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Ql.

Consider an incompressible, steady, and viscous air flow between two long and wide parallel plates as
shown in Figure Q1. The upper plate is moving in the positive x-direction while the bottom plate moves
in the opposite direction. By assuming the flow is in x-direction only, the pressure gradient is
insignificant, and the effect of gravity is neglected, derive an expression for fluid velocity u(y). The
Navier Stokes equation in the x-direction is given by:
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s = (257) -]

Q2.
Determine the velocity potential, ¢ from the stream function, i as in Eq. Q2 given the flow is non-
viscous, two-dimensional, incompressible fluid.

Y =3+4+2x—-2y+xy (Eq. Q2)
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Q3.

a)

b)

Q4.

b)

Briefly explain on vortex flow. Give one example of vortex flow in real life phenomena or
engineering application. State whether the vortex flow is rotational or irrotational vortex.
The flow field associated with a rotating cylinder is shown as in Figure Q3:
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Figure Q3

i) Define the rotating cylinder stream function, determine the doublet strength, 4 and
derive the radial and tangential velocity components equations.

ii) Derive the circulation, I' equation in the function of uniform flow, U and cylinder radius,
7. for one stagnation point exists on the cylinder surface. Sketch the flow field and show
the stagnation point location.

iii) By aid of a diagram showing the points’ location, derive the pressure on the cylinder
surface, p. equation as:
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iv)  Will the rotating cylinder as Q3(ii) experience a lift or downward force. Briefly explain
your answer and state the relevant equation.
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Explain why is it necessary to control the growth of boundary layer on most of bodies and
suggest a method in controlling the boundary layer growth.

Velocity profile in laminar boundary layer over a flat plate is assumed as
u = Asin(By)
where A and B are constants,

i) determine the velocity profile by applying the appropriate boundary conditions.
ii) derive the boundary layer thickness, &, and skin friction coefficient, Cr, in term of Reynold

number.
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A flat plate 2.0 m long and 1.5 m wide is towed in water (density, p= 1000 kg/m? and kinematic
viscosity, v = 2 x 10° m?/s) in the direction of its length at a speed 15 cm/s. By using formula in
Question 4(b) ii), at the trailing edge, determine

i) boundary layer thickness [6 =0.0784 m]

ii) drag force on both sides of the flat plate [Fp =0.7222 N]



Qs.

a) List two (2) applications that require knowledge of compressible fluid flow theory in the design
and operation of devices commonly encountered in engineering practice.

b) Given the isentropic relations in terms of flow properties ratio as follows:
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By using continuity equation, show that the ratio of exit area (4,) to any section in the nozzle
(A1) for the reversible adiabatic one-dimensional flow of a perfect gas in a convergent-divergent
nozzle is according to the following correlation:

k+1
k—1 2(k-1)

c) The exhaust gases from a rocket engine can be assumed to be one-dimensional isentropic and
to behave as a perfect gas with a specific heat ratio, k = y of 1.25. These gases with gas
constant, R | of 593.85 J/kg.K are accelerated through a convergent-divergent (CD) nozzle. The

mass flow rate through the CD nozzle is 554.23 kg/s. At some point in the CD nozzle where the
cross-sectional area of the nozzle is 0.7 m?, the pressure is 2000 kPa absolute, the temperature
is 500°C and the velocity is 181.72 m/s.

By using isentropic table, find:

i) the stagnation pressure (py), stagnation temperature (T,) and stagnation density (pg)
[po = 207.04 kPa, T, = 778.57 K, po = 4.49 kg/m?]

ii) the area at the throat (4%).
[A* =0.2763 m?]

If the pressure at some other point in the nozzle is 100 kPa absolute, find the temperature,
velocity, and area at this point in the flow.
[T2=424.97 K, V, = 1450.43 m/s, A; = 1.736 m?]

Q6.

