
Kice Industries, Inc.

Measuring Air

July 31, 2015

IAOM Central/Wheat State/Texoma Districts 
Summer Meeting

Presented by:
Josh White

Kice Industries, Inc. – Wichita, KS
www.kice.com



Kice Industries, Inc.

Applications for “Air”

• Air Activated Processing
– Grinders
– Granulators
– Hammermills
– Rollmills
– Aspirators

• Pneumatic Conveying
– Positive Pressure 
– Vacuum

(limited to non-fluctuating load)

• Dust Control
• Drying/Cooling
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Reasons to know how to measure air volumes

• To know if your equipment is operating efficiently
• Best operation for least amount of power

• Sizing new equipment
• Dust Collection
• Aspiration
• Conveying

• Important to know when you replace equipment
• Blowers
• Cyclones
• Filters
• Fans

• Record-keeping
• Plant operations
• Government agencies
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When to measure an air system

• When a system is first installed 
• Baseline measurement of system performance

• Compare “real-life” performance with design parameters

• When replacing equipment
• Ensure replacement equipment doesn’t affect system performance

• Bring system back into balance

• When adding or removing equipment
• More or less equipment on a system will affect how it behaves

• When modifying ductwork
• Adding or subtracting duct length and elbows

• Adding or subtracting “pick-up” points
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Useful Terms in finding Air Volume

• Pitot Tube
• Magnehelic Gauge

Manometer, Spring Gage
Digital and Electronic Gauges

• Air Measuring Kit
• FPM (Feet per Minute)

Speed or velocity of air
• CFM (Cubic Feet per Minute)

Volume/amount of air being
moved

• Area
As measured on the inside of
the duct and measured in
square feet

• Static Pressure
Pressure used to 
overcome the resistance 
to flow

• Velocity Pressure
Pressure required to 
accelerate the flowing 
mass from rest to its’ 
existing velocity or…..
Air traveling at a given 
velocity

• Total Pressure
Sum total of static and 
velocity pressures
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Typical Air Measuring Kit
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Basic Formula

Q = VA

Q = ACFM (Volume of Air)

V = Velocity (in feet per minute)

A = Tube internal cross-section area (in square feet)

Follow a few basic principles

• Obtain the Velocity of the air in the duct
• Obtain the Area of the duct/pipe at the point of 
measurement
• Multiply Velocity x Area to determine Volume
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“By the Book” Method of Measuring Air
for accurate air flow measurements

• Safety First
• Select location 10 pipe diameters, if possible, away from dampers, 
branches, elbows, etc…
• Drill 2 holes (90 degrees apart) to allow insertion of Pitot tube
• Connect Pitot tube static and/or total pressure connections to gauge
• Traverse the tube, recording readings at published insertion depths
• Take readings horizontally and vertically
• Average the velocities to determine Average Velocity Pressure (Vavg)
• Convert Velocity Pressure (Vp) readings to Velocity (V)

• Refer to chart for Velocity
• Use math calculation

• Determine Tube Area in Square Feet
• In Feet: Area of circle = 3.14 x R2 or .7854 x Diameter2

• In Inches: Area of circle = 3.14 x R2/144 or .7854 x Diameter2/144
(144 square inches = 1 square foot)

• Multiply Velocity by the Tube Area to get CFM
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“Reality” Method of Measuring Air
for taking ESTIMATED air flow measurements

• Safety First
• Select location 5+ pipe diameters, if possible, away any downstream flow 
disrubtions (dampers, branches, elbows, etc…)
• Drill hole to allow insertion of Pitot tube

• 3/16” for 24” and less, 3/8” for 24” OD and larger

• Connect Pitot tube static and/or total pressure connections to gauge
• Traverse the tube, recording the “center air” reading
• Multiply the reading by .9 for 6” OD and smaller and by .95 for ducts 8” OD 
and larger to determine Average Velocity Pressure (Vavg)
• Convert Velocity Pressure (Vp) readings to Velocity (V)

• Refer to chart for Velocity
• Use math calculation

• Determine Tube Area in Square Feet
• In Feet: Area of circle = 3.14 x R2 or .7854 x Diameter2

• In Inches: Area of circle = 3.14 x R2/144 or .7854 x Diameter2/144 (144 square 
inches = 1 square foot)

• Multiply Velocity by the Tube Area to get CFM
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Typical Air Measurement Reading Points
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Useful Locations to Perform Airflow and 
Static Pressure Measurements

Reprinted from Industrial Ventilation:  A Manual of 

Recommended Practice for Design, 27th Edition, 

published by  the American Conference of 

Governmental Industrial Hygienists
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Why “downstream” 
of fitting?

