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

I N T E R M E D I A T E - C A R R I E R  S Y S T E M S  

Z.  R .  G o r b i s  UDC 536.27 

A h e a t - t r a n s f e r  sys t em with an in termediate  heat c a r r i e r  (the f i rs t  loop in a nuclear  power system,  
f i re  tubes in indirect ly  heated sys tems) ,  is considered as a device with a hea t - t r ans fe r  loop; in such a 
loop one has a closed sequence of p roces se s ,  which bring the pa rame te r s  of the intermediate  c a r r i e r  back 
to  the initial values and which a re  intended to t r ansmi t  heat f rom the p r i m a r y  c a r r i e r  to the secoridary 
one. An essent ia l  difference between such a cycle and a thermodynamic  cycle is that there  is no conver-  
s ion of heat into external  mechanical  work. The h e a t - t r a n s f e r  cycle consists  of p rocesses  of heating, 
cooling, and displacement  of the in termediate  c a r r i e r .  The cycle will be ideal if the heat losses  a re  
Small, as a re  the p r e s s u r e  and mass  losses .  Then the t r anspor t  p r o c e s s e s  wilt be adiabatic for the in- 
t e rmedia te  c a r r i e r ,  while the hea t - t r ans f e r  p roces se s  will be i sobar ic ;  the looping number and change 
in the amount of heat a re  

~I ~ Gi/Gi ~ clWi/ciWz = cons t ;  P H  ~ GI/G2 = const; ~ TdS = O. (1) 

There  is no meaning in represen t ing  an ideal cycle in T -- S coordinates ,  since the area  in such coor-  
dinates will be zero;  in t - -  ~ F coordinates (or t - -  kF for r ecupera to r s )  the a reas  bounded above and below 
by the t empera tu re  curves  cor respond to the amount of heat t r ans f e r r ed .  Figure 1 shows the variat ions 
in the h e a t - c a r r i e r  t empera tu re s  (in the general  case,  in the enthatpies) and in the t empera tu re  differences 
between them. The effieiencies ~I and ~II of the components and of the sys t em as a whole % are  defined 
by the ra t ios  of the corresponding a reas .  For  instance,  for the sys t em 

Q 2fabca Wi 
- -  ; Atm . . . .  -~ t l  - - t  2 = Atmaxi  + AtmaxI  I - 6 t  i . ( 2 )  

~  ~ Wmin .  e Atmax.  r - f1'32"4 " W m l n . e  

1 1 Wmin .  e W m i n . c  1 Wroth.  e 

o" c - -  ~ I Wmin . I  + Wmtn . I I  " ~  W i  ( 3 )  

Formula  (3) is suggested as a genera l  relat ionship for  the efficiency of such a loop; one can obtain 
as  pa r t i cu la r  cases  express ions  given in [1] for pa r t i cu la r  ra t ios  of the water  numbers  of the c a r r i e r s .  
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Fig. 1. Hea t - t r ans fe r  cycle with an intermediate  
heat c a r r i e r  in a sys tem with two countercurrent  
regenera t ive  chambers  (heat c a r r i e r s :  abcd in- 
te rmedia te ;  1' 11" p r imary ;  2' 2" secondary) .  
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For  ins tance,  with W~> W2 > W i it follows f r o m  (3) that  1/~ c = (1/(r I + 1/ffII --  1)W2/W i. The a r ea  f1'32'4 
co r re sponds  to the s tandard  h e a t - t r a n s f e r  cycle,  i . e . ,  ~ = 1, and the eff ic iency is the higher  the m o r e  the 
actual  cycle  fil ls the s tandard  one (the c lose r  5ti approaches  ATmax.c)  for a given Wi/Wmin.  c. Concepts 
on such cycles  a r e  a l so  useful  under  r ea l  conditions of use ,  as in many  c losed- loop s y s t e m s .  Combined 
ana lys i s  of the t he rmodynamic  cycle  and the h e a t - t r a n s f e r  cycle may he re  be useful .  
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MODIFIED HIRSCHFELDER EQUATION OF STATE 

FOR GASES 

A. M. Shelomentsev and N. K. Bolotin UDC 536.71 

H i r s e h f e l d e r ' s  wel l -known equation of s ta te  for  the gaseous  phase  of individual subs tances  is placed 
at the bas i s  of a genera l ized  equation of s ta te  for  nonpolar  subs tances .  

The modified equation finally takes  on the following fo rm:  

I. A n y T R ,  PR -< I .  

PR = Ts [-- "V,(TR ) v~ - ~V,(TR ) P,~ + g (PR)1, 
5.5 m -- 5,5 

W~(TR )= ~ @ T% 

(1 + m)SoR 
g(PR)= m(3m--l)--(3m2--6m--t)p R Jr m(m--3) p~ ' 

= 43.164--272.73 (1 .03--O. 157~--p/+706.63A:~-~" 10871 (1,03-- 0.157~ -- T ,  !0"871 '12 ~ 705,41 (1--0.1576 -- --~---]0'871 ~3 iT/ 

IIo T R ~ I ,  PR ~ I .  

PR r R [ -  W~(T R ) p~ ~V, (T R )p~ = ~ + mo~ + s (p~ - 1), 
= - -  ' + D (Pn, Tn ~1~ 

PR 

s = - -  8 . 4 4  - -  4 . 5 0 m  - -  0 . 3 6 3 m L  

D(pR, rR)=(Pn 1) s(T R -  I) L ~ \  ~'R 44.4+5.22m -- TR @23.7-- 3.26m , 

/ 0,871 ) pRr~ I1.03-0A~7~---C-~ 
PR = PcM 

The eo r r e l a t i on  fac tor  /3 is calculated f rom the equation 

TBR log (0.98162Pr 
~= 

1 --TBR 

where TBR is the reduced boiling temperature at atmospheric pressure; in the equations PR = P/Pc, Tl~ 
= T/Tc, TBR = TB/Tc; T, ~ is the temperature; P, bars is the pressure, p, kg/m 3 is the density; M, 
kg/mole is the mass of a kilomole; R# = 0.083144 m 3 .bar/kmole .deg. 

An ad~antage of the equation obtained over the original equation is that it has a higher accuracy and 
requires only the normal boiling temperature and two critical parameters, the temperature and pressure, 
for its use. 
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A check agains t  the P - -  V - -  T data for  11 subs tances  showed that  the ave r age  e r r o r  in de te rmin ing  
the densi ty  in the range  Of reduced  t e m p e r a t u r e s  and p r e s s u r e s  of 0.5-10 and 0.002-40, r e spec t ive ly ,  was 
0.5-2% with a m a x i m u m  of 2-7%. The p roposed  equation can be r e c o m m e n d e d  for  the calculat ion of the 
t h e r m o d y n a m i c  p r o p e r t i e s  of the gaseous  phase  of l i t t l e -s tudied  subs tances .  

Dep.  2288-74, Apr i l ,  16, 1974. 
Original  a r t i c l e  submit ted  May 8, 1973. 

