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Agenda

• Overview
• LEED issues and Update
• Diffuser Selection
• Perimeter
• Acoustics
• Thermal Comfort
• IAQ / Standard 62.1 Update
• Summary
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LEED:LEED:

Leadership in Energy Efficient 
Design
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LEED:LEED:

•In V2.2, in order to get ANY 
LEED points, one must fully 
meet the VRP requirements of 
ASHRAE Standards 62.1 
(Ventilation)
•Standard 55 (Comfort), is worth 
up to two points.
•Ventilation points are gained by 
increased ventilation  
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Environmental 
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Air Distribution Device Air Distribution Device 
Selection GuidelinesSelection Guidelines

• The ASHRAE fundamentals handbook, 
chapter 33, provides guidance on diffuser 
selection.

• Select a unit with throw at max, and 
minimum, flow that meets ADPI guidelines 
based on diffuser spacing and T50 (throw to 
50 fpm).

• Additionally, select for maximum mixing:
• Noise can be good.
• Dirt on the ceiling is not bad.

• Air Distribution Effectiveness (ADE) is a 
new term describing room air mixing.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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ADE (Ez)ADE (Ez)

• Air Distribution Effectiveness replaces 
“ventilation efficiency” and other terms.

• Older ASHRAE 62-99 minimum outside air 
quantities were based on an Ez = 1.

• Tests using ASHRAE 129 show that with 
ceiling cooling systems, Ez always = 1.

• Heating system performance, however, can 
reduce Ez to less than 70% (as low as 20%).

• Current Std 62.1 (2007) wording sets Ez = 
0.8 when heating when ‘rules’ not followed.

Design Issues:

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 

•Diffuser Selection
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POORLY ADJUSTED / SELECTED DIFFUSER

THERMOSTAT

Air Distribution, Poor Pattern Air Distribution, Poor Pattern 
ExampleExample
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Air Distribution, Poor Pattern Air Distribution, Poor Pattern 
ExampleExample

THERMOSTAT

POORLY ADJUSTED / SELECTED DIFFUSER
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PROPERLY ADJUSTED DIFFUSER

THERMOSTAT

Good Pattern ExampleGood Pattern Example
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• ADPI selection using T50 / L 
was developed at KSU in the 
‘60s.

• A relationship was found 
between isothermal throw and 
cooling throw, and built into the 
selection charts included in 
ASHRAE Fundamentals, 
Chapter 33, table 4.

ASHRAE Fundamentals, ASHRAE Fundamentals, 
Chapter 33, Table 4Chapter 33, Table 4
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ASHRAE Journal,  2004ASHRAE Journal,  2004

Design Issues:

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 

•Diffuser Selection
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2 x L 2 x L 
(Separation)(Separation)

Area Conditioned by DiffuserArea Conditioned by Diffuser

44--way Diffuser way Diffuser 
SelectionSelection
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Perforated 24X24, 10” inlet, 4 way, 20° Delta-T
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Prism 24x24
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ADPI and LEED

24x24 1400 10" inlet
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Air Distribution, Air Distribution, 
Partition EffectsPartition Effects
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Poor Perimeter ExamplePoor Perimeter Example

THERMOSTATCold
Outside

Window
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Perimeter Considerations:Perimeter Considerations:

• Maximum delta-t for effective mixing 
when heating, per ASHRAE handbook = 
?.

• = 15°F (90°F discharge), continuous 
operation.

• Throw toward and away from glass.
• 150 FPM should reach 4-5 feet from the 

floor.
• ASHRAE 62.1 requires that ventilation be 

increased by 25% when heating, if the 
above rules are not followed.

• Typical perimeters require only 8°F
delta-t @ 1 cfm/sq.Ft.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Perimeter Considerations:Perimeter Considerations:

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 

From the December 2006 ASHRAE Journal:
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ASHRAE
Standard 62
Table 6.2What are the 

issues?

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Proper Perimeter ExampleProper Perimeter Example

THERMOSTATCold
Outside

Window

< 90oF, 
T150 >8’4’
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Air Distribution and IAQAir Distribution and IAQ

• Previous ASHRAE standards assumed  
perfect mixing (Erm = 1).

• There is no data that cooling air flows ever 
result in Erm significantly less than 1 (not 
true with heating where Erm has been 
observed at  < 20%).

• ASHRAE standard 129-97 provides a 
standard method of test for measuring Erm
using tracer gas technology (in 
laboratories).

• Documented use of ADPI in the design 
phase can assist obtaining LEED 
certification. 

• At least one manufacturer provides ADPI 
selection tables throughout their catalog

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Air Distribution SummaryAir Distribution Summary

• Diffuser selection should be based on 
throw and room size.

• Select at both max and minimum 
occupied flow rates.

