5.5

5.5 Water enters a cylindrical tank through two pipes at rates of
250 and 100 gal/min (see Fig. P5.5). If the level of the water in the

tank remains constant, calculate the average velocity of the flow
leaving the tank through an 8-in. inside-diameter pipe.

(ah'}lful volume
= ""‘"[:

[ ——

\

o Section (1)
: Q=
Section (2) 1 <= 100 galmin
Qz =
250 galimin ~> E:} | Section (3)

)
!
"\

N -
BFIGURE P8.5

For steady and incompressible Flow through the contol volume shown

QB = Q, + Q)_
or
7 _L(aﬁgez - L. la+rq
3 A3 ) 12:_0; ( 2)
Af
93 g I N (foay/m * ngfpm)(zg’ ﬁ3)/_’_ )/_",
78 ) gal 160 s A1z n.
= min £y
WV = 2,23 ##
Y s




5.©

5.6 Water flows out throngh a set of thin, closely spaced blades as
shown in Fig. 5.6 with a speed of ¥ = 10 ft/s around the entire cir-
cumference of the outlet. Determine the mass flowrate through the
inlet pipe.

'-__._. ~
BFIQURE Ps.8

Use the conhal volume. UMIL&IMed witha  The brokes,
lines shown 11 the Ssketeh shove .

From the. comservation of mass pfﬂnc,}ole/

mfnlei— % mow" le -

Alse

' _ V' cos 4o°
mou’f’f&f - (O Aauﬁe./_ au-}/&j-

o
o8 60

6.‘?4 sl 5) i @6#1@.1#)(/0 éf)cos 60°
13
3.66 S/ujs
- s

- e T Cuﬁel? VduHef

\
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E.7

5.7 The pump shown in Fig. P5.7 produces a steady flow of 10
gal/s through the nozzle. Determine the nozzle exit diameter, D,,
if the exit velocity is to be V; = 100 ft/s.

BFIGURE PS5.7

For steady flow Q= Q., where §, ’/02“(23’741)(;;7‘_'*3,” ) = 43374 3
T/WS w;fh l/g_-'-'lﬂﬂ_:ﬁj

3
1337 & ki = AV, =F D (100 )

or
D, =0.130ft= )57 jn.
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5.8

5.8 Water flows into a sink as shown in Vidée V5.1 and Fig. P5.8
at a rate of 2 gallons per minute. Determine the average velocity
through each of the three 0.4-in.-diameter overflow holes if
the drain is closed and the water level in the sink remains
constant.

Three 0.4~in. diameter
overflow holes 0 = 2 gal/min

BFIGURE P58

@, =@, for the control volume indicated,

W/ﬂere 1 i mi ] H3
_ 4 min_ _

Q = -3,—15 Grt ) 7.439?% = 000444 1L

T/WS‘J

3
P o) ooo#%-g' #H
@'-AZVZ or Vz: E - : = [, 70
As T/ 0,4 ,\2 S
3[7,?('12_ H) ] S




[ 5.9

5.9 The wind blows through a 7 ft X 10 ft garage door opening
with a speed of 5 ft/s as shown in Fig. P5.9. Determine the average
speed, V, of the air through the two 3 ft X 4 ft openings in the win-
dows.

-

For s%eady w1 Com pfefszlé(e Fow
anrn;e = Qwrﬁdaw v Qwh;!dw

ooy
oy v = A. V+4 . v
arage ~ ovwal o Winglow Window
door .7araf¢_ ddor

so the average speed , V, of the air ﬂtVOuﬂh +he. +wo qu;a/gw_f I's
S [
Agarage Voormal 4o garsge dior _ C7¢1) (10#4) (5 ¥ ) 51m20° _ 4,99 ;‘_"f
LAy =
28 i i 2(34)(17t)

5.10

S.10 The human circulatory system consists of a complex branch-
ing pipe network ranging in diameter from the aorta (largest) to the
capillaries (smallest). The average radii and the number of these
vessels is shown in the table below. Does the average blood veloc-
ity increase, decrease, or remain constant as it travels from the aorta

to-the capillaries?
Vessel Average Radius, mm Number r N , mm
Aorta 12.5 1 156
Arteries 2.0 159 £36
a i =

The average blood velocity, V. is refated +o the blood mass fow, m,
y

O erst / section areq (TTF%)
where o s blood a’en;.o?) A is vessel cross a (3

and N is number of vessels. 3o Sor constant m and Q,

V= ””‘)/(P"”l/\/)

and  since. He iani product becomes larger, the average velocrty bocames smallr.
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i e
5.11 Air flows steadily between two cross sections in a long, =% %1 /4{ _ID= 0.1m L\ q-@-
straight section of 0.1-m inside diameter pipe. The static tempera- ~  “F—————=—====——————o ]
ture and pressure at each section are indicated in Fig. P5.11. If the Section (1) Section (2)
average air velocity at section (1) is 205 m/s, determine the average &

p ; " Pl =77 kPa (abs) P2 = 45 kPa (abs)
air velocity at section (2). =268 K T, = 240 K

aF V1 205 m/s

i FIGURE PB6.11

This analysis Is similar fo the one oF Example 5.2.
For sfeady flow between sections (1) and (2)

th_ = m ,
or i .
V Y
, 8 /o r o/
77w5
V= L2 47 ()
2 A |
As:ummj Fhaf under the condjtions of this protlem, arr
behaves

as an Jdeal gas we use the

tdeal gas
equation of " state (53 /.8) # get

/"‘* - B (2)
% &7
C omémmﬂ €gs. | and 2 and ab:erw}y fhat A =A
we gef
v Fi '\'/', d [77 %A (abs)] (240K) (2051,)
2 P T, [ #5 #rm@bs JJ(268K) 5
V.= 3/% m
z S




5 )2

5.12 A hydraulic jump (see Video V10.10) is in place downstream
from a spillway as indicated in Fig. P5.12. Upstream of the jump,
the depth of the stream is 0.6 ft and the average stream velocity is
18 ft/s. Just downstream of the jump, the average stream velocity is
3.4 ft/s. Calculate the depth of the stream, h, just downstream of
~ the jump.

B FIGURE PS.12

g =0
Or__ _

VA = VA,
Thus

-\_/;h: - -\Zhl
adnd

hy= Vb o (BE)0eh) _ 540 4

V (34 &)




5.13

5.13 An evaporative cooling tower (see Fig. P5.13) is used to cool
water from 110 to 80°F. Water enters the tower at a rate of |
250,000 Ibm /hr. Dry air (no water vapor) flows into the tower at a
rate of 151,000 Ibm/hr. If the rate of wet air flow out of the tower
is 156,900 Ibm/hr, determine the rate of waler evaporation in
Ibm/hr and the rate of cooled water flow in Ibm/hr. '

For steady flow of dry air BFIQURE Ps.1s

m3 = mz_) dl’y amr

For steady Flow of water

m = 250,000 lbmshr

m = 151,000 Ibmshr

Wet air
m = 156,900 Ibm/hr

(1)

= - (z)
m/ mz, water * 4
Also
mz i m:e, S "z, waler (3)
Coméimhj Eas. | and 3 we 3e1‘
m = m - m = fpate of water evaporation
2, water 2 3
& /4 [,
: - 156 900 !em _ 5] 000 I _ 5900 e
m&ﬂ’d"w ) ’ b / h r

From Eg. 2 we get

My T, water T
or

/ - 250 000 b _ 5900
mlf J /)r

244, 000

rate of cooled water Tiow

1,
Ar

5~2




E. 1%

S.14 At cruise conditions, air flows into a jet engine at a steady
rate of 65 Ibm/s. Fuel enters the engine at a steady rate of 0,60 Ibm/s.
The average velocity of the exhaust gases is 1500 ft/s relative to the
engine. If the engine exhaust effective cross-sectional area is
3.5 fi%, estimate the density of the exhaust gases in Ibm/ft>,

For Sfeady Flow

}?73-_:/77/7"/772

V = m
gl = m +m,

: [bm o, 60 /b
Th[:j _oom, + m, 3 65 = £ 5
; AT (3.5 £+*) (1500 & )
_ /4,
/% = GO 25 7275




5./5 ]

i Water and
5.15 Water at 0.1 m%s and alcohol (SG=0.8) at 0.3 m¥/s are mixed alcohol mix

in a y-duct as shown in Fig. 5.15. What is the average density of the P
mixture of alcohol and water?
i )
Water ()
0=0.1m%
Q
Aleohol (SG = 0.8)
0=03m¥%s

BFIGURE PB.15
For sv‘eady Flow
m, 4+ m, = m

1

3
or

pat A8 =44 ‘1
Also, since the water and alcoho/ may be considered
11 compressible

Q + Q, = & (z )
COMé/n/hj Egs. | amd 2 we get |

£Q + 2R, = £(87+Q

. /?Q, * /‘sz
A Q+ e
and :ﬁ(Q . 562 Qz)
/3 Q +Q,
T/’IUS /?9 )[mm +(0.8)(03 5 )] 349_@

m

ot m y O3 _:—nj
S

5-/0
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5.16  Freshwater flows steadily into an open
55-gal drum initially filled with seawater. The
freshwater mixes thoroughly with the seawater
and the mixture overflows out of the drum. If the
freshwater flowrate is 10 gal/min, estimate the
time in seconds required to decrease the differ-

ence between the density of the mixture and the
density of fresh water by 50%.

A frxed , hon- de:(orm/r':7 control Volume Hhat contains the
water mixture in the 55-9a4) drum js used. Fresh water
enters the conbol volume with density /4'? , and volyme
flowrate, Q,- The wmixture s assumeqd +» be homogenesus
throughout the contm| yolume and leaves the conkol Volume
with  density, o0 , and volume flowvate, @, . Application

of fthe comservation of mass egquation (5. 5.5) fo the
fow ﬂrmuyh this  Contal Volume yields

- = (17
2[ef% 44 - £9 -0

Smce the {fluids mivolved

Also  the volume of Hae
Eg./ leads o

¥ d) ,

. N,
are imcompressible R,=Q, =&,

conbrol  volume is comstant  Thus

4 Q R )
dt A
or
3%) + (2 je -2 2
dt 2" -\}cfv ¥,
The solution of QEg z is
A . C é-’g“’f + 10O (3)

Slugs
At t =20 ,g//‘? e Ao . 079 P53 )

= = 1026
/ﬁcrémkf (1 94 :’“f/ﬂj)

(con't)

5-1/




5.16

Then For

r " T 0'5//25 =77
where

A = Frial mixtare density

2,f

L . = inifial mixture density

2,’-
we lave

/’-’}f a5 f 4
—t = . 2,¢ + /) = 05/ 1026+1) = 1013
= P

-fulysﬁ)‘ur‘/n'j Fhis value (and other Givens
10 gal/mn )
(55 gat )(Gafrgag)

/n te £9.3 we gef

—

1.O13 = 0.026 & + 1.0

and
+ = 229 s

SIZ




5. 17

5.17 A water jet pump (see Fig. P5.17) involves a jet cross-sectional
area of 0.01 m®, and a jet velocity of 30 m/s. The jet is surrounded by
entrained water. The total cross-sectional area associated with the
jet and entrained streams is 0.075 m? These two fluid streams leave
the pump thoroughly mixed with an average velocity of 6 m/s
through a cross-sectional area of 0.075 m?. Determine the pumping
rate (ie., the entrained fluid flowrate) involved in liters/s.

ci e .
BEFIGURE PB.17 s

For sf'eady n compressible How -/-/,rauyh the  control Volume

Q"l ¥ Q-z_ = QJ
or

\ZAJ +Qz n —\73 A3
Thus

Q, = Vihs= VA, = [l62)(0.075 ) - (502 )(a0r)foooss

Q j50 Liters
= s

5-1




5.18 |

5.18 Two rivers merge to form a larger river as shown in
Fig. P5.18. At a location downstream from the junction (before the
two streams completely merge), the nonuniform velocity profile is
as shown and the depth is 6 ft. Determine the value of V.

ar -

B FIQURE PS5.18

Use the cmbal volume shovn withn broken [ines
n The sketech above. We note gt M:FHV andl

+hom the cmservahon of mass principle we

Get
i e ma.?l/ J i

Thuss

= 0.8V +
CAVY t AV, {0/40.”’ P A, V
and | , I
V= AVTAY (pemBl) onBRAE)
__A gy + A (3o )6t 0.8)+ (0FYe )
o.8v

= 32.43 tt
V S

——
——

S-i
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5.19 Various types of attachments can be used with the shop vac
shown in Video V5.2. Two such attachments are shown in Fig. P5.19
—a nozzle and a brush. The flowrate is 1 ft¥/s. (a) Determine the

average velocity through the nozzle entrance, V,. (b) Assume the air
enters the brush attachment in a radial direction all around the brush
with a velocity profile that varies linearly from 0 to V; along the length
of the bristles as shown in the figure. Determine the value of Vi |

I \0 =1 %

Va
BFIGURE PS.19

3
(@ @, = @, where 01-—-/?-
T hus, 4t

A,M‘Qz or MEVn (%{)7.

1\

N

LY/,
v, = 45.8 i

(b) @, =@, where Q, =/ —_—f"—j and Q,= V., A, where
\Z = ﬂyefMe Ve/achly at 3) = 1" Vo and

/q_g =77-DS }73

7Thys, BE

W [THH(EH)] =15, or

\/b = 20,4%’5 . : l

5-15




5.20

5.2 An appropriate turbulent pipe flow velocity profile is

R — r\¥s,,
V= i
u,_.( . ) ;

where u. = centerline velocity, r = local radius, R = pipe radius,
and i = unit vector along pipe centerline. Determine the ratio of av-
erage velocity, u, to centerline velocity, u,, for (a)n = 4, (b)n =6,
(¢) n = 8, (d) n = 10. Compare the different velocity profiles.

cross section
area

For any cross section area
A
Also

—_—

Az
< N

4 = . = Y ('—
V. n V. ’ R)

Thus tor a uniform /{/L distributed density P, over amy A
fRac ('?;;7 " zirrdr

(o]

= R*
and . .
— n 2z
> S _ r\dfF Zn
- ) - F /L s -
Us o R __R K 2P+ 3n + |
Uu
¥ Ue
1
0.71 | o Lo
6 079/ 0 ) —
(¥] A
0.6 //
05
0.4
8 0.837 L
0.2
0.1
0
10 0. 866 0 2 4 6 8 10

The different vc/acHy profiles (/Q;‘:anj tov [aminar f/aw] ave mpan’fa;m
Fio 8.18. Since the prof:'/e for H =% Ts nol pmcﬁu/& f;?n,ﬁmnz‘) 45
et Showhn.

5-16




8. 21

571  Asshownin Fig. P52, at the entrance to a 3-ft-wide
channel the velocity distribution is uniform with a velocity V.
Further downstream the velocity profile is given by u = 4y —
2y, where u is in ft/s and Y is in ft, Determine the value of V.

1}(I) | (2)

B FIGURE P5.21

Use the comtal Volume nolicated by e broken /ines 10
the skefeh above .

Prove the cm_rcwﬁé'oh_ of mass pﬁ'nc,;ale
Q -4,

|
VA, = [udA  [(ty-22)t 4
'qz o ) # ;
. _ 3[4y 2% b 44 F#
ey, - [z_ 3‘],, 3 3

V = i = [.7§ Ft
3(0.75) = g

B=l7




5.142

5.22 A water flow situation is described by
the velocity field equation

‘comners at (x, y, z) = (0, 0, 2), (5, 0, 2), (5, 5,

2). (0.5, 2), (0, 0, 0), (5, 0, 0), (5, 5, 0), and (0,

V= (Gx+ i+ 2y - 4)f - Skifts 5. 0) as shown in Fig. PS.22b.

F-{

where x, y, and z are in feet. (a) Determine the w, 10 tt 3 W= ot
mass flow rate through the rectangular area in the e il
plane corresponding to z = 2 feet having corners 2 2 /";fz _-f—"
at (x. ¥, 2) = (0,0, 2}, (5, 0, 2), (5, 5, 2), and 4 | et £ ¥
(0, 5. 2) as shown in Fig. P5.7Za.(b) Show that | ! /'5 S ® T & —
mass is conserved in the control volume having gl A 5‘( /o Vs Jfgfy
- -0t
(a)The general expression for mass * Syt =05
Flowrate across area A, is (a) ®)
: il A FIGURE P5.722
m= f Y. V. h dJA
I A,

Since the z-dpection component of velcity, w,,
i uniérm/y distriouted over A,, we canr use

l’h, - /0 (ou, A,) = (1.94 5‘%‘%5)(/0 ?)(25 _A,-.)
or i
n&l = 485 5_/3“1_5

- A .
(b) T féf V. ndA = o, then mass is conserved.

However I/O_V-.‘ﬁdﬁ = 5 m and since the component

s
of velocity hormal +o each plane area of the (ontral volume
is uniformly distriuted over that area. we have

Zm =/0 (—w,/-\, + szz—UgA‘g-f- u¢4f+ 7£A5_+ 12"46)
. 3 F,'g?_ _,3 3 3 H?
2 m=p (_250_§_++ 0 £~ zofi +/7o?£f+¢o1?fv‘,u50_§_)

S =0 and nuass is Conserved.

5-18
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5.23  An incompressible flow velocity field z
(water) is given as =
V=—1é,+léf,m/s —
r r Y s I -
where r is in meters. (a) Calculate the mass flow- 8 P
rate through the cylindrical surface at r = 1 m

from z = 0 to z = 1 m as shown in Fig. P5.232x-
(b) Show that mass is conserved in the annular
control volume from r = 1mtor = 2 m and

z = 0toz = 1 m as shown in Fig. P5.23b,

(a) (b)
FIGURE P5.23

(0) The general expression #or wass Fowrate
across cy/ma/r/ca/ qrea A, /s

f/a  AdA

5/ﬂce the I’ddld/ d/recﬁan component  of velocity, v,
IS unitormly distributed over A, we can use
= = f m ’?‘ s
m, ﬂ/ A,) (?7?;’_5_)(/_5_)(21 M)

m = 6290 _z

=)

& _
b) If [ PV.ndA =0, then mass is conserved.
Cs
However { /OV- AdA = Z m aud Since
the component of velocity norma/ +o e€ach C)///na’r/m/

and plane areq of the conbro! volume js unitormly
distributed over that area we have

2m = ( ,242 -'153/434— 2P 9>
Zm = 277"_’_”,_27?’!773-0»1 + 0 m’

) /0( s -3 T 5 )
2m = O and wmass s conserved,

5419




5.2+

5.2  Flow of a viscous fluid over a flat plate Sechion £2)

surface results in the development of a region of Section (1) U Outer edge

reduced velocity adjacent to the wetted surface o control ' of

as depicted in Fig. P5.24. This region of reduced | . Volume p—"" bolundary

flow is called a boundary layer. At the leading :"} _f i

edge of the plate, the velocity profile may be I‘I'_:'E:_ DN mz‘i
QAQE////////////// LT T 7777777

considered uniformly distributed with a value U.
All along the outer edge of the boundary layer, P
the fluid velocity component parallel to the plate —— L

surface is also U. If the x direction velocity profile FIGURE P5.2%

at section (2) is
E = X) 1/7
U \o

develop an expression for the volume flowrate

through the edge of the boundary layer from the

leading edge to a location downstream at x where
- -the boundary layer thickness is &.

From the conservation of wmass principle applied fo the

flow through the control volume Showsn 5 the Frgure
we have

. . |
%/ 2
AZ
for lncompressible Fow

/ /
_pU18 7
re, = 0/@)7 d/f}
where
L = width of he plate

and thus

. LUrS
Qé/ g
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5.25 Air at standard conditions enters the compressor shown in Fig.
P5.25 at a rate of 10 ft*/s. It leaves the tank through a 1.2-in.-diame-
ter pipe with a density of 0.0035 slugs/ft* and a uniform speed of
700 ft/s. (a) Determine the rate (shugs/s) at which the mass of air in
the tank is increasing or decreasing. (b) Determine the average time
rate of change of air density within the tank.

_— e = — ——

10 ft3/sf

1
Belgid -~ = ~ === ==-_ "] 0.0035 3
0.00238 slugs/ft® slugs/ft

BFIGURE Ps5.25

use the contol volume withy, Fhe broken /e,
(@) From the comservahion of mass Prvic,ple we Get

BMap . o LB " %
~_Y = m:;q maa{- H;, Qz'n Fouf A;uf out
Dt
M iy
2.'_’7" = @00225’ Slug @ ﬁ‘j_ @mz; Slug | T (12 ”’~)/700 _{*)
vt VAN #/ (144 1) 5
Fb
%7*’ = 0.00456 Slg 1y c—rea.r/:'aj
Dt 5
b+ e * D 5
f.
5o / st i
_Qﬁ _ 0.00 %456 ’}_ﬁfﬂ _ soo¥s€ }:f.?: o /095/{{)“
D¢ Vye 20 f#° = f3s
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5.2¢

5.26 Estimate the time required to fill with water a cone-

shaped container (see Fig. P5.26) 5 ft high and 5 ft across at the
top if the filling rate is 20 gal/min.

control
vVelume

B FIGURE P5.26

From application of fhe conservation of mass principle o

the control volume shown 1n the i{'yw'c
we have

O | pd¥ fv?;:om=0
2o 1 [

cs

For n compressible How

oY _q =90
2t

or 4
/db‘ _ Q/dz‘
] J

R
Th z i
u; Ly . Db e et)(s )78 E)

=

Q iz@  (12) (2o 5{1”)(23/1;_,.?)

and Min gal
-t = 12. 2. min

E-Z2
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"‘: 5.29 A hypodermic syringe (see Fig. P5.29) Q N— _ff.é’fmtz ,::,fnf
is used to apply a vaccine. If the plunger is moved ek . Qout
forward at the steady rate of 20 mm/s and if vac- A fer===="
cine leaks pass the plunger at 0.1 of the volume z ST
flowrate out the needle opening, calculate the FIGURE P5.29

average velocity of the needle exit flow. The in-
side diameters of the syringe and the needle are
20 mm and 0.7 mm.

as,,;y a de#ﬁrmz}y Contwl volume and the Conseruabyn of
mass  principle (. £g. 5.17) as outlined 1 Example 5.7,
we ocbtamn (see Eg. 8 of Example 5.8)

)
"'/OAt%’ P, 1h/a&)/ea,g = 0

Since o= constant Rroge. = O/ @, ad Q=4
we obfara Frowm £9.

i
or %
A f’ﬁ)—l’/’ . (20mm) (20mmss)
and i C{: " (0.7 mem)” fhat) (/000 ?)
Vv = E ™
— S




5.30

5.30 The Hoover Dam (see Video V2.4) backs up the Colorado
River and creates Lake Mead, which is approximately 115 miles long
and has a surface area of approximately 225 square miles. If during
flood conditions the Colorado River flows into the lake at a rate of
45,000 cfs and the outflow from the dam is 8000 cfs, how many feet
per 24-hour day will the lake level rise?

