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SUMMARY

Experimental noise data are shown for a conical nozzle with a
semi-annular secondary flow passage having secondary to primary velocity
ratios ranging from 1.0 to 1.4. Spectral data are presented at different
directivity angles in the flyover plane with the semi-annular flow passage
located either on the same side or opposite side relative to an observer. A
10.0 cm diameter primary conical nozzle was used with a 2.59 and 5.07 cm wide
annular gap secondary nozzle. Similar trends were observed for both nozzle
configurations. In general, near the peak nolse location and at velocity
ratios greater than 1.0, noise levels were larger on the side where the
secondary passage was closest to an observer. At velocity ratios near 1.0 the
opposite was true. When compared to predicted noise levels for a conical
nozzle alone operating at the same ideal thrust, the semi-annular
configuration showed no benefit in terms of noise attenuation.

INTRODUCTION

This report presents additional results from an experimental program that
was designed to investigate methods for the attenuation of jet exhaust noise.
The experimental work consisted of two phases. The first phase (refs. 1
and 2) investigated the attenuating effects of a thermal acoustic shield (TAS)
configuration, where a high temperature, low-velocity, semi-annular gas stream
flowed adjacent to the main propulsion stream from a primary conical nozzle.
The results of the first phase of this program showed that a sizeable decrease
in high frequency noise was attained with the TAS configuration. However, the
configuration was handicapped since thrust loss (possibly prohibitive) was _
inherent in the design (assuming that, for a practical application, the shield
stream was bled from the main propulsion stream with shield to primary
velocity ratios less than one).

Therefore, the second phase of the program consisted of obtaining
acoustic data from the same semi-annular nozzle configuration but, in this
case, with velocity ratios of one or greater in order to eliminate the thrust
loss penalty. The increased secondary stream exhaust velocity implies that,
for the practical appiication, the secondary stream would have its own heat
source. Precedents for this concept include the work on inverted velocity
profile nozzles (refs. 3 and 4) and the coaxial nozzle annulus shaping results
of references 5 and 6.

Acoustic data are presented for a 2.59 and 5.07 cm wide semi-annular

secondary flow passage with a 10.0 cm diameter conical primary nozzle. Data
are presented in the simulated flyover plane for locations on the same and
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opposite sides of the semi-annular secondary flow passage. Comparisons are
also made between the experimental model results and predicted results for a
fully-mixed conical nozzle alone.

Primary flow conditions varied from subsonic to supersonic (1.e.,
supercritical) over a range of total temperatures. Secondary flow was held at
constant total temperature with total pressure varying so that velocity ratio
(secondary to primary) varied from 1.0 to 1.4.

SYMBOLS
A1l dimensions in SI Units

diameter

annular gap width

Mach number
PNL perceived noise level, PNdB
PR nozzle pressure ratio
R distance from center of nozzle exit plane to microphone
T total temperature |
v velocity
W weight flow rate
APNL change in perceived noise level
e directivity angle (measured from nozzle inlet centered

on nozzle exit)

¢ azimuthal angle
Subscripts:

R inner nozzle

s outer nozzle

APPARATUS AND PROCEDURE
Facility

A photograph of the flow facility used for the acoustic experiments is
shown in fiqure 1. A common unheated laboratory air source supplied flow for
two parallel flow lines, one 1ine for the inner nozzle and the other for the
outer nozzle. Each flow 1ine had its own air and fuel flow control and flow
measuring systems. The air in each 1ine could be heated by jet engine
combustors. Mufflers in each line attenuated flow control valve noise and
combustion noise. The system was designed for maximum nozzle exhaust



temperature of 1100 K and nozzle pressure ratios of 3.0 in both the inner and
outer stream flow lines.

A sideline microphone array was used for the tests described herein. The
microphones (0.635 cm) were placed at a constant 5.0 meter distance from and
parallel to the nozzle axis, as shown in figure 2. The angles (8) are based
on the centerline of the nozzle exit plane. The microphones were located at
positions corresponding to multiples of five degrees based on an assumed jet
mixing noise distribution. The effective jet noise angles are also indicated
in figure 2. The microphone grids were removed to improve high frequency
performance. The ground plane of the test area was asphalt and concrete and
covered with 15.25 cm thick foam rubber pads to help eliminate reflections.

