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INTRODUCTION AND FACILITY DESCRIPTION

This document summarizec and vresents the results on a calibration
of the NASA Ames open throat windtunnel facility. The scope of this
project was outlined in the document "Proposed Calibration Studies of
Ames Anechoic Facility" (December 5, 1978), which is included at the
end of this progress report. Work was outlined there in terms of a
Short Range Plan and a Long Range Flan. All work in this report
pertains to the Short Range Plan, which includes six areas of research

as follows:

I. Background Noise Levels
Measurements of 1/3 octave sound pressure levels have
been made land the results are Presented in Part A.

II. Determination Of Ideal Collector Position (acoustic)
For three different collector positions, 1/3 octave SPL
measurements have been made at six different locations
within the anechoic chamber. At each collector
position, measurements were made for five different flow
velocities. The results are rpresented in Part A,

I1I. Noise Contours In The Test Chamber
Testing has been completed and all data has been
recorded on tape. Software for data analysis has been
designed and tested, but need minor refinement prior to
being used. The results are presented in Part A. The
preliminary computer program is included in Part E.

IV, Hot Wire Calibration
A procedure for calibrating the DISA brand hot wire
anemometer has been developed, and is presented
in Part B.

(iv)
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V. Hot Wire Measurements

Measurements to determine the fluid properties of the

jet have been made using a pitot tube and hot wire

anenometer. The results are presented in Part B,

VI. Preliminary Selected Experiments With A Suitable Sound

Source :

Little work has been done in this area.

The facility being calibrated is an open throat acoustic windtunnel
operated by the NASA Ames Research Center in Mountain View, California.
It is located on the ground floor of the 40'x80' windtunnel building.
FIGURE 1 shows the general configuration of the windtunnel components.
The relationship between nozzle exit mach number and blower RPM is shown
in FIGURE 2. Nozzle pressure ratio is also plotted as a function of
blower RPM in FIGURE 3. The 4 inch diameter nozzle was used for all
measurements discussed in this report.

The anechoic chamber surrounding the throat section is lined with
foam wadges which are 8 inches across the base and 25 inches along
the perpendicular. 1Inside room dimensions are 25 feet X 18 feet X 1l
feet high (wedge tip to wedge tip). Metal grates have been installed
above most of the floor wedges to support portable microphone stands,
a microphone traversing mechanism, and personnel walking inside the
chamber. Foam blankets 3 inches thick were laid on these grating to
reduce their accustic relections. Without the gratings and foam

blankets, the lower cutoff frequency of the anechoic chamber has been

found to be aorund 150 Hz.

(v)



The experiments were done during the period Summer 1978 to
Fall 1979 and they were under the general guidance and supervision
of Professor K. Karamcheti, Dept. of Aeronautics-Astronautics,
Stanford University and Director of the Joint Institute for
Aeronautics and Acoustics, and Mr. David Hickey of the Ames Research
Center. The planning and day by day follow-up and decision making
on the various phases of the work was espoused by Mr. Paul Soderman
of the Ames Research Center and Professor S. P. Koutsoyannis of the
Dept. of Aeronautics-Astronautics, Stanford University and member of
the J.I.A.A. The experiments, data acquisiton and the write-up of
the relevant results and conclusion with brief interpretations
(wherever appropriate) has been the responsibility of Mr. Richard
Hopkins (responsible for the Acoustic Measurements and the Preliminary
Computer Prcgraﬂming for the DAS System at Ames) and Mr. Blair
McLachlan, (responsible for the Aerodynamic Measurements hoth of
which have been graduate students at the Department of Aeronautics-
Astronautics, Stanford University and supported by the J.I.A.A.
Finally from both the Ames Research Center as well as from Stanford and
the J.I.A.A., there has been substantiil help from supporting
personnel (Mr. Vadim Matte, Mr. W. Janeway from the J.I.A.A. and Mr.
Art Silva and Bill Douglas from Ames) and due credit is given in
the acknowledcement section.

The present report on the studies performed under the Short

Range Plan in summary contains the following parts:

(vi)
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1.. BACKGROUND NOIE&EZ LEVELS

Background noiss levels inside the anechoic facility
were measured at the two 1locations  shown {in FIQURE 4.
FIQURES 6 and 7 show these levels for the folloq}ng operating
ctonditions: )

1. with 40’X B0’ windtunnel operating ( 91 dB linear)

2. with the nearby aivr compressor operating
{ 72 4B linear? . '

3. with no roisy erternal equipment operating (67 dB linear)

The main path by which sound enters ¢the chamber #from
ouside is through thes 3 ft. diameter exhaust duct) shown in
FIGURE 1. W4With no fiow in the¢ tunnel. conversations over the

office paging esystsn are clearly audible when standing near
"the Jet's -cxtle Oparation of the 40‘X 80’ windtunnel are
felt (an: 4eard) a: & very low frequency vidbration. Testing
in the 4C’'yY 30° of full scale jet engines caused noise levels
inside <t~z test chamber to increase considerably over those
shown hewrsz. -

Cemhining these observations with the spectra of FIGURES
6 and 7, %he following conclusieons cen be drawn:

1. T7he angzhoic <chamber s fairly well {insulated from
exterior noise for fregquencies above 150 Hx. Recall that
this it she design cut—off frequency of this room.

2. Operation of the reardby shop air compressor will not

effect jet noisez mzasurements for frequencies above 100
Hz.

©

Operation of the 40’ X80’ windtunnel will significantly
impact low velocity jet noise measurements at frequencies’

below SO0 Hz. 1t is recommended that the acoustic
wirdtunnel facility not be operated when the 40’ X80’ is
in use.

Instrumentaticr used to measure overall and 1/3 octave
sound prassure leverle s listad in FIGURE 5. Measurements
madz with the portadle sound level meter were found ¢to be
abcut 6-1C dB lour thin those made using the main acoustic
instrymentation s4yz4im, s s shown in FIGURE 8, the BUK
typne 2133 microphonie with type 2619 preamplifier is lineor
douwr: £t~ 4% 4C. This suggests thot the electrical noise floor
cf ¢tha dnzirumzntation system 16 sbove the signal level of
the mi.vophone whe:n atasuriug very low noise levely,
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When the Gen-Rad re2] time analyzer was replaced with a BRIK
typs TIAT/II4B  analyzer, nearly t1dentical dackground lavels
were measured. Thiz suggests that the electrica: noise s
from efther the microphone conditioning amplities, the
differential amplifier, or doth. All bdbackground nuise levels
reported here were made with the portadble sound level meter.
Note from FIQURE O that the spocifﬂod minimum noise level !or
this meter i3 37 d8.
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II. DETERMINATION GF IDEAL COLLECTOR PUOSITION

