3.0%

3.1 Water flows from the faucet on the first floor of the
building shown in Fig. P3.1# with a maximum velocity of 20 '
fifs. For steady inviscid flow, determine the maximum water
velocity from the basement faucer and from the faucet on the
second floor (assume each fAoor is 12 1 wall).

B FIGURE F'3 1%

2+ 3]_"—2'}3 = constant

& =g
Tﬁ:;s_, %ﬁh}-w.tz, £~+ +22 wilh g, =p, =0 (free jef)
(20f1)* yz 4 =206l 2yt
s/ = (- 8
2(228) i 2(32.2£%) o) e
or |y = 35«52_?.‘.

and y*
%.;__J_ "LZJ = _4.4- L:; +2, wnfé/?,*f, =0 G"Pﬁﬂuef)
and V goﬂ . 2,,-—4”‘?‘(

ol
(20 £)2 7 2, =/6ff
YRR 5y + ¥ 1t YRy i 16 # 3

=Vza 2 _2(32.2)(12) = ]f _373 Impossible) Mo {/ow

from second fjor favcst.
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3.6 |

316 A 100 fUs jet of air flows past a ball as shown in
Video V3.1 and Fig. P3.16. When the ball is not centered {
in the jet, the alr velocity is greater on the side of the ball

near the jet center (point (1)) than it is on the other side of Vym 110 s 14
the ball [point (2)]. Determine the pressure difference,
Pz — Py, across the ball if V| = 140 ft/s and V; = 110 fi/s.
Neglect gravity and viscous effects,

1
¥, = 140 ftis

V=100 Itis

The Bernoulli equation from &k
point (3) 1o (2) and (4) fo (1) with ® FIGURE P3.16
gravily neglected gives

prtieWs = pat oW and perdoW =g o tol?

But Pa=pu=0 and V=V,

Thus, even though points (1) and (2) are not on fhe same streamlins,
pripVt= p+tolt
or

2 p = Eolh- 1)

i

F (000230 514 ][{wo 27~ (10 2]

8.93 25 = 393 db

I

3-/32




3,25

| 328 Water flows steadily downward through the pipe
shown in Fig. P3.25. Viscous effects are negligible, and the pres-
sure gage indicates the pressure is zero at peint (1), Determine
the flowrate and the pressure at point (2).

-%-I'flr-f--g = %'}Zgiﬂg

where Z,=31f 2,50 ﬁ=ﬁrﬂ

Md’
Flo HJ
TK‘ (I{o T fo.12H) aﬁé“é
Tﬁm

(o.ﬁﬂ“vg W ’
2(32.24i/s*) i “aafisy or V=/93 £
so that ) "

Q, = AV =Zlo.1# (9.3 8) = 0152 ¢

Also, ,
W A
fFu”; “%42}453

where p,=0 and since A= Ax if follows that Vz=¥
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3.27 |

327 Air is drawn into a wind tunnel used for testing auto-
mobiles as shown in Fig. P3.27. (a) Determine the manometer
reading, k, when the velocity in the test section is 60 mph. Note
that there is a 1-in. column of oil on the water in the manome-
ter. (b) Determine the difference between the stagnation pres-
surc on the front of the automobile and the pressure in the test
section.

Wind tunnal

o

€y ey EOmph 2
-

’f-ﬂv

B FIGURE P3.27

(a) «%’-*z; -%w 12,

where
Z,=Zy , p=0, and =0
?:6"3' uf;-fé V Sﬁﬂﬁﬂj:’&f#l

G-k

Po= - £ P =4 (0.0023832) (88 7= 922 b,
But fz 4;,_::‘;7‘ ,ﬁ(ﬁﬁj*‘:{? Wﬁ'@re J‘;-Q?J}f-tﬁ??{éz f-r‘_"

Thus, = 54,2 ?f

—?zz 2 +érs b (h ) - s;zﬁ,(m# =0, or h=0.223

(b) ﬁ+zz+.—$ %4;{,

wﬁem
2,52 and L{;FG’
Thus,
‘%“4 #’« or

ﬂ?"ﬁl = E'le": '%{0.09}'-33 ”%%%5}(3&'%{)1 = ¢ p_z#bi
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3.30

3.30  Water flows through the pipe contrac-
tion shown in Fig. P3.30. For the given 0.2-m
difference in manometer level, determine the flow-
rate as a function of the diameter of the small
pipc, D.

