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CONTROL VOLUME APPROACH

Volume Flow Rate Mass Flow Rate
1. Velocity is constant: Q =AV m = pQ = pAV

2. Velocity is variable:

3. Continuity equation

m = [ pVdA = p[VdA = pQ
A A

4. Continuity equation in a pipe (PAV), = (LAV),

5. The extensive property is defined as

. . B
6. The intensive propert b=
! bl SLN - i ( mass)
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CONTROL VOLUME APPROACH

Byye =%ijbde +stbpv o dA

/. Reynolds transport theorem( in general) o

8. Reynolds transport theorem( for mass) M

dt

=ijpdV+jpv-dA
dtCV CS

9. Cavitation index 0=pl°;pv

eTaly

10. Differential form of continuity equation
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CONTROL VOLUME APPROACH

Situation: Water flows in a 16 in pipe. 1" =3 ft/s.

Find: Discharge in cfs and gpm.

| APPROACH I

Apply the flow rate equation.

| ANALYSIS I

Flow rate equation

VA
(3 ft/s)(m/4 x 1.333%)
Q=419 ft7 /s
(4.17 £t°/5)(449 gpm/ft’ /s)
¢) = 1880 gpm
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CONTROL VOLUME APPROACH

PROBLEM 5.4

Situation: An 8 em. pipe carnes air, V' =20 m/s, T = 20°C, p = 200 kPa-abs.

Find: Mass flow rate: m

| ANALYSIS I

Ideal gas law

p/RT
200, 000/(287 x 293)
= 2378 kg/m*®

Flow rate equation

= pVA
2.378 x 20 X (7 x 0.082/4)
i = 0239 ke /s




PROBLEM 5.10

Situation: Water flows 1n a 4 tt pipe. The veloaity profile 12 linear. The center hin
velocity 13 V... = 15 ft/s. The velocaity at the wall 1s 1 ;, = 12 ft/s.

Find: Discharge in cfs and gpm.

| APPROACH I

Apply the flow rate equation.

ANALYSIS

Flow rate equation

/ VdA

A
ro

/ V2mrdr
0

where V" = 1., — 3r/rg.

@ /; DU’;.M — (3r/rg))2mrdr

2713((Vimas/2) = (3/3))
27 % 4.00((15/2) — (3/3))
O = 1634 cfs
163.4 x 449

@ = 73,370 gpm




PROBLEM 5 .34

Situation: Mass 18 flowing into and out of a tank

Find: Select the statement that 13 true.

Control surface

|A}IALYSISI r___/___q N
ontrol volume

Mass flow out |

|
|
; = AV = @ |® Vo=5mls
e T L
= 2x02 5 =300kym? | po= 2.00 kg/m
= 2kg/s

Mass flow 1n

m = (pAV)
= 3x01x10
= 3kg/s

Only selection (b) 15 vahd.
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| PROBLEM 554

Situation: Flows with different specific weights enter a closed tank through ports A
and B and exit the tank through port C. Assume steady flow. Details are provided
on fizure with problem statement.

Find: At section C:
(a) Mass flow rate. Closed tank

(b) Average velocity. c
(e) Specific gravity of the mixture.
Assumptions: Steady state.

[ APPROACH | f Diameter = 6 in.

Diameter = 6 in.

Apply the continuity principle and the flow rate equation. 0=3cfs
$=0.95
ANALYSIS T B
— o Diameter = 4 in.
Continuity principle 0=1cfs

S=0.85
S =) e = 0
—Iﬂ_,:li'i-‘lzi!._.z‘l — IOBE?BJ“IB T pCIFCAC =0
peVeAe = 0952194 34085 x194x1

= T.18 slugs/s

Continuity principle, assuming incompreszible flow

Vede = ViAs+VeAg
3+1=4cfs

Flow rate equation

e = @Q/A :45;:7'_;";‘1'(1;;2]2]
—20.4 ft/s
pc = T.18/4=1795 slugs/#t’
S = 1.795/1.94

S =10.925




PROBLEM 5.55

Situation: Oz and CHy enter a mixer, each with a veloeity of 5 m/ g Mixer conditions:

200 kPa-abs., 100 °C. Outlet density: p = 2.2 ke/m’. Flow areas: 1 cm? for the P o b I em 5 g 55

CH,, 3 em? for the Oy, and 3 em?® for the exit mixture. : 1 7 :

Find: Exit velocity of the gas mixture: 1,

APPROACH

Apply the 1deal gas law to find nlet density. Then apply the continuity principle.

CHy :
4=1cm? M
ANALYSIS —
Ideal gas law 4=3cm?
- —_—
Fo, = p/RT
= 200,000/(260 x 373)
= 206 ke/m’
pe, = 200,000/(518 x 373)
= 103 ke/m’

Continuity prineiple

Vi = Yo

Pcl";At = pO;;I"bzAGz +PCH4I'%H4ACH4
Vo= (206 x5 x 34+103x5x1)/(22x3)

V,=546m/s




PROBLEM 5.75

Situation: Cavitation mn a ventur: section with nlet ciameter of 40 em and throat

ciameter of 10 em. Upstream pressure 15 120 kPa gage and atmospheric pressure 13 W

100 kPa. Water temperature 13 10°C. ( Q 1 8 1 )

Find: Discharge for incipient cavitation.

| APPROACH I

Apply the continuity principle and the Bernoull equation.

ANALYSIS

Cavitation will occur when the pressure reaches the vapor pressure of the hquid : A Throat
(py = 1,230 Paabs). Table (5) l d

Bernoulh equation

Y

pa+t PI :3!'32 = Dthroat T lﬂi.ﬁubai*@ M
where Vy = Q/44 = Q/((m/4) x 0.40%)

Continuity principle T

Vinsoot = @/ Athroat = Q/((7/4) x 0.10%)
0/2(Vitraot = V4) = P4 — Pitoat
(0Q%/2)[1/((x/4) x 0.10%)2 = 1/[((7/4) x 0.40%)7]
= 220,000 — 1,230
500Q%(16, 211 — 63) = 218, 770

0 =0.165 m®/s




| PROBLEM 5.?’6'

Situation: Air with density 0.0644 Tbm/ft* flows upward in a vertical venturi with
area ratio of 0.5. Inlet velocity 1s 100 ft/s. Two pressure taps connected to manometer

with flud specific weight of 120 Ibf/ft7.

Find: Deflection of manometer.

Assumptions: Uniform air density.

[ APPROACH

Apply the Bernoulli equation from 1 to 2 and then the continuity principle. Let
section 1 be 1n the large duct where the manometer pipe 1s connected and section 2
in the smaller duct at the level where the upper manometer pipe 1s connected.

o—

Continmity principle

1141 = VaAs
Vo = V(A /4s)
= 100(2)

200 ft/s D—

pat+eVi/2 = pa+pVy/2
Pa—pa = (1/2)p(Vg = 17)
= (1/2)(0.0644/32.2)(40.000 — 10, 000)
= 30 pat

Bernoulli equation

Manometer equation

Pz1 — P2 = ﬂlJF?'l:J-\:']in:p.:it:l - ﬂ-r.u.ir}
30 = AR(120 — .0644)
[AR =025 f |

i
I
|

—

Ah



CONTROL VOLUME APPROACH
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THE END
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