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A R A P I D  T H E R M A L  M E T H O D  O F  W A T E R  C O N T E N T  

D E T E R M I N A T I O N  

E .  S.  K r l c h e v s k i i ,  V .  G .  D e i c h ,  
a n d  A .  A .  S e l i v e r s t o v  

UDC 53.093.083 

A s t ruc tu re  is given fo r  a p r i m a r y  t r a n s d u c e r  for  wa t e r  content de terminat ion of g ranu la r  m a t e r i a l s ;  a 
t h e r m a l  technique is used,  with the ideal ized scheme as fol lows.  

Cons ider  a l aye r  of mois t  g r anu la r  m a t e r i a l  of th ickness  R and a r e a  S in contact with a thin me ta l  plate 
(heater); the s y s t e m  is adiabat ical ly  isolated.  At the initial  instant r =0, the plate begins to be heated by a 
cu r r en t  of constant  power  W. The t e m p e r a t u r e  TI(v)  as a function of t ime  is to be der ived subject  to the fo l -  
lowing assumpt ions :  the t e m p e r a t u r e  T 1 may  be cons idered  as local ized by v i r tue  of the sma l l  th ickness  of 
the plate and the high t h e r m a l  conductivity,  while the t e m p e r a t u r e  T of the m a t e r i a l  (neglecting edge effects)  
may  be cons idered  as dependent only on the x coordinate  (0-<x < - R), which is pe rpend icu la r  to the sur face  
of the plate ,  toge the r  with the t ime  T --T(x, v),  with diffusion and evapora t ion  neglected.  

The solution in d imens ionless  f o r m  is as follows: 
~o 

po' , Po'Fo " ~  2Po' exp (--p./2 Fo), (1) 
O(Vo)- (1+~)~ = 1+~ ~ ~ ( 8 + s e c ~ )  

i =  1 

where  @ = [Tl(r ) - T 0 ] / T  0 is the re la t ive  excess  t e m p e r a t u r e  of  the plate ,  8 =Cp/C M is the ra t io  Of the to ta l  
t h e r m a l  capaci t ies  of  the plate and m a t e r i a l ,  pot =WI~fXToS , )~ is the t h e r m a l  conductivity of the ma te r i a l ,  p i 
are  the roots  of the equation 8 # t + t a n  Pi=O, and Fo is taken for  the m a t e r i a l .  

Equation (1) becomes  asympto t ica l ly  l inear  (for l a rge  Fo): 

Po' Po'Fo 
e~ (Fo) = - - - -  + - - - -  (2) 

( l + e p  I + 8  

An impor tant  point is that when (2) is wr i t ten  in t e r m s  of r ea l  t ime,  T~ as(T) - -b+kT is dependent only on the 
speci f ic  heat C M of the ma te r i a l ,  which i t se l f  has a s imple  re la t ion  to the wa te r  content.  The re fo re ,  the slope 
of the asymptote  to the k - -W/(CM+Cp)  curve  is a p a r a m e t e r  providing informat ion on the wa te r  content.  It 
is shown thai  the re la t ive  e r r o r  A = ( |  becomes  less  than 1% for  Fo >--1/2, which c o r -  
responds  to �9 =9 sec  for  the lower  bound to the t h e r m a l  diffusivit ies of  mois t  g ranu la r  m a t e r i a l s  and the value 
1~ =5 �9 10 -3 m usual  in expe r imen t s ,  whicl~ shows that  the method ts a rapid  one. Expe r imen ta l  r e su l t s  are 
also r epo r t ed .  

It is found that  these  agree  well  with the calculat ions;  however ,  as is usual  in wate r -con ten t  m e a s u r e -  
ment ,  one should use  an expe r imen ta l  ca l ibra t ion curve  that r e l a t e s  the plate heating ra te  to the wa te r  con-  
tent for  each  p a r t i c u l a r  m a t e r i a l .  

Dep. 3782-75, November  10, 1975. 
Original  ar t ic le  submit ted  July  8, 1975. 
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DRYING OF A POWDER IN A UHF FIELD 

