AT

5.1 A hydrautic jump (see Video Vi&.1j) is in place downstream
from a spillway as indicated in Fig, P5.41, Upstream of the jump,
thedap:hothes&eamisﬁ.ﬁﬁandtheamage stream velocity is
18 ft/s. Just downstream of the jump, the average stream velocity is
 341t/s. Calculate the depth of the stream, A, Jjust downstream of
* the jump, A

MFIGURE PS.Y

b sn‘eady .f;c;mﬂms.sfé!;mb;& éefwccn sections (1)and(2)

Qd‘ = QZ
Or# 1N
\/?A! = V.;.AZ.
Thus
-\;:h; » -\-/;.h?_
- And
h, = Vi h, - (1BE)(06H) _ 2,/8 F+
v (el = o ¥ P

57



5.14 At cruise conditions, air flows into a jet engine at a steady
Tate of 65 Ibm/s. Fuel enters the engine at a steady rate of 0.60 Ibm/s.
The average velocity of the exhaust gases is 1500 f1/s relative to the
engine, If the engine exhanst effective cross-sectional area is
3.5 ft?, estimate the deasity of the exhanst gases in Ibm/c.

e - —m

hor steady Flow '  volume

n, = M+ m,

€A3lé= mf+m2

. /. o 60 /b
Tﬁﬁ - Mt My €5 &= 7 &
P Ay o5 #°) (1500 €0 )
_ : Lo '
/03 = 00/.’25 ;E;i
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5.18.

518 Awmr_}etpmp(m Fig. P5.18) involves a jet cross-sectional
area of 0.01 m?, and a jet velocity of 30 m/s. The jet is surrounded by
entrained water. The total cross-sectional area associated with the
jet and entrained streams iz 0.075 m These two fluid streams leave
the pump thorcughly mixed with an average velocity of 6 m/s
through a cross-sectional area of 0.075 m? Determine the pumping
rate (i.e., the entrained finid flowrate) involved in liters/s.

e Ty

BFIGURE PB.ISB

For steady incompressible How -H:ragh the  control Volume

Q,+a,=Q,
or

‘-/IA;'*QZ.' ¥ —\73 A3
Thus

Q, = ViAs - VA, =[@5 m)(0.075 »') - (30 %>(a o1l m?](dfjog_ﬂ

= 150 liters
Q, E |
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5.20

e

5120 Two rivers merge to form a larger river as shown in

Fig. P5.2.0. At a location downstream from the junction (before the

twao streams completely merge), the nonuniform velocity profile is-
_ as shown and the depth is 6 fi. Determine the value of V.

BFIGURE PS5.2¢

Use the. conbal volume shovn  withw broken /}’n&’
i the skefeh above. We nofe thgt M=F9V anol

fom  the comservahor, of mass princple we

get
m: Ty = -rn3': ma..&"]/ r Mv
Thus o
PAV t pA Y, = ﬁAo'gf-fv +p AV
cnd

V= AV TAL (ama)6E) +eonBRHE)
AR A, (Rt st o.8)t (wf) )
SV

V = 32-63

—
—_—

ln]"h
-+~

/7 bi



3.19

relative to the airplane. What suction pressure is

3.19  When an airplane is flying 200 mph at p p
5000-ft altitude in a standard atmosphere, the air developed on the wing at that point? \\."hat ls.[he
velocity at a certain point on the wing is 273 mph pressure at the leading edge (a stagnation point)
of the wing?
(@) s 2oV 4z =constant ¢3) Vo=273mph
PR 7
10} iy
o 2~ -3
V,=200mph p =2.048x/0 %"g

Thes, with 2,23, =2,
Prtzehi=p, 44017 , bt p,=0 so that

A= fp[bjz_ %] Wé:/‘e A =zaam,aé(__:%§_b) = z?.?-?-
i If= 273!3};&( 88? _) = 4‘00:5.“

ar / O
- 738 -
5= % (2.08x/ .?%5)[293 400" | =
| 2D F?—* (gage)
(b) Also,

= 4 (2.05x/5° %‘-’%’) (2938)*= g5.0 -}i’% (gage)

2
A=Y
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2.21

3.21  Aloon is a diving bird equally at home
“flying” in the air or water. What swimming ve-
locity under water will produce a dynamic pres-
sure equal to that when it flies in the air at
40 mph?

