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' S B S W T  

Because of the  increased r e l i a b i l i t y  required of rocket  systems i n  t h e i r  

rsore recentl_r assigned z i s s ions ,  p r e r i o u s l ~  acceptable design fea tures  

nust be reappraised a d  refined. I n  the  region of rocket  engine system 

s t a b i l i t y ,  the  probles  i s  centered i n  b - o  areas ,  the combustor and the 

p rope l l an t  feed r ~ s t e n .  The p r inc ipa l  i n t e r e s t  of t h i s  paper l i e s  in 

t h e  coupling t h a t  occurs between t h e  feed s ~ s t e z  and conbnstion dynamics, 

o f t e n  termed a "buzzing" i n s t a b i l i t y  %-hen t h e  d y m i c s  a r e  character ized 

by periodic  pressure o s c i l l a t i o n s  i n  t he  range of 200 t o  1000 cps appearing 

i n  t he  corabustion cfiazber and' the  feed  s:vstem. 

The volume and re f ioezent  of t he  ana ly t i ca l  ~ o r k  perforned i n  nore-recent 

pea r s  on t h i s  top ic  ?lare general ly  supported the  exis tence of t h i s  wbnee"- 

tj-pe phenozena. EQL-e~er ,  i n f o m a t i o n  regarding fu l l - sca le  la rge  rocket  

engine t e s t i n g  i n  t5is respect  is no t  a s  r e a d i l y  a n i l a b l e .  And, in. 

going from la5oratory experimental engines t o  fu l l - sca le  l a rge  engines, 

i t  can be reco,pized t h a t  t h e  s ca l e  e f f e c t  i n  rocket  engines i s  espec ia l ly  

s i g n i f i c a n t  due t o ,  f o r  exmple ,  t he  h i g h l r  cosplex g e o a e t q  of the in jec tor .  

Herein l i e s  the point  of t 3 i s  paper. Test  da ta  -..-as obtained i n  quant i ty  

from l a rge  e n g i ~ e  t e s t  hare--are i n s t m e n t e d  k i t h  r e l i a b l e  transdncern. 

I n  a l l ,  37 heavily i n s t m e n t e d ,  l a rge  sca l e  t e s t s  were conducted to 
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r e r i f j -  the ana ly i i ca l  and l a b o r a t o n  expertrental  r e s u l t s  t h a t  were 

obtained e a r l i e r ,  the  t o t a l  work r e y u i r i q  a p p r o x i ~ a t e l g  t ~ o  years  

complete, 

The approach taken to  a t t a i n  t5e ob jec i i r e ,  the de t emina t ion  of the 

s e n s i t i r i t r  of rocket engine sLqbi l i ty  t o  propel lant  feed s~-stm d~-nanics, 

\-as th reefo ld ,  including: (I) 'malog axd d i g i t a l  conputer s iud ie s  of 

d i s t r i bu ted  hydraulic s:-stems, (2) laftoratoq- hrdraul ic  q-s ten s tndies ,  and 

(3) fu l l - sca le  r h s t  chx73er tes t ing .  T?le analog c o ~ p u t e r  s tud ie s  %-ere 

conducted t o  i zces t iga t e  the  e f f e c t  of the  !:~draulic inertance, cap- 

ac i tance ,  and r e s i s t acce  p a r m e t e r s  on t5e  ontput of a zec5anized coqmte r  

nodel of a s i cp l e  h ~ d r a n l i c  feed sl-stex. T?;e s ~ s t e x  1-hich ~ 2 s  a pressurized 

tanli-fed duct t e z i n a t e d  bv an o r i f i c e .  \-as exci ted bp a 3 ~ d r a u l i c  s i r e n  

t o  supply the n r i a b l e  f r e q u e n c ~  ioput s igna l  t o  the s y s t m .  ?3e o r i f i c e  

and input signal 5old s o l e  a n a l o , ~  t o  the i n j e c t o r  and o s c i l l a t i n g  conbm- 

t i o n  chziber pressure i n  a rocket  engine. Tolloving e x t e n s i ~ e  analog 

computer xork t o  ~ e r i f y  t 5 a t  the  node1 %as  esxernal t o  t3e input ,  t h a t  

t h e  conpnter input correspocded to r?.e anr ic ipa ted  lalioratoq- nodel input ,  

and t h a t  t 5 e  f r e q u e n c ~  c h a r a c t e r i s t i c s  o f  I3e t c p e d  parazieter colspnter 

model natched those of a d i s t r i b u t e 2  1 s : e z  t o  a t  l e a s t  t3e t h i r d  hamonic 

h i t h i n  a close tolerance, a l a b o r a t o r -  es;ieriziental p r o t o t g e  o f  this 

feed s_rstex \-as fa%ricated and t e s ~ e c ?  -;sin; a hrdranl ic  s i r en ,  continuously 

increas ing  freqnency input,  Iransdccer t races  of the d p a i c  t e s t  pressures  
* 

and f loxs  (the l a t t e r  seasured ki t5 hn elecrrosagnet ic  high-response 

f lohzeter)  c l o s e l ~  zatc5ed t r a c e s  proCaced 3_r t5e analog coxputer model. 

