
5. SUMMARY REPORT ON EFFECTS AT TEMPERATURE, HUMIDITY, 

AND FUEL-AIR RATIO ON TWO AIR-COOLED 

LIGHT AIRCRAFT ENGINES 

Erwin E. Kempke, Jr. 

L e w i s  Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio 

INTRODUCTION 

NASA is involved i n  a research and technology program r e l a t e d  t o  
The o v e r a l l  ob jec t ive  of t h e  program is t o  general  av ia t ion  engines. 

e s t a b l i s h  and demonstrate t h e  technology which w i l l  s a f e l y  reduce gen- 
eral av ia t ion  piston-engine exhaust emissions t o  t h e  l e v e l s  required 
by t h e  EPA 1979 emissions s tandards.  

One element of t he  R&T program i s  a j o i n t  FAA/NASA general  avia- 
t i o n  p i s ton  engine emissions reduct ion e f f o r t .  Funded s tud ie s  are 
now under way by t h e  two primary engine f i rms bui lding general  avia- 
t i o n  p i s ton  engines,  Avco Lycoming and Teledyne Continental  Motors. 
I n  phase I of t h e i r  three-phase programs, each cont rac tor  i s  t e s t i n g  
f i v e  d i f f e r e n t  en.gine models t o  experimentally cha rac t e r i ze  emissions 
and t o  determine the  e f f e c t s  of v a r i a t i o n  i n  fue l - a i r  r a t i o  and spark 
timing on emissions l e v e l s  and o the r  operat ing c h a r a c t e r i s t i c s  such as 
cooling, mis f i r ing ,  roughness, power acce lera t ion ,  etc. The FAA is 
using i ts  NAFEC f a c i l i t y  t o  perform independent checks on each of t he  
engines the  cont rac tors  are t e s t i n g  i n  phase I. 
i n  t h e  program t h a t  t he  phase I tests would be conducted under essen- 
t i a l l y  uncontrolled induct ion air conditions a t  widely d i f f e r e n t  geo- 
graphical  l oca t ions  and t h a t  a b e t t e r  understanding of temperature and 
humidity e f f e c t s  would c e r t a i n l y  enhance the  a b i l i t y  t o  make a correla-  
t i o n  and b e t t e r  comparison of these  data.  
search Center has  undertaken a series of a i r c r a f t  engine tests t o  de- 
velop such a co r re l a t ion .  Two engines, i d e n t i c a l  t o  ones i n  t h e  FAA/ 
NASA program, were se l ec t ed  f o r  t e s t ing .  
manufacturers; t h e  f i r s t  w a s  t he  Avco Lycoming 0-320-DIADY four-cylinder,  
na tu ra l ly  a sp i r a t ed  engine, and the  second w a s  t h e  Teledyne Continental  
TSIO-360 , six-cylinder,  turbocharged , fue l - in j  ected engine. 

It w a s  recognized e a r l y  

Therefore, NASA Lewis Re- 

The engines were from two 
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This paper p re sen t s  a b r i e f  summary of t h e  r e s u l t s  given i n  two 
NASA r e p o r t s  ( r e f s .  1 and 2) covering t h e  Avco Lycoming 0-320-D en- 
gine t e s t i n g  and t h e  r ecen t ly  obtained r e s u l t s  on the  Teledyne Con- 
t i n e n t a l  TSIO-360-C engine. 

APPARATUS AND PROCEDURE 

T e s t  F a c i l i t y  and Engines 

The aircraft  engine is  shown photographically on t h e  test stand i n  
f i g u r e  5-1. The engine w a s  coupled t o  a 300-horsepower dynamometer 
through a f l u i d  coupling i n  t h e  d r i v e  s h a f t  which w a s  located under a 
sa fe ty  sh i e ld .  Engine cooling and induct ion a i r  w e r e  supplied by a 
l abora to ry  a i r  d i s t r i b u t i o n  system. 
system can b e  con t ro l l ed  t o  d e l i v e r  a i r  t o  t h e  engine over a temper- 
a t u r e  range of 50' t o  120' F and over a range of relative humidity from 
0 t o  80 percent.  
as t h e  induct ion a i r  and d i r ec t ed  down over t h e  engine by an a i r  d i s t r i -  
but ion hood. 
gine manufacturer i n  t h e i r  engine t e s t i n g .  
removed from t h e  test c e l l  by a high capaci ty ,  f a c i l i t y  a l t i t u d e  exhaust 
system which had t h e  i n l e t  located beneath t h e  engine. An a d d i t i o n a l  
ce l l  exhaust f a n  w a s  used t o  maintain a s l i g h t l y  negat ive pressure i n  
t h e  test cel l .  
which may have been present  i n  t h e  test c e l l  during engine operation. 

