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Assume frictionless flow in a long, horizontal, conical pipe, where the diameter is 3.6 ft at entrance , C)L\,m cﬂ\) C
ft at exit. The pressure head at the smaller end is 15 ft of warer. If water flows through this cone at the LS 2R
rate of 95 ¢fs, find the velocities at the two ends and the pressure head at the larger end. . L
BG L
N
\'\ 46 V=2 . % 933 « X T 1A
: (J' B ’ ALY
. 0 95« 3.6 f ——— 241
V,= < = =210fps < l T
2 A.‘. 7((1.2)2 /
: Py 9.332 2100
. 5. =20 — — =15 “ v —=205ft <
Eq. 5.7 with z; = 2, - ke 2022) +z 2622) 3
i3 Water flows through a long, horizontal, conical diffuser ar the rate of 4.2 m’/s. The diameter of the diffuser
changes from 1.0 m to 1.6 m. The pressure at the smaller end is 9.5 kPa. Find the pressure it the
downstream end of the diffuser, assuming frictionless flow. Assume also, that the angle of the cone is small
enough that the flow does not separate from the walls of the diffuser.
SI
4.2
? Eq. 46 V, = 2 242 535 |
2) 1 Al ”(0.5)2 / ’
W = ZQ; - 4-28)’ = 2.09 m/s 1.0m —— 1.6m
=(0. T |
Eq. 5.7 with z; = z;: p/y + V¥2g = constant
2 2
e 2SN | S35 _p o, 209 . goch iy 1458 m = pfy + 0222
981 kN/m* 2(981) r  2(9.81)
ply =220m; p =22009.81) = 21.6 kNfm?® <
5.3.2

A vertical pipe of 1.5 m diameter and 20 m long has a pressure head at the upper end of 6. 3 m of water.
When the flow of water through it is such that the mean velocity is 5.6 m/s, the pipe fricriort head loss is h
= 1.09 m. Find the pressure head at the lower end of the pipe when the flow is (a) downward (b) upward.

S1

| . 5.6
(a) Eq.5.14: 6.3 + 20 + 5.6° 1.09 = “2 « (0 +

. 20.81) y 209.81)
@> & = 25.2 m for downflow «
y

5.6°
(5) Eq.5.14: p—; O R

(velocity heads cancel)

5.6 i
- 109 = 63 « 20 « (velocity heads cancel)
20.81) 26.81) =

2914 m for upflow <%
Y
7.3.3 A corical pipe has diameters at the two ends of 1.2 and 4.2 ft and is 48 ft long. It is vertical, and the pipe

friction head loss is h, = 7.6 fi for flow of water in cither direction when the velocity at the smaller section

is 28fps. If the smaller section is at the top and the pressure head there is 6.4 ft of water, jind the pressure
head at the lower end when the flow is (a) downward; (b) upward.

BG ‘ ,
QO =4V = (x/4D*V; so V, =V, (D,/D,)} = 28(1.2/4.2)" = 2.29 fps
‘ 28" _ g g 0 -2-9-2— : = 589 ft for downflow <
W (@) B1. 54t 64«48 vz =76 = 2 a0 mmny By
2 p
g 22 2, 76 = 64 + 48 + —= ¢ 22 =741 fi forupflow € -
@) B 504 2+ 0+ g - T e

Scanned by CamScanner



5.3.4 In Figure X5.3.4, the pipe AB is of uniform diameter and b = 23 f1. 7?7:
pressure at A is 30 psi and at B Is 40 psi. In which direction (s the flow,
and what is the pipe friction head loss In feet of the fluld If the lquid has a
specific weight of (a) 35 Ib/fP; (b) 92 Ib/fF°7

Assums flow is from A to B,

(@) For y =35 Ib/f®, and V; = V,
i'n' i ™
/' Eq_5_14:w¢280£wh,nm~05£
* 3s 2% 35 28
hy= ~13.14 ft 4 ; o0 the flow is from B 1o 4 <
(by For vy = 2 Ib/f’, and V, = ¥,

N

Bq.S.M:ﬂ;%“)-»,zg‘Vz-h L I

2% 7 2

hy= +1235ft 4 sotheflowisfromAdwd <
535 If h = 10.5 m in Fig. X5.3.4 and the pressures at A and B are 170 and 275

kPa respectively, find the direction of flow and the pipe friction head loss in
meters of liquid. Assume the liquid has a specific gravity of 0.85.

" Assume the flow is from A to B. Eq. 5.14: =

£ 2 Fi X5.3.4
0N g VWS ENm L, 1 gure

(0.85)9.81 KN/m’® 2% (0.85)9.81 KN/m? 2%
he = 2039 + 10.5 — 32.98 = =2.09m < sotheflow is fromBto 4 <«

523 Refer 1o Fig. X5.2.2. Assumea =1m, b = 4 m, and the flow (o be
frictionless in the siphon. Find the rate of discharge in m/s and the
pressure head at B if the pipe has a uniform diameter of 150 mm.

