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3.29 |

329 A large open tank contains a layer of oil floating on
water as shown in Fig. P3.29. The flow is steady and inviscid.
(a) Determine the height, A, to which the water will rise. (b)
Determine the water velocity in the pipe. (c) Determine the pres-
sure in the horizontal pipe.
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20, ph=o, VY =Vo=0, Z2=h, Mdﬁ*%w( boir)
Thes, with 8 = 6 &, =0.7(980 ¥%) = 6.66 X
and from Eq. (/)
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But from the ﬁ’emaaff: equation,
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3.5/ I

b = width = 0.06 m
3.8)  Air flows through a Venturi channel of rectangular 0.02m
cross section as shown in Video V3.6 and Fig. P3.51 The 1) ) - ._;...Q .
constant width of the channel is 0.06 m and the height at the o «(3) =@ Jh Al 4
exit is 0.04 m. Compressibility and viscous effects are neg- v
ligible. (a) Determine the flowrate when water is drawn up i : smef 0.04 m
0.10 m in a small be attached to the static pressure tap at | B Q.05 m = f3
the throat where the channel height is 0.02 m. (b) Determine Sl T
the channel height, A, at section (2) where, for the same ol
flowrate as in part (a), the water is drawn up 0.05 m. (c) De-
termine the pressure needed at section (1) to produce this Water
flow. m FIGURE P3.5]
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(a) For steady, jnviscid, incompressible flow: (¥=12.0 £5)
(1) f—.wE = Ve wh =0 == [ —Qmmj._*‘i(am)
¥ 2g - A3 ere ﬁi‘” s P37 #0703 " m3

=-9804,

/ *
ﬂ.scg Aavs 5&1’; 50 that V3= (0.04m *0.06m) L§=2l§

(6.02m x0.06m)
Thus, Fan.(1) becomss

N 1 i

= 980 2 4 Vy Vi
+ St gr V=232
12.0 -}-2—'53 2(1&'!-?-; 2(?.&’!%) 14‘ /s

Hence, s
Q= A, V, = (o.04mx0.06m)(23.1%)= 0,0554 &

w* v, 3
D (b) B 45y =B 135 Where p, =0, =y, 1, = 960N (oasm)

= - 4904
From part(a), V= 23,/ 2 m

Thus, Egn. (2) becomes

-490m | W (2 B
120 2048%)  204.8%)
BUTL V;.ﬂ; =%h4¢ S0 fba'f

(36.5%)(0.06m)h, =(23.1%)(0.06m)(0.04m) or h, = 0.0253m

3 (€) Also, %*3_% = +-,-_"% where £,=0 and A,V = Ay Vi

But since A, =(0.06mx0.06n) = A, dhen V)< Vi and Egn.(3)gives
£r=Ffe=2

or V,=365LZ
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4.23  Asavalveisopened, water flows through
the diffuser shown in Fig. P4.23 at an increasing
flowrate so that the velocity along the centerline 1
is givenby V = ui = V,(1 — e (1 — x/[)i, u u=5Voll = =)
where u,, ¢, and [ are constants. Determine the > m—
acceleration as a function of x and t. If V,, = u= Vol — e

10 ft/s and [ = 5 ft, what value of ¢ (other than

¢ = 0) is needed to make the acceleration zero

for any x at t = 1 s? Explain how the acceleration

can be zero if the flowrate is increasing with time.

X

FIGURE P4.23
a.—.%}iﬁ.ﬁ With w=u(x,t) , v=0, and w=0
this becomes .
G=(%rud)t =al | where u=V,(1-€°)1-T)
Thus,

- -ct&
0 = Y (- F)c €+ - “T-F)(-7)

or

g =V, (- c % % (1-¢°) ]

If Gy =0 for any X at t=1s we myst have
[Céd-—}f‘—’-(f—e'“)2]=o With Vy=10 and £=5

-C 2
ce _%Q(!"e *C) =0 The solvtion (ra::f) mc 7‘/)1& ewafaﬂ
/s C= 0. %490 %

For the above conditions the local acceleration ( %‘5“ >0) is
precﬁ.te/y balanced 13)/ the convective deceleration ( 3%40).

The flowrate jpcreases with time, but The flvid flows fo an
area of lower velocity.




4.7 4.7 The velocity field of a flow is given by

u = —Voyl/(x* + y)'" and v = Vox/(x* +

y?)'2, where V, is a constant. Where in the flow
field is the speed equal to V,? Determine equation
of the streamlines and discuss the various char-
acteristics of this flow.

=y —Y X
U Vo(x,_+y,_)15_ , V= V(x +y‘)bﬁ so that

) g oz 2, .2
Thus, y=y throughout the entire flow field

Streamlines ars given by

% = —E— = -:%— or -ydy = xdx which can be infegrated

it

to give  x*ty*= const.

Thus, the fluid flow with circolar streamlines and the
speed js constant throsghout.

4.5

N A three-dimensional velocity field is given by u = x?,
v = —2xy, and w = x + y. Determine the acceleration vector.

U
qx=ﬁ+u%§% Af), ,w'”‘
= x*(2x) = 2x°
W, L
%‘-’*U%ﬂf*‘ﬂ’?}'*"”dz

= X*(-2y) + (-2x))(-2%) = 2X%y
Gz = %ég M*N’Jy +w7g‘
= X2(1) +{-2xy)(1) = X*-2xy
Thus,
a-= 2x [ +2x%y § +(x* ~2Xy)k

n
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3.2¢ Small-diameter, high-pressure liquid jets can be used
to cut various materials as shown in Fig. P3.25. 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.
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7 V.2
%.}i?*zr: "':7?"‘ ﬁ*zz where V=06 2,=2,, and p,=0
z NV
Thus  p, = f}{ LF = deVy =4 (99954 (7008) = 2.45x105 XY
Also,
é nm?

Q= Vz/qz = 700%[%(10-#&)2] =&550x/0 ...g’-—




