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We p r e s e n t  the r e s u l t s  of an e x p e r i m e n t a l  study and a gene ra l i za t ion  of e xpe r i m e n t a l  data 
on unsteady heat  t r a n s f e r  in the turbulent  flow of a l iquid in a pipe and the t ime depen-  
dence of the  heat  flux at the wall .  

Studies of unsteady h e a t - t r a n s f e r  p r o c e s s e s  in channels  p e r f o r m e d  by heating and cooling gases  [1] 
showed that the d i f ference  between the unsteady h e a t - t r a n s f e r  coeff ic ient  and i ts  quas i s teady  value is c r i t i -  
ca l ly  dependent  on the t h e r m a l  and hydrodynamic  uns tead iness  c r i t e r i a ,  the Reynolds number ,  and the t e m -  
p e r a t u r e  fac to r .  Ana lys i s  of the expe r imen ta l  r e s u l t s  [2,3] and a compar i son  of them with n u m e r i c a l  ca l -  
cula t ions  for  a quas i s teady  d is t r ibu t ion  of the turbulence  s t ruc tu r e  showed that  the subs tan t ia l  d i f ference  
between K and unity is  not de t e rmined  by a superpos i t ion  of unsteady heat  conduction on convect ive heat t r a n s -  
f e r ,  but by a change of the turbulent  flow s t r u c t u r e .  The unsteady c h a r a c t e r  of the t e m p e r a t u r e  boundary 
condit ions Dtw/OT plays  a bas ic  role  in this  and is bes t  taken into account ,  as shown in [3,41, by the c r i t e r i o n  

cpg6 " 

On the bas i s  of the expe r imen t s  p e r f o r m e d ,  e m p i r i c a l  gene ra l i z ed  re la t ions  were  obtained for  unsteady heat  
t r a n s f e r  in the heating and cooling of gases  and for  var ious  laws of var ia t ion  of the wall  t e m p e r a t u r e  and the 
gas flow ra te .  

The ex is t ing  expe r imen t a l  data on unsteady heat  t r a n s f e r  in the flow of fluids in channels  [5] a r e  incomplete  
and do not p e r m i t  the de te rmina t ion  of the effect  of the Re and Pr  numbers .  

We p r e s e n t  r e su l t s  of an expe r imen ta l  inves t iga t ion  of the unsteady h e a t - t r a n s f e r  coeff ic ient  in the tu r -  
bulent flow of wate r  in a c i r c u l a r  pipe of 1Khl8N10 s tee l  with an ins ide  d i a m e t e r  of 8.63 ram, a wall th ick-  
ness  of 0.183 ram, and a length of 1510 mm in the range Re b = 5" 103-105; P r  b = 2-12; and P r b / P r  w = 1-3.7.  

The pipe was heated by a low-vol tage  a l t e rna t ing  e l ec t r i c  cu r r en t .  Unsteady h e a t - t r a n s f e r  p r o c e s s e s  
were  inves t iga ted  for  a t i m e - v a r y i n g  heat r e l e a s e  in the pipe wall and a c o n s t a n t w a t e r  flow ra te .  During the 
expe r imen t s  m e a s u r e m e n t s  were  made of the wate r  flow ra te  with a d iaphragm or  no rma l  nozzle  and the inlet  
and outlet  wa te r  t e m p e r a t u r e s  and p r e s s u r e s  with Chromel - -Alumel  the rmocouples  having t h e r m o e l e c t r o d e s  
0.1 mm in d i a m e t e r  and DDI-21 inductive p r e s s u r e  t r a n s d u c e r s  opera t ing  in an a s s e m b l y  with an ID-2I dev ice ,  
the cu r r en t  flowing through the expe r imen ta l  pipe and the potent ia l  drop occu r r ing  a c r o s s  eight pa r t s  of the 
pipe,  the f i r s t  length being 110 mm and the r e s t ,  200 ram. The r e sponses  of a l l  the t r a n s d u c e r s  were  exhi-  
bi ted on N010M and N700 osc i l l og raphs .  