The effect of ¢ifferent collector locations on far field
sound  levels - was investigated at several jet velocities.
This was done using the microphone array shown in FIGURE 9.
411 microphane heights were set to the horizontal plane of
the nozzle centarline. For a fixed collector position, Jet
ncise was recordad at several different jet velacities. The
collector position was then changed, and the measurements
repeated. The different test conditions are summarized
below. :

TEST 1. Collector is & €feat from nozzie exit
RP1 = 300G: 5000, 7000, 8000
Mach NO = .24, 0.48, 0. 56, 0. 648

TESY 2. Collector is5 7 fest from nozzle exit
£SM = 3005 £000, EB0QG, 10, GO0, 12, 000
Hlach Ne = .24, G .48, 0.54, 0.80, 0. %6

TEST 2. Coiiector is 10 feetl from nozzle exiti
fuily retracted ‘
FEM o =_3200, 4000, 8000 10,060, 12,000
Mach No = G.24, 0.4B, 0.4645s 0.80, 0.96

The inztrumsn
FIGURE iT
rTecordsd cn
v3zk of a
are repariad in FI

agramed 1in FIGURE 1i. Because data was
r iater analysis, it is important to keep
lifier gains used during recording. Thesse
URE 12,

The coniribution of low frequency gJjet noise to the
overall sound pressure leval is shown in FIGURE 13. This
table comparas the unftiltered SPL (20 < £ € 20,000 Hz) to the
level ob%ained by high pass filtering the measured signal at
the 100 Hz 1/3 octave band (100 <€ ¢ < 20,000 Hz). It is seen
that the low frequz2ncies can raise the overall sound level by
as much as 20 dB at low mach numbsrs, but by only 0.5 dB at
higher mach numbers. This is attributed to the decrease in
anechoic performance cf the chamber itself. That 1is, ¢the
absorpntion of sound inside the room is poor b=2low the cut-off
freguancy of arcund 130 Hz. Because of ¢this 1low freqeucy
infivance, all overzll sound levels reported here have been
caizulated to includz eonly 1/2 octave bands of 100 Hz and
zbove, This will crovide a beiter correlation between the
SPL value and what the jet is really doing aerodynamically.
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For ¢the six aicrophone positions evaluated, the
r2lationshin betwasn the jet’s ma2an velocity and overall &PL
is shown in FIGURE 14. To show effects of collector position
and Jet wvelocity on noise levels, average 1/3 octave band
spectrums are shown in FIGURES 19 through 20 for each
microphone locaticn (8 sec. analyzer integration). A
careful comparison of thsse figures reveals that both
collactor position and jet speed do influence far field sound
levais. The details are summarized below:’

EFFECTS OF COLLECTOR POSITION

1. For low and mid frequencies, changing collector position
ctan have a small effect on both near and far field sound
“levels. This occurs 2t the closest collector position, 4
feat +from the nozzl2. Here a small decrease occurs (2.5 dB?
in %h2 250-1250 H:z i/3 octave band levels. Near field
microphone #3 and {far field microphone #4 show the effect
mo~t nceticably., Rezall that these two microphones are the

farthest douwynstreanm. The effect is seen to decrease as one
movas upstroam and at micvophones #1 and #&, the change can
nod be ssen. This difference in mid #frequencies is

sttributed to the 2nclosing of part of the jet Fflow by the
colla-ter as it is moved closer to the nozzle. Consequently,
noize genavated by th2 large scale ~turbulent structures in
the -downztream portion of the jet are shielded by the
gollector:, =nd prevented from rveaching the downstream
microphones. The pestulate that noise from the downstream
porticn of the jet is predominateiy low frequency, while high
frezgusncy noise is ganerated near the nozzle, is supported by

FIGURE 21. This figure compares the spectrum of ¢the two
neartield microphones when the collector is fully retracted
to avonid any shielding. This figure shouws there is

considavrably more energy below 1000 Hz at downstream
microphone position #35, ' )

2, When the collzctar 1is moved to the fully retracted
position (10 feet From nozzle), a 400 Hz spike is measured a¥t
the upstream microphones. This peak is most noticable at
microphone position #1, and decreases in amplitude as one

moves downstream. It is almost indistinguishable at
microphone positions #3. The peak can not be detected with
eithe~ of the nesr field microphones. One possible

expiaination is +ha%t +this is a reflection off of the bell
ending of the collestor, However, insufficient data exists
to verify or refute this postulate.




e e T ot < .

3. When the collectar is moved to ¢the #fully rvetracted
goziviaom the fsv  field micrcphones measure @ considerable’
increase at the high frequencies. Althought this effect is
less noticable at microphone #3, the increase bugins at 4000
Hz and increases smeothly to 5-1% dB at 20,000 Hz. In the
near field, the upstream microphone is completely uneffected
by collector posifion. But  the downstream near field
microphone (#5) shows a slight increase in level above 12,3500
Hz. ' ‘

To get a better understanding of this phenomena, data
from far field microphone #4 was analyzed with a8 narrow band
spectrum analyzer. FIGURES 22 through 26 show spectrums at
four different jJjet spseds with the collector fully retracted.
One sess the same effact as with 1/3 octave band analysis.
In all cases: the spectrum levels begin increasing smoothly
above 4002 H:z. Alsc. there is no evidence of any pure tones

between 12C0D-20,000 Haz. For the same microphone:, but with
the collecior iccated 7 fest +rom the nozzle. a typical
spectrum is- shown in FIGURE 27. Here the sound level

decreases constantly with increasing frequency. Narrow band
spectrums £for the %wo nzar field microphones are shoun in
FIGUREE 2E and 29.

Therz is currently insuffecient data to determine the
cause ¢ <his probtlems but several possible mechanisms are:
{1) nzu high frequen:zy sound scurces are being uncovered when
the collzcisr is moved to the fully retracted position: (2>
the et hss grown encugh ¢o cause scrubbing against the
collector’s inner uwalls or bell: (3) the noise is associated

with racirculiating air currents along the bell, as discussed
nexi.

