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VI - COMBUSTION-CHAMBER PERFORMANCE 

By I. Irving Pfnkel and Harold Shames 

A n  analysis of the performance of the  types A, B, and C com- 
bustion chambers of the  4000 -pound-thrust axial  -f low turbo j e t  
engine is presented. The data  were obtained from investigations 
of the complete engine over a range of pressure a l t i t udes  from 
5000 t o  40,000 f e e t  and ram pressure r a t i o s  from 1.00 t o  1.86. 
The combustion-chamber pressure losses, t he  e f fec t  of the  losses 
on cycle efficiency, and the combustion efficiency are discussed. 

The type A combustion chamber had the  highest over-all ( to t a l )  
pressure loss  and the type C the  lowcis%, of the three combustion 
chambers investigated when used under equivalent engine configura- 
t ions  and operating conditions. Pressure losses due t o  f r i c t i o n  
were h i@est  f o r  the  type A and lowest f o r  the type C combustion 
chamber; pressure losses due t o  heat addition t o  the air flowing 
i n  the combustion chamber were highest f o r  type C and lawest f o r  
type A.  The variat ion with a l t i t ude  of t he  r a t i o s  of the  pressure 
losses due t o  heat addition and those due t o  f r i c t i o n  t o  the 
combustion-chamber i n l e t  t o t a l  pressure, called the  momentum and 
f r i c t i o n  pressure-loss ra t ios ,  respectively, was  negligible f o r  
the  type A combustion chamber. The data f o r  the type B combustion 
chamber showed t h a t  the  f r i c t i o n  pressure-lose r a t i o  increased, 
and the momentum pressure-lose r a t i o  &creased, with increasing 
ram pressure r a t io .  

The loss  i n  cycle efficiency due t o  the  pressure losees i n  
the  combustion chamber waa forrnd t o  be of l i t t l e  consequence i n  
the  design operating range of the  engine. A t  l o w  engine speeds, 
however, t h i s  loss i n  cycle efficiency can be e ~ s  large as 50 per- 
cent of the cycle efficiency attained. 

The d a t a  taken at s t a t i c  conditions and a pressure a l t i  tude of 
5000 f e e t  show the  type B combustior, chamber t o  have the  highest 
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and the type-A the  lowest combustion efficiency. The combustion 
efficiency improved with engine speed and ram pressure r a t i o  at a l l  
a l t i tudes  and decreased with increasing a l t i tude .  A t  ra ted engine 
speed the a l t i t ude  ef fec t  on cambustion efficiency was no greater  
than 5 percent f o r  the range of pressure a l t i t udes  investigated. 

INTRODUCTION 

A study of the  performance of the  cmponents of 4000-pound- 
th rus t  axial-flow turbojet  engine has been conducted i n  the  
Cleveland a l t i t ude  wind tunnel. An analysis of the  performance 
of the  combustion chamber based on da ta  obtained with the  complete 
engine is presented. A discussion of performance and operational 
character is t ics  of the complete engine is given i n  references 1 
t o  3 and an analysis of the  compressor a d  the  turbine performance 
is given i n  references 4 and 5, resgectively. 

The working substances of the  work cycle i n  jet-propulsion 
engines a re  the materials involved i n  the  combustion. For t h i s  
reason the  flow character is t ics  of the  combustior, chamber and t he  
manner of heat re lease influence the  over-all  performance of the 
je t  engine. The combustion of the  f u e l  should be completed before 
the  gases reach the  turbine and the  loss  i n  t o t a l  pressure of the  
gas flow through the conbustion chamber should be low compared 
with the  difference between the  compressor-outlet t o t a l  pressure 
and the f r e e  -stream s t a t i c  pressure. Lf combustion is incomplete, 
not only is f u e l  l o s t  but a l so  t h e  f u e l  t ha t  is unconsumed i n  t h e  
combustion chamber may burn on the surface of the turbine blades 
and r a i se  the  turbine-blade temperature above safe  l imits .  The 
loss  i n  t o t a l  pressure through the combustion chamber reduces the  
cycle efficiency and the  mass flow of air through the  engine. 

The variat ion with simulated f l i g h t  conditions of the  pressure 
losses through the  combustion chamber, of the  los s  i n  engine cycle 
efficiency t h a t  r e su l t s  from these pressure losses, and of the  
combustion-chamber efficiency a r e  discussed f o r  t h e  types A, B, md  
C combustion chambers. These combustion-chamber types represent 
the  standard combustion chmber (type A) and two modifications. 
The pressure losses due t o  f l u i d  f r i c t i o n  and t o  the  addit5on of 
heat t o  the  flowing gas i n  the combustion chamber a re  separately 
evaluated by means of a pressure-loss chart  developed i n  r e fe r -  
ence 6. The combustion efficiency of the combustion chamber of 
the  axiai-flow-type turbojet  engine investigated is correlated 
with the temperature of the  gas at the  combustion-chamber out le t .  

The engine operating range f o r  which data  a r e  discussed 
extended from pressure a l t i tudes  of 5000 t o  40,000 f e e t  and ram 
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pressure r a t io s  from 1.00 t o  1.86. The ram pressure rat10 is 
defined as the r a t i o  of the t o t a l  pressure at the  engine i n l e t  t o  
the  tunnel s t a t i c  pressure. The data  f o r  t h i s  range are  necessarily 
r e s t r i c t ed  t o  the  operable engine speeds at each pressure a l t i t ude  
and ram pressure r a t i o  and are  not suf f ic ien t ly  complete t o  deter- 
mine the  a l t i t ude  l imi ts  of operation of t h e  three  combustion 
chambers used i n  t h i s  investigation. 

The high-flow compreesor represents no engine modification 
contemplated f o r  production by the engine manufacturer but repre- 
sents  the  attempt of the  engine manufacturer t o  obtain increased 
perfomnance by modifying the standard 4000-pound-thrust axial-flaw 
turbojet  engine at the time of t h i s  investigation. 

DESCRI~~IOR OF COMBUSTION CHAMBERS 

The three combustion chambers are  i l l u s t r a t ed  i n  f igure  2. 
Each chamber consists of an outer duct and a l i n e r  (sometimes 
referred t o  as a "basket"). A l l  the  chambers have the  same dimen- 
sions and d i f f e r  only i n  the primary-air entrance arrangements on 
the  l i n e r  dome. In the  type A comBustion chamber ( f ig .  1 ) )  standard 
f o r  the  engine investigated, a l l  the louvers shown i n  the  dome are  
pushed out. I n  the type B combustion chamber, t he  miadle row of 
louvers is pushed i n  t o  give an upstream-velocity componerlt t o  the  
air on the  inside surface of the dome and thus lmprove the  engine 
s t a r t ing  character is t ics .  The type C combustion chamber has fewer . 
louvers, which are  pushed in.  The dome is surrounded by a ram 
hood. Swirling of the  air inside the dome of the  type C combustion 
chamber is  accomplished by two rows of louvers arranged t o  induce 
circumferential air flow i n  opposite directions.  Type C w a s  
designed t o  r a i se  the  upper blow-out l i m i t  f o r  high -al t i tude opera- 
t ion.  The blow-out l imits  and the s t a r t i n g  character is t ics  of the  
three types of combustion chamber a r e  discussed i n  reference 2 .  

