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The experimental  measur ing  equipment and procedure  a re  described.  It is found that the 
local and mean heat t r ans fe r  between the wall of a totating tube and a turbulent airflow de-  
c r ea ses  with increas ing rpm. General ized equations are  derived in dimensionless  form.  

Owing to the operat ing conditions, the heat t r ans fe r  sur faces  of numerous elements of power units 
(hollow shafts of e lect r ical  machines,  turbine ro to r s ,  ro l l ing-mil l  ro l l e r s ,  etc.) par t ic ipate  in the rotat ing 
motion. Whereas the external heat t r ans fe r  problem for rotat ing sur faces  has been reasonably well in- 
vest igated [1], the data available fo r the  internal problem are sparse ,  contradictory,  and do not allow the 
influence of rotat ion on heat t r ans fe r  to be taken into account in design calculations. 

In the present  paper ,  the heat t r ans fe r  between a short  rotating tube and a turbulent airflow is stud- 
ied with experimental  apparatus which uses  a 1Khl 8N10T s ta in less -s tee l  r o t a r y  ca lo r imete r  (inner d iameter  of 
97,6 ram, wall thickness of 3.5 ram, and a length of 3000 mm) as the sensor .  The end faces of the ca lo r ime te r  were 
insulated by Textolite disks and the inner sur face  was e laborate lypol ished.  The tube was dc-heated by means of 
a constantan band uniformly wound about the tube. Through a fixed lemnisc ate inlet tube, the air  was conducted 
into the sensor ,  and f rom there,  via a hollow cu r ren t - co l l ec to r  shaft, a gland, and an a i r -duct  system,  to the intake 
of an exhaust fano The a i r - f low mete r  was placed between the sensor  and the ventilator.  A honeycomb and a flow 
laminat ing convergent  nozzle were placed in front of the f low-meter  inlet. The flow ra te  was regulated by e lec-  
t r ica l ly  dr iven slides. Airtight sealing of the sensor  was achieved with the aid of apackinggland.  

The tube was rotated by a dc motor ,  using a conical belt drive. Bearings and belt drive were de-  
signed for providing smooth and stable rotat ion over the entire rpm range employed. 

The wall t empera ture  was m e a s u r e d b y e o p p e r - c o n s t a n t a n  thermocouples  placed at the following re l a -  
tive distances (in tube diameters)  f rom the heat source:  0.26, 0.77, 1.3, 2.0, 3.1, 4.6, 6.1, 7.8, 8.8, 9.8, 
11.9, 13.9, 15.2, 16.2, 17.3, 19,3, 21.4, 22.6, 25.7, and 28.8. The hot junctions of the thermocouples  were 
welded to the tube wall flush with the inner surface.  F rom the point of location of the junction, the t he rmo-  
couple leads were f i rs t  directed along the i so therms (along the c i rcumference  of the tube c ross  section) 
and then along a longitudinal groove to the intermediate terminal .  The rotating thermocouples  were con- 
nected to the measur ing inst ruments  by a brush- type  current  col lector  of a design descr ibed in [2]. After 
preparat ion,  all thermocouples  were calibrated for t empera tu res  ranging from 0 to 300~ During cal i -  
brat ion,  the thermocouple emf was measured  with a PPTN-1 potent iometer ,  and during the tests  with a 
KP-59 potent iometer  of c lass  0.05. Measurements  during the tes ts  were per formed under s teady operational  
conditions, the lat ter  being determined on the basis  of record ings  made by two EPP-09M potent iometers .  
In order  to determine the heat losses  to the ambient medium, the installation was cal ibrated without 
throughput of air .  The d i sc repancy  between the power calculated from the e lec t r ic  cur ren t  with allowance 
for losses  to the ambient medium and the power calculated from the airflow rate did not exceed 5 to 6%. 
The tes ts  were pe r fo rmed  in se r ies ,  each at a specific airflow rate and a specific heat flux at the wall. 
The test  conditions (8 to 10 in each series)  differed in the  ca lo r imete r  rpm. The rpm employed in the 
tes ts  ranged from 0 to 1170. The heat flux varied between 900 and 5800 W/m 2, and the airflow rate be-  
tween 0.05 and 0.4 kg / sec .  