Test Nozzles

A schematic of the test nozzle configurations is shown in figure 3.
Existing coplanar coaxial nozzles (ref. 7) were modified to serve as the
experimental models for the acoustic tests. The core or conical nozzle was
common to both configurations and had an inner diameter of 10.00 cm. The
small gap nozzle had a gap width of 2.59 cm and the large gap nozzle width was
5.07 cm. Two semi-circular steel rings were incorporated to block off
one-half of the outer stream flow passage, as shown in the detail view in
figure 3. The outer ring was fastened to the wall of the outer nozzle and the
inner ring was fastened to the wall of the inner nozzle with a radial
clearance between the two rings. This allowed unobstructed axial movement
between the two flow 1ines as a result of differential thermal expansion. The
outer wall of the inner nozzle was coated with a ceramic material to minimize
heat transfer between the two streams during operation. The interior of the
upstream portion of the inner nozzle supply 1ine was also lined with
insulating material.

Procedure

A1l tests were conducted with steady-state flow conditions for given
nozzle total pressures and temperatures. Upstream plenum chamber total
pressures and total temperatures were used to calculate nozzle exhaust
velocities assuming ideal expansion to atmospheric conditions. Total
temperatures were corrected for thermocouple radiation heat loss.

An on-Tine analysis of the noise signal from each microphone in
succession was performed. One-third octave band sound pressure level spectra
were digitally recorded and subsequently processed to give lossless data at
the particular microphone location. Lossless data were obtained by adding
atmospheric attenuation (ref. 8) to the spectral data. It was determined that
the spectral data above 1000 Hz were free field (free from ground reflections)
by comparing with the free field data reported in reference 7 for flow from
the conic nozzle alone.

Perceived noise levels were calculated for a large scale nozzle by the
method outlined in reference 9. The model data were scaled for size by a
Tinear scale factor of 6.9 to give a 0.70 meter diameter for a representative
engine size primary nozzle. Perceived noise levels were calculated at a



flyover distance of 335 meters for a standard day of 288 K and 70 percent
relative humidity.

RESULTS AND DISCUSSION

Spectral comparisons are made here to show the effect of variation in
velocity ratio between the two streams for two different azimuthal angles
(¢). For simplicity, the nozzle will be stationary and the observer is
assumed to be located either below the nozzle at ¢ = 0°, or above the
nozzle at ¢ = 180°. At locations below the nozzle (¢ = 0°) the secondary
stream s between the primary stream and observer, and above the nozzle
(¢ = 180°) the secondary stream is on the side opposite the observer.
Experimental data are then compared with predicted results for a conical
nozzle alone operating at the same mixed flow properties as the two stream
nozzle (same ideal thrust).

Effect of Velocity Ratio on Spectra

Spectral comparisons are shown for the 2.59 cm gap nozzle only, since
trends for the 5.07 cm gap nozzle were similar. Spectral data below the
nozzle at an azimuthal angle (¢) of zero degrees are shown in figure 4.

Data are presented for three different directivity angles (®) for a range of
velocity ratios (VS/VJ) at a constant subsonic primary nozzle flow
condition.

At directivity angles of 46° (fig. 4(a)), and 95° (fig. 4(b)), the high
frequency (>1000 Hz) sound pressure levels tend to increase with an increase
in velocity ratio with the data for the higher velocity ratios (1.22 to 1.42)
falling in a relatively narrow band. However, near the peak noise location at
a directivity angle of 129° (fig. 4(c)), the effect of velocity ratio on high
frequency sound pressure levels is greater than that at the forward angles.

