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5119 The wrbine shown in Fig, P3.119 develops 2500 kW

e - Py Pz
when the water flowrate is 20 m"/s. The head loss across the wr- i L&
bine from (1) w (2) is negligible, but the head loss for the entire [ G y ]
flow is 2.5 m. (a) Determine the pressure difference, p, — p,. 2 2im a | Turkine [y 2 M
across the wrbine. (b) Determing the elevation h. S

.fl'll () Fm{ial

M FIGQURE P5119

(a) The energy equation across the turbine is
A R S
Thes
-ifr" +ﬁ5 = % or -&
A-fo=—h , where h =45

Hence,
P = f}'(r@
(Mote: W, <0 becavse a fw'bme remove.s EWJW from the tlvid.)
(&) Alse, frnm () fo (1)
z;;;""f.i 1; "r"hr 'J-'.LJ_.F %4&*% .I'.lf'.-#ﬁ“ﬂ ’%ﬁff"a Z.;.t-'-'ﬂ Ia&..g?

= ;z_-:xm’-i'f = J25 kPy

—Rnnxm
20 m’ )

Z,=h
Thos . and Z;
h*l‘? '/& = 2;:# or
h= ”'*5&“ ~h; )

/ _wf = 4,372 =2.5m
Alse, I, g, (Ifzn}} T, ;i_i_* , and
A _'-\‘-_£ _ 25080 L2
R (itsx.*n’%)fu.:}fj

Therefore, from Eq.(1)

h= ;ﬁ%—i +2.5m=(-12.76m) =123m

==/2.74m
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5,124 The velocity profile in a wrbulent pipe
flow may be approximated with the expression

e (57

w, | R
where & = local velocity in the axial direction,
u, = centerline velocity in the axial direction,
R = pipe inncr radivs from pipe axis, r =
local radius from pipe axis, and n = constant,
Determine the kinetic energy coefficient, a, for:
(a)n=75b)n=6:(c)n =T (dn =5 (e
n=9%(0n =10

For the aé‘fheﬁc energy c‘aca‘?;':-fénfw' we pde qr.fn: £g. FR& Mus,
f I,auz'ﬁ"r'ﬁr ,Efy‘r/-f_)#érl} 25".:/( K)(Rrjd"/{) ()

],ﬁ”d et I-I H -l'.-l!
2.

For +he amrayq-_ uﬁfﬂwty r:‘.-t we may use £g.5.7. Thus,

Y R Y TR

AR
To facilitate The imkgrations we make The subshbution
A== f (=)
A
nadie H%’r‘} ()
and £&g.2 becames
— 6 AL 2;13 {5_,.’
- - A g1dd = U,
‘T m'ffﬂ (P Crai ) (2mte)
Ml-ﬁi:ly Ef.’. 1")3 &@§ ?Ehd 5 e d‘b“h-‘;ﬂ ) 7
- -2 fﬁaff_ﬂjag =/ 2n ][r'mu(:nn:? /6)
] " 2nt
/!;?-a‘-r)flnﬁ} #RI(3427) "
(d) For n=5) E§.6 yields
« = / a(8)" f’frr,:{:"z)rs,wj'.) "
r.?f‘ﬁ)fjrzﬁ)_? ?55) J) =
{d) Far B= F
&= 05
@) e 1= 9 Ff) Rrnzio
B = 1.0 & =103
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529 A 10-mm diameter jet of water is deflected by
A homogeneous rectangular block (15 mm by 200 mm by

100 mm) (hat weighs 6 N as shown in Vides V5.4 and Fig.
FFEF Determine the minimum veleme Howrate needed 1o
tip the block.

From the free ﬁ'ﬁd'y drfﬂ'qfdm
of the block when if is ready

fo tip ZM, =0, or Vi
Rx fh = W,fpr where f?x is " m|-—-'_'\' rfH— T’
the fore that the water puts £ | )
on the block. ﬂ _ I| Jl_x
?;m; Wha _ o (%%m) = 0,90\ h=0 control surface

X s, 0.050m '

For the control volume shown fhe X-companent of the momentym
equation

fupﬁ-r?dﬁ =5 Fx.
(7

bEEEmE:
VetWA =-Re or V=15
Ths,

N
V, =]/ - =339
" V(%99 55) Flo.om) :

