
Also in te res t ing  a re  the resu l t s  of expe r imen t s  (Figs. 2 and 3) with e l ec t romagne t i c  h igh-f requency hea t -  
ing and delayed acoust ic  t r e a t m e n t  (f = 16 kHz)~ Accord ing  to the graphs  he re ,  the heat ing ra te  inc reased  
sharp ly  immedia te ly  a f te r  the acous t ic  field had been turned on. The ra te  of i nc rease  depended on the d i s -  
tance f r o m  the acoust ic  r ad ia to r  and f r o m  the e l ec t romagne t i c  h igh-f requency rad ia to r .  

These  changes in the s p a c e -  t ime  dis t r ibut ion of the t e m p e r a t u r e  in our  model  of a bituminous bed can 
be explained by an inc rease  in the t h e r m a l  diffusivity of sandstone due to acoust ic  t r ea tment .  As a conse -  
quence,  the e l ec t romagne t i c  h igh- f requency  heat ing depends m o r e  s t rongly on the t he rma l  diffusivity and con- 
t r ibutes  more  to the t e m p e r a t u r e  d is t r ibut ion during h igh- f requency  heating. 

One mus t  also consider  a poss ib le  contr ibution to the intensif icat ion of h igh- f requency  heat ing by a c o m -  
bination of lower  v i scos i ty  of heated bi tumen in an acous t ic  field and f i l t ra t ion flow due to an acous t i c -pu l se  
p r e s s u r e  drop.  

N O T A T I O N  

f (kHz) is the f requency  of the acoust ic  field; 
AT (~ is the t e m p e r a t u r e  r i s e ;  
t is the t ime;  
tac is the t ime of turning on the acous t ic  field; 
R (cm) is the dis tance f r o m  the wall.  
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P E R F O R M A N C E  O F  A H E A T - E X C H A N G E  T U R B U L I Z E R  

Y u .  G. N a z m e e v  a n d  N .  A .  N i k o l a e v  UDC 536.24 

Exper imen ta l  evidence is surveyed  for  the p e r f o r m a n c e  of var ious  types of tu rbu l i ze r s  in con-  
vect ive  heat  t r ans f e r .  An opt imum range in Reynolds number  and opt imum ranges  of geo-  
m e t r i c a l  p a r a m e t e r s  a re  identified. 

The re  a re  two ma jo r  ways of acce l e ra t ing  heat  t r a n s f e r  in tubes;  the f i r s t  involves producing sp i ra l l ing  
with s t r ip  and plate dev ices ,  which influence the ent i re  flow. The second involves modifying the flow region 
nea r  the wall  by means  of a r t i f ic ia l  roughnesses  such as grooves  on the inside wall ,  wi re  sp i r a l s ,  etc.  

A large  volume of expe r imen ta l  evidence has been accumulated on heat  t r a n s f e r  in tubes with var ious  
devices  cover ing  wide ranges  in heat  load and physica l  p a r a m e t e r s  [1-15]. Some methods based on s t r ip  de -  
v ices  fo rm the subject  of in te res t ing  su rveys  [4, 16]. Table  1 gives the ma jo r  r e su l t s .  No sys t ema t i c  survey  
has prev ious ly  been published on the exper imen ta l  data for  the var ious  types of s y s t e m s  in a fo rm that could 
be used in compara t ive  evaluation.  

The Ultimate purpose  of any method of acce l e ra t ing  convective heat t r an s f e r  is to p rov ide  a basis  for  de -  
signing equipment  with the min imum t r a a s f e r  sur face  or  min imum t empera tu r e  di f ference subject  to min imum 
power  consumption in fluid pumping. Any of the methods of acce le ra t ing  heat  t r a n s f e r  i nc rea se s  the hydraul ic  
r e s i s t ance  and thus inc reases  the pumping power ,  so a m a j o r  p a r a m e t e r  must  be the pe r fo rmance  of the con-  
vect ing su r faces .  The following p e r f o r m a n c e  fac tor  (the energy  factor)  is the one usually employed [2, i4 ,  17, 18] : 

T rans l a t ed  f rom Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 36, No. 4, pp. 653-657, Apr i l ,  1979. Original  
a r t i c le  submit ted  May 22, 1978. 
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3 ' i. .' 