A. Lo Shatalov, G. A. Kardashev, 
E .  N .  P r o z o r o v ,  a n d  Y u .  B .  Y u r c h e n k o  

UDC 66.047.354 

The cavi t ies  of UHF ovens have the e l ec t romagne t i c  ene rgy  comple te ly  absorbed by the working mat ' e r i -  
al; however ,  suchovens  have the disadvantage that the heating is unevenly dis tr ibuted,  since the ma te r i a l  is 
in a standing wave.  Local  overheat ing  can be avoided with g ranu la r  m a t e r i a l s  by fluidizing the l a t t e r  o r  by 
v ibra t ion .  Both techniques are v e r y  effect ive in equalizing the heating, but the l a t t e r  is be t t e r  combined with 
UHF heating.  In fact ,  the heat r e l e a s e  p e r  unit volume in UHF t r e a t m e n t  is p ropor t iona l  to the wa te r  content 
in the volume access ib le  to the e l e c t r i c  field, i .e . ,  the ra te  of heat product ion for  a given wate r  content is p r o -  
por t ional  to the bed density,  and the l a t t e r  v a r i e s  with the f requency of the v i b r a t o r  when the bed is fluidized by 
vibra t ion,  while remain ing  on a~vrage higher  than the density of a flutdized bed of  the s a m e  poros i ty .  This  is 
the pa r t i cu l a r  advantage of v ibra t iona l  fluidlzation in UHF heating.  

The uneven distr ibution of the UHF energy  in the cavi ty  was de te rmined  ca lo r ime t r i c a l l y  f r o m  the hea t -  
ing of 1 cm 3 of dis t i l led water ,  which was p laced  in a g lass  v e s s e l  with double wal ls ,  the a i r  being r emoved  
f r o m  between them.  The wa te r  t e m p e r a t u r e  was m e a s u r e d  with a c o p p e r - C o n s t a n t a n  thermocouple  d i rec t ly  
a f te r  switching o f f t h e  UHF source .  The heating t ime  was control led by a t ime  switch. The max imum devia-  
t ion of the energy  densi ty f r o m  the mean was 50-60%. No i r r egu l a r i t i e s  in the field distr ibution ove r  the cavity 
were  obse rved .  

The drying t e s t s  were  done with a typ ica l  porous  ma te r i a l ,  namely ,  MSM s i l i ca  gel.  Pulsed drying was 
used,  with the wa te r  content m e a s u r e d  by weighing. The v ibra t iona l  s y s t e m  had the following p a r a m e t e r s :  
amplitude,  1 mm;  frequency,  100 Hz. The t e m p e r a t u r e  dis tr ibut ion in the m a t e r i a l  was moni tored  with a set  
of th ree  the rmocoup les  at th ree  different pos i t ions .  The UHF heating with the bed immobi le  produced a m a x -  
imum deviation of 20-25~ f r o m  the mean  t e m p e r a t u r e  of  65~ Vibrat ional  fluidization reduced the t e m p e r a -  
tu re  var ia t ions  throughout the volume to 1-2~ with the s ame  energy  input, so v ibra t ion  min imizes  the t e m -  
pe ra tu re  d i f fe rences  in UHF drying. 

Dep. 3781-75, November  10, 1975. 
Original  ar t ic le  submit ted  July 23, 1975. 

PHYSICAL SIMULATION OF FREEZING 

WAGONS 

N .  S.  I v a n o v ,  N.  N.  K o z h e v n i k o v ,  
a n d  Y u .  K .  M a l ' k o v  

IN  S A N D - L O A D E D  

UDC 624.138.35 

Resul ts  are p r e sen t ed  on the f reez ing  of sand in r a i l r oad  wagons of the c o m m o n e r  type (4-axle 63-ton 
wagons}. The r e su l t s  have been obtained by phys ica l  s imulat ion of t h e r m a l  p r o c e s s e s  in g ranu la r  med ia  [1]. 
The d imens ionsof  the models  and na tura l  objects  were  in the ra t io  1 : 10. The boundary t e m p e r a t u r e s  were 
produced b y a  mult ichannel  t e m p e r a t u r e  r egu la to r  [3]. The mode of f reez ing  was de te rmined  f rom the t e m -  
pe ra tu red i s t r i bu t ion  [2]. The t r a n s d u c e r s  were  48 c o p p e r - C o n s t a n t a n  the rmoceup les  disposed at var ious  
points within the sand. 

The m e a s u r e m e n t s  were  made with constant values  for  the initial  wa te r  content and t e m p e r a t u r e  (5, 7, 
o r  10%water  and 2~ and with constant boundary conditions of the f i r s t  kind (-10,  - 2 0 ,  - 3 0 ,  o r  -40~ The 
sands were  taken f r o m  three  q u a r r i e s  i nWes te rn  Siber ia  and Cent ra l  Yakutia.  

The r e su l t s  indicate the mode of motion of the phase - t r ans i t i on  front,  the t e m p e r a t u r e  distr ibution in the 
frozen zone with r e spec t  to the cen t ra l  axis of s y m m e t r y ,  and the t ime  for  to ta l  f reezing r t .  The most  i m -  
por tant  conclusions are  as follows. 

