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SUMMARY 

Cooling data were obtai ned for a transpiration-cooled afterburner 
having a porous combusti on- chamber wall of brazed and r olled wire cloth 
for a range of exhaust - gas temper atures from 1 2000 to 33400 R, total 
flow r atio of cooling air to combustion gas of 0.025 to 0.106, and 
pressure alt itudes of 15,000 to 45 ,000 feet. The data are successfully 
corr elated over a range of Reynolds number from 75 ,000 to 1,500,000, 
based on the distance downstream of the leading edge of the porous wall. 

Maximum wall temper atures based on the cooling correlation wer e 
determined f or a porous wall of uniform per.meability at sea-level take 
off and for f light Mach numbers of 0.8, 1. 5 , and 2.0 at an alti tude of 
35,000 feet. The cooling- air re quirements wer e nearly independent of 
the flight conditi ons . A total flow r atio of cooling air to combustion 
gas of about 0.032 can maintain a maximum wall temper ature of 12100 R 
with an exhaust - gas temper ature of 37000 R. The total flow r atios with 
a unifor.m permeability distribution and air flows sufficient to limit 
the maximum wall temper atures to 12100 R are about 15 percent higher than 
the ,minimum total flow ratios corresponding t o a variable -per.meability 
wall with a constant wall temper ature of 12100 R. The total f l ow r atios 
for a maximum wall temper ature of 12100 R with a wire-cloth after burner 
are about 16 percent of the total flow r atios required to cool a 
stainless - steel after burner wall convectively to a maximum wall temper a 
ture of 17600 R with exhaust - gas temperatures of 32000 and 37000 R. 
The anal ysis of cooling-air re quirements for the previously mentioned 
flight conditions indicated that COOling-air static pressures must be 
closely controlled, especially at a fli ght Mach number of 2.0. 

INTRODUCTION 

The satisfactory cooling of high-thrust - augmentation afterburner s 
for supersonic air cr aft r equir es large amounts of cooling air. These 
large quantities of cooling air, whether supplied fram the ambient-air 
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stream or from compressor bleed, i nvolve large losses in net thrust. 
These losses, however, can be minimized through the use of more effective 
cooling methods. Transpiration cooling has been shown theoretically 
(ref. 1) to be more effective than film cooling or the conventional 
method of afterburner cooling by forced convection. The high effective 
ness of transpiration cooling was experimentally verified in a preliminary 
investication of a t ranspiration-cooled afterburner having a wall of 
sintered porous stainless steel (ref. 2). The commercial sintered porous 
stainless steel used in the preliminary investigation of transpiration 
cooling for afterburners was unsuitable for use in flight afterburners 
because of low strength-to-weight ratiO, poor contr ol over the uniformity 
of permeability, and fabrication difficulties. 

I n the search for more suitable porous ,materials, wire cloth was 
investigated (ref. 3) because of its high strength-to-weight ratiO, 
availability in large sheets, ease of fabrication, and low cost compared 
with sintered porous metals. The NACA Lewis laboratory designed and 
built a h'anspiration-cooled afterburner with a porous wall of the 
brazed and rolled 'wire cloth, described in reference 3. This burner was 
operated on a turbojet engine to determine the feasibility of a wire -cloth 
transpiration-cooled afterburner and to evaluate its cooling performance. 

The cooling data from the wire-cloth afterburner are reported herein 
for pressure altitudes of 15,000 to 45,000 feet, exhaust-gas temperatures 
from 1200° to 33400 R, and total flow ratios of cooling air to combustion 
gas of 0.025 to 0.106. A cooling correlation is derived from these data. 
This correlation is then used to predict the COOling-air requirements of 
this afterburner with exhaust-gas temperatures of 32000 and 37000 R for 
several typical flight conditions of a supersonic airplane. A comparison 
is also made between the cooling-air requirements of this afterburner 
with t ranspiration cooling and with conventional forced-convection cooling . 
The experimental cooling correlation is briefly compared with the 
approximate theory of Rannie and Friedman (refS. 4 and 5) for transpi
ration cooling with turbulent boundary-layer flow. 

APPARATUS AND INSTRUMENTATION 

Test I nstallation 

The wire-cloth afterburner was mounted on a conventional axial-flow 
turbojet engine installed i n an alt itude test chamber. The test installa
t ion aft of the turbine flange is shown in figure 1. The engine and 
afterburner assembly were mounted on a bed plate suspended in the altitude 
chamber in such a manner as to permit the measurement of jet t hrust . A 
sectional view of the after burner is shown in figure 2 together with 
details of the flame holder and fuel - spray bars. The configuration between 
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the turbine flange and the beginning of the porous wall, including the 
fuel-spray bars and flame holder, was identical with the high-performance 
afterburner configuration of reference 6, which was evolved from con
figuration C of reference 7. 

Cooling air from an independent source was filtered through 100 
s~uare feet of l-inch-thick Fibergl as filter media that retained particles 
greater than 1 micron. The flow was measured by means of an A.8.M.E. 
standard thin-plate orifice. The plenum chamber and the high-temperature 
impermeable wall upst ream of the porous-wall section were Inconel, and 
the cooling-air side of the mild steel shroud was painted with zinc 
chromate primer in order to eliminate the pOSSibility of clogging the 
wire cloth with fine scale. 

The engine fuel was clear unleaded gasoline of 62-octane rating, 
and the afterburner fuel was MIL-F-5624A, grade JP-4. 

Wire-Cloth Porous Wall 

The porous combustion-chamber wall was .made from wire cloth that 
was brazed and rolled, for permeability reasons, as described in reference 

. 3. The particular cloth used was monel 21x70 twilled Dutch weave 
(designated cloth B in ref. 3) sprayed with three coats of silver solder 
per side and brazed and rolled to a 35-percent reduction in original 
thickness. The average final thickness was 0.0274 inch, and the average 
permeability coefficient K was about lX10-8 s~uare inch. The tapered 
combustion chamber was lined with a porous wall .made from 20 pieces of 
wire cloth formed into shallow channels. Each channel was 1/2 inch deep 
by about 41 inches long and tapered in width from about 4 inches at the 
upstream end to about 3.5 inches at the downst ream end. The channels 
were spot-welded to angles (fig. 3) that were fastened to the structural 
shroud by blind rivets . The permeability of each channel differed 
slightly from the average permeability for all the channels. It was 
expected that the cooling-air static pressure would vary somewhat 
circumferentially because of the tangential inlet to the plenum chamber. 
Therefore, the channels were arranged i n an order that would tend to 
produce a circumferentially uniform distribution of cooling air . 

The newly fabricated porous combustion-chamber wall is shown _n 
figure 4(a). The channels of wire cloth were permanently bulged t oward 
the center line of the combustion chamber after the initial operation of 
the engine. Figure 4(b) shows the bulged channels at the end 0fhe 
cooling investigation with cooling passage height s of about 3/ ' ,0 7/8 
inch in .midchannel. The method of suspending the wire cloth ~ ?ed a 
minimum of disturbance to the cooling-air film on the gas sid of' the 
porous wall, and the bulging of the channels reduced tensile L~resses 
in the wire cloth caused by pressure forces. The impermeable wall 
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upstr eam of the por ous wall was for ced- convection cool ed by the cooling 
air befor e it f l owed i nto the 20 dead·'ended cooling-air passages . 

I nstrumentation 

The r esearch instr umentation for measurement of temperatures and 
pressures at' sever al stati ons through the turbojet engine was the same 
as in refer ence 6 . The location of each temperature and pressure 
measurement on the after burner is shown in figure 5 . The five principal 
stations of instr umentation on the porous wall wer e 24, 32 . 6, 41, 49 . 6 , 
and 57 . 5 i nches downstr eam of the quick-disconnect flange at the 
combustion-chamber inlet ( see fig . 2) . 

Details of a typical group of instrumentation are shown in figure 6 . 
The cool i ng- air temper ature probes had butt -welded iron- constantan 
thermocouple junctions shaved smooth to O.OlO -inch diameter . The 
thermocouples on the wir e cl oth were 28-gage (O.013 -in .) chromel- alumel 
wir e individuall y wrapped with s i licone - t r eated asbestos insulation and 
over braided with Fibergl as insulation. The orientation and application 
of the spot -welded junctions on both sides of the wire cloth can be seen 
i n figure 6 . Ther e wer e only four ther.mocouples on the gas side of the 
wire cloth because of difficulties in installation. The shroud tempera
t ure s were measured with 22 - gage (O.025-in .) iron- constantan thermo 
couples (not shown i n fig . 6) spot -welded to the outside of the shroud. 
The longitudinal profile of static pressure in the combusti on chamber 
was determined by means of O. 080 -inch outside diameter by O. OlO- i nch 
wall stainless - steel t ube s sweat -br azed into the wir e cloth and ground 
flush . The f l exibility of these t ubes and the method of leading them 
out of the passage permitted the wire cloth to assume a natural curve 
with minimum distortion of the cloth at the point of pressure measurement. 

Str ain- gage pressure pickups were mounted on the cooling-air plenum 
chamber and on t he combustion- chamber wall a i.-, the flame -holder station 
to obtain the static -pressure pulsations in the cooling air and combust ion 
chamber during i gnition and normal afterburning . The pressure pulsations 
were r ecorded on a two- channel oscillograph . 

TEST PROCEDURE 

Air -flow calibrations wer e obtained for each piece of wire cloth 
before fabrication into the porous ,..,all. These calibrations were taken 
at poi nts wher e temper ature i nstr umentation was later applied . Additional 
cold-air- flow calibr ations were made of the assembled porous wall) as a 
whole , at several ambient pressure levels befor e and during the coolinG 
investi gation to detect any over -all change in the air- f low calibrations 
from plugging by fuel or combustion residues or from oxidation of the 
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brazing all oy. Nonafterburning check points wer e also made during the 
cooling investigation as a check on instrumentati on and changes in the 
wir e cloth . 

5 

The data are pr esented in tables I to V, and the appr oxi mate range 
of same of the variabl es are given in the fol lowing tabl e for an inlet 
cooling-air temper ature of 5350 R: 

Pressure Compr essor Cooli ng -air Exhaust - Type of test 
altitude, air flow, flow, Wa 7 gas total 

ft lb/ sec lb/ sec temper ature, 
T g,2, 

oR 

Sea level 0 0 . 970- 5 . 810 a535 Check on air-
15,000 0 1 . 255 - 4 . 344 a535 f l ow calibr ation 
35,000 0 . 903 - 2 . 849 a535 and pl ugging of 
45 ,000 0 1. 49 -1. 79 a535 wir e cloth 

15,000 45 . 8 1. 2- 3 . 8 1200 Cooling , non-
35 ,000 25 .5 .83- 2 .7 1250 after burning 

15 ,000 45 .8 1.37-3 . 25 2580- 3010 Cooling, 
35 ,000 25 . 5 1. 26 - 3 .16 1800- 3340 afterburning 
45 ,000 15 . 6 1. 49 -1. 79 3185 

aAppr oxi mate ambient - air temper ature . 

The cooling- air f low was varied at a gi ven pressure altitude and 
fuel - air r atio between the following limits: 

(1) Minimum static -pressure difference 6p across upstream edge of 
wire cloth of 0 .5 l b/sq in . to prevent rever se flow of 
combusti on gas through wire cloth 

( 2) Maximum 6p acr oss downstream edge of wire cloth of 6 l b / sq i n . 
to avoid bursting channel s of wire cloth 

(3) Maximum wire - cloth temper ature of 14600 R to avoid excessive 
r ate of pluggi ng from oxidation of silver solder 

(4 ) Maximum t urbi ne -out l et gas temperature of 16250 R to protect 
t urbine from over-temperature 
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METHODS OF CALCULATION AND ANALYSIS 

Cooling-Air Flow 

Local values of the cooling- air flow normal to a uni t of wir e - cloth 
surface area (pV) a were computed for two channel s , channell having the 
hottest and "channel 9 havi ng the col dest por ous -wall temper atures . Thi s 
computation was based on the air -flow calibr ations of figure 7, the 
thickness of each channel, the r especti ve longi tudinal pr ofiles of 
cooling-air stati c pressure , and the assumption that the l ongitudinal 
pr ofile of combustion- gas stati c pres sure was circumfer enti ally uniform . 

2 
~(p2 ) (I-lo) To (Symbol s are defi ned i n appendix A.) The or di nate - of 

't I-l T 
figure 7 is i n effect a measure of the pressure drop per unit thickness 

I-l 
across the por ou s wall, and the abscissa ( pV) a I-l0 i s the r educed weight 

flow of cooling air per uni t of wir e - cl oth surface area . The vi scosity 

and temper ature r atios , I-lo/I-l and (l-lo/ I-l)2 To/T , r educe the air- flow data 

to NACA standard temper ature . A theor etical anal ysi s i n r eference 8 
indicat es that the pr ofi le of air temper ature acr oss a por ous wall 
should pr actically coinci de wit h profi le of metal temperature except for 
a ver y shor t distance on the si de the ai r enter s the wall . Consequentl y, 
the viscosity- and temper ature - r atio fac t or s should be evaluated at the 
aver age l ocal wall temper ature . Measured wall temper atures on either 
side of the wire cl oth i n thi s after burner wer e within 200 R of each 
ot her, so for conveni ence the f actor s were eval uated at the temper ature 
measured by the air-side thermocouples) which were instal led at each 
st ati on of channels 1 and 9 . 

The calculated t otal cooling-air flows in a later section) Cooling
Air Requir ements Calculated f r om Cooling Correlation) wer e obtained f r om 
t he step-by- step summati on of nD( pV) a6x. 