C A L C U L A T I O N  O F  H E A T  E X C H A N G E  I N  

T U R B U L E N T L Y  F L O W I N G  L I Q U I D  F I L M S  

Y u .  T .  B o r s h c h e v s k i i ,  I .  M.  F e d o t k i n ,  
M. N.  C h e p u r n o i ,  a n d  V.  ]~o S h n a i d e r  

UDC 532.59:536.242 

The main  hydrodynamic  p a r a m e t e r s  of turbulent  f i lm flow in ve r t i ca l  tubes were  studied analyt ica l ly .  
A power  law of veloci ty  d is t r ibut ion  was used.  The equations obtained for  the ave r age  flow velocity,  f i lm 
th ickness ,  and coeff icient  of hydraul ic  f r ic t ion  ag ree  with the exper imen ta l  data of L. Ya. Zhivaikin and 
B. V. Volgin with an a c c u r a c y  of 10%. 

An ana lys i s  of the heat  exchange accord ing  to wel l -known schemes  is  p re sen ted  on the bas i s  of the 
hydrodynamic  flow c h a r a c t e r i s t i c s  obtained.  Using the Reynolds analogy and the s e m i e m p i r i c a l  t r a n s p o r t  
theory  of L. G. L0i tsyanski i ,  in pa r t i cu l a r ,  the cor responding  c r i t e r i a l  equations a r e  der ived .  

Nu ~ 0 . 0 2 8 4 R e ~  ~  . 

Nq ~ 0 . 0 1 7 2 R e ~ 1 7 6  ~  . 

A compar i son  of these  functions (curves 5 and 6 in Fig. 1) with the exper imenta l  data of E. G. 
Vorontsov,  I. M. Fedotkin, W. H. MacAdams,  and W. Wilke showed that the s e m i e m p i r i c a l  t r a n s p o r t  
t heo ry  d e s c r i b e s  the heat  exchange in turbulent ly  flowing f i lms somewhat  be t t e r  than the Reynolds analogy.  
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Fig.  1. Compar i son  of functions 
Nu = f(Re) at P r  = 1 according  to 
Eqs.  (1) and (2) (curves 5 and 6, 
respec t ive ly)  with data .  1) of [1]; 
2) of [2]; 3) of [3]; 4) of [4]. 
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H E A T  E X C H A N G E  AND F R I C T I O N  IN A 

T U B E  W I T H  O N E - S I D E D  H E A T  S U P P L Y  

FLAT 

I. S. O l o n i c h e v  UDC 536.244 

Turbulent  flow of a compress ib le  gas in the initial sect ion of a fiat tube with nonsymmetr icaI  heat 
supply is examined. A sys tem of two-dimensional  boundary- layer  equations with initial uniform velocity 
and t empera tu re  profi les  and l inear var ia t ion in the heat flux or t empera tu re  at one of the wails of the 
tube is solved by the grid method. The tempera tu re  var ia t ion in the physical  proper t ies  of the gas in a 
direct ion perpendicular  to the flow is taken into account.  The data of Reichardt  and Goldman are  used for 
the charac te r i s t i c s  of turbulent t rans fe r .  The sys tem of differential equations is approximated with the 
help of an implicit  six-point scheme.  The a lgebraic  equations obtained a re  solved by the t r ial  run method 
in coniunction with the i terat ion method. 

The resul ts  of the numerical  solution show that the nonsymmetr ica l  heat supply affects not only the 
t empera tu re  profile,  but also the velocity profile.  For  example, the velocity maximum is displaced to-  
ward the hot ter  wail. This is caused by a drop in the density near the wall and a corresponding increase  
in velocity.  The Nusselt number with turbulent flow and one-sided heat supply is 10-12% lower than the 
Nusselt number with symmet r i ca l  heat supply, which is explained by the relat ive growth of the thermal  
boundary layer .  The level of the decrease  in the Nusselt number is in good agreement  with the resul ts  of 
experimental  studies of heat exchange in fiat channels. The effect of nonsymmetr ica l  heat supply on the 
coefficient of res i s tance  is negligible. 

The resul ts  of numerical  calculations with one-sided heat supply and with tempera ture  factors  of 
T w a / T g  = 3-4.5 are  sa t i s fac tor i ly  general ized by known cr i te r ia l  functions obtained for the initial section 
of a round tube, by B. S. Petukhov's  equation, in par t icular .  An equation obtained by the author and which 
descr ibes  the resul ts  of numerical  calculations with an accuracy  of e6% is presented for calculations with 
large  values of T w a / T g  = 10-28. 

Dep. 2283-74, :May 27, 1974. 
Original ar t ic le  submitted July 4, 1973. 

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

R E L E A S E  F O R  D R Y  M E T A L - - P O L Y M E R  F R I C T I O N  

V. V. K h a r i t o n o v  UDC 539.538.62 

The paper deals with the heat propagation for a sys tem of bodies in dynamic contact, with heat r e -  
leased within the surface  layer  due to the formation and disruption of a cer tain s t ruc ture  there,  the layer  
having a depth from some microns  to 1 mm or more,  the loading conditions and mater ia ls  governing the 
exact depth. The solution for the nonstationary case gives t empera tu re -d i s t r ibu t ion  curves having a char -  
ac te r i s t i c  maximum at a cer ta in  distance from the contact surface,  which agrees  well with experimental  
evidence. 

It is assumed that the contacting mater ia ls  a re  very  different in thermophysical  proper t ies ,  and 
atso that the proper t ies  of the surface  layer  producing the heat a re  different f rom those of the main unde- 
formed mater ia l .  The fr ict ion problem for two bodies is thus reduced to that of heat propagation in a sys -  
tem of three bodies with a distr ibuted bulk source  in the middle body, and the proper t ies  of this third body 
a re  determined f rom the conditions for numerical  agreement  between the calculated and measured values.  

The solution shows that the surface layer  of metal in fr ict ion against  a po lymer  should have very  
much elevated thermal  conductivity relat ive to the base metal,  while the heat t r ans fe r  in it is s imi lar  to 
that in flow of a liquid metal in a nar row slot of width of the order  of the thickness of the deformed 'zone,  
i .e . ,  the metal behaves more  or less as a liquid under these conditions, its hydrodynamic behavior  then 

105 



defines the heat  t r a n s p o r t  and m om en t um  t r a n s f e r  through the su r face  l aye r .  
t heo ry  of s i m i l a r i t y  for  t r a n s p o r t  p r o c e s s e s .  

Dep. 2278-74, Apri l ,19,  1974. 
Gomel  Branch,  B e l o r u s s i a n  Polytechnic  Inst i tute .  
Original  a r t i c l e  submit ted  October  2, 1972. 

This  enables one to use  the 

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

S i - - C 1 - - H  S Y S T E M  I N  A U T O E P I T A X I A L  G R O W T H  

O F  S I L I C O N  F I L M S  

A .  I .  L y u b a r s k i i  UDC 532.696 

An analyt ica l  d i scuss ion  is used to examine the effects  of convect ive m a s s  t r a n s f e r  on the equi l ibr ium 
compos i t ion  a t  the su r f ace  of the subs t r a t e  in an epi taxial  deposi t ion s y s t e m .  

The  phenomenologica l  model  comple te ly  co r r e sponds  to that of [3], but some  additional a ssumpt ions  
a r e  made .  

The  t r a n s p o r t  equations for  the m a s s  of component  i a r e  put in the following d imens ion less  fo rm:  

u _ + / = 2 - 6 .  (1 )  
Oxi ar~ r Or ' 

The boundary conditions and solut ion a r e  analogous to those  for  heat  t r a n s f e r  [2]. The solution of 
[1] is used in a f lux-ba lance  equation for  chlorine at the su r face :  

(Xqc,j). = 0. (2) 

Algebra ic  t r a n s f o r m a t i o n s  give a t r anscenden ta l  equation for the z p a r a m e t e r  [1], which has been  solved 
numer ica l ly  by compute r .  