The cool ing and induct ion a i r  

The cooling a i r  w a s  always a t  t h e  same condi t ions 

This  hood w a s  t h e  same as t h a t  which w a s  used by t h e  en- 
The engine cooling a i r  w a s  

This w a s  done t o  vent  any combustible o r  t o x i c  gases 

The Avco Lycoming 0-320-D engine exhaust w a s  manifolded together  
i n  a standard configurat ion with t h e  emission sample probe located 
about 4 f e e t  downstream of t h e  manifold. The exhaust w a s  then ducted 
out  t h e  ce l l  through t h e  roof .  Care w a s  taken t o  in su re  t h a t  t h e  ex- 
haust system w a s  leakproof. A leakproof system w a s  necessary t o  prevent 
a i r  d i l u t i o n  of t he  gas sample which would r e s u l t  i n  erroneous emission 
measurements. Bellows were i n s t a l l e d  over t h e  s l i p  j o i n t s  of t h e  TSIO- 
360-C engine exhaust system s o  as t o  e l iminate  a i r  enter ing t h e  system 
a t  t h e  low power conditions.  

Instrumentation 

A complete desc r ip t ion  of t h e  instrumentation used i n  t h e  engine 
t e s t i n g  is contained i n  reference 1. 
t i o n  were connected t o  t h e  CADDE (Central  Automatic D i g i t a l  Data En- 
coder) c e n t r a l  d a t a  a c q u i s i t i o n  system and t h e  da t a  w e r e  processed on 
a 360/67 timing-sharing computer. 

A l l  100 channels of instrumenta- 

Numerous modifications w e r e  made e a r l y  i n  t h e  p ro jec t  t o  t h e  e m i s -  
s i ons  analyzer instrumentation. I n  f a c t ,  an examination of f a c i l i t y  
problems d i sc losed  t h a t  i n  t h e  e a r l y  s t ages  of t h e  p ro jec t  a very l a r g e  
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percentage w a s  r e l a t e d  t o  the  emissions analyzer .  The widespread prob- 
l e m  i n  NOx measurement a t  high l e v e l s  of CO w a s  revealed and solved by 
modifying t h e  chemiluminescent NO analyzer  ( r e f .  3). However, i t  is 
s i g n i f i c a n t  t o  a l s o  mention t h a t  i n  t h e  las t  9 months the re  have been 
very few analyzer  problems. The i n i t i a l  concerted e f f o r t  appears t o  
have r e s u l t e d  i n  modifying t h e  analyzer  i n t o  a r e l i a b l e  and accura te  
instrument. 

DISCUSSION OF 0-320-D A I R  TEMPERATURE AND HUMIDITY EFFECTS 

FOR SEVEN-MODE CYCLE TEST 

Test Procedure 

The engine t e s t i n g  procedure w a s  conducted as spec i f i ed  by t h e  
Environmental Pro tec t ion  Agency i n  t h e  Federal  Regis te r ,  vo l .  38, no. 
136, dated Tuesday, J u l y  1 7 ,  1973 ( r e f .  4 )  except f o r  t he  separa t ion  
of t he  i d l e  and tax i  t i m e  i n  and out  modes as shown i n  t h e  following 
t a b l e  : 

I e i n  
mode , 

min 

1 .0  
11.0 

.3 
5.0 
6.0 
3.0 
1.0 -- 

Tr io r  t o  the  start of a 7-mode cyc le  (LTO) test ,  t h e  engine w a s  
warmed a t  2000 rpm f o r  approximately 10 minutes u n t i l  a l l  p a r t s  were 
temperature s t a b i l i z e d  and a l l  cy l inder  head temperatures were a t  
least 300" F. 

