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Solution to Homework Problems for February 8
1.
Determine the physical distance from the surface that corresponds to y+ = 1, 5, 30, and 300 for air flowing over a flat plate.  For such flows, the turbulent wall shear stress is given by the equation w = .cfU(2/2, where cf = 0.0576 Rex-1/5, and Rex = U(x/.  Find your results for Rex = 5x105, 106, 5x106, and 107.  Use a temperature of 10oC and a pressure of 80 kPa and a free stream velocity, U( = 40 m/s. 

For air at 10oC, = 1.727x10-5 kg/m and  = (80 kPa) / [ (0.287 kPa·m3/kg·K) (283.15 K) ] = 0.9844 kg/m3.  This gives  =  /  = (1.308x10-5 kg/m·s) / (0.9844 kg/m3) = 1.753x10-5 m2/s.  For this value of  and the given value of U(, the different values of Re( correspond to different downstream distances.  We can find these values of x as follows:

[image: image1.wmf](

)

x

x

x

m

x

m

s

s

m

x

U

x

Re

10

3857

.

4

Re

40

10

754

.

1

Re

7

2

5

-

-

¥

=

=

=

n


For Rex = 5x105, the downstream distance is 0.166 m and the skin friction coefficient is
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The wall shear stress is
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With this wall shear stress, we can compute the friction velocity.
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From the definition of y+ = yu/ = yu/ we can determine the physical distance for any y+ as follows.
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The value of y+ = 1 occurs only 7.27x10-6 m from the wall for this Reynolds number.  The remaining results are found in a similar manner and are summarized in the table below.

	Rex
	x (m)
	cfx
	w (N/m2)
	u (m/s)
	y values in m for corresponding y+ values

	
	
	
	
	
	y+=1
	y+=5
	y+=30
	y+=300

	5E5
	0.219
	0.00417
	3.29
	1.83
	9.60E-06
	4.80E-05
	2.88E-04
	2.88E-03

	1E6
	0.439
	0.00363
	2.86
	1.71
	1.03E-05
	5.14E-05
	3.09E-04
	3.09E-03

	5E6
	2.193
	0.00263
	2.07
	1.45
	1.21E-05
	6.04E-05
	3.63E-04
	3.63E-03

	1E7
	4.386
	0.00229
	1.81
	1.35
	1.30E-05
	6.48E-05
	3.89E-04
	3.89E-03


2.
Determine the physical distance from the surface that corresponds to y+ = 1, 5, 30, and 300 for water flowing in a circular pipe at atmospheric pressure and a temperature of 25oC.  For such flows, the turbulent wall shear stress is given by the equation w = .fV2/8, where f = 0.184 ReD-1/5, and ReD = VD/.  Find your results for ReD = 104, 5x104, and 105.  Use a mean velocity, V = 3 m/s. 
This calculation is similar, except that it uses the properties of water which has a density of 997 kg/m3 and a dynamic viscosity of  9.05x10-4 at 25oC.  The kinematic viscosity,  =  /  = (9.05x10-4 kg/m·s) / (997 kg/m3) = 9.077x10-7 m2/s.   The different Reynolds numbers with a constant velocity correspond to different pipe diameters found from the following equation.
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For ReD = 5x105, the diameter is 0.003 m and the friction factor is
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The wall shear stress is
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With this wall shear stress, we can compute the friction velocity.


[image: image9.wmf]s

m

s

N

m

kg

kg

m

m

N

u

w

181

.

0

1

997

71

.

32

2

3

2

=

×

×

=

=

r

t

t


From the definition of y+ = yu/ = yu/ we can determine the physical distance for any y+ as follows.
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The value of y+ = 1 occurs only 5.01x10-6 m from the wall for this Reynolds number.  The remaining results are found in a similar manner and are summarized in the table below.

	ReD
	D (m)
	f
	w (N/m2)
	u (m/s)
	y values in m for given y+ values

	
	
	
	
	
	y+=1
	y+=5
	y+=30
	y+=300

	1E4
	0.00303
	0.02916
	32.71
	0.181
	5.01E-6
	2.51E-5
	1.50E-4
	1.50E-3

	4E5
	0.01513
	0.02114
	23.71
	0.154
	5.89E-6
	2.94E-5
	1.77E-4
	1.77E-3

	1E5
	0.03026
	0.01840
	20.64
	0.144
	6.31E-6
	3.15E-5
	1.89E-4
	1.89E-3
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