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NATTONAL ADVISORY COMMITTEE FOR AERONAIFTICS

RESEARCH MFMORANIUM

DETERMINATION COF RAM-JET COMBUSTION-CHAMBER TEMPERATURES
BY MEANS OF TOTAL-FRESSURE SURVEYS

By I. Irving Pinkel

SUMHMARY

A method 1is-described by which the total temperature of the
gases at the combustion-chamber outlet of a ram-Jet engine may be
determined from the loss in total pressure measured across the com~
bustion chamber., A working chart is presented by means of which the
ratio of the total temperature of the gases at the combustion-chamber
outlet to the total temperature of the gases at the combustion-
chamber inlet may be detérmined from the measured loss of total pres-
sure across the combustion chamber and the knowm values of air flow,
total pressure, and total temperature at the combustion-chamber inlet.

Values of total-~temperature ratioc across the combustion chamber
of a 20-inch ram Jet were obtalned In the Cleveland sltitude wind
tunnel over a range of pressure altitudes fram 6000 to 15,000 feet,
The difference between the temperature ratic across the combustlon
chamber determined from the chart and that obtained from thermocouple
measurement was wilthin 6.2 percent off the thermocouple-temperature
ratlio and was within the accuracy of the thermocouple measurements.

INTRODUCTION

The evaluetion of the performsmce of a Jet-propulsion engine and
ite combustion chamber requlires a knowledge of the temperature of the
combustion-chamber outlet gases. The temperatures in a ram-Jjet com-
bustion chamber, however, are often too high for thermocouple msasure-
ment and must be determined by other means, Becsasuse the total-pressure
loss acrose the combustion chamber -1s dependent on the ratlo of the
total tempsrature of the outlet games to the total temperature of the
inlet gases (reference l), the temperature ratio can be determined
frcom the total-pressure measurements. )

A chart 1s presented in .reference 1 to estimate the pressure
loasses in Jet-propulsion cambustion chambers from the .known values of
total temperaturs, total pressure, and alr flow at the combustion-
chamber inlet and of the ratioc of total temperature of the exlt gas
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to totml temperature of the inlet gas. It is'based on the assumption
that the pressure losses in & given cambustlon chamber can be maiched

by those of an equivalent combustion chamber of uniform cross—sectional

area. . e o

In order to determine the temperature of rem-jet combustion-
chamber ocutlet geses from the pressure-~loss chart, which is the appli-
cetion of the chart described in this report, the required known
Tactors are the pressure losa across the combustlion chamber, the air
flow, and the total tempersture snd the total pressure of the alr at
the combustion-chamber inlet.

As an illustration of the use of the pressure-loss chart to
obtain combustlon-chamber tempersture ratlos; a comparigon is mede
of the combustion~chamhej* tempersture ratlos. computed from the
pressure-logs chart with those determined by thermocouple measurement
Tfrom wind-ﬁunnel tests of a 20-inch ram Jet taleh over a-range of
pressure sltltudes from 6000 to 15,000 feet. " The combustion chamber
of the 20-l1nch.ram Jlet was considered to extend from the flame holder
to the nozzle.outlet because cambustion coniinues "ln the nozzle. The
range of.temperature ratlos compared was limited, however, to the
values of combustion-cHamber oubtlet- -ges’ tamperature for which thermo-
couple megsurements could be made.

SYMBOLS . .
The terms involved in using the Preesure—loss chart are defined

in the following ligt of symbols; (The sympbols on tha. pressure-loss
chart in reference 1 have been modified in the present chart, to.con- .

form to the corresponding ram-jet symbols that apply to the locations'

ghown. in fig. 1.)

A area of croes sectlon of equivalent cambhustion chamber of con-
gtant cross section, square feet’ .

K . frictlon pressure-loss factor

My . Mach nurber of air flow at inlet of equivalent combustion
chember of constant crosa mection . .

My  Mach mumber of ailr flow'at inlet.of .combustion-zome (fig. .2)
of equivalent ccmbustion chewber of constant cross section

Po total pressure of alr at inlet of- combustien dhamber, pounds
per square foot dbgolute B N

e}
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PB total pressure of gir at ccﬁbustion—zone inlet, pounds per
square foot absolute

Py total pressure of alr at outlet of assumed combustion zone
(nozzle outlet), pounds per square foot absolute

APR preasure loss due to Friction, pounds per square foot

APy pressure loas due to addition of heat to the alr stream by
combustion, pounds per sguare foot

APq-  over-all presaure losa due to friction end heat sddition,
pounds per square footb ’

T> total temperature of air st inlet of combustion chamber, °R

Ty total temperature .of gases at outlet of assumed combustion
zone (nozzle outlet), -°R

W air mass flow through cowmbustion chamber, pounds per second

DISCUSSION

The over-all total-pressure loas APp from the combustlon-
chamber inlet ‘to the combustion~zone outlet is consldered equal to
the sum of two component pressure losses: the friction pressure loss
APp and the momentum pressure loss AFy. The frictlion pressure loss
results from friction and turbulence in the flow produced by the flame
holder and corresponds to the pressure loss in the section between
stations 2 and B in the equivalent combustion chamber (fig. 2). The
momentum pressure loss results from the addition of beat to the air
flowing in the combustion zone. The momentum pressure loss corresponds
to the pressure loss in the section between stations B end 4 Iin the
equivalent combustion chamber,

