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1. Control contaminants and air exchange rates 
! for all aspects of general indoor air quality (IAQ)
! for critical spaces, including infection control.

2. Control airflow for specific Process Requirements .

3. Significantly Improve the Building’s Energy and 
Comfort Performance

4. Insure efficient compliance with any ventilation 
design standards and any rate-based codes or 
regulations , regardless of system operating point (assumes 
capacity available)
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5. Provide a sustainable design by

! Assuring indoor environmental quality
(comfort and health)

and
! Long term air system performance

at the lowest possible LCC and 
lowest energy usage
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For Sustainability, Outdoor Air For Sustainability, Outdoor Air 
Compliance & Energy SavingsCompliance & Energy Savings

! Airflow measurement control strategies can provide 
20%20% -- 30% fan energy savings30% fan energy savings
during normal operations

! FirstFirst--cost savingscost savings with more efficient equipment 
selections and sizing of motors, drives, fans, coils, etc.

!! Supply onlySupply only the minimumthe minimum amount of outside air 
required to satisfy ASHRAE Standard 62.1satisfy ASHRAE Standard 62.1--2007, while 2007, while 
maintaining proper building pressuremaintaining proper building pressure.

!! MOA efficiencyMOA efficiency is more meaningfulis more meaningful with conditioning 
costs for energy @ approx. $1 to $5 / CFM and rising.

You need a dynamic control strategy that provides:
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Displace the Contaminants for Better IAQ

a.k.a. Dilution Ventilation (intake rate control) 

is required …
and is the only reasonable method 

capable of addressing a wide 
range of potential contaminants.
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What are the pollution sources?What are the pollution sources?

Molds, Yeast, & 
Bacteria
[Outside]

People

Radon

Molds, Yeast, & 
Bacteria [Inside]

Wallpaper,
Carpet, Furniture

Outside Air

Copiers

Cleaning
Chemicals

Dilution
Ventilation

IAQ Basics
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We measure to comply with rating requirements, national 
standards and local codes

!! ASHRAE Standard 62.1ASHRAE Standard 62.1 --2007 + Addenda2007 + Addenda (§5.4)

!! ASHRAE Standard 189.1PASHRAE Standard 189.1P (§7.4.3.2, 8.3.1.28.3.1.2 and 10.3.2.1.4)

! 2006/09 IMC2006/09 IMC (§403.3)

!! LEED Rating SystemsLEED Rating Systems (NC, EB, CS, HC, Sch)

Energy & Atmosphere Prerequisite: ASHRAE 90.1ASHRAE 90.1
Environmental Quality Prerequisite: ASHRAE 62.1ASHRAE 62.1

Opt. Credit: Outdoor Air Delivery MonitoringOutdoor Air Delivery Monitoring (EQc1)
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Airflow Measurement for Today’s 
GREEN Buildings
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! Laboratory Pitot Tubes, Pv and ! P Devices
! “Self-Averaging” Pitot Arrays
! Combination Pitot Arrays and Dampers
! ! P Sensing Across Louvers
! ! P Sensing Across Obstructions
! Fan Inlet Piezo-rings

! Vortex Shedding

! Thermal Dispersion Technology
! “Other” Thermal Technologies

! “Other” Equipment-based Solutions

Airflow Measurement Technologies
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Total Pressure Inlet

Static Pressure Inlets

Total Pressure Tap
Static Pressure Tap

pvel=ptotal-pstatic

V=4005 x ! pvel

!V=C
2pvelgc

"

Single Point Pitot Tube: Multiple Manufacturers

Airflow Measurement Technologies
#P
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“Self-Averaging”
Pitot Array 

Stations with 
Honeycomb

“Self-Averaging”
Pitot Array Probes

“Self-Averaging" Pitot Arrays 
(is really manifold pressure-equalizing)

Airflow Measurement Technologies
#P
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Pressure Transducer Selection is Critical!

Airflow Measurement Technologies

$
0.1% of Full Scale 1% of Full Scale

#P

Approx $1,500 Approx $150

Airflow Measurement
for Acceptable

Indoor Air Quality

Based on Manufacturer’s Specifications
Transducer Accuracy: 1% of natural span (full scale)

(not including Pitot array)

#P Devices

#P Transmitter Comparison
Technology

Transducer Useable
Natural
Span

F.S. FPM 
(@100% span)

F.S. FPM 
(@80% span)

