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1. a) Solve %-ﬁ-w"’y:ces(yt) in which @ z'a.'ﬁdkt}" 'é onstan}s, y;ta) and

»0)=y(0)=0. i- 0ol (10%)

et i ﬂ|

b) Evaluate limy(t), where y(f) isdefinedin(a). 4, = + 1 (5%)
r—)ﬂl - . .

g (wiel) ooexwd

2. Supposethat y,(x) isasolution of y"+ p(x)y'+q(x)y =0.Est” CINNUR TS

e
7= 1) [y el
L [}

LI

a) Is yz(x) alsoa solution of '+ p(x)y'+ q(x)y =07 Why or why not? (5%)

b) Are J’l(x) and yz(x) Imearly dependent on any interval on which W (x) Djs!
T I A TN e AP R |

not zero? Why or why not? (Hwt Check flge Wranskian , W (On ,), ) ()1{{0%)
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wLet g(x) kg + kysin(x)+ k; sin(2x).; in

0," ﬂs‘m'-
3. Define f(x)={zr—x o<

which k,,k andk, are constants. Find the values of kg ,k andk, so that

[(f g(x dx is minimized. (10%)

2
4, Solve %+16y=f(t), y(0)=0, »'(0)=1, where

fl)= {COS@‘)’— 0<t<z

10%
0, tznrm. (10%)

T 7
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Prob.5 (10%)

Eﬁa’luate the given determinant.

SEERTEC T LI
coq, (0011 =1
“lo1 -1 0
W 12 30 6| s T

Prob.& (15%)

Find the inverse of, _-.

1 1
4=|-2 1
0 1

TN IR S CR B S

Prob. ] , @5%)..

+

P

T

Jiy, =~ .

r .  y
5 '
rat
ot
t . 1] b
"w ™ < !
N n
f 1 1 L 1
-
L]
'-l.
.

Toren ' L %

EOE

. Let the electric potent1a1 (i.e. the voltage) be glven by V(x,y,2) = 3x2y —xz. Ifa

“positive charge is placed at P= (] 1 1), in'‘What direction will the charge begin to -

move? . .
(Note: It is known, from electric field theory, that such a chatge will begin to
move in the direction of maximum rate of yoltage drop.) ~ * ST
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1. At the mstant shown in Fig. 1 the length r.of the-boom is mcre@smg at the constant

speed R and the boom is upnsmg "at-the constant angular velomty @, derlve

(a) the velocity of point B. ( 10% Yoy F
~ (b) the acceleration of point B. ( 15% )" . -

F
s
A 3 o
&Wummmﬁa% %mm
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2. The period of vibration of the system Shown i in Flg.,z is gbserved tobe O 6 second.
After cylinder B has heen removed;:the period is observed to be 0.3 second.: Determine

(a) the mass of.cylinder A. (;12%.)., =~  au: =

(b) the cornstant of the spring. (A3%.) 7 ,5- ¢ 1.
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3. A ball of negligible diameter hits the solid wall and rebounds toward point A, as
shown in Fig. 3, where 0<a < —725 . Neglect gravity.

(A) What should « be if the collision is perfectly elastic? (12%)
(B) What should « be if the coefficient of restitution is 0.87 (13%)

L L

1m

25m A

Fig. 3

4, Referto Fig. 4. A weight W of mass 10kg is supported by Cylinder A with an
inextensible cord. Cylinder B is driven by Cylinder A without slipping.
Cylinder A has a diameter of 30cm, and its moment of inertia (about the center) is
32kg-m®. The diameter of Cylinder B is 20cm.
(A) If the mass of Cylinder B is negligible, find the acceleration of W.  (12%)
(B) If Cylinder B has a mass of 100kg, and its radius of gyration £ = 0.5m, find the
acceleration of . (Hint: moment of inertia = massxk%)  (13%)

