i+l

NRC Publications Archive
Archives des publications du CNRC

Some aerodynamic and noise measurements on two centrifugal
blowers
Krishnappa, G.; Bassett, R. W.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/40003576

Laboratory Technical Report (National Research Council Canada. Division of
Mechanical Engineering. Engine Laboratory); no. LTR-ENG-50, 1976-07-07

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=da216ab6-c797-40c1-a170-890e4e19988

https://publications-cnrc.canada.ca/fra/voir/objet/?id=da216ab6-c797-40c1-a170-890e4e199887

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

| g

National Research  Conseil national de C d
Council Canada recherches Canada ana a


https://doi.org/10.4224/40003576
https://nrc-publications.canada.ca/eng/view/object/?id=da216ab6-c797-40c1-a170-890e4e199887
https://publications-cnrc.canada.ca/fra/voir/objet/?id=da216ab6-c797-40c1-a170-890e4e199887
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits

N\ National Research ~ Conseil national
' Council Canada de recherches Canada

DIVISION OF MECHANICAL ; DIVISION DE GENIE
ENGINEERING MéCANlQUE
Puoss 13 REPORT RepoRT | TR-ENG-50
RAPPORT
FiG. 23 DATE  July 7, 1976
B LABORATORY / LABORATOIRE DxT
s b 19814

boesisn_3641-13

For
Pour

REFERENCE
REFERENCE

4 LTR- ENG-50 )

SOME AERODYNAMIC AND NOISE MEASUREMENTS
ON
TWO CENTRIFUGAL BLOWERS

\_ J

SusMitrep BY  F 4 Dydgeon

PRESENTE PAR
LABORATORY HEAD

CHEF DE LABORATOIRE ) AUTHDH G. Krishnappa
AUTEUR R.¥W. Bassett

APPROVED 3
Ui D.C. MacPhail

DIRECTOR

DIRECTEUR
THIS REPORT MAY NOT BE PUBLISHED WHOLLY OR IN CE RAPPORT NE DOIT PAS ETRE Rr.F'RODU]T N1 EN ENTIER
PART WITHOUT THE WRITTEN CONSENT OF THE DIVISION NI EN PARTIE, SANS UNE AUTORISATION ECRITE DE LA
OF MECHANICAL ENGINEERING DIVISION DE GEN]E MECANlQUE

CopY NO.
CoPIE NR.



S
SUMMARY

This report describes the aerodynamic performance and noise
measurements conducted on two different commercial centrifugal blowers
of 15 horsepower and 1/3 horsepower capacities. The main aim of these
experiments was to relate the noise from these blowers to their aero-
dynamic performance.

The pressure versus flow characteristics of both the blowers
were relatively flat with imperceptible to no stall and the noise
characteristics were different. The prominent noise component for the
15 horsepower blower was the tone at the blade passing frequency and
the 1/ 3 horsepower blower showed two less prominent tones which could
be related to the struts supporting the blades and the Helmholtz
resonance frequency of the casing. Low frequencies were prominent in
the Broadband noise levels. |

Noise Tevels in each one third octave band varied with the
flow coefficient and Strouhal number. The minimum noise levels for
the 15 horsepower blower occurred at approximately the flow coefficient
corresponding to the design point whereas the noise levels increased
with the flow coefficient for the 1/3 horsepower blower with minimum

levels at no flow and maximum pressure rise.
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1.0 INTRODUCTION

There is a clear need for controlling the noise from
centrifugal fans and blowers, which are widely used from a fractional
horsepower to several hundred horsepowers. Due to hearing safety and
users' comfort it is becoming increasingly important to consider the
acoustic performance of the fan in addition to its aerodynamic perfor-
mance. Although the noisy units could be silenced by fitting silencers
and mufflers, these wou]ﬁ undoubtedly add to the cost and bulk of the-
air moving system and would probably affect the aerodynamic performance
alco. Therefore, there is a strong case for controlling the noise
generation at the source itself by suitably designing the various
elements of the fan without sacrificing the aerodynamic performance
of the fan.