Data above the nozzle at an azimuthal angle (¢) of 180° are shown in
figure 5. The flow conditions are the same as in figure 4. Again, at a
directivity angle of 46° (fig. 5(a)), and 95° (fig. 5(b)), the sound pressure
levels tend to increase in the high frequency end of the spectrum with an
increase in velocity ratio. For this case, however, in the rear quadrant at
129° (fig. 5(c)), the levels for all velocity ratios are practically the same
up to 4 kHz. Above this frequency the levels for the low velocity ratio data
(VS/VJ = 1.04) begin to diverge while the higher velocity ratio data
remain in good agreement.

A direct comparison of sound pressure level spectra below and above the
nozzle for a velocity ratio of 1.04 and subsonic primary flow is shown in
figure 6. At a directivity angle of 46° (fig. 6(a)), the sound pressure
levels are essentlally the same over the entire frequency range. At 95° (fig.
6(b)), the levels below the nozzle (¢ = 0) are slightly less than those
above the nozzle for frequencies greater than 3150 Hz. In the rear quadrant
at 129° (fig. 6(c)), the levels below the nozzle are, again, less than those
above, but over a frequency range starting at about 630 Hz.



Sound pressure level comparisons at the two azimuthal locations for
higher velocity ratios are shown in figure 7. Comparisons are shown only for
a directivity angle of 129°, since at 46° and 95° the levels below and above
the nozzle were practically identical for all velocity ratios. At a velocity
ratio of 1.22 (fig. 7(a)), the sound pressure levels below the nozzle
(¢ = 0) are slightly larger for frequencies greater than approximately 2000
Hz. As the velocity ratio is increased to 1.32 (fig. 7(b)), and then to 1.M
(fig. 7(c)), the high frequency (>1000 Hz) sound pressure levels below the
nozzle become progressively greater than those above the nozzle. The levels
above the nozzle (¢ = 180°) are lower since the primary stream serves as a
shield for the higher velocity secondary stream. These results are applicable
only to the flyover plane since data for other azimuthal angles were not
obtained.

Sound pressure level comparisons for supersonic primary flow are shown in
figure 8. Again, only data for a directivity angle of 129° are shown since at
46° and 95° the difference in levels below and above the nozzle were minor.

At a velocity ratio of 1.04 (fig. 8(a)), the sound pressure levels below the
nozzle are less than those above. At a higher velocity ratio of 1.20

(fig. 8(b)), the trend is reversed with the levels below the nozzle being
greater.

Percelved Noise Level Differences Below and Above Nozzle

The reduction of high frequency sound pressure levels for some cases
shown in the previous section is an attractive consequence in terms of the
reduction in perceived noise levels of large scale nozzles. This section
presents the differences in perceived noise levels below and above the nozzle
for various velocity ratios for a large scale single engine nozzle.

Flyover perceived noise level differences (8PNL) for the 2.59 cm gap
nozzle for subsonic primary flow are shown in figure 9 as a function of
distance along the flight path. The differences (APNL) are equal to the
perceived noise level above the nozzle (¢ = 180°) minus the perceived noise
level below the nozzle (¢ = 0). For a velocity ratio of 1.04 (figq. 9(a)),
the perceived notse levels above the nozzle are greater than those below the
nozzle for all points along the fl1ight path. At the higher velocity ratios
(figs. 9(b) to (d)), the perceived noise levels above the nozzle are less for
distances greater than, at least, 270 meters behind the engine (-270 on the
abscissa). For distances forward of this point the differences are
essentially zero with an abrupt change occurring between -150 and -270 meters
along the flight path.

Results for supersonic primary flow are shown in figure 10. Again, for a
velocity ratio of 1.04 (fig. 10(a)), the levels above the nozzle are greater
than those below. At a velocity ratio of 1.2 (f1g. 10(b)), the effect is not
large enough to show a consistent trend.

Perceived noise level differences for the 5.07 cm gap nozzle for subsonic
primary flow are shown in figure 11. The trends are similar to those for the
2.59 cm gap nozzle. At a velocity ratio of 1.03 (figq. 11(a)), all perceived
noise levels above the nozzle are greater than those below. At higher
velocity ratios (figs. 11(b) to (d)), the levels above the nozzle are less for



distances greater than 270 meters behind the engine. Forward of this location
the perceived noise levels above the nozzle are generally higher than those
below.