The depth of f reez ing  along the cen t ra l  ve r t i c a l  axis Z may be de te rmined  along with r t by solving Stefan 's  
p r o b l e m  for  a line and a semiinf ini te  medium.  The d i sc repancy  between the analyt ical  calculation and the m e a -  
s u r e m e n t s d i d n o t  exceed 15%. 

745 



The f reez ing  r a t e s  along the cen t ra l  s y m m e t r y  axes at f i r s t  fall ,  but then r i s e  again on account of the 
ove ra l l  cooling ef fec ts  of  all  the s u r f a c e s .  The r i se  in the ra te  begins  at 0.9 T t on the ve r t i c a l  cen t ra l  s y m -  
m e t r y  axis. 

The t e m p e r a t u r e  dis t r ibut ion o v e r  each  of the cen t ra l  s y m m e t r y  axes is nea r l y  l inear ;  the l inear i ty  
p e r s i ~ s  on the z axis throughout the f reez ing ,  while on the y axis it p e r s i s t s  up to 0.8-0.9 Tt, and on the x 
axis up to 0o6-0.7~- t .  The l a t t e r  points a re  v e r y  impor tan t ,  s ince they provide  a bas i s  for  solving p rob l ems  
of this  type by approximate  analyt ical  methods .  

1. 
2. 

3. 

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

N. S. Ivanov, Simulation of T h e r m a l  P r o c e s s e s  in Rooks [in Russian] ,  Nauka, Moscow (1972). 
Yu. K. Mal 'kov,  A. S. Kurllko,  and N. N. Kozhevnikov, , P h y s i c a l  s imulat ion of t h e r m a l  p r o c e s s e s  in 
f reez ing  so i l s , "  in: Heat Physics  and Mechanics of Mate r ia l s ,  Natura l  Media, and Engineer ing St ruc-  
t u r e s  at Low T e m p e r a t u r e s  [in Russian] ,  Yakutsk  (1964), p. 136. 
Yu. K. Mal 'kov,  nA mult ichnnnel  s y s t e m  for  adjusting boundary conditions in phys ica l  models ,"  in: 
Proceedings  of  the All-Union Conference  on Power  P rob l ems  in the F a r  North,  P a r t  2. Technica l  Phys ics  
and Economic  Aspects  of  E l ec t r i c a l  and Heat Supplies in the F a r  North [in Russian] ,  Yakutsk  (1975), p. 
78. 

Dep. 3785-75, November  17, 1975. 
Original  ar t ic le  submi t ted  Decem ber  19, 1974. 

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

S T A T I C - P R E S S U R E  P R O B E S  F O R  M = 4 . 5  I N  W E T  

S T E A M  A T  P R E S S U R E S  B E L O W  T H E  T R I P L E - P O I N T  V A L U E  

V .  G .  Z h a r i n o v ,  V .  K .  S a r b a e v ,  UDC 53.082.32 
a n d  R .  A .  R a k h i m z y a n o v  

Some r e su l t s  are  p re sen ted  f r o m  m e a s u r e m e n t s  on t o t a l - p r e s s u r e  and s e t t i n g - p r e s s u r e  p robes  used  in 
a two-phase  superson ic  flow of wa t e r  vapo r  at low p r e s s u r e s  where  the condensed phase  is in the solid s ta te .  

Ice grows on the p robes  under  these  conditions; spec ia l  m e a s u r e s  a re  needed to prevent  the p robes  f r o m  
becoming  blocked.  In pa r t i cu l a r ,  the ice may  be r emoved  f r o m  a probe  by  displacing it to a region of re la t ive ly  
high t e m p e r a t u r e  and p r e s s u r e .  

F igure  1 shows the effects  of the length of the cy l indr ica l  pa r t  of  the probe  and the cone angle of  the end 
on the s t a t i c - p r e s s u r e  reading.  The e r r o r s  are  l a rge  fo r  1 =5, but the effects  of ~ and of ~ dec rea se  as ~ in-  
c r e a s e s .  At l =15, p robes  with substant ia l ly  different t ips  indicate the s ame  p r e s s u r e .  The shape of the curves  
indicates  that  any fu r the r  i nc rea se  in [ should not resu l t  in any subs tant ia l  change in reading.  

