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1. (20%)

5L
L 3.(9 %)
1001
(figure3)
15L
B 4. (10%)

i 5. (12%)
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(2) Under what condition the pressure at a point is independent of direction?
L (b) What is newtonian fluid?

{c) Give definition of vorticity?
(d) Explain the Fourier law of heat conduction?

B (e) What are diffuse surface, and gray surface of thermal radiation?

2, {10%) A velocity field is given by ¥ =V (x i—y j) where F, isa constant.
(a)At what location in the flow field is the speed equal to ¥, ?
- {b)Determine the streamlines for the two-dimensional steady flow

(c)If it is a potential flow, find a velocity potential for the flow field?

The tank in the following figure is 3 m wide into the paper. Neglecting atmospheric
pressure, computer the hydrostatic (a) horizontal force (b) vertical force, and (c)
resultant force on the quarter-circle panel BC

A i

(Figure 4)

A static thrust stand as sketched is to be designed for testing a jet engine. The
following conditions are known for typical test:

- Intake air velocity =200 nt/s; exhaust gas velocity =500 m/s; intake cross-

20 sectional area = 1 m’; intake static pressure = -22.5 kPa = 78.5 kPa (abs}; intake static
" temperature = 268K; exhaust static pressure =0 kPa — 101 kPa (abs), Estimate the

R nominal thrust for which design. (note: gas constant for air R=286.9 J/kg.K)

An incompressible, viscous fluid is places between horizontal, infinite, paraliel plates
as is shown in the figure. The two plates move in opposite directions with constant

i velocities, U, and U, as shown. The pressure gradient in the x direction is zero and the
only body is due to the fluid weight. Use the Navier-Stokes equations to derive an

expression for the velocity distribution between the plates. Assume laminar flow,

+
L

U
;
{
1\
b
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6 (13%) .

Draw temperature distribution in steady state from Ts to To in the figure for the
following cases. Bi=hL/k, where k is thermal conductivity of the solid, h convective
heat transfer coeflicient. Assume k and h are constants for (a), (b), and ().

- (a) Bi<<l

{b)y Bi=1

(c} Bi=owo

51 () Bi =oo, but k is not a constant, k increases as temperature increascs

Ta ‘

L TS sdid k flwo[

L h

o

Y

c A

—
7 (14%) Consider the natural convection problem of a vertical plate.

‘IOT_

u (a) What physical quantities are important to the heat transfer coefficient? i.e. list the

parameters which the natural convection coeflicient depends on.

(b) Among the physical quantities you list, what are the primary dimensions?

We want to express the heat transfer coefficient in function of the physical quantities
in dimensionless form.

- (¢) How many dimensionless groups in the problem?

| (d) What are the dimensionless groups?

(give the meanings of the symbols you use)

8. (12%)
- A long furnace is 3 m x 3 m in cross section, with roof (3) at 1700 K and flodr (1)at

' 600 K. Side walls (2) are thermally insulated. Assume all the surfaces are black
surfaces. It is known that shape factor from surface 1 to surface 3 is 0.414.

201 (a) calculate the shape factor from surface 1 to surface 2, and the shape factor from

surface 2 to surface [.

{b) What is the radiant heat transfer to the floor (surface 1) per unit depth?

{c) If all the surface are gray and diffuse and have emittance {).5, repeat (b)

(note: the Stefan-Boltzmann constant 6=5.67x10° W/m?K*)
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1. (a). If GH(s) = [100(s+10)] / [s(s+100)], please draw the bode plots for gain ahd_ phase.

(b). If H(3) is in minimum-pllase; and the gain versus frequency is plotted as Figure A.
*Flease find H(s). (24%)
2. For a unity-feedback control system, the open-loop transfer function is shown as
G(s)=K(s+2) / [s(s+p)l  (0<p<z).

(a). Please draw the root locus.
(b). Please find the minimum damping ratio { ., - (24%0)

3. For the root locus as Figure B; please find the open-loop transfer function. (25%)

4, Consider a unity-feedback control system with the foliowing open-loop transfer
function '

G(s) = KI(Ls+1)(Tys+1) = (T,s+ )1/ S (Tist)(Tys+1) = (Tys+D),

where N is the system type. Table 1 summarizes the steady-state errors, e, for
type 0, type 1, and type 2 systems when they are subjected to various inputs. Please
make a similar table for the static position error constant K with unit-step input , the
static velocity error constant K, with unit-ramp input, and the static acceleration
error constant K, with unit- parabolic input. ey (27%)

Figure B 2

. . > i
[H(jv) | dB . ‘ /
Figure A ¢ N p I

Q0dB 1 5] — 2
System Input
! type Step Ramp Parabolic
Burben
ew=constant B
0
rw=constant ‘
/\ *
Vi (
1 euz=0
u:constury
A K
Vf\w Ew=(}
2 . B==
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