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RESEARCH MEMORANDUM

ALTTTUDE-WIND-TUNNEL INVESTIGATION OF WESTINGHOUSE 19B-2
19B-8, AND 19X6- 1 JET-FROPULSION ENGINES
1 -~ OFERATTIONAT. CHARACTERISTTICS

By William A, Fleming

SUMMARY

An investigation was conducted in the NACA Cl eveland al titude
wind tunnel to determ ne the operational oharacteristios of the
West i nghouse 19B-2, 19B-8, and 19XB-1 | et - propul si on engi nes. The
19B engine is one of the earliest experimental Westinghouse axial-
flow engines. The 19XB-1 engine i S an experimental prototype of the
Westinghouse 15 series, having a rated thrust of 1400 pounds.
Improvements i N performance and operational oharacteristios have
resulted in the 19xB-2B engine with a rated thrust of 1600 pounds.
The operational characteristics were determned over a range of
simulated altitudes from 5000 to 30,000 feet for the 19B engines and
from 5000 to 35,000 feet for the 19XB-1 engi ne at airspeeds from
20 to 380 niles per hour. The affects of altitude and airspeed on
such operati ng characteristics as operating range, stability of com
bustion, starting, acceleration, and functioning of the fuel-control
sKsten1are discussed. Damage to the engines that occurred during
the investigation is also briefly discussed. The changes made in
t he combustion~chamber configuration to i nprove the operating range
ar e described.

The operating range of the 19B engines was satisfactory bel ow
a pregsure altitude of approxinmately 17,000 feet but operation above
17,000 feet was limted by conbustion blow out. The 15-1 engine
had a considerably greater operating range at high altitude than
the 19B engines. Several changes in the configuration of the com-
bustion chanbers in all three engines failed to increase materially
the operating range. Approximately L minute was required to start
and accelerate the 19B engines to an engine speed of 17,000 rpm at
a pressure altitude of 5000 feet and an airspeed of about 20 niles
per hour with the adjustable tail cone in the "in" position. Accel-
eration of the 19X9-1 engine was slightly faster. e starting
characteristics of the 19XB-1 engi ne were satisfactory but the 19B
engines did not start consistently.
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INTROIXICTION

An investigation was conducted in the NACA C eveland altitude
W nd tumnel duri ng October and November 1944 to determine the opera-
tional and performance characteristics of the Wstinghouse 19B-~2
19B-8, and 19X8-1 jet-propul sion engines at sinulated altitude and at
ramconditions. Tests were conducted fOr a range of pressure altitudes
from 5000 t 0 30,000 feet for the 19B engines and from 5000 to
35,000 feet for the 19%xB-1 engine at airspeeds in the tunnel test
section from20 to 380 mles per hour. At each pressure altitude the
tenperature waa adjusted to the approximate value corresponding to
NACA etandard altitude

~ The configuration of the combustion chanber was changed severa
times and fuel nozzles of various sizes wereused in an attenpt to
increase the operating range of the engines at high altitudes

Characteristic operational data are presented to show the effect
of altitude and airspeed on operating range, acceleration, Starting,
functioning of the fuel-control system and nethods of operation. The
operational charaoteriatics of the three engines investigated for the
standard configuration and with several nodifications to the combus-
tion chanbers are discussed

WIND-TUNNEL INSTALLATION
Deeoription of Engine

Two Westinghouse 18B engines were investigated. These engines
are simlar in construction but the turbine and the turbine nozzles
of the 1¢B-8 engine are nodified, the tail-pipe-nczzle area is
reduced, and the screen at the entrance to the combustion chanber of
the 19B-8 engine has less restriction than the screen of the 1€B-2
engine. The 19B engines have a sea-level rating of 1365 pounds static
thrust at an engine speed of 17,500 rpm. The engi ne wae desi gned
for an air flow of 28 pounds per second and a fuel consunption of
approxi mately 1800 powids per hour at rated engi ne conditions. The

over-all length of the engine is 8 feet 8— |nches with the adjustable
tail cone extended, the maxi mum di aneter |s 20— inches, and the tota

wei ght is 822 pounds.” The maxinum di aneter does not include the
accessory group, which can be mcunted on the top, bottom or either
side of the front bearing suppert at the conpressor inlet. The com-
preeeor has six axial-flow stages and provides a pressure ratio of
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approximately 3.5 at rated. engine speed. A cylindrical oil cooler
2 feet long with an inside diameter of 14 inches is attaohed to the
front of the engine. The inner wall of the cylinder provides the
cooling surface for the oil.