APp = APp + APy (1)
oxr

APp AP APy APp APy
Pz = Pz -+ = + - (Z)

The pressure-loss chart in reference 1 is arranged to provide
A AP
5% na AEM
P2 Ps

values of friction and momentum pressiure-loss ratios,
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for known combuetion-chember-inlet condltlons and.temperature ratioc
T,/T;, once the values of friction pressure-loss factor K and

crogs-sectional ares of the equivalent combustion chamber A are
knewn. The comstruction for obtaining the pressure lossea from the
chart (reprocduced with changed notetion as fig. 3) starts with the
Imown value of the entrance parsmeter W}/TE/PZ on the ordinate of

quadirant IV. The Mach nuwber Mo 1is obtained from the proper

A curve in quadrent IV and APyp/P, 1s obtained from the curve in
quadrent I with the value of KAZ for the combustion chamber. From
this value of APF/Pz and. the curve in guadrant II having the value
of My previcusly obtained, My is evaluatgd.__The momentum preseure-
loss ratio APy/Pp 'is obtained from this velue of My and the known
value of T4/Tz. The over-all total-pressure-loass ratilo -APT/PZ le

then the sum of APp/P, and APy/Pg (equation (2)).

The values of K gnd A for a glven combustion chamber are
obtained from the pressure-loss. chart with a measured value of APp
and APp ‘taken for the same known value of the enbrance parameter
W/ T5/P5. 'The value of APy 1s obtalned by measuring the pressure
loas acrose the combustion chamher with combustion taking place ab -
some measurable value of the temperature ratio T4/T2. The friction
pressure logs _APF is meagured acrosg the combustion chamber with
air flowing at the same value of the inlet parasmeter W,/T,/P,
without combustion. The difference between APy and APy 1s equal
to APy (eguation (1)). The velues 'of K and A are obtalned
using this Information.on pressure losses and temperature ratlo across
the combustion chember by means of the congtruction Y shown on fig-

ure 3. Lins a-b ig drawvn parallel.toc the abscisse through the lmown
value of _APM/BB ending on the curve having the value of T4/T2 used
when APp was measured. ILane . ¢-d 18 drawn parallel to the absclssa
through the known value of APy/P;. Line o-f is drawn parallel to
the abscissa through the value of the—inlet paremeter W,/T,/Ps; used
in determining APy and APp. The. line a-g drawn parsllel to the
ordinste intersects line c¢c-d on a curve in quadrant IT having some
value of Mp. Line h-J 18 drawn parallel to the ordinate through
this value of Mo on the abscisgsa of- guadrant I. The intersection
‘of lime h-j with line c-d determines the value of XA®. The
Interseotion of line h-J with line e-f gives the valuc of A.

The values of K and A are reascnsbly constant for all conditioms

of ram-jet operatlon for whlch the flame 1s steady and originates at
the flame holder.
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The use of the pressurs-loss chart with which this report 1s
concerned is the evaluatlon of the temperature of the ocutlet gases

of the combustion chamber from pressure-logs measurements once the
values of K &and A have been establisked. By means of tobal-~
pressure probes located at the combustion-chamber outlet, a value
of the loss 1In total pressure AP across the combustion chamber
is obtained in the subsonic case. The construction X shown on
the pressure-loss chart (fig. 3) gives the value of Té/Tz from
the known value of the entrance parameter EJ TZ/PZ and the meas-
ured value of APp. The velue of APF/?Z is obtained from the
known value of W./Tg/Pz and the proper A and EKA®  curves.

The value of APF/PZ 1s subtracted from the measured value of
APT/PZ ‘Lo give APM/PB (egquation (2}}. Line "}-m is drawn per-
allel to the abscissa through the value of AEM/PB. Line n-p

is draewn through the known valus of APF/PZ endlng on the curve
In quadrant IT having the value of M, obtalned at the abscilssa
of guadrent I when APF/PZ was evaluated. Line r-z, drawn

parallel to the ordinste, intergects line- t-m on & curve 1ln guad-
rant ITII having the value of the btemperature ratilo TQ/TZ. Inagmuch

as the total temperature of the geses at the inlet of the combustion
chember T; 1s known, the total tempsrature of the gases at the

outlet of the combustion chamber T, can be obtailned.

