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An altitude-test-chsmber investfgaticm was conducted to detemlne 
the operaticrnal characteristics and altitude blow-out lhlte of a 
Solar afterburner in a 24C engine. 

At rated engine speed and maxbum permieslble turbine-discharge 
temperature, the altitude limit BB detelrmined by cconbuetian blow-out 
occurred 88 a band of unstable operation of about 8000 feet altitude 
In width with m a x h u m  altitude limit6 fran 32,000 feet at 8 Mach 
number of 0.3 to about 42,000 feet at a Mach number of 1.0. The 
maxlmum fuel-air ratio of the afterburner, a e  limited by maximum 
permiesible turbine-discharge &se temperatures at rated engine epeed, 
varied between 0.0295 and 0.0380 over a range of flight Mach. 
numbers from 0.25 to 1.0 end at altitudes of 20,000 and 30,000 feet. 
Over this range of operating oonditicns, the fuel-sir r a t i o  at 

marlmum fuel-alr ratioe. 
Which 1- b l ~ - ~ t  OCCUZTS~ ~ a 8  fraa IC to 19 perCent bel= t-86 

Cmbueticm was very smooth and uniform during operaticm; how- 

A failure of the flame holder after 12 hours and 
ever, Qpitios of the burner was very difficult throughout the 
investigation. 
15 minutes of afterburner operation reeulted in temixmtion of the 
hlWsti@tiOXl. 
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A t  the request of the Bureau of Aer091~1~tics, DepartaPent of the 
Navy ,  (TED-RACA-PP-203) an inveeti&ian ha8 been conducted in a 
Cleveland NACA 10-foot a l t i t ude  t e e t  chamber t o  deterrmine the oper- 
ational and performance chsracteristice of various t y p e  of after- 
bunaer an the 24C engine. 
a &+&~?zmer mmi&~%-ured by the Solar A i r c r a f t  Canpany, In which 
the operatianal characterietics and a l t i t ude  l imi t  of the efterburner 
w e r e  determined, l e  preeented. 

The f i r a t  phaee of an investiepltion of 

The a l t i t ude  bluw-out limits at various engine operating can- 
d i t i o n s  are presented f o r  a range of elmulated f l i g h t  Mach numbere 
frm 0.25 t o  1.0. The operational range of' afterburner f u e l  flow8 
l e  a l so  preeented f o r  zero ram canditiane a t  an a l t i t ude  of 
5000 feet and f o r  a range of flight Mach numbers a t  a l t i tudes  
of 20,000 and 30,000 feet. 
s t a b i l i t y  of burner operation, and the s t ruc tura l  failuree that 
occurred are also diecuseed. 

The problem of burner ignit ion,  the 

APPAlwms AM) IIU-IOR 

A sketch of the Solar afterburner i e  shawn in figure 1. The 

afterburner h e  an over-all length of about E$ feet and a maximum 
internal diameter of 23 inchee. 
is accanplished by an ejector  cooling jacket, which u t i l i ze8  the 
exhaust  get t o  pump a i r  from approximately a l t i t ude  static preesure 
in the tes t  chamber over the burner. 
accelerates the cooling air  over the  burner ehel l  t o  increase the 
cooling effectiv;eneas. 

Shell cooling of the burner eectian 

A n  inner cooling Jacket 

The flame holder and the fuel Injection eystem are shown In 
sections A and B of figure 1 EIB well a8 in figure 2. The flame 
holder can6iete of two s&clrcular, gutter-type ringe joinea with 
four radial s t ru t8  of similar construction. 
radlaf atrut8 are provided with small transveree s l o t s  on the 
upstream face.  
holder rings are inches and 1% inches, respectively. Both the  
rings and s t r u t s  have a maximum width  of 1~ inches and together 
provide approxlmately 31 percent blocked area. The f u e l  is injected 
through a series of a m a l l  holes d r i l l e d  in circular  manifolds 
loceted 1 /2  inch upstream of the  flame holder. !bo fuel m - f f n l d n  
located between the flame-holder rings and a third manifold w i t h i n  
the Inner flame-holder ring epray fue l  d i r ec t ly  upstream; two other 