• Noisy diffusers are good.
• Dirt on the ceiling ain’t all bad.
• Use good design when heating.
• Poor air distribution yields poor 

comfort, poor air quality, slow system 
response.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Thermal Comfort:Thermal Comfort:

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

• Latest THERMAL COMFORT 
STANDARD: ASHRAE 55-2004

• ASHRAE Fundamentals, Chapter 8
• PMV - predicted mean vote - a single 

number rating.
• A program is available, based on the 

new ASHRAE 55-04, which allows 
plotting of the comfort envelope.

• Standard 55 mandates a maximum 5oF 
vertical  temperature stratification.

•Ventilation & IAQ 
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Typical Typical ““Executive WorkerExecutive Worker””
Profile Profile 

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 



ERAD

Typical Typical ““Clerical WorkerClerical Worker””
ProfileProfile

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Plotting Both:Plotting Both:

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Comfort EconomicsComfort Economics

• Unlike in agricultural facilities, human 
productivity is hard to measure.

• Buildings cost $2.00/ sq. Ft./Yr. To heat and cool.
• Occupants get paid $200.00 / sq. Ft./Yr. ($375 in 

NYC!) - 1 sick day = $21B in US.
• Moving thermostats cannot cost (or save) more 

than 5% energy.
• The ratio of productivity to energy savings is 

2000/1.  A 10% reduction in productivity = rent 
cost!

• Buildings’ HVAC  first cost is $10-$20/sq. Ft.
• The EBTR was proven (in 1981) to increase HVAC 

energy consumption by as much as 20%.
• EBTR has been again imposed in federal 

buildings in California!

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Standard 55Standard 55--20042004

• Was being prepared in code language! But 
now is not.

• Now incorporates ISO 7730’s PMV.
• Does not prescribe operating conditions.
• Eliminates the “summer/winter”

chart labels, as they were misleading (is now 
0.5 and 1.0 clo).

• Changing the upper humidity limits (again), 
back to 1981 limits.

• No lower humidity Limit.
• Approved by ANSI in March 2004, printed in 

June ’04. 
• Meeting Standard 55 is difficult at the design 

stage – ADPI can provide proof.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Comfort SummaryComfort Summary

• Thermal comfort is #1 reason for not renewing 
the lease (don’t fix the wrong thing).

• Many IAQ and air distribution complaints can 
be cured with temperature changes.

• The ratio of productivity to energy savings is 
2000/1. First costs are minor compared to 
productivity.

• Internal heat loads cost 2X power 
consumption. 

• Mandated designs and set points often waste 
energy. People will make themselves 
comfortable!

• Vertical Stratification requirement is often 
ignored

• Thermal comfort program available online!

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Acoustics:Acoustics:

• ARI 885-98 acoustical application standard.
• ARI 880-98 air terminal test standard.
• ARI 260-01 ducted equipment except air 

terminals.
• ARI 890 / ASHRAE 70-91 air diffuser 

performance.
• ADC 1062 test code was obsoleted in 1984!
• Acoustical quality suggests the use of RC (or 

newer measures) rather than NC.
• Goals:

• Not too loud.
• Not too quiet.
• Not too annoying. 
• Not to be felt.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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NC and Speech PrivacyNC and Speech Privacy

Speech
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RC and Speech PrivacyRC and Speech Privacy

Speech
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Sound SpecificationsSound Specifications

• Should be based on clearly stated assumptions.
• Should reflect real project needs, not any 

manufacturer’s data and use currently accepted 
application factors.

• If duct lining is used – require”NC shall be 
determined in accordance with ARI 885-98, 
Appendix E”, otherwise specify octave band.

• Over-silencing increases both initial costs and 
operating costs, and may hinder proper IAQ 
performance.  

• Manufacturer’s air terminal selection software 
and generic specification makers such as 
(SounSpec.EXE) are available online!

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Schoolroom Acoustics Schoolroom Acoustics -- From From 
the Federal Register:the Federal Register:

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Ventilation & IAQ 

•Acoustics
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Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Ventilation & IAQ 

•Acoustics

ClassroomClassroom Acoustics:Acoustics:
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Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Ventilation & IAQ 

•Acoustics

Classroom Acoustics:Classroom Acoustics:
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Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Ventilation & IAQ 

•Acoustics

Classroom Acoustics:Classroom Acoustics:
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Classroom Acoustics:Classroom Acoustics:

• ADA ruling will either change rules, or 
awareness of options.

• ANSI has released a new standard on 
classroom acoustics (S12.60).

• See Feb 2000 and Feb 2003 ASHRAE journal 
for cover articles and HPAC article.

• Designs can reduce noise levels using
current technology.

• ARI 260, in effect since 2001, defines 
method of test for sound power of ducted 
equipment.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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New ASHRAE BookNew ASHRAE Book

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Ventilation & IAQ 

•Acoustics
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Acoustics/SummaryAcoustics/Summary

• NC levels don't tell it all, but are well suited 
for product ratings. 

• RC levels are a better indication of quality, 
but don’t work well as product rating 
method.

