—n

copy w093

t?uiig‘%\ar(f E}é)search Laboratory
ﬁglandf@hio

RE # (73 /
_DatedZ.slls.3

FOR AERONAUTICS

WASHINGTON
" August 6, 1948

V - COMBUSTION-CHAMBER CHARACTERISTICS

By Robert M. Geisenheyner and Joseph J. Berdysz

NATIONAL ADVISORY COMMITTEE

RM No, E8F10d

—

Car gt =T

RESEARCH MEMORANDUM

PRELIMINARY RESULTS OF AN ALTITUDE-WIND-TUNNEL INVESTIGATION

OF AN AXTAL-FLOW GAS TURBINE-PROPELLER ENGINE

Dafe 7 A ok

ON CANCELLED

]
1
1

iCAT

F
g S
Authgrics AR eas Ko ..OAlm . £ ..

TECHNICALEG
WAIVED SZ>

. fﬂ./.:_./!.sé-.

By £ .

T SR R——————

-6

e e o R e 04 a0 A



NACA RM No. ESF104 B rmaare N

HATTIONAIL ADVISORY COMMTITEE FOR AERONAUTICS

T

601435

'
e

ResEAROR M ORATDS I H\"\M\

PRELIMINARY RESULTS OF AN ALTTITUDE-WIND-TUNNEL INVESTIGATION
OF AN AXTAL-FIOW GAS TURBINE-FROFELLER ENGINE

V - COMBUSTION-CHAMBER CHARACTERISTICS

By Robert M. Gelsenheyner and Joseph J. Berdysz

SUMMARY

An investigation to determine the perforiance and operational
characteristics of an axial-flow gas turbine-propeller engine was
conducted in the Cleveland altitude wind tunnel. As pert of this
investigation, the combustion-chamber performance was determined
at pressure altitudes from 5000 te 35,000 feet, compressor-inlet
ram-pressure ratios of 1.00 and 1.09, and engine speeds fram
8000 to 13,000 rpm. Cambustion-chamber performence 1s presented
as & functicn of corrected engine speed and corrscted horsepower.

For the range of corrected engine speeds investlgated, over-
all totel-pressure-loss ratio, cycle efficiency, and the fractional
loss in cycle efficlency resulting fran pressure losses in the
combustion chambers were unaffected by a chenge Iin altitude or
compressor-iniet ram-pressure ratio. The scatter of combustion-
officiency data tended to obscure any effect of eltituds or ram-
pressure ratlio. For the range of corrected norsepowers Ilnvestl-
gated, the totel-pressure-loss ratio and the fractional loss in
cycle effliclency resulting from pressure losses .n the ccmbusticn
chambers decreased with an increase in corrected horsepower at a
constant corrected engine speed. The ccubustion efflciency
remalined constant for the range of corrected hcrsepowsrs investi-
gated at all corrected englne spesds.
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IRTRODUCTION

An Investlgation to determine the performance and operational
characteristica of an axigl-flow gas turbine-propeller engine was
conducted In the NACA Cleveland altitude wind tunnel. The perform-
ance characteristics of the component parts of the englne were
determined in addition to the evaluation of the over-all performance
characteristics. Various phases of the investigation are reported
in references 1 to 4.

The cambustion-~chamber performance is presented herein to show
the effect of engine operating conditions on combustlon-chsmber
over-all total-pressure loss, combustion efflciency, cycle effi-
ciency, and the fractional loss in cycle efficiency due to
combustion~chamber pressure losses. Data were obtalned for pres-
sure altltudes from 5000 to 35,000 feet, compressor-~inlet ram-
pressure ratiocs of 1.00 and 1.09, and engine speeds from 8000 to
13,000 rpm. '

DESCRIPTION OF COMBUSTION CHAMBER

The T31 gas turbine-propeller englne has nlne cylindrical
counterflow cambustion chambers (fig. l1). The alr leaving the last
stage of the compressor is turned 180° before entering the combue-
tion chambers and passing into annular spaces betwsen the casings
and the liners. The casing (fig. 2(2)) 1s 6 inches in diameter
and 14% inches long and contains a removable liner (fig. 2(b))
that dilvides the combustion zone from the paseage for the entering
alr flow., A series of openings in the wall of the liner allows
alr to pass into the combustion zone, where 1t ls mixed with fuel
sprayed from an atomlzing nozzle located in the center of the
combustion~chamber dome. The fuel 1z ignited by spark plugs
located in the dome of two of the combustion chambers; fuel in
the other combustion chambers is ignited through cross-fire tubes,