The turbojet  engine has eight combustion chambers arranged i n  
para l le l .  Each combustion chamber i a  f i t t e d  with i n l e t  and out let  
ducts leading t o  the compressor out let  and turbine in l e t ,  respectively. 

ENGINE INSTALLATION AND INSTRUMEWPATION 

A complete description of the  installat ion and instrumentat ion 
of .the 4000 -pound-thrust exial-f low turbojet  engine i n  the Cleveland 
a l t i t ude  wind tunnel is given in  reference 1; the  description per- 
t inent  t o  th i s  report is included herein. 
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The engine was r ig id ly  suspended f ram a 7-f oot-chord wing 
mounted i n  t h e  t e s t  section of t h e  tunnel ( f ig .  2) .  For the s t a t i c  
runs, a cowling w a s  f i t t e d  t o  the  en@ne i n l e t  and the  engine air 
was drawn from the tunnel. For the runs t h a t  simulated f l i g h t  con- 
dit ions,  air was supplied t o  the  e q i n e  i n l e t  by a duct connected t o  
the  tunnel make-up air supply. In l e t - a i r  pressure up t o  approxi- 
mately sea-level atmosphere could be maintained at a l l  pressure 
a l t i tudes  corresponding t o  the  desired ram pressure r a t i o  ( r a t io  of 
e n g i ~ e - i n l e t  .tot& pressure t o  tunnel s t a t i c  pressure) t o  be simu- 
la ted.  A t  a pressure a l t i t ude  of 40,000 fee t ,  ram preasure r a t io s  
as hSgh as 1.86 were attained by t h i s  means. Although refr igerated 
air w a s  used, the cooling capacity of the  system waa insufficient t o  
maintain NACA standard temperatures at the engine i n l e t  f o r  the low 
ram preasure r a t io s  a t  the  high a l t i tudes .  A t  pressure a l t i tudes  
above 30,000 fee t ,  the engine in l e t - a i r  temperatures were usually 
higher than those required by the  simulated f l i g h t  conditions 'in 
standard NACA air. 

The s ta t ions  at which pressure probes and thermocouples were 
ins ta l led  are  shown In f igure  3. The i n s t m e n t a t i o n  at the  in l e t  
and the  out le t  of the combustion chamber, s ta t ions  4 and 5, is 
pertinent t o  t h i s  report. 

The arrangement of thermocouples and t o t a l  -prea sure probes at 
the  compressor out let ,  taken as the  combastion-chamber in le t ,  is 
shown i n  f igure  4. Two separate ae ts  of total-pressure probes were 
used. The NACA s e t  consisted of three pro'oes mounted on rakes lying 
on r a d i i  t h a t  bisect  the  compressor out lets .  The other probes were 
s ingle  t o t a l  -pressur@ probes displaced circumferentially from these 
r a d i i  in  the  same. canpressor out le t .  Two exposed thermocouples were 
ins ta l led  with each se t  of NACA total-pressure probes. Four of the  
eight compressor out le t s  were 30 i m t m e n t e d .  The t o t a l  pressure 
a t  the turbine i n l e t  w a s  obtained with two diametrically opposite 
total-pressure probes located on the  leading edge of the  twbine-  
nozzle vane at the mean radius of the turbine -no2 z l e  annulus. No 
thermocouples were placed at the  entrance t o  the  turbine nozzle, 
The turbine-inlet  t o t a l  temperature w a s  computed from the t o t a l  
temperature of the  gases i n  the  ta i l  pipe. 

Pressures were measured by mercury manometers with the t-1 
s t a t i c  pressure used as the  reference preasure. The manometers 
were read t o  f 0.05 fnch of mercury, which is equivalent t o  a maxi - 
Inurn reading e r ro r  of f 3.6 pounds per square foot .  An er ror  of 
7.2 pounds per square foot  is possible i n  computing the difference 
i n  the  t o t a l  pressure of the flow f r m  compressor out let  t o  turbine 
in l e t .  For l o w  air m a s s  flows through the  engine, t h i s  e r ror  is 
sometimes 25 percent of the  measured pressure drop across the com- 
bustion chamber. 



NACA RM No. E8F 09e ' 5 

The types A, B, and C combustion chambers were ins ta l led  i n  
configurations of the  turbojet  engine shown i n  the  following table:  

Because of the different  engine configurations used with each 
combustion-chamber type a d i rec t  compuison of' performance among 
combustion chambers was  sometimes Impossible. 

SYMBOLS 

The following symhols m e  used i n  the  analysis: 

A area of equivalent combustion chamber of constant cross 
sektion, square feet 

C constant, p/p7 

C~ 
specif ic  heat at constant pressure, Btu per pound OR 

average specific heat at constant pressure f o r  combus t ion  
Cp9b chamber, Btu per pound ?R 

c average specific heat at corn tant  pressure f o r  compressor, 
Btu per pound OR 

c average specif ic  heat a t  constmt pressure from s t a t ion  9 "' t o  s t a t ion  0, ~ t u  per pound OR 

average specific heat at constant pressure f o r  turbine, Btu 
Cp,t per pound OR 

43 mass rat io ,  32-2 pounds m a s s  per s lug 
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h lower heating value of fue l ,  Btu per pound, (18,600) 

3 mechanical equivalent of heat, foot  -pounds per Btu, (778) 

K combustion-chamber f r i c t i o n  prees1u'e-loss f ac to r  

M Mach number, r a t i o  of gas speed t o  loca l  speed of sound 

N engine rotat ional  speed, rpm 

P t o t a l  pressure, pounds per square foot  absolute 

loss  i n  t o t a l  pressure due t o  f r i c t ion ,  pounds per square 
foot  

loss  i n  t o t a l  pressure due t o  heat additions t o  the  ga~l i n  
the  combustion chamber (so-called momentum pressure loss) ,  
pounds per squme foo t  

over-all  loss  i n  t o t a l  pressure due t o  f r i c t i o n  and momentum 
changes, pounds per square foo t  

s t a t i c  pressure, pounds per square foot  absolute 

gas constant f o r  air, foot  -pounds per pound %, (53.3) 

t o t a l  temperature, ?R 

indicated temperature, OR 

s t a t i c  temperature, % 

a i r  mass flow throu& each combustion chamber, pounds per 
second 

a air mms flow through en t i r e  engine, pounds per second 

Wf f u e l  m a s s  flow, pounds per second 

Wf3 gaa m a s s  flow through en t i r e  engine, pounds per second 

Y r a t i o  of specif ic  heat at constant pressure t o  specif ic  heat 
at  constant volume 

t7 engine cycle efficiency 

Arl engine cycle-efficiency loss  ' 
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Vb combust ion-chamber efficiency 