FIGURE P3.30

2 T .
_%-}-—:é—- + 2, =‘%+T‘; + 2 or Wp’?% Z, =23 -’-35"{ 1’;#6"

Vi =2g (O

bv{ﬁ =dh and p,= Yhe so that p-fo=8lh-he)=0.28
Thus,

V.=y27 i';'—": =Yzg0.2)
aor

3
Q=A,V, = Bb*v, = 0" 2(¢8)(0.2) = /.56 D* = when D~m
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3.3q

3.39 Water is siphoned from the tank shown in Fig. P3.39. The m (0)
water barometer indicates a reading of 30.2 ft. Determine the
maximum value of & allowed without cavitation occurring. Note
that the pressure of the vapor in the closed end of the barometer
equals the vapor pressure.

BFIGURE P3.38

v -
%+E§+z', ifi'+ 24 +£; where ,cg,-—'r’,kf"",ﬁ’fw
Thus, 2,0, 2,=61

but ﬁ +30. zH Y=f or since £~ Prapor ﬁfﬁ.‘l" =-30.2 ff
f?ﬁ.ﬁcﬂ?

2
0=-3e2ff + E‘; +6H  or % = 242 op !zf:[z(ﬂﬂﬁ)fzf.z@
Thvs,

l/i: 3?115'&&
=N - 2
Since Vs =ohy, o =gl By =(FR) ens
or
1,:"3 = /4.2 é‘f_
Howsver,
.ﬂ+——+z,.--%++l%+za or pg;‘i,gﬂ},
T,&mJ

28 262250 h# or h =303
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3.45

345 Water flows through a converging—diverging nozzle as
shown in Fig. P3.45. Determine (a) the volumetric flowrate,
through the nozzle and (b) the height, A, of the water in the Pitot
wibe inserted into the free jet. Viscous effects are negligible,

h:_"_‘_-..-:
=

3)

BRFIGURE P3.45

(@ From the Bernoulli equation,
ptipVi bz = prdoViH¥z, | where 2,22, and p, =0

f”sa} Fr= fo” J;ghg’ - a;rm hﬁﬂ ) where ﬂ, =0 so that
pi = 138 (824Ib/H) (77 1) - 62.416/H° (5 1) = - 167 Ib/1?
In ﬂddﬂf.ﬂﬂf /?;M '_"Ag V;_ or H = (%)1L€ :(%’JZVZ - J“-,Ilé
Hence, Eq. (1) becomes
167 b/ 44 (1945 logs 1) (4 )" = 4 (19%5lps/64°) Vy*

or
Vo =3.39fl/s s ,
This, Q=AY =F (5 ) (339 4fs) = 0.0739 f %

(1)

(6) From the Bernpovll; equation
f’; ¥ iplyiﬂ'!'(rz,_ = Fa 4-.%?%2 +¢r§.’3 , Wbefﬂ pl-_'OJ zl':o, llé '-‘f,: aﬂd ?jza

Thus,
teVi' = py , where gy =h so that
7 (1.9%slws /1) (3.39 fi/s) =(62.418/H°) b

or
h=0.179 1 =2./4
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3.55 sl fr—{yap

355 Air flows steadily through a converging—diverging p— e )
re/‘ctangular channel of constant width as shown in Fig. P3.55 e | oo comess T !
and Video V3.6, The height of the channel at the exit and the g v
exit velocity are H, and V), respectively. The channel istobe  — ™ i
shaped so that the distance, d, that water is drawn up into tubes P
attached to static pressure taps along the channel wall is lin-
ear with distance along the channel. That is, d = (d /L) x,
where L is the channel length and d,,, is the maximum water
depth (at the minimum channel height; x = L). Determine the
height, H(x), as a function of x and the other important para-
meters,

s FIGURE P3.55%

P2 FoV = gaz, b +dol* where p =air density

thz, foz=0, p="0hod = -, dwx
Thus,

i g 401 <o

Byt

A=Ay, or V=20V, = 2oy, oo tht
z
- .m gf’lx +1LP(%W) 122

Iﬁ za’mvd' Typical shapes are shown below:
eV T

| 2 xﬁ'za e
pVo*

HIH,




3.68 |

A68 JP-4 fuel (SG = 0.77) flows through the Venturi meter
shown in Fig. P1.68 with a velocity of 15 ft/s in the 6-in. pipe. If
viscous effects are negligible, determine the elevation, A, of the
fuel in the open tube connected to the throat of the Venturi meter.