&, While visiting saveral similiar commercial facilities.,

it was observed that large amounts of outside air are vented
into ¢their test chambers to prevent excessive air
circulation. This wmovement 1is created as the jet entrains
air from outside the boundry layer. To see if this condition
existed in this faciltiy, a multitude of tufts were taped
along the inside of the collector duct. Also, @ probe with

tufts attached alcng dts length was wused to explore the
dirsction of air flow in the region of the collector. It was
found that tufts along the wall indicated fluid flow upstream
towsrde the nozzle. This ozcured even a&s far as &6 feet into
the collector. This indicates that a recirculation region
does exist fer almost al)l Jet speeds, and is especially
prevalent a% higher velc ities. The flow of air back out of
thz2 collector can 5o ecasiiy felt by placing ones hand neasr
the surface of th2 collector bell. A negative pressure was
measiurad inside the rcom whenever the Jjet was aoaperating,

wvhizh also increased with yet spead. This is shown in FIGURE
32. Opening the aain door to the test chamber allows

additional air to vent into the room. This alleviates the
condition only siightly, while degrading the acoustic



N e W e e

e e o

ORIGINAL PAGE IS
OF POOR QUALITY

transmission loss of the chamber considerably. It is unknouwn
if this problem exist: at sther collector positions.



o — . g e o

ORIGINAL PAGE IS
OF POOR QUALITY

EFFECTS OF JET FLOW VELOCITY

A velaionship between the mean fluid velocity and noise
spectrum of the jet {s given by the Strouvhal number;

S=D#fs / v

where D = nozile diameter = 4 inches
fs = Strovhal frequency
u = mean jet velocity

Letting the Strouhal frequency correspond to the 1/3 octave
btand with the highest noise spectrum; one finds that the Jet
follows ¢this relationship quite well. As the wvelocity |is
doubled from .24 to .48 to .96, the Strovhal frequency alsc
doubles from 125 Hz to 250 Hz to 500 Hz. This 1is shoun in
FIGURE 21 for the two near field microphones.

.Based on the above findings, it seems the best collector
position is 7 fea$t from +the nozzle exit. This position
evoids the first 3 problems mentionad above. Correlation
tetween nesar and fsvr Field spzctrums for this position is
also quit=z good. This is shown in FIGURE 31, which compares
spectrums ma2asured with near field microphone #6 and far
field mizvophona #2. Both lie on a.line perpendicular to the
nozzle exit. ' : '

Net with standing the above comments, the collector was
left in ts2 Fully retracted position ¢for all further
measurements. The distance between ¢the nozzle and the
collector iz thus et its maximum. Although this position
introduces ssveral problems, it minimizes defraction and
shielding a7ffects by the <collector while determining Jet
noise contaours. ' ’
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111. NOISE CONTOURS IN TEST CHAMBER

A major objective of this study is the mapping of Jet
noise contours inside the test chamber. Lines of constant
sound pressure level are to be determined for Jjet velocities
of mach number 0.24, 0.48, and 0.80 . Dats has now been
recorded for all thras velocities and recovrded on amagnetic
tape for later analysis. Measurements were made by
traversing a microphone away from the jet while continuvally
recording the acoustic signal. So that the position of the
microphone along the2 traverse will always be known: the
traversing mechanism has been designed to output a DC voltage
which varies linearly with position from 0.1 ¢to 1.0 volts.
This voltage uwas recorded simultaneously on tape with the
acogustic signal. Traverses were made perpendicular to the -
Jet flow along ¢the six different paths shown in FIGURE 32.
The instrumentation used to record and analyze ¢the acoustic

- data is listed in FIGURE 33 and diagramed in FIGURE 34.

Overall and 1/3 octave band sound prQSSMfQ levels will

"be obtained by processing the recorded date on the Ames DAS

computer, A software package to do this analysis has already
been implemanted. The output from the current revision of

this program is a plot showing decay of BPL with distance
along the traverse path. Sample outputs are shown in FIQURE
28 (overall SPL) and FIGURE 3% (900 Hz S8PL). The complete
cutput for a singls microphone +traverse consists of an -
agverall and 23 1/3 octave band decay curves. The acoustic
analyzer jintegration time was 1 second, which corresponds to

-integrating the acoustic signal along 3.2 inches of traverse.

Noise contours inside the test chamber can be mapped using
the decay curves from all six traverses to plot 1lines of
constant SPL. . FIGURES 35-37 show contours for the overall,
900 Hz, and 8000 Hz 1/3 octave bands. These contours are for
a Jet velocity of mach number 0.80 .

The current revision of the software package has several
deficiencies. Problems associated with the sampling logic
Tesult in decay curves that differ, depending on which
direction the microphone is traversing. That is, the maximum
and minimum levels measured are different when the traverse
is from near to far field than vise-versa. This difference
can be seen by conparing FIGURES 39 and 40. To correct this
problem, the following improvements are offered:

1. Turn on the Genrral Radio oanalyier immediately, but save
only ¢the current sample until a change in the DC voltage
threshold is detectwd. This sample would ¢then become the
first one in the siorage array. The arrvay would begin

- filling, starting witt =2, once the change has been

detected.
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<. Continue sampling the | voltage, Dut now vse o 0.3
svcond sampling tice untidl thres consequitive samples of the
opposite threshold veoitage are measured. The 1last acoustic
sample obtained would than be stored. and sampling stopped.
This would replace the current method of taking 51 sa.plos
corresponding to the 43 second traverse time.

3. Before executing the routine which determines a distance
for each integer SFL value, the decay curve should be
smoothed twice with a 3 point moving smoother. ' This would
correspond to flairing & smooth curve through the data betfore
trying to assign a location to a specified level. The
present method results in bad values due to small deviations
in the decay curve. This Jyitter is associated with the

random characteristic of . the jet noise. This second curve

could also be plotted. say 10 ¢B above the unsmoothed curve.

It is axpected that these modifications to the current
program . will provide results aof suffecient accuracy.
However:, ancther checkout of the program should be performed
to veridfy this. Once corrected, processing of the data and
plotting of the contaurs wouvld be able ¢to proceed rvrapidy.
Once these contours are plotted. work in the Long Term Plan

€ould be acdressed
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INSTRUMENTATION LIST FOR MEASURING BACKGROUND NOISE LEVELS

. 1/2" microphone; B&K type 4133
microphone conditioner; B&Y type 222-2
microphone conditioner multiplexer; B&K 221-3
differential amplifier; Textronics AM502
Real Time Specturm Analyzers:

.Gen-Rad model 1995 1/3 octave bands

Portable sound level meter; B&K type 2209 w/ 1/2"
microphore: B&K type 4133

Portable 1/3 octava band filter se%; B&K type 1616

Figure A-5

NASA NO.

