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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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BASIC VENT DESIGN PROCEDURE

The basic process of designing a vent using the above
relationships is thus.

1) Given: Vy, f5.

2) Calculate: ALPHA from Eq. (2). (Look this up in
the ALPHA table.)

3) Choose: Ly or D.

4) Calculate: D or Ly from Eq. (5). (See D table.)

5) Repeat the last two steps if necessary to find an ac-
ceptable combination of Ly- and D.

ENCLOSURE TUNING ACCURACY

It has been the author’s experience that no matter how
carefully and accurately the vent dimensions are calcu-
lated, the designer is fortunate if the cabinet resonance
frequency obtained is within = 5% of the desired value.
This accuracy is seldom good enough. The sensitivity
functions for the variation of f [4] show that the Thiele
alignments [2] are fairly sensitive to errors in fg, espe-
cially for the Chebyshev alignments. The author usually
adds a correction factor of between 10 and 20 percent to
the computed vent length so that the vent can be experi-
mentally shortened to make the cabinet resonance fre-
quency correct. The following partial derivative relating
fg and Ly, taken from Eq. (1), is quite useful in correct-
ing the vent length:

d fs/ Ly = — fp/QLyg) ~ — fz/(2Ly). Q)

Thus if the extra length allowance results in low tuning
as expected, the amount by which the vent must be
shortened to provide correct tuning may be calculated as

2Ly
Ava—Afo ©))
B
where
A Ly required change in vent length in inches (neg-
ative value means reduced length)
A fB frequired —factual
Ly, fg values for present vent length.

fs BOX VOLUME — 1/2 DECADE
BOX
FF\IE?EENCY RANGE 17 IN.Z’ TO 891 FT.3(20 STEPS PER DECADE)
(7SVALUES) — —  —
100 Hz

2 4|E-02= 2.41x 102

Fig. 1. Skeleton setup of ALPHA table. Values of vent
cross-sectional area to effective length ratio are listed as a
function of box resonance frequency and volume.

This correction process is usually quite accurate; it saves
time compared to trial-and-error trimming.

A COMPLETE DESIGN EXAMPLE

Tune a cabinet (about 18" deep) of 7.8 ft3 net internal
volume to a resonance frequency of 25.0 Hz.

Given: V, = 7.8 ft3, fp = 25.0 Hz.

Look up: ALPHA = 1.80 in2/in (On ALPHA table
6, Fig. 2).

Choose: Ly = 10 in.

Look up: D = 5.01 in (on D table 9, Fig. 4).

Therefore the final vent dimensions are approximately
5 in by 5 in (or 5%-in diameter) and, allowing for 20%
excess in length, 12 in deep. Note that the numerically
closest table entries were taken in each look-up operation
without any interpolation.

The cabinet is now tuned using these calculated dimen-
sions and the actual box resonance frequency measured
as suggested in the Appendix. Assuming a measured fg
of 22 Hz, the amount of vent length to remove can be
calculated by applying Eq. (8):

