- |(b)(7%) How do you further relate your simplified equation in (a) to the coolant temperature? The
. [purpose is to make this simplified equation in (a) as a function of the coolant temperature.
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1. 25%. A pot filled with water of 1.2 kg is put on a stove. With a heating power set to 1.25 kW, the
water is heated up from 25 °C. Please use your knowledge of thermodynamics to answer the questions
below.

(http://ia .com/)

(a)(7%) The first law of thermodynamics for tran51ent processes is listed below:

Q2 —Wia+ Xmhy - Nrigh, = 1ip(u; + 5 “VZ + gZy)-1hy (g + 2V1 +9Z;) (Bq.1.1)
Q1.2 and W4 are heat transfer into the system and work done by the system during the transient process
from state 1 to 2. 77 and % are the mass flow rate and enthalpy. The subscript i and o represent for inlet
and outlet of the system. u, V, and Z represent the internal energy, velocity, and elevation. You are asked
to determine the time taken to heat the water from 25 °C to a certain temperature degree, how do you
simplify Equation 1.1, which allows you to deal with the problem? '
(b)(7%) How do you further relate your simplified equation in (a) to the water temperature? The purpose
is to make this simplified equation in (a) as a function of the water temperature.
(€)(7%) If the specific heat (Cp) of water is known (4.18 kJ/kg-K) for the working temperature, how do
you rearrange your simplified equation in (b) to calculate the total time taken to heat up the water?
(d)(4%) After how long time do you expect the water temperature to be 100°C?

2. 25%. An engine coolant at 60 OC enters an engine and removes Aengine heat around 19 kW when
leaving the engine, the coolant cannot exceed a specific temperature. Please use your knowledge of]
thermodynamics to answer the questions below:
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Alrflow
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(http://intecsciwri. wikidot.com/internal-combustion-engine)
(a)(7%) You are asked to determine the required mass flow rate of the coolant, how do you simplify Eq.
(1.1), which allows you to deal with the problem?

(©)(7%) If the specific heat (C,) of coolant is known (2.42 kJ/kg-K) for the working temperature, how do
you rearrange your simplified equation in (b) to calculate the required mass flow rate of the coolant‘?
(d)(4%) What is the required mass flow rate if the coolant should come out at maximum 95 0c?
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3.20%. Two semi-infinite solids A and B with uniform initial temperature Ta; and Tp, ;are placed side by
side at x=0 from >0 as shown in the figure. The thermal conductivity, density, heat capacity of solid A
and B can be denoted as (ky, p4, c4) and (ks pp cp). The temperature profile T(x, t) is illustrated in the
figure. As time ¢ increases, the temperature difference between these two solids will decrease. The
temperature 7T at x=0 will be independent of time ¢. Please calculate the temperature T at x=0.

Kps Pas €a

Hint: When a single semi-infinite solid with initial condition 7; is suddenly imposed by a constant
temperature 7y at x=0, the heat flux g5’, which is a {unction of time ¢, can be expressed as following
equation:

T, 0) = T,
70,0 =T,
AT

@ ()=k(T-5)/(za )/
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4.(25%) Consider a two-dimensional square solid in Figure 4.1 with length defined as L and a uniform
initial temperature Tp. Then the upper side is suddenly imposed by a constant temperature 7. The steady
state temperature I(x,y) can be solved by the following heat equation and boundary conditions in
Equation 4.1. The solution 7(x,y) is already given below as Equation 4.2:

¥
7
3 y
- /
7 2
5 x
:,: z
4 4
4 % 3
'////////‘/////////) » b4
Figure 4.1
o°’T  o'T |
ox> oy (Eq. 4.1)
BC'S:T(x,00=T;,, T0,»)=T1,, T(L,y)=T;, T(x,L)=T,
y . Y
_ o ¢ 1yl Slnh(_)
SI@-T 20T+ o e T L (Eq. 4.2)
-1, nid nm L~ sinh(nr)

(a)(10%) Now please consider a flow inside a channel. The representative cross section is shown in
Figure 4.2. The channel has a constant cross-sectional area along z axis. The cross section is a square
with length L. Initially, the flow inside the channel is stationary. Then the upper side of the channel is
moving at a constant velocity U; along z axis while the other three side walls remain stationary.
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Figure 4.2
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The z momentum equation of Figure 4.2 is given as Equation 4.3:

Ou, Ou, Ou, ,_ Ou 3 Ou Ju, 0u
U AU, =t (A
ot Ox oy oz Oz &x” O &z

Assume the flow is fully-developed in z direction, steady, incompressible, laminar, and WITHOUT

pressure gradient. Also, u, and u, in x and y direction can be neglected. Please simplify Equation 4.3.

(b)(5%) Please list velocity boundary conditions of u, in z direction for these four side walls.