The combustion chanber is an annulus in which i s nounted an
annuler conbustion basket (fig. 1) containing holes that neter
the charge air to the primary and secondary burning zones, Fuel
I's supplied to the combustion chanber through 24 fuel nozzles
circumferentially nounted in a manifold at the forward end of the
chamber. The tail pipe is equipped. with a novable inner cone with
a total travel of 5 inches. Wen the inner cone is noved from the
"in" position to the *out™ position, the nozzle area decreases from
approximately 140 to 105 square inches. A single-stage turbine
drives the conpressor

The 19XB-1 engi ne has a sea-level rating of approximately
1400 pounds static thrust at an engine speed of 16,500 rpm. At
this rating the air flowis 29 pounds per second and the fue
consunption i s approxi mately 1600 pounds per hour. The physica
di mensions and the conbustion-chanber design of the 18XB-1 engine
are the sane as for the 1B engines. The conpressor has 10 axial-
flow stages anmd provides a pressure ratio of approximately 4 at
rat ed engine speed. The inner cone of the 19XB-1 tail pipe is not
ad justable. A single-stage turbine of different design than that
of the 19B engines drives the conpressor

A control box containing an eutcmatic timng systemis used
on a1l thres engines far starting. The timng cycle is begun by
first turning on the oil-punp swtch and then the starter switch
whi ch energizes the ignition systemand the starter notor. The
starter notor brings the engine speed up to about 2500 rpm Wen
the engi ne starts and thus reduces the load on the starter notor,
the control box opens a conmtact that disengages the starter motor.
If the engine has not started at the end of 30 secomds, the control
box will also shut off the starternotor. The starter switch nust
then be re-engaged to begin another 30-second starting cycle.

On both 19B engines a barostat is used in the fuel systemto
serve as an altitude conpensator to hold the engine s-peed. approxi-
mately constant for a set throttle position when the altitude is
changed. The function of the bsrostat is to bypass part of the
excess fuel supplied by the constant-displacenent fuel pump.
Excess fuel is also bypassed by the throttle and the overspeed gov-
ernor. The bypass mechani smof the barostat is activated by the
compressor-inlet t ot al pressure.
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Inatallation

The engine was installed in a nacelle nounted under a etub w ng
bhaving a 7-foot span, Which was cantilevered fram one side of the
20-f oot - di ameter test section of the wind tunnel (fig. 2). The engine
air was admtted at the front of the nacelle and cooling air was
admtted through a smell inlet duct beneath the |eading edge of the
wing. For the static tests the portion ofthe cowing enclosing the
tail pipe and the rear of the combustion chanber was renoved because
the teat-section air velocity was t00 low t0 insure sufficient cooling-
air flow through the COW ing, A 6-mesh screen Made of 0.032-inch-diameter
steel wire wag bolted to the front flange of the oil cooler to protect
t he compressor from flying obJects i N the tunnel. Tenperature and
pressure measurements Were taken at seven Stations in the engine
(fig. 3) toobtaininformation on the individual components and t he
over-all operating characteristics.

An indirect method wes used to determine the turbine-inlet tem
perature. The engines were equi pped by the manufacturer with thermo-
coupl e8 at the compressor inlet (station 2), the compresscr outl et
(station 3), and in the tail pipe (station 5) These t her mocoupl ea
were connected in series in such a manner that the resulting tempera-
ture indlocated On a potentiometer was the sum of the tail-pipe indicated
tenperature and the Indicated tenperature rise through the conpreeeor

For the investigation, 62-octane unleaded fuel wae used in the
engines. The operational tine of the engines in the tunnel was
48.5 nhours for the 1¢B-2 engine, 43.2 hours far the 19B-8 engi ne,
and 13. 2 hours f Oor the 19XB~1 engins.

