S.1

54 Water enters a conical diffusing passage
(see Fig. PS1) with an average velocity of 10
ft/s. If the entrance cross section area is 1 ft*, how
large should the diffuser exit area be to reduce
the average velocity level to 1 fi/s?

For steady sincompressible

&,= Qz

or
AV = AV,
So _ P
AT 05008
v (1 %)
A = 10 £+

A‘[)ﬂw

b o? —
Section (1) SS=ed
Section (2)
V, =10ft/s  V, = 11ts

FIGURE P5.1

between sechons (/)and(z)




5. 2

5.2 Various types of attachments can be used with the shop
vac shown in Video V5.2, Two such attachments are shown in
Fig. P5.2—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 di-
rection all around the brush with a velocity profile that varies
linearly from O to V,, along the length of the bristles as shown - §
in the figure..Determine the value of V. ’

Q=1f%s

Q=11

® FIGURE P5.2

3
(@) @, = @, where 01-’/#
T/]VS) | I—EE

AV =8Q o Vel =—g
SR TET)

S0
V, = 45.8 éi

(b) Q, = Q,,' where Q, =/ tff and @, = Z Ay where

Z = average velocily at (3) = 5 Vi, and
, /43 =77 D, b:;
Thys, 3
F[rERER] <1 £, o
V, = 2048 ‘

5-2.




5,3

5.3 The pump shown in Fig. P5.3 produces a steady flow of
10 gal/s through the nozzle. Determine the nozzle exit diame-
ter, D, if the exit velocity is to be ¥, = 100 ft/s.

BFIGURE P5.3

- 3 3
, . . ft
For steady flow Q,=Q,, where §, ﬂlazgl(231£7)(l/;£§7?) =/ 337.f_;f

Thus, with Vo =100
3
Lasr i = v, = F 07 (100 )

or
D, =0.130ft=1.57 in.

5-3
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54 Air flows steadily between two cross sections in a long,

straxght section of 0.1-m mside-d'xameter. pxpe. ‘The? stgtxc tem- Section (1) Secti\on 2)
perature and pressure at each section are indicated in Fig. P5.4. - 45 kPa (
If the average air velocity at section (1) is 205 m/s, determine = ngia (abs) pe = 45 kPa abs)
. . . 1= 2=
the average air velocity at section (2). Vi = 205 ms ;

T B FIGURE P5.4

This analysis is similar #o the one of Example 5.2.
For Sz‘eaa’y flow between sections (1) and (2)

n'/l?_--—- ”,
or _ _
= AV
/gA,z\é— //0 /7
Thus
V= 20, ()

A SfaM/}vj that ander the conditions of this problem, air
behaves as dan ideal gas we use the (deal gas
cguaﬁ'on of state (Eg /.8) # 967‘

(% = E —T“ (z)
ATET,

Combining €gs. | and 2 and observing fhat A, =4,

we ge# -
7. BB . [ @] R (s
* A [ #5 #ra(abs JJ(268K) °
V= 3% m
d 5




55

5.5 The wind blows through a 7 ft X 10.ft garage door
opening with a speed of 5 ft/s as shown in Fig. P5.5. Deter-
mine the average speed, V, of the air through the two 3 ft X 4 ft

i i i 16 ft
openings in the windows.

fo— 22t — 7
®H FIGURE P5.5

For S%eady w1 Com /:fé%/é/e Fow

Q garage = 62«r.«m%c:/m,u * QW&:Q’M
Adooy
or A \/ = 71 . V + /4 ¢ 4
arage ~ vovmal o Windlow window

door garage day . '
so the avernge s‘,oeed' V. of the air f%rouj,h +he. fwo W//If/‘dy{S 135
2 2 . 7
Agarmge Voormal +o garage deor _ C7#+) (1041) ( 5 ,kﬁ F) sl _ 4,99 £t

V = - ——— Y
2 A dows 2(34+)(¢ 1t)
5.6
56 A hydroelectric turbine passes 4 million gal/min
through its blades. If the average velocity of the flow in the
circular cross-section conduit leading to the turbine is not to
exceed 30 ft/s, determine the minimum allowable diameter of
the conduit.
For scompressible  Flow through the conduit and furbine
%condu;-f ] turbine
Thus
conduif condw; furbine
and — _
& g4
=\ /4 &, ... (4)(4xi0" L5 )
condult ST 7 (30 £) (602 (748 gal
2. ) (748 qa
\40ndui7‘ / ( —S_)( /)Il'n) {,"/—3'\)
= /95 Ff
conduit —_—
5-5




| 5.7 |

5.7 Water flows along the centerline of a 50-mm-diameter pipe
with an average velocity of 10 m/s and out radially between two
large circular disks as shown in Fig. P5.7. The disks are parallel
and spaced 10 mm apart. Determine the average velocity of the
water at a radius of 300 mm in the space between the disks.

For steady incompressible flow

Q/ = &2
or _ _

AV, = AV,
Thus

A,  (pzmrh

.-_j .;"“50 mm
5 A
1 V, = 10 mfs

FIGURE P5.7

b - 2
v=AV. T2 V. | (50 mm) (10 75 )

(4)(2)(3oo;m)(/0 mm)




5.8

58 A hydraulic jump (see Video V10.5) is in place down- |
stream from a spill-way as indicated in Fig. P5.8. 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.

For steady 1ncompressible flow

R FIGURE P5.8(‘)

between sections (/)and(Z)

Or_ _
V'Al - V:;.Az
Thus
Vh o= Vh,
and
=V /8 ‘
h, V/Vh. - (/8 —;)(26’(") - 3.8 F+
G (34 &) =
5-7
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5.9

5.9 A water jet pump (see Fig. P5.9) in- ;

volves a jet cross section area of 0.01 m?*, and a

Entrained _,

jet velocity of 30 m/s. The jet is surrounded by water s

entrained water. The total cross section area as-

‘ > |3O mis
C ! jet

sociated with the jet and entrained streams is |

0.075 m?. These two fluid streams leave the pump water

| Entrained  Sechion(®) [

thoroughly mixed with an average velocity of 6

. .m/s through a cross section area of 0.075 m*. o FIGURE PSq

Determine the pumping rate (i.e., the entrained
fluid flowrate) involved in liters/s.

For sz‘eady incompressible How %Arouy/‘; the control Volume
Q’/ * Q‘L = QJ

or

\2 A/ + Qz = V3 A.B
Thus

a, = V,A, - VA, -__/26 2)(0.075 »*) - (30 r_;_>(a0/m?](oool/;_kj

Q. = /50 Liters
z 5

o $




5.10

5.1 An evaporative cooling tower (see Fig. P5.10) is used to
cool water from 110 to 80°F. Water enters the tower at a rate of
250,000 1bm/hr, Dry air (no water vapor) flows into the tower
at a rate of 151,000 lbm/hr. If the rate of wet air flow out of the

tower is 156,900 1bm/hr, determine the rate of water evapora- Warm water —p {7
tion in Ibm/hr and the rate of cooled water flow in 1bm/hr. M = 250,000 tbm/hr

Dry air

For steady #low of dry air
mg = mz} dry air

For steady Flow of water

= m + m
m/ 2, wafer #

Also

' .+ m
mz lfﬂ% dry air 2, water

W

Coméimhj Eas. | and 3 we ‘gef

; = M — m_ = rate of
mzlwalor 2 3

So

m = 151,000 tbm/hr

. Wet air
m = 156,900 lbm/hr

—— :n H' ﬁi) -
i AR okt
FIGURE P5.10
()
z)

(3)

water evapora Hon

- 156,900 lom _ 151 000 Y= - 5900 =

m
2,water hr

E-om EZ 2 we 96'/‘

r hr

m = m — m = tate of cooled water flow
4 / 2, water
or M
. - 250000 Um _ 5900 lox 244, 000
m‘f / /)r Ar Ahr

L-q




5. _J

5.1 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 lbm/s. The
average velocity of the exhaust gases is 1500 ft/s

~ relative to the engine. If the engine exhaust ef-
fective cross section area is 3.5 ft?, estimate the
density of the exhaust gases in Ibm/ft’.

or s fead/u flow

cac s

e

Leontor

Volume,

+ 060 by

Lo
s s

/Z; = /72 + ﬁﬁz
or 3 .
@As%z m .+ m,
Thus :
uﬂ _ m, o+ m, 65
3 A3Z
= 00725

(3.5 £+*) (1500 £ )

5-i0




5.l2

§.1Z  Air at standard atmospheric conditions . )

is drawn into a compressor at the steady rate of secfion(1) (”7 /87()
30 m®/min, The compressor pressure ratio, P/ : ‘
Puet> 18 10 t0 1. Through the compressor plp"
remains constant with n = 1.4. If the average
velocity in the compressor discharge pipe is not
to exceed 30 m/s, calculate the minimum dis-
charge pipe diameter required.

| G— — —- —

for steady Flow discharge
[} » . Plpe
mj_‘ = /’}7/
or _
A _
pAV, = o
Thus
/20 7%,“0(2 K - /O/ Ql
and
dz = /0/ QI
2 T v
6{
However

2

5-/1




5.13

S Two rivers merge to form a larger river as shown in
F]g P5.13. At a location downstream from the junction (before
the two streams completely merge), the nonuniform velocity
profile is as shown, Determine the value of V.

Use the comboal volume shovn withum broken lines
/" the skefch above. (e nofe ﬁm?” M:/oﬁv and
+Hom the comservathor, of wmass ,anc,)o/e we

get "

s ;
(OAIV, 1‘/0/‘)2'[/2 IOA 0.2V '/"/a AV \/

0.8y
and

V= AYNTAL mabalt) HenBAEE)
A 08)+ A (zoft)(6H)(0.8)+ () #)

0.3v

Vo= 343 H

rt
—
'—-—'_S

5-12




5.14

5.J4  Oil having a specific gravity of 0.9 is pumped as
illustrated in Fig. P5.14 with a water jet pump (see Video ¥3.6).
The water volume flowrate is 2 m%/s. The water and oil mix-
ture has an average specific gravity of 0.95. Calculate the rate,
in m*/s, at which the pump moves oil.

LFor s %eady Flow
/)7/ ' ml = m 3
or

Pa+ L4, = @Qs

Section (1)

Section (3)

—p- a——
Water Water
Q= and
oil
£ m3/s mix
(SG = 0.95)

Section (2)

0il (SG = 0.9)
FIGURE P5.14

(/)

Also  since the wakr and oil may be considered  rcompressible
4

Q + Q, = &

Co;'né/m'nj Egj. ! and 2

(2)

we gel

/?Q,* /fgz = g(@,*&z)

or
Q* 56,6, = 563/62,1‘ Q2>
and
| — 5G
o - o ('~ %%)
56, - 56,
Thus

Qz =

095 - 0.90

(2 ) _ 2007
S




515

505 Air at standard conditions enters the cCoOmMPpressor
shown in Fig. P5.15 at a rate of 10 f£3/s. It leaves the tank
through a 1.2-in.-diameter pipe with a density of 0.0035
slugs/ft* and a uniform speed of 700 ft/s. (a) Determine the
rate (slugs/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 oy

/ ' NN
Compressor/) \
- 3 1.
, \ ‘l Tank volume = 20 ft 12in.
10 ft°/sy] i
PN /
i~ b=, 700 fiss
L == ===—=<" =~ 0.0035 slugs/ft®
0.00238 slu

f

Use the cornhol volume withiy, the broken [ ves.
(a) Fron  the comservadion of mass privciple we get

. ' _ _ V
D._@iy‘ = m m mauf* - (?;1 Q/n Fou-/ ,zuf ouk
Dt | .

3 /-2 . f+
fﬁﬂ = @002357 Slug ﬁo _f_f).'. éaoz; f_’ﬁ‘.J) 7 (12in) ( 700 ;)
S

£/ fj4q in*
pf .'[}'3' | / f{")
Q_’_%y: = 0.00456 Slg i oreﬂnfy
Dt - S
(‘I") ?_{_M{?’ = D[/o l{yf ): \4},; D_ﬁ. = 0.0045% i‘?&?
Ot Dt Dt
/ Kyl -4,
. —D—ﬁ 0.00 456 ’:;f'j _ 000956 .':ﬂ 2.28X 10 _5_/_‘!{'
- 7 £#3s
Dt gy{ 20
5-14



5.16

5.16 An appropriate turbulent pipe flow velocity profile is

R—-r l/nA
V= — ) i
”°( R )

where u, = centerline velocity, r = local radius, R = pipe
radius, and i = unit vector along pipe centerline. Determine

the ratio of average velocity, &, to centerline velocity, u,, for

@n=4,(b)n=26,)n=28,d)n=10.

For any Cross section

= /oAZZ

Also

area.

cross section

= A
V.n = ’ T - U, ( K= )
dA = zmrdr
Thus For 4 unitform /y distributed density, P, over arn A
/ = L) " zmror
- 77~R7‘
and < s )
L R -
Us 0 R __R R 2P+ 3n + 1
e
1
i 0.711 00 I
6 0.79/ 08 ]
ul 0.7
- 0.6 //
05
0.4
8 0.837 03
02
0.1
10 0866 ’ 2 4 6 8 10
5-/%

el




5,17

5.17 Water flows steadily through the control volume shown
in Fig. P5.17. The volumetric flowrate across section (3) is 1 A
2 ft*/s and the mass flowrate across section (2) is 3 slugs/s. @ 30° n
Control volume
(1) Vt

IFIGUHE P517

(a) f Y Vi dA =-weight flowrate across area (1) =-gm,

(1 |
(Mote : f&' Ve dA <0 sinee Vi <0 fop the inflow areg (1))

n
By conservation of mass, for steady flow,
m, mz *ms m2 + 0,05 = 35/1/9:/5 +(. 94 5/076/”‘%2 H%)

r
m, = 6. 8’88/#37.:[5‘
Ths, from Eg. (1)

n

) (7 VoV-r dA = momentum flvx across area (1)
(1)
On (1) n, =+4cos30 { +sin30§ and
V"‘ V( cos 30t *sm30 ) "Vn,
p/f V =m, = 6. Mi—ﬁ (from Eq, (2))

W/’Iel"e

7’\7/2 m_ 689 Sl .y

H’ e *ﬁ’ﬂ)(wm 7=

6/}66‘

(fuvevnaw Ve WA)A A =-oYAT <=, =+m VA
= (6.88 élﬁL)(@ 37ﬁ)(cas304 *sm30f)

it

(52.80 + 30.5}) - ”

52,8 +30,5} Ib

i

j ) Vf) dﬂ =(-32.2 fl/s*)(6.88 s/yqs/s) = - ZZZ(S/Ug /S /s = -222 /5/{

)

(2)

5-/6
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5.18  Air flows steadily in the axial direction

in an annulus as indicated in Fig. P5.18. The inner
and outer radii of the annulus are 17.5 and 50.8 Flow—>- g = 50.8 mm
mm. Axial velocities measured at various radii L 1T = 175mm
are listed below. Determine the mass flowrate \ '
involved. w1
r(mm)  Axial Velocity (m/s) FIGURE P5.ig

17.5 0

18.2 32.0

18.7 339

19.3 35.6

20.0 36.8

20.6 37.9

21.9 39.3

23.2 40.4

25.7 41.8

28.2 42.5

30.8 42.8

333 42.6

35.8 42.1

38.4 41.4

40.9 40.1

435 38.5

46.0 36.0

47.3 343

48.6 31.9

49.8 27.4

50.8 0

The wmass Howrafe is caleulaked wilh

. r )
m = [pu'Zﬂrdr = 27mrp furdr
Pl: r-
where ¢
L= 1.23 é_?
m?3

and f urdr s evaluated namenca//y with The /m,a( oidal rule
with - unegual Intervals f.ﬂylve

r
f ‘urdr = 00430 m*/s
T

E
Thes,
m = 27p J'f

-se‘f

ur dr =277 { /,kskz )0.0430 ) = 0.332 K2

=17




5.19

K14 As shown in Fig. P5.19, 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 byu = 4y —
2y?, where u is in ft/s and y is in ft. Determine the value of V.

Use the comtal Volume molicaled by the broken /ines 10
'IL/IC skefeh abpee . /
From the comservabion of mass /Oﬁﬂcw;o/f:

a, - 4. .

VA, = [udA //@,M 2,2) b dy
| Az 0
2 3 /ﬁ //3
= T[S _ 2y b= 44 77
vty = 7)1 _31]0 4 !
V=4 - 177
3(0.75) = s
5-/8




520 |
5.20 Flow of a viscous fluid over a flat plate Section (2)
surface results. in thvft development of a region of Section (1) U Outer edge
reduced velocity adjacent to the wetted surface control > of ©
as depicted in Fig. P5.20. This region of reduced Lt Volume I~ boundary
flow is called a boundary layer. At the leading — Y 7f'_> ! e
edge of the plate, the velocity profile may be g = rr';z"
considered uniformly distributed with a value U. ' 4}‘27}/"/7// 777 2 I, ‘ 7
All along the outer edge of the boundary layer, | ' 'x‘ ‘ [

1

the fluid velocity component parallel to the plate —e
surface is also U. If the x direction velocity profile FIGURE P5.20

at section (2) is
17
x_(X
5= ()

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 d.

From the conservafion of wmass principle applied fo fhe
f/aw 1‘/1/0”‘7/1 the control volume Shown 0 the ﬁ"yare
we have

¢ g -3
‘ = m = . A dA
/’Hé/ B //OVn
A,

fov i compressible Flow

U 7
/OQA/ = 12@’.) d/ﬁ

where
L = width of the plate

and Thus
- TuULS
Qé/ g

5-/9




'5.12.

5.22 Estimate the time required to fill with water a cone-
shaped container (see Fig. P5.22) 5 ft high and 5 ft across at the
top if the filling rate is 20 gal/min.

RFIGURE P5.22

From application of fhe Conservakion of mass principle 7o
the control  velume shown /n the fgure

we  have

f/oJV f/oVndA = O

For /hwmp/essib/e tlow

oY _Q =0

ot
or # 4

/JJ/ - Q/dt‘

o J
7h 2

"; oy Db (s )78 )

a / - 20 94/ 23/ L’l?

and @ ‘@ (127 (2 ""n)( yal)

£-20




5.23

. 523 The Hoover Dam backs up the Colorado River and cre-
- ates Lake Mead, which is approximately 115 miles long and has
- a surface area of approximately 225 square miles. (See Video
~ V2.3)) 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
~ 8,000 cfs, how many feet per 24-hour day will the lake level rise?

Cor the control valvme shown:

— o— — o — m— o— — g
-

|
. ¢ _ —_a’ 4 . lake
Min =~ Pout = 34 J e d Qi | \

|
—, h Lake Mead - Qowf
. ‘ CVWGfﬁ/‘ W\
or since 17 =pKQ, control surface
Q/[n = Qi = ﬁ(ﬂlakeh) = Alake ‘L}Z

4 ,ﬂ3 W
T/}VS) ah _ Qovf"Q[n _ (45000 - §,0d0) < ; = 5.70X/0 ‘{g’

at Alnke . ) 225mi’(5290%.) o
= 5.90x/0° 2 (36005 ) (242 ) = 0-510 g,

5-21




5.24

sy
*,

deforming
wﬂ’fm/ \ld/ulmz that
contains water

Storm sewer backup causes your basement ta flood at
the steady rate of 1 in. of depth per hour. The basement floor
area is 1500 ft*. What capacity (gal/min) pump would you rent

: AT T T T T T Tr
to (a) keep the water accumulated in your basement at a constant / , 4 :
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 / S A v
the backup problem exists? A /.’_ - = == =5
R I /
o Lo Y 1 <70 floor areg= A
I, -y T 'y
LA A P-4
flow out  flow m

For a deforming conprol wlume Hhat contains Hhe water
over the basement fFloor (See SKetch asove), the

Conservation oF mass principle ( £g. 5.17) leads +o

9 [ pd¥ *
% s

or v constant Fluid dens/;y and area (A)

__\A
P V.7 oA

<s

o

q

out

Qau‘f =

156 92/ _
Mip

-~

§2.4 dai

—_—

3

fsoo Y322 ) )
£+

A 5’_?. - Q,* Q. =0 0
() o, part a , Eq. | leads fo
Qﬂu% = Qi"'
7o eva/uﬂ/c anz we use Ei/ Witth Qﬂm‘ =0. 77‘05’
Qpy = A b = (1300 #)(1 2y 1 Y | s
| In dt hr /2 2,— hr
and 5 £
, = (e ff)/?-%’ﬁz’)//_ _ /56 gl
Qouf' hr £23 60 min — pun
hr
(b For part b, E9.1 yields
- .- A d,
Qom‘ s o'_th

49 gal /_’/_
3 éﬂ&f.’c)
hr

5-22




5.25 |

5.25 Two 8-ft-wide rectangular crates are wheeled into the
trailer portion of a semi-truck at a speed of V = 2 fi/s as shown
in Fig. P5.25. At time ¢+ = O the front of the first crate is 2 ft from
the open back of the trailer. Plot a graph of the air flowrate across
the open end of the trailer as a function of time for 0 = ¢ < 10s.

