10 slugs/s
Y Area=0.3 1t
7 (2)

53 Water flows steadily through the horizontal piping sys-
tem shown in Fig. P5.3. The velocity is uniform at section (1),
the mass flowrate is 10 slugs/ s at section (2), and the velocity 15 ft/s
is nonuniform at section (3). (a) Determine the value of the

D
quantity r J' pd¥, where the system is the water contained

, F Sya : i ﬁ?l)i Aea=0.7 2 a) Area = 0.7 ft?
in the pipe bounded by sections (1), (2), and (3). (b) Determine ® FIGUR E_ P5.3

the mean velocity at section (2). (¢) Determine, if possible, the

value of the integral | pV *fi dA over section (3). If it is not
@)
possible, explain what additional information is needed to do so.

Use +he ctontrol volume shown with the dashed /e s
n  The f/'jure above. |

(0) Prom the conservafion of wmassi  princyle we get
fpcjf%: O swmce Ipo"é‘ is The Um:/)myj mass of e

IyJ Sy
S;&:/Mn.
(b) n:’z.= FA‘J- z Phu s
st
vV = M2 - 0 3% . uzz ¥

PAy /194 slgi) p.2 #°
(7 7)Y
(c) /,-73 =f{0-(7 AdA and from The canservation of mass

. 2
Prmc,')ole o gef‘
m,= /bl 1 g




5,18

5.28 How long would it take to fill a cylin-
drical shaped swimming pool having a diameter
of 8m to a depth of 1.5 m with water from a
garden hose if the flowrate is 1.0 liter/s?

deformin Ji
conbro !

Veolume

From application of the conservation of mass principle
b e conbel valime canh/h:iv wafer 0n/y as Shown i

the Ffigure we have

A.[,oa# +f/oi/f;;am =0
). L

For incompressible Flow

¥ _ g =0
ot
or . i ; ]
[dv - a/dt‘
o 0
Thus ) " ‘
. ¥ P h . 7w (8 m) (/-5;-»-)(/000-/-;:-%;)
a 4 4 4 1.0 liter) g0 5.
t = 1260 mn

5-27
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Quiz 7. Water at 20°C flows through an elbow and exits to the atmosphere (p, = 0 gage). The pipe di-

ameter is D; = 10 cm, while D, = 3 cm. At a mass flow rate 1 of 15.3 kg/s, the pressure p; = 2.3

atm (gage). Neglecting the weight of water and elbow, estimate the horizontal force on the
flange bolts Fj, s at section 1. (Hint: pygrer = 998 Kg/m?, 1 atm = 101,350 N/m?)

Fbolts @

For steady incompressible flow (uniform flow over CS),

——
L
| Continuity equation:
i m = pQ = constant
l
| Momentum equation:
1
: SE=) pVv-4
400 < CcS
Note: Attendance (+2 points), format (+1 point)
Solution:
From the x-direction force balance,
YE = —Fpoirs + P14y = mu, — muy (* p2 = 0 gage)
(+4 point)
where,
m 15.3kg/s 4
Ay wDf/4 998kg/m3  m(0.1 m)?
(+1 point)
40° m/p 40° 153 ke/s 4 40° 16.6m/
= —— — =— X X = —16.
2 S 08 7D2/4 % 998 kg/m3 . 7(0.03 m)Z . m/s

Thus,

(+1 point)
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Fpoits = p1A1 + m(uy — uy)

