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RESEARCH MEMORANDUM 

AFTERBURNER PERFORMANCE WITH COMBUSTION-CHAMBER IXNGTES FROM 

10 TO 62 WCHES AT AFTEIIBuRMER-INL;GT "EWERATURES 

By  Carl C.  Ciepluch,  Wallace W. Velie, and Richard R. Burley 

A sea-level  static  investigation  was  conducted  to  determine  the  ef- 
fect  of  variation  of  afterburner  canbustion-chamber  length  and  inlet 
temperature on a law-pressure-loss  sea-level  afterburner. A 70- 
percentage-point  reduction in conibustion  efficiency  resulted  when  the 
combustion-chamber  length  was  reduced  fram 62 to 10 inches.  However, a 
thrust  augmentation  ratio  of 1.20 was obtained  with  the  shortest (10- 

bustion  chamber  was  found  adequate  with  respect  to cmbustion efficiency 
and  thrust  augmentation. For combustion-chamber  lengths up to 36 inches, 

only small gains in combustion  efficiency  and  thrust  augmentation  were 
available.  Reducing  the  afterburner-inlet  temperature  from 170O0 to 
1550' R resulted in a reduction in combustion  efficiency  of llz and % 1 L 

percentage  points  for 38- and  10-inch  combustion  chambers,  respectively. 

m inch) combustion  chamber at a fuel-air  ratio of 0.065. A 36-inch  com- 

e the  afterburner  performance  increased  rapidly,  while  above  this  length 

INTRODUCTION 

For  long-range  turbojet bmbers and transport  aircraft,  take-off 
thrust  boost or augnentation may be  desirable, prwided the  range of the 
aircraft  is  not  penalized  during  cruise  conditions.  Several  fnvestiga- 
tions  have  been  conducted  at  the RACA Lewis  laboratory  to  provide  design 
information  for a law-pressure-loss,  lightweight,  compact  afterburner 
augmenter,  with a reasonable  thrust  augnentation  suitable  for  this  ap- 
plication.  Included in these  investigations  were  studies  of  the  per- 
formance of several  short ammlar diffusers  (ref. 1) and  the  aver-all 
performance of several  short  afterburners  (ref. 3 ) .  Reference 3 is a 
continuation  of  the  work  of  references 1 and 2. 

The  over-all  tail-pipe  length  of  the  short  afterburner  reported in 
reference 3 was 54 inches,  including  diffuser  and  combustion  chamber; 
however, in sane  applications a shorter  tail  pipe may be  desirable.  The . 
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minimum  practicable  diffuser  length  was  established fn references 1 and 
3. Further  variation  of  the over-all sfterburner  length can be accm- i 

plished  by  varying  the  cmbustion-chamber  length.  Therefore, an inves- 
tigatian  was  conducted to determine  the  effect of variation in 
cambustion-chamber  length on the  performance of a low-pressure-loss  6es- 
level  afterburner.  The  effect  of  afterburner-iilet  temperature on the 
performance of the  afterburner  at  several  cambustion-chamber  lengths was 
also  aetermined  to  cover  the  range  of  interest  for  engines  with  differ- 
ent  turbine-outlet  temperatures. 

!C co 
0) 
*3 

Afterburner  cambustion-chamber  lengths  of 10, 20, .26, 32, 3.8, and 
62 inches  were  investigated.  The  afterburner  average gas velocity Was 
410 feet  per  second.  Performaace data were  obtained mer a range of"- 
fuel-air  ratios  fran 0.045 to 0.07 with the-use-.of fixed-area  exhaust 
nozzles. An axial-flaw  turbojet  engine  installed  in a sea-level  static 
test  stand  was  used as a gas  generator. 

. .  

APPARATUS 

Ehgine and  Installation 
.. 