Research programs to identify and suggest means of control-
ling fhe noise in centrifugal blowers are in progress in the Engine
Laboratory. A review on the existing literature on this subject has
been published in Reference (1) to establish further areas of research.
Noise measurements on a wide variety of blowers existing in the laboratory
are also described in Reference (1) to identify the important frequency
cohponents. From these blowers, twq were selected for more detailed
acoustic and aerodynamic measurements, in order to study the factors
relating the generated noise with the aerodynamic performance para-
meters. This report describes the results of these measurements made

on a 15 horsepower and a 1/3 horsepower unit.
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2.0 FAN HOISE SIMILARITY RELATIONS

The application of similarity principles for the aero-
dynamic performance of fans is well established. The advantages of
this principle being that a series of dimensional curves for a similar
group of machines collapses into a single curve on non-dimensional
representation. For centrifugal blowers and fans of similar types the
performance curves in the. incompressible flaw regime are represented
by one single curve of pressure or head coefficient as a function of

flow or capacity coefficient.

p = f(¢) ey
_ e
Y is the pressure coefficient, ¢ = ApT (- 4
p2u 2 .i.. 4 g
¢ is the flow coefficient, ¢ = sz - 2
+ ¢
Uz X

ApT is the total pressure difference across the fan
p2 is the density of air at the impeller outlet
up; is the impeller tip speed

Cm is the meridonal velocity at the discharge side of the impeller
2

Flow coefficient is used as an independent variable and
similarly the efficiency of the blowers is plotted as a function of
flow coefficient. The dependence of Reynolds number should be con$i-
dered in the performance analysis but the performance curves normally

vary only slightly in a wide range of Reynolds number.




- -

Various attempts have been made to establish fan noise

laws with the aim of predicting the sound power produced by a group

of similar machines based on the detailed measurements of one fan

belonging to this group.

Based on dimensional analysis, the dependence

of sound power on aerodynamic parameters is given by References (2) and

(3).

where M is the Mach number given by M

Sound Power Level, SHWL

a, is the speed of sound

R is the Reynolds number given by R

F(M, R, S, ¢)

U
e
0

1]

u,D
v

v is the kinematic viscosity

S is the Strouhal number given by

f is the frequency

fD

Uz

w
I

D is the impeller diameter

For an impeller running at a constant speed, Reynolds number and Mach

number remain constant and

SWL = F(¢, S)
3,0 EXPERIMENTAL SET-UP, INSTRUMENTATION AND MEASUREMENT

DETAILS

5eX 1EF CRIPTION O S OWERS

15 horsepower blower:

rated capacity

size

drive

1500 cfm at 0.9 psi

2100 cfm at 0 psi

26.25 in, diameter impeller
10 straight radial blades

15 horsepower induction motor at 3500 rpm
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The details of the impeller, casing and inlet are shownin

Fig. 1. The original inlet to the blower had a butterfly valve
to control the flow but this was replaced by a circular arc bell-
mouth for providing smooth flow. The flow from the impeller was
collected by the volute and led on to a short diffuser duct.
1/3 horsepower blower:

rated capacity 400 cfmat 0.05 psi and 650 cfm at

0 psi
size 11.25 in. diameter impeller

12 circular arc blades, backward
curved

2 1in, length
5.438 in.diameter inlet
5.5 in.diameter outlet
drive 1/3 horsepower motor at 1700 rpm.
Details of this blower are shown in Fig. 2. Tests were
again carried out by replacing the original sharp edged inlet

with a circular section bellmouth.

3,2  AERODYNAMIC TEST SET-UP, INSTRUMENTATION AND METHOD OF
MEASUREMENTS

The ducting arrangement and instrumentation for the aero-
dynamic performance measurements are shown in Fig. 3. Air flow
through the fan was controlled by changing the back pressure at
the downstream outlet with a simple throttle -plate, mounted
sufficiently far downstream (20 diameters) from the measuring

station.
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Inlet temperatures and outlet temperatures in the 6 inch
diameter pipe immediately after the blower casing exit were
measured as shown. Static and total pressure readings were taken
inside the 6 inch diameter pipe at 15 diameters downstream of the
fan. The arrangement of total and static pressure tubes is shown
in Fig. 33 the total pressure tubes were mounted at 3/4 radius from
the pipe center to yield the average velocities in the pipe based
on Reference (4) and the static taps were mounted circumferentially
midway between the total head tubes.
Similar measurements were carriecd out for the 1/3 horsepower
blower.
3.3 FLOW A SURE_COMPUTATIO
(i) Flow measurements
Air mass flow was calculated from measurements of TT3’
the total temperature at position 3,PT4 and PS4’ the total
and static pressure at position 4 and the assumption that
Trg = Ty
(ii) Pressure Measurements
Fan delivery pressures were calculated from measurements
made at station 4 and an estimate of the pressure loss in
the pipe based on a previously measured friction factor.
PT3 = PT4+ pipe friction loss
(i11) Pressure and Flow Coefficients

Pressure coefficients, ¢y = &y

2
pa2Uu 2
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where AP~ = P _ P4y and p, is assumed to be equal to
T T3 Tl
p3. Uz, as stated previously, is the rotor tip speed.