TEST PROCEDURE AND RESULTS
Qperating Range

The investigation indicated that the range of operabl e engine
speeds for all three engines wae |imted by conbuetion bl ow out at
high altitudes. The conbuetion chanber and the fuel nozzles of the
engi nes were nodified several times in an attenpt to increase the
oper abl e sEeed range. The medifications i ncl uded four configura-
tlons an the 19B-2 engine, three on the 198-8 engine, and two on the
19x8-1 engine

19B-1 engine. ~ In the original configuration of the conbustion

chanber of the 19B-2 engine with the standard 10%-gallon spray

nozzles with a cone angle of 80°, the operating range above a pres-
sure altitude of 17,000 feet was [imited by combuetion bl ow out at

9L8
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bot h maximum and minimum operabl e speeds (fig. 4). The idling speed
of the engine, the lowest speed at which the engine could be oper-
ated without burning in the tail pipe and excessive teil-pipe teém-
peratures, i S shown by the dashed curve. The operating range with
the tail cone noved in extended from approximtely 14,000 to

17,300 rpm at a pressure altitude of 20,000 feet and from 15,500 to
16,500 rpmat 30,000 feet. \Wen the tail-pipe-nozzle area was
decreased to a minimum by noving the tail cone 5 inches out, the
operabl e range at 20,000 feet was greatly reduced. Wth the
tail-pipe-nozzle area fully reduced, the engine would not operate at
30,000 feet. When the airspeed in the tunnel was rai sed, the oper-
ating range was slightly Increased in all cases.

In the first revision of this engine, 12 of the 24 alternately

spaced fuel nozzles were extended L% I nches downstream of the na&

fold by means of an adapter. The standard lol-gallon, 80°-angle

. 3
spray nozzles were used on the extensions and_L&-gall on, 45°-angle

spray nozzles were directly attached to the manifold. This nodifi-
cation of fuel-nozzle arrangenent pernmtted operation at maxi num
design speed at all altitudes but did not appreciably change the
minimum speed at which t he engine would operate.

In order to Induce more turbulence in the primary burning zone,
the conbustion chanber was then nodified by welding 1/4- by 3/16-
by 1/32-1inch stainless-steel angl es to the sides of the combustion

chanmber approxi nately lf% i nches downstream of the fuel manifold

(fig. 5(a) ). Tests of this arrangenent were made. using lO%—gallon,

45%-angle spray nozzles directly attached to the face of the mani-
fold. The operating range of the engine with this nodification was
about the sane as with the original configpration. The minimum
engi ne speed above 17,000 feet and the maxi num engine speed above
20,090 feet were limted by combustion bl ow out.

An Inconel hal f-tube ring was then mounted in the combustion

chanmber approxi mately 2% i nches downstream of the nmanifold (fig. 5(b))
inan attenpt to provide a pilot flane in the combustion chanber that
m ght serve to maintain combustion at altitude comditions. For the

tests of this installaticn,lﬂ%hgallon,45°-angle spray nozzles were

mounted in the face of the manifold. The operating range of the
engine with this nodification was epproximately the same as for the
original configuration
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19B-8 engine. - The operating range above a pressure altitude
of 17,000 teet wth the original configuration of the 19B-8 engine
was |imted by conmbustion blowout in the same manner as was the
1gB-2engine. The operational ceiling of the 19B~8 engine with the
tail cone in and at an airspeed of about 20 miles per hour was
29,000 feet. The operating range of the engine at 20,000 feet was
simlar to that of the 19B-2 engi ne but the upper imit of the
operating speed range above 20,000 feet was |ower than for the
19B-2 engine (fig. 6). Wth the tail cone 3 inches out, operation
was very unstabl e above a pressure altitude of 10,000 feet and at
20,000 feet the speed range of the engine was from 15,000 to
16, 000 rpm., Conbustion bl ow out occurred at a pressure altitude of
20,000 feet when the tail cone was noved out further than 3 Inches
The slight increase in operating range obtained by raising the air-
speed in the test section was simlar to that obtained with the
19B-2 engi ne

The first nodification made in an effort to increase the oper-
ating range wastoobtain anore finely atomized fuel spray. The
standard lO%—gallon,BOo-angle spray nozzlse were repl aced by
8—-ga11an,80°-angle spray nozzl es. The upper 1limit of safe engine
operation was |ower with these nozzles installed than with the

lO%-gallon nozzles as a result of higher tail-pipe tenperatures.

