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ABSTRACLY

Internal performance data were obtsined over & pressure rat o
range from 2 to 30 and corrected secondsry weight flow ratios 'rom
| 2 to 8% with shrouds up to about 1/4 the totsl plug length and with
! plug truncations of 100%, 75%, and 50% of full length piug, 7The
| results indicate thrust coefficlients of 9% ana 97.5% wers possible

at low and high pressure ratlios, respectively, Falf of @ 7% thrust
loss with 50% plug wes reg®ined by removal of base and venring
cavity, Individua! thrust components &re shown,




PERFORMANCE OF A 107 CONICAL FLUG NOZZLE
USING A TURBOJET GAS GEWERATOR
by Sidney C, Huntley and Nic- 7, Samanich

Lew!s Research Center
Cleveland, Ohio

SUMMARY

A 10° conical plug nozzle instalied on a JB5-GE-13 turbojet engine
was tested in an altitude facility at the NASA-Lewlis Research Center,
Cylindrical outer shrouds were used to adjus? the internasl expansion
of the nozzle up to an interns! expansion pressure ratio of 22,

The isentropic thrust coefficient was found to be about 98 perc-
with moderate amcunts of secondary air flow at low pressure ratlos
( =3 3) and about 97,5 percent at high pressure ratlos ( D" 20), A
'/2 percent loss in thrust was erncountered at Jow pressure ratcios when
the plug was truncated to 3/4 of the original length, Truncating che
plug to 1/2 of its originai length resulted in a performance loss of
2% at low pressure ratio, Removs! of the base on the 50% plug and
venting the cavity with a percent or two of secondary alr resulited In a
1% gain in performence, Truncating the plug with the longer shrouds
did not have an adverse effect on thrust at high pressure ratios, Pump-
ing characteristics were iimited by & choking condition in the secondary
exit with short shrouds or by primary flow attachment In the long shrouds,

A breakdown of the indivicdual thrust components showed the plug
(and base of truncated pluas) contributed from ! to 3 points toward
thrust coefficient with short shrouds, Addition of the long shroud
doubled the plug contribution and provided & similar incresse in
thrust from the incressed pressure level on the primary nozzle bosttall,

INTRODUCT I ON

The Lewis Research Center has initisted a flight research program
to determine propulsion system installation effects for @ broad spectrum
of airbreathing engine nozzles applicable to supersonic cruise flight,
The program consists of flight testing nozzles in the subsonic, transonic
and low supersonic speed ranges, using an F-i06 aircraft with two 25-inck
(63.50 cm) diemeter underwing nacelles containing JB5 turbojet engines,
Installation effects on thrust and drag of a research nozzle in one
nacelle can be determ!/ned by comparing performance data obtained during
flight with a referencc nozzie in the other nscelle, [n order to
achieve this comparison, the internail performance of sach nozzie must
first be defined, This report documents the internal performance of
a 10° conical piug nozzale with several externs] cylindrical shrouds as
run in the Propulsion System laboratory (PSL) aliitude chamber of the
Lewis Research Center, The performance was obtained with the nozzle
attached %o a simulated fiight test nacelle assembly (including & J85
turbojet engine),
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Internal thrust and pumping characteristics, some typical pressure
and temperature profiles along the plug, and some thrust component
forces were obtained, Variations of secondary cooling air flow rates
were made to determine the effect on performsnce, Pluo truncations of
3/4 and 1/2 of the original length were alsc tested, In one instance,
the base cap was removed from the 50% plug to determine the effect on
performance of venting the plug cavity with a small percentage of
secondary alr, The J85 :urbojet engine was opersated at rated engine
speed with no afterburning to orovide primary gas flow to the plug
nozzle, A separate metered supply was used for secondary air flow,
Maximum nozzle pressure ratios of 30 were obtained,

