8.1

Water flows through a 3-in-diameter pipe at a velocity of 10 ft/s. Find the (a) volume flow rate in cfs and gpm,
(b) weight flow rate, and (c) mass flow rate.

I (@ Q = Av = [(7)(§)*/4](10) = 0.4909 cfs = 0.4909/0.002228 = 220 gpm
(b) W = yAv = 62.4[(x)(%)?/4](10) = 30.6 Ib/s
(c) M = pAv = 1L.94[(7)({)*/4](10) = 0.952 slug/s

Benzene flows through a 100-mm-diameter pipe at a mean velocity of 3.00 m/s. Find the (a) volume flow rate in
m*/s and L/min, (b) weight flow rate, and (c) mass flow rate.

I (a) Q = Av = [(x)(155)*/4](3.00) = 0.0236 m"/s = 0.0236/0.00001667 = 1416 L/min
(B) W = yAu = 8.62[ (7 ){76)"/4](3.00) = 0.203 kN/s
(e) M = pAv = B79[(x)({85)*/4](3.00) = 20.7 kg/s



Assume the conduit shown in Fig. 8-1 has (inside) diameters of 12 in and 18 in at sections 1 and 2, respectively.
If water is flowing in the conduit at a velocity of 16.6 ft/s at section 2, find the (a) velocity at section 1,
(b) volume flow rate at section 1, (¢) volume flow rate at section 2, (d) weight flow rate, and (e) mass flow rate.

I (a) A=A, (R 4)(v) = [(x)(B)2/4)(16.6) v, =37.3ft/s
(b) Q= Ay, = [(x)(#)/4)(37.3) =29.3 /s

(€) Q.= A;vs=[(x)(1)*/4](16.6) = 29.3 ft’/s. (Since the flow in incompressible, the flow rate is the same at
sections 1 and 2.)

(d) W = yA, v, = 62.4[(x)()*/4](37.3) = 1828 Ib/s
(e) M = pA,v, = 1.94[(x)(i3)/4](37.3) = 56.8 slugs/s
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Water enters the mixing device shown in Fig. 8-2 at 150 L/s through pipe A, while oil with specific gravity 0.8 is
forced in at 30 L/s through pipe B. If the liquids are incompressible and form a homogeneous mixture of oil

globules in water, find the average velocity and density of the mixture leaving through the 30-cm-diameter
pipe C.

I M = pAv =pQ S {mass flow in unit time),, = *, (mass flow in unit time)_,
(1000)(0.15) + [(0.8)(1000)](0.03) = (p)[(x)(0.30)°/4}(v)  pv =2462 kg/m® - s

We can assume no chemical reaction between oil and water and its mixture is incompressible; it is clear that
volume is conserved. Hence, Q =0.15+0.03 =0.18 m*/s; Q = Av, 0.18 = [(x)(0.30)*/4)(v), ve =2.55m/s;
Pe=2462/2.55 =965 kg/m’.

Fig. 8-2



8.7

Water flows into a cylindrical tank (Fig. 8-3) through pipe 1 at the rate of 25 ft/s and leaves through pipes 2 and
3 at 10 ft/s and 12 ft/s, respectively. At 4 is an open air vent. Inside pipe diameters are: )y =3in, Dy = 21n,
Dy =2.5in, D, =2 in. Calculate (a) dh/di; (b) the average velocity of airflow through vent 4, assuming that the
flow is incompressible.
F# (a) With the entire volume of the tank as control volume,

M= pAv =pQ > (mass flow in unit time),, = 2, (mass flow in unit time),,,

() (=)(5)°/41(25) = (p)[ () ()" /4)(10) + () [(x)(2.5/12)"/4])(12) + (p)[(x)(2)*/4)(dh/dr)
dh/dt = 0.1910 ft/s

(6) Consider only air in the control volume. It must be conserved. Hence, (p,,)[(x)(#&)/4)(v) =
(Pur)[()(2)7/4)(0.1484), v = 21.4 ft/s.
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In Fig. 8-21, water flows from A, where the diameter is 12 in, to B, where the diameter is 24 in, at the rate of
13.2 cfs. The pressure head at A is 22.1 ft. Considering no loss of energy from A to B, find the pressure head

at B.
I paly + V3128 + 24 =paly + vi/2g + 24 v, = QA= 13.2/[(7)(B)*/4] = 16.81 ft/s

Vs = OfAs = 13.2/[(x)(})}/4] = 4.202 ft/s

22.1 + 16.813/[(2)(32.2)] + 0= pu/y + 4.202%/[(2)(32.2)] + (25.0=10.0)  pu/y = 11.2 ft of water
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An 8-in-diameter horizontal pipe is attached to a TEsServoir,
the water surface in the reservoir and the water jet at the e
rate of the water being discharged from the pipe?