/,4 

4Z 

r 0, 7gpltche~5 

I , i ! 

o 12 

Fig. 1. Reading of s t a t i c - p r e s s u r e  probe  
in re la t ion  to length [ for  P0 =196,000 Pa, 
T0=433~ M=4.5 ,  p .  =123.7 Pa: 1) go =5~ 
2) go = 80 ~ Probe  dimensions  in m m .  
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The s t a t i c - p r e s s u r e  probe (with p a r a m e t e r s  T=5 ,  ~=20 ~ and the t o t a l - p r e s s u r e  probe  (outside d iamete r ,  
4 m m ;  in ternal  d iamete r ,  3 mra) were  used  in sens i t iv i ty  t e s t s ,  with the angle of inclination vary ing  f r o m  0 to 
7 ~ at P0=196,000 Pa, T0=445~ M=4.3;  within that  range of angles,  the readings  of  the t o t a l - p r e s s u r e  probe 
v a r i e d  by not m o r e  than 2.5%. The s t a t i c - p r e s s u r e  probe  gives a reading independent of  angle up to 5 ~ 

N O T A T I O N  

l ,  d, ~ = l / d ,  length, d iamete r ,  and re la t ive  length of cyl indr ica l  pa r t  of  probe;  ~, cone angle of probe;  
M, Maeh number ;  p, s ta t ic  p r e s s u r e  indicated by probes ;  p , ,  s ta t ic  p r e s s u r e  indicated by probes  of length 

=15; P0, To, p r e s s u r e  and t e m p e r a t u r e  at the inlet to the nozzle .  

Dep. 334-76, Decem ber  22, 1975. 
Original  ar t ic le  submi t ted  July 10, 1975. 

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

B O I L I N G  

G .  P .  N i k o l a e v  a n d  V .  G .  G o r e l o v  UDC 536.423.1 

Heat t r a n s f e r  may be acce le ra ted  and boiling s tabi l ized at low p r e s s u r e s  by depositing a l ayer  of  porous  
nickel  about 0.5 m m  thick having a pore  d i a m e t e r  of  8-10 p m  on the h e a t - t r a n s f e r  sur face  (a copper  disk of 
d i ame te r  30 mm) .  The method has been shown to be effect ive for  liquids boiling at a tmospher ic  p r e s s u r e  and 
above ; the h e a t - t r a n s f e r  coefficient  is i nc reased  by a fac tor  2-4 [1, 2], and the f i r s t  c r i t i ca l  heat- f lux density 
is i nc reased  by a fac tor  2-3 [1]. 

To provide for  comparab i l i ty  of the r e su l t s  for  any t e m p e r a t u r e  difference AT, complete  curves  were  
r eco rded  for  bubble boiling of n-octane at p r e s s u r e s  of  0.014 bar  (Fig. 1) and 0.037 bar  for  smooth and pol-  
ished s u r f a c e s .  

The boiling on a pol ished sur face  was unstable and explosive with cons iderable  superheat ing;  in the region 
of unstable bubble boiling, the q--f(AT) re la t ion  had a ve r t i c a l  sect ion.  The difference between the c r i t i ca l  
hea t - f lux  densi t ies  qmax for  the smooth  sur face  at the above p r e s s u r e s  did not exceed  the e r r o r  of exper iment .  

The porous  sur face  had stable vapor iza t ion  cen te r s ;  these  not only s tabi l ized the p r o c e s s ,  but also r e -  
duced AT, while the h e a t - t r a n s f e r  coefficient was inc reased  by a lmost  a fac tor  10 for  cer ta in  AT. At 0.014 
bar ,  the porous  cost ing reduced qmax by a f ac to r  2, while at 0.037 bar  the value was a lmost  unal tered.  The 
la t t e r  probably  indicates that the pore  s ize needs to be se lec ted  to suit each pa r t i cu l a r  p r e s s u r e  and liquid. 

30 

20 

o - - !  

o - - 2  

_ _  

O _ _  O,J ,  

0 

/o  

F 

1 
20 z~ AT 

Fig. 1. Heat flux densi ty  q(~ 10 -4 W / m  2) 
as a function of t e m p e r a t u r e  d i f ference  
AT (~ at a p r e s s u r e  of 0.014 ba r  for:  
1) polished surface;  2) porous su r face .  

747 



1. 
2. 

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

G. P. Nikolaev and Yu. K. Tokalov, Inzh.-Fiz. Zh., 26, No. 1 (1974). 
Go N. Danilova, V. A. Dyundin, and A. V. Borlshanskaya, in.. Proceedings of the Fifth All-Union Con- 
ference on Heat Transfer and Hydraulic Resistance for Two-Phase Flows in Components of Power Plants, 
Section 1 [in Russian], Leningrad (1974). 

Dep. 333-76, December  23, 1975. 
Original  ar t icle  submitted June 25, 1975. 