Fig. 4

o
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AEE Ty BB o ARRRRE - - AT ol
L {TESESEERE R Steady-State Emor? (3%) .. . ., -
2. AR EREETEREEY, Transient Response? (3%) h
3. Lag-Lead Compensator SERN 35 Rt (Al R 7 (4%) ! .‘ s 1=
4. {#f cascade compensation, F/|FH Root Locus ﬁﬁ-—-ﬁ{ﬁ%ﬁ{ﬁ%ﬁ(ﬁu@)ﬁ
B TutiEgE:
(1) FAFER Ramp input, FAIERKHE AL Roof Locus: (5%)
(2) RFLE. 20% overshoot. a‘%&,‘}?ﬁ& Root Locus J:Z{jﬁ (5%)
(3) FERBAKZ. Setiling time RERSRHBANT—4 SUMHIAGLE Root
Locus EZAZE., MRHFTRIETHIREEER. 15%) * = e
(4) HHEERFRALC Steady-State Error [ R3RABEATE 37 e ﬂﬁﬁﬁﬁ)z
R, as%mﬁﬁﬁimﬁsfaﬁ as%)
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L, For the motor, load and torque-speed curve shown in Fig. A, ) - '

-

T, = torque developed by the motor

@, = angular velocity of the motor shaft . - .. .
- - - 4

e; = applied armature voltage volts

R, = armature-winding resistance -~ | VoL . '

a

U= momént of 1 inertia of the motor

—_f', = -

J, = “ moment of ms;rt;a.of the load Y R,

- - 1 - ] R - N

i D = viscous-friction coefficient of the motor

D, = viscous-friction coefﬁt;ient of the load
N, = number of tecth of the input drive gear
N, = number of tecth of the oq'?putﬁflﬁv‘én gear '
8, = angular displacement, of the load shaft, radians.

a) Find the transfer fu‘ncti;m,' G(s)=6,(s)/E,(s). (10%)

b) Find the state equations and output equation for the ' phase-variable
representation of the transfer function- '_G(Lg) » i.e. convert the transfer
function representation to sf;ilte space, where a set of state variables is
selected such that each subsequent state variable is the derivative of the
previous state variable. Let’s choose the -sfat;é' variai)les % =6; and
x, =do, /dt. (5%)

c) Design a state-feedback controller e, =—kx, —k,x, such that the

closed-loop poles are —10% O, i.e. design the phase-variable feedback

gains, k; and £, , to yield the desired closed-loop poles. (5%)
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R, D,=2 N-m-s/rad

N,=50

e (1) J=2kgm? }— 8,(t)

- —0 J,~18 kg—@—e
N,=150

D,=36 N-m-s/rad
Tl (N-m) 2 ~

100
e, =50V v

[ 8

150 —» ), (rad/s)

_ Figure A

Derive the transfer function of a compensator, whose realization using an

operational amplifier is shown in Fig. B. (10%)
Draw the Bode plot for the compensator. . (10%)
] 179k@  0.14F
5. ].!.F . l—
vit)
Y0
358kQ
Figure B
Explain why

a) systems with greater gain and phase margins can withstand greater ~changes
in system parameters before becoming unstable. . (5%)

b) for a minimum-phase system, both the phase and gain margins must be
positive for the system to be stable. Negative margins indicate instability for

minimum-phase systems, (Suggestion: Use Nyquist criterion) (5%)
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[d] deep drawing; [e] scam welding.  [30.%)] '
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FOBREE 2 [8%)
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1.Consider a 5 kW (the heat remova] rate-from the cooled space to the
outdoor)’ refr1gerat1on system that operates on an ideal vapor-compressmn
refrigeration cycle with refrigérant-134a as the working fluid. The
refrigerant enters_the compressor as saturated vapor at 140 kPa and is
compressed to 800 kPa. Show the cycle on a T-s diagram with respect to
saturation lines, and determme (a) the quality of the refrigerant dt the end
of the throttlmg process (b) the coefficient of performance, (c) the power
input to the compressor and. (d).the refrlgerant mass flow rate in the
cycle.(25%) ' y