Both the ring8 and 

The mean diameters of the Inner and outer flams- 

1 
5 1 
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fuel manifolds located d i rec t ly  upstream of the flame holdere (see 
f i g .  1; not vis ib le  in fig. 2 )  spraj. fue l  downstream through the 

diameter are drilled in the f ive  manifolds. 
pressure w a s  about 100 pounds per equere inch for  a flow of 
6000 pounds per hour. 

slots in the flaO;e holder. A t o t a l  G f  161 hole8 of C.02S-in~h 
The fuel-injection 

ignitian of the burner wae originally provided by a slngle 
spark plug located with its gap In the sheltered zone behind the 
outer f law-holder  ring. 
was I n s t a l l e d  d u r b g t h e  investigation. The discharge of the burner 
was f i t t e d  with a pneumatically controlled, two-position clam-shell- 
type exhaust nozzle having an equivalent c i rcular  diameter of 
l e  Inches In the closed position and a diameter of 1% inches in 
the open position. 

The eecmd epark plug shown in  figure 2” 

7 

The investigatlcm of the Solar afterburner was conducted an 
a modified 24C-4B engine ( se r i a l  No. WE-002037) having a rated 9 

engine r o t o r  speed of 12,500 rpm and a l imiting turbine-discharge 
temperature of 1 ~ 0 0 ~  F.  or investigatfan of noma1 pe~~ormence,  
the ecgine w a s  fitted with ?m M C A  desi@ adJustable-area exhaust 
nozzle. 

The fue l  used in both the afterburner and engine was 62-octane 
gasoline (AN-F-22). 

The general a r rwemen t  of the engine setup in the a l t i t u d e  
t e s t  chamber is shown in figure 3.  A photograph of the engine i n  
the t e s t  section of the chamber is presented In figure 4. 
chamber is 10 f ee t  In diameter and 57  f e e t  long and is of welded- 
s t e e l  construction. 
forward baffle t o  the exhaust end, a8 w e l l  a s  the exhaust pip ing ,  
is cooled by a water jacket.  
chamber upstream of the t e s t  section t o  straighten and smooth the 
flow of inlet air, The engine was mounted an a tbrust platform, 
which was supported on ball-bearing pivoted supports. 
is  connected t o  the shaft connectingthe two front supports, and 
is supported by a balanced pressure diaphragm for measuring the 
thruet . 

The t e s t  

The en t i r e  surface of the chamber from the  

A honeycmb is installed in the t e s t  

A keyed arm 

!I?@ forward baff le ,  which incorporated a f lex ib le  neoprene 
impregnated diaphragn, me used t o  confine the air  flow t o  the 
engine i n l e t  and t o  provide a means of maintaining a pressure d i f -  
ference a c m m  the engine. 
flexible a i r t i g h t  diaphragm by means of the nozzle section shown in 
f igure 3. A 12-inch but terf ly  valve was ins ta l led  In the bottom of 

The 24C engine was f i t t e d  t o  the 
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the tank alcmg w i t h  s u i t a b l e  ducting t o  induce cooling air  t o  flow 
along the engine by vir tue of the  a l t i t u d e  pressure in t he  tank. 
The rear baffle wae ln13talled t o  act as a radiation shield and t o  
prevent rec i rcu la t iaa  of exh8uat game about the engine. 
sheet of glass-fiber insulation YBB inetalIed on t h e  downstream 
eide of the rear baffle with a covering of eheet Inconel t o  protect 
%he rear b a f f l e  from the efireme1,v hot  exhaust gams d u r i n g  after- 
burner operation. 
t a i l  pipe wae inetal led t o  prevent recirculation of the exhauet 
gaees around the outeide of the burner, downstream of the  rear 
baffle,  thus protecting the instrumentation ae w e l l  ae the burner. 
The intermediate shroud between the outer shroud and the burner 
cooiing jacket wae f i t t e d  closely t o  t h e  burner cooling jacket and 
supported on the outer ehroud in order t o  minimize the flow of 
cooling a i r  over the outeide of the burner cooling jacket and hence 
its drag on the burner. 
the  engine proper was evaluated by calibration, t h i s  minimization of 
the  cooling-air drag o w r  the burner jacket wa6 neceeeary becauee of 
t he  varying and indeterminate amount of air  pumped through the 
jacket by the exhauet jet a t  the varioue operating conditione. 

