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The influence of a discrete distribution of inject ion and suction of air on heat  transfer at a ver t ica l  fiat sur- 
face under free convection has been invest igated exper imenta l ly .  The results are presented together with 
empi r ica l  formulas for the hea t  transfer coefficients.  

The influence of a discrete distribution of inject ion and suction on hea t  transfer in natural  convection has not been 
studied, in spite of its great prac t ica l  interest  in the design of rat ional  heat ing,  vent i la t ing,  and a i r -condi t ioning systems 
in industrial and public buildings. Essentially, the test equipment  comprised a hea t  exchanger consisting of a large num- 
ber (of the order of 60) of  copper plates, each 10 mm high and 300 mm wide, mounted horizontal ly  one above the other 
on a common frame at intervals of  0.5 ram. 

Inject ion or suction was appl ied through the slits between the plates. The nature of the construction was such as to 
allow the distance between transpiration slits to be varied in the range 1-60 cm. The heater  was a nichrome wire loca t -  
ed in special  grooves on the inside of the plate,  the length of wire being ident ica l  for each plate.  T h e  heat ing e lements  

of a l l  the plates were joined in series and connected to a vol tage regulator.  With this form of heater  the experiments 
could be carried out at  constant hea t  flux. 

Air was supplied to (or sucked from) the working chamber by a fan. The mass flow of air with the fan on was con- 
trolled by means of a baffle plate ,  and the flow rate was measured with a rotameter .  
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Fig. i, Influence of discrete distribution of injection and suction on the 

variation of the mean heat transfer coefficient ~L over length L for tor - 

--too ~20~ l) s= 30.0; 2) 14. 7; 3) 7.0; 4) 3.45; 5) 1.71. 

The air was heated to the required temperature  by passing it through an e lec t r i c  heater ,  control led by means of a 
power variator,  which, l ike the fan variator,  was operated from a s tabi l ized vol tage  source. 

Uniform distribution of air  over the transpiration slits was achieved by mounting a layer  of glass cloth in front of 

the working plates. 

The temperature  fields in the boundary layer  (including the surface temperature  of  the plate  itself) were deter-  

mined with an interferometer .  Therefore only control thermocouples,  made of 0.15 m m  ch rome l - a lume l  wire, were 
loca ted  in the body of the plate.  The temperature  of the air arriving at the slits was control led by means of thermocou-  

pies glued to the glass cloth. 

Since one of the main problems is to determine the effect  on hea t  transfer of the distance between the slits, the 

experiments  were carried out for various ratios s = L / h  (Fig. 1). In the tests h was var ied between 10 and 320 mm by 
closing up the transpiration slits with thin copper plates and putty. The rate of air inject ion and suction through the slits 

was var ied over the range v = 0-10 m/sec .  To avoid heat  transfer between the surface of the plates and the in jec ted  air, 

the la t ter  was mainta ined  at a temperature  approximate ly  equal to that  of the plates by means of an air heater .  The t em-  

perature difference between the wall  and the surrounding air was var ied  over the range t~o - t o  = 20-40~ 
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In the case of suction (curves to the left of v = 0, Fig. 1), an outwardly regular picture was obtained: with in- 
crease in suction velocity and decrease in s the heat transfer coefficient increased, reaching values exceeding by an 
order of magnitude those for v = 0 (dotted line). 

A typical picture of boundary layer formation with discretely distributed suction is shown in the interferograms of 
Fig. 2., a, b, i, j, k, 1. For a large distance between transpiration slits (Fig, 2, a, b) s = 1, 71, the boundary layer 
thickness decreases relatively little from its value for no suction (Fig. 2, c). For a small distance between slits (Fig. 2, 
i, j, k, 1) s = 30, the boundary layer thickness decreases sharply with increase in suction velocity, and, starting at a 
velocity v = 0 .4  m/sec  (Fig. 2, k), the boundary layer appears to be "sewn on" to the heat transfer surface, the bound- 
ary layers in both cases beginning practically at the transpiration slits. 

The local heat transfer coefficient distribution is in full agreement with the character of boundary layer formation: 
there is a sharp growth in the heat transfer coefficients in the suction zones and a subsequent decrease with distance f~om 
the transpiration slits. With increase in the distance between slits the c~ distribution curves become stretched and form 
straight lines practically parallel to the x axis. 

Fig. 2. Nature of  boundary layer formation (interferograms) a) v = - 3.0 m/sec,  b) 
--2.0, c) O, d) 0.7, e) 0.7, 01.2, g) 2.0, h) 3.5fors= 1.7; i)(-8.0), j) -2.0, 
k ) - 0 . 8 ,  i) 0, m) 0.3, n) 0.9, o) 1.8, p) 3 . 0 f o r s = 3 0 . 0 .  

