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By Francis U. Hill and Heman Nark 

An investigation has been conducted on a one-sixth segment of 
an annular turbojet combustor to determine the effects of modifi- 
cation in air-flow distribu'eion and total-pressure loss on the 
performance of the segment. The performancs features investigated 
during this series of determinations were the altitude operational 
limits and the temperature-rise efficiency, 

Altitude operational limits of the combustor segment, for the 
19XB engine uiging the original combustor-basket design were approx- 
imately 38,000 feet at 17,000 rpm an& 26,000 feet at 10,000 qm. 
The altitude operational limits were approximately 50,000 feet at 
17,000 rpm and 38,000 feet at 10,000 rpm for a combustor-basket 
design in which the air-passage area in the basket was redistrib- 
uted so as to admit gradually su, more than 20 percent of the air 
along the first half of the basket. In this case the total- 
pressure loss through the combustor segment was not appreciably 
changed from the total-pressure loss for the origfnal combustor- 
basket deeign. 

Altitude operational limits of the combustor segment for the 
19XB engine were above 52,000 feet at 17,000 rpm and were 
approximately 23,000 feet at 10,000 r p m  for a combustor-basket 
design in which the distribution of the air-passage area in the 
basket wae that of the original design but where the total-pressure 
loss was increased to 19 times the inlet reference kinetic pres- 
sure at an inlet-to-outlet density ratio of 2.4. The total-pressure 
loss for the original design was 14 times the inlet kinetic refer- 
ence pressure at an inlet-to-outlet density ratio of 2.4. 
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For the four operating conditions of altitude and engine speed 
at which twpemture-rise efficiencies were investigated for the 
19B engine, the combustor-basket design in which the air-passage 
area in the basket was redistributed to allow 20 percent of the air 
to enter the first half of the basket and where the total-pressure 
loss was increased over that for the original combustor design, 
consistently showed the highest temperature-rfse efficiency. A 
temperature-rise efficiency of 97 percent was obtained for this 
design at sea level s3ld l3,OOO rp, The temperature-rise efficiency 
was 92 percent for this aesign at 30,000 feet and 16,500 rpm, 

As a ~ r t  of a general program requested by the Bureau of 
Aeronautics, Navy Bgpartment, to investigate the performance of 19B 
and 19XB combustors, a one-sfxt;h segment of an annular turbojet 
combustor was built and investigated at the NACA Cleveland labora- 
tory. The combustor was developed from the 19B asd 19XB turbojet 
engine combustors. Modifications of this combustor were investi- 
gated in order to detemine the effects of air-flow distribution 
and total-pressure loss through the combustor on the combustor 
p e ~ o ~ c s  * 

Compressor ma turbine characteristics of these engines were 
obtained from alt itude-w%& tunnel invsstigati ons (reference 1) 
and are reproduced in ffgure 1, From these curves it can be seen 
that the altitude am% engine speed detemined the combustor-inlet 
condlitions of pressuse, temperature, and air flow and the turbine- 
inlet temperature requi~ed for engine OPBSB~SOS~~ 

The pezfomnance of the combustor segment and of each of the 
several modffications was investigated to detemine the simulated 
altitudes and engine speeds at which the combustor .could not 
furnish sufficient energy to operate the engine* The series of 
altitudes above which the combustor cannot meet this engine require- 
ment at given engine speeds are hereinafter referred to as "the 
altitude operational limits". The altitude operational limits for 
the combustor segment give an bdication of engine operating range. 

Temperature-rise efficiency was determiaed at each of several 
combinations af combustor-inlet concbitions for each modification 
of the combustor segmezt, 

The results of the ixbvestigations made on the combustor segment 
are presented herein and are compared with the results of a similar 
investigatf on on the complete engine combustor (reference 2 1, 
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Ins ta l la t f  on 

The general arrangement of the ins t a l l a t ion  i s  shown i n  f ig -  
ure 2,  Air flow was v e r t i m l l y  downward tbroupgh the apparatus. 
Combustion a i r  was supplied t o  the @ombustor i n l e t  from the labor- 
a tory a i r  system a t  pressures up t o  30 pounds per square inch gage. 
The cambustor exhausted past cooling-water sprays in to  the Labora- 
tory  exhaust system, which could maintain pressures a t  2 pounds per 
square inch absolute. Air flow and combustion-chamber pressure 
were regulated by means of two remote-control valves, one located 
upstream and one downstream of the combustion chamber, 

In order t o  simulate combustor-inlet temperatures, a gasoline- 
burming preheater was located i n  a by-jyiss i n  the air-supply l ine  
upstream of the combustor, Efficiency determinations run on t h i s  
preheater indicated that  a temperature r i s e  of more than 95 percent 
of the theoret ical  value was obtained &thin the range of preheat 
over which the  preheater was required t o  operate. The amount of 
carbon dioxLde added t o  the i n l e t  air never exceeded 2 percent and 
the aarsumptfon was made tha t  t h i s  s l ight  di lut ion would have l i t t l e  
effect  on combustor operation, Subsequent runs i n  which e l ec t r i ca l  
preheaters were used verif ied t h i s  assumption. 

