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ENGINE- AT S ~ E D  &TITVIE CONJ~ITIONS 

By Adelbert 0. Tischler and Ralph T. D i t t r i c h  

AEI part oi' a prelfmimry study af fwtb for turbo jet enginee, 
a ser ies  of 11 fuels, which rang& in vo la t i l i t y  from gasoline t o  
Diesel o i l  Esld which i n c l u b d  hydrocarbons of tLe paref inic, 
naphthenic, olefinic,   axmatic tgpes, waa te6ted  in  a single 
tubular cm3uation chamber of a turbo3et engine under in le t -a i r  
conditions that e imla ted  engins operation at two engine epeede 
at an a l t i tude  of 40,000 feet ,   Tests  were a l s o  conducted at tm 
additional inlet-air conditions. Temperature-rise data at various 
f uel-air  ra t io8 wsre obtained f o r  each e e t  of air-f low conditions. 
No variations in  cambustor .geometry or f u e l  nozzle were ma3e in 
*his invea t igat €on. 

A t  the  three most severe operating con&itions, it wae found 
t h a t  combustion efficienciea  obtaiiled wi%h various f u e b  decreased 
as the boiling  temperatures of the fue ls  increased. At in le t -a i r  
conditions  simulating engine' operation at an 8lti tude of 40,000 feet 
and an  engine speed of 10,500 rpan, the differences i n  combustion 
efficienciea for fuels of aifferent boiling polnte, however, w e r e  
i l 2 6 i @ e i C @ l % .  

For fuels boiling within the  gasoline boiling r a g e ,  the 
hydrocarbon type of the f u e l  w88 obeemed to have on* a small 
effect  on the combustion efficiencies.  In general, the combustion 
efficienciee appeared t o  decreaae BB the degree of unsatur8tion 
of the hy6rocarbon increased. 

m o m m o m  . 
Although an inveetigation with varioua fuels  in a full-scale 

1-16 turbojet engine operated at sea-level conditione ahow0d high 
combustion efficiencies at all engine speeds irreepsctive of the 
fue l  used (reference 1) I dffferencee ' i n  engine perf oriil&llce w i t h  
d i f ferent  fuele may exis t  at high  altitudee where altitude-wind- 
tunnel investigations ham shown that the combustion afficiencies 
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of the  fuel  decreaee considerab1.y. In  order  to  evaluate  the  effects 
of fue l   vo la t i l i t y  and hydrocarbon type on the' combustion effi- 
ciencies  in  turbojet-engine combustors, fuel t ee t s  w e r e  made a t  the 
NACA Cleveland laboratory in  single  turbojet-engine combuetors oper- 
ated at simulated a l t i tude  conditiona. Resu l t s  of fuel t e e t s  in an 
1-16 combustor have been reported i n  rsference 2 ,  The r e s u l t s  of an 
inveetigation of different fue la  in a single 1-40 combustor a t  vari- 
ous simulated eng?rls conditions are reported  herein. 

The combustion efficienc?ee of the fuels t e s t e d  were campmed 
8% each of two sete  of simulated altitude  conditione: (1) altitude, 
40,000 feet; engine speed, 7000 rpm; and (2 )  al t i tude,  40, GOO f est; 
engine  speed, 10,500 rpm, In  order t o  substant$zte the conclurj3om 
indicated by the run8 at 8imulatod altitude operat:ng conditione, 
the  results o f m 6  a t  h-o additional sets of conbustor i n l e t - a i r  
conditione  are  alao reported. Theee additional r u m  were orig- 
inally bssed.  on inlet--air  conditfona at an a1titud.o of 40,000 feet  
and EM engine speeci of 10,500 rps but i n  .olqer t o  incre%e the 
severity of the t e s t s  the inlet-air  temperature w a ~  reduced in one 
(Jam and both inlet-air taperctture end pressure were resuced in 
the  other. 

" . . .. 

I) 

In order to show the ef'lect of indiviCiual  inle-b conditione, 
that is, i n l e t - a i r  sressure, in le t -a i r  temperat-me, and inlet-a5r 
velocity, on the combustion erf ic iencies   in   the 1-40 combustor, 
rum i n  which each inlei;-air parameter w a ~ l  individually varied 
from the conditions at an a l t i tude  a€' 40,000 feet and an engine 
speed of 7000 rpm were made for a range of. f u e l  flows with a 
reference  fuel. The reproducibility of the data waa determined by 
repeatea  tests of the reference fue l .  at each s e t  of conciitiom . 

