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2., Fyndgmental Concepts (20 %)

| (a) Draw the typical flow patterns for flow past a circular cylinder at Reg = 1, Ree =30, and
Rec = 2,000, where Re; = pUD /i and Dy the diameter of the circular cylinder.

. J . £ @ — (score: 6 points)
A _']"—'“'

(b} Draw the flow pattern for flow past a streamiined strut at Reg = 20,000, where Reg =

pUD7/LL. u, ¢ (score: 2 points)
/
= {2/
A .

(c) Is the drag force of (a) at Reg = 2,000 {greater than, less than, or equal to) that of (b) at
Reg =20,0007 Choose only one answer. (score: 2 points)

(d) Briefly explain your result at (¢) based on the widih of the wake.  (score: § points)

{c) Briefly define the boundary layer thickness {8}, the displacement thickness (%), and the

momentwm thickness (©). Also compure their order. (score: 5 points)

3, (2077 )

. {a) Based on the Reynolds' experiment, iltustrate the three types of the
pipe flow, and describe their characteristics. (5%)
(b) Draw and depict the development of the boundary layer and the
velocity profiles in the entrance region, developing region, and fully-
developed region in a pipe system. {(10%)
{c) Based on the shear siress distribution, describe the structure of
turbulent flow in fully-developed region in a pipe. (3%
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4L Boundarv-Laver (20 %)

Consider a flat surface over which a steady uniform flow exists a5 sketched as fullows.
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Assume the surface is porous and fluid Is being drawn off Into the purous surface such that the
normal companent of velocity at the surfuce is V. If the pressure is constant and the velocity in
e x-direction is a function of y only.

(a) Write: down the governing cqumicms including a continuity equation and momentum
equations in the x and y directions. :
(Lint: v, the velocity inthe y-dircction, is not ze1o). {(score: 4 points)
(b) write dowa the boundary conditions (u(x,0), v(x,0), clc.). (scorc: 4 points)
(c) Integrating the continuity equation o show v(x,y) is actuaily a conslint.

(scorc: 2 paints)

(d) Momentum equations can be reduced to @ single cquation, write it out.
(score: 3 points)

(e) Use the above momenturn cquation 1o find uly).
(Hint: integrate the momentum equation and use the boundary conditions)
{score: S points)

H _If = U (1 -e), then what is the thickness of the layer which is alfected by viscosity?
(Hint; y=8=17) (score: 2 poinis)

5 (x07)

|} Consider the energy equation for the adiabatic fiow of a perfect gas, cpT + Vi =
constant. Ta terms of the stagnalion temperature Ta, cp and k=cp/cy, detennine
(a) The velocity and terperature ata position where M = 1.
(b) The highest veocity theoretically attainable in this flow. (10%)

.1) Consider the supersonic flow overa wedge, Cousider the three possible states: weak

oblique, strong oblique and detached shocks. Tor each st

{2) Sketch the shock patnerm, suecamlings, and indicate regions of subsonic and
supersonic fow.

(b) Discuss the variation in entropy, stagnation cathalpy and varticity along o typical
streamling in each of the fHiows.

() Discuss the variation in enuopy, stagnation enthalpy and vorticity between two
neighboring sweamlings in each of the flows.

(d) Indicate the state which has the highest, second highest and smallest values of

entropy on the body streamtine. Cxplain your answer. (1 7o)
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