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A general noise law is stated which
comprises  all previously establis-
hed laws.  This “universal law”
contains two specific sound emis-
sion variables which, unlike the
previously employed specific
acoustic power level, represent
physically derived and truly speci-
fic magnitudes. For reasons of de-
scriptive uniformity it is proposed
to use this law in the analysis of
fan noise as well. 

The fundamentals of flow noise de-
scription were stated by Lighthill in
1952. Since that time, a number of
variously expressed semi-empirical
“noise laws” have been proposed in
numerous publications, some of them
specifically related to fan noise.
Moreover, a number of guidelines
and standards very helpful to users
have emerged in recent years. Howe-
ver, these too use different expressi-
ons (refer, for instance, to VDI Guide-
lines 2081 and 3731, Sheet 2). When
comparing the noise output of diffe-
rent fans we are therefore still left with
the question of suitable sound emissi-
on parameters. To date, the so-called
specific acoustic power level has be-
en used for this purpose which de-
pends on the definition of the noise
law and is therefore not a type-speci-
fic invariable within the physical mea-
ning of the term.

The following text states a general
flow noise law comprising two cha-
racteristic and specific noise emissi-
on parameters, which contains all
previously known noise laws. 

The method is restricted herein to the
total sound power level of low-rotatio-
nal- noise fans. Where rotational noi-
se is dominant, it must be analysed
and described separately according
to the same method, as will be readi-
ly appreciated. 

Noise description

The statement of a noise law for the
total sound power level proceeds
from the acoustic conversion rate �ak

which represents the ratio of the total
acoustic power output Wt to the  fluid
power output P= �pt·V (useful output)
of the given fan

(1).

Numerous studies and theoretical
analyses based on Lighthill’s theory
have shown that the acoustic power
of flow noise grows exponentially with
the Mach number. This observation
has led various authors, such as
Goldstein [2], to adopt the following
equation:

(2),

where � is the so-called Mach num-
ber exponent.

By combining equations (1) and (2)
we can write the acoustic conversion
rate as

(3).

According to Bommes, KS is referred
to as the sound output number. It was
derived in [1] by a process of dimen-
sional analysis. This similarity index
contains the entire sound formation
mechanism in all its complexity and is
a function, inter alia, of the following:

� Reynolds number
� Strouhal’s number
� Degree of turbulence
� Structure of turbulence
� Cascade parameters
� Machine design
� Inlet flow profile

Generally speaking, KS describes the
influence of the fan’s interior and ex-
terior flow field structure.

From equation (1), after normalizing
with the reference sound output W0 =
1pW and taking the logarithm, we can
quantitate the acoustic conversion
factor L� as

L� = 10 lg �ak = Lwt – 10 lg (P/W0) (4)

then derive the following expression,
in acoustic level notation, from equa-
tion (3):

(5)

Accordingly, the acoustic conversion
factor L� consists of the speed-de-
pendent portion

10 (� – 3) lg Ma

and the non-speed-dependent porti-
on

Lus = 10 lg KS (6)

which is referred to as the “specific
sound conversion factor” [10] in view
of its particular suitability as a specific
sound parameter. By equating (4)
and (5) we obtain the noise law

with P0=1W.

Replacement of the fluid power P with
the power loss Pv = P(1/�j - 1) will
now yield the noise law stated by Re-
genscheit [4], albeit with a free Mach
number exponent �, refer also to [9].
This law was adopted as the basis for
VDI Guideline 3731, given that it
yields the lowest amount of scatter in
determining the specific sound power
levels for the various fan types. Ho-
wever, the specific sound power level
in this law is nothing else than

Lws = Lus + 120 dB,

i.e., the specific sound conversion
factor Lus plus a constant. This fact
underlines the importance of this pa-
rameter. As regards the substitution
of power loss for useful power output,
there exists no compelling physical
reason for this step. In the expression
relying on the useful power output,