SI
; Eq. 5.7 from M to N (elevation datum at N):

, 0+4+0=0+0+Vi2g; Vy=V,=286mys
7 Q = n(0.15/2)*8.86 = 01565 m’)s <
Eq. 5.7 from M to B:
0+44+0=pyly+5 ¢V,zflg: pyly = -500m %

5.13.1 Assume there is friction head loss in the siphon of Fig. ¥5.13.1,
where a = I m, b = 4 m. The loss between the intake and B is 0.6
m and between B and N is 0.9 m. What is the rate of discharge and
pressure head ar B when the diameter is 150 mm?

Energy Eq. 5.14 from Mto N: 0 + 4 + 0 — [0.6 +0.9)
—0+0+ Vilg=25m =Vifg; Vy=700ms Figure X5.13.1 -2
Q = n(0.15/2?7.00 = 0.1238 m’fs <
" Energy Eq. 5.14 fromMtoB: 0+ 4 40 —0.6=p,/y+5+ V:ﬂg s Pyly =-410 m <«

13.3 Refer to Fig. X5.13.1. Find the maximum value for bifa = 1.1 m.
Assume friction is negligible and the minimum pressure allowable in
the siphon is a vacuum of =9.8 m of water.

SI
B = the elevation difference between M and N.
2
@ Eq 57for MtoN: 0+b+0=0+0+Vyl2g SR,
Valg = V3lg = b

Eq.5.7fothéB: 0+b+0=-98+@}+11)+b; b=870m <
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137 leta=75m, b =c=15m, and d = 300 mm. All the

i energy are to be ignored when the stream discharging into the air at E
'meter of 80 mm. What are pressure heads at B, C, and D if the

.« of the vertical pipe is 120 mm?

tomAtE 0+375+40=0+0+ Vig; Vi2g =31.5m
Vipg = Vi2g = (80/120)30g = 741 m

0B 0+375+0="22430+741; 2 =00026m <«

/‘-) Y Y
0 C: o+375+0——c +15+741: P —1500m <

¥

VZ
0 E P°+030+741-q = 31.5; Po _298m <«

o) ¥ i b 55 o"«g EXT (o - 29.3m
(fom APD 2 O0x 0+ 379 - 7,)‘)},,7. /g_,

‘ocated at an elevation 750 ft below that of the water

ntake (Fig. X5.9.1), carries a flow of 120 ¢fs. The

1 the pipeline leading to it is 25 ft. Find the horsepower
the turbine if its «/7iciency is 90 percent.

. yQ(4z- k) R
@" Vater hp = 55{——’
_--)1222)50 =25 . 770 hp Figure X5.9.1

42, Output power = 9870(0.90) = 8880 hp <

3.9. ¥ . located 255 m below the water surface at intake (Fig.
9., carries a flow of 3.5 m’/s. The head loss in the pipeline
] it is 10 m. Find the power (kW) delivered by the turbine -

‘oncy is 92 percent.
<
" yQ(4z -
.. 1: Water power, P = _IOTOB_J.
‘ "710)3.5(255-10) _ 2410 kW
" 1000
. 9. 5.42, Output power = 8410(0.92) = 7740 kW

Figure X5.9.1

«

Scanned by CamScanner



A pwrp, having an efficiency of 90%, lifts water to a height of 155 m at the rate of 7.5 m'/s. The frickon
hecd loss in the pipe is 13 m. What is the required pump power in kW? Also sketch the energy line and (R
hydraulic grade line of this system.

SI
From Egs. 5.41 and 5.42: Input power = yQX4z +hk)/n = (9.81)7.5(155 +13)/0.90 = 137730 kW  «

5.13.6

155 m

¢

5.5.5 Warer from G reservoir is being supplied 10 a powerhouse
that is located ot an elevation 935 ft below that of the HiRgi
resenvoir surfoce. Discharging through a noztle, the water ;1%
has ¢ jex veloa':y of 240 fps and a jet diameier of 6 in.
Find the horsepower iost 1o friction between the reservoir
and the je:, and find the horsepower of the jei.

N—_ JOt
w-—o-y;'pl

Eg. 5.28 from reservoir (1) o jet () , Figure X5.9.5

QR .,k ; h, - 935.0 - 8944 = 406
2622)

0+935+0=0+0+
2 4 2
. V
’”-6-) -4Tdcfs; ko= L =B M
\ T3 %
rOh  62.4047.1)8%4
= e in et = =  Shibcke i ali S <
Eg. 5.40: bpinj=t = ss0 4780 hp

yQhy 514(@ 1)40.6 _ 54 b <
550 550

Eq. 5.40: hplost =

5.9.6 Wazer from a reservoir is being supplied 10 a powerhouse
thas is located al an elevation 325 m below that of the
resenvoir surface (Fig. X5.9.5). Discharging through a
noze, the water has a jet velocity of 75 mis and a je:
diameter of 250 mm. Find the kW last to friction betwesn
the rsearvoir ard the jat, and find the power of the je! in
kW,
o §28: 0+3254+0=0+ —o =k
9 . Eq.5.28: 0+ . 30.80) L
‘ By =325 -2867 =383 m