For fhe control volvme shown:

; _ L,/’qlake l
min ) BRE f Y o Gﬂ“‘l " h Lake MEM‘.% Qout |

vamler %mm\
or since M = F control surface

Qouf "df (’qlake /)/a;‘e 5& _
3
T/m dh _ Qui-Qin _ (#5000 - g000) &  in.
& - Mo i S - 9 0 An.
at Alake 225 mi (51.90 ) S90%40
= 5.90x/0°% 2 (35007,——)(254%) = 05/007—};

5-ot




$.3/ |

deforming

5.31 Storm sewer backup causes your basement to flood at 7 ntry | vo /M me that
the steady rate of 1 in. of depth per hour. The basement floor contains water
area is 1500 ft*>. What capacity (gal/min) pump would you rent T e i e e B
to (a) keep the water accumulated in your basement at a constant I S s
level until the storm sewer is blocked off, (b) reduce the water / : 7 / : h
accumulation in your basement at a rate of 3 in./hr even while . R a
the backup problem exists? : I/_ - -, e = /'7
17 o Y, ; <7 floor areq =
2 T L
] e = i |

_ flow out  Flow
For a det%rmm' Confrol Wlume Hhat contains Hhe wak,

oer the basement fFloor (See SKeteh above) , the
Conservation oF mass princiele ( £g.5.17) leads +o

o 7 A
2 [ pd¥ r //o V.radhp =0
af [V &S g
or v constant Fluid dens/@ and area (A)

Ag’_ﬁ—é?,h-rQ” =0 (1)
d+ y

(@) fo, part a Eg | leads fo
Qﬂu% . Qf"?
o evaluate &, , we use Eg 1 wits Cpur O Thus,

Q, = Adh - (1500 #*)( 1 Wyl A Y e &
d.(_ hr /2 tn. hr

ahd . L2

= (125 ft /7-%’542/)(_/_ = /5.6 g4/
Qau‘/’ ( /H') J(;L—j éﬂ’_m_n) il __—__. }ZT;,
hAr

(b For parf b, £9./ yelds

Qau'f - Q”” =~ A %

=156 9al _ £1* Y 3 dir YL (’Z?gja/ /__/_
Qu T Ao RIS M z5
£+ -

Qauf‘ =62 fe

—

E=25



5,32

532 (See Fluids in the News article “New 1.6 gpf standards,”

Section 5.1.2.) When a toilet is flushed, the water depth, A, in the

tank as a function of time, ¢, is as given in the table. The size of the 0 5.70

rectangular tank is 19 in. by 7.5 in. (a) Determine the volume of 0.5 5.33

water used per flush, gpf. (b) Plot the flowrate for0 = ¢ < 6s. 1.0 4.80
2.0 3.45
3.0 ; 2.40
4.0 1.50
5.0 0.75

@) Volume of water per flush = $.70in.(19in.x7.5jn.) = 812 /5"

= 812 (——2—’31}1,—') =352 za[

) Q = 6{(1/0/0;;6/!) fank) Aka b where gﬂw obtained by

nvmerical differentiation of the h vs t data shown below,
The resul ting & vst resvlts are also shown befow.

t,s
0
50 \
-100
L
Q, in.A3/s \ -
/‘

-150 N v
-200 N
-250
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5.38

5.38 A 10-mm diameter jet of water is deflected by a homoge-
neous rectangular block (15 mm by 200 mm by 100 mm) that
weighs 6 N as shown in Video V5.96 and Fig. P5.38. Determine the
minimum volume flowrate needed to tip the block.

b
From the free bady qur‘am r;’_ M
of the block when if is ready ,I l——X T:
/o flp Z’ﬂfa-t‘?) or | /’ Ry
= ij/ W/)Gf‘e Rx Is l P\ I‘_
7’/16 fore that the water puts £ =0 |
on the block. [3)| |
Thus, = = =
R, = Why _ ¥ (ggf_{m) = 0.90/ a=0 Confral sUr'face

by = 0.050m

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

fupV-ndﬁ =5 Fx
cS

became.r
V, P(—VI)A’ = 'Rx or 14 = (_,R;l
Thos,
V, =]/ 9.04 =339
'Y (999 %) 7 (0.01m) .
Hence,

Q =A V= Floom) (3.392) = 2 ¢sxi"

ol

X

04
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5.39

5.32  Determine the anchoring force required
- to hold in place the conical nozzle attached to the _
end of the laboratory sink faucet shown in Fig:
P5.39 when the water flowrate is 10 gal/min. The
nozzle weight is 0.2 Ib. The nozzle inlet and exit
inside diameters are 0.6 and 0.2 in., respectively.
-The nozzle axis is vertical and the axial distance
between sections (1) and (2) is 1.2 in. The pres-
sure at section (1) is 68 psi.

(ontrel
Volume

& = 10 gal/min
FIGURE P5.39

The analysis leadiig To The solufion of Fhis probfem is

Similar 70 the one outlined in
n the conbol volume

Example

5./0 . Included

are  the nozzle and fhe water in
the wnozzle at an instant. Application of the vertical or
Z- divection component of the lineay momevstum ezudﬁbn
€ €g.5.22) 1o the Flow through this contro/ volume /leads 4o

/; =/0M2AJ _/GW;A:_“_%*EAJ-"%_PZA:- (I)
which is Eq. 4 of Example 5.10.
The conservation OF wass equation yields

m = ﬁM{A' = /GW;AZ_
thus Eg. | becomes

: (2)

F, -.:m(w;-wz)-;- W+ pA + W ~p A,

The different +terms m gq 2 are Calculated belpw.

! / st
3 = (1.9¢ "9\ (10 9.:'_’) — — = 00432
w2 L8 ( _ﬁ,) i (’Z‘f??.“_’)(&o_-?. ) 3
a gal (12 inonE f43 My
w, = Q. —, = (IoﬁTnJ z) = /14 ff
mTD = 5
A " (0.66n.) (7.«3 | iy 60_{)
7 3R in
al ". .
L .2 e _(nE)lg) = Joz £t
- A Tj__D: ™ (0.2in) (7.‘!8’ ga! )(60 _é.) 4
" 4 £4° e
D’ gl )2 (0bin) a5
RA‘ = P _q_, = Cé _’:1) =

4
(Con't)

5428




(Con't)

w, = g = ey Z(0+Bra0)h
(% :::f)/;zz f)[/.my ff)/zzc[Zém)-fﬁz”)*ﬁé‘”)/“’" C-ZM;'

0.0059] b

3

s
N %
"

4 D: 0 L 1w (0.?.1}1.
Jl. — - ( : )
]huS WIH’: E’ 2»

= (00'!-32 5‘“‘!)@4 t_ 02 f?ﬂ

>
\

+ 0.216 4 19.21b + 00051 16 - 0
S/a_p

5.51b

———
e

T
"
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5.0 Water flows through a horizontal, 180° pipe bend as is il-
lustrated in Fig. P5.40. The flow cross section area is constant at
a value of 9000 mm?, The flow velocity everywhere in the bend is
15 m/s. The pressures at the entrance and exit of the bend are 210
and 165 kPa, respectively. Calculate the horizontal (x and y) com-
ponents of the anchoring force needed to hold the bend in place.

FIGURE P5.4p
This analysis is spmilar fo the one of Example 5.4/,

A Fixed, non- deforming control volume that Contarns the wakr
within the elbow between sectigns (/ )amd/z) al an jnstant /s used, The
hor; sontal  Forces ﬂcﬂny on The confents of the contre) volume m
the X and y diections are shown  Agplication of the x-direcho
component of be lviear rromewtin, efuﬁ'on (&g.5.22) leads %

=g

Application of the y-direction Component of [he linea, momentin
%kaﬁ'an }lfe/df

o / 2
R), .-.-,oA"uI‘(U; i V)+ KA, tEA
Thus
79 A9 )(?oaa mm)( /5 m ( Sy ;.rn) N ) + (210 hPA) G000 ma?)
/aoam»- .?'.._ 1000 pamY,
h ( —) Jooo N
+ (o5 %P4 )(2000 mo*) i
1000 m
( r») /aoo N
miRPA
K = 7920 N
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5.4

S.41 Water enters the horizontal, circular cross-sectional, sudden
contraction nozzle sketched in Fig. P5.41 at section (1) with a uni-
formly distributed velocity of 25 ft/s and a pressure of 75 psi. The
water exits from the nozzle into the atmosphere at section (2) where
the uniformly distributed velocity is 100 ft/s. Determine the axial
component of the anchoring force required to hold the contraction
in place.

R ] S

BFIGURE PsB.41

For #is prblem we include 1 the conhsl volume

the nozzle as well as the water at an instani between sections
(/)and(z.)as mdicated in the sketch above. The horizontal

fovces acting on The contewts of the comtrol volumse are shown
in the sketch., Note that +he atmospheric. forces cancel out
and arve  not shown. Application of +he horizontal or x.
divection component of the [inear momentun equation (€7.5.22)
fo the flow 'fhraujh this tontrol volume yields

“UpwA U pu, b, = A ~E - pA (1)
From fhe conservadon of nagsc egmahom (E}.S‘./z) we obtain
m=PUA =5y, A, -
Thus Fﬁ.(l) may be Expessed as
m(ug-4,)=pA, -.ﬁ‘_‘g.ﬂz

ar- e 2 2 r A
wP . D2 _
| 5 = B -pA4, +m(u1-u,?=g 'l’,‘" fi@{-’ ,ou,";—"'ﬂ'z-u,)
4
y = Ib.
and F= (7'5_’.4;_)7_7'_(31'_) - 0~ (?95.’317@; ﬁy ﬁ(g.;.)ﬁao f-*— 253_&2(/”___@
4 In 4 £ T 5 —""4 (/qf !2-7 ug.
ﬂ.‘-
f; = 352 [b
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c. 42

of each is atmospheric, and the flow is incompressible. The
. . contents of each device is not known. When released, which
85,42  The four devices shown in Fig. P5.. rest on friction-

! devices will move to the right and which to the left? Explain.
less wheels, are restricted to move in the x direction only and
are initially held stationary. The pressure at the inlets and outletg ( j)

we aPply e Am—i;tin'/'a/ (Z)
component of the linear
Mamcnﬁlt’n egaaﬁon 1o #e
Confents of the. control volume
(broken /ines ) and determne the
Sense of the anchorfnj fore E. -

If }5—; 15 m tThe directionr (0)

(d)
Shown in The sketches motion BFIGURE ps.gs
will be to the feft. If £ is

/n o divection opposite 1o that shown, the vmohor, ;. /o The

},{'?h,:__ ZF FA:O/’ there /s no /pan}'o"ﬁl/ moton .
For sketch (a)

VYA, - Voy A, = F |
Since }i is o the |eft, motion /s fo The ny}n‘_
Fo sketch (6)

~V,eYA + Yok 4 - F
and fronn conservatin, of wmass
PYA, =PY% A,

and Swice v, >V, , then A is To The left anod moki,,)s4 He

Fov SKeth, (c) (note:flow is ark cvVat (1)
-Veva, < F
Gnd [, s «:’-u the lef+ so motion is 1o the Wj‘/‘,

For sketct (d)
'KF’%"Q + G PLA, :EV
and Fro COnservation of mass

PV 4 = PV A4,
and v, < v,

(n

ikt

so 5 /s 1o Toe I‘:Tﬁl-f and o i om /s Yo The /eﬁ

592



5.7

5.43 Exhaust (assumed to have the properties of standard air)
leaves the 4-ft-diameter chimney shown in Video V5.4 and
Fig. P5.43 with a speed of 6 ft/s. Because of the wind, after a few
diameters downstream the exhaust flows in a horizontal direction
with the speed of the wind, 15 fi/s. Determine the horizontal com-
ponent of the force that the blowing wind puts on the exhaust
gases,

m FIGURE P5.43

Forthe control volume indicated the x-component of the

momentvm eqvation

(upV-idf =2 becomes

V:?. P VZ /42_ ¥ RX 3 W/76/19 Rx /5 ‘//)e ﬂe;l f]a/‘fzaﬂfai ﬁppcg J
that the wind pu{r on the exhaust gases.

Thos ey
/QXJ"’ ﬂ'ﬂz Vz. Wb@/‘a ”'1?_": PAJ.VZ:- PA,V; (L.e‘.m,- mg_)

. 2 ) .
or m, = (000238 ‘Elgﬁ)['g(‘r‘ﬂ) ](5#) = 0./79 >2F

Hence, ‘ .
R, =079 (15 £)= 2,59 2 = 2491

I 8 5 S0 T 0 Y 3008

L=28




5.4y

™ T
e ! - i —_—

5.44 Air flows steadily between two cross section in a long, straight /L-—-——-E--SZ_S_T____J g
section of 12-in.-inside diameter pipe. The static temperature and pres- : i
sure at each section are indicated in Fig P5.44. If the average air oo " ) IR ()
velocity at section (2) is 320 m/s, determine the average air velocity at py = 690 kPa (abs) py = 127 kPa (abs)
section (1). Determine the frictional force exerted by the pipe wall on T) = 300 K Tp = 252K
the air flowing between sections (1) and (2). Assume uniform velocity Yo = 320 mis

distributions at each section. B FIGURE P5.44

This analysis /s similar #o the one oF Example 5.2 .
For 5/ead7 Flow between sections (1) and (2 )

m[ = /VIZ
or I

/,OA,V =/§;42V2
Thus

AR " .

A s.famx'nj that ander the condjbons of this problem, arr
behaves as an [deal gas we use the (deal gas
equation of state ( 53. l1r8) get

i = B (z)
& B A
Combining €gs. | and 2 and dbserving fhal A, =4,
we ge#
\7 - f; ]; -\7 - ﬁ27 ff&(a[,;)](300f<) (320 -,4:)
P T, (670 Am@es J(252K) 5
V.= 70 m
5

(cont)

5-34




S, 4h

(con't )

The analysrs for #his pro6lerm is spmi/ar 7o 174He one of Exarmple S)2.
For the control volume shown in the sketeh apove agplication of
the axial Cam/aanen% of the linear momentun, egmzﬁon leads +v
- WI?V:A, * g/zvaz = pA = Ai—— @AZ
From the (onservafion of mass principle
m = /9 Al I{ i~ /g Az Vz
Also the ideal equation of Stafe

Thy s
é, _fi .7 (V- V)+A(fP f;v(v-)(f;—f,)
RT,
L olﬁzln)(ooZﬂm) (HM)(;W)/M ) X Y’N\
o (zgs.gg: )(252K )(N__”D Afy.m* A R9.1 /
Aq9-K
g = 30800 N

X

,L(qo 4t —127%)(00 Al m™ >]
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5.45 Determine the magnitude and direction of the anchoring
force needed to hold the horizontal elbow and nozzle combination
shown in Fig. P5.45in place Atmospheric pressure is 100 kPa. The
gage pressure at section (1) is 100 kPa. At section (2), the water ex-
its to the atmosphere.

@ FIGURE PE.4A5
The  controf volume shown 1 the sketch above js used . Applicafion
of the y diyechon component of +he [linear momentum e?aaﬁ‘an

yields

/?), =0
ﬁppl:'caﬁon of the x direction [ihear momentum eguaﬁ'ah leads
v

—ullaulAl - uzFMzAl = RA, =~ K, * F:.A?_
From the conservation of mass equation

m = /au‘A' = /Gld1 A'I.
Thus

i

r 3 a

(2
or

mnl (300 mem
) DNl

3 (100 kfa ) T (300 mim ! fooo N

and ¥ (1000 """) miAE

Rx 8340 N
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T 0g

1
1
Area 1m?
S5.46 Water flows as two free jets from the tee attached to the pipe
shown in Fig. P5.46. The exit speed is 15 m/s. If viscous effects '

and gravity are neghgxble determine the x and y components of the —
“force that the pipe exerts on the tee.

BFIGURE pP5.48
Use +the Contral volume. Shown.

For the x-component of the Force exericd by the pipe
Oon 7‘/»6 '/'e,e. WE Use ﬂ:e X= campﬂnenf of The /mear
momentum  equation .

“VeY A+ e A =pA - pA-p (A,-fﬁg)e-;:

e )P (P+ m)aa ,,@*”3)*5

9age
®E A FF 0
9"96'
7o et V we use conservation of mass
o AV, =RV, + Al
So v o= Akt AsVy _ (°3m*)(157% ) 4 (0.5m™)(15 ™5 ) L1274
AI /™

Jo estimake p gase WE U5 Bevrnoull; % eﬂwoﬂ'm P Flpw betwen (1)and(2)

'l..

<2
ﬁ9°5° o V) = quc +

T /[Vz 779:6:)[(’5 £)- (’")](/Ns)
qux = 4‘05001;/

vJsse mz
Now wsing [3.0) we gets

[{zn)(qqyéyxflm)() (5»1)(??9 (5‘”'/2/05”')](le)

0,500 L *) + F
(e C e 7 5

So F' = 72 000 N <—

For 17 g comporant- of (. force exerled by /e popc on the fee we use
Y Cnmfmcn% &% lhe [/near momentian er—\afn-, o g/
A, = F

/fsm)(cf??_zj(gm)ﬂ,gm - 67400n = F,

5-3%
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S.H7 A converging elbow (see Fig. P5.47)
turns water through an angle of 135° in a vertical
plane. The flow cross section diameter is 400 mm
at the elbow inlet, section (1), and 200 mm at the
elbow outlet, section (2). The elbow flow passage
volume is 0.2 m* between sections (1) and (2).
The water volume flowrate is 0.4 m*/s and the
elbow inlet and outlet pressures are 150 kPa and
90 kPa. The elbow mass is 12 kg. Calculate the
horizontal (x direction) and vertical (z direction)
anchoring forces required to hold the elbow in
place.

A control volume thaf contains the cloaw and the watey withs the
eloow between  sections (1)and(2) Gs shown in the sketch abovc is
used.  Application of the hongontal or x divechon component of the
ltnear momentum eguation yields

U Pu A - VoskSpY A = pA - r. T RAwsys®

4
From conservabon of mqss

M= pud = pY A = 0Q i
Thus
ﬁx e ;OAQ' s ,o&’(a,ys % PA-{-PA s ¥s _{g&‘ .,./Oas?rfpwo,fpvp‘wﬂ
’ /
footmsfefe (=82 "’“’“”””""](
A m
, X )(f m ) (L”mn) J‘j

+7r( W)

(‘f_ W (/50 ‘ﬁfﬂ)(?oo IHM)? 1—(?0 'ﬁfa_) (Zoamm_)lo” ?57
m /.

F = 25700 N
ﬂ’x ECARET

Application of the vertical o~ 2 divection Lormpon ept ol #he linear
mMome fum equun‘:‘an leads #

~V,5m ¥ ,alz/Az = }:A;fin’lf _,;: -w;_ w,

Which when comb/ned witl, Eﬂ. / gives

2 . "
5,% = /:_g Sin ‘3’.5'.,.,; 4_;,;,4/5 - 'hc_ VJE’ ;grfn-‘{j‘f f z.ﬁ'q_g_ﬁf ,”?

#

r 5

(con‘t ) 7}
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(con't)

F (fﬁzﬁ'#m) sm%‘/ _rzr) éaﬁﬁ:)'rr (Zao:nm);mq_f

7 (200 mm) ¥4 (1000 nmj 2

=] (f?y
_ m\ ( m3J( N\ G m
(777 )ﬁ g1 m\ (02 / ) Zfeyﬁ:?l ﬂf - )

F _ = 8920 N
2z
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5.48 The hydraulic dredge shown in Fig. P5.48 is used to dredge
sand from a river bottom. Estimate the thrust needed from the pro-

peller to hold the boat stationary. Assume the specific gravity of the
sand/water mixture is SG = 1.2.

BFIGURE P5.48

Uf/ﬂf #(p (Wb‘/YD/ Wéume Thaowy é}; 7%4 b)’b/éb}q /me /;9
He sketc), abrve we use The horizontad ov x campmc’nf
of The [mear momentin, egmoy, 72 get-
A 0 09) T y st
Where sechion I is where Flow enters He control volime
verbeally and section 2 is wheve Flow Jeaves be control

Vo leme &1 an My/e of 74t ﬁ’dm The. Aanjmy’ai dmfcﬁm
Note Thal there is no horigmitxl dszm—, /' ean
Ma’nen‘ﬁcm f/aw al section ;.

,Cx =(91/.$/u )(4)77'(,2757")(?0 ‘f-l')[j'o :‘4 LosnT/ T /6

£ slig
£
£ = G650 /6
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549 A static thrust stand is to bie designed contwol volume
for testing a specific jet engine. Knowing the fol- [
lowing conditions for a typical test, Y

intake air velocity = 700 ft/s
exhaust gas velocity = 1640 ft/s P.A.
intake cross section area = 10 ft?
intake static pressure = 11.4 psia
intake static temperature = 480 °R
exhaust gas pressure = 0 psi

estimate a nominal thrust to design for.
The analysis for this probfem is simifar to the one of Example 5. /4.
A control volume that contains the entive engine and the
Fluid in the engme. as indicated i the sketch is used.
AP;’/:'Caﬁbn of the fmrfjdn'/zﬂ/ or X dmection campanenf of
the linear momentum equation feads o
“ULUA + U pud = PA + B

/
or

};x:—u'/‘oqﬂl-fuz/guq'qz# EA’
? 5 i .
The conservation of mass principle Yields

QUA = LQu 4,

Thus
e = euA (u-u) - pa,
or swce
= F
g= L
then
F = P.U,A, (a;_”z) RA:
AJX R7; <« 2 /6
: /b o #( It 7ooﬁﬁf‘ﬁ_ .
F = (1% }-'-’:“—)(70 3_.)//0 )/65‘0: :) = 5/.‘.’:7.’_‘_."
A X > 5*
’ (/7/6 f1:16_\(430°R )
f/uy./e o
— (114 %6 _ 14718 Y15 in" N0 #47)
s in? m2 £~
fx = /'Z 700 /b

S-4




5.50

5.50 A horizontal circular cross section jet of
air having a diameter of 6 in. strikes a conical
deflector as shown in Fig. P5.50. A horizontal

anchoring force of 5 1b is required to hold the
cone in place. Estimate the nozzle flow rate in

ft*/s. The magnitude of the velocity of the air
remains constant.

The control volume shows m
of the axial or X—dh;'ec'/‘/an
momentum eguation yields

With the conservation

contwwl velyme -~ /{—Rcﬁon @) |

FIGURE P5.50

the skefeh is used, Application
Corponent of the linear

- F

A, X

of mass principle we can conclude

for this i compressible Flow that
U, A, = u, ﬂz = &
Also
u, = I/ cos éo’
and
U’ = VvV = __@_‘
Thus G
-V/OQf-VCaSéoﬁQ_ F """Q(o-l- 52(.'0560/0
or A
g F;Ix A' ] / A, X (E‘D’ )
P (1= o5 60°) P(1- cosés®)
Thus (5 1 ) [77') (ém)
aQ -/EGWBES_{&_{L)(/ @55&")(‘5‘)("/4 m)/1 16
f Sfuj ;{f)

5- 42




5.5

lon(2
5.51 A vertical, circular cross-sectional jetof air strikes a con- sed n@)
ical deflector as indicated in Fig. P5.5!. A vertical anchoring
force of 0.1 N is required to hold the deflector in place. Deter-

mine the mass (kg) of the deflector, The magnitude of velocity
of the air remains constant.