&

2.The radiator of a house heating system has a volume of 0.02 m® and is
filled with superheated vapor at 300kPa and 250°C. At this moment both
the inlet and exit valves to the radiator are closed. Detemune the amount
of heat that will be transferred to the house when the steam pressure drops
to 100 kPa. (25%)

-

3.Steam: at-800 kPa,” 400 C,. is throttled slowly to 100 kPa. Neglecting
potential and kinetic energies calculate- the average Joule Thomson
coefficient for this process. (25%) :

‘(_-

- -

_ 4.Derive an equatlon for the specific work produced when an ideal gas
undergoes a reversible polytropic process (n = 1) in a single 1nlet-out1et
steady-flow system. The final result should be in terms of the inlet and
outlet pressures and the inlet temperature.(25%)
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TABLE A-12
Saturated refrigerant-134a-—Pressure table

|
N
-

Specific volume, Internal Enthaipy, Entropy,
m3/kg energy, kMg kitkg kikg - K
: Sat. Sat, Sat. Sat, Sat, Sat, Sat, Sat.
Press., Temp.,  liquid, vapor, . liquid,  vapor, liquid, Evap., vapor, liquid,  vapor,

P MPa Tsat °C Ve vy Us Uy h.r hfg hg Sy Sg
Q.06 =37.07 0.0007097 0.3100 3.41 206.12 3.48 221.27 224.72 0.0147 0.9520
0.08 -31.21 0.0007184 .0,2366  10.41 209.46 1047 217,92 228.39 0.0440 0.9447
0.10 -26.43 0.0007258 0.1917 16.22 212.18 “6.29 215.06 231.35 0.0678 0.9395
0.12 -22.36 0.0007323 0.1614 21.23 214.50 21.32 212,54 233.86 0.0879 0,9354
.14 -18.80 0.0007381 0.1395 25.66 216.52 25,77 210.27 236.04 0.1055 0.9322
.16 -~15.62 0.0007435 0.1229 29.66 218.32 29,78 208.18 23797 0.1211 0.9295
.18 -1273 0.0007485 0.1098 33.31 219.94 33.45 206.26 239.71 0.1352 0.9273
0.20 -10.09 0.0007532 0.0993 36,69 221.43 36.84 204.46 24130 0.1481 0.9253
0.24 -5.37 0.0007618 0.0834 42,77 224.07 42,95 201.14 24409 0.1710 0.9222
028 . -1.23 0.0007697 0.0719 48,18 -226.38 ~48.3%9 198.13 246.52 0.1911 0.9197
0.32 248 0.00077270 0.0632: 53.06 228.43 53.31 19535 248.66 0.2089 0.9177
0.36 5.84 0.000783% 0.0564 57.54 230.28° 57,82 19276 250.58 (0.2251 0.9160
0.4 *8.93 0.0007904 0.0509 61.69 231,97 62.00 190.32 252,32 0.2399 (0.9145
0.5 1574 0.0008056 0.0409 70,93 235.64 71,33 184,74 256.07 02723 0.9117
0.6 21.58 0.0008196 0.0341 -78.99 23874 79.48 17971 259,19 0.2999 0.9097
0.7 26.72 0.0008328 0.0292  86:19 241.42 86.78 175.07 261.85 0.3242 0.9080
0.8 31.33 0.0008454 0.0255 92.75 243.78 93.42 170.73 264,15 0.3459 0.9066
0.9 35.53 0.0008576 .0.0226 98.79 245.88 99.56 166.62 266.18 0.3656 0.9054
1.0 °  39.39 0.0008695 0.0202 104.42. 247.77 105.29 162.68 267.97 0.3838 0.9043
1.2 46.32 0.0008928 0.0166 114.69 251.03 11576 155.23 270.99 04164 0.9023
1.4 52.43 0.0009159 0.0140 123,98 253.74 125,26 148,14 273.40 04453 0.9003
1.6 57.92 0.0009392 0.0121 132,52 256.00 134.02 141.31 27533 04714 0.8982
1.8 62,91 0.0009631 0.0105 140.49 257.88 14222 134.60 276,83 04954 0.8959
2.0 67.49 0.0009878 (0.0093 148.02 259.41 149.99 127.95 277.94 0.5178 0.8934
2.5 77.59 0.0010562 0.0069 165.48 261.84 168.12 111.06 279.17 0.5687 0.8854
3.0 86,22 0.0011416 0.0053 . 181.88 262.16 185.30 9271 278.01 06156 0.8735

