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1.0 SUMHARY

As part of the Quiet Clean Short-Haul Experimental Engime (QCSEE) Program
sponsored by the HASA-Lewis Research Center, the General Electric Company con-—
ducted a series of ascoustic tests on an Under-the-Wing (UTW) engine suitable
for use on an aircraft with powered 1ift capability., These tests evaluated
the fully suppressed moise levels in both forward and reverse thrust modes of
operation and provided a means to evaluate selected component suppression
effectiveness.

System noise levels, using a2 contract specified calculation procedure,
indicate that the in-flight noise level on a 152 m (500 ft) sideline at take-
off and approack are 97.2 and 95.7 EPKdB, respectively, compared to a goal of
5.0 EPRdB. In reverse thrust, the mazimum level of thrust zchieved was 27%
{relative to tekeoff thrus®) and, at this level, the aircraft system noise
level was 106.4 EPREB.

Baseline noise levels were higher than predicted by 4 to 5 PHdB in the
high freguency, brozd band noise region. The high throat Mach number imlet
with wall trestment {bybrid inlet) demomstrated 14 to 13 PEIE suppression
of inlet radisted moise 2t 8.79 throat ¥ach number. Suppressionm of aft rvadi-
ated noise on the engice was within 2 PE3B of predicted; and suppression of
up to 2 dB was demonstrated in the high frequencies by the treated OGV's.



2.0 IETRODUCTION

The General Electric Company is currently engaged in the Quiet Clean
Short-Haul Experimental Engine (QCSEE) program under Contact RAS3-18021 to
the FASA-Lewis Research Center. Ap Under-the-Wing (UTW) experimental engime
was designed and built under the program to develop and demonstrate technol-
ogy applicable to engines for future commercial short-haul turbofan aircraft.
The initial buildup of the UTW engine and boilerplate nacelle was tested at
the Ceneral Electric Company's Peebles Test Operation from September 2, 1276
to December 17, 1976. Initial tests included mechanical and systems checkout
along with fan performance characteristics over 2 range of blade settings in-
cluding reverse thrust operation. Failure of an exhaust nozzle support ring
and subsequent ingestion of a fan nozzle flap resulted in a premature conclu~
sion of testing before any acoustic data could be acquired. A second buildup
of the UTY engine - this time with 2 composite nacelle - was tested during
the period from September 2, 1977 to July 21, 1978. Acoustic data were
acquired on this second buildup and are reported in this volume.

This volume of the UTW propulsion system test report incluces the results
 of the analysis of internal and far-field acoustic measurements and the com~
parisca of the fully suppressed moise levels to the noise goals for a four-
engine, 66,681-kg (247,000-1b), UTH-powered aircraft. Detailed acoustic data
used iz the analyses of this voluse may be found in a separate volume, Appen-—
dix B, which is limited in distribution to the Genmeral Electric Company and
Covernment zgencies omly. ’ , _ N
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3.0 - TEST CORFIGURATIONS

The QCSEE UTW composite nacelle engine was tested onm pad IV-D {the prime
acoustic test site) at the General Electric Company's Peebles Test Operation
near Peebles, Ohio. Acoustic tests were conducted over a period of tire from
OGckober 5, 1977 to July 21, 1978. -

- Many lov rnoise design features were incorporated into this engime includ-
ing source nofse reduction techniques and sound absorbing material (References
1 through 4). Table I lists the acoustic design parameters and Figure 1is a
schematic of the engine which points cut the acoustic features. The engine
had a low pressure ratio, low tip speed fan with wide rotor-OGV epacing, and a
vene/blzde retio optimized to reduce second harmonic tome generation. Treat-
ment was installed on the inlet, fan frame, and fan exhaust duct walls. The
- OGV's were treated on the pressure side for high freguemcy broadband suppres—.
sion, znd an acoustic splitter was used im the fan exhaust. Core suppression
was schicved with a "stacked” suppressor which consisted of thin single-degree-
of-freedoa (SDOF) treatment for high freguemcy turbine moise suppressiom and
- deep low freguency panels for low freguemcy coabustor noise suppressica. At

tekeoff, inlet suppression was achieved primarily with am accelerating high
Hach nuxber inmlet. : : :

More datails of the acoustic design procedure, philosophy, and component
test progrems are svsileble im Referemces i, 2, 3, and &. ‘ R

Pive engine configurations were tested. An overview of the five is pre-
sented iz Tabie II which indicates the general setup of each.

A photograph of the baseline engine is shown in Figure 2 with 2 cross
section in Figure 3. The imlet was a hardwall bellmouth and the fzn exhzust
 walls were taped as shown in Figure & to give an acoustically hardwall surface.
Fan frame wall treatment, compressor inlet treatment, and vane pressure sur-
face treatment were present on the baseline configuratiom. This baseline con-
figuration was tested twice during the program. Initially, it was tested with
a grevel sound field and then later (including a removal and re-imstsilation
on the stand) with a concrete sound field. The engine configuration was iden-
‘tical in both cases. Table III presents the specific acoustic data points and
corresponding engine operating parameters for the baseline engine tests.

An evzluation of the effect of the vane treatment was conducted on the
configuration shown in Figure 5. This configuration differs from the baseline
only in that the acoustically treated surfaces of the vanes were covered with
metaliic tase to render them acoustically hardwall. Approzimately 0.67 m2
7.2 £¢2) of vane treatment were taped. Data points for the taped vame con-

.. ffguration are tabulated in Table IV.

A schematic of the fully suppressed configuration is shown in Figure 6.
. Treatment included the inlet wall, fan frame, fan exhaust wall, splitter, and
core walls. 1In addition, a hybrid inlet employed on an inlet flow accelera-~
tion effect at takeoff to achieve suppression was used. A photograph of the



Table I. Acoustic Design Parameters.

e &1.2 m/sec (80 knots) Aircraft Speed

6 61 m (200 £t) Alritude

o Takeoff Conditions

Fumber of Fan Blades

Fan Diameter |

Fan Pressure Rztio

Fan rpm

Fan Tip Speed

Mumber of O0GV's

Fan Weight Fiow (Corrected)
Inlet Mzch Nusber (Throat)
Botor OSV Spacing

Fan Exhaust Avea

Core Exhaust Area

Gross Thrust (SLS Uninstalled)
Blade Passing Frequency
Core Exhaust Flow
Fan'Exhaﬁst Velocity

Core Exhaust Velocity
Bypass Ratio

Inlet Treatment Length/Fan
Diameter

Vane/Blade Ratio

18

180.4 em (71 in.)

1.27

3089 (3244 at 100%)

289.6 m/sec (950 ft/sec)
33 (32 + pylon) .
405.5 kg/sec (894 lbm/sec)
0.79

1.5 Rotor Tip Aevcdynamic Chords
1.615 w2 (2504 in.?)
0.348 o2 (540 in.?)

81.39 kK (18,3006 1bf)

927 Hz

31.3 kg/sec (69.1 ibm/sec)
197.8 m/sec (649 ft/sec)
238.9 m/sec (784 ftisec)

12.1

0.74

1.83



-1 m (40 inch) Long
Acoustic Splitter v
1

Stacked Trestment for
Low Frequency Combustor
and High Frequaney
Turbine Suppression

Frame Treatment

Hybrid Inlet
Treated L/D = 0.74

\\\“Variable Depth

Variable Porosity
Wall Treatment

1.83 Vane/Blade Ratio to y
1,5 Chord Minimize Second Harmonic Fuy ;a
Rotor Stator Spacing ] ) : N A
Treated Vanes : é; 5?
18 Variable Pitch Blades : s
290 m/sec (950 ft/sdc) Tip Speed <Q m;
1.27 Fan Prassure Ratio : DY
- — £
. o [
P

Figure 1. Acoustic Design Features.
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Table II. QCSEE UTW Acoustic Test Counfiguratioms.

@ All configurations have fan frame wall treatment
and compressor wall treatment

Effect

Vane Fan Wall Acoustic Core
Configuration Inlet Type | Treatment | Treatment | Splitter | Treatment
Baseline Hardwall/ Yes Taped No Hardwall
‘ Bellwmouth
Vane Treatment Hardwall/ Taped Taped No Hardwall
Effect Bellmouth
Fully Suppressed Hybrid Yes Yes Yes Yes
Splitter -
Trea ¢t Effect Hybrid Yes Yes No Yes
Core Treatment Hybrid Yes Yes Yes Eardwall
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e Wall Kulite Locations

;g’//nm Hardwall Bellmouth Inlet Fan Frame Treatment

Taped Fan Exhaust

Sound Separation Probe

Hardwall Core

Figure 3. UTW Baseline Configuration,

\\—~OGV Treatment



> 250"3{5 Pi%)

ale

AArTen

#0

1o

i
%

€1 30¥d VN

-~

Figure 4. Taped Fan Byposs Ddct.




01

Table I1I, Baseline (Frame-Treated) Acoustic Data Points,
Acouatie Al8 FNRIN Probe
Readlngs Comments# Date PCNLR| XNL | x| rornEe | o 2] w 1h | %1 | Tomeratons
1 Background Notae 10-5-77 | © 0 0 - - - 0 0
2 250 Countn fore Cowl Cooling 10-5-77 0 0 ] - - - 0 0
3 500 Counts Core Cowl Cooling 10~5-77 0 0 0 - - - 0 0
4 1000 Counts Core Cowl Cooling | 10+3-77 0 0 0 - - - 0 0
5 ldle 10-5~17 55.5 1805 | 11020 4.9 11,518 ] 233) | = -
[ 10~5-77 21.9 2969 12624 3.5 1,608 1 2493 | 73803 16592
7 10-3-77 91.2 2970 | 13000 ~3.4 | 1,580 ] 2449 [ 73818 | 16595
8 10-5-77 90.9 %63 12992 ~3.4 1,548 | 2399 | 73511 16526
9 10-5=77 90.9 2962 12930 =5.4 11.517 { 2352 | 73551 16535
10 1000 Counts Core Cowl Cooling | 10-6=77 0 [ 0 - - - 0
11 10-6-77 97.0 31463 [ 17 % ~5.1 1.625 | 2519 | 77688 | 17465
12 10-6=77 927.1 b6 | 12917 4.8 |1.%56 | 2632 77608 17447
i3 10~-6~-17 94.5 3058 12872 ~-5.0 [1.613 | 2501 74893 16837
l4 10~6-77 $4.3 3056 | 12933 4,8 11,582 | 2453 | 790806 | 17359
15 10-6-77 9.4 3038 12943 -3,2 1.540 | 2418 | 77568 17438
16 10-6~77 94.% 3059 12964 w81 1.319 | 2383 78520 | 17632
1?7 10-6=77 24,4 3058 | 12029 =43 | 1437 | 2259 | 17679 | 17463
18 Repeat (12) 10~6~77 9.9 3137 12963 k.8 1.539 | 2417 76096 17107
19 10-6~77 96.2 na 12981 ~5.3 1 1.561 2419 | 78080 | 17553
20 10-6~77 80.6 2608 12290 ~4,1 1.684-| 2610 | 56633 | 12732
21 10-6-77 80.6 2608 12298 -3.9 1.886 2923 55705 12523
22 Repeat (21) 10-6-77 80.6 608 12295 =4.0 §1.891 2931 55100 | 12387
23 10-6-77 86.3 2728 12294 ~2.5 | 1.877 | 2910 | 56613 | 12727
b3 1000 Counta Core Cowl fooling | 10-7-17 0 0 - - - 0 0
5 10777 87.2 2769 12440 ~3.7 {2,003 | 3105 - -
26 10-71-77 83,6 2819 1} 12577 =1.0 "} 1.893 | 2934 | 56279 | 12652
27 10=2=77 93.4 3099 | 1187 6.9 | 1.61% | 2504 | 79361 17886
28 Abort
29 10-7-17 95.0 3067 12375 +0,4 1.875 | 2906 | 56541 1273
30 10-7-77 94,9 3007 12357 1.0 1.681 2605 | 57040 | 12823
n 10-7-17 94.9 3066 12506 ~4.6 | L.561 24630 } 76140 | t7117
32 10-7-77 96.8 3126 12686 =3.0 11,558 |-2413 | 78204 1758t
33 10-7-77 89.8 2901 12091 ~53.1 1.550 |-2403 | 69917 | 15718
34 10-7-77 79.9 2579 12399 ~4.6 | 10548 | 2400 | 57827 13000
35 tdle 10=7~77 35,5 1793 11398 5.9 11,558 | 2415 | 28340 6371
36 Idle 10=7-77 35.6 1794 11348 3.2 11,887 | 2929 | 28042 6484
37 10-7-17 79.9 2578 12324 ~5.% 1.890 § 2929 56319 12661
ia 10~7-77 89.8 2699 12739 =5.,0 11,880 | 2914 [ 68596 | 15421
39 10-7-77 9%.13 3075 13028 =5.3 1,906 § 2951 - -
40 10~7=77 97.0 3133 13070 ~5.,0 1,820 | 2930 | 73591 16544
41 10-7-77 27.0 KKK 13049 ~3.3 [1.733 | 2686 | 75758 17031
163 7-16-78 92.5 3045 12880 ~3.1 1.53¢6 2381 68285 15351
10% T-16-78 94,13 3099 12954 3.2 1,535 | 2380 | 69873 | 15708
168 7-16~78 85.0 2781 12564 =3 1,935 1 2380 | 57440 | 12913
166 7-16-78 80.2 2632 12487 ~3,1 1.53% 2180 - -
167 1-16-78 94.2 3095 13001 -3.2 1,536 | 2381 71679 | 16114