D E F I N I T I O N  O F  T H E  B E S T  M O D E  O F  C O O L I N G  

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

M O D E L  

L .  I .  U r b a n . r i c h ,  V .  A .  E m e l ' y a n o v ,  
A .  P .  G i r y a ,  a n d  E .  P .  K a r a m y s h e v a  

UDC 669.18-412 : 612.746.6 

The hea t - t r ans fe r  rate in the secondary-cool ing  zone is important  in producing high-grade continuous 
cast ings;  the modes of cooling in this zone should produce a uniform tempera tu re  distribution around the pe- 
r i me t e r  of the solidified crus t  and monotonic t empera tu re  reduction over  the height of the casting to a level 
not less  than 800-900~ (in o r d e r  to avoid loss  of  plast ici ty) .  

These requi rements  have been incorporated in calculations on the economical  use of water  in this zone 
for  a continuous casting of c ross  section 0.24 • 1.71 m s for  steel  type 17G2SF, for  which purpose a sol idif ica-  
tion model s imi la r  to that previously  descr ibed was used. 

An M-222 computer  was used with a f ini te-difference method for one quar te r  of the c ross  section (by 
vir tue of the symmetry)  to solve the two-dimensional  differential equation for nonstat ionary the rma l  conduc- 
tion, which incorporated  the latent heat of crys ta l l iza t ion re leased  in the l iqu idus-so l idus  tempera ture  range,  

When the cast ing emerges  f rom the c rys ta l l i ze r ,  there  is an uneven tempera tu re  distribution around the 
pe r imete r ;  the subsequent cooling in the secondary  zone is considered for  boundary conditions of the f i rs t  kind 
in the form 

t o 

~,1 ( h _ _ h c ' _  l)ni,i 

where 

t o l,J 
1r l - - - -  

800 
n i ' i  ~ In (H -- h c ~- 1) 

with h the cur rent  height of the casting as reckoned f rom the meniscus in the c rys ta l l i ze r ;  h c and H are  the 
height of the casting in the c rys t a l l i ze r  and at the end of the secondary zone, respect ively;  j =0 and i = l ,  2 ..... 
59 for the wide face, and i =0 and j =1, 2 .. . .  , 10 for  the narrow face. 

This boundary condition amounts to meeting the specification that the nonuniformity in the t empera tu re  
distribution around the pe r ime te r  should be reduced while s imultaneously providing a monotonic tempera ture  
reduction over  the height of the casting to the 800~ level at the end of the secondary-cool ing zone. 

The p r o g r a m  provides for printing out the t empera tu re  distribution over  the c ross  section by steps along 
the height, as well as the heat-flux densities at the pe r imete r ,  the local hea t - t r ans fe r  coefficients,  the mean 
integral  hea t - t r ans fe r  coefficients over  the sur faces  of the wide and nar row faces for each of the secondary-  
cooling sections,  and the specific and total  water  consumption ra tes  in the section. The relationship between 
the mean hea t - t r ans fe r  coefficient and specific water  consumption is re la ted to the fo rm of cooling (nozzles 
ranged along a rod o r  in a c i r cu la r  pipe), the values being taken f rom published data. The calculated flow ra tes  
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are  c o m p a r e d  with those m e a s u r e d  under  indust r ia l  conditions.  
nomica l  use of wa te r  in such sec t ions .  

Dep. 3783-75, November  13, 1975. 
Original  al~iele submi t ted  May 28, 1975. 

Recommendat ions  are  made on the eco-  

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

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

L .  A .  K u z n e t s o v  

T R A N S V E R S E  T O  T H E  

T U R B U L E N T  L I Q U I D  

UDC 66.015.23 

Mass t r a n s f e r  is cons idered  for  a turbulent  flow of a charged  liquid along an infinite plane y =0, which 
has charge  sources ;  the equation of continuity for  the diffusion cur ren t  is used  with Po i s son ' s  equation for  
the field set  up by the cha rges  in the liquid to der ive  an equation fo r  the s teady s ta te  that  incorpora tes  the 
turbulence  and the conductivity of  the liquid, this  giving the charge  distr ibution pe rpend icu la r  to the flow: 

dy \ dy ] 1: 

Here ~)= D + Dtu r (D is the molecu la r  diffusion coefficient ,  while Dtu r is the turbulent  diffusion coefficient),  g 
is the charge  concentra t ion in the liquid, y is the coordinate  in the direct ion pe rpend icu la r  to the flow; r = e e 0 /  
a, where  c is the re la t ive  d ie lec t r ic  cons t an to f the  liquid, c 0 is the d ie lec t r ic  constant,  and ~ is the specif ic  
conductivity of the liquid. 

This  equation may  be solved by regions;  the ent i re  region t r a n s v e r s e  to the flow is divided into three  
zones: 1) 0 -< y-< 5; 2) 6 -< y-< 60; 3) 60 <- y < ~ ,  where  5 is the th ickness  of the diffusion sub layer  and 60 is the 
th ickness  of the Praudt l  v iscous  l aye r .  