'It turbine adiabatic efficiency 

O2 
r a t i o  of compressor in l e t - a i r  t o t a l  temperature t o  NACA 

standard sea-level s t a t i c  temperature 

P air density, po?mds per cubic foot  

air density, measured under stamatLon conditions, pounds 
per cubic foot  

Subscripts : 

0 f r e e  stream 

1 entrance t o  engine diffuser  

4 cornbuetion-chamber in l e t ;  a lso c~mpressor out le t  

5 combustion-chamber out le t ;  a l so  turbine i n l e t  

6 turbine out le t  

8 ta i l  rake 
t 

9 vena contracta i n  j e t  issuing from ta i l -p ipe  nozzle 

B entrance t o  coinbustion zone of equivalent combustion chamber 
( s ta t ion  B) 

c compressor 

t turbine 

METHODS aF ANALYSIS 

Loss i n  t o t a l  pressure across combustion chamber. - The meas- 
ured loss  i n  t o t a l  pressure across the c~mbustion chamber was subJect 
t o  appreciable e r ror  because it w a s  computed by taking the d i f f e r -  
ence i n  readings of separate msrcury manometers connected t o  the 
compressor-outlet and turbine-inlet  total-pressure tubes. The NACA 
instrumentation at the compressor out let  ( f ig .  4 )  gave substantially 
the  same readings as the other. instrumentation, but the s m a l l  d i f fe r -  
ences i n  readings obtained with the  two s e t s  of instrumentation gave 
differences in  combustion-chamber pressure losses as great as 50 percent. 
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The turbine-inlet  t o t a l  pressure was  obtained at two points i n  the 
turbine-nozzle diaphr- annulus. These two pressure measurements 
were insbuff i c i en t  t o  give an accurate representative reading of the  
t o t a l  pressure at the turbine i n l e t .  

Because of the  uncertainties i n  the pressure-loss data, the  
pressu-re-loss chart  developed i n  reference 6 was used t o  a i d  i n  
determining which s e t  of instrumentation was giving pressure-loss 
values closer  t o  the correct values. The chart  is reproduced as 
f-igure 5. This cliart a l so  provides a means of separately deter- 
mining tha t  part  of the pressure loss  due t o  flow losses involving 
f r i c t i o n  APF and t ha t  part  of the  pressure loss  due t o  the  addi- 
t i on  of heat t o  the  a i r  stream The chart  permits the  

preswxre-loss character is t ics  of the  conbustion chamber t o  be 
specified by a f r i c t i o n  pressure-loss f ac to r  K related t o  the 
f r i c t i o n  yressure-loss charac ter i s t ics  and by an equivalent area A 
related t o  the  momentum pressure-loss charac ter i s t ics  of t he  com- 
bustion chanber. The f r i c t i o n  pressure-loss f a c t o r  is defined by 
the equation . 

The equivalent area A is t h e  cross section of a corresponding com- 
bustion chamber of constant cross-sectional area having the  same 
momentum pressure-loss charac ter i s t ics  as the  actual  combustion 
chamber. The over-all pressure loss  across the combustion chamber 
is APT = A+ + A%. A r6sm6 of the use and applications of the  

pressure-loss chart  is given i n  appendix A. 

Cycle efficiency. - The cycle efficiency was determined accord- 
ing t o  the  standard definit ion; t h a t  is, 

heat supplied by source - heat rejected t o  s ink 
t7 = heat supplied by source 

The e q r e s s i o n  f o r  the loss  i n  cycle efficiency due t o  the  
pressure losses i n  the combustion chamber is developed in 
appendix B (equation ( ~ 6 ) )  as 
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where y is the  average value between s ta t ions  5 and 9. This 
expression is  approximate because of the assumptions made i n  i ts  
development. 

Combixs t ion-chamber efficiency . - The combustion-chamber eff i- 
ciency is defined as t he  r a t i o  of t h e  actual  enthalpy r i s e  across 
t h e  combustion chamber of' the  gases with an average specif ic  heat 
t o  the  theore t ica l  enthalpy r i s e  tha t  would be real ized with com- 
p le t e  combustion; tha t  is, r, 

< 
i?o correction was made f o r  heat losses from the  combustion chamber, 

Greatly simplified considerations involving the kinet ics  of 
t he  combustion reaction and the  reaction time available in the  
combustion chmber indicated the  poss ib i l i ty  of plo t t ing  log q 6 
against I / T ~  as s t ra ight  l i nes  f o r  constant values of the  param- 
e t e r  p4/W2. Combustion efficiency was so  plotted f o r  the  type B 

conbustion chamber. 

Determination of air ?low. - The air flow through the  cmbus- 
t i o n  chambers was  determined f r m  the  temperature and pressure 
measurements obtained with the  survey rake placed at the  out le t  of 
the  ta i l -p ipe  nozzle ( s ta t ion  8, f i g .  3)  by 
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Inasmuch as the turbojet engine investigated has eight combustion 
chambers, the air f lpw per conbustion chamber W is equal to wa/8. 

Determination of temperatures. - Static temperatures were cal- 
culated from indicated temperature readings by 

where a, i~l the thermocouple impact -recovery factor taken as 0.85, 
based on the calibration of the type of exposed thermocouple used 
in this investigation. 

The total temperature was obtained from the isentropic adiabatic 
relation 

Determination of conbust ion-chamber out let total temperature. - 
The cornbus t ion -cha?nber out let total temperature Ts w a s  computed - 
from the ra;ke tenperature T8 by 

T5 = ATt + Tg 
C' $ '  

The total temperature at the turbine outlet T6 was considered to '1 ;,' 
, ( /  

be equal to the total temperature at the tail rake T8. Based on $f .\ fi 
to 

the assunption that the measure8 enthalpy rise across the cornpres- 
sor C ~ , ~ A T ~  is equal to the enthalpy drop across the turbine ?J' r! 

C ~ ,  t ATt and Wa = Wg, the value of ATt is ' ,-i. 
, , R X? 

The expressEon for T5 is then 
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lVo correction was made f o r  mechanical-friction losses  tha t  would 
give s l igh t ly  higher values f o r  ATt and T5 than were camputed 
from the  preceding equations. 