*Readings 1 to 4t

- gravel surface

Readings 163.to 167 =~ concrete surface

LI R

)



Table I1I, Baseline (Frame-Treated) Acoustic Data Points, (Continued)
Acoustic ' A18 FNRIN Probe
Readings Comment 8* Date PCNLR | XNL XN ROPDEG nl in.2 1b | XMl Immersions
168 Decel/Accel 7-16~78 - - - -3.2 1.536 | 2381 | - -
149 7-10~78 943 3100 | 13156 | ~4,6 1,535 | 2380 | =~ -
170 7=16=78 89,6 2939 | 12826 ! ~4,6 1,837 | 2383 1 66038 | 14840
17} ~16-78 79.6 2612 | 12657 | -4.0 1,336 | 2382 | 536} 11958
172 7-16~78 79.6 2613 | 12501 | -4.9 1,535 | 2379 | 54299 | 12207
173 ~16-78 64.9 705 | 12740 | -5.0 1.535 | 2380 | 61999 | 13938
2 7=16-78 90.0 2953 | 12927 { ~5.0 1,535 { 2380 | 70322 | 15809
125 16-78 922.9 3034 ) 13136 | ~3.0 10936 1 2381 | 74272 | 16697
176 7-16-78 94.3 3095 | 13225 | ~5.1 1,536 | 2381 | 77359 | 17391
177 Accel 7-16~78 - - - =5.1 1.536 | 2381 - -
178 Abort 7-16-78 - = = = = - - -
179 7-16-78 %4.3 3094 | 13220 | ~4.9 1.536 [ 2381 | 77661 17459
180 7-17-78 92.3 3027 | 13054 | ~5.0 1,484 | 2300 | - -
181 7-17-78 92.5 3033 | 13222 | ~5.0 1.484 | 2300 | ~ -
182 7=17=78 90.0 2953 | 13126 | ~5.0 1.484 | 2300 | ~ o
183 1-17-78 92.3 4027 | 13054 | 5.2 1.595 | 2473 | 73431 16508
184 7~17-78 94.5 3099 13265 4.8 1.595 2673 78084 175%
18% 1=17~78 90.1 2935 12962 | ~5.0 1.595 | 2472 | 71283 16025
186 Directional Array 11778 946.2 3082 | 12466 ) 1.661 1 2574 | 54308 | 12209
187 Directional Arvay T=17-78 2.8 . | 3081 | 13180 |~5.0 1,836 | 2382 | 76865 | 17280
188 7-17-78 94 .4 3082 | 12356 5.0 1.535 | 2380 | 53294 | 11961
189 7-17-78 9% .4 3082 12638 0.0 1,535 | 2380 | 62729 | 14102
190 7-17-18 94.4 3082 12822 | ~2.0 1.935 '] 2379 | 68280 | 15350
191 1=17-78 94.9 3082 13007 | -4t 1,935 | 2380 | 73943 | 16623
192 7-17-18 95.4 3082 | 13162 | ~6.0 1,536 | 2381 | 72324 | 17428
193 7-17-73 94,4 3081 13287 -7.1 1.53% 2381 79481 17868
194 7=-17=178 9.4 3082 13315 {~7.8 1.536 2381 80166 18022
195 7=17-78 92.2 3008 | 13269 | ~7.8 §.536 | 2380 | 78236 [ 17586
196 1-17-78 %0.0 2937 13143 | ~7.9 1,536 | 2381 75589 | 16993
197 7-17-78 85.1 2776 | 12943 | ~1.9 1.536 | 2381 | 69566 15639
198 7-17-78 80.3 2620 | 12867 | -8.1. 1.535 | 2380 | 61421 13808
199 7-17-78 89.4 2916 | 12249 3.3 1,877 {2909 | 4805% | 10804
200 7-17~78 94,6 3088 11248 1.5 1.69% | 2627 | 36510 | 12704
201 7-17-78 $3.0 3097 | 12479 0,3 1.877 | 2910 | 56021 12594

*Concroto Surface
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Table I1I, Baseline

L Y N T S R R T

e AT

(Frame-Treated) Acoustic Data Points. (Concluded)

Acoustic Al8 FNRIN Probe
Readingn Comment a® Date PCNLR | XML xNH [ RopoEG| m? in.2 N 1b | xaly Imnersiony
202 7-17-78 - | 94.8 | 3089 | 12926 | ~3.3 [ 1.594 | 2470 | 71923 | 16169

203 7-17-78 | 92,4 | 2014 | 12861 | ~3,3 | 1,394 | 2471 | 69343 | 15589

204 7-17-78 1 89,9 7| 2932 | 12716 | ~3.3 [ 1.594 | 2470 { - -

208 7-17-76 | 90,4 | 2948 | 12878 | -3.6 | 1.486 | 2303 [ - -

206 7-17-78 | 92,5 | 3018 | 12991 | ~3.6 | 1.4B6 | 2303 | - -

207 1=17-78 | 94,7 | 3086 | 13111 | ~3.6 [ 1.48% | 2302 | = -

208 0GV Probe 7-17-78 9,6 3083 | 13040 =5,0 | 1.523 | 2361 | ~ - 15
209 7-17-78 | 90.3 | 2949 113172 | ~7.8 | 1.579 | 2047 { ~ -

210 7-17-78 | 92.0 | 3004 | 13300 | ~7.8 | 1.579 | 2447 | - -

211 7-17-78 | 92,1 | 3007 | 13358 ( ~-8.0 | 1.486 [ 2300 | ~- -

212 90% 7=17-78 | 90.0 | 2940 | 13153 | -8,0 | 1.484 | 2300 | - -

213 7-17-78 | 93.7 | 3059 | 13445 | -8.1 | 1.484 | 2300 | - -

216 Fan Nozzle Probe 7-17-78 | 40.5 | 3007 | 12650 0.0 | 1.645 | 2550 | 57747 | 12902 1%
ny Gore Probe 7-17=28 | 90,7 3006 | 1269 0.0. | 1.650 | 2872 | %8209 | 13086 2
216 Core Probe 7-17-78 | 90.7 | 3006 | 12629 0.0 | 1.880 | 2914 | 53265 | 12424 2
217 Core Probe 7-17-78 | 85.0 | 2818 | 12366 0.0 | 1.880 | 2915 | 48294 | 10857 2
218 Core Probe 7-17-18 | 80.1 | 2656 {12234 0.0 | 1.879 | 2913 | 43682 | 9820 4
219 Core Probe 7-17-78 | 54.3 | 1801 {11307 | -0.1 | 1.879 | 2912 | 22981 | 4964 2
220 Cors Probe Accel/Decel 7-17-78 - - - - - - - - 1
221 Core Prabe 7-17-78 | 80.4 | 2665 {12322 | =~0.2 | 1.759 | 2726 | 47565 | 10693 2
222 OGV Probe 7-17-78 | 87.8 | 2908 {12607 | -0.3 | 1.661 | 2574 | 56995 | 12813 15
222 Core Probe 7-17-78 | 80.1 2648 | 12319 | ~0.1 | 1.629 ]| 2525 | 46982 | 10562 4
24 Fan Nozsle Probe U781 93,7 3098 [ a3se | o=3,0 | t.037 ] 2382 | 74230 | 10692 13
225 Care Probe 7-17-78 | 93.8 | 3102 [ 13188 | -5.0 | 1.335 | 2280 | - - 4

#Concrote Surface
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Figure 5. Treated Vane Evaluation Configuration,
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Table ¥V, Taped Vane Acoustic Data Points.

Acoustic Al8 FNRIN Probe
Readings Comment 8% Date PCNLR | HNL xnH | RoPDEG | m? in.2 N ib |Immcrsions
145 Fan Nozzle Probe 7-16-78 o4.1 | 3094 | 13165 | -5.0 |1.535 | 2380 | 74227 | 16687 6
146 OGV Probe 7-16-78 94,2 | 3096 | 13250 | ~5. 1.535 | 2380 | - - 6
147 0GV' Probe 7-16~78 94,2 | 3008 | 12453 | «4.3 [ 1,648 | 2534 | - - 6
168 Fan Nozzle Probe T-16-78 94.2 | 3007 | 12425 | 6.3 | 1,648 | 2354 | = - 6
149 1dle 7-16-78 54,5 | 1793 | 11099 4.8 |1.625 | 2519 | - -
1150 7=16-78 80,1 | 2606 | - -3.0 {1.935 | 2380 | - -

151 7-16~708 85.0 | 2777 | 12885 | ~4.7 | 1.533 | 2380 % - -

152 7-16-178 90.0 | 2050 | 131% | -4.9 | 1.535 | 2380 | - -

153 7-16~78 02.5 | 3060 | 13279 | =-4.9 | 1.535 | 2380} ~- -

154 7-16-78 06,6 | 3106 | 13263 | 5.0 |1.537 | 2382 | 76394 | 17i74

155 Dacel/Accel 7-16-78 - - - »5,0 |1.537 | 2382 | ~ -

156 7-16-78 94,6 | 3094 | 12028 | 3.3 | 1.335 | 2380 | 69737 | 13682

157 7-16-78 96.4 | 3005 | 13117 | 4.8 | 1.542 | 2390 | 73778 | 16586

158 11678 4.5 | 2098 | 13106 | =4.9 | 1,335 | 2380 | 74098 | 16658

159 7-16-78 o4, | 300 | 13375 | -8 1L | 1,338 | 2380 | 78920 | 17742

160 7-16-78 94.5 1 3094 | 12560 0.2 |1.877 | 2909 | 36048 | 12600

161 771678 04,5 1 3004 | 124696 1.7 11.696 | 2626 | 55532 | 12484

4.3 11.659 | 2572 | 49215 | 11064

162 ) 7-16~78 94,4 | 3094 | 12369

*Conarete Surface
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UTW fully suppressed engine on the test stand is shown in Figure 7. The
specific data points acquired are tzbulated in Table V. This fully suppres-
sed configuration was tested in both forward and reverse thrust modes of

operation.

