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An analytic solution is obtained for the heat-transfer coefficient from a rotat- 
ing cylinder with inflow of coolant for various Reynolds numbers. 

Heat transfer can be intensified by various methods. Heat transfer between rotating 
coaxial cylinders in the absence of inflow was treated in [l]. In [2] the experimental data 
were correlated by a buffer model. Recommendations on heat transfer were proposed for a 
rotating cylinder in a stationary fluid; i.e., in [2] a solution was given as a function only 
of the Reynolds number for rotation Rero t. The effect of the Reynolds number for inflow Rein 
was not taken into account, and this led to certain differences from the experimental data. 
A number of methods for the intensification of heat transfer were correlated in [3]~ where, 
because of certain difficulties, the experimental data presented were not correlated with 
the computational models. 

We describe a method for obtaining the change of heat-transfer conditions resulting from 
the rotation of the heat-transfer surface and inflow of coolant. In the method proposed for 
calculating the heat-transfer coefficient both inflow and the rotation of the cylinder are 
taken into account. 

We consider a rotating cylindrical heat-transfer surface (Fig. I) past which a stream of 
coolant is flowing with a velocity u=. It was shown in [3] that flow past a rotating cylinder 
can be expressed in terms of the velocity potential 

~ : u~ cos~ (r ~ - - ~ ) - } - ~  ~. (i) 

To determine the heat transfer from a rotating cylinder we assume, as in [2], that heat 
transfer occurs completely through the rotating boundary layer, and that the laminar sub- 
layer and the turbulent flow are separated by a buffer layer. We assume, as in [2], that: 
i) the buffer layer is located between the relative distances y* = 5 and y* = 20 from the 
surface of the cylinder; 2) the tangential stress and heat flux in the buffer layer are 
constant. 

The relations for the heat fluxes and tangential stresses are written in the form [3] 

dW* (2) -~ = (~,~ + ~') - -  , 
dy* 

( __~ ) Wk d T (3) q ----- a~ -}- 
dy* 

It is assumed that a T = v T = 0 for the laminar sublayer. Then we find from Eqs. (2) and 
(3) that the temperature drop in the laminar sublayer is determined by integrating Eq. (3) 
with respect to y* from 0 to 5, i.e., 

AT~ = 5 q Pr" (4) Wh 
To determine heat transfer in the buffer layer 5~ y*~20 we find the velocity profile of the 
boundary layer from (I). To do this we substitute r -- re + y in (i). By differentiating the 
expression obtained with respect to B we find the rate of rotation of the boundary layer 

Wo~u~sin l  3 lq-  (ro-l-y)Z q- 2~t(ro-~y) 
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Flow of coolant past a cylinder. 

[4] 
We calculate the circulation of the velocity F in (5) from a plane vortex by the formula 

k = I vxdx + vudy = 2 ~r~. (6) 
L 

By substituting (6) into (5) and dividing by W k we obtain the dependence of W* on the 
relative displacement y* 

Using the notation 

W*= _ _  

Equation (7) 

-" ) 2 r u~ sin 15 1 + r~ (7) 
llzh (ro+y)2 4 W~fro+V) 

Uo, F 0 r 
]~erot ~- R e i n  v ' v ' 

takes the form 

2 2 Remt 
- -  " Rero t : c/ V* V f - ~  - Remt , 1 / 2 + 

Differentiating (8) with respect to y*, we obtain 

/ - ~ J  ~i~ dW* . Rei~erot --2 2 Remt 

( 1 / "  :)~ ( / 4  / ~ dy* 2 Remt ~ -q- " Rerot-]- y* 

By substituting (9) into (2) we find the expression for the kinematic coefficient of eddy 
exchange of momentum 

r - -  i 

(.  Rei~erotV ~ sin[~ 2 Re,rot ) 
% =--v -------7 = =-- a 4 2 --v. 

~k2(Rem, l / 2& +Y *) (Remtl/-~-+Y*) 

( 8 )  

(9) 

(lO) 

In analogy with [2], we write ~T = aT for the buffer layer. 
following expression for the temperature drop in the buffer layer: 

dr= q 'Rs$%'V~ sinp+ 4 Rerot• 

1 1) (ReinRemtV---~--- sin [8 -}- 4Rerot>< Wh ( Pr 

x - ~ -  

-' ~ ~ ~, -~ +'~:~: I)"-~(~oM~ +," )-- 

Then from Eq. (3) we obtain the 

(ll) 
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Fig. 2. Heat transfer from a rotating cylin- 
der: i) calculated according to [2]; 2) cal- 
culated from Eq. (19) with Rein = 1.56.104; 
3) experimental curve for Rein = 1.56.10 ~ [3]. 