Exhaust -Gas Temper ature 

The total tempe r ature of the exhaust gas was calculated f r om the 
exhaust -nozzle total pr essure P68 ' meascITed jet thrust) velocity 
coefficient ) and gas f l ow by the followi ng equation (ref . 7) : 

(F" ~ 2 ( -1) Tg,2 = g~m/ (:R) Y;g (1) 
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The values of R were computed according to the method of reference 9) 
and the jet velocity coefficient was determined to be 0.97 from data 
presented in reference 10. 

Local Combustion-Gas Temperat ures 

Local values of the combustion- gas total temperature 'T' -g)x 
afterburning were computed from the empirical equation (ref. 11) 

with 

where T 
g)l 

is assumed equal to the turbine - discharge gas temperature) 

and Tg,2 is the exhaust - gas total temper ature. Equation ( 2) makes 

no allowance for possible hot streaks and implies a uniform transverse 
profile of combustion- gas temperature . Hot streaks undoubtedly wer e 
present, although observation of the combustion color and pattern by 
means of a periscope directed up the burner axis showed good circumfer
ential uniformity . The t ransverse temperature pr ofile was made as 
uniform as possible in a previous investigation of the radial fuel-air 
distribution when this same configurati on had a convection- cooled 
impermeable wall. 

For nonafterburning cooling data, local values of bulk total 
temperature Tg,x were assumed equal to the turbine - discharge gas 

temper ature Tg,l' 

Correlation of Cooling Data 

Cooling data from five stations along the two typical channels of 
,nre cloth were correlRted by plotting the temperature - difference r atio 
(T - T )/(T - T ) against the coolant - flow ratio (pV) /(pU) for wag a . a g 
constant values of bulk Reynolds number . The flow over the porous wall 
was believed to be similar to the boundary-layer flow over a flat plate, 
so that the lengt h used in the Reynolds number was taken as the distance 
from the leading edge of the porous wall , Consequently, the temperature 
difference ratios and the coolant-flmr rat ios are local values corre 
sponding to the local Reynolds numbers . The viscosity of the combustion 
gas was assumed t o be the same as for air given in table 2 of reference 
12 and was evaluated at the film temperature Tf . The quantity (pU)g 

was assumed identical to the local one - dimensional value of total weight 
flow per unit of combustion-chamber flow area. 
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The wal l temper ature Tw i n the temper ature - differ ence r atio 

(Tw - Ta )/ (Tg - Ta) wa s measured on the cooling- air s i de of the wir e 

cl oth but can be cons ider e d practi cally to r epresent t he wal l temper a 
t ure on the hot - gas side be cause of the small differ ence i n measured 
temper ature s acr oss the wi r e cloth i n thi s after burner . 

Cooling-Air Requirement s Calculated f r om Cool ing Correl ati on 

The experimental cooling correl ati on of this investi gation was used 
to calculate t he longitudinal pr ofile of por ous -wall temper ature in thi s 
afterburner . The condit i ons anal yzed are given i n the foll owing table : 

Fli ght Flight Alt i t ude , Exhaust - gas 
conditi on Mach f t total 

number temper ature , T g,2) 
OR 

A 0 Sea l evel 3700 
B .8 35 )000 3700 
B . 8 35 )000 3200 
C 1. 5 35 ,000 3700 
D 2 .0 35 )000 3700 

The t urbine - discharge temper ature was 1 7100 R for all conditions . The 
cooling- air s tati c pr essure and the permeability of the por ous wall wer e 
assumed to be absol utel y uni form) and the air-f l ow cali br ation of the 
porous wall wa s assumed to be identical with the mean calibratton 
curve of f igure 7. Wi t h a uniform permeabi l ity , most of the porous wall 
will be overcooled except for same peak temperature r egion) which must 
not exceed t he maximum all owable oper atj.ng temper ature of the por ous 
material. The calculated maxi mum wall temper atures wer e plotted against 
total flow r ati o f or each flight condition . I t should be kept in mind 
that wall temper atures calculated f r om the cooli ng corr elation are 
assumed to be uni form around the ci r cumfer ence at each station . Usually) 
a safety factor must be allowed for r andom hot spots in the porous wall 
caused by hot str eaks i n the combusti on gas or by local areas that have 
less than the mean permeabi lity . 

Va nimum cooling- air flow . - The IDlnlmum cooling- air flow for a 
given temper ature l imit r esults when the wall temper ature is m1:.intained 
constant at the maximum allowable oper ating temperature of the porous 
mater ial by use of an i nfinitel y variable permeability distribution 
along the por ous wall . The assumption of a constant wall temperature 
makes i t poss i ble to compute the minimum cooling-air distribution and 
the minimum total flow r atio dir ectly f r om the cooling correlat i on 
without consi dering the distributions of permeability that would be 

J 
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r equir ed to provide the ,IDlnlmum cooling- air distribution . Although it 
i s not practical to vary the per meability dist ribution for each f light 
and oper ating condition in an actual after burner) the minimum flow 
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r atios are useful for r efer ence and for examination of t r ends . Minimum 
total flow ratios were therefore also computed for flight condi tions A to 
D with a copstant porous -wall temperature of 12100 R. 

Longitudinal profile of combustion- gas static pressure. - The static 
pr essure profile al ong the l ength of t he combust i on chamber was 
calculated step-by- step f r om well-known one - dimensional f l ow r e l ations 
for momentum pressure drop i n a constant - area duct and the isentropic 
vari ati on of Mach number with area r atio . The friction pressure drop) 
which was assumed to be small r e l at ive to the momentum pressure loss) 
was neglected . 

Cooling- air pressure and temper ature . - The cool ing air was assumed 
to have been llled f r om an i nter stage of the compr essor (at a compressor 
effi ci ency of 0 . 85 ) at a pr essure hi gh enough to allow for a pressure 
drop of 1 pound per squar e inch through val ves and ducting to the 
upstr eam edge of the porous wall . The pre~sure drop acr oss the porous 
wall was limited to a minimum of 1 pound per square inch for practical 
contr ol) and to a maximum of 6 pounds per square inch to pr event 
bursting the channels of wir e cl oth . The cooling- air pressure and 
temper atur e wer e pr esumed to be uniform in all cooling- air passages . 
Convective heat t ransfer to the cooling air by the impermeable wall 
upst r eam of the por ous wall was assumed to r aise the air temper ature 
500 above that corresponding to the compr essor bleed temperat ure . 

Cooling-Air Requirement s with For ced- Convection Cooling 

Cooling-air requir ements for for ced- convection cooling of this 
afterburner with ram air wer e calculated for exhaust - gas temper atures 
of 32000 and 37000 R for fli ght condition B from data in r eference 13 
and the cooling correlation of r efer ence 11 . 

RESULTS AND DISCUSSION 

Typical Data 

Figure 8 shows typical measured cir cumfer ential pr ofiles of the 
cooling- ai r static pressure and wire - cloth temperat ure . The static 
pr essure profiles shown result from the tangential inlet on the plenum 
chamber and the previously me nt ioned order of assembli ng the channels 
of wire clotb . As would be expected) the tempe r ature profiles are the 
rever se of the pr essure pr ofiles . Figure 8 shows that channell was 
generally the hottest and channel 9 the coldest ) wtth or without after
burning . 
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Typical l ongitudinal profiles for the wi r e - cloth afterburner are 
shown in figure 9 . The impor tance of eliminating circumferential gradients 
in cooli ng- air stati c pressure and in permeability is obvious f r om the 
5300 R variation i n wall temper ature at station 62 in figure 9 (a ). Part of 
the circumferential temper ature spread in this after burner would have been 
aver ted if ther e had been no circumfe r ential pressure gradient in the 
cooling air,. The pressure gradient could have been reduced by a better 
plenum- chamber inlet or by cr oss-flow holes i n the angles that suppor ted 
the channels of wir e cloth . Wir e cloth mor e closely meeting the specified 
per.meability could have pr actically el iminated circumfer enti al variations 
in wall te.mperature , except for those caused by any hot str eaks i n the 
combustion gas . The slight drop i n cooling- air temperature (figs . 9 (a ) 
and (c )) along the l ength of t he cooling- air passage is due to heat 
losses through the uninsulated shroud. 

The l ongitudinal profiles of static pressures on both sides of the 
porous wall are shown at the top of figures 9 (b) and (d). For the 
relatively high flow r atios shown (Wa/ Wg of 0 . 0716 to 0 .0951), the 

conti nuous bl eeding of air t hrough the porous wall caused a deceleration 
of the cooling- air f low and a corresponding ri se i n stati c pressure of 
the cooling air in the flow dir ection. With the l ow flow ratios of 
practical inter est, the static pressure of the cooling air was almost 
independent of passage length . 

The vari ation of pr essure drop across the porous wall with distance 
along the wall is r epresented by the ver tical distance between the static 
pr essures of the cooling air and of the combustion gas . The result ing 
longitudinal pr ofil e s of coolant -flow r atio ( pV) a/(PU) g are shown in 

figures 9 (b ) and (d). The cool ant - flow r atios for channel 9 were 
consider ably higher than for channel l. The differ ences in cool ant-flow 
ratios are caused by t he differ ences i n permeability and the absolute 
pressure level in each channel . I t is r ecalled that the air-flow cali 
br ati ons of figure 7 indicate ( pV) a i s a function of the differ ence of 

the squares of the absolute static pressure on both sides of the porous 
wall instead of the pressure drop alone . The curves of the frac t ion of 
total cooling ~air f l ow in each channel ar e almost linear and nearly 
identical Tor channel s 1 and 9 (figs . 9 (b) and (d) ). I t can be inferred, 
ther efor e, that the longitudinal addition of cooling air was almost linear 
through all the channels of wire cloth. 

Before discussing the cooling correlation, it is of ,interest to 
deter.mine whether ther e was any pr ogr essive change in the air-flow 
calibration of the wire cl oth during the cooling investigation. A dull 
gr easy smudge for.med on the combustion- gas side of the wire cloth in 
spi te of the cool-j ng-air film flowing away from the wire cloth during all 
periods of engi ne oper ation . The smudge is visible tn figure 10 to the 
left of the white lines. The areas to the right of the white lines have 

.-. 

.' 



NACA RM E54E25 11 

been wiped clean with cleansing tissue to show the condition of the 
wire cloth after 4 hours 10 .mi nutes of afterburning . The s.mudge caused 
no discer nible effect on air-flow calibration. 

Figure 11 shows the circumferential aver age static -pressure drop 
acr oss the porous wall against orifice cooling-air flow for several 
levels of combustion-chamber pressure at stati ons 24 and 57. 5 . The 
agreement between data taken before and during the cooling investigation 
was excellent at all stations . On the basis of figure 11 and the close 
agreement betvreen temper ature -differ ence r atios for nonafter burning 
check points~ it is concluded that there was no significant change in 
the air -f l ow calibration of the wire cloth during the cooling 
investigation . 

Cooling Cor relation 

The experimental cooling data with afterburni ng are corr elated over 
a range of Reynolds numbers in figures l2(a) to (f) . Cooling data 
obtained from channels 1 (hottest) and 9 (COldest ) met, or overlapped, 
to d.efine a si:lgle curve when the Reynolds number was held approximately 
constant. Trie mean curves drawn through groups of data points having 
appr oximatel y the same Reynolds number are summarized i n figure l2(g). 
Within the r anges investigated, neither Reynolds number nor radiation 
had any marked effect on the correlation of afterburning cooling data 
for coolant-flow ratios less than about 0.007 . Above a coolant - flow 
rat i o of 0 . 007, the temper ature -difference ratio, and hence the porous 
wall temperature for f i xed cooling-air and gas temper atures, decr eased 
as Reynolds number increased from about 75,000 to 800,000 . The curves 
for Reynolds nun1bers of l,OOO~OOO and 1~500~000 lie, respec tively, above 
and below the curve for 800,000 . It is probable that i n this Reynclds 
number range, corresponding to stations 49 . 6 and 57 . 5, inc~eases in 
radiant hea~ transfer tend to coun~erbalance increases in the Reynolds 
number (see r ef . 1), although the radiant heat t r ansfer was calculated 
to be less than one -tenth of the convecti"/e heat t ransfer . 

A direct comparison between the curves of the experimental cooling 
correlat ion and those pr,::dicted by the approximate theory of references 
4 and 5 is not entirely realistic because of the different assumptions 
used with these data and those used for developing the approximate theory. 
However, a partial comparison is made in appendix B. 

Although nonaf'terburning conditions were not of primary importance 
to the present investigation, the nonafterburning conditions are Jf 
somewhat general interest in connection with the heat -transfer process 
of transpiration cooling . The combustion-gas temperature was ~lmost 
constant along the length of the combustion chamber during n01a.fter
burning, and radiation from t he gas was negligible because of t he low 
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gas t emper ature and pressures . The nonafter burning coob,ng data are 
presented i n tables I to I V. Nonafter burning cooling data are shown 
in f i gure 1 3 by plotti ng (Tw - Ta)/(Tg - Ta) against Reynolds number 

for constant val ues of (pV) a/( pU) g . Cooling correlation curves for 
Reynolds numbers of 105 and 106 (fig . 14) were obtained from a cross 
plot of fi§Ure 13 . The curves of figure 14 are similar in shape and 
magnitude to the afterburning data for comparable Reynolds numbers, 
as can be seen in figure 15 . Although somewhat better cooling is in
dicated by the nonafterburning than by the afterburning data at coolant 
flow r atios l ess than about 0 . 007, the agreement between afterburning 
and nonafter burning data is consi der ed satisfact ory . The agreement 
probabl y would have been cl oser i f measured values had been available 
of the local combustion-gas temper atures and of ( pU)g near the wall, 

instead of assuming (pU) g = Wg/ Ag . The profiles of ( pU)g are known to 

differ between nonafter burning and afterburning condi t ions. 

