./2./

12.1 Water flows through a rotating sprinkler arm as shown
in Fig. P12.1 and Video V12.2. Estimate the minimum water
pressure necessary for an angular velocity of 150 rpm. Is this
a turbine or a pump?

To es-/-,‘w\m‘e. "fAe m;nimunq Wa{cr pressure we ConS}q/er .ﬂt:

Flovv f‘hrauj/\ the sprinkler and into +he atmosphere 4o Le
without any loss of available encrgy.

Je, usmj Bernouwll: s efuaﬁan we 9ef

= v
Bm'n Fz * F-E:" \\
where B =P radial dischon

76 defermine | we vecognize '/Iud’ Ve,

1he  minimur pressure Cmd;/vm 7‘776 Jarfue \\\_;/,/
3’-’*":7 sprinkler rofabon is 3ero.
% / . : rL~———7in.---=—»
7= m ’i%z.‘ l’;\é') =0 | u ‘ 1 .
Since %;’ o : ‘ 0
Fhen -0 B FIGURE P12.1

From The exit (2) v&[ad% fn'myk )
VL = W, cos 720° and W, S P

n

LW
=Y =0,
rey

So 0 = pw (:2-.5_.;73: (7m-) (190 )('D' ) cos 70° - 734 ,c*
Sim 70 (12 n. ) (60 ) St 20" 5
Ther p =P (cz«L )(?97—’5’) ﬁ'”; . 10.g lb
i ot z. (?z 2 [bm fl) atm 2
So g <lo8l 1o albove P o sz

-F > .
The aehnal pves:uwe+ needed -Fm';‘)on'nklen rotation is lovser because sf
ldeses dnd Fimife Fovgue resisting vofation.
Fluid Flow loss 8 v

This is a turbine, the sprinker moves in e same dyrechinn as the Huidtoweon it

ey




12.2

12.2° Water tlows axially up the shaft and out through the two
sprinkler arms as sketched in Fig. P12.1 and as shown in Video
V12.2. With the help of the moment-of-momentum equation ex-
plain why only at a threshold amount of water flow, the sprinkler
arms begin to rotate. What happens when the flowrate increases
above this threshold amount? If the exit nozzle could be varied,
what would happen for a set flowrate above the threshold amount,
when the angle is increased to 90°? Decreased to (0°?

B FIGURE P12.1

; Q \
This sprinkler 1s spmi/av fo The one of 5&4»1)7& 5/8.

71@:,

':-r\/ h
7:;0;* o2

Fyom the veloab froany/e ;Imwn m The ;‘Ae/d; alwe/ |
Wc comelude that | o
| (’\/\/2515170“’...2/’:)
wheve
; ‘U;' = LW
CMb,‘n;n} we 9@*‘ |
7 = —V(Wfln 7o-rw)m {/)
| enoush
Seo, when Wamlm combined |5 /a)ye with co= 0 4o ovavwm.

Qe Py The fPrlnk/Cr rofor begins b ra/m‘a.

W/;em f/dwmk, ancredses ﬁ‘lfﬂer ’w /5 ho /"’767 30)"0
but set ot a u/a/ue Hhat smhshes EZ /

(con't)
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When the no3sle anyle is mereased fran 70°40 90°

. o .
Thart = (We. sin 90" 'Z.C«?> "

o ° p
9 ° K U
» || W
Far 90° 2
Y 90°
T, ~ T . A
shaft Shaft 2,
90° 70° 20
= W
Wz_ 2 o
P° 70
Vi" = M o
»° 70
We qe/'
W, —tw =Wsmh—ruw
900 7 %° 2 2 %540
R, tis o be frue
>
w?o" w7o°

or The 5priﬂl<l€r Spee,,l; Uf wkcn the Vlo;}k a'yle 15 "70"(&5(0!
from T0°H0 90°

When the waz3le angle is decrtased + 0: He e V&/aa‘j ﬁ
%rfavzgle now looks | ke

W
200

U
2 Vrl
00

dnd the shaft forgue associaleod with this Fow opposes
and t’ven'lmallj stops sprinkier rotation.

12-3
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12.3 The rotor shown in Fig. P12.3 rotates clockwise. Assume
that the fluid enters in the radial direction and the relative ve-
locity is tangent to the blades and remains constant across the
entire rotor. Is the device a pump or a turbine? Explain.

BFIGURE Pi12.3

w=w, accwdl;nj fo the problem stafement and l{ >U
]

R >v. Thus a veasovable set of ve/ocify #rr}m7l¢;

J'CLZ

v this  situation looks like

Wi
U Wa,

radial
V, divecfion

AL

By ComPar:'nj the v&loo;?-j «Hianjle; at fhc whey et (1)
and. exit (2) we see that the absslute Vc[ocHy vectoy, V)

has been turned jn 4he diveetiarn of blade modhpn and
Work. has beein done on the fliid. This is a ponp .

12-4
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12.4 At a given radial location, a 15 mpkwind against a
windmill (see Video ¥12.1) results in the upstream (1) and
downstream (2) velocity triangles shown in Fig. P12.4. Sketch
an appropriate blade section at that radial location and deter-
mine the energy transferred per unit mass of fluid.

BFIGURE P12.4

We can defermme  whether the axial Flow %aréa,mJ e
mvelved s a turéime or a fan by comparm | Fhe ;1-6 e
of- the Jift force  om the  rotor é/aa’;er /:ecf{on w;’f:(j‘h:n
divectiom of the blade velocity 1. £ the 1ift fove ond
?‘/76 blade velocity are i, the 522'916 direction a turdsin ’M
/m/o/wc:a/ . Lf the [lift  force and blade ve/acify’ are /'ne' ’
opposite d/}'ecf/onj/, a fan ;s mveolved. The a//Vcéﬁbn of 74
[ift force  can be sferred from Hhe Shape of the mﬁ'rc

blade section sketfcheg To be g ,
~ 4 #h '
and leaving the votor row. ngent b the relative flows erterig

The entfermg telative Floaw ange, 4 | is
> /7 7/

g = Ut 209 gy
; { [ | 5mph ) '
hus, the  vofor blade sechions sketched belns are appropyiak

/2-'5




(2.4 | (con't)

Since the [ift force  Qchng on each roter blade section

s o the same dwechom as the blade Ve/ac/})/ we.
conclude that This Furbormachine /s a Furbine
The energy ansfeyved  por- unit  mass /s the shaft
W.dr,é por unst mass | w shats ? Which We Can defrrme
wi Ei. 1.5 . Thys .

From Jhe  Velocid Y %r/'ﬂny/e.f we. oblam

/ = W shio® — U
o = W, -
and |
= = 2 . 2
W, =W, (/\4 t Y
fT/%/f

Y oy

2 ! Ve \
Yopats = ™ ( 7-0”"’)[ [/ (/5m’y7‘-(20fﬂpﬂi 5In60° — 20mh i’i@ e

2 :/uyﬁj
w = - 7/ 7[{' /‘_6_
512#[71 - _s/uj
oY
W{7—7/ 7['}“'____.1__.-——'="27_fi_£é
Shatf Slug (322 lbm [bm
Slug
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2.5

12.5 Sketch how you would arrange four 3-in.-wide by 12-
~ in.-long thin but rigid strips of sheet metal on a hub to create
a windmill like the one shown in Videu V12.1. Discuss, with
the help of velocity triangles, how you would arrange each blade
on the hub and how you would orient your windmill in the wind.

wind along votation axi Vi
—_— - -

L 4
%

+4

Ja~7
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126 Sketched in Fig. P12.6 are the upstream [section (1)]
and downstream [section (2)] velocity triangles at the arithmetic
mean radius for flow through an axial-flow turbomachine rotor.
The axial component of velocity is 50 ft/s at sections (1) and
(2). (a) Label each velocity vector appropriately. Use V for ab-
solute velocity, W for relative velocity, and U for blade veloc-
ity. (b) Are you dealing with a turbine or a fan? (c¢) Calculate
the work per unit mass involved. (d) Sketch a reasonable blade
section. Do you think the actual blade exit angle will need to
be less or greater than 15°? Why?

(a) See figure above. |
(b) T=m(r:Voz-r, Ver) = 17 Finean (Vs - Ve )

15 Axial
o° “direction
Uz” U

FIGUrRE P.12.6¢

where Vo;>0 and V1 <0 (see figure above)

Thus, T>0. The machine is a f_q__;;)‘_.

(©) WE/MH = UZ‘, VGZ - Ul VGI = U(ng - Ve,) wheres U’U;:UZ

Since Vi =Vy, =504t , it follows
from ihe figure 1hat :
V) cosi5® =50 g

or = 51.9 &

and
Vz. CO:30'k= 50# or 1/2. = 577 éﬁ
so That

Vor =V, sin/5°==51.% sin/s°=~13.4 &
and

Voz=V, sin30°= 22.9
Also, U=Voltlez|=42.2 &

Vicosis®

2
Hence, uryp =228 (2088 - (134 #)) = 1780 %

(d)From the figure fanB= gw ,or O=48 °

LYo
T/)LZS‘J the blade s/yape /s as Shown:
@ F)5°
» ' &
4o A0 [ con't ) wesogt 3

/2-8
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(eon't)

The acthal blade angle will need % be kss Yhan /5’
# achieve a /5° f/aw m:?/e. al~ The LA,/,, ex, 7.

526@«:9, of éwm{ar} layer develspment on Aﬂ% :ur;ﬁcg; of
The Uode/ the Flujd angle will be diffevent /mm 74e

blade awyle . Less ﬁ«mm"j; Than expecled will ke 4cfia{/)

Achieved.
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12;7  Shown in Fig. P12.7 is a toy *‘helicopter’”’ powered
by air escaping from a balloon. The air from the balloon flows
radially through each of the three propeller blades and out small
nozzles at the tips of the blades. The nozzles (along with the
rotating propeller blades) are tilted at a small angle as indicated.
Sketch the velocity triangle (i.e., blade, absolute, and relative
velocities) for the flow from the nozzles. Explain why this toy
tends to move upward. Is this a turbine? Pump?

® FIGURE P12.7

If we qgssume the he//'copfer‘ is stationary, then Jhe blade speed
s wR inthe horizonial plane as shown in the side yiew below. The
relative velocily, W, /s directed along the nozzle, and the apsolvfe
velocity, V=W+D, s as indicated.

The. “/'Oy feads o move vpward be cayse. Fhe Flow over e
blades Push vp On Fher,. Tha air From The ba loon fovces //IC
blacdles fo rofate [ike 4 turbipe . However, The blages qct

6n The ambieat Giv as « /um/n.

/12-]0
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128 A centrifugal water pump having an impeller diameter
of 0.5 m operates at 900 rpm. The water enters the pump parallel
to the pump shaft. If the exit blade angle, S3,, (see Fig. 12.8) is
25°, determine the shaft power requlred to turn the impeller
- _when the flow through the pump is 0.16 m?/s. The uniform
)blﬁde helght is 50 mm.

