Class 4 - Pressure

Comments on Homework

1. Definitions
2. Gauge Pressure

3. Pressure and Height of Liquid Column
(Head)
4. Pressure Measurement and Manometers

» Please don’t forget the special problem for the
next HW assignment (Sp3.1)!

* HW hint for 3-63 in on web page

» Temperature conversion
TER)=T(K)x 1.8
T (°C) = T(K) - 273.15
T (°F) = T(°R) - 460

» However, difference in temperature is:
AT (°C) = AT (K)
AT (°F) = AT (°R)
AT (°R) = 1.8 x AT (°C)

1. Definitions

Pressure: Force per Area
— Units of N/m?, Ib/in? (i.e., psi), etc.
— Force usually caused by a fluid (gas or liquid)

 Gravity
» Change in temperature (constant volume)
* Pump
— Measurement devices @

» Pressure gauge (dial or tire gauge)
\\ * Pressure transducer (electronic)
* Manometer or barometer

o

'L Q"

- il

By,
|

Atmospheric Pressure

Definition: The local pressure of the atmosphere or

the pressure of the surrounding air

— Can be thought of as the pressure at the base of a
column of air ( p,,gh)

— Decreases with increase in elevation

— Ambient pressure is the same as atmospheric
pressure (used interchangeably)

— Atmospheric or Ambient Pressure is not
necessarily 1 atm! (only true at sea level)

* InProvo, P, =12.6 psia

2. Gauge vs. Absolute Pressure

» Absolute pressure- the pressure relative to a
perfect vacuum (no molecules present)

» Gauge pressure- the pressure relative to the
ambient or atmospheric pressure at the
measurement point

Pgauge = Fabsolute — Pambient
I:)gauge = Flessel — Poutside air

+ psig = Ibf/in? gauge pressure
+ psia = Ib{/in? absolute pressure

Gauge vs. Absolute Pressure

= .
Because this is at sea level, P,, = ?

What is the gauge pressure of the spherical container?




Gauge vs. Absolute Pressure

Because of elevation, P, et = 11 psia

What is the gauge pressure of the
spherical container?

Gauge vs. Absolute Pressure

+ This type of pressure gauge only
measures a pressure difference! (usually)

FIGURE 3.4-3 Bourdon gauge

3. Pressure Head

Po * Weight of the fluid produces a force

— pressure is highest at the bottom of the
column

- Why?

» Force/Area provides the pressure

» The pressure at the bottom does not
depend on the diameter of the column
(height only)
- Why?

» Any pressure can be expressed as an
equivalent height of a liquid
— called a Pressure Head, P,
— units of length, like “mm Hg” or

“inches of H,0”

P=Py+ pgh

Gauge vs. Absolute Pressure

* How can the gauge pressure change

when the absolute pressure remains the
same?

* What does a tire pressure gaug'é-.,_rread
when the bike tire is totally flat?

» What is the absolute pressure insid"'e,__of a
flat tire? )

gauge read when it is empty?

* In a pressurized gas bottle, what does-"'tt_le E

Caution

» Always use absolute pressure when:

— Using pressure in a formula like ideal gas
equation (PV = nRT)

— Taking ratios of pressures
* You can use

— Taking differences in pressure
(Apgauge = AF’absolute)

when:

* We walk around
with a column of
air pressing down
on our head
* Weight of air per
area is the
atmospheric
. | pressure
. * Kind of like the
b\ pole throw in Celtic
games




Pressure Head Example

» Use Eq. 3.4-2 to calculate P,, for a column
of Hg (SG = 13.6) that is equivalent to 1
atm.

P = pnia9Pn (P = head of fluid, units of height)

* Repeat the above calculation for H,O.

This is why we can have units such as mm Hg or
ft H,O for a pressure, even though this is not
strictly a force per unit area!

Table in front of book

Pressure 1 atm

Note that a length of a liquid is a pressure head, and refers
to pgh or pgPy, (where P, is the pressure head).

