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Prob. #1 (25%)

(1) Find the Laplace transform of (> —3¢+2)e™ 2.

i

(2) Calculate the inverse Laplace transform of ———.
s(s—4)?

Prob. #2 (25% )

(1) Let A be a constant vector, and let R = xi+ yj+zk . (a) Prove that
V(R-A)=A(b) Prove that V-(R—A)=3.(15%)

(2) Find a unit normal vector n of the cone of revolution 22 = 4(x2. + y2 )at the

point P: (1, 0, 2). (10%)

Prob. #3 (25% )

Solve y"+y=xe?X.

Prob. #4 (25%)

COSZ

24z

Integrate L dz over the given curve: C:l7|=2.
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1 The pressure drop, Ap, for steady, incompressible turbulent flow with viscosity p and
density p in a horizontal round pipe of diameter D can be written in functional form -

as
AP=F(V,D, L, & W, p)

where V is the average velocity, | is the pipe length, and £ is a measure of the
roughness of the pipe wall, Please find the dimensional groups of this flow. 10%

2 An airplane is just leaving the ground with velocity U and a heighth. In this case
the airplane can be simulated as a moving circulation with velocity U and circulating
strength G located at a distance h above a wall as shown in the figure below.
Calculate the pressure acting on the ground and the velocity distribution. 20%
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3 Fot a laminar flow past a flat surface, the velocity distribution in the x-direction u
through the boundary layer can be approximated by a third order polynomial
equation, o

WU = a, +a1(y/8) + a2 (y/5)? + a3 (y/0)

Please write down the boundary conditions of this case to determine the
coefficiencies : ag, a1, a3, and a3.  Then find the integral boundary layer solution for
this flow and use the result to evaluate the local shear stress and friction drag
coefficient. 20%

Note : The Integral equation for laminar flow can be written as

¢ 210 d rd - _iP. _ ou
2 [rwtdy- U 5[ pudy= =g —¥(50)o |
where U(x) is freestream velocity, y is the coordinate in the y direction, p is the
density of fluid, & is the boundary layer thickness, v is the kinematic viscosity of the

fluid.
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4. (20%) Consider the case of viscous fluid flow inside a duct with hydiau]jc
diameter Dy.  Answer the questions with short explanations.

(2) What is the situation inl which viscous dissipation becomes significant?

(b) What is the situation in which streamwise diffusion can be neg]igible.?

(c) Whether air or water usually has higher viscous dissipation?

(d) For identical velocity disiribution, whether air or water has longer éntrance
length for temperature getting developed.

(¢) Why does liquid metal have high heat transfer coefficient?

- 5. (16%) As illustrated in the figure of cross-flow over a cylinder, with sufficient
large Reynolds number (say Rep>1000) using the given coordinatés (%,y)-

_ (a) Write down the boundéry layer equations assuming the flow is 2-D,
incompressible constant properties and negligible viscous dissipation.

(b) Assuming np injection or suction occurred of the cylinder surface, should one
starts from the stagnation point (x=0) and travels along x-direction, where is
the region in which those equations you have given in part (a) are valid?
Where is-not? Explain.

6. (14%) What role does the Knudsen number play in micro-channel flow?
Suggest how to approach a problem with flow and heat transfer in a
micro-channel. :
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wie) = -%(Lp) = 0

Try to derive the corresponding govefm'ng equation and the natural
boundary conditions. (>v /'f )

2. In finite element method, how do you
(a) impose the specified essential boundary conditions
(b) calculate the nodal stresses for displacement-based formmilations (7$" A )

3. Give detailed descriptions of the following terms
(a) natural frequency
(b) eigenvalue
(¢) momentum
(d) principal stress (s ef)

4' A matrix-valued quantity a; (i,j=1,2,3) is given as follows:

ay] a4z 43 i1 0

azy aip 4xa|= 1 2 2

az; asz a3/ \0 2 3
What are the values of (a) a;, (b) ajay, (o) ajap when i=1,
k=landi=1,k=2. {s %S

5 Express the following set of equationé in a single equation using
index notation. '

]
€xy = —é[an ~WV(Oyy +0 )]

1+v l+v

D Tp v e g O expOx (159

In plane stress problems, the stress components oyy = @y =
@33 = 0, and the remaining ones are functions of y; and y, only. If the body
force components and body moments are equal to zero, find a relation between
the nonzerc stress components and a single function #(y,.72), so that all

equilibrium equations are satisfied. (:-2 o % >
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1. (50%) — & %2 open-loop transfer Zs*/(s* + 4s + 8) » 34 F§ Root-locus ¥ %
W —HAR&BIEHNE  RAAKITRFRM 028

2. (12%) Describe the physical meaning of phase margin. You should consider
the interaction between time-delay and system stability.

3. (12%) Describe the relationship between the bandwidth and the speed of
response of the system.

4, (13%) Is an ideal differentiator a low pass filter or a high pass filter? Based
on your answer, determine whether an ideal differentiator is sensitive to noise

or not.

3.(13%) Can you determine the frequency response for a nonlinear system?
Why? :
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1. W9 (a) £# (Twning), (b) &4 (Milling), () Bk (Grinding),
(d) #5% (Lapping), () #25% (Polishing), (f) MALFHK (MCP),
(g) {gMMik (CMP) ¥ L REREM (S THEFR) -
35%)

2 éﬁ,ﬂﬂ (a) %5 (Eutectic), (b) & & (Peritectic), (¢) 4 &
(Monotectic) % R BE@% ° (15%) ’

3. =AM ABIC, A=(0, 0), Bi=(1, 2), C'=(2,0), &~ 2-D #ikEH
[Tl #iE ABC2 893541 B @ A2=(2,5), B2=(4, 0), C=(5,2) * E
BEER [Tle (15%), ERAZTHKETF A Affine 4% (10%) -

4, EBRBHUATFEuAEERE -BRESBEEXCEINHES L
WEZAME T ? RS TREHABEE ?(25%)