- —

e E——

P —

12-134a
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1. In Fig.1 the three bars are of the same material and have equal cross sections and
* - - - C‘ -
lengthls. Find the {orce in each bar. 1,500,000 N t ’ (25 AJ

e t T PR

- *
N

" Rigid

. -LZOQmm i200 mm

Rigid

- : — 80 f~—
1 500 000 N

L F9)

2, The shaft in Fig.2 does not rotate. Loads are. steady. Assume simple supports.

Diameter is 50mm. Length is 180mm. Elements are located similarly to those of the
figure. Load at center is 9,000N. Torques at ends are equal to 1,000,000Nmm each. )
Also, a=90mm, b=45mm, L=180mm; P=9,000N, T=1,000,000Nmm. PAPA J

(a) Make a sketch“for the élement at A on. the bottom surfice ofv the shaft and
show thé values of the stresses. L/ 3T . .o '
(b) Do the same for-the element at the elevation of the shaft axis. ( foint 8) [ QZf

. - ] . - T PR T . - -
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g25%) Calculate the maxunum shear stress . o i the web of a beam havmg the

~T-shaped cross section shown ift the figure 1f b =100 mm, { =24 mm, A = 200

mm, 4, = 176 mm, and the vertical shear force =90 kN.

. H
- g --l-l—o-.n.a-.—--.ll_
L]
i .
3 L
G- o b s00mim
Por =y - -
) 1‘ 1
{ T
- |
' * + n n (A
- - -{ - ot
- . -
h=200min
x . -
Y
A =176mm L
R " 1 =24 mm
1 b "—— le—r
* k)
T 1 o 0 ._J_n_‘ . T [ L L4 2
R STt . o - pot
ol 2 : s mrds '. 1 e ¥ . - -
! I B I B L o, *

(25%) A cantilever beam 4B with length L =11 m is subjected to g uniform-load -
of intensity ¢ = 10 kN/m acting over: part of the length, say @ = 5 m. - Please
&eterming ET value .of the;beam that will produce.a deflection &, = 0.01 m at, the
free end B. E is the Yéung’s modulus and 7 is the moment of inertia of the beam.
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TABLE A-6 -

Superheated water . .

T v u h s v u h 5 v u h 5

oN . or .
= *7eg. mikg' <t Whg  kikg Wik KT | m¥kg  kikg  Tkikg  kikegeK | mikg  .kikg  kikg  Kkikg-K
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.33°C) P = 0.10 MPa (99.63°C)

