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INTRODUCTION 

The o b j e c t i v e s  o f  t h e  HOST Burner L i n e r  C y c l i c  R i q  Tes t  Program a re  
b a s i c a l l y  t h r e e f o l d :  ( 1 )  t o  a s s i s t  i n  develop ing p r e d i c t i v e  t o o l s  needed t o  
improve design analyses and procedures f o r  t h e  e f f i c i e n t  and accura te  p red i c -  
t i o n  of burner  l i n e r  s t r u c t u r a l  response; ( 2 )  t o  c a l i b r a t e ,  eva lua te  and 
v a l i d a t e  these p r e d i c t i v e  t o o l s  by  comparing t h e  p r e d i c t e d  r e s u l t s  w i t h  t h e  
exper imental  data generated i n  t h e  t e s t s ;  and ( 3 )  t o  eva lua te  e x i s t i n g  as we1 1  
as advanced temperature and s t r a i n  measurement ins t rumenta t ion ,  b o t h  con tac t  
and non-contact, i n  a  s imu la ted  engine c y c l e  environment. The da ta  generated 
w i l l  i n c l ude  measurements o f  t h e  thermal  environment (meta l  su r f ace  tempera- 
t u r e s )  as w e l l  as s t r u c t u r a l  ( s t r a i n )  and l i f e  ( f a t i q u e )  responses o f  simu- 
l a t e d  burner  l i n e r s  and specimens under c o n t r o l l e d  boundary and o p e r a t i n g  
cond i t ions .  These da ta  w i l l  be used t o  c a l i b r a t e ,  compare and v a l i d a t e  
a n a l y t i c a l  t heo r i es ,  methodologies and des ign procedures, as we1 1  as improve- 
ments i n  them, f o r  p r e d i c t i n g  l i n e r  temperatures, s t r e s s - s t r a i n  responses and 
cyc les  t o  f a i l u r e .  Comparison o f  p r e d i c t e d  r e s u l t s  w i t h  exper imenta l  da ta  
w i l l  be used t o  show where t h e  p r e d i c t i v e  t heo r i es ,  e t c .  need improvements. 
I n  add i t i on ,  as t h e  p r e d i c t i v e  t o o l s ,  as w e l l  as t h e  t e s t s ,  t e s t  methods, and 
da ta  a c q u i s i t i o n  and r e d u c t i o n  techniques, a re  developed and va l i da ted ,  a  
proven, i n t e g r a t e d  ana l ys i s l expe r imen t  method w i l l  be developed t o  determine 
t h e  c y c l i c  l i f e  o f  a  s imu la ted  burner  l i n e r .  

TEST R I G S  

F i g u r e  1 inc ludes  a  l i s t  o f  t h e  t e s t  r i q s  under cons t ruc t i on ,  w i t h  
a n t i c i p a t e d  d e l i v e r y  dates and t h e  b a s i c  specimens and burner  l i n e r  components 
t o  be analyzed and t e s t e d  i n  each r i g .  F l a t  p l a t e  specimens, w i t h  and w i t h o u t  
ho les,  w i l l  be t e s t e d  i n  t h e  Box R i g  w h i l e  t u b u l a r  specimens, w i t h  and w i t h o u t  
ho les,  and subelements o f  burner  l i n e r s  w i l l  be t e s t e d  i n  t h e  Annular Rig,  
Each t e s t  w i l l  be i n c r e a s i n g l y  more complex than  t h e  p reced ing  one, bo th  f r om 
t h e  s tandpo in t  o f  geometry as w e l l  as t h e  da ta  a c q u i s i t i o n  and r e d u c t i o n  
requi rements.  Correspondingly,  t h e  s t r u c t u r a l  a n a l y s i s  w i l l  become more com- 
p l e x  i n  t h e  p rogress ion  o f  t e s t  c o n f i g u r a t i o n s .  For  example, f i g u r e  2 shows 
t h e  p rogress ion  o f  f l a t  p l a t e  specimens t o  be t e s t e d  and s t r u c t u r a l l y  analyzed. 