The 7-mode emission cyc le  d a t a  tests w e r e  conducted over a range 
of a i r  temperatures and r e l a t i v e  humidi t ies .  The induct ion a i r  and 
cooling a i r  temperatures were t h e  same and w e r e  held a t  nominal values  
of SO", 59", 70", 80", go", and 100" F a t  r e l a t i v e  humidi t ies  of 0, 30, 
60, and 80 percent .  For each test condi t ion t h r e e  LTO 7-mode cyc le s  
were run a t  t he  f u l l  r i c h  fue l - a i r  r a t i o .  
approximately 450 d i f f e r e n t  engine test condi t ions.  

This procedure r e su l t ed  i n  

Seven-Mode Cycle T e s t  Resul ts  

Figures 5-2 and 5-3 summarize t h e  C O Y  NO,, and HC emissions gener- 
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ated over t he  7-mode cycle  f o r  each of t h e  fou r  values  of r e l a t i v e  hu- 
midity as a func t ion  of a i r  temperature and expressed as a percent of 
t he  EPA standards.  

is  s t rongly  a f f ec t ed  by the  r e l a t i v e  humidity, and t h a t  t h i s  e f f e c t  in- 
creases with increas ing  induct ion a i r  temperature. The HC and CO e m i s -  
s ions  increase  considerably a t  t h e  higher values  of a i r  temperature and 
relative humdity, while a t  t h e  same condi t ions t h e  NOx emissions show 
a s i g n i f i c a n t  decrease.  A comparison of t h e  temperature and humidity 
test r e s u l t s  at 100" F and 80 percent  humidity t o  those a t  50' F and 
0 percent humidity show t h a t ,  with the  increased temperature and humid- 
i t y ,  t he  CO increases  by a f a c t o r  of 1 .6 ,  t he  HC increases  by a f a c t o r  
2.2, and t h e  NOx decreases by a f a c t o r  3.5. 

Present-day a i r c r a f t  engines do not use a temperature-density com- 
pensated f u e l  system. The change i n  t h e  exhaust emission is  pr imari ly  
t h e  r e s u l t  of r i c h e r  fue l - a i r  r a t i o s  which occur a t  the  higher  a i r  tem- 
pera tures  and r e l a t i v e  humidities.  This is due t o  t h e  decrease i n  a i r  
dens i ty  with increased temperatures and the  volume of a i r  t h a t  is  d is -  
placed by water vapor i n  the  fue l - a i r  mixtures. 

I n  general ,  t h e  da t a  show t h a t  t h e  quant i ty  of emissions produced 

DISCUSSION OF 0-320-D AND TSIO-360-C A I R  TEMPERATURE AND HUMIDITY 

EFFECTS AT VARIOUS FUEL-AIR RATIOS ON A PER MODE BASIS 

I n  the  preceding sec t ion  it w a s  s t a t e d  t h a t  t h e  major f a c t o r  af-  
f ec t ing  t h e  l e v e l  of emissions w a s  t h e  fue l - a i r  r a t i o  which occurs a t  
t he  p a r t i c u l a r  ambient condition. It i s  a l s o  known t h a t  an ambient con- 
d i t i o n  can a f f e c t  t he  induction vaporizat ion and bas ic  combustion proc- 
ess, thereby inf luencing t h e  HC and NO, emissions. Therefore, a series 
of tests w a s  performed t o  e s t a b l i s h  the  e f f e c t  of a i r  temperature and 
r e l a t i v e  humidity a t  var ious fue l - a i r  r a t i o s  on a p e r  mode b a s i s  ( i d l e ,  
t a x i ,  t akeoff ,  climb, and approach). The test condi t ions include vary- 
ing t h e  fue l - a i r  r a t i o  f o r  each of t h e  f i v e  emissions test modes over 
the  following range of ambient condi t ions:  a i r  temperature (OF), 50, 
59, 80, and 100; r e l a t i v e  humidity (percent) ,  0, 30, 60, and 80. Com- 
b ina t ions  of these  parameters with the  modes over a range of fue l - a i r  
r a t i o s  r e su l t ed  i n  over 800 d i f f e r e n t  test condi t ions.  These da ta  can 
be used t o  provide a v a r i e t y  of f u e l  schedules f o r  t h e  ind iv idua l  modes 
over a range of ambient condi t ions which can be used t o  c o r r e l a t e  am- 
b i en t  condi t ions and emissions. The da ta  can a l s o  be used t o  construct  
optimum base l ine  cyc les  based on leaner  f u e l  schedules; t h e  d a t a  thereby 
provide a quick and simple method f o r  assess ing  t h e  bene f i t  of t a i l o r e d  
f u e l  schedules. 