Because of high tail-pipe tenperatures and excessive afterburning,
operation of the engine with the tail cone 3 inches out was

i mpossible at any altitude. The m nimum operating speed of the
engine with the tail cone in at a pressure altitude of 20,000 feet

was approximately the same aswith the 10%-gallon nozzl es. Because
of the high tail-pipe tenperatures and the afterburning encoun-

tered, operation of the engine with the Bé-gallon nozzl es was unsat -

I sfactory at allairspeeds andaltitudes.

Ext ensions were then so installed that all the fuel nozzles
were approxi nately lE i nches downstream of the manifold. The

lO—-gallon, 45%-angle spray nozzles were used for rune with this

nDd|f|cat|on The two rows of hol es nearest the turbine on the
inner surface of the conbustion basket were opened (location A

fig. 1), the first three rows of holes between each nozzle were
closed (location B, fig. 1), and the nine smal| holes opposite each
fuel nozzle were closed (location C, fig. 1). The operating range

9.§
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and the effects of airspeed and tail-cone position were the same 8s
with the standard configuration. The engine oFerat ed with slightly
higher tail-pipe tenperatures than were initially obtained with this
engi ne but the tenperatures were not so high as those obtained with

t he 8%—3&11011 nozzl es.

1gxB-1 engi ne. - The operating range of the 1gxB-1 engine, which
was consi derably greater at high altitudes than that of the 1¢B engines
(fig. 7), extended from 10,500 t0 15,000 rpm at a pressure altitude
of 30,000 feet and from 12,500.to0 14,400 rpm at 35,000 feet. The
maximm Speed at which the engine could be safely operated was linmted
by the requirenment that a turbine-inlet tenperature of 1500° F
shoul d not be exceeded. Conbustion blowout at the minimum operating
speed was encountered at 35,000 feet. Below this altitude a bl ue
flame was emtted from the bottom of the tail pipe at | ow engine
speeds, a condition that made mai ntenance of a constant engine speed
difficult. The flame was apparemtly caused by the concentration of
fuel in the bottem of the combustion chanber. The fuel manifold
pressures encountered at these | ow speed conditions were less t han
10 pounds per sguare inch gage and the fuel was probably being
i nproperly atomized by the nozzles. The idling speed of the engine
i's shown by the dashed curve in figure 7. The 1dling speed of the
engi ne was the |owest speed at which the engine could be operated
Wi thout burningin the tail pipe. Wen the airspeed Was raised in the
tunnel, the operating range increased slightly s with the 1B engi nes.

In an attenpt to obtain |ower idling speeds by nore finely
atonmizing the fuel, 8.3-gallon, 45°%-angle Spray nozzl es were installed.
The idling speed and the operating characteristics of the engine were
unchanged but higher tail-pipe tenmperatures |owered the maximwmm Speed
at which the engine coul d be safely operated.

Afterburning and Stability of Combustion

19B engines. - Burning of fuel in the tail pipe was encountered
with the 19B engines at pressure altitudes above 20,000 feet; The
anount of burning in the tail pipe increased when the tail cone was
noved out. Wien the maximum operabl e speed of the engines at high
altitudes was reached, s further increase in fuel flow resulted in
the em ssion of 5- to 6-foot blue flames frem the tail pipe. These
flames constantly shifted about in the annuwlus of the tail-pipe noz-
zle, Wen the fuel flow wasfurther increased, the flanes becane nore
unstabl e and combustion in the engine ceased conpletely.

After the 19B engines were started at 8 pressure al titude of
25,000 feet, the maxi mum speed obtainabl e was about 5000 rpm In order
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to increase the engine speed, the altitude had to be reduced unti

at approximately 17,000 feet the engine could be accelerated to its
nor nal OEerating range. This unstable operating range i s shown by
the hatched area in figures 4 and 6. In this region of operation

t he combustion was very unstable, the fuel consunption was excessive
and 8 blue flane was constantly enmtted fromthe tail pipe. Wen
the fuel flow was raised during operation of the engine in this
unstabl e range, the engine speed decreased and 8- to | o-foot blue
flames were enmitted fromthe tail pipe.