= 7, ZTN
M‘m{* = Z;o/’} Jl’:ai[f
Tshats = /(17 G Yoz —F //9/) (EZ. /2.10 )
wita vp, =o —
! shett :/049/:3. Y. o)
From ,z:;j 2. 8¢ D VBg
Cot
@7 T
, Th
So at Vo = o, 1//_2 Coz‘/gz (z)
rad
/:DV /”2,: e’SZM = 0.2, Wity 44)-'-"(700 m'”)&” Fev = 742 /_;_fg
Lo =
7%6’/’1 ( _ omlr)
i = (0.25m)(7%2 ’,’gﬁ’)_- 23 L _g_?a
Since The Flowrate 15 given 't Lo llows That
O= zri; & 1,
3
or [0 )
V/:.Z = 49 - /é 2‘0‘931)!_1

2l b, (217)(0.26m) (0.05,m )

Thus, Frem Ez.(2)

Vo, = (23.0— 2.0¢ Cot 25°) 21 = 192

and  From ETZ‘ (/)

7—5'}74/£ = /777 ffa )(0 /é%’”g)(azém)[/iz %—"'): 7é§? N.M
‘ / |
S0 ' 68 N.m) (2T rad oo W’V) - \TaopAW
J M{s"lpq £ [7 ) ( re,l/ rin (g 0.5 ) (/aoo Nrm po—
Min ‘k
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2.9 Discuss the differences between a centrifugal pump
and a positive displacement pump (see Video V12.3 for an ex-
ample of a positive displacement pump impeller that looks like
a centrifugal pump impelier).

B )4 Cﬁenﬁ;ﬁr‘yq/ pump /;r)pe//e»—-‘ /&(Jﬁe s 474,},;,( )"/re
forces developed 97 a Fluid ff/owf?f over its we Heo/
- Surfaces and in So da/r{y moves Huid 7‘4)«4}4 o

o ' v u |
A positive displacement purmp Fraps "or caﬂié«re.: ?
o Ewlume of Fluid and moves The enbhie volume
fowm one [location Yo  aro ther. ‘

12-12
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12.10 A centrifugal pump impeller is rotating at 1200 rpm in
the direction shown in Fig. P12.10. The flow enters parallel to
the axis of rotation and leaves at an angle of 30° to the radial
direction. The absolute exit velocity, V,, is 90 ft/s. (a) Draw’
the velocity triangle for the impeller exit flow. (b) Estimate the |
torque necessary to turn the impeller if the fluid is water. What .
will the impeller rotation speed become if the shaft breaks? ™

® FIGURE P12.10

(a) The e{u.'t Ho o velocity ﬁ’[ﬂny/e Can be Construcled
7/‘@;9/11@//? 4S  (ndicated below,

(200 —,%; XZV'%

: , 62.8 £
win Ty e Por) =0 s
From The velocity fnh;/&

" . Up- Ve
an —
ﬁz y}*z
Since Vo, = V3 Sih 30°  ana Ve, = 3 Cos 30° /L follows
Thet A L
= a
& g V, es30°
i (627 & (30 )51 30° .
= L oS $ = /2.9

( 90 £F) Cos 70°

(Coﬂ /Z'L)

/2-13




2.0 (cah'i)

Thus from The Velocity triangle o
W - Viz - V-;— ‘C@S 300: &7 fs") @550b
“ Cos \/2,?’ (os 12.7° Cos 12.9°

— £
- 570.0 —:-S-'

W”Lh /{72_ an d W km»um/ The Ve }Dc:“fy fVMMg/e 5
C’—'&m/o/efa/y Jpe cified.
(5) From Ez /2,9  with Vé/ =0
7—;/1‘4{- T mk Vo2 (1

Since .
= /0 2771 !}2 V/‘z_ andfﬁwabr-fmuékl.Su 1.94 5.

5
| £+

=(1-9# %:)(27/‘)(&5‘#) £ ft)/?oéé— Cos 30°

= 294 3lugs
s

So That ’/:l’&m EZ'[/)
Tshatt = (256 ilis‘ﬁ-s) (0.5)(% ) 51 30°
= 89/ FEt-1b

A pesitie forgue 5 i The sqme divectron as The whiton

wWher the Shat? breaks, the ﬁrgﬂe becomes gerp and The
impeller evenhaall, 5'/0,0;’ because  fhere is o longer a
d,y,‘\/;hj 7‘0)’?&08 +o force /4 /> yotate . Thn A purnf, the
Shatt {oriuc drives e )fmpe//er- and the /.mpc,//er rpve s

flusd. On the other }mnaf} o rbine
P4

. . f;' - F/ I3
drn/e; fhg lmpe//ﬁr‘. e mw).nj Tha)e/

J2-14




12.11

12.11 Discuss the main simplifying assumptions associated
with Eq. 12.13 and explain why actual head rise is always less

; than ideal head rise. Discuss how ideal head rise is head “added”

* 1o the fluid and actual head rise is head “gained” by the fluid. -
Can Eq. 12.13 be used for a turbine? Explain in terms of ac-
tual and ideal changes in head.

£g.12:13 js 0btamed assumung That no loss of dva’lable
enorgy occurs i The Flow 7’“/)?(/7:74 1se Plump /,}:pe//er.
The achia) head rise across The pump is Thus ezaa/

o The deal head rise across The purp m/;u/.f 7%6

/05.: 074 dvﬂ//aé/e enerjy sa//areol é} ﬂze 7[/011//4/ //(4,'9/
becawse of Frichsr . The blades add Pe jdeal hesd

Vise dmount o 7he 7{/owzl:7 f?u,';// 4owev&r/ e //W'D/

f/ﬂw /oss results /22 ch achral /lCaa’ rice }'ea/)?cé{ 47
e //aw'zg Fluid being K55 than tne [deal

4 mount 4y e loss.

Eg. 1213 may ako be used for flav across & furbine roty, however
The cAange vn head will wnow be neya,éw or th other wWords
+he f!awc’nj fluid head will drep acress the roder. Farther,
this head drop across the hurbine roter is the ideal
ameunt , or The amount in The absence of any loss of
Gvai lable 0ne~:7] suffered é/ the flowing fluid because of
V/'SC'osib. The achril head c,/ro)o is lavger than the

/deal head clrv;o e diffevence, due to [osses.

12-/5
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12.12 A centrifugal radial water pump has the dimensions 0=0.25ft%/s
shown in Fig. P12.1%.The volume rate of flow is 0.25 fi3/s,
and the absolute inlet velocity is directed radially outward. The
angular velocity of the impeller is 960 rpm. The exit velocity
as seen from a coordinate system attached to the impeller can
be assumed to be tangent to the vane at its trailing edge.

Calculate the power required to drive the pump.

N

0.75 in.—|

I

From Z:j_ /2.11 417 Vs,zo/ B FIGURE P12.1Z
/ / = /
Wopege = PPY Vo, a)

Sha

To determuse U, we wuse

- 15 n. rev #t
V= L& 12 M/ )(%”mq )(Z m/)(éo ) 6.l 3
75 oé'/;qm Vo, we use The exct Velouty tviansle Shown below.

A —

Ve
Since Vo,= Uy — V., +an 35° .
3 nx
and V = 9_, = —-—Q— = (0.25-%[; )ﬁ"‘#:&{-z = /37{?{
27 A, Whb, (amy s5m)(075m,) u

1t Sellows That
Voo = (%1 =137 tan 359) & = 45| 22

Thus —7rem Fg. (/)

| WJh Ft (7* )/” 25 hﬁ) w1 2 ) (151 £)

= loio Ftb
S

o £E b |
g /olo "=~
Wittt = pmyren =~ LUEAP
S-h
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12.13 Water is pumped with a centrifugal pump, and meas-
urements made on the pump indicate that for a flowrate of 240
gpm the required input power is 6 hp. For a pump efficiency of
62%, what is the actual head rise of the water being pumped?

From Eg /2.23  The pamp er‘cﬁc.len.a} 5 71¢/;3u by T

e uatiwn Y@ ha/550
> 7 - bhp
o That
e T (%)Cbhp 550D

%& - h a,@
(0.62)(Chp)( 2% f‘éz/i )

(¢2.4 ﬁ;)[ (240 %%L)/(Z'fe )60, )]
s

i

I

/217
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12,14 The performance characteristics of a certain centrif-
ugal pump are determined from an experimental setup similar
to that shown in Fig. 12.10. When the flowrate of a liquid (SG
= (.9) through the pump is 120 gpm, the pressure gage at (1)
indicates a vacuum of 95 mm of mercury and the pressure gage
at (2) indicates a pressure of 80 kPa. The diameter of the pipe
at the inlet is 110 mm and at the exit it is 55 mm. If °
7 — z; = 0.5 m, what is the actual head rise across the pump?
Explain how you would estimate the pump motor power re-
quirement.

From £3.12.19

b _ VJ_L" Vll [/)
%4_ = _7(3’;:./:' + Z,-2, t =g y
Since y @ _ (1205pm )(£.300x10 5—(-;3-;;;"5 B
= i = s
r = (o0.116m)

and

l/‘//q-"—"—}é__/l':,
v =y //afmm) (07?7__)(2 = 3194

SEmm
Thus, From Eg. (U> w17 f? —(% (3/{?) = - (o 0‘75m)(/331(10->

and £, = 5’0)(/0 /V//m )

Y, 2 |
Soxi0 X s 4 (0,095 133x 0P 2, (319%)"- (p107%)"
%4’ = YWY + 0.5m +
(0.9(7.80 x 1o );;3 2 Cq,e(.é"cg)

VAa_ = /.5m

To eshmak. Vhe pump  motor  power reg urverent use 53./2.23
s v & /la
LhP (550)

P get
éép = 7 Q,ha_
7/5‘5’0)

G, d)/ﬁrrlfby Ve by es 0/7, a cmcxpmdf;:»} bhp can be Calenlate,

12~ /8
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12.15 The performance characteristics of a certain centrif-
ugal pump having a 9-in.-diameter impeller and operating at
1750 rpm are determined using an experimental setup similar
to that shown in Fig. 12.10. The following data were obtained
during a series of tests in which z, — z, = 0, V, = V,, and the
fluid was water.

Qem |20 |40 l60 |80 |00 [120 |140
pr— i (ps) 402 |40 [38.1 |362 | 335 | 301 | 2538
Power input (hp)| 1581 2271 2.67] 295 3191 349 400

Based on these data, show or plot how the actual head rise, h,,
and the pump efficiency, 7, vary with the flowrate. What is the
design flowrate for this pump?

F;(‘pm EZ. /2:17‘ ‘dlﬁ ‘5‘:7';]_ anad l//z)/y_
fo= Bt
&

for The First set of data 17 The éqk/ek

———

hus,
/. - (#0.2 . ) (0420 ) _ N
b2 4 &
. Jr3
From E£q. /2.23
” Z - a’@%.@/;;o
7 N Johp
and foy the Ffirst Set of data 1n The table

_ (244, )[tzogom)/7.98 2 )02, )] (a2 842

£4. 0
(.58 hp )( 550 ;f;;f;’

= 0. 297
7[' =

/?emﬂ/fim'7 values for hy and Y

7

or

249.7°%

Can be ea./c:w/m/-ed H a 5/)}1/./%/

Mmanner and afl values ave Habulaled 17 Tue Hable belww .
o [jffm) Zo Yo 6o 30 | Jeo /20 /40
o (Fr) | 723 | 725 | 19 | 835 | 773 | s | 45
7] (7,) ‘ 29.7 wal 499 | 575 | 6.3 Co¥v | 524
(cont)
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/1215 | (eon't )

A p/oé of The data [s shown below The

design
Howvate occurs at peak efvc/k/éan and s /072

L.

S ——

5
£fhiciency 7, %

F/aumée/ ®, gpm
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12.1¢6 It is sometimes useful to have h, — Q pump per-
formance curves expressed in the form of an equation. Fit the
h, - Q data given in Problem 12.§5to an equation of the form
h, = h, — kQ? and compare the values of h, determined from
the equation with the experimentally determined values. (Hint:
Plot h, versus Q2 and use the method of least squares to fit the
data to the equation.)

