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Introduct ion 

A method of  producing cont ro l led  gus ts  on a uniform airstream would 

s implify the  experimental inves t iga t ion  of gust e f f e c t s .  

t o  the stream vector  have been produced by mechanically o s c i l l a t e d  air- 

f o i l s ,  but  the  maximum frequency is l imi ted  by the  problem of o s c i l l a t i n g  

l a r g e  surfaces .  

Gusts normal 

A method of producing gus ts  by modulating air jets was proposed and 

t r i e d  by Thomas.' 

2 '  x 3' wind tunnel led  to  t h e  design and construct ion of a gust  genera- 

t o r  f o r  the 7' x 10' wind tunnel. 

research above t h e  troublesome Reynolds number e f f e c t s ,  the  f a c i l i t y  would 

be a very useful  research too l .  

A f e a s i b i l i t y  study made i n  t h e  Texas A&M University 

With a test sec t ion  l a rge  enough f o r  

Appararus 

The Texas ASM 7 '  x 10' wind tunnel  is a closed r e tu rn  tunnel with 

a cont rac t ion  r a t i o  of 10 and the r a the r  long cen te r l ine  length of 420 f t .  

(Fig. 1). 

of four  air  supply pipes  with ro t a ry  valves f o r  flow control.  This ar ray  

is loca ted  at the  downstream end of t h e  test sec t fon  with the nozzle dis- 

charge d i r ec t ed  upstream. 

The jet pulsing apparatus is an ar ray  of 16 nozzles,  four  on each 

Figure 2 shows the  nozzle array,  while  Fig. 3 
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shows t h e  ro t a ry  va lve  d r i v e  system which is  capable of frequencies from 

3 to 60 hz. 

Compressed a i r  from a high pressure s to rage  system is supplied a t  

reduced pressure (up t o  100 p s i )  t o  two header tanks, one on each s i d e  

of the  tunnel (Fig. 3). Air s torage  is  s u f f i c i e n t  f o r  a 15  t o  20 second 

run. 

The con t ro l  and recording equipment is  shown i n  Fig. 4. A d e t a i l  of 

t he  ro ta ry  valve geometty is  shown i n  Fig. 5. The nozzle is designed for 

a discharge Mach number of 2 and has an exit diameter of 1.90 inches. 

Cal ibra t ion  Tests 

A series of tests has been run t o  measure t h e  operating c h a r a c t e r i s t i c s  

and e f fec t iveness  of the  apparatus for producing longi tudina l  gusts. 

s torage  pressures ,  header tank pressure  (both tanks),  s ta t ic  pressure on 

t h e  c e i l i n g  and f l o o r  of t h e  test sec t ion  7.5 f t ,  upstream of the .nozz les ,  

and t h e  streamwise ve loc i ty  a t  a poin t  7.7 f t .  upstream of the  nozzles were 

recorded as functions of t i m e .  

The 

It was determined immediately t h a t  the tunnel could be forced i n  i t s  

low frequency resonant modes. 

t h i s  series. 

of one ha l f  tunnel c i r c u i t  length about 210 f t .  

w e l l  a t  9 hz but no t  higher. 

1 7  ps ig  are shown i n  Fig. 6. 

with a peak-to-peak amplitude of 14 fps  on a mean ve loc i ty  of 70 fps .  

N o  da t a  on t h e  fundamental was taken on 

The f i r s t  harmonic a t  5.5 hz corresponds t o  a wave length 

The tunnel responds 

Results a t  5.5 hz f o r  a tank pressure  of 

The ve loc i ty  response is s l i g h t l y  cy lco ida l  

The response of the  tunnel obtained by continuously increasing the  

pulsing frequency from 1 2  t o  18 and 28 cps t o  60 hz showed l i t t l e  ind i -  

ca t ion  of f u r t h e r  standing waves. The region 18 t o  28 cps w a s  omitted 
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because i t  w a s  i n  t he  range of the f i r s t  f lapping mode of t he  fan  blades. 

Continued t e s t i n g  w a s  c a r r i e d  ou t  a t  38 and 54 hz as representa t ive  of 

the upper range. 