AL,=-3x 2xX12 =-327in.
22

6 FOR CABINET TUNING deicdeiarinrickidoiicieiriviniaoaniciividoicandddadsadics

S eeiriarldan e e weldedeinininininicridoeidianiciiiaeies. ALPHA TABLE NO.
BOX VOLUMES FROM 3.162 TO 8.911 CUBIC FEET OR 5.46E 03 TO 1.54E O4 CUB INCHES.
VOLUME (ACROSS) ALPHA=(PORT AREA)/(PORT EFFECTIVE LENGTH) IN SQUARE INCHES PER INCH.
CU. FT. = 3.16E 00 3.55E 00  3.98E 00  L4.47E 00  5.01E 00  5.62E 00  6.31E 00  7.08E 00  7.S4€ 00  8.91E 00
CU. IN, = 5.46E 03 6.13E 03  6.88E 03  7.72E 03  8.66E 03  9.72E 03  1.09E o4  1.22E O4  1.37E o4  1.54E o4
F-BOX HZ (DOWN)
10.00 % 1,18E-01 1.32E-0) 1.48E-01 1.67€-01 1.876-01  2.10E-01  2.35E-01  2,64E-01  2.96€-0) 3.325-01"
21,77 * 5.,59E-01 6,27E-0} 7.04E-01 7.896-01  8.B6E-01  9.94E-O! 1.12E 00  1.25E 00  1.4OE 00  1.58E 00
22,46 * 5,95E-01 6.67E-01 7.49E-01  8,40E-01  "9,43E-0} 1.06€ 00  1.19€ 00 1.33E 00 1.49€ 00 1.68E 00
23.17  * 6,336~01 7.10E-01 7.97E-01  8,9LE-01 1.00E 00 1.I13E 00  1.26E 00 1.426 00 1.59E 00  1.78E 00
23,90 * 6.74E-01 7.56E-01 8.48E-01  9.52E-0) 1.07E 00  1.20€ 00  1.34E 00 1.51€ 60  1.6SE 00  1.90E 00
24.65 * 7.17E-01 8,04E-01 9.03E-01 1.01€E 00 ©  1.14E 00 1.27€ 00 1.43E 00 1.60e 00 [1.80€ 00] 2.02& 00
25.43 % 7,63E-01 8,56E-01  9.60E-0) 1.08E 00  1.21E 00  1,36E 00  1,52E 00 1.71E 00 1.92E 00 2.15E 00
26.24 % 8,12E-01 9.11E-01 1.02E 00  1.156 00  1.29E-00  1.44E 00  1.62E 00  1.82E 00  2.04E 00  2.29E 00
27.07 * 8,64E-01 9,69E-01 1.09€ 00 1,22E 00 1,37€ 00  1.54E 00  1.72E 00 1.936 00  2.176 00  2.4L4E 00
27.92 * 9.20E-01 1.03€ 00  1.16E 00  71,30E 00  1.46E 0O  1.64E 00  1.83E 00  2.06E 00  2.,31E 00  2.53E 00
28.80 * 9.79E-01 1.10E 00  1.23E 00  1.38E 00- 1.55E 00  ).74E 00  1.95€' 00  2.19€ 00  2.46E 00  2.76E 00
100.00 * 1.18E 0} 1.32E 0} 1.48E 01 Y.67€ o1 1.876 61  2,10E O)  2.35E O1  2.64E 01  2.96E 01 3.32E 01
Fig. 2. A portion of ALPHA table 6 which covers box frequencies 10 Hz-100 Hz, box volumes 3.16-8.91 ft.2
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ALPHA  (ACROSS)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn % D TABLE NO.
1.00E 00 TO 2.82€ 00 SQUARE INCHES FER INCH.
D=SIDE DIMENSION OF SQUARE PORT CROSS-SECTION !N INCHES.
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9 FOR CABINET TUNING smnterrarnorenieneioiiooiiokickicoliokicioiicinioniiicicior

