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NOISE MEASUREMENTS FROM A LARGE-GCALE LIFT FAN TRANSPORT 

MODEL IN TWE 40- BY 80-FOOT WIND TUNNEL 

Adolph Atencio, Jr. 

U.S. Army Air Mobility Research & Development Laboratory 

SUMMARY 

Noise data measurements from a large scale lift fan transport model 
aircraft were made in the Ames Research Center 40- by 80-Foot Wind Tunnel. 
The model had two lift fans in deep inlets in the forward fuselage and 
two lift-cruise fans in pods on the aft fuselage. The noise data measure- 
ments are presented as listings and plots of SPL versus 1/3-octave center 
frequency. 

INTRODUCTION 

Ames Research Center has been taking noise measurements from model 
aircraft during tests in the 40- by 80-Foot Wind Tunnel. 
being used to predict noise emission from flying aircraft of the same type 
and to study basic noise generation. A lift fan transport model with two 
lift fans in deep inlets in the forward fuselage and two lift-cruise fans 
mounted on the aft fuselage was tested in the 40- by 80-Foot Wind Tunnel 
(reference 1). 
wind tunnel for selected aerodynamic conditions. 
were reduced and are presented in this report. 

These data are 

Noise measurements were made at fixed locations in the 
Selected data points 
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MODEL 

The lift fan transport model had two lift fans installed in deep 
inlets in the forward fuselage and two lift-cruise fans installed in 
pods mounted on the aft fuselage near the tail. (Configuration details 
are shown in figure 1.) 
cascades at the exhaust duct exits and the lift-cruise fans had exhaust 
deflection ducts attached to each pod. 

The front lift fans had adjustable exit vane 

The low mounted wing had an aspect ratio of 8.15 at a 3' dihedral. 
The wing was swept 23.5' at the quarter chord line and had an NACA 
65-412 airfoil section. Overall span was 13.65 meters (44.20 ft). The 
wing had a 7% chord leading edge slat and a 20% chord trailing edge flap. 
The flap was deflected to 30' during all of the testing. 
the model as installed in the 40- by 80-Foot Wind Tunnel. 

Figure 2 shows 

PROPULSION SYSTEM 

The lift fans and lift-cruise fans were General Electric X376-B lift 
fans with a design pressure ratio of 1-10. The fans were .914 meters 
(3 feet) in diameter and were tip turbine driven by the exhaust from four 
G.E. T-58 turbojet gas generators (one per fan). 

INSTRUMENTATION 

B&K 4133, 1.27 cm (1/2-inch) condenser microphones with B&K 2619 
cathode followers were used during the test for data acquisition. 
microphones were placed in fixed positions in the wind tunnel on 1.83 
meter (6 ft) stands. The microphones were connected by cables to signal 
conditioners and the output from the conditioners was fed to an Ampex 
1300A 14 track tape recorder. 
to calibrate the microphones to 0.5 volt RMS before each run. Bullet 
nose cone wind screens were used over the microphone diaphragms and the 
microphones were pointed into the wind. The microphones had omnidirectional 
response with the wind screens installed. Table I gives the angles and 

The 

A B&K 250 Hz, 124 dB piston phone was used 
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distances of each microphone from the model sound sources. 
array in the wind tunnel is shown in figure 3. 
system electrical response and tape recorder response are estimated to be 
less than t 1/2 dB. 

The microphone 
Errors due to microphone 

TEST PROCEDURE 

Noise data measurements were made at selected aerodynamic conditions 
(reference 1). 
point. Model configuration, model attitude, fan speeds, and wind tunnel 
speed were recorded simultaneously with the acoustic data. 

Approximately 60 seconds of data were recorded at each 

WIND TUNNEL REVERBERATION CORRECTIONS 

The wind tunnel reverberation corrections were based on a calibration 
of the 40- by 80-foot wind tunnel test section with a dodecahedron sound 
source. The dodecahedron sound source was suspended in the test section 
and driven with pink noise filtered through a 1/3-octave band filter set. 
The input power was held constant for each band of noise and the output 
from the source was recorded. The tunnel airspeed was zero during the 
calibration. A similar test was conducted with the dodecahedron sound 
source suspended in an anechoic chamber. The SPL recorded for each 
1/3-octave band in the anechoic chamber was subtracted from the SPL 
recorded in the wind tunnel for similar positions. The differences at 
each 1/3-octave band were used as corrections to data taken during the 
lift fan transport test. 
noise data for reverberation is discussed in references 3 and 4 .  

