invest igat ions of the quantitative effect  of the individual p a r a m e t e r s  on 
the boundary of s tabil i ty of the flow, based  on a d i rec t  numer ica l  d ig i t a l -compute r  in tegrat ion of the s y s -  
tem of par t ia l  di f ferent ia l  equations that de sc r ibe s  the p roce s s .  

In the range of var ia t ion  of p a r a m e t e r s  being cons idered ,  the change in specif ic  thermal  loading (q) 
and the heated length of tube (l) causes ,  other  conditions being equal, an a lmos t  d i rec t ly  proport ional  
change, and for  a change in internal  d iamete r ,  an a lmos t  inverse ly  proport ional  change, in the l imit ing 
m a s s  flow rate ;  i .e . ,  the re la t ion  between the lengths of the evapora t ive  sect ion and the economizer  s e c -  
tion r ema ins  a l m os t  constant.  The deviation f r o m  the proport ional  dependence in the p a r a m e t e r  range 
being considered does not exceed 10%, and is  explained by a ce r ta in  change in the s t e am p r e s s u r e  and the 
values  of the ra t io  of the coeff icients  of f r ic t ion in real  and homogeneous two-phase flow with change in 
the Reynolds number  Re and the iner t ia  of the coolant.  

The var ia t ion  in the the rmal  loading along the tube length somewhat  shifts  the stabil i ty boundary.  
The ar t ic le  indicates  the l imit ing values  of the var ia t ion  below which the d i sp lacement  of the l imit ing flow 
ra te  does not exceed 10% and the l imit ing flow ra te  can be de te rmined  according to the the rmal  flux 
averaged  over  the length of the tube. 

A change in the tube length affects  the nature  of the pulsat ions.  This  effect  for  the same final s t e a m -  
content weight  is  e x p r e s s e d  with an inc rease  in the tube length: f i r s t ,  in an inc rease  of the pulsat ion per iod 
that is  a lmos t  propor t ional  to the inc rease  in the length being heated,  and secondly,  in the s lower  inc rease  
in pulsation amplitude with dec rea se  in flow ra te  below the l imit ing value.  The paper  d i scusses  the m e c h -  
an i sm of this effect ,  explained by an inc rease  in the iner t ia  of the medium,  which inhibits the growth of 
pul sat ions.  

Trans la ted  f r o m  Inzhenerno-F iz iehesk i i  Zhurnal ,  Vol. 20, No. 2, pp. 351-352, Feb rua ry ,  1971. 
Original a r t ic le  submit ted November  27, 1969; ab s t r ac t  submit ted March 23, 1970. 
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The presence  of a p re l iminary  nonheated section of tube at the inlet increases  the flow stability. 
Such a section is more  effective than a throttl ing that is equivalent to it in drag at the inlet owing to the 
slower r ise  in pulsation amplitude for a decrease  in flow rate below the limiting value. The mechanism of 
this effect is d iscussed in the ar t ic le  by means of an analysis  of the momentum equation. For  calculations 
of the l imiting flow rate  we can, making the proper  allowance, assume a pre l iminary  section having a con- 
centrated drag. 

An investigation of ' the effect of throttl ing at the inlet (~in) showed that the l imiting flow rate,  other 
conditions being equal, depends on the throttl ing hyperbolically,  i.e., with increas ing throttling, its ef-  
fect iveness falls. This is explained by the fact that a decrease  in the l imiting flow rate as a resul t  of the 
throttl ing leads to the occur rence  at the end of the tube of a section with small intensity of change of flow 
rate along the tube length (i.e., a section with large weight s team-content ,  and with further  decrease  of 
flow rate - with superheating),  which is like throttl ing at the output, and dec reases  the flow stability. 
Prac t ica l ly ,  the boundary that has the grea tes t  effect on the inlet throttl ing is }in = 500. 

The effect of underheating of the medium at the inlet (Ai0) on the boundary of flow stability appears  
ambiguously in var ious  intervals  of its variat ion.  For  the range of pa rame te r s  under consideration,  an 
increase  in underheating beginning with 15-25 kcal /kg,  increases  the flow stability; increase  of underheat-  
ing f rom 0 tQ 15-25 kca l /kg  dec reases  it. The art icle  gives a detailed explanation of the mechanism of 
such an effect  of underheating on the stability boundary, related to the predominance in various intervals 
of a factor  for the increase  in length of the evaporative section or  decrease  in the magnitude of oscil lations 
of the boundary of the economizer  section; the f i rs t  worsens  the flow stability, and the second stabil izes 
it. 