Resul ts  show that the equi l ibr ium par t i a l  p r e s s u r e s  of the components  at the su r face  should be ca l -  
culated not f r o m  the initial  mix tu re  compos i t ion  but f r o m  the values  defined f rom the condition of [2], 
namely ,  the conse rva t ion  of the chlor ine flux at this su r f ace .  

1. 
2 .  

3. 
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THERMAL CONDUCTIVITY MEASUREMENT ON 

HEAVY WATER WITH A RELATIVE NULL METHOD 

EMPLOYING A TRANSIENTLY HEATED WIRE 

A. P. Bibik, I. V. Litvinenko, 

and I. V. Radchenko 

UDC 536.22 

A method has  been  desc r ibed  [1] for  m e a s u r i n g  the the rma l -conduc t iv i ty  r a t io  for two liquids (one 
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of t h e m  a s t a n d a r d )  wi th  v e r y  h igh  a c c u r a c y  i f  the  d i f f e r e n c e  in  t h e r m a l  conduc t iv i t y  is  not  v e r y  l a r g e ;  
t h i s  h a s  b e e n  a p p l i e d  to  the  t h e r m a l  conduc t i v i t y  of D20 in t he  r a n g e  0-40~ The  t h e o r y  i s  p r e s e n t e d  
b r i e f l y .  The  a p p a r a t u s  c o n s i s t s  of  a b r i d g e  con ta in ing  two c e i l s ,  wh ich  t h e m s e l v e s  con ta in  the  t e s t  and 
s t a n d a r d  l i q u i d s ,  the  b r i d g e  be ing  fed f r o m  an  aud io  o s c i l I a t o r ,  and w o r k i n g  into  a r e c o r d i n g  s e c t i o n  con-  
s i s t i n g  of a p r e c i s i o n  a m p l i f i e r  and a loop o s c i l l o s c o p e .  G l a s s - c o a t e d  m i c r o w i r e  i s  u s e d  in  the  h e a t e r  
and r e s i s t a n c e  t h e r m o m e t e r .  The  t h e r m a l  conduc t iv i t y  i s  de f ined  by  

x/~ st. = ~/70, (1) 

w h e r e  X and }~st a r e  t h e  t h e r m a l  c o n d u c t i v i t i e s  of the  t e s t  and s t a n d a r d  l i qu ids ,  whi le  y is  the  r a t i o  of the  
b r i d g e  a r m s  when the  b r i d g e  i s  i n s e n s i t i v e  to  r e s i s t a n c e  change  in  the  c e l l  w i r e s ,  with y 0 the  s a m e  d u r i n g  
c a l i b r a t i o n  m e a s u r e m e n t s  wi th  the  s t a n d a r d  l iqu id  in  both  c e i l s .  

A d e t a i l e d  d e s c r i p t i o n  i s  g i v e n  of the  me thod  of m e a s u r i n g  7 .  Th i s  quan t i ty  is  c a l c u l a t e d  on m e n -  
s u r e m e n t s  on the  r a t e  of b r i d g e  u n b a l a n c e  fo r  c e r t a i n  s p e c i f i e d  v a l u e s  of Yi- The  a c c u r a c y  of the  me thod  
and m e a s u r e m e n t s  a r e  e v a l u a t e d .  The  h e a v y  w a t e r  had  9w a t o m  % D20.  The  s t a n d a r d  l iquid  was 
d o u b l e - d i s t i l l e d  o r d i n a r y  w a t e r .  The  r e s u l t s  a r e  r e p r e s e n t e d  in  the  f o r m  

XD, O / ~H,O = a + bt + ctL (2) 

w h e r e  a = 0.996; b = - - 0 . 6 5  �9 10 -3 K - t ;  c = 0 . !3  �9 10 -6 K-2 ;  the  c o e f f i c i e n t  of v a r i a t i o n  is  e s t i m a t e d  as  
about  0.3%~ A c o m p a r i s o n  i s  m a d e  with  p u b l i s h e d  v a l u e s .  

Dep. 2313-74, November 3, 1973. 
O r i g i n a l  article submitted July 9, 1971. 

E F F E C T S  O F  T A N K  G A S  S T I R R I N G  C O N D I T I O N S  

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

A .  S .  N e v s k i i  a n d  A o I .  M a l y s h e v a *  536,421 

E x p e r i m e n t s  have  b e e n  p e r f o r m e d  on the  e f fec t s  of bubb l ing  cond i t ions  on the  h e a t  t r a n s f e r  in the  
m e l t i n g  of i ce  c y I i n d e r s  of d i a m e t e r  65 m m  and he igh t  70-80  m m  in w a t e r  and 20% NaC1 so lu t ion .  In the  
f i r s t  s e r i e s ,  the  a i r  was  s u p p l i e d  t h r o u g h  h o l e s  a t  the  b o t t o m  d i r e c t l y  u n d e r  the  c y l i n d e r  a t  a d i s t a n c e  of 
120 m m .  The  h e a t - t r a n s f e r  coe f f i c i en t  c~ is r e l a t e d  to  the  a i r - f l o w  r a t e  Q. T a b l e  1 c o m p a r e s  fo r  the  
bubb l ing  and s t a t i c  s t a t e s  fo r  Q of 40 I i t e r / m i n .  

The  f i g u r e s  show tha t  the  bubb l ing  h a s  m o r e  e f fec t  on the  h e a t - t r a n s f e r  coe f f i c i en t  when the  l a t t e r  
i s  s m a l l  fo r  t he  l iqu id  a t  r e s t ;  t h i s  i s  p a r t i c u l a r l y  s o  when p u r e  w a t e r  is  c o m p a r e d  with  the  NaC1 so lu t i on .  
Bubb l ing  thus  e l i m i n a t e s  d i f f e r e n c e s  in  h e a t - t r a n s f e r  c o e f f i c i e n t s  o b s e r v e d  fo r  a l iqu id  a t  r e s t .  Th i s  is  
to  be  e x p e c t e d ,  s i n c e  the  bubbl ing  l a r g e l y  e l i m i n a t e s  the  h y d r o d y n a m i c  f e a t u r e s  of  the  hea t  t r a n s f e r  in the  
s t a g n a n t  s t a t e .  

In the  s e c o n d  s e r i e s ,  ~ was  m e a s u r e d  fo r  f ive f o r m s  of  ho le  d i s p o s i t i o n .  In the  f i r s t  f o rm,  the  a i r  
was  s u p p l i e d  f r o m  a c i r c l e  of the  s a m e  d i a m e t e r  a s  the  c y l i n d e r .  In the  s e c o n d  and t h i r d ,  t he  a i r  was  

* D e c e a s e d .  