Further discussion of the method used to correct 

DATA REDUCTION 

Fifteen to twenty seconds of data from each data point sample were 
reduced using a B&K 1/3-octave real time analyzer. 
was used with appropriate reverberation corrections to compute 1/3-octave 
band SPL, overall SPL and PNdB (reference 2). 
SPL versus 1/3-octave center frequency. Listings of uncorrected data are 
also included. 

Output from the analyzer 

Corrected data are plotted as 
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DATA PRESENTATION 

The reduced data are presented with and without reverberation 
corrections as listings. In addition, plots of data corrected for 
reverberation are included. 
data and plots. 
Figure 21 shows typical wind tunnel background noise for the test 
velocities. 
given in Table 11. 

Figures 4 through 19 show the corrected 
Figure 20 shows the listings for uncorrected data. 

A summary sheet showing the data included in the report is 

Analysis of data contained in this report are given in references 
4 and 5 .  
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( a )  RPM = 2000. 

Figure 4.- Run 1, qo= 0, a = O o ,  9 = O o ,  u = O o ,  Bv = O o ,  V 
6 = $0 , fan 1. cn 



(b) RPM = 3000. 

Figure 4,- Continued. 
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(a) RPM = 2000. 

Figure 5.- Run 1, Vm = 0, 01 = Oo, $ = Oo, Bv = oo, 6 = 90, cn fans  1 and 2. 
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Figure 5.- Continued. 
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( c )  RPM = 3600. 

Figure 5.- Continued. 
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(d) RPM = 4000. 

Figure 5.- Concluded. 
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(a> 6, = o O .  

0 Figure 6.- Run 2, Vm = 9.7 m/sec, a = Oo, $ = 0 , 0 V = O o ,  
6 = 900, fans 1 and 2. , RP/> -- 51~63 cn 



(b) BV -4'. 

Figure 6.- Continued. 



(c) BV = -8'. 

Figure 6.- Continued. 
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(d) Bv = -12'. 

Figure 6.- Continued. 



( e )  B~ = +4O. 

Figure 6.- Continued. 
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(f) BV = +8O.  

Figure 6 . -  Continued. 
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(g) Bv = +12O. 

Figure 6.- Concluded. 



( a) Vm = 10.5 m/sec 

Figure 7.- Run 8, a = Oo, JI = O o ,  (z = O o ,  Bv = O o ,  6 = 90°, 
fans 1 and 2 ,  RPM = 3600T cn 



(b) Vu, = 13.7 m/sec 

Figure 7.- Continued. 
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( e )  Vm = 20.5 m/sec 

Figure 7.- Continued. 
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(e )  Vm = 41.4 m/sec 

Figure 7.- Concluded. 
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Figure 8.- V, = 28.5 m/sec, 01 = Oo, $J = Oo, BV = O o ,  6 = goo, 
fans:, 1 and 2, RPM = 3600. cn 



d' 120 1- E 

0 

(b) cfy LCJ 40°5 Run 10. 

ure 8.- Continued. 



40 
100 200 400 800 1.61 3.lb1 6.31 l2.bti 

63 125 250 500 II t p  41 81 'Idif - 
20 40 80 160 3[5 630 1.251 124E 5K IOK 2OW 

ONE-THIRD OCTAVE BAND CENTER Ff?EWMX, HZ 

i 4 - 4  

~ o ' ~ ~ ~ ~ ~ ~ ~ ~ " " " " " " " " " " " " ' ' ~ i  
16 31 s j  its 250 500 M Z K  m am IIX 

12.5 25 50 IO0 200 400 800 1.6K 3.15 1 6.31 12.51 @ ' 
20 40 BO 160 315 610 1.251 2.5K 5 1  101 20K ? 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY, HZ 

1 

.I*.. ,2>: 

i 

( e )  u = 60°, Run 16. 

Figure 8.- Continued. 

V 



J. '"t t28 

c- I 

B 

D 

.. . .  

-- t-, 

C 

,! 
1 

C I 

(d) ov = 80°, Run 17. 

Figure. 8.- Continued. 
ri 



8.- 

0 

140 

de I2O 

1; 8 0 -  

@ 8 60 

-9 

40 

- "t - nun 19 rT 21 

a 
- I  - 

q j  s . - m  7 1 
+i 

- + - J  

1 1 1 1 ' ~ 1 ' ' 1 ' ' ' ' ' ' ' ' ' ' ' ' ' ~ ' ' ' ~ ' ' ~  
I 

R U Y ~ I I  PT 28 air 7 

a 

a 

E.5 26 50 100 200 400 800 1.6K 3.15K 6.3K 12.5K OP 
I 8  sf %3 125 250 500 tu 24 4K fJK 16K %F 

+ -20 @ [SO 315 630 L25K 2.5K 5W IOK 20K 2 
Orup-nURp OCTAVE BAND CENTER FREPUENCY, Hi! 