The molecu la r -d i f fus ion  coefficient  in the f i r s t  zone exceeds  the turbulent-di f fus ion coefficient the re ,  and 
the l a t t e r  may be neglected.  In the second and th i rd  zones,  one can neglect  D by compar i son  with Dtu r .  The 
equation has an exact  solution for  each  of the th ree  zones .  Solutions are  linked up at the zone boundar ies .  The 
charge  distr ibution is dependent on the conductivity of the liquid and on the hydrodynamic  cha rac t e r i s t i c s  
of the flow. The following two l imit ing c a s e s  a r e  cons idered .  

1) 6 << (D1-) if2, namely ,  low speci f ic  conductivity and s t rong turbulence .  This  case  is cha r ac t e r i s t i c  of  
a charged  insula tor  flowing in a tube during e lec t r i f ica t ion .  

2) 5 >> (DT)I/2, namely ,  high conductivity and weak turbulence ,  which is cha rac t e r i s t i c  of a charged  e l ec -  
t rolyte~ 

This charge distr ibution has been used  to de te rmine  the diffusion cu]rrent to the wall  and the th ickness  
of the Nerns t  diffusion l ayer  6 N. In the f i r s t  l imit ing case ,  with 5 << (Dr) i/2, it is found that  6 N = ( 4 / 3 ) 6  , and 

this  resu l t  ag rees  exact ly  with that obtained p rev ious ly  for  m a s s  t r a n s p o r t  in a neu t ra l  liquid in turbulent  
flow. In the second l imit ing case ,  with 5 >> (Dr)l/~, the r e su l t  is 5 N = (D~-)I/2, which agrees  with the resu l t  for  
an e lec t ro ly te  at r e s t  with r e spec t  to a meta l l i c  plane.  These  fo rmulas  allow one to calculate the m a s s  t r a n s -  
por t  in turbulent  flow of a charged  liquid, and they are also suitable for  calculat ing e lec t r i f ica t ion  cur ren t s  
for  liquid insula tors  during t r a n s p o r t  In tubes .  

Dep. 3780-75, November 17, 1975. 
Original article submitted April 22, 1974. 
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TEMPERATURE DISTRIBUTION PRODUCED 

ANNULAR SOURCE AND TEMPERATURE 

M. A. Galakhov and S. V. Meshkov 

BY AN 

UDC 536.24.01 

1. Consider  a thermal ly  conducting space in a cyl indrical  coordinate sys tem (x, r, 9);  in the space 
there  is a cavity consist ing of an unbounded c i r cu la r  cyl inder  of radius R having its axis of rotat ion coinci-  
den twi th thex  axis. Consider  unit heat flux f rom the cavity to the space.  The flux is localized in an infinitely 
narrow ring x =0. The boundary condition is 

OT 
2 . ~ t ~  ~ r  = - -  ~ (x) ,  

where k is the the rmal  conductivity and 6(x) is a 5 function. The Green,s  function takes the form 

! ~ K, (•r) cos [(x-- ~) ~] (1) 
O (r, x,  ~) - -  2 ,~Rk . }  )~Ki (~,R) d~,, 

where K 0 and K i are Besse l  functions of  imaginary  argument.  

2. The heat flux in a ball bear ing is usually discussed in t e r m s  of the average with respect  to the angle 
[1, 2]. The distribution of  the flux in x is considered uniform, The exact solution for this case is 

The values of 

( X -4- a ~} X - -  6/ ' . 

Jia)  for  0 < ~ < 0 ,  1 are  as follows: 

a 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 

J(a) 0,06 O, 11 O, 15 O, 19 0,23 0,26 0,30 0,33 0,36 

(2) 

If T(R, ~) = T ~ 0 ,  then T~ must  be addedto  (2); unfortunately, T(R, x) decreases  only slowly as x in- 
c r ea se s ,  so one can reasonably introduce the t empera tu re  T 1 measured  at point x I. Then we have 

The cor rec t ion  to a c rude r  model  for  the two-dimensional  case is typically 20%. 
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T E M P E R A T U R E  D I S T R I B U T I O N  I N  A H O L L O W  

