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REE 307 - Internal Fluid Flow 
Sheet 2 - Solution 

Fundamentals of Fluid Mechanics 
 

1. Is the following flows physically possible, that is, satisfy the continuity 
equation? Substitute the expressions for density and for the velocity 
field into the continuity equation to substantiate your answer: 
A gas is flowing at relatively low speeds (so that its density may be 
assumed constant) where 

 
Here U∞ and L are a reference velocity and a reference length, 
respectively. 
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2. Two of the three velocity components for an incompressible flow are: 

 
What is the general form of the velocity component w(x,y,z) that 
satisfies the continuity equation? 
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3. The velocity components for a two-dimensional flow are 

 
where C is a constant. Does this flow satisfy the continuity equation? 
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4. For the two-dimensional flow of incompressible air near the surface of 
a flat plate, the steamwise (or x) component of the velocity may be 
approximated by the relation 

 
Using the continuity equation, what is the velocity component v in the y 
direction? Evaluate the constant of integration by noting that v = 0 at y 
= 0. 
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5. Given the velocity field 

 
what is the acceleration of a particle at (3, 0, 2) at time t = 1? 
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6. A viscous, incompressible fluid flows between the two infinite, vertical, 
parallel plates of Fig. Determine, by use of the Navier–Stokes equations, 
an expression for the pressure gradient in the direction of flow. Express 
your answer in terms of the mean velocity. Assume that the flow is 
laminar, steady, and uniform. 

 

 

 



REE 307 Zewail City - University of Science and Technology Fall 2017  

Dr./ Ahmed Nagib Elmekawy 7 of 15  Sheet 3- Solution 

7. A layer of viscous liquid of constant thickness (no velocity perpendicular 
to plate) flows steadily down an infinite, inclined plane. Determine, by 
means of the Navier–Stokes equations, the relationship between the 
thickness of the layer and the discharge per unit width. The flow is 
laminar, and assume air resistance is negligible so that the shearing 
stress at the free surface is zero. 
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8. An incompressible, viscous fluid is placed between horizontal, infinite, 
parallel plates as is shown in Fig. The two plates move in opposite 
directions with constant velocities, U1 and U2, as shown. The pressure 
gradient in the x direction is zero, and the only body force is due to the 
fluid weight. Use the Navier–Stokes equations to derive an expression 
for the velocity distribution between the plates. Assume laminar flow. 
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9. Two immiscible, incompressible, viscous fluids having the same 
densities but different viscosities are contained between two infinite, 
horizontal, parallel plates (Fig.). The bottom plate is fixed, and the upper 
plate moves with a constant velocity U. Determine the velocity at the 
interface. Express your answer in terms of U, 𝜇1, and 𝜇2. The motion of 
the fluid is caused entirely by the movement of the upper plate; that is, 
there is no pressure gradient in the x direction. The fluid velocity and 
shearing stress are continuous across the interface between the two 
fluids. Assume laminar flow. 
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10. An infinitely long, solid, vertical cylinder of radius R is located in an 
infinite mass of an incompressible fluid. Start with the Navier–Stokes 
equation in the u direction and derive an expression for the velocity 
distribution for the steady-flow case in which the cylinder is rotating 
about a fixed axis with a constant angular velocity 𝜔. You need not 
consider body forces. Assume that the flow is axisymmetric and the fluid is 
at rest at infinity. 
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11. A viscous fluid is contained between two infinitely long, vertical, 
concentric cylinders. The outer cylinder has a radius ro and rotates 
with an angular velocity 𝜔. The inner cylinder is fixed and has a radius 
ri. Make use of the Navier–Stokes equations to obtain an exact solution 
for the velocity distribution in the gap. Assume that the flow in the gap 
is axisymmetric (neither velocity nor pressure are functions of angular 
position u within the gap) and that there are no velocity components 
other than the tangential component. The only body force is the 
weight. 

 

From problem 10 solution 
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12. An incompressible Newtonian fluid flows steadily between two infinitely 
long, concentric cylinders as shown in Fig. The outer cylinder is fixed, but 
the inner cylinder moves with a longitudinal velocity V0 as shown. The 
pressure gradient in the axial direction is −∆𝑝 𝑙⁄ . For what value of V0 will 
the drag on the inner cylinder be zero? Assume that the flow is laminar, 
axisymmetric, and fully developed. 
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