HOMEWORK MODULE 2
SOLUTIONS

ROY SHEPARD
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1675 m above the outlet nozzle,


ayala


691  To the level of the Musd surface in the tank,
1675 m above the outlet nozzle,

. .p0 ~0
711 A*‘,'\',.‘_.‘.hu"@ Pt 1ot well surface. p, < Oand 1
Ye 2z % 2g P1.2at tank wurface. o, <0

0N 144in’

h = ?.é B e e o' —
y % (2, =)'k T L1200 41050 - 2228 Vb

CMspm 10
R i T TR

2281b- N xoubxomnn’ 385N 1bp

» Pkl —g "’ . b SS0b s
- 0.700bp
B) et OTOM 000 - 0%
n 10m

Prlat lower tank surface. p, 0

) A 4 A Pr.2 ot wpper tank surface. 1 1, 0

N . BSkNm'
oot Em R A G o ase s Y

i - 9KI1kN ml/-'ﬂlﬂ'h) x|3.73kN m
Py~ bt~ (176 myo3s) > ) L pwindl ') :

716  a) "‘.n,.;f-b, h, h"”l‘il

tMM5m+42m - 1176m

CIATIRW

P, .4 .. B .
b) r."' 2% L r."‘ 2‘|H3d~*

-_ % ]
[ AL ")2."":

U
OINOMMN| . @S3ma) 1ANm | yin,
m 2981mw's") N
 Q_soUmin(im') !

» A, 60000 L/min  3.090x10 " m’

453 m's



stroke _ #(5.0in)’(1 A7) 20in N
KR ) Qrden g Tty e e s

¥ 11000 Ib "
B pg e 000D osn mvin)(144 in'¥) - 80672 VY
) P T G ke O e M)

2
hdx.l%-ﬁ‘.'kll‘:{‘é- PUA ot tank surface

? 7 2z Y. 2g
’ ¢ Pt B st pump outlet.

P —— L ..,,.l Pt_Cin cylinder.
A 2g

]
_Win_ N o:m-- Q _00ISISNs oo

155 12in 4 000097607
3 2 3
@4m)| o @INP 1852 oo

560 0.90
P~ 360 peig 4 ~ 2322) | 144in®
- §76.1 paig

5, Pr.Dat pump inlet.

P
9 A.‘. h“ Pp”"’u Pa 0,0, -0

3 1
P ?’.v‘A “¥p ;t bv.;
oty 1552 1Vs
3
. OI0X624W) [ o (IS.S2III|’) nsal 1Y
n | 2(32.2 %) 144 in
Po - ~A98 pug
2
PA. Q‘.’G h ~h - -p.e_q .}é; = =0
o)n:,zx«&.h,.h,.r.xczpao.u
%y p op - SOS2BRT o (1Y

M B W axe2 iy 2¢

P2 ote 2 e
kA r (2 ~2,) 2
4115+ 35N

he = 1498 i
Py~ hyr 0~ (1498 NX0.90X62.4 WYRPX0.01515 Rs) - m’»s ;"‘ S2.32mp



Ll i"__ &P n: P at rescrvoir surface. p, 0,4 0
e Y."'.zl 2 e Y.."*lz P1.2 in outlct strcam. p, < 0

A 2 ke
_1000gal/min 1A o

™= ;i; 034720 449 galimin

3
- 165 - :3;?:’.’,) CM46AR- 1790 1790 Wb
o B TOWSOA Y

70 1hp(62.410n 2227 0t')s)

735 Py 0!{7- wh, b =Py ._lg_: “n=0,u~0

he G5 - 2) - %4,_..&,
n-zn- 100

b, =280 4 28.50 + 3.50 - 348 A
r, 12496 Nt T
Fa=har@:ha ;'g (58.03 1Y ' X0.390 n'/y)
by -10-213-348+ 55255145 ft
(S14.5 M)(S8.03 1Y ' X0.390 1'/s)

