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Unified Engineering Spring 2009
Fluids Problems 11412 (worth 2 Pset Q’s)

Compressible-flow calculation drills:

a) Anderson problem 7.4
b) Anderson problem 7.5
c¢) Anderson problem 7.7
d) Anderson problem 7.8
e) Anderson problem 7.9

f) Anderson problem 7.11



S6: (5pts)

a) Find the Laplace transform of re ™,

b} Use the operational transform given by Eq. 12.23
to find the Laplace transform of Ed; {re™™).

¢} Check your result in part (b) by first differenti-
ating and then transforming the resulting
expression. -

S7: (5pts)

a) F’mdfﬁ{f & ‘”dx}.
0-

b) F'!.ﬂd?j{f _}rd}'}.
|:|_

¢) Check the results of (1) and (b) by first integrat-
ing and then transforming.

S8: (5pts)

. d .
a) Find ¥ {Eﬁm m:}.

b} ﬁndiﬂ{immi’}.

a4
¢) Find ¥ F.r* ;

d) Check the results of parts (a), (b), and (&) by first
differentiating and then transforming.

S9: (5pts)

Find the Laplace transform of each of the following
functions:
a) fe) = =207y — 2),
D) JE) = (8 = 8)[ult - 1) — ult = 2))
+ 24— Br)fu(e — 2) — w(t — 4)]
+ (8 = 4 ufr — 4) — uir — 5.



Unified Engineering Problem Set 9 Lectures: M17, M18, M19
Week 11 Spring, 2009 Units: M4.7, M4.8

M15 M11.1) (10 points) A column of length L is clamped at one end and is loaded at
the other end that is supported by roller supports (think of these as a ring of
roller balls). The load is applied via a pressure of magnitude p that is equally
distributed over the area of the cross-section. The column is a circular tube
with an outer diameter, d, and a thickness of the walls, t, and is made of a
material with modulus of E. Determine the expressions to find the buckling
load and the buckling mode in terms of the applied pressure.
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M16 (M11.2) (10 points) A series of 10-meter long columns is to be produced using
aluminum (E = 70 GPa, v = 0.3, Oy = 370 MPa, o, = 425 MPa). These columns

will be simply-supported and have rectangular cross-sections of various side
lengths with an aspect ratio of 2. A compressive load will be applied at the
column end with the roller supports. The supports at each end are attached
totally around the cross-section edges. You are asked to determine a design
chart showing the maximum load-carrying capability of these products as a
function of the side length, a. Be sure to clearly indicate your reasoning and
“important points” on the design chart.
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Unified Engineering Problem Set 9 Lectures: M17, M18, M19
Week #11  Spring, 2009 Units: M4.7, M4.8

(a) Determine the buckling load for this configuration as a function of the side
length of the aluminum columns.

(b) Determine the squashing load for this configuration as a function of the
side length of the aluminum columns.

(c) Determine and sketch the design chart.

M17 M11.3) (10 points) A titanium (E = 18.5 Msi, v = 0.3, 04, = 150 ksi, Oy = 98 ksi)

column is 4 feet long and has a rectangular cross-section of 2 inches by 4 inches.
The column is assumed simply-supported and is used to support a compressive
load of magnitude P. Assume that the load is applied off the centerline of the
column by an eccentricity of value e. Consider five cases of eccentricity
normalized by the total length of the column: 0, 0.01, 0.02, 0.05, 0.1.
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(a) For each case, determine the maximum load the column can carry.

(b) For each case, determine a normalized relationship between the applied
load and the lateral deflection of the center of the column. Normalize the
center deflection of the column by the specimen length and normalize the
column load, P, by the critical buckling load, Py.

(c) Plot the normalized center deflection of the column versus the normalized
load for the five cases of eccentricity.