APPARATUS AND PROCEDURE
Installation

A schematic view and photograph of the research hardware instaliation
in the Propulsion Systems Laboratory altitude chamber &re shown in fioures
| and 2, A view of the full-length plug extending into the exhaust duct
is shown in figure 3, A J85-GE-13 turbojet engine with afterburner,
modified by removing its variable area nozzle, and used as & g&s generator
for the plug nozzle was mounted within & nacelle, The plug nozzle was
attached to the afterburner outlet using & packing gland slip joint,

The nacelle which also supported the plug nozzle and shroud assembly
wos mounted from a bed plate freely suspended by four flexure rods,
Pressure forces acting on the engine, nozzle, and nacelle were transmitted
to & load cell used to measure thrust, The load cell was weter cooled
to provide a constant tempersture environment &nd eliminate errors in
the cell due to heating of the test section during engine operation, A
minimal amount of air was admitted to the test section of the altitude
chamber through a bypass valve to reduce heating &and keep the test
section at an acceptable temperature level, A front bulkhesd with &
labyrinth seal around the inlet section of the primery air ventur!
separated the engine inlet air from the exhaust and provided & mesns of
adjusting exhaust pressure independent of inlet pressure., A flow
deflector (not shown) was used to divert air leaksge through the ses|
from impinging on the nacelle, Pressure measurements on elther side
of the labyrinth seal were used to obtain the seal force applied to the
thrust load cell,

Measured amounts of secondary nozzle air flow were supplied to &
toroidal manifold and entered the front of the nacelle to cool the
engine and primary nozzle, A rotary valve at the front of the nitelle
was used to regulate upstream secondary air pressure to the same value
as engine inlet air pressure,

Plug Nozzle

A photograph of the plug expanded to its separate components is
shown in figure 4, Plug nozzle dimensions are shown in figure 5. The




10° half-angle plug was tested with @ 17° haif-angle primery conical
nozzle which simulated an iris-type nozzle with & flow area of 110 in,
(710 cm*), Both the plua @nd pr mery nozz e were sctached to the 25 in,
(63.50 cm) diameter nacelle, Simulation of & transiating shroud was
achieved using five different extensions tc the nacelle (figure 6),
Sections of the plug were removable and base caps were provided to
truncate the plug at 75% and 50% of its full length, For one test
configuration the base cap for the 50% plug truncation was removed,

The plug and primary nozzle sttachment to the nicelle was accomp!ished
using three equalily spaced hollow struts [located at = 0%, 120°%nd 240°)
which also provided passageways for instrumentation lesds, (Symbols used
in this report are deiined in Appendix A), The passagewsys aliso provided
8 means of pressurizing the plug cavity with secondary air, With the 50%
plug base cap removed, approximutely one to two percent of the secorndary
8ir was estimated to flow into the cavity,

Instrumentat lon

Static pressures in the primary @ir ventur! (station |I) and total
pressure and tempersture shead of the bel imouth were used to obtain inlet
momentum and engine air flow, Metered engine fuel flow was added to
engine air flow to obtain the primury nozzie gas flow, Primery nozile
gas temperature was assumed equa’l to the measured turbine discharge
temperature (station 5), Primery nozzle gas total pressure (station 8)
was assumed to be 94.8% of the measured turbine discharge total pressure,
This pressure |oss wés sed on &n engﬁne calibration with @ jet nozzle
area of 110 in® (710 cm (reference |)

Two standard ASME sharp-edged orifices were used to determine the
secondary nozzle air flow, Secondery nozzle total pressure was
meésured about one nacelle diameter ahead of the secondary air exit
(figure 62),

Static pressure taps and thermocouples were (nstalled &t the
secondary exit, primary nozzle bosttai]l and along the plug (figure 6),
The longest shroud (x/L = 0,223) had internsl static pressure taps &nd
thermocouples., Each base cap used to truncate the plug was equipped
with static pressure taps and thermocouples, When the 50% plug base
cap was removed, an interndl pressure probe was used to obtain the
cavity pressure,

