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[image: image1.png]1-49 The pressure in a pressurized water tank is measured by a multi-fluid manometer. The gage pressure of air in the tank
is to be determined.

_Assumptions The air pressure in the tank is uniform (i.e., its variation with elevation is negligible due to its low density),
and thus we can determine the pressure at the air-water interface.

Properties The densities of mercury, water, and oil are given to be 13,600, 1000, and 850 kg/m’, respectively.

Analysis Starting with the pressure at point 1 at the air-water interface, and moving along the tube by adding (as we go
down) or subtracting (as we go up) th e pgh terms until we reach point 2, and setting the result equal to Py since the tube

is open to the atmosphere gives
B+ Prater 8 + Poil 812 — Prercury &3 = Pam
Solving for P, AR

B =Py — Priater &M ~ Poit 82 + Prmercury 83

B —Pom = &(Pmercuryt3 = Pratert = Poith2)
Noting that Py .. = P; - Py, and substituting,
P, gage = (9.81m/s7)[(13,600 ke/m? )(0.46 m) — (1000 keg/m*)(0.2 m)

(@50 kg/m*)(03m)] — > &]
1kg-m/s” J 1000 N/m>

=56.9kPa

Discussion Note that jumping horizontally from one tube to the next and realizing that pressure remains the same in the
same fluid simplifies the analysis greatly.




[image: image2.png]1-57 The vacuum pressure reading of a tank is given. The absolute pressure in the tank is to be determined.

Properties The density of mercury is given to be p = 13,590 kg/m’

Analysis The atmospheric (or barometric) pressure can be expressed as
Pum = pgh N . P
= (13,590 kg/m*)(9.807 m/s>)(0.750 m) —~ | _1XF2
1kg-mw/s? )| 1000 N/m?
=100.0 kPa

‘Then the absolute pressure in the tank becomes Faem =750 mutHe

s = Pam — Prae =100.0-30 =70.0 kPa



[image: image3.png]1-71 A vertical tube open to the atmosphere is connected to the vein in the arm of a person. The height that the blood will
rise in the tube is to be determined.

Assumptions 1 The density of blood is constant. 2 The gage pressure of blood is 120 mmHg.
Properties The density of blood is given to be p = 1050 kg/m’
_Analysis For a given gage pressure, the relation P= ogh can be expressed

for mercury and bl00d 35 P = Pyi0a8/iood M4 P = Prercury Eimescuy - Blood
Setting these two relations equal to each other we get h

P = Pricd&hblood = Pmercury&hmercury
Solving for blood height and substituting gives

Puscay 13,600 keg/m®
1050 kg/m®

(0.12m)=1.55m

Discussion Note that the blood can rise about one and a half meters in a tube connected to the vein. This explains why IV
tubes must be placed high to force a fluid into the vein of a patient.



[image: image4.png]1-111 The air pressure in a duct is measured by an inclined manometer. For a given vertical level difference, the gage
pressure in the duct and the length of the differential fluid column are to be determined.

_Assumptions The manometer fluid is an incompressible substance

Properties The density of the liquid is given to be p=0.81 kg/L =
810 ke/m’

Analysis The gage pressure in the duct is determined from
Py = Pyyy — Py = p8h

e
IN 1P
= (810 kg/m®*)(9.81 m/s>)(0.12 m) ———— .
kg ms? \1N/m
=954Pa

‘The length of the differential fluid column is
L=h/sin6=(2cm)/sin45°=17.0 cm

Discussion Note that the length of the differential fluid column is extended considerably by inclining the manometer arm
for better readability.



[image: image5.png]1-113 It is given that an IV fluid and the blood pressures balance each other when the bottle is at a certain height, and a
certain gage pressure at the arm level is needed for sufficient flow rate. The gage pressure of the blood and elevation of the
bottle required to maintain flow at the desired rate are to be determined.

_Assumptions 1 The IV fluid is incompressible. 2 The IV bottle is
open to the atmosphere.

Properties The density of the IV fluid is given to be p= 1020 kg/m’

Analysis (a) Noting that the IV fluid and the blood pressures balance
each other when the bottle is 0.8 m above the arm level, the gage
pressure of the blood in the arm is simply equal to the gage pressure

of the IV fluid at a depth of 0.8 m,
Peage.aom = Pabs = Patm = P votte
5 5 1kN 1kPa
= (1020 kg/m*)(9.81 m/s”)(0.8 m) ———— | ——
1000 kg -m/s> {1 kN/m’
=8.0 kPa

() To provide a gage pressure of 15 kPa at the arm level, the height of the bottle from the
anm level is again determined from Pyyge o = 22 botte 10 be

Poage,am
Do botte = e
.4
15kPa 1000 kg-mv/s” | 1kN/m> s
- C1sm
(1020 kg/m*)(9.81m/s>) 1kN 1kPa

Discussion Note that the height of the reservoir can be used to control flow rates in gravity driven flows. When there is
flow, the pressure drop in the tube due to friction should also be considered. This will result in raising the bottle a little
higher to overcome pressure drop.




