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5.68 Water enters a rotating lawn sprinkler
through its base at the steady rate of 16 gal/min

as shown in Fig. P5.68, The exit cross section area
of each of the two nozzles is 0.04 in.? and the flow
- leaving each nozzle is tangential. The radius from
the axis of rotation to the centerline of each noz-
zle is 8 in. (a) Determine the resisting torque
required to hold the sprinkler head stationary.
(b) Determine the resisting torque associated with
the sprinkler rotating with a constant speed of
500 rev/min. (¢) Determine the angular velocity
of the sprinkler if no resisting torque is applied.

This /s sumifar o é:\/dm//e 5.17.

: Nozzle exit
= 8in.
/r» 4/&% = 0.04in2

/
._——"

“Restation ary
cortrol volume

- Q = 16 gal/min

S
FIGURE PS. €8

(a) 76 detevrmme #he vesistig brgm regupred Yo hold the prinkler
head 57%)‘/&”&7 we wuse the wmoment - oF —smomeniam ﬁlymg

esuation ( Eg. §.50). Thus,

—;/147[1‘ = MI" /042 //)
For V,, we use
’ ; 14%¢ tn.
e, = & - /6/3:)( i )
7 24,
zple Z2(0.0¢ mn*)7.48 / VER
or Exit [ ,%; /’l/n)
_ ¢
({‘;z = 6417 in
With £g.1 we dbtan / s
/t :
7;/‘4,4‘ //-79‘ %ﬁr)ﬁémm) T )(55‘ /7 / 5/«; 4{72
7. 48 40 /2 .
(e 1) (003 )0
= 2.96 ./

(b)To  detevmne he resis ﬁ'rzf 7‘2»'51{(, associated wilh 4 sprinkler speed

of 590 reY  we use Eg./ agath. Howevey, with rofalbon we hae
iy
= -~ 2
K’jz - WL 0;— (2
For W we use
3 m. )
_a (,é‘g,_:)(/w ) = 564/73"_"

+ Zﬂg(a.:{}é (2)(0 O% 1, )(7 $8 7 60,;{; )

con't)
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For U we yse
(8.) Goo g2z ) 67 22 )

%) o
Thus with Eg. 2 we have

_ _ A = 2620 FF
1/42_54:./73_‘_# 3¢.9 27.26 L

and  with £g./1 we 067715

a i
oo )06 15 X5 w S B) (1 e
;I—

_ A
Y = Rhw = 34.9/ =

» shatt [ 748 3;/ ( 60 »:”) ( 2 &
= 135 fUk
Shatt o ——

(C)To  defermine #e dngulay velocity of the sprinkler /¥ no Va/'fﬁi?f
Torque is applied we use the combinafion of Egs. | and 2

2 obfaw
U =w,
o
= W, _ 64./7 )(’/z .’2 - 6.3 red
S

ke (&8 m)
the rtor speed, N, s thus

N = (%7 md)@”é,z - 920 rev

277 md My in
rev
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Control

Valume

5.74 A fan (see Fig. P5.74) has a bladed rotor
of 12-in.-outside diameter and 5-in.-inside di-
ameter and runs at 1725 rpm. The width of each
rotor blade is 1 in. from blade inlet to outlet. The
volume flowrate is steady at 230 ft*/min and the
absolute velocity of the air at blade inlet, V;, is i
purely radial. The blade discharge angle is 30°
* measured with respect to the tangential direction
~ at the outside diameter of the rotor. (a) What
would be a reasonable blade inlet angle (mea-
sured with respect to the tangential direction at
the inside diameter of the rotor)? (b) Find the == S+

power required to run the fan. ] ; FIGURE P5.74

@ = 230 ft3/min

\J

I

The  stationary and won- dc/%rm/hj control wolume  shown 19 Fhe
sketel, above is used. To gefevmihe a reasonable blade
thlet- angle  we assume that the blade shonld be tangent 1
the  velative velocity af the infet. The iilet Velocity Hiangle

1S sketched belpw.