The ar t ic le  presents  the quantitative dependencies based on the effect of p ressu re  on the flow stabil-  
ity, and the mechanism of this effect is descr ibed.  

All the enumerated laws on the effect of the pa rame te r s  on the flow stability boundary are completely 
confirmed by the experimental  data on the authors and other invest igators ,  and presented in the form of 
graphs and tables. 

DETERMINATION OF THE TEMPERATURE AND THE 

RADIATION CHARACTERISTICS OF FLAMES WITH 

THE TECHNIQUE OF BEAM-LENGTH VARIATION 

V. S. Pikashov, A. E. Erinov, 
Ya. B. Poletaev, and V. M. Olabin 

Experimental  data on the tempera ture  distribution and the radiation charac te r i s t i c s  (ray attenuation 
coefficient and degree of blackness) as functions of the volume are required for r e sea rch  on heat and mass  
exchange p rocesses  occu r r ing  in f lames and furnaces when var ious  fuels are burnt. Due to the aggress ive  
interaction between the combustion products  and the thermal sensor ,  contact measurements  of the flame 
tempera ture  are often impossible.  It is therefore  proposed to use a contact less  technique of changing 
the length of the beam as a general izat ion of the known method of doubling the beam length. The proposed 
method compr i ses  layerwise  measurements  of the radiant  heat fluxes originating f rom the flame for 
var ious lengths of the beam on the background of a model of a cold, absolutely black body; the m e a s u r e -  
ments are made with a nar row-angle  rad iometer  and thereaf ter  used in calculations of temperature  fluxes 
and the radiation cha rac te r i s t i c s .  The ins t ruments  must  have the form of wate r -cooled  movable probes.  

Institute of Gas of the Academy of Sciences of the Ukrainian SSR, Kiev. Translated from Inzhenerno-J 
Fizicheskii Zhurnal, No. 2, pp. 352-355, February, 1971. Original article submitted October 15, 1969. 
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L a r g e  s y s t e m a t i c  and func t iona l  e r r o r s  can  be m a d e .  The f i r s t  type of e r r o r s  r e s u l t s  f r o m  a e r o d y n a m i c  
and t h e r m a l  d i s t o r t i o n s  of the p a r a m e t e r s  of  f l ame  s e c t i o n s  n e a r  the b o u n d a r y  wi th  the co ld  s u r f a c e  of  
the p r o b e .  The func t iona l  e r r o r s  r e s u l t  f r o m  the c o m p l i c a t e d  d e p e n d e n c e  of  the p a r a m e t e r s  to be d e t e r -  
m i n e d  upon the d e t e r m i n i n g  p a r a m e t e r s ,  so tha t  a s m a l l  e r r o r  which  i s  made  in  m e a s u r e m e n t s  of  the 
r a d i a n t  f lux r e s u l t s  in  l a r g e  e r r o r s  of  the t e m p e r a t u r e  d e t e r m i n a t i o n  and the d e t e r m i n a t i o n  of  the r a d i a n t  
c h a r a c t e r i s t i c s  wi th  f o r m u l a s .  

In  o r d e r  to c o m p l e t e l y  e l i m i n a t e  m e t h o d o l o g i c a l  e r r o r s ,  a m e a s u r e m e n t  s c h e m e  i s  p r o p o s e d  and 
equa t i ons  fo r  e v a l u a t i n g  the r e s u l t s  of  the m e a s u r e m e n t s  a r e  d e r i v e d .  A l so  d e v e l o p e d  i s  a t echn ique  of 
g r a p h i c a l l y  a v e r a g i n g  the r e s u l t s  of h e a t  f l u x  m e a s u r e m e n t s  for  v a r i o u s  l e ng th s  of the b e a m ;  th i s  t echn ique  
m a k e s  i t  p o s s i b l e  to r e d u c e  the func t iona l  e r r o r s  by one o r d e r  of  magn i tude .  I t  i s  p o s s i b l e  to e s t i m a t e  
the m a g n i t u d e  of the func t iona l  e r r o r s  in  d i r e c t  c a l c u l a t i o n s  which  a r e  b a s e d  on  the equa t i ons  when  the 
g r a p h i c a l  a v e r a g i n g  of  the h e a t  f lux i s  used ;  the e s t i m a t e s  a r e  m a d e  a c c o r d i n g  to the r e s u l t i n g  a n a l y t i c  
d e p e n d e n c i e s  and g r a p h s .  