S.O. Makarov Shipbuilding Institute,  Nikolaev. Translated f rom Inzhenerno-Fiz icheski i  Zhurnal, 
Vol. 15, No. 5, pp. 832-835, November,  1968. Original ar t ic le  submitted F e b r u a r y  13, 1968. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1053 



NUn 

Influence of longitudinal flow velocity on local (a) and mean Fig. i. 
(b) heat t r ans fe r  in a rotat ing tube: 1) Re d = 37,700; 2) 53,500; 3) 
110,000; 4) 223,000. 

Heat t r ans fe r  calculations were based on the amount of heat re leased  in the e lec t r ic  heater  with al-  
lowance for ambient losses .  The local and mean heat t ransfer  coefficients were  calculated for the tube 
c ross  sections at which the thermocouples  were welded to the wall. The variat ion of the local coefficients 
along the tube length showed that for x /d  ~ 3 at the tube wall, there  exists a boundary layer  transit ion.  
This effect was observed up to axial-veloci ty Reynolds numbers  of 2.3- 105. Data for x /d  > 3 were used for 
process ing ,  i . e . ,  for a fully developed turbulent flow region in the boundary layer .  

The local heat t ransfer  coefficients for a fixed tube were compared with data [3] for a turbulent gas 
flow in a s traight  c i rcu la r  tube, and were found to agree with them to within 3 to 4%. The mean heat t r a n s -  
fer  coefficients obtained from stat ionary tes ts  were compared with those calculated for the known formula  
proposed by Mikheev [4]. The increase  in mean heat t r ans fe r  in the inlet section of the tube was accounted 
for with the aid of Alad 'ev ' s  [5] correc t ions .  The discrepancy between our static tes ts  and Mikheev's  fo r -  
mula did not exceed ~5%. 

The experiments  revealed an a lmost  constant influence of rotation on the local and mean heat t r ans fe r  
along the length of a short  tube. For  turbulent airflow in a rotating tube, the decrease  in the heat t r a n s -  
fer  coefficients was the same at the inlet and exit section of the ca lor imete r .  Figure 1 shows the test  r e -  
sults in the form of the heat t r ans fe r  ratio for a rotating and stat ionary ca lo r imete r  as a function of the 
rotational Reynolds number  Re~.  It can be seen from Fig. 1 that an increase  in the per ipheral  angular 
velocity of the tube wall at a constant airflow ra te  leads to an a lmost  proport ional  decrease  in heat t r a n s -  
fer.  A very  weak nonlinear dependence of heat t r ans fe r  on the speed of rotat ion was observed over the 
entire range investigated. 

The general ized data made it possible to obtain final computational relat ions in dimensionless  form. 
The following formula 

R% 
, �9 

is proposed for determining local heat t r ans fe r  in a short  rotating tube, and formula  

Nu~ 0,021 --0 8 R% ' (2) = p}043  1-t  1 + 0 0 0 0 1 7 5   o685 exp 0.03 

for the mean heat t r ans fe r  in such a tube. 

It  proved possible  to compare  the tes t  resul ts  obtained with the experimental  data in [6]. Fo r  
a tube with a 3.25 in inner d iameter  rotat ing about its axis at 6000 rpm, the mean heat t r ans f e r  
coefficient of a heated wall at a mass  flow rate  of 20,000 lb /h  of water  was seven t imes  smal le r  
than in the case  of a s ta t ionary tube. F o r  these data, the dec rease  in heat t r ans fe r  f rom formula  (2) is 
6.8 t imes.  

X 

d 
is the distance from the heat source;  
is the inner diameter  of the tube; 

NOTATION 
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Red,  P r  

n Red,  Nu d , 

Re 

is the local  value of the Nussel t  number  for  a rota t ing rube; 
a r e  the local  values  of the Reynolds number  and Prandt l  number  as a function of the 
re la t ive  dis tance x/d;  
a r e  mean  values  of Nussel t  number ,  Reynolds number ,  and Prandt l  number  between the 
tube inlet and c r o s s  sect ion x; 
a r e  local  and mean values  of the Nussel t  number  between the tube inlet and c r o s s  sect ion 
x of a s t a t i ona ry  tube; 
is the r o t a r y  Reynolds number  calculated f rom the pe r iphe ra l  velocity and the inner 
d i ame te r  of the tube. 

1. 
2. 

3p 

4. 
5. 
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