Afr flow was measured by means of a f la t -p la te ,  square-edged 
orif ice ,  ins ta l led  and calibrated according t o  A.S,M.E, specifica- 
tions. The or i f ice  ina ta l la t ion  was of the Daniel's type, f a c i l -  
i t a t i n g  the removal and change of o r i f i ce  plates t o  the s i ze  yield- 
ing the most convenient and accurate manometer deflections. Fuel 
was fed  from the laboratory supply system t o  a worn-type pump 
capable of delivering 8 gallons of f u e l  per minute up t o  pressures 
of 400 pounds per square inch gage, Calibrated rotameters were 
used t o  measure f u e l  flow. The f u e l  used f o r  both the preheater 
and the combustor segment was AN-3'-28, Amendment-2, and had a 
lower heating value of 18,600 Btu per pound and a carbon-hydrogen 
r a t i o  of 0,174. 

Four quartz obsemation windows were ins ta l led  a t  intervals  
along the w a l l  of the combustor segment f o r  visual inspection of 
the cambustion during operation, 

Iris trlmentation f o r  Measurement of Temperature and Pressure 

. A?; a ta t ion 1 (f ig.  31, iron-constantan themocouples were used 
t o  measure i n l e t - a i r  temperatures, A t  s ta t ions 2 and 3, banks of 
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chromel-almel themocouples were used f o r  measuring the exhaust-gas 
temperatures. A l l  temperatures were measured on potentiometers m l -  
ibrated t o  read i n  degrees Fahrenheit, 

Total pressures at s ta t ions 1 and 3 were measured with impact- 
tube rakes and a l l  pressure measurements iladi cated on an 84-inch 
manometer board, which was photographed i n  order t o  obtain instan- 
tmeous readings, 

A l l  temperature- and pressure-measuring instruments were 
located at centers of equal areas; exact locations a r e  shown i n  
f igure 4,  

Combustor 

The cmbustor was a repanoductfon of a one-sixth segment of the 
complete combustor annulus of the  l9B (or 1 9 ~ ~ )  engine. The c a -  
bustor sement ms bUilt t o  the exact dimensions of the engine com- 
bustor with the exception of the internal  air baffles,  These baf- 
f l e s  w e  th in  metal sheets separating the combustion-zone annulus 
from the in l e t - a i r  annuli, The clistribution of a i r  t o  the eombus- 
t i on  zone is controlled by the ement of holes i n  the baff les  
through which the a i r  passes, combustor segment, these 
in te rna l  a i r  b d f  lea  were made 1/16 inch thLck instead of 1/32 inch 
thick t o  give added strength under the imposed conditions, The 
i n t e r n 1  a i r  b a f l e  is hereinafter referred t o  as "the basket", 
Developments of the outer and the i m e r  walls of' the basket i n  the 
segment a re  shown i n  f i gme  5(a) a The hole &~"magement i s  tha t  of 
the or iginal  design, F i  5(b) t o  5(g) show developments of 
the basket with the hole amangments f o r  m o ~ f i c a t i o n s  1 t o  6, 
Modifications 1 t o  4 consistea i n  blocking holes i n  the basket of 
the or iginal  design. Such modiffcatfoaas: not only changed the hole 

ement but by aecaoeasing the hole area i n  the basket increased 
tal-pressure"&op though the combasto~,segment, I n  order t o  

separate the effect  on embustoar perf oe of changes i n  axial- 
air  d%stribution and the affect  of increasing the total-pressure 
b o p  through the combustor, combustor modiffat ions 5 and 6 were 
designed and investigated, comb us to^ mod%fication 5 has the  hole 
amangment of the or iginal  basket but the hole area i n  the basket 
is proportionately decreased t o  give a pressure drop equal t o  that 
of modification 4, Modification 6 has the same hole arrangement 
a8 modification 4 but the hole area is p r e p o r t i m t e l y  increased 
t o  yield the total-pressure drop of the or iginal  basket, Modifi- 
cation 7 (f ig ,  6)  consisted of the inser t ion of baff le  plates  a t  
the posit ion shown i n  order t o  force more air i n to  the upstream 
end of the basket, 



The fuel-atomizing nozzles use& in the combustor segment had a 
1 oapacit y of lo2 gallons, spray angle of 60°, were of the hollow-cone 

spray type, and were chosen from a group of calibrated nozzles, The 
four nozzles chosen had a maximum individual variation in f luw of 
2.0 percent from the avercage flow of the four nozzles, 

