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Use of the Equations of Change 
To Solve Steady State Problems 

Example 1: Shape of the surface of a rotating fluid 

A liquid of constant density and viscosity is in a cylindrical container of radius R as shown in 
Fig. 3.6-6. The container is caused to rotate about its own axis at an angular velocity fl. The 
cylinder axis is vertical, so that gr = 0, go = 0, and gz = -g, in which g is the magnitude of the 
gravitational acceleration. Find the shape of the free surface of the liquid when steady state 
has been established. 
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Example 2: Transpiration Cooling 

A system with two concentric porous spherical shells of radii KR and R is shown in Fig. 11.4­
1. The inner surface of the outer shell is at temperature Til and the outer surface of the inner 
shell is at a lower temperature T". Dry air at T" is blown outward radially from the inner shell 
into the intervening space and then through the outer shell. Develop an expression for the re­
quired rate of heat removal from the inner sphere as a function of the mass rate of flow of the 
gas. Assume steady laminar flow and low gas velocity. 
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Example 3: Concentration Profile in a Tubular Reactor 

A catalytic tubular reactor is shown in Fig. 19.4-2. A dilute solution of solute A in a solvent 5 
is in fully developed, laminar flow in the region z < O. When it encounters the catalytic wall 
in the region 0 :=s z :=s L, solute A is instantaneously and irreversibly rearranged to an isomer 
B. Write the diffusion equation appropriate for this problem, and find the solution for short 
distances into the reactor. Assume that the flow is isothermal and neglect the presence of B. 
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