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On studying t rans ien t  heat t r a n s f e r  in a m a j o r  gas flow in the p resence  of a t ime-dependent  t e m -  
p e r a t u r e ,  it is es tabl ished exper imenta l ly  that cons iderable  changes take place in the h e a t - t r a n s -  
f e r  coeff icient  when d T ~ / d t  < 0, where  T~ is the stagnation t e m p e r a t u r e  of the gas  flow. 

T rans i en t  h e a t - t r a n s f e r  exper imen t s  subject  to t ime-dependent  t e m p e r a t u r e s  were  c a r r i e d  out in a g a s -  
dynamic  insta l la t ion of the open type with e l e c t r i c - a r c  heating of the working subs tance ,  as descr ibed  in our 
e a r l i e r  paper  [1]. 

The expe r imen ta l  pa r t  cons is t s  of a cyl indr ica l  channel (assembled f rom 10 individual sect ions)  25.5 m m  
in d i a m e t e r  and 10 d i a m e t e r s  long. The individual sect ions a re  connected together  with h e a t - r e s i s t a n t  cement ,  
which, together  with the smal l  thickness  of the section wails  (&v ~- 0.08 mm),  grea t ly  reduces  axial  heat  
losses .  At d is tances  f rom the ent rance  cor responding  to x / D  = 1.5, 3.5, 5.5, 7.5, 9.5 a r e  C h r o m e l - A l u m e i  
the rmocouples  0.1 m m  in d i a m e t e r  for  measu r ing  the wail  t empera tu re .  The working par t s  of the t h e r m o -  
e l ec t rodes ,  previous ly  rolled to a thickness of 0.02 ram. a re  welded to the outer  sur face  in the middle of the 
sect ions .  

This  method of de te rmin ing  the t e m p e r a t u r e  of the sur face  i m m e r s e d  in the gas flow is complete ly  jus t i -  
fied in view of the fact  that the ]3i number ,  calculated for  the exper imen ta l  conditions envisaged and c h a r a c t e r -  
izing the t e m p e r a t u r e  dis t r ibut ion over  the thickness  of the wail ,  is much s m a l l e r  than unity, being equal to 

0.0014. 

The gas t e m p e r a t u r e  at the ent rance  into the exper imen ta l  sect ion is measu red  up to 1200~ with a 
C h r o m e l - A l u m e l  thermoeouple  and then up to 1900~ with a p l a t i no rhod ium-p la t i num thermocouple .  The 
d i a m e t e r s  of the thermocoupIe  junctions a re  no g r e a t e r  than 0.04 m m  in e i ther  case .  These  smal l  d imensions  
ensure  a lmos t  i n e r t i a - f r e e  operat ion.  

F igure  i shows some cha rac t e r i s t i c  t e m p e r a t u r e / t i m e  curves  cha rac te r i z ing  the wall  and main gas  
flow. Under conditions involving a sharp  change in the rma l  load, if the change in the t e m p e r a t u r e  of the main 
gas  flow f rom the "hot" to the "cold" s tate  occupies a total  of 2.4 sec ,  the period during which the condition 
T~ > T w is sat isf ied amounts  to 0.1 sec.  Such a shor t  durat ion of the p roces s  natural ly necess i t a t e s  the in-  
t roduction of spec ia l  co r r ec t ions  in o rde r  to inc rease  the accuracy  of the final resul t .  In view of the possible  
occur rence  of e r r o r s  due to the dynamic c h a r a c t e r i s t i c s  of the diagnostic appara tus  in this region the authors 
r e s t r i c t ed  considera t ion to the ease  in which Tw > T O at this s tage of the investigation.. 

F igure  2 i l lus t ra tes  the evolution of the enthaipy fac to r  in t ime. The e n t h a i p y / t i m e  curve  contains an 
ex t r emum.  In the f i r s t  s tage the enthalpy fac tor  inc reases  and the der iva t ive  d~ h / d r  is g r e a t e r  than zero.  
This  si tuation should cor respond  to conditions under which the h e a t - t r a n s f e r  p roce s s  takes place more  in-  
tensively than would be the ease  under s t eady- s t a t e  conditions fo r  the same  B~* number.  Beyond the e x t r e m u m  
the enthalpy fac to r  d iminishes ,  approaching unity asymptot ica l ly .  According to [2] the change in the sign of 
the der iva t ive  d d h / d t  leads to a state of heat  t r a n s f e r  in which S t / S t  0 < 1. An analys is  of expe r imen ta l  data 
provides  an i l lus t ra t ion of this ,  as  may readi ly  be seen f rom Fig. 2, which is based on local s imulat ion ex -  
pe r imen t s  [1]. A combined ana lys i s  of the re la t ionships  appear ing  in this f igure shows that at the onset of the 
h e a t - r e l e a s e  p roc e s s ,  when the der iva t ive  of the t e m p e r a t u r e  of the main gas fiow with r e spec t  to t ime is 
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Fig. 1. T e m p e r a t u r e s  of the main gas flow (curve 1) and various points on the wall  of the exper imenta l  
section (ff = 1.5, 3.5, 5.5, 7.5, 9.5 - curves  2, 3, 4, 5, 6, respect ively)  as functions of time. T,  ~ t, 
s e e .  