Henee, .
4
Q =A V= Floom) (2.39%) = 2 44x15" L

l

QE"'_"L'
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532 Determing the magnitede and direction of the anchoring
force needed o hold the horizontal elbow and nozzie combina-
tion shown in Fig. P5.32 in place. Aimospheric pressure is 100

BFIGURE P5.32

The control velume shown s Phe sketch abeve s wused . Applicafion
of the y divection component of fhe linear Momenium egquation
yields

&

Application of the X direction linear momentum €quafion lcads

=9

v .
—U‘FF-‘-IA‘ - u“ﬁ'u,ﬁ‘ = PA - R*+ EA,

From the conservabion of mass €fuafion
mo= PUA = ;‘”‘:4:.

Thus
E

X
g - B)ED)T, ?::_3 fesy+om=2fz)
+ {100 #fe ) W(ﬁwmmg ({ﬂ‘ﬂ? M

¥ {’m r*w) n.i&

) & H]
= pu T8 b T 4 0)A
= PR, (’“a"“}}*ﬁ‘q‘efﬂﬂz f'“';‘ﬁ'}* F“)*fi 10,
z

ar

and
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5.24 A converging elbow (see Fig. P5.34)
turns water through an angle of 135" in a vertical
plane. The flow cross section diameter is 400 mm
at the elbow inlet, section (1), and 200 mm at the
elbow outlet, section (2). The slbow How passips
volume is 0.2 m" between sections (1) and (2).
The water volume flowrate is 0.4 m'/s and the
elbow inlet and outlet pressures are 150 kPa and
90 kPa. The elbow mass is 12 kg. Calculate the
horzontal (x direction) and vertical (z direction)
anchoring forces required to hold the elbow in
pluce.

A control wiume thal confains fhe cloow and the wafer witha the
eloav befween sections (i) and(2) Gs shown in the skefch abose s
used. Application of the kan"ganﬁl' or X divechon componenil of fhe
ftnear mementum epation yields

- - o A N ¢
U pu A, - Veosds syl = pa L T ERA @S

o

Frim censervafion of mgss

.—-fﬂ_‘}" Ifﬁ;ﬁz';ﬂa ﬁ';l
Thus
E o= ﬂ;? - f‘-'?ﬂ;d".'i' + pAtpA @sts’, ‘pl'? +fmfffp?ﬂf,r=’&wﬂ
# ﬁfﬁﬁfn rll WFWME'."] (
J jll ﬂ"#m) ﬁNM) '{?
G 7 .
+ E(W_mﬂ"}‘) (150 #Pa )(500 mpm ) +(70 ke ) (200 ) mwsj
Fod

F = 25700 N

A x

4

Appiication of The verkical or 2 diretfisn Companent of The lacar
MEAMEn fum  equation [Cads /o

~V, sin ¥ ALA = pA sinds " fJ; -W oW

- e
which when combined with £ gives
ﬁ_.-! = .i""ﬂ Emﬁ-.hf.-!l:u‘ﬁ‘ W W ﬂgmﬁffr gTP ﬂl”*ﬁ i
A, rg ¥
(con't )
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£.34 | (con't)

Jz s{mﬁ'}ﬁ\‘h) Sin ¥ f@: h;ﬁ}, rﬁmm__;,*.ﬁ'

yﬁwz ‘F(?m---;]
..fﬁ?"ﬂ ?n")ﬁ?zmm ) rﬁ?ﬁ“”/{ﬂf )
ol
= ¥90 N
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S48 ‘Water flows from a two-dimensional open channel and is
diwerted by an inclined plate as illustrated in Fig. P5.48. When
the velocity at section (1) is 10 ft,/s, whut horizontal force (per
unit width) is required o hold the plate in position? AL section
{1} the pressare distribution is hydrostatic, and the fluid acts as a
fres jot at section (2). Neglect friction.

m FIGURE P5.4%

A wntrl yolume that conbins most ok e plake ancl the
water Leing turned by the plate as  shown n the skekh akove
15 used, Application of +he hovigentmy - direchio
of e lineary womentum equation yields

VRV A+ Vsinze o A = -F 4 L ¥ h A (1Y
Frem conservabion of mass we -:H'mn
V, = A V l" v,

N component

R
Thus Eq‘l bewt forv unit width
“'-’1{”1.+ "h’.)sm?.b rh --F +J-IL

ar

Fyy %:"wi". + V) ¢h, - ( ';‘;""-) Sin20 thy

Thth

G GRS
R R (e

T
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556 Water is added to the tank shown in Fig. P5.56 through a
vertical pipe 10 maintain a constant (water) level. The tank is
placed on a horizontal plane which has a frictionless surface.
Determine the horizonial force, F, required to hold the wnk sa-
tonary. Meglect all losses. 1250 mm?