Basea on The data From Problem 12.15 , The Following table
Can be Crebed and Flrm a S%Ma/wa’/ ihear régression
Curve A’#//éj; Pregrem The tollowiny vesults qre oObtamed .

@ [f/o/m) 20 | 4o bo So /oo /120 /%0
[@(ﬁ/,»m)]‘ 4 x10®| 16110 x| c#x10*| sooxv* | fww xi0%| [96x 10"

K, ) | 2.8 | 72.5| 579 | s35 | 723 | 415 | 5Fs
4'/{4,[%)* —l.oo | 0.8/ | —027| 0.26 | 037 | 0.33 |—0.52

*A %4_ = %4_ ( €x,oer}mm~éJ ) - 424, (Pfedt‘.r,:‘-ed)

7743 ejawfm}y Oé'édmég/ Hom  The datn “5/':’.7 //h@ﬂ" regvession (5

%ﬁf T4 5 — d.00176 61'21 (1)

Wheve 'ﬁ¢ 65 15 PE Wit @ 1a gpm. y/s plot showins
The Comparison between The t’x,Dew}nméz/ dete gnd Thre
,Dfez/zé%e/ vesults (Frepy 4:'5./) /5 Shown below.

loo = g

o 2o o &o &o 100 r2e e -

Flowrate, @) P
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12,17 In Example 12.3, how will the maximum height, z,, that
the pump can be located above the water surface change if the
water temperature is decreased to 40 °F?

p—— . e .
From Table B.| #r % F watey, vapoy pressuve /s 0.1217psia
— ¢ 3 =°
and & = €293 /5/7‘%- hus witn This Change 1 55'[‘”
/
in Example /2.3 |
‘ 16 s %
- (19 3, )19y 227)

s N ‘(“w;

= To.» "
( Z //mw R - fo.2ft
£2.%43 F13
. /6 1.>
[0.1217 ln.*).(f“‘f%:';» .y
62.43 L,
So ‘ﬂg‘{ k

D ———

ﬂﬂf, There 13 én ierease 4, ﬁezéjﬂf A pm 7.éJ"7C£ to 843 #
with decreace in waler fempamr-ﬁwc fom S0°F 4o Y0°F .

(Z) ey = E2 12

/12- 22
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12./8 A centrifugal pump with a 7-in.-diameter impeller
has the performance characteristics shown in Fig. 12.12. The
pump is used to pump water at 100 °F, and the pump inlet is
located 12 ft above the open water surface. When the flowrate
is 200 gpm the head loss between the water surface and the
pump inlet is 6 ft of water. Would you expect cavitation in the
pump to be a problem? Assume standard atmospheric pressure.
Explain how you arrived at your answer.

Fmpm E'_Z /2.2y

= fatm - S — ¢V (/)

From Tabfe B.[ Tne wadey va por pressyve b [o0°F 15 O.9493 psia
- /.b ‘s by . . - )
and &= 62.00 s 7hus, wiTh ﬁm‘m /.7 psia, Z—,-/Z#zf/ and
Z%L'-' EFE, Ep. . grelds
V%7128, ) (g t2” )
ln.?

_ F-
NPsH, = — 12 £ — (£
200 /&
#t3 : ¢
/ .
_ (oree3 = ) (e it
b2, 00 —_}%3

= /39 ff

From Fig /2.)2 at 200 Gpm
NPsH, =~ /2 #

For proper  pupp  operation
VPsH, 2 NPSHe

Jince Tnis 15 true 1a This case , e expect THal cay,tation
1 The  pump would nit Le a  problem. No .
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12. 149 Water at 40 °C is pumped from an open tank through T =t

200 m of 50-mm-diameter smooth horizontal pipe as shown in
- Fig. P12.19 and discharges into the atmosphere with a velocity J_ Dlameter 50 mm 2)

of 3 m/s. Minor losses are negligible. (a) If the efficiency of = T

the pump is 70%, how much power is being supplied to the PUM__\ Length 200 m (\&

pump" (b) What is the NPSH,, at the pump inlet? Neglect losses B FIGURE P12.19

in the short section of pipe connecting the pump to the tank.

Assume standard atmospheric pressure.

(@) p_ u* 4 < A Vi * L 5t
L«{J/ffl'c 2:7% =o, lﬁ=0/ %:3 m/k-l f/::;?,».,/q”,/ & = o, TAMS} EZ'(//
becomes - U2 R
) 2,4 hp = = (1+ £ %) (z)
/ 0) = Vo = (3ﬂ .
= )(0.05m) _ 229 0%

(L 580107 "0" )
and From Fig £.23 For smeoth /w/ae F£=0.0152 . Thus, +rom

é‘?g 2) [3 )2 200 m
| 0. - = 3
% ST ) (oo )] G = A5 3 om

Hence,
/poﬂ/er jd//i(é/ by 7‘%/1'// < 9/5? %f
’ 3 2
= (.13 X002 T )(0.05) (5 ) 25:301)
T IHE XIE N = Lys AW
and °

Fowey gamed by Flud

lwer supphéd o pdmp =

E—‘f—f/'c/'t’ncg
= ../M = Z.074W
0.7

(&) F;’am E? /2.2 ¢
NAsH = % + VT A

—

F oz F (3)
Where f, and Vs refer + The pressure ama velocity at- the
pump inlet | respectively. Also ,

R 2
h b +2= By bz o+
¢ z5 z5 s
So  That witk 'b ﬁ‘{m , V/=0; 2:;-’0) an A %/_:o
(cont)
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209 | (Cont)

Frh Ty Ty

and Therefore From £ 7 (3 Tne avaleble NPSH s
. Pt - P
A/PJ/;Q = == + % }r &),

Mote Tt 7his result eorvesponds 4o Eg 12.25 1uith 2 pashie
(Since pump ss below reserveir) and 4 =o.

From Table B.Z fae toeter vapor pressure at 4o°c  Js
737 X107 N (abs) and  F= 7731 x10* N]m® Thus, From
E’j.(ﬁ‘) i B, = /0! 4 Fs

(100 x> (73720 x1°L.)
IVPSHA = ° ”"L) + 3m — 2

3 N 3N
(973 x >X ) (7731 x10° X))

e ———————

/2-25




/2.20

1220  The centrifugal pump shown in Fig. P12.20 is not
self:priming. That is, if the water is drained from the pump and
pipe as shown in Fig. P12.20(a), the pump will not draw the
water into the pump and start pumping when the pump is turned
on. However, if the pump is primed [i.e., filled with water as in
Fig. P12.20(b)], the pump does start pumping water when
turned on. Explain this behavior.

(@) (b)
B FIGURE P12.20

The head- flowrate charactenstics Hfor « typical centrifugal

pump are Shown ih Fig./2.11. The maximum Head That The

pump Can add occqrs when when PxO (cff., at stard ap krexm,o/e),

This head 15 15 terms of the Huid in The pump . Neglecting [osses

and the velocity head (gna cavi'tation effecds) The pump Can
[ift The Huwd a heght H egaa/ to The head added by The pump.
However, 1 £ The Fluy 15 The pump is aly (¢, not pumed) The head
added 15 15 terms of f4 sr m of a1 Fop example A Aéf'o’o;@
The pump Could haise water Thet Nigh /¥ 1€ 15 primed (£l
With watetr) Z£ fre pump 15 hot primed [filled with aii) Then
The pump can enly ryise water wp to a distwce

i 6.076545)
I = Fof = Joft Tarky ~ 0.0348 i
water oA

[frente The water will nod get= intv> The pump,
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?*"N

Owing to fouling of the pipe wall, the friction factor
for the pipe of Example 12.4 increases from 0.02 to 0.03. De-
termine the new flowrate, assuming all other conditions remain
the same. What is the pump efficiency at this new flowrate?
Explain how a line valve could be used to vary the flowrate
through the pipe of Example 12.4. Would it be better to place
the valve upstream or downstream of the pump? Why?

With F=003, Eg.2) 1a Example 12.4 becomes

(200 £1)
= — 0
%/, /oﬁ-ﬁ[_ﬁzﬁ'  72) /5+/5+/0)J2[ 21 %) (1)
Since 7% 43("(23

S [’")( cR)?

Eg.(/) Can be  wWrilen as
/A’f“: /o + Loy @2
ov /u/v'f?u Q /n jac///mh 5

’/L/ = 104 300x0° [@/;a//m,;ﬂ (z)

The intersection of Z (2) (the system Flau‘w‘n) with Mye

perfermance  curve the pump, 45 Showy Lelow, /ndicates
That e hew Flowrate 15

@= I4po 22
. N .
and  The efficiency at Ty Flowrate s “/’/”"’“m"ké ‘7g6/

— e

More 7<'/.c7‘mn (c/t

- W/ b

ve
‘ g Vale,
i

" 740/) ( 0,0{"/:1)7 M/t/e)

0 400 800 1200 1600 2000 2400

(Con't) Flowrate, gal/min
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J2.21 | (Con't )

A line valve act as a va,lable Frichonal rvesistance

fo the Flow. C‘/ormj 7he valve s gl ivalent o adin. g

friction and moving e systen: curve to the /lef+

Ih f&rfecﬁnj e head curve at an opevabonal/ poirt-

/mvel V/}yj fess  Flowrate than with a more opern valve fe//ﬁkjd
This systens curve /; sketched 1w The Frgure on %A& Previous
PA9e ang labelecd * mave Fichon C olo.rm valve ). 0)96"7/'7? e
Valve /s Sim; [ar % femavny /hc 7’7»7 gnotl maw,y /Zﬁ,
Sysfﬁm cerve fo [t r:;rhf mz"&rsecﬁnj the head curye
at an o;a&mﬁiqj po;igf n;va/wfvj move  Favate %an
with a [less open valve 567%}47 This 57,rkm carve. JS
Shethed on ﬂve, previous page. and [apeled *tess Prchon
ﬁpfnmj va lve )

It would ée qen&m//, beber o place e valve
downstream of Ihe pump o aveid Hhe low Suction
pressure, andl cows fation pessible )l ypshean
placement of The vale.
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12272 A centrifugal pump having a head-capacity relation-
ship given by the equation #, = 180 — 6.10 X 107%Q?, with
h, in feet when Q is in gpm, is to be used with a system similar
to that shown in Fig. 12.14. For z, — z, = 50 ft, what is the
expected flowrate if the total length of constant-diameter pipe
1s 600 ft and the fluid is water? Assume the pipe diameter to be
4 in. and the friction factor to be equal to 0.02. Neglect all minor

losses.
+ v,z _ f V> }_Q y 2
and with p=p=o, K=V =0 2,~2=850ft, £50.02,0D= % £ ann
A= boott ) €9. ) sbecomes
( ) 2
= Ft) (2)(322 _sfg)
Sinc 2
nee [/_'.' __,.42. - @(é&‘)
/4 =

(F)ER)
Eg,fz) Can be writen as
2
%'/’: SO+ 73.4 @
or witn O 14 gal)min 2
-
hp= 50+ 3by XD [@Zi‘//m.;)] (3)
The  pump  head- ca /bac/"/y relationshp 15 N |
%Q: /180 - é./DX/0~‘*[@ /ﬁ‘///mh)] #)

Thus, The operating point wrll eccur at the HHowrate
Where Hy = Ay, oF

- 2 N
180 - 4. 1oxld & T S0+ Fb¥x)
So  That

7'@2.

