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Air Distribution Fundamentals
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Mixed Air Distribution Systems using Grilles, Registers and Diffusers continue to 
be the most common air distribution system. In one form or another Mixed Air has 
been around for nearly 100 years.

This course will cover the basics of room air movement, the geometry of grilles 
and diffusers, and how to describe their performance.

Course Summary

Overview
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Agenda

Overview

• Room Air Distribution 

• Grilles, Registers, and Diffusers 

• Sound

• Throw 
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Air Distribution Basics

Air Distribution Fundamentals

6



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 7

Air Distribution Systems

Air Distribution Basics

• Fully Mixed / Partially Mixed / Fully Stratified

• What are we mixing/stratifying?

– Contaminants / Heat / CO2 / Moisture / Particulates

Fully Mixed Fully Stratified
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Occupied Zone

Air Distribution Basics
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Air Distribution Basics

How Air Mixes
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Designing for Thermal Comfort

Flow Viz Room

The supply air jet leaves the grille or diffuser at high velocity 
(upwards of 1000 fpm) and travels along the ceiling.

The supply air jet leaves the grille or diffuser at high velocity 
(upwards of 1000 fpm) and travels along the ceiling.
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Designing for Thermal Comfort

Flow Viz Room

The air travels towards the occupied zone. At this point it is 
low velocity (<50 fpm) and at Room Temperature.

The air travels towards the occupied zone. At this point it is 
low velocity (<50 fpm) and at Room Temperature.
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Designing for Thermal Comfort

Flow Viz Room

The room air continuously mixes in the occupied zone.The room air continuously mixes in the occupied zone.
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Designing for Thermal Comfort

Flow Viz Room

Eventually the room air entrains back into the supply air jet 
and repeats the cycle.

Eventually the room air entrains back into the supply air jet 
and repeats the cycle.
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How Air Mixes

Air Distribution Basics

Does the Return affect Room Air Motion?
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How Air Mixes

Air Distribution Basics

Avoid
supply air

short-circuit
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• Returns short circuiting

How Air Mixes

Air Distribution Basics
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How Air Mixes

Air Distribution Basics
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How Air Mixes

Air Distribution Basics
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How Air Mixes

Air Distribution Basics
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How Air Mixes

Air Distribution Basics
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Grilles, Registers & Diffusers

Air Distribution Fundamentals

21



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 22

Grille vs. Register

Grilles, Registers & Diffusers

• What is the difference between a grille and a register?

– A grille is a covering for any area through which air passes

– A register also has a damper or control valve
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Grille Type – Blade Type

Fixed Deflection
(Return)

Single Deflection
(Supply)

Double Deflection
(Supply)

Grilles, Registers & Diffusers
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CORE

NOMINAL DUCT

Grille and Register Dimensions

Grilles, Registers & Diffusers
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Grille and Register Operation

Grilles, Registers & Diffusers

Static 
Pressure

Velocity 
Pressure

Total Pressure = Static Pressure + Velocity Pressure

Flow Rate

Sound

Throw
Distance
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CORE

NOMINAL DUCT

Grille and Register Operation

Grilles, Registers & Diffusers
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• Larger grilles allow more airflow with less noise

Grille and Register Operation

Grilles, Registers & Diffusers
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Grille and Register Operation

Grilles, Registers & Diffusers

• Free Area is the total non-obstructed cross-sectional area across the grille.

Eggcrate Face Perforated FaceLouvered Face
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Diffusers evenly distribute the airflow in desired 
direction(s) throughout the room and typically 
provide enhanced air entrainment over grilles.

A diffuser is any outlet which discharges supply 
air in various directions and planes.
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Diffuser Dimensions

Grilles, Registers & Diffusers

Nominal Neck
Size

Face Size
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Diffuser Operation

Grilles, Registers & Diffusers

Static
Pressure

Velocity 
Pressure

Flow Rate, Sound, Throw Distance

Static Pressure 
+ Velocity Pressure

Total Pressure
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Diffuser Operation

Grilles, Registers & Diffusers
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Diffuser Operation

Grilles, Registers & Diffusers

Square Cone DiffuserSquare Plaque DiffuserRound Cone Diffuser
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Diffuser Operation

Grilles, Registers & Diffusers
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Diffuser Operation

Grilles, Registers & Diffusers

Louvered Face DiffuserModular Core DiffuserPerforated Face Diffuser

35



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 36

Diffuser Operation

Grilles, Registers & Diffusers
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Diffuser Operation

Grilles, Registers & Diffusers

Slot Diffuser
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Diffuser Operation

Grilles, Registers & Diffusers

Horizontal Throw Vertical Throw
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Diffuser Operation

Grilles, Registers & Diffusers

Nozzle Diffuser
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Diffuser Operation

Grilles, Registers & Diffusers
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Sound

Air Distribution Fundamentals
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Testing

GRD Sound

• Lab testing

– ASHRAE Standard 70

• Defines test procedures

• Isothermal Testing

• Non-turbulent, smooth inlet conditions

• Note in all catalogue performance data
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Catalog Noise Data

GRD Sound

• How do we measure “sound” from diffusers?

