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The results  are  given of an experimental  study of the hydraulic res is tance and heat t r ans fe r  
between the inner wail of an annulus and a rotating axial a i r  flow through the annulus. 

Investigations of the performance of some plant equipment (e.g., vortex chambers  and vortex heat ex- 
changers) encounters  the problem of heat t r ans fe r  between rotating flow entering an annular passage and 
the walls of the passage.  Up to the present  time there are  no extensive data available for the heat t r ans fe r  
coefficients in this situation. 

Various authors have studied ei ther  heat t r ans fe r  between axial turbulent flow without rotation and the 
inner wall of an annulus [1] or heat t r ans fe r  between flows with varying degrees  of rotation and the outer 
wall [2, 3]. 

The aims of this study were to determine the heat t r ans fe r  coefficients between the inner wall and ro-  
tating a i r  flow in an annulus and to compare these with those for axial flow without rotation. 

Figure 1 shows the exper imenta lappara tusd iagrammat ica i ty .  The a i r  flowed axially down the annular 
passage with the rotation which was produced by the tangential ent ry  jet 1. The inner wail of the passage 
was of 40 mm diameter  d 1 and was made of copper pipe 3 of 2 mm wail thickness.  A heat f luxmeter probe 
2 (of 17 mm length and 10 mm width) was fixed into the wall flush with its outer surface.  Water f rom a 
heated s torage tank 4 was passed through the copper  pipe (thereby heating the a i r  flow through the inner 
annular  wall). The heat flow was measured with the f luxmeter  probe in severa l  different axial and per i -  
pheral  positions of the copper pipe 3 to improve the accuracy  of the experiments .  These measurements  
were made by moving the pipe 3 axially and by rotating it. Heat loss through the outer wall of d iameter  
d 2 =53 mm of the annulus was avoided by insulation to a d iameter  d 2 =78 mm. 

The heat f luxmeter was calibrated radiometr ical iy  af ter  installation as previously described [4]. The 
heat flux q was determined af ter  allowing for the res is tance introduced by the probe [4]. This cor rec t ion  
was evaluated from the 0.1 mm thermocouple 6,7 placed in the pipe wail under the probe and in the copper 
plate 8 over the probe. Provision was also made for introducing the flow into the annulus without rotation. 
This was achieved by passing the a i r  into the annular rece iver  before it entered the annulus through a con- 
t ract ing section. 

The a i r  flow rate was varied by adjusting the entrance pressure  and was measured by the orifice 
plate 10. The local heat t r ans fe r  coefficient ~ at  a distance x from the ent ry  to the annulus was determined 
as follows 

~ - q ~  , (1) 
l sx: --" lvx 

where qx is the local heat flux measured by the probe; tsx is the wall tempera ture ;  tv. x is the mean a i r  
tempera ture  at x from the entry.  The value of tv. x was calculated from 

(tvx.--tvo) C pG = ~d i q~dx, 
0 

( 2 )  
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where tv0 is the a i r  t empera ture  at the en t ry  to the 
heated section (measured bythermocouple) ;  Cp is the 

x 

specific heat of the air;  .f qx dx is the a rea  under the 
0 

graph of qx =qx (x) obtained from the probe data for the 
ups t ream parts  of the heat exchange area .  

The accuracy  of this procedure  for determining the 
mean a i r  tempera ture  was checked at x = 1 by compar ing 
the calculated value of tv. x with the value tou t measured 
by thermocouple at the exit from the heated section. The 
d iscrepancy between these values did not exceed 5%. The 
tempera ture  tvx was taken as a c r i te r ion  of tempera ture  for 
compar ing various data. The length d =d 2 - d  1 wastaken 
as a typical dimension. The experimental  resul ts  were 
then computer  processed  to obtain nondimensional ratios 
in the form Nu = Nu (Re; x/d; dl/d2) shown in Fig. 2. 
(The Grashof number Gr was not included in the analysis  
because previous results  [2] had shown it to have no sig- 
nificant effect  on the intert ia forces.)  The dashed lines 
show the resul ts  for flow without rotation. At distances 
x - 18-20 d the effect of the initial rotation on the heat 
t r ans fe r  has become insignif icant  and the experimental  
results  are  in good agreement  with the nondimensional 
relations obtained previously [1] for axial flow in an an- 
nular passage 

I 
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Fig. 2 
Figure 2 shows that with decrease  in distance from 

the en t ry  of the flow with rotation, the heat exchange increases  rapidly and the heat t r ans fe r  coefficients 
are  2-4 t imes la rger  than those for axial flow. 

Fur ther  analysis  of the data in Fig. 2 to present  it in the form (NuwJNu 0 = f(//d) (Fig. 3), where Nu w is 
the Nusselt  number for the flow with rotation and Nu 0 is the Nusselt  number for axial flow from the data 
[1] shows the general ized relationship for the local Nu for short  passages  (l/d ~-2-20). The experimental  
results  are  well represented by the dashed line (Fig. 3) which fits the equation 

( ') Nu~=Nu o 1+2.662e-~ . 
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Fig. 4 

The stabilizing effect of the rotation in the flow on the heat t r ans fe r  from the inner wall should be 
noted. During the experiments  the a i r  tempera ture  was obtained along various radii and around the c i rcum-  
ference at several  sections.  The axial length of stabilized tempera tures  approximates to the axial length 
of stabilized heat t r ans fe r  coefficients.  The great ly  enhanced heat t r ans fe r  in the upst ream length of the 
annulus can however be accounted for to only a smal l  extent by the increased tempera ture  difference between 
the inner wall and the a i r  in the vicinity of this wall. 

Some data on the effect of the rotation in the flow on the hydraulic res is tance were also obtained. 
Total p ressu re  losses AP0 were est imated from the a i r  flow and the static p res su res  in the nozzle 1, and 
the end of the annular passage where the rotation has a lmost  ceased:  

hp 0 
p0 

The coefficient of total p ressure  drop ~ thus obtained includes losses in both the passage and the 
ent ry  chamber .  (The exit a rea  of the nozzle i was 1/3 of the c ros s - sec t iona l  a rea  of the annulus.) Figure 4 
shows the ratio ~ = ~ (Re), where ~'is the rat io of p ressure  loss coefficient for flow with rotation and for 
axial flow, and Re was calculated from the average velocity in the passage.  

For  value of Re the p ressure  losses in the heat exchanger  section were found to be about 4.5 t ime 
g rea te r  than those for axial flow. This result  together  with the above heat t r ans fe r  data enable the effective- 
ness of rotation in the flow to be determined for heat exchangers .  

N O T A T I O N  

d 1 is the inner surface of annular channel; 
d 2 is the outer surface of annular channel; 
q is the heat flux; 
G is  the a i r  flow rate; 

is the heat t r ans fe r  coefficient; 
t is the temperature ;  
P is the pressure ;  
Cp is the a i r  heat capacity at constant p ressure ;  
l is the channel length. 
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