Q: 65 gpm
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/2,23
1223 A centrifugal pump having a 6-in.-diameter impeller ) (z)
and the characteristics shown in Fig. 12.12istobe used topump ~ |-—%— e

gasolme through 4000 ft of commercial steel 3-in.-diameter
pipe. The pipe connects two reservoirs having open surfaces at
the same elevation. Determine the flowrate. Do you think this

pump is a good choice? Explain. -]
Fump
R L o= A W £ y=2
A 2+ 2 = 22 =2 4 + =
77 zs A « F Tz th F 5 2z )

and with p=p =0, V450 2 =2 o L =yo00 fE ana D= 342
(Me//ecilnj I’mnar /asses) Eg [l) b?cpmg_y

'ﬁ - 7C (%000 #) vV 2 (2)
P (3, ft) (Z)(52.2%>
Since =2 = C?("CH/ )

S VAL
EZ.(Z) Can be write, s
5. r
/A}P: /03 X)) 75[@(#7-‘%)] (3)
The ﬁ/éézo'y factor C/C/)C’M/J on o=V 0/7/ = 5‘47/27‘ D1
ana wity < ff?)(/ﬂ-"#% for geso/17e

o - 4P _ o
(T)(ZYs P15 510" #L) Loy x10 & (#Y)

A;P C’@MM?VC/#/ ere/ 3"‘/.}2 dld‘/}}eéé/ P/fe [;[}'pm F;j 63'22)

_é. = 4’" ~7-
) PXIb

/77/(5 hr a iven @, F Can be obtwned From Tne Mood
uh//rt or The (o/eérooé eflmfzon (Eg d"i’b) anx /ﬁ/,
dezéermme/ From &g .(3). Tabulates valyes are givew

m The following table

((’wy%)
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/2.23 ( Caﬂlzl)'

(Z)| o(£5)| R | 4, (R)
Yy 0.0859/ 72710 0.020% /7.0
90 6. ]78 1.85x10°| 0.0/43 630
/20 0.267 2.78x10°| 6.0087 | /37
. 0.357 371 xS| 0.0184 | 242
Zoo 6. 444 Sowynn®| s0182 | 313

2 o 6.535 | SSex00°| 0191 | 53¢

These data (*/3 vs. Q) ave ploted on Frg. (2.12 (Feproduced

below), and 171< Flowrate «E  The intersection of 7The system
Curve and 7he pump  Curve /5
- a/
¢ = /59 %’n
Since at The  flownte The pump operates near peak e,C,C,;,e',,cj

appear fo be « Zaod Choree 1'f

7L7P€ ef pump Would
(5 aft or hnear The desired Fhurate,

The

158 3‘///;;/}: How rate

! IR ' P '¥
N § i »C lA: - — — »
; N S b < } ,,,,,, ’ |
| TN ) ] i
400-7 S e @ |
N : RS N A\ - |
= 300 | i i \J DS S &? & ?
'g' ] : N /N ‘J\ > zzgo‘
NPT
T 200 7 \‘F = i o "'p %
~
44 S ..A.q,m\i(wlqg .
Syiste A0 NS o5 |
100 J P - i N $ 8
Carv > : ‘ i Pra I '\aa
- . - o -t <0 15 =
0 ] E:?ﬁﬂ l-—»"" - —— 10| <
. e oo dus emb @ -’— - ' ! H - %
e ‘M( 1518 9P T ’w] ;%
0 40 80 120 160 200 240 230 320

Capacity, gal/min
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1224  Determine the new flowrate for the system described
in Problem 12.23 if the pipe diameter is increased from 3 in. to
4 in. Is this pump still a good choice? Explain.

Reter to solution o FProblem /2.23. With D= Yo f4 Ez,(z)

(foos /£) V2
%f’- 7 (2)(322 (2)

(£ ft) (2)(322 Z
and Y= _?__ = & (QZ)
() (£ )

be comes

o Thet «2/, = 24500t £ [0 (5% )]Z 3)
The Regnolds number becomes :
fe= B2 = £ @ A% = 7305 0" (FEY)

DV iy (Y )

. X . -
bor  commercial steel H-in diameter pipe (From Eig. 822 )/ -g = 4340
Thus, for a given @, £ Can be obtarned from The Moodey charZ, or The

(Dle brook éja&éw’n (- £y. J’.is“)/ qui Ay delevmned From £2.03). Tabulate d
Valuex are G1vén 17 The following —/gé/e

o) o) & | £ | A&

Yo 0,084 | Lasx i’ | o0z 4.1

80 0.078 | 139x/0° | 00192 /% 9
/20 0.247 2.08X)0° 0.0/83 32, p
J&o 0.357 2.7Xx105 0.017% 559
260 o4yl | 348410° | s.017% 558
24> 6.535 Y.17610° | 0.01714 /z2

280 0.b24 487405 | o.0172 /by

320 0.7/3 5.621/05 0.0170 22

These deta / X/, vs. @) are p/o//e4 on  Fr /2.12 4 reprocfuced
on The followns page), and Tne FIwrate af- The Intersection of

The system Curve and  Tre pumy tarve i
- 255 24
ép‘ 255 rn

o ——

(cont)
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’s
<™ 2 ol / R . D

100 SylsHem icurve }/ o N 5
t‘ i = -t I% ?Q -8, &
0 . ?’M I 'J - : " lo &
e s (e e o o f P : i i p 4
‘ bt ; v ﬁ’ﬁ’fl’;”" 518
| b 11!‘/ | o z

0 40 80 120 160 200 240 280 320

Capacity, gal/min

Since at s FHowrate The pump eﬂﬁ&;ehcy /5 /auﬁ'/g
/ow [mé‘f‘%}/ ﬂttk ,04//77/’ ;5‘ R /ohﬁer" a jaad C/)o/ie-
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1225 A centrifugal pump havmg the characteristics shown
in Example 12.4 is used to pump water between two large open
tanks through 100 ft of 8-in.-diameter pipe. The pipeline con-
tains 4 regular flanged 90° elbows, a check value, and a fully
open globe value. Assume the friction factor f = 0.02 for the
100-ft section of pipe. Other minor losses are negllglble If the
static head (difference in height of fluid surfaces in the two
tanks) is 30 ft, what is the expected flowrate? Do you think this
pump is a good choice? Explain.

Application of The €nergy eguaton between The Tws  Free Surfaces,
Points (1) ang (2), gjves

£, 0t e

aud  witn k:/é =0, Vi=l=0, and Z,-2, = 30+, Eg. ) becomes

hp= 30 £ + Z 4 (z)

The Aead /oss term Can be Expressed as (106 ££) V2
=4, = [#lo3) + 10+ 2 + 002 3 7) 1.(3221‘“’)

with The Minor Joss Coefficients obdained fram Table £3. Also,
y= @ @ (%)

A I & r)*
Aps 30 + Z.0¢ [@(#/)]

orv The sqstem -ezuwflon Can be writfen 4s

and £7.2) becomnes

%JP 50‘/’ /. 402 X/O [@[ﬂnn] (9)
The intersechon of e
Systom curve (E£4.3) with 100 —
The pump Curve ,a5 Shown .
on The -ﬁywe/ 14 dicater B .
Tha t 80 ;{,d\
Since The efticiency at s =% f / |
. o & . / -Szlfi‘fm ; : |
Flowrate 15 near peak 3¢ 3 / cure )~ \\
erficiency, 45 Shown om Tne TE 40 / < l N\
7Cl ure, This pump lould be ":“E’"C ency ~ \
.fm‘fs/t oo
v e g
% 400 800 1200 1600 2000 2400

" Flowrate, gal/min
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1226 In a chemical processing plant a liquid is pumped
from an open tank through a 0.1-m-diameter vertical pipe into -
another open tank as shown in Fig. P 12.28(a). A valve is located
in the pipe, and the minor loss coefficient for the valve as a
function of the valve setting is shown in Fig. P12.26(b). The
pump head-capacity relationship is given by the equation h, =
520 = 101 X 10* @ with h, in meters when Q is in m’/s.
Assume the friction factor f = 0.02 for the pipe, and all minor
losses, except for the valve, are negligible. The fluid levels in
the two tanks can be assumed to remain constant. (a) Determine
the flowrate with the valve wide open. (b) Determine the re-
quired valve setting (percent open) to reduce the flowrate by
50%.

40
\
30
-
10 : \\ (a)
w :
oLl —~——
0 20 40 60 80 100
(Closed) (Open)
Percent valve setting
(b)
B FIGURE P12.26
‘ 2 € )
v* = Ve iz 4 Z‘Z
?-&-__’_ ""2:7"%/) d‘f'Zj E:. L

anad 4/,3‘71 szz:o/ [/,:-.;/2_.:49/ and zz_—il:i?/m/ Ef—{'/ ée’car”e,r
%73':334»41‘-2’,4,_ ¢z
The head [oss Ftrm cqyn be expressed #s

V?-
Zh = (bt £5 )5

(&) WiTn The valve opty K, xlo ( Arm Fis. P/z.wé} So  Thed ity
-_-,C-'-'O.QZ/ ,6330411/ gnd D=0 lm 52.(2) Can be twritttn as

(304'1)] y2
o 0.0 e
' 3

dnd Wit _p . o)
A= Sy yWE

£g.(3) becones 2 ,
Ap= 33m + [/.a + 6.0 )(%2¢) [w/»g)] %)

k1 2
" /,;/,: 33 + 5.78x/0 [@(2}3)] (s)
(C&ﬂl’i)
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/12.26 o ((—’t?/)li/
Since e pump eguation /s
o= SZo-torx0*[ @(.@3\]2 (L)

l-j (5) and £g9.(0) can ée éjm,fed to c/eét’rmme The Fhowrate Thus,

33+ 578510 4D = 52.0—1.0] xlo @
and

a3
p= 00527 5
(b) I¥ 1he Flowrate s 4o be cut 1 ha)f so Prat
Q= 00529/ < 8.0265m°s, The head added by The
/bum,a 15

A

| 2
f;: S2.6 — /,0/)(/93 /5'0265——’_’533)

= S$P.bm
Frem £2.(%)  win K unkpown

S0.bam = 334m + (kL +4. o)/Xzé) /ﬂ.ﬂzw—’g'j)z

- So Thel
| k = 243

From Fag. /229 (8) The valve would be /3% opern £o
Obfﬂ/l.ﬂ 771'.3 /(L.
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12.27 A centrifugal pump having an impeller diameter of
1 m is to be constructed so that it will supply a head rise of
200 m at a flowrate of 4.1 m>?/s of water when operating at a
speed of 1200 rpm. To study the characteristics of this pump,
a 1/5 scale, geometrically similar model operated at the same
speed is to be tested in the laboratory. Determine the required

- model discharge and head rise. Assume both model and pro-
totype operate with the same efficiency (and therefore the same
flow coefficient).

For similarity 7he model Purmp 1rust ‘?f”"'i‘ at The same
+low Coefficient &Eg. 12.32, so0 Tt

@ ) -/ P )

b2/, wbh3/p
where The subseript (m) yeters to The model and (p) 4o e
/Dmtotg,oe. Thus,

= wﬂ" Dm 3
o “r /_D:) “
and ;7 AJ,,,,"—'-'W/D) DM/DP~‘ V;, an A @f" %/fm‘%/ TAbss
G = (DEF (412%) = 003287

Erom Eg. /2.33
‘/Z%ﬂ_ - _§%4>
L/ )/m A)zbz P
y = -Z/: Aj/’")z __DL'.."’)Z
'ém gm /Z—J: (Dp é’f
and WiT% - Gp= Jom o= Loy Do /D) = y;/ anA %4/;: 0m,

7hen
{%: (D ($) (zo0m) = 800 m

so That
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12.28 Explain how Fig. 12.18 was constructed from test
~ data. Why is this use of specific speed important? llustrate with
a specific example.

