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Introductions & Guidelines
• Participation Guidelines:

• Audience will be muted during the webinar.

• Questions can be submitted anytime via the GoToWebinar 
platform and will be addressed at the end of the 
presentation.

• Reminder: This webinar is being recorded!

• To earn PDH credit for today, please stay clicked onto the 
webinar for the entire hour.

• A post-webinar evaluation will be emailed to everyone 
within one day, and it must be completed to qualify for 
today’s PDH credit.



Q & A
To submit questions:

- From the attendee panel on the side of the screen, select the 
“Questions” drop down option.

- Type your question in the box and click “Send”.

- Questions will be answered at the end of the program.



AMCA International has met the standards and requirements 
of the Registered Continuing Education Program.  Credit 
earned on completion of this program will be reported to 
RCEP at RCEP.net.  A certificate of completion will be issued 
to each participant.  As such, it does not include content that 
may be deemed or construed to be an approval or 
endorsement by the RCEP.

Attendance for the entire presentation 

AND a completed evaluation are required 

for PDH credit to be issued.
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International. In making this educational activity available to its
members and others, AMCA International is not endorsing,
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application. Under no circumstances, including negligence, shall
AMCA International be liable for any damages arising out of a party’s
reliance upon or use of the content contained in this webinar.
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VAV Systems Part 1: VAV Design Tips
Purpose and Learning Objectives

The purpose of this presentation is to provide design tips for design and 
control of VAV systems and introduce ASHRAE Guideline 36 High 
Performance Sequences of Operation to the audience.

At the end of this presentation, you will be able to:

1. Apply tips to improve VAV system performance.

2. Identify changes to Standards 62.1 and 90.1, and how they affect 
minimum VAV box setpoints.

3. Explain how fan arrays can reduce costs and improve performance.

4. Describe how best to measure and control minimum outdoor airflow.



Agenda – VAV Design Tips

• Tip #1:  Use ASHRAE Guideline 36 Sequences

• Tip #2:  Set VAV Box minimum airflow to minimum 
ventilation rate

• Tip #3:  Use Fan Arrays

• Tip #4:  Control minimum outdoor air using DP across a 
fixed orifice



Tip #1: Use ASHRAE Guideline 
36 Sequences



ASHRAE Guideline 36
• Guideline for best-of-class 

Sequences of Operation

• The Goal:
• ASHRAE experts create and maintain 

advanced sequences

• Manufacturers preprogram, test, and 
debug all the sequences for their dealers

• Engineers simply spec: “Use ASHRAE 
Guideline 36 sequences”

• Control contractors simply use the 
preprogrammed sequences from their 
vendor

• Commissioning agents use the 
functional performance tests included 
(eventually) with Guideline 36

2021 version includes 
sequences for HW and CHW 

plants!



Example: “Dual Max” VAV Control
VAV Boxes with Reheat

Dual Maximum VAV Box LogicConventional VAV Control
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RP-1515: Loads are very low!

0.2    0.5             1              CFM/FT2 at 20˚F  ΔT

140 Zones, 2 buildings, 1 warm month (Sept)



RP-1515: Measured flow fractions

VAV Boxes are 
~3 times larger 
than they need 
to be

Even 20% 
minimums would 
waste energy – no 
longer allowed 
under 90.1-2019



RP-1515 Comfort Survey
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What Happens When Load is Less than Airflow Minimum?

Conventional 

Logic

Dual Max 

Logic

Actual 

Required 

Airflow

Resulting Loop Output 



3.1  Sequences of Operation

A.    Control sequences shall fully implement and be in accordance with ASHRAE Guideline 36

How to specify Guideline 36?

2.1  Primary BAS Manufacturer

A.   To qualify for this project, the primary BAS manufacturer shall agree to fully program and 
test all ASHRAE Guideline 36 sequences that are referenced herein for their dealers bidding 
this project at no direct cost to these dealers.  The cost of Guideline 36 programming and 
testing shall not be a direct cost to this project.

First: Limit the bid to manufacturers who have already programmed G36 
sequences:

Next: Use this reference instead of the SOOs already in your specs

Then: Supplement with SOOs not (yet) covered by Guideline 36.