The altitude operational lbits were determined for each con- 
figuration of the cmbustor segment, For any given engine speed, 
the limiting altitude was considered as the altitude at wbich either 
the temperature rise through the combustor was insuf'ficient to oper- 
ate the engine, or at which the temperature rise was sufficient 
but operation became so unstable that blow-outs often occurred. 
During unstable operation, some flickering was always present; the 
flickering varied in intensity, depenCling on the altitude, from a 
dimmj/ng and brightening of the flame to actual intermittent cambus- 
tion, The frequency of the flicker vaxied frm a rapid, barely 
discernible value accompanying the dlmming and brightening of the 
flame to a frequency of a few seconds that accompanied the inter- 
mittent combustion, This instability became progressively more 
severe as the altitude was increased at any engine speed until the 
on-off flicker finally resulted in blow-out. In the case of 
unstable combustion with taperatwe rise sufficient for engine 
operation, the limiting altitude could not be clearly defined and 
was considered to be indeterminate frm investigations on the cam- 
bustor segment. A possibility exists that the s w i m  combustor 
operation under the m e  inlet conditions as the combustor segment 
would operats more stably because the lazger number af fuel noz- 
zles should allow reignition of any locally b -out regions of 
the engine combustor from the adjacent b m a g  reg%ons. 

In order to measure the effect of basket motWication on 
temperature-rise efficiency thxough the combustor segment, temper- 
atuse rise was observed for a range of fuel-air ratios at constant 
inlet-air conditions. The following conditions chosen for these 
investigations were for the 19B engine: (1) high engine power: 
altitude, sea level; engine speed, 17,000 m; (2) low altitude 
condition through wnich the engine might be required to accelerate: 
altitude, 5000 feet; engine speed, 12,000 m ;  (3) altitude, 
16,600 feet; engine speed, 10,000 rlpn; with an excess of 20 percent 
of the cmbustor-inlet total pressure that the compressor would 
tI0~lly supply, and (4) altitude, 30,000 feet; engine speed, 
approximately 16,500 m. Conditions 3 and 4 were used for several 
of the engine combustor investigations (reference 2) that have 



groceeded i n  llsl with t h i s  investigatioaz, Conditiom 3 ard 4, 
which were used f o r  several 0%" the combustor Sn-8gstigatjlcmsP do not 
neeesamily regresent m y  engine operating condlitiojn but were 
selected 9n order t o  compare the g e e  ce & the canbustor seg- 
ment am% the perrfommce of the  en t i re  embwtor ,  Eressme loss  
throwh the cmbud3tor was measwed a t  eonikttions 3 a d  4 because 
pressme Bata ccauld be taken simgly while mum3n@: temperatwe-rise 
efficiency deternixlatiom. Similar determinations were made at  
seveml a l t i t ude  and engine-speed conditione f o r  the 19XB engine, 
Tlraese investigations fmnished adt i i t ioml pr@aswe-loss data, 

Axial. Wedf s t r ibutfon of' Air 

The ef fec t  tha t  hole modification has on axial-air  dfstaribu- 
t i o n  i s  graphically shorn i n  f i g m e  7, Each combustor-basket modf- 
f i ca t ion  can be ident f l iea  By the basket s t r i p  st the top of the 
f igure,  The stepped c m e  En the top half of the f igure gives the 
hole area from the upstream end of the basket t o  any given point, 
which quantity w E l l  be herainafter d e s i w t e d  incremental basket- 
hole area, exgressed as a percentage of the  t o t a l  basket-hole area. 
In the lover hlf of the figure, ca9culated axial-air  s e loc i t f e s  
En the combustion zone stnnu%us a r e  shown, f o r  the nonburnfng case 
of the same modifieatfon, a s  f ract ions of the canbustor-inlet 
velocity measured at  s t a t ion  1, In f i g w e  7, the calculated veloc- 
i t y  i s  appropriately designated area r a t io ,  Because the r a t i o  of 
the i n l e t  area t o  the maximum area inside the camlsuation zone is 
0,485, the velocity at  the maximum cross section i n  the combustion 
zone calculated i n  t h i s  manner is 0,485 times the in l e t - a i r  veloc- 
i t y ,  These values a re  rot to be considered as actual  -velocities 
dwlng cqlgbustjlon became during eanbustion the barge change i n  
pressure cPistributlon caused by the momentum-pressure lo s s  asso- 
ciated with burning causes an appreciable change i n  the air flow 
through the basket holes, 

For the or iginal  eoanbustor-basket- desi gn, figwee 7 a l s o  shorn 
the incremental basket-hole area gradually increasing along the 
en t i r e  length of the basket. The basket-hole area, is a s  shown f o r  
other modificatjlons. Mo Bore than 20 percent of the t o t a l  amount 
of air was allowed t o  enter  the combustion zone along the  first 
half of the basket f o r  modiffcations 4 antf 6. 

