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SUMMARY

An experimental investigation of the flow field behind a circular-arc nozzle with an

exhaust jet has been conducted. A conical probe was used to measure the pitot pressure
in the jet and free-stream regions. Two convergent nozzle configurations were tested at
free-stream Mach numbers of 0.40, 0.60, and 0.80 with nozzle pressure ratios of 2.0, 2.9,
and 5.0. Data were taken by traversing the probe from the jet center line into the free

stream at seven data acquisition stations. The survey began at the nozzle exit and

extended downstream. A comparison of the pitot pressure data with results of inviscid

jet plume theory illustrates application of the experimental results. The inviscid theory
is applicable to the test conditions only where viscous effects are minimal; in these
regions, the theoretical pitot pressures in the jet agree well with the experimental data.

INTRODUCTION

Computational models are currently under development for the solution of the two-

dimensional and three-dimensional Navier-Stokes equations as applied to internal and

external nozzle flow and exhaust jet flow. These models must include the effects of jet

interactions with the free-stream flow field. An accurate computational technique

requires a detailed representation of such flow phenomena as shear layers, mixing regions,

and jet entrainment. Experimental data are needed to extend the analysis of nozzle flow-

field behavior including interactions between the jet and the free stream. Earlier flow-

field investigations (ref. 1, for example) surveyed external flow fields or were conducted

under predominantly ideal conditions. These studies have generally neglected the effects

of large boattail angles, of engine operation at other than design conditions, and of separa-
tion of the boundary layer on the nozzle external surface.

To define the complex flow field behind a nozzle with an exhaust jet, some particular

flow parameter or parameters, such as local Mach number or total pressure, must be

measured at specific locations in the jet, in the jet and free-stream mixing region, and in

the external free stream. Pressure data may be acquired by traversing a pitot probe

through the survey region. At subsonic conditions, the pitot pressure or impact pressure,

measured by the survey probe, is the local total pressure. To obtain local total pressure
at supersonic conditions, additional measurements of local Mach number or local static

pressure are necessary. In supersonic flow regions, which may occur in an exhaust jet,

local static pressure and Mach number are extremely difficult to measure accurately.



The finite size of the survey probe and large flow-field gradients result in interference

effects which may bias data measurements. However, the pitot pressure may be used

instead of local total pressure to define dominant flow-field characteristics. PRot data

can indicate boundary-layer and shock-wave locations as well as magnitudes of local flow

parameters. The comparison of computed pitot pressures with experimental pitot data

provides a basis for the evaluation of computational flow-field models.

To obtain flow-field data with realistic nozzle configurations, which represent vari-

ous subsonic and transonic engine-operating conditions, an experiment has been conducted

in the Langley 16-foot transonic tunnel. This experimental flow-field investigation was

designed to measure local pitot pressure by traversing a conical probe from the jet center

line through the shear layer and into the free-stream region. The experiment is a con-

tinuation of an extensive investigation to establish a comprehensive data base (refs. 2 to 4)

for a series of convergent nozzles. Two convergent nozzle configurations with external

circular-arc geometry were used. The free-stream velocity was set at Mach numbers

of 0.40, 0.60, and 0.80. At each Mach number, pressure data were taken at ratios of jet

total pressure to free-stream static pressure of 2.0, 2.9, and 5.0.

SYMBOLS

Symbols in parentheses are used in the computer-generated tables.

Cp pressure coefficient

D maximum nozzle diameter, cm

db nozzle base diameter, cm

de nozzle exit diameter, cm

l nozzle length, cm

M (M) free-stream Mach number

Pt, j jet total pressure, Pa

Pt,___j(NPR) ratio of jet total pressure to free-stream static pressure
P

NRe Reynolds number per meter



p free-stream static pressure, Pa

Pt (PT) free-stream total pressure, Pa

Pt,p (PTP) local pitot pressure measured by survey probe, Pa

r (R) radial distance from nozzle center line, cm

r n nozzle boattail circular-arc radius, cm

S nozzle convergence length, cm

s axial coordinate in nozzle convergence section, cm

Tt tunnel total temperature, K

t nozzle throat length, cm

x (X) axial distance downstream from nose of model, cm

/3 terminal boattail angle, deg

tic boattail chord angle, deg

APPARATUS AND TESTS

Wind Tunnel

The flow-field investigation was conducted in the Langley 16-foot transonic tunnel

(ref. 5). This facility is an atmospheric wind tunnel. The test section is octagonal with
eight longitudinal slots and has continuous air exchange for cooling. The tunnel Mach

number ranges from 0.20 to 1.30. The average Reynolds number per meter ranges from
4.5 x 106 at a free-stream Mach number of 0.20 to 12.6 x 106 at a free-stream Mach
number of 1.30.

Model Description

A single-engine air-powered nacelle model was used to generate the exhaust jet in

this investigation. A photograph of the model mounted in the test section of the Langley
16-foot transonic tunnel is given in figure 1. A drawing of the exhaust-nozzle simulator

is given in figure 2. The nacelle model was supported in the tunnel by a sting-strut
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support system. (The support strut was attached to the model as shown in fig. 2.) The
center line of the model was located on the test-section center line. The center line of

the sting (see fig. 1) was located 55.88 cm below the test-section center line. The sting
cross section measured 5.08 cm by 10.16 cm with top and bottom capped by half-cylinders

of 2.54-cm radius. The strut blade (see figs. I and 2) was 5 percent thick with a 50.8-cm
chord in the streamwise direction. The leading and trailing edges of the strut blade were

swept 45°. The model blockage was 0.099 percent of the test-section cross section; the
maximum blockage cross section of the model and support system was 0.148 percent.

Two circular-arc boattail nozzle configurations were used in this experiment. The

nozzle details and geometries are given in figure 3. Configuration 1 had a length to max-
imum diameter ratio (l/D) of 0.80 and a base diameter to maximum diameter ratio

(db/D / of 0.51; these ratios for configuration 2 were l/D= 1.768 and db/D = 0.51.
Previous wind-tunnel investigations (refs. 2 and 4) have indicated that the shorter nozzle

had separated flow over the boattail, while the longer nozzle has attached flow over the
boattail region.

Survey Probe and Translating Mechanism

A conical pitot probe was used for the flow-field data acquisition. A drawing of the

survey probe is given in figure 4. The probe consisted of a 15° half-angle cone with a

stagnation-pressure orifice 0.05 cm in diameter located at the cone tip.

The survey probe was moved through the flow field by a translating mechanism

mounted on the tunnel angle-of-attack strut. (See fig. 1.) The probe was attached to the

mechanism by a support sting 2.54 cm in diameter. (See fig. 4.) The translating mecha-
nism allows the survey probe to be positioned within a cylindrical volume approximately

1.2 m in length and 1.2 m in diameter. The probe may be translated in both the longi-
tudinal and lateral directions and may be rolled about the axis of the probe support sting.

The actual longitudinal location of the survey region is determined by the length of the
probe support sting.

Tests

For the flow-field investigation, each of the nozzle configurations was tested at
free-stream Mach numbers of 0.40, 0.60, and 0.80. The average Reynolds number per

meter and the average tunnel total temperature are given in the following table for each
free-stream Mach number. Boundary-layer transition on the model was fixed by a

0.254-cm strip of No. 90 grit, which was located 2.54 cm from the model nose. The use

of a grit distribution to force boundary-layer transition is discussed in references 6 and 7.

4



M NRe Tt, K

0.40 8.1 × 106 305

.60 I0.9 311

.80 12.5 322

At each free-stream Mach number, flow-field surveys were made at ratios of jet

total pressure to free-stream static pressure, or nozzle pressure ratios pt, j/p , of 2.0,
2.9, and 5.0. The jet total temperature averaged 297 K throughout the tests. 'Seven

stations were established for survey data in the flow region downstream of the nozzle
exit. At each data station, the survey probe was translated from the nozzle center line
out into the free-stream flow to a distance of 1 nozzle diameter. The downstream sta-

tions extended from the nozzle exit to a distance of 2 model diameters or 4 exit diameters.

INSTRUMENTATION AND ACCURACY OF DATA

Instrumentation

The local pitot pressure was measured at the tip of the conical probe with a

689.40-kPa differential pressure transducer. The jet total pressure was averaged from

five total pressures which were measured with a rake of 689.40-kPa differential pres-
sure transducers. (See figs. 2 and 3.) Free-stream static and total pressures were
recorded with precision sonar mercury manometers. The tunnel total temperature was

measured with a platinum resistance thermometer. The total temperature in the exhaust
jet was measured with an iron-constantan thermocouple located in the nozzle interior.
(See fig. 2.)

Accuracy of Data

A measurement accuracy has been estimated from the calibration of the conical

survey probe. The instrument calibration results showed less than a 0.10-percent varia-
tion from a least-squares linear fit to the calibration data. To check this estimated

accuracy, an error analysis was applied to the probe pressure data at r/D = 1.0. The

standard deviation of these data was less than 0.10 percent, indicating that a 0.10-percent
measurement error is a conservative estimate. The influence of free-stream total-

pressure variation on the estimated measurement error was also considered. The free-

stream total pressure was monitored throughout the experiment with a high-precision
sonar manometer. These data showed very little total-pressure oscillation, indicating
minimal effects on the pressure transducer accuracy. Thus, an estimated instrument

error for the probe pressure data of 0.10 percent was assumed for the range of the exper-
imental investigation.
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Accuracies of the free-stream Mach number and free-stream static pressure were

obtained from reference 8. These errors were determined at a Mach number of 1.00.

The accuracy of the free-stream flow-field parameters were estimated using a root-
sum-square procedure given in reference 9. These estimated errors in flow-field

parameters are given in the following table:

Parameter Error

M (ref. 8) .... i0.002

p (ref. 8), kPa . . +0.007

Pt' kPa ...... +0.002

Pt, p' kPa ..... +0.7

Pt,p/p t ....... +0.007

In the Langley 16-foot transonic tunnel, the upflow is small, generally less than

0.10 °. As a result, the effects of tunnel upflow on the flow-field measurements are

negligible.

RESULTS AND DISCUSSION

Pitot Pressure Distributions

The results of the flow-field investigation are presented in figures 5 and 6. The

pitot pressure data are also given in tables I to XVIII. Each table contains the data at all
x/D stations. Tables I to IX refer to configuration 1; tables X to XVIII refer to config-
uration 2. In the figures, the probe pitot pressure, nondimensionalized by the free-

stream total pressure, is plotted as a function of r/D. The data are shown for each

x/D station. The location of the nozzle exit for configuration 1 is x/Y) = 9.80; the loca-
tion of the nozzle exit for configuration 2 is x/D = 10.768.

The pitot pressure profiles indicate that viscous effects caused by boundary layers

and shear layers are dominant in the flow field. Both configuration 1, which has sepa-
rated external flow at the nozzle exit, and configuration 2, which has attached flow, show

characteristics of boundary-layer defects in the data profiles. These effects are caused

by the presence of boundary layers over the external nozzle surface and over the inner
surface near the nozzle exit. For configuration 1, the external boundary-layer thickness

at the nozzle exit, based on a total-pressure ratio Pt, p/Pt of approximately 0.995, is
approximately equal to the nozzle exit radius. For configuration 2, the external boundary-
layer thickness at the nozzle exit is approximately 75 percent of the exit radius.



The difference between the jet velocity and the free-stream velocity results in

shear-layer effects. The shear forces contribute to dissipation of the defects in the data

profiles resulting from the internal and external boundary layers. The rate of dissipa-
tion depends on the ratio of jet velocity to free-stream velocity and, thus, varies with M

and Pt, j/p. When the free-stream velocity is low and the jet velocity is high, the
boundary-layer effects disappear quickly, as can be seen in figure 5(c). For this case,
the boundary-layer defect is negligible at 1/2 model diameter or 1 exit diameter down-

stream of the nozzle exit. When there is little difference between free-stream velocity
and jet velocity, as in figure 5(g), the boundary-layer defect is still evident at 4 exit

diameters downstream. Figures 5 and 6 also indicate that, for the same test conditions,

the boundary-layer defect disappears faster for the separated-flow nozzle of configura-
tion 1 than for the attached-flow nozzle of configuration 2.

The flow-field data exhibit characteristics of exhaust-jet flow, such as an inviscid

jet core and lip or barrel shock waves. The effects of the inviscid jet core are apparent
in both figures 5 and 6. Evidence of the jet core effect is present as far as 2 model
diameters or 4 exit diameters downstream of the nozzle exit for both configurations over

all test conditions. The effects of lip shocks are also apparent in the pressure data,

especially at Pt, j/p = 5.0.

Comparison of Experiment and Inviscid Theory

To illustrate the use of the flow-field data in the evaluation of theoretical methods,

the data were compared with pitot pressure profiles calculated by the inviscid computa-
tional model of Salas (ref. 10). This method has been widely used and found reliable in

the calculation of inviscid jet plume flow. The data were not compared with results of

viscous computational models, since most viscous nozzle-flow codes are currently under

development and have not been validated for the range of the flow-survey test conditions.
The accuracy of viscous computational models cannot be evaluated until data, such as the
flow-field pitot pressures, are available for comparison with the theoretical results.