(26479)
(26479)
(52476)

(57330)

. (90479)
(90456)
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‘ . OF POOR QUALTTY i

. -

; 1* Cartvidge « 2627 » - ~ ‘

1* Cartridge 4161 +» UA D310 + 2627

1* Cortridge » DB 0375 « 2619

-———- o

1% Cartridge 4161 « UA 0310 + DB 0375 + 2619

172 Cantridge + 2619

172" Cartridge 4143 or £153 « UA 0308 + 2619

Specifications 2209

e

[((Specificatic =s refer to 2209 with Extension Pa2 U 0186 and Microphone 4165, unless otherwiss siated)
Measuring Ranges: ) . R : :
Manimem Level {d8) Fu(qu.n:y Rasponse: (Microphons)®
- zero degree incidence, free-field)
i x| Weighiing Neowark Externat Fiter Type No. £14d8: 4Hz t0 12,5 Kz
icrophone Max. 1812 (Octave) 1616 (173 Octavz) 22 d8: 3Hz to 20 KHz
Type No. Level
S . 3) l aes.fi2s {95~ o0 [0-5-— *) individually calibrated .
g( . oplais i € lLiniise (2500 1::31.5; 200Hz l:.(f.on Lin (20 akso curves Figs.7 and 8) . ‘
(% Jeras —21¢s[120]251 180221251357 23 | 1 Frequancy Responss: (Ampifier) .
S L 3 (=538 2 L S 17 1 17 )23 10,5d8: 5Hz (20 Hz) 10 30FHz .
1/2°14165°— 4166/ 140|321 24| 22128142 32 e 22 25 | 19 |32 $14d3: 2Hz (10HZ) 1o 70%Hz
1727|4133 — 8134} 150 45]35]a0is5i5:; as 43 34 37 31 | 34 (Figures in paantheses obtainable by
* Included in 2209 T ° switchin inpulstage) - o -
T I T 1 ’ T | | L T 1T 1 to the Western Electric condenser
316z 1/30ct. A-Weighied Lin. Noise Level 3% Distortion 10% Distortion icrophone WE G640A. The front
Noise Level  Noise Level Noise Level |20Hz10200kHz | Limit Limit microp . . ;
cavity of the microphone is tasted
\ x_ for hydrogen leakage. The 4160 is
2631 .,L/ 4148 included with the Reciprocity Cali-
-o—-—-uf: ] bration Apparatus Type 4143.
i .
o—— O 4144, 4145, 4161 —00 :
ET U GG DS *150 00 Pteampll.ﬁers .
: { — The microphones are designed for
: o 4144, :;;5-“5’ -1 use with a DC polarization voltage
%19 p e 4 ‘4134 4149, 4163 op of 200V (28.V for 4148) or wi_lh a
p- 4165, 2166 00 10MHz carrier frequency. A micro-
P> "1‘3 o—0 phone assembly will consist of a
o ° 41351 microphone cartridge and a pream-
%18 ° L ol 4138 n plifier, when using the DC polariza-
| p- -0~1-0~4133 1 tion voltage, and of the 1O MHz Car- .
-20 0 20 40 60 80 100 120 130 60 80 rier Frequency System Type 2631
. and a cartridge when usmg the car-
Fig.13. Dynamic ranges of B & K Microphona Preamplifiers {except 2642) and the Carrier Sys- rier frequency.
tem 2631 with ditforent microphones. The upper limit is indicated for two degrees of
distortion whils the fower limit is piven for various bandwidths of the messuring equip- The cartridges screw directly onto
ment. . The fimits for 3,16 Hz and 1/3 octave bandwidth is valid st 1000Hz only - the preamplifier housing or the
o ]
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Pl A .

f . ( INSTRUMENTATION LIST FOR DETERMINING BFFEC"PS OF o

; SR COLLECTOR LENGTH ON THE SOUND PRESSURE FIELD | i

L | . ~ {nasa No.) :

; 1/2" microphone; B&K type 4133 : : _ i
microphone conditioner; B&K}type 222-2 S . (26479) | %

; microbhone conditioner multiplexer; B&K type 221-3 (26479) f
differential) amplifier; Textronics AM502 (52476) s
multichannel tape recorder;'Ampex FR1300 ' (44583) 1%

o ' -(90386) - :

‘RMS volt meter, Hewlett-Packard o " (45554) B

Oscilloscope; Textronics type 551 with type 1A7A T
amplifiers : (Stanford)

Real Time Spsctrum Analyzers:

) ' B&K typs 2347/3348 1/3 octave bands _ © (49808 & 49809)

<

" Gen-Raé moiel 1995 1/3 octave bagds ' (57330) B

e aameetaslea g -

Gen-Rad n2del 2512 narrow band

Figure A-10
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SUMMARY OF OPERATING CONDITIONS WHEN DETERMINING
EFFECTS OF COLLECTOR LENGTH ON THE SOUND PRESSURE FIELD

Atas L ek o oty ko L Al o
OO

RPM = speed of windtunnel blower
Pplem = static pressure measured in windtunnel plenum
Gain = amnlification gain used in tape recording acoustic da
TEST $#1 (collector is 4 ft from nozzle exit)
RUN NO. . RPM Pplen(in. Hg.) GAIN (dB)
cal. - - 0
1 3000 1.2 +40
2 6000 5.2 . +20
3 8000 9.8 +20
4 7000 - 7.4 +20
TEST £2_ (collector is 7 £t from nozzle exit)
RUN 57, | RPM Pplen(in. Hg.) | GaIn(as)
cal. - - 0
1 3000 1.2 +40
2 6000 5.2 +20
3 8000 9.6 "+10 |
4 10000 16.0 0 r
5 12000 ? o |
.‘ ti
TEST £3 (cc lector is 10 ft fx:om nozzle exit
— . .. * !:
RUN NO. RPM Pplen(in. Hg.) | oeamn(as) | -~ ;
cal. - - 0
l 3000 1.2 +30
2 6000 5.3 +10
3 8000 9.7 -10
4 10000 16.2 -10
. 5 12000 24.8 -20
Figure A-12
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INSTRUMENTATION LIST FOR DETERMINING JET
NOISE CONTOURS (4" NOZZLE)

:/\‘
¢
5

k- ———— —— T & o o T

‘ (NASA NO.)