The ef fec ts  of basket-hole a wen t  on the a l t i t ude  oper- 
a t iona l  limits a d  temperature-rise efficiency a r e  shown i n  f i g -  
ures 8 ( w )  and. 9, respeetivePy, & w i l l  be subsequently discussed 
i n  de ta i l ,  
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Total-Press.ure Loss 

In order to make comparisons with the total-pressure loss of 
other turbojet combustors, the total-pressure loss through the com- 
bustor segment is expressed as a ~ / & ,  where AP is the actual 
total-pressure loss in inches of mercury and qr is the dynamic 
pressure that would exist at the inlet section if, at that section, 
use were made of the maximum cross-sectional area of the u13.t~ This 
method of camjrison attributes the poor inlet-diffuser design -to 
the combustor and does not penalize a combustor designed for a low- 
inlet dynamic pressure. Pressure losses are shorn as a function of 
the inlet-to-outlet density ratio P1/p2 for the original combustor 
basket and for modifications 1 to 4 in figure 10(a), Similarly, 
the pressure losses for the original combustor design and. for modi- 
fications 4, 5, and 6 are presented in figure 10(b). At an inlet- 
to-outlet density ratio of 2.4, the total-pressure loss of the 
original combustor-basket design is 14qr, approximately 15qr 
for modification 6, and approximately. 19qr for modifications 4 
a.nd 5 (fig, 10(b)), 

A discussion of these data is postponed to the following sec- 
tions of the report where their appearance is most logical and the 
significance of the effect of pressure Loss on combustor gerfom- 
ance can be most clearly indicated, 

Altitude Operational Limits 

A comparison between altitude operational limits of the com- 
bustor for the various modifications is given by figure 8, For 
each modification it was necessary to run from 10 to 18 test points 
in the manner previously described for determinfng altitude opera- 
tional limits. 

For the combustor segment of the original combustor-basket 
design and for 19B inlet conditions, at a simulated engine speed 
of 9500 rpm, operation was unsatisfactory at altitudes above 
13,000 feet (fig, 8(a)), After the first modification of the com- 
bustor segment, the operating r w e  was increased up to the limits 
shown by the curve marked modification 1, The operational limitis 
for modifications 2, 3, and 4 are similarly indicated in figure 8(a], 
Altitude operational llmits for the origirial design obtained from 
runs on the complete annular combustor are included in figure 8 (a) 
for comparison, and checked reasonably well with those obtained 
from the runs on the combustor segment, The altitude performance 
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of modification 4 is the best of the modifieations because ta engine 
operating with this combustor would have the greatest range of alti- 
tude operation. 

When the air distribution was changed by blocking the boles, 
the method followed in making mo~icatiom 1 to 4 considerably 
increased the total-pressure loss as shown in figure 10(a). %di- 
fici3,tion 4, which has the best performance characteristics, has 
the highest pressure loss, This relation might seem to indicate 
that a high total-pressure loss is necessary for satisfactory com- 
bustor performance. In figure 8(b), the altitude operational 
limits for modification 5 (high-pressure loss, fig. 10(b)), at the 
low engine speeds (10,000 rpm) are slightly lower than those of 
the original design (23,000 ft as compared with 26,000 f t for the 
original design at the same engine speed of the 19XB engine) 
although the air distribution for modification 5 is essentially 
tkat of the original design. At engine speeds above 70 to 75 per- 
cent of the normal rated engine syeed of 17,500 rpm, the altitude 
operational limits of modification 5 are higher than those obtained 
with the original combustor design (above 52,000 ft at 17,000 rpm 
as compared with 38,000 ft for the original combustor at the same 
engine speed of the 19XB engine), In figure 8(c), the comparison 
is made between modification 6 (air distribution of modification 4, 
total-pressure loss equal to that of the original design) and mod- 
ification 4, the basket-hole modification in the blocked-hole series 
giving the maximum altitude operating range. With this modified air 
distribution, modification 6 (low pressure loss, fig. 10 (b) ) had 
altitude operational limits consistently higher than those of mod- 
ification 4. 

In the comparisons previously made, pressure loss has been 
shown to af"fect the altitude performance of the combustor for sim- 
ilar hole-area arrangements in the basket. 

