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INTRODUCTION 

This volume contains a l l  of t h e  s t a t i o n a r y  microphone t e s t  da ta  from the 
Prop-Fan Model Test plus an evaluation of the  accuracy of the  da ta ,  
Appendix B contains the  discussion of accuracy of the data .  Appendix C 
contains the  One-Third Octave Band data  fo r  the  f a r - f i e l d  t e s t s  conducted 
with the S t a t i c  Shroud i n s t a l l e d .  Appendix D contains the  Narrow Band 
data  f o r  the f a r - f i e l d  t e s t s  conducted with the S t a t i c  Shroud i n s t a l l e d ,  
Appendix E contains the  One Third Octave Band data  f o r  the near- f ie ld  t e s t s  
conducted with the S t a t i c  Shroud i n s t a l l e d .  Appendix F contains the One 

A sse Third Octave Band data  f o r  the  f a r - f i e l d  t e s t s  conducted with the  Cornpro?' 
Shroud i n s t a l l e d .  
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INTRODUCTION --- 
The Bop-Fan model t e s t  da ta  i s  unique i n  t h a t  the t e s t  item i.s a simple 
aerodynamic configurat ion,  the  t e s t  environment i s  close t o  i d e a l ,  and a 
range of operat ing condit ions were t e s t e d .  I n  order t o  make the  da ta  from 
this progam usen'il  t o  o ther  acoust ic  inves t iga to r s ,  an ana lys i s  of the 
accuracy of t h e  da ta  presented has been conducted. This ana lys i s  which i s  
s u m r  ized below includes evaluation of: (1 )  masurement and analys is  sys tem 
frequency response, ( 2 )  averaging t i m  during da ta  reduction,  ( 3 )  influence 
of ground r e f l e c t i o n  on the  t e s t  da ta ,  and (4 )  influence of t o t a l  background 
na l se  on the  t e s t  da ta .  

SYSTEM FREQUENCY RESPONSE 
v 

FrEor t o  t e s t i n g ,  the  CEC VR3300 tape recorder frequency response was 
determined by recording o s c i l l a t o r  s igna l s  a t  various frequencies from 
100 t o  40 KHz a t  a constant  input  voltage and playing back on the Hamilton 
S-tai?dard data reduction system. Since' the Spect ra l  Dynamics analyzer used 
f o r  narrow band analys is  is  l imi ted  t o  20 KHz, the  t e s t  da ta  was played back 
a t  one-half the  tape speed used during recording t o  al low ana lys i s  t o  
40 KFIz, Consequently, the frequency c h a r a c t e r i s t i c s  were determined f o r  a l l  
channels  a t  both 1 5  i p s  (record speed) and 7 1/2 i p s  (playback speed).  
F igare  13 shows the response range f o r  a l l  channels. It  should be noted t h a t  
the on ly  data  analyzed a t  15 i p s  was the  narrow band d i r e c t i v i t y  ana lys i s  

__.I f o r  the f i r s t  f i v e  harmonics, where the  frequency of i n t e r e s t  did not exceed 
10 KHz, Therefore, the  record-playback system frequency response i s  con- 
sidered f l a t  wi th in  1 .5  dB over the frequency range of i n t e r e s t .  

- 
-t 4s l e f t  then, t o  apply the microphone response a t  zero degree incidence 
, ;ee Reference l), t o  the  r e s u l t s  of Figure 1B. I n  doing so ,  the  o v e r a l l  
s-rstem frequency response becomes f l a t  +1 dB f o r  a l l  channels over the  
I"reqmeni:y range of i n t e r e s t ;  i .e . ,  100 t o  20 KHz a t  7 1/2 i p s  and 100 t o  10 KHz 
3"t 1-5 lq>s) 

DATA RElJUCTION AVERAGING TIME 

For the  data. reduction using one-third octave f i l t e r s ,  an averaging time of 
eight seconds was se lec ted  t o  f a c i l i t a t e  da ta  reduction while minimizing 
statistical e r r o r .  I n  order t o  determine t h i s  e r r o r ,  a s ing le  five-minute 
datd point  was analyzed continuously using an eight-second averaging time. 

r e s i i l t s ,  a s  shown on Figure 2B, indicate  the spread of data  t o  be 3 dB 
or less i n  a l l  but  two of the  one-third octaves considered. 