V_ = 30 m/s
FIGURE P5.51

To determine +he mass of He conical deflectyr we use +he
stationary , non - dcrévmz}aj Contro/ Volume shown i the Skelcl,
Above. Applicalion of 7The Verk'cal dorvechon Component of
the [linear momentun, egUalion (£g.5.22) kb e confents of
This o]  yolume yelds

m(~l{+bg_wsfa) =-£ _ane
or
— = . 3 & e ' e-
cine = Phmed =BG o5 207 == pAY(y ‘;wfia)f ()
Hdwe,vey-
AR
and
4, = T8
¥

Thus Eg.1 can be expressed as
* o
70, Y (Y-ycos30°) - 4

m =
‘one % \7 2
or 3
P * (53 82) ZCtm) 00 2) [ 02 (2 053], aun
cone m3 & 4)(78¢ sal (7 S’/: L:%y?)
5‘
and
= 0./08 %
mmnc —— j
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552 Water flows from a large tank into a dish as shown in
Fig. P5.5 (a) If at the instant shown the tank and the water in
it weigh W, Ib, what is the tension, 7}, in the cable supporting
the tank? (b) If at the instant shown the dish and the water in
it weigh W, Ib, what is the force, F,, needed to support the dish?

For port @ we aypl, the verfical
compment of The lintar
momentum eguaton 4p the (milewks
oFf tontyel volume A} C.'//q 5 ﬁj&?"

g | E) au:‘ = Y (17
To get wlue of 'gm‘ we opply

Bernoull; ¢ ej%ﬂ—’élﬁm Yo the Hov from Fiu Hee sprte of T
wWater 1n Ihe fank 4o He dank. ontle? 4o get

Vour = |/294, = V(z)(s'z.z 2 Yoo #+) = 254 :f_*
Then From Ef(’/ we ge+t

_@s,fg)/?v%g)(zsq f*) T [a ) #4)
/ .f/u;.‘l{?‘

l6. 5*
‘f":' W"'9g/é

For part (b) we WZL/ /he VCV%?CG/WW%/' of The lyneav mome ntyns
eﬁuaf;m o The womdernts of Cl/g fo get

BFIGURE Ps.62

= =W

anpel

. — . &)
L TIRE ]
Cv Cig 74 yé
7o c)\&r'- ‘/M 4, we use Lernoullj % e.gua,vf’a-h between Fee surtate of
wWedtey 1n  domk 1P free Surface of waber 5 dish o ?ef
,,m M23(é *+hg) = /Z 2.2 f")(/o £7 sz‘») 325{1’
Fyr /n g we iuuse 'ﬁ'?m« MMAM a-ﬁ ma.rs mb,’*p = mauf of' /OL{‘;’{“;
/gl/g a7 Jant
So Froe Ege(2)we gof
st L/H)—,;— uff) 15"\ - Fow
(37.¢ H)(?t/ slug V5. ( e = W,

anct F, =W, + /47/6

S5
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5.53 Two water jets of equal size and speed strike each other as
shown in Fig. P5.53. Determine the speed, V, and direction, 6,
of the resulting combined jet. Gravity is negligible.

v, =10 ft/s

B FIGURE P5.53

For the control volume Shown n the skebch above +he lmear

momentum equation for the x and y directions ave , for

the x direchon
-VapU A +(Voose)evA = © (1)
and foy Hae y dtréchbn
(2)

= V,QV‘A, +(vsine) VA = ©
Also for conservation of mass we have

AViA + PVuhy - PVA =0
From E‘bs' | and 2 we qe+

1.
V-l'-ﬁ?' = Qﬂ___se = CO’i-Q

(3)

VA, MY "
30 -l " -1 : (_O_LH:
& = cot Vaha _ (ot ((m?)'"' 4 . ge®
Lo B - i
! (lo ‘:.i‘) v (%_l'ﬁ)

NéW‘ c.omb'minq ECBS. 2 and 3 wWe qe,-{-
VIR T Vsine (VA +V,A) = O
i - V‘:’AI
sing (V, A +VA,)
BT (00FH
V = (lo 'S_) b _"r oy 8 o
(simts” 3 [(10 1) v 4 (1o )T (:..++) ]

and
vV = 107 {1
— 5
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5.54 Assuming frictionless, incompressible, one-dimensional . = (T Vvr==—=—=—=r5===——
tlow of water through the horizontal tee connection sketched in Qs =3 :

Fig. P5.34, estimate values of the x and y components of the 10 M°/s
force exerted by the tee on the water. Each pipe has an inside

diameter of 1 m.

Section (3) Section (2)
\ /

Ly

AN LT 200 kPa
FIGURE P5. 54

We can use +the x and y components of the linear momentum
eguation ( &.5.22) HJo determine the x and y components of
The. vreaction force exerted by the water on the tee. For

the  cortrol volume Comf‘ﬁ/;q;nj water i the fee, Eg. £.22 [eads
7o

2

Ke =RA*Yp8 =Rl + ypa )
a”d - 2

F?y = P,E_Dz - f;":’{_'_py + Lpl, -V, 4, (z)

The veaction forces in ng. lomd 2 agve ﬂ&h‘[ﬂ//y exerted by the tee
on the watev in the contrl volume . The reachion of the watkr om
the tee s egual  in magnifude but  opposite i Awection
Conservation of mass ( Eg- 5.4 ) leads +»

- _ o _ v 1‘_ 3 & 3
Q,=a-¢ =8 ,;0, _/0?_(6;_11)?2"(/11.):5:238’5&’

A/SU 2 7
== /N — m i
€ =Y ;7‘0' =(¢r) ;;:(’”’) = 42 m
3
Favther s s
258
- dy
K‘sz- ’)=A733_m
-l_-l-" 75"(/)") d
and i 4
= H3 [/0 L
4 gy =) = /2.73 M
5 7m)* g
J.f
(con’t )




554

(con't )

fecause the FHow is in com/amm:é/c and frictionfess we assume +hat
Bernoullis  equation (&g 57%) /s m/,b/ throvghou? The  contrl volume . Thys

p=p+2(y* 5’) = zwk»%+ff’f [m/ [273n}j/ )(o P.F’)

or

}; = 137 %/Po
A/sa
=P+ /’ V- V)-zaaf&+@f? ) “’] (4733/ )A’ﬁ
oy
p = 195.3 kla
Wi, é

(zoam )W‘ﬁm}ffé_)(éﬁb)ﬂm m//’”) 1850000 = I§5EN

angl ﬂ'? X-d vectiom Compment  of Joce  exerfed by 72: wafor on The
tfee IS5 _ /85 RN .

With &. 2
R, = (125300 _.)7» Gn) — (13700 ’:) 7 (1m)” +(6.733 "fﬁf 7 9) 52
" +(6.783 m ) cm ﬁy) 5288 m (
= —‘fggao/u = - 4S8 %N / ) 1;:1)

and +he y- divechon Component of force  exerted by The water on
the +ee s * 458 RN .
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5.55 Determine the magnitude of the horizontal component of the
anchoring force required to hold in place the sluice gate shown in
Fig. 5.55. Compare this result with the size of the horizontal com-
ponent of the anchoring force required to hold in place the sluice
gate when it is closed and the depth of water upstream is 10 ft.

BFIGURE P5.55

Tis analysis is sumilar fo the one of Example 515 The
Control volumes of Fig. € 55 are approprrak For use
in sa/whj this problem . When the sjuice 9»47‘6. /s closed
(see Figs. E5.15a and € 5./5¢) application of the X
a’/}'c’cf?'on campangn/‘ of f/;c /’"‘lfdr PIGIMEnTiirn éyc(a/fdn

leads o

2
= [ - L/e2.4 18 ) (/o#47) 1o
/?X z JH oA / = .f,f_-?) 7(;‘

When +he siluice gate 75 open ((see Figs. €556 and E£5.45d)
application of the X diection component of the /linear

momentn  equation leads 7o
“ z 2 2
R = f?'ﬁ—:fa%- f +pY H ——/ozgﬂ;
The exit velocity u, wmay be expressed in terms of the inlet
velocity u, With the Conservafim of tmass eguation as follov's

Uy

=bfﬂ_
"4

Thus . ) . m
= - ou

R =LIH ~brh-F t pu H £% &

Ass am.-nj F‘; 15 ney/iy/ééu small , we obtam

- 2
il 4 lb £+ 4 16 (1.5
R, = £ (624 % )00 )'E’ﬁz ")( 4

£+

) LIS ) (o s 1R )

J’/uy . .{'.,43 (/‘5'(’) S.j“y. 1‘2—
5>

Ly

g, =1290 }6; |
Thus it fakes Considerably less foee fo hold 17 place The

sluice gate when [t is opened as compared fo when i /s cyed.
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5.56

5.56 The rocket shown in Fig. P5.56. is held stationary by the hor-
izontal force, F,, and the vertical force, F,. The velocity and pres-
sure of the exhaust gas are 5000 ft/s and 20 psia at the nozzle exit,
which has a cross section area of 60 in.2 The exhaust mass flowrate
is constant at 21 1bm/s Determine the value of the restraining force
F,. Assume the exhaust flow is essentially horizontal.

"BFIGURE PS5.56,

The control volume contains the rocket and the Fluid within the
vocket as indicated in the sketcl . Application of the x

direction component of the linear momentum equation  yields
O secause the rocket is stationary

2 _ B
2 Jupdt + Vgys, = & -84

or

/‘,‘; — EA + V;(OIVIAJ
But

m=pAv,

thus

F;'( = RA, + V_. m

bs _ 2 5000ﬁ ZI!.é.’Q J
F, = (zol/;{ 14.7 ’/__f{)(w'" j * ( ;)( s (?z.zl_{,_,.,- ﬁ)
. by s*

F - 3530 Ib.p

x

5- 49




5. 87

5.57 A horizontal circular jet of air strikes a stationary flat plate as
indicated in Fig. 5.57. The jet velocity is 40 m/s and the jet diameter
is 30 mm. If the air velocity magnitude remains constant as the air

flows over the plate surface in the directions shown, determine: (a)
the magnitude of F, the anchoring force required to hold the plate
stationary; (b) the fraction of mass flow along the plate surface in
each of the two directions shown; (c) the magnitude of F,, the an-
choring force required to allow the plate to move to the right at a
constant speed of 10 m/s.

BFIGURE pssy

control volume )

Vf\ﬁ- 3

The won - deérm/r'y Control Volume shown 1n the sketch above s usl

(@) To determue the magnitude of F, we dpply The tomponeni of the
/inéar momenturn  eguation (&.5.22) along the direction of £ .
Thus, J IV eVindA =ZF , or

. o 2 .
k= mVisin 30'.-_/.4»,4.1/-15. V. 512 30° = /070/-’ Vi 5mn 30°
or 5 2 ¥
E = (l23 ’f!) > (0.950m) (#02) (51130°) (1AL _ 0496 N
A m?3 (4) iy-;.:'i e et

(6) To determme +je fm_ccﬁ'dn of wmass flpw along /e plate surface in
Cach Of the 2 divechons shown 15 the sketrs, above, we agply the

Component- of The lmear moméntur, egualtion pavalle] 4 fhe surface

of te plate, fL UpVndA<Z K, o obtain

LV =ml - n ¢ 7)
ﬁaldny plate m?-'/)_ m_;g ’”J- lj CIs5 30 | (
Surface

(cont)
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5.57| (con't)

Since fhd aw Velocity magnjtude remains constanl, the value of /? "y
is 3cm Thus from Eg./ we oblamn sun c

MV = Ayl - oV os 30° (2)
l{?-.:.vz=y £g-2 becomes

3=, - mJ ¢os 30° (%)
Prom conservalion of- mass we coclude hal
m; = m, 7 h')3 “
&mémm} ég: 3and 4 we gel
Ed = = . '
/'13 = ﬂ'rj M_? ’3:} cos 36
o

S w. (1 —co530°) _ . (0. 067
m, = ":,(2 4) = ﬂ;’/(ﬂﬂ‘ 0)

and

m

1"

’ rhj(/— 0.067) = n}/-/a-?.aa)

Thos, ﬁmﬂm 93.30 4 m and m involves 6.7, of n;.

______________
(6) 7(.) dekwm/ne_ %/7( m?”;fudg af

E, requrred 1o allpw e platk
o rwve Fy rhe nyh?‘ ar A co1stant speea of /0

, we wuse
a #Fon - dcﬁ%/»j

Conlro! volume [ke Mhe one 15 7‘/16 skerfch
avove +hatl  pioves v The r;y/y/' wi?h a 5/985/ 3 /0/".
7he frdﬂ.f/dﬁ;y conbo/) Volume linear  pmomentum efueﬁm
(Eg.5:29) [eads Yo

>
E A o B (U=122) 58 30°
#

_ fram ™ W("-"-?”’")L(f‘ﬂﬂ—/ﬂz (50 20° )72
g - o B) o) o e fsne
:1

and
,5’ =039 N

*Since V=Vy =V and £r=F=ps andy, 2,2 2:=Z2 if follws that #he
Bernovlli equation is valid from 12 and |—3,

Thus, there are no viscous effocts(Bennoilli equation i valid only for
inviscid flow) so that ¥ =0. Hence, Rabrg alists =0

£-5/



5. .58

5.58 Water is sprayed radially outward over 180° as indicated
in Fig. P5.58. The jet sheet is in the horizontal plane. If the jet Section())
velocity at the nozzle exit is 20 ft/s, determine the direction and
magnitude of the resultant horizontal anchoring force requireq
to hold the nozzle in place.

control velume in.——0.5 in. = h

X
FIGURE P5.59

The control volume includes +he no33le and waler between sechony
(1) and (Z) as indicated 1n the sketch  above . Application of fhe
Y directhon component OF the [ineay momentum eguatfbn y) elals

f‘v(a\/ndﬂ = _Fy

. ,
or —/af( cos@)(v,) hRde = PhRV.GinT-s1m0)
F =0
A,y —_——
App/iCaﬁan of the X direchon compdnem( of Fhe I/near momentum
eguation leads T

J wpVinan - F

'n- d
or r o= 4@;,,‘,9)(%)5;?49 = /o/u?lé (cﬂsO-—cas?r)
A X

£t
and (199 shys ) @5 n) (8in) (20 8) rz) / 16
/f‘;,x i o z m )2 T_) 5/‘7 H
£+ |
4 x ———

L=52




5. 59

o
559 A sheet of water of uniform thickness (h = 0.01 m) flows ey
from the device shown in Fig. P5.59. The water enters vertically
through the inlet pipe and exits horizontally with a speed that
varies linearly from 0 to 10 m/s along the 0.2-m length of the

slit. Determine the y component of anchoring force necessary to
hold this device stationary.

-

P5.59

=

m FIGURE

A ontrl volume that ontains the bex porfion of the device
ond the water in the box as shown 1n +he skekis above is used.
Application of the y-direction Component of Hhe lireay momentum
gghation yiclds S
- ¥ "
ko Kﬁve\f-ndh = Q % v hdx

sti 4 0

The variation of with X s

ineay or
v = 50x ?
Th,us 0.2 : 2 x3 0.2
FAY: $ g(‘SOx)hdx = e (S-O)L‘__g.
E 0
oYy - 3
2
F;T=(qaq _X‘SO-S‘-Yo.oim) @.zm)(t N.s )
m?
3 %9.m
and
- 66-6M
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£, 60

5.40 A variable mesh screen produces a lin-
ear and axisymmetric velocity profile as indicated
in Fig. P5.40 in the air flow through a 2-ft-
diameter circular cross section duct. The static
pressures upstream and downstream of the screen

A=l S
are 0.2 and 0.15 psi and are uniformly distributed ; ) = "’”‘""”/’” r—
over the flow cross section area. Neglecting the e Hesken )
force exerted by the duct wall on the flowing air, m =02 psi g = 0.45 pab
calculate the screen drag force. Yy~ Wil

FIGURE P5.40
APF/ica?‘ian of the qxial Component of the linear MOMECn trrm

e(b?uaﬁbn 1o the Fow #:raujh the control volume shown n the

sketch leads Ho R

—V;(ol{A’ +ju2(auz 2‘?Trdr -y EA,“‘ Kx" EA

o

P 3 q ;
R = £V T_r_* - 2mp (,,,q )"dr—f Th_pwp.
4 4 4

b A

The value of Uy, —may bc obtnined from conservation of mass
as tollows

aA 1}"0 -/(m“ zZnrdr

Thus
4 - 2y =Z(apfv)_/50ﬁ

(zw)f ) ’

From t% / y ) )
; # E(zﬂ« /3 oz 7 /;J{) i{’—-——
R = @-002” S—IE(JL) (100 5 ) j slug, #) T #3 sho. £+
ﬂ' z *'5 )77‘ (2”)(/‘*’* in- )—1615 b 'r(sz) ,,4 it

R = 13.316
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S.61

S5.61  Water flows vertically upward in a cir-
cular cross section pipe as shown in Fig. P5.6.
At section (1), the velocity profile over the cross
section area is uniform. At section (2), the ve-
locity profile is

R — A\,
N= wc( R ) X Section (2)

where V = local velocity vector, w, = centerline

velocity in the axial direction, R = pipe radius, h
and r = radius from pipe axis. Develop an expres-
sion for the fluid pressure drop that occurs be- v
tween sections (1) and (2).
Section (1)
FIGURE P5. 6l

The analysis for this problem /s similar o the one of Example 5.7
The control volume contains the Fluid only between sections (/)and(z)

as mdicated n the sketch . /)p,a/;'caﬁon of the vertical or =

companenf of the [inear momentum quaﬁ'on /eads 42
R

-w, pw A +f/ow2ﬁrdr=PA—F+F -W
Thus

2 = w

B-f = K _pw® +,0217[[ (R ”)] rdr i (1]

The weight of 7%6 water (n +he cam“m/ volume may be ex,orcﬁ’ea/ as
The value of w ¢ ™My be obtaned From the conseyvation of mass
equafion as -fol/aw;

foa{fﬁ ﬁaw (_____.) 2rrdr

or
w = W, A (2)
27?'/ (/?-' )r‘dr
7o evaluafe the intepal [( r)”di’ we substitute
_ R-F
ks (2%,
then
= -—df'
YR (4)

(con't)
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$.61 | (con't)

an _ 2
[l o [~ o 2
Combining 555 Z and S we obtmin
_—
@, = ‘f_;-w,
Thus  From Ej /
2)(60)w " [ [R- 'rdr +goh (6)
Ak = v F / 7.
49)*
”R

To evalyate the m%egral R};") rdr we use Egs. Famd¥.
g

Thus

f{k’"rdr—f (I rx)Edﬂ( =/_§£RL

and. &5. 6 becomes

b2 _ o’ o 200206 2a0)
- - — ] + ! | 'IL
Boh= E-putp o
or
p-p = UL + 0.02pW, r?/oh
wR*

Note that in Contrast 4o the result of Example 5 13, only
a Very small porfiorn of the pressure a’ro/ /ir due 7o
Q chdnye. 1n the momenturm Flow between sectips /

and 2m This case .

5- %
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5. 62 In a laminar plpe flow that is fu]ly de- average VelOCity, g, with the aXlal direction mo-

veloped, the axial velocity profile is parabolic, mentum flowrate calculated with the nonuniform

that is, velocity distribution taken into account.

2
3
- [1 _ (ﬁ) ] RO -~ -

as is illustrated in Fig. P5. . Compare the axial I s T

direction momentum flowrate calculated with the / L |
FIGURE P5.62 J

The axial direction momenturm Flowrate based o a unitorm velocity
profile with u=u is

ME = Upi A = P

X uniform FQA IMJWR
The axial divection momentum Flowrate based on the non -
unitorn ,odméa/:c velocity profite s

Mf{'%ém /u,auzmdr oul for:?/[ (z)]/)“/)

ME e Ue TR

X non -
“ unifom, 3

"

lo oblam a Elationshjp betwee,, U amd uy we use fhe
conservation of mass egaa,ﬁan as  Follows

i e’ = i [Ty 4)

Thus
@ o= U
2z
and 2 32
g = 4 puam™Rk - £ MF
P,\’ndn- _j— /ﬂ =] 3 XU’H)%YM
Unitorm
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5.64

. . . ; | '
5.6%4 A Pelton wheel vane directs a horizontal, circular 45uE '/_an'lha » 45,Z comtrol
cross-sectional jet of water symmetrically as indicated in Fig. Ve Volum N [ Vo lume

10 100

P5.6% and Video V5.6. The jet leaves the nozzle with a veloc- e’
ity of 100 ft/s. Determine the x direction component of an-
choring force required to (a) hold the vane stationary, (b) con-
fine the speed of the vane to a value of 10 ft/s to the right.
The fluid speed magnitude remains constant along the vane
surface.

D=

(a) (b)
FIGURE P5.6%
()70 determne Fhe x- divechion component of anchoring Force reguired 7o
hold The vane stationary we use the stationory contvol volume
Shown above and the x- divecton compenenl- of The lineo momentum
Cquation (€4.5-22). Thus

F = mlYrycosys®)=pA\ (K wsss) = p%ﬁzl,//l}’f{w;y;?

A
or % )
;o= ﬂfﬁfffm}ﬁ- (1) (100 &) [ W00 &) +lio0 1) o5 45° | f_ié/_)
& i (‘9’){ v s/yy.f_:_'/‘
/12 th.
and +
f:; = S8/ /é

(6) 7o determme the X-divection component of dncémv'r} e vgur’ed
7> conbine the Vane to A constant speed  of [0 __‘?‘_";fa The vight we
use 4 confrol Volume wmoving fo the vight with a speed of /0 __f_f
and the x- divechon componenl oF The linear naomen tum egualtion
fov a Franslating conbwl volume (€g.5.29). Thas,

= . o’ o )
E = pAW (W + Irt{casry).-.-,o;_, W (Wt wesgs)

We wnote That- M
W = l/’_ mgf‘ - /aa:r;_f'_ /‘9_,— 70 £

/
Thus, £g./ [eads > N -
T =
E =(1-9% stags) 2 (1 7. (4’0?!}/703— f—(%;_(”jwf#f](ﬂ
& 'Ff’) 4 (12 f_:?_}" 4 P
~

ovr

F = 14 14
A
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5.65 How much power is transferred to the moving vane of
Problem 5.657

Fower = EV , where from Problem $.46 Fq = 14416

Thos,
(46 ) (10 £
POWCY‘ = = 2.65 hP
(‘5'50 £4.1b —

S.hp
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5.66 The thrust developed to propel the jet ski shown in Video
V9.11 and Fig. P5.66 is a result of water pumped through the vehi-
cle and exiting as a high-speed water jet. For the conditions shown
in the figure, what flowrate is needed to produce a 300-1b thrust?
Assume the inlet and outlet jets of water are free jets.