Evaluation of the core suppresscr stacked treatment was conducted on
the configuration shown schematically in Figure 8, Only the stacked treat-
ment in the core was removed and replaced with hardwall pamels. Acoustic
data points are tabulated in Table VI.

The final configuration tested was fully suppressed with wall treatment

only - no splitter - in the fan bypass duct, shown schematically in Figure 9.
This configuration was tested at the acoustic data points listed in Table VII.

i6
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Table

V. TFully Supprensed_Acouatic Data Points.

Acoustie . Al8 FNRIN Probe
Readings Comments™ Date PCNLR | XNL | moebeG| wd  n.2 1 | ol Immeraions
42 Background Noise 1=3-78 0 0 ] - - - - - -
43 500 Counts Core Cowl Cooling 1-3-78 0 0 0 ~ - ~ - - -
hiy ldle 1-3-78 60.1 1883 {10887 5.2 | 1,613 | 2500 | 24843. 5585 | ~
49 1=-3-78 79.6 2689 | 12111 4.8 | 1,526 | 2366 | 38005 | 13040 | ~
46 1-3-78 79.7 26497 | 12126 4,7 | 1,527 | 2367 | 59085 | 13276 0.607
47 1-3-78 89.6 2805 | 12508 4.7 | 1,530 | 2371 | 74379 | 16721 0,739
48 1-3-78 94.6 2962 | 12814 4,6 | 1,530 | 2372 | 79832 17947 | 0.821
49 1-3-78 96,5 3023 | 12068 “4.6 | 1,530 | 2372 | 60864 | 18179 | 0.839
50 1~3~78 96.6 3022 | 12886 4,7 | 1.489 | 2308 | 82110 184659 | 0.822
51 1-3~78 96,7 3023 12001 3.7 1.859 | 2882 53468 12020 | 0.619
52 , 1~4-78 96.4 3023 12001 6.3 11,738 | 2694 | 53979 12135 | 0.613
%3 1=4~-78 94.7 2971 11983 3.4 | 1,740 | 2697 | - - -
1dle 1=4-78 60,3 18494 - 6.0 { 1.348 2089 | ~ - -
S4 1~4-78 94,6 | 2963 | 11966 4.3 | 1.645 | 2550 | 53681 12068 | 0.590
55 1-4~78 91.9 2872 11974 3,3 | 1.862 | 2886 } 53601 12050 | 0.623
56 1=4~78 90.7 2837 11983 3.3 | 1.738 | 2694 53285 11979 | 0.609
57 1=4~718 91.8 2870 | 11993 3,2 | 1,861 | 2885 | 53525 12033 | 0.626
58 1=4-78 89.4 2801 11997 1,3 | 1.861 | 2885 § 93383 12001 | 0.629
59 1-0~78 88.0 2756 11963 1.2 | 1,740 | 2698 | 53561 12041 | 0.614
60 Aborted - Righ Winds 1~4-78 - - - - - - - - -
61 Fan OGV/Nozzle Probe 3-10-78 94.6 3016 12157 $.2 | 1.648 | 2555 | 54366 12267 0.593 €
62 Fan 0GV/Nozzle Probe 3~10-78 96.5 3077 12256 3.2 1.862 | 2886 | 54793 12318 { -~ 3
63 Gore Cowl Cooling 3-10~78 0 0 1] [ - - 0 0 0
64 Backyround Nodue 3<10-78 0 - 0 0 - - - 0 0 0
6% 1dle 4=13-73 54.3 1784 | 11567 ~5,0 | 1,606 | 2505 | 26470 5952 | 0,354
66 - 4=3-78 92.2 3028 | 13243 5.0 | 1.587 | 2460 | 74899 16838 | 0.77)
67 4=3-78 97.2 3188 | 13467 5.0 | 1.586 | 2659 | 76976 17305 | 0.831
68 4-3-78 95.1 3123 | 13393 «5.0 | 1.587 | 2460 | 75976 17080 | 0.809
69 Accel/Decel 4-3-78 - - - -5.0 | 1.587 2460 | - -
70 4=3~78 92.4 § 3027 13267 5,0 | 1.553 ] 2408 74735 16801 0.765
n 4=3-78 96.5 3165 13470 -5.0 1.551 24605 72702 17468 -| 0.818
72 H=3=18 95.3 3128 | 13438 5.0 | 1.552 | 2406 77110 | 17335 | 0.805
7} 4=4-178 7%.8 26486 | 12472 -5.0 | 1,529 } 2370 50461 11344 t 0,949
14 4=4-18 96.0 31%0 13448 5,0 1.530 | 23711 77919 17517 0.808
75 4=4-78 94,8 3110 | 13415 ~5.0 | 1.530 | 2371 77408 | 17402 | 0.797
76 4=4-73 9.7 3009 | 13225 -5.0 | 1.530 | 2371 74441 | 16735 | 0.747
77 4~4-78 §9.8 2947 13076 -5,0 1.530 | 2371 71768 16134 | 0.717
78, 500 Counts Core Cowl Cooling 4=4=78 0 0 0 - - - 0 0 0
19 Background Nolune 4~4=78 0 0 0 - - - 0 0 v
80 4=k~78 96.3 3122 | 13438 -5.0 | 1.489 | 2308 | 79178 17800 | 0.789
at 4=4=78 96.5 3129 13499 ~5.0 1.419 | 2199 | - - 0.731
82 4-l=78 91.8 o 13229 «5,0 1.421 2203 74232 16688 0,698

AGravel Surface
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Table V. Fully Suppressed Acoustic Data Points.'_(Continued)

Acoustic "Al8 FNRIN Probe
Readings Comment 8% Date PCNLR | XNL xni | RopoRg | w2 in.2 1 | Immersions
83 4-4-78 92.0 3011 13242 -5.0 |1.49 2310 | 74681 16789 0.731
84 Background Noise 4=7-78 0 0 «5.0 | = - - - -

8% Hh~7~78 54.6 1782 11594 -95.0 Flarowd |«11419 | ~2567 -

86 W=1-78 87.8 1889 11783 | =93.0 Flare «12006 | ~2843 -

87 4=7-78 61.3 2002 11989 | -95.0 Flare =-14283 -3211 -

88 . 4-7-78 66.9 2185 12309 |-95.0 Flare ~16970 | ~3815 -

gy | Reverse Thrust 4+7-78 | 63.9 | 2084 | 12114 |~95.0 Flare  |-15476 | -3468 | -

90 4=7=78 67.1 2189 | 12327 }=95.0 ¥lare =16997 | =3821 | =

91 4-7-78 61.1 1993 11973 |-~95.0 Flare ~14074 =3164 -

92 Accel/Decel 4-7-78 - - - -95.0 Flare - -

93 | Background Noise 4?7 0 0 0 -95.0 |~ - - - -

94 500 Counts Core Cowl Cooling 4~6-78 0 0 0 ~8,0 |1.619 | 2510 (~ - -

95 1dle 4~8-18 55.5 1792 | 11531 -8.0 | 1.619 | 2510 | 29939 6735 | ~

9% Background Noiso 4-8-78 0 0 «8,0 |~ - - - -

97 4-B-78 94,0 3013 | 13271 -8.0 |1.526 | 2365 | 81376 | 18294 | 0.853
98 4~8-78 89.1 2856 12991 «8.0 |1.526 | 2365 | 75944 17073 | 0.75)
99 4-8~78 86.8 2782 1284° -8.0 {1,526 | 2365 72039 16195 | 0.715
100 4-8-78 90.9 2914 13118 8.0 ]1.526 2365 78240 17589 | -

101 4-3-78 80.0 2564 12503 -8,0 |1.526 2365 | 60198 13533 | 0.615
102 4-8-78 96.4 3090 13353 -8.0 |1.581 2451 79712 17920 | 0.906
103 4~8-78 90.8 2910 { 13063 -8.0 |{1.581 2451 76634 17228 | 0.793
104 4-8-78 86,9 2784 12809 -8,0 1,581 2451 71647 16107 0.725
109 hL~8-78 96.6 109% 13399 =8.0 1.548 2400 | - - -

106 4H-8~78 90.8 2909 | 13180 «8,0 {1,548 | 2400 | 79530 | 17879 | 0,838
107 4-8-78 86.8 2781 12900 -8,0 |1.548 | 2400 | 73582 16542 0,73%
108 4-8-78 86.8 2781 12863 -8.0 |1.486 2300 | 72951 16400 | 0.708
109 4874 90.8 2909 13220 -8.0 |1.484 2300 | BUL97 18029 | 0.7%0
10 4~-8-78 92.3 2959 13334 -8,0 |1.484 2300 | -~ - -

1l Core Cowl Cooling 4=-8~78 0 0 0 ~-8.0 |1.484 | 2300 | - - -

112 Background Noise 4-8-78 Q 0 0 -8.0 |1.484 { 2300 | - - -

13 Background Noise 4-16-78 0 0 0 -3.3 |1.484 | 2300 | - - -

114 500 Counts Core Cowl Cooling 4~16-78 0 0 0 -3,3 {1,484 | 2300 | - - -

113 4=-16-78 57.2 1840 | 11309 -3.3 1.612 26499 | - L] ~

116 4=16=-18 96,0 3088 12948 -3.3 1.612 26499 | - - -

17 4-16-78 96.0 3088 12983 -3.3 1.522 2360 | 77168 17348 | 0.764
118 4=16-78 95.0 3050 129348 3.3 11902 2360 | 79918 17067 0,748
1y 4-16-78 o1 2930 12686 ~3,3 |}.522 2360 | 71083 15980 | 0.699
120 4~16-78 87.0 2799 12531 3.3 {1.522 2360 | 64771 14561 0.653
ta 4~16-178 73.8 2567 12287 -3.3 {r.522 2360 55127 12393 0.570
122 4=16-78 6.1 08¢ 12923 -3.3 1665 2550 74881 16834 0.784
123 4~16-78 95,0 3053 12884 =3.3 1.645 2550 14227 16687 0.770
124 4=16--78 91.9 2952 12604 -3.3 1.645 2550 70202 157482 0.718
123 4-16~78 90.9 2918 | 12687 -3.3 |1.58 2450 | 71132 | 15991 | 0.701
126 4=17=78 96.1 jou? 12957 =3.3 1.58 2430 76398 17179 | 0,761
12! 4=17-78 94,6 3035 | 12913 =33 |13 2630 | 76503 ] 167469 | 0.743

