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State of the Art

Table Look-UpPredictive Algorithm

Algorithms for HVAC Acoustics, Douglas Reynolds (1991) Chapter 49, ASHRAE Applications Handbook (2019)



Predictive - Parameters

Predictive Algorithm:

User inputs duct size, 

velocity, and type of fitting 

(with/without turning 

vanes) and you get octave 

band sound power



Are We Missing Something?

32x32in. Elbow @ 10000cfm = 1452 fpm

10x10in Elbow @  1000cfm = 1440fpm

Area Effect: 10log(1024/100)= 10 dB

Yet, the smaller duct is louder



Regenerated and Discharge Noise in Duct as a Function of Size?

Taken from “Noise Regeneration 

in Ducts” ASHRAE Project RP.37 

August 1965, Uno Ingard

Comparing 24x24, 36x12, 48x8, 24x8, 

and 8x8 Cross Sections as a Function 

of Flow Speeds (fpm)

Larger Ducts are Louder for a Given 

Velocity
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Regenerated Noise in Duct as a Function of Size?
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Airflow Velocity, FPM

18x18

12x12

6x6

Sound Power Level Generated at 1000Hz Octave Band

Straight Ducts with No Lining, Dimensions are Inches

Adapted from “Estimating Method for Predicting 

Noise Originating in Air Condition Systems on 

Naval Vessels (1964)” 

F.B. Holgate, U.S. Naval Applied Science Laboratory

Pilot Study Referenced in 1961 Handbook 



Regenerated Noise in Elbows, ASHRAE 1961



Aspect Ratio, From RP 37



Aspect Ratio, Predictive

The predictive algorithm fails to account for the difference in aspect ratio.

Should be +10dB at low frequencies)



Max Velocity for Rectangular and Circular Ductwork

Though the reasoning is sound, 

there’s no link to a primary source. 

Where did this come from? 

(Appeared in 1995 Handbook, Often 

Attributed to Schaffer’s 1993 book)



Max Velocity for Rectangular and Circular Ductwork

Does not detail assumptions re:size, 

aspect ratio, and duct gauge.

Does not provide guidelines for how 

much reduction is required at elbows



Proposed Test Set-Up

Duct Breakout

Duct Discharge



Proposed Test Set-Up

Duct Sizes: 

1) 24x24

2) 36x12

3) 24x48

4) 48x48

Duct Fittings:
1) Mitered elbow, 90 degree (CR3-6)

2) Mitered Elbow with single wall turning vanes (CR3-10)

3) Mitered Elbow with double wall turning vanes (CR3-14)

4) Smooth radiused elbow, without vanes, 90 degrees (CR3-1)

5) Smooth radiused elbow with one splitter vane (CR3-3)

6) Smooth radiused elbow with two splitter vanes (CR3-4)

Speeds: 

1) 1000fpm

2) 1500fpm

3) 2000fpm

4) 2500fpm



Data

1) Full frequency data for duct break out and discharge

2) Pressure drop readings of each elbow geometry

3) Exit velocity profile



Outcomes

1) New predictive algorithms

2) New tables with clear guidelines

Maximum Recommended Elbow Airflow Velocities to Achieve Acoustic Design Criteria

Design RC/NC 36x12 (3 SF) 24x24 (4 SF) 24x48 (8 SF) 48x48 (16 SF)

CR3-6 45

35

25

CR3-10 45

35

25

CR3-14 (etc.) 45

35

25
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