Satt 14674 24379 2584.7 8.1802 3.240 248389 26459 7.5939) 1.6940 2506.1 26755 7.3594
50 14.869 2443.9 25926 8.1749 )
100 17.136 2515.5 2687.5 B8.4479 3.418 2511.6 26825 7.6947| 1.6958 2506.7 2676.2 7.3614
150 19.512 25879 2783.0 8.6882 3.889 25856 2780.1 7.9401| 1.9364 2582.8 27764 7.6134
200 21.825 2661.3 2879.5 B,9038 4,356 2659.9 28777 8.1580| 2.172 2658.1 2875.3 7.8343
250 24,136 2736,0 2977.3° 9,1002 4.820 2735.0 2976.0 8.3556( 2.406 2733.7 29743 8,0333
300 26445 28121 3076.5 9,2813°| 5.284 28113 3075.5 8.5373| 2,639 28104 30743 8.2158
400  31.063 29689 3279.6 19,6077 6.205 . 2968.5 32789 8.8642( 3.103 2967.9 3278.2 8.5435
500 35679 31323 3489,1 9.8978 7.134 31320 3488.7 9.1546| 3.565 3131.6 3488.1 8.8342
600 40.295 33025 3705.4 10,1608 8.057 3302.2 37051 9.4178| 4.028 33019 37044 9.0976
700 44911 34796 3928.7 10.4028 8.981 34794 39285 9.6599| 4.490 3479.2 3928.2 9.3398
800 49,526 3663.8 4159.0 10,6281 9.904 3663.6. 41589 0.8852| 4,952 3663.5 4158.6 9.5652
900 54.141 3855.0 43964 . 10.8396 | 10.828 3854.9 4396,3 10.0967| 5.414 A 38548 4396.1 9.7767
1000 58.757 4053.0 4640.6 11,0393 | 11.751 40529 46405 10.2964{ 5.875 4052.8 46403 9.9764
1100  63.372 42575 48912 11,2287 | 12,674 4257.4 48311 10.4859) 6.337 4257.3 48910 10.1659
1200  67.987 4467.9 5147.8 11.4091 | 13.597 4467.8 5147.7 10.6662| 6799 4467.7 5147.6 10,3463
1300 72.602 4683.7 5409.7 11.5811 | 14,521 4683.6 5409.6 10.8382] 7.260 4683.5 5409.5 10.5183

P = 0.20 MPa {120.23°C) P = 0.30 MPa (133.55°C} P = 0.40 MPa {143.63°C)

Sat, 0.8857 2529.5 2706.7 7.1272 0.6058 2543.6 27253 6.9919] 0.4625 2553.6 2738.6 6.8959
150 0.9596 25769 2768.8 7.2795 0.6339 2570.8 2761.0 7.0778) 0.4708 2564.5 2752.8 6.9299
200 10803 2654.4 2870.5 7.5066 0.7163 2650.7 2865.6 7.3115| 0.5342 2646.8 2860.5 7.1706
250 l.1988 2731.2 2971.0 7.7086 0.7964 2728.7 2967.6 7.5166| 0.5951 2726.1 2964.2 7.3789
300 13162 2808.6 3071.8 7.8926 0.8753 2806,7 3069.3 " 7.7022( 0.6548 2804.8 3066.8 7.5662
400 15493 2966.7 3276.6 8.2218 1.0315 2965.6 3275.0 8.0330| 0.7726 2964.4 3273.4 7.8985
500 1.7814 3130.8 3487.1 8.5133 1.1867 3130.0 34860 8.3251| 0.8893 3129.2 3484.9 8.1913
600 2013 33014 37040 87770 1.3414 3300.8 3703.2 8.5892| 1.0055 3300.2 37024 8.4558
700 2.244 3478.8 3927.6 9.0194 1.4957 3478.4 3927.1 8.8319| 1.1215 3477.9 39265 8.6987
800 2.475 3663.1 4158.2 9.2449 1.6499 36629 4157.8 9.0576| 1.2372 3662.4 4157.3 B8.9244
900 27068 3854.5 4395.8 9.4566 1.8041 3854.2 43954 9.2692{ 1.3529 3853.9 4395.1 9.1362

1000 2,937 40525 4640.0 9.6563 1.9581 4052.3 4639.7 9.4690| 1.4685 4052.0 4639.4 9.3360

1100 3.168 4257,0 4890.7 9.8458 ‘2,1121 4256.8 48904 9.6585( 1,5840 '4256.5 4B890.2 9.5256

1200 3.399 44675 51475 10.0262 2.2661 4467.2 5147.1 9.8389( 1.6996 4467.0 5146.8 9.7060

1300 3.630 4683.2 54093 10.1982 | 2.4201 4683.0 5409.0 10.0110| 1.8151 4682,8 5408,8 9.8780

P = 0.50 MPa (151.86°C) P = (.60 MPa (158.85°C) P = (0.80 MPa (170.43°C)