AGravel Surface
Mrsen Figure 67
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Table V., Fully Suppressed Acoustic Data Points, (Concluded)
Acoustic Al8 FNRIN Probeo
Readings Comment s* Date PCNLR | xnn x| noposc | m? in,? 1 | Imnersfons
128 b-17-78 94,7 3036 | 12900 | 3.3 [1.548 | 2400 | 74382 16760 | 0.737
129 4=17-78 96.2 3086 [ 13002 | -3.3 {1,548 | 2400 | 76687 17260 | 0.749
130 4~17-78 90.7 2909 112730 { ~3.3 [1.548 | 2400 | 69027 15518 | 0,685
131 4~17-78 90.9 2903 1 12758 | ~3.3 1,484 | 2300 | - - -
132 Reverge 4=)1-78 96.2 3083 13027 3.3 |1.484 2300 | 77897 17512 [ 0.742
133 Theust 4=17-78 94.8 3040 | 13007 -3.3 [1.484 | 2300 | = -
134 4=17-78 36.2 1813 1 11600 | -3.3 i.871 | 2900 { - -
135 Background Notse 4=21~78 [} (¢} 0 ~-100 Flared 0 [}
136 Pacility On 4-21~78 0 0 0 ~100 Flared 0 0
137 1dle 4-21-78 56.8 1806 } 11227 | w100 Flared -11361 | -2554 1
138 4=21-78 82.4 2625 12435 =100 Flared =21120 | ~4748 1
139 Facllity off 4-27-78 0 0 [ . 0 0 1
140 Facility on b=27-78 0 0 0 0 [
tat tdle 4=21-78 57.8 1874 110870 { «s.¢ l1,875 | 2906 | - -
142 Approximately A0% 4n27~78 80.3 2597 | 11941 +3.3 11.875 | 2906 | - -
143 s Approximately 92% 42778 92.8 2998 | 120%0 +3.3 11,878 | 2906 | - -
144 1dle 4-27-78 53.7 1736 110960 | +3.3 {1.875 | 2906 | - -

*iravel Surface

A*Caro Probe and One Fav

-Fleld Microphone at 110° on a 47.2 m (155 ft) arc,
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~ Table VI, Fully Suppressed/Hard-Core Acoustic Data Points,

Acoustic Al8 " PNRIN Probe
Readings Comment 8% Date PCNLR | XNL XNH | ROPDEG] w2  in.2? N v | oo Immersions
226 1dle 7-19-78 50.4 1657 | 11002 | ~0,4 | 1,877} 2910°] 18852 | 4238 | 0.0}

227 : 7-19-78 79.9 2625 | 12257 ‘| -0.1 | 1,879 | 2913 | 46422 | 10436 | 0.552

228 7-19-78 | 85.1 2796 | 12416 | 0.1 | 1,879 | 2912 | 50510 } 11355 | 0.587

229 7-19-78 89.9 2956 | 12580 | =0.1 | 1.879 | 2912 ] 55211 | 12412 | 0.628

230 Accel/Decel 7-19-78 - - - -0.1 | 1.879} 2912 | - - -

231 7-19-78 79.7 2621 | 12228 0.1 | 1.750 ] 2712 | 44656 | 10039 | 0.527

232 7-19~78 79.7 2623 | 12264 | -0.3 { 1.628 | 2523 | 45599 | 10251 { 0.515

233 7-19-78 | 88.8 . 2918 | 12593 | ~0.1 | 1.660 | 2573 | 55856 | 12557 | 0.603

234 Inlet Probe 7-19-18 89.8 2918 | 12593 o 1.660 | 2573 | 55856 | 12557 | 0.603 6
235 7-19-78 9t.8 3018 | 12367 3.2 11.878 | 2911 | 47663 | 10715 | 0.563

236 7-19-78 94.0 3093 | 12546 1.8 | 1.693{ 2625 { 53726 | 12078 { 0.592

237 7-19-78 94.1 3093 | 12608 0.2 |1.879 | 2913 | 54807 [ 12321 | 0.625

238 . 7-19-7 88.9 2922 | 12488 0.0 | 1.660 | 2574 | 53263 | 11974 | 0.581

23y 7-19~78 94.3 3089 | 12948 | =3.3 | 1.537 | 2383 | 69116 | 15538 | 0.682

240 7-19-78 94.1 3088 [ 13143 | =5.1 [ 1.538 | 23840 73133 } 1¢%1 | 0,73

261 Inlet Probe 7-19-78 9.1 3088 | 13145 | =%.1 | 1.538 | 2384 | 73133 | 16441 | 0,735 6
262 7-19-78 92.6 3035 -] 13035 | -5.2 | 1.537 | 2383 | 70656 { 15884 | 0.700

243 7-19-78 90.0 2950 | 12897 -5.1 [ 1.537 ] 2383 | 67008 | 15064 | 0.666

264 7-19-78 85,2 2796 | 12703 | -5.0 [1.537 | 2383 | 61332 | 13788 | 0.619

245 7-19~18 79,9 | 2625 | 12321 «5.1 | 1.538 | 2384 | 54184 | 12181 | 0.559

266 Accel/Decel 7-19-78 - - - ~5.1 | 1.938 | 2384 | - - -

247 7=19-78 | 94.1 3089 | 13399 «8,0 | 1,539 | 2385 { 77110 | 17335 | 0.775

244 Array 50° 7«19-78-" | 92,4 3096 | 132088 | =5.3 | 1.%37 | 2383 | 73996 [ 16633 | 0.737

249 Array 60" - 7-19-78 92.1 3055 | 13275 1 -5.3 [ 1.537 | 2382 | 72613 [ 16324 | 0,72}

250 Arcay 80° 7-19~78 92.1 3055 | 13275 | ~5.3 | 1.537 | 2382 | 72613 | 16324 { 0.721

251 Array 100° . . 7-19-78 92.1 3055 | 13275 | -5.3 [1,537 | 2382 | 72613 { 16324 | 0.721

252 Arvay 110° 7-19~78 92.1 3055 | 13275 | -5.3 |1.537 | 2382 | 72613 | 16324 | 0.721

253 Arvay 120° 7-19-74 92.1 3095 | 13278 | ~85.3 [ 1.537 | 2382 | 72013 | 16324 | 0.721

254 Array 120° 7-19-78 89.4 2965 | 12661 0.0 11,537 | 2550 | 72613 | 16324 | 0,721

255 Array 110° 7-19-78 89.4 2965 | 12661 0.0 {1.537 | 2550 | 72613 | 16324 | 0.721

256 Array 100° 7-19-78 89.4 2965 | 12661 0.0 |1.537 | 2550 | 72613 | 16324 | 0.721

257 Arvay 80° : 7-19-78 89.4 2965 | 12661 0.0 |1.937 | 2550 | 72613 | 16324 | 0.721

258 Arvay 60° 7-19-78 89.4 2965 | 12661 0,0 [1.537 | 2550 | 72613 | 16324 | 0,721

259 Arvay 50° 7-19~78 89.4 2965 | 12661 0.0 | t.537 | 2550 | 72613 | 16324 | 0.721

200 Goee Probe : 1=19-78 89.4 2965 | 12061 0.0 |1.537 | 2550 | 72613 | 16324 | 0.721 2
261 0GY Prohe 7-19-78 89,4 2965 | 12616 0.0 | 1.537 | 25%0 | 72613 | 16324 | 0.721 6
262 Fan Nozzle Probe . 7-19-78 | 89.4 2964 | 12020 0.0 }1.537.| 2550 | 72613 | 16324 | 0.721 [
263 Core Probe 7-19-78 89.9 | 2987 | 12634 0.1 |1.879 | 2912 | 52894 | 11891 | 0.616 2
204 Core Probe . ] o7-19-78 85.0 2827 | 12418 0.1 [1.880 | 2914 | 47467 | 10671 | 0.566 2

*Conerete Surface
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Table VI, Fully Suppressed/Hard-Core Acoustic Data Points., (Concluded)

K

o oo

Acouptic ) Al8 FNRIN Probe
Readings Comment 8% Date PCNLR | XNL XNH | roPDEG] w2  {n.? N 1 | x Immeraions
265 Core Probe 7-19-78 80.0 2657 1 12268 0.1 1 1.879 | 2913 | 43032 9674 | 0.522 4
266 _ Core Probe 7+19-78 $4.1 1799 | 11347 ~0.2 | 1,877 | 2910 | 2165 4508 | 0.343 2
267 Core Probe Accel/Decel 7-19-78 - - - ~0.2 | 1.877} 2910 | ~ - -

268 Core Probe 7-19-78 79.9 2656 | 12352 ~0.3 | 1,737 } 2724 | 46150 | 10375 | 0.534 2
269 Core Probe 7-19-78 79.9 2656 | 12357 0.1 1.628 | 2524 | 46168 | 10379 | 0,521 4
270 . Core Probe 7-19-78 923.1 3094 | 13189 -6.8 | 1.537 | 2382 | 71541 | 16083 | 0.713 4
271 OGV Probe 7-20~78 93.1 3094 | 13189 =4,8 | 1,537 [ 2382 .| 71541 16083 | 0.713 6
272 Fan Nozzle Prabe 7-20-78 93.2 3093 | 13212 ~4.8 | 1,537 | 2382 | 71541 16083 | 0.711 6
273 Undercowl Cooling 7-20-78 0 0 (] - - - 0 0 0

274 Background Noine 7-20~78 0 0 [} - - - 0 [ 0

*Concreto Surfaca
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Table VII, Fully Suppressed/No Splitter Acoustic Data Points,

Acaustic Al8 FNRIN Probe
Readings Comment * Date PCNLR | XNL XNH | ROPDEG | ®2 = in.2 | wniR N 1 XMil | Ismersions
274 Background Noise 7-20~78 0 0 0 - - - - - - -

275 7~20~78 33.9 1792 11344 0.0 [1.875 | 2907 | 514 21970 4939 | 0.346

276 7-21-78 79.7 2650 | 12340 0.2 1,877 2910 | 724 44424 9987 1 0,536

2 T=21w78 8341 2830 | 14536 0.0 L1y | 2910 704 49526 | 11134 | 0,383

274 1-21-18 90.1 2996 | 12710 0.0 [ 1,877 | 2909 | 798 34613 112233 | 0.627

279 7+21-78 80.0 2671 12355 0.0 1.742 2700 - - - -

280 7-21-78 80.0 2671 ] 12386 0.0 [1.626 | 2521 | 702 457119 110278 | 0,512

28t 7-21-78 89.2 2934 12728 0.1 1,650 | 2537 | 779 35420 | 12459 | 0.602

242 7-21-718 9.9 3060 L2456 3.3 1.871 | 2900

283 7-21-78 79.8 2652 12678 «5,1 1.335 | 2379 | 7153 54784 12316 | 0.510

284 7-21-78 84.9 2818 12917 5.1 1.335 1 2379 | 798 61764 13885 | 0,627

285 ) 7-21~78 20,4 2996 | 13164 =300 | 14535 | 2379 | 84 69713 | 15672 | 0,701

b . 7=21-73 -1 92.7 3074 | 13298 =3.1. [ 1.335 | 2380 | &0 72880 1 16384 | 0.729

87 : : 71-21-78 93.4 3097 13320 ~3.0 |1.535 | 2380 { 858 13071 16427 | 0,726

2848 ‘MY Prohe 1-21~78 93.2 3094 13332 =5.1 1.535 | 2380 | 868 73102 16434 | 0,746 15
289 becel/Accel 1-21=78 | - - - =~5,1 1.53% 1 2380 | - - - -

294 1-21~78 93.0 3100 | 13338 «5.0 {1,538 | 2380 | - - - -

291 1-21-78 92.3 3063 13420 “7.9 [ 1,533 | 2580 | 878 74534 16736 | 0.768

292 Core Probe ldle 7-21-78 48.3 1603 | 10971 0 1.871 2900} - - - - 2
293 Core Probe o 1-21-78 80.1 2657 | 12300 0.3 |1.871 2900 | - - - - 4
294 Core Probe 7-21-78. 85.0 2619 12490 0.1 1.871 2900 - - - -~ 2
295 Cove Probe 7-21-28 90.0 2985 | 126%) 0 1870 | 2900 | - - - - 2
296 Fan Nozcle Probe 7=21-78 " | 93.3 3093 | 13184 ~5.0 | 1.535 | 2380 | ~ - - - 15
297 - OGV Probe 7-21-78 89.0 2944 12570 0.0 | 1.659 | 2572 764 32649 11836 | 0.382 13
298 Fan Nozrle Probe 7-21=78 | 89.0 %44 1 12570 0.0 {L.r%9 § 2572 - - - - 6

14
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4.0 ACOUSTIC INSTRUMERTATION

4.1 DATA ACQUISITIOR

Acoustic data were acquired on this engine using a variety of acoustic
instrumentation including far-field microphones, a directional acoustic array,
jn-duct wall-mounted Kulites, and im-duct sound separatioa probes.

