ME 345 Heat Transfer

Lecture 25 

Lecture Outline:

1)  Convection Heat Transfer for cylinders:  
-Fluids review
-Correlations for average NuD  (NOTE: some of the correlations I give  here are NOT in the text)
-Drag Coefficient

2)  Convection Heat Transfer over spheres

EXTERNAL CONVECTION:  Heat Transfer from Cylinders in Crossflow

Fluids Review:

1)  Whenever you have flow over a cylinder, you will have separation of the flow from the 
body at some point  (See Figure 7.6 in your text)





       2)  In general, transition to turbulence occurs at around   Re ( 2 x 105
3)  Turbulence delays separation until further around the cylinder  (see Overhead)


- Laminar:  separation occurs at ( ( 80(


- Turbulent:  separation occurs at around ( ( 140(
4)  NOTE:  Nusselt number will now vary with (!!!!  (See Fig. 7.9)

5)  There are a BUNCH of correlations…

Correlations for cylinders in crossflow::  

1)  Hilpert (1933):  (easiest, least accurate)





  

EQN. 7.55b


C and m are given as functions of ReD on p. 410, Table 7.2; Note that they are also 
                        given in Table 7.3 for NON-CIRCULAR cylinders

2)  Zhukauskas (1972)
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Eqn. 7.56 (note limits on Re and Pr!)
               n will equal 0.36 or 0.37 depending on what Pr is.  Prs is Pr at Ts; other properties are
              at T(; C and m are on p. 411

3)  Churchill (1977-BEST so far):  It’s eqn 7.57, It’s big and nasty, so I won’t bother retyping it.

Note however, that you evaluate properties at Tf; that you must have:  PeD = ReDPr > 0.2

4)  Nakai and Okazaki (1975:  for PeD < 0.2:  VERY slow flow)

                



use Tf for properties

Drag Coefficient:







where A is the frontal area    (See Fig. 7.8, p. 409)

CD includes both the drag due to the shear stress and the form drag.

Heat Transfer over Spheres:


The method is basically the same as that for cylinders.

1)  Drag coefficient is given with that for cylinders in Figure 7.8, p. 409

2)  ONE correlation is given for the sphere:  Whitaker, Eqn. 7.59, p. 415.  Again be careful of the limits on the parameters!!

3)  There are also separate correlations for falling drops.

Group Exercise:

1)  Get into groups and choose the usual jobs.  You do not need to turn this one in.

2)  A pin fin that is essentially 100(C all along it extends in the air.  The u( = 1.0 m/s, T( = 200(C, and the fin diameter is 4.0 mm.  Calculate the average heat transfer coefficient between the fin and air using the Hilpert and Churchill correlations and compare.  


You may assume the following properties for air at 150(C:



( = 28.8 x 10-6 m2/s



( = 0.846 kg/m3


k = 36 x 10-3 W/mK



Pr = 0.69

(We could also check the Zhukauskas, but we would have to look up the properties of air at T( in order to use it.)

3)  Calculate the drag force per unit length of the fin.

(
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