Al l  the measu r ing  s y s t e m s  for  unsteady condit ions were  spec ia l ly  ca l i b r a t ed  and moni tored  in each 
unsteady r eg ime  by s t e a d y - s t a t e  r eg imes  before  and a f t e r  the exper iment .  The t ime lag of all  the t r a n s d u c e r s  
was e s t ima ted  and ensured  by accura te  r eco rd ing  of parameter . s  during unsteady r e g i m e s .  The leakage of 
heat f rom the outs ide su r face  of the pipe was found by ca l ib ra t ion  expe r imen t s  to be negl ig ibly  smal l  (0 .1-0 .2% 
of the  heat  r e l ea sed ) .  
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Fig. 1. Time dependence of wall tempera ture  t w (~ heat 
flux density qw (W/m2) , and K during an increase  [Reb = 
(1-1.4). 104, P rb=  7-11, K > 1] and a decrease  [Re b = (1.2- 
2).104, P r  b = 6-9, K < 1] of the heat load: 1-7) x /d  = 12.7, 
36, 59, 82, 105, 128, and 151, respect ively;  8) tw; 9) qw" 
r ( s ee ) .  

The unsteady tempera ture  of the pipe wall was measured  by a pract ical ly  iner t ia less  method based on the 
change of the e lec t r ica l  res is tance  of the pipe mater ia l  with tempera ture .  The highly sensit ive circui t  devel- 
oped enabled us to obtain a l inear relation between the signal fed to the osci l lograph and the tempera ture .  The 
maximum absolute e r r o r  of a measurement  of the unsteady tempera ture  by this method depends on the maxi-  
mum tempera ture  drop during the unsteady p rocess .  Taking account of the e r r o r s  in measuring steady tem- 
pera tures  and the calibrations,  this e r r o r  for the 10-20~ tempera ture  drops occurr ing  in the experiments  was 
0.2-0.3~ The sys tem was cal ibrated with 17 Chromel--Alumel  thermocouples having 0 .05- ram-diameter  
thermoelec t rodes  welded to the o u t e r s u r f a c e  of the pipe. The measur ing sys tem is descr ibed in detail in [6]. 

The procedure  for  determining the unsteady hea t - t rans fe r  coefficient 

(x, "0 = q~ (x, T) (2) 
t~ (x, ~) - -  tb (x, "0 

is s imi la r  to the procedure  used ea r l i e r  in experiments on gases [1]. The quantities qw(X,T) and tw(x, 1-), 
necessa ry  to determine a (X,T), were  found f rom the solution of the inverse heat-conduction problem by 
measur ing  the average tempera ture  over  a c ross  section of the wall and the heat re lease  in the pipe walls 
with the condition that the heat flux is zero at the outer  sur face  of the pipe wall. The quantity tb(x, ~') was 
found from the solution of the one-dimensional  energy equation where,  in contras t  with the flow of gases ,  the 
residence time of the liquid in the pipe was taken into account. The hea t - t r ans fe r  coefficients were calculated 
for seven c ross  sections located at the boundaries of the eight sections of the pipe ac ross  which the potential 
drop was measured  with x /d  = 12.7, 36, 59, 82, 105, 128, and 151. 

The experimental  resul ts  were processed  on a BI~SM-4 computer .  The maximum relative e r r o r  in the 
determination of the unsteady hea t - t r ans fe r  coefficient did not exceed 10-15% 

The value of Nu 0 was determined f rom the expression [7] 

Pr b / T M  
Nu o = 0.023 Re~ Pr ~ \-~-r~ ] eL' (3) 

where the cor rec t ion  a L to the initial section was taken f rom [8] for  the hydrodynamic stabilization of the flow 
before the hea t - t r ans fe r  section: 

e L = 1 + 0 . 5  d .  (4) 
X 
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Fig .  2. Dependence  of K on Kq for  v a r i o u s  Re and P r  n u m b e r s :  1-7) x / d  = 12.7,  36, 59, 82, 105, 
128, and 151, r e s p e c t i v e l y ;  8, 9) ca l cu l a t ed  with (6) and (7); a ,c )  Re b = (7.5-10). 103, P r  b = 8-12;  
b) Re b = (5-7). 104 , P r  b = 4 -6 ;  d) -Re b = (3-4). 104 , P r  b = 6-8 .  