Consider the deforming control volvme
shown in the sketch. From £9.(5.17)

5 [od +(oW-hdp=0
v A

Y
: = const — —deform/‘ny control vol.
or Since P—- constant

;;é{fe/%ufw'ﬁd/?fO or —--—C-‘-' "j -V A = -8, where
Q, = airflow rafe across end o;" frailer:
ﬂ/so

d¥. = rate at whish the volome of air in he frailer changes with time
f =V A rate , Where Ayrase = Gross-sectional area of The crate 1hat
Is crossing ﬂ?e end of the trasfer.
Thys,
B Vﬂcralg == 01! or 0; = Vﬁcrm‘a J where V=2 fl/ | ()

From the g1ven data
Aorate =0 for 0st<|s; A .1, = (8H)(8f1) =64 11" forlsst< 4s

Pirate =0 for #s2b<ss A . = {gf/)(&ff) = Y&l fop S5t $7s

The correspondiil flowrates (from Eq. (1)) are
=0 6- 54 2 (2f44) = 128 /s, and @, = 4912 (211/s) = 96 §1%s

"a 7({:‘

24
as.s'ﬁt?wn below. 100 | |’ ’s
B I
3
Q},‘H/S | | l |
=T . l
| P | 0
A
0 s b

£-23




5.27

5.27 It takes you 1 min to fill your car’s fuel tank with 8.8 gal-
lons of gasoline. What is the approximate average velocity of
the gasoline leaving the 0.60-in.-diameter nozzle at this pump?

IV A l = & = (8.8 gal/)
hos3le.  nogzie , 2.48 94! V6o S
a’ / / :)/ ﬁ 7 mn)
and /4”033/6 = 4 L "hozzle = 77( 0.6n. )

6‘ [/2 m.
so v - (8.8 )(4)(/2)
no33le (77_‘{0.6)2(7. ‘/37(“)

V.. =999 %

no 73/e

5-24




£.28

5.28 Water flows through a horizontal, 180° pipe bend as is il-
lustrated in Fig. P5.28. 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.

o FIGURE P518
This analysis is swmilar fo the one of Example 5.11.

A f/ked , hon - d€;ér/m;7 contro/ Vlume that (onfarns The wakr

within The elbow befween Sechons (7)and(2)at an instant is used. The
horizontal Forces acting on the contents of Fhe contrel volwme m
Hhe X awnd y ditections are Sshown Application of the x- d1re chion
component of the Ivicar rremestum epuatior (£7.5.22) leads

’?x =9

——

Application of the y-direchon componen? of the lireay rmomenbrom
eguation yields

; “VIPY A - ‘U;f'l/:ﬂz = ’?A,’%"_/;AZ
o

Ro=rPAY (Vv )+pa +pa
Thus .
K}' = é??g (7000 m:? (75:_’)/5;11./. If.;_f)ﬁ /__V___> + (z/o&ﬂ)@m'mz)
(7200 e Rg. om (mom]’( I )
” s? l:—

looo N
+ (o5 %A )[ 9000 mm") M-k
( 1000 n_q_@)’/ !
m /(1000 N,
miRPA
E) = 7420 N

L-25




5.29

529 A 10-mm diameter jet of water is deflected by
a homogeneous rectangular -block (15 mm by 200 mm by
100 mm) that weighs 6 N as shown in Video V5.4 and Fig.
PZ.29 Determine the minimum volume flowrate needed to
tip the block.

From the free body diagram
0{ fhe b/ock W/)&’n M[ s reqdy .
/0 )llp Z W 0 or Vl

| Rx Ry
/
Wh, where Ry i ()' =), : 1 ci
| W
_

Ry Rx
the fore that the water puts 770

on the block. /3)! o
Thu —f—
R {J, Whw _ 6N ( «fo“fj‘m) = 0.90 /V com‘ral sUr'face o 0
x— f 0.050m ' Y
Rx

For the control volume shown 1he X-component of the momenivm
equation

(upVhds =55
cS

| becomes .
VieC-VA, =-Ry or V = 62,—
Thus,
0.9N , m
= 3,39
Vi = 1/%4 ) Z(0.0m)" s
Hence,

¢
Q =A V= 5(@.0/»7)2(3,393@‘) = 2.66x[0 '@”l
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5.30

KA Water enters the horizontal, circular cross-sectional,
sudden contraction nozzle sketched in Fig. P5.30 at section (1)

with a unlformly 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 re-
quired to hold the contraction in place.

o ey B - Section (2)

D, =3in. | Y p2=
p1~75p51}: B A,) 0 psi

’ T 9lvl—25ft/s A€ e
(2) () V2=

~ 100 ft/s

For this problem we include i the conPol volume

the nozzle as well as the water at an instan! befween sechions
(/)arw/(z_)as mdicated 11 the sketch above. The horizontal

fovces acting on The contents of the cortrol Volunse are shown
in the sketch. Note that the atwmospheric fovces cancel out
and are  not- shown. Application of +he  horizontal or x.
divection component of the [inear momenfun, equation (67.57.22)
to the Flow through this control volume yields

- U, puU A, +u(ouA:PA—-a~gAz (1

From fthe conservahon of rugssc e?«mﬁm ( eﬁ . 5. /2) we oé/wn
m =Py, A ) 2 PU, A,

Thus Fz.(l) may be Expessed as
Pn(uz-4.)=BA, -5 ~RA,

2 2 2
y wl -phla _,y, TO -
/_; = ﬁﬂl "/3.”7. +}m(n2._,,,,)=,v, ’i—/— ) - B 7’;-2' i ‘;-'ﬂ”z “1)

and (7:;!&) (3,,,_) 0l (97 /(zsﬁjf“@’w)(ao 25"7(’ Z

(/tﬁ‘ in. }

or

= 352 1b
F; —
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5.31 Water flows through the 20° reducing bend shown in Fig.
P5.31 at a rate of 0.025 m*/s. The flow is frictionless, gravita-
tional effects are negligible, and the pressure at section (1) is
150 kPa. Determine the x and y components of force required to
hold the bend in place.

BFIGURE P5.31

For 1he control volums shown the p V- R ny
x-omponent of the mementim equation is  F" = —= a,

4 -, o nz
JupVidn =Sk or ) R & g, 4,
cSs

Vip VA, (Y cos20°) 0 Vo Ae = R+, ~ ol cos20°

or

1 Ry = ol cos20" =) {Y, cos20-V,)m | where m ==y =P8 = pAV
Also,
Vi=Q/4= (0025"")/(’1[(0/%0)2) 3./8 2
and

V Q /A= (oozsf)/(ﬂ{oosm"‘* =272

I addition, from the Bernovlli eqvation,
LoV =g, t4pU"
£ +4pV $0U” or
2= F *2(’%’: ~V2) =150 kP +4 (999 52 )[(3 18 2) - (12.7 2)*]
= 150xj0° L, - 75.5%10 ka_’l”-/ 2 =745 kP,
Thus, from E. q ),

Ry .-77‘,-5x10’ (1;(005:»))50320 —/sox/o (1(0:,,,)’-)
+[(12.72) cos 20°-3./8 ——](9717;’},%)(0,025/) =-822N

Similarly, in the y-direction f we V- dA =57 fy ,or
(-V sin20°)p Vo Ay = o By s,nzo +R,

(2) Ry = "V SII?20 m Pz 23/,*)20
- (12.78) sin20° (799 54, (0. 025 1)~ 745x10°% X (Z(0,05m)*)sin20°
= -/56N

1\
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5'31 v k 160 mm

5.32 Determine the magnitude and direction of the anchoring T/
force needed to hold the horizontal elbow and nozzle combina- Section (2)
tion shown in Fig. P5.32 in place. Atmospheric pressure is 100

300 mm

._>g::

" Section (1
Py = 100 kPa
Vl =2 mis

RFIGURE P5.32
The control volume shown n The skefch above [s used . Application
of the y divechon Companenf of the linear momentum CZaaﬁ'an
yields
= 0

K y 9 ‘
Application of the X direction [inear momentum equafion leads
v i

"UI(OUJAa - uz/aMzAz = P'A‘ - Rx * KA,_

From the conservation of mass eguaﬁon

M= puh, = punhy

Thus ) . z
A N R X OF Dl e
or X
o )z mgy e = 5]
+ @100 #Fe )ZYZZ’:: )) (m ':/M
and

Rx = 8340 N
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5.33

V=15m/s
A_ Area=0.3m?

5.3 Water flows as two free jets from the tee attached to oy o K oS
the pipe shown in Fig. P5.33. The exit speed is 15 m/s. If
viscous effects and gravity are negligible, determine the x and
y components of the force that the pipe exerts on the tee.

Use +he Control volume shown.

Foy +the )(—Cc)mponem/' of the force exeried by +he /Dl'pe_
on the Ttee we use the x- wmpanenf of The /mear
momentum e4qua fioy, -

"V/(Ol{/‘),*f'l{;,olél) =FA -PIIJ—P (Al-'/)g)-l—)(F

J%9e Jage Gm | X
= ;40 + F (/)
7‘ 9q7€
° 9et Vv we use conservation of mass
6?1 = QZ + a3
sv AV, =RV, + A1,
So v o= At AV, _ (22m*)(157% ) 4 (0.5m™)(15 ™5 ) L1274
A,

/m™
Jo estimale Prgase ™E M5 Bevnoulli % eguaé'm Fov Hpw betwaon (1)and(2)

’L.

2
Egag:e 4 _Vi = /Z-qqze +

; =;/vz’:%€)’7?9ﬁf [(’5’] (m)](/Ns)

'gaze m3

= 0. 500 4
P?QSC # m?

Now usm g-0) we get - 2
[(zm)m 4 ez i) = (55 ) 2 o2 bl ,é.vv:,) -

40,500 2 ) =4
(450 & )0 m*) +

or =72 gpon= F
; X

So ,5;‘ = 72 000N <£&—

/:Vf ﬂ&j mﬂwl’%/ﬁt 147'6(, exenr feol é//hﬂ/}%Oh}%LkL N{’,US&#V
Y C"”‘f’”%* ﬁA (he  (Fnear momentim ezmd,)éﬁ—, /o get
v Z = F

(/5"»)(‘?79-.2)(5-4:)(03," = €7 400N f -
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5.34

5.34 A converging elbow (see Fig. P5.34)
turns water through an angle of 135° in a vertical
plane. The flow cross section diameter is 400 mm
at the elbow inlet, section (1), and 200 mm at the
elbow outlet, section (2). The 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 conlro/ volume thaf confains the elbow and the water within the

eloov between sections (1)and(2) G5 shown in the skefch above is
used. Application of the /Jon'gonfa/ or X divection componeni of fhe

Imear momentum eguation yields

o
U, pu A, - Vjeosks p A = pA - fx + PA, os45°

P
From conservation of wmass

PUA, =pPYA = pQ a
Thus
/; = ﬂf + ,oﬂcm's + pA+ph ws s _/o& ,«/ecmrf,am,,ov&wﬁ
%7 ‘/')(0'//”/} Q’i”.::) cof‘/fe’w ""7 (
1)') (yaomm) J.aom-.) 4} m

(o e
& r 3 z
+ 3(70_0_5_,‘;'______’3/’\”1) ([5‘0 ﬁf“)(‘yOO mm)7 1—(?0 ‘kl“a) (zoomn-) Cos ?57

m

F = 25700 N
A x —_

APP/;Caﬁvn of the VCf/‘l'Ca/ or £ dl;ecﬁon Component pf 1“1(: lincar

momen fum equation /eads fo

~V 5 45 PYA, = PA sinds - f -W - W,

Which when combiped with £g.; gives

A . ° by . 2
];'% = /"__g Sin ‘/5.;.'241;4;,1/5’_ %- 'Mé; = /fgrlnyf; /Z’Lpls‘.‘.‘lsf,g*‘
’ A;L LD:- 4
(con‘t ) 7

w %9
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5.34 | (con't)

L
Pa )i (200 mm ) sints’

A »(ﬁf'zﬁ‘fm) 57;:#5/ ) 6o %
7 (00w’ ;

A/Wz

?77 "’9)(731 (0.2m J(/’V) (249 Yo51 m

= $970 N

¥ (7000 )
Vs d

26

jl"

)
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&35 Thrust vector control is a new technique that can be -0 o /w/ cv
used to greatly improve the maneuverability of military fighter 1‘),‘;:‘(; 1500 ft/s
aircraft. It consists of using a set of vanes in the exit of a jet

engine to deflect the exhaust gases as shown in Fig. P5.35. (a) S
Determine the pitching moment (the moment tending to rotate Vane 73X — g =
the nose of the aircraft up) about the aircraft’s mass center (cg) . . _"TG | S/'"

for the conditions indicated in the figure. (b) By how much is Min = Mout = 10 SIUESIS
the thrust (force along the centerline of the aircraft) reduced for [ BN CEECRTE R

the case indicated compared to normal flight when the exhaust

is parallel to the centerline?

For  part @) we apply The component of The moment-of - momentum
e;tmﬁfm that- 15 perpendicular 4o The plane of The sketeh of
the aircraft 4o the contents of the combro) volume shown b get

)V smé m f—»/&’\,{;’ h}l. = ph‘chr;j moment
n

out out ou
' ‘ £/ sh L
(20 ff)(/S'OO éf) {/;7 go(/é —}.?/5-2-9 - 'c,, (300 é-)(‘_%ﬁﬁ) = /lfi‘lnj mom&n}l
/ Stag. Pt ) sty F
/A s* /A . s>

- , [ y mc,,yl
66,800 - 4500 /:;, Fhlh = prtching mo

For p&w?"' [ A) we apply 1te /wn"gpnﬁ/ w»wmen/’ of the /inear
momentur, Qjﬂaﬁ'm fo the (omfenss of fhe combro) volume Fo get

. Y ~ 2
V., ,6 s @ "V’“n,_ V. m. = Thrus

Out n " n
I ‘ 0o 0y .
thruss - thrust = (;7,_ (wf 0 -6052) m
é=0 6=4 u |
/ 4 0 f/gff
T st - st = (50 ’:ff)(‘”‘”‘“”)/‘ =)
1% - e
g=0 o= ¢ g #
/4.5*
and
. 22¢ /b
7%”&:!/;20 - ﬂrw{;%&o ‘
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§.36 The thrust developed to propel the jet ski shown in Video
V9.7 and Fig. P5.36 is a result of water pumped through the ve-
hicle and exiting as a high-speed water jet. For the conditions
shown in the figure, what flowrate is needed to produce a 300-
Ib thrust? Assume the inlet and outlet jets of water are free jets.

3.5 in. diamter
outlet jet

m FIGURE P5.36

For the control volume indjcafed
the x- component of The momentvm

eguation R, = 300]5() L
— ) N
ju pV‘f’) dA =2k becomes Vl%/ .
cs s |
X

control
0 (Vcos30)p-ViIA+ Vo p(e) A, = surface
where we have assumed 1hat ]0 =0 op 7%9 entire control sorface

and that the exiting water jet is horizontal.
With m = pAV, =pA.Va Eq.() becomes

Ry =m(Vo-V, cos8) = pVi A (Vo= V] cos30’) (n
/4/30, /4/ W :/42_V2. sa,f/}af

AlVi _ 25in? _ ‘
V, = =7, -m V| = 2.60, (2)

By combining Egs. (1) and (2):
Re = VA, (2.60-cos30)

or 16.

V[ [ 300 /b )] - 22,7%{

?6‘:“%%5)( f?)(2.60-cos30°

Thus,
Q =AY = (o) (2278) = -394 8
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5.37

5.37 Water is sprayed mdxally outward over 180° as indicated
in Fig. P5.37. The jet sheet is in the horizontal plane. If the jet
velocity at the nozzle exit is 20 ft/s, determine the direction and + . 05in =h
magnitude of the resultant horizontal anchoring force requireq : ! ST

to hold the nozzle in place. ' ' :

section(y)

FIGURE P5.37

The contol volume includes Hhe no33le and waler befween sechons
(/) asnd {Z) as ndicated in Hhe sketcl, above. . Applica fon of fe

Y direction component 0F the [inear imomentum equaton yrelds
f'v- © V hdA = - F

or - —,of( , cos 9)(v ) hRdo = phRVEnm-sino0)

and

Application of the X direction component of Fhe Iinear momentum
equafion leads To

woV.hdf = F
.L P A, X

” 2
o F /a/(lﬁﬂr} 6)(v,) hRde = /ahklé (wso - conr)
4

X

2
20 ft
and - (99’ J’/a];) (0‘5 n.) (8in.) ( )/Z) 5/“] 'Cf)

Zm /Z ,,,)

£-3¢




5.3%

5.3¢ A circular plate having a diameter of 300
mm is held perpendicular to an axisymmetric hor-
izontal jet of air having a velocity of 40 m/s and
“a diameter of 80 mm as shown in Fig. P5.38. A
hole at the center of the plate results in a dis-
charge jet of air having a velocity of 40 m/s and

a diameter of 20 mm. Determine the horizontal
component of force required to hold the plate

stationary. FIGURE P5.38 °* 1_

The contol volume contains the plate and flowng ar as mdicated
i the sketth above . Application of the hovizontal or X
divection component of the lincar momentum egquatim yields

~me4

{

+uz/aszL = —F
or

4
2 rp* > go 2 2 2
= U P d-U / = -
7 ' 4 2 «z u’(ag(p’ pz),

Thus z . 2 .
F o= (eco m)ﬂza i‘ﬁ) [ (30 mm) - (70mm) (/—"Z—-—
A X 5 m*/ 4 (/000 r_»g_rf)" Agemm.
and ) sz
F = 9.27 N
4 x —
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5.39

~ 5.39 A sheet of water of uniform thickness (k = 0.01 m) flows <H
from the device shown in Fig. P5.39. The water enters vertically
through the inlet pipe and exits horizontally with a speed that
varies linearly from Q to 10 m/s along the 0.2-m length of the F
slit. Determine the y component of anchoring force necessary to A
hold this device stationary.

\,"
m FIGURE P5.%39

A contro] wvolume that oonfains +he box portion of the device
and the water in the loex @S shown n +he sketh above is used.
Application of the y-d¢r€c{'\ow tomponent of the lirear momentum

ecbwd-\m 9|c\é\$ 0.2

K”UQ’V"C‘A - ?Xv hdx

S\:’l’ 0
The variation of v with x is linear ov

M=z 50x ™
s

Thus 0.2
g 2 2 s b
- _ X
p O(SOx)hdx = 0 (5‘0)%_5_
(]
oY
ey (9394“’\(50 )(ooum} @zhﬂ( st )
and |
- 6N
FM«" é_f.z::
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contr | volum Variable mesh screen

540 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
are 0.2 and 0.15 psi and are uniformly distributed s et e

over the flow cross section area. Neglecting the Section (1) Section (2)
force exerted by the duct wall on the flowing air, Py =0.2 psi pz = 0.15 psi
calculate the screen drag force. Yy - 100 1us

FIGURE P5.40
Application of the axial component of the linear momenhem
equation 1o the Flow #wufh the contro| volume shown 1n the
sketch leads 1o R

Y py A+ [weu mrdr = £A - R - R4

L S R
(o]
or 9
R = pPY% T8 _zmp (W )"df* RN pupl g
The valye of Upey MY 6c obtained from comen/aﬁan of mass
as Follows <
ey 1;19 "/7(me)Z’7dr
lhus L(ma = D }2 - 2‘ \/1 - zﬁao £7=/50ﬁ
2 zl .= s
(@:f)f
From &. /[ 2
- 2t / /b sty ;af) 21t /M
R = ﬂ-ooz.&if_/t_«z_ //ooj'ff)ﬁ_’_(__/ fr ) ZW@W#’)// Q
{3 h (lj
+f0.2 1b \p (2f%, (2¢t) /ff#/n),@;g/g /r(sz) 44,,,)
A £+
R, = 13.316
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5.41  The hydraulic dredge shown in Fig. P5.41 is used to

~ dredge sand from a river bottom. Estimate the thrust needed
from the propeller to hold the boat stationary. Assume the spe-
cific gravity of the sand/water mixture is SG = 1.2.

® FIGURE P5.41

Uf/'ﬂj Mo combol Volume shown by the brokes, /ime .
the sketch, abwe we use the horizontal or x compment
of The [mear momentis, égupu‘wy, /2 ye’)“

, FX=@A’2|§\QX= 620(59% ‘17.?.';_2 v \éc,oj.?ﬂ
&/We section I ;s where Flow enbrs [he conbro/ velame
verbcally and section 2 is where Flow leates e corbol
Vehome 4t an angle of 20° From the Aon}mﬁl/; af}récﬁén

Note thatl fthere is no horizmtal divecho, /ear
MJmen'/um Flons a1 section ;. |

N iad |

| y o "/
Aot M).zg{if’.‘;? (30 £ )(70 £) cos3] -

L-4#0




§.42  Water flows vertically upward in a cir-
cular cross section pipe as shown in Fig. P5.4Z.
At section (1), the velocity profile over the cross
section area is uniform. At section (2), the ve-
locity profile is

R —r -
V : WC ( ) k i
R ' Section (2)

where V = local velocity vector, w, = centerline
velocity in the axial direction, R = pipe radius,
and r = radius from pipe axis. Develop an expres-
sion for the fluid pressure drop that occurs be-
tween sections (1) and (2).