3.5-in.-diameter
, outlet jet

,,,,,,

BFIGURE PB.G6

For the control volume indicated

the x- component of the momentym e Va
egvation R =5l lc2)
x ()
ju PV;} dA =2 F becmes VJZ_%/ y
cs control X

(1) (w 60530")(0(-%)/4,4- A P(+=V,_),42 = Ry surface

where we have assumed 1hat f=0 on The entire control suriace
and that the exiting water jet is horizontal

With m = pAV, =pAxVa Eg.(l) becomes

Ry =m Vo=V, cos8) = pVi A (Vo= V, cos30°) (1
Also A,Mﬂq,_lé so that
Vz_sz—%%-—' =_.2ﬁ.’_”_2:_-vf :2.50\/, (2)

—Z—E(S,SM.)Z |
By combining Egs. (1) and (2):
R = pv,”'/)! (2,60 -cos30")

o /b o il
300
- . 2 .22.7
p [(w*%—f%(%v) (z-év—w”] i
Thus, |

2.5

) i3
-4 - )y 3 90

£-60
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5.67 (See Fluids in the News article titled “Where the plume -
goes,” Section 5.2.2.) Air flows into the jet engine shown in Fig.
P5.67 at a rate of 9 slugs/s and a speed of 300 ft/s. Upon landing,
the engine exhaust exits through the reverse thrust mechanism
with a speed of 900 ft/s in the direction indicated. Determine the
reverse thrust applied by the engine to the airplane. Assume
the inlet and exit pressures are atmospheric and that the mass
flowrate of fuel is negligible compared to the air flowrate through
the engine.

BFIGURE P5.67

%
. (3)
The momentom eqvation (x-component), Vi
{u 0 V-Adf =5 F, for the control volume " A F
cS . X
shown can be writien gs
() 30’@4'
Vo (VDA +(-Vicos30)p Vo A, £z =f;=0 ’ &)
+(*’\éoas30')(o\(3/43 =~k ’
or
E:(EDV,A,)V, +(PV1/Q,_)\/9_608300+(P'/.3/q3)\(36ﬂi3”‘ (1)

But from conservation of mass
CVA =QVR eV A, = m = Tslvgs /s
Also Vg_zl/.;J so that £q. (1) becomes
k= m (V, +1, cos30°) =G %(300# +900c0530°-£f)
= 97/0 M # = q/70 16

Note drection of Fx on engine and engine on airplane.

N .
@j—" 000 —

on engine on airplane

5-6l
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5.68 (See Fluids in the News article titled “Motorized surf-
board,” Section 5.2.2.) The thrust to propel the powered surfboard
shown in Fig. P5.68 is a result of water pumped through the board
that exits as a high-speed 2.75-in.-diameter jet. Determine the
flowrate and the velocity of the exiting jet if the thrust is to be
300 Ib. Neglect the momentum of the water entering the pump.

The x-component of the momentym df——_[ K ; n

equation, fUpV'ﬁ dafl =Z’E} For J A Dy, X
cs

the control volvme shown i's

-V, cos6) P("V;)A, + (—I(Z)P Vzﬁz = - I-)'(

or

Fo= QWA ~pVih cocl = VA, /Y the momentym of the entering
water i1s neqlected .

Thus,

300 |b =(1.94 sﬁ,—%f)l/zz(&ﬂ'(%ﬁ'ﬁlz))
or

Vo= 6.2 8

and

Q=A< T (2254) (412 8) = 2.52 £
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3.69 (See Fluids in the News article titled “Bow thrusters,” Sec-
tion 5.2.2) The bow thruster on the boat shown in Fig. P5.69 is used
to turn the boat. The thruster produces a 1-m-diameter jet of water
with a velocity of 10 m/s. Determine the force produced by the
thruster. Assume that the inlet and outlet pressures are zero and that
the momentum of the water entering the thruster is negligible.

i

BFIGURE P5.69

The y-component of the momentsm egvation,
fweViadl=5 fy, for the control volvme

Shown /s,

[wreva A +VopVahe = Fy

(1)

Fy
"ﬁ‘ 1T T
y
L
(1
S

It the momentum of the entering water is negliyible the eqvation becomes
F=QVih, =999 34 (1027 (F (Im}) = 78500 K2 = 75,5 kv
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5.70 A snowplow mounted on a truck clears a path 12 f through
heavy wet snow, as shown in Figure P5.70. The snow is 8 in. deep
and its density is 10 Ibm/f#’. The truck travels at 30 mph. The snow
is discharged from the plow at an angle of 45° from the direction of
travel and 45° above the horizontal, as shown in Figure P5.70. Esti-
mate the force required to push the plow.

BFIGURE P8B.70

To estimale 1he fovee ﬂ?gwireq/ o push the ;nowlpﬁ.w we use

fhe 50""/"’0/ volume féaWn m The Stetth ﬂéavgma’ é‘?' 5.29. we.
neglect the frickion fvce betveen +he plovs and The voad _{u)'qéa_.
we also Mflec/‘ any tvce  associaled ith te féw a/e)qecﬁy air.
we only Consider how much fove s ’fej“’."“’l b durn wet o
/175 ° .

For the wet snow “How " we get Fom Eg 529

X

F=m (W+w, wsts’)

Since.
m =pA W,
we  assume W, =W, anof jQTL

Fe=pAW (14 cos ¥5°)

e
£+
Ther ?_f;@(’zm[ "B ey |

MI""T l2 i
g £13 i
X {4
(32.174 '-"L"—’-i—)
b S
F = 8220 lb
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5.75 Water enters a rotating lawn sprinkler

through its base at the steady rate of 16 gal/min o Nezzle exit

as shown in Fig. P5.75 ., The exit cross section area | L2 area = 0.04in2
of each of the two nozzles is 0.04 in.? and the low

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 Kshﬁmary

the sprinkler rotating with a constant speed of - Cortrol velume
500 rev/min. (c¢) Determine the angular velocity Q= 16 gal/min

of the sprinkler if no resisting torque is applied. Q

FIGURE P5 15

This is somfar % Example 5.17.

(a) 70 detevmme #he ftﬂfszy @rgkc reguired 1o hold e sprinkler
head statjionary we use the mament - of —smomentum rorgue
ejuation ( g. §.50). [hus,

o /
/;/, ohr = mr /er t{ez_ )
oy V,, we use
* (16 22L) [ 194%¢ >
- @ ; =)
b - LEN
P i Z[(0.0¢ m?* )7 48 / 682,
o Exit X "% )‘"”)
4 = %17 £f
gz 5
with Fg-(1 we 0672 i1
/i a( . ) = 7 %
AP (9% 2uts ){M g )( 3 in )(6¢.17 I )/ s ,25:‘2

f”“—)féa.,‘, fiz &)

s 2, . /,
e B E
(b) 7o detevimine The rc;bﬁﬂf ﬁrga& assdclated with a sprmkler speed

Of 500 Y€Y  we uase Eg./ again. However, with rotakom we hae

and

iy
Lé’j:--’_ M/L' v, (%7
For W we use
- Z""fi‘sé (Z)(f’-f’i‘f” )(7 & 741{6»%)
el ccon't )
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£75 (con't)

. ml—, 27 rﬂd
Y = hw (84.) Gvo ;,1)( / = 34.9/ g
/2 ta- 60 s
( %} ( Min
Thus with €. 2 we have
. 1 A = 2926 FF
l{"}?-— 54:.17f_f 3¢9 2 27.26 L
and with £g./ we obfam e
Juss gal/ i 2826 ) (1 fo.
7= (ngr )6 720 X5 in )27 ’)(s/..,,ﬁ
Shaft T e
(7_% gal /o i)/z /o) ,
ff’) P ;&;
and/
T o= 135 FE I
Shatt =S

(C)lo  defermine #he dnguelay velocity of the sprinkler /¥ np rcs/:ﬁly
Torgue is applied we use the comgrnation of Egs. | and 2

12 oblawmn
- w,
o £t ”.
wo= Wi o ERTENER) | ogis ved
L (8 ) o

e wtor speed, N s Yhus

N =(ts nd) 4az) o 920 re
g (ergj .,
rev
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5,76
, 7= 0.6m Nozzle exit area normal toz
5.76 Five liters/s of water enter the rotor shown in Video V5.10 | . L/ relative velocity = 18 mm
and Fig. P5.76 along the axis of rotation. The cross-sectional area Ve
of each of the three nozzle exits normal to the relative velocity is & -~

18 mm?, How large is the resisting torque required to hold the rotor
stationary? How fast will the rotor spin steadily if the resisting
torque is reduced to zero and (a) 6 = 0°, (b) @ = 30°, (¢) & = 60°7

oy
BFIGURE P5.76

Jo defermine the f&rguc, regézicd o hold +he votpr stationary
we use the imoment - of - momentum Torgue eguatip, (€§-5-50)
70 obtan

- = y &0 /
Ishafr ~ ml;'u* zu/— 5 - ()

We wnote thal-

m =p& (2)
and 2 '

Wz E ()

L 34:-;:;;/:

Cxit
Combing £gs. 1,2 and 3 we get
2
> - P&, . Cos @ ()
shafir
3 Anssyie

exit
Jo determine +he votor angular velocity associated with 3ero

Shaf+ Torque we dgain use the imoment- Of - imomentuim hryue
eguation (€3.5.50) +v obtuin , This fime with rotfation,

—-— S Co —
TS/M:CI- = R (h/ out 5 U"‘"") (3)
We note that
= r , 6w
Z/d‘up‘ out (6)
and
62
W ol (7)
out A
nogzle
exi-

(con’t)

5-¢7




5. 76

(con't)

Comb/'m'nj bgs. 35 4 and 7 we get

4 ¢ e
75-;,4/,{ Va 0}_ / =@ };af

Cu) (%)
,4,””/‘
@) Fop

G= 0" we use t;m; el ger
779 _i_ £ /f"‘” 0:5m)( Los 0
Sty = (411 5 )5 ) (o m) (a0

[/M&_{E;:? /;)//gm.ﬁ-)

= 23/ Mm
Chaﬁ‘ e

or

(Mom")zf//v )

Rg. 2

From Eg. 8 we obtan Fov

Shats = ©
w = Reoso o ME LB cac o ) 1000 2
Ay L 5 /85 &
er F( 18 mm )(No liters ) 0-5m) -
(Brr &= 30" we use E5. ¢ 7 get o
5 (ﬁf i /f/"'”/ O:5m)(Cos 30°)( 1090
shaty ) 7 // < )/*—9 "‘)
20 ) rers 2
S (1900 L2 )" (3) (15 me)
7:1«:‘/‘ = Zoe M

Frov Ef" 3 we aé#f;? 76)’ T

& O
_ Shatt
w = C4EZ) Cosso)o00 27)°

4

- /50 Vad
3//3».,..»)( oy _/;}?_'f}/a(m)

(C)Fbr G = 60° wt use Eg 4 v gef
- (711 2 ) G Lkz) " (0.5m) (cos 60°) (1007 )/
Shaft
(1000 /,fer:) /3)/,7,,””1)
oy

7 - .
Shaft ii] it

From £3. 8 we sbtaiis fo Crats” @

(5 ey oo 2
(3)(/3»-»»’-)(7”’0& i )(0 s‘n.)

=5




S5V

5.77 Shown in Fig. P5.77 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 through small
nozzies at the tips of the blades. Explain physically how this flow

can cause the rotation necessary to rotate the blades to produce the
needed lifting force.

As the Hr f/w/;zj rdd/'a/éx out
-/‘/;rauj/; 642_;/7 propeller blade
turns Fo flow out thraigh Fhe
nozzle at +he blade #ip,
i+ exerls a tangential rce
Fo the inside surtace of the
blade. Fur ther, fhe Ve/achl/
inevease of The air 7%“”':’] .

out of each nopile results in .
add;Honal Force in The apposite divection. These #wo

BFIGQURE P5.77

Jovces move the. blades counter clockwise as

Shown . The. rotatin 2 é/ao’cs experience. a /z'fﬁ;y

Sovce Hom The air 7%4/;}37 over the blades because
of +the downward farmiz? of the anr.

5-€9




5. 78

5.98 A simplified sketch of a hydraulic tur-
bine runner is shown in Fig. P5.78. Relative to
the rotating runner, water enters at section (1)
(cylindrical cross section area A, at r, = 1.5 m)
at an angle of 100° from the tangential direction
and leaves at section (2) (cylindrical cross section
area A, at r, = 0.85 m) at an angle of 50° from
the tangential direction. The blade height at sec-
tions (1) and (2) is 0.45 m and the volume flowrate
through the turbine is 30 m*/s. The runner speed
is 130 rpm in the direction shown. Determine the

shaft power developed. FIGURE P5.78

The s/nébnary and nor - dcr%rm/)y contro) volume Shown 1h
the sketeh /s used. Egmﬁ'dh 5.53 Can be used 7o defeymme
10 defermine +he shaltt power Thus

; o g | TR . )
Mé-/m# LR (UV) S

With +he cawerm,ﬁan of mass eguafion we can conclude that

- pQ =[19 763)(?6’*’?): 24000 kg

The é/ade. yeiacz Hes  are ew;{y oblaihed as follmis. °

yad
U: j:'w ://.5_”!)(/30 MJH)(ZF,%- e 20¢ m
’ /50_5_. g
Min
U = kw =(pg5m)(Bo R )27 7, )___ )4 m
(60—— =

V)]

The fdng&m‘/a/ velocit jes, l/ and & , may be Oblamed
with fhe help of the Ve/g;,{] ﬁ,a,y/f; Sketebed belpw.

W Yi

8. |
(con't)

5~ 70



5. 78

(con't)
50°
4o°
W
Vrz 2
Vz
VO'L
U
2
With the velocity friangle for section (1) we see that
Yo = Yot W sin10° (z)
Also
W: cos w° = Vs
and 3
= ) Q (30 .?‘)
V., = 7 = =707 m
) 2mr, /‘J’ 21r(/.5'm)(0.‘f5’m) S
Thus
m 4
VVI = ._‘/_"_’. - (_7_07_.___5) . 718 m
Cos 1o° cos Jp° s
and with Eg.z
= m ” ) P b 21
v, 20. % 2 +[7/5’E}5m/0 = 206 2

with the velocity Triangle tor section(2) we conclude #hat

Vez :TIZ.—W’ZS]nH (3)

(con't)
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578 (con’t)

ﬁ/ﬁo 32
30
W cos 40’ = V,, = 2 B o G 2) = 25
A 2 h, 2 (0.95m)045m) i
and
_V 2.5 ¥
Wz il K2 (/ ) = /63 ..,_)7.
C0os #0° COs H9° S
Thus  FHom é‘j. 3
_ (3 mYsm¥' = iz ™
v, = /6 (/6.3 2 ) st :

Fm"a//j, wilth Eﬂ'/ we  obtan

ﬂmﬁ [(20000 *9 )(204 ”)(2/4 ”ﬂ) (éawo@)/le}//;z nf)]{

é

W = ~128x0 Nm - _129x10°W =_12.8 MW
Shat4 ms—— '

The winus J/:?n Ieans PGW&F O‘uf' mﬁ' 7‘/!8 Cﬁ)’lfl)@/ Vo/ume :
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S5.79 A water turbine with radial flow has the dimensions shown in

Fig.P5.79.The absolute entering velocity is 50 ft/s, and it makes an
angle of 30° with the tangent to the rotor. The absolute exit veloc-
ity is directed radially inward. The angular speed of the rotor is 120
rpm. Find the power delivered to the shaft of the turbine.

Section (1) Section <)
@FIGURE P5.79

The 57‘aﬁbnary and  ron- df?‘orm»;?f contrel Vaolume shown 1 e
sketch above is used. We use é‘g, 5.53 Fo defermme He
shaft power nVolved. Thus

. (1)
Y L~ - m U V
W;haﬁ S :
The wmass f/awmfe may be obtamed Jémfm (z)
= eV A e A
whe ye ,
V,, = vadial <component of velocity af sectin(l)
The  blade velocity at Sechon (1) is
= 2 rad / = 5,1‘.)_(.#
U = rw= (2 H)(,wz%:)( r?»)(éaz) -
P

The values of 'V, —and % may Ge Obtamed with the bhelp of
a velocity fff'anglc for the Flow at Section (1) as sketched below

T
vy,
A2
Vs, (con't )
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979 | Ccon't)

With the velocity riangle we conclude that

\4', =V s5m30° = V cos60° = (50 ?‘)@/h?f): 253{'1‘

Then from £g.2
[94 5/6@:)&5 ff) 2w (2 ff)// ff) - 6/0 .ffay;

i

Also with the friangle we see that
Y, , = Ycos 30° = Y sméo’ =_(50 ;ﬁr‘) Cos 30° = 6‘3.2;"

Then, with £g-1 we obfamn

‘ (6/(9 S/H_?S)(Zf I is /4'3 7 £+ ( )
f/mff 5/‘?

W = = 4.é;xm £t 1k
shatt e 5
In  horsepawer we have
/
' = _ fes3x10° ft /é) =~/200 hp
W ohets [ (550 11 /é) o

5 hp
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5.80
views

the pump delivers 200 liters/s of water and the

blade
tion,

ated with flow leaving at the blade angle. The
flow entering the rotor blade row is essentially

radial

Shown in Fig. P5.€0are front and side
of a centrifugal pump rotor or impeller. If

exit angle is 35° from the tangential direc-
determine the power requirement associ-

as viewed from a stationary frame.

FIGURE P5.80

7o defermne +he  power, Wenatr , we use the moment-of -

momentum power equat on (g‘;’;_"s’_ 53) 72 obtain

Woete = % UV, = »QU Y (1)

zZ ez z &2
net-in

We obtam U, Hom o
U - };-w = (/5'5»1 )(30007,@'”)(277' P = 4212 m

(0 520 (62 %)
we use the Veloc/ty ﬁ'f'any/e sketehed belpy.

4y

7o gete rmie

174
9)2

fo get
V
VG = U; - r2
5 tam 35° ()
For v, we use
Jiter (100 2
. e _ @ s @00 _}_s)(/oam)ﬁam)_. m
| o - ; = =
¢a A, 2y h faaa Lﬁ%‘:‘) 27 (15em)( 7 em)
(Con't)

575




580 | (con't)

From qu we Oé;ﬁr/;-,

.2

N

Tan 35°
Thus with €9/ we gef

W = (9’9? £9 éoo s Y47 /2 }/2)67_02 -f—")/__/l/___
shatt w7 s s Py~
ner (/000 /_I‘_____/ﬂ”f) Y
3
or
Mf:lmﬁ
het i

-
= Z2.48x10 Nm

5

aAnd

. = 348 RW
W,oparr = 222

net n
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5.8/

5.81

tion.

(a) 7o determmne +the energy per unit mass added 7 the water

The velocity triangles for water flow
through a radial pump rotor are as indicated in
Fig. PS. 1. (a) Determine the energy added to
each unit mass (kg) of water as it flows through
the rotor. (b) Sketch an appropriate blade sec-

¥ S’fﬂ‘honarg
, NS control R

FIGURE P5. 1

f/owzhj fﬁm‘uyh the rotor we use the wmoment. of- moyentumn
work eguation (Eg.55%) 70 get

Wepatt U; ]/e / & q Vez (1)
mner in
We vote fmn the  sechon (2) velocity friangle that

oe = Y

70 ascevipm l(p, we pote trom the sechon (1) velocity fn’ay;f/e_ that

/

Ve = Vo tfan 30° (2)

/

From conservation of wass behwee,, sechions (1) and (2) we contlas

that
V A, T V_A = W A,
i k2 z z

Or

T Wf_zm/zfe:thf:_m,.,(/m)
v A, 2 r ) ?Z""
With £4.2, Ve “ﬁz.'!‘—)(05‘77)=/9 ¥8 ik (gm

and with €41 we oblamn

Ynate = Z'@m)ﬁ’wm) (% m)ﬁg m)//N) w04 ”""

NEF 1n

(ton't )




5.6/

Con't)

&) An appropriate blade Secton would be apprximatel, Fangent
o the section (1) and sechon(2) velabve veloc/ties, W and
Mé_ The relabve Flow argle From the radial diechon af

Section (1) /s

/Z = %ﬂn'/(?/,;yefy = Y’ /?8’,;: + /4?.9!3_.:_*') - 295"
ki

372 m
5

The relative flow angle tram 4he radia) divection at sechm(z)
is  O°.  Jhus, the blade sechan js as sketched belpw.

5478




S. §2

[W,| = (W]
5.82 An axial flow turbomachine rotor involves the upstream (1) »,
and downstream (2) velocity triangles shown in Fig.P5.82. Is this 1 U, =30 fts W,/ lu,=301s
turbomachine a turbine or a fan? Sketch an appropriate blade sec- V.
tion and determine energy transferred per unit mass of fluid. Vez

Ly, =205 60"/ a

BFIGURE Ps.82

We can defermmne whether the axial Flow Furborachme
mvelved is a Furblve or a fan by compd}w;f Fhe dp;ec%'on
of the [ift force on the rvoter bLinde section wWith the
divection of The blade Ve/ac,"}y/ V. IFf the 1ift fore and
the blade velocity are 1, the same divection a turbine is
molved . IF +he [ift  Force and Plade velocity are in
opposite dz}eaf/bnj/ a fan is mvolved. The divechion of Hhe
[ift force can be mferred from the Shape of the rofor
blade section skefcheq To be fangewth the relative Hows entermng
and /eaw}yj The votor mw.
The eﬂfem}j relative #low angle, £ ,

g =t U i (308) g

v (20 :;ivf )

Thus, the vofor blade sections sketehed belno are appropviak




5 02

(con't )

Since the /it ﬁrre_ Acting on each roter blade sechon
js i the same diwrechom as the Llgde Ve/oc/'}/ we
conclude that +his Furboewmachive /s a Furbine
The  energy Wanckyred per wunit mass is the shaft

Wovk peyr un/t magss / wﬂm 23 7 Which we can detrnme
with Eg. 5. 54 Thys

Cehaty = - U \/92, ()

From +he  yeloc/+ 'y fw'my/ es we oblam
[{0_2_ = W y sth bo® — U,

and

=< - 2
W?_ W_} V\{ *'U;I

Thus ‘
W :-'—'z ]47‘1-(};1 sthéoa_(fz)

Shatt
1
w :-—(BOﬁ l/ fi F il ¢ I
Shatt s)[ (Zaé_jféﬂéf) sméo -30;_ g 7
5'!-
w. . = — 368 ft 1
shat} P P, 5/"_7
OY .
Wt — 368 1.1 _ Ly A
Siug (322 lom — lem
S!ug

s- g0




5.83

5.83 An axial flow gasoline pump (see Fig. P5.83) consists of a ro-
tating row of blades (rotor) followed downstream by a stationary row
of blades (stator). The gasoline enters the rotor axially (without any an-
gular momentum) with an absolute velocity of 3 m/s. The rotor blade
inlet and exit angles are 60° and 45° from the axial direction. The
pump annulus passage cross-sectional area is constant. Consider the
flow as being tangent to the blades involved. Sketch velocity triangles
for flow just upstream and downstream of the rotor and just down- !
stream of the stator where the flow is axial. How much energy is I
added to each kilogram of gasoline? Is this an actual or ideal amount? |

|

I
|
V11= 3 m/s l
60° [
|
|
) )
)
EFIGURE PB.B3

LA

Arithmetic
mean radius blade
sections

The velocity #riavgle for Hlow just vpsheam of the rofor is

sketched belpw Tor the arithmetic mean radiys.