EmFIGURE P3.68

2 z
Vg +2, _ﬁ ;'; 2, where z,canzs%ﬁ, ()
msa AV = Al and V= 1o #H4
= /A2 Va
V %l«i— iﬂ)psff}—sg.?sf}

Thus, with f;,— 5 f-’f Eg (1) becomes
(33.75 £1)* 15 £1)*
.% + = £ft +

2(32.21151) 2(3228) T 12 ft
or

% = =753 ‘F?(
But éf—rﬁ S0 ‘J‘hml h=753fi




[3.20 ]

320 Pop (with the same properties as water) flows from a
4-in. diameter pop container that contains three holes as shown in
Fig- P3.20 (SEP.. Video 3-5}. The diameter of each fluid stream is s{.'r Fd ce Suﬂar_g ati=0 “

0.15 in., and the distance between holes is 2 in. If viscous effects

are negligible and quasi-steady conditions are assumed, determine at > I 0.15 in.
the time at which the pop stops draining from the top hole, h _T
Assume the pop surface is 2 in. above the top hole when 1 = (. »l'-l'; g |
Compare your results with the time you measure from the video, |
(3)Y
Q=0 +Qu+Q; = -A % dh = FIGURE P3.20
I
where @ = VoA = V2gh; A; and A, =A, =4, I(““ )
(¢=4,23) - L227x 10’
-3
Thos, Ay = F(H)'= 0.0873 1
V25 A +Th, +1%, ] =-4, ﬁﬁ where h=h, h, =h+L h,=h+2L
Hﬁﬂce and L=2in,

dh hore L is B oo 77
f (T ) hors bis e dime

(14, /Ar)_(df -

f
» , . (1 :?;aé the ypper hole
-7 y,—g 7 ot D).
0.0873 fi*
{f 227216 “ f{* ){z)(32.2 W:‘)]’Ef(r qu “VF*_E—J

Thus,

dh 2
= 88.7 =5z 11 =0./667
/é £(E4W+MJ W}?ENL _.rz'H 0./46 Iq
Note: With L inteet, this equation gives t i seconds

(con't)
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3,20 }f‘cm"{)
The nvmerical valve of the infegral is obtajned by using The

rapezoidal rule since the closed form analytical solution
/s not qgiven in :}n'egrnf tables. The EXCEL gprma',r};e# vised
for this is gfhffn below. j

£ =887 (fth)dh where fih)= et

o

- 33,7[%§(£.+;‘.+‘)(;,£.H- h)| (o7 &)[ozolfi -

h, in. h, i ), V™ ()% + ) (g - B, /2

i
0.0 0.0000 1.015 0.00804 1
0.1 0.0083 0914 0.00743 2
0.2 0.0167 0.870 0.00711 3
0.3 0.0250 0.837 0.00686 4
04 0.0333 0.810 0.00665 5
05 0.0417 0.786 0.00646 6
0.6 0.0500 0.764 0.00629 T
0.7 0.0583 0.745 0.00614 ]
0.8 0.0667 0.728 0.00800 9
08 0.0750 0712 0.00587 10
1.0 0.0833 0697 0.00575 11
1.1 0.0917 0.684 0.00564 12
1.2 0.1000 0.671 0.00554 13
1.3 0.1083 0.659 0.00544 14
14 0.1187 0.647 0.00535 15
15 0.1250 0637 0.00526 16
1.6 0.1333 o827 0.00518 17
1.7 0.1417 0617 0.00510 18
1.8 0.1500 0.608 0.00503 18
1.8 0.1583 0.589 0.00496 20
2.0 016867 0.591 21

Sum of column = integral = 0.12011

Thus, t= 88.7*0.12011 = 10.7 s

10.7s




(3.3

3.31  Water flows through the pipe contrac-
tion shown in Fig. P3.31. For the given 0.2-m
difference in the manometer level, determine the
flowrate as a function of the diameter of the small
pipe, D.