T A B L E  I 

Liquid 
temp., ~ 

10 
20 
20 
I0 

NaC1, wt. % 

0 
0 

20 
20 

Heat-transfer factor 
W/(m2"deg) 

gas flow no flow 

5000 221 
5140 358 
4850 625 
4740 500 

Increase in 
transfer fac- 
tor produced 
by gas flow 
(x) 

22,6 
14,4 
7,7 
9,5 
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Fig. 1. Effects of a i r - in le t  
disposi t ion on the hea t - t r ans fe r  
factor  ~ [W/(m2.deg) for  ice 
melting in water  at 20~ Q 
in l i t e r /min .  

supplied through a r ing having an internal d iameter  the same as the cylinder d iameter  and outside d iam-  
e te r s  of 110 or  130 ram. In the fourth, the holes were distr ibuted throughout the c ross  sect ion of the 
tank (220 • 225 mm), except for a c i r c l e  under the cylinder,  while in the fifth the holes were placed at 
the co rne r s  of the tank. Figure  1 shows the resu l t s .  The numbers  on the curves correspond to the 
numbers  of the s ty l e s .  It is c lear  that the heat t r ans fe r  is not dependent on the number of holes per  unit 
a rea ,  and also the initial speed of the a i r  does not influence the heat t r ans fe r .  

The values of ~ a re  la rges t  when the a i r  is supplied under the bottom of the cylinder.  It then flushes 
the bot tom and sides of the cyl inder .  As the a i r  is distr ibuted over a l a rge r  volume, there  is a tendency 
for a to fall; even l a rge r  falls occur  when the a i r  is supplied at points distant f rom the melting surface.  

Dep. 2306-74, June 21, 1974. 
Original a r t ic le  submitted June 19, 1973. 

STUDY OF THE CONVECTIVE DRYING OF 

V. I. Konovalov, V. B. Mikhailov, 
and P. G. Romankov 

C ORDS 

UDC 66.047:677.4.921.36 

In the drying of cords made of chemical  f i laments impregnated with latex compounds there  are  two 
sect ions of t ime stabil izat ion of the t empera tu re  on the t empera tu re  curve t(T): near  the t empera tu re  of a 
wet t h e r m o m e t e r  and near  the boili_ng t empera tu re  of water .  The corresponding cri t ical  mois ture  con- 
tents a re  es t imated as Ulcr  ~- 0.56 U 0 (according to A. V. Lykov) and U2cr -~ 0.08. 

It is shown f rom a study of the migra t ion  of the compound along large specimens that at f i rs t  the 
drying occurs  f rom the surface ,  while af ter  the mater ia l  reaches  a t empera ture  of 100~ the evaporation 
becomes  volumetr ic .  The phase- t rans i t ion  c r i te r ion  inc reases  sharp.ly f rom 0 to 1, accordingly.  

It is shown that for sur face  evaporat ion one can neglect the thermal  res i s t ance  of the cylinder when 
Bi[Rb/(Rb + 1)] -< 0.5, and when Bi -< 0.5 for uniformly volumetr ic  evaporation.  

A zonal method of calculating the mois ture  content and t empera tu re  of the cords  for the entire drying 
p roces s  is given. The drying ra te  is determined on the basis  of a well-known piecewise- l inear  approxima-  
tion. The t empera tu re  is calculated on the basis  of the solution obtained for the basic  equation of drying 
kinetics 

C~ . [ C~ ~1 I =/rn--~----~,~ expu2_a (-- K~) -- |fm-- is.z- exp (-- C~). 
C,-- K/ \ 
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Here Bi and Rb are the Biot and Rebinder numbers; tm is the temperature of the medium; K is 

fhe drying coefficient; C 2 = ~F/M0e; C 3 = (r/c)Ns.z, where is. z and Ns.z are the temperature of the ma- 
terial and the drying rate at the start of the zones with decreasing velocity. 

Functions of the type Nu = ARe m are given for calculating the heat-transfer coefficients during eva- 

poration and during "pure" heating for longitudinal and transverse blowing of air over the cords. 

The time error in the calculation of the I~(r) and ~'(T) curves is about 25%. 

Dep. 2310-74, April 12, 1974. 
Original article submitted April 27, 1973. 

METHOD OF ENGINEERING CALCULATION OF 

HEAT BALANCES FOR DRIERS AND OF FINDING 

THE MOISTURE LOSS DURING THE DRYING PROCESS 

V. A. Kurochkin UDC 66.047 

Extensive use is made of Id diagrams in the practice of calculating drying processes. A new method 
is proposed here for the engineering calculation of balances for drying installations which does not yield to 
the Id diagram in the simplicity of the calculations but considerably increases their accuracy and speed. 
The method was worked out on geometrical concepts concerning the drying process in the Id diagram. 

The equation of the method based on Fig. 1 is the following: 

tgO__ AC - -  A ~ + E C  l algal +tg~z. (1) 
BC - BC MdAd 

We t ake  

tgO= q(u~ --u2)-x; M g :  Md= 1; tgcz =0,  

w h e r e  q = Cdr  (~2 - ~ i  ) + Cmo(U2~2 - u i~ t )  ~ G-IXQ a r e  the  c o m p o n e n t s  of  the  h e a t  b a l a n c e  p e r  k i l o g r a m  
of a b s o l u t e l y  d r y  m a t e r i a l .  

S i m p l e  equa t ions  fo r  p r a c t i c a l  a p p l i c a t i o n  a r e  found with the  u s e  of the  l i n e a r  p r o p e r t i e s  of the  Id 
d i a g r a m  in a c o n s t a n t  m a s s  of d r y  m a t e r i a l  d u r i n g  the  d r y i n g  p r o c e s s .  F o r  e x a m p l e ,  the  v a r i a t i o n  in  
m o i s t u r e  s a t u r a t i o n  of the  h e a t - t r a n s f e r  agen t  can be  found f r o m  

Ad = 1000Cg(t 1 --  t2) R~ -t, 

w h e r e  R0 = r + cva t  2 + t a n 0 ;  c~ -- Cg + 0 .001cvadt .  

(2) 

(3) 

l 
% 

l 
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F r o m  this  the spec i f ic  flow r a t e  of the h e a t - t r a n s f e r  agent  p e r  k i l og ram of evapora ted  mo i s tu r e  is 

= lO00(Ad)-I = Ro [c~ (tl - t21-1. (4) 

The di f ferent ia l  equation of the method is convenient  for  the ana lys i s  of the drying kinet ics .  In this 
case  the local  tan 0 is found f r o m  

tg  0 = dq d~ c ~ dq' 
d ~ - =  (Ctlr +cm~ u ) ~ -  i-ho • du" (5) 

On the example of an analysis of the drying process in a tunnel drier it is shown that the intermediate 
values of the parameters of the heat-transfer agent are represented in the diagram in the form of an S- 
shaped curve. In an experimental plan the use of the method allows one to determine the moisture loss in 
any zone of an industrial drier analytically using the differential equation of drying kinetics, which permits 
the solution of problems of drying technology. In this ease the accuracy of the calculations depends only 
on the care in conducting the experiment and on the methods of solving the differential equation of drying 
k i n e t i c s .  

Thus ,  a method is p roposed  for  the engineer ing calcula t ion of the heat  and ma te r i a l  ba lances  for  
d r i e r s  which p e r m i t s  the calcula t ion of drying p r o c e s s e s  with accep tab le  a c c u r a c y  and speed.  The joint 
use  of the equation of drying kinet ics  and the p roposed  method al lows one to ca lcula te  the course  of the 
dry ing  p r o c e s s  and to de t e rmine  the m o i s t u r e  loss  in any zone of the d r i e r .  

N O T A T I O N  

I, d a r e  the heat  content and m o i s t u r e  content of h e a t - t r a n s f e r  agent  in J / k g  and kg/kg,  r e s p e c -  
t ively;  

G is the capaci ty  of d r i e r ,  kg/h ;  
t l ' t 2 '  ~ l '  ~2 a r e  the init ial  and final t e m p e r a t u r e s  of h e a t - t r a n s f e r  agent  and m a t e r i a l  being dried,  ~ 
r is the spec i f ic  heat  of evapora t ion  of mo i s tu re ,  J /kg ;  
Cg, Cva, Cdr, emo 

a r e  the spec i f ic  heat  capac i t ies  of d ry  ga se s ,  mo i s tu r e  vapor ,  d ry  ma te r i a l ,  and mois tu re ,  
r e spec t ive ly ,  J / k g .  deg; 

u 1, u 2 a r e  the init ial  and final m o i s tu r e  contents of m a t e r i a l  being dr ied,  kg/kg.  

Dep.  2276-74, F e b r u a r y  11, 1974. 
Original  a r t i c l e  submit ted  October  9, 1972. 

E F F E C T  O F  T H E  P O R O S I T Y  O F  A S O L I D  

O F  G R A N U L A R  C A T A L Y Z E R S  ON T H E  

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

Zh. F. G a l i m o v  

STREAM 

UDC 547.315.2.07:66.094.185 

The la rge  p r e s s u r e  lo s ses  during the pneumat ic  t r a n s p o r t  of g r anu la r  ca t a lyze r s  in a solid s t r e a m  
a r e  caused by the f r ic t ion  of the g ranu les  agains t  the su r face  of the tube. The dependence of the f r ic t ional  
fo rce  on the po ros i ty  of the moving s t r e a m  can be es tab l i shed  if one cons iders  a l ayer  of the ca ta lyze r  in 
a ve r t i c a l  tube as a p a r t i c u l a r  case  of the s t a te  of a g r anu l a r  soil  in a closed contour.  

According to the wel l -known Coulomb law in soil  mechanics  

�9 ~ : T e ~ N .  

The l a t e ra l  p r e s s u r e  of the l aye r  agains t  the wall  of the tube is p ropor t iona l  to the hydros ta t i c  p r e s -  
su re ,  

�9 ~ N  = ~Pb H" 

With al lowance for  the e l e m e n t a r y  fo rces  of l a t e ra l  p r e s s u r e  along the height of the l aye r  the total  



frict ional force is 
H 

= _1" ~e~pbH'~DdH'  F 
0 

and in calculating the fr ict ion per  unit surface  it is 

I Cpe.flpe~DH 2 _ C~e ~ 
- -  2 ~ D H  2 " pbH. 

In the general  case the force of fr ict ion is determined by the ra t io  of the forces  of sliding and rolling 
friction, the individual coefficients of which differ considerably.  The angle of internal friction, which 
cha rac te r i zes  the mobility of the layer ,  also has a power- law dependence on the porosi ty  of the layer :  
The value of the effective coefficient of fr ict ion and the hydraul ic  equivalent can therefore  be represented  
in the form of the equations 

nt I E n~ 

Keeping in mind that Ob = Pa(i --  ~) and taking into account the relat ionship of the coefficients ~e and 
~, one can write 

~- = ~Hpa (1 -- e) 

A special  method was worked out for the experimental  determinat ion of the coefficient ~ and the ex- 
ponent n. The studies showed that the force of fr ict ion has an important  dependence on the porosi ty  only 
in the range of f rom 1 to 1.20 of the relat ive looseness  ~ , / %  of the layer .  The exponent n ~> 3 and depends 
on the height of the layer  of granules .  

9 
Pb and Ca 
H 

D 
a0and 
# 

NOTATION 

is the hydraulic equivalent of lateral pressure of layer; 
are the bulk and apparent densities of the catalyzer material; 
is the height of catalyzer layer in tube; 
is the effective coefficient of friction; 
is the diameter of tube; 
are the porosities of layer in the states of rest and motion; 
is the modified coefficient of friction. 

Dep. 2309-74, April  19, 1974. 
Original ar t ic le  submitted May 31, 1973. 

COEFFICIENT OF RESISTANCE OF THE 

IN A HOPPER 

V, E. Davidson, V. I. EIiseev, 
and A, P. Tolstopyat 

C H A R G E  

UDC 541.182 

In the f irst  par t  of the work the coefficient of r es i s t ance  of the charge in a hopper is studied experi-  
mentally.  The experimental  points a re  analyzed in accordance  with the equation [1] 

= ~ / 7v~ Ap de (1) ~-g, where T-- // 4 

Here &p includes, f i rs t ,  the res i s tance  of the layer  of charge,  and, second, the res i s tance  caused 
by the fact that the a rea  of the opening through which the gas escapes  from the hopper is less than the 
c ros s - sec t iona l  a rea  of the hopper.  

The experiments  were conducted on a fiat hopper [2] with a slot opening c ross ing  the entire bottom. 
Polys tyrene  in ball form, sca t te red  in nar row fract ions [3], was used as the mater ia l  of the charge.  An 
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Fig. 1. P r e s s u r e  curves for the fil tering gas in a 
layer  of f ree-f lowing mate r ia l :  d = 3.2 mm; Re = 915; 
1) f '=  17.1; 2) 6.84; 3) 3.42; 4) 1.71; 5) 1.37; Ap, ram; 
H, era. 

analys is  of the experimental  data for a charge with a height of H ,  = 0.4 m led to the dependence 

(' ~ = 50/Re + 0.3+ 7 - ~ - -  + 0.146T. (2) 

It was established by the exper iments  (Fig. 1) that  the entire region of var ia t ion in the p re s su re  of 
the gas fi l tering in the layer  of the charge can be divided into two sections,  a l inear  sect ion Ap/and a non- 
l inear  sect ion Apn, and that the height h of the nonlinear sect ion does not depend on T. It was also noted 
that Ap n does not depend on the height of the charge when V = const and H > h. 

On the bas is  of these experimental  data and Eq. (2) the function ~ = ~(Re, T, 5) was established for a 
l aye r  of f ree-f lowing mate r ia l  of a r b i t r a r y  height, 

[=~f[l-~- T @-- I) ~-~ ], 

T =  l-{- 48/8t; ~ f =  50/Re-{- 0.446; h = h./~f; h, = 0.0584m, (3) 

When T= 1 Eq. (3) is rewr i t t en  in the form ~ = ~f, which cor responds  to well-known equations for the co- 
efficient of hydraul ic  r e s i s t ance  in a l ayer  of free-f lowing mater ia l .  The coefficients entering into the 
express ion  for ef lie within the field of sca t t e r  indicated for them in [4]. 

The problem of the mechanism of the r e s i s t ance  of a charge consist ing of par t ic les  of spherical  
shape is examined in the second par t  of the work. A model of the flow over a spherical  par t ic le  which is 
in a layer  of the charge is proposed,  making use of the constancy of the average  porosi ty  e of a f ree-  
flowing mater ia l  [5] and the l ineari ty of the dependence of the gas p r e s s u r e  on the height of the layer  
through which it f i l te rs ,  On the basis  of this model equations a re  wri t ten for the determinat ion of the 
forces  of p r e s s u r e  and f r ic t ion  with allowance for  the possible  separa t ion  of the flow f rom the surface  
of a par t ic le .  