I

as shown in Fig. 8-26. If the total head loss between
nd of the pipe is 6.0 ft, what are the velocity and flow

Prly +vi/28 + 2, =poly + vif2g + z+h, 0+0+15=0+v3/[(2)(32.2)] + 0 + 6.0
vy =24.11tfs Q = Azv; = [(7)(5)*/4](24.1) = 8.41 f'/s
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8.68

A )-mm-diameter siphon is drawing oil (s.g. = 0.82) from an oil reservoir, as shown in Fig. 8-27. If the head

loss from point 1 to point 2 is 1.50 m and from point 2 to point 3 is 2.40 m, find the discharge of oil from the
siphon and the oil pressure at point 2

) pily +uij2g ta=pfy+vildgtn+hy 0+0+ s.m-n+u§;[[z}(9.aﬂﬂ]+u+3.m
vy =4.645m/s Q = Ayvy = [(7)(:8%)%/4)(4.645) = 0.00912 m?/s
Py + 028 + 2, = poly + vif2g + 7, + h, 0+0+500=p,/y+ 4.645%/[(2)(9.807)] + 7.00 + 1.50
Paly=—4.60m  p,=[(0.82)(9.79))(~4.60) = —36.9kN/m* or —36.9KPs




8.77  Determine the velocity and pressure at section 2 and section 3 if water flows steadily through the pipe system
shown in Fig. 8-36. Assume a head loss of 6.0 ft from section 1 to section 2 and of 15.0 ft from section 2 to
section 3.
I Au = A, [(=)(38)°/41(5.0) = [(#)(%)*/ 4] (v2) wy = 20.0 ft/s
ply+vif2g 4 n=pjy+0vif2g + 4 h,
(25)(144)/62.4 + 5.0°/[(2)(32.2)] + 20 = (p,)(144)/62.4 + 20.0°/[(2)(32.2)] + 15 + 6.0
p2=22.01bfin* Ayv, = Av,
()2 /4)(5.0) = [(w)(H)'/4)(vs)  va=B.99ft/s
Py +vilZg +n=pily+vif2g + 2+ hy
(25)(144)/62.4 + 5.0°/[(2)(32.2)] + 20 = ( p,)(144)/62.4 + 8.89°/[(2)(32.2)] + 10 + (15.0 + 6.0)
Py = 19.9Ib/in’
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8.101 The horizontal wye fitting in Fig. 8-58 splits Q, into two equal flow rates. At section 1, 0, = 4 ft*/s and
Py = 20 psig. Neglecting losses, compute pressures p; and ps.

I ply+Uif2g v =pafy+vif2g 4+ hy vy = A, = 4/[(=)(H) /4] = 20.37 ft/s
vy = 0u/ Az = 3/[(m)(35)°/4] = 22.92 fit/s
(20)(144)/62.4 + 20.373/[(21(32.2)] + 0 = (p.)(144)/62.4 + 22.92%[[(2)(32.2)] + 0 + 0
p:=19.3 psig puly +vil2g + zy=pify +vif2g + mt by va= Qo Ay = /[(w)(5) /4] = 40.74 fi/s
(20)(144)/62.4 + 20.37/[(2)(32.2)] + 0= (p,)(144)/62.4 + 40.74*/[(2)(32.2)] + 0+ 0  p, = 11.6psig

dy =4in
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8.103

In the water flow over the spillway in Fig. 8-59, the velocity is uniform at sections 1 and 2 and the pressure
approximately hydrostatic. Neglecting losses, compute v, and v,. Assume unit width.

I Py +vi2g +z,=pofy+vif2g+zn+h, 0+vif2e+6=0+vi2g+1+0
Ay =Ay,  [(6)()Kv) =[(D(1)(v)  vr=6v,
v3/[(2)(9.807)) + 6 = (6v,*/[(2)(9.807)] +1 v, =1.67m/s vy = (6)(1.67) = 10.02 m/s




LM For the waner chanme] Sow down b dlopmg remp ol Fig. 800, b = lm, H = m, sod o, = d 2. The flow s
uniform ot | and I Negiotting knacs, find the downstnram depth by sad thow that throe solution e possble,
of which only two sy realntic. Neglect fncton.