4.1.1 Far-Field Ianstrumentation

The far-ficld data acquisition system is presented schematically in Fig-
ure 10. Initial testing (through acoustic Reading 144) was conducted over a
gravel surface. This surface consisted of a leveled semicircle of approxi-
mately 76 m (250 ft) radius with a crushed rock surface composed of rock sizes
of approximately 2.5 to 5 cm (1 to 3 in.) diameter. Far-field microphones
were located at acoustic angles of 10° through 160° in 10° increments on a
45.7 = (150 ft) arc centered near the fan rotor plane. Standard microphone
height over the gravel surface was 12.2 m (40 ft). This height was selected

_in the early 1970°'s to simulate ground reflection patterns for the flight

case, experienced with a 1.22 m (4 ft) microphone height. To 2id in estab-
lishing the free-field corrections over the gravel surface, four microphones
were located 1.22 m {4 ft) off the ground at acoustic angles of 60, 100, 110,
snd 120° during portioms of the testing. A photograph of the gravel sound
field end 12.2 m (49 ft) towers is shown in Figure 11. ' ,

Subsequent testing was conducted after the acoustic arena had been paved
with concrete. Microphomes were located at engine centerline height 3.%6 m
(13 f£t) above the comcrete and 1.27 cm (6.5 in.) above the concrete at acous=
tic angles of 20 to 160° in 10° inmcrements. Figure 12 shows the concrete
sound fiecld used for the QTSEE test program. Microphone stands were located
on a 46.5 m (152.4 £t) arc, centered on the fan rotor plane. A photograph
of the microphone system and support stands for the concrete field is shown
in Figure 13. ‘

Other far-field acoustic instrumentation included a Directional Acoustic
Array, as shown in Figure l4. Details of the directional characteristics of
the Array can be fouad in Reference 5. The Array was positioned on a 30 m
(100 ft) arc at accustic angles of 50, 68, 80, 100, 110, and 120°. While at
each angle, it was azimed at seven different positions on the engine including
the inlet, fan bypass exhaust nozzle, and core nozzle. Postrun analysis then
determined the relative contribution from each aiming point on the engine at
each of the six far-field acoustic angles.

& schematic of the far-field acoustic data scquisition system used is
shosn on Figure 15. The system is used for obtaining data from 50 Hz through
the 20 kYz 1/2-octave ceater frequency band. Microphone types vtilized for
far-field data acguisition are the Bruel and Kjaer (B&K) 4133 and 4134 1.27 cm
(0.5 in.) condenser microphones. The 4134 microphcnes, oriented for 80° inci-
dence, were utilized for ground plane mezsurements and 4133 microphones, orien-
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Pigure 15, Accustic Microphone Data Acquisition System,
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ted for 0° imcidence, were utilized fox centerline height measurementsS. All
microphone systems utilized the BSE 2615 cathode follower and B&K 2881 power
supply with the 302 output option to provide a flat reaponse through the 20 kiz
region of imterest.

A11 data were recorded using two Sangamo Sabre IV FX tape systems opera-~
ted in IRIG intermediate band mode at a tape speed of 76 cm per second (30
ips). The overall frequency response of the acquisition and reduction system
was determined for each chamnel by recording a pink noise signal through the
cathode follower with playback and processing through the data reduction sys-
tem. These corrections were then included in the data processing to account
for fiatness deviations in system response.

During cesting, on-line quick-look 1/3-octave data were obtained using
a Generzl Radio 1921 spectrum analyzer and plots cbtained with an X-Y plotter.
Normalization of the tape amplifiers and a selecter switch permitted obtaining
absolute level spectra {without system corrections) of any of the far field
microphones.

4.1.2 In-Duct Eulites

Yaternsl zcoustic instrumentatiocn for these tests consisted of Kulites
flush-zounted cn the flowpath walls and probe-mounted Kulites which could be
jmmersed into the flow. All in-duct instrumentation is tabulated in Table
VIII. A schematic of the Rulite data acquisition system is given inr Figure 16.

The probes used in the fan duct kad either two or three flush-sounted
Kulize sensors on them. A three-element probe is shown in the insert in Fig-
ur2 16. The probe used in the core nozzle had two elements and was water-
cooled to permit immersion in the hot exhaust. These multiple~element probes,;
as reported previously im Reference 6, are known as sound separatioa probes
and permit discrimination between broad band sound and turbulence im duct
probe measurements. All probes were traversible radially to provide data
across the duct. :

4.2 DATA EEDUCTION

off-line reduction of the recorded data was performed using an automated
1/3-octave reduction system, shown schematically on Figure 17. The recorded
data were played back on 2 CEC 37003, 28-track system, with electronics capa-
ble of reproducing IRIG wide band Groups 1 and II and intermediate band data.
411 1f3-octave analyses were performed using a Gemeral Radio 1521 1/3~octave
analyzer. A normal integration timez of 32 seconds was used to provide ade-
guate sampiing of the low frequency portion of the data signal. Tne data fre-
guency range for the QCSEE UTW test ceries was 50 Hz through 20 kEz. Each
data channel is passed through aa interface to 2 GEPAC 30 computer, where data
are corrected for freguency respounse of the acquisition and reduction system
and for microphcne head response. A "quick-look™” display of results is pro-
vided by zeans of a Terminet 300 console with data transferred and stored
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Table ¥III. In-Duct Acoustic Instrumentation.

Ergine
Itex= Station } Angle¥
Inlet Throat Probe (3-element SSP) 115.0 120
Inlet Wall Kulite 106.6 270
Inlet Wall Kulite 122.8 270
Inlet Wall KRulite , 136.4 270
Inlet Wall Kulite T 157.0 280
Fan Face Probe (2-element SSP) 154.8 180
Fan Frame Wall Rulite 188.5 110
OGV Exit Probe (3-element SSP) 204.5 282
Fan Exhaust Wall Kulite ' 204.1 312
Fan Exhaust Wall Kulite 213.0 110
Fan Exhaust ¥all Rulite 230.0 110
Fan Exhaust ¥all Kulite 242.0 110
Fan Nozzle Probe (3-element SSP) 267.4 80
Core Nozzle Probe (2-element water—cooled SSP) 289.7 270

*aft looking forward
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in the Honeywell 6000 system by a direct timesharing link. Processing in the
6000 system is performed with the Full-Scale Data Reduction FSDR) program,
where calculations are performed correcting data for atmospheric attenuation
in gccordance with Reference 7 with all data output corrected to 298 K

(77° F), 70% relative humidity, acoustic standard day. Additional czlcula-
tions, including data scaling, extrapolations, perceived noise level (PXL),
overall sound pressure level (OASPL), znd sound power level (FHL) also are
performed. As an option, the output of FSDR is written to digital magnetic
tape for subsequent data plotting with Calcomp piotter routimes.

Other data reduction techniques were also used. Constant bandwidth nar—
row band spectra were reduced on the Federal Scientific UA6. Complex time
series anzlysis such as cross correlation, coherence functions, and probabil-

ity density were processed through the General Radio/Time Data System, 2 com=

puter based system imcorporating analysis techniques in both the time and
frequency domains.

(5]
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5.0 FORWARD THRUST ACCUSTIC RESULTS

The bulk of the testing on the UTW composite nacelle was devoted to mea-
suring and evaluating forward thrust moize levels. Approximately 275 acoustic
data points were takem on four configurations. Reporting on these data will be
accomplished by investigating the inlet-radiated and exhaust-radiated noise
and then evaluasting the engine system noise levels and how these levels com—
pare to the noise goals of the QCSEE program.

5.1 IELET-RADIATED ROISE

Analysis of the inlet-radiated ncise is divided into two main categories ~
basic source noise levels and the suppression achieved with the hybrid inlet.

'5.1.1 Baseline Hoise Levels

The inlet for the baseline configuration was a hardwall cylindrical bell-
mouth as shown in Figures 2 and 3, and the fan exhaust duct walls were rendered
hardwail with metallic tape over the treatwment. . There was frame treatment be-
tween the rotor snd the OGV's plus treatment on the pressure side of the vanes.

As part of the engine design procedure, detailed estimates of the far-
field noise were made at select angles. These estimates utilized model data
vhere gvailsble and empirical correlszions from Genmeral Electric ezperience
on other engines. Figure 18 compavres predicted constituents, their total,
and measured spectra at 60° on a 66.5 m (152.4 ft) arc at takeoff thrust.
Seversl different combinations of speed, blade angle, and fan bypass nozzle
area give representative measured results. In .ne low frequencies below 250
Hz, there is good agreement; however, at higher frequencies, the measured
levels are consisteantly higher than predicted. Measured PNL's are 3.4 to 4.5
PNdB higher thar predicted. Higher-than-predicted noise levels are evident in
the 1/3-octave bands which contain the fan BPF (1000 Hz), its second harmonic
(2000 Hz), and the fan third harmonic (2500 Hz). 1In an effort to understand
vhether higher-than~predicted tones or fan broadband noise caused the PNL to
be higher than predicted, a study was made by arbitrarily reducing the BPF and
its harmonics by 5 dB in various combinations. The study indicated that a 5
dB reduction on the BPF reduced the PHEL by 0.5 PXdB. Individual reductiomns of
5 dB on the band containing the second oir third harmonic lowered the PNL by
ocnly 0.2 PXdB. Reducing all three bands by 5 dB lowered the PNL by 1.2 PNdB.
It zppears that while higher-than-predicted fan tones can contribute up to 1.2
PR4B of the 3.4 to 4.5 PKdB increase over predicted, the remaining increase
must be due to fam broadband noise above 250 Hz.

At approach, measured levels. are alsc higher than predicted over the en-
tire frequency spectrum as shown in Figure 19, and range from 1.1 to 2.7 PNdB
higher. Rote the variations in fan speeds, blade angles, and fan bypass noz-
zle area that could be used to give approach thrust.
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Filgure 18, Measgured and Predicted 60° Baéeline Spectra at Takeoff.
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Figure 19. Measurod and Predioted 60° Bageline Spectra at Approach,
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. A study similar to that performed at takeoff was completed for approach
conditions. Five dB reductions on the BPF, second, and third harmonic
individually reduced the PNL by 0.2, 0.2, and 0.3 PRGB rcspectively., A 5 dB
reduction simultaneocusly on all three bands reduced the PNL by 0.7 PEdB. This
indicates that higher-than~predicted tone levels do contribute to the PNL in-
crease observed; however, there must also be a contribution from broadband
noise.

Rarrowband spectra for takeoff and approach are shown in Figure 20.
These spectra indicate that 1/3-octave bands above 3150 Hz are controlled by
broadband noise even though fan tones are present in the narrow bands. For
example, examine the tone at 3720 Rz in the approach spectra. This tone would
fall in the 4000 Ez 1/3-octave band. The tone level is 82 dB and the broad-
band level from 3560 to 4450 Hz averages 73 dB. Convertirg the broadband
noise to 1/3-octave band level {10 Log(4450-3560)/20] adds 16.5 4B to the
broadband level raising it to 89.5 dB which is 7 dB higher than the tone.
Thus, the fan tomes above 3150 Hz do net contribute significantly to the 1/3~
octave band level.

