Group HW Problems:

Example 5.8
A syringe (Fig. E5.8) is used to inoculate a cow. The plunger Qioak = P
has a face area of 500 mm®. If the liquid in the syringe is to be Plunger 0.1@, f ) i Gp=
injected steadily at a rate of 300 cm*/min, at what speed should motion o Iﬂ': o 300 cm*/min
the plunger be advanced? The leakage rate past the plunger is > 500 mm? EEEE“" -
0.10 times the volume flowrate out of the needle. - e — o Section (2)

Saction (1) Contral velume

Assuming leakage rate is 0.2 times the volume flowrate out of the needle
SOL)
From eq. 5.17

o .
5_[(:\/ pdv +mz + pQIeak =0 (1)

First term in eq. (1):

.[CV pdV :p(pr + vneedle)

2
—p(IA+n) (A=A @)

Differentiating eq. (2) with respect to time, and recognizing p, A, V. To be

constant over time,

Kl a0 oy o0 ity — Jength
Second term in eq. (1):
r;]z = sz (4)
Combining egs. (1), (3), and (4)
_pALVp +pQ2 + pQIeak =0 (5)
1.2
oV, =—Q2 -FAiQ'eak :% ( Quea :O-ZQz) (6)
_1.2(300 cm’® /min)(looo mm® j 720 mm/ min
P (500 mm?) cm’




5.22 Estimate the time required to fill with water a cone-
shaped container (see Fig. P5.22) 5 ft high and 5 fi across at the
top if the filling rate is 20 gal/min.
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BFIGURE P5.22
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5.25 Two B-ft-wide rectangular crates are wheeled into the
trailer portion of a semi-truck at a speed of V = 2 fi/s as shown
in Fig. P5.25. At time ¢ = () the front of the first crate is 2 ft from
the open back of the trailer. Plot a graph of the air flowrate across
the open end of the tailer as a function of time for 0 = 1 = 10s.

NVi a
Consider the deforming control volume e L:- i
shown in the sketch. From £9.(5.17) i i_- — —} ——t
5 [ody +[oWhdA=0 S T X

cv [l
or since Q= constant

(1 (Fhdf=0 o St =-(WAdE = -V A =-@, whore
Q, = airtlow rate across end af frailer.
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J Y _ rafe af which he volome of air inhe frailer changes with fime
=V A pate , Where Ayrase = Cross-seotional area of the crate hat
is crossing the end of the traifor

Thys,
- Vﬂarafc == 'Qr or @; = V/?crafa J where Ve 2{“%

From the given dafa ,
A pate =0 Tor 05f<f3; Airate = (BF1)(8FH) =67 £1™ for lsst< #s

Aorate =0 For #s<t <5 A 1 = (6t1)(6H) = ¥ F fop Sse ¥ <7s
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5491 An incompressible liquid flows steadily alon g the pipe
shown in Fig, P5.91. Determine the direction of flow and the
head loss over the 6-m length of pipe.

®FIGURE P5.91
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The flow is uphill.




p =300 kPa
5.94 Water is pumped steadily through a 0.10-m-diameter

= ; 1 4
pipe from one closed, pressurized tank to another as shown in L
Fig. P5.94. The pump adds 4.0 kKW 1o the water and the head () p= 500 kPa
loss of the flow is 10 m. Determine the velocity of the water

leaving the pipe.

pir (2)

0.10-m diamater
BFIGURE P5.94

From the E‘f?d‘ﬂ;’ ¥ qu;fmﬂ
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5.10% A pump is to move water from a lake into a large, pres-
surized tank as shown in Fig. P5.109 at a rate of 1000 gal in 10
min or less, Will a pump that adds 3 hp to the water work for this
purpose? Support your answer with appropriate calculations.
Repeat the problem if the tank were pressurized to 3, rather than
2, stmuspheres.

BFIGURE P5.109

F

-%'4'2; +_J- fh }; = é‘?'— +Z; f%) where ﬁ.—:q Z =0, W’a_,aﬂdzz.—zaﬂ_
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so that

b = Vo _ 3550 s,
P a"a (625‘ )(023_3'”’)
(a) It p, =2.atm = 2067 5)(/H0/W) = 4230, then from £q.0)

olb
ha=h (?T!g— 204 =, +87.84F
Thos, ;f
h % hy =873 = = /1911-87.811 = 3124t the given pump will work for f,= 2atn.

= /19ft

() If p,=3 alm =6 350 & H% then

) 43508
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Ths, if this pump is to work

19t =h, +i22f4 or b, = -3
Since i is nof passible o have b, <0, the pump will not work for g, =3aim.