A 5-inch 

The outer coollng ehroud (f ig .  5) eurroUnalng the  

Although the drag of the  cooling alr  over 

A periscope wae inetalled In the engine ccdltrol roan EO that 
operation of t he  afterburner eould be observed. 

Engine f u e l  flow, afterburner f u e l  flow, air f l a w ,  r o t o r  epeed, 
and preseure and temperature measurements at  verioue etatione in the  
engine, afterburner, and t e a t  chamber were measured with standard 
inetrumentation. The turbine-discharge gas temperature wae  measured 
by the engine manufacturer's three stagnation- (aepirating) type 
thm3~OCOUple8 located in the eupporting e t ru t e  of the exhauet 
collector.  
against the calculated turbine-Inlet temperature in order t o  provide 
an indicat ion of the e q i n e  mufacturer'e specified maximum turbine- 
inlet  temperature l imi t  of 1425O F. A reading of 1300' F ME 
deterxalned ae the maximum pennieeible turbine-dlecharge teaprature. 

The readings of t h b e  thermocouplee were calibrated 

The operational l imite  of the Solar afterburner were lnveetigated 
in  two phaeee: 

(1) Determination of a l t i t ude  blow-out l imi t  of operation over 
range of elmulated flight Mach numbere 
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(a) Preliminary tests a t  engine ro to r  speed of 11,000 rpan; 
turbine-discharge temperature w e l l  below limiting value 

(b) Teste a t  engine ro to r  speed of 12,500 rpm; maximum 
permiesible turbine-discharge +,emperatwe (called 
balanced-cycle operation) 

( 2 )  a t e m b a t i o n  of operationai range of dterourner f u e i  flow 
a t  a l t i t ude  of 5000 feet, zero ram, and a t  20,000- and 
30,OOC-foot a l t i t ude  over range of elmulated Mach numbere 

The afterburner wae u w l l y  started a t  a preesure a l t i t u d e  of 
approximately 7000 feet, a r a m  pressure r a t i o  of 1.07 across the 
engine, and engine rotor  epeed of 9000 rpm. Immediately after igni- 
t i o n  of t he  afterburner had been obtained, the exhaust nozzle was 
opened and the engine epeed, afterburner fuel flow, a l t i tude ,  and 
ram pressure w e r e  adjusted t o  the  desired operating conditions. 
During the  preliminary investigation of a l t i t ude  blow-out l i m i t  
(engine ro to r  speed, 11,000 rpm) the  ro to r  speed war3 held ccmetant 
and pressure a l t i t u d e  increaeed u n t i l  blow-out occurred. The after- 
burner fuel f l o w  wae regulated t a  maintain w h a t  appeared t o  be a 
stable and sat isfactory operating condition as viewed through t he  
periscope. The more extensive investigation of a l t i t ude  blow-out 
l imi t  a t  rated engine ro to r  speed was conducted in a e l lgh t ly  
different m e r .  Ae soon a8 stable operation of the afterburner 
had been obtained the engine ro to r  speed was increased t o  the  rated 
value and the preseure a l t i t u d e  wae increased until blow-out 
occurred. 
du r ing  the increase in a l t i t u d e  by proper adJue4xnent of engine and 
afterburner fuel flowe. 
level, the  surge of operating conditione such as a l t i t u d e  preesure 
and engine speed, and by visual observations of the exhaust flame 
through the periscope. 

