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1- Consider a lubrication squeeze film between two 
parallel disks a distance 2h apart (cf. sketch). Calculate 
the equilibrium velocity, pressure and force fields while 
the disks are slowly pressed together with a speed of 

const. dh/dt   h ==&  

2-Consider radial outflow between two parallel disks 
fed by symmetric entrance holes, as shown in figure. 
Assume that νz=νθ=0 and νr=f(r,z), with constant 
density and viscosity and p=p® only. Neglect gravity 
and entrance effects at r=0. Set up the appropriate 
differential equation and boundary conditions and solve 
as far as possible – numerical (e.g., Runge-Kutta) 
integration may be needed for a complete solution. 
Sketch the expected velocity profile shape.  

3- Consider a viscous film liquid draining uniformly 
down the side of a vertical rod of radius α, as in figure. 
At some distance down the rod the film will approach a 
terminal or fully develop draining flow of constant 
outer radius b, with  , . Assume 
that the atmosphere offers no shear resistance to the 
film motion. Derive a differential equation for , state 
the proper boundary condition, and solve for the film 
velocity distribution. How does the film radius b relate 
to the total film volume flow rate Q? 
  

4-An infinitely long, vertical rod of radius R is initially held fixed in an infinite pool of Newtonian liquid. At 
time t=0+, the rod starts rotating about its axis with constant angular velocity Ω. 

a. Specify the governing equation for this transient flow. 
b. Specify the boundary and the initial conditions. 
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c. Calculate the velocity uθ(r, t). 
 
5) Consider the fully-developed plane Poiseuille flow in 
microchannels under pressure driven flow condition as 
shown in figure, and assume that slip occurs along the 
two plates according to the slip law: 

w wu at y Hτ β= =  
where β is a material slip parameter, τw is the shear stress 
exerted by the fluid on the plate, 

w yx y H
τ τ

=
= −  

and uw is the slip velocity. 
Calculate the velocity distribution and the volume flow 
rate per unit width. 
 
 

 
 
 

6- Consider steady, unidirectional, gravity-driven flow of 
a Newtonian liquid in an inclined, infinitely long tube of 
rectangular cross section of width 2b and height 2c, 
illustrated in figure. 
(a) Simplify the three components of the Navier-Stokes 
equation for this two-dimensional unidirectional flow. 
(b) Calculate the pressure distribution p(z). 
(c) Specify the boundary conditions on the first quadrant. 
(d) Calculate the velocity ux(y,z). 
 
 
7- Consider a Newtonian liquid of density ρ and viscosity 
µ bounded by two infinite parallel plates separated by a 
distance H, as shown in Fig. The liquid and the two 
plates are initially at rest. At time t=0+, the lower plate is 
suddenly brought to a steady velocity V in its own plane, 
while the upper plate is held stationary. By using the 
following variable: 

( , ) (1 ) ( , )yu y t V y t
H

ψ= − −   
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Transform the governing equation to homogenous 
equation. Solve the homogenous partial differential 
equation (HPDE). 
 
8- Consider steady laminar flow of a power-law fluid in a 
slightly tapered tube of length L (cf. sketch). The 
tapering effect is small enough that the radial velocity is 
negligible, that is, vr << vz, but significant enough that 
the axial velocity vz =f [R(z)] where the tube radius R(z) 
increases linearly from Ro = R(z = 0) to RL =R(z = L). 
Given the tube geometry (Ro, RL, L), the volumetric flow 
rate (Q), and the non-Newtonian fluid properties (p, K, 
n), find expressions for vz and p∆ . 

 
9- Some slider bearing problems or slowly rotating journal 
bearings are examples of creeping flow where Re 1Re <<  and 
the inertia terms can be neglected. As a result, the momentum 
equation reduces to Stokes's equation that is the cornerstone in 
classical lubrication theory. In contrast to these flows where 
inertia terms are often negligible, axial convection, that is, the 

(
x
u
∂
∂u ) term, is very important in fiber spinning or film 

casting as a result of the stretching force. Determine the 
location and magnitude of the maximum pressure in a slider 
bearing and hence evaluate the "confined wedge-flow" effect 
(cf. sketch). 
 
 


