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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1180

ANALYSIS OF JET-PROPULSION ENGINE COMBUSTION—CHAMBER PRESSURE TOSSES

By I. Irving Pinkel and Harold Shames

SUMMARY

The development and the use of a chart for estimating the pres-
sure losses in jet-engine combustion chamwbers are described. By means
of the chart, the pressure losses due to fluid friction and to momen-
tum changes in the air flow accompanying combustion can be separately
evaluated. : '

The pressure-loss chart is based on the .assumption that the
pressure losses in the actual combustion chamber can be matched by
those of an equivalent combustion chamber of constant cross-sectional
area. The concept of the equivalent combustion chamber serves as a
convenient basis for comparing the pressure-loss characteristics of
combustion chambers of a variety of designs. By means of the chart,
the pressure losses of a combustion chamber can be specified by two
numbers, one related to the friction pressure-loss characteristics
and the other to the momentum npressure-loss characteristics of th
combustion chamber.

The over-zll pressure losses computed from the pressure-loss
chart are within 7 percent of the experimental values for the three
types of cowbugtion chamber presented herein.

INTRODUCTION

The " jet-propulsion engine, in common with other internal-
combustion engines, utilizes fuel-air mixtures as the working sub-
stance in the engine cycle. For this reason, the manner of heat
addition to the working substance and the flow characteristics of
the combustion chamber have a marked effect on the performance of
the Jet-propulsion engine. In particular, combustion-chamber pres-
sure ilosses result in reduced cycle efficiency and lowered mass air
flow through the engine with a consequent reduction in engine thrust.

A chart has been developed to estimate combustion-chamber pres-
sure losses in which the pressure losses due to Ifluid friction and
the losses due to the addition of heat by combustion are separately



2. NACA TN No. 1180

evaluated. The pressures considered are total or stagnation vressures
unlegs otherwise specified. Pressure losses obtained with the chart
are cowpared with the losses cbtained from experiment for three cur-
rent types of jet-propulsion eangine combustion chamber.

DESCRIPTION OF SOME CURREHT TYPES OF COMBUSTICH
CWA}BE'R FOR JET-PROPULSION ENGINES

A cyllndrlcal type of oombustLon chamvber used in turbojet engines
is shown in figure 1{(a). The outside cylinder and the entrance sec-
tion form a duct to carry the air from the compreszor outlet to the
turbine inlet. The inside cylinder, referred to as "the basket," sur-
rounds ‘the combustion zcne. The basket is fitted with a dome bhaving
entrence glots for indvcting part of the total air flow into the com-
bustion chamber in a manner to provide good mixing with the fuel
injected inside the dome. As combustion proceeds, the remainder of
the air enters the combustion zone thiough heles arranged along the
cylindrical surface of the basket. In this manner, the flow is split
into primary and sevoada‘v gtreams to cbtain fuel-air ratios in the
combustion zone closer to stoichiometric than would be provided by
mixing the fuel withk the total sir flow. The combugtion rate and the
ignition characteristics are therevy improved and the walls of the
basket are cooled by the secondary ai Thie type of combustion
‘chamber is usually installed in multi wits arranged in parallel.

r.
ple

The annular type of combustion chawber used in turbojet sngines
is shown in figure 1(b). The combustion-chamber annulus is Tormed
by inside and outside walls that are cocaxial with the drive shaft
connecting the turbine and the comprescor, This annular duct carries
the total air flow from the comwuiessor outlet to the turbine inlet.
The toroidal bagket is approximately triangular in section and is
provided with slovs and holes for splitting the flow into primary
and secondary streaus.

A form of combustion chamber for the ram-jet engine consists of-
a single cylindrical duct provided with a flame Liolder av the fuel-
injection zone (fig. 1{(c)}. The combustion zone extends downstream
cf the flame holder. No Daskelt is used in the ram Jjet in order to
avoid the pressure lcsses involved in getting the air flow through
the holes in a basket. '

The three types of combustion chamber considered Lave in common
an obsiruction interposed between the compbustion-chamber inlet and
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the combustion zone. This obstruction to the air flow, which may be
2

between the cowbustion-chamber inlet and the cowbustion zone. The
combustion zone is unobstructed in these three types of combuastion
chamber. HNo combustion chambers with structures in the combustion
zone, such as fuel preheaters and vaporizers, catalytic swfaces,
and heating elements, are considered.

