3.2 Air flows steadily along a streamline from point (1) to point (2)
with negligible viscous effects. The following conditions are mea
sured: At point (1) z; = 2m and p; = 0 kPa; at point (2) z, =

m, p, = 20 N/m?, and V, = 0. Determine the ve]0c1ty at point (1)

(2)
2 Z2=10m
frapl 482, =ﬂz+ilpuz+afz, | ;:204
. 2 m
Thus with g =0 and V=0, o Y, =0
"zl‘_P sz"'d‘Zr =f2 +J’Zz ) Zi=2m P =/.237’:%
o 779 ¥
(i 235-‘1)V1" ZO—M-}(I 23*’(2)98!'”1( Om Vi =?
2 23250V = 2000+l 3052 (10m-2pm)
2(20) N- Xg-m 2
= 713 kgm +2-(9<?151)(‘?m) = /3? (/Vﬂ'fﬂ (T"::?m :gl)
Ths,
V=137msk




3.3

3.3 Water flows steadily through the vari-
able area horizontal pipe shown in Fig. P3.3. The
-velocity is given by V = 10(1 + x)i ft/s, where
xis in feet. Viscous effects are neglected. (a) De-
termine the pressure gradient, dp/ox, (as a func-
‘tion of x) needed to produce this flow. (b) If the
pressure at section (1) is 50 psi, determine the
‘pressure at (2) by: (i) integration of the pressure
gradient obtained in (a); (ii) application of the FIGURE P3.3
Bernoulli equation.

(a) —¥sin6-38 = oVEL bt ©=0 and V=10(1+x) $i/s
%f— - -ev—;’—g or Y% = "(’V'f‘)'(lé == (l0(1tx))(10)
Thes, 8 = - 1.9% SME (10 £)% (14%) | with X in Feet

_ /b
A /9’64(/19().’5’5-é

- X, =3
(b)) B = 198 (14%) g0 that [do =192 [ (1+X)dx

A~ =50ps8/ X,=0
- . 3%5 1b > )
or g = 50ps /?4(3+_£-)ﬁ1 (7_;_;“_1_0_2) = 50 10,1 =39.9 ps;
. 2 . ,

W) Ptz U ArZ, =g oY EZ o with 2 -2,

A= +20(V - U where V] =10(1+0) = 10t

Vo = 10(143) = 40
Thus, o z
) ogs) /), By |
fz =50P5'5 '/“5{'(/75‘\%?%‘-5-)(/0 “6‘02)—53‘(7%‘?752) = 37,9/0.)“1




3.4

3.4 Repeat Problem 3.3 if the pipe is vertical with the flow down.

(a) -¥sin6 -3 = oVEE  with 6=~90° and V=10(I+x) i
& =pvit+ '2f or B =-eVEL 48 =-0(10(142)(10) +
Thus, 2 = 194 Sg;(/oﬂ) (14%) + 624 15 with x in feet

= —/96‘(/+x) +62.4 L2 H*

X)_-'QB
(b)(;) % ——/9y([+x)+a’24 $o that foga f[ﬁy(’ux)wz %]a’x

L2505 X, =0

2
or A= 50psi —19%(3+5 ) (A ) 4 628 ) B (

= 50 ~/0.14/.3 = ‘H.?-gi?

@y  ptzel*+¥z = Pat FPN 482 op with 2= 0,Z, =3
and |, =s0(1+0) = 10 E Y =]o(I+3) 40t

/H‘m")

ﬁ_ =f/ ""'flf’(l//z'l/zl) - ¥2Z,
= Sopsi 7 (1.9% ”7%)(/02—%0‘) — 42,4 ,-é?a (-3 1)
= _4/.21_731'




3.5

3.5  An incompressible fluid with density p flows steadily .
past the object shown in Video ¥3.7 and Fig. P3.5. The fluid ' Dividing
velocity along the horizontal dividing streamline streamline
(- =x = —a) is found to be V = V(1 + a/x), where a is

the radius of curvature of the front of the object and V, is the Yo ”
upstream velocity. (a) Determine the pressure gradient along  Po (b)
this streamline. (b) If the upstream pressure is p,, integrate the

pressure gradient to obtain the pressure p(x) for - = x = —a.

(¢) Show from the result of part (b) that the pressure at the stag-

nation point (x = —a) is py + pV3/2, as expected from the

Bernoulli equation.

e

X FIGURE P3.5
(a) %='?V% where V=V, (1 +)

Thus, %’Sj - %{b _\_/%(_g__

or

-‘aiﬂ’%’ﬂ"f’%“* (- %2)= pa?(5a *59)
[dp f;#ax= oall*[ ()b Meteip

x=-o0 -0

or AT
f*ﬂ,:;(?a%[*x'z?!
T/w.s

pp - 0aV[% 4]

(¢) From pqrf(b)) when X =-a

o] = e 44 5h] - g ook

X=-a

From the Bernovlli equation £t ELP Voz =01 ??-LP sz

where p
V=V =V (1+d) =0 ~
X=-a

Thus, p, = p,+4PW" as expected.

3-4



3.6

What pressure gradient along the

streamline, dp/ds, is required to accelerate water
in a horizontal pipe at a rate of 30 m/s2?

op

S

:-—d"s/'ﬂe—-PVga:gK where 6 =0 and
Vis=a = 0&

Thus,

d
or

WwPr _ _ (945 = _999_1‘”% (30%’;) = —30,000(”-%_)//97

L = ;__30.0 Z(P“&

7S




3.7

3.7 A fluid with a specific weight of 100 Ib/ft® and negligible vis-

cous effects flows in the pipe shown in Fig. P3.7. The pressures at
points (1) and (2) are 400 Ib/ft> and 900 Ib/ft?, respectively. The
velocities at points (1) and (2) are equal. Is the fluid accelerating
uphill, downhill, or not accelerating? Explain.

(1)

MFGURE P3.7

If the flow is Sfeady (i.e., not acce/erml/ﬂg)J then

P2V 2, = g, v oV 40z,

But V, =Va. Thus for steady flow

£ 10z = 42, w/oere} if we set 2,20 then Z,2(10H)sip30" = 514
for the given data, Eq. (1) becomes

(#004p) H100)(S) = (00 12)

pil I
?00]-(.'1;5_ = 900 2

That rs, Eg. (1) (the .s'feady flow equation) is valid,
The flow is ﬁaj acce/e/‘q{mg.

Nole: Tt the flow were accelerating the pressvre difference

between points (1) and (2) would be diffsrent Hhan the given
(900-400) Jé’;_ =500;!},_




3.8

3.8 What pressure gradient along the streamline, dp/ds, is required
10 accelerate water upward in a vertical pipe at a rate of 30 ft/s??
What is the answer if the flow is downward?

9p _ - X'sind —prjsz Where 6 =90° for vp flow

4 /

O = -‘?30 for down flow,
Vs =a =30 fL
Thus, for vptfow il Vis =l mooly

U 24D oy $SgS 00 ££Y - — 208N Jrr o
G 62.%(1) 15 174 B0 ) = 120.6(13) /Ft = 0.839 5

and for downtlow

————
——

¢S 7= e 7

/ i
I - 62400l - 19w S 308 = 420 (1)) sy —qpz92 a5




3.?

3.9 Consider a compressible fluid for which to obtain the “Bernoulli equation” for this com-
the pressure and density are related by p/p" = pressible flow as [n/(n — 1)]plp + V32 +
Cy, where n and C, are constants. Integrate the gz = constant.

.equation of motion along the streamline, Eq. 3.6,

g—% F Ly gz = constant along a streamline

-5
and %
n_ £ s p = fl/ﬁ so that

P 60 CD

il

A J o L =7
(%=t (B -t (54 = cFap e omt

T/JU.S‘J .
_ Co Y _
S%_n’zl/?) "nQI%

s 2
Hence : LT 4‘8— +3 Vtgz =constant along a streamline

e

3-8




3.10

3.40  Anincompressible fluid flows steadily past  sure at the stagnation point (x = —a)is po +
acircular cylinder as shown in Fig. P3W. The fluid ~ pV §/2, as expected from the Bernoulli equation.
velocity along the dividing streamline (-« =

x = —a)is found to be V = V, (I — a¥x?), L
where a is the radius of the cylinder and V, is the streamline /
upstream velocity. (a) Determine the pressure Vo
gradient along this streamline. (b) If the upstream s - %
pressure is p,. integrate the pressure gradient to 0
obtain the pressure p(x) for —= = x = —a. :
(c) Show from the result of part (b) that the pres- \
FIGURE P3.10
a —_— = 7 o= 'd'[ - J - J JX - J
(a} —%’ &' sin8 — eVig bt &=0 md—;% xﬁ,ﬁlé
Thus - 21/ -2\_ 24"V,
y Vo[- ] ( %5 )" =

- oV =—20a"V,*[1 - ()14
X
f b (Hh o prp= -2V ([1-GV1E

= —00

|
I
N
s
S
(9
NS
N
“—

Thus,
P =pteV @) -2(%)7] fo -esxs-

)

c) For X=-a 9 from part (b) ¢
ol = peeW[erdef] = poten

X=-a

Note i Bernowlli equation frem point (] where V, =V, 2
7 y P
and #,<=2, fo point (z) where V=0, zz-z,, g/ves

f,-l-z_(?l{ 12, =fz+1(al4 “+rz,

or

i .
f’-:ﬁa"':"—LP% ;(”;,__w
e /

Y

3279
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3.1 Consider a compressible liquid that has a constant bulk
modulus. Integrate *‘F = ma’’ along a streamline to obtain the

equivalent of the Bernoulli equation for this flow. Assume
steady, inviscid flow.

From 57. 3.6
dp +7pd(V*) +¥d2=0 where ¥=pg |
and d,a-'E,,ig where

E, = bulk modvlus = constant

(see Eq./.13)
7hus, along a stream|ine:

Ev-%l tzpd(V?) +pgdZz =0 o

_ojgz +d(3V?) t9dz =0 which can be infegrate d between

between points (1) and (2) to gjve
2
‘(!’-‘% fd(zvhf 4z =0
e

or
~Ey ?',; --(g'] . i[%z__v!z],,_g[zz—z,]:o
Hence

gz - % + _2\_/_2 = constant along a streamline




oD hS

3.13 Air flows along a horizontal, curved streamline with a 20 ft
radius with a speed of 100 ft/s. Determine the pressure gradient
normal to the streamline.

2

. 'jﬁg - %‘% = % , where gf =0 since the sireamine js horizontal,

Ths,

0f _ ~(0.00238 Ha)(looﬁ) l\y?
ﬁ’? %_ 201“1‘ v

n
y /

3=l




] 377 — —
g
3.1% Water flows around the vertical two-di-

mensional bend with circular streamlines and

constant velocity as shown in Fig. P3.1%. If the
~pressure is 40 kPa at point (1), determine the
pressures at points (2) and (3). Assume that the

velocity profile is uniform as indicated.

FIGURE P3.14

2 1
-y42 _dp BF  with 4221 and V= 10mss

Thvs, with R=6-n
ﬁ% oo B
£-n

" § R iy
f%dn = - A"dn—fﬁ———'é__n
n=o n=0 n=o
so that since ¥ and l/aﬁe constants

pp =40V [
Thus, o
p=F-tn-eVin(s5)
With f, = #0kPa and 1, =/ m * p, =40kfy~9.8x10 2% (/1 m)
- 999 2% (1023 |n (£-)

or

A =12,0 kPa

ands
with = %0 Kkl and Ny =2m * P =40k ~ 9. 00016° % (2m)
~999 5% (102" I (£)
or '
/3 = "20-/ /rpal

V = 10 m/s /

S=~IZ



- T

LS . ;
3.5 water flows around a vertical two-di-

mensional bend with circular streamlines as is
shown in Fig. P3.15 The pressure at point (1) is
measured to be p, = 25 psi and the velocity across
section a-a is as indicated in the table. Calculate
and plot the pressure across section a—a of the
channel [p = p(z) for 0 = z = 2 fi].

FIGURE P3.|5

54 -2 - %Q\L , with %{% =, R=22-n, and V=V(n) as given

/n the lable with Z=n,

7}705, y2
-

(22-n)
n

Of‘f’ n=2 n=2 o

fﬂff % —jt)‘dn - (Y~ dn

or ’ l'i='«'2~v2
Pi—p ="8(2-n) - pfm dn

Hence with &=s2.4 % 2, p= /?4—%_?—, and g, =25+ 2.06‘5‘ )

. { .
3500 Ff" ﬂm gives

P = 3600 +62.4(2-n)+1,94 wﬁere?g w, n~ft )

(22 n) s

For 0 =ns<2 yse the dafa in the table (V= V(/?) where n=2)
and integrate numerically fo determine p=pim.

z (ft) V (ft/s)
0 0
0.2 8.0
0.4 14.3
0.6 20.0
0.8 19:5
1.0 15.6
1.2 8.3
1.4 6.2
1.6 3.7
1.8 2.0
20 0

(con'$)

3-/3




£3.15

(con't)

n, ft value of integral p, Ib/ft"2

0 13.33 3751

0.2 13.04 3738

0.4 11.8 3723

0.6 8.98 3705

0.8 5.32 3685

1 2.37 3667

12 0.879 3652

1.4 0.361 3638

16 0.107 3625

1.8 0.02 3613

2 0 3600

3800

3750

2
£ b/ \

3700 \\

3650 \\
3600 \

314




3.16

3.16  Water in a container and air in a tornado flow in hor-
izontal circular streamlines of radius r and speed V as shown
in Video V3.6and Fig. P3.16 Determine the radial pressure
gradient, dp/dr, needed for the following situations: (a) The
fluid is water with r = 3 in. and V = 0.8 fUs. (b) The fluid ; :
is air with 7 = 300 ft and V = 200 mph.

H FIGURE P3.16

For curved .sfream//nesl

_% = 97_?!2+ X.g,g . or with g,z,=0 (hor;}'anfa/.sz’ream/mes)J R=r

and ﬁ{;,- = - f’; this becomes
@ _ pV*
dar r

o With r= 7z f ad V=082 and water (p=19% :}/%’)J

dp . 195 08 8) _ o) slus = 497 42
i (2 ) AR

i
(b) WAh r=300ft and V= 200@5( 88 <

t
= 293'£"
50mp/7) %

and air (p=0.00238 %%’-)) |

| lvgs 7,45 4tY2
_ 0,00238 <& (293%)" slgs  _ 0 49 1b
% ) 300 ff = 0.081pr o i

3-15
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3.17  Air flows smoothly over the hood of your car and up
past the windshield. However, a bug in the air does not follow

the same path; it becomes splattéred against the windshield.
Explain why this is so.

An air particle flowing along
streamline (1)-(2) is immersed in
a pressure field prodyced by all
of the surroonding air particles.
Gravify and pressvre eoffects precisely
balance centrifvgal acceleration effects.

That s ,

P A 9—'-1 where ¥ and p are the specitic weipht and
ST de/):/;’y of the (c)zfr‘

R

gir particle follows
streamline past windshield

A bug is more dense Than air, Qy,, > @, but it *feols” the same
pressure field, which is nof wfﬁczeﬂf o mate it forn as Sharply as The

air does. /feﬂceJ R, > A and the bwy hids the windshield-

vq

3-16




3.19

3.19 Ata given point on a horizontal streamline in flowing air, the

. e (n
static pressure is —2.0 psi (i.e., a vacuum) and the velocity is 150 ft/s. -
Determine the pressure at a stagnation point on that streamline.

ATV HEE = g, Lol 4l

where 2, =Z, and V. =0
Thus,

f ﬁ ZPV ( e am")(ﬂ’“fﬁz) +2_ (0 00238 ,1@5—)(/\50 'H)

— 1b
= -286 H"+ 24.8

S (z)%/
VI :IJO-E' Vzgo :
ﬂ = =2.00s/

Pt s_/gy_ft)

= -246] 43 Hz' = ’/l(?/pxrf

3-11



3.2 ]

3.21 When an airplane is flying 200 mph at relative to the airplane. What suction pressure is
. trai o at is the
5000-ft altitude in a standard atmosphere, the air deveiopetion the wing, at that paint’ “_/h . ls_lht
pressure at the leading edge (a stagnation point)

velocity at a certain point on the wing is 273 mph |
of the wing?