• Air after an elbow, fitting, 
damper, etc... becomes 
turbulent.

• Allows air to become “laminar” 
and more even inside the 
tubing/ducting/pipe

• Makes measurements more 
accurate

Reprinted from Publication 200-95 (R2007) Air 
Systems, published by the Air Movement and Control 
Association International, Inc
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Measuring Static Pressure

“By the Book”:
• Low pressure connections  
are hooked up
• Usually the higher reading 
gauge
• Traverse readings across 
tube
• Measure in 2 planes
• Pitot Tube is into flow

“Reality”:
• Low pressure connections 
are  hooked up
• Usually the higher reading 
gauge
• Center reading & average
• Pitot Tube is into flow
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Velocity Pressure

TP (Total Pressure) – SP (Static Pressure) = VP (Velocity Pressure)

Velocity = 4005 x √VP

Reprinted from “Industrial Ventilation,  A Manual of Recommended Practice, 22nd Edition”, 
published by  the American Conference of Governmental Industrial Hygienists
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Measuring Velocity Pressure

“By the Book”:
• Both connections hooked up
• Usually the lower reading gauge
• Traverse readings across tube
• Measure in 2 planes
• Pitot Tube is into flow

“Reality”:
• Both connections hooked up
• Usually the lower reading gauge
• Center reading & average
• Pitot Tube is into flow
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Reprinted from “Industrial Ventilation,  A Manual of Recommended Practice, 22nd Edition”, 
published by  the American Conference of Governmental Industrial Hygienists

Example 1:
• VP reading = 1.0
• Velocity = 4005 FPM

Example 2:
• VP reading = 1.75
• Velocity = 5298 FPM

Example 3:
• VP reading = 3.60
• Velocity = 7599 FPM

Finding Velocity
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Reprinted from “Industrial Ventilation,  A Manual of Recommended Practice, 22nd Edition”, published by  the American Conference of 
Governmental Industrial Hygienists

Example 1:
• Velocity = 4005 FPM
• Tube = 12” OD (.7854 sq ft)
• Volume = 3145 CFM

Example 2:
• Velocity = 5298 FPM
• Tube = 12” OD (.7854 sq ft)
• Volume = 4161 CFM

Example 3:
• Velocity = 7599 FPM
• Tube = 12” OD (.7854 sq ft)
• Volume = 5968 CFM

Finding Volume
(Q = V x A)
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• Take proof-of-performance airflow and static pressure measurements: These will show whether 
you have adequate conveying velocity in all system branches at startup and provide a reference 
point to which you can return. 

• Keep records of recent routine system measurements with timely follow-up for out-of-limit 
problems: You need the data history to know which parts of the system typically fail first (for 
example, plugged elbows, blinded filter media, or other component) for timely corrective action.

• Assign trained personnel responsibility for the system: Your personnel need the skills and time to 
take the data and complete necessary follow-up actions.

• Make system changes for adequate conveying velocity as required in NFPA standards with 
system redesign: For example, for effective explosion protection, the downstream duct area must 
roughly equal the sum of the area of the upstream ducts. A system tour can reveal duct junctions 
where this isn't the case.

Why is this information important
in a Dust Collection System?
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Good Velocity, Good Volume, Good Design

Dust is in suspension; System is balanced.



Kice Industries, Inc.

Bad Velocity, Good Volume, Bad Design

Dust is dropping out (in locations);  System is balanced (at end of system).
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Additions without Rebalancing

Dust is NOT in suspension; System is NOT balanced. Air taking

path of least resistance.
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Deductions without Rebalancing

Dust is in suspension (but at higher velocity); System is not balanced.
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Conclusion

• It is not difficult to take air measurement reading with the 
correct tools.

• The information the air readings provide can:

Benefit product quality

Benefit in product recovery

Extend equipment life

Save energy

Reduce emissions

Reduce housekeeping

Keep the plant running and out of trouble
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Thank you for the 

opportunity to speak with 

you today

Thank you for the 

opportunity to speak with 

you today