• Specifying octave band assures you get 
what you want (and expect).

• It’s easier to design right than fix.
• Over-silencing is expensive and may cause 

poor indoor air quality.
• Programs and a new book are available to 

assist in the analysis.
• Download ARI 885-98 from www.ari.com.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ
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Designing for IAQ:Designing for IAQ:
Three StrategiesThree Strategies

• Filtration
• Source control
• Dilution

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Pettenkofer (1858):Pettenkofer (1858):

”If There Is a Pile of Manure in a
Space, Do Not Try to Remove the
Odor by Ventilation. Remove the
Pile of Manure.”

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ
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Causes of Poor IAQCauses of Poor IAQ

• Usually caused by system
(not product) problems.

• Many times, no “contaminant” found.
• “A malignant conjunction of diabolical 

circumstances.”
• There are more bad consultants than 

good ones.
• The bad ones are cheaper.
• $8m in mold litigation in NYC alone. 

$32M in one case in Texas.
• Often the result of cost-saving issues.

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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PollutantsPollutants

• Particulates
• Organics
• Gases
• VOCs
• OtherDesign Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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Indoor Air QualityIndoor Air Quality

•Standing Standard 
Project Committee 
62.1

•Residential 
Committee is 62.2

•Current Standard is 
62.1-’07, and all 
addenda have been 
incorporated (and no 
longer available on the 
web).
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IAQ StandardIAQ Standard

Design Issues:

•Acoustics

•Perimeter

•Diffuser Selection

•Thermal Comfort

•Ventilation

• Standard 62 is on continuous maintenance.
• Continuous and incremental changes are in 

progress.
• It will attempt to be in coordination with 

building codes.
• A Guideline document for designing 

systems above minimum requirements is 
being created. 

• Users Manual is available now.
• The IMC has indicated 62.1 will be 

referenced in the next release of the 
mechanical code.

• There seems to be minimal public 
awareness of the dynamic nature of the 
Standard.
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Changes in place and coming:

• A listserv application can be made online!
• Significant Modifications:

• MERV 6 required upstream of wetted 
surfaces (= 2” pleat?). 

• Plenum located equipment must be 
directly connected to the ventilation 
supply.

• Outside air particulate and ozone must 
be filtered.

• Ventilation rate must be increased when 
in heating mode if ‘rules’ not followed. 

• Standard 62.1 is a prerequisite to LEED 2.2

IAQ StandardIAQ Standard

Design Issues:

•Acoustics

•Perimeter

•Diffuser Selection

•Thermal Comfort

•Ventilation
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ASHRAE Journal Forum, 8/01ASHRAE Journal Forum, 8/01

Forgotten Past 
Lessons:

•Acoustics

•Perimeter

•EBTR

•Open Plan Offices
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Non-Product Software 
Tools

•SounSpec Program

Several Engineer Tools Are AvailableSeveral Engineer Tools Are Available
Get the right things specified!Get the right things specified!
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Non-Product Software 
Tools

•SounSpec Program

•885spec.xls

Several Engineer Tools Are AvailableSeveral Engineer Tools Are Available
Get the right things specified!Get the right things specified!
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Non-Product Software 
Tools

•SounSpec Program

•885spec.xls

•885Calc.xls

All these tools are 
available on the 

internet

Several Engineer Tools Are AvailableSeveral Engineer Tools Are Available
Get the right things specified!Get the right things specified!



ERAD

Non-Product Software 
Tools

•SounSpec Program

•885spec.xls 

•885Calc.xls

•Room Sound Calc

•Thermal Comfort 
Pgm

•Web Site Files

All these tools are 
available on the 

internet

Several Engineer Tools Are AvailableSeveral Engineer Tools Are Available
Get the right things specified!Get the right things specified!
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SummarySummary

• LEED 2.2 requires meeting Standard 62.1
• Documented use of ADPI is the ONLY way to 

assure compliance to 55 in the design phase.
• Acoustics should be specified on the basis of 

need with clear assumptions.
• Reheat needs to be carefully considered in terms 

of discharge temperatures and velocities.
• Software is available to assist in selecting the best 

mix of products.
• The rules are dynamic - pay attention.
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The BuildingThe Building’’s Challenges Challenge

Recent court cases have suggested that the HVAC 
system in a building may be considered a 
product. This means:

• Federal product liability laws apply

• We are expected to demonstrate an 
“acceptable standard of care”

• Everyone is liable

• Standards not in the code can be 
enforced

Design Issues:

•Diffuser Selection

•Perimeter

•Thermal Comfort

•Acoustics

•Ventilation & IAQ 
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ANY QUESTIONS?
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ContactContact

dintdint--hout@kruegerhout@krueger--hvac.comhvac.com

www.kruegerwww.krueger--hvac.comhvac.com

EXCELLENCE IN AIR DISTRIBUTION

KRUEGER
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