Y,
(
W 1
Vl
)
With the velocity '/'V/any/t’ , we conclude  that
9/ = fﬂn—//_v'_) ()
[V
Now o #2) s
y = & - 2 (30 )( =35 ft
I A ———— - g —
A zmhh, zvr(zs‘mﬂ"")(é"’) g
and o
[ARAZ - (254) (725 ) G B2 ) g
(12 o (60 5 g
Thus with €4.1 7 , in
g = '/M‘I@f/—f)_ = 43
J (376 £) —
(con't )
.78
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The power reguired, Mé/»a# , may be obtaiied with £g. 553
Thus
- UV @)
Shafy z z 62

The wass Howratke m,, may be obtaed as #ollws.

m, = PR = é 35X 10 ﬂuﬂ)/z;o +’ = 9I2xlp g
773 M {0 s s
A/50 | ﬂllh
rev yad
U_:L v [ém 7/’725 mz;.)(ZWr'af')_,?o.?ff
/Z n- 60 = >
( ) ( /mh)

The yalue of Vo, may be obtumed by considering the velacity

friangle fov ‘ﬂzc f/ow /f’ﬂ/l//{lf the potor at sechm(z. The
velative Vez'ac#y at the votrw exit is (onsideved b be fament

fo the binde there. The ypotos exit Flow velocity Yriange is
sketehed belpw.

U

WO)'L

Now
‘/0/2 ) '(,7{— W6,2.
» o CrE)s)
W, = Vkr  _ ZmhRa _ 2 (6 m T 7(‘0»%;“_25.9,;;
! +am 30° 1o 30" Jom 30° T s
Thus
v = 903 £t _ 254 f,z = 44.9 H—
o1 s -
and ﬁ’w’n £g. 2

i - s )07 By ) e 28

5-79



576

5.76 A sketch of the arithmetic mean radius blade sections of an
axial-flow water turbine stage is shown in Fig. P5.76. The rotor . : oA
speed is 1000 rpm. (a) Sketch and label velocity triangles for the TR ' 1 00
flow entering and leaving the rotor row. Use V for absolute ve- e
locity, W for relative velocity, and U for blade velocity. Assume

flow enters and leaves each blade row at the blade angles shown. .
(b) Calculate the work per unit mass delivered at the shaft. / 70°

A

)

i

pm

 Nontnl volyme,

Control volume
Blade sections

at the arithmetic
mean radius

o)

/ [
FIGURE P76 455" \Jas:

The ve/oci%y %rz'any/es fo;f the Fow enfer/{;y and the Flow
leaving the vofor rvow at the arithmehc mean vadius are sketched
below. |

At the arithmetic mean vedius, the blade welocity U, js

‘UI - Uz’— = Zw = (ék”‘%) 1900 r:%/ (27";%?
2 m.
(" z) (e Z) g
With the velocity friangle for the flow enftring the rofo we Conclude it
V) sin 70° =V,

Y (1)

Veosto = %,I : (2

W, sints” = Vp,~ U (3)
W cosws” =

/ X1 (con't) (47
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5. 76

(con't)

From the ratio of ng . 3 amd ¥ we obtam,
fan 45° = %9)('— U

ey
Which  when combined With Ej!~ ! and 2 YIé/d‘
Vsim70 -U
tans”’ = L
l{ws 70°
or | ¢
U - sz.3 K
- ¢ - o 0
[Stn70° - (cos 70°)(tan 45°)] [5”"7”‘(‘”7”%"%)]
= 876 ff
= ¢rer
Ther £ © - 823
= 1 70° = (@76 71F) st 70° = 82.3 1
V?' V si170° = (gn £4) son 70 z
v =V w57oo = (87.57(* cos70° = 249.9 £t
X 1 B / 3 o
d 7
an £+
W, = Mo ﬁ_____q,q J, = 4.4 T
Cﬂ.‘*’f;o w;(”'o S

With the Ve/oc;fy e Vl'ﬂng/e for the Flow /8al//)i}7 the rofor we
conclude that

0
Wzéof ¥ = \4)1 (%)
VO,L = Y- VVZSIVI‘/.S' (6)
V, sm&, = Ve, 2 | (‘7)
V, s %, =V, , | (%)

?

Fl’om Fhe can.sfcrvavé'on of mass ejq,,aﬁ'm,.

= = | Jff
l{(,l %1 zq‘ q 5
(Cﬂﬁlll)
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Thus  from é'z .5
W o= Y - (%) oy
z ——”—_—7 i ~ - S
cos ¢S Cos Yo
and  from @ 2 |
V, = U-W smis’ =523 f+_ (124 f+)5,h‘f5°= 22.4 ft
917’ ke 2 S 5/ P
The vatio of Egs. 7 and § yields
- \/ ”
o = ! 62 W 1] (22.4 f—) 37°
(29.9 1)
and Trowm Ejo 7
, ft
= 2 22*4 re
VZ - 1'49,' = [ 5) = 372 ﬁ
sin A, <in (.370) 3

We can use Eg. 5.54 fo calulate the wok per wnit
mass deliveved at- the shaft. Thus

Yshafs -q‘{‘;/ * Uz Va;z
I £+ . /
Yshatt = [ (52‘3’;*)@23 o ) t (52, 3 f‘)@?"‘fﬁ /16
g ﬂuy.ﬁ
52-
W y .
Shﬁ)({‘ = - 3/90 ﬁ /é
5/14?
o/
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5.87

5.87 A 100-ft-wide river with a flowrate of 2400 ft*/s flows

over a rock pile as shown in Fig. P5.87. Determine the direc-

tion of flow and the head loss associated with the flow across
~ the rock pile.