At low injection velocities, bounded by the region lying to the left of I (Fig. 1), the nature of variation of the heat 
transfer coefficient with injection velocity is analogous to that for porous injection: with increase in velocity the heat 
transfer decreases, the more strongly, the more the length of the transpiration slits approaches unity (Fig. 2, d, m). 

When the pitch of the transpiration slits is large (Fig. 2, d), a local increase in the boundary layer is observed in 
the injection zone; this extends along the flow for a certain, practically constant distance (40-45 mm). At the end of 
the boundary Iayer the flow is retarded by the jet from the next transpiration slit downstream, and the boundary layer 
again becomes a little thicker, which leads to a certain decrease in the heat transfer coefficient. 

This kind of boundary layer formation leads to the following distribution of local heat transfer coefficients: the co-  
efficient increases sharply from its minimum value and reaches a maximum at a practically constant distance (40-45 ram) 
from the point of injection; then a gradual decrease takes place, and in front of  the next transpiration slit, a certain fall 
in a is again observed. 

With decrease in the pitch of the transpiration slits, the region of slow decrease in the heat transfer coefficient nar- 
rows and vanishes for s = 3. 45. 

With further decrease in pitch the pattern of boundary layer formation at low injection velocities approaches closer 
to that for porous injection (Fig. 2, m), being characterized by the absence of  boundary layer thickening at the injection 
points and an extension of  the velocity range over which heat transfer decreases with increase in injection velocity. 
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The regular nature of the variat ion of  the hea t  transfer coefficients with the basic parameters of the process in the 
region to the lef t  of  curve I (Fig. t)  allows us to genera l ize  the test data and to obtain the empi r i ca l  relat ion:  
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Fig. 3. Experimental  data on heat  transfer 
in natural  convection with discrete distribu- 
tion of suction and inject ion for the first 
heat  transfer region 

( lgNuc q- 'O.30--lgGrL/4 ) 
A = 2.5.10 -3 lg (L/h) : 

1-5 - see Fig. 1. 

(1) 

The transition region between curves I and II (Fig. 1) is charac-  
ter ized by the formation of  vortices in the inject ion zone and their 
propagation downstream, which leads finally to an increase in the 
hea t  transfer coefficients with increase in inject ion veloci ty.  In the 
zone direct ly  adjacent  to the inject ion point, local  boundary layer  
thickening occurs, this being the greater,  the greater the inject ion 
ve loc i ty  (Fig. 2, e, f, g). Subsequently, a vortex forms at the same 
point with increase in veloci ty,  leading to s trat i f icat ion of the bound- 
ary layer:  the main boundary layer  formed by the underlying hea t  
transfer surface is pushed back, and a new boundary layer  forms in 
the zone near the transpiration slits. At a certain distance downstream 
from the inject ion point, depending on the inject ion veloci ty ,  the 
boundary layers fuse. 

As the distance between transpiration slits diminishes, and at 
the same inject ion veloci t ies ,  the main boundary layer ,  formed by 
the underlying heat ing surface, has less and less effect  on boundary 
layer  formation between ad jacent  transpiration slits (Fig. 2, n, o). 
Here the main  influence on the distribution of loca l  hea t  transfer co-  
efficients is that  of the local  boundary layer  thickening at the in jec-  

tion points. 

At inject ion veloci t ies  loca ted  on l ine  II (Fig. 1), the air  je t  from 
the transpiration slits disrupts the boundary layer (Fig. 2, h, p); and 

neither inject ion nor the previous history of the s tream has much effect  

on the hea t  transfer (except for a very narrow zone direct ly  adjacent  to 
the inject ion point, where a smal l  thickening of the boundary layer  oc -  
curs). In Fig. 1 this region lies to the right of curve II. Thus, the mean 
hea t  transfer coefficients do not depend on the inject ion veloci ty .  It is 
therefore possible to obtain a s imple empi r ica l  formula for ealculazing 
the mean heat  transfer coeff ic ient  U~ h over the distance between tran- 
spiration slits: 

Nu c = 10 Grh' / ,  hoth. (2) 

This formula differs from (1) in that  the distance h between t ran-  
spiration slits replaces L as the character is t ic  parameter ,  because in 
this case the previous history of  the Row does not affect the hea t  trans- 
fer. The smallest  distance between slits in the experiments,  h0 = 10 ram, 
has been taken as a scale of reference.  

The exper imenta l  data are compared with re la t ion (2) in Fig. 4. 
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Fig. 4. Experimental  data on heat  trans- 

fer in natural  convection with discrete dis- 
tribution of suction for the third hea t  trans- 

fer region: t -5 )  see Fig. 1; 6] s = t~ 00. 

NOTATION 

v - inject ion and suction veloci ty;  t w and too - temperature  of plate and surrounding air; L - height  of plate;  h - 
distance between adjacent  transpiration slits; a L, a h - mean heat  transfer coefficients over length of plate and over dis- 

tance  between transpiration slits; s - r e l a t i v e  distance between slits. 
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