F ig .  3. Dependence  of uns t eady  h e a t - t r a n s f e r  data  on Kq for  va r i ous  laws of v a r i a t i o n  of the heat  
flux dens i t y ,  ca l cu la t ed  f rom data  in  [9] for  Re = 104 and P r  = 1: 1-4) q = A ( e ~ F ~  ~ = 100; 
x /d  - 1.58; 3.16; 7.80; 6 .2-197 {X = Fo),  r e s p e c t i v e l y ;  5-7) q = A ( e G F ~  x / d  = 7.86; G = 50 ,10 ,  
2; 8-10) q = 0.1 ~ ( e~~176176  x /d  = 1.58; 3.16; 7.86; 11-13) q = AFo m,  x / d  = 22.2; m = 1 , 2 , 3 ,  r e -  
spec t ive ly ;  14-16) q = s in  100Fo; x / d  = 3.16; 31.6; 1 .97-8.67 (X = Fo); 17) by Eq.  (5). 

Equat ion  (3) s a t i s f a c t o r i l y  d e s c r i b e s  the loca l  h e a t - t r a n s f e r  data obta ined in the r ange  Reb = 3. 103-6 �9 104 
and P r  b = 2-11 in  p r e l i m i n a r y  e x p e r i m e n t s  du r ing  s teady  r e g i m e s .  

Uns teady  p r o c e s s e s  p roduced  by a s t epwise  i n c r e a s e  or  d e c r e a s e  of the heat  r e l e a s e  in the pipe wal ls  
were  i nves t i ga t ed .  Dur ing  an i n c r e a s e  of the heat  load the in i t i a l  c u r r e n t  was zero  or  app rox ima te ly  one q u a r -  
t e r  as l a rge  as the f ina l  va lue .  Dur ing  a d e c r e a s e  of the heat  load the f ina l  c u r r e n t  was one q u a r t e r  as l a rge  
as the in i t i a l .  The bas ic  p a r a m e t e r s  in  t hese  e x p e r i m e n t s  were  v a r i e d  within the fol lowing l i m i t s :  w a t e r  p r e s -  
s u r e ,  p = 1-5 ba r ;  wa te r  flow r a t e ,  G = 0.024-0.562 k g / s e c ;  in le t  wa te r  t e m p e r a t u r e ,  tb0 = 3.6-50~ wal l  t e m -  
p e r a t u r e ,  tw = tb0-107~ power  l i be r a t ed  in  the working  po r t i on ,  0-20.2  kW; heat  flux dens i t y ,  qw = 0-0 .5  MW/ 
m2; Re b = 5. 102-105; P r  b = 2-12;  P r b / P r  w = 1-3.7.  

Typ ica l  c u r v e s  of the t ime  dependence  of the bas ic  p a r a m e t e r s  a r e  given in  F ig .  1. F o r  a s t epwise  
t u r n i n g  on of the e l e c t r i c a l  load the m a x i m u m  ra te  of i n c r e a s e  of the wall  t e m p e r a t u r e  at ze ro  t ime  r eached  
a va lue  Dtw/OT = 560 d e g / s e c ,  and for  t u r n i n g  off - -  500 d e g / s e c .  The c o r r e s p o n d i n g  va lues  of K at z e ro  t i m e  
w e r e ,  r e s p e c t i v e l y ,  1 . 6 - 2 . 2  and 0 .5-0 .7 .  A s t w w a s  s t a b i l i z e d t h e y a p p r o a e h e d l .  The  r e s i d e n c e  t i m e  of wa t e r  
in  the e x p e r i m e n t a l  sec t ion  v a r i e d  f r o m  0.008 to 3.5 s ec ,  and the s t a b i l i z a t i on  t i m e  for  the wal l  t e m p e r a t u r e  
v a r i e d  f r o m  0.1 to 6 sec .  The s t a b i l i z a t i o n  t i m e  for  the h e a t - t r a n s f e r  coef f ic ien t  was a pp r ox i ma t e l y  half  as 
long as that  for  the wal l  t e m p e r a t u r e .  The e x p e r i m e n t  did not show any d i f fe rence  in the dependence  of K on T 
for  T s h o r t e r  than the t ime  for  the l iquid  to pass  f r o m  the pipe in le t  to the c r o s s  sec t ion  u n d e r  c o n s i d e r a t i o n ,  
and for  T longe r  than this  t i m e .  