A  schematic o f  t h e  Box Rig, be ing  f a b r i c a t e d  in-house, i s  shown i n  f i g -  
u r e  3. Four qua r t z  lamps a re  used t o  hea t  t h e  8 x  5  x  0.05 i n c h  f l a t  p l a t e  
specimens. Both water  and a i r  c o o l i n g  a re  used. A v i ew ing  p o r t  p rov ides  f o r  
v i s u a l  i n s p e c t i o n  o f  t h e  specimen and da ta  a c q u i s i t i o n .  P rov i s i ons  f o r  
i ns t rumen ta t i on  i n c l u d e  30 thermocouples and 10 s t r a i n  gage connect ions.  
I n i t i a l l y ,  t h e  Box R i g  w i l l  p rov ide  temperature and l i m i t e d  s t r a i n  measure- 
ments us ing  commerc ia l ly  a v a i l a b l e  thermocouples and w i r e  r e s i s t a n c e  s t r a i n  



gages. Bu t  as advanced temperature and s t r a i n  measurement i n s t r u m e n t a t i o n  i s  
developed and becomes a v a i l a b l e  under t h e  HOST program and elsewhere, t h e  Box 
R i g  w i l l  se rve  t o  eva lua te  t h e  advanced i ns t r umen ta t i on ,  f o r  example, i n f r a r e d  
thermal  imaging camera f o r  temperature mapping, t h i n f i l m  thermocouples and 
s t r a i n  gages, l a s e r  speck le  s t r a i n  measurements, e t c .  The i n s t r u m e n t a t i o n  
w i t h  t h e  g r e a t e s t  p o t e n t i a l  w i l l  t hen  be i n s t a l l e d  and used on t h e  Annular R ig .  

A schematic o f  t h e  Annular  R i g  i s  shown i n  f i g u r e  4. The t e s t  sec t ion ,  
be ing  b u i l t  b y  P&W as p a r t  o f  a  coope ra t i ve  e f f o r t  between NASA Lewis and 
P&W, has 112 q u a r t z  lamps t o  hea t  t h e  21-inch annu la r  t e s t  specimen. The 
l e n g t h  o f  t h e  heated p o r t i o n  o f  t h e  t e s t  specimen i s  10 inches. Both wa te r  
and a i r  c o o l i n g  a r e  used. Three a c t i v e  v i ew ing  p o r t s  a re  p rov i ded  f o r  v i s u a l  
i n s p e c t i o n  o f  t h e  specimen and da ta  a c q u i s i t i o n .  Seven qu i ck  d isconnec t  
i n s t r u m e n t a t i o n  panels  a re  shown i n  t h e  f i g u r e .  These panels  p r o v i d e  f o r  100 
thermocouple, 28 s t r a i n  gage and 21 p ressure  t ransducer  connect ions.  Both 
t h e  Box R i g  and Annular  R i g  Tes t  Programs w i l l  be conducted a t  NASA Lewis i n  
ECRL-1. 

Tes t  c o n d i t i o n s  and v a r i a b l e s  t o  be cons idered  i n  each o f  t h e  t e s t  r i g s  
and t e s t  c o n f i g u r a t i o n s ,  and a l s o  used i n  t h e  s t r u c t u r a l  ana lys is ,  f o r  v a l i d a -  
t i o n  o f  t h e  p r e d i c t i v e  t h e o r i e s  and t o o l s  w i l l  i n c l u d e  thermal  and mechanical  
l o a d  h i s t o r i e s  ( s i m u l a t i n g  an engine m iss i on  c y c l e ) ,  d i f f e r e n t  boundary condi -  
t i o n s  ( f i x e d ,  f r e e ,  e t c . )  a  v a r i e t y  o f  specimen and subelement geometr ies 
( i n c l u d i n g  advanced burner  1  i n e r  s t r u c t u r a l  des ign concepts) ,  d i f f e r e n t  
m a t e r i a l s  ( i n i t i  a1 l y  Haste1 loy-X w i  11 be used), v a r i o u s  coo l  i n g  schemes and 
c o o l i n g  h o l e  c o n f i g u r a t i o n s ,  and t h e  s i m u l a t i o n  o f  h o t  s t reaks .  Based on 
t hese  t e s t  c o n d i t i o n s  and t e s t  v a r i a b l e s ,  t e s t  m a t r i c e s  f o r  each r i g  and con- 
f i g u r a t i o n  w i l l  be developed w i t h  t h e  i n t e n t  t o  v e r i f y  t h e  p r e d i c t i v e  t o o l s  
ove r  as wide a  range as i s  f e a s i b l e ,  u s i n g  t h e  s i m p l e s t  o f  p o s s i b l e  t e s t s .  
Table  I i s  a  sample t e s t  m a t r i x  f o r  a  f l a t  p l a t e  w i t h o u t  ho les .  