8,

3m

V, =
S
With the fr;'amy/& we conclude that

W; - ..‘é.. , (3 ?’) 6 m
cos 60 fﬂ!éo’ -
and
i = W s ¢0° (é ’" sméo’ = 5,2 mM
= i 7
: * Teon't)
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5. 83 (con’t)

The velocity #riangle for Flow just dwonsteam of the votor is
sketched below #or the arithmetic mean vadws . oy
ncompressible flow Vi, = V.. For mean raduis flw U=Y.
Thus Tor relative #ow fﬂngem‘ fo the blade we obtam the
velocity friangle sketched —below.

W,
%_a Vx 2z U‘L
4
v, (N
/ ¥

With e fr/'gn;/c we conclude that

0 8
V&Z— U;_—- Wyz -:T{-—\{n‘/md’ff =5'.2fj-(§;_’z)1ﬁrn75=2~.2;_'__n
Also ’
g = Tan ‘/6'2)— tan’ [(22 ) = 36.2°
Vi 2 (3 m
V. (3 2 :
W m e . 4z4
cos 4s° Cos §s° s
v, = 2 i F) g m
Cos @, cos 36.2°

Ustig  the S/aﬁonmy and 1on-detovmmg Cotd! voluwme showy
above m the first  Stefch of this  soltion and £g. 5.5¢ we
can caleulgle +#he energy added 1o ewch 4y of gasolie.

Wepatft Y Vo, = [52 ?)(Zzg)ﬂim—) o Ay N

3 , R _ % 4 = 4
This .« The ﬂc%wa/",d'”f’”m}' of EReryy Ofe/:’va.*‘:diusm as0hneE. .
However, not all of it is absorbed é/ ﬁ,@ja_(o/;}:a/ some. Cis Joct.
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E. 34

- leaving the rotor of the turbine-type flow meter shown in Fig

5%'%  Sketch the velocity triangles for the flows entering and

P524. Show how rotor angular velocity is proportional to aver-

age fluid velomty. Magnetic sensor

Turbine

¥ FIGURE P5.8% (Courtesy of EG&G Flow Tech-
nology, Inc.)

FPor a seclion of the turbine blade at radius r, the é/adc
noves 'ﬁznyfnﬁa//) with a Ve/ac:b U = F&, The ve/aaﬁ
z‘riany/es may be shetched as , shavn.

W,
B \Z
v
>\/
v
B, |
Wo,
>
i
L5 \{9]_ |
USM} Eg 5.50 We 767"
| | |
T 7 Dt = g

0 —jw/‘gz \42_ 2
50 :
60 Vx 7_-/234452
Y




e 85

5.9S By using velocity triangles for flow upstream (1) and
downstream (2) of a turbomachine rotor, prove that the shaft
work in per unit mass flowing through the rotor is
e = VEHUT- VR LW WA
Wehant =
net in 2

where V = absolute flow velocity magnitude, W = relative
flow velocity magnitude, and U = blade speed.

Any set of wvelocity Priangle for Flow throngh a turbemachie roto
row would give the same fesult. We use The 74’?’411‘7/61‘ of Fog. P5.77

N

From the inlet Flow velocity fri'angle we get
= 3 2L

Vees ‘,/Il_l/:?l
and
L % z 2 % 2
%o =T ) e B e, <2 T <L

X ! & /

Cdmé;y)};q‘? Eg,‘{ /! and 2 we Ob'/a/‘;

- Wi-viou!
U’I' V&' ; = ' )
>
From +the outlet Flow veloe/ty Frviangle we get
2 2 2
V’"’- - VZ:- i l<'5’2.
and ;
% Z L, % 1 7
Vs ™ Wz'— (—UZ-—V@;) 3 Wz.“' L # Z'T.{_léz—'Vel
(con't)

()
(2)

(2)

(4)

(s)

5- 54
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5.91 A 1000-m-high waterfall involves steady flow from one large
body to another. Detemine the temperature rise associated with this
flow.

This is like Example 5.22.
To determine the femperatwre Change we use the relafionship

-7 = -4 ()

2

e
e EHu
wheve the specific heal , C = 7 o We uwse The energy
eguaﬁ'an (Eg. 5.70) to Oblan

(";Z-—L‘{/, == j(Z—I-—E-.Z_) (Z)
Comb;'mhj Egs. [ amd 2 yields

7; _ T' = 9[24 52‘2—)

c
or )é
8/ /ooam O, 4536 9 0 5’5' K
/ 0 N
( Vo ‘,e)/’ ¥ L

and

77" ’T; - 2-'3"!‘/(




5 8

k3

(Con ")

C’amé,'n;'ﬂf £gs. % and § we obtam

w ey (¢)
2

For the set of velocity Hiangles

uuv =

2 g2

= (
hert in

Cbméf'm'ﬂf £gs. 3,6 ana 7 Wt 06720

2 z
\42_ V’z. - _(fz?._uz._f_wl_wz
wfhaﬁ- -

net mn 2
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5, 70

5.90 Is a necessary condition associated with
application of the Bernoulli equation zero heat
transfer? Explain.

From Eg.5.78 , we conclde that tfor application of the
Bernoulli  eguation (/055 = o )

174 v
= -
%"_6' 4 out aﬁﬂ'

n
Thus  the  heat transttr, 4, .., with  apgplication of /e
Bevvioullr7 agmﬁm e et ﬁE(eJJdrflj 3610 Mo.

&- 8¢




5. 97,

5:92 A 100-ft-wide river with a flowrate of 2400 £6%/s flows over a
rock pile as shown in Fig. P5.92. Determine the direction of flow

and the head loss associated with the flow across the rock pile.

BFIGURE Ps5.92 ' i

(1)

727 de/&rmme. ﬂ:e dlrtcﬁo-n o)ﬂ 7%\»’ we WI// QASSUme o c//rtqu

USe The energy esuahion (é‘g 5‘;?) and caleulete Hhe H
head [os5. TF lhe hogd lose /s JOSiPVE, our asSSumed afmtmim

of flow /5 comed T£ the headl Joss IS ngaﬁvc whieh Js noy‘

pPAYSsCa Uy possible, our assumed djrecthrm of flpv js whn;j o

!
50, assuming the Firo /s fom right +to let] or 7%»:

pomit(i) to Pomt (2) 1n lhe sketch above , e 967‘
Lffzny Ej 5.8 4 0,70 shatt vmré_l

Are pYCSSUrs

Zz
-
St e 2 et A
£ 5y AR
3 -
et EiERE
" A () e
and PR e L o L 3’3' b
2 A, (Z f*),/fﬂaf*) | ] _[
. a Py ({ﬂ) (/247 48 2?(7‘ 1
A i 27.
L 29 29 2/.?22ﬁ) 2/221‘—/) uE

/71, =0.32 ft  and smee 4:- /5 ,WJ/%VCJ Mﬂﬂ!/meq/

righ? /e_f_?‘ flv /s comect |

5»35




5.9

5.93 Air steadily expands adiabatically and without friction from
stagnation conditions of 690 kpa (abs) and 290 K to a static pres-
sure of 101 kpa (abs). Determine the velocity of the expanded air
assuming: (a) incompressible flow; (b) compressible flow.

This is  sumilar o Example 5.27.

(@) For mcompressible flow, The Berroull) equatiom (. £g. 5./09)
applied to adidbalic and frichomless How From the stagnaton
State o the static state leads o

voo- /Z(R-P) a)
where +he ideal ?;a: eguation of Sfatk yrelds

A (z)

¢ %
Camé;'nz'r\zj Egs. [ and 2 Yesult 1n

V____ /2(/3"/9)/?7;
s

Vo= /2. @90 % Pa (abs) — [0/ waﬁ;,)](zac.? ﬂf". - )(z%k)
690 hta(ats) / 1 N g
Ag. m
and 52

or

b) For CoImpressible # , €3.5.//3 applicd Fo adiabatic avd
frictonless Flow fromy the Strgnakon stake 4o The Shabc siafe
leads +o

V=/@€%>£"f) (3)

Howeveyr fo this process

_/_:.7‘( = CWS?IZ?VL#
i (Con't)

5- 89




5. 95

(con't)

Thus o= ﬂ@_’)é— %

and comé/n/}y f—'f.r. F avel 4 [Jeads o

I ]

With The ideal equaty
guation of S‘fm‘o (& 2) &.5 becmes

(5)

or

g =/i-ff-) /)%
e

y = | 2(r%) (2565 4 )( 270K ) 2/ a/ M./m)
(1-%0 -4 / 49 Atulibs,
2 ( f}’ p ) au )

and

V = 570 m
£
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5.94 A horizontal Venturi flow meter consists

of a converging-diverging conduit as indicated in
Fig. P5.9%. The diameters of cross sections (1)
and (2) are 6 and 4 in. The velocity and static
pressure are uniformly distributed at cross sec-
tions (1) and (2). Determine the volume flowrate
(ft*/s) through the meter if p, — p, = 3 psi, the

flowing fluid is oil (p = 56 Ibm/ft*), and the loss st )

per

unit mass from (1) to (2) is negligibly small. FIGURE P5.9%

The control Volume shown in the stetrh above /€ used.
Application of The coservabion of wuass €F U

(Eg.5.73) fo the 11 Compressible jka&? How throug 74is
contol Wlume [eads o

Q@ =Av = AV (1)

Z

Application of tne eneryy esuation ( €4. 5.79) o the flaw Fhvough
this  control volume yreld's

é P —EvL Zz (2.)
~ 2 ° 2 .
Cw’né)'n/)?j Egs. /! amd 2 we dbtamn
g * _Q__ " _]_7 + fi
fo A:Z /a A’-Z
L
Z
@ -l { oy
/)qz a /]'1’) (W’D) (”.371
| m. }ém # 3
& = 3(3’@‘ Mﬁ;}éz B 5 z
(5'6 /ém) N
{f.’ %C._’” '”’(éln
’7’(/2 IZln)
Q = 247 £
— 5

5~
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pipe contraction as shown in Fig. P5.95. If the mercury
manometer reading, A, is 100 mm, determine the volume
flowrate for frictionless flow. Is the actual flowrate more or less
than the frictionless value? Explain.

5,95 |

0il (SG = 0.9) flows downward through a vertical . +——300 mm —

To defermine eithey V or \y we dpp/f the energy egmréon (Eg 5.82)

!

to the flow befween secﬁans (1) and (2). Thus,

COn‘i’WI |

volume 1

- sectionty).

|

|

7 ' 100 mm —~ L |

The volume flowrate may be obflaned with FIGURE P5.95 ;
X {

Q.':A:‘/, "_"szz = 7?—91/_. D;V (I) |
|

|

/ 5 neglect-
/IZT % _j_yzz = /5+ + f'z o -’;Mff - //037} (2')

; nel in ;
Cambz'm}y Egs. | and 2. we obtain . . 4

53 (91)] _-'_z-rg(e,—zz) (3)

To determine F-P we use the manometer egma,/ian fnm._

Section 2.6 v of/—zzzh

p-P. Sl
B g5 - 1) - 9022, (4)

COMbmn")? Eg_( 3 and ¥ we _961‘
S &
Vz = 29;' (ng- )
/ 2
(z)
(2)(4.812)( 0.1 m)(’3 2 .
Vz‘ l e IOOmm K |‘
?aam
and from &g.1 we haye

g - Mlem)'E2T) < oonrm’
4 !,
Actng [ Flowrale wonld be fess Than The frichonless value becanse ]

the [oss would be §reater than The 3ero amount used above . \ 7

Or

I
"

Ly
N
-0
I3

592




5.36

5.96 An incompressible liquid flows steadily along the pipe
shown in Fig. P5.96. Determine the direction of flow and the head ©.75m
loss over the 6-m length of pipe. -

BFicounre Ps.98

Assume flows From fO 72 (z) ‘and use the c””ﬂ]
6fuaf7'0n (Ez 5.84) to 96)‘ for the. contents of the
control volume Shown :

0
2 7
A -1/6-11;—-2 T TRy
5 29 - J 29 s X
Thas
h = i —@.—1—3,—%2: Zvm ~ 1.0 [5p = O.5m
A 5 ¥

Aad f/éC§, h >0 3 The assumed Jm.eoilw'r- of ﬁaw 5 CWV‘E‘WL.
A :
The flow /s uphill.

5~-43
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[T ——

|

|
i'i&

[!

5.97 Water flows through a vertical pipe, as is indicated in
Fig. P5.97. Is the flow up or down in the pipe? Explain,

e ———

he )
—

Mercury
- FIGURE P5.97

The control volume shown in the skefch gbove is used.
Fov .ffcad?, incompressible  flow downward from (A) 42 (8)
we obtaimn FHrom £g. 51

Fz V2 _ B v? /
;’_+ff 92, -/0£+E,q+§zﬂ_AassB
From  conservation of wmass we conclude Hhat
Vi = Ve
73(45 ﬁ'om Eg./
A/asse = gH + 51/0'&

However the — manometer egnation (5¢e Section 2.6 ) yrelds

b5 - g/ h(- 56,)- 4]

/0

MdA/aSSB = gh (- 564, )

which |s @ negafive uantity since 56@ = /3.6 . A negative
Joss js  not ﬂ/iyf/'czi//?, po5Sible so the Flow must- be
voward From 8 +fo A. P wpward Flow fhe above an/;.r/}
/eads o

5'/5155}l = gh /Séﬂy—/)

which is  positive and Fherc fre  phys cally yeasonable.
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Flow

5.98 A circular disk can be lifted up by blow- Tube

ing on it with the device shown in Fig. P5.94. e

Explain why this happens. Disk
ttached
atoatcl.lbee i I e < Flow

Disk
to be
lifted

FIGURE P5.98
APply/}g the energy Equation ( £g.5-62) o the flow From sectron (i)
anywhere withmn The space between the +wo circular disks 7o
section (2) at the exit of the flow between the two disks we obiam,

!;-'fl/; « By ¥ _ s
~ 2 Vi -1 _
we note that +he exir pressure, p . is p, . Thus, &g decomes
2_, 2
A= Fiju 7 /0(15 V') + less (1)

. : =
With conservahon of mass = we Comclude Hhat

AR ’,
K—VJ,ZT,:VLE

Whith when Combined wilh Eg./ y/c/d.r

P = P f,o;’;//—/‘?}y%/om (7')

We  Conclude with Eg.2 thal the  pressunes With, The Fln betweer,
the 2 disks are woslly less Thar Ml TN Sinece B4 apd

Joss is small. An excphm is 1he stgnabin, pressure where fhe
hibe fow  smpachs on Fhe lover st  The /€55 than ahnapher
pressurt Vilue of p pesult /n Vhe ik beng Lifed o .
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5.99

5.99
from

Does changing the elevation, A, of the siphon
centerline above the water level in the tank vary
the flowrate through the siphon? Explain. What
is the maximum allowable value of 4?

A siphon is used to draw water at 20 °C
a large container as indicated in Fig. P5.99.

FIGURE P5.99

The  volume Howrak through the Siphon is related +» velocity by
the  eguation

Q:VA

where A js the (lonstant cross sechon area of the siphon. Thus
V' 75 constant Throughout the Sspphon.

ASﬂIMMj 5feaa,’7} ,,;;amfm_;;}é/f Show wifﬁmf Hiction allpvs us 7
use the Bernoulls equation between any two  powrts d/anj A
path live . Thus

or
avd it appears as ¥ gmfxm & 15 constant and independent
of 1he valye of A .

However ;¥ the Berrnonlls eﬁmrf"an s wWyitten 1oy Flow between pwrmf

&

2 and 3 we 9%
A ;: = _f + L2+
7 *%f ﬂs/j-
A /

9%
-4 _

& ‘
and we  conclyde ﬁ,{f’ smce A= ‘5#»-,? as h beomes éz/,yez; 2 becomes smiller

The maximum vapie of b is asspciated witk Hhe mmimum Valye of R Which is
the Vapor pressurve of water. Thus o Table §.2

b= Bk (et K ) (2 30x0" k) I

max - = 7.96m
4 faaee.z_@”‘z,’%)(%’%)(’# 723
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5.100 A water siphon having a constant inside diameter of 3 in.
is arranged as shown in Fig. P5.]o0. If the friction loss between
A and B is 0.8V%/2, where V is the velocity of flow in the siphon,
determine the flowrate involved.

3in. A

FIGURE Ps5, 100
7o determme +he Howrale b Q} we Use
Q= AV = 10y |
L ()

7o obtain v we apply the energy eguation (€. 5.82) befweer
Ponts A and B 11 fhe skefch gbove.  Thaus,

o e &
8 + 1/1 /
— & z =4 4
2 = * 7 4 ~ 2“£ +.72ﬁ = a-/r}nf/' — [fosy

net /n
or
a - 3 v’
> t 72, g, = & 4
Thus
= ( - = 2.7 Fr
4 9 %-%) = [B228)zR) e 4
| 2.9 0.9 .
and with Eg./
1 o
o = MGy (164 f—ﬂ = 0,530
4 (14% zh.“‘) g
5=
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e

5.101  Water flows through a valve (see Fig. P5.Jop) at the
rate of 1000 1bm/s. The pressure just upstream of the valve is

90 psi and the pressure drop across the valve is 5 psi. The inside ;" =12 in.
diameters of the valve inlet and exit pipes are 12 and 24 in. If i1
; . == T——=
the flow through the valve occurs in a horizontal plane, deter- : h 1 Contro)
mine the loss in available energy across the valve. ) r Volume
)
I
J
O
FIGURE P5.(0!

The  control Volume Shawn 1w Fhe Skefch above /s used
We can wse £g. 5-77 0 detfermme the lpss m apajlable energy
associated with the /hcam,ﬂ)'t‘}ﬁé/c , Steady Pl ﬁ:mujh #his control
velume. Thus
2 2
loss = K-k 4 YU
e 2

Frona  the conservation of wass princple

-

V. = m --’f—
/ z
SR
and ’ d
V -— @-—
z /07‘7_%1- !
l.,(
Thus :
foss = 1A +l/f-?/l el
N
/6 mt /3
loss = (5'0;,—,)@9’ ") (Mﬂ /—”)M)
= . + +.L s
/.94 Slags & (AW%FZZ%M la
13 3/ S/;;
loss = 5660 17 /6
S/Ay
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5./07

5.102 Compare the volume flowrates associ-
ated with two different vent configurations, a cy-
lindrical hole in the wall having a diameter of 4
in. and the same diameter cylindrical hole in the
wall but with a well-rounded entrance (see Fig.
P5.102). The room is held at a constant pressure
of 1.5 psi above atmospheric. Both vents exhaust
into the atmosphere. The loss in available energy
associated with flow through the cylindrical vent
from the room to the vent exit is 0.5V2/2, where
V, is the uniformly distributed exit velocity of air.
The loss in available energy associated with flow
through the rounded entrance vent from the room
to the vent exit is 0.05V }/2, where V, is the uni-
formly distributed exit velocity of air.

s is like fXW//& 523,

— e o T o G s mm e

The
@ =4y, = 7o,
and
(&5 582). 711&;1-/
Yy B P
= = L 7 ,_‘__8 + G242 ) —loss
. = /2
i 2 2
e e s EE
3 72 2
and
Y 2F-F)
. PCItE )

l1fl-i|1.

\; —>
_T-- s = N Secfion (2)
&«
|
' 4 in
\\zz4 1
=

FIGURE P5.102

Volume Flowrvare Fon each vent c‘dné&wmﬁ'wq /S oblaed with

(17

l./
the exjt Vvelocity of each vent s oblaimed wilth f enorgy (‘%mﬁbn

(2)

Fov The cylindvical vent with an abrupl Cntrarce, Eg. 2 leads 7o

¥ =
o

@) (1S psi)(14% *")

+
£ 4G =2
Z-?JX/JJ@ (1to¢ 1 /é £

. Stus. £t
and with éj./ we obtarn 4

Jl-
2 ?
= ofen) Gefft) - 304
Qd./zwp?‘ entrance ’ 4 //,:‘/)r}r-! "5 ) _— s
Venr : 2
Fov the

cylindrical vent With a reunded enbame. , &2 [eads 75
(2)(15p5) (194 ")
frE

aond wi/h gf.f we dbfa, 2 &= 3

_ ) (ws8H) . 3.3 5

Qraam{cdmﬁua . /IT(?[”) : 1%{5—005'_) v i———-:?}-
veyt 4(,6“/;?; )
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5.103 A gas expands through a nozzle from
a pressure of 300 psia to a pressure of 5 psia.
The enthalpy change involved, A, — h,, is 150
Btu/lbm. If the expansion is adiabatic but with
frictional effects and the inlet gas speed is negli-
gibly small, determine the exit gas velocity.

Because of the oppreciable pressure drop mwolved in #his gas Flow
we consider this problem fo involve compressible Flpw. Frovn
Eg. 5.7/ we obiam

A /7. (h -k )

™
[

or
- z /150 Bt (7‘76’ Ft. lb (32 2 b, - £
ws /7 (%) i)
2 5

5-/00
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5.104 For the 180° elbow and nozzle flow shown in Fig, P5.104,
determine the loss in available energy from section (1) to section

(2). How much additional available energy is lost from section V6 lume
(2) to where the water comes to rest? ’
)
Section (2) |y|
12 in. : x
Py = 15 psi !
Vi =5 ft/s

Section (1)
FIGURE P5. |04

for solving  the or's ¢ part of this problem, #he control volume
shown in the sketch above is used. To detfermine the Jpss
“C‘Wﬂ”}”.”j’ Flow from sechp, ¢ to Sechom 2 €g. 5. 79 can beused

as follows .
] T
,/0552' = O-F + Vl__;_vz - 9(2,“' 2. )
/0 2

Swace x-y coovdmnates are 5‘/6'(;'6"30{ we assame That the Flow
/5 horizenta ! and E,-2 = 0. 14/.&7‘, }f;_-—-gﬁ“: o psi.
Froa  #he  congervation OF maass principle we conclude that
o= YA g/l Z)
Ay
Thus

Joss | = —@ —l{»[l—( )] Ff /1_( )]
] Joss = _( ’;-‘2)(/4‘/{7-‘ 5 ﬁ) - /2'" L
/ 6 m)](”“f

For The second part of +his problen, we consider the How of a
Auid  porcle Ffom sechon 2 h a stk of rest,a-£g. 579 leads o

/.94 Slugs
( H’)
/ /0551 = 9Har ft ib
— Slug

2
voss = VW
/ z

Note that we /qaw, assumed that ks il amd Z =

771”5 2
V. - 3 £1) /12 \/1 16
L/ﬂssﬂ = iz. = =4 / ) 65 )(‘ n- ) 5!"‘5 'ff-
Joss, = 200 fr‘- /5
St = g

5- /01
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5.105 An automobile engine will work best
when the back pressure at the exhaust manifold,
engine block interface is minimized. Show how
reduction of losses in the exhaust manifold, pip-
ing, and muffler will also reduce the back pres-
"sure. How could losses in the exhaust system be
reduced? What primarily limits the minimization
of exhaust system losses?

