1z -4 |

12.4 The rotor shown in Fig. P12% 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.

MFIGURE Pi12.4

W’ = W, accwdi;nj + _fhe. prablem stntemenl and l{ >U;
Smce € > r. Thus A reasovable set of ve,/acify %r:'anjle;

v this  sifuaton locks like

Wi

vadial

v, " divechon

v, U,

By campan'nj the velaaHj »‘vfamjle; at ﬂ;c iy et (1)
and exit (2) we Ssee Thal the absolide veloeity vecto, v,

has been turned in the diwvechion of bizde mohsrn and
Work. has beep done on the Fhiid. This is a pomnp .

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

To estimale fhe minimun, wafer pressure we consider the

Flow ffhraujA the sprinkler and into the atmosphere 4o Le
without any loss of available ehc»—yy.

Jo, usz;aj Bernoulli s _efua'ﬂbh we 5e7“

s Ve
B’lfn f;_ * F-i— 1

where L=F atn,  radial dt&#&m
76 defermme | we vecoprize ﬁw“éﬁ

~ . Ve
The  minimum pressure condi ﬁm +he "Ivffwﬂ S P,/’
r&s::ﬁy s/orméler- rotadion is 3ero.
50 | ) F‘:———-——7 i, 1 .
— — - el i3 oo
7= Mk V=1, ) =0 | 0
Since : tQ
\é'——-a : ' ® FIGURE P12.10
e “ '
+ =
T Ve,

From the exit (2) V&!aaé Friangle.,
V, = W, cos 7° and wz.rm 7b ’U’" now

e vw ws7e Wm)(ig@fe")(w"‘*) cos 707 = 734 f#

Z 2 Sin 700 (fz;}; ) go‘-s—) Sp, 70 J@
mih
Per e ety
my g (5in fen £ty WA
lb ;2

50 B~ lo. § ""_L above P /
The achnal pressure needed —E;v‘:‘prmkle» rotatiom 15 lovser because 0
fluid Flow losses and Finite Tovgue reﬂshvy rofetfron . ,
This is @ furbine, the sprinker moves i The same dyrechion as the fuidtoeeon /1,

=2



12.11 Wdter is supphed 0 a dzshwasher through the mamfold [ 3in. 1 2in. | sin, |

shown in Fig, P12.11. Determine the rotational speed of the man- - +
< ifold if bearing friction and air resistance are neglected. The total {3) @) (0)@ .
flowrate of 2.3 gpm is divided evenly among the six outlets, each . ® 2 ¢n
of which produces a 5/16-in.-diameter sream, il 1 _
W W W

With points (0,(1),(2), and (3) located as in the diagram above,
T-::: ”0'7 raml. Vgo”,l "r,); \él}})” w/)ere Vefn :0. ThUS,

T=2m 0 Vg, + 20, 1y Vo, +2ms1r Vg = O since there is no friction.
Bul my=rm,=ms so that the above becomes

1 Vo, +1 Vo, +13Vos =0 ¢

But U‘ + Vei = Ué cos30° , ;=/,23 (2)

where

& =6A:W; 6[2 iﬂ ]M =0,00320W; Up=ryw Vo,
with

i i ]{{3 3
O (2 Bmm 6?3’,) (23’7a1 )(}723”,3) 0. 00512 fi
Thus, W, =160 B 5 that from Eq.(2) Vo, =]4/,'co.530°—-”z‘

s
or VGL 3-’(/,60 ét)COS.?oa_r‘.w' W/'-/é /“, = 7-35-{*} Q:%F;) and}-:gs}_?f-_ﬁ(
Eq.(1) becomes
2 (1386 - Zw) +75(1.386- G w) +7% (1396 -Fw)=0
or 249 =/0.5W

= rad , lrev. _ rev
Thos, w=2.37% Xowrad = 0378 =3

12-72
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- sprinkler arms as sketched in Fig, Pi2: Band as shown in Video

12.iZ Water flows axially up the shaft and out through the two

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 thresheld amount,
when the angle is increased 10 90°7 Decreased to 0°7

& FIGURE P12.10

i\-——? in
o
o

_7777: fpn'nk/er 15 spmifavy T2 The one of Edeple 5'/8

7hus ,

7:;&#: _’;VQZM

From the Velocity triangle shown in fhe skefeh above,

Cwe  comclude Phat

V6_2= (Vsés;;ﬁo" --U)

2

whc re

- ¥
U, = gw

Comby ,‘m’nj , we ge ¥

Thatt
Shat _ em@é\

7__';'1 Py the sprinkler rotor begins Vm‘afa
Shaft

Wwhe mn flowrgfe ancveases ﬁr/ﬂer) w s h;o /t':jnygy 3@-0

but set af & valie Hhat smhisbes &g. |

(con't)

ot

"

. o . o (I)
Son s etege)d O
So, when Wandm ambiedis logeoith o= 0 fo overcome

12=4




/2.12_ | (con't)

When the no33le anyle is mereased oo 70°40 90°

- ) o .
7;;“*. (W;_"fm 90 — VZ-.GJ) mqbo
00
U
For ao° Wz .
T . = T RS
shaft Shaft Ve
90° 70° 90°
V\/z. = Wz .
° ¥
m = M
P° 7°
Ve gef-
W —Yrw =W sn °
7 m70 —rt
R, this 1 be frue
w?o" = w?oo
ov The sprinkler Speeds Up when the nozzk my]e is mertased
from 70° 0 ?0‘? |

When the wos3le angle is deortased 4> 0 Hhe exif V@/o'ggﬁ
%rfangle now looks like |

wﬁ-ou
U,
b \lz. )

0
dnd the shaft ‘fvrgu& gSsociatesd with this Flow apposes
and £V8n4m¢/!7 stops sprinkler rotation .

12+ 5
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1213 Ata given radial location, a 15-mph wind agamst a wind-
. mill (see Video V12.1) results in the upstream (1) and downstream
(2) velocity triangles shown in Fig. P12.13. Skeich an appropriate

(Wi = (w,!

blade section at that radial location and determine the energy trans- 20 moh U, = 20 mph
ferred per unit mass of fluid. P
e A L
V) = 15 mph 50/

MFIGURE P12.13

We can defermme  whether /‘hc axia/ 7[/ow faréamdw,e

mvelved s a Furdive or a fanm by comparmf Fhe a’/rccﬁﬂn

of‘ the Jift force  on  the  rotor biade s€ction With The
divection of 7The blade ve/och‘y/ U £ fhe 1ift fove énd
?%e bLlade V&/&ciw‘y are 1 the same divechion a turdine is
MVQ/VE.GI. Lt +the [ift  force and blade velocity are jn
opposite  divection 5, a fan is mvolved. The divectio of Hhe
[iIft  force can be siferred from the Shape of the  rotor
biade sechon skefched to be tangewth the reltive #aws entering
and /&tmyﬂ The votor row. 7

The eﬁffrmj relative. Flow a;y/f:/ 4, s
'?i = fan .g,;..-_:.fd ——/[z_ompy

Thus, the votor blxde .s’ecr’wnr :kefcfneq’ belpo are appropviatk

53] °

/2~'6
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| Since the [ift force Acting on each rofor blade secton
s s the same dweckom as the blpde :/e/ac/'}/ we.
conclude that Fhis Furberiachine /s a Fdrbine

The  energy s ferved — per- unit  mass /s the Shaft
Work per am_;‘ mdqss ﬂza 47 Which We can d&&'m/nc
wi it E:g. 1.5 . Thys .

(1)
wfédff = - -ij. %2,

From Hhe (/e/ac/'%} ﬁ/‘ﬂnﬁlﬂf we. oblam

V = W st — U
62 " s -

and

Z

| Thus ,
% —uU‘ﬁ/l = sméo — U
‘5/1&7({ ( f “fq 2
X

Shatr = ( 20”"9[[/ (mep]+[20f"d sint ——20% ) i

w._=w, xV\{"-ﬁ@:’

wS/zm{# — 5/,45
o{ .
w o =7 1. 1 I e - Z.2. #. 4
shaft- Slug (32_2 b {bm

Shu 9

12-7
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12.14 Sketch how you would arrange four 3-in.-wide by 12-in.-
tong thin but rigid strips of sheet metal on a hub to create a wind-
mill like the one shown in Video V12.1. Discuss, with the help of
velocity triangles, how you would arrange cach blade on the hub
and how you weuld orient your windmill in the wind.

 wind along votation axis Vi
—_—— -
V)

ja-8
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12.15  Sketched in Fig. P12.4gare 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 biade veloc- V. g 15°

ity. (b) Are you dealing with a tarbine or a fan? (¢} Calculate
the work per unit mass invelved, (d) Sketch a reasonable blade
section. Do you think the actual blade exit angle will need to
be less or greater than 15°7 Why?

FIGURE F.12.15

(a) See figure above.

(b) T =m(riVoz~rVe) =1 ean (Vor - Vo)
where Voz>0 and Vp1 <0 (see figure above)

Thus, T>0. The machine is a fan.
© M porr = Vo Voz = UVey = U(Voz—Ve,) where U=U=1k

Since Vy =V, =508 , it follows
from the fiqure that :

V) cosi5® =50 éi

or V= 519 &
and

Vo cos30® = 502 op i, < 5778
so That

Ve: =Y sinl5°=-5/% sin/5’=—13.4 gf
and.

Vo= \é. sin30°=.22.9 1
Also, U=VoiVes|= 42 24
Hence, g, y=w228(2088 (134 ) = 17205k

s,

. . W
(From fpe Figure fand= 3_-5%1"3— Jor =48 ° y
- !

The, the blade sbape (s as chown:
(@ ¥is° g=4%8

45 :"‘é‘é_“) | {con't )

direction

U=V

2-9
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(eont) S e

The actwal biade angle will need % be fss Yhan /5

76" achieve a 15° fFlow anj/e. al- The bbde exzf

'5€Caa.fe of éﬂam:/ag; /ayer a/eyelapmenf on both s'ar;ﬁce_,- o/
| f'/u. 4/&-6&:} the Flujo dry/c. will be diffevent fh’m fﬁc"“m’é

- blade amgle . Less ﬁxmny Yhan expected will be ackally - -

achreved .