Limitations of the inviscid theory prevented its application over the entire range
of the experimental data. The algorithm is restricted to supersonic exit flow. At

Pt, j/p = 2.0, the jet flow rapidly becomes subsonic. As a result, the algorithm was not
applicable and theoretical pressure profiles were not calculated for this nozzle pressure
ratio. The theoretical calculations were also limited to the first three or four x/D sta-
tions, since the inviscid algorithm fails in regions downstream of the intersection of a
shock wave with the jet plume center line.

The comparisons of data with theoretical results are presented in figures 7 and 8.

The experimental results are again plotted as the pitot pressure, normalized by the
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free-stream total pressure, against the probe location r/D. The theoretical results

are presented as the local pitot pressure, normalized by the free-stream total pressure,

plotted against r/D.

The exhaust-jet calculation procedure of Salas requires a specific static-pressure

distribution along the inviscid boundary between the jet and the external flow region. For

a jet exhausting into a moving external stream, the static pressure varies along the

boundary between the jet and the free stream. However, to limit total computational
time and costs, the pressure along the jet boundary was assumed equal to the free-

stream static pressure for each of the data-theory comparison cases. A pressure dis-

tribution of Cp = 0 was specified along the inviscid jet boundary. To estimate the error

effects resulting from the Cp = 0 assumption, one theoretical case was computed with
a variable boundary-pressure distribution for configuration 1 at a free-stream Mach

number of 0.80 and Pt, j/p = 5.0. The Cp distribution applied in this case was taken
from reference 11 and is plotted, along with the data-theory comparison, in figure 7(d).

The comparison indicates that assuming a more realistic variable Cp distribution
improves agreement between the inviscid theory and the flow-field data.

The agreement between theoretical and experimental values within the jet is optimal
at the x/D station nearest the nozzle exit. Inviscid fl0w is dominant in the jet exit flow,

since the viscous region influenced by the nozzle internal and external boundary layers

and by the free-stream flow velocity is minimal. The good agreement within the jet

region validates the accuracy of inviscid jet plume theory for predicting jet flow under
predominantly inviscid conditions. However, the data-theory agreement decreases as
the distance from the nozzle exit increases. This decrease indicates the significance

and magnitude of viscous effects in the flow field. Inviscid theory becomes inadequate

as viscous effects influence the jet flow.

In all the theoretical cases, a sharp discontinuity is evident in the vicinity of the

jet and free-stream mixing region. This discontinuity indicates that the theory can pre-
dict the lip or barrel shock which is notable in the survey data. The shock-wave angle

in the data appears steeper than the theoretical shock-wave angle. This discrepancy in
the shock-wave geometry again reflects the importance of viscous effects in the flow

field and illustrates the limitations of applying inviscid jet theory to a region with viscous
characteristics.

By comparing the results of inviscid jet theory with the flow-field data, the validity

of applying inviscid theory to the experimental conditions can be evaluated. Because the
jet flow is predominantly inviscid at the nozzle exit, the theory predicts the pitot pressure

accurately. When viscous effects begin to influence the jet flow, the theory is no longer
adequate. The theory can predict the presence of a shock wave but cannot specify the
exact location because of its restrictions to inviscid flow characteristics. Thus, the
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data-theory comparison illustrates the limitations of inviscid jet plume theory under the

test conditions and indicates where the theory may be used with reasonable accuracy.

CONCLUDING REMARKS

An experimental investigation of the flow field behind a circular-arc nozzle with
exhaust jet has been conducted. The pitot pressure was measured in the jet and free-

stream regions for two nozzle configurations at subsonic free-stream Mach numbers

with nozzle pressure ratios of 2.0, 2.9, and 5.0. A conical survey probe was used for the
data acquisition. The probe was translated radially from the jet center line into the free-

stream region at seven stations located up to 4 nozzle exit diameters downstream of the

nozzle exit. The flow-field measurements provide a data base for the evaluation of two-

dimensional and three-dimensional computational models for simulation of internal and
external nozzle flow and exhaust jet flow. A comparison of the experimental results with

results of inviscid jet plume theory illustrates the use of the flow-field data in evaluating
the theory application. The theoretical jet pitot pressures show good agreement with the

data in predominantly inviscid flow regions. Agreement deteriorates as viscous effects

influence the flow field. As a result, the data-theory comparison defines where the theory
is applicable in the range of test conditions and indicates the accuracy of the inviscid
model under these conditions.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

November 8, 1979
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TABLE I.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.40 AND Pt,j/p = 2.0

_/p z Q,875 10._5n 10,_00 10,550 lO_See 11,300 ]1,800

R/_ PTP/PT R/_ PTP/PT R/_ PTP/PT R/D PTP/PT R/O PTPlPT R/D PTP/PT N/_ PTP/PT

u_001 I.Tq6U ,003 1,7gq0 -,003 !.80_5 '•002 1•8057 ,003 1_A_ u,NOQ 1,_09U -,00U 1r8101
re21 1.7qq9 •020 1,_021 .022 !.80al .020 1•80J2 .022 it_e6t .ntq 1,_08a ,021 1,8072
trial |,796q ,OQ2 1,_061 ,Oaa 1,80R3 ,0al I._117 ,Oa2 1cROak ,Oa2 1•8103 ,0_1 1,813a
_fl6i 1,78q3 ,060 ],_11U ,061 1,80_7 ,060 I,_08Q ,060 1._t36 •061 1,8161 ,063 1.81_!

1._005 ,083 1•_12_ ,080 1,8135 •0_ 1•_173 ,083 1_mt_$ .0_3 1,_13fl ,083 ]_80a_
_;01 l.e08! •10! I._108 .In, 1._lai .101 1.8162 .103 1,_I_q •Ini 1.807a .103 I_7850
e1_n 1.80Q5 .122 1.8115 .1_2 I._I_ .120 I._17g .123 I_15_ .122 1.7989 .120 1.75_

_161 1.8056 .162. 1.8085 .16_ 1._10fl .16_ I.R006 .16_ 17?6_3 .163 1.6906 .161 I_63_I
.i_? !,80_0 ,1_2 1,_07_ ,1_1 1,8030 ,1_0 _,7"65 ,1_2 I_A_ ,1_3 1,5927 ,182 I.,5_65
;_n_ 1,79_7 .203 1,_05_ .20_ 1.726_ •20_ 1•6_8 ._00 115_66 •202 1,5037 ._03 le_60Q
_P10 1,8018 ,212 1,78_ ,210 1,67a8 .215 1,53g_ ,?13 11_0_ ,212 1,_56_ ,213 1,_1a5
epl$ 1,80e6 .2_P 1,7107 .22_ 1,5_11 •2_3 1•_632 .72_ It_pbq ,?Z2 1,3987 ,221 1,3880
t_2n i,?q_a ,212 1,5a03 ,232 l.a3ql ,231 |,3883 ,2_1 |e_77_ ,23Q 1,3_19 ,231 le3a?l
tp31 1.789g .2_1 1,3769 ,2_0 1.3Y_1 •2_0 ].3_ ,2_3 le_n_ ,2_3 1.]10_ ,2_2 1,3070
_2_2 1,7778 •25P 1._865 .252 1,2_1 ,25_ 1,2558 .252 ltPkON ,25U 1,267P ,25_ 1,2690
1p36 !,73_8 .263 I•_37 ,263 _,1a_1 ,263 ],1772 .262 ttp_ •26_ 1,227_ ,260 1_2_77
_Up 1.a57_ ,273 ,q91a ,272 1•0925 ,271 1,]350 ,212 1fliRt ,_73 1,1956 ,27] 1p2120
_U_ 1,_262 ,280 ,g6_S ,2RI !,0_8 ,2_2 1,091_ ,2_2 IpI_S_ ,283 1,1663 ,27q 1_1968
_ 1.1070 ,2g? ,9602 ,?gt 1,0171 ,_91 1,061q •2q3 tt_U_ ,2q0 1,1_73 ,2g_ 1p1657
ep_? ,_66 ,30_ ,_611 ,301 ,_g31 ,302 1•0317 ,305 l_eA_ ,302 1,116_ ,305 1_1_
e_p ,_066 ,_22 ,g676 ,32_ .q76_ •322 ,9g_2 ,322 1,0_ o322 1,07_8 ,321 1,1055
t_k_ .9079 ,_Q1 ,q736 ,3_1 ,q785 ,3_3 ,g855 ,]ai ten,P7 ,3a_ 1,0_05 ,3_? 1_0703
,77_ .90q6 •]62 ,_790 ,362 ,q_37 •361 ,4_63 ,36_ e_q_ ,362 1,0175 •360 1_0_73
e_O ,_173 ,385 ,_8,7 ,381 ,_$ ,383 ,_gla ,382 _2U ,3R1 1,00_3 ,380 1.0260

_01 ,9_3_ ,_50 ,q98a ,_0 .9995 ,USO •998_ _50 t_q_k ,_51 ,9096 ,_51 1_000Q
,_P_ ,gQI8 .501 ,99q? ,503 .qgq_ ,503 ,9_5 ,500 _0_7 ,SO2 ,q997 ,502 .9q97
tl_|' ,_]6 ,60_ 1,_000 ,602 ,qgg7 ,602 ,ggq5 .,60_ _gQ97 ,601 ,ggg? ,605 _9996
#_6| .96_3 ,701 ,ggg6 .70_ .ggg? .701 ,_gg? ,705 _qa_6 .701 ,qqg5 ,703 ,g996
_R_ .g?i3 .803 ._9q7 .800 .gg_6 .$0Q ,ggq_ ,_03 _Oq_? ._03 ,9996 .800 .qggb
,Ufll ,977_ .898 ._9q5 .Sgq ,gqq7 ,901 .gqg6 .q02 _997 ,90_ ,ggg6 ,900 _9997
,_$0 .qq36 1,003 ,_999 1,002 .9g_S ,999 ,_g6 1,001 ._q7 1,007 ,g997 1,00_ .9_6
,R_O .qg_2
,_0_ ,qqg6
,701 _qgq6
,_0_ ,ggq6

,QO_ .ggqg
l,_f16 .q9_6
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TABLE IT.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.40 AND Pt,j/P = 2.9

YI_ • 9.825 ]O.e5n 10.300 10.550 10.80o 11.300 11.800

R/fl PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT R/D PT_/PT RIO PTP/PT R/D PTP/PT

e_nO_ 2.622_ .003 2.252_ .00! 2.6232 -.000 P._!6_ .001 .002 2._10 .021 2._0_6
ee22 2.62_9 .02! 2.2_]2 .022 2.6501 .022 2._!06 .022 .020 21_256 .0_! 2_190
ae_ 2.63a2 .0_2 _.2308 .0_1 2.6374 .0_0 _._255 .0_0 .0_0 2.4565 .OY9 2e_]68
ee63 2.63,7 .062 2.3239 .ob_ 2_63_1 .059 2._29_ .060 .060 2._96 .OR1 2_529
#0_3 2.63_5 .082 P.a|38 .08_ 2.637Y .080 2._60 .ORO .080 2._617 .Oqq 2._82
.102 2.6373 .101 _.a57_ .10! 2.ba!a .101 2.a5.? .102 .!01 2._7a? .122 2._5_3
;12_ 2.6363 .123 2.a_O_ .122 2.6_12 .121 2.u?_1 .120 .120 2.a8ab .la| 2._193
.1_ 2.e333 .1a2 2.51u0 .1a2 2._295 .lao 2.a831 .]uo .laO 2.a781 .160 _3_76
,162 2.6297 .163 2.%270 .161 2.SA1_ .160 2.a_79 .161 .161 2.a$86 .t_t 2e223_
1_1 2.6220 .182 2.5383 .1_ 2.5650 .!80 _.a959 .1_1 e180 2,329_ .201 2#0312
;e_ 2.5996 .20_ 2.5510 .202 2.a_32 .200 2._286 .201 .201 2.1_07 .210 1.9_91
P!n 2.5707 .211 2.5550 .21_ 2._57_ .211 2.3267 .211 .210 2.0_52 ._2! 1._535
P_ 2.5_11 ,221 P._b6 .223 2.157a ,220 2.2109 .220 ,221 1.9135 .232 t_7670
P$O 2,5_01 ,231 P,"_12 ,229 1.9977 ,2$0 2,_265 .2_1 ,231 1,8!07 ,2_1 1,69_8
P3_ 2._0_5 .2_5 2.3682 .2_5 1._737 .2aO 1.851a .2_2 .2a! 1.705_ .252 1_599_

a_2 2,350! ,2_1 _.17_7 ,2_3 1,713_ ,251 1,6502 .251 .251 1,b069 .261 leSaTt
._a 1,80_3 ,2_5 2.0_1 ,253 1._1_8 ,262 1.5030 .260 ,260 1.5269 ,272 1,_bS_
_?a6 1.7000 ,2_6 I,97_7 .26! 1,_866 .270 I,]9_5 .269 ,27! 1._66 .2_1 1._25_
_pa7 1.2208 .25a 1.63_2 .271 1.2679 .281 1.P81_ .2_0 .2_1 1.3775 .290 1._507
_a_ !.0_23 .255 1._825 .286 1.1_99 .291 1.1983 .290 .291 1.32_3 ._00 1_3176
tP_l .9715 .261 1.,0_6 .291 !.Oeq5 .]Ol 1.1370 .301 .300 1.2683 .319 1_2277
_ .q0_9 .266 1.3101 .302 1.0_a! .322 1.0395 .320 .31_ 1.1793 ,3_1 1.16Y8
e_O .9116 .271 1.17_ .32! .9R66 ._0 .9997 .3a! .3al 1.1053 .360 1_1091
._0 .q!_ .287 .9990 .3aO .9_17 .361 .9_85 .360 .361 1.05_8 .382 1.0670
#p9_ .9222 ,291 ,q?A8 .36i .qR59 .379 .6913 .381 ._0 1.0225 ,399 1,0$87
_X_l .o299 .300 .965a ._1 .99n7 ._01 .9958 ._00 ._nO 1.005_ ._9 !.00_
_0 .qa_8 ._22 ,96R8 ._00 .9_2 ,aSO ,999_ ,_2 ._50 .q_8_ .50! pqgq2
e_ ,95?8 .]_2 ,97_R ,_51 .9905 .501 ,99Q_ .500 ,500 .9Q86 ,601 _qqq2
pXSU ,962_ .J61 .981_ ,502 .qqg_ .601 ,9997 ,bOO ,5_9 ,0_7 .700 ,9992
_6_ ._676 .38_ .q_72 .6_0 .9997 .706 .999_ .70! .702 .9_97 .802 ._992
e_l ,9717 ._0! ,9922 ,701 .9997 .802 .9997 ,801 ,800 .9_5 ,901 _q991
t_O_ ,9617 ._56 .q99_ .799 .qqq_ ,900 ._997 .qO! .q02 ,9995 1.00! ,9992
t_lJ9 ,995R .50] 1,0001 .qo! ,9997 ,99_ .9995 1,000 1,000 .qQQu
e_O? !,0001 ,bO_ ,_99_ .99_ ,qqq?