The r e s u l t s  of t h e  pe r  mode tests i n d i c a t e  t h a t  f o r  a f ixed  fue l -  
a i r  r a t i o  t h e  e f f e c t  of temperature and humidity on t h e  HC and NOx ex- 
haust emissions a t  t h e  higher temperature and relative humidities w a s  
s i g n i f i c a n t ,  whereas the  CO exhaust emissions are e s s e n t i a l l y  inde- 
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pendent of ambient condi t ions.  
a i r  temperatures and r e l a t i v e  humidi t ies ,  t h e  HC emissions increased and 
the NO, emissions decreased i n  c e r t a i n  modes. 

A t  a f ixed  fue l - a i r  r a t i o  with higher 

Figures 5-4 t o  5-18 summarize f o r  t h e  Avco Lycoming 0-320-D engine 
the  COY NO,, and HC modal emissions generated over a range of fue l - a i r  
r a t i o s  f o r  t h e  ambient condi t ions (50' F and 0 percent  humidity, and 
100' F and 80 percent  relative humidity). 
f i g s .  5-5, 5-8, 5-11, 5-14, and 5-17) w e r e  h igher  e spec ia l ly  f o r  t h e  
climb, t a x i ,  and i d l e  modes a t  t h e  high temperature and r e l a t i v e  humid- 
i t y  condi t ion.  The NO, emissions (shown i n  f i g s .  5-6, 5-9, 5-12, 5-15, 
and 5-18) decrease f o r  t h e  takeoff ,  climb, and approach modes a t  t h e  
higher temperature and r e l a t i v e  humidity condi t ions.  This decrease w a s  
more pronounced a t  the  leaner  fue l - a i r  r a t i o s .  The CO emissions (shown 
i n  f i g s .  5-4, 5-7, 5-10, 5-13, and 5-16) are independent of ambient 
condi t ions with t h e  exception of t h e  climb mode, which ind ica t e s  a very 
s l i g h t  e f f e c t  . 

The HC emissions (shown i n  

The previously mentioned t rends  of increas ing  HC and decreasing 
NO, exhaust emissions a t  t h e  higher  temperature and humidity condi t ions 
are a t t r i b u t e d  t o  t h e  volume of moisture i n  t h e  induct ion air ,which can 
a f f e c t  t he  combustion process and t h e  vapor iza t ion  c h a r a c t e r i s t i c s  of 
the f u e l .  

A comparison of t h e  previously discussed 7-mode cyc le  r e s u l t s  w i t h a  
similar constructed seven-mode cycle  using the  ind iv idua l  modes lean- 
out da ta  showed reasonably good agreement. 

Shown i n  f i g u r e s  5-19 t o  5-27 f o r  t h e  takeoff ,  climb, and approach 
modes are comparisons of t h e  TCM TSIO-360-C engine and t h e  Avco 
Lycoming 0-320-D engine temperature-humidity lean-out tests f o r  t h e  two 
extreme ambient test condi t ions of 50' F and 0 percent  relative humidity, 
and 100' F and 80 percent relative humidity. 

I n  general ,  t h e  r e s u l t s  of t e s t i n g  a n a t u r a l l y  a sp i r a t ed  carbureted 
engine and a fue l - in jec ted  turbocharged engine show similar emission 
t rends  with changing temperature and humidity as t h e  fue l - a i r  r a t i o  is 
changed. 
humidity e f f e c t  on NO, formation w a s  observed f o r  t h e  TSIO-360 engine, 
whereas a s i g n i f i c a n t  e f f e c t  w a s  seen f o r  t h e  0-320-D engine. 

