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{159%}t. Define and state the physical meaning of gradient, divergence, vorticity and circulation. What is the
relation belween vorticity and circulation?

{15%)2. What is body force and what is surface force? Define and stale the meaning of normal stress and
shearing stresses.  State the relations among stresses and velocity in a Newtonmian fluid.  Write down

the Euler's equations of motion and the Navier-Stokes equations.

(1096} 3. A Taminar boundary layer velocity profile is approximated by

S L) e

and u=U far y>» 4
(a)Show that this profile satisfics the appropriate baundary conditions
(b)Use the momentum integral equation to determine the boundary layer thickness, -8 = 8(x).

(159)4. Tn a one dimensional flow tield the velacity is expressed by w{x,t}, and density is p-= [ (1—sinax}. If
the boundary condition for velocity is u{0,f) = U/2, please find u(x,3) =7

£109635. In the figure shown below, let C denote a regular simple closed curve in the x-y plane, enclosing a
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region . At any point on C, fet T be the unit tangential vector in the positive direction and N the unit
outer norinal vector, Assume velocity vector V is known in region D, except the shaded area. Find a

method to compule divergence of V integrated over region D. That s,

[[[(7-V)dedy =7

(109436, Let S represent the kinelic encrgy of a turbulence flow, with the dimension [msz . ¥ be the wave
. Ky
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number, and £ be the kinetic energy dissipation rate, Note that & = T

Where t’ and [ are the turbulence characteristic speed and scale respectively.
If § is only function of xand €, thatis &= 3 (k,£), please use the method of dimensional analysis to

find the relation between S and &, €.

{1094) 7. A two-dimensional, incompressible flow field is described by the velocity -::orﬁponents
{u = Ay

v=FBx
where A and B arc both positive constants. () Will the continuity equation be satisfied? (b) Is the

tlow irrotational? (¢} Determins the equation for the streamlines.

{15%) 8. The volocity potential for a certain invisid flow field is

2 ]
¢=-(3<y-y")
where ¢ has the units of fi*s when x and y are in feet.  Determine the pressure difference between the
points (1, 2} and {4, 4}, where Lhe coordinates are in feet, tf the fluid is water and elevation changes are

negligible.