The force  of the total r e s i s t ance  acting on a par t ic le  in the charge was determined experimental ly 
by the weight method. The experiment  was pe r fo rmed  on a charge consist ing of par t ic les  of spher ical  
shape whose number  was de termined f rom the volume of the charge,  and equivalent d iameter  dof  the balls,  
and the poros i ty  e. The resul t  obtained makes it possible to conf i rm that in the range 10 < Re < 4000 of 
Reynolds numbers  studied the flow over  spher ica l  par t ic les  in a charge occurs  with a lmost  no separat ion.  
In this connection one can conclude that the principal  element in the mechanism of res i s tance  in layers  of 
ball charges  is the r e s i s t ance  of fr ict ion.  
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NOTATION 

is the coefficient of r es i s t ance  of the c h a r g e - -  hopper sys tem;  
IS the coefficient of r es i s t ance  of a layer  of free-f lowing mater ia l ;  
is the porosi ty;  
is the d iameter  of an e lementary  channel in a layer  of free-f lowing mater ia l ;  
is the height of layer  of free-f lowing mater ia l ;  
is the excess p r e s s u r e  in the layer  at the height H = h; 
is the p r e s s u r e  increment  on a l inear  sect ion as a function of H -- h; 
IS the Reynolds number determined from diameter  of a spherical  part icle;  
is the ra t io  of c ros s - sec t iona l  a rea  of hopper to a rea  of d ischarge  opening; 
is the reduced size of d i scharge  opening. 
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STATISTICAL METHOD OF DESCRIBING THE 

PROCESS OF DUST COLLECTION IN A WET 

DUST COLLECTOR WITH A DISK 

LIQUID ATOMIZER 

S. I .  P r i e m o v  a n d  A .  Y a .  T k a c h u k  UDC 532.529.5 

It is known that the highest dust-collection efficiency is achieved in those devices in which the pro- 
cess of interaction of the drops with the dust is successfully accomplished under conditions where they are 
comparable in size and the relative velocity of their motion is high [i]. 

The results of a study of an improved construction for a wet dust collector proposed earlier [2], 
which has a crossed system of motion of the drops and dust, and a probability model of the process are 
presented in the present report. The apparatus was tested in the following range of variation of the factors : 
number of disks of dust collector 1-3; linear velocity of separation of drops from disk 30-60 m/sec; de- 
gree of dispersion of dust (median diameter) 10, 13, 18 # (quartz), 25 # (dolomite); dust concentration 
0.5-5 g/m3; specific flow rate of water 0.01-0.I liter/m3; air temperature 20~ flow rate of air i000- 
4000 m3/h. 

In the study we used the method of statistical modeling [3], in accordance with which the experiment 
was planned and the mathematical dependence of the dust collection efficiency on the basic factors was 
found. The data were analyzed on a Mir-I electronic computer and it was possible to establish that the 
cleaning efficiency of a wet dust collector with a disk atomizer can be determined from the equation 

It was established by a cor re la t ion  analysis  that the factors  a re  a r ranged  in the following order  with 
respee t  to the degree of influence on the cleaning efficiency at the optimum water  flow ra te :  height of the 
spray  jet, degree  of d ispers ion  of the drops,  degree of d ispers ion  of the dust.  The cleaning efficiency in 
an apparatus with three  disks 0.4 m in d iameter  for quartz  dust with a median d iameter  of 10 and 18/~ was 
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93.8 and 94.5%, respect iye ly ,  with a hydraul ic  r e s i s t ance  not exceeding 450 N/m 2, which enables one to 
r ecommend  this apparatus  for the cleaning of ventilation exhausts.  

x~ 

X2 
X3 
X4 

NOTATION 

is the degree of cleaning; 
is the relative weight content of fractions of -<10 ~ in the dust studied; 
is the number of disks of atomizer; 
is the relative calculating content of drops with a diameter of -<35 g; 
is the initial dust concentration. 

1. 
2. 
3. 

LITERATURE CITED 

N. A. Fuks, The Mechanics of Aeroso l s  [in Russian],  Izd. Akad. Nauk SSSR (1955). 
S. I. P r iemov,  Author ' s  Abs t rac t  of Candidate 's  Disser ta t ion,  Kiev (1971). 
V .  V. Kafarov, Methods of Cybernet ics  in Chemis t ry  and Chemical Technology [in Russian], 
Khimiya, Moscow (1971). 

Dep. 2285-74, June 13, 1974. 
Original a r t ic le  submitted December  7, 1973. 

A X I A L L Y  S Y M M E T R I C A L  

I N  L U N A R  S O I L  

V. V.  F r o l o v  

T E M P E R A T U R E  F I E L D S  

UDC 536.24.02 

The axially symmetrical problem of the thermal conductivity in a semi-infinite medium under condi- 
tions imitating the heat exchange on the moon's surface is solved numerically. Zones of non-one-dimen- 
sionality of the temperature field as a consequence of thermal insulation of part of the surface are studied. 
The size of the thermally insulated region and the coefficient of thermal conductivity are varied. 

The axially symmetrical problem of the thermal conductivity in a semi-infinite medium being ana- 
lyzed is described by the equation 

02T aT ~t(O~T +__~ aT 4- xEiz0, ~o), ZE[0, ~), RE(0, ~) 
cp ~ = \ OZ 2 OR ' OR=~' 

and the boundary conditions 

OT R=o +=0' ~ OT [0, O . ~ . R < L ,  
- -  t coT 4 - -  Asqs (T), R >/L. 

The initial dis tr ibut ion T@ 0, R, Z), assumed to be one-dimensional  (~T/DR = 0), is obtained by solving 
the problem of the establ ishment  of a t empera tu re  field which is per iodic  in t ime under the effect of the 
so lar  radiat ion qs (r) and the se l f - rad ia t ion  of the sur face .  The so lar  radiat ion qs (r) is given by the equa- 

t ion 

qs (') = q~ sin'~ (2wtl'%). 

The main purpose of solving the problem is to clar i fy the pat tern  of spread of the heat flux under the 
insulated par t  of the sur face  (0 -< R <- L) and to determine the zones in which the solution of the problem 
can be considered as one-dimensional  with the assigned accuracy .  The problem was solved numerical ly  
by the method of e lementary  balances (explicit scheme) [1]. In the basic  calculating vers ion  the the rmo-  
physical  proper t ies  of the lunar soil a re  taken in accordance  with the resul ts  of [2]: 

c = 840 J/kg.deg, p = 1500 kg/m s, k= 4-10 -s kW/m-deg. 

Values of a equa ! to 4 �9 10 -~ and 4 �9 10 -4 were  also e.xamined. The pa rame te r  L was varied in the range of 
1-10 m. The resul t s  of the calculations a re  presented in the form of graphs determining the zone of non- 
one-dimensional i ty  of the t empera tu re  field as a function of the pa r ame te r s  k ,  L, and the allowable e r r o r .  
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MOTION OF A ROTATING SPHERICAL PARTICLE 

IN AN OFF-SETTINGFLOW 

B.  M. K h u s i d  UDC 532.582.7:532.135 

Motion of a rotating spherical  par t ic le  through anof f - se t t ing  flow is considered.  The fluid velocity 
far away f rom the par t ic le  can be represented  as follows: 

Voo = :~xe v + Vex, V "~ "~R, ~R. 