One exception occurred a t  t he  takeoff mode i n  which very l i t t l e  

CONCLUDING REMARKS 

The r e s u l t s  repor ted  here in  are based on tests conducted on one 
carbureted n a t u r a l l y  a sp i r a t ed  engine ( t e s t i n g  completed) and one tur-  
bocharged fue l - in jec ted  engine ( t e s t i n g  s t i l l  i n  progress) .  A g rea t  
dea l  of add i t iona l  ana lys i s  of t h e  da ta  i s  required t o  develop a corre- 
l a t i o n  t h a t  would relate emissions t o  t h e  temperature-humidity condi- 
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t i ons .  Although t h e  r e s u l t s  thus f a r  are encouraging t h a t  such a cor- 
r e l a t i o n  can be derived, i t  i s  not  c e r t a i n  t h a t  one "universal" corre- 
l a t i o n  based on only two engine types can be developed t o  cover t h e  
broad spectrum of engine models o r  classes produced today. 

The following remarks are on what is viewed as hopefully a more 
d i r e c t  and p r a c t i c a l  so lu t ion  t o  t h e  problem. 
da t e  have shown t h a t  temperature and humidity effects must be considered 
by those  involved i n  s e t t i n g  regula t ions  designed t o  in su re  t h e  compli- 
ance with t h e  emissions s tandards.  
spec i f i ed  and required f o r  compliance t e s t i n g .  
a t  t h i s  t i m e  have a s t rong  recommendation, i t  would seem t h a t  a temper- 
ature of 59' F WOUM be a legkztl s e l e c t i o n  inasmuch as t h i s  is a 
standard value used i n  engine performance co r rec t ion  ca l cu la t ions .  
pressure of 29.92 inches of mercury and a relative humidity of 0 t o  
10 percent  might be  acceptable  f o r  t h e  same reasons. NASA's re- 
s u l t s  as previously discussed have shown t h a t  t he  hunid i ty  e f f e c t s  a t  
a temperature such as 59" F are i n s i g n i f i c a n t ;  therefore ,  t h e  humidity 
value se l ec t ed  should not  be c r i t i c a l .  Once t h e  standard day condi t ions 
are spec i f i ed ,  i t  i s  l i k e l y  t h a t  modifications would have t o  be made t o  
the  emissions t e s t  s tands  s o  t h a t  one could conduct any f u r t h e r  t e s t i n g  
a t  t hese  condi t ions.  

NASA's test r e s u l t s  t o  

Standard day condi t ions need t o  be 
Although NASA does not  

A 
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DISCUSSION 

Q - W. Westfield: 

A - E. Kempke: 

Was t h e  cool ing a i r f low supplied t o  t h e  engine held 
constant  or d ld  i t  vary wi th  t h e  lnduct ion air temperature? 

temperature-humidity conditions.  
The induct ion and cooltng a i r f low were a t  t h e  same 

COMMENT - E. Becker: 
A s  a r e su l t ,  1 r an  some comparison p l o t s  using our 10-360 engine NAFEC 
d a t a  t o  determine i f  t h i s  d a t a  l i ned  up wi th  NASA's data .  For t h e  CO 
po l lu t an t ,  1 go t  very s i m i l a r  t rend curves. A t  s e l ec t ed  temperature 
and humidity condi t ions t h e  curves c lose ly  matched NASA's. They ex- 
h ib i t ed  t h e  same type of s p l i t  c h a r a c t e r i s t i c s  as t h e  NASA curves. 
Also, T noticed t h a t  apparent ly  the re  is some cha rac t e r i za t ion  re- 
quired because i f  one j u s t  relies on t h e  low powered engines t o  de f ine  
the  shape of t h e  curve one may end up g e t t i n g  s l i g h t l y  erronous r e s u l t s  
a t  higher  power levels. 
10-360 d a t a  i n d i c a t e  t h a t  t he  higher powered engines do s h i f t  t h e  char- 
acterist ic shape of the  curve a l i t t l e  higher. So I th ink  some addi- 
t i o n a l  assessment is  required t o  come up wi th  an  opt imizat ion type cor- 
r ec t ion  f a c t o r  t h a t  t akes  a l l  of these  engine c h a r a c t e r i s t i c s  i n t o  con- 
s ide ra  t ion. 

We w e r e  pr ivy t o  t h e  0-320 engine da ta  from NASA. 

Both t h e  NASA TSTO-360 da ta  and t h e  NAFEC 

Q - E. Kempke: Is t h a t  conclusion based on making t h e  comparison on a 

A - E. Becker: Y e s .  
pound per mode bas is .  