The  engine  used  for  the  afterburner  investigation  was an axial-flaw 
turbojet  englae-wlth a 5-minut.e military thrust rating -of 5970 pounds  at 
7950 r p m  and an exhaust-gas  temperature  of 1735O R with an engine-inlet * 
temperature  of 519O R. The  engine was mounted in a sea-level  static 
test  stand.  The  engine  air,  which  entered  the  test  cell  through  air- 
measuring  orifices,  was  heated  to a fixed  temperature  with a can-type 
preheater.  The  engine  was  mounted on a thrust  stand,  and  engine  thruet 
was measured  with a null- ty-pe  air-pressure  diaphragm. 

" .  

Afterburner 

A schematic  diagram of the  afterburner tail pipe is shown i n  figure 
1. The  combustion-chamber  length  was  considered  as  the  dietance  between 
the  flameholder  and  the  exhaust-nozzle exit. The afterburner was simi- 
lar to  the  one  imrestigated in reference 3, except  that  the  inside  dlam- 
eter of the  tail-pipe liner was 31 inches  ccmrpared  with 28 inches for 
the  configuration in reference 3. The  afterburner average velocity at 
the  flameholder was 410 feet  per  second. The 8zLIuljBr diffuser  waa c m -  
posed of a cylindrical  outer  shell and-a li.~5*-h&-angle~  conical  inner- 
body with a blunt base qich blocked  approximately 31 percent of the 
tail-pipe  area.  Flaw-straightening  vane8  were  installed  at  the  turbine 
outlet  to  reduce  the  turbine-exit  whirl.  The  fuel-injection  system  was 
designed  to prwLde uniform  radial fuel distribution.  The  region  adja- 
cent  to  the  outer  shell w&s kept  lean,  however,  to  prevent  burning  be- 
tween  the  liner  and  afterburner  shell. 
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3 A total of 28 spray  bars  werb  used. ' The  spray  bars  were  flattened, 
or faired  (fig. 2(a)), to  reduce  the  total-pressure loss. Each spray 
bar  had  five  radially  located  orifices  that  injected  fuel  upstream.  The 
annular  flow  passage in the  fuel-injection  plane was divided  into  six 
equal  annular  areas,  and  the  orifices  were  positioned in the  spray  bar 
at  points  coinciding  with  the  center of each of the annular-area  incre- 
ments,  except  the  one  nearest  the  afterburner  shell. The fuel  orifices 
were 0.041 inch  in  diameter. 

The  flameholder  (fig.  2(b)),  consisting  of two annular  V-gutter 
rings 3/4 inch  wide,  blocked 14 percent of the  tail-pipe  'area.  The 
flameholder  gutters  were  staggered  to  reduce  the  pressure loss. The  per- 
forated  liner  was  made of 1/16-€nch Inconel  sheet.  Liner  perforations 
were  3/16-inch  holes  spaced so that  the  centers  were 1/2 inch apart. No 
liner  was  needed  for  operation of the 10-inch cmbustion-chamber 
afterburner . 

M 
0 
d n 

7 r  

Instrumentation 

The  air  flow to the  engine  was  measured  by a venturi  section lo- 
3 
3 

cated in the  a-hnospheric-air  inlet  line.  The  engine fuel flow was meas- 
ured by a calibrated  rotameter, and afterburner  fuel f l o w  by a cali- 

0 brated  vane-type  electronfc  flowmeter. 

The  engine  and  afterburner  instrumentation are listed in the  fol- 
lowing table: 

&Engine-inlet  total  pressure  was  assumed  equal  to 
test-cell  static  pressure. 
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PROCEDURE: i 

The afterburner.combustion-chamber length  was  varied  by  adding or 
removing  cylindrical  sections  of  the  afterburner  shell  and  cooling  liner 
between  the  flameholder  and  the  exhaust  nozzle. 