Two different boundary layer regions will be developed, namely laminar and turbulent, when the flow
across any external surfaces. Both flows are highly associated with the drag force on the surface.
Calculating the force can be a tedious process when considering both regions. If the flow over a 7-m-
long 6-m-wide flat plate surface is 5 m/s at 30°C of atmospheric air,

a) Determine whether the boundary layer is laminar or turbulent.

b) Starting from the Blasius equation, derive the expression for boundary layer thickness, and the

local skin friction coefficient for the one-seventh power law. Blasius equation is given by:
1
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c) Based on your answer in Q6(b), determine the maximum boundary-layer thickness and the drag
force on one side of the flat surface.
[6 =0.143 m, Fp = 2.423 N]



Q7.

b)

Q8.

b)

Q9.

b)

Briefly explain the formation of the shock wave in compressible flow and its properties across
normal shock wave in terms of pressure and temperature.

A bullet released from an AK-47 rifle travels at a speed of 460 m/s causing a normal shock wave
and passes through stagnation air at a pressure of 100 kPa and temperature of 15°C. By using
the normal shock wave table provided in Appendix, determine:

i) Mach number before the shock wave [My=1.35]

ii) Mach number after the shock wave [M>=0.7618]

iii)  pressure after the shock wave [P = 195.95 kPa (abs)]
iv)  temperature after the shock wave [T, =352.08 K]

V) velocity after the shock wave [V2 =286.53 m/s]

vi)  density after the shock wave [p2 =1.939 kg/m3]

Is it possible for the normal shock wave to occur in a subsonic flow? Justify your answer.

State two (2) differences between a centrifugal pump and an axial pump.
The impeller of a centrifugal pump is powered by a single cylinder internal combustion engine
at 2000 rpm. This impeller is designed in such a way that its inlet diameter and width is 45 mm
and 15 mm, respectively. This pump is also equipped with a device that straightens the flow at
inlet to ensure that the flow enters perpendicular to the impeller leading edge. At exit, the width
and diameter of this impeller is 5 mm and 65 mm, respectively. If the relative flow angle at inlet
and exit is 40° and 30°, respectively, determine
i) the flow rate that this pump could deliver [Q = 8.37x10°m?3/s]
ii) the required power to operate this pump [Power = 989 W]
iii)  the actual head across this pump if this pump is rated at 85% efficiency

[Hp =10.24 m]

Show that the maximum power of a Pelton wheel can be achieved when the bucket speed, u
is half the jet velocity, V;. Take the power delivered to the Pelton wheel by the jet as

P = pQu(V; —uw)[1 — cos(B,)]

where p is fluid density, Qis volumetric flowrate and f3, is bucket deflection angle.
A Pelton wheel with two nozzles produces 1MW of output power under an available head of
200 m and rotates at 400 rpm. The turbine efficiency is 75% and the water jet diameter is 80
mm.
i) Sketch velocity diagram for one of the wheel’s jet.
ii) Calculate the turbine flow rate [Q = 0.68 m3/s]
iii) Determine the wheel radius for maximum power [R =0.81 m]
iv) Determine the pressure at the nozzle base if the diameter of the nozzle base
is0.12 m [P, =1.51 MPa]



Formula
ot ox oy oz ox
ou Ou Ou ou 1 op
—tU—+V—F+Ww—=——-"
ot ox Oy oz p Ox
_oy _99
oy Ox
__Ov_9o¢
ox Oy
y=U,y
q
=—20
v 2

Appendix

1 1
)2 "'Ele2 + pgh, = p, +EPV22 + pgh,

Formula Q4-Q5

Von Karman momentum integral equation

%o :pUi%

Momentum thickness equation

o U u
= —|1-— |d
P o

o0

o @JZO
oy 0z
(82u o’u ou
% +
! ox* oy oz’
1oy 0¢
" roe0 o
_ oy 10¢
" or roo
W—Llnr
2
_ psind
T