8,..“

‘./'t -
/

A

\

)

< ]
-

t

8
<
=
-
-—

A e bk
—
T
-
-
P
P

Section (1)
FIGURE P5.42
The analysis for this problem is similar fo the one of Example 5./3.
The control volume contains the Fluid only between sections(/)and(z)
as mdicated in the sketch  Applicabion of the vertical or =

COmpanenf of +the [inear momentum g?uaﬁ'on leads
R
-Ww,pw A, + ]w/ow' 2nrdr = Pﬂ - K’ +pA —«-V\/l;
Thus

2 L

| 1z
7

R-f = ’PW +1021r[[ (R ")_/rdr + W ()

The weight of fhe wator (n the com‘m/ volume may be eXprc;fea/ as

The value of w, may be obtamed From the conservation of mass

ezum‘wn as ~/ol/ow5
puh = ff’“’ (At )Zf"""

a)—.—;WA /

c (2)
277’/(/@ )Fdr

To evaluate the integral [ ( 17 rdv we substitute

or

= R-r
= R (3)
then
o = -dr
d R (4)

(con't)
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S, 42 | (con't)

and

2
fk )rdr =-/°<7(‘-“)2d“ :lgk (s)
Ca/nb:runj %s A dnd S we obtmin
@, = ;’; w,
Thus  From Eg /
ID /ow + (Z)[éO)W/(K rdr +g/0h (6)
s ;ez (49)*

To ewvalyate +he integral I(R"
Thus

P " : 49 p*
7 -
[(kﬁrfrdf B {“ (,...x)gdo( T .
o R ;

and €5. 6 becomes |

)rdr we Useé Eg; FTand¥ .

-p = - w + 0002w’ 14 h
AN SN 4
or .
P-p = 52 -+ 0.02(60, + ?loh
TR

Note that In contrast +o +he result of Example 5.13, only
a very small porfion OF the pressure drep is dlue Yo
a chdnge 1 Tthe momentum Flow between sections /

and 2m This case .
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543
5.43 In a laminar pipe flow that is fully de- average velocity, u, with the axial direction mo-
veloped, the axial velocity profile is parabolic, mentum flowrate calculated with the nonuniform
that is, velocity distribution taken into account.

- G =

as is illustrated in Fig. P5.43. Compare the axial
direction momentum ﬂpwrate calculated with the

T —

,....\\
!
&
ol

FIGURE P543

The axial direction  momentum Flowrate based on a unitorm velocity
profile with u=u /s

ME (/7/0[;/4 = /01',727]'/?1,

X umfarnq

W

The axial divection momentum Fowrate based on the non -
uniforn ,oaraéa/w velocity profile s

e = [ = riiand ety

uniform
L o 2
M F _ /0 u c /i R
T —
" unitfom, 3

To oblam a Elationshjp between U amd ug we use the

conservation of mass 67&4/70;4 as 7[0//aws

pa TR = o 2R Ug /[ /K)]()d/)

Thus
K = HYe
Z
and 2 2
Z = __6_‘ /oE Tk - % MF
)(")0”‘ 3 3 XU’I/ (44}
Lllménh
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5,44

*5 44 For the annulus air flow data of Problem 5.18, calculate
the rate of flow of axial direction momentum. How large would

the error be if the average axial velocity were used to calculate
axial direction momentum flow?

The rafe ofRf/ow of axial momeﬂhim MF,, is given by

ME, = _( pu"’ 27rdr »Zﬂ“pf wr dr where (1)

R:=17.5 mm and R,= 50.8mm are the inner and outer radii of the apnul vs

and the axiql velociiy is from the table of problems.18.

By vsing a numerical integration program with the frapezodial ruls, the
ge of the integral is determined 4p be

fuzr dr= 1688 2%
R

Hence, from Eq. (1)

MFE =27 (1.23 '7‘”93)(/.683 m)=13.05 ko-m =305 N
s2

The rate of flow of axial momentom based on the average axial velocity V i
denoted MT, and g/ven by

MF, = pV?}‘? (2)
where

V=m/ oA

From the calculations of problem 5.18, m = 0.332kg/s.

Hence, V =(0.332kp/s) /[1.23 K8 (1) 0,0508my*- (0.0125m)")] = 37.8m/s
Thus, from Eq.(x),

/T’IE =(z.zsﬁm%)(37.8é”—)z(ﬂ)[(o.oso&’m)2~(o,o;75m)‘] =12.56 N

Therefore, the percent error in approximating the momentvm flow by veing
the average Velocffy )S

W MF /2, /v
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545 Consider unsteady flow in the constant diameter, horizon- >
tal pipe shown in Fig, P5.45. The velocity is uniform throughout >
the entire pipe, but it is a function of time: V = u(z)i. Use the x _f*

component of the unsteady momentum equation to determine
the pressure difference p, — p,. Discuss how this result is
related to F, = ma,. »

Using the Control volume shown 1 the sketolr and applyrng the
X- component of the unsteady Imear momenturn Gguadio fo /he
contents of Th/s CV we get

g_f,oud#,c/(,a;‘,gam = 3F
e, s |

or

2 (euzoa) —puh tpu A = RACRALE
.é.

‘014,"/)1 = /0“21'41 ﬂf{um&y U= U, at every yrrstant
F =0 a:mm»;] fri'chomless  Flow
X

|
mass in CV 10

(
ahor

accel‘ fi fove
ol >

Ond
u
p-p = pf 4
P ﬂaf




5.4 |

546 A static‘ thliust stand is to b‘e designed control volume
for testing a specific jet engine. Knowing the fol- - __[
lowing conditions for a typical test,

intake air velocity = 700 ft/s

exhaust gas velocity = 1640 ft/s
intake cross section area = 10 ft2
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 #o The one of Example 5.14.

A control volume that contains the entive engpe and the

Fuid 1n the engime as indicated 1 the sketch is used.

Application of the horizonial or X directon component of

the linear momentum equation leads +o

-upu, A + uz{guz,q2 = 5/1, + /; x

or ‘
£, =t g~ £ A,
The conservation of mass primciple Yields

/QUIA] = ﬂ”z /42

Thus
'I:;,x = ,c’?u,/l, (Uz—uz)
or Simce
= F
g- L
then
F o= B ud (4-u) PFRA,

{

AX  RT
I ,,,; __/é.)(’/oa f—’?(//oﬁjpélfof* 7oof* ‘/6‘”' / %
ARG tz)
! V716 £1b_ Ié (480°R )

5/0?
(/41. % /l-/‘?/é X‘/’z‘ m)(off)
and
A X _———

2
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A free jet of fluid strikes a wedge as shown in Fig.
P5.47. Of the total flow, a portion is deflected 30°; the remainder
is not deflected. The horizontal and vertical components of force
needed to hold the wedge stationary are F, and F\, respectively.
Gravity is negligible, and the fluid speed remains constant. De-
termine the force ratio, Fy,/F,,.

The hon}»anﬁz/ anel verfical (omgoneals of the Ilinear
OMe niurn egmﬁ'on are opplied 1y The Confortts of the
Conbol volume shoawn o get
—wm,+‘é.€‘£41*’§w~’?0;“§/43=“@ 2
—VYsmzo'oy A, = F (2)
Howe ver v, =¥ =V, = Vv so eg:. (1)and(2) become

Vi (At Ay cos 30— 4) = - F,
VQ}, A; ;/;7 300 = - FV
and . (3)
A, +A3tos30"- A,

[
I A, sm30°
Frovn  ComServalin, of mass we 967‘

Q,:széﬁ.

or

| /)/\/ = AVt /43 V

andt (4)

A, = A, f'”;

fam.é)i?»:?] ng- (?/Md (‘/') we qe{’
E-I AP_ 7“,4? cos 300__ //”L-./g ﬂ3{605?0° -/ _ _0.27
? - ] - . ° =
v /)3 s 30° /4? S 30

The n€7a74‘/6 fl'y/t tdicater Tt Fv /s dhpwn ralter Fhar
vp as Shown 1y fhe shetel
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5.48 Water flows from a two-dimensional open channel and is
diverted by an inclined plate as illustrated in Fig. P5.48. When .
the velocity at section (1) is 10 ft/s, what horizontal force (per C' e e
unit width) is required to hold the plate in position? At section
(1) the pressure distribution is hydrostatic, and the fluid acts as a
free jet at section (2). Neglect friction.

® FIGURE P5.4%

A wntrol yolume that onfans most of He plale  ancd the

watey be.inej turned by the plale as  shown m the skekh alove
15 used, Application of +the hovizontmy - direction componen f
of Ye lineay momentum e‘bmhon yields
SVRVA +V,3in2e oV, A, = + 1% h A ("
Fom conservation of mass we oHnm
= A; = h, v
V-z -— [}
A'z. e

Thus, EQI becomes dov unit widH,

-V, Qh +(“V)smzo elh = -—F‘ +_L‘KL
ar

e e (R

Thcn
= (624 1b_ ( £+ sluasY ! _1b,s*
z.( )WH +(‘0 )(‘94 ﬁ:f sluc, ft 4+§+)
- __‘*f*)(w-'_ sinzd (194 3las\( | s \G
| £+ s/ " °<L p;s) stuq.'F+< )
and
- Ib
et 22
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5.49

5.49 A horizontal circular cross section jet of
air having a diameter of 6 in. strikes a conical
deflector as shown in Fig. P5.49. 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

Contvol volume — 7 /{—xcﬁon @

\\

FIGURE P5.49

remains constant. 7T 277 ///m

sechon(1)

The conbol volume shown m the skefeh is used. Application
of the axial or x-dwection Component of the /liear
momentum eguafion yields

-uUpu A, + da_(ouz/lz = - F

With the conservabhion of mass principle we can conclude
for this incompressible Flow that

uAh, = L{zﬂz = &

Also

u, = Vecos éo°
and

, =Vv = @
Thus A,

-Vp & + Veosgo pQ = F =—Q,0+ Qcas{o/o
or A
Q ::/ A,X A' ] /4, (—-I)

/0(/-‘ ws;a») (/ Cos6s°)
Th&lf Q (5 /L )[ﬁ')(é"’)
) (awﬂé’{/gg_)(/_ eos60)(4) (144 n = )/[1 16
f f/uj /1‘)
Q = 287 f*
_— 5
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5.50 A vertical, circular cross-sectional jet of air strikes a con-
ical deflector as indicated in Fig. P5.50. 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.

determ/ne the wnass of

7o

Above. Applicalion of The

this tontro] yoluwme y/'e//;

l— ° =
7 (- !{-/-1/2'6053’0/

stationary , 17 - deréwmhj Contro/ Volume Shown i The Skefth

the [lincar momentum eguatim (£g.5.22) fp e cmbenfs of

section(2)

V=30 m/s
FIGURE P5.50

the conical defleclor we use +the

Verfical dvection cComponent of

or
P _ L4 _ 0 = 5 ]
cone = oone I = (Y v, cos307) -1 *F'@‘{ﬁ{#;wzo) £ 0)
Homwever
=V
and
A, =T
7
Thus €g.1 can be expressed as
7 (0/7'0 V (v-vcos30°) — &
cone f N
or
s 1) B0 ) [9(opnn]. i
(4)(49.81 ™ 7.81 m
Ao 2) o)
and
= &0./08 4
mconc —_— j
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. Water flows from a large tank into a dish as shown in
F1g P5.51. (a) If at the instant shown the tank and the water in
it weigh W, lb, 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?

%y W(a) we. M//y ’%@V@/‘}ét@, :
compment of The /jnear

momen tum @gkﬂ?ém +p he lm%ﬁ
oFf tontrel vlume A, Cvl,/q,fvjef |

-l (7 :T~W (1]

am‘ ]

To get wilue of I;,/mg we /:ly

Bernoull; ej%a#fm to e Hov from 0 fee surtro of
Wa»l&r in e ﬁmk 4o e ‘/Ttmk ow?L/ef fo 767"

Vour = 29‘4—. = V(z)(}zz f*)/?o ) = 254 _7;_"
Then hom E; () we ge#
_@5_7§_f)/?¥fﬁz£)(29‘f £) [0  #)

{

/ f/u;.‘l(f
1. s*
T = "'9 g /é

Fovr Pa,,/_ (é) we “’/’7’[[/ e VCV?QCQ/CVWJM%% of I /Mem /mome iy n
eguation fo The cmlents of Cl, fo get

anl

: e ' )
\/m-/v W e T rz - W “
Cv CYp

7o ?,Q)L V”*D we use Lernoull; % eﬁmé’ between 746’6 IM/{Ce o/
wetev 1n .,tﬂ,mé_ +» free Surfac ot waler .5 ddish ) 767

/,m /Zj(é *+hg) = (/Z(?Z 27[" (/offf/z#) = 326£

A . .
(= "”,,;;z,, we use v bomsorvi o 07[ mass om0 uf of /odm' w?
CV@ 473 Fanl

Sp fro- Eqg o(2) e ﬁﬂf

(376 ff)(¢</-‘/“i 97“)#&“‘*)(;:7‘# = £-

Gnot F, =W, + /4716
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5.52

5.52 Air flows into the atmosphere from a nozzle and strikes a
vertical plate as shown in Fig. P5.52. A horizontal force of 12 N
is required to hold the plate in place. Determine the reading on
the pressure gage. Assume the flow to be incompressible and
frictionless.

Area = 0.01 m?

m FIGURE P5.52%

To determine +he shatic daqe. pressure at stabion (1) we first
consider the frichonless” and incompressible Flow of air from
(1 o (2). The Bemoulli e%ua%on for this flow s

(4
E’_ + V? /2 c.:.'jq‘i\/z ( )
R 2z 2 !
we vote that v, (Md V., avg linked by the COVl"hnm']'y
( nservachon of w\ass) eooumwon

Q": 2 or = sz Ll)
Cowxbmmq Eoss )qnd’z. we obfin
(A?. Y, )
2 (3)

To Aekxmme V., W use the livear womentum, e:bua—Hlbn
for Hhe Flow Hrovon (2) 4D, Fer Vi covitro) volume
sketehed above e |ineayr wmomentum mec]ple \_,‘;e\ds

~VogV, A, = -12N

1 G2ND } 2 N
Ay, (123*«3 3( NS> Xo.oozm’“)

V. = S7 m

and

(wn‘J- )
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552 | (con't)
2
: 3

Now with . Ac
s v, ,_(A,V:_I

P = Kz —

oY

)EL ]

: . (ai‘i?:
NG G

= ko
p =1920 N = 1920 Pa = 182

m‘l- pom—
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5,83 |

5.53 The exit plane of a 0.20-m-diameter pipe is partially
blocked by a plate with a hole in it that produces a 0.10-m-di- ,
ameter stream as shown in Fig, P5.53. The water velocity in the Smis
pipe is 5 m/s. Gravity and viscous effects are negligible. Deter- ' '
mine the force needed to hold the plate against the pipe. s i 0.1m

BEFIGURE P5.53

The x-component of the momentvm

equah’on for the contro| volyme shown is v |—— r —IF
- F v
v Y —2
W V‘A = ——tp L_ —H.
Juev b= o o et
Vi pCWA, +VapVady = Ay~ F, ¢
where Fis the force to hold the plate.
Thus,
F = g A+ QYA - WA= A 173 (Vo) 0
W/)cre

= oA, =999 5 [ L 0.2 )*] (52) =157 8

Also, A =AVs or Vo= (A, /) =(D /0,)*V, =(0.2m/0.1m)"(5m/s) = 20m/s
In addition, from the Bernoulli equation,

£ +-ZLQV,1= f’z*ZLPVZZ so that with £2%9 |

£, = Fo(1*Y*) = £ (990 B)[ (2027 ~(s '] =187x10° 2,

Thus, from Eq.(1)

F= /,37x105—"%[$ (0.2m)*] +157 —"jﬁ (55 -20%) =3520N

S-54




5.54

5.54 Two water jets of equal size and speed strike each other as
shown in Fig. P5.54. Determine the speed, V, and direction, 6,
of the resulting combined jet. Gravity is negligible.

m FIGURE

—

Vl =10 ft/s

P5.54

For the control volume shown 1n the sketch dbove the h'nea(

Mmomentum ec‘u,a:ﬁon for the x and ydlré.cﬁohs are for

the x direchon
—Vzgvaz+(Vcose)qvA, =0

and for the y direchon
—V,QV,A‘-u-(V sine) pVA = O

Also for conservation of mass we have
eV, A, + PV Ay - QVA =0
Frqm Ecbs. | and 2 we qe_+

V::AZ = @-S © = ot 6
VA, SN © .
=° T - 2 (04f
o = cot Vahy Co’r‘(mfsthr I
r 2 3
NT A, \Q‘F%t) ™ (OLT,',F{.

NOW' gomlo‘minas E%S. 2 and 3 we qe:f-
«V.ZA,'\' Vsine (VA +V,A,) = O

(1)

(2)

(3)

o - VTAI
sing (V,A +V,A,)
' Y 0. -
V = (lo{;j),,r (_‘TI'H') _ _
(sin4s’® ) [(mf_s’:) 0. ,,,<|o F_+) ™ (0444) ]
O»V\d Y S q,“""""
V= 107 {1
== 5
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Section (3)\ Section (2)
5.55 Assuming frictionless, incompressible, one-dimensional Qs = =R L
flow of water through the horizontal tee connection sketched in 3 3 ’;'1- | 4.. e
Fig. P5.55, estimate values of the x and y components of the 10 m3/s Do oo o\
force exerted by the tee on the water. Each pipe has an inside g A,
diameter of 1 m. z
Section (1)
A Vi, = 6m/s
AN L2 s00 ke

FIGURE P5. 95

We can wuse +the x and y campdnenfr of the lmear momentum
eguation ( &.522) Jo defermine the x and y components of
the veaction force exerted by the water on the tee. For

the  cortrol volume Camfm;q}nj water in the fee, £g. §.22 [eads
7o

2 :
’ex =EA/+I{PQ'=P,’";7?' * ({FQ: //)
and 2 2
= mo, _

The veaction forces in Egs. 1amd 2 ave actvally exerfed by The fee
on the water in the contrel voliume . The reaction of fhe wakr om
the 1ee s equal i wagnitude bul opposite i Awection .
Conservation of mass ( €g- 5.4 ) leads o

Q,=43-@ =& -Y70 =10m -(ég)gf(/m) - sup o’

Also 2 2 d
& =YL = (EE) ) o g o
EAV*AQY‘ 7 ( 73 ;—
c.268
= L
A T ——-——:‘-—;) = 4733 2
2 7 (I m)
and i
1
V = 6?? — /0&
I (_______’) = 12.73 ™
—5- 7 (1m)" d
l./
(con’t )




4. 55

(con't )

Because e Flow is in comp/e.m:b/ﬂ and frictionless we assume +hat
Bernoullii  equation (&g 57%) /s Vd/m/ %/:ma;/mu/ Yhe comtrol vojume. Thus

e e

P} = 137 %l

/)/50
e el 3
ov

p = 195.3 #F%

or

Wit éﬁ
(zoam )77'(/n1] + /é '"/(f‘i? 27)/7’7/2 m// ) /Y{mlvs B5EN

angl f},§ X-divechm Compment  of Soree exerfed by /A, wé/o,. on The
fee /5 _ /85 RN

Wit Ei 2

R, = ( 25 300 _/\_’_)'zr (/m) _.(/37000 N) T (im) +(6.733 mﬁy 7 %9) 52
o +(6 733 m] 4‘?9 ﬁi f‘z&’fm )(

R, = ~45 800N =- 45.9%N ¥ I

and the y- divechor Component OF force exerted by the wm‘er on
the tee is *+ 45.8 RN .

L

\
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2
§.56 Water is added to the tank shown in Fig. P5.56 through a Constanf, . .fA
vertical pipe to maintain a constant (water) level. The tank is x i weerTevely b

placed on a horizontal plane which has a frictionless surface.
Determine the horizontal force, F, required to hold the tank sta-
tionary. Neglect all losses Jet area
ry. INeg 0SS€Ss. = 1250 mm?

F o ' =625 mm?
Frictionless
surface

T 7777707
m FIGURE P5.54

Applying the x- dwechon componest of the linear momentum equation
40 the condents of the onbal volume skeklod above we qget
VipV, A, - VooV A, = F 0

;l;mq j\ermu\l{ij equation 4o describe the frichonless flow
m e (ovstant waler surface level 4o the €I | (
stations (1) and (2) we obtin © Tow e o

V, = \fzshz. (2)

V, =\ 29h, (3)

onad

Cbmb'\vu'ng Emvs, 1,2 and 3 We get
F = 290, Ay~ L9hy0A,

or
F =2Q@as %)(999%){(’)_ m) (615 mmz)__ (1 m)(1250me?)
(1000 mm ')" (,Tm o )
Ano " "

-11
1
O
z

H
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5.57 l

5.57 An airplane moves forward with a steady airspeed of
250 km/hr. The wings of this plane deflect the air flow around
each wing downward by an angle of 10°. Estimate the mass
flowrate of the deflected air required over the wing surfaces if
the mass of the plane and its contents is 3000 kg. Assume that
air leaves the wing at the same speed it entered with and con-
sider momentum change effects only.