We apply e energy Guafion (€5.543) to the flow from the
engme block , exhaust manifold mlevtace 4y the exhaust Systorn

exit to gef
- 2
,; = guf 7 /oz_om‘ - /G_Z__V»'g ‘f’/a(/oﬂ) (t)
With &.1 we see 1hat reduchon OF [oss in the exbhaus?

System  results in . [ower value of p. and thus Jhe engiie
. "

back pressuve . Losses in fhe exhaust Syiten, conld be

redaced by eliminat’ g  mgjor (055 Component such as Yhe

C.a"a/yﬁ'c converter and The muffler as 15 offe, done

/in race cars. Howeveyl noise and emissions /eg/s/ation limits

the exfent o which thic Kina of /loss rduckon can occur
1n  conventional vehicles. Some Joss reduchon can alo occwr
by Con ﬁyunbj the exhaus] system pz’/w'nj with  few bends
and  appropriate aréa distibutons. However,
V&?al?emenﬁ often lads 7o bends and Furns 1, the ,p/;p,,i;?
and  Costs Llimit The extema of aph’m/y}y area adishibubans.
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5.107 (See Fluids in the News article titled “Smart shocks,” Section
5.3.3.) A 200-Ib force applied to the end of the piston of the shock ab-
sorber shown in Fig. P5.107 causes the two ends of the shock absorber
to move toward each other with a speed of 5 ft/s. Determine the head
loss associated with the flow of the oil through the channel. Neglect
gravity and any friction force between the piston and cylinder walls.

From a force balance on the cylinder
PA)~ pully =200l

or with ﬂ_ :q . ——ff,_@
g = 200 I/, =200lb/(E (r211)*)

BFIGURE P5.107

=3,67 xiq”%’;—’i g 5535.1' | p,f,
From the energy equat;on,
7y et 200/b

2 V?-
.%'!'Z.' "2\‘:/};-/& =¢+Zz+;;;_) Wbef’b’ @
f = “and g =0 Y=50.
2 =E, | \é:O} A =5-§-J f) =255 psi, ana g, Assume Pt

777U5 b = P
o VA _ 3.67%10" F +&- = 734 ff +0.308H = 73411
h=f55 = Ty Al —
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5.108 What is the maximum possible power output ¢f the hydro-
electric turbine shown in Fig.P5.1087 ‘

Turbine

BFIGURE PS.10C8

for flow Hhom section(l)to sectionfz) bg. 582 yrelds

2
4
-'/g- - .l_/; ;s gzl A= __I_D’ —+ _V/' _/__7 z‘-{ * ws‘hﬂ){f — /JSS (/)
7~ % 7 < net in
Sie #ope .
ks /f - ’2 . %fn,) M:-;mf; s W.:’hqﬁ F—f-/ can be f)‘ﬁ)’ﬁff?dﬂ.l
: ae? in net out

F 3

Wekaft = g(z-2,)- Vo, _Joss
het out z

The maXimun work or power output i< dchieved when 055 =0

Thuss

L4 . . 1
W - MW = m[f(f,-?,_)— E/_J-]
Thaft Shatt z
net out net _oaf
maximum max;mum
Nov

m :/O%A = pl '”'02 ??fﬁﬂ)(ghr)ﬁ’f/m) 4710 ﬁj

and
N 4710 %9 (.91 0 \( £ m (
hatt om
bur, = J/( 2)som-¢2)
MAX| Mum
V\/_;haﬂ_ = 2.272X1p Ai_—ﬁd = 2;22/1'/07/1/- i__’ZZMW
net ou
maximum
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5.109 The pumper truck shown in Fig. P5.109 is to deliver
1.5 ft"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

10psi =
4-in.
diameter

Hydrant
BFIGURE P5.109

To sslve 1his provlem we fivst use the HJeij egum‘;m(ﬁ;f&?)
for  Flow Fom  the, hydrant exit=(1) +o The maximun desirel
levatiorn of 60 1+ (2)fs get h_ or i this case, 1he pump
head - With the pump Acad we <Can '767‘ Yhe pumf /aaW

Fom £9. 585
el o < 7°
_3'+Vf—?2= _’i?"_l_{.-}—z}-f—/?:_.%_
© /29 CRRNE - S :
i o
é:—', 22-2"-‘__5 —.__Vi r

£ 29
= 2o B =("53'9)£4) = a5t
/ A}

(77_..‘?9{:) 77‘/_?__1_”_ i

/2 17+ |

s SREATEREes e

h, = éo Ff - (ol )(m ) _ (17.2 ) e
g S SR p e i

({z » = | z(;z.z.sz;) ;

¥, = Y@ = (G2t B )15 2 )Bo2g)
s AN E Ysse F )
K | s. /;/a‘ o
shatt ]
het |
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5.110

5.110 The hydroelectric turbine shown in Fig. P5.1/0 passes 8
million gal/min across a head of 600 ft. What is the maximum

amou

be less?

nt pf power output possible? Why will the actual amount

From the energy equaton

Vz z i .
’ Y B 7z / Turbine
%+Z:+zf+b l’ % * B FIGURE P5.1)p
where £,=0, £, =0, and Vi =
T/’V-S; V!—
ho= (222 +h + 35

And , the power is given by
W,y = ¥Qh =0Q(z,-Z )+ + 2]

The maximum power wovkd occur /f there were no losses (h,=0)

and negligible kinetis energy at the exit (Vo =0 large diameter o/ tlet).
T/Il}s

Mﬂrb =0Q(z-2) =62 #4 (9"/”6%7:’1)( ég?;”)(7%’74/ (g00f1)
max

_ §fdbs 1 h e
6.67x/0° 1L (35—0@) =-1,21x/0° hp

Th& mipu s fl'jn is dSSOOim‘ﬂd wifA pewer OLHL.

The achaal fpower will be less L), Gmounts (,awtapandinj to 105
and exit Kineti¢ 6"‘97,7‘
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5.111 A pump is to move water from a lake into a large, pressur-
ized tank as shown in Fig. P5.111 at a rate of 1000 gal in 10 min or
less. Will a pump that adds 3 hp to the water work for this purpose?
Support your answer with appropriate calculations. Repeat the prob-
lem if the tank were pressurized to 3, rather than 2, atmospheres.

FIGURE P8B.111

-3

Brozg vl th b = G4z 435, where 0,70, 5,70, V20 and 7, =208
Thos,
() h hL+£—+Z

H/.s‘o

Q—{(IOOOqa/)/(IOmm)] (7";?9‘» 20 = 0,223 #
so that,

ho= N o QTR gy

T30 T @24 B) o)
(a) IF p, =2atm = 207 5)(1H40/42) = 423018 | then from £4.0)

423088
h =h, + (—_1524# +on = h, +87.8 1f
T/H/J it

}7 }7 -87.0ff = 1191-8784 = 3.2} e 9;’1/0;3 pomp will work forﬂ:%i’m.

(b) If p,=3 alm=¢, 350-1-,_ then

bl 5,350ﬂ'b

s ey %)
Thus, if this pump is to work
9t =, #1226t or b £ ~34

Since it is not passible 1o have <0 the pump will not work for £, =3atm.

+20ft = hl. +/22ff

- Q7
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5.112 A hydraulic turbine is provided with 4.25
m®/s of water at 415 kPa. A vacuum gage in the
turbine discharge 3 m below the turbine inlet cen-
terline reads 250 mm Hg vacuum. If the turbine
shaft output power is 1100 kW, calculate the power
loss through the turbine. The supply and dis-
charge pipe inside diameters are identically 80
mm.

We consider the turbine mlet and discharge Fo be sections()and(s).
kv flow fom sechims (1) 4o (2) £g. 5.82 yilelds

loss = F-R + 9 (z-2,) - Wt ats 7,
hert- oul
Stnce
A"
and
W shaft wﬂmﬁ
net auft net in

for power  loss %hrauyh the tuvbine we need + mu/:‘:p/y Eg/
by the rass ﬁm\/m’c m thu s

Power [oss = m (P,—Pz) + mG(2-2,) - Wﬂw# (20
(O

p net# ouf
oWeVEy
a8 =(TR)eas ) o wav6 B
Also
f -5 m ”5)(/" )q) = @zfm)(Sé)(‘mJ)(% )( )
T p =- 33/300'5_.-2’-
With Eg 2

poner loss = (4216 % ) (U500 2+ 30X ) Lty )
) (4,99 % ( X X ﬁym

m3 &
—(11x10 Nm
or / i 5)
powen loss = 930,000 N o 930 kW
\f e
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5 43 ; ' py_= 60 psi_

_ Q = 150 ft3/s
Section (1) i )

"Dy =31t
5.113 Water is supplied at 150 ft*/s and 60 psi to a hydraulic N
turbine through a 3-ft inside diameter inlet pipe as indicated in
Fig. P5.113. The turbine discharge pipe has a 4-ft inside diam-
eter. The static pressure at section (2), 10 ft below the turbine
inlet, is 10-in. Hg vacuum. If the turbine develops 2500 hp, de-
termine the power lost between sections (1) and (2) i 10

P> = 10 in. Hg
“vacuum

: D2= 4‘ft7
FIGURE P5.113 Nssction 2
For flow between sectons (7) and(z), £g-5 82 ltads 7o

power [oss -—-/JQ[ZP;;PL) + 9(2 -2,) * ('(2;‘[%)] = V{.}mﬁ (1)
ut
Fom given dafa . i

e_ = (-/ﬂ m. Hq)(/?-é)(/-q‘f 5{‘:1-’)(32.2 f__f')( / 16 ) =_ Mg _{_@—,
-/2 /. £43 F* Slug. ft £#*
+~ s*

3
v = 8. & . @_@) = 2122 FF

A, 7o 7 (3f+)* s

Also

lf
From  conservation of mass (&g.5.13)

2
V= VA =V ff:(zz.zzﬂ)(i’f_) = 1% £
Ax O* s/ (4+) =

2

From Ei' /

3 Y I 2 708 &
power loss = ﬁ-?‘f 5’_“_”)ﬁ50 ? } (éo,'/f_z% ‘ff;‘f‘) o0 7.

f-f‘,
( 550 £+ lb (/. 9¢ slugs )
o /]P _,(*3

r (22t )l0 #) /_/6__) . [(mz ?)z—(/m:ff)?
Z

// /6
slug. Ft Slug ¢/
:l

‘;I

..2500/1/0
or
powev loss = 30) hp

—_—




5 /1%

5.11% A centrifugal air compressor stage op-

erates between an inlet stagnation pressure of
14.7 psia and an exit stagnation pressure of 60
psia. The inlet stagnation temperature is 80 °F, If
the loss of total pressure through the compressor
stage associated with irreversible flow phenom-

ena is 10 psi, calculate the actual and ideal stag-
nation temperature rise through the compressor.

Calculate the ratio of ideal to actual temperature
rise to obtain efficiency.

We assume that the air compressor operates adiata tocally.
An ideal compression process is  fric ﬁan/C’.sf and adrabatbe
and thus according +o Eg. 5001, it js a conStant entropy
or isentropic process. With &g 5./0! we also conclude
that an actual adiababc compression mecess with Frictiam
must  thvelve  gu en@oy mevease . On fem,pomﬁn’c «MW/
coordinates , the ideal and actual Compression processes
APpeay as (ndicated n The sketeh belmv. Also shown s
the 10 psi 1055 iy sr’afvzdr‘mm pressure  duc 7 Hichon .

q0pia._ = R’ i
Z gafﬂa' P qcfud /:,2 , ideal
,’ 70_2 a:l‘;w/
/
” Y;szi'dea/
/
/
7 !
l" 14.7psia = ,g"
If 0
540R = 7;/
A

We copsider the a;r é;e/{y compiessed to betave as ap idea/ g4s. Then
from E45 /.8 and 5 11/ we. ﬂé:‘am for the ideal processes

Ly-1
hyideas = o Lnideat “"“" @W) Mm)ﬁ - 507 R
and i /‘f?/fla
Ty actat = f% /s‘wﬂ(% 7 - 943 %
i P ) /9’7/!/::

(comf)

5- 110




Sut | (ton’t )

 Then T
| actval segation temperature rise = 70:2,4 ! Z;; = 843 R- 590°R = 203 z “—E
| and : i . =
jdeal S'fafnafl'dh f?mpearwﬁﬂc rise = ;2/;4:4/# é_/ = %0 7»4’f54’dk =2¢7 R | ;
Also mEmx
efﬁa'ena; = 7‘;% ideal ~ 7;,! _ 267 R - 095
Z;‘ZI St 7;)’ 202 %

S-nd




5.5 I

5.115 Water is pumped through a 4-in.-diameter pipe as shown
in Fig. P5.1154. The pump characteristics (pump head versus

flowrate) are given in Fig. P5.115b. Determine the flowrate if
the head loss in the pipe is b, = 8V2/2g.

0, ftifs
(a) (b)

B FIGURE P5.115

ﬁ+z +.-V-'-z+/7 “h;_ '—‘é lL* ; =0 =0 Z =0 Z =/2H
T [ zg 'S T +Zz+§_-}" wber-af, ﬂ." J TN, J

V’ :.'0J dﬂd Vz’@/ﬂz
Thus -
hs - b{.-: ZZ + % ) w,“[h v’- @1
he=hy = 16-5Q and h, =6’,'_—';_ ‘8@73
There fore 2
- = i‘_ﬁ_?_, = e~
6-5@ - L =120

W (h7z)& +(5)8-4=0, where g~ At} and &
Using the given data, Eq. (1) hecomes

9
[2(32’2)(_3(’%)1)1] Q" +5Q -4<0

ar
(2)  18.35Q% +5Q -4=0

The positive root of £q.(2) /s () =0.350 ’_%L

(The neqative roof of £2.(2) has no physical meaning.)

5-1u2




5,116

5.116 Water is pumped from the large tank shown in Fig.
P5.116. The head loss is known to be equal to 4V%/2g and the
pump head is h, = 20 — 4Q? where h, is in ft when Q is in
£t%/s. Determine the flowrate.

(Z)Pipe area = 0.10 ft?
B FIGURE PS5.116

V?—
% tZ ‘L'zf?_ th =h, = £.+Zz +7 where f =f,=0,2 = 13ff, 220 4h,

and V, =0
T/W-"J 2
n E k= A
Alse, i (6?//7 ) 9
th y$ V- V: - 4L = 4 — = 5/;76‘6 V.= Az

23 c?

Hence, Eg.(1) becomes

Z, +(20-4Q%) - 4 (Q/M2)* (@/ﬁz)
or 24 7

Thus, with the given data

5 2
= 20+I13f}
[(2[32,12)(0.IH‘J2) 8 lfj( & f
or "
I
Q=167

T-1/13




5.7

5.117 When a fan or pump is tested at the
factory, head curves (head across the fan or pump
versus volume flowrate) are often produced. A
generic fan or pump head curve is shown in Fig.
P5.117a. For any piping system, the drop in pres-
sure or head involved because of loss can be es-
timated as a function of volume flowrate. A
generic piping system loss curve is also shown in
Fig. P5.117b. When the pump or fan and piping (@) S ®)
system associated with the two curves of Fig.

P5.117 are combined, what will the flowrate be? FRaURE: ESaly
Why? How can the flowrate through this com-

bined system be varied?

piping system

H, Head across
fanjor pump
H, Head loss in

R

@, Volume flow rate Q, Volume flow rate

The flowrate of +he combination of the fan o pump  and The pfp/{?f
System  represented by the two curves skefched above will corves pond
0 the julersection of the +wo curves as mdicaked 1 the stetel,
belns because this  Condjtions sabisfies botn Components (i ferms of
head and Fowrate.

H

|
|
|
|
[
|

Q el
cambined
5 y.r e

70 vary the flowrate through the combined systemn, the /”.P”éj
system curve s normally alfeved as shown belpw by Chanf/;‘;j
the vesistance +o flow of +the Pf}r?fhj syctem . This could be
accomplished, foy example with a variable avea valve .

H




5 1§

5.118 Water flows by gravity from one lake to another as sketched in
Fig. P5.118 at the steady rate of 80 gpm. What is the loss in available
energy associated with this flow? If this same amount of loss is asso-
ciated with pumping the fluid from the lower lake to the higher one at
the same flowrate, estimate the amount of pumping power required.

BFIGURE PB.118

Q= 8o 9% - o7 F’
¢ s
(60 = )( 2.¢8 "é;)
For the flow Fom sechom (a) 7o sechion(b) Eg. 582 leads +p

o5 = 900 20) G fyfooh(| by o

For pumped Flow FHom sechon (4) + sechon(a) &g.582 yields

’

. 2
het n

11610 116
or .o g Rk 2024 stug

shaft — — 7
net mn

5-118



5.179

5.119 Water is pumped from a tank, poml (1), to the top of a
water plant aerator, point (2), as shown in Video V5.8 and
Fig. P5.119 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 velocity
at (3) is V5 = 2 fus.

(a) The enerqy equation from (1) fo (2)

(2)

’/ Aerator column

m FIGURE P5.(I9

£—+ +z+bb %H/Zh‘.{z

Wr//]
f=f= <l =0 g/ves

h = h+Z,-7 = 4 +(lo+3)ff -

T/w_c the pump powef‘ s

A’Q/; = 62.4 33 (3-{—)(121“}) = 2244 Tt ”’(

5 =12 ff

= 408 hp

(b) The eneryy eqvation from (2) to(3)

1£?=+V’-+z2 n—h, = %4 42,

wrh
==l "’/75 =0 guves e
DI o (25)  _ A
h, = Z.-Zs ig = 13H=3H - S gy = lofi-oomf
|

or
f, = 9.94 {t

-6




5.120 ; f

Py = 50 psia
Vo = 35 ft/s
5.120 A liquid enters a fluid machine at section (1) and leaves |~— q
at sections (2) and (3) as shown in Fig. P5.120. The density of the '
fluid is constant at 2 slugs/ft*. All of the flow occurs in a hori- Section (2)
zontal plane and is frictionless and adiabatic. For the above- !
mentioned and additional conditions indicated in Fig. P5.120, Section (3)—" | 8"‘"
determine the amount of shaft power involved.
‘| p3 = 14.7 psia
.;..? 1.—Section (1) V3 = 45 ft/s
| A3 = 5in.2
Py = 80 psia
A = 30188 FIGURE P5.120

For the frictionless and adjabatic Flow Through +his flwid machne
Eg;. 5.64, 5.65 and 5.72¢ Jead o

:hqﬁ'- m(fg.,_V) (‘P )+m __Pif'/zl) (1)

net n r o
since
s A A v v . v . v . v v
= o = - - = m -
mu, -m,u, m3u3 fm +m )(4' mzul mou l(u, u?_>

At section (3)

) = s lu 5 in’ = fugs
m3-_-(o,43£;’-/.2 js (‘/5’[] 5’/255“3

ff-'-" /44 m

At section (1)

- = J2 Slugr ( 30 - V5 £1) 2 6.26 slugs
"toAlV fﬁ_z) q'+m )/ 5 S

From C-””f@"‘/dﬁm of mass

m =m m, = 6.25 S(ufs_..?/zsféf-‘—;’/zs‘ lug s
2% 7 -

Wi th Eg / we obfain

g - i) tA02), G2l
(625&)/(30_& )(/w ) (52 ﬁ)@;/;)]

2 -f__f-f}
(o5 i"‘iﬂ[( Lyn i) (s &) ) ]}
or zﬂagf ) 550 #4 24

5 hp
%qﬁ =-31.1 hp |, T net shaft power is out (<0)

net sy
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5.121 i Section (2)

5.12] Water is to be moved from one large
reservoir to another at a higher elevation as in- 8-in.-inside
dicated in Fig. P5.12). The loss in available en- diameter pipe
ergy associated with 2.5 ft*/s being pumped from
sections (1) to (2) is 61V 2/2 where V is the av-
erage velocity of water in the 8-in.-inside diam-
eter piping involved. Determine the amount of
shaft power required.

FIGURE P5.121

for +he Fow Ffrom secton (1) 1o Section(2) £g. 5.82 leads

7o =y
" =i - loss [ = 2 é/1 VvV /
Wy ./OQ[Q(?:I g )+ to ] /oQ[j(% 2)# /z] )
net in
Frova the veolume Flowvate we obtan
- 2.5 &’
V=fz—=az=( )=Z/62_7ff
A T r;
4 g /.
/2/» )
771(4:, Hrom Ej. /
3
W = (1-9% 3tys ) (2.5 "_”)[_(5’2-2 ££) (50 ##
-"}’Qﬁ f/_.? )/ s s )( )
net in
+ Gl Tl 87/ 1t
250 f# /&
ov
\ = 28 ’“E
TAChqﬂ' A
net iy

5118




5,122

5.122 Water is to be pumped from the large tank shown in Fig, Nozzle area = 0.01 m?
P5.122 with an exit velocity of 6 m/s. It was determined that the
original pump (pump 1) that supplies 1 kW of power to the wa-
ter did not produce the desired velocity. Hence, it is proposed
that an additional pump (pump 2) be installed as indicated to in-
crease the flowrate to the desired value, How much power must
pump 2 add to the water? The head loss for this flow is
h, = 250Q% where h, is in m when Q is in m%/s,

BFIGURE P5.122

£z +,2‘.’£+h5 h, = %Hﬂi\_g
where

fiepe0, V20,20 F72m.