Isentropic Flow Table fory = 1.25

M /T P/P PP [ A/A4*
0.00 1.00000 1.00000 1.00000 1.00000
0.02 1.00005 1.00023 1.00020 1.00002 20.43617
0.04 1.00020 1.00100 1.00080 1.00010 14.72802
0.06 1.00045 1.00225 1.00180 1.00022 9.82973
0.08 1.00080 1.00401 1.00320 1.00040 738391
0.10 1.00125 1.00627 1.00501 1.00062 591909
0.12 1.00180 1.00903 1.00722 1.00090 494478
0.14 1.00245 1.01231 1.00984 1.00122 425077
0.16 1.00320 1.01610 1.01286 1.00160 373196
0.18 1.00405 1.02041 1.01630 1.00202 332997
20 1.00500 1.02525 1.02015 1.00250 3.00975
22 1.00605 1.03062 1.02442 1.00302 2.74903
24 1.00720 1.03652 1.02911 1.00359 253293
026 1.00845 1.04297 1.03423 1.00422 235118
28 1.00980 1.04997 1.03978 1.00489 219642
030 1.01125 1.05753 1.04577 1.00361 206327
032 1.01280 1.06566 1.05219 1.00638 1.94769
034 1.01445 1.07437 1.05906 1.00720 1 84660
036 1.01620 1.08367 1.06639 1.00807 1.75759
038 1.01805 1.09357 1.07418 1.00898 1.67877
0.40 1.02000 1.10408 1.08243 1.00993 1.60862
042 1.02205 111522 1.09116 1.01096 1.54593
044 1.02420 1.12700 110037 1.01203 1 48968
046 1.02645 1.13943 111007 1.01314 1.43905
048 1.02880 1.15254 1.12027 1.01430 1.39335
0.50 1.03125 1.16633 113098 1.01550 135201
052 1.03380 1. 18082 1.14221 1.01676 131454
0.54 1.03645 1.19603 1.15397 101806 128052
056 1.03920 121198 1.16626 1.01941 124960
0.58 1.04205 1.22869 1.17911 1.02081 122147
0.60 1.04500 1.24618 1.19252 1.02225 1.19587
0.62 1.04805 1.26447 1.20650 1.02374 1.17258
0.64 1.05120 1.28359 1.22107 1.02528 1.15138
0.66 1.05445 1.30356 1.23624 1.02686 1.13210
0.68 1.05780 1.32440 1.25203 1.02849 1.11460
0.70 1.06125 1.34613 1.26844 1.03017 1.09874
0.72 1.06480 1.36880 1.28550 1.03189 1.08439
0.74 1.06845 1.39242 1.30322 1.03366 1.07146
0.76 1.07220 1.41703 1.32161 1.03547 1.05984
0.78 1.07605 1.44265 1.34069 1.03733 1.049%46




M [ PP polp_ asa A/A*
248 176880 1731383 9.78847 13299 3.08970
2.50 1.78125 17.93182 10.06699 1.33463 3.16327
252 1.79380 18.57249 1035371 133933 323889
254 1.80645 19.23666 1064888 134404 331663
2.56 1.81920 19.92518 1095272 134878 339653
258 1.83205 20,6389 1126547 135353 347866
2.60 1.84500 2137873 1158739 1.35831 3.56307
262 1.85805 22.14558 11.91872 136310 3.64981
264 1.87120 22.94040 1225973 136792 3.73896
2.66 1.88445 23.76419 12.61068 137275 383056
268 1.89780 2461797 1297185 1.37761 3.92469
2.70 1.91125 25.50278 1334351 138248 402141
2712 1.92480 2641971 13.72595 1.38737 4.12079
274 1.93845 27.36989 14.11947 139228 422288
276 1.95220 2835447 14.52437 139721 4321
278 1.96605 29.37466 14.94005 1.40216 443552
2.80 1.98000 3043168 1536954 1.40712 4.54620
282 1.99405 31.52682 15.81045 141211 4.65990
284 2.00820 32.66140 16.26402 141711 4.77669
286 202245 33.83678 16.73059 142213 489663
288 203680 35.08435 17.21050 1.42717 5.01983
290 205125 3631558 17.70412 1.43222 5.14635
292 2.06580 37.62196 1821181 1.43729 527628
294 208045 38.97503 1873304 144238 5.40971
296 2.09520 4037638 19.27090 1.44748 5.54672
298 211005 41.82768 19.82307 1.45260 5.68741
3.00 212500 4333060 20.39087 1.45774 583187
3.02 2.14005 44.88690 2097470 146289 5.98018
304 215520 4649839 21.57498 1.46806 6.13245
3.06 217045 48.16693 22.19214 1.47324 628878
3.08 218580 49.89443 22.82662 147845 6.44926
310 220125 51.68290 23.47889 148366 6.61400
312 221680 53.53435 24.1493% 148889 6.78310
314 223245 5545091 24.83859 149414 6.95668
316 224820 5743475 25.54699 1.49940 7.13483
318 226405 59.48810 2627508 1.50468 731768
320 2.28000 61.61327 27.02336 150997 7.50534
32 229605 63.81264 27.79236 1.51527 7.69793
324 231220 66.08867 28.58259 152059 7.89556
326 232845 68.44387 29.39461 152593 $.09836
328 234480 70.88087 30.22896 1.53127 830646
330 236125 73.40233 31.08622 1.53664 $.51998