Flow coefficient, ¢ = Cm
2

uz
where Cma’ the meridonal velocity, is estimated from

continuity by assuming no change in density from rotor
exit to station 3.

Hence sz = V3A;

A2

3.4 TEST SET-UP FOR NOISE MEASUREMENTS AND INSTRUMENTION

-

Industrial fan an& blower noise is usually measured by the
in-duct method as this method is much simpler than either the free
field or reverberant field methods and needs no expensive measurement
facilities. There are existing ISO and British Standards for measuring
sound power levels by the 'in-duct' method, the details of which
are specified in LS0/TC43/SC1/WG3 and BS848.

The '"in-duct' method requires that the test duct
should be terminated anechoically to prevent sound reflections from
the sudden duct exit. The experimental set-up for the 15 horsepower
blower is shown in Fig. 4. The exhaust duct was terminated with
an exponential horn packed with loose fibre glass material with a

center passage for the discharge flow. - The noise measurements
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were made by a one-half inch microphone placed one diameter up-

stream of the horn and midway between the pipe axis and the wall.

The microphone was provided with a nose cone to suppress the inherent

flow noise. The same arrangement was used for measuring noise

from the 1/3 horsepower blower.
4,0 RESULTS AND DISCUSSIONS

Measured mass flow and total and static pressure charac-

teristics for the 15 horsepower'blower are shown in Fig. 5. Power and
efficiency measurements were not made during these tests. These results
indicate that the pressure versus flow characteristics of the fan are
relatively flat with almost imperceptible stall. These characteristics
indicate an increase in horsepower consumed by the fan with the mass
flow. The non-dimensional characteristic of the fan is shown in Fig. 6
at only one speed of 3500 rpm. Noise spectrum corresponding to point
B on the blower performance characteristics in Figs 5 and 6 is shown in
Fig. 7. The prominent noise component appeared to be the tone at the
blade passing frequency in 630 Hz band with the noise levels remaining
constant at 12-14 dB below this tone level in lower frequency bands. v
Noise levels at frequencies higher than this tone dropped off rapidly
with increases in frequency. The spectrum at point A which correspondeds
to low noise condition on the blower performance characteristics is shown
in Fig. 8. The blade passing frequency tone was no longer as prominent
in the spectrum and its Tevel had almost reduced to the broadband noise
levels in the neighbouring frequency bands. Even the levels of the

broadband noise were reduced by 2-5 dB at this condition. Several
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spectra measured at other conditions showed a prominent tone at the
blade passing frequency. The changes in noise levels in the various
frequency bands with mass flow and capacity coefficient are shown in
Figs 9 to 14. 1In Fig. 9 (frequency bands 100, 125, and 160 Hz) the
noise levels changéd by about 5-7 dB over the complete range of throttle
conditions, with minimum noise level occurring at condition A. There
were less significant variations in levels in frequency bands at 200,
250, 315 and 400 Hz which correspond to Strouhal numbers S = 1.08,
1.35, 1.70 and 2.16 respectively. Fig. 11 shows that the blade passing
“requency tone varied significantly with mass flow. Of course, the
minimum level occurred at condition A, with the level increasing by
about 16 dB towards high and.low mass flow conditions., The changes
at 500 Hz band were not that drastic but nonetheless significant, an
increase of 8 dB on either side of the minimum noise level. Figs
12 to 14 indicate that the changes were only slight in the middie ./

_regions, however at extreme mass flow conditions there were some
noticeable increases in levels.

Experiments of Deeprose and Brooks (5) have shown that the
minimum noise condition occurs at a flow corresponding to the design
point, the point of maximum efficiency. Based on this information
Mellin (6) has discussed the design of blowers for a given pumping
requirement for minimum noise condition. The flow processes inside a
centrifugal impeller are very complex as the flow confined within the
blade channels changes its direction in three dimensions and strong
rotations are induced into the fluid flow. Even at the design point
there would be a detached flow region at the Suction wall trailing

edge. The blade passing frequency tones have been established to be
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generated by the interaction of the exit flow from the impeller blades
with the cut-off edge - Reference (7). The blade passing frequency

tone level was minimum at condition A, which presumably was the design
point with the best flow situation within the impeller. The flow
within the impeller probably deteriorated at other flow rates increasing
the tone level. The unstable flow region extends away from the design
point which would explain the increase in broadband noise.