EXPERIMENTS 

To v e r i f y  t h e  f e a s i b i l i t y  o f  t h e  t e s t s  and t e s t  r i g  designs, and i d e n t i f y  
p o t e n t i a l  t e s t  problems and ana l ys i s l expe r imen t  comp l i ca t ions ,  a  l i m i t e d  
number o f  p r e l i m i n a r y  exper iments were conducted and s t r u c t u r a l  analyses pe r -  
formed u s i n g  5 x  8  x  0.05 i n c h  Haste l loy-X f l a t  p l a t e  specimens. The spec i -  
mens were t e s t e d  i n  t h e  box r i g  shown i n  f i g u r e  5. Three q u a r t z  lamps, p l aced  
about 2 inches apar t ,  center - to-center ,  about 1-112 inches f r om t h e  r e f l e c t o r  
and about 1-112 inches below t h e  t e s t  specimen, were used t o  hea t  t h e  spec i -  
men. The lamps were a i r  coo led  th rough  a  m a n i f o l d  l o c a t e d  a t  t h e  bot tom of 
t h e  box. A i r  p ressure  f o r  c o o l i n g  t h e  lamps ranged f r om 4 p s i  a t  t h e  lowes t  
power s e t t i n g  (30 W )  t o  60 p s i  a t  t h e  maximum power (18 000 W) s e t t i n g .  The 
power was c o n t r o l l a b l e  i n  s teps  f r om 30 t o  18 000 wat ts .  No wate r  c o o l i n g  was 
p rov i ded  i n  t h i s  r i g .  The t o p  o f  t h e  p l a t e  cou ld  be viewed th rough  a  cu t -ou t  
i n  t h e  t o p  cover .  Some o f  t h e  more s a l i e n t  r e s u l t s  o f  these  t e s t s  a re  p re -  
sented below. 

The t e s t  specimen was h e l d  f i x e d  between two i d e n t i c a l  frames by  t i g h t e n -  
i n g  10 b o l t s ,  as shown i n  f i g u r e  6. The frames and specimen were p o s i t i o n e d  
h o r i z o n t a l l y  above t h e  lamps and were h e l d  i n  p l a c e  b y  l e g  suppor ts  ( l o n g  
b o l t s )  which r e s t e d  on t h e  bot tom o f  t h e  box. 



80 th  t h e  frame and t e s t  specimen were inst rumented.  A t o t a l  o f  '22 
thermocouples (0.032-in.-diam. Chromel-Alumel) were mounted on t h e  frame. 
Ten thermocouples were mounted on t h e  specimens; t h r e e  on t he  o u t e r  f ace  ( c o o l  
s i d e )  and seven' on t h e  i nne r  f a c e  ( h o t  s i d e )  exposed t o  t h e  qua r t z  lamps. 
The thermocouples were mounted a long  t h e  two cen te r  axes o f  t h e  p l a t e .  High- 
tempera tu re  r e s i s t a n c e  s t r a i n  gages, BLH Model HT-1212-5A, were mounted on two 
specimens. The s t r a i n  %age i s  made of p la t inum- tungs ten  a l l o y  and works f o r  
tempera tu res  up t o  1200 F, The l o c a t i o n s  of t h e  thermocouples and s t r a i n  
gages on t h e  frame and t e s t  specimen a re  shown i n  f i g u r e  7. 

Three f l a t  p l a t e  specimens w i t h o u t  ho les  were t e s t e d .  The f i r s t  s e r i e s  
o f  t e s t s  were conducted t o  v e r i f y  t h a t  t h e  r i g  was work ing  p rope r l y ,  t o  v e r i f y  
t h e  r i g s  performance c a p a b i l i t y  and d u r a b i l i t y ,  and t o  observe t h e  f a i l u r e  
mode o f  t h e  p l a t e  (buck1 i n g ) .  The frame was ins t rumented  w i t h  thermocouples 
b u t  t h e  p l a t e  was no t .  Temperature measurements of t h e  frame i n d i c a t e d  t h a t  
depending on t h e  r a t e  a t  which t h e  power was increased,  t he  temperature 
d i f f e r e n c e  between t h e  t o p  and bo t tom h a l f  o f  t h e  frame cou ld  va ry  f rom 0 t o  
100' F a t  temperatures below 500° F (maximum frame temperature)  t o  a  maximum 
v a r i a t i o n  o f  0  t o  400' F a t  1000' F and above. By i n c r e a s i n g  t h e  power 
s l o w l y ,  t h i s  d i f f e r e n c e  c o u l d  be c o n t r o l l e d  and k e p t  t o  a  minimum. The con- 
c l u s i o n  reached i s  t h a t  c o n t r o l  o f  t h e  frame temperature i s  needed t o  p reven t  
b u c k l i n g  o f  t h e  p l a t e  f o r  a  f i x e d  edge boundary c o n d i t i o n .  