Determination ~f ambient gas temperatines at engine i n l e t  
and out let .  - The engine in l e t - a i r  temperature t h a t  corresponds t o  
ram pressure r a t i o  and gressure a l t i t ude  could not be rcaintained 
f o r  a l l  of the  runs. The calculated ambient temperature to tha t  
correspon&s t o  the  engine i n l e t  conditions was computed f r m  the 
isentropic re la t ion  

Because t h e  ta i l - rake s t a t i c  pressure p8 is  generally 

greater  than t h e  tunnel ambient pressure po, the  temperature of 
the  exhaust gases tg a t  t h e  ambient tunnel pressure was similarly 
computed 

The combustion-chamber data discussed are  r e s t r i c t ed  t o  the 
operable range of en@ne speeds tha t  correspond t o  the  pressure 
altitv-des and ram pressure r a t io s  investigated. Data w:th the type A 
and type C combwtion chambers were taken only f o r  the  s t a t i c  case 
over an a l t i t ude  range f r o a  5000 t o  40,000 fee t ;  a l l  camparisons 
among combustion chambers a re  theref ore limited t o  t h i s  case. Data 
f o r  the  type B combustion chamber wem taken a t  pressure a l t i tudes  
of' 5009 and 40,000 f e e t  f o r  the s t a t i c  cme  and at 30,COO and 
40,090 f e e t  f o r  ram pressure r a t io s  ranging f r m  1.10 t o  1.8G. A t  
a ram pressure r a t i o  of .1.20, data were available t o  compute the 
type B c~mbustion-chamber efficiency over a range of pressure alti- 
tudes f r ~ m  10,000 t o  40,000 fee t .  
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R E m S  AND DISCUSSION 

Combustion-Chamber Pressure Losses 

A comparison of the experimentally determine6 over-all  ( to t a l )  
pressure-loss r a t io s  A P , / P ~  with those obtained from the pressure- 

loss  chart f o r  the types A, B, and C combustion chambers at pres- 
sure a l t i tudes  from 5000 t o  40,000 f e e t  under s t a t i c  conditions is 
shmm i n  f igure  6. A s i m i l a r  comparison is given i n  f igu re  7 f o r  
the  type B combustion chamber operating at pressure a l t i tudes  of 
30,000 and 40,000 f e e t  with the  ram pressure r a t i o  ranging from 
1.10 t o  1.86. The corresponding values of the  f r i c t i o n  pressure- 
loss  r a t io s  A%/% and the  momentum pressure-loss r a t io s  AP~/P* 
obtained from the  pressure-loss chart  are included i n  f igures  6 
and 7. In  general, the values of the  over-all  pressure-loss r a t i o s  
obtained from the chart l i e  between the  values obtained with the 
NACA and the  commercial instrumentation. The values of the f r i c t i o n  
pressure-loss f a c t o r  K and the  equivalent area of cross section A 
used t o  obtain the pressure-loss r a t i o s  from the  chart  axe given 
i n  the  following table.  The methods used t o  obtain the values of K 
and A are discussed i n  appendix A. 

a ~ c t u a l  l i n e r  cross -sectional area 
is approximately 0.30 sqmre 
foot  . 

' ~ e s u l t s  obtained with f r l c t i o n  and 
over -all pressure-loss da ta  
( f ig  . 20(a), appendix A) . 

'Results obtained only with over -all 
pressure-loss data  ( f ig .  20(b), 
appendix A). 

The large difference i n  the values of KA2 f o r  the types A 
and B combwtion chambers aypeass t o  be excessive i n  view 'of the  
s m a l l  difference i n  liner-dome arrangement involved. In f igure  6, 
however, the values of the over-all  pressure-loss r a t io s  preaicted 
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from the chart with the values of KA2 given f o r  the three types 
of combwtion chamber are shown t o  agree with the measured values 
within the l h i t s  of experimental error, 

The curves plotted i n  figures 6 and 7 are regrouped i n  sub- 
sequent figures t o  provide comparisons and t o  indicate the trends 
i n  the data. 

In order t o  make the comparison of the pressure losses f o r  
types A, B, and C combustion chambers shown in  f igure 8, the pres - 
sure losses f o r  types B and C were computed by means of the 
pressure-loss chwt . This method of comparison w a s  required 
because the engine configuration differed f o r  each combustion cham- 
ber. The computation of pressure losses was based on the  assump- 
t ion that  the types B and C combustion chambers were installed i n  
an engine with the same components used with the type A combustion 
chamber, The data f o r  type A were obtained with the low-flow com- 

pressor, the small turbine nozzle, and the 16;-inch-diameter t a i l -  
pipe nozzle f o r  s t a t i c  conditions. 

The type of combustion chamber with the lowest value of cross- 
sectional area of the equivalent canbustion chamber A has the high- 
es t  value of momentum pressure loss fo r  a given value of generalized 
a i r  mms flow w and temperature r a t i o  T~/T*.  The type C 

combustion chamber would therefore have the highest momentun pres- 
sure losses and type A the lowest. This relat ive order of the 
momentum pressure-loss values is shown i n  figure 8, i n  which the 
calculated momentum pressure -loss r a t i o  A%/% f o r  a l l  combust ion 

chambers is plotted agaimt the corrected engine speed N/& fo r  
pressure altitudes of PO, 000 and 30,000 fee t  f o r  the s ta t5  c 
conditions. 

The f r i c t ion  pressure loss increases w i t h  the value of El. 
According t o  the l i s ted  values of K, the f r i c t ion  pressure-loss 
r a t i o  AI?F/P~ s h o ~ l d  be highest f o r  the type A canbustion chamber 
and lowest f o r  type C .  The order of the relat ive values of AP'/P~ 
f o r  the combustion chambers is indicated by the relat ive values 
of K. The calculated f r i c t ion  pressure-loss values f o r  a l l  com- 
bmtion chambers are also shown in  figure 8. A comparison of the 
data i n  figures 8(a) and 8(b) shows that A P ~ / Q  is greater than 

A p b 1 / ~  fo r  efies A andl B combustion chambers fo r  a l l  values of the 
corrected engfne speed N/&, For the type C combuation chamber, 
A&/PB is approximately equal t o  d+/P4 fo r  a l l  values of T?/& 
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a t  pressure altitudes of 10,000 and 30,000 fee t ,  The computed over- 
a l l  ( to ta l )  pressure-loss ra t io  B%/p4, also plotted i n  f i g -  
ures 8(a) and 8(b), is highest f o r  ty-pe A and lowest f o r  the type C 
combustion chamber f o r  both altitudes. 

The values of IIF+J/P~, A P ~ / P ~ ,  and A Q / P ~  are given in  
figure 9 f o r  the ty-pe B combustion chasnber at a pressure al t i tude 
of 30,000 f ee t  with values of ram pressure r a t i o  ranging fron 1.10 
%D 1.76, The largest effect of ram pressure r a t i o  on the f r i c t ion  
press~m-loss  ra t io  occmad between a ran pressure ra t io  of 1.20 
and 1.65. I n  general, the over-all and f r ic t ion pressure-loss 
rat ios increme and the momentum pressure-loss r a t i o  decreases with 
ram pressure rat lo.  The increase in  b+/p4 is due t o  the large 
w a t  the high ram pressure rat ios and the decrease In 

A ?  is at.tr.ibuted t o  the small t a p e r a t m e  ra%io required t o  
maintain a given engine speed at high ram pressure rat ios,  

Plots of AQ/P~,  A*/P*, and ApM/pB axe given in  f igure 10 
f o r  the t n e  A combustion chamber f o r  s t a t i c  conditions at pressure 
altitudes ranging from 5000 t o  40,000 feet  . The curves sho~? that  the 
effect of al t i tude on a l l  the pressure-loss ra t ios  is negligible f o r  
the engine configuration with the low-f low compressor, the small tur- 

1 bine nozzle, and the 16g-inch-diameter tail-pipe nozzle. 

