
T H E  P R O B L E M  OF T H E  E F F E C T  T H A T  T H E  T U R B U L I Z E R  

C O N F I G U R A T I O N  E X E R T S  ON T H E  T H E R M A L  E F F I C I E N C Y  

OF A C H A N N E L  W A L L  S U R F A C E  

V.  G,  P a v l o v s k i i  UDC 536.244 

We discuss  the resul ts  f rom an experimental  compar ison of the thermal  effectiveness of the 
heating surface in a flat channel with turbul izers  of var ious  configurations positioned on that 
wall. 

The imposition of ar t i f ic ia l  roughness on the heat-exchanger  surface to increase  the hea t - t r ans fe r  
coefficient resul ts  in an intensive increase  in the hydraulic resis tance,  and the thermal  effectiveness of the 
heating surface is determined by the ra t io  between the quantity of t ransmit ted  heat and the expenditures of 
energy on res i s t ance  within the channel. As this c r i te r ion  we can use the energy coefficient, provided that 
the compar ison  of the thermal  effectiveness of the rough surface is accomplished for the ease in which 
At = I~  and the expenditures of power in the channel a re  r e fe r r ed  to a unit of the heating surface [1]: 

a F 
E0~ 9.807Eu]pu~0 f (1) 

However, the data existing in the l i te ra ture  with respec t  to the effect of the configurations of rough- 
ness  pro tuberances  a re  most  frequently assoica ted  with a r i se  in the hea t - t r ans fe r  coefficient and have v i r -  
tually no effect on the thermal  effectiveness of the heating surface.  This applies par t icu lar ly  to two-dimen-  
sional roughness protuberances  on heating surfaces  positioned at equal intervals  along the channel length 
a c r o s s  a flow of a cooling liquid, and these pro tuberances  a re  r e f e r r ed  to in the l i te ra ture  as " t u rbu l i ze r s "  
(spoilers of the wall layer) .  In this case,  the configuration of the turbul izers  exerts  var ious forms of in- 
fluence of the intensity with which the coefficients of heat t r ans fe r  and hydraulic res i s tance  increase  [2-6]. 
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Fig.  1. Determinat ion of the cor re la t ion  Nuf = f(Ref) for  the wall of a flat 
channel with turbul izers  of var ious  configurations: 1) t r iangular;  2) semi-  
c i rcu la r ;  3) rectangular ;  4) dropshaped profi le.  

Fig.  2. Effect of turbul izer  configuration on the res i s tance  of a flat chan- 
nel: 1-4) see Fig.  1. 
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Fig .  3. Compar i son  of the t h e r m a l  e f fec t iveness  of a 
channel  sur  fac e with t u r bu l i z e r  s of va r i ous  c onf igurat ions ,  
b a s e d  on the energy  coeff ic ients :  1-4) see  Fig .  1; 5) r e -  
su l t s  for  a smooth channel .  

The explanat ion should be sought in the phys i ca l  concept  of the hydrodynamic  condit ions of s t r e a m l i n ing  of 
the roughness  p r o t u b e r a n c e s  on the channel wal l s  by the cooling liquid. Thus, for  example ,  the i n c r e a s e  
in heat  t r a n s f e r  is  a s s o c i a t e d  with a change in the s t r u c t u r e  of the flow behind the t u rbu l i ze r ,  when the 
energy  r e d i s t r i b u t i o n  in the case  of s epa ra t i on  s t r e a m l i n i n g  exer t  a f avorab le  influence on the t h e r m a l  c h a r -  
a c t e r i s t i c s  of the convect ion heat ing su r f ace .  The dec i s ive  c h a r a c t e r i s t i c  of such a p r o c e s s  i s  the Cur- 
bu l i z e r  height h, and i t s  ef f ic iency depends on the condit ion h > 5 and the in terva!  t .  