No variations  in eiL&er the combuator configuration or  the 
fuel nozzle were made during  these rune. 

The data reported, as w e l l  &e the previous fuel investiga- 
tions reported i n  references 1 and 2, are part of a prelFminasy 
survey of the fuel problems f .or  the tur'bojet  engine. The results 
of these program serve primarillp to. i g i c a t e .  the direction8  for 
f u t w e  res emch . , .  

The 11 fuele tested in   the  1-40 combuation chamber are li8l;ed 
i n  table I. The fuels are  l isted i n  four  group^, each group 
arranged i n  order a€' increasing  boiling range. The first group 
of fuele  listed, gasolim, keroeene, and Diesel 'oil ,  compriaee a 
ser iee  of typical petroleym fueis. 'phe second p o i ~ p  comprises 



Combust-,oa &tm%er. - The burner used In these f u e l  rum 'was 
a eingls ccarbusticrn chaPber from an 1-40 turbodet englne. The 
cmbustion zhamber af thia engine is IJf circular  orom section 
asd of decreasing &.lameter i n  the dirac*ion of air flow. The 
chamber c m t a l n s  $3 removable perfora'sed l iner  of cylfndrlcal shape 
that sc;.arates tB.6 combustion zone f ? m n  t h e  paasage f o r  the E ~ C -  
ondary atr. m.e cuter  shelL, the cm3uetor liner, and the fuel- 
inject-lon nclzzle used w w e  the erne ae thoge w e d  in an 1-40 engine. 
The i 'uol  nozzle w a s  a 40-gallon-par-hour, 80-degree spray-angle 
nozzle. The inlet section of the combustor w&8 modified t o  persnit 
t h s  in s t a l l a t i an  of the cmbuetor   in -a  straigbt run af pipe.  The 
tail end of the sonbustor shel l  and l i n e r  were cut  at a plane 
'&ere the shell.. and liner cease t o  have a ciroular  cro6s 8 e ~ t i o n .  
A t  t h i s  plane *,he shell end l iner  f i t  enugly 80 only a small 
amount of air, xhich is normally used to keep the l iner cool, 
could pass bat1w6en the combustor shell and the l iner.  A flange 
welded t o  the ahell at this plane connected the canibustign cbambep 

" "". - 

- 
. to t h e  e-ausf ducting. (See f ig .  2. ) 

i 
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Instrwnentation. - The instrumentation  In  the  inlet-air  duct 
was the 881318 in a l i  gerieu of f u e l  rum. The preeeurs of the air 
passing  into the cmbustor w a 6  nieasured w i t h  a total-pressure rike 
and s t a t i c  taps lcsated 2 f e e t  a5ead of the  fuel-injection nozzle 
i n  a 6-inch-diamezer duct. The teaperahre  @f the incoming-air ~ a 8  
measured with an fron-cowtentas  theraocwple mounted i n  the fntako 
duct near the  ialet-pressure rake. 

"I 

For the fuel.inveatlgatfon at a eimulated altit-sae of 
40,000 f e e t  with aimulated engine speeils of 7000 and  10,500 qm, 
a 6-inch-diameter  duct .2* fke t  Long x&8 imta l led   d i rec t ly  behhr3 

the combustor. Thio arrangement pomitted t h e  hot  exhaust gmea 
t o  blow direct ly   into e circular  exhaust duct of approximately the 
same sectional diameter as the conbustor l iner ,  Bight radiation- 
shielded chranel-almel thermocouples, 80 spaced aa t o  cover 
centers of equal araular  areaa of' the exhauet. duct, wore located 
in  a section o-ho d m t  about 28  inchea soma tream of the f u e l  
nozzle, at a position that roughly corresponcS t o  the po6itiOII of 
the  turbine mechaniem i n  the 1-49 engine. This cmbustor  setup 
is shorn i n  figure 3(a). 

For  the  other two ser ies  of rum, a conical  section of duc 5- 
ing, whlch diverged the flow from the comhstor-liner  diameter t o  
a duct with an 8-inch  diameter, WBR wed jwt behind the combustor. 