19XB-1 engine. - The combustion characteristics of the 1¢xB-1
engi ne were much Detter than the 19B engines and considerably |ess
afterburning was encountered at high altitudes. The unstabl e oper-
sting range Of the 19XB-1 engi ne encountered abwe 8 pressure alti -
tude of 30,000 feet is shown by the hatched area in figure 7

Accel eration

19B engi nes. - Accel eration of the 19B engines was relatively
sl ow at engl ne speeds bel ow 10,000 rpm At high airspeeds the
acceleration was nore rapid than at | ow airspeeds. At a pressure
altitude of 15,000 feet and an airspeed of 200 nmiles per hour,
approxi mately 45 seconds were required to accel erate from 5000 to
16,000 r-pm 30 seconds Of this time were required to reach 10,000 r pm
Wien the airspeed was raised to 325 miles per hour the acceleration
was so inproved that 20 seconds were required to accel erate frem
5500 to 16,500 rpm, 10 seconds of which were required to reach
10, 000 rpm. Approximately 1 minute was required to start the engines
fromrest and accelerate to 17,000 rpm at a pressure altitude of
5000 feet and an airspeed of about 20 mles per hour. Three-fourths
of this tine was required to reach 10,000 rpm During such rapid
accel erations, considerable vibration in the engine and an exces-
sive amount of burning in and behind the tail pi pe were encountered.

Wien the engine was being accel erated from the unstable to the
stable operating region at a pressure altitude of about 17,000 feet,
8 great deal of manipulation of the throttle was necessary and
seversl Ninutes were often required to increase the engine speed from
7000 to 12,000 rpm, Wile such accelerations were being nade, a
blue flame burned in and 2 to 4 feet behind the tail pipe. During
operation in the stable regi on above 20,000 feet, slow acceleration
of the engine was necessary. Attenpts to accelerate rapidly caused
excessive burning in and behind the tail pipe and often resulted in
combustion failure

During operation of the engines at pressure altitudes of 5000
or 10,000 feet with an airspeed of about 100 miles per hour, attenpts
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to accelerate too rapidly from | ow engi ne speeds with the tail cone
mwed either In or out resulted in an increase in fuel rate to about
twi ce the nornal consumption with no change i n engine speed. The

engi ne speed could be held nearly constant but experimental condi-
tions coul d not be stebilized at the high fuel rate. & dlue fl ane
extended fromthe tail pipe, the turbine-inlet tenperatures were

200° to 300° F higher than normal, and the tail-pipe tenperatures

were 100° to 200° F higher than normal. The tenperature distribution
around the tail pipe was not uniformwhen the engine was operating

at the high fuel rate. The fuel rate could be reduced to the normal
val ue by reterding the throttle. When the engi ne was accelerated
more slowy, the high fuel rate was not encountered. The engine had
to be accelerated more slowy through this region with the tail cone
moved out. Wth the tail cone noved either in or out, rapid acceler-
ations were normal at a pressure altitude of 5000 feet and an airspeed
of 200 miles per hour. The high fuel rate was encountered with the
tail cone moved out at a pressure altitude of 10,000 feet and an air-
speed of 250 mles per hour, although acceleration was normal with the
tail cone moved in.

19XB-1engine. - Acceleration at all altitudes Was nore rapid
with the 19X8-1 engine than with the 19B engines, although acceler-
ation bel ow 10,000 rpm was still rather slow. The anmount of burning
in and behind the tail pipe during rapid accelerations was about the
same foOr both engines. Cambustion bl ow out, which 1imited accel era-
tion of the 19B engines above a pressure altitude of 20,000 feet, had
much less effect on the 19¥B-1 engine. The high fuel rate obtained
during rapid accelerations of the 1gB engines was not encountered with
the 19XB-1 enginse.

Starting

19B engines. - In the standard configuration, the 19B-2 engine
wag nuch easier to start than the 1¢B-8 engine. From 15to0 20 sec-
onds of the 30-second Starting cycle were usually required to start
the 1gB-2 engi ne. During the starting cycle before the fuel ignited,
the throttle position was about one-third open. Wth the 19B-8 engine,
two starting cycle8 were usually required. During the first sterting
cycle, the throttle was about one-half open; after the cycle had el apsed,
the engine speed was allowed to drop to between 500 and 1000 rpm. Wth
the conmbustion chamber and tail pipe thus |oaded with fuel, another
starting cycle was begun. Usually the fuel ignited immediately and very
high turbine-inlet and tail-pipe tenperatures resulted. Numerous
repetitions of the starting cycles were sometinmes necessary before the
fuel ignited
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After the angl es werewel ded i n the ccmbuetion chanber (fig. 5(a))

and the lQ%—sallon, 45%-angle spray nozzl es were installed, the

igB-2 engine was very difficult to start. |In order to start the

engi ne, the nethod just described for the 19B-8 engi ne was adopt ed.