Fig. 1: Total acoustic power level of a cen-
trifugal fan over the Mach number Ma=u/a

�ak = 
Wt

P

Wt = KS · P · Ma�-3

�ak = KS · Ma�-3

L� = 10 lg KS + 10 (� – 3) lg Ma

= Lus + 10 (� – 3) lg Ma

{

Lwt = Lus + 10 lg (P/W0) + 10 (� – 3) lg Ma

= 120 + Lus + 10 lg (P/P0) + 10 (� – 3)lg Ma
(7)

Lwt

Ma
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the specific sound power level inclu-
des the efficiency term 10 lg (1/�j - 1),
which may vary between 0 and 9 dB.

For the fluidic output of a fan we can
generally write

P = � · AL · �/2 · u3 = � · AL · �/2 · a3Ma3

After normalizing with the reference
variables

�0 = 1,2 kg/m3

a0 =340 m/s
A0 = 1 m2

W0 = 1 pW

and taking the logarithm, we obtain
the following expression of the “fluid
power level”:

(8)

In the above, LB is the “reference le-
vel” while LGS is the “specific surface
area-related sound level” which con-
tains the power density � = � · � as
well as the impeller diameter.

By inserting this term into equation
(7), we obtain the noise law

Lwt = LB + LGS + Lus + 10 � lg Ma

=       A*          + B* lg Ma (9)

for the total sound power level.

A law of this type was first stated by
Bommes [8]. The suitability of such a
noise law for a uniform description of
flow noise, regardless of type and
source, was demonstrated by Grund-
mann and Kramer [13].

A* contains the speed-independent
portions of the noise output, whereas
10 � lg Ma describes the speed-de-
pendent level with the Mach number
exponent � as a  weighting factor.
This � variable is a measure of the
source character of the noise. Equati-
on (9) describes the so-called “acou-
stic characteristic curve” of the fan,
which contains two specific sound
emission parameters:

- the specific sound conversion factor
Lus

- the Mach number exponent � .

One such acoustic characteristic cur-
ve is illustrated in Fig. 1.

Fig. 2 [15, 16] plots the “fluid power
level”

10 lg (P/W0) = LB + LGS + 30 lg Ma

= Lwt – L�

and the acoustic characteristic curve

Lwt = LB + LGS + Lus + 10 � lg Ma
= A* + B* lg Ma

in the same diagram. 

The acoustic conversion factor L�,
according to equation (4), is the diffe-
rence between the two characteristic
curves and a speed-dependent varia-
ble, whereas the two specific sound
emission parameters Lus and � are
speed-independent and can be easily
determined from this plot, viz.

- the Mach number exponent � from
the gradient of the acoustic charac-
teristic curve and

- the specific sound conversion factor
Lus from the distance between the
two characteristic curves at Ma = 1,
or by calculation from A*.

To determine these values correctly
by measurement, readings should be
taken over the widest possible Mach
number range, e.g., at varying rotatio-
nal speeds (r.p.m.) or peripheral
speeds, respectively.

Equation (9) is also an aeroacoustic
similarity law. With respect to the con-
version (or the difference of the un-
weighted acoustic power levels of two
similar fans 1 and 2 at the same ope-
rating point), it follows from that ex-
pression that

Lw1 – Lw2 = 10 lg       + 10 lg       

– 10 (� – 3) lg       + 10 � lg        

(10)

Assuming the same material data for
the density r and the sound velocity a,
this can be simplified to

Lw1 – Lw2 = 10 lg       + 10 � lg        

= 20 lg       + 10 � lg        

(11)

The above law is identical to an equa-
tion established by Neise and Barsi-
kow [5].

It already emerges from the examples
given that the noise law stated in
equation (7) or (9), respectively, viz.

Lwt = A* + B* lg Ma = LB + LGS + Lus

+ 10 � lg Ma

is of far-reaching importance. It is de-
rived from the acoustic conversion
factor, relying on the fact (empirically
confirmed many times over) that the
sound power Wt ~ Ma�.