SNGINE INSTALLATION AND INSTRUMENTATION

The axial-flow gas turbine-propeller engine was ingstalled in a
streamlined wing nacelle, which was mounted In the 20-foot~dlameter
test sectlon of the Cleveland altitude wind tunnel (fig. 3). A
gectional drawing of the engine showing Tthe locatlon of measuring
statlons 1s given in figure 4. A complete description of the engine,
the installation and the insetrumontation is presented in referenco 1.
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The instrumentetlon used in this analysls was located at the
compressor inlet (station 2), the compressor outlet (station 3),
the turbine inlet (station 55 , and the tall-pipe-nozzle outlet
(station 8). Because the instrumentation at the compressor elbow s
(station 4), was inadequate for determining pressure losses across
the cambustion chambers, the instrumentation at the compressor out-
let (station 3), was used.

The campressor-outlet instrumentatlon consisted of three rakes,
located 120° apart, with three total-pressure tubes and two thermo-
couples each. The location of all iInstrumentation at this station,
including five wall static tubes and two probe static tubes, is
shown in figwre 5. Turbine-inlet instrumentation consisted of five
total-pressure tubes and five wall static tubes located as shown
in figure 6. The tall-pipe reke at station 8 (fig. 7) contalned -

16 total-pressure tubes, three statlc-pressure tubes, and six thermo-
couples and was located with the plane of measurement 1 inch upstream
of the tell-plpe-nozzle outlet.

PROCEDURE

The investigation was conducted at pressure altitudes ranging
from S000 to 35,0Q0 feet and at compressor-inlet ram-pressure retios
of 1.00 and 1.09. At each altitude and compressor-inlet ram-pressure
ratio, the engine speed was varied from 8000 to 13,000 rpm. The
engine power measured at the torquemeter ranged from 70 to 1050 horse-
power, Ambient temperatures were maintained at approximately NACA
standard altitude conditions. Average values of pressure and tem-
perature used in this anslysis were teken from references 1 and 3.

SYMBOLS

The following symbols are used I1n this report:

A cross-sectlonal areas, square feet

p specific heat of gas at constant pressure, Btu
_ per pound °R

cp, 3 average speclflc heat at constant pressure from

station 9 to station 0, Btu per pound ©R

£ fuel-air ratio
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acceleration due to gravity, 32.2 feet per second

per second
horsepower loss in high-speed reduction gear
enthalpy, Btu per pound
enthalpy of alr, Btu per pound
enthalpy of fuel, Btu per pouni
heating value of fuel, 18,700 Btu per pound
shp + ghp
mechanical equivalent of heat, 778 foot-pounds per Btu
engline speed, rpm
total pressure, pounds per square foot absolute

over-all total-pressure~loss ratic across cambustion
chambers due to friction and momentum changes

3-Fs5
pounds per square foot
Py ’

static pressure, pounds per square foot absolute
gas constant, 53.4 foot-pounds per pourd ©R
shaft horsepower measured at torgquemeter

total temperature, °R

indicated temperature, ©R

static temperature, °r

air flow, pounds per second
fuel flow, pounds per hour

gas flow, pounds per second

ratio of specific heats for gases
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el ratio of campressor-linlet total pressure to static pres-
sure of NACA standard stmosphere at sea level

e ratio of compressor-inlet absolute total temperature to
absolute static temperature of NACA standard atmosphere
at sea level

1 cycle efficlsency

An cycle-efficliency loss

LY cambustion efficiency

Subsoriptse:

0 tunnel-test-sectlon free alr stream

2 campressor inlet

3 campressor outlet

5 turbine inlet

8 tail-pipe-nozzle outlet

9 station iIn Jet where stetlic pressure first reaches free-

stream static pressure

Tue data were generallzed to NACA standard sea-level conditions
by the following paremeters:

N/nf6 corrected engine speed, rpm
hp/(84/6) corrected horsepowsr

METHODS OF CALCULATION

Gas flow and air flow, ~ The gas flow at the tail-pipe-nozzle
outlet was obtained from

2708
W =P ——————ret.
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The alr flow was then determined from
Wy = Wg - (Wp/3600)