COMMENT - E. Kempke: Cer ta in ly  we must look a t  o ther  parameters i n  de- 
veloping a co r re l a t ion .  The pound per mode parameter w a s  o r i g i n a l l y  
se l ec t ed  because i t  i s  used by everyone when generat ing cyc le  da ta  from 
leanout data.  However, t he re  i s  some preliminary evidence which shows 
b e t t e r  parameters may exist. NASA does plan t o  explore  t h i s  f u r t h e r .  . 

Q - B. Rezy: Have you taken t h i s  leanout da t a  and appl ied it t o  a cyc le  
i n  t h e  two extremes j u s t  t o  see how bad t h e  f i n a l  answar i s  accord- 
i ng  t o  t h e  EPA s tandards? 

A - E. Kempke: A comparlson of using leanout da ta  t o  generate  cyc le  
da ta  with the  a c t u a l  cyc le  d a t a  shows f a i r l y  good agreement. 

Q - B. Rezy: 
A - E. Kempke: Y e s .  I n  o ther  words, we looked a t  the  per  cyc le  da t a ,  

and, using t h e  same measured fue l -a i r  r a t i o  values ,  we went t o  t h e  
leanout curves t o  f ind  t h e  pound per mode value.  F ina l ly ,  the  pound 
per mode values  f o r  a l l  seven modes were summed t o  genera te  the  
cycle.  

Were those po in t s  taken a t  t h e  same fue l -a i r  r a t i o s ?  

Q - W. Westfield:  

A - E. Kempke: W e  used the  taxi-out fue l -a i r  r a t i o  and t h e  taxi- in  

A r e  you saying you r e a l l y  plugged i n  the  e f f e c t  of 
t a x i / i d l e  ou t  versus  t a x i l i d l e  in? 

fue l - a i r  r a t i o  with the  appropr ia te  mode t i m e .  



Q - F. Monts: Were t h e  leanout runs done on a f ixed  t h r o t t l e  b a s i s  o r  

A - E, Kempke: 
were they done on a f ixed  power bas i s?  

The tests conducted a t  L e w i s  w e r e  wi th  a dynamometer and 
therefore  w e r e  run a t  a constant  aower condi t ion f o r  each mode with 
one exception. The exception occurred during t h e  0-320 engine test- 
ing, where t h e  takeoff power f e l l  off  a t  t h e  100' F and 80 percent  
relative humidity condition. 

Q - F. Monts: En that case, the  da ta  would be of i n t e r e s t  f o r  reasons 
o the r  than emissions such as f o r  power and humidity cor rec t ions .  
Did you t r y  t o  maintain constant  head temperature o r  d id  you main- 
t a i n  a constant  cooling air  flow? 

gine.  
t u r e  and t h e  exhaust gas  temperature as fue l -a i r  r a t i o  is  va r i ed  
are a v a i l a b l e  f o r  t he  TSTO-360-C engine tests. 

A - E. Kempke: A constant  d e l t a  pressure w a s  maintained across  t h e  en- 
P l o t s  t h a t  show t h e  v a r i a t i o n  i n  the  cy l inder  head tempera- 

Q - F. Monts: 
flow? 

A - E. Kempke: Y e s ,  we do measure the  cool ing airf low.  

Did you make any a t t e m p t  t o  measure t h e  cool ing a i r  m a s s  

Q - G. Ki t t redge:  W e  have responded t o  one of NASA's recommendations 
A package concerning the  specifying of a standard re ference  day. 

of t echn ica l  amendments, which included a re ference  day spec i f ica-  
t i on ,  went t o  t h e  Federal  Regis ter  t h e  middle of last  week. The 
condi t ions are temperature of 59' F, relative humidity of 60 per- 
cen t ,  and pressure  of 29.92 inches of mercury. 
recommendations concerns cor rec t ing  da ta  t o  a standard day and 
another concerns conducting the  t e s t i n g  a t  standard day conditions.  
These are two d i f f e r e n t  ways a t  going a t  the  same thing. 
approach does NASA p r e f e r  a t  t h i s  point?  

A - E. Kempke: 1 th ink  t h e  most d i r e c t  approach i s  t o  run t h e  test a t  
standard day condi t ions;  then, no co r rec t ion  f a c t o r  is needed. 