His is  simjlav o Fxample 576

To  defermmne the imass FHowltale of aiv régurred we Hse 4
/nowhj controf Volumc  nke Yhe ome of Example 5./6 and
£gs 2 and 3 oF Example 5./6 #2 gef

. 5 _ F,

mo= L =
- Y% U, Smi°
or - 5
m = (3000 %) ( 1.9 ,;‘;)(7‘””,;7 ) = zaxo #s
r s
2‘7?6&0/'1' (e 10 °)
r
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of each is atmospheric, and the flow is incompressible. The
contents of each device is not known. When released, which
The four devices shown in Fig. P5.58 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 outlets ( /)

——_— - —

(2>
we aPp/y e /wﬁjvn‘/’a/

component of the linear 2
momen fum eguation 1o the (@
confents of the. comtrol volime
(broken lines ) and determyye the (0
sense of the anchor;nj fore E. -

If ’; I1s m The direction ©
Shown 1n The sketfches moffon, © T1CURE

will be to te [left. EF E s

in a diection opposite To that shown, the vmohss,, |- fo tThe
l’/j'h/" ZFr FA:O/ there /s w0 /mm?o»:ﬂt/ moton .
For sketch(a)

-VieY A, - Ve A, = R

Since 1‘3‘; is to the [eft, motion ;s fo The r;"y/n‘,
Fo sketch (b)

~V,eV A, + Y e A, = F
and fromr conservadio, of- mass
PY.A, =P A4,

and Swice V, )yi 5 1hen [_;7 ¥s ﬁ the /E)Lf a‘nﬁ/ /hﬂf%n/';ﬁﬂ’f%

Fov 5&37[6{, (c) (note:flow is mth Cl/aff'(/)

“Wevia, = A |
and £, is 7,‘-0 the left so motiom 75 Yo the rvyéf
For sketet (d)

“heva + YA, =4

and from  conseryation of mass

PV 4 = Py, A,
anoIV,< vy

so FA /s 1o T ro'y/.f and mﬂﬁ’on /5 7‘0 ch /eff

S-6D
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50 Water discharges into the atmosphere through the de-
vice shown in Fig. P5.59. Determine the x component of force 10 psi
at the flange required to hold the device in place. Neglect the p'

effect of gravity and friction.

7o calculate the X~c/u/.c0/7'm, =F:‘L-=—= . N ED
anChor:'ny force Vﬁjul;'ec/ﬁ hold the (1) A=08it ) ANl
=0.8 ft? .
Vv

device /n f/aCQ/ f/,e - X- J,I/C&fm,, B OFIGURE B& o
C””Iponen?t‘ of fthe /lLtear momen tum |
eguafiors is used on the Cmitents of the cortrol Yolume shown i

the sketd Fo obtan, s
- 0
i@V A, P At et pYA = [P 4 &

7o d . ’ .
o ekrm/ne v, ‘me Can‘(eﬁyajl/,n 01[ Wass e;“@é'o')? /S U.(ed

3
o obtain :
Q=8+ @,

VA =VA + VA
ard (2o £ Xo.3 ) =@ ) o4 H) U, (0.9%7)
So V3 - & é:l"
Ther From E- 1 we get
(z0 ) (1-94 ”_“.Z’)(zo % )(0.8 f*:/

or

_ o) EE )R

l _.2__”“ ft [ slg. ft
lb.s* ) (/;—';:"}
+ (; ﬁ)((d.f t3 )(/ 7'/_5./11{)/5‘ f’/)/ gf; )
7 = - ,r,.(o/é o> Y0.841")
(/ /—iﬁ A m* 'ff
6. s*

,:; = 244%0 /6 +o the left as shown n:) lhe 5k3}(/l\
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5.60 A vertical jet of water leaves a nozzle at a speed of 10 m/s
and a diameter of 20 mm. It suspends a plate having a mass of 1.5
kg as indicated in Fig, P5.60. What is the vertical distance h?

7o determme the verfical distance h we apply the verfical dwection
Component of The [inear momenfum <cgualion (€g.35:22) 72 he

water 11 the control volume. shown i the Skelch above. 7%‘/515

"R I ey = TYPAY, = Tl o
A v A

The vertical reaction force of the plate on he water js
g,gaa/ n ma,y}?/'i(ude fo 7%2 ngllf of fhe PlZ/f or
Re =9 Mytte =(9.81 2)(1.5%) = 147 N
Also, Ye weight of the water within #he control volume, rg Yorers

/s ;;ey//y/é/e and e mass flowrate is

A=oAl = phly (7995 ) E(002m)(104) =3.13 %
T/[U_y} Eﬁ’ / becomes

. s 147 N m
_JETN =~ Un = 157Ny m

From the Bernouli Eguation (Eg.3.7) we hove
7 tzpl% 02, = g 4ol 352 where £=fh=0

Thus, ,
tol*=tol” /
or since =04

i 2
h=gg (W= 0") =gy (107470 = 297 2
‘ 'r& I ——

5-62




5.6l

5.6] Exhaust (assumed to have the properties of stan-
dard air) leaves the 4-ft diameter chimney shown in Video
V5.3 and Fig. P5.6) 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 ft/s.
Determine the horizontal component of the force that the
blowing wind puts on the exhaust gases.

m FIGURE P5.6|

Forthe contral volume indicated the x-component of 1he
momentvm eqvation

;(U PV‘ﬁ d/q :ZF)} bemmes

Vo Vo 4. = R, where Ry is the nef horizontal force
that the wind /oufs on the exhaust gases. |

Thos | L
Ry = my Vo u/be/*whfpﬁ;\/ﬁgﬁ,\/, (ie. m=1g)

or = (000238 S—’é’ﬁ)[%(#m"](éﬁ) = 0./79 e
Hence, |
R, =079 %gﬁ (15 2)= 2.49 ?ﬁ’g—;’[f = 2491
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5. 62

5.62 Air discharges from a 2-in.-diameter nozzle and strikes a  Stagnation

AN . L V tube 0)
curved vane, which is in a vertical plane as shown in Fig. P5.62. . \ .
A stagnation tube connected to a water U-tube manometer is lo- Air O o 142 in.jdia.
cated in the free air jet. Determine the horizontal component of t T
the force that the air jet exerts on the vane. Neglect the weight of ;i'rej?et
the air and all friction,

Fixed vane

m FIGURE P5.67.

Note that we ignore the effect of otmospheric pressure on the value
of Rx in our Solution below and use gage pressures, As ind\caled in
Example 5.10 e atmospheric Pressur force may need cons idevahon
when identifying reachion forces. For the aiv flowing through the
wntol volume sketched above , +the X - direction component of the
linear momentum equation is

Vg VA, - Vyes 38 VoA, = - Ry ()

APP\'\C«HQV\ of  Bernoulli's eqt(.a#lon fir the flow from
(1) + (2) yields

\/z:..V' (l)
Then +rom the cnservation of mass principle
Alv: = A‘LVL (3)

We use the Bernoull] e:rm'h'or\ o,aazvs 4o oblan the
'Followt'ng e1m.+iov\ for Hae Sﬁgm{%m +ule decelevaton

2
P‘ + Y..' = PS'('”)

— AL 4

Rair s Qa'\r ( )
For +he maname,l-c,r, we oblain with the eaquaﬁov\ of hydroskadics

Pabm +h % . _

. mano Wwaler kmm\oxa(\r = :Ps-h 9 (%)
With p=P , we qget by combining Egs. 4 ard 5

Vo= 2

| " (sm&,_) (&)

QQW




5. 62

(COn't)

Combining Egs. 1,2,3 and & we obain

R, = 2 My ( wales )@w "Td'(ucosgo)

awr

oY
R = 7.<7.""‘) (67_-4 -&'5) T '(Zin».)Z(HcossO")
%) (npY 4
and
R, = 2.96 b

This 15 the force exerled hy the vane on the -Howw'\g aiv-
The foae exerted by e ‘Haww;cs ar exerts on the vane
K3 equat mag nitvnde bwt orposﬂ-e N direchon (0 4he r,'?h‘l)




e ——

5. 65
o . , , rol

5.65 A 3-in.-diameter horizontal jet of water strikes a flat plate ,f,[ C\[aoﬁmc _AF control

as indicated in Fig. P5.65. Determine the jet velocity if a 10-Ib 3 i 1[I7]! | Volume
horizontal force is required to (a) hold the plate stationary, H ;‘, - 101 F. =100
(b) allow the plate to move at a constant speed of 10 ft/stothe { 5 é A A
right. ? fos

|
(a) (b)

FIGURE P5.€5

The contbol volume shown 11 the sketch s used. The
stationary plate case Is considered F7st Agplication of
the hovigontal or X- divection component of 1he lnieay
momenfum egualion ylelds

or 4
[ ) / Fox
aa
Thus i =
_| (o) z
(194 slgs 7)~(3m2 1t )
£ o4 /12 m. Stug £+
and  u = /0.2 f* ( ) /&
) < T station ary /o/a/‘c

When the plate moves fo the right with a speed, U=10t
5

the x-direchonn componest of the linear momentum 67/,(4}%,,,

yrelds
- (u U),o (U U) A = - F
or L hx s
F & 2
UI - U = __ix_ =z F;,'x )
A 2
and , /a./_ ! 7o
U =/_f'fzx___. : + U i £ £+ £+
z = * /0 = 20
¢ Y 7{_’-0' ) /0.2 = ' pA 5
7 /haw;y plate
5—66
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cross-sectional jet of water symmetrically as indicated in Fig.
P5.66 and Video V5.4, The jet leaves the nozzle with a veloc-
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.

5.66 A Pelton wheel vane directs a horizontal, circular 450E fcf/:::;; 45°E \[con-ml

(a) b)
FIGURE P5.66

()70 determine Hhe X- divection component of anchoring Force reguired 1o
hold the vane S‘hﬁ'anmy we dse the statimory contvol volume
Shown  above. and the x- divectin  compiment of The [/neor momentim
eguatim (£4.5-22). Thug

G = Al ) <A (o)« B (0 o)

or
go= (198 gt ) 7 (1n)" (100 &) [ 70 E) o) os s’ ] L )
A <3 (6‘}(/2 2 s/uy.;_;
and 7t
F,; = /9! /6

(6) To delermme the X- divection component of ﬂméam'v/ e regusied
70 contine the Vane fo A constan) specd of 10 :ff o The right we
use 4 confrol Volume wmovng fo the vignt with a speed of f0 ;_f
and the x- divechion componenl of The linear nromentum eguation

oy a \f}%m’/aﬁhf conrbal Volume ( €g.5-29). 7hus,
= 0 77”1 o )
E = oAW (W« M{Cosf‘s‘)s/o;,bt/’/kﬂ//f%aff‘f) (

We note rhal~ .

Thus, £g.1 /[eads 7 . .
.2 .
g (s w0n) () B L e o e b
A -F:“-) 4 (12 in)* 7 =
7/

ov

= /46 16
a

L-¢7
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5.67 How much power is transferred to the moving vane of '
Problem 5.667

fower = EV | where from Problem $.66 Fq =146l

Thos,
(146 1b)( 10 £
Power = = 2.65 hP
(550 £4.1b _—
$.\nP
E-48
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5.68 Water enters a rotating lawn sprinkler
through its base at the steady rate of 16 gal/min

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

This /s sumifar o é:\/dm//e 5.17.

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

/
._——"

“Restation ary
cortrol volume

- Q = 16 gal/min

S
FIGURE PS. €8

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

esuation ( Eg. §.50). Thus,

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

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

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

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

con't)

£-61
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563 (con't )

For U we yse
(8.) Goo g2z ) 67 22 )

%) o
Thus with Eg. 2 we have

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

and  with £g./1 we 067715

a i
oo )06 15 X5 w S B) (1 e
;I—

_ A
Y = Rhw = 34.9/ =

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

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

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

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

N = (%7 md)@”é,z - 920 rev

277 md My in
rev

70




5. 69

ERS Y Y

5.69

V5.5 and Fig. P5.69 along the axis of rotation. The cross-
sectional area 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° (c) 6 = 60°7

1
o 1 - g Nozzie exit area normal to
Five liters/s of water enters the rotor shown in Vidco ’j}o.s m / relative velocity = 18 mm?
e

R dh’k th
yelahve wlec))
dm{ ﬂnyemﬁhl

S—— dirt cHon

B FIGURE P5.69

Jo deteymine The fﬂ}qt{(, feiyah;ed o hold +he volor fiﬁﬁﬁnmy
we use the woment - of - momentum Ttorque eguatio (€4-5.50)
o obtain

Tshatr = m };w’- léuf wf 9 “)
We wnote thal

m = o8& (2)
and 2 ‘

Vour = (3)

u 34»707;/6

Cxit

Combining £gs. 1,2 and 3 we get

Fooooa PG, cs0 44

shaft

3 Aozt
exit

To determine the vofor angular velocity associated with 3ero
Shaft Torque we again use the moment- OF - tmomentim wryue
eguation (€g.5.50) 4o obtuin , this time with rofafion,

7;44)(/. = n ';uf (01,/0“7‘ Cos e - ZZul- ) /5)
We note that
z{m‘ - g‘“" « (6)
and
62 ;
Wﬂw‘ . 34 (7)
nozzle
exit

(Can "f)

£-71




569 (con't)

Co»té/'m'nj bgs. 35 ¢ and 7 we get

_ & Cosé - )
75);4{,4 / sut &))

"’}}/e
Exrt

@) Forn 6= 0° we use €g. ¥ 0 gef

(¢77 .—2-)(5 /'/‘”) /os’»\)[w:oj(”” )( gyn- )

7—/1
N Y
Tonats = it
From £g.8 we obtan For Ty, =0
w = Reoso . (5‘ /’/""/ (eosot)fr000 22 (g5 rad
]Ag:i;/e ';uf 3/,3,,,,.,7(000 /u‘om)(p Em) —’m?
)ty @= 30° we use Eg. ¢ 7/ ., 9¢"

- - /77?”1"32)/5,{’—/27/2,;”.)/@: 30°)( 1020 """) /
Shatt ‘ (/pao /,kfr/ /g ///g,..,.,

or

7/ = Zoo M.m
Shaft -
From Eg-8 we obhin for 7., ~
w = CLEZ) Cos50°) (000 1’7 = (60 VA4
= 5
3018 ) ( 1008 L1 ) G )

((:)F'pr ﬁ: 60’ we use Eﬁéf o ?&f 2 /\/
L (315 8) 6 1) Gsm) (s ao) (1000 22 ()

5/{47[}" (/ﬂdd /,fcy,) (/3) (/Y”‘llh")
ov
- N. pn
{;mff —.—/—/-{-—-
éh - ﬁ“ 7‘ = O
From £3. 8 we sbtas, State
’ ‘ Véclsdd z
w = (¢ ’///M,)(w:“v (rove 22) = 92.5 rad
B 1ammis1000 lh) (26 m)  ——F=
5-72
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571

the direction shown in Fig. P5.7{/. The inner radius, r,, of the
blade row is 2 ft, and the outer radius, r|, is 4 ft. The absolute
velocity vector at the turbine rotor entrance makes an angle of
20° with the tangential direction. The inlet blade angle is 60°
relative to the tangential direction. The blade outlet angle is
120°. The flowrate is 20 ft*/s. For the flow tangent to the rotor
blade surface at inlet and outlet, determine an appropriate con-
stant blade height, b, and the corresponding power available at
the rotor shaft.

A water turbine wheel rotates at the rate of 50 rpm in

S/nce
Q = Zﬂlrlb%l,

Section (1)

m FIGURE P5.7!

then +he blade height, b , /s determimed with

Q2

2mr, /é ,
The shaft power, W,

—
—3

(1)

aft 1S obtained with 1he moment-of - momentum

, net oul
power eguation (&g.5.53). Thus,
. - * = + '
”e* au./ " ” ” “ .
and the use of "+  or —  with UV, depends on whether
Vo,z /s opposite to or in the same direchon as U; respecf/ve/y.
To determine the valye of V%, we use the velbocity friangle at

section (1). Thus we have

S

20°
b | N\
¢
With the velocity triangle e have
\/ﬂ,l = \/R,l + q
fan 2o0° tan é0°
However
'(jl‘ = LW
(con't)

(3)

L£-73




Y 44

(con't)

thus £g.3 /leads 72

tad
- L T g

R,/ ,
- 60 >
an 20° '/mum) fan20” -/:mo’o) ( i
With Eg.1 we 0btdmn
H?
b = éo;__) = 00825 #+
20 (4F+)( 965! gf)
For the blade velocities wn £g.-2 we get
UV'—-' ";w = (?f'l}‘(.s.onAm)(Zﬂ‘%

)

= 20.9¢ £t
(62 ) g
(2F1) (Sormmy i 27 22d
60 5. s
For V.

M4 .
5, we use +he Ve/dc/fyn triangle at section()) fo oblan

v, = Ve,s _ 2es1 2
’ fan zo® fan 20°

For Ve, we conshuct the sechon (2) velocity Friangle Sketched belm

U

4 Vg, not +o  scale )

S

26.52 ft
5

/120°
w. 30°
2 Vk,z
A
o,
and we realze that
- °
%}2 = ‘4:2 fan 30° — q | (4)

From consermﬁ'on of mass

- Y £+
\//?,z - VA’/ /7‘ = m() (%5’ s 2,(,)2/(23}('{

(Con't )

5-74
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5 (Con't)

so with Eg.‘f we  obfan

= (173 fi)%an 30°- 10.47 £+ = 0.673 #1
7 s S S
F/ha///u with €g. 2 we obtan

7,94 Slug=\eo ¥* £t £+ £ / /4
Watr ( %*g)é )/220 54 )/zc 52 )+( fo.47 ){o 573@ 5/4.,
net out
or
w = 2./8x10° F4.1b
shaft N
net out
and
2./¢9x109 ft-le
W, patt = 5 =396 hp
net-out 560 f+1b _—
. h/a
L-75
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5.72  An incompressible fluid flows outward
through a blower as indicated in Fig. P5.72. The
shaft torque involved, T, is estimated with the
following relationship:
T = MV,

where th = mass flowrate through the blower,
r, = outer radius of blower, and V,, = tangential
component of absolute fluid velocity leaving the
blower. State the flow conditions that make this
formula valid.

~ FIGURE P5.7Z

The flow conditions thal make
= mr U | )

7;/14;‘;‘ z 62
valid may be idenfified by ,cm/ar/}::j Eg. [ Wil tphe axial
component of £g.5-%¥2. [hese condithoms are

a S/nz‘?'ana/fy and hon -deﬁrm/}yj comtvol Volume (See skekh abwe)

é. steady - ti - the - mean Flow

. negligible shear shess forque with yespect fp @xis of rotshion

oA Y, =0

e. no torgue with respect fo axis of wtatior due b noma/
stresses

o uniform  distrioufion  of U,
/

5-7¢




5.73

5.73

The radial component of velocity of water leaving the
centrifugal pump sketched in Fig. P5.73 is 30 ft/s. The mag-
nitude of the absolute velocity at the pump exit is 60 ft/s. The
fluid enters the pump rotor radially. Calculate the shaft work
required per unit mass flowing through the pump.

Vpa = 30 fts

® FIGURE P5.73 Viume

| The sta ﬁ'mmy aud  non - detpvmyy,  contol Volume shoun 15 Yhe

sketch above (s used. To getrmyne fhe shatt work per
unit mass , Wep , We Can use £g. 554. 7Thus

Wepaty Uz Ve)?_ (1

The blade 5peea’ Vs, cdn be obtaned as 76//0:«0!

U = Lw = (05 f)(2000 ver /”"” ’;’V’)/é’ ’”"’) 105 #
The fangentia! Veloaiy V L, can 9{ aé/mm/ as ﬁ//ow:

Vs = (V- sz [(50#) (s0%)’ ] 52 #
Thus, from £g./

< (s L) 51 1) (L) - 460 fhte
“ohets wg.fl ) == Gy

:@y

5-77
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Control

Valume

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

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

@ = 230 ft3/min

\J

I

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

1S sketched belpw.

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

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

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

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

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

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

U

WO)'L

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

i - s )07 By ) e 28

5-79



5.75 |

5.7%  An axial flow gasoline pump (see Fig.
P5.75) consists of a rotating row of blades (rotor)
followed downstream by a stationary row of
blades (stator). The gasoline enters the rotor ax-
ially (without any angular 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 sec- —,
tion area is constant. Consider the flow as being ‘ | I
“tangent to the blades involved. Sketch velocity I

triangles for flow just upstream and downstream

; . Vi = 3m/ls | Arithmetic
of the rotor and just downstream of the stator 60N/ | mean Bfi}us blade
where the flow is axial. How much energy is added I , sections

to each kilogram of gasoline? v |
' U
/i
!
)

. Control
1 Volyme
}

FIGURE P5.75

The velocity triangle for Hlow just upsteam of the rotoy is
sketched below Tor the arithmetic mean radis.