A t  t h i s  p3ase it %-as f e l t  t he  c o n p t e r  =ode1 could f a i t h f u l l y  reproduce the  

c h a r a c t e r i s t i c s  of the  phvsical  sys tez ,  and, to  e-ialuate the e f f e c t  of one 

type of t r ~ d r a u l i c  cor=ponent on feed s c s t e z  d-mmics, a h -d ran l i c  capaci tor  

\-a8 desigzed f o r  incorporat ion i n t o  the la3erztoqy codel. Iga in ,  with the  - 

computer =ode1 sod i f i ed  t~ s i x l a t e  t5e 5 ~ d r a x l i c  capac i tor  added to the  

systex,  c o z p t e r  and t e s t  r e s u l t s  sho---ed good agreezent. 3 i s  pre l i z ina rp  

ana lys is  lead t o  the  design of a hrCrau!ic czpaci tor  f o r  a la rge  rocket engine 

t o  be i n s t a l l e d  at t3e i n l e t  t o  the foe1 i n j e c t o r  cani fo ld  of a s p e c i a l l p  

fabr ica ted  triple z ~ n i f o l d  t h r u s t  chaz3er ;CLc5 p e ~ x i t t e d  l o c a t i x  the  

capacii&r 1-eq- c lose  to  the discharge end of the f u e l  feed s?-stea $-here it 



L-ould b e  t h e  n o s t  e f f e c t i v e ,  a s  i n d i c a t e d  by t h e  computer s tudies .  It 

L-ns dezons t ra ted  t 3 a t  t h i s  c a p a c i t o r  s i g n i f i c a n t l y  reduced feed  sys ten  

p r e s s u r e  o s c i l l a t i o n  a z p l i t u d e s  ' b ~  a  f a c t o r  o f . j : l  a s  t h e  c a p a c i t o r  %xs 

p r e s s u r i z e d ,  and t h a t  t h e  i n i t i a l  o s c i l l a t i o n s  reappeared a f t e r  the 

c a p a c i t o r  \-as depressur ized,  d u r i n g  t h e  course  of  t h e  sarae mn, 

To s t u d y  t h e  e f f e c t  of t h e  c a p a c i t o r  on t h r u s t  ch'nber "buzzinga, it 

o b r i o u s l r  f i r s t  had t o  b e  demonstrated t S a t  t h e  chan3er %-as buzzing. 

Curing one of t h e  t e s t  s e r i e s ,  a  suspected buzziw c h a ~ b e r  assembly ~mnld 

n o t  buzz p r i o r  t o  a n - a t t e z p t e d  c a p a c i t o r  e r a l u a t i o n  t e s t .  The o n l ~  hiown 

feed  s r s r e x  conf igura t ion  5ard.rzre c5nnge made a f t e r  t h e  chmker had 

buzzed i n  a  pre-iious t e s t  s e r i e s  n s  t h e  a d d i t i o n  of a s h o r t  l eng th  of 

f u e l  duc t ing  t o  t h e  approach t o  i 3 e  f u e l  i n j e c t o r  i n l e t  manifold. %hen - 

t 3 e  f u e l  feed s y s t e z  ductin; %-as aga in  shortened bg t h i s  a m e  length ,  the 

3uzzing c l e a r l y  reappeared,  dezons t ra t ing  t h e  si,gnificant e f f e c t  of this 

r e l a t i r e 1 7  s-a l l  i n e r t a n c e  and capaci tance a s s o c i a t e d  %-it% t%e s h o r t  l eng th  

of duc t ing ,  consider ing i t s  i n s i g n i f i c a n t  s i z e  i n  r e l a t i o n  t o  t%e r m a i n d e r  

of t 3 e  long and large-diazeter  fue l -d& &ich lead f r o n  the f u e l  tank to ' 

t 3 e  t h t  chazrber, O f  course ,  i t s  s t r a t e g i c  l o c a t i o n  a l s o  was a factor.  - 

Indeed, r o c k e t  engine s t a b i l i t p  - is s e n s i t i r e  t o  feed ~ s t a  

hydrau l ic  i n e r t a n c e  and capacitance,  
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CORRELATION OF TEST RESULTS WITH PREDICTI:D CUIjVE IN TCItMS OF DISCHARGE FLOW 
. I ( W  I'I'II III.I)IL\lll.l(: I:h13A(:l'l'Oll I NS1i'AI.II:I~ I N ~ A l ~ ~ ~ l ~ ~ l ~ ~ ~ l l ~ ~  s v ; , i , k ~ )  

FREQUENCY - CPS 







fl(XRJ3 6: C L s ~ - U p  THE PRESSURE PERTURBATION INPUT APPARATUS 
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FIGURE 4: COMPLEX WAVE FORMS pRODUCm BY THE LABORATOW HmRAULIC 
REFERENCE SYSTEM SUBJECTED TO A HYDRAULIC SIREN PRESSURE 
MSNRBA~CE AT THE DISCHARGE END. 
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FIGURE 7: CORRELATABLE TRACES OBTAINED THROUGH FILTERING THE COMPLEX 

WAVES PRODUCED BY THE EXPERIMENTAL HYDRAULIC REFERENCE 
SYSTEM MODIFIED FOR SIREN INPUT, 



FIGURE //: HYDRAULlC CAPACITOR AND CHARGER INSTALLED IN THE LABCRATW 
FXPERIMAHPAL HXDRAUUC SYSTEM 
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