1/2" microphone; B&K type 4122
microphone poﬁer supply; B&K type 2807 - : (41966) .
differential amplifier; Textronics AM502 (52477)
multichannel tape recorder; Ampex FR1300
RMS voltmeter; DISA type 55D35 (40338)
1/3 octave band real time analyzer; Gen-Rad | .

model 1995 ' . B (57330)
X-Y plotter; Hewlett-Packard model 700418 } - (45008)
DAS computer szyvstem

PDP/114E minizomputer

General Fzlls model 1925 parallel filter set

é? | - Genexal Raiic model 1926 multichannel RMS detector

Textrornices +ernanal

Textronic: <hzrmal printer

A-41
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D =  Nozzle Diameter (D=4in.)._

M = Nozzle Exit Mac;x Numbex

P, =  Atmospheric Pressure

Prm =  Pressure in the Anechoic Chamber . o X.'i
P = Total Pressure in the Jet (Nozzle Exit Centerline) °
x = Coordinate in the Radial Direction ‘
X, = Nozzle Exit Radius

o = x/r,

U = Velocity Measured with Single Wire Probe

U, =  Maximum Velocity in a Velocity Profile

Uo = Maximum Velocity at the Nozzle Exit

X =  Coordinate in the Streamwise Direction
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1.  INTRODUCTION

The purpose of this part of the experiment is to evaluate
some basic aerodynamic characteristics of the AMES anechoic open
throat wind tunnel facility. The characteristics we have concen-

concentrated our experiments upon are:

1. The nature of the nozzle (jet) flow.

2. The mean and fluctuating velocity profiles of the jet.

3. Anechoic cha&ber pressure variation.

For these experiments the configuration of the iaciiity chosen
was fixed making use of only the 4" dianeter (round) nozzle, one
collector position, fully retracted, and without making making use

of either the heat exchanger or the jet boundary layer control

device.

2. FACILITY DESCRIPTION

The facility urder study, the anechoic opea throat wind tunﬁel.
is Jocated in the 40' x 80° wind tunnel building. The general con-
figuration of the facility is shown in Figure l. As stud;eﬁ the
facility had only the 4" diameter (round) nozzle in place and the
collector was in the fully retracted position (10 feet from the
nozzle exit). The heat exchanger for flow tcmper;turc control and

the boundary layer control devices have been removed from the

facility.
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The air compressor is of the centrifugal type with sixteen
blades. It's operating range is from 0 to 12000 rpm corresponding

to a nozzle exit Mach number® range of 0 to .96.

A more detailed description can bde found in the NEAR Design

Report (Reference 1), =

3.  EXPERIMENTAL APPARATUS AND PROCEDURE

For the acrodynamic investigation only the 4" diameter (round)
nozzle¢ was used. Neither the boundary layer control nor the heat
exchanger devices were in place during the tests. .

The collector was kept in a fully ret:acted position, 10' from
the nozzle exit, throughout the test (see part A).

Total pressure was meas;red at the center of the nozzle exit
cross-section. The static pressure was measured in the plenum
chamber, as shown in Figure 1. Measurements of the static pressure
in the anechoic chamber were made at a point located a suitable
dista~ce from the jet, as shown in Figure 1.

Velocity profiles in the jet were obtained for only two com-
pressor speeds, 3000 and 6000 rpm, corresponding to exit Mach
numbers of .24 and .48 respeccively. The velocity profiles An
the jet were made at six axial locations from the nozzle exit

plane, f.e. at X/D = 0, 1.5, 3.0, 6.0, 9.0, and 12.0. They were

*From now on the terminology “Exit Mach number”™ will be used with the
understanding that jt refers to the (measured) Mach number at the
center of the nozzle exit cross-sectior.
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cbtained utilizing a single wire prodbe. Traverses across the
jet diameter were made along two orthogonal axes; one vertical
and one horizontal. At all times the single wire was kept
perpendicular to the flow direction and the axis of traverse.
Tue single wire probe was rotated 90° when going from one axis of
traverse to the other. ‘

A traverse was made along the centerline of the jet at more
than the above six axial locations using a pitot-staticA probe. This
was done at one compressor specd only, 3000 rpm (Mg = .24).

".l‘otal pressure fa the jet was measured utilizing a 1/8 inch
diameter pitot-static probe mounted at the nozzle exit centerline. ‘
The pitot-static probe was mounted onto the traversing mechanism
used for the hot~-wire mcasurements, see Figure 2. The static and
total pressure teps from the pitot-static probe were connected via
plastic tuding to manometers. The total pressure was read from a
reservoir type water or mercury manometer depending on the jet
it velocity. Static pressure was always connected to a reservoir
type water w nougter,

The static pressure in the plenum chamber was measured at
three locations at the side of the plenum chamber, see Figure 2.
All static pressure data from the plenun chamber was taken util-
izing a U-tube type water manoneter.

Static pressure in the anechoic chamber was obtained by an
inclined manometer, using red page ofl (S.5. = .826), connected
to the inside of the ancchoic chamber via a plastic tube. The

free cud of the tube was located near the chamber door, sce¢ Figure 1.
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Atmospheric pressure during the tests was recorded using a barometer
that is part of the DISA type 55D90 calibrator.

Hot wire meas#rements of the mean and fluctuating velocitiés in
the jet were made using a single wire probe with a DISA anemometer
and linearizer as shown in figure 3. The type of probe and ane-
mometer bridge circuit used provided for teﬁperature aompensa;iﬁn.
This was to elimiﬁate any affects due to.the temperature differences
in the jet from thése during calibration of the hot-wire. Calibra-
tion of the circuit was performed using a DISAkfype 55090 calibrator.

The signal coming from the linearizer was read f{rom DISA
D.C. and R.M.S. voltmeters, see Figure 4.
The hot-wire was mounted on a traversing mechanism providing

three axis position control and is shown in Figure 2.

The output voltage of the linearizer was fed into a marrow-

band spectrum analyzer. (Unfoftunately the spectrum analyzer was
was available only during the test run with a compressor speed
of 3000 rpm (Mg = .24) and only for a few measurements at certain
locations in the jet.)

Some of the data was taped. But only for a compressor gpeed
of 3000 rpm ond at selected locatioﬁs in the jet. For the taped
data the signal from -~ microphone at microphone position 3 (see
'description of acoustic calibration, Part A) was included along
with the signal from the hot-wire, see Figure 3.

Pérciculaté matter was found to be preseant in the jét. Most

probably it is oil originating from the compressor. The presence

B-4
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of such a materfal contaminated the hot-wire changing the calibr- 4
ation curve. Thus it was not possible to obtain absolute velocity
profiles using the hot-wire although it was possible to measure

velocity profiies normalized with respect to the jet centerline

velocity at the axial location of the profile from the nozzle
exit.

The presence of oil particles in the jet destroyed the cali-
bration of the hot-wire as soon as the hot-wire entered the jet.
Without knowing the calibration curve of the hot-wire at the . ! 3
time of measurement it is impossible to obtain absolute ‘velocity
| using the hot-wire.

3 With ihe hot-wire positioned in the potential core of the

(’ jet it was possibie to sece .the hot-wire being .;',t:rugk by an oil
particle by monitoring the hot-wirc output voltage. Upon being
hit the D.C. output voltage would shift and the R.M.S. voltage
would jump appreciably.