V,=3m
' s

With the friangle we conclude that
wo o= Y %)

! o = = &6 7
cos 6o Cos g0 s
and ,
U =W sine’ =(¢ m)smés® = 5.2
oo * leont) s
5- 8D

o
®




5.75 (con’t)

The velocity triamgle for FHow just dwonstream of the votor is
sketched below for the arithmetic mean vadws . lov

ncompressible  flow Vi, = V. For mean radis Fflw U=V

Thus For relative Flow fﬂngem‘ fo the blade we obtam he
velocity 7‘V/'ang/c stetched belmw.

With He fr/my/c we Conclude hat

y o 0 R
—_— - - r_. - _ _ !
({ZZ U:; W@)z L:z l{()7:/}'” % =52 ?” é ';.’!.) Hn¥s = 2.2 ;_);r

Also ,
g = *ﬂn(‘@) = ' [22 Z)] _ 36.2°
1 | X .
VX,z (3 m
W= Vg (3 7 ’
A - ! o = - = 4.2‘/( .—'—”.
os 48 Cos ¥s° S
\/2 = VX,L - (3 ?’) = 272 }2,,
(os @, cos 36.2° s

Uswig  the s/zzﬁ'onmy and ndn——a’céwmf;j Cotvd! volume shHow,,
above i the first Skefch of this solution and £g. 5.5¢ we

Can calcalate the energy added 12 each kg of gasoli

e = U Yor = B2 Z)(22 g L2 iy
| f - 2=

5-81
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5.76 A sketch of the arithmetic mean radius blade sections of an
axial-flow water turbine stage is shown in Fig. P5.76. The rotor . : oA
speed is 1000 rpm. (a) Sketch and label velocity triangles for the TR ' 1 00
flow entering and leaving the rotor row. Use V for absolute ve- e
locity, W for relative velocity, and U for blade velocity. Assume

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

A

)

i

pm

 Nontnl volyme,

Control volume
Blade sections

at the arithmetic
mean radius

o)

/ [
FIGURE P76 455" \Jas:

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

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

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

Y (1)

Veosto = %,I : (2

W, sints” = Vp,~ U (3)
W cosws” =

/ X1 (con't) (47

L-582




5. 76

(con't)

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

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

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

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

?

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

= = | Jff
l{(,l %1 zq‘ q 5
(Cﬂﬁlll)
5-83
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o
@
576 | (ton't)
Thus  from é'z .5
W o= Y - (%) oy
z ——”—_—7 i ~ - S
cos ¢S Cos Yo
and  from @ 2 |
V, = U-W smis’ =523 f+_ (124 f+)5,h‘f5°= 22.4 ft
917’ ke 2 S 5/ P
The vatio of Egs. 7 and § yields
- \/ ”
o = ! 62 W 1] (22.4 f—) 37°
(29.9 1)
and Trowm Ejo 7
, ft
= 2 22*4 re
VZ - 1'49,' = [ 5) = 372 ﬁ
sin A, <in (.370) 3

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

Yshafs -q‘{‘;/ * Uz Va;z
I £+ . /
Yshatt = [ (52‘3’;*)@23 o ) t (52, 3 f‘)@?"‘fﬁ /16
g ﬂuy.ﬁ
52-
W y .
Shﬁ)({‘ = - 3/90 ﬁ /é
5/14?
o/
5-84
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57 Sketch the velocity triangles for the flows entering and
_leaving the rotor of the turbine-type flow meter shown in Fig.
P5.77. Show how rotor angular velocity is proportional to aver-

age fluid velocity.

M FIGURE P5.77 |
nology, Inc.) (Courtesy of EG&G Flow Tech-

For a section of the turbine blode at radius r, the blade
moves Tamgentially with a velocity U= ro@. The Ve/”"@ B

?‘Vfd”y/eg may be féeﬁhed as

S/J@Jh . ,

7;74{: 5‘{31"41 =% (\{();/zwz lgz"-u)"""1
ru, MMIV 3er 7;1»475‘-

0 = \’;()ilwﬂz’v = \éijﬂz—rw
5o

&) = Vx!z'/"“/yz




5,78

5.7 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
_Vi-vitUui-Ui+wi-wj

Wehatt = ’ 9
net in

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

Any set of wvelocity Triangle for flow throwgh a furbsmachine  rolor
row would give the same  feswulF. We use the 747'4/«7/5; of frg. P5.77

Y

T
' O
v
A o
R
From the intet Flow veloci ty frl'anq/e we get
2 V! P!
Vx/’ = 4 ‘.l/all
and
2 2 z 1 >
V = - + e l..__ -~
X W} (lé,/ 1]/) - W, ‘{ﬂ,,~2q%l l‘f

Cdmé/‘nzhy ng. !/ and Zi We obtam,

pA 2 2
wh - vio o

2 ,
From +he outlet Flow velocity Friangle we gef

vy, =

/ &,1

(1)
(2)

(3)

2 2 7
Vxﬂ- R Kﬁ,z (6‘)
and .
2 2z a2 2 2 _
VXIZ—.-—-WZ- (q,%L) WU 2y, -V, (5)
(con't)
- 5-86




578 (Con #)

Combining €gs. ¥ and & we obtam
sz "WLZ. + Ul (é)

2

uv =

2 ’;2. z

Fov the set of velocity 7‘//47;7,7/65

wjhv’l’cf' '{jl— (/6/, t UZ I/G;z 7)
et in ‘

Cﬁméz’mhf 555- 2,6 omd 7 wE 0673 n
A
oyt e Uty W W

wfha f- - ~
net m 2

5-87

e




*5,79

gular momentum across this rotor and evaluate -
the shaft power input involved. The inner and

5.79* Summarized below are air flow data for Upstream of Rotor_ Downstream of Rotor
flow across a low-speed axial flow fan. Calculate Absolute Absolute
the change in rate of flow of axial direction an- Axial  Tangential ~ Axial  Tangential

Radius  Velocity Velocity Velocity Velocity
(mm) (m/s) (m/s) (m/s) (m/s)

outer radii of the fan annulus are 142 and 203 ;:; 33 03 g 32 28 1(2) 64

mm. The rotor speed is 2400 rpm. 169 003 0 12,37 12.24
173 32.04 0 31.78 11.91
185 32.03 0 31.50 11.35
197 31.09 0 29.64 11.66
203 0 0 0 0

V ! Véﬂ | \&,z Vo,z.

/73 chmje in vake of How of axial divectior angulay r1omentfum
across  fhe rofor, A FAM, s evaluatd with

3
4 Fam, f 5 %he Y 2y~ [V, 0, 201 o
oy- . (4 ’}‘ 6
r 2z
AFAM, = ﬂ?)’(o //r%,zl';jzrzd'/z,”'/ lé},%,';d';) (1)
¢ vy

wheve

z and v ave fin  annulus mner and outer rad)y

| r and v ave local vadii at section (2) downstlan, of fan rots,
and section (1) uvpsteam of Han rotey

V,, and V&, , are local absslute hnfen/fq'/ velocily  al s@ctons(z)and(r)
Vy, and Vs, are (ocal axial velocities at sections (2) anat (1)

As Sugsested 177 E3-5-45
Taagr = AFAM (2)

and E§.2 is evaluated numow}:a;/iy Wil & Compulr pugpvan, that ublis
the 'f‘mfuja/dxl rule wilth uneven intweals. The resultis

Thegt = 479 Nm

he sh j ) ' :
shatt- powev thput Woets ) /5 &alnakd witt, £7-5.‘1’7 Jhus,

Woketr = Tpepy © =479 N.m (21000 ZEL) J01) (17 rad

-

=/,200 K2 = | 20 kW
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580 Air enters a radial blower with zero angular momen-
tum. It leaves with an absolute tangential velocity, Vj, 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 #e loss of available Cnarj; Qcross the votor

we use the energy equafion (Ep. 582) 9 obtam
2 . Oncy/eo/

/p/n ~ Lut v, - 1
_ - s it
Joss = L sy g, out) + Wpag

~° het i
or

/oss = }5,/»3 T lout 4 “spats a)
ner m
The shaft wovk i W_m,{ can be oblaimed Witt the mament-of -
net

momentum Wovk ejuafwy\ ( Eg.SS¥). 7;m5

Copate = Yout \{‘z"“* (2)

net in

Comé)'nfﬂy Ej.j ! aund 2 /Cﬂd.( 7o

foss = & R ‘;w
/0
or
bss < - (o4 m)(/q{f + (7 /7‘ Zoof ///é |
(258310 .f/aj 7 57,
7[,{3 J'/uj 7[ s>
and
loss = &0 1 lé
oy 5/4(?
As was dove n Emmfle 524, we calewlate ot efﬁc/emj Bom
, Wohaf+ - - Joss vV,  _
rotor e/?é'o/enc) = _retin . Ut Qo foss
Wf/m?“'f ou' \éa
' zooﬁl/ — 9800 £i__/!z
rofo eﬁqcfeng /70 ﬁ) ( 'ﬂ“f ﬁ 7¢ Sty = ?_.—_7/
(B Yot =
L£-89




5.2/

5.8/  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 analysis of Example 5.27 is applicable fa/w»}j Hhis

yoblem . Usin £ & 0/{ Edep/c 527 we dé/am
P 7 €94-
Actual Fotal pressuve vise acvoss impe fles

= U - ,,
/655 4 \{,/2 >
However o
. A
U= bw o= (omm) (800 W)CT )
z = J e
(2 )(1000 V.”.L"') 6o s 5
m m:n)
Thus

Joss = (566 2 )(/0»9%) (%ma M)(ﬁ )

loss = 1.¢ DMom
= %9

From Eg. 5 of ExXample 5.27 we obfam,

actual Tolal presure vise across imvpeller

p -

> (45x00° 4 )]

(?‘?7

=0.77¢6

—~
i

(54 ’")(/a'”)( )
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582

5.8Z2. 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.

Jo determme the eff/c/cn(y of the turbime we use

—  actual work oul
7 = ' (1)

actual work out + loss

The actual work out, Wepakt /s obfamed wilth +he
ner out
moment - OF - momentum  work ejua«h'mq (/:‘7, 5-54). Thus,

w - -
shaft = “enatr = U V. (z)
net out ner 1 n € in

To  determme the loss of avallable energy. across the
rotow we use the €ném77 eéuaﬁ’an (&3-5.82) o 0btam
2

2 neglect-
. N 4
loss = R lout 4 _Yn out + 9(217/2‘,“, )t “pa /s (3)
< 2 net i
COMéz'mhj %f‘. 2 Gd 3 we obtan
L= b | '
foss = ‘2o et UL . (¥
/0
Cf/mé/'na'rzj Ejr. /, 2 and ¥ we 04 fasn
£t (7 L~
7 - % %,,, . 'U/: (/9, 'n (50 -S—}//S 7;(') S‘/uy.fﬁj)
% 5/;.'/“/055 Fo'u.q-. /?M //2/},)//5“!‘}_’_’;_7
7 4 [
A (/.%ﬁ slagsy
and £t?
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5.83 An inward radial wrbine (see Fig. P5.83) involves a
nozzle angle, a,, of 60° and an inlet rotor tip speed, U, of 30
ft/s. The ratio of rotor inlet to cutlet 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.

m FIGURE P5.83 -
An analysic like the one of E)mm,a/e 5.28 would b¢ d/pm,pylb}{:
for 50/1//.'\7} this  prodlem . Since a furbine 15 mwilved 1 s
problem , Wy = =W 4 and from Eg.o of Example 528

net in net out
WE Cdn conclude That

s ﬁtfn ation PrEssuvy dwp acyross yotor

loss = = “ehaft

Vel » | 267 out
However  From £g.554 we see that

Yehatt = Yshatr = - Z,j%, == Yhatt
het 1 net owt
arga{ Thus
Joss Stagnation prz&s:;c drop across votnr  _ UV, ()

To detevrme The yalue of 1{9, we eXamipe The Ve/ac/'r‘/ #fﬂz7/c
for the Fow €n{w/}7j e vota, Thal-is skefched below ‘

Fom the ve/oc/fy friangle we obtamn

=V ta °
Ve,, R, Nneo
” Fr °_ myen Ht Y
= “ ,____ -"'-'-'36‘0 -
\/6,1 @zos)ﬁm L0 = |

<

(Con't)

5-92
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583 | (con't)

From €g.1 we obtan

foss = //6 )ﬂz/t;‘ ) (5’ )(./54 ) / )

174 J’/agf
(7 Z5)

loss = M8 1
B :/uj

From Eg. 5.82, we can comclude That

stagnation pressure dwp across the wiv
= ‘ ‘

 sPagnalion pressuve dvop  acwss the rofor
and  loss  of available cnerpy.

wfhﬂ ff’. ' ld ss =

het out
or /n Ofher words, Yhe
results o shatt work
Thys a4 me{m/;yj/it/ e/ﬁ’gl"enc} /s

W spaft
7 = ner ouft

/ stagnation pressare crmp across the rm‘a)
| /°

| | /6
y - (?aﬁ)@%?‘g)//s/;—;ﬁf) 0. 575
(% ) (2") )

7
=y
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5.84 Aninward flow radial turbine (see Fig. P5.83) involves a
nozzle angle, «,, 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 an-
gular momentum. If the flowing fluid is air and the static pres-
sure drop across the rotor is 0.01 psi, determine the loss of
available energy across the rotor and the rotor aerodynamic
efficiency.

To determme the loss of availazble energy across the votor we use

fhe energy eguation (&.5.82). Thus,
neglect

2,2
loss = F -4 AR
Ve + ""2_"‘2 * f(g' )1 wﬂm;‘f (/]
- het in
e Séa/v‘ Wor:é, WS/mf/‘ ) /s oé;éw),cd with The moment- of—momenﬁ:m
, _ net n
WOrk Q?Mﬁdh (‘73 . e.5¢ ). 7}(_0);
WSAQ?{/— = - Z{%/ = - W;;m 'C/. (2)
het ¢ net onf
and (Jmé/no:;j £gs. [ and 2 ylelds
- 2 2
loss = HZA L URE oy, (3)
Vi /I

Ve >
7o determme \/
Sketehed beln.

and 1’{9 we  onshuct He Ve/dc/@ fV)hn]/c:

/
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(COn'f')

With the velocity #riangle we conclude that

v o= %) g #
s gp ° g
and |

Since tThe Ffow /6’41///\}7 the rofor is "44/'4// 74e

- - £
V=, 202

E?/m EZ 3 we. 057‘&/»

lss = (o1, )(‘”#5) [(40#) (Z"ﬁ)](sw #)

zaxxm  Sag )
ov (30 'ff)ﬁq 64 'FI)/
' f+ b stag.
Joss ¢ !
— :’lug
e efficiency may be obtaied wilh
_ qctual work ont U, Vs,
actual wovle. out + [osc -U:Ve; + loss
or ; |
*
@o )/?‘{ 6% — / M‘“‘}}) | %
L, ft f\/7 Fe £t lb
(30:_)(39.645_) “as-it) + 166 s
= ug
5-95
°9
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5.85 A 200-m-high waterfall involves steady
flow from one large body to another. Determine
the temperature rise associated with this flow.

This is like anm,a/e 5 22z.
He Temperafwre change we use the relatronship

To determine |
L-T,= -4% (1)

e
th 1 r,c = L
e specific heat ! e e use the eneryy

where
equation (€z. 5.70) o obtain
&Z~—LZ = 9(%-%) z)
Comé/mhj £gs. [ amd 2 yields
7; -7 = ?/21 \.2‘:')
C :
or
(281 2 ) 200 m ) [0. 453 éz 05558 K
7;._ 77 = s ( P / )/ 0; ﬁ? m)
/ " s*
)//05‘5‘ N-m
and

5-96
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What is the size of the head loss that is needed to raise
the temperature of water by 1°F?

This is  similar o Example 5 22. From fz. 5.78 we

v v !
- u. - | =
out n /zn/:f = [oss
/;o
[owever
v v j
u -y, = ¢ ( out~ )

g

_ c

e 7;&/-;)/:})
1°E)/32.2 lbm - 77 7[7‘ 778 T+ 1

Gl

Bt
/,L = 778 J[f

N NN
|

5-97
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5.87 A 100-ft-wide river with a flowrate of 2400 ft*/s flows

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

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

“® FIGURE P5.87

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

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

e pYCSSUres -1

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

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

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

o m—

5-q¢
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S.88 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. P5.88, estimate (a) the efficiency of the fan and (b) the

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

B FlGURE P5.88

(8) The solutin, 1o This me of the problev is hke 5(4»1/12 5‘)‘/
We use

7 w.f/m/;l .
#  cCalewlae The Ffam efficiency,

Wehafr ~ Joss

We wuse The ereryy epaﬁh@.ﬁsz)ﬁr Flons ﬁmgh;#:c.
Conbol Velume shefehed above #o calculate fhe lss as

Follows |
2 ’ ,
é—*‘\é +9%, = —F-‘-+,VL2+92—,+ %Aaf*—/755
F z P et in |
But R=pg avd z2,= %, V2o, wfhzc,«:__é_ﬁ
Ay F T"C/z\/ net 1n m
A/.S'ﬂ m = 2. = —~ (Y
Vs, e e
Seo 2. l/l
Joss = Wshaft — A
her in s/-ﬂ-d)v Z.
H /5 | z
loss = (/47 p )(ga ”'P (‘5‘03&

7 % ) #in- 2222 lbm /)
/n‘/Kf" /;m ](ﬁﬁ' / /b. s*
(;;ﬁ@)ﬁm&)g ,/

(cont )
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For

J0ss ¥4 _ﬁ'_;/_é 24.8 .l = /72 -—-—-ﬂ/é
B b, 7 Vo,
S0 A
yy Tl /7.2 T4t
] = , = 0.5
¥4 b o
Y/

(é)) We use e how}mw CMpmenf 07£ 7%6 //’Vl‘far'
n@?‘)b’i—s ‘7€5 €Va/ua746 ]%.L ﬂﬂchm’);’)j

mowwhﬁww;
ﬁxrce reju/red o hold The fam m /J/afe
= V
’L;x | 2/77
Frova pavt (R) ,
/ _l_é Y in - n.
P de (4.7);’? l",,,) - ”’)/9‘01_6)}
kT 7 —
533 A1-16 ‘f* "‘ )(55’0 R) 4 |
py = 9.4 lbm
s
So
y//
F = (5‘05’1)@” =) 7l
. 5 = S/
(‘)’2.2 /ém-f*) -
b. 5*

5-/00




5.89

f~
-~
A

Air flows past an object in a pipe of 2-m diameter and

exits as a free jet as shown in Fig. P5.89. The velocity and 2m-di 4 mis
pressure upstream are uniform at 10 m/s and 50 N/m?, respec- > 12 mfs
tively. At the pipe exit the velocity is nonuniform as indicated. >

The shear stress along the pipe wall is negligible. (a) Determine =

the head loss associated with a particle as it flows from the  p = 50 N/m2 V=1
uniform velocity upstream of the object to a location in the wake e g

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

kT
=

(0) To delermine the loss sutterved by a fluid parkele as /# flows
from (1) o a locahon ., the wake at (2) we apply the
enw77 ezum‘t'on (éZ. 5.84) 1o that particle Flon, 10 get :

° — = W;,aff
/K+Q+/4=5+5,;Z1/w_@ ()
/ST r 29 g
or ;

2

2

o= B oY
L J 2_93—

2.
= (5—0 r%/’-) + (/0 's’f) — /I/ ’g} = F.45

2N » .
(2%) 2(wz) 2(s02)
7o defermime the head loss associaled with fhe entyve Flow
GCross The objecl” we ugse e non - uns Poon Flow eneryy e,um%n

(&.58%) for flow from () b @) throngh fhe conbal volume
Shown 1 The sketeh 4o 767‘*

(7
o v s //f
./_;’:1+°S__VZ+//;.=£+ ‘.(:_V'vtf{" ﬁfi,:.__gL (z)
29

24 r 7

)

and

3

L

Prom E?- 584 we 767‘5 /-Vz d
- 2 2 - ——— /0(/' ’?dtq
&y /4 V.

g
L W °VA
Ez‘(l) Comes 2 A
— V. n dA
he £+ _ {Zﬂ "
7z Pva) + fv4)
Yy » 2
S
(CO’)/*);
S-10]

C ]




£.89 (con't ) 3‘
J V. A
2 - pe
+ V/ - L 12Z /4/1:_»1 + IR
= 29 Y[ Vv a4 A
L 4o * %@ /1")
6?”0/ S S

vﬁ =(5-dr%/* +("Z ] __d (/2"'Jr (Z»:J -("")/ [‘/M)ﬂ(lm
&2 /"\‘/—,) qu'f/'ﬂ) /73 52 (4_ m]r{lm) + (z M) A m)-‘/m)j

h,=2-5¢m

(b) 75 defrrine 1he force. thal the air pufs on The 019:6% /f
we use The horizontal component- of /'66 lineqr mamenﬁ,m

l;mbm fo yef
-V "4 + PV
and Thus
R, =pA +ol/ 4, /o/t,z,,, . ;AM)
So s 7

AT (;0 N)W—(z'") +(/23 49)(/0 2) 7762"')”’:;;1)

—/z3 ;;3. Zgz.‘?) é(z"') ~(i~) .7+ f/é'-’j 7 (im) § /"”
o & 4 m.k
an ‘

R, = 1770 vV

2
12m /2m ’L/”V 4511,:/?'4; - /ﬁ(
s 5 =

5-/02
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590  Oil (SG = 0.9) flows downward through a vertical
pipe contraction as shown in Fig. P5.90. If the mercury
manometer reading, h, is 100 mm, determine the volume
flowrate for frictionless flow. Is the actual flowrate more or less
than the frictionless value? Explain. |

100 mm —=f e

The volume. flowrate may be obflamed wifh  FIGURE P5.90

Vol

Q= AV = AV, :77"9&/—- o, v, 0)
¥
To defermine citheyr V or Vo, we a,;,;// the energy egmﬁm (Eg 582)
to the flow befween 5ec/wn5 (1) and (2). Thus, eplect

2 o
Ez..,. V,(_,y;_z = /f+ 1—‘7-2 + _,;m,q.—}t?/ZS (2.)

