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1.

For the tank shown in Figure I, assuming 7'=20° C:

(a) What is the maximum gauge pressure in the tank, and where will this
maxinmum pressure oecur?

(b) What is the hydrostatic force acting on the top (CD) of the last chamber on
the right-hand side of the tank? (20 points)
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As shown in Figure 2, a turbofan engine for a jet aircraft takes in air, part of which
passes through the compressor, combustion chamber and turbine (the core flow); the
remainder of the air bypasses the compressor and is accelerated by the fan blades (the
bypass flow). The ratio of mass flow rate of the bypass air to the mass flow rate
through the core path is called the bypass ratio. During flight the total flow rate of air
entering such a turbofan is 300 kg/s with a velocity of 300 m/s, and the engine has a
bypass ratio of 2.5, The b},’pass air exits at 600 m/s, whereas the core flow air exits at
1000 m/s. What is the thrust of the turbofan engine? (20 points)
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A viewing dome (hemisphere) is located below the water surface as shown in Figure 3
Determine the magnitude and direction of the force components needed to hold the
dome in place and the line of action of the horizontal component of the force.
Dimensions y; =1m, y,=2m, and T=20°C.

(20 points)
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4. (a) If exactly 20 bolts of 25-mm-diameter are needed to hold the air pressure vessel shown

in Figure 4a together at A — A as a result of the high pressure within, how many of the
same bolt type will be needed at B — B? Diameter D = 40 cm, diameter d = 20 cm.

(10 points)
(b) A drop of water at 20° C is forming on a surface. The configuration just before
separating and falling as a drop is shown in Figure 4b. Assuming the forming drop has
the volume and shape of a hemisphere, what will be its diameter before separating?

(10 points)
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In Figure 5 the fluid is gasoline at 20° C flowing at a weight flux of 120 Nis.
Assuming no losses, calculate the gauge pressure at Section 1.

(20 points)
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EQUATION SHEET

| Tdeal-gas law: p = pRT, Rar =287 Jkg-K

Surface tension: Ap = YR, + R,

Hydrostatics, constant density:
R-p=-YZ-2) , Y=p8

Hydrostatic panel force: F =vyhesA,

Yer = = 1o8in®/(hegA), Xep = ~ [, 5ind/(hecA)

_ﬁinyam force:
Fs = Ymu(displaced volume)

CVmass: d/dt(fov pdv) + Z(pAV) |

- Z(PAV-)h = )

CV momentum: d/dt (fevpVdv) B
+ Z{(pAV)V]we - Z[(pAV)V],= ZF

'CV angular momentum: d/dt( fev p(roxXV)dv)
+ ZpAV(roXV o - ZPAV (roXV)a = Z M,

Steady flow energy: (pfy +aV¥2g+2), =
(Y +0VY28 +2Z)ou + Diicton — Dperp + Diation

Acceleraton: dV/dt = &V/ot

+w(EV/2x) + V(BVI3y) + W(BV/52)

- Incompressible continuity: VeV =0

Navier-Stokes: p(@V/d) = pg — Vp +RVEV

Incompressible stream function w(x,y):

Velocity potential $(x.y,2):

u=0oy/dy; v=-oy/ox u=254/8x ;v==50/0y; w=23¢/oz
| Bernoulli unsteady irotational flow: Turbulent friction factor: 1/¥f =
2/t + [dp/p + V32 + gz = Const

2.0 logule/(3.7d) + 2.51/(Re, V)]

Pipe bhead loss: by = RL/Q)VI(2g)
where £ = Moody-chart friction factor

Orifice, nozzle, venturi ﬂow:

Q = Colunul28p/ {p(1-§}1"*, P=dD

Laminar flat plate flow: &/x=5.0/Re 2,
¢ =0.664/ Re,? , Cp=1.328/Re ?