The t echn ique  of  d e t e r m i n i n g  the t e m p e r a t u r e  and the r a d i a t i o n  c h a r a c t e r i s t i c s  w a s  t e s t e d  in  the 
c h a m b e r  of  a f u r n a c e .  The c o m b u s t i o n  p r o d u c t s  o f  n a t u r a l  ga s  w e r e  the o b j e c t s  of  the i n v e s t i g a t i o n  in  
which  the length  of the b e a m  w a s  v a r i e d  be tween  0 and 0.8 m.  The r e s u l t s  of  the e x p e r i m e n t s  a r e  l i s t e d  in 
T a b l e  1. 

THE TEMPERATURE FIELD OF ROCKS, TAKING 

INTO ACCOUNT THE INTERACTION OF BOREHOLES 

O .  F .  P u t i k o v  a n d  V .  A .  R o m a n o v ,  UDC 546.12 
G .  V .  P l e k h a n o v  

The c o m b i n e d  use  of two o r  m o r e  p a r a l l e l  b o r e h o l e s  i s  p l anned  in some  s y s t e m s  which  m a k e  use  of  
the h e a t  of  the E a r t h ' s  i n t e r i o r .  In  connec t ion  to th i s  w o r k ,  the t e m p e r a t u r e  d i s t r i b u t i o n  a round  two i n t e r -  
a c t i n g  c y l i n d r i c a l  b o r e h o l e s  i s  c o n s i d e r e d  when  the wa l l  t e m p e r a t u r e  of the b o r e h o l e s  i s  a s s u m e d  to be  a 
g iven  func t ion  of t i m e .  The t w o - d i m e n s i o n a l  c a s e  i s  c o n s i d e r e d ,  i . e . ,  the a x e s  of  the b o r e h o l e s  a r e  a s -  
s u m e d  to be p a r a l l e l  and the h e a t  flux a long  the a x e s  of  the b o r e h o l e s  i s  a s s u m e d  to be n e g l i g i b l y  s m a l l  in  
the r o c k s ,  c o m p a r e d  to the r a d i a l  hea t  f lux.  

T A B L E  1. R e s u l t s  of  T e s t s  on the D e t e r m i n a t i o n  of T and k 

No. of Test 1, Test 2, Test 1 Test 2 
sample Parameters c~ = 1,o a = 0,7 Parameters c~ = 1,6 ~ = 0,~ 

1 r ,  ~ 1630 1648 k, 1/m 0,287 0,205 
2 T', ~ 1303 1878 k', 1/m 0,140 0,092 
3 6T', % 20 14 6k', % 51 55 
4 T~, ~ 1643 --  k~, 1/m 0,316 --  
5 Tp, ~ 1653 --  kp, 1/m 0,213 --  
6 T", ~K 1648 lfi/l k", 1/m 0,264 0,190 
7 6T", % 1,1 1,4 5k", % 8,0 7,3 

Note. 1) true value; 2) directly calculated with formulas; 3) error made in the deter- 
minations based on direct calculations; 4, 5, 6) values obtained from graphical analysis; 
7) error of graphical analysis; T denotes the temperature of radiating gases; k denotes 
the ray-attenuation coefficient. 

L e n i n g r a d  Mining  In s t i t u t 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  Z h u r n a l ,  No. 2, p.  353, F e b r u -  
a r y ,  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  Ju ly  11, 1969. 

262 



A solution to the nonstationary equation of heat conduction was obtained with the operator method and 

by superposition of fictitious temperature at the borehole walls. The solution of our work is an approxi- 
mation and is Valid whenever the "distance between the axes of the boreholes is much greater than their 
radii. The reduction of the temperature image with the aid of a Laplace transform was made in two ways 

for the particular ease in which the temperature at the borehole walls is equal and constant. 

In the first way, an expression for the temperature was obtained in the form of an infinite series 
with terms which are single integrals of rather complicated expressions including Bessel functions. 