The measured air flow rate versus pressure rise and capacity
coefficient versus head coefficient of the 1/3 horsepower blower are
shown in Figs 15 and 16. The pressure rise increased continuously with
reduction in the flow without any indication of stall. Noise spectra
of this blower at flow conditions marked A, B, C, and D on the aero-
dynamic performance curves are shown in Fig. 17. The noise spectra
at conditions A and B contained prominent tones at 160 and 200 Hz.

But the levels of these tones reduced considerably at condition C and

at condition D, which approximated to zero flow and maximum pressure
rise, these tones disappeared completely. There was no evidence of the
blade passing frequency tones, particularly of the fundamental (340 Hz)
in the 315 Hz band. It may be recalled that in the case of the 15
horsepower blower, the level of the blade passing frequency tone reduced
significantly at an intermediate flow condition which was expected to

be closer to the design point. The 315 band, containing the blade

passing frequency tone showed minimum level at condition C.
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The spectra contained predominantly low frequency sound below 500 Hz,
and the levels fell sharply with increase 1nlfrequenqy. The cause of
the tone at 160 Hz could be attributed to the presence of six struts
supporting the 12 blades as shown in Fig. 2. The tone in the 200 Hz
band may be ascribed to the characteristic frequency associated with the
casing geometry. Moreland (8) identified the presence of Helmholtz
resonance peaks in casings whose dimensions were much smaller than the
wavelength associated with the resonant peaks and presented a method
to calculate the frequencies associated with these resonant peaks
based on Tumped impedance model. The calculated resonant frequency
for the casing was 232 Hz. While the peaks at conditions A and B
might be attributed to the Helmholtz resohance frequency of the casing,
the total absence of this toﬁé at condition D would suggest that this
possibility is precluded. Perhaps the forcing mechanism provided by
the fan at approximately zero flow condition was not sufficient to
excite the casing.

Figs 18 to 23 demonstrate that the noise levels in almost
all bands increased with the mass flow unlike the characteristics of
the 15 horsepower blower, showing minimum noise levels at zero flow
condition and maximum at full flow condition. This increase is quite
steep in the frequency bands of 160 and 200 Hz, which contained tones,
a rise of 16-18 dB from no flow to full flow conditions. In other
bands these increases were of the order of 10-12 dB.

The two fans tested revealed different flow and noise

characteristics. Based on the above results one may probably conclude
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that the minimum noise for the 15 horsepower blower was associated with
the best efficiency point where the flow could be expected to be
smooth and more stable compared to other conditions. There was no
indication of the best efficiency point for the 1/3 horsepower blower
as the noise was minimum at almost no flow. As the fan did not show
any stall features, the power consumed at low flows was small and there
was little work done. Therefore it would not be surprising that the
noise levels in each band were low.

The spectral characteristics of the two blowers were
different with the 15 horsepowe. blower showing a strong blada passing
frequency tone and the 1/3 horsepower blower indicating tones corres-
ponding to the supporting struts for the blades and the casing geometry
with the absence of blade passing frequency tone.

5.0 CONCLUSIONS
(1) The aerodynamic performance characteristics of the 15
horsepower blower and 1/3 horsepower blower were relatively
flat with the former showing almost imperceptible stall and
no evidence of stall from the latter; with maximum pressure
rise at zero flow condition.
(2) The prominent noise component for the 15 horsepower
blower was the tone at the blade passing frequency with
high levels of broadband noise at low frequencies. The
1/3 horsepower'b1ower revealed the presence of two rather
less prominent tones with relatively high broadband noise
levels at low frequencies. These tones could be attributed
to the presence of struts supporting the blades and the

Helmholtz resonance frequency of the casing.
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(3) Thé noise levels in general showed strong dependence
on the mass flow or flow coefficient with the 15 horsepower
blower showing minimum noise levels at a flow coefficient
corresponding to the maximum efficiency point. The 1/3
horsepower blower noise levels increased with the flow coefficient
over the entire flow range. Maximum noise levels for both

fans were measured at free delivery conditions.
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Head Versus Flow Coefficient for
1/3 H.P.Blower.
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at 125 Hz.
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Figure 20.
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