Turbine-inlet temperature. - Turbine-~inlet temperature was
calculated from the enthalpy drop through the turbine and the
enthalpy at the tall-plpe-nozzle outletb:

shp +
Hg .-.<_P.ﬁ_§£2> + (Hs - Hz) + Hg
8

T =
S

cp’s

An integrated value of Cp,5 Wwas used in this equation. The value

of ghp used in calculatiﬁg Hg was estimated to vary from

50 horsepower at an englne speed of 13,000 rpm to 25 horsepower
at 8000 rpm. ’

Jet-gas temperature. ~ The gas temperature in the Jjet was
determined from temperature amd pressure measurements at the tall-
pipe-nozzle outlet. For a thermocouple recovery factor of 0.85,
the total temperature at the nozzle outlet was calculated from

7g-1

Pg 78
Ty 8
) Pg

78'1
78

P
1+ 0.85|{=8 -
Pg

If the total pressure, the totel temperature, and the ratio of
specific heats at the nozzle outlet (station 8), and in the Jet,
(stetion 9), are assumed to be equal,

Tg =

73'1

7g
0
to = T (_f")
9 8 PB
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METHODS 'OF ANALYSIS

Combustion efficiency. - Cambustion efflciency is defined as
the ratio of the actual Increase in enthalpy of the gas to the
theoreticel increase that would result from complete combustion
of the fuel charge:

_ (Ha,S‘Ea.,3) + (Hf,s'ﬂf,s)f
- Fig

Ty

Cycle efficlency. - Cycle efficlency was determined according
to the standard definltion

n = heat supplied by scurce - heat rejected to sink
heat supplied by source

_ (#5-83) - op,j(tg-t0)
Hs-Hz
Loss in cycle efficlency. - The expresslon for loss in cycle

efficiency resulting from pressure losses in the combustion chamber
was calculated by the msthod given in reference 5:

i

z-1
: Ps\ 7

HE5-Hy

an

vhere ¥ 1ls the average value between stations 5 and 9.

RESULTS AND DISCUSSION

The presentetion of combustlion-chember performance includes the
evaluation of over-all loss -in total pressure across the combustion
chembers, cambustion efficiency, cycle efficiency, and loss in cycle
efficiency resulting from pressure logses in the corbustion chembers.

The over-all total-pressure loss across the combustion chambers
may be considered as the sum of two camponents: +the loss due to
friction and that due to the eddition of heat by combustion, or
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momentum-pressure loss. Reference 5 gives a method of determining
these camponents by assuming that &ll the friction loss occurs
before the gas 1s heated. This assumption is valid for a through-
flow type of cambustion chamber. In a counterflow combustion
chamber, however, the sssumption is invalid because preheating
occcurs during the flow of the entering alr along the outside of
the liner or basket. Consequently, the method of reference 5 is
not applicable to the counterflow type of coambustion chamber and
only over-all pressure losses are considered in this report.

Pressure-Logs Ratio

Over-all total-pressure-loss ratic (APp)/Pz for the range of

corrected engine speeds investigated 1s presented in figure 8(a)
for altitudes from 5000 to 35,000 feet at statlic conditions and a
tall-plpe temperature of approximately 1500C R. A similar compaeri-
son of pressure-loss ratio is gilven in figure 8(b) for compressor-
Inlet ram-pressure ratios of 1.00 and 1.09 at en altitude of
25,000 feet. Changes in altitude or ram-pressure ratic did not
eppreciably affect the total-pressure-loss ratio across the com-
bustion chember. The total-pressure-loss ratic was 0.025 for the
range of corrected engine speeds investigated. The varilation of
total-pressure-loss ratio with corrected horsepowser 1s shown 1n
figure 9 for verious corrected engine speeds at an altitude of
5000 feet and stetic conditions. At a constant corrected engine
speed, the total-pressure-loss ratioc decreased with an increasse
In corrected horsepower. For a constant corrected horsepower, the
total-pressure-loss ratio increased as the corrected engine speed.
Increased.

Combustion Efficlency

The relation of combustion efflciency to corrected engine
speed is presented in figure 10(a) for altitudes from 5000 to
35,000 feet at a ram-pressure ratio of 1.00 end in figure 10(Db)
for ram-pressure ratios of 1.00 and 1.09 at an altitude of
25,000 feet. The scatter of these date tended to obscure any
effect of altitude or rem-pressure ratio on ccmbustion efficlency.
The veriation of cambustion efficlency with corrected horsepower
1s shown in figure 11 for various ccrrected engine speeds at an
eltitude of 5000 feet and stetlc conditions. For the range of
corrected horsepowers investlgated, varying the corrected engine
speed had no appreciable effect on cambustion efficlency. Values
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of cambustion efficlency over l.OO,are'considered the result of
inaccuracles 1n measurement of turbine-ocutlet temperature and shaft
horsepower.