The reason for these higher~than-predicted baseline levels is not com-
pletely understood at this time. As will be shown later, exhaust radiated
baseline noise at 120° is also higher than predicted. To determine whether
the exhaust radiated noise could be comtrolling or contributing significantly

. at 6§9°, directional array data were analyzed. Only approach data were avaii-

sble for the baseline at 60° and these relative noise levels are shown in
Figure 21 for 1002 to 4000 Hz. Koise coming from the inlet is clearly domi-
nant except at 1250 Hz where the exhaust constituent is down only 3 4B,

48 a further aid in understanding the inlet-radiated noise measured at
the far field 60° microphone, a probability demsity analysis was performed
on the fan BPF and fan second harmonic tones. Figure 22 indicates that these
signals at takeoff and approach have a random-amplitude probability distri-
bution. This implies that a random mechanism such as rotor-turbulence- '
generated noise may be the source of the inlet-radiated fan BPF and second
harmonic tones on the baseline UTW engine. Such a result is not unexpected
for a static outdoor engine test, -

One of the potential advantages of a variable pitch fan was thought to
be the capability of minimizing fan noise at constant thrust, as was demon-
strated in Reference 8, by continuously optimizing blade incidence angle and
lcading over the fan speed range. Data at approach thrust are presented in
Figure 23 for several fan bypass nozzle areas.  PNL is nearly coastant with
blade angle, with a slight trend toward lower noise at the more closed blade
angles. The BPF shows a lot of scatter which is not surprising with a rotor-
turbulence~generated noise source, and there is a trend for lower BPF noise

‘at more closed blade angles. The 5000 Hz sound pressure level (SPL) which is

representative of high frequency broadband noise is also relatively flat with
blade angle. These data from several fan nozzle areas indicate little or no
effect of fan blade stagger angle on inlet-radiated noise.
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From an engine and acoustic system standpoint, the most desirable combi-
nation of blade azngle; fan speed, and fan bypass nozzle area is high fan speed,
open nozzle area, and closed down blade to achieve thrust. The high fan speed
provides for qulck response - from approach to takeoff thrust ia the event of a
wave~-off or missed approach. Large fan bypass nozzle area decreases the ex-—
haust velocity and hence the jet/flap interaction noise. Froe the data in
Figure 23, there is no apparent acoustic penalty for operating with high fan
speed, open nozzle, and closed blade.

Figure 24 presents the variations in noise with thrust for several blade
angles and for fan nozzle areas near takeoff setting. PNL and the 5000 Hz SPL
show very little change with respect to blade angle. At the higher thrusts, it
appears that the more open nozzle area data are slightly higher by 1 to 2 dB.
The BPF SPL shows a lot of scatter but no significant trends with regard to
blzde angle or nozzle area.

The baseline data presented here for the QCSEE UTW variable pitch fan
have indicated no optimum blade amgle for minimum noise over the range of
blade angles tested. Fan source mechanisms are many and varied for a static
fan test. For example, one of the major noise scurces is known statically to.
be the interaction of the rotor with inlet turbulence. This source appears
to be made up of both a dipole soirce and a quadrupole source; one of which
varies with blade loaéing and one independent of loading. If, for this fan
design, the dipole, rotor-=turbulence interaction source controls, then no
change with blade angle would be expected to occur. In flight, however, the
ingested turbulence is no longer affected by the contractiocn ratio of the
static inlet and this rotor-turbulence interaction noise is reduced.  In the
flight case them, the effect of blade angle may be important.

5.1.2 Inlet Suppression

The UTW composite nacelle inlet acoustic design was based upon scale-model
tests in the General Electric Company anechoic chamber (Reference 9). Suppres-~
sion objectives for the inlet, which is shown schematically im Figure 25, were
12.8 PNdB at takeoff with a 0.79 throat Mach number and 6.3 PN4B at approach.
More details of the inlet design and suppression objectives are available in
Reference 1. Basically, the design was a hybrid inlet which relied on high
throat Mach number suppression at takeoff and utilized single-degree of-freedom
wall treatment for approach and reverse thrust suppression¢

Variation in PRL as a function of inlet throat Mach number is presented
in Figure 26 for acoustic angles of 50 and 60°. Data are shown from different
blade angles znd indicate that there is very little variation with blade angle.
Baseline levels are from a hardwall cylindrical inlet with a bellmouth and
have a low ialet thrczt Mach number. For comparison purposes, these baseline
data are plotted at an equivalent Mach number which the same engine setting
would give with the high Mach number inlet. Suppressed data at both angles
tend to flatten out ar throat Mach numbers of 0.75 and higher. The anticipa-
ted variation in suppressed inlet PX¥L with throat Mach aumber is based om the
model tests as shown at 60°,
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Figure 25. Inlet Schematic and Design Details.
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Analysis of directional array data at a throat Mach number of 0.73 indi-
cated that exhaust radiated fan noise was a major contributor to the forward
quadrant noise levels ia the frequency range of 1250 to 4090 Hz (operating
frequency range of the directional array). Figure 27 indicates the relative
SPL’s from various aiming points on the engine at an zcoustic angle of 60°.
For the frequencies shown, exhaust radiated noise from the last three aiming
peints is a ma;or noise source at 60°. On a spectral basis in Figure 28, cor~-
recting the noige levels at 60° to inlet radiated noise only results in the
revised SPL spectrum and suppression spectrum shown which' results in 2 PHdB:
"more suppression. This is in agreement with the scale-modei inlet radiated
curve superimposed on the data in Figure 26. Tiis scale-model curve indicates
that the inlet suppression is 14 to 15 PNdB at 0.79 throat Mach number - well
above the goal of 12.8 PRdB. ZEarlier tests of a similar inlet on the QCSEE
OTW engine, as reported in Reference 10, produced inlet suppression of 14 PNdB
at 0.79 throat Mach number.

As mentioned earlier, cne of the unique features oi a variable pitch fan
is its capability to hold comstaat approach thrust at a variety of blade angle
and nozzle combinations. A desirable combination is high fan speed (to reduce
engine response time in the event of a wave off) and open fan nozzle (for low-
ered jet velocity znd therefore jetf/flap noise). This desirable combination
was tested along with several other combinations, as shown in Figure 29. Here
the fully suppressed PXL is nearly constant with blade angle. At the closed
blade angles and high fan speeds, inlet suppressien is about 4.0 dB. It was
anticipated that 6.3 PNdB inlet suppression would be achieved with the SDOF
treatment of the hybrid inlet at the low imlet Mach numbers associated with

.approach, .While the design (on which acoustic predictions were based) called

for a treated inlet lenmgth to fan diameter ratioc (L/D)} of G.74, the inlet
actually had a treated L/D of 0.67, as noted in Figure 25. On a linear basis,
the suppression would be less by 0.6 PNdB; therefore, the estimated suppres-
sion for this irlet is 5.7 PNdB compared to 4.0 measured at the approacn
points with closed blade angle.

It is apparent in Figure 29 that a slightly higher level of PNL suppres-
sion of sbout 6 PHdB could be achieved at blade angles that were opened sev—
eral degrees from the closed blade angles associated with the high fan speed,
low nozzle area point discussed above. Predicted suppression levels were
not calculated for this condition.

Figure 30 compares inlet suppression spectra observed with the wall-
treated high throat Hach number (hybrid) inlet at approach thrust. Data are
presented for three exhaust configuraticns. In the low frequency region from
315 to 630 Hz, suppression is increased by the presence of the stacked treat-
ment in the core, indicating that these frequencies are exhaust-radiated core
noise controlled, and not inlet-radisted fan 1oise. 4bove 1000 Hz, the sup—
pression spectra are generally independent of exhaust coafiguration indica-
ting that these frequencies are inlet radiated. The directional array results
shown in Figure 31 confirm that the apprcach SPL's at 2000 to 4000 Hz are inlet
radiated. At 1250 and 1600 Hz, there appears to be some contribution from the
exhaust quadrant. At these lower frequencies, core noise may be the contribu=—
tor; because, for the configuration on which thesc array results were measured,
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Figure 28. 60° Spectra at 0.73 Throat Mach Number.
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the core was hardwall. The exhaust radiated noise had only a small effect on
the forward radiated noise levels. PHL calculations made with the exhaust
radiated components removed from the 800, 1000, and 1250 Hz band only increased
suppression by 0.2 PudB. .

5.2 EXRBAUST-RADIATEZD ROISE

The UTW engine, as shown schematically in Figure 1, incorporated many low
noise features in the fan and core exhaust to lower exhaust-radiated noise.
Baseline levels of the fam will be compared with pretest predictions and the
performence of the low noise features will be discussed in the following sec-
tions.

5.2.1 Baseline Noise Levels

Prior to testing the UTW engime, estimates were made of the individual
exhaust-radiated components for static tests at tzkeoff and approach.’ Com—
psrisons of the predicted and measured baseline spectra are presented in Fig~
ures 32 and 33 at tzkeoff and approach, respectively. At low frequencies,
the system noise level, composed primarily of jet noise, is either as pre-
dicted or lower. At higher frequencies, however, the measured spectra are
consistently higher than predicted resulting in the measured PXL being 2.6 to
5.5 FiB higher then predicted. As was the case for the inlet-radiated spec~-
tra, the 1/3-octave bands include both fan tomes and broadband noise. As
indicated in the narrow band spectra of Figure 34, these tones control the
1/3-octave bands of 1000, 2000, aznd contribute significantly to 2500 Hz. At
frequencies above 3000 Hz, the fan tomes do mot comtribute significantly to
the 1/3-cctave band level. To determine if higher-than-predicted tene con—
teat heavily influemced the PNL's, a study was conducted which reduced the
1030, 2030, and 2500 Hz 1/3-octave bands by 5 dB. Such z reduction on these
bands containing the first three fan tomes, reduced the PHL by 0.6 PHdB at
both takeoff and approach. This irdicates that higher~than~predicted fan
broadband noise accounts for the higher-than-predicted exhaust radiated base- _
line noise levels. Ia Figures 35 and 36, at takeoff and approach, respectively,
the directional array indicates that the high frequency broadband noise reaching
the far-field microphone at 120° on a 30.48 m (100 ft) arc is exhaust-radiated
with the fan bypass nozzle being the main source. In Figure 36 at 1000 Hz,
which contains the fan BPF, there zppears to be a strong contribution from
Aiming Point 4 where the fan duct attaches to the fan frame. This could fndi-
cate a leakage path; however, this high level is not observed at other angles
ané cther speeds. . ‘

Resuits from a probability demsity analysis of the fan BPF and second
harmonic tones are presented in Figure 37. These signals in the aft quadrant
have a random zmplitude probability distribution {as they did in the inlet)
which implies that a random mechanism, such as retor-turbulesce generated

‘noise, may be the dominant source mechanism.