k00 1,0002 .702 .999R
707 1,0002 ,805 .9_q_

eA0_ 1.0005 .902 ,qqqq
eqOf 1.0005 ,998 1.n002

1._03 1,0002



TABLE III.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.40 AND PL,j/P = 5.0

_/_ • 9,825 10.o5n 10.300 10,550 10.800 11,300 11.800

R/fl PTPlPT R/D PTP/PT RiD PTP/PT R/D PTP/PT R/D PTPlaT R/D PTP/PT H/_ PTP/PT

wenol _._Q_a ,00o 3.790! .001 1.9t_5 -.OOb I.$632 .000 !_?nbl .003 2,297a w,O08 3_0259
ee_n u,7]08 ,021 3,75%? ,020 !.qOU_ .021 1.3bll ,021 1_9_ ,018 2,32m5 ,020 300828
t_J _.5059 .0_1 3,_11! ,0_0 1.8716 ,0_0 1,3901 .03Q 2_nl .0_2 2,_ba! ,0_! 3,|q!9
_fl6n Q.YtYq ,Oh1 3,_J_O .ObO 1.8_08 .070 ].61_0 ,07Z 3pOXq_ .071 2,55b0 ,ObO 3.3397
p_80 _.50Bb ,082 3,36a9 .071 1._132 ,060 ?.Qi2a ,06! $ta7_1 ,079 2,b309 ,0_! 3a52_8
elO] _.5028 ,101 3.25_3 ,082 Z,_2_3 ,070 3.608! ,068 3t?N_9 .070 2,?b06 ,101 3.696_
e_20 _.5012 ,120 3,1236 .092 2.3777 ,081 3.8q28 .079 $tqk6_ ,079 2,889b ,120 ]._83

ei01 _._5_8 ,139 2,967_ ".100 2.657n ,089 0,0389 .089 _,e_3_ ,n92 3,05_9 ,1_1 3_8_0b
elan _.3]3_ ,162 _,9128 .139 3.0755 ,!1! _.]555 ,113 atl_6_ ,110 3,26?8 .181 3.5_86
_0_ a.0_5 ,17! 3,09?2 .]bO 3.21_ .11_ _,0789 .!2a a_lk19 .120 3,337! ,197 30_11]
_11 ).77_0 ,181 _.2931 ,1_0 3.3a_0 .120 3,6910 ,!37 U..1_1 .|30 3,39b_ ,_!! ].189_
_P_ 3.$2_7 ,20! X._75fi .200 3._a_n .131 _,5717 ,159 _eekS_ .130 3,3937 ,219 3_0_1a
e_O 3.70_b ,209 _.5210 .210 $,_908 .!a2 3,6066 .179 Ta_99 ,139 3,_3_? ,231 2.8398
_2ai _.b551 ,2_0 _,5881 .22_ 3.5381 ,160 3.6_58 .|qq Je_ b ,I_1 3ea80! ,2_! _06_80
a_a_ 3=5819 ,_9 _.b2_O .229 3,5798 ,181 3,b79! ._10 3e_115 ,t61 3,a93_ ,_51 20G90_

?_S _.a?_b .2_0 !._793 .2uO 3.bleu .200 _.e?be .218 3_5o .|72 3.5133 .260 2_3267
_p70 2.u2!0 .2_0 3.706a .2_0 3.b32_ .200 3.6199 .228 3t1_1 .1_0 3.53|5 ._69 2t201_
_71 2.1"01 ,260 1,7116 .260 3.7617 .209 3.6571 .2_0 2_82 .188 3,52_? .279 2.0515
_351 2.3_11 .2b_ Y,522_ ,271 _._6b? .220 3.586b ,270 _p_fgX ._02 3._003 ,290 |_q]07
e_7_ _.22_3 ,215 3,1970 .2_0 3.0_bq ,229 3.a8_1 ,262 2_3u ,21| 3,aS69 ,J02 1_785?
a_59 .9765 ,281 2,71_5 .29f 2.6852 ,23_ 3,3571 ,273 201_2_ o223 3.323_ ,32! 11592_
_6| ,935_ .2_8 _.1768 .2_9 2,3_9 .250 3,]538 ,283 !_ko9 ,232 3.1862 ,3a| |._Yb_
t_?O .912! .300 1oa8_7 ,320 |,6727 .2b! 2.9117 .2_9 !eS_a! .2_0 3,02a_ ,379 1e3_11
_81 .9179 ,30a ],3_P_ .3_0 1.2_33 .27| 2,_8a7 .302 1_k781 .2_9 2,8712 ,380 102337
t_f .9222 .321 1.0Q?1 ,360 1.0709 .280 ?.Q_37 .321 1e_X53 .260 2.6587 .39? 1017Q2
e_l oq_qh .3_1 .07_3 .380 ._982 .2_0 2.2085 .33_ 102_83 .270 2._605 ._29 1_0B15
e_20 .9_53 .3bO .97_2 .39q .9909 .30! |.q,05 .3bO 10|718 .281 2.2_55 ._9 1.0_$2
p_] .977| .379 ,q?gq ._1 .99_ .320 1.5729 ,382 !_?_ ,290 2.0969 ._6 !.0055
e_O .9b5% ._00 ,9863 ,agq ._9_9 .3_0 1,3288 ,_02 10_15_ ,299 |.qYq8 ,601 1_0008
e¶8_ .9729 ,_q .9973 .599 1.0000 ,3bO 1.1363 ._!b 1_0a7 .322 1,6509 .700 |.0008
,_00 ,980b ,500 ,9990 .701 1.0000 ,380 1.0377 ,_8 lennn3 ,3a2 1,u593 ,798 120009
._70 .99_? .599 ,_9_1 .800 1.0000 ._00 !.OOa? .501 !_flfl0_ ,359 !,32U6 ,896 le0008
._fl? .99_ ,b99 ._9_ ._98 .999b ,_50 1,000! .bO_ !echO? .380 1,2087 ,997 1.0010
kOO .99_a ,802 .99_1 |.on! ._9o .a_b t.eoo, ,b98 !_enn_ ,_0| 1,1195

,?01 ,9982 .900 ,9_6 ,597 1,0005 .797 1,000_ ._t9 L.06_3
._0| .9982 1,000 .qgqO .700 _.0005 ,899 t. OOn? ,_50 1,0156
,_0_ ._9_2 ,?_8 ].000_ 1.00_ 1.0008 o500 1o0012

| ._00 .999_ .900 1.000_ ,6_1 1.0009
,99_ 1.000_ ,b99 1,0008

,798 1,0009
,900 1.000_

1.000 1,000_

CaO
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TABLE IV.- PITOT PRESSURE MEASUREMENTSFOR CONFIGURATION1 AT M = 0.60 AND I_,j/P = 2.0

R/_ PTP/PT R/D PTP/PT R/O PTPtPT R/D PTPIPT RID PTPlPT RI_ PTP/PT RIO PTPIPT

;_nl 1.57o9 .oo_ _._765 .ooo 1._5 .,oo0 1._7]7 .ooi !;_7_ .o06 1.5_o6 ..on_ 1;_7]7
tn_O 1.583U .020 i.57_q .022 1.57_2 .020 1.5772 .025 1o_761 .020 1.57U3 .022 1.573_
_euo 1.5833 .039 1.579! .0"1 1.5781 .O_I 1.57_5 .0_3 1_7_9 .0_2 1.573u .0,0 1.57_2
ee&! 1.38UL .061 1.5815 .062 1._79_ .061 1.5776 .063 1_5_9_ .063 1.5780 .059 1_5693
eeR_ 1.58_0 .080 1.5832 .08] 1.5799 .081 1.5789 .079 1t5778 .O_l 1.573_ .081 1.5685

OQq 1.5861 10] 1.5870 .099 I,_836 .103 1.5815 .105 1 S777 In, 1.5700 101 1_5532
ell9 1.58u5 .120 1.58_b .11g 1.5833 .122 I.Y801 .120 1_779 .12_ I.5581 .122 1e52%!

;u2 1.58u3 .1_2 1.5867 .l_l 1.585_ .1_3 1.57_5 .1_3 1e%65_ .1_3 1.5236 .1G2 te_830
161 1.582_ .16! 1,58_2 .158 1,5801 ,16_ 1,557_ ,t6| 1_5_2_ .165 I._70U ,161 1._293
_1 1.5935 .!_1 1.5833 .i_l 1.5679 .182 1.51_8 .1_3 1#_68_ .l_l 1."1_7 .183 1_36_5
]gR 1.5827 .199 1.5827 .203 1.5027 .202 1._253 .20_ 1_R25 .198 !.3506 ._03 1.3013
?06 1.5820 .21_ 1.5597 .212 1._582 .213 1.3691 .211 t_39 .213 1.2982 .213 1.27"8
_?0 1.5799 o220 1.503_ .222 1.3928 .22_ 1.2993 .223 le?m15 .222 102632 ._21 I_2Ggt
_31 1.5662 ._31 1.38_ .230 1.3202 .231 1.2522 .230 I.P_3& .255 1.2153 .23_ 1e2138
_3_ 1.5550 .2_0 1.2675 .2_1 1.2311 02_ 1.182_ .2_0 l#2_e 5 .2_1 i.1963 .2_ ie186_
P3& |.5_2 .2_0 1.2637 .252 1.1500 .252 1.1396 .251 IeI_67 .250 1.1720 ._55 1#1610
_al 1.3005 .2_3 1.2_06 .262 1.0828 .263 1.0868 .262 1.11a2 .263 1.1312 .26_ 1.1_08
_6 I.iq_5 ,2"9 1.167_ .272 1.0339 ,27_ 1.0_52 .269 lt_7 .272 1.1070 .27_ 1.1176
_ 1.2035 .2_8 1.n3_3 .280 ._9_2 .279 1.0260 .282 1e_65 .?_1 I.O860 ._80 l_lOUg

e_uO .9069 .272 .9386 .289 .9576 ._93 .9927 .2_9 le_X1_ .292 1.0602 ._93 le_Sl_
#PS5 .gb3_ .281 .g07q .30_ .9_55 .300 .9767 .303 eo_Oq .30_ 1.037] .302 1e06"3
_q? ._165 .287 .oon2 .323 .9339 .32_ ._516 .329 _o71_ .320 1oO119 .3P3 1#0306
PT9 .B030 .302 .9012 .3_1 .9395 .39" .9507 .3_0 _&_p .3_3 .9877 .3_3 !_Oq_
??0 ._090 .322 ._17_ .361 .9525 .36_ .95_ .36U #_3_ .36t .9779 .361 egg58
_A1 .A128 .3_9 .9310 ,390 .q725 .380 ,9697 .3_0 _97_ .3_| .9765 .38, .987!
292 .8178 .360 ._2 .UO! .9767 ._03 .98_5 ._00 ea_ ._OU .983_ ._03 egSb8

,p_9 18218 1382 19591 .a30 19920 1_5@ 19990 0_50 _Og_" 1_50 19982 1_55 #99?9

._I ._31" .399 .96_, .,52 .9977 .Uq8 1.0001 .503 e_oO_ .502 .99_7 .503 _9997
,_ .8q32 ._30 ,_8B7 .502 I.O00i .bOI l.O001 .603 l_n .bOO .9999 .600 ,9_gg

.R86| .U52 s9962 .b01 !.OOfl| .702 .9999 .702 1#_0_I .702 19999 .70_ .9996_uo
_6| .9|_3 .502 i.O00_ .70_ i._Ofl| ._02 t.OO00 .80t |_flflO_ ._03 .9997 .803 _9999