Turbulent flat plate flow: 8/x =0.16/Re,"”, W
¢, =0.027/Re,” , Cp=0.031/ReV

Cp = Drag/(pVea) ; C, = LoU(pVA)

2-D Potential flow: Vi = Vy = ¢

p/p = (TJ/TY*? , pfp=(TST**

Isentropic flow: T/ =1+ {(k-1)2}Ma’ ,

One-dimensional isentropic area change:
A/A* = (I/Ma)] 1+{(k-1)/2}Mia”Jeaeon-n

Prandti-Meyer expansiong K = (k+ 1/(E-1) ,
Q =K" tan[(Ma?-1)/K] % - tan’ ' (Ma2-1) %

Uniform flow, Manming’s n, SI units:
V,(m/s) = (1.0/m)[Ry(m)]*8,'?

Gradually-varied channel flow:
L dyldx = (S,- SY(1-FF), Fr=ViVa

Euler turbine formula:

Power =-pQ(u;V_g -4V, u=ro

_
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Table A.3 Properties of Common
Liguids at 1 atm and 20°C (68°F)

i“
Bulk modulus, Viscosity
Liquid p kgm® p kg/(m-s) Y, Nm* p,, Nm® N/m? parameter ¢t
Ammonia 608 220E4  213E2 9.10E+5 — .05
Benzene 881 651E4  283E-2 101E+4 14 E+9 4.34
Carbon tetrachloride 1,590 9.67E4  270E-2 1.20E+4 9.65 E+8 4.45
Ethanol 789 120 E-3 228E-2 57 E+3 9.0 E+8 5.72
Ethylene glycol 1,117 214E2  484E2 12 E+l —_ 117
Freon 12 1,327 262E4 — — — 1.76
Gasoline 680 292E4 216E2 551E+4 9.58 E+8 3.68
Glycerin 1,260 149 633E2 14 E-2 4.34 E+9 28.0
Kerosine 804 192E3 28 E-2 3.11 E+3 1.6 E+9 5.56
Mercury 13,550 156E-3  484E-1 1.1 E-3 255E+10 1.07
Methanol 791 S598E4  225E2 134E+4 83 E+8 4.63
SAE 10W oil 870  1.04E-1* 36 E2 —_ 131 E+9 15.7
SAE 10W30 oil 876 1.7 E-1% — —_ — 14.0
SAE 30W oil 891 29 E-1% 35 E-2 — 138 E+9 18.3
SAE 50W oil 902 86E-1F - —_ — 20.2
Water 998 1.00E-3 728E2 234E+3  2.19E+9 Table A.1
Seawater (30%) 1,025 1.07E-3  728E2 234E+3 233 E+9 7.28

m

“In contact with air.
viscosity-temperature variation of these liquids may be fitted to the empirical expression

-

Haorc

with accuracy of *£6 percent in the rangs 0 = T =< 100°C.

WK _,
PITE

tive values. The SAE oil classifications allow a viscosity variation of up to =50 percent, especially at lower

temperatares.

Table A.4 Properties of Common

Gases at 1 atm and 20°C (68°F)

-Molecular Specific-heat Power-law
Gas weight R,m*s-K) pg, Nm® p N-sm’ ratio exponent n'

H, 2.016 4124 0.822 9.05 E-6 1.41 0.68
He 4.003 2077 1.63 197 E-5 1.66 0.67
H,0 18.02 461 4 735 1.02 E-5 1.33 1.15
Ar 39.944 208 16.3 224 E-§ 167 0.72
Dry air 28.96 287 11.8 1.B0 E-5 140 0.67
CO, 4401 189 17.9 148 E-5 1.30 0.79
CO 28.01 297 114 1.82 E-5 1.40 0.71
N, 28.02 297 114 1.76 E-5 1.40 0.67
O, 32.00 260 13.1 200 E-S 1.40 0.69
NO 30.01 277 12.1 190 E-3 1.40 0.78
N;O 44,02 189 179 145 E-5 1.31 0.89
Cly 70.91 117 289 103 E-5 1.34 1.00
CH, 16.04 518 6.54 134 E-5 132 0.87

P,

.