(a) p+aeVi+z =constant L -3 2 Va
P Q
-

-3 <ly
. =2,048x0 34
T/ms) with ZaF, =2, e Fi3

Prtaelt=p 140", bot g =0 so that

g - 85 £ #
= %p[{/, “16*]  where V, = 200 mph W) =223 L

and 281t Y
]é: 273 mph 3 v = %00 L

or L / X
Py =4 (2.06%/0 3%%‘)[293"-— 400" | %

= — 76,018 (gage)

HZ
(b) ,9/J%

p =Y, =F (205000 508 (2932 ) = 85.0 Lb, (gage)

3-18
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3.22.  Some animals have learned to take ad-

vantage of the Bernoulli effect without having

read a fluid mechanics book. For example, a typ-

ical prairie dog burrow contains two entrances— Vo
a flat front door, and a mounded back door as
shown in Fig. P3.22.When the wind blows with
velocity V, across the front door, the average
velocity across the back door is greater than Vo
because of the mound. Assume the air velocity
across the back door is 1.07V,. For a wind velocity FIGURE P3.22
of 6 m/s, what pressure differences, p, — p., is

generated to provide a fresh air flow within the

burrow?

p+3 eyi+ vz, = p +Lo Vo + ¥z,

Thos, with negligible gravitational effects (is. z~2)
A=z el -7

% (123 585) (107 (4 2 - (s 2%)

I

Ul

or
N
Lo = 32/ 1

3+=/9




2. 23

3.23 A loon 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 2 e %
ok e e o )
2 Paif' ‘é/ T2 8‘/,_0 %’20 . L;/go [ eﬁzo:} \éfr
Thus |
v T T 2.3800° £ e
Mo | gg ?la_;gs (#omph) = L.4omph
t

3-20




2.24

3.24 A person thrusts his hand into the water
while traveling 3 m/s in a motor boat. What is
the maximum pressure on his hand?

E 4 Vz_z 7 B
£Lry Yi +Z :ﬁl,.,L + Z wif Z; =22
[ & 2
. / =32

£ =9, V, =0

Tﬁ#&}
N

P=E V=AW or p=F (999 75) (32) = 4500k, =

23




3.25

3.25 A Pitot-static tube is used to measure
the velocity of helium in a pipe. The temperature
and pressure are 40 °F and 25 psia. A water ma-
nometer connected to the Pitot-static tube indi-
cates a reading of 2.3 in. Determine the helium
velocity. Is it reasonable to consider the flow as }I_
incompressible? Explain. e

2 2
§L+-§\g— +Z = %+E?+Zz V= 08 B
with 2 =2 , V=V, and V=0
Thus,
V 1/ (fz -£) 2(p2-f)
G S e
where
. 252 (H“t‘ ) = Sgoxs Sl
C=%7T T @ 242X10" ’””’ o) (4604 49)°R E

; >>
and since ‘5;20 3/;',‘,

= 16
fz.—ﬂzé;zah—éz“ ( H) //»yél fo“!z

Thes 9818y 1y
2 (/196 15 ~

1} s.goxs07slves
M

Note: M= whers c=JkRT
TAUS i
c= [/ &6 (1 ze«zx/o”) Iu "R (#Jaf#u)",?] =320 H

203 £
32./0.L = 0.063 <<0.3  Thus the How can be

considered incompressible.

M._
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3.2%6

3.26  An inviscid fluid flows steadily along the stagnation
streamline shown in Fig. P3.26and Video V3.7 starting with
speed V, far upstream of the object. Upon leaving the stagna-
tion point, point (1), the fluid speed along the surface of the ob-
ject is assumed to be given by V = 2 Vo sin 8, where 6 is the

angle indicated. At what angular position, 6,, should a hole be ..Vi>
drilled to give a pressure difference of p, — p, = pV2/2? Grav- (0) (I}

ity is negligible.

B FIGURE P3.26
ﬂf%f’&z:ﬂ*ft"w AL
where V, =0
TAM‘L / 2
£ p=zp(W -V =zpl
Soi%anf )
ﬁ-ﬂ=%€%z then V2.2 Vo
That js:
Vo=2V, sin§ =V or sin6 =4
Hence, 6,= 39"

3-23




3.2:7

3.27 A water-filled manometer is connected to a Pitot-static (N
tube to measure a nominal airspeed of 50 ft/s. It is assumed that

a change in the manometer reading of 0.002 in. can be detected. j
What is the minimum deviation from the 50 ft/s airspeed that K3
can be detected by this system? Repeat the problem if the nom-
inal airspeed is 5 ft/s. h

(2) T

_ 2
_§L+}-_§z+z"= %—4-%4'22 WbEPe ﬁ=0_, V2=0
Z=2, and Pz = Xilgah

Thus, ) |
/2 . 38:/05 ’z_f__{i 1248
__l_/L.z = b:f:ah or h:: ‘PV o (0.002 ’_ﬂj’:‘z{)ﬁ 3 )( 77/

’L/e”“’; h=229x0% V,g, where V/~ t/s and h~in.
For V) = 50£ fpis gives

h= 2.29 XIO_.‘I‘(SO)J'-‘-‘ 0.573 n.
while for V, =5 {14 it gives

h =2.29x10%(5)* = 0,00573 in,

With hto.002in. from these nominal valyes we obtain

h, in. V,, fi/s
0,857/ 499
0.573 50.0
0.575 Lo,
0.00373 4, 04
0.00573 5.00
0.00773 5.81

Thvs, with V, =501t the minimum air speed deviation that can
be defected is $ 0.1 145 . for V) =5flfs if /s +0.81 H/s.

3-24
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3.28 (See Fluids in the News article titled “Incorrect raindrop 30
shape,” Section 3.2.) The speed, V, at which a raindrop falls is a
function of its diameter, D, as shown in Fig. P3.28. For what sized 25
raindrop will the stagnation pressure be equal to half the internal
pressure caused by surface tension. Recall from Section 1.9 that the
pressure inside a drop is Ap = 40/D greater than the surrounding
pressure, where o is the surface tension,

20

s

V, ft/s

10

5

0

0 0.05 0.1 0.15 0.2
D, in.

) ) . B FIGURE P3.28
Determine diameter D for which

7oV = £[40/D] , or
%(0.00238%‘-) Vi 2 [#(s. 03></0'3;\I*£)/D]

WD = §, ’%5/V1J where D~ apd \/~ /s
or

D =101/V* | where D~in. and V~ fi/s (1)
Thos, there are Z vnknowns, Dand V, and 2 equations, Eg.0) and Fiy. P3. 28
The solvtion /s given by the infersection of these fwo D-Vgraphs as
shown below.

30 BT ey

25 ™~ L]

-/\ T

. | Eq.t:p, 2=t 4o,

V, ft/ls 15

5 / ~ Fug. P3.%-8= Fall speed VSAEMLfﬁf

5 f i |

|

0 ' | | N
0 0.05 £.41 0.15 0.2
D,in

Thos, D= 0.J%n, = 3.6mm

-2k




3,29

3.29 (See Fluids in the News article titled “Pressurized eyes,”
Section 3.5.) Determine the air velocity needed to produce a stag-
nation pressure equal to 10 mm of mercury.

épv% ﬂh’ = 10 mm of mercory = 3;/9 h | where &Z/y = /33)<l03mﬂ3
Thes

J

)
2 (.23 8)V* = jomm (5100 (133%10° 2
or .

V: 45: 5 ng

3.30

3.30 (See Fluids in the News article titled “Bugged and plugged
Pitot tubes,” Section 3.5.) A airplane’s Pitot tube used to indicated
airspeed is partially plugged by an insect nest so that it measures
60% of the stagnation pressure rather than the actual stagnation
pressure, If the airspeed indicator indicates that the plane is flying
150 mph, what is the actual airspeed?

When unp/Uyged the air speed indicator wovld regisfer a prescvps
if{erence of

ap=tpV'= po(I50mh)*

ajl /50 mp/J

However, when pligged and fhe reading indjcates 1Somph, the acival
speed wovld be

A= {'(g (/6’0mp£f= 0.80 [ZL(O Vz]

or
V= 19% mph

3-24




3. 32

3.32 Water flows through a hole in the bottom of a large, open tank

with a speed of 8 m/s. Determine the depth of water in the tank. Vis-
cous effects are negligible.

£+ Z‘pl/;zwz, =f, 4 Lol +'z,
Tﬁ[/.s; Wffh ﬂ :ﬁ:zz = V, :0,
Y2, =30Vs | arhere ¥=02 and Z,=h
so that
o
or

b W (e
29 " 20081 1)

=3.26 m

3-217




3.33

4
3.33  Water flows from the faucet on the first floor of the E,r’é
building shown in Fig. P3.33 with a maximum velocity of 20
ft/s. For steady inviscid flow, determine the maximum water ]
velocity from the basement faucet and from the faucet on the %
second floor (assume each floor is 12 ft tall). (2) EYJ‘é L
4 ft

)]
V=20 ft/s pip

R RN

RRNNRRRRN

12 ft
(z)

4

ANINNNNNRNNY

\AAASS SIS SIS,

B FIGURE P3.33

Vg are
-% + 2 + Z = constant

y* = .
Thos, ﬁ;,,’«+.2_—’—+£, = g—;h’-‘;’}— Y2 with g, =4 =0 (tree jed)
or and [//.—.: 20 H/4 ,2/"'6‘%}(

pagt) bt = Yoy (-84
m 2@2.2%)

L 2
and ﬁl_-/._'_/l_./_;_z/-.: % 4 W + 2, lw%ﬂ;f/, =0 (free jet)
and 1/15203& L 2,=4 1
2, /6

£

o M
2(32.2 H) + ¥4 = 2.(32.2 ) it

or

3-2.3

Z, =-8ft

V, =V20 2 _2(32.2)(12) = ]/ —~ 373 Impossible] Mo +/ow

from second ffoor favcet.




*3.35%

A2.35  An inviscid liquid drains from a large
tank through a square duct of width b as shown
in Fig. P3.35. The velocity of the [fuid at the outlet
is not precisely uniform because of the difference
in elevation across the outlet. If b < h, this dif-
ference in velocity is negligible. For given b and
h, determine v as a function of x and integrate
the results to determine the average velocity,
V' = Q/b. Plot the velocity distribution, v =
v(x), across the outletif # = 1and b = 0.1, 0.2,
0.4, 0.6, 0.8, and 1.0 m. How small must » be B FIGURE P3.35
if the centerline velocity, v at x = b/2, is to be
within 3% of the average velocity?

¥ . B> Vi
-1%+§2;+z,= fié+ig%+22 , Where p,=p,=0, V=0, V=
Z;=0, ﬂﬂd Z,z’—"_h""zé".x

Thus, X 1
0'—‘-2-'% +(—h+%‘x) or N:{Zg(X'Pb—-f) ()
Also, x=b b ) . =b
Q =f4fd/9 =_(nrb dx =123 [b(x+h-L /2dx=b][2§'(§2)(x+h__2é)«ﬁ
or . o X=0
Q= 22927 | (h+ £7% - (h-4)%]
Hence, with @=AV = b2V this gives
V=g )(h+£7%- (h-£7%] @

Plot & =v7(x) from £4.01) from X=0 fo X=b with h=)m and
b=0.1,0.2,04, 06,08 and 1.0, See the graph at the end
of this problem solvtion.

Let V. = cenferline velociy =nr| b s Where from £g.0):
X=9

Note that in the limiting case of £ =h the average
velocity (see Fq.(2)) /s

3 %
;’/ =3§h)W[(2h)4] = 5 Vegh =o.943V255

«h =0.943 V.

(con't)
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(con't)

& .
Thus, for b=2h & =520s = 1.060

In the otber limit as b—=0 we can use the expansions (valid for smallb)
that (h+£)% = h*%(1+ 5% = 2 (1+ 2(5)+-) and
(h-2)% = p%2(1-5)% = F2(1-%(4)+-)
Hence , Eq.(2) in the imit ;bb- —0 gjves
V| =1 | 214364 = g 4 ()
b—=0
or

VI =12gh , as isto be expected. Thos, ~ Y o) g5 b-o
b*0 \ 060

We are fo determine the v _/
valve of b that gives ! :
V.-V =0.03V, or i
Ve
a

= 1,03
That /5, From Les. (2) and (3):

W /03( b)@[{h*ﬁf (h—ib*)%] or with )= ;27,'
3n = o3[ (wn)% - (1-n)*]
Heﬂce find the root of the function F(hp)=1 03[(!'*}7)% -( l~}7)3/2]—3%;

Le., » such that FOn)=0. By vsing a standard roof- findjig
ccmpufe program we obigin

» =0.779

Thus, h=0779 = th'
or

b= 2(0.779)h = 1.56 h

For b=158h it follows that the centerline velocity is within
37 of the average velocily.




43,1

(con't)

(m)

Typical velocity profiles are shown befow.

1.0
L Legend //
b=0.1 m /7
——————————— b=0.4 m //
——————— b=1.0 m rr
0.8F /
Vi
/
7
/s
/
’d
//
0.68F .
v
il
= //
s
Vs
0.4} //
Fa 7~
7 P
P ,
-~ 7%
# 7
- v &
0.2 // ,”
// !,
il 7
> 22
7 7
y - /
// 5
0.0 . 1 " . . I
3 4 5 B
vV (m/s)

b=lom

3=3




3.36

3.36

Several holes are punched into a tin can

as shown in Fig. P3.36. Which of the figures rep-
resents the variation of the water velocity as it
leaves the holes? Justify your choice.

(a) (b) (c)
FIGURE P3.36

£ +_\Zf+z = constqnt  so that with ]4:0) £ =0 and 2, =,

y 29

at the free surface , then

,;%L + _7_!__/;_ +2 = 7%1 +—-Vz;; 122 or with g, =0 (fres Jjet)and z,=h,

or

h = i‘é;-m
Thus,

Va

so that |

or

= V29 (h,-h2) =lzg4

—
-\
.

Fig.(@ (s correct distribytion




.37

3.37  Water flows from a garden hose nozzle with a velocity
of 15 m/s. What is the maximum height that it can reach above

the nozzle?

2 L 7
Loy Wosg =ty Vo,q

7 tzg

Thus,
o VA
h=%

4

s
S ol T LLm

3~33




2oid (2)

3.38 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. P3.38. Determine the pressure in the tank if
the flow is steady, frictionless, and incompressible.

A‘tr_fl).
i Y Toh
% ;’+ZI éﬂ_ 2; ZZJ B = o

where V=0, V,=0, 2 =21 2, =221} a,ydﬂ_ =0

Thys,

.‘él-’- o ZL" Z

or

p = 8(22-2) =f62. #Ha)(zzﬂ‘ ~2f1) = [24¢ 2 ﬁz

A

Note: The diameter of the pipe or flozzle ape 1ot peeded

3-34



3.39

3.39 Aninviscid, incompressible liquid flows steadily from
the large pressurized tank shown in Fig. P.3.39. The velocity at
the exit is 40 ft/s. Determine the specific gravity of the liquid
in the tank,

£_+z+__\.‘{;‘:%‘+z2- V,«;_ B FIGURE P3.39
whe
re /A

1
f —/0”]2- (/‘9(' z.) -"'/‘9&51'0{.7!2_ %2—"0}
Z=150 2,20 V<0, and V, = 402

77!1/.33 .
/440 16/ _ (4o H/s)
AUy Y

ar
Y= /463 ;gg

//el)ce .
_ 4 Ib/HE
e try . érnlbfhB =234

R

3=35



3.40

3.540 Water flows from the tank shown in Fig. P3.40.1If viscous
effects are negligible determine the value of A in terms of H and H
the specific gravity, SG, of the manometer fluid.

=
SG
ﬂ+'§\i+zﬁ ?*TJ"'ZZ where p,=0,V,=V,=0
J 4 7 and x, =2 =H
Thus,
Lo (1)
v H

But, p=put¥l = gy =p +&(H+{~h)+S62h

ar

£ =Y (H-h+S6h) @
Combine Egns. (1) and (2) to give

H =(H+(s6-1h)

or
(S6-1)h =0
Thus, if S6#1, then h =0 for any SG




3.4

3.41 (See Fluids in the News article titled “Armed with a water
jet for hunting,” Section 3.4.) Determine the pressure needed in (2)
the gills of an archerfish if it can shoot a jet of water 1 m vertically .

upward. Assume steady, inviscid flow. V\ln (]

y
-

Q].HS

From the Bernoyll; equation,
g Y _pe Vi
%*a‘? tZ, = lg,a+.£;7+ -8

Assyme Vi 0 (large gille ), 5Z<<Im (small fish), . =0 (free Jet)
and Vo=0 (1op of vertical water jet).