Frclionlsis
surface

, m FIGURE P5.5§
Applying the x-direchon componest of the linear momentum equation
o the condents of the onbral velume skefehad abive we get

U.PV, PI., - U;P'Hlﬁ,_ = F )

Using Beroulli's equation 4v describe +he frickonless flow
from  the comshant water surface leve| o the flow me'm] at
stations (1) and (2% we ocbhain

V. = ]‘ZSI\?_ (2)

\,.FI =\/2gh, (3
th:niﬂﬁ Ex‘s. 1,2 and 3 we get

dond

F = 29h,pA - 290y A,

or

F = ‘2(4,11 %}(Sﬂ‘%;-) (am)(e15 m:"}' (1 mY(1250me)
(lam n;_rﬂ') (1000 me )a.

Andh

Ll
]
o
=

E-c8




ﬂ_! Section (2)

5.012| Water is to be moved from one large
reservoir to another at a higher elevation as in- B-in.<inside
dicated in Fig. P5.12), The loss in available en- diameter pipe
ergy associated with 2.5 ft*/s being pumped from
sections (1) to (2) is 617 /2 where ¥ is the av-
erage velocity of water in the B-in.-inzside diam-
eter piping involved, Determine the amount of
shaft power required.

FIGURE P5.120

v the flow from sechlon (1) fo Section(2) Eg. 5.82 leads

fo
W - / . v’
oy < 2300200 - pafsscnre 9Z 0
Hﬂ" L]
P the volume Flowvate we obfam
- a 2.5
g e )
7 e fee
& J‘E‘ﬁr)
Thus , from €. /
Y = # 5"':"'5 £ £ £
Wﬂ‘& (19 H{ (z )/?32 2 )ﬁm 1)
med in
+ (;5;)(?;.52 £*) s
oy _;3;;! :F-‘ a".#
o
. = 2%h
W = =L
et ik
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5133 Water is t be pumped from the large 1ank shown in Fig. Nozale ases = 0.01 m?

P3.123 with an exit velocity of 6 m/s. [t was determined that the Pipe ama = 0.02 m?
original pump (pump 1) that supplies 1 kW of power to the wa- WLl —— Fump "’—&I_Wl

ter did not produce the desired velocity, Hence, it is proposed ) Lt il

that an additicna] pump (pump 2} be installed as indicated to in- 2 mﬂ' 0
crease the flowrate 1o the desired value. How much power must e

pump 1 add to the water? The head loss for this flow is T w

by = 2500, where hy is in m when @ is in m*/s,

VW g W2
%*Er *;ﬁ "’J?p h = %+zl+ij_‘

BFIGURE P5.123

where

£ :fz""ﬂ,, y =0, =, =0, E172m.

Thus, s

hy=h+Z. :zj; | where Ve=8mss so that @ =AY =0 0im™ (6M/5)

=0.06m¥s
Note: hp = houmi1 + Foumps

Thus, with b, = 250Q*=250/(o. 06) = 0.90m +# follows that

_ (6mss)®
.l'.lp = 0.90m+2m+ W = 4£73m
so Hhat
Wj; =@h, sfﬁsax;a’-ﬁ)mﬂ%’){ﬁﬂm} z 2.78x]0" M2 = 2 70 kw
Theretore,

Wp = Wpsmp s + Woompa. =278 0, with Wpmy, = | ¥

Hence,
Womps = 278 kW = 1K = 1,78 kW
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526 ‘Water flows through a horizonel, 180° pipe bend & is il- ;
lustrated in Fig. P5.28. The flow cross section aren is constant At —l'-[ -
a value of Y000 mm?. The flow velocity everywhere in the bend is

15 my/s. The pressures at the enirance and exitof the bend are 210
and 165 kPa, respectively. Calculaie the horizontal (x and ¥) com-
porents of the unchoring force needed to hold the bend in place.  f

