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1. Find the general solution of the differential  equation of
xjy’” + 2,\'2)1” +4xy —4y= 3x72 {(x>0). (15%)

2. Let &(x,v,z) be the density at (x,y,z). Find the mass and the center of
the cone z=+/x° + yz, 0<x? +y2 <4 if &(x,p,z2)= x2 + yz. (20%)

(5]

Compute the indicated power of the matrix; (10%)

-2 3 3t
A:[S _4}, /‘I .

4. Transform each of the following equations into Sturm-Liouville form, 1. e.
[y +(g+Ap)y=0.
{a) xv"+(1-x)y"+ Ay =0 (Laguerre's equation). (10%)
(b) »"—xy"+ Ay =0 (Hermite’s equation). (10%)

5. Let o and [ be distinct positive numbers. Show that {15%)
* 1 Iy = &
Pt raHy+ P+ Y afla+f)

6. Find the inverse Laplace transform of the functions. (20%)

i §2

8) —e )
( (52 +ﬁ2)2 (52 +ﬂ2)2
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1. (8%)Write down the general Navier-Stokes equation. What conditions are
required for the validity of the Navier-Stokes equation.

2. (7%)Write down the general Bernoulli equation. What conditions are
required for the validity of the Bemoulli equation.

3. (30%)For laminar flow in a circular tube with constent fluid properties :

a.
b.

C.

What is a fully-developed flow 7 (3%)

What is a thermally fully-developed flow 7 (3%)

Prove that for a fully-developed flow, the Nusselt number (Nu) is
constant. (6%)

What are the values of Nu for fully-developed flows with constant wall
temnperature and constant wall heat flux, respectively?  (4%)

e. How to determine the thermal entrance length 7 (4%%)
f. Draw a diagram to show how the heat transfer coefficient (h) varying

along the flow direction (x) from the tube entrance to fully-developed.
(5%)

For the condition with constant wall heat flux, draw a diagram to show
how the wall temperature (T,,) and the bulk mean temperature (T}
varying along the flow direction {x} from the tube entrance to fully-
developed. (5%)

4. (30%)For external boundary layer flow with constant {fluid properties :

a.

What is a flow boundary layet? What is a thermal boundary layer?
(3%)

Write down the steady two-dimensional flow and thermal boundary
layer equations. (4%)

Properly define dimensionless variables and parameters and Non-
dimensionalize both flow and thermal boundary layer equations. (5%)
Define the friction coefficient and heat transfer coefficient for a
boundary layer flow. Use dimensionless variables to indicate the
friction coefficient and the Nusselt number.  (4%)

When a wall is approximately flat, what will the dimensionless
boundary layer equations in ¢ become? What dimensionless parameter
determines which boundary layer (flow or thermal) develops faster?
What is the physical meaning of that parameter? (5%)
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# B EEERE (RMERRRENER) A2 R B 2R
£ What is the Reynolds analogy? Write down the conditions for the

Reynolds analogy. (4%}

What is the modified Reynolds (or Chilton-Colburn) analogy? Write
down the conditions for laminar flow that the modified Reynolds
analogy can be applied. Also write down the conditions for turbulent
flow that the modified Reynolds analogy can be applied. (5%)

5. (15%)For heated vertical flat plate free convection problem :

a.
b.

C.

d.

Write down the governing equations.(3%)

What is the Boussinesq approximation (3%)

Properly define dimensionless variables and parameters and Non-
dimensionalize the governing equations.(5%)

Define the Grashof number (Gr). What is the physical meaning of Gr?
Define the Rayleigh number (Ra).(4%)

6. (5%)How to determine if the flow is laminar or turbulent for internal flow,
external flow and natural convection flow, respectively.

7. (5%)How to determine if a convection problem is forced convection
dominant, free convection dominant or mixed.
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1. Using appropriate sketches or words define the most general definitions of

following terminologies: (50%)

(a) Plane stress and plane strain

(b) Bernouli-Euler Beam and Tinmosimko Beain

(c) Stresss intensity factors K, K, and K,

(d) Hertz Contact Stresses

(¢) Engineering stresses, Engineering strain, True stress and True strain

(f) Creep Deformation

(g) Strain Hardening

{(h) Buckling

(i) Principal normal stresses, Principal shear stresses

(1) Residual stresses, Thernal stresscs

2. (a) State in words and mathematically, the definition of failure according to

(i) the maximum normal stress theory (10%)
(ii} the maximum shear stress theory (10%)

(iii) the maximum distortion energy theory (10%)

(b) Consider the stress tensor at a specified poini is

o r. t,| [31.83 3183 0

xx x¥
[o,]=| 7o oy 7.|=|3183 0 Olkpsi
T. T, O 0 0 0

Material under consideration for this problem is AISI steel. The ultimate

tensile strength is S, = 60 kpsi and the yield strength is S, =43 kpsi.

(i)

To find the principal normnal stresses oy, 0,,0, and the
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(i)

(iv)

maximum principal shear stress 7, at this point.  (5%)

Is it possible to have a brittle failure by employing the maximutn
normal stress theory of failure 7 (5%)

Is it possible to have a yielding failure by employing the
maximuim shear stress theory of failure 7 (5%)

Is it possible to have a yielding failure by employing the
maximum distorlion energy theory of failure ? (5%)

(Note! The vonMises stress s defined as

sz\/(cr]—crz) +(crz—2o‘3) +(oy—0,) )
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Altitude control of an Aircraft

The sum of the lift forces applied to aircraft wings is equivalent to a single lift force Ly, applicd at the
‘center of lift". For simplicity, we assume that the center of [ift coincides with the center of mass G of the
aircraft. The aircraft js initially at a constant altitude b = hg. To affect its vertical motion, the elevator (a small
surface located at the aircraft tail) is rotated by an angle £. This generates a smal] aerodynamic force Ly on the
elevator, and thus a forque about G. This torque creates a rotation of the aircrafl about G, measured by an
angle o The lift force L applied to the wings is proportional to o.. Similarly, Ly is proportional to the angle
between the horizontal and the elevator. Further, various aerodynamic forces create friction lorques

proportional to ¢

IJ \’v

Tail

o

Horizontal

Elevator Lp
(1) Assuming that all angles are small enough to justify linear approximations, show that a simplified

model of the aircraft vertical motion is:

= ko by (E - @)
b =k (E~a) -k,

where &y, k2, k3 and k4 are positive constants. (20%)

(2} Assume thatky =2 and k3 = k3 = k4 = 1. Draw the respouscs in altitude /1 and angle o to a vnit step
input at E. What are the initial and final vertical accelerations of It and o? (40%)

(3) Continued frem (2), consider the control system

i E -
N gt ks —®] Aircrafi p /i

Determine the range of gain ks for assuring the system’s stability, (20%) -
{4} Continved from (2), investigate if it is possible to design an altitude controller for the aireralt.
* First try using only / as a measurement (10%)

* Then try applying both h and /i (10%)
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