I n  t h e  second s e r i e s  o f  t e s t s ,  b o t h  temperature and s t r a i n  measurements 
were ob ta ined .  Temperature v a r i a t i o n s  on t h e  p l a t e  and frame were recorded  
f o r  seve ra l  power s e t t i n g s .  For  a  s i n g l e  power s e t t i n g ,  r e p r e s e n t a t i v e  p l o t s  
o f  t h e  p l a t e  and frame temperatures a re  shown i n  f i g u r e s  8 and 9. The power 
l e v e l  was stepped up f r om 375 v o l t s  (12 100 W )  t o  435 v o l t s  ( 1 5  500 W )  and 
h e l d  cons tan t  f o r  about 7  minutes. The d e l t a  inc rease  i n  frame temperature 
ranged f r o m  50' t o  100' F whereas t h e  d e l t a  i nc rease  i n  p l a t e  temperature 
ranged f r om 100' t o  230' F. The i n i t i a l  maximum/minimum temperatures f o r  
t h e  f rame and p l a t e  were 510' (TC 12) /260°  F (TC 4)  and 1270' (TC 4) /830°  F 
(TC 1 )  , r e s p e c t i v e l y .  The f i n a l  maximum/~inimum temperatures f o r  t h e  frame 
and p l a t e  were 600'/310' F and 1500'/1000 F r e s p e c t i v e l y .  The frame tempera- 
t u r e  inc reased  a lmost  l i n e a r l y  w i t h  t i m e  w h i l e  t h e  p l a t e  temperature reached 
a lmos t  s teady  s t a t e  c o n d i t i o n s  a t  about 2  minutes i n t o  t h e  s tep  i nc rease  i n  
power. C o n t r a r y  t o  our  expec ta t ions ,  a  non-uni form p l a t e  temperature was 
observed f o r  t h i s  and a l l  t e s t s  i n  t h e  l o n g i t u d i a l  d i r e c t i o n ,  w h i l e  a  more 
un i f o rm  temperature was observed across t h e  p l a t e  (see f i g s .  8 and 9)  f o r  a1 1 
t e s t s .  Through t h e  t h i ckness  temperatures v a r i e d  w ide ly ,  r ang ing  f r om 20' t o  
200" F. Unexpla inably ,  t h e  da ta  show t h a t  t h e  f r o n t  h a l f  o f  t h e  p l a t e  was 
much h o t t e r  than  t h e  back h a l f  o f  t h e  p l a t e  ( b y  about 530' F f o r  da ta  shown i n  
f i g .  9 ) ,  and t h e  f r o n t  h a l f  of t h e  frame ( b o t h  bo t tom and t o p )  was h o t t e r  t han  
t h e  back h a l f  ( b y  about 100' F f o r  t h e  da ta  shown i n  f i g .  8)  f o r  a l l  t e s t s .  
The most obv ious  reasons f o r  t h i s  anomaly were r u l e d  ou t ,  such as a s l o p p i n g  
p l a t e ,  d i s t a n c e  between lamps and t e s t  specimen, c o o l i n g  a i r  f l o w  pa t t e rns ,  
p lugged a i r  ho les ,  and misa l ignment  o f  t h e  c o o l i n g  a i r  man i fo ld .  These t e s t s  
showed: i t  was p o s s i b l e  t o  c o n t r o l  t h e  p l a t e  temperature,  bo th  t r a n s i e n t  and 
s teady  s t a t e ,  b y  v a r y i n g  power s e t t i n g s  and a i r  f l ows ;  i t  was p o s s i b l e  t o  
ach ieve  d e s i r e d  maximum/minimum temperatures i n  t h e  p l a t e ,  approx imate ly  
1700° F temperature a t  a  power s e t t i n g  o f  440 v o l t s  and a 900 F temperature 
a t  a  power s e t t i n g  o f  300 v o l t s ;  i t  was p o s s i b l e  t o  c o n t r o l  t h e  frame tempera- 
t u r e  t o  a  degree; i t  was p o s s i b l e  t o  c o n t r o l  s t r a i n s  b y  va ry i ng  b o t h  frame and 
p l a t e  temperatures f o r  f i x e d  edge boundary c o n d i t i o n s ;  i t  was n o t  p o s s i b l e  t o  
ach ieve  u n i f o r m  s u r f a c e  temperatures i n  t h e  p l a t e  e i t h e r  i n  t he  h o r i z o n t a l  o r  