Ay

£ 1?
) FIGURE P5138
T-"'?i: ana{y.r.r'.r s Semilgr fo the one of EX#”W& S,
A "r:’iﬁf, nm-ﬂi" ng Condro) Wiwme That fonfarng The ke

wilhin the elédw befween Sechans (7 )and(2)at am instont s used The
J"!"Wf_rpnfa'..l" forees Mﬂhy an The  comfents of fhe confrel volume o
the X and y dibechons are shown  Agglication of the X.dirteisn
component  of fhe lncar rvementim Speation (5g £ 22) lads

fxzd

Appﬁmﬁon af e )f—ﬂ'rrd"cﬁbn compancni of He lacar smemenfion
agieafian  yelds
VIRV A S Gp A, = RA-BepA

or

E:Y iﬂdﬂﬂ(ﬁ*ﬁ)fﬁ’q: "ﬂ‘z

s
R, = ﬁf? if)ﬁmm‘)(;s?)ﬂ;?*ﬁ? g .y_)* 10 AA) 00 m)

a
oz v/ )
me L foee N
4+ es £P1 ) 9000 mor*) 2l

(1900 n-_-)/ J )
m LN oeo N
LT ]

,a;. 7420 N
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531 Water flows through the 20° reducing bend shown in Fig.
P53 at a rate of 0,025 m*/s. The flow is frictionless, gravim-
vonil effects are negligible, and the pressure ar section (1) s
150 kPa. Determine the x and v components of force reguired bo
hald the bend in place.

BFIGURE P5.31

For the cantrol velums shown the P Vi 7 y L,
x - component of the momentim equatian is filt — g V
(2)

J’Hflﬁﬁa‘ﬁ =Z.5}, or oo R, ol
]"":F{"'":m.- (] cmzﬂ'JFﬁﬁz = Ex "'ﬁ‘;ﬁ:- 'f,ﬁs_:aﬂﬂa

or o
O 'ﬂzf?a.apsza"-—ﬁﬂ, oY, cas20°-Vi) 1o, where m =m=miy =@ =pAV
Alse,
V =0/M4= fﬂﬂlﬁ——-}/{-ﬂfﬂfﬂm}‘]"jﬂfr—

nﬂJ
V.= @/A,= (0. us.-r_}/f,ffq,,jﬂx} .

In add/tion, frem the Bernovlli equation,
+4pV* =g, 440" or
ﬁf ; +%{pﬁ; L;‘J =150 kP +4(999 )] (.18 20~ (12.712)*]
= 15oxe* - 75.5%10° KL fo? = 745 ko
Thus, from .Ef ()
Ry = '3'?‘5'””' (’Efﬂhﬂsmzn - IEox|6 - N {—E{‘a 1 m)®)
*[“1 72) cos 20"~ 3./8 ”]r?ﬁgﬁ}{mus,—:) ==-§22 N

Similarly, /n he y-dirgction _(nrp V-AdA =5 fy ,or
-V, sinzn'}FVz =0 Fy sin2?* +R,

ﬂ‘
(2 = -\ sin20°m - p2fs sin20°
3 I -
= -{12.72) sin20” {‘i’??%ﬁ}.['0.925%'-)—?ﬁs;;ﬂr"ﬂ%ﬁf{a,ﬂsm} )sin20

= =/56M
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5.53
V= 15ms5

Asa=1m" “} v, (2.}4—-{"’“ -03m*
"\1_

Water flows as two free jets from the ee attached to
the pipe shown in Fig. P3.33. The exit speed is 15 mfs IT |
viscous effects amd gravity are negligible, determine the x &

md -
y eomponents of the force that the pipe exerts on the lee. [ — E__ E— \ S :.ma)- 0.5 mt
F'Il.E

e V= 15 ms

ise +Hhe contval valume. Shewn.

Foyr the x-component of the forme exerfed by the pipe

on the TFee we wuse Fthe x- wmlpanem‘ of The lmear
Fharde ntuna égmaﬁbh.

VYA +GpY A <A - A p (AR )+ E

*(F+p, VAr (m m)‘; 4.