What does this NC value ACTUALLY mean?
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Noise Criterion (NC) Graph

GRD Sound

• Plot sound levels at each of the 
8 frequencies

• Frequency range is 63 Hz to 
8000 Hz

• The high point on the NC 
curves sets the NC value
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• Catalog sound data makes several assumptions in 
its measurement:

– Average Room Size 
(400-600 sqft)

– Distance from source 
(9 ft ceiling)

– Assumes 10dB room 
absorption (carpet, drywall)

– Single diffuser

Catalog Noise Data

GRD Sound

400-600 sqft

9ft
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Catalog Noise Data

GRD Sound

• So why use NC?

– Been around 50 years

– NC provides a means to quickly compare manufacturers.

• (Comparing 1 number vs 8 numbers)

– NC is weighted towards human perception

– Easier to apply quick guidelines
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ASHRAE and Sound

GRD Sound

• ASHRAE Publishes 
Guidelines

• Individual diffusers 
should be quieter than 
guidelines to account 
for multiple outlets in 
space
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Performance Notes

GRD Sound
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Multiple Outlets

GRD Sound

• What to do with multiple outlets

– Room size ~ 400-600 ft2
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Multiple Air Outlets

GRD Sound

25 25

25 25

Select a diffuser for NC25

4 diffusers in the room

4 equal sound sources results in 
total sound level of NC31

51



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 51

Accessories

GRD Sound

• How does damper location effect sound?

0 dB0 dB
+ 3 dB+ 3 dB

+ 9 dB+ 9 dB
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Sound Comparison

GRD Sound

• Diffuser sound comparison – 24x24, 380cfm, 
700fpm Neck Velocity
– Square Cone ………………………NC 17

– Square Plaque …………………….NC 18

– Round Cone ………………............NC 22

– Modular Core ……………………...NC 26

– Perforated Curved Vane ………....NC 28

– Louvered Face …………………….NC 31

– Perforated Face Deflector …….…NC 33

– Perforated Neck Deflector ……….NC 37
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Throw

Air Distribution Fundamentals
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• Throw is the distance air 
travels before it reduces to a 
terminal velocity

– 150 fpm

– 100 fpm

– 50 fpm

• The geometric boundary 
created by the terminal velocity 
is known as the isovel.

What is Throw?

GRD Throw

150 FPM

100 FPM

50 FPM
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Grille Isovel

GRD Throw
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Throw Patterns

GRD Throw

Diffuser Type Flow T50fpm Noise

Square Cone 450 CFM 11 ft NC-21

Square Plaque 450 CFM 11 ft NC-22

Round Cone 450 CFM 11 ft NC-27

Perf Face 4-Way 450 CFM 16 ft NC-37

Louvered Face 4-Way 450 CFM 26 ft NC-35

Perf Face 1-Way 450 CFM 32 ft NC-37

Louvered Face 1-Way 450 CFM 39 ft NC-35

(All at identical inlet neck velocity, neck size, flow rate
10” or equiv. neck, 800 fpm neck velocity, 450 CFM, 24”x24” face)
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Throw Mapping

GRD Throw

T50
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Throw Mapping

GRD Throw

T50
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Throw

What is Throw?
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Throw Mapping

GRD Throw

62



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 61

Throw Mapping - Room Details

GRD Throw

Room size = 20’ x 20’

Ceiling height = 10’

Air volume = 1000 cfm
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Throw Mapping - Horizontal Throw Distance

GRD Throw

Assuming 24”x24” ceiling tile

Diffusers are 8’ apparat

Diffusers are 4’ from the wall
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Occupied Zone (6’ AFF)

Design for 50 fpm at occupied zone

Occupied zone is 6’ AFF

Space has a 10’ ceiling 

Vertical throw = 10’ – 6’ = 4’

10’

Throw Mapping - Vertical Throw Distance

GRD Throw
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Horizontal throw (A) = 8’/2 = 4’

Vertical throw (B) = 4’

Ideal throw length = 4+4 = 8’

Ideal throw length = A+B

Select each diffuser for 8’@250cfm

Throw Mapping – Total Throw Distance

GRD Throw
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Directional Diffuser Selection

GRD Throw
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Radial Diffuser Selection

GRD Throw

68



Presentation Title Version 00/00/00

Copyright© 2014, All Rights Reserved - Price Industries 67

Coanda Effect

GRD Throw

• The Coanda Effect is the 
tendency for high velocity air 
to cling to solid surfaces. 

• An air jet without an adjacent 
surface will see a reduction 
in throw distance by roughly 
30%.

T50 
reduced 

30%
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Coanda Effect

GRD Throw

• With a ceiling • Without a ceiling
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Throw Obstructions

GRD Throw

• How do obstructions, like a coffered ceiling or bulkhead effect 
throw?

• Coanda in effect if angle is <10°

• Higher than this results in angular – vertical throw projection
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1” obstruction – 2’ away
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3” obstruction – 2’ away
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Throw Obstruction

GRD Throw

• When things go wrong…
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Non-Isothermal Throw

GRD Throw

• Does heated and cooled air effect throw?

– Non-Isothermal Effects

• Adjust throw by 1% per F differential

• Ex. 75F set point with 55F Air – Horizontal throw

–Reduce throw by 20%

Cooling Heating

Horizontal – +

Vertical + –
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• How air moves through a room in a “Mixed Air” System

• Basics of a grille, register, diffuser, and how they function

• Applied Noise Criterion, how to calculate it and us it as a guide for acceptable
sound levels

• Concept of “throw” patterns

• How to use throw mapping to select a product

Summary

Air Distribution Fundamentals
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www.priceindustries.com
grd@priceindustries.com

Questions?
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