In the second way, the expression for the temperature has also the form of a series in which the 
multiplicity of the proper integrals appearing in the terms of the series increases with increasing number 
of the terms. However, the functions in the expressions under the integral sign are tabulated functions 
which facilitates the calculations. The first three terms of the series have the form 

Fo 

t[7o ~ i (~, Fo) + f (~' ,  Fo) -- , I  f~o (~, n) f (~ ' ,  Fo - -  ~) tin, (1) 
0 

where t denotes the tempera ture  of the rock;T 0 denotes the temperature  of the borehole wall; R and R'  
denote the dimensionless  dis tances to the axes of the f i r s t  and second borehole,  respectively;  F 0 denotes 
the Four ie r  integral;  and f 'Fo  (R, ~/) = [Of (R, Fo)/0 Fo] IFo = ~/. The function f (R, Fo) is tabulated and 
renders  the rock tempera ture  in dependence of a single, independently operat ing borehole.  

It follows f rom Eq. (1) that the f i rs t  two t e rms  are the sum of the temperature  generated by two in- 
dependently working boreholes ,  whereas  the third te rm is a cor rec t ion  which accounts for the interaction 
between the boreholes .  The numerical  calculations show that the approximation formula (1) can be used 
in a large variabil i ty range of the Four ie r  cr i ter ion.  

DETERMINATION OF THE ROOTS OF SEVERAL 

TRANSCENDENTAL EOUATIONS CONTAINING 

BESSEL FUNCTIONS OF THE FIRST AND 

SECOND KIND AND THEIR DERIVATIVES 

V. Y a .  S m o r g o n s k i i  a n d  Yu .  A. I l l a r i o n o v  UDC 517.942.9 

The determinat ion of the roots  of the following equations, which contain Bessel functions and their 
der ivat ives ,  is needed in the solution of several  problems of engineering: 

sn (z) N~ (iX) - -  Nn (X) Z~ (tZ) = 0, (1) 

]n (Z) g n  (t X) - -  N n (~() Jn (IX) = 0 ,  (2) 

s,+~ (z) N,, (tZ) -- N,,+~ (Z) :,~ (tZ) = 0. (3) 

Jn ()~) Nn+l (l)~) - -  Nn ()~) dn+l (t)~) = O, (4) 
],, (z) N,~ (tz) -- N,, (x) s,, (ix) = o. (5) 

J~ (x) N~ (tz) - N'n (z) s~ (tx) = 0. (6) 

The numerical  determinat ion of the roots  of these exPressions is ra ther  difficult in view of the multiplicity 
of the roots .  By analyzing the sequence of the roots  of the Bessel  functions of the f i rs t  and second kind 
and their der ivat ives  (which are  tabulated functions),we obtain the l imitswithinwhich the roots  of these equations 
can be found for any value of the pa rame te r  t. Table 1 is a l is t  of the intervals  in which the m-th root of 
the corresponding equation is situated, the root  being denoted by • 

A. A. Zhdanov Polyteehnical  Institute, Gor 'ki i .  Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal, 
No. 2, pp. 354-355, February ,  1971. Original ar t ic le  submitted, November 13, 1969. 
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TABLE 1 

Boundaries within which the roots are 
situated Applicability range 

Cp,r .(~ txn,.,.< ~ Dp,q 
Op,o-<4 tX.,m -~ Cp,q+l 

Cp,q+l ~.', tXn,m ~ Dp~q+l 

0 .(.. 1/t .~  Bp,x/Dp, r 
Bp,1/Dp, q ~ 1/t ~ Ap,1/Cp, q+ 1 

Ap,1/Cp,,l+l . ~  ] / t  .<~ Bp , jDp ,q+ 1 
Bp, dDp,q+l .~ 1/t .~  Ap.2/Cp,q+~ 

The coefficients A, B, C, and D for the corresponding equations have the following values: 

Ap,q = in,m; Bp,e = gn,m; Cp,q = in,m; Dp:r = g'n,m , (1 ') 

Ap,q = Yn,m; Bp,q = ]'n,m; Cp,q = Yn.m; Dp,q = in,m, (2I)  

Ap,q = ]n+l,m; Bp, q = gn+~,m; Cp,q = ]nan; Dp,q = gn,m+l , (3 ' )  

Ap,r = in, m; Bp,q = Yn, m; Cp, O = Jn+l,rn-1; Dp.q = gn+l,m , (4') 
Ap,q = ]n,rn; Bp,q = Yn,m; Cp,q = in,m; Dp,q = Yn,m+z , ( 5 1 )  