/0 1 14} I;)
Cambm/{zj 57: / aﬂd 2 we dbfta/n ef
D
3.3 ( )] + 9(2,-2;) (3)

To determme P, P we use. the manometer ezmu%n Hrom

Sechon 2.6 1o o tasm
pP-A _ |
//0 ( L - ] ) 9(z,-2,) (4)

Coynémmj Eq_s“ .?cmd ¢ we 96)‘

G'

2
/ - (_5,?)

or i
- (2) (281 2)(0.1" m) (22 -
* | — [roommy? = 54
300/»/»)

and from Eg./ we haye

g = Mlo4m) (529”’) 0.042m°
4 s
Acthaa | Flowrate wonld be [esc than The Hrichonless vilue becauge

He loss would be srealer than the 3erm amount used above .

5-/03
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591 An incompressible liquid flows steadily along the pipe
shown in Fig. P5.91. Determine the direction of flow and the
head loss over the 6-m length of pipe.

B FIGURE P5.91

Assume f/ov\/ from //) Z) (z) awnd use ﬂrc Cnergy
67ua/7'0n ffzn 5.84) fo gef for the contents of 1he

control volume. Shown : 0
2 ‘ 7T

F 4/%:.1 z = A+ Zg 2+ K - h

= 2z + Z, y (g

5 29 J 29
Thuws

JA A __Pl_}_.z_Z- = Zrm ~1.0mo/fGpn = O0.5m

- 2 e P T2

j X J - .

Aad J}écé, /; >0 , ﬁ;c assumed clmecﬁa'» wf ﬁ’ow s CWVGML.
A 1 ‘

The fiow is uphill.
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5.92. A siphon is used to draw water at 70°F from a large
container as indicated in Fig. P5.92. The inside diameter of the
siphon line is 1 in. and the pipe centerline rises 3 ft above the
essentially constant water level in the tank. Show that by vary-
ing the length of the siphon below the water level, A, the rate
of flow through the siphon can be changed. Assuming friction-
less flow, determine the maximum flowrate possible through
the siphon. The limiting condition is the occurrence of cavita-
tion in the siphon. Will the actual maximum flow be more or
less than the frictionless value? Explain.

Bl_:

FIGURE P5.92.

The f/awm/c, d, can be determmed with

Q@ = Ay, = MOV, (1)
lf
To obtan, Vg we apply the eneryj equation ( &g.5.92) behveen posats

A and B 1 the sktetfch above 4o obfain
[ 0

2
|74
/oB T2 92, = loss (z)
or
o = g9(5-%) - loss
2
and ; k
7 /2[9[/7) —/055'] BN ED

With E4.3 we conclude that as b varies, so does I and thus 8.
For no loss, the maxirmum flow will occar when 7he pressure at
point C /s just eiha/ fo the vapsy pressuve of water af  0°c.

We apply the ene)yj egaa/wn 4 &q. 5. £2) between pomts A anAC fagef

2
—)057‘_({6_%72.::,__4_‘//77"7? +/Aaff /»4 %)
/° 2 V2 by et in
Us mg abgolute  insTead of  94ge pressures  we obtawm with L. #

v = /zy(z,,—zc) r G-k
P

or

e = /Z(W/’")/aff)("g”ﬁ'") #2288 ) e

(con’ f;) (”7 ¢ &2){ ) ’
| ‘5-105
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5492

(con't)

Since .
& -:/)C'/ = .:/)_:é‘i l{:

<
é(
we have for the  maximum  Fflovrafe  Throngh Fhe Siphon,

2

O = wlUin) <a.yorf m)

(9.075 3/__") = 1{,53*/0‘3 _/373

4 /44/;,?) ./ s
£ |
Wit 55:. 3 and ¥ we conclude that any loss  wonld ad 7o

lower the valee of V ;i e Sphon  and Thay piatke. the

actvad  maximum flowwafe with friction [ess

than e max/hum
fowrate  withoul Fvichon.

5-/0k
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5.93 A water siphon having a constant inside dlametcr ef 3in.
is ammged as shown in Fig. P5.93. 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.

FIGURE P5.93

0 defermme. +he flowrake, & we use
€= Av =10 |
s 4 (1)

7o obtarn v we apply the energy eguafion (€g.5.82) behweer
Ponts // and B 11 fhe skefh above.  Thaus,

£ g =
e Lt I% //*72"“%79-/0;;

nert in
or ,
4 = 2
7 "7“23 j"i] - 0'83{{'
Thus :
V = (=, = b 2.2 ) (g F
| 90; ) = [C22ENER) el g
" 0@ Ky
and with Eg./
2
Q = By (149 §Q= 0,530 1+
4 (144 ,;,.7 ’ 5
ﬁ; : S

fJ;-/o?




5.94

@ p = 300 kPa

5.94 Water is pumped steadily through a 0.10-m-diameter m A

pipe from one closed, pressurized tank to another as shown in
Fig. P5.94. The pump adds 4.0 kW to the water and the head i , () p =500 kP
loss of the flow is 10 m. Determine the velocity of the water ' N (2)

leaving the pipe. 35m i Air =/

PUmp R

0.10-m diameter
BFIGURE P5.949

From the 8/76'/’7 y equation,
(1) *£’ 12, +

Vﬁ' - =
} +b -p, = %4211‘ %7 where Z, =35m 22157 A oV,

3 g aﬂd/? =10m, y
Alsg ho=ps=2X0 S 0,’7‘0«9/@ where h,~m when 8~"75.
J’Q (9,8‘0x103ﬁﬁl3)@
Thus, ch (1) becomes
EYA
300x10° % i 0. 4 _ 500X10 m2
( 9.60x10° ) Sm ) 10m (‘7 gox10* )4/5”’
which gives
Q = 003?2,- =AV
Hence .
% 0.0392. % sag M
V =499 &
7"(o,l»a) —_—

5-/0&
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5.95 Water flows through a vertical pipe, as is indicated in
Fig. P5.

N 1)

95. Is the flow up or down in the pipe? Explain. H

L - . W
Bgr O o e e m we e am

=
?—./

Mercury
FIGURE P5.95

The control volume shown in the sketfch agbove is used.
fov steady, incompressible  flow  downward from (A) 72 (8)
we obtain From £g. 51 |

Pg (/z £ I/z
5+ %t g2, = A4 Vot gz, -  loss
r z ' J% ez 7% = 4""s

Fromw conservation of wmass we conclude that

Vi = Ve

Thus From 57. /

= H F - P
p /0558 g H + A/o 7

However the — manometer esunation (5€€ Section 2.6) yields

G- % - 5[/4/%‘ 5@;@)-,4]

/0

and
A/ossg ) 57h (1- 56’{9) ,

which s a negative 7aaﬂ/z';‘/u snce 56/7{7 =/3.¢ . A negative
Joss js  not ﬂ/lyf/'ca//? possible so the Flow must be

voward From 8 4 A. Fon wpward  Flow  the above amﬁm
/ads o | |

g/ﬂSSA = gh /Séﬁy-/)

Which s o5 4ive and Theve fore péysi ca //; veasonable

5-/0q

Q¢
[
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5.96 A fire hose nozzle is designed to deliver water that will
rise 40 m vertically. Calculate the stdgnatlon pressure required

at the nozzle inlet if (a) no loss is assumed, (b) a loss of
30 N - m/kg is assumed.

70 delevmine +he :fa7na£b,n pressure af He nozike  mlet we
assume  that The stagnaliam presuve at He nogjle exit is

the Same as The Stagnatio pressure af 7he naszle inlet and we
apply  The energy equatin (65 5:8%) 7o the Flav o the
nozzle  Exit o the Maximup elevafiom of fhe watr flav 4o g¢t

B = vz + plloss) (1)

@) Fr no loss , Eg.1 [leads Ve,

(? %0 M}@a m) = 392 RN _392 24
,bz jor——

(b) For loss = 30 L"-_’f’;) Eg.( yrelds

*g
A ’@’0 e )@M) + (795 %9 )@ Nm)(/ddo = Y22 ki

_—

s=11p
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5.97 For the 180° elbow and nozzle flow shown in Fig. P5.97,
determine the loss in available energy from section (1) to section
(2). How much additional available energy is lost from section
(2) to where the water comes to rest?

FIGURE P5.97

for solving the s # ,oar}‘ of this proélem, #he control volume
shown 1n the Sketch above is used. To detfermine the Joos
accm‘,;an}//}yj Flow Ffrom fei:/;'m / to Sechon 2 Eg. 5. 79 can be used
as Follows .

,/0551 = {j_a_'_'_fz + ‘/?__2_'_'/; " 9z, - 2.)
Smee  x-y coovdinates are f/ver/'ﬁed we assame fhat the Flow
/5 haﬁ:;onfﬁ/ and Z,-% = 0. /4/50/ Z :gfm

From~  7he  conservafion OF nraass princ/ple we comclude that

V = I/A, = V/o)
Th
M,/ﬂﬁ)_ S/ L{[/ /pz)] /’,» /,._/ )]

= O psi.

I 2
i Joss, = ( )//Wm

(5 ﬁ) _ //z my 1/i 16
(/ 94 5’“") é /- )](Sluj\

F#
Jloss, = 92¢ ftib
T Sslug

For the second part of +his problem, we consider the How of o

Huid /mrvé'c/e, from Jecﬁ'orf 2 P a stk of rest,a-£g. 579 leads 7o

2
(433 = Vz
/ i

“

A/ov‘e, that we /qaw, assumed that £ = g = /2-,{,.,. ama/ Z =

74
s, s KR J- V(2 66 :2,::') e #)

Z
Joss, = zoo ftl6
2 TA — STug

- S=nl

L A
L




5. 98

5.9¢ 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 é‘gﬂdzﬁa’n (EZ 83 ) 1 the flow from the
eng e block , exhaust man/fold mlevhea 4y the exhaust fy,})‘.’?}w\
exit fo gef

2 2
A R T
With &g.1 we see rThat reduchon OF (oss in the exbhaus?

System  results in fower value of p and Thus 7he engze
bock pressuve . losses n fhe exhavst fyf/ém conld be
reduced by eliminad g mgjor losS  component such as Yhe
Catalylic converter and e muffler as 15 offen done
/m race  cars. Howevey, noise and emissions 1€9/s/ation limifs
the exfent o which this Kina of loss rduchon can occr

tn conventional vehicles. Some loss reduchon canm alo occur
by Con ﬁ'yunhj the exhaust s yStem p’}”;fﬁ with few bends
and  appropriate avea distibutions. However,

vesuivements offen leads fo bends and Furns 1, the plp/ﬁ
and  Costs Jlimit the extewd of optimy J"& area di3abubons.

S-112

°é




5,97 ]

5.99 Water flows vertically upward in a cir- J-—-SQO‘E‘M 2)
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—r"7A
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

an expression for the loss in available energy be- - -

tween sections (1) and (2). B ?Lsecﬁ\an 0)
How

For determmme /loss we ‘a.fe. “he energy €gnadon for 101 -
Unifoem flows |~ Eg. 5.87.  Thus

- — - G - - - P e e

_F-A v - o« V
Joss < + o 2 L g(2-2) (1)
z

From  comsevvapon of mass (&5 5./3) we blave

Vi = 4
Also  with Eg. 586 for The Einehe enersy cae/ﬁ'c/'eh/.ﬁ;wc
have ’

a« =10 |

/ .
Since The VC/O(/'/‘? profile at sechon (7 ) /s Un) o . A7 secl%m—.(é)
we  solve €§.5.84 (see solubon F Problem 5.125C ) guct sbiai

o, = 106
7)'\445) Eg. 1 yrelds

N X
Joss = _’;):_’fl - O‘O[’; +9(2,-2,)

513
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5.101 Consider the flow shown in Fig. P5.91. If the flowing
fluid is water, determine the axial (along the pipe) and normal
(perpendicular to the pipe) components of force that the pipe
puts on the fluid in the 6-m section shown.

Uf/;vj the contro | volume 54¢7an !77
brokew lines we apply the axal and
normal cam/aanenb of-the ljnear momentuna 6?1«9@;9'% 7‘&937«.:

zﬁ’, = O swce there is 10 momentuns How 10 the novmel Jiechos,

and sEg =0 syce the How s assumed Fully developed and 7he
A net amownt- of axial direchior. momesnfum flow ou? of

He CV ;s 3ero

So
R, - Wes 0 =0 or R, =Wcos6

2
Novs = x M =TAR =7 ?f’ﬁ”’;%}ﬂ—-{gig-&h):’/él"/

and g :_S’b-/% - 4"

Then g, =(461n o5 1257 = 1361
G e axial Aivechin,

B A, +Ry Wsm&-p A =0 or

R, = R4,-p A, twsie <(F-p)A +Wm o
Frov, the manomeler reaa'm'j.r

and
R, = y(h~h, )P —(W 511, 12.5°)

2
£ :(9.gx/o’!!_ /zom-5 0.5 )T (0-1m)_ (620 )(9219-5°)
/] ) -

/?/9 = 32/\/

S/l
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5.102  Water flows steadily down the inclined
pipe as indicated in Fig. P5.102. 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).

: :  Mercury
(a) The diffevence in pressure , p- P, , may be Oblamed from the

maniometer (see Sechon 2:6) with the Fluid statics equation

P-p =-0 (Sff)s)k.go°+_./.§_i}_';l + ¥ (6 m )
2 H,0 (/2 - “9(/2m-)

£~
or
p- (/2 4 .é.)/Sff) Sin3” 4 (05/+)] +(03.6)(62 '7‘-1-)(05 )= 2:?7 ’5
and
P,'IDJ_ = 237 1o -4 = /o65/>5;

')(+3(/"f‘f IZN )
(b) The [(oss per un;t mfzss Letwee ), Sections (1) and (2) may be oéér/i,ed
with Eg. 579. Thus

toss = PR o+ YK A +9(2-2,) = (53714 L ___

° > 2 '7‘/&«1
or ‘
loss = 203 {114 | 7(.(22:‘")(5{/(5/”30 )/ /6
==slu . f/ily

(c) The net axial ﬁr{e exerfed by the pipe Wall on the f//own:l} 5=
wafey may be oblamed by Ltszn7 the axial Component of the lineav
momentum eguakion (€g.%5.22). Thus v The Contol volume Shown above

= -1D - ¥n = ~
R =-T1 (/P,-g __Q(I)S/n30 .~__i_/_ (E-g)+315/n30‘7

% 4/ 7
or . 2
- -/ o) 2 62.4 16
Re = T4 (//1;5) 371{;—,1‘ / "ﬁj)@ﬁ) Sin 30°
f

and

R o=—722(6 = 772 1b opposite 1o Flow divechian.
X - =

5-//5




5.103

()

3.103 Water flows steadily in a pipe and exits as a free jet
through an end cap that contains a filter as shown in Fig. P5.103.
The flow is in a horizontal plane. The axial component, R,, of
the anchoring force needed to keep the end cap stationary is

60 1b. Determine the head loss for the flow through the end cap. (/ \.’
O Filter
30°
- F «— Pipe
Area=0.12 ft?
V=10 tts

MFIGURE P5.103

The y-component of the momentym equation, | Ry=s0lb
f np Viadh =5 Fy, for the control volome A y |
cs . A X -‘.’i—
shown Is X
VoEnA CUsmatlo A =pAhy A Oy
Whg‘pe,k VI =10 f1/s dﬂd | PIH‘
Ai 0J2F*Y /ey o |
Vz‘ A, V, ‘(m) (10 Fils) =12 M/s

Thus, since PAN, =QA Vo, Eq.(1) gives
pihs = Ry = VA, = Vo sin30'A, = Ry~ pANLV ¥, sin30']

= 60 /b -(1.9% ’)’:‘;’)(0,/2 #2) (108108 +12 B sin30°] = 22,918
Hence, |
p; = 22.81b/A, = 22.8Ib/(0.12.#42) = 1901b/H*

From the energy equation for this flow,

i 2y 1.97 J or s 2_
hL” o, VE-VE _ 90 b/H* N (10H4/sY=(12.fi/s) = 2.34 #

r 29 62.4I6/f3 2 (32.2115%)

-4



5.104

5.104 When fluid flows through an abrupt expansion as indi-
cated in Fig. P5.104, the loss in available energy across the ex-

pansion, loss,,, is often expressed as /" \\
1 (1 A ) vi AN I
088ex = ; — I )
ex A, 2 . ‘ \ /I vy { ,] -
where A; = cross-sectional area ypstream of expansion, A; = . / ’
cross-sectional area downstream of expansion, and V; = veloc- Section (1)
ity of flow upstream of expansion. Derive this relationship. alternate Sectlon @
(ocation of
section (1) FIGURE P5.104

APPIY'hj the energy equafion (Eg.582) 1o the flow from Sechm(l)
fv section(2) we oblamn

/055 = A-A V,z-—l/z ()

o 2

/]pp[y/nj the axjal divechon component of the linear momentun,
eguation (€g.5.22) 4o the Fluid confamed in the conhol volume
frovn sechon (1) to SecHon (2) we obtam

Ry *+ BA-p Ay = ~VpAYy + Y, phl, @)
/\/ow, f we consider sechon (1) as acca.r/nf)j at the end
of the swmaller diamefer /m;oe ( the éeymm}\zjy of +the /avger
dirame fer p//ae) Gs md;cated w the sketcl dém/c/ ’Ei./ shl
yields the expansion, [0Ss and &g. 2 be comes

R+ RA, - RAy = VEAY, T pdy, (2
Note that wilh section (1) positioned at the end of the smafler

diamefer pipe, A acts over arvea A, ., Also, because of the
Jef fow ﬁ’m ﬂ:e fma//er al/anpefer '0//7& it The /dr)‘CV

diameter pipe, The Value of R, will bLe small Chongh cCompared
the ofher Ferms itk :Eg.,? That we can dwp /?X-/%mé‘-}.s

VARV &7
/a 2 / 'A‘"Z
Cﬂmb)‘ﬂl“vj Ejﬁ ! and 4 we  0btan
R bR
Joss = lé—(//"-/-; v-Y
& Ax ‘ =z
(con't )
£-17




5. 04

(con't)

Frovi  conservation of wass ( &3.5./3) we hrave
L=y A . (¢
1nn 5 A 5:

'f %! an we 7e;‘ V?. V"A, 2
'/”’%K:V/—' —Vﬂb)f / ’//Tz)
2

or
loss,, = /(ﬂ, Y /{)/

aund ) B
foss, = Y ﬁ~ ﬂ,)

X — ~ ]
2 Ay

- 5-/18
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5.105 Water flowing in a pipe with a velocity
of 25 m/s and a static pressure of 940 kPa is split
into two branches as indicated in Fig. P5.105. If
the measured static pressure at sections (2) and

- —rmm———
! Section (2)

I'/Section (1) |

V"‘_‘— —d

A, = 0.28 m?