One of NASA's 

Which 

Q - G. Ki t t redge:  This is going t o  involve f a i r l y  expensive labora tory  

A - E. Kempke: 

A - S. Jedrziewski:  

modif icat ions i n  some areas is  i t  not? 

f a c t u r e r s  t o  comment on the  cos t .  
Speaking f o r  AVCO Lycoming on t h e  temperature cor- 

r e c t i o n  f a c t o r s ,  I see no need t o  dup l i ca t e  e labora te  test  equip- 
ment i f  a good co r rec t ion  f a c t o r  can be es tab l i shed .  
p r e f e r s  t o  do it  on a cor rec t ion  f a c t o r  b a s i s  a f t e r  w e  have them 
f o r  a l l  engines we produce. 

I don't th ink  so ,  but I must de fe r  t o  t h e  engine manu- 

So, Lycoming 

Q - E. Kempke: A r e  you saying you ' l l  do t h a t  and i n  your compliance 
t e s t i n g  use those p a r t i c u l a r  c a l i b r a t i o n  curves f o r  each engine t o  
co r rec t  t h e  compliance da ta?  

A - S. Jedrziewski: We are not  saying t h a t  AVCO Lycoming s p e c i f i c a l l y  
w i l l  do i t ,  w e  are j u s t  saying t h a t  probably with the  a i d  of NASA 
o r  some o the r  agency those cor rec t ion  f a c t o r s  could be es tab l i shed .  
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COMMENT - K. 

handling 300 horsepower engines. 
higher horsepower and the equipment is a v a i l a b l e  r i g h t  now. 

T t  can be boosted t o  handle engines of 

Q -  

A -  

Q -  

A -  

Q -  
A -  

W. Westfield: Weere i n  t h e  R&D end and I 'd l i k e  t o  hear  from some- 
body else about whether t h e  engine manufacturers do have t h e  capa- 
b i l i t y  of s e t t i n g  actual. temperature and humidity. 
ca r r i ed  through in a c e r t i f i c a t i o n  process f o r  t he  air f rame i t s e l f ?  
What would you do when you t e s t e d  t h e  a i r p l a n e  outs ide? 
B. Rezy: W e  w i l l  be  d iscuss ing  t h i s  later today. One of t h e  th ings  
that w e  found very de t r imenta l  t o  leaning ou t  t hese  engines w a s  t he  
acce le ra t ion  problem i n  taxi, i d l e ,  and approach. One of t h e  advan- 
tages  we see with having t h i s  humidity equipment is t h e  a b i l i t y  t o  
hold temperature and humidity and being a b l e  t o  change i t  whenev 
w e  want t o  f i n d  exac t ly  what fue l - a i r  r a t i o s  our f u e l  i n j e c t i o n  sys- 
tems can hold. 
t e s t i n g  problems. 

Would t h i s  be 

In  t h e  long run t h i s  is  going t o  save a l o t  of f l i g h t  

owell: Were t h e  cyc le  resu l t s  of CO and HC emis 
relative humidity based on ope 

r epor t  on how 

t o u t s  which show 
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NASA 
C-75-2985 

Engine test stand 

Figure 5-1 
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NASA LEAN-OUT DATA 

TEMP. 50dF R E L  HUM. OTa 

PEL-HUIIDITY 
TEMP. l O P F  REL HUM. 8030 

L 

T A K E  OFF EMISSIONS 0-320-DIAD g 0 38  60  8B 
W 5 0 0 c r [ I I +  

5 9 1 O r X  
80 2 h o V 

0 

E l 0 0  3 Y - z 
c 

8 . 5  

z 
cn \ 
m 
J 0.2  
Q 
u 

0.0 

OUl OF RANGE - 

I I I I u 
- 0 6  0.07 0.08 0.89 0.18 0.11 0.12 

F U E L  A I Q  R4TIO A O b 2 4 3  1 

Figure 5-4 
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NASA LEAN-OUT DATA 

TEMP. 5O*F REL HUM. 0% 

REL.HUHIOlTY 
TEMP. 100°F R E L  HUM. 880 

L 
TAKE OFF EMISSIONS 8-320-DIAD ; B 30 6 0  88 
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5 0 1 O r X  0 