SYMBOLS

The symbols in this report conform with those currently used

for turbojet engines. Symbols used more than once are listed here
for ready reference.

A

arsa of cross section of eguivalent combustion chamber of
constant cross section, saquare ieet

Tactor for converting slugs to pounds mass, 32.2
combustion-chaumber pressure-loag factor

Mach number, fatio of airspeed to local speed of sound
engine rotational speed, rpnm

absolute total (stagnation) pressure, pounds per sguare foot

logs in total pressure due to friction (friction pressure
loss), pounds per sgquare foot

loss in total pressure due to heat addition to th
by combustion (momentum pressure losg), pounds

Toot

over-all loss in total pressure due to friction and heat
addition, pounds per sguare foob

absolute static pressure, pounds per square foot
gas constant for air, 53.3 foot-pounds per pound °R
total (stagnation) temperature, °R

static temperature, °R
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~
v . speed of gas flow, feet per second
W air mass flow, pounds per second
Y ratio of snecific heat at constant pressure to specific heat

at constant volume

92 ratio of total temmerature of .compressor inlet air to static
temperature of standard NACA air at sea level

o} air density, pounds per cubic foot

Op air density measured under total (stagnation) corditions,
pounds per cubic footb

Subscripts:

2 compressor inlet

4 combustion~chamber inlet, also compresscor outlet of turoblet
engine or diffuser outlet of ram-jet engine

5 combugtion-chamber outlet, ealso turbine inlet of turbojet
engine or nozzle inlet of ram-jet engine

B entrance to combustion zone of equivalent combustion chamber

DEVELOPMENT OF THE PRESSURE-LOSS CEHART

Assumption. ~ The development of the combustion-chamher
pressure-loss chert is based on the assumpiion that the pressure-
loss characteristics of the actual comdbustion chamber can be matched
by those of an equivalent combustion chamber of ccnstant cros

S_
sectional area having the form shown in figure 2. The alr enters
the combustion chamber from the left and experiences a loss in total
pregsure due to fricticn in the zone from station 4 %o station 3.
This friction vressure loss APF corresponds to the pressure loss

in the actual combustion chamber inveolved in bringing both the
primary and secondary air from the compressor oubtlet, or the difiuser
outlet for the ram-jet engine, throuvgh the basket, or the Ilame

holder, into the combustion zone. This loss is the pressure loss
measured across the actual combustion chember with the air flowing
but no combustion taxing place. It is assumed that all the pressure
loss due to fricticn takes place before the air boecomees involved in
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the combustion. The losses in the combustion-chamber entrance sec-
tion and those involved in getting the azir through the basket, or
the flame holder, are considered to account for most of the flvﬁa-
friction pressure losses in the combustion chamber. The use of the
pressure-loss chart is therefore restricted to combustion chambers
having an unobstriucted combustion zone. Pressure losses, designated
as mwomentum pressure ioszes APy, also occur in the combustion zone

~with the addition of heat to the flowing gas. The over-all loss
in total pressure APp in the combustion chawbsr is the sum of the

friction and the momentum ﬁressure losses.

No account is taken of the effect of fuel injection on the mass
flow and the gas velocity through the combu ustion zone., For the.
turbojet engine, in wvhich uhe Tuel-air ratio 1s low because of the
temperature limitation qmposed by the turbine material, the error
involved in neglecting the fuel addition in the expression ¢or the
computed combustion-chamber pressure losses is small.

Theoretical consideration. - The theoretical considerations
involved in developing the combustion-chamber pressure-~loss chart
use the eguivalent combustion chamber of coustant cross-sectional
area (flg. 2) as the mcdel. The analysis is made in three steps:

An expression is obtained for the friction pressure less in terms

of the combustion-chanber entrance-air conditions. The conditions
at the entrance to the combustion zone are evaluated to acccunt for
the effect of friction vressure loss on the air flow. The equabions
- reguired for computing the momentum pressure loss are then obbtained,
based on the combustion-zone entrance conditions and the total tem-
perature ratio across the combustion chamber.

