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MODEL HU-1A 

CONCLUSIONS 

Noise levels of Army HU-1A helicopters 9-1632 (equipped with a 
modified exhaust system) and 58-2080 (standard configuration) 
were recorded under similar operating and ambient conditions 
and are, therefore, directly comparable.  Some difference exists 
in the 20U ft directivity patterns of the aircraft in hover, 
along with an increase in high frequency noise in take-off and 
landing.  The latter may be due to various pilot techniques in 
achieving the requirements of Test 2.  Except for these, however, 
sound pressure levels of the aircraft, under similar operating 
conditions, are considered the same.  Other differences lie 
within the envelope of repeatability. 

It is, therefore, concluded that the modified exhaust system of 
HU-1A No. 9-1632 does not significantly affect the acoustic 
characteristics of the aircraft. 



INTRODUCTION 

A  noise   level   survey of  an  Army HU-1A  helicopter with a  modified 
exhausi   system   (Ser.   9-1632)   was   made   in   conformance with  tests 
and  procedures   reported   in  Reference   1.     Data Iiave been  presented 
in  a  manner  similar  to Reference   1   and a  comparison   is made with 
HU-1A  (Ser.   58-2080)   noise   levels   reported  therein. 

The aircraft  and operating  conditions were  similar,   so that  sound 
levels of   the  two aircraft  may  be  directly compared.     Gross weight, 
engine  torque,   gas  generator   rpm and   rotor   rpm have  been  compared 
and   found   to   be  similar   in  each   instance. 



DISCUSSION 

Figure 1 is an illustration of HU-1A S/N 9-1632.  Measurement 
equipment is shown installed in the aircraft in Figure 2. 

Sound levels of the HU-1A in hover are shown in Figure 4.  A 
noticeable difference exists in the directivity pattern in the 
nigh frequencies (1200 - 2400 cps, 2400 - 4800 cps and 4800 - 
10,000 cps octave bands) on the port side of the aircraft.  The 
remaining differences, however, are not of real significance, 
and are felt to lie in the range of repeatability. 

Take-off and landing noise is shown in Figure 6.  No large dif- 
ferences are noted between aircraft except in the high frequency 
(2400 - 4800 cps and 4800 - 10,000 cps) bands where HU-IA Serial 
9-1632 shows an increase (about 10 db) at locations 1 and 2. 

Noise levels of the aircraft in flyby are plotted in Figures 8, 
9 and 10.  Again, no significant difference is noted. 

Internal sound levels are plotted in Figures 12, 13 and 14. 
.hi 1e sound pressure levels inside aircraft 9-1632 are less than 
aircraft 58-2080, this may be due to a difference in interior 
configurations of the aircraft.  Aircraft 58-2080 contained an 
auxiliary, range-extension fuel tank which considerably altered 
the internal acoustics of the aircraft.  As a result, sound levels 
inside the two aircraft are not directly comparable.  Comparison 
plots of the two aircraft are presented for hover and overhead 
flyby conditions in Figures 18, 19 and 20, respectively.  Each 
spectrum level in Figure 18 represents an average value of three 
locations.  This was done so that no one point would indicate a 
false trend.  Note that the aft locations for 9-1632 have a 
somewhat higher SPL.  Finally, overhead flyby comparisons do not. 
indicate any significant trend, although at the 500 ft. altitudes, 
9-1632 does have a lower SPL. 

Figures 15, 16 and 17 are narrow band (continuous spectrum) charts 
which are directly comparable with those appearing in Reference 1. 

Figure 21 is a comparison of fundamental frequencies and harmonics 
for each identifiable ncise source at position 23, Test 1. 
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20       75      150      300     600    12C0 2»*00      WOO 
75      150      300      600    1200   21+00 b&X      10KC 

FREQUENCY BAND -  CYCLES PER SECOND 

ALTITUDE 500   FT. 