Cycle-Et'f iciency Losses 

The ex2ression developed i n  appendix B f o r  the  loss i n  cycle 
efficiency A q  can be considered on7j appro:dmate because of the 
asswnptiona made in  the developent: that  the engine speed and 
the tenperatme r i s e  across the combustion chamber are the same 
fo r  the cases with or without combustion-chamber preseure losses, 

The cycle-efficiency losses that  result  from canbustion- 
chamber pressure loerses are shown f o r  the types A, B, and C combus- 
tion chambers in f i g m e  11 for  s t a t i c  conditiorlg wfth altitudes 
ranging from 5000 t o  40,000 feet ,  and i n  figure 1 2  f o r  the type B 
cornbustion chamber a t  an a l t i tude of 40,000 f ee t  with the  ram 
pressure ra t io  ranging f r m  1.20 t o  1.86. The data are presented 
as the fractional cycle-eff iciency loss Aq/qe The value5 of the 
corresponding cycle efficiency 71 are plotted f o r  reference . A t  
the l o w  corrected engine speeds %he loss i n  cycle efficiency rep- 
resents as much as one-half the efficiency obtained. Tl~e fract ional  
cycle-effiziency loss varied inversely with corrected engine speed. 



Above a corrected engine speed of 7600 rpn, the fractional cycle- 
efficiency losses are no greater than 0,06 f o r  any combustion 
chamber. 

The effect of al t i tude on A?/? for  the type A combustion 
chamber is shown in  figure 13 replot ted from data given in  f i g -  
ure 11 f o r  s t a t i c  conditions at pressure altitudes ranging from 
5000 t o  40,000 fee t  . The fract ional  cycle -efficiency losses 
increase with pressure al t i tude (except a t  30,000 f t  ) f o r  values 
of the corrected engine speed less  than 6500 rpm. The curve f o r  
a pressure al t i tude of 30,000 fee t  varies fran the  general trend. 
A t  a corrected engine speed of 5750 rpm, the value of A?/? at 
40,000 f ee t  is 1.6 the value at 5000 feet  . In  the neighborhood of 
the design engine speed (7600 rpan) the effect of alt i tude on A ~ / V  
is poorly defined in figure 13. 

The effect of ram pressure r a t i o  on A?/? at a pressure a l t i -  
tude of 40,000 fee t  is shown i n  figure 14 reglotted from data given 
in  figure 12  f o r  the type B combustion ch-er. The value of A ~ / Q  
decreasea with increasing ram pressure ra t io  f o r  the entire range 
of corrected engine speed. A t  a corrected engine speed of 6250 rpm, 
the value af A V / ~  f o r  a ram pressure ra t io  of 1.20 is 1.7 the 
value f o r  a ram pressure ra t io  of 1.62, 

High cycle-efficiency losses contributed t o  engine-acceleration 
di f f icul t ies  encountered i n  operation at l o w  engine speeb.  The 
high cycle-eff iciency losses r e y ~ i r e  a larger temperature r i s e  across 
the combustion chamber t o  2rovide the energy t o  accelerate the engine 
tnan would be needed without these losses. A t  s tar t ing engine q e e d  
the combtmtion 3fficiency is quite low. Under these conditions, 
large increases in  the fuel-air  ra t io  are required t o  obtain the nec- 
essary temperature r i s e  across the combastion chamber, A s  a result,  
high cycle-ef f iciency losses reql~ire that  tbe cambustion cham5sr 
operate i n  the range of fuel-air  rat ios where the combustion-chamber 
efficiency f a l l s  rapidly with increasing f uel-air ratio. 

Combustion EPf iciency 

The combustion efficiency qb is plotted against the corrected - 
engine speed N/& u f o r  the types A, B, and C combustion chambers 
i n  figure 15, These data show that, at a pressure al t i tude of 
5000 f ee t  and f o r  s t a t i c  conditions, the combustion efficiency of 
a l l  the combustion cham5ers increased w i t &  corrected engine speed. 
The combustion e f f i c i e ~ c y  ~ q a s  highest f o r  the type B combustion 
chamber and lowest f o r  type A. 
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The effect of pressure al t i tude on the combustion efficiency of 
the type B combustion chamber a t  a ram pressure r a t i o  oT 1.20 is 
shown in figure 16. Combustion efficiency decreased with increasing 
al t i tude over the entire range of corrected engine speeds. The 
variations i n  combustion efficiency wPth pressure al t i tude f o r  'the 
type B combustion chfunber are shown t o  decreme with increasing 
corrected engine speed. 

The variation of combustion efficiency with ram pressure ra t io  
is shown i n  f igwe 17 fo r  the type B combustion chamber at a pres- 
sure al t i tude of 40,000 fee t .  The comb~stion efficiency Improved 
with ram pressure ra t io  over .the entire range af corrected engine 
speeds. The improvement obtained a t  the high ran pressure ra t ios  
w a s  greatest i n  the low range of' corrected engine speeds, 

A method of correlating combustion efficiency is presented in  
f igure 18. Log qb & is plotted against 1/T5 f o r  the type B 

combustion chmiber. Points represe~t ing constant values of the 
paremeter p4/W2 for  a range of engine conditions determine a 
single straight line. The points on t h i s  figure were obtained from 
cross plots of 7 & against p4/W2 and 1 / ~ ~  against P~/$. 
Charts of t h i s  type are useful i n  obtaining estimate of' the cam- 
bustion efficiencies beyond the value af T5 covered by experime~lt 
because the direction of extrapolation is well defined by straight 
lines. Extrapolation should not be made t o  a s e t  of' cmbustion- 
chiimzber conditions fo r  which there is reason t o  believe that  the 
location of' the origin of the flame changes. 

OF RESULTS 

The following results were obtained f o r  types A, B, and C cam- 
bustion chambers operating i n  the complete 4000-pound-thrust axial- 
flow turb3 jet engine a t  s t a t i c  conditions over a range of p r e s s ~ r e  
altitudes from 5000 t o  40,000 fee t  and f o r  the type B combustion 
chamber a t  ram pressure ratioa from 1.00 t o  1.85 and the same pres- 
sure altitudes : 

1, From the measured pressure-loss data, the following values 
of the f r i c t ion  pressure-loss coefficient K and the cross- 
sectional area of the equivalent combustion chamber A were 
obtained : 
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~y meam of the pressure-lms chmt and these values of K and 
A, ~crhich define the pressure-loss characteristics of the combus- 
t ion chanbera, the following conclusions regarding the pressure 
losses of the types A, B, md C cmbustion chambers are drawn. 

(a)  For the sane values of the corrected engine speed ~/a, 
the corubust ion-chmber mmer\-twn pressure -loss ( that  is, loss due 
t o  heat addition t o  gas flowing i n  combustion chamber) r a t i o  
hpM/pB obtained by means of the pressure-loss chart was highest 
f o r  the type C combustion chanber and lowest f o r  the type A cmbus- 
tion chamber. For types A and B the f r i c t ion  pressure-loss ra t io  
was always greater than the carresponding momentum pressure -1osa 
rat io.  For the type C canbustion chamber the momentum pressure- 
loss ra t io  w a s  a~proximately equal t o  the f r i c t ion  pressure-loss 
r a t i o  over the entire range of corrected engine speeda a t  pressure 
altitudes of 10,000 and 30,000 fee t  . 

