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Emi ss ions Measurements f o r  a Lean Premixed Propane/Ai r 

System a t  Pressures Up t o  30 Atmospheres 

A se r ies  o f  experiments was conducted i n  which the emissions o f  a lean 

premixed system o f  propane and a i r  were measured a t  pressures o f  5, 10, 20 and 

30 atm i n  a flametube apparatus. Measurements were made f o r  i n l e t  temperatures 

between 600K and lOOOK and combustor residence times from 1.0 t o  3.0 msec. 

Figure 1 i s  a schematic o f  the  t e s t  r i g .  Propane, heated t o  a temperature 

o f  380K, was i n j e c t e d  as a gas through a 52 p o i n t  m a t r i x  i n t o  a dry  heated 

stream o f  a i r .  The mix ture  was i g n i t e d  downstream o f  a water-cooled per fora ted 

p l a t e  f lameholder and emissions measured a t  downstream locat ions  by a water- 

cooled sampling probe. Residence t ime was ca lcu la ted from probe p o s i t i o n  assum- 

ing an instantaneous temperature r i s e  t o  the ad iaba t i c  flame tempera t~re .  

Figures 2, 3 and 4 present emissions measurements f o r  NOx, CO and UHC as 

funct ions o f  combustor residence t ime f o r  various equivalence r a t i o s ,  entrance 

temperatures and pressures. NOx emission index appears t o  vary d i  r e c t l y  wi t h  

residence time. Hydrocarbon species disappear wi t h i n  the f i r s t  two m i  11 iseconds. 

CO l eve ls  peak around one m i l l i second  and then f a l l  r a p i d l y  u n t i l  e q u i l i b r i u m  

i s  reached sometime be tween 2.0 and 2.5 m i  1 1 i seconds residence ti me. 

Figure 5 i l l u s t r a t e s  t y p i c a l  behavior o f  emissions as a func t i on  o f  equiva- 

lence r a t i o  fo r  a f i xed  residence time. NOx l e v e l s  r i s e  exponent ia l l y  from the 

lean s t a b i l i t y  l i m i t  b u t  tend t o  f l a t t e n  ou t  a t  h igh  equivalence r a t i o .  CO 

drops r a p i d l y  as equivalence r a t i o  increases from the lean s t a b i l i t y  l i m i t  

eventua l ly  reaching chemical e q u i l i b r i u m  w i t h i n  the f i x e d  combustor residence 

t ime and fo l lows the e q u i l i b r i u m  curve from t h a t  p o i n t  on. Unburned hydrocarbon 

leve ls  decrease w i t h  increasing equivalence r a t i o .  

Figures 6 through 10 present c o r r e l a t i o n s  o f  NOx emission index w i t h  adia- 

b a t i c  flame temperature f o r  a f i x e d  residence t ime o f  2 msec and pressures from 

5 t o  30 atm. Ad iabat ic  flame temperature i s  seen t o  be an e x c e l l e n t  c o r r e l a t -  

i ng  parameter, combining the  i nd i v idua l  e f f e c t s  o f  entrance temperature and 

equivalence r a t i o .  Furthermore, there appears t o  be a universal  curve which f i t s  
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a l l  NO, emission data, independent o f  pressure. A t  opera t ing  cond i t ions  com- 

b i n i n g  low i n l e t  temperature and low pressure, some NO, data f a l l s  below t h i s  

un iversa l  curve. It i s  l i k e l y  t h a t  t h i s  i s  simply a r e f l e c t i o n  o f  the  inade- 

quacy of the assumption o f  instantaneous temperature r i s e  i n  the  residence 

time c a l c u l a t i o n  a t  these condi t ions.  

F igure 11 i 1 l u s t r a t e s  the pressure reduct ion sampl ing  probe used t o  ob ta in  

the preceding data. The h igh  pressure gas sample was f i r s t  expanded i n t o  a low 

pressure (2 atm) dump tube t o  slow react ions. A small p o r t i o n  o f  t h i s  low 

pressure sample was then withdrawn through a water-cooled tube and analyzed f o r  

emissions. 

F igure 12 i l l u s t r a t e s  a rap id  thermal quench sampling probe which mainta ins 

a constant pressure i n  the sampl ing tube. 

F igure 13 i l l u s t r a t e s  a sampling probe which combines the  pressure reduct ion 

and rap id  thermal quench techniques i n  a s i n g l e  design. 

F igure 14 i l l u s t r a t e s  how sampling probe design a f f e c t s  emission measure- 

ments. NO, and UHC measurements are  v i r t u a l l y  i d e n t i c a l  us ing thermal, pressure 

and pressure/thermal quenching techniques. CO l e v e l s  are  q u i t e  sensi t i v e  t o  

quench technique and can drop s u b s t a n t i a l l y  i n  the  sampling probe i f  reac t i on  

ra tes  a re  n o t  adequately retarded. Since a s t r a i g h t  pressure reduct ion  sampling 

probe was used t o  ob ta in  the emissions data presented i n  Figures ( 1 )  through ( 41 ,  
CO l eve ls  reported there are probably lower than ac tua l .  The breakpoint,  o r  

p o i n t  a t  which measured CO l e v e l s  cross the  e q u i l  i b r i um curve and reverse t h e i r  

slope, i s  n o t  af fected by t h i s  phenomenon. 

F igure 15 presents the a d i a b a t i c  flame temperature corresponding t o  CO break- 

p o i n t  cond i t ions  f o r  2 msec residence t ime as a func t i on  o f  i n l e t  temperature 

and pressure. ,An ad iaba t i c  flame temperature o f  2050K i s  seen t o  be a good 

c o r r e l a t i o n  o f  the breakpoint  phenomenon. 
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FIGURE 2. EMISSION INDICES AS A FUNCTION OF COMBUSTOR RESIDENCE T IME ( ~ ~ = 6 0 0 K )  
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FIGURE 3,  HISS lON INDICES AS A FUSCTlON OF COMBUSTOR RESIDENCE T l H E  ( T ~ = ~ o o K )  
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F IGURE 4. E M I S S I O N  l N D l C E S  AS A FUFJCTIOM OF COMBUSTOR RESIDENCE T I M E  ( T 3 = 1 0 0 0 ~ )  
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FIGURE 6 ,  C3RRELATION OF NO EM1 S S  I O N  l NDEX FOR 2 MSEC RES l DENCE TIME 
WITH ADIABATIC F L ~ M E  TEHPERATURE ( ~ 3 3 0  atm) 
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FIGURE 9. CORREI,ATION OF NOx EMISSION INDEX FOR 2MSEC RESIDENCE TIME 
\.I I TH AD l ABAT l C FLAME TEIIPERATURE ( ~ = 1 0  a t m )  
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FIGURE 10. CORRELATION OF NOX EMISSION I!!DEX FOR 2 MSEC RESIDENCE TIME 
W i TH AD l ABAT I C FLAME TEMPERATURE (p=5 a tm) 
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F i  GURE 1 1 .  PRESSURE REDUCTION SAMPL IN6 PROBE WITH 

MODERATE THERMAL QUENCH 
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FIGURE 12. THERMAL QUENCH PROBE 
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FIGURE 13. PRESSURE/THERMAL-QUENCH PROBE 
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