3-9 The water in a tank is pressurized by air, and the pres-
sure is measured by a multifluid manometer as shown in Fig.
P3-9. Determine the gage pressure of air in the tank if h,
=0.2m h, =0.3m, and h; = 0.46 m. Take the densities of
water, oil, and mercury to be 1000 kg/m?, 850 kg/m?® and
13,600 kg/m?, respectively.
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FIGURE P3-9

Analysis Starting with the pressure at point 1 at the air-water interface
adding (as we go down) or subtracting (as we go up) the pg/ terms until

result equal to P,, since the tube 1s open fo the atmosphere gives
P+ Pyater & + Poir &> _meI‘CUIj'gh?ﬁ = Potm
Solving for P,
B = Py~ Pater 8 — Poit &1 + Prmercury €13

Or.
Rl _Patm = g(pmercuryh} _pwa‘rerh] _Poﬂhz)

Notmg that Py g, = Py - Pay, and substituting,
=(9.81m/s?)[(13.600 keg/m?)(0.46 m) — (1000 kg/m? )(0.2 m)

IN 1kPa
- (850 kg/m”)(0.3m)] { ]
1kg-m/s® )L 1000 N/m?

=56.9 kPa

Pl .gage




3-11  The gage pressure in a liquid at a depth of 3 m is read
to be 28 kPa. Determine the gage pressure in the same liquid
at a depth of 12 m.

Analysis The gage pressure at two different depths of
P, = pehy, and P = peh,
Taking their ratio.

P,  pgh, I

Popghy Iy

Solving for P, and substituting gives

o I12m

h, 3m

h,

P, (28 kPa) =112 kPa



3-16 A vacuum gage connected to a tank reads 30 kPa at a
location where the barometric reading is 755 mmHg. Determine

the absolute pressure in the tank. Take py, = 13,590 kg/m*.
Answer: 70.6 kPa

Analysis The atmospheric (or barometric) pressure can be expressed as

Fom =8l IN 1 kP
=(13.590 kg/m")(9.807 m/s”)(0.755 m) - a -
lkg-m/s” ) 1000 N/m~
=100.6 kPa

Then the absolute pressure in the tank becomes

Py, =P, —P,. =100.6-30=70.6 kPa

vac
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3-20 The basic barometer can be used to measure the
height of a building. If the barometric readings at the top and
at the bottom of a building are 730 and 755 mmHg, respec-
tively, determine the height of the building. Assume an aver-
age air density of 1.18 kg/m®.

FIGURE P3-20

Analysis Atmospheric pressures at the top and at the bottom of the building are

Py =(pgN) ¢y .
:(13,600kg/m3)(9.80?mfsz)((].?SOm)[l LN ][ L kPa ]

kg-m/s* | 1000 N/m?
=97.36 kPa
Pbottom = (pgh)bottom IN 1 kP
=(13.600 kg/m”)(9.807 m/s*)(0.755 m) - a .
lkg-m/s” )l 1000 N/m
=100.70 kPa

Taking an air column between the top and the bottom of the building and writing a force 1
base area, we obtain

W ! A= Py —Prop
(221 2ir = Prottom _Ptop
IN 1 kPa
1 kg -mv/s? ][1000 N/m>

(1.18 kgym* )(9.807 m/s* )(L-){ ) =(100.70—97.36) kPa

It yields h=288.6 m



3-29 A mercury manometer (p = 13,600 kg/m?) is con-
nected to an air duct to measure the pressure inside. The dif-
ference in the manometer levels is 15 mm, and the atmos-
pheric pressure is 100 kPa. (a) Judging from Fig. P3-29,
determine if the pressure in the duct is above or below the
atmospheric pressure. (b) Determine the absolute pressure in
the duct.
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FIGURE P3-29

Analysis (a) The pressure in the duct 1s above atmospheric pressure
since the fluid column on the duct side is at a lower level.

(b) The absolute pressure in the duct is determined from

= (100 kPa) + (13.600 kg/m>)(9.81 m/s* )(0.015 m)

P=P_ +pgh {
=102.0 kPa

IN ] 1 kPa
1kg-m/s” ) 1000 N/m”



3-34 Consider a U-tube whose arms are open to the atmo-
sphere. Now water is poured into the U-tube from one arm,
and light oil (p = 790 kg/m®) from the other. One arm con-
tains 70-cm-high water, while the other arm contains both
fluids with an oil-to-water height ratio of 6. Determine the
height of each fluid in that arm.
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FIGURE P3-34

Analysis The height of water colunm in the left arm of the manometer is given to be /iy = 0.70 m. We let
the height of water and oil in the right arm to be /iy, and A, respectively. Then. h, = 6hy,. Noting that both
arms are open to the atmosphere, the pressure at the bottom of the U-tube can be expressed as

Pootom = Pam + Pw &y A By = Pog + Py 815y + P2 81,
Setting them equal to each other and simplifying,
Pw8hu = Pwghuwy +Pagha = polyi=puhwa+phy = by =hy +(0a /oy,
Noting that 5, = 6/1,. the water and oil column heights in the second arm are determined to be

0.7m=h,, +(790/1000)6h,,, —  h,, =0.122m

0.7m=0.122m+(790/1000)h, —  h,=0.732m Water oil
Discussion Note that the fluid height in the arm that contains oil is 3 0 ;
higher. This is expected since oil is lighter than water. la
;?wl —V—
A hw?.
Y Y




