372 Chapter 11

The Equations of Change for Nonisothermal Systems

nc.s.

11D.1.

flow phenomena, known as Marangoni effects.*"

(a) Verify the dimensional consistency of each interfacial balance equation.

{b) Under what conditions are v' and v/ equal?

(¢) Show how the balance equations simplify when phases I and II are two pure immiscible
liquids.

(d) Show how the balance equations simplify when one phase is a solid.

Effect of surface-tension gradients on a falling film.

(a) Repeat the determination of the shear-stress and velocity distributions of Example 2.1-1 in
the presence of a small temperature gradient d7/4dz in the direction of flow. Assume that this
temperature gradient produces a constant surface-tension gradient de/dz ~ A but has no
other effect on the physical properties. Note that this surface-tension gradient will produce a
shear stress at the free surface of the film (see Problem 11C.6) and, hence, will require a
nonzero velocity gradient there, Once again, postulate a stable, nonrippling, laminar film.

(b) Calculate the film thickness as a function of the net downward flow rate and discuss the
physical significance of the result.
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Equation of change for entropy. This problem 15 an introduction to the thermodynamics of
irreversible processes. A treatment of multicomponent mixtures is given in §§24.1 and 2.

(a) Write an entropy balance for the fixed volume element Ax Ay Az Let s be the entropy flux
vector, measured with respect to the fluid velocity vector v, Further, let the rate of entropy pro-
duction per unit volume be designated by gs. Show that when the volume element Av Ay Az is
allowed to become vanishingly small, one finally obtains an equation of dange for entropy in ei-
ther of the following two forms:"!
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in which S is the entropy per unit mass,

(b) If one assumes that the thermodynamic quantities can be defined locally in a nonequilib-
rium situation, then i can be related to S and V according to the thermodynamic relation
dU = Tds — pdV. Combine this relation with Eq. 11.2-2 to get
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(¢} The local entrapy flux is equal to the local energy flux divided by the local temperature'*'5;
that is, s = q/T. Once this relatzon between s and q 15 recognized, we can compare Egs. 11D.1-2

and 3 to get the following expression for the rate of entropy production per unit volume:
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