2.

i_ﬁar}" lé; =7 7 V-‘:fza or [{59 :[_e{t

7h
o 3gx10°° Llugs

Oro

]

¥
‘t/tf}‘

Voo “W‘ (40mph) = /. 4omph

i
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3,23

3.23 A person holds her hand out of an open
car window while the car drives through still air
at 65 mph. Under standard atmospheric condi-
tions, what is the maximum pressure on her hand?
What would be the maximum pressure if the “car"
were an Indy 500 racer traveling 220 mph?

.ﬁL.f..l’La.pz = -&—"g-ﬁz with 2 =z
rzg T & 23 "2 K,é,,,,;;(sa'#)-_-qs.séi

comp
Thys, #=0,V=0
ﬁ_=3_% l{"; #+ FK" or g =%(2.38x5° %,-’%)(9&3%)2: /0.8 '—g-’;
_——
- sofly _ '
If | = 220»:;4(?@%) = 32.3:?‘- , then
Fo =% (23825 S8 3,4 &) /.24’-,(%

3-/9



3.36

336 Water flows from a pressurized tank, through a 6-in.-diameter
pipe, exits from a 2-in.-diameter nozzle, and rises 20 ft above the
nozzle as shown in Fig, P3,3:6, Determine the pressure in the tank if
the flow is steady, frictionless, and incompressible.

vz' _ Va
P +Z, = %+$+ZZJ

¥ 3“? BEFIGURE P3.35
where Vi=0,V, =0, 2, =21f, %, 222t gpd fee0

Thys,

—%' =z a2

or

P = 6(22-2) =(62.4 fﬁ;)(zz{{—z ) = [24¢ %}z
WNote: The diameter of the pipe or nozzle ape mof needed.
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[3.%0 ]

3.#0  For the pipe enlargement
pressures at sections (1) and (2) are

or

%=/ 2-9(}’2 ﬁ
¥Cr-(2))

or

V=214% 44 0=y

Thus,

Ie = 4‘2:

5 (0.490 £)

shown in Fig, P].im the '

-5
1-1;-.@.&

= 20.

AR Y i
R e, !ffl.‘lllllf{l{lll{l’ff{ e
56.3 and 58.2 psi 208 Ino0 st Gasoline 122223, 71 n.

tively. Determine /fruN{/ﬂﬂﬂrﬂenruu -
ﬂlﬁ \mghr Aow rate (Ib/s} of in R DA et roiLsesey: ,nuunn';::z,;,, e
the pipe. the ﬂmllﬂc m v v

FIGURE P3.40
where 2,2, and AY =AY,

orlég(_%)zw

2(s228) (5824,

5‘2: (I

ﬁ‘) (21.98)

s -6 ) wel)]
== y) ]

= o490 &

s

Ib

-—-
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3.45%

w

3.45 Water (assumed inviscid and incompressible) flows steadily
in the vertical variable-area pipe shown in Fig. P3.¢5. Determine
the flowrate if the pressure in each of the gages reads 50 kPa..

From {he Bernovll; e:;{/m!f'arz;
£+ E0VTHEE = g+ 10z,
where f,<f, <50kFa

Thys,

Fe (VL -V?) =¢(2-2.)