(¢)(10%) Comparing your results of (a) and (b) to Equation (4.1), then please utilize Equation (4.2) to

give solution of u,(x,y) of Figure 4.2.

) (Eq. 4.3)

5.(5%) The thermal resistance is defined as the ratio of the temperature difference to the heat transfer
rate. Similarly, flow resistance of a pipe flow can be defined as the ratio of the pressure drop to the
volume flow rafe. The volume flow rate O can be obtained by pressure drop 4p of the pipe over a
distance L, fluid viscosity 4, and the diameter R of the pipe. can be derived as following:
)= 7R Ap
8el.

The flow resistance F then becomes:

F:&:%]T' (Eq. 5.1)

QO xR
Recently, the mayor of Taipei City, Ko Wen-Je (47 3t 44), has questioned the design of the underground
passage of the Taipci Dome (4 Jb E & ). From the entrance to the exit, the diameter of the underground
passage varies from 80 to 6 meter. Please comment how his concern comes from by Equation 5.1. Can
Equation 5.1 really applied to this design problem? Why?
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1. (15%) Solve the following ODEs. Show the details of your work.
(@) (6xe” + 4y )+ (2577 +2x)dy =0 (5%)
(b) 24x*y"+30x*y" +3xy" ~3y =15 (10%)

2. (10%) Model the RL-circuit in Figure 1 and solve the resulting ODE for the current /() A (amperes),
where ¢ is time. The circuit contains a battery of £ =96 V (volts) as an EMF (electromotive force), a
resistor of R = 22 Q (ohms) and an inductor of Z = 0.2 H (henrys) with a current initially zero.

[Physical Laws: A current 7 in the circuit causes a voltage drop R/ across the resistor (Ohm’s law)
and a voltage drop LI' = L dI/dt across the conductor, and the sum of these two voltage drops equals

the EMF (Kirchhoff’s Voltage Law, KVL).]

24
Ay

w
E o

- :
Figure 1. RL-circuit.

3. (15%) An ODE xy"+6y'+2x’y =0 is given. Find the bases of solution by using power series
method or FROBENIUS method and try to identify the series as the expansions of known functions.
Show the details of your work.

4, (10%) Solve this equation by the Laplace transform. Show the details of your work.

y'+2y -4y = 60u(z‘ - 7Z')COS t,y(0)= —;—, ¥'(0) = -1, (v is Heaviside function)

5. (10%) What are the Gauss’s divergent theorem and the Stokes’s theorem? (Write down the
mathematical expression and simple explanation)

-1 4 -1 5
. . . . . -4 0 3 =2 )
6. (10%) A is a 4x4 matrix and B is the inverse of A. if A = . ; , find the entries by, by
-2 1 1 -1

and by; in B by using Cramer’s rule.

7. (15%) Find the velocity, speed, tangential acceleration (tangent to the path) and normal acceleration
(normal to the path) of the motion given by r(¢) = [20052‘ ,2sin? ,tzj (t=time).
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8. (15%) Solve the partial differential equation: 2—7: = —aa—%— with initial condition: ”Lo = x and boundary
x
ou

conditions: u| , =0 =0.

, —
ax x=l,
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L. i%42 58 You are to choose the word, phrase or selection that best completes the sentence or meets the
meaning of the condition. Then, on your answer sheet, find the number of the question and mark your
answer. (27% in total, 3% each, ¥&, 3£ 27 4~ » B 3 &)

L.

) is used to relate displacement, velocity, acceleration, and time, without reference to the cause
). () Kinetics. (b) Kinematics. (c) Newton’s

(G

of the motion. Choose the correct word between (
law. (d) Statics.

In a game of pool, Fig. 1, ball A is moving with a velocity vo when it
strikes balls B and C, which are at rest and aligned as shown. After the
impact, what is true about the overall center of mass of the system of
three balls? (a) The overall system center of gravity (CG) will move in
the same direction as vo. (b) The overall system CG will stay at a single,
constant point. (¢) There is not enough information to determine the CG

location. (d) None of the above.

The thin pipe P and the uniform cylinder C have the same outside radius and
the same mass as shown in Fig. 2. If they are both released from rest, which
of the following statements is true? (a) The pipe P will have a greater
acceleration. (b) The cylinder and pipe will have the same acceleration. (c)
The cylinder C will have a greater acceleration. (d) None of the above.

pere) T
— e Fig. 2

e =—",

Un—Un w-wp
Above equations, multiplying by r the numerator and denominator of the second expression obtained
for e, and adding respectively to the numerator and denominator of the first expression, we have
@)=?ﬂT@HM;@eJTWT@W%@n:?”@ﬁw%

n+rw—( Uy +1Wo) T +rw— (T +wo) Tp+rw—(TUn+1wWo)
( d) o = rﬂ‘i+wo—(r1_7'z'+wa) .
T tw—{ 1l +Wo)

What is the symbol (Fig. 3) in engineering graphics? (a) First-angle /-4/:;\
projection. (b) Second-angle projection. (c) Third-angle projection. —
(d) Forth-angle projection. W

What is the apbropriate name of the component in Fig. 4? (a) Fillet. (b) Round. (c)
Neck. (d) Chamfer. : '

Fig. 4

The distortion-energy theory originated from the observation that ductile materials stressed
hydrostatically exhibited yield strengths greatly in excess of the values given by the simple tension
test. The distortion-energy theory is also called: (a) Maximum stress theory. (b) Von Mises theory. (c)

Maximum shear stress theory. (d) Modified Mohr theory.