TABLE B.2 Properties of Air at Atmospheric Pressure

Kinematic Velocity
Temperature Density Viscosity viscosity of sound
i, p m v ¢
(°C) (kg/m*) (N+s/m) (ms) (m/s)
-50 1.582 146 x 1075 0921 x 1079 299
-30 1.452 1.56 108 x 10°° 312
=20 1.39%4 1.61 1.16 319
-10 1342 1.67 124 325
0 1.292 1.72 133 331
10 1.247 1.76 1.42 337
20 1.204 1.81 151 343
30 1.164 1.86 1.60 349
40 1.127 1.91 1.69 355
50 1.092 1.95 1.79 360
60 1.060 2.00 1.89 366
70 1.030 205 1.99 371
80 1.000 2.09 2.09 3n
90 0973 213 219 382
100 0.946 217 2.30 387
200 0.746 257 345 436
300 0616 293 x 10°# 475 x 1073 480




TABLE D.2 Normal-Shock Flow

M, M, Pp I/T, P/ Pn
1.00 1A 1.000) 1000 1.000
1.02 O805 1047 1.013 1.000
104 0620 1095 1026 R
106 REES) 1.144 1.039 9007
108 omn 1.1 1052 D904
1.10 9118 1245 1.065 UUKY
1.12 Ro66 1.297 1078 QUR2
1.14 A0 1.350 1080 W73
1.16 B682 1403 1.103 U6l
118 A5 1458 1.115 9944
1.20 8422 1.513 1.128 9928
1.22 K300 1.570 1.141 9N7
1.24 S183 1627 1.153 USSS
1.26 A071 1686 1.166 9857
128 7963 1.745 1.178 a827
1.30 7860 1.805 1.191 9794
1.32 JT760 1.866 1.204 9758
1.34 T664 1.928 1.216 9718
1.36 J572 1.991 1.229 9676
1.38 J483 21055 1.242 9630
1.40 T30 2120 1.255 9582
1.42 T34 2.186 1.268 9531
1.44 7235 2253 1.251 76
146 J157 2.320 1.2% 420
148 083 2389 1.307 9360
150 o1 2458 1.320 9298
152 A1 2529 1.354 9233
154 6874 2600 1.347 9166
1.56 AN 2673 1.361 a7
1.58 HT46 2746 1.374 26
160 H654 2820 1.388 8952
162 H625 2805 1.402 |77
164 6568 29N 1.416 8799
1.66 63512 348 1.430 8720
1.68 H458 1126 1444 8640
1.70 AH405 3.205 1.458 R557
1.72 6355 31285 1473 8474
1.74 6305 31366 1.487 K389
1.76 6257 1447 1.502 8302
1.78 6210 1530 1.517 8215
180 HI6S 1613 1.532 8127
182 6121 ¥ 1.547 NI38
154 HOTS 3783 1.562 T048
186 Al 870 1.577 T8S7
158 5996 3957 1.592 7765
190 S056 4145 1608 T674
192 S918 4.134 1.624 7581
194 S8ES0 4224 1.639 T488
196 SR44 4315 1.655 7395
198 SRS 4407 1.671 7302
200 5774 4.500 1688 T8