Balanced-cycle operation a t  rated ro tor  speed wae maintained 

Blow-out was detected by the  &hange in noise 

Opera t iona l  ranges of afterburner f u e l  flow were establiehed 
by firs% recording data w h i l e  operatiag the  burner on balanced cycle 
a t  given conditione of preeeure a l t i t ude  .and simulated Mach number 
and then reducing the  afterburner fuel flow until  blm-out occurred. 

The conditione f o r  which the  operational range was established 
a re  listed in the following table:  
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Pressure 
altitude 

20,000 

20,000 

30,000 

(ft 

Mach Engine rotor 
numbers speed 

0.25, 0.4, 0.6, and 0.85 12,000 
0.25, 0.4, 0.6, and 0.65 12,500 

a0.4, a0.6, 0.85, and 1.0 12,500 

trpm) 

Because of temporary limitation of the service equipment, 
prsper regulation of engine inlet-air temperature in accordance 
with simulated altitude and Mach number wae impoeslble. Engine 
inlet total temperature prevailing d u r i n g  the tests are indicated 
in the legends of the data figures. 

RESULS AIJD DISCUSSION 

Altitude Blow-out L l m l t e  

The results of preliminary teets to determine the altituae 
blow-out limits of the afterburner at an engine speed of 11,000 rpm 
are shorn in figure 6 in which the altitude at which blow-out 
occurred is plotted againet the eLmlated flight Mach number. The 
afterburner f u e l  flows at which blow-out occurred ar0 noted in the 
legend of the figure and the turbine-diecharge temperature ie given 
at each data point. The blow-out altitude lncreaeed rapidly with fin 
increaee in flight Mach number from about 15,000 feet at Mach 
number of 0.45 and to about 32,000 feet at Mach nutuber of 0.60. 
indicated in the legend of figure 6 ,  the engine inlet-air temperature 
provided by the test facilities at the the of the teste wae -16' F; 
this temperature ie frcnn So to 15O F lower than the temperature 
corresponding to NACA standard air at the higher altitude6 and flight 
Mach number conditione and about 40' F lower at the lowest altitude 
conditimm. 
with decreased Inlet-air temperature, it is poeglible that the blow- 
out liqite indicated in figure 6 are scunewhat higher than would 
be experienced at standard inlet-air temperature conditions. 

As 

Because the turbine-dlecherge pressure wofild increase 

The altitude blow-out limits at an engine epeed of 12,500 rprn 
for balanced-cycle operation are shown in figure 7. A band of 
unstable operation of about 8000 feet in width was obtained wlthln 
wnicn biow-out occurred curing variation'in one or m o r e  of the 
operational variable6 indicated in the figure. As menmoned 
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previouely, the engine speed and the turbine-discharge temperature 
w e r e  held c o m t a t  d u r i n g  the increase in a l t i t u d e ;  the  changes 
indicated in the legend re fer  t o  minor sdjustmente tha t  were in 
2rogress at the Instant of blow-out. 
varied fram about 32,000 f e e t  at a Mach number of 0.3 t o  about 
42,000 feet a t  a Mach number of 1.0; minimum blow-out l imi t s  
occurred a t  a l t i tudes  as much as 8000 feet lower. 

out l imi t  l a  coneiderably increased by operation at a higher engine 
speed and higher turbine-discharge temperature, par t icular ly  in the 
range of Mach numbers below 0.5. The engine operat- conditions 
f o r  the  a l t i t ude  blow-out points shown In figure 7 are given in 
tab le  I. 
which are included in t ab le  I, are about 20' t o  30° F higher than 
NACA standard a i r  i n  the  low-Mach number, low-altitude region of 
the  data and about 15O t o  25' F lower than standard a t  the higher 
a l t i tudes  and Mach numbers. 
in figure 7 may therefore be somewhat lower a t  the lower Mach 
num3ers and higher a t  the high Mach n m e r e  than would occur with 
standard inlet-air temperaturea. 