Alse, AV, 2R\, or

B FIGURE P3.4s

V ﬂzv (?D&) (Dl)zyé:(—f—;?)‘é:v’—:%‘

Hence, Eq.() becames

EP[V;--'M A J = 0g(2,-2.)

or

'5'55"/; =2g(%-22) =2(4 815")(jom)
or

L =/4,52

Ths,

Q =AV, = BmP (152) = 1 o

39 be
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3.5

3.5)  Water flows through the pipe contrac- 3
tion shown in Fig. P3.5l, For the given 0.2-m h
difference in the manometer level, determine the ha

flowrate as a function of the diameter of the small
pipe, D,

FIGURE P3.5)
.f_-i- 29 +z, .ﬁ_ 2 25 +z,; with AV,"FA;%;)
9"'0‘2 2
Thos, with 2=z, or b= (.:z- 2.2 h = (%) ’
b-fr _ ui-vr [ -0y
-8 T 2 zg
but
p=8h and fo= 0hy so That L P =8 -hy) =0.2¢
Thes, - 1y -
r L% _ 0.2 (23
Q,%_ - = or Y = [(%,_,)4_ f]

6?~A = Z ([0 (= 50)
‘ 1/[(0 -]

or
_ .0.0/56 D*

s LERERD . iben D
¢ Vo -p* S

344



3.58

(), Closed end
3.58 Water is siphoned from the tank shown in Fig. P3.58.The 1 (0)
water barometer indicates a reading of 30.2 ft. Determine the
maximum value of h allowed without cavitation occurring. Note 3in.
that the pressure of the vapor in the closed end of the barometer i diameter
equals the vapor pressure. 302

J—-|—"!——5~in. dlametar
BEFIGURE P3.58

3

B4 My e =0,y =0
2_? 4 ¥ 2‘3 2 W}’SI'G ﬂ( '0.’ W = 4 ﬁ'fmm

Thos, 250y By d il
Vz
0 = _%ﬂ +—2;'—. +6ff
but g +30.24 *f or since £, fyapor ﬁ}ﬁ‘i‘ = -30.2 ff
/5"31)06;

-

0=-302ff + -5_%‘;45# or F;& =242ff op Lf.—.P(sz.zg)(mzﬁq

Thos, .
Y= 308t

; ﬂz e 3ip.\2

Shee WA =hdr,  Ko=ghs R GEE) oo

p

V, = 4.2 éﬁ
However,

Zz /2 :

-4;.—+-5lg—+2;=-§?-+—;§-+23 or l./?,: 255
Tﬁm,

1428 = 2622800 B op f =53

3-52 .




3.61

2-in.-diameter
hose
3.61  Water is siphoned from the tank shown . G e
in Fig. P3.61. Determine the flowrate from the .
tank and the pressures at points (1), (2), and (3) IR
if viscous effects are negligible (8

FIGURE P3.4)

%—4%4'2 ﬁ-l-u

23 Ftag *2 fori=y. 0
For ¢<5 amd 7%=0, V=0, .20 M becomes
2, = 'a? FE Or Y =yeg(z,-2.) = o622 ) (3 1)

T, =/3.9 %
Q= A, iy = F(A 1) (15.9) = 0.309 i
From Eq.(1) with i<l apnd V=0, p= a"(zo 2',
=624 33) (1) f‘s’?
From Eg ) with z='2

'—F'-l- V +Z,
WfJers /9 P;_ /4;— v

a a
Since A, =As it follows that U, =l op ',:]% ='§§ =Z,-Zg
Thus,

2 Ve
or = Zg -2,
=8(Z5-2,) 2.4 b LS H) =324

i3
Fr'om E? () Wﬂ% 5—3 20-ﬁ+ l;"
Wherﬂ /43 /4 V Vﬂ-
Since A, =/95 it fo//ows that V=V, or I

Thus i
J
% 2 -——- = 20“2_3 ﬁ -2' 2.3 (30 ZS)
= 25 Z_,
Btz -2 (629 3) (~3f1) = - 787 L

3-§5




3,62

3.62 Redo Problem 3. 61if a I-in.-diameter 2-in.~diameter
nozzle is placed at the end of the tube. bk

Bfon-gifn s

For ‘=5 apd 7%=0, k=0, ;05 =0 ?%ﬁ becompes
Z, = _2\?(;' ar % /29(2,, .Efg) = /2(32.2%) (34)
= /3.‘?ﬁ
7hys, g 3
Q=As e =F (k) (13.92) = 0.0755 f$*
From Eq (1) with =/ and V=0 2= 0(2,-%)
=(62-# 2 )(644) = 477 5,