Ap,q = Yn;rtl'~ Bp,q = ]n,trl; Cp,q = ~]'tz,rtz-l; Op,q = Jn,ra " ( 6 | )  

The following notation is used to Eqs. (1)-(6) and (1 ' -6 ' ) :  t _> 1 denotes a parameter ;  Jn, Nn, J~, and 
t N n denote Bessel  functions of the f i rs t  and second kind and their f i r s t  der ivat ives  of n-th order ,  r e spec -  

�9 . !  , 
tively; n denotes some positive number (integer or fraction),  including zero;  In, m, Yn, m, In, m, and Yn, m 
denote the m- th  roots  of the Bessel  functions of the f i rs t  and second kind and their  der ivat ives ,  r e s p e c -  
tively. 

It follows f rom an inspection of the table, that the m-th root of Eqs. (1)-(6), except for the f i rs t  root 
of Eq. (6), va r ies  between 0 and oo when the pa ramete r  t var ies  between co and 1. For  m = 1, the tabulated 
values corresponding to Eq. (6) degenerate to the relat ion 

0< x.,1-< )'..,/t. 

By expanding the t e rms  of Eq. (6) near  the point t = 1, we obtain that the f i rs t  root  of Eq. (6) tends 
to n for t ~ 1. Thus, we obtain the relation 

for  the f i rs t  root  of Eq. (6). 

n>~Xn,,..~..]n,,, if 1.~ t ~(. r 
t 

A N A L Y T I C  I N V E S T I G A T I O N  OF T H E  P O S S I B I L I T Y  O F  

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

D I S T R I B U T E D  T H E R M I S T O R S  

B. M. Raspopov UDC 536.531 

A group of the rmis to r s  in the form of conductors which are electr ical ly  insulated f rom each other and 
f rom the medium to be monitored is considered.  Due to a given inhomogeneity in the distribution of the 

Institute of Automatics of the Academy of Sciences of the Kirg~z SSR, Frunze. Translated from 
Inzhenerno-Fizicheskii Zhurnal, No. 2, p. 355, February, 1971. Original article submitted October 15, 

1969. 
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elect r ical  res is tance  of each conductor along the line of temperature  measurement  (obtained by nonuni- 
formly  winding the conductor on a support  or  by some other means),  the Four ie r  coefficients of the t em-  
pera ture  distribution function can be uniquely determined from the res i s tances  of the conductors.  It is  
shown that when conductors  with c i r cu la r  c ro s s  section are used, a reduction of the measurement  e r r o r s  
can be obtained by reducing the d iameter  of the conductors and by increas ing the heat t ransfer  coefficient. 

The ar t ic le  includes an example of using the information on the Four ier  coefficients for optimizing 
the control of thermal  p rocesses .  

NET SOLUTION METHOD OF NONSTATIONARY HEAT 

CONDUCTION PROBLEM FOR A GAS-TURBINE DISC 

WITH SHROUDED BLADES ON A SUPPORT 

V. S. P e t r o v s k i i  and E. E. D e n i s o v  UDC 621.438-254:536.2 

A gas- turbine  disc is considered with shrouded blades and of variable c ros s - sec t ion  and also with 
a central  hole. The heat-conduction problem for the body sys tem d i s c - b l a d e s  canbe formulated as a 
sys tem of differential equations 

Old(r, T) a d 0 [ Old(r, ~) ] as (r) 
Or - -r2--~-  " 0-/ rz(r) --=-~r J CdPdZ(r) lid(r, z)_t:b(r)], (I) 

(r~ .<r~: q, ~>0), 

[ Otb(X. ")l a.(x)p(x) lib(x, ,) t; (x)] atb(x, ~) a b a S(x) --  , (2) 
0T -- S (x) O'-x - - - -"~x J CbPbS (x) 

(0 .<5.. ~.< l, ~>0). 