A variety of pump configurations like the ones shown in
Fig. 12.18 were tested over a range of flow rates.
Performance data like those shown in Fig. 12.17 were

- acquired. For each pump configuration, the operation at
maximum efficiency was noted and the specific speed, N_,
(Eq. 12. 43) was calculated for that condition of flow.
These specific speed values calculated at maximum
efficiency operation were then used to distribute the

- different pump configurations as shown in Fig. 12.18.

Specific speed is important because from desired design
operational data (¢, Q, and h, ) a specific speed value can
be determined. With that value of specific speed and Fig.
- 12.18 the designer can decide what kind of pump
configuration to use for maximum efficiency operation.
For example, at lower values of specific speed, a
centrifugal pump is generally best. At higher values of
specific speed, an axial-flow pump may be best. In between
- values of specific speed may suggest that a mixed-flow
pump would serve most efficiently.
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- 1229 Use the data given in Problem 12.15 and plot the
dimensionless coefficients Cy, Cp, 1 versus C, for this pump.
Calculate a meaningful value of specific speed, discuss its use-
fulness, and compare the result with data of Fig. 12.18.

From [Froblem 1215 The é//awmj dete Were oblaned !

@(jﬁm) Zo | % 6o o o | /20 /4o

92.8% 92.5 57.9 538 77.3 9.5 595
e, CF)

p ¥, &3, 5.
7 (%) 24.7 412 7.7 7.5
[58 2.27 | 2.7 r4 39 3. 49 Y.00

% $o.¢ S2..

Power
10p ut( /)P)

o - rev rad
}?/ [() - //7570 i )[27" 7%,

7‘;0 ‘/Akl,s 7714f

Vs )= B330ed and D= gt
min

O . Ol 68 ) ws,)
(1533 24 ) (2 #)?

= 2.88x10° @ (opm)

_ pha _ (3225 4 (1)
WD (533 r2d ) (. f)?
= 70 x0077 [ (R
= Wkt = W Ohp) (552 %q}f)'

PLeD% gy g (133300 (@ 4

= 9% x 16" W, ,, ()
Pased on The data above:

&

@lgpm)| 2o %o 6o g0 oo | 20 | 190
C @ Sxl"| Lisxin’ 123 x0°) 230007 | 248007 240" o315
Cy 0./58/ | 6.J5U o148 | 6.1%23 o./3/7- o. //M.., o./oscﬂ
& 307007 | toxin | Sigawt| 72005 dagwin?| 611007 7224110
Ui 29.7 Y2 | %99 | 577 él.3 6o.¥ | $2.4
( Cont)
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The ,{J/oll of '(,9) é/? versus C@ Is Shown below.

8xlo
oxio
C
a
wyiot
Zx10°t
= 40
0.2 [ ee
0-/5 l[o ql'
Cu
&.lo 20
bo5 il SR RS (DB e T
o {3 2x073 gppend Yrpp™3 514073

o

N, = w (pm) /8 (gpm)
[h 0]
So for Q=/oo;/m- ! 7 = 61.37%
. max

N:d = (1750 r,m)',/(;;on) = 671

[r773¢#)];9
which is wilth., The range of /\‘/g y Wolnes S vadiy) o
pumps P Fl'j. 12.18
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1230 A centrifugal pump provides a flowrate of 500 gpm
when operatmg at 1750 rpm against a 200-ft head. Determine
the pump’s flowrate and developed head if the pump speed is
increased to 3500 rpm.

For a gwen pump The effect of a change 1j speed on §
nd Af_ s gwen by Egs. /2.34 Gna /2.37. Thas,

& _ o
a - 0, (é‘g, /2.36)
and Wit @ = Spos5pm, W, T (750 vpm, 4nd Wy = 3500 rpm | Then
2 2 ) (3506 rpm)
Z RZZE (/750 rpm) (s5205pm.)

= /0By éPM

Similarly,

# o, ®
Re = (Eg. 12.37)
%'Z /d&z j
So That wiTh /%4, = Zoo %
(w 3500 kpr7 ( zoo ﬁ‘)
% 1750 Fpr
= §oo
/2~ 41
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12.3/ A centrifugal pump with a 12-in.-diameter impeller
requires a power input of 60 hp when the flowrate is 3200 gpm
against a 60-ft head. The impeller is changed to one with a 10-
in. diameter. Determine the expected flowrate, head, and input
power if the pump speed remains the same.

Foy 7eamefnc'a//) J/;W/'/ﬂr puUmps @/Q?V‘afm7 at  7he sume S/)eeo( The
effect of a Change 14 1mpellev digmeter 45 §1Ven by Fgs. 12.39,
12.40, 12.¢/. Thas,

3
f_’. = .9 (EZ /2.39)
¢ B3
Ind k7N $, = 3zoogpm , 0= 12in , 4pu D= 101

- /D3 (1005 3’
P2 (F) 05 (122 V5200 spm) = 1350 gy

n. =

2,
éf = ..eiL (Fj /2. 4v)
w5

2

Weheet, D7

- P (E' . 12,4
LV 5/14/51.(2. “Dzb 5 )

U Wity ﬁV;/u% = 60O hp
Z,

S5 .
'3 - pz_ ’b - /0/”' _
M{f/mﬂz' ’5:) }Vs}uﬁl B 2 >(éoé;,)- L4.] /_’)_,i

I2~4Z
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1232 Do the head-flowrate data shown in Fig. 12.12 appear k
to follow the similarity laws as expressed by Egs. 12.39 and
12.407 Explain.

The data 1n  Fig. 12.)2  show tre effect of Changing Iimpeller
diameter ©n  head- Howrate Charactenstics According  to The
Slm;/qrn‘y laws expressed by KEg./1.39 Gne £g. /2. fo

_ D
5,)@ B (Eg,/z.:a?)
2 2
2.
’_j}; = _;L (&g, J2.40)
4z 2

Thus ) 4 The (//M;e ter &5 //7'5/’?45?/( omr b, Jo Ti te P
’@c 7L/0k//4-£e /1 Creases A?Cc:om'/hj £o Ef. /2.34 as

(%mm bin. o 7/#‘7.) @ /DZ) @, /le: )‘lj/ = /.57 ¢,

and
. ey =
C;(f\&m é/ﬂ fp c?/n.) 492‘ - é;: ) @l 237 @/

5//;'7/.74/»/5/ Hem £g. 12.40 )
2 .
/;4-0,,4 b1y, o 7/;6.) %422/%) %‘/ :/%) A“/z /.34;%47

and
. ‘ 8/9.\2 -
(ﬁ,&m é/A- to c?/ﬂ-) %412{.27?7.) i‘tl - /'78}14./

771415/ o any SIven po/hi/ Sucn ao (A) Lhere Q= 120 4pm and
%"Q = 250 4t (See /t;ﬁ /2.12 eon 74//0:0/,1‘9 Pdfe) _,[,, e b-in.

diameter /m'/oe//p/-/ The Correspondiis  predictest Pornt tould be

£ (B) lhere
p ) er G = (s1)lizogpm) = 191 gpom

= (.36) (250 #£) Sho +£

( Con t
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1232 | (con't)

* [T
S8 ’
so0-Binia, P 1P| @
N
N
400 -7 —
N
& 300 [ \‘n
SR
* 200 5 )
100
p =
0~ L NESER, e i 10{ &
I—-T ————— - ‘ ! ; 5&’
s - L ) oz
O 40 80 120 160 200 240 280 320

Capacity, gal/min

Similarly, for The  Sn dumeber impeller Tre predicied pot,
Po/ﬁt(c)/ would be at

@:(Z.37)[/za;pm) = Z8% gpm
ann ta = (178) (250 72) = 145 H

Fomts B) ana () Fo)l near The Corresponding curves 14
Fig. 1212 hereby demonstratiiy Tuat They do appesr %o

Lollow The similarity [Jaws. Yes .

Vobe That according + 7he Similarty Jaws The bi1. diameter
curve s simply  FranslatbeA to The right and apward %o
obtain  The  orrespondiig head-flowrate Carves Ffor The T-in aund
f-1n. didmeter pumps . It is clea from Fig. 12.12  That
G s Feneralls How The Three Curves ave Velated
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12,33 A centrifugal pump has the performance character-
istics of the pump with the 6-in.-diameter impeller described in
Fig. 12.12. What is the expected head gained if the speed of
this pump is reduced to 2800 rpm while maintaining a flowrate
equal to 200 gpm?

From Fig. 2.1z for Zhe b dameter impeller coperating 4t 3500 rpm,
q): 170 j/DM an A /7L: 230 f£ (4/4(” 0;?:%29//:5 ol p&z/(. f}a/:lc':/éncb
[ see f/j///( below ) . Thus L 1F The pump s gEilf 0}”4/5?4/ at  peak
efficienty  with  7ne Speed veduced o 2 g0 rpm Then  From

Eq /2.3(
/ @ . w

£ ° ( Eg. 12.76)
So That 2800 p
G 2 = (B ey ) = 136 g

Frem £9.12.37

2
_’é:, - by (Ef /2.37)
%4; luz"z_
so That w / 2800 Fpm )‘
2. ‘ Z - -+
/’{Q = 350 rpm (230 k) - __/ l'L., 7___{__?2
; ; 2 “,; ] !
500 8. dial > 18 3 g 3
AN My =
400 | -7 —> B e
\ AN NG \ ﬁ_,_ 0
= 300 AN » ‘ ?"6
; 6 NN >
-] —_— ‘ N L
R T e
230\F4] N 2N
s N
100 : DNy %‘s
SPL i 2_hs|..
0 NP$Hﬂ ‘4—"’ i. 10] =
S Ca e R T 3tq%,ww L elE
i i R l% i ?! ;%
O 40 80 120 160 200 240 280 320

Capacity, gal/min
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© 12.34%  In a certain application a pump is required to deliver
5000 gpm against a 300-ft head when operating at 1200 rpm.
. What type of pump would you recommend?

For = Svoo gpm, he= Feo i, gud @ = 200 tpm The
specific  speed s
Moy = o Crpm ) W
[ftr)]
(1z00 rpm ) }/ﬁf”/f’ﬁ

(300 )"
= [/80

P ——y

7

F/'"am /‘L‘Tj /z. /g/ i This 5/5661”7“(6 5‘}@6&/ a padial
7%94) pamp (Cf’ﬂfr/'—ﬁ«yv/ /oamfo) would be recommended .

/2= %€
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12.35 A certain axial-flow pump has a specific speed of
Ng = 5.0. If the pump is expected to deliver 3000 gpm when
operating against a 15-ft head, at what speed (rpm) should the
pump be run?

Simce L (rad) Mf'ﬁf%) ,

—

My =
F o [atak) Aotee)])
for  Ne= S0, J =224 ﬂﬁ=/f‘;a-‘/ and  witn

3 ¢/'
4>: oo 'lé—m - é'égﬂj
(745 ﬁ";/s) (66 ) S
1t Aollows That - 3y
(50) [(2:2 s 40)]
é() (/‘4//5) = —
V Giett
= (949 24
Hence o (rpm) = (194 %d)/éa}“iw)
= /900 rpm
J2- 47
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12.36 A certain pump is known to have a capacity of 3 m?/s
when operating at a speed of 60 rad/s against a head of 20 m.
Based on the information in Fig. 12.18, would you recommend
a radial- ﬂow m1xed-ﬂow or axial-flow pump‘7

Since .,
@ (rad/s) //4?5»43/5)

N EY

[;qﬁm/sa) he Cn) [

for é)zéﬁml/s G = :3/m ; 78//»7/.5 and «/—-Zﬁm

[éamd/;) 1/ 5”"3/5
3/,
[ (Gormf2)eom)]

= 198
From Fig 1218 it M=
a Mmixed-Flow pump.