Supersonic primary flow results for the 5.07 cm gap nozzle are shown in
figure 12. At a velocity ratio of 1.03 (fig. 12(a)) the levels above the
nozzle are greater except for large distances behind the engine (>400
meters). For the velocity ratio 1.22 case (fig. 12(b)), the levels above the
nozzle are less for distances greater than 270 meters behind the engine.
Forward of this location the perceived noise levels above the nozzle are
greater than those below.

Comparison of Semi-Annular Nozzle Noise Data and
Predicted Results for a Mixed-Flow Conical Nozzle

Predicted mixed-flow conical nozzle noise results were evaluated by the
method outlined in reference 10. Temperature and velocity of the exhaust
stream of the conical nozzle were the same as the weight averaged temperature
and velocity calculated for the semi-annular configuration. Comparisons made
on this basis assure that the two nozzle configurations have the same ideal
thrust for the same total weight flow.

Sound pressure level below and above the semi-annular nozzle are compared
with predicted results for a mixed-flow conical nozzle in figure 13. Data are
shown for three different directivity angles for subsonic primary flow from
the 2.59 cm gap semi-annular configuration. Velocity ratio for the
semi-annular nozzle is 1.32 but the trends shown are representative for other
velocity ratios. Flow from the conical nozzle alone 1s slightly supersonic.
At a directivity angle of 46° (fig. 13(a)), the data and predicted results
fall in a narrow band over the entire frequency range. At 95° (fig. 13(b)),
again, the data and prediction agree fairly well up to about 8 kHz and then
the sound pressure levels for the conical nozzle become less than those for
the semi-annular configuration. At 129° (fig. 13(c)), the predicted results
for the conical nozzle agree fairly well with the data above the semi-annular
nozzle (& = 180°) up to a frequency at approximately 8 kHz and then the
predicted levels diverge from the data. Below the semi-annular nozzle
(¢ = 0°), the levels are significantly above those of the mixed-flow conical
nozzle.

A comparison of data for supersonic primary flow from the semi-annular
nozzle for a velocity ratio of 1.04 and predicted conical nozzle results is
shown in figure 14. At 46° (fig. 14(a)), the data above the semi-annular
nozzle agree closely with the prediction. Conversely, at 95° (fig. 14(b)),
and 129° (fig. 14(c)), the data below the semi-annular nozzle (¢ = 0°) are
in closer agreement with the prediction, while above the semi-annular nozzle
the levels are above the mixed-flow conical nozzle prediction.

Data for a 1.2 velocity ratio case and supersonic primary semi-annular
nozzle flow are compared with the conical nozzle alone prediction in figure
15. At 46° (fig. 15(a)), the prediction shows a large shock noise component
peaking at 2500 Hz considerably above the data for the semi-annular nozzle.
At 95° (fig. 15(b)), the data and prediction are in close agreement over the
frequency range shown. In the rear quadrant at 129° (fig. 15(c)), the data



above the semi-annular nozzle agrees with the levels predicted for the conical
nozzle, while the levels below the nozzle are somewhat higher. Similar
results were obtained for the 5.07 cm gap semi-annular nozzle.

The above results indicate the semi-annular configuration offers very
1ittle, if any, noise reduction benefits compared to noise levels for a
mixed-flow conical nozzle.

CONCLUSIONS

An experiment was conducted to determine the noise generating
characteristics of a conical nozzle with a semi-annular flow passage having
secondary to primary velocity ratios ranging from 1.0 to 1.4. Spectral data
are presented at different directivity angles in the flyover plane with the
semi-annular flow passage located either on the same side or opposite side
relative to an observer. Comparisons are also made with predicted noise
levels for a mixed-flow conical nozzle. The results of the tests may be
summarized as follows:

(1) The combination of the conical nozzle and semi-annular flow passage
shows no improvement in terms of noise reduction when compared to predicted
results from a mixed-flow conical nozzle operating at the same total thrust.