The blade fin attains its maximum tempera ture ,  for example,  in the middle; it is advisable therefore to 
simplify the problem to consider  f i rs t  of all its bead portion (0 < x 1 _< t O. The boundary conditions can then 
be specified as follows: 

for the disc 

and for the blade 

Otd(r ~, ~) Otd( q ,  T) 
=0; - -  -~r ~)+~td(q, ~)+~s (3) 

Or Or 

Orb (0, T) 
Oxa -- ehtb (0, x) + CPdd (rt, T) + cp6; 

Otb(ll, ~) 
Oxx 

= 0. (4) 

The constants  q~l, ~2, ~3, ~~ ~05, ~6 can be found f rom the heat-balance equations for x 1 = 0 and r = r t. 
Equation (2) with the boundary conditions 

Orb(O, v) 
- l d (l~>- [t~ (l~)- to] ~-m~ Ox~ =0; (b(12, T)-- * 

--[q .~)--tss ] (X--:~). (5) 

is the starting point for the tail portion of the blade (0 _<x 2 <_ /2). In the above t o is the initial temperature; 
tss is the stationary temperature of the heated shrouded wing which is found from the heat-balance equa- 
tion; m = 0.5 (c~ I + 0~2) Sss/Mc b is the temperature of the regular heating of the upper shrouded wing. 

Institute of Aviation Engineering, Moscow. Translated from Inzbenerno-Fizicheskii Zhurnal, Vol. 
20, No. 2, pp. 355-356, February, 1971. Original article submitted February 4, 1970. 
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Net scheme.  

The network scheme for the f i r s t  problem is shown in the graph below. It can be seen that the solu-  
tion for the disc and for the blade is sought at the nodes of two nets which are interrelated by the boundary 
conditions suitably represented  in a difference form. 

An explicit formula was used for integration. This is possible in our case since under the stability 
conditions one has 

h~ ha 
A~ .<, 2 m ~  s (x) ~na A~ ~ ~ (6) : 2max P (r) ' 

and the func t ions  $(x) and P ( r )  = r z ( r )  do not  v a r y  r a p i d l y .  The i n t e g r a t i o n  s t e p s  a r e  s e l e c t e d  a s  fo l lows .  
At the beginning a step h was selected,  equal for example, to 0.15 r 1. This enabled one to br ing down the 
step A'r to 0.5 sec. It was found by tr im calculations with three values of A-r f rom the highest value down- 
wards  that the solution converges rapidly and that there is a good agreement  with experimental  resul ts .  

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

S T A G N A N T  Z O N E S  

A.  Y a .  C h e r n y a k  a n d  E .  A.  B o n d a r e v  UDC 532.7 +66.02 

The paper deals with the radial motion of the dispers ion medium in a static layer  of par t ic les  with 

stagnant zones. 

A sys tem of differential equations is presented that incorporates  the dynamically less  active regions 

and the mass  t ransfer  between these and the stagnant zones. 

The Laplace t r ans forms  of the differential equations in partial  derivat ives are used to find an ex-  
press ion  f rom which one can derive at once the solution to the initial problem from the known solution to 
the equation for convective diffusion. The stagnant zones are  without effect for time ~ ~ r162 but at smal ler  
t imes these zones affect the time scale and the concentration relaxation. The solution coincides exactly 
with that for the corresponding convective-diffusion problem in the absence of stagnant zones if there is 
an adequate rate of exchange between the flowing and stagnant zones,  no mat ter  what the size of the flow 
zone. This means physically that the stagnant zones do not appreciably influence the concentration d is -  
tribution if the m a s s - t r a n s f e r  rate is high. 

All-Union Oil Refining Research  Institute, Moscow. Translated f rom Inzhenerno-Fizicheski i  Zhurnal, 
Vol. 20, No. 2, pp. 357, February,1971.  Original art icle submitted April 1,1969;  revision submitted 
April 28, 1970. 
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A re l a t ionsh ip  i s  given between the concent ra t ions  in the flowing and stagnant zones,  which shows that 
the concent ra t ion  beyond the s tagnant  zone v a r i e s  exponent ia l ly  when the input has  a constant  concen t r a -  

tion. 

AN ELECTRICAL MODEL FOR EXAMINING NONLINEAR 

PROBLEMS IN THERMAL CONDUCTION 

Yu. M. Matsevtyi and V. E. Prokof'ev UDC 536.2.01 

The following is  the d i m e n s i o n l e s s  fo rm of the equations for the t e m p e r a t u r e  d i s t r ibu t ion  in a sol id 
with va r i ab l e  t e m p e r a t u r e s  in the medium,  a va r i ab l e  h e a t - t r a n s f e r  f ac to r ,  and t e m p e r a t u r e  dependence 
of the the rmophys iea l  p r o p e r t i e s :  

a [2(0 ) a 0 ] + o [  aol ,  a [ ao] oo o-V -~  o~- ~ (0) -~ j  ~ ~ ~- (o) ~ = c (o) v (0) -3-Wo ~ po, 

00 
Bi (Fo) JOe (Fo) -- Obl = --~- (0) 

ON ' 

0 (x, y, 2)Fo= o = f (x, y, z). 