10,000 5,000 2,500 1,000 500 250 100

10 12,665 10,132 0.8% 3.3% 13.8% 177.7% 332.7% 597% 1363%

5 8,955 7,164 1.6% 6.6% 55.5% 248.6% 444% 990%

2 5,664 4,531 0.6% 2.6% 17.6% 153.2% 303.3% 657%

1 4,005 3,204 1.3% 8.4% 40.1% 225.2% 488%

0.5 2,832 2,266 0.6% 4.1% 17.6% 153.2% 365.0%

0.25 2,003 1,602 2.0% 8.4% 40.1% 273.5%

0.1 1,266 1,013 0.8% 3.3% 13.8% 177.7%

0.05 896 716 1.6% 6.6% 55.5%

Airflow Rate (FPM)
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$
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Pv1 Pv1+ Pvn+ ... +

n n n

Pv1+Pv2+ ... +Pvn

n

Independent Laboratory Pitot Tubes Pitot Tube Array
Single Sensing Point Device (transducer)

$

Claimed Sensing Points in a common manifold 
(holes) are NOT Independent!

Airflow Measurement Technologies
#P
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Representative DATA from hundreds of demonstration tests. 

% Deviation From Reference Position

TD-A configuration (2 probes x 3 sensors/probe)

Pitot Array (2 probes x 7 pickups/probe) with MKS Baratron 0.05% Transducer

*** All Data is Referenced to the unit under test ( i.e. device is compared against itself) ***

Pos 1
6” from 

transition

Reference
13’6” from 
transition

Pos 2
6” from 
elbow

Pos 3
6” from 
elbow

Pos 4
30” from 

elbow

unvaned 
elbow24 x 24 duct Airflow

Position Pitot Array

1 25.9% -2.3%
2 0.2% -4.6%
3 45.3% -5.6%
4 35.4% -0.1%

Airflow Measurement Technologies

Placement Limitations of Pitot Arrays and the Importance of 
independent sensing elements in cross-sectional averaging

TD-A

Thermal

Airflow Measurement
for Acceptable

Indoor Air Quality

Fan Inlet “Piezo-ring” - Multiple Manufacturers

Airflow Measurement Technologies
#P
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Example of Piezo-ring Literature

Airflow Measurement Technologies
#P
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Pressure Transducer Error (all Piezo-ring mfgrs)

Airflow Measurement Technologies
#P

100 50 25

10000 15.306 1.6%
7500 8.610 2.9% 1.4%
5000 3.827 6.3% 3.2% 1.6%
4000 2.449 9.7% 5.0% 2.5%
3000 1.378 17% 8.7% 4.4%
2500 0.957 23% 12% 6.3%
2000 0.612 35% 19% 9.7%
1500 0.344 57% 31% 17%
1000 0.153 107% 62% 35%

500 0.038 275% 174% 107%

Transducer Full Scale (in.w.g

Transducer Pressure to Airflow Erro
(not including piezo ring)

Inlet
Velocity Pressure

Transducer Accuracy 0.5%

100 50 25

10000 15.306 3.2% 1.6% 0.8%
7500 8.610 5.6% 2.9% 1.4%
5000 3.827 12% 6.3% 3.2%
4000 2.449 19% 9.7% 5.0%
3000 1.378 31% 17% 8.7%
2500 0.957 43% 23% 12%
2000 0.612 62% 35% 19%
1500 0.344 98% 57% 31%
1000 0.153 174% 107% 62%

500 0.038 421% 275% 174%

Transducer Pressure to Airflow Erro
(not including piezo ring)

Flow Pressure

Transducer Accuracy 1% 
Transducer Full Scale (in.w.g

Turn-down is limited to about 3:1 (if transducer range is 
correctly applied) and subject to recalibration and cleaning.
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Pressure Transducer/Controller

Inside Pressure Pickup

Outside Pressure Pickup

Velocity 
Downstream of 

Louver
Pressure Drop 
Across Louver

0 0.0000
50 0.0017

100 0.0066
150 0.0149
200 0.0266
250 0.0415
300 0.0598
350 0.0814
400 0.1063
450 0.1345
500 0.1661

Typical 6" Louver

Pressure drop at minimum if 
louver size was the same as 
damper (louver is usually larger)

#P Across Louver

Airflow Measurement Technologies
#P
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#P Across Obstruction

Airflow Measurement Technologies
#P
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Vortex Shedding

Airflow Measurement Technologies
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Signal To Transmitter
Unprocessed Signal to Transmitter
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Vortex Shedding

The airflow signal is 
forced to 0 below 350 fpm.

Turn-down Issues

Unreliable

Range

Technology
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Calibration Potentiometers .
Pros: None
Cons: Inexpensive 10 turn 
potentiometers will drift with 
vibration and time.  As a result, the 
transmitter will require periodic field 
recalibration.

Tubing to pressure pickups .
Pros: No active components in air 
stream.
Cons: Pressure pickups may pick 
up extraneous noise.