Sat. 0.3749 2561.2 27487 6.8213 0.3157 2567.4 2756.8 6.7600| 0.2404 2576.8 2769.1 6.6628
200 0.4249 26429 28554 7.0592 0.3520 2638.9 2850,1 6.9665| 0.2608 2630.6 2839.3 6.8158
250 0.4744 2723.5 2960.7 7.2709 0.3938 2720.9 2957.2 7.1816| 0.2931 2715.5 2950.0 7.0384
300 0.5226 2802.9. 3064.2 7.4599 0.4344 2801.0° 30616 7.3724| 0.3241 2797.2 3056.5 7.2328
350 0.5701 2882.6 3167.7, 7.6329 0.4742 2881,2 3165.7 7.5464| 0.3544 2B73.2 3161.7 7.4089
400 0.6173 2963.2 3271.9 -7.7938 0.5137 2962,1 3270,3 7.7079| 0.3843 2959,7 3267.1 7.5716
500 0.7108 31284 34839 8.0873 0.5920 3127,6 34828 80021 04433 3126.0 3480.6 7.8673
600 0.8041 3299.6 37017 7.3522 0.6697 3299.1 37009 8.2674| 0.5018 3297.9 3699.4 81333
700 0.8969 3477.5 3925.9 8,5952 0.7472 3477,0 39253 8.5107| 0.5601 3476.2 3924.2 8.3770
800 0.9896 3662.1 4156.9 88211 0.8245 3661.8 4156.5 B8.7367| 0.6181 3661.1 41556 B8.6033
900 1.0822 3853.6 4394.7 9.0329 0.9017 38534 4394,4 B8.9486( 0.6761 3852.8 4393.7 8.8153

1000 L1747 40518 4639.1 9.2328 0,9788 4051.5 4638.8 9,1485( 0.7340 4051.0 4638.2 9.0153

110¢ 1.2672 4256.3 4889.9 9.4224 1.0559 4256,1 48896 9.3381( 0.7919 42556 48891 9.2050

1200 1.3596 4466.8 5146.6 9.6029 |- 1.1330 4466.5 5146,3 9.5185| 0.8497 4466.1 51459 9.3855

1300 1.4521 4682.5 5408.6 9.7749 1.2101 4682.3 5408.3 9.6906| 0.9076 4681.8 5407.9 9.5575

-

*The lemparature in parentheses is the saturalion ternperature at the specified pressure,
{Praperties of saturated vapor at the specified pressure.
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TABLE A-5 _ - ' '

Saturated water—Pressure table

Specific volume, Internal energy, 7 Enthalpy, ’ ) Entropy,

mke kikg - klikg kg - K
Sat. Sat. 3at, Sat. Sat. ” Sat. Sat, Sat, Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap.,, vapor, - liquid, Evap., vapor,
PkPa T ’C v v Uy U g hy he g -7, S 5
06113 0.01 0.001000 206.14 0.00 2375.3 2375.3 0.01 25013 2501.4 .0.0000 9.1562 9.1562
1.0 6,98 0.001000 129,21 29.30 2355.7 2385.0 29.3C 2484.9 2514.2 0.1059 8.8c97 8.9756
1.5 13.03 0.001001 87.98 54,71 2338,6 2393.3 54.71 2470.6 2525.3 0.1957° 8.6322 8.8279
2.0 17:50 0.001001 67.00 73.48 2326.0 2399.5 73,48 24600 2533.5 0.2607 8.4629 8.7237
2.5 21.08 0.001002 54,25 88,48 23159 2404.4 88,49 24516 2540.0 0.3120 8.3311 8.6432
" 3.0 24.08 0.001003° 45.67 101.04 2307.5 2408.5 101.05 24445 25455 0,3545 8.2231 8.5776
4.0 28,96 0.001004 34.80 121.45 22937 2415.2 121.46 24329 25544 04226 B8.0520 8.4746
5.0 . 32.88 0.001005 28.19 137.81 2282,7 2420.5 137.82 2423.7 2561.5 0.4764 7.9187 8.3951
7.5 40.29 0,001008 19.24' 168.78 2261.7 2430.5 168,79 2406.0 2574.8 0.5764 7.6750 8.2515
10 4581 0.001010 14.67 191.82 2246.1 24379 191.83 23928 25847 0.6493 75009 8.1502
15 53.97 0.001014 10.02 225,92 2222.8 2448.7 22594 2373.1 25991 0.7549 7.2536 8.0085
.20 60.06 0.001017 7.649 251.38 2205.4 2456,7 251.40 2358.3 2609.,7 0.8320 7.0766 7.9085
25 64.97 0.001020 6.204 271.90 2191.2 2463,1 271.93 23463 2618.2 0.8931 06,9383 72.8314
" 30 69.10. 0.001022 5.229 289.20 2179,2 24684 289.23 2336.1 2625.3 0.9439 6.8247 7.7686
40 75.87 0.001027 3.993 317.53 2159.5. 2477.0 317,58 2319.2 2636.8 1.0259 6.6441 7.6700
50 - 81,33 0.001030 3.240 340,44 21434 2483,9 34049 2305.4 26459 1.0910 6.5029 7.5939
75 91,78 0.001037 . 2.217 384.31 21124 2496.7 384.39 2278.6 2663.0 1.2130 6.2434 7.4564
Press.,
MPa "