Fig. 2. T ime dependence of the enthalpy factor  and hea t - t r ans fe r  coeff icient  for  R~* = idem: 1) ~y. = 
St /St0;  2) gh = hw/h~.  

large and posit ive,  the relat ive hea t - t r an s f e r  coefficient  is considerably g r e a t e r  than unity, despite the fact 
that in the case under considerat ion the depature f rom i so thermal  conditions reduces  the hea t - t r ans f e r  coef -  
f icient (~h > 1; g~h < 1). Thus,  the prevail ing contribution to the Stanton number  a r i s e s  f rom the t ime depen-  
dence of the t empera tu re  of the main flow. At the ex t remum d g h / d t  = 0, gtl > 1, and ,I,2 = 1, i .e . ,  although 
there  is a deviation f rom iso thermal  conditions,  its effect  is compensated by the action of the derivat ive d T ~ /  
dt on the heat t rans fe r .  F o r  such a complicated combination of p a r am e te r s  a situation may well  occur  under 
which the h e a t - t r a n s f e r  coefficient  wil l �9 a value hardly differing f rom that corresponding to standard 
conditions. 

F igure  3 shows some exper imenta l  data expressed  in the form 

St Pr ~ = [ (R~), (1) 
~h 

such that the influence of deviations f rom i so thermal  conditions are  el iminated.  The exper imenta l  points on 
the graph occupy higher  posit ions,  the g r e a t e r  the value of the der ivat ive d T ~ / d t  to which they correspond.  
This  change in the h e a t - t r a n s f e r  coefficient  may be explained as being due to two main fac tors ,  namely,  the 
sharp dependence of the kinematic and the rma l  p a r am e te r s  of the system on the gradient  of the enthalpy factor  
and the effect  of this fac tor  on the level of turbulent pulsations in the tempera ture  of the main gas flow. In 
o rder  to revea l  the quantitative influence of the enthalpy fac tor  on the re la t ive  h ea t - t r an s f e r  coefficient ,  the 
exper imenta l  points of Fig. 3 were  analyzed on the basis  of the equation 

st -__ p (  dr; (2) 
�9 ~ z h =  Sto~h \ dt ]" 

We found that, independently of position along the length of the initial section and independently of the 
various degrees  of deviation f rom iso thermal  conditions, all the exper imenta l  points formed a well--defined 
sequence capable of being approximated by a power polynomial in the fo rm 

( d n )  ~ 
YJ z h = 1 ~ \ dt (3) 

Thus,  the foregoing investigation shows that thermal  t rans ience cannot be charac te r ized  simply by the 
t ime der ivat ive  of the wall  t empera ture .  The re la t ive  h ea t - t r an s f e r  coefficient  also depends on the t ime de -  
r ivat ive of the t empera tu re  of the main gas flow. 

An analysis  of the quantitative aspect  of the problem indicates that the effect  of t rans ience  due to the 
changes taking place in the t empera tu re  of the main gas flow is far  s t ronger  than the effect  due to the changes 
in walI t empera ture .  Under conditions in which the surface  immersed  in the gas flow is heated and d T ~ / d r  = 0 
the t rans ience  effect  is less than 10% [1]; however ,  when the surface is cooled and d T ~ / d t  ~ 0 the relat ive 
h e a t - t r a n s f e r  coefficient  may change by more  than a factor  of three  t imes.  
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Fig. 3. Dimens ion less  h e a t - t r a n s f e r  coeff icient  as a function of R}~*. Points ,  exper iment :  1) 
P01W01 = 26.9 g / c m  2. sec;  2) P01W01 = 30.25 g / c m  ~. sec;  l ines,  calculat ion based on the equa-  
tion St = 0.0128/Rl~*~ ~ 

Fig. 4. Influence of d T ~ / d t  ( d e g / s e c )  on the re la t ive  h e a t - t r a n s f e r  coefficient.  

NOTATION 

Bi, Blot number; D, diameter; Pr, Prandtl number; R}~*, characteristic Reynolds number of the thermal 
boundary layer; St, Stanton number; T{, stagnation temperature of the main gas flow; Tw, wall temperature; t, 
time; x, longitudinal coordinate; Aw, thickness of wall material; dh, enthalpy factor; @h, parameter representing 
deviation from isothermal conditions; @Zh, relative heat-transfer coefficient, allowing for the effect of thermal 
transience due to the changes in the temperature of the main gas flow; @E, relative change in the Stanton num- 
ber for R}~* = idem. 
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MECHANICS OF JET FLOWS IN GRANULAR LAYERS. 

EVOLUTION OF SINGLE JETS AND THE NUCLEATION 

Yu. A. ]3uevich and G. A. Minaev 

MECHANISM 

LrDC 532. 546 

A physica l  analys is  of the dynamics  of jet  development  and the format ion  of a gas bubble in a 
high fluidized bed is presented .  

Fluid[zeal or fixed g ranu la r  layers  with jet  de l ivery  of excess  l iquefier a r e  so widespread that thei r  
applied value needs no recommendat ions .  Let us note just  two main types of jet  flows which di f fer  in principle.  
F i r s t ,  the whole gas can be supplied as a jet  in an initially fixed layer  with the possible  build-up of a fluidized 
s ta te ,  s ta r t ing  f rom some level above the g a s - d i s t r i b u t o r  grating.  Secondly, je ts  can be introduced into an 
a l ready fluid[zeal or a lmos t  fluid[zeal layer  to improve the quality of the fluidization or to intensify the exchange 
p r o c e s s e s .  In both c a s e s ,  both the c h a r a c t e r i s t i c s  of the individual je ts  and their  interact ion,  which mainly 
govern  the layer  s t ruc tu re  observed,  a re  of p r i m a r y  value. 

The physical  p ic ture  of jet  development  in a fluidized bed was descr ibed  phenomenologicaliy in [1-3], for  
instance. In particular, stationary and self-oscillating escape modes and an intermediate mode of local spouting 
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