S 5S0 /s hp ~te

~ 55251

]
1_% A‘ ’—.{--h &‘::’&:Pl.o-“'o
4 2% Y 2z

R
-

p=y (:.-:_.)-fi-t.,~
I3

2’ 0390 1t'/s

A 0051320

_ui_ (1.59)°

28 222

h= =759 fs

= 089 N

= 58.03—(-400 0.896 fit - "lﬂ)l\l

= =310 puig



.37

738

7.40

742

%0:‘ os’--h,h +h,z-&0:, +g’-: p=00=0

m= [4' -3 -5- |+h, -58.03—-—{-40 -213~ 2.&)05525]“““,

o= 219.1 paig

BygeBoy aliygoi: B
2 3 5=z,
pazpy = vh 32|91ﬂ‘-5&03.’(23.5‘" L

e n' 144in’

= 207.6 psig
’ ]
&4»:.0%--&," -«&0:‘0%-: =t =0

m= |-k, ]-sam-] 1004350 i} = 101 psig

l-“i 4

For Q = 175 gal/min, Fig. 6.3 suggoests using cither a 2 Yo-in or 3-in Schedule 40 steel pipe for
the suction line. The given 3-in pipe is satisfactory. However, noting that the pressure at the
inlet to the pump is <3.10 psig, a larger pipe may be warranted to decrease the energy losses
in the suction line and increase the pump inlet pressure. See Chapters 913, especially
Section 13,10 on net positive suction head (NPSH).

Fig. 6.3 suggests cither a 2-in or 2 Y3-in pipe for the discharge line. The given 2 Y5-in pipe size
is satisfactory.
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1442 Trapezosdal channel

Q=

0.75 n=0013
0.80 '/ b= 30000t

wm A Vilvs) T Y Ny Eym
005 0152 5267 308 0649 4177 0481 Giveny

0.1 0308 2602 315 0,098 1467 0205

0A288 0399 2006 319 0125 L0000 0191  Critical depth
020 0630 1270 330 0191 0512 0225
025 0797 1004 338 0236 0364 0266
030 0968 0827 345 0280 0278 0311
040 1320 0606 360 0367 0176 0406
04770 1602 0499 372 0431 043 0481  Alternate depth
050 1688 0474 375 0450 0125 0503
060 2070 0386 390 053 0093 0602
070 2468 0324 405 0609 0073 0702
080 2580 0278 420 068 0059 0801
090 3308 0242 435 0760 049 0901

1L.oo 7% 0213 4% 0.833 0041 1L.o01

1065 4046 0198 400 0,880 0.037 1066

1.10 4208 0190 4465 0.905 0035 L1M
1.20 4680 0171 480 0975 0.031 1.200
1.30 SI68 OIS5 495 Lo 0027 L300
1.40 5670 041 500 L 0024 1300
1.50 6188 0129 525 L1 0.021 1.500

Slopes at given depth and llur-lr depth
yim Rl
0.08 00486 0. 26-0 Slope for given depth
0477 0.3820 0000152 Slope for aliermute depth

Problem 14.42 Procedure: Refer 1o Table 14.2 for geometry of o trapezosdal channel.

a)

b)

<)

d)

¢)

For given Q. b, 2, and y: Compute A, T using equations in Table 14.2.
Compute Ny = v/ \Jey, =@/ AJwy, )-
Irerate values of y until Ny = 1000, See spreadsheet: y, = 01288 it

Minimum specific cnergy: E= v + vi2g w v + F2gA°)
From spreadshect, with v = v, = 0,1288 fi: B = 0.191 ft.

Specific energy venus v: See spreadsheet using equation m b).

Specific energy for y = 0.05 ft: £ =0481 fi o

from ; I

lterate on y 10 find altemate depth for which = '

E=04811 =

See spreadsheet: y 0 = 04770 f1. 0.5+

Velxity = v= QA Ny = vl,[x_v, =Ql(Ang. ) .