12- /0
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12,16  Shown in Fig. P12.#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 P12.16

If we assume the helicopler is stationary, then. the blade speed
/s wR inthe horizontal plane as shown in the side yiew below. The

relative velocity, W, is directed along the noezle, and the absolvie
ve/acf?’yj V=W+ U, /s as indicated.

The. oy tends fo move uvpward because. the Flow over fhe
blades push wp on them. Tha dir from the balloon fovces The

blades to  yofate Jike 4 Turbine . However, the blages act

sn The amébieat aiv as a purp.

]2- /1
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Vrz = 45 ft”s

{Z- 1% The radial component of velocity of water leaving the

centrifugal pump sketched in Fig. P12.48 s 45 {t/s. The mag-
nitude of the absolute velocity at the pump éxit is 90 ft/s. The
fluid enters the pump rotor radially. Calculate the shaft work
required per unit mass flowing through the pump.

B FIGURE pP12.l8

w;ke?q‘_ o D; 92_ ‘U,ll/gl . 2 (é . /25)

Wsheft = vty vt (GaVer) (”9 @)
Since The Hud enters radially , Yp,=0  So Thet £5.12.5
becomes

ﬁ!‘v

Wehetr = U5 Vo, (N

F P
¥ = K = (O-S'ﬂ) émomef.:)&ﬂ r:;/) = /§7ﬁ
((00 My

From ‘:—/j’ /2. 8¢
- Z,_
ng - (2. Vf‘z )

ﬁﬁ)%%]1&

from £g (D)
sy = (157 F)(T1 75 ) mj

ih

= /22X ot Al o’ ’;-’;;5
Stug 55,94 tom
:Iaﬁ

. 379 ft.le

, it ibm
( cont)

12-12




12.18 (wn‘z‘)

We  proceed o caludale the Compment velocifies of £9. 12:8

U, = rw,(ozﬁ—)[(saoo ’h)(zr':g’)] _ 2.3 B
5
ye

Prome  tomservehion of mass

Lo the lebn;ng Flovy
b2 2 - 2 2
= U +y = (6288 + (n2 &)

V.
So P
= {
v,, = 128
Then Ffrom E%
- (10 80 2] (57 5-rrsty)-ffst)-(e8)]
chaft
“ /b ¢
= .53 X Io fv‘ ( / (570" £h1G 5t
slug. ff — :/:7 2074 lom?
= 476 H-lb #hay

—

£7.;2,3 /nW?'?-f round aff error éﬁca,a_sg 01( the

A Flevences of M?—/acz'/y 571/16"4‘(0{ trrvo lved

/2-§3
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12.19 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, 8, (see Fig. 12.8), is 25°,
determine the shaft power reqmred to turn the impeller when the

' flow through the pump is 0.16 m*/s. The uniform blade hexght is
50 mm,

' o 2w
M’!i}['f' = -‘Qqa—, Shatt
7’;/74%:/69 //3 Vou: ~h /(9/) (Ez. /2.10 )
W/%’OJ 14";/ =0
Tshatt = PO % Vo2 o)
From F.g. 12 &c f U, - Ve,
“hT T
so  That
) Vor= B2 Vi 2 )
rad
FZV //2,: f‘-—iﬁm = 0.26 4n with wWe= (?00 Pin >(ZF r’e;/)-_ Tt 2 ’_}Sff
The s b2 i
Uprw = (0.26m) (72 29)= 234 L
Since The  fowrate 13 given it follows That
= zmh b y
or { At
e 0 = fons - zosm

2" znh b, (217) 6.26m) (0.05m)

777:45) From £y (2)

Vo, = (23.0— 2.0% cot 25°) 20 = (9.2 %

and  From Fg_ (/)

Ty = (771 28 )(0.12°) (0.06m)( 19,22 )= 143 N

! \

S0 ' 268 M.m) (2T rad ao V‘W) S :g_f_ﬁ_éw
7 e ‘ i ”" o/ (go <. = ) \igoo i
in 'k

1214
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“712:20 A centrifugal pump impeller is rotating at 1200 mmin . |
the direction shown in Fig, P12.20. 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 fi/s. (a) Draw
the velocity triangle for the tmpeller 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?

M FIGURE P12.20

(@) The exit flow velocity VLFf‘dnﬁfe Can be Construclec
Graphically s  thdicatea below,

rad
: how= (0.54) b0 i for % = 628 £
wrty Uy 257 (od, )
From The velocity trangle _
L _ - Ve
ank, =
ﬁz V!'z.

Since Vg, = Vy Sih 30°  ana

That -1 p‘,: - V.'Z- sin 30°

,TL
/5 2 a7 V, &s30°

I

el

Loy 6.5 B = (20 &) s1i30°
qn
(‘fo -é'-b) Cos 30°

(Coﬂ f’f.)

V., = V, Cos 30° /L follows

12-15
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771&(5/ 76’49#1 The Ve/ocf/;‘y frzénjé

g o« e o Y es30 (90 %) cos30”
2 - bos 12,9° (ps 12.9° Cos 12.9°
— it
- 570.0 ——5'""

W/%h /{72_ and W ktwwn/ 7746 UBIDC:L’}; fjf/g;z;?/e 5
@m,o/afe/y J/bec;—f/eb{.

(6) Frop Eg_/z_,f W 1T Vé/—‘:o

T;hq,cf - o }/2. V&z 0,
Sin ,
* i = /02«77/3,192 V., and porwaler #om lable 1.5 vo 1.94;”%5
= (14 f;mf;)(zﬁ')fo.?&)(ré /%)/?o’c?& Cos 30°
= 294 3lugs
5

So  That  frep, Eg.(0)
T;lia,ﬁf = (394 “i;‘ﬁj) (0.5£t) % ié—b)sn} 36°
= &9/ FE-lb

A pesitie —/orzz/e 5 un The Sqme divection as The witakon,

whern the Shaft breaks, The '/Drgy:e becomes gerp and the
/Mpe//@r eventnall sﬁp_r because, Here /s sp /on?er- a
of,rfu)hj alarguc o fovee [+ 4 yotate. ITn A purnf the
Shatt -/arfuc grives lhe fm/pe//er- and the /}npc//ar moves
Flujd. On lhe otber ;mrzd) moa Wéfnc)

. the mov), JC/M ol
drives the tmpe ller . 9 ’

12-16




12.21 I

1221 Discuss the main simplifying assumptions associated

‘with Eq. 12.13 and explain why actual head rise Ts always less
i than ideal head rise, Discuss how ideal head rise is head “added”

to the fluid and actual head rise is head “gained” by the flnid. |

i Can Eq. 12.13 be used for a turbine? Explain in terms of ac-
" tual and ideal changes in head.

£g. 1213 s obtared assuming That no /oss of gvallable
enorgy osccurs i fhe Flow Throngt,  the plmp i peller.

The achia) head Vise acress The pump 75 Thus ezaa/

7% ﬁye deal! }lc‘aa/ r/:e aAcross ‘ﬂlc yum/o mz};a; 7‘/75

loss of gvallable enersy suffeveol by 1h f/ow,,j lia) ol

becawse of Frichesr . The blades add He jdeal hesd

}’z?e 4mouh7‘ o 7he //mw}y f@,t,};// 6awc\/(/rj /ge //W”a/

£ vw [loss vesulte )y The achral btad rice MQ/,?{‘,{ PA 4
f2e f/ow;fzj Flid be 037 kss  than ThHe /dea/
4 mount Ly e Joss,

Eg. 12-13 may alo be used for fins across & herbive rots, however
the change in head will now be negxé‘ws or i ofher wWords
+he {/Mi'nj Fluid  head will clwp ACross the roder. ;rmrﬂ;&/)
this head drop across fhe hurbine reter is e ideal
amount | or The amount i The absence of any loss of
Gvai lable onergy suffered é/v the f./aw:'nj Flwid because of
Vf'scvs:'fy. 7he achag! head c/mp /s /a‘ryer 7%41«\ the

jdeal head drep  THE diffevence, due to losses.
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0 =0.25 ft¥s

12.22. A centrifugal radial water pump has the dimensions
shown in Fig. P122%&.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.

AY

_ ® FIGURE P12722.
Frem é_? 2,11 wiTh !/'9/::0) .
/ »

M/ﬁha,ﬁf; = [OKP’UZ' \/QL 0)

o determupe Us we use

e e (S5 (Yo 2 ) <

12 f‘n/-/& ey
To obtarn Ve, we use The exit velouty T 1angle hown below.
- ! Voa
o, | =

Stnce Vo,= U — 1/1,‘_27[‘5{11350 .
(0,254 (104 7
e poe ©. e T /g
Fz Az LTk b CZﬂ”)(-ﬁTS’/}?-)(ﬂ.YS‘/}L) 3

1k Sfollows That .
Voo = (#6.1 =137 tan35°) & = 45| 2

Thus ﬁam Fj‘ 4

/) |
/ WJh - ar %?)[ﬂ.%é‘tj)(%./-’?)/‘ff/“?)
P
= [0lo :E%j.,/-l’
er 1010 tE

Wohett = gon = 344
Ft 5‘5‘0%]‘:

)2-18




1223 |

12.23 Water is pumped with a centrifugal pump, and measure-
ments 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 e;’%@t)e»é-} 05 cf“)é“ by o

eguajzm-_ . ¥Q ha /550
/}Z i  bhp
o That -
° - (%)(bhp N550)

fo= 50
= (osz)ehp) 5L )

(624 fes ) o 520 ) ke D)o )]