(2) For the 2.59 cm wide annular gap nozzle, at velocity ratios greater
than 1.0 and subsonic primary flow, peak perceived noise levels in the rear
quadrant were reduced by about 5 PNdB by placing the secondary passage on the
side opposite an observer. At forward locations different orientations of the
passage had essentially no effect. For supersonic primary flow and velocity
ratios greater than 1.0 orientation of the secondary flow passage had 1ittle
effect on perceived noise levels.

(3) For the 5.07 cm wide annulus and velocity ratios greater than 1.0,
perceived noise levels were greater in the forward quadrant and less in the
aft quadrant when the secondary passage was on the side opposite an observer.
This was true for either subsonic or supersonic primary flow.
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Figure 1. - Lewis hot jet acoustic facility.
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Figure 4 - Effect of velocity ratio on sound pressure levels for the

2.59 cm gap nozzle at an azimuthal angle of zero degrees and sub-
sonic primary nozzle flow. Primary nozzle nominal flow condi-

tions; PRj =18 T;= 696K, Vj = 469 m/sec, Mj =0.97.
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Sound pressure level, dB (re ZOuNlmz)

100 —
O0pABLo
a0 00095 003868
90 f— s}
o%8 ©Bgg
gp L0 | |||||||| RN ] III'!III
(a) Directivity angle, 8, 46°,
10 —
Oogoo
0080085000,
100 }— og0® o 00000‘388
(0] (o] BEI
DBD (o]
90 — a
e _
o)
go@O1 Eann AT Ean o bl
(b) Directivity angle, 8, 959,
120 —
oo 8[:1 -
10— o
a© o OBBDD
0% %03 0g
10— g Azimuthal ¢ =18° ~00QG8HD
O angle, ~Primary 0888
3] @, deg
90— o) 0 -Secondary
o] o 18 p=0°
80Eg N RInn RN T

100 200 400 1000 2000 4000 10000 20000 40000 100000
1/3 octave band center frequency, Hz

{c) Directivity angle, 8, 129°,

Figure 6. - Comparison of sound pressure levels below and ahove
2,59 cm gap nozzle for velocity ratio of 1,04 and subsonic primary
nozzle flow, Nominal flow conditions: PR; = 1.8, Tj =696 K, Vj -
469 misec, M; = 0.97; PR = 1.58, Tg = 934K, V L 486 misec,
Mg = .85,




Sound pressure level, dB (re 20 uNlmz)

o O
808Q8D88 o
110 — o BDBQO o
goﬂo 88836300
w— o oo
o
% 8 cabb st gl

(a) Velocity ratio, Vg/Vj, 1.22 Secondary nominal flow conditions,
PRg = 1.92, T = 942K, V¢ = 571 m/sec, M = 1. 03,

120r

00
o
gO885 0000,
(0] DU
110 — Og 000
g oo 0000
o 08%g, g
100 [—
a©
o
90 —=
a8
e nn Loy b latdl s nn

0
{b) Velocity ratio, V¢/V:, 1. 32 Secondary nominal flow conditions:
PRg = 218, T =939 K, V = 618 m/sec, Mg =1.73,

120 — 000
Dagau OOOOOO
o Oog 000p000
10 — 086 oo_0o
oo 07 pgbpg
_ 800 DDDDD
BO Azimuthal gl
100 — angle, _~ Primary
0] @, deg
o 0 N
90[58 g 180 , Secondary
(0} p=0
N Lo tatil Lo ety

80
100 200 400 1000 2000 4000 10000 20000 40000 100000
1/3 octave band center frequency, Hz

{c) Velocity ratio, V/V;, 1.41. Secondary nominal flow conditions:
PRg = 2.51, T = §20K, V, = 665 misec, Mg » 1. 24

Figure 7. - Comparison of sound pressure levels below and above
2. 59 cm gap nozzle for various velocity ratios and subsonic pri-
mary flow. Directivity angle, 8, 129 degrees. Primary nominal

flow conditions: PR; = 1.80, T; = 695K, V; = 468 m/sec, Mj =,

j i 97.