Transpi r ati on- Cooling Performance 

Figure 16 i s a plot of the calculated maximum wall temperature 
agai nst total flow r atio Wa/ Wg for the assumed f li ght conditions A 

to D when operating with an exhaust - ga~ temperature of 3700 0 R. I t 
should be emphasized that the air flow through the porous wall is a 
function of t he difference of t he squares of the absolute pressures on 
ei t her side of the wall ( see fi g . 7) . Hence the magni tude and the 
longitudinal position of the maximum wall temper ature are functions of 
the profi l es of the absolute static pr essures and of the combustion-gas 
temperature . The profiles of absolute stati c pressure are dependent on 
t he flight condition and the pumping char acteri stics of the engi ne used, 
in addi t ion t o pr essure losses i n the after burner. For the flight 
conditions investi gated, the maximum wall temperature occurred at t he 
leading edge of the por ous wall , except when the cooling-air static 
pr essure was r educed to 10 . 85 pounds per square inch absolute . At 
t his pressure , the maximum wall temper ature moved to about station 49 . 6 . 

Separate curves of maximum wall temper ature agai nst total flow r ati o 
,-rer e obtai ned for each fli ght condit i on (fig . 16). The curves closel y 
overlap s o that the cooling- air r equir ements were nearly independent of 
flight conditions ; however, the curves would be s eparated more if the 
gas tempe rature had been widely varied . The operable range of total flow 
ratio varied with flight condition because of the related minimum and max
imum pressure drops across the porous wall . The upper symbol on each cur ve 
corresponds t o the assumed minimum pr essure drop across the porous wall of 
1 pound per s quar e inch at the l eading edge . The lower symbol corresponds 
to the assumed maximum pressur e drop of 6 pounds per square inch at the 
trailing edge . The r esul ting minimum and maximum cooling-air pressures a r e 
given in figure 16 . With a uniform distribution of cooling-nir pressure , 
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the range in static pressure for control of cooling-air flow at a given 
f =Light condition is then 5 pounds per square inch .minus the drop in 
combustion-chamber stati c pressure along t he porous wall . Consequently} 
large drops in combustion-chamber pressure along the porous wall tend to 
decrease the range of cooling- air s t atic pr essure for control of 
cooling-air flow . The control range for cooling- air static pr essure 
varied from 3 . 70 to 0.66 pounds per square inch} r espectively} for 
flight conditions B and D. Cooling-air pressure must be accurately 
controlled within this r ange . For exampl e } at fli ght condition D} a 
decrease in cooling- air static pressure of 0 . 66 pound per square inch 
(only 1. 85 percent of the absolute cooling-air pr essure ) causes a 2560 R 
increase in .maximwn wall temperat ure . 

Greater range could be obtained in cooling- air static preSS1ITe by 
using several layers of wire cloth. This type of construction would 
permit higher pressure drops across the porous wall and would make pos 
sible the control of low flows corresponding to h igh maximum wall temper
atures without danger of reverse flow through the wall . The peak tempera
ture limit for the porous wall was about 14100 R because of oxidation of 
the brazing alloy on the wire cloth in this afterburner . Therefore} a 
temperature of 12100 R is assumed to be safe for the maximum wall temper 
atures computed from the cooling correlation. This temperature provides 
a 2000 safety factor for local peak temperatures caused by hot streaks in 
the combustion gas and from small random areas of the cloth that have less 
than the mean permeability . A total flow ratio Wa/Wg of about 0 .032 can 
maintain a maximum wall temperature of 12100 R with an exhaust -gas temper 
ature of 37000 R at conditions A to C. Calculations indicated that a 
maximum wall temperature of 12100 R could also be maintained at condi 
tion D by increasing the assumed maximum allowable pressure drop across 
the wire cloth by about 20 percent (po int indicated by the end of the 
dotted extension) .. A visual extrapolation of the curves of figure 16 
(disregarding pressure limits) to a wire - cloth temperature of 17600 R} 
which is a representative temperature for a wall of stainless steel} re 
sults in a total flow ratio of about 0.018 . This value compares favor 
ably with the total flow ratio of 0.016 computed in r ef erence 2 for the 
same maximum wall temperature with a porous wall of sintered stainless 
steel and an exhaust - gas temperature of about 38000 R. The somewhat more 
effective cooling indicated for a porous wall of sintered stainless steel 
in reference 2 may be caused by a more uniform film of cooling air on the 
sintered wall than that produced by the fewer number of larger pores in 
the surface of the wire cloth . 

A total flmT r atio of 0 .032 for flight condit ions A to D when 
using a uniform permeabili t y distribut ion is about 15 ·percent higher 
than the minimum total flow r at io for a constant wall t emperature of 
12100 R which '\-rould gener ally r equire a different permeability distri 
bution for each flight condition . Therefore ) the practicability of 
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using wire cloth having a nonunifor.m longitudinal distribution of 
permeability, compromising the variable per.meability distributions 
required to maintain a constant wall temperature for each of the flight 
conditions investigated, is questionable. 

Same r eductions should be expected in the total flow ratios of 
transpir ati on-cooled afterburners i f , through quality control, the toler
ance on the uniformity of permeability can be decreased f r om that of the 
brazed and r olled wire cloth used. The use of porous materials havi~g 
sufficient strength and resistance to oxidation at higher oper ating 
temper atlrre s will also permQt a r eduction in cooling-air flow . For 
example , the minimum total flow r atio would decrease about 49 percent 
if the maximum wall temper ature could be increased from 12100 to 17600 R, 
which .may be pos si-ble for cloth woven from stainless steel or I nconel 
wires. I t is expected that problems due t o oxidation of a braze alloy 
can be solved by the use of high- temperature brazing alloys under 
development, or by the substitution of sintering for brazing. 

Compar ison of Transpiration and Forced-Convection Cooling 

The cooling- air requirements for transpiration and forced-convectlon 
cooling of this after burr..er are compar-ed in figure 17 for exhaust-gas 
temper atures of 32000 and 37000 R at flight condition B. A typical 
maximum wall. temperatlrre for a forced- convection-- cooled wall of stainless 
s teel is 17600 R. With a maximum wall temperature of 12100 R, or limited 
by .minimum practical pressure drop, for a transpir ation-cooled wall of 
brazed and r olled wire cloth, the total flow ratios with transpiration 
cooling are about 16 percent of the convective requirements for exhaust
gas temperatures of 32000 and 37000 R. The corresponding inlet cooling
air temperatures are shown at t he top of the figure to be about 6350 

an~_ 4440 R) r espectIvely, for transpiration and forced-convection cooling . 
The higher temperature \·rith transpiration cooling results from compressor 
bJ.eed and from heat absor bed in convecti vely cooling the imper.meable wall 
upstream of the porous wall. 

Pressure Envir onment of Wire Cloth 

The wire c I.oth successfully \-ri ths tood the pressure surges of six 
afterburrler star ts ancl the usual pulsations in pressure during normal 
stead~r- state afterburning . I gni tion of the afterburner usually caused 
surges in combustion-chamber static pressure to peak values of 2 to 5 
inches of mercury. The surges damped out in less tban 1 second to th~ 
s-Leg.dy-state values. The surge in combustion-chamber stat.ic pressure 
caused similar sur ges in cooling-air stat ic pressure that varied anywhere 
from 0.2 to 1. 0 or 1. 5 i nches of mer"ury. These surges dissipat-::! d to 
steady-state values in several seconds . ThlTing steady- state operation 
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both the cool ing- air and combustion- chamber pressure t r aces showed 
background pr essure pulsati ons of lOO cps with a total amplitude of 
about 0 .10 to 0 .15 inch of mer cury superimposed with peaks up to about 
1 or 2 inches of mer cury total ampli t ude at r oughl y 3 cps . The duration 
of these peaks was about 0.01 second . I n one or two instances beats wer e 
observed in the t r ace of combusti on- chamber static pr essure at a beat 
f r equency of 7 cps with a total ampli t ude of about 1 to 2 i nches of 
mer cury . 

CONCLUDING REMARKS 

Cool ing data wer e obtai ned for a t r anspirati on- cool ed after burner 
having a por ou s combustion-chamber wall of br azed and r olled wire cloth . 
The data cover a r ange of exhaust - gas temper ature f r o.m 1 2000 to 33400 R, 
total flow r atio of cooling air to combusti on gas of 0.025 to 0 .106 , 
and pr essure altitudes of 15 ,000 to 45 ,000 feet . The data ar e success 
fully correlated over a range of Reynolds number s f r om 75 , 000 to 1,500, 000 
based on the distance downstr eam of the leading edge of the por ous wall . 

Maximum wall temper atures , based on the cooling correl ation, were 
determined for a por ous wall of uniform permeabi l i ty at sea- level take - off 
and for flight Mach number s of 0 .8) 1 . 5 , and 2 . 0 at an alti tude of 35 , 000 
feet . The cooling- air r equirements wer e near ly independent of the fli ght 
conditions . A total flow rati o of cooling air to combustion gas of about 
0 .032 can maintain a maximum wall temperature of 12100 R with an exhaust 
gas temper ature of 37000 R. Savings in cooling air WOuld, of course , be 
possible with porous mater ial having a higher allowable maximum wall 
temperature . 

The total flow ratios with a uniform permeability distribution and 
air flows sufficient to limit the maximum wall temperature to 12100 R 
are about 15 percent higher than the minimum total flow ratios corre 
sponding to a variable -permeability wall with a constant wall tempera
tu:re of 12100 R. 

The total flow ratios of cooling air to combustion gas for a 
maximum wall temper ature of l2100 R with the wire - cloth after burner are 
about 16 percent of the total flow ratios required to convectively cool 
a stainless - steel afterburner wall to a maximum temperature of 17600 R 
'nth exhaust - gas temperatures of 32000 and 37000 R. 

The analysis of cooling-air requirements for the previously 
mentioned flight conditions i ndi cated that cooling- air static pressure 
must be closely controlled, especially at a flight Mach number of 2 .0 . 

LewiS Flight PropulSion Laboratory 
National Ac'lvisory Committee for Aeronautics 

Cleveland, OhiO, June 11, 1954 
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APPENDIX A 

SYMBOLS 

The following symbols are used in this report: 

combustion- chamber flow ar ea, sq in . 

j et vel ocity coefficient ) measured jet thrust 
divided by isentropic jet thrust for measured 
mass flow 

specific heat at constant pressure 

inside dimneter of combustion chamber, in. 

measured jet thrust, lb 

acceleration due to gravity, ft / sec2 

convective heat - transfer coefficient that would 
apply to a solid surface under identi cal outside 
flow conditions) Btu/(sec)(sq in . )(~) 

coefficient of nonlumi nous heat transfer, 
Btu/(sec)(sq in . )(OR) 

permeability coefficient , sq in. (defined in 
eq . (6) of r ef . 3) 

distance from flame holder to exhaust - nozzle exit} 
66 in . 

Nusselt number 

total pr essure } lb/ sq in . abs 

Prandtl number 

static pr essur e} lb/sq in . abs 

difference between squares of absolute static 
pressures on both sides of porous wall) p~ - p~, 
lb2/in . 4 

pressur e - dr op parameter } lb2/in . 5 
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R 

Re 

T 

Tf 

Tg)l 

Tg)2 

To 

Tw - Ta 

Tg - Ta 

U 

V 

W 

walWg 

x 

X l 

6x 

cx,g 

Y g 

e 

iJ. 

p 

(pU) g)x 

gas constant) ft-lb/(lb)(OR) 

Reynolds number) (pU) g(x - 21) / iJ.f 

total temp erature of a gas or surface temper atur e of a 
sOlid) oR 

Tg + Tw 0 
film temperature} 2 J R 

total temperature at combustion-chamber inlet) oR 

t otal temperature of exhaust gas at nozz le exit) ~ 

NACA standard sea- level temperature) 518.40 R 

temperature -difference ratio 

velocity in axial-flow direction) in./sec 

vel ocity normal to porous-wall surface ) in./sec 

weight flow) lb/ sec 

total flow ratio 

di stance downstream of qUick- disconnect coupling at 
combustion- chamber inlet) in. 

distance downstream of flame holder) x - 2) in . 

incrementa l length of combustion chamber) in . 

ab sorptivity of combustion gas 

ratio of speci f ic heats of exhaust gas 

emissivity 

absolute viscosity) lb/(in . )(sec) 

weight density) lb/cu i n . 

tota l wei ght flow per uni t of combustion- chamber flow area) 

~g + ~wJfg, X' lb/(sec)(sq in.) 
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reduced weight flow per unit area, lb/(sec)(sq in . ) 

coolant - flow ratio 

thickness of wire cloth, in . 

Subscripts : 

a cooling air 

f refers to property evaluated at film temperature Tf 

g combustion gas 

w wall 

x at distance x 

o free - stream conditions 

Numbers greater than 2 represent stations along combustion chamber in 
inches downstr eam of qUick-disconnect coupling . 
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APPENDIX B 

COMPARISON OF EXPERIMENTAL COOLING CORRELATION WITH THEORY 

A brief comparison is made between the experimental cooling cor 
relation and the approximate theory of Rannie and Friedman (refs . 4 and 
5) for turbulent boundary- layer flow . The comparison is made between 
the temperature -difference ratio for individual data points and the 
theoretical temperature -difference ratio corresponding to the same ex
perimental conditions . 