By comparison of the two modifications that have the same 
total-pressure loss but different hole mangements, the effect of 
air-distribution change alone can be seen. In figure 8 (d) , the 
effect of air distribution alone is illustrated by comparing the 
altitude operational limits of modification 5 with those of modi- 
fication 4. In this case, the total-pressure loss for both modi- 
ficationa is very closely the same but the hole arrangement for 
modificatiorl5 is that of the original design and the hole arrange- 
ment for modification 4 is as shown in figures 5(e) and 7(e), m e  
altitude performance of modification 4 is higher than that of mod- 
ification 5 over most of the range of engine operation, At rated 
speed, however, for 19XB engine combustor-inlet conditions modlfi- 
cation 5 slightly outperforms 4, A comparison is again made for 



two combustor configurrttions having the stme total-pressure loss 
and cliff erent hole arrangements in figure 8 (8). In this case, the 
total-pressure loss is much less than for the combustors compared 
previously. Modification 6 (modified hole arrangrrmment ) is compared 
with the original design. altitude aperational limits of modi- 
fication 6 are 50,000 feet a% 17,000 q m  and 38,000 feet at 
10,000 qm for the 19XB engine. These limits are notably higher 
than those of the original combustor over the range of emine speeds 
investigated. 

Operation of the combustor segment with msdifioation 7 was so 
inefficient it was evident that any mod3ficatian by which more air 
was introduced in this manner through the upstrean end of the basket 
was definitely detrimental to the operation 02 the combustor segment. 
The results of the investigation with modification 7 are not sham. 

Temperature-Rise ETfi~iencies 

The variation of temperature rise with fuel-air ratio for the 
various combustor modifications for 19B engine combustor-inlet con- 
ditions is shorn in figure 9. Lines of constaxi; temperature-rise 
efficiency are included for reference. In every modification but 
two, the tempemture-rise efficiency is constant over the range of 
fuel-air ratios, with a slight decrease in efficiency occurring at 
the higher values of fuel-air ratio. For comparison, the results 
of runs for the entire annular 19B engine combustor of the original 
design (reference 2) are included in figwes 9(c) and 9(d). From 
this comparison the results obtained from an experimental investi- 
gation of temperature rise in a one-sixth combustor segment can 
appxrently be used only to compare the relative temperature-rise 
efficiencies of vazious combustor designs in the segment because 
satisfactory check with the complete annulus was not obtained, 
which was probably due in part to the effect of the walls in the 
segment not present in the complete annulus. For the conditions 
given in figure 9(a), only modification 4 wae investigated because 
knowledge of the perfomance of this modification at sea-level 
take-off conditions was desirable, With respect to efficiency, 
the cwves for the various modifications fall with consistsnt 
relation to each other for the three sets of inlet conditions in 
figures 9(b), 9(c), and 9(d), It is to be recalled here that with 
respect to altitude performance,modificatian 6 outperformed all 
other modifications. The fact that modification 4 showed the 
highest temperature-rise efficiencies over the range of eonditians 
investigated seems to indicate that in the combustor segment there 
is no consistent correlation between temperature-rise efficiency 
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and altitude operational limits. This incoaistency can be explained 
if it is remembered that many of the altitude experimental points 
were inoperative because of sudden blow-out and not because of a 
decrease in temperature-rise efficiency. The efficiency of modifi- 
cation 4 at the required outlet temperature at sea level and an 
engine speed of 17,000 r p m  for the 19B engine was 97 percent. For 
this modification at 30,000 feet and 16,500 r p m  for the 19B engine 
the efficiency was 92 percent. Temperature-rise efficiencies for 
modification 6 are higher than those for modification 5 over the 
larger part of the range of fuel-air ratios covered by the investi- 
gations; whereas, the temperature-rise efficiencies of modifica- 
tion 5 are slightly higher than the oriqinal design. 

In two of the curves (figs . 9(b) and 9(c) ) , an extreme drop in 
temperature-rise efficiency occurs at an intermediate fuel-air ratio 
and then the curves continye again at constant efficiency. This 
drop might indicate a shift in flame seat or a change in type of 
combustion. 

Temperature Distribution at Combustor Outlet 

The temperature patterns at the combustor outlet are ahown by 
means of contour diagrams in figure 11, The condition for which 
all the contour diagrms are shown is for the 1913 engine at an 
altitude of 5000 feet and an engine speed of l2,OOO rpm. Fig- 
ure U(a) shows the temperature pattern for the original combwtor 
design. A high-temperature region exists at the left of the figure 
Ebnd from there to the opposite side of the outlet section the tem- 
peratures gradually decrease. Thfs distribution persisted throughout 
the investigations for all the modifications and the variation in 
temperature appeared somewhat more extreme for several of the modi- 
fied combustors. Peak temperatures for some at the modifications 
were as much as 200' F higher than in the original design for 
approximately the same average combustor-outlet temperature (930° F), 

A temperature check qiade 13 inches downstream of the combustor- 
outlet section showed no appreciable increase in temperature or 
afterburning downstream of what would be the turbine-inlet section 
(station 2) in the actual engine (fig, 12). 