Procedure

Engine iniet pressure was maintained at stotic sea level for &ll
data except for that with the second shortest shroud (x/L = -,080) in
which case inlet pressure corresponded to & flight Mach number of 0,9
at an altitude of 25,000 ft, (7620 m)., Engine inlet ®ir and secondary




air were supplied at & nomins| temperature of 5359R (797°K), The engine
was operated at rated speed (16,500 rpm) for al) date, wnd (with no
afterburning) provided a primsry nozzle gos flow o 4 |bs/sec

(19.96 kg/sec) at a tempersture of 1660°R (3229,,

Performance characteristics of each nozzle configuration, consisting
of & particular plug truncation and shroud combinution,6 were [nvestighied
over a range of nozzle pressure retios deemed aspproprisie tor the
perticular shroud length,

The short shrouds (x/L = -,100, -,080, ,008) were tested over &
range of nozzle pressure ratios from 2 to 22; the 'ong shr~euds
(x/L = ,132 and ,229) up to 30, Nozzle pressure roatio was varied by
changing the altitude pressure. At esch settina of nozzle prescure
ratio, the secondary air flow was adjusted to esch of three veluyes
covering a nonlw_rangc of 2 to 8 percent corrscted secondery welgh!
flow ratio, W
air pressure upstream of tha rotary valve &t the nuce ‘s inlet whs
adjusted to the same value as engine Inlet air pressure,

Methods used for datea reduction sre discussed In Appendix B,

RESULTS AND D(!SCUSS 0w

Thrust coefficients, secondary total pressure ratios, #nd nozzle
pressure ratios for esch nozzle configuration were plo.ted as & function
of corrected secondary weight flow ratio, W)Y7F. Values of asch of
these parameters were then interpolated or extrapo!sted to obtain
ve lues st corrected secondary weight flow ratios of ,02, .04, ,06, &nd
.08, These values #re represented in figures 7 throuca (2 by symbols
for esch shroud length, The symbols on these curves sre therefore
not necessarily actus]! data points, Actusl data points were seleactea
for figures 13 through 19,

Thrust Characteristics

Thrust characteristics of the plug nozzle are presented in {igure 7
through 9 as a function of nozzle pressure ratio for corrected seconasry
weight flow ratios of ,02, .04, ,06, and ,08, Thrust characteristics
aire presented for esch of several shroud lenygths and for each plug
truncation, 100%, 75%, and 50%. Thrust coefficients &re shown in two
forms, isentropic thrust coefficient, Fg/(Fip + Fis), and primery thrust
coefficient, Fg/Fip, where Fg is arrual jet thrust, Fip is the [Jes!
thrust of the primsry flow, and Fis ‘s the ides! thrust of the secondary
flow, Fis was set to zero when the secondsry total pressure was less
than altitude pressure, The discussion of thrust in this “eport will
only refer to the isentropic thrust coefficient, Fg/Fip + Fis).

In general, thrust characteristics for each corrected secondary
weight flow ratio and for esch piug truncation exnh'blted similar frenas,

o« At ench setting of secondury &ir 1low, the sacondsiy




With the 100% plug, isentropic thrust coefficient was about 98 percent
at & nozzle pressure ratio of 3 and decreased with increasing nozZle
pressure ratios with the short shrouds (x/L = ,008 or less) Indicating
the nozzle flow was undergoing free expansion, As nozzle pressure
increased the primary expansion ressined attached to the plug for &
greater distance downstream resuiting In some benefit to thrust above
that from free expansion alone, Secondsry fiow had no significant
effect on jet thrust in these cases because it wos free to expand
outward,

Truncating the plug to 75) of its fu!l length decreased the thrust
level with the short shrouds about 1/2% (figs., 7 #and 8). Truncating the
plug to 50% (figure 9), however, resulted in a 2% loss In thrust coefficient
at the low levels of nozz'e pressure ratio, Removing the base cap of
the 50% plug incressed the thrust coefficient about 1% above thar wik
the base cap, The plug cavity was connected tc the secondary flow channel
by 3 hollow supporting struts which were a'!so ysed for instrumentation
leads, A flow ares of asbout 2,7 in? (17,42 cm®) wos available in these
struts to vent the cavity with secondary air, This flow area represents
about 2% of the annulus area svallsble fur secondsry air flow &and
consequently only & percent or 2 of the secondary air was estimeted to
vent the cavity,