l o t i ' i i t u d i n a l  d i r e c t i o n s :  i t  was n o t  p o s s i b l e  t o  ach ieve t h e  des i r ed  o r  u n i f o r m  
th rough t h e  t h i ckness  temperature g rad ien ts ;  and s t r a i n  measurements were n o t  
ob ta ined  above 1200" F. 

The p r i m a r y  o b j e c t i v e  o f  t h e  t h i r d  s e r i e s  o f  t e s t s  was t o  demonstrate 
whether o r  n o t  a  s imu la ted  engine m iss ion  c y c l e  cou ld  be obta ined.  The t e s t  
r e s u l t s  showed t h a t  c o n t r o l l e d  complex, c y c l i c  thermal  cyc les  c o u l d  be imposed 
on a  f l a t  p l a t e  specimen. Other than t h i s ,  t h e  t e s t  r e s u l t s  ob ta ined  were 
s i m i l a r  t o  those  ob ta ined  f rom t h e  second s e r i e s  o f  t e s t s .  

ANALYSIS 

A s t r u c t u r a l  a n a l y s i s  o f  a  f l a t  p l a t e  specimen w i t h o u t  ho les  was per-  
formed u s i n g  MARC,. a  genera l  purpose, n o n l i n e a r  f i n i t e  element s t r u c t u r a l  
a n a l y s i s  computer program. Walker ' s  v i s c o p l a s t i c  c o n s t i t u t i v e  model was 
i nco rpo ra ted  i n t o  MARC t o  account f o r  t h e  i n t e r a c t i o n  between creep and p l a s -  
t i c  deformat ions.  

The p l a t e  was analyzed u s i n g  a  f o u r  node p lane  s t r e s s  element. The mesh 
c o n f i g u r a t i o n  was s e t  up so t h a t  d i r e c t  comparisons cou ld  he made between 
models w i t h  a  s i n g l e  h o l e  and w i t h o u t  a  ho le .  The mesh c o n f i g u r a t i o n s  f o r  
these two models a re  shown i n  f i g u r e  10. The c o n f i g u r a t i o n s  a re  doub ly  symme- 
t r i c ,  t hus  o n l y  a  q u a r t e r  of t h e  p l a t e  i s  modelled. 

A paramet r i c  s t udy  was conducted t o  examine d i f f e r e n t  boundary c o n d i t i o n s  
f o r  a  f l a t  p l a t e  w i t h o u t  ho les.  The r e s u l t s  i n d i c a t e d  t h a t  bo th  t h e  t e s t  
specimen and frame would have t o  be analyzed t oge the r  and t h a t  c o n t r o l l e d ,  
v a r i a b l e  boundary c o n d i t i o n s  were necessary t o  reproduce t h e  des i r ed  s t r e s s  
l e v e l s  i n  t h e  p l a t e .  C o n t r o l l i n g  t h e  boundary c o n d i t i o n s  was done by p ro -  
v i d i n g  t r u s s  members a t  t h e  edges of t h e  p l a t e  as shown i n  f i g u r e  11. By 
a p p r o p r i a t e l y  a d j u s t i n g  t h e  temperature d i f f e r e n c e  between t h e  p l a t e  and t h e  
edge members, t h e  s t r e s s  l e v e l s  can be v a r i e d  i n  t h e  p l a t e .  Thus, boundary 
c o n d i t i o n s  rang ing  f rom f r e e  edge ( w i t h  t h e  p l a t e  and edge bars  a t  t h e  same 
temperature)  t o  f i x e d  edge ( w i t h  t h e  edge bars  k e p t  a t  a  r e fe rence  temperature 
w h i l e  t h e  p l a t e  temperature i s  inc reased) ,  as we1 1  as a l l  i n t e rmed ia te  cond i -  
t i o n s  i s  poss ib l e .  Fur ther ,  depending on whether t h e  edge ba r  temperatures 
l a g  behind t h e  p l a t e  temperatures o r  v i c e  versa, compression o r  t e n s i o n  may be  
produced i n  t h e  p l a t e .  Th i s  r e v e r s a l  of s t r e s s  would make i t  p o s s i b l e  t o  
t r a c e  h y s t e r e s i s  loops and thus  s tudy  thermal  r a t c h e t i n g ,  compare exper iment  
w i t h  p r e d i c t i o n s ,  e t c .  