In a number of ar t ic les  the solution of this problem has been found in the Stokes approximation, that is, if 
the interact ion between uniform and gradient  flows is ignored.  In this paper  an attempt is made to take 
into account this interact ion in the f i rs t  approximation with respec t  to the number R e  = V R / u  star t ing with 
the equations of the Oseen type:  

0v 
pV Ox - VP+[LAv,  V'V:0,  

vl,=R = co (xe v -- vex), vl,~oo -* voo. (1) 

The solution of the problem (1) is obtained by expanding in powers of the Reynolds number with the t e rms  
of the order  O(Re 2) ignored.  Using this solution one can compute the force as well as the torque acting on 
the par t ic le :  

F = F ,  + F 2, M = 8~I~ ('~/2 - -  ~ )  R"ez, 
�9 I 

F~ = 6n~RY (1 + T 

Thus, interact ion between uniform and gradient  flows resul ts  in adding a la tera l  force F I to the res i s tance  
force F 2 (in the Oseen approximation) and the torque M. One should mention here  that the torque M con- 
tains rio cor rec t ion  O(Re). This a lso follows f rom M being an axial vector  and V a polar  one. 
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NOTATION 

is the velocity;  
is the p re s su re ;  
is the density; 
is the dynamic-v i scos i ty  coefficient; 
is the par t ic le  radius;  
is the angular  velocity of rotating part icle;  
is the off-set t ing velocity.  
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TRANSFORMATION OF SERIES AND SEQUENCES 

IN THE THEORY OF HEAT CONDUCTION 

M. G.  K o g a n  UDC 536.2.01.517.5.22 

1. F in i t e  and inf ini te  s e r i e s  const i tu te  the mos t  widely  used  fo rm of solu t ions  of the equations of 
m a t h e m a t i c a l  p h y s i c s .  In many c a s e s ,  however ,  the convergence  of the s e r i e s  is  slow; the p r o b l e m  which 
then a r i s e s  is  how to speed  up the p r o c e s s  of the n u m e r i c a l  ca lcu la t ion  of so lu t ions .  

2. The f i r s t  app roach  to th is  p r o b l e m  cons i s t s  in t r a n s f o r m i n g  the s e r i e s  t he m s e l ve s  in o r d e r  to 
i m p r o v e  t h e i r  convergence  in  some continuous s p a c e - -  t ime  reg ion .  In the  theory  of heat  and m a s s  t r a n s -  
fe r  succe s s fu l  use  has  been  made,  in p a r t i c u l a r ,  of an i m a g i n a r y  t r a n s f o r m a t i o n  of the Jacobi  theta  func- 
t ion.  Using th i s ,  i t  is  p o s s i b l e  to r e p r e s e n t  the  solut ions  of some p r o b l e m s  in two fo rms ,  one of which 
converges  r ap id ly  for  s m a l l  va lues  of the F o u r i e r  c r i t e r i o n  Fo, and the other  converges  r ap id ly  for l a rge  
va lues  of Fo .  An effect ive  t r a n s f o r m a t i o n  of the s e r i e s  can be c a r r i e d  out, however ,  only in individual  
q u a s i - o n e - d i m e n s i o n a l  p r o b l e m s .  Even in the s i m p l e s t  case  of a p la te  with boundary  conditions of the 
t h i r d  kind, the Jacobi  t r a n s f o r m a t i o n  leads  to c u m b e r s o m e  fo rmulas .  

3. Since the p r o c e d u r e s  for  the t r a n s f o r m a t i o n  of s e r i e s  a r e  not s t anda rd i zed ,  so that  it is  i m p o s -  
s ib le  to use  e l e c t r o n i c  compute r s  for the purpose ,  it  becomes  d e s i r a b l e  to improve  the convergence  by 
ano the r  app roach  which is not s ens i t i ve  to the individual  p r o p e r t i e s  of the functions and r educes  to  a l i m i -  
ted  number  of s t e r e o t y p e d  ope ra t ions .  This  app roach  is  based  on the fact  that  in the numer i ca l  r e a l i z a t i o n  
of the  solu t ions  of phys i ca l  p r o b l e m s  we usua l ly  cons ide r  not a space  --  t ime  continuum but a m u l t i d i m e n -  
s iona l  vec to r  of so lu t ions ,  i . e . ,  a d i s c r e t e  se t  of va lues  of the function at  the nodes of the coord ina te  ne t -  
work.  

The value of the function at  a node is equal to  the l imi t  of a sequence of p a r t i a l  sums S n. Making use 
of addi t iona l  i n fo rma t ion  on the manner  in which they approach  the l imi t ,  we can make the convergence  
cons ide r ab ly  s t r o n g e r .  Since the opera t ions  a r e  p e r f o r m e d  on sequences  of numbers ,  not of functions,  the 
fo rm of the g e n e r a l  t e r m  of the s e r i e s  has no effect at  a l l  on the fo rmula t ion  of the computat ional  p r o c e d u r e .  
It can i n  fact  be s t anda rd i zed  and is  su i t ab le  for  both manual  and machine  ca lcu la t ions .  

A powerful  and g e n e r a l  method for  producing  such in fo rma t ion  and a c c e l e r a t i n g  the convergence  of 
n u m e r i c a l  sequences  i s  found in Shanks ' s  non l inear  t r a n s f o r m a t i o n s .  F i r s t - o r d e r  t r a n s f o r m a t i o n s  conver t  
the sequence  Sn into Tn acco rd ing  to the fo rmula  

SnSn_J_ 2 -- $2~_I 
Tn ~ en'(Sn) = S n  - - 2 S n +  l - -  Sn+2 " 

To the sequence  Tn, in turn ,  we can apply the Shanks t r a n s f o r m a t i o n  Pn = e(Tn) = e2(Sn), making the 

convergence  even s t r o n g e r ,  and so on. 

4. As an example ,  we ca lcu la te  to  five s ign i f ican t  f igures  the t e m p e r a t u r e  on the su r face  r = R and 
along the axis  r = 0 of a cy l inde r  sub jec ted  to induct ive heat ing,  with a boundary condit ion of the second 
kind, where  the spec i f i c  power  is  

+ (+-) t (r/R, Fo) = 2Fo -? (r/R)2 -- f -- -- f + u , Fo ), 

where f is a given function of the coordinate and the electromagnetic parameter; f- is the mean value 

TABLE 1 

n u(l; 00l)~./pR u(0; O,O1)l/pR 

--So 
0,0654659 
0.0699156 
0.0705167 
0,0706174 
0,07063421 
0,0706369 

0,0709195 
0,0706377 0,0706376 
0,0706316 0,0706377 
0,0706374 

Sn 
0,162526 
0,147698 
0,150106 
0,149645 
0,149730 
0,149715 

e (Sn) 

0,14977 
0,14972 
O, 14972 
0,14972 

e2 (S~) 

O, 14972 
O, 14972 
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obtained by averaging over  a c ross  section; X is the thermal  conductivity; #i a re  eigenvatues; 

u = ~ A,.l (lx~ ~-)exp (~Fo). 

For  Fo = O.O1 and r = O, obtaining a solution with five accura te  figures would require  the calculation 
of 10 part ia l  sums,  i . e . ,  the solution of 10 t ranscendental  charac te r i s t i c  equations, followed by the calcu-  
lation of the values of the eigenfunetions, exponential fac tors ,  and coefficients A i. The use of Shanks 
t ransformat ions ,  each of which requi res  only eight ar i thmet ic  operations,  made it possible to obtain the 
answers  by calculating only five or six part ial  sums.  A very significant reduct ion in the amount of ealeu- 
latlon work is achieved by the t ransformat ion  of numerical  sequences in the solution of problems with in- 
homogeneous media in two or  three  dimensions.  