— • I '     1     ' I ■ , J .^^h ^-. , I  

 i#  

 L>, 

20        75      150      300      600    1200    21+00      WJOO 
75     150      300     600    1200    21+00    1+800     10KC 

FREQUENCY BAND - CYCLES PER SECOND 

FIGURE  20 
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IDENTIFICATION OF NOISE SOURCES 
HU- 1A 

EXTERNAL   POSITION   23 

S/N   58-2080 

20 75 150 300 
S/N   9-1632 

600 1200     2400     4800    10000 

20 150 300 600 24O0 4800 1000C 

'■ *l' 1 ' *       1 1 _.*J. 1 L! ■ L , , 
20 75 150 300 

S.-N    P-IM? 
600 1200 2400 4800 10000 
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20 75 150 300 600 I2i o7 2400 4800 10000 

20 150 300 600 
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OCTAVE-BAND ANALTSIS SHEET 

ta&lyted By                                                               DATE 

A/C - TB9T 
HU-1A-1 

too. UOND. Oeatve-Band Preasur« Level«   Re, .0002 microbai i 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

600- 
1200 

1200- 
2400 

2400- 
4800 

above 
4800 

1 HOVER 96 90 90 86 82 75 68 64 

2 HOVER 100 94 9^ 87 84 78 70 65 

3 HOVER 100 98 100 92 90 84 76 68 

4 HOVER 98 98 101 96 92 76 76 69 

5 HOVER 99 94 94 87 86 72 70 65 

6 HOVER 101 96 92 85 82 70 71 6? 

7 HOVER 99 93 95 90 88 83 73 67 

8 HOVER 98 94 96 94 88 82 73 68 

9 HOVER 96 92 94 93 86 80 71 65 

10 HOVER 35 90 94 91 85 78 70 66 

11 HOVER 98 96 92 86 83 75 7ü 65 

12 HOVER 98 94 90 86 78 73 67 64 

13 HOVER 106 102 99 100 95 90 80 75 

1 

14 HOVER 103 101 98 96 92 88 82 74 

15 HOVER 101 98 101 97 95 93 80 75 

16 HOVER 106 98 96 95 90 83 76 73 

17 HOVER 85 78 81 76 67 63 60 53 

18 HOVER 84 80 79 lh 68 6, 58 53 

27 



A/C  - TEST 
HU-1A-1 

OCTAVE-BAND ANALYSIS SHEET 

^alyxsd By                                                                DATE 

1» X.. COND. Oe»tve-Band Preaaur« IAYSIB   Ra,  «0002 microbar 

20- 
75 

75- 
150 

100. 
300 

300- 
600 

600- 
1200 

1200- 
21*00 

2»>0Q- 
ifdOO 

above 
1*000 

19 HOVER. 83 87 85 80 73 66 61 5k 

20 HOVER 83 85 81 85 80 72 D4 56 

21 HOVER Sir 8U 87 86 82 75 6k 56 

22 HOVER 86 86 86 82 76 72 63 52 

23 HOVER 86 83 90 87 81 72 6k 56 

2*4 HOVER 82 85 90 86 81 73 62 58 

25 HOVER. 83 80 80 81 73 68 6u 52 

26 HOVER 83 81 80 77 72 67 63 56 

27 HOVER 86 87 81 75 71 66 62 55 

28 HOVER 86 85 Qk 78 70 65 60 5k 

28 



A/C - Tiro 
HU-IA-2 

OCTAVX-BAM» AHALYSI8 SHEET 

Analyzed By                                                               DATE 

LOO. COND. Ocatve-Band Pre»«ure Levels   Re.  ,0002 microbar 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