6L1.3 F

i

/12-19
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12.24  The performance characteristics of a certain centrif-
ngal pump are determined from an experimental setop similar
to that shown in Fig. 12.10, When the flowrate of a liquid ($G
= (.9) through the pump is 120 gpm, the pressure gage at (1)
indicates a vacunm 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 18 55 mm. If
.z — 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 Eg 2,19

hos P e o B "
Since - @ _ (rz05pm )(é.BaM/o"rj”——;/j) I
A lﬁ—f [6.1lom)" ®
and V, 44,~“—V2,/4'-
oo (12 o o) 37

3
Thus, Frem k£g.0), wihh  p= _@{”g)(a’}{g ) = = (6.095m ) (3320 ,."3"3)
3
and = Sox 10 Hlm?,

i 2
= + 0.5m +
he (0.9)(7.80 x10°) 2, ' z(qe=)
4;'& = //.5M

T eshmatk. THE pump  moter  power veg uerment use 55./2-?3
- FQ;’&

fv get
!7/59 = 7 Q'l"au
7(5‘5’0)

Fov Giif;@r;ry Values of 7} a cmc’x/omc{fry bhp can be Calenlsled

/2- 20



/2.25 I

{2.235  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 serieg of tests in which z, — 7z, = 0, V, = V,, and the
fluid was water. _

Q (gpm) 20 {40 |60 |80 |100 [120 140
pa — py (psid 1402 1401 [38.1 1362 ] 335 | 30.1 | 258

Power input (hpy ! 1.581 2271 2671 2951 3191 3491 4.00
Based on these data, show or plot how the actual head rise, k,,

and the pump efficiency, 7, vary with the flowrate. What is the
design flowrate for this pump?

From E%./2.19 witn 2Z=Z ana V=l

A= B—f
4

”has/ for The Ffirst set of dats 1a  The éﬁla/e.
16 nt
1{6’: (%02 ,”.;.)(/44"?;_) = 970k

- 7
_ | 62 & T3
= Ee /2.2
7 - bhp

and _é}f the f£arst set of data i the tuble

7 (2445 )[Cospm) /(7.98 2L Yoo, )] (a2. 842

+¢- b
(158 hp )( 850 ;,";;P)

= 0 297

o W= 29.7%

tan be calewdated i & Similer

/?Efﬁﬂ/!jl/fg values v by and Y
1 The fable belsw .

fmanr}er‘and all values ave +abulaled
&o g0 | /leo /2o 4o

& Cgpm) | 2o | #o
835 | 77.3 | L5 | 598

b, (fe) | 728 | 725 | 811

?I (?o) 29.7 4.2 9.9 515 6,3 | 6o | 524

(cont)
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A’ ,D/eaé o,ﬁ  The

'Ff owrvate ©ccurs

data is show

at ’m“k

)

below. The design

ef’ﬂ('c:‘/éﬂcj and 25

(07 grom.

12 L T —‘ e _
{oo T2 i :.:- ;
___—ﬁffhﬁ S 7' A
g i = :
‘g\ o i 2 ey : ..;_ e §
~ : : s
i 3
b0 == =&
° 2> ¥ [ g0 Too }'2& EREEL ER ;% N

Flewrete, §, gpm
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/2.26

" curves expressed in the form of an equation. Fit the h, — O data

Basea osn The deta Hrop Problem [2.15, the Lollowmng tuble
Can be Crealed wznd FTorm a Skmdm—a: thear 1EIression
Carve F1tirs Pregeem The follswiis Vesalts are obluned .

12.26 It is sometimes useful to have h, — O pump performance
given in Problem 12.25 to an equation of the form i, = h, — k(P
and compare the values of k, determined from the equation with

the expetimentally determined valves. (Hinr: Plot h, versus (% and
use the method of least squares to it the data to the equation.)

@ (f/"/m) 2o 4o Lo So ] oo 120 i /l)ﬁa
? z
[@@;MJ" wx10%| tex10™] auxivt| E¥x 10| soax it | fww x107) [ 96X 10

ng.(’ﬁé) 729 | 2.5 | 879 | §35 | 77.3 | 495 | 57s
~0.512

A’/Z (Ff) —loo | 0.8/ | —027| 0.26 | 037 | 0.3

%A&_ = ’fﬂ_ (experimental) - #‘L (prediced )

The ejaa,ﬁw}f oé‘émnéc/ Hrom The date USInD linear regvession 43
i
ﬂ,t: 745 — 0.00176 @ (1)

Wwhevre 'ga 55 P with @ ik & pm. A plot showing
The C@mpﬂm'am betiwee, The fxyaew}nméa/ defe. gud Tre
predictes vesults (Frew 5:5_/) /5 Shown below.

foo i T

0 2o %o & s 00 T an oo

Flowrate, @ gpar
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12.28 In Example 12,3, how will the maximum height, z,, that
the pump can be located above the water swface change if the
water temperature is decreased to 40 °F?

From /aé/e: B. /vér‘VoF awéer vapoy pressuave /s 0_1217/)5,,3,
and & = 62%3 /‘é/’%g //wfs with This Change i E£5.(2)
n Example /2.3 .

(Z!} = f//?-? "’7")(/‘*? 'u)

BN

- SO, L

- awk,
_.é n.
/0‘/217 )(/w,’ ~) oy
62 'f3' P
S0 et 'H—

(Zf)f?m.( - f...f_:'fé

Thus, There 13 en nerease 1 hegnt fm T3 Lo 843 A
o decrease i waler r’em’o&mﬁ,m Form S0°F 4o H0°F .

12~z
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12.29 A centrifugal pump with a 7-in.-diameter impeller
has the performance characteristics shown in Fig. 12.12. The

. pump is used o 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.

From EZ /2.2y

= fetm — - 7‘5" (/)
NPsH, ~ z—,_ 4 ~

From Table B.| The tpde, va por pressure et ek rs O.%4 93 /3:/&.

and &= 6200 2, . Thus, witH B, = T psia, B TI2FE ) and

2’44/__= é—Fé/ Eg. 1) gields

/4 P
//17"-7'}“-;',, )0"‘5‘-—%,)

A/Ps@: — 2 £t — b
62 00 tb
Ft3 ‘
/ .2
_ (o 7493 ;;,7)//%«’5,_
b1, 0o —%3
= /3.9 £

From /‘39, /2.2 at 200 P
NPsH,= ™ /2

For prepev  pump a}uem,z‘/ol«
WFPsH, 2 NPSHR

Jince i3 15 true i This case , WR e xpect THal cautation
/n The puamp would net be a  probles. __/l_/_g.
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/2.30

12. 30 Water at 40 °C is pumped from an open tank through
© 200 m of 50-mm-diameter smooth horizontal pipe as shown in °
Fig. P12.30 and discharges into the atmosphere with a velocity
of 3 m/s. Minor losses are negligible. (a) If the efficiency.of

Diameter = 50 mm (2

the pump is 70%, how much power is being supplied to the , - tength = 200 m
pump? (b) What is the NPSH,, at the pump inlet? Neglect losses B FIGURE Pi12.30
in the short section of pipe connecting the pump to the tank.
Assume standard atmospheric pressure.,
* 2,
(@) ﬁ*ﬁ*i—z;‘f‘{g"'ﬁ—f:?z_—r g—-”'—r—.ﬁfﬁl - (/)
& 2 / 2 zg D 2z

Lhere /'b = =o, ':-‘0/ V, =3 M/J' /—'3/?'1 R By O, 77;”5} Eg.(1)

becomes
Z,+ h, = //wbqf”e) (2
Also, -~ KPP = ;;’"')fﬁ o5m) 5
L™ o 7 LT 2 229 )0

(4.5%0 x/o'V%”.a)
and from F}ef' F.23 For Smeoth poyse £ =0 0152 . Tmfsj +vont

£ (2) (322 )*
1 %fﬁ -z [/+ 0.0157 (;fii’-’i)]- 3m = 5.3 o
2(9.81%.) hide

Hence,
/%a/er jdm?n’ éy f/f(flf = a,@ ’ﬁp
3
= (9.73) x0 ﬂ_gay.g)/o,ofw)lfs 2 )2530)
TS XN = L Ys R
and ?

)%wt’r j@/kﬁ/ é? 7[/ urd
....Eycqfl ¢rnc 4

Fower sapphed o pamp =

1

= LEEW s oaw

o.7
(&) From EZ /2.2 k&
NEsH = 1‘;‘3 + e Py (3
P TR g

theye z’s and Vs refer Jo The pressyre  and vVelserty a?- the

pump /nlet }fe.s}veaéwdg. /4/50/
2, z
.ﬁ-;—_’/.i +7, = _f;.,. %z —l—%
Z} S
Se Thel Witk p= oy V70, Bemo, ann A =
(Con i’
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/2.30 ( Con? )
Bl - Bk

= 3
TR Ty Tz

@ud There fore  Ffrom E‘j.(-?) The avarlable NPSH 13
NPSH, = Pt + % ~ Pr %)
J &

fote Bt This result eorvesponds 4o EF.12.28 With & paghoe
(Since pump is below reservoir) and Z,E_L:Q_ |

From Table B.2 Fae toite vaper pressuve at H0°C /3
V376 X1 Nz (abs) ana &= 7.731 xi1p? ¥ ] m® Thus, +vom

Eg.(‘f} loith g, = 10/ 4&Fs

(io) x> M) (7370 x>
s A
( 973 x> X ) (7731 x10° 2 )

= /2. m
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12.31 The centrifugal pump shown in Fig. P12.31 is not self-priming,
That is, if the water is drained from the pump and pipe as shown
in Fig. P12.31(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. P12.31(b)], the

pump does start pumping water when turned on. Explain this
behavior, : '

MFIGURE P12.31

The head- flowtate characterstics for 4 typical centrifugal
pimp are Shown 15 Ti1g. /2.11. The maximum Neéad That The
PUmp Can add occurs Wwhen when PEO (a,’e,) ol stard ap for example).
(4 tation ef The pump Can
A The velvcitry head (grad cavitation effects)
4/:7141& fhi ui'd 7:7 /J?ljf!ﬁ H 6544/ to The head adﬁ/e'p{ by The @UM/D.
However, 1£ The fluiy 15 The pump s i (i€ pot prmed) The Piﬁf;%
added )1.3 1 Eerms of FE o m/;r‘ 4‘/}'_ frt fxm?y'ﬂel;:; /74" 0
The pump Cowld kaise watey Thet lgh 1£0C 15 primed (fiiled
tujhp fﬁm)_ ZF  She pamp S hot Primed [ Flled with a1k) Then
The pump Can enly ryise water wp to a distence

iy 6076545 )
M= Fof L = Foff TZE?I?" = 0038 f
water oS

[tence The water will not get inte The pump,

/2-28




2.33 |

12.33 Owing to fouling of the pipe wall, the friction factor for the
pipe of Example 12.4 increases from 0.02 to 0.03. Determine 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 nsed 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?