The theoretical equatton is given by Friedman (ref . 5) as 

T"T - Ta r 
(Bl) T - T = r<p 

g a e + r - 1 

where r is the ratio of the velocity paralle l to the surface at the 
border between the laminar sub layer and the turbulent part of the bound
ary layer to the stream velocity outside the boundary layer . Eckert 
(ref . 14) gives 

r 2 . 11 

(Re)O . l 
g 

( PV)acp , a 

Hg,c 

(B2) 

(B3) 

For turbulent boundary- layer flow over a flat plate) Colburn gives 

where Re is based on the distance from the leading eoge . Rearranging 
equation (B4) gives 

0 . 0296 

from which the local value of convective heat - transfer coefficient at 
any station x is 
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Hg,c,x 
0 . 0296 ( PUcp )g , x 

= (Re) O. 2(Pr) 2/ 3 
g , x g , x 
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(B6 ) 

The effect of temperature level on the Prandtl number is so small that 
a mean value was used for all cases . 

The effect s of nonluminous radiation were accounted for by substi 
tuting the sum of the .equations (B6 ) and (B7) for Hg,c in equation 

(B3) . From the data of reference 15 , 

H g ,r,x 

where Hg ,r,x is the heat - transfer coefficient for nonluminous radia
tion at station x . A value of 0 . 52 was used for the pseudoemissivity 
e' . The l ocal values of combustion- gas emiss i vity e and absor ptiv-s g , x 
ity ag , x wer e based on the total fuel - air ratio and local one -

dimens i onal values of temperature and static pressure . No distinction 
was made between total and static combustion- ga s temperature, because 
the Mach numbers in the combustion chamber were low . 

The density and viscosity i n the Reynolds number in equation (B6) 
are usual ly based on the gas temperature just outside the boundary layer . 
However , in order to obtain a better correlati on of heat -transfer data 
over a large range of Tw/ Tg, the combination of equations (B3) and (B6) 

(ignoring r adiation ) was modified in reference 16 to 

C138 ) 

The temperature ratio T,-r/Tg has the effect of eva luating the density 

!>,nd viscosity in the Reynolds number at the 1vall temperature . 

In vi ew of equation (B8 ), the following equ tion '.a s derived f or 'Px : 

Tw x (PV~)a,x 
~ x = ~ --------------------------------~~-~---------------------------

Tg ,x 0 . 0296 ( PUcp ) 0 . 173 t. ' r ()4 4] 

-(R-e-)-0-.-2-(p-r-)-2-"!i~~=x + (144 )( 3600 ) (T S -T ) Lt.g,x ~~bx a.g ,x (~~bx) 
g,x g,x g,x w,x 

(B9) 
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Equation (B9) was used in equation (Bl) and found to overcorrect 
the theoretical temperature - difference ratio , so that the intermediate 
temperature ratio T / T

f 
was used in the comparison figures lS 

w,x ,x 
and 19 . With afterburning, the inclusion of Tw x/Tf x in equation , , 
(B9) results in theoretical wall temperatures generally higher 
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(fig . lS(a)) than those measured . When a value of 1 is assumed for 
Tw,x/ Tf,x, the theoretical wall temperatures are lower than those meas 
ured and the scatter is less (fig . lS (b )). 

For the nonafterburning data , the inclusion of Tw x/ Tf x i n , , 
equation (B9) results in theoretical wall temperatures that are equal 
to or slightly lower than those measured (fig . 19 (a) ). The assumpt i on 
of Tw x/ Tf x of 1 results in a slight lowering of the theoretical , , 
wall temperatures over the entire range of temperature - difference 
r atio (fig . 19 (b)) . 

The determination of an empirical coefficient or exponent for 
Tw x/ Tf x to produce a better agreement does not appear warranted be -, , 
cause of differences in the assumptions made in the theory and condi 
tions in the afterburner . Therefore, no conclusion is made as t o the 
validity of including the temperature ratios Tw x/ Tf x or Tw x/Tg x 

" " in the equation for ~. 
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TABLE I . - FLIGHT AND OPERATING CONDITIONS 
Series Alt1tude, Altitude Flight Engine A.fter- Engine- Engine .. Engine- Engine After- Cooling- Total and ft pree sure, Mach speed , burner inlet inlet inlet fuel burner air flow, flow run PO' number rpm fuel-all' a1r total a1r flow, fuel Wa rat10, 

Ib/sq ft a bo ratio at temper- pres- flow, Ib/hr flow, Wa/Wg exhaust sture, Bure, Ib/sec 1b/hr 
nozzle oR Ib/oq ft 

abo 

Nonafterhurnlng 

127-27 15,000 1193 0 . 7 12,478 ------- 536 1699 45.77 1590 0 1.201 0 . 0253 
127-26 1200 .7 12,496 ------- 536 1700 45.74 1601 0 1.411 . 0298 
127-25 1193 .7 12,490 ------- 535 1700 45.95 1601 0 2.112 . 0447 
127-24 1193 .7 12,486 ------- 535 1700 45.76 1601 0 2.922 .0595 
127-23 1195 . 7 12,480 -- ----- 535 1101 45.99 1601 0 3 . 821 . 0761 
127-28 1192 .7 12,489 ------- 535 1100 45.81 1601 0 3.846 . 0768 

121-21 35,000 500 1.0 12,502 ------- 535 9 46 25 . 57 1050 0 0 . 826 0 . 0310 
127-20 498 1.0 12,505 --- ---- 535 947 25.52 1051 0 1.092 .0406 
130-17 512 1.0 12,464 ------- 536 1021 25 . 53 1056 0 1.29 .0426 
127-17 500 1.0 12,496 ------- 532 942 25.53 1036 0 1.311 .0485 
127-22 498 1.0 12,496 ------- 535 942 25 . 38 1050 0 1.326 .0492 
130-24 499 1.0 12,508 ------- 537 1005 25.29 1045 0 1.34 .0498 

128-4 501 1.0 12,499 ------- 535 949 25 .46 1070 0 1.35 . 0504 
129-18 500 1.0 12,505 ------- 535 9 40 25 . 37 1055 0 1 . 392 . 0515 
129-7 508 1.0 12,519 ------- 527 940 25.84 1013 0 1.412 . 0513 
129-32 520 1.0 12,492 ------- 537 957 25.54 1050 0 1.446 . 0530 
127-18 497 1.0 12,502 ._---- - 533 941 25 . 57 1060 0 2 .141 . 0764 
127-19 494 1.0 12,515 ------- 534 942 25.42 1050 0 2.704 . 0951 

Afterburn1ng 

129-25 15,000 1202 0.7 12,508 0.036 540 1710 45.71 1929 5110 2 . 570 0 . 0511 
129-26 1195 .7 12,499 .036 540 1710 45 . 71 1918 5110 2 . 433 . 0500 
129-24 1195 .7 12,50:5 .035 540 1715 45 . 94 1929 5170 2 . 861 . 0564 
129-23 1115 .7 12,487 .037 540 1700 45.46 1940 5192 1. 3660 . 0280 
130-37 1206 .7 12,531 .0365 456 1705 51.51 2218 5950 3.10 . 0602 
130-32 1200 . 7 12,492 .0386 460 1710 51.35 2287 6115 2.68 .0475 

130-33 1211 .7 12,503 . 0383 459 1707 51.35 2310 6115 3.13 . 0551 
130-31 1201 .7 12,515 .0403 462 1103 51.01 2211 6448 2.71 . 0483 
130-30 1191 .7 12,489 .0407 465 1100 50 . 77 2242 6488 2 . 96 .0527 
130-29 1204 .7 12,489 .0406 466 1107 50 . 85 2248 6488 3.01 . 0535 
130-34 1207 .1 12.411 .0409 458 1107 51.37 24 11 65'5 3.09 . 0600 
130-35 1204 .1 12,484 . 0421 457 1707 51.41 2440 6715 3.08 . 0599 
130-36 1201 . 7 12,521 .0432 456 1101 51. 49 2502 6890 3.25 .0631 

129-21 16,500 1108 0.63 12 ,4 99 0.033 538 1445 38.94 1612 41 50 3 . 015 0 . 0692 
129-22 1112 .63 12,502 .037 539 1445 38.70 1812 4665 3 . 503 . 0196 

129.20 2~,500 835 0 . 74 12,511 0.037 537 1200 32.28 1582 3801 3.166 0 . 0857 

128-5 35,000 512 1.0 12,528 0.03205 534 948 25.60 1102 2170 3 . 16 0 . 1059 
128-6 492 1.0 12,541 .03364 534 941 25.48 1091 2665 2 . 81 . 0975 
130-20 504 1.0 12,508 .0353 540 953 25 . 28 1191 3050 1.67 . 0595 
130-21 508 1.0 12,514 . 0359 540 953 25 . 28 1180 3050 1.26 . 0456 
130-18 509 1.0 12 ,486 .0347 537 951 25 .31 1238 3055 2.21 . 0172 

130-19 508 1.0 12,508 . 0349 539 953 25 .30 1213 3055 1.95 . 0688 
129-19 510 1.0 12,496 .040 536 910 25 . 41 1329 3230 2 . 601 . 0868 
129-11 500 1.0 12,546 . 041 531 937 25 . 55 1320 3260 2 . 068 . 0716 
129 _10 500 1.0 12,515 .041 530 938 25 . 52 1320 3260 2 .33 2 . 0801 
129-8 500 1.0 12,556 . 040 529 945 25.70 1321 3260 2 . 623 . 0886 

129-9 508 1.0 12,509 .040 530 938 25 . 51 1345 3260 2.896 . 0913 
130-27 504 1.0 12,505 .0431 536 950 25 . 31 1322 3605 2 . 29 . 0792 
130-28 504 1.0 12,496 .0438 536 953 25 . 38 1322 3655 2.06 .0716 
130-26 504 1.0 12,515 .0487 536 950 25.31 1380 3805 2 . 23 . 0769 
130-25 508 1.0 12,499 .0541 536 943 25 . 15 1413 4186 2 . 29 . 0789 

130-22 45,000 318 1.0 12,521 0 . 0464 540 601 15 . 71 957 2230 1. 79 0 . 1007 
130-23 321 1.0 12,489 . 0477 540 591 15 . 50 930 2230 1.49 .0864 

Cooling- Turbine-
81r outlet 

inlet gas 

t;~~:~a-
total 

tempera-
ture, ture, 
Ta l ' oR 

oR 

536 1203 
536 1203 
535 1203 
535 1203 
535 1204 
535 1201 

535 1241 
535 1247 
535 1251 
532 1249 
535 1251 
5~~ 1254 

528 1249 
533 1256 
531 1204 
537 1249 
533 1249 
534 1249 

539 1384 
539 1319 
537 1317 
537 1391 
537 1331 
537 1364 

531 1371 
537 1329 
537 1350 
537 1362 
537 1417 
537 1433 
537 1<53 

536 1~47 
536 1470 

535 1487 

529 1280 
529 1284 
540 1438 
540 1421 
531 1467 

539 1453 
535 1534 
533 1521 
532 1535 
533 1525 

532 1551 
536 1557 
536 1550 
536 1592 
536 1627 

540 1663 
540 1653 

Turbine-
outlet 
total 
pres-
sure, 

Ib/sq ft 
abe 

2040 
2034 
2044 
2029 
2043 
2028 

1159 
1154 
1160 
1159 
1155 
1156 

1158 
1155 
1171 
1156 
1162 
1153 

2410 
2454 
2475 
2482 
2725 
2794 

2813 
2703 
2743 
2752 
29 16 
2957 
2998 

2032 
2232 

1867 

1218 
1213 
1393 
1385 
1430 

1415 
1517 
1495 
1500 
1513 

1522 
1523 
1524 
1554 
1581 

967 
941 

-
Exhaust-

gas 
total 
temper-
sture, 

Tg , 
oR 

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

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

----
----
- ---
----
----
----

258~ 
2767 
~594 
2784 
1826 
2696 

2714 
2527 
2626 
2477 
2956 
3013 
2876 

238 4 
2831 

2793 

1801 
1832 
273~ 
2717 
2820 

2744 
3042 
295. 
2963 
2930 

2913 
310. 
3120 
3216 
3340 

3176 
3198 I 

~ 
~ 

~ 
l:rJ 

~ 
l:rJ 
N 
en 

N 
();I 
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TABLE II . - COMBUSTION - CHAMBER WALL TEMPERATURES, ~ 

Series Cha nnel Solid meta l . Wire - cloth porous wall 
a nd r un wall 

Tw 10 , Tw,19 Tw 24 , Tw,32.6 Tw,41 Tw,49 . 6 Tw,57.5 

127 - 27 1 558 553 429 459 443 419 400 
9 588 530 459 422 366 323 358 

127 - 26 1 543 533 412 422 410 389 370 
9 570 512 420 382 331 293 330 

! 
127 - 25 1 4 99 489 34 8 338 326 310 300 I 

9 524 464 338 292 254 231 265 

127 - 24 1 468 449 302 282 270 260 250 
9 490 429 283 239 210 193 220 

127 - 23 1 429 411 268 240 228 213 212 
9 452 392 240 198 183 160 181 

127 - 28 1 428 409 269 240 229 219 213 
9 451 393 240 198 186 160 182 

127 - 21 1 600 549 437 4 62 460 434 422 
9 610 534 422 388 346 312 339 

127 - 20 1 567 518 3 94 407 406 379 362 
I 9 583 499 372 331 293 263 287 
I 

130- 17 1 557 514 3 72 355 347 3 21 322 , 
9 568 489 338 302 287 252 273 I 

I 

127 - 17 1 538 503 367 372 368 339 333 
9 568 482 338 295 261 236 256 

127 - 22 1 544 500 367 373 365 343 332 
9 568 481 337 294 260 219 265 

I 
130- 24 1 569 518 376 364 354 330 330 I 

I 
9 576 493 347 310 289 262 282 ! 