, The inlet ducting rtd the exhaust  ductfng for this setup, %%ish 
was lagged with 2 inches of imulation, e r e  shown i n  f i g w e  3(b)  . 
Twelve radiat ion-ehfelded chromel. -&lune1 themnocouplea, apaced 
aa s h m  i n  figure 4(a), wore located 73 inches domtream of the - 

f u e l  nozzle. Ths decJign of the therlaocouplea used is shown in  
figure 4(b) .  

For each run the  air flow, the pressure i n  the combuator, and 
the   in le t -a i r  temperature were held  constant at the values  that 
eimulated  engine  operatson at the reference  conditions cnoeren. 
The f u e l  flow vas varied  through a series af values ao the tom- 
perature riBe throu& the combuetor varied .from 500' t o  about 
1400° F. A t  each point  the  fuel f l o w  was measured w i t h  a C a l i -  
brated  rotameter;  the thermocouple temperature8 were measured with 
an electric  potentiometer; and the preeeures ,.ahead of and behlnd 
the combuetor were measured with manometers. 

A6 a cr i ter ion for comparing the f uela, the expertmentally 
determined temperature riw of the gases paaging through the 
combwtor waa plrjtted againet the theoretical heat input per 



. 

pound of air. The theore+,ical heat input per pound of air w86 
equivalent  to the over-all f uel -a i r   ra t lo  of the cambustor multi- 
plied by the lover heat" value cf the fuel, The experimentally 
determined t m p r a t u r e   r i s e  was taken as the difference between 
the arithmetic. merage t a p r a t w e  of the dowm-i;ream themnocczples 
an6 the h l e t  -afr tempera%ure. The observed temperatures were 
t o t a l   t e q e r a t u r e e .  Besavse the differences betxeen total and 
s t a t i c  temperatures .mald be negligible at the  velocit ies in the 
exhaust ~uct. no acoom-t wae $&en of e tagn~t ion   e f fec ts .  can- 
b m t i o n  effdcieacy .WFLEJ t&en ae the ratio of the theoret€t?aJ t o  
the actual . f ue l  flow required t o  cbtafn a given temperature. 

A series of preliminary rwm w8.6 made * o  indicate  trends  in 
severity &8 each of the k l e t  perhme-here w&a individuallg varied, 
These rum were based on %he cm&itfom a+,  TI a l t i t ude  of 
40,000 f e e t  and an engine speed aP 7000 rpn. 

Four series of fuel m e  vere made at trie operating cozldi- 
t i ons  l i e ted  in tab le  11, In order t o  &nFmize the effaAx~ on 
the  cornbution  efficiensies of cer ta in  seemirgly uncontrollable 
factora,  such 88 the geametxic position of the conbustor  liner, 
dome, and sb.el l ,  and the amout of cevbon deposit in the can- 
bustian  chabsr,  and b e c m e  it  we^ found Vir twl ly  impO88ibl;e 
t o  duplicate colcbuation efficiencies f o r  a par t icular  f u e l  and 
s e t  of operating  con3itiom  within 10 percent if the ccanbustor 
W&B disassmbled, cleaned, and reassanibIed between runs, fuels 
t h a t  caraprised loqical groups were consecutively teeted. The 
combustion chamber and nozzle were not disturbed during r u m  on 
a single group cf fuela. Solvent 1 waa ru~l uith each group of 
fuels for the f Frst twa eerie% t o  facilftate canparison of 
results f o r  fuels  not i r c l u d d  within the ~ame groug and t o  
deternine the r e p d u c i b i l i t y  of the reeults.  

Effect of Cambulstor Inlet-Air Condftions on Temperature PLse 

The veriatione of the temperature r i s e  wlth the  heat input 
per pound of a i r  f o r  different cmbwtor   i n l e t - a i r  pressures, 
inlet -a i r   veloci t ies ,  and in le t -a i r  temgeraturee are given in  
f igures  5, 6, and 7 ,  reepectivelg. These reeulte bear out the  
general conc1usione of reference 3, i n  which a comprehensive 
fnvestigahicn of the effects of J w i n g  the inlet parameters on 
the  combuetion efficiencies of an ennular-tme combu&or were 
reported. 