Sound pressure level, dB {re 20 u'\llmz)

120

]
T DDDODgDDD
00000 O
- g ° ©00,5904
110 g 0o Oo
0% 1m0 9000082850
w b= B8 ~Primary ©
o
o
“-Secondar:
90 [— y
L) p=0°
80 ! l]lllll] Lo bl Lyl
(a) Velocity ratio 1. 04, secondary nominal flow conditions: PRg =
1.84, Tg = 941K, Vg = 553 m/sec, M = 0.99.
120 — DDBBDD@ODOOO
0o OOoO
. Oge Bogg 200000
110 go Ooap
o aa
a Azimuthal
100 _DO angle,
o ¢, deg
i) O 0
% B8 O 1%
) SR BT A Y 1 B PR B TV B A R
100 200 400 1000 2000 4000 10000 20000 40000 100000

1/3 octave band center frequency, Hz

(b) Velocity ratio 1. 20, secondary nominal flow conditions, PRy =
240, T =939 K, V¢ = 652 m/sec, Mg = 1.2

Figure 8. - Comparison of sound pressure levels below and above
2. 59 cm gap nozzle for various velocity ratlos and supersonic pri-
mary nozzle flow. Directivity angle, 8, 1299, Primary nominal

flow conditions: PR =22,T;= 694K V =534 m/sec, MI=1 14

Difference in perceived noise level = APNL = PNL (g = 180°) - PNL (¢ = 0°), PNdB

o o 000 o
5 I R SR B

(a) Velocity ratio = 1.04, PR = 1. 58, To= 944K, Vg =
486 m/sec, M = . 85,

5 o,
0}—o O o ©
-5 | o o (o]
10 | | | |
(b) Velocity ratio = 1, 22, PR¢ = 1.92, Tg = 983K, Vg -
571 m/sec, Mg = 1.03.
5 o
0o o o ©O
5 1 I lo d o
(c) Velocity ratio = 1.32, PR¢ = 2,18, T¢ = 942K, Vg =
618 m/sec, M¢ = 1,24,
5 —
-5 o o° ©
10 | | I | |
400 200 0 -200 -400 -600

Distance along flight path, m

{d} Velocity ratio = 1, 42, PRg = 2,51, T = 940K, Vg
665 m/sec, M =1 24

L | | [ |
% 68 9% 115 13 1% 148
Directivity angle, 6, deg

Figure 9. - Differences in flyover perceived noise levels
below and above 2 59 gap nozzle scaled to full size. Sub-
sonic primary flow: PR =18, T:= 696K, V = 469 m/sec
M 0.97



10

- (o]
2 5
& o) o) © o o)
& 0
L I I | | |
= (a) Velocity ratio = 1. 03, PR = 1. 58, T¢ = 932K, V=
e 482 m/ sec, M =, 8.
~ 10 —
3
TS5 = o)
= o o ©
£ 0 o o
v 1 I | o]
§ (b Velocity ratio = 1. 22, PRS 1.92, T = 931K, V-
" 568 m/sec, Mg = 1. 03
g 10— o)
B, s s ;o ©° °
= 5 © o o g o
85 fo) c
2. ,Lo° o o B oo °© o
S . =
E22 | | | | g | | L |
53':- (a) Velocity ratio = 1.04, PRg = 1.54, Tg = 941K, V, c (c) Velocity ratio = 1.32, PRg = 219, Tg =929 K, Vg =
8_2:% 553 m/sec, Mg = 0.99. - 617 m/sec, Mg = 1.13,
(= . Q
y s S 8 o o)
- 0o o o © o 5 £ gl-o © o
S O a
=V | | | 1 | 5 | l | o 9 o]
400 200 0 -200 ~400 -600 400 200 0 -200 -400 -600
Distance along flight path, m Distance along flight path, m
(b) Velocity ratio = L 20, PRg = 2.40, Tg = 939K, V¢ = () Velocity ratio = 1. 42, PRg = 250, Tg= 931K, Vg =
652 m/sec, Mg = L. 2. 664 m/sec, Mg = 1.25,
L | | L1 | L I [ N J
46 [ 95 115 129 139 148 46 68 95 115 19 139 148
Directivity angle, 6, deg Directivity angle, 8, deg
Figure 10. - Differences in flyover percdeiVed noise levels Figure 11. - Differences in flyover perceived noise levels
below and above 2 59gap nozzle scaled to full slze.v below and above 5,07 cm gap nozzle scaled to full size.
supersonic primary flow: PR; = 2.2, T; = 694K, V, = Subsonic primary flow: PR; - 1.81, T; = 696K, V; -