H gher turbine-inlet and tail-pipe tenperatures were obtained than
with the 1¢B-8 engine, however, and flames extended from15 to

20 feet behind the tail pipe during acceleration through the starting
region.

When t he l%—inch nozzl e extensi ons wer e installed in the 19B-8

engine, one spark plug was placed 4% inches from the face of the fue

mani f ol d between two | ongitudinal rows of holes in the conbustion
basket and in line with a fuel nozzle (location D fig. 1). The other

spark plug was placed 2% inches fromthe fuel manifold in linewith 8

row of holes in the conbustion basket (location E, fig. 1). The hole
inmediately wupstream of and in line with the spark pl ug was covered.
The 19B-8 engi ne was nuch easier to start after these changes had been
mede.

The 19B engi nes coul d seldem be started when windmilling at an
airspeed above50 mles per hour. In the cases where the engines
were started at higher airspeeds, the conmbustion chamber and tail
pi pe were | oaded with an excess of fuel. Upon ignition of the fuel
extremely high tenperatures were obtained through the turbine and a
bl ue filame 10 to 15 feet long burned out of the tail pipe. The
flame then withdrew into the combustion chanber anmd the tenperatures
dropped 8s the engine speed was increased

Several attenpts to start the 19B engines at a pressure alti-
tude of 30,000 feet were unsuccessful. Both 19B engines were
gtarted at a pressure altitude of 25,000 feet with an airspeed of
50 miles per hour inthe test section. The engines were started
atapressurealtitude of 25, 000 feet immediately after they were
shut down and before the conbustion chanber had time to cool off.
As previously nentioned, the maximum engine speed obtainable after
starting the engine at a pressure altitude of 25,000 feet was about
5000 rpm. |In order to increase the speed still more, the altitude
was |owered until at a pressure altitude of approximately 17,000 feet
the engine could be accelerated to the stable operating range. The
engines were started several times at a pressure altitude of
15,000 feet after they had been cooled 10 to 15 minutes. During
these starts the conbustion chamber had to be | oaded with fuel
which resulted in high tenperatures and burning in the tail pipe
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In cases where the engines failed to start after repeated
attenpts, fuel and o0il eddied out of the tail pipe and settled
between the tail pipe and the cowing. Wen the engine was then
successfully Started, the fuel in the cowing was ignited by the
heat from the tail pipe. These fires usually burned in the bottom
of the cowing and half way up either side of the tailpipe. In
order to provide sufficient cooling air through the cowing to bl ow
out the flane, the airspeed in the test section was raised to between
200 and 300 mles per hour.

19XB-1engine. = Wth the throttle about one-third open, the
19XB-1 engli ne was usually started in 15 to 20 seconds. This engine
could be started at a pressure altitude of 35,000 feet with an
airsgeed of 200 miles per hour. The maximum engine apeedt hatcoul d
be obtained after starting the engine at this altitude was from
3800 to 4000 rpm. No attenpts were made to start the engine at a
pressure altitude higher than 35,000 feet. At 8 pressure altitude
of 30,000 feet with an airspeed of 200 mles per hour, theengine
was started and accelerated to normal operating speeds, although
accelerstion bel ow 10,000 rpm was sl uggi sh. Wen too nuch fue
was fed into the engine during the starts at 30,000 feet, combustion
ceased at engi ne speeds between 8800 and 9500 rpm.

Fuel - Control system

- 1gB engines. - The barostat control and the overspeed governor,
whi ch represent intermediate designs, did not give sufficient speed
control at altitude in the high engine speed. range

19XB-1 engine., - The overspeed governor on the 19XB-1 engine
was the sanme as on the 19B engine but the engine was not equi pped
W th a barostat. Because the maximum speed of the 19XB-1 engi ne
was |imted by high tail-pipe temperatures in all cases, no obser-
vation was made of the reliability of the governor

Substantial redesign of the fuel in 8 control systemis under
way to alleviate the difficulties encountered.