The addition of & long shroud (x/L = ,132 or ,229) resulted in
interna| expansion of the primsry flow &t high nozzie pressure ratlos,
The one-dimensional ''design pressure ratio' was incressed to 18 (with
x/L = ,132) and to 22 (with x/L = ,229) which also [ creased the isentropic
thrust coefficient at corresponding nozzle pressure rutios, Secondary
flow had @ significant effect on jet thrust resuiting in &an Increase In
thrust with increase in flow from 2 to about 6%, The thrust performsnce
peaked at about ,975 with corrected secondary weight flow ratios of
sbout ,06,

Truncating the plug with the longer shrouds did not have &n adverse
effect on thrust,

Pumping Characteristics

The pumping characteristics are presented in figures 10, 11, and
12 for corrected secondary weight flow ratios of ,02, .04, ,06, and ,08;
for each of several shroud lengths; and, for plug truncations of 100%,
75%, and 50%. [n general, secondary total pressure ratio decressec to
@ limiting value &s nozzle pressure ratio was increased, The limiting
vé lue of secondary total pressure ratlo was dependent on shroud !ength
and corrected secondary weight flow ratio, Truncation of the plug had
no effect on pumping characteristics, The effect of shroud length on
pumping decreased with increasing corrected secondary weight flow ratio.
The lowest secondary total pressure ratio was attained with the short
shrouds (x/L = ,008 and less) at low secondary weight flow, Attsinment




of » limiting condition of pumping pressure w tn » short snroud ndicstes
the secondary exit became choked, The !/mitina cond ¢ on of pumping
with the long shrouds (x/L = ,132 and ,229) nccurred at higher levels

of secondary total pressure ratio, This coovrren . adicates the
expansion of the primery flow had effective v & » v te the shroua

and & decrease In altitude pressure was no lonaer sensed upstream of

the point of attachment, Dsts were n t obtsined with the longest shroud
(x/L = ,229) where the primery flow was not '“timched' to the shroud,

Typlce| pressure and temperature distributions with the longest
shroud (x/L = ,229) are presented in figure 13, Axim! static pressure
distributions are shown both slong the shroud and slong the primary
nozzle boattall, Also shown 2re the secondury totm| pressure (messured
at x/L = «,634), the altitude pressure sand the ax/al shroud tempersture
distributions, Dats are presented for thres sscondnry & 'r flow: 8" the
lowest nozzle pressure ratio tested (figure '3») snd &t the next 'cwis
(figure 13b), At & nozzle pressure ratio of 5.4 (flgure 3a8), the shrouc
static pressure incressed for & short distance, then decransed and nes:
the end of the shroud incressed sgain to spprosch the & titude pressure,
The shroud static pressure increased with incressing secondsry flow
indicating less expansion of the primsry strasm, vhareass the d/fference
between secondsry total and wall static pressuias 'nd cate the secondsry
stream was sccelerated, Primsry nozzle bon' s static pressures agreed
with the shroud statics, An increase in noz:'« pressure reotio to 11,0
(figs 13b) did not change the pressure distrioutions [n the upstresm
half of the shroud but significantly affected the fiow near the shroud
exit (station 9) because altitude pressure was relatively lower, Further
incresses in nozzle pressure ratio did not siter the preacsure distribution
along the shroud, Snhroud temperstures incressed with Increasing distance
from the nozzle throat but the geners! level of temperstures decressed
with incressing secondary fiow,