At approach thrust, the inlet-radizted noise showed very little variation
with blade angle. Figure 38 shows the variation in aft quadrant noise with
blade angle. There is a slight tendency for the BPF to decrease as the blades
are closed; however, the high frequency SPL's znd the PHL's are essentially
invariant with blade angle over the range tested. '
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Figure 33. Measured and Predicted 120° Baseline Spectra at Approach.
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Due to the limited blzde angle variation at takeoff thrust, noise levels
vere plotted as a function of thrust for fan bypass nozzle areas near takeoff.
The data, shown in Figure 39, indicated no significant variation in noise with
blade sngle. As with the inlet-radiated tone noise, it appears that a fan
source mechanism such as the dipole, rotor-turbulence inmteraction is control-
lieg and thus no change with blade angle would be expected to occur. Under a
turbulence-free emviromment such as in flight, the effect of blade angle could
be important as a means of minimizing tone noise. Rotor turbulence generally
works on tomes; however, recent studies have indicated that high frequency
brosd band noise can also be attributed to rotor turbulence noise. This would
mean that in-flight conditions could improve high frequency broad band noise.

The exhaust-radiated fan noise which controls the spectra above 800 Hz,
was predicted based upon General Electric Company experience with fixed pitch
‘fans (Reference 3). It appears that the fixed-pitch fan data base cannot be
used to relizbly predict a variable-pitch fan design. Variances such as fan
solidity, blade number, and perhaps the vane-frame itself are possible causes
of discreparcv. Additional investigations are inm order to determine the exact
cause of our divergence. The QCSEE UTH engine does provide an excellent data
base on whicr future variable-pitch desigus and asise estimates can be made.

5.2.2 Exhaust Suppression

5,2.2.1 Engine Treatment

Pxhaust-radisted noise on the QCSEE UTH engine consists of fam noise
(both tones and broad band), low frequency combuster moise, low frequency jet
poise, and high frequency turbine noise. In order to meet the chellenging
noise goals of the QCSEE program, suppression for the fan, comtustor, and tur-
bine was incorporated into the design of the UTW compesite nacelle.

Schematics showing the exhaust treatments for the fan bypass duct and D
the core are presented in Figures 40 and 41, respectively. Included in the
fan treatment are fan frame treatment betweeen the rotor and OGV, vane treat-
ment on the pressure surface, fan bypass duct wzll treatment, and an acoustic
splitter. The core incorporates a “stacked" treatment to attenuate both the

- low frequency combustor noise and the high frequency turbine noise.

Variation of the aft quadrant PNL's with engine thrust is shown in Figure
42. Fully suppressed levels relative to the baseline {frame treated)} configu-
ration are lower by 6 to 8 PNdB. These data are for blade angles and opera-
ting lines representative of takeoff conditions. There appears to be no sig-
nificznt variation present due to either blade zagle or fan bypass nozzle
area over the range presented. On a spectral basis, Figure 43 compares spec-—
tra from baselime 2nd fully suppressed configurazions at takeoff thrust over
2 range of blade angles zud fan bypass nozzle areas. The average suppression
from these data is compared with predicted values in Figure 44. Tote that
these measured amd predicted suppression spectra are for the engine system
as tested - not for am individual compoment. On a PRL basis, the average

s e e TRt e e b
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Figure 39. Baseline Noige Variation with Thrust at 120°,
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Figure 40, Composite Xacelle Fan Exhaust Duct Treaztment.
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measured PNL suppression is 7.1 PXdB compared to a predicted 9.2 PNdB. Sup-
pressicn of the BPF and its second harmonic were less than anticipsted and
this is the primery reason for not meeting the predicted suppression.

Directionzl array data at near takeoff thrust are presented in Figure 45.
At 1000, 1250, and 1600 Hz, there is a significant contribution from the core
region. This is not surprising since, for the directional array study, the
engine was fully suppressed except for the core which was hardwall. At higher
frequencies, the noise is radiated from the fan exhaust.

Approach baseline and fully suppressed spectra are presented in Figure
45. Suppression is evident at low frequencies near 500 Hz, vhich is combustor
noise, and at the higher frequencies associated with fan noise. The average
suppression spectra from these data is compared to predicted in Figure 47.
The gverage PNL suppressiocn is 7.5 PNdB compared with a predicted value of
$.6 PXdB.

As did the takeoff directicnal array data, the fully suppre-sed/hardwall
core configursticn at approach in Figure 48 indicates a strong contribution
of core moise at all frequencies. The 2500 and 3150 Hz bands indicated that
inlet-radiated noise is contributing to the far field 120° levels. At 4000 Hz,
the moise is all exhsust-radisted.

Due to the high bypass ratic and fam diameter of the QCSEE UTH engine,
the fan bypass duct height was very large, on the order of 0.51 m (20 in.).
The desired level of fan axhaust suppression required the use of an acoustic

.splitter in this large duct. This splitter was removable and the exhaust sup~-

pressicn with the splitter removed is shown in Figure &9 for takeoff and ap~
proach. The wmeasured suppression spectra for the splitter-out case are in
goc: agreement with predicted for wall-treatment-only, except at 2000 Hz and
the high frequeancies near 6300 Hz. As a result, the measured PNL suppression
is gbout 1 te 1.5 PREB less than predicted. These results indicate that the
use of the acoustic splitter in the fan bypass duct increased suppression by
about 4 FdB.

In~duct instrumentation in the fan bypass duct consisted of flush-mounted
wall Kulites apd radially traversible sound separation prcbes. Figures 50 and
51 show the axial decay of the fan BPF and fan second harmonic for approach
and takeoff, recpectively. At approach, the loss down the duct is on the order
of zbout 10 dB on the tones. At takeoff, the fully suppressed configurations
show some scatter but generazlly also give about 10 dB tone suppression. Narrow
band spectra at takeoff in Figure 52 indicate that the BPF tone decreases down
the duct; however, there is still a tone remaining. The second harmonic has
been generally suppressed to the broadband by Station 242. Higher fan harmon--
ics still remain even at Station 242. Similar spectral results are evident at
approach in Figure 53. Fan second harmonic tone suppression is evident to the
broadband floor while higher fan harmonics are still visible im the spectra.
Note that thers is an ideptifiable tone at 7600 Hz which is the BPF of the
core compressor first stage. -
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Sound separation probe data were acquired at approach for several radial
irsersions st two statioms - the OGV trailing edge and the fan bypass nozzle
flep trasiling edge. Results are presented in Figure 54 and show that  the
narrow band tone FWL transmission losses were 21 and 15 aB, respectively, at
the fan BPF and fan second harmonic.

5.2.2.2 Vane Suppression

One of the advanced technology items in the QCSEE program was the incorpo-
raztion of treztment on the prossure surface of the cutlet guide vanes (OGV'S).
Although no model testing was conducted, it was felt that this treatmeunt would
demonstrste high frequency bread band suppression that could be useful on en-
gines with marginal suppression desxgns. Acoustic design parameters are as
follows:

Pressure side only treated with SDOF treatment
Facesheet thickness = 1.27 mm (0.05 in.)

10% porosity

Hole diameter - 1.52 mm (2.06 in.)

Cavity depth - 6.35 to 12.7 mm (0.25 to 0.5 in.)
Treated lemgth to duct height (L/H) ~ 0,33
Tuning frequency ~ 4080 Ez

Treated area per vape - 203 cm? (31.5 in.2)

The treated L/H for the vane was based on the axial treated length of the
vane divided by two times the average circumferential spacing between the vamnes.

As discussed earlier in Section 3.0, vane treatment was evaluated by
taping the OGV's with a metal duct tape to simulate a hardwall vame. This
was done with the rest of the engine in a baseline configuration. Vane treat-
ment suppression spectra for 110, 120, and 130° are shown in Figure 55. These
curves are an average suppression based on 10 pairs of treated and untreated
vene data points covering a range of fan speeds, biade angle, and fan bypass
nozzle areas. Suppression of nearly 2 dB was achieved with the vane treatment
in the frequency region of 5 to 10 kHz. Not only is suppression evident in the
aft quadrant, but it is also present in the inlet quadrant as shown in Figure
56 which presents suppression directivity at 1/3-octave band frequencies of 4000
to 8000 Bz.

5.2.2.3 Core Hoise

‘The core suppresscr shown schematically in Figure 41 was designed (Refer-

" encze 2) to suppress both high frequency turbime noise and low frequency com-

bustor noise. . Since both of these compcnents are marginal in terms of con-
tribution to the total UTW system noise (Reference 1}, it was recognized early
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in the program that it would be extremely difficult to measure the unsup-
pressed and suppressed levels of these components. The difficulty in mezsure-
m2nt of the core suppressiocn has been compounded by the fan source noise in-
crease of sbout 5 dB which results in aft fan noice levels high enough to com-~
pletely mask the high frequency turbine noise.

Spectral comparisons with a hardwall core and the treated core suppressor
are shown in Figure 57. The comparisons are mazde at a large fan bypass nozzle
area to keep jet noise low. Low frequency suppression is evident in the fre-
quencies vhere combustor moise is expected to cccur, i,e., 315 to 630 Hz., The
resulting suppressions which are evident in the far field are showa in Figure
58 and compared to the predicted combustor suppression spectra. Broad band
suppression in the band containing the fan BPF was determined by fairiang out
the BPF in the 1/3-octave band spectra. This compariscn reflects the measure-
ment difficulties associated with noise masked Uy other sources, rather than
poor performance of the core suppressor. Additiocnal testing to isolate the
core ncise and core moise suppression is needed and should be considered in
foture tests of the UTW engine.

An interesting observation can be made with regard to the low frequency
stacked trestment, as shown in Figure 59. Suppression is evident at all an-
gles indicating that low frequency combustion noise is present even in the
foreard guadreant.

5.2.3 UTY Radial Hodes

Measuremente of radiel mode content were made for an untreated (hardwall)
duct coafiguration at two planes of the exhazust duct, using the OGV exit probe
at Station 285.5 and the fan nozzle probe at Station 267.4, as shown in Fig-

- ures 3 and &40. Data were taken at takeoff and approach conditions,

A radial modal measurement consists of the determination of the spatial
variation of the complex acoustic pressure profile across the duct, which is
then expanded into characteristic duct modes. For the exhaust duct, it is
assumed that the modal expansion can be made in terms of the modes of a rec-
tangular duct. This approximation will be true for high radius ratio znnular
ducts in the presence of low spinring mode orders. The complex acoustic pres-
svre profile is obtained by computing the cross spectrum of the traversing
probe signal with a wall-mounted reference microphone loczted close to the
treverse plane. The data were reduced at the pure tone frequencies, vhere
ccherence between the traversing probe and the wall Kulite was sufficiently
high to provide vaiidity to the measurement. Figures 60 to 63 are plots of
the modal content in terms of relative mode magnitudes for 50 Hz bandwidth
narrov bands which contain energy from pure tome generation by the source. The
modal participation, in almost all cases, is nsted to be rich in higher order
mode conteat, 2 condition which should be advantageous to treatment suppres-—
sion. The modal participation could be used to predict suprression for any
given configuration of treatment panels. Thais procedure has the potential of

_increasing suppression well azbove that of current design techniques.
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5.3 ROISE DIRECTIVITY COMPARISCNS

PHL directivity comparisons for the five engine configurations are presen-
ted in Figures 64 and 65 for takeoff and approach thrust, respectively.  These
comparisons are on a 61 m (200 £t} sideiine and indicate that the'péak angle -
both suppressed and umsuppressed -~ is in the aft quadrant near 110°.

Comparisons are made for two different builds of the QCSEE UIW over two
different sound field surfaces and are for data that have been corrected to
standard day conditions (298 K [77° ¥] and 702 relative humidity) but not to
free-field conditions.