Analog Circuitry with Through Hole 
Construction .
Pros: None
Cons: Relies on analog signal processing.  No 
intelligence if sensors fail.  Subject to drift.

Airflow Measurement Technologies
Vortex
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Do You Realize ….
Accuracy at 500 fpm = 2% of 500 (10 fpm) + 0.5% of 5,000 (25 fpm)

= 35 fpm = 7%

Airflow Measurement Technologies
Vortex
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Some manufacturers use “King’s Law” or 
some form of it to determine the rate of heat-
loss to a fluid, which is proportional to flow.

There are several methods used for determining the rate of heat 
loss from the temperature dependent resistor device. One 
common approach is to measure the power required to keep 
the device at a CONSTANT TEMPERATURE, which is a 
measurement of its rate of heat loss. This method requires 
measuring the voltage across the device at a known resistance. 
An analog to digital converter is usually required to measure the 
voltage. Since the power drop across the device is 
proportional to the square of the voltage , a very precise analog 
to digital converter is required to measure the voltage to achieve 
an acceptable power measurement. Since power dissipation is 
proportional to the square of the voltage, an error in the voltage 
measurement results in a magnified error in the calculation of the 
heat loss rate. For example, a voltage measurement error of 5% 
leads to a 10% error in the heat loss rate measurement 
calculation.

Thermal
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Some manufacturers use “King’s Law” or 
some form of it to determine the rate of heat-
loss to a fluid, which is proportional to flow.

In another approach, the voltage across the device 
with a CONSTANT CURRENT running through it 
is measured . In this example, the power dissipated 
can be measured as the product of the voltage 
and current through the device . However, the 
temperature of the device, which is an important 
parameter in determining air flow, varies with the 
power dissipated and hence the device temperature 
must be determined independently. Moreover, even 
this method requires an expensive and precise 
analog to digital converter.

Thermal
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Q = 
%&
d

B + C (" vd
' )

m
(TH – TA)

airflow is also determined by 
measuring the power and #T of a 
heated sensor in a moving air 
stream.

Power #T

Velocity

Temperature
Sensing

Thermistor

Self-heated
Thermistor

Airflow Measurement Technologies

Formula demonstrates relationships only – NOT actual method.

In one specific microprocessor-based Thermal 
Dispersion technology:

Thermal
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Thermal Dispersion Devices TD - A

Technology
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Diode Case Chip Thermistors
Pros: Inexpensive.
Cons: Fails in self-heat mode, not 
stable over time, slow response, 
exposed leads, 90 VA for 32 
sensors.

Processing Circuitry in Sensor
Pros: Interchangeability, reduced 
cable costs to transmitter.
Cons: Critical electronic components 
exposed to elements, temperature 
and vibration.  Costly.

Processing Circuitry at Probe End
Pros: None, really.  That is why we got 
away from this design long ago.
Cons: Hard to diagnose problems.  More 
hardware to purchase.  Same 
environmental issues that their sensors 
experience.

Simple Shielded Cable 
w/RJ-45 Connections.
Pros: They got us here! As long 
as you don’t mind all of the other 
problems that go with it.  Again, 
we got away from this design long 
ago.

• Diode case 
thermistors

• Exposed leads and 
circuit board 
(possibly coated)

• Microprocessor in 
sensor assembly

• CFD design will 
decrease 
performance near 
disturbances

Airflow Measurement Technologies Thermal
Dispersion

TD - A
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Other Thermal: TD-B

Technology
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Epoxy Coated Chip Thermistors
Pros: Inexpensive.
Cons: Fails in self-heat mode, not stable 
over time.  Epoxy coating absorbs moisture.

Processing Circuitry at each Sensor
Pros: None.
Cons: Critical electronic components exposed to 
elements, temperature and vibration.  Costly.

Other Thermal Devices
Technology

TD-B
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Exposed RJ-45 connections.
Pros: None
Cons: Moisture! Moisture! 
Moisture! Especially with 
stand-off mounting.

Other Thermal Devices
Technology

TD-B
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Copper Averaging Manifold.
Pros: Inexpensive
Cons: Manifold simply collects 
airflow.  Cannot possibly result in 
true average airflow readings with a 
velocity profile.  May collect water 
and foul with dirt over time.  Must 
be calibrated as an assembly.

Single Thermal Sensor.
Pros: None
Cons: Single point measurement.  
Electronics exposed to the 
environment.

TD-C
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! Very misleading. AMCA does not certify product performance.  This 
basis for this claim is actually a major problem of the AMCA Airflow 
Measurement Standard and CRP .  ANY single sensor device can test 
favorably under ideal conditions in an AMCA test tunnel and still not 
function properly in the field, eluding the objective of the ratings program 
– comparability of performance claims.