500 lk 2 1  # E  8 t  ftK 
J60- 35 63 I .Z$K 2?5K 5K IOK 20K 

D@AVE BAND CENTER FREQUENCY, HZ 

L #  
I I- 16 31 83 I@. 250 500 

i 20 40 80 180 315 610 
OW-THIRD OCTAVE BAND 

0 

0 0 

0 
0 
0 0 

0 
0 
D 0 

0 
0 
0 
0 
0 0 

0 
0 
0 0 

0 0 

J 
0 
0 
c 0 

0 
0 0 

I 

(e )  ov = looo, Run 18. 

Figure 8.- Continued. 
A 



nun IS PT za nic s 

fii 120 I4O t 0 

8 
a i  
t l  

I 

'- 1 
'I 
'1 
7- --- 

7.- 

40 " " " " " " 1 1 ' 1 1 1 ' ' 1 1 1 ' 1 1 ' 1 1  

I6 51 63 t05 250 500 t X  211 tll Sn IH 
12.5 25 50 100 200 (00 800 1.61 3.151 B.3K 12.6f 

20 40 80 160 315 630 1.251 &!jX3 5 1  I O N ,  @.# 
ONE-THIRD OCTAVE BAND CEWTER FREQUEblcY. HZ 

bf 

1 B 

ONE-THIRD OCTAVE BPLND 

k t26 t I 
1 E 

0 

0 0 

0 

1 
0 0 

n 0 

0 
0 D 

o 0 

0 

C 0 

0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 0 

0 
0 0 

0 
0 0 

0 

0 0 
0 

0 D 

0 

0 
0 
0 
P 
0 0 

0 
0 
0 0 

0 0 

0 
0 
0 
0 
0 
0 
0 
I 
o 
0 
0 0 

0 
0 0 

0 

0 
0 

0 0 
0 

I o 
0 
0 
0 
0 
0 
0 
0 
0 
0 0 

0 

0 
0 
0 
0 
0 0 

0 
0 0 

0 

0 0 

0 

0 

P 
0 0 

0 0 
0 

0 0 

0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
D D 

0 
0 
0 
0 
0 0 

0 
0 
0 
0 
c 0 

. r  8 4 . 6  87.8 51.6 73.11 7 4 . 8  

.r 51,s 8 1 . 8  ' 1 . 2  7 9 . 0  7l.L 
r 8i.a PI.> w . 4  85.4 72.2 

. 3  53.4 88.2 81 .1  77.6 71.0 

. S  85.b 86.6 '15.2 78.8 74.9 

.I 85.1 9r.m P5.8 81.8 76.8 
J 35.6 49.0 90.8 85.4 79.' 

.(I 8ll.b 92.8 9 l . D  V l . 6  84." 
I I P . 8  95.2 9 7 . 0  92.6 86.2 

0 o e8.e 8 B . C  95.4 ~ 3 . 4  V6.2 91.2 91.2 92.2 86.2 86.6 
,O 92.2 9 4 . 4  PO.8 93.2 87.2 
0 90.5 95.6 97.4 93.4 85.0 
I 89.8 Pb.0 9R.2 92.6 84.2 

C 91.2 97.2 91.8 91.2 17.2 

,I 95.0 101.2 171.6 V 7 . b  90.2 
, O  9 4 . 6  100.2 1 E O . a  V 7 . B  91.2 
, o  91.6 98.6 99.2 94.8 91.6 
.O 102.8 1111.2 1 1 1 . 4  104.6 97.8 
, O  102.2 108.4 111.1 105.0 96.4 
, o  93.8 98.4 100.0 97.0 90.2 
, O  100.2 104.2 107.0 1 0 4 ~ 4  97.2 
, O  91.2 101.2 102.0 90.0 95.4 
.o  93.8 m . 8  i o i . 4  v8.a 8o.c 
.O 9I.O lOn.2 101.4 V6.2 85.4 
,O 80.0 9718 98.8 92.6 82.0 
. O  83.8 94.0 95.0 91.4 84.b 
, O  75.8 85.2 85.8 7 8 . 8  69.1 
. o  74.0 70.8 80 .8  75.2 48.0 

. e..' 83 .1  9d.8 w . 8  8 3 . 0  82.8 76.8 76.8 71.6 I O . 2  

o 88.8 w.8 9 6 . 6  ~2.1 81.6 

@ ~ 1 . o  99.4 99.8 96.2 81.8 

E 

8 

.I 12O.b 12392 123.4 125.8 118.4 
- 0  109.0 111.6 1 1 b s 8  111.8 104.8 
S O  122.6 128-5 130.6 125.7 118.0 

( f )  

Figure 8.-  Concluded. 