10 lg       = 193,7 + 10 lg       + 10 lg � + 30 lg Ma

=               LB +                        LGS + 30 lg Ma

P
W0

AL

A0

� a3

�0 a3
0

{

Symbols
�ak Acoustic conversion factor

Wt Total sound power level

P Fluid power

KS Acoustic power coefficient

u Peripheral speed

a Sound velocity

Ma = u/a: Mach number

� Mach number exponent

Lus Specific acoustic conversion
factor

D Impeller outside diameter

AL Impeller surface area

� Volumetric efficiency number

� Pressure number

� = � · �: Performance number

� �

AL1

AL2

a1

a2

u1

u2

�1

�2

AL1

AL2

D1

D2

u1

u2

u1

u2
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Over the last decades, numerous noi-
se laws and characteristic variables
have been presented in the literature.
Their scope may appear confusing to
the “normal” user, mainly due to the
semi-empirical methods employed
and the sheer quantity and diversity
of transformations of the Mach num-
ber term in the noise law that were
proposed to find an expression rely-
ing solely on the fan’s volume flow V
and total pressure increase �pt.
Bommes addressed this situation in
[7] and [14] by splitting the Mach
number term (with its initially random
weighting factor v) into a pressure
and volume flow portion:

Assuming �pt = � · p/2 a2Ma2 and V̇

= � · AL · a · Ma

it follows for the Mach number term
that

Ma� =            ·                         

By thus substituting the Mach number
term in equation (7) or (9), we obtain
the generalized noise law according
to Bommes:

Lwt = Lws + 10 v lg           

+ 5 (� – v) lg       + 5 (v – 1) lg          

– 10 (v – 1) lg       (12)

Table 1 lists a few special cases of
this equation for � = �0 which result
from the selection of the “weighting
factor v” and the Mach number expo-
nent �. Thus, physically equivalent la-
ws in an unlimited number of variants
can be derived from this equation, in-
cluding, e.g., the laws of Daly and
Madison (VDI 2081). 

The terms referred to as “specific
acoustic power levels” in these noise
laws are not in actual fact specific so-
und parameters, given that their ma-
gnitude depends on how the individu-
al law is expressed and that they con-
tain, e.g., the pressure number � and
the Mach number exponent � in va-
riously weighted form.

An error analysis was conducted by
Bommer for the easy-to-handle law of
Madison [14].

From the present description, it it
should be evident that only

- the specific sound conversion factor
Lus and

- the Mach number exponent �

constitute specific sound emission
parameters based on a flawless phy-
sical reasoning. 

Both are independent of the specific
expression of the noise law and hen-
ce, truly invariable.

Moreover, these acoustic emission
parameters are much better suited for
comparing diverse fans than the so-

called specific acoustic power levels.
Neise [9] compared different fans
using the specific acoustic power le-
vels proposed by Madison and Re-
genscheit. It emerged from these stu-
dies that, e.g., the drum rotor fan co-
mes out less favourably according to
Madison’s law than it does according
to Regenscheit when assessed
against a semi-centrifugal unit. This is
physically explainable, since the flow
field in the drum rotor unit is vastly
more “turbulent” and hence, acousti-
cally effective. As mentioned earlier,
the specific acoustic level according
to Regenscheit merely contains the
specific sound conversion coefficient
Lus, whereas the law of Madison also
takes into account the pressure num-
ber and the Mach number exponent
�, cf. [14]. Another problem with such
comparisons is the influence of the
peripheral speed, which plays a parti-
cularly marked role with drum rotor
fans. Here, again, the use of the spe-
cific sound conversion factor Lus and
of the Mach number exponent � will
yield a clearer picture. Lus describes
the fan’s aeroacoustic quality and is
therefore unrelated to its peripheral
speed, while � permits an unambi-
guous determination of the speed-re-
lated term 10 � lg Ma. The qualificati-
on of drum rotor fans as an “acousti-
cally favourable” machine is only part-
ly correct. They possess a relatively
high Lus value (“static portion” of the
acoustic output), whereas the “dyna-
mic portion” of their acoustic output is
very low due to the low Mach num-
bers (approx. 0.8) at which they are
habitually operated. 