Tn l i k e  manner, an averaging time of 0.5 second was chosen fo r  the narrow 
?and (50 Hz constant  bandwidth f i l t e r )  analys is  t o  l i m i t  the  s t a t i s t i c a l  
e r r o r  to 1.6 dB with a confidence l i m i t  of 95% (2  cr ) . However, s ince  the 
narrow band analys is  i s  made from a two-second data  loop, compensation cannot 
be made f o r  v a r i a t i o n  i n  the  s i g n a l  l e v e l  over a period of time, due t o  
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tone f luc tua t ion  caused by rpm change, unsteady inflow, e t c .  Therefore, 
Figure 3B i s  supplied t o  show a t y p i c a l  v a r i a t i o n  of tone noise f o r  the  
f i r s t  s i x  harmonics over a 340-second time period.  

I n  analyzing the sweep data ,  which was recorded from a microphone t r avers ing  
at  approximately 0.5 degree per second, it was  necessary t o  s e l e c t  an averaging 
time which would minimize the  s t a t i s t i c a l  e r r o r  without s a c r i f i c i n g  the  
d i r e c t i o n a l  character  of the da ta .  To make such a s e l e c t i o n ,  a h ighly  
d i r e c t i o n a l  t e s t  case was analyzed using 1, 1.5, 2, and 3 seconds averaging 
time. Based on the  r e s u l t s ,  as shown on Figure 4B, a 1 .5  averaging time 
(which averages over approximately 0.75 degrees of microphone t r a v e l )  was 
chosen, 

GROUND REFLECTION 

When noise propagating from a source i s  measured i n  the  proximity of a 
ground plane,  considerat ion must be given t o  the  p o s s i b i l i t y  of in ter ference  
a t  the  receiver  loca t ion  due t o  ground r e f l e c t i o n .  To assess  ground r e f l e c t i o n ,  
it is  necessary t o  know the source and receiver  locat ions  r e l a t i v e  t o  the  ground 
and t o  each other ,  the  impedance of the ground, and the  d i r e c t i o n a l  character  
of the  source and rece ive r ,  

Using the  information and procedures described i n  reference 2, the  r e f l e c t i o n  
index ( i . e . , t h e  d i f ference  between the measured sound pressure l e v e l  and r,he 
sound pressure l e v e l  t h a t  would e x i s t  i n  a f r e e  f i e l d )  was determined based 
on experimental impedance values f o r  grassy  surfaces  and the  assumption of a 
point  noise source. From the  r e f l e c t i o n  index, it is  a simple t a s k  t o  
ca lcu la te  the  d i f ference  i n  l e v e l  between the d i r e c t  wave and the  r e f l e c t e d  
wave. This information, combined with the knowledge of the  d i r e c t i o n a l  
character  of the r e f l e c t e d  wave, permitted the  ca lcu la t ion  of the  r e f l e c t e d  
wave sound pressure l e v e l  a t  the  receiver  locat ion.  

A t  a l l  but one locat ion,  the  r e f l e c t e d  wave noise l e v e l  was a t  l e a s t  10 dB 
below the d i r e c t  wave noise l e v e l  which causes an in ter ference  of l e s s  than 
0.4 dB. A t  the 10' 157' receiver  loca t ion ,  however, the d i r e c t i o n a l  
character  of the source was such t o  cause the  maximum lobe t o  propagate along 
the  r e f l e c t e d  wave path i n  the  d i rec t ion  of the  receiver  loca t ion ,  The r e s u l t ,  
a s  indica ted  on Figure 5B, shows the  r e f l e c t e d  wave t o  be a s  l i t t l e  as  6 dB 
below the  d i r e c t  wave i n  the  mid-frequencies, which gives r i s e  t o  a mxinmm 
in ter ference  e r r o r  of 1 dB. It should be noted t h a t  the  direct ional-  
c h a r a c t e r i s t i c s  of the receiver  (microphone) were a l s o  considered i n  t h i s  
analys i s  . 
a i l e  the ana lys i s  above ind ica tes  a l e s s  than i d e a l  s i t u a t i o n ,  the  e f f e c t  
on the  da ta  of ground r e f l e c t i o n  i s  not considered s i g n i f i c a n t .  
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Pr io r  t o  each s e t  of t e s t s ,  background noise measurements were made a t  each 
Pr1p1.t gain s e t t i n g  of the  tape recorder s i g n a l  condi t ioners ,  f o r  each 
microphone, These recordings,  when played back through the  da ta  reduction 
system, include ambient acous t i c  noise a s  w e l l  a s  the  e l e c t r i c a l  noise of 
tlze recording system, playback system, and analyzer  system. These t o t a l  
background noise l e v e l s  a r e  shown on each of the  da ta  curves of Appendices C ,  
D E, and F. 
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