(b) For the same values of the corrected engine speed, the 
f r i c t ion  pressure-loss ra t io  A%/?* was hi&est f o r  the type A 
cornbustion chmber and lowest f o r  the type C cmbustion chamber. 

(c  ) The over-all pressure-loss ra t io  hpT/p4 was highest f o r  
%he type A cambmtion chaxber and luwest f o r  type C a t  a l l  pressure 
altitudes f o r  the s t a t i c  case, 

(d) For the type A combustion chamber used with the low-flaw 
1 compressor, the small turbine nozzles, and the 16z-inch-diameter 

t a i l  pipe, the combustion-chamber momentum, fr ict ion,  and over-all 
( to ta l )  pressure-loss rat ios were only sl ightly affected by var- 
iations i n  pressure al t i tude f o r  the same values of the corrected 
engine speed. 

(e)  The f r i c t ion  and the over-all pressure-loss rat ios increased 
with ram.pressure r a t i o  and the momentum pressure loss decreased 
with increasing ram pressure ra t io  f o r  the type B cornbustion chamber, 

2 .  The fractional cycle-eff iciency loss hr l l r l  due t o  cmbustion- 
chamber pressure losses varied inversely with corrected engine speed. 
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The value of ~ g / ~  increased with pressure a l t i tude and decreased 
with increasing ram pressure rat io.  The loss in cycle efficiency 
due t o  conbustion-chamber pressure losses was negligible i n  the 
design operating range of the engine, but at low engine speebs was  
as high as 50 percent c$ the efficiency attained. 

3, The data taken a t  s t a t i c  conditions and a pressure al t i tude 
of 5000 fee t  indicate that  the type B combustion chamber had the 
highest combustion efficiency and type A the lowest. The combus- 
t ion efficiency generally increased with corrected engine speed and 
raq pressure ra t io  and decreased with increasing pressure altitude. 
A t  the rated engine speed the al t i tude effect on combustion e f f i -  
ciency was no greater than 5 percent f o r  the range of pressure 
altitudes investigated. 

4. In  the range of the data discussed, s traight  lines were 
obtained when log qbT5 was  plotted against 1 / ~ ~  f o r  constant 
values of the parmeter p4/W2, where gb is combustion-chamber 
efficiency, T5 is  turbine-inlet t o t a l  temperature, P4 is 
compressor-outlet pressure and W is a i r  flow through one corabus- 
t ion chamber. Such plots are useful f o r  predicting approximate 
c~mbustion efficiencies f o r  operating conditions beyond the 1:'units 
of the data. 

Flight Propulsion Reseqrch Laboratory, 
National Advisory C&ttee fo r  Aeronautics, 

Cleveland, Ohio. 
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APPENDIX A 

PRESSURE-LOSS CHART 

The development and use of the combustion-chamber pressure-loss 
chart  described i n  reference 6 is summarized. 

Development of chmtt .  - The following assumptions were made t o  
derive the  equations on which the  combustion-chamber pressure-loss 
chart  is  based: 

1, The actual combustion-chanber pressure losses can be matched 
by tliose of an equivalent combustion chamber of uniform cross- 
sect ional  area A having the f o m  shown i n  f igu re  19. 

2. The over-all loss  in  t o t a l  pressure APT is equal t o  the  

swn of the  pressure loss  across the  combustion chamber with the  air 
* f low-fng and no combustion occurring (engine windmilling) A plus 
the  pressure loss  due t o  heat addition t o  the  air flow i n  the com- 
bustion chamber, or the  so-cal-led momentum pressure loss, A%; 
t h a t  is 

A* = APF + APbj (All 

The t e rn  ? includes only the pressure losses due t o  the  addition 
of heat t o  the a i r  flow in  the  combustion chamber. The term A* 
includes t h e  pressure losses involved i n  bringing the air f r m  the 
conpressor out le t  through the  basket and in to  t h e  combustion zone. 
The pressire Loss due t o  f r i c t i o n  i n  the unobstructed combustion 
zone is considered negligible compared with the  f r i c t i o n  pressure 
losses i n ~ o l v s d  i n  conducting the  a i r  i n to  the combustion zone, , I  

Inasmuch as PB = P4 - APF and A+ is no greater  than 0.04P4 , p?, 

f o r  the  combustion chamber, l i t t l e  error is  made i n  ~ ~ r i t i n g  

and 

Once the values of K and A f o r  the  combustion chamber a re  
knmm, the values of A % / P ~  and A%/% f o r  known values of the  
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combustion-chamber i n l e t  parameter w G / P 4  aod the t o t a l  - 
temperature ratio.  T ~ / T ~  may be obtained from the  pressure-loss 
chart .  

Use of pressure-loss c -br t .  - The pressure-loss chart is  
used as f011ows t o  deternine the various pressure losses: The 
va l~ .~es  oI" X and A a re  assumed t o  be known f o r  t h e  conbustion 
chamber. For h o r n  values of WA/I)~ and the temperature r a t i o  

T ~ / T ~ : ,  t h e  pressure losses due t o  f r i c t i o n  and momentum are then 

eval-uated fn  four  steps aro~md t h e  chart  ( f ig .  5 The point on 
the  ordinate of quadrant IV having the value W k / P 4  is the 

s twt i r sg  point on tbe chart. From the curve tha t  has the appro- 
p r i a t e  va1u.o of A, the ralue of Iq4 i s  determined on the  abscissa 

of quadrant IV ELnd the corresponding value of is obtained 

by n e w  of the &curve i n  qua&rant I tha t  has the value of KA2 f o r  
the  combustion chamber. From t h i s  value of A P ~ / P ~  and t he  curve 

i n  quadrant 11 having the  value of M4 previously obtained, t he  

value of % is determined on the  abscissa of quadrant 11. From 

the  proper T ~ / T *  curve i n  quadrant 111, hpM/pB is obtained on 

the  ordinate of quadrant 111. The value of AI)~/P* is the  sum of 

A%/% APM/PB according t o  equation ( ~ 2 ) .  