Integrating Eq. 
equal to its average value 0.707, we find the temperature drop in the buffer layer: 

(ll) with respect to y* from 5 to 20, and assuming sin ~ is constant and 

. / -  
RerotV T q- 20 -- K 

+ 
( 

AT2 -- q [A In 
2 W~ k RerotV #-71--U + 5 - -  K 

+ ' 2  In tVf_~& )2 ( vr_~s ) ~- Rero +5  + K  Rero t --f- +5  + K  2 
(12) 

2N--MK (ar 2 (Rer~ + 20) + K 
+ K 1/3- k ctg K ]/3- - -  arctg ) 

KV~ 

where 

j / ( ,  l) 
B= Pr 

4 
- ~ , . .  

/ 

x R%tl// 
C = ~/ / .  ( : - - - -  

Pr 

ReiRero t V ~  -C 0,707 + (1 + --~-r) 

' Pr Ret; 0,45 32 + 27 

1) 
Rein Rerot Vf~2 f- 0,707 q- 

x 

1 ) 
Pr 1 x (13) 

R%t; 
( Rqn~ 8 1 I 

• Remt 0,45 32 + 27 Pr 

lot i n ~ T  Re Re - -  0.707 
4 Rerot+ K 

K =B § C; A = 3K 

-- RemRerot0,707 ~ - ~  +AK ~ 
M=--A; N= 

K 
Integrating the differential equation (ii) from y* = 5 to 20 for Pr = i, we obtain the 

following expression for the temperature drop in the buffer layer: 
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( AT~ --q ReinRerot0,707 V/- 2t (30 R e r ~  + 375) 

15 + " 
(14) 

In the layer of secondary flow when y* > 20j the equation for the temperature drop has the 
form 

dT -- q dW*. (15) 
Wh 

Integrating the differential equation (15) from W*ly,=2o to Wp, where Wp is the peripheral 
velocity of the cylinder, we determine the temperature drop in the layer of secondary flow. 
Substituting W o from (8) into the expression for W*, y* = 20, gives 

W* = 0.707 Rein 1 + 2 2 Rero t 
Remt ( Rerot V 2 + f ~  20) 2 Rerot]/- ~- @ 20 (16) 

Thus, we obtain from (15) the following expression for the temperature drop in the layer of 
secondary flow: 

( Re2 c__L 
rot 2 AT3 = ~ q  Wp 0.707 Rein 1 -~- 2 

- f -  Rerot Rerot~/ --if- + 20 

2 Rerot ) 
- -  - - ~ -  . (ZT) 

Remt V -~- + 20 

The total temperature drop in the boundary layer is equal to the sum of Eqs. 

/ 
A T = ~ q  | 5 P r - -  1 Aln 

W h ~ 2 

/- c/ 
Rerot~ / ~ @20--K 

(17), i.e., 

( V cJ )~ ( t(cJ ) K = , , ,  T T Re t +20 +K Rero +20 + M - - - -  In 

K V3- arctg K V ~  

t~ . /  c, -Ui K2 ~<e + 4-5 + \ ~otV T + s  K r%t y , 

20') + f 

;TI ) 21Ret~ y+5 +~ -- arctg K V3- _}_ Wp 0,707 Rein • 
Wh .[/- c, 

T Rerot , 

( .c, )I Remt . . 
X I +  ( R e m t / 2 2  + 20)2 Rerotl~/r_-~_ _]_ 20 

Taking account of Eq. 

(4), (12), and 

(18) 

(18), we write the final equation for the heat-transfer coefficient: 
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Aln 

r j'-= + 2 o -  _ 

(r ) ," ,01  M Rein -2-  + 20 -t- K l i<eroq/ - U  + , + 
- - - -  In 

(19) 

_ 2N--_MK arctg  _ -- 

K 1 / 3  K v ' 3  

2 l~ero t --if- + 5 -J- K 0.707 Rein Re~~ 2 2 Remt  
- -  arctg - -  1 q- - -  2 - -  - -  , 

-U + 2O 

where K, A, N, and M are calculated according to (13), and for the coefficient of friction 
it is necessary to use the equations [2]: 

for Re c~f > 950 

1 
- -  1,828 + 1,77 In R e ] / ~ s ;  

1/--7- 
f o r  Re c~f < 950 

1 
- -  3,68 + 2,04 In Re ] / ~ ,  I/ ' ,  

2 

which were confirmed experimentally in [2]. If Pr = I, in (19) it is necessary to take AT~ 
from (14) instead of AT2 from (12). 

In Fig. 2 the solution given by Eq. (19) and that found in [2] are compared with experi- 
mental data on heat transfer from a rotating cylinder presented in [3]. The difference be- 
tween curves i and 3 is a result of not taking account of inflow for Rein < 24.105 . Under 
actual conditions heat transfer in this range of numbers is very ~mportant. The proposed 
theoretical solution (curve 2) is not essentially different from the experimental data 
(curve 3). The difference between them results from not taking account of the convective 
component in the model proposed. 
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