6 NACA RM No. DF12 

The reslrlte of varying the i n l e t - a i r   t o t a l  pressure at con- 
stant inlek-air  temperature sa6 velocity (fig. 5) inilicate that the 
best  camb:lstion efficiencies o6curred at t h e  high'eat preeeuree . A? 
tho  cmbuetor inlet -air proasme w&8 .lovered f rcm 11 .O to 7 .O inchee 
of meroury abeoltzte, the coabuatim  efficiencies for solvent I mark- 
edlr' dec=.easod. Ccmsbuation couXi be uaintained only with  difficulty 
at pressure8 belov 7 .O inches of mercury abflcjlxke. 

The resul ts  of f igwe 6 skew the effect  of chmge in inlet-afr 
velocity on the ternperakure r i s e ,  Tsle average  v&Lccitg of . the 
i n l e t  air in the  6-inch-&lametor i n l e t  dlzct at a simulated al.tit1:d.e 
of BO, 000 feet  and simulated engine speed o? 7000 r p  is &bout; 
117 feet   per eecond. A reduction In inlet-ai r   veloci ty  fran 117 t o  
74 f e e t  p m  aecond dirl. not greet ly  affect  the temperature r:se but 
an increane in velooity frcm 117 t o  219 feet per second rosulted 
i n  a reduction  in  temperatme r i s e  and the appearance of a 
temperature-rise peak of onlg 625" F at a heEb fnput of 350 Btu 
per pound of a i r  (fuel-eir  ratio, 0.019) .I AII tnbrease i n  fue l  
input beyond th i s  value resulted in a lower average temperature at 
the thermocouples . .  

The effect of chmge i n ,  inlct-air  tanperature '18 B h m  in 
figure 7 .  In general, somewhat higher combustion efflcfencies 
were obtained when the  inlet-air  temperature I&I increme6 from 
76' F t o  228' F. mi8 effect  I&.& particularly  notfceable at low 
heat-input  values ( l m  fue l -a i r   ra t ios ) .  

Series 1 

The result8 of fuel  teete  at condftiom  correipmding t o  
operation of an 1-40 combustor s;t an altitude of 40,000 f ee t  and 
&11 engine speed of 7000 r p n  a r e  given for several groups of h;7dro- 
carbon fuels  fn figuree 8 t o  12. It waa d i f f i cu l t  to reproduce 
expertmental  result8 with t h e  sene fuel f rom day t o  b y  at these 
conditione. Becc.ue of thie  dir"ficulty, eolvent 1 ma run with 
each group of fuela.  The result6 f o r  three separate run8 with 
aolvent 1 are  shown in figure 8 to indrcate the- degree of repro- 
Bucibility in  theee rum. 

The experimental resul ts  f o r  three typical petroleum futile 
of different boiling ranges are shorn in figure. 9. . For a com- 
bustor  temperature r i e e  of' 1000° F (a  temperatuke. r i s e  of 900' F 
i e  required  to-maintain a speod of 7aOO rpm In an 1-40 engine at 
an a l t i tude  of 40,000 f t  ), the cambustion eff icienoy of gaeolirs, 
w i t h  a boiling  range of 11.3~ t o  233O F, wao about 75 percent; l o r  
kerosene, boiling range 302' t o  486' F, it m8 68 percent; and 
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f o r  Diesel o i l ,  boil ing range 350' t o  655O F, it TU 63 percent. 
Althou& some of the  Wferences a r e  not 88 large 88 the spread 
in  reproducibil i ty of results, these results indicate that under 
these conditione of combmtor operatlon t h e  combustion efffciency 
decremes a8 the volat i l iky of the fue l  decreases. 

The c d u s t i o n   e f f i c i e n c i e s  for hot-acid octane, solvent 1, 
d solvent 2 were 78, 75, and 73 percent,  reepectively, f o r  a 
temperatee rim of 1000° B ( f ig ,  10). These resul t8  ale0 show 
t ha t  the best canibustian efficiencfes a r e  obtained with the  most 
vola t i le  f uela . 