The higheet a l t i tude  reached 

Comparison of 
t5eae data vitk %At fer f%@re 5 Lrdieetss tf;at tke a:ti?X5s blm- 

The in le t -a i r  temperature p reva i l i ng  du r ing  these tes te ,  

The a l t i tude  blow-out regions indicated 

r 
Fuel-Flow Operational Llmite 

The operatianal range of the afterburner over a range of Mach 
numbers a t  an a l t i t ude  of 20,000 f e e t  is preaented f o r  em engine 
speed of 12,GOG rpm in  figure 8(a) and f o r  an engine a p e d  of 
12,530 rpm in figure 8(b) .  
afterburner fuel-air r a t io ,  which i8 defined as the f u e l  flow t o  
the afterburner divided by the a i r  f l aw  t o  the engine, are ?resented. 
The ?naximLun fue l  flow represents the condition of maxlmua permis- 
s ib l e  turbine-discharge teaprature (balanced-cycle operation) and 
the min imum f u e l  f l o w  represents the condition of lean blow-out. 

Both the afterburner f u e l  f l o w  and the 

The afterburner fuel-air  ra t ioa f o r  both limits of operation 
changed only aligll t ly w i t h  increase in the  f l i g h t  Mech number. 
Whereas the  shape of the curve8 of limiting fue l -a i r  r a t i o  exhibi ts  
s l i gh t ly  different characteristics for the  two 0ngine spede 
(fig. 8(a) and 8(b)),  the magnitude of the l imiting fue l -a i r  r a t i o  
are ap2roxlmately the same fo r  both. 
f l i g h t  Mach numbers the f u e l - a i r  r a t i o  is s l igh t ly  less a t  an 
engine speed of 12,000 rpp than a t  12,590 r p m  In s p i t e  of the 
higher f u e l  flow is  a r e s u l t  of the lower inlet-air tweratwe, 
which was provided by the tes t  f a c i l i t y a t  the t i m e  of these t e s t s  
and the  associated higher air flow at the  lower engine speed. 

The f a c t  that a t  the higher 

For the complete range of Mach numbers and engine speeds 
investigated, the  spread between the max5.mum and mhimum operable 
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I .  
f u e l  flows was about 630 pounds per hour. A t  an a l t i t ude  of 
20,000 feet and an e-ne s p e d  of 12,500 rpm (fig.  8(h)! 
mz fuel -a i r  ratio of the afterburner, as limited by m a x i k  
permissible turbine-discharge temperature, varied fram 0.036 t o  0.038. 
The fue l -a i r  ratlo at  w h i c h  lean blov-out occurred was about 19 per- 
cent below t h i s  nax- a t  a flight Mach number of 0.25 and a b u t  
11 percent lower a t  a f l i g h t  

the maxi- 

nccnber of 0.85. 

The inlet-air temperature of 75* F, which prevailed during 
these tests a t  an engine epeed of 12,500 rpm, is a b m t  20' F higher 
than standard at the high Mach ambers and 80' F higher a t  a Mach 
n u b e r  of 0.25. Because it is possible t ha t  the cDmbustion e f f i -  
ciency of the  afterburner may increase with increased turbine- 
discharge preasure, and hence with decreased in l e t - a i r  temperatares, 
the f u e l - a i r  r a t i o s  for maximum permissible tTsrblne temperature a t  
standard conditiane may be somewhat lower than indicated i n  f i g -  
w e  8(b), par t icular ly  a t  the lower f l i g h t  hcfi nubers .  

