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E x p e r i m e n t a l  invest igat ions  of nonateady heat  exchange in a i r  at  high r a t e s  of heat ing of a wi re  
de tec to r  p laced hor izontal ly  along the axis  of a confining pipe a r e  descr ibed .  

In [1] a descr ip t ion  is given o f  the p r o c e d u r e ,  ins ta l la t io  n, and expe r imen ta l  r e su l t s  of an invest igat ion 
of nonsteady t h e r m a l  convection in cyl indr ica l  a i r  l aye r s  at  low r a t e s  of heat ing of a w i r e  f i lament .  In this 
case  the wi re  de tec to r  was p laced  hor izonta l ly  along the axis of the confining p ipes ,  and its heat ing ra te  was 
r eco rded  by the acous t ic  f requency method [1, 2], based  on the m e a s u r e m e n t  of the f requency d i f ference  be -  
tween emi t ted  and r ece ived  u l t r a son ic  v ib ra t ions ,  which is p ropor t iona l  to the f i l ament  heat ing ra te :  

d T  
A f  (~) = A - -  (1)  

d~  

As shown in [1], when the h e a t - t r a n s f e r  coeff icient  is constant ,  the dependence 

In A f  (.~) = __ (zm~: (2) 
A~ 

should be sa t i s f i ed ,  where  A 2 is a constant  and m = 2/cyrl  is a constant  de te rmined  by the p a r a m e t e r s  of the 
de tec tor .  

It is in te res t ing  to study the p r o p e r t i e s  of occu r r ence  of nonsteady heat  exchange at cons iderable  r a t e s  
of heat ing of the de t ec to r ,  i .e . ,  with l a rge  amounts  of t h e r m a l  power  applied. As the expe r imen t s  showed, 
under  these  conditions the deve lopment  of t h e r m a l  convection acqui res  ent i re ly  new speci f ic  f ea tu res .  The 
hea t -exchange  p r o c e s s  p a s s e s  through s e v e r a l  s tages  jus t  before the s t a r t  of es tab l i shed  convection. Some 
t ime a f t e r  the hea t e r  is turned on (less than one- tenth  of a second) the hea t  t r a n s f e r  f r o m  the wi re  i nc reases  
sharply .  Then a f t e r  0.2-1.2 sec  (depending on the applied power  and the d i ame te r  of the pipe) sha rp  d e g r a d a -  
tion of the hea t -exchange  conditions se ts  in (Fig. 1), which leads to an inc rease  in the f i lament  heat ing ra t e  
dur ing some t ime segment  (a f rac t ion  of a second). Af te r  this intense heat  exchange again develops  and for  
0.5-1 sec  (depending on the applied power  when the inner d i a m e t e r  of the pipe is 8 ram) ~ the" value of the coeff i -  
cient of heat  exchange is about twice as la rge  as the value of a unde r the  conditions o f e s t a b l i s h e d h e a t  exchange 
(Fig. l a  and b). Af te r  this the heat  exchange s e e m s  to slow again and the c h a r a c t e r  of its occu r rence  de -  
sc r ibed  above can r epea t  (Fig. la ) .  Then a per iod of es tab l i shed  heat  exchange se ts  in with a constant  value of 
the hea t -exchange  (Fig. l a ,  b, c) equal to about 100 W/m2 . deg  for  all  the pipes.  

The pa t t e rn  desc r ibed  was obse rved  for  all  the pipe d i a m e t e r s  invest igated (8, 14, 46 ram),  but for  pipes 
with a s m a l l e r  d i a m e t e r  these p r o p e r t i e s  we re  displayed m o r e  sharp ly  and the number  of inflections in the 
curve  of the dependence ln~f0") was  l a r g e r  (up to four  inflect ions,  Fig. la) .  With an inc rease  in the d i ame te r  
of the confining cy l inders  , t he i r  num ber  d e c r e a s e d  and the es tab l i shed  convection mode set  in f a s t e r .  In addi -  
t ion,  the unstable  convection mode was displayed m o r e  c lear ly  with an inc rease  in the t he rma l  power  applied 
to the de tec to r  (Fig. l a  and b). As the pipe d i ame te r  i n c r e a s e s  the convective heat  exchange is s tabi l ized f a s t e r  
and the c h a r a c t e r  of its occu r r ence  approaches  that  of heat  exchange in an open space  (Fig. lc ) .  

It  should be noted that with heat ing in an open space  (especial ly  at  high power) the es tabl i shed convection 
mode a lso  does not se t  in immedia te ly  a f t e r  the source  of f i l ament  heat ing is turned on but a f t e r  some t ime 
(0.2-1 see) .  
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Fig. 1. Exper imen ta l  dependence of lnAf on T, sec ,  for  f i lament  heat ing in a confining pipe with 
an inner d i ame te r  of 8 (a), 14 (b), o r  46 m m  (c): 1) p - 0.5 W; 2) P = 0 .6W. 

Analogous invest igat ions fo r  an open space  w e r e  made  by Os t ronmov  [3]. Nonsteady t he rma l  convection 
f r o m  a thin hor izontal  f i lament  in a i r  and some  liquids was inves t igated in that  r epo r t .  The t e m p e r a t u r e  of  the 
de tec to r  was m e a s u r e d  f r o m  the va r ia t ion  of its e l ec t r i ca l  r e s i s t ance .  In the r epor t  it was es tab l i shed  that in 
the invest igated media  an es tab l i shed  convection mode se ts  in with some delay;  equal to 0.6-0.8 sec  for  a i r .  
Thus ,  our  expe r imen t s  on the study of convective heat  exchange in open a i r  ag ree  with the resu l t s  of G. A. 
Os t roumov,  The delay t imes  in confined volumes a re  somewhat  g r e a t e r  for  our  case and compr i se  0.7-3 sec ,  
depending on the applied power .  