I 
128- 4 1 839 815 810 725 780 745 850 I 

9 686 802 719 677 762 885 823 I 
129- 18 1 542 509 371 360 348 329 324 I 

9 370 482 338 298 279 242 267 i 

129- 7 1 532 4 96 366 353 342 325 322 
9 558 473 326 288 259 237 259 

129- 3 2 1 539 510 372 359 346 327 324 
9 566 483 338 296 280 244 270 

127 - 18 1 484 433 297 288 272 251 243 
9 502 413 255 213 192 176 192 

I 
J 



l NACA RM E54E25 25 

TP.BLE II. - Continued . COMBUSTION- CHAMBER WALL TEMPERATURES, '7 

Series Channel Solid metal Wire -cloth porous wall 
and run wall 

Tw 10 Tw,19 T T Tw,41 T T , w, 24 w,32 . 6 w,49 . 6 w, 57 . 5 

127 - 19 1 454 401 264 249 23 2 219 207 
9 470 388 220 182 172 151 163 

129 - 25 1 648 662 596 64 9 680 703 768 
9 669 625 519 4'78 456 384 458 

129- 26 1 649 669 608 669 699 728 790 
9 672 632 540 4 99 488 397 476 

129- 24 1 628 640 560 599 622 648 700 
9 648 600 481 433 420 359 429 

129 - 23 1 618 630 552 581 611 64 2 686 
9 640 599 451 403 391 334 401 

130- 37 1 598 605 506 552 582 577 602 
9 605 577 467 425 396 359 419 

130- 32 1 648 665 658 684 72 9 752 798 
9 662 649 556 506 452 403 467 

130- 33 1 628 643 606 622 662 691 733 
9 640 622 498 448 408 3 68 428 

130- 31 1 622 632 586 608 631 638 665 
9 633 602 515 473 437 792 453 

130- 30 1 622 636 600 611 64 2 658 702 
9 688 608 500 454 418 375 437 

130- 29 1 622 63 2 593 606 648 672 701 
9 638 608 4 92 448 410 370 430 

130- 34 1 664 681 692 751 823 877 890 
9 674 682 538 478 427 378 432 

130- 35 1 676 695 718 806 891 930 948 
9 682 707 551 488 43 6 382 438 

130- 36 1 685 703 735 845 930 955 978 
9 687 725 545 482 430 380 430 

129 - 21 1 379 577 457 4 68 478 478 505 
9 592 541 390 351 348 2 98 356 

129 - 22 1 625 640 580 619 665 709 760 
9 653 650 417 362 352 299 355 

129- 20 1 620 631 541 574 617 652 707 
9 650 629 397 347 339 290 340 
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TABLE II . - Conc l uded . COMBUSTION- CHAMBER WALL TEMPERATURES , ~ 

Seri es Channel Solid metal Wire - cloth porous wall 
and run wal l 

T 
w, 10 

T 
w, 19 

T w, 24 T 
w,32 . 6 

T 
w,41 T w,49 . 6 T 

w, 57 . 5 

128- 5 1 475 435 300 285 281 269 264 
9 489 422 262 220 215 187 214 

128- 6 1 4 93 456 321 308 302 293 287 
9 508 441 284 240 235 203 232 

130 - 20 1 690 678 564 629 666 689 759 
9 669 648 505 470 457 401 472 

130 - 21 1 726 710 617 701 744 760 842 
9 721 676 588 572 527 490 558 

13 0 - 18 1 652 64 9 537 569 603 629 703 
9 669 626 431 388 380 334 388 

130- 19 1 670 662 544 589 627 654 727 
9 682 634 465 422 415 364 428 

129- 19 1 650 672 589 647 692 718 830 
9 696 690 425 368 352 302 354 

129- 11 1 685 712 647 752 828 870 933 
9 73 2 748 4 92 433 418 354 412 

129- 10 1 662 689 600 680 738 713 857 
9 707 718 449 392 379 322 378 

129- 8 1 637 660 570 623 675 712 802 
9 678 677 408 353 344 297 340 

129- 9 1 634 652 546 589 628 650 727 
9 679 678 390 338 330 282 330 

130- 27 1 709 720 611 682 751 778 842 
9 735 752 484 426 400 361 420 

13 0- 28 1 730 741 647 73 2 820 846 905 
9 751 774 519 464 432 393 449 

130- 26 1 741 758 662 761 847 880 943 
9 768 808 518 458 43 0 391 457 

130 - 25 1 753 78 7 679 803 900 926 986 
9 787 813 532 472 948 408 478 

130- 22 1 723 741 530 577 602 616 680 
9 769 798 472 420 392 362 426 

130- 23 1 749 777 560 630 663 681 749 
9 690 845 522 478 447 416 490 
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TABLE III. - COOLING - AIR AND SHROUD TEMPERATURES, ~ 

Series Channel Cooling air Shr oud wall 

a.nd run Ta 19 Ta ,24 Ta ,32 . 6 Ta ,41 Ta ,49.6 Ta ,57.5 Ts ,24 Ts ,41 Ts ,57 . 5 
(~) 

127-27 1 112 214 204 195 185 178 169 188 194 
9 121 186 179 --- 167 165 --- --- ---

127-26 1 107 200 182 184 175 166 160 175 179 
9 117 175 114 --- 157 154 --- --- ---

127-25 1 101 170 157 157 150 145 138 147 150 
9 108 152 108 --- 140 135 --- --- ---

127-24 1 97 152 143 142 137 131 126 133 133 
9 103 140 108 --- 130 125 --- --- ---

127-23 1 94 137 130 131 127 120 116 124 121 
9 98 128 107 --- 122 117 --- --- ---

127-28 1 94 136 130 130 127 123 116 125 123 
9 98 128 123 --- 122 ll8 --- --- ---

127-21 1 115 213 199 196 182 174 168 180 190 
9 125 179 173 --- 166 162 --- --- ---

127-20 1 105 190 178 175 161 146 150 157 155 
9 117 160 101 --- 145 138 --- --- ---

130-17 1 104 171 162 159 153 132 139 144 141 
9 113 153 151 --- 140 132 --- --- ---

127-17 1 101 177 167 164 153 138 140 148 147 
9 110 152 104 --- 138 132 --- --- ---

127-22 1 106 184 172 170 162 160 147 157 168 
9 115 158 105 --- 150 149 --- --- -- -

130 - 24 1 107 175 166 165 156 144 144 151 154 
9 117 159 154 --- 144 141 --- --- -- -

128- 4 1 97 175 165 163 152 137 142 148 148 
9 107 151 149 --- 139 1-32 --- --- ---

129- 18 1 101 170 161 160 133 148 138 144 138 
9 112 151 155 --- 135 126 --- --- -- -

129-7 1 99 169 160 158 135 145 136 142 140 
9 109 149 143 --- 136 131 --- --- ---

129-32 1 104 171 164 163 144 150 141 148 146 
9 115 154 155 --- 140 136 --- --- ---

127-18 1 95 149 193 142 136 131 123 130 131 
9 101 185 101 --- 127 123 --- --- ---

ava1ues read from circumferential temperature profiles . 
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TABLE III . - Continued. COOLING- AIR AND SHROUD TEMPERATURES , ~ 

Series Channel Cooling air Shroud wall 
and run 

T(~~9 Ta ,24 Ta ,32 . 6 Ta , 41 Ta ,49.6 Ta ,57 . 5 Ts ,24 Ts ,41 Ts , 57 . 5 

127 - 19 1 92 137 133 131 127 121 115 121 120 
9 97 127 122 --- 120 115 -- - --- ---

129- 25 1 126 255 222 229 24 2 2 24 195 224 257 
9 130 200 213 - -- 181 186 --- --- ---

129- 26 1 129 264 228 23 6 254 23 2 200 232 273 
9 134 207 219 - -- 185 192 --- --- ---

129- 24 1 122 235 208 214 224 209 181 208 239 
9 127 190 200 - -- 173 177 --- --- ---

129 - 23 1 117 223 200 205 210 198 171 195 216 
9 122 182 207 -- - 165 169 --- -- - ---

130- 37 1 112 219 193 198 195 204 167 191 209 
9 120 190 181 - - - 163 171 --- --- ---

130- 32 1 124 265 228 23 6 231 238 1 94 227 256 
9 125 213 149 --- 177 185 --- --- ---

130- 33 1 119 240 210 217 216 231 179 210 244 
9 121 196 141 --- 168 176 --- --- ---

130- 31 1 117 241 209 215 210 214 180 206 226 
9 122 201 - - - --- 171 180 --- --- ---

130- 30 1 117 138 208 214 208 211 177 205 222 
9 122 197 196 -- - 168 174 - -- -- - ---

130- 29 1 115 235 207 213 210 217 176 206 230 
9 121 194 131 -- - 166 171 - -- --- ---

130- 34 1 125 264 228 239 239 256 192 230 275 
9 124 208 13 9 --- 174 179 --- --- ---

130- 35 1 127 273 235 248 249 176 196 239 198 
9 128 212 137 --- 177 183 --- --- ---

130- 36 1 128 274 236 250 256 290 198 246 315 
9 128 210 140 -- - 177 183 -- - --- ---

129 - 21 1 107 190 175 176 178 156 150 165 184 
9 117 167 166 -- - 154 156 --- --- ---

129 - 22 1 116 219 211 204 210 199 169 191 218 
9 121 174 170 --- 160 161 --- --- ---

129- 20 1 114 210 193 197 203 192 164 183 205 
9 119 170 165 - - - 156 157 --- --- ---

aValues r ead from circumfer ential temperature pr ofiles . 
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TABLE III. - Concluded. COOLING-AIR AND SHROUD TEMPERATURES, ~ 

Seri es Channel Cooling air Shroud wall 
and run 

T(~)9 Ta ,24 Ta ,32. 6 Ta ,41 Ta ,49 . 6 Ta ,57 . 5 Ts ,24 Ts ,41 Ts ,57 . 5 

128- 5 1 89 140 135 134 130 121 117 125 123 
9 96 131 130 --- 122 ll7 --- -- - ---

128 - 6 1 90 146 140 139 134 124 121 129 128 
9 98 136 136 --- 127 123 --- --- ---

130- 20 1 129 243 253 179 224 239 191 219 256 
9 132 197 253 --- 179 190 --- -- - ---

130- 21 1 137 273 248 259 254 274 217 256 303 
9 142 218 334 --- 199 214 --- --- ---

130- 18 1 117 215 199 203 194 186 169 186 199 
9 122 177 170 --- 158 156 --- --- ---

13 0 -19 1 124 229 211 216 211 244 180 203 234 
9 127 187 182 -- - 170 177 --- - - - ---

129- 19 1 118 224 220 213 212 206 173 197 220 
9 123 177 175 --- 160 158 --- --- ---

129-11 1 124 249 247 238 240 236 191 224 275 
9 128 191 187 --- 175 172 --- - - - ---

129- 10 1 118 233 214 220 228 214 179 204 238 
9 125 182 197 --- 164 155 --- --- ---

129- 8 1 114 217 200 205 191 195 166 186 199 
9 119 171 170 -- - 154 150 --- --- ---

129- 9 1 118 213 195 200 210 197 164 184 215 
9 120 170 165 --- 156 157 --- --- - - -

150-27 1 127 246 226 236 241 275 192 225 293 
9 133 198 144 - -- 179 190 --- --- ---

130- 28 1 129 258 236 247 250 279 200 236 302 
9 137 204 130 --- 179 184 --- - - - - --

130- 26 1 129 260 239 251 257 296 201 241 325 
9 137 205 197 --- 185 198 --- --- ---

130- 25 1 126 256 236 247 245 255 199 235 283 
9 137 206 191 --- 180 186 --- - - - ---

130-22 1 127 227 212 216 209 219 181 196 229 
9 139 198 185 - -- 173 171 -- - -- - ---

130-23 1 132 247 229 235 233 258 195 219 178 
9 149 2ll 201 --- 198 218 --- - -- ---

~alues read from circumferential temperature profiles. 
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TABLE IV. - COMBUSTION-GAS AND COOLING-AIR PRESSURES 

Ser ies Channel Combu s t ion- chamber static pressures, lbjeq in. abe Cooling-air pressures, lbjeq in. abe 
and run 

Pg, lO Pg ,19 Pg , 24 Pg,~2 .6 Pg/4l Pg ,49.6 PS,51,5 Pg,~.8 Pg ,61 .e Pa, lS Pa / 24 Ps,24 Ps,32.6 Pa /41 Pa,49 . 6 Pa,51.S 

121- 21 1 9 . 501 9 . 118 9 .840 9.688 9 .556 9 . 24~ 9 . 188 8.115 8 . ~54 10 .. 10.29 10.16 10 . 21 10 .21 10.22 10.22 
9 10.'2 10.20 10.~ 1O.~1 10.~ 10 . 29 

121 - 26 1 9 .4 9~ 9 .151 9 .81~ 9 .660 9. 521 9.194 9 .1~2 8.625 8.~26 10 .62 10.49 10 . 29 10.~1 10.~ 1O.~9 10.~8 
9 10 . 66 10 . ~1 10 . 51 10.52 10.51 10.50 