By assuming that the calibration curve, at any instant of
time, of the hot-wire changed slowly with time it was possible to
still obtain velocity profiles in the jet. With 'this assumption
the D.C. voltages of points away from the centerline were normal-
ized using the centerline D.C. voltage. Only a few points were
taken away f.rom the centerline and then a reading at the centerline

i itself. Repeating this procedure it was possible to build up a
nornmalized velocity profile. The D.C. reading at the centerline,

{ at the axial location of the profile, was used to normalize the

7~
-y

other readings. The turbulence iatensity profiles were contructed
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in the same way. Except the R.M.S. readings were normalized

utilizing the centerline D.C. voltage.

4. RESULTS AND DISCUSS1ON

4A. Nature of Nozzle Fluw

It was found that the total pressure measured at the center

of the nozzle exit cross-section and the static pressure measured

at the wall of the plenum chamber are equal. This allows the jet .

exit quantitiés, such as velocity, to be determined assuming 1-D
inviscid compressible flow for isentropic conditiomns.
With isentropic flow through the nozzle the exit Mach number

can be calculated directly knowing just the plenum pressure and

the nozzle exit static pressure assuming 1-D inviscid compressible

flow. The ratio of the plenum static pressure to the nozzle

exit static pressure is referred to as the nozzle pressure ratio.

This parameter determines the nozzle exit Mach number (see Appendix).

The additional knowledge of another plenum flow quantity, total
temperaturc;, allows the no:zle. exit velocity to be calculated
directly (see Appendix). But the significant parameter for both
calculations of nozzle exit conditions such as Mach number and
velocity is the nozzle pressure ratio. For the control of nozzle
exit conditions the compressor rpm has been used exclusively. It
is therefore suggested that a more accurate measure of establishing
a flow with specific characteristics, such as & required jet exit
velocity for instance, would be the pressure ratio (PT/PA).

The nozzle pressure ratio versus compressor rpm 1is shown in

Figure 5.
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For the nozzle pressure ratio the total pressure (Pr) is
normalized using the atmospheric pressure (Pp) instead of the
nozzle exit static pressure. The nozzle exit static pressure is
the room pressure and is slightly less than atmospheric depending
on the compressor rpm. But the difference in the nozzle pressure
ratio is negligible by using the atmospheric pressure as the
normalizing factor rather than the room pressure. The affect on
the calculation of the exit Mach number or velocity is small.

Utilizing the nozzle pressure ratio it is possible to calcu-
late the exit Mach number (Mg) directly (see Appendix). The
result of this calculation is shown in Figure 6. It was found
that the exit Mach number varies linearly with compressor rpm.
At 12000 rpm the exit Mach number is .96. This is larger than
the exit Mach number of .85 at 12000 rpm predicted by the NEAR
Design Report (Reference 1l). Figure 7 is a comparison of the
design reports prediction with the exit Mach number as determined
by these tests.. The exit Mach number determined by these measure- |
nents is always larger at any compressor rpm than the one pre-
dicted by the NEAR Design Report.

At prescnt the heat exchanger (see Figure 1) is not in place.
1t was removed after it was found to genératc acoustic distur-
tances. The calculations in the design report for the exit Mach
nunber included the pressure loss due to the heat exchanger.

Thus the measured values of the exit Mach numbers over the ones




in the NEAR Design Report may possibly be due to the absence of

the heat exchanger from the flow path.

4B. Anechoic Chambér Pressure Variation

Due to inadequate chamber ventilation jet entrainment causes
a pressure drop in the chamber. Figure 8 shows the pressure
difference across the walls of the chanber versus compressor rpme.
The affect of this inadequate chamber ventilat:ipn on the f{low
around the coll=zctor is reported in part A (Acoustic Measurements).

This pressure difference can pose a personnel hazard, mnot
necessarily in itself, but by making it difficalt -t:o open the
chamber door, which opens outwards. When operating at high com-
pressor rpm, above 6000 rpm, it is difficult for even two men to
get the chamber door open. - This poses a hazard to personnel
inside the chanber during jet operation if for some reason (such
as fire) exiting the chamber quickly becomes necessary.

It is reéommended that contact between the control room and
personnel in the chamber be maintained at all times when running
at high comrressor rpm. ‘'In case a quick éxit becomes neceésary
the compressor rpm can then be lowered expeditiously. A better
solution would be to install a compressor cut-off switch inside

the chamber near the door.

4C. Nozzle Fxit Mean Flow Velocity

The mean velocities at the nozzle exit for the two compres-
sor speeds, 3000 and 6000 rpm, used in the hot-wire measurements

B-8
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are shown in Figure 9. The velocities as measured by the hot-wire
are comparcd to those calculated (see Appendix) using the nozzle
pressure ratio. Also included is a calculation based on usfiag the
nozzle exit Mach number and multiplying it by the speed of sound
at standard conditions. All of the values agree well. The values
based on the nozzle pressure ratio are probably more accurate.
Since that data was taken utilizing a pitot-static probe which is

probably unaffected by the oil mist in the jet, unlike the aot-wire

acquired data.

4D. Norralized Mean Velocity Profiles

From the mean velocity data obtaiued utilizing the hot-wire
and a pitot—-static probe it is possible to make the following obser-

vations about the jet characteristics.

1. The jet is syumetivic.

2. The spreading of the jet is independent of the nozzle
exit velocity (or Reynolds nunber). |

3. The length of the potential core is 4.5 nozzle exit

diameters downstream from the exit plane.

As explainad previously, even though the hot-wire was con-
taminated it was possible to construct no.malized mean velocity
profiles. The mean velocity data at each profile location was
normalized using the jetr centerline wmean velocity at the axial
location of ecach profile. Normalized velocity profiles arce shown

for axial locations /D = 1.5, 3, 6, 9, and 12. No normalized

B-9
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velocity profile is shown for the nozzle exit, X/D = 0. At the
nozzle exit the jet exhibits a tophat mean velocity profile.

The normalized velocity profiles for a compressor speed of
3000 rpm (Mg = .24) are shown in Figures 10-14. The scatter in
the data is due to the limitations of the facility conditions and

method of measurement. (The data was taken by hot-wire which was

contaminated.)

Overlaying the normalized velocity profiles obtained at a

compressor speed of 6000 rpm.(Mg = .48) on those obtained at

|

£

i

3000 rpm (Mg = .24) results in Figures 15-19. Again scatter is : ‘

evident in the data. But the scatter at 6000 rpm appears to be ;
smaller ( 5%) while that at 3000 rpm shows larger variations ( 5 -
8%). However, the profiles at both spzeds show fair agreement.
This general agreement i:ndicatcs that the jet spreading is
independent of the nozzle exit velocity (or jet Reynolds number
based on nozzle exit diameter). Which is as it should be for
Reynolds num‘o;ers above.a few thousand based on nozzle exit dia-
meter. At a compressor speed of 6000 rpm (Mg - +48) the jet
Reynolds number, based on diameter, is 106. The jet Reynolds
“number at 3000 rpm (Mg = .24) is just half that at 6000 rpm.
To within the scatter present in the normalized velocity pro-

files it can be stated that the jet is symmetric. The profiles : : '

were contructed using data from both axes of traverse, horizontal

and vertical. Data taken from both axes falls within the band of

scatter for the profiles. This indicates that the profiles are

symmetric at least to the order of error in the data ( 5 - 8%).