._79 .q]O_ .599 |.000_ .799 1.000! .002 .9999 .90! _p_O0_ egO0 .99_9 .905 #q996
_01" .9,70 s?O0 |._001 .899 1._0 1.003 .9999 _1000 I._000 .998 19997 .997 #9996
_31 s970 _ .801 .9999 _.009 t.O00! ],003 .9995
_U_ .98_0 .go_ I._000 1.003 .9992
eq_l .999| 1.002 1.n000
_97 ._999
.701 .9999
_01 .9908
_aO_ ,9995
.999 .9999



TABLE V.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.60 AND PL,j/P = 2.9

R/_ PTP/PT R/D pTP/PT R/O PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT

-_n_n 2.28?7 .001 I,qOqi -.010 2.251_ .002 2.0392 -.002 _ -.001 2.1q_2 -.001 2,11t0
_19 2.2859 ,020 l.qOa2 .020 _.2_75 .022 ?,n6_2 .020 2_P_Sx .0_2 2.212_ .022 2.128Q
tnUO 2._q]8 .Oat I.QSOb .OuO 2.2qn2 .Oat 2.0853 .OaO 2_??a_ .O_l 2.21]0 .0,0 2_1332
_0$1 _._qTq ,Oh| _,_80] .061 2,2R7_ ,061 2.1077 .OSq _e_?_? .060 2,21a_ .Oh! 2.t_l|

_00 2.29_9 .100 2,1760 .102 2,2q_2 ,tOE 2,_35_ ,tO2 2,_k_ ,_02 2,19b$ .0_8 2_1655
a12e 2.2_5_ .122 _.iqgO .|20 2,2qq7 .120 ?,l_R8 ,1_0 _P_bt ,In2 2.20_ .120 2e1530
elaO _.2qO_ ,1_1 2,2160 ,t_l 2,2oa! ,1_0 _,lbSa ,lSq _55_ ,12! 2,1_5 ,1_0 2.1_15
efbe _._8U2 ,lbq 2,7222 .1%8 2.292_ ,lbO 2,17_6 ,lbO _ep_ ,1_0 2,180_ ,161 _O_b?
el?_ 2,2130 ,_Sn _,22q1 ,1_1 2,280_ ,]80 _,175_ ,178 2_t_a_ ,159 2,_277 ,180 1_q_26
e2OO 2.2_2 .20P _.23_0 ,200 2,1728 .]_q 2.11_2 ,201 lea?l? .180 _.0257 .200 1#81_q

2,212_ ,211 2,_35n ,210 2,_?bO ,21] 2,020_ ,210 1_07 ,202 1,8658 ,210 _,7S_8._!o
2_1 2,2_ ,2_0 2.202b .2]q 1,_P57 ,_t 1.q27b ,2_0 lt77_p ,20_ 1,80qa ._!_ 1,688_
_3P 2,20_6 ,23! 2,07_0 ._28 1,7617 ,230 1,_b6 ,22q lt_ .220 _.7109 .22_ 1,612_
P35 P,11_ .2_0 I,_265 .2UO 1.562_ .2UO I,_5a? .?_2 1,_P6P .229 1.6321 ,2_1 1,5317
_0 2,0311 .250 1.57_5 .2_q 1,_35 .250 1.52_? ,250 1ea_12 ,2_0 1.5a20 ,250 1e_782
pu_ 1,6a5_ .25_ 1.307_ .2_ 1.2_12 ,2_1 1,3922 ,25Q 1_7_R ,250 1.a736 .2_ t_a260
.p_ 1._8_7 ,26q 1,tO1? ._b_ 1.1?g_ ,_70 1.29_8 .270 tepq_p .261 l,3q_b ,2b9 1,3737

p_O 1.0018 ,2qO ._3 ,28q t,032_ ,2_1 1,1391 .28_ t_1_7i ,2_0 t,28U_ .2_t le_T2_
._ ,8_q8 ,301 ,qOqa ,3nl ,_R08 ,302 1,0721 ,2q_ lel_Oi ,2q1 1,2552 ,299 1#_23

._?2 .808T ,_3q ,_3_2 ,3al ,_75 ,$_0 ,_687 ,3a! _13 ,321 1,1132 ,3_0 leila_
_P_I .8119 .359 .q_96 .35q .q_73 .362 ._b_l .3bO _?h_ .]_0 1.0612 .360 I_0666
_pq| ,8162 ,382 .qb37 ,37q ,qTn_ .3_0 .q?2_ .3_2 #q?6@ ._b! 1,0160 ,$_0 _#02_q
e_O0 .8215 ._01 .q76_ ._0! .q82R ._02 .qSQq ._01 t_ .37q .qgT] ._00 _.0090

_aO .SqO! .50| 1.0005 ._q? .9q_9 " ._50 .qqq5 ._9q _qqq? ._50 .q980 .500 _qqqY
t_bl .q_07 .Sqq |._00_ .5q7 [.000_ ._qq |.00_0 .bO| _O_q_ ._0| .qqq7 ,b_ #qqq?
#_Rt ,q362 .701 1.0003 .702 1.000_ .601 i._OO? .700 _Oq_ .hOt ,q99? .701 #_qqO
e_Ofl .9_? .?qq _.000_ .797 _.000_ .700 1.0009 .80_ eqqq_ ,b98 .qq9_ .800 #9qq_
#_1 .q7_7 .qO_ 1,000_ ,90! _.000_ .801 _.O00b .90] e@qq_ .80_ .q99_ .907 #999_

#_?_ ,qq$8 ,qq8 |,O00b _lO0_ lqqq5

_@9 ,qqqq

_60! 1,000b
.?00 |.0005

_ 1,0003
l.nO_ 1.0005

01



t..=

TABLE VI.- PITOT PRESSUREMEASUREMENTSFOR CONFIGURATION1 AT M = 0.60 AND -L,tD*,;/P= 5.0

_1_ • 9.8_5 10.050 10.500 10.556 tOoSOn 11.]00 11.800

R/_ PTP/PT ,/n [ PTP/PT PTP/PT _/D i pTp/PT _/D PTa/PT R/D PTP/PT R/O PTP/PT
i J

_oI _.gs_Q o.ooi 13,_nI t,6Q_o o.ooo ] 1.1_18 o. OOt 11_Q_61 *.oo? t,_8?_ .oo2 3_o_o_
tn_O 3.0562 .0211 3.100_ 1.6_75 .OOb ] 1.1003 .010 I_elaau .0_0 2.027! .020 3.0806
eo_O _.0570 .030 I 3.1705 t.65Rg .022 I 1._155 .0_0 ]2rnkTS .0_0 2.088_ .OQO $eiBgg
rO6_ 3.05_ .ObO I 3.11_0 1.6351 .0261 1.317) .050 3._oOR .050 2.1856 .060 36350g
.eel I$.0577 .080 I _.0_68 1_61.1 .031 ] l.s?oo .080 $_Tu_e .081 12.3175 .Oeo $.5_,2

nag 3.g_1 .101 I 2.0,67 t.SQOb .03b I 2.n128 .oqo 1_6, .oqq 2.uS2g .OOo 3p67g7
_1 ]_.e_ou .120[a._.a0 2.1557 .0]7 i 2.1022 .110 []e_ua, .tlo ]2.e013 .11g 3.73g8
_i_o _.gsa2 .121 [ ?.?050 2.38_8 .out I _.R_,7 .1u1 3._, .120 2.7385 .120 $67088
_]_n 3.q23_ .160 I _.5866 g._a_ .OUb J 3.0uos .160 ]_7_7R .160 l a,e_6z .161 3.5280
2181 3.R81_ .17o I _.655_ 2.63_5 .0_0 ] _.218_ .182 I]eSn53 .182 2.gnq8 .181 ]_7_?
etO_ 3.7823 .178 I _._0_1 2,?552 .055 ] 3.3185 .200 I_e_au .200 12.0O21 ,_01 2vOIO_
_PIO ].6587 .|gOI a._767 2.865_ .o6oI _,_118 ._10 13.n777 .210 2.ug23 .211 2..7339
a_16 3.5135 .2o11 $.o821 2.oat, .o65 I _.a57o .221 i2_e_e_ .221 2.o655 .220 2_S763

_s 3._6_3 .219 I _.IO_ 3.o76_ .o76 I 3._76 .2_1 12_SR ,2_0 2.7017 ._aO 2,2751
._]t 3._5o .2_0 I _.23_S J.toq5 .081J 3.5720 .22_ 12e?_a_ .2_t 2.6_11 .251 2_1228
_?an 3.ZOO0 .2,0 I _._817 _.1a68 .086 I _.St03 .260 I 2_ Ip_n.. .261 12._8,0 .260 2.012u
._aa 3.0o87 ._511 _._05_ 3.16o_ .0911 _.2967 .260 m1._76_ .271 2.J161 .260 1_0086
_._ 2,os3_ .2bo[_,2669 ].1_8s .o66 I 3,n_ ,278 II_ql_ .281 l a,1731 ,27o 1,8161
._51 IZ,1665 ,2661 $.225_ s,1172 .tol I _.oboo .zoo it,k_ol .aol i2,ozsl ,2oo 1,1!1_
_?S$ 1.58_7 ,266 I 3._50 2._71R .120 I 3.1050 .302 I 1.5_ .In1 I 1._101 .301 1.6311
eas& t.oo2| .27| I 2.o9R7 2.6775 .1g0 I 3.1_u0 .310 I 1_3_7n .]20 ] 1.685, .320 1.u85?
e_S6 .oOa3 .276 / _.Rgt2 2._nT .15_ I $.175_ .321 I I_tau . ._a! I 1.,822 .3=1 lp3SO}
_p60 I .8302 .279 / 2.5653 2,loft7 .179 I _.2o3g .36o i t_lnSO , .!so 1,_,7o ,36o 1.2611
_p_n I .8036 .Zes / _._38m 1._02o .20o I $.91"7 .3R2 I t,n_3_ ! ,_82 t.!q7q ,37g 1a1802
:_,n I .8078 .2oo11.8262 t._6oo ._lll3.to!e ._o1I ,oo_s I ._o8 1,117o .3oo !,1_o_
;_eg .8120 .2g5 I 1.66o8 1.2023 .2_11 _.139_ ._50 ] _a_oe I .u31 1.o295 ._9 1.0_8]
,_o] ._!T} .zoo I I.a7_ t.nzTs ,2ao I ].#6UO ,502 It_nnn? ! .,so J1.oo71 .,sn t_otoa
_19 I .8_3o .30_ I 1.3181 .q667 .220 I 2.03_0 .509 I]_n_o? _ ._qg 1.0007 ._99 , !.0015
_21 I .8677 .}12 I I.1=g7 .q677 .2_11 _,?_38 .bOg I I.ene_ ; .6oo 1,ooo7 .6oo: 16ooo7

! .7011 1.0000 .700 1.0007
6162 I ._o_o ,3211 .o15o ,o_s6 .a6t I _,_67o ,cos It:nee6 i ,?oq I!,Ooo? ,8oo teooo?e x_° I .9275 *_Jq I .q220 .qoSb .2eg I 203872

_ann I ._,21 .360 r ,qJ3q l.non! .279J 2.907_ I .BoO I1e0007 1_0006231 I .o6o_ .380 I .q_q .000_ .2BO I 2.no_ 1.0006
;=sn I .oe,t .,o11 ._65n l.nOOa .a_ll.eale i
_no I ,_902 ,U3] I ._856 l.nO0_ ._20 I 1.,ebO

e_°O I ,o907 .=51 / ,q926 1.000_ .3a0 I 1,_663,ko_ I .eggs ,501 / °09o7 .onnt ,3soil.lois
_00 I .qOO_ ,60! / ,Qqq5 ,]_! [ 1,0002

.Tno I ._S .3_8 _ .0876

• .802 [ ,qO_3 ,231 [ .0_13

._095 ,500 [ !,0007
.boo / 1.0007
.700 / I.n005
,Roo/ 1,oo0
,_0! [ I,0007

-_ ._e'[ 1,0005



TABLE VII.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.80 AND Pt,j/p = 2.0

XI_ • 9,825 IO,05A 10•300 10•550 lO,Sno II,300 II•800

R/n PTP/PT R/N PTP/PT R/D PTP/PT R/D PTP/PT R/O PTP/PT R/D PTP/PT R/D PTP/PT

_nO_ 1,3371 •00. 1,3329 -,oon 1•33i5 -,OnI 1,3302 ,oob l_tun_ •008 1•3383 -tOOu 1_32_$
,A_1 1,3361 ,02_ 1,_3.0 .019 1,$3]? ,023 t,330b •023 1_3U17 ,023 1•339U ,019 1,3289
_e3Q t,$370 •OUO 1,337! ,OUO 1,3550 ,0_1 1,33U5 ,OU$ 1_U33 •OUO ]•3UII ,0_1 1_32S&
_eSQ 1,3379 ,061 1.3377 •06! t,337U ,063 1,3339 ,062 Ip_UUU .063 1.3387 ,Obl 1,3206
tO_ 1,3_15 ,079 1,3378 ,080 I,S36U ,082 ],33_5 ,0_! 1,_? ,0_2 1•3350 •079 1,3150
ele2 1,338b •102 I,_39_ ,100 t,$_68 ,|00 ].33UU •100 1_29 ,|0U 1•3203 ,100 1.296U
p122 1,3388 ,122 _,3U12 •1_0 1,5375 •119 1.335U ,121 1p_33_ ,122 1t303b ,t21 1_700
eJUO ],]_72 •lUl 1.3379 ,|$9 1.3362 .IUl |.322_ ,1_ |,31|9 •IU2 1•2666 .l_l !v233!