121 - 25 1 9 .604 9 .88 2 9 . 910 9 .164 9 . 58~ 9.251 9 .146 8. 6~ 8.~19 11.11 11.4~ 11.03 11.19 11.22 11.2~ 11.2~ 
9 11 . 19 11.21 11.49 11 . 5~ 11.52 11.51 

121 - 24 1 9 . 101 9.919 9.99~ 9 .8~~ 9 .625 9.285 9.1~9 8 .646 8.~19 l~.OS 12.49 11.86 12.14 12.19 12 . 20 12.21 
9 1~.11 12.~~ 12.65 12.11 12.10 12.69 

121 - 2~ 1 9 . 185 10.06 10 .01 9 . 903 9.660 9 . 292 9.091 8.681 8 . ~26 14 .81 1~ .95 1~ . 00 1~.4~ 1~.51 1~.5~ 1~ .54 
9 14.81 13 .80 14.25 14 . ~4 14 .~3 14.33 

121 - 28 1 9 .185 10 .06 10 .08 9.903 9 .646 9.299 9.104 8 . 646 8.~40 14.10 13.84 12.88 13.31 13 .~9 D.42 13 .42 
9 14 . 15 13.61 14.1~ 14 . 22 14 . 22 14 .21 

121 - 21 1 4.500 4.108 4 . 151 4.661 4.516 , .~26 4.251 ~.854 3 .500 5 .5~ 5 .48 5.~5 5 . 39 5.39 5.40 5.39 
9 5 .51 5.38 5.48 5.49 5.48 5.46 

121 - 20 1 4.542 4.150 4.118 4. 694 4.590 4. . 340 4.250 3.83~ 3.419 6.055 5.912 5 . 100 5.180 5.190 5 . 195 5 . 190 
9 6.011 5 . 190 5.928 5 . 9~9 5 . 9~ 5 . 918 

1~-11 1 4 . 625 4.84 4.889 4.185 4.646 4.444 4 . 194 ~.9~1 3 . 556 6 . 605 6.391 6 .~ 6.195 6.216 6.221 6 . 216 
9 6.641 6.~86 604,71 6.482 6.498 6 . 492 

121 - 11 1 4 .569 4 .118 4 .819 4.115 4.591 4.~54 4.250 ~.815 ~ . 5oo 6 . 49~ 6 . ~01 6.025 6.121 6 . 142 6.15~ 6 . 141 
9 6 . 5~6 6 .1~ 6.~22 6.~44 6 .~3 6 .~2~ 

121-22 1 4 . 5~ 4 . 164 4 .806 4.108 4.~ 4 .~26 4.222 ~.826 ~ .419 6 .514 6 .~12 6.030 6.1~6 6 . 152 6.158 6 .158 
9 6 . 551 6.119 6 .~9 6 .~65 6.~5 6 . ~~8 

1~0 - 24 1 4 .569 4.185 4.826 4 .136 4.590 4 .~89 4 . 146 ~ . 854 ~.465 6.410 6 .281 5 . 913 6.019 6.100 6.1OS 6 .100 
9 6 . 509 6.260 6 .~5 6.~55 6.~66 6.~66 

128-4 1 4. 56 4 . 18 4.16 4.69 4 .58 4, . ~3 4 .22 ~ . 82 ~ .48 6.425 6.191 5.914 6.031 6.042 t;'OS~ 6 .053 
9 6 . -'14 6 .159 6.239 6.265 ----- 6 . 265 

129 -18 1 4 .516 4 . 192 4.813 4 . 150 4 . 611 4: .431 ----- - ~ . 910 ~.514 6.61 6 •. ~9 6 .08 6.21 6.22 6 . 2~ 6 . 2~ 
9 6 . 65 6.40 6 .41 6 .48 6.48 6 .49 

129 - 1 1 4 . 115 4.9~1 4 .9~8 4 .840 4. 129 4"9~ 4 . ~54 ~ . 958 ~.6~2 6.82 6 . 59 6.21 6 .~9 6.41 6 .41 6.41 
9 6 .81 6.60 6 . 68 6.69 6.69 6.10 

129-~2 1 4. 625 4.~~ 4, . 854 4.185 4 .646 4, .465 6.438 3.922 ~.611 6.148 6.499 6 .115 6 .31~ 6.~29 6.3~4 6 . ~~ 
9 6 . 191 6.515 6 .600 6.610 6.115 6 .621 

121 - 18 1 4 . 101 4.903 4.9~1 4.806 4.646 4 .~82 4 . 208 ~.841 ~.458 8 . ~26 1 .841 1 .~26 1 .549 1.592 .1. 61~ 1 . 613 
9 8.~90 1.146 8.011 8.060 8.045 8 .028 

121 - 19 1 4.806 5 . 000 5 .000 4.889 4.101 4.411 4 .208 ~.841 3 . 4~1 9.122 9.06 8.34 8.66 8 . 12 8.14 8 .14 
9 9.80 8 . 99 9 . 3~ 9 .39 9 .~8 9 .~1 

129- 25 1 14.~ H . 55 14 .39 1~ . 93 13 . 25 12 .65 ------ 1O.~8 8 .~82 15.81 15.43 15.02 15.11 15.20 15.23 15.23 
9 15.88 15.41 15.58 15.60 15 . 60 15.61 

129 - 26 1 14 .58 14 .51 14 .36 13 90 13 . 2~ 12 .~ ------ 10.36 8 .431 15 . 59 15.25 14.81 15.02 15.04 15.06 15 . 06 
9 15.66 15.28 15 .~ 15.~9 15 .40 15.41 

129- 24 1 14. 65 14 . 60 14 . 42 13.91 13 .26 12.65 --- --- 10 .38 8 .315 16.23 15.52 14.81 15.08 15 . 14 15 . 16 15.18 
9 16.31 15.61 15.82 15.86 15.81 15 .89 

129- 2~ 1 14. 14 14 . 65 14.49 H. Ol 13. 2~ 12 .64 ------ 10.40 8 .306 16.16 15.89 15.OS 15.41 15.48 15.51 15 .52 
9 16.92 16 .04 16.28 16.34 16 . 36 16.~ 

130-~1 1 16 .04 16 .00 15 . 91 15 .41 14 .4 9 13.1~ 12 . 16 ------ 8 . ~14 11.46 11.00 16 .48 16.61 16.12 16 . 14 16.14 
9 11.54 11 .03 11.18 11.21 11.24 11 . 24 

1~-32 1 16 .59 16 .41 16 .42 15 .85 14.84 14 .09 12 .86 11.4~ 8 . 3~3 11 .3~ 16.98 16.59 16 . 10 16.14 16.16 16.16 
9 11.39 16.99 11.10 i1.12 11.14 16.19 

130 -33 1 16 . 69 16 . 55 16 .49 15 .91 14.88 1< . 12 12 . 90 11.50 8 .409 18 .01 11 . 53 11.01 11.19 11 . 2~ 11 .26 11 . 25 
9 18.08 11 . 56 11 . 11 11.14 11.11 11 . 11 
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TAJlLE IV . - Concluded. COMBUSTI ON- GAS AND COOLING- AIR PRESSURES 

Series Channel Ccxnbustion - chamber static pressures, Ib/sq in . abs Cooling- air pressures, Ib/sq in. abs 
and r un 

PS.1 10 Ps,19 Pg,24 Pg ,32.6 Ps ,41 Ps,49 . 6 PSIS? .5 Pg,63 .8 Pg / S7 .8 Pa,lS Ps , 24 Ps,24 Ps,32.6 Ps,41 Ps,49.6 PS,S? .5 

130-31 1 15 . 94 15.88 15.85 15.36 14.42 13 . 69 12.47 11.15 8 . 340 16 .86 16.50 16.08 16.22 16.25 16 . 27 16 . 28 
9 16 . 93 16 . 52 16 . 64 16.65 16.67 16 .68 

130-30 1 16.20 16 .11 16.06 15 .53 14.55 13.81 12.59 11 . 27 8 .312 17 .40 16 . 95 16 .48 16 . 65 16 . 68 16 . 70 16.71 
9 17.46 17 .00 17 . 13 17 .16 17 .18 17 .18 

130-29 1 16.26 16 .16 16 . 10 15.56 14 .58 13.83 12 . 61 12 .17 8.361 17 .52 17 .07 16.57 16.74 16 . 79 16 .81 16 .82 
9 17 .59 16.98 17 . 25 17 . 28 17 .30 17.31 

130-34 1 17.43 11 . 21 17 . 11 16.43 15 . 29 14 . 53 13.34 11.80 8 . 381 18 . 48 18 . 10 17 . 60 17 . 77 17 . 81 17 . 83 17 . 84 

9 18 .53 18.11 18 .26 18 . 28 18 .31 18 .32 

130-35 1 17 . 70 11.45 17 .33 16.59 15.42 14, . 67 13 .58 1.94 8 .361 18.75 18.29 17 . 80 17 . 96 18.01 18.03 18.03 
9 18 .82 18 . 30 18.44 18 .47 18 .50 18 .50 

130 -36 1 17 .94 17 . 67 17 . 53 16 .76 16.53 14.83 13 .81 12.10 8.381 19.18 18 . 70 18.16 18 .35 18 .39 18 .41 18 .41 
9 19 . 25 18 . 70 18.85 18.88 18 . 91 18 . 91 

129- 21 1 11.87 11 .88 11 . 77 11.43 10 . 90 10 .36 ------ 8.576 7 . 153 14.42 13 . 64 12 . 75 13 .15 13 . 22 13 . 25 13.26 
9 14 . 61 13 . 19 14.06 U.11 14 .13 14 .15 

129-22 1 13 .35 13.20 13.00 12.48 11 . 78 11.21 ----. - 9 . 153 7 .056 16 .42 15 .33 14.26 14 .72 14 .80 14 .85 14.87 
9 16 .60 15 .51 15.83 15.89 15 . 92 15.9' 

129 - 20 1 11.18 1l.06 10.90 10 .45 9.868 9 .368 ------ 7 .604 5 .840 14.54 13 . 84 13.14 13.45 13 .50 13 .52 13.53 
9 14 .65 13 . 96 14 .16 14 .21 14 .22 14 . 23 

128-5 1 6 .72 6 .80 6 . 72 6 .54 6 . 22 5 . 78 5.44 4 . 74 3 . 60 11.33 10.52 9 .70 10 .08 10 . 14 10 .17 10 . 17 
9 11 .32 10.56 10 . 82 10.90 10.91 10 . 93 

128-6 1 6.67 6 . 74 6 . 65 6.47 6 . 17 5 .7< 5.40 4.71 3 .51 10 . 67 9 . 95 9 . 24 10.17 9 . 62 9 . 64 9 .64 
9 10 . 66 9.98 10.21 10 . 28 10 .29 10 . 30 

130- 20 1 8.174 8 .132 8 .076 7 . 778 7 .382 6 .993 6 .354 5.590 3.500 9 .854 9.321 9 .013 9 . 119 9 .140 9 . 151 9 . 151 
9 9 . 619 9 .342 9 .417 9 .433 9.44 9 9 .496 

130 - 21 1 8 .056 8 .021 7.972 7 . 681 7 .319 6.958 6 . 292 5.549 3.528 8.798 8 . 650 8 .464 8.523 8.533 8 .544 8 . 544 
9 8.826 8 . 661 8 . 703 8.703 8.714 8.714 

130-18 1 8 .451 8 .396 8 .319 7.986 7 .549 7 .146 6.472 5.715 3.535 10.75 10.36 9 .868 10.05 10 .08 10.10 10.10 
9 10.82 10 .39 10 .52 10 .55 10. 57 10 .57 

130-19 1 8 .347 8 .300 8 .236 7 .924 7 .500 7 . 104 6 . 451 5 . 660 3 . 528 10 . 22 9.896 9.492 9 . 641 9.662 9.678 9.678 
9 10 . 28 9 . 928 10.02 10.04 10.07 10.07 

129-19 1 9.049 8 . 931 8 .764 8 .382 7.910 7 .528 ---._- 6 .014 3.646 12.15 11 . 51 10.94 11.18 11.21 11.23 11.23 
9 12 . 11 11.56 11.71 11.74 11.75 11 . 77 

129-11 1 8 . 951 8 .840 8 . 681 8 . 299 7.854 7 . 514 ------ 6 .007 3 .542 10 . 98 10.66 10.23 10.40 10.42 10.43 10.43 
9 11 .05 10.66 10 . 17 10 . 79 10 .80 10.80 

129-10 1 8.972 8 .854 8.694 8 . 299 7 .861 7.514 6 .875 6.000 3.563 11.50 11.08 10.58 10.77 10.80 10 .82 10.82 
9 11.57 11.11 11 . 23 11 . 27 11.27 11.28 

129-8 1 9 .090 8 .979 8 .806 8 .396 7 . 958 7.583 6 .924 6.056 3 . 438 12.08 11.60 11.01 11.25 11.29 11 .31 11 .31 
9 12 .22 11 . 65 11 .81 11 .84 11.86 11 .87 

1<1!1- 9 1 9 .097 8.986 8 .806 8 .396 7 .94< 7 .556 6.903 6.083 3 .590 12 . 70 12 . 11 11.42 11.70 11 .75 11.77 11.77 
9 12.81 12.17- 12.37 12 .40 12.41 12.42 

