CBE 320 Transport Phenomena

Spring 08
Homework 12
DUE Friday, 18 April, 8:50 am
Review Ch. 11 (all sections)
Read Ch. 12 (sec 1), Ch 14 (sec 1-4)
1. Consider the equations of mechanical energy (Eq. 3.3-1) and internal energy (Eq. 11.2-1).
1) Describe physically what the common term (! : " V) refers to.
(i1) Is the sign of (! : " V) positive, negative or either? Explain.

(i1)  Will the Reynolds number tend to be large or small for flow systems where the fluid may
be treated as ‘inviscid?” Explain.

(iv)  For an inviscid fluid will the magnitude of (! :" V) be dominant(large) or negligible(small)
compared to other contributions to the energy equations? Explain.

(v) For the geometry shown in Fig 1.1-1 (BSL, 2" Ed), write an explicit expression for (! :" V)
in terms of the relevant ! °’s and v’s (with correct subscripts).

2. Derivation of Equation of change for temperature. Supply the intermediate steps in the following
derivations from BSL (2™ Ed).

(1) Show how an expression for internal energy into Eq. 11.2-2 can give Eq. 11.2-3.

(i) Show how Eq. 11.2-4 follows from Eq. 11.2-3, using Eq. 9.8-7.

(ii1) Show how the Eq. of change for temperature (Eq. 11.2-5) arises from Eqgs. 11.2-3 and 11.2-4.

(iv) Show how the Eq. of change for temperature(Eq. 11.2-5) simplifies to Eq. 11.2-6 for an ideal
gas. Be sure to state all your assumptions.

(v) Show how the Eq. of change for temperature(Eq. 11.2-5) simplifies to Eq. 11.2-10 for a
stationary solid. Note that the derivative in Eq. 11.2-10 is not a substantial derivative. Be
sure to state all your assumptions.

3. Solve Problem 12B.7 Timetable for Roasting Turkey, both parts (a) and (b). For part (b), if two
geometrically similar turkeys initially at T, are roasted at a given surface temperature T, to the same
dimensionless temperature distribution, #($, % &, then the dimensionless time ! =" t/L* will have
to be the same for both turkeys. In particular, show that this result implies:

(cooking time)( (mass of turkey)™” = constant
and test this equation with data from the provided timetable for roasting turkey.

4. A 15-1b turkey (unstuffed) may be prepared by baking it in an oven or deep-frying it by submerging
it in oil. Both methods use similar temperatures: the oven or the oil is preheated to 350°F in
preparation for the turkey. However, baking the turkey in the oven requires nearly 4 hours, while
deep frying it requires only 1 hour. Using terms that a layperson (not an engineer or scientist) could
understand, provide a clear explanation for the difference in time required to prepare the turkey.
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Some notes on Equations of Change for Non-isothermal Systems

A useful form of the Equation of change for temperature(T) is 11.2-5 (BSL, 2" Ed.,, p.337 and
App. B.8):
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Notice that the equation is a scalar equation (all terms are scalars). Here (! :" v)is the
irreversible rate of internal energy increase per unit volume by viscous dissipation and the
double dot product is between two tensors. Let® try to unpack this term. In this expression
! isatensor and V is a vector, and Vv is the gradient of the vector V, sometimes written
grad v. Note that Vv Vev. The dot product ! ey is a scalar, and ! v is a second order
tensor, like ! . In cartesian coordinates we have:
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See Appendix Table A.7-1, 2,3 for expressions of (! :" v)in cartesian, cylindrical and
spherical coordinate systems, respectively. For a Newtonian fluid we can substitute a
Newton@® Law expression for the shear stress . The magnitude of this term, (7. Vv), will

then depend on the magnitude of velocity gradients and a fluid property (which you should be
able to guess).