Pressure and Temperature Distributions on Plug

Some typical! pressure and temperature alstributions on the plug
are presented in figures 4 and 15 for severa| rozzle pressure ratios
and plug truncations, Also presented are the corresponding altitude
pressures and average biase pressure and tempersture .or the truncsted
plugs, The expansion of static pressure on the plug from critical
nozzle pressure to &ltltude pressure occurred within & relatively shor!
distance downstresm of the nozzle throst, At » nozzle pressure ratio
of 2,1, plug pressure remsined relatively constant witn & slight over~
expansion near the nozzle throat and a gradual incresse to &ltltude
pressure, As nozzle pressure ratio incressed to 3,8 (or ait!tude
pressure decreased) overexpansions and recompressions resulted In large
pressure fluctuations along the plug., With & further (ncresse in rozzle
pressure ratio the overexpansions and recompressions appetred to move
downstream on the plug &#nd diminish In megnitude and freguency, Temperatures
along the plug length remained nesr primiry nozzle temperature with soms=
evidence of reducing only at nozzle pressure ratios grester than 5, At
the high values of nozzle pressure ratio the skin tempersture appesred to
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reflect the stat!c temperature of the primery flow, That is, & rise In
static pressure indicative of & reduction In primery gas veiocity resulte.
in za Increase Iin p'ug temperature, The pressure and tempersture distri-
butions along the plug were not »f ected by plug ‘runcation, Furthermore,
base pressure and tempersture sppesred to refiect plug pressure at the
point of truncation, With the long shroud and & high nozzle pressure
ratio (25 or grester) the expansion within the length of the shroud

(x/L = ,22¢) sppesred o Vo!low & smooth expans lon with recompression
occurring st the shroud exit,

Pressure surveys aiong the plug were made 2t several anaular locatiors,
Some typical differencss In clrcumferential pressure are shown in figure 15,
The deviation In circumferentia!l pressure appesred to result priwrily
from strut waxes,

Thrust Components

The contribution to jet thrust from both primery &and secondsry gas
flow, ca'cu'sted by the method discussed In Appendix B += Dats Reduction,
is presented In figure 16, The sum of primury and secondery thrust divide
by the isentropic thrust of both primury and sscondary flows is shown as
& function of nozzle pressure ratio for duts ob:ained with the full-lena
plug, & moderste amcunt of seconddiy ®iriiow and with the severai snarouc
lengths, The primery and secondury thrust contrlbution to jet thrust
displays the typical decresse In thrust with increasing nozzle pressure
ratio resuiting from losses assoc’ated with {ree expsnsion, As expected,
shroud !'ength had no effect on the primary and secondsry thrust referenced
to altitude pressure, Although not shown, the primery and secondsry
thrust was also independent of plug truncastion, The low value of casiculated
thrust at @ nozzle pressure ratio of 2 resulted from the primary thrust
calculation and occurred with al! plug truncations st (..« nozzle pressure
reatios, This problem was attributed to a change In primary nozzie
characteristics st near sonic flow not sccounted for In the calculstions,

The calculated jet thrust contribution from the plug and base of
truncated plugs is presented in figure 17 as @ function of nozzle pressus
retic, The Individual contribution of base thrust is also shown for the
truncated plugs, The sum of plug and base thrust increased rapidly at
low pressure ratios up to a pressure ratio of about 6 after which the
plug forces Incressed ot & constant lower rate, Because the plug
contribution was considered to start from the '‘throat'' of the primsry
nozzle, the values of plug thrust at low pressure ratic are also subject
*n change In primary nozzle characteristics at near solc flows, With
the short shrouds (x/L = ,008 and less) the plug contributed from about
| to 3 points toward the Isentropic thrust coefficient during opersiion
above nozzle pressure ratios of about 6, Extending the shroud behind
the primary ex't (x/L = ,132 and ,229) rrsulted in contributions up to
double that of the short shrouds, This incresse in thrust is sitributed
to more complete expansion along the plug with added guidunce of low
through tne shrouds, Base thrust was negligible with the /5% plug anc
generally created a drug force of about /4 point with the 50% plug