Y

General laws for fluid-friction pressure losses indicate the
followi relation among APy W, and pn.
B 3 T

) .
2 KWeRT ;

APF = KW - 4 N : (2)
Py Py

Equation (2) is in agreement with experimental data obtained with the
combustion chambers of the turbojet and the ram-jet engines. For con-
venience in setting up the pressure-loss chart, the friction pressure
loss is related to the Mach number of flow at the entrance to the
equivalent combustion chamber. From the expression for the Mach
nunber
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W -
78RY

and the relation satisfying the law of conservation of mass for
gteady flow in the combustion chamber ‘

W = pAv
the following equation is obtained: i
: ‘ Y4
. o o L -1
2 - o2alvE(rt) _ WRE _ WRT (| 2- 1,,,12>7\ (%)
- 2 \ 2 - ' - 2D N ’;, . w
yeA” (pRt)” 781‘-2.'92_ w'gAd?g AT ’

i
~
}

‘
/
’—

In whe lerivation of equation (3), use is made of the perfect gas
law and the revergible adiabatic relations

T o142 12
E 2
and
X
-1
p_ [V
P \t/;_ .

Equations (2) and (3) applied to station 4 yield the degired relation

AP,  KWCRT, y j8KAEH,
¥ 5 = = _ 4 - (4)
P4 P4 74+ L
' -1
( ys -1 gV4
1+ —=— M /
KW RT
The second term in equation (4) ——— sghows that the friction
P
4

pressure-loss ratio APF/P, depends only on the air mass Ilow and.
' 4 N

the total temperature and pressure at the entrance to the combustion
chamber. No choice of the cross-sectional area A of the equivalent
combustion chamber need be made at this stage of development but a
value will later be chosen to give the correct value of APy
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The Mach number of the flow at the entrance to the combustion
zone IHp differs from the Mach number of the combustion-chamber
inlet My because of the friction pressure loss experienced by the
flow, The expression relating these quantities is obtained by
means of equation (3), as applied to statioms 4 and B. Inasmuch as
the total temperature of the gases at stations 4 and B are the same

7 4% 7’Bg
— AM,P — AMRP
454 B B
WA[Ty = W,Tg = AJ R = N R
) 7 +1 v+l

- 2 - - |
/l 7,471 oy 2(74-1) . 75-1 5 2 2(74-1
K + —?— 144 + > &) »

The valve of 7y may be assumed equal %o 75 because t4 ig not

appreciably different from tg. The eguation used to correct My

to ‘MB is

74+1
2 -1
/ va-1 . (74-1)
- 14—}
- E§ ) P4 PB _ APF L. %ﬁ’ I+ > @B (5)
1+ B%
\ 2

The expression for mementim pressure-loss ravio APM/PB for

an unobstructed-combustion chamber of- wniferm -crogs-sectionsl ares
is developed in the appendix

o)
‘ -1
{3 S \\1 ! ] 75 - ' W 2\|7
APy i} b + gy \1+ M5y ()
Py 73
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In order to use equation (6) a relation is required among M5,' The

knovn value of NB and the temmerature ratio across the combustion
chamber T_/T,. This relation is obtained dy writing equation (3)
5/ )

as applied to stations B and 5 succeassively

V8
2 B® 42y 2
WeTy i = A
2 7.+l
Py B
-1
/1 + B MBZ\
\
2 758
W T5 i __%_ AZMSZ
2 y.+1
- Pe 5 -
. Yo"
[ 71 \C
1+ - Mg )

By division of these eauations and from the fact that the total
temperatures at the combustion~-chamber inlet and at the entrance to

the combustion zone are equal, that is, T4 = TB there is obtained

7B+1
rp-t
. / Y -1 B
215 B 2
Ts(*a\ st T M
A oyl

’ 2
73\
The term PS/ ig eliminated from this expression by applying the

reciprocal of equation (14) in the appendix.

e
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73

L e

-1
o 2' 7B-'l 27B
<1+75M5>1‘+ 5 MB)
. 5

‘ 5
- 1 e
AVARRE: 2>
1 M 1 -
<+7~BB>\ + > MS

The final expression is

'*dlfd
(SN s

- {7)

Equations (56) and (7) are used to compute &PM/?B from the known

vailues of Mg and the temperaiure ratio TS/T4.