130-27 1 9 . 153 9.042 8 .944 8.542 7.986 7.576 6 .896 6.083 3.500 U.51 11.11 10.64 10.82 10.85 10.86 10.87 

9 11.56 11.13 11.26 11.28 11.30 11.30 

130-28 1 9.132 9 .000 8 .917 8 .528 7 . 965 7.569 6 . 944 6.090 3.500 11.04 10.70 10 .33 10.48 10.49 10 . 51 10.51 
9 11.10 10.36 10.83 10.85 10.87 10.86 

130- 26 1 9 .361 9.229 9 .118 9 .319 8 . 118 7 .729 7.090 6 . 250 3.500 11.61 11.20 10.79 10.96 10.98 11.00 11.00 
9 11.66 11 .23 11.36 11 .38 11.40 11040 

130- 25 1 9 .549 9 .389 9 . 264 8 . 792 8 . 264 7 .868 7 .118 6 .313 3.528 11.87 U.46 11 .05 11.21 11.24 11.25 11.26 

9 11.28 11 .49 11.61 11 . 64 11 . 66 11 . 66 

130- 22 1 5 . 750 5 . 681 5 . 611 5.340 5.028 4 .757 4 .340 3 . 799 2.208 8 .430 8.107 7 . 687 7.841 7 .868 7.879 7.879 

9 8.474 8 . 128 8.229 8.250 8 . 261 8.266 

130-23 1 5.604 5 .542 5.472 5 . 208 4.903 4.660 i 4.250 3.722 2.229 7.048 7.483 7 .175 7.291 7.307 7.323 7.32!J 

9 7.780 7 .515 7.589 7.600 7.610 7.610 



Series 
end run 

127-14 

127 - 2 

127-3 

127 - 4 

127- 5 

127 - 6 

127 - 7 

127 - B 

127- 9 

127 - 10 

127 -11 

127 - 12 

127 - 13 

127- 35 

127 - 36 

127 - 37 

127 - 3B 

127 -39 

127-40 

127 - 34 

127 - 33 

TABLE V . - AIR -FLOW CALIBRATION DATA OF AFTERBURNER AT AMBIENT TEMPERATURE 

Combustion-chamber static pressures, Ib/sq in . abs Channel 

te:r:~es- ~~~l~~~~J a!~r~~m-IPg J IO 
pmbien. t I Measured fOOling -

Pg ,19 I Pg , 24 I Pg , 32 .61 Pg ,41 I Pg , 49 .61 Pg ,57 .5I Pg , 63.B IPg, 67 . BI 
Ib/sq ft abs lb/sec ture, 

oR 

202B 0 .9695 534 

20'28 1 .005 527 

202B 1.596 530 

202B 1.955 531 

202B 2 .296 532 

202B 2 .B50 534 

202B 3 .310 535 

202B 3 . 914 534 

202B 4 .315 535 

202B 4. 67B 534 

202B 5 . 003 535 

202B 5 . 441 535 

202B 5 .BlO 535 

1195 1.255 533 

1195 1. 710 532 

1192 2.799 532 

1196 3 . 200 532 

1200 3 .B05 532 

1192 4 . 344 532 

497 .9033 532 

493 1.313 532 

14 . 10114 .10 114'.10 114 .10 114 . 10 114 . 10 114 . 10 114 .08 114 .0B 

14 . 10 114 .10 114 .10 114 . 10 114 . 10 114 .10 114 . 10 114 .11 114 .OB 

14 .10114 .10114.10 114.10 114 .10114 .10 114 .10 114 .08 114 .0B 

1<'09 114 .09 I 14 .0B 114 . 10 114 .08 114 .08 114 .08 114 .08 114.08 

14.09 114 .09114 .09 114 .09 114.0911<'09 114.09 114 .0B 114 .08 

14 .08 114 .08 114 . 08 114 .08 I 14.0B 114 .08 114 .0B 114 .0B 114 .0B 

14 .11 114 . 11 114 . 11 114 . 11 114 . 11 114 .11 114 . 11 114 .10 114 . 11 

14 .07 114.07114 . 07 114 .07 114. 07 11' .07 114 .07 114 .08 114 .06 

14 . 08 114.08 114 .08 114.08 114 .0B 114 .08 114 .06 114 . 0B 114 .08 

14 . 08 114.08 114 .08 114.0B 114 .08 IH .OB 114 .06 114 .0B 114 .08 

14 . 10 114 .10114 . 10 114 . 10 114 . 10 114 .09 114 . 08 114 .11 114 .0B 

14.13 114 .12114 . 12 114 . 12 114 .12114 . 11 114 . 10 114 . 10 114 .0B 

14 .10 114 .10 114 . 10 114 . 10 114 .10114 .10 114. 09 114 .08 114 .0B 

B .2B51 B . 2851 B . 2B5 1 B .2B5 I B. 2B51 B . 2B5 I B . 27B I B.3B9 I B.340 

B .36B I B .36BI B .361 1 B .361 I B .3611 B .361 I B .361 I B .410 I B .361 

B.2501 B.2501 B .243 1 B .236 I B. 2431 B. 243 I B .229 I B. 264 I B.264 

B.3681 B.3681 B .361 1 B .361 I B.361 1 B .361 I B .354 I B.375 I B.361 

B .3B91 B .3B91 B .375 1 B .375 I B.375 1 B .375 I B.36B I B.424 I B.361 

B .340 1 B .3401 B .340 1 B .333 B .3331 B .333 I B.336 I B.347 B .340 

3 .472 :3 .493 

3.4 721 3. 472 1 3.472 1 3.472 3.472 1 3 .472 1 3 . 46~ 1 3.479 3 .479 

1 
9 

~--~--'----r----r---'----'--~ 
Pa,lS 

14 .42 114 .39114 .31 114 .34 114 .35 114 .35 114 .34 
------ 14.42 14 .36 14 .39 14 .39 ----- - 14 .39 

14 .42114 .39114.31 114.33 114 .34114 .35 114 .33 
14 .4 3 14 .36 14 .3B 14. 39 - - --- - 14 .35 

14 .B2 114 .73114 .54 114.60 114 . 62 114 . 63 114 .62 
14 .83 14 .65 14 .72 14 .74 ------ 14 . 73 

15 .11 114 .9B 114 .70 114 . 7B 114 .Bll14 .B2 114 .Bl 
15 .13 14 .B7 14 . 96 14 .99 -- - --- 14 .9B 

15 .45115.2B I 14 .BB 115 .00 115 .05115 .06 115 .05 
------ 15 .50 15 .11 15 . 25 15 . 29 ------ 15 . 2, 

16 .08 115 .B3115 . 23 115 .41 115 .47 115 .49 115 .49 
------ 16 .22 15 . 60 15 .83 15 .B6 -- - --- 15.B6 

16 .67 116 .32115 .56 115 .Bl 115 . BB 115 .90 115 .90 
------ 16.B5 15 .95 16 .31 16 .3B ------ 16 .39 

17 .46 115 .4B 114 .52 114 .B5 114 .96114 .9B 114 .99 
-- - --- 16 . 20 15 .19 15 .53 15 .64 ------ 15 .64 

IB .ll 117 .39 I 16 .3B 116 .BO 116 .92116 .94 116 .9• 
------ IB .34 17 . 19 17 .59 17 .72 ------ 17 .72 

I B .70 117 .B5116 . 73 117 .22 117 .34 117 .36 117 .37 
-- ---- IB .93 17 .69 IB . 15 IB .26 ------ IB .27 

19 .36 11B .40 117 . 16 117 . 70 117 .B4 117 .B6 117 .B7 
19 .60 IB .24 IB .75 IB .B9 ------ IB . 90 

20.04 11B .94117 .5B 11B . 1B 11B .34 11B .37 11B .37 
20.29 IB .79 IB .94 19 . 52 ------ 19 .53 

20 .6B 119 .4 7 117 .96 11B . 63 11B .Bl 11B .B3 11B .B5 
------ 20 .93 19 .35 19 .95 20 . 11 ------ 20 . 12 

9 .05 I B. 94B I B .77B I B.B42 I B .B52 1 B .B57 I B .B52 
9.0B6 B .BB9 B. 964 B .9BO ------ B .969 

9 .63 1 9 .4511 9 . 143 1 9 . 260 I 9 .2B6 1 9 .292 I 9 .2B6 
9 . 685 9 .350 9 .4B3 9 .504 --- - -- 9 .494 

11.15 110 .67 I 9 .990 110 . 27 110 .33 110 .34 110 .34 
--- - -- 11 . 26 10 .53 10 .Bl 10 .B7 ------ 10 .B6 

11 .B3 111.34 110 .52 11o .B6 110 . 94 110 . 95 110 . 95 
-- - - - - 12.07 11. 19 11.52 11.60 ------ 11 .60 

13 .03 112 .31 111 . 26 111.70 111.B2111 .B3 111.B3 
13 .26 12 . 16 12 .5B 12 .69 ------ 12 .69 

14 . 15 113 .19111 .95 112 .46 112 . 60 112 .62 112 . 62 
14 .33 13 .05 13 .55 13 . 6B 12 .Bl 13 . 69 

3 .52 1 3 .4151 3 .2341 3 .30B 1 3 .3191 3 .319 13 .319 
3 .564 3 .351 3 .441 3 .457 -- --- - 3 .436 

5 . 212 1 5 .0131 4. 672 14 .B11 1 4.B321 4 .B43 I 4.B37 
5 . 279 4. 917 5 .061 5 .087 - - ---- 5 .066 

c..N 
C\) 

~ 
~ 

~ 
t?o1 

~ 
t?o1 
C\) 
(Jl 



Series Ambient Measured ~ooling-
and r un tank l>res - cooling- air tem-

sure, air flow I pers-
Ib/so rt abs Ib/sec ture , 

oR 

127 -32 495 1.822 533 

127 - 29 491 1.895 533 

127 -31 498 2 .380 533 

127-30 492 2 .849 533 

129- 12 1230 1. 733 534 

129-13 1208 2 . 202 534 

129 -14 1218 2 . 633 53' 

1 29- 15 1229 3 .011 534 

129- 16 1208 3 . 783 534 

129- 17 1201 4 .230 534 

129-27 120S 1. 757 538 

129- 28 1199 2 . 241 537 

129- 29 1216 2 .657 537 

129-30 1206 3.194 537 

129-31 1200 3. 751 538 

129- 2 503 1.126 528 

129- 3 492 1. 554 529 

129 -4 495 2 .023 530 

129- 5 502 2 .459 530 

129- 6 502 2 .882 531 

TAJ!LE V. - Cont inued . AIR- FLOW CALIBRATION DraA OF AFTERBURnER AT AMBIENT TEMPERATURt 

Combustion - chamber static pressures, Ib/SQ In . abs Channel Cool1r.g-8ir pressures, Ib/sq ir. _ abs 

Pg,lO Pg , 19 Pg ,24 Pg , 32 . 6 Pg ,41 Pg ,49 . 6 Pg /S7 .5 Pg , 63 .8 Pg , 61 .8 Pa , lS p 8 , 24 Ps , 24 Ps , 32 . 6 Ps ,41 Pa, 49 .6 

3 .4 93 3 .493 3 .486 3 .486 3 .486 3 . 486 3 .486 3 .486 3 .479 1 6 . 660 6 . 282 5 . 702 5 . 905 5 . 963 5 .968 
9 ---.-. 6 . 766 6 . u;o 6 .394 6 .442 ------

3 .444 3 .444 3 .4 44 3 .444 3 . 444 3 .438 3 .431 3 .438 3 .431 1 6 .483 6 .135 5 .571 5 . 768 5 .816 5 .826 
9 -.- - -. 6 . 592 6 .00 6 . 231 6 . 273 ------

3 .528 3 .528 3 .528 3 . 528 3 .528 3 .528 3 .514 3 . 486 3 .528 1 7 .705 7 .197 6 .474 6 . 740 6 .814 6 .825 
9 --- - - - 7 .830 7 .086 7 .378 7 . 44 2 - - ----

3 .465 3 .465 3 .465 3 .465 3 .4 65 3 .465 3 .444 3 .465 3 .4 51 1 8 . 91 8 . 25 7 .3 57 7 . 687 7 . 782 7 . 793 
9 -- - --- 9 .038 8 .144 8 .495 8 .580 ------

8 . 549 8 .556 8.542 8 . 542 8 . 542 8 .54 2 ------ 8 . 556 8 .542 1 9 .847 9 . 630 9 . 340 9 . 470 9 .495 9 . 500 
9 -- --- . 9 .920 9 . 655 9 . 730 9 .740 -----

8 .438 8 .438 8 .431 8 . 424 8 .424 8.424 - - -- -- 8 .410 8 .389 1 W .40 10 .06 9 . 620 9 . 800 9 . 850 9 .860 
9 ------ 10 . 53 .10 . 10 10 . 230 10 .260 -----

8 .500 8 .500 8 .4 93 8 .493 8 . 493 8 .486 -----. 8 .493 8 .458 1 11 . 11 10 . 65 10 . 0 OS 10 .32 10 .38 10 .39 
9 -- ---- 11. 29 10 . 715 10 .93 10 . 95 -- .. -

8 .549 8 . 556 8 .549 8 .549 8 .549 8 .542 ----.- 8 .549 8 .534 1 11 .82 11.245 10 . 52 10 . 84 10 .91 10 . 92 
9 -- - - - - 12 .045 11 . 33 11 .55 11.61 -----

8 .403 8 . 403 8 .403 8 .403 8 .403 8 .396 ------ 8 .403 8 .389 1 1.3 . 20 12 .38 11.36 11.68 11 .90 11.92 
9 --_.-- 13 .52 12 . 52 12 . 82 12 .91 -----

8 .347 8 .347 8 .340 8 .340 8 .340 8 .340 --- - - - 8 .382 8 .340 1 14 . 11 13 .11 11.95 12 . 38 12 .53 12 .55 
9 - - - ---" 14 .48 13 . 32 13 . 665 13 . 78 -----

8 .375 8 .375 8 .368 8 .368 8 .368 8 .368 ------ ----- 8 .368 1 9 . 722 9 .490 9 .190 9 . 335 9 .350 9 .365 
9 -- ---- 9 . 805 9 . 510 9 . 600 9 . 62 -- ----

8 .340 8 .340 8 .333 8 .333 8 .333 8 .333 -- -- -. 8 .326 8 .326 1 W .38 10 . 02 9 . 560 9 . 760 9 . 800 9 . 815 
9 -- --- - 10 . 52 10 . 065 10. 09 10 .12 ----. 