777”4;
br=5-7 o p=U(27)- 9.00x10° Y, (1m) = 9,00x/7°45 =100k,

')

331
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3.43 Air flows steadily through a horizontal 4-in.-diameter pipe and
exits into the atmosphere through a 3-in.-diameter nozzle. The veloc-

1ty at the nozzle exit is 150 f/s. Determine the pressure in the pipe if
viscous effects are negligible.

From Bernovilis equation
AHEOV 187 =, +dol erz,
Thos, with 2, =2, £ <0, and lé_:/é’aggﬁl J

=20V~ o

But A,V, "/)szJ or V,=(""L )V ( = 3m (/,soj) 86‘4H

zy
Thus,
) slvas o $.2 slig 1 31b
f =2 (oonss g soly ~(ens £'] = 18.3 G (Gt
or

£ =/8.3 ﬂ;_ 0,/27psf

3-38
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3.44 A fire hose nozzle has a diameter of 1}
in. According to some fire codes, the nozzle must
be capable of delivering at least 250 gal/min. If
the nozzle is attached to a 3-in.-diameter hose,
what pressure must be maintained just upstream
of the nozzle to deliver this flowrate?

L}=3in.

-ﬁ—-,t_l./-_.,uzi =_ﬁ Vz $ 2 i D, = 1.125 .
7 2; | " @ V2

W”% 2/5-'2'2_ ) /?2.: i
| # y 3
and G =(250 mm)(z 5a/)( /7,zsin3) gltﬁm): Pt 'fsf_

Tﬁu.s*) H
O _Q _ o05s571-
f/:ztr[\éz__wzj where VZ a e e - g0.7.f #
.ZZ'( )IH

and P

: H
Vt"'z = 9597~ =348

; ¢ ( F5 )

so that wit, =P
p =L (9% ‘/”93)):807 et £

= 6/90 ,g)l = 43.0 ps/

3-39




3.45

3.45  Water flowing from the 0.75-in.-diameter outlet
shown in Video V8./#and Fig. P3.#5 rises 2.8 inches above
the outlet. Determine the flowrate.

5% 4
N FIGURE P3.45

The flowrate is @=A,V,, where from

the Bernovlli equation

Y2 I =
‘%‘*E}‘ +2, = %+27§ +Z,

Thus, with p,= g, = 2,= Vo 20 we obtain

Vl - ]/2;22 = ‘/2 (32.2 fi/s*) (2.8/12)ff = 388 ft/s
so that

2 3
Q= AV =% ”—',22‘—”{{) (388 %) = 0.0//9 -f,;*—

3-40
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3,46  Pop (with the same properties as water) flows from a
4-in. diameter pop container that contains three holes as shown in
Fig. P3.4#6 (see Video 39). The diameter of each fluid stream is /Surface ati=0

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

are negligible and quasi-steady conditions are assumed, determine at £ > ‘F‘
the time at which the pop stops draining from the top hole. hz
= -

Assume the pop surface is 2 in. above the top hole when 7 = 0. h3
Compare your results with the time you measure from the video.

4 in.

S LN,
Q=0+ @@ - -4 & T
where Q; = V.4, = V2gh; A; and A=A, =4, - - F(%EH )
(¢=1,2,32) = 1,227 x )0 " H?
Thos A= H)'= 0.0873 {1
Vg AL + Vb 4V 1= Ay 8, where h=h, b, = het, =iz
Heﬂce § and L=2p,

—(‘V—'/) A dE = : h where £ is the 4ime /1
i ‘( /_‘( (Vo +{hes +Vh+22) faéerfar ;‘;}e fres w;v’ace
to reqch the Yopor hole

or 0 (h=0)
4. dh
A V;Z} (fh +Vh+L +{hi2l)
0.0873 #i* dh
(/ 227107 f1* J[(2) (32. 2. #¥/s )];’/‘4(0(10;' Hhtl th+zL)
Thos, L

dh 2
= 88,7 =——{1=0/467
¢ Of(w: T L) e LT "
Note: With L in feet, this equaton gives t 1n seconds.

(con't)

I=tH



3. 46

(con't)

The nvmerical valve of the integral is obtajned by using he

frapezo:da/ rule since the c/o.rea{ form ana/yﬂca .so/w‘wn
/s not g:veﬂ in integral tables. The EXCEL spread sheef vsed

for this is ?IVM below. |
£ = 6’87_( f(h)dh where f(h)= (17 +YhiL +lpi2l)

=~ 88, 7[ Z(f He My hy) ] =(88.7 —v%)[o./zvﬁ]

h, in. h, ft i), 1R (12245 + )" (s - ), B2 i

0.0 0.0000 1.015 0.00804 1

0.1 0.0083 0.914 0.00743 2
02 0.0167 0.870 0.00711 3
0.3 0.0250 0.837 0.00686 4
0.4 0.0333 0.810 0.00665 5

0.5 0.0417 0.786 0.00646 6
0.6 0.0500 0.764 0.00629 7
0.7 0.0583 0.745 0.00614 8

0.8 0.0667 0.728 0.00600 9
0.9 0.0750 0.712 0.00587 10
1.0 0.0833 0.697 0.00575 11
1.1 0.0917 0.684 0.00564 12
1.2 0.1000 0.671 0.00554 13
13 0.1083 0.659 0.00544 14
1.4 0.1167 0.647 0.00535 15
15 0.1250 0.637 0.00526 16
16 0.1333 0.627 0.00518 17
1.7 0.1417 0.617 0.00510 18
1.8 0.1500 0.608 0.00503 19
1.9 0.1583 0.599 0.00496 20
2.0 0.1667 0.591 21

Sum of column = integral = 0.12011

Thus, t=88.7*0.12011 = 10.7 s

= |/0.7s
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3.47

3.47 Water (assumed inviscid and incompressible) flows steadily
in the vertical variable-area pipe shown in Fig. P3.47. Determine
the flowrate if the pressure in each of the gages reads 50 kPa..

From {he Bernovlli equation,
£ +z’LPV11+cYZ, =f +2{(O[4_7—+d422v
where P e =50 kFs BFIGURE P3.47
Thys,

0 Fe(VW*-V?) =¥(Z-22)
ﬁ/sa AV =A. l/z or

V= 7% =(Ep = (5 v =)
Hence, Eq. () becames

7o]h - W] =g (z-2)

1l
\kl--.

or

v =2g(2,-25) =2(9815)(om)
or

V, =/4, 52

TM:

3
Q = AV, = Fliml (145 2) = 11y 2




3.48

3.48  Airis drawn into a wind tunnel used for testing auto-
mobiles as shown in Fig. P3,48. (a) Determine the manometer
reading, h, 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-
sure on the front of the automobile and the pressure in the test
section.

o =
\ sl
B FIGURE P3
(a) Ktz+5 = £ l:; e

where
Z) =2, , p,=0,and |]=0

Tﬁug with V, =80 mph = 5’8:& ,

et Ol (SG = 0.9)
M®-8

Wmd tunnel

7?- J‘/!/.r Hy*

Loz -2 p% =-4 (000238 5 ) (8% 47 -9.22 42,
Bul o+ by h =t (1) =0 where &y =098, gm0 30621
Tﬁr/.g —562?1"""

7zzﬁf; 16244 (/7#)-—552 ) = 0, or h=0.223ff

(b) /’z+zz4 %1‘2_,4 4

wﬁem

Z:=2; and Vs =

T/mr

s 4 2253 /]




3,49

3.49  Small-diameter, high-pressure liquid jets can be used
to cut various materials as shown in Fig. P3.49. If viscous ef-
fects are negligible, estimate the pressure needed to produce a
0.10-mm-diameter water jet with a speed of 700 m/s. Deter-
mine the flowrate.

0.1 mm

(P ‘ - '/r"ﬂ’i )
: %\\, s ;j?_’f"
=4 : —
= /0 ; ﬂl( )/ /
i i ' o) ‘f«//// %
(2 ,5513/\@_5

V> W FIGURE P3.49

f‘z_’- 2 +Z, where l4==0, 2 =2, ﬂﬂdﬁzfza
2
Thus  p, = iﬁ:sz =zelk =1’-(7?77’;%)(7oo%)2 - 2.¥5x/05%

3-4&
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3.50 Water (assumed inviscid and incompressible) tlows
steadily with a speed of 10 ft/s from the large tank shown in Fig. 50 Ib/ft
P3.50. Determine the depth, H, of the layer of light liquid
(specific weight = 50 Ib/ft’) that covers the water in the tank.

T

iy

From the Bemoulli eym—fiaﬂJ BFIGURE P3.50

%+ng+z,=7§f+z’\:&z+zz

where f= G, V=0, p=0 z=4H ad z, =5
Thus, .

o4z - Y * Z '

¥ | :zy T &z S0 H?ﬂf Wlf% lé‘:/aﬁ/S'J

5016/ (10 fi/s)*

62, 41b/43 ) H+44 = 2032.211/s2) 15 ff
Therefore,

H= 3.4 ff

10 ft/s
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3.5/

3.51  Water flows through the pipe contrac-
tion shown in Fig. P3.5). For the given 0.2-m
difference inmanometer level, determine the flow-
rate as a function of the diameter of the small

pipe, D.
FIGURE P3.5|
VR /g < VL S S % 7 ez d V=0
¥ ozg ¢ 2g T %2 rowith 2,=2; and v
( f 2.) I
%’V;f ¥
but

£ =8 and fz""ﬁ’z so that p-fo =dlh-h.)=0.2¢
Thus,

2;—0-}.& =Y24(0.2)

3
Q=AY = Z0*y, = Zo*\2(080(0.2) =156 D* & when D~m

o




8,52

3.52  Water flows through the pipe contrac-
tion shown in Fig. P3.52. 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 P3.52

z “
_ﬂ..;._VL.;zI = L2 + == +Z, with AV, =4, Va
"3 o)

. wii TGt 2
Thus, with 2’,=z,_ or = (Z ) : ("5) v
0./\# 2 #*
L= _ Vz [ (T) s ,.] VI{
J‘ r Zg 2g
but
L= and p,=th, so That p, o = &Ch-hy) =0.2¥
L 1] V2 (22)
,26’,[(95!)‘/ / oo 0.2 (23
R A A
and

Q“A,% 77(0‘1) 0.2(2 (9.8/))

[(5F-1]

2
3
0.0/156 O m when D~m

Q: ]/(OJ)%‘ _Di‘ &

or

348




3,53

3.563  Water flows through the pipe contraction shown in
Fig. P3.53.,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.

BFIGURE P3.53

Viiz = Pz W
£L+f}_+z,_4-+5;+zz

y
where Z, =%, and Ve =0
ThUJJ
V* _
il - &
Byt

%L--‘_X and %:0‘2”’ +x so that
2

X +-£VL =02mtX or

7
l
Vi=YV22002m) = (2(?-8;%3(0.2»1))4-—— /.98 Z
Thys,
Q= AV, =Z(0.1mV (198 2)= 0.0156 2 £y apy D

3-89




3.5%

3.54 A 0.15-m-diameter pipe discharges into a 0.10-m-di-
ameter pipe. Determine the velocity head in each pipe if they

are carrying 0.12 m*/s of kerosene.

3
Q@ o012

v=2-
b Z(0.15m)*
and
ma
V=08 _ onzg
2 A

b/ A 2
2 Z(o.on)

TM%

=679 2

= 15274

2 my2
Yo STE) | ooe

29~ 2(98/ L)
and

z
Voo _ (15.278)% 14

V4

2¢  2(9.814) ==

3-Lb




3.55

3.55 Carbon tetrachloride flows in a pipe of
variable diameter with negligible viscous effects.
At point A in the pipe the pressure and velocity
are 20 psi and 30 ft/s, respectively. At location
B the pressure and velocity are 23 psi and 14
ft/s. Which point is at the higher elevation and
by how much?

2 2
o; . fatfs , 6 - Ve 1 (20—-23);’-,%(1%%,’-&) (30%— /144
il g 27 ?9.5}’—5’3 2(32.28)
or

‘ZR "Zﬂ = 6,59 7‘.1{ ’ B I:S abal/e /4

3-5|




3,56

3.56 The circular stream of water from a faucet is observed
to taper from a diameter of 20 mm to 10 mm in a distance of
50 cm. Determine the flowrate.

T

ﬁ l;. tZ, = fai’"*'yz" t 2, 0.50m
where p,=p =0, 2,0, #, =0.50m
and )
_ @ _ @
Mﬁﬂﬁr ’ %—-ﬁ; ®
Thus, M
2 22 %, 8
(8 + 292 =(8) or 0= |22 ] - —2tigm
, o Ol B Y
or Since
2
ﬁ,z = (g‘:‘) we obtain |
Q=4 Vz}zf 1/‘(0 Olom)z[ 2(5’-6’/;’,'-7;)(0,50,;,)]E
2 = % (0. :
[ -, /07 |~ (Z8loY?
2,54 xjg L

(/)
D, = 0.02.0m

(2) D,=0.0/0m

3=52



3.57

3.57 Water is siphoned from the tank shown in Fig. P3,57 The T
water barometer indicates a reading of 30.2 ft. Determine the
maximum value of h allowed without cavitation occurring. Note
that the pressure of the vapor in the closed end of the barometer

equals the vapor pressure.

7_/7 vs,

0 = fourr s Vo~ 45t

y Ea

but fo 13026 ¥ =4 or sipce g =
ar

0=-32ff + 2 5 il L st or
Thes,

L£=3¢f§f

Since Vo As =Vohy, Vg
or

\é:/%z.ﬁf
Howsver,
-ﬁ+—-§- +Z ;+—;‘,_-/—;-z— +Z3
Tﬁu.s

142 £ = 203225 ) b #

L Closed end
(0)

4

3-in.
diameter

30.2 ft

5-in. diameter

BFIGURE P3.57

where £ =0, V

Z =0, 2,

:0, Ve =/Vapoi“
=&

I/apaf‘ Z%_f&pl‘ = ~30.2 {{

2

L= 242 o Y paafhpnadl]

3
S

) (s £

or

or /7 = 3./73

J+83 -




* 3,58

®3.58 As shown in Fig. P3.58, water from a large reservoir flows
without viscous effects through a siphon of diameter D and into a
tank. It exits from a hole in the bottom of the tank as a stream of di-
ameter d. The surface of the reservoir remains H above the bottom
of the tank. For steady-state conditions, the water depth in the tank,

h, is constant. Plot a graph of the depth ratio /H as a function of the
diameter ratio d/D.

BFIGURE P3.58

From the Bernovlls equaffan,
ﬁ+ﬁz+3, = £3-+ Va +Z,

P zg X7
where ﬂ =l =0, % </, and at the ”freed'ef "end of the \r/)aﬁﬂﬂg
F=8h-2).

T/’V‘S Ef, (1) becomes .
Y = (h-zz)+-5_"§ 12, = ht e

or &
() Ve =y2g(H-h)
Also, ) |
ﬁ;i;g@% ” g‘h;% +7; where ,0,,=f/4 s <Z,20 and Zu<h
Thus,
h =1 o

N |
Alsa, for constant liquid [evels m the fanks, §, =@
or
ﬂz.Vz sﬂj V3
$0 Fhat
@  E0V=Fd*
From Egs.(1),(2), and(3): 4
D Yag(h-h) =d*123h  or H-p=(4)'h

Thus,
_;1 ’ :T(J?W This resvlf /s plofled on fhe next page.

(con't)

3=54




43,58 | (con'd

1

08 \\
h/H \
0.6
\

0.4 \ -
0.2 \

0.5

d/D

3=85




3.59

0.2 m

3.59 A smooth plastic, 10-m-long garden hose with an in-
side diameter of 20 mm is used to drain a wading pool as is TTETEE

shown in Fig. P3.59.If viscous effects are neglected, what is
the flowrate from the pool?

2
%’“*% + 2, =J'-;¢+ 2‘/f;+i_f2
Thus,

!
A ='|/2§(Z, -227 = (2 (281 2% )(0.2m —(—o,zsm)))i

=2.90%

or
| o g
Q = /q_,_ Ié =‘:;£(0.020/)?) (2.?0%‘—) = 91! x/0 ';%L

where f = £,=0 2 =0.2m

J

(2) 0.23 m

FIGURE P3.59

=-0.2 =
2, =-023m and V] =0
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3.60

3.60 Water exits a pipe as a free jet and flows to a height k above
the exit plane as shown in Fig. P3.60. The flow is steady, incom-
pressible, and frictionless. (a) Determine the height A. (b) Deter-
mine the velocity and pressure at section (1).