To f ind the dependence  of uns t eady  heat  t r a n s f e r  on P r b ,  Reb,  and P r b / P r  w a l l  the e x p e r i m e n t a l  poin ts  
were  divided into s e v e r a l  r a n g e s  of v a r i a t i o n  of these  p a r a m e t e r s .  The fol lowing r a n g e s  were  chosen:  Reb.10 -4 = 
0 .3-0 .5 ;  0 .5-0 .75 ;  0 .75-1;  1-1 .5 ;  1 .5-2 ;  2-3;  3-4;  4 -5 ;  5-7;  7-8 .5 ;  8 .5-10;  P r b  = 2-4;  4 -6 ;  6-8;  8-12;  P r b / P r  w = 
1-2;  2-3 .75 .  F i g u r e  2 shows the dependence  of K on the t h e r m a l  u n s t e a d i n e s s  c r i t e r i o n  Kq for  s e v e r a l  r a n g e s .  
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Fig .  4. Dependence  of AK 2 on K*Tg fo r  
va r i ous  Re b and P r  b du r ing  an i n c r e a s e  
[a,b) for  Reb = (5-7.5).  103 and Re b = 
(4-5)- 104, r e spec t ive ly ]  and a d e c r e a s e  
[c,d) for  Reb = (7.5-10).  103 and Re b = 
(2-3). 104 ] of the heat  flow dens i ty :  1-4) 

P r  b = 3-4 ,  4 - 6 ,  6 -8 ,  8 -12 ,  r e s p e c t i v e l y .  

In the p r o c e s s i n g  n e i t h e r  x / d  n o r  P r b / P r  w affects  K. As can be s een  f r o m  F ig .  2 the effect  of Kq on K de-  
c r e a s e s  with i n c r e a s i n g  Reb.  M e a s u r e m e n t s  [5] p e r f o r m e d  ove r  a n a r r o w e r  r ange  of Re va lues  showed a 
somewha t  l a r g e r  effect  of t h e r m a l  u n s t e a d i n e s s  on K. 

The e x p e r i m e n t a l  poin ts  ob ta ined  were  c o m p a r e d  with the r e s u l t s  of t h e o r e t i c a l  ca l cu la t ions  d e s c r i b e d  
in de ta i l  in  [1]. These  ca l cu l a t i ons  were  p e r f o r m e d  u n d e r  the a s s u m p t i o n  that  in an uns t eady  p r o c e s s  the t u r -  
bu len t  s t r u c t u r e  of the flow r e m a i n s  quas i s t eady  and takes  account  of the effect  of the t e m p e r a t u r e  prof i le  
in the boundary  l a y e r  on uns t eady  heat  t r a n s f e r .  The d i f fe rence  be tween these  p ro f i l e s  and quas i s t eady  p r o -  
f i l es  is due to the uns t eady  hea t ing  o r  cool ing  of this  l aye r ;  it  i n c r e a s e s  as J Kqr i n c r e a s e s .  

The r e l a t i on  tak ing  account  of the effect  of uns t eady  heat  conduct ion  on K was obta ined  by us ing  the r e -  
su l t s  of  ca l cu l a t i ons  [9] p e r f o r m e d  fo r  Re = 104 and P r  = 1 for  the h y d r o d y n a m i c a l l y  s t a b i l i z e d  flow of a l iquid 
With cons t an t  p r o p e r t i e s .  As can be s een  f r o m  Fig .  3, fo r  va r i ous  laws of v a r i a t i o n  of the heat  flux (except 
for  the p r a c t i c a l l y  u n i m p o r t a n t  s t epwise  i n c r e a s e  in the heat  flux acco rd ing  to the law q = AFo  TM for  m = 0) 
the r e s u l t s  of the ca lcu la t ion  of K = f(Kq) a re  s a t i s f a c t o r i l y  g e n e r a l i z e d  by the s ing le  r e l a t i o n  