Temperature-rise data for two ammatic hydrooarborn, bsnzene 
and xylene, and f o r  solvent 3, which contafned about 90 percent 
aromatic h m c a r b o n e ,  e,re given in f i g x e  11. .Benzene, w i t h  a 
boilfng range of 170' to 1750 F, buraed on1 s l igh t ly   be t t e r  
than  solvent 1, w i t h  a boiling range of 307 t o  382" F. Can- 
bustion  efficiencies  for xylene were lower than those for benzene 
but f o r  solven% 3, which has a higher boi l ing range than xylene, 
%he 'combustion efficiencies between thwe f o r  benzene md 
xylene  except at quite  high  heat inpute. 

i5 

Result6 for the  combustion of methglcyclohexme, 8 naphthene, 
and .diisobutylene, an olefin, both of 8fmlla.r boil ing r q e s ,  are 
shorn i n  figure 12. The canbution  efficiency for metwlcyclo- 
hexane w&8 'somewhat better than tha t  f o r  dii60bUtylem. Because 
of the limited ava i lab i l i ty  of test fuela of different pure hydro- 
carbon  types, it was lmposeible to select fue ls  within the same 
brjfling rmge t o  -represent each of the four  classes of hydro- 
carbons. VmiatioZzB in the boiling ranges of the fuela canpared 
par t ly  masked the  effect  of the hydrocarbon type on the combwtion 
efficiency. 

In order t o  illustrzte the decrease i n  combustion eff ic iencies  
f o r  fuels  of increasing  boi l ing range at inlet-air conditions 
correspondirg to an a l t i tude  of 40,000 fee t  and a,n engine speed 
of 7000 rgm, the ccanbuation efficiency f o r  each fuel f o r  a tem- 
perature   r ise  through the combustor of 1000° F is  s h m  plotted 
against the  midbolling  point of each fuel i n  f i g w e  13. Hot-acid 
octane, solvent 1, and solvent'2, fuels of high  s8turated  (paraffinic 
and naphthenic) hydrocarbon content, have high combustion efficienciee; 
whereas xylene, an unsaturated  (aromatic)  hydrocarbon  fuel,  apparently 
has the  poorest  cmbustion  efficiency  with r e e p e c t , t o  its boiling 
range. 
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I n  t o  shcw the e.rkent t o  which the  9ffect  of f c e l  prop- 
erties on the oombu3tion p8rfo-e af the  different fualls waa 
dependent-upn the inlet-air coc&L.kiiqne, a aeriee of r u m  wae d e  
a t  a sirnulatad a l t i tude  of 40, OOC. feet  and simclated engirx epeed 
of 10,500 rpm, A t  this er@nq apeed, t h e   k l e t - a r r  preseure, %em- 
perature, &nd velocfty are higher than &t 7000 rp"  Tne results 
of th i s  ser ies  Gf rum are  shown In f i g w e e  14 t o  17. 

The reproducibility d the  data with solyen% 1 is ehmn in 
figure 14. The reproducibility wa6 better than for the p r m i o u  
series of rzulg because of the less severe inlet-air   conditions;  
the  cambwtion efficiencies undsr these inlet-air   conditlom were 
much higher than for the  previous m e o  The result.8 for gasoline, 
kerosene, and Diesel oil, as w a l l  a8 solvent I, a r e  shown in 
figure 15. No e i m f c m t  difzerences in the  ccmbmtion efff- 
ciencies *them fuele  of diffezent voJ.atility appeared. under 
the higher engine-speed conditions. The cmbuetion efficiencies 
were a b u t  88 percent f o r  a tenperatwe rise of 10(?oo F. A. tem- 
perature rise of 975' F is required at 40,000 f e e t  and 10,500 rpm.  
Likewise the r e su l t s   fo r  two fuels  of low unsaturated-hydrocarbon 
content if I$. 16) ana f o r  three aromatic f u e l s  ( f ig .  17) show no 
significant  variation  ofcambustion  efffcienciee at them con3i- 
tions. Because of these results, methycyclohexane mtf diiso-  
butrlene were not tested a t  these  conditions. 

For purposee o f  camparison with the data of the prevfoue m1~, 
the canibuetion efficiencies of the  fuele for a combustor tempera- 
ture rise of 1000° F at an a l t i tude  of .40,000 feet  and an englne 
s p e d  of 10,500 rpm .are also plotted  agaimt fuel niaboiling  noint 
i n  figure 13, The poorest  combuation efficiewy w%th 3-acpect to 
fue l  boiling  point m a  again o5taine6 with xylene fuel, 