-in. diameter

i
6 in. diameter

BFIGURE P3.60

(@) From the Bernoyll; 6717

2 \/ﬂ.z - po =
ﬁ*——?—ﬂ‘i}. ﬁ’ ;+Z where o= <0, 404 V;

Th us

YA W)

}’=7—; Gz ~220f

(b) H/:o AN =4, V.

Vl Alv d/.(élﬂ)

By oyt
12 ﬂ(ﬁ’-[ 1(/5‘3-’)'—36.03

me 1‘/;3 Bemau//; equatiop,

-I-Z 4 VZ-J-Z)_

or smce "=0g,

P =5V +8(Z2m2)) where 250
7711/5;
£ =:9_’—(J.94S/U )[(/5 By (34.08)" 462,408, (61)
=*/009(‘—/”3“1'—H)/H‘ + 499 1 -ﬁ;_

14
= -5/0—
&




J. b1

{‘H Air

3.61 Water flows steadily from a large, closed tank as shown in  _§
Fig. P3.61. The deflection in the mercury manometer is 1 in. and A AR 1 ft diameter .

viscous effects are negligible. (a) Determine the volume flowrate. 8 ft : S0, lamises
(b) Determine the air pressure in the space above the surface of the L
water in the tank. T

(a) From 1‘he Bernovl|; eyum‘wn BFIGURE P3.61
(1) ﬁ+ +z, ﬁ+ +z“ Where Vo<0and Z,% 2.
ﬂ/Sp, for the mdﬂamfer

Po 8 oh = o (h=1in) +%(/M.J

or
£, = (G =&o) Ulin) = & (56, 1) (1in)

‘(624 )(1354 D(zH) = 653
Thus, trom Eq(l),

V1L - _ 65.3 16/

ng il L2, 4 lé/ff" = /. OH6 'Iq
so that

l/ Vﬁ)(sz-zg)(/.v%ﬁ) =82 8
Hence,

Q=AY = E (et = 645 &

(b) From the Bernovlli equah'on, g
(2) @i"r—‘é—" tZy ﬁ+ & 1‘23 where V=0, f, =0, and Vs =73

= L‘_“_ _ 3,
(%A )" .

//eﬂce Lrom Ey ()

&+Z4 ?423J0r sz J_P +¢Y‘(2'3 Zy)

<

h’ence

sl P2 _ b )
Py = 09493 (131 ) 142,45, (-641) 161508 = 112 ps

3=53




3:62—

3.62 Blood (SG = 1) flows with a velocity of 0.5 m/s in an artery.
It then enters an aneurysm in the artery (i.e., an area of weakened
and stretched artery walls that cause a ballooning of the vessel)
whose cross-sectional area is 1.8 times that of the artery. Determine
the pressure difference between the blood in the aneurysm and that
in the artery. Assume the flow is steady and inviscid.

From the Berpouvll ecfyaffan)
£l +ipV ez = g +Epl 4oz,
where Z,=Z, and V=052

Ths,
( Pf =7V =W?)
However,
€ = Chao SChi00d =y, (1) = 9‘7‘77,,@%
and

l/lﬂl :Vz‘ﬁb or

Vo= 2LV, = )V,
Thys, &g (1) becomes

[ \2 m.2
Py = +(999 55 (0.5 2~ (75) (0.5%)']
86.3(ALM) i = 96.3 2% = 9434

I
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3,63

3.63 Water flows steadily through the variable area pipe shown in Density = 600 kg/m”

Fig. P3.63 with negligible viscous effects. Determine the manome-
ter reading, H, if the flowrate is 0.5 m%s and the density of the
manometer fluid is 600 kg/m?.

Area = 0.05 m?
M FIGURE P3.63

From the Bernovlli equation

%*i\g*‘zf = 4‘31‘%-#2;/ where Z, <2,
Thes, X
9 3
N N/ =5§,(V,'W =3PV, -)

Bm‘, @-‘-’ﬂ,V, =M Ve <o that

3

2 - m
8. osF @ 4 _o05s __ m
%—ﬂ;—m -/0_; and Vz—m 0. 07m> = 2% 5

Hence, from £g.()):
D pfy =3O (102 - (22 ] =2%5xlj3(5’}%@)ﬂ"1
= 245%10° L,
For the manometer,

-l =Bl =ty (D11
so that

Area = 0.07 m?

&) e f :d;,_o (htH) _a/};oh -d/:ya;,y i (%wﬂ ban) =7 oo Cnan) #

Hence, from Egs (Xand (3):

k
24,5x10%% =9.01 2 (999K - 600.%) f

or
H=6.26m
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3.6#4

3.64-  Water flows steadily with negligible viscous effects
through the pipe shown in Fig. P3, 641t is known that the 4-

in. diameter section of thin-walled tubing will collapse if the
pressure within it becomes less than 10 psi below atmospheric
pressure. Determine the maximum value that 4 can have with-

out causing collapse of the tubing.

%—1‘2 tL = [2+2Z,4 1;

W ere

ﬂ,— V 0 Z,_—O and /72

Ths, wn‘/i 2’, al ) !
4ff == 440 6/ 12 Ve

62,4778 T 2(32.2 fl/s2)

or lf, -—-'6"-/.7-?1'

Also, >
-£L +Z, + ; = -ﬁ' 12 + i}-
W/iere

270, Z=h, and Vs = 2% < (2
../85

Thys, .
iE (18.51f5)

#H At 2(32.24/52)

or

h=131f

()

4-in. diameter thin-walled tubing

B FIGURE P3.6#4

(M“f ) = -/4%0 %,‘,:L

)V ‘/fﬂ)(w./.,f_)
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3.65

3.65 Helium flows through a 0.30-m-diameter horizontal pipe
with a temperature of 20 °C and a pressure of 200 kPa (abs) at a
rate of .30 kg/s. If the pipe reduces to 0.25-m-diameter deter-

mine the pressure difference between these two sections. As-
sume incompressible, inviscid flow,

%

where z =z,
Thus,

o= ".zl—f)(lé.z" Vll)

2 Vi2

(1) where e

or

Also, Y

ﬂ‘; = P,QIVI =0'30§£
50 f/m?_t
V/ =
and

ﬂ,u :19:.[4. or
9
% =(2)

V,
Thus, from Eq.0):

0.30 %8
CAr ~ (0.329 -;?3) 4.2(0,3,,,)’-

= /7

_/03m
“o.zsm

L= —2'—(0.31¢ ‘f';,%) (1&.5"—/2 .9“)%

D,=0.3m D,=0.25m
p, =200 kFa abs
7, =20
4
_ L 200x10° pa

R7, (2077 ’.‘%’_’;’_C )(273+20) K
f
= 0:329 —;;%

M
19-5'_

2
(12.92) = 18.6 2

=29.5 Pa

3=bL




3,66

3.66 Water is pumped from a lake through an 8-in. pipe at a
rate of 10 ft¥/s. If viscous effects are negligible, what is the pres-

sure in the suction pipe (the pipe between the lake and the pump)
at an elevation 6 ft above the lake?

V2 7, = L2 Ve

.ﬂ— 2} +Z = e f + 22

w/:;re £=0, =0,2<0,62,=60F

an

}.

Y, = .1 B Lo o 20.6 &

2 /92 rh* g H)z 2
Thus, i i

Po= =02, —£oV,) =624 L (6.04) - £ (1.9% H_a)(zsgﬁ)

]

" b _
/168 2 =

- 8.1 pss
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J.67 I

b = width = 0.06 m )
3.67 Air flows through a Venturi channel of rectangular cross 0.02 Free jet
section as shown in Video V3.0 and Fig. P3.47. The constant ke —

width of the channel is 0.06 m and the height at the exitis 0.04 m, (1) «(3) (2 [h, Air —Q)» o (4)
Comprcssibility and viscous effects are negligible. (a) Deter- =

mine the flowrate when water is drawn up 0.10 m in a small tube R .
attached to the static pressure tap at the throat where the chan- 0.04 m3~0.10m |
nel height is 0.02 m. (b) Determine the channel height, h,, at
section (2) where, for the same flowrate as in part (a), the water
is drawn up 0.05 m. (c) Determine the pressure needed at sec-
tion (1) to produce this flow.

0.04 m

Water
H FIGURE P3.67

(a) For sfeady inviscid, mcompremb/e flow: (¥=12.025)
(1) ﬁ. +— g = %“ + '5_% W/]ere /04._0 /)3 2 —?J’OXIO-—- (0 Im)
A/S x = _980_#9‘
"AsVs = Ay so that I = (‘gfjgxg;;;)’ =24 )
Thus, Eqn. (1) becomes

N A
"9800_75 4Vlf ’V,*
12.0 2% 2(93; = Sk 2041 or Vy=232

/‘/8[7(.‘6’J 3
Q= /4.;:. Vy. & (0-0¥mxo.06m)(23./-f—)= 0,055 —g—-

W 7 3
2) (b) % + -—0—;— = -éf— +§j§ Where ﬂ‘/ =0} /02 =—32/2on = 9"?0”05% (0.05m)

| = - 490
From part (a), V= 23. % "=
Thus, Eqn. (2) becomes

P IR s
2ol anE T 2005
But VLA, = WA# so That

(36.555) (0.06m)h, =(23.)2) (0.06m) (0.04m) or hy = 0.0253m
2 2 I, i
(3) (€) Also, #?- +;¥;’— = f%f +3_V;. where £0,=0 and A, V, = Ay Vi

But since A, =(0.0¢mx0.06n) = Ay then V)= Vi and Egn.(3) g ves
= =2

or Y, =365L&

354



3,6%

3.68 Water flows steadily from the large open tank shown in e & 1)
Fig. P3.68. If viscous effects are negligible, determine (a) the *
tlowrate, 0, and (b) the manometer reading, A.

¥ ) N
Mercury
0.10m s

BFIGURE P3.4g
@) From the Bernoulli equation,
ptieVitHta = p, +o Vo' +02:  where £r= f2=0,Y,20, 2, =4m and Z2=0
T/ws
;_(’lé , or PgZ = —-(ng so that V—V;ﬁ—,

vz;-q&aa;m/mmm? = 8.86m/s
Hence,
Q=A, V= Z (0.10m)"(8.86m/s) =0.0696 m’/s

() From the Bernouvllf egUaf/on

f.; z(ovs +J"Z" 2 t 7 Vz ‘“’rZs W/%’f‘e Za=Zg cma/ Iy
that t al
§0 a

pr=rp(V -V

/4/50 /4 Vz —/43 V.3 .5‘07%4‘71 M? Vg ( )Vz (g;;ﬂm) 8.85”9/3;—_/3’91){,”/3
Hence,

ps = 7 (999 kg /m?) [(3. 86m/s)” - (13.84m/s) 2] = - 56500 Nyin* -

Also, from the manomefter,
£s = -%/7 +J;/10 (2m+(0.08/2)m)

~(133%10° N/m3) h +8,.80x10° N/ ) (2.04m)
= - 133x10°h + L.99x10% Nin*  where h~m "

Thus, from Eqs. (1)and (2)
- 5.45x0% Nim* = -133x19°h #1,99x10% N)m*

i}

or
h=0.574m
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3.69

3.69 Water from a faucet fills a 16-0z glass
(volume = 28.9 in.") in 20 s. If the diameter of
the jet leaving the faucet is 0.60 in., what is the
diameter of the jet when it strikes the water sur-
face in the glass which is positioned 14 in. below

the faucet? 19
0 '
.£L.;. Vl Lz, = af’z V;-;-zz iy
w/f/r ﬂ <fa=0 , Z,=/%m. , F2=0
Thos, .
A =‘/2;( Z+ —zﬁl where V, = _%_ N %?.;_ (2)
or

153

3
[ = _%Ej;z)){ f ’(2;0’5) = 0.426 £
Hence, :
= 2(31.2%)(—};#+%%) = §.87 —E’i
B,
AVi=A Ve so that D7V, =0, Vu

or iz !
(VY% _(o.426f \% xl .
Dz'("\Z) D, =\"375 ) (0.60in) = 0.132 in.
Ky
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3,70

3.70  Air flows steadily through a convergmg-d:vergmg
re/'ctangular channel of constant width as shown in Fig. P3.70
and Video V3.0. The height of the channel at the exit and the
exit velocity are H, and V,, respectively. The channel is to be
shaped so that the distance, d, that water is drawn up into tubes
attached to static pressure taps along the channel wall is lin-
ear with distance along the channel. That is, d = (dp./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.

@ FIGURE P3.70

prededoVis = 12,042 1/
where

Z=2,, FozaJ ﬂ'-:
Thos,
A
Byt
AV=A,V,

2,

or V= A"V—- Ho

+to(%v,)

%

_a;h.o Elfﬂx =—-‘.11_-PV‘,2'

0’"

w/f +2 “’";1,:’1"“ )£

Hd;&od i

Typical shapes are shown below:

where e = air density

Omax

M0 —

X

Vo so that

H/H, vs x/L

H/H,

361



3.7

3,71 The device shown in Fig. P3,7/ is used
to spray an appropriate mixture of water and in-
secticide. The flowrate from tank A is to be
Q, = 0.02 gal/min when the water flowrate
through the hose is @ = 1 gal/min. Determine
the pressure needed at point (1) and the diam-
eter, D, of the device. For the diameter deter-
mined above, plot the ratio of insecticide flowrate
to water flowrate as a function of water flowrate,
Q, for 0.1 = Q = 1 gal/min. Can this device

be used to provide a reasonably constant ratio of
insecticide to water regardless of the water flow-

rate? Explam

%‘3 +fo ﬁ'* +Zz where £,=0,V,=

? @
Z,=0, Z,=0.5ff, aﬂd =4 A with

al (23] {2 n Y\ _ -5 f#
Q= 0.02 253 (35 fir N Gire) = #.46x10° s

Tﬁ”\g, -5ﬂ3
v, = Y444 %10 = 34.3
/s (a .05 H)i TS

Hence,

0.10 in. diameter

Me—2__ A

0.015 in.
diameter

ol rrrrs

AN -
B Insecticide
\) A ICI

FIGURE P3.7/
2) T Va

(o
|

")

fam %o Wi-y2, =~ -,{-(/,94‘5-/-‘-'95)(36 sft)’- (2. ¥1L)(0'5H)— ~/3/0 g &

Now assome f,=fs and neglect the kinetic energy of the insecticide

com,oared to that of the water af (). That is,
3£_+ +z, = L4 -!:;: +2Z; | where Z, =%
T/?us w,ﬂ;

V=E md =S

1 3 . -3 3
= mm G” i M)=2.23X/0 fid we have

728 9@1’ 60.!'06 s
3 i
UVAS ;_.zsoxfg 4) = 40.8 3;’5 so that Eq. (1) gives
.lL 2 ity?
~13/0 40,81
T —

62408 " 2(2.28) T 2(32.28)
Thus, ZD*V,=Q or

12975 [ 2223005 8)T*
D“[FV; e = = 7/¢x10°f} =

| = sy.948

0.0863 ip.