Ibta similar t o  tha t  prasented in figure 8(b)  are s h m  in 
figure 9 f o r  an a l t i t ude  of 30,000 fee t .  
blow-out limits at the lower Mach nuabere was prevented by a 
s t ruc tura l  failure of the sfterburner, as w i l l  be discussed la te r .  
The m a x i m u m  fue l -a i r  r a t i o  a t  an a l t i tude  of 30,000 f e e t  i s  SomeWhat 
lower than a t  an altittrde of 20,000 f e e t  ani, within the limited 
range D f  the  d a t a  (Mach n u b e r s  of 0.85 and l . O ) ,  the spread of fuel 
flows over which the b*u?ler cotlld be operated was s l igh t ly  lees than 
a t  20,009 feet. The fue l -a i r  r a t io s  a t  which maxhixn prmiee ib le  
turbine-discharge teaparatures were sbtainsd varied from 0.035 a t  
low f l i g h t  Mach numbera t o  about 0.0295 a t  a flight Mach number 
of 1.0. 
cent below these maximum values. The h l e t - a l r  tezperatures f o r  
these tests were from 10' F higher than standard at  the lowest 
f l i g h t  Mach number t o  about 50° F lm8r than standard a t  the highest 
flight Mach number. 
tenperatwe D n  combustion efficiency previously mentioned, the fuel-  
air ratios at hlgh fught  Mach numbers may be somewhat higher for. 
standard i n l e t - a i r  trnperatures than are indicated i n  figure 9. 

The determination of lean 

Lean blow-oat occurred a t  fuel-air  r a t i o s  from 10 t o  11 per- 

Because of the possible e f fec t  of i n l e t - a i r  

The lower f u e l - a i r  r a t i o  f o r  cmditions of l imit ing turbine 
temperature a t  an a l t i t ude  of 30,001) feet  than a t  20,000 feet i s  
at t r ibuted t o  the tendency f o r  the turbine-discharge temperature of 
t he  standard engine w i t h  fixed exhaust nozzle t o  increase with 
increasing a l t i t ude  (reference 1) or t o  3 possible increase i n  cm- 
bustion efficiency of the  afterburner. 

Although the  combuetion efficiency would normally be expected 
t o  decrease with lncreaslng~al t i tude,  it is  possible f o r  an increase 
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t o  have occurred f o r  these test conditions as a r e su l t  of the non- 
standard inlet-air temperatures used. 
ference in  inlet-air temperature at the two pressure a l t i t udes  
resulted in a eufficient difference in engine pressure r a t i o  t o  
provide almost the 13- turbine-discharge preesuree a t  the  two alt i-  
tudes end a lower ta l l -p ipe  ,ejae veloclty at the higher a l t i tude.  

The greater than nonnal d l f -  

For the run  o d u c t e d  a t  an a i t i tude  of 521021 feet, zero Xach 
number, and an engine speed of 12,500 rpm, l imiting turblne-discharge 
temperature was obtained a t  an afterburner f u e l  f l a w  of 4420 pounds 
per hour and a meultfng afterburner fuel-air r a t i o  of 0.0285. 
lean blov-out lMt could be obtained w i t h  a fuel flow ae l o w  as 
1500 pounds per hour, or a fue l -a i r  r a t i o  of 0.0097. 
t i o n  of a f t e r b m e r  f u e l  flow was not attempted because a t  th i s  law 
f u e l - a i r  r a t i o  the  mane f o r  detection of blow-out (surge in  
operating ctmditlrrme o r  appearance of flame through the  periscope) 
were no longer of adequate seneit ivity.  

No 

Further reduc- 

These re la t ive ly  low fuel-air  r a t io s  f o r  limiting turbine- 
discharge temperature f o r  all operat- conditione investigated 
indicate  ;thert hI@er fuel flow and hence greater engine th rua t  may 
be poselble by an increaee In the area of the erhauet nozzle. 

