ME 351B - Answers to Homework #4

Problem 1: (Cullen Buie)
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In other words:
e The force that one needs to exert on the body is proportional to the wall shear stress

7, which is obtained by approximating the flow as a linear Couette flow: 7 = uU/h.
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Harvey Lam
According to eq.(3-240), Delta p_max is also proportional to (1-h_L/h_o) which would change with a change of lubricant. It is OK to ignore it. But it is good to know that it is there, but ignored.


e The gap height may depend on the viscosity p of the fluid. To obtain this dependence,
consider a force balance in the vertical direction: the weight of the object (a constant)
must be balanced by the integrated pressure on the surface. This pressure is given by
White’s equation (3-240) and therefore scales like U L/h?, from which we deduce that

h o< /.
e Therefore 7 o< uU/ /it and F o< (/.

Problem 2: (Seongwon Kang)
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Harvey Lam
It is OK to say temperature is basic dimension. And dimensional analysis proceeds normally. But usually something like C_p, or the gas constant R, are involved. If either C_p T or RT is introduced, then temperature could be totally avoided. For example, you can use h=C_p T to replace T in the Fourier heat conduction law. Instead of heat conductivity kappa, you now have kappa/C_p. What is the dimension of kappa/C_p? It is the same as viscosity! Prandtl did this first, and so mu*C_p/kappa is called the Prandtl Number.

Harvey Lam
If you pick D to be the characteristic size of your contraption, then for heat conduction problem, the Nusselt Number is O(1).
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A few comments on Problem 2: The above dimensional analysis is very complete. It il-
lustrates well the systematic procedure that one can follow to determine the dimensionless
parameters from the dimensional variables. However it can be somewhat simplified:

e The first step of dimensional analysis is to determine which parameters are important
for the situation at hand. This step, which may seem trivial, may also be the most
important one: recognizing which variables are important and which can be discarded
requires some physical intuition or knowledge of the governing equations, and can
spare you a lot of work. In the example of problem 2, we were asked to consider
the heat transfer problem in an incompressible viscous flow. In that case the viscous
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dissipation term in the energy equation is negligible (cf. equation (2-50) in White),
and therefore the viscosity of the fluid is not needed. Repeating the above analysis
without using the viscosity replaces the Reynolds and Prantl numbers by a single
dimensionless parameter: the thermal Peclet number Pe = pc,UD/k.

Instead of considering the wall heat flux ¢ and the temperature difference AT =
T, — T as two variables, one can use the heat transfer coefficient ¢/AT as a sin-
gle parameter, in which case the Eckert number does not appear (the Eckert number
is usually used in problems where the flux ¢ is imposed instead of the temperature dif-
ference). Under these assumptions, we are left with two dimensionless parameters:
Nu = f(Pe).



Problem 3: (Seongwon Kang)
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Solving the 2D Laplace equation between two infinite concentric cylinders of radii a and
b with respective temperatures 7T, and T, yields the following solution:

log(r/a)
log(b/a)

It is clear that letting b — oo will lead to trouble... Doing it for a fixed value of r leads to
T(r) = T, which obviously does not satisfy the BC at infinity...

E

T(r)=T,+ (Tw — T,)



Harvey Lam
What we learn here is that a very long hot pipe leaks heat very slowly. Obviously heat does leak, but the actual leak rate depends on factors that needs to be brought into the theory. If you do the unsteady problem of a hot cylinder sudden come into existence in a cold world, the mathematics says the whole world will warm up eventually to the temperature of your cylinder---if you keep the cylinder wall temperature constant forever.

In the east coast, often buildings are heated by a central heating plant, and the heat is brought to various buildings by long pipes underground. Yes, some heat is lost in transport, but not a whole lot. Obviously, the Laplacian has a fine solution for a (hot) long thin ellipsoid. So the finiteness of the pipe lengths, ground water seepage, etc. are important factors. 


Problem 4: (Guillaume Blanquart)
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Harvey Lam
Two comments: 

First, spheres do not suffer the same trauma as the cylinder. If you do the unsteady problem, the sphere heats up the neighborhood of the sphere. That's it.

Second: Nusselt Number is O(1)---this is a pure conduction problem.


Problem 5: (Guillaume Blanquart)
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