A s imu la ted  engine m iss ion  c y c l e  was s t u d i e d  assuming u n i f o r m  tempera- 
t u r e s  i n  t h e  p l a t e  and t h e  edge bars,  w i t h  a  5-percent temperature d i f f e r e n c e  
between t h e  p l a t e  and frame as shown i n  f i g u r e  12. The i n i t i a l  temperature 
was s e t  a t  940' F a t d  t h e  c y c l e  cons i s ted  of a  25-second ramp up t o  a  maximum 
temperature o f  1740 F, a  40 second h o l d  t ime  a t  t h i s  temperature l e v e l  and a  
30-second ramp down t o  a  temperature o f  940" F. F i g u r e  12 shows t h e  t i m e  
v a r i a t i o n  o f  s t r e s s  i n  element 18 (see f i g .  10) .  The s t r e s s - s t r a i n  v a r i a t i o n  
f o r  t h i s  element i s  p l o t t e d  i n  f i g u r e  13. No d i r e c t  comparisons cou ld  be made 
between t h i s  a n a l y s i s  and t h e  exper iments descr ibed  e a r l i e r  because of t h e  
nonun i f o rm i t y  o f  p l a t e  and frame temperatures ob ta ined  f rom t h e  exper iment.  



CONCLUSIONS AND FUTURE RESEARCH 

The preliminary experiments demonstrated the feasibility of the rig to 
achieve the desired plate temperatures, temperature gradients and cyclic 
thermal load histories, although uniform plate temperatures were not achieved. 
Finite element models of plates, with and without holes, and frames were gen- 
erated and structural analyses were performed. However, a direct comparison 
between experiment and analysis could not be done because of the nonuniform 
plate temperatures obtained in the experiments. 

The new Quartz Lamp Box Rig under construction has four quartz lamps, 
with a maximum power of 24 000 watts. This rig is expected to produce much 
more uniform plate temperatures than those obtained in the rig just described. 
In addition, computer controlled operation and data acquisition will allow for 
more accurate and extensive tests. The ESCORT I1 Data Acquisition System, 
available at Lewis, will be used for data acquisition and control of the 
experiment. The data obtained, both temperature and strain measurements, will 
be stored on tape for processing, reduction and analysis at a later date. 
Also, an infrared thermal video imaging system will be integrated into the 
system to obtain temperature maps of the plate. 

The Annular Rig, as described earl ier, under construction, wi 1 1  provide 
data on cylindrical shells and subelements of burner liners. The same fea- 
tures available for the Box Rig will be carried over to the Annular Rig. 
Preliminary structural analyses of plates and shells will be used to guide 
the direction of the experimentation in both the Box and Annular Rigs. Other 
analyses will be conducted to predict the material stress-strain response 
using the measured temperature distributions obtained from the tests. These 
analyses will provide a basis for comparing analytical predictions, for exam- 
ple, using several constitutive models, with the experimental data for valida- 
tion and subsequent selection of improved analysis methods to predict, more 
efficiently and accurately, the structural response of burner liners. 



T A B L E  I - S A M P L E  T E S T  M A T R I X  FOR F L A T  P L A T E  

TEST CONFIGURATION - FLAT PLATE WITHOUT HOLES 

MATERIAL - HASTELLOY X 

TEST TEMPERATURE TEMPERATURE HISTORY 
NO. STATE BOUNDARY CONO. NUMBER OF 

RAMP UP HOLD TIME RAMP DOWN FOR CYCLES 
TIME, sec.TEMP., OF TIME, sec.~EMp.. OF TIME, sec.TEMP.. OF PLATE EDGES (TIME BET. CYCLES, sec) 

STEADY STATE- 
UNIFORM TEMP. 

