@ https://ntrs.nasa.gov/search.jsp?R=19760011042 2020-03-22T16:26:09+00:00Z

NASA TECHNICAL NOTE NASA TN D-8130

DU

NN ‘gdv) A"vYHEIT HO3L

NASA TN D-8130

LOAN COPRY Sy FrITroemhy T
x A et e e s ey - P -
AFEVVL, il A, g

v e
Py LA

WKErRTLAMD AF 3, M‘, A
ACOUSTIC AND AERODYNAMIC PERFORMANCE
OF A 1.83-METER (6-FT) DIAMETER
'1.25-PRESSURE-RATIO FAN (QF-8)

3

Richard P. Woodward and James G. Lucas p ;
Lewis Research Center T

Cleveland, Obio 44135 R ';210“”%,0%

“%15

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION < WASHINGTON, D. C. « FEBRUARY 1976



TECH LIBRARY KAFB, NM

RV

0133921

1. Réport No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA TN D-8130

"4, Title and Subtite ACOUSTIC AND AERODYNAMIC PERFORMANCE 5. Report Date

OF A 1.83-METER (6-FT) DIAMETER 1.25-PRESSURE-RATIO |  February 1976
FAN (QF- 8) 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Richard P. Woodward and James G. Lucas E-8431

. 10. Work Unit No.
9. Performing Organization Name and Address 505-03

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio 44135

11. Contract or Grant No.

13. Type of Report and Period Covered
Technical Note

12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, D.C. 20546

14. Sponsoring Agency Code

15. Supplementary Notes

L

16. Abstract
A 1.25-pressure-~ratio 1. 83-meter (6-ft) tip diameter experimental fan stage with characteristics
suitable for engine application on STOL aircraft was tested for acoustic and aerodynamic per-
formance. The design incorporated proven features for low noise, including absence of inlet
guide vanes, low rotor blade tip speed, low aerodynamic blade loading, and long axial spacing
between the rotor and stator blade rows. The fan was operated with five exhaust nozzle areas.
The stage noise levels generally increased with a decrease in nozzle area. Separation of the
acoustic one-third octave results into broadband and pure-tone components showed the broad-
band noise to be greater than the corresponding pure-tone components. The sideline perceived
noise was highest in the rear quadrants. The acoustic results of QF-8 were compared with
those of two similar STOL application fans in the test series. The QF-8 had somewhat higher
relative noise levels than those of the other two fans. The aerodynamic results of QF-8 and the
other two fans were compared with corresponding results from 50. 8-cm (20-in.) diam scale
models of these fans and design values, Although the results for the full -scale and scale models
of the other two fans were in reasonable agreement for each design, the full -scale fan QF-8 re-
sults showed poor performance compared with corresponding model results and design expecta-
tions, TFacility effects of the full-scale fan QF -8 installation were considered in analyzing this

discrepancy.

ﬁ1-7. Kt;y W-ords (Suggested by Author(s)) 7 18. Distribution Statement .
Fan noise Noise reduction Unclassified - unlimited
Engine design Short takeoff aircraft STAR Category 07 (rev.)

20. Security Classif. {of this page) 21. No. of Pages 22, Price”
Unclassified Unclassified 106 $5. 25

19. Security Classif. {of this report)

* For sale by the National Technical Information Service, Springfield, Virginia 22161



B o e e




CONTENTS

Page
SUMMARY & . . i it it e e e e e e st e e e e e et e e e e e e e e e s e e e e e 1
INTRODUCTION . . & & vt vt v v s 6 e o o o oot e oo st ot o s ot o o e s e o 2
FANSTAGE . & & ¢ttt vt e e o e o e e e et et s s et i s et e e s s et s e a 3
Acoustic and Aerodynamic Considerations . . . . . . . . . . .. ... ... 3
Design Characteristics . . . . . . . ¢ ¢ i o v i i o i e i e e e e s e e e e e e 5
0 Lo 2 T 5
Design CompariSons . . . . . . 4 & i ittt e e e e e e e e e e e e e e e e e 6
TEST FACILITY . . & i v ot o v i ot et e o e s e e et e e o a s s e s o e e o e 7
Aerodynamic Data . . . . . . . . L 0 s e e e e e e e e e e e e e e e e e e e 7
Acoustic Data . . . . . . . i i e e e e e e e e e e e e e e e e e e e e e e e e e 8
Data acquisition system . . . . . . . . . L0 00 0 0 e e e e e e e e e e e 8
One-third-octave-band analysis . . . . . « ¢ ¢ & v v v v i it i b b e e e e 8
Narrow-band analysis . . . . . . .« . &« & i i i i e e e e e e e e e e e e e e 9
RESULTS AND DISCUSSION . . . . & v v e v v e e e e et e e e e e e e e e e e e s 9
Aerodynamic Performance . . . . . . . . v o it bt h e s e e e e e e e e e e 9
Acoustic Performance . . . . . . . ¢ ¢ i v v it b it e e e e e e s e e e e e e 11
Sound pressure level . . . . . . . L L L 0 e e e e e e e e e e e e e e e e e e 11
Noise components . . . . . . . . L Lttt e e e e e e e e e e e e e e e e e 12
Sound power level . . . . . . L L L L e e e e e e e e e e e e e e e e e e e 12
Perceived NOiSE . . ... . .« v v i i i i e e e e e e e e e e e e e e e e e e e 13
Noise Comparison with QF-6 and QF-9 Fans . . . . . . . . . . . . .« .+ o o« .. 15
Sound pressure and power levels. . . . . . . . ¢ ¢« . 0 0o e e e e e e e . 15
Perceived NOISE . « .« v vt v v i vt e et e e e e e e e e e e e e e e e e e 16
SUMMARY OF RESULTS . . . v & v i ittt a o e o o o ot s oo s o oo e o v o v 17
REFERENCES . . . . . . i i i i i i e e s e e et e et e e e e e e e e e e e 19
Tables Tto IIL . . . . . . . v i & i e b s e e e s e e v s et e m e e s e e s 22
Figures 1t031. . . . . . . . i i i i i e e e e e e e e e e e e e 25
APPENDIXES
A - AERODYNAMICS COMPARISON OF QF-6, QF-8, AND QF-9 FANS . . . . .. 45
Figures 32t044 . . . . . . . . . L e e e e e e e e e e e e e e 51
B -QF-8ACOUSTIC DATA . . . . . . & i i et ettt ot s o et e o v e o s e as 62
Tables IVIO VII . . . . . . . . i i it e e et e et e e e e e e e e e e e 63
Figures 45t0 52 . . . . . . . . o i i i e e e e e e e e e e e e 84



ACOUSTIC AND AERODYNAMIC PERFORMANCE OF A 1. 83-METER
(6-FT) DIAMETER 1. 25-PRESSURE-RATIO FAN (QF-8)
by Richard P, Woodward and James G. Lucas

Lewis Research Center

SUMMARY

A 1.25-pressure-ratio, 1.83-meter (6-ft) tip-diameter experimental fan stage suit-
able for engine application on a STOL aircraft was tested for acoustic and aerodynamic
performance. The design incorporated features for low noise, including absence of inlet
guide vanes, low rotor tip speed (258 m/sec (845 ft/sec)), low aerodynamic blade load-
ing, and long axial spacing between the rotor and stator blade rows. At design speed the
110 percent-of-design-area nozzle enabled the QF -8 fan stage to operate closest to the
design point, with a measured corrected inlet mass flow of 420 kilograms per second
(927 Ibm/sec), a pressure ratio of 1.230, and a corrected thrust of 80 086 newtons
(18 004 1bf). Corresponding design values were 423 kilograms per second (933 lbm/sec),
1.25, and 82 939 newtons (18 647 1bf).

A 50, 8~-centimeter (20-in.) diameter scale model of fan QF -8 was tested for aero-
dynamic performance in an indoor facility. The results were compared with full-scale
fan results and with design values. Although the model results were in reasonable agree-
ment with the design, some significant differences were noted in the corresponding full-
scale results. The full-scale results were adversely affected by the closeness of the
support pylon to the stator exit and the circumferential increase in the diameter of the
outer wall of the flow passage at the stator exit to compensate for pylon blockage.

The sound pressure and power level spectra were typical of a subsonic relative tip
velocity fan, Separation of the acoustic one -third -octave results into broadband and pure
tone components showed the broadband noise to be higher than the pure tone components.
The sideline perceived noise for the QF-8 fan was rear quadrant dominated. At the de-
sign speed and with the 110 percent-of-design-area nozzle, the maximum sideline per-
ceived noise along a 152. 4-meter (500-ft) sideline was 108 perceived noise decibels
(PNdB).

The QF -8 fan was the last of three experimental fans with characteristics suitable
for a quiet STOL aircraft engine tested at the NASA quiet fan facility. The acoustic re-
sults for these three fans were compared. The QF-8 had relatively higher noise levels
than those of the other two fans. The increased noise level for the QF -8 fan was believed
related to the poorer aerodynamic performance of that fan compared with the other two
full-scale fans.



INTRODUCTION

Noise generation as well as aerodynamic performance are important considerations
for short takeoff and landing (STOL) aircraft operating near populated areas. Although
no firm STOL aircraft noise specifications exist at present that are comparable to Fed-
eral Air Regulation - Part 36 (FAR-36), an often-presented goal for STOL sideline noise
is 95 EPNdB along a 152. 4-meter (500-ft) sideline (ref. 1). The noise of a single engine
would be somewhat less than this goal for the total multiengine aircraft noise.

Cycle analysis of optimum engines for externally blown flap STOL application
(ref. 2), show that the fan pressure ratio should be in the range from 1.20 to 1.35. The
quiet STOL engine requirement of a large flow of relatively low exhaust velocity results
in an engine bypass ratio of about 10 to 15.

This report presents the acoustic and aerodynamic results of a full-scale experi-
mental fan with characteristics suitable for such a quiet STOL engine. This fan, desig-
nated QF-8, had a tip diameter of 1. 83 meters (6 ft) and a design pressure ratio of 1.25.
Major design features for low noise generation that were incorporated in QF -8 included
eliminating the use of inlet guide vanes, low rotor tip speed, low aerodynamic blade
loading, and long axial spacing between the rotor and stator blade rows. QF-8 had
30 rotor blades and 34 stator vanes. The blade-vane numbers were not chosen for duct-
mode cutoff because of other acoustic design restraints. The design thrust of QF-8 was
82 939 newtons (18 647 1bf), and the design rotor tip speed was 258 meters per second
(845 ft/sec).

Two other full-size experimental fans with characteristics suitable for a quiet STOL
engine were tested at the same facility. QF-6 (ref. 3) had 42 rotor blades and 50 stator
vanes and was designed for a stage pressure ratio of 1.20. QF-9 (ref. 4) also had a
design stage pressure ratio of 1.20 but had only 15 rotor blades and 11 stator vanes.

The low number of rotor blades on QF-9 reduced its passage tone frequency into a region
of lower perceived noise weighting and facilitated a mechanism that allowed the rotor
blade pitch to be adjusted for various conditions including thrust reversal. Reference 5
is a comparison of the acoustic performance of the QF-6 and QF-9 design configurations.

Of the three fans, QF-8 had the highest design values of tip speed, relative inlet
Mach number, stage pressure ratio, and thrust. In general, the QF-8 fan values for
solidity, number of blades, and D-factor were between the corresponding values for
fans QF-6 and QF-9. The data obtained from these three fans are compared in this re-
port.

The QF-8 fan was run without acoustic treatment in the flow passages of the simu-
lated nacelle. A series of nozzles was tested which included the calculated design exit
area and nozzles having 106, 110, 115, and 119 percent of this design exit area.

Aerodynamic results are presented in terms of corrected mass flow, exit velocity,




corrected thrust, and stage adiabatic efficiency. The QF-8 fan acoustic results are
presented for sound pressure level at various azimuth angles, for sound power level,
and for perceived noise level based on one-third octave data. Narrow-band sound pres-
sure level spectra are presented for selected conditions.

Scale models (50. 8-cm (20-in.) rotor-tip diam) of QF -6, QF-8, and QF -9 were ex-
tensively tested for aerodynamic performance in a highly instrumented indoor facility.
The aerodynamic results for the QF -8 and QF -9 models are, respectively, presented in
references 6 and 7. No acoustic results are presented for the model fans since the test
facility used for the model tests is not designed for such investigations. The aero-
dynamic results of the three full-scale fans are compared to corresponding model re -
sults and design values in this report.

FAN STAGE
Acoustic and Aerodynamic Considerations

The QF-8 experimental fan stage was designed to have characteristics suitable for
a turbofan engine applicable to an externally blown flap under-the-wing configuration for
a short takeoff and landing (STOL) airplane. This fan was designed to be quiet within the
constraints of conservative, conventional aerodynamic design practice. Considerations
for reduced acoustic noise levels include the absence of inlet guide vanes, the use of low
rotor tip speed, low rotor blade aerodynamic loading, and long axial spacing between the
rotor and stator blade rows. These features have been used before in low~noise fans
(ref. 8) and are compatible with low~-noise design practice.

Inlet guide vanes produce a pattern of trailing wakes that impinge on the rotor
blades with a resultant tone contribution at the rotor blade passage frequency and associ-
ated overtones (e.g., see ref. 9). Therefore, the absence of inlet guide vanes elimi-
nates this major noise source.

The energy input to the air by the rotor blades is a direct function of rotor tip speed
and blade loading. The rotor tip speed relates to the relative Mach number on the
blades. Multiple pure tones, which are associated with supersonic flow past the blade,
are not expected to be generated by QF -8 because the low tip speed results in a tip rel-
ative Mach number somewhat below unity.

Local blade loading is usually expressed in terms of the diffusion factor (D-factor),
which is based on the diffusion in velocity on the blade suction surface. The relation is
given as



V2 AVe
D-factor =1 - <+

1)

where \A and V2 are, respectively, the blade inlet and outlet relative velocities, AVQ
is the change in tangential velocity across the blade, and ¢ is the blade solidity. Ref-
erence 10 indicates that low diffusion factors (and thus low loading) will aid in reducing
the discrete tone noise levels. The rotor-tip speed is inversely related to the average
blade loading for a given work input. Therefore, a compromise was made between the
rotor-tip speed and blade loading. QF-8 had a design rotor-tip speed of 258 meters per
second (845 ft/sec) and a maximum rotor diffusion factor of 0.45. At the rotor hub and
tip the diffusion factors were 0.32 and 0. 34, respectively. These diffusion factors are
well below the generally used upper limit for flow of 0.50 to 0.55. At this design rotor
tip speed, the rotor-tip inlet relative Mach number is 0. 921, somewhat less than that
which would be expected to generate significant multiple pure tones (ref. 11).

A long axial spacing between the rotor and stator blade rows is useful in providing
mixing length to help dissipate the rotor wakes before they impinge on the stator vanes.
These wakes generate a noise contribution at the rotor-blade-passage frequency. How-
ever, higher aerodynamic losses may be associated with this long mixing length between
the blade rows than would occur with close rotor-stator spacing. This large spacing
may resulf in a longer, heavier engine than might be possible with a closer spacing.
QRF-8 had a rotor-stator axial separation of approximately 4 rotor chords at the mean
radius. This large blade -row separation, together with the previously mentioned absence
of inlet guide vanes, was expected to reduce blade-row interaction noise generation at
blade -passage frequency (ref. 12).

Reference 13 indicates that long stator chords reduce the response to incoming
rotor wakes, possibly reducing the blade-passage frequency noise. Relatively large
stator chords (stator and rotor mean aerodynamic chords about equal) were used in the
QF-8 fan design for this purpose. The number of stator vanes was then determined by
a desire to maintain conventional solidity values.

Low-noise fans are frequently designed with consideration of the cutoff theory of
reference 14 to prevent the forward propagation of certain spinning modes. This tech-
nique requires the number of stator vanes to be slightly greater than twice the number
of rotor blades. QF-8 was not a cut-off fan because the small number of stator vanes
(34) resulting from the relatively large chord length for the desired solidity violated this
cutoff criterion.

Reference 13 also indicates an acoustic advantage in adjusting the stator-vane de-
sign incidence angles to minimize fluctuating lift. These angles were adjusted in the de-
sign in the direction of lowering blade-passage frequercy noise, but they were not ad-
justed to the extent indicated by acoustic calculations because of the possible detriment
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to the aerodynamic performance of the fan. Reference 6, which describes the results of
the 50. 8~centimeter (20-in. ) rotor-tip-diameter model of QF-8, includes a detailed de-
scription of the QF-8 fan aerodynamic design.

Design Characteristics

A summary of major design characteristics of fan QF-8 is presented in table I.
Photographs of the QF-8 rotor and stator blading are presented in figure 1. Figure 1(a)
shows the 30 rotor blades (looking downstream). The low hub-tip ratio (0. 40) is evident
in this photograph. An upstream view of the stator vanes is presented in figure 1(b).
The large support pylon is clearly seen in the foreground of this view.

Figure 2 is included to show how the design rotor-tip speed and stage pressure ratio
of QF-8 compare with other fans tested at the same facility. As previously mentioned,
the QF-6 and QF-9 fans were also experimental STOL application fans, both with a
1. 20 stage pressure ratio. The remaining fans presented in figure 2 are more suited
for conventional takeoff and landing aircraft. The work coefficient values shown in fig-
ure 2 give an indication of the overall stage loading.

Flow Path

Two additional restraints were imposed on the QF-8 fan design. The flow passage
was to have no inner-radius convergence through the stage as is conventional with higher
pressure ratio fans. This was in consideration of the proposed blown-flap application
to facilitate the rejoining of the engine fan and core flows. Also, the elimination of this
convergence reduces the overall required flow passage length to achieve this joined flow,
resulting in a more compact engine, This straight inner flow passage is clearly shown
in the stage cross section (fig. 3). The circumferential increase in the outer radius of
the flow passage downstream of the stator is shown in figure 3. This was required to
compensate for the blockage caused by the facility pylon. The calculated design nozzle
area of 1.912 square meters (20.58 ftz) was similar to the flow passage area immedi-
ately downstream of the stator exit of 1. 950 square meters (20. 99 ftz).

A second restraint was to design for a 0. 4 rotor inlet hub-tip ratio. Advantages of
a low rotor hub-tip ratio include an increased mass flow through the fan for a given tip
diameter and a smaller inner flow contour radius to assist in the rejoining of the fan and
engine core airflows. The QF-8 design had an inlet hub-tip ratio of 0. 402.

The QF-8 fan was designed to be tested using part of the already-existing structure
and exhaust-end flow ducting of the full-scale fan facility. As a result, the fan rotor



discharge flow is not divided radially (fig. 3) as would be the case in an actual turbofan
engine where the inner portion of the rotor flow is ducted into the core engine. Like-
wise, the scale model of QF-8 did not have a radially split discharge flow. The pres-
ence of a flow splitter behind the rotor would allow reduced loading of both rotor and
stator near the hub.

Using figure 4 one may compare the full-scale QF-8 fan flow passage contour
(fig. 4(a)) with a conventional design contour (fig. 4(c)) and with the scale model instal-
lation (fig. 4(b)). The inner-surface contour for the conventional configuration is help-
ful in reducing D-factors near the blade hub. The outer radius of the flow passage of
the full-scale fan QF-8 was increased downstream of the stator (fig. 4(a)) to compensate
for pylon blockage (fig. 5). This modification of the flow passage was not used for the
50. 8 -centimeter (20-in.) rotor-tip-diameter model of QF -8 as shown in figure 4(b).

The requirement of axial stator outflow for the relatively low hub-tip ratio stator
used for QF-8 resulted in higher hub-region blade loadings than for a conventional stator
installation. The axial requirement (at the hub) was imposed by the centerbody pylon
(see fig. 5). The pylon is a 20 percent thick airfoil in cross section. Any significant
angularity of the flow impinging on it would cause a large local flow separation, which
would in turn block a portion of the flow path in this area, and thus cause the fan to
operate closer to, or in, stall.

Design Comparisons

Three experimental fans with characteristics suitable for STOL aircraft application
were tested at the quiet fan facility.

A comparison of selected design parameters for the QF-6, QF-8, and QF-9 fans is
presented in table II. Design details of the QF-6 and QF-9 fans are presented in refer-
ences 3 and 4. Fan QF-8 had the highest design values of tip speed, relative inlet Mach
number, stage pressure ratio, and thrust. In general, the QF-8 fan values for solidity,
number of blades, and D-factor were between the corresponding values for the QF-6 and
QF-9 fans. The rotor-tip solidity of QF-9 was, of necessity, less than 1. 0 to allow the
blades to rotate to a reverse thrust position. The fan rotor-tip solidities for QF-6,

QF -8, and QF -9 were 1.188, 1.000, and 0. 893, respectively. The rotor D-factors
were lowest for QF -6, which had a maximum rotor D-factor of 0.386. The maximum
rotor D-factor for QF-8 was 0.447 and for fan QF -9, 0.530. The maximum stator D-
factor for fan QF -8 was higher than the maximum D-factors of either fans QF -6 or

QF-9.
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TEST FACILITY

The QF-8 fan was tested at the NASA quiet fan facility, a photograph of which ap-
pears in figure 6(a). The fan was located on a concrete pedestal. Existing wind tunnel
drive motors were used to drive the fan through a gear box and drive shaft and to main-
tain the fan speed within 0.5 percent of the selected test speeds. The microphones in
figure 6(a) are shown covered with plastic bags for protection against inclement weather
between the tests. Foam treatment is shown on the portion of the drive motor building
wall that was considered likely to cause sound reflection at the microphone locations.
With the treated building wall, calibration tests showed that the effect of the building was
less than 1 decibel at frequencies above 400 hertz.

The entire test site was surfaced with asphalt. (See fig. 6(b).) The acoustic data
were taken with an array of 16 microphones located at the fan centerline elevation of
5.9 meters (19. 3 ft) on a 30. 5-meter (100-ft) radius from the fan. The microphones
are placed at 10° increments irom 10° to 160° from the inlet centerline. The center of
the microphone array was located 37 meters (121 ft) from the face of the wind tunnel
drive motor building. Data were not taken at the inlet centerline (0°) because of the
drive shaft nor above 160° because of the high-velocity fan exhaust. Further details on
the design of the quiet fan facility are given in reference 15.

Aerodynamic Data

To obtain fan aerodynamic performance, measurements were made at four axial
locations (fig. 3). The detailed layout of the instrumentation at each of these four meas-
uring stations is shown in figure 7. Six equally spaced iron-constantan thermocouples
were located on the bellmouth lip to determine the average inlet total temperature.
These thermocouples extended about 1 centimeter (0.4 in.) from the surface to measure
the ambient air temperature. Ten static taps were located on the outer wall of the inlet
duct and were used for the inlet mass flow calculation using the assumptions of uniform
one-dimensional flow, zero total-pressure loss at the duct station, and a zero wall
boundary-layer thickness. The location of this station was established from a potential
flow calculation. For the inlet mass flow calculations the ambient pressure reading was
used for total pressure.

Four total-pressure and temperature rakes were used downstream of the stator
blade row to determine the stage exit mass flow and mass-averaged stage total-pressure
ratio. Iron-constantan thermocouples were used on these rakes. These rakes, one of
which is shown in figure 8, were located nominally at 90° intervals, but displaced
slightly to avoid a stator wake. Finally, just downstream of the nozzle exit, three
equally spaced total-pressure rakes were used for exit momentum or thrust calculations.
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All rakes were removed for acoustic tests. It should be noted that all aerodynamic
instrumentation was regularly checked for malfunctions throughout the test sequence.

The aerodynamic data were recorded through a pressure multiplexing valve, pres-
sure transducer, and data acquisition network. All temperatures were recorded by the
same network, which takes one scan of aerodynamic pressures and temperatures in
approximately 10 seconds. Nine consecutive scans were made at each data point, with
the raw data samples arithmetically averaged and used to compute the desired flow
parameters. Two points were taken at each test condition of speed and configuration.
The arithmetic averages of the computed parameters are presented in this report.

Performance parameters were corrected to standard-day conditions of a tempera-
ture of 15° C and an atmospheric pressure of 101 325 pascals (760 mm Hg).

Acoustic Data

Data acquisition system. - As indicated previously, acoustic measurements were
made outdoors. The 1.3-centimeter (1/2-in.) diameter condenser microphones used to
make the noise measurements had sensitivities of -60 decibels relative to 1 volt per
10'1 pascal (1 pbar). Frequency response of the system, as a whole, was flat from
50 hertz to 20 kilohertz. Three samples of 100-second duration were taken for each fan

speed point and averaged.
The acoustic data were reduced both on line through one-third-octave filters and

recorded on magnetic tape for further analysis. Before the set of tests for each config-
uration, a pistonphone signal was impressed on each far-field microphone for absolute
calibration.

One-third-octave-band analysis. - The one-third-octave-band analyzer used for on-
line data reduction used a 4-second averaging time and stepped sequentially through the
angles from 10° to 160°. The 4-second averaging time was selected to accommodate all
angles within a 100-second sample while preserving analyzer repeatability. Three 100-
second samples were taken for each data point. Options for the output of the analyzer
included an oscilloscope, which presents the sound pressure level spectrum, a digital
printer, and a digital incremental tape recorder.

Results of one-third-octave band sound pressure level (SPL) analysis yielded data
taken under ambient conditions of the test day at the microphone locations. The data
were referred back to the sound source (i.e., the effect of atmospheric absorption was
removed) by computing atmospheric absorption for the test conditions over the propaga-
tion path and adjusting the data accordingly. Atmospheric absorption was computed by
using continuous frequency-dependent functions derived from reference 16. The appli-
cation of procedures set forth in reference 16 were not used, as they presuppose a spec-
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trum typical of engine jet noise. For the QF-8 results, which have significant fan noise
as well as jet noise, the general shape of the measured spectrum was accounted for, and
the one-third-octave band attenuations were obtained by integrating the continuous ab-
sorption functions over each band (ref. 17).

For power calculations the sound pressure levels were presumed to be axisym-
metric and were integrated over an enclosing hemisphere. Implicit in this procedure
was a perfectly reflective ground plane in the sense that acoustic intensity was doubled
in the far field. No account was made for signal interference effects at the microphones
because of ground reflections.

Using data referenced to the source, calculations of atmospheric absorption for a
standard day of 15° C and 70 percent relative humidity were made, and the data were so
adjusted. All one-third-octave-band sound pressure level data reported herein are ad-
justed to standard-day conditions.

The perceived noise values were calculated (ref. 18) from the standard-day data.
The perceived noise values take into consideration the frequency-dependent sensitivity
of human hearing, thus giving an indication of the human annoyance of the fan noise.

For the sideline perceived noise level determinations, the data were adjusted to a 152. 4-
meter (500-ft) sideline.

Narrow-band analysis. - Fine-resolution, constant-bandwidth analysis allows a de~
tailed study of the sound pressure level spectra, which is not always possible with the
one~third-~octave analysis. Narrow-band spectra were made of selected recorded data.
These spectra were not adjusted in any way and present the signals at the microphones
under test-day conditions. The effective bandwidth of this analysis is inversely related
to the total frequency range of the spectrum, with a 32-hertz bandwidth for a 10-
kilohertz total range down to a 3.2-hertz bandwidth corresponding to a l-kilohertz range.

RESULTS AND DISCUSSION
Aerodynamic Performance

The quiet fan facility was designed for acoustic testing of full-scale fans suitable for
turbofan engines. The aerodynamic instrumentation, as described, was limited to giv-
ing an indication of the aerodynamic performance of the fan. Consequently, the aerody-
namic results for QF -8 are not nearly as precise as they might be if they had been ob-
tained from a specialized aerodynamic test facility such as that of reference 6. Table III
is a summary list of selected aerodynamic data for QF -8 for the five nozzle areas that
were tested.

Before going into particular measured parameters, it is useful to discuss the degree
of certainty of these aerodynamic measurements. The results obtained using the nozzle

9



having 110 percent of the theoretical design nozzle area were closest to the predicted
design-point values of mass flow and pressure ratio. Therefore, the results for this
nozzle area are considered to be representative of the QF-8 design configuration. The
calculated design corrected inlet mass flow for QF-8 was 423 kilograms per second
(933 Ibm/sec). The result for the 110 percent-of-design-area nozzle at design speed
was 420 kilograms per second (927 lbm/sec), which is essentially the predicted value.
The design area nozzle caused the QF-8 stage to go into stall at a corrected speed just
above 90 percent of the design speed. Therefore, the aerodynamic results for this noz-
zle are limited to 90 percent and lower fan speeds. No acoustic data were taken with
this nozzle because of its poor aerodynamic performance and our desire not to operate
the fan in a region of potential stall.

A conventional fan operating map for QF -8 is presented in figure 9. The stage total-
pressure ratio is plotted as a function of inlet corrected mass flow to generate a series
of constant speed curves. The model data of reference 6 were scaled for mass flow
differences and are also presented on this map. The estimated stall line shown on the
map is based on the full size fan with the design area nozzle stalling at slightly greater
than 90 percent speed. The performance map of the fan shows significant differences
compared with the model fan results. A discussion of the aerodynamic performance is
given in appendix A.

The overall stage pressure ratio and corrected inlet mass flow shown in figure 9
are plotted as functions of corrected fan speed in figures 10(a) and (b). Figure 10(c)
gives the stage adiabatic efficiency as a function of corrected fan speed. The efficiency
results for the design area nozzle fall well below those for the larger nozzle areas.
This is consistent with the corresponding low pressure ratio and mass flow results for
this nozzle shown in figures 9 and 10(a) and (b). Also, the severe drop in efficiency for
the 115 percent-of-design-area nozzle at 110 percent speed reflects the off~-design
nature of this point. In general, the higher efficiencies seem to relate to corresponding
higher values of pressure ratio and mass flow at a particular fan speed. Efficiency
measurements made at the full-scale quiet fan facility have consistently been about
10 percentage points lower than corresponding measurements made at the better-
instrumented model facility. For the QF-8 fan model the measured design-point effi-
ciency was 0. 866, and that for full-scale QF-8 with the 110 percent-of-design-area noz-
zle was 0.734. There is a systematic difference between the measurements at the two
facilities: the full-scale facility values are always below the model test values. This
difference has been noted in other full-size and model fan comparisons.

The corrected nozzle exit velocity as a function of inlet mass flow is provided in
figure 11 as an aid to the reader who may wish to correlate the acoustic results with the

fan stage exit velocity.
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Acoustic Performance

In the preceeding discussion on the QF-8 fan aerodynamic performance it was
pointed out that at fan design speed the results for the 110 and 115 percent-of-design-
area nozzles showed essentially the same stage pressure ratio (see fig. 10(a)). The
110-percent-of-design-area nozzle results for corrected inlet mass flow (fig. 10(b))
were closest to the design value. But the stage adiabatic efficiency for the 115 percent-
of-design-area nozzle (fig. 10(c)) was about 3 percentage points higher than that meas-
ured with the 110 percent-of-design-area nozzle. The slightly higher efficiency implies
better fan stage operation with the larger nozzle area. Both nozzle areas resulted in
performance suitable for use as the reference for QF-8 acoustic results. The results
for the 110 percent-of-design-area nozzle were chosen as the base reference for the
following discussion on the acoustic performance of the QF-8 fan.

A complete listing of the acoustic results for fan QF-8 and computer plots of se-
lected acoustic results are given in appendix B.

Sound pressure level. - One-third-octave sound pressure level (SPL) spectra, com-
monly used in the study of fans, are presented in figure 12 for the QF-8 fan with the
110-percent-of-design-area nozzle at 100 and 70 percent of fan design speeds. These
spectra, for microphone positions at 40° and 130° from the fan inlet (figs. 12(a) and (b)),
are representative of spectra in the front and rear quadrants. The fan spectra are
typical, with pronounced blade-passage frequency (BPF) and first overtone (2xBPF or
twice blade-passage frequency) spikes. At 70 percent fan speed the blade-passage fre-
quency was located such that the passage tone was shared by two one-third-octave filters
with both filters indicating a partial magnitude of the tone.

Narrow band (constant bandwidth) analysis allows a more detailed study of the fan
noise spectra. The data of figure 12 are delineated further as narrow-band (constant
16-Hz bandwidth) spectra in figure 13. In these spectra the blade-passage tones and
several overtones are clearly defined. As may be seen by comparing the front and rear
quadrants at design speed (figs. 13(a) and (c)), the first and second overtones were more
pronounced in the front quadrant. Similar results are shown in reference 3 for the QF-6
fan. (Neither fan was designed for cutoff.)

These results might appear from casual observation to contradict reference 19
where test results from four fans lead to the conclusion that interaction-tones between
rotor and stator should be attenuated in propagating forward through the rotor blade row.
This conclusion is supported by reference 20 where, when the overtones were clearly
derived from rotor-stator interaction, they were stronger in the rear quadrant and at-
tenuated in front. In view of these reference studies, it now is suggested that for the
QF-8 fan (and QF-6) the overtones are derived from the inlet distortion known to exist in
the test facility producing rotor-alone noises. In reference 21 it is demonstrated that
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even a fan with cutoff (QF-1) exhibits the same behavior as QF -8; namely, the over-
tones are larger in the front quadrant.

The overall sound pressure level (OASPL) at each angular position is presented in
figure 14 to give an indication of the sound pressure level directivity for QF-8. This
directivity shifts toward the rear quadrant with increasing nozzle area, with most of the
nozzle area effect in the front quadrant.

Noise components. - As part of the one-third-octave analysis, an attempt was made
to separate the tone and broadband components of the fan noise. Beginning with the ac-
tual spectrum, an assumed broadband spectrum is drawn by disregarding those data
points thought to be influenced by the tone noise. In many cases, the tone spike was
shared by two one-third-octave filters. The tone contribution to the SPL was found by
performing a decibel subtraction of the assumed broadband spectrum level at each fre-
quency from the SPL data as shown in figure 15. All tone contributions, fundamental
and harmonic, were then added to give the total tone level. Finally, this total tone value
was subtracted from the overall SPL for the spectrum to give the actual broadband sound
pressure level. Had the fan operated with a rotor relative Mach number greater than
1.0, the possible existence of significant multiple pure tones in the noise spectra would
have made this separation of tones much more difficult. This method of separating the
tone and broadband components is an approximation and would be somewhat further en-
hanced by working from a fine resolution narrow-band spectrum. However, this greater
resolution would also greatly increase the complexity of the calculations. Hence, the
one-third-octave spectra were deemed sufficient for this study. A further discussion of
the use of narrow-band spectra for analyzing noise components is given in reference 22.

Using this method of separating the tone and broadband components, the SPL spectra
are plotted against angular position (fig. 16), providing directivity plots for these noise
components., Figure 16 presents these component results for the theoretical design noz-
zle area and for nozzles having 110, 115, and 119 percent of this nozzle area. As ex-
pected both the tone and broadband SPL components generally increase in a regular man-
ner with fan speed. The shift in maximum noise level from front to rear quadrant with
increasing nozzle area (as noted for fig. 14) occurs for both the tone and broadband noise
components. The 115 percent-of -design-area nozzle configuration (fig. 16(c)) includes
the overspeed data at 110 percent fan design speed. For these results the rear quadrant
broadband noise contribution is quite high, The reduced efficiency (see fig. 10(c)) asso-
ciated with this overspeed point may imply more turbulent, hence noisier, operation of
the fan than at the fan design speed.

Sound power level. - The sound power level provides a useful means of presenting
the acoustic reéﬁlté T)n a nondirectional basis. The overall sound power levels (OAPWL)
for QF-8 are presented as functions of rotor -tip speed in figure 17(a) and stage pressure
ratio in figure 17(b). In both plots the OAPWL increases with decreasing nozzle area
for any particular fan speed or pressure ratio. The 110 percent-of-design-area nozzle
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OAPWL results are somewhat lower than corresponding values for the 106 percent-of-

design-area nozzle at the highest tip speeds and pressure ratios run. The OAPWL re-
sults as a function of tip speed (fig. 17(a)) are almost linear for each nozzle with down-
ward deviations from linearity at the high speeds, this deviation being most pronounced
for the overspeed result for the 115 percent-of-design-area nozzle.

The sound power level results were separated into broadband and pure tone com-
ponents. These results given in figure 18 show the broadband power level components
to dominate the corresponding pure-tone components. "The large rotor-stator axial
spacing of QF-8 was expected to lower the pure tone noise component without a corre-
sponding reduction in broadband noise. The broadband power level components are
nearly linear with tip speed for each nozzle area. There is more scatter in the pure
tone components. The tone power level drops for the 115 percent-of-design-area nozzle
at the overspeed condition. This lower tone component result at the overspeed condition
is consistent with that of the sound pressure level tone observed in figure 16(c).

Figure 19 illustrates the relation between the overall sound power level and stage
adiabatic efficiency, with both of these parameters plotted as functions of the nozzle
area. As the design area nozzle was tested only for some aerodynamic results, no
acoustic results for the design area nozzle are presented in figure 19. This figure
shows the overall sound power level to decrease as the stage adiabatic efficiency in-
creases - both parameters responding to increasing nozzle area. The low efficiency re-
sult at design speed for the 119 percent-of-design-area nozzle was noted in the efficiency
as a function of percent speed presentation of figure 10(c) and is thought to reflect the
off-design point character of these data.

Reference 23 indicated that fan sound power level, normalized for thrust level, cor-
related with 14 loglo (fan total-pressure ratio - 1). Using the methods of reference 23,
the sound power data of figure 19 were normalized with respect to both thrust and pres-
sure ratio. Thrust was normalized with respect to the thrust result at design speed with
the 110 percent-of-design-area nozzle (80 086 N (18 004 1bf)). These normalized values
were plotted against the -log10 (1 -n) in figure 20. A similar figure is presented in
reference 3 in which the results were found to follow a -2 slope. The results in refer-
ence 3 had exceptionally low scatter. A similar line of -2 slope is drawn through the
results in figure 20. This line may be described by the relation

PWL = 10 log; (T%)"L 14 log;q (PR - 1) + 20log (1 - n) + 179.5 (2
esign ust

The QF-8 results shown in figure 20 have considerably more scatter than that of refer-

ence 3. However, the -2 slope line drawn through these results is reasonable.
Perceived noise. - The perceived noise levels are frequency weighted for human

hearing sensitivity. Therefore, these results are of major importance in selecting a
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fan that is suitable for operation near populated areas. In figure 21 the QF-8 perceived
noise levels along a 152. 4-meter (500-ft) sideline are presented for the four tested noz-
zle areas at the six fan speeds considered in this report. Consistent with sound pres-
sure level and power level results, the perceived noise levels increase with decreasing
nozzle area for otherwise similar conditions, and they are rear quadrant dominated.
Figure 21(f) presents the 110 percent-of-design-speed sideline perceived noise results
for the 115 percent-of-design-area nozzle. The rear-quadrant peak noise level is es-
pecially pronounced for these overspeed data.

This rear quadrant dominance was already observed in the broadband component of
the sound pressure level (fig. 16), especially, in the overspeed results of the
115 percent-of-design-area nozzle. The marked rear quadrant increase in the broad-
band sound pressure level in figure 16(c) is similar to perceived noise maximum of fig-
ure 21(f). It is useful to recall that the QF-8 sound power level was clearly dominated
by the broadband noise component (see fig. 18).

Figures 22 and 23 present the maximum perceived noise level along a 152. 4-meter
(500-1t) sideline as functions of corrected fan tip speed and stage pressure ratio, re-
spectively. Figure 22 shows the maximum sideline perceived noise to increase reason-
ably linearly with increasing rotor-tip speed. Figure 23 shows abrupt increases in
maximum sideline perceived noise for the overspeed results of the 115 percent-of-
design-area nozzle - relatable to the high levels observed for this point in figure 21(f).

The maximum perceived noise level along the 152. 4-meter (500-ft) sideline at de-
sign speed for the 110 percent-of-design-area nozzle was 108.0 PNdB. When adjusted
for a 400 340-newton (90 000-1bf) thrust aircraft, this maximum perceived noise be-
comes 115 PNdB. This adjusted sideline perceived noise level is considerably above
the maximum desired level of 95 EPNdB along a 152. 4-meter (500-ft) sideline for a
STOL aircraft. The effective perceived noise level is a time weighting of the PNdB re-
sults. For typical STOL aircraft flight profiles, EPNdB and PNdB values may be com-
pared, with the PNdB results being about 1 or 2 decibels higher than corresponding
EPNdB results. Also, the fan noise is but a portion of the total aircraft noise, which
includes noise from the engine core and aerodynamic noise. Therefore, the QF-8 fan
contribution to the total aircraft noise must be further reduced from what would be ac-
ceptable if it were the only contributing noise source. Accordingly, a substantial
amount of acoustic treatment would be required on the QF-8 fan to make it acceptable
for use in a quiet STOL aircraft.

The maximum fan perceived sideline noise is relatable to the stage pressure ratio
in such a way as to generate a family of curves for fans of similar design (see, e.g.,
ref. 23). The methods of reference 23 are used to adjust the noise level to the reference
400 340 -newton (90 000-1bf) thrust. The corrected perceived noise levels then consist of
the measured PNdB + 10 log10 (400 340 N/measured thrust). Reference 23 suggests that
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this thrust-adjusted sideline perceived noise may be approximated within a +2-PNdB
scatterband by the curve,

PNL =62.4 + 14 loglo (PR -1) + 10 loglo F 3)

where F is the thrust in pounds force. This relation is for single-stage low tip speed
fans. Figure 24 shows the curve of equation (3) with a +2-PNdB scatterband. The cor-
rected full-scale QF-8 fan result falls about 3.7 PNdB above the curve, well above the

scatterband. The QF-8 fan data were not available in formulating the relation of equa-

tion (3).

Noise Comparison with QF-6 and QF-9 Fans

The QF-8 fan was the last of three experimental research fans with characteristics
suitable for quiet STOL aircraft application tested at the NASA quiet fan facility. The
results for the other two fans (QF-6 and QF -9) are reported in references 3 to 5. Also,
reference 23 compares the results of the QF -6 fan and a number of other STOL and
CTOL fan designs, but it does not include fan QF -8 results. Both the QF -6 and QF -9
fans were designed for a stage pressure ratio of 1.20 (see table II). The QF -6 fan had
42 rotor blades, and QF-9 had 15 rotor blades. The subject of this report (QF-8) was
designed for a stage pressure ratio of 1. 25 and had 30 rotor blades.

The results presented in this section are for the QF-6 and QF-9 fans with their de-
sign area nozzles, which caused them to operate near design conditions of inlet mass
flow and stage pressure ratio for these fans. As previously discussed, the nozzle for
QF-8 having 110 percent of the design area resulted in QF-8 operating nearest to its de-
sign inlet mass flow and stage pressure ratio. However, the stage adiabatic efficiency
at design speed for QF-8 with the 115 percent-of-design-area nozzle was about 3 per-
centage points higher than the corresponding result for the 110 percent-of-design-area
nozzle. At design speed both nozzles resulted in the same stage pressure ratio, with
the larger nozzle giving the higher inlet mass flow. The acoustic results for the QF-8
fan with both nozzle areas are presented for this comparison.

Sound pressure and power levels. - Figure 25 compares the front and rear quadrant
sound pressure level spectra for the three fans at design speed. The microphone loca-
tions (40o and 130° from the inlet) were the front and rear quadrant locations of maxi-
mum noise level for all three fans. At both angular locations the QF-8 fan SPL resulis
are clearly higher than those of the other two fans, with the smaller, 110 percent~of-
design-area nozzle consistently showing the highest SPL results. Note that, from fig-
ure 24, the higher pressure ratio of fan QF-8 (1. 25 instead of 1. 20) should account for
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only 1.3 decibels, or about one-third of the observed increase. The relatively low
rotative speed (2227 rpm) and low number of rotor blades of the QF-9 fan resulted in a
low fundamental blade-passage frequency for this fan. (The corrected rotor design
speeds for fans QF-6 and QF-8 were 2387 and 2706 rpm. )

The angular distribution of the OASPL (fig. 26) shows the QF-6 and QF-9 fan re-
sults to be essentially identical at each angular position and the QF-8 fan results to be
essentially parallel but significantly higher. The maximum OASPL for fan QF-8 with
the 110 percent-of-design-area nozzle is at 40° (in the front quadrant). Neglecting this
point, the maximum OASPL for this configuration occurs at 130° (in the rear quadrant).
The OASPL results for the larger fan QF-8 nozzle area configuration and the other two
fans show the highest OASPL in the rear quadrant at 13 0°.

The corresponding sound power level spectra are presented in figure 27. The re-
sults are similar to those of figure 30 with the QF-8 fan results having the highest PWL.
Figure 28 presents the overall sound power level as a function of the measured

stage pressure ratio. At similar pressure ratios the QF-9 fan results are slightly
higher than those for QF-6. But the QF-8 fan values for the 110 and 115 percent-of-
design-area nozzles are significantly above those for both of the other fans except for
the two highest pressure ratio points for the QF-9, which were above design speed. Of
the two QF-8 fan configurations presented, the more efficient configuration (the

115 percent-of-design-area nozzle; see fig. 10(c)) showed somewhat lower overall sound
power levels. The overspeed results for fan QF-9 show a large increase in PWL, even-
tually becoming slightly higher than the fan QF-8 results at a stage pressure ratio of
about 1.23. At this point the QF-9 fan is operating well beyond its design pressure ratio
of 1.20, while the QF-8 fan is below its design pressure ratio. Therefore, fan QF-9
might be expected to be operating with excessive losses, making these overspeed PWL
results high. Even at overspeed conditions the fan speeds were below that required to
generate significant multiple pure tones.

A further refinement to the results of figure 28 would be to correct the PWL levels
for thrust differences among the fans. The measured thrust for the QF-8 fan configur-
ations shown in figure 28 is about 80 000 newtons (17 985 1bf) at fan design speed. Fans
QF-6 and QF-~9 indicated a thrust of about 58 000 newtons (13 039 1bf) at design condi-
tions. The PWL correction would then be approximated by 10 log 10 (thrust ratio), which
is 1. 4 decibels using the design thrust values. Therefore, the QF-8 fan results in fig-
ure 28 may be adjusted somewhat downward to account for thrust differences. None of
the QF-8 fan results were thrust corrected in the figures presented in this report; how-
ever, thrust correction might be expected to lower the results by about 1 decibel.

Perceived noise. - The low number of rotor blades and the relatively low rotative
speed of QF-9 give that fan a perceived noise advantage over the other two fans. Fig-
ure 29 presents a one-third-octave perceived noisiness spectrum based on a 100-decibel
SPL at all frequencies. The perceived noisiness spectrum is weighted for human hearing
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sensitivity, reaching a maximum in the 3000 to 4000 hertz range. In figure 29 the fre-
quency of the fundamental blade passage tone at design speed and the first overtone
(2xBPF') are noted. Both tones for the QF-9 fan occur in a region of relatively low
weighting. The passage tones for the QF-6 and QF-8 fans occur in a region of increased
weighting, while the first overtones for these two fans occur in the region of maximum
perceived noise weighting. For similar overall sound pressure levels, the QF-6 and
QF-8 fans would be expected to be more annoying to the human listener than QF-9.

Figure 30, the angular distribution of perceived noise level along a 152. 4-meter
(500-ft) sideline, shows the results for fan QF -6 to be somewhat higher than those for
fan QF -9 as might be expected by the frequency locations of the tones of these two fans.
The high SPL and PWL of fan QF-8 are reflected in the high perceived noise levels
shown in figure 30. All fans showed a higher perceived noise level in the rear quadrant,
with this effect being less pronounced for fan QF-8 with the 110 percent-of-design-area
nozzle.

Finally, figure 31 presents the maximum perceived noise along a 152. 4-meter
(500-ft) sideline as a function of the fan stage pressure ratio. Except at the lowest
pressure ratios where the results tend to merge, the QF-6 fan was about 2 PNdB noisier
than QF-9 at comparable pressure ratios. With the 110 percent-of-design-area nozzle,
the QF-8 fan was about 5 PNdB noisier than fan QF-6 at these pressure ratios. Again,
the resulis for QF-8 with the 115 percent-of-design-area nozzle were somewhat lower
than corresponding results with the smaller nozzle area. If the results of the QF-8 fan
with the larger nozzle area were reduced for thrust correction, they would be about
4 PNdB above the QF -6 fan results in figure 31. The overspeed results for the QF-8 fan
with the 115 percent-of-design-area nozzle and for the QF-9 fan show an increase in
perceived noise. These overspeed resulis are for off-design operation and might be
expected to have excessive noise levels.

Throughout this comparison, it is apparent that QF-8 is noisier in all respects than
the other two fans. The rotor-tip speed, thrust, and corrected inlet mass flow are
somewhat higher for the QF-8 fan than for the other two fans, which (see table II) may
have some influence on the noise generation. However, as developed in detail in appen-
dix A, it appears that the relative increase in noise for QF-8 compared with the QF-6
and QF-9 fans may be associated with a poorer aerodynamic performance for the QF-8
fan. The poorer aerodynamic performance of QF-8 was characterized by poorer-than-
design total-pressure ratios in the outer passage and by large circumferential variations
in total-pressure ratios at the stator outlet.

SUMMARY OF RESULTS

A 1.25 pressure ratio, 1.83-meter (6-ft) diameter experimental fan stage, desig-
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nated QF-8, with characteristics suitable for STOL externally blown flap aircraft engine
application was tested for acoustic and aerodynamic performance. The design incor-
porated features for low noise, including absence of inlet guide vanes, relatively low
rotor-blade-tip speed, low aerodynamic blade loading, and long axial spacing between
the rotor and stator blade rows.

The QF-8 fan stage was run through an operating range controlled by nozzles having
100, 106, 110, 115, and 119 percent of the calculated design nozzle area. The principal
results of this investigation were as follows:

1. The QF-8 fan was the last of three research fans with characteristics suitable
for application to quiet STOL aircraft engines tested at the NASA quiet fan facility. The
QF-8 fan acoustic results were compared with those for two other fans (QF-6 and QF-9),
which had design stage pressure ratios of 1.2. Fan QF-8 had significantly higher sound
pressure, sound power, and perceived noise levels than the other two fans. The rela-
tively higher noise level for fan QF-8 was speculated to be associated with its poorer
aerodynamic performance in the full-scale facility compared with the other two fans.

2. At design speed and with the 110 percent-of-design-area nozzle, the measured
overall sound power level for fan QF-8 was 158. 9 decibels (referenced to 10_13 W).
Along a 152. 4-meter (500-ft) sideline, the maximum perceived noise level was
108 PNdB. When adjusted to a thrust of 400 340 newtons (90 000 1bf) (for a conceptual
STOL aircraft), the perceived noise level becomes 115 perceived noise decibels. This
is well above a total STOL aircraft 152. 4-meter (500-ft) sideline noise goal of 95 effec-
tive perceived noise decibels, implying that acoustic treatment is required on fan QF-8
to make it acceptable for quiet STOL application.

3. The one-third-octave and narrow-band (constant 16~Hz bandwidth) sound pres-
sure level spectra of QF-8 were typical of single~stage, low speed fans. Both blade-
passage tones and overtones were pronounced in these spectra. Because the rotor-tip
relative inlet Mach number was somewhat below unity at design speed, no significant
multiple-pure-tone generation was observed over the operating range. The sound
power levels and perceived noise levels increased in a regular manner with fan speed.
At any speed the noise levels were generally highest with the smallest nozzle, and de-
creased with increasing nozzle area. The perceived noise along a 152. 4-meter (500-ft)
sideline was clearly rear quadrant dominated at all speeds.

4, The one-third-octave spectra were used to separate the broadband and pure tone
components of the fan noise. Both components of the sound power level showed a gen-
eral shift in the maximum noise level from the front to the rear quadrant with increas-
ing fan speed. The broadband components of the sound power level were somewhat
higher than the corresponding pure tone components, thus implying that broadband noise
controls the overall noise levels for fan QF-8.
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5. Corrected inlet mass flow and pressure ratio results indicated that the
110 percent-of-design-area nozzle produced an operating point closest to design. With
this nozzle area and at design speed, the measured corrected inlet mass flow and stage
pressure ratio were 420 kilograms per second (927 lbm/sec) and 1.230. The theoretical
design mass flow was 423 kilograms per second (933 lbm/sec). Although it was below
the design stage pressure ratio of 1. 25, the value of 1.23 was the highest observed for
any nozzle area tested on QF-8 at design speed. In general, the stage adiabatic effi-
ciency increased with increasing nozzle area. However, the efficiencies dropped con-
siderably at highly off-design points represented by the 119 percent-of-design-area
nozzle at design speed and the 115 percent-of~-design-area nozzle at 110 percent speed.

6. The overall aerodynamic performance of the full-scale QF-8 fan differed sig-
nificantly from the corresponding results of the 50. 8-cm (20-in. ) rotor-tip diameter
model of QF-8 and the design values. The QF-8 fan went into stall prematurely at
slightly greater than 90 percent of design speed with the design area nozzle. In general,
the poor aerodynamic performance of the full-scale fan QF-8 was characterized by
poorer-than-design total pressure ratio in the outer passage and by large circumferen-~
tial variations in total pressure ratio at the stator outlet.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, September 5, 1975,
505-03.
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TABLE 1. - QF-8 DESIGN CHARACTERISTICS

Total pressure ratio:

30 o 1.270
Overallstage. . . . - ¢ o v v v v o v i v i e o v e v e s e e s 1.251
Corrected inlet mass flow, kg/sec (lbm/sec) . . . . . . . ... .. 423 (933)

Corrected specific inlet flow, kg/sec- m2 (lbm/sec-ftz) ... 194.4(39.8)
Adiabatic temperature rise efficiency:

3 o3 o 0.953

7 Y 0. 889
Corrected rotor inlet tip speed, m/sec (ft/sec). . . . . . . . .. 257.6 (845)
Rotor inlet tip diameter, m (in.) . .. .. ... .. ... ... 1.819 (71.6)
Corrected rotor speed, I'PIM . . . « « 4 v ¢ 4 v o 4 o 0 o o s s v o o 2705.6
Inlet hub-tip diameter ratio:

ROOP . . . v o i i e et e i e e e e e e e e e e e e e e e e e e 0. 402

Stator. . . . . . . . e e e e e e e e e e e e e e e e e e e 0. 421
Head rise coefficient:

23] o P 0.308

Stage . . v . e e e e e e e e e e e e e e e e e e e e 0.288
Rotor work coefficient . . . . . . . . . . . . 0o e e e e 0.322
Input shaft power, kW (hp) . . . . . . . . . .. . . .o o 9074 (12 172)
Stage thrust, N(Ibf) . . . . . . . .. . . v v i v v oo 82 939 (18 647)
Rotor D-factors:

5 111« TN 0.319

b 1 3 0.341

MaXimuIl. o ¢ v v v v v s v v e e s e e e e e e e e e e e e e e e e e 0. 447
Stator D-factors:

5 L1 1o S 0.546

153« T 0.309

Maximuml . . . o v v v v o v o v o e e e e e e e e e e e e e e e e e 0.546
Mean radius rotor-stator spacing, rotorchords . . . ... ... .... 4.0
Number of blades:

30} e N 30

51 72 o o 34
Blade-passage frequency, Hz . . . . . . . . v . v v v v vt vt oo 1353

I S e i S e e 1o
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TABLE II. - COMPARISON OF SELECTED DESIGN PARAMETERS OF QF-6, QF-8, AND QF-9

(a) Aerodynamic design parameters

Co;rected rotor tip speed

Fan | Overall | Rotor-stator | Corrected inlet mass flow Corrected thrust
total- separation,
pressure| mean rotor kg/sec Ibm/sec m/sec ft/sec N 1bf
ratio chords
QF-6 1.20 4.0 396 873 229 750 70 415 |15 830
QF-8 1.25 4.0 423 933 258 845 82 939 [ 18 647
QF-9 1.20 2.0 403 889 213 700 71 705 |16 120
(b) Blade design parameters
Fan | Element | Number Solidity D-factor Mean | Rotor inlet | Tip rela- | Mean aerody-
of aspect| hub-tip [tive inlet | namic chord
blades | Hub | Tip | Hub |Maxi-1 Tip | 1,456 | radius Mach
mum ratio number cm in.
QF-6 | Rotor 42 2,.827(1.188 |0.151]0.386 |0.357| 3.08 0. 416 0. 878 16.31| 6.42
Stator 50 1.7521.000 | .417| .417} .301) 3.46 | ----- | ----- 11.72 | 4.61
QF-8| Rotor 30 2.333|1.000| .319| .447 | .341) 2.95 . 402 . 921 18.44 | 17.26
Stator 34 2.5911.150| .546| .546 | .309] 2.75 | ---== | ----- 18.31} 7.21
QF-9 | Rotor 15 1.219| .893 | .530| .530 | .431]| 1.70 . 460 865 27.73 |10.92
| Stator 11 1.406| .714| .512( .512 | .363| 1.23 | <~~--= | =---- 38.11 | 15. 00
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TABLE III. - SELECTED AERODYNAMIC RESULTS

Nozzle area, Pefc%nt 6f_ Eorrected vét;f;eéfe_d tip gpeed Inlet SEQge ' Corrected mass;- flow
percent of design fan ] duct | pressure — i ]
design speed speed, m/sec | ft/sec Mach ratio Inlet ) Stator discharge

rpm number kg/sec |1bm/sec | kg/sec |Ibm/sec

100 60 1628 155 509 0.215 1.072 229 505 235 519
70 1899 181 593 .250 1. 097 264 583 273 601

80 2168 206 677 .286 1.126 299 659 310 684

90 2438 232 762 . 321 1.157 332 731 344 759

106 70 1902 181 594 0.274 1.106 2817 633 302 666
80 2167 206 677 .314 1.138 325 716 342 754

90 2442 233 763 .358 1.175 364 802 381 840

100 2705 258 845 . 408 1.221 406 894 422 930

110 70 1899 181 593 0.279 1.105 292 644 298 657
80 2170 207 678 . 323 1.138 333 734 340 750

90 2441 232 763 .37 1.180 3175 8217 400 881

100 2712 258 847 . 426 1.230 420 927 438 965

115 70 1901 181 594 0.298 1.107 310 683 330 728
80 2168 206 677 . 344 1.141 352 771 376 828

90 2443 233 763 .397 1.184 397 875 425 936

100 2712 258 847 . 451 1.230 440 969 465 1026

110 2977 283 930 L 4T7 1.2456 458 1009 470 1036

119 70 1898 181 593 0.322 1.107 332 732 355 782
80 2171 207 678 L3173 1.140 376 830 401 885

90 2440 232 762 .428 1.181 421 929 450 992

100 2711 258 847 . 475 1.215 456 1005 480 1058

24
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(a) Showing rotor blading.

ran total pressure rise, PR -1

pylon

Figure L. - Partially assembled QF-8 stage.

Work
coefficient,
AV,
tip speed

.6

vypodphooe
£
T

Support »

(b} Showing stator blading.

AN
200 250 300 350 400 500

Fan tip speed, m/sec

1000 1500
Fan tip speed, ft/sec

Figure 2. - Matrix of fan design parameters.
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B s R T e

measurement: |

| |

1

-224. 8 (-88.5), -130.8 (-51.5), 0 149.1 (58.7), static 358.1 (141. 0}, 1
intet temperature  inlet pressure discharge total nozzle discharge §
temperature and total pressure §

pressure E

i

;

% . . ‘

I [

Flow Rotor biades <~ Lstator blades T
-l i:
Drive shaft — . !

/ | ~— Straight inner flow contour {

!

i

i i

f _r " ]

- Bellmouth inle. [ }

Figure 3. - QF-8 fan assembly cross section showing axial location of measurement. (Station numbers are in cm (in.).)
(7722220222220 !
Flow .
-
7

7" - - VAR :
{a) Full-scale QF-8 flow passage with straight inner contour. Outer i
radius downstream of stator exit is increased to compensate for fz
support pylon blockage. ﬁ
§

;

0%, )

Flow
. :
/ \
7. B S t- “'
{b) QF-8 fan model flow passage with straight inner and outer con- i
tours.

|

{c) Conventional fan flow passage in engine configuration (conver-
gence on inner contour).

i

Figure 4. - Comparison of QF-8 fan and conventional flow passage
contours.
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Figure 5. - Cutaway of typical fan instaliation.
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i Foam treatment %

— Drive motor | On building wall
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3 QF-8 fan N

{a) Test site showing QF-8 in place.
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Drive motor e
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{b) Plan view. (All dimensions are in m (ft).)

Figure 6. - Quiet fan acoustic test facility.

28




Instrumentation

O Total-pressure element
o Total-temperature element, T
| o Static-pressure fap, S

60° (typ)—~,

¢ vertical ¢ vertical

Temperature at lip of bellmouth inlet inlet static pressure taps

Three identical rakes: 16 total pressure

elements and 3 static pressure taps

(expanded view shows element distribution)~_
~Four identical rakes: 10 total pressure ;
[ elements and 9 total temperature elements Rake A
/' (expanded view shows element distribution) |

Rake D

%

S
S

S-2—

Rake C

& P 7 . pe .
Rake ,,-" ) - %, Rake C Rake B

¢ vertical

¢ vertical

Stator discharge total pressure and temperature. Nozzle discharge total pressure only.

Figure 7. - Detail of fan aerodynamic instrumentation. (All views looking downstream. )
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Figure 8. - Total temperature and pressure rake used at stator discharge measuring station.
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Figure 9. - QF-8 fan operating map.
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Corrected inlet mass flow, lbm/sec

1000

800
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1.24 Nozzle area, ® Design point
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| design
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(@) Overall stage pressure ratio.
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Corrected inlet mass flow, kg/sec
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T T T T IR (N SR (N SRR N S
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Corrected fan speed, percent of design

{b) Corrected inlet mass flow.

250

Figure 10. - QF-8 fan aerodynamic performance parameters as function of corrected fan speed.
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Corrected nozzle exit velocity, ft/sec

Stage adiabatic efficiency, percent

O
Nozzle area,
r percent of
design
70 -
0 ¢ 100
(o) 106
D 110
< 115
A 119
66 P I R N W N R e |
70 75 80 85 90 95 100 105 110
Corrected fan speed, percent of design
(c) Stage adiabatic efficiency.
Figure 10. - Concluded.
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— 180 —
Nozzle area,
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2 design
£ 160— 0 103
0= £ T o 106
B g 10
2 uor o 15
3 - A 119
K]
40— § 120—
(=
g —
]
= 100—
0— S
80 | I | 1 L t I 1 I 1 l ‘ L J
200 240 280 320 360 400 440 480
Correcied inlet mass flow, kg/sec
L I I | | |
500 600 700 800 900 1000

Corrected inlet mass flow, lbm/sec

Figure 11. - QF-8 fan average corrected nozzle-exit velocity as function of corrected inlet mass flow.




Sound pressure level, SPL, dB (ref. 2x10°% Pa)
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100
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x
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Blade-passage

Fan speed,
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design
e} 100
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f=23
(=]
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(=)
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80

N N P B N O R
(@) Front quadrant (40° from inlet).

70

40 60 100 200 400 600 1000 2000 4000 6000 10000 20000

L] [ A Y T R N

Frequency, Hz
{b) Rear quadrant (130° from inlet).

Figure 12. - QF -8 fan one-third-octave sound pressure level spectra. Nozzle area, 110 percent of de-
sign; data adjusted to standard-day conditions.
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Sound pressure level, SPL, dB {ref. 2107 pa)
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{c) Rear quadrant (130° from inlet); fan speed, 100 percent of design.
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{d) Rear quadrant (130° from inletk fan speed, 70 percent of design.

Figure 13. - QF-8 fan narrow-band (16-Hz bandwidth) spectra. Nozzle area, 110 percent of design; microphone dis-
tance from fan inlet, 30.5-meter (100-ft) radius.
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level, SPL

Overall sound pressure
{ref. 210

120 —

110|—

1
000

, . | A |
20 40 60 80 100 120
Angle from inlet centerline, deg

Nozzle area,
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design

119
115
110
106

onoor

Figure 14. - QF-8 fan overall sound pressure level as function of microphone angular posi-
tion; design speed.

110

100

Sound pressure level, SPL, dB
{ref. 1077 Pa)

Data SPL, Broadband, Tone,

dB dB dB
Fundamental 106. 6 92.7 106.4
passing tone 96.9 93.3 93.9
First overtone 101.3 94.7 100.2
Seeond overtone 96.9 95.0 96. 5

Qverall tone contribution, 107. 9 dB
Total OASPL, 109.9dB
OASPLy oadband = OASPligtai ~ OASPLigne = 105.6 dB

Blade passage
frequency (BPF),
| 1314 Hz

~Assumed broad- =
% /" band spectrum
P P
80 . | | I
800 1000 2000 4000 8000 10 000

Frequency, Hz

Figure 15. - Separated pure tone and broadband sound pressure
and power levels in one-third-octave spectra. Nozzle area,
115 percent of design; fan speed, 100 percent of design.
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Sound pressure level, SPL, dB {ref. 2x10”° Pa)

36

120 —

Blade passing tone and harmonics

Fan speed,
percent of
design
70
80
%€
95
100
110

D>oOCOO

120

" Blade passing tone and harmonics

120

| T T N BN
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{b) Nozzle area, 110 percent of design.
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(d) Nozzle area, 119 percent of design.

Figure 16. - QF-8 angular distribution of noise components.
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Overall sound power

OAPWL, dB fref. 107

160

156 Nozzle area,
percent of
design
A 119
152 S 15
§ o 110
4 O 106
4
14% ' | 1 | ! | 1 o L 1 | 1 l 1 |
80 200 220 240 260 280 300 1.10 1.14 1.18 1.22 1.26
Corrected tip speed, m/sec Stage pressure ratio
| | | | | | (b} Stage pressure ratio.

600 640 680 720 760 800 840 3880 920 960
Corrected tip speed, ft/sec

(a) Corrected tip speed.

Figure 17. - QF-8 fan overall sound power level as function of corrected tip speed and stage pressure ratio.
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Figure 18, - Fan speed effect on sound power noise components.
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Figure 21. - QF-8 fan perceived noise level on 152.4-meter (500-ft) sideline as function of
microphone angular position.
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Figure 22. - Overall sound power level as function of corrected tip speed.
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Figure 23. - QF-8 fan maximum perceived noise level along 152.4-

meter (500-ft) sideline as function of stage pressure ratio.
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Figure 24. - Unsuppressed fan noise for single stage at low
speed. Takeoff thrust, 400 400 newtons (90 000 ibf); side-
line distance, 304.8 meters (1000 ft),
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Sound pressure level, dB {ref. 2x10”° Pa)
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Figure 25. - One-third-octave sound pressure level spectra adjusted to standard day conditions; design
fan speed.
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Figure 26. - Overall sound pressure level as function of microphone angular position;

design speed.
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Figure 27. - Sound power level spectra at fan design speed.
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Figure 29. - One-third-octave perceived noise levels for 100-decibel {ref. 2)(10‘5 Pa) sound
pressure level at each frequency.
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Figure 30, - Perceived noise level on 152, 4-meter (500-ft) sideline at fan design speed.
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APPENDIX A

AERODYNAMIC COMPARISON OF QF-6, QF-8, AND QF-9 FANS

As indicated previously, the aerodynamic results for fan QF-8 were not in good
agreement with the corresponding results for the 50. 8-centimeter (20-in. ) rotor-tip
diameter QF-8 fan model, nor with the predicted design performance. The fan operat-
ing map (fig. 9) clearly shows some of the differences in corresponding aerodynamic
results for the full-size and model fans. Also, the noise level of QF-8 was higher than
the fan noise levels of QF-6 and QF-9 (figs. 25 to 31). These noise level differences
may relate to differences in the aerodynamic performances of these fans. The aerody-
namic performance of these three fans is explored in this appendix in an attempt to de-

termine differences in the fan designs that may have contributed to these performance
differences.

Fan QF-8 Results

Each fan had four total pressure rakes at the stator discharge measuring station
(see fig. 7). Figure 32 presents the outer-wall circumferential static-pressure distri-
bution and the radial total-pressure ratio distribution at the stator discharge measuring
station for QF-8 operating at design speed.

The circumferential static-pressure distribution results for all tested nozzle areas
show a pronounced static-pressure rise at the station adjacent to the pylon in the region
of rake B. This peak static-pressure location was different for the QF-6 and QF-9 fan
results, as will be discussed shortly.

Total pressure at stator exit. - The fan QF-8 stator exit total-pressure results
showed large rake-to-rake differences. Also, all rakes showed a local low total pres-
sure in the outer region of the passage. This poor tip flow probably contributed to the
premature stall observed with the design area nozzle at design speed.

The fan QF-8 total-pressure-ratio stator-discharge radial distributions showed the
greatest variation for the 106 percent-of-design-area nozzle (fig. 32(a)). Rakes C and
D showed the lowest pressure ratios. Rake C was adjacent to the pylon. Rake B, which
was adjacent to the pylon on the other side showed the highest total -pressure ratio. In-
creasing the nozzle area to 110 percent of design (fig. 32(b)) resulted in improved per-
formance at the rakes C and D, with the rake D location essentially in agreement with
the rake A and B locations. The pressure ratios nearest the rake C region of the pylon
have noticeably improved with this nozzle area. Finally, with the 119 percent-of-
design-area nozzle (fig. 32(c)) the rake D position pressure ratio sharply falls off
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toward the hub, a region which showed good results for nozzle areas closer to design.
In figure 32 a location about 64 percent of the span from the hub had the greatest
rake-to-rake total-pressure-ratio variation. The total-pressure-ratio results for the
four rakes at this 64-percent-span location are plotted as a function of percent of fan
design speed on figure 33. These results are for the 110 percent-of-design-area nozzle.
At all investigated speeds rake D results were considerably below those for rakes A and
B, and a consistent separation was observed, These trends indicate that stator wake
interference is not likely to be the cause of the reduced pressure measurement in the
outer passage.
The average stator-discharge total-pressure distributions at design speed for the v
full-scale QF-8 fan and the 50. 8-centimeter (20-in. ) rotor-tip diameter model of fan
QF-8 are compared with the design profile in figure 34. Except for a falloff in pressure
ratio near the inner and outer wall, the model results agree well with the design. The
full-scale results, however, show a marked deviation from the design. Near midspan
the averaged results of the QF-8 fan are somewhat above design followed by a rapid loss
of averaged total -pressure ratio toward the tip region. There is little difference be-
tween the 110 and 115 percent-of-design-area nozzle results.
Total pressure at nozzle exit. - The QF-8 fan total-pressure-ratio radial distribu-
tion at the nozzle discharge (nozzle discharge profiles are shown in fig. 35) for the 110
and 115 percent-of-design-area nozzles. As with the stator outlet, the agreement of the
results of the three nozzle discharge rakes improves with the increased nozzle area.
Although there are still rake-to-rake total-pressure differences at the nozzle exit, the
differences are less than those observed at the stator exit, especially near the tip re~
gion where there is less dropoff in the total pressure. This shows a re-energization of
the outer wall boundary layer downstream of the stator, It is not known whether the tip
region total-pressure defect at the stator exit measuring station is the result of poor
stator flow or flow separation from the duct outer wall downstream of the stator.

Fan QF -6 Results

The stator discharge total- and static-pressure-ratio variations are presented in
figure 36. Unlike fan QF-8, which had a static pressure peak near the rake B region of .
the support pylon, the fan QF-6 results show a peak near the other side of the pylon for
all tested nozzle areas. This may relate to differences in the turning of the exit flow
from the stators of these two fans.
Pressure at stator exit. - The stator discharge total-pressure ratio profiles for the
QF-6 fan also show rake-to-rake variations, with the largest differences occurring for
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the 95 percent-of-design-area nozzle. The scatter of figure 36(a) reflects the large
departure from design operation as fan QF-6 with the 90 percent-of-design-area nozzle
went into a stall at about 80 percent of design speed. The total-pressure-ratio radial
profiles smooth out with the design area nozzle results (fig. 36(b)) and the 105 percent-
of-design area results (fig. 36(c)). With the 105 percent-of-design-area nozzle, the
results for rake A, which is well removed from the pylon, show a relatively constant
level except for dropoffs at the hub and tip.

The rake-to-rake variations in stator-exit total-pressure ratio for the QF-6 fan are
considerably less than those observed for fan QF-8 over the entire range of nozzle
areas. For QF-8 the rake C results typically had the lowest values. The QF-6 fan re-
sults show rake C to be performing as well as or better than the other stator discharge
rakes.

Average stator discharge total-pressure-ratio profiles for design nozzle area and
design fan speed operation of the full-scale QF-6 fan and the 50. 8-centimeter (20-in.)
rotor-tip diameter QF-6 fan model are compared with the design profile in figure 37.
The design profile and the fan results are in good agreement from the hub to about mid-
span. Toward the tip region both full-scale and model results begin to dropoff. How-
ever, the full-scale fan QF-6 results are in much better agreement with the design
values than the corresponding comparison of fan QF-8.

Total pressure at nozzle exit. - The nozzle discharge total-pressure-ratio radial
distribution results for fan QF-6 at design speed are presented in figure 38 for the de-
sign area nozzle and for the 105 percent-of-design-area nozzle. The profiles show
relatively small rake-to-rake variations consistent with those observed for the corre-
sponding stator-exit cases. Also, an expected boundary-layer-related dropoff near the
tip and hub regions is observed with this fan.

Fan QF-9 Results

The stator discharge static~ and total-pressure-ratio distributions for the QF-9 fan
are presented for the 92, 95, 100, and 105 percent-of-design-area nozzle results in fig-
ure 39. Similar to the fan QF-6 results, the QF-9 fan stator discharge static pressures
show a high value near the rake C side of the pylon. The rise in static pressure across
the pylon is the largest for this fan.

Total pressure at stator exit. - Like fan QF-6, the maximum pressure ratio results
for QF -9 are measured by rake C, which is near the pylon. These results show the
least rake-~to-rake total-pressure-ratio differences of the three fans at the stator dis-
charge measuring station.

Average stator discharge total-pressure-ratio radial profiles for the full-scale and
the 50. 8-centimeter (20-in. ) rotor-tip diameter model of QF-9 are compared with the
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design profile for this fan in figure 40. The full-size and model results are in good
agreement except for the data point nearest the tip, where the model result is consid-
ered to be in error and may be disregarded. The measured total-pressure profiles are
similar to the design profile but fall somewhat below the design values over most of the
passage height.

Total pressure at nozzle exit. - The nozzle discharge total-pressure-ratio radial
distribution for QF-9 at design speed and design nozzle area is presented in figure 41.
The fan QF-9 nozzle-exit rakes were not sufficiently long to measure the flow nearest
the hub region. Otherwise, the nozzle-exit distributions are consistent with the stator-
exit variations and the expected tip region reduction in pressure ratio.

Summary of Results

The preceding comparison of measured total-pressure distributions at the stator
and nozzle exits of fans QF-6, QF-8, and QF-9 revealed a number of significant differ-
ences in the aerodynamic performance of QF-8 compared with QF-6 and QF-9. The
QF-8 had substantially larger circumferential variations, a relatively large defect in
total pressure in the outer portion of the flow passage at the stator-exit measuring sta-
tion and a greater deviation from both design and scale-model performance, Consider-
able effort was made to investigate possible reasons for these differences in aerodynamic
performance. The rotor and stator blades of both the full -scale and model fans were
carefully checked and found to be correct in profile and setting angle in accordance with
the fan design specifications. It was also determined that instrumentation malfunction or
improper data sampling or transmission were unlikely causes. Flow passage and inflow
differences were then explored,

Flow Path

The stator-exit flow of all full-scale fans tested at the quiet fan facility is partially
blocked by a large support pylon (see fig. 4). The presence of the pylon necessitated
flow contour adjustments in this region to compensate for the pylon blockage. In addi-
tion, the low-noise desirability of maximizing the rotor-stator spacing to about 4 rotor
mean aerodynamic chord lengths resulted in compromising the axial spacing between the
stator vanes and the pylon.

Figure 42 presents a comparison of the fan stage flow paths for fans QF-6, QF-8,
and QF-9. The relatively short rotor and stator chord lengths of fan QF-6 (see table III
p. 24) allowed a desirable rotor -stator axial separation and stator -pylon axial
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separation as shown in figure 42(a). The fan QF -8 stator-pylon separation, (fig. 42(b))
is very close. Also, the design restriction on fan QF -8 to maintain a straight inner flow
path contour necessitated an abrupt circumferential increase in the outer flow path radius
downstream of the stator to compensate for the pylon blockage. Although the pylon
blockage is restricted to the bottom region of the flow passage, the flow passage contour
correction was applied symmetrically, with a resulting flow redistribution in this
region.

The flow path cross section of fan QF-9 (fig. 57(c)) is similar to that of fan QF-6
with the pylon blockage compensated for on the inner flow path. The large chord lengths
of fan QF-9 again resulted in close stator-pylon axial separation. This stator-pylon
separation expressed as the ratio of the separation distance divided by the mean aero-
dynamic stator chord length was 2.39, 0.42, and 0. 22, respectively, for fans QF-6,
QF-8, and QF-9.

Figure 43(a) shows the unwrapped outer flow surface for fans QF-6, QF-8, and
QF-9. The locations of the stator-exit and nozzle-exit total-pressure rakes and the
stator-exit outer wall static taps adjacent to the pylon are shown for each fan. Fig-
ure 43(b) presents the unwrapped inner or hub flow surfaces for the three fans. Since
the pylon is of constant cross section at all radial positions, the relative blockage due
to the pylon is more severe at the hub than at the tip. Also, the stator-exit and nozzle-
exit total-pressure rakes are relatively closer to the pylon in the hub region than they
are in the tip region.

The stator trailing edge-to-rake distance divided by the stator mean aerodynamic
chord values for fans QF-6, QF-8, and QF-9, respectively, are approximately 3. 0,
1.8, and 0.9. Since the actual stator trailing edge-to-rake distances are nearly the
same for all three fans, the ratio values primarily reflect the stator chord lengths of the
fans. In view of these large separation ratios, it is highly unlikely that stator-wake
trough effects would be experienced in the total-pressure-rake measurements for any
of these fans.

A second possibility is for flow separation from the pylon to affect the stator dis-
charge rake measurements in fan QF-8. However, this possibility is precluded by the
distances of the pressure rakes from the pylon near the outer wall, although some effect
might be possible towards the inner wall of the flow passage. However, low total-
pressure readings near the hub are not a problem for the QF-8 fan. The wall static tap
locations were somewhat closer to the support pylon than the total-pressure rakes at the
outer wall. These taps near the pylon would be expected to be influenced by the flow
around the pylon, especially if the discharge from the stators was not axial.

Because of the proximity of the fan QF-8 stator vanes to the pylon (see fig. 43),
some of the vane flow passages nearest to the pylon may have been effectively blocked
with resulting adverse flow distributions on adjacent vanes. The high mass flow and low

49



stator spacing of fan QF-8 may have further aggravated this problem. Stator vane chan~
nel blockage, which may be an especially important consideration for fan QF-8, is even
more likely near the hub (fig. 43(b)).

Although fan QF -9 also had a small stator -pylon spacing, several factors in its de-
sign tend to reduce the impact of this condition. Fan QF-9 had only 11 stator vanes
(compared with the 34 vanes of fan QF -8); hence, the intervane flow passages were much
larger with a reduced likelihood of propagating blockage effects from the pylon. Also,
the long stator chords of fan QF -9 would tend to stabilize the flow, again reducing the
disturbance effects of the downstream conditions.

Fan QF-6 had a stator spacing between that of fans QF-8 and QF-9. In addition,
the stator-pylon separation of fan QF-6 was considerably greater than that of the other
two fans; so any local stator blockage problem due to the proximity of the pylon would

be expected to be less than that for the QF-8 fan.

Inlet Flow

The quiet fan facility in which the QF-6, QF-8, and QF-9 fans were tested has inlet-
flow distortions that can cause disturbances of the flow through the fan stage as well as
increased rotor tone noise. An in-depth discussion of possible inlet distortion effects
is given in reference 21. As a check of possible differences in the incoming flow to the
fans, the circumferential distribution of the inlet static pressure ratios for fans QF-6,
QF-8, and QF-9 is plotted in figure 44. The incoming flow for all fans appears to be
reasonably uniform, with the different pressure ratios for the fans relating to differ-
ences in inlet mass flow between designs, and for different nozzle areas. It is believed,
therefore, on the basis of the available instrumentation, that there is no substantial dif-
ference in inflow conditions for QF-8, compared with fans QF-6 and QF-9, that might
contribute to the observed large flow nonuniformities at the outlet of the fan QF-8 stage.

Conclusions

It is strongly suspected that the higher noise level of the QF-8 fan, compared with
fans QF-6 and QF-9, is associated with the large degree of circumferential flow non-
uniformity and the indicated outer-wall flow separation (total-pressure defect in outer
passage) downstream of the stator in the QF-8 fan. Although the reasons for the rela-
tively poor aerodynamic performance of fan QF-8 are not known, it is suspected that the
proximity of the stators to the fan pylon and the relatively sharp expansion of the outer
wall contour immediately downstream of the stator may have been major contribufors.

50



k=)
e
2
L
§ 4:,, 1.04
o 5-3, .~ Pylon $-3, ,~Pylon
s S-1 S-2 I !“‘“S-d S-5 S-6 S-1 ‘S—Z I |S—4 IS-S |S-6
w 1.02 | | I J—_LJ ‘ | |
90 180 210 360 0 90 180 210 360
Static-pressure tap locations, dec
(a-1) Static-pressure distribution. {b-1) Static-pressure distribution.
1.36 _

Total-pressure ratio, PolPg

AN /D
g/ \c
Viewing downstream Rake
O A
O B
O C
L. - A D .
" ~Hub _~Hub Tip=,
real 0 1 L o Ly ] N IR Y RN BT
0 20 40 60 80 100 o 20 40 60 80 100
Percent of flow passage height
{a-2) Total pressure radial distribution. {b-2) Total-pressure radial distribution
{a) 106 Percent-of-design-area nozzle. ) 110 Percent-of-design-area nozzle.

Figure 32. - QF-8 fan pressure distributions at stator-exit measuring station; design speed. (See fig. 7.)

51



52

1.04

. —
k=)
E I
(=3

2% L0 .98
5 Pylon—_ Pylon—\\\
5 51 57253 ’-*—’ 52 56 1Py "‘1
&5 L0 | | S- | .96 | |

0 90 180 210 360 0 90 180 210 360

Static-pressure tap locations, deg
(c-1) Static-pressure distribution. {d-1) Static-pressure distribution.
1.34— 1.4—

1.26

—
n
N

—
—
o0

=
—
~

Total-pressure ratio, PZIPU

(c-2) Total-pressure radia! distribution
(c) 115 Percent-of-design-area nozzle.

1.06— B/ \C
R Viewing
_~—Hub Tip~ &_~Hub downstream Tip—\\
1 | ! | I | I | ] | 102" | | | | | | 1 h|
20 3] 60 80 100 0 20 40 60 80 100

Percent of flow passage height
{d-2) Total-pressure radial distribution.
(d) 119 Percent-of-design-area nozzle.

Figure 32. - Concluded.



Total-pressure ratio, P3/P,

1.26

1.22

1.14

Stage pressure ratio

102

Fan speed, percent of design

Figure 33. - QF-8 fan stator-exit total-pressure ratio as function of fan
speed for 64 percent span location; nozzle area, 110 percent of design.

1.28F—

124
D.Q
Y
o
o L20+—
B
@
7
& L16—
iy
=
e

=
—
~

.08

QF-8 fan

Nozzle area,

size percent of
design

O Full scale 110

<O Full scate 115

B 50.8-cm (20-in.)  ---

model (ref. 6)
— — Design

Tip-,
1 | 1 | 1 | [
40 80 100

Percent of flow passage height

Figure 34. - QF-8 fan average total-pressure radial distri-
bution at stator-exit measuring station; design speed.

Lol
0

Tip~,

Y

20

60

80 100

0

Viewing downstream

| T T NN IR
® 4 e 80 1o

Percent of flow passage height
(a) 110 Percent-of-design-area nozzle.

(b} 115 Percent-of-design-area nozzle.

Figure 35. - QF-8 fan totai-pressure radial distribution at nozzle-exit measuring station, design speed.

53



-

g
B
£ o
=3
2=, 1.0
Qa
=%
L
g

1.

0
Static-pressure tap locations, deg
{a-1) Static-pressure distribution.

1.26—
< 12
&7 Rake
g o A
5 o B
g 1.18 S ¢
8 a0
& A D
£ 114 N
s .

1.10 B/ N\¢

' Viewing downstream

Percent of flow passage height
{a-2) Total-pressure radial distribution.
{a) 95 Percent-of-design-area nozzle. 1.00

—
[=3
o

Static-pressure ratio,
PSI Po
2

~Pylon
. |s1 [s-2 s-3] m5‘4 s-s|  s-6| | |
-9 0 90 180 210 360 0 90 180 270 360

Static-pressure tap locations, deg
{-1) Static-pressure distribution. (c-1) Static-pressure distribution.

1.26 1'24f—

1.20

Total-pressure ratio, P»/P

1.08[ B
0 20 40 60 80 100
Percent of flow passage height
(b-2) Total-pressure radial distribution. {c-2) Total-pressure radial distribution.
1{b) 100 percent-of-design-area nozzle. {c) 105 Percent-of-design-area nozzle.

Figure 36. - QF-6 fan pressure distributions at stator-exit measuring station; design speed. (See fig. 7.)



Total-pressure ratio, P3I PO

1.04

Total-pressure ratio, Py/P

| -~Hub
L

1.2

—
S
(=]

1.16

QF-6 fan
size
e] Full scale

B O  50.8-cm (20-in.)

model

B — — Design

! | | ! | I | | I |

0 20 40 60 80 100

Percent of flow passage height

Figure 37. - QF-6 fan average total-pressure radial distribution at stator-exit
measuring station. Design speed; nozzle area, 100 percent of design.

0

20

{a) 100 Percent-of-design-area nozzle.
Figure 38. - QF-6 fan total-pressure radial distribution at nozzle-exit measuring station; design speed.

Viewing downstream Tip~
TS R R R T R N ! !
40 60 30 W 0 20 40 0

Percent of flow passage height
M) 105 Percent-of-design-area nozzle.

55



56

Static-pressure ratio, Ps’PU

Total-pressure ratio, Po/Py

.06 — 1.04
1.06 —
1.04}— 1.021—
1.02— 1.00[ ¢
,~Pylon ~~Pylon

- B )
vool [s1 [z s |]s-a [s-s s | oL 51 |52 s [[s-a Jss s |

0 % 180 270 360 o 50 180 210 360

Static-pressure tap locations, deg
{a-1) Static-pressure distribution. (b-1) Static-pressure distribution,

1.26— Rake 1.26—

L O A L

o B
1.220 S C 1.22
A D
1.18— 1.18
1.14—0 0 Oviewing 1.14
down-
O stream B/ \C )

| —Hub Tip~,
1.10 i Iy [ | b P 1.10 ) |

0 20 40 60 80 100 0 20 4 60 80 100

Percent of flow passage height
{b-2) Total-pressure radial distribution.
b) 95 Percent-of-design-area nozzle.

{a-2) Total-pressure distribution.
(@) 92 Percent-of-design-area nozzle.

Figure 39. - QF-9 fan pressure distributions at stator-exit measuring station; design speed. (See fig. 7.)



Static-pressure ratio, P/P,

Total-pressure ratio, PolPg

1.02

1.00

1.00— .8
.98 — .9%
.96 |— .Y
~Pylon ~Pylon
— // | 'II
S-1 S-2 S-3 l—H S-4 S-5 S-6 S-1 S-2 S-3 S-4 S-5 S-6
O I o i I, I B S e | N A A
0 90 180 210 360 0 90 180 210 360
Static-pressure tap locations, deg
{c-1) Static-pressure distribution. d-1) Static-pressure distribution.
1.24r Rake 1.24___
1. 20—
1.16—
Viewing
1.12 down-
Hu stream
= B/ \¢C Tp~._
vl Lo 1o L L Y | a
0 20 40 60 80 100 0 20 40 60 80 100

Percent of flow passage height

(c-2) Total-pressure radial distribution.
(c) Design area nozzle.

Figure 39. - Concluded.

{d-2) Total-pressure radial distribution.
) 105 Percent-of-design-area nozzle,

57



58

Total-pressure ratio, Pol Po

Total-pressure ratio, P3IP0

1.26—
_———"\
L2 // N
P AN
Vd N
1,181 —
QF-9 fan
Lu— size
| L O Full scale
/ O  50.8-cm (20-in.)
1.10—/ mt?del (ref. 7)
/ — — Design
/'~ Hub Tio,
1. 06, I l ! ' | l ] l P
0 20 40 60 80 100

Percent of flow passage height

Figure 40. - QF-9 fan average total-pressure radial distri-
bution at stator-exit measuring station. Design speed;
design area nozzle.

1.20 —
1.161—
1.12—
1.08 —
Viewing downstream c

1.04—

— /—Hub Tip .

._/ 1 II _1 l ! I I
1'000 20 40 60 80 100

Percent of flow passage height

Figure 41. - QF-9 fan total-pressure radial distribution
at nozzle-exit measuring station. Design speed; take-
off nozzle area.



¢—
Flow| vz / %

- Rory | statort| | support pylon
| —
% ! ! ¢
H 1 65. 2 ~ | |
94 2Ll _@B5.17- l__7 |
Gn 4 mLO 7. 9_/ 3 |
i ( ; (11} | .
Measuring Inlet Inlet static Nozzle-discharge
(a) QF-6. ¢
ﬂ Rotor —J‘ Stator~—t s;'g?“’rt
21 ——= U T |
f ! 3.3 ! !
94 246.9 (29.0) 1-25.4 |
~"an 97.2) 7.6 “1 (10) i
| - |
t . B I
1nlet t Inlet static Stator discharge total Nozzle-discharge
emperature - pressure temperature and pressure total pressure
(b) QF-8.
“ 20008 ¢
.F.I-oﬁ % Support
Stator pylon
2 T |
/S l
| ; 55.5 : |
‘__ . %39 (L8 (1 ) :
Bn . 1,39 8.4 |, K |
! i 3.3 ' c
Inlet Inlet static Nozzle-discharge
temperature  pressure Stator d|scharge total total pressure
temperature and pressure
{c} QF-9.

Fgure 42, - Comparison of cross sections of QF-6, QF-8, and QF-9 fan flow paths. (All dimen-
sions are incm (in.).)

59



09

Unwrapped circumferential distance from pylon centerline, in.

40—

20—

-20—

Unwrapped circumferential distance from pylon centerline, cm

100— —
_ 2 : Rake B O
o Maximum QF-6 Rake BOl qumum
thickness Rake B[ thickness
0= Rake B O — 053
N S —E T
= - 5-4
-50— Stator ORake C Rake € _Stator ©
| Rake C Rake C
100 I N N N B N | L 1 1 gl
100— _
QF-8 ; QF-8 Maximum Rake B O3
MEIXImum Rake B LI thickness
50— thickness
~ Rake B[y Rake 501 — ¥
= —
ST e Rt
= Rakec —_
e
| et OReke C saor 7 S40
_50 frmm
Stator
Rake C O Rake C
SUR NN NN IR N N N N L L 1 1 a8l |
100 — — \ Rake A
F- . O
QF-9 Maximum aF-9 S— = m)éII(T\gsrz
Rake B thickness
50— Rake BO) — S-3
'&- 0 (@]
\J
S S —
S
S O
50— ORake C _ Os-4
Rake C I
. Stator ' Stator
N DORake C Rake C
-100 ‘ | I l l | | | { | | | | | ' I
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Axial position, cm
[ | I | | | I | [ | | | | | I | |
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

Axial position, in.

{a) Inner surface. b) Outer surface.

Figure 43. - Location of pylon, fan instrumentation, and stator vanes on unwrapped flow surface (view, toward hub).



Inlet static pressure ratio, P/Py,

[N

D

(o

a

»

L J

e

O

D

<

— A
galo | 1 | 1 | 1 | 1 | ] |
0 60 120 180 240 300 360

Angle measured counterclockwise from top vertical (viewing
downstream), deg

Figure 44. - Inlet static-pressure distribution; design speed.

Nozzle Fan
area,

percent of
design

100
105 } QF-6

110 QF-8

61



APPENDIX B

QF -8 ACOUSTIC DATA

This appendix contains data tables and plots of the QF -8 acoustic data. Tables IV
to VII show the data. Figure 45 presents the one-third-octave sound power level spectra
at 70, 80, 90, 95, and 100 percent design speed for each nozzle area configuration.
Figure 46 presents the overall sound power as a function of speed. Figure 47 presents
the overall sound pressure level as a function of angle on a 30.5-meter (100-ft) radius.
Figure 48 presents the perceived noise on a 30.5-meter (100-ft) radius. Figures 49 to
52 present the one-third-octave sound pressure level spectra for all run speeds and con-
figurations tested at each angle from 10° to 160° on a 30. 5-meter (100 -ft) radius.
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TABLE IV, - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 106 PERCENT-OF-DESIGN-AREA NOZZLE

[Data adjusted to standard day of 15° C and 7O percent relative humidity; SPL referenced to 2x10-> Pa; PWL referenced
to 0.1 pW.)

(a) TO Percent speed; fan physical speed, 1845 rpm

FRECLENCY ANGLEs DEG SIMPLE POWER
SOURCE LEVEL
10 29 30 4C 50 oJ 72 8J 4) 100 110 120 130 140 150 160 SPL {PWL)
1/3-UCTAve BANU SCUND PRESSURE LEVELS (SPL) CN  30¢5 METER RADILS
5C 1302 1262 1407 leet 09eU The3d TéeC 1Ce7 lced Tie5 T2¢T Tle4d 1663 T34l 71665 7966 734 120.8
[ ] 1469 7204 74e2 T340 wuel G0 T0eS Tlad Ilal T35 7243 Tie8 T6¢5 T4eT Tleh 1849 T34 120.8
£Q 1346 1304 1404 Tiet 0let 6946 7061l Tlel Toeb Teod 1307 7440 7749 Tte4 18¢l1 794 4.0 1214
100 15e2 Ided Tbel1 17eU 12e3 12a3 {45 1540 Tue3 71608 Tueh T8¢l 798 78«5 79¢5 17944 T7.2 12446
125 HieS B2ed 80! Bleb (5e8 T7al T8eS5 T742 Tles T8l T8e5 78e¢4 7948 7942 80e2 17847 79.0Q 12644
1§19 Bied HBled JSGeH Tted Juel 192U 20eC T3¢3 duen 7605 7740 173 78¢5 TTe2 TTe2 1T7a2 17«2 12446
230 B2e4 Bleb T9eq4 1lisb $2e4 13e9 {404 T4a4 Tael 7569 T6e9 T7e7 794 7T8el T8¢l 1646 77.1 124.5
Z25C Abal Buetr Hleb bBleS 1165 7944 T1e€ T€o9 Tiel TY06 HBUel Bled 82+¢9 8Blel 7849 177.8 803 127.7
i1% bLetd BOelU d3ad Bleb5 1163 T9e3 [8e0 Tled 19e2 0lel 8240 8led 83.0 8lel 798 1742 8le3 12847
400 HHe3d HTled bbed Bést {(Yeo HleU dUe3 dUed Uled BIeb BHe) 85¢9 853 B3el 8045 779 83.7 131.1
400 GHel BHsD B7esd BEe3d ©Bled BlZe3d B82.0 dled 0340 BYel Bbe5 Bbsd Bbe3 B5:0 8led 797 849 132.3
630 Boeld B9+5 BTed Bled dles 83s0 d2¢71 8343 82¢0 bBlel bBel Bbel BB«0 B6eH 825 8Bles 8643 13347
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TABLE IV. - Continued.

[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10~7 Pa; PWL referenced
to 0.1 pW.]

(b) 80 Percent speed; fan physical speed, 2109 rpm
|
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[Date adjusted to standard day of 15° C and 7O percent relative humidity; SPL referenced to 2x10~> Paj; PWL referenced

to 0.1 pW.]
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TABLE IV.

- Continued.

(c) 90 Percent speed; fan physical speed, 2373 rpn
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TABLE IV. - Continued.

[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10-> Pa; PWL referenced
to 0.1 pW.]

(d) 95 Percent speed; fan physical speed, 2505 rpm
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TABLE IV, - Concluded.

[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x1072 Paj PWL referenced
to 0.1 pW.]

(e) 100 Percent speed; fan physical speed, 2636 rpm
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TABLE V. - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 110 PERCENT-OF-DESIGN-AREA NOZZLE

[Data adjusted to standard
to 0.1 pW.]
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day of 15° C and TO percent relative humidity; SPL referenced to 2x10~5 Pa; PWL referenced

40

(a) 70 Percent speed; fan physical speed, 1803 rpm
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TABLE V. - Continued.

[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10-2 Pa; PWL referenced
to 0.1 pW.]

(b) 80 Percent speed; fan physical speed, 2060 rpm
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TABLE V. - Continued.

[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10™ Paj; PWL referenced
to 0.1 pW.]

{c) 90 Percent speed; fan physical speed, 2318 rpm
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TABIE V. - Continued.

[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10=> Paj; PWL referenced
to 0.1 pW.]

(d) 95 Percent speed; fan physical speed, 2446 rpm
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2500 1010 10244 J03e% LU4eS 9762 100G Y74 9862 L))ot 9942 LI1e2 11301 1032 99¢0 954 91.8 101.3 14847
31506 9900 Y98 9%e8 IUlel Y9eU Y2eb 9 eC G0el 9HeO 9be0 lUUe8 10166 lUle0 6743 94¢5 9047 99.2 l46e6
400C LEed Y5e0 9540 10Le2 24el wde0 Y402 G4e5 Yae9 YBe5 I9¢4 995 999 GEo5 93.2 90.2 98.5 145.9
56006 Stel 9B40 Ybez GEe8 93T Y4sb 9240 9363 95¢7 972 9768 975 99.2 9542 9245 88.5 97.4 14448
& 300 SEebt Y629 Sbed Hled 5260 Y3el Jles Yleld 99el 95404 YTeb 9660 9749 Y400 9ledb 88.9 96. 8 14442
8300 99695 5b64hH  GHe8 S6eL YJeb6 92e6 9Cs5 Fleb Y4el 950 96e3 9440 970 S3e8 Glsl BTeb 964 4 143.8
oo Q3.4 9446 348 G243 Hbet YUsE BbeB B9+3 Y1e9 Y240 S4e4 Y0sl 9493 Glel 8%l B5.9 95.0 1424
12500 360 9402 Yres Husl olel bYeY% dleG bBeH Fled Yle2 F3e4 UBel 93«7 9Ce5 88Be5 8545 95.5 1429
1e0uUC H9eb 90e2 bbeld P4e3 b4sl Boe2 B4s4 BHe2 GleT Ylel 9YUe3d H2.8 9lel 87+8 85.8 835 94.4 141.8
«LL0O0 ESed BTel b4al 7704 bLUeld Ble7 Blel Ble2 o4eld bHeb 8762 TT7e2 876 B4el 82¢9 8led 93.7 141.1

UVFRBLL 11064 L11e3 Llied 1130l LUTeC LUbe? L0bed 10762 1UGeY 1U%e5 1ileu 11261 11242 1087 10643 1040 110. 17 15841

Urstanie SIDELINE PERCEIVEU NLISE LEVELS

Haed M BleY 9Bel Llib4el ICTen 109e¢l LULe4 l0tel l0Gsb Lu9eU 10808 11000 L1103 109.1 1036 98el 9044
197 44 W 536D  S4s1 LUUeD 104s4 10usB 103+s2 10300 L03e7 1UDe8 1UDeb 10607 107+1 1058 10042 945 8646
346t ¥ tlel d4e3 4HCet 952 9260 H4st 950c 9564 9Teb 97e3 9bel JBeb 969 G110 84e8 T64b
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[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10~> Pa; PWL referenced
to 0.1 pW.]

(e) 100 Percent speed; fan physical speed, 2574 rpm

FRECLENC Y ANGLEY Deb SIMPLE POWER
SOURCE LEVEL
ic 20 30 449 EYY] 69 70 80 90 100 1l0 120 130 140 150 160 SPL (PwL)

1/3-0CTAVE BAND SLGND PRESSURE LEVELS (SPL) ON 30.5 METER RADILS

5C EleS 7Se7 BCe9 Tle6 UBe4 Yleb Blel bZel B3el H3e4 83eT Y3e3 Bbel 67l 89¢4 90e0 84e1 131.5
63 B0e0 BOeB T9e3 TleO T/e0O Tyeb 1Se3 18e8 bUe3 8240 482e8 B3e6 BTel 8B8e5 91s2 9146 843 131.7
80 b8e3 B9e¢3 B3e5 T15¢3 (el BU«U 75:5 BleU 82e8 U3e2 B84e8 H6eb6 B89e3 6Se8 9345 9344 86¢ 4 133.8
106 t8el B6eY béebh Elel dle4 04e2 84e2 8He0 8602 uTed dbed 8963 G1le0 925 G401 9444 8de1 136.1
12% 9le? 9362 Jle4 ble4 cbed 8le9 die0 Bos9 87e9 BYeU BY9¢5 90e6 91e9 91le5 Y344 9leb 89.8 137.2
16C 8663 5066 8566 bheb BaeB  E9ebL Ute3d Bbeb dbeY bOeb YTed 8940 8BYe4 8Ge8 9Glel 893 87.5 135.3
200 Glad Geeal bYe4 HEeS Uleu diew dlei ddel Budl 852 vbe4 3746 B9e6 BYeb Ylel 39,1 87.3 13447
250 SleB 924l SUel 8%e3 B3eb bbeb 043 tEed doed BTed d8sl Y4 93e8 93¢l 9)e3 88.3 88e 6 136.0
3¢ $3el Y346 Yleh Yl Boel BT7ed Utel8 BTel doeU 8BYed BYes0 Yle2 Ylel 908 90.6 8749 89.17 137.1
«“00 6425 9440 9300 93.T dfeS blHed Btec 8YeD YUoU Y0e8 Yeeld 9G3el 925 Yle8 93e3 884D 91.3 1387
500 S4eh J3el 9304 G4el dosy SUe6 Y02 Y0e7 JhleT 9301l 93¢4 9440 936l 9240 90.0 87.9 92+ 4 139.8
630 38 Y442 S4ef YEe2 B9eb 9leT YUeb Yled Y340 Y4e2 G4l Y5¢1 G4eH 9le7 90.2 88el 932 1406
800 5540 9563 Yheb S6ed Yled Ylel YZzel Y3ed 95¢2 9643 Y0e5 97e4 G645 92.8 90.8 J38.9 95.0 14244
1600 $989 G548 GEel Fbeb SlehH Yded 9440 955 YLeB 9Te2 YTe8 99¢4 98e2 94¢3 92,0 89.7 9b.6 144.0
1250 10608 10640 ICbe3 11GeC U248 L0/+C 1098 LU4+0 LU2e 5 LU%eU lUGe2 107¢3 108e5 10348 10le8 9746 106+3 1537
1000 STel S7eb5 Bbed 9%el vaez 95¢2 950 90eU GUe3s Ybeod LUle2 1I2el 10le7 GT7e2 9543 9244 98. 8 14642
200C Siel G7e9 YBeb Y9Sed JreB Y4el Y4e4 Jbe8 YUeO 994 101e3 10Z2e7 1l0le8 974 9468 912 991 14645
2500 1Clel 10243 1JZ3el 10506 Y9elt Y%e9 Y4%ed 1JJel LJdiel 1JDel 1)2e6 1)aa)l 103e€ $5e3 Gbeds 9244 102.0 149.4
3lhu SBeld Sbel Sbkel LUUeH Yaeb 9bel Y5el 9765 9YYeb Y9ebH 101ed 10L& L01e8 9768 95,5 9143 99. 8 14742
4000 SHBell SHeS GHed 1J)ed 95e2 J0s0 Y48 Yool Ydel 1000 1JJe? LI1ed 1279 97¢4 9445 9le3 99.4 146.8
5000 558 G6eH Slel Steb 9340 Y4ehH Yce5 G540 YIe0 Sbe6 9943 YBeB LUUD 966l 93e5 8942 98. 1 1455
£30C $5¢3 Y58 YHed S6e7 Yle8 Ydel Yle9 YIe3d Ybeo 9649 9Y9el 97¢5 98Be9 G5.9 92.8 B899 97.6 145.0
8000 S4el G4¢S Yhad G560 YUeZ2Z Y20l TGlel 92e9 9940 04 GBel 9449 97695 G944 922 889 97.0C l4b e
1€000 9245 930 Y92¢3 YlaU Bfeo YUel 0O%e2 YUsb Y3+¢L 94e3 S0l 9les Y51 G241 90+5 BbeB 95.7 143.1
ledug SleB 92e4 YUl BBeB Boel BYeh bbBeH JUed 92e7 Y40 9Ydel BBeH 947 91e3 8947 8647 9643 143.7
16000 61a7 HBe4 Bbeb Eleb Bsel Hoel UBled Bbel BYe2 9ceb Y241 B3l 919 6849 B6.T B4ed 9542 14246
«0G0OQA €3eT 840 B2e2 T6e2 1920 B2e0 Ylel B2e5 BuLeh 900 BBeY T8e6 o0BeS 85¢7 H3e9 8241 9% 7 142.1
OVERALL 1109 1109 11ley 1135 108e5 LluYet 10Ee? 10868 L0Ye 7 L1Us6 L4263 11248 L1l3e2 10945 1079 10542 L1le5 15849
DISTANLE SIDEL INE PERCEIVED NUISE LEVELS
114¢3 M bteS Y843 1035 10kel 1U4e5 LUoe 7 L0&et L08e4 LUYed 1098 Lllel Llle2 10947 10442 9942 9143
1974 M t4el  Yued LUCLU 10407 1Ulel 1U3et 103a? 10542 LUueT 10646 L1CTe3 100e0 10645 100+8 957 8145

348 M 1361 8443 YCeb 95a0 9245 99eb 958 Y645 9de3d 9842 9945 995 GTeE 9Lleb6 8647 T80
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TABLE VI. - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 115 PERCENT-OF~DESIGN-AREA NOZZLE

[Data adjuste? to standard day of 15° C and 70O percent relative humidity; SPL referenced to 2x10-7 Pa; PWL referenced
to 0.1 pW,

{a) 70 Percent speed; fan physical speed, 1844 rpm

FREQUENCY ANGLE, DEGC SIMNPLE POWER
SOURCE LEVEL
10 20 30 4C 50 60 70 80 90 100 110 120 13¢ 140 150 160 SPL (PWL)

1/3-CCTAVE BAND SOUND PRESSURE LEVELS (SPL) CN 30.5 METER RADILS

50 T1e6 69,1 €941 TCel 6649 6844 69.6 T0.1 T0eT The4 T1eS €5.0 T3e1 72.7 175.2 76,1 T1.3 118.7

63 15¢1 T1le3 68,8 68.4 660l 69.8 69.6 68.8 68.9 694+ Tle6 70,0 73.8 75.1 75.6 77.0 T1.5 118.9

80 TCel 6949 6844 6Tel 64ed 65¢7 6646 6Tel 6804 6947 T1a6 7143 T44S 5.6 769 7T7.6 T1.5 118.9
100 1549 7447 15,5 7344 6549 73,2 T2.4 T2.T T4e2 T4.0 15.4 7€.C 77.0 7€.2 178.0 78.6 75.1 122.5
125 T7.9 794 T9.4 T8.4 T34T T6e4 T3.5 T4.2 T640 T6.L TTe5 77.1 7741 78.0 78.4 17.4 71. 0 124.4
160 TEeT TBeh 77,0 7645 T0e9 T4e0 729 T35 T4.5 T4eY T15.9 €43 T€.8 T€.4 T€.2 15.8 75.4 122.8
200 1666 TSeb T646 7443 TC4 T1e9 Tleb T149 72.8 T3.6 4.1 4.8 T€e1 Tl 75,9 175.0 4.5 121.9
250 80.6 Ble6 T79.0 7843 Téel T5.6 T4.0 T4.3 5.6 T6.6 16,8 7T8B.4 V8.6 T8.8 1765 75.0 77.1 124.5
315 4.1 8342 79,5 T9.1 Té4eh T6.2 1541 T5.2 7644 TT744 791 179.0 79.4 7TE8.7 76.6 5.1 78.1 125.5
400 €4.8 B83.5 83.3 8l.0 76,5 78.3 TTel 778 T9.5 Bl.0 82,3 82,7 €2.C 81.0 77.6 175.5 80.7 128.1
500 3.4 B4.4 83.4 82,4 T7.7 78,7 7T7.9 77.9 B80.1 Bl.6 82.7 82.8 €2.1 El.4 178.1 76,1 8l.2 128.6
630 4,4 BS5.8 84,9 83,6 T8.6 79.8 78.9 79.8 8l.6 B83.6 84,9 84,7 E5.1 82.4 75.3 177.0 82.9 130.3
800 €2,7 9.5 62.0 2.7 87.5 88.7 85.8 85.0 87.5 89.8 EBS.8 62.6 6G4.1 6i.8 £8.5 85.C 90.6 138.0
1000 §5.0 97,0 66,9 98.4 63,7 944 9142 90,0 9Le9 94.2 93.4 S6.6 100.2 S7.9 S3.7 90.1 95.6 143.0
1250 ES.8 9C.3 89.5 B88.0 82,7 83.3 Bl.5 82.5 85,7 87.5 89.3 G0.4 9L.3 8%.0 €4.7 82.2 87.8 135.2
1600 SZeh 92,5 62,7 Gla5 B6.4 B87.5 B4s4 B5.0 B88.4 B89.7 G1l.7 S2.6 S4.7 92.0 E€7.2 84.4 90.7 138.1
2000 €E.2 9644 96.6 95.6 90.6 91.9 87.7 88.4 90.4 9241 93.7 S5.0 68.2 SE.4 90.6 87.0 94.0 l4l.4
2500 §2.7 93,6 94,4 92.7 86,9 B8B.4 85.6 B85.4 87.9 90.1 S1.6 S3.2 S5.1 S3.1 87.1 83.5 91.4 138.8
3150 §2.4 63.3 S4,1 92,8 B7.0 88s6 B85.1 B84.8 BT46 933 SluB 2.9 S4e¢ S3.3 E7.6 83.7 91.5 138.9
4000 91,0 92.2 S3.0 93.4 86,4 87.5 83.4 82.T 86.7 89,0 6Sle4 90.8 652.2 §2.2 87.5 83.3 90.8 138.2
5000 €8.7 91.1 91,2 S0.6 B4,9 B85.2 8l.7 BI.4 B3.5 85.2 B88.4 87.4 Slel EE.7 €447 80.2 88.4 135.8
63C0 €7.8 88.9 88,3 60.5 83,5 83,5 B8040 77.9 82,1 83.6 86.6 E4.8 ES.4 ET.3 B82.7 178.6 87.2 134.6
80C0 86,7 BT.8 88,2 89,2 B2,2 B82.7 79.2 T6sT 7942 Ble5 84.0 82,5 ET8 B84.8 79.8 7646 86.3 133.7
10000 85,2 8649 85,9 87.2 80.5 B80s4 7742 Tée4 1749 79.2 83,0 75.2 E5.0 8z.7 78,5 T4.8 85.3 132.7
12500 84,5 B€.,5 B4.,3 87.C B8Cs4 79.5 T6e3 T3.2 7645 T8.5 8le8 76,7 €402 €1.5 2.5 4.0 835.9 133.3
16000 B82.1 82.8 80.4 83,1 T8:3 T6.6 72.9 69.6 7T2.9 75,3 78.7 71.1 80.8 77.9 7T4el 707 84.3 131.7
20000 B80.2 B8Cs5 77el 807 7640 73.9 7043 674 69.8 T2.6 5.1 ¢€€.0 18.3 75.3 Tl.4 €8.3 84.4 131.8

OVERALL 1C4.0 104.1 104,1 104s1 S8.7 99.6 9644 9640 9845 100.5 101.8 1€3.0 1C5.7 1C3.9 99.0 95.8 102.2 149.6

CISTANCE SIDELINE PERCEIVED NOISE LEVELS

114.3 M €1.,0 91,2 65.5 S8s1 94,7 97.3 94.8 95.3 97.8 99.7 100.8 1C0.7 1C2.C S€.4 S0.5 &€2.6
152.4 M 76,6 BT743 52,4 947 91e5 9441l 9146 9242 9448 9645 67.5 6G7.5 SB.8 95,1 87.0 78.8
304.8 M €€.1 T6.7 82.8 85,6 82.8 85.7 B3.4 84,2 B86.7 BB.3 ES.3 85.2 S0.2 8€.2 T7e5 68,3
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TABLE VI, - Continued.

[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10~5 Pa; PWL referenced
to 0.1 pW.)

(b) 80 Percent speed; fan physical speed, 2107 rpm

FREQUENCY ANGLE, DEG SIMPLE POKER
SOURCE LEVEL
10 20 30 4C 50 60 70 80 90 100 119 12¢C 13¢ 140 150 160 SPL (PWL)

1/3=-0CTAVE BAND SOUND PRESSURE LEVELS (SPL} LN 30.5 METER RADILS

50 4.3 Tle3 73,0 7303 65,8 Tla8 7345 T35 T4eT 75.3 74,8 T4.4 7643 78,3 75.3 80.7 75.2 122.6
€3 73.8 73.7 72.5 72.8 70.3 72,5 73,8 72.8 73.5 74.5 7T4.3 74.9 78,3 175.2 81.0 82.2 75.8 123.2
80 T4et  T4al 72.9 Tlel 65.3 T1e3 7149 7244 7343 7448 15,9 7643 15 ECe4 82,1 82.5 T6.4 123.8
1¢0 156 7245 1841 77.8 75,6 760 75.6 7T6.8 7T7.8 79.1 80.0 €0.C €z.C B83.5 83.6 B83.3 79.6 127.0
125 8l1.8 83.3 B83.4 B2.4 76,6 T9.% T7.3 7T8.6 179.4 80.1 81.8 81.0 ¢€l.8 82.9 83.1 Bl.6 80.9 128.3
160 ze1 81.5 80,8 8C.l 74.5 77.1 7543 78,1 77.8 78.8 79.5 8C.1l €0.0 EC.5 B80.& 19,7 791 126.5
200 €2.1 8241 80.3 78,6 74,8 75.6 7T5.8 T6.6 15.8 TT7.4 78,1 78.5 EC.E EC.4 €0.8 79.8 78. 6 126.0
250 85.0 B84.8 83.5 84,0 80.0 82,0 78.1 77.8 79.0 B80.1 B8l.5 82.2 83.6 82.0 B80.,6 79.5 8l.5 128.9
315 €6.8 BE.O0 84.5 B84.1 78.8 B80.0 78.6 T78.8 79.8 80.8 82.1 €2.7 83.1 82.6 60.8 79.0 8l1.8 129.2
400 €8.1 B6.7 6642 B4.5 T9.2 80.9 8046 8le4 82.4 84.2 B5.2 £€£6.3 €5.)1 82.7 E€l.1 179.4 83.9 131.3
500 E6.9 B7.4 6.2 £5.6 80,4 80.9 8).2 Bl.4 82,9 84.7 86.2 86,2 E5.,4 83.9 80.7 79.3 84.2 131.6
630 €6.6 B7.6 BT.€ £6.6 B2.1 82.8 B82.0 83.0 84.1 B7.0 €7.€6 €E71.2 ET.2 BEt.5 8l.8 80.0 85.6 133.0
800 89.2 B8S.7 €9.2 88.0 B82.8 83.8 83.8 84,5 86,8 89.0 90.7 0.6 S0.z 8&.3 84,2 82.7 88.0 135.4
1000 100.1 10C.8 101.3 101.3 96.8 100.4 95.8 95,1 96.3 97.8 99.8 100.9 105.1 1013 96.9 94.2 99.9 t47.3
1250 $2.4 93.6 93.9 9S3.3 88.4 950.6 B87.8 87.8 90.1 91l.6 93.8 S4.5 96.3 S2.1 €9.1 87.0 92.4 139.8
1600 G3.4 G249 G63.C S52.2 87.2 88,4 86.5 BT.4 90.5 92.0 94.4 S54.8 S€.C S1.9 €7.2 6€6.3 92.1 139.5
2000 €7.3 68,7 99,7 98.7 93.3 95.2 92.7 92.0 93.5 95.5 S7.3 6S.1 1Cl.C 6S7.3 92.2 89.2 97.0 144.4
2500 €442 9445 9545 S4¢S 89,0 90.9 88.7 89.2 91e4 93.7 95.2 96.5 S7.7 S32.7 £8.9 8645 94.0 l41l.4
3150 6548 9645 S7.7 97e3 917 93.8 9142 90.5 92.7 95.0 S6.5 67.3 69.C 9€.0 90.5 87.9 95. 8 143.2
4000 3.8 94,4 953 95.6 88.8 90.6 B87.9 874 91le3 92.6 94.8 94,2 S642 S4.4 89,3 8¢l 93.7 l41.1
5009 S1.8 9346 S3.6 63.3 88,0 89.0 86.5 86.0 83.6 90.1 93.1 S2.1 S4.® S1.3 B7.6 B4l 92.1 139.5
63C0 §1.2 91.7 S1.5 S3.7 87.0 B87.5 85.4 83,3 B86.8 B89.0 91.5 ES.5 $3.5 SCo3 B5.6 8243 9l.2 138.6
8000 8549 90.7 9la4 92.5 86,0 86,7 8442 82.0 B84.0 86.8 B9.2 B86.9 652.2 8€.0 83.2 B80.4 90,3 137.7
10000 88.6 B89.8 €847 90.6 B4.4 84.8 B2.4 T9.8 82.8 B84.4 88.3 £83.6 89.2 B86.1 8l.4 78.9 89.3 1367
12500 8€.1 B9.3 €7.4 90.4 B84.3 B3.4 Bl.4 79.1 82.1 84.3 ET.1 €1.6 E8.,5 E5.1 8l.1 78.3 9C. ¢ 137.4
16000 85.1 858 £3.4 86,6 Ble9 T79.9 77.9 7T5.8 7T7.9 80.4 83.9 76.0 85.6 EZel 7T7.4 175.2 88.4 135.8
200C0 82,4 B82.4 B0s3 84.0 7942 TT.4 7542 7342 75.2 8.1 80,5 7C.9 £2.2 7TSe2 4.9 72.5 88.3 135.7
OVERALL 105.8 10645 1C7.0 106.9 101.6 103.9 100.7 100.3 102.2 104.0 106.0 1C6.€¢ 1CS.2 10%.8 101.5 99.1 105.6 153.0
CISTANCE SIDELINE PERCEIVED NCISE LEVELS
114.3 M €3.2 63.5 65847 10142 S97.8 10140 99.5 99.6 101.9 103.8 105.0 10446 105.0 1CCel S2.6 85.5
152.4 M 78,5 B89.6 9542 677 94e4 977 963 9644 98,7 100.6 101.8 101.3 101.8 9¢.6 89,1 8l.8

304.8 M €E.T T79.0 B5.6 8B.6 85.6 89.1 87.8 88.1 90.1 92.0 93.1 93,0 2.2 Ble6 179.7 172.0
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[Data adjusted to standard day of 15°

to 0.1 pW.]
FREQUENCY

10

€0 17.8

63 75.1

80 18.4

100 21,3

125 84,7

L€0 84,3

200 £5.6

250 1.6

315 €S.1

402 85.4

5C) £8,¢

63) 8.8

800 Sl.1

1000 4,3

1250 101.9

16090 €3,2

2000 64,5

2500 €8.3

3150 €5.7

4000 95.1

5000 82.6

63C60 9z.2

8000 SC.7

10000 28.9

12500 €€.2

16000 4,8

202000 82,0

OVERALL 1C7.0
CISTANCE

114.3 M €4.5

152.4 M 80,2

304.E M €8.4

20

T4al
T6.6
11.4

7%.9
86.4
84.3

85.6
87.3
88.0

88.9
89,2
88.6

90.8
94,1
101.9

93.0
95.0
$S.7

96.0
95.8
94.8

G2.8
91.7
90.3

89.7
85.9
82,0

107.4

95.0
91.0
80.1

30

6.3
75.4
5.1

€0.1
€6.0
£4.3

82.6
86.0
8g.8

S0.1
88.9
89.8

S0.¢&
95. ¢
104.4

93.7
G645
i01.7

$7.5
96.9
5544

G62.¢
92.5
9.4

88.5
84.0
83.0

1CB.S

101.2
§7.6
87. ¢

TABLE VI.

C and 7O percent relative humidity; SPL referenced to 2x10™2 Pa;

- Continued,

(e) 90 Percent speed; fan physical speed, 2370 rpm

40 50

60 70

1/3-0CTAVE BAND SOUND PRESSURE

75.5  T4.1
75,9 172.9
T4.6 T72.1

79.9 75.9
84,2 8U.5
82,3 78.3

80.3 7¢.6
4.8 8C.5
88,3 83.5

€8.1 B4.7
87.7 83.0
88.8 B83.4

50.Q0 85.0
$5.6 0.8
105.7 100G.5

52.8 87.5
95.7 85%5.8
101.¢ &55.¢0

66,7 9C.7
97.6 90.6
95.1 89.1

65.5 88,7
S4.C 87.0
91,8 85.3

§l.5 84.7
87.6 81.9
85.0 75.6

109.4 103.8

103,83 100.0
100.3 66.7
Sl.l 88,0

76.3 T6.8
75.1 75.1
T4.6 75,1

78,6 T7.4
82.0 8).7
79.9 8l.4

73.9 79.1
8l1.0 80.8
86.0 83.5

86.7 B4.6
85.0 83.7
85.3 B4.6

87.0 86.8
93.1 9J.6
103.3 99.7

89.5 8B.3
Fl.8 9G.5
97.0 96.0

93,2 91.5
93.1 93.2
9l.4 89.1

89.5 87.8
88,7 8542
8644 8%.4

85.4 83.7
8l.6 8l.4
78.7 17.4
106.1 103.7

SIDELINE
103.4 102.8

100.2 99.7
91.9 91.3

ANGLE, DEG
80 90
LEVELS
76,9 18.4
75.4 T6.1
75,1 7646
79.4 80,3
82.0 82.2
81.3 82,3
79.3 80.1
81.0 82.0
82.6 83.3
85.2 B85.4
84.7 85.9
85.3 86.9
87.3 89.1
91.0 91.9
99.2 98.2
89.8 92,5
9Le8 94,0
95.7 96.5
93.1 95.2
919 94.6
89.7T 92.4
87.8 91.6
86.5 88.5
84.1 87.3
82.9 86.5
T9.4 82.7
TT7.5 T79.7

103.9

100
(SPL)

78.1
77.1
78.4

82.1
84.2
B2.4

80.8
83.3
84.1

86.4
87.7
88.8

91.5
23.9
100.9

94.3
95.7
98.0

974
96,2
93.6

92.8
91.4
88.8

88.5
85.1
82.2

105.0 106.9

130

140

CN  30.5 METER RADILS

110 12¢
79.3 7¢€.2
79.1 78.7
19.6 £€0.7
83.8 B4.5
84.9 85.3
83,1 €4.0
8l.& E2.7
84.5 85.1
84.8 85.4
ET.6 E8.0
89,2 €9.1
90.1 85.5
92.5 Sl1.9
95.¢ 7.2
103.4 105.8
$5.8 S€.8
S7.7 99.3
99.0 101.9
§9.1 6%.8
68.1 S7.5
56.9 S5.6
55,9 S3.8
93.4 91.0
91.9 817.1
90.9 Ef.é
87.8 79.8
84,7 74.8

108.9 110.1

PERCEIVED NCISE LEVELS

103.6 105.0 106.6 107.8 108.1
100.,4 101.9 103.4 104.6 104.9

92.1

93.5

95.0

95.8 SGé.4

EQ.€
82.1
€3.9

3
‘e

8€.%
€3.5

€3.6
8€.3
[LPP]

7.1
87.7
€8,.8

1.2
se.8
1C8.2

€7.3
§S.7
1C3.C

1CC.4
$9.2
$7.8

SE.E
$5,7
$2.1

2.2
€3,1
B6 .2

111.5

168.0
104.7
55.9

€2.6
83,9
82.9

El.4
8€.9
€446

84.9
85,.8
€éal

8t.7
86.2
87.1

£€.5
52.0
101.5

S1.8
93,7
St.8

S5.6
85.6
93.1

$2.8
9C.7
88.8

88.0
85,1
£2.0

1C0¢.5

101.1
7.7
B€.5

150

84, €
85.8
€7.4

eg.8
87.5
85.3

5.3
85.0
84.5

84,1
8444
84.3

£5.8
90.0
7.7

89.0
90.0
93.3

S1.9
91.8
90.3

6.1
8€.3
84,6

84.0
80.9
76.0

103. 4

95.1
91.5
82.1

160

8643
86.5
88.3

£8,6
86,8
84,5

84.2
83,7
82.8

82.8
82.4
82,7

84.2
€7.8
$5.8

7.2
87.9
80,3

€8.8
88,5
86.6

85,2
83.8
81.0

80.7
7845
5.7

101.5

SIMPLE
SOURCE
SPL

79.4
79.6
81.0

83.3
84.5
82.8

82.C
84.0
85.4

86.9
87.0
87.7

89.8
94.5
103.2

93.5
95.7
99.2

97.1
96.4
94. 9

4.3
93.2
91.9

92.6
91.0
90.8

108.2

PWL referenced

POWER
LEVEL
(PHL)

126.8
127.0
128.4

130.7
131.9
130.2

129.4
131.4
132.8

134.3
134.4
135.1

137.2
141.9
150.6

140.9
143.1
146.6

144 .5
143.8
142.3

141.7
140.6
139.3

140.0
138.4
138.2

155.5
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[Data adjusted to standard day of 15° C and 70O percent relative humidity; SPL referenced to 2x107? Pa; PWL referenced

to 0.1 pW.]
FREQUENCY
10 20
50 15.9 7Té.1
63 76.9 7842
82 €1.7 81l.7
100 €z.9 B8l.8
125 86.6 88.4
160 7.0 B¢€.S5
200 €E7.6 B6.9
250 E8.4 B8B.2
315 £ES.S8 B8.9
400 €1.2 9C,.9
500 Sl.2 6C.8
630 €C.4 90.3
8¢y S1.9 9l.4
1000 G3.6 93,3
1250 105.0 104.4
16090 €4.5 54,0
2000 €4.,9 94,8
2500 1CC.3 100.7
3150 §E.6 95,2
4000 Shbeb 96,7
5000 2.1 94,8
6300 Ge+3 S2.6
8000 65C.9 91.3
10000 88,5 8G.7
12500 7.7 88,8
16000 84.5 B85.0
20000 é1.8 81,7
OVERALL 1€8.7 1C8B.6
CISTANCE
114.,3 M E€.6 St.9
152.4 M €z.4 S1.9
304.E M 70,6 81,8

30

78.1
76.9
80.4

82.1
86.8
85.3

84.4
86.6
89.2

90. ¢
90.7
9l.1

$2.3
G4,6
108.0

95.4
§5.4
102.5

5646
S8, ¢
95.7

§2.7
52.1
€9,3

es8.C
83,2
19.1

110. 8

102.1
98.5
89,5

4Q

TABLE VI. - Continued.

(d) 95 Percent speed; fan physical speed, 2502 rpm

50

60 70

ANGLE, DEG

80

1/3~0CTAVE BAND SCUND PRESSURE

77.17
T17.4
79.1

El.4
B5.4
€4.1

82, ¢
85.4
87.7

50.2
90. €
89.6

9C. S
S4.3
108.2

S4.7
94.6
101.7

S6.1
5%.2
55.1

95.C
G3.6
90.8

S0.3
86,3
€2.8

11c.8

104.5
101.2
92.7

15.2
Taeh
T4.6

78.1
83.3
8l.3

1%.4
82.1
84.2

89.9
eg. 8
85.4

86.4
89,3
103.2

8S.7
89.3
96.2

90.6
S3.1
90.8

89.4
87.6
85.7

85,2
82.4
19.7

105.8

101.5
98.4
SC.2

78.1 T79.2
77.0 TT.4
76,1 T6.6

80.3 80.1
84.7 84,3
83.0 83.3

80.8 8l,.4
82.4 8l.9
85.1 83.9

83.2 B6.6
89.2 87.0
86.8 85.6

87.9 87.8
90.6 N.0
104.0 102.7

91.2 90.5
91.3 9.8
98.7 97.2

92.7 9l.6
5.4 92.9
91.9 90.4

89.9 88,6
88.9 87.6
86.5 B5.5

85.5 84.8
8l.8 81.2
78.7 78.8
107.0 105.7
SIDELINE
104.6 106,2

101.5 101.1
82,9 92.7

79.9
77.9
17.2

80.9
84.1
83.0

8l.3
83.7
84 .4

88.1
88.0
87.1

89.1
91.0
102.0

92.0
92.4
97.3

93.7
93.7
91.1

89.1
87.9
85.2

84.3
81.4
78.9

105.8

90 100 11C
LEVELS (SPL, N

80.6 80.7 80.7
78.7 78.9 80.2
79.2 80.2 B8Z.4

B2.6 B83.8 85.4
B84.4 BbH.4 B86.3
84.5 84.0 €5.8

82.3 82.6 €3.8
84.1 B84.T7T B85.7
85.2 85.9 687.1

87.2 868.2 89.4
88.5 90.0 90.8
88s.4 90.3 9l.4

90.9 92.9 93.4
92.8 94.1 6G4.8
1029 103.9 104.4

94.0 95.4 6S7.2
94.9 96.2 ST.7
98.7 99.3 101.0

9602 97.7 99.¢
96.7 98.2 99.9
93.8 94.9 S8.1

92.9 94.1 S7.6
89,8 92.9 94.4
89.0 90.0 93.5

88.2 90.4 92.7
84.5 B86.8 89.5
8l.7 83.8 86.2

107.4 108.6 110.1

PERCEIVED NOISE LEVELS

105.2
102.1
93.8

107.1 107.9 1C9.1
103.9 104.8 105.9
95.6 96.4 97.3

12¢ 13¢

1S.8 €2.S
80.8 84.2
82,5 £5.5
gS.5 EE.4
86«7 B87.9
85.7 EB6.1
€4.7 €5.9
€7.0 €741
87.0 E7.¢
86.5 B9.¢
90.4 £S.:2
SC.5 ES.S
62.9 Sl.¢
65.6 G§5.¢
1C€.5 107.4
57.6 S7.5
GG.2 GE.S

102.3 103.7

1€C.2 1€C.S

99.4 101.4
Gé.7 G$8.9
S4e7 ST.E
S2.5 66.4
€E€.6 S3.8
€6.5 S3.1
81.5 GC.1
1€.4 €741

110.7 111.S

108.8 1C8.7
105.6 105.3
S7.C Sb6.4

140

30.5 METER RADILS

86,2
B86.7
€1.9

T¢.1
88.9
€7.0

€€.9
87.4
87.9

EELT
€€.3
€8.6

SC.l
91.8
103,2

S2.9
92,7
S€.0

Sé€.l
97.1
S4.1

§2.6
S1.9
SC.0

€¢.3
8¢€.5
2,8

1C7.8

1¢2.3
S€.9
8¢.9

150

86.7
87.4
89.7

S1.2
90.8
€7.1

81.6
87.4
86.9

£€7.4
85.8
86.3

87.4
89.5
10l.4

90.7
90.6
S4.3

62.6
93.2
$1.6

50.1
88.1
€6.2

E5.7
82.5
19.5

1C5. ¢

96.6
93.5
84,6

160

€8.0
88.9
89. 6

91.0
88.5
€6.2

8¢€.1
85.5
84.8

85.1
85,1
8446

85.8
87.9
S8.4

€8.9
88.7
9.4

89.8
90.5
87.6

87.C
85.2
83.1

2.7
80.1
17.3

103.4

90.0
86.4
76.8

SIMPLE
SOLRCE
SPL

8l.4
81.7
83.2

85.3
8645
84.9

84.0
85.5
86.5

89,0
89. 4
89.1

91.0
93.3
104.9

94,8
95.6
100.3

97.4
98.3
95.9

95.2
94.0
92.8

93.6
92.1
91.7

109.4

POWER
LEVEL
(PWL)

128.8
129.1
130.6

132.7
133.9
132.3

131.4
132.9
133.9

136.4
136.8
136.5

138.4
140.7
152.3

142.2
143.0
147.7

144.8
145.7
143.3

142.6
l4l.4
140.2

14..0
139.5
139.1

156.7
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TABLE VI. - Continued.

[Data adjuste? to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10~? Pa; PWL referenced
to 0.1 pW.

(e) 100 Percent speed; fan physical speed, 263% rpm

FREQUENCY ANGLE, DEG SINPLE POWER
SOURCE LEVEL
10 20 30 4C 50 60 70 80 90 100 11€ 12¢ 13C 140 150 160 SPL (PwL)

1/3-CCTAVE BAND SOUND PRESSURE LEVELS (SPL) CN 30.5 METER RADILS

S0 B2.8 T77.5 80e3 8€C.8 778 B84.3 B2.6 86,6 85,8 84.8 83,9 E2.,2 E5.2 €£7.3 89.1 6G0.5 85.0 132.4

€3 7846 TSel T79¢3 7848 7645 T78.3 T78.8 79.1 79.6 080.8 82,1 81.9 £5.8 B88.0 89.6 90.5 3.3 130.7

80 82.5 8143 TS.1 78,6 76,0 79.5 T7.6 78.1 80.1 B2.3 84.1 €4.9 ET.€ SC.l 91le6 S2.2 85.0 132.4
100 E4.6 B3.5 83,3 83,0 79,3 8l.5 B8l.8 83.0 83,8 85.8 E7.0 E7.4 ¢€95.5 Gl.1 G2.8 6S2.5 86.9 134.3
125 E7.4 BB8.9 87.4 B87.9 83.6 B85.4 B84.9 B5.4 86,3 87.6 B87.6 B88.5 S0.1 S0.3 92.3 89.8 87.9 135.3
1¢0 €E€.G B7e4 B85.5 E£5.4 Ble4 84.4 84,2 B84.5 85,5 85.5 B86.4 €743 ET.7 EE.T €%9.2 ¢€8.2 86.2 133.6
2C0 €E7.8 817.8 85, €4.C 80.0 B82.8 B82.5 82.8 83,5 84.5 E5.5 E€.,1 ET.7 E€€.7 89.3 ET.7 85.5 132.9
250 89,3 B89.8 88.1 87.6 B82.6 85.4 83,9 B83.6 85,3 86.4 87,1 88.4 89.1 8%.3 88.8 B87.2 87.0 134.4
315 €95.0 88,9 68,0 87.0 83.0 85.5 B85.2 85.2 B6.4 B7.2 88.0 E€.8 89,5 88.9 €8.4 8646 87.3 134.7
4C) €0.8 SC.6 89,9 88.9 84.6 86.8 87,4 B87.8 88.1 88.9 60.4 GC.7 6S0.3 §€%.8 88.6 8603 89.0 136.4
500 Sl.1 9C.6 90.5 90.5 86.6 88,5 88.0 88.1 89.6 91.1 9S2.1 91.7 SC.& 85.3 B88.0 86.4 90.0 137.4
630 S0.7 90.2 90,2 $0.3 86,3 B88.8 87.7 B88.7 90.0 91.7 62.5 S1.9 Sl.2 BS,T 87.8 86.2 90.2 137.6
800 €2¢s0 9243 Sle6 91.3 87.1 89.3 89,5 90.1 92.6 94.0 94,5 S4.1 S3.0 GSC.8 E€B8.3 B87.5 92.0 139.4
1000 82.8 9248 63.3 G2.3 8E1 91.5 90.0 9l.l 9343 94,5 95.5 95.9 S4.8 G1.5 89.3 88,2 93.2 140.6
1250 10%.3 10646 108,4 10646 103.1 106.3 103,9 102.4 102,8 104.3 108.4 10€.0 1CS.€ 1€2.3 99.9 99.2 106. 1 153.5
1600 €57 9741 6842 9649 92.7 95.7 944l 9442 9641 97.2 69.7 100.C 1CC. 4 SE.9 S2.6 9l.6 97.3 144.7
2000 $3¢3 94.2 9447 93.7 8B8B.7 9le7 9le2 93.0 95.8 97,0 68.8 G9.3 S8.,8 €4,0 90.8 89.1 95.9 143,.3
2500 €5.8 100.6 102.5 101+3 9641 99.6 97.6 98.0 99.5 100.8 102.0 103.4 1C4.C S€.2 95.0 93.2 100.9 148.3
3150 €4e6 9543 964€ 65.9 SGCet 93.9 92.6 94.6 97,5 98.6 100.5 101.2 1C1.€ ST7.0 S4.0 6Gl.4 98.2 145.6
4000 G5e6 9648 S8.0 98.8 92.3 95.3 93,0 94.1 97.6 99.0 10l.1 100.6 102.,] 6G7.8 S4el 9l.6 98.9 146.3
5000 CZeh 94.5 94,7 94¢2 90,0 9le8 90.9 91T 94,9 95.7 99.2 S7.5 'S9.4 94.7 92.2 88.4 96. 4 143.8
€3C0 Sle2 6243 Sl.8 S4.6 88,5 90.0 89.4 B89.9 94.0 95.4 <8.,7 65.8 S8.7 S4.6 9Sl.1 88.3 96.0C 143.4
8000 89.4 90.7 9l.2 52.5 B86.6 89.1 88,2 89.1 9l.6 94.1 96,2 93.2 S7.7 SZ2.9 88.9 86.8 9.9 142.3
10000 87.¢6 86,3 BB.2 6S0.4 B84.9 86.4 86,3 B86.8 90.1 91le6 94,9 89.6 S54.9 6C.9 ET.4 84.5 93.7 141.1
12500 B€.6 BBe4 86,4 G0.1 84.3 B5.6 85,8 B6¢3 89,8 91.3 93,8 E7.8 S4.6 GC.3 B86.9 84,3 %o 4 141.8
160C0 8242 84,1 Ble8 85,5 B8l.4 Bl.7 B82.6 B2.7 86.1 88.4 9C.9 €2.8 Sl.4 67.4 83.9 8l.3 93.0 140.4
20000 €0.8 B81.5 78.0 82.3 78.4 78,9 79,7 B0.4 B8B3.2 85.5 €7.5 17.6 88.7 B84.9 80.9 78.8 92.7 140.1

OVERALL 108.6 109.6 L10.9 106.9 105.6 108.7 10648 106.5 108,2 109.5 112.3 111.5 113.2 1CE.4 10640 104.7 110.3 157.7

CISTANCE SIDELINE PERCEIVED NOISE LEVELS
114.3 M 8646 9644 102.0 10442 10143 105.7 105.0 1060 102,00 109.2 110.4 1(S.9 1CS+4 1C3.0 G7.5 9l.2
152.4 M 2.5 9248 98,6 10048 98.2 102.5 1018 1029 10449 10640 10742 1067 106.1 99.6 93.9 87.6
304.€ M 7CeT B83el £9.7 91le9 90ed 9406 93,8 94,6 90,6 97.6 99.0 98.2 S7.& 9(.5 84,7 78.0
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TABLE VI, - Concluded.

[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10™2 Pa; PWL referenced
to 0.1 pW.]

(f) 110 Percent speed; fan physical speed, 2967 rpm

FRECUENCY ANGLEs DEG SIMPLE POWER
' ) SOURCE LEVEL
16 20 30 40 50 60 10 80 90 100 110 120 130 140 150 160 SPL  (PWL)

1/3-UCTAVE BANU SULUND PRESSURE LEVELS (SPL) CN 305 METER RADIVUS

50 €646 T9eS bEeZ 84e9 diel B2eT 8342 8447 827 B4e5 859 Bbe3 B85.7 89e7 91aT 9209 8646 13449
LE} 789 dle3d T9eG uUeB 8043 ©Oets 8Je9 BJe9 ble3 UY3el B4e3 867 858 899 9le6 93.8 856 133.9
ac BCe9 822 79¢5 TS5e2 1865 756 15e5 80e7 8le4 83e7 86et BEs5 88e7 92+1 94e6 95.8 87.5 134.9
1o EEah  B5¢7 B85e4 HheZ E3el BheY 8EeS H4el ©Te9 BYe4 9047 9leT 9069 G446 3601 974l 903  137.7
125 E7e9 BYek bHe3d bbel Boed BbOeb BbeS Bbe3d bUe9 BBeT 90e6 919 90e6 93+3 9406 93.7 90.0 1374
16C §Sel B9el E7eY E7vb dbel Bbes Btel Bbe9 BTeB BBel 8%¢4 9047 8Be8 91e4 92.6 90.8 88.8 13642
200 Ef8e9 BUe9 B8Te2 £5¢71 ohel B840l Sei H4eH5 859 8609 B8Be4 8945 89¢0 GleT 9245 90e4 88.0 13544
250 90e5 Y08 HBHe8 HBeB ©6le3 dbeH 856 Bbeb 8Tsd 88e8 905 9ILleT 8Y9+06 9241 9241 90.2 893 13647
315 Gle3 YCeH 90e8 9CeB 90¢6 90e4 BEed B81e9 BYel B8Ye4 9048 920 906 92¢3 9le8 8945 90+4 137.8
400 S0eb G0e9 Yled Yled SUe4 d9el HZeb 88eb6 90e2 9046 9202 9366 9166 9169 90.5 89.3 91«0 138.4
500 YCe3 Yled 9led 9262 Ylel 9240 91¢5 90e3 93e2 93¢0 G94ed 9503 92.3 92.8 91«5 9249 92.8 14742
63C G6Ce? Ylal 9242 9445 a4 Y304 YZel Ylel Y4eb Y40l Stet 96e7 93¢l 9246 9lel 89.8 94e1 l4le5
800 Slel Yle9 92¢9 9309 9307 Yleld 9207 930l 9606 97e6 9Bes 9842 94el 942 9Lle9 9.8 9563  142.7
1000 Sle2 Yle§ 9244 93u8 9345 9Jle8 S4eé 9402 9Te5 9Be5 99¢3 99eB8 9542 9442 9248 9240 96¢2  143.6
i/50 $50S 95e6 97ek STel 995 94eb 9405 96e2Z 99e1 100e4 1016 102.0 98e1 95¢9 943 93.6 98.5  145.9
160C 1C5ed 104eé 1071 1053 103e & 10Led 10Ce8 101e6 104e8 10546 10006 i08e5 104¢8 10243 100e4 997 1045 15243
2000 G2e6 Y3el 93e4  S4el Y3el 93e2 94e2 95e¢L YYeb 100e2 L0L1e7 10048 98el F6el 93.4 92.0 98+ 0 145+4
220C S2e7 Y3el Y444 S5¢1 Y4ed 9309 9562 95¢9 100e¢4 10Je6 10247 102e7 9924 Gle4 93.9 9245 99.1 14645
L0 §7e7 STel 990 Y5eS 99¢C G603 9762 98e2 L02¢4 10340 10449 1060l 10349 10Ce9 970 9404 102.3 1497
4000 942e5 G269 9340 5562 9Zel 9202 9340 9560 9965 100¢9 102e7 1030 9909 98Be2 9502 9246 99+ 4 146.8
5100 GCe3 90e8 YleO 9205 92eC Flesd YZ2e3 94e0 Y8.0 98¢5 100e7 1008 978 955 9246 89.7 9717 14541
€300 bSe4 hBe9 9040 910 Y0e4 Y0el 9Ce6 93e3 Y7¢9 9606 1004 101el 9843 9606 9204 895 979 14543
#1300 £1al B6e9Y dle4 bDeb UBBed BBeb 89¢5 926l 954 9646 GBe 991 95+4 9348 90+5 87+6 96e7  1l44.l
10000 £3e4 BIeh B3aT £5¢5 8ve4 855 BEebH 8900 Y202 92¢9 96e6 96e9 93.2 91e7 B86+2 85,1 95.1 14245
12500 80e7 H0e3 B0e0 8Z¢0 82¢8 Bleg, Haed B7e8 9040 9160 9404 94e2 9le2 B8Be8 8640 8344 9%4. ) 1415
1€000 1308 T4¢9 1327 Ttabd Tlel 1606 TSe9 83eT 85T B4e5 89e4 89¢3 8602 83.9 80e7 7840 91.0 13804
€100 €he3 GHe9 Glet £5e5 Tleb Tled T4eb Tbe5 794 7849 83e6 83e4 B8lel T8e3 1565 7249 8840 1354
UVEKALL 10749 107e8 105e4 108eS 1078 10684 10¢€e5 107e3 L1009 11ile6 113e3 114e1 11140 109¢4 10747 106.8 1109 1583
DISTANCE STDELINE PERCEIVED NUISE LEVELS
ll4e3 M 876 G604 1023 10465 1092 105 1 1060 10704 L11e3 1lle8 113el 113¢0 109¢0 1052 998 940l
1924 M £3e3 '92e8 9540 10le3 10241 10240 1024& 104e2 108e) 108e6 1098 179¢7 105¢€ 101e7 9604 9045

304et M 1lel ©83e0 9Uel 92e8 Y93e5 94e0 G408 960 9940 100l 10lel 101lel 9664 92¢5 8Teh 8009
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TABLE VII. - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 119 PERCENT-OF-DESIGN-AREA NOZZLE

[Data adjuste? to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10-> Pa; PWL referenced
to 0.1 pW.

(a) 70 Percent speed; fan physical speed, 1832 rpm

FREQUENCY ANGLEy DEG SIMPLE POMER
. SOURCE LEVEL
10 20 30 40 50 60 70 80 90 100 110 126 13¢ 140 150 160 SPL {PHWL}

1/3=0CTAVE BAND SOUND PRESSUKE LEVELS (SPL} CN 20.5 METER RADILS

50 Tlcl 67.3 €8.,3 57,5 68.5 70.1 69.5 70el 70.5 706 T1e5 7Ce2 3.1 74,0 76,0 7€.5 71.3 118.7

63 8Ce2 Tle2 6745 5948 65¢5 TLe3 7348 TOeT7 68.8 T0.0 72.2 70.9 73.8 74.8 76,5 77,7 72.3 119.7

80 €8.7 £8.3 67.C 60,0 65.3 6643 6642 6643 6747 6942 T1e5 719 T4.8 T€.3 7.7 77.9 1.6 119.0
100 T4¢3 13,4 73.3 €744 Tle3d TLe9 70.4 7143 T2.9 T3.8 749 75.7 17.4 18,3 79.4 79.7 T4.8 122.2
125 T6el T7.8 T7.8 73.8 T4.8 75.6 73.8 T4e6 T4.6 T5.6 T6.9 76,9 17.4 77.8 78.6 77.8 76.2 123.6
160 7548 75.7 75.2 7248 12.7 7440 72,7 7440 T3e7 75.2 153 7€.1 75.8 7€.0 76.5 115.5 74.8 122.2
200 T€e8 7746 7446 T241 713 Tle6 Tle3 T1e9 7241 7246 73,2 4.0 753 18.8 75.4 7T4.8 73.6 121.0
250 7840 79,5 773 7643 5.5 75.0 T2.8 73.8 7445 75.3 76.3 77.2 18.2 77.5 76.1 115.2 T6el 123.5
315 81,5 81,5 7842 7842 7642 T5.7 The2 T4eB8 75.3 T76e2 T7.8 T8.2 7T8.5 7725 1645 T4.9 TT.1 124.5
400 2.3 8244 B8le€ 8.1 T7.3 77.3 75.9 7648 7T7.8 79.3 80.9 El.0 80.6 78.9 76.4 5.1 79.3 126.7
500 8143 B82.8 81,5 8l.3 78,8 T7.8 75.8 77.1 7T8al 79,6 B8lel 8la2 B8leS5 79.3 765 7T4.8 79.7 127,1
630 8ze3 B4.5 83,5 82.8 80,7 79,2 V7,7 T8.3 7T9.7 B8l.7 83,3 E3.1 6£2.2 81ls5 177.7 75.6 8l.5 128.9
800 S1,2 9246 2.1 9246 SCel B83.4 84,9 85.7 85.4 88.2 G041 Sle7 G2o5 6149 8701 834 90.0 137.4
1000 €5.,0 S€.0 6.6 97,0 95.1 92,3 88,3 89.3 B9.0 91l.6 93.0 65.2 $7.%f G€.1 9l.¢ B88.7 94.0 14l.4
1250 €7.1 88.3 83,1 B87.1 84.3 82.8 B8),1 Blel 83.6 85.5 88,1 88.6 E9.3 BE.1 82.8 80.0 86.3 133.7
16CO 60e3 91,3 92.0 S1.7 90.0 B87.7 8440 B4e3 8647 B8.0 SLe7 92.0 S3.8 92.4 8.3 82.9 90.2 137.6
2000 3.4 S4,7 95,7 95.6 944 9L.T7 BT.5 BT7.4 90.4 9leb4 S4eh 95.3 96,7 9€.5 S0.4 86.8 93. 8 141.2
2500 $0.9 92.1 S$2.¢ 93,4 S0.8 88.8 B8%.6 B5.6 B8.1 B9.8 91.9 93.4 S3.6 Sz.8 B86.9 83.4 91.2 138.6
3150 SCaT 9142 92.4 62.1 85,7 88.1 84,6 B84.7 87.6 90.4 62.2 92.7 63.4 6S3.4 £E7.1 83,2 9l.1 138.5
4000 89.9 90.1 92.2 G0.6 B88.1 B6.2 83,4 82,7 B85.6 B9.1 S0.4 S0.4 62.7 92.4 86.2 82.7 50.1 137.5
5000 8,0 B88.7 89.2 89,0 B7.7 85.7 BJ.5 Bleé B4e4 85.9 88.4 88.0 91.7 B85.5 B84.5 79.9 88.4 135.8
6300 €7.4 B87.3 87.0 86.9 85.5 83.8 79.1 7944 82.2 B84.0 87.4 E€5.7 89.5 EE.2 82.4 178.6 87.0 134.4
8000 EE.9 £7.0 85.0 84.7 B4.2 8342 T7.7 T84 B8l.0 82.5 £5.9 €z.4 E€.C EE.5 E€1.0 76.9 8¢&.C 133.4
10000 E4.5 B5.0 83.3 8l.5 B82.3 8l.6 7T4.6 76,1 78,5 80.0 83.3 79.2 85.0C 82.6 78.1 T4e2 84.5 131.9
12500 83.9 B4.4 8le0 7943 8l.2 80.4 T4.1 Té4.4 77.2 78.6 82,1 7€.,1 84.1 8l.2 T7.2 173.2 84.6 132.0
16000 81.2 B80.8 76.9 73,4 1T7.8 76.8 69.9 T0.8 73,3 74.8 78.8 7C.9 80.7 77.0 173.3 69.9 82,8 130.2
20000 778 78.0 72.5 €8.4 75,2 T4e3 6640 6Te8 7043 7242 76.0 €£.5 77.8 T4.0 70.2 €71 82.5 129.9

OVERALL 1C1.7 1CZe6 103.0 103.C 101.2 99.0 95.2 95.7 97¢5 99.5 1C1eB 1C2.5 1C4.2 1C2.4 S8.1 95.0 101.5 148.9

CISTANCE SIDELINE PERCEIVED NOISE LEVELS

114.3 M 79.0 89.6 94.8 $7.3 97.8 97.0 94,1 94,8 97.4 99.3 100.8 10C.5 100.7 S8.2 90.0 82.1
152.4 M 4¢3 BEeT7 9Lle2 9440 S4:5 93¢8 910 91e8 94¢3 96.1 977 97.4 STe5 949 86,5 T84
304.8 M €15 75.1 Ble7 85.1 85.9 85.4 B2.T B3.6 86e2 87.5 89.4 85.1 88.8 85.9 77.0 67.8
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[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x1077 Pa; PWL referenced

to 0.1 pW.]
FREQUENCY
1C 20
50 712.8 69.9
63 76.8 T4.2
80 15.0 73,7
ico 17.6 78l
125 15.5 81.5
1€0 78.3 175.8
200 €C.1 8l.6
250 82,2 82.7
315 B4.4 84,7
400 €4.8 85.3
500 €2.9 85.1
630 84.2 85.9
800 88.1 88.1
1000 $5.3 99,0
1259 $0.8 91,4
1600 §C.3 Sl.2
2000 94,9 G6.7
2500 S1.8 92.9
3150 €3.6 9G4.8
4000 S51.9 92.3
5090 50.5 91.9
€300 §C.3 85.8
80GO 88.6 89.6
10000 87.3 B87.5
125C0 8€.5 87,3
16000 83,3 83,3
23000 AC.3 80.8
OVERALL 104.1 104,.7
CISTANCE
114.3 M 0.8 9l.6
152.4 M 1€¢.6 9877
3C4.E M €5.0 77.1

TABLE VII.

- Continued.

{b) 80 Percent speed; fan physical speed, 2092 rpm

3¢ 4C 50

60

70

173-CCTAVE BAND SOUNC PRESSURE

72.1 6l.8 11.6
1.2 63.7 172.5
69.9 €3.2 0.0

T7.1 73.3 175.6
8l.1 75.6 78&.3
19.3 15.3 16.6

15.1 7€.5 17546
82.3 82.3 8l.8
82.4 82l.5 79.4

85.1 83.1 €EC.8
3.9 84.1 B0.9
85.2 B86.0 83.2

87.1 87.6 85.1
100.1 101.5 10C.3
$2.1 92.2 S0.1

Sl1.3 Sl.3 89.0
$7.5 99.0 96.7
93.3 63.6 91.9

95.8 G6.1 6G4.5
94e1 92.9 Sl.l
Sl.4 9l.4 90.5

g9.8 85.7 88.8
88.1 87.2 87.2
86.2 B4.1 B5.2

84.0 B8l.7 84.1
19.2 75.7 80.8
5.1 7C.9 717.8

105.2 105.8 1C4.3

$6.7 10C.2 100.3
93,2 %6.9 97.1
83.6 87.9 88.4

73.3 72.9
T4.0 T13.5
Tie.7 T70.7
T7.6 T6.5
78.1 T6.8
T7.5 7643
76.8 75.1
83,8 79.0
80.2 T8.5
80.4 79%.1
8l.1 T73.3
83.0 B8l.2
84,6 B82.9
99.1 95.3
88.9 86.1
88.0 85.2
95.7 91.7
90.6 87.3
93.3 90.5
89.7 87.2
89.2 B4.9
87.3 B3.6
87.1 82.4
85.2 T9.5
84.0 78.6
80.8 7T4.5
77.5 71.0
103.3 99.8
SIDELINE
100.8 98.6
97.6 95.4
89.2 85.9

ANGLEy DEG
a0 90
LEVELS
73.8 73.9
73.5 T4.3
Tles T2.7
T7.3 76.6
78.3 78.1
T7.1 T77.8
755 7601
793 19.5
78.4 179.5
80.1 8l.6
80.1 8l.6
Bl.2 83.2
83.4 85.4
94,5 94.1
86.3 87.9
86,0 89.0
91.5 92.5
88,9 91.3
90.5 92.6
87.6 90.1
86.9 88.9
85.0 87.4
83.9 B86.2
8l1.2 83.5
79.8 B83.0
76.3 T19.1
73.3 15.6
99 .9

100
(SPL)

73.9
74.0
T4.4

78.6
79.6
78.5

T6.8
80.0
80.0

82.4
83.1
84.4

87.4
96.3
90.3

99345
94.5
93.1

94.8
92.9
90 .4

88.8
87.1
84.3

83.6
80.3
77.0

110
N

75.1
75.2
157

75.8
80.5
79.2

17.8
80.2
8l.2

84.1
84.6
86.4

89.9

99.1
Sl.9

8045

101.3 103.2 105.5

PERCEIVED NOISE LEVELS

99,5 101.5 103.3 1C4.7
98.3 100.1 101.4
89.6 91l.4 S52.6

9643
87.7

120

T4.5
T4.7
T€.6

19.S
8l.1
€Ce4

18.2
8l.4
€1.8

4.4
84.4
85.5

€E,.6
100.6
§2.5

2.9
99.0
G5.7

$1.3
92.2
S1l.9

€S.8
86.6
83.4

€0.2
15.0
C.l

10¢.0

104.1
100.9
$2.5

13¢

T€.S
18.2
76.9

€E2.5
82.5
€G.C

15.¢
83.0
82.2

£3.5
€2,.5
85,.C

€8.1
104.0
94.1

S3.(
69.5
S5.4

SE.C
55.4
S5.4

$3.3
S1.7
88.8

E7.¢
84.8
81.¢

1C8.C

1C3.9
160.5
S1.8

140

30.5 METER RADILS

17.9
79.7
€C.9

82.0
82.3
EC.6

75.8
al.8
81.4

BZz.4
2.1
3.0

8¢€.1
95.6
Sl.1

S0.3
S6.7
92.1

S6.1
3.9
$Z2.0

SC.7
88,7
8€e2

E4.4
e1.0
11.6

1C4.9

SS.7
9€.2
€€.8

150

80.6
80.5
82.4

4,3
82.5
81l.1

8C.3
8l.2
0.0

€0.3
19.6
80.2

82 o4
95.5
87.1

85.8
91.0
88.3

89.8
87.8
86.9

€5.1
84.2
8l.7

80.4
16.8
13.8

100.5

Sl.7
88.1
18.6

160

8l.3
gl.7
82.2

84,2
8l.8
79.8

7945
19.2
18.8

78.8
78.2
78.4

€0.3
92.2
84,3

83.6
88.1
84.9

86.6
85.1
83,2

Ble.S
80.5
7.8

T6.9
13.3
10.8

97.8

E4.3
80.6
70.4

SI MPLE
SOURCE
SPL

75.2
75.8
T6.3

9.6
80.0
78.7

77.9
8l.3
80.8

82.6
82.7
84.1

86.7
99.2
90.7

90.4
96.5
93.0

95.4
92.9
91.9

90.8
89.8
88.3

88.5
8649
86.3

104.8

POWER
LEVEL
(PWL)

122.6
123.2
123.7

127.0
127.4
12641

125.3
128.7
128.2

130.0
130.1
131.5

134.1
146.6
138.1

137.8
143.9
140.4

142.8
140.3
139.3

138.2
137.2
135.7

135.9
134.3
133.7

152.2
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[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x107> Pa; PWL referenced

to 0.1 pW.]
FREQUENCY

1c

50 1.4

63 74.0

80 T€.5

100 16,7

125 82.7

160 €z2.3

200 8z.3

250 3.9

315 86.0

400 87.0

500 87.8

530 €7.0

800 €8.8

1000 93,2

1250 6G.8

1600 €C.1

2000 Sl.8

2500 Sé.2

3150 €3,1

4000 Gzl

5000 €0.8

6300 €G5.9

8000 28,2

10000 86.3

125C0 €5.2

160C0 gl.5

20000 T84

OVERALL 1C4.7
CISTANCE

114.3 M 82.2

152.4 M 78.0

304.6 M (X798

20

73.3
7540
T76.0

75.0
84.8
82.8

84.5
85.0
87.2

88,5
8A.8
88.8

9C.6
94.9
101.8

S1l.4
92.9
8.2

5446
53.6
92.4

S0.2
89.6
87.1

86.2
81.8
75.0

106.4

93.7
8S.7
18.5

TABLE VII.

~ Continued.

(c) 90 Percent speed; fan physical speed, 2353 rpm

30 40 50

60 70

1/3=-0CTAVE BAND SCUND PRESSUFRE

75.1 €5.1 175.8
73.8 6643 14,0
72,8 £€T7.0 76.5

18,7 T4,2 171.9
84.0 80.0 83,3
€l.7 78.5 80.8

Ble2 TE.E 78.8
83.9 82.2 8l.2
B4.7 85.4 8642

86.5 87.3 E6.6
86.2 BE.Q B6.0
€645 88.1 86.0

8.4 8S.4 87.1
94.4 S6.2 93.6
102.2 104.8 1C1.3

90.4 Sl.1 €S.7
$3.6 94.3 93.1
G8,6 99.9 98.6

55.0 95.7 6G3.4
94.4 93.9 S6Sl.6
$2.1 92.1 91.8

89.8 G0.2 89.3
87.6 87,2 87.7
85.& B83.5 84.8

3.1 8l.3 83.6
78e2 7447 17546
T3.5 TC.2 T6.7

106.4 107.9 1(5.6

$8.3 102.1 102.8
94.7 98.7 99.5
846.9 89.8 S0.7

76.8 175.9
76.3 175.0
7643 T74.5
78.5 7T7.5
82.7 8l.3
8l.0 B0.3
79.7 78.7
3l.4 79.0
85.2 8l.9
85.0 83.1
85.2 83.5
85.3 83.5
B7.3 85.6
94.2 90.7
102.5 98.3
88.6 B86.7
9l.5 B89.1
969 9%.4
92.7 90.4
90.3 B89.6
90.4 86.8
88.4 B85.4
87.6 83.9
85.4 80.9
83.9 80.3
80.1 T5.4
T7.0 72.8

105.6 102.3
SIDELINE
103.1 10l.4

99.9 98.3
9l.4 89.9

ANGLE, DEG
80 90
LEVELS
T7.1 76.8
75.3 75.8
743 76.0
78.5 79.7
8l.2 82.0
80.0 81.7
79.0 79.3
80.0 80.7
8l.4 B82.4
83.0 84.6
83.7 85.3
84.1 85.8
86.6 88.%
90.6 9l.4
97.6 67.6
88.1 91.2
90.6 93.4
94.9 96.6
91.8 94.1
90.3 92.3
89.3 92.6
87.7 9l.1
B6.4 89.9
84.1 B87.1
82.9 B86.4
79.3 83.3
T6.,5 T19.9
102.7

100
{SPL)

78.8
77.3
78.1

8l.7
83.5
82.3

80.5
82.5
83.2

85.3
87.0
87.8

90.8
93.6
99.8

93.2
94.8
96.9

96.3
95.3
93.6

92.2
9J.9
88.3

87.8
84.1
81.0

110 12¢

130

140

CN  30.5 METER RADILS

18.8 17.7
78.6 18.2
€0.1 &C.9
€3.4 E2.8
84.3 B84.6
83.5 82.9
8le7 €21
83.7 E4.6
84,5 £5.0
E6.8 E€.9
88.2 817.4
€9.0 87.6
Sl.4 90.2
95.1 9¢6.8
10t.6 104.7
94.6 S4.0
G6.8 97.1
S9.1 100.8
€8.1 S€.4
S6.9 96.4
95.8 G4.9
$5.1 G&.5
93.7 8%G.8
Sl.4 £86.3
90.3 £3,6
87.3 178.8
82.9 13.6

104.4 106.1 1C8.0 108.8

PERCEIVED NGISE LEVELS

102.6 104.7 105.6 107.1 10¢€.9
995 10146 102.5 103.9 103.7
93.2 94.1

91.1

$5.3 95.1

8l.8
8200
€4.3

6.5
86.0
€4.7

€4.C
85.4
8640

6%
E€.5
E6.€

€865
98.1
10€.5

G442
GE.8
100.5

$8.8
ST7e4
S7.2

S6.C
4.2
S1.6

0.8
88.0
€4.3

105.¢

10642
1C2.9
$3.5

€2.3
84.1
85.6

€1.4
8&.7
€5.3

€445
85.5
85.5

8.6
gE.7
8€.0

€7.8
$3.9
101.8

Sl.l
S2.4
S€.9

S€.0
55.4
S3.4

2.9
90.7
88.3

81.%
€3.8
8C.5

10€.6

101.1
87.7
8e.5

150

€446
85.6
86.5

€8.4
86.7
€5.2

84.5
84.9
84.7

84.5
83.8
€3.3

84.4
88.7
96.3

€6.9
88.6
92.7

S0.8
89.9
€S.6

€7.6
87.1
84.1

3.4
79.8
76.5

102.4

$4.3
90.7
80.9

160

86,0
86.3
87.5

89.2
85.7
83.9

83.4
82.9
82.4

82.4
82.1
8l.0

82.7
86,1
92.9

84.8
B6.5
89.6

87.4
87.6
85.4

84,6
83.3
80.9

715.17
76.8
143

100.2

8605
83.0
72.8

SIMPLE
SOURCE
SPL

75.2
794
9C. 7

83.1
83.9
82.6

8l.5
83.0
84.5

85.8
8643
86.6

88.8
94.4
101.9

9.7
94.3
98.3

96.0
94.9
9%.1

93.1
92.1
90.5

90.8
89,3
88.6

107.0

POWER
LEVEL
(PWL)

126.6
126.8
128.1

130.5
131.3
130.0

128.9
130.4
131.9

133.2
133.7
134.0

136.2
141.8
149.3

139.1
141.7
145.7

l43.4
142.3
14l1.5

140.5
139.5
137.9

138,2
136.7
136.0

154.4
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TABLE VII. - Continued.

[Data adjusted to standard day of 15° C and 70O percent relative humidity; SPL referenced to 2x107? Pa; PWL referenced
to 0.1 pW.]

(d) 95 Percent speed; fan physical speed, 2404 rpm

FREQUENCY ANGLEy DEG SIMPLE POWER
SOURCE LEVEL
10 20 30 40 50 60 10 80 90 100 110 12¢ 13C 1490 150 160 SPL (PuL)
1/3~CCTAVE BAND SOUND PRESSURE LEVELS (SPL) CN 20.5 METER RADILS
50 T8e2 T4eT 7649 €77 T7.5 79.2 T84 T79.2 80.4 80.4 El.0 79.1 E3.5 B4.T7 86.9 68.3 8le4 128.8
63 157 T€e9 157 €7e5 7642 769 T4 7647 T7.7 79.7 80.4 B80.6 E4.9 8€.2 87.7 88.4 8l.5 128.9
a0 8C.8 7842 76.7 6S5.0 75.0 7645 T6.0 76.2 T8B.3 80.5 €2.3 €z.8 86.3 87.8 €8.,2 89.2 82.6 130.0
1C0 €1,2 81,2 80.0 775.7 17S.5 80.3 79.0 80.2 82.0 83.7 B5.7 85.& ¢€E€.C SC.2 S0.7 91.2 85.2 132.6
125 85,7 B85.8 85,8 Ble3 84,2 86.2 B84.3 82.5 B85.2 B85.3 B86.3 86.6 B87.5 B8E.5 89.3 8844 86.0 133.4
160 E€eT B7.0 €248 E€Ge5 84,0 83.5 82.7 82.5 B83.5 B4.5 85.3 85,6 86.5 E7.3 €7.2 8646 84.8 132.2
200 €4.4 B85.0 B8Z.2 8045 B8C.9 8l.0 8,2 B80.4 B82.0 82.4 84.0 E€4.3 E€5.9 E€.9 ETe2 B5.4 83.5 130.9
280 €4.4 85.2 83,0 84.2 83.4 83.9 8le4 81.5 83.5 84.9 B85.7 E¢€.1 ET.T 8T.2 87.2 85.4 84,9 132.3
315 €5.6 B6.1 B84.2 85.1 83.9 83.9 B2.6 83.2 B84.6 B85.2 86.T BE.T ETel EBTe2 B86.1 B4.5 85.3 132.7
400 €7.5 €7.3 €5.7 ET.C 86.0 85.5 B84.5 84.8 86,2 86.8 68,5 €€.3 €€.Z €7.5 86.2 ¢£4.2 86.8 134.2
500 €7.7 87.7 87.2 B%.4 ET.9 B87.6 85.7 B6.4 B87.7 88.6 B89.7 88.8 ET.9 €7.2 85.4 863.6 87.9 135.3
630 €7.1 87.2 88,1 89,1 87.9 B87.9 B5.6 B6.4 B87.7 B88.9 90.4 ES.0 ¢£8,2 87.1 85.1 83.3 88.1 135.5
Y] €S.1 89.1 88.4 B89.7 87.9 87.9 87,6 8B.4 904 91.6 93.1 Gl.0 SC.& EE.7T 86.1 84.3 89.9 137.3
1000 5048 9146 9240 93.1 91e¢3 91.5 90.8 90.8 92,3 93.8 94,6 S4.6 94.5 90.9 B87.6 B85.7 92.7 140.1
1250 1015 103.9 1C4e5 10642 104.2 10440 10249 100.9 101.4 133.9 104.7 106.5 107.7 10z2.2 98.4 95.4 104.3 1517
1600 6040 G1e3 6148 S2.7 Sle2 9140 89,5 90,5 93.4 94.5 95.8 GSt5.8 65.2 2.0 €9.0 86.6 93.3 140.7
2000 €S9 91,3 Gl.€ 52,6 9le4 90.9 83.8 913 94¢4 95,3 GT.1 9E.7T 96.4 92.8 89.1 86.8 94.1 141.5
2500 €€e3 G57.5 6842 99.5 99.0 97,7 95.3 96.2 98.7 98.5 100.3 101.8 102.2 S7.7 93.3 90.8 99.2 146.6
3150 Sle4 Sle7 62.6 63.8 91.9 91.8 9.5 92,7 95.7 97.0 SB.5 S€.7 S$9.0 55,9 91,2 ¢€8,8 96.1 143.5
4000 §Z.5 63.2 6542 95,0 93.0 9340 9Le5 92,2 95.4 9T.7 S8.7 98.7 99.7 9€.9 9l.4 89.3 96.8 l44.2
5000 ES«8 9049 SleZ S2.2 Sle8 91.1 87.9 91l.1 9443 95.1 STe3 S€.2 S8.6 94.4 5043 86.4 95,2 142.6
€3C0 €9.,0 B8E.7 €8.7 89.5 8G.2 831 B87.0 89.1 928 93,6 Sbel S4.4 STe0 62,6 BE.6 B85.7 94. 1 1415
8007 €7.1 87.9 86.6 Bb6.9 87,6 88.1 85,2 B88.3 92.1 92.6 S5.1 91.1 65.% S2.1 88.3 84.8 93.4 140.8
10000 €4.,9 B85.1 84,1 83,1 B4,8 85,1 82.3 B86.1 B89.4 90,0 92.8 ELE8.0 S2.8 85.6 85.8 B82.4 9l1.7 139.1
12560 €3,5 B84.3 Ble6 B80.& 83.3 B4.2 Ble5 B84.8 B8B.8 89,5 91.9 85.5 S2.4 BE,T B4.8 8le2 2.2 136.6
16000 75.7 8040 76.4 T4e3 75,5 80.5 7T8.0 81.7 85.2 B6.0 B88.9 80.1 89.2 85.5 Bl.4 78.2 90.7 138.,1
20000 T€5 TT740 71e9 6904 T€e5 T7e5 75.0 T8.5 B82el 83.0 B85.4 175.4 E€e2 €Z.l 18,8 1715.7 90.2 137.6
OVERALL 105.1 10€+6 1CT+2 10844 106.9 106.6 10542 1048 106.8 108.2 1096 110.1 111.2 107.2 103.9 102.0 108.4 155.8
CISTANCE SIDELINE PERCEIVED NOISE LEVELS
114.3 M 2,0 S3.4 98.3 102.0 103.2 103.9 103.0 1042 106.8 1072 108.4 1C8.0 107.4 101.9 95.4 88.4
152.4 M 7€.8 089.8 95,0 9848 95949 100.7 1000 101.0 103.7 104.1 105.2 104.8 104¢) SEo5 91.8 B84.5

304.8 M €7.,1 80.1 €601 90.4 91e2 92.6 92¢2 92¢7T 95¢3 95,7 67 G€e2 65.2 85,2 82.6 74.9
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TABLE VII. - Concluded.

[Data adjusted to standard day of 15° C and 7O percent relative humidity; SPL referenced to 2)(10"5 Pa; PWL referenced
to 0.1 pW.]

(e) 100 Percent speed; fan physical speed, 2615 rpm

FRECUENCY ANGLE,» DEG SIMPLE POMER
SOURCE LEVEL
10 20 30 4C 50 60 70 890 90 100 110 12¢ 12¢ 140 150 160 SPL (PwL)

1/3-0CTAVE BAND SOULND PRESSURt LEVELS (SPL) CN 30,5 METER RADILS

S0 €Ce2 T€45 7943 €8.5 TS.2 83.2 82.0 B4.8 84,7 B4.5 83.3 E2.5 €5.7 €7.8 EE.T 60.9 84.5 131.9

63 1646 7746 77.0 65.0 77.5 78.1 78.1 78.5 79.0 B80.5 81.5 81,9 B86.5 87.8 89.6 91.0 83.2 130.6

20 18,8 T77.4 154 6545 7543 T6.6 T6.4 T7.3 79.6 8l.6 83.9 84.3 €749 £S5.6 Slal G241 84.5 131.9
100 EZ.3 Bl.6 8led 76,6 680.3 8l.6 8.6 82.6 83.3 84.8 86.9 ET.0 SC.3 S1.9 92.1 9G3.2 87.0 134.4
125 85.1 B6+3 B85.9 83,3 85.6 85.1 B84.6 85.4 85,3 B5.8 B86.9 87.9 89.5 SC.9 9li& 90.5 87.3 134.7
1€0 €3.6 84,0 84,0 €l.1 83,3 B84.5 83,6 84.3 85.0 85.3 86.1 B87.1 €8.0 85.0 B89.6 88.4 85.5 133.3
200 €2,6 €¢t.1 84.C El.8 2l.8 82.5 82.8 B82.5 B83.3 83,3 E5.6 E&.7 E7.6 88,8 €9.1 E7.7 85.2 132.6
250 E4,8 85.9 83.9 B83.9 83,4 83.6 83.1 B3.8 84,8 B5.6 E7.3 8€,2 89.1 89.3 §€9.4 87.7 86.3 133.7
315 EE,C 87.0 84,8 8445 B84.2 895.5 04.2 B4.3 85,7 8643 87.7 EE.€ €E9.0 8S.3 88.8 B86.4 86. T 134.1
4C0 ETel B7.9 E€5.6 €5.7 B84.9 86,1 B85.6 B86.1 B7.4 B8.1 89,2 B85.3 85.6 8%.6 88.2 B85.9 87.17 135.1
500 BEsT B1+9 €6e9 BB8.4 86,9 B8Te7 B6e4 B8Te6 89,4 89,7 90.7 90.0 89.1 8E.7 87.9 B85.6 88.7 136.1
630 €€.,8 BE.1 €T7.6 85.4 88.1 89.8 8T.8 B7.8 89.4 90.6 91.6 S0.5 89.8 8G.1 87.1 84.8 89.4 136.8
800 €€,2 8G.7 88¢7 SC.2 £€8.7 89.3 88.8 90.2 9147 93.3 94.0 G2.€ G2.2 SC.3 88.0 86.4 91.2 138.6
1000 €Se4 9Ce6 90,2 9Fle7 90.6 90.4 89.7 91.7 93.2 93.9 95.4 S4e5 GS4.5 9C.9 88.4 86.9 92.7 140.1
120 1€2.1 104.0 103.,0 104.8 104.,5 102.8 100.8 101.0 101.1 100.8 107.5 106.2 108.3 102.0 98.8 95.9 104.2 151.6
1600 €1s6 93,0 63.C G4.3 93,5 63.1 9l.8 93.0 95,0 95.6 68.8 G7.4 SG.1 94,5 Sl.& E8.9 95.5 142.9
2000 86,6 9142 9le4 92.€ GSlel 9.4 9.7 92.9 96.1 96.6 $8B.2 97,2 ST.2 92.4 90.1 88.0 95.0 142.4
2500 4.9 $6.9 STe4 98.4 97.5 97.0 9%.7 964 99.2 99.2 101.7 1€2.3 1C2.¢ S7.4 G3.6 Sl.1 994 146.8
3150 606 Sle6 S3el S4al S2.3 92.6 91.8 94.1 S7.0 98.1 100.0 6SS5.6 100.2 S$7,0 92.6 89.4 97.2 l44.6
4000 S1e5 5244 G445 G444 92,5 92.5 9le5 9249 9649 98.4 G9.5 GE€.7 100.5 9€.2 92.0 89.7 97.2 l44.6
5000 89.3 S0.4 90e7 91.7 Slel 9l.3 BBe9 92.4 95.9 96.1 SB.4 ST.l 99.2 S4.8 Sl.3 8T.6 96.0 143.4
6300 €E8.4 BEe6 B847 B8S.5 89.0 89.2 88.1 90.9 94.1 95.1 G7.9 SZ42 STel S4.6 B85.9 B€eS 95.2 142.6
8000 E€.3 B87.8 B6.2 8647 B87e3 B8Be6 B85.6 BIB 93,8 4.1 96,9 9Z.8 G€.5 S2e9 8944 E643 9.7 142.1
10000 €4.6 B5.1 £3.6 B83.1 85,0 8643 B84.0 B87.8 91e5 9le6 94.8 89.5 S4.58 SC.6 87.5 83.7 93.3 140.7
12500 83,1 82,9 E0.8 €80.3 83.2 85.3 83.3 B6.6 90.9 9l.1 93.8 €Tel 63.5 85.9 €6.6 £3.3 93.8 L4l.2
16000 79.7 79¢5 7549 Té4u4 175.3 B8le7 T79.8 83.3 B87.3 87.7 90.5 81.9 91.0 8¢.7 83.2 80.0 92.3 139.7
20000 TEwB 7663 Tlel 655 T€0 T8.9 76.5 80.3 B83.8 B84.5 €7.3 7€.7 BB.2 BL4,0 80.7 77.9 91.9 139.3

OVERALL 10%5,0 1C&+6 106.2 L07.5 1C6.9 10641 10444 105.7 107.7 108.2 111.5 110.4 112.1 1C7.7 105.2 103.4 109.0 156.4

CISTANCE SIDELINE PERC:IVED NOISE LEVELS

114.3 M 82,1 92,4 S7.6 101¢3 102.6 103.7 102.9 105.1 107.7 108.0 1€9.9 1CE.7 108.2 10z.4 96.5 89.5
152.4 ™ 7849 8548 G540 98.0 99,5 1005 99,8 101e9 10446 1048 10647 105¢5 1049 SE¢9 9249 85,6
304.E M 67.1 B80e2 85.1 89¢6 9le3 922 9Ileb6 93.6 9642 964 G843 S€.9 G643 85,7 83.8 7T6.1
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Sound power level, dB (ref. 10713 w)
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Sound power level, dB (ref. 10713 W)
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Figure 46. - QF-8 fan overall sound power leve! as function of speed.
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Figure 47. - QF-8 fan overall sound pressure level as function of microphone angular position on 30. 5-meter (100-ft) radius.
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Perceived noise level, PNdB
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Figure 48. - QF-8 fan perceived noise as function of microphone angular position on 30.5-meter (100-ft) radius.
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Figure 49. - QF-8 fan one-third-octave-band spectra on 30. 5-meter (100-ft) sideline with 106 percent-of-design-area nozzle.
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Figure 49. - Continued.
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Sound pressure level, dB {ref. 2107 Pa)
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Sound pressure level, dB (ref. 107 paj
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Figure 50. - QF-8 fan one-third-octave-band spectra on 30.5-meter (100-ft) radius sideline with 110 percent-of-design-area nozzle.
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Sound pressure level, dB (ref. %107 Pa)
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Figure 51. - QF-8 fan one-third-octave-band spectra on 30. 5-meter (100-ft) sideline with 115 percent-of-design-area nozzle.
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Sound pressure level, dB (ref. 107 Pa)
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Sound pressure level, dB (ref. 2107 pa)
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Figure 51. - Continued.
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Sound pressure level, dB (ref. 107 pa)
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Figure 52. - QF-8 fan one-third-octave-band spectra on 30.5-meter (100t} sideline with 119 percent-of-design-area nozzle.

(d) Microphone angular position, 40° from inlet.

10



(41!

Sound pressure level, dB (ref. %107 pa)

Fan speed,  Blade-passage

percent frequency,
of design Hz
jul 70 916
0 80 1046
a 90 1176
o 95 1242
= 100 1307
110‘ ‘ ' l
T T T
[ k .
100 T : L |
|
90
v
80

SV e
N

10N

€0 . A : A
{e) Microphone angular position, 50° from inlet.
110 - T T T i
T T T T T
' I |

L S S S S I [ S E RO S S, ~

{f) Microphone angular position, 60° from inlet.
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(g} Microphone angular position, 70° from inlet. (h) Microphone angular position, 80° from inlet.

Figure 52. - Continued.
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(i) Microphone angular position, 90° from inlet, {j) Microphone angular position, 100° from inlet.
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(k) Microphone angular position, 110° from inlet. (£) Microphone angular position, 120° from inlet.

Figure 52, - Continued.
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Figure 52. - Concluded.
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