Afterburner Operational Characteristice i 

Throughout the  investigation great d i f f i cu l ty  wae experienced 
with afterburner ignit ion.  
ignite the  burner in  its or iginal  configuration but about f i v e  out 
of sir attempts were  uneucceeeful. 
this operatian at engine speeds from 8500 t o  11,000 r p  and a l t i -  
tudes from 7000 t o  20,000 feet with f l i&t  Mach numbers fram 0 t o  0.8. 
Various cmbinatiane and methods of controll ing these variable6 were  
attempted without any cmeis ten t ly  euccessful starting technique 
being established. &u&~-&&were obtained a t  a l t i t udes  greater 
thrun i3QQQ$a 9ooO feet and on- rarely at engine speeds over 9500 qm. 

Approximately 200 attempts were made t o  

S t a r t s  weye attempted during 

A modification wae made t o  the burner that permitted succeesf7ll 
igni t ion on about three out of four attempts. 
graph of figure 2, a c l i p  about 2 inches wide was attached t o  the 
flame holder and bent around the fue l  manifold t o  f O m  a 1' -Shaped 
sheltered zone centered about the  spark plug between the i u e l  mani- 
fold and the flame holder. 

A6 shown in  the  photo- 

Attached t o  the  downstream face of the 

flame holder was a box about 2 inches square by l$ inches long closed 
on the four s ides  and open on the  upstream and downstream ends, which 
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formed 8 sheltered zme downstream of the flame holders. Although 
this modification increased the frequency of successful starts, it 
d i d  not cmpletely elh*mte false s t a r t s .  

During operatian, the afterburner ran very Bmoothly with a 
bluish f lame,  which filled the tailpipe and wae uniform in htemlty 
throughout. Slight flickering could be noticed occaeionally near 
WIW blui-oiit puin%s and some stratification of flame was apparent 
at very rich fuel-air ratios near the blow-out points. 
occurred very suddenly with no rough cycling In transition. 
some hot bands could be observed in the burner wall at high fuel- 
air ratioe, no overheating of the burner sufficient to Cause any 
failure occurred. 

&a- 

Blow-out 
Although 

Two types of structural failure of the afterburner occurred 

"hie failure, 
during the investigation. 
cooling Jackets Illustrated in figures 10 and 11. 
which occurred after 3 or 4 hours of afterburner operation, consisted 
of warping and buckling of the inner and outer jackets but was not 
of sufficient extent to interfere with burner operation. After 
straightenlng and reaseeanbly of the jackets, the program wae 
reinstituted; at the completion of the program the Jackets were 
again found in a buckled condition. 
a more serious nature and occurred in the flame holder after a total 
operating time of about 81 home of engine time of which 12 hours 
and 15 minutes were afterburner operation. Figure 12 illuetrates 
the conditian of the flame holder after the failure. The failure 
consisted of eeveral crack6 in the outer flame holder and supporting 
member8 with complete eeparation of the flame holder at three points. 
Eecauae a sewent of the flane holder was completely 108% and because 
the condition of the metal was such as to prevent satpfactory 
repsirs, this failure resulted in termination of afterburner operation. 

The firet of these was a failure of the 

The secand type of failure waa of 

SUMMARY OF IEStJUS 

An altitude-teet-chamber inveetigatian of the operational 
characteristics of the Solar afterburner an the 24C engine e v e  
the following results: 

diecharge temperature the altitude limit, as determined by canbustion 
blow-out, occurred as a band of unstable operation of about 8000-foot 
altitude in width with maximum altitude limlts from 32,000 feet at a 

4 

1. At rated engine speed and m ~ u r i m u m  permlssible turbine- 

MI& _n_lm?)nr cf Q-3 +,e &c:+, 42,OC'Q ?est et a yach, z*zke r  cf 1.9 
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2. A t  rated engine epeed, the maximum fuel-air ratio of the - afterburner, as limited by m a x i m u m  pemdssible turbine-discharge gas 
temperatures, y i r i e d  between C.0295 snd O.i i38G over a range of flight 
Mach numbers frm (2.25 to 1.0 and altitudes of 2C,OOO and 30,COO feet, 
Over this range of operata cornditione, tke fuel-air ratio at which 
lean blow-out occurred was from 10 to 19 percent below these maximum 
fuel-alr ratios. 