With this diameter determine g with 0.1<Q<| % ,m,;

(con't)

—— a0~

Q

(0)

(n
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3.7/

(con't)

From E4.0):
f:*a‘.‘f’vlz=1“€’éz or with V:’% and K’%

R & T W, shas) @ [ b o =
o= #08 [d; ﬂ?] =£(1.9¢<F)Q l:[f(%fﬂfl [}f(zm:?ﬁ)ﬂ
or

2
ﬂ.‘ = —-2.62”03@ -g%_ p wbere Q"' '.:.;d's : (2)

Also, from E? () with .=,
0= £L+ +zl Lo fi=-FpY% -¥%

w/)era
(= G =gl = 81500 £ uih g4
T/w.s,
e ~ oLl 94%)(3;“;95@,, Y —(s2.4L)(051h)
A (3)

f——éwx/o”q;, - 3.2 b where G~ %

Combine Egs. (2) and (3) To give
2.62x16°Q% = 6.4 x10" Q) + 302

r 2 1
(%'1) = 4.07)(/0'4— x99 ¥io P where §~ :if

01
Vs, ,
= 2
@ - 00200 - 1297 whre 0~ 2
Plot £4. (4) from Q=0.1 ;ﬁ}, 2.23x/6 —- fo Q= J-‘L =2.23x67 4 3

Note: 22=0 when Q= (L Mxiﬂ")i =3, ‘fs x/o"fﬂj
With <3 ysx 0% , £q.(%) gives the sqvare roof of a negative

nvmber — not pﬁys/m//y possible. With @=3.4#&x/0 ¥ Eg,02) gjves
£, =32 % the minmm needed to drow the insecticide up The

0.5 foot elevation fo point (2)

D
s O

ool
0 ' . : A
0 : 1x1073 Q 2X103 fsia
— gal
| min

0.1
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2.2

3.72 1f viscous effects are neglected and the tank is large, de-
termine the flowrate from the tank shown in Fig. P3.72

50-mm

diameter =
3 3 FIGURE P3.72
%*‘%*Z:':‘%*;?*Zz where /,=ﬁ+3;};=();ﬁ
Z,=07m , Z,=0and V| =0
Thus,
\ Vz-
—‘%’;—& + 2 =—?_;- or I = 1/2? +Z;) where —?— =0.8/
and
2
{=rk =701
Thus,

N -
Q= TW(O-OSOm) 2({3/:%1) 0.8l(zm) + 0-7”) = 0.0132-%—?




3,73

3.73 Water flows steadily downward in the pipe shown in Fig,
3.73 with negligible losses. Determine the flowrate.

BFIGURE P3.73

From the Bernoull; equatiop,

, VE _ p 5
() 2%+z,+i§ ..fdiﬂzu;_},
and

AV, Ao, or F.2m)V, = F (1m)* Vs
or

where Z -Z,°2m

(z) VI = 0.576’1'1/1
Also, from the manometers,

£ = ¥h, and fo= hith +8h, , where c)gﬁ = 0.7Y
Thus
U;”fr = ¥(0.7h, +h, ) - &p,

or

(3) fé};ﬁ' =h2 '0-3}), =2m=03(1.5m) = 1. 55m
Now, from Eq.()),
z,~ 2, = P +_V31_--'_/L1

_ { Zg |
which, when combined with Egs. (2) and (3) g1ves:
2

2m =1.55m + i y (1 -(0.69%)")

209.8Im/s
or
V, = 413 2
Heﬂc:e,

3

Q: AQ_V‘.'.: 7?(/”})2(’7‘./3 %n') :3,243@—
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3.74

0.5 in. Hg vacuum

0.6-in.
3.74#  Air at 80 °F and 14.7 psia flows into the tank shown diameter
in Fig. P3.74. Determine the flowrate in ft*/s, Ib/s, and slugs/s. (1) @ (2)
Assume incompressible flow. y » 3

e

FIGURE P3.74

‘%{_+_7-Zj;+z’ —_%_ 'i%z“"z.z where z =2, , £ =0, V=0
Thus,

V;_ = —2}4‘3‘ = -2.-*&

where — p = -/-g-;- (r4.7 n’-) (144 H“) -3 s/vgs

= 2.28x00 L&
(/7f o ”’R (#50 +80) R i

— (947 & )( ) s g b

Wh i
V= |-2 (-35.345) Jé._ )74 f
2.28%)6 > Slvgs s

Thus, . )
§=7FVa =“g(-‘%—,_-‘-|{é) (/75#)_ = o.s%{%“-

m = PQ = (2.28X/0-3§é%§‘z)(0.3¥5_§f) = zaqx/i“ﬁéﬁﬁé
and

“® &
gm = (32.2 )(7.8?):/0 ﬁ,a = O 0254%_
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3.7

3.75 Water flows from a large tank as shown in Fig. P3.75, At-
mospheric pressure is 14.5 psia and the vapor pressure is 1.60
psia. If viscous effects are neglected, at what height, &, will cay-
itation begin? To avoid cavitation, should the value of D, be in-
creased or decreased? To avoid cavitation, should the value of
D, be increased or decreased? Explain,

FIGURE P3.75
W/‘)ere ﬂ =/z,c,5p5,'a,,ﬂz 1.60 psia,

2 2
L?-t» -Z"-+zo W S

2?’ & 7'; / Zosh)zjgojd”d%s.o
7’771/54,7‘9 . 2
h= Ih‘ %+ 2} (1)
However, 5B
AVi = A Ve or l/,’-'f‘)lé
where
_%_4._% 4'2'! == ﬁ' +—Z}—+Z With fozfﬂ- d/)dzz:'ﬁ
Thus,
B
Fin
S0 d Dot o y
2 5 ) V. D,
2»;= (gfg)z (D:)h &

Combine Eqs.(1) and () 4o obtain
(] i3 4
h =L (22T
or ﬂg "‘ﬁ[ y (/‘/-5 = /60) (/‘1"4 f‘f"

"R oAl -]

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

= 1.98 44

(3)

=73




3.76

3.76 Water flows into the sink shown in Fig. P3.76 and Video
V5.1 at a rate of 2 gal/min. If the drain is closed, the water will
eventually flow through the overflow drain holes rather than over
the edge of the sink. How many 0.4-in.-diameter drain holes are
needed to ensure that the water does not overflow the sink? Neglect

viscous effects.

Thus,
Q —

n.-"—'

wiz‘/;

! m:n
mm %30S

#Q

ﬂcc dnz v?.
T/)u:)

f_ﬁa/&f are peeded.

1in.

__J‘J.Q._Z&aﬂ'.mﬂ- 4-——}—

S

L — ——

0.4-in. diameter
holes

I FIGURE 3.76

+Zz , wbere £,=0, V=0, and 220,40

i’

]’2‘52 '_[2(32 zﬂ)(Ho zﬂ]

£
2.54‘3—*

, where n=nvmber of holes required,
d =0.% ., and C confraction coef.
—-0 6l (see F:g 3.14)

230 in. in? ) -3 H"

3
Igal L )

YT L S 48x/10

4 (446 107 {3/5)
706D ( 22V (2. 54 14/c)

=3 30

3~7%



3.77

3.77
0.09 ft*/s from the tank shown in Fig. P3.777

What pressure, p,, is needed to produce a flowrate of

Air

Salt water

FIGURE P3.77 SG = 1.1
vz 10 vz 0.06-ft diameter il
i;.%-+;;‘+2'z =—§*+-—2-;— +Z;  Where P2 = +0h, p=0
T hos,
£ t%h LW
"m_b"_o— +2, = .i_;_
{\;ﬁ/?ere Q=AsVa =50V
3
L= 28 . 4 (0.09 ) = 3.g4t
3 rof 7 (0.06 £1)* oS =
Thus, ,
_ (Y _ bl Gref)”
ﬂ = X(zﬁ Zz)"%h = (/'f(52.¥ﬁ~)[m 3.6F¢
— #2.5.}% (2.014)
or
_ b _
P, = 746 i 5,18 ps;
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3.78

(1)
3.78 Water is siphoned from the tank shown in Fig. P3.78.De- e
termine the flowrate from the tank and the pressures at points 3t
(1), (2), and (3) if viscous effects are negligible.

—

(2) 7,
5 ft

(3)]e

*

—

4 ft

0.1 ft

(Ln e AR R

MFIGURE P3.78

From the Bernoylli equation,

fOJm-ZLP Voz’+ J'Zo =/0¥+i"'(a|/92+3'2¢) W})ere ﬁﬂrﬁf‘;—O; VO:O) Z, :5{;5
2, =0
Thys, and 2

82,250V, or Vi=l2¥2 /fp =)297Z < 32288 (5H) = 17942

Hence, ’
Q = ApVy = F (0184217948 ) = 0,141 5

For 0 ptzeV"+02, = py 45 pU* +¥2,  which with ;=0 2,0 2 =64
and V=V (since A=Ay ) becomes
£ =82 = (2.4 1/8P) (8H) = - #9945,

For 50 patdpVe +825= p, +4 0V 42, which with =0, 2,70 2,5t
and Vo=V (since Ay=Ay) becomes
py ==V = - (62.4/6/4) (5 ) = - 3/2 Ib/f4*

For f,¢ Since Z,=Zs and Vo=Vs i follows that
ﬁzzﬂg =-3/2 /b/][’T[Z
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e d7 (3)

()

3.79 Water is siphoned from a large tank and discharges into
the atmosphere through a 2-in.-diameter tube as shown in Fig.
P3.79. The end of the tube is 3 ft below the tank bottom, and vis-
cous effects are negligible. (a) Determine the volume flowrate
from the tank. (b) Determine the maximum height, H, over 9
which the water can be siphoned without cavitation occurring,.
Atmospheric pressure is 14.7 psia, and the water vapor pressure

is 0.26 psia.

-'— 2-in, diameter
ft

BFIGURE P3.79 L ,
(2

From the Bernovll; equation,
%+¥} tZ = %ﬁf% +Z:, where £ =20 and V, =0,

Z " 'i? +Z,
i ' + 97 f1
= 129(2-22) = J(2)32.25) (9#+3H4) = 27.¢ &
Hence,

2 o
Q=A,V, = —E(%ﬂ )(zzeffll) = 0,407

(b)  From the Berpovlli equation,

2 2
B2 4242, = B 4L 4%, | where Vil since Q-Alk <Al

aﬂd /43. 1/}3

Thus, with 2, —2; = Ht 9t +3# = H +/24}
V2 t¥(Z,-Z2) = 2
where g =/4.7psia and Py, = 0.78p51a
Hence,

b nt
(62485 (H+12H) = (14.7-0.28)738 L2
or
/-/:: 2/,3 44

_—




| .80

3,80 Determine the manometer reading, , for the flow shown -
in Fig, P3.80

0.05 m diameter

FIGURE P3.80

2 i =
I+%+%=__?;é +-7\_L;+Zz where Z,=22,V/-OJ and
V2= 0
Thus,

£=f
/%u/el/e/‘, P = ’h and P2=0"(0.37m)

so tha
h =0.37 m

J=78




3.8l

3.81 Air flows steadily through the variable area pipe shown in

Fig. P3.81. Determine the flowrate if viscous and compressibility
effects are negligible.

From the Bernoulli equaﬁon,

(1) ﬁw‘V' +Z, fﬁ+

MFIGURE P3.81

+2 ” -
Gair zﬁ o e %, W/]CPG Z; £, ﬂﬂﬂ{ Vz. g
an
(1) Q::HIVI

Also, from the manometer
(8 [AE D+ b =t B (h+h)

BWL Ky,_o & er S0 'fhaf Ef (3) becomes

P2 = ﬁ +80h,  or %’ -if' j&lﬂh
Il‘ ’
Hence, from £q.(1): ‘

& g,

) +’VL y ,f_l. 4( 1/:.0)
%fr 28 " G \ Y /}
or

/AT

1/2(?@/;’)/9;"2””3\, )(O./m) = 4005

Thus, from Eq. (2)
3
Q =Z (o2m) (40.08) = /262

3-79



3.82 L S
i

3.82 JP-4 fuel (S§G = 0.77) flows through the Venturi meter
shown in Fig. P3.82 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.

JP4 fuel

V = 15 ft/s

-F|GURE P3.82

z 2
-é’—-)—*z—‘-/;--f-zl:—??-%-a;—-}-z.z th?/ﬂg Z,=0,Zz=7§'f?, (")
and Vg = 15 14

/9/.50_; /9,[4 =/92V1.

or 4 5
Y = 1\/2=(_,.%’-) V = i’/f,) (/sfi):se.?géi

Thys, with ﬁ- =61t Eg.(l) becomes
£y (3375f-1‘-)z - S+ (15 g‘)z +“§‘H

¥ 2(32.24) 2(32.28) T 72
or
ZL = -7.53ff

But ﬁ;}-?/? so that h=753fi

3.83

3.83 Repeat Problem 3.82 if the flowing fluid is water rather than
JP-4 fuel.

Note from the solution to Problem 3.82 that the
valve of &' is not needed. Thys, h=753ft for
either water or JP-4 fyel.
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3. 84

FIGURE P3.84
3.84  Oil flows through the system shown in

Fig. P3.8#with negligible losses. Determine the
flowrate.

L2 3_?,&22 where Z=0,2,=5, and

T i

Also, 1, = —%?; =0

Thus, ;

LB cm v where prbh-prdl b 0

or N
ILX& of’ 5 %'-@}')
with g, f) =54 -4

Thes, the manometer equation gives

___ﬂ;f" e &8 +({§.ﬁ~!)h (2)

Combine Egs. (1) and, (2), vsing 2, = S to oblain
V: _ /.9 _[S6m _
25 ~(F-1)h ~(32-)h

1. fty(2:5 _ =gy
b=1/2(32.2%) oge ~!)(0.8f1) = 9.9/ L
Thus,

2 i 5
Q=A4,Y, =(zo;b.zx /—4;%_7)(?.?/‘?) = /-39“%!'
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2.85

3.85 Water, considered an inviscid, incompressible fluid,

flows steadily as shown in Fig. P3.85 Determine A. 5. 2
Q=41 §

0.5 ft diameter ] '-;E 1 ft difmeter

m FIGURE P3.85

Pt 0Z +7pV* = p, 82,4403

4 & f
where Z,=0, Z,=3ff, Vo =0 and I{=;§:=W: S.09 L
Thos,

Iy
P+ 20983509 8 = g, + 62, 44ﬁ3 (314)

or
pp = 1625 0
But from the manomefer,

~¥(L+38) +¥(h+L) = g,

or

# =62 ezﬁ, (3H) +62.4 ,e,.ah =
Hence,

£ = fo +187 - 62.44 Which when combined with £g.0) grves

pot 1876244 —p, =/62
or

h= 0.400%

3-8




3.86

3.86

Determine the flowrate through the submerged orifice

shown in Fig. P3.86 if the contraction coefficient is C, = 0.63.

G+ g’LZ’"ﬁ V;
Thus, .
Vi
=204
Vo =134 2
S0 that

@"‘/qzlé =

C AV, =(0.63)F

.5 X ) !
A o T A
o
@ : 6 ft
4 ft et 1O
3dn. | 2ft
diameter L
S A A 7
FIGURE P3,86

whers £, =0, V=0, 2,=4f
Z,_='OJ gnd %32{11

E ) 3wty =035 £
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3.87

3.87 Aninexpensive timer is to be made from
a funnel as indicated in Fig. P3.87 The funnel is
filled to the top with water and the plug is re-
moved at time t = 0 to allow the water to run
out. Marks are to be placed on the wall of the
funnel indicating the time in 15-s intervals, from
0 to 3 min (at which time the funnel becomes
empty). If the funnel outlet has a diameter of d
= 0.1in., draw to scale the funnel with the timing
marks for funnels with angles of 0 = 30, 45, and
60°. Repeat the problem if the diameter is
changed to 0 05 in.

% |
-ﬁ-+ +2‘, "-4?-+—Y1'— +2a \ (1) l—R—’f/

Plug
FIGURE P3.87

29 2.9
wbere £,=0, £=0, 2= 6"
zz-o and V—-"'g—/]“f‘vg_ | h
il d
Thus, i __‘ (@) ~_1
Y, = 1/25}7 which when combined wilh f2 LV gives
AW = ff2gh or -TR*Y - Z 4220y 0

where R =h fan6 e
T/?US Eg.(1) becomes - h*tan*6 I = —g— V294

/)3/2 dh = —d V_. 123 Jf u;zﬁ/aﬁ can be mfegrafea/ from h=h,

t=0 as

A 2 St Shq :;J——-
(hs’db- Lleg 4o L MRS 52

an?6
o
T/ws . (2)
, 2
h = [hj/z-— 58dfa%t] Since h=0 when t=3mn
m( 80 ) IZ ){0//01(/8 fbat =/80s
2 " L ]
hS/ﬁ = Ll z : which when combined
¢ 8 tan“6 2/ With Eg (2) grves
£ 4212 (32.234) (1805) 26
h=|= e —| (I~ 70

or
T S
h=152 ( tan 6

For f=0, /5,30 .. /80s calcvlate h from E? 2 with
0 =230,45 and 60° and d= 0./ and .05 1. The calcvlated a’a/a
for d=0.05in, and 6=30deg. are shown jn #ie tapje below.

Other data are graphed.  (cop't)

Ys . 24
) (1-75)" where h~ft , d~# andtns
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3.97 | (eon'?)