TABLE D.2 Normal-Shock Flow (continued )

M, M. Pa'm /T, P/Pon
230 Siu 6.005 1.947 5833
2.32 5321 6113 1.965 5745
234 5297 622 1.984 5658
236 5275 6.331 2002 5512
238 5253 6.442 201 S486
240 5231 6.553 2040 5401
242 5210 6666 2059 5317
244 S189 6719 2079 5234
246 S0 6.8 2088 5152
248 S T8 2118 S
2.50 S130 7.125 2138 4990
2.52 S 7.242 2157 4991
254 5092 7.360 2177 A832
256 S074 7479 2198 A754
258 S056 75% 2218 A677
260 S039 7.720 2238 A601
262 S022 TR42 2259 AS26
264 S00s 7965 2280 4452
266 AUss S.088 2301 A379
268 A972 8213 232 A307
270 AvSs 83W 2343 A236
2N AN 8465 2364 4166
274 AN6 8.592 2386 A07
276 Ao 8721 2407 A28
278 AR 8830 2429 3961
280 ARX2 8980 2451 805
282 ARAY 9.111 247 A829
254 ARS4 9.243 2.49% 3765
286 ARY 9.376 2518 230
288 AR27 9.510 2540 3639
290 AR14 9.645 2.563 3577
292 A0l 9.781 2586 A517
29 ATSS 9018 2609 3457
296 ATle 10.06 2632 J308
298 A764 10,19 2656 A340
300 A752 10,33 2679 283
3m AT 1047 2703 3327
3 AT 1062 2726 3172
306 AN 10.76 2750 3118
s AT06 10,90 2774 J065
3.10 A0S 1105 2799 3012
312 A6S8S 11.19 2823 2960
34 As74 11.34 2848 2910
316 Abd 11.48 28N 2860
318 ARS4 1163 2897 2811
3.20 A643 11.78 2922 2762
32 A6 1193 2947 2715
324 A624 1208 2972 2668
3.26 A614 1223 2998 2622
328 A605 12.38 3.023 2577



TABLE .2 Normal-Shock Flow (comtinued )

M, M. Pa/py Ty/T, P/Pan
330 A59% 12.54 3080 2533
3132 AS87 1269 3075 2489
iy AS5T8 12.85 3101 2446
336 A569 1300 3127 2404
338 A560 13.16 314 2363
3 AS552 1332 3180 23
148 A544 1348 3207 2382
14 A535 1364 328 2243
146 AS527 13.80 3261 2205
348 A519 1396 3288 2167
350 4512 14.13 3315 2129
352 A5 149 3343 2003
354 4496 1445 33N 2057
156 4489 1462 3398 2022
158 4481 1479 3426 1987
160 4474 1495 3454 953
ia2 A467 15.12 3482 1920
3ind A460 1529 3510 887
166 A453 15.46 5w R ESN)
RIS 4446 1563 31568 JAR23
370 4439 15.81 3159 1792
in 4431 15.98 3625 1761
3174 A426 1615 3654 A731
3176 A420 1633 3684 A702
378 4414 16,50 373 1673
380 A807 16.68 3743 1645
is2 4401 16.86 am 1617
isd 4398 1714 ine AS89
386 A389 17.2 3832 1563
IS A383 17.40 3863 153
190 A3 1788 3893 A510
192 A3 17.76 3923 1485
R R A366 17.94 3954 1460
396 A360 18.13 3985 1435
398 A355 1831 4016 411
4.00 A350 18.50 4047 388