0.100  99.63 0.001043 1.6940 417,36 2088.7 2506.1 417.46 2258,0 26755 1.3026 6.0568 7.3594
0.125 105.99 0.001048 1.3749 444,19 2069.3 2513.5 44432 2241.0- 2685.4 1.3740 5.9104 7.2844
0.150 111,37 0.001053 1.1593 466,94 2052.7 2519.7 467.11 2226.5 2693.6 14336 57897 7.2233
0.175 116.06 0.001057 1.0036 486,80 2038.1 2524,9 48699 2213.6 27006 1.4849 56868 7.1717
0.200 120.23 0.001061 0.8857 504.49 2025.0 2529.5 504.70 220l.9 2706.7 1.5301 5.5970 7.1271
0.225 124,00 0.001064 0.7933 520.47 2013.1 2533.6 520.72 21913 2712.1 15706 5.5173 7.0878
0.250 127.44 0.001067. 0.7187 535,10 2002.1 2537.2 535,37 218l.5 2716.9 1.6072 5.4455 7.0527
0,275 130.60 0.001070 0.6573 548.59 1991.9 2540.56 548.89 21724 2721.3 1.6408 5.3801 7.0209
. 0.300 133,55 0,001073 0.6058 561.15 1982.4 2543.6 561.47 2163.8 27253 1.6718 5.3201 6,9919
0.325 136.30 0.001076 0.5620 572,90 1973.5 2546.4 573.25 2155.8 2729.0 1,7006 5.2646 6,9652
0.350 138.88 0.001079 0.5243 583.95 1965.0 2548.9 58433 21481 27324 17275 52130 6.9405
0.375 141,32 0.001081 0.4914 594,40 1956.9 2551,3 594,81* 21408 27356 1.7528 5.1647 69175
0.40 143.63 0.001084 0.4625 604,31 19493 2553.6 604.74 2133.8 27386 11,7766 5.1193 6.8959
0,45 147,93 0.001088 0.4140 ~ 622,77 1934.9 2557.6 623.25 21207 2743.9 1.8207 5.0359 6.8565
0.50 151.86 0.001093 0.3749 639,68 19216 2561.2 640.23 21085 27487 1.8607 4.9606 6.8213
0.55 155.48 0.001097 0.3427 655,32 1909.2 2564.5 66593 2097.0 2753.0 1.8973 4.8920 6.7893
0,60 158,85 0.001101 0.3157 669.90 1897.5 2567.4- 670.56 2086.3 2756.8 1.9312 4.8288 6.7600
0.65 162.01 0.001104 0.2027 683.56 1886.5 2570.1 684.28 2076.0 2760.3 1.9627 4.7703. 6.7331
0.70 164,97 0.001108 0.2729 696.44 1876.1 25725 697.22 2066.3 2763.5 1.9922 4.7158 6.7080
0.75 167,78 0.001112 0.2556 708.64 1866.1 2574.7 709.47 2057.0 2766.4 2.0200 4.6647 6.6847
0.80 170.43 0.001115 0.2404 72022 1856.6' 2576.8 721.11 2048.0 2769.1 2.0462 4.6l66 6.6628
0.85 172,96 0.001118 0.2270 731,27 1847.4 25787 732.22 2039.4 27716 20710 4,5711 66421
0.90 175.38 0.001121 0.2150 741,83 1838.6 2580.5 742.83 2031.1 2773.9 2.0946 4,5280 6.6226
0.95 177.69 0.001124 0.2042 751,95 1830.2 2582.1 753.02 2023.1 2776.1 2.1172 4.4869 6.6041
1.00 179,91 0.001127 0.19444 761,68 1822.0 2583.6 762.81 20153 2778.1 2.1387 4.4478 6.5865 _
1.10 184.09 0,001133- 0,17753 780.09 1806.3 2586.4 781.34 2000.4 2871.7 21792 4,3744 6.5536
1.20 187.99 0,001139 0.16333 797.29 1791.5 2588.8 798.65 1986.2 2784.8 2.2166 4.3067 6.5233
1.30 191.64 0.001144 0.15125 813,44 1777.5 2591.0 814,93 1972.7 2787.6 2.2515 4.2438 6.4953