B A R
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The utjilization of a measurement method not affected by the
oil mist contamination, such as pitot-static pressure survey or
laser anemometry, in the jet will allow accurate measurement of
the mean velocity profiles. |

Mean velocity measurements were taken along the centerline of

the jet at a number of axial locations utilizing a pitot-static

probe at a compressor speed of 3000 rpm (Mg = .24). The mean
velocity along the jet centerline was normalized using the nozzle
exit velocity. Figure 24 shows the normalized velocity along the
jet centerline. The data indicateé that the potential core ends
at X/D = 4.5. This is a typical value for a round jet (Reference
2). Approximate calculations using the normalized veloc;ity profile
data result in a potential core length in the range of X/D = 4 to 5.
At a compressor speed of 6000 rpm (Mg = .48) the potential cofe
should be the same as that at 3000 rpm since the jet spreading is
independent of neczzle exit velocity. Unfortunately no pitot—static
data was taken at a compressor speed ot 6000 rpm.

In the .fully developed region of a round jet the jet center-
line velocity decreases linearly with distance from the end of
the potentlal core. The data in Figure 24 shows this linear
decrease after the potential core. At X/D =. 12 it appears that
‘the slope of the curve is changing. It is not clear if the jet
is fully developed yet by X/D = 12. DMore than likely the transi-
tion region occupies the majority of the range X/D = 4.5 to 12.

Figure 25 shows a comparison of the normalized jet center-

line velocity obtained using the hot-wire to the pitot-static

B-11
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r S data. Only at X/D = 12 does the hot~wire data from both jet specds
v ( agree with the pitot-static data. The agreement is not so good
‘_ over the rest of the curve. But due to the problems of contamina-
‘ tion, as already stressed, of the hot-wire this is not unexpected.
This comparison is ment to indicate the errofs in using hot-wire

anemometry for aerodynamic measurements of the jet in its preseant

condition. All the hot—wiré data shown in Figure 25 was taken
immediately after calibration with minimum time in the jJet. Still
differences are large. The conclusion is again that one caanot

escape the effects of contamination possibly due to the presence

of o0il mist in the jet flow.

4E. Turbulence Intensity Profiles

Turbulence iﬁtensity pro..filcs at conpressor speeds of 3CD0
and 6000 rpm (Mg = .24 and .48) are shouwn in Figures 20 and 21.
Due to the method of measurvement, utilizing the hot-wire in the
oil contaminated environment of the jet, the profiles should ‘be
viewed with caution. There is substantial scatter in the pro-
files, on the order of 10X in each profile. Although the pre-
files do not correspond to absolute measurements they do show the
trends expected.
1t is interesting that when the profiles from both speeds are :

overlayed that those profiles at X/D = 9 and 12 show fair agreement.

For the fully developed region this is what is expected, i.e. the

turbulence intensity profiles should be independont of the nozzle

exit velocity.

B-12




Taking just the turbulence intensities along the ceaterline
b- ' and plotting them versus X/D, results in Figures 22 and 23. W#nean

overlaying these curves the turbulence intensities at X/D = 6, 9,

- and 12 for both speeds show fair agreement. For X/D less than 6
i the centerline turbulence intensities at 3000 rpm are lega than
! those at 6000 rpm. This seems to indicate that the turbuience
' intensity in the potential core increases with nozzle exit velocity.

Accurate measurements of the turbulent fluctuations in the
jet will have to presuppose the climination of the present problem -
of hot-wire contamination, or the use nf a measurement method

which is not affected by the oil mist conrtawmination such as laser

anemometry for in:tance.

(_ 4F. Spectra of Velocity Fluctuations

The frequency spectra of “he velocity fluctuations are shown

’ in FTigures 26--40. They are only for a compressor speed of 3000 rpm
L (Mg = «.24) and at axial locations of X/ = 6, 9, and 12. (The
narrowband spectrum analyzer was available only at that speed and

at those locations.)
Except for a spike observed in each spectra at 7.3 kHz nothing

unusual is observed. The cause for the 7.3 kHz spike is not known

at the moment (originally it was thought to be due Lo the compressor,

o but calculation shows the blade passage frequency of the compressor
f : at 3000 rpm to be .8 khHz). The instrumentation being the source
t { of the spike is not likely since when the jet was turned off the
spike disappeared.
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4G. Comparisons With Theories and other Experiments

An effort was made to assess the measured aercdynamic quantities
in light of the theoretical work of Tollmien and Goertler and other rele-
vant experimental work. The results are shown in Figuras 41 to 45 and
are briefly discussed below.

From Fig. 41 it is seen that the measured mean jet centerlina velocities
fall within the range predicted by both the Tollmien and Goertler theoriee
for about 3’ :; 7. i.e within the fully developed region and beyond the
potential core. The measured results agree much better with Tollmien's
predictions than those of Goertlers. It is also seen from the Fig. 4l
that the virtual origin of the jet is about 0.35d behind the nozzle exit

and a straight line fit to the (straight line - type part of the data)

yielded the equation:

n 6.97

—— ——————. —a————

x + 0.3
o a

The above equation compares reascnably well with the experimental

results of Hinze and ZiJdnen (1949) who obtained the numerical relation:

v
m 6.3
X
Y, 3+ 0.6

Figures 42 and 43 show again comparisons of the measured axial
component of the jet speed with that predicted by the Tollruien and
Goertler theories. As have been observed by others the predictions of
Tollmien's theory fit much better the experimental values for the

larger values of r/b ( > 1), i.e away from the centerline, whereas
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close to the centerline Goertler's theory seems to apply better
(/> < 1).

