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Abstract  

Work i s  i n  progress t o  demonstrate two techniques f o r  s t a t i c  s t r a i n  measure- 
ments on a j e t  engine burner l i n e r .  Measurements a r e  being made with a s e t  of 
r e s i s t a n c e  s t r a i n  gages made from Kanthal A-1 wire and v i a  heterodyne speckle 
photogrammetry. The background of the  program is  presented along with current  
r e s u l t s .  

In t roduct ion  

A previous program (NAS3-22126) has r e su l t ed  i n  iden t i fy ing  two p o t e n t i a l l y  
appl icable  methods f o r  s t a t i c  s t r a i n  measurement of the  thermal deformations of j e t  
engine burner l i n e r s .  The f i r s t  employs r e s i s t a n c e  s t r a i n  gages made from Kanthal 
A-1 wire and the  second i s  a form of photogrammetry based upon l a s e r  speckle photo- 
graphs (specklegrams) of the surface  under study. The photographs a r e  made by 
i l luminat ing  the  objec t  with l a s e r  l i g h t  and making photographic recordings on high 
reso lu t ion  p l a t e s  through a t e l e c e n t r i c  lens  system. The coherence of l a s e r  l i g h t  
c rea tes  high con t ras t  speckles i n  the  image t h a t  move a s  i f  at tached t o  the  objec t  
surface .  S t r a i n  i s  revealed as  image magnificat ion by photogrammetric comparison 
of p a i r s  of specklegrams. The accuracy of t h i s  comparison is  g r e a t l y  enhanced by 
use of a heterodyne interferometer .  

Both methods have fea tu res  t h a t  a re  a t t r a c t i v e  a s  wel l  a s  problematic. The 
wire gages provide continuous output i n  a conventional format and, because they a r e  
bonded t o  the  a c t u a l  objec t  surface ,  a r e  not influenced by rigid-body t i l t s  and 
t r a n s l a t i o n s .  On the  o ther  hand they a r e  subjec t  t o  f a i l u r e ,  they can exh ib i t  la rge  
and v a r i a b l e  values of apparent s t r a i n ,  they have temperature l imi ta t ions ,  they 
only measure s t r a i n  a t  s p e c i f i c  loca t ions ,  and they can influence the  mechanical 
behavior of the  objec t .  By comparison, speckle photogrammetry o f f e r s  v i r t u a l l y  no 
temperature r e s t r i c t i o n ,  allows continuous geometrical mapping of s t r a i n  d i s t r i -  
but ions ,  has an apparent s t r a i n  equal t o  thermal expansion, and i s  noncontacting. 
Nonetheless, it only samples the objec t  a t  d i s c r e t e  times, it can be d is turbed by 
rigid-body motions, it requi res  o p t i c a l  access t o  the objec t  surface ,  and it can be 
influenced by thermal inhomogeneities i n  the  gas through which the  objec t  i o  
viewed, 

*This work i s  being performed under cont rac t  NAS3-23690, 



Program Description 

The current  program combines both methods i n  a prototype study of combustor 
behavior. A JT12D combustor (see Fig. 1 )  has been modified f o r  operation i n  the 
temperature range desired (Up t o  9 5 0 ° ~  fo r  the Kanthal gages and up t o  1140'~ f o r  
the  photogrammetry). A sect ion has been cut  from the burner and instrumented with 
t en  gages and seven thermocouples as  shown i n  Fig. 2. A hole has been provided so 
t ha t  the louver l i p  may be photographed and included i n  the photogrammetric s t r a i n  
measurement. The gaged sect ion has been put through temperature ca l ib ra t ion  t e s t s  
t o  predetermine the apparent s t r a i n s  of the gages. Reference gages have a l so  been 
t es ted  on a constant s t r a i n  bar t o  determine the gage fac to r  as  a function of 
temperature. The sect ion of the burner was then welded back i n to  place and the 
burner i n s t a l l ed  i n  the t e s t  stand. 

A window was provided i n  the t e s t  c e l l  a s  shown i n  Fig. 3 through which the 
burner i s  illuminated and photographed. Figure 4 shows the layout of the op t i c a l  
components. A pulsed l a s e r  provides i l lumination of about 1 msec duration with 
adequate energy t o  expose the p la tes ,  The system is operated remotely from the 
control  room. 

During the  ac tua l  t e s t  runs, specklegram data  is  recorded i n  the form of 
photographic exposures a t  designated times, while s t r a i n  gage data is  recorded 
continuously as  e l e c t r i c a l  s ignals .  To maintain corre la t ion between the speckle 
pat terns  of successive photographs, the burner i s  heated isothermally by increasing 
the  i n l e t  a i r  temperature u n t i l  spontaneous ign i t ion  i s  possible. After  ign i t ion ,  
various cycles can be simulated by var ia t ion  of the f u e l  flow. After  t e s t i ng  i s  
complete, both s t r a i n  gage and specklegram data  a r e  processed t o  obtain s t r a i n  
in£ ormat ion. 

Processing fo r  the s t r a i n  gage data cons i s t s  primarily of numerical correc- 
t ion  fo r  apparent s t r a i n  and gage fac to rs .  Processing f o r  the specklegram data  
consis ts  of developing the photographic p la tes  and evaluating them on an in te r -  
ferometric comparator, The number of locations on the photographs a t  which two- 
dimensional s t r a i n  data  may be obtained is  l imited by the time avai lable  f o r  data 
processing. St ra ins  a r e  t o  be measured, therefore ,  only a t  the ten gage locations 
and a t  ten  add it ional  locat  ions including the louver l i p .  Thermocouple readings 
w i l l  be used t o  correct  f o r  thermal expansion and provide thermomechanical s t r a i n .  
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