Series 3 

Because tine var3ation in ccubwtion performance for different 
fuela tested at shnulated engine operat ing  coai t ions was, i n  
oer ta in  c&8e8, of a h m t  the same order of magnitude aa the irm- 
producibility of t h e  data for B single fuel, the  results of two 
aer ies  of rune previously made with somewhat d l f f  erent exhaust- 
duct  inatrumentation are reported in the  following  eections * 
These data substantiate  the  conclusions  tentatively  indicated by 
the  simulated  altftude investigation. In series 3, the air weight 
flow, aa in t h e  rum at 40,000 f e e t  and 10,500 rpn, wae 1.0 pond 
per second, and the in le t -a i r  t o t a l  pressme was 21.0 Inches of .- 
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mercury absolute; khe izfiet-air temperature, however, ras 
reducIed frm 225O t o  SOo F. Reducing the  inlet-air temperature 
at constant air w s i g t i t  flow and pessure 8180 reduced the inlet- 
Eli?? velocity. The effects 011 cambustion efficiency camed by 
thsse twu.changes in inlet-air conditione tend t o  counteract 
each other. 

The results of these pm are plo t ted  In f i-8 18 GO 22. 
The data for eeveral of solvent 1 (fig. 18) show an average 
8catter of about 30° F. At these  ,conditicns, the ccrmbmtion 
efficiency f o r  the eolvent 1 fuel increased with increasing heat 
input. Tho efficiency of combrwtlon a t  hi@ fuel-alr  ratios w a s  
even higher than f o r  the previous rum at the same ab? f l o w  and 
pressme but d t h  a hi&er  fnlet-air temperature. The:apparent 
higher &f icienciee may possibly be accounted f o r  by the fac.5 
that   in this investigation a group of thermocouples  about 73 inches 
downstream of the f u e l  nozzle was used; &ereas, the themocouples 
ha3 been located only 28 inches downetretlln of the  fuel nozzle in  
the previous imeat ig~t ion.  At high fuel-air ratios, and P&L.t iC-  
ulmly at low-pressure conditions, cambuatfon m y  be taking  place 
beyond the  position of the f i r s t  p u p  of themocouples. 

The test   results f o r  gasoline, kerosene, and meeel o i l  are 
shown in figure 19; the  reeults f o r  solvent 1 and solvent 2 are 
plotted  in figure 20; and the resul ts  f o r  benzene, xylene, and 
aolvent 3 are p l o t t e d  in figure 21. me tmpra ture- r im curve8 
have been drawn 88 etraight lines became OP the limited n&er 
of experimentel pointe. Them reeults,  in general, bear out t h e  
conclusion that the  best combwtion.' eff icienciea i%e obtained 
with  the moet volatile  fuale. -lene fuel again burned wfth 
canibustion eff icienciee aimilar t o  those for the less vo la t i l e  
solvent 3 fuel. 

The resul ts  for benzene,  methylcyclohexane, and dliSObUtyl01~8 
are plotted  in f igwe 22. The naphthene  (rnethylcgclohexane) burned 
better than  the  olefin (diieobutylene), uhich in  turn, burned 
better than the aromatic hydrocarbon (benzene5 except a t  high 
heat -input  values. 

Serise 4 

In order t o  increase men further the  eeverity of the condi- 
t i o n s  for the fuel testa, another series OZ tes ts  w a s  made, this 
time with combus-i;or inlet-air pTeesse decreamd from the valrze 
in the series just described t o  15.0 inchea of mercury abSOlUi33. 
Inlet-air weight flow wa5 maintatned at 1.0 pound per second 
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and In le t -a i r  temperature at 80' F. In t h i s  case the inlet-air 
velocity w m  increaeed. Lower-lng the   in le t  -air pressure and 
fncmaaing the inlet-air vel-ocity  both tond toward severe cambus- 
tion contlttione. The group of typical petroleum fuels (gasoline, 
kerosene, a d  Diesel  oil,  fig: 23), the fuela of low a r m t i c -  
hyd;rocarBon content  (solvent 1 and so!-vent 2, f i g .  24), an3 the  
group of aroma",ic f w h  (banzene, xylene; and solvent 3, fI$% 25) 
again illustrate that decreaeed vo la t i l i t y  oaraes decreased com- 
bustion  efficienoy under 8evere conditiom of oombustor operaZion. 
The data f o r  benzerie, methylcyolohexane, md diisobutylene (fuel8 
boi l ing  within.the gasoline boiling range, fig, 26)  w n  indicat,e 
that s l igh t ly  bett6r combustim might result frw eaturated hydro- 
carbons (metkyopclohexane) than from unsaturated h m a r b o m  
(diieobutylene) and from umaturated hydrooarbone than from aro- 
matics. As before, however, these  indicated  differences for 
varioue f u e l  types of eimilw vo la t i l i t y  are ml1. , 

The com~~ust~on. efficiencies f o r  a tmporature rise of 1000' F 
through  the  combuetx under the last two s e t s  of conditions are 
plotteC  againat the rniclboiling  poinf; of each f u e l  in figure 27. 
The efficiencies ir. both casea decrease with increased boiling 
point. Xylene again shows poor conibmtion efficiencies.  