Q - AV, = (<4)025)°75 = 3.68 m/s; hy = Vji2g - 28T m
Eq.5.41: Powerinje = (3.68 m¥s)(9.81 kN/m*)(267 m) = 10350 kN-m/s =~ 10350 kW <«

e P i Jo!
e V. O,
Figure X5.9.5

Eq. 5.41: Powerlost = 3.68(9.81)38.3 « 1383 kW <«
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533 A gu the constricted pipe of Fig. P5.33 friction loss

,f . etween Azand B is negligible while between B and C it
is 0.15(Vy*/2g). Given h = 750 mm, d, = dc = 250
mm, dy = 100 mm. Find the pressure heads ai A and
C if the liquid is flowing through the rircular pipe from
Ato C at the rate of 280 L/s.

SI

= QIA, = (028 m¥s)/(r0.125) =.5.70 m/s = ¥,
¥, = Q/A, = 0.28/(r0.05%) = 35.7 w/s;
Pyly = 0750 m (= h, given)
Vi12g = V2Pg = 5.70%(2x9.81) = 1.658 m;
/é Eq. 5.7 fromA4 o B: p,/y + 0 + F/i[zg =-p§[y+O+V§[2g
Py + 0+ 1658 = 0750 + 0 + 648 ; p,fy =€39m <
Eq. 5.28 from B1o C: pyly + 0 + V3f2g - 0.15V22g = poly + 0 + Vol2g
0.750 + (1 - 0.15)64.8 = p.Jy + 1.658 ; pcly =542m <

Figure P5.33

5.34 In Fig. P5.34 assume the tube flows full. At B, the diameter of the tube is
3 in and the diameter of the water jet discharging into the airis 4.5 in. (a)
If all friction losses are negligible, what are the velocity and the pressure
head at B if h = 10 fi. (b) What is the rate of discharge in cfs? And what
would it be if the ube were cut off a1 BY
BG

(a) Eq. 5.7, from water suface to C: 0 + 10 +0=0+0+ Virg:

Ving =10 fi . | Figure P5.34
W ' Eq. 5.7, from B o C: pyly + 0 + (453)'10 =0« 0 + 105

pyly =101 - 5.06) = -40.6 & <
Vipg = (453110 = 506 V, = V202D506 = 511 fps <
B Q=AY = (#/4)3/1257.1 = 2.80 cfs 4
If tube were cut off at B, V:/Zg =10 ft; Vp=2541ps; Q = (T)0257254 = 1.246 cfs %

5.35 Referring to Fig. P5.34, assume the rube flows full and all friction losses
are negligible. The diameter at B is 60 mm and the diameter of the jet
discharging into the air is 80 mm. If h = 5 m, what is the flow rate?
What is the pressure head at B? What would be the flow rate if the tube
were cut off at B?

s
Eq. 5.7, from water sufacc to C: 0 + S+0=0+0+ Vaf2g o |
ngzg =5m: Vc = \/2(9.81)5 = 590 m/s ’ Figure P5.34
@ 0 = AV, = n(0.0479.90 = 0.0498 mds = 498 Ljs <

v, = 9.90(8/6)" = 17.61 m/s; Vipg = 1580 m
Eq. 5.7 from B to C: pyly + 0+ Vif2g = pely + 0 + Viltg
pyly +0 + 1580 =0 +0 + 5; pyly = -1080m <
If the tube were cut off at B: V:/zg =5m; V, =95 ms
Q = Ay, = TO.039.90 = 0.0280 m’s = 280 L5 < g
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5.36 In Fig. PS.36 friction losses in the pipe below pump P are 1.8V 12g with the :
barometer pressure at 12.50 psia. The liquid in the suciion pipe has a velocity
of 7 fps. What would be the maximum allowable value of z if the liquid were
(a) water at 70°F; () gasoline at a vapor pressure of 9 psia with a spedific
weight of 47 b/’ 7
BG ‘ :
From Eq, 5.28 (using absolute pressure heads) from 4 to B, where, to prevent
cavitation, py = P = P,: 7o "?3 \
E’SM+O¢O=144£! 1 (lS)'ﬁ

+ + +
Y Y Toux 2(322)  2(322)

=12 .21
from which z_, = (12.50 - ;glwr - 213
(@) Table A.1 for water at 70°F: y = 62.30 pef, p, = 0.363 psiz from which z_ =239 ft <
(b) For gasoline (y = 47 pef, p, = 9 psis, given) :

Figure P5.36
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? - |28 Psf
V= 78ps

!

Scanned by CamScanner