In order for the measursd value of the total pressure in the
combustlion zone to be representatlive of the flow at the measuring
station, the total pressures obtalned from the survey rakes should
be welghted according to the local mases flow in the neighborhood
of each pressure probe. As a first approximation the mass-flow
distribution in the combugtion zone can be consldered to he the same
as that upstream of the flame holder. This assumptlon takes no
account of the effect of the flame holder, fusl-spray distribution,
and poundary-layer growth on the mags-flow dlstributlion in the com-
bugtion zone. A better epproximation to the mass-flow distribution
could be obtained by correlating the mass-flow distribution upstream
of the flame holder with that in the combustion zone. This correla-
tion 1s carried out for several combustion-zone tempsratures low
enough for the necessary measurements to be made over the range of
combustlion-chamber inlet conditions of interest. The mass-flow dis-
tribution at the high combustion-chamber temperatures is obtalned
by extrapolating the mass-flow distribution measured at the low
cambustion-chamber temperatures. The uncertalnty regarding the mass-
Tlow distribution 1n the combustion zone represents one of the
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approximations involved in using the method of this repoxrt to cobtaein
combustion~chamber total temperatures.

Altitude-wind-tunnel date taken on & 20-inch ram Jet, which was
lnstrumented with temperature and pressure survey rakes in front of
eand behind the cambustion chamber and nozzle outlet, were used in
meking the comparison between experimental and calculated values of-
T4/T2 ‘In table I, ' The .opesrational pressure altlitude ranged from
6000 to 15,000 feet. The difference between the oxperimental and the
calcul&ted values of - T4/Tz -for the range of pressure altitudes
tested 1s less than 6.2 percent of tha experimental value. This
difference in the temperature ratios obtalned from thermocouple
readings and pressure-loss measurements were within the accuracy of
the thermocouple-temperature measuromonts.

The teomperatures obtained from the preassure-loss chart are not
subJect to the errors involved in measuring temperature with thermo-
couples. These srrors in the thermocouple temperatures include the
absence of correction for conduction and radiastion effects and uncor-
talntiea in the values of . the thermocouple impact rocovery factor
roquired to compute the total temporature from the indicated tomper-
ature. The temperatures obtained from the pressuro-loss chart aro
the total temperatures representative of the stations.

Values of - KAZ' and A used tc obtailn the calculated temperaturo
ratics are tabulated in figure 3. The range of values of WNfTé/Pg
for the compleote combustion chember cxceeded the 1imit of the ordinate
scale of gquedrant IV. For this rcason the calculations were made for
a 60° segment—of the combustion chember for which W and A are
one-gixth as large as the corresponding quentities for the complete
combustion chamber and KAZ 'is the same for tho sogment and complete
combustion chamber. The value of A was 0.36 square foot for the
80° segment and 2.16 gqueare feet faor the complete combustion chamber.
The geomstrical area of the,cross section of a 20-inch-diamotor com-
bustion chamber ila 2.18 sguare feet: From these deba, thc actual
crogs-gectional .area of the cylindrical ram-jet combustion chemboxr
can be used as a flrst approximation for the valuc of tha cross-
sectlional arsa of the. equivalent-combustion chambor A.

Temperature Ty hes beoon considored to represent the canbustion-

chamber-cutlet totml tomperature. If the total-pressure probes were
located at a station within the combustion zone, however, the value
of T4 obtained from the, pressure-loss chart would ropresent an
estimate of the total temperature at that station. A survoy could
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thus bo made of the longitudinal temperature dlstributlion in the com-
bustion chamber. In general, a separate value of K and A should
be detormined for cech station In the combustion zone. Tho values
of K and A probably require little ad justment except for stations
close to the flame holder,

nacperlmenr.a.L and G&.LGU..L&T:SG. %E‘Jmpera.nure ratios at station 3
(f1g. 1) are also compared in table I. The divergence between the
experimental and calculated values of T3/T2 1a atbributed to

hoterogenelity of the flame at station 3. Most of the thermocouples
at statlion 3 appear to be located in flame zones of highser than
averago temperatures.

Alrcraft Engineo Regearch Laboratory,
Natlonal Advisory Committcee for Aeronautics,
Cleveland, Ohio,
REFERENCE
1. Pinkel, I. Irving, and Shames, Harold: Analysis of Jet-Propulsion
Engine Combustion-Chamber Prossure Losseos. " NACA TN No. 1180,
1947.
TABLE I - COMPARISON OF EXPERIMENTAL AND COMPUTED TOTAL-TEMPERATURE

RATTOS FCR 20-INCH~DIAMETER COMBUSTION CHAMBER OF RAM JET

Ty T5
.Altitude- w,/Tzl To . T,
i (£t) ! Py i Calou-|Experi- Difforence Calcu-lﬂmis}f:
ilated montal (percsnt) lated mental
: (=) () | (a) 1 (v)
6,000 0.1820' 2.08 2.14 T -2.8 l.42 2.08
8,000 .3560 2.28 2.39 | ~-4.2 1.43 1.84
10,000 .21641 3,40 3.28 | 3.7 1.50 2.55
10,000 : 2671{ 3.75 3.64 § 3.0 1 1.87 2.62
10,000 i .3842; 1.44 1.49 | ~3.3 1.23 1.47
15,000 | .2155! 3.54 | 3.77 | =-6.1 . |==-=-clecaeo
15,000 | .2360| 1.82 [ 1.92 . -5.2 1.33 | 1.77
15,000 . .3282] 1.60 1.68 f -4.8 _“_1.20 ] 1.64

&From chart of figure 3.

PFrom wind-tunnel data.
) National Advisory Committee

for Asronautics
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