W7 7£=0.ﬂ_? Ej.t’Z) 11 Example /2.4 éfc‘myej

7{},: /o/t+[&ﬂ3 (2”""”) + /057‘/5*’0)}2(22%) ”
Smee = @ 4)(’[2‘3
A () (£ )
Eg.(/) Can be  riHen as
/AP: /o + b.oy @
ov bitn Q@ i gl foia )
%/,: 10+ 3.00 X157 [cp /;a//,,,,izj (z)

The /&i‘z"f.sec‘él‘c‘m a}f £ ,(2) (Z‘fhe Sys#m fjt{.{,ﬁa}g) &;;h .ﬁ,e
/opr{ormmm CUrve r Zhe pump, &5 Show sy ke}mu) /nticates
That The new Flowrete 15

§= thoo 2 | ,
and The ¢ 14146/'6’;455 at s Flowyade IS a/’_P”W“m‘“l'elj 79.0 Z
100 ! 1
E E i oregﬁf'cﬁbn (cle sing vglve )
‘M H R
7% 80 = _diia';d?—- . .
. = . rabing : pont \
834 === L Y 70 .
‘ Jess frichon (epering uthe
# 6. ! Z ?i 58 7K Pening )
= . .
g g .. W
Y]
= 40 \
; S
20 ’/ ' 4)
s f
/| L i
00 400 BOO 1200 1600 2000 2400

(an ¢ ) Fiowrate, gai/min
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i2.33 (Cph'{)

A line valve acts as a vasiable Trichonal vesistance

o the Fhw. C/orn%j fhe vale s ffm'va/chv‘ 7o Wﬁj

Frictioy, and mmoving  The. systens curve to the /left

Ih fﬁr.fecéhjq fhe head curve at an opevational porsst-

mvel V/ﬁy fess  Flowrate than with a wore open valve feﬁhﬁ
This  systnm, curve s sketched m The Frgure on The provious
PAge and labelead “mave Hachion closing valve). “ dpf"?l\'-?j e
Valve s Swmilar P remow}y Aicthor, gnol mow'nj 73
Systm  curve fo lhe right ,»}/Or.fecaébj the head curye
at an ap&mﬁi«;ﬁ point- /évo/wfaj move  flpwmte Han
with a [ess opes valve Seﬁﬁhﬁ_ This 5;&’@»: curve. /S
Skethed bon the. prev,ous page. and labeled ”Ae_ss Arvetion
(¢ 0/?(’)71{?7 valve ) !

It Would be 7erwm//y betler To place Jhe valve
downstrearn of The Jounp F  aveld Phe low Suchon
pressure, and cows fation pessible  wilh psihear
placement of The valve,
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12.34 A centrifugal pump having a head-capacity relation-
ship given by the equation i, = 180 — 6.10 X 107402, with -
h, in feet when @ is in gpm, is to be used with a system simitar
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
15 600 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.
A 7 . A v L y*
- ‘L"._.L:L -+ &, +/ﬁf, = - -+ ‘ZJ; T, 5 z.""‘; (r)

and  with B=p =0, =4 =0, Z_,_—z,rfo%z‘./ ;f:a.OZ/ D= % -Fé/ g
A= boott 1 9.0 becomes

2
ho= S5 ft + 6,02 Cboo£4) _V (2
. T At @)(312 £
| £
Since 2
NEE )/: %: @[f})

(ZGE )
Ez,(iﬁ‘) Can be writew as

2

fop= SO+ 734 @

or  witn O 15 Gal)min 2

Hp 50+ Zby X [@(f‘//m,;)] (3)
The  pump  head- ca /Mcjv‘y relationship 15 .

’54 > /FO — b.)0 xio” 7 [ép /f‘!/m;;)] | (%)
Thus, The c?of’ﬂailhj /Da)}ft wi'll eccyr at- the Fowrate
Wheve #, = Hp, OF .

v L,
I8 - 4. Joxld & = S0+ Fb¥x)o

@2.

Se That
§= 65 gpm
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12.35 A centrifugal pump having a 6-in.-diameter impeller () €2)
and the characteristics shown in Fig. 12.12 is to be used to pump e s S "

gasoline 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. : ™
P#m,o
4 v L= AW £ y2
T U 2 + = BV + £V
& * zZs *E P & 7 z% + % 7C.D zg g8

and with f=p=e, WY 20 B =2 20 L= yoooft, ana D= Yy Ft
. ﬁeﬂecfu}j mine r /osses)/ Eg. (1) becomes

. (9‘@00#)( V2 - | (2
P (.% f£) Z)[’az_z?_;>
dince y= & @)
A

(F)(7 #)*
EZ,CZ’) Can be wriHen s

Hp = f03 x10° £ [@(v“’f%)] ) (3)

The tricte, Factor a’e/oend.r on fe= V. D/ 2 6‘49/77" /)
ana with T 49 xI0TAEY s e gesoline

o - Yt Pcs) R
¢ (F)(Jzzﬁ)(ﬁxm"‘fgé‘) kx10 & (1)

For  Commercial steel 3-1n dumeter pipe (From Fg. 8£.22)

& ~ ¥
D S PXIb

77};(5/ oé/ A j}u’e’n Q/ F Can be 0éf¢/hpd ’ﬁ’am The Maaf/_::,
Chart | or The Cole b yoo # eguation (Eg £35), anx | %,
determmed From Eg (3) Tabulatea Vilyes ave  Givew

/m The ﬁ/fow;hj table

(cont)
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/Z.35 { Con? )

Z)| o) ke | £ | A

Y 0.085/ 727x10°) 00208 /7.0
%0 s |78 185xi0°| 0.0193 | 630
/26 0.267 2.78x1°| 6.0087 | /37
/6o 0.357 371 x0S| 0.018% | 22
200 6. 44l Y exlo®| 10182 313
A0 | 4.535 S 0°| s0181 | 534

These data (’lg/, vs. @) are plobed on Fig. (202 (reproduced
below) yand The Flowrate a&  The intevsectisn of The Syskem
Curve and The Pum}: Curve /s

f: ’5F if-—/

27t 17

Siice et Ths  flawnte The pump operates near peak eficiency
Mhis  Fype of pump Would appenr fo be & good Chore If

The 158 .ﬁ“///m}a HHowrate 15 at or hear The desired e rate.

R, L ,
500 8,10 8ia_ rARIER -
AN ERE IN N
! i S A i
400 -7 Py ‘
) i
N .
= 300| ¢ N @)
3 N _ |
t
T 200 § // ; %
_ L L]
100 {24stm |1 4]
[/, l’r‘y H : ! § L
e F ; 5
R A R QIS T Ly : ‘} c::
e mEgep TR
O 40 80 120 160 200 240 280 320 ©

Capacity, galimin
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12,36 Detennine the new flowrate for the system described in
Problem 12.35 if the pipe diameter is increased from 3 in. to 4 in.
Is this pump still 2 good choice? Explain.

Reter to solubion 4o Problewm 12.73. With D= %2 £+ Eg.cy

be comes 7 (foos £ V2
% 4 (,_ Ft) (z)(322 ﬁ") (2)
and y= % - @ (F) )
y _—
() (£ #)*
So That 3 c3)
/£/D 245 x10* £ [(?(fi/)
The )?67119/5{5 number b€comes
/ée - ﬁf = @(ﬁ.?/:) -é—-: = 7:80)(/05& (%ts/)
oV rw(%ftmem )
, iy
or Commercial steel H-in dameber pipe (From Fig. 82 2) = F3x400

Thus, for a given @, F Can be obtarned Fon THe Moo, c/mrz’ or e

Colebrosk egution (. £p. £35), quu #, determnéd From Eg.(3). Tabulated
values are  Givén 17 The é//oumj ble .

o (E)| o) % £ 4@

4o 0.084] | 495X ' | ooz 4.1
20 6,178 | 139x00° | 20192 /% 9
/20 0.247 2.08X10° 0.0/83 52, 5
ko 0.357 278 X10° 6.017% 55 9
2eo o4l | BHEXI | b.01Th 5578
a4p 6.535 | HI7x500° | s.o17y /z2
280 o628 | 487405 | o072 /by
320 8.7/3 52541/05 0.0170 2]

These Awta [ f vs. & ) are p/o#ezf on ,Zf}'j 2.2 (. reproduced
pon The followns jﬁajc ), and The Sowrate at The nftrsection oF

ﬂ:e 5y.s:‘€m Curve anaA  The pump (arve /3
/
@ = 255 I

(cont)
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/2. 36 (Conl )

% NI ! i !
O+ WD e - i .
soopBinial 1P 7l & 12 o ——
_ ST !
400 |7 A NS N W
o ~ l ) T \ FXa)
& 300 SR TN = A
‘g i \k\ . N Q&%
N
. X S~ _ ]
20 ~Q S Sl
25 f ]
s LTINS
100 Jyﬁr‘im \Cis VV{ .\_9/// ’j‘. ‘ﬁ'\e .4
T 3= T ¢ 18
- R _-"‘w’- + >
O““;“-dh’-’“"i"?—‘ :, ; | l(}g
E ; : , , i!'/ ESEarm 8 %
0 40 B0 120 160 200 240 280 320 ©

Capacity, galimin

5//‘}«{& at 7H s ﬁﬂa)Fdﬁe 7779 /)um)a \E)C;[;éje:nc_y 2 74/!':/17
/aw [mé‘?%)/ 7}11_5 ,oum,» ;.9' N2 /ahjek' a goed Choice -
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/2.37

12.37 A centrifugal pump having 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 contains 4 reg-
ular flanged 90° elbows, a check valve, and a fully open globe
valve. Other minor losses are negligible. Assume the friction fac-
tor f = 0.02 for the 100-{t section of pipe. If the static head (dif-
ference 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.