534 m/sec, M =114 469 m/sec, Mg = 0.97. J



APNL = PNL (¢ = 180°) - PNL (¢ - 0°),
PNdB

Difference in perceived noise level =

5 o 0
(o]
o o

s I | | | o]

(a) Velocity ratio = 1,03, PRs = 1.84, Ts = 9,31 K, Vs -
552 m/sec, Mg = 0,99,

0

10
(@)
5
[e) O
0 2 o
s | | | d o]
400 200 0 -200 -400 -600

Distance along flight path, m
{b) Velocity ratio = 1, 22, PRg= 2.4, Ts=98K, V=
650 mlsec,MS =12

L l I L |
% 68 95 115 129 1% 148
Directivity angle, 8, deg

Figure 12 - Differences in flyover perceived nolse levels
below and above 5, 07 cm gap nozzle scaled to full size,
Supersonlc primary flow: PR] =23, T;= 693K, VJ -
538 m/sec, Mj =114




Sound pressure level, dB (re 20 lemz)

Nozzle flow conditions

Conical nozzle
prediction
Diameter = 12,

1961800 | 532 [1.04)3.47

28¢cm

PR; |T; Vi M W PR |T \ M w
» ' s Ss g S
g Ié mIJsec ! kgllsec K |m/sec s kg/sec
Semi-annular
nozzle 1.81]693 | 467 10.97 | 202 | 218939 | 618 |1.13| 1.45

70 Lo bl Lo 1ol RN
{a) Directivity angle, 8, 46°.
110
O

B 885808 8885588
100 8
90

(@]
80 T Loy b belid Lo bt

{b) Directivity angle, 6, 95°,
120 — o
80@90 0000
110 09006
Qnlo
100 Oo
O ¢=0 i

90 5 a go=180°} Semi-annular nozzle

3 —-==—Conical nozzle
80 R . R

100 200 400 1000 2000 4000 600G 10000 20000 40000 100000

1/3 octave band center frequency, Hz

{c) Directivity angle, 8, 129,

Figure 13. - Comparison of subsonic primary semi-annular nozzle
data with predicted conical nozzle alone results. Semi-annular
nozzle velocity ratio 1,32 Same ideal thrust for both nozzle con-

figurations,




Sound pressure level, dB (re 20|,NIm2)

Nozzle flow conditions

PR; [Ti, T Vi [Mj [Wj [PRg |T,[ Vs W,
) K m/sc kgl sec s Ks mlsecMs kglgec
Semi-annular 220|694 | 534 [1.14{2.52 [1.84 |941| 553 199 ]1. 20
nozzle
Conical nozzle 205|775 | 5.41 [1.08 | 3.70
prediction
110 — | Diameter = 12 12cm
100 —
o8 -°g
g OOO
% — ogB 0007
o0 o
8OEg Lol Lo Ll T
(a) Directivity angle, 6, 46°.
110 Og

100

90

go@— L v bbbl vl 1y

(b) Directivity angle, 8, 95°,
120 — o
Opo_ Bopgo

110

100

90 ° o v-0
]8 O ¢-18

} Semi-annular nozzle

g ——— Conical nozzle

80 NN N TN TR T
100 200 400 1000 2000 4000 10000 20000 40000 100000

1/3 octave band center frequency, Hz
(c) Directivity angle, 8, 12°,

Figure 14 - Compari son of supersonic primary semi-annular nozzie
data with predicted conical nozzle results. Semi-annular nozzle
velocity ratio 1. 03. Same ideal thrust for both nozzie configurations.