Congtruction of pressure-loss chart. - From the pressure-loss
chart shown as figure 3, A4Pp, 4Py, and APy can be ottained Irom

known values of the combustion-chamber-inlet paranmeter WWa/T,/P
. 4744

and the temperature ratio acrosa the combustion chamber. The chart
ig set up in the following manner: Quadrant IV gives a plot of

WV¢T4/P4 against M, according to equation (3), modified as

748
N 7
ATy r M
Py ‘ 74+1
/ y, - 1 2(74‘1)
(142 Mf)
\ 2 ¢

for several values of the parameter A. The variation of AP?/PA
with My according to equation (4) is given in quadrant I for
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geveral values of the parameter KAZ, wvhere K is defined by
equation (2). The curves in quadrant II correct M; to My to
account for the change in Mach number accompanylng the friction
pregsure loss APp. This correction is made by means of equation (5).
In quadrent II, APF/P4 is plotted against My for various values
of My. In quadrant III, AowPB is plotted against MB according
to equations (6) and (7) for variocus values of the temperature ratio
T /T4 The vaiue of yg; used in equations- (8) and (7) to obtain

tﬂe curves of quadrant III are average values for the temperature
range corresyponding to the uenre;ataro ratio 15/T4 and the required

fuel-air ratio with an assumed 95—parcvnt combustion efficiency. In
3

order to obtain the temperature range, it vas agsumed that T, was

600° R for values of TS/T4 less than 3.8 and 400° R for T:/T,
greater than.3.8. These values of T, apyroximate those of the

turbojet and ram-jet engines, respectively. The over-all pressure-
loss ratio APT/P4 is obtained from the values of 4P /P4 and

APM/PB given by the chart by means of the expression

Y 2
Pr (P IANG PR, (2 (5)

derived from equation (1) and the relation

P

3 = P4 - bFp

For most applications of the chari, little error is made if PB is
assumed equal to P, in the denominator of the pressure-losa-ratio
terms and equation (8) is expressed simply as

APT AP APy APF A?M

= — ¢ 1~ +— (ea)
P4 Pa Py Py PB

Use of the pressure-loss chart. - The chart is used in the
following manner to obtain the various pressure losses: Assume,
temporarily, that the value of K is 1.0 and A is 0,20 square
feet for the compustion chamber. For a known value cf IrVi /P4

equal to 0.0230 and the temperature ratio /T, of 3.40, the

C‘
<
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pressure losses due to friction and momentum are evaluated in four
steps around the chart. Start with the known value of J4/ /PI1

on the ordinate of quadrant IV. From the curve having the value
of A, equal to 0.20, M, is determined to be 0.126 on the abscissa
of quadrent IV and the corresponding value of 0.0278 for ARF/P4 is
obtained by means of the curve in guadrant I having the value of 0.04
for KA® for the combustion chamber. Proceed parallel to the
. abscissa through this value of APF/P4 to the curve in gquadrant II
having the value of M4 previously established; the value of 0.130
for Mp is determined on the abscisea of guadrant II. ¥From the
T5/T4 curve having the value of 3.40 in quedrant IIT, APM/PB is
determined to be 0.0276 on the ordinate of quadrant IIT. The over-
all pregsure~-loss ratio APT/P4 ig then computed to be 0.0554 by

i /
adding APM/PB to APp/P,.

Determination of K and A. - The value of X and A for a
given combustion chamber can be determined by means of the pressure-
loss chart if APm/P4 and AT F/“ are kncwn from experiment for

the same value of W/M 4/P4. The pressure loss due to friction APF
is measured by total-pressure tubes located at the combustion-chamber
inlet and exit with air flowing through the combustion chamber with-
out combustion taking place. The over-all pressure loss is obtained
with these pressure tubes with the air flowing at the same value of
W,ﬂT4/P4 and combustion talring place at a known value of Ts/ /T
ted a
construction in which the values of A and KA were established

for a cylindrical-type combusticn chember by means of the following
“expérimentally determined data:

4°
In figure 4, a reduced print of figure 3, there is demonstra

W E TA
. - = 0,0346
Py
APT
— = 0,0420
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AP.