/IP/O//CQ"A:&;;- o/ 7%? {?nerjj -23“4;5’9!& éem‘ween '/779. "’L‘f-fo frfe JW!’;&I(@S}
fatr}ts (1) ang €2, gjves

) R - //91 v, /)

-;—-:-f‘ -lg_}?"’f-‘,-f-' ’4/,- ?""{f}* z, t Zﬁl_
dud  with ﬁ,:/;_ =0, l/j*—'i/z:o) and Z, -7 = 307"1", Ef,(/).éecamp_;
hp= B0t + 24, (z,

The /'eai /oss tevm  Can be Expressed  as (100 ﬁ.) V?- .
z 7 = f’l‘ [0:5) + 10+ 2 + 0O.02 (_f;;' ‘pt) L[SZ'Z_S_;-)

with The Minor loss Coefficients obdamed From Table £3. Also,
V= @ _ @ (%)

A D
A

2.
o< 30+ 2.04 [05#34{]
or The S?S#m eguwﬁén Cam be wrilfen as

and E7. 2) becomes

2
-5 /
op = 30+ 02 K10 [@f‘?ﬁ;ﬂ ()
The mlylr’rsec#zoh of the
51{5me curve (533) /;d]:hl 100 : : T ; |
The pump Carve ,a8 Shown z - L o
on The Fgure , Indicater
That / 80 Heae 4
a , ; &
q?:.: /7 %o ‘%7'];, ‘ |
Since The efticiency af Thi :}:: 80¢ /"%#f | |
o f i 2 7 < RN i —
flowrate 15 near peak 5 / Carve §y 1 AN
Eﬁflc.'.r;?n@J a5 Shown os 7He f: 40 W, ] \
- . Id & _ e E1ficiency |
nyurz This pump lwould be _ ‘
M * 201 — 7 § ...... !
/| | T
[ | eym
00- 400 800 1200 1600 2000 2400

Flowrate, gal/min
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12.38 In a chemical processing plant a liquid is pumped from an
open tank, through a 0.1-m-diameter vertical pipe, and into another
open tank as shown in Fig. P12.38(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. P12.38(h). The pump head-
capacity relationship is given by the equation h, = 52.0 — 1.01 X
10° 0% with h, in meters when @ is in m®/s. Assume the friction

40
30 -
l\ .
K, 20
- \\
\\-
[y i P —

0 20 40 60 80 100

{Closed) (Open)
Percent valve setting {a)

103]
BFIGURE P12.38

£ y* _ A W2 5] )
}—’*-.z.—.i?"f-%t'f"ﬁpm ?{-Zg Z‘EL-‘ L

and w,th ﬂ:ﬂ:o} [/’ :*:.VL::,;)/ an A ¥z"%1: 334«/ Ef,(l) é?me:
The  head Joss TtFm can be ex pressed 43

VZ..
Z&_l’ (k, + ﬁ%)z;i

(&) With The valve opew K %10 (Arm Fis. P12.296) 50 tued witn
—JCxO.DZ./ ,@:B&rm}, 4#:/.D=0.//m/ é?z.fz) Can be torittn as

f304n)] y 4

- 0,02 - o

ff’ F3m + [’-0 * (2im) 1 2 (581% ¢
) 3

V“ 2" = (z-;m")/-ﬂff"”);
Ef,z’a) becanes

52
,ﬁf, = 33m + [/.o * 4.0](224) [@(MZ}] %)
or 2 2
hp= 33+ 578X10 [@(%’-3)] (s)
(eon 2-)
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/2.38 ( eont )

Since The pump {f{zaéwé /s
o= $Zo-10rx0’[ B12)]’ (4)

EZ./ 5) and £9.00) ean be éjtmfé’a’ to delermme  The ﬁowm'ée. Thus,

3 =z 3 5
B3+ EN18XI0 § = S5Z2.0—1.0] xlo @

agni 3
@:' 8. 0529 5

(b) I¥ e Flowrate s +o be cut m half so Trat
G= 00527/a = 50265 m’s, The head added by The
parip. s

A

3 cw3 )
= S2.6— L0/ X102 /&-ﬂzasw—”; )

= S$D.bom
Frem £2.08)  win K unknown

E0.bom = 33om+ (K, +b.0)52L)(. 0.0%52") 2

So That
- £, = 243

F;"ﬂm Ff'ﬁ /2.29 (b)) The va lve Would ée /3% open Zéa
Cbtﬂ/}"l 77’“..5 /(L

/2~ 3%




12.41

3. " 12.41 What is the rationale for operating two geometrically sim- ' R "
¢ ilar pumps differing in feature size at the same flow coefficient?

| T He pups @ imilar in geometry and obher ipotent
| ways, operating both of therm at 4 flu coefciemt
V_  ‘: afsvc/m’e/ with high ef. ,4‘41'en4/ woLs ld nm/ée .fenje

i
i
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/2.42

!.2.‘.42 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 similarily The mode! pump  prust operate at fne same
Flow Cae,ﬁﬁc/g,ﬂ‘, E:Z /2. 32. so That

zoDB) (wb3)

where The SUubscript Cm) Yeders To The model and (p) + The
/Dmi:otgﬁe Thpfj_,

- [ ) &,
and 1M Ly = ij D /D, = Ve, ann &p = }.‘/m«%/ Thev
G= (DY 512%) = 003252

Froms £g. /2,33

(22) - (&%)

W*p* w p*
so That
b L E) ()4,

v ;f;,m, =y D /3y Y ko= 2oom,
Cr

{4 :(/)[/)Z(-g/'>z[200/m) = 800 ma

L)

12-40




/2. %3

1293 A centrifugal pump with a 12-in.-diameter impeller
requires a power input of 60 hp when the fowrate is 3200 gpm
against a 60-ft head. The impelier is changed to one with a 10-
in. diameter. Determine the expected flowrate, head, and input
power if the pump speed remains the same.

For je&mez‘r/c'a./_/y Similar pumps operating at e same Speed The
effect of a Chamge 11 smpeller digmeder & Sivin by Fgs. 12.39,
2.40, 12.¢/. Thas,

@ . B’ (&g /2.37)
¢, B3

and it §,= 3zo0gpm , D= 121n | 4. D= /o

- LD, 3 TR
@z" [“5; ) 47/-'5' /mm )(zzaajpm): /850 Gpm

/2 In.

Frona Eg_ 12. 40

2
%ﬂ—/ = ;-D-'— (Ej /2. 40)
A, b*
2.

So That witm %¢/3 68 +1
2.
/61n. -
o= (B) Aoy = (L) ett) = 17

et h.

5//;%,'/4,»/9 From £ g /241

W shet, . D7 - ]
— T 7. /2,41
//V Shmaﬁz. [)2.6 '

and  witm Wf/méé = 60 hp
/

5 .\
. DZ- . - /0/)1*) /7 - 02;/1 /,)
M(f/l"’ﬂ; ' ) IV‘%&, /2 1n. Gotp) LR

{
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12.4% Do the head- ﬂowrate data shown in Fig. 12.12 appear
to follow the similarity laws as expressed by Egs. 12.39 and
12.407 Explain.

The data 1w Fig. /202 show tne effect of Changig  impeller
dtameter o1 fieaq- Howrate Characterstics Aecording  to The
Similarity laws expressed by Eg. /2.34 Gnet Lg. /2 ko

o - 2>
&9—; 53 (.é:"g, /2.39)
2
j___;_,al oo m,‘Zj: (Ebp’ /2.9"0J
4, D,

Thuys , 4s the digmeder I5 Increased  FFomr b Ao T fe .
"715 ’f’/ak/mfe /4 Creases 4CCon/hj fe Ef /2,39 as

(From boig. 1o 7. ) @ <2020, = (12:)0, = 1570
4nd

' (8 -
Chrom b 4o &) @ = ) p, = 2376,

Sfm//w/y From £9. /2.40

/740,” Loy, o 7m_) /.Da) % /Z: ) /5’4/{1

and

(From i to in.) /. - (Z/f};) o = L78he,

771#5/ for any  Given point | sucn ao (A) there G= 120 gpm dnd

//% = 250 [.S'ee /i‘,'g’_ /2,02 on  followng paJe) fo, The é.“/ff-
digmeter /m'/oe/zof; The  Correspondinis  predictest Point  would be

B R 1) frzogpm) = 191 g

= (1.36) (250 #) 7 Bio 12

( Con £
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| gl b + B
‘ BTETR Tml T ! ;
500 L8.n. dia | ® B
N e : ;
400 |7 NOENEDETS e
[ \’1‘- N ~ {/B) \:Sﬁ N
. ~ o~ A -~ ‘T p:
h, \, BN (3’
&= 300 6 ‘~ < ~
-g ~ = > ég'b
b \~
% 200 A \:‘1 ] }&.& %
5 R o
100 - x“ . Ds .,
; 4" \?h 15
- i e
IR R o wp == | b 3
i A ' 5{82

0 40 80 120 160 200 240 280 320
Capacity, gal/min

Sm:u'/ar/g) for The Sin dameter simpe [ler The predicted pont,
Po/it(cjl would be at

(PZ :(Z; 37) [lzad«pm) = Z8F 2pm
Fomtbs B ana (€D Fa)l near The Corvespownding cuyrveS 1#

Fig. /212 Thereby demonstratiig That  They do  appear to
‘é//ﬂw Te J/ﬁ;f'/ﬂm‘fﬁ /4;05' Yf:’j-

Mote That ceccordirng Ao The Similarity Jaws Fhe btir. diameter
curve ts simply  franslated to  The rght  and apuward e
obtain  The Gorrespondiig head-flowrate Carves For The T-in. aud
F~in. dianmieter pumps . It s clegr frem Fi9. 1202  Thet
his 15 Fenerally  Aow Tue Three Curves arve Felated.
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12.45 A centrifugal pump has the performance characteristics
of the pump with the 6-in.-diameter impeller described in Fig.
12.12. Note that the pump in this figure is operating at 3500 rpm.
What is the expected head gained if the speed of this pump is
reduced to 2800 rpm while operating at peak efficiency?

