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Solution: (a) Assume the straw is barely inserted into the milkshake. Then the energy
equation predicts
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Solve for h,=0.255m-0.3 m— 2""" <0 whichisimpossible Ans. (a)
g

(b) By cutting off 15 ¢m of vertical length and assuming laminar flow, we obtain a new
energy equation

/2 4 /2 4
h, —0.255-0.15- 1 =32HLV _ ¢ 105 oV 2001 ___ 4,5,
2g  pgd” 2(9.81)  (1200)(9.81)(0.008)"
Solve for V=0.00275 m/s, Q= AV = (/4)(0.008)>(0.00275)
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0=14E-7 2 014 < Ans. (b)
s S

Check the Reynolds number:  Red = pld/ = (1200)(0.00275)(0.008)/(6) = 0.0044 (Laminar).
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Solution: Determine the velocity of exit from the needle and then apply the steady-flow
energy equation:
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Energy: p—3+£+z,=&+£+z,+hﬂ+hp, with z, =2,,V, 0, h;, =0
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Assume laminar flow for the head loss and compute the pressure difference on the piston:
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Pr=Pi_y, +E 32(0.002)(0.015)(3.06) (3 06)’
PE : 2g  (900)(9.81)(0.00025) 2(9 81)

Then F=ApA,,, =(900)(9.81)(5.79)=(0.01 ~ 40N Ans.
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Solution: For mercury at 20°C, take p = 13550 kg/m3 and u# = 0.00156 kg/m-s. Glass
tubing is considered hydraulically “smooth,” &'d = 0. Compute the Reynolds number:

pVd 13550(5)(0.007)

Re, = = =304,000; Moody chart smooth: f~0.0143
u 0.00156
f£' Y 143(ﬂ)5—'= 104m  Ans. (a)
0.007 /2(9.81)

Ap = pgh, = (13550)(9.81)(10.4) =1,380,000 Pa = 1380 kPa Ans.(b)
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Solution: For kerosene at 20°C, take p = 804 kg/m3 and u = 1.92E-3 kg/m:s. For cast
iron take £~ 0.26 mm, hence &d = 0.26/160 =~ 0.001625. Compute V, Re, and f:

__ 015 746 . Re 4PQ | 4(804)(0.15)
(7/4)(0.16)° s aud  7(0.00192)(0.16)

&/d = 0.001625: Moody chart: =~ 0.0226

~ 500,000
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Then h;= fH =(0.0226 )( ~ 8020 m
2g

20000) (7.46)
0.16 / 2(9.81)

At 85% efficiency, the pumping power required is:

p  £22Qh; _ 804(9.81)(0.15)(8020)

= ~11.2E+6 W=11.2 MW  Ans.
n 0.85
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Solution: For water at 20°C, take p =
998 kg/m? and z= 0.001 kg/m-s. The energy

equation from surface 1 to surface 2 gives

p=p, and V,=V,,
thus hy;=2z-2,=100m

VZ
2(9.81)°

Then 100 m = f(ﬂ)
0.04

or V2 ~0.01744

Iterate with an initial guess of f = 0.02, calculating V and Re and improving the guess:

~0934 —, Rex 998(0.934)(0.04)

~37300, f,_, ~0.0224
s 0.001

12
Ve (0.01744)
0.02

0.01744)"‘2 m
~ ~0.883 —, Re,.. ~35300, f_._ ~0.0226, etc......
better ( 0.0224 s bett bett:

This process converges to

£=0.0227, Re=35000, V=0.877 m/s, Q ~0.0011 m*/s ~4.0m*/h. Ans.
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Solution: For water at 20°C, take p= 998 kg/m3 and = 0.001 kg/m-s. Compute V, Re:

/. 998(11. .
V=9=Mz“-55 E; Re = 8(11.55)(0 07)z807000
A (7/4)(0.07) s 0.001
£ 0.26 mm

~0.00371; Moody chart: f=~0.00280

7 lcast iron —

70 mm

d
The energy equation from surface | to surface 2, with a pump at B, gives

550 \(11.55)

h.  =Az+h, =100+ (0.0280) —
p—p £ ( )(0.07) 2(9.81)
pgQh, _ (998)(9-81)(160/3600)(1594) _ 8.6TES W 86TkW  Ans
n 0.80 ' '

=100+1494~ 1594 m

Power =