7= 0.0280 (from engine windmilling data)
4

M APT APF '_
B = 5, " T, = 010140(accord1ng ?o equation (8a))

AP

T .
E.S-:l:(s
4y

Line B-A, quadrant III, was drawn parallel to the abscissa through
the known value of APM/PB and ends on the proper T5/T4 curve,

Line C-D was drawn parallel to the ebscissa through the value of
AEF/P4; line E-F was drawn parallel to the abscissa through the
value of w,ﬁZ/P,; ; line A-G was drawn parallel to the ordinate.
The intersection of lines A~G and C-D determined a value of M.
The line H-J was taken parallel to the ordinate through M, on the

sbscissa of quadrant I. The intersection of line H-J with line C-D
determined the value of KA2 for the cylindrical type combustion
chamber. The intersection of lines E-F and H-J similarly determined
the value of A in gquedrant IV. '

If APp is known for a different value of W AT4/By than
corresponds to APp, the required value of APp corresponding to
APp, can be obtained by evalusting K in equation (2) with the
known values of APp and corresponding value of WUVTZ/?A. The
required value of AP? may then be obtained ?y using thié velue of
K and the value of 'W«ff;/P4 -corresponding to APnp.

A method of obtaining KAZ and A for a combustion chamber
when only the over-all loss in total pressure APp can be obtained

is shown in figure 5, a reduced print of figure 2. It is assumed
that, for a known value of WAJTZ/P4, two values of APT/P4 can

be measured that correspond to two different known values of the’
combustion-chamber temperature ratio _TQ/T4. The value of APF/P4

is the same for both cases because Wq/T4/P4 is the same
(equation (4)). The difference in the measured values of APT/P4
represents the difference in the values of APN/PB (equation (8a)).
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This difference is set on a divider according to the scale of the
ordinate of cuadrant III (fig. 5).- With the line joining the
divider points held parallel to the ordinate, one leg of the divider
ig moved along one of the. curves in quadrant III having one of the
values of TS/T4 used in the tests until the other leg of tae

divider intercents the curve having the other value of T5/T4. The
values of APM/PB are thus determined for both engine conditions
and the value of APp/F, is obbained by subtracting APy/Pp from
the corresponding value of APT/P4 (equation (8a)). A construction
similar to that described in the previous paragraph can now be made

- a5 . ~ - ..
to obtain A and KA<S ag showvn in figure 5 for the experimental
J © .
data given in the insert.

Remarks concerning the use of the chart. ~ The values of

W,,’T4/P4 for turbojet engines may be obtained from the compressor

‘performance data. The operating line for a compressor is often given
as a plot of the pressure ratio across the compressor P4/?2 against

corrected engine speed N/4/Gg and corrected air-weight flow

2116 WA’TZ/PE. For each corrected engine speed there corresponds
N 519

a value of P,/P, and WAJEE/PZ for a given flight speed and
altitude. The factor WVJTZ/P4 is computed from these data by.
dividing WA[To/P; by Py/P, and evaluating T, from the relation

where 1, 1is the compressor efficiency. The compressor efficiency
is obtained from compressor pericrmance data.

For combustion chambers having air-flow rates W large enough
to meke the value of the entrance parameter W«/T4/P4 exceed tvhe

limits on the chart, only a segment of the combustion chamber is
congsidered. Assume, for example, that a 500 segment of the combus-
tion chamber, which carried one-twelfth the total air flow, gives
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values of W1/T4/?4 that fit the scale of the chart. The value of

A 1is then one-twelfth that for the complete combustion chamber.
The value of X 1s 144 times that for the complete combustion cham-

ber (equation (2)). The value of KA® is the same for the segment
and the complete combustlon chamber, = This property of the parameter

KA2 led to the choice of the pressure-loss chart arrangement given

in figure 3, where KA2 rather than X is taken as the parameter
in quadrant I. The various pressure losses for the segument are the
seme as those of the complete combustion chamber. The construction
for obtaining K and A for the segment is the same as that
described for the complete combustion chamber. The values of pres-
sure losses and temperature ratio obtained by experiment with the
complete combustion chamber are used and the value of W corre-
sponds to ths air flow through the segment.