From /C?"y, J2. 12 for Zhe bt diameder /.»p':a/ae//e,r 9::”,@,4,,,;4 2t F&00rpm,
P = 170 gpm anA Fg = 230 F£ Lhen operating ol peak e i ience

{ see %zjw‘( below ) - Thus J /£ The pump is St 1] @Mrué?d at  peak
efficienty  with  Tre Speed reduced o 2§00 ppm  Then from

Eg_ /2.3(

.__g’, = %i (Ef,/z,:"é)
Z
SO W ZJDO"P

§,: 20, = [ S Ntogpmm ) = 136 gpm

From £9.12.37

2
If‘t“' = _L.fif (Ef 12.?7)
a .
74y W,
2
so That w / 2800 Fpm )
z Z D;f. =
%Q = 3500 5pm 220 #t) 41 A
. L |
soo Bingel L ¥ 3 ~
\ }'\:-_‘ =~
400}-3 ""'i“\*‘~:';:£~ \\"“kﬁi’q
— .. . o8
N S \ - k""‘ < N
" & »\ ! \\ o \- \
200_,';_“““—-'—‘“ ¥\%r> __( !
Y 230l ; \;w\r
! s PN
100 ‘ e N
] : ! - C e \?{ z
c NPS“BM"" + - =“-
! (o ;A/ ‘5| i ol 2

0 40 80 120 160 200 240 280 320
Capacity, gal/min
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12.4¢ A centrifugal pump provides a flowrate of 500 gpm
when operating 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.

Fer a Zgwen pump The effect of a change 1i sSpeed on §
A %4_ /53 j/!/é’n b:, EXS, 2.74 #na /2.37, Thus)

@ o

—5 = (£2.72.36
7 Lo, g )
and Wit P = Spo5em, W, T /75D kpm, and Wy = 3500 rpm , Then
= (> @ - rfé‘&d )”fﬁ'l}
T = et 7 (5DO Gpm )
@ o, ! (1750 rpm) (52057

= /0Py éPm

Similarly, .
_{ff = f’z (5. 12,37)
%41 [d&
So  That Nl‘j"t //1?47:' Zeo 7&15 |
A
L, 12 _ [ 3500¥rpm 2
%a.z ’(—5/) {’-f b [ 1750 kpm ( oﬁ)

= oo f£
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o 124‘7 Expiain how Fig. 12.18 was constructed from test data. Why
"7 is this use of specific speed important? Mlustrate with a specific
gxample.

- Avvariety 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, NS ,
 (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.

12-44
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12.48 Use the data given in Problem 12.25 and plot the dimen-
sionless coefficients Cy, Cyp, 1 versus Cp for this pump. Calculate
a meaningful value of specific speed, discuss its usefulness, and
compare the result with data of Fig. 12.18.

F?’&’M /D raé/é’m /Zﬂ.g The é//atz}/nj d@%ﬁQ .A/e/e 05&/&1643 .

¢ [ﬁpm ) 2o %o bo §o | o | 120 /4o
G2.% F2.5 57.9 F3.5 773 £9.5 59.8
4, CFL) ’
Y (%) 2.7 $1.2 ¥7.7 5.5 613 loy | S
;%W 158 2.27 | 247 295" 319 2. 49 Yoo
input( bp)

Br  w= (1750 2) fzr’”“ )[5 S.> = /§330ad  and D= g;t/,;
7%7/9«/,5 'f}lﬁf
C = “‘42"‘ = @Q‘P”UV(Z%?’%J)/&M”
(/33 %) (% #)°
= 7,88 X/ﬂﬁj@ (ffm)
2 /e (322 )%_(,Cﬁ)
LD (/3-3 3}"&5{) >
= 170 x5 4 ()
Cp = Wokett o Wy (hp)(s50 552
5
Pt (e a8 533 P e

= 9% X156 W, Chp)
PBased on The duta above !

Plgpm)| 2o %o éo 50 oo | sze | 1%
3

™
3=
I

Shaft

- -3 - 3 - -
STxIp ¥ lisxin | /73 ,r/o3 23040 280 1 % 6‘L)r/03 5.‘03)(/03

Co

Cy 6./580 | oisH | o198 | s1¥23 | 037 | o.118% 0-109‘4)‘
- - -4 4

Cp 3,075 £yoxi0 | Sigx it S720 087" dagwi”) 6100007 T74xl0

297 | w2 | ¥59 | s717 | en3 | b0¥ | 24

( Con't)
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The pht of (H) éj? versus Co 15 Shown below.

i
gl ﬁ, :
axie’
C
a
wyict
zen™
= g
1
_; b .
v, 1o ; ko
- o ’)L
CH
&ip I Ze
sog bl = i
o /a3 2xtd gpitd Y153 5% t0m3

C‘E’
N, = w (rpm) (@ (qpm)
[h,o0 7%
So for &= /00 gpn- at 7 3%

= (1720 rpm ) jl/Wﬂ"”) = 671
[(773#)]

whick 15 with., The kange 07; /\éd

velmes e vadiy/ s
pumps ’n Ff:y- 12./8
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!

12.49 Tn 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?

Foopr é?: Sooo  gpm, %4:* Foo ﬂ/ and - /ZOOf'pm/ Zhe
é/Dec:}‘ﬁrc' speed 45

/\/_5‘/:-” Cu(kpm)}@ Cppm )
[#.re)]

(7200 ppm ) | Sve0 ppm
( 300 fé)%"

7

= 180

From F;j 1218, &L This Spec/fié Speed  a  padial
7£/&£u purmp (Ca"m‘n'—,&yf/ _//me) would be recommended .
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2. 53 A certain axial-flow pump has a specific speed of
Ng = 35.0. If the pump is expected to deliver 3000 gpm when

operating against a 13-t head, at what speed (rpm) should the
pump be run?

Stnde

W Creap) || (%)
[ (e A Cee)] 2y

J =32 Ay = ISHE aud witn

3600 42/,
QD b 4/ : -é;n 5 i é é 5) ﬁ"’j

A/sz

7695/ A/\S ~

o
~

1 follows Fuat
[50) [(322 )(/"H)]

ét) [/’41/5) =
Vobiett
= (94 22
Hence o (rpm) = (199 %ﬁ)[é@%j,a)
= [960 rpm
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12.5% A certain pump is known to have a capacity of 3m*/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-Aow, mixed-flow, or axial-flow pump?

Since

& (Fad/s) V@éﬂ%)ﬁ
&F’”/s’“) %é 5”12]3/*
for o= 60 rmf/s) §= 5/»43/5) ; = fé’/dn/sj aned »{;:: ZOam
(éai’aa//;) )/ 3 w3
My = 3/,
[ Garmps)eom)]

= /78
From Fg 12.18 titn MNe= 178
a Mixed-Flow qu/;,

The. pPump 15
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12. 55 Fuel oil (sp. wt = 48.0 Ib/5F, viscosity = 2.0 x
1077 1b-s/fi?) is pumped through the piping system of Fig.
P12, witha velocity of 4.6 ft/s. The pressure 200 ft upstream

from the pump is 5 psi. Pipe losses downstream from the pump.

5 psi

are negligible, but minor losses are not (minor loss coefficients
are given on the figure). (a) For a pipe diameter of 2 in. witha !a ) [P= 2in.
: relative roughness £/D = 0.001, determine the head that must e T T

be added by the pump. (b} For a pump operating speed of 1750 .. 4..6 %{;s
rpm, what type of pump (radial-flow, mixed-flow, or axial-flow) i 200
would you recommend for this application?

® FIGURE P12.55%

A - 1= v, * (1)
() __?-f-_%+'2,+f,“—d_—+é+-}z+ Z’ﬁz_
Witn 3‘?‘1‘5’,&!5/,&3) fl'-.:j‘j:s:l/;zi:o/ V= s s V=0, aad
Z,—2, = 2o f-t/ Eg. ) e comes
(5«@,_)(/44,’:’1‘;:) Loy
in 4 [5‘4'3"') - Zofé ‘f‘Z—‘A'L (2)
17‘30&3 2(32.2.%) 7
The head /a,ss “erm Can be expressed as (5‘616&)

2_/2.[‘2 [5&9 -—I-i_g-f-h/‘.fe * 7( ?/,_ (z)(szzvcﬁ‘)

Vafve elbow exct

7he Ke nolds number
7 '”;éo_ (Bf”;‘f Vhe £)(2 %
ke= Tk = S/AI

=5 j4S
0 X 1D A
g =

and Witk 5/03 o001 F= bo2¢ /ﬁm 'Z’-j 5,23)_
ﬂujj%”/iéﬂ anod Frem £ (2)

- Ap= 1851
(5) Spmie G=yp- [%f_fﬂ:)@ #)= 6100 £

er

Q= (0./06 %) (745 2 )[éd,,,,,,)“‘f‘g,ojfm

The specific Speed af 1750 rpm I

Ve = lo Crpam) MQ(;;@ = (1750 rpm) y %" O gom -~ /330
" [7.Cre)] [775 5]

F;l’ 7’71!'.5 .‘J‘}D?C:'yftc‘, JP?Q&( a radia/-Flow Durnpe toould Ae
recommen ded For TS application ( see Fiae',_ /12.18) .
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""""""""""" " 12.56 The axial-flow pump shown in Fig. 12.19 is designed to
move 5000 gal/min of water over a head rise of 5 ft of water, Es-
timate the motor power requirement and the U/, Vy, needed to achieve
this flowrate on a continous basis. Comment on any cautions as-
sociated with where the pump is placed vertically in the pipe. :

Fram £ /2.2 we get the power eymvnkm% to The head rise
and Flowrgte inveled . This is the mivimum paw&r fejmfea’ 76 o

46’6:&’6 The. performance specified.
| = 7 Qé

(62 ¢4 )(5000 34’)
7N

P:ﬁ/})fﬂ

/a esﬁma‘/e The sheft ov moter power H’gmremen‘/ M need-/-pff
: asmme. the efficiency oF The conmversiors of :/,aﬁ o woto
» paww pte  The pump paﬁév»umcg 5p€¢, ,g‘ o i

B {;M ﬁ = %.f__’_ o For 800 ez"‘umcy

p = Slhp L C4oap
shafy 0.8 = N e
’U; Ve:; - and f hatt are velated th EB 2. ¢ )’fwaujlq .