General noise law

It has been shown by various exam-
ples that all previously published noi-
se laws can be derived from the law
set forth in equations (7) or (9). It is
therefore proposed to use this law, in
one form or another, as the universal
noise law for flow noise and fans:

Lwt = LB + LGS + Lus + 10 � lg Ma

= 193,7 + 10 lg        + 10 lg �

+ Lus + 10 � lg Ma

or

Lwt = Lus + 10 lg (P/W0) + 10 (� – 3) lg Ma

Note

Bommes (1991) �14�

Daly (1958)

Madison (1949)

with P = Pv'  refer
e.g., to Költzsch �6�

v �

5

6

0

1

1

2

2

�

�pt in Pa, V in m3/s, AL in m2, P in W, D in m

Lwt/dB

Lw0 + 5 � lg �pt + 10 lg AL

Lw,D + 10 lg V + 5 (� – 1) lg �pt

Lw,M + 10 lg V + 20 lg �pt

Lw0 + 20 lg V + 5 (� – 2) lg �pt – 10 lg AL

Lw0 + 20 lg V 20 lg �pt – 10 lg AL 
= Lw0 + 20 lg P – 20 lg D

Lw0 + 10 � lg V – 10 (� –1) lg AL

˙

˙

˙

˙

˙

˙

Table 1: Special cases of equation (12)

V̇
�ALa

2�pt

�pa2( ) ( )
v � – v

2

V̇
V̇0

AL

A0

�pt

�p0 0

a3

0a3
0

AL

A0

�

�

�

�
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The above contain Lus and � as two
specific sound emission parameters,
in addition to the power density � =
� · 	 (or the fluid power P, respective-
ly) and the fan’s peripheral speed by
way of fluidic variables.

Since the peripheral speed is of key
importance for a machine’s sound
emission efficiency, it makes sense to
use a law which explicitly contains
this variable.

In view of the foregoing, the claim that
comparisons are easier to make with
a noise law comprising only the volu-
me flow and total pressure difference
appears to carry little conclusive
weight. If a user initially knows only
the values of V and �p, he will also
know the fluid power P. To conduct
an assessment using equation (7),
the peripheral speed (along with the
two specific parameters Lus and �)
must be additionally known. If it is not
available, it can be estimated for a gi-
ven fan type on the basis of the pres-
sure number:

u = 

Summary

A universal noise law for flow noise
and fans was presented which con-
tains two type-specific sound emissi-
on parameters describing the sound
source or its  aeroacoustical efficien-
cy, respectively:

- the specific acoustic conversion fac-
tor Lus = 10 lg KS

- the Mach number exponent �

It is proposed that this noise law
should be employed on a standard
basis since all previous expressions

can either be derived from this law or
are already encompassed by it.

Previous investigations on fans have
shown that Lus varies between -20
dB (“poor”) and -45 dB (“good”), whi-
le the value of the Mach number ex-
ponent � ranges between 4 and 6.
For model conversions to other peri-
pheral speeds, an exact knowledge of
this Mach number exponent is man-
datory.

The above two parameters should be
further investigated, e.g., with regard
to the following: 

- fan type-relatedness of Lus under
defined identical inlet flow conditi-
ons and measuring methods, and
verification of this parameter’s inde-
pendence of magnitude;

- dependence of the Mach number
exponent g on fan type, size, and
measuring method employed;

- comparison of the “subassembly
average” value of g (VDI 3731) with
the individual Mach number expo-
nent (i.e., as determined on the spe-
cific fan).
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Fig. 2: Acoustic characteristic curve and
fluid power level
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