Afterburner  performance  data  were  obtained  at an engine  speed of 
7900 r p m  and  turbine-di.scharge  temperatures..of 1700' (apprax. rated tem- 
perature), 1650°, 1600°, and 1550' R. The  variation of turbine-outlet 
temperature  was  obtained  by  varying  the  afterburner  fuel-air  ratio  with In 
a fixed  exhaust-nozzle  area  while  engine  speed  was  held  constant  at 7900 
rpm.  The  engine-inlet  temperature  was  maintained.  at 560° R for  the  teste. 

. .. 

(0 
OI 
rc) 

The  augmented  thrust  ratios  were  based on the  thrust of the  standard 
engine  operating  at  the  same turbine-outlet  conditicjns at which  the 
af terburning  performance  was obtained. 

RESULTS AND DISCUSSION 

Effect  of  Cmbustion-Chamber  Length * 
Afterburner  performance  with  combustion  chambers  of 10, 20, 26, 32, 

38, and 62 inches  is sham in  figure 3 for a range of  over-all  fuel-air 
ratios  from 0.045 to 0.07  with an afterburner-inlet  temperature  of " 
1700° R. Afterburner-outlet  temperature was calculated-frm the  meas- 
ured  thrust, mass flow,  and  exhaust-nozzle  pressure  ratio  using a velo- 
city  coefficfent  of 0.98. The cmbustion efficiency of the  afterburner 
was  defined  as  the  ratio  of  actual  temperature  rise in the  afterburner 
to  the  ideal  temperature  rise.  The  ideal  temperature  rise was obtained 
k-can the  tables  of  reference 4. A decrease  of  approximately 70 percent- 
age  points in conbustion  efficiency  (fig.  3(a))  is  observed  for a reduc- 
tion in combustion-chamber  length f r o m  62 to 10 inches.  The  severe  re- 
duction in c.crmbustion  efficiency  as  the combustim-chamber  length  de- 
creased  resulted Fn a reduction  in  augrtented  thrust  ratio  (fig.  3(b)), 
although a thrust  augmentation of 20 percent can be  obtained  for a 10- 
inch  combustion  chamber  at a fuel-air  ratio  of 0.065. 

? -  

A 36-inch  cambustion  chamber  was  found  adequate  with  respect  to c m -  
bustion  efficiency and thrust aumentation (fig. 4) .  Only small gains 
in afterburner  performance  are  available  by  increasing  the cmbustion- 
chamber  length from 36 to 62 inches.  Below a 36-Inch  length,  however, 
the  afterburner  combustion  efficiency  and,  conaequently,  the  augmented 
thrust  ratio  are  approximately  proportional  to  combustion-chamber  length. 
For  combustion-chamber  leiigths  less than 36 inches,  the  time  available 
for  combustion  (residence  time)  apparently  becanes  critical;  and,  as a 
result,  the  afterburner  combustion  efficiency  decreases  rapidly  with de- 
creasing  cambustion-chamber  length. 
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The  effect  of  varying  the  combustion-chamber  length on the  engine 
normal thrust  (nonafterburning)  is sham in figure 5. A 1-percent in- 
crease in engine  thrust  was  obtained  by  decreasing  the  combustion- 
chamber  length  from 38 to 10 inches.  The  increased  thrust  resulted frm 
the  decrease in afterburrier  shell  friction  losses  as  the  length  was 
reduced. 

* 

w 

u1 
(3, 
CI) Effect  of  Afterburner-Inlet  Temperature 

The effect  of  afterburner-inlet  temperature on afterburner  combus- 
tion  efficiency  is  shown in figure 6 for  canbustion-chamber  lengths  of 
10, 26, and 38 inches.  The  afterburner-inlet  temperature  was  varied 
from 1700' to 1550° R.by varying  the  afterburner  fuel-air  ratio  with a 
fixed  exhaust-nozzle  area.  Operation of the  engine  beluw  the  rated 
turbine-discharge  temperature  of 1700° R resulted  in a reduction  of  both 
the  afterburner  average gas velocity and pressure  level.  The  afterburner 
average g a s  velocity  decreased 2 percent  and  the  pressure  level  decreased 
8 percent  for a reduction in turbine-discharge  temperature  from 1700° to 
1550° R. These  variations in afterburner-inlet  conditions,  other  than 
afterburner-inlet  temperature,  were  considered  minor,  especially  since 
they  were  compensating  effects. r 