A variety of forms of the pressure- .loss chart is possible. The
form presented in figures 3, 4, and 5 is considered to have the most
general utility. For special apanceulou, several of the gquadrants
can be campined for ease of menipulation.

RESULTS AND DISCUSSION

Comparison of experimental and computed pressure losses, - A
comparison of experimental with computed combustion-chamber pressure
losses is given for the cylindrical, annular, and ram-Jjet types of
combustion chamber illustrated in flgure 1.

The data for the pressure losses of the cylindrical combustion
chamber were obtained from tests of a complete Jet-propulsion engine -
in the Cleveland altitude wind tunnel. Figure 8 shows experimental
and computed over-all pressure-loss ratios for two cylindrical com-
bustion chambers ingtalled in the same engine. These combustion
chambers differ only in the primary entrance =srrangements on the dome
of the basket and in the relative proportion of primary and secondary
air. For combustion chamber I, A 1is computed to be 0.300 sguare
foot and KX is computed to be 0.667. For combustion chamber II, A
is computed to be 0.240 squarc foot and K 1is computed to be 0.047
Type I has the higher value of X and therefore the higher values
of friction pressure-loss ratio (fig. 7(a)); type II has the lower
value of A eand therefore the higher momentunm pressure-lcss ratio
(fig. 7(b)). The actual area of cross section of the combustion
zone was approximately 0.29 square foot. These deta serve to
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illustrate how the values of X and A are influenced by the rela-
tive proportions and manner of induction of primary and secondary
air as well as the gross geometry of the combustion chamber.

Comparisons of computed and experimental values of the pressure
losses in an annular combustion chamber and 2 combustion chamber for
a ram Jjet are given in tables I and II, respectively. The data for
the annular combustion chamber were obtained with the combustion
chamber directly connected to an-air source of variable temperature
and an exhauat system capable of reproducing altitude pressures,

The data for the combustion chamber of a ram Jjet were tsken from
tests of a complete 20-inch ram Jet overating in the Cleveland alti-
tude wind tunnel.. For both combustion chambers, the pressure-loss
ratios computed from the chort are within 7 percent of the experi-
mental values. -

Significance of X and A. - The concept of the equivalent
combustion chamber of constant cross section can serve as a con-
venient basis for comparing the pressure-loss charachteristics of

combustion chambers of a2 variety of designs. The values of KACZ

and A/Ac, where A, is the maXimvm area of cross section of the
combustion chamber, can be taken as figures of merit along with .
other criterizs for comparing the excellence of combustion chambers.

Good combustion chambers should have low values of KACE and high
values of A/A;. '

The values of K and A obtained from the pressure-loss chart
indicate how a combustion chamber should be modified to reduce the
pressure losses, I pressure losses are high because of large
velues of X, improvement is obtained by opening the air-flow
passages, particularly in the basket. If pressure losses are high
because of low values of A, improvement is obtained by devoting
more of the combustion-chamber cross section to the combustion zone,
The combustion-chamber pressure losses can also be reduced by alter-
ing the relative proportions of primary and secondary air and the
manner of induction of the air into the combustion zone.

The assumption that the value of A for a given combustion
chamber is fixed for all conditions of engine operation applies
only if the flame is always seated at the same location in the
combustion zone. Preliminary evidence shows that, for some com-
bustion chambers, the value of A decreases with values of

W;VT4/P4‘ above a critical value, which is characteristic of the
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combustion chamber. This decrease in the value of A 1s believed
to be associated with the movement of the flame s=sat or the zone of
maximum combusticn rate downstream. If this supposition is corrsct,

a rapid rate of decrease of A with incrcasing values of WA’Té/P4

may serve as an indication that blow-out conditions in the combus-
tion chamber are teing approached.