Thes, s | z
h.=h+2tzg , where Ve=énts so flmf@%;l/z'—'oa;’z f}ff/")
Note: B, = Rpyme; +/7P”Mp2

Thvs, with p, = 250Q*=250 (Uo%)z:Q?Om i Follows that

(6mfs):
hs =0.90m+2m+ W = 473m
so that
' 3
W, = d@h, =(9.90%/0%L5) (0.0 % ) (473m) = 2.78%10° M2 = 2,75 kw
Therefors,

W, = l’%umpt + Woumpz =278 KW, with Woymy, = | KW

Hence,

,

Woimps = 278 kW = kW = |.78 KW

Bl




L2

5.123 (See Fluids in the News article titled “Curtain of air,” Sec-

tion 5.3.3.) The fan shown in Fig. P5123prodncesanaircurtamto *i' I()NV=3°“’$ | Air curtain
separate a loading dock from a cold storage room. The air curtain is | ‘L | 2 : p ‘&’ (0.5-ft thickness)
ajet of air 10 ft wide, 0.5 fi thick moving with speed V = 30 ft/s. The @ | l ni |

loss associated with this flow is loss = KLV2/2 where K; = 5. | E vl ; | k—0Open door

How much power must the fan supply to the air to produce this flow? ; 10 ft '

B EIl G U ﬁ E pﬁ 123

%—Jrz +l/’— +hs=h, = %uﬁ.‘f

where 0. and hy < los V2
LEf=0, 252, V70, and hy < i
Thu:

*2
h =4, p Ve o Vo = 3 3_(:”‘9_@:93,;'/?{
5 ‘7'+;5’ A (32.2 1)

chce

W, =dQh, = pa A, Vi h, =(0. oozaa—gﬁ)(szz (10 f)ose(304E) (83.98)

F*M
=964 (zst@)

= L 75})P

I-iZo




5. |24 |

5.124  If a 3-hp motor is required by a ventilating fan to pro-
duce a 24-in. stream of air having a velocity of 40 ft/s as shown
in Fig. P5.|, estimate (a) the efficiency of the fan and (b) the

thrust of the supporting member on the conduit enclosing the
fan.

ﬁ FIGURE P5.124
(@) The s0lubo, 1o This me of the problew is fike Example 5-.24

We use.
7 :lmf;l

P calewlafe The Fen efﬁuenc7

Wehatr ~ loss

We use The erersy ejua,ﬁm@ 5.82) #r Flows hrouph ﬂ:c
Contal Velume stefehed above #o calculate the loss as

follows
2 2
_E_'.-{-\/;..,ngz-_-. __R_-}-_l_{_.f.gz--} M{(Aﬂiﬁ-—/os;
I 2. o Z net i
But B=pf ad Bl eofos WMo “’fé«fr"’_é_ﬁ
o retm  m
Also m=toﬁj_lé=#7;,,yz_ |
50 7_ V]_
loss = Wsheft — W |
& 1

net in _,%ﬁrd)(/

loss = (‘7 /'P )[so L M ( vaa ﬂ)

(¢ 3W |

(cont )

|
i
|
|

'L .
"7 % Y = i 2(32:2 /Jn. ##|
e
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JOss g4 Al _ 248 #7192 A4
- gy Thle _ j3.2 T4 L4 ERmmwERsn
% rm oo |
aan T 0 |
yt Sl ki |
y i
For

(b) We use the hov 30%7%/ Covnponent of the /mear ;

”70”&»% @?uaj‘)m—, % eI/a/ua)(-e ?%J— a’”/’@’”’j n %
fovee reju/red o hold The Jan place

= Vm
ﬁx 2 |
bron pavt (R)
2 ﬁqf_-]..ié /4*1‘:») /‘7{"’)/9‘0£)
" =_f_77‘d,,y)_= ” 5 i
(5_3-3 L2l )(55’0 R) 4
rr'J = 94/ /_5_’” /é R
s
Jo
/2
b (40.’?)@4(/ s"f‘h) - JET7 b
& (?2.2 /ém-ﬁ) aEaE
lb. 5*

£-12%



5 125

-

-1, -4 m/s

5125  Air flows past an object in a pipe of 2-m diameter and ;
exits as a free jet as shown in Fig. P5./125 The velocity and 2m-dia. W3 ' -m

pressure upstream are uniform at 10 m/s and 50 N/m?, respec- 0 B = 12 mis
tively. At the pipe exit the velocity is nonuniform as indicated. s i, I T n _fl‘/

The shear stress along the pipe wall is negligible. (a) Determine ] -
the head loss associated with a particle as it flows from the p=50Nm?* v _ 10 ms -

uniform velocity upstream of the object to a location in the wake

at the exit plane of the pipe. (b) Determine the force that the air BFIGURE P5.125
puts on the object.

(@) To delermine the loss suffered b/ a fla/d parcle as ;t flows
from (1) 1o a locabon .y The wake at () we aprly the
én equaton (E9. 5.84) 4o that particle Flon +o qef':
it (& / p

0
2 Whaf
® F __‘{% +f< = £ * nﬁ::: - /71. ()
LAY 7 29 g
or

- ;'
= ALV v
AL J ‘5_,9 5‘“? )
and T 4 m
h, = (5o &) y (0F) ._/ 7/ gysm

2N G ™
(’ = z(e012) 2(9812)
70 defermiae the head (oss associalid with e entve flow

GCross The dbject we use the non - un) foan Fow eneryy efuwé'm
(52-5‘.3?) for flon fro (1) o (2) +)7r(n«,71, o contral volume

Shown 1n The sketed 4o 7e1L= 0
o -2 — "
/f+°iz_"zvy¥/z=ﬁ+ “f_‘4+}{f/é,‘;f:._4 (2)
’ 29 5 29 g L
Prom 52. 586 we ?ef.’ /Vz l‘/'l L
a0 [ eVRas _ Sz OV
29 = 7.9 b=
VA

Ve
Eg.(1) be 2 A
j (7_) Comes 4/'2_’_{4 /1/ ’?44

1
A:ﬁ-rl’,.__.
L}'E"
5

PVvA) + v4)

(con't )
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5.125 | (con't )

A =(5—0,%/,_)+(/a; = (/2,,,)7—[(2»;)-—(!#) +ﬂm)71__£)
) q.m)r(/rn).,_(zm‘)-;r/(r")—(lm/

b{_:: 2.5¢m

(b) 7o delrmine the fpee. that the air ,ouy{y on The 0@667“ /f

we use The horizontal component of the [iea, maméh/nm
1?214&/70'»—1 7o get :

2 2 2
.../0% :411‘-/01,/224/2”‘ +/gl§g492=84'—/€(
and Thus R -
2 2
Fx o IAI /OV'ql —/0/[//13.:/4/2.? 7 '4;_'_"'47}@
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5.126

5,126 Water flows through a 2-ft-diameter pipe arranged horizon-
tally in a circular arc as shown in Fig. P5.126. If the pipe discharges
to the atmosphere (p = 14.7 psia) determine the x and y components
of the resultant force exerted by the water on the piping between
sections (1) and (2). The steady flowrate is 3000 ft*/min. The loss in
pressure due to fluid friction between sections (1) and (2) is 60 psi.

Section (1)\ _ 4 Can+w '
}) Flow ——*ﬂAF"k}: V2 lume

%

EBFIGURE PS5.126

7o determine fthe X and y components 0f the resultant e exerfed
by the waler on the P")‘“-'ﬁ beteen sechon (1) and(3) we use The
X and Yy Component 5 of 4he linear momentum ez“a,ﬁ'gy, (4_’—'75.'22).
For +he  contrpl volume Cam’m'n}nj the water 17 the pipe befween
section (1) and (1), Eg. 22 leads Ho

iy ~ 2 (1)
B ==B4-¥Kpa SR 0 - Ypd

and
’Qy £ /:/43_+ng : (2)

The resultant Force componenls /n Egs. | amd 2 are €xcr/edb;:,ﬁ.c
pipe  on The waley. The resultan] Fwee of walkw on piye i eual
ma;niﬁdc byl opparte wm divecthon .
Jo defermme P, we use fhe C€hevgy eguaflon, Eg. 5.&3. Thus,

= plloss) = 60psi= 747 psia. (we need o use absolufe pressures)

Also #
v = _.Q_ = é. = (3000”"”) = /15.92 g
AL Tl mzf) o5 ) ’
Lf ‘I‘ min
and
- = t
v, = V' = /592 é__

Wi th €g9. /1 ot obam |
R = [3{7/0,(,“) ’}' (2f) ﬂtﬁ‘f n- ) (5'72 'H)(; qy Slugs 3000#% 3
g

'(‘ far ryn

60 £ )
or min

R, =-32 200/
and the X d/recﬁah component of the Torce exerhed é,

Waler on the plye bebveen sechoms (1) and (2) is + 32,2000b.
(con't)
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326 I (C'on'{)

With Eﬂ 2

and  the

(1)

we  obtam

]?) :(Wﬂf!}l\ﬂt%‘f?ﬁwg_:).!. ﬁg‘_ g2 Jif) ( g4

¥ dh;ecﬁon

force  exerted by the
and (2)

s =

Sugs ) ﬁoaoﬁ

dad
component
W&(&r on

8190 1.

/
quj {f‘

of #:f_
?“hc, p;;oe

/

= 8190 16
50 i
6614//614-. _gpcf,‘mu
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5127

5.127 Water flows steadily down the inclined
pipe as indicated in Fig. P5.127. Determine the
following: (a) The difference in pressure p, — p,.
(b) The loss per unit mass between sections (1)
and (2). (¢) The net axial force exerted by the
pipe wall on the flowing water between sections
(1) and (2).

) ) ercu
(a) The diffevence in pressure , p- P, , may be Obfained ﬂfm:ay the

manometer (see Sechon 2.6) with the fluid statics eguation

P-p =<7 (S'Ff') Sin 30° 'f'..__/é l”) + ¥ (6!’1]
4=t 4o /2 n- kG /12 in -
) 3(12%)
or + f+
- P = - mo /3. ; o = 23716
B-P, = @2##)/[5#} sin3e’ + (0.5 H)] + (3.6 )(62 ‘f{.ﬁé;)( 544) ¢
and
- = 237 -j_b —; - /65' ,'
fi-h f+3(l¥¥.£1?) e

(b) The foss per anit 112/ Letweer sechons (1) and (2 may be obtashed
with £Eg. 579. Thus

1 1
. H°E W - +9(z-2,)=(e3716")
l0ss ;a_ t }T x T JE ) (5 ﬁz)’z.wﬂuz)

or 7
loss = 203 116 322\ H sinzo’ )16
S e ( _;-z) f C/#’ﬁ

(c) The nel axal ﬁrr{e exerfed by the pipe wall on the 7%»«»»'::? 5>
watey may be obfaimed by Llsfn? the axal Component of the Ieay
momentup eﬁuaf;'a'h (€g. 5:22). Thus % The Cmbol volume Shown above

1 3 : o
R = -TD ()~ Y10 W)sin3s’s 2 (P’_Pl)f.a’fﬂhsaj

or i - i l?‘
6!}1- . ]
= -/ == 237 & 62.4 16 f+) Sin 30
R = "% 617‘_3)[ 7L + (8 b Ystt) si
and .
R ==722(b = 77.2 16 opposite To Flow divechonr .
X .
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5.12% Water flows steadily in a pipe and exits as a free jet Area = 0.10 ft?
through an end cap that contains a filter as shown in Fig. P5.128.
The flow is in a horizontal plane. The axial component, R, of
the anchoring force needed to keep the end cap stationary is

60 Ib. Determine the head loss for the flow through the end cap. A‘//

=
Area = 0.12 ft?
V=101

B FIGURE P5.129

The y-component of the mementym equation, l Ry =é0lb
_fo’ P Vidh =5 Fy, for the control volume A )’Lx

cSs " vz ..’_Q_
shown is .

)V o CV)A +Y, sin30) o Vo A = 4, R, F? oy
where V,=10ft/s and Y
b3
Vo= 4LV, <(Z250) o) =12 it/

Thus, since PAV, = @A, Vo, Eq.l1) gives
pA = Ry "pvjzﬁ, - oV, sin30°A, 3/?),"(’/?; VLV, +V, 5in30°]

= 60 1b (9% 28 (012883 (10 )10 8 +12 8 in30°] = 22,08
Hence, :

£, = 22.81/A, = 22.81b/ (0.12.4%) = 190 1b/#*

From the energy equation for this flow
%L +’7¥§ “h= %, o

?‘? ! cl 2.
2_y3 90 Ib/81* (10H/s) ~(12fi/s) = 2,
h= G+ Yt = s * 2 azamey = 2:36H
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5.129 When fluid flows through an abrupt expansion as indi-
cated in Fig. P5.1 , the loss in available energy across the ex-
pansion, loss,,, is often expressed as

/" \
/
1 (1 A[)z Vi v iy
Ol =L 1 — i s )

“"\' "%/ 7 £ NS e
where A; = cross-sectional area upstream of expansion, A, = ) \\ /"'
cross-sectional area downstream of expansion, and V, = veloc- Naan (1)
ity of flow upstream of expansion. Derive this relationship. alternate

localion of Section (2)
n

Applying the energy equafion (Eg.5.82) 10 the flow from sechm(l)
fv secton(2) we obtamn

foss, = P=A 4 v-y )
2
Applying the dxijal divechon component of the linear PMomenfum,

eguation (€g.5.22) 1o the flwid contamed

n the conbol volume
fron  secton (1) to secton (2) we obtas,

K, *t P,A:‘Pzﬂz = —[/,/o,q_.[/li— lé./”q:.vz )
Now, if we consider secton (1) as accurr»f); at the end
of the swmaller diamefer pipe ( The éegﬂ‘ww}y of the lavger
diamefer pipe ) gs indicated wm the sketl.  above , Eg.1 shll
yields the expansion, [0Ss and &. 2 be comes

R, *RAy ~R Ay, =-VEAY + Vol (3)

Note that wilh section (1) positioned at Mhe end of the smaller
drame pe e

gy Beplentirminfvngiurrbin
diameter pipe, The Value of K, will be smal Chough  Compared

7o The other tevims 1; Eg. 3 That we can drop :?X-/"}ané}.s

PJ-P?. = V'I.‘ V‘z A, (4)
- 2 ¢ =
Cmbfﬂfnj E3s- | and 4 we bl
b
foss = VU4, vty
& S >3
(con't )

£~42%9
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From  conservation of mwass (85.5.73) we have

|/—/I

¢c)

Combsiming 5;: 5and 6 we gef o
2 2

/o;:C,K = V/—)— V /‘7:):‘ y - [7,4,_’)

Or
Z
Joss,, /[,4, 1% A, . é_q,)/
2

and
i
foss, = _‘4 - A
A,

n
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5.130 Two water jets collide and form one homogeneous jet
as shown in Fig. P5.170. (a) Determine the speed, V, and di-
rection, 6, of the combined jet. (b) Determine the loss for a
fluid particle flowing from (1) to (3), from (2) to (3). Gravity is
negligible.

~ ® FIGURE P5.130

For the wakr fHowing through the control volume skekehed above, the
X - and q-dire_cHon components of the linear momentum &uation are

“V,0V A, + Va5 0V A, = 0 Mm
and

~VieV A, + Vysing oVp A= O (2)
From +he conservofion of mass principle we get

—Q\J'A"' PVQ_A-J_ + PV3A.,5= [e) (—5)

9 4 2
COW\blhmg {:ops. tzand 2 Vwi-rcf."bhl(y\« m)‘ T (0.1m)
tame = VA N (&S ]

——— = 0,
Vz A'l Trdz %086

BEE(6n) m(enam oy

S50
-l a
6= tan 0.3086 = 1.2

Now, combining Egs. } and 3 we qget
2
-V, A, +V,tos @ (QVzAl +?V2Al) i

or

gL v, A, v, o
3" ‘ B -
s e (VA +v,A,) ws e (v,ar+V,da)
Thus (6 QS (o llm)z
V,z 22 .
Ceos 1ZI[ (4 2)(04m) 4 (6 my/0. 0 T
and
V = Y29 m
3 - S

(con't )

513/
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(con't )

To determine the loss of available @ergy dssocialed with the
Flow thugh this corbol volume we obtetin by ﬂpp\yli«a the
eneygy eﬂ\uaﬁén(Eob . 5.64)

" v Vt ' v \/L L v v'l. ,
(“u*'{')mn'(“xﬂ' ':,-_1-')’“1"' Uy %>M3= o (4)
Also, The conservation of mass equation €z 3
' 2, ¢
WYriten as 4 > fc
—Ml—m?_+m3= o (5)
Comb'm'mg E‘is' 4 and S, W obfain

. gV . ] i . L .
m‘(us—b,) 5 Mz(as'aa..) & M'<V,-V3 )+ MZ(Vt'V's) (&)
Z %

The left I'\and side of Eq- 6 Yeplesents the vale of available
energy loss in s fluid flow . Thus vake of available enorgy loss 1S

r‘ak O‘F (OSS = QV,Al (Vlﬂ‘v':) ¥ QVIAT-(V:- V:)

oy - i
% P2
rake of loss = _L'{_T {d,v,(viv;') . d’;vz(v:—vﬁf)}
L
Thus * %
999 24 )34 Y1 N3 > : y S
rade of loss = ( 'Mg) ( *g.m (0.lom (4 %)X(q %)‘(419%“):[
l-I <
A " "l 5 4
4+ oazm) (@ ?)Eé?)‘("-z":“—q]
and i

rale of loss = 558 _N__T
S

5-/32
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cular cross section pipe. At section (1), the ve- -
locity profile over the cross section area is uni-
form. At section (2), the velocity profile is

R__rlﬁ"
V—wc( R ) k

where V = local velocity vector, w, = centerline
velocity in the axial direction, R = pipe inside
radius, and, r = radius from pipe axis. Develop

5.13] Water flows vertically upward in a cir- r.f&r;ﬁﬂn @)
|
I
[
|
|
{
|
I
|
I

_——— e T e mm ow= = = o

an expression for the loss in available energy be- el
tween sections (1) and (2). T '\__gem‘-\m Q)

Flow
For detevmmmqg /oss we use The enevgy €fnadon AT
Uni v f/M:J Eg. 542 7/4443‘/

foss = oA %Ez—ﬁ?
Vs '*‘7(2:"2:.) (1)

Z
From conservapon of wmass (Eg. 5./3) we have

—

AR
/?/sa/ with Eg. 586 fo The F£inebhe eﬁ&’ffﬁ cae/r[r’c/%h/O;wt
have I

& = /.0

Sence the velocity profile at sechon(r) /s unitonm. At sechm)
we  solve €g.58¢ (see s0lubon hw Prblem 5.125C ) gt sbiin

@, = /106
7)1445) Eg- 1 yrelds
2
Joss = F-A - 006 ;/-‘9[,3,-2?2)

/0

Nl <1

5123
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5.12Z  The velocity profile in a turbulent pipe
flow may be approximated with the expression

E . (R . r) ln

u, R
where u = local velocity in the axial direction,
u. = centerline velocity in the axial direction,
R = pipe inner radius from pipe axis, r =
local radius from pipe axis, and n = constant.
Determine the kinetic energy coefficient, a, for:
@n=35; (b)n =6;()n="7(d)n = 8; (e
n=29;()n = 10.

For the kmeﬁc energy c‘aer@c/en}‘o( we may u:e Eg 5':% 731.:5
LS A0 i o

/ou rr* u u k
>

For the averagc U6/0M19 a we may use Eg.s‘.?. 77)(15}

/ v e
//u”’"“" _ deuﬂ_")dé'f) =2u‘0/(/—§."‘)(§)a’é-) (2)

(24

/077'/?

To facilitate the jntgrations we rake the  subshtution

A== F (3)
Mm;
and €g.2 éeamcf y o

= 2hn 5

= -2 iy d = Y,
A “ I/ (I/d) i (ra+1 )(2r241) ‘

3

Combmmj Ef5 {3, 4 and 5 we obfamn

-2 jﬂ"(l_ﬂ)dﬂ =/ 2 n* ]/?HH)(ZHM) (6)
T (3+hn)(3+2n) 2n*

/-/7+/)(2an)
(6) For n= 5) %5)nefdf 5
& =/ 2(5)" Gri)[C2)(s) +1] e Lkt
(3+5)[3+26)] 205) il
(6) For n= ¢ :
x =108
(c) For n=7
&= 106
— Note :  Look at 5;9;. B17 apd §.1%
(d) For n=¢& ‘ |
or important ifoemabon aboul
e +h d# 4 velocit
) v =9 (f} Py n=/0 ese Q.Tterén }/V
oc = 1.0% & =,.03 profiles.
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5.123 A small fan moves air at a mass flowrate
of 0.004 Ibm/s. Upstream of the- fan, the pipe
- diameter is 2.5 in., the flow is laminar, the ve-
locity distribution is parabolic, and the kinetic
energy coefficient, a;, is equal to 2.0. Down-
stream of the fan, the pipe diameter is 1 in., the
flow is turbulent, the velocity profile is quite flat,
and the kinetic energy coefficient, a5, is equal to
1.08. If the rise in static pressure across the fan
is 0.015 psi and the fan shaft draws 0.00024 hp,

compare the value of loss calculated: (a) assuming
uniform velocity distributions; (b) considering ac-

tual velocity distributions.

(@) For unitorm ve/acr'-fy Aisteibutions vpstveam and downsheam of the

fan, @ 582 is applicable . 734(3; o for ax
& 2
Joss = T et o Vi ~Yay + 9lz; %) 7 Wethatr )
~ > nert i
we obtam +he shaft work, W_pats Tomm The given shat? pover, 'PL/“" 5 with
Pl‘f'é P net in P ek g
siaft = _nmetn . (o002 4p ) (S0 L) ¥
nertin ” 0.004 lbm o,
)
For v, and v, , we use £3. 5.11. Thus, =
Vn = _Ig"_._ = __’2"_2 = (0.004‘ ;i_n")(/d'{{l ;_,"4)2 ) , = !'53}.@'
l s -
PR /,77_—_0”' (z.ggX/aJ_Jz’_‘az)/;z_z Vb 7;/(2.5'”:_.)
p ¥ £+ Slug &4
an ; . .
T - S (0.00% /s.é':') (4 &;2) ;
% ot SO, : £ g = 757 8
7 ﬂ?-s’fx 10 -’Z‘:—'?)ﬁz.z M_rn)?r (! in.)
Now From Eg.1 we obfam i A ”"’2 ¥ ,
; g $31F) _ i ( /
wss o (—oowspsi )it 20)  [lisith)l s ) W‘:—’;
(2-3&’)(10'3:&:; (;z.z 1 z 75 57;,
£17 ) slng
or
loss = 383 4. 16 +33 fF /b
= U, b

(b) Fov  non- un'form V'e/acit'y distributions @ﬁ‘rmm and downspenm of the fan

£g.5.87 /s applicable . Thus N o for an
g -~

foss = Lin—bat t Vo = NoutYur « ?(?}'/é.r) * Yshaf ¢

ar/ 28./18 fF 16 4 [Cz )53 )z (7.08 )(7.57 ﬂ)‘]( le )/ .
055 = - LRIV ' T stug. £+ 135 54

/e z 5 -3 2.2{}3:.)

d

i b +37 £l
loss = 3.36 fildalies -

—
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5.134  Air enters a radial blower with zero angular momen-
tum. It leaves with an absolute tangential velocity, V,, of 200
ft/s. The rotor blade speed at rotor exit is 170 ft/s. If the stag-
nation pressure rise across the rotor is 0.4 psi, calculate the loss
of available energy across the rotor and the rotor efficiency.

