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[. Given the equation " +ay'+ by =0 R (s 8 )
If * +ad +b=0 has double root A, and one of the nontrivial solution of eq. 1
is e"* |, show how to obtain the other nontrivial solution xe™* . (10%)
2

- Determine the relationship between by » by + by to make the following system has
solution, if X; ~ Xo~ X3+ by » ba » by are real numbers, (10%)
K] + 5:-'{1 ""2:'{‘3:]_'][
2.:{[ + }{1 + Kj :]JI
X1 i 2}{1 + .‘"{'_1,-: hJ_

- !
3. Suppose y()=1 " + _[ﬂ y(u)sin(t-u)du

Find the Laplace transform of y(t). (15%)
4.Evaluate I= J-m — X . - dx {155%0)
PoxT+9)(xT + 4)
[r 0|
5.A= Cfind A (15%)
L 1 5
6.5olve the following ordinary differential equation: (10%)
Ixty = p? 3y =0
7.Prove that the gamma function (n+1)=n!,n=0,1,273, ..... (10%)

and T(x)= [Pe™t*"dt, x>0

8. We consider the vibration of an elastic string of length 1, are governed by the one-

: : : 0% , 8% . I
dimensional wave equation 5 =0 , ¢ =—

ot dx; fa.
where H is the horizontal component of tension of stri ng,and p isthe mass per
unit length, If the boundary conditions are u (0,0)=u(1,1)=0, 0 £ ¢ < w0, and the initial
conditions are u(x,0)=fx}=1

Sl x,0
s
Please find the vertical deflection u (x.t) of the string. (15%)
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L. (10% total) The equation of motion for the system shown in the following figure

15 mox(1)+ {,.,:-{,rj + ety = 1.

(2) (5%) Is this a linear system? Why? (Please state vour reasons specifically)
(b) (5%) Find the transfer function of the system by treating  f(n) as input and

x(t) as output, f *
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2. (50% total) Controllers are sought to improve the dynamic response of a stable

system with open-loop transfer function, G(s)= You are asked to draw

sls+1)
the root loci corresponding to the characteristic equation of 1+ K£G(=0.
(a) (10%) Draw the root locus of the system with G{s) given above,
(b) (10%) If a PD controller is used, it is equivalent to adding a zero. Draw the
new root locus if a zero of v=-2 isadded. That is, the new transfer function

£+2

becomes HG(s) =
sl +1)

(c) (10%) Instead of adding a zero, we decided to add a pole at s=-2., What is

the resulting root locus? (ie., HGf) =
- us? (e W= e’

(d) (10%) A PD controller typically can be used to increase the damping of a
system. Can you validate this statement by comparing the root loci from the
results in Part (a) and (b)?

(e) (10%) The stability of the system can be altered by adding poles and zeros.
Discuss if the system in Part (c) is always stable from your root locus. If not,
what is the critical value of K upon which the system changes stability? (Hint;

You can answer this question by (i) obtaining the K value at the J--crossing of
the root locus in Part (c) or (ii} the Routh-Hurwitz criterion).
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100(s + 1)
(5 +0.1)(s% + 85 + 100)

3. (30% total) Given the closed-loop transfer function G(s)=

(a) (20%) draw the Bode diagrams including both gain and phase plots !
(b) (10%) determine graphically the bandwidth of the systemnt,
Note: show all asymptotes and draw to scale.

4. (10% total) Given the forward-path transfer function of unity-feedback control
system,
Ki{s+10)(s + 20)
s* (s +2)

Apply the Routh-Hurwiz criterion to determine the stability of the closed-loop

Gs) =

system as a function of X,
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=~ Shoimese st R A G(s)= 25/s(s+8)], 3 3% A BAr 3%, (i)k
Fol < 118 PrY 3 20 4 75 o8 4 T(S) B 47 2(ii) 36 K 132 8% & St MR &
A BRI E W, o (25 %)

=~ WRE K ey 388, T8 G(s)= K/[s(s™+s+1)(s+4)]z B4 @14% P i@
B8 HE ] A HABE - (25 %)

=~ o s M QIS & BB G(s)= 10/[s(as+1)],a=0.001, 3 4% /8
EG AP 0,0 R (1) 3 B 8 B 38 B3R P A AR 3R 2 B 4 2(i)
U T 10 WS WO SR AR AAB A IR B 1 47
1) be o) 42 4 34 35 48 AT ? (25 %)

WA AR GRS, E MRS KL Gl

Kils(s+10)(s+20)],K>0 24 R LR 35 oy 2 8 BB B4 50 33 5 28 2%
Lty KA = (25 %)
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A sumple vapor power cycle is shown in Figure 1.