78 The pump i

/2= %8




2.37

12.37  Fuel oil (sp. wt = 48.0 Ib/ft3, viscosity = 2.0 x

1073 1b-s/fi?) is pumped through the piping system of Fig.

P12.37 with a velocity of 4.6 ft/s. The pressure 200 ft upstream

* from the pump is 5 psi. Pipe losses downstream from the pump )
are negligible, but minor losses are not (minor loss coefficients 5 psi

are given on the figure). (a) For a pipe diameter of 2 in. with a ‘ )

relative roughness /D = 0.001, determine the head that must e

be added by the pump. (b) For a pump operating speed of 1750 v = 4.6 fi/s

rpm, what type of pump (radial-flow, mixed-flow, or axial-flow) } 200 ft

would you recommend for this application? ‘

{D:? in.

B FIGURE P12.37

, % - = (1
(a) _;’+4—‘£§/+'2,1“£P_';1'%1‘%,_+ Z-’[z_ )

Witn  $=48.016/f2%, f=5psi, p =0, V=46Hfs, =0 and
2‘2‘2‘,-‘- 20 H/ Eﬁ.(/) e comes

(5-;%’,_)[/%13’.;) fe)®
L A -+ _(_14_3-_2_ + = 26t + Z'wﬂ‘./_ (2)
7.0 25 z (322
The heaut loss term Can be expressed as 20\
'Z—'R. =[/oo-+/.5+ Lo +* ____zm#:) (%é?)
L Lo— "oe e 2 2)(32.2 &
Vafve elbow exct /e ft (2)¢: S’-)

77/6 /?eyﬂo/ds namber 15 A
%80 =
pvb. (oo N #)(E

=5 JbS
L0 X 1D 62
e oy

fe = = syxp*

and With b= 000/  F= 0026 (fm Fry S23).
771u.5/ %L.: /3.4 /4 an d  Flom Eg (2)
Ap= 18.3 £
(%) f/:zg_ @:VA:_ [5‘4 ?I;-‘)é H_)Z: 0. /oo fg_éj
0= (0.100 ) (745 8L )bo2, ) = %50 gpm
The Spec;;f;c' Spee o «f 1750 vpm 15
oy = o (rpan) W _ (1750 Fpm) V %" 0 gpm -

/33
[ Gre)] ™ [lg3#7]" ’

For 7nis 5Pec.'fzé Speed a radial/-+flow Dump (weould be
recommended HJor Tuis applicution (see Fig. 12.18).
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1’ ?‘) The axxal flow pump sh(wm in Fig. 12. 19 is designed
- to move 5000 gal/min of water over a head rise of S ft of wa-
ter. Estimate the motor power requirement and the U, Vy; needed
to achieve this flowrate on a continuous basis. Comment on any
cautions associated with where the pump is placed vertically in
the pipe.

;me £g.72.27 we get The power ekaVa/ﬂa?L to the Acaa/ rise.
and flowrgte ”'V’/Ved This is The minimum power resuived o
aeé)eyg the performance Specifred. ‘ '

p=74h,
P: E/hf

peser mmto ﬂa& pump p&ﬁé-rmaﬂce speei £¢o/

?’P .= F G For 807» ef#cfenéy

-thff %" |
‘t@ V,, and 5‘ o 0T related o> &. /2.4 ;ﬂ,myp,
‘?quf: mZVoz —:“oAVUZ /QV

2 62

pQ (6291‘_*?)(5000 hm |
(4_'1/ = {é__? 1

b2 s

(con't )

| o
y (3 fv‘) —
= (62.4 1 Y5000 .7‘/)
4 (62 4 £1? i (7 ‘feya/ 6’0 S ) (S50 f,‘ 16
f,d) ; {'f’ -5

7o e;hma?’e the shaftl ov motor ,:aWCY mzmrcmgn?’ we need +»
ass‘ame +fhe e/xcmn? of the conversson of Shatt WMDW

so ngv _ ,,,‘,(, (4.4 hp) (32 2 {é:"’ ﬂj,‘,’ g’o— Iﬂo

)
Se

| 12— 50
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Phe marn cation /”/d“;’j The  pump ye;ﬁ'cali/y m
7he ’/hfnh' pipe is 5 do s0 5 a way 4 ﬁi/d/'a/‘ |
Cavi fation i The pump. The collapse of cawéngam,
ﬁu ééle.c m The pump can €rode pump blade lha/ other

W¢ﬁ£¢/ Surfaces. Appl ]’f’j Zhe enag] ‘«ezugﬁm , 555.5';8‘1‘ )
L,Jwgg,. the et surtace (1) amo The pa@m,o‘ env‘rnnéfce (2) we

get
Boloyz, = By Visa-h
¥ %9 r 29
So N
A = ..6‘*3'_27.’__(_/3:«—/1,_
7 7 29

4”0’; o ””"'."’/38— i ) we ?""”"m"}& 2,—2,_. ﬁiﬂtli:‘ewe;

this we place The pump high verbically 4; The mkbe
pipe. This will dend to ke B high enmgl h awid
cavi, fuf:on which occurs when p andfor Yelated ,ore:ram

I /h pump becorme /css IZan | ﬁ:c Vapor ,ore.qave a;‘
Fhe f/wd |




/2.'44/_1 ’

1241 A Pelton wheel turbine is illustrated in Fig. P12.41.
The radius to the line of action of the tangential reaction force
on each vane is 1 ft. Each vane deflects fluid by an angle of
135° as indicated. Assume all of the flow occurs in a horizontal
plane. Each of the four jets shown strikes a vane with a velocity
of 100 ft/s and a stream diameter of 1 in. The magnitude of
velocity of the jet remains constant along the vane surface.
(a) How much torque is required to hold the wheel stationary?

(b) How fast will the wheel rotate if shaft torque is negligible
and what practical situation is simulated by this condition?

® FIGURE P12.4)

7= ﬂ/ﬁ/”,n (U'\/,)(I-"cos@) where n= 4
@) With the wheel stationary U=0 so 1hat
T=-471 1 W, (1-cosB) where
P = pAV= (19% W) B (L1 (100 £ ) = 1057 sluts

Thyus, T= -“/(/.057'5{—:’&)(1 H)(/ooé‘t)(l—cos 135°) = -722 f{-|b

(1)

(b) From £q.(1), when T=0, #hen U=V,

Ths
_ _V 100 £ rad s 40s Irev
V=wr, =V or w";:j; = “I—Hi-f-'lm’"s-( min (277'['44
- 955 rpm

fhe Jero Jmfﬁme. case repfefeml,r b7 émke,,,
Shaft situation .
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l’ 42 Coxmder the Pelton wheel turbme illustrated in Figs.
- 1224, 12.25, 12.26, and 12.27. This kind of turbine is used to
drive the oscillating sprinkler shown in Video V12.4. Explain
how this kind of sprinkler is started, and subsequently operated
at constant oscillating speed. What is the physical significance
of the zero torque condition wuh the Pehon wheel rotating?

As shown on page 775 below £9. 12.50

Tow = 70 (U=Y)(-coss)
ﬁv no rofabon of Ilhe wheel or U-O The Var;aﬁm

0'/: ‘7;4‘# with céanyu::j m 13 [inear. When Q{'/{f:

ju:# lavger Than Fhe rex/‘:ﬁ'y ﬁrjne. frow'olezl é}, |
the sptinkler , the [Pelfon wheel rofates amd dvives

Yhe oscillatior 0F The sprinkler  — Affer whee!
hﬂ;‘nﬁm and sprinkler  oscillafion begins, mr}/
Canrb,o( value of w1 and T results ma

Sha i !
Cawb»?‘ valee of O ans ﬂm_;- r'o/zuém :peea/

amo( dA‘a o:c,//mém perm;/

‘; .If' Yhe  shaf? cmneoﬁ'ﬂ} Ye oscilla ﬁy gfpr/nfu&f
fo  the Pelton Whee/ breaks &-m'nj ?omﬁ’m |
Hhe 5prm}/er wil) cease oseilla? ) and ﬂ,e
/%/%M wAee/ will run at am.r/amf ror‘nﬁam

f/eea( covvespon d'm 25 fo U=

/12-53
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1243 A small Pelton wheel is used to power an oscillating
- lawn sprinkler as shown in Video V12.4 and Fig. P12.43. The

arithmetic mean radius of the turbine is 1 in. and the exit an-
gle of the blade is 135 degrees relative to the blade motion. Wa-
ter is supplied through a single 0.20-in. diameter nozzle at a
speed of 50 ft/s. Determine the flowrate, the maximum torque
developed, and the maximum power developed by this turbine.

® FIGURE P12.43

| For the Pelton wheel shown
Q=A/ Vl = 'Z‘ZD/z% =-Z.Z(0'2'0-H») (50 "‘\4)
~ or 5

Q=0.0/0q -f;f—

1.0 /n.
From F/7 11.22 D,=0.20in | 0in.

T =mr, |-
Sh“ffn X " ( Cmﬁ) V, =504

a
and B=i3s*
Méha” = 0.25/).’1\/]2(’-505@)

max o » ,
where m = Q= /94 S (0,000 1) = 0,02 1) S

42
Thus,

Tty = 0% bt (11 64) (508 (1- cos 1357) = 0,150 1 B
q
and =0,/50 H'/b
M‘haH = 0.25 (0. 0"//%)(50ﬁ) (I cos/35°) = 22,5 _S/VZS H*
e = 22.5 f‘“
o Hb )b
Wipaty =225 5% g = 0.0407 fp
Xy
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12.44 The single-stage, axial-flow turbomachine shown in Fig.
P12.44 involves water flow at a volumetric flowrate of 9 m*/s.
The rotor revolves at 600 rpm. The inner and outer radii of the
annular flow path through the stage are 0.46 and 0.61 m, and
B2 = 60°. The flow entering the rotor row and leaving the sta-
tor row is axial when viewed from the stationary casing. Is this
device a turbine or a pump? Estimate the amount of power trans-
ferred to or from the fluid.