(3) and the velocity measured at section (3) are : L ;S—eit'f" (3)\\ P, = 1140 kPa
as shown in Fig. P5.105, determine the amount Ay = 0.4 m3 —\
of available power lost in the horizontal y con- p1 = 940 kPa
nection. Vi = 25m/s RN
Az = 0.18 m2
p3 = 570 kPa
V3 = 30 m/s

FIGURE Ps.105

The contal volume shown i te sketeh abore s used .
With Ega 570 and 5.78 and the (mserva Fon Of mass
principle  we can derive fm the walr that flows Fwm sechm |
70 Sectim z  The egumation

2 2
iy (1055, ) = ( Bh i Vigega)

-

Z
. . 4 '/7- Vz
m3/,/0553) = My [; -/a_’; t+ % —;3 rgz -‘72;)

z
The available power lost . the J- connection is

o loss, ) + s (l0ss,) = m, /g ___/_93, + [. 5‘+92-92)
P2
;+m(f’. :_f_l{ 929?)
2
Since the v connection is harw;m/n/ Z,=2,=2,

,4/50
=p YA = (7?7 @)[30 m)/d/fm ) = #4o0 %9

’he Vc/ocr/}/ lewe! at sechm 2 can pe delermjned with Mc Coucnfn;‘»«
of wmass Princ,ple  as folfows.

m = mz+m3
dr
PYA, = p Y Ay +pVsAy
Thus
, m) (0. 4m*
2 (029 (ﬂcZ?m‘}

(con't)

| c-/7




9.105

(con't)

The mass flavvale af secion 2 /S
%A ? “’)(/Mnr/azzm) ys9p %9
.5
Thus

mzC/ossz) +rv'n3(,/o;sg) = (4.57’0 é}} (7‘/0)00 et )_ (1190)(/0 nATIl)
1) (9 _’?_9)

m3

+(Zz ) ) (/645 4 (77:»\70 )
f’" (ﬁj )] rﬁﬂo 9)(7”
(570 x10 ;f.y) (25 2
- _ sphv_,_(o2
i i )]
jl

mx(/ml) + (//o.; ) = / /(,xw ’\_/..C” = LIEXI0 W'//cMW
-

S

- 5-/20
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5.106 Two water jets collide and form one homogeneous jet
as shown in Fig. P5.106. (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. ‘

Vl=4 m/s

B FIGURE P5.10¢

For the water flowing through +he control volume sketehed above, The

X- and y- duechion Components of the linear momentum €uation are

“VaRV A, + V3us eV A = O
and
~VipViA, + Vysing pV3 A= O
From the onservation of mass ?Y%ndp\c we get
=V, A= VoA + pVah, = 0
Combmmg Egs. \l/lll:d 2 VWe".rcf‘fl'ata{ m)_‘ c o"m)ﬁ.
+an @ = ! = 4. s 4 = 03086

mi ) Vv TTdI N 2
1 g ( 6 %) T (0.2m)

So 4
b= +an 0.2086 = L___"__;La

Now, combining Egs. } and3 we get
=
-V,0A, +V, tes @ (QVtAl o VzAz) =0

or 9 > 2
V= v, A.‘,_ Va dz
3= - =
- OS © (V.A‘*V,_A,‘) ws e (V,df"*'\’,,d:)
Thus m 2 2
3= U
® m
( cos 1.2 )[(‘f )01 4 (6 ™)(0.l2my ]
and
V = Y29 m
3 - S

( con't )

(M
(2)

3

512




5.106

(con't )

To determine the loss of dvailable energy associaled with the
flow though fhis cortol volume we obfain by applying the
enevyy ec\ua-hén CEO[? . 5.64)

v V"— . v va. ) ’ v,. |
-(M;"" %)ms_-(“:,"" -'-z_%)mz,"\"(u-;"" %)Msr. o (q,)
Sfﬁlrafbmermhm of mass equation, €4.3, can also be
“M'-mz+v§/\3= o ; (59
Combin s. 4 and S, we obfain
m'(gf'z?)"" Mz(af’a&.) = ‘“n(ﬁlv_; )+ ’\Az(_v:“\’:_) (é)
2 / L

The left hand side of Bq 6 eplesents the male of available
energy loss in this fluid flow . Thus vake of auailabe gy loss 1S

2

S

oY
et o« o | (08 4 du ()
(A
Thus (q‘% 'I}_g‘_;)(gwp ﬁi 2 1 2
e of loss =7 T g ) (0om Y )| '-2-)—(‘*19"}-1)]
l_‘ A
1 M m - \ ?
\ Couam (62 )Eé—;—)-@mg)] ,
and © ‘i

rafe of loss = 558 N-m ~

3

- 5-/22
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5107 The pumper truck shown in Fig. P5.107 is to deliver
1 l 5 f¥/s to a maximum elevation of 60 ft above the hydrant
The pressure at the 4-in. diameter outlet of the hydrant is 10 psi.
If head losses are negligibly small, determine the power that

the pump must add to the water.
: 60 ft

Hydrant
® FIGURE P5.107

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

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

: /——Z:-:+V+?z.‘£ _.1_1.+z-+h /
4 2

29 ﬁ’

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

= S HF hp
Vf\{f/mr‘f ' ,0:
net in

E-123
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5.108 The hydroelectric turbine shown in Fig, PS.I()S passes 8
million gal/min across a head of 600 ft. What is the maximum

amount pf power output possible? Why will the actual amount
be less?

From 7‘/]6 eﬂenq)/ 3‘7110}1‘0/7

z 2 VS.H)*,‘ »
ﬁ--}-zl i/ +ﬁ —b % Z, / Turbine

MFIGURE P5.108
where /7, =0, fo = =0, and V,
Thus

h = (2,-2)+h + ";

Note: Since #his is a torbine, /7 <0. Let by ==hs where h.>0 and
from the above,

/)lso the power is given by
- YQh, =¥Q[(z-2.)-h, —l’_]

Tbe maximvm power wovld occur if fb&re were ny [psses (h,=0)

and negligible kinetic 6‘/7«9/'7}/ at the exit (V, %0, large diameter o/tlel).
T/lUs

Wy = 0Q(2-2) = 6244 (ex/o‘i;-,;f,)( dmuny 7’274,)(500704)
max
- 8 1.1 _

S-124
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@p: 2 atm

5.109 A pump is to move water from a lake into a large, pres- Air (2)
surized tank as shown in Fig. P5.109 at a rate of 1000 gal in 10 ' ' TS
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 problem if the tank were pressurized to 3, rather than
2, aymospheres.

BFIGURE P5.109

£—+z, "y thy-h, = £—+Z ;;, where £,=0, 2,20, ;20 and 2 = 20f/.

27
Thos,
D) hp=h[_+-£;,§-+zz,

Also, . ::
Q —{(100074/)/([0179/)7)] (7{7‘?‘7“/)( é'g;ﬂ) = 0,223 f}
7‘/: t

o = rQ (629‘"’ )(0223 #43) r
(a) I g, = 2alm = 20%722.)( HW’/#‘) = 42302 , fhen from Eg.0)
42301,

ho=h, * (62.4 #{*%)
T/N/{, it
h, = hy~87 Sl =11941-878H = 31.2 44 Hhe qiven pump will work for fi,= 2at.

% 1208t = b, +87.84f

() If p,=3 atm = ¢ 350 .., Hhen

b
ho=h, (E‘s—'%+20fév h, +/zzﬁ

Thus, if this pump is to wor*k

9ft =h, #1224 or 2 -3#
Since it is not passible 1o have h.<C, the pump will not work for g, =3aim.

$-/25




5"//0 l . ) ‘ Py = 60 psi

o Q = 150 ft3/s
Section (1) Dy =3t :
S.110 Water is supplied at 150 ft*/s and 60 psi to a hydraulic -F_
turbine through a 3-ft inside diameter inlet pipe as indicated in ,
Fig. P5.110. The turbine discharge pipe has a 4-ft inside diam- )
eter. The static pressure at section (2), 10 ft below the turbine . Turbine
inlet, is 10-in. Hg vacuum. If the turbine develops 2500 hp, de- :
termine the power lost between sections (1) and (2). | ' 101
py = 10in. Hg
vacuum
, Dy =4t
FIGURE P5.110 \Sectmn @
For flow between sections (1) and(z), Eg 5 82 /cad.f 7
power loss —/Q[ZF A +ﬂﬁ z) ( (1)
e-f om‘
om  given data §
§ = (10 in 1) (54)(194 ligs ) 522 £1) 1 1 ) - W8 L
/2 in. ) 3 5/«9' ig #*
Also
| #
\4=Q=;€2_=5{Q__('_51.Z_)=2/.22ﬁ
A, o} 7 (3F4)° s
from  conservation of mass (E5.5.13)
‘ 2
, 2 L,
V= VA =y o, ﬁZI.zz f.f) GH) ey
A 01 : (4 1‘«7‘)’ S
From £g. 1
) [(bo e Yot i’ +/708’ /¢
power loss = (1-9% slugs ( 150 )
f+’
550 £+ lb / 1.9¢ ‘.L‘Z’)
S. ﬁ/o -f»r-f‘?
(327. f*)/o )1 1 [(2/22 #)-—//?‘/ﬁ)]{/ /b
s/af .x/llfff
- 25 00/1/0
or

powev loss = 30/ hp

5126
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5.1

5.111 Gasoline (SG = 0.68) flows through a pump at (.12 m¥/s
as indicated in Fig, P5.111. The loss between sections (1) and
(2)is loss = h g = 0.3 V{/2. What will the difference in pres-

Q = 0.12 m3ss

sures between sections (1) and (2) be if 20 kW is dehvered by ' Section (2
the pump to the fluid? ection (2)
D2 =02m
3m
4
|
rm—

Section (1) FIGURE P5s.In1
DI =0.1m

From Eg 582 we 967‘ for the flow Hom section(i) #o sechim(2 )
/°[ g f‘_?(’i‘ 2,) - “shatr + /o;i/ 1)

nest mn

Fon  the volume //owrafe we obfam
| z
‘4- = Q = _Q: - (‘9'/2 ;’—3) = 3.2‘2 m

R _ ;
- & T Co.zm)” g

and  Bov comservabion of n?:css (€9.5.13) /* follaws That
z
V=u =y 2 _ s 82 ) (OL_”') = 1528 2

=

A ‘
f ez' | . /m)
Also .
Wasatt N.m
w o= art (20 oo ....‘_.
::fm ;__;fln = ) = 2453 Mo
Ve 4969)[?77 “f )(o 12 m ) *y
and
loss = 0.3 Y% - (0.2) //5 282) / = o2 Mm
2 ) ‘Rj

5'2-

From éj./ "hen
I L ()

-245,3 M»  , 3502 /v.».j

3
N
]

or &g Eed)

- /97000 N _ _ 197 kA
”'2. .._,m

N )

\
9\

1l .

o ——

£-/27




512

5.11Z 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 +hat Hac
An ideal caompression p
and thus
or (sentvopic process.
that an actwal adiab

accmdzhj +o

must  rhvolve an enﬁ%

air Compressoy Operates adiabatically.
vocess is  Frictionless and adiabatic
Eg. 5.101, it /s a conSfamt entropy
Wi th Eq. 510! we also conclude
ahic compress/on mecess with Friction
y On  femperatme = ntvopy

/ecrease .

cooydinates , the ideal and actual Compression processes
appeay as Indicated 1n Fthe sketeh belmv. Also shown s
the [0 psi 1055  tia 57%(9:44%0;4 pressure  due 7% Hichon .
/60”“' i IZZ/“W“" 0,2, ideal
70:2}ac6m/
7«;: /deal
o
7 J
] 14.7psia = 51’
/ o0R
54 -70:,

We copsider the ayr ée/fy compressed vetave as ap ideal qas. Then
£45 1.8 and 511/ we obfan, fr fhe rdeal processes

- f hq-1
s~ i e
and Y 5, 14 7/!/4 B
v /"'f_’__‘
7o:z,ad-m,/ < Z’, .@,)”‘5‘ _[59‘01‘?)/ 705 (4‘ = 843 R
’ '727’ 1%.7psi<
(con't )
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502 | (tn't)

Then
c # e = - :
| actval stagrnation fcmpcmﬁ(/e rise 70:2/4 W, Z', =843 R- 540 = 30372
- and ’ T
jdeal Stagnation fe se = -7 = S07R-54R =247
7 a mpefwﬁnt rise = 74’2//4(4/ é‘/ FO0T7K-5%R ._Z_i?_f
Also
etficiency = C/% idea] = Yo, 267
— = , =088
‘-r — | e —_——
fgzl actwel C/ ! 202k
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5. 14

5.114 Water is pumped through a 4-in.-diameter pipe as shown
in Fig. P5.114a. The pump characteristics (pump head versus
flowrate) are given in Fig P5.114b. Determine the flowrate if
the head loss in the pipe is h;, = 8V?/2g.

& 12

(@)
BFIGURE PS5.114

p A
% +Z +%/’f— thy ~h. = % +z,_+;z";-} , where g, 5,0,_:0};,:@ z,_zlzh‘}
‘ y =0, and Vy<R/A
T/ws}
h ";}L 2 Vz W;{h
23 e
he=hy = 16-5Q qnd h, 8’——' = 8 297

¥
There fore
16 -5Q - ‘;f?,z =/2+ |
or . _,L
() (,___T)Q H(5)Q-4=0, where g~5 A~ a4d g%

Using )‘bo‘ given data, Eg. (1) hesomes

9
[2(32,2)(£(%)2')2] Ql"-‘:‘? ~4<0
or
(2) 18.35Q% +5Q -4=0

The pmh‘i\/e roof of £4.( 2)1s ) =0.350 "ii
(The neqative roof of £g.(2) has no physical meaning.)

QZ
z;ﬂz.

5-/30




5.115

5.115 Water is pumped from the large tank shown in Fig.
P5.115. 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
/5. Determine the flowrate.

(2)Pipe area = 0.10 12
BFIGURE P5.115

()

z
%4‘2, +"z¥}' "'/)p"b £—+Zz_ -f Wﬁg/‘gﬂ ,02 0 zZ = /3f7l Zz.’a
| and V, =0.
Ths, v
mn Z +/,p~/, = |
/H&z V" _‘ ‘ V’" (6?/%’2:‘L

ok

Hence, Eg.() becomes |
24202y -4 ST @AY
or 24 S |

[(zjﬂz ‘I‘I/JQ =20%+Z, JWbﬁl‘e gu.ﬂ- ﬁ H 4”46?"' e

Thus, with the 9/ven dota

Ky 2
=20+I3
[(2[32,7. 8)0.1 H"}z) ? 17‘] & =2 f

or 23
Q =1.67 <=

L-/3/




5.//16

. . v section(@
5.116 Water flows by gravity from one lake to another as 3 /
sketched in Fig. PS.116 at the steady rate of 80 gpm. What i /
the loss in available energy associated with this flow? If this |
same amount of loss is associated with pumping the fluid from ,‘ ,
the lower lake to the higher one at the same flowrate, estimate 4 / section(b!
the amount of pumping power required.

Q= 809% < 0T ¥
(50,;%; )(7 ¢8 ,cp) «

For the flow hom sechon (a) 7o “section(b) E@ 582 leads +o

loss = q(2,-2 )=32.zf' soft /7 _Jero FHib

9 b ( 52( )(“f i—) —_— flu]

for pamped Floww From Ssechon b 4 secﬁan a % 582 yields

sh =0 [g(z z2,) * /oss] M"E‘Z/H/gf)[ﬁﬂff)é‘o@/)

FIGURE P5.114

het in
11610 14
or . _ o Ak _ 7.0z AF Stug
—W;haff 5 ===
net
s, 17

5.1177 A $-hp motor is required by an air ven-
tilating fan to produce a 24-in.-diameter stream
of air having a uniform speed of 40 ft/s. Deter-
mine the aerodynamic efficiency of the fan.

The aemdynam/c ef)fc,mcy of the ﬁm 7,
v = /deal power rvéguivred
actuad powev reg urred .
The  actual shatt power ’egam:d’ A AT is 0.75 hp .

The ideal shatt- power reguived ) ""Ga:e, J) 15 obtained from 53;.5‘.22 Hov Flow
W/limu.f (osS across the fan. Thus

3
- - L V
Wdeq/ - EV"“* =PA N Y Your = 7',;0"“ _out = é&?xm slug )77‘(2{7‘)
/] -
Then 5 tug. ,q)’;;o £+ b
y = o.%’:l»,,_ 0.5 . hp.
5-132




5.//8

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

m FIGURE P5.[I8

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

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

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

=408 hp

550 fi:lb

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

wrl/)
ﬁz’ﬂz =, “/6 =0 yl'i/ﬁs

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

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

"/- Aerator column

)

§-/33




5./1q

5.119 The turbine shown in Fig. P5.119 develops 2500 kW
when the water flowrate is 20 m*/s. The head loss across the tar-

bine from (1) to (2) is negligible, but the head loss for the entire
flow is 2.5 m. (a) Determine the pressure difference, pl Pa
across the turbine. (b) Determine the elevation A.

EFIGURE P5.119

(a) The enery 7y equation across be z‘wb/ha s
#4-2,4‘ +/7 —}6 %'fz +_ , where Z:Zzlb‘/-7_=0J V,‘Mz

Thos,
% +hs =§;’* or i
Afo=-8h , where h =g

H e, L 3 Nem
one Ws ‘_(-—2soox/o =

T ""y(?fé?) 0 20m3
(Mote: W, W, [ <0 becavse a fw'bme removes eneryy from the flvid.)

(b /}/so rom (3) o (4)

) = 125007 = 125Ky

(1)

Ve _
, %""23 zg 'I'/b /)A » = L +Zy = Z3 s Wﬁé’/’& /73 /’; -'/)0 ng V q
arw/ Z;=
Thus, e
h +/7 ’b oy - -iz}" ) or
}” l-_;.-&.& ”’AJ m3
ﬁ/so l/ =M= | 6,372 ) =2.5m and
) 4 (_?_Z‘ {ZM)z) | S oy, f)
=.‘17£ = "25”"’”3 & 2.4

RN $3x10°% ) (20.2°)

Therefore, from Eq. (1)

h = (6.37 %,)1
2(9.81%)

+2.5m-(-12.76m) = 123 m

5-13¢




®
5./20 |
) f Py = 50 psia
V, = 35 ft/s
5.120 A liquid enters a fluid machine at section (1) and leaves N
at sections (2) and (3) as shown in Fig, P5.120. The den's';ty 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)~"1 8""*
determine the amount of shaft power involved, ‘ [
p3 = 14.7 psia
......? L/Section (1) V3 = 45 ft/s
| A3 =5in.2
py = 80 psia
Vi = 15 ft/s
Al = 30 in.2 Fl(xURF PS 120

For the frictionless and ad/aéaﬁc Flow *hrouyl, Fhs //wd macéme
Egs. 5.64, 5.65 and 5.7¢ Jead 7o

W, ,= m, f3_+.‘§)—m fz+'/,7+rh(sz|/1 1)
Jh(ﬁ 3(/0 2 ,(/O 2‘ 2.—[5- -2--2

net In
sitnce
. V . Vv . v . . v I N . v Vv
MU, —m U -mod = (m, + M3 )u,- mz.“f”"g“" m (u,—u_))
. * m l 2)
At section (3)
n’,’ /2_ /uz: /5 lh 45 { - 3.)25 .)’/uJJ
£+2 / /‘/‘/ ln

At section (1) Son
B} = 2 5luge) 30 N[5 ft] o ¢.25 slugs
=AY, (f??)(WJ/ s, s

From Wf@rvaiﬁm of mass 17

My = 1~ = gzs‘ ’/uys _ 7425 f/uf = 3/28 S 25

with Ez / we obfain

%ﬁa}j‘ {(?/E_E‘Z) ﬁ/,Z fi{;ﬁ b, ) %ff)ﬂm ﬁ?]
(52@1)[(&, 4 DS (; ﬁ)&//& )]

z\

J‘___f;}
ﬁ’”ﬁ’ﬂiﬂm 1), (o5 2
or [ 7-5-@);; ﬁ) —_—)/ )]/5505%/

. , 5. hp
%aﬁ ==31.1 hp , The net shaft power is out (<0)

net sy

5-1/35




5./721 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. P5.124. 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

v the flow Hom section (1) o section(z) Eg. 5.82 leads
fo
_/Q[y(z z,)+ foss | = P8 [905-2) + 6/\/] )

5haﬁf
net in

Frovn the volume Flowrvate we obtan

— a 2.5 &
v = %2- ey (2 ) 7162 Tt
7 (g in g
/2/n
Thus | #rom 4./
. 3
e = (1-9% 3lys ) /2.5 fz‘_) (32.2 f* 501t
net 1n
+ (6/)(7/42 f*] /18 )/
f/u, 50 £l
” . 29 b shp
TAC;,,,,C/- £
net 1y

5-/3¢




G2z

5122 Oil (SG = 0.88) ﬂows in an inclined pipe at a rate
of 5 f3/s as shown in Fig. P5.122. If the differential reading in
the mercury manometer is 3 ft, calculate the power that the
pump supplies to the oil if head losses are negligible. ‘

U g +the Conbol volume shown
and the eneryy esuatin (§.587)
we gt |

B v o
+ 3——/» _L+_£+Z,+L._L, [/)
%:/ 49 d;,/ % N

The power supplied by The pump
o he oil /'{) Frorn EZ,S'-RS':

'M/fh*//‘ = 7Q l’ 5‘6' 4 Q'éf (2)
net 1 %1 Hyo = -
Simece v= & = —'—5—?; we ge?
A d 4
2 o 5__1‘
V= e = €37 ;ff Gnd Y, = £ - 255 :’f—"
Tfe) | /1 3
Tafy 7 ()

FProv. e manome)ler- efmﬁ’mf, [5.06 sechion 2-6) we 7&7‘-’
/‘7+b" /7/1.32’ (.?f‘H-I-A)f‘:
J][

7T s | “
!f'.r//"f?_a_"'j_. 34H4b) =
0il 3’0;/ : 23:‘1
o |
F+r3 Ty 2 ) = A
D;ll ?;,/ )3'/: /?]
‘fdmélnﬂz? EZ{ ) Jf‘»\d(}) we 7&7[5 2 7]
vV
AN P TR VYR AT A S LX) —//7{
Tpis $Go 2 ., %is 29
SPE Z -2+ ?ff(é_@_, ) -b+ ‘42;'4 =) ‘g}f ),.(zgsﬁ) ﬁ37f)
/,, =§2.9 f4 2(322ﬁ)
:)
E'na//y 'f’"’”“&b @') S
/A
W, s = (. M)ﬁz ‘f fjf‘z}i ) = 14500 ﬁf_
et 14z ;
5-137
]




5,123

5.123 Water is to be pumped from the large tank shown in Fig, Nozzle area = 0.01 m?
P3.123 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, = 25007 where h, is in m when Q is in m®/s.