4. Pressure Measurement-
Manometers

FIGURE 3.4-4 Manometers

(Barometer)

Pressure Measurement- Manometers

* Principle: Any two points at the
same height in a static continuous
fluid must be at the same
pressure.

» Otherwise, the column height
would move!

* Where does this apply?

Pressure Measurement- Manometers

* Procedure

— Draw a horizontal line at the
level where the same type of
fluid exists in both arms of the
tube
(i.e., points a and b in Fig. 3.4-5)

— Add up the pressures on the
left (P, + p,0d,)

— Add up the pressures on the
right (P, + p,9d, + pgh)

— Set the two equal and
rearrange to solve for the
unknown pressure (or P, — P,)

Note: forces must be used if the area isn't constant

FIGURE 3.4-5 Manomecier variables

Manometer Practice Problems

* See Eqgns. 3.4-5,6, &7
— These are specific equations

— Better to learn general concept and derive
equation for each scenario
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Problem 3-53 (4th Ed.)

» Two mercury manometers, one open-end and the other
sealed-end, are attached to an air duct. The reading on
the open-end manometer is 25 mm and that on the
sealed-end manometer is 800 mm. Determine the
absolute pressure in the duct, the gauge pressure in the
duct, and the atmospheric pressure, all in mm Hg.

Shortcut with Head Form

Pagha + ppghp + - = prghy + psghs+...
» Now convert to the equivalent height of water by
dividing by g and py,qter
SGyhy + SGyhy + -+ = SGhy + SGshgt...
and all terms have units of hy,o
+ Proof: Given P, as a height of Hg, divide by
Pwaterd and see what the units become
P = py,09hu,0 = Prgghug, SO
_ pHgthg

i

343 A fluid of unknown density is used in Iwo manometers

Concrete is pumped 100 ft in the air.
What pressure is need in the pump (neglecting velocity and friction)?

one scaled-end. the other across an orifice
in a water pipeline. The readings shown here are obtained on a day when barometric pressure is
756 mm Hg

What is the pressure drop (mm Hg) from point (@) to point (b)?

2. (25 pts) A gauge and manometer are attached to a column of water, as shown.
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() (10 pts) Derive an equation that can be solved to find pressure Py if P, a, b, ¢, d, SGa, and
SG are known. Use the head form of the pressure balance equation

(b) (15 pts) Find P (in psig) when a = 6 inches, b = 3 inches, ¢ = 7 inches, d = 50 inches, SG. =
0.001 (a gas), and SG is that of mercury (SGu, = 13.546 = specific gravity of water.
© Remember that puue = 62.43 Iby/ft’, and that 14.7 psi = | atm = 33.9 t H:O.

« If you can justify that one term in the pressure balance equation s very small, please
neglect that term




1. A manometer containing mercury is used to measure the gas pressure in a pipe. What
is the gauge pressure of the gas in mm Hg?

Pipe Atmosphere
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2, The unknown fluid is exchanged with a fluid of specific gravity (SG) = 1.1. Therefore
the value of h
. “\G
O !
7
sGm I;umu,n
Sem
u Lc =10
SG=1.5
A. increases
B. decreases
C. remains the same
D. need more information
3. Which statements are true?

1) An open-end manometer provides a direct reading of the gauge pressure of a fluid.

2) A sealed-end manometer provides a direct reading of the absolute pressure of a fluid,
provided that the fluid pressure in the sealed end may be neglected.

3) The reading of a differential manometer does not depend on the density of fluid in the
pipeline but only on that of the manometer fluid.

Al1&3

B.3

Cl&2

D.2

E.1,2,&3

Hg
A 10
B.30
C. 50
D. 80
4. A fluid sits in an open tank at sea level. The pressure at the top of the fluid is
the p at the bottom of the tank.

A. greater than
B. less than
C. equal to

D. not enough information