Results of an experimental investigation to determine the 
effect of air-flow distribution and total-pressure loss on performance 
of a one-sixth combustor segment of the annular-combustor type are as 
follows : 
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1, Altitude operational limits of the combustor segment, for 
the 19XB engine using the original combustor-basket design were 
approximately 38,000 feet at 17,000 rp, Ebnd 26,800 feet at 
10,000 rp. The altitude operational limits were appoximtely 
50,000 feet at l7,OOO rpm and 38,000 feet at 10,000 r p  for a 
combustor-basket design in which the air-passwe area in the basket 
was redistributed so as to admit gradually no more than 20 percent 
of the air along the first half of the basket, In this case the 
total-pressure loss through the cambustor segment was not appreci- 
ably changed fram the total-pressure loss for the original combustor- 
basket design. 

2. Altitude operational limits of the combustor segmmt for 
the 19XB engine were above 52,000 feet at 17,000 rpm and were 
approximately 23,000 feet at 10,000 r p  for a combustor-basket 
design in which the distribution of the air-passage area in the 
basket was that of the original design but where the total-pressure 
loss was increased to 19 times the inlet reference kinetic pressure 
at am inlet-to-outlet density ratio of 2.4, The total-pressure 
loss for the original design was 14 times the inlet kinetic refer- 
ence pressure at an inlet-to-outlet density ratio of 2.4, 

3, Trends in the results from investigations of the altitude 
stability for the 1913 engine were similar to those obtained for 
the 19XB engine, 

4, For the four operating conditions of altitude and engine 
speed at which temperature-rise efficiencies were investigated for 
the 1913 engine, the combustor-basket design in which the air- 
passage area in the basket was redistributed to allow 20 percent 
of the air to enter in the first half of the basket slnd where the 
total-pressure loss m a  increased above that for the original 
cambustor design, consistently showed tihe highest temperature-rise 
efficiency, A temperature-rise efficiency of 97 percent was 
obtained for this design. at sea level and 17,000 rp, The effi- 
ciency was 92 percent for this design at 30,000 feet and 16,500 rpa, 

5, Temperature distribution at the combustor outlet was 
affected by design changes which caused changes in air distribution 
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or total-peasure loss, For the same average combustor-outlet tan- 
perature of 930° F, peak tanperaturea were as much as 200° F higher 
for sane modifications than for the original combustor. 
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Effect of Combustor-Inlet Conditions on Perfo~mance of an 
Annular Turbojet Combustor. MACA TN No, 135'1, 1947, 
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~ i ~ u r e  1. - Operating characteristics of two turbojet angines at 
flight speed of 0 miles per how, (~ef erence 1. ) 
(a) 19B turbo jet engine, 
(b) 19XB turbojet engine (estimate3 data). 

Figure 2. - Magram of laboratory ducting and installation of one- 
sixth combustor segment. 

Figure 3. - Diagram of one-sixth combustor segment showing location 
of instruments and .details of ducting , 

Figure 4. - Imtrumentation arrangement of themocouples and total- 
pressure rakes. 
(a) Inlet thermocouples, upstream of station 1. 
(b) Thermocouple rakes at station 2. 
(9) Inlet total-pressure rakes, downatream of station 1. 
(d) Thermocouple rakes and total-pressure rakes at station 3. 

F w e  5. - Development of basket walls of one-sixth cambustor 
segment, 
(a) Original design. 
(b) Modification 1 (shaded holes blocked), 
(c) Modification 2 (shaded holes blocked), 
(d) Modif ication 3 (shaded holes blocked) . 
(e) b l o d i f  ication 4 (shaded holes blocked). 
(f) Modification 5, 
(g) Modification 6. 

Figure 6. - Cross section of one-sixth combustor segment with modi- 
f ication 7, Basket-hole arrangement as 'originally designed. 

Figure 7, - Axial distribution of hole area in basket and area- 
ratio representation of relative air velocitiea in combustion 
zone for nonburning conditions, 
(a) Original design, 
(b) Modification 1, 
( 0 )  Modification 2. 
(d) Modification 3. 
(e) Modification 4, 
(f) Modification 5. 
(g) Modification 6, 



Figure 8. - Altitude operational. limits of one-sixth segment of 
a.nx-~Lr%r tuzbojet cmbwtor , 
(a) Eef ect of baeket-hole moaf ications , Investigation conducted 
using 19B eng 

(b) Effect of c ough basket. 
Original air 

(c) Effect of c in total-pressure lose through basket, 
Modified afr distributjbon, 

(dl) Effect of air-f low distfib~~tion through basket. High com- 
bustor total-pressure loss. 

(e) BFPect of air-flow distribution through basket, Low com- 
burrtor total-pressme loss. 

