manometry 04

Determine the deflection, %, in the manometer shown below in terms of A1, 42, Ap, g, and pu20. Determine
the sensitivity of this manometer. The manometer sensitivity, s, is defined here as the change in the
elevation difference, %, with respect to a change in the applied pressure, Ap:

dh

d (Ap)
Manometers with larger sensitivity will give larger changes in 4 for the same Ap.
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SOLUTION:

First analyze the initial system.
p

A>

Py = Pyt Pino&Ly = Prng8Ly — P8l
[T
= =p

Ly =L, = SGy, L,
Now analyze the displaced system.
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Ph= P + szog(Ll - ALI)_ szog(Lz + h) ~ Pup8ls
=p =p+ip
A
——F = (L~ AL~ Ly~ )~ SGyy Ly
PH208
Substitute Eqn. (1) into Eqn. (2).
Ap
- =(L—AL - L, -h)-(L - L,)
P28
& _ +h
P08

Note also that the displaced volume will also be conserved.
AL 4 = h4,
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manometry 04

AL =h— “4)
1
Substitute Eqn. (4) into Eqn. (3).
A
A—p =h 22 +h
PH208 4

h= A;[A—pj (5)
2 Pu208&
1+ Al H20

Note that the density of the secondary fluid (i.e., mercury) does not factor into the displaced height.

The manometer sensitivity, s, is defined as the change in the elevation difference, /, with respect to a
change in the applied pressure, Ap.
dh

d (Ap)
Manometers with larger sensitivity will give larger changes in / for the same Ap. Using Eqn. (5), the
sensitivity of this manometer is:

1 1
=T[ﬁj @)
2
1+ Al H20

To increase the manometer’s sensitivity, one should decrease the area ratio, 42/41, and use a lower density
fluid than water.

(6)

s =

Why doesn’t Eqn. (5) involve the properties of mercury? In fact, the properties of the secondary fluid (i.e.
the mercury) do influence the system. Consider the change in potential energy of the water during the
displacement as shown in the plots below.

APE, 4 120 = Proo 4y (Ll - ALl)g%(Ll - ALI)_ P4l & %LL
— &

=Lenpetore

“Mafer :LCM,aﬂet TMyefore
2 2
=3 P84 (Ll - AL ) =3 Prno8A, Ly
2
=3 Pi&4 (_2L1AL1 +AL )
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APE ;1 120 = Proo‘a (Lz + h)g%(Lz + h)_ Pl & i&
v

=L

=L CM,before

CMafter =Myefore
= 1 Puo& (L + h)2 — 4 P8 Ly
=3 P&y (2L2h + hz)

APE, 1120 = 3 Prino & (_2L1AL1 +AL ) +3 P& (2Lzh +h? )

=1 Puo& (2L AL A + AL 4 + 21,14, + 4, )
Substitute Eqn. (4).

“Myfier

2
A A

APE, 1m0 = %PHzog —2L1h72141 +h’ (72) A +2Ly,h4, + thz
| |

A
APE\ 011120 = %PﬁzogAzh Kl + %1 )h +2(L, ~ I )} (®)

The change in potential energy of the water will depend not only on 4, but also on the initial state of the
water, L»-L1. From Eqn. (1) we see that Li-L» is related to the specific gravity of the secondary fluid.

Another way to solve the problem is to apply the 1* Law of Thermodynamics to the system (consisting of
the fluids within the manometer):
AE, + Won system (9)

system — Qinto system
where Qinto system = 0 (assuming adiabatic conditions — a reasonable assumption) and the only work on the
system is the pressure work causing the displacement:

Wpressure = (p + Ap) Al AL] - pAZh (10)
on system
Note that using Eqn. (4), Eqn. (10) becomes:
Wpressure = ApAlAL] (1 1)
on system

The total change in the system’s energy (which is the potential energy) is:
APE o = Pyg Ay (L = AL ) g 3Ly = AL )= pypg ALy g 3L,
— ——

=Lembefore

Sy =Lematier =Myefore
2 2_ g2
:%pHZOAlg(Ll —2LAL +AL _Ll) (12)
2
== pHZOAlg(ZLlALl —AL )

APE 1 = Pro s (Lz + h)g%(Lz + h)_ PoLlg 3L+ Prg A Lgh
—APE,, APE,

=L Py o I+ 2Lyh+ 2 = I3 )+ pyy, Ay Lygh

= %szoAzg(ZLzh + hz)"' PrgbLsgh

Hg

APE

system right
. N 5 (13)
= _E,DHZOAlg(leALl —AL )+§PH20A28(2L2h +h )+PHgA2L3gh
Substitute Eqns. (11) and (13) into Eqn. (9) gives:
—%PHzoAh%’(leALl _AL12)+%PH20A28(2L2}1 +h2)+ Prg Ay L3gh = ApA AL (14)
Ap 1 4 1 152
—— =L+ AL +—=—|Lh+5h" +SGy,Lsh (15)
Pr208 2 4 ALI( ? ¢ )

Substitute Eqn. (1).
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A 4, 1
P oL+ 1AL+ 22— (Lyh+ L0 + L - Lyh)
P08 4 AL
14, h* 4, Lk
= — +l +__2_+_2_
flitzah 2 4 AL, 4 AL

Substitute Eqn. (4) and simplify:

A 14, B 4 Lh
Ap =—L1+%h—2+l—2h—+ 21 -_J %h—+ h+L, = %(HA/j
P08 4 2 4 hé 4 hAZ
4 4

J (This is the same as Eqn. (5)!)

1+A/ (Pﬂzog
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