3. Ignition of the afterburner was very difficult throughout 
the investigation with no satiefactory starting technique being 
established. 
speed , 

', All s t a r t 8  were limited to l ow altitude and low engine 

4. A failure of the flame holder occurred after 12 hours and 
15 minutes of afterburner operation, which terminated the afterburning 
Program- 

. 

Plight Propulei on Research laboratory, 
National Advisory Cammlttee for Aercmautics, 

Cleveland, Ohio, July 2, 1948. 

Hanr/yW. Downian, 

Approved : 
Eugene J. bknganiel lo ,  

Aeronautical Reeearch Scientist. 

Aeronautical Research Scientiet. 

Aeronautical a+o.:lF Reeearch Scientist. 

Benjamin Piake l ,  
Aeronautical Research Scientist. 

de 

1. Prince, William R., an'd Bloomer, Harry E.: Preliminary Reeults 
of Altitude-Wind-Mne1 Tnve&.fg!+.inx 9s E K - A a  F..b=:& 
wine. V - Performance of Modified Engine. NACA RM NO. SE7L22b, 
Bur. Aero., 1947. 



. 

Mach 
number 

0.24 
.25 
.26 
.31 
.40 
.41 
.45 
.56 
.60 
.67 
.70 
.72 
.73 
.80 
.01 
.90 
.97 

TABLE I - OPERATING COIDITIOEJS FOR ALTITUDE BLOW-OUT 

Turbine- 
discharge 
temperature 

(9) 
1275 
1300 
1285 
1300 
1285 
1225 
1285 
1255 
1200 
1285 
1275 
1270 
1275 
1230 
1260 
1265 
1260 

L 

Afterburner Inlet-air 
fue l  flow t o t a l  tem- 

( l b / k )  perature 
(9) 

2260 - 16 
2260 - 18 
2350 -18 
2260 - 15 
2700 - 17 
2790 -20 
2540 -12 
3240 -9 
2060 -22 
2870 -20 
2610 -21 
3010 - 19 
2 940 - 15 
3010 -13 
2490 -25 
3100 -19 
3650 -22 

29,200 
27,400 
29,000 
32,300 
29,500 
30,300 
34 500 
34,100 
3C,  000 
29,400 
34,100 
23,200 
32,500 
31,200 
36,800 
39,000 
41.100 

speed 5 

(rPd 

12,500 
12,800 
12,500 

12,500 
12,500 

12,500 
12 500 
12,500 
12,500 
12,500 
12,500 
12,500 
12,500 
12,500 
12,500 

12,500 

12,500 

12 
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Figure 2 .  - &%el ixjectlon sgaiem am3 flame-holder section of solar afterburner ( loo t ing  
upstrean).  
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P i i g h t  Mach number 
Figure 6. - Altitude blow-out limits at an englne speed o f  11,000 rpm 

for varioue afterburner fuel f'lovs. In let -a ir  to ta l  temperature, -16O F. 
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Flight Mach number 

t o t a l  temperature, loo F. 
(a) Engfne speed, 12,000 rpm; Inlet-air 

Figure 8. - Operational range of  afterburner a t  an altitude of 20,000 f est. 
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Afterburner lean 
blor-out 

Figure 8. - Concluded. Operational range of afterburner a t  an altitude 
of 20,000 feet .  
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e4 e 6  +8 1,n 
Flight Mach number 

.Figure 9. - Operational range o f  afterburner a t  an altitude of 30,000 
feet and an engine speed of 12,500 rpm, 
-20° F, 

Inlet-air total temperature, 
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Figure 10. - Outer c c d l r g  Jacket after failure. 
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Figure 11. - Inner cooling jacket after failure. 
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Figure 12. - Flame holder  after failure. 
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