At the same  t ime,  the i n c r e a s e  in the r e s i s t a n c e  is  d e s c r i b e d  not only by the quanti ty h, but by the 
t u r b u l i z e r  conf igura t ions  as  wel l .  This  i s  explained by the fact  that the channel containing t u r b u l i z e r s  at  
the heating su r face  exhibi ts  a r e s i s t a n c e  that  is  composed  of the f r i c t ion  within the ve ry  sect ion of the chan-  
nel  wall  and the loca l  t u rbu l i z e r  r e s i s t a n c e  within that  sect ion,  and this  in turn  is  e x p r e s s e d  in t e r m s  of 
the coeff ic ient  of f ronta l  r e s i s t a n c e .  

Consequently,  the t u rbu l i z e r  conf igura t ion  may exer t  c ons i de r a b l e  influence on the i n c r e a s e  in r e s i s t -  
ance within the channel .  Here  we should expect  that  the l ea s t  r e s i s t a n c e  and the g r e a t e s t  t h e r m a l  e f fec t ive-  
ness  on the p a r t  of the channel su r face  wil l  be found when t u r b u l i z e r s  a r e  in operat ion,  p rov ided  that the i r  
hydrodynamic  p ro f i l e  has the min imum coeff ic ient  of f ronta l  r e s i s t a n c e .  

Studies of a t h e r m a l  model  of a fiat  channel  with a length of l = 420 mm and a height of 2s = 30 mm - 
on whose hor izon ta l  e l e c t r i c a l l y  hea ted  wal l s  we re  mounted t u r b u l i z e r s  of r ec tangu la r ,  t r i angu l a r ,  s e m i -  
c i r c u l a r ,  and dropshaped  p ro f i l e  (see Fig .  3) - we re  devoted to c l a r i fy ing  the effect of t u r bu l i z e r  conf igura-  
t ion on the t h e r m a l  e f fec t iveness  of the heat ing su r face  and the p o s s i b i l i t y  of e xp r e s s i ng  this  quanti ty in 
t e r m s  of the f r o n t a l - r e s i s t a n c e  coeff ic ient .  The geome t r i c  c r i t e r i a  of c om pa r a b l e  t u r b u l i z e r s  were  kept  
constant  dur ing this  s tudy and equal to h/t = 0.054 and h/s = 0.29. The dec i s ive  quanti ty in the c om pa r i son  
of the expe r imen ta l  data was t h e r e f o r e  the t u r b u l i z e r  conf igurat ion.  

The coeff ic ient  for  the t r a n s f e r  of heat  at the channel  wall  was de t e r m i ne d  by the s t e a d y - s t a t e  hea t -  
flow method 

(x) = Q 
At (x) q~F (2) 

In tegra t ion  of local  h e a t - t r a n s f e r  coef f ic ien ts  y ie lded  the a ve r a ge  Nuf whose c o r r e l a t i o n  with the quanti ty 
Ref is  shown in F ig .  1. In s i m i l a r i t y  e r i t e r i a  we have chosen the channel length as  the de te rmin ing  d imen-  
sion, while the a r i t hme t i c  mean between the sum of the a v e r a g e  magni tudes  of the wall  t e m p e r a t u r e  and the 
t e m p e r a t u r e  of the flow over  the channel length has been taken as  the de te rmin ing  t e m p e r a t u r e .  The effect 
of t u r b u l i z e r  conf igurat ion has l i t t l e  effect on the in tens i ty  of heat  t r a n s f e r  in the channel .  All  of the expe r i -  
menta l  data  a r e  grouped about the curve  Nuf = f(Ref), in whose equation the exponent with the Reynolds  
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number is equal to 0.8, while the proportionality factor is equal to 0.05. At the same time, for the hydrau- 
lic resistance in the channel (Fig. 2) the effect of configuration is quite noticeable, and each turbulizer con- 
figuration corresponds to a unique magnitude of this resistance, determined from the following relation- 
ship:  

Euf = i(Rej; Cfront). (3) 

H e r e  Cfron  t = f(Re~) is the coef f ic ien t  of f ron ta l  r e s i s t a n c e  for  the tu rbu l i ze r ,  and Re~ = u 'h /vf  [71. 

