COLM _BE_09

The axi-symmetric object shown below is placed in the end of a vertical circular pipe of inner diameter, D.
A liquid with density, p, is pumped upward through the pipe and discharges to the atmosphere. Neglecting
viscous effects, determine the volume flow rate, O, of the liquid needed to support the object in the position
shown in terms of d, D, g, p, and M.

liquid discharges into the atmosphere

axi-symmetric object with mass, M

the pipe extends further upstream
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SOLUTION:

Apply conservation of mass to the control volume shown below.

Vout |<_ d _,I#pathom

- Let: Ain=nD?*4 and Aow = n(D*-d?)/4.
- Choose H such that it is much larger than
the size of the object (= Vev = AinH).

e o o ]

d
Ej'pdmjpuml-dA:o (1)
CvV CS
where

% j pdV =0 (steady flow)
cv

J. Pl -dA = -pQ+ pVoutAout
CS

Substituting and simplifying gives:
_pQ + pVout Aout =0

Vout = (2)
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Apply the linear momentum equation in the z-direction to the same control volume. Use the fixed frame of

reference shown in the figure.

d
d_ I uzpdV+ .[ u, (purel dA) = FB,z + FS,z

tCV cs
where

di _[ u,pdV =0 (steady flow)
t
cv

I u; (purel dA) =—m (gj—i_mVout
cs =PO\ “in

_ 0] 2 2
g Q(Aom Amj
_ 2 Al'n B Aout
_’DQ ( AinAout )

(Note that Eqn. (2) was used in simplifying the momentum flux term.)
Fy,=-pVeyg = —pA,Hg (H is chosen to be much larger than the object size.)

Fs ., = pin 4, —Mg (use gage pressures SO pout = pam = 0)

Substitute and simplify.

L~ A,
pQ’ [LJ =-pA,Hg + pin 4, — Mg
Ain Aout

To determine pin, apply Bernoulli’s equation along a streamline from the inlet to the outlet.

(p+%pV2+pgz) :(p+%pV2+pgz)

in out
where
DPin =7 Pout =0 (gage pressure)
V=2 Vo =2 (from Eqn. (2)
Ain Aout
z.. =0 Zow =H

Substitute and simplify.

1 1

PPy

Pin =3 PQ [T——ZJergH
Aout Ain
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Substitute Eqn. (6) into Eqn. (4) and simplify.

4
pQ’° (%J =—pd, Hg + {% pQ’* [L - %J +pgH 1 4, —Mg
in “Tout i

S}

A‘in B Aout 31 _ Ajut
'DQ [ AinAout J _%[ AlAi%lAzut J Ai“ } ) _Mg

in — “Yout 'ﬁ_Ajut
S e

S}

po

2 2
pQZ 2AinAout — 2Aout2_ Ain + A(?ut ] =—Mg
24, Ay
2
pQ2 _Ain + 2AinA(2)ut — A(%ut J =-Mg
24, Ay

i 2
pQ2 (Am _A(;ut) = Mg

24,48,
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(D*-d?)

[ M 1 [2Mg4 ’
Q= & = f)A‘“ where 4, = ”f and A, =
. 1}
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