See il 05 10 15 20
Fory = 0.05 ft: v = 5,267 Vs, N, = 4.177. Supercritical En)

Fory = 04770 ft: v = 0499 /s, Ny = 0.134, Subcritical.
Compute WP = b+ 2yv1+ z* (See Table 14.2). Compute R = A/WP.
H
nQ
Compute §: [AR"’]
See spreadsheet: For vy = 005 11, § = 0.264. For vy = 04770 1, § = 0.000152.
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e Ne v 25x 'o‘ 55 x 10"
(a) 4D 10100 010; C- 0595(Fg 15.7)
() dD - 700100070, C- 0620

Solve for pn - gn from Eg. (15.5)
b |
el 22 R [ e ol 22(n, r.)'r]
e ”"I (A/4) 1 r ¢ ‘[ (A/4) )
. rPHAIAY )
poop 2 CA
(@) Ford-10m, A4 - 0005450 % A/A: - 0.5450.00545 - 100
e TQUALA) 1) (0BING24X0.0557)1100) 1] )
Al 2 CA} 2(32.20.595)' (0.545)° Hen
For Manomctcr
prt vah - phc p
P oyl ydh e Mve - v4)
b= ;’L;' But 74 = (03624 WA %) - S1.8 1A °
- T2
A= AP A-p DR 2240
624 518 106" 10601
G ity _ x(0)'w A :
) Ford-70m, 4 ST ~0wTn
AJA; - 05450267 « 2.04
e TOUAT A 1) (083X62.4X0.0557)'((2.04) 1] :
N P 02206200 0545y oA
P -y 0.0694 /MY’
10.6 106 vy’

An onfice size betwoen 1.0 m and 7.0 m would be preferred to give a more
convenicnt manomcter deflection.



159  Flow nozzle — Design: Install in § 1/2 inch Type K copper tube; D, = 4.805 in; 4, = 0.1259 ft*
Specify the throat diameter d. NOTE: Mudtiple solutions possible.
Fluid: Linsced oil at 77°F; =S80 Iv/ft; =384 x 10 ‘fi's
Use mercury manometer with scale range 0 8 inHg
Range of flow rate: Q... = 700 gpm = 1.559 ft'/s; Q... = 1000 gpm = 2.227 ft'/s
Vd“i'yhm |--Q.JA;-IZ-38~“ |_‘Mg-l7-69~'
Reynolds No: Ny e ™ | ws Dy =129 10% Ny s = | s O/ = 184 x 10°
From Figure 15 5: C,,, = 0.955; C,,, ~ 0.961

8) Use Eq. (15-6) and solve for A; from which we can obtain the throat diameter J

Ave A
]

Where B = 2g[( J/ o) 2(322)[844.9/58.0) 1]=873.7
Leth=80in=0667 fiwhen = | .. =17.69 ftsand C= 0961

A= o + =007635 ' = 4'/4

(B73.7%0.667%0961)° T
(17.69)°

Then d = (444 )" = [(4)(0.07635) )'* =0.3118 fi = 3.741 in = Throat diameter
b) Use Eq. (15-6) and solve for A to determine the manometer reading when O = Q...

pe LICPIALAY 1)
B
For  Som |-'12.38MMC'0.955,

o JOYUATAY 1 _[(12.38/0.955)'((0.1259/0.07635)" 1]
B 873.73

03306 ft 397 in

Summary: Nozzle throat diameter = d = 3.741 in
When Q = 1000 gpm, & =~ 8.00 in manometer deflection
When @ = 700 gpm, & = 3.97 in manometer deflection

1515  Pitot-static tube carrying air at atmospheric pressure and 30°F. y, = 0.0736 IR
A= 024 05 b - (024 mN1.0 V12 1) - 002/, - 5~ 624 VR
Find flow velocity o.

v J2gh(y, 77, - 20322 N/X0.02 NX62.4 - 0.0736)/0.0736 ~ 33.0 Vs
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