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

F I N I T E  W I D T H  

I .  A .  Z e r n o v  a n d  V .  F .  M a r t y u s h o v  

O F  

UDC 536.21 

T e m p e r a t u r e  d i s t r i b u t i o n s  have been  c a l c u l a t e d  fo r  s o l i d  and hol low unbounded c y l i n d e r s  wi th  r i n g  hea t  
s o u r c e s  of  f in i te  width  and u n i f o r m l y  d i s t r i b u t e d  ou tpu t .  N e w t o n ' s  law a p p l i e s  to  the  hea t  t r a n s f e r  at the  o u t e r  
s u r f a c e .  The  t h e r m o p h y s i c a l  p a r a m e t e r s  a r e  t a k e n  as  c o n s t a n t .  The  e x a c t  so lu t i on  to  the  i n i t i a l  equa t ion  has  
been  d e r i v e d  by L a p l a c e  t r a n s f o r m a t i o n  in con junc t ion  wi th  f in i te  Hankel  t r a n s f o r m a t i o n s  and by  v a r y i n g  the  
c o n s t a n t s .  The  g e n e r a l  s o l u t i o n  y i e l d s  the  fo l lowing  s o l u t i o n  fo r  the  q u a s i s t a t i o n a r y  c a s e :  

2 oxpi( 
(0 L) z<O = q~ (r) _ P e_e k ~- k ~- 

2 exp ~ - - - - k  z exp - - - ~ - - + k  (z--l)  

(OL) O<~z<t q~ (r) - -~  . . . .  Pe k-~-k s 
i=l [t~ - -  k + k ~ _ _ - -  

2 2 

(Oz) z>~l = ~ ~ (r) - -  Pe 

w h e r e  0 L i s  the  d i m e n s i o n l e s s  t e m p e r a t u r e ,  ~ ( r )  i s  the  r a d i a l  t e m p e r a t u r e  d i s t r i b u t i o n ,  k = 4  (Pe/2)2+#~;  
Pe = v R o / a ;  z =z i /R0 ;  I = L / R o ;  and L is  the  s o u r c e  wid th .  

The  m a x i m u m  t e m p e r a t u r e  in the  q u a s i s t a t i o n a r y  e a s e  is  found in the  h e a t e r  zone 0-< z-< l and is  

Z -2( (OL)ma x = Ip (r) ~ 1 --  exp . 
i ~ 1  

F o r m u l a s  a r e  g iven  fo r  the  c o o r d i n a t e s  of  the  p e a k  t e m p e r a t u r e ,  and a l so  ones  fo r  c a l c u l a t i n g  the  t e m -  
p e r a t u r e  d i s t r i b u t i o n  in s t a t i o n a r y  h e a t i n g .  The  c a l c u l a t e d  t e m p e r a t u r e s  a g r e e  s a t i s f a c t o r i l y  wi th  m e a s u r e -  
m e n t s .  The  c o m p a r i s o n  is  made  g r a p h i c a l l y .  

Dep.  1215-75,  M a r c h  31, 1975. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  Augus t  12, 1974. 

H E A T  T R A N S F E R  W I T H  P E R I O D I C  V A R I A T I O N S  I N  H E A T -  

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

F O R  A S E M I I N F I N I T E  B O D Y  

A .  G .  G i n d o y a n  a n d  M .  A .  P a k  UDC 536.21 

Heat  t r a n s f e r  i s  c o n s i d e r e d  f o r  a s e m i i n f i n i t e  s o l i d a n d  a m e d i u m  at t e m p e r a t u r e  T (t), the  h e a t - t r a n s f e r  
coe f f i c i en t  be ing  o~ (t). The  p r o c e s s  i s  d e s c r i b e d  by  a o n e - d i m e n s i o n a l  b o u n d a r y - v a l u e  p r o b l e m  of  the  t h i r d  
kind:  

ou  o~u 

O/ Ox 2 ' 

)~ O U i --  cr (t) iT (t) - -  U [x-0l == 0. 
0X Ix=0 

It  is  a s s u m e d  tha t  the  t e m p e r a t u r e  of  the  m e d i u m  and the  h e a t - t r a n s f e r  coe f f i c i en t  v a r y  p e r i o d i c a l l y  wi th  
the  s a m e  p e r i o d ,  both  b e i n g  p i e e e w i s e - s m o o t h  func t ions  of  t i m e .  
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The s t eady - s t a t e  solution is der ived,  which i s  independent of the ini t ial  conditions~ the method of so lu-  
t ion is as fol lows.  Laplace  t r a n s f o r m a t i o n  yields  an in tegra l  equation, and the asympto t ic  solution is der ived  
as a Four i e r  s e r i e s .  

