ChE 374-Lecture 4-Pressure: Buoyancy, Measurements, Surfaces
e Buoyancy

— Fluid statics — just a FORCE BALANCE!
— Buoyant force is the Net upward force
* [}, is the weight of the displaced fluid.
* Fy = pagAhy + pwgAhy (for a partially submerged object in air and water with h; the part
in the air and hy the part in the water.)
e Pressure Measurement

— Barometer
* Measures atmospheric pressure.
* Poym — P = ,ogh.
* Account for temperature, partial pressure.
Putm=T60 mmHg at 0 °C, at g = 9.807 m/s>.
¥ < 1% variation at 20 °C.
— Bourdon Tube

* Tube is curved — outside surface area > inside surface area.
* F'= PA — force is higher on outside — tube unravels.
* Rugged, cheap, reliable.

*

* Most common industrial pressure Gage, (measures gage pressure).
— Others:
* Strain gage — stretch leads to variation in electrical output.
* Pressure transducer — current via voltage, capacitors, resistors.
* Piezoelectric — variation in voltage via pressure.
— Manometer
# Fluid columns — measure a AP.
- Like a U with a working fluid at the bottom separating two sides with pressure to be
measured.
* Pressure at the bottom is the same from one side or the other so write the statics expression
on the bottom for both sides and equate and solve for the pressure difference.

* Or work progressively from one side to another.
# Fluid choices considerations. [
* Recall: points at the same height in the same fluid are at the same P.

- They have the same weight above them, otherwise the fluid would move.
e Surface forces

F‘; == J;m-f PridA.

* If P is constant then |F,| = PA.

* If P is not constant, the use the Barometric equation to get P(h) and integrate.
— Example: force on a dam — Force is just P at middle * Area.
— In general, evaluate at the centroid.

* h, is the area-weighted average height.

% In general: f(z) = + Jo X f(x)da.

# o = Tllj;JH hdA.

- he is the h where half the area is above and half is below.
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Chemical Engineering 374

Fluid Mechanics
Fall 2011

Pressure and Fluid Statics
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