Some ASHRAE Guideline 36 Implementation Results
EPIC Best in Class - MOB555 County Center



CEC EPIC Best in Class; RP-1515

21



• ASHRAE Guideline 36 combines the best of both the configurable and 
programmable worlds: 

• Plug and play 
• Advanced sequences and diagnostics

• Desired implementation
• Engineers no longer write sequences

• Just specify “Control sequences shall fully implement and be in accordance with ASHRAE Guideline 36”
• You can do this right now!

• Sequences all preprogrammed and debugged by control system manufacturer 
• At least five manufacturers have already done so!

• Controls contractors no longer program sequences
• Commissioning agents no longer test sequences

• Everyone wins
• Lower first costs for entire design/construction team
• Lower maintenance costs and easier to maintain
• Lower energy costs and improved performance

Tip #1:  Use ASHRAE Guideline 36 Sequences



Tip #2: Set VAV Box minimum 
setpoint to minimum ventilation 
rate



TAG
INLET 

SIZE

DESIGN CFM

COOL MIN HEAT

VR-101 10 755 50 300

VR-102 10 700 50 350

VR-103 12 950 105 290

Tip #2: Set VAV Box minimum setpoint to 
minimum ventilation rate

Set to 
Minimum 

Ventilation 
Rate



Supposed Issues

• What about Standard 62.1 and complying with the Multiple 
Spaces Equation?

• Minimum controllable setpoint is much higher according to VAV 
box manufacturers



ASHRAE Standards on VAV minimums
• ASHRAE Standard 62.1-2019 includes the Simplified Procedure

• ASHRAE Standard 90.1-2019 mandates that the primary airflow minimum 
must be equal to the ventilation minimum per the Simplified Procedure

• ASHRAE Guideline 36-2021 automatically calculates Vmin dynamically
• Adjusts for dynamic changes to ventilation rate and if AHU is 100% outdoor air 



COOL MIN HEAT AREA PEOP COOL HEAT

VR-101 6 300 130 150 18 50 1.0 0.8 1000 Y Y

VR-102 8 540 115 210 16 44 1.0 0.8 1000 Y -

VR-103 12 1200 320 320 120 50 1.0 0.8 - Y -

TAG
DESIGN CFM MIN OA CFM CO2 PPM 

SETPOINT

INLET 

SIZE

OCC. 

STANDBY

WINDOW 

SWITCH

ZONE Ez

Example Standard 62.1 Simplified Procedure 

G36-2021:  Just put “AUTO” in this minimum column and G36 
sequences will dynamically determine minimum

AUTO
AUTO

AUTO

Minimum 
Ventilation 

Rate 
Cfm/ft2

G36 compliant VAV box schedule



Can minimum setpoints really be that Low?
• Minimum controllable setpoints are much higher according to VAV 

box manufacturers

Equates to ~0.03” minimum VP and about 30% of 

design CFM for typical box selections

NOT “typical” at all.  Way too conservative!



Can minimum setpoints really be that Low?

Most VAV controllers are highly accurate down to about 0.003”VP.  
Controllable setpoints can be ~0.004”VP

“A”

“B”

PG&E RP and ASHRAE RP-1353

YES!

8” VAV Box



Typical Controllable Minimum
F
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VAV Flow Cross/Ring Amplification Factor

F varies from ~2 to 3. 
Most VAV boxes >2 
for box sizes 6” to 16”



Time-Averaged Ventilation (TAV)

• What happens if ventilation minimum is less than controllable minimum?  

• ASHRAE Standard 62.1 allows time averaging over the room time constant (typically 1 to 6 
hours)

• G36 TAV pulses the minimum from zero to the controllable minimum to ensure average 
minimum is maintained over a 15-minute window



Tip #2: Set VAV Box minimum setpoint to 
minimum ventilation rate
• Designers need not consider controllable minimum 

• VAV manufacturer data are usually wrong and can be ignored

• Per Guideline 36, minimum is determined by the BAS contractor based on 
their controller’s capability and VAV box flow probe amplification factor

• Do specify BAS VAV controller minimum VP≤0.004”

• Do specify VAV flow probe amplification factor F≥2

• Simply set box minimum to S62.1 Simplified Procedure rate

• Better yet, set minimum to “AUTO” and let G36 SOOs dynamically reset

• If the controllable minimum is higher, G36 SOOs will use TAV



Tip #3: Use Fan Arrays



Fan Arrays Array of small single-width, single inlet 
direct-drive plenum fans



Advantages of Fan Arrays

• Reduced AHU length

• Reduced sound power, especially on the discharge side

• Improved redundancy
• Better still if multiple VFDs or ECMs are provided

• Reduced fan energy if sound attenuators or system effect are 
eliminated

• Easier motor and fan replacement
• Best to limit MHP to ≤7.5 for reduced weight