For 4 = 0.0500 in and theta = 30.00 deg

i

LEES

Lo [

(15

"4

-t

N

O

-~ S

~

iy

Nj

L¥b)

LN
o
N

A L

—
1

T

Tty S h. Et
0.00 +2.941E-01
15.00 +2.841E-02
30.00 +2.734E-01
45.00 +2.621E-01
60.00 +2.501E-01
75.00 +2.371E-01
90.00 +2.229E-01
105.00 +2.072E-01 i
120.00 +1.895E-01 mEaN e RN
135.00 +1.689E-01 0.3 Frr——
150.00 +1.436E-01 -
165.00 +1.089E-01 h & e e
180.00 +0.000E+00 y# P
i | |
] 1 ] |
0.2 H—T—1+—
o
| L]
L d
! N Vi
|
Oll i -
LA A
H 4 -
| 1 =
W 4 =
V -
O ]
0.5
I
O.%
h, f
o3}t
L
+
I
0.2
/
4 v
o.l
y d
/ -~
d .
Y V1
/ =
0]
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3.8

3.88 A long water trough of triangular cross
section is formed from two planks as is shown in
Fig. P3.88 A gap of 0.1 in. remains at the junc-
tion of the two planks. If the water depth initially
was 2 ft, how long a time does it take for the
water depth to reduce to 1 ft.?

4_} L Vz N\ 'Z 1/

+Z = —?— +Z,
where £,=0, p=0, 2, <h  and Zz\/
Also V/? Vﬁz or since 2>>ur it

@lk
follows that ) << , Where Y =- ol
Thos, Egll) gives

|é_ =1/2j' So that

- ngﬁ =AW 29h  with A= bL=2bh and A, = bw
where b is the fank length.
Thus,

~2bp g{e" =bw|29h
{h dh = - wra{f which can be infegrated 4o give

h ; = tf
ﬁq‘dh = —,«rl/jf—ﬁé
hth t.‘.-_-g
P
OfﬁEgu?]/}z[hf%'hf/z}%(%‘i—’)ﬂVﬂzﬂ[ il

=365
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*3.89: *389 A spherical tank of diameter D has a

drain hole of diameter d at its bottom. A vent at
the top of the tank maintains atmospheric pres-
sure within the tank. The flow is quasisteady and
inviscid and the tank is full of water initially. De-
termine the water depth as a function of time,
h = h(t), and plot graphs of h(f) for tank diam-
eters of 1, 5, 10, and 20 ft if d = 1 in.

V +Z/ ﬂ+—\{7=-+22

Z y 27
W/)erf ﬂ, =0, ;dz 0,2,=h, 2,=0 and V] = T<<V i r>>d
Thus,
V, ]/2 ;? which when combined with Al = /42 Vo grves
-/]3? =A29h or -Tr —j’;’;=¥dﬂz;ﬁ (1)

rl

where p* = r 2+(h-R)* |
with /\J- = =radivs of tank h-R M

- #
Thos, - _]/ﬁ .-(/;-RJZ so thal Eg.(/) becomes

~[R*(h- -RP] Sh . 425

% . dp = d2V2g i which can be integrated from
(/7 2855 ) dh - e the initial time and depth (¢=9,
h=2R) toan arbiirary time and

¢t deplth (L4) as

h
((b% -2Rh%)dh = izjﬁfﬂ

o

" 2(h% - R)) - £R(K%-R)%) = @
Use d= 7=t qpd g=32.2 ’c’i and plot ﬁ-—é({) faﬂ
valves of R = 0.5, 2.5,5 and /0
WNote: It is easier 4o solve Eq.(2) as t=£(h) rather
than h=h(t)

Note: The time taken 1o empty the tank, t,, is obtainéd from
Eg(2) with h=0 as

PAAPRINE | i
=7 2
& /5 d V; (coﬂ)i)
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*3.89 | (con't)

N=
s
0.00
0.09
0.35
0.77
1.34
2.05
2.89
3.84
4.91
6.06
7.30
8.60
9.94
1134
12.69
14.06
16.37
16.61
.72
18.62
19.14

h, ft
1.000
0.950
0.900
0.850
0.800
0.750
0.700
0.650
0.600
0.550
0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

D=5ft

t s
0
5
19
43
75
114
161
215
274
339
408
481
556
632
710
786
859
929
990
1041
1070

h, ft
5.000
4.750
4.500
4.250
4.000
3.750
3.500
3.250
3.000
2.750
2.500
2.250
2.000
1.750
1.500
1.250
1.000
0.750
0.500
0.250
0.000

Results of an EXCEL Program to calculate h(t) from Egn. (2):

D =10 ft
ts
0
28
110
242
422
647
913

1216
1552
1917
2308
2718
3143
3577
4014
4445
4862
5253
5603
5889
6053

h, ft
10.00
9.50

9.00 -

8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

See next page for graphs of above resulfs.

D=20ft
f.5 h, ft
0 20
158 19
620 18

1370 17
2390 16
3661 15
5163 14
6876 13
8778 12
10846 14
13055 10
15376 9
17782 8
20237 7
22706 6
25144 5
27502 4
29714 3
31695 2
33311 1
34239 0
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*3.89 | (con'¥)
Water Depth vs Time Water Depth vs Time
D=1ft D=5ft §
1.0 {
0.9 \ ; | ] i |
AN | . ] | )
0.8 =t i 45| o e
Qf——— } 4 |
\ I
0.6 L 3 M | —
i. 0.5 ® .1 \\ .
£ .
|
0.4 + 2 < | -
0.3 \ 2 - \ . i
0.2 \\\ 1 \\\\
0.1 \ 1 \
0.0 0 ‘: I
0 5 10 15 20 0 200 400 600 800 1000 1200
t, s t, s
Water Depth vs Time Water Depth vs Time
D=10ft D=20ft
10 ]l
9
8 40 I B I
7 \
"os L
-~ \
4
> |
2 \
- \ RS S |
0‘ T 1 O ! T
0 2000 4000 6000 0 10000 20000 30000 40000
i s t,s
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3.90

3.90 When the drain plug is pulled, water flows from a hole in the
bottom of a large, open cylindrical tank. Show that if viscous ef-
fects are negligible and if the flow is assumed to be quasisteady,
then it takes 3.41 times longer to empty the entire tank than it does
to empty the first half of the tank. Explain why this is so.

Q=AV = Zd*V =4 (-9

tank
where |
V=123h and 4, =FD*
77)1/:J

VgE )

dh -
it = g (5)
Iﬂfeyra*e from h=H at =0 to h atd:

Sh -Fal4)
21F

z{-'y'—( )[V" Vf]
Thus fo emply he tank
Y= 2P

h=0
and o /)alf emﬂfy the fank

,,/H/ (Et‘ [f7 -1E ] '—'f—(»- VIR [1-77
Ths,

- 2}(

_fﬁl ) Vﬁ;é;) W ,

A ZCPwf-1 L&A1 ~ 22
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*3|ql

%3.9] The surface area, A, of the pond shown
in Fig. P3.9! varies with the water depth, A, as
shown in the table. At time t = 0 a valve is opened
and the pond is allowed to drain through a pipe
of diameter D. If viscous effects are negligible
and quasisteady conditions are assumed, plot the
water depth as a function of time from when the
valve is opened (¢t = 0) until the pond is drained
for pipe diameters of D = 0.5, 1.0, 1.5, 2.0, 2.5,
and 3.0 ft. Assume h = 18 ftatt = 0.

h (ft)

FIGURE P3.91/

A [acres (1 acre = 43,560 ft?)]

0

0.3
0.5
0.8
0.9
I.]
1.5
1.8
24
2.8

where f,=0, £,=0,Z<h, 2,=

and V) =- d” <<l

Thus, V= =y29(h+3)  which W/Je/) cambmed with AV =4

IVES

_/4 H{L.- _ZD }/25(ﬁ+3 where /q /) (h) as gu/e/)

777:3 can be rearranged tand m?‘egrafed fo gjve

(A‘, T3 = ]/——'D dt '—-—Eﬂ FZ‘ =-Z)* i/zxs,zz,{

18 f1 0

?,t_ OISQ Ajvm ¥ W/?C/‘e

t~s, A~ H and h~ 1t

Note: It is easier to determine ¢ asa fmction of b rather

than h as a fonction of ¢

Note: ¢~ D-2

(con't)

- 3f/

(/)

3-4]




3.7 (cont)

An EXCEL Program using a trapezoidal integration approzimation was used to calculate the results

shown below.
D=05ft D=10ft D=15ft D=20ft D=25ft D=30ft
h, ft A, acres A, ft? ts ts t,s ts t,s ts
18 2.8 121968 0 0 0 0 0 0
16 24 104544 32181 8045 3576 2011 1287 894
14 1.8 78408 59530 14882 6614 3721 2381 1654
12 1.5 65340 82354 20589 9150 5147 3294 2288
10 1.1 47916 101536 25384 11282 6346 4061 2820
8 0.9 39204 117506 29377 13056 7344 4700 3264
6 0.8 34848 132412 33103 14712 8276 5296 3678
4 0.5 21780 145035 36259 16115 9065 5801 4029
2 0.3 13068 153988 38497 17110 9624 6160 4277
0 0 0 157704 39426 17523 9857 6308 4381

The graph for D = 1 ft is shown below. The shape of the curve is the same for any D.

Water Depth vs Time
forD=1ft

20
18

- \
14
12
£ 10
8
6
4
2
0

0 10000 20000 30000 40000
t,s

3~42
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3.92 Water flows through a horizontal branching pipe as shown in Y 4
Fig. P3.92, Determine the pressure at section (3). Ay =0.07 m

1

(3) ‘
(2

—p V5
! ) p; =350 kF’a2
G A;=0.02m
/( (1)
Vi=4mis
Py =400 kPa
Al =0.1 m2

BFIGURE P3.92

Q: ”02.

Q;'””Qz*@_? or 5= where @, /ing;mm(’r‘ Z)

Also Q= A, V, where ﬁ+_§+z, 'ﬁ'* ‘9"'22

WIH? =2
Thus, .
400kPa (+%) _ 350kPa B o
7280 K 2(9818) ~ 9s0kls  2(981)
or
V, =10.78 2
Thus, 5 .
_ 04% -0.02m*(10.76%) _ , ,om
Vs = 0.07 m" =

Thep from £Ly Y ?+z, . <P ;+z_g ith By
we obtain K
9.80 ;3

2 N 980 g2, ga2y P
Ps = fﬂ"ﬁ%(v’ ~Ve') = #00kA + S e & )5
or

ya =(400 +4.5%) .‘S”% = Y4045 ki
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3.93

3.93 Water flows through the horizontal branching pipe shown

in Fig. P3.93 at a rate of 10 ft/s. If viscous effects are negligi-

ble, determine the water speed at section (2), the pressure at sec-
tion (3), and the flowrate at section (4).

Vﬂ.

From (1) to (2): g tZ =

%

i

Thi}s with 3"-' %4
(10 )(M‘ﬁ‘ m:.

e |
o (0B s mrd) | V2

/ Az =0.07 ft2
pz = 5.0 pSI
(2)
A3=0.21t2
(1) Vy = 20 ft/s
\ N
3
Ap=11t2 -
0,=10ft%s
p1 =10 psi T

m FIGURE P3.93
V
1} +Z.2 Whepe Z ZZ f/ -/Upfj

/2 ‘5'/0-1-/_, ﬂ”a{ \//
V,=(055) /11444 = loﬂ

(1-9% fg_g_) 2

From() fo(s): B+ 12, = &2+ 1o

Q4 slvgs
(1.9 .??«?;)

—

or V2=29-”sﬂ

t2, where 2, =%

= /0,0.5‘/

TAus v = foﬁ and l/ 20
(o)l | _(0Bf _ g (20 £
b2.4 4 2(31‘2 £) 624 2(32.24)
or B b ’
z,qg -—/lsoﬁ;,_ = 7.98 psi
Also,
Qtf:O;—@ "Qg':Q;-’AZVZ ’q.?\é
or

i

Q= 10% ~ 0074 (29.08) —02ff20H) = 3.97 1L

f#s

3-q4



3.94

3.94% Water flows from a large tank through
a large pipe that splits into two smaller pipes as
shown in Fig. P3,94 If viscous effects are negli-
gible, determine the flowrate from the tank and
the pressure at point (1).

FIGURE P3.94

ﬂ‘f"_g"'-i"o='£2=""ﬁ"'z). where /%=0 ) #%=9 , |/0=0_,?0'-’70?

77505‘} % and Z, = 4m
W = 1/25?(2" ’Zz)—]/z(ffa/ L)(7-4)m = 7672
Similarly

V, =V29 (2,-2;) = Y298/ %) (7m) = 1172
Thus, @ =0,+0, = FO Vo +F0 W
or
qQ = z[faosm)iﬂé?z&) +(0,02m)2(lf.7-f-§"?)] = 9./0 x/o's-%’f

/?/so
ﬁ+—-¢-’?—+z ﬁ ?+Z, where Z,=0 and
3_5”_
or V:_,_%____ 9./0%/0 4‘,631%”"

ﬂ(o.o.sm)?'

V2 N 4 4

70 579 kPa

3~498
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3.95 An air cushion vehicle is supported by
forcing air into the chamber created by a skirt
around the periphery of the vehicle as shown in
Fig. P3.95 The air escapes through the 3-in.
clearance between the lower end of the skirt and
the ground (or water). Assume the vehicle weighs
10,000 Ib and is essentially rectangular in shape,
30 by 65 ft. The volume of the chamber is large
enough so that the kinetic energy of the air within
the chamber is negligible. Determine the flow-
rate, O, needed to support the vehicle. If the

ground clearance were reduced to 2 in.. what
flowrate would be needed? If the vehicle weight
were reduced to 5000 Ib and the ground clearance
maintained at 3 in., what flowrate would be
needed?

Fan

- \I / 4 Vehicle

NG D YN

Skirt
J(o 1A\ J@
i e
3in.

FIGURE P3.95

7o support the load p,= 7;; where W=vehicle weight

Also,
_£_+ % + &, = e 2’? +;::_,_
oﬂm‘f

Vz"’"%ﬁe or V.?_= Zﬁx)

‘ﬂz

and A,=(301)(65F4) = | 950 #*

where f5 =0 =0, and 2,52,

With h= ground clearance it follows that

Q=AY
Thus,

=2h(L+b)Y,

where |.=65F and b= 30t}

2W

or

Q= 2/7(55# +30H)V (7950F7)(2.38x/0°3 igg)

Q=1247h W £ where h~ft and W~1b

Thos, it h
i h==%
and if h=

=3 H and W=r9000 /b
ft and W=109,00015
S and W=5000/b

thep @ =320 it
then Q= 2 080-> H
then = 2 200 _ii
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3.96 |

3.96  Water flows from the pipe shown in Fig. Sl ‘
P3.96 as a free jet and strikes a circular flat plate. Diameter I

The flow geometry shown is axisymmetrical. De- : ///WALE;,)
termine the flowrate and the manometer reading, TR (0% i T ‘
H. I 0.4 mm

diameter

FIGURE P’3.q4

2
’0’+V+z ﬁ* 9+Zz, wheref, 0,9,_0 e oma’zz 0.2m

23
T/ws
zy V"'*Zz where /),l/=/92V1=q>
or . _ Az 70 h \, 40 ;, _ 4 (0.Im)(4x10 "m)

Hence, Eq.( /) gives
(1.60V,)* = Vi* + 2(9.81B)(0.2) op V, = 159 2

So that
0= Ao = 7 (015416 (1592) = 2.000/0 * 2
Alse, *‘

ﬁ*"“*fr é‘* +Z,  where V,=0,2,=0.2m, ||=160 Y,

Thus, .
= £e V.o o (2548

= —==2L —02m = 0,29
%2 7°  2(9.814) oot

(n
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3,99

3.97 Air flows from a hole of diameter 0.03 m in a flat plate as
shown in Fig, P3.97. A circular disk of diameter D is placed a
distance h from the lower plate. The pressure in the tank is
maintained at 1 kPa. Determine the flowrate as a function of 4 if
viscous effects and elevation changes are assumed negligible
and the flow exits radially from the circumference of the circu-
lar disk with uniform velocity.