Q = 150 ft¥s
Dy =3t

5. 40 | - Py = B0 psi

S.110 Water is supplied at 150 ft*/s and 60 psi to a hydraulic i
turbine through a 3-ft inside diameter inlet pipe as indicated in
Fig. P5.110. The turbine discharge pipe has a 4-ft inside diam-
eter. The static pressure at section (2), 10 ft below the turbine
inlet, is 10-in. Hg vacuum. If the wrbine develops 2500 hp, de- 10
termine the power lost between scctions (1) and (2). f

ps = 10in. Hg
‘vacuum
D, =4ft

FIGURE P5.110 \gection (2]
For flow between sectons (1) gnd(z), £g- 5. 82 leads 7
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From  conservation of mass (&4.5.13)

V = Vé! = V 19 2.; zz{{- [31{*) = ‘vq?l ‘i,l.
* jfh, ( )(z,r,cg s

From &1 (8 16
60 Ib 144" ) + 703'
power lpss = (99‘ .s’fuf-f (.5’0 f*) ( o l/ )

G 55"’1%5;) (" %)

+ 3zz£j)(m‘*) /_te ) [(z:zzﬁ)_ﬁ:ﬁfﬁj};&

ﬂu‘g .n&-, Fr

_25'00}."9
or
powev loss = 30/ hp




Individual HW Problems:

AL Az ghown in Fig. P5.19, ar the entrance 10 a F-fr-wide
channel the velocity distribution is uniform with a velocity V.
Further downstream the velocity profile is givenby u = 4y —
2y*, where i is in fi/s and ¥ is in ft. Determine the value of V.
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524 storm sewer backup causes your basement to flood at defprming
the steady rate of 1 in. of depth per hour. The basement fioor _[ {gmfa?-;‘; vfjﬂ?"éa that
area is 1500 fi2. What capacity (gal/min) pump would you rent —_—F - a, r
to (a) keep the water accumulated in your basement at a constant 7 71 - s
level until the storm sewer is blocked off, (b) reduce the water ” | s ! h
accumulation in your basement at a rate of 3 in./hr even while . 4 :
the backup problérm exists? fi- i -== < _':‘ 7
: _ 7
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over the basement floor (see SKetch asove), the
Conservation OF mass princjple ( £g.5.17) leads +o
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5,93

593 A water siphon having a constant inside diameter of 3 in.
is arranged as shown in Fig. P5.93, If the friction loss between
A and B is 0.8V%/2, where V iz the velocity of flow in the siphon,
determine the flowrate involved.

FIGURE P5.93
To aefermme +he Fowrale, &, we use
Q= AV =100y
¥ )

To obtarn Vv e apply the energy gfmu'}},h (E?.:’CZZ.) between
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5.18 The hydroelectric turbine shown in Fig. P5.108 passes 8
million gal/min across a head of 600 ft. What is the maximum

amount pf power output possible? Why will the actual amount
be less?

From fhe eﬂef?y equation

R e "'r]
%+z' -""f*ﬁ = % *a 7 IFICIUl‘-'lE::ﬁ:GB
where £, =0, fu ,ﬂ) and V; = 0.
Thus,
h = (2,-2,) +h, +
Note: Since this is a fﬂrbr??ﬂ) f)_s-:t}, Lef br "'fi‘_ﬁ whb’f‘ﬂh,— >0 and
from the above,

h . {zj "Zz I‘?;_ V;

ﬁfso ﬂ?e power ’s 9!#’&'.0 by
= ¥Qh, =¥Q[(z-2.)-h, ~_]

Tﬁe maximem power wovld occur if ﬁwe were no losses (h,=0)

and negligible kinetic energy at the exit (Vo =0; large diameter ovilet).
wa.s*

,,, = §Q(2-2,) = 2. 4;,;(3::;0 M){ ;;:M)(mw](gaa,q)
=6.47x/0% Hlb(_Lhp

(55 fi.L = L.2/x10° hp



5.111 Gasoline (SG = 0.68) flows through a pump at (.12 m¥s
as indicated in Fig. P5.111, The loss between sections (1) and
(2)is loss = h g = 0.3 Vi/2. What will the difference in pres-
sures between sections (1) and (2) be if 20 kW is delivered by
the pump to the fluid?

Q@ =012m¥s

Section (2)
Dg = 0.2m

Section (1)  FEGURE P5.11
.D! =01m
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5.115 Water is pumped from the large tank shown in Fig.
P5.115. The head loss is known to be equal waleZg and the
pump head is h, = 20 — 4% where h, is in ft when Q is in
ft*/s. Determine the flowrate. 0

(Zpipe area = 0.10 12
BFIGURE P5.115

%H-ﬂ zéq 4}7 -h, ﬂ%-“z:.fl? where = =0, 7 = =13 2,20
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