~o71 (5) K = - - = N u  1 ~ AK 1 -- 1 ~-0.00266 .,q 
Nu0 

for  Kq = 0-4000 and x / d  = 3 .16-197.  Here  Nu 0 is  the quas i s t eady  s t ab i l i z ed  value of Nu. The dependence  of 
AK 1 on Re and P r  was found by u s i n g  the r e s u l t s  of c a l cu l a t i ons  [9] p e r f o r m e d  fo r  va r ious  Re and P r  for  q = A �9 
Fom.  Here  Kq = m / F o ;  for  Fo = cons t ,  Kq = cons t .  F o r  Fo = cons t  the va lues  of AI~ 1 for  va r ious  Re and Re = 
104 for  P r  = 1, and for  va r i ous  P r  and P r  = 1 for  Re = 104 were  c o m p a r e d .  The value of AK 1 d e c r e a s e s  with 
i n c r e a s i n g  Re and P r .  The r e s u l t i n g  g e n e r a l i z e d  r e l a t i on  has the f o r m  

26.6 (Kq) ~ 
AK1 --- Re. Pr ~ 

for  Re = 104-106 and P r  = 1-10.  Equat ion  (6) was ve r i f i ed  by ca l cu l a t i ons  p e r f o r m e d  by the method of  [10]. 
The dependence  of AK 1 on Kq for  a d e c r e a s i n g  heat  flux was ca l cu l a t ed  by this  method  and has the fo rm 

(6)  

1 
aK1 = 2 . 4  - q  

l -  Re. Pr ~ 

for  Kq = - - 2 - 1 0 3 - 0 ,  Re = 104-105 , and P r  = 1-10.  

- - l  (7) 
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Equa t ions  (6) and (7) a r e  c o m p a r e d  with  the  e x p e r i m e n t a l  po in t s  in  F i g .  2. The  e x p e r i m e n t a l  da t a  show 
a s t r o n g e r  in f luence  of the  t h e r m a l  u n s t e a d i n e s s  on the  d e v i a t i o n  of K f r o m  1 than  the  r e s u l t s  of  the  c a l c u l a t i o n  
Which a s s u m e s  q u a s i s t e a d y  t u r b u l e n c e .  F o r  e x a m p l e ,  F i g .  2a shows  tha t  f o r  Kq = 1000 the  c a l c u l a t e d  va lue  
of K i s  1 .15,  whi le  f o r  e x p e r i m e n t  K = 1 .4 -1 .5 .  

T h u s ,  in c o n t r a s t  wi th  u n s t e a d y  hea t  t r a n s f e r  f o r  the  f low of  g a s e s ,  the  dev i a t i on  of the  u n s t e a d y  h e a t -  
t r a n s f e r  c o e f f i c i e n t  f r o m  the  q u a s i s t e a d y  va lue  in th i s  c a s e  i s  due a p p r o x i m a t e l y  equa l ly  to  the  s u p e r p o s i t i o n  
of u n s t e a d y  hea t  conduc t ion  on s t e a d y  c o n v e c t i v e  hea t  t r a n s f e r  and  the  e f fec t  of  u n s t e a d y  b o u n d a r y  cond i t i ons  
on the t u r b u l e n t  s t r u c t u r e  of the  f low.  T h e r e f o r e ,  the  g e n e r a l i z e d  r e l a t i o n s  f o r  u n s t e a d y  hea t  t r a n s f e r  d u r i n g  
a change  in the  hea t  l oad  at  a c o n s t a n t  f low r a t e  of the  l iqu id  a r e  o b t a i n e d  in the  f o r m  