Fhefr *




____.._/2' 56....1(40_;1’&‘ )

7;L¢ gl Caa%/’an /0 P/acuaj ?lje Pam,y Verﬁm//‘y ”J

f he. ihtake pipe is o do so 4 a.way fo. aveid |
VCQW 7‘:?,7"0)9 1 The )oamf’ The 50//4&/0::, of cﬂi/nén;om f

e -7 2S5 /M e um Cavy Chede PU’” ade. and other
babir the  pump do pump blade and Hher
b Weﬂec/ Jfar-,ﬁgeg

Yorlyzy e <nmgy quatin, fgf

.gc_?‘ )

2
;?A:_@F!ﬁ-{-f}-—l&.
¥ 29 |

| Seo
L B frz2, oY%
¥ J

 dnd o maximf 3o _5_ , we winimize 2, -2 ﬁaCA:evc,
ke we place fhe pump high werticall i the ik
 Pie Ty will dond o g g ong e amid
- caVitathor which occurs when A am{/av }’e/a/ep( presrare;f
 h le pump become  less Than  fhe 3/4790:/ pmm:vc 0"
f-ﬂrc. -F/ma’
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12.6 l ‘Consider the Pelton wheel turbme illustrated in Figs.
- 12.24, 12.25, 12.26, and 12.27. This kind of turbine is used to
drive the oscillating sprinkler shown in Video V12.3 Explain
how this kind of sprinkler is started, and subsequently operated
al constant oscillating speed. What is the physical significance
of the zero Eorque condition w&th the Peiton wheel rotating?

As ShOWn on payg 795 below Ej /2. 5-0

Toss = 5 (U-)(1=cosp )

So fw no rotaken of He wheel or U'-»O The varm;‘:m':'-?

of Q‘ et with c/mryn.oj m 12 linear thk? Q o J.r

Jy;v‘ lavger Than The re;/s£7 %rzne. frav,ded é}, |
 the sprinkler | the FPettom wheel rbré-n‘e.r and dvives
i""ﬁ'é;"”'d.rc.;//a/w‘n of the sprinkler ﬂ e wj,ge/
h,;l,g Kom amd sprinkler oscillatin ée_ymf L, any

ConrM valee of m and ’!ﬂ;/f-f | ma

éef{-
cu,,,(sz valiee of O ang thus Wﬁﬁm .f,veea/

am;( also oscillation peviod .

A e f/m{f» amnechn g The o5 c://a ?47 S'prfnUW
o the FPeldom Wihee/ breaks &”"3'7 owmﬁm L

Mi'/fyr/ fpvm/é/er wil) cease :41//&75»:5 and ﬁ,e

" '/%z I wheel will run af con J/a/n?" roﬁzﬁan T

12-5%5
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12.62 A small Pelten wheel is used t0 pOWer an osmﬂatmg Iawn

- sprifikler as shown in Video V123 and Fig. P12.62. The arithmetic
mean radius of the turbine is 1 in., and the exit angle of the blade
is 135° relative to the blade motion. Water is supplied through a
single 0.20-in.-diameter nozzle at a speed of 50 ft/s. Determine the &
flowrate, the maximum torgue developed, and the maximum power
developed by this turbine.

| FiGuRE P26z
-.Far the Pelton wheel shown
- : 2
Q=AY = F0MV=E(5PH) (508
: ;or
- Q=00/09 &

~ From Fig. Il.22
 Thatt =mrm Yy (1-cosg)
max

and L
Wpy = 025 V2 (1=cosp)
max 3 /V;
where m = eQ:/,%%%—(o,omq %—)50,0211 2
| Thw} Jogs - f*
 Tohatt = 0.02/1 =55 S/u?s (.{.é._,q)(so )(I-cos 135°) = 0.750 LB
ok may o 50
and
Wepatt = 0.25(0- 021 Sy (50 Y2 (1-cos 135°) = 22, 53_/”&1&
S Gmax o 5 HI
or
' b hp
%ha%xzm,s S 550% = 0,0409 fip .
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12.63 The s1ngle~stage axtal-flow turbomachine shown in Fig.
P12.63 involves water flow at a volumetric flowrate of 9 m*/s. The

. rotor revolves at 600 rpm. The inner and outer radii of the annu-
lar flow path through the stage are 0.46 and 0.61 m, and B, = 60°.
The flow entering the rotor row and leaving the stator row is ax-
ial when viewed from the stationary casing. Is this device a tar-
bine or a pump? Estimate the amount of power transferred to or
from the fluid.

MFIGURE Pi2.63

Wopatt = 1 (Ta Vyz - UVor ) mm Vey =0

m = Q= ‘i??ﬁ%'(?..’!’f) = 899/ L3
But §= W, cosé0’ A, or since A, = ?7‘(/';, '/'})

| g2
W, =
”60560 (0:5/2-00 52')”1

= 35.7:.,:—_

Hence, from the velocily triangle,
V 2 "Wz sin 50‘ + M.
=~35.7 siné0’+33,6 = 2,70 0

From 57, (/_)-’

The device is an 816 KW pomp

mm

and

U W hnean =W (rﬁra) T/JVS Wf’?{/) w=(800LEL)
this g/

A (62 8rad)(0%m +o,£/pv) -33.42
Also

Witatt = (8991 R2)(33462)(2.702) = 5,16 x10° >0

N

529”“"

rev

U,-38.6

r} Vez

12-5%
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12. 64 Describes what will happen when the flow through the -
mrbomachine of Fig. P12.6%is in the oppesite direction (right
to left) and the shaft is freed up to rotate in response to the re-
versed flow,

whewn Flow is reversed as shown in the skekl aéave,\(” the
ve.lcvcr'«l-y of the flow out of the s-.‘n{-{ona.ry é/mfe row ((now a.
hozzle) will leave at approximalely the blade exit angle. The
magnitude of V, will depend on the mﬂ;.t,.dc of the
Flowvate & - Fromw The vo(o:,h& -Frfar\j/es sgke%ea{‘ above
we comclude that the rofor will now move in a
direction apposi-!*c to the ome of p?oéfemé (2 5%, The. .
rotov spez,ol will depcnol o values of & and the resﬁummj
shaft 'r'-avﬁue, T . Fom the vc(ach‘-j -Majmgfef we alse

conclude that the Huid forces on the mawrjj blade
ceetions are in e same direction as blade wistio S0

He Ffudd s c!.ot'y\\j wovk on the votor. The device ;s
how W’ﬁ’fj as 4 Hfurbine . V'VLIWC\L m(—[{z\{g;t&\éz)

may be used 4o defermme shaft power..

1}
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¢ 12.65 For an air turbine of a dentist’s drill like the one shown in
© Fig. E12.8 and Video V124 calculate the average blade speed as-

- sogiated with a rotational speed of 350,000 rpm. Estimate the air
- .- pressure needed to run this turbine. :

)w (0 133+40.

: W&Cﬂ !c“ Ia f-& -['he a%m?& é/a Jg 5fged U _*;hh

~ .

:cs)m it

.f.
'2..

o (2)(!2
U = 459 £+

o ertimale Hhe aiy pesure, p

s ﬂém«/f ‘l‘Wrct Ac hn)c as The

V=2U = 98 fif

" _5'0;
ng T4
1100 ﬁZ :

-—
-y

Me 0.83

_;'s;

P =01 ad p=F

3
,; ~ 0 /}‘/. 7 ﬂf)-'d)

A

w—
-

j, :

'Hre Cmedmj Macin nume M
with 4 e:ﬁ-m/edv%h a‘én.?' fl :?

 mw

ntededﬁ Y'un 7‘/”5

o‘wLme we eshmale That The naggle, exit Vc{om}
aner a‘yc b /“"[‘

(3590 tTevi2miedl) |

¢ . . P ! Co

~—— R : O i S
> I RS TN S O : I
i P : [ i R

Pt N i i i

ll‘"'hj o : e
i T v

-ﬁwv\ F 19 D.1 Yhe Vohe 4— PP Wfpmd;?j-/pM 0.8

- w0p
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12.66 | 12.66  Water for a Pelton wheel turbine flows from the head-

water and through the penstock as shown in Fig. P12, 6%, The
etfective friction factor for the penstock, control valves and the

Jdike is 0.032 and the diameter of the jet IS 0 20 m. Determine
thc maximum powr:r output.