I n i t i a l  tests a t  38 hz brought ou t  the  response shown i n  Fig. 7 from 

which w a s  deduced t h a t  t he  jet  flow modulation w a s  f a r  from sinusoidal.  

Tests t o  measure the  t o t a l  p ressure  a t  the  nozzle v e r i f i e d  t h i s  suspicion 

(Fig. 8). 

thought t h a t  a small s h i f t  i n  t h e  phases of the  valves would help. 

sequent 

of nozzles were s h i f t e d  30' ahead of t h e  center  rows. 

pu lse  occurs every 180' r o t a t i o n  of the  valve s h a f t .  

frequency runs were made wi th  t h i s  o f f s e t .  

tank pressures are shown i n  Fig. 9 .  

is PO f p s  with a mean speed of 42 f p s ,  

are not due t o  j e t  mixing, although the  mixing region is  no t  f a r  down- 

stream. The r e s u l t s  a t  54 hz are similar. 

There w a s  no t  t i m e  f o r  redesign of t h e  nozzles but  i t  was 

Sub- 

runs showed considerable improvement when the top and bottom rows 

Note t h a t  a complete 

All subsequent high 

Results a t  38 hz with th ree  

The l a r g e s t  peak-to-peak o s c i l l a t i o n  

The peaks i n  the  ve loc i ty  trace 

Tests with t h e  h o t  w i r e  anemometer posit ioned d i r e c t l y  upstream of 

a nozzle showed penet ra t ion  of the  jet t o  a point of 7.7 f e e t  ahead of 

the  nozzles f o r  a tank pressure  of 30 ps ig  a t  9 hz and a t  60 ps ig  a t  

38 hz. 

up to  60 ps ig ,  though t h e  mean tunnel ve loc i ty  w a s  reduced to  40 fps. 

The gus t  r e s u l t s  are summarized i n  Fig. 11-14. The peak-to-peak 

amplitude (Fig. 11) shows the  values obtained f o r  var ious  tank pressures.  

The 5 . 5  and 9 hz po in t s  are a t  resonance, 

pendence of gus t  amplitude on frequency a t  a fixed tank pressure  f o r  the 

higher frequencies. 

No penet ra t ion  occurred a t  a po in t  1 2  f t .  ahead of the  nozzles 

There is  a considerable de- 
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The t e s t i n g  was car r ied  ou t  a t  constant fan p i t ch  and speed. The 

gus t  generator slows t h e  tunnel down as shown i n  Fig. 13. The rate is  

near ly  independent of i n i t i a l  airspeed s e t t i n g .  

The e f f e c t  of i n i t i a l  a i rspeed on gus t  production was looked i n t o  

b r i e f ly .  Figure 12 shows the  gus t  i n t e n s i t y  for two airspeeds,  and Fig. 14  

the  r a t i o  of gust  i n t e n s i t y  t o  mean tunnel veloci ty .  

t he  mean speed has l i t t l e  ia f luence ,  t h a t  the  gus ts  are addi t ive  t o  i t .  

It is apparent t h a t  

The s p a t i a l  va r i a t ions  of gus t  i n t e n s i t y  and phase have not been 

determined nor  the normal component of gust  ve loc i ty .  

planned i n  the next test period. 

These tests are 

In  summary, t h e  generator  appears very promising as a tool for un- 

s teady flow research. 
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FIG. 1. General View o f  Tunnel 

FIG. 2.  Nozzle Installation i n  
Test Section 



FIG. 3. Rotary Valve Drive System 

FIG. 4. Control Panel and Recorder 
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F I G U R E  5. JET NOZZLE AND ROTARY VALVE ASSEMBLY 



RUN 28 

FIG. 6. GUSTS AT 5.5 HZ VALVES I N  PHASE 
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RUN 17 I 

FIG. 9. GUSTS AT 38 HZ VALVES 30' OUT OF PHASE 
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FIG. 10. GUSTS AT 54 HZ VALVES 30' OUT OF PHASE 
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FIG. 14. GUST AMPLITUDE RATIO vs.  TANK PRESSURE 