r As would  be  expected,  reducing  the  afterburner-inlet  temperature 
reduced  the  combustion  efficiency  (fig. 6). However,  the  rate  of  de- 
crease  of  combustion  efficiency with afterburner-inlet  temperature  di- 
minished as the  afterburner-inlet  temperature was reduced. For example, 
at a fuel-air  ratio  of 0.045 and a combustion-chamber  length  of 38 

inches  (fig.  6(a)),  the  combustion  efficiency  decreased 7 ~ ,  6, and % 1 1 

percentage  points as  the  afterburner-inlet  temperature  was  reduced  from 
170O0 R (in 50° R increments)  to 1550° R. Canparison  of  figure  6(a) 
(fuel-air  ratfo, 0.045) with  figure  G(b)(fuel-air  ratio, 0.055) indi- 
cates  that  the luw fuel-air-ratio  range  was  more  affected  by  inlet- 
temperature  reduction  than  the  higher  range. 

The  effect of afterburner-inlet  temperature on combustion  effi- 
ciency  also  diminished  as  the  combustion-chamber length-was reduced. 
The combustion  efficiency  of  the  38-inch-combustion-chamber  afterburner 
decreased 112 points  compared  with  points  for  the  10-inch  length 
for a reduction  in  afterburner-inlet  temperature  from 1700° to 1550' R 
at a fuel-air  ratio  of 0.055 (fig.  6(b)). 

1 

* Variation  of  augmented t h s t  ratio  with  afterburner-inlet  temger- 
ature  is  shown in figure 7 for  the  combustion-chamber  lengths  of 10, 26, 
and 38 hches at a fuel-air  ratio  of 0.055. A curve  of  theoretical  aug- 

mented  thrust  ratios  for  the  three  combustion-chamber  lengths  increased 
J mented  thrust  ratio  is  also  included in this  figure.  Although  the  aug- 
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slightly  as  the afterburner-Met temperature was reduced,  the  Increase 
wa6  not  as  great  as  the  theoretical  because of the  decreaae In cmbus- 
tion  efficiency  with  decreased  afterburner-inlet  temperature. 

SUMMARY OF RESULTS 

The follmng results  were  obtained  during a sea-level  static in- 
vestigation of the  effect of combustion-chamber  length and afterburner- 
inlet  temperature on a law-pressure-loss  sea-level  afterburner: 

1. Reducing  the  canbustion-chamber length from 62 to 10 inches  re- 
sulted in a 70-percentage-point.reduction In .cambustion efficiency. Haw- 
ever,  an  augnented  thrust  ratio  of 1.20 was  obtained  far  the  10-inch 
combustian  chamber  at a fuel-air  ratio  of 0.065. 

". .. 

2. A 36-inch  canbustion  chamber  appeared  adequate  with  respect to 
combustion  efficiency  and  thrust  augmentation.  Only small gains in com- 
bustion  efficiency  and  thrust  aqqnentation  were  available  above a 36- 
inch combustion-chamber length, whereas  below  thie  length a iiecrease in 
cmbustion efficiency  and  thrust  augmentaticm  approximately  proportional 
to  the  cambustion-chamber  length  was  observed. 

3.  Reducing  the  afterburner-inlet  temperature  resulted In decreases 
in combustion  efficiency.  The  ccnnbustion  efficiency of the 38- and 10- 
inch combusticn-chamber  afterburners  decreased llz and % percentage 
points, respectively,  by  reducing  the  afterburner-inlet  tepperztture frm 
1700' to 1550° R at a fuel-air  ratio  of 0.055. 