600- 
1200 

1200- 
2l*00 

2kX3- 
Woo 

above 
WOO 

1 TAKE 
OFF Sk 92 91 88 84 60 72 70 

1 LAND Oil > • 29. 91 85 83 78 72 66 

2 
TAKE 

OFF 93 91 36 8k 80 76 71 65 

2 LAND 89 88 86 8k 78 75 66 60 

3 
TAKE 

OFF 91 88 8k 78 76 7k 66 57 

3 LAND 86 8k 82 79 75 68 61 53 

i 

29 



i Intlyied Uy 

OCTAVE-BAND ANALYSIS 1 SHEET 

DATE 

A/C  - 
HU-1 

TEST 
A-3 

LCC. COOT). Ocatve-Baad Pressure Lttveis    Re.   ,0002 mlsrobar 

20- 
75 

75- 
150 

150- 
300 

300- 
6oo 

600- 
1200 

1200- 
2400 

2400- 
4800 

above 
4800 

' 
CRUISE 96 96 96 5' 87 83 78 73 

2 CRUISE 34 86 90 86 84 79 71 67 

3 CRUISE 94 89 8i 81 79 73 66 58 

4 CRUISf 86 84 77 63 71 64 54 41 

5 CRUISE Sk 95 94 88 36 80 /•• 68 

6 CRUISI 86 83 76 70 70 65 55 43 

7 CRUISi 92 94 91 86 84 79 74 65 

8 CRUISI 91 93 89 85 83 77 70 64 

9 CRUISI 90 82 86 82 79 73 65 57  ' 

10 CRUISI 84 82 72 74 71 64 55 42 

1 1 CRUISI 86 89 88 82 79 74 67 59 

12 CRUISI 83 74 78 74 72 65 55 42 

13 CRUISI 79 83 n 

82 74 

71 67 57 43 

1 

|J» CRUISI 78 82 

70 

66 

64 

58 44 

15 CRUISI 76 84 78 72 55 41 

16 CRUIS 76 79 73 70 67 61 52 36 



i 

A/O - rosr 
HU-IA-4 

OCTAVE-BAND ANALYSIS SHEET 

analysed By                                                                DATE 

too. COND. 0e»tve-B*ad FroMure Laval«    Re.  .0002 mlcrobar 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

6C0- 
1200 

1200- 
2l*00 

2400- 
1*000 

•bora 
1*800 

1 :RUISE 106 103 100 96 91 82 75 70 

2 CRUISE 106 101 98 96 90 83 75 71 

3 CRUfSE 105 101 97 95 90 85 75 7k 

k CRUISE 102 100 97 9k 88 80 75 7k 

5 CRUISE 105 102 101 98 92 85 75 71 

6 CRUISE 103 100 98 93 88 82 75 71 

7 CRUISE 101 99 96 91 86 83 75 76 

8 CRUISE 99 96 97 92 86 82 7*+ 72 

9 CRUISI 1 04 101 100 3k 89 81 7k 70 

10 CRUISI 101 101 99 9*» 91 82 75 7k 

1 ! CRUIS 101 96 96 96 91 83 76 67 

12 CRUISI ■ 102 3k 9^ 92 87 82 78 68 

13 CRUISI 
. 

101 97 95 93 87 82 77 69 

i 

lit CRUIS : 1 OH 98 95 93 86 8k 79 69 

15 CRUiS 103 100 97 97 89 83 79 72 

16 CRUIS 102 97 98 98 92 88 78 66 

17 CRUIS 102 97 97 95 89 82 78 67 

18 CRUIS 104 99 98 qk 89 83 76 68 

3! 



A/C - TIST 
HU-lA-i» 

OCTAVE-BAND ANALYSIS SHEET 

Analyzed By                                                                  DATE 

LOC. U0NÜ. Ocatve-Band Pre«sure Levels    Ra.  ,0002 microbar 

20- 
75 

75- 
150 

150- 
300 

300- 
600 

600- 
1200 

1200- 
2l«)0 

2<tO0- 
1*000 

above 
1+800 

19 

20 

CRUISE 106 101 99 96 88 82 82 71 

CRUlSf 104 101 96 95 87 85 8k 7k 

1 
PILOT 
COPIU 

WINDOW 
IT   OPEN 109 106 102 96 90 82 75 70 

2 109 iU6 100 96 91 83 75 73 

7 106 105 96 93 87 83 77 76 

7 MOVER 99 95 92 92 83 78 72 6k 

2 
CL 1MB 

OUT 100 93 91 102 80 77 
i 

73 65 

2 Vmax: 102 105 102 100 Sk 86 79 78 

2 
Auto 
Rotdt on 102 95 91 91 83 75 68 66 

— 
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