The bas ic  technique is asympto t ic  e s t ima t ion  of the contour  in tegra l s .  It is found that  the s t eady - s t a t e  
t e m p e r a t u r e  dis t r ibut ion can be found as the sum of a F o u r i e r  s e r i e s .  The Four i e r  coeff icients  for  th is  d i s -  
t r ibu t ion  const i tute an infinite s y s t e m  of  l inea r  a lgebra ic  equations:  

+| 

where  ~ is the n u m b e r  of the equation, Yv is the v - th  Fou r i e r  coefficient  in the t e m p e r a t u r e  dis tr ibut ion 
for  exp{ iv~t}, 0J is the f requency  of the t e m p e r a t u r e  va r ia t ion  in the medium,  and K v and ~v a r e t h e  v - th  F o u r i e r  
coeff icients  fo r  ~(t) /X and c~(t)T(t}/k, r e spec t ive ly .  

I f  the h e a t - t r a n s f e r  coefficient  is constant,  the infinite s y s t e m  of a lgebra ic  equations spl i ts  up and gives 
a known solution for  th is  case  [1]. In genera l ,  the inffmite s y s t e m  must  be solved approximate ly .  

An example  is cons ide red  where  a(t)  and T(t) are  step functions,  which take two values  and have common 
points  of discontinuity.  The phys ica l  c r i t e r i a  that  contro l  the t e m p e r a t u r e  distr ibution are  der ived,  and also 
the functional re la t ionship  for  the min imum,  max imum,  and in tegra l  means  o v e r  a per iod  in t e r m s  of these  
c r i t e r i a .  

1. 
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A N E W  M E T H O D  O F  C A L C U L A T I N G  N O N S T A T I O N A R Y  

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

S H A P E  

V~ D.  P o l u g a e v s k i i  UDC 536.21 

Nonsta t ionary  t h e r m a l  conduction in r ea l  two-d imens iona l  o r  t h r e e - d i m e n s i o n a l  bodies of  complex shape 
may  be ca lcula ted  by replac ing  the l a t t e r  by bodies  of s imple  shape,  such as r ec t ang les  having the same  a r e a  
and p e r i m e t e r  as the two-d imens iona l  body, o r  a finite cy l inder  having the same  volume and sur face  a r ea  as 
the r ea l  body. 

This  r ep lacemen t  also extends cons iderably  the range of useful  application of the theory  of r egu la r  
t h e r m a l  conditions: m e a s u r e m e n t  of the f o r m  fac tor  for  a compl ica ted  body is r ep laced  by the use of s imple  
analyt ical  exp re s s ions  for  the f o r m  fac tor  for  a rec tangle  or  finite cy l inder .  

Dep. 332-76, Dece m ber  23, 1975. 
Original  ar t ic le  submi t ted  August 5, 1975. 
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N O N S T A T I O N A R Y  H E A T  T R A N S F E R  B E T W E E N  AN 

U N D E R G R O U N D  P I P E L I N E  A N D  T H E  E N V I R O N M E N T  

B~ L .  K r i v o s h e i n ,  V .  Po R a d c h e n k o ,  
a n d  V .  M.  A z a p k i n  

UDC 536.242 ~ 681.3 

G e n e r a l - p u r p o s e  pipel ines  may  be subject  to a lmost  instantaneous t e m p e r a t u r e  change in the fluid; the 
durat ions of  the cor responding  t h e r m a l  t r ans i en t s  and the fluctuations in the heat flux f rom the tube to the 
soil  may  be de te rmined  by consider ing a s tep change in the t empera tu re~  

The equation of nonsta t ionary  t h e r m a l  conduction has been in tegra ted  numer ica l ly  for  a semlinfini te  
body of  soi l  around a pipeline subject to boundary conditions of  the th i rd  kind; exact  de terminat ion of the heat 
flux f r o m  the pipeline to the soil  r equ i r e s  conformal  t r a n s f o r m a t i o n  of the region to a rectangle  by means  of 
a b ipo la r  coordinate  s y s t e m  [1]. 

A f in i te -d i f ference  approximat ion  ove r  the in terna l  nodes of a square  g r id  have been used to in tegrate  
the equation of t h e r m a l  conduction for  the soi l  in the new region;  the s y s t e m  of f in i te-di f ference  equations 
has  been solved by Seidel~s i tera t ion method with a BI~SM-6 compute r .  

Resul ts  are p r e sen t ed  on the t e m p e r a t u r e  distr ibution in the soil ,  the heat flux f r o m  pipeline to the en-  
v i ronment ,  and the effect  of heat t r a n s f e r  at the s o i l - a t m o s p h e r o  boundary.  

The calculat ions indicate m e a s u r e s  for  ensur ing  re l iable  opera t ion  when pipeline hea te r s  are  switched 
off, o r  gas coo le r s  are  t r ipped  during e m e r g e n c y  change in the degree  of compress ion ,  toge ther  with a means  
of measu r ing  gas t e m p e r a t u r e  during gas  pipeline opera t ion .  

1. 
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