In the aft quadrant, the fully suppressed no-splitter configuratioa is

about 1 PRdB higher than the fully.-suppressed/hard core configuration at both
takeoff and approach. ' ’

5.4 SYSTEM ROISE LEVELS

The noise objectives for the UTW engine are depicted schematicelly im
" Pigere 66. They are based upon the total system noise levels that would be
hezxd by an cbserver on a 152.4 m (500 ft) sideline. At takeoff and approach,
the noise levels imclude not omly the engine noise (less static jet noise)
but also the jet/flap moise associated with the interaction of the ezhaust
gases with the powvered-lift flap system. Specific aircraft operating require-
pents sre given im Table IX.

At takeoff, the moise goal is a maximum of 95 EPRdB. At approach, with
the engines developing 65% of taskeoff thrust, the goal is alsc 95 EPR3B.

Since the engine noise levels are to be measured during static testing,
a procedure for determining in-flight unoise levels from static data has been
established as part of the coatract. This procedure establishes the follow-
ing (See Appendix A of Reference 3):

1. Jetfflap noise_calculatidn procedure

2. Extrapolation procedures including air attenuation and extra

ground attenuation

3. Doppler shift correction

4. Dynamic effect correction

5. Size correction

6. In-flight cleanup and upwash angle correctiom

7. lamber of engine correction

8. Relative velocity correction for je%/flzp noise
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Table IZ. UTW Engine and Aircraft Flight Characteristics

for Acoustic Czlculatioms.

Flight Conditiomns Takeoff Landing
Aircraft Speed, m/sec (knots) 41 (80) 41 (80)
Flap Angle,v degrees 30 60
Climb or Glide Angle, degrees 12.5 6
Angle of Attsck, degrees 6 2
Upwash Angle, degrees ' 15 i1
Installed Net Thrust, percent 100 65




e ¥ Sty 4

9.  Fuselage chielding
"10.  PNL to EPEL calculation

11. Dirt/grass ground absorption correction
These calculatiors are performed on the peak forward ang Peak aft angles.

Using the contract Procedure specified above, the takeoff noise level for
an aircraft povered by four QCSEZ Uty composite nacelle engines would be 97.2
EPNG3 on a 152 (500 ft) sideline. Tsble X presents the forward and aft
quadrant summaries for this system. It is evident that exhaust-radiated noige

At approach, the total system noise level is 95,7 EPNgB - just 0.7 EPRdB
over the goal of 95.¢9 EPNdB. Table XI shows that the suppressed engine noise

. 18 the dominant noise source in both quadrants ang that any reduction to the

ing a noise reduction step of about 10 EENGB below current vide-body aircraft.
UI¥ noise levels were within 2.2 EPRAB of these goals and, thus, seil} repre—
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Tsble X. Takeoff System HNoise.

e 80.8% corrected fan speed, PCELR
° 0.79 throat Mach nusber, XMII
e  1.58 m? (2&51 in.2) fan exhaust nozzle‘area, A18
'@  -8.0 Fan blade angle, ROPDEG
e 152 = (500 ft) sideline
- e . 61 m (200 ft) altitude

e . Fully suppressed (Rezding 103}

Maxivum Roise

Forward Quadrant . Aft Quaéraéz
Eagiﬁe Jet/[Fiap Engime Jet/Flap
PRL : 91.7 84.6 89.0 90.0
- Total System PHL 97.0 99.9 |
Totzl System Eﬁﬁi . 97.2
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Teble XI. Approach Syétem Hoise.

94.4Z corrected fam speed, PCNLR

1.65 m2 (2550 in.2) fan exhaust nozzle area, A18

+4.3 fan blade angle, ROPDEG

152 m (500 ft) sideline

61'm (200 ft) altitude

" Fully suppressed (Reading 54)

Maximum Koise

Forwardé Quadrant Aft Quadrant
Engine Jet/Flap Engine Jet/Flap
PNL 96.7 89.8 95.6 82.7
Total System PHL 97.9 96.0

Totzl System EPHL

195.7
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6.0 REVERSE THRUST ACOUSTIC RESTLIS

Reverse thrust testing of the fully suppressed UTW composite nacelle
engine was ~onducted at two fan pitch blade angles. The blade angles were
-65 and ~100°. For these tests, the fan bypass nozzle flaps =re opened to
a flare position as shown in Figure 67 to provide an inlet for the reversed
fan bypass flow. i ‘

6.1 PAR-FIELD DATA

Far-field PNL's are shown in Figure 68 for the peak acoustic angle of
70°. The PHL's are plotted versus reverse thrust level which is expressed
as a percent of takeoff thrust. Although the reverse thrust goal of 35% was
not resched due to engine temperature limitations, acoustic data were taken
up to 27% of takeoff thrust. PNL's taken at =95° fam pitch blade angle are
generally higher than those takea at —100°, a result that was anticipated from
the model tests reported in Reference 9.

Figure 69 is 2 PRL directivity plot at 277 reverse thrust. The spsctral
distribution at 60° and 70° is shown in Figure 70. The fan BPF is evident at
800 Bz but no tones are seen at higher fregquencies as confirmed by the 20 Hz
nparrow-band spectra presented in Figure 71.

6.2 SYSTEH ROISE LEVELS

. The noise goal for the UT¥ engine im reverse thrust is a peak ncise level
of 100 FIdE or less on 2 132 w (500 ft) sideline with the engine generating a
reverse thrust level which is 352 of takeoff thrust. Since the UTH engine
achieved a maximum of 27Z reverse thrust, system noise numbers will be pre=
sented at this thrust level and not at 35Z. The peak PKL occurred at 70° and
was 103.3 PNdB for the single engine tested at the General Electric Peebles
Test Operation. Im order to convert this to a system noise level representa—
tive of a QCSEE-powered STOL aircraft, adjustments as specified in Appendix A
of Reference 3 were made. They are tabulated below: B

. Engine size’ 1.1 PNdB
Mumber of engines 6.0 PNdB
Fuseiage sbiélding -3.0 PNEB
Dirt/grass ground -1.0 PNdB
Total correction " +3.1 PNdB

With this correction, a short-haul aircraft system with four QCSEE's
would achieve a maximum level of 106.4 PESB on a 152 m (500 ft) sideline when
operating at a reverse thrust which is 27% of takeoff thrust. An alternative
to this would be the case where it is strictly necessary to meet the 100 PNEB
goal. This stringent noise goal could be achieved at a reverse thrust level
which is 18% of takeoff thrust.
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7.0 CONCLUSIONS

Because of the very challenging noise goals established for the QCSEE pro-
grsm, several unigue noise-reduction concepts and source noise reduction fea-
tures have been develeped and demonstrated. The most difficult aspect of the
QCSEE nofse goal was to achieve simultaneous success with the prediction and
suppression of several major noise components. Simultzneous success was npeces—
sary since all of these sources were contributors to the suppressed engine
noise levels and, therefore, missing éven one of the component levels jecpar-
dized achievement of the noise goals,

7.1 COECLUSIONS
e UTW takeoff system noise levels were vithin 2.2 EPNdB of the goal.
° UTW approach system noise levels were within 0.7 EPNdB of the goal.

e Baseline unsuppressed levels on the UIW engine were higher than anti-
cipated but the program has provided a large datra base (both aercdy-
namically and acoustically) for understanding and predicting variable
pitch fan moise. - ' :

‘e The hybrid inlet achieved 14 to 15 PHAB of inlet suppression at
0.79 throst Mach number. At approach, the wall treatment provided
%4 to 6 PN4B suppression.

-] Aft fan suppression of up to 2 dB was demonstrated for the treated
vanes. This is a significant zmount of suppression for a very small
amount of treatment area.

] Aft suppression for the static engine was within about 2 PXRdB of
predicted.

® The suppression capability of the "stacked" core suppressor was not
completely evaluated due to masking by other noise sources; however,
suppression at the design frequencies was demonstrated for a flighe—
worthy combustor noise suppressor design.

® Reverse thrust nosie levels of the variable pitch UTW fan were
higher than predicted; however, the data base will provide for more
accurate prediction and understanding of variable pitch fan noise
in reverse thrust.
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where

APPERDIX

FREE-FIELD CALCULATIONS

The baseline (frame treated) configuration of the QCSEE UIW composite
nacelle engine was tested acoustically over two sound field surfaces - gravel
and concrete. Each surface has different ground-reflection characteristics

which might be considered 0 any correction of the data to free-field condi-
tions. This appendix compares the free-field results from both surfaces, and

ence 10). The corrections for each 1/3-octave band are listed in Tzble A-1
and are added to the far field,measured SPL's.

“Two sets of microphones were used to acquire the data over the concrete
surface. Ground microphones were 1.27 & (0.5 ia.) above the concrete and en~

SPLEF = AG(SPLg - 6.0) + Ac/p(SPicyy - 3.0)

A - w?ighting‘fagiorbfof g?ouﬁd‘microphone
‘ACIL . = ‘veighting factor for centerline microphcnes
SPLgyy, = centerline microphone SPL

SPLpp - = free field SPL

SPLg = gfouﬁd microphone SPL

Weighting factors for each 1/3-octave band are given below:

. Band Ag Ac/L
50 to 1000 kz 1.00 0.00
1250 _ 0.83 0.17
1600 0.67 0.33
2000 0.50 0.50
2500 0.33 0.67
3150 0.17 0.83
4000 to 10,000 0.00 1.00
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Table A~i. Ground Reflectiom Corrections,
12.2 = (40 ft) High Microphone.

e Corrections are o be added
to measured spectra

Freguency Correction
(8z) : (a8)
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The philosophy behind this composite free-field spectrum is based on the
assumption that the grouand microphone provides pressure doubling (& dB) over
the low frequencies while the centerline microphone provides power doubling”
(3 ¢B) in the high frequemcies. For the frequencies in between, an arithmetic
weighting is used to provide the free—-field levels.

Free-field spectra at three angles for the gravel and concrete sound field
surfaces are compared im Figures 72 and 73 at takeoff and approach, respectively.
Engine operating parameters were matched as close as possible and the data sep-
arztely corrected to free field using the procedures discussed above. There is
excellent agreement between the two free-field spectra at each angle. On a PNL
basis, the differences are jess than 0.5 PEdB. There are some slight differ-
ences in the very low frequencies which are probably a result of slight shifts
in the ground reflection nulls and reinforcements over the gravel. A more de-
tailed recalculation of the ground corrections would probably collapse the low
frequency data better; however, the impact on PRL would be minimal.

The comparisonms in Figures 72 and 73 represent a site calibration for the
QCSEE UTW engine tests ané the excellent results imply that data from the two
surfaces can be compared with reasonable accuracy when such comparisons are
made on & free-field basis.
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SYMBOL OR

ABBREVIATIONS

Ac/L
Ag
ALF

Al8
BPF
D or Dy
EPNL

FNRIN

OASPL
PCRLR
PCRT
PL
PWL
ROPDEG

. SPL

p:tit:
XL

X1l

NOMENCLATURE

DEFINITICH
Centerline microphone weighting factor
Ground microphone weighting factor
Aft looking forward

Fan bypass nozzle area

" Blade passing frequency

Fan diameter
Effective perceived noise level
Installed thrust

Inlet length

Treated length

Overall sound pregsute level re: 06.0002 dynes/cu?
Percent corrected fan speed re: 3244 rpa
Perceui reverse thrust re: tzkeoff thrust
Perceived noise level
Sound power level re: 16713 vatts
Fan blade angle

Sound pressure level re: 0.0002 éynes/cmz
Centerline microphone SPL

Free-field SPL

Gfound microphone SPL

Under-the-Wing engine

Ccmpressotvspeed

Fen speed

Inlet throat Mach number

PRECEDING PAGE BLANK NOT FILMED

URIT

'FEdB

dB
degrees
dB
dB

dB

dB
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