61 1,3398 ,lbO ],%38! •162 !p330U •16_ |,2921 ,159 la2_? ,160 1.2350 ,162 ! e!907
elA] !o_79 ,181 1,33%9 182 1,2978 •183 |.2_bO 180 !_93 .181 1•18_1 ,181 !•1S29
_01 1.33b| ,_02 1,_153 ,20_ 1.221u .202 1,1812 ,202 1e_5% ,_01 1,129S ,ZO! 1,11_2
e_]l 1,3350 ,212 1,28_1 ,211 1,1907 ,2!_ 1,1378 ,2!0 1vI_39 ,209 1,1162 ,2|2 1,0897
_21 1,3_U7 ,220 1,2387 .221 1,1366 ,223 1.0968 ,221 le0_R ,222 1.0782 .22] 1.06Y6
e?30 |.3_7 ,232 1.11_6 .23! 1,0796 .231 1,0595 ,231 l_n_01 .231 1,0520 .230 1.0530
_39 1,2327 ,2.2 1,0131 ,2_2 1.01_8 ,2U2 1.0112 ,_UI lee?A_ ,_Ul 1,0280 ,2_! Ia03_2
e_U_ |,0_79 ,_52 ,9300 ,2S3 ,9612 ,250 ,9_77 .252 _q_? ,251 1,0117 ,253 !,OIU6
._U_ .9836 ._b! ._560 .2_ ,9178 ,259 .9586 ,263 _87 ,26| •9903 ,263 .9976
_51 ,80Ub ,271 ,R153 •271 ,8933 ,273 ,922_ ,_72 _9U6_ ,_71 ,9720 ,269 ,9878
e_SS ,7808 ,281 ,79U2 ,281 ,872U ,_80 ,9062 ,280 _9_26 ,280 ,9585 .283 ,9687
_] .6_01 ,_92 •7899 ,29! ,8568 ._91 ,8905 ,_92 e91U] .29_ ,9_2U ,29_ _9_99
ep_! ,6835 .303 ,79_7 ,302 ,_51b ,303 ,_818 .303 _2k .30U ,93U_ ,2_9 ,9SS_
e?_! ,6878 .320 ,_235 ,322 ,_630 ,322 ,_801 ,319 _Rg_S ,320 ,9253 .32U ._03
_29t ,b_!3 ,3_2 ,8597 ,3_3 ,88_8 ,3_2 ,893U ,3UO e90|1 ,3U2 ,923! ,3U2 .9372

_01 ,6965 .361 ._910 ,3bO ,9092 .359 ,9150 .362 _9_1_ ,36U .9_99 .363 _9_03
_ ,7182 .383 ,9_Ob ,382 ,9369 ,382 ,9_5 ,379 _9_0_ ,379 .9_2Y ,$79 e9_8_
_0 ,7572 ,_01 e9_38 ,_02 ,q.590 ,U02 ,9633 ,_00 _9k2_ ,_02 ,96|9 ,399 _961_
e3A_ ,_20 ,_3| ._789 •_33 _988_ 0_32 ,9905 _29 eo_79 ,U$O ,9852 ,_SO e9916
_? .8683 ,_9 o989U .U52 •9958 ,_S! .9961 .US! _995_ ,U_b o99S_ ,_99 _9989

U_ .90!2 ,S02 ,9989 ,502 _9990 ._99 ._989 .U99 _9_9 ,502 ,9989 ,Sq9 _9992
U33 ,9Q65 ,602 ,9995 ,599 ,9990 •60U ,9989 ,600 _999_ ,600 .9989 ,700 ,9989
uSS ,9707 ,701 ,9993 ,702 _agO ,700 ,9986 ,702 _9989 •703 ,9989 ,807 _9989
_O_ ,9_78 .801 •9900 ,802 ,9990 ,801 ,9989 ,803 _90_9 •802 ,9989 .90! ,9988
kO0 ,9993 .900 ,9993 ,902 ,9990 ,90U ,9_90 ,900 e9989 ,899 ,9990 1,000 .999_
?el ,9993 |,OOU ,9993 1,005 .99_8 ,998 ,9992 !,00_ ,_8 1,009 ,9_89

901 ,_993
907 .9992

I.--L
"3
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TABLE VIII.- PITOT PRESSUt_E MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.80 AND Pt,j/P = 2.9

_/_ • 9.825 10.050 10.300 10.550 10.80n 11.300 11.800

R/_ PTP/PT RIO PTP/PT R/D PTP/PT R/D PTP/PT R/0 PTPlPT R/D PTP/PT R/D PTP/PT

_005 t,9122 ,00_ 1,6033 ,008 1,9022 ,007 1,7762 ,001 1_97_6 -,002 1m8890 e,006 1_81_5
_n?l ljgyd2 .022 1.b]60 .02! 1.90M0 .021 1.7886 .02] 1_q09_ .022 $.8918 .023 1_8305
_nd_ t.Q]d] .0_3 t.7226 .0_2 1.9_07 .0_$ 1.80d5 .Od! leg_n .OdO 1.8981 .0d2 1_8]_]
_06_ 1.9577 .06! 1.7930 .052 1.9153 .063 1.8112 .061 taQlSS .063 1.9026 .061 1.8_S0
.081 1.9d_d .08t 1.A3_0 .Ob_ 1.919_ .080 1.8176 .081 1tq_65 .081 1.9028 .081 1_8_8
.10_ 1°9563 .105 1._66] .0_! l.mlgO .101 1.828d .102 lrQ_d .1nl 1.m903 .t03 1.8183
.!27 1.9129 .12_ 1.8766 .|02 l.gle5 .122 1.8_0] .t20 ! pQl_ .1_] 1.8611 ,120 197882

1.9316 .1_2 1._858 .123 1,_153 .1dl 1.8d66 .ld! I.AQln .ld] 1.8107 .ld2 1#7319
.I_0 1.9219 .162 1.99_0 .1_0 1.908_ .16_ 1.8175 .l&2 t.A19? .1_2 1.7079 .162 |e6d02
._91 1.8979 .18_ 1.9017 .160 1.g0_ .18_ 1.788_ .180 la710] .180 1.6075 .182 l_SUqd
,?e_ 1.87d9 ._0_ 1,9918 .181 1.8625 ._0_ 1,66_! .20] ta_7_ ,_03 1,U76! ,_Od l.dYTd
._10 1.8777 ._10 1.87_6 ._0_ 1.71_5 .212 1.5878 .21_ 19_6_I .211 ].d300 .210 19_006
._21 1._7_5 .2_2 1.?5_$ ._1_ 1.60_3 .2_! 1.d98d ._21 la379d .22_ 1,355S .220 t.3513
_0 1.R$19 ,232 I,S]29 ,22d 1.d7_5 ,_33 1,3b15 ,232 ltP_6? ,2]! 1,2999 .251 1..2999

,736 1.b3_8 .2d] 1.267_ .25_ 1._2)6 .2U2 1.27d] .2d2 1_2779 .2_2 1.2d52 .2d2 1.280t
._9 1,_229 ,250 1,101! ,2_! 1,2263 ,251 I,_9d_ ,252 1_t61_ ,25_ 1,19]S ,250 1,2069
.?_1 t.0_2_ .26_ .926d ._52 1.110_ .261 1.115d ._60 1_113d .260 1.1572 ._60 1_8b!
,_6 .8d90 .2?_ ._36 ._61 1.025_ .271 1.0607 .271 190&87 .26] ].1511 .271 ],1did
,_1 .68d9 .20_ ._ld_ .27_ .9579 .282 1.0015 .28d 19_1_ .2?t t1126_ 128] 1.|105
._d .6822 ._g! ._106 .285 .910_ .290 .9711 .291 _9_ .28] 1.0789 ._92 1_091_
._7i .6859 .300 .8166 .292 ._9_| .300 .9d20 .]Od 99_]_ .290 1.056U .305 190619
._89 .b892 .32_ ._562 .302 .8793 .320 .912_ .321 _9_9_ .302 !.0265 .320 1.028$
.pgd .6971 .3_1 .885_ ._2d _98_2 .3d] .9117 .]_1 e_S ._25 .98_6 .3_1 _9980
._Od .7090 .]62 .gll_ .]d2 .9057 .36d .9_2_ .]62 _9_nl .3U2 .9652 .359 .98t0
._?_ .7373 .385 .9337 .359 .92_8 .383 .9530 .381 _9_2_ .361 .9567 .381 97Ut
_ _8059 ,dOd a0559 ,382 09dgl ,_Od ,97_3 .dO2 _?_9 ,3_2 ,9613 .UO_ :9777

_d ,88_$ .SOd ,99_6 ._51 ,9965 ,500 ,998_ .d_l _968 ,_51 ,996d ,500 _9986
U01 ,9115 .603 ,99_2 .50_ _9988 ,601 ,9_8_ ,50d _990 ,500 egg82 ,60_ .9990
d_l .952_ .70_ .gg_2 .603 .9985 .702 .9982 .603 _9_8_ .607 .998! .705 .9985
_5_ ,9767 ,802 .997_ .706 ,99_5 ,801 ,9980 ,7_2 e_O .703 ,9978 ,800 e9985
_00 ,9978 ,899 ,99_0 ,80_ ,99_d ,90_ ,9982 ,80_ ._9_fl ,799 ,9978 ,902 .9982
60_ ,998d 1,006 ,9980 ,900 ,qg_5 egg7 ,9980 ,901 _RqR1 .900 ,9980 _,002 ,99_

,998_ eggs mq985 |o00d .9991 ,999 ,9980_?02

,900 ,9989
,99_ ,9986



TABLE IX.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 1 AT M = 0.80 AND Pt,j/p = 5.0

_)_ • 9._25 lO.nSn 10.300 10.55n 10.80n 11.300 11.800

R/_ PTP/PT R/D PTP/PT R/O p?p/p? R/D PTP/PT _I0 PTPlPT RiD PTP/PT R/D PTP/PT

-_00_ 3.3039 .007 2.57_2 .021 1.3573 .002 I.qb$7 .006 2elQSP -.003 1.7033 .003 2_5587
.e22 3.3137 .020 2.56"2 .0,2 1.3"68 ,022 2.6Q2_ .020 2._k87 .022 1.7656 .003 2.5a73

OaO 3.3183 .0_0 P.5281 .Obt 1.1873 .Oat 2.8932 .Oa3 3_0_1_ .0"1 1.8a36 .02! 2.6638
_6_ 3.32eg .062 _._7_5 .070 1.76_1 .062 3.003_ .061 3_]P65 .060 1.95_8 .0_1 2_83_9
080 3.31ql .081 2._260 .070 Z.5_25 .080 Y.OYgq .080 31_n76 .OTq _.0615 .062 3_055q
(02 _.3137 .099 2.3_0 .071 1.q$75 .091 $.0277 .lOa 3_1q7 .1el 2.197_ .080 3 1593
J21 3,31a] .122 ?.2_16 .07a 1.Q981 .095 2.9_37 .120 3._067 .123 _.2q"2 .10, 3_1833
1_1 3.10_8 .laO 2.1_5_ .076 2.0_3_ .102 2.7673 jl_2 3_1576 .1_3 _.3699 .124 3e!211
I_U 3.2736 .162 2.255_ .082 2.1657 .123 2.7121 .163 3e_178 .163 2._2a5 .1_1 2,9QU7

3.220_ ,183 2,55Q7 ,101 2.3003 ,1_2 P,7205 ,183 2e?_?_ ,181 2,_$3q ,161 2.2652e_7_
_1_ 3.1670 .201 2.bgUb .1_2 2.3_81 .162 2.7227 .1_ _O .20_ 2,_3"3 .18_ 2."585
_0_ 2,_8_2 ,212 2,7_23 .1"$ _,a782 .181 2,7091 ,211 2e_lTP ,_!3 2,3979 ,_00 2,2265
_la 2.752b ._1 2.77a3 .162 2.53]_ .20b 2.5860 .222 2_1a_7 .223 2.3380 .212 2.0757
e_]U 2.2732 .230 2.795_ .18_ 2.58_ .213 2._170 .229 2aa_87 .232 Z.2677 ._22 1._55_
e_2P 2.236_ .2_3 2.8195 .201 2.6310 .221 2._276 .2_2 leSa_8 .2_3 2.13_S .233 1_852_
_p32 2.57_8 .252 2.7765 .211 2.653_ .232 2.28?2 .2Ya l_6qO! .251 2.0555 .2_2 1.7651

al 1.0261 .262 2._971 .222 2.6709 .2_2 2.1237 .263 le_073 .263 1._23U .2_1 1_69,7
pu2 1,2aq3 ,270 2,2362 ,230 2,bb$6 ,251 1,_928 ,269 _e_7 ,271 1,8279 ,262 1_59_8

