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1. Consider fully developed Couette flow—flow between two infinite parallel plates separated by
distance h, with the top plate moving and the bottom plate stationary as illustrated in figure

X

above. The flow is steady, incompressible, and two-dimensional in the xy-plane. The velocity

V= (u, v) = V}-: + {)}

h
field is given by .
i. Is this flow rotational or irrotational?

ii. If it is rotational, calculate the vorticity component in the z-direction.
iii. Do fluid particles in this flow rotate clockwise or counterclockwise?
iv. Calculate the linear strain rates in the x- and y-directions.

V. Calculate the shear strain rate exy.

Hints:

Vorticity vector in Cartesian coordinates:
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Stradn rate tensor in Cartestan coordinates:
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2.

A desktop computer is to be cooled by a fan whose flow rate is 0.34 m*/min. (a) Determine the
mass flow rate of air through the fan at an elevation of 3400 m where the air density is 0.7

kg/m®. Also, if the average velocity of air is not to exceed 110 m/min, (b) determine the

Ly
Alr -
outlet -,

- v
Air
~{" _p~ |inlet

Exhaust~
fan

diameter (D) of the casing of the fan.
Hints:

. . aD?
fitgie = p Vi V=av=
Mass flow rate: , Volume flow rate:

1%

A periodic Karméan vortex street is formed when a uniform stream flows over a circular

cylinder (Figure above).

Use the method of repeating variables to generate a dimensionless relationship for Karman
vortex shedding frequency fi as a function of free-stream speed V, fluid density p, fluid

viscosity p, cylinder diameter D, and speed of sound c.
Hints:

Fasgaia
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Dimensions Associated with Common Physical Quantities ‘
FLT MLT FLT MLT
System System System System
Acceleration LT LT? Momentum FT MLT™!
Angle FLr? M°LOT? Power FLT™! MLr-3
Angular acceleration 72 72 Pressure FL™2 ML T
Angular velocity T 7! Specific heat ’r2e-! rrle-t
Area L L Specific weight FL™ MLT?
Density FL™T? ML } Strain FoLoT? M°LOT®
Energy FL ML Stress F1,7? ML'T?
Force F MLT™? Surface tension FL™! MT?
Frequency 7! T Temperature =] 0
Heat FL ML T? Time T T
Length L L Torque FL ML’T?
Mass FL™'T? M Velocity LT Lr!
Modulus of elasticity FL™? ML'T? Viscosity (dynamic) FLT MLTT!
Moment of a force FL MLT? Viscosity (kinematic) Lr Lr!
Moment of inertia (area) L Lt Volume L} I
Moment of inertia (mass) FLT? M1} Work FL MLT™?

Some Common Variables and Dimensionless Groups in Fluid Mechanies

Variables: Acceleration of gravity, g; Bulk modulus, E,; Characteristic length, {; Density, p;
Frequency of oscillating flow, w; Pressure, p (or Ap); Speed of sound, ¢; Surface tension, o;
Velocity, V; Viscosity, u '

Dimensionless Interpretation (Index of Types of
Groups Name Force Ratio Indicated) Applications
[1%4 Reynolds number, Re  inertia force Generally of importance in
m viscous force all types of fluid
, dynamics problems
14 Froude number, Fr inertia force Flow with a free surface
Vgt gravitational force
2 Euler number, Eu pressure force Problems in which pressure
pV> inertia force or pressure differences
are of interest
pV? Cauchy number," Ca inertia force Flows in which the
E compressibility force compressibility of the
Y fluid is important
X Mach number,* Ma inertia force Flows in which the
c compressibility force compressibility of the
fluid is important
wf Strouhal number, St inertia (local} force Unsteady flow with a
v inertia (convective) force characteristic frequency
of oscillation
pViE Weber number, We inertia force Problems in which surface

Step 1. List all the variables that are involved in the problem.

surface tension force

tension is important

Step 2. Express each of the variables in terms of basic dimensions.

Step 3. Determine the required number of pi terms.

Step 4. Select a number of repeating variables. The number required is equal to the
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number of reference dimensions.

Step S. Form a pi term by multiplying one of the nonrepeating variables by the product of
the repeating variables, each raised to an exponent that will make the combination
dimensionless.

Step 6. Repeat Step 5 for each of the remaining nonrepeating variables.

Step 7. Express the final form as a relationship among the pi terms and think about what
it means.

4. Consider the common situation in which a researcher is trying to match the Reynolds number
of a large prototype vehicle with that of a small-scale model in a wind tunnel. Is it better for
the air in the wind tunnel to be cold or hot? Why? Support your argument by comparing wind
tunnel air at 10°C and at 50°C, all else being equal.

Hints: |
(1) For air at atmospheric pressure and at T = 10°C, p = 1.246 kg/m? and p = 1.778x10
kg/mxs. At T = 50°C, p = 1.092 kg/m> and p = 1.963*107 kg/mxs.

Rem&! .

(2) Consider Re .

5. A mercury(SG=13.55) manometer is connected to the Pitot-static tube in a pipe transporting
kerosene (i) as shown. If the deflection on the manometer is y=17.5 cm, what is the

kerosene velocity in the pipe? Assume that the specific gravity of the kerosene is 0.81.

Hints:




