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INLET NOISE OF 0.5-METER-DIAMETER NASA QF-1 FAN AS MEASURED 

IN AN UNMODIFIED COMPRESSOR AERODYNAMIC TEST 

FACILITY AND IN  AN ANECHOIC CHAMBER 

by Thomas F. Gelder and Richard F. Soltis 

Lewis Research Center 

SUMMARY 

The inlet noise from a 0.271-scale model (0. 5-m or  20-in. diameter) of the NASA 
QF-1 fan was determined from measurements in the reverberant plenum chamber of an 
unmodified (i.e. , no acoustic treatment) compressor aerodynamic test facility and from 
measurements in an anechoic chamber. These noise results are presented along with 
detailed aerodynamic performance recently published. Narrowband (50-Hz) noise anal­
yses revealed grossly similar sound pressure level spectra in each facility. Blade pass­
ing frequency (BPF) noise and, at the higher tip speeds, multiple pure tone (MPT) noise 
were superimposed on a broadband (BB) base noise. Sound power levels were deter­
mined from one-third octave bandwidth analyses. On that basis the BPF noise (har­
monics combined) and the MPT noise (harmonics combined, excepting BPF's) agreed be­
tween facilities within l.5 dE3 or  less over the range of speeds and flows tested. Trends 
in the total broadband noise with changes in speed and flow were similar in each facility 
but comparisons of the absolute power levels are questionable because of differing fre­
quency spectra and maximum frequency limits analyzed. 

The satisfactory determination of one-third octave based inlet tone power levels in 
the same installation and time period that the detailed aerodynamic performance is ob­
tained allows early screening of designs. And coupled with narrowband spectra that are 
representative of free and far field spectra it also offers the potential for cause and ef­
fect relationships between aerodynamic and noise performance. 

In the anechoic chamber the BPF noise was  highest near peak efficiency operation. 
It propagated at all speeds despite a design to cut it off at low speeds and despite inlet 
flow with low free stream turbulence intensity and flow distortion. The MPT noise was 
only significant at 100 percent design speed where it dominated the spectrum. The broad­
band noise increased about 6 dB from 60 to 80 percent design speed then decreased about 
1dB from 80 to 90 percent speed, all on a calculated operating line passing through the 
design point. 



INTRODUCTION 

' Facilities utilized to determine the detailed aerodynamic performance of a fan or  
compressor are generally unsuitable for free and far field noise measurements. The 
test package is usually installed between an upstream plenum chamber and a downstream 
collector and exhaust system which have hard, noise reflecting walls throughout. How­
ever, it has been demonstrated (ref. l) that the usual noise components of blade passing 
frequency tones, multiple pure tones, and broadband noise can be identified and sound 
power levels determined from noise measurements in the reverberant field environment 
of the inlet plenum chamber of an unmodified (i.e. , no acoustic treatment) compressor 
aerodynamic test facility. These data contained no directivity information, no down­
stream or exit noise measurements, and were for rotors with blade passing frequencies 
at design speed of at least 10 kilohertz which eliminated any significant standing wave 
problems . 

There is a real incentive to obtain meaningful noise data in the same installation and 
time period that the detailed aerodynamic data are obtained. Early screening of designs 
and the potential for cause and effect relationships between the aerodynamic and noise 
performance is thereby possible. 

A 0.271-scale model (0.5-m o r  20-in. diameter) of the NASA QF-1 fan has been 
tested for noise and aerodynamic performance in an unmodified compressor test facility. 
The detailed aerodynamic performance has been recently reported (ref. 2). In addition, 
the same QF-1 scale model, renamed stage 15-9 (rotor 15 - stator 9) for convenient ref­
erence, was recently tested for inlet noise in an anechoic chamber. This anechoic cham­
ber is a new facility which belongs to the General Electric Co. It was designed and de­
veloped by them and is located at their Corporate Research and Development Center, 
Schenectady, New York. The cooperation of the General Electric Company and partic­
ularly that of C. T. Save11 and R. J .  Wells  is gratefully acknowledged. 

The purposes of this report a re  the following: (1)to compare the inlet sound pres­
sure level spectra and the absolute sound power levels in each noise component as deter­
mined in an unmodified compressor aerodynamic test facility with that determined in an 
anechoic chamber and thereby establish the validity and limitations of the non-anechoic 
facility and (2) to document the inlet acoustic performance of a 0.271-scale model of 
NASA QF-1 fan over a wide range of speeds and flows for which detailed aerodynamic 
data are also available. 

The design tip speed of the NASA QF-1 fan is 337 meters per second (1107 ft/sec) 
and design total pressure ratio is 1.50. The fan was tested over a range of speeds from 
50 to 100 percent of design and weight flows between near choke and near stall. One-
third octave bandwidth sound power spectra for all test conditions and narrowband (50-Hz) 
sound pressure spectra for selected conditions are presented. 
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All symbols and equations are defined in appendixes A and B, respectively. Abbre­
viations and units for the tabular data are defined in appendix C. 

APPARATUS 

Test Stage Design 

The overall aerodynamic design parameters for stage 15-9 are listed in table I. De­
sign total pressure ratio, efficiency, and weight flow per unit annulus area were l.499, 
0.848, and 201.8 kilograms per second per square meter (41.3 lb/(sec)(ft 2I),respec­
tively, at a tip speed of 337 meters per second (1107 ft/sec). There were 53 rotor 
blades and 112 stator blades spaced 3.5 rotor chords downstream of the rotor trailing 
edge. The flow path through the blading and aerodynamic instrumentation stations are 
shown in  figure 1. A view of the stage with outer casing removed is shown in figure 2. 

The blade element design parameters for rotor 15 and stator 9 are presented in 
tables I1 and III, respectively. The blade geometry is presented in table IV for the rotor 
and in table V for the stator. Both rotor and stator used multiple circular a r c  blade 
shapes. Further details of the aerodynamic and mechanical designs appear in refer­
ence 2. Stage 15-9 is a 0.271-scale model (0. 5-m o r  20-in. diameter) of the NASA QF-1 
fan (refs. 3 and 4). 

Test Facilities 

Compressor aerodynamic test facility and instrumentation. - The compressor test 
facility has been previously described (e.g. , refs. 2 and 5), but pertinent features are 
repeated here for convenience. An overall schematic view is shown in figure 3(a) while 
rotor and microphone locations are detailed in figure 3(b). The drive system consists of 
a 3000-hp electric motor with a variable-frequency speed control. The drive motor is 
coupled to a 5.52 1-to-1 ratio speed-increaser gearbox that drives the test rotor. 

Atmospheric air enters through a filter house (not shown) into a line on the roof of 
the building. The air passes successively through a flow measuring orifice, inlet 
throttle valves, two cascades of turning vanes which reverses the direction of flow, and 
then into the 183-centimeter- (72-in. -) diameter plenum chamber. A s  shown by fig­
ure 3(b), the air then enters a 122-centimeter - (4 8-in. -) diameter pipe leading to a bell-
mouth which then reduces the flow path to  the 49.5-centimeter (19.49-in. ) diameter of 
the rotor tip. Downstream of the stator, the air is turned into a toroid-shaped collector. 
A cylindrically shaped and translatable sleeve valve at the collector entrance was used 
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exclusively to throttle the airflow for the present tests. The air is finally exhausted to 
either a low- or high-vacuum receiver, as required. 

The walls of the plenum chamber and all piping to and from it are rolled steel plate 
about 1 . 3  cm (1/2 in. ) thick with no acoustic treatment. The volume of the chamber be­
tween the rotor and the turning vanes in the first 90' bend upstream is about 13.3 cubic 
meters (470 f t3). The corresponding wall surface area is about 36 square meters 
(3 88 ft2). 

Hereafter, noise data from the microphone locations of figure 3(b) are referred to as 
those from the plenum chamber. 

The acoustic instrumentation was the same as that detailed in reference 1. A 0 .64­
centimeter - (1/4 -in. -) diameter condenser -type microphone was positioned by remote 
control to two different radii in the plenum chamber in a plane 236 centimeters (93 in.) 
upstream of the rotor as shown in figure 3(b). A pistonphone-type microphone calibrator 
was routinely used. The microphone signal was recorded in the FM-mode at a tape 
speed of 19.05 centimeters per second (7-1 in. /sec) with a frequency capability to 25 
kilohertz. Playback from the tape recor 2er was  connected to either a continuous 50 
hertz constant bandwidth wave analyzer geared to its graphic level recorder, or to a con­
tinuous one -third octave constant percentage bandwidth analyzer geared to its graphic 
level recorder. 

The aerodynamic instrumentation is pictured in figure 4(a) and its location is given 
in figure 4@). The wedge probes were used to determine static pressure and the com­
bination probes were used to determine total pressure, total temperature, and flow angle. 
These probes were automatically alined with the direction of flow. Radial traverses of 
the flow were made at three axial stations labeled 1, 2a or 2b, and 3 in figure 1. Fur­
ther downstream at station 4 were four fixed rakes for measuring total pressure. Each 
fixed rake contained five radially spaced tubes with equal circumferential spacing be­
tween rakes. Two combination probes and two 8' wedge probes (fig. 4) were radially 
traversed at each of the stations 1 to 3. The combination probes at station 3 were also 
circumferentially traversed across one stator blade gap (3.2') from the nominal values 
shown in figure 4@). Calibrated transducers were used to measure all pressures. The 
total pressures at station 4 were used to monitor online overall performance. The tra­
versable probes at station 1 to 3 were used for more accurate determination of overall 
performance and for the blade element performance. The data were recorded by a cen­
tral data recording system. 

Anechoic chamber test facility- and instrumentation. - A three view schematic of the_ _ _  -

General Electric Company's anechoic chamber is shown in figure 5. The structural en­
closure of the chamber is approximately 10.4 meters (34 ft) wide, 7 . 2  meters (23.5 ft) 
long, and 4 . 1  meters (13.5 ft)  high. All enclosing surfaces are covered with an array of 
polyurethane foam wedges about 0.7 meter (2 .3  f t )  long. A photograph of the anechoic 
chamber taken from the air intake opening is shown in figure 6. The anechoic chamber 

4 



I 

was designed to test fans in both intake and exhaust modes. In the intake mode the test 
fan is mounted so that air flows into the anechoic chamber and out through the muffler 
and inlet noise may be measured. In the exhaust mode the test fan and airflow are re­
versed and exhaust noise may be measured. For the present tests only the intake mode 
was used. All the anechoic chamber walls were made porous by leaving small spaces 
between the foam wedges. By distributing the intake air with ducting to all the porous 
walls,  spherical sink-type flow was simulated in the intake mode of operation. This was 
to minimize inlet flow distortion and turbulence level. 

Test fans in the anechoic chamber are driven by a constant speed motor of 2500 hp. 
A gearbox for speeds to 19 000 rpm was used for stage 15-9. The airflow was throttled 
about 43 meters (141ft )  downstream of the fan  (fig. 5), and a muffler was installed about 
2 meters (6.5 f t )  upstream of this throttle. A flow measuring orifice was 7.6 meters 
(25 ft) upstream of the muffler. 

Acoustic calibration tests of the chamber utilized a horn driver with pure tone in­
puts. Microphone traverses were made from about 1to 6 meters (3 to 20 ft) along dif­
ferent azimuthal rays emanating from the fan inlet location. Results of these tests indi­
cated a standing wave ratio of *ldB or less for frequencies from about 400 to 40 000 
hertz and for azimuthal angles from 0' to 90'. Fan f a r  field noise measurements were 
made at a fixed radius of 5.18 meters (17 f t )  (-7 bellmouth diameters) at driveshaft 
height and for azimuthal angles from 0' to 120'. 

The acoustic instrumentation utilized in the anechoic chamber consisted of the 
following: Thirteen 0.64-centimeter- (1/4-in. -) diameter condenser -type microphones 
and pistonphone-type microphone calibrator. The acoustic data were recorded in the 
FM-mode at 152.4 centimeters per second (60 in. /sec). The tape recorder was cali­
brated over the frequency range from 0 to 80 kilohertz. Only above 40 kilohertz were 
significant corrections to the data necessary and these have been incorporated in the data 
presented. These data were all processed by a one-third octave bandwidth analyzer with 
digital output. Selected data were further reduced by a 50 hertz constant bandwidth ana­
lyzer and corresponding graphic level recorder. Computers were utilized to process the 
digital one-third octave data into various standardized formats and also to calculate the 
sound power levels from the sound pressure levels measured by the azimuthal array of 
13 inlet microphones. 

The aerodynamic instrumentation in the anechoic chamber was minimal. It con­
sisted of two five-element total pressure rakes at station 4 (fig. 1). These were two of 
the four rakes utilized in the compressor aerodynamic test facility to monitor overall 
performance. Only two rakes, 180' apart, were used in the anechoic chamber due to 
limitations in available data channels. Inlet total pressure was taken equal to anechoic 
chamber static pressure. Mass flow was measured by a 55.9-centimeter- (22-in. -) 
diameter orifice. Inlet mean velocity and turbulence intensity were measured by a radi­
ally traversable single-wire hot film probe in a plane 26.8 centimeters (10.6 in. ) 
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upstream of the rotor (fig. 7). Four circumferential locations, 90' apart were surveyed 
with the hot film. The fluctuating velocity was measured by a true r m s  meter. All hot 
film data were recorded on tape for later processing. 

Comparison of fan inlet configurations. - Above the fan centerline in figure 7 is 
shown the anechoic chamber inlet and below the fan centerline is shown the unmodified 
compressor test facility inlet. A nearly spherical screen encloses the well rounded bell-
mouth in  the anechoic chamber for most of the tests. The purpose of the screen was to 
homogenize the inflow to the fan and thus produce lower turbulence intensity levels. 
There is a flat screen in the plenum chamber of the other facility (figs. 7 and 3(b)). The 
screens for each facility utilized different wire and mesh sizes but the ratio of screen 
distance from rotor to mesh size was comparable. The unmodified compressor facility 
also utilizes four support struts in a relatively low velocity section about 60 centimeters 
(23.6 in. ) upstream of the rotor. These struts a re  equally spaced, airfoil shaped, and 
have maximum thickness to chord ratio of about 23 percent. The contour of the case be­
tween the support struts and the rotor was designed to minimize boundary layer growth 
and prevent separation. The centerbody in the compressor test facility was fixed and 
longer than the rotating spinner utilized in the anechoic chamber. 

PROCEDURES 


Test 

In both facilities the fan was tested over a range of speeds from 50 to 100 percent of 
design and weight flows between near choke and near stall. Fan rotative speed and tem­
peratures were allowed to stabilize before any aerodynamic or  acoustic measurements 
were made. Downstream throttle valves were then adjusted to the several desired weight 
flows. In the unmodified compressor test facility the aerodynamic data at stations 1 to 3 
(fig. 1) were obtained at nine radial positions for each speed and weight flow tested. All 
the aerodynamic performance data presented herein a re  from mass weighted integrations 
of the traverse data taken in the non-anechoic facility. The anechoic chamber aerody­
namic performance was related to this traverse data performance through the common 
rake measurements at station 4 and the respective flow measurements. 

Hot film measurements in the anechoic chamber were recorded for 2 minutes at each 
location. Corrections for any temperature and pressure changes during testing were 
made from manufacturers * calibrations. 

All 13-arc microphones in the anechoic chamber were calibrated with a pistonphone 
before and after each test. If these levels differed for any microphone, its average level 
was used to reduce the data from that microphone. Frequency response of the acoustic 
data acquisition system was calibrated by inserting constant amplitude sine waves at each 
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one-third octave center frequency. Anechoic chamber acoustic data from all micro­
phones were recorded simultaneously for at least 1 minute at each operating point. No 
inlet probes (hot film) were in place during acoustic tests. 

The plenum chamber microphone was calibrated with a pistonphone before each test. 
About 2 minutes of data at each operating point and for each of two radial positions 
(fig. 3(b)) were recorded. 

Prior to taking noise data in  the plenum chamber, all the aerodynamic probes at 
stations 1 to 4 were withdrawn from the flow path and the holes in the outer case 
smoothly plugged. Aerodynamic probes in the flow path can create extraneous noise 
sources as demonstrated in reference 1. Except for adding a microphone in the plenum 
chamber and the removal of all aerodynamic probes (except for a single pitot tube at 
station 4 for monitoring purposes), the compressor test facility was not otherwise mod­
ified for the present noise tests. 

Noise Data Reduction 

General. - Sound power levels (PWL) rather than sound pressure levels (SPL) must 
be utilized for absolute value comparisons of stage 15-9 inlet noise determined in the 
anechoic chamber with those determined in the reverberant environment of the untreated 
plenum chamber in the compressor test facility. Inlet noise directivity is measured in 
the anechoic chamber but cannot be measured in the plenum chamber. In the latter a dif­
fuse sound field exists (ref. 1). Thus a different calculation for inlet PWL from the 
measured SPL values will be described for each facility. 

Fan noise is usually subdivided into the following three components (refs. 6 and 7): 
(1) the fundamental blade passing frequency (IXBPF) and its harmonics (BXBPF, etc. ), 
(2) multiple pure tones (MPT), and (3) broadband (BB). One-third octave bandwidth anal­
ysis is most commonly used to display the spectra of fan noise and determine its noise 
components. However, MPT noise is generally not obvious from one-third octave band­
width spectra alone. Significant M P T  noise is usually associated with rotor blade rel­
ative Mach numbers that are supersonic. These MPT occur at harmonics of rotor speed 
frequency (rotor RPM/6O, Hz)which usually cannot be identified without narrow (-50-
Hz), constant bandwidth analysis. These narrowband analyses provide a continuous trace 
of the sound pressure level with frequency as measured at a particular microphone loca­
tion. Such narrowband traces are rarely used to calculate a sound power level which 
would require a large amount of detailed interpretation and calculation. 

A typical compromise in reducing fan noise data (refs. 4 and 8) is to process all of 
the data by one-third octave bandwidth SPL and PWL analyses. Then data from selected 
microphone locations are further reduced by narrowband analysis to continuous SPL 
against frequency traces. The narrowband results are then used to guide the 
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interpretation of the one-third octave bandwidth SPL and PWL spectra. Such a procedure 
was adopted for reducing the noise data from both the anechoic chamber and the plenum 
chamber as illustrated next. 

Anechoic chamber. - Sample narrowband and one-third octave bandwidth noise spec ­
tra are shown in figure 8 for a speed high enough to generate all three noise com­
ponents - BPF, MPT, and BB. In figures 8(a) and (b), the SPL from the 60' microphone 
are shown. But in figure 8(c), the inlet PWL based on all microphones is presented for 
one-third octave bandwidths. These PWL were obtained by assuming symmetry above 
and below the plane of the microphones (fig. 5) and integrating the SPL over the nearly 
hemispherical surface that could be generated by rotating the a rc  of 13 microphones 
through 180'. (The SPL from the 100°to 120' microphones was included in the PWL cal­
culation but that sector had an insignificant influence on the overall level from 0' to 90°, 
the hemisphere of interest herein. ) 

In figure 8(a) the 50-hertz analysis extends from 0 to 25 kilohertz and the 1xBPF 
tone is clearly shown by the peak in SPL at about 11.6-kilohertz. The MPT noise is at 
integral multiples of rotor speed frequency of 219 hertz and is most significant at fre­
quencies below 1xBPF. Peak MPT values are higher than values of lxBPF and appear 
between 4 and 8 kilohertz. In figure 8(b) the one-third octave SPL analysis of the same 
data also shows a significant peak in the 4- to 8-kilohertz range. With the previous 
narrowband detail (fig. 8(a)) this hump in the one-third octave band data (fig. 8@))can be 
identified as MPT noise. Similarly, in the PWL spectrum from all inlet microphones 
(fig. 8(c)) the powerpeak in the 4- to 8-kilohertz range is attributed to MPT noise. 

The lxBPF noise at 11.6 kilohertz (fig. 8(a)) is near the dividing frequency of 11.3 
kilohertz which separates adjacent one -third octave bands (indicated along abscissa of 
figs. 8(b) and ( c ) ) .  To account for this adjacent band sharing or band splitting of the 
lXBPF noise, the sound energy in the two bands is added. As will be evident in subse­
quent plots, when 1xBPF falls near the center frequency of the one-third octave band, 
band sharing does not occur. In the sample shown (fig. 8), 2xBPF noise is insignificant 
(at least 10 dl3 lower) relative to 1xBPF. At lower speeds it is not. For all speeds and 
weight flows, the 1xBPF and 2xBPF noise are added together in subsequent comparison 
plots of BPF noise from each facility. 

A broadband noise base is indicated on all parts of figure 8. In figure 8(a) it is esti­
mated to be along a line connecting the low points of the narrowband spectrum as shown. 
From this narrowband estimate a one-third octave bandwidth broadband level is calcu­
lated for figure 8(b) as indicated on the figure and discussed next. 

A spectrum level (SL) for the broadband base is determined from the 50-hertz anal­
ysis at each one-third octave center frequency which are indicated along the abscissa of 
figure 8(a). The spectrum level, SL, is defined as the average sound pressure level of 
the broadband base in decibels referred to a 1-hertz-wide bandwidth. To each SL the 
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corresponding one-third octave bandwidth, @w)1/3 OCt, allowance was added to yield the 
broadband SPL in that band (fig. 8(b)). 

The indicated broadband base in the one-third octave PWL spectrum (fig. 8(c)) is ob­
tained by joining the low points in the PWL spectrum underlying the BPF's and MPT's 
which have been previously identified in narrowband SPL analyses like figure 8(a). The 
reasonably close agreement of the broadband base levels between figures 8(b) and (c) 
supports this technique. 

All levels above the calculated broadband base in figures 8(b) o r  ( c )  are interpreted 
as the total noise in either (MPT + BB) or (BPF + BB). The MPT or BPF noise is deter­
mined by decibel subtraction of the underlying BB energy contribution from the total SPL 
or PWL values at that frequency. 

The tabulations on figure 8(c) show a sample breakdown of the noise components and 
the broadband corrections to the indicated tones. The total BB noise indicated in fig­
ure 8(c), 135. 8 dB, resulted from adding the energy at the centerline frequencies of each 
one-third octave band between 100 and 80 000 hertz. Also tone indications, if any, below 
about 250 hertz were generally ignored because of poor narrowband resolution there and 
possible starting transient e r rors  in the graphic level recorders. 

Plenum chamber. - These noise data were reduced in a manner similar to the-
anechoic chamber data with the following exceptions: (1)the upper limit of frequency 
analysis was 20 kilohertz (instead of 80 kHz) because of tape recorder limitations, and 
(2) the calculation of PWL from SPL measurements was based on reverberant chamber 
relations (instead of free and far field integrations over a hemisphere) because of the 
diffuse sound field in the plenum. These relations a re  developed in reference 1and r e ­
sult in the following equation: 

PWL = SPL + 10 log (v) - 10 log (7)- 19 dB (1) 

where PWL is in dB (referenced to W), SPL is in dB (referenced to 0.0002 pbar), 
v is chamber volume in cubic feet (470f t3), and 7 is reverberation time in seconds. 
The experimentally determined reverberation time is shown in figure 9(a) taken from 
reference 1. (The microphone locations in fig. 9(a) encompass those utilized in the 
present study (fig. 3(b)). Because reverberation time is a function of frequency and 
chamber volume is a known constant, the PWL-SPL relation can be plotted as shown in 
figure 9@). Further details of this procedure are given in reference 1. An average SPL 
from the two radial positions in the plenum was utilized to calculate the one-third octave 
PWL spectra presented although such radial differences were usually within 1dB for all 
conditions and center frequencies. Finally, separating out the MPT and BPF noise from 
the BB and adjusting the tone levels for the broadband contribution was exactly the same 
for the plenum chamber data as for the anechoic chamber data previously illustrated 
(fig. 8(c)). 
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RESULTS AND DISCUSSION 

Aerodynamic as well as acoustic results are presented in this section. Some of the 
data are tabulated as well as ploited. The overall aerodynamic performance for eleven 
representative operating points with stage 15-9 are given in table VI. Blade element 
performance for these operating points is presented in table VII for the rotor and 
table VIII for the stator. These and other aerodynamic data for the stage can be found 
in reference 2 and are repeated here for convenience. Operating points for the acoustic 
data will be indicated. In general they a re  close to but not identical to those in table VI. 

Acoustic data from each of the 13 microphones in the anechoic chamber reduced to 
one-third octave bandwidth spectra from 100 to 80 000 hertz and adjusted to standard day 
conditions at 30.48  meters (100 f t )  are presented in table IX along with the acoustic 
power levels calculated from the microphone array. Subsequent plots will present all of 
the anechoic and plenum chamber results from one-third octave bandwidth analyses a s  
well as  narrowband (50 -Hz) analyses for selected operating conditions and microphone 
locations. 

Aerodynamic Performance 

Overall pressure ~ ratio and efficiency, - An overall performance map for stage 15-9. .  _ _._.-

is presented in figure 10. The solid lines are fairings through the data of reference 2. 
Operating points for the acoustic data are  indicated by arrowheads. At  design speed and 
on an operating line calculated to pass through the design point with a fixed fan exhaust 
nozzle (see ref. 2), the stage pressure ratio, efficiency, and percent design weight flow 
were 1.475,  0. 835, and 9 8 . 0 ,  respectively; these compare favorably with design values 
of 1.499,  0. 848, and 100. 0 (table I). The near stall or near surge lines indicated a re  
not much removed from the calculated operating line, particularly in the anechoic cham­
ber installation. The near surge line in the anechoic chamber occurs at higher weight 
flows than in the compressor aerodynamic facility. This is believed related to the much 
larger volume between the stator trailing edge and the throttling valve in the anechoic 
facility (fig. 5)  compared with the sleeve valve located in the collector inlet in the com­
pressor test facility (fig. 3(a)). Also, the increased exit ducting and muffler in the 
anechoic chamber installation caused its minimum resistance line (wide open throttle) to 
occur at lower weight flows than that for the other facility. The combined result was a 
relatively narrow flow range of operation at a given speed in the anechoic chamber fa­
cility. Flow range was  less than half that available in the compressor test facility. 
Power and vibration limits at design speed caused an additional restriction to the 
anechoic chamber operating range. 
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Rotor tip Mach number. - Speed is a primary variable in evaluating acoustic as well 
as aerodynamic performance. For convenient reference the Mach number relative to  the 
rotor blade leading edge at  5 percent span from the tip, (Mi ,  05), is presented i n  fig­
ure 11for all conditions tested. These data along with loadings (diffusion factor D), 
loss coefficients, incidence angles, and so forth, a r e  available at nine spanwise loca­
tions for both rotor and stator blades in tables VII and Vm, respectively. 

Inlet flow mean velocity and turbulence intensity in anechoic chamber. - These data 
~~~~~~ 

were obtained from radial surveys with a hot film at four equally spaced circumferential 
locations, 26. 8 centimeters (10.6 in. ) upstream of the rotor in the anechoic chamber in­
stallation both with and without the inlet turbulence screen as indicated in figure 7 .  Com­
parable data were not taken in the compressor test facility. Results of the hot film sur­
veys are shown in figure 12. A circumferentially averaged mean velocity without the tur­
bulence screen is presented in figure 12(a). Circumferential variations were less  than 
zt2 percent (within accuracy of measurement) and nonsystematic. (Hot film calibration 
problems with the screen in place made that data unreliable thus it is not shown). As in­
dicated by the radial profile of mean velocity, the boundary layer from the well-rounded 
bellmouth inlet did not extend beyond a radius ratio of about 0.98 at the measuring sta­
tion. Also, the free stream average velocity of about 97. 5 meters per second (320 ft/ 
sec) (fig. 12(a))agrees within a few percent of an average value that was calculated from 
the measured flow, the cross-sectional area in  the hot wire plane, and the local density 
deduced from static conditions measured in the anechoic chamber. 

Circumferentially averaged turbulence intensities with and without the screen in 
place a re  presented in figure 12(b). With screen, the midstream levels are  quite low, 
about 0.0045. (Nonsystematic circumferential variations ranged from 0.0035 to 0.0055). 
Similar midstream levels have been measured in outdoor model tests. Turbulence inten­
sities within the boundary layer were much higher than in midstream, ranging from 2 to 
over 6 percent. Tests without the inlet screen show an average midstream intensity level 

*$ 

of about 0.007. Midstream circumferential variations ranged from 0.0065 to 0.0085. ) 
Also without the screen, the region of intense turbulence near the case wall was 
thickened. There were no measurable differences in overall pressure ratio or weight 
flow in the anechoic chamber with or without the turbulence screen. The effects of the 
screen on the acoustic results a r e  discussed next. 

Inlet Noise Performance 

Effect of turbulence screen. - As shown by one-third octave band sound power spec­
tra in  figures 13(a) to (d) for speeds of 70 to 100 percent of design, respectively, the 
screen in the anechoic chamber reduced the high frequency broadband noise (above about 
2x104 Hz) at all speeds by 3 to 5 dB. In general as speed was increased, the 
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effectiveness of the screen spread to lower frequencies. Blade passing tone levels were 
generally affected less  than 2 dB. At design speed (fig, 13(d)) the screen was not effec­
tive in reducing the multiple pure tone noise occurring in the frequency range from 4 to 
8 kilohertz. Because the screen was found from calibrations not to have significantly 
altered the sound from a speaker source, and because the screen was located in  a low 
velocity region, the broadband noise reduction is believed to be a result of a reduction in 
the noise source levels. As previously discussed, the screen reduced the inlet free-
stream turbulence intensity and reduced the thickness of intense turbulence near the case 
wall. 

The flat screen half way through the plenum chamber of the compressor test facility 
(fig. 3@))was not removed thus comparable data from that facility a re  not available. 

As shown in figure 7, the distance between the screen and the rotor, divided by the 
mesh size (wire center to center distance) was about 960 for the anechoic chamber and 
about 850 for the compressor test facility with plenum chamber. Such large and com­
parable distance to mesh size ratios are  an indication of comparable turbulence inten­
sities at the rotor face (ref. 9). Thus the noise data from the two facilities, discussed 
next, is with their respective screens in place. 

Typical noise ------ in each facility. - In the anechoic chamber the effect of speedspectra __ 
on narrowband and on one-third octave band SPL from the 60' microphone is shown in 
figures 14 and 15, respectively. Comparable results from a microphone in the plenum 
chamber of the aerodynamic test facility a re  shown in figures 16 and 17. The 60' angle 
SPL was selected for comparison because it is generally at o r  near the peak azimuthal 
value for all operating conditions (see table IX)and is representative of the spectra which 
has the major influence on the inlet sound power. 

The narrowband results from the anechoic chamber (fig. 14) show prominent 1xBPF 
tones at all speeds despite a design that should cut them off at low speeds (refs. 4 and 
10). The MPT content increases as the speed is increased from 70 to 100 percent speed. 
High*levels of MPT noise relative to the lXBPF noise in the f a r  field have been related to 
supersonic relative blade speeds (refs. 7 and 11). The blade relative Mach number (at 
5 percent span from tip) at 100 percent design speed is about 1. 15 and that at 70 percent 
speed is about 0.75 (see fig. 11). Also, figure 14 shows the 2xBPF tone decreasing rel­
ative to the 1xBPF level as speed is increased. 

At 70 percent speed (fig. 14(c)), there is an extraneous tone near 2000 hertz, the 
source of which is unknown. Other fan designs tested in this anechoic chamber have not 
displayed such a tone. Also, at comparable speed and flow conditions, the same fan 
tested for noise in the compressor aerodynamic facility did not generate the stray tone 
(see fig. 16(c)). Fortunately the 2000-hertz tone is not a factor in evaluating the three 
noise components of interest. 

Also at 70 percent speed in the anechoic chamber (fig. 14(c))the 2xBPF and 3xBPF 
tones appear split into two discrete tones about 600 hertz (4 rev/sec) apart. This 
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phenomena also did not appear in the narrowband analyses of the plenum chamber data 
(fig. 16(c)) nor at any of the higher speeds in either facility. Reasons for the split are 
unknown. However, it is not a factor in the one-third octave analyses (fig. 15(c)) where 
the wider bandwidths automatically combine the aforementioned tone splits. 

Direct graphic comparison of the 50-hertz spectra from each facility (figs. 14 and 
16) is a little difficult because of the different scales utilized by the different graphic 
level recorders. To eliminate that difficulty and also to illustrate that MPT's (including 
the BPF's) occur at multiples of the engine order E (rev/sec of the rotor shaft), fig­
ures 18 and 19 were constructed. Figure 18 is for 70 percent speed, and figure 19 is for 
100 percent speed. Part (a) of each figure represents the anechoic chamber traces of 
figures 14 (a) and (c); part (b) represents the plenum chamber traces of figures 16(a) 
and (c). The peaks and valleys of each MPT, relative to the level of IxBPF, were read 
from the graphic traces. The peaks were plotted at the appropriate engine orders and 
the valleys half way between. Straight lines were drawn between them. In regions with­
out MPT clusters (mainly the 70 percent speed data) the SPL at each engine order was 
read from the respective analyzer traces then these levels were joined by straight lines. 
Exact correspondence of noise spectra from any single microphone in an anechoic cham­
ber with that from any microphone in a reverberant chamber is of course not expected o r  
even possible. However, there a re  enough similarities in the narrowband spectra be­
tween the plenum chamber data and the anechoic chamber data to make the former a help­
ful representation of the free and f a r  field frequency content and of relative dB levels. 
For example, in either facility, the MPT's a re  similar in frequency content and in level 
(relative to 1xBPF) at 100 percent speed (fig. 19). At this speed the MPT's dominate the 
spectrum. Likewise in  either facility the MPT's a re  equally insignificant at 70 percent 
speed (fig. 18). 

With regard to 1XBPF at 70 percent speed, (fig. 18) similar patterns a re  evident in 
either facility although the tone is wider at the broadband base level in the plenum cham­
ber. Also at 70 percent speed, the 2mPF tone is lower relative to the 1xBPF tone in the 
plenum chamber than in the anechoic chamber. At  100 percent speed (fig. 19), the 
lXBPF tone level is less above the broadband base in  the plenum chamber data than in  the 
anechoic chamber dah .  

There are gross similarities in the narrowband (50-Hz) spectra from each facility at 
comparable operating conditions. However, some of the finer details differ. 

The one-third octave band results from either the anechoic chamber (fig. 15) or the 
plenum chamber (fig. 17) are much easier to interpret when their corresponding narrow­
band results (figs. 14 and 16, respectively) are available. The MPT noise at 100 percent 
design speed (figs. 15(a) or 17(a)) is mainly clustered in the one-third octave bands cen­
tered at 4, 5, 6.3, and 8 kHz. The lxBPF noise at 100 percent speed is shared by the 
10 and 12.5 kilohertz centered bands and the 2xBPF by the 20 and 25 kilohertz centered 
bands. At 70 percent speed (figs. 15(c) or 17(c)) the lXBPF is near the center of the one­
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third octave band centered at 8 kilohertz and no band sharing of this tone or its second 
harmonic is apparent. The one-third octave broadband base calculated from the narrow­
band analyses (fig. 14) agrees with the direct one-third octave analysis for all speeds 
(fig. 15). 

In the plenum chamber at  70 percent speed and 67 percent flow (figs. 16(c) and 17(c)) 
there is a broadband hump in the SPL spectra extending from about 500 to about 3000 
hertz that is not present for comparable conditions in the anechoic chamber (figs. 14(c) 
and 15(c)). This is believed due to exit throttle generated noise in the compressor test 
facility discussed later. 

One-third octave band power spectra comparisons. - As previously discussed, the 
flow range at each speed is much less in the anechoic chamber installation than in the 
compressor test facility. Thus, in general there was only one flow at a given speed that 
was nearly the same in each facility. These four directly comparable operating condi­
tions are shown in figures 20(a), (b), (c), and (d) for 70, 80, 90, and 100 percent speed, 
respectively. 

In general, the broadband spectra a re  somewhat different between the two facilities 
as is the upper frequency limit of the analysis. There is the previously indicated low 
speed (70 and 80 percent), low frequency range (500- to 3000-Hz) hump in the plenum 
data. Also, above IxBPF, the plenum broadband is less than the anechoic data. At 90 
and 100 percent speed (figs. 20(c) and (d)), the plenum broadband is higher under the 
MPT noise than in the anechoic chamber. Above IXBPF, the broadband noise switches 
to higher in the plenum at 90 percent speed and about equal at 100 percent speed relative 
to the anechoic chamber levels. Substantially different downstream throttle systems are  
believed responsible for the broadband differences below about 3000 hertz (see later dis­
cussion). Reasons for the inconsistent broadband relation between facilities above 1xBPF 
are not apparent. The overall result is that absolute value comparisons of broadband 
noise power a re  questionable because of the aforementioned differences. However, the 
broadband contribution to the indicated IXBPF tone levels is not significantly different be -
tween facilities to adversely affect that tone noise comparison described next. 

The 1xBPF noise component is nearly the same in both facilities for all speeds shown 
(fig. 20). At 70 and 80 percent speed the 2xBPF noise is higher in the anechoic chamber 
than in the plenum but the combined BPF noise agrees within less than 1.5 dB for speeds 
from 70 to 100 percent. 

The MPT spectra a re  quite similar at 90 and 100 percent speed and the absolute 
values a re  in close agreement at 100 percent speed where the MPT component is 
dominant. 

The satisfactory determination of one-third octave based inlet tone power levels 
(BPF's and MPT's) in the same installation and time period that the detailed aerodynamic 
performance is obtained allows early screening of designs. And coupled with narrowband 
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spectra that a re  representative of free and f a r  field spectra it also offers the potential 
for cause and effect relations between the aerodynamic and noise performance. 

All of the one-third octave band power spectra from each facility are presented in 
figures 21  to 26 for speeds of 50 to 100 percent of design, respectively. At 50 and 60 
percent speed directly comparable data are not available as it is for 70, 80, 90, and 100 
percent speed. The weight flows at each speed are shown and the absolute value of each 
noise component tabulated. 

In the anechoic chamber at 60 and 70 percent speed (figs. 22 and 23(a)) the second 
harmonic (2xBPF) is about equal to the fundamental (IXBPF). In the aerodynamic test 
facility at 70 percent speed (fig. 23(b)), the 2XBPF noise level is 7 to 9 dB below 1xBPF 
for all weight flows tested. This implies that the stage 15-9 waveforms measured in the 
reverberant plenum chamber are shaped nearly like sine waves while those in the 
anechoic chamber are more irregular in shape. However the combined acoustic power 
in 1xBPF and 2xBPF in one chamber is nearly equal to that in the other at comparable 
operating conditions. Also, at the higher speeds (figs. 24 to 261, the 2xBPF noise levels 
are  nearly 10 dB lower than 1xBPF in both facilities. 

Crossplots summarizing each of the noise components a re  presented and discussed 
next. Following that, the throttle noise in the compressor aerodynamic test facility is 
examined. 

_ _Noise -components as functions of speed and flow. - The inlet sound power in blade 
passing frequencies (BPF), in multiple pure tones (MPT), and in the broadband (BB) 
noise are shown in figures 27, 28, and 29, respectively, for both test facilities. These 
results are from the previously presented one-third octave analyses (figs. 2 1  to 26) and 
cover the range of speeds and flows tested. 

The levels of BPF noise (fig. 27) represent the combined power of 1xBPF and 2xBPF. 
On this basis there is very good agreement between the two facilities over the entire 
range studied. At a midthrottle setting, the BPF levels generally increase with increas­
ing tip speed from 50 to 80 percent speed and remain near the later level at 90 and 100 
percent speed. The effect of flow or loading at a fixed speed on BPF levels is mixed. At 
speeds between 70 and 100 percent the midthrottle settings associated with near peak ef ­
ficiency operation (fig. 10) produce the highest level of BPF noise. Also, the near stall 
flows in the aerodynamic test facility generally result in  the lowest levels of BPF at a 
given speed. Reasons for this unexpected behavior of BPF noise a re  not presently known. 

The levels of the multiple pure tones are shown in figure 28 against a background of 
blade passing frequency levels. Only at 100 percent speed are  the MPT a significant 
noise source (relative to the BPF) and there the agreement between the two facilities is 
very good. There is some MPT contribution at 90 percent speed where the relative Mach 
number is near 1.0 but it is less than the BPF. The MPT levels a t  90 percent speed are 
about 5 dB less in the anechoic chamber than in the plenum for unknown reasons. At 100 
percent speed the combined MPT levels exceed the combined BPF levels. It appears that 
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some of the acoustic energy in the blade passing frequency is increasingly shifted into 
multiple pure tones as the blade relative Mach number increases above unity. Evidence 
for this is the leveling off of the BPF noise near 1.0 relative Mach number concurrent 
with increasing MPT noise as Mach number increases beyond about 1.0. At design 
speed there is no effect of loading (flow changes) on the MPT levels for the range of 
flows that could be tested. 

The broadband noise levels for each facility are presented in figure 29. As pre­
viously discussed, the plenum chamber data show a broadband frequency spectra that 
generally differs from the anechoic chamber data as does the upper frequency limit 
analyzed thus absolute value comparisons of total broadband power are questionable. 
However, trends with speed and flow may be valid and are similar in each facility. At 
constant speed, the broadband noise increases steadily with decreases in flow. Such 
flow decreases mean increased blade loading with possibly increased flow separation and 
thus increased turbulence from blade and wall boundary layers. The allowable flow 
range at constant speed was small in the anechoic chamber thus the range of broadband 
noise was only a few dB. The broadband noise in the anechoic chamber increased about 
6 dB from 60 to 80 percent design speed (about fifth power of speed dependence) then de­
creased about l dB from 80 to 90 percent speed. These values apply along a fan oper­
ating line calculated to pass through the design point with a fixed fan exhaust nozzle. 
Design speed data could not be run at this throttle setting (fig. 10). Reasons for the 
lower broadband noise at 90 percent speed are not known. 

A summary of the one-third octave based inlet sound power from the 0.271-scale 
model of the NASA QF-1 f an  tested in an anechoic chamber revealed the following: the 
blade passing frequency noise was highest near a midthrottle, peak efficiency, setting. 
It propagated to the f a r  field at all speeds despite a stator to rotor blade number ratio 
satisfying the cutoff criteria (ref. 10) and despite low levels of free stream inlet turbu­
lence intensity and flow distortion. The MPT noise was not significant at 90 percent 
speed (takeoff condition, ref. 3) but was dominant at 100 percent speed. And the broad­
band noise increased with speed between 60 and 80 percent design speed but declined 
about 1dB from 80 to 90 percent speed. 

Throttle noise in unmodified compressor test facility. - As previously mentioned 
there is a broadband hump in the noise spectra from about 500 to 3000 hertz for the mid-
throttle data at 70 and 80 percent speed (figs. 20(a) and (b)) that is not apparent from the 
anechoic chamber data. The source of this broadband hump is believed to be the sleeve 
throttle valve at the entrance to the collector about 60 centimeters (23.6-in. ) downstream 
of the stator in the compressor test facility (fig. 3(b)). At maximum flow, the sleeve 
valve is translated forward and completely out of the flow path. Under these conditions 
(see figs. 2303) to 26(b)), the plenum chamber noise spectra do not show a low frequency 
hump and are similar to the anechoic chamber spectra. However, to reduce weight flow, 
the sleeve valve must be translated rearward and into the flow path. Then the broadband 
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noise hump is present as shown (figs. 23@) to 26(b)). On the other hand in the anechoic 
chamber installation, the throttle valve is remote from the stator and also there is a 
muffler in the line to reduce its upstream noise (fig. 5). 

To further identify possible secondary noise sources, additional data from the aero­
dynamic compressor test facility without stage 15-9 installed is presented in figure 30. 
A range of weight flows was  drawn by vacuum exhaust equipment (fig. 3(a)) through the 
compressor flow path and throttled by the collector entrance sleeve valve. The overall 
sound powers measured in  the plenum as a function of flow are shown in figure 30(a). In 
figure 30(c) are the one-third octave power spectra for a range of flows, while fig­
ure 30(b) presents the average Mach number of the flow in the minimum area section 
(station 3 of fig. 1). Noise levels increased with increasing flow until the annulus was 
nearly choked and then the noise dropped off over 10 dB when the average Mach number 
approached 0.9. The noise spectra were similarly shaped for all flows with the highest 
levels in  the range of frequencies between about 500 and 3000 hertz. These highest abso­
lute levels are about the same as those with stage 15-9 operating at conditions resulting 
in about the same average Mach number at station 3 (fig. 1). By choking the flow at sta­
tion 3 in the vacuum exhaust tests without stage 15-9 installed, the noise decrease ex­
tends across most of the spectrum (fig. 30(c)). In particular, the broadband noise be­
tween about 500 and 3000 hertz is substantially reduced. Thus the noise that has been 
choked off is believed to originate from the partly closed sleeve throttle. 

The high broadband noise at the near stall flows in the aerodynamic test facility 
(figs. 2 1  to 26) are believed generated by stage 15-9. The continuously increasing level 
with increasing frequency (up to IXBPF) is not characteristic of the facility operated 
without the stage (fig. 30(c)). Increased regions of flow separation from the highly 
loaded rotor and stator blades is a possible source of the increased broadband noise. In 
the anechoic chamber, similarly low weight flows and the correspondingly high blade 
loadings were not attainable thus acquiring noise data under such conditions was not 
possible. 

CONCLUDING REMARKS 

There a re  some obvious limitations to the noise measurements taken in the rever­
berant inlet plenum chamber of the present or any similar aerodynamic compressor test 
facility. No noise directivity information is possible from reverberant facilities which 
is required for effective perceived noise level or noise footprint calculations. Also, fan 
exit as well as inlet noise data are essential in evaluating its overall noise performance 
and these are not reported herein. Although 1.32-centimeter- (1/84n. -) diameter 
microphones were radially traversed behind the stators of stage 15-9 (and others), there 
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are presently no anechoic or other free and f a r  field data with which to compare and 
thus evaluate it. 

The high blade passing frequencies of stage 15-9 (about 11kHz at design speed) 
eliminated any significant standing wave problems in the symmetrical plenum chamber 
(ref. 1). Rotors with much lower blade passing frequencies (due to lower numbers of 
blades or  lower tip speeds) may introduce such problems. Then modifications to the 
plenum or to the method of acquiring a good space average of the noise level will prob­
ably be required. Finally, the presently described contamination by exit throttle noise 
may be reduced by using a more remote and perhaps muffled throttle than one at the col­
lector entrance. 

SUMMARY OF RESULTS 

The inlet noise from a 0.271-scale model (0. 5-m or 20-in. diameter) of the NASA 
QF-1 fan was determined from measurements in the reverberant plenum chamber of an 
unmodified compressor aerodynamic test facility and from measurements in an anechoic 
chamber. The principle results of the study were  the following: 

1. Narrowband (50-Hz) analyses revealed grossly similar sound pressure level spec­
tra in each facility. Blade passing frequency (BPF) noise and, at the higher tip speeds, 
multiple pure tone (MPT) noise were superimposed on a broadband (BB) based noise. 

2. Sound power levels were determined from one-third octave bandwidth analysis. 
On that basis the BPF noise (harmonics combined) and the MPT noise (harmonics com­
bined excepting BPF's) agreed between facilities within 1.5 dB o r  less over the range of 
speeds and flows tested. However, the sound power difference between 1XBPF and 
2xBPF was not the same in each facility at low speed. Trends in the total broadband 
noise with changes in speed and flow were similar in each facility but comparisons of the 
absolute power levels are  questionable because of differing frequency spectra and max­
imum frequency limit analyzed. 

3. The satisfactory determination of one-third octave based inlet tone power levels 
in the same installation and time period that the detailed aerodynamic performance is 
obtained allows early screening of designs. And coupled with narrowband spectra that 
are representative of free and f a r  field spectra it also offers the potential for cause and 
effect relations between the aerodynamic and noise performance. 

4. In the anechoic chamber the BPF noise was highest near peak efficiency opera­
tion. It propagated at all speeds despite a design to cut it off at low speeds and despite 
free stream inlet flow with low turbulence intensity and flow distortion. Also the MPT 
noise was only significant at 100 percent design speed (tip relative Mach number of about 
1.10) where it dominated the spectrum. The broadband noise increased about 6 dB from 
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60 to 80 percent design speed then decreased about 1 dB from 80 to 90 percent speed, all 
on a calculated operating line passing through the design point. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, August 22, 1975, 
505 -04. 
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APPENDIX A 


SYMBOLS 


Af 

cP 
C 

D 

E 

im c 

M 

N 

ND 
P 

PWL 

P 

r 

SM 

SPL 

T 


U 


U' 

-
U 


V 

W 

wD 
Z 

annulus area at rotor leading edge, 0.144 m2; 1.55 f t2 

frontal area at rotor leading edge, 0.192 m2; 2.07 ft2 

specific heat at constant pressure, 1004 J/(kg)(K); 0.24 Btu/(lb)(OR) 

aerodynamic chord, cm; in. 

diffusion factor 

engine order,  rev/sec 

mean incidence angle, angle between inlet air direction and line 
tangent to blade mean camber line at leading edge, deg 

suction-surface incidence angle, angle between inlet air direction 
and line tangent to blade suction surface at leading edge, deg 

Mach number 

rotative speed, rpm 

design rotative speed, 13 020 rpm 

total pressure, N/cm2; psia 

sound power level, dB (referenced to W) 

static pressure, N/cmz; psia 

radius, cm; in. 

stall margin 

sound pressure level, dB (referenced to 0.0002 pbar) 

total temperature, K; OR 

wheel speed, m/sec; ft/sec 

fluctuating velocity from hot film probe, m/sec; ft/sec 

mean velocity from hot film probe, m/sec; ft/sec 

air velocity, m/sec; ft/sec 

weight flow, kg/sec; lb/sec 

design weight flow, 29.16 kg/sec; (64.3 lb/sec) 

axial distance referenced from rotor blade hub leading edge, cm; in. 
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% cone angle, deg 

slope of streamline, deg 

P air angle, angle between air velocity and axial direction, deg 

relative meridional air angle based on cone angle, arctan 
(tan Ph cos aC/cos cyS), deg 

ratio of specific heats (1.40) 

ratio of rotor inlet total pressure to standard pressure of 10.13 N/cm 2 

(14.69 lb/in. 2, 

deviation angle, angle between exit air direction and tangent to blade mean 
camber line at trailing edge, deg 

efficiency 

ratio of rotor inlet total temperature to standard temperature of 288.2 K 
(518.'7' R) 

angle between blade mean camber line and meridional plane, deg 

angle between blade suction surface at leading edge and meridional plane, deg 

solidity, ratio of chord to spacing 

total loss coefficient 

profile loss coefficient 

shock loss coefficient 

Subscripts : 

ad adiabatic (temperature r ise)  

id ideal 

LE blade leading edge 

m meridional direction 

mom momentum r i se  

P polytropic 


R rotor 


ref reference 


stall stall 


TE blade trailing edge 


tip tip 
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z axial direction 


8 tangential direction 


05 5 percent span from tip of rotor 


1 instrumentation plane upstream of rotor (fig. 1) 

2a instrumentation plane nearest rotor trailing edge (fig. 1) 

2b instrumentation plane nearest stator leading edge (fig. 1) 

3 , 4  instrumentation planes downstream of stator (fig. 1) 

Superscript : 
v relative to blade 
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APPENDIX B 

EQUATIONS 

Suction-surface incidence angle 

Mean incidence angle 

Deviation angle 

Diffusion factor 

Total loss coefficient 

Profile loss coefficient 

Total loss parameter 



Profile loss parameter 

2a 

Adiabatic (temperature-rise) efficiency 

Momentum -rise efficiency 

Equivalent weight flow 

6 

Equivalent rotative speed 

N-

Weight flow per unit annulus area 

6 

- 1  

__ 

0312) 
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Weight flow per unit frontal area 

(B14) . *f 

Head -rise coefficient 

C p T ~ ~  (B15)
2 

‘tip 

Flow coefficient 

Stall margin 

s M =  X - 1 x 1001 
Polytropic efficiency 

77, = (B18)-
In T~~­
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APPENDIX C 

ABBREVIATIONS AND UNITS USED IN TABLES 

(Aerodynamic and acoustic parameters listed separately) 

Aerodynamic Parameters 

ABS absolute 

AERO CHORD aerodynamic chord, cm 

AREA RATIO ratio of actual flow area to critical area (where local Mach number 
is 1) 

BETAM meridional air angle, deg 

CONE ANGLE angle between axial direction and conical surface representing blade 

DELTA INC 

DEV 


D-FACT 


EFF 


IN 


INCIDENCE 


KIC 

KOC 

KTC 

LOSS COEFF 

LOSS PARAM 

MERID 

element, deg 

difference between mean camber blade angle and suction-surface 
blade angle at leading edge, deg 

deviation angle (defined by eq. (B3)), deg 

diffusion factor (defined by eq. (B4)) 

adiabatic efficiency (defined by eq. (B9)) 

inlet (leading edge of blade) 

incidence angle (suction surface defined by eq. (Bl) and mean 
defined by eq. (B2)), deg 

angle between blade mean camber line at leading edge and 
meridional plane, deg 

angle between blade mean camber line at trailing edge and 
meridional plane, deg 

angle between blade mean camber line at transition point and 
meridional plane, deg 

loss coefficient (total defined by eq. (B5) and profile defined by 
eq. (B6)) 

loss parameter (total defined by eq. (B7) and profile defined by 
eq. 038)) 

meridional 
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MERID VEL R 


OUT 


PERCENT SPAN 


PHISS 


PRESS 


PROF 


RADII 


REL 


RI 


RO 


RP 


RPM 


SETTING ANGLE 


SOLIDITY 


SPEED 


ss 
STREAMLINE SLOPE 

TANG 

TEMP 


TI 


TM 


TO 


TOT 


TOTAL CAMBER 


VEL 


WT FLOW 


X FACTOR 


meridional velocity ratio 

outlet (trailing edge of blade) 

percent of blade span from tip at rotor trailing edge for design 
streamlines 

suction-surface camber ahead of assumed shock location, deg 

pressure, N/cm 2 

profile 

radius, cm 

relative to blade 

inlet radius (leading edge of blade), cm 

outlet radius (trailing edge of blade), cm 

radial position 

equivalent rotative speed, rpm 

angle between aerodynamic chord and meridional plane, deg 

ratio of aerodynamic chord to blade spacing 

speed, m/sec 

suction surf ace 

slope of streamline, deg 

tangential 

temperature, K 

thickness of blade at leading edge, cm 

thickness of blade at maximum thickness, cm 

thickness of blade at trailing edge, cm 

total 

difference between inlet and outlet blade mean camber lines, 
deg 

velocity, m/sec 

equivalent weight flow, kg/sec 

ratio of suction-surface camber ahead of assumed shock 
location of a multiple-circular-arc blade section to that 
of a double-circular -arc blade section 
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ZIC 

ZMC 

zoc 
ZTC 

BAR 

DBA 

DBB 

DBC 

HACT 

NFA 

NFK 

NFD 

PERC RH 

PNL 

PN'LT 

PWL 

SPLS 

TAMB 

TWET 

axial distance to blade leading edge from rotor hub leading edge, cm 

axial distance to blade maximum thickness point from rotor hub leading 
edge, cm 

axial distance to blade trailing edge from rotor hub leading edge, cm 

axial distance to transition point from rotor hub leading edge, cm 

Acoustic Parameters 

barometric pressure, in. Hg 


decibels using A weighted frequency response network (ref. 12) 


decibels using B weighted frequency response network (ref. 12) 


decibels using C weighted frequency response network (ref. 12) 


absolute moisture content of inlet air, g/m 3 


actual rotative speed, rpm 


equivalent (corrected rotative speed, NFA/ fi),rpm 


design rotative speed, rpm 


per cent relative humidity 


perceived noise level, P N  dE3 


tone corrected perceived noise level 


sound power level, dB (referenced to W) 


sound pressure level, dB (referenced t o  0.0002 pbar) 


ambient temperature, OF 


wet bulb temperature, OF 
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TABLE I. - OVERALL AERODYNAMIC DESIGN 

PARAMETERS FOR STAGE 15-9 

ROTCR TOTAL PXSSUX !?AT IO.  ............... 1 ,541 

STAGE TOTAL PTIZSSL'X %,TI0 1.499 

R Q f i X  TOTAL TE;.:?C?ATU?C RATIO ...........,. 1.145 

STACE TOTAL TG.;?f?ATI;?:t RAT I O  1.145 

ROTO3 AD I A3XT IC EFF I C I EKCY. ............... 0.909 

STAGE A9 I A2AT I C EX1C I E>.:CY 0.848 

ROTC? POLYTXJ?IC EcTICIEKCY .............., 0,915 

STAGE PCLYTZC? I C E T  I C I Eb!CY 

ROTCR E A 0  R I SE C C C T  [ C :fKT. .............. 0.334 

STAGE KZA9 RISE C G Z F I C I E N T  Q.312

h G I 4  COCFFICIZNT.......................... 0.581 
NT RO!d P 3 '  UYIT FXNTAL AfiEA 151.534 
!g FLOtl PER USIT ANWLUS AREA ............ 201.797 
uf FLOlJ 29.161 
WH.. .................................. 13020.000 
TIP SPED 337.45 1 
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TABLE 11. - DESIGN BLADE-ELEMENT PARAMETERS FOR ROTOR 15 

Fp

TIP 

I 
2 
3 
4 
5 
6 
7 
8 
9 

Hw 

Rp
TIP 


1 
2 
3 
6 
5 
6 
7 

8 
9 


HJa 

Rp 
7IP 

1 
2 
3 
4 
5 
6 
7 

8 
9 
WB 

Rp

TIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 na 


RAD11 
IN OUT 

24.750 23.962 
24.132 23.424 
23.510 22.866 
22.886 22.347 
21.021 20.732 
18.550 18.579 
16.075 16.425 
14.192 14.81 0 
13.573 14.272 
12.960 13.734 
12.352 13.195 

ABS VR 
IN OUT 

167.3 229.2 
177.8 227.4 
186.3 226.5 
192.7 226.3 
203.0 230.9 
205.7 242.4 
203.2 261.7 
200.7 282.0 
200.2 290.1 
200.0 298.8 
200.1 308.3 

ABS MACH NO 
I N  OUT 

0.504 0.649 
0.557 0.646 
0.555 0.646 
0.585 0.648 
0.619 0.663 
0.628 0.699 
0.620 0.759 
0.611 0.825 
0.610 0.851 
0.609 0.880 
0.609 0.911 

ABS BnAM 
IN OUT 
0. 40.8 
0. 38.9 

-0. 37.6 
-0. 36.9 
-0. 38.2 
-0. 41.5 
-0. 45.3 
-0. 48.6 
-0. 49.9 
-0. 51.3 

0. 52.6 

REL VEL 
IN OUT 

376.6 247.7 
374.0 249.9 
370.7 249.8 
366.7 247.4 
351.2 229.1 
326.1 203.9 
298.9 188.0 
278.8 1e6.6 
272.7 188.7 
266.9 192.5 
261.5 198.1 

REL MACH NO 
I N  OUT 

1.155 0.701 
1.130 0.710 
1.124 0.713 
1.114 0.708 
1.071 0.658 
0.995 0.538 
0.911 0.546 
0.829 0.546 
0.831 0.554 
0.813 0.567 
0.797 0.586 

Ro,
IN 

63.6 

BETAM 
OUT 

45.6 

TOTAL T W  
LN RAf iO  

288.2 1.169 

TOTAL 
IY

10.13 

PRESS 
RAT10 
1.541 

61.6 44.9 288.2 1.158 10.13 1.541 
59.8 44.1 288.2 1.149 10.13 1.541 
58.3 43.0 288.2 1.143 10.13 1 .El41 
54.7 37.6 288.2 1.139 10.13 1.541 
50.9 27.1. 288.2 1.141 10.13 1.541 
47.2 11.7 288.2 1.144 10.13 1.541 
44.0 
42.7 

-3.0 
-8.3 

288.2 1.148 
288.2 1.149 

10.13 
1@.13 

1.541 
1 .*r 

41.5 -13.8 288.2 1.\51 10.13 1.541 
40.1 -1 9.2 288.2 1.152 10.13 1.561 

MERID VEL TANG VEL UHm s?m 
IN OUT IN OUT IN OUT 

167.3 175.4 0. 149.8 337.5 326.7 
177.8 176.9 0. 142.9 329.0 319.4 
186.3 179.4 -0. 138.2 320.5 312.0 
192.7 180.9 -0. 135.9 312.0 304.7 
203.0 181.5 -0. 142.7 286.6 282.7 
205.7 181.6 -0. 160.6 253.1 253.3 
203.2 184.2 -0. 185.9 219.2 224.0 
200.7 186.3 -0. 211.7 193.5 201.9 
200.2 186.8 -0. 221.9 185.1 194.6 
200.0 187.0 -0. 233.1 176.7 187.3 
200.1 187.1 0. 245.0 168.4 179.9 

MERID MACH NO STREAMLINE SLCPE F Z R I D  PEAK SS 


PERCENT INCIDENCE DEV 
SPAN MEAN SS 
0. 3.3 -0.0 7.0 
5.00 3.4 -0.0 6.4 

to. 00 3.5 0.0 5.9 
15.00 3.6 -0.0 5.7 
30.00 4.2 -0.0 5.8 
50.00 5.5 0.0 6.4 
70.00 7.8 -0.0 7.4 
85.00 10.3 0.0 8.1 
90.00 11.6 0.0 8.2 
95.00 13.1 0.0 8.3 

100.00 14.9 -0.0 8.5 

I N  OUT IN OUT 
0.504 0.491 -19.40 -14.51 
0.537 0,503 -16.77 -12.48 
0.555 0.512 -14.29 -10.63 
0.585 0.518 41.97 -8.97 
C.619 0.521 -5.98 -4.78 
0.628 0.523 0.30 -0.20 
0.620 0.534 5.93 4.15 
0.611 0.545 10.16 7.57 
0.610 0.548 11.61 8.79 
0.609 0.551 13.07 10.05 
0.609 0.553 14.55 11.34 

0-FACT EFF LOSS C O E f  
TOT P R O f  

0.488 0.778 0.189 0.154 
0.469 0.834 0,135 0.100 
0.458 0.883 0.093 0.059 
0.453 0.919 0.063 0.031 
0.479 0.944 0.046 0.018 
0.517 0.936 0.058 0.035 
0.529 0.914 0.090 0.081 
0.504 0,890 0.131 0..129 
0.486 0.882 0.148 0.147 
0.662 0.873 0.166 0.165 
0.450 0.864 0.105 0.185 

VEL R MACH NO 
1.037 1.4L8 
0,995 1.455 
0.953 1.L55 
0.959 1.448 
0.894 1.451 
0.883 1.475 
0.906 1.405 
0.928 1.324 
0.935 1.292 
0.955 1.258 
0.935 1.222 

LOSS PARAH 
TOT PRCT 
0.049 0.040 
0.035 0.026 
0.024 0.015 
0.016 0.008 
0.012 0.005 
0.015 0.009 
0.022 0.020 
0.029 0.029 
0 . a ~  0.031 
0.033 0.033 
0.034 0.054 
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TABLE 111. - DESIGN BLADE-ELEMENT PARAMETERS FOR STATOR 9 

RAD1 I ABS BETAH REL BETAM TOTAL TEPP TOTAL PRESS
u? I N  OUT I N  OUT I N  OUT I N  RATIO I N  RATIO 
TtP 25.414 23.403 37.5 0. 37.5 0. 335.9 1.000 15.61 0.952-

1 22.9'3 22.9:*5 23. 3 0. 35.5 0. 323.6 1.000 15.61 0.951 
2 22.c7a 22.475 33.8 -0. 33.8 -0. 331.1 1.000 15.61 0.969 
3 22.004 21.9s9 2 . 9  -0. 32.9 -0. 329.4 1.000 15.61 0.975..­
4 20.577 20.575 23.4 -0. 33.4 -0. 328.3 1.000 15.61 0.993 

-c
5 18.622 18.718 ;a.1 -0. 36.1 -0. 328.7 i .ooo  15.61 0.986 
6 16.72; 16.'916 40.2 -0. 40.2 -0. 329.6 1 .000  15.61 0.583 
7 15.323 15.622 45.4 -0. 45.4 -0. 330.7 1.000 15.61 0.979 
8 14.828 15.165 L7.2 -0. 47.2 -0. 331.1 1 . 0 0 0  15.61 0.951 
9 14.34b 14.683 49.0 -0. 49.0 -0. 331.6 1 . 0 0 0  15.61 0.899 
M19 13.833 14.181 50.8 -3. 50.8 -0. 332.0 1 . 0 0 0  15.61 0.821 

ABS VEL ZL VR MEFtID V E L  TANG V f L  WHm SPEED 
rzp I N  
TIP 252.0 

1 252.2 
2 253.0. 
3 23 .3  
4 261.2 
5 271.2 
6 281.8 
7 2a7.2 
8 235.9 
5 253.5 

HJ3 297.8 

OUT I N  OUT IN OUT I N  OUT I N  OUT 
187.1 252.0 137.1 199.9 187.1 153.4 0. 0. 0. 
190.9 252.2 190.9 205.7 190.9 145.9 0. 0. 0. 
193.8 253.0 193.8 210.3 193.8 140.7 -0. 0. 0. 
1S5.9 254.3 1 s5.9 213.6 195.9 i3a.o -0. 0. 0. 
148.7 251.2 193.7 218.1 193.7 163.8 -0. 0. 0. 
159.1 271.2 159.1 219.2 199.1 159.7 -0. 0. 0. 
iS3.5 201.8 193.5 215.1 19S.5 181.9 -0. 0. 0. 
195.2 237.2 1 ss.2 201.8 193.2 204.4 -0. 0. 0. 
123.7 229.9 i a . 7  196.9 168.7 212.7 -0. 0. 0. 
177.7 293.5 177.7 192.5 177.7 221.5 -0. 0. 0. 
162.3 257.8 162.0 188.3 162.0 230.7 -0. 0. 0. 

ABS MACH NO RtL KACH NO KZRID MACH NO STREAKLINE SLOPE E R I D  PEAK SS- .  

fP IN 
TIP 0.719 

1 0.726 
2 0.730 
3 0.755 
4 0.760 
5 0.752 
6 0.825 
7 0. E52 
8 0.630 
9 0.2G2 

we 0.876 

OUT I N  OUT I N- GUT IN OUT VEL R KLCH NC 
0 . 9 2  0.71 9 0.522 0.571 0.522 -0 .01  0 . 0 0  0,5% 1.261 
0.535 3.722 0.535 0.591 0.556 0 . 0 1  0 .01  0.528 1.212 
0.527 0.73 0 . 2 7  0.605 0.547 0.32 0.01 0.922 1.181 
0.575 0.75s 0.555 0.618 0.535 0.03 0.00 0.917 1.165 
0.55: 0.750 0 . 5 3  0.634 0.53 0.27 0.18 0.911 1.195 
0.555 0.792 0 .  sss 0.6L3 0.565 1.39 1.25 0.908 1.274 
0.553 0 .  E25 0,553 0.653 0.553 3.69 3.59 0.923 1.377 
0.551 0. Et2 0.551 0.592 0.551 6.87 7.60 0 . 9 3  1.469 
0.532 G .  &SO 0 ;552 0.578 0.532 7.91 9.04 O.SS8 1.506 
0. LS9 0. ss2 0.429 0.555 0.699 8.84 10.85 0.923 1.5L6 
0.453 0.876 0.453 0.554 0.453 9.67 12.83 0.600 1.539 

PERCENT 
!i? SPAN 
TIP 0.  

1 5.00 
2 10.00 
3 15.00 
a 30.00 
5 50.00 
6 70.00 
7 65.00 
8 90.00 
9 95.00 
WB 100.00 

I NC I DENCE DEV D-FACT EfF LOSS COEFT LOSS PARAX 
NEAF! ss TOT PROF TOT PXOT 
13.7 0.0 5.3 0.474 0. 0.1E5 0.165 0.059 0.059 
14.1 0.0 4.8 0.4C5 0.  0.131 0.131 0.045 O.OG 
14.3 0.0 4.5 0.424 0 .  0 .103  0 .103  0.035 0.055 
14.3 0.0 4.3 0.411 0. 0.082 0.082 0.027 0.027 
13.1 -0.0 4.5 0.412 0. 0.053 0.053 0.017 0.017 
11.2 0.0 5.1 0.433 0.  0.040 0.040 0.011 0.011 
9.4 0.0 5.9 0.460 0. 0.048 0.045 0.012 0.011 
8.1 0.0 6.8  0.485 0. 0.056 0.046 0 . 0 1 3  0.011 
7.6 0.0 7.1 0'.513 0. 0.130 0.116 0.029 0.026 
7.2 0.0 7.4 0.557 0. 0.264 0.245 0.057 0.053 
6.8 -0.0 7.6 0.616 0. 0.455 0;420 0.095 0.090 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE IV. - BLADE GEOMETRY FOR ROTOR 15 

PERCENT RAD11 8LAOE ANGLES DELTA C O X  
izp SPAN R l  RO KIC KTC KOC INC ANGLE 
n e  0. 24.750 23.962 60.18 56.04 37.62 3.32 -20.376 

1 5. 24.132 23.424 58.16 53.63 37.89 3.37 -17.429 
2 1 0 .  23.510 22.8% 55.33 51.57 37.68 3.46 -14,752 
3 15. '22.884 22.347 54.69 49.88 37.00 3.58 -12.262 
4 1  30. 21.021 20.732 50.52 45.02 31.80 4.17 -5.998 
5 50. 18.560 18.579 45.41 38.87 20.63 5.49 0.349 
6 70. 16.075 16.425 39.39 32.45 4.28 7.78 5.933 
7 85. 14.192 14.810 33.67 27.61 -11.12 10.32 9.632 
8 90. 13.573 14.272 31.22 26.10 -16.53 11.60 10.738 
9 95. 12.960 13.734 28.47 24.63 -22.01 13.13 11.756 

CrUB 100. 12.352 13.195 25.42 23.22 -27.59 14.88 12.727 

A X I A L  DIMCNS[CNSBLADE THICKNESSES ZIC ZMC ZTC ZOCR? TI TM TO 

TIP 0.0% 0.143 0.032 0.711 f.655 1.926 2.831 


0.035 0.145 0.031 3.666 1.683 1,SlC z.oz0 
0.037 0.147 0.032 0.623 1.703 !.El66 2.993 
0.038 0.151 0.052 0.573 1.736 1.8.c: 3.0CZ 
0.042 0.167 0.034 G . L L 8  1.673 1.67.c 3.:5l3 
0.050 0.199 0.039 0.313 1.62L 1 .L38 3 . 4 2 7  
0.062 0.2L6 0.045 C.2C3 1.625 7.114 3.638 
0.074 0.295 0.052 0.052 1.631 3.825 3.723 
0.079 0.315 0.055 O.OL8 1.637 0 . 3 1  3.7jL
0.084 0.337 0.059 3.C22 1.6L8 0 . S I  3.738 

MB 0.050 0.360 0.061 0 . 0 0 0  1.664 0.554 3.734 

AERO SETTINC; TOTAL X AREA 
RP CHO3D ANGLE CAi.3ZR SOLIDITY FACTOR PHISS RAT IO 
TIP 	 3.830 53.99 22.55 1 . 3 4  0.500 8.34 1.005 

3.%3 51.91 20.27 1.370 0.578 8.62 1.014 
3.851 50.05 18.65 1.400 0.659 8.76 1,021 
5.839 48.36 17.69 1.431 0.681 8.78 1.024 
3.812 42.94 18.72 1.540 0.780 9.66 1 .O% 
3.802 34.58 21.78 1.727 0.858 11.38 !.OC6 

-,c3.820 23.55 23.11 1.983 0.920 13.11 I .  047 
3.853 13.29 44.80 2.244 0.963 13.64 1.029 
3.872 9.62 47.75 2.346 0.976 13.54 1 .a15 
3.887 5.85 50.48 2.456 0.999 13.30 0.996 

HUB 3.906 1.98 53.02 2.579 1.000 12.92 0.972 
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TABLE V .  - BLADE GEOMETRY FOR STATOR 9 

P E R C E N T  R A D I I  BLADE ANGLES DELTA CONE 
I NClF 


TIP 


MJ9 

R? 

TIP 


PAN RI RO K I C  K T C  KOC ANGLE 
0. 25.414 23.G09 23.77 14.42 -5.26 13.73 -0.162 
5. Zz.SL:? 22.s:s 21.22 14.42 -4.82 14.11 -0.100 

10. Z Z 7 8  22.275 1.9.49 14.48 -4.d9 14.30 -0.125 
15. Z.004 21.529 19.59 14.59 -4.29 14.30 -0.180 

30. 3.577 20.575 20.32 15.70 -4.50 1.3.09 -0.060 
50. 18.522 13.718 24.93 17.85 -5.14 11.19 1.156 
70. 16.7ES iG.9?5 30.91 20.69 -5.94 9.39 4.176 
85. 15.323 13.622 

90. 14.2i8 15.1‘15 
95. 14.52L !d.G83 

100. 13.633 lL.181 


BLADE THICKNESS3 
TI TEI TO 
0.037 0.122 0.029 
0.0% 0.181 0.023 
0.055 0.177 0.023 
0.033 0.175 0.G23 
0.052 0.162 0.023 
0.030 0.127 0.023 
0.028 0.132 0.0zs 
0.028 0.122 0.023 
0.623 0.113 0.023 

5 0.053 0.115 5.053 
i?Ja O.GZa 0.110 0.023 

AERO SETTIXG TOTAL 
R? CHCZD ANGLE C:;:.:ZI?
TIP l.3G 7.S3 29.G: 

1.845 7.61 ZS.04 
1.83 7.41 23.53 
1.845 7.32 22.S7 
1.E.S4 8.02 24.SZ 
1.8L5 9.43 30.02 
1.E66 11.46 35.75 
1.E53 13.62 45.93 
1.~69 14.43 46.47 
1.873 15.24 48.9s 

HUB 1.875 16.07 51.42 

34 

37.14 23.70 -6:78 8.06 9.026 
33.39 24.91 -7.09 7.64 10.248 
41.60 26.13 -7.35 7.22 10.973 
43.80 27.41 -7.62 6.83 11.305 

AXIAL D I N E N S I O N S  
ZIC ZKC ZTC ZOC 

17.355 18.159 17.771 19.162 

17.3S3 18.161 17.740 79.163 

17.3s la. is3 17.718rg.1~4
17.357 18.165 17.705 19.165 
17.559 18.164 17.709 19.165 
17.375 1S.IC1 17.731 19.lG4 
17.522 18.154 17.750 19.159 
17.393 13.146 17.767 19.155 
17.399 18.145 17.773 19.152 
17.407 18.145 17.777 19.155 
17.416 18.146 17.781 19.157 

x AREA 
SOL ID I TY TACTOX Pi4 [ SS RAT IO 
1.406 1.500 19.55 1.125 
1.434 1.500 17.05 1.095 
1.455 1.300 15.59 1.074 
1.495 1.500 14.35 1.061 
1.597 1.500 14.11 1 I052 
1.757 1.500 15.13 1.054 
1.955 1.500 16.87 1.078 
2.145 1.500 19.13 1.124 
2.220 1.500 i9.8a 1.140 

2.301 1.300 20.55 1.157 

2.386 1.300 21.15 1.173 




TABLE VI. - OVERALL AERODYNAMIC 

PERFORMANCE OF STAGE 15-9 
__ 

?ercent Percent Reading 
design design number 

speed flow 
~ 

100 100.3 0.763 558 
100 98.2 .830 539 
100 94.a .821 551 
90 94.9 .806 564 
90 88.4 .a52 567 
90 75.5 .715 545 
ao 60.4 .657 572 
70 79.9 .a55 573 
70 67.0 .851 575 
70 52.7 .673 550 
50 36.3 .771 579 

1.397 

1.463 

I.484 

1.320 

1.377 

1.334 

1.243 

1.177 

1.211 

I. 185 

1.090 


35 




TABLE VII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 15 

(a) 100 Percent of design speed; intrablade row instrumenta­

tion at station 2a; reading number 558 


RAD I ! 
R P  i N  OUT 

1 24.133 23.424 
2 23.510 22.86'5 
3 22.883 2 2 . 3 7  
A 2i.526 23.731 
5 YO.5.5G 18.578 
6 16.076 16.L26 
7 14.19L !L.81! 
8 :3.57.4 14.272 
9 12.959 i5.734 

R P  
1 184.6 215.6 
2 !90.8 218.3 
3 203.5 223.9 
4 213.a 233.! 
5 213.6 247.6 
6 211.2 273.2 
-I 235.3 305.2 
e 253.7 31r.9 
9 200.8 312.8 

RD 


3 
c 


3 	 2.611 3 . U :  
3.662 0.665 
3.654 2.713 
3.6.46 9.8s3 
0.627 3.325 
2.621 0.925 
0.612 0.928 

IFi OUT Ik' 0' 8 -

-0.1 
- 0 . 1  

j!.4 
31.c 

60.8 
58.8 

4a.5 
L6.8 

238.7 
288.5 

1.123 
1.122 

10.C6 
10.13 

1.401 
1.AC9 

-3.2 31.5 57.L L 5 . 1  288.3 1.122 13.13 1.423 
-0.5 3L.2 54. c 33.0 298.1 1.725 1 3 . 1 1  1.447 
4 . 8  
- 0 . A  
-0.5 

33.0 
L ! . L  
45.3 

53.2 
4i .3  
43.7 

27.5 
!2.0 
-3.8 

23a.i)
223.: 
2 e g . 3  

1.131 
1.137 
1.149 

10. :4  
13.14 
1 3 . 1 L  

1.A70 
1.5;5
1.567' 

hBS BETAP? i RE: B E T M  TOi,IL TEKP T G T A i  P R E S S  
U I  I N  RAT!G Ik RATIO 

-0.5 G.8 42.6  -8.6 287.9 !.I52 : 3 . 1 L  1.573 
-0.8 43.9 L:.8 -13.3 2a7.7 y.151 1 C . 1 1  T.551 

REL VEL 
IN OL'T 

378.6 277.9 
376.2 272.0 
372.3 267.4 
357.A 2U.8  
333.7 223.1 
355.6 229.6 
283.4 215.: 
2 X . f  215.7 
263.5 2i1.1 

RE'L HLCH NO 
I N  OUT 

1 . 1 G  0.799 
1.163 0.786 
1.134 3.773 
1.033 0.708 
Y.022 C.639 
0.935 0.614 
C.E67 0.636 
0.845 5.6LO 
0.822 C.626 

E m l D  VEL TANG )'EL w Y E L  SPEED 
yy 057 i rb  WT I &  OL'T 

186.6 i W . 0  -3 .3  y12.3 333.2 32: .5 
YQa.8 :85.5 -c.c 1 l L . 0  321 . 4  3y2.3
233.5 1 3 . 1  -0.6 116.3 3!3.1 335.7 
210.5 130.5 -:.4 129.3 287.3 283.3 
213.0 195.3 -2.3 152.3 253.5 253.8 
211.2 225.0 - ; . L  180.7 279.5 3 . 3  
2f5.3 21L.6 -1.9 217.3 194.2 232.: 
255.7 213.3 -1.6 227.5 165.: 135.3 
200.8 205.5 -3.0 235.8 176.6 18'.3 

MERID MACH KC MER:; PEL< S j
IN OUT 'YE; 9 XCt" X; 

0.558 0.529 3.557 1,135 
0.592 0.539 5.955 ) . l 3 L
G.611 0.546 S.563 1.132 
0.642 6.550 0.506 1.142 
0.6% 0.567 3.914 1.G3 
0.646 0.600 3.971 1.414 
0.627 0.635 1.045 1.343 
0.621 0.632 1.047 1.311 
0.612 0.610 1.023 1.282 

D-FACT E F F  	 LOSS COEFF LOSS PARAX 
TOT FROF TCT PRCF 

3.373 0.824 0.114 0.083 0.02e 0.019 
0.382 0.8U 0 . 1 C 1  0.068 0.025 0.017 
7.389 0.862 0.091 0.059 0.022 0.014 
0.433 0.888 0.081 0.052 0.020 0 .013  
3.675 0.899 0.090 3.365 3.023 0.0'17 
0.466 0.905 0.053 0.081 0.G23 0.020 
G.dl8 0.920 0,093 0.092 3.021 0.020 
0.402 0.912 0.109 0.108 0.023 0.023 
0.40i 0.883 0.151 0.150 0.033 0.030 

PERCENT INCIDENCE DEV 
R P  S3AN K t A N  SS 

1 5. 0 0  2.6 -0.8 1 0 . 0  
2 10.00 2 . L  -1 .0  .8.6 
3 15.30 2.7 -0.9 7.8 
4 30 .00  3.5 -0.7 7.1 
5 50.0U 4.8 -0.7 6.8 
6 70.00 6.9 -0.9 7.7 
7 e5.00 10.1 -0.3 7.3 
8 90.00 11.5 -0.1 8.0 
9 95.00 13.5 0.4 8.8 
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(b) 100 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 539 


RAD1 I ABS BETAM REL BETAM 
11P IN O'JT IN OUT IN OUT 
i 24.133 23.424 -0.1 34.3 61.5 48.3 
2 23.510 22.885 0.5 33.2 59.2 46.1 

3 22.883 22.347 -0.2 33.6 57.9 44.0 

A 21.026 20.731 -0.2 36.6 54.3 38.1 
5 18.560 18.578 -1.1 39.6 50.8 26.8 

6 16.076 16.426 -1.1 43.3 47.9 12.3 
7 14.154 14.811 -1.2 47.2 46.5 -2.1 

8 13.574 14.272 -0.3 49.4 45.0 -8.3 

9 ;2.959 13.734 -1.0 51.4 44.9 -13.7 

ABS VEL REL VEL 
RP IN OUT IN OUT 

1 179.8 215.1 376.3 267.1 
2 190.7 220.7 372.2 266.2 
3 196.7 220.7 369.7 260.3 
4 206.7 231.0 354.6 235.7 
5 210.2 247.5 332.6 213.6 
6 201.6 266.0 30:.0 198.3 
7 188.2 286.1 273.2 194.7 
8 187.0 294.3 264.3 193.6 
9 186.9 298.4 259.7 151.6 

PES M4CH K5 REL MACH Nil 
RP i N  OUT IN OUT

* 3.543 3.614 1.137 0.763-a 3.5-8 3.632 1.129 0.762 
3 3.598 3.665 1.12L 3.747 
4 0.631 0.665 1.083 0.678 
5 0.643 0.717 1.017 C.618 
6 3.615 0.7'75 0.918 0.578- 0.571 t.839 0.829 0.571 
8 C.567 0.&6 0.801 cl.573 
9 0.567 0.679 0.788 3.565 

PERCENT iNC IDENCE DEV 
RP SPAN HEAN 5s 

1 5.00 3.2 -0.2 9.8 
2 10.00 2.8 -0.7 7.9 
3 15. O C  3.1 -0.4 6.7 
4 39.00 3.8 -0.3 6.3 
5 50.00 5.4 -0.1 6.1 
6 70.00 8.6 0.8 8.0 
7 85.00 12.8 2.5 9.1 
8 90.00 13.8 2.2 8.2 
9 95.00 15.7 2.5 8.4 

HERID VEL 

IN OUT 


i79.8 177.7 

190.7 184.6 

136.7 187.2 

206.7 185.4 
i10.2 190.8 
201.6 193.7 
188.2 194.5 

187.0 19i.6 

185.8 :86.2 


MERID MACH KO 
IN O'JT 

0 . 5 4 3  0.507 
0.578 0.529 
0.598 0.537 
0.631 0.533 
0.645 0.552 
0.615 0.565 
3.57: 0.571 
0.567 0.564 
0.557 0.549 

0-FACT EFF 

0.406 0-835 
0.398 0 .E74 
0.412 0.899 
0.461 0.900 
0.499 0.927 
0.499 0.931 
0. A65 0.918 

0.453 0.922 

0.453 0.914 


TOTAL TEHP 
IN RATIO 

288.9 1.136 

288.6 1.135 

288.4 1.135 

ze8.i 1.136 

288.0 1.137 

287.9 l.lA0 

287.9 1.146 

288.0 1.148 

289.0 1.149 


TANG VEL. 
Ih' OUT 

-0.3 121.2
l.s 121.0 

-0.5 724.3 
-0 .e 137.8 
- 1 . 1  157.7 
-3.; 182.3 
-3.3 209.7 
-1.3 223.3 
-3.2 233.2 

LOSS COEFF 
TOT PROF 
0.118 0.082 
0.091 0.059 
0.074 0.042 
0.078 0.049 
0.063 0.037 
0.071 0.058 
0 . 1 0 1  0.098 
0.103 0.102 
0.118 0.118 

TOTAL PRESS 
IN RAT !0 

10.03 1.457 
10.11 1 .477 
10.13 1 .A94 
10.14 1.500 
10.15 1.520 
10.15 1.534 
10.14 1.552 
10.14 1.566 
10.12 1.563 

WHEEL SpEE3
IN SC'T 

333.3 322.6 
321.3 372.­
312.5 325.7 
287.3 283.3 
253.: 253.3 
213.3 2 2 i . 6  
194.2 x.­
185.7 '95.3 
1 7 . 3  !8'.6 

LOSS PdRJM 
TOT PROF 
0.029 0.220 
0.023 3.015 
0.019 0.011 
0.020 3.313 
0.016 0.009 

0.017 3.014 

0.022 0.a22 

0.022 0.022 

0.023 0.023 
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TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(c) 100 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 551 


RAD1I ABS BETAM REL BETAM TOTAL TEMP TOTAL PGESS 
RP IN OUT IN OUT IN OUT IN RATIO IN RATIO 

1 24.133 23.424 0.5 39.2 62.7 45.9 289.1 1.159 10.06 1.569 
2 23,510 22.885 0.6 37.9 60.7 44.3 288.9 1.154 10.17 1,571 
3 22.883 22.347 0.1 38.2 59.1 42.6 288.4 1.151 10.13 1.568 
A 21.026 20.731 -3.8 39.7 55.5 37.5 288.0 1.146 10.14 1.547 
5 18.560 18.578 -1.2 41.3 51.7 27.0 287.9 1.140 10.15 1.532 
6 16.076 16.426 -1 .9  44.2 48.7 13.0 287.8 1.139 10.14 1.525 
7 14.194 li.811 -0.6 48.5 47.0 -2.5 287.9 1.146 10.14 1.545 
8 13.574 14.272 -0.5 50.1 45.9 -8.3 287.8 1.150 10.16 1.560 
9 12.959 13.734 -0.7 51.8 44.6 -13.7 288.0 !.I50 10.13 1.562 

ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED 
RP I N  OUT IN OUT IN OUT IN OUT IN OUT 

1 169.3 223.1 368.7 248.3 165.2 172.9 1.5 141.1 329.1 319.4 
2 178.9 225.4 365.4 2L8.4 1713.9 177.8 1.9 138.E 320.5 312.0 
3 186.6 227.4 363.8 2.42.8 1J6.6 178.6 0.2 140.7 312.5 335.2 
A 198.8 230.4 351.3 223.2 198.8 177.2 -2.7 147.2 287.I 283.3 
5 203.7 243.5 328.4 205.3 203.6 183.0 -4.1 160.6 253.5 253.7 
6 195.7 253.7 25S.r 191.2 105.7 166.3 -3.5 180.9 219.2 224.3 
7 182.4 280.6 267.2 ra6.2 182.4 186.1 -1.8 210.1 193.6 2 2 . 2  
8 18C.9 288.8 259.9 187.2 180.9 185.2 -1.4 221.6 185.: 124.7 
9 181.1 294.3 254.5 187.2 l81.1 181.9 -2.3 231.3 176.5 1 E?. 7 

ABS MACH NC REL MACH NO M E R I D  MACH NO KR:; DE:< 55 
R? I N  OUT :N OVY IN OUT VEL 9 MA:? YC 
! 3.539 3.632 1.113 0.703 3.539 0.493 1.92! :.at76-> 3.543 3.641 1.134 0.706 0.543 0.505 0.954 !.A64 
3 3.565 0.648 1.102 0.602 0.565 0.539 0.557 1.464 
4 3.625 3.659 1.070 0.639 0.605 0.50: 0.891 1.48: 
5 3.612 0.703 1.002 0.532 0.621 0.528 0.858 1.5'58 

3.536 3.755 3.902 0.556 0.595 3.542 0.952 1.4366.. 3.552 3.821 3.809 0.545 0.552 0.544 1.020 1.345 
8 0.548 0.847 0.787 3.549 0.548 0.543 1.024 1.308 
9 0.548 3.865 3.770 0.553 0.548 0.535 1.005 1.275 

PERCENT IKC[DENCE DEL' D-FACT EFF LOSS C O W  LOSS PARAM 
RP SPAN MEAN SS TOT PROF TOT PRGF 

1 5.00 4.4 1.1 7.3 0.463 0.866 0.113 0.077 0.029 0.020 
2 10.00 4.3 0.8 6.1 0.452 3.896 0.087 0.052 0.022 0.013 
3 15.00 4.4 0.8 5.3 0.466 0.908 0.076 0.042 0.020 0.011 
A 30.00 5.0 0.3 5.6 0.502 0.91G 0.076 0.044 0.020 0 .011  
5 50.09 6.3 C.8 6.3 0.520 0.926 3.067 0.038 0.017 0.010 
6 70.00 9.3 1.5 8.7 0.513 0.919 0.085 0.073 0.021 0.018 
7 85.00 13.3 3.0 8.6 0.483 0.906 0.121 0.119 0.027 0.027 

-.-.. 14.8 3.2 8.3 0.467 0.906 0.129 0.129 0.027 0.0278 90.00 ~­

9 95.00 16.3 3.2 8.4 0.457 0.907 0.132 0.132 0.026 0.026 
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TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(d) 90 Percent  of design speed; i n t r a b l a d e  row in­
s t rumenta t ion  a t  s t a t i o n  2a; reading  number 564 

RAD I I ABS BETAP! REL BETAM T3TAL TEPP TCTAL PRESS 

RP IN OUT IN OUT IN GUT IN RATIO iN RATIO 


1 24.133 23.A24 -0.4 27.9 60.5 48.2 288.7 1.089 10.0; 1.245 
2 23.510 22.885 -0.6 27.6 58.6 46.6 288.4 1.090 10.14 1.299 
3 	 22.883 22.347 -0.6 28.1 57.3 44.8 288.2 1.091 10.13 1.312 


21.026 20.731 -0.8 30.8 53.8 38.7 288.1 1.096 10.1L 1.346 

18.560 18.578 -0.9 34.7 49.7 27.3 288.0 1.102 13.1.4 1.376 
16.076 16.426 -0.5 38.8 45.8 12.6 2e8.o 1.109 10.14 1.434 
14.194 14.811 -0.6 43.4 43.2 -2.0 288.0 1.117 10.14 1.429 
13.574 14.272 -0.4 45.7 42.1 -7.9 288.0 1.720 10.14 1.446 
12.959 13.734 -1.0 47.2 41 .A -12.5 288.0 1.124 10.11  1.454 

ABS VEL REL VEL MERID VEL TANG VEL WEE: SPEE3 
RP IN OUT IN OUT IN OUT IV OUT IN CUT 

1 167.9 197.4 341.3 261.6 167.9 174.4 -1.0 92.5 206.! 287.5 
2 177.3 200.2 340.0 258.5 177.3 177.4 -1.8 02.8 288.6 283.7 
3 	 181.7 203.4 336.0 253.0 181..7 179.4 -1.9 95.8 2.55.7 274.1 

191.5 212.3 324.0 233.9 191.5 182.5 -2.8 108.6 253.6 255.3 
195.4 229.6 302.4 212.3 195.4 188.7 -2.9 130.8 227.9 228.: 
193.5 251.8 277. a 201.9 153.5 195.1 -1.7 158.3 197.5 ,.?:.a
187.6 274.6 257.3 199.5 187.6 199.4 -1.9 rae.8 1-4.2 18!.8 
186.2 283.4 250.8 199.9 186.2 198.3 -1.2 202.8 166.8 1 2 . 4  
184.2 289.4 245.7 201 .4 184.2 196.6 -3.3 212.4 153.3 168.8 

ABS MACH NO REL MACH NC K R I D  MACH NO XER:: PELU. jj
RP iN CUT IN CUT IN CUT '/EL R KLC? '?;C 

1 3.535 3.573 1.027 0.703 0.5C5 0.506 1.339 T.356 
2 3.536 3.582 1.027 0.751 0.535 3.516 1 . 3 c :  :.355 
3 3.550 0.592 1.017 0.736 0.553 0.522 0.487 1.362 
d 0.581 0.619 3.984 0.68i 9.581 0.532 0.953 1.375 
5 3.594 0.671 0.92@ 0.621 3.594 0.552 0.966 1.327 
6 3.588 0.747 5.844 0.591 0.566 0.577 1.314 1.263 
7 0.569 0.813 3.780 0.590 0.569 0.590 1.063 1.156 
8 0.565 0.841 3.761 0.593 0.565 0.588 1.063 1.166 
9 0.558 0.860 L.744 0.598 0.553 0.584 1.067 1.151 

PERCENT I NC I DENCE CEV D-FACT EFF LOSS CCEFF LOSS PARAM 
RP SPAN MEAN SS TOT PROf TOT PROF 

1 5.00 2.3 -1.1 9.6 0.332 0.859 0.579 0.066 0.319 0.016 
2 10.00 2.2 -1.3 8.5 3.338 c.659 0.080 0.067 0.020 3.017 
3 15.00 2.5 -1.0 7.5 0.3A8 0.884 0.C68 0.055 0.017 3.014 
A 30.00 3.3 -0.9 6.9 0.389 9.927 0.047 0.036 0.012 9.009 
5 50.00 4.3 -1.2 6.6 0.426 0.941 0.045 0.041 3.012 1 . 0 1 0  
6 70.00 6.5 -1.3 8.3 0.423 0.937 0.058 0.058 0.014 0.014 
7 85.00 9.6 -0.8 9.1 0.393 0.920 0.089 0.089 0.020 0.020 
8 90.00 10.4 -0.7 8.7 0.381 0.924 0.090 0.090 0.019 0.019 
9 95.00 13.1 -0.0 9.6 0.36d 0.913 0.110 0.110 0.022 0.022 
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(e) 90 Percent  of design speed; i n t r a b l a d e  row in­
st rumentat ion a t  s t a t i o n  2a; reading  number 567 

RAD1 I 
GP IN OUT 

1 24.133 23.L24 
2 23.51 G 22.685 
3 22.883 22.307 
A 21.026 20.731 
5 18.563 18.579 
6 16.07i 16.426 -, 14.194 14.811 
8 13.57C 14.272 
9 12.959 13.734 

ASS VEL 
RP IN OUT 

1 153.7 233.7 
2 163.3 20r.6 
3 168.3 205.3 

-)rA tt 1 3 . 0  208.8 
5 178.6 217.8 
6 !72 .9  232.3 -, 164.4 255.S 
8 163.5 265.9 
9 162.4 271.1 

ABS MACH N3 
RD I N  OVT 

1 3.461 0.586 
3.491 0.589 
3.52- 5.592 
5.532 3.603 
3.543 0.632 
0.522 6.677 
0.495 0.750 
0.L92 O.7E2 
0.489 0.799 

A B S  BETAM REL BETAY 
IN OUT I N  OUT 

- 0 . 4  35.1 62.7 45.8 
-0.5 34.6 60.7 4L.5 
-C.8 35.: 59.4 r3.: 
-1.L 37.1 56.2. 37.8 
-1.2 LO.3 52.4 Z7.F 
-0.6 43.7 45.2 1L.1 
- 3 . L  48.3 4 7 . 0  -2.9 
-0.5 45.7 45.9 -8.8 
-0.7 51.7 44.9 -13.7 

T O T A L  TEED TOTAL PRESS 
I N  R Z i l O  IN RAT 10 

288.8 1.114 13.07 
288.4 1.1!3 13.13 
263.3 !.!12 13.14 
2a8.i 1. 1 1 0  13.14 
228.0 1.!09 13.14 
267.9 1 . 1 1 1  13.13 
2eE.O 1.115 1C.14 
2EB.0 7.122 1 J .  14 
283.0 1.123 1s.12 

TANG VEL K K E L  SPEED 
It< OUT IN OUT 

- 1  . G  117.2 257.0 288.3 
- 1 .  A 116.2 2a9.3 281.6 
-2.3 117.9 287.9 275.3 
-4.2 125.4 258.7 255.1 
-3.8 143.6 228.0 228.6 
-1.8 160.6 118.3 232.6 
-7.2 191.2 1:5.3 182.: 
- 1  . A  232.3 167.6 1'6.2 
-1.9 210.9 159.9 160.5 


ME?:; P E M  ss 
VE, ;i WLCil YC 
7.983 1.426 
1.932 1 . U 2  
3.994 1.423 
0.946 1.AfO 
0.931 1.355 
0.971 1.284 
1.035 1.236 
1.051 1.177 
1.048 1.1d8 

LOSS C O F F  LCSS PARAM 
TOT PROF TOT PROF 
0.058 0.039 0.015 0.010 
0.058 0.041 0.015 0.010 
0.055 0.038 0.014 0.010 
0.047 0.035 0.012 0.009 
0.063 0.058 0.016 0.015 
G.084 0.083 0.c20 0.020 
0.164 0.104 0.023 0.023 
0.092 0.092 0.019 0.019 
0.103 0.103 0.020 0.020 

REL VEL 
IN OUT 

335.0 238.7 
333.4 236.1 
330.3 233.2 
316.4 210.8 
292.9 188.3 
26t.4 175.1 
241 . o  17j.A 
235.1 !73.9 
229.3 175.3 

RE? MACH hi2 
IFi OUT 
1.005 0.686 
l.CC3 0.680 
0.595 0.664 
0.956 0.609 
0.886 0.545 

0.798 0..50L 

0.726 0.499 

3.737 0.511 

0.690 0.516 


MERID VEL 
IN OUT 

153.7 166.5 
163.2 168.L 
168.2 168.3 
176.0 166.6 
178.6 166.2 
172.9 167.9 
16t.4 !?0.2: 
163.5 171.e  
162.4 170.3 

MERID MAC4 NO 
IN OUT 
0.461 0.479 
0.491 3.685 
0.507 0.484 
0.532 0.481 
0.543 0.482 
0.522 0.489 

0.495 0.499 

0.492 0.505 

0.489 0.502 


D-FACT EFF 

0.415 0.92G 
0.416 0.919 
0.429 3.924 
0.466 0.938 
0.581 0.926 
0.502 0.918 
0.475 0.919 
3.450 0.932 
0.433 0.927 


PERCENT I N C  I C E N C E  DEV 
RP SPCN MEAN SS 

7 5.00 4.5 1.1 7.2 
2 10.00 4.3 C.8 6.3  
3 15.00 6.7 1.1 5.8 
4 30.00 5.7 1.5 5.9 
5 50.00 7.3 1.5 7.2 
6 70.00 9.8 2.0 9.8 
7 85.00 13.4 3.0 8.3 
8 90.00 14.8 3.2 7.7 
9 95.00 16.6 3.4  8.4 
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TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(f) 90 Percent of design speed; intrablade row in­
strumentation at station 2a; reading number 545 

RAD II ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS 

RP IN OUT I N  OUT I N  GUT IN RATIO I N  RAT I O  


1 24.133 23.424 -0.6 66.4  67.9 48.3 289.3 1.134 10.07 1.389 

‘2 23.510 22.885 -0.5 63.1 65.8 46.2 288.5 1.130 10.12 1.391 

3 22.883 22.347 -0.9 41.8 64.5 44.5 288.3 1.127 10.14 1.394 
A 21.026 20.731 -1.8 43.2 61.7 39.9 288.1 1.120 10.14 1.382 
5 18.560 18.578 -1.8 46.8 58.2 29.3 288.1 1.117 10.14 1.378 
6 16.076 16.426 -1.0 47.0 54.0 14.0 287.9 1.114 10.14 1.396 
7 14.194 14.81 1 -0.4 49.6 50.9 -2.4 287.9 1.121 10.14 1 .A29 
8 13.574 14.272 -0.2 50.5 49.6 -8.5 287.8 1.123 10.14 1.455 
9 12.959 13.734 -0.2 51.5 A8.3 -13.5 287.9 1.124 10.12 1 .A64 

A85 VEL REL YEL MERID VEL TANG VEL #HEEL SPEED 
RP I N  OUT IN OUT I N  OUT I N  OUT I N  OUT 

1 121.0 192.1 321.8 199.2 121.0 132.4 -1.3 139.2 296.8 288.1 
2 130.1 194.1 317.2 204.9 130.1 141.8 -1.0 132.7 288.3 280.6 
3 136.7 195.8 313.1 204.6 134.7 145.8 -2.0 130.6 280.6 274.3 
A 141.6 196.5 298.3 186.7 141.5 143.2 -4.5 134.6 258.0 256.4 
5 144.3 205.2 275.7 161.1 144.2 140.5 -4.5 149.6 228.1 228.3
6 144.3 223.5 246.6 157.1 ld4.9 152.d -2.5 163.4 197.s 201.3
7 142.4 247.5 225.8 160.5 142.3 160.3 -1.1 188.6 174.1 181.7 
8 142.0 258.7 219.3 166.4 142.3 164.6 -0.6 199.6 166.5 1 3 . 1  

9 141.9 266.0 213.3 175.5 141.9 165.8 -0.5 208.0 158.: 768.2 


ABS MACH NO GEL MACH KO MERID MACH NO K R : t  PF_t.f 5s 
RP IN OUT !N OUT I N  OUT VEL R P%Cn XL 
! 5.363 3.545 0.056 0.565 0.350 0.375 1.094 7.532-> 3.388 0.553 0.54% 0.583 0.388 0.404 1.392 1.528 
3 3.432 0.559 0.935 0.584 0.402 0.416 1.083 1.55: 
A 0.423 3.563 0.892 5.535 0.425 O . A l 0  1.012 1.482 
5 0.432 0.590 a.ai9 0.463 0.432 O.4W 0.974 1.L17 
6- 0.434 0.648 0.739 0.455 0.434 O.AJ2 1.052 1.310 

0.426 0.722 0.676 3.468 0.626 0.468 1.126 1.214 
8 0.425 0.758 0.657 0.468 0.425 0.4az 1.159 1.175 
9 0.425 0.782 0.638 0.501 0.425 0.487 1.168 1.f36 

PERCENT INCICENCE DEV D-FACT EFF LOSS COEFF LOSS PARAM 
RP SPAN MEAN SS TOT PROF TOT PROF 

1 5.00 9.7 6.3 9.8 0.538 0.732 0.234 0.206 0.057 0.050 
2 10.00 9.6 6.3 8.1 -0.503 0.760 0.209 0.186 0.052 0.G46 
3 15.00 9.9 6.2 7.2 0.493 0.787 0.185 0.164 0.046 0.041 
1 30.00 11.2 7.0 8.1 0.524 0.808 0.172 0.157 0.043 0.039 
5 50.00 12.8 7.3 8.6 3.574 0.819 O.!82 0.177 0.046 3.045 
6 70.00 14.6 6.0 9.7 0.535 0.875 0.146 0.146 0.036 0.036 
7 85.00 17.3 7.0 8.7 0 . 4 0  0.888 0.160 0.160 0.036 0.036 
8 90.00 lb.5 6.9 8.1 0.ddl 0.922 0.119 0.119 0.025 0.025 
9 95.00 20.0 6.8 9.6 0.405 0.930 0.113 O.tl3 0.022 0.022 
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TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(g) 80 Percent  of design speed; i n t r a b l a d e  row in­
s t rumenta t ion  a t  s t a t i o n  2a; reading  number 572 

R A D 1  I ABS BETAM R E L  B E T  AM TOTAL TEMP TOT AL P R E S S  
RP !N OUT I N  OLlT Ir\; OUT I N  R A T I O  I& RAT I O  

1 2L.133 23.424 -3.5 52.8 75.7 52.2 288.6 l . l l !  10.03 1.283 
2 23.510 22.885 -0.6 47.8 68.9 LE.? 288.3 1.106 10.13 1.285 
3 22.883 22.347 -0.6 45.8 6 7 . 5  L6.5 268.3 1.102 lC.13 ;.294 
A 21,026 20.731 - 1 . 1  45.5 65.C d2,; 259.1 1.098 1O.li 1.280 
5 16.560 18.578 -1.8 53.3 62.2 30.3 266.0 1.006 1C.13 1.27e 
6 16.076.16.L26 -1.7 51.2 57.5 :2.3 	 266.0 1 . 0 9  i O . I . 4  1.306 

2E8.3 1.096 1.3377 14.154 14.81 1 
8 13.574 16.272 
5 12.555 13.736 

Ai3S V E L  
R? I N  CVT 

1 92.7 162.7 
2 9.7 166.4 
3 732.2 169.6 
A 1C6.4 168.3 
5 138.6 176.4 
6 1!2.3 156.G 
7 115.0 218.3 
8 113.7 227.6 
9 114.4 235.6 

ABS NACH N 3  
ii? !!j OUT 

7 3 .?,A 0.663-3 2.296 0.L75 
3 2.303 0.483 
L 0.316 0.L83 
5 3.322 0.508 
6 3.534 0.568 
5 0.336 0.638 
8 0,338 0.667 
9 0.340 0.652 

-0.8 53.9 54.2 -3.: 10.14 
-0.5 51.9 52.7 - 5 . 4  257.9 1.057 1C.13 i .352 
-0.6 52.8 51.3 -14.6 286.1 1.098 10.13 1.363 

R E L  \'F!LL K E R I 3  VEL T A G  VEL SPEED 
I N  CUT I N  OUT i N  OlJT OUT 

28C.7 160.4 52.7 5E.4 -3.5 125.6 256.3 
277.0 165.5 59.7 111.9 -1 .0  123.2 253.6 
271 .e 173.9 132.2 1i7.5 -1.1 12cl.e 211.9 
255.4 lr6.3 106 .L  108.5 -2.1 128.7 226.5 
233.1 122.0 108.5 105.3 
211 .3  125.7 112.3 122.8 
153.4 137.9 113.0 137.7 

-3.4 lLT.6 203.1 
-3.3 152.7 13.5 
-1.7 165.5 1 2 . 3  
-1.C 175.2 155.3 
-1.3 187.8 155.2 

K R : ;  ?ELK. jc ,
VEL R XI,:* XC 
1.36: 1.dTs 
1.722 : . 3 x  
i.759 1.386 
1.023 1.355 

G.573 1.25L 

! . 3 5 4  1.!95 
1.218 1.399 
1.237 1.358 

1.244 1.027 


LCSS C O E F F  L 3 S S  PARAM 
TOT P R O F  TOT P R O F  
0.306 0.301 0.068 0.067 
0.261 0.257 0.061 0.061 
0.225 0.222 0.054 0.053 
0.245 0.2L6 0.059 0.059 
0.270 0.270 0.C67 0.067 
0.201 0.201 0.050 0.050 
3,150 0.150 0.033 3.033 
0.119 0,119 0.025 0.025 
0.097 0.097 0.019 5,019 


797.6 142.5 

183.2 147.2 


REL MACH NO 
I N  OUT 
C.83; 0.456 
0.621 0.484 

0.806 0.185 

3.758 3.420 

0.652 0.551 

0.628 0.365 

0-575 0.603 

0.558 0.417 

0.544 0.A32 


113.7 rca.6 
llL.4 142.L 

MERID MACH NO 
I N  OVT 
0.274 0.280 

0.296 0.315 

0.3C3 0.336 

0.316 0.311 

0.322 0.303 

0.334 0.356 

0,336 0.402 

0.338 0.412 

0.3AC 0.418 


D-FACT EFF 

0.556 1.662 
0.546 0.707 
0.526 0.747 
0.592 0.743 
0.657 0.754 
0.553 3.842 
O.LE8 0.502 
0.J50 0.927 
C.L!Z 0 . W  

P E R C E N T  
RP SPAN 


1 5.00 
2 10.90 
3 15.OC 
d 30.00 
5 50.00 

6 70.00 
7 85.00 
8 90.00 
9 95.00 

I N C I D E N C E  DEV 
MEAN SS 
12.5 9.1 13.6 

12.5 a.l 10.6 
13.2 9.6 9.2 

14.9 13.7 10.3 
16.0 11.3 9.7 

18.5 10.7 8.G 
20.6 10.3 8.0 
21.6 10.0 7.2 
23.0 9.9 7.3 

42 




TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(h) 70 Percent of design speed; intrablade r o w  in­
strumentation at station 2a; reading number 573 

RAD1 I ABS BETAH REL BETAM TOTAL TEMP TOTAL PRESS 
RP IN OUT I N  OUT IN CUT I N  RATIO I N  RAT I O  

1 24.133 23.424 0.4 '20.5 60.0 47.7 288.5 1 . 0 4 3  10.C8 1.141 
2 23.51 0 22.885 0.0 20.5 57.8 46.4 288.3 1.043 10.14 1.142 
3 22.883 22.347 -0.1 21.3 56.6 44.9 288.3 1.044 1 0 . 1 3  1.148 
4 21.026 20.731 -0.4 24.4 53.0 39.3 288.1 1.048 1 0 . 1 4  1.170 
5 18.560 18.578 -0.9 29.5 49.1 28.2 288.1 1.05'3 1 0 . 1 4  1.196 
6 i6.076 16.426 -0.9 34.7 45.4 13.8 288.0 1.063 1 0 . 1 4  1.224 
7 14.194 14.811 -0.6 40.5 42.4 -1.2 288.0 1.072 10 .14  1 -255 
a 13.574 14.272 -0.8 42.8 41.5 -7.0 288.0 1.074 1 0 . 1 3  1.268 
9 12.959 13.734 -0.6 44.8 40.3 -12.3 288.1 1.077 10.12 1.275 

ABS VEL REL VEL MERlD VEL TANG VEL MHEfL SPEED 
RP I N  OUT I N  OUT IN OUT I N  OUT I N  OL:? 

1 132.4 161.6 264,7 225.1 132.4 151.4 3.8 56.7 230.3 223.3 
2 141 .0  163.8 264.9 222.4 141.3 153.4 0 . 1  57.5 224.4 2!B.d 

4 
5 

151.9 !70.5 
155.4 !W.5 

252.4 205.8 151.9 155.3 
237.3 !32.2: !55.3 !i0.6 

-1 .1  
-2.4 

70.5 
20.2  

293.6 !;-.a
1'5.9 1 Y . 1  

6 153.6 202.9 218.6 171.8 153.6 166.8 -2.4 115.5 153.3 156.6 
f 149.4 222.8 202.5 169.5 149.4 169.5 -1.4 1Cd.6 135.2 ?4!.! 
0 148.6 231.2 198.6 171.1 148.6 169.8 -2.1 157.0 129.6 !?6.2 
3 147.5 238.2 193.4 173.1 147.5 169.1 -1.6 167.8 123.4 133.3 

ABS MACH NO REL MACH rio MER!D MACH NC X R l j  ?EL< 5s 

3 144.3 165.4 262.2 217.6 144.3 154.: -0.2 60.0 218.7 2y3.G 

RP IN OUT IN OUT I N  OUT VEL R Kii t i c  rit 
1 0.395 0.475 0.783 0.662 0.395 0.445 1.143 1.55: 
2 0.422 0.482 3.792 0.654 0.422 0.451 1.088 !.:&7 
3 0.432 0.487 0.785 0.6L0 0.432 0.453 1.068 1.346 
4 0.455 0.5C2 3.757 0.591 3:455 0.457 1.023 1.334 
5 0.466 0.543 3.772 0.537 0.466 0..473 1.034 1.012 
0- 0.461 0.599 0.656 0.507 0.461 $.A92 1.086 3.571 
I 0.448 0.660 0.607 0.502 0.448 0.562 1.134 0.915 
8 0.445 0.686 5.555 0.507 3.445 0.504 1.142 0.432 
9 C.442 0.708 9.539 0.5'4 0.442 C.532 1.146 0.874 

PERCENT I Ni I DENCE DEV D-FACT EirF LOSS COEFF LOSS PAGAN 
RP SPAN MEAN SS TOT PROF T3T PRCT 

1 5. c o  1.7 -1.6 5 . 2  0.226 0.894 0 .045  0 .045  0 . 0 1 1  0 . 0 1 1  
2 1 0 . 0 0  1.5 -2.0 8.2' 0.237 0.893 0.045 0.045 0 . 0 1 1  0 . 0 1 1  
3 15 .00  1.9 -1.7 7.6 2.250 0.913 0.038 0.038 0.009 0.909 
4 30 .00  2.5 -1.7 7.5 0.296 0.953 0.024 0.024 0 . 0 0 6  0 .006  
5 5 0 . 0 0  3.7 -1.8 7.6 0.346 0.951 0.031 3.031 9 .008  0.ooEl 
6 70.00 6.0 -1.8 9.5 0.352 0.944 0.047 0.047 0 . 0 1 1  O . C i 1  
7 85.00 8.8 -1.5 9.9 0.327 3.934 0 .070  0.070 0.016 0.016 
8 90.00 1O.d -1.2~ 9.6 0.314 0 .543  O.C'o5 0.065 0 . 0 1 4  0 .014  
9 95.00 12.0 -1.2 9.8 0.288 0.935 0.060 0.080 0.016 0.016 
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TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(i) 70 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 575 


RP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

RP 

1 
2 
3 
A 
5 
6 
-. 

8 
9 

RP 

1 
3 c 


3 
d 
5 
6-
8 
9 

RP 

1 
2 
3 
4 
5 
6 
7 
8 
9 
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RAD I I 
IN OUT 

24.133 23.424 
23.510 22.885 
22.883 22.347 
21.026 20.731 
18.560 18.578 
16.076 16.426 
i4.194 16.811 
13.574 14.272 
12.959 13.734 

ABS VEL 

IN OUT 

109.1 154.4 
115.3 155.0 
118.0 155.5 
123.8 156.9 
125.7 165.a 
123.5 178.1 
119.9 155.6 
119.7 205.1 
119.3 209.5 

ABS KiCK NO 
iN OL‘T 

3.324 3.448 
5.343 3.453 
5.351 0.452 
3.369 0.456 
5.375 5.463 
3.368 0.521 
0.357 0.573 
0.356 0.632 
0.355 0.617 

ABS BETAM REL BETAM 

IN OUT I F i  OUT 
0.0 34.0 64.7 47.0 
0.2 33.2 62.8 65.9 

-0.1 33.6 61.6 44.5 
-3.5 36.2 58.5 39.7 
-1.3 39.8 55.2 29.5 
-0.8 43.4 5! .6 15.1 
-0.7 67.5 48.9 -1 . o  
-0.5 48.9 47.6 -7.6 
- 1 . 0  50.2 46.5 -12.5 

TOTAL TEMP TOTAL PRESS 
iN RATIO IN R.1110 

288.6 1.066 1 0 . 1 0  1.222 
288.3 1.065 10.13 1.220 
28B.1 1.063 10 .13  1.219 
288.2 1.063 10.13 1.220 
288.1 1.064 10 .16  1.225 
288.0 1.066 10.14 1.230 
288.0 1.072 10.14 1.251 
2ae.o 1,073 10.13 1.265 
287.9 1.074 10.13 1.264 

TANG VEL W E E L  SPEED 
IN OUT IN 0:IT 
0.G 86.4 230.5 223.8 
c.3 85.0 224.9 218.9 

-0.1 86.0 218.4 213.3 
-1 .1  92.6 253.7 137.3.-­-2.9 706.1 I I ..4 1 -a. 1 
-1.7 122.3 153.8 15T.2 
-1.5 144.2 136.2 111.3 
-1 .0  156.6 1 3 . ?  736.6 
-2.1 160.4 c 3 . e  131.2 

1.998 :...: :4  
1.324 1.255 
7.015 1.568 
1.049 1 . 2 2 2  
1.133 0.538 
1.125 0.5C8 
1.125 3.888 

LOSS COEFF LOSS PARAM 
T O T  PROF TOT PRCF 
0.070 0.070 0 . 0 1 7  0 .017  
0.064 3.064 0.016 9.016 
0.052 0.052 0.013 0 . 0 1 3  
0.053 0.053 0 . 0 1 3  0.013 
0.062 0.062 3.016 0.016 
0.063 0.083 3.020 0.020 
0.697 0.097 0.922 3.022 
0.078 0.G78 0.016 0.016 
0.088 0.088 0.018 0.018 

REL VEL 

IN OliT 

255.1 187.8 
252.4 166.4 
248.4 181.7 
236.8 164.8 
220.1 1 G . A  
198.6 134.1 
182.5 132.2 
177.4 135.9 
173.4 137.5 

REL MACH KO 
IN CUT 

0.757 0.5L5 
0.750 0.541 
0.739 0.528 
3.705 0.479 
3.656 0.427 
3.592 0.342 
0.543 c . m  
3.528 0.399 
0.516 0.405 

MERID VEL 
IN OUT 

109.1 128.0 
115.3 129.6 
118.0 !29.5 
123.8 126.7 
125.6 127.5 
123.5 129.5 
119.9 132.2 
119.7 134.7 
119.3 134.2 

MERID MACH NO 
IN OUT 

0.324 0.371 
0.343 0.377 
0.351 0.377 
0.369 0.369 
2.374 5.372 
0.368 0.379 
0.357 0.388 
0.356 0.396 
0.355 0.395 

D-FACT EFF 


0.386 0.896 
‘0.380 0.304 
0.388 0.923 
0.432 0.527 
0.478 0.526 
0.484 0.920 
0.657 0.025 
0.426 0.964 
9.dOA 0.939 

PERCENT INCIDENCE DEV 
SPAN MEAN SS 
5.00 6 .4  3.1 8.5 

10.00  6.4 3.0 7.8 
15.00 6.9 3.3 7.2 
30.00 8.0 3.8 7.9 
50 .00  9.8 4.3 8.9 
70.00 12.2 4.4 lii.8 
85.00 15.3 5.0 10.2 
90.00 16.4 4.8 9.0 
95.00 18.2 5.1 9.6 



! 

TABLE V I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(j) 70 Percent  of design speed; i n t r a b l a d e  row in­
s t rumenta t ion  a t  s t a t i o n  2a; reading number 550 

RAD1 I ABS BETAM GEL BETAM 
RP IN OUT IN OUT IN CUT 

I 24.133 23.424 -0.1 51.6 71.1 51.9 
2 23.51 0 22.885 0.3 46.2 69.1 48.9 
3 22.8e3 22.347 0.2 44.0 68.0 46.8 
1 21.026 20.731 -0.2 47.8 65.3 42.3 
5 18.560 18.578 -0.7 51.6 62.1 31.1 
6 16.076 16.426 -1.0 50.3 58.0 13.1 
7 14.194 14.811 -0.3 50.1 54.3 -3.1 
8 13.574 14.272 -0.4 50.8 53.0 -8.2 
9 12.959 13.734 -0.8 51.5 51.9 -12.7 

ABS VEL REL VEL KGlD VEL 
RP IN OUT IN OUT I N  OUT 

1 78.7 141.2 242.4 162.2 78.7 87.8 
2 85.0 143.7 238.8 151.2 85.0 99.4 
3 87.8 145.4 234.1 152.6 a7.8 104.5 
4 92.2 146.1 220.7 132.7 92.2 98.2 
5 94.1 152.6 291.0 111.2 94.: 95.2 
6 96.8 170.5 182.6 111.9 56.8 103.3 
7 97.5 192.8 167.2 i23.8 97.5 123.6 
8 97.6 158.3 162.3 126.7 57.6 125.4 
9 97.7 202.8 158.2 129.3 97.7 126.1 

ABS MACH N3 REL MAC6 NO MERID MACH NO 
RP Pi OC’T IN 

0.232 3.405 0.7‘:6-2 3.251 i!.4!3 0.7C6 
3 3.263 0.d79 0.632 
1 0.273 0.422 0.653 
5 3.275 0.441 0.596 
6- 0.287 0.496 0.541 

0.289 0.566 2 .4% 
8 0.289 3.581 0.487 
9 0.29C 3.556 0.d69 

PERCENT INC I3ENCE 
GP SFAN MEAN SS 

1 5.00 12.E 9.5 
2 10.00 12.8 9.3 
3 15.00 13.3 9.7 
4 30.00 14.8 10.6 
5 50.00 16.7 11.2 
6 70.00 18.6 10.8 
7 85. 00 20.7 !0.4 
8 90.00 21.9 10.3 
9 95.00 23.5 10.4 

OUT IN OVT 
0.607 0.232 0.252 
3.635 0.251 0.286 
0 . 4 4 3  0.263 0.351 
3.383 0.273 0.283 
8.322 3.279 (I :276 
0.325 0.287 0.317 
0.362 0.289 0.36; 
0.371 O.ZE9 o .x a  
G.380 0.290 0.370 

DEI D-FACT EFF 


13.3 0.578 0.676 
10.8 0.5!9 0.721 
9.5 0.497 0.763 

19.4 0.557 0.76.i 
10.5 0.620 0.765 
8.8 0.573 9.941 
a. o 0.662 0.918 
8.4 0.d27 0.935 
9.4 0.395 0.942 

TCTAL TEMP 

IN RATIO 

288.6 1.084 
288.3 1.080 
288.4 1.076 
288.2 1.074 
288.0 1.073 
288.0 1.072 
287.9 1.074 
287.8 1.074 
287.9 1.073 

TANG VEL 
ili OUT 

-0.1 110.6 
0.5 133.8 
3 . 4  101.1 

-0.3 108.2 
-1.2 719.2 
-1 , 7  131.1 
-0.5 148.0 
-0.6 753.6 
-1.3 158.8 

LOSS COEFF 
TOT PROF 
0.291 0.291 
0.2G 0.245 
0.2C8 0.208 
0.222 0.222 
0.256 0.256 
0 .35  0.205 
0.:20 0.129 
0.108 0.108 
0.099 0.099 

TOTAL PRESS 

IN RAT IO 

10.10 i .21P 
10.12 1.217 
10.13 1.219 
10.13 1.212 
10 .13  1 .2oa 
10 .14  1 -228 
10 .14  1.261 
1 0 . 1 3  1.264 
1 0 . 1 3  1.263 

NHEEL SPEED 

I N  8UT 

223.2 222.5 
223.7 217.7 
217.4 272.3 
203.2 107.4 
176.5 176.6 
153. f 156.4 
135.3 161.2 
129.3 135.6 
t23.1 !35.5 

XQ: ;PELr 55 
‘/EL R MLC% Y t  
1.116 1,224 
1.165 1.257 
1.750 1.752 
1.065 i.766 
1.012 1 . 1 1 0  
1.126 1,334 
1.267 0.353 
1.285 0.518 
1.291 0.853 

LOSS F’ARAX 
TOT PRGF 
0.065 0.C65 
0.058 0.  G58 
0.C50 C .a50 
0.053 0.053 
0.  C64 0.06d 
0.05C 0.050 
0.G29 0.029 
0.023 0.023 
0.020 0.020 
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TABLE V I I .  - Concluded. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR ROTOR 15 

(k) 50 Percent  of design speed; i n t r a b l a d e  row in­
s t rumenta t ion  a t  s t a t i o n  2a; reading  number 579 

RP 
1 
2 
3 
A 
5 
6 

7 

8 
9 

RP 
1 
2 
3 
A 
5 

6 -,
I 

8 
9 

RP 

>.. 

3 
4 

5 
6 
-, 

8 
9 

RAD I I 
I N  OUT 

24.133 25.424 
23.510 22.885 
22.883 22.347 
21.026 ZC.731 
18.563 18.578 
16.376 16.L26 
14.194 14.81; 
13.574 14.272 
12.459 13.736 

ABS VEL 
i N  OUT 

35.2 100.7 
37.9 102.5 
50.7 101.5 
68.2 101.2 
73.7 110.3 
73.5 121.8 
73.6 139.2 
73.9 iL6.6 
74.2 151.8 

ABS MACH N3 
IN OUT 

3.193 0.233 
3 . 1 1 1  0.258 
3.143 3.295 
0.201 0.295 
3.218 0.322 
3.218 0.357 
3.218 0.409 
0.219 0.431 
0.219 0.447 

C9S BETLM REL BfTAM 
IN OUT IN OUT 

37.7 55.5 78.5 53.2 
L8.5 57.7 79.2 51.7 
29.0 54.6 71.3 49.6 

4.6 50.2 63.6 44.1 
-1 .1  46.5 60.1 31.6 
-1.2 G . 6  56.5 15.7 
-1.3 4 7 . 3  53.1 -1 .0  
-1.3 4a.o 51.8 -6.9 
-1.7 49.7% 55.7 -12.7 

TOTAL TEE? 
IN R A T I O  

290.9 1.030 
292.2 1.024 
291.2 1.025 
288.8 1.029 
287.3 !.034 
266.9 1.536 
286.7 1.539 
286.6 1.04C 
287.3 1.042 

TANG VEL 
IN ou: 

21.5 83.3 
2B.4 86.6 
24.6 82.7 
5.5 77.8 

- I  .c 80.0 
-1.5 88.5 
-1.7 102.3 
- 1 . 1  .. 138.9 
-2.2 115.8 

LOSS COEFF 
T O T  PROF 

TCTPi  PRESS 
IN  RAT !0 

13.29 1.1r3 
10.06 1.136 
13.08 1.131 
13.38 T .;86 
1C.15 1.393 
10.17 1.133 
1 C.  18 1.173 
10.18 1.127 
13.1: 7.124 

WHEEL 5xe3 
IN CCT 

l6L.Z 153.3 
160.1 155.8 
155.6 151.8 
142.6 143.6 
!26.5 126.: 
7 39.5 11!.9 
96.5 123 . ­
92.3 3‘. ! 
83.3 23.6 

KERI; PEL< 5s 
‘IEL R M L C 4  N$ 
2.044 0.845 
2.181 0.8:5 
1.326 C.743 
0.953 3.775 
1.030 5.783 
1.138 9.733 
1.281 0.680 
1.328 0.661 
:.325 0.645 

LOSS PhRAH 
TOT PRGF 

REL VEL 
IN OUT 

145.3 95.3 
134.1 88.2 
138.2 93.7 
153.0 96.2 
1L7.6 85.1 
133.2 86.9 
122.7 94.3 
119.6 98.E 
117.0 1 OO*? 

RE!W A C 9  NO 
IN  OUT 

0.426 0.277 
3.392 0.257 
0.405 0.26L 
0.651 0.263 
0.436 0.260 
0.394 0.255 
0.363 5.277 
0.354 0.291 
0.346 0.296 

MERlD VEL 
I N  OUT 

27.9 57.0 
25.i 54.7 
L4.A 58.8 
68.0 66.8 
73.6 75.9 
73.5 83.7 
73.6 94.3 
73.9 98.1 
74.7 98.3 

KERiD MACH NO 
I N  OUT 

0.082 0.166 
0.073 0.159 
0.130 0.!71 
0.200 0.189 
0.218 0.222 
0.218 0.245 
0.218 0.277 
0.219 0.289 
0.219 0.289 

D-FACT EFFPERCENT iNClDENCE DEV 
RP SPAN MEAN 55 

1 5.00 20.7 17.4 14.7 
2 1 0 . 0 0  22.9 19.4 13.5 
3 15.00 16.6 13.0 12.3 
4 30.00 13.1 8.9 12.3 
5 50.00 14.7 9.2 1 1 . 0  
6 70.00 17.1 9.3 11.3 
7 85. 00 19.5 9.2 10.1 
8 90.00 20.7 9.1 9.7 
g 55.00 22.3 9.2 9.e 

0.495 1 .001  -0.00: - 0 . 0 0 1  -0.000 -0.000 
0.493 !.209 -0.172 -0.172 -0.038 -0.038 
0.487 1.094 -0.076 -0.076 -0.017 -0.017 
9.563 0.810 0.145 0.145 0.034 0.034 
0.556 0.756 0.227 0.227 3.056 0.056 
0.520 0.762 0.283 0.283 0.069 0.069 
0.426 0.789 0.321 0.321 0.071 0.071 
0.376 0.821 0.291 0.291 0.061 0.06.1 
0.350 0.810 0.334 0.334 0.066 0.066 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE VIII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 9 

(a) 100 Percent  of design speed; i n t r a b l a d e  row instrumen­
t a t i o n  a t  s t a t i o n  2a; reading number 558 

RAD1 I 
RP IN OUT 

22.949 22.944 
22.479 22.47J 
22.00d 21.949 

20.577 20.574 

18.682 18.717 

16.787 !6.916 

15.342 15.624 

14.849 15.164 

14.343 14.684 


ABS VEL 
RP I N  OUT 

245.5 206.5 
251.1 228.7 
255.9 231.1 
266.4 228.7 
284.6 235.2 
301.7 134.6 

-. 313.9 244.1 
8 311.9 248.9 
9 304.7 232.1 

ABS MACH NO 
SP !K OUT 

1 3.114 3.593-a 3.733 3.662 
3 3.748 5.663 
4 3.32 0.661 
5 3.840 3.664 
6- 3.836 0.6-6 

3.933 0.732 
8 0.925 0.7:6 
9 0.930 0.664 

ABS BETAM REL BETAM 
I N  OUT ,N OUT 

27.8 7.5 27.8 7.5 
27.5 3.9 27.5 3.9 
27.4 3.1 27.4 3.1 
29.3 5.4 29.3 5.4 
32.2 5.8 32.2 5.8 
35.9 2.6 35.9 2.6 
41.9 1.5 41.9 1 .5 
44.5 1.8 44.5 .l.e 
47.8 3.7 47.8 3.7 

REL VEL 
I N  OUT 

245.5 206.5 
251.1 228.7 
255.9 231.1 
266.4 228.7 
2 8 4 . j  230.2 
301.7 234.6 
313.9 244.1 
311.9 248.9 
304.7 232.1 

REL NACH NC 
I N  CUT 
5.714 3.593 
2.733 0.662 
2.748 5.669 
0.762 3.6G1 
0.843 0.664 
0.836 0.676 
0.933 3.702 
0.925 3.716 

0,930 O.G@ 


MERID VEL 
i N  CUT 

217.'1 204.8 

222.6 228.2 

227.1 233.8 

Z32.d 227.7 

240.8 229.C 

244.5 234.4 

233.8 244.1 

222.4 248.7 

204.6 231.6 


EERI3 MACH NO 
IF; CUT 

0.631 0.588 
0.652 3.663 
3.6a 0.662 
3.662 0.658 

0.71;' 1.663 

3.726 0.675 
3.695 0.702 
3.659 0.715 
0.605 0.663 

D-FACT EFF 

0.283 0. 
3.226 5 .  
5'.23 0. 
3.269 9 .  
3.319 3 .  
0.353 0. 
0.372 0. 
0.353 5. 
0.387 0. 

TOTAL TEMP 
I N  RATIO 

324.2 3.997 
323.7 0.999 
323.5 3.999 
324.2 1 . 0 0 0  
325.7 1.303 
327.4 1.300 
330.9 0.999 
331.6 1.001 
331.2 0.999 

TANG VEL 
IN OUT 

114.7 26.4 
116.1 15.7 

117.8 12.6 

133.3 21.4 

151.4 23.4 

i7i.8 1o.a 
204.5 6 . 4  
218.7 -4 . 1­
225.8 14.9 

LOSS C O E V  
T O T  PiiOF 
3.261 3.26: 
0 . 1 0 0  3.!13 
0.087 3.087 
0.120 0.:20 
0.130 3.139 

0.132 0.126 

0.172 -0.213 

0.142 3.142 

0.23.1 -0.249 


TCTAL PRESS 
I N  RAT IO 
14.10 0.925 
14.27 0.570 
14.38 3.573 
14.67 3.960 
14.91 3.552 
15.26 0.946 
15.89 0.926 
15.95 0.943 
15.69 0.934 

NHEEL SPEE3 
!N OCT 
0. 3 .  
3 .  2 .  
3. 	 0. 

13 .  	 *. 
.I3 .  *. 

3 .  *. 
3 .  	 i. 
7 
I. I. 

1. 3. 

eER:: ?EL< ;j 
VEL li V L r - \5 
3.543 T . > ! d  
1.325 7 .;23
1,316 ! . ; L 5  
0.985 i.T22 
0.55: : . 2 4 !  
3.955 1.363 
:.044 2.568 
1.119 2.rJi5 
1.132 2.7a5 

LOSS PARAY 
TOT PRCF 
O.OC0 0.390 
C.034 2.334 
0.329 3.029 
0.037 3.837 
2.037 3.C37 
3.034 3.332 
0.040 -9.050 
0.032 C.032 
0.051 -0.054 
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PERCENT INCIDENCE LE\' 
RP SPAN MEAN SS 

5.00 6 .6  -7.5 12.3 
10.00 8.0 -6.3 8 .4  
15.30 8.8 -5.5 7.4 
30.00 9.0 -4.1 9.9 
53.00 7.3 -3.9 1 1 . G  
70.00 5.0 -4.3 8.6 
85.00 4.6 -3.5 8.3 
90.00 4.9 -2.7 8.8 
95.00 6.0 -1.2 11.0 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 


(b) 100 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 539 


RAD1 I ABS RETAM REL BETAM TOTAL TEMP TOTAL PRESS 
RP IN OUT IN OUT IN OlJT IN RATIO IN RATIO 

1 22.949 22.944 30.7 7.7 30.7 1 .  328.2 0.998 14.62 0.942 
2 22.479 22.474 29.3 5.4 29.3 5.4 327.5 1 . 0 0 0  14.94 0.966 
5 22.004 21.999 25.4 3.8 29.6 3.8 327.3 1 . 0 0 0  15.14 0.969 ' I  

6 20.577 20.574 31.7 3.1 31.7 3.1 327.4 0.999 15.22 0.977 
5 18.682 18.717 33.9 3.1 33.9 3.1 327.4 1 . 0 0 0  15.62 0.969 
6 16.787 16.916 38.1 1.2 38.1 1.2 328.1 0.999 15.57 0.974 
7 15.342 15.624 44.0 1.9 64.0 1.9 329.8 1 .001  15.75 0.968 
8 16.869 15.164 47.2 3.7 67.2 3.7 330.7 0.999 15.89 0.945 
9 14.343 14.686 50.3 4.5 50.3 4.5 330.9 0,999 15.83 0.919 

- 7  

-
ABS VEL REL VEL MERID VEL TANG ;'EL HHEEL SPEED 

RP IN OUT IN OUT IN OUT IN OUT IN OUT 
I 242.2 178.1 242.2 178.1 208.2 176.5 123.7 23.9 0 .  0. 
2 251.5 199.0 251.5 199.0 219.2 198.1 123.2 18.9 0. 0 .  
3 257.2 205.2 257.2 205.2 226.1 206.7 126.2 13.7 0. 0. 
A 264.1 207.2 266.1 227.2 224.6 206.0 138.8 11.1 3 .  3 .  
5 2E1.0 2C6.1 281.0 206.1 233.2 205.8 156.9 11.0  3 .  0. 
6 288.8 207.6 288.8 207.6 227.2 207.6 178.4 4.2 0. V .  

7 251.6 210.8 291.6 210.8 209.8 210.6 232.5 7.1 0. 3 .  
8 292.7 206.0 292.7 206.0 198.9 255.6 214.7 13.4 3. " 9 290.6 194.3 250.4 194.3 185.7 193.7 223.3 15.3 0. u. 

Aas MACH NO REL MACH NO MERID MICH NO KE9:'yPEW. yj 
RD IF; OUT IN OUT IN O?IT 'IEi R M&C* "J 
! 2.639 3.503 0.699 0.503 0.601 0.499 0.848 1."J! 
> 
L 5.723 0.566 0.729 0.566 0.636 0.563 0.936 1.36E. 
3 3.748 0.585 0.768 0.585 0.652 0.583 0.913 1.S55 
L 3.773 0.591 0.770 0.591 0.655 0.590 0.521 1.169 
5 0,826 0.587 0.826 0.587 0.685 0.587 0.883 1.265 
6.. 0.851 0.59' 0.851 0.592 0.669 0.592 0.916 1.366 

0.858. 0.599 0.858 3.599 0.617 0.599 1.004 1.657 
8 0.863 0.584 0.860 0.586 0.585 0.583 1.033 1.522 
9 0.852 0.549 0.852 0.549 0.545 0.547 1.043 1.566 

PERCENT INCIDENCE DEV D-FACT EFF LOSS COEFF LOSS PARAfi 
RP SPAN UEAN SS TOT PROF TOT PROF 

1 5.00 9.5 -4.6 12.5 0.408 0. 0.207 0.207 0.071 0.071 
2 1 0 . 0 0  9.8 -6.5 9.9 0.350 0. 0.116 0.116 0.039 0.039 
3 15. O D  10.8 -3.5 8.1 0.349 0. 0.099 0.099 0.033 0.033 
6 30.00  1 I . A  - I  .7 7.6 0.36: 0. 0.069 0.C69 0.022 0.022 
5 50.00 9.0 -2.1 8.2 0.41A 0. 0.087 0.086 0.025 0.025 
6 70.00 7.3 -2.1 7.1 0.435 0. 0.069 0.066 0.018 0.017 
7 85.00 6.7 -1.4 8.7 0.432 0. 0.083 0.073 0.019 0.017 
8 90.00 7.6 -0.0 10.8 O.rA9 0. 0.145 0.128 0.032 0.029 
3 95.00 8.5 1.2 11.9 o . a s  o .  0.214 0.192 0.046 0.042 
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1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 
8 

0.058 0.056 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLAZjE 

EDGES FOR STATOR 9 

(c) 100 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 551 


RAD I I ABS BETLY RE: BETAM 
R P  I N  OUT IN OUT iN OUT 

22.940 22.944 35.5 6.1 35.5 6.1 
22.479 22.474 33.9 4.5 33.9 4.5 
22.004 21.999 34.0 4.1 34.0 4.1 
20.577 20.574 34.9 3.9 34.9 3.9 
18.682 18.717 35.8 3.1 35.8 3.1 
16.787 16.916 39.2 1.3 39.2 1.3 
15.342 15.624 45.4 2.1 45.4, 2.1 

a 14.849 15.161 48.0 3.9 48.0 3.9 
9 14.343 14.684 50.7 4.1 50.7 4 .  1 

ABS VEL REL VEL MERID VEL 
R P  I N  OUT I N  C;UT IN OUT 

1 2A7.G 186.7 247.9 186.7 201.8 185.7 
2 252.7 195.9 252.7 155.9 209.6 195.3 
3 255.5 195.5 255.5 155.5 211.8 195.0 
A 259.1 195.1 259.1 195.1 212.4 194.7 
5 272.7 198.6 272.7 lc8.6 221.1 198.3 
6 273.9 146.4 279.9 198.1 216.8 i 9 6 . 3- 284.8 202.6 284.8 232.6 203.3 202.5 
a 286.9 196.6 286.9 196.6 192.1 196.1 
9 286.4 152.3 286.4 192.3 181.5 191.8 

ABS MACH K5 REL M A C h  NO MERID MACH KO 
RD IF: OL'T IN 

1 5.73? 3.523 0.709 
L 2.26 3.552 3.726 
3 3.73- C.551 0.737 
A 0.753 0.552 0.750 
5 0.737 0.53 0.797 
6- 3.62;  3.564 0.821 

3.835 0.575 @.E35 
8 3.841 3.556 O.W! 
9 0.839 0.543 0 . m  

3 

PERCENT I NC I DENCE 
R P  SPAN HEAN SS 

5.03 14.3 0.2 
10.00 1L.A 0.1 
!5.0@ 15.4 1.1 
30.09 14.6 1.5 
50.03 11.0 -0.2 
70.00 8.4  -1.0 
85.00 E.l 0.1 
9o.oc 8.4  0.7 
95.00 8.9 1.7 

OUT IN OUT 
0.523 0.577 0.520 
0.552 0.602 0.550 
3.551 0.611 0.550 
0.552 0.615 0.551 
3 554 0.646 0.563 
0.564 0.636 0.564 
0.575 0.586 0.574 
0.556 0.563 0.555 
0.513 0.531 0.542 

DEV D-FACT EFF 

10.9 0.422 0. 
9.0 0.395 0. 
8.4 0.404 0. 
8.4 0.410 0. 
8.3 0.427 3. 
7.2 0.449 0. 
8.9 0.447 0. 

10.9 0.673 C. 
11.5 0.484 0. 

TOTAL T W '  
I K  RATIO 

334.9 0.998 
333.3 0.948 
332.0 1 . 0 0 0  
330.1 1 . 0 0 0  
328.2 1 . 0 0 1  
328.G 1.030 
329.5 0.999 
333.9 0.997 
331.1 0.497 

TANG VEL 
I N  OUT 

144.0 19.7 
141.1 15.3 
142.9 14.1 
148.4 13.1 
159.7 10.8 
177.0 4.4 
202.8 7.6 
213.0 13.2 
221.5 13.9 

L O S S  COEFF 
TOT PROF 
0.225 0.225 
0.169 0.169 
0.162 0.162 
0.118 0.118 
0.085 0.085 
0.069 0.067 
0.096 0.087 
0.167 0.153 
0.196 0.178 

TOTAL P R E S S  
IN RATIO 

15.78 0.936 
15.89 0.950 
15.88 0.951 
15.69 0.963 
15.54 0.971 
15.47 c .975 
15.68 0.965 
15.82 0.938 
15.82 0.528 

WHEEL SPEED 
I N  OUT 
0 .  3 .  
3. 0. 
0. 0. 
0. 0. 
3. 3 .  
0. 3. 
0. 


n
3 .  
0.". 

0. 3 .  

LOSS PARAU 
TOT PROF 
0.078 0.078 
0.054 0.058 

0.037 0.037 
0.024 0.024 
0.018 0.017 
0.022 0.020 
0.037 0.034 
0.043 0.039 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(d) 90 Percent of design speed; intrablade row in­
strumentation at station 2a; reading number 564 

R A D  I I ;9S BETAX TOTAL TEE? TOTAL P;IESS 
RP I N  OUT I N  OLJT IN G T ! O  i N  RATIO 

1 22.949 22.944 24.8 6.; 31L.5 0.959 13.04 0.936 

2 22.L79 22.47A 24.3 2.5 314.4 1.CjO 15.17 0.978 
3 Z2.CO4 2!.559 24.5 1.6 314.5 1.000 13.29 0.963 
L 23.577 2c.574 26.4 2.5 26.4 2.5 3!5.7 1.co; 13.65 0.974 
5 18.662 18.717 29.4 3.7 29.4 3.7 317.3 0.939 13.56 0.563 
6 16.787 T6.916 33.7 1.6 53.7 1 . 6  319.3 I.CC1 14.2L. G.561 
7 i5.3f2 15.62L r 0 .  1 3.8 40.1 0.8 321.7 1.331 14.49 3.96L 
E lL.EL5 15.164 43.3 1.2 43.3 ' . 2  322.6 1.032 lL.66 0.569 
9 14.343 14.664 4 5 . 5  3.3 45.9 3.3 323.7 1.000 14.70 0.932 

ABS VEL L'YL K R  1D ';EL TANG VEL KdEEi SPEED 
RP I N  OUT C;:T Ih: 02: IN CUT I N  OUT 

1 224.8 15i.8 151.8 204.3 193.7 94.4 23.2 0. 3 .  
r ) 

L 229.3 212.7 212.7 209.5 212.5 54.5 9.4 0. 0. 

3 234.L 216.9 216.9 2i3.3 216.8 97.3 6.0 0. 0. 
4 246.3 219.0 219.5 220.7 218.8 !09.A 9.6 5 .  3 .  
5 264.5 221.C 221.3 233.7 222.5 130.1 1L.1 0 .  3 .  
6 273.6 226.3 2'6.3 231.9 226.2 154.6 6.5 0. ? 

Y .- 283.1 236.7 236.7 216.5 236.: 182.3 3.3 3 .  2 .  
8 282.2 241.5 2L!  .5 236.8 241.5 194.9 5.2 3. *. 
Y 283.: 229.9 2%. 9 197.5 225.5 203.4 13.3 5 .  3 .  

ASS 1<ACH N3 RE; MACH N9 MER13 MACH ti9 
2" IF; OUT IN 0"'" I  IN OUT 

? 2.650 3.556 0.650 0.556 0.598 0.553 
r )
L 3.6'5 "621 3.675 0.621 3.616 0.62; 
3 3.692 3.634 3.653 0.634 0.628 0.634 
4 ri.

, -A27 3.643 0.727 0.645 0.652 0.639 
5 3.786 0.644 3.786 0.644 0.585 0.643 

0-. 3.830 3.658 3.830 0.658 0.690 0.658 C.976 1.231 


G.841 0.686 5.66: 0.688 3.644 0.686 :.093 1.318 
8 3.8LL 0.702 3.844 0.702 0.614 0.702 i.168 1.382 
9 0.E39 0.665 0.839 0.665 0.583 0.664 1.165 1.416 


PERCENT INCIDENCE DEL' D-FACT EFF LOSS C O W  LOSS PARAM 
R? SPAN MEAN 5S TOT PROF TOT PRCF 

1 5.03 3.6 -10.5 19.9 0.262 0. 0.252 0.252 C.087 0.087 
2 10.00 4.8 -9.5 7.0 0.201 0. 0.082 0.082 C.028 0.028 
3 15.00 5 . 5  -8.4 5.9 0.205 0. 0.064 0.064 c.021 0.021 
A 30.00 6.1 -7.0 7.0 0.238 0. 0.989 o.oe9 0.028 0.028 
5 50.00 4.5 -6.6 8.8 0.290 0. 0.105 0.109 0.031 0.031 
6 7t.00 2.9 -6.5 7.6 0.323 0. 0.107 0.107 0.027 0.027 
7 85.00 2.8 -5.3 7.6 0.310 0. 3.096 2.005 0.222 0.022 
8 90.00 3.7 -3.9 8.3 0.299 0. 0.083 3 . 0 7 3  0.019 0.018 
9 G5.00 4.1 -3.1 19.: 0.332 0. 0.18s 0.179 0.040 0.039 
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TABLE V I I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(e )  90 Percent  of design speed; i n t r a b l a d e  r o w  in­
s t rumenta t ion  a t  s t a t i o n  2a; reading number 567 

RAD I I 

RP IN OUT 


22.949 22.944 

22.479 22.474 

22.004 21.999 

20.577 20.574 

18.682 18.717 

16.787 16.916 

15.342 15.624 

!4.849 15.164 

14.343 14.63 


ABS VEL 
RP IN OUT 

227.6 169.8 
230.0 185.5 
231.0 187.2 
235.0 186.1 
242.2 185.6 
2re.e 184.3 
259.5 154.7 
264.6 193.5 
264.4 184.7 

ABS MACH !iJ 
RP I N  3UT 

1 3.663 0.483 
a 
L 2.669 3.531 
3 3.672 0.537 
L 	 3.686 5.534 


0.709 0.532 

0.733 0.529 

0.762 0.558 

3.777 0.554 

0.777 3.527 


ABS BETAM REL BETAM 

IN OUT IN OUT 
31.7 6 . 6  31.7 6.8 
31.0 4.6  31.0 4.6 
31.2 3.6 31.2 3.6 
32.7 3.1 32.7 3.! 
35.3 3.0 35.3 3.0 
39.2 1.5 39.2 1.5 
45.3 
47.5 

2:;
3.5 

45.3 
47.5 

2.0 
3.5 

49.8 4.5 49.8 4.5 

REL VEL MERID VEL 
IN OUT IN OUT 

227.6 169.8 193.6 168.6 
233.0 !85.5 !97.2 184.9 
231 .O i87.2 137.5 186.9 
235.3 186.1 147.8 185.8 
242.2 !85.6 197.7 185.4 
240.a :w.3 1~2.3iai.5 
255.5 104.7 182.5 194.6 
264.4 193.5 7-8.5 193.! 
264.4 184.7 170.7 184.1 

RE;  MACH N3 MERi3 MACH Y2 
IN X T  IN GLIT 
0.663 3.483 3.56;  0.480 
3.663 0.53! :.573 3.529 
3.672 0.537 0.575 0.536 
3.686 5.534 0.577 3.553 
0.729 3.532 3.575 0.532 
5.730 0.529 3.566 0.528 
3.762 3.558 3.536 0.557 
3.777 3.554 9.524 0.553 
3.777 c.527 3.531 0.525 

PERCENT IKCIDENCE DEV D-FACT EFF 

RP SPAN X A N  SS 

5.00 10.5 -3.6 17.6 0.407 0. 
10.00 11.5 -2.8 9.1 0.3C7 0. 
15.00 12.7 -1.6 7.9 0.346 0. 
30.00 12.4 -1.7 7.6 0.354 0 .  
50.00 10.4 -0.8 8.1 0.367 0. 
70.00 6.3 - I . !  7.5 0.415 0. 
85.00 8.0 -0.0 8.E 0.408 0. 
90.00 8.0 0.3 10.6 0.422 3 .  
95.00 8.0 0.8 11.9 0.453 0. 

TOTAL TEMP 

IN RATIO 

321.7 1 . O G C  
323.8 t .C.01 
320.5 0.999 
319.4 1.300 
319.4 1 . 0 0 1  
319.9 0.939 

322.3 9.999 

323.! 0.998 
323.3 0.999 

TANG VEL 
IN OUT 

119.7 20.3 
118.3 14.5 
113.9 11.7 
126.9 13.0 
143.0 9.7 
157.; A.9 
184.6 6.a 
195.3 11.9 
201.9 14.6 

LOSS COEFF 
TOT PRCF 
0.225 0.225 
0.398 0.09a 
C.080 0.080 
0.075 0.075 
0.056 0.356 
0.072 0.072 
0.081 3.081 
0.138 0.136 
o.iga 0.145 

TOTAL W E S S  
IN ?AT I2 
14.28 0.33 
14.30 0.975 
14.30 c.979 
14.31 3 .  gao
14.21 0.984 
16.23 0.979 

16.57 5.574 

14.78 0.555 

14.75 3.935 


WHEEL SPEED 
IN OUT 

0. .. 
U .  3 .  
3. 3 .  
Y .  	 2 .  

13. 	 *. 
.I2 .  	 .. 

PI 
V .  2 .  
5. .. 
Y .  3 .  

5.538 r . ; .e
0.546 :.".­
3.939 :.563 
0.938 1.123 
3.555 1.!52 
1.366 1.325 
1.382 1.384 
1.079 1.415 

LOSS i'A?AP! 
TOT PRCF 
0 .  o7a c .  373 
0.033 0.033 
0.027 3.027 

0.323 3.323 

3.016 0.c16 
O.O!E 0.018 
O.Gl9 3.019 
0.031 0.031 
0.043 0.042 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(f) 90 Percent of design speed; intrablade row in­
strumentation at station 2a; reading number 545 

RAD1 I A3S X T A M  REL BETAM TOTAL TEN? TOTAL PRESS 
RP IN OUT IN OUT IN OUT IN R A T I O  IN R A T I O  

22.949 22.944 43.2 4.4 43.2 4.4 327.9 0.557 13.99 0.938 
22.479 22.474 39.6 3.5 34.6 3.5 326.0 0.59~1 14.08 0.941 
22.004 21.999 38.1 3.2 38.1 3.2 324.8 0.940 14.13 0.941 
20.577 20.574 39.0 3.3 39.0 3.3 322.6 1 . 0 0 0  1L.01 0.555 
18.682 18.717 42.2 2.7 42.2 2.7 321.8 0.998 13.97 0.960 
j6.787 16.916 42.7 2.8 42.7 2.8 320.8 0.999 14.16 0.967 

.7 15.3t2 :5.624 46.7 2.2 46.7 2.2 322.7 0.998 14.49 0.069 
8 14.8L9 15.164 48.3 3.5 48.3 3.5 323.1 3.998 14.75 0.944 
9 14.343 14.684 50.2 4 . 4  50.2 4 . 4  323.5 0.998 14.83 0.932 

ABS VEL EEL VEL MERID VEL TANG VEL MKEEL SPEED 
RP IN OUT IN  OUT IN OUT IN OUT IN OVT 

1 207.4 149.7 207.4 3.7 151.1 149.3 142.1 11.4 0. 5.  
2 217.9 155.5 211.9 35.5 163.2 155.2 135.1 9.4 0. U .  

3 214.7 156.7 214.7 156.7 108.9 156.5 132.6 8.8 0. 3 .
"A 215.2 158.6 275.2 158.6 167.2 158.4 135.6 9.1 3. C .  

5 221.4 156.2 221 .& 156.2 153.9 156.0 148.8 7.5 0. Y .  

*.6 235.9 164.8 235.9 164.P 173.4 164.6 154.9 8.0 0. n 

7 250.1 190.1 256. ! !eo. 1 171.5 lEO.0 1e2.0 6.8 i. 2.  
78 257.0 178.2 257.0 178.2 175.9 177.9 791.9 10.8 3 .  .. 

9 259.5 175.0 259.5 175.0 166.2 174.5 199.2 13.4 0. 5 .  

RP i N  
0.59; 

OVT 
0.420 

IN 
0.591 

OUT 
0.420 

IN  
0.431 

OUT 
0.419 

' IE;  s P!LCM $5 
0.988 !.!52 

> 
L 3.65': 3.438 0.607 0.438 0.467 0.437 3.551 1.'2 
3 5.617 0.442 0.617 O . W ?  0.485 0.442 0.527 7.586 
I 3.623 0.445 0.620 0.449 0.482 0.449 0.947 
5 3.6LO 0.443 0.640 0.443 0.474 0.443 0.552 1.:65 
6 0.687 0.469 0.687 0.L69 0.535 0.469 0.945 1.254 

ABS MACH N O  REL MACH NO MERID MACH NO KR:;PEAK f j  

-
I 3.731 0.514 0.731 0.514 0.501 0.513 1.050 1.309 
8 3.752 0.508 0.752 0.508 0.501 0.507 1.041 1.361 
9 0.760 0.498 0.760 0.498 0.487 0.496 1.050 1.394 

PERCENT INC IDENCC DEV D-FACT EFF LOSS COEFF LOSS PARAM 
RF SPAN MEAN SS TOT PROF TOT P R F  

I 5.00 22.0 7.9 9.2 0.498 0. 0.294 0.294 0.102 0.102 
2 10.00 20.1 5.8 8.0 0.469 0. 0.267 0.267 0.091 3.091 
3 15.00 19.6 5.3 7.5 0.463 0. 0.261 0.261 0.087 0.087 
4 30.00 18.7 5.6 7.8 0.447 0. 0.196 0.196 0.061 0.061 
5 50.00 17.3 6.2 7.9 0.476 0. 0.165 0.165 0.047 0.047 
6 70.00 11.9 2.5 8.7 0.465 0. 0.122 0.122 0.031 0.031 
7 85.00 9.4 1.4 8.9 0.441 0. 0.105 0.105 0.024 0.024 
8 90.00 8.7 1.1 10.5 0.463 0. 0.178 0.177 0 . o a  0.040 
9 95.00 8.4 1.2 11.8 0.479 0. 0.215 0.213 0.046 0.046 
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TABLE V I I I .  - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(g) 80 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 572 


RAD1 I ABS BETCM R E L  BETCM TOTAL TEMP TOTAL P R E S S  
R P  I N  OUT I N  OUT I N  OUT I N  X T I O  I N  R A T I O  

1 22.949 22.944 5 0 . 0  2.3 50.0 2.3 320.7 0.995 12.95 3.945 
2 22.479 22.474 44.6 1.6 44.6 1.6 319.0 3.998 13.06 0.936 
3 22.004 21.999 42.J 2.1 42.4 2.1 317.8 1.OGO 13.11 0.533 
A 20.577 20.574 46.1 3.2 46.1 3.2 316.J 1.000 12.97 0.953 
5 18.682 18.717 49.3 2.5 49.3 2.5 315.8 0.999 12.96 0.062 
6 16.787 76.916 47.3 2.5 47.3 2.5 315.1 !.031 13.24 0.580 
7 15.342 '5.624 48.1 1 .A 48.1 1.4 315.6 0.997 13.56 0.361 
8 14.849 i5.164 49.7 3.1 49.7 3.1 315.9 0.996 13.71 0.946 
9 14.343 14.68'6 51.5 4.7 51.5 4.7 316.4 0.998 13.60 0.939 

ABS VEL R E L  VEL MER[@ E L  TANG VEL UHEEL SPEED 
RP I N  OUT I N  OUT I N  OUT !N OUT I N  OL!T 

1 172.7 115.2 172.7 115.2 111.0 115.1 132.3 4.6 0.  3. 
2 178.7 115.0 178.7 115.0 127.3 175.3 125.4 3.2 3. 3. 
3 182.0 115.5 1 e2.0 1 i5.5 134.4 115.4 122.7 4.3 3. 3. 
A 180.0 122.7 180.3 122.7 124.8 122.5 129.7 6.8 0. 3. 
5 185.7 127.1 185.7 12:. 1 121.1 126.9 142.8 5.6 0. 2 .  

,6 203.5 149.9 203.5 149.9 138.2 l d O . 7  149.5 6.5 9. ". 
17 219.9 155.0 215.9 155.0 1G.3 154.9 li3.6 3.9 3 .  .. 
18 225.7 153.8 225.7 153.8 146.3 153.6 !72.1 8.3 3. ... 
19 229.9 154.5 229.9 154.5 143.2 154.3 179.8 t2.7 0. ". 

ABS MACH NO RE: IYACH NC MERID XACH NG 
R P  I N  OUT I N  OUT i N  OUT 

1 0.493 0.325 0.d93 1.325 0.317 0.325 1 .G37 1.2% 
2 3.51,' 3.325 0.512 3.325 3.365 0.325 9.533 :.:2: 
3 3.523 0.327 3.523 0.327 0.366 0.326 1.855 5.425 
A 0.518 3.3b8 0.518 3.3.4a 3.359 0 . 3 4  0.582 1.3.44 
5 0.536 0.361 3.536 0.351 0,349. 0.3&1 1.048 1. ! 1 7  
6-	 3.592 0.429 3.592 0.429 5.412 0..128 1.084 1.731 

0.642 0.444 0.642 O.Ld.4 0.429 0.644 1.055 r.182 
8 0.660 0.441 3.660 0.4L1 3.427 0.440 1.352 1.226 

9 0.673 0.442 0.673 0.442 0.420 0.441 1.075 1.266 


P E R C E N T  I N C I D E N C E  3EV 0-FACT EFF L O S S  C O E F F  L O S S  PASAM 
R P  S P A N  MEAN SS TOT PXCT TOT PXCF 

1 5.00 28.8 14.7 7.1 0.591 0. C.363 0.363 0.126 0.126 
2 10.00 25.1 10.8 6.1 0.590 0. 0.389 0.389 0.133 5.!33 
3 15.00 23.8 9.5 6.4 0;583 0. 0.391 0.391 0.131 0.131 
A 30.00 25.8 12.7 7.7 0.532 5 .  0.279 0.279 O.t87 0.587 
5 50.00 24.4 13.2 7.7 0.523 0. 0.215 0,215 3.061 0.061 
6 70.00 16.4 7.0 8.4 3.443 0. 0.097 0.097 0.025 5.025 
7 85.00 10.8 2.7 8.2 0.463 0. 0.160 0.160 0.037 0.037 
8 90.00 19.1 2.5 10.2 0.483 0. 0.214 0.214 0.048 0.048 
9 95.00 9.7 2.5 12.1 0.484 0. 0.233 0.233 0.051 0.151 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(h) 70 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 573 


RAD1 I ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS 
RP IN OUT IN OUT IN OUT IN RATIO IN RATIO 

1 22.949 22.944 18.4 2.4 18.4 2.4 3C0.9 1.500 11.53  0.563 
2 22.679 22.474 18.2 0.1 18.2 O.! 300.8 1 . 0 0 0  11.58 0.989 
3 22.004 21.999 18.8 -0.8 18.8 -0.8 301.0 1 . 0 0 0  11.64 0.992 
4 20.577 20.574 21.2 -0.9 21.2 -0.9 302.0 1 . 0 0 0  11.86 0.990 
5 18.682 18.717 25.4 -1.1 25.4 - 1 . 1  336.0 1 . 0 0 0  12.12 0.987 
6 16.787 16.916 30.4 -1.3 33.4 -1.3 306.1 .1.000 12.41 0.987 
7 15.342 15.624 37.6 - 1 . 1  37.4 -1 .1  308.7 0.948 12.72 0.977 
8 14.649 15. 164 40.3 3.3 40.3 c.3 309.L 1.090 12.85 0.980 
9 14.343 i c . 6 a ~  43.2 2.3 43.2 2.3 310.2 1.001 12.91 0.963 

ABS VEL REL VEL MER ID VEL TANG VEL WHEEL SPEED 
RP IN OUT IN OUT IN OUT IN OUT !N OVT 

1 183.5 155.0 183.5 155.0 174.2 154.8 57.9 6.L 0. 3. 
2 167.1 170.6 187.1 170.6 177.8 y73.5 58.5 0.3 0. 0. 
3 189.5 174.0 189.5 174.3 179.4 174.0 6 1 . 0  -2.3 0 .  0. 
4 196.3 179.4 196.3 179.4 183.0 179.3 71.0 -2.7 0. 3 .  
5 210.9 185.6 210.9 185.L 190.5 185.3 90.3 -3.4 0 .  0. 
6 223.2 193.4 223.2 193.4 192.5 193.3 113.1 -4.4 0. 0. 
I 230.1 202.3 230.1 202.0 182.9 202.0 139.6 -3.8 3 .  2 .  
8 233.1 208.1 233.1 2C8.1 177.7 208.1 150.9 1 . 0  9. 5 .  
9 234.5 203.9 23d.5 203.9 170.8 203.7 160.6 8.3 0. 3.  

:as MACH K 3  REI. MACH NO MERID MACH NO K R : >  PEL% SS 
RP I N  OUT 

2.5L3 0 . L 5 5  
IN OUT 

0.543 0.455 
!N OUT 

0.515 0.454 
2 XLCH yc 

G.885 2.553 
3 

.. 

.- 2.555 3.503 0.555 0.533 0.527 0.503 3.563 5.555 
3 3.562 0.513 0.562 0.513 0.532 0.513 0.970 Z.585 
A 0.582 0.529 C.582 0.529 0.543 0.529 0.985 0.657 
5 3.627 0.5G 0.627 0.546 0.566 0.546 3.973 2.774 
-
1 3.683 0.594 0.663 0.544 0.543 0.594 1.19-4 1 . 0 0 7  
8 G.632 0.612 3.692 0.612 0.527 0.612 1.171 1.064 
9 3.695 0.598 3.695 0.598 0.507 0.597 1.153 1 . 1 1 1  

PERCENT INCIDENCE DEV D-FACT EFF LOSS COEFF LOSS PARAM 
RP SPAN MEAN SS TOT PROF Y O T  PROF 

6 3.664 0.569 3.664 0.569 0.572 0.569 1 . 0 0 5  0.885 

1 5.00  -2.8 -16.9 7.2 0.254 0. 0.202 0.202 0.070 0.070 
2 10.00 -1.3 -15.6 4.6 0.195 0 .  3.061 0.061 c.021 0.021 
3 15 .00  0.2 -1L.1 3.5 0.193 0 .  0.041 0.061 3.014 0.014 
4 30 .00  0.9 -12.2 3.6 0.204 0. 0.047 0.047 0.015 0.015 
5 5 0 . 0 0  0.5 -10.7 4.1 0.247 0 .  0.056 0.054 0.015 0 . 3 1 5  
6 70.00 -0.6 -9.8 4.6 0.268 0. 0.051 0.051 0.013 o.oi3 
7 85.00 0.1 -8.C 5.7 0.266 0 .  0.095 0.086 0.020 0.020 
8 90.00 0.8 -6.9 7.6 0.251 0. 0.073 0.073 0.016 0.016 
9 95.00 1.5 15.8 9.7 0.270 0. 0.134 0.134 0.029 0.029 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 


(i) 70 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 575 


RAD1 I A35 BETAM REL BETAM TOTAL TEMP TOTAL PRESS 

RP IN OUT IN OUT IN OUT iN RATIO IN RATIO 


22.549 22.944 31.2 6.1 31.2 6.1 307.6 1 . 0 0 1  12.34 0.966 
22.479 22.47L 30.2 4.0 30.2 L . 0  307.0 1 . 0 0 1  12.36 0.584 
22.004 21.999 30.4 2.8 39.4 2.8 336.3 1 . 0 0 0  12.36 0.989 
20.577 20.574 32.4 2.3 32.4 2.3 306.3 1 . 0 0 0  12.36 0.991 
18.552 18.717 35.5 2.5 35.5 2.5 336.6 1 . 0 0 0  12.41 0.988 
16.787 16.916 39.3 1.3 39.3 1.3 307.1 0.599 12.47 0.986 
!5.342 15.624 44.6 1.9 44.6 1.9 308.6 1.300 12.69 G .987 
14.849 15.164 46.7 3.3 46.7 3.3 309.2 1 . 0 0 0  12.82 0.978 
14.343 14.684 48.6 4.6 48.6 4.6 309.1 1.000 12.79 0.966 

ABS VEL RZL VEL MER ID VEL TANG VEL RHEEL SPEED 

RP IN OUT IN OUT IN OUT IN OUT IN OUT 


170.3 128.1 170.3 128.1 145.6 127.4 88.2 13.7 0. 0. 
171.7 1 4 0 . 3  171.7 140.3 148.3 139.9 86.5 9.8 0. 0. 
172.5 142.2 172.5 142.2 1L8.8 142.0 87;3 7.0 0. 0. 
173.9 142.C 173.3 142.0 146.7 141.9 93.3 5.7 0. 0. 
181.7 142.9 181 .- 142.9 148.0 142.8 105.5 6.3 0. 0. 
189.1 145.1 189.1 145.1 146.3 145.1 119.7 3.2 0 .  3. 
:98.3 156.2 198.3 156.2 1L1.3 156.1 139.2 5.1 0. 3 .  
204.3 158.2 204.3 158.2 1LO.2 157.9 1L8.6 9.2 0. 5 .  

5 205.2 150.L 205.2 150.4 135.6 149.9 154.0 12.1 0. 3. 

ABS MACH NO RE: MACH NO MERID MACH NO K R ! S  PEAK SS 
RP IN OL‘T IN OUT IN OUT ’IC: R XkCH NC 

3.496 3.369 0.496 0.369 0.424 0.367 0.875 0.76! 
2.52: 0.406 0.501 0.406 0.433 0.405 0.9L3 5.75: 
3.534 0.412 0 . 5 0 L  0.412 0.435 0.612 0.955 3.756 
0.508 0.412 0 .50P  0.412 0.429 0.411 0.567 1.186 
3.532 0.414 0.532 0.414 0.433 0.416 0.965 3.846 
0.551. 0.421 0.55L 0.421 0.429 0.420 0.992 3.537 
3.582 0.452 0.58.2 0.452 0.415 0.452 1.104 1 . 0 3 0  -

8 0.600 0.658 0.600 0.458 0.412 0.457 1.126 1.051 
9 0.603 0.435 0.603 0.435 0.398 0.633 1.105 1.076 

PERCENT INCIDENCE DEV D-FACT EFF LOSS COEFF LOSS PARZM 
RP SPAN MEAN SS TOT PROF TOT PROF 

1 5.00 1 0 . 0  -4.1 1 1 . 0  0 .400 0. 0.217 0.217 0.075 0.075 
2 1 0 . 0 0  lG.8 -3.5 8.5 0.335 0. 0 . 1 0 0  0 . 1 0 0  0.034 5.036 
3 15.00 11.8 -2.5 7.1 0.331 0. 0.071 0.071 0.024 0.026 
6 30 .00  12.1 -1.C 6.8 0.341 0. 0.058 0.058 0.018 0.018 
5 5 0 . 0 0  10.6 -0.6 7.7 0.369 0. 0.071 0.071 0.020 0.020 
6 70.00 8.5 -0.0 7.2 0.389 0. 0.073 0.073 0,019 0.019 
7 85.00 7.3 -0.e 8.6 0.369 0. 0.065 0.065 0.015 0.015 
8 90.00 7.1 -0.6 10.4 (1.378 0. 0 . 1 0 0  0 .100  0.022 0.022 
9 95.00 6.9 -0.d 12.0 0.415 0. 0.166 0.166 0.035 0.035 
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 


(j> 70 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 550 


RAD1 I 
RP IN OUT 

I 22.949 22.944 
2 22.479 22.474 
3 22.004 21.999 
A 20.577 20.574 
5 :8.682 18.717 
6 16.787 16.916 
7 15.342 15.626 
8 14.840 15.164 
9 14.343 14.684 

ABS VEL 
RP IN OUT 

1 150.0 100.3 
2 154.4 100.8 
3 157.1 101.8 

ABS BETAM REL BETAM 
IN OUT IN OUT 

68.8 2.4 4 e . e  2.4 
43.2 2.0 45.2 2.0 
40.6 2.7 4O.E 2.7  
44. I 3.5 4 4 .  1 3.5 
47.3 2.8 47.3 2.8 
46.4 2.7 46.4 2.7 
47.3 2.1 L7.3. 2.1 
48.5 3.7 48.5 3.7 
50.0 5.0 50.0 5.0 

REL VEL MERID VEL 
IN OUT IN OUT 

150.0 100.3 98,8 100.2 
154.4 100.8 112.6 100.7 
157.1 101.8 178.9 101.7 

A 156.7 108.7 155.7 108.7 112.6 108.5 
5 161.2 112.2 161.2 1 :2.2 109.2 1l2.1 
6 177.2 123.8 177.2 129.8 122.2 129.7 
7 19L.4 136.1 194.4 136.1 131.8 136.0 
8 197.0 132.9 197.0 132.9 130.4 132.7 
9 198.4 133.5 198.4 133.5 127.4 133.0 

A8S PIACH NO RE: MACH NO MERID MACH NO 

9.0 1.3 
9 95.00 8.3 1 I O  
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RP IN 
1 0.431 
3 
L 3.4L5 
3 3.454 
c: 3.653 
5 0.367 
6 0.516 
-# 0.569 
8 0.577 
9 0.582 

PERCENT 
R P  SPAN 

1 5 .00  
2 IO. 00 
3 15. 00 
d 30.03 
5 50.00 
6 70.00 
7 85.00 


90.008 _._.. __.  

OUT IN 
0.286 0.431 
0.288 0.445 
3.290 0.454 
3.311 0.453 
0.322 9.667 
0.37g 0.5:6 
0.392 0.569 
0.383 0.577 
0.384 0.582 

INC IDENCE 
MEAN SS 
27.6 13.5 
23.7 9.4 
22.2 7.9 
23.8 10.7 
22.5 11.3 
15.6 6.2 
10.0 1.9 

OUT IN OUT 
0.286 0.284 0.286 
0.288 0.324 0.287 
0.290 0.344 0.290 
0.311 0.326 0.311 
0.322 0.317 0.321 
0.374 0.356 0.373 
0.392 0.386 0.392 
0.383 0.382 0.382 
0.384 0.374 0.383 

DEV 0-FACT ETF 

7.2 0.584 0. 
6.5 0.573 0. 
7.0 0.560 0. 
8.0 Q.511 0. 
7.9 0.503 0. 
8.7 0.443 0. 
8.S 0.66; 0. 

10.8 0.482 0. 
12.4 0.479 0. 

TOTAL TEMP TOTAL PRESS 
IN RATIO IN RATIO 

312.9 0.996 12.26 0.558 
311.4 0.998 12.32 0.953 
310.4 1.001 12.35 0.952 
309.5 1 . 0 0 0  12.28 0.966 
308.9 1.000 12.25 0.974 
308.7 1.000 12.45 0.984 
309.4 0.997 12.78 0.966 
309.1 0.997 12.01 0.956 
309.0 1.090 12.80 0.955 

TANG VEL MHEf L SPEED 
IN OUT IN OUT 

112.9 4.2 0. 0. 
105.7 3.5 0. 0. 
102.6 4.7 0. 3;  
109.0 6.6 0. 0. 
118.5 5.5 0. 0. 
128.3 6.2 0. 0. 
r42.8 5.3 0. 0. 
147.7 8.5 0. 5 .  
152.0 11.7 0. 0. 

KQ!JPE& SS 
YEL a HI.::.. XG 
1.314 0.528 
0.855 3.864 
0.855 3.842 
0.9�3 0.889 
1.026 3.535 
1.061 3.571 
1.032 1.031 
1.017 1.045 
1.064 1.064 

LOSS COEFF LOSS PARAM 
TOT PROF TOT PROF 
0.353 0.353 0.123 0.123 
0.370 0.370 0.126 0.126 
0.365 0.365 0.122 0.122 
0.258 0.258 0.OBI 0.081 
0.187 0.187 0.053 0.053 
0.098 0.098 0.025 0.025 
0.174 0.174 0.041 0.041 
0.219 0.219 0.049 0.049 
O.Zf7 0.217 0.017 0.047 



TABLE V I I I .  - Concluded. BLADE-ELEMENT DATA AT BLADE 

EDGES FOR STATOR 9 

(k) 50 Percent of design speed; intrablade row in­

strumentation at station 2a; reading number 579 


RAD1 I ABS BETAM REL BET AM 
RP IN OUT IN OUT IN GUT 

1 22.949 22.944 53.0 2.6 53.0 2.6 
2 22.479 22.474 55.1 3.2 55.1 3.2 
3 22.004 21.999 51.7 3.1 51.7 3.1 
4 20.577 20.574 46.8 3.1 46.8 3.1 
5 18.682 18.717 42.6 2.6 42.6 2.6 
6 16.787 16.916 42.8 2.2 42.8 2.2 
7 15.342 15.624 44.5 3.1 44.5 3.1 
8 14.849 15.164 45.7 4.0 45.7 4.  0 
9 14.343 14.684 48.0 3.1 


ABS VEL REL YEL 

RP IN OUT IN OUT 

I 106.0 69.1 106.0 63.1 
2 107.5 69.4 107.5 69.4 
3 107.0 72.3 107.0 72.3 
A 107.6 77.0 1 t7.6 77.0 
5 117.6 85.1 117.6 85.1 
6 127.4 91.2 127.4 91.2 
-v 141.0 93.4 141 .O 53.4 
E 146.3 89.6 146.3 89.6 
9 149.1 85.2 149.1 85.2 

ABS MACH NO REL MACH NO 
RP IN OUT IN 

1 3.308 0.200 0.308
-3 3.313 5.201 3.313 
3 3.312 0.21C 0.312 
d 0.314 3.224 0.314 
5 0.344 0.248 0.344 
6 0.374 0.266 3.374 
-vI 0.414 0.272 0.414 
8 0.433 6.261 0.430 
9 0.438 0.248 0.458 

PERCENT INCIDENCE 

RP SPAN MEAN SS 

1 5.00 31.8 17.7 
2 10.00 35.6 21.3 
3 15.00 .33.1 !8.8 
A 30.00 26.5 !3.J 
5 50.00 17.7 6.5 
6 70.00 12.0 2.6 
7 85.00 7.2 -0.9 
8 90.00 6.7 -1.5 
9 95.00 6.3 -1.0 

OUT 

0.200 

0.201 

0.210 

0.224 

0.248 

0.266 

0.272 

0.261 

0.248 


DEV 


7.4 

7.6 

7.4 

7.6 

7.7 

8.1 

9.8 


1 1 . 1  

10.5 


48.0 3.1 


KRID VEL 

IN OUT 


63.8 69.0 

61.5 69.3 

66.3 72.2 

73.7 76.9 

86.6 85.0 

93.5 91.1 

100.5 93.3 

192.2 89.4 

99.7 65.3 


MERID MACH NG 

IN OUT 

0.186 0.200 

0.179 0.201 

0.193 0.210 

0.215. 0.224 

0.254 0.2LE 

0.274 0.266 

0.295 0.272 

0.301 0.260 

0.293 0.247 


D-FACT EFF 


0.616 0. 
0.623 0. 
3.575 0. 
0.501 0. 
0.460 0. 
0.451 0. 
0.491 0. 
0.537 I. 
0.581 a. 

TOTAL TEMP 

IN RATIO 


i99.6 0.999 

259.2 0.997 

298.7 0.997 

297.4 0.998 

297.1 0.999 

297.2 0.999 

298.0 0.998 

298.2 0.998 

299.0 0.997 


TANG VEL 

IN OUT 


84.7 3.1 
88.2 3.8 
84.3 3.9 
78.4 4.1 
79.6 3.9 
8E.6 3.5 
96.8 5.0 
104.7 6.3 

110.8 4.6 


LOSS COEFT 

TOT PROF 

0.336 0.336 

o.ze9 0.2~9 

0.214 3.214 

-0.035 -0.033 

0.018 0.018 

0.Q37 0.037 

0.147 0.147 

0.235 0.235 

0.287 0.287 


TOTAL PRESS 

!N RATIO 

11.20 0.979 

11.13 3.98’ 

11.10 0.986 

10.95 1.002 

11.09 0.959 

11.18 0.997 

11.33 0.984 

1 1  .AI 0.972 

11.43 0.964 


LIHEEL SPEED 

IN OUT 

0. 3. 

0. 0. 

0. 3. 

0. 3. 

0. 0. 

0. 0. 
0. 3. 

2 .  .I 

J. 

0. 3 .  

MER:S ?EL‘< 55 
‘EL R l?LCi4 YC 
1.083 3.715 
1.128 3.75: 
1.088 3.72L 
1.343 3.641 
0.981 3.631 
0.974: 3.657 
3.528 0.7‘1 
0..875 0.740 
0.853 0.772 

LOSS PARCM 

TOT PROF 

0.117 0.117 

0.099 0.099 

0.071 0.071 


-0.010 -0.010 

3.005 0.035 

0.009 0.009 

0.034 0.034 

0.053 C.053 

0.062 0.062 
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TABLE X.- NOISE OF STAGE 15-9 IN ANECHOIC CHAMBER 

[Model SPLS for standard day (59' F; 70 percent RH) at 100-ftradius. ] 

(a) Percent speed, 80; fan actual rotative speed, 7730 rpm; percent weight flow, 62.5 

Fre- Angle from inlet, deg p m ,  
quency 

0 10 20 30 40 50 60 70 80 90 100 110 120 
dB 

(re 10-13w) 

One-third octave band sound pressure level, dE? (re 0.0002 pbw) 

I n n  5Y.h 59.3 5 8 . 5  57.6 56.5 57.7 60.2 5 9 . 3  58.5 58.5 58.6 56.7 52.3 107*O 
176 6 7 . 5  62-11 59.2 58.3 58.9 50 .2  62.7 63.8 64.4 65.6 66.8 63.9 53.0 112.3 
i6n f i r . ?  59.5 6P.A 60.7 5R.6 57.1 58.1 56.7 56.9 56.9 57.0 55.1 52.0 106.4 
% n n  65.7 66.5 6 6 . 3  hA.7 62.6 62.1 6 0 . 8  59.2 58.1 56.9 55.7 54.3 52.5 10904 
7 5 n  69.4 66.2 hM.3 h 7 . 7  66.3 64.5 63.5 60.9 60.3 59.5 58.7 55.5 52.9 111;9 
. { I 5  
4 P n  

F P . f i  
6 4 . 1  

5 8 . 9  b P . 0  07.1 6 5 . 5  64.2 63.0 61 .4  59.2 58.4 57.6 54.7 
5A.l 63.7 6 2 . R  61.0 6n.2 58.7 56.1 54.5 53.8 53.1 50.7 

51.6 
47.3 

111.6 
107.2 

c 'In 61.5 51.5 61.1 hC.8 59.7 511.4 57.9 55.5 54.7 52.8 51.0 48.2 45.3 105.7 
I ,  7 ,I 6 3 . 9  64.2 6 4 . 3  63.7 62.4 60.9 59.1 56.5 55.6 54.2 52.7 49.6 46.5 107.9 
Hnv 67.1 63.4 63.5 63.2 62.0 6 n . o  58.5 S5.7 53.8 53.2 52.7 49.8 46.4 107.4 

I P Q  ~ 9 . a  60.7 60.\ 58.5 57.0 55.5 52.1  49.5 47.0 47.6 45.0 42.3 10401 
___.1/,. I 62.n h1.R 6 1 . 4  59 .8  5 R . 2  06.7 54.9 51.5 A9.2 47.2 46.0 43.2 39.8 104.1 

l t - l  " 7 6 . 4  72.8 67.8 67.5 67.9 66.1 6 3 . 3  59 .2  55.9 52.1 51.0 48.6 48.2 112.7 
2." ~0.9 1 ' 3 . 7  77.5 75.7 7 ~ . s  76.5 73.3 0 9.1 65.5 61.8 59.9 58.0 57.9 122.9 

p i ,  ,, hi.? + , 4 . 4  63.71 67.9 63 .2  f n . 4  59.1 55.0 51.7 49.2 48.0 46.4 43.3 107.5 
' 1 c P . 3  69.6 67.5 6 6 . 8  B d . 8  6 3 . 5  61.3 57.1 53.8 51.8 51.3 49.3 47.4 110.9 
n r r i  b a . 7  72.0 7@.3 69.0 67.3 6n.o 65.0 60.4 57.0 54.8 54.3 53.0 50.6 114.3 
5 ,  r q  6 F . P  7 b . 7  69.6 60 .1  6 4.9 67.3 65.n 61 - 2  56.9 55.1 55.4 53.1 51.5 114.4 
h 3 W  77.7 80.1 79.7 7q.n 79.4 70.0 76.3 71.8 68.1 67.6 66.6 63.1 62.0 125.5 
8 r r . I  76.5 h ~ . 7  7 R . O  7 4 . 9  7n.S 70.3 74.6 68.3 65.6 68-2 65.2 60.5 62.1 125.0 

I n - 0 1  72.n 7 2 . 4  7n.R 71.9 7 1 . A  71.6 68,s 03.9 59.3 57.6 57.6 56.7 54.6 119.4 
1753 1 7 2 . 7  7 A . R  7 4 . 8  7h.l 7 4 . 1  70.7 77.0 7 .5 66.0 65.5 63.1 60.8 60.6 126.5 
I 6 " P  I 6 7 . 6  69.5 64.0 72.3 74.0 77.6 73.n 6"P6 62.2 61.0 59.1 57.3 56.7 124.4 
2nr,n 67.P 66.9 56.7 f i8 .0  68.A 69.4 08,s 60.7 57.7 54.9 54.4 53.3 52.2 122.6 
7~1'0 h p S u  h1.h 61.3 62.3 h3.h 67.6 63.7 F7.4 51.1 48.6 48.8 4~7.7 46.4 120.6 
3 1 S n  '-7.4 5 3 . 9  5A.7 5 5 . 9  56.1 qS.9 57.1 51.0 A3.9 41.3 43.3 41.0 39.4 119.2 
d n l  n 
5 P ( . ?  

e l . $  
FE.? 

4A.H 45.1 Ah.,] 47.4 A6.1 47.6 42.7 34.6 33-0 34.2 32.1 
J 2 . J  37.7 32.5 36.5 37.9 34.9 30.8 22.4 21.9 20.2 19.1 

31.5 
19.7 

113.0 
115.9 

6 3 q r  ' 
~.A n  ,I r '. 

1 l S o." 1h.q 1h.A I 5 . A  18.8 16.1 18.2 15.5 7.2 7.6 2.6 2.8 
.,J .@ .o .o .o .@ .o .o .o .O .o 

5.1 
.o 

115.5 
114.4 

NFA 7750 R P Y  
N F K  7809 RPM 

NUt'RER OF RCADFS 5 3  

TA"p 48 DEG F TWET 45  DEC F 
H A C 1  7.36 GM / M J  
EAR 29.3 HG 

2 



TABLE E.- Continued. 

[Model SPLS for  standard day (59' F; 70 percent RH) at 100-ft radius. ] 

@) Percent speed, 60; f a n  actual rotative speed, 7724 rpm; percent weight flow, 55.7 

Fre- Angle from inlet, deg p a ,  
quency 

0 10 20 30 40 50 60 70 80 90 100 110 120 
dB 

(re W) 

One-third octave band sound pressure level, dB (re 0.0002 fibar) 

100 57.8 57.8 57.0 55.8 54.7 55.5 58.0 57.3 56.7 56.6 56.6 54.7 50.6 805.1 
125 61.5 61.0 5717 57.0 5814 58.2 61.4 63.5 63.7 65.0 66.3 63.7 58eO 111.8 
160 57.2 57.2 57.4 57.5 5 6 * 1  5 4  - 6  56.6 54.0 54.1 5 4& 54.5 52.6 4915 103.8 
Z O O  62.5 64.2 63.6 62.0 6011 59.8 59.1 57.0 55.6 54.1 52.7 51.8 5Oe5 A0710 
250 65.9 65.4 6 A 8 8  64.4 63.0 63.0 60.8 5 8.2 56. 8 56.1 5514 53.0 50.2 108.9 
315
Ann 

65.6
60.8 

65.9 65.0 64.1 6 3 * 0  61.0 59.7 58.4 5610 55.0 54.1 51*7
6 b 8  60.4 S9.3 57.1 q&J m.8 52.0 50.9 49. 8 47.7 

48.6 
44.3 

108.6 
1 0 3 - 9  

500 59.0 59.3 58.6 58.5 57.2 55.4 55.2 52.8 51.9 50.2 46.5 45.7 42.5 103.1 
A I - 7  113-9 63, l  A I - - 6n.A -11.0 w - 9 R l - 7  5n.5 47.1 44.1 

800  6084 61.2 61.5 60.9 5915 57.8 56.5 53.4 51.3 50.8 49.9 47.0 41.2 10511 
l O n n  59.5 59.8 59.7 S 9 e 6  57.7 1111.9 s n 51.8 4 9.0 4 7.0 46.6 44.2 41.3 
1250 6180 62.8 63.1 62.3 59.9 58.7 56.4 53.5 50.7 48.9 47.6 45.2 41.5 t05.9 
1600 78.9 82.0 83.3 8 0 . 8  77.6 7S.3 72.8 6 9 . 2  63.  9 61. 9 6910 57.6 55.5 124.1 
2000 79.8 80.7 81.2 79.2 76.5 74.7 72.0 68.6 64.3 61.8 39.1 57.5 5684 122.8 

67.2 48.9  67.4 66. 9 66.0 6 X . 9  61.4 58.5 54. 7 52.4 51.3 5 b 2  47.3 111.3 
3150 69.3 69.8 69.8 69.8 68.6  86.7 64.0 60.4 56.8 54.3 54.3 53.0 5014 113.8 
A O f l o  70.5 71.5 72.3 71.5 70.8 88.7 66.3 61. 9 59.0 56.5 56. 8 55.5 52. 9 116.2 
5 0 0 0  72.8 73.7 74.3 73.6 7312 70.6 68.0 63.7 60.6 58.8 58.9 57.4 55.7 l l a e 4  
6300 77.7 80.3 81.0 80.0 78.9 ?7.0 75.0 71. 8 68.6 65.8 65.8 63.6 62.0 L 2 5 L  
8000 73.2 75.2 75.7 75.9 75.0 73.5 70.1 66.1 63.1 61.4 60.9 69.5 57.6 l Z l n 4  

10000 7187 72.9 73.8 74.4 7489 73.3 71.3 65.9 61.5 69.8 60.3 58.9 57.3 12Le.b.-
12500 73.2 74.1 7408 76.6 75.9 77.7 76.3~- 72.7 66.5 64.5 65.4 61.8 59.4 126. .I-~ 
16000 67.9 69.0 69.9 70. 8 70.5 7fl.l 71.0 65. 6 60.5 57.2 57.4 56.1 54.2 122.0 
20000 68.5 68.1 68.0 68.5 68.6 67.9 88.5 62.2 56.2 53.7 5184 53.5 52.2 122.3 
2 5 0 0 0  62.9 6 J . 3  62.8 63.3 64.1 62.9 63.5 57.4 51.1 48.3 4988 48.7 46.9 A21.0 
31500 53.6 55.2 55.5 56.4 5711 55.9 57.1 50.5 43.6 40.8 43.3 41.5 39.9 A1986 
40000 119.1 

116.9 
63000  14.9 20.3 19.2 17.8 20.3 17.1 18.9 16.0 7.7 8.1 3.4 3.8 5.8 11617 
80000 .o .o .o .o 0 0  .O .o .o 10 .o 8 0  80  .O 115.1 

- .  ~.~ 
NFA 7724 RPM 
NFK 7803 RPll . --. ._~ 

NFD 13020 RPM 
.. ~~ .-- ___-

NUMBER OF BLADES 53 



Q,
0 TABLE E.- Continued. 

p o d e l  SPLS for standard day (59’ F; 70 percent RH) a t  100-ft radius. ] 

(c) Percent speed, 60; fan actual rotative speed, 7749 rpm; percent weight flow, 51.2 

Fre- Angle from inlet, deg PWL, 
quency 

0 10 20 30 40 50 60 70 80 90 100 110 l20 
dB 

(re 10-1~w) 
One-third octave band sound pressure level, dB (re 0.0002 wbbar) 

25uOO 64.1  b5.4 49.3 5uia 49.4 47.9 h22 .3  
31500 95.4 41 .5  37.6 57.2 57.9 41.3 44.U 42.5 4 0 - 0  120.5 
40000 45.9 40.6 49.1 49.4 35 .4  35.0 32.8 119.8 
5 0 0 0 0  33.2 Jb.0 J6.H 57.3 22.2 22.U 20.0 21.5 118.0 
63000 17.4 22.8 L1.7 21.8 18.3 19.7 l 6 . J  7.7 7.9 6.8 1IB.O 
8ouon .o .o .o .O .o .o .u .O .o .O I16.9 

~_ . .... 
NFA 7 7 4 0  R P M  
NFK 7825 R P M  ___. 
NFD 13020 R P 4  

___ 
NuMBEH OF RLADFS 5 3  

T A M 0  48  IJEG F TWET 46 O E C  F ._.__ 
H A C 1  7.35 O M / M 3  
dAR 29.2 HC 



TABLE M. - Continued. 

podel  SPLS for standard day (59' F; 70 percent RH) at 100-ft radius. ] 

(d) Percent speed, 70; fan actual rotative speed, 8976 rpm; percent weight flow, 12.8 

Fre- Angle from inlet, deg 

One-third octave band sound pressure level, dl3 (re 0.0002 pbar) 

100 61.1 61.1 60.7 59.3 58.5 90.5 61.7 61.3 61.0 61.0 61.1 58.7 54.3 109.1 
125 62.0 61.5 59 .4  5 8 . 8  5A.7 50.2 59,7 00.5 62 .2  61.0 59.8 60.4 53.3 108.9 
160 63.2 61.7 63.6 66.0 64.4 67.9 59.0 66.2 70.6 68.6 66.5 67.1 55.5 11514 
200 07.7 60.7 68.3 66.5 64.8 6 3 . P  h3.1 61.0 60.3 59.3 58.2 57.1 54.7 111.5 
250  72.4 71.2 71.3 70.4 6R.8 67.8 67.0 64.2 63.3 62.1 60.9 58.3 55.9 114.9 
3 1 5  70.9 71.1 70.0 68 .9  67.2 66.0 64.7 63.6 61.2 60.0 58.9 57.2 53.9 113.5 
400 67.6 67.3 66.4 65.8 64.5 63.0 02.0 59.6 57.5 56.6 55.8 53.4 SO16 110.3 
500 64.7 64.5 64.1 h3.P 62 .4  60.9 60.7 58.8 57.4 55.6 53.8 51.2 48.0 108.5 
630 06.4 67.5 67.3 66.5 65.4 64.4 6 2 - 4  60.0 58.9 57.6 56.2 52.9 50.0 111.1 
8nn 6 6 . 1  66.7 6 6 . 8  66.2 65.3 63 .5  61.8 59.2 57.3 56.5 55.7 52.8 49.7 110.4 

1000 63.0 63.6 63.5 63.1 62.0 6n.2 58.0 55.3 52.8 51.0 51.6 48.7 46.1 107.2 
1250 6 2 . 5  6A.1 65.6 h2.6 6o.7 59.2 57.7 54.8 51.5 49.7 48.8 45.9 42.8 106.6 
1 6 @ 0  63.1 63.3 62.6 61.8 60.4 SA.8 57.1 53.0 50.4 48.6 47.7 45.8 43.0 106.0 
2nnn 67.8 6A.5 69.0 09.5 68-17 64.7 63.7 S 9.9 56.0 5 3  .8  54.1  5 0  .3 48.4 113.1 
1500 65.2 65.2 64.4 64.6 63.7 67.4 b l . 1  57.0 53.2 51.4 50.5 48.7 45.3 109.2 
31517 72.3 70.3 69.8 67.5 67.6 65.2 6A.S hO.9 56.5 55.3 53.8 53.0 50.9 113.2 
4000 77.0 76.5 75.5 73.5 72.6 7n.5 70.0 66.4 62.5 59.5 59.6 58.0 55.9 118.9 
soon 71.1 71.9 71.8 70.6 711.2 60.6 48.3 63.9 60.4 57.6 57.7 55.1 55.5 116.5 
630n 70.9 72.6 72.0 72.2 72.4 71 .2  69.5 65.3 61.6 59.6 58.6 56.9 55.2 118.3 
B n n n  

10000 
77.5 
74.7 

8u.p 
76.9 

79.2 
76.1 

A I . ?  
74.7 

81.5 
74.4 

An.5 
73.6 

79.4 
71.8 

75.3 
67 .4  

71. 6 
62.5 

68.9 
60.3 

67.4 
60.1 

66.5 
59.2 

63.3 
57.3 

12810  
122.0 

a n n 74.0 75.1 7 5.0 75.1 74.4 74.2 74.3 68.5 63.5 60.7 60.9 59.3 58.4 124.0 
16000 72.4 73.7 76.2 77.3 77.5 70.1 78.0 75.9 68.5 65.7 65.4 64.1 63.4 129.7 
Ononn 66.8 67.9 67.n 7 0 . 0  70.4 7n.6 71.5 65.9 61.0 57.2 57.2 55.4 54.0 124.5 
25000 63.4 65.8 65 .0  66.3 68.1 68.1 70.7 64.6 59.4 55.1 55.3 53.7 52.4 1 2 6 0 4  
335110 5A.6 57.0 57.3 59.4 59.9 F0.9 61.9 8 5 . 8  50.7 45.8 47.3 45.0 43.9 123.4 
4000D 45.4 48.1 48.6 49.2 51.2 AO.9 52.4 47.5 40.4 37.1 38.4 36.1 35.6 122.2 
5nunn 31.5 35.8 35.8 36.2 39.5 37.2 dn.0 36.1 28.4 24.7 24.5 23.9 24.2 120.5 
63000 15.4 21.0 20.5 30 .1  27.8 7n.8 23.7 21.0 12.5 9.1 6.6 7.5 9.1 120.2 
8oonn .o 0 0 .o 0 n .o .o .o .o .o .o .O 117.6 

FBA 83.3 04 .0  83 .4  83.6 83.4 R7.3 81..2 77.1 73.5 7 1 - 1  70.2 68.7 66.1 
DER A2.6 83.1 87.5 82.6 87.2 A t - I  79.9 7b.4 74.1 72.1 70.9 69.8 65.8 

~ 
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TABLE E.- Continued. 

[Model SPLS for standard day (59' F; 70 percent RH)a t  100-ft radius. 1 

(e) Percent speed, 70; fan actual rotative speed, 8991 rpm; percent weight flow, 66.8 

Fre- Angle from inlet, deg 
quency 

0 10 20 30 40 50 60 70 80 90 100 110 

One-third octave band sound pressure level, dB (re  0.0002 pbar) 

5 2 1  J 
5 2 1 0  
53.5 
5217 

54.7 
52.6 
18.1 
45.5 
47.7 
4719 
A A r J  

4215 
47.4 
5816 
47.8 
50.1 
5416 
56.2 
5910 
6 4 1 b  
5P.J 

59.3 
SP.2­
54.2 
51.0 
441  L 
55.5 
24.7 

. 10.J 
1 0  

8b.3 86.1 67 r 9  
8A.P 84.7 66.9  
84 .9  84.7 67.2 
90.7 98.3 80.9 

lOZ.6 1c3.6 -~8 6 * 1  

!Or*? 

1 0 8 * 3  
116.8 

I??*! .­
121.2 

. 	 l20.9 
11816 



TABLE E.- Continued. 

[Model SPLS for standard day (59' F; 70 percent RH) a t  100-ft radius. ] 

(f) Percent speed, 70; fan actual rotative speed, 9017 rpm; percent weight flow, 62.7 

Fre-
quency-

0 

Angle from inlet, deg 

10 20 30 40 50 60 70 80 90 100 110 120 

p a ,
dB 

(re w) 

One-third octave band sound pressure level, dB ( re  0.0002 pbar) 

100 59.1 58.8 58.0 57.1 57.0 56.7 5 9 . 2  58.6 -57.57-..-17.8 57.6 60.2 Sle8 106.J 
125 
160 

60.0 
61.7 

553.5 58.2 58.3 58.7 56.7 58.4 S 9 . S  60.4 60.6 60.8 59.2 
61.5 b3.4 67.0 66.6 59.6 -63.9 67.2 69.9 ._69.7 69.5 66.9 

51.8 
55.7 

108.9 
11612 

200 65.0 6'3.2 66.1 64 .5  b2.8 61.6 61.1 59.2 57.8 56.8 55.7 54.6 51.7 l O O * J  
2 5 0  68.7 67.7 67.3 66.7 65 .8  63.8 63.0 60.4 59.3 58.6 57.9 5 5 9 5  5 1 s  7 111.2 
315 67.4 67.6 66.5 6691 66.7 62.7 62.0 61.1 58.2 57.0 55.9 54.0 51.1 110.5 
4nn 
500 

63.1 
61.5 

63.1 62.9 61.6 bfl.5 -55k !_ -54dL2_  S L 5 4 d I  -Bj.a 52.1 49.9 
61.8 bl.4 60.8 59.7 S8.4 57.7 55.5 54.2 52.2 5 0 * 3  44.7 

4008 
45.3 

106.4 
195rO 

6 x 0  6 4 . 4  64.7 $4. 8 6 b ?  &L&- 4 h L - 5 9 . 9 5 5 . 0 - l i + J _  53.2 S0.1 47.0 1Ob.S 
800 61.1 64.9 b4.5 64.4 63.3 61.5 59 .8  56.9 54.8 54.2 55.7 50.0 47.7 1 0 @ * 6  

1250 64.7 65.6 b5.9 64.8 63.7 62.7 61.2 58.0 55.0 52.9 5213 49.2 45.5 109.4 
1600 76.6 71.5 b9.8 68.8 68.9 68.3 65.8 a . 2  58.6- 56.9 5 4 * 7  55.5 49.7 11406 
2000 8913 87.0 80.2 79.5 80.3 80.5 77.5 73.0 68.8 67.5 64.1 bJ*8 0011 126.2 
2500 72.4 72.2 7 r4 7 -9 7 0 . 2  69 .4  67.9 3.8 - 59 9 -57.7 56.8 55.2 6 00 115.0 
3150 72.3 73.5 7i.O 7i.5 72.6 71.2 69.5 :5.4 61:3 5 9 . 0  58.8 57.9 S:*4 117.8 
4 0 0 0  7500 76.0 75.8 75.3 74.8 73.0 71.2 66.6 63.0 61.8 60.8 60.0 57.6 110.5 
5000 76.3 77.2 77.3 7b.9 76.7 74.3 71.8 68.2 64.6 62.6 62.7 61.4 S9.2 121.9 
6300 78.7 78.6 -79.0 79.U 78.9 77.2- 73.8 69.3 bu-4*+4 64.b 6J.b 61.5 12413 
8 0 0 0  79.4 80.4 80.5 81.7 82.3 81.0 78.9 75.3 71.3 68.1 6707 66.2 63.6 128.4 
10000 76.5 70.9.-L9.6 78.2 7 8 . 9  77.1 75.0 69.0 65.5 bJ.-- -63.3 62.2 b o i l  I25.J 
12500 75.2 75.8 7 5 . 8  77.A 77.6 77.S 76.7 71.2 66.3 64.0 63.9 62.4 60.6 126.5 
l b o o o  72.1 74.2 7 4 . 6  76.8 77.5 77.9 77.8 72 .1  67.2 64.9 64.9 62.b 6014 t28 .7  
20000 
25000 

72.0 
66.8-

71.8 70.7 71.3 72.1 72.1 72.5 85.53 60.7 57.4 5704 56.6 
bI.8 -_oA.7 67.8 68.8 68.1 69.Q 62.6 57.1. _54-3_--b4.1 53.2 

55.2 
51.9 

A25.Q 
126.0 

51500 56.1 60.2 99.5 60.b 61.9 60.9 61.8 56 .0  49.1 45.8 48.3 46.4 44.9 114.5 

1000 62.8 63.1 63.5 62.6 61.7 59.7 58.2 55 - 1  51.8  SO.? S O * Q  47.7 45q1 108.9 

4 0 0 0 0  68 .B  5p .8  S_l!l 51.9 5 3 * & _ . . 5 1 t $  SU. 48.4 4 0 . 6 . .  2!.8 39.9 37.8 36.0 123.8 
50000 35.9 39.u 39.0 38.4 41.7 39.1 41.4 37.3 28.9 25.6 26.0 25.0 25.7 122.4 
63000 153.9 25.5. 23.9 22.5 25.8 23.0 2 4 .4  22.0 12r2 dol 8.J 9.0 1015  A22.1 
80000 .o .e .o .u .1 . a  .o .o .O .o .u .o .o 120. 1 

-	 ...~ - .. ~~~ __ _.. 
OBA 91.8 9u.3 87.2 87.2 87.5 06.5 84.1 8 0 . 0  76.0 74.1 73.0 71.8 69.1 
-088 .. - 90.5 8Y.O . d 5 . 8  "_s,8. ~a6.?g 0 5 . 0  82.7 78.8 7 5 . 4  73.9 7J .Q ... 71.4 b8.O ~.. 
08C 	 9Q.4 8 6 . 9  8 5 . 8  85.8 8b.U 8S.O 82.6 79.0 76.1 74.8 71.0 72.5 68.2 

104.2 103.0 99.4 99.2 99.3 98.5 96.1 92.4 88.8 87.1 86.0 84.0 all8 
PbLT 110.7 106.7 102.6 102.4 102.8 102.4 99.7 96.0 92.0 90.5 89.c e5.1 . .. 

Q, 
w 





TABLE M. - Continued. 

p o d e l  SPLS for standard day (59' F; 70 percent RH)at 100-ft radius. ] 

(h) Percent speed, EO; fan actual rotative speed, 10 280 rpm; percent weight flow, 76.4 

Fre- Angle from inlet, deg PWL, 

quency 
0 10 20 30 40 50 60 70 EO 90 100 110 120 

dB 
( re  10 - l~W) 

One-third octave band sound pressure level, dB (re  0.0002 p b z )  
5 9 , - 2 - . - 5 ~  . --

100 6 l . l  61.1 60.7 59.3 59.3 60.5 61.7 61'3 
125 6i.o 61.0 5a.9 56.0  50.7 5 8 . 1  59.2 59'3 
160 63.0 b2.7 64.P 6h.7 65.3 66.6 63.6 63:O 
200 66.7 60.5 67.1 b6.O 65.3 64.6 62.3 6 1 ' 0  

3j5.
400 

G,$- 7i*x- 69*7 
66.0 66.3 65.4 

68,6 
65,1 

67,7 
63.2 

66.0 
b2.7 

6417 
61.0 

63'1 
56'8 

5 0 0  64.0 84.5 64.1 65-3 62.7 61.2 60.4 58!5 
630 
8QO 

66;9 67;5 67; j
67.i 67.9 67.5 

6712 
67.2 

66;A 
65.5 

64.6 
64.5 

63.1 
62.j 

60!5 
59;A 

1000 64.5 65.3 6A.7 64.4 63.0 61.7 59.7 56 3 
1230 6 4 J  . 05.3 6 2 4  64.8 63.4 62.4 ..6P.9 57'3 
1600 65.1 65.5 64.6 63.5 62.9 61.8 59.8 5615 
2000 
2500 

67.8 68.7 68.7 
67.7 67.9 67.9 

68.7 
67.6 

b7.0 
67.5 

65.5 
65.7 

6J.2 
65.1 

59;9 
6183 

3150 62.3 70.5 69.8 69.0 69.1 68.8 67.5 6J14 
4000 71.0 72.5 72.5 72.0 70.8 70.7 69.2 64.9 

250 71.9 7c.9 7n.e w .9  68.5 67.5 66.3 63f7 

- ? P O 0  7 3 . 6 2 4 . 2  73.6.. Z3sP  72.7 7??6  72.P P$? 

60;7 60.8 60.8 
58,9 59.0 59.0 57.9 
62.4 63.4 6A.S 64.1 
60?1 59.5 59.0 57.8 
62.5 62.0 61.4 58.5 
6 1 ~ 0 ~ - 6 5 , 0 . . _ _ _ 5 9 _ ~ L56.7 
57.0 56.0 55.1 52.9 
57.2 55.5 53.8 51.2 
58.6 57.3 56.0 53.4 
57.6 56.7 55.9 53.0 
54.3 51.7 52.4 50.0 
54.5 .W. 51.5 49.2 
53.4 51.4 51.0 48.8 

109.2 
53,3 107.5 
63.7 113.2 
56.7 111.4 
55.7 114.5 
54.6 113.4 
49.8 109.4 
48.0 108.4 
49.7 111.5 
49.9 141.2 
46.8 108.5 
45.0 109.1 
45.2 108.4 

56.5 54.5 53r6 5.15._. 4714 . 112.5 
57.7 55.2 54.3 52.7 48.3 112.6 
6Q1l  57.8 5 6 4  5 4 ~ 5 . - 5 b . L - .  . . .l15,0_
61.5 59.3 58.6 57.5 54.1 117.4 

- 64.6 61.6 -61.7 60.1 56.5 119.6 
6300 73.9 75.6 75.0 75.5 7A.7 73.7 72.3 68 1 63.0 62.1 61.6 59.6 58.0 121.0 
8000 77.7 79.2 79.0 8 g . A  81.8 01.5 00.6 17'3 7211 69.2 68.4 6 6 ~ 0 -3 4 . 3 - 128,b- .. 

t o o 0 0  60.5 09.2 79.4 01.7 8 A . A  03.9 84.3 80'9 75.3 70.8 70.6 68.5 67.4 132.0 
L2500 77.2 77,0 76,0 77,9 7b96 75.7 75.3 69'7 65,3 63.0 63.6 61!5 .LOA.. .. ~.125.8.. . ­
16000 72.9 74.7 75.7 7 6 . 0  79.5 76.6 77.0 7i!6 66.7 63.2 63.9 62.8 60.4 11b.6 

- 29QQO. 75.6 15,<-..7i'O 66,O . 61.7 61.7 60.4 58.8 129.2 
25000 70.1 71.2 66'1 60.7 56.3 56.6 55.2 53.7 127.9 
31500 b2.2 63.4 58'3 52,4 47.b 49,5 47.2 45.4 115.4 ­
40000 53.4 55.4 5Ot7 44.4 39.8 41.0 39.6 57.8 116.3 
50000 
63000 
80000 __ ____ 

TAMB 47 DEC F TWET 44 DEC F 
... . - HACT- 7-19 GM/M3 

BAR -IC 



TABLE E.- Continued. 

[Model SPLS for standard day (59' F; 70 percent RH)at  100-ft radius. ] 

(i)Percent speed, 90; fan actual rotative speed, 11 564 rpm; percent weight flow, 93. 8 

F r e - Angle from inlet, deg p a ,  
quency dB 

W)
0 10 20 30 40 50 60 70 80 90 100 110 120 ( re  10-l~ 

One-third octave band sound pressure level, dB ( r e  0.0002 pbar) 

loo 56.8 57.1 56.7 55.8 56.7 57.7 58.7 58'3 58.2 58.1 58.1 55.7 51.8 106.3 
125 ~ ~ - 3 , ~56.9 54.8 w , 9  57.4 57.4 57'5 57.4 58.0 -58.5 57.7 53.0 106.25 .34  
160 56.5 57,o 56.4 57.2 57.6 58.4 58.4 5a42 58.4 59.2 60.0 58.6 55.0 107.3 

. 200 ~ 67+2_ 38,7 68,l 66,7 66 , l  66.1 63.6 62'7 62.0 -62.8 62.7-_ 65.1 60.0 113.4 
250 66.9 66.4 66.0 65.7 64.0 63.0 61.5 59 f4  58.5 57.7 56.9 54.5 52.4 110.1 
315 65.9 66.1 64.7 64.4 62.7 62.0 61.5 59:l 57.0 56.8 56.6 54.5 51.6 109.3 
400 63.1 62.8 61.9 61.3 60.2 59.0 58.2 55'1 54.0 53.6 53.3 52.9 49.8 106.3 

~-540­ 
-.-54,l.-S9~& 58.9 56.5 47.9 $'*? - 5 6 ~ 7  54'0 53.4 52.0 - . - 5 0 ~ 5 .-41 4 44 8 104.1 
630 62.2 62.5 62.1 62.0 60.9 59.6 57.9 55'2 54.9 54.2 53.5 49:4 47:O 106.6 

--&!~LU-LL~-U&$ 
i o 0 0  60.8 6 i r i  61.2 

L 9 
6o,,i 

6l,a
59.5 

60:5p_58,8 
58.0 56.5 

55'7 53.3-
5 ~ + 3  51.8 

3 4 L . o _ 5 4 , 7
50.2 50.3 

-52.3 
48.5 

48  7 
44:6 

107.0-
105.0 

1250 64.5 65.1 64.4 64.8 63.7 62.7 61.7 59!0 56.7 53.7 52*5 49.2 46.8 10Q.4 
1600 68.4 68.3 66.1 65.0 64,1 63.8 62.6 60;2 56.4 53.6 53.5 50.8 47.1 110.5 
-~-2000 63  8 65 2 6 4  5 - .  64,5 63.5 62.7 62.5 -5.9 6 56.0 ~*3& 52+9 51.3 46.4 1 0 9 ~ 7.... 

-J15P-_ 
4000 

68 3 6 8 a 8 d L . . & Q , _ 8  
68:8 6;:s 69.3 70.0 

3 9  
69:; 

69 r8  .m -68 1 6 4 2 1 ~  
69.7 71.0 6Si9 65.0 

6 e 3  
6 t . 8  

59 9 
6l:6 

58.3 53.2 116x5-
59.3 54.4 117.4 

5000 7 i . i  72.4 72.6 72.9 73.4 75.8 76.3 72!9 68.4 66.6 66.4 62.6 58.7 122.0 
6300 0.2 70.9 70.7 71.5 71.9 74-0 74.0 72'3 68.6 65.6 63.1 60.6 57.8 120.8 

-80-00
ioooo  
16000 

i9.7 70.7 70.5 71.7 
80.2 80,2 ao.9 82.0 

K a - - 6 7 . 1 7 . 2  68.5 

72& 
82.4 

69.5 

. . 7? .7  _-?Z,?._7 a l - -6-6.1 
82.9 84.0 ao 1 76.0 

70.1 -7l;O. 68 9 64.7 

62.9 
72.6 

60.5 

61.2 
70.9 

58.4 

59.2 56.1 120.4 
69.2 67.4 131.5 
56.1 --3m-----

2500 66:7 65:9 66:7 67 , l  66.5 66.2 65.9 63:5 59.4 56.9 55.0 52.9 48.6 112.8 

_ .  ~ - 6 9 . 7  70.3 70.8 71-9 72,4 -73.2 74.8 72:2 67!$ . 61.6 aO.3 57.9 m-­123.4 

20000 67.1 68.1 69.0 70.3 71.1 71.4 71.5 66!9 62.7 50.2 56.4 55.9 54.8 126.1 
25000 63.1 61.3 62.0 62.4 64.1 63.6 65.2 6 0 - 9  56.7 52.1 50.8 49.7 48.2 122.0 

2 5 0 0  _ _  . 54.9 56.7 57.3 57,7 5&7~ -28.0 5Q.9 _55:1 50.7 - e : 3 . - 46.9 _+?.7--42.2 122.0 
40000 45.4 48.1 48.1 48.2 49.9 48.9 49.9 46 7 41.1 36.1 36.7 3 A 3  3 - 3  120.8 

~50000 3 2 2  36.1 36.5 .35,5- 3 7 2  _-.36*1 37.7.- 35'3 -2&6-..@~4 ...J.O .2&6__ -4.7 119.3 
63000 16.2 21.1 20.3 18.9 22.1 19.9 21.3 3 O ; l  13.1 9.2 5.5 6.4 7.9 119.1 
a o o o o  .o .o .o .O .O -0 .o .o .o .o .o .o .o 118.0 



TABLE M. - Continued. 

[Model SPLS for standard day (59' F; 70 percent RH)at 100-ft radius. ] 

( j )  Percent speed, 90; fan actual rotative speed, 11 570 rpm; percent weight flow, 89.4 

Fre- Angle from inlet, deg PWL, 

quency dB W)
0 10 20 30 40 50 60 70 80 90 0 100 110 120 

(re 1 0 - l ~  

One 

0 1 . 2  
39.7 

0 2 . 4  
70.3 

11.8 

7 b . T  .64.4 . ­-	 61.5 60.8 60.1 58.2 5 
06.7 59.6 57.5 56.8 56.1 54.2 5 
65.1 5 9 . 8  50.9 57.0 55.0 52>7 4 
Db.6 61.7 60.1 58.8 5 1 . 3  54.4 s 
0 9 . 6  60.9 58.6 58.2 57.9 55.P 4 

... 	 b5.4 57.6 54.8 55.2 53.8 51.0 4 
b5.Ym. 	 __- 592 Q 5b.7 54.2 5J.U 50.2 47 

l b O n  hO.l 60.7 57.6 54.6 54.2 51.8 48 
2oflo (15.7 h0.P 57.3 54.5 53.I 52.0 .(7 
2500 07.2 63.8 59.9 57.4 5b.O 53.9 4 9  
3150 70.5 66.9 65.5 59.8 b P . 3  58.3 __53 
4000 71.3 68.4 b5.5 62.0 61.6 59.5 51 
5000 
6300 

14.6-_
73.7 

noOD 73.5 72.1  
1ouor)
12500 
1600U 

d1.e 
73.5 
70.9 

81.1 
73.0 
70.9 .... ...-

2 0 0 0 0  
250flfl 

7L& 
54.3 

-67.2. 
61.9 

~-.. 63.5 
57.1 

59.4 
53.3 

58.4 
52.6 

57.6 
51.2 

56.2 
49.7 

126.5 
I 2 5 . 1  

5Y.A 61.1 60 .4  60.8 
5u.2 52.1 51.1 52.3 
37.2 39.7 s7.9 39.9 
71.2 24.4 71.9 23.8 

.G .a ._ .a . .o . a  .O .O 10 119.8.o 



TABLE E.- Continued. 

Yodel SPLS for standard day (59’ F; 70 percen RH)at 100-ft radius. ] 

(k) Percent speed, 100; fan actual rotative speed, 12 800 rpm; percent weight flow, 99.8 

Fre- Angle from inlet, deg pwJ-5 
dE 

quency 0 10 20 30 I 40 50 60 70 80 90 100 110 0 120 (re 10-l~W: 


One-third octave band sound pressure level, dB (re 0.0002 Dbar) 



TABLE M. - Concluded. 


Yode l  SPLS for standard day (59' F; 70 percent RH)at 100-ft radius. 1 


(1) Percent speed, 100; fan actual rotative speed, 12 737 rpm; Percent weight flow, 99.5 


Fre- Angle from inlet, deg p a , 

dB quency 

0 10 20 30 40 50 60 70 80 90 100 110 120 (re 1 0 - l ~W: 

One-third octave band sound pressure level, dB (re 0.0002 fibar) 
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4000 70.5 7u.6 6 H . R  6 8 . 5  b8.8 69.8 72.7 
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6300 74.2 7 0 . 4  75.5 7b.7 7b-9 R O . 0  90.1 
80QO 71.0 75.2 7 4 . 0  75.9 73.0 75.2 84.2 
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4 0 0 0 0  47.1 4 9 . 4  49.A 49.0 50.5 48.7 51.2 
5 0 0 0 0  34.9 38.  37.7 3b.7 38.4 36. 38.4 
63000 
80QOQ 
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.o 
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-Stator mounting ring 

Figure 2. - Rear quarter view of stage 15-9. c-69-2510 



Inlet throttle valves 

Flow 

Vacuum 

CD-10916-ll 

(a) Overall view. 

,-Collector sleeve 

I
I valve (translates) 

/ 
Microphone locations 

I 
I 

7 1  
1 x r e e n ,  0.095-cm wire, 55 percent open 

c.Flow 

I305- / J 
Plenum chamber (untreated)’ 

CD-11891-11 

(b) Rotor and microphone locations. (Al l  dimensions are in cm. ) 

Figure 3. - Compressor aerodynamic test facil i ty wi th noise measuring locations. 

72 




Total 

I c-58-1280 

(a-1) Combination total pressure, total temperature, (a-2) Static pressure probe (80 wedge). 
and flow angle probe (double barrel probe). 

(a) Sensing probes. 

Lb-2) Station 2a. 

Combination 
probe 

d! 8OWedge probe 

a 	Static 
pressure taps 

I available 
lb-3) Station 2b. (b-4) Station 3. 

(b) Circumferential location of probes at measuring stations, view facing downstream. 

Figure 4. - Aerodynamic instrumentation. 
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Front view Top view 

Air exhaust Muffler -, 
1 27.4-­

\(intake mode) 

stage’ CD-11893-11 

Side view 

Figure 5. - Schematic of anechoic chamber. (All dimensions i n  m unless indicated otherwise. 1 
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4

ul Figure 6. - Interior pnotograph of anechoic chamber; view !ooking at fan from air intake opening (intake mode), inlet screen not in place. 



Anechoic chamber with 

CD-11892-11 

Figure 7. - Comparison of fan inlet configurations in anechoic chamber and in modified compressor test facility with plenum 
chamber. (All dimensions in cm. I 
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1 1 1 I I I,,' I 

Frequency, kHz 

(a) %-Hertz constant bandwidth analysis, 600 microphone. 

-A- Total, from direct analysis 
-t- Broadband base, calculated 

from fig. 8(a) 

"h/3 oct (sL)12. 5Hz' 1010g(bw)l/3 

= 61.3 + 10 log (2840) 
= 95.8 dB 

lxBPF 2xBPF
I I 

I I I I I I I J !  I !  ;I I I I I I l l  
L2 

102 103 Frequency, Hz '04 One-third octave bandwidth 
105 

d-

LL 

(b) One-third octave bandwidth analysis, 60° microphone. 

t frequency. lxBPF Tone, 
Total Broadband dB HZ Total Broadband dB 

111.8 101.0 111.4 
106.9 1028  104.7 

12% 107.3 106.2 100.8 
110.7 107.9 107.2 

31% 120.2 115.3 118.5 

I l l xBPF)  + (hBPF) 133.6 

Frequency, Hz 

(c) One-third octave bandwidth analysis with noise components resolved. 

Figure 8. - Sample sound pressure and sound power spectra from anechoic chamber. 100 Percent design speed; 
99.8 percent design weight flow. 
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Microphone location 
f rom rotor face, 

cm , 
Axial Radial 

-C- 213 0 
-D- 325 66 

0 

102 103 104 105 

One-third octave center frequency, Hz 

(a) Reverberation t ime  of p lenum chamber ( f rom ref. 1). 

LLl - - - U  -I 
0 2 4 6 8 10 12 14 16 18x103 

One-third octave center frequency, Hz 
(bl Relation of PWL to SPL in p lenum chamber. PWL - SPL = 10 log v - 10 log T - 19, dB (re W) 

T(ref. 12, p. 177) where v = 470 ~ 3 ;  = reverberation t ime, sec (see fig. 9(a)), :. PWL - SPL = 
26.7- 1 9 - 1 0 l o g r ~ 8 - 1 0 l o g T .  

Figure 9. - Determination of sound power level, PWL, f rom sound pressure level, SPL, measured in 
p lenum chamber of unmodified compressor test facil i ty. 
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Figure 10. - Overall aerodynamic performance fo r  stage 15-9 w i th  operating 
points fo r  acoustic data indicated. 
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1. 1I Operating points 

for acoustic data: 
t Plenum chamber 

+or-- Anechoic chamber 
0- 1.0 -From ref. 2 

-4
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al 
n 

E, . 9 l  
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. 8  I
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0..-
E .6­

b50 of design
I speed 

A /
?U 40 50 60 70 80 90 100 

Percent design equivalent weight flow 

Figure 11. - Relative Mach number 5 percent span from t i p  of 
rotor 15 (from ref. 2). 

(a) Mean velocity wi thout turbulence screen. 

"'1 With s c r e e n 1  AWithout s c r e e n 7  

-L------' 


. 5  . 6  .7 .8 . 9  
Radius ratio, rl rtip 

(bl Turbulence intensi ty wi th and without t u rbu lence  screen. 

Figure 12. - Radial profi les of mean velocity and turbulence 
intensi ty 26.8 centimeters upstream of rotor in anechoic 
chamber instal lat ion wi th well rounded bellmouth. 
80 Percent of design speed, 83.4 percent of design weight 
flow. 
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(a) 70 Percent of design 
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speed; 72.8 percent of design weight flow. 

l xBPF 2xBPF 

105 
Frequency, Hz 

(b) 80 Percent of design speed; 83.4 percent of design weight flow. 


Figure 13. -Effect of i n le t  t u rbu lence  screen o n  i n le t  sound power spectrum in anechoic chamber. 
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105 

100 

U With screen 
-D- Without screen 

II I I I I I I I I  

(c) 90 Percent of design speed; 93.8 percent of design weight flow. 

lxBPF 2xBPF 

102 103 104 
Frequency, Hz 

(d) 100 Percent of design speed; 99.8 percent of design weight flow. 

Figure 13. - Concluded. 
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(a) 100 Percent of design speed; 99.8 percent of design weight flow. 

I 

(b) 90 Percent of design speed; 93.8 percent of design weight flow. 

I 

'-Extraneous tone 

3xBPF 

Frequency, Hz 


(c) 70 Percent of design speed; 66.8 percent of design weight flow. 


Figure 14. - In le t  sound pressure level spectra in anechoic chamber; 60' m i c r y h o n e .  Typical %-hertz constant 
bandwidth analysis. 
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100 &Total f rom direct analysis 
A Broadband base, calculated from 

95 narrowband analysis (fig. 14) 
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111 (a) 100 Percent of design speed; 99.8 percent of design weight flow. 
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-
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(b) 90 Percent of design speed; 93.8 percent of design weight flow. 

100 

90 Extraneous tone -.. R 
85 t \ 2 

Frequency, Hz 

( c )70 Percent of design speed; 66.8 percent of design weight flow, 

Figure 15. - Inlet  sound pressure level spectra in anechoic chamber; 60' microphone. Comparison of direct 
one-third octave band analysis o f  total noise w i th  values of broadband component calculated from M-her t z  
constant bandwidth analysis. 
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n'2 (a) 1M) Percent of desiqn speed; 100.5 percent of desiqn weiqht flow. 
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Frequency, kHz 

( 6 )70 Percent of design speed; 67.0 percent of design weight flow. 

Figure 16. - Inlet sound pressure level spectra i n  unmodified compressor test facility. Typical %-hertz constant bandwidth analysis. 
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(a) 100 Percent of design speed; 100.5 percent of design weight flow. 
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(b) 90 Percent of design speed; 95.0 percent of design weight flow. 

I 1 I I l l l l  
102 

Frequency, Hz 

(c) 70 Percent design speed; 67.0 percent of design weight flow. 

Figure 17. - Inlet  sound pressure level spectra in unmodified compressor test facility. Comparison of direct 
one-third octave band analysis of total noise wi th values of broadband component calculated from 50-hertz 
constant bandwidth analysis. 
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Il o­

m I 2xBPF (106 E l  

(b)Untreated plenum chamber; 67.0percent of design weight flow. 

Figure 18. -Typical continuous %-hertz constant bandwidth spectra (simulated) i n  anechoic chamber at 60’ in let  angle and in in let  plenum chamber of unmodified 
compressor test facility. 70 Percent of design speed; P I  R = 1.21; relative Mach number at in let  rotor tip, Mi,o5 = 0.75. 
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l xBPF (53 E )  

0 
Engine order, E, rev1 sec 

I l l I 1
2 2.5 3.15 4 5 6.3 8 10 12.5 16 20 

Center l ine frequency of one-third octave bands, Hz 

(b) Untreated plenum chamber; percent of design weight flow, 100.5; P3/ P1 = 1.385; relative Mach number at in let  rotor t i p  M i , o 5  = 1.145. 

Figure 19. -Typical cont inuous 50-hertz constant bandwidth spectra (simulated) in anechoic chamber at 60° i n le t  angle and in in le t  p lenum chamber Of 
unmodified compressor test facility. 100 Percent of design speed. 
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Chamber Percent PIR Relative lxBPF 2xBPF ZBPF ZMPT ZBB 
of design Mach number at 

weight in let  rotor tip, 
flow Mi. 05 

2 	 Anechoic 66.8 1.210 0.75 127. 2 126.5 129.8 0 134.8 
Plenum 67.0 1.210 ,75 129.4 122.1 130.1 0 132.4 
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(a) 70 Percent of design speed. 

Chamber Percent P I R  Relative lxBPF 2xBPF ZBPF ZMPT ZBB 
of design Mach number at 
weight in let  rotor t ip, 

flow Mi, 05 
-0-	Anechoic 76.4 1.280 0.875 132.7 127.9 134.0 0 136.8 

Plenum 75.2 1.282 .870 133.4 125.1 134.0 0 133.2 

IxBPF 2xBPF 

Frequency, Hz 


(b) 80 Percent of design speed. 


Figure 20. - Inlet  sound power spectra as measured in anechoic chamber and in unmodified compressor test 
facility at comparable conditions. 

89 




a 

a 

M 

----- 

I Chamber 

U Anechoic+Plenum 

115 1 A 
11I 

L
-
v 

Chamber-
> 
a,
-
L


D 

CL 

v --U- Anechoic c 
3 --+- Plenum
0 


90 


Percent P I R  Relative lxBPF 2xBPF t B P F  ZMPT t B B  
of design Mach number  at 
weiqht i n le t  rotor t iD .  

flow Mi, 05 
93.8 1.350 1.025 131.0 122.0 131.5 121.4 133.0 
95.0 1.315 1.030 131.9 118.8 132.1 126.3 135.5 

l x B P F  2xBPF 

I I
,I I 

Percent P I R  Relative lxBPF 2xBPF ZBPF t M P T  ZBB 
of design Mach number  at 
weight i n le t  rotor t ip, 

flow Mi,05 
99.8 1.430 1.138 133.2 123.0 133.6 138.0 135.8 

100.5 1.385 1. 143 131.7 132.0 137.6 137.3 



----- 

a, 

> a, 

0 

Percent 
of design 

weight- flow 
67.0 
50.0 

- -0- R.0 

" 
102 

P I R  

1.070 
1.110 
1.090 

103 

Relative 

Mach number  at 


i n l e t  rotor t ip, 

Mi. 05 
0.555 
.515 
.500 


l xBPF 2xBPF ZBPF tMPT 

126.4 117.6 126.9 0 
124.5 118.6 125.5 0 
118.8 118.8 c 

Frequency, Hz 

-
B 

m 

130 
L
- 125 
T3 


A-
B 120 

a 

-
a,- 115 
-

D 110 
a 


105 
3 s 100 

Figure 21. - Inlet  sound power spectrum as measured in unmodified compressor 
design speed. 

Percent P I R  Relative l xBPF 2xBPF ZBPF ZMPT t B B  
of design Mach number  at 

weight in let  rotor t ip,  
flow M i ,  05 
62.5 1.151 0.640 127.5 126.5 130.0 0 130.4 
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Figure 22. - Inlet  sound power spectrum as measured in anechoic chamber. 60 Percent of design speed. 
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(b) P lenum chamber. 

Figure 23. - In le t  sound power spectrum as measured in anechoic chamber and  in unmodif ied compressor test 
facility. 70 Percent of design speed. 
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(a) Anechoic chamber. 
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(b) P lenum chamber. 

Figure 24. - Inlet  sound power spectrum as measured in anechoic chamber and in unmodif ied compressor test 
facil i ty. 80 Percent o f  design speed. 

93 




m 

Relative lxBPF 2xBPF ZBPF ZMPT ZBB 
Mach number at- 93.8 1.35 1.025 131.0 122 0 131.5 121.4 133.0 

89.4 1.372 1.010 133.0 123.0 133.4 121.9 134.1 
135 

130 

125 

120 

115 

110 lxBPF 2xBPF 

2

2 105 

I s 
OI 100-L (a) Anechoic chamber. 
U 


Percent P I R  Relative lxBPF 2xBPF ZBPF I M P T  ZBB 
Mach number at 

U 95.0 1.315 
U82.4 1.367 
-0- 76.0 1.335 

Frequency, Hz 

(b) Plenum chamber. 

Figure 25. - Inlet  sound power spectrum as measured in anechoic chamber and in unmodified compressor test 
facility. 90 Percent of design speed. 
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(b) Plenum chamber. 

Figure 26. - In le t  sound power spectrum as measured in anechoic chamber and  in unmodified compressor test 
facil i ty. 100 Percent of design speed. 
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Figure 27. - Blade passing frequency noise (1xBPF + 2xBPF) as measured in 
unmodified compressor test facil i ty and in anechoic chamber. One-third 
octave analysis. 
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Figure 28. - Mu l t i p le  p u r e  tone noise (BPF's excluded) as measured in unmodif ied 
compressor test facil i ty and in anechoic chamber. One-third octave analysis. 
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Figure 29. - Broadband noise as measured in unmodified compressor test 
facil i ty and  in anechoic chamber. One-third octave analysis. 
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Figure 30. - Effects of corrected weight flow induced without rotor o r  stator in unmodified compressor test facil i ty 
w i th  collector sleeve valve. 
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