Figure 44 shows the variations of the turbulent intensity asscciated
with the x-fluctuating velocity component. Most data available fzom

previous work are for % = 50 or higher with one or two exceptions for

a value of % = 20. In the range of our expeariments, i.e. for
1.5 < %- < i2 probably the only other comparable data are those of

Sami et al., (1967), who examined the regi~n 1 < ﬁ- < 10. Their

results are reproduced in Fig. 45. Comparing Figs. 44 and 45 we see
that the two sets of data are remarkably similar not only with respect
to the general trend of the curves for the same %- values but even as

to specific numerical values, such as the tendency for peaks at f- ~ o,
o

the range of values at % = 0, i.e. on the jet axis, etc. Note that
o

the conditions of Sami et al. in Fig. 45 (1ft. diameter * >zzle; exit speed
35ft/sec) are tottally different from those pertaining to ours in Fig. 44
(4" diameter nozzle; exit speed "~ 270 ft/sec) these results probably
indicate that self preservation of the mean gquantities of a turbulent
jet, which is known to exist some few diameters downstream of the nozzle
exit, may also be true for the fluctuating quantities and not only for
large distances downstream. From numerous experiments and the theory of
self preserving axisymmetric turbulent jets, one expects that the
fluctuating (turbulent) quantities should be self-preserving for very

large x { far enough downstream of the nozzle exit). But for

3 not

x
d
large the initial conditions at the nozzle exit, where the annular

shear layer starts, neither adequate, let alone e.tensive, experiments,

e,
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nor an appropriate analytical model exist. In view of our preliminary
deductions above in comparing our results of Figure 4/ to those of
Sami et al. (Pig. 45) we suggest that an investigation conserving the
nature or possible existence of self-gimilarity for the turbulent
intensities close to the nozzle exit be undertaken.

Finally on the basis of the neasured velocity profiles we have
made an estimate of the entrainement velocity for various %» for the

case of 3000 r.p.m. compressor speed. These are given below, where

the following nomenclature has been used:

Q(x) = Flow rate of the jet out the location x from the

nozzle exit.

b =« Radius where the axial velocity is negligibly small

U = Entrainment velocity

Q. b and Ve are related by

R —
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v, b dg/dx
{(m/sec) (m) (mz/sec)
-3 = 1.5 1.09 0.0875 0.60
-g = 3.0 1.70 0.1125 1.20
% = 6.0 1.00 0.1500 0.97

X
a = 9.0 0.80 0.2000 1.000

'é
3
!
1
3
)
1
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( 5.  SUMMARY

Flow through the 4" diameter round nozzle 1is iéentropic.

This enables the exit Mach number to be fixed by utilizing the

P pressure in the plenum chamber. 1If the total temperature of the
flow in the plenum chamber were known then it would be"possible to
calculate the nozzle exit velocity.

The jet is symmetric and displays no unusual characteristics. |
The potential core length of the jet is approximately 4.5 mozzle
exit diameters. Jet spreading was found to be independent of
nozzle exit velocity.

Particulate matter, most probably in.the form of o0il mist
probably emanatving from the compressor, is present in the jet.
This matter contsminates the hot-wire wmaking the interpretation of
any hot-wire measurements extremely difficult. -Until the contam-
ination is eliminated or properly accounted for'it will not be
possible to make any accurate absolute hot-wire measurements in
the jet.

There is inadequate mass flow provided by chamber ventilation
for jet entrainment. This results in a pressure drop fn the chambér
which although it does not affect the aerodynamic characteristics
of the jet it does pose a possible personnel hazard by preventing
people inside the anechoic chamber operating with closed door to

open the door. The problem is .particularly severe at compressor

speeds above 6000 rpm.

B-14
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APPENDIX

1. NOZZLE EXIT MACH NUMBER CALCULATION

For 1-D inviscid compressible isentropic flow the enerxgy

equation may be written in the form

Y
P Y-1
. Y-1 2
n 5 (1 + ME)
E
where; Py = Total pressure in the plenum chamber

(or at the nozzle exit centerliune)
Pg = Static pressure at the nozzle exit centerline -

Y = Ratio of specific heats (for air) 1.4

Mg Mach number at the nozzle exit centerline

From the experimental results it can be assumed that PE = PA >
for a wide variety of conditions*
‘where;  Pp = atmospheric pressure

Rewriting (1) yields the relation for calculating nozzle exit

Mach number knowing the plenurﬁ chamber pressure.

*It is not possible from the method of measurement to know 1if
Pg = Pp or is equal to the chamber pressure which is less than
Pp. All indications are that Pg = P., the chamber pressure. The
difference between Py and P, is negligible on the calculation of
Mg or Ug.

B-16
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2. NOZZLE EXIT VELOCITY CALCULATION

For 1-D inviscid compressible isentropic flow the energy

equation may be written in the form

1.2 PP " Py
(2) .i. UE + ._l__ — — = —-_L —
Y- 1 Pp\ Py Y-1 #q

= Velocity at the nozzle exit centerline

£

=
o
=
(1]
we

c:
2}
i

Flow density in the plenum chamber

5
1

N

Y-1
Y

This relation could be used to calculate the mnozzle exit
velocity (Ug) if only the flow deunsity ( Pp) were known in the
plenum. For the calculations in Figure 9 the -density (DT) was
assumed to be that of air at standard conditions P = .00234
slugs/ft3 (.00121 gm/cm3).

In order to calculate the density accurately it would be

necessary to know the temperature of the flow in the plewum chamber.

B-17
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Since flow velocity in the plenum is probably qulite low there is

effectively no difference between the total and static tempevature

in the plenum.

NOTE: At present temperature sensors (t.hermocou;ﬁes) have been
installed in the plenum chamber. They are located at the
wall of the plenum chamber. All indications are that they
are not measuring the total temperature of the flow in the
interior of the plenum. But are measuring the temperature

of the walls of the plenum chamber. So these temperature

temperature.

B-18
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INSTRUMENTATION LIST

Main Unit (DISA, Type 55MO01)

Temperature Compensating Bridge‘(DISA, Type 55M14)
Linearizer (DISA, Type 55D10)

DC Digital Voltmeter (DISA, Type 55D31)

h RMS Voltmeter (DISA, Type 55D35)

’ Hot Wire (DISA, Type 55P86)

Tape Recorder (Ampex, FR-1300)

Oscilloscope (Textronix, Type 55)

Differential Amplifier (Textronix, AM 502)
" Microphone Power Supply (B&K, Type 2807)
N X-Y Recorder (H.P., 7004B)"

Narrow Band Real Time Spectrum Analyzer
(Gen-Rad, Model 2512)

Hot-wire Calibrator (DISA, Type 55D%0)

FIGURE 4

NASA No.

52142-79

~ 52144-79
' $2)49-79

47612-79
40338-79

44563—79
25847-79
$2477-79
41966-79
45008-79
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EXIT VELOCITY, U, (m/s)

‘ Calculated, Based On:
RPM Hot Wire Mach No. | Pressure Ratio
3000 78.6 79.4 81.7
6000 166.9 158.9 171.9 .
.FIGURE 9
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TURBULENCE INTERSITY PROFILES

3000 AND 6000 RPN (H = .24 AND .48)
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