5 /0 /5 Re./o -J 

Fig. 1. Comparison of measurement s  on 
heat  t r ans fe r  in tubes: 1, 1') internal  spi ra l  
tubes,  ~p of 45 and 75 o [11]; 2, 2') t r a n s -  
ve r se  grooves ,  d/D of 0.983 and 0.875 [13]; 
3, 3'} spiral  grooves ,  S/D of 3.25 and 1.0 
[14]; 4, 4') wi re  sp i ra l s ,  S/D of 2.17 and 
0.724 [15]; 5, 5') s t r ip  devices ,  S/D of 19.0 
and 3.16 [9]. 

= f (No). (1) 

However, this factor must be determined for each surface type for identical mean temperatures [17], which 
means that it is virtually impossible to use in comparative evaluation of methods if the original data are em- 
ployed. 

We have employed a s tandard and reasonably general  c r i t e r ion  in comparat ive evaluation of the various 
devices  which se rves  to define the p r e f e r r e d  types and the a reas  of application. 

The pe r fo rmance  may be evaluated f rom exper iments  pe r fo rmed  by different  worke r s  with different  
average t empera tu re s  and different  ranges in the Reynolds and Prandt t  numbers  if one uses  the relat ion 

(Nu/Nuo) = f(Re): (2) 

Then (2) characterizes the increase in the heat-transfer coefficient relative to the value for a smooth 
tube. 

Figure  1 shows resu l t s  f rom process ing  var ious  bodies of data [9, 11, 13-15] with Nu/Nu 0 as a function 
of Re,  where  the values of the Nussel t  number  are  r e f e r r e d  to Reynolds numbers  identical with those for  
smooth tubes. This indicates that methods acting at the per iphery  are  the most  promis ing  for  viscous media;  
these include t r ansve r se  and spira l  grooves on the inner surface  and w i r e - sp i r a l  devices .  Also,  these plots 
define the best  ranges in Reynolds number.  F igure  1 shows that the la rges t  improvement  in heat t r ans fe r  a r i s e s  
for  Reynolds numbers  between 2 000 and 8000, i . e . ,  in the laminar  and weak-turbulence ranges.  

If ar t i f ic ia l  per iodic  roughness is employed,  eddies develop behind each project ing element;  turbulence 
then develops gradually,  and Nu/Nu 0 falls somewhat ,  but sti l l  remains  substantially l a rge r  than 1. At Re > 
8000, the main effect  on the heat  t r ans fe r  comes f rom the turbulence,  whereas  the effect  f rom the eddies gradu-  
ally dec rea se s .  

Devices that influence the ent i re  flow (s t r ips ,  internal  sp i ra l  tubes, etc.)  a re  indicated as being more  
p romis ing  for  media of high viscosi ty  and at high Prandt t  numbers .  

Any of these techniques inc rease  the hydrodynamic res i s tance  and there fore  the pumping power. T h e r e -  
fo re ,  a p roper  compar ison of the per fo rmance  f ro m  all aspects  is best  based on the following relat ion:  

(Nu/Nuo)](~-.J~) = [ (Re), (3) 
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NU/NUo 

2 

J 

4 

3" 

o /0 ~e f 6  ~ 

Fig. 2. Pe r fo rmance  
compar ison for  var ious 
device types (symbols 
as in Fig. 1). 

which cha rac te r i zes  the re la t ive  i n c r e a s e  in the heat t r a n s f e r  per  unit additional energy consumption. 

Evaluation via (3) differs  f rom that by the method of [1] in that i t  enables one to compare  var ious  de-  
signs,  not only for  turbulent  flow but also for  laminar  flow or  weak turbulence.  It also defines the best  range 
in Reynolds number.  The disadvantage of (3) include the need to p rocess  the data for  identical ma jo r  d imen-  
sions for  the smooth and other  cases .  