Figwe 9, - Effect of fuel-air-ratio variation on temperature rise 
through canbustor, 
(a) Operating conUt2a;zas Tor 19B engine at sea level and engine 
speed of 17,000 qm: air flow, 4.85 pounds per eecond; inlet- 
air total pressure, 42,8 pounas per square inch absolute; 
inlet-air temperature, 300' F, 

(b) Operating conditions for 1913 engine at altftude of 5000 feet 
and engine speed. of 12,000 rpm: air flow, 2.77 zounds per sec- 
ond; inlet-air total pressure, 23,O pomds per square inch 
adbsolute;  let-air temperature, 15S0 F. 

(c) Operating conditions for 19B engine at altitude of 16,000 feet 
and engine speed sf 10,000 ~ p m  with 20-percent excess of normal 
inlet total pressure: air flow, 1.91 pounds per second; inlet- 
air total pressure, 16.1 pounds per square inch absolute; inlet- 
air temperatwe, 80° 3, 

(d) Operating conditions for 19B engine at altitude of 30,000 feet 
and engine speed of 16,500 rpn: ailr flow, 1,87 pounda per sec- 
ond; inlet-air total pressure, 16,O ponds per square inch 
absolute; inlet-air temperature, 190° F. 

Figure 10, - Total-pressure loss through combustor segment shown as 
function of inlet-to-outlet density ratio* 
(a) Comparison, of original design and modifications 1, 2, 3, and 4, 
(b) Compa~pisan. of original design and modificatbns 4, 5, andl 6. 



F i  %Re - 60nabuetor-outlgrZI cross sec't%on show3ng tqsm'r;m@ pat- 
t e r n  of @Bes %n%erf= twb1~k.d~ d1tftu&e, 5000 fee t ;  e ~ 3 ~ ~ h e  sped,  
12,000 rp; mquSred embua'r;or.-outlet temperature, 9300 3'; 1918 
engine, AIL tempemtmes a r e  gives i n  9, 
(a 1 Original d-esign, Average comblks tor-out l e t  tempera t w e ,  970' X! , 
(b) ~od2.?fmtfona E, Avemge combustor-outlet temperatwe, 9520 8, 
( @ )  Mod-f cation 2, Average combustor-outlet temperature, 960° F, 
(a) Modif fcatfon 3. merage combustor-out let temperatme, 9530 P, 
(e 1 IvfoUicat f on 4, Avem,ge oombus tor.-out l e t  temperature, 96g0 F, 
(f ) Modification 5, Average combustor-outlet temperature, 92d0 3'. 
( g ]  Modff i m t i o n  6, Average c m b ~ ~ t o r - o u t  le t  tamperatwe, 9840 l?, 

Figme 12, - Comparison. of' themocouple rake average a t  a tat ton 2 
with thermocouple rake wwmgs a t  s ta t ion  5, 
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Figure I .  - Operating c h a r a c t e r i s t i c s  of t w o  t u rbo je t  engines a t  f I i g h t  
speed of 0 mile per h o u r .  (Reference I . )  

CONFI  DENTI  AL 
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F igure  I .  - Concluded. Operat ing c h a r a c t e r i s t i c s  o f  two turbo j  e t  engines 
a t  f l i ght speed o f  0 m i  l e  p e r  hour. ( Reference I .  1 



i r-f Iow-regu I a t  ing va lves  

Sect ion A-A 

Sect ion & B  

Obse r v a t  ion 

Sect ion C-C Preheater  bypass 

TO labora tory  a l t i t u d e  exhaust system Laboratory combust ion-ai  r supply- 

F i g u r e  2. - Diagram o f  ; a b o r a t o r y  duc t ing  and i n s t a l  l a t i o n  o f  one-sixth combustor segment, 
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Figure 3. - Diagram of one-s i x t h  combustor segment showing l ocat ion o f  instruments and d e t a i  i s  
o f  duct ing. 
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I a) l n l e t  thermocouples, 
upstream a t  s t a t  ion I .  

t c #  I n l e t  total-pressure rakes, 
downst ream at s t a t  ion I .  

I b$ Themocoupl e rakes 
a t  s ta t ion 2. 

I d )  Thermocouple rakes and 
totat-pressure rakes 
a t  s ta t  ion 3. 

F igure 4, - tnstrurnentat ion arrangement o f  the imocouplss and to ta l -  
pressure rakes, 
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Tatal open-ho 8 e 
area. 3 . 8  sg in. 

1 Inner w a l t  

of r t#rskt  avaE i s  of  one-s Sxth combustor segment, - 
(0 



Row 

19 

18 

Tota l  open-hole 
area, 20. 31 sq in. 

Inner wal l 
I 

l c )  Modi f ica t ion  2 (shaded holes blocked). 

F igure 5. - Cont lnued, Development of basket wal Is of one-s i x t h  combustor segment, 
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NACA RM No. E7K 16 

Distance downstream from upstream end of basket, in. 

( a )  Original design. 