—
WFIGURE P12.44

V/bmq M(Uz%z" UWSPI) WAG/'B MS’I =

U,=(62.8 fad)(o,«%m 40.5/m) c33.402
Alss,
s ,
m = pQ = ‘79‘?-—,/;1, (7{:’-) = 899/ 1‘2
BU* 0 C0560 /42 or SI”CG A;, ”(/bz _,.‘.2)
92
T cosé0°(0,6]% - 0.462) .2

-

= 35,72
Hence, from #he velocity friangle,
Voo =W sinb0° +1}
==35.7sinsf+33.6 = 2701
From Eq. ()):
Wehatt = (899] K2)(3262)(2.702) - g.16x10° >0
7he device is an 816 kW pump

and
U W yean =W (I‘}H‘o T/N/S with w=(400LEL ;f;:
this gives

a

(Imin ZTN‘
)(605 “Tev. =62.8 = MJ

U~ 33.6

1 Vo
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12.45

12.45 Describes what will happen when the flow through the
turbornachine of Fig. P12.44 is in the opposite direction (right
to left) and the shaft is freed up to rotate in response to the re-
versed flow.

whew flow is reversed as shown in the skekd above, V,, the
vaIOcH-y of the Floww out of the ﬂfn'Hona:y blade w(m:»w a
nozgle) will leave at approximalely the blade exit angle. The
Vha_jn;i—ude of Vz will depend ovy +the Ma;n)/wdc of the
Flowvate @ . Fom The velocik, Hriangles sketehed above

we cmncl,uale 'H)a'l‘ the rotor will now wmove i a
direchon oppasi-la to the one of ]71'06[% 12 .94, ﬂ‘tﬁ. .
rofov speed will depend on values of @ and the resfrmmv

shaft ‘l"ﬂ*rfzae) T. Pom the vc(aci'(:y -\Lriamglfg we also
cnclude that the FHuid forces on the mowrﬁ blade
seetions are in e same directio~ as blade wnigkor S0
the fuid is ‘i”l"’\\y wovk on the votor The device ;s

how acfh'rg as a Huvbive . W‘haﬂ— = m(’U; Vgg_ U;V92>

may be used +o delermme  shaft pover.
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12.46 An inward flow radial turbine (see Fig. P12.46) in-
volves a nozzle angle, @;, of 60° and an inlet rotor tip speed
Uy, of 9 m/s. The ratio of rotor inlet to outlet diameters is 2.0.
The radial component of velocity remains constant at 6 m/s
through the rotor and the flow leaving the rotor at section (2) is
without angular momentum. (a) If the flowing fluid is water
and the stagnation pressure drop across the rotor is 110 kPa,
determine the loss of available energy across the rotor and the
efficiency involved. (b) If the flowing fluid is air and the static
pressure drop across the rotor is 0.07 kPa, determine the loss
of available energy across the rotor and the rotor efficiency.

M FIGURE P12.4

(@) loss = po’e the Fpatt where Fo1~Fo2 =s7‘a7ﬂdllil)n pressvre
nd drop across rotar =Ag,
@
Mshatt = Vo Voo U Vor =-U Vg, since Voz=0
2
Ths, Achatl = -@2) (128 cos30°) =-93.5 = V=12 )
0 r=
so that 3 30
/ Mﬁé—m— +(-93.55) = /6.6 Vo, =V, cos 30
1 m

Also,

}7_ , J/)ah’ _ ‘935;’%.
- (!loxm3m7°_) = 0.849
(999

(on 't)
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_1'2.4746 t (cop‘t )
_ ,0 - ﬂ | )
o2 tMihatt , where Poi~ fos. = stagnation pressvre drop

1 (b)) Joss = v—ﬂTm-
and. across rotor = af,
'«{f-li¢f/ =U2V92 "MVQ/ = - Zj/V@/ Since [/92 =0
Thes, Mepats = =112 2 205 30°) =- 93,5 Ly V=l AV
o n:é

A/S'OJ "30 |

2 = frfatip(VA0) Ve, =V, cas 30°

| kPa

_ 1 k 2 ,
= 0-07 kBa + £(123 78 )(02 ) (6 2Y) ( 2k
=(0.07 +0.085%) kfy = 0./38% kPy

P 3” 2
/3 ™2

/OSS = (/,23 -;5%) B
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12.47 For an air turbine of a dentist’s drill like the one
shown in Fig. E12.8 and Video V12.5, calculate the average
blade speed asociated with a rotational speed of 350, 000 rpm.
Esnmate the air pressure needed to run this turbine.

We ca/eu/arf*& the average blade speed, 'U' o

)us = (0. I?3+0168)m (mm m)(,, m)
(2)(12 in_ ﬁr)

;U-»;w = (K1,
2.

j_U=‘1f5‘l‘_F_'f
S

To estimale 4the air ,Y@.’f‘rm’t/ 6 ) 'nce‘d‘edﬁ Yun'éﬂ;ij

-}uvLme we eshmale 1hat  The nogzle exit Vdoc}”} .

15 aéawf Hvice as lorge as The antvage L[aa[e;
V=e2U-:= 9/8’ f?‘/

50, the M&fmd:nj Mact numlm M s nﬂmx;mq/e]

M = y - 718 H/ wiﬂn C e:?‘l'm/e/ﬁh du/ ”“’ ig
| C. - /100 'f‘// |
. Me 0.83
M from Fly D.1 Yhe vohu 07— WS/M//?} -/o M-ﬂ 83 |
/5 | | |
L = 0./ aGnd = = /0
T O i 0 '/ 4
VAR /15’.7}’!1'4) = ﬁ?f_ria.'
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12.48 A high-speed turbine used to power a dentist’s drill is
shown in Video V12.5 and Fig. E12.8. With the conditions

stated in Example 12.8, for every Ibm of air that passes through
the turbine there is 9640 ft - 1b of energy available at the shaft

e

to drive the drill. One of the assumptions made to obtain this

- numerical result is that the tangential component of the absolute
velocity out of the rotor is zero. Suppose this assumption were
not true (but all other parameter values remain the same). Dis-
cuss how and why the value of 9640 ft - Ib/Ibm would change
for these new conditions.

Will be i the dimechm oF vetnhon | the I/t e

Frorm Example (2.8 we have

A%haff-‘: -'U'(/ A %2

So n‘ V,, s achally ot 3ero ﬂpeh de,eM/7m

wﬁaﬂr&r or ho¥f l/y was by Ythe olwea‘zow o’ mﬁﬁd—:

u»{(é;# {vml«{ be Swaflev ov /a/;,w If[/u/c; Jo

less M»):ry ‘724,”, /s The case E:»;agm'f/c /25!)% Vgl;
on eech blade s /e:.r dnd less ww/< /8 exﬁn tfed
,(m,.‘ the #Mm /?w,d \7&:7" The drpox,-/e. I$ Me,
ln/imm ‘ﬂ)t é’[ad&-f clo move “TIuY}lmj o'F 7%5 {/WO/ |
'Hmn is the eqse M EX@)-//C 12.8.
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1250 A Pelton wheel has a diameter of 2 m and develops
500 kW when rotating 180 rpm. What is the average force of
the water against the blades? If the turbine is operating at max-
imum efficiency, determine the speed of the water jet from the
nozzle and the mass flowrate.

' = =D 3 N. . §
Wehatt = T@ = 2 Fw or 500x10° X2 - (2, F([go%)(_%n})(zag‘:a’) |
Thus, F=26 600 |
Als,
Wipatt = POU(U-Vi)(I-cosg)  so that at maximom eFiziency
with (Z=/80” al)d U= -_L-{'- this qives |
. V‘z 2 i
Wopatt = PY %(”z%)(z) = Q.g_' = ml o
But .
Vi=2U <203 = wb=(805%)( 1) (2mrady ) _ 554

40

Thus, from Eq.0):

= 2Wshatt | 2(500x0° pmy
VZ (37.6 2)*

707 12 - 707 o
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1251  Water for a Pelton wheel turbine flows from the head-

water and through the penstock as shown in Fig. P12.5/. The
effective friction factor for the penstock, control valves,and the
like is 0.032 and the diameter of the jet is 0.20 m. Determine

the maximum power.output.

Elevation = %75 m
L9 v

B FIGURE P12.51

sta{l = ?QU(V'V:)(/%N@) or for maximym power §=/300J Uag!;
rhlis, V7-
thafw‘ = - PQ "2'{"

max

(1

But ey ;';z"'zo =Bl sz e p kL where fo=,=0, 2,<975m

2
4 Z,=25om , and V,=0

Hence, 2 2
| z,=z,+%+f%% where AV, =AYV

or _ _ 2 0.2m\2,, _
Fd2 =Z0* . Thatis V=(2)V, =(220)y =0.0994V,
so that £q,(2) becomes:
_ __* 1020 2

975Sm = 250m + z(q.algg)[/“"o“( ) (0.0494) ] where Y
or V,=1/43 2

Hence, . e

Q=AY =Z(0.2m)"(11#32) = 3.56 &£

Therefore, from Eq.(0):

. )2 :
Wehatt = (099 48) (5,542 (A3 5" _ 5532008 M2 _ 23 200 hw
max m* =73 —

%

2~-&2
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12.53 A Pelton wheel is supplied with water from a lake at
an elevation H above the turbine. The penstock that supplies
the water to the wheel is of length €, diameter D, and friction
factor f. Minor losses are negligible. Show that the power de-
veloped by the turbine is maximum when the velocity head at
the nozzle exit is 2H/3. Note: The result of Problem 12.52 may
be of use.

V S —
For the flow throvgh the penstock: ’,/Z D #
> » LV A |

4,9+¥;—+Za=/gﬁ+-}/;+zf*szg o -t
where fo=§,=0 , Vo=0 , and 2,-2,=H
Thys, . .

H = ’i% +{-§-¢J§ bt AU =AY or ZD%y, =Zpy (1)

so that ”

Vr= (2)7y* |
From Problem /2.5 he maximvm power occors if %’- = (265 y

or
7 | 2 | 2
(—gi) = 27E so that V = zfD) Y

Thus, £q. (1) becomes

or
__V,: .7.-.//
22 3
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12.54  If there is negligible friction along the blades of a
Pelton wheel, the relative speed remains constant as the fluid
flows across the blades, and the maximum power output occurs
when the blade speed is one-half the jet speed (see Eq. 12.52).
Consider the case where friction is not negligible and the rela-
tive speed leaving the blade is some fraction, c, of the relative
speed entering the blade. That is, W, = ¢W,. Show that Eq.
12.52 is valid for this case also.

Wshaﬁ"h;)(yzvez -U,Vel) =MU(V92“V61)

The inlet and out/ef ve/oc;}‘y Vi

. inlet
triangles are as shown. w —

Thus,
V@I = Vl and

VGZ = U+ M/ZCOSP
607‘ h/g.=CW, -‘-‘C[V,‘V) So 7%07‘ Vg,_-‘-‘ U*C(V,‘U)Cosp
Therefore,

Wepat = 1 U[U+c(l//—v)cvs@ - VJ=n$[U(/-c casp)-V, (/~c cos p)]
=m (|- ccesg)[U- UVY,]

outlet

For maximom power, dWshaty _
P g <0 e

mll-c cf)[20-4]=0 or U=£

o ——————
o ———— "
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12.55 A hydraulic turbine operating at 180 rpm with a head of
100 feet develops 20,000 horsepower. Estimate the power if the
same turbine were to operate under a head of 50 ft. '

<Vnca. hydmul:'c Hurbine Fow is incampressible  we use the dimens/mfess P;‘{‘”Z/‘”
developed For hydraddic pumps, namely | Flow, head avd power coefficients. for
ttis situahon we fPec/& Ofcmﬂ'am at fhe same efficlency and Thus Hows
coefhcient with one hal¥ the head. Thus, head coefhiciont remars

Gongtant  and _g—bl'-) = -2-}’1.-
. ’ wlDz ] sz’. 2
so with D=0, and ¢, =9.°

100 50
Gaor- = “ag o was 27 1pm

’

Alse power cwﬁg'cit’n% s '/46 Sampe o _g%f_) = e%ghzé/_ )
so with D, =D, and ¢, =0, I 2

20000 Wsha,{h_ W = 41000h0
—_— . = — or A Y A/ o /0
(/00)3 627)3 AY af/z, ' !

12 .54

12. 56 Draft tubes as shown in Fig. P1256 are often in-
stalled at the exit of Kaplan and Francis turbines. Explain why
such draft tubes are advantageous.

