PROJECT NOTES / ENGINEERING BRIEFS

A Tubular Tuning Method
for Vented Enclosures*

D. B. KEELE, JR.

Electro-Voice, Inc., Buchanan, Mich. 49107

Computer-generated tables greatly simplify the selection of
vent dimensions for a vented loudspeaker enclosure. Fine ad-
justment of vent length may be guided by a simple partial
derivative expression relating resonance frequency to vent
length.

INTRODUCTION: The required vent dimensions for a
vented loudspeaker enclosure are usually found either by

solving a set of equations or by using carefully con-

structed nomograms or charts based on these equations.
The basic calculations may also be carried out effort-
lessly using a digital computer.

Once a computer is programmed to design vents, it
can readily provide an enormous number of solutions at
low cost and print these out in tabular format. This note
describes the construction and use of such a set of tables.
These provide an accurate and easy to use discrete tab-
ular equivalent to the nomogram or chart.

VENT DESIGN RELATIONSHIPS

The resonance frequency of a Helmholtz resonator
[1, p. 193] is given by

fp=c e
g Sy/(Lve Vi) (N
2
where
Iz resonance frequency in Hz
c velocity of sound in air (= 343 m/s)
Sy vent cross-sectional area

Lvp vent effective length
Vp  netinternal volume of resonator or enclosure.

This relationship is based on the assumption that only a
minimal amount of enclosure filling is used.

* This Project Note was a section of the paper “The Vented
Loudspeaker Cabinet: A Restatement,” presented May 5,
1972, at the 42nd Convention of the Audio Engineering
Society, Los Angeles.
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Solving for the ratio S/ Ly in Eq. (1) yields
Sy/Lyy = Vg Qx f3/c)> = ALPHA (2)

which is recognized as the reciprocal of Thiele’s Eq. (61)
[2, p. 391]. This equation is used to generate “ALPHA
tables” as described in the Appendix. These tables relate
the variables fp (Hz), V5 (cubic inches or cubic feet), and
ALPHA (inches, or inches squared per inch).

The expression for effective vent length [1, p. 194] is

LVE = LV + LVC = LV + 0-825 (SV)% (3)
where

Ly  actual physical length of vent

Ly total inner plus outer vent end correction (as-
suming one end flanged and the other end
unflanged).

Substituting Eq. (3) into (2) and solving for Ly gives
Ly = §y/ALPHA — 0.825 (Sp)*. ()]

This equation can be rewritten for the special case of a
square vent of side D = S * yielding

Ly = D?/ALPHA — 0.825D. 5)

The “D table” described in the Appendix uses Eq. (5) to
relate the variables D, L,, and ALPHA (all in inches).
D is used here for convenience. Circular or rectangular
vents of area S, = D2 provide equivalent tuning.

VENT CONSTRAINTS

A wide variety of combinations of D and Ly can pro-
vide a required value of ALPHA. The allowable or use-
ful combinations for a given system are determined by
observing practical restrictions on both Ly, and D.

Thiele [2, pp. 390-391] points out that vent length
must be restricted to a small fraction of a wavelength at
the loudspeaker resonance frequency. The vent length is
also restricted in practice by the available enclosure depth.

Small [3, p. 440] suggests a lower limit on vent area
to minimize vent turbulence and windage noises, given by

Sy=08fsVp (6)

where V), is the peak displacement volume of the driver
diaphragm (effective diaphragm area times peak linear
displacement) and all variables in this expression are in
SI units (meters, hertz).
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