SQ. IN/IN= 1.00E 00 1.12€ 00  1.26E 00  }.41E 00  1,58E 00  1.78E 00  2.00E 00  2.24E 00  2,51E 00  2.82€ 00

L INCHES (DOWN)
0.0 % 8.25E-01 9.26E-01  1.04E 00  1.17E 00  1.31E 00  1.A7E 00  1.65E 00  1.85E 00  2,07E 00  2.33E 00
7.5 * 3.18E 00 3.40E 00  3.64E 00  3,89E 00  L.16E 00  4.46E 00  4.78E 00  5.12E 00  5.50€ 00  5.90E 00
8.0 % 3,27€ 00 3.49E 00  3.746 00  3.99E 00  4.27E 00  4,58E 00  4.90E 00  5.26E 00  5.64E 00  6.05E 00
8.5 * 3.36E 00 3.59E 00  3.83E 00  4.10E 00  4,38E 00  4.69€ 00  5.02E 00 5,38 00  5.77€ 00  6.19E 00
9.0 * 3.44E 00 3.67E 00  3.93E 00  4,20£ 00  4.49E 00  L.BOE 00  5.14E 00  5.51E 00  5.90E 00  6.33E 00
9.5  3.52E 00 3.76E 00  4.02E 00  4.29E 00  4.59E 00  L.91E 00  5.25E 00  5.63E 00  6.03E 00  6.4TE 00
10.0 * 3.60E 00 3.84E 00  4.11E 00  4.39€ 00  4,69E 00 5.37€ 00  5.74E 00  6.15E 00  6.60E 00
10,5 * 3.68E 00 3.93E 00  4.19E 00  4.48E 00 4,79 00 5,126 00  5.47E 00  5.86E 00  6.28€ 00  6.73E 00
11,0 * 3,75 00 4.00E 00 4,28 00  4.57€ 00  4.88£ 00  5.22E00  5.58E 00  5.97E 00  6.39E 00  6.85E 00
11.5 * 3,83 00 L4.08E 00  4,36E 00  L4.656 00  4,97E 00  5.31E 00  5.68E 00  6.08E 00  6.51E 00  6.97E 00
12.0 * 3.90E 00 L4,16E 00  4.W4E 00  L4,7hE 00  5.06E 00  5.4IE 00  5.78E 00  6,19E 00  6.62E 00  7.09E 00
37.0 % 6.51E00 6.92E 00  7.36E 00  7.84E 00  B.34E 00  8.88E 00  9.45E 00  1.01E 01  1.07€ 01  1.14E Ol

Fig. 4. A portion of D table 9 which covers ALPHA values from 1.00 to 2.82 and vent length of 0.0 to 37.0 in.

This calculation shows that the desired cabinet resonance
frequency should be obtained by removing 3% in from
the duct length.

CONCLUSION

The author has used a computer to compile a set of
tables which reduce the vent design problem to two
simple look-up operations. These tables are too lengthy
for complete publication in the Journal. However, the
method of table formulation is presented, and portions of
the tables are shown to illustrate their use. Copies of the
complete table set may be obtained for the cost of print-
ing by writing directly to the author.

APPENDIX
Alpha Tables

The ALPHA tables yield required values of ALPHA
= Sy/Lyg (in inches or inches squared per inch) given
the desired box resonance frequency f; and the net in-
ternal cabinet volume ¥ . Ten ALPHA tables span box
volumes ranging from 17 in3 to 891 ft3 with step factors
of 1.122 (20 steps per decade) and resonance frequencies
ranging from 10 Hz to 100 Hz with step factors of 1.032
(75 steps per decade). A skeleton setup of an ALPHA
table is shown in Fig. 1, while a portion of one of the

Sy* for a vent of square cross-section, given the value
of ALPHA and the actual length of the vent L. They
may also be used to find Ly given ALPHA and D. Sixteen
D tables cover ALPHA values ranging from 0.0001 to
8910 with step factors of 1.122 (20 steps per decade),
and Ly values ranging from zero to 37 in in steps of 0.5
in. A skeleton setup of a D table is shown in Fig. 3, and
portion of one of the actual D tables (no. 9) in Fig. 4.

Measurement of f;

Benson [5, p. 471] derives a measurement method of
the true value of fp which is essentially independent of
voice coil inductance. He develops an equation for fg
written in terms of f;, f;, and f; (the impedance peak
frequencies) shown as

fs = (fL2 + fH2 — fc2)1/z )

where

fr, fiu  frequencies of higher and lower peaks of the
magnitude of the driving point impedance of
the driver mounted in the vented enclosure

feo frequency of peak of the magnitude of the
driving point impedance when the vent is com-
pletely sealed and covered up (resonance fre-
quency of closed-box system in the same box

actual tables (no. 6) is shown in Fig. 2. volume).
L
PORT ALPHA — 1/2 DECADE REFERENCES
LENGTH
00 IN. RANGE 0.000i TO 8,910 (20 STEPS PER DECADE ) [11 L. E. Kinsler and A. R. Frey, Fundamentals of

(75 VALUES)

—

L D

NG

Fig. 3. Skeleton setup of D table. Values of square vent di-
mension are listed as a function of actual port length and
ALPHA.

370 IN.

D Tables

The D tables give values of the side dimension D =
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