B FIGURE P12.5¢

Wilhoot the draft tobe there would be a relatively highspeed exit jet
(speed V,, pressure ,=0). With the draff tvbe (which acts as a
diffuser) the exit speed is much smaller (=0, P2=9). From Bernovly

equation it follws Hhat #<0 (with the draff fvbe). Hence there is q

Jarger head available +to the torbine. More energy can be removed
from the flvid. |
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12.57  Turbines are to be designed to develop 30,000 horse-
power while operating under a head of 70 ft and an angular
velocity of 60 rpm. What type of turbines is best suited for this
purpose? Estimate the flowrate needed.

iy =390 by ; by <700 and = 0rpm 5o tet

N = wiWshaty 60 Y3x10*

T o™

Also, since Wipogs = ¥@hy it follows that

= 5.3 For this valve a Frapeis
torbine wovld be appropiate.

0= Ws;,a# _ (30,000hp)(550 %&/hp) =378ﬂ3
T ¥hy (524 ;-%){70#) =

12- 6%
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12.58 Show how you would estimate the relationship be-
~ tween feature size and power production for a wind turbine like
the one shown in Video V12.1.

To e;ﬁma/t: the Ve/a:/tbnflu)a betwees, ‘émémc 513e amli /Ooww‘
pmdMofth fr & wind ‘h«ré/wc we use the :;l:'men_n'an[t’.{!

Ip; krm; of 4%5'. 12.29 amd 1230 which ave a”/,'gél.: 76"

this  incompressible flow. foy simlar furbives gnd porativg. (ndjHiomg

ot 1. Wonatt

204 2p°
' a4 Y,
omd

?hal gl’az

1 P w, D,

Since ) amol Aay = Anlj we tombive awnd 7ej-

A 1
wj"ﬂff l = D 1
Wf heft 2 D;'

with  Featuve f/}c f;mto/ .

Ov Jower”  Va ries
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12.59 Water at 400 psi is available to operate a tyrbine at
1750 rpm. What type of turbine would you suggest to use if the
turbine should have an output of approximately 200 hp?

With p,= 400 psi , the maximom turbine head wovld be

Cpo (oo lymel) _
hT——é'— ' (62.4‘#—’-3 = 923 #

Hence,
s;l - _0)_}1/%3& _ 1750‘V2520 = 484 which is in the range
(hr) (923) a,o,orop/'/'a/e for an impvlse

turbine.

12~69
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12,60 What do you think are the major unresolved fluid dy- :
~ namics problems for gas turbine engine compressors? For gas
turbine engine high-pressure and low-pressure turbines?

| Sm ’”7”‘/ Wreré/veo/ f/q;’d ,mecécm/gc /mé/emf

ﬁv jd; 764/4./;73 én/c;/'}e compressors )""’C/?"‘/e :

/. Compvessor S 7‘451"/"5 Predichion and conbo ]

2. fan and compressor blade and d)st

Vibradon s

7. roisse

g sea/ /Eak,a?e

Some majar unresolved Fhuid wmechanics /)n‘?éfem: S

" . . “ bive nelude
Gas furbine €rgine high  pressure Furbies si

/- fuMé(CL and i)?;érr/a;/ Co"/’.'??l(ﬁ”"é/na%bn 07('
- Auwid mechanics and /?en.'-r“ ﬁmy,é,«)

2. polse

3. /Hfé er é/ag{@ Joads wi fZaluf S0 much e/%”cfenc}
 Joss

féme. m cjw unrcfa/\/ed Frosd ymechanics P@é/emf

1 higher blade loads withndd oo much efbicionsy loss

2. noise

e gas Aarbine en gime [ow  pressure furbives

3. perame chanicc! Concerns.

[2- 770




]2.42

12.62  Test data for the small Francis turbine shown in Fig.

P12.62 is given in the table below. The test was run at a constant

32.8 ft head just upstream of the turbine. The Prony brake on

the turbine output shaft was adjusted to give various angular
velocities, and the force on the brake arm, F, was recorded. Use
the given data to plot curves of torque as a function of angular
velocity and turbine efficiency as a function of angular velocity.

o (pm) | Q (ft3/s) F(Ib)

JBrake cord

Brake arm

0 0.129 2.63
1000 0.129 2.40
1500 0.129 2.22
1870 0.124 1.91
2170 0.118 1.49
2350 0.0942 0.876
2580 0.0766 0.337
2710 0.068 0.089

Since ZM O for the brake arm i}

follows that FL= Fr—F,r r——l 6,,-.m —]

Alsa, the torque on the forbine lerek— r—4
/'s I=Er-E V’ E

r. F/ ( ﬁ)F 0.531F H-lb where F~lp
Also,

ki

?: ‘aTT.Q%T' WhE/'G /77':32'8{{ E‘
Thus, |

- (W) (B2 Fe)
(624 8)(9 1) (s2.84)

or
y= &6 x|05* Iéﬂ where T ~ t-lb , w~rpm, @~cfs

Valves of 7 and Jy are given jn the table bejow and plotted in Hhe
graphs shown.

(con’t)

(1)

(@
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l;/2'5 2 | (con't)

w, rem | T, ft-lb Vi

0 /.397 0
]000 /.275 0.506
l500 1179 0.70!
1870 1.0/5 0.783
2)70 0.792 0.745
2350 0. 465 0.593
2580 0.179 0,308
27/0 0.047 0.094

l.‘hh\
L2} \
1.0 -
—~ 10
fhlb T
0.8 ~ 0.8
/
| e n
s/
/
0,6 ~0.6
=27
X
-/
0.4+ / i
/
/
o2 / ~ 0.2
/
-/
/
o ¥ 1 ] )
0 ,‘ 1000 W, rpm 309;)
/12— F2
® SS9




12.6%  The device shown in Fig. P12.¢f is used to investi-
gate the power produced by a Pelton wheel turbine. Water sup-
plied at a constant flowrate issues from a nozzle and strikes the
turbine buckets as indicated. The angular velocity, , of the
turbine wheel is varied by adjusting the tension on the Prony
brake spring, thereby varying the torque, Ty, applied to the
output shaft. This torque can be determined from the measured
force, R, needed to keep the brake arm stationary as T, =
F{, where £ is the moment arm of the brake force.

Brake shoe

A [ Prony brake

in the following table. Use these results to plot a graph of torque

as a function of the angular velocity. On another graph plot

the power output, Wy, = T,..4 @, as a function of the angular

velocity. On each of these graphs plot the theoretical curves for ;

this turbine, assuming 100 percent efficiency. B FIGURE P12.6%
Compare the experimental and theoretical results and dis-

cuss some possible reasons for any differences between them.

————— —
® (rpm) R (Ib)

0 247

360 1.91

450 1.84

600 1.69

700 1.55

940 1.17

1120 0.89

1480 0.16

Experimentally determined values of w and R are shown O\ 0 e

(a) Experimental © T=RL=0.5)R or T= Z}SR Fl-lb , where R~ Ib )
ond iy = 7= 7 (i) () (1225
or .., |
Wepaty = 01047 Tw &L \ypope T~Flb, w~rpm (2)
Valves of w,T, and Wy, are given in the table and graph befow,
() Theoretical : 7= ﬂ%r((]”l/,)(/”cosg) where assume g=/80°
_q _ os4z2 i
VI- W/_ . _Z‘(%Hz -,-_-53'7&_&) 4”6{
m = 0@ = (19%25) (0542 1) = 0,105 sltes
Hence, with U= = (34)( 2 28) = 0.026200 &, -1y
T =(0./05 5_/;”5)(,%:6/)[0. 0262w -53.7] &
i T =14 [#'89)(/0-% "] H"/él W/?l?l‘d W“’I”/)m (3)
(con’t)
/2-73




12.6% | (con'V

Y @
Also, Wy = Tw = T(5%w) = 0.1047 Tw HL  whopo 7 14./p o~ epm
Valves of 7 and MZ./M# from Egs.(3)and (%) are plotted in the graph

below.
experiment . theory

wyrpm| T, fh1b Wy ﬂ};‘l‘ =T, b | Wopatt

0 /.235 0 L4 0

360 0.955 36.0 .16 43.8

450 | 0.920 43,3 1,100 51.8

600 0.8%5 53,) 0997 62.6

700 0.775 5ép 0,928 68.0

940 0.585 576 0.763 75.1

1120 0.445 52.2 0.639 75.0

1480 0.080 2.4 0.392 60.7
L6 180

1.4 Wohatt

T fh:lb
flb 12 —60

1.0

0.8 ~ 40

0.6 }

0.4 —20
0.2
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12.66
12.66 (See “Current from currents,” Section 12.2.) What is the
Betz limit associated with wind turbines and why does it exist?

™ edition of Introduction fo Fluio

As &xP/afned n the 6
AT McDonald and PT. Pridchard

Mechanics b/v R w. Fax
(zooe‘ Tobrn W:Ie] PR .S'ans- Tnc. ) applicaton of The

Can-/mmﬁj limear momenting and energy Cgkdﬁon: o Fon
ﬂrm L « /ww)’anﬁ/ ax/s wd 'A«ré;nc /te//.r an %pre;:wm

Ffy jofeal e[/—‘,-c,;,,nf7 (mﬁa of ideal power extracled
Prom wind Y available Power 15 The wind ) as Follows:

h = 4a (o~ a) t
where 7 rdeal € fﬁ‘u’eﬂo}
a

= inferference 74@/,., = V 2 {)A
ﬂ ":u ’ / 7’»
"é"’c Yse Yuréine

d 3
__7__ =0 , we J/rca/&r #\df a maximum V‘a/ue of

da .
MAX 4t g
ﬂtt'/',\ Vale 07[7 s 0.59.

German P‘)r.c/ci:v‘ Albert Be;fg is credifed with éen}j the
C1919)

first persom to arrive at This Cmelasion, so 7= 592 /s
This /o, _)‘a'/)S/{.CS' He mass

B), Se ffu:f

/i & amocialed wit. « «;.§’. .

C &fled The 5&?‘3‘/»’»?7‘.
Consevrvatin, la w, MNewtms second law of mofiom, and the

’{l;’! + A«w 07( #&rm 0&1{7»4'., Jcs.

12-%5§




. 12.67 (See “High-tech ceiling fans,” Section 12.7.) Explain
why reversing the direction of rotation of a ceiling fan results
in airflow in the opposite direction,

sxic of rotatror

I
blade motion <_____\ 5.,
\
NG
air pushed down J’ '

rotzton m ov‘\q’ma‘ dvechon

4)(.;: a'f rof&w‘)'on

Tair pushed vp

]
\ £ —3 blade molion
X
%op
!

vodahon i revevsed duwechon
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12.€8

12.68 (See “Cavitation damage in hydraulic turbines,” Sec-
tion 12.8.2.) How is cavitation and, more importantly, the dam-
age it can cause detected in hydrautic turbines?

When Cavitabion bubbles collapse on hydraulic turbine blade
avd other 5“’7@85, v‘hey do so with such large and concentryle,/
Fforce and imkn;{-? that  solid wmatersal is eroded aw
-fwm;ry numerous  pits. Detechion of fhis problen mcbudes
divect observaton of wafevial erosion and the measuremen-
of itncreased vibvabon and noise. A ma)av olwllenjc
@ssocialed with wmeasurement of i(ncreased vibration and
hoise 15 knowz;aj when Cavifption bubble Co//af;e s
rerul{-fnj i actual watevial ddtwt‘?e.
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