
  

I. Pipes and Valves



  https://www.primochill.com/products/copper-tubing-soft-3-8in-id-by-1-2in-od-1-foot
https://www.amazon.com/D-Stainless-Steel-Tubing-Coil/dp/B00ICMEMZ2
http://www.muellerindustries.com/products/plumbing/tube-and-pipe/steel-pipe

Pipes vs. Tubes



  

De Nevers, Fluid Mechanics for Chemical Engineers, 2E

Pipe Sizes



  

Pipe Sizes (Continued)
De Nevers, Fluid Mechanics for Chemical Engineers, 2E



  
https://www.swagelok.com/downloads/webcatalogs/EN/MS-01-181.PDF

Tube Sizes (Continued)



  

On/Off Valves

Gate ValveBall Valve Butterfly Valve

en.wikipedia.org/wiki/Ball_valve 
www.supplyhouse.com/Bluefin-BVT075-NP-3-4-Full-Port-Threaded-Ball-Valve
en.wikipedia.org/wiki/Butterfly_valve
en.wikipedia.org/wiki/Gate_valve



  

Flow Regulating & Check Valves

Needle Valve

Flow Regulating Valves Check Valves

Globe Valve
Swing 

Check Valve

Ball 
Check Valve

en.wikipedia.org/wiki/Globe_valve
www.hkdivedi.com/2016/05/needle-valve-working-principle-and.html

crosscontrols.com/product/walworth-api-602-ball-check-valve/
www.cranecpe.com/chem-energy/products/valves/pacific-csv-cast-steel-
valves/pacific-csv-cast-steel-swing-check-valve



  

II. Pressure and Flow 
Measurement



  

A. Pressure



  

Manometer/Barometer

http://encyclopedia.che.engin.umich.edu/Pages/ProcessParameters/PressureMeasurement/PressureMeasurement.html
https://www.grainger.com/product/GENERAL-Deluxe-Digital-Manometer-3LYE2



  

Bourdon Tube

http://encyclopedia.che.engin.umich.edu/Pages/ProcessParameters/PressureMeasurement/PressureMeasurement.html
https://www.flowcontrolnetwork.com/selecting-pressure-gauges-new-advances-old-technology/



  

Pressure Transducers

http://encyclopedia.che.engin.umich.edu/Pages/
ProcessParameters/PressureMeasurement/
PressureMeasurement.html
https://www.omega.com/pptst/PX409_COMP.html

Unbonded strain gauge Piezoelectric sensor

http://www.pcb.com/contentstore/mktgcontent/webimages/
resources/techsupport/113B21-1.jpg
http://www.sae.org/dlymagazineimages/web/516/6181_6007.JPG



  

B. Flow



  

Obstruction Flow Meters

Cengel and Cimbala. p. 367 Figure 8-56.

http://www.emerson.com/en-us/catalog/
rosemount-3051cfc-conditioning-orifice-
plate-flow-meter

http://www.bifwater.com/

● C
d
 varies by type of 

obstruction. 
● Cengel and Cimbala 

give some example 
relationships. 

● Check manufacturer 
for more details.



  

Turbine & Paddle-wheel Flow Meters

http://encyclopedia.che.engin.umich.edu/Pages/Flowmeters/Velocity/Velocity.html
http://www.hofferflow.com/wp-content/uploads/2017/01/turbine-flowmeter-cutaway.jpg
http://makersconfidential.blogspot.com/2015/06/teardown-of-paddle-wheel-flow-meter.html



  

Positive Displacement Flow Meters

http://encyclopedia.che.engin.umich.edu/Pages/Flowmeters/PositiveDisplacement/PositiveDisplacement.html
https://www.youtube.com/watch?v=ioId2PV0wZM

Impeller Nutating disk



  

Rotameters (Variable-Area Flow Meters)

https://upload.wikimedia.org/wikipedia/commons/0/07/Techfluid-CG34-2500.jpg
https://commons.wikimedia.org/wiki/File:Rotameter_(schematic).svg



  

Other flow meters

Ultrasonic/Doppler

http://encyclopedia.che.engin.umich.edu/Pages/Flowmeters/Velocity/Velocity.html
http://img.directindustry.com/images_di/photo-g/5863-8061684.jpg

https://www.coleparmer.com/i/krohne-cp-vb14-1-vn31-enviromag-2000-magnetic-flowmeter-1-2-3-93-3-gpm/3316867

Electromagnetic



  

Pitot Tube

By Zátonyi Sándor (ifj.) - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=10178217
By Cassiopeia sweet - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=15755579

Cengel and Cimbala. p. 366 Figure 8-53.



  

Anemometers

Cup anemometer

https://en.wikipedia.org/wiki/Anemometer#/media/File:Wea00920.jpg
https://www.dantecdynamics.com/images/content/products-and-services/fluid-mechanics/cta/CTAprobe2014.jpg

Hot wire anemometer



  

Velocimetry (LDV and PIV)

Laser Doppler Velocimetry

http://vtchl.illinois.edu/facilities/experimental-facilities/3-
d-laser-doppler-velocimetry-ldv-system/

https://www.photonics.com/a25121/
Particle_Image_Velocimetry_Basics_Developments

https://vimeo.com/62169075

Particle Image Velocimetry
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