TSI
Plate

Tank ¥0)
" p=1.0kPa

F[GURE P3q7
777 and %-0
vs,

l ¥

V. = U /2,(2;/0 ) = 4034

S0 )‘/mf

Q=AY =70, bl =7 (0.15m)h (40.322)
or

§=1/90h -3””—3 where h~m
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3.98

3.9@ A conical plug is used to regulate the air
flow from the pipe shown in Fig. P3.98 . The air
leaves the edge of the cone with a uniform thick-
ness of 0.02 m. If viscous effects are negligible
and the flowrate is 0.50 m*/s, determine the pres-
sure within the pipe.

Q = 0.50 m3/s\ 0.23

FIGURE P3.98

y U o2g Y where Z,=Zi and p,=0
Also, .
Q _053 m
Vf A E(Qg_gmjz =12 03
and 3
v2= % __Q _ 0.5 % - 992
b 2mRh 27 (0.2m)(0.02m)

Thus, )
g =% p(W=V7) =4 (123 58)(105%-12.0°) & = 155 4,
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3.99

3.99 Water flows steadily from a nozzle into a large tank as shown
in Fig. P3.99. The water then flows from the tank as a jet of diame-

ter d. Determine the value of d if the water level in the tank remains
constant. Viscous effects are negligible.

From the Bernoulli equation,

0.15-ft diameter

MFIGURE P3.99

v Vo
(1) %’fff tZ, = ]%E +?-§' tZ:, Where Z, =2, and 0, =0

Also,

4’% =4 and AV, =4V,
or

IDY, =ZD"Y, sotht

@V =(2)V, =(ZL28Y, = orsl

Thus, from Eqs. (1) and (2)

/"y
or W=V _ (1=(0.444) )V,
i 2 2 (32.2 ft/5%)
Hence,
Vj_ "—3]’7;?%
so that .
Qz,:ﬂzv;_ = %(0.]0{1{)1(/7.??) =0 //71.07_?1
Also
Q= Q. where §s A5 Vs and V, =|29(z,-2) =202, 28 - 1)
=/35 2
Hence,
3
%Edz(mff.i) =0.1407 1=
or
d=0.2¢ #
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[3.00 ]

3.100 A small card is placed on top of a spool as shown in
Fig. P3.100. It is not possible to blow the card off the spool by
blowing air through the hole in the center of the spool. The
harder one blows, the harder the card ““sticks’* to the spool. In
fact, by blowing hard enough it is possible to keep the card
against the spool with the spool turned upside down. (Nore: It
may be necessary to use a thumb tack to prevent the card from
sliding from the spool.) Explain this phenomenon.

E FIGURE P3.100
As the air flows radially ovtward in +he gap befween the card and
the spool it slows down since the Flow area increases with r, the
radial distance from the center. That Is,

@ =2mrh Vo V= 2—7&7 (see the ffyl/rcl ,I——rexﬁ‘ 4" N0
r /GXfi
v

If viscous effects are not /'m/oarfanf, *h l_‘ﬂ
then 2, TTATTIIT | T
Vz __do 7 Vx)‘ 7,
-§—+1}7 = copstant = ‘;’f’ o ;9’ j !
or since fexit =0 (a free jet) it fQ
follows that

Zz 2 2 | |
p = 'z‘"P(VE:_A -V*) , where from Eg (1) Vouiz =V =(27:Cr\)/7 )[@y"?ﬁ]
But fys > so that P<0. There js a vacowm within the 9ap.

The card is sucked against fhe spool, The harder one bjows Hhrovgh
the spool( farger @), the larger the vacwm, and the harder Vhe card is
held against the spool.
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3.101

3.101  Water flows down the sloping ramp a
shown in Fig. P3.101 with negligible viscous ef- F
fects. The flow is uniform at sections (1) and (2). vz
For the conditions given show that three solutions H= 27{[7' '
for the downstream depth, h,, are obtained by
use of the Bernoulli and continuity equations.
However, show that only two of these solutions
are realistic. Determine these values.

7

7

AT v

FIGURE P3.10I

(1
2 2
’ +_\-/L-+Z,=——7—0‘5‘—+—L + 2, where ﬂ=0,¢72‘0,3/=37q,

by 29 F 23
A/SD A/V/:szz

{fHJ(mﬂ) o
V i Vf h,, " h

Thus, E? (1) becomes

(108)* ('0
222 L )+3H (3229) +h,

or
644 h; - 2934 100 =0

a”d 2’2 ‘:ﬁz

By vsing a root finding program the three roots tothis cubic
87umlfﬂn are fovnd to be’
h,= 0.630 ft
hy
or
h2 = 4a /?€7a7!1'f/6 roof C /ea/'/y I'Jl is not po:sib/e ( p/?ys/cq//y)
to have h,<0 Thus, h,=0.630H or
h, =448

1

yu81f

>
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3.102

3.102 Water flows in a rectangular channel that is 2.0 m wide as
shown in Fig. P3.102.The upstream depth is 70 mm. The water
surface rises 40 mm as it passes over a portion where the chan-

nel bottom rises 10 mm. If viscous effects are negligible, what is
the flowrate?

FIGURE P3.102

+22 Wbera f,=0 ,a_,_-—o Z,=0.07m, ()
and 2, =(0.01 +0.10)m = 0.1/ m

Jé;—+
/Hsoj AV =AW

o h 0.07m
] LI Lrm -
VZ: ha V" 0./10m V’ O7V

Thus, Eg (1) becomes
[I—0.71]\/,2=2(£?.8/%’z)(0.//—0.07);;; or V= /242
f?/ence-,

3
Q=AV, = (c.07m)(2.0m) (124 %)= 0, | 74 &~
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*3,103

*3.103

P3.103 with negligible viscous losses. The up-
stream depth and velocity are maintained at A,
= 0.3 m and V, = 6 m/s. Plot a graph of the

Water flows up the ramp shown in Fig.

downstream depth, 4., as a function of the ramp Vi =6 m/s==milii i
height, H, for 0 = H = 2 m. Note that for each < L
value of H there are three solutions. not all of

which are realistic.

FIGURE P3./03

%+_%2+ ) -f;— 2’9‘ +2Z, Where £,=0, f£,=0, 2 =037,
nd 2, = H+4

Also, Al = Vs so that S i

Y, = —/% Y = L 3”;))2(6 < ha_ where h,~m

Thus, Eq.(1) becomes

o L8
E'g" +0.3m = (—7’;’-) +(H*/71) or with V=J—§”—)
(62)* +2(?5’/51)(o,3 ~H-hy)m = ;f)-g’—
which can be written as

he = (2.35-H) hy +0.1451 =0
For O<H<2m solve £49.(2) for b,

Rather than solving a cubic equation for hy (giveH), one
can directly solve for H (given h, ). From £q.(2):

H=2.35 -4, - &i‘é‘jl—
A graph of Eq.(2)or(3) is given on the following page.

(con't)

Q)

(2)

(3)

3 =lo%




*3.03 | (con'{)

The results of an EXCEL Program to calculate H for given values of h, are shown below.

h,, m H, m
0.3 0.001 Water Depth vs Elevation Change
0.4 0.703
0.5 0.975
06 1.076 2.2 - —
0.7 1.098 | |- ' |
0.8 1.077 240 *\ """" = =
0.9 1.031
1.0 0.970 1.8 S
1.1 0.899
12 0.820 1.6
13 0.737
1.4 0.651 1.4
15 0.562
16 0.471 s 1.2
1.7 0.378 &
1.8 0.284 184
1.9 0.189
2.0 0.094 0.8
2.1 -0.002

0.6

0.4

i
0,2
0.0
0.0 0.2

For HZ1.098 m there are no real, positive roots of Eq.(2).
Thatis , for the grven Up&fl‘eam conditions (V=62 and hy=0.3m)
we must have H< [.098m. It wovld not be passif)/e to have
the flow g0 up a ramp of greater height than this wilhovt
increasing efther V, and/or . The two possible waler depthe
for a given H are plotted above.
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3.105

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

gage attached to the flow meter if the flowrate is 0.5 ft*/s and vis- 7 E W
cous effects are negligible. (T @) ater

D, =30,
D =Hn.
J‘/V 23

= / z(pl ,0,_) /7 05__, B {4
N o h v A R

ThU.S) since Ay /A = (D, /D:)z

= Pfs 3 Z Z(p, pg.)
0.5 =Z (>
‘f-(’z. ) j0‘9¢3{{$5)’, [3/” /E!/ﬂ)‘f]

o.r
B = ly slvg: £ 1b
fr =688 3 =40.8(5E5) /W - se.0 4
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3.106

3406 Determine the flowrate through the Venturi meter shown
in Fig. P3.104if ideal conditions exist.

py = 550 kPa

v = 9.1 kN/m3
FIGURE P3.i06

where z, =2, and AV, =RV,

or
= L2
V=2

7 =(—§%)2V.’z

(73

& - sso)kP.zz

= | 2(98/52) (9.7 K

& 2 :
x%qtz‘% +2, -:_4;2- +—\[;— ¥ 2y
T hus, !
ﬁor )V-ﬂ’- =ﬁ+—yz'-

2.9 s 29
. e p)
= og g
e
25
SO *ha'l"
0:/47_%-:7;&72022 'g—

/9
3/

= m
= 2l.5 3
mm
mm

)‘z‘

(0.019m)*(21.52)= 6.10%)07>
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- 3.107

3,107  For what flowrate through the Venturi meter of Prob.
3.106will cavitation begin if p, = 275 kPa gage, atmospheric
pressure is 101 kPa (abs), and the vapor pressure is 3.6 kPa
(abs)?

/ 2 2_2
(1) %-‘—% + 2, -‘—"—% +-2—'\;*+Zz Wher‘e Zl::zz )&=3-6A’P4GLS)I
and f =@275+/01) kPa(abs)

Thus, with AV, = A Vs = 376 kPa(abs)

ar 2.

V= (—%‘) Vo  Eq (1) becomes Y%

= (376-3.6 )kP,
V= | 2% (ﬁ'gﬂ;) _ | 20981897 kyl{msa
- /9
| "5,%) ! "(3/;);79’:)

or

1/2 = 30.6 —gl
T hus,

- . N 3
Q=A,V =20V, =L (0.9 m) (30.6 F) = 8.68 %102

¥

31 mme (1)

Q

vy = 9.1 kN/m3
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3.108

3,108 What diameter orifice hole, d, is needed if under ideal

to be 30 gal/min of seawater with p, — p, = 2.37 Ib/in. 29 The Q

~ conditions the flowrate through the orifice meter of Fig. P3.108is
contraction coefficient is assumed to be (0.63.

°( )Z diazn:;]t'er

o ¢
4 1O !

l

Gofen B Yo

FIGURE P3.108

2 (1)
g Z, where Z,=2, ,(0.=0463,
Witk and P - fh =2.37psi
3110 3
(30%75) g'cr)%n)(?qa: ).'éié,ﬁ _006681;4 and 0= 64‘0H3
Ill fﬂ_//ﬁéls HJ&HL sin 43
V, =5 = 2780= =304 f
T s
Thus, £qll) g/t/e.s
by
'H 2,37 X144 T2
V, = \/V +2g(Libe 1/(3 06%) +2(32.25% ( s#0 I, )
or

V,=/8.8 &
Thus, since
Q=A,l, = Gc%dzlé it follows that

d'—'[ 4Q ']%2-___ ¢x0.0668£3
me Vo | 7 (0.43)(188E)

Yo
= 0.0847ft =1,016 in.
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3.109

.
3.109 Water flows over a weir plate (see Video V10.13)which Z ﬁff'ﬁ‘Q’
has a parabolic opening as shown in Fig. P3,109, That is, the '
opening in the weir plate has a width CH'2, where C is a con-
stant. Determine the functional dependence of the flowrate on
the head, QO = Q(H).

Q = fu dA where Uis q {Uncf/'oﬂ af/).
That is, {from %1#—2;-1,&3, = 4&+%+zz with ’% =H-Z V, =u
£2 =0 ("freejet)
and 2z, =H-h
or Vz. u?.
(H-2)+s5 42, 20 + 55 t (H-h)
Thus, | ”
i = vlﬂ-h 'f‘Vlz' = l/zaczb it Z 1s “spall
Also,
dA=CVZ'dz (ie dA=0dz for 220, dA=CVH for 221 ) so that

Q= (g I cVZdz where h=H-z2.

2=0

H
Thus, @= leg f JzH-22 AZ) where
H 2 7=l
ﬂ?ﬂ*”‘d ‘%}_—(2-4 Whz-22 +(1H)?:§in"[(2"£)/(ﬂ/zﬂ]
(/]

3 ; Zz=0
Whlc/? r‘educes fo:

= ZEVg W That o Q~H*

Alternatively, @ = VA where the average velocily is proportions|
to VA (i.e. Vizg#) and the total flow area s proportional
to H% (ie. A~ Hx (CHR) = cH™), Thus

Q~ Vog# (cH*) = clzg H*

That is, @~H" as obtained above.
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3.0

3.0

is used to measure the flowrate in a channel as shown in Fig.

P3.110 If the flowrate is Q, when H = £/2, what flowrate is ex-
pected when H = £7?

A weir (see Video V10.13) of trapezoidal cross section

VR, iz ZZ

" FIGURE P3.110
Q=AV where if is expected that Vis a function of fhe head, #,
That is, V~vy294

A/so, from the geometry A=+H(LtLl ) where ﬁr=ﬁ+2//fm30°
Thus, A= H(L + Htan30°) so that

Q=C VZ’?(Z{' H ia,,so")h‘% where C, is a constant
Let Q, = flowrate when H= __2!1
and  Qy = flowrate when H=/
Thys, ) 3
Q _ V27 (14+ —,_—fan3o°)(—£-) _ (1+ftanse’)
QQ iji? (f + e *an 300) {£)3/2 - (I_’_ ’Langaa)(z:?/z) = 0,289

or

Q)= 3.5 4,
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3.1l

3.1l The flowrate in a water channel is,some-
times determined by use of a device called a Ven-
turi flume. As shown in Fig. P3.141, this.device
consists simply of a hump on the bottom of the
channel. If the water surface dips a distance of
0.07 m for the conditions shown, what is the
flowrate per width of the channel? Assume
the velocity is uniform and viscous effects are

negligible.

FIGURE P3.111

R . B (1)
f—+-?—+z, 5 +~9§ +Z; w:f/;ﬁ=0, ;92—0,2,=/'2m,
and 2,=/L2m-0.07m=/[./[3m

Hlso, AV =A, V.

/.2m V

mus fr‘om E?, (IJ-

2
Tz =Fvrm o [109-1]V* = 200802) (12-113)m
y or V| =/438%

ence,

g = hY, =(.438 %) (1.2m)=/.73 -f,—;—z

S=i2




3.1z

3412

Water flows under the inclined sluice gate shown in

Fig. P3.112 Determine the flowrate if the gate is 8 ft wide.

"oz 7
Thus,

v,? _ Vi
a_?-féﬁ‘ Z}”H

Hence, Eg.(1) becomes

z
._VI_Z+JH - (67V, + 144

29 7

or

[6*-1]V? = 2(32.28L ) (4-1) ¢
HenceJ

v M S

RE P3.n2

where g, =0, %0, 2,= 611
aﬂd Zz’/ff

ff

3
Q=AY = 6t (ef1)(3.0384) = 195 £

(n

3-13




3113

. . - ms
31;:6 ter'\g’tater flows in a ve;rncal pipe of 0.15-m T Q 025
i a rate of_ 0.2 m-/; and a pressure of
iy 'ta ;t an elevation of 25 m. Determine the
s Boa i e G e Z,=85m| - | (2)
3 -
VR L v-015m™] [
A F (045m)* 135 ==,
Z=25m | «| (1)
At point (0): e e i
V(1133 my? Z,=20m | + | (0)
35 “2am) - 45
and _ﬁo_ V2 s _ﬁ_ /2 =
+ 00, 2 = L f
y 2z o~ tt=d By  oF Lo - Lo N
or 4 KV g 27 g & tZ) -2,
200 23
0 m1
¢ 9.80 kN % (25’20)117 =285.4m
ms e
) /'m;:/a/'// at point (2):
—Vi = _Vz;z_- 6 5/”7
2? 29 = [
and
ﬁz V:z _ﬁ
+_“ tZ; = + 2L + Z
24 ¢ 7 roor %5—?-%?,—2’2
‘fz - 200 3 :,A,(_
m
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3.01% '
(1)

3.% Draw the energy line and the hydraulic grade line for the
flow shown in Problem 3,78

—

3ft
(2 7,

| @7
e N
s A

(4) 744 . ] iR e
B FIGURE P3.78

(3)|e

i T
- —la—
I'- =

|01t |

—

For inviscid flow with no pumps or 4urbines, the energy line is horjzontal
at the elevation of the free surface of the tank. The hydravlic grade
line is one velocity head, V"/2g, below the energy line. Since

Vi = V29(20-2,) it tollows that the hydraviic grade lins is
Vi’/2g = (2,~Z4) = 5 {1 below the fros surface af the exit of

the pipe. Also, since the pipe is a conctant diameter, the veloc/y

s copstant throvght fhe pipe. Hence the hydraviic grade line is
horizontal, St below the froe surtace. Mote that since Yhe
pipe is above the hydravlic grade line, the pressore Hhragyhot

the pive is less than aimes pheric.