Figure  7. - A x i a l  d i s t r i b u t i o n  o f  ho le  a r e a  i n  basket and area - ra t io  
representa t ion  o+ r e l a t i v e  a i r  v e l o c i t i e s  i n  combustion zone f o r  non- 
burning cond i t ions ,  
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* 
fi 
B, 
0 

b 
Row 

Distance downstream from upstream end of basket, in. 
(f) Modification 5 #  

Figure 7 ,  -. CbnP:n~ed+ AxEal d8stribukion o f  ho le  ares i n  basket  and 
area-rat10 i^apsssen$aPloi-i s f  ~eCatIve iair v s l ~ e l f r i e s  i n  combustion 
zone f o r  r b s n $ u  ~n ! ng cond i t ionse 
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Simulated engine speed, rpm 
(a) Effect of basket-hole modiPications. Investigation 

conducted using l 9 B  engine performance characteristics. 

Figure 8.  - Altitude operational limits o f  one-sixth segment o f  annular 
turbojet C O R I D U S ~ O ~ .  
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Inves t iga t ion  conducted us  '-ng 19B engine 
performance c h a r a c t e r i s t i c s  --- Inves t iga t ion  conducted us ing  l9XB engine 
performance charact i  i s  t i c s  

Simulated engine speed, rpm 
( b )  E f fec t  of changes i n  to ta l -pressure  loss through basket. 

Orig ina l  air  d i s t r i b u t i o n .  

Figure 8. - Continued. Al t i tude  opera t iona l  l i m i t s  of one-sixth segment 
of annular turbojet  combustor. 
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Simulated engine speed, rpm 

(c) E f f e c t  of changes i n  to ta l -pressure  l o s s  through basket. 
Modif f ed  air  d i s t r i b u t i o n .  

Figure 8. - Continued. Alt i tude opera t iona l  l i m i t s  of one-sixth segment 
of annular t u rho j  e t  combustor. 
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H- Investigation conducted using lgB engine 
performance characteristics 

-Investigation conducted using lgXB engine 
performance characteristics H 

Simulated engine speed, rpm 
( 6 )  Effect of air-f low distribution through basket. High 

combustor total-pressure loss. 

Figure 8. - Continued, Altitude operational limits of one-sixth segment 
of  annul nr turbojet combustor, 
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Simulated engine speed, rpm 
( e )  Ef fec t  o f  air-f low dfs tr fbut ion  through basket. Low 

combustor total-pressure l o s s ,  

Figure 8. - Concluded. Altitude operational limits of one-sixth segment 
o f  annular turbojet  combustor. 
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Figure 9. - Continued. E f f e c t  o f  f u e l - a i r - r a t i o  v a r i a t i o n  on temperature r i s e  through combustor, 
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Figure IQ, - Total-pressure loss through combustor segment shown as function o f  in le t - to -out le t  
density ra t io .  
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(a) Original design. Average combustor-outlet 
temperature, 970° F. 

(b) Modification 1, Average combustor-outlet 
temperature, 952' F. 

( c )  Modif %cation 2, Avelra e combustor-outlet 
temperature, 9 E oO, F, pv 

Figure I I .  - Combustor-out1 e t  cross sec t ion  showing temperature p a t t e r n  
of  gases e n t e r i n g  t u r b i n e .  A l t i t u d e ,  5000 feet;  engine speed, 
12,000 rpm; requi red combustor-out l e t  temperature,  930a F; 19B engine. 
A l l  temperatures a r e  given i n  OF. 
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( d)  Modif icat ion j . Average combus tor-outle t 
temperature, 953O F. 

( e )  Modification 4. Avera e combustor-outlet f temperature, 9 9' F. 

Figure I I. - Cont inued. Combustor-out1 et c m s s  sect - im sn&ing temper- 
ature pat tern  o f  gases enter ing turbine. Al t i tude,  5000 feet; engine 
speed, l2.000 rpm; regu i red combustor-out l e t  temperature, 9%' F; 
190 eng ins. A I  l temperatures are  given i n  OF. 
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( f )  Modifbeation 5, Average combustor-outlet 
temperature, 924' F. 

( g )  Modif lcation 6, Average combustor-outlet 
temperature, 96b0 F. 

Figure l I .  - Conc 1 uded, Combustor-out l e t  cross sect ion showing temper- 
a t u r e  p a t t e r n  o f  gases enter ing  turb ine ,  A l t i t u d e ,  5000 feet; engine 
speed, 12,000 rpm; requ i red combustor-out l e t  .temperature, 9 30' F; 
198 eng ine. A l  l temperaou res are  g lven an OF, 

Restriction/Classification Cancelled

Restriction/Classification Cancelled
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F i g u r e  12. - Comparison o f  thermocouple rake average a t  s ta t  ion 2 w i t h  
the  rmocou p l e rake  average a t  s t  a t  ion 3. 
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