Dep. 2271-74, April  15, 1974. 
Original ar t ic le  submitted July 3, 1972. 

CA LCULATION OF 

IN THIN-WALLED 

TEMPERATURE DISTRIBUTIONS 

CYLINDRICAL STRUCTURES 

S. N. Ivanov UDC 536.2 

Unconditionally stable difference methods for solving one- and two-dimensional  heat-conduction 
problems require  the solution of large numbers of l inear algebraic  equations. In the one-dimensional  
case when the sys tems  have a diagonal form the most  sa t i s fac tory  method of solving them is the pivotal 
method. In determining two-dimensional  t empera tu re  distr ibutions in the c ross  sections of thin-walled 
cylindrical  s t ruc tures  we obtain a set of one-dimensional  problems connected with one another at isolated 
points [1, 2]. We solve the sys tem of a lgebraic  equations obtained by a modified pivotal method, taking 
account of the special  form of the mat r i ces .  

We introduce two types of rod s y s t e m s :  sys tems  which do not contain closed contours,  and sys tems 
which do. We solve problems of the f i rs t  type by an a lgor i thm which reduces to a counter pivot method 
[3] for  two-rod sys tems .  A problem of the second kind is solved by the method of sections,  introducing 
unknown tempera tures  or heat f luxes into the sect ions.  Their  values a re  chosen so as to sat isfy the con- 
tinuity of t empera tu re  and heat flux ac ros s  a section. An algor i thm is proposed which takes account of 
contact res i s tances  at rod junctions. 

As an example we determine the t empera tu re  distribution in the re inforced cladding of an a i rc ra f t ,  
taking account of external  radiation and contact res i s tance .  

1. 
2. 
3. 
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TEMPERATURE DISTRIBUTION ALONG A 

FINITE RADIATING ROD 

V. V. Morozov UDC 536.2.023 

An approximate analytic expression is obtained for calculating the steady-state temperature distri- 
bution along a finite thin rod radiating into a medium with a temperature of absolute zero in the absence of 
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internal  heat sources  and incident radiat ion for a specified t empera tu re  T o at one end of the rod and no 
heat t r ans f e r  at the other.  

The s teady-s ta te  heat-conduct ion equation in dimensionless  p a r a m e t e r s  for a finite rod has the form 

d20 
- -  N O ' .  ( 1 )  dX ~ 

The t empera tu re  dis t r ibut ion along the rod can be obtained by numerical  integrat ion [1, 2], and for  
values f rom 0 to 10 can be calculated by an approximate  formula recommended  in [3]. 

Equation (1) can be used to find the t empera tu re  distr ibution along a semibounded rod by expressing 
the running coordinate x in t e r m s  of the length of the finite rod (X = x / l  ). An analytic solution of this 
p rob lem was derived in [2], and in the s tandard notation the t empera tu re  of a semibounded rod at the Cross 
sec t ion  x = l is 

t 
= 1 / - 9 - - : , i 2 / 3  . ( 2 )  O~s (1+ r - w N /  

A compar i son  of the t empera tu re  at the end of a finite rod Ol obtained by numerical  integrat ion with the 
t empe r a tu r e  of a semibounded rod at the sect ion x = l for the same values of N shows that for N >- 20 the 
ra t io  0 / / 0 / s  can be considered constant and equal to 1.231 to four significant figures,  and for the whole 
range  considered N = 0-1021 the t empera tu re  at the end of a finite rod is given by the relat ion 

1.231 
01 = (l-J- V~--~-90 N -J-0.1338') %3 (3) 

For  any c ross  sect ion x along the rod the thermal-conduct iv i ty  pa r ame te r  of the par t  of the rod in 
the segment  l --  x i s  given by N(1 -- x)20 a, and by analogy with (3) can be wri t ten as 

Ol 1.231 

0 (,+ C 
Hence, by taking account of (3) we obtain an equation for the t empera tu re  distr ibution along a finite rod 
for prac t ica l ly  all values of the p a r a m e t e r  N encountered in engineering p rac t i ce :  

" ~ 2 2/3 
1-f-V-~-N'fO.1338-kO.3658V(I+V--~N4-,O.1338)+5,826N(I--X)21 

0 = - -  ~ - - T T  - - - - - - - - 7 , T -  ~ " ( 5 )  
(1-4- V . -~ -  N -}- 0.1338 ) - - ~ - N ( I - - X ) *  J 

The difference between the analytic relat ions (3) and (5) and the resul ts  of the numerical  integrat ion 
presented  in the paper is no more  than 2%. 
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N O T A T I O N  

the t empera tu re ;  
the S te fan- -Bol t zmann  constant;  
the emiss iv i ty ;  
the the rmal  conductivity; 
the pe r ime te r  of the rod; 
the c ross  sect ion of the rod; 
the coordinate along the rod; 
the length of the rod; 
the dimensionless  t empera tu re ;  
the dimensionless  length. 

S u b s c r i p t s :  

0 
l 
S 
N = ffeuT~/2/hf 

in r e fe rence  to pa r ame te r s  at the beginning of the rod; 
in r e fe rence  to p a r a m e t e r s  at the end of the rod; 
in r e fe rence  to pa r ame te r s  of a semibounded rod; 
is a d imensionless  thermal-conduct iv i ty  p a r a m e t e r .  
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APPROXIMATE SOLUTION OF THE ONE-DIMENSIONAL 

NONLINEAE HEAT-CONDUCTION EQUATION 

M. A. Gusein-Zade and N. A. Parfent'eva UDC 536.2.923 

An approx ima te  solution of the heat -conduct ion equation which takes  account  of the t e m p e r a t u r e  de-  
pendence of the diffusivity is p resen ted .  Cer ta in  of the solutions obtained a r e  compared  with exact  solu-  
t ions of nonlinear  equations given in [1]. The p rob l em is solved by applying the compar i son  t h e o r e m  [2] 
in the following way. The constant min imum and m a x i m u m  t e m p e r a t u r e s ,  for  example ,  fo r  a semibounded 
reg ion  the initial  and then the l imit ing value, a r e  subst i tuted in success ion  into the equation. In each case  
this yields  an equation with constant  coefficients  which is r ead i ly  solved.  On the bas i s  of the compar i son  
t h e o r e m  and f rom physica l  considera t ions  it can be expected that the curve  sought for  the t e m p e r a t u r e  d i s -  
t r ibu t ion  along x desc r ibed  by the initial  nonlinear  equation will l ie between the curves  for the t e m p e r a t u r e  
d is t r ibut ions  found for  the two e x t r e m e  values of the diffusivity.  Calculat ions show that i f  the approx imate  
value of the t e m p e r a t u r e  is taken as the g e o m e t r i c  (and s o m e t i m e s  the a r i thmet ic )  mean  of the two t e m p e r -  
a tu re s  found, the values  obtained a r e  in good a g r e e m e n t  with the exact  values  except for  ve ry  smal l  t or  
very  la rge  x. P r o b l e m s  involving var ious  fo rms  of the t e m p e r a t u r e  dependence of the diffusivity can be 
solved in this way. In addition, the method can be used to solve the nonl inear  heat -conduct ion equation 
taking account  of convect ive heat t r a n s f e r .  

The solutions of the p rob l ems  indicated a r e  obtained for  both semiinf in i te  and finite reg ions .  It is 
shown that in many cases  the Galerk in  method a lso  gives good r e su l t s .  
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