,?_a ._798 .280 ].7322 .2"2 2.501U .262 1.8321 .281 I_0 .282 1.7163 .27_ 1.511a
,_b ,8107 ,2q2 1,315_ ,252 2,_7q_ ,271 |,7029 ,292 1_$167 ,2_2 1,61bq ,282 1,_5S9
.2_1 .6R_5 .301 1.0908 .260 2.350U .282 1.5_73 .]02 lt_u$_ .50U 1.5139 .293 t.38Ub
.p60 .6838 .3_2 .8692 .271 2.1105 .291 1.a205 .322 lt|p_k .321 1.5881 .500 1.3_bb
_7_ ,b887 ,3ai ,8_6_ .2_2 1,8_ ,302 1,3165 ,3a2 te_19p ,3.3 1,2_93 ,322 1_239_
_82 .6_27 .361 .8816 .2_2 I.b288 .321 1.1381 .360 e_2n .361 1.1_7a .3a$ 1e1581
_95 .697_ .382 .908_ .301 1.,77_ .3_1 1.0269 .383 _o_ .381 1.0633 .361 1.1012
XO_ .70bO ._01 ._330 .322 1.1_37 .362 ._707 ._00 _712 .3q9 1.01o_ .J83 1.0_8_
$22 ,73aa ,"32 ._b28 .3"1 ._80_ .383 ._555 .,29 _08_ ._5_ .q_26 ._00 1a022_
_ .7872 ._50 .q837 .361 ._2_5 .Q03 .q675 ."_0 t0_6_ ._0! ._Sq ."53 le0023
16_ ._"1 0502 .q998 ,]_2 .9267 .U_ ._qb9 ._ t_6q .b02 .998q ._55 ,_997
38p ,8_9 .b03 ,_Q98 ,_02 ,9_6 .503 ,999_ ,503 e@_qO ,700 ,998_ ,_Oq ,qqq_
uOu ,9112 ,703 ,_998 ,.$2 ,9925 ,602 ,9990 ,60U tO_A_ ,803 ,q_90 ,b03 ,9992
_31 .9_86 .80_ .q998 .502 ,_997 ,70b .q9_3 ,70_ _q_88 ._01 ,_88 ,701 e99_0
a50 .0735 ._00 ._8 .601 ._a .800 ._5 .803 _q5 1.001 .q988 .7_ ._8_
_2 ._767 1.001 ._9_5 .705 .qq_5 .901 ._ ._08 _o_o0 .901 ._985

_02 ,qQS_ .q05 .qqq"

201 ._qU
7_ .9q_0



L_,
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TABLEX.- PITOT PRESSUREMEASUREMENTS FOR CONFIGURATION2 AT M = 0.40 AND Pt,j/p = 2.0

_/_ • 10.800 11,050 11,]00 11,_50 1|.800 17.300 12,800

_/_ PTP/PT R/D pTa/PT RiO PTP/PT RiD pTP/PT R/O PTPIPT RID PTP/PT RID PTP/PT

no_ 1.8092 ,000 I,_11Q .003 t,_ltb =,000 1.8192 .006 1_i?_ ,002 1,822? -,OOo 1_822_
,022 1,8002 ,021 1._118 .00_ 1,8161 ,022 1,8182 ,022 1_t9_ ,020 1,8231 ,020 1.8226
0n0 1,8152 .0_! 1,_183 ,021 1.8152 .0_2 1.8215 .OU2 1_17 ,0_2 1,8237 .0_] 1_82]_
,_! 1.8090 .Oh2 1.R185 ,0_! 1#82_ .061 1.82_6 .05_ 10_51 .Oh2 !.8252 ,Obl 1_8252
e_n 1,8222 .080 1._218 ,Oh3 1.8212 .082 1.8271 .08! 10_6 ] .0_0 1.8255 .081 1p8225
i00 1,81_3 .102 I._226 ,080 1,8241 .105 1.8277 .102 ]t_p_? .10! 1.8255 .10u 1,_118
]2_ 1.80R_ ,120 1,_226 ,10_ 1,_b2 .12] 1.8258 .151 I_?P ,150 1.820Q .123 1_79_

1_ 1o8191 ,180 1,_22_ .119 1,87_6 .160 1,8255 ,161 118156 ,161 1,7652 .161 I.?0U2
1.81_1 .202 1._202 ,162 1.825o ,183 1.8061 .182 1_?75P ,183 1.b89_ .183 1_6180

ep02 1.8]_2 ,211 ].8173 .18! 1,82_b ,20_ 1.72_3 .20_ !16_3_ .20] 1,577_ .2!1 1._q22
e_] 1,8187 .221 1.8018 .201 1,801_ .211 1.6887 .215 ]_60_ ,210 1._7 .211 10_868
a_]_ 1°8118 ,230 1,_37R ,21_ 1.7_17 .222 1,bl_2 .223 la_71 .2_1 1._913 ,221 le_512
_ui 1,_550 .239 1._175 ,220 1.710_ .23_ 1._58_ .2_I le_7_0 ,2_0 1._]6_ ,230 1,a116
_Uk 1,7_7 ,2_6 1,_98_ ,220 1,7061 ,2_5 1._070 ,2_$ 1e_I_ ,2_1 1.3831 .2_2 103635

. ,251 103_8_ .2_2 1,32_6 .2_2 1.]2b0,_3 1._771 .2_b I._33_ ,232 1,5823 252 I,$5_5
?_T 1.1987 ,251 1,39_ ,2_1 1,"785 ,2_2 1.272q .26$ 10?751 ,260 1.2_56 .261 _,2933
?_ .93fl] .256 _.303_ ,2_5 i.uPq8 ,271 1.217d ,27] lep!a3 .272 1,2u70 ,271 1_261S
_0 .9]]9 .26o 1.25_ .25_ l. Sui? .280 1.1612 .280 1_1_ ,2_1 1.1805 ,_80 1.2312
P_t ,_378 ,271 ].080_ .256 ],31_7 ,295 1,]072 ,28] 1_1_"! .320 1,10_7 ._9] 1.1971
P_I ._.17 .281 1.012. ._01 1,2678 ,_00 1.0766 ,291 1,1_1 .]_O !.ObO_ .]01 1_1_U6
_01 ,9_6b .292 .q710 ,273 1.1600 ,322 1.0138 .300 le11] ! .36_ 1.0257 .321 1.1320
_ ,9S6_ .308 ,96n_ .2_2 1.0972 ,3_! ,q892 .320 _e_! ,382 1.0087 ,3_3 1,0909
_0 .0657 0120 .qb"l ,29_ 1.0_18 ,36_ ._R31 ,3_1 te0!_p ,_00 .9995 ,362 1,0611

e_1 .q698 .3_1 ._707 ,]00 1.0_0_ .]80 ._8"5 ._62 _9]_ ."_1 .998U .383 100]"8
e_1 ,_765 .360 ,0757 ,3_0 .gROb ._0_ 09_9_ ,382 e_A? ,505 ,9997 ,3_ 1_01_1
_01 .98_ .3RO ._820 ,]_l ,q7G6 ._50 .9986 ,_01 t_q_ ,60] .9999 ._50 1_0009

_g .qggb ,_52 ._972 ,]RO ,g816 ,60] 1,000_ ,50_ e_q_q °80] 1.0000 e_05 1.000_
e_02 1,0001 .50_ .qqq6 ._0_ .98qG .b_9 1,000_ .bO] t_qO? ,q06 1.000| ,70Q !#000]
e?_R 1,0001 ,60U .gqq6 ,_50 ,q@80 .RO_ 1,0003 ,706 |p_flO! 1.023 1.000_ ,80! 1.0005
e802 1.0001 ,703 .qqqb .511 1.OOnO .q02 1.0000 ,801 1e_00 .905 1#000_
e902 1.0000 .Tqq .9999 ,605 .qq@9 |1019 |tO000 ,q02 1p0001 1.008 |.000!

1.02_ 1,0000 .80_ .999? .70_ ,qqql 1.015 1,_000
.90u .99q7 ,80b !,00_0

1.0_0 .qqq? .qO_ 1.0001
.998 |._0_0



TABLEXI.- PITOT PRESSUREMEASUREMENTSFOR CONFIGURATION2 AT M =0.40 AND Pt,j/p = 2.9

XlD • 10.800 11.n50 11.30n 11.550 11.80n 12.300 12.800

R/_ PTP/PT R/D PTP/PT R/O PTP/PT RID PTP/PT R/D PTPlPT RID PTP/_T R/D PTP/PT
l

-tn_O 2,6231 ,003 2,0777 °,020 2,6170 ,000 _,3528 =,000 21_n87 ,001 2,5526 9,000 2_52b
_n 2.62U0 .OEo "2.n773 .002 2.616q .021 2.3530 .021 2_in_ .020 2.51_0 .021 2._86
_e_l 2.6258 .0"2 2.1125 .021 2.6]?? .0_0 2._599 .OnO 2r_eQ? .0_, 2._g07 .0_! 2_00
p_6_ 2.b]22 .ObO 2.27N? .OU! 2.6216 .060 2._702 .060 2e_N60 .ObO 2._g20 .060 2e_571
enSo 2o62_? .082 ?.]_g2 .061 2.b228 .081 2._BTg .082 2e_QOU .08_ _m_308 .080 2.U602
a_e2 2.6]_2 .105 _._Ouq .080 2.62_8 .101 2._063 .10_ 2e_85% .101 2.52_6 .103 _b_9

_21 _.633U .lU_ 2.U662 .12_ 2.6252 .tUO 2._S03 .I_U 2_%_ .1_1 2.512_ .IUO 2p_570
_!_0 2.628q .163 2.,_1 .1_! 2.6220 .163 2._75_ .162 2eqqlA .161 2._876 .160 2_G087

:_61 2.626b .180 2.5057 .161 2.e20_ .le3 2._8_e .180 2._ .183 2._011 .leo 2_3131_3 _.6128 .199 2.52!fl .180 2.61_I .203 2._8b0 .203 2_Y97_ .201 2m2556 ._00 _e1§61
._e_ 2.5852 .212 2*5300 .203 2.5832 ._|1 2._b10 .205 2_3770 ._!1 2.1586 ._12 _.0_81
_11 2.5637 .222 2.q365 .21| 2.5178 .221 2.3782 m212 2_3151 .22! _.05_ .222 1_g575

e210 2.5_65 ._0 2.51_5 ._31 2.20_1 .2_2 2.108_ .231 2en_61 .2_2 1.8128 .2_1 1_778_
_ 2.5525 .2_5 _._661 ._3g 2.0066 ._52 1._0g2 .2_1 Se_n_ .2_g 1.7301 .2_9 1_7017
e_q 2.5517 .25_ _.3_ ._6 1.876g .262 1.7_59 .251 leTk_O ._60 1.62_0 .261 1_608!
e?qn 2.5387 ._61 2.0015 .251 1.7583 .273 1.%597 .25_ lrTu_ .271 1,53U3 .210 _5_28
_55 _._6qO .2b_ !.8730 .2_5 1_67_0 .281 !._552 .2_| !e_?_ .281 1._558 .282 1_752
a_b! 1.g2_0 .272 t.58T] .262 1.5_90 .2_0 !.3_1_ .272 ]eSeS_ .2gO 1.38_8 .28_ 1e_260
e_k_ 1.0768 .281 1._30_ ,_6b 1.500_ .301 |.2_66 .281 te_p_ .298 1.]_91 .299 |e]718
_6g .g677 .2g] !.t25_ .270 I.UISg .301 !.2U73 .292 1_i_I .320 1._31_ .$_1 1_2?_7
e_8_ .93_ .301 !.0179 ._8! 1.278_ .325 1.0h77 .302 1r_621 ._1 !.1_86 ._Ul lr_O0_
e_q_ .gU|_ ._1 ,96Uq .2q1 1.!7U8 .]_1 1.02_2 .]21 1_]_2| ,]62 1.0876 m]6| 1e|_21
_02 .qUb3 .3_0 ,gb_U .300 _.lOb_ .360 .qg_q .301 l_nTl_ .383 1.0_17 .381 1.091_
e_] .g55_ .3b| ._75b .32_ 1.0018 ,383 .g873 .361 I_P!_ ._02 1.0161 ._00 1e0550
_2 ,_62_ .38_ .9820 .3_0 ._R_3 ._01 ._902 .381 e_qS_ ._SO .9999 ._$2 1.0066
_b_ ,qbg3 ._02 ._86g ,361 .g_03 ._21 ,gq3_ ._02 r_O2? .501 1.0002 .b02 _gg5
_ .q752 ._51 .0976 .380 .gS_O .U_g .gq82 ._51 _8_ .602 1.0005 .bO_ _qqg7
.UOq .g821 .501 !.nO00 ._01 .g_g_ .50_ .gggg .50_ 1_0i .?00 1.0006 .702 eqgg7
.Uq_ .ggUb .602 1.0001 .USO ._g78 .60_ .ggg_ .&01 1_01 .800 1.0006 .800 _ggg5
._ .gg_g .70_ 1.000| .503 1.0001 .702 !.0003 .6gg 1e000_ .gO0 1.0005 .90_ eggg]
._Oq 1.000_ .80! 1.0001 .601 1.0001 .802 .0000 .80_ 1_001 1.002 !.000_ .gg7 ._ggY
.7_ 1.00_1 .8g_ 1._00] .705 1.000| .gO0 .0001 .gO0 1_0_01
_M_ 1.000| l.OOb 1.0000 .802 !.OOnO .ggg .0001 l.O|O 1._01

cOOS 1.0001 .903 !.0001
,_8 1,000! 1,00$ t,OOni

I-*.