A shaft is a rotating member, usually of circular cross section, used to transmit power or motion.
When a shaft is used in static or quasi-static condition, what the following items is not concerned? (a)
Material selection. (b) Vibration due to natural frequency. (c) Geometric layout. (d) Stress and

strength.
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9. Which one is brittle material? (a) Low carbon steel. (b) Aluminum. (c) Cast iron. (d) Polypropylene.

I1. Describe the variation of the lines in the below figure in English. The following Chinese sentences
describing the figure are for your reference. 4+# F B XA » 4§+ XM S AL BERE

Tkl o (K23 %)
T 5 #7748 & 0% (steady state) 4 & X4 % £ A (swing angle) » K 3% 7 ) 89 L' g2 L ihidid o9 246
% 1L JB, 4 ik (damping constant, Cr) % 0.8 N-s/kg/m 8% o % L' 7 0.203 m 8§ » % & L'=Ro a4k 4+ -
FED) 5 S A W25 R B) 4 L v ikl 0 i A Mk 300G o AR BABHF L 5 L>Ro i e s RAE D) A
Al L'=Ro Wty R AHET) A » WaRd LORoBish 4TI o 4 L'<Ro e R R ARI A K4
A8 i B T (critical) L g gk ik 04 4 th 30, 7R 1 4% 49 B Bk (sudden discontinuous jump) o L'=0.190m %
15 0 168 2 S vl Y o o TRORHRE) A A B i a W AT A RG24 LI 90 R 3
Jo— B f JE L A4 35 B AR 69T 0 4o b WEARSR o B P a MESR b BE R e D BISE R AG A 4G 0 ABID
bubz o T AYED) A E M St gl ey D o ey A L e R 0 LR AN RobF - &R
B o B Ak 2 A A LR 2T 0 AEEREA T4 A R4FE T LA (well-weighted) a9 4% % -

car speed (km/h)

20 30 40 50 60 70 80 90 100
70 ! ! ! 1 ! ! L

<
L*=0.180 m
60 4 L*=0.190m | |-
L*=0.203 m
50 ] L*=0210m | |
L*=0.220 m

40

30

20

max. swing angle (deg)

10 -

0 - T T T T T T
200 300 400 500 600 700 800

wheel speed (rpm)
Fig. 5 Variation of the steady-state swing angle under various L" and wheel speeds.
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Welding processes are divided into threc basic categories: (a) fusion welding, (b) solid-state
welding, and (c) brazing and soldering. Fusion welding: two (or more) parts are coalesced at their
contacting surfaces by means of heat and/or pressure; filler metals may or may not be used. The basic
processes in this category are arc, resistance, oxyfuel gas, electron beam, and laser beam welding. The
welded joint undergoes important metallurgical and physical changes, which, in turn, have a major effect
on the properties and performance of the welded component. In solid-state welding, joining takes place
without fusion; consequently, there is no liquid (molten) phase in the joint. The basic processes in this
category are diffusion bonding, and cold, ultrasonic, friction, and explosion welding. Brazing uses filler

metal metals and involves lower temperatures than welding. Soldering uses similar filler metals (solders)

and involves even lower temperatures.
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1. What is the meaning of the term “machine tool”? (2%)

2. What is the meaning of the term “tensiie strength of a material”? (2%)

3. What is the meaning of the term “work hardening of a metal™? (2%)

4, What is the meaning of the term “tolerance”? (2%)

5. What is the meaning of the term “surface finish” in manufacturing processes? (2%)
6. What is the meaning of the term “chill” in casting? (2%)

7. What are the meaning of the terms “pattern and core” in sand molding? (3%)

8. What is the meaning of the term “eutectic alloy”? Give an example. (3%)
9. What are a consumer good and a capital good? Give an example in each category. (3%)

10. In manufacturing processes, what is the meaning of the term “assembly operation”? Give an example.

(3%)
11. In manufacturing processes, what are net shape processes and near net shape processes? (3%)
12. What are the primary, secondary, and tertiary industries? Give an example in each category. (3%)

13. State Hooke's law. Give an equation and explain your variables in this equation. (3%)
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