• Easier to install in retrofit applications



Fan Arrays allow very large (Mega) AHUs 

• ~200,000 cfm custom AHUs; >500,000 cfm field-built AHUs

• Mega AHUs vs. multiple small AHUs for large buildings
• Much lower first costs
• Less space required
• Outdoor air economizer more readily possible
• More energy efficient

• Potential Issues
• “Rogue Zones” affecting supply air temperature and static pressure reset

• Use Guideline 36 SOOs to identify these zones and fix them!  

• Incomplete mixing in economizer section
• May need mixing fans in plenum for cold climates

• Control of minimum outdoor air due to AFMS limitations
• See next Design Tip for how to address this



500,000 cfm (28 story, 700,000 ft2 office)



Large Fan Array Fan/VSD Staging

Requires:
• Multiple VSDs or ECMs
• Backdraft dampers

Only of value if airflow 
expected to be less than ~30% 
of design airflow e.g. if there 
are small Zone Groups



Tip #4: Control minimum 
outdoor air using DP across a 
fixed orifice



Outdoor airflow measurement is inaccurate!
• Many causes of error

• Low air speeds, near detection limits of 
many sensors

• Especially at minimum outdoor air rates

• Non-uniform direction of air flow & 
turbulence

• Partly due to limited space in AHUs 

• OA temperature and density vary

• Sensors may be fouled due to moisture 
and dust

• Effects of wind

• Controlling airflow within 10% and 
15% per some codes and LEED is 
seldom actually possible 

• Our secret – don’t tell GBCI or AHJs ☺



Separate outdoor air section difficult to control 
in cold weather

Since outdoor airflow through economizer section is 
unknown, not clear when return air damper control gets 
enabled. 

Also does not work with RP-1747 DCV logic – need 
to know entire outdoor airflow rate.



Better to measure all outdoor airflow
Continuous control loop 
maintains outdoor air at 
minimum with output that 
simply limits return air 
damper position.  Very 
simple

But what sensor can be used 
to measure airflow over 
such a wide range down to 
~150 fpm?

Also works with RP-1747 
DCV sequences



Most AFMS do not work very well in typical 
applications

• Unable to read low velocities
• Affected by asymmetric velocity profile
• Affected by dirt, rainwater, snow
• Extra space needed



DP across a fixed orifice

Requires:
• DP transmitter: ±0.25% in 0 to 0.1” range
• Optional temperature/density correction
• Fixed orifice (e.g. louver, mesh screen) that 

creates ~0.06” DP at design velocity



DP across a fixed orifice

• Using the louver DP as the signal mitigates effects of non-uniform 
velocity and wind

• Provides a 2x to 3x higher signal than a velocity or velocity 
pressure sensor – measures accurately down to ~150 fpm

• Avoids field calibration if fixed orifice DP is accurately known

• Less prone to fouling or damage from dirt, rain, or snow

• Very reliable and low maintenance costs

• No added AHU length required



Staged OADs and RADs for large AHUs

Plan Control Schematic



Summary – VAV Design Tips
• Tip #1:  Use Guideline 36 Sequences

• This is the most important tip!  

• Tip #2:  Set VAV Box minimum airflow to minimum ventilation rate
• Recent changes to Standard 62 make this simple

• Tip #3:  Use Fan Arrays
• No downside, allows very large AHUs

• Tip #4: Control minimum outdoor air using DP across fixed orifice
• Finally, a decent AFMS!
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Thank you for your time!

To receive PDH credit for today’s program, you must
complete the online evaluation, which will be sent via 

email 1 hour after this webinar.

PDH credits and participation certificates will be issued electronically 
within 30 days, once all attendance records are checked and online 

evaluations are received.

Attendees will receive an email at the address provided on your 
registration, listing the credit hours awarded and a link to a printable 

certificate of completion. 



Questions?
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Join us for our next AMCA insite Webinar:

- Wednesday, August 25

- 12:00-1:00pm CDT

- TOPIC: Introduction to the AMCA Online Learning Platform

- Presenter: Lisa Cherney, Education Manager, AMCA

>> For additional webinar dates go to: www.amca.org/webinar