TABLE XII.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 2 AT M = 0.40 AND Pt,j/p = 5.0

%ID • 10.880 11.050 11.100 11.550 11.808 12.300 12.800

Rift PTP/PT R/O PTP/PT RID PTP/Pl RID PTP/PT RID PTP/PT R/D PTP/mT RiD PTPIPT

iOnq _.5058 -.005 3.59qb .OOT 1.95h3 .OOb 1.3527 -.OOU I_%156 .000 2.2378 .005 2_9_2!

n_o _.516" .022 3.5675 .023 1.q167 .022 t.3510 .023 lt?_ .022 2.3019 .02_ 2.9q_7
ee_i u.51_3 .O,i 3.5111 .OaO tpsq_ .Oa3 1._93 .0_1 2._?_ .Oal 2._281 .0_1 3_0982
,861 U,5192 ,061 3,_36_ ,063 1,8_92 ,ObO 1,q_1_ ,052 287q_? ,062 2,650! ,062 3,2623

nS_ a.51qO .083 3._5_ .08_ 1._023 .065 ?.7105 .062 38_1, .080 2.9050 .082 3_a_t
I_1 ".50Q7 .102 3.2281 .0_6 1.8656 .020 3.32_U .072 3t6168 .I03 3.2219 .IOQ 3.6Q63
1_2 "o5011 .125 3._922 .09a 2.257_ .08_ 3.8Uib .085 38_55 .122 3.387, .t2_ 3.7750
]a3 U._8bb .t"1 2._3! .10_ 2.5R98 .|05 ,._23_ .10_ _81118 .1_ 3._80U .1_3 3.7988
16_ _._0 .161 _.9_56 .113 2.2353 .12_ 3.8208 .12_ _e1P35 .161 3e5_99 .|b! _,7_6Q
181 _.3588 .183 3.2876 .122 2.8572 .la3 _.58q6 .1_1 _n_66 .187 3.5586 .182 .5638
_0_ _.086! .20, 3."_7_ .I"0 3.0357 .161 3.6360 .162 _ 058_ .205 3._892 .202 3.3036

,_i_ 3.8a_1 8211 3.,96? .161 3.1793 .182 3.6758 .183 3_03u o212 3._218 .212 3.]120
e_2_ 3.67P2 ._1 3.5602 .182 3._|79 .20] 3e67_2 .202 3e626_ .222 ].2950 ._23 28q160
ep_p 3.7137 .231 3.6105 .203 3_a310 .213 _.6353 .ZI3 3_a750 .232 3.1t61 .233 2.7103
_1 3.5873 .2_1 3.6568 .212 3.a80_ .2_ 3.56q5 0221 3_86 .2aO 2.q56_ .2a5 2._q68
e_, 6 3.1886 .252 3.6956 ._|_ _.51,5 ._3! _._636 .23| 3e011_ ._52 _.6790 .25_ _.3775
ep_? 2.893_ .263 3.?ZIO .23! 3.56_ ._a2 3.27_6 .2_3 2_?17_ .262 2.a882 .262 2_2!08
e_2 1.6816 .272 3.5850 .2_| 3.6fl5_ .253 _.O_q7 .25_ 2_qSq ._72 2.2988 .221 2_0732
a?q? ._TPO .276 3.2933 ._51 _.6St6 .261 _.8_17 .259 2e_i?1 .28_ 2.0q86 .28! !_5
_60 .q_2b .282 2._"0_ .263 3.5705 .222 2.5"58 .Z?O Z_88_ .Z_Z 1.q658 .Zq3 1_076
e_22 ._375 .286 _.5383 .270 3."a3_ .282 2._8_7 .281 1._9_ .302 1.8310 .30! 1.21"_
.282 .9_26 .292 p.09_8 .283 3_07_$ .292 2.0_06 .2qO |v?_5_ .32_ 1.586, .3_3 1v517_
_0 .qUb2 .302 |._900 .292 2.6q_3 .300 1.8313 .302 185q82 .3a3 i.3qq_ .3_3 1_3885

_0_ °9516 o3_ 1,_211 .301 2,3103 ,32_ 1,_081 ,320 le_27 ,363 1,2_93 ,362 1827_3
_0 ._5_fl .3_" .qb88 .321 lo5_60 .3U_ 1.2152 .3_ !e_08a ,3fl2 Io|51q .380 !_q6_
_Q3 ._677 .36, .976a .3a3 !._095 .362 1.0691 .362 |_eqea .U03 1.0755 ._01 1.1197
_3 .972q ._8_ ._8iq .361 1.0311 .381 1.0088 .3_2 1_e_6_ ._Sn 1.006_ ._5_ 1.0_20

,_2 ._85_ .a53 .q98_ .aO$ .989_ ._52 ._998 .,5_ !.nen_ .60a 1.0002 ,603 _9998
_ ,_q65 .502 1.0005 ._50 .qq88 .503 1.0002 .500 l_p .701 |.000! .70_ ._
qnO .q988 .601 1.0007 ._99 t.O007 .60, |.0003 .bO_ len_ .805 .q_qq .802 eqqq9
60_ .qq_2 .700 1.0007 .607 1.0002 .?01 1.0003 .702 18_083 ._02 .q998 .q97 ._98
_ ,q_5 .801 t.O005 .70! 1.0003 .803 1.0003 .80_ 1_001 .9_ 1.000]
ROq .9q_9 .900 1.0007 .80_ 1.000] .900 1.0002 .90_ !_n_l
q05 .gqqO .996 1.0005 .90] 1.000_ 1.000 1.0002 .g93 1._01



TABLE XIII.- PITOT PRESSURE MEASUREMENTSFOR CONFIGURATION2 AT M = 0.60 AND Pt,j/p = 2.0

x/n • lO,SnO 11,050 11030n 11,_50 11.800 IZ,300 12,800

R/_ PTP/PT RID PTa/PT RID PTP/PT RID PTPlPT RID PTPlPY RIO PTP/PT RIO PTPIPT

-pO03 1._8q9 e,OOt 1,5911 0002 l,_Qb6 e,002 1,_983 -,000 |_6nnn -,00_ 1,598_ ,006 1.60Zq
meeO0 106129 ,022 1,59_0 ,020 1,5961 ,020 1,_98_ ,021 1_6017 ,020 1,600_ ,023 1_60u9

e0_ 1.62_8 ,0_ 1,59Q7 ,OUl l,_qq3 ,OU2 106007 00_2 1_36 ,0_3 106100 ,0_2 1e6036
00_I 1,6285 ,0_ I0596n ,061 1,602_ ,062 1,6017 ,060 1_6n76 ,006 1,60_8 ,061 1.6053
t_6_ 1.6300 ,06! 1,599! ,OR1 1.6016 ,082 1,6035 ,OH! 1r6_51 ,0_ 1,60_9 ,0_1 1.6072
t_ 1.6290 ,085 1,_993 o102 1.60_5 ,103 1,603_ ,1_2 11606_ o102 !,6035 ,t02 105933
e]02 1,6303 0103 1,6011 ,1_1 106026 0121 106036 ,123 10_6_ ,122 1,59_8 012_ 1#568_
e]71 1,62_3 ,119 I,_967 ,1_2 1,60_3 ,1_0 1,6080 ,1_1 1,_976 ,141 1,5719 ,1_0 115312
a1_2 1,6285 01_2 1,5978 ,16_ I0_989 ,163 105855 ,160 1_5722 016_ 1e5186 ,160 1_803
e]_f 1,62_1 ,162 ],_9_ ,182 1,5771 ,182 1,52_9 ,160 1_?_1 ,183 1,_89 018_ 1e3800
a1_2 ],6230 ,18_ f,599_ ,_ou 1,_8 ,203 1,_0_I ,183 1_00_ ,201 1,35_3 ,20_ 1_3161
a_01 1,6163 0200 1,57?_ ,21_ 1,3586 021_ 1,320_ ,203 1..IM10 ,21_ 1,295? ,213 I_822
1_!1 1,6107 o211 1,_75] .223 1o25_0 0223 1.2Q_q .21_ 1_310P .223 1._53_ ._23 1.2U6_
e?_1 !0_118 0223 1.26R1 ,230 l,lRqO o231 101891 0223 1_P_5 0231 1,2581 ,233 1_2106
ep25 1,_15_ ,233 101061 ,2Ul 1,1019 .2_2 1.1285 .231 tePe6P .2U5 1.163_ ,2_0 1e1915
ep2k 1.2036 02_P ,_SR_ ,253 1,013_ ,251 100708 ,2_1 111_69 ,251 101_33 ,2_1 1_1602
ep31 ,8Q05 ,251 ,_232 0263 ,qb?_ o259 1,03_ ,252 111_1_ o26_ 1,0985 0262 101256
.2_0 .8_52 .260 089Rq .271 .9_66 .211 .qSq? .261 1_fl_SA .270 1.0815 .272 Iei009
.p_ .8581 ,272 ,_986 ,2_3 ,0216 ,283 ,9633 ,269 l_XS? ,28u !,0_56 ,285 1_0720
,P61 .e679 .282 ._0_ .292 .92_ .2q2 ._80 ,2fl2 l#en2? .292 1.o271 02_1 1,060S
.77_ .8810 o291 ._120 .302 .9266 .302 ._21 ,291 _A26 .29_ 1.013_ .301 1.0_0_
._ ._SRb .302 ._1_ .$20 .9370 0322 ,9U19 .301 _qhS_ .323 09789 .320 I100_9
.293 .89_8 .320 ._338 .3_2 ._510 .3_ ._523 .320 e_17 .3_3 ._678 .3_3 tqS?_
.100 ._062 .3_2 .9_6_ 0362 ._625 .360 .9623 .3_0 _ .381 ._?_0 .361 #9786

_U_ .g$q6 1380 ,9701 ,UO0 .g_SU ._02 ,g8_b 0380 _971_ 0_5_ ,qq?3 8_00 p_802
t_6P ._521 .403 .983U 0U53 .99_7 ._3 .9_8_ ._02 _9_ .503 .gqgo ._2 _9958
_g_ ,96_8 1a52 oqq_O ,_02 ,9996 0502 ,gqq6 ._52 _@QR_ ,60_ .9990 .502 ?@q85

e_03 .977Y 0503 .99_? .603 .9997 .60U ,999_ ._99 ._99R .70_ .9992 .60_ _99_
_U_ .qq6? 0_97 09991 .701 ,q_q_ 0701 09992 .603 _O_q_ .80_ e9990 0700 .qq8_
._0 ,99_5 ,70_ ,9900 ,802 ,_996 0800 .999_ ,703 _o997 ,_01 ,99_ ,801 .998_
_601 ._9q5 ,803 ._gR? o901 ,9996 0803 0999_ ,fl01 eoqq_ ,9_6 ,998_ ,900 _9981
_703 ._9_5 090_ ._9_ .999 ,_996 0899 .9995 .902 e_9_ .9_0 _86
_0_ 0_q96 10000 .99_7 .999 .999_ 1.001 ,q9_
e003 ._qq5



b_

TABLE XIV.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 2 AT M = 0.60 AND Pt,j/p = 2.9

_/D • lO,8nO l_,n_n 11,30o 11,55n 11,80_ 12,300 1_,800

R/fl PTPIPT RID pTP/PT _/D PTP/PT RID PTPlPT R/D PTalPT R/D PTP'PT R/D IPTp/PT

0 000 2,2_0_ ,00_ I,q039 ,002 2,2_|6 ,003 1,9_22 ,005 _ ,OOU 2,0975 e,O00 2_0_8_
022 2.2_U8 ,021 |,qSqq ,022 2,257_ ,020 2,0619 ,019 2t_!_ ,020 2,1036 ,020 2205q7
000 2,2_b9 ,Oa$ 2,022_ ,043 2,2%76 ,0_1 2,0701 ,041 2t?P]9 ,Oai 2,103! ,OaO 2e0735
e_| 2,2_55 ,059 2,ebl_ ,061 2_2%_i ,Oh2 2,0821 ,062 2e2_0_ ,0_8 2.1072 ,Oh3 2t0991
062 ?.2_72 ,082 ?._912 ,08a 2,260! ,081 2,0958 ,083 2v2122 ,080 2,1152 ,081 2.120!
_0 2,24_8 ,100 ?.1175 ,lOl 2,2606 ,lO0 2,1039 ,105 2eSe6_ ,tOO 2,1272 .102 2e1322
iO_ 2,2_0 ,120 ?,14_2 ,12u 2,2581 ,t20 2,1172 .122 2e?nao ,122 2,1322 ,122 2,1426
122 2.2_39 01_0 2,1_9n ,1"5 2.2525 ,lal 2,12b0 ,l_O 2.196] ,139 2elSb4 .142 2_1267
_u_ 2,2_17 ,162 2,|b88 ,i62 2,2_98 ,1_! 2,13b_ ,_62 2_177T ,1_8 2,1006 ,163 2_0724
162 2.2350 ,180 2,1802 ,1_3 2.2230 ,IBa 2,1296 ,185 2etl?_ ,180 2,0177 ,185 1_961T
|RO 2,2202 ,202 2.17_b ,198 2,1a25 ,199 2.0800 ,20! _enng? ,208 1,8276 ,203 1,81_4

e_06 2,1811 ,202 _,1869 ,211 2,038_ .234 ]oqSbO ,210 l_R_l ,2|Q 1,7251 ,213 1_72_7
,?It 2,16?2 ,216 2,1718 ,224 1,8675 ,221 1,9037 ,221 le?63_ ,2_2 1e6192 ,220 1e6772
.PSi 2,1700 ,231 _,_b|_ ,23_ |,ba_ ,232 1,?_32 ,232 l_6!_a ,232 t,5522 ,231 1_910
,P_O 2,1251 ,242 i,71_9 ,2_0 1,a252 ,2_0 _,5994 ,2_! it_l_ ,241 1,4a02 ,240 _e5212
,_UI" 1,675% ,252 |,aZbR ,252 1,$200 ,25! 1,4726 ,SU_ le3_lk ,251 1,]896 ,252 te4444