8 .444 8 .444 e .444. 8 . 44 4- 8 . 44-4- 8 .444 -- - --. 8 .465 8 . 444 1 11.13 10 . 63 10 .04 10 . 31 10 . 365 10 .38 
9 ------ 11.28 10 . 695 10 . 88 10 . 92 --- --

8 .417 8 .417 8 .417 8 .410 8 .410 8 .410 - - - - -- 8 .403 8 .375 1 1 2 .04 11.40 10 . 60 10 . 95 11.014 11.055 
9 -- - .-. 12 . 295 U . 57 11. 746 11. 815 -----. 

8 .347 8 .347 8 .333 8 .333 8 .333 8 .333 - - - -- - 8 .375 8 .333 1 13 .10 12 . 26 11.26 U . 70 11.805 11.82 
9 -- - --. 13 .41 12 . 415 12 . 71 12 .80 --._-

3 .486 3 .486 3 .486 3 .486 3 . 486 3 .486 3 .4 79 3 .493 3 .493 1 4 .930 4 .77 4. . 4 91 4 . 605 4 . 608 4 . 630 
9 - - --- - 4 . 985 4 . 761 4 . 831 4 . 857 4 .860 

3 .451 3 .451 3 .438 3 .438 3 .438 3.438 3 .438 ----- 3 .417 1 5 .770 5 .575 5 . 122 5.305 5 .340 5 .353 
9 5 . 938 5 . 580 5 . 695 5 . 720 5 . 735 

3 .465 3 .465 3 .465 3.465 3 .4 58 3 .458 3 .451 3 .465 - --- - 1 6 .993 6 .575 5 . 958 6 . 22 6 .268 6 . 275 
9 ---- - - 7 .118 6 . 630 6 . 778 6 . 820 6 .832 

3 . 507 3 .507 3 .507 3 . 507 3 . 507 3 .493 3 .493 3 . 535 - -.- . 1 8 .138 7 . 610 6 . 825 7 .150 7 .220 7 .236 
9 - - --- - 8 .305 7 . 691 7 . 880 7 .940 7 .960 

3 . 507 3 . 507 3.507 3 . 507 3 .500 3 .493 3 .486 3 .500 ----- 1 9 .263 8 .945 7.680 8 . 020 8 .118 8 .125 
9 - -- -.- 9 .46 8 . 705 8 . 950 9 . 020 9 .040 

Ps / S7 .5 

5 . 968 
6 .4 26 

5 . 826 
6 . 263 

6.825 
7 .431 

7 . 793 
8 . 570 

9.495 
9 .760 

9 .860 
10 . 28 

10 .40 
10 .95 

10 .92 
11 . 62 

11 .92 
12 .94 

12 .56 
13 .81 

9 .350 
9 . 630 

9 .820 
10 . 25 

10 .38 
10 . 95 

11.06 
11 . 845 

11.82 
12 .835 

4 . 630 
4. 86 

5 .353 
5 . 735 

6 . 275 
6 .840 

7 . 236 
7 .960 

8 .130 
9 .045 

~ 
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:r> 

~ 
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TABLE V. - Concluded. AIR-FLOW CALIBRATION DATA OF AFTERBURNER AT AMBIENT TEMPERATURE 

Series Pmblent Meb8ured CooHng- Combustion-chamber static pressures, Ib/eq In . aba Channel Cooling-air pressures, Ib/sQ. In. abe 
l:nd run tank pres- cooling- air tem- p sure. air flov I pers- Pg,lO Pg/l9 Pg ,24. Pg ,32.6 PS/ 4 l PS,49 . 6 Pg/S7.5 Pg ,63 ,8 Pg/S? .8 Pa,lS 8,24 Ps / 24 Pa,32.6 Ps,41 Ps ,49 . 6 

Ib/sq ft abs Ib/sec ture , 
OR 

1~0-5 2072 1.8' 5~~ 14 .'0 14 .40 14 .~9 14 .~9 14.~9 14.~9 14 . .39 14 . 42 14 . ~9 1 15 .2< 15.08 14 .90 14.97 14 . 99 14 .99 
9 ------ 15.~0 15.10 15 .17 15.18 15 .19 

130- 3 2072 3 .95 533 14.~9 14 .39 14 .39 14 .39 14 .39 14.~9 14 . ~9 14.~9 14 .~9 1 17 .81 17.05 16 . 30 16 .59 16 . 69 16.71 
9 ------ 18.05 17.22 17.50 17 . 58 17 .60 

130- ' 2072 " .34 533 14 .42 14 .41 14 .40 14 .41 14 .40 14 .40 14 .42 14 .41 14.39 1 18.34 17.47 16.61 16 . 9' 17 .06 17 .09 
9 ------ 18 . 62 17.66 16 .94 18 .08 18 .12 

1~0-38 1202 .54 536 8 .3'0 8 .340 8.~33 8 . ~33 8 . ~33 8.333 8 .3'7 8 .354 8 .347 1 8 .541 8.515 8 .494 8 .505 8 .505 8 . 505 
9 ------ 8 .547 8.521 8 .537 8 .537 8 . 534 

130- 39 1199 1.06 536 8.354 8 . ~54 8 .34 7 8 .340 8.3' 7 8 .3'7 ----- 8 .3.7 8 .326 1 8.930 8 . 8~ 8.n. 8 . 782 8.788 8 .793 
9 ------ 8 .903 8 .851 8 .89' 8 .899 8 .904 

130- 40 1202 1.23 536 8 .381 8 . ~81 8 .368 8 . ~68 8 .37. 8 .374 ----- 8 .395 8 .347 1 9 .569 9 .346 9 . 112 9 . 218 9.2'0 9 . 245 
9 ------ 9 . ~3 9 .383 9 .' 73 9.489 9 .'95 

130-41 1205 2 .14 536 8 .416 8 . 416 8.'09 8 . 416 8.409 8 .'09 ----- 8 .395 8 .368 1 10 . 25 9 .889 9 .522 9 .682 9 .72. 9 . 729 
9 ------ 10 . ~5 9 .953 10 . 10 10 . 12 10 . 14 

130-.2 1202 2 . 69 536 8 .395 8 . 395 8 .381 8 . ~88 8 .381 8 .388 ----- . 8 .423 8 .3.7 1 11 . 08 10 .53 10 .01 10 . 21 10. 27 10.28 
9 ------ 11 .22 10 .65 10.86 10 . 90 10 . 92 

130-.3 1198 ---- --- 8 . ~61 8 .361 8 . ~54 8 .361 8 . .340 8 .361 ----- 8 . ~47 8 .319 1 12 .01 11.27 10 . 57 10.8' 10 . 91 10 .9' 
9 --- - -- 12.19 11.44 11 .71 11.78 11 .80 

130- 44 1208 3 . 67 536 8 .437 8 . • 37 8.'30 8 .• 37 8 .416 8 . '30 ----- 8.'09 8.388 1 12 . 91 12.01 11.16 11.49 11.60 11 . 62 
9 ------ 13 . 13 12 . 22 12 .56 12 . 64 12 . 67 

1~0-'5 1198 ---- --- 8 .354 8 .361 8 .347 8 .361 8 . ~33 8 .3'7 - - -- . 8.388 8 .319 1 13.57 12 .54 11 .57 11.94 12.07 12 .09 
9 ------ 12 .76 12 .08 13.18 13 . 26 13.30 

130-7 509 . 72 529 3.500 3 .500 ~.5OO 3.500 ~.5oo ~ . 500 ~ . 5OO 3 . 514 3.535 1 4.215 3 .822 4.013 3 . 758 3.758 3 . 7~ 
9 ------ 3.933 4 . 141 3 .822 3 .875 3.875 

130- 8 504 1.22 530 3.4 79 3.479 :3 .4 79 3.'79 3 .'79 ~ . '79 3.486 ~ . 542 3 .500 1 5 . 069 • . 846 • . 580 • . 681 4.702 '.708 
9 ------ 5.133 '.888 •. 9~ 4.98' • . 995 

130 - 9 521 1. 76 530 3 .611 3 . 611 3 .604 3 . 611 3 .604 3 . 604 3.618 3 . 604 3.618 1 6 .3'0 5 .963 5 .511 5.676 5 . 718 5 . 72' 
9 -- ---- 6 .468 6 .048 6 . 186 6 .117 6 . 23' 

130- 10 51~ 2 .23 532 ~.5~ ~ . 5~ ~ . 556 3 .556 ~ . 556 3.556 ~.5~ 3 . 5~ ~ . 563 1 7 .465 6 .934 6 . ~12 6 .541 6 .604 6 .615 
9 -- -- -- 7 . ~5 7 .067 7 .263 7 .306 7 .327 

130- 11 514 2.76 532 3.60' 3.604 3.590 3.590 ~.590 ~.590 3 .604 ~ . 597 2 .569 1 8 .881 8 .191 7.379 7 . 761 7 . 681 7 .777 
9 -. - --- 9 .1OS 8 .372 8 . 680 8 . 627 8 .707 

130-12 317 .88 532 2 .194 2 . 194 
2 .19'1

2
.
194 2.194 2 . 194 2.19. 2 . 208 2.201 1 3 .111 3.015 2.904 2.930 2.941 2 .941 

9 ------ 3 . 132 3 .026 ~ .058 3 .069 ~ .079 

130-13 315 -- -- --- 2 . 201 2 . 201 2 .19' 2 . 201 2 . 188 2 .188 2 . 208 2 . 188 2 . 188 1 4 . 312 4.069 3 . 771 ~.883 3 .904 3.909 
9 ------ 4.371 • . 122 4 . 207 4.228 4.239 

130-14 318 ---- --- 2 . 194 2 .194 2 .188 2 .188 2 . 188 2 .188 2 .208 2 .181 2 .208 1 5 .118 ' . 789 4.385 4 .53' 4. 571 4 .576 
9 -- ---- 5.224 4 .814 4.980 5 .012 5.033 

130- 15 322 ---- --- 2 . 229 2 . 229 2 . 229 2 .229 2 . 222 2 .222 2 . 250 2 . 229 2 .236 1 6 . 583 6 .09' 5 .521 5 . 7~~ 5 .786 5 .797 
9 --- --- 6 . 726 6 . 222 • . 418 6 .434 6 . • 50 

1~0 -16 32~ 2 .25 5~~ 2 .257 2 .257 2.250 2 . 24~ 2.243 2 . 2'3 2 . 271 2.271 2 . 24~ 1 7 . 270 6 . 708 6 .060 6 . 299 6 .368 6 . ~79 

9 ------ 7.441 6 .867 7 .069 7 . 112 7 .133 
-

PS,S? .5 

14 .99 
15 .19 

16 .71 
17 .60 

17 .09 
18 .12 

8 .505 
8 .526 

8 . 788 
8 .899 

9 . 240 
9.495 

9 . 729 
10 . 14 

10 . 21 
10 .92 

10 .94 
11.81 

11.62 
12 . 68 

12.10 
13 . ~0 

• . 066 
4.183 

'.708 
'.995 

5 .72. 
6 . 234 

6.615 I 

7.327 

7 . 782 
8 . 712 

2.930 
~ . 069 

3.909 
4 . 2~9 

• . 576 
5 .028 ' 

5 . 797 
6 . '56 

6 .379 
7.133 
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Figure 1. - Afterburner installation in altitude test chamber . 
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Longitudinal stations r 24 . 0 ~ 62 . 0 I 
21. 0 
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Flame hol der ; b l ockage, 35 percent Fuel- spray system 

Figure 2 . - Sectlonal view of afterburner . (All dimensions in inches .) 
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Figure 3 . - Wire-c l ot h porous combustion-chamber wall before assembl y of st ruc t ural cooling shroud. 
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(a) Before cooling investigation. 

Figure 4 . - Interior view of experimental transpiration-cooled afterburner with porous combustion- chamber wall 
fabricated from brazed and rolled wire cloth. Exhaust nozzle removed. 
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(b) After 4 hours 10 minutes of afterburning . 

Figure 4 . - Concluded . Interior view of experimental transpiration- cooled afterburner with porous combustion
chamber wall fabricated from brazed and rolled wire cloth. Exhaust nozzle removed . 
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40 NACA RM E54E25 

• Combustion -gas static pressure 

~ Wire - cloth or solid metal wall air - side temperature 

e Wire -clot.h gas - side temperature 
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(a ) Wire -cloth and combust ion -gas instrumentation . 

Figure 5 . - Schematic development showing locations of temperature and pressure 
instrumentation on wire - cloth porous -wall afterburner . 
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I 

tt Cooling-air static pressure 

() Cooling-air total pressure 

~ Cooling -air temperature 

~ Shroud outside - skin temperature 
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(b) Shroud and cooling-air instrumentation . 
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