"The power-law curve fit, Eq. (1.27), i/igesx == (77293Y", fits these gases to within +4 pexcent in the range 250 < T'<
1000 K. The temperature must be in kelvins.



Table A.5 Surfacs
Tension, Vapor
Pressure, and Sound
Speed of Water

, °C Y, N/m p.- kPa a, mfs
0 0.0756 0.611 1402
10 0.0742 1227 1447
20 0.0728 2.337 1482
30 0.0712 4242 L50%
a0 0.0696 1.375 1529
50 0.0679 12.34 1542
60 0.0662 15.92 155%
70 0.0644 3116 1553
80 0.0626 47,35 1354
90 0.0608 70.11 1550
100 0.0589 1013 1543
120 0.0550 198.5 1518
140 0.0509 3613 1483
160 00466 6178 1440
180 0.0422 1,002 1389
200 0.0377 1,554 1334
220 00331 2,318 1268
240 0.0284 3,344 1192
260 00237 4,688 1110
230 0.0190 5,412 1022
300 0.0144 8581 920
320 0.0099 11,274 80O
340 0.0056 14,586 630
360 0.0019 18,651 37
374> 0.0v 22,090+ o
*Criticai point.
]

Table A.6 Prop-
erties of the
Standard
Aimosphere

Pl;ysical Properties of Fluids 773

T,K

7. Pa o kg’ g, mfs

-~ 500 201.41 107,508 1.2854 3422
i} 288.16 101,350 1.2255 3403

500 284.91 95430 1.1677 3384
1,000 281.66 89 539 L1120 336.S
1,500 27341 84,565 1.0583 3.5
2,000 275.16 79,500 1.0067 3328
2.500 27191 74,684 0.9370 330.6
3,000 268.66 70,107 0.9092 328.6
3,500 265.41 63,799 0.83633 326.6
4,000 262.16 61,633 0.8191 3246
4,500 25891 57,718 0.7768 3226
5,000 255.66 34,008 0.7361 32086
5500 252.41 50,493 0.6970 3188
6,000 249.16 47,166 0.6396 3165
6,500 245.91 44,018 0.6237 314.4
7,000 242.66 41,043 0.5893 3123
7500 239.41 38,233 0.5564 3102
8,000 236.16 35,581 0.5250 308.1
8,500 23291 33,080 0.4949 306.0
9,000 22966 30,723 0.4661 3038
9,500 226.41 28,504 0.4387 3017
10,000 223.16 26,416 0.4125 2995
10,500 21991 24,455 0.3875 2973
11,000 216.66 12612 0.3637 295.1
11,500 216.66 20,897 0.3361 205.1
12,000 216.66 19,312 03106 295.1
12,500 216.66 17,847 0.2870 295.1
13,000 216.66 16,494 0.2652 205.1
13,500 216.66 15,243 0.2451 2051
14,000 216.66 14,087 0.2265 295.1
14,500 216.66 13,018 0.2004 295.1
15,000 216.66 12,031 0.1935 295.1
15,500 216.66 11,118 0.1783 295.1
16,000 216.66 10,275 0.1652 2951
16,500 216.66 9,496 0.1527 295.1
17.000 216.66 8,775 0.1411 295.1
17.500 216.66 8,110 0.1304 2951
18,000 216.66 7,495 0.1205 2051
18,500 216.66 6,926 01114 2951
19,000 216.66 6,401 0.1029 295.1
19,500 216.66 3,915 0.0951 205.1
20,000 216.66 5487 0.0879 295.1
22.000 2184 4,048 0.0645 2964
24,000 204 2972 0.0469 297.8
26,000 2225 2189 00343 2961
28,000 224.5 1,616 0.0251 300.4
30,000 2265 1,197 0.0184 301.7
40,000 2504 287 0.0040 3172
50,000 270.7 80 0.0010 3299
60,000 2857 2 0.0003 3206
70,000 2197 6 0.0001 2972
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