Sound pressure level, dB (re 20 lemz)

Nozzle flow conditions

PR: | Tj V. M Wi P

) IJ m/Js;ec ) kgljs;ec s TIS<' mvlss'ec s k\gl;vlss'ec
Semi-annular
nozzle 2201 696 | 535 114 | 251 2.40 1030 | 652 |1.21 | 1.61
Conical nozzle
prediction 221 | 192 | 581 117 | 412
Diameter = 11. 68 cm .

110
100
90
ol bl vl bl
(a) Directivity angle, 6, 46°,
120—
110 — Ba 9]
0 o,
@] o]
w—  Bg?
g
90—
80 T Lo bl RN
(b) Directivity angle, 8, 95°,
120 — '4ORBoggoo
o°g8oes 89000,
O00000
10—
200g
100 — 8 z:ggoo }Semi-annularnozzle
| /6 — Conical nozzle _
He L 1ibh] S AT N

0
100 200 400 1000 2000 4000 10000 20000 40000 100000
1/3 octave band center frequency, Hz

(c) Directivity angle, 6, 120,

Figure 15. - Comparison of supersonic primary semi-annular nozzle
data with predicted conical nozzle alone resuits. Semi-annular
nozzle velocity ratio 1. 22, Same ideal thrust for both nozzle con-
figurations.




1. Report No.

2. Government Accession No.

NASA TM-83525

3. Recipient's Catalog No.

4. Title and Subtitle

Inverted Velocity Profile Semi-Annular Nozzle Jet

Exhaust Noise Experiments.

8. Report Date
December 1983

6. Performing Organization Code

505-31-32
7. Author(s) 8. Performing Organization Report No.
E-1890
Jack H. Goodykoontz XTI

. Performing Organization Name and Address

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

11. Contract or Grant No.

12

Sponsoring Agency Name and Address

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

13. Type of Report and Period Covered

Technical Memorandum

14. Sponsoring Agency Code

15.

Supplementary Notes

16.

Abstract

Experimental noise data are shown for a conical nozzle with a semi-annular
secondary flow passage having secondary to primary velocity ratios ranging
from 1.0 to 1.4. Spectral data are presented at different directivity angles
in the flyover plane with the semi-annular flow passage located either on the

same side or opposite side relative to an observer.

A 10.0 cm diameter

primary conical nozzle was used with a 2.59 cm and 5.07 cm wide annular gap
secondary nozzle. Similar trends were observed for both nozzle
configurations. In general, near the peak noise location and at velocity
ratios greater than 1.0, noise levels were larger on the side where the

secondary passage was closest to an observer.

At velocity ratios near 1.0 the

opposite was true. When compared to predicted noise levels for a conical
nozzle alone operating at the same ideal thrust, the semi-annular
configuration showed no benefit in terms of noise attenuation.

17. Key Words (Suggested by Author(s))

Jet noise; Jet shielding; Inverted

velocity profile nozzles

18. Distribution Statement

Unclassified - unlimited
STAR Category 71

19. Security Ciassif. (of this report)

20. Security Classif. (of this page)

Unclassified Unclassified

21. No. of pages 22, Price*

*For sale by the Nationa! Technical Information Service, Springfieid, Virginia 22161







National Aeronautics and SPECIAL FOURTH CLASS MAIL

Space Administration BOOK ‘ “ “ | 1.

Washington, D.C. ——

] S.MAIL
20546 —
Ofticial Business .
Penalty for Private Use, $300 Postage and F ees Paid

National Aeronautics and
Space Administration H
NASA451

n. 1f Undeliverable (Section 1 5%
NMA POSTMASTER: Postal Manual) Do Not Return

e v \