General Coneiderations 

A t  the simulated al t i tude of 40,000 feet and. an engine speed 
of 10,500 q&,' the differcncos in combuetion eff  iciencies f o r  the 
various fuels were not  8ignLDicant,  but as the severity of the 
operating  conditione waa increaed,  these  differences became more 
pronounced. -At an  Inlet-air  prseeure of 20.5 inches of mercuqy 
absolute Etnd an inlet-air temper-ature of 225O F, the c m W t i o n  
efficiencies for a l l  fuels were high (about 88 percent for a tam- 
perature rise through the combuetor of 1000° F) and the difference8 
in  efficiencies f o r  fuels  of djff erent boiling ranges WBB of the 
same order of magnitude  BE^ the  experimental  uncertainty. At tho 
same pressure  but  with an inle5-air  temperature of 800 F, the com- 
bustion  efficiencI.es of t3e  f u e b  f o r  a temperature rlse o f l O O O o  F 
through the co&ust.or varied with boiling range of the fuel frm 
87 percent for -fue:s bolllng In the gasoline boiling range t o  about 
78 percent for Die801  o i l .  At; a $regsure of 15 inches of mercury 
absolute w i t h  an Inlet-air  temperature of 80° F, the ombustion 
efficiencies were about 4 percent 1ower.thau at a pressure of 
2 1  inches of merczy for eech fuel. A-b an Inlet  -air pressure of 
11 inches of mercury absolute w i t h  en in le t -a i r  temperature of 
80' F, the  cornbution  efficien9l.ee  decreased from about 75 peroent 
f o r  fuela boiling in the gaieoline rarige t o  about 63 perCf3nt for 
Diesel o i l  (boiling range, 350' t o  655' F) . 
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The results  discussed were obtained with  the original 
1-40 liner  configuration and fuel nozzle. It is evident  that at 
hi&  altitude  conditione the fuel nozzle, uhich was des ised  t o  
deliver 40 gallons of o i l  per hour at 100 porn& pressure, 
del ivers   fuel  in  a range of flows f &r below I t s  rated capacity, 
It is likely that under euch conaftions  the.epray  charaoterietics 
of t he   fue l  nozzle  are poor. In such a case the effects   that  
were ascribed t o  fuel  volatility may be, h fact; an effect of 
the  changing viscosity of the fuel. An increase  in the visooaity 
of the fuel, whkh Would generally accsmpany an increme in fuel 
boiling range, would probaklg relsult in poorer sprag from the 
f u e l  nozzle and thus resu l t  fn poorer combustion ef'fioiencies. 

From an fnvestigation of I1 fuels in a tubular-type  cornbutor 
of a turbo3et engine at slmulated  engine  operating conditions, the  
following  results were obtained: 

1. The effect  of fuel properties on cpbustion effioiencfee 
in the cabus to r  waa found t o  depend on the ccanbuator operating 
c  ondit  ions . 

2, No significant  differences  in the canbut ion eff icienoles 
of different hydmcarbon fue ls   t ea ted   in  the single combuetor were 
observed in .these pre l imirng  fuel t e s t s  at simulated  altitude 
conditions  correeponding t o  engine operation at an a l t i t ude  af 
40,000 f e e t  and an engine epee& of 10,500 rpn. 

I 

3. TeBtt3 at a slmlatsd alt i tude of 40,000 f e& and simu- 
l a ted  engine speed of 7000 ~EUU, on the other hand, gave conibustion 
eff  icienoies that progresaively varied with  decreasing volatility 
of the f u e l  from 78 percent for hot-acid  octane t o  63 percent f o r  
Diesel o i l  for a temperatwe r u e  of 1000° F through the, burner. 
These results  inaicated tha t  f o r  hi& altitude, low engine-epeed 
operation,  volatility is a principal   factor  in  je t - fuel  perform- 
ance; the  beat combustion eff iciencie8 were obtained w i t h  fuel8 
of the  highest  volatflity, that is, lowest boiling-teqerature - 
range. These conclusions are subetantiated by the resu l t s  of two 
other ser ies 'o f  rum at eevere inlet-alr conditions. 