5
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1. One cube foot of raterial weighting 67Tbf i 1s allowed to sink i m water as shown.

" A circular wooden rod 10 ft long and - 3 in 2 cross sectlon 1s attached to the
weight and also t the wall. Ifthe rod welghts 3 1bf, what will be the a.ngle, 9, for
equilibrium? 25% - - S ,

- - .
Ty - oy r . ey - - , - Pt

2. A1r flow info the narrow gap, of helght h, between closely spaced parallel disks
through a porous surface as thown, Use a control volume, “withi ouler surface
located at position.r, to show that the uniform velocity in the r direction is V=v,1/
2h. TFind an expression for the velocity component in the z direction (Lo <<V).
Evaluate the components of acceleration for a fluid particle in the gap. 25%
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3. (25%) a) What is the physical interpretation of Prandtl number (Pr)? (5%) b) How
~does it influence the relative’ growth :c';f the velocity and thermal boundary
layer'?_1 Explain the c_li_f?‘erence between liquid metal (Pr<<1) and oil, (_Pr>,>1)
according to your answer. (10%) c) As fluid flow over a flat plate, the

-~

~ condition of the velocity boundary layer will go through a transition and
change from laminar to turbulent flow. How does this affect the local

friction and heat transfer coefficients? (10%)

4. (25%) a) Water is pumped through a vertical 10-cm new steel pipe to an elevated
tank on the roof of a buildingf The pressure on the discharge side of the

pump is 1.6 MPa, What pressure can be expected at a point in the pipe

80m above the pump when the flow is 0.02 m’/s ? (Assumes friction factor

FQ.OlSS_) (20%) b) Whaf will happen to the pressure at the same point, if a |
- fully opened control valve is added right after the pump? (5%)

-
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f(x)=

Z I - (20%)

LY

2 B —ERESNNT, BEARESEME V, TR

- (15%)

3.EMINB=RFHA, B f0y=—1, £'(1)=11, £"(1)=12, £"(2)=6, ::Lﬁ

R H)EE 1) = (15%)

4 25%) . {
Find the area of the region bounded by
The graphs of f{x) = x* and g(x) = 1 —x*

5. (25%) .
Please find the integration as below

Je sin(2x)dx
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P& d=350mm, w5 150 a4, i |5
: |
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(1Y g2 Po 2 gmlba) o
0

(2) w4t s B 2 45 (liter/min)
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