Aircraft Engine Rescarch Laboratory,
‘National Advisory Committes for Aeronautics,
Cleveland, Onhioc, July 31, 1946,
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APPENDIX - DEVELOPMENT OF EXPRESSION FOR MOMENTUM PRESSURE LOSS
The momentum pressure lose in a chamber of constant cross sec-
tion, neglecting friction, is developed. A similar development is
given in reference 1 for the static-pressure drop accompanying the
addition of heat to a flowing gas. The expression is required in
terms of the loss in total pressure.
The drop in static pressure required to accelerate the gas
flow at any section in the combustion chamber is

: _pv oL
dp = - — dv . : 9

For steady flow in a combustion chamber of coastant crogs section
W = pAv

or
pv = C (10)

where C is a constant.

rPS . Ve
J d.p = - g v dV’
Py “ "B
2 2
PV, = PV
B B 55 -
Ps - Pg = Z (11)
From the relations
2
MZ = Y
YELY
and
P
5= Rt
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2 2

p — = ypM

SERE

o 2 2
Pg = Pp = 7pPgMp" - 75PM

or

2 .
__'D5 <l + 75MS'> = Pg <l + 7BM,BZ>

| res

o .2
§ 1+ 7BMB-

k

B 1+ oyt

i
From the relation between static pressure and total pressure

7
E-(ezztd)
71’
([ Y51 Ve
s (e N T2 )
PB —71.

1180

(12)

(13)

(14)
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’s

. Y

| (e Bt )
1-P_5=PB-P5=APM_1_§1,+7B¥BI) + 5)

Py .Pg Pg 7g

-4 g -1 SO
. 2'\ 1 JB - 2\
(1 + 7gMs) ( t T Mg )
which is the desired equation and is eguation {6) of the text.

q
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TABLE I
COMPARISON OF EXPERIMENTAL AND COMPUTED PRESSURE-LOSS

RATIOS IN AN ANNULAR COMBUSTION CHAMBER

[K = 0.0132 for entire combustion chamber; )
A = 1,58 sq ft for entire combustion chamber;
KAZ = 0.0330 for entire combustion chamber or one-

fourth segment j

]
WAL, | Ts . AP |Difference
T T Total pressure-lcss ratio, 7 (percent)
4 4 4
(a) Computed FExperimental
(a)

0.03391 2.93 0.0243 0.0229 6.1
0393140 2.73 L0315 L0315 0
0451 ¢ 2,02 0335 L0317 5.7
.04801 2,60 .0459 .0430 6.7
(0497 | 2.49 .0484 | .0478 | 1.3

8These values were computed by using a one-fourth seg-
ment of the combustion chamber; that is, values of

WWVE;/Pé used on the chart are one-fourth the value
for the entire combustion chamber.
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[
TABLE II
COMPARISON OF EXPERIMENTAL AND COMPUTED PRESSURE-LOSS
RATTOS IN A COMBUSTION CEAMBER OF A RAM JET
[K = 0,00364 for entire combustion chiamber; A = 2.16 sq ft
- for entire combustion chamber; KAZ = 0,0170 for entire
combustion chamber or 60° segment; actual area of combus-
tion chamber, 2.18 sg ft]

Altitudey WAT4 | Tg Total ; 61 APq| Difference
£t -=——| == |Total pressure-loss ratio, =—=|(percent
(ft) Py Ty ’ 4 (pez )

(a) Computed ! Experimental
6,000 [0.0303 | 2.14 00,0133 0.0127 4.7
5,000 L0593 12,39 .0595 .0558 6.6
10,000 ,0341 12,36 .0179 .01&0 ~.6
10,000 .0543 {1 2,39 .0492 .04890 2.5
10,600 | 0708 | 1.33 .0463 .0458 1,1
15,000 L0359 | 3,77 .0276 .0290 -4.8
15,000 | .0393 {1.92 .0198 .0186 6.4
‘15,000 L0547 1 1.68 .0345 .0327 . 5.5
‘8These values are for a 60° segment of the combustion chamber,
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8Pp
IT{

Friction pressure-loss ratio

AP
4

-loss ratio

Momentum pressure
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(b) Momentum pressure loss.

Figure 7.- Comparison of computed friction and momentum
pressure-loss ratlos for two types of combustion chamber.
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