(a) Please write the brief description of the first law of thermodynamics by
Figure 1.(5%)

(b) Please write the brief description of the Kelvin-Plank Statement and Clausius
Statement by Figure 1. (10%)

(c) Please write the equations of the thermal efficiency of this simple vapor cycle
in terms of temperature and energy.(5%)

(d) If the Carnot cycle is to process this simple vapor power cycle, please draw

the p-v and T-s diagrams and describe each process using the state numbers
in Figure 1.{10%)

\H ot Reservair, Tpr /
Fd

<
State 4 State 1
Baoiler .
C ondenser
State 3 State 2
P

/ Cold Reservoir, T \

Figure 1 Simple Vapor Power Cycle

A closed, rigid container of volume 0.6m° is placed on a hot plate, Initially, the

container holds a two-phase mixture of saturated liquid water and saturated water

vapor at (. 6MPa with a quality of .6, After heatin g, the pressure in the container

is 0.8MPa. The properties of water are listed from Table I to Table 3 for

reference,

(a) Please draw p-v and T-v diagrams and indicate the initial and final states on
these diagrams.(5%)

(b) Determine the temperature, in °C, at each state.(5%)

(¢) Determine the mass of vapor present at each state, in &g.(5%)

(d) If heating continued, determine the pressure 1n MPa and temperature in °C
when the container holds only saturated vapor.(5%)
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Table 1 Properties of Saturated Water { Liquid-Vapor): Pressure Table

| . Specilic Volume specific Internal Energy Specific Enthalpy
Pressure | Temp. . ke E.*J;"ﬁ;g kJ kg

Nat. St Sat. Sat, Sat, Sat.

MPa (“"C} Liguid Vapor Liguid Vapor Liquid Vapor

Vr Ve Hy e hi he

0.200 Bl 0.0 0. 800 500 2500 SO0 2700
0400 75 0.0 0.600 600 2550 550 2740
0.600 85 0.0 (.00 650 2600 600 2760
0.800 o 0.0 (250 00 2700 700 2800
1.000 100 0.0 | 0100 800 3000 750 3000

Table 2 Properties of Saturated Water (Liquid-Vapor): Temperature Table

T p Specific Volume 1 Specific Internal Energy Specific Enthalpy
ST, ressure ”?3 .l'r.kg M."rqu Ma"'ffg
Sat, Sat. Sat. Sat. Sat. Sat.
(O MPa | Liguid Fapor Liquid | Liquid Vapor Liquid
| Ve Ve ' tr Vi Ve ty
100 .00 (.0 1.50 400 2500 400 2500
150 4.0 0.0 040 6.5() 2600 600 2700
200 E3 0.0 (.10 850 2650 450 2800
, 250 40 (.0 0.05 108} | 2700 1004} 2810
Table 3 Properties of Superheated Water Vapor
[ p=0.2MPa p=0.4MPa p=0.6MPa
- Specific Specific . Specific
¢ Temp, Volume Temp. Volume lemp. Voltrme
(°C) m’ [ ke (°C) m* kg (°C) m* kg
S0 (.55 75 (.600 150 (.05
Gl 0.65 - a0 0,700 160 0,10
70 (.75 105 0.500 170 .15
80 0.85 120 0.900 180 | 020
a0 0.95 135 1.000 190 0.25
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Figure 2 shews a system for cotlecting solar radiation and utilizing it for the
production of electricity by a power cyvele. The solar collector recerves solar
radiation at the rate of 0./255W per m” of area and provides energy to a storage
unit whese temperature remaing contain at 227°C. The power cycle receives
energy by heal transfer from the storage unit, generates electricity at the rate
O.5MW, and discharges energy by heat transfer to the surrounding at 27°C. For
operation at steady state, determine the minimum theoretical collector area
required, in mr. [ 10%

ot

-r_ - lﬂ II'\-LIHP'
22 Gl

Figure 2 Problem 3
A pas flows through a one-inlet, one-exit conirel volume operating at steady state.
Heat transfer af the rate ¢, take place only at a location an the boundary where
the temperature is T, . For each of the following eases, determine whether the

specific entropy of the gas at the exit is greater than, equal to, or less than the
specific entropy of the gas at the inlet and write the reason.

(a) nointernal irreversibilities, _(_L'?,_.;FD.{’E%}

(b} no internal irreversibilities, Q{..,_, <0.({2%0)

{¢) nointernal irreversibilities, Q.. >0, (2%)

(d} internal irreversibilities, (., <0, (29

{e) internal irreversibilities, 0., >0 .(2%)
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3. An industrial gas turbine engine operates on an open-cycle system, as shown in
Figure 3. Air enters the compressor from the atmosphere at state 1 and is
compressed to state2. The air then enters a combustion chamber where it is mixed
with fuel and combustion takes place. Finally, the hot gases resulting from
combustion flow through the turbine to be rejected to the atmosphere at state 4.
The cycle can be modeled on the process diagram as shown in Figure 4.(30%)

Fuel \

X 3
7 Combuston chamber
h
4 '_’_,__,.-""". WH
| :’5
i"‘//J “"“M..
4
1 W
Arr Exhauet

ERSES

Figure 3 Open-cycle gas turbine engine

3

L)

Figure 4 The cycle modeled on the process diagram of open-cycle gas turbine engine

This turbine takes in airat 15°C and operates with the following conditions:

Mass flow rate : [0keds
Pressure ratio 12
Turbine inlet temperature  : 1000°C

Calculate the power output and thermal efficiency of the engine corresponding to

three cases listing as follows:

* Compressor Turbine
cae efficiency(?s) | efficiency (%)
1 100 fa0
2 L o0 38
3 &4 88 a

Assume air to have the properties C, =1.005kJ / kg~ K,y =1.4
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