Solution to Homework #8 (Yaser Khalighi)
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Harvey Lam
Excellent work, Yaser!

Harvey Lam
primes on U(eta) are derivatives with respect to (dimensional) y.

Harvey Lam
Primes on v are derivatives with respect to dimensional y.
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Harvey Lam
See how much work Rayleigh saved you! And how confident you can be to declared that White said something that cannot be correct!

Harvey Lam
There is no need to do numerical work starting from y=2*delta at all, when you can do it analytically!
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Harvey Lam
Good!

Harvey Lam
OK. All asterisked entities are properly normalized.

Harvey Lam
The second BC is (v_r^*)^prime=-alpha*delta
(...the prime did not scan over clearly...)
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Harvey Lam
Good!

Harvey Lam
Notice the first term in the square bracket is singular when c_r^* is positive between zero and one. To keep out of trouble, you need to make sure to 'step over' this nasty point. Analytically, you need to convince youself that a finite solution exists in the neighborhood of this point, which can be done.
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Harvey Lam
I am somewhat surprised that the v(eta) showed nothing special near and at the 'singular' point where U=c_r. Perhaps the Delta eta used was quite big so the features are smeared.
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Harvey Lam
Good work!


Problem 3:

Several approaches were possible for this problem. Below is one of the more systematic and
accurate ones, based on Twaites correlation method.
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Harvey Lam
Totally credible approach!
Note that in all the data used here (and by Thwaites), freestream turbulence level is not mentioned. Should freestream turbulence make a difference? See my comments later.
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Harvey Lam
Now lets look at fig.5-34 on page 384. It tells us that freestream turbulence level has an influence on the value of Re_x,crit.
So I checked things out. For m=0, the best known and studied case, this graphs says at zero freestream turbulence the value of Re_x,crit is about 3X10^6, and drops to 1X10^5 at 2% freestream turbulence.
Eq.(4-50) on page 235 gives delta*/x=1.72/sqrt{Re_x}, and Table 5-1 on page 352 gives Re_delta*,crit=520. No freestream turbulence level is mentioned. Putting these two numbers together, I get Re_x,crit=0.9X10^5. This Re_x,crit and fig.5-34 are not consistent with each other---even for the Blasius problem. If I used fig.5-34 to estimate the value of x/L, I would need to know the freestream turbulence level and my answer would be quite a bit bigger.
The moral of the story is that the available database may not be consistent with each other

Harvey Lam
Good!