The mos t  unexpected is the es tab l i shed  fact  of a sha rp  degradat ion  of heat  exchange in the per iod of the 
t rans i t ion  f r o m  heat  conduction to es tab l i shed  convection. In this case ,  as  indicated above,  the ra te  of heat ing 
of the wi re  s t a r t s  to grow at  ce r t a in  t imes .  This  effect  was  obse rved  sys t ema t i ca l ly  for  all  three  pipe d i am-  

e t e r s  invest igated at applied powers  exceeding 0.3 W. 

One can a t t empt  to explain this effect  as follows. At the initial heat ing t ime  the gas  t e m p e r a t u r e  n e a r  
the wi re  grows sharp ly  and a f ron t  with a la rge  t e m p e r a t u r e  gradient  gradually p ropaga tes  radia l ly  toward 
the inner  wall  of the pipe. T h e r m a l  expansion of the gas occurs  s imul taneous ly :  the cold l aye r s  of gas a r e  
p r e s s e d  aga ins t  the wall  and p a r t  of it is expel led f r o m  the pipe.  The si tuat ion changes when the f ront  with 
a la rge  t e m p e r a t u r e  gradient  a r r i v e s  at  the wail.  The wall  m a k e s  it imposs ib le  for  the gas to expand in the 
d i rec t ion  away f r o m  the heated f i l ament ,  and it s t a r t s  to expand in the opposite direct ion.  As a resu l t ,  a 
c o m p r e s s i o n  wave f o r m s  n e a r  the wall  which s t a r t s  to p ropaga te  toward  the pipe ax is ,  i . e . ,  toward the 
hea t e r ,  with the speed of sound. The ampli tude of this converging wave (the p r e s s u r e )  will grOW as it ap-  
p roaches  the hea t e r  owing to the concentra t ion of energy.  

T h e r e f o r e ,  s t rong  adiabat ic  c o m p r e s s i o n  with a sha rp  i nc rea se  in t e m p e r a t u r e  can be obse rved  nea r  the 
su r face  of the wi re  hea te r .  In the p r o c e s s ,  the t e m p e r a t u r e  drop  between the f i l ament  and the boundary l aye r  
of gas d e c r e a s e s  and in pr inc ip le  it can change s ign,  which will  co r r e spond  to a change in the sign of the 
coeff icient  of heat  t r a n s f e r .  The e f fec t  evidently is the l a r g e r ,  the be t te r  the coaxial i ty of  the wi re  f i lament  
and pipe and the thinner  the f i lament .  Then the p r o c e s s  can repea t :  the ra te  of heat ing of the f i l ament  grows,  
the t e m p e r a t u r e  gradient  nea r  it i n c r e a s e s  again,  and the hea t -exchange  intensi ty grows.  A n  e las t ic  wave 
a l so  develops  nea r  the hea t e r ,  but it is a d iverging wave and its ampli tude fal ls  rapidly  with g r e a t e r  dis tance 
f r o m  the axis .  

The t ime  when the t e m p e r a t u r e  f ront  with a l a rge  t e m p e r a t u r e  gradient  r e a c h e s  the inner wall  of the 
pipe evidently depends on the t h e r m a l  diffusivity of the gas and the veloci ty  of the convective flows (the ve loc i -  
t ies  of gas movement ) ,  but at  l eas t  it mus t  not be g r e a t e r  than the t ime  found f r o m  the condition 

ax/r~ ~ 1, (3) 

i , e . ,  

~ r~/a. (4) 

F o r  our  conditions the t ime  T = r2/a will  be T = 0.73 sec  for  a pipe with r 2 = 4 m m  and �9 = 2.2 sec  for  one 
with r2 = 7 mm.  As seen  f r o m  Fig. l a  and b,  the t imes  of onse t  of the sha rp  slowing of hea t  t r a n s f e r  f r o m  the 
w i r e  actually a r e  of this o rder .  Since the ra te  of convective mixing of the gas mus t  grow with an inc rease  
in the applied power ,  it is na tura l  to expect  that this t ime will d e c r e a s e .  This  is  welt  seen f r o m  the e x p e r i -  
menta l  dependences shown in Fig. l a  and c. 
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Thus, nonsteady heat exchange in horizontal pipes containing heated filaments evidently represents  a 
complex process  including the combined occurrence of conductive and convective heat t ransfer  and sonic 
phenomena, which also take part in the t ransfer  of thermal energy. The elastic wave converging toward the 
axis of the cylinder t ransfers  energy from less heated gas layers to more heated ones, which under certain 
conditions can lead to a negative value of the heat - t ransfer  coefficient. 

The amplitude of the elastic waves gradually decreases ,  after which the process of established convec- 
tion begins with a constant value of the heat - t ransfer  coefficient, approximately the same for all the pipes 
investigated. The very fact of the development of acoustic phenomena during convective heat exchange is 
possible and was established experimentally,  by Righi [4, 5], for example. 

The relative e r r o r  in the determination of the heat - t ransfer  coefficient did not exceed 4.3%. The accu- 
racy attained is not ultimate and can be raised through an increase in the coefficient of multiplication of the 
ca r r i e r  frequency and improved methods of treatment of the experimental osciUograms. 

f 
T 

A 
T 
t~ 

c ,  y ,  and r t 
a 

r2 
P 

N O T A T I O N  

iB the frequency of acoustic vibrations; 
is the time; 
is the acoustic constant; 
is the temperature of wire detector;  
is the heat - t ransfer  coefficient; 
a re  the specific heat, density, and radius of wire; 
is the coefficient of thermal diffusivity of gas; 
is the inner radius of confining pipe; 
is the electr ical  power going to heating of filament. 
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