FIGURE P3.31

&: .;.E.l'fi_zi.zf = ; +-2% +Zy with AV, =AW
7 CE23
Thus, with 2,=2, ; or k= (Z 2,5 V = (“'ﬁ' )
p-fe _ -vr L) - 10"
. ¥ - 2g - 2g
but
p=8h and po=¥h, so That g, ~Fe = b -hy) =0.2¢
Thes, 4
ozy L(Z)-1V* . y = 2228
Y [(5)"-1]
and

] 9.8/)
Q=AY = Z (0.3 0.2(2 (9.8/))

[ 1]

_%‘?‘.? when D~m

or
Q= 0.0/56 D*

Vio.)* - »*
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3. 446 |

346 Water flows steadily from a large open tank and dis-
charges into the atmosphere through a 3-in.-diameter pipe as
shown in Fig. P3.46. Determine the diameter, 4, in the narrowed ’ Fein. diameter
section of the pipe at A if the pressure gages at A and B indicate kv _“J
the same pressure.

oy
Bt

16 it
diameter = |

L

7 (2)

PutdOU 172, = par 2V +0B | where 2,20 and p,=0

Thus, since s “fe

F
far eVt vz, = £oke [0
However, P tEph*+ 1z =f, +£pi§1+ §22, where f,=p, = V=22
so that =0
i‘f’vzl=d'2, or kfz:rﬂ.g-zf = Vg;z; n[ZfSZ.ZJﬁ:.) (Féﬁ]]ji‘EZJf%
Buf
fa+'i‘P*faz+r£3=fl*‘iP\'i‘*r2; where Vy=Vs since Ay =As
Tﬁw.i 2
Ps =¥z = - (161 )HH(62.% Ib/HE) = = /560 Ib/Ff (2)

From Egs. (1) and (2):
- /580 #* +4 (19% %!g'!) V; B f(f.ﬁffl‘;%i) (22./ -f-f}z

or
Vi = 46.1 t/5
Since A Ve =A Vo it follows that

FdV = Fork
or
ds&]{% - (’3&.}]}% = 2.50in
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3.5/
b = width = 0.06 m :
351 Air flows through a Venturi channgl of rectangular cross 0.02m w________J e

section as shown in Video V3.6 and Fig. P3.51. The constant

width of the channel is 0,06 m and the height at the exitis 0.04 m, {1 « (3) .02 "t Air _Q;.. « (&)
Compressibility and viscous effects are negligible, (a) Deter-
ming the flowrate when water is drawn up (.10 m in 2 small wbe f i
attached to the static pressure tap at the throat where the chans g gy ;35 0.10 m f
nel height is .02 m. (b) Determine the channel height, &;, at _J-_ il
section (2) where, for the same flowrate as in part (a), the water
is drawn up 0.05 m. (c) Determine the pressure nesded at see-
tion (1) to produce this flow.

= ﬁz 0.04 m

Water
®m FIGURE P3.5]

(a) For sfeaafy imviseid, fﬂcmpres.nba'e flow: (¥=12.0 ma)
() F_ % 1g Where f,=0 | py= = 94010 (0,1m)

fq‘r (0.0%m 20,06m) =-?30ﬁ§'

f'“/ =, Vg o that I =—— I =2Y
T/ms ffn (1) becomes (0:62m20.06m)

'-?809?2 ";"Vgt V-ﬁ
12.0 %, :z{m L) T 2(?:3‘:%’;}

or Vy=23,2

Hence ]
=AY, = fﬂ-ﬂ-s-‘-mw.osm)(zs.;:q”i) = 00554 2

2) (b) %Jr 3 cv Pu=0, o=t b, = pfax,ro-"ff(mm;

= - & O-M
From part fd}, Vp= 2308 ’

Th vs, Eqn. (z) becomes

ﬂﬁ‘?ﬂ'ﬁé LW e
20l 2qul) T 2(481%)
But 1’;.;4;'—“!‘344# so That

(36.54") (0.06m)h, =(23.12) (0.06m) (0.04m) or h, =0.0253m

rV,= 3652

& (© Also, Brode - £y s where £,=0 and AV, = Ay Vi

But since A, =(0.04mx0.06p) = Ay then V)< Vi and Egn.(3) gives
Fr=pfe=2




3,53

3.53 Water flows steadily from the large open tank shown in o (1
Fig. P3.53. If viscous effects are negligible, determine (a) the | T
flowrate, 0, and (b) the manometer reading, k.
-4
T o 4m
Zm .
0 | f &
@ o,
Marcury
0.10m 008 m

BEFIGURE P3.53
tay From the Bernoulli equation,
p oWz = g +ho V' HE82s  where p = p,=0,V]=0, 2, = %m, and F2=0
Thus,
32 oW, or pgZ, = fpVi so that Vy=Y25%