( J ~  = -40°, Run 19. 



7 

1_ + r  
L 

I -  
t 

(a) RPM = 2000. 

Figure 9 . -  Run 2 7 ,  Vm = 0, a = O o ,  $ = O o ,  (3 = O o ,  BV = closed, 
V 

6 = 90°, Fan 3 .  cn 
d 



a 

a 

n w  21, PI 2 nrc 11 

. .,. 
+ !- i - - '  I 

-9. , 

.+ . .' D 

t 1- ~' 

(b) RPM = 3000. 

Figure 9.- Continued. 

d 



6 

I 
0 

8 

RUN 27 PT 3 HlC 7 

E 

0 

0 F 

(c) RPM = 3600. 

Figure 9.- Continued. 

d 



Bull 27 PT U NlC 7 

I- I '  

k i  

(d) RPM = 4000. 

Figure 9 . -  Concluded. 

d 



BUU 22 PT 15 nlc 1 

6 

?J 

' I h. , 40; do '160 315 630 1.25K 2.5K 5K lOc 20K P 
1- T @U$-T*RD dCtAVE BAND CENTER FREClUENCk, 42 

t;l^ I20 I4O t RUN 27 PT 15 H I C  6 

0 

0 

(a) Vo3 = 10.5 m/sec 

Figure 10.- Run 27, c1 = O o ,  I/J = Oo, oV = O o ,  Bv = closed, 6 = 90°, cn Fans 3 and 4 ,  RPM = 3600. 
1 



3. 

(b) Vo3 = 13.7 m/sec 

Figure 10.- Continued. 

rl 



BW 27 P’I,OU nxc 1 1  

(c) VoD = 28.5 m/sec 

Figure 10.- Continued. 



- . ... 
.+ ! 

i: 
E 

I '  

a 
i 

D 

1 
! 

'"5"."'""< 
12.5 
16 
20 
25 31 

_v 
5 0  83 

Sc 
100 125 

m 
200 250 

400 500 

800 
1000 ¶no 
1600 2000 

-- 
3110 
4000 
1ooo- 
6300 0000 -- 

12500 
16000 - M O W  

_ 

ais 

OIY 

(d) VoD = 41.4  m/sec 

Figure 10.-  Concluded. 



A -  

RUN 28 Pl 1 l 4 l C  Z 

T t S l  

0 (a> 01 = -4 . 

3116 L I S 1  FAN 

DfLY8 I 
1 2  3.7 3.7 

120.0 120.0 D O  

81 .1  8P.I 

82.0 88.0 
12.6 8d.2 
83.2 86.2 
82.0 84.8 
81.2 84.0 
11.8 6S.6 
111.6 13.1 
eo.* 8 3 . 0  
81.0 02.2 
81.6 02.0 
80.8 82.2 
83.4 04.0 
IC.8 111.4 

82.6 82.2 
8 r . p  L).,b 
83.0 8 3 . *  

87.4 86.6 

92.e 91.8 
$2.8 9 i . 6  
8 t . U  81.8 
92.0 01.g 
85.P 56.1 

8 8 . 1  78.2 
75.6 72.6 
68.2 66 .8  
b7.2 65.0 
71,.2 65.0 

aa.4 89.6 

a1.o 8 i . o  

85.6 8 4 . 6  

84.4 85.2 

82.8 8i.n 

1 m . r  111.2 
IO".' 1 0 1 . 1  
t13.r 113.7 

.O 97 .6  

.t 96.' 

.@ 96.8 I P5.B 

. 0  95.6 
*I: 94 .8  
.O 93.1) 
.I s 4 , 2  
.o a,. 
1 93.0 

. o  02.. 
? 93.8 

, ¶  92.2 
; 9 0 . 3  

,' 80.8 0 9 0 . 6  

, ?  91.2 
, S  8P.6 
, a  101.2 
,I 97.0 
, P  95.. 
, C  92.4 
,, 9 v . s  ,i 100.2 

, o  01.9 
,1 9 8 . 2  ,n 93.2 

." 92.2 
b9.b 86.2 

.: 7V.6 

., 7 5 . i  J 76.' 