“® FIGURE P5.87

7o defermine. the directnn of flnw we will assume o G//r(qf(},,,/f
Use e energy efuatinn (—Eg. 5.6¢) and calevlate The . |
head [oss. I lhe head loss js posihve, our assumed dieohy),
of fAon /5 comvedd T£ the head Joss /s ngmé'v: which is not
/oéy.r)'m Uy possible, our assumed divechrn of v is ij. s

So, assuming the Fino /s tom vight to let/ or 74%«»
pont(i) to Poirt(2) 1n he sketeh above, we get
us;b];' £g. 5 84 " 0,70 shatt wob.

e pYCSSUres -1

= ./
Ve -_(éf_z-}: ,.'.f-_,_’./-z"l‘_‘_'——/)b :

P 29 29
3
,/VMV: Q.0 ) _ ¢ n
A A (nh)
and =@ = (2#0f) 2 F
V -~ ——— S
2 A‘z_ (Z ,’(,I.xma ff) v
,ﬁ 2 2
o ' O + 11
> ‘ Vz__ Vzl ‘-—2» = ({r) - [/2":1)-;- ‘)‘ﬁ-2ff

A = 2L —_ ) 2
, 2
L2929 2(%2 2;‘5) 242 2:1/)
L =0.32 f+ and smee ét_ 15 positin , owr assumed
L ———— ‘ ) :
right o [eft flv s comect

o m—
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5.1077

5107 The pumper truck shown in Fig. P5.107 is to deliver
1 l 5 f¥/s to a maximum elevation of 60 ft above the hydrant
The pressure at the 4-in. diameter outlet of the hydrant is 10 psi.
If head losses are negligibly small, determine the power that

the pump must add to the water.
: 60 ft

Hydrant
® FIGURE P5.107

To 5’5/V€ this pmé/m Wf.’ firet use fﬂe ene?y eip.@ﬁm(éj,;gy)
for  Flow Fom  The, Ayc/m;of exit(1) +o The maximunr, desjral
elevation of 60 F+ (2),10 76/— h, or m 7%/: case, '/L/;e purp

head With the
tz 595 pum/o Aca&( we Can ‘767( fﬁe pum/; /WWM”

: /——Z:-:+V+?z.‘£ _.1_1.+z-+h /
4 2

29 ﬁ’

@ - z-2,-0 _ v*
")
’{= .Q:___Q_;. (}6&)(‘/) _ )72 f_f
A C”__-_fll_) v/ 41» <
i 4 //“Zm 2
| AJ = 4o f+ - /o )(wsé ’”,) (/7.2,?)
Gy ~ 22 &
( ,,ﬁ,) | z(zzﬁzsé) |
hy = FRT Ft
V\;/,é‘# = Y&4h, = ({25‘/5)(5‘7‘7‘)@72{0
net i 550 14 /A)
| s hp

= S HF hp
Vf\{f/mr‘f ' ,0:
net in
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5.//8

5.118 Water is pumped from a tank, point (1), to the tﬁzp of a
water plant aerator, point (2), as shown in Video V5.8 and
Fig. P5.118 at a rate of 3.0 ft¥/s. (a) Determine the power that
the pump adds to the water if the head loss from (1) to (2) where
V, = 0 is 4 ft. (b) Determine the head loss from (2) to the
bottom of the aerator column, point (3), if the average velmlty
at (3)is V5 = 2 ft/s.

m FIGURE P5.[I8

(@) The eneryy equation from (1) fo (2)
0 *%}' 2 4h-h, = b +3“% +Z,

i
" / <lh=0 y/Ve.s

h h +Z,-2 = 4H +(l0+)ff - 54 = 12 ff
T/w_c the pomp. power is |
= ¥Qh, —azeaﬁa(sﬁ)(/zm - o2us tLlb (_LIp_

=408 hp

550 fi:lb

(b) The eneryy eyz/m’/oﬂ from (2) fol3)
f?&+ +22 = = %4 LPs

wrl/)
ﬁz’ﬂz =, “/6 =0 yl'i/ﬁs

h,=Z2-Z5 - 17y = /3ff- 3ﬁ‘— (25) = |0} - 0.062 4

f 2(32,2% )
or
n, = 9.9%4 1t

"/- Aerator column

)

§-/33
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