: apY 2 A 0 Y 
:rea 3 YL - z 

="' r 
c 

OUT OF RANGE - 

I 1. I I - 
8.06  8-82 0.88 0.89 @ e l $  e e l 1  0 . 1 2  

F U E L  A I R  R A T I O  POG.2431 

Figure 5-5 
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NASA LEAN-OUT DATA 

TEMP, 5OoF REL, H U A t  o l o  
TEMP. 100°F REL HUM, 8Wo 

OE L ,Hun 1 D I TY 

TAKE OFF EMISSIONS 0-320-01AD 2 8 38 6 8  88 
u 5 1 1 0 O Q +  
0 5 9 1 0 - x  

0.85 

0.04 

0 . 0 3  W 
0 

0 
cn 
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X 
0 
Z 

0.02 

0.01 

8.00 
13-86 8.87 0.08 0aa9 0.18 0.11 0.12 

F U E L  A I R  R A T I O  RDG. 2*3 2 

Figure 5-6 
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NASA LEAN-OUT DATA 

TEMP. 
TEMP. 
CL I ME 

5O*F REL HUM, 0% 

REL.HUHlOlTY 
100°F REL HUM. 8oTo 

(L EMISSIONS 0-320-DIAD 4 0 3 8  6 0  88 
: 5 0 B O R +  

5 9 1 0 - X  
88 2 A 0 Y 

Z l 0 i 3  3 x 2 
c 

OUT OF R A G E  - 

Figure 5-7 
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U.1 

NASA LEAN-OUT DATA 

Figure 5-8 
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NASA LEAN-OUT DATA 

TEMP. 50°F REL. HUM. 0% 

RELeHUXIDITY 
TEMP.-lOO°F REL. HUM. 8O% 

4b. CLIMB EMISSlONS 0-320-DIAD ; 0 38 60 80 
w 58 0 e ISI + 

5 9 1 0 - X  
L 8 f I 2 A o Y  
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E l 0 0  3 x - 2 
8- 

OUT O f  RANGE - 
-f 

8 s  3 

%*PI i 

F U E L  4117 R A T I O  R00.2433 

Figure 5-9 



102 

- 
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- 

i I .  I '1_1 

NASA LEAN-OUT DATA 

TEMP. 50°F REL HUM. 070 
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Figure 5-10 
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0.10 

0.88 

NASA LEAN-OUT DATA 

TEMP. 50°F REL. HUM. 0% 
TEMP. 100°F REL HUM. 8Wo 

REI. .HUH 101 T Y  

- 
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(L 
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0.00 I I 1' I I - 
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F U E L  A I R  R A T I O  ROO. 243+ 

Figure 5-11 
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NASA LEAN-OUT DATA 

TEMP. %*F REL HUht 0% 
TEMP, 100°F REL HUM. 807b 

REL~HUMlDI T Y  
Y 
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OUT OF BAWGC - c 

F U E L  A I R  R A T I O  

Figure 5-12 
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NASA LEAN-OUT DATA 

TEMP, 50dF REL HUM. O%O 

RELmHUHIDITY 
TEMP, 100°F REL HUM. 8mo 
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F U E L  A I R  R A T I O  RD0-2'l03 

Figure 5-13 
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NASA LEAN-OUT DATA 

TEMP. 50dF REL. HUM. 070 

REL.HUHiOfTY 
TEMP. lOoOF REL HUM. 8W0 

LL T A X I  EMISSIONS 0-320-DIAD 4 B 38 6 0  88 
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5 9 1 O * X  
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E l 8 0  3 yt Z 

OUT OF RANGE - c 

W 
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Figure 5-14 

ROG.2983 
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NASA LEAN-OUT DATA 

TEMP, 5OoF 
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Q 
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Figure 5-15 
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8 - 3 8  

0.25 

0.20 

11 I 
0 8 - 1 5  
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m 
-I 
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(1 

0.10 
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Figure 5-16 
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NASA LEAN-OUT DATA 

TEMP. 5OoF REL. HUM. 0% 

u 
0 
0 
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Figure 5-17 
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0 

w 
0 

0 
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Figure 5-18 
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Figure 5-19 
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Figure 5-20 
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Figure 5-21 
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FUEL A I R  R A T I O  QOB. 753 

Figure 5-22 
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Figure 5-23 
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Figure 5-24 
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Figure 5-25 
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Figure 5-26 
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Figure 5-27 