! The AMCA Standard and related Certified Rating Program are 
designed to compare fan and damper product performa nce ratings .
Neither the process nor the equipment has the level of 
accuracy/repeatability necessary to validate the performance of 
measurement instruments, which possess published accuracies equal to 
or better than the AMCA test facility.  (Academically, measurement 
uncertainties of 10:1 are required to validate anot her instrument for 
scientific research and NIST recommends a superiori ty minimum of
4:1 for calibration.)

! The over representation of velocity-pressure based instrument 
manufacturers make changing the standard extremely unlikely in the 
future, to the detriment of those consultants that look to AMCA 
performance ratings for some level of security in selecting between 
products available to them.

“AMCA Certified”

Airflow Measurement Technologies
Thermal
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Thermal Dispersion Devices TD-E

! Velocity averaging probes and arrays

Technology
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Fan Inlet Sensors 

Throat Mount
Face Mount

Airflow Measurement Systems
TD-E
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Fan Performance Losses? 
12-blade plenum fan

Airflow Measurement Systems

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

0 10 20 30 40 50 60

Fan Speed

R
ef

er
en

ce
 C

F
M

Open Inlet

EBTRON Face Mount

Inlet Screen
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TD-E
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Ideal for laboratory/clean room airflow tracking and 
accurate VAV box airflow measurement.

Lower space noise, reheat and fan energy costs 
Improves pressure, ventilation and comfort control 

Electronic Low Flow Terminal Probe

TD-E
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NOT ALL THERMISTORS ARE CREATED EQUAL!

SignificantNegligibleNegligibleLead Conduction

SlowFastFastResponse Time

NoNoYes
Designed for self-heat 
applications

Very PoorFairExcellent
Stability and Long-term Drift 
Characteristics

Diode Case
Chip-in-
Glass

Bead-in-
Glass

Thermal

Thermistor types being used for thermal 
dispersion airflow measurement devices.
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Signal Comparison
Unprocessed Signal to Transmitter
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Signal Comparison

Vortex
Shedding

#P

Compare Sensor Sensitivity

#

Technology

Thermal 
Dispersion
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Key Differences (at a glance)

True Average Airflow 
Output

At least One No

Percent of Reading 
Accuracy

At least One No

Low Flow Performance Yes No

Long Term Stability One No

Temperature
Compensated Output

Two No

Technology

Pitot Tube Arrays 
& Piezo-rings

Processor-based
Thermal Dispersion
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Key Differences (at a glance)

Percent of Reading 
Accuracy

At least One No

Low Flow Performance Yes No

Long Term Stability One No

Technology

Vortex Shedding

Processor-based
Thermal Dispersion
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Key Differences (at a glance)

Bead-in-Glass
Thermistors

One No

Circuitry protected from 
elements

One No

Energy conserving 
power supply

One No

Technology in 
Production for 25 years

One No

Technology

Other ThermalProcessor-based
Thermal Dispersion
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Outside Air Intake Guidelines

! Follow these basic rules and you will be successful:
! Select and apply airflow measuring devices suited for the 

measurement of intake flow rates.
! Make certain the flow meter can measure the flow rates you are 

trying to control.
! Make certain that the flow rates are high enough to control and are 

not affected by transient wind gusts (> 150 FPM at minimum)

 Select and size quality control dampers .
 Use high quality, extruded aluminum blades, with long-lasting and 

non-binding linkage.

 Select proportional actuators when possible.

 Implement a control strategy that optimizes the 
performance of your system.

 Use the right sequences and slow it down!

Direct Methods
Engineering
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What should you take home from all this information ?

1. Airflow data input can improve system performance.

2. Airflow data is essential for sustainable designs and 
continuous commissioning.

3. A significant control variable needed to achieve increasing 
operational energy efficiencies.  (>ASHRAE 90.1 Min. -30%)

4. Airflow input for control is much more stable, predictable and 
efficient than indirect methods of direct space pressure 
determination.

5. Insure that the technologies selected (allowed to bid) are 
suitable for the conditions expected and that capabilities are 
realistic.

6. Manufacturers’ claims should be questioned and 
substantiated in submittal documents by verifiable testing, 
research or third-party publications.  
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What should you take home from all this information ?

One conclusion……

To overcome most real-world 
mechanical ventilation challenges, and
comply with minimum requirements in 
the most efficient and effective manner, 

measure and control outdoor airmeasure and control outdoor air
continuouslycontinuously as load and 
environmental conditions change during 
operation.
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