K =  1 + A K I ( K q ,  Reb, P r b ) +  AK2(K~g, R%), (8) 

w h e r e  AK 1 i s  the  c a l c u l a t e d  change  in K as  a r e s u l t  of u n s t e a d y  hea t  conduc t ion ;  AK 2 i s  the  change  in K due to  
the  change  in the  t u r b u l e n t  s t r u c t u r e  of the  f low,  and d e p e n d s  on the c o r r e s p o n d i n g  c r i t e r i o n  K*Tg g iven  by 
Eq.  (1). The  va lue  of  AK 2 i s  found to be 

AK2(K*g, R%)= Ke(K}g, R%, Prb, P r b / P r ~ ) - - 1 - - A K I ( K q ,  R%, Prb), 

w h e r e  K e i s  the  e x p e r i m e n t a l  va lue  of K. 

As  i s  c l e a r  f r o m  F i g . 4 ,  AK 1 > 0 fo r  K * T g >  0 a n d A K  2 <  0 f o r K * T _ <  0. F o r K * T g  = c o n s t ,  I AK2[ 
d e c r e a s e s  with i n c r e a s i n g  Re b.  In the  r a n g e  o f  p a r a m e t e r s  investigated A ~  2 does  not  depend  on P r  b.  

The  a v e r a g e  d e p e n d e n c e  of AK 2 on K*Tg was d e t e r m i n e d  f o r  e a c h  r a n g e  of Re b and t h e s e  r e l a t i o n s  w e r e  
r e f e r r e d  to the  a v e r a g e  va lue s  of Reb  in tha t  r a n g e .  The de pe nde nc e  of AK 2 on Re b fo r  v a r i o u s  K*Tg was ob -  
t a i n e d  f r o m  t h e s e  a v e r a g e  c u r v e s  and u s e d  to f ind  s m o o t h  r e l a t i 6 n s  be tween  K and K*Tg f o r  v a r i o u s  Re b. 

The r e s u l t i n g  r e l a t i o n s  have the  f o r m  

AK2 = (1.72.106/Re ~176 K*e 

for R % :  5 .10z - -  2.104; K~'g --=- 0 - -  0.7.10 -5, 

AK~ == (8,29. 109/t'(e~ '~6) K*g 

for R% = 2 . 1 0 4 -  105; K~g = 0 - - 0 . 7 . 1 0  -~, 

AK 2 (1 1.72. ~ * 0,303-i = - -  10 Krg/Reb ) - -  1 

for Re b 5.10 a - -  2.10~; Kr* = - -  0,3.10 -a - -  0, = . g  

AK 2 = (1 - -  8.29. 109/Reg �9 16)-, _ 1 

(9) 

(10) 

al) 

(12) 

for Re b = 2- 104- 5.104; K*Tg = --0.3- I0-5-0. Equations (9)-(12) are valid for Prb = 3-I0. 

The relations obtained in the present paper enable one to perform practical calculations of unsteady 
heat transfer during the heating of a liquid in a channel for various laws of variation of the wall temperature 
or the heat flux density at the walls. As is clear from the above relations, the unsteady heat-transfer co- 
e f f i c i en t  in the  p r e s e n t  c a s e  depends  on two t h e r m a l  u n s t e a d i n e s s  c r i t e r i a ,  Kq and  K*Tg , one of which  c o n t a i n s  
~ q w / a r  and the o the r ,  8 tw/a% It should  be noted tha t  in  c a l c u l a t i n g  a c t u a l  u n s t e a d y  h e a t - t r a n s f e r  p r o c e s s e s ,  
in  c o n t r a s t  wi th  s t e a d y - s t a t e  p r o c e s s e s ,  i t  i s  i m p o s s i b l e  to s p e c i f y  e i t h e r  qw o r  tw b e f o r e h a n d .  Both of t h e s e  
q u a n t i t i e s  a r e  d e t e r m i n e d  in  the  p r o c e s s  of  s o l v i n g  the  ad jo in t  h e a t - t r a n s f e r  p r o b l e m  f o r  the f lux d e n s i t y  in  
the  p r o c e s s  of so lv ing  the  ad jo in t  h e a t - t r a n s f e r  p r o b l e m  fo r  the  f lux  d e n s i t y  and the wa l l  t e m p e r a t u r e .  In 
v i ew  of the  d e p e n d e n c e  of the  h e a t - t r a n s f e r  c o e f f i c i e n t  on the  u n s t e a d y  b o u n d a r y  cond i t i ons ,  the  p r e s e n t  p r o b -  
l e m  is  o r d i n a r i l y  s o l v e d  by the me thod  of s u c c e s s i v e  a p p r o x i m a t i o n s .  T h e r e f o r e ,  i t  i s  not of f u n d a m e n t a l  i m -  
p o r t a n c e  w h e t h e r  3qw/aT o r  0 t w / a 7  e n t e r s  the  t h e r m a l  u n s t e a d f n e s s  c r i t e r i a ,  s i n c e  ~ l w / 0 ~  and 3 tw /a~  a r e  
r e l a t e d  by Eq. (2). 