Energy line ‘ l

P!/x o),
Ve
zg _jl\
Hydrav/ic _~ -I% g . —
grade line
Vy.

3-115



3.115

b s> T
_____________________

3.115 Draw the energy line and the hydraulic grade line for the
flow of Problem 3.7.5

FIGURE P3.75

For inviscid flow with no pumps or turbines, the epergy lire
is horizontal a distance h above the outlet . From Froblem 3.75
we obtain h=1.79 #,

2
The hydravlic grade line is —2-\%- below the energy line, starting
at fthe free surface where V,=0 and ending at the pjpe ext
where 4,=0 and ;Vi =h. At point () the pressvre head
. . J Ib /4 %m? b _ _ 248 £
is Py = (288 —/4.5)7,}}(—?1,—,_—0/52.4 5 = ,
and Z, =0. .

Tn the %in pive Vo= Ao o/l =(5) Vi so that

_;_/;i =(-gz- )43_‘-/5 —_-(—gffh =(—ﬁ-—)4(/.7qm =0.//2 ff

The corresponding EL and HEL are drawn 1o scale below.

z @ e {'.ig__‘ ___________ _J »Energy Line (£L)
- { RZE i B e S

I 1 ‘ /i
pipe a:mhsu-lin.a,b ‘ i‘i;_ =h=1.79#

|
1
|
|
|
|
|
!
|
|

Hydravlic Grade —=
Line (HGL)

|
|
'
1
|
|
|
|
'!
| B |
1o
L
(.
1
|

JX
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3,14

3.116 Draw the energy line and hydraulic grade line for the flow
shown in Problem 3.64.

For steady,inViscid flow with no pumps or furbines the eneryy Iine
is horizontal | a disfance of h+4ft =/ 3/#+4ft =531t above the
autlet, (See solvtion to problem 3.44 for valyes of h, f2 Vo, and g, \2.)
The hydravlic grade line is one velocify head, V /2.q, below the energy

line.

Thus, with %1/7*5"0, V;/Zﬁ 2 (4/,7-&&)1/(2 (32,2 Sf—i)) = 27.0f/
and i*/2g =(18.5 8V f(2(32.2.)) = 5.3/ ff

the following EL and He. are obfained:

(1)

BT

()

4-in. diameter thin-walled tubing

h
! !

Bl 6 in.

Y (2)

L)

B FIGURE P3.64

- Eﬂerg y Line (£L)

— -

|
ﬁ’;rf—zaﬁ
|

l

l

|
Y__ Y

Note: %} = —/wc?’%, /(42.% !.f%) = 23

1
| :ﬁ/}/ ydravlic Grade Line (H6L)
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3.1/8 i

3118 Pressure Distribution between Two Circular Plates

Objective: According to the Bernoulli equation, a change in velocity can cause a change
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve-
locity. The purpose of this experiment is to determine the pressure distribution caused by air
flowing radially outward in the gap between two closely spaced flat plates as shown in
Fig. P3.118.

Equipment: Air supply with a flow meter; two circular flat plates with static pressure
taps at various radial locations from the center of the plates; spacers to maintain a gap of
height b between the plates; manometer; barometer; thermometer.

Experimental Procedure: Measure the radius, R, of the plates and the gap width, b,
between them. Adjust the air supply to provide the desired, constant flowrate, Q, through the
inlet pipe and the gap between the flat plates. Attach the manometer to the static pressure
tap located a radial distance r from the center of the plates and record the manometer read-
ing, h. Repeat the pressure measurements (for the same Q) at different radial locations, Record
the barometer reading, H,,,, in inches of mercury and the air temperature, T, so that the air
density can be calculated by use of the perfect gas law.

Calculations:  Use the manometer readings to obtain the experimentally determined pres-
sure distribution, p = p(r), within the gap. That is, p = —vy.h, where ¥, is the specific
weight of the manometer fluid. Also use the Bernoulli equation (p/y + V?/2g = constant)
and the continuity equation (AV = constant, where A = 27rb) to determine the theoretical
pressure distribution within the gap between the plates. Note that the flow at the edge of the
plates (r = R) is a free jet (p = 0). Also note that an increase in r causes an increase in A,
a decrease in V, and an increase in p.

Graph: Plot the experimentally measured pressure head, p/v, in feet of air as ordinates
and radial location, r, as abscissas.

Results:  On the same graph, plot the theoretical pressure head distribution as a function
of radial location.

Data: To proceed, print this page for reference when you work the problem and ¢lick here
to bring up an EXCEL page with the data for this problem.

Circular plates

" W FIGURE P3.118

(con’t)
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3./18

(con’t)

Solution for Problem 3.118 Pressure Distribuition between Two Circular Plates

Q, ft"3/s R, in.
0.879 5.0
r,in. h, in.

@7 -9.05
1540 -6.02
1:5 -2.02
20 -0.96
25 -0.48
3.0 -0.24
35 -0.13
4.0 -0.03
4.5 -0.01
50 0.00

D = Pam/RT where

b, in.
0125

Ham, in.Hg T, degF Yhoo, ID/fA3
29.09 83 62.4
Experiment Theory
ply, ft V, ft/s ply, ft
-663.75 220.8 -740.7
-441.52 1612 -387.2
-148.15 107.4 -163.1
-70.41 80.6 -84.7
-35.20 64.5 -48.4
-17.60 53.7 -28.7
-9.53 46.0 -16.8
-2.20 40.3 -9.1
-0.73 35.8 -3.8
0.00 322 0.0

Patm = YHg Hatm = 847 Ib/ftA3*(29.09/12ft) = 2053 Ib/ftr2
R =1716 ft Ib/slug deg R
T =83 + 460 = 543 deg R

Thus, p = 0.00220 slug/ft*3 and y = p*g = 0.00220*32.2 = 0.0709 Ib/ftr3

PiY = Yizo "Ny

V = Q/(2nrb) = 0.879 ft*s/(2*3.1415*(0.125/12)ft*r)

Problem 3.118
Pressure Head, ply, vs Radial Position, r
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3.119 Calibration of a Nozzle Flow Meter

Objective: As shown in Section 3.6.3 of the text, the volumetric flowrate, Q, of a given
fluid through a nozzle flow meter is proportional to the square root of the pressure drop
across the meter. Thus, Q = Kh'/? where K is the meter calibration constant and % is the
manometer reading that measures the pressure drop across the meter (see Fig. P3.119). The
purpose of this experiment is to determine the value of K for a given nozzle flow meter.

Equipment: Pipe with a nozzle flow meter; variable speed fan; exit nozzle to produce a
uniform jet of air; Pitot static tube; manometers; barometer; thermometer.

Experimental Procedure: Adjust the fan speed control to give the desired flowrate, Q.
Record the flow meter manometer reading, A, and the Pitot tube manometer reading, H. Re-
peat the measurements for various fan settings (i.e., flowrates). Record the nozzle exit di-
ameter, d. Record the barometer reading, H,,,, in inches of mercury and the air temperature,
T, so that the air density can be calculated from the perfect gal law.

Calculations: For each fan setting determine the flowrate, Q = VA, where V and A are
the air velocity at the exit and the nozzle exit area, respectively. The velocity, V, can be de-
termined by using the Bernoulli equation and the Pitot tube manometer data, H (see Equa-
tion 3.16).

Graph: Plot flowrate, 0, as ordinates and flow meter manometer reading, h, as abscissas
on a log-log graph. Draw the best-fit straight line with a slope of 4 through the data.

Results: Use your data to determine the calibration constant, K, in the flow meter equa-
tion Q = Kh'/2,

Data: To proceed, print this page for reference when you work the problem and click hiere
to bring up an EXCEL page with the data for this problem,

Pitot tube
manometer

Flow meter
maometer

Pitot static
tube

Air

Exit area = A

d
Exit nozzle

Nozzle flow
meter

FIGURE P3.119

(con’t)
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Solution for Problem 3.119: Calibration of a Nozzle Flow Meter

d,in.  Him in.Hg T,degF

1.169 29.01 75
h, in. H, in. Ap, Ib/fth2 V, ft/s Q, ft*3/s
11.6 56 29.1 162 1.20
iy 54 28.1 159 1.18
10.7 5.2 27.0 156 1.16
10.1 4.9 255 151 1.13
96 47 24 4 148 1.10
8.8 43 22.4 142 1.06
7.9 3.9 20,3 135 1.00
72 3.6 18.7 130 0.97
6.1 3 16.1 120 0.90
54 2.7 14.0 112 0.84
45 23 12.0 104 0.77
3.8 2.0 10.4 97 0.72
29 1.9 7.8 84 0.62
21 1.1 5.7 72 0.53
1.0 06 3.1 53 0.39

P = pam/RT where
Patm = Yg"Hatm = 847 1b/ft*3%(29.01/12 ft) = 2048 Ib/ft"2

R =1716 ft Ib/slug deg R
T=75+460=535deg R
Thus, p = 0.00223 slug/ft"3
V = (2*aplp) '

Q = AV where
A = nd?/4 = n*(1.169/12 ft)*2/4 = 7.45E-3 fiA2

From the graph, @ = K h'? = 0.358 h'? where Q is in ft*/s and h is in in.

Thus, K = 0.358 ft*/(s*in."?)

(con’t)
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Problem 3.114
Flow Rate, Q, vs Manometer Reading, h
10.0 } ) ] lw ] JJiLJ_‘_
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- D Experimentaq
I
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| i* The best fit equation
| | || with a slope of 0.5 is
| | Q = 0.358h*%°
0.1 —
1 10 100
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3.120 Pressure Distribution in a Two-Dimensional Channel

Objective: According to the Bernoulli equation, a change in velocity can cause a change
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve-
locity. The purpose of this experiment is to determine the pressure distribution caused by air
flowing within a two-dimensional, variable area channel as shown in Fig. P3.120.

Equipment: Air supply with a flow meter; two-dimensional channel with one curved side
and one flat side; static pressure taps at various locations along both walls of the channel;
ruler; manometer; barometer; thermometer.

Experimental Procedure: Measure the constant width, b, of the channel and the chan-
nel height, y, as a function of distance, x, along the channel. Adjust the air supply to provide
the desired, constant flowrate, Q, through the channel. Attach the manometer to the static
pressure tap located a distance, x, from the origin and record the manometer reading, &. Re-
peat the pressure measurements (for the same Q) at various locations on both the flat and
the curved sides of the channel. 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.

Calculations:  Use the manometer readings, 4, to calculate the pressure within the channel,
P = Ymh, where vy, is the specific weight of the manometer fluid. Convert this pressure into
the pressure head, p/y, where y = gp is the specific weight of air. Also use the Bernoulli
equation (p/y + V?/2g = constant) and the continuity equation (AV = Q, where A = vb)
to determine the theoretical pressure distribution within the channel. Note that the air leaves
the end of the channel (x = L) as a free jet (p = 0).

Graph: Plot the experimentally determined pressure head, p/y, as ordinates and the dis-
tance along the channel, x, as abscissas. There will be two curves—one for the curved side
of the channel and another for the flat side.

Results: On the same graph, plot the theoretical pressure distribution within the channel.,

Data: To proceed, print this page for reference when you work the problem and c¢lick here
to bring up an EXCEL page with the data for this problem.

Static pressure taps
o L

ﬁ

W FIGURE P3.120

(con’t)

3-1%.3




3./20 | (con’t)

olution for Problem 3.120: Pressure Distribution in a Two-Dimensional Channel

b, in. Q, ft"3/s Ham, in. Hg T ,degF L, in.

20 1.32 28.96 7 21,75

Experimental Theory

x,.In. y, in. h, in. h, in. ply, ft ply, ft ply, ft
flat side  curved side flat side curved side

0.75 2.00 0.28 0.31 20.2 22.3 0.0
2.50 2.00 0.21 0.37 151 26.6 0.0
4.00 1.28 -0.42 0.03 -30.2 23 -50.5
4.63 1.08 -0.77 -1.63 -65.5 -117.4 -92.2
5.38 1.05 -1.01 -1.05 -72.7 -75.6 -92.2
8.14 1.29 -0.63 -0.62 -45.4 -44.7 -49.2
10.75 1.54 -0.32 -0.31 -23.0 -22.3 -24.1
13.25 ilTF -0.15 -0.15 -10.8 -10.8 97
15.78 2.00 -0.05 0.00 -3.6 0.0 0.0
21.75 2.00 0.00 0.00 0.0 0.0 0.0

P = Pam/RT where

Patm = Yrg*Hatm = 847 Ib/ft"3%(28.96/12 ft) = 2044 |b/ftr2
R = 1716 ft Ib/slug deg R
T=71+460=531degR

Thus, p = 0.00224 slug/ft"3 and y = p*g = 0.00224 slug/ftr3*(32.2 ft/s2) = 0.0722 |b/ft"3
P/Y = Yuao™hly

Theoretical:
Ply = Veyil12g - V2I2g where
V = Q/A = Q/(b*y) and
Vexit = QlAgxi = (1.32 ftA3/s/)*(2 *2 /144 ft72) = 47 5 fi/s

Problem 3.120
Pressure Head, ply, vs Distance, x
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332 Sluice Gate Flowrate

Objective: The flowrate of water under a sluice gate as shown in Fig. P3.12] is a func-
tion of the water depths upstream and downstream of the gate. The purpose of this experi-
ment is to compare the theoretical flowrate with the experimentally determined flowrate.

Equipment: Flow channel with pump and control valve to provide the desired flowrate
in the channel; sluice gate; point gage to measure water depth; float; stop watch.

Experimental Procedure: Adjust the vertical position of the sluice gate so that the
bottom of the gate is the desired distance, a, above the channel bottom. Measure the width,
b, of the channel (which is equal to the width of the gate). Turn on the pump and adjust the
control valve to produce the desired water depth upstream of the sluice gate. Insert a float
into the water upstream of the gate and measure the water velocity, V,, by recording the time,
t, it takes the float to travel a distance L. That is, V, = L/z. Use a point gage to measure the
water depth, z;, upstream of the gate. Adjust the control valve to produce various water depths
upstream of the gate and repeat the measurements,

Calculations: For each water depth used, determine the flowrate, Q, under the sluice gate
by using the continuity equation Q = A,V, = b z;V,. Use the Bernoulli and continuity equa-
tions to determine the theoretical flowrate under the sluice gate (see Equation 3.21). For these
calculations assume that the water depth downstream of the gate, z,, remains at 61% of the
distance between the channel bottom and the bottom of the gate. That is, z, = 0.61a.

Graph: Plot the experimentally determined flowrate, Q, as ordinates and the water depth,
z;, upstream of the gate as abscissas.

Results:  On the same graph, plot the theoretical flowrate as a function of water depth up-
stream of the gate.

Data: To proceed, print this page for reference when you work the problem and click lere
to bring up an EXCEL page with the data for this problem.

Sluice gate

M FIGURE P3.12l

(con’t)
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Solution for problem 3.121: Sluice Gate Flowrate

a, in. b, in. L, ft Z,, ft
1.2 6.0 4.0 0.061
Experimental Theoretical
z;, ft t s Vy, ftls  Q, ftr3/s Q, fth3/s
0.183 4.2 0.952 0.087 0.091
0.267 5.0 0.800 0.107 0.114
0.343 5.2 0.769 0.132 0.132
0.453 6.2 0.645 0.146 0:155
0.569 6.4 0.625 0.178 0.175
0.725 7.0 0.571 0.207 0.200
0.877 8.6 0.465 0.204 0.222
Experimental:
Q = V,bz,
Theoretical:
Q = b'2,"*(2°9)"**[((21/22) - (1 - (2af20)")]"?
where
Z,=061"a
Problem 3.12i
Flow Rate, Q, vs Depth, z,
1.00 |
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