2

From Ey (1) with :=2 Z, = %*3‘% + 2,
where /‘?2}4_ As V

Since A, = (2 D‘) A = (% z)j‘ls =4As it fo//am that
V=% or -21? =2-?('4{‘V) ;3"—25- 75 (7,-2Z)

Thus, ¢ .
% = Zp-Zy -'iz‘;: =, Z, "?5'(30“25)=8ﬂ-%(3ﬁ)
of =78/
A=(62.42.) (781 = 455 ?{g

From Eg(/) with ¢'= 3 --‘gl-t 29 42_3

where A Vo =A Ve VA
or since fly=Ay then Vo =l and ; —£'=,7‘(Zo“%3

Thus,

lé:z
43- = 29-2_9--2-3- =Za—33“7£'(20"25J= ‘—‘—""(3{-;)-— —;‘:—f,{
or

A= (6244~ 7= 1.7 46

J-$6



3. 67

3.67  Oil of specific gravity 0.83 flows in the
pipe shown in Fig. P3,67, If viscous effects are
neglected, what is the flowratc?

FIGURE P3.67

2 v
LAC AR AR

Thus,

but,
f?{ =ﬁ 1"3‘! '—_f’( ""fyi
and
L= 8Uth) =8 h +p,
Thus,
£~ = (-0
Combine Egs. (1) and (2) {o obtajn

(2)
e oo E58) - Yoy (B ettty il
o];z =2./0 -_g

Thes, 5 o
Q@ =AY, =F () (z.002) = 0,193 £E
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3

. 69

3.69  Determine the flowrate through the pipe
in Fig. P3.64.

%--p;lg +E = —?x +-—2z;:+zz where z,=;:G::: Plj;:o

Thus,

ﬁ-l-jc-% or l{= 24 ( '}-'

but, |

L=TL=Lh +8(L2h) <f or fo-p, = (F-d )}

so that
lefzg(f——?’)h = {z(m%)(l ;‘,’ﬁﬂa 5'")]
= 2.20._*;3’_

Thus,

Q=4 =F (0.0am)"(2.202) = 0,011 %’3

—_—
—_—
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3.70

2 m @ 0,0L-rn
’ T diameter
: ¥ P, 005m
3.7D0  The specific gravity of the manometer fluid shown in !
Fig. P3.70is 1.07.

Determine the volume flowrate, ©, if the
flow is inviseid an

d incompressible and the flowing fiuid is
(a) water, (b) gasol

; : i f
Ine, or (c) air at standard conditions,

10 mm f&‘_"m=h
%
FIGURE P3.70
2 z
Thus,
Vi =y2g e -£) . ()
But

L3 +8,h = g, +¥(04h)
o;az—ﬁ =(m-0)h so that £q (1) becomes

= 2g Ca=B2)" . 1/2 (161%) (L2020 3y
Thus, | i .
Q=AY = Z0*V, = Zo.oany 2 (s.8/)(FFEE | )o02)

or

- e 3
Q=399x/07 ’%.W I whers J'fv%,g

For the given fluids #his gives:
Foid | 8,45 | ¢, 2

@ water | 980 /.06 X)o>
(B gasoline | 6,47 3.02 x /073
© qir /2x0°3 0.//8




3,86

3.86 Theventon the tank shown in Fig. P3.9¢
is closed and the tank pressurized to increase the
flowrate. What pressure. p,, is needed to produce
twice the flowrate of that when the vent is open?