Determination of K and A. - The values of K and A f o r  
a given combustion chamber can be determined by means of the 
pressure-loss chart  i f  APT/% and APF/P* are known from exper- 

iment f o r  the  same valile of I?fi/P4. f r i c t i o n  pressure loss  

APF is memured across the  en t i r e  combustion chamber with air 

flowing through t h e  combus t i o n  chamber without combust ion taking 
place. In  f ikure  20(a) the  ~ ~ a l u e s  of A and El2 f o r  the t rm B 
combust ion chamber Irere obtained from the pressure -loss chart  with 
the  f ol2.owing experimentelly det e ~ l i n e d  data : 

A ~ F  - = 0.0280 (from engine windmilling data)  
P4 

A ~ M  - = (2: - ) = 0.014 (accoaing t o  equation ( M ) )  
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I n  the  chart  of f igure  20 (a)  the  following, construct ion was  
~ ~ s e d :  Line B-A, quadrant 111, w 8 s  drawn para l le l  t o  the  abscissa 
through the known value of A P ~ / P ~  and ended on the proper T5/T4 

curve. Line C -D wm drawn pera l le l  t o  the  a,bscissa through the 
value of h$/P4. Line E-F was drawn para l le l  t o  the abscissa 

through the value of w A l p 4 .  Line A-G was dram paral le l .  t o  the 

ordinate. The intersection of l ines  A-G and C -D detemined a value 
of &I4' The l i n e  E-J wars drawn para l le l  t o  the ordinate through 

M4 on the  abscissa of quadrant I. The intersect ion of l i n e  E-J 

with l i n e  C-D determined t h e  value of KX2 = 0.0269 f o r  the typk  B 
combustion chmber. The intersect ion of l ines  E-F and E-J similarly 
determined the v a l ~ ~ e  of A i n  quadrant IV e ~ u a l  t o  0.25 square foot  . 

If dPF is known f o r  a diPf erent value of w-/P~ than 

corresponds t o  the  know value of A?T, t he  required value of APF 
corresponding t o  APT can be obtained from an evaluation of K i n  

equation (1) with the  known value of md the  corresponding 

value wfi /p4 .  ~he- requ i red  value of A* is then obtained from 

K and the  value of w&/F~ corresponding t o  APT. 

A method of finding KA2 and A f o r  a combustion chamber when 
only the  over-all  loss  i n  t o t a l  presswe AYT car, be obtained is 

shown i n  f igure  20(b), It is a s s u e d  tha t  f o r  a known value of 
w,/!&/P* two values of A Q / P ~  c m  be ~ e s u r e d  t h a t  correspond t o  

two known different  values of the conbust ion-chamber temperature 
r a t i o  T ~ / T ~ .  For both cases A*/P,$ hm the same value because 

w f i / P 4  is the  same (equation (1) ) . The difference i n  the meas- 
ured values of A%/F* represents the difference i n  the  values of' 

AP& (equation ( ~ 2 )  ) . This difference is s e t  on a pa i r  of 
dividers according t o  the sca le  of t h e  ordinate of quadrant I11 
( f i e .  20(b)). With the  l ine  joining the divider points held par- 
a l l e l  t o  the  ordinate, oEe l eg  of the  divlders is noved along one 
of the curves i n  quadrant I11 having one of the values of T ~ / T &  
used i n  tlie investigation u n t i l  t he  second Leg of the dividers 



intercepts the  curve having the other value of T ~ / T ~ .  The values 

of are thus determined f o r  both engine conditions and the  

value of A+/p4 is obtained by aubtracting ApM/pB from the 
corresponding value of ApT/p4 (equation (AZ ) ) . A construction 

similar t o  t h a t  previously described f o r  f igure 20(a) can then be 
made t o  obtain A and KA2 as  shown i n  f igure 20(b) f o r  the  
experimental data given i n  the figure. 
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APPENDIX B 

EE'FECT OF E3ESlRE IDS339 THROUGH COMBUSTION 

CHAMBER ON CYCLE EE'FICrnCY 

Cycle efficiency q is defined as 

The efficiency f o r  the case with no combustion-chamber pressure 
losses is compared with that  f o r  which pressure losses occur i n  
obtaining the effect of combustion-chamber pressure losses on cycle 
efficiency, The same engine entrance conditions, engine speed, tur -  
bine efficiency, turbine temperature ra t io  T6P5,  and temperature 
r i s e  through the cabustion chamber are assumed f o r  both crtaes. The 
flow processes i n  the t a i l  pipe and the tail-pipe nozzle are con- 
sidered t o  be 100-percent efficient.  The expression f o r  the loss i n  
cycle efficiency Aq due t o  combustion-chamber pressure losses is 

where q' is the cycle efficiency with no combustion-chamber pres- 
sure loss and t9' is the temperature of the exhaust gases with no 

combustion-chamber pressure loss. The unprimed terms correspond t o  
the case i n  which combustion-chamber pressure losses occur. 

I n  order t o  use equation (B2), a relation t g  ' = f (TO, Pg, Pgl ), 
where P51 is the t o t a l  pressure a t  the turbine in le t  with no 

combustion-chamber pressure losses, must be obtained. This rela-  
t ion is derived i n  the following steps. 

Turbine efficiency is given by 



'It = 
T5 ' T6 

T; [(l - ?fl 
from which 

y-l y-l 

'It 
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as T ~ / T ~  is assumed equal t o  T 6 ' / ~ 5 f  and vt is assumed t o  be , 

the  sane f o r  the  cases with and without combustion-chnmber pressure 
losses.  

The isentropic adiabatic r e l a t ion  and the  equation of s t a t e  
f o r  a perfec% gas give 

7 -1 - Y -1 2 - 1 L 1  - - l-y Y 
pY pY - cY = (g) P = RTP - = - -  y = ) = *t (;) 
"T 

A t  the  turbine i n l e t ,  then 

and inasmuch as  Tg = Tg' 

Likewise: because T6 = T6' 
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and 

Fram equation ( ~ 3 )  

theref ore 

From equation ( ~ 4 )  and from the  assumption tha t  t he  flow is adiabatic 
and isentropic between s ta t ions  6 and 9 ( c ~  = c ~ )  

-- re)' (gy= (y=$(!!) 
Inasmuch as pg = pg = pgl ,  where po is t h e  free-stream 

s t a t i c  pressure 

where y is the average value between s ta t ions  5 and 9. 

Because it represents the  t o t a l  pressure at the  cmbustion- 
chamber out le t  f a r  t he  case of no pressure losses, Pgf = P4; thus 
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By substitution of equation ( ~ 5 )  in equation (BZ) 

where 

The assumption that the engine speed, the temperature rise 
across the combustion chamber, and the total-temperature ratio 
across the turbine are the same for the cases with and without 
pressure losses across the combustion chamber represents an approx- 
imation. In order to maintain the engine speed with the reduced 
pressure drop across the turbine resulting from the combustion- 
chamber pressure losses, higher turbine-inlet temperatures would be 
required than for the case without pressure losses. 

1, Fleming, William A.: Altitude-Wind-Tunnel Investigation of a 
4000-Pound -Thrust Axial-Flow Turbojet Engine. I - Performance 
and Windmilling Characteristics. NACA RM No. E8F09, 1948. 
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4000-Pound-Thrust Axial-Flow Turbojet Engine. I1 - Operakional 
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3. Fleming, William A., and Golladay, Richard I,.: Altitude-Wind- 
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NACA RM No. E8F09e 

0 NACA t o t a l - p  r e s s u  r e  p r o b e s  
a G .  E. t o t a l - p r e s s u r e  p r o b e s  
X NACA t h e r m o c o u p l e s  

F i g u r e  4 .  - L o c a t i o n  o f  t o t a l - p r e s s u r e  p r o b e s  a n d  t h e r m o -  
c o u p l e s  a t  c o m p r e s s o r  o u t l e t ,  s t a t i o n  4 .  
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F i g u r e  5 .  - c o m b u s t i o n - c h a m b e r  p r e s s u r e - l o s s  c h a r t .  1 A l 7 - +  
b y  2 2 - i n c h  c o p y  o f  t h i s  c h a r t  c a n  b e  o b t a i n e d  u p o n  r e q u e s t  
f r o m  t h e  N A C A ) .  
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Figure 6.- Continued. Comparison of  measured pressure lo s ses  with lo s ses  calculated by means of  pressure 
chart. Stat ic  conditions. 