Elevation= 975 m
{0

1 Vv } T Elevation = 250 m
0.20m
M FIGURE P12.66

Wopets = PQU(U-V,) (1-cos@) or for maximom powe/
T hvs,

Wopatt = - QL

max
But %+é+z %49—? +Z,+,E§,_\; where fﬂ ﬂ-—:(}’) ngQ'ZS’mJ
. Z, -250m and V=0
Hence, - R
2, =Z,+—J~ +{'5£,—K where AV, = AV _ @
r 2 m2
TR < Zorv . Thatis V= (L)Y =(220)Y, =0.0994),

so thai f?, (2) becomes:

2
- +- m._v.l__._.. 1020m
975m = 250m z(aslg-;)[“o'o”( Do) (0.049%)
or V, = 1143 &
Hence,
Q=AY = 0.2 mf(11432) = 3,56 22

Theref vre, from Eq.(0:

Ws/zai‘f = —(??? ,)(3 56+ Ly ) -(—”—""-3~5—) = 23.2x)0°

~N

21a0° 17= Y
p-/ao}U—-a,_-’a

~
] where V]~ £

m
N = 23200 kW
max —_—

(1)

12~ 60



/12.67

12.67 Water to run a Pelton wheel is supplied by a penstock
of length ¢ and diameter D with a friction factor f. If the only
losses associated with the flow in the penstock are due to pipe
friction, shown that the maximum power output of the tur-

bine occurs when the nozzle diameter, D, is given by D, =
Dfafe/Dy .

Wspatt = pQU( U-V;) (I=cosg) so the maximom power au{pm‘ occors

with g=180° and U=2. Thus, "
/)

Wopati = O L where (0 | V[“
p, A>3z
'%o"tzg*z 'ﬁﬂ} I’Lz"t’cbl:b? \I“"‘// ’

But fo=f =0, l/a-—OJ and Z,-Z=h. Thus “

2 2 1
h =;_l-;tl- + {—g—i-;- where since A=AV or ZD, =ZD* we have

2
Vi =(5) v c
Tbe/‘efar‘e h“' [I ’[D D"‘] or - ?_g m and E? (/) 911183
m&b, _ CEDMVh .
(1+15:08) ~ (1erKo®) oot V (1++£ 0% (),
For this problem £ 4, D and h are constants ; 0, is varsable.
Thus, from £gs.(2) and (3):

Wehatt =

' KD; cconst Y
M'/Sh H = ;, Wbé’!"l.‘.’ K-‘CW’\Y R 4”6{ C"Ca”ﬂ(&" fDS

(1+cD¥)
Mote: Wslm# —=0 as D0 and gs D,—~02 , 7o find ;%e D, {pat gives
Wi
maximim power over all , sef d g:;# 0
dWipatt  2KD, ¢2)KD2

D ([+cDFys’ m‘DT)s/z.( )40, =0

3
=
n
N
o)~

or 2KDI BCD'f s ¥

Thus, D’#-(Tszﬁ)%e = oL
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12.68 A hydraulic tarbine operating at 180 rpm wuhahcdd of
100 feet develops 20,000 horsepower. Estimate the power if the
- same turbine were (0 operate under a head of S0 ft. .
<ince },},dmu[,’c Yurbine Flew is incampressible, we use the dimens/mfess partmetrs
Jeo 4 for Aydrau/:'c Punps, namely , Flow,, head ool pover coelhicients. For
tthis situation we Speeci 0f‘cm74'mn at fhe same efficfevicy andd Thus Hont
(;a;mt"e"?t with one halt the head. Thus, /}eaa( c,asfﬂ'aeny‘ rYemams

Gonstant and ng) _ Z/Tr
. - w*D? W D*
Lo Wl'llbr-D,:‘Dz and 9{::?23 ! 2
100 50
(180 ~ TwE Or = 127 rpm _’
"y i W

so with D, =0y and @,=;*

+

(2;20[;20' = (?S%BLZ or M:/chaf{z:..wfaoabp' |

12..69

7
2

12.69  Draft tubes as shown in Fig. P12,69 are often in- -
_stalled at the exit of Kaplan and Francis rurbines. Explain why
such draft tubes are advantageous.

NN

Draft tube

Ll
?

N/

AN
1

m FIGURE P12.69 o
Wilhoot the draft fube there would be a relatively highspeed exit jet
(speed V,, pressure ﬁ"@). With the dratt fvbe which acts ac a
diffucer) the exit speed is much smaller (4,=0 , p.=0). From Bernovl);
equation if follas that <0 (with Hhe dratf fobe). Hence there is a
Jorger head available to the torbine. More energy can be removed
from 7‘/)9 flnd, "
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1270  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.

|
i
]
i

Wepoy = 30000 hp ; hy =70f; and w=60rpm so that

N = ¥ Wshaty _ 69 Y3xi0¥
(b (70)°%

Also since Wipor = @b, it follows that

&

0- Wehatt (30,000 hp)(550 %‘Q/hp)
¥ h, (62.4 ﬁ;)(’/’aﬁ)

= 5.3 For #Ifs iVa/UE a F!"aﬂc/}
turbine would be appropfafe.

3
=374
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© 1271 Show how you would estimate the relationship between fea- :
ture size and power production for a wind turbine like the one
shown in Video V12.1. :

To estmale +he Ye/a%bhffw}a betweer, Jeatere 513e and power
Pma&«cflbh v 6 wind  Hfurbive we use He dfmen.rf}mié’f!
pi ferms ¢f B5. 12.29 and 1230 which ave opplicable Tor
fhis incwvrfrt‘.’:sible Flow_ By simylar Hurbivies guol opoviting (end;Homs

7

thaff / ': W;hmq 2 ‘

s 3 |

het fz%? 0, %

pmd f
Ghai . ghar_

oo wr 0, 5

IR E 7

we combine awvd ?e)l'

Since /’,:{6”_ M“’l Aa: :Aﬂlx

) 1
M{rhqif N /5
'_—-""_'-a—‘_'_ S

' 1.
Ws‘hqﬂ ) pz

Ov Jower” Varies with Featuve "'}e ff”"‘Wﬂd~

o 2-6%
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Valves of 7 and  are given jn the fable befow and plofled in the
gra/aﬁs SHhown- -
(con’t)

1272 Test data for the small Francis turbine shown in Fig. .
P12712 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 ? L grake am
velocities, and the force on the brake arm, F, was recorded. Use 0 @ Brake cord
the given data to plot curves of torque as a function of angular = =
velocity and turbine efficiency as a function of angular velocity.
@ (pmy | Q) F{Ib)
0 0.129 2.63
1000 0.129 2.40
1500 0.129 2.22
v 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
MNFIGURE Pi12.72
Since ZM,=0 for the brake arm i} 0, L
follows that Fr= Fr—-F,r _F L-65in ~IF
Also, the torque on the forbine Pf’—*— r—}
’ . F}
is T=Fr-Er F ]
or 6F N | |
T=F/ .-;(..ﬁ._,q) F=0.531F flh where F~Ip &
Also £
’Qhy
Thus, I
rey min\f27rra
y = (T ) (w5 ) ( Fo< )( rev )
= B 3
(52,4# lﬁsJ (G -if-) (32.8Ff)
or s Tw @~cf
W= 5.6 X]0 % where T ~ f-lb , w~rpm, 4~ Cts @)
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./_2,72- (con'd)

w, rpm

T, fi-lb

1000
1500
1870
2170
2350
2580

g

12758

1179

A TEY

0.792
048
0.179

0.506
0.70]
0.783
0.745
0.593
0.308

o4

0.2

Ol T

“ TP 2000 3000
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12T#  The device shown in Fig. P12, Mis 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 Brake shoe
turbine buckets as indicated. The angular velocity, w, of the -
turbine wheel is varied by adjusting the tension on the Prony
brake spring, thereby varying the torque, T ohane applied to the
output shaft. This torque can be determined from the measured

. force, R, needed to keep the brake arm stationary as Topers =

_F€, where { is the moment arm of the brake force.

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, = Tuun @, as a function of the angular
velocity. On each of these graphs plot the theoretical curves for L ,
. this turbine, assuming 100 percent efficiency. ™ FIGURE P12.74
Compare the experimental and theoretical results and dis- - :
cuss some possible reasons for any differences between them.

@ (rpm) R (Ib)
0 2.47
360 1.91
450 1.84
600 1.69
700 1.55
940 1.17
1120 0.89
1480 0.16

X [mi, Trad
and Wit = TW = T(wh ( én;fvﬂ) (zreu

o Wopaty = 01047 Tw BB pore T~Hlb | w~rpm

(4) Theoretical : 7= /ﬁl‘(U"‘V,)(/"CN@) where assvme (9-—*/80”,

qQ  o.s4z i
V=7 = Zoeg =537 & and
7 (524

m = 0Q = (19% 25) (0.542 ) = 0,105 s
' f
/'/ence) with U=w2@‘ = %{f)(%?a@ .’-‘f—?‘—() = 0-0252603.—-.’ wrpm
T={(0./05 %%)(f?;ﬁl)[o. 0242 W -53.7]{?

T = /4] [4. 88X10 “w -l] b , where w ~rpm
(con't)

or

Experimentally defermined values of @ and R are shown G )

Q =
0.542 it -

(a) Eyperimental ' T=RE=0.5#)R or T=05R f-Ib,where R~lb @

(2)

Valves of w,T, and W, y are given jp the fable and graph betow.

3)
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[z7%

(con')

. . @
Rlso, Wy = Tw = T(3%w) = 0. 1047 T w ff;/é , Where T~Fi-/p, w~epm

Valves of 7 and M:/r}v o} from Egs.(3)and (%) are plotted in Yhe 7m,aﬁ
below.

experimqnf

theory |

_#rpm

T, b

thaff}%&

T

ft:db

“Wshaff, —5

0
360

1,235
- 0.955

0
36‘0

L4
L16

0
43,8

43.3 .
53,]
L£s.8
576
£2.2
2.4

0.920
0.8%5
0.775
0.585
0,445

0.080

450
600
700
940
120
/480

A.100
0.997
0.928
0.763
0.639
0.392

5.8
62.6
£8.0
75.1
75.0
£0.7

| Lé'fxiﬁgzﬁ;;iﬂu'”

| Whatt
Cfb

i

fhlb 12 -—60

1.0

os /"

0.6 |-

Ny ey

0.2
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