1 1 

Lewis  Flight  Propulsion  Laboratory 
National  Advisory Cmittee f o r  Aeronautics 

Cleveland,  Ohio,  November 10, 1955 

REFERENCES 

1. Mallett,  William E., and  Harp,  James L., Jr..: Performance  Character- 
istics of Several  Short Annular Diffusers f o r  Turbojet Engine After- 
burners. NACA RM E54B09, 1954. 

. .  

2. Brp, James L., Jr., Mallett, William E., and Sbillito, Thamae B. : 
Experimental  Sea-Level  Static  Investigation of a Short Afterburner. 
NACA RM E54B18, 1954. 

L 

c 

Y 



NACA RM E551109 7 

e 

3. Ciepluch, Carl C., Velie,  Wallace W., and Burley, R€chard R. : A L m -  
-+ Pressure-Loss  Short Afterburner for Sea-Level Thrust Augnentation. 

NACA FU4 E55D26, 1955. 

4. Huntley, S. C.: Ideal. Temperature  Rise Due to Constant-Pressure C m -  
bustion of a JP-4 Fuel. WCA RM E55G27a, 1955. 

c 

Y 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

m 

1- 
I ?AlS' 

E! 

t 

t 

I 
0.6' I \. 

I 

. 

7<: 
0.9 

+"-+--- -\ """"_ iu i 11.5' 

i 
I 1  

I -' 

< t 

- -  . . . 
. .  . 

G96E * 



. .. . . . . . . . . 
.JL'UJ' 

-. -1 . . . . . . . . 

t L t 1 

1 i 
-1 B 

e 

T 
I" 1 

24.P 

i 

7 
> .O 

t L 

- +- 

/- 



10 * mACA RM E5!X09 
A 

c 

.. 

I 

Over-al l   fuel-air  ratio 

(a) Coaibustion e f f fc iency  and outlet   temperatures .  

Figure 3. - Afterburner  performance  with various conibustion- 
chamber lengths at an af terburner- inlet   temperature  of 1700' R. 



11 

.04 
Over-all fuel-air r a t i o  

(b) Augmented thrust ra t ios .  

Figure 3. - Concluded. Afterburner performance with 
various couhmtion-chamber lengths at an afterburner- 
i n l e t  temperature of 1700° R. 
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Combustion-chamber length, i n .  

Figure 4 .  - Effect of combustion-chaanber length on combustion efficfency and augn;ented 
t h rus t   r a t io .  Fuel-air r a t io ,  0.055;  af terburner- is le t  temperature, 1700' R.  . 

. 
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Combustion-chautber length, i n .  

Figure 5. - Effect of combustion-chamber length 
on normal engine thrust. 
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Combuation-chamber length, i n .  

(a) Fue l -a i r  ratio, 0.045. 

Figure 6 .  - WPect of afterburner-inlet temperature on cornbuntion efficiency for seveaal cardbution- 
chamber lengths and bel-air retias. , .  I 

1. I 

. . . . . . . 

* c 

. . .. 



. .  . . . . - . . . . . . . . . . . 

m h 

. . . . . . . . . . . . . . . . . . . .. . - . . . . . . . . . 

3965 
. . .. . 

' ' "' I 

I b L 

.. 

0 10 20 30 40 50 80 70 
Afterburner IeugLh, In. 

(b)  Fuel-air  ratio, 0.055. 

Figure 6.  - Continued. Effect of aPcerburncr-lnlet  temperature on combustion efficiency for several 
cankustion-chamber lengths and fuel-air ratios.  



Afterburner length, in. 

(c)  Fuel-air retio, 0.065. 

Figure 6. - Concluded. Effect of afterburner-inlet temperature on co&wtion efficiency for neverel 
combustion-chamber lengthe and fuel-air raticw. 
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Afterburner-inlet  temperatures, % 

Figure 7. - Effect of a9terburner-inlet 
temperature on augmented thrust r a t i o  
for   several  combustion-chamber lengths. 
Fuel-air   ra t io ,  0.955. 
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