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Problem 1: 
 
A pipe branches symmetrically into two legs of length L, and the whole system rotates with 
angular speed ω  around its axis of symmetry. Each branch is inclined at angle α  to the axis of 
rotation. Liquid enters the pipe steadily, with zero angular momentum, at volume flow rate Q. 
The pipe diameter, D, is much smaller than L. Obtain an expression for the external torque 
required to turn the pipe. What additional torque would be required to impart angular 
acceleration ω& ? 
 
 
 

 
 
 



Problem 2: 
 
An open U-tube manometer is shown below. The liquid column is in a nonequilibrium condition, 
and when released the liquid column will oscillate at a specific frequency. 
 

a. Use dimensional analysis to determine an appropriate relationship between the 
frequency of oscillation (ω ) and the parameters shown in the figure (d, l, za, g, μ , ρ ). 

b. Assuming the fluid is inviscid, derive the differential equation for the height of the 
liquid column ( )z z t=  (measured from the equilibrium position). What is the 
oscillation frequency? 

c. Next consider a viscous fluid undergoing laminar flow. Assuming that the flow is in 
quasi-static equilibrium (the flow is Poiseuille), determine the damping term to add to 
part b. Briefly describe how you would choose a U-tube that would minimize the decay 
time. 

 

 



Problem 3: 
 
A very long shaft of radius Ri is held concentrically inside a cylindrical case of radius Ro and the 
gap in between is filled with a liquid of constant density ρ and viscosity μ.  The shaft is kept 
stationary and the case is moved at a constant velocity Vo.  There is no axial pressure gradient 
and the steady, laminar flow that is generated is purely axial and axisymmetric.  Gravity does not 
play a role in this problem. 
 
(a) Determine the velocity distribution in the gap between the shaft and the case. 
(b) What is the velocity distribution when Ri = 0 (i.e. no shaft inside the case)? 
(c) Discuss the situation where Ri ≠ 0, but Ri → 0 (for example, Ri/Ro = 10-5).  Does the 

velocity distribution in the limit of  Ri → 0 ever become the same as that in (b)? 
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Problem 4: 
 
Two stainless steel balls of diameter 1 mm and 0.5 mm are dropped into a large container that is 
filled with a highly viscous syrup. The balls are far from each other such that the motion of one 
does not influence the other.  The specific gravity of stainless steel is (S.G.)s = 8.  The properties 
of syrup are (S.G.)f = 1, and kinematic viscosity υf = 10-4 m2/s (i.e. 100 times more viscous than 
water). 
 
Which ball has the higher falling terminal speed, and by how much compared to the other ball?  



Integral mass conservation equation: 
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Integral momentum equation: 
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Integral angular momentum equation: 
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Momentum Equations for Incompressible Newtonian Fluid with Constant Viscosity (μ) 

The Equation of Continuity 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Curve (1), Stokes’ theory: 
CD = 24/R 



 

 
(Expression for the laminar flow curve: 64
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