Cycle Efficiency

Cycle efflclency as & functlon of corrected engine speed at a
tall-pipe temperature of aprroximately 1500° R iz shown in figure 12(a)
for altituvdes from 5000 to 35,000 feet et static conditlions and in
figure 12(b) for ram-pressure ratios of 1.00 and 1.09 at an sltitude
of 25,000 feet. As the corrected englne speed was increased from
8170 to 14,18C rpm, the cycle efflciency was raised from spproxi-
mately 0.04 to 0.17. Changes In altitude or ram-pressure ratic had
no apparent effect on cycls efficiency. The varistion of cyclse
efficiency with corrected horsepowsr at verious corrected engine
gpeeds and steatic conditions is shown in figure 13. Cycle effi-
clency increased with increasing corrected horsepower from 0.03
to 0.16 over the range of the investigation. At a constent cor-
rected horsepower, a change in engline speed had no effect on cycle
efficiency.

Loss in Cycle Efficiency

Cycle-efficiency lcsses that resulted from combustion-chamber
pressure losses are presented as fractlomal loss 1In cycle effi-
clency (An)/n for the range of corrected englne speeds investi-
gated at eltitudes from 5000 to 35,000 feet and stetic conditions
at a tail-pipe temperature of approximestely 1500° R (fig. 1l4(sa)).
Fractlonal lcss in cycle efficiency decreased with an increase in
corrected engine speed over the entire range of the investigation.
The change in altitude had no appreciable effect on (An)/n for
the range of corrected engine speeds. Increasing the ram-pressure
ratio from 1.00 to 1.09 reduced the frectionsl loss 1in cycle effi-
clency approximately 0.0l for the range of corrected engine speeds
investigated (fig. 14(b)). The frectional loss in cycle efficiency
for a range of corrected horsepowers at an altitude of 5000 feet
aend stetic conditions is shown in figure 15. FYor a constant cor-
rected engine speed, (An)/n decreased with an increase in cor-
rected horsepower. At a constant corrected horsepower, (An)/n
increased with an Increase in engine speed.
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SUMMARY OF RESULTS

An Investigation of counterflcw combustion chambers operating
in a TG-100A gas twrbine-propellsr englne over a range of pressure
altitudes fram 5000 to 35,000 feet and ram-pressure ratios of 1,00
and 1.09 gave the following results:

1. Total-pressure-loss ratio was unaffected by changes in
altitude at a constent teil-pipe temperature and remained at a
value of approximately 0.025 for the range of operating conditions
investigeted. A change in ram-pressure ratioc fram 1.00 to 1.08
had no appreciable effect on total-pressure-loss ratlo. At a
constant corrected engine speed, the tctal-pressure-loss ratio
was reduced as the corrected horsepower lncrsased.

2. The scatter of data tended to cbscure any effect cf alti-
tude or rem-pressure ratio on ccmbustlon efflciency. Varylng the
corrected horsepower at a constant corrected engine speed had no
effect on combustion efficiency.

3. At a constant tail-plpe temperature, the cycle efficlency
inoreased with Increasing corrected engine speed, but was unaf-
fected by & change in altitude or ram-pressure ratlic. At a
constant corrected englne speeld, the cycle efficlency increased
as the corrected horsepower increased. At a constant corrected
horsepower, however, changes in corrected engine speed had no
effect cn cycle efficiency.
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4. Fractional loss in cycle efficiency, the result of pressure
losges in the cambustion chambers, decreased with an incresse in
corrected engine speed and was not appreclably affected by a change
in altitude or ram-pressure ratio. At a constant corrected engine
speed, the fractional loss iIn cycle efficlency decreased with
increasing corrected horsepower.

Flight Propulsion Research Lsboratory,
National Advisory Committee for Aeromautics,
Cleveland, Ohlo.
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ta) Casing with spark {b) Liner.
plug installed.

Figure 2. — Counterflow combustion chambeér of axial-flow gas turbine-
propeller engine.
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Figure 3.
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~ Front view of axial-flow gas turbine-propeller engine in
altitude wind tunnel.
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O Total-pressure tube
® Static-pressure tube
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Figure 6. — Location of instrumentation at turbine inlet, looking aff,
station 5.






NACA RM No. E8F!0Od

Figure 7. — Instrumentation at tail-pipe-nozzie outtet, station 8.
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