(:) 

(2) 

(3) 

The in tegra l  

0 

= .I -~ (o) dO 
0 

(4) 

is  used to conver t  (1) to 

0~q) O~O 02O 
ox~ + N ---T + az~ 

I Oo 
- - ~ ( o )  OF0 +Po(0), (5) 

where  

c (o) ~ (o) 

The lef t  s ide of (5) then becomes  l i ne a r ,  so one can r e a d i l y  r e p r e s e n t  i t  with a pass ive  analog,  e .g. ,  
an R network.  Only L i e b m a n ' s  method can be used to r e p r e s e n t  the r igh t  s ide .  Models with continuous 
solution (BC networks)  a r e  unadapted to this .  

The b a s i c  component  in the device is  an RNR network,  which cons i s t s  of an R network with non- 
l i n e a r  e l ec t ron i c  units  connected to i ts  nodes.  

A nonl inear  unit  inc ludes  a functional unit, a mu l t i p l i e r ,  a d i f f e ren t i a to r ,  and a cont ro l led  c u r r en t  
s t a b i l i z e r ;  it r e c e i v e s  the node vol tage and produces  a c u r r e n t  p ropor t iona l  to the r ight  side of (5), which 
is  pa s sed  to a node in the R gr id .  

Boundary condit ions of the third kind a r e  provided  by a device for  specifying nonl inear  t i m e - v a r y i n g  
boundary condi t ions.  

Condition (2) r e m a i n s  nonl inear  a f te r  the t r a n s f o r m a t i o n  of (4): 

: ~ (6) Bi (Fo)  [Oe (Fo)  - -  Ob((D)] - -  - -  ON 

Kharkov Poly technica l  Ins t i tu te .  T ra ns l a t e d  f rom I n z h e n e r n o - F i z i c h e s k i i  Zhurnal ,  Vol. 20 ,  No. 2, 
pp. 357-358, Feb rua ry ,1971 .  Original  a r t i c l e  submi t ted  December  2, 1969; r ev i s ion  submit ted  June 29, 
1970. 
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and cannot be rea l i zed  with the methods and devices  widely used in e lec t r i ca l  s imulat ion of physical  f ields.  
The above device inco rpora t e s  not only the nonlineari ty 0b = f (~) in (6) but also the Fo dependence of O c 
and Bi. It  cons i s t s  of two functional shapers  FS1 and FS2, a mul t ip l ie r ,  a functional conver t e r  FC, and a 
control led cu r r en t  s tab i l i ze r  CCS. 

The potential  a t  the boundary point cor responding  to a'b is passed  to the input of FC, where  it  is  
conver ted  to a voltage propor t ional  to 4,b, which is added to the voltage produced by FS 2 and p a s s e s  to one 
input of the mul t ip l ie r .  The second input r ece ives  f rom FS, a voltage propor t ional  to the t ime var ia t ion  in 
Bi. The output voltage is propor t ional  to the left  side of (6) and is passed  to the CCS, which t r a n s f o r m s  it  
p ropor t iona te ly  to a cur ren t ,  which is  passed  to the boundary point, which co r responds  to rea l iza t ion  of 
the nonl inear  boundary condition of (6). 

These  devices  provide complete ly  general  continuous solution of nonlinear p rob l ems  in field theory,  
which was  prev ious ly  imprac t i cab le  with devices  providing continuous solution. 

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

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

L .  I .  R o i z e n  a n d  G.  I .  A b r a m o v  UDC 536.244 

In the a r t i c le  the opt imum geomet r ica l  c h a r a c t e r i s t i c s  a re  de te rmined  for the cur ren t  leads  in 
e tec t ro teehnica[  equipment cooled by liquid hel ium,  which a s su re  min imum heat  flow to the liquid. I t  i s  
a s sumed  that complete  heat  exchange takes  place between the coolant vapors  and the surface  of the cu r ren t  
lead { tempera tures  of the lead and vapor  a re  identical in any c r o s s  section),  while t e m p e r a t u r e  
changes  in the physical  p r o p e r t i e s  of the lead ma te r i a l  ( thermal  conductivity,  e lec t r i ca l  res i s tance)  
follow the W i e d m a n n - F r a n z  law. 