7o determine the [loss of available fm/rj; Qcross the volor
we uSe the 016)77 674«1@750}1 (Eg.582) 0btam

% ) ney/co/
P = B 14'1 ~ Vo
Joss = ~H__‘eal, 4 —-"E-—f“—- *~ (3, o..f)*' Wehatt
/0 ACt /i
or
lOoss = Z;:ri-: - /g;’“f -+ wShaf/‘ (f)
ner m

The Shaft wovk » Wit G20 be oblained Witk the wioment- of -

net

mome nturm  Wovie 6jua7‘a'm C €Eg.S-S¥). Thus,

Yshatr T Vaut Yo aut (Z)

net in

Cbmézh;’,q? Ef‘" ! aud 2 /Cdd.r 7>

=  dau P
/055 = 2, /. ol Ve zi;f A
o~
or
loss = — (04 Pi) (/Wfr‘ + (70 ff 200)‘ //g
( 2-79X10 f/ag ) e 57
,(,c? J/Ly fr‘
and | [
bss = g0 (4-le ~ 9500 Fblb - 05 141 It
== Sl S/uj (32.474 lém/_r/j) — Tbm
™ /
rotor 37(";/0!9)?9 = '?Z%* ﬂq - Ut Vong = 1055
Wiﬁff ou‘ ‘é) 0
roto efﬁc:'enfy = (I?ofz‘ )ﬂzaa ﬁr’ /“f ﬁ ki M = 071

(708 Yo £)(. 57 N
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5.135 Water enters a pump impeller radially.
Itleaves the impeller with a tangential component
of absolute velocity of 10 m/s. The impeller exit
diameter is 60 mm and the impeller speed is 1800
rpm. If the stagnation pressure rise across the
impeller is 45 kPa, determine the loss of available
energy across the impeller and the hydraulic ef-
ficiency of the pump.

The amz/yﬂ's of EXample 5.27 is oapplicatle fo/wr:y this

problem . Using 4. & 0F Example 527 we obfam
actual fotal pressuve ris€ acvoss impe e,

55 = T{ V., =
/fawevar} md
U = LW = (f;,;;::m (a0 ) O ; - 566
il @05;),) i

Thu's

|

loss

(5.66 M)(/O"j( ) fgﬂa Mz_)(fﬁ fy

/055' = //é M
= %9

.Fram Eﬁ- & m-c EXmle 5.27 we obfam

actual Tolal pressure vige across impeller

{7 =

vV,

5 B2

” (45x 00’ 2./
Yo ETEY
(777 n':.zs)

g (5.55;_7/(/059)[;;%
&

=0.77¢
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5.136 Water enters an axial-flow turbine rotor with an ab-
solute velocity tangential component, V,, of 15 ft/s. The cor-
responding blade velocity, U, is 50 ft/s. The water leaves the
rotor blade row with no angular momentum. If the stagnation
pressure drop across the turbine is 12 psi, determine the hy-
draulic efficiency of the turbine.

7o determine the efﬁc/eney oF the turbive we use

/7 — _acTual work. out 0)
acrual work out + loss
The actual work. out, "4‘“‘(‘ g Is obfamed wilh +he
ner out
moment - OF — momentum work eguation (Eg. 5:54) . Thus

7

w =
shaft = Yearatr = U (2 )
net out net i, h & un

To determme the loss of available eneryy acress fhe
rofor  we use the energy esuation (€.5.82) b obtasn

% n neglect
/0S5 = _/?3'/0* N T ?/2,%2’“1‘) t Y pate (3)
2 net s
Comé/'m:nj ggr. 2 and 3 we obfain
foss = amZlmr .U v . (%)

e
C(/‘mé/n)‘nj E;r. /)2\ el ¥ we 04 fa/n

%ln ij-ﬁ'x (/9 n (50 .F*)/fs ff)(f/uf £f)

i /ﬂ
k—

Ghirts fu= Bar  (12pi(rt 12)
/0 (/.?94 /az-f)
o 7
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5.37 An inward flow radial turbine (see Fig. P5]37) involves a
nozzle angle, a,, of 60° and an inlet rotor tip speed, U,, of 30
ft/s. The ratio of rotor inlet to outlet diameters is 2.0. The radial
component of velocity remains constant at 20 ft/s through the
rotor, and the flow leaving the rotor at section (2) is without an-
gular momentum. If the flowing fluid is water and the stagna-
tion pressure drop across the rotor is 16 psi, determine the loss
of available energy across the rotor and the hydraulic efficiency
involved.

U, =
30 ft/s

m FIGURE P5.137 B
An cma/yj/ ¢ like the one of E)(am,a/e 5.28 would be ﬁfpmpnb/c
for 5p/y,}?j; this  problem. Since a turbine 15 mwlved 1 thi's

problem Wetatr = = Yarat? and From 53-/ of Example 5.28

net in nel out
WE Cinh conclude Thal

lpss —  Stagnation pressuvg dvp across yotor s

/0 ),gfouf'
However From @.554 we see that

Witk = Coap = - z,jV,,, == Weaft
het 1y net ouwf
an,d ﬂmj
Yo Stagnation pressure dvp across voter v/_l/cv r (1)

/0
7o detevrmne The value of V we exXamme The veloe/ty ﬁvmj/c

for the Flow Pnﬁsﬂry Fhe )’m"ay ﬂzd?L /s skefthed below
Bom the VB/Ocn‘y fr)my/ﬁ we obtain

v = \/“%aneo »
Or {++a 0 352%4;‘,' T
=(201 n6o = -
Ve: (Z ) _]V




BT (con'z‘)

From 53. / we, aé’:?‘am

Joss = )(‘H ) (3 )é{‘ﬁf // /6)
.

(/ ?f.‘i‘/..rg!

2

loss = 48 fﬂé
o rluj

Frona Eg. 5.82, we can conclude that

Stagnafion pressure dwp across the why

Wopatr + loss =
het out 7

or (n Ofher words, fhe stagnaibor pressure dvop  acwss the rotor

results i Shatt woerk and /loss  of ava/lable cnergy .

Thus a4 meu,}yjﬁ(/ gv"ﬁ'o/'mci /s

W shaft
? = ner on ,
( stagnafion pressure clmp across 1he m’v)
W
NN
( )(?{ 5) 5/@ EIE) 0'575

(% = )12

(/?‘;"’J)
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5.138 An inward flow radial turbine (see Fig. P5.137) involves a
nozzle angle, a;, of 60° and an inlet rotor tip speed of 30 ft/s. The
ratio of rotor inlet to outlet diameters is 2.0. The radial component
of velocity remains constant at 20 ft/s through the rotor, and the

flow leaving the rotor at section (2) is without angular momentum.
If the flowing fluid is air and the static pressure drop across the ro-
tor is 0.01 psi, determine the loss of available energy across the ro-

tor and the rotor aerodynamic efficiency.

fhe energy €5 uatiom (& .5.82). Thus,

/2 2

nest 1n

Youate = ~Y W, = - Yaun

and (dmé/nu:;j Lys. [/ and 2 y/’e/d;

—_ 2 z
less = F—FA L u-y5 e
P ad 2
72 d’f?"&’hfu;e v
b e,

stetched beln.

BEFIGURE P5.137

2 2>
/o055 = H“Pz. & [{“Vz e j(z/

et th het ouf

To determme the loss of availzble energy across the rofor we use

)

e hatt work,, Wepaft- 1 15 obtriied L, The moment- of -imomenthin,

(z)

(3)

and V we Cons Are Yhe Vﬁ/dcff} 7["';?”]/6
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(con't)

With the velocity %'ang/e we conclude that

v = m - 4o
€os g0 ° =

and
Vﬁ/ -~ K Sin £D = (4038) sméo’ = 3’7!611[ i_“f
Since tThe How /eawé; the rofer is "44121// 74e 1

y - 7
V’— B Vrz_ 20 s

Frovm Eg.3 we 0617 111

loss = (201 i'?')ﬂ'” ) /quﬁ - (2 )](ﬂq? ff)

(23310 "‘)
/é .,le lq9 f+
Joss = 16C 8¢ b\ g .
,-;u? :mj (32 2174 :l:L) "ﬁ__fé iz
The \cfﬁc/cnéy may be oé/umcd wit it /bm
_ achial wWork ont Y Ve .
achual worte owb F Joss Uy, 1 loss
&)
or ‘Ff
# :
(Goft) 3.6 T)/ 5,‘,? ) _ 0%
J"-
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S.140 Force from a Jet of Air Deflected by a Flat Plate

‘ Objective: A jet of a fluid striking a flat plate as shown in Fig. P5.126 exerts a force on
the plate. It is the equal and opposite force of the plate on the fluid that causes the fluid mo-
mentum change that accompanies such a flow. The purpose of this experiment is to compare
the theoretical force on the plate with the experimentally measured force.

Equipment: Air source with an adjustable flowrate and a flow meter; nozzle to produce
a uniform air jet; balance beam with an attached flat plate; weights; barometer; thermometer.

Experimental Procedure: Adjust the counter weight so that the beam is level when
there is no mass, m, on the beam and no flow through the nozzle. Measure the diameter, d,
of the nozzle outlet. Record the barometer reading, H,,, in inches of mercury and the air
temperature, T, so that the air density can be calculated by use of the perfect gas law. Place
a known mass, m, on the flat plate and adjust the fan speed control to produce the necessary
flowrate, Q, to make the balance beam level again. The flowrate is related to the flow meter
manometer reading, h, by the equation Q = 0.358 4"2, where Q is in ft*/s and & is in inches
of water. Repeat the measurements for various masses on the plate.

Calculations: For each flowrate, Q, calculate the weight, W = mg, needed to balance the
beam and use the continuity equation, Q = VA, to determine the velocity, V, at the nozzle
exit. Use the momentum equation for this problem, W = pV?4, to determine the theoretical
relationship between velocity and weight,

Graph: Plot the experimentally measured force on the plate, W, as ordinates and air speed,
V, as abscissas.

Results:  On the same graph, plot the theoretical force as a function of air speed.

Data: To proceed, print this page for reference when you work the problem and ¢lick fiere
to bring up an EXCEL page with the data for this problem.

Balance beam

Counter
weight

@ FIGURE P5.140

(eon't )

- 5-143




5040 | (con't)

Solution for Problem 5.140: Force from a Jet of Air Deflected by a Flat Plate

d, in. Ham in. Hg T,deg F Q=0.358 h*0.5, with Q in cfs and h in inches of water

1.174 29.25 70
Experimental

m, kg h, in. Q, ft"3/s  V, ft/s m, slug
0.010 0.54 0.263 35.0 0.00069
0.020 1.08 0.372 49.5 0.00137
0.030 1.52 0.441 58.7 0.00206
0.040 2.18 0.529 70.3 0.00274
0.050 272 0.590 785 0.00343
0.060 3.25 0.645 85.8 0.00411
0.070 3.81 0.699 92.9 0.00480
0.080 4.32 0.744 98.9 0.00548
0.090 4.92 0.794 1056  0.00617
0.100 5.46 0.837 111.2  0.00685
0.150 8.13 1.021 1356.7 0.01028
0.200 10.85 1.179 156.8  0.01370
0.250 13.72 1.326 176.3  0.01713

. Experimental:

| - V=Q/Awhere

} A = nd%/4 = n*(1.174/12 ft)*2/4 = 7.562E-3 ftr2

W =mg
Theoretical:

W = pV?A where

P = Parn/RT With

Patm = Yrg ‘Ham = 847 Ib/ft"3%(29.25/12 ft) = 2065 Ib/fth2
R =1716 ft Ib/slug deg R
T=70+460=530degR

Thus, p = 0.00227 slug/ft*3

(con't)

W, Ib
0.022

- 0.044

0.066
0.088
0.110
0.132
0.154
0.177
0.199
0.221
0.331
0.441
0.552

Theoretical

W, Ib
0.021
0.042
0.059
0.084
0.105
0.126
0.147
0.167
0.190
0.211
0.315
0.420
0.631

1 1
| i
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Problem 5.140 C ‘
Weight, W, vs Velocity, V .
i
0.6 | |
| @
0.5 /
/
0.4 7

/ ¢ Experimental ﬁ
0.3 / ~—— Theoretical 1]
0.2 /;‘ ‘ |
0.1 1

0.0 . ! . |
0 50 100 150 200 an

W, b
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5.

S5.14] Pressure Distribution on a Flat Plate Due to the
Deflection of an Air Jet

Objective: In order to deflect a jet of air as shown in Fig. P5.127, the flat plate must push
against the air with a sufficient force to change the momentum of the air, This causes an in-
crease in pressure on the plate. The purpose of this experiment is to measure the pressure
distribution on the plate and to compare the resultant pressure force to that needed, accord-
ing to the momentum equation, to deflect the air,

Equipment: Air supply with a flow meter; nozzle to produce a uniform jet of air; circular
flat plate with static pressure taps at various radial locations; manometer; barometer;
thermometer.

Experimental Procedure: Measure the diameters of the plate, D, and the nozzle exit,
d, and the radial locations, r, of the various static pressure taps on the plate. Carefully cen-
ter the plate over the nozzle exit and adjust the air flowrate, Q, to the desired constant value.
Record the static pressure tap manometer readings, h, at various radial locations, r, from the
center of the plate. Record the barometer reading, H,,,, in inches of mercury and the air tem-
perature, 7, so that the air density can be calculated by use of the perfect gas law.

Calculations: Use the manometer readings, A, to determine the pressure on the plate as
a function of location, ~ That is, calculate p = Ym h, where v, is the specific weight of the
manometer fluid.

Graph:  Plot pressure, p, as ordinates and radial location, r, as abscissas.

Results:  Use the experimentally determined pressure distribution to determine the net
pressure force, F, that the air jet puts on the plate. That is, numerically or graphically inte-
grate the pressure data to obtain a value for F = f pdA = f p (2mr dr), where the limits of
the integration are over the entire plate, from r = 0 to r = D/2. Compare this force obtained
from the pressure measurements to that obtained from the momentum equation for this flow,
F = pV%A, where V and A are the velocity and area of the jet, respectively.

Data: To proceed, print this page for reference when you work the problem and click Jiere
to bring up an EXCEL page with the data for this problem,

@ FIGURE P5.14
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Solution for Problem 5.141": Pressure Distribution on a Flat Plate due to fhe Deflection of an Air Jet

D, in. d,in.  Ham in.Hg T,degF Q. ft"3/s

8.0 1174 29.25 77 1.41

rin; h, in. p, Ib/fth2 p, Ib/in.A2 p*r, Ib/in. ; Pritpris Faq = I
0.00 6.62 34.42 0.2391 . 0.0000 1 0.0834 0.39
0.39 5.92 30.78 0.2138 0.0834 2 0.1701 0.40
0.79 3.04 15.81 0.1098 0.0867 3 0.1114 0.45
1.24 0.55 2.86 0.0199  0.0246 4 0.0355 0.35
1.59 0.19 0.99 0.0069 0.0109 5 0.0205 0.45
2.04 0.13 0.68 0.0047 0.0096 6 0.0174 0.37
2.41 0.09 0.47 0.0033 0.0078 7 0.0130 0.44
2.85 0.05 0.26 0.0018 0.0051 8 0.0086 0.38
8.23 0.03 0.16 0.0011 0.0035 9 0.0035 0.44
3.67 0.00 0.00 0.0000 0.0000

P = Yhz0"h

P = Pam/RT Where

Patm = YHg "Hatm = 847 1b/ftA3*(29.25/12 ft) = 2065 Ib/ft"2
R = 1716 ft Ib/slug deg R
T =77+ 460 = 537 deg R

Thus, p = 0.00224 slug/ft"3

Using the trapezoidal rule for integration
Fexp = Z'R*O-S*Elw Ql(pri +Priyy )*(ri+1 - )] = 2n*0.5*0.189 = m

Theory:
F = pV?A where
A=nd¥4 = n*(1.174/12 ft)*2/4 = 0.00752 ftr2
V= Q/A = (1.41 ft?3/s)/(0.00752 ft'2) = 188 ft/s
Thus,
Fin = 0.00224 slug/ft"3*(188 ft/s)"2*(0.00752 fth2) = 0.595 Ib

(eon't) | | | H
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5.142z.  Force from a Jet of Water Deflected by a Vane

Objective: A jet of a fluid striking a vane as shown in Fig. P5.128 exerts a force on the
vane. It is the equal and opposite force of the vane on the fluid that causes the fluid mo-
mentum change that accompanies such a flow. The purpose of this experiment is to compare
the theoretical force on the vane with the experimentally measured force.

Equipment: Water source; nozzle to produce a uniform jet of water; vanes to deflect the
water jet; weigh tank to collect a known amount of water in a measured time period; stop
watch; force balance system. :

Experimental Procedure: Measure the outlet diameter, d, of the nozzle. Fasten the
6 = 90 degree vane to its support and adjust the balance spring to give a zero reading when
there is no weight, W, on the platform and no flow through the nozzle. Place a known mass,
m, on the platform and adjust the control valve on the pump to provide the necessary flowrate
from the nozzle to return the platform to a zero reading. Determine the flowrate by collect-
ing a known weight of water, Wy, in the weigh tank during a measured amount of time,
t. Repeat the measurements for various masses, m. Repeat the experiment using a 6 = 180
degree vane.

Calculations: For each data set, determine the weight, W = mg, on the platform and the
volume flowrate, @ = W,,../(y1), through the nozzle. Determine the exit velocity from the
nozzle, V, by using @ = VA. Use the momentum equation to determine the theoretical weight
that can be supported by the water jet as a function of V and 6.

Graph: For each vane, plot the experimentally determined weight, W, as ordinates and
the water velocity, V, as abscissas.

Results: On the same graph plot the theoretical weight as a function of velocity for each
vane.

Data: To proceed, print this page for reference when you work the problem and cfick fiere
to bring up an EXCEL page with the data for this problem.

Balance spring

Vane

@ FIGURE P5.142,
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d, in.
0.40

m, kg Whiater, b t s

Data for 6 = 90 deg:

0.02 T 29.8
0.07 8.66 18.2
0.17 8.87 10.1
0.12 8.92 12.6
0.22 9.66 10.6

Data for 6 = 180 deg:

0.05 6.81 245
0.10 9.02 20.8
0.20 8.84 132
0.25 7.88 10.9
0.30 8.86 11:4
0.35 7.97 9.5
0.40 6.37 7.6

W =mg

Q = Wyate/ (Y1)

V = Q/A where

Theoretical:

W = pV?A for 8 = 90 deg
and

W = 2pV?A for 6 = 180 deg

m, slug

0.0014
0.0048
0.0116
0.0082
0.0151

0.0034
0.0069
0.0137
0.0171
0.0206
0.0240
0.0274

A = nd’/4 = 7*(0.40/12 ft)*2/4 = 0.000873 ftr2

(eon't )

Solution for Problem 5.1#Z: Force from a Jet of Water Deflected by a Vane

Experimental

W, Ib

0.044
0.154
0.375
0.265
0.485

0.110
0.221
0.441
0.552
0.662
0.772
0.883

Q, ft"3/s

0.0041
0.0076
0.0141
0.0113
0.0146

0.0045
0.0069
0.0107
0.0116
0.0128
0.0134
0.0134

V, ft/s

4.7
8.7
16.1
13.0
16.7

5.1

8.0

123
13.3
14.7
15.4
15.4

Theoretical
W, b

0.038
0.129
0.440
0.286
0.474

0.088
0.215
0.512
0.597
0.727
0.803
0.802

L (S T R, T
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W, Ib

Problem 5.142
Weight, W, vs Velocity, V

¢ Experimental, 90 deg

B Experimental, 180 deg
— Theoretical, 90 deg
-=~ Theoretical, 180 deg
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5.143 Force of a Flowing Fluid on a Pipe Elbow

Objective: When a fluid flows through an elbow in a pipe system as shown in Fig, P5.129,
the fluid’s momentum is changed as the fluid changes direction. Thus, the elbow must put a
force on the fluid. Similarly, there must be an external force on the elbow to keep it in place.
The purpose of this experiment is to compare the theoretical vertical component of force
needed to hold an elbow in place with the experimentally measured force. '

Equipment: Variable speed fan; Pitot static tube: air speed indicator; air duct and 90-
degree elbow; scale; barometer; thermometer.

Experimental Procedure: Measure the diameter, d, of the air duct and adjust the scale
to read zero when the elbow rests on it and there is no flow through it. Note that the duct is
connected to the fan outlet by a pivot mechanism that is essentially friction free. Record the
barometer reading, Hyy, in inches of mercury and the air temperature, T, so that the air den-
sity can be calculated by use of the perfect gas law. Adjust the variable speed fan to give the
desired flowrate. Record the velocity, V, in the pipe as given by the Pitot static tube which
is connected to an air speed indicator that reads directly in feet per minute. Record the force,
F, indicated on the scale at this air speed. Repeat the measurements for various air speeds.

Obtain data for two types of elbows: (1) a long radius elbow and (2) a mitered elbow (see
Figs. 8.30 and 8.31).

Calculations: For a given air speed, V, use the momentum equation to calculate the the-
oretical vertical force, F = pV?A, needed to hold the elbow stationary.

Graph: Plot the experimentally measured force, F,' as ordinates and the air speed, V, as
abscissas.

Results:  On the same graph, plot the theoretical force as a function of air speed.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

Alr speed
indicator 90° elbow d
Scale
£ Pitot static
tube
Centrifugal fan B FIGURE P5. 1,%
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Solution for Problem 5.113: Force of a Flowing Fluid on a Pipe Elbow

d, in. Ham in.Hg T,degF ' ;

8.0 29.07 73
Experiment Theory
V, ft/min F, Ib V, ft/s V, fi/s F, Ib
Long Radius Elbow Data 0 0
0 0 0.0 5.0 0.02
1200 0.38 20.0 10.0 0.08
1420 0.51 23.7 15.0 0.18 ;
1800 0.79 30.0 20.0 0.31 ]
2160 1.05 36.0 25.0 0.49
2440 1.38 40.7 30.0 0.70 | ,
2700 1.65 45.0 35.0 0.96 I
2900 1.91 48.3 40.0 1.25 |
3100 2.19 51.7 45.0 1.58 |
3520 2.83 58.7 50.0 1.95 |
3750 3.12 62.5 55.0 2.36 | ‘
3950 3.38 65.8 60.0 2.81
65.0 3.30
Mitered Elbow Data
1400 0.30 23.3 el
1780 0.55 29.7
2000 0.74 33.3 '
2300 1.12 38.3 i
2630 1.44 43.8
2900 172 48.3
3150 206 52.5 o
3360 2.38 56.0 | |
3550 2.62 59.2 !
3620 2.74 60.3 VBN I —i

P = Pam/RT wWhere
Patm = Yhg Ham = 847 Ib/ftA3%(29.07/12ft) = 2052 Ib/ft"2 ]
R = 1716 ft Ib/slug deg R wERRERY
T=73+460=533degR , i
Thus, p = 0.00224 slug/ft"3

A = nd"2/4 = n*(8/12)"2/4 = 0.349 ft"2

(con™t)
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Problem 5.143

Force, F, vs Velocity, V
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