Figupe 6.- Concluded, Comparison of measured pressure losses  with lo s ses  calculated by means of pressure 
c h a ~ t .  Statfc con01tions. 
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Cor~ected engine speed, 1 e2 
(b) Pressure altitude, 40,000 feet. 4-n PP" 

Figtyre 7.- Concluded. Variation of pressure losses with ram pressure ratlo 
for type B ombustion chamber. Low-flow compressor; standard turbine 
nozzle J l6$-%nebdiameter tail-pipe no%zle. 



(a) Pressure altitude, 10,000 feet. (b) pressure altitude, 30,000 feet. 
F i g w e  8.- Comparison of calculated pressure-loss characteristics of types A, B, and C combustion chambers. 

Static aonditions$ low-flow compressor; small turbine no'zele; lkinch-diameter tail-pipe nozzle. 
4 



NACA RM No. E8F09e 

Corrected engfne speed. x / . .  rpm 

Figme 9,- Effect of-ram-pressure ratio on ppessure-loss 
ratios  for type B combustion chamber, Pressure altitude,  
30 000 feet ;  low-flow aompressor; standard tu~b ine  nozzle; 3 $winah-diameter tail-pipe nozzle, 
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Corrected engine speed, N/*, rpm 

Figure 10, - Ef f e e t  of pressure a l t i tude  on calculated pressure- 
l o s s  ra t ios  for type A combustion chamber, S a t i c  conditions; 
lor-flow compressor; small turbine nozzle ; 165 inchdiameter 
ta i l -p ipe  nozzleo T- 



Corrected engine speed, N / I ~ - .  rPrn - 1 = 
(a) Type A combustion chamber; pressure (b) Type B conbustlon chamber; pressure (c) Type C combustion chamber; pressure 
altitude, 5000 feet; low-flow corn- dltitude, 5000 feet; low-flow com- altitude, 5000 feet; high-flow corn- 

pressor; small turblne nozzle; 1 E r  pressor; standard turblne nozzle; 1 g -  pressor; large turblne nozzle; 18- 

inch-dlaneter t ail-pipe nozzle. inch-diameter tail-pipe nozzla. inch-dlameter tail-pipe nozzle. 

Figure 110- Effect of altitude on loss in cycle efficiency due to combustion-chamber pressure losses. Static conditlons. 



(d) Type A combustion chamber; pressure ( e )  Type c combustion chamber; pressure 
altitude, 10,000 feet; low-flow c m- altitude, 10,000 feet; high-f low com- 
pressor; small turbine nozzle; 1 6  pressor; large turbine nozzle; 18-inch- 
inch-diameter tail-pipe nozzle, diameter tail-pipe nozzle. 

Figure 11.- Continued. Effect of altitude on loss in cycle efficiency due to com- 
bustion-chamber pressure losses, Static conditions. 





Corrected engine speed, N/K, rpm 
(h) Type A combustion chamber; pressure (i) Type C combustion chamber; pressure 
altitude,.30,000 feet; low-flow corn- altitude, 30,000 feet; high-flow com- 
pressor; small turbine nozzle; 1+- pressor; large turbine nozzle; 18-inch- 
inch-diameter tail-pipe nozzle. diameter tail-pipe nozzle. 

Figure 11.- Continued. Effect of altitude on loss in cycle efficiency due to com- 
bustion-chamber pressure losses. Static conditions. 





NACA RM No. E8F09e 5 1 

Corrected engine speed, N/&, rpm 

F i g w e  12,- Effect of ram pressure patio on boss in cycle 
edficieney due to combustion-chamber presswe losses for 
type B combustion chamber, Pressure altitude, 4 ,800 feet; 
low-flour eompressor; s tandad turblne nozzle; 14-inch- 
diameter tat l-pipe woctle. 
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F i g w e  13,- Effect of pressuFe altitude on loss in cycle 
efficiency due to combustion-chamber pressure losses 
for type A combustion chamber, Statlc co ditions; low- r flow compressor; small turbine nozcle; 16p-inch-diameter 
tail-pipe nozzle, 
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Corrected engine speed, N/E, rpm 

Figure 14.- Effect of ram-pressure ratio on loss in cycle 
efficiency due to combustion-chamber pressure losses for 
type B combustion chamber, cross plot from figure 12. 
Pressure altitude, 40,000 feet; low-flow compressor; 
standard turbine nozzle; 162-inch-diameter tail-pipe nozzle. 

4 

Low flow Small 

Low flow Standard 

2000 , 3000 4000 5000 ' 6000 7000 
Corrected engine speed, I?/*, rxnn 

Figure 15.- Comparison of combustion erfieiencies of types 
A, B, and 6 combustion chambers. Pressure altltude, 
5000 feet; static condltlons. 
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Corrected engine speed, N / !  rpm 
Figure 16.- Effect of pressure altitude on combustion efficiency 
for type B combustion chamber, Ram pressure ratio, 1,20; low- 
flow compressor; standard turbine nozzle ; Linch-dlarne ter 
tail-pipe nozzle. 

164 

. . 00 

.80 

.70 
3000 4000 5000 6000 7000 8000 9000 

Corrected engine speed, N/W, rpm 
Figure 17.- Effect of ram p~essure ratio on combustion efficfenay 
fop type B combustion chamber. Pressure altitude, 40,000 feet; 
low-flow compressor; standard turbine nozzle ; l&inch--dim ter 
%ail"pipe nozzle. 4 
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Pressure Ram- 
altitude pressure 

(ft ratio 
p4 

2 0 5,000 Data taken from 
• ~~,~~~ '3 cross-plots 

130 0 30,000 1 
- -  -- 2 70 A 40.000 1.O' against 3 
-- - 490 V 40,000 1.86 

Reclprocal of turbine-inlet temperature. e8 
Figure 18.- Correlation or combustion efficiency with combustion- 

chamber-outlet temperatme for type B combustfon chamber. 
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Station 4, Station B 
G ompre s sor 
outlet  

Station 5 ,  
turbine 
i n l e t  

Fluid-frlc- 
t ion  r e s i s t -  I Combustion zone I 

U n c e  zone I 

Figure 19,- Equivalent combustion chamber of constant 
CFOSS section* 
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(b) From two measured values o f  over-all pressure loss. 

P i g u ' r e  20. - C o n c l u d e d .  D e t e r m i n a t i o n  o f  K A ~  a n d  A f o r  t y p e  
B c o m b u s t i o n  c h a m b e r .  