0.1 m)?
— (2.3 x 101350 N/m?) x w +153kg/s X (16.6 + 1.95) m/s = 2115 N

Fbolts = 2115 N

(+1 point)
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Quiz 8. When the pump in the figure draws 220 m3/h of

water at 20 °C from the reservoir, the total friction D=12em (o @ o D,=5cm
head loss is 5m. The flow discharges through a T ~e '] ==V
. 2m Pump @
nozzle to the atmosphere. Estimate the pump v @ 4
power in kW delivered to the water.
1) gravity, g = 9.81m/s? o
2) density,p = 998 kg/m3 Water
p, Vi P, V3 —
3) 2424z 4+h,==2+24+2,+h
) pg 29 TP T pg gt 72T UL
4) Pump power, P = pg Qh,,
Note: Attendance (+2 points), format (+1 point)
Solution
AssumeV; =0 andp; =p, =0
v}
hp =E+(Zz _Zl)+hL
(+4 points)
Calculating velocity at location 2
0 220
3600
V) =—=—>"-—"—=31.12
2= 4, T 7(0.025)2 m/s
(+1 point)
Thus,
_ BLi2y +2+5=564
P~ 20981 - ooam
(+1 point)

The pump power, P,

220
P = pg Qh, = (998)(9.81) (—) (56.4) = 33.7 kW

3600

(+1 point)
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Quiz 9. Water flows as two free jets (section 2 and 3) from the tee attached to the pipe as shown in the
Figure. Viscous effects and gravity are negligible. Determine (a) Velocity at section 1 (V;), (b)
pressure at section 1 (p;) and (c) x-component of the force that the pipe exerts on the tee. (p =

999 kg/m3)
Momentum equation:
V=15m/s
eV (2 ) e—nima _ 9
Area = 1 m° (j {21|'r.":_+__“.1': w=iead ZE - a Kpd'u + sz : dé
W oo boeal T cv cs
{ R T
-\ : L Y= 15 ms Bernoulli’s equation:
[l i l__iei
— .!.....-.....-.\--—_-__..-5'- Area = 0.5 m* 1 1
oo T 2 2
Pipe ee P1+opVi Yz =P +opVs +yz
Note: Attendance (+2 points), format (+1 point)
Solution:
(a) Continuity:
Q1=02+03
A1V1 - AZVZ + A3V3
(+0.5 point)
AV, + AV;  0.3m? X 15m\s + 0.4m? X 15m/s
| = = 5 =12m/s
Aq 1m
(+0.5 point)
(b) Bernoulli equation:
b2 pVE =2 pV
P1 2.0 1= 2P 2
1 2 2
1= EP(VZ - Vi)
(+2 point)

1
Py = 5999 kg/m3 (15% — 12?)m?/s? = 40500 N

(+0.5 point)
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(c) x-momentum:
—VipViA; + V3pV3Az = p1 Ay + Fx

Fx =VipViAs — V3pV3A3 — 14,
(+3 points)
m? k m? k N
E, = 122 ’rl X 999m—‘z X 1m? — 152 ’rl X 999m—g3 x 0.5m? — 40500W =—72000N
(+0.5 point)
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Quiz 10. Oil (= 0.4 N-s/m?) flows between two fixed horizontal

and steady with a constant pressure gradient dp/dx =-900 N/m?.
Determine the shear stress T = udu/dy at y = h, by solving Na-

)|
infinite parallel plates with a spacing of 5 mm. The flow is laminar h .“‘
jL =
h
R

vier Stokes equation.

ou (317_

Continuity: 6_+(3_ =
x y

Navier Stokes: —tu—+tv—
ac " %ax T Vay

Note: Attendance (+2 points), format (+1 point)

(au Ju au) _dp
p T dx

u —
I —
(
0%u N 0%u
0x?  0y?

Solution:Since the flow is steady and parallel, du/dt = 0 and v = 0. From the continuity equation,

du/dx = 0. Then, the Navier Stokes equation is rewritten as

%u 1 (dp)

ay?  u\dx

By integrating the Navier Stoke equation twice to yield
1 /dp
uZﬂ(ﬁ) 24 y+cy
To satisfy the no-slip boundary conditions, i.e. u =0at y = th,
Cl = 0
1 /d
Cyp = —— <_p) hZ
2u\dx

Thus, the velocity distribution becomes

1 /dp ) )
u—ﬂ(a)(y —h?)
Hence,
_du _dp
T_’udy_dxy
Aty =h,

(+ 3 points)

(+2 points)

(+2 points)
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