BFIGURE P5.123

4£+Z,+ h /74— +zz e

¥ f
where |

piefe=0, V20,220 Z=2m
Thys,

b= h+z + z‘f; where Vo=émds so that § AV =0.0m™(6M/s)

= 0,06 "¥s
Wofe: /7/’ 5/'#00'6 / +/7 ‘oump2.

Thes, with p, = 250Q* =250(0.08) =0.90m it follows that
(6m/s)*

hp =0.90m+2m+ 209.812;) = 4,73m

so that

W, = ¥Qh, =(2.90x10% L) (0. 06 (%73m) = 2.78x10° N2 = 2 7 kw
Therefore

M» =Wy + Wosmpz. = 2- 79kw with M{,,,,,,,, = | kW

Hence,

’

Woumps = 2.78 kW = 1 kW = / 78 kw

e —

' 5-/13¢8




5.724

5.124 The velocity profile m a turbulent pipe
flow may be approximated with the expression

u_ (R=r\"
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, «, for:
@n=5M®Gn=6;@n="7,(d)n =8; (e
n=29,{)n = 10.

For the kme/;c energy cae/tz;c/en/o( we may u.fe £g. 5‘ 8. Thus,
f {ou 2Trdr qu%z)d/k) 2”/( __.) /r/d/r)

pum?u j u u
2

For the average Velooi-/yj 5(_;) we may use £g.5.7. nu.s,

R : Y / £
@ L2 2 [ ) = 2 f o) ) 1)
PR z
To facilitate tThe infegrations we waake The subshbution

X

A== F
771u,§
s =~ dE)

and Eg 2 éecamcf )
2n

u = -8)dB = Ue
G o= -2d, f 47 (1) ds (ry oot

Cmnb;m,,j 575 14 ) 4 and 5 we Obﬁl;v

-2 /ﬂ"(z.g)a',g =/ z2n* ][(ﬂf/)(bvﬁ)
3 o 2nt
/;/H-/ N2ntr) | 5 A2 7

(4) For n= 5/ Eq. é)ueldf

3
o« = // 2(5)" } { sroltxsr]) y
(3+5)[3t26)] 2 £y

(1)

(2)

(4)
5

(6)

2(s)
(b) For n= ¢ '
& =108
(c) For n=7
&= voé
(d) For n=4¥&
o =105
@) Fr =9 (f) Farn /0
o= [.0% i —-/03
L-/39




5125

5.125 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 parabohc 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, a,, 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 uniform velocity distributions vpstream and downskeam of the

fan . 582 is applicable . Thus o for arw
/ p ”
2 2
Joss = Dnmlewt o Y Vs r 9085 S %0) T Waupr ()
2 net in
we obtam +he shaft Work Wopa £ Fron the given shatt pover, W ks ? with
Wopate net in f;‘- /6 net sy
Wopatt = mehsm fa o002¢ bp ) (=50 3 fha
nerin m 2.004 /ém lbrm
For v, and v ,6 we use é”g s, 71,,,,
V= m o M o (oo0% /é"’)(’““ 2.") - 153 %
2
" pA, 7o, | (zoza)(/a f/k)/;zz lom V7 (2.5 7 5'm)
# ‘ bl ad .)’/uj' ‘,‘

Phrut /’77‘ Dyt

and - . i 2
Vs = T = L v §m) e ) _ 0578

@Q”X /0_3-_‘%7)(32.2;7&5) 7}«_£/__/n.)2

Now from Eg.1 we aé/zzm

_o.0t5psi WIYY¥ 2 : 1.3 £ @57 £t 1
Joss = (- P57 ) -ﬁ ) + ( ] / xluy » /lm.
;z

(220 %00 slus \/32.2 1w T
? ff:’?j)( .r/n’») “9
or
Joss = 3% M. 16 +33 ff.lb
— by, lbm
(b) For  non- umbormm  velocity distribubions ypsheam and downsheam of the fam
£g.5.87 /s applicable . Thus . o for an
-2 -
Joss = L Tlat 2 Vi = YeutYur + 9C ?7'//21;‘) * Wief ¢
/a 2 /’e} I;‘)
or /
a 7l N\ T
loss = - 28./18 Ff-l6 4 [(2 2 (153 ) — 003)(?5‘7 £)](Iuy 7
len .
Shyg
4
” FE 16 +33 1.4
loss = 336 17 lom

= lm
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5.126
| 5126  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 counte
there is no mass, m, on the beam and no flow thrg
of the nozzle outlet. Record the barometer reading, H,, in inches of mercury and the air
temperature, 7, 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, 4, by the equation Q = 0.358 #'/2, where Q is in ft*/s and 4 is in inches
of water. Repeat the measurements for various masses on the plate.

r weight so that the beam is level when
ugh the nozzle. Measure the diameter, d,

Calculations:  For each flowrate, Q, calculate the weight, W = mg, needed to balance the

beam and use the continuity equation, Q = VA, to
exit. Use the momentum equation for this problem
relationship between velocity and weight.

Graph:  Plot the experimentally measured force

determine the velocity, V, at the nozzle
W = pV?4, to determine the theoretical

n the plate, W, as ordinates and air speed,

V, as abscissas.

tesults:  On the same graph, plot the theoretical force as a function of air speed.

Data: To proceed, print this page for reference wile:n you work the problem and cfick liere
to bring up an EXCEL page with the data for this problem.

Weight

Balance beam

Counter
weight

& FIGURE P5.126

N’

(aon't
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5.126

Solution for Problem 5.126: Force from a Jet of Air Deflected by a Flat Plate

(con't)

Ham, in.Hg T,degF Q=0.358 hi"0.5, with Q in cfs and h in inches of water

Q, ft*3/s
0.263
0.372
0.441
0.529
0.590
0.645
0.699
0.744
0.794
0.837
1.021
1.179
1.326

Experimental

V, fils m, slug

- 350 0.00069
49.5 0.00137
58.7 0.00206
70.3 0.00274
78.5 0.00343
85.8 0.00411
92.9 0.00480
98.9 0.00548

1056  0.00617
111.2  0.00685
135.7  0.01028
156.8  0.01370
176.3  0.01713

A=nd¥4 = n*(1.174/12 ft)"2/4 = 7.52E-3 tr2

d, in.

1.174 29.25
m, kg h, in.
0.010 0.54
0.020 1.08
0.030 1.52
0.040 218
0.050 2.72
0.060 3.25
0.070 3.81
0.080 4.32
0.090 4.92
0.100 5.46
0.150 8.13
0.200 10.85
0.250 13.72

Experimental: -
V = Q/A where
W =mg
- Theoretical:

W = pV2A where

P = Parn/RT with

Patm = Yrg*Hatm = 847 Ib/ftA3%(29.25/12
R = 1716 ft Ib/slug deg R
T =70+ 460 = 530 deg R

Thus, p = 0.00227 slug/ft’3

ft) = 2065 Ib/ftr2

(con’

6)

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
0.531

5-/4#2




5./26 |[(Con’t)
Problem 5.126
Weight, W, vs Velocity, V
0.6
L
0.5 /
/
0.4 7
2 / ¢ Experimental
= 0.3 / — Theoretical
0.2 /; ‘
g
0.0 al [
0 50 100 150 200
V, ft's
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5127 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, A, 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, T, 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, 7 That is, calculate p = y,, 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 = [ p (27r 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 here
to bring up an EXCEL page with the data for this problem.

B FIGURE PB.127

(Con't)
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Solution for Problem 5.127: Pressure Distribution on a Flat Plate due to the Deflection of an Air Jet

D, in.
8.0

r,in.
0.00
0.39
0.79
1.24
1.59
2.04
2.41
2.85
3.23
3.67

P = Yh2o™h

d,in.  Ham in.Hg T,degF Q. ftr3/s

1.174 29.25 77 1.41

h, in. p, Ib/fth2

6.62 34.42 0.2391 .
5.92 30.78 0.2138
3.04 15.81 0.1098
0.55 2.86 0.0199
0.19 0.99 0.0069
0.13 0.68 0.0047
0.09 0.47 0.0033
0.05 0.26 0.0018
0.03 0.16 0.0011
0.00 0.00 0.0000

P = Pamn/RT Where
Patm = Yrg*Ham = 847 Ib/ftA3*(29.25/12 ft) = 2065 Ib/ftr2

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 = 27[*0‘5*2110 9[(pri +pri+1)*(ri+1 - T;)]

Theory:

F = pV?A where

A = nd%4 = n%(1.174/12 ft)\2/4 = 0.007
V = Q/A = (1.41 ft*3/s)/(0.00752 ftr2) =

Thus,

Fin = 0.00224 slug/fth3*(188 ft/s)A2%(0.C

p, Ib/in.A2  p*r, Ibfin.

52 ft"2

188 fi/s

0.0000
0.0834
0.0867
0.0246
0.0109
0.0096
0.0078
0.0051
0.0035
0.0000

= 21*0.5*0.189 = 0.594 |

0752 ft"2) = 0.595 Ib

O oO~NOOOOTPA WN < -

Pri+pricq
0.0834
0.1701
0.1114
0.0355
0.0205
0.0174
0.0130
0.0086
0.0035

Fieq = T
0.39
0.40
0.45
0.35
0.45
0.37
0.44
0.38
0.44
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Problem 5.127

Pressure, p, vs Radial Location, r

(5 |
<
S 20 \\ | —— Experimental
2 15 \

10 \

5
0 , k‘f‘#‘*—ﬁ“ >t
0 1 2 3
r,in.
Problem 5.127
Pressure Times Distance, p*r,
Vs
Radial Location, r

0.10

0.08 /’/_\.\
£ 0.06 |
=2 / A —0— Experimentaﬂ
£ 0.04 / \

0.02

0.00 M — S
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5128  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, W,,,,, in the weigh tank during a measured amount of time,
1. 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, Q = W,,./(7?), 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 Vand 6.

Graph: For each vane, plot the experimentally determmed 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 click here
to bring up an EXCEL page with the data for this problem.

Balance spring

W FIGUHRE P5.128

(con't)

S-1%7




0.05
0.10
0.20
0.25
0.30
0.35
0.40

W =mg

Theoretical:
W = pV?A for 6 = 90 deg
and
W = 2pV?A for 6 = 180 deg

5‘/23 | (con’t)

d, in.

0.40

m, kg Wwater: lb

Data for 6 = 90 deg:

0.02 7.71
0.07 8.66
0.17 8.87
0.12 8.92
0.22 9.66

Data for 6 = 180 deg:

6.81
9.02
8.84
7.88
8.86
7.97
6.37

Q = Wiyater/(v*1)
V = Q/A where
A=nd%4 = 7*(0.40/12 ft)*2/4 = 0.000873 ftr2

Solution for Problem 5.128: Force from a Jet of

{, s

29.8
18.2
10.1
12.6
10.6

245
20.8
13.2
10.9
111
9.5
7.6

m, slug

0.001
0.004
0.011
0.008
0.015

AN O N

0.003
0.006
0.013
0.017
0.020
0.024
0.027

A OO0 A NO D

(Con't)

Experimental
W, b Q, ft"3/s
0.044 0.0041
0.154 0.0076
0.375 0.0141
0.265 0.0113
0.485 0.0146
0.110 0.0045
0.221 0.0069
0.441 0.0107
0.552 0.0116
0.662 0.0128
0.772 0.0134
0.883 0.0134

Water Deflected by a Vane

V, ft/s

47
8.7
16.1
13.0
16.7

5.1
8.0
12.3
13.3
14.7
154
16.4

Theoretical
W, Ib

0.038
0.129
0.440
0.286
0.474

0.088
0.215
0.512
0.597
0.727
0.803
0.802
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Problem 5.128
Weight, W, vs Velocity, V

1.0

0.9

0.8

¢ Experimental, 90 deg

0.7

®  Experimental, 180 deg

0.6

- Theoretical, 90 deg

— 05

-== Theoretical, 180 deg

04

0.3

0.2

0.1
0.0 -

V, ft/s

15

20
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5.129 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, H,,,, 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 = pV24, 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 cfick Jere
to bring up an EXCEL page with the data for this problem. '

Air speed .
indicator ) 90° elbow
Hinge

Pitot static
tube

Centrifugal fan | B FIGURE P5.129

(Con '¢)
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Solution for Problem 5.129: Force of a Flowing Fluid on a Pipe Elbow

d, in. Hatm, in. Hg T,deg F

8.0 29.07 73
Experiment |
V, ft/min F,Ib V, ft/s
Long Radius Elbow Data
0 0 0.0
1200 0.38 20.0
1420 0.51 23.7
1800 0.79 30.0
2160 1.05 36.0
2440 1.38 407
2700 1.65 45.0
2900 1.91 48.3
3100 2.19 51.7
3520 2.83 58.7
3750 3.12 62.5
3950 3.38 65.8
Mitered Elbow Data
1400 0.30 23.3
1780 0.55 . 297
2000 0.74 33.3
2300 .1.12 38.3
2630 1.44 43.8
2900 1.72 48.3
3150 2.06 52.5
3360 2.38 56.0
3550 2.62 59.2
3620 2.74 60.3

P = Pa/RT where

Theory
V, ft/s

5.0
10.0
15.0
20.0
250
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0

Fin, b

0.02
0.08
0.18
0.31
0.49
0.70
0.96
1.25
1.58
1.95
2.36
2.81
3.30

Patm = YHg “Ham = 847 Ib/ft*3*(29.07/12ft) = 2052 Ib/ft"2

R = 1716 ft Ib/slug deg R
T=73+460=533degR

Thus, p = 0.00224 slug/ftr3

A = nd"2/4 = n*(8/12)*2/4 = 0.349 ftr2

(con™t)
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Problem 5.129
Force, F, vs Velocity, V

4.0

3.5

25 / mTheoretical
2 50 | f ¢ Experimental: Long
w radius elbow
A Experimental: Mitered
1.5
elbow

1.0

/A/
0.5 / A
0.0

V, ft/s
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5.130 (See “New 1.6 gpf standards,” Section 5.1.2.)

toilet is flushed, the water depth, A, in the tank as a function of

When a t(s) - h (@in)

time, 4, is as given in the table. The size of the rectangular tank 0 5.70

is 19 in. by 7.5 in. (a) Determine the volume of water used per 0.5 5.33

flush, gpf. (b) Plot the flowrate for 0 < ¢t < 6 s. 1.0 4.80
2.0 3.45
3.0 2.40
4.0 1.50
5.0 0.75
6.0 0

@) Volvme of water per flush =

570, (14in.x7.5in.) = 812p.”
- 3f |qal _ -2
&1 2. (—3—31/-;;-5> —3,;224/. 3.52 GPF

by Q = d (volume jn tfank) = ,47%”/( %LJ where fg‘ is obtajped by

dt
nvmerical a//ff&/‘@ﬂf/’df/ﬂ/j

of the h vst data shown below,

The resul fing 8 vst MJVZ ts are also shown below.

RN
~

2 \
1 \
0 : : . . . ~e
00 10 20 30 40 50 60
s
0
-50\
-100
—
Q, in.A3ls \ 7
-150 7
N /
N
200
250
0 1 2 3 4 5 6
ts
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§.131 (See “Where the plume goes,” Section 5.2.2.) Air flows
into the jet engine shown in Fig. P5.131 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 pres- ‘
sures are atmospheric and that the mass flowrate of fuel is neg- "
ligible compared to the air flowrate through the engine. ¥, = 300 ft)s

V3 = 900 fUs

300
(2)
V, = 900 ft/s
BFIGURE P5.131

Va
| ()
The momentvm egation (x-component) Vi s
[uoV-AdR =55 forthe control volime + 7L L F
thown can be wn#éﬂ aq$ | ,
« 30@4,
V o VA, +(-Vhcos3F)p Vo A, £7f2 =f;=0 f )
+(~V;oas30')(o‘é/73 =-K ’
or
eV A, HohA) Vo coess (oA Yowssr 2
But from conservation of mass
CVA =QV A +eY% Ay = ni = Tslvgs /s

Also, Vo=Vs so that Eg. (1) becomes
Fo= m(V +hcas30') = 252 (300 8 + 900 coc30 )
= 77/0:./_‘%;ﬁ =q/70 b

Mote direction of F; on engine and engine on airplane.

)

‘@f& 005-;—:

%

on engine on a/'/j,a/dﬁo

5-/57




L.132

5.132 (See “Motorized surfboard,” Section 5.2.2.) The thrust
to propel the powered surfboard shown in Fig, P5.132 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 1b. Neglect the momen-
tum of the water entering the pump.

BFIGURE P5.132

The x-component of the mammfwn Ve n kK 5‘7"1
equation, (upVhdh=ZFs, for P a5 L

the control Va/:/me shown Is
(-Vicos®) p (VA + (- ) p U A, = —
or
Fe= phh-pV H cas6 = ViAe Jf the momentvm of the enfering

water 1s neglected.

Thus,

300 |b =(1.94 ‘ﬁ”’-)V (% (2ZH)
or

Vo= 6.2 &

and

Q=A< Z(2250) (612 8) = 2.52 &

5-/3%
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5.133 (See “Bow thrusters,” Section 5.2.2) The bow thruster
on the boat shown in Fig. P5.133 is used to tyrn 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 momen-
tum of the water entering the thryster is negligible.

MFIGURE P5.133

F
The y-component of the momenism eqvation " T—){‘z",
SwroVAdN =58, for the control volome |,
“Shown /s, | /‘L’ =<
“f)nfp\?'ﬂ 48 +V,pV, e = F,

If the momentum of the enfering water is negligible the egvation becomes
F o=@V A, =999.% (102)*(Z (Im) = 78500 ka2 = 75,5 ki

4
:Z

5-/56
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5.134 (See “Tailless helicopters,” Section 5.2.4.) Exh
~ from a tailless helicopter turbojet engine flows through t
1-fi-diameter rotor blade nozzles shown in Fig, P5.134

aust gas
he three
at a rate

of 500 ft*/s. Determine the angular velocity of the rotor if the

torque on the rotor is negligible.

As discussed in Example 5./

= 25—
LA D=1%"

(]

WMFIGURE PS.134

) the forgue on the rofor /s given by
re W isthe velocity of the 6)(/}’/'”7

() EIMH = */‘(W” r‘w)n:;, whe
flvid relative fo the moving exit. Thos, with T, =0 Eg.0) gives
Werw, where
:’% — 500’?‘ 2 /- ff
2[Z (19 ] 23
Thus, from Eg.(%)
_W_ 2. ﬁt lrev \ _ rev/60sy _
W= rEow " 3"/7‘%‘4’ araal =135 ‘E‘(W) = 8/'/"/”’:”_

S-/37
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5.135 (See “Curtain of air,” Section 5.3.3.) The fan shown in
Fig. P5.135 produces an air curtain to separate a loadmg dock
from a cold storage room. The air curtain is a jet of air 10 ft
wide, 0.5 ft thick moving with speed V = 30 ft/s. The loss as-
sociated with this flow is loss = K,V?/2, where K, = 5. How
much power must the fan supply to the air to produce this flow?

L— Air curtain
(0.5-ft thickness)

«—Qpen door

1%—+z + 5L V' +hs=h, = %—+z;+g)

W/)é"“e ~ Joss Ve

,ft'ﬂ,_*'OJ Z)% 2, l/,o-al and /7/_'4 - = .5'.5_;&-

Thl/s g2

ho=h +Ve = Ve = 3W*_ 3308 g3,y

3 ”f+1f 7 (32.2 )
Hence, |
W =¥Qh, = Pf/) Vo h, ~(0 oozss—;{—”ff)(zz zﬂ)(mf{)(osg(3oﬁ)(é’3 )

=96y ftLl
=175 hp

()
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5.136 (See “Smart shocks,” Section 5.3.3.) A 200-1b force ap-
plied to the end of the piston of the shock absorber shown in Fig.
P5.136 causes the two ends of the shock absorber to move toward
each other with a speed of 5 ft/s. Determine the head loss associ-
ated 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 <y linder BFIGURE P5.136
Py~ pu e = 2000h

or WI')% %*’-‘01 —_szzq
4= 200lb/A, =200lb/(E(=H)) *
1 =3, 67“&1{% = 25535! ﬂ{"

From the energy equation, C
2 L2 fJZ.ODl[)
s _ = {2 A
% tZ, +"2f:}" h f;» +Zu t55 , whers )
2=2, U=0 V =S8 £ =255ps, and g, =0 Assume §=507s.
7771)5

b $\2
b - ,% . Vo 3.67x/0¢‘£?—1 + f/fﬁlﬁ_j = 734 ff +o,395’f{=73¢ff
) = 29 (50 #g) 23228 —

5-/59