0 ' Li 

c 

i. F 

, 

Figure 11.- Run 2 9 ,  V = 28.5 m/sec, J, = O o ,  0 = O o ,  BV = oo, 
6ch = 90'; all four fans,  RPM = 3680. 



B L U ~  zp PT z nrc L 

d 120 '"t 
D 

e 

40 
I 

ONE-THIRD OCTAV 

40.0 90.2 
01.6 89,b 
00.4 07.b 
79.2 16.8 
70.8 86.8 
78.6 85.8 
78.6 8318 
78.4 85.0 
77.0 82.4 
79.4 62.8 
40.0 81.6 
81.4 82.b 
80.d 82.2 
83 .0  8 < , 0  
80.8 81.4 
81.2 80.8 
82.8 82,2 
111.. 01,. 
82.k 1212 
n1.8 01.6 
86.8 86.8 
05.0 85.4 
92.6 92.4 
92.0 92.8 
BS.0 0 . 0  
'32.2 92-0 
85.8 8S,6 
82.2 82.2 

74.0 72,8 
67.8 66.8 
65.0 65.0 
b 5 . 0  65.0 

79.r 70.8 

0 98.0 0 99 ,6  

10 97.2 
0 95.6 
0 9b.8 0 95.2 

r O  96-0 0 96.2 

.o 94.4 0 93.8 

0 93.0 
. o  v4.4 0 92.6 
. o  89.2 
.o 90.8 

0 89.4 0 0P.8 

.o  91.8 

.@ 93.0 0 94.6 

.O 91.4 91.0 

.o 101.0 

.o 101 .1  

.E P I . .  

.I PB.2 @ 92.8 

. O  92.0 . 89.4 

. I  79.6 

.o 71.0 

.I 85.4 

.o  71.n 

0 

0 

0 

0 

0 
0 
0 0 

0 

0 E 

0 0 

0 

P 0 

I 

0 t 

? 
F 
0 

I 

80 70.2 
$ 0  82.2 
10 8S.0 
.O 83.2 
10 0s.4 
. o  05.8 
I O  85.2 
,o I9.2 
- 0  9".4 
, O  96.0 
, o  91.6 
,I OL.8 
10 PS.b 
, o  97.6 
, o  9 I . 0  , o  9 7 , s  

,O 9 6 . 0  
.O 98.2 
.o 1 9 1 . 0  
e0 103.4 
.a 102.6 
.o 99.8 
. O  111.0 

.o 111.0 0 1'1.0 

.I l"8.6 0 1'3.6 

.o  1ir .o  

.o 1-2.2 

.o  ov.. 

.D 05.4 

.o  PC.4 

.O en.0 

0 

0 0 

0 I 

0 0 

0 

0 

0 0 

0 

0 

0 
C 
0 0 

0 

" 
D 0 

I E 

0 
0 0 

0 

C 

0 

0 

0 " 
0 
n 
0 
E 0 

0 0 

0 

a 

0 F 

0 c 

c 
G , 

o 
0 
0 0 

0 
0 
0 
0 
0 
0 
0 
@ 
0 
0 
0 
0 
0 
0 
0 
0 
D 1 

n E 

c 

P 

c 

(b) a = 0'. 

Figure 11.- Continued. 
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Figure 13.- R u n  35, VD3 = 20.5 m/sec., a = O o ,  $ = O o ,  CT 

Bv = closed, 6 
= O o ,  

V 
= 56O, Fans 3 and 4 ,  RPM=3600. cn 
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Figure 14.- Run 42 ,  Voo = 0, a = O o ,  J, = O o ,  (5 = O o ,  Bv = closed, 
V 

6 = 2 3 O ,  Fan 3 ,  RPM = 3600. cn 
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(a> JI = -4'. 

F i g u r e  16.- Run 52,  Vm = 20.5, a = o', BV = O', 6 = go', cn 
a l l  fans , RPM = 3600. 
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Figure 17.- Run 70, Vao = 0, a = O o ,  $ = O o ,  d = Oo, Bv = Oo,  
= 138.5', Fan 3, RPM = 3600. 

V 
6 cn 



Figure 18.- Run 70, Vm = 20.5 m/sec., a = Oo, J, = Ooy o V = Oo, 
gv = O O Y  = 138.5', Fans 3 and 4 ,  RPM = 3600. 
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Figure 20.- Continued. 
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, Run 52.  

Continued. 
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(i) Run 70, Run 72. 

2 Figure 20.- Concluded. 
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