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Q1. In a gas absorption experiment, a viscous fluid flows upward through a small circular tube 

and then downward in laminar flow on the outside. Set up a momentum balance over a shell of 

thickness Δr in the film, Note that the "momentum in" and "momentum out" arrows are always 

taken in the positive coordinate direction, even though in this problem the momentum is 

flowing through the cylindrical surfaces in the negative r direction.  

(a) Show that the velocity distribution in the falling film (neglecting end effects) is 
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(b) Obtain an expression for the mass rate of flow in the film.    

        (4,2.5) 

 
Q2. The space between two coaxial cylinders is filled with an incompressible fluid at constant 

temperature. The radii of the inner and outer wetted surfaces are κR and R, respectively. The 

angular velocities of rotation of the inner and outer cylinders are Ωi and Ω0. Determine the 

velocity distribution in the fluid by using equation of motion and the torques on the two 

cylinders needed to maintain the motion. Draw figure also.     (6) 

 

Q3. a)  Verify that "momentum per unit area per unit time” has the same dimensions as "force 

per unit area."           (1) 

(b) Define friction factor for conduits and submerged objects.    (2) 



(b) For each of the following velocity distributions, draw a meaningful sketch showing the flow 

pattern. Then find all the components of  and  for the Newtonian fluid. The parameter b 

is a constant. 

(a) vx = by, vz = 0 

(d) vx = -1/2 bx, vz = bz         (2) 

 

 

 

 

 

 