With these assumpt ions  an analytical  solution is obtained for  s ta t ionary  heat  flow at  the one-d i lnen-  
sional level .  The express ion  for de terminat ion  of the min imum volati l i ty has  the fo rm 

] 
-~- In I 4 (A - -  Ao)~k~ - -  4 (A - -  Ao) Ak + 1[ 

1 arctg ' + arctg 1 In - -  

"-~-/- --- 1 --1 

where  A = me_ /2 I  r  A 0 = m 0 c ~ / 2 I / L ;  k = r / T e e  p are  d imens ion less  p a r a m e t e r s ;  m is  the coolant vo la -  p 
til i ty (at one lead) de te rmined  by the total heat  flow; m 0 is the volati l i ty de te rmined  by the heat  flow along 
the leads;  Cp i s  the heat  capaci ty  of the coolant vapors ;  r is the heat  of vapor iza t ion  of the coolant; I i s  
the working current ;  L is the constant  of the W i e d e m a n n - F r a n z  law; T H and T e a re  the t e m p e r a t u r e s  of 
the hot and cold ends of the cu r ren t  lead. 

To de te rmine  the min imum dimens ion less  volati l i ty (A) the dependence (1) should be used, if at 
fixed Te, TH, and k the given min imum value of A0 can be evaluated according  to the equation 

"2-1 in[4(l_Ao)~k~_4(l_Ao)k+l [ 2(l--Ao) k--12(1--A~ =]n TNT__~._. (2) 

V. I. Lenin All-Union Elect ro technical  Inst i tute ,  Moscow. Trans la ted  f rom Inzhenerno-Fiz iehesk i i  
Zburnal ,  Vol. 20, No. 2, pp. 358-359, F e b r u a r y ,  197]. Original  a r t i c le  submit ted December  17, 1969; 
r ev i s ion  submit ted  July 15, 1970. 
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Otherwise the dependence derived in the ar t ic le  can be used. 

The resul ts  of calculations for cur ren t  leads (AI 99.99%) with liquid helium as the coolant (T e = 4.2~ 
k = 0.916) are  presented in the form of the dependence of the minimum volatility (A) and optimum geomet-  
rical pa rame te r  /I~fL/s on the tempera ture  at the hot end of the lead (l and s are the length and c r o s s -  
sectional a rea  of the lead). It is shown that the volatility and geometr ical  pa ramete r  have a slight depen- 
dence on the tempera ture  of the hot end in the interval of 20-300~ A change in the pa ramete r  A 0 within 
the l imits  of 0-0.4 leads to a negligible increase  in the volume of helium evaporated. 

T R A N S I E N T  T H E R M A L  C O N D U C T I O N  BY C O A X I A L  

I N S U L A T E D  D I S C S  

A .  G .  G o r e l i k  U D C  536 .21  

The discs  are  mounted on a central  thin-walled tube of high conductivity, and this tube is at the same 
tempera ture  at all points. The discs  vary  intbickness  and extend radial ly to infinity; they differ in the rmo-  
physical pa rame te r s .  A constant total heat flux is supplied to the tube f rom the s tar t ,  and this is taken up 
completely by the discs .  

The problem is solved via Laplace t ransformat ion  with respec t  to dimensionless  time; general solu-  
tions are  derived for the tempera ture  distr ibution in the sys tem and the heat flux at the internal surface of 
each disc,  with corresponding solutions for small  Fo. 

Results  are given for  a sys tem of two discs  (ceramic and glass) for small  Fo. 

The resul ts  are  also solutions for  the p ressu re  distribution in a sys tem of isolated s t ra ta  (or one 
s t ra tum with isolating bands) when a liquid is pumped in through a central  borehole.  

- -  Organic In termedia tes  and Dyes Research  Institute, Moscow. Transla ted f rom Inzhenerno-F iz i -  
cbeskii Zhurnal, Vol. 20, No. 2, pp. 359-360, February ,1971.  Original art icle submitted January  29, 1970; 
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