V '/—_?.Sfmfsﬂ(#m) = 8.8 m/s
HE'ﬁC&
Q= A’z V, = Z (0.10m)"(8.86m/s) = 0.0696 ms

) From the Bernovlli equatian,

fs +f{al{’3 +8'Z, < fz lolé"-rﬂ'f;} where Zz2< Z3 dﬁd’ﬁg'-'ﬂ?
so that
py=Fp(Ve -V

ﬁl’sﬂ? ﬁ;lﬁ -'/q_; 1{1 Sﬂ"l&ﬂf Vg Vz (E) ‘y; (g;:g:j) E‘.S‘Jmf."s:}i?%’m/fs

Hence,
fs = L (940 kg /) [8.86m/ )" - (13.84m/s)*] = = 54,500 N/in® (0

Also, from the manometer,
ps = g‘ h +J’ (Zm-!-(ww’zjm)
= -(f33x;a M/mth +(5? POxI0°N /) (2.04m)
= —133x18h + L99x10* Nim* - whers h~m (2)
Thys, from Eqs. (1) and (2):

- 5.45x;0% Nim* = - 133%i9°h +1.99x10% Mm*
or
h=0.574m

3-£0




[ 3.60 ]

.60 Water flows from a large tank as shown in Fig. P3.60. Al-
mospheric pressure is 14.5 psia and the vapor pressure is 1,60
psia. If viscous effects are neglected, at what height, i, will cav-
itation begin? To avoid cavitation, should the value of D, be in-
creased or decreased? To avoid cavitation, should the value of
Dy be increased or decreased? Explain.

FIGURE P3. 60

a 2 _
X + —2 +zﬂ =.f='-+—w—+2‘, W)‘Q&f‘g ﬁ ~=f¥-5psr'sz.,ﬁ'= .60 fosa,
i v d v
EﬂshJE}#ﬂ,M o =0
Thes, 2
- '~ W
-"Lr&' * 2g ()
Huufe[.re.r} D2
AV, = A Ve or bf=éﬁf)Li
where .
_%"—+.:!l§+zu=i§; +-2%—+22 with Po= o and 2, =¢
Thes,
Fi
%
so0 ta »
;h) 2 ¢
;I_;’; (D = =(%)h (2)
7 7 !

Combine Eqs.(1) and (2) 49 obtain
- Yl _f’ﬂ Dy #
h= L5 +(32)h

Vo _Pop (s 1oyl ()
h B - . = fl?& 4‘{ 3.}
¥[(2=)- Bl 2y —

=5 B2 ;{3[(“.”_') "FJ

From Eq.(3) il s seen that h increases in increasing D)
and decreasing D,, Thus, to avoid cavitation (4. 4o have
h small enovgh) D, shovld be increased and D, decreased.

F-60



3. 66

66 Determine the manometer reading, h, for the flow shown
in Fig, P3.66,

2 1
/i _l’i c..é.;._]l"‘_’%
é‘*zg”"f F tagtE

F 2
Thus,
fr=pz
Howevor) = Th and fa=

h=037m

0.08m i hi el ' -

—_—
0.37m
h
w—“\\“‘-——;.:l :
T —p Free

——

0.05 m diameter
FIGURE P3.46

where z,=2, , }/ =0, and

Vo=0

& (0.37m)




3.75 |

ws be 30 gal/min of seawater with py
contraction coefficient is assumed to be (163,

3,75 What diameter orifice hole, o, is needed if under ideal
conditions the flowrate through the orifice meter of Fig. P3.75is

Q"
d
IS )
= p2 = 237 Ibfin.*? The 9—-—?—‘#—‘} 22— &ui:r::&r
o ()]

o8

FIGURE P3.75

Ve ()

é‘* *3; B ﬁ * 23 Z, where 2,52, ,( =063
With 3 and  p,-f, =2.37psi
Q =(30 Zo0)(480) (3240 Y 4ths) -ocssa ' and #=cr0
!:?! fﬂ”ﬁh’-s ‘H}a{' ¢sa il f_}&
V, =% = 2288 1
AT F(Rap T
Thus, £qll) gwe.s
b\
2,37 x /4
V, = \/V +2§ 1/(3 ﬂﬁ-i) +2(322”)(_ﬁ’:0_fg'53)
or it
\, =188 K
Thus, since
Q=AY =C T A%V, it follows Hhat
3%
[ 49 1%_| #xo.0see it |7 _ .
¢ [ 7 Va } 7 (0.63)(188E)| ~ 0.0847ft = 1,016 in.