Jage :
A g
Te g8t V e use conservatiom of mass
&, = Gy + G5

& 'Arb: =ﬁiuz f‘ﬂ;lfj
* FrL Lo
so v = AVt Al . (23 m*)(15™% ) 4 (0.5m™ )15 ™5 ) -12m4

7, s
Jo estimale Prgege WE WSE &rna«fﬁ&mw&n o Flnw betwin (Jandl(z)
Pgase , 1 _ ﬂ“E:
- z ,fo
e = 2[5) (””" ﬁ——w )]](W)
IF“F
- 2
Pyese = #0200,

hlrg'wf Mjrn ﬁ {f} hﬂE 9}5;‘

[z foz i) - Csme Yoz ) -

ﬁtafwﬁ ){,m.‘j + F

er 72 pown= F
7 X

S F:?'Zﬁmhf'{_
X

For fa v fm_pmn-d-ﬁffﬁg foree eren feol éyfﬁt,ﬂ.rftm&kt. we use
_fp’fﬂ"lflhl!!q}‘- Jir' fhs fimt g A Pt e,-ﬂ-mﬂ.l‘cul-, ,{n?a—f
= F,
J.{‘P ; E

f:;m){qwqjﬁ )ﬁ.;,,.) = a’ﬂmauf‘

5-3
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5.52 Air flows into the utmosphere from a nozele and strikes &
venical plae as shown in Fig, P3.52. A horizontal force of 12N p=t
is reguired to hold the plate in place. Detgrmine the reading on Ef;)‘
the pressure gage. Assume the flow to be incompressible wnd
frictionless.

—
L
-
—

fires = 0.01 m?

m FIGURE P5.52

To determine the siadic gaqe pressure at stahen 1) we first
consider the frickomless” and incompressible flow of air from

(i o (2Y. The Bemoull &q'ua.ﬁm for Hais flow s
a C© qage,
Powv /?:I Va (1)
@ z 7

we note Hiat v, m'e:i Ve ave linked by the continuity
( nsenvahon of m-s} equation

Q,=Q, er AV, = AV, e
Cﬂﬂlﬂlﬂmaj Enis ]q.-.d-r. we obhin
A
,_' + ( v’-) 2 (3)
t 2

To dtkwh'fne 'U'?_ we uwse the livear wiomenhin, erauscﬁnﬁ
Hfor Hhe Flow from (2) 403D For Y combel  volume
Sketehed above He linear wiomentums Pv"m:]?lt \j‘lelds

‘.vLQUEAL= -]:E-M

A Gand 2 N
e A, Cx‘h "‘a N.S Xn‘m;mt)

-hqm

apd

V. = 57 m

(ﬂnn'% )

L-E2




8,603 ™

) (5? -) 1__(5 olm?

5]

= 1220 Pa = 187 kPa
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560 A vertical jet of waler leaves 2 nozzle at a spead of 10 m/s

and & diameter of 20 mm. It suspends & plate having a mss of 1.5
kg as indicated in Fig. P5.60. What is the vertical distance b7

FIGURE P5.60 -

7o defermme the verfical distance j we Agoj the VErfical divection

ﬂm;ﬂ‘ﬂ‘ﬂfﬂ‘f af Fhe {mcar  mormEnrum ﬂfﬂﬁﬁ'ﬂn fflff 52Z) fo rhe

warer 11 the control volume. Showwn i the Skefcl above. This,

AT T AR ()
o

Tx‘{f U’Er"f.r'm.r" a"‘eﬂ‘fﬁm icu'rﬂnf 1:‘{ ;f.'ls ﬂfﬂff‘ﬁﬂ ﬁc‘ wafer is
equal in mn;n;fud’e fo the weight of Hhe plate , or

Re =9 Mypte =(9.81 2)(1.5%)= 1.7 N

Also, Yhe weight of He water within #he control volume, og ¥, .,
I auyﬂf;’.&fa ; awnd the mass flowrale is

,,;:F@;f =F,%j,; :(???#J%{ﬂ.asz{m -‘;’-I =3/3 %
T)‘fﬂ_{g Ef-‘ [ becames

=~ I m - 147 N
TN =-km or 3.3 A/
From e Bernowuli Eguation ffg.i 7)  we heve

A LPUHIZ 2 VAP YR, where g -p =0
2,0 , &~
Thus,
1ok tol}” £
or since =09

= 70

L 'Ir *
h=zg (67-0") sy (10470 = 2974
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