Figure  2 shows data p rocessed  in accordance  with (3); unfortunately,  some worke r s  give no data on the 
hydraul ic  r e s i s t ance ,  so if is not possible to evaluate the pe r fo rmance  of all the devices covered by Fig. 1. 
Figure 2 shows that ar t i f ic ia l  per iodic  roughnesses  can provide high pe r fo rmance ,  and that the pe r fo rmance  
increases  with the Reynolds number.  The increase  in pe r fo rmance  re la t ive  to the increase  in hydraalic  loss 
may be as much as a fac tor  of 2.5. 

No 
Nu, 

Nu0, ~0 
Re 

N O T A T I O N  

is the hea t - t r ans f e r  coefficient of surface;  
is the energy  consumed per  unit t ime per  m 2 by flowing medium; 
a re  the Nussel t  number  and hydraul ic  res i s tance  for  tube with turbul izer ;  
a re  the values for  a smooth tube; 
is the Reynolds number.  
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G E N E R A L I Z E D  D I F F U S I O N  

H O M O G E N E O U S  M I X T U R E S  

N g u y e n  V a n  D i e n  

THEORYOF M U L T I T E  MPERATURE 

UDC 532.529:5 

A generalized diffusion theory is constructed for motion of homogeneous mixtures consisting 
of components at different temperatures.  

The theory of motion of mutually penetrable media, e.g. ,  the motion of various materials  and phases 
with consideration of phase transit ions,  chemical reactions,  heat t ransfer ,  and radiation; the motion of liquids 
and gases with various part icles;  and the motion of liquids and gases in soils, is important in solution of numer- 
ous practical  problems, in part icular ,  those related to chemical production, hydroenergetics ,  hydromeliora-  
tion, and the development of the petroleum and gas industry. 

There  exist various approaches to the problem of study of the complex motion and varied processes  in 
interpenetrating media. One of these is diffusion theory. 

We construct below a generalized diffusion theory of motion of multitemperature homogeneous mixtures. 
In contrast to classical diffusion theory [1-4] here we introduce a certain general character is t ic  velocity of the 
mixture as a whole, and diffusion flows are defined relative to this velocity. Using general integral laws of the 
mechanics of mixtures ,  a new system of equations is obtained for determination of the unknown values, gener-  
alizing Prigogine's theorem [2, 3]. This system permits  transforming from one character is t ic  velocity to 
another in the general case of motion of different- temperature homogeneous mixtures. It is shown that with 
consideration of the contribution of diffusion flows to the energy of the total mixture the equations for de ter -  
mination of the diffusion flows are differential, and not algebraic, equations. The equations for change in 
component concentration are of the hyperbolic type, not parabolic, as in classical theory,  i .e . ,  generalized 
diffusion laws are obtained, as were proposed in [5, 6] in analogy to the rheology of viscoelastic media. 

1. Basic Integral Laws of the Mechanics of Mixtures. We will consider the motion of mixtures consist- . 
ing of n components. We will assume that all these components fill one and the same volume, occupied by the 
mixture. Let Pk, Uk be the density and velocity of the k-th component. It is known that in the theory of homo- 
geneous mixtures,  together with the density Pk it is necessary to consider other quantities characterizing the 
inertness of each component. These quantities are  Mk, the molar mass; Vk, the molar partial volume; and 
Nk, the number of moles of the k-th component per unit volume of mixture. 

Let ua be some character is t ic  velocity of the mixture. We will assume that ua may be expressed as a 
l inear combination of u k with the aid of some system of normalizing weights ak, i . e . ,  

n n 

uo = = , .  (1.1) 
k=l k=! 

where ak may depend only on Ok, Mk, Nk and V k. 

The motion of the k-th component relative to an observer  moving with a velocity u a is determined with 
the aid of a generalized diffusion current  ~k, equal to 

n 

--= p,~(u,~ u~); ' ~ ,  a,~ ~ = o. 0 . 2 )  

, , ,  ,,,,,, . . . . . . .  
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