The  s tudy  showed- tha t  f o r  the  f low of  a l iquid  in c h a n n e l s ,  j u s t  a s  f o r  g a s e s ,  the  c a l c u l a t i o n  of u n s t e a d y  
hea t  t r a n s f e r  u s ing  a q u a s i s t e a d y  t u r b u l e n c e  s t r u c t u r e  l eads  to e r r o r s  tha t  a r e  i n a d m i s s i b l e  in p r a c t i c e .  

NOTATION 

a ,  t h e r m a l  d i f f u s i v i t y  of l iqu id ;  Cp, s p e c i f i c  hea t ;  d ,  i n s i d e  d i a m e t e r  of p ipe ;  g :-- 9.8 m / s e c 2 ;  G,  m a s s  
f low r a t e ;  Fo  = a~/ r02 ,  F o u r i e r  n u m b e r ;  K = Nu/Nuo; K~g ,  Kq = (3qw/31-) �9 2 (d ~/qwa), d i m e n s i o n l e s s  c r i t e r i a  d e -  
s c r i b i n g  t i m e  d e p e n d e n c e  of  tw and qw; Nu, N u s s e l t  n u m b e r  f o r  u n s t e a d y  cond i t i ons ;  Nu0, N u s s e l t  n u m b e r  fo r  
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unsteady conditions de te rmined  f rom quasis teady re la t ions;  p, p r e s s u r e ;  r 0, pipe radius;  qw, heat flux densi ty;  
q = qwr0/Atb0; Re,  Reynolds number ;  P r ,  Prandt l  number ;  t ,  t empe ra tu r e ;  tb0, inlet  t e m p e r a t u r e ;  Umax, axial  
velocity;  w, mean  flow ra te ;  x, longitudinal coordinate ;  X = 4XUmax/dPrRew; 5, h e a t - t r a n s f e r  coefficient;  fl, 
vo lumet r i c  coeff icient  of expansion;  k, t h e r m a l  conductivity;  T, t ime .  Indices:  w, wall t e m p e r a t u r e ;  b ,  mean  
bulk t e m p e r a t u r e  of s t r e a m .  
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E X P E R I M E N T A L  S T U D Y  O F  H Y D R O D Y N A M I C  A N D  

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

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

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

B .  G .  G a n c h e v  a n d  A .  B .  M u s v i k  UDC 532.59:536.242 

Relat ionships  a r e  der ived for  de te rmin ing  the ave rage  thickness  of a liquid f i lm and the 
predominant  f requency of the wave motion on i ts  su r face  under  conditions of two-phase  
flow; re la t ionships  a re  also der ived for  calculat ing the hydraulic r e s i s t ance  and the ra te  
of heat  t r a n s f e r  to the f i lm under  these  conditions. 

A spec ia l  cha rac t e r i s t i c  of descending two-phase  flows is  the poss ibi l i ty  of rea l iz ing an annular  s i tua-  
t-ion for  any a r b i t r a r i l y  smal l  r a t e s  of flow of the gas phase  (in the l imit ing ca se ,  the f ree  descent  of the 
liquid). With inc reas ing  ra te  of gas flow, some of the liquid pas ses  into the co re  of the flow, producing a 

d i spe r sed -annu la r  si tuation.  
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