truncation,

The primary nozzle boattail thrust is presente. In figure 18 for
the several shrouds with the 100% plug, With the two shortest shrouds
(x/L = =,120 and -,080) the boattail remained at altitude pressure
over the range of nozzle pressure ratios tested and consequently there
was no force or drag contribution to jet thrust, Fxtending the shroud
to the primary exit plane (x/L = ,008) created & drag on the boattail
of about @ 1/2 point, While not calculated, it is anticipated this

rag would vary as a function of secondsry flow, The data presented
are for @ nominal amount of secondary flow and consequently represents
near optimum jet thrust conditions, Further extensions of the shroud
(x/L = ,132 and ,229) resulted in & major adaition to the jet thrust
similar to that from the plug at high nozzle pressure ratios, As
previously shown for the longest shroud (figure 13), bosttail static
pressures remained essentially constant with increasing nozzie pressure
ratio over the range tested, The increase in boattail thrust with
increasing nozzle pressure ratio consequentiy efiects the reduction

in altitude pressure,

The total of the individual calculated contributions to jet thrust
are compared with the actual jet thrust calculated from load cell measure-
ments in figure 19, The ratio of calculated to sctua! jet thrust is
presented as a function of nozzle pressure ratio for the several shrouds
and plug truncations, The ceglculated thrust is generally within 1/2
percent of actual thrust for all cases above nozzle pressure ratios of
L, As nozzle pressure ratio decreascd below 4, the accuracy of calculated
thrust decieased rapidiy, This rapid decrease in thrust is attributed
to @ change in primary nozzle characteristics at near sonic velocities
not accounted for in the calculation methods used in this report,

CONCLUD ING REMARKS

. An isentropic thrust coefficient of 98 percent was achieved
with moderate amounts of secondary weight flow at low pressure ratios
( 22 3) using a short cylindrical shroud (x/L = ,008), The addition
of a longer shroud (x/L = ,229) resulted in @& thrust coefficient of
97.5 percent at high pressure ratios ( » 20),

2. A 1/2 percent loss in thrust coefficient was encountered at
low pressure ratio when the plug was truncated to 3/4 of the original
length, Truncating the plug to 1/2 of its original length resulted
ina 2% loss in thrust coefficient with short shrouds at low pressure
ratio., Removing the base cap of the 50% plug and venting with
(possibly a percent or two) secondary air resulted in @ 1% gain in
thrust coefficient with a short shroud at low pressure ratio, Truncat-
ing the plug with the lbpger shrcuds did not have an adverse effect on
thrust at high pressure ratios.
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3. Pumping characteristics of the plug nozzle were limited by
a choking condition in the secondary exit with short shrouds or by
primary flow attachment in the long shrouds, Truncating the plug
had no effect on pumping characteristics,

4, A breakdown of the individual thrust components showed the
plug (and base of truncated plugs) contributed from | to 3 points
towards thrust coefficient with short shrouds, Addition of the long
shroud doubled the plug contribution and provided a similangincrease
in thrust from the increased pressure level on the primary nozzle
boattail,
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APPENDIX A
Symbo I's

d - nacelle diameter

D - diameter

Fg - actual jet thrust

Fip - isentropic primary thrust

Fis - isentropic secondary thrust

OK - Kelvin (temperature)

L - length of full-length plug from nozzle throat
Pbt - primary nozzle boattail static pressure
po - simulated altitude static pressure

pp - plug static pressure

psh - shroud static pressure

Pt8 - primary nozzle total pressure

Pts - secondary total pressure

OR - Rankine (temperature)

R - radius

T8 - primary nozzle total temperature

Tp = plug skin temperature

Tsh - shroud skin temperature

x = distance downstream from nozzle throat

“T"- total temperature ratio of secondary air to primary gas
Q’ - angular location clockwise from top looking upstream

W - weight flow ratio of secondary air to primary gas
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APPENDIX B -~ DATA REDUCTION

Exper imental Data

The primary nozzle gas flow was obtained using calibrated fuel
flow meters and a calibrated air venturi,