FIGURE P3.
WH‘Z fﬁe V&gr’ open : P3.8¢

] .
z;.L +;:% tZ = ‘é‘ ; “32 where P “# =0, =0 2,20
Thus, i
z =_sz or Vo= Tgz =262 l)nm) =254 &

7o have a’wb/e the flowrate with the vent clased (g #0)*
ﬂ +2Z = -;'- whers for this case V= 2(25.4‘#) < so.¢ £
Thus,

H
/ (sa.a b
(—ﬁz + /011 = 2l 2 )

f /875;& = /3.0 ps¥

3-80




3.87

3.87 Water is siphoned from the tank shown in Fig. P3,87 De-
termine the flowrate from the tank and the pressures at points,
(1), (2), and (3) if viscous effects are negligible.

BFIGURE P3.B7

From fhe Bernoylli equation,

poa"zif V,2'+ J”Zo '—'logfzipvyz-}-tr.zg; Wﬁﬂi‘e /’a’ﬂg‘o, %:0} 2'0:.'5)('3:
Thus and 2 =0
A’a;z—’p%& o Vuz)2¥2 /p =)29% < 232284 )(5#) = 17.94 2

Hence, )
Q= AV = F ot 1294 £) = o, 14415

Forf: po2pV* bz, = py +40U2 2, which with f,=0, 2,207 b4
and V=V (since A, =As) becomes
£ = - 82 = - (625 1/8) (8H) = - 4995

For ﬂ_; o /93 *%9%34 ¢'Z; = y2 *fp‘/;f + d‘ZyJ which W%/y =0, Zi*’:qu‘fﬁl
and Vo=V (since Ay=Ay) becomes
Py == VB = - (62.41/8°) (5H) = = 3/2 Ib/H*

Forf ¢ Since Z,=Z3 and Vo=V if follows that
Flﬁﬂ.a =~-3/2 /b/]nlz
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3.113 |

the flowrate?

3.H3 Water flows in a rectangular channel that is 2.0 m wide as

shown in Fig. P3.113.The upstream depth is 70 mm. The water
surface rises 40 mm as it p

nel bottom rises 10 mm.

45528 over a portion where the chan-
If viscous effects are negligible, what is

FIGURE P3.113

ﬁ+:zyL +2 =-?+-2‘%‘+22 where £=9, po=0, 2,=0.07m, )
? and 2, =(0.01 +0.10)m = 0.1/ m

Also, Axl’.!"/qz]é

or

Vo= 5V = Sy, = 07y

Thus, Eg.(1) becomes

[1-07*]Vi*<2(9.81%)(0.1~0.07)m or V=r242
Hence,

3
Q"ﬂ,V; =(0.07m)(2.0m) (!.26‘%"-): 0. ] 74 .3.’”-

3-l0g



3,015 ]

3145 A Venturi meter with a minimum diameter of 3in.isto be
used to measure the flowrate of water through a 4-in.-diameter
pipe. Determine the pressure difference indicated by the pressure

£age attached to the flow meter if the flowrate is 0.5 £t¥s and vis- Vi T

cous effects are negligible. — &y Water

n

%

) D, =3in.
D, =44p.

=4 L2 -p) =0,5 =/ 94
? ﬁlV@[J—mz/xz,H o Wies QUL gnd it

Thus, since Ay My = (0 /0,

# _r/3 zj 2 (0, f2)
0.5% =Z(3# =
L P S 1 - (3in. /)]

or

A
£ e = 68.8 3 < 0.8(ME) S _ go.0 18

—

sy
fi2

<% be

3-l0




3.46 I

in Fig. P3.1\6if ideal conditions exist.

so that

3.t 14 Determine the flowrate through the Venturi meter shown

.ﬁi- —‘% +Z) = -‘%
Thus,

%_,_ ‘D‘)I/z -2k

P, F2) z (735 -550)kPa '
= .74
lé 3 . 2(98/5%) (74 2 J =2.52
]—(Df.) /?:m

0'-‘/42‘/:. =%Dzz\’;.

= 735 k0a(\)
n (%) e, = 550 ks

g
v = 9.1 kN/m?
FIGURE P3.116
i\
25 +Z, where 7, =2, and AV, =Al,
or

V=% -(2)

2
A,

3

3!mm

I 3
=Z(0.0nm)*(21.52) = 6./0%/073 2=

3~