I, 

I 1  

I I 

I I 

,I 

I I 

I I 

#I 

I I 

I 1  

I 1  

II 

I 1  

I 1  

, I  

I I 

I I 

I 1  

I I 

I I 40 
11 60 

CYCLE- 20 

VARIABLE TEMP. 20 
II 20 
I 1  20 
I I 20 
I I 20 
II 30 
I 1  30 
I I 30 
11 20 
I 1  20 
I 1  20 

HOT STREAK (+50°!4 
UNIFORM TEMP. 20 

I I 20 
I I 20 

HOT STREAK ( + W F )  

CYCLIC TEMP. 20 
I I 20 
I I 20 

HOT STREAK (+1Cn0 F) 20 

CYCLIC TEMP. 20 
I I 20 

300 600 

3al 800 
3al lam 
300 1200 
300 1m 
300 1600 
300 1800 

3al 1m 
300 1400 
300 1800 
300 1m 
300 1400 
300 1800 
500 lam 
MO loo0 
m 1m 
MO 14al 
m 1400 
500 1400 

500 1800 

-- FIXED EDGES 

-- I I 



C O M P O N E N T S  T O  B E  A N A L Y Z E D  A N D  T E S T E D  

I N  H O S T  B U R N E R  L I N E R  C Y C L I C  R I G S  

1. QUARTZ LAMP BOX RIG (DELIVERY DATE - SEPTEMBER '83) 
FLAT PLATES WITH AND WITHOUT H O E S  

2. QUARTZ LAMP ANNULAR RIG (DELIVERY DATE - APRIL '84) 
CYLINDRICAL SHELLS WITH AND WITHOUT HOLES 

SU BELEMENTS OF COMBUSTOR LINERS 

FLAT PLATE SPECIMEN 

CONFIGURATIONS TO BE ANALYZED AND TESTED 



SCHEMATIC OF QUARTZ LAMP BOX RIG 

/ 
,-VIEW PORT r SPECIMEN COOLING AIR 

'LAMP COOLING AIR 

SCHEMATIC OF QUARTZ MMP ANNULAR RIG 

LINER COOLING AIR 
7.5 #I sec 50O0 F 
40 psia --,_ 

QUICK DISCONNECT 
INSTRUMENTATION 
PANELS?,. 

\ 

VIEW PORTS? \ 

BUS BAR AIR HEATER LAMPS \ 
AND WATER LINES 

HEATER AIR 
3.0 #I sec 
loo0 F --- 

ELECTRIC WIRES /' 
I N  AND OUT- 

10" HEATED LENGTH 

LINER AIR 
AND HEATER 
DISCHARGE 
ATMOSPHERIC 
PRESSURE 



W% RIG W UP 

BOX RIG TEf l  SET UP 



FRAME FOR HOLDING THE PLATE SPECIMENS 

DIMENSIONS 
ARE IN in. 

FRAME AND PLATE 
THERMOCOUPLE AND STRAIN GAGE LOCATIONS 

TO HEAT) 

STRAIN GAGES 

190 



TEMPERATURE VARIATION OF 
PIATE FOR A CHANGE IN POWER SRTlNG FROM 375 VOLTS TO 435 VOLTS 

TIME, 
min 

TEMPERATURE 
VARIATION 

LONGnUDINAL 
ACROSS 
THROUGH THE THICKNESS 

THROUGH THE THICKNESS 
THROUGH THE THICKNESS 

THERMOCOUPLE 
NUMBERS 

1, 2, 3, 4 
5, 6, 2; 7 

2, 8 

5, 10 

4 9 

TEMPERATURE, OF 

TEMPERATURE VARIATION OF 
FRAME FOR A CHANGE IN POWER SRTlNG FROM 375 VOLTS TO 435 VOLTS 

TIME, 
min 

7 

6 

5 

4 
TEMPERATURE 

VARIATION 
BMTOM FRAME 

3 BMTOM FRAME 

2 

1 

0 
200 3M) 400 500 6M) 7M) 800 

TEMPERATURE. OF 

THERMOCOUPLE 
NUMBERS 
12, U, 14 



PLANE STRESS MESH FOR THE PLBTE SPECIMENS 

; 7 

114 MESH - SOLID PLATE (NO HOLES) 114 MESH - CENTER HOLE 

FINITE ELEMENT MODEL FOR THE FRAME AND PLATE 

- 
11 4 MESH 



TIME VARIATION OF STRESS I N  ELEMENT 18 

"*r 
2000 

0 
STRESS, 

psi 
-2000 

-m 

a U Y l ~  10 20 )D PO M 60 70 80 W 100 
TIME, sec 

STRESS-STRAIN I N  ELEMENT 18 

~ 1 1  X 109, inlin 