Secondary air total temperature at the secondary exit (figure 6)
was calculated from continuity using the measured mass flow, total
pressure, static pressure, and flow area, A constant ratio of specific
heats of 1.4 was assumed,

Actual jet thrust, Fg§, was calculated from the load cell measure-
ments corrected for tare forces (reference 1), Tare forces consisting
of inlet air momentum and pressure forces were obtained from prior
calibrations of the installation, The ideal jet thrust of each stream
was calculated from the measured mass flow rate expanded isentropically
from the measured total pressure to altitude pressure (reference 2),.
The ideal secondary jet thrust was set to zero if the secondary total
pressure was less than altitude pressure, Review of the data showed
that this occurred at only @ few points at low secondary air flow
rates and at low nozzle pressure ratios, An isentropic thrust coefficient
was obtained as the ratio of the actual jet thrust to the sum of the
ideal jet thrust of both primary and secondary flows, A primary thrust
coefficient was also obtained as the ratio of actual jet thrust to the
ideal jet thrust of the primary gas flow.

The thrust coefficients, secondary tot?2| pressure ratio, and the
nozzle pressure ratio for each nozzle configuration were plotted as a
function of corrected secondary weight flow ratio & « Values of
each of these parameters were then interpolated or extrapolated to
obtain parameters at corrected secondary weight flow ratios of 0,02,
.04, ,06, and ,08, These values are represented in figures 7 through
12 by symbols for each shroud length, The symbols on these curves
are therefore not necessarily actual data points, Actual data points
were selected for figures 13 through 19,

Computed Thrust Components

Individual contributions to jet thrust were calculated for some
typical actual data, Nozzle dimensions (fig, 5) obtained at room temperature
were corrected for thermal expansion by using @ nominal temperature of
1660°9R (¢922PK) for the plug and primary nozzle and a nominal temperature
of 730°R (406°K) for the shrouds. Because the plug and primary nozzle
were both attached to the three struts, the axial thermal growth of
both were assumed to be the same, Boattail drag resulting from the

1
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thin shrouds (about 1% of the total nacelle area) was insignificant for
these static tests, The remaining nacelle area was appropriately divided
between secondary exit flow area, primary nozzle boattail area, axial
component of primary exit flow area, plug area and plug base area,
Location of the position of the primary throat on the plug was determined
from interpolation of plug pressure as a function of axial location (see
figure 14), Axial location of pressure taps were determined at room
temperature but under actual test conditions critical pressure ratio on
the plug occurred slightly downstream of the '‘room temperature'' throat,
An axial location of x/L = 0,01 was established as the position of the
primary throat during tests,

The contribution to jet thrust from priméry gas flow was calculated
assuming critical flow and using the gas properties, measured mass flow
and measured temperature to obtain the total momentum at the nozzle
throat, The straam was assumed to follow the 10° half-angle plug and
a correction was applied to the total momentum to obtain the axial
component, The primary thrust contribution was then obtained by sub-
tracting the product of altitude pressure and primary exit flow area
(normal to axis).

The contribution to jet thrust from secondary air flow was calculated
using a constant ratio of specific heats »f 1.4, measured secondary ex!t
static pressure, measured secondary totezl pressure, and the secondary
exit flow area, The secondary thrust contribution was then nbtained by
subtracting the product of altitude pressure and sccondary exit flow area,

The thrust contribution of the plug and base of truncated plugs
were calculated by the difference between plug pressures (or base
pressures) and altitude pressure integrated over the appropriate area,
Thrust contribution of the primary nozzle boattail was obtained in &
similar manner,

Each of the calculated contributions were normalized to the sum of
isentropic thrust of both the primary and secondary flows. The sum of
the calculated thrust was also divided by the actual jet thrust for
comparative purposes,

12
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iﬂ) ‘C'orr’ed:d secondary weignt flow ratio,w(¥, 0.08

Figure 9.- (Lonﬂnutd)
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