4. For hydrocarbon fuels,  chemical structure,  or  hyh-marbon 
type, wae of secondary importance in  determining f u e l  perforxuame. 
For fuels boiling within the gasozine boiling range, the hydro- 
carbon  type of the fuel wae observed to have only  a amall &feat 
on the cambustion efficienoies. In goneral, the combustion 
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efficiencle~ appeaxsd to decrease as the  degree of unsaturation of‘ 
the hydrocarbon increased; thEt is, pam3’inEc and mphthenee gen- 
erally burned slig3tly t e t t e r  than olefinic hrdrocarbons, which, in 
tun, burned somwhat bettor than =omat ic ktylruc&bons. 
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llut lnput, Btu/lb air 
rime g. - Repoduolbl l l ty  of temperature-rlse data at condltlons slaulat lng engine opcratlon 

at al t i tude  of 40,000 feet m n d  magino speed of 7000 rpm. Inlet-air  wolght flow, 0.62 pound 
per second; i n l e t a l r  total premsure, 11.0 inches of m e r o w  abaolutr; ln lot -a lr  trm~(ratur@, 
goo f; fuel, solvent 1. 
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Tlgurr 11. - TemperatuPe rlse ?or three fuels of high rromatlc-W&oorrbon content an4 solvent 1. 

absolute; inlet-.*  temperature, M)a P. 
Inlet-air weight  flov, 0.62 pound per seoond; lnlet-air total precaure, 11.0 lnches of mer- 
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rimre 12. - Temforature r l e e  for A nnphthene (nothyloyolohexurc) an olct fn  (di~mobtttylenc) and 
W1r-t 1. In ct-alr  weight flow, 0.62 pound or second; lnlot&lr  total  prcs6ure, 11.0 l h h o r  
of merouxy absolute;  lnlet-air temperature, S d  P. 
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f igure  14. - Repradualbillty or temperature-rlse  data a t  oondltlon6  miwlatlng  engine oprration 
et alt i tude of 40,000 f e e t  and enginr speed O f  lO,5Oa rpm. Inlet-alr welght Plow 1.0 pound 
per seoolad; inlet-air  t o t a l  pressure, 20.5 Inohas of meroury absolute; l n l r t - a h  ~rmperaturr. 
2250 F; ruel,   solvent 1. 
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Heat l n w t ,  B t d l b  alr 

Figure 17. - Tan ratwe rlse for threa fuelr  of hlgh aromatlo-hJdrocsrbon content and for solvent 1, 
Inlet-olr we& flow, 1.0 pourad r aaoond; Inlet-alr total  pQ.esmrc, e0.g lnchss of Iterawy 
absolute; ln let -alr  temperature, reo F. 
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Heat input, Btu/lb 8ir 
Figure U. - Reproduolbillty of terpereture-rlse data. Inlet-air weight f lm,  1.0 pound par second; 

solvenO 1. 
i a l e k i r  t o t a l  pTcaaure, 21.0 inoher or msroury abaolute; inlet-air temperature, SOo r; twl, 
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Xe8t lnput, Btu/lb alr 
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neat Input. Btu/lb n l r  

Figure 20. - Temperature rise for t w  keroeene outs of low rromatlo-hy&roaarbon aoatent. Inist-rir 
weight flow 1.0 pound per seoond; lnlet-alr total pressure, 21.0 lnahea of maroury absolute; 
h l e t - a w  t&rature, d00 T. 
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Heat Input, Btu/lb e lr  
rigure 21c. - Tamperattare rise tor two kerosene cuts of lou rromatlc-hJQrocarbon  content. I n l e t -  

air welght flow; 1.0 pound per sacond; in le t -a ir  total pressure, 15.0 lnahes nT mercury absolute;  
l n l s t - a l r   t e m p e r a t u r e ,  F. 

. 
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Figure 27. - Combustion e f f l c l e n c l e a  of dlfferent  fuels nlth nldballlng temperature of fuel a t  
two fiets of' inlet   condit ions for temperature rlee of 10000 F. Y 
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