P pir+viges=plyovilgesneh, 0+ FNENRET]+ 3+ =0 & JTENREOTY + by + 0
A= Agwy  HUMTEE) = [ MU vy =y
TN R & d = (R TN T+ &) = L ELEA] + OE15T =0
There are theee maihemabeal wdutionn. Lo thn equarhon:
hy=4.T8@  (eaboritical)
hy=040m  [wporeritical)
b= =0 ¥dm  (imposible)




LIS  For water fiow up the doping channel in Fig. 881, b, =05 0, v, = 15 /5, and H = 2 01 Meghoct ks und
msaume undorm Bow a2 1 and 1 Fod the dowmatream depeh &, and show that Shoog sciutesns ane posmibie . of
which oaly T ane realistic.
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Therr sae thiee marbrmatcal sreudnons oo s TQUER .
hy =160 % [subcnewcal)
A, =(LESTH  (sspercrinal)
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9.280 A capillary tube of inside diameter 6 mm connects tank A and open container B, as shown in Fig. 9-50. The
liquid in A, B, and capillary CD is water having a specific weight of 9780 N/m® and a viscosity of
0.0008 kg/(m - s). The pressure p, = 34.5 kPa gage. Which direction will the water flow? What is the flow rate?

¥ Assume laminar low from B t::- A,
_1284L0 _ (128)(0.0008)(43)Q) _ 1) s

Ps vh _Pa
Ps 22, , +—+: + h h, = =
PR S TR ' myD* ()(OTBO) i)
0+0+(1.4+435in45")=345/9.79+0+ 1+ 110580
Q=-755%10"m"s or —-7.55%x10°L/s

Since (2 is negative, the flow must be from A to B. Check for laminar flow: v = /A = (7.55 x
1074/ [(7) ()’ /4] = 0.2670 m/s, Nx = pDu/u = (9780/9.807)(38)(0.2670)/0.0008 = 1997 (laminar).
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9.17  If 140 L/s of water flows through the system shown in Fig. 9-6, calculate the total head loss between 2 and 3.
I pily + V328 + 2z =pily+vi/28 + 1+ h,
vy = Q/A; = (140 x 107%)/[(#)(0.300)*/4] = 1.981 m/s  vy= Q/A,= (140 X 10~*)/[(x)(0.150)*/4) = 7.922 m/s
P2/9.79 + 1.981%/[(2)(9.807)]) + 0 = 0 + 7.922%/[(2)(9.807)] + 15+ h,  h,.=p,/9.79—-18.00
pily+vil2g+z,=po/y+vi/28 + -+ h,  0+0+30=p,/9.79 + 1.981°/[(2)(9.807)] + 0 +0
P2/9.79=29.80m h,=29.80-18.00=11.80 m




Compute the velocity and Reynolds number to see if the flow is laminar. v, =1 X 107 ft*/s. Neglect entrance
losses to the pipe.

I p./y+v3/28+z=ps/y +v3/28 +zs+h, p.,/62.4+v3 /28 +0=0+v3/2g+0+h, v3/2g=v3/2g

p2/62.4=h, )

s npgd*h,

128ul
B, = 128Qul _ 128[(xd*/4)(v2)luL _32v,vL _ (32)(v2)(1 X 1074)(7000) _ 11.13v, @
npgd* npgd* gd* (32.2)(3/12)?
Py +vi/28 + 2, =p,]y +vi/2g+z+h,  0+0+10=p,/62.4 + vi/[(2)(32.2)] +0+0
P2/62.4 = 10 — v3/[(2)(32.2)] (3
Equating h, from Eqgs. (1) and (2),.

P2/62.4=11.13v, 4

Equating p,/62.4 from Egs. (3) and (4), 11.13v, = 10 — v3/[(2)(32.2)], v3 + 716.8v, — 644 = 0, v, = 0.8973 ft/s;
Q = Av = [(x)(i)?/4](0.8973) = 0.0440 ft’/s; Ny = dv/v = ()(0.8973)/(1 X 10~*) = 2243 (barely laminar).
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