The  ve loc i t y  u '  at the wides t  point  of the t u r b u l i z e r  midsec t ion ,  equal to the height  h, is  d e t e r m i n e d  
with suf f ic ient  a c c u r a c y  [5] f r o m  the  e x p r e s s i o n  

- -  2.5 In + 8,48 . . . .  (4) 
U* 

w h e r e  fo r  a i r  the dynamic  ve loc i t y  u* = u 0 �9 0,7p ~ The  equivalent  sand r o u g h n e s s  h s in (4) is defined [8] 
as  fol lows:  

l g ( ~ )  * - ~  4 24 
= 4.07 - "  (5) 

Subsequent ly ,  fo r  each  t u r b u l i z e r  conf igura t ion  and for  each  c o r r e s p o n d i n g  value  of Re '  we find f r o m  the 
Cf ron  t = f(Re v) d i a g r a m  [7] the quant i ty  Cfron  t fo r  which the r ec t angu la r ,  t r i angu la r ,  s e m i c i r c u l a r ,  and 
d ropshaped  p r o f i l e s  a re ,  r e s p e c t i v e l y ,  equal to 0.9, 1.5, 0.99, and 0.2.  

Consequent ly ,  we find the re la t ionsh ip  be tween  the quant i t ies  (3) f r o m  the fol lowing c r i t e r i a l  equation: 

Eu I = 3.12 C~nt  Re~ -~ (6) 

C o m p a r i s o n  of the heat ing s u r f a c e  in t e r m s  of the ene rgy  coef f ic ien t  with cons ide ra t i on  of the i n c r e a s e  
in the heat ing s u r f a c e  both fo r  h/t = idem and h/s  = idem is shown in F ig .  3, w h e r e  we see  that  the effect  of 
the  heat ing su r face ,  as  wel l  as  the r e s i s t a n c e  within the channel ,  d imin i shes  with an  i n c r e a s e  in the m a g -  
ni tude of the  f ron ta l  r e s i s t a n c e .  The bes t  heat ing su r f ace  in t e r m s  of the ene rgy  coef f ic ien t  was  ach ieved  
in this  c a s e  fo r  a channel  with t u r b u l i z e r s  of a d ropshaped  prof i le ,  which is  c h a r a c t e r i z e d  by the m i n i m u m  
coef f ic ien t  of f ron ta l  r e s i s t a n c e  f r o m  among  all  the t u r b u l i z e r  conf igura t ions  examined .  If we neglec t  the 
ins ign i f ican t  change  in the s lope of the s t r a igh t  l ines  in Fig .  3 and if we adopt  the a v e r a g e  value,  equal to 
0.8, al l  of the r e s u l t s  can be g e n e r a l i z e d  by the fol lowing equation: 

E 0 = 11.9 C~o~ t N0 -~ . (7) 

The  equat ions  de r ived  he re ,  i . e . ,  (6) and (7), fo r  c e r t a i n  f a c t o r s  which af fec t  the t h e r m a l  e f fec t ive -  
nes s  of the channe l  heat ing s u r f a c e  and a r e  a s s o c i a t e d  with the  g e o m e t r i c  roughness  c r i t e r i a  K m = h/t  and 
K s = h/s ,  make  it p o s s i b l e  to find the m o s t  eff ic ient  t u r b u l i z e r  conf igura t ion .  H e r e  we d e t e r m i n e  the min i -  
m u m  los s  to r e s i s t a n c e  to within the channel  and the g r e a t e s t  t h e r m a l  e f fec t iveness  of the heat ing s u r f a c e .  
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At (x) = tw.(X) - - t f (x)  
tw(X) and tf(x) 
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NOTATION 

is the inlet flow velocity, m/sec; 
is the lateral cross-sectional area of the channel, m2; 
is the heating surface, m2; 

is the channel length, m; 
denotes the relationship between the rough and the smooth surfaces; 
is the local temperature head, ~ C; 
denote the wall temperature and the average temperature of the air flow through 
the channel cross section at a distance x from the channel inlet, ~ C; 

is the power expended on moving the air through the channel, W/m 2 �9 h; 
is the half the channel height, m; 
is the coefficient of frictional resistance for the heating surface; 
is the thickness of the hydrodynamic boundary layer, m; 
is the interval between the turbulizers at the heating surface, m. 
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