Tai | - Pi pe &Turbine Failure

19B engines. - \Wen the 19B engines were received for testing
the exit nozzles of the tail pipes were considerably out of round.
A circul ar wooden cone was forced into the tail pipes to return them
tc the correct shape and a stainless-steel strap of 1/8- by 3/4-inch
section was tack-wel ded arcund the tail pipe at the nozzle exit.
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pi pe nozzles were not warped nore than = inch out of round on the

After approximately 40 hours of operatign on both engines, the taii-
di aneter. ‘

After several hours of engine operation, the front portion of
both tail pipes that forms a shroud around the turbine wheel began
to warp. This warping decreased the tip clearance of the turbine
blades and caused themto scrape the tail pipe. The tips of several
turbine bl ades on the 19B-8 engine broke off during operation
because of the reduced cl-ce. Before this failure occurred,
the engine had been operating under unusual conditions with-high tail-
pi pe tenperatures and burning was present in the tail pipe. The first
indication of the turbine failure, an increase in the engine fue
rate, was observed immediately after a burst of sparks and several
small balls of fire had shot out of the tail pipe. After the turbine

blades Were damaged, the engine began to vibrate and the tail cone
t hen became | oose and bl ew out of the tail pipe.

19XB-1 engine. - After operation of the 19%XB-1 engine for
approxi mately 10 hours, partly under unuswal conditions w th burning
inthe tail cone, 12 of the 16 struts holding the tail cone in place
were found to have broken away. In sone cases the weld between
the strut andthe tail cone had failed and in other cases the struts
had been torn out of the tail cone. The tips of the turbine blades
had alsoscraped the tail pipe.

These findings on the 1¢B and 19XB-1 engines resulted in
redesi gn that eliminated the troubl e encountered.

SUMMARY OF RESULTS

The fol |l owi ng operational characteristics were observed during
an al titude-w nd-tunnel investigation of the Westinghouse 19B-2,
19B-8, and 19XB-1 | et - propul si on engi nes with standard ard nodifi ed
combustion chanbers for a rangeof pressure altitudes from 5000 to
35,000 feet andairspeeds fram 20 to 360 milesper hour.

1. The operating range of the 19B engi nes was satisfactory
below a pressure altitude of approximately 17,000 feet but above
17,000 feet operation was linmted by combustion bl ow out. The
operating range of the 19B-2 and the 19B-8 engines in the origina
configuration wth maximm tail-pipe-nozzl e area extended from engi ne
speeds of 14,000 to 17,300 rpm at a pressure altitude of 20,000 feet.
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The operating range of the 18B-2 engi ne extended from 15,500 to
16,500 rpm at 30,000 feet; however, the operational ceiling of the
19B-8 engine was 29,000 feet. A decrease in tail-pipe-nozzle area
further reduced the operating range.

2. At high pressure altitudes the operating range of the 19XB-1
engi ne was considerably greater than for the 19B engi nes and ccmbus-
tion blowout did not limt the operating range bel ow 8 pressure
altitude of 30,000 feet. The range of operable engine speeds
extended from 10,500 to 15,000 rpmat 8 pressure altitude of
30,000 feet and from 12,500 to 14,400 rpm at a pressure altitude of
35,000 feet.

3. No material improvement was obtained by several modifica-
tioans of t he combustion chanber that were investigated i n an attenpt
t 0 increasethe operating range of the engines at high altitudes.

4. Approximately 1 minute WaS required to start and accelerate
the 19B engines to 17,000 rpm With the tail cone in at a pressure
altitude of 5000 feet and an alrspeed of about 20 mles per hour
Three-fourths of this time was required to reach 10,000 rpm. Accel -
eration of the 19XB-1 engine was slightly faster.

5. The starting characteristics of the 19XB-1 engi ne were
satisfactory; it could be started at 8 pressure altitude as hi gh
as 35,000 feet at an airspeed of 200 m|es per hour. The 19B engines
Mf{e ?iffigult t0 start at airspeeds above 50 nmiles per hour at
all altitudes.

6. Satisfactory operation of the lubricating systemwas encountered

under all conditions investigated. The barostat and the overspeed
governor installed on the 19B engines gave operational difficulty at
hi gh engi ne speed.

7. Under the unusual conditions of operating the engine with
burning in the tail cone beyond its operational range, damage
occurred to the 19B turbi ne blades and to the struts in the 19XB~-1
tail cone.

Lewi s Fl i ght Propulsion Laboratary,
National AdvisoryCommittee for Aeronautics,
Cleveland, Chi O
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