_k ,8_3 ,261 1,1993 ,262 |,|B#? ,26! 1,_3_? ,Z6a 1_$_3_ ,259 1,3455 ,263 le3630
,25e 1,26R2 ,2?3 I,_b_n ,273 1,0_17 ,272 1,2148 ,272 1_?_2] ,22] 1,2570 ,275 1.3113
,2%5 ,85%9 ,SB_ ,9225 ,28| 1,_1_5 ,282 1,13_1 ,SeO 1a1_22 ,2_ 1,19_ ,283 1,2553
,260 ,953] ,292 ,_O_b ,292 ,957_ ,29_ t,OSb9 ,295 ltnR6_ ,292 lol468 ,2_0 2_22_9
_p&_ .87_5 ,]02 ,qoR4 ,_00 ,q]_ ,300 1,_0_8 ,]02 1_2f ,304 _sOg_O ,]02 J,|80t

,8887 o_2_ ,_192 ,320 ,9299 ,]20 o9503 ,322 _9R_P ,319 1,04q2 ,323 t_lObq1,0515e_6_
_ ,87_a ,3a3 ,_$25 ,3_! ,9352 ,Y_O ,9_8_ ,339 tq_?| ,3_2 ,9991 ,344
.?_ ,B_1 ,360 ,9_]U ,362 ,9U5_ ,362 ,9U_4 ,362 _U2 ,359 09723 ,36! 1_207
_Ou ,_921 ,382 ,9551 ,3RO ,_5_3 ,38Z ,95_6 ,3R5 _961_ ,3B1 ,_60 ,3R1 _9971
_21 ,qOR8 ,401 ,qb?] ,_q| ,qb_2 0403 ,9648 ,_0_ .9kqJ ,_02 ,9696 ,_03 _9882
_3U_ ,giRT ,_U9 ,qT_l ,_0_ ,9b_7 0_31 ,9807 ,_8 _q921 ,_52 1_832 ,US| ,99_4
_62 ,93_1 ,497 ,9872 ,_0 ,_815 ,453 ,9798 ,4_q _?_ ,500 ,_8_9 ,504 _9982
_R 3 ,9508 ,502 ,9B6_ ,U_ ,q_07 ,50_ ,qB_b ,502 ._R_? 0602 ,98_7 ,603 _9981
t_01 ,9586 ,bO_ 09873 ,5_2 ,985_ ,601 ,_861 ,60! ,9A5_ ,699 ,98_? ,707 ,9981
earl ,9820 ,702 ,9875 ,602 ,9_57 ,703 ,985! .703 _q_51 ,800 ,98_7 ,80! ,9981
._Op ,gR6b 0_02 ,9872 ,706 ,_8_ ,80b 09855 ,805 e_AS_ ,8qg ,9846 ,903 e9978

kOp ,9863 ,905 0987_ ,R02 ,9857 ,90_ ,9853 ,gO| eqA_3 riO0? ,9846 1_95 o_981
_?02 ,gRRb 0997 ,987b ,902 ,q_SR 1,010 0995_ 1,002 .9950

,9_53 |,010 ,995_t_O_

1_o0_ ,98_b



TABLE XV.- PITOT PRESSURE MEASUREMENTSFOR CONFIGURATION2 AT M = 0.60 AND Pt,j/p = 5.0

X/_ • 10,_n0 ]I,0Yn 11,300 11,55n 11,808 12,300 12,800

R/_ PTPIPT RiD PTP/PT R/D PTP/PT RID PTPIPT R/O PTPlPT RiD PTP/PT R/D PTP/PT

_OOX 3,95_0 ,002 !,1278 ,001 1,6553 ,007 t,1638 ,006 186_2 ,006 2,0286 g,O00 2_7675
802_ 3,9S72 ,02_ _,092_ ,023 1p6386 ,02| 1,1652 ,022 te_At_ ,021 2,0686 ,023 288_0g
.n_2 $,05_6 ,04_ 3,0U5_ ,0_2 1,615] ,0_3 1,26_3 ,0]! 2.ng99 ,0_1 2,188g ,0_0 2,9_!|

_06a 3,9580 ,061 2.g955 ,05Q |,5QZ0 ,0_2 2,|53U ,0_5 2_7_7 ,062 2,]230 ,060 3_1_72
_0_" 3,9582 ,080 _,9268 ,075 |,91q2 ,050 2,9678 ,061 38_q5_ ,083 2,5356 ,080 3e3U_b
,lnl 3,9558 ,103 2,_1A9 ,080 2,1936 ,061 3,3662 ,071 3._ ,100 2,7166 ,10U 3,5_Ul

_123 _.g5|6 ,12_ 2,70_7 ,|01 2,_b ,083 3,60_7 ,081 3;6q?n ,121 2,8817 ,12_ 3_59_9
,i_0 3,q_28 ,1_" 2.632g ,121 2,5g67 ,085 3,hObO ,101 31716_ ,1_2 2,9777 ,1_ 3_537g
_16_ 3,9500 ,16U 2,Ago_ ,1_ 2,73_6 ,10_ 3,251_ ,122 5_7n33 ,161 ],0]11 ,16_ 3_3800

.i_ 3,8g_ ,18_ 3,0387 ,161 2,825_ ,1|3 3,0698 ,IQO 386606 ,|8_ 3,06_3 ,183 3,0686

.2_0 _,7_37 ,199 _,106_ ,183 2,93_1 ,123 3,1012 ,160 3_827 ,202 3,0378 ,_00 2_7910

._]0 3,6207 ,202 3,]276 ,_0_ 3,0312 ,13g 3,|373 ,1_3 38_O0_ ,_10 2,gg28 ,_13 2_5751

.p_ 3,t687 ,_10 3,158_ ,213 3,0698 ,16_ 3,18_5 ,202 ]11_17 ,221 208662 ,_3 28_1U9

._29 3,3578 ,222 _,2103 ,2_3 3,|117 ,181 3,2067 ,21_ 2_ ,_$t 2,7253 ,237 2_2028

._]_ 3,2_60 ,2_ 3,2810 ,23_ 3,1_60 ,_0_ 3,2010 ,2_2 _6_ ,2_1 2,_66g ,2_ 2_108_
,_3_ 3,1S73 ,250 3,_957 ,2_| 3,16_2 ,212 3,1671 ,232 2_575 ,2_9 2,_213 ,252 |_g90_

1,98_2 ,263 3,|7€_ ,252 3,13_g ,221 3,]061 ,_U_ 28_i0! ,263 2,1863 ,262 188675_1
.p_ 1,2951 ,2_5 3,1125 ,263 2,_g36 ,232 _og606 ,252 288676 ,28_ 1,862_ ,272 1876_0

;?US ,_U23 ,275 2,_677 ,270 2,80q_ ,2U! 2,790U ,262 leA_6n ,29U 1,7217 ,28_ 1e633_
e25! ._573 .276 2.52R5 ,28! 2._112 .251 2.590t .269 1t7712 .30U 1.5995 .293 1,5579
,_6_ ,8566 ,278 2,_987 ,293 _,018_ ,261 2,3515 ,283 |1_797 ,322 l,U_gg ,]01 le_895

r_?_ ,_656 ,28U 1,9_7g ,300 1,789| ,270 2,1_68 ,2_2 te_6n ,3_1 1,2751 ,321 1,35_0
_2_3 ,8765 ,2gO 1,6059 ,31_ 1,_7_1 ,28! |,8896 ,303 18_36 ,362 1,1516 ,3_0 1,2513
_O2 ,88_8 ,30| |,1865 ,322 1,_65_ ,291 |,703_ ,320 1._6? ,38_ 1,0620 ,361 1,1610
_301 ,8935 ,312 i,n0_7 ,3_0 1,0U_6 ,$02 ],U_07 ,3U2 1_n_1 ,_02 19018_ ,382 1_0911
a322 ,q133 ,32_ ,q265 ,362 ,9567 ,323 1,_301 ,360 1_15A ,_32 ,9969 ,_0_ I_0397

_U_ ,_2g3 ,3_1 ,q2Ul ,382 ,9567 ,3_2 J,0697 ,383 _AS3 ,U5$ ,9967 ,_50 !_0030

_62 ,g_23 ,_6_ ,qU_7 ,_00 ,q675 ,362 ,9917 ;_05 eqA_O ,502 1,0001 ,500 180003
_I_2 ,9_6_ ,382 ,0539 ,_33 ,g8_5 ,383 ,9716 ,_5_ _9q_2 ,601 1,0000 ,603 1_000_
._00 ,gb?l ,_05 ,9706 ,_SU ,qqu3 ,_01 ,9772 ,501 rqqqU ,700 1,000_ ,702 18000]
_30 ,98_7 ,US_ ,gg_ ,503 89988 ,_31 ,g898 ,503 F_g7 ,801 1,0003 ,801 180003

_50 ,g926 ,503 ,qg_0 ,b0_ ,_qg0 ,_52 ,9965 ,601 ,_qg_ ,gn_ 1,0001 ,g03 le0001
._ ,9987 ,60_ ,_99| ,705 ,ggg2 ,500 ,gggo ,702 e_7 |,00_ |,0003 ,g96 |,O00U

,60_ ,q987 ,703 ,_9_! ,801 ,9_g! ,601 ,_991 ,703 eoqqq
,70e ,g9_8 ,801 ,g988 ,g03 ,ggg| ,70| ,qqg2 ,802 aqgq7
,AO_ ,_g_8 ,903 ,9987 |,002 ,qqq| ,803 ,9992 ,901 _qqq6
,_0_ ,gqqO ,ggg ,0988 ,gO5 ,qqq_ 1,000 ,_q_

1.0_5 ,gq88 ,ggb ,gqg_

01



L'O TABLE XVI.- PITOT PRESSUREMEASUREMENTSFOR CONFIGURATION2 AT M =0.80 AND Pt,j/P =2.0

Y/n • 10,8(_0 11.050 it,300 11,_5_ ti,80n 17,300 t2,800

9/_ PTP/PT R/D aTp/PT R/D PTP/PT R/D PTP/PT R/D P?P/PT R/D PTP/PT R/_ PTP/P?

_nn3 1.33h_ oo001 1.3331 .003 1.3u55 .005 1.3_27 -.005 1_3_77. .00o0 1.3236 . 007 1'p33_5
eefl_ !.3390 o021 1.3360 0022 !.3_8o .020 1.3_36 .020 te_A P .00t 1.3228 .02t |,3360
,o_e 1.359, .o,1 1.3367 .0_1 103481 .0,3 1.3,"3 .0_3 1#3_9_ 0019 1032_1 .042 103375
ve2_ 1.33_0 o06b 1.3366 o061 1.3486 o061 I03_53 .062 I,3_97 .021 1.32_7 .063 1_3372
,ou0 1.33_0 .084 ].3370 .08! 10350_ .082 1.3_72 .08! ttSXq_ .039 1.325, .083 t_3367

te,_ 1.3390 .102 1.3365 .102 1.3_01 .105 103_56 .103 1t3_97 .ouo 10323, .101 1,33fil
_061 1.$387 .t23 i.3379 0122 1.3995 .t_0 1._5! 01_3 1e_377 .059 1.3386 .121 1_3305
.n_ 1.3,o9 .1,3 1.3380 .IQi 10349_ 01_1 I03,30 .1,2 1,3_59 .061 1.32_1 j!_3 1e31_,
vo8_ 1,_403 o165 1.3375 0t65 1.34_6 0161 1.3301 o163 1_283_ .079 1.32_5 .160 1._885

.082 1.3389 .181 103348 .182 1.3229 .180 102769 .183 1,21_7 .080 ].3219 .lb3 1_8,9
,!03 !.3_05 .202 1.30t_ .2_1 1.2291 0203 1.!6_0 o201 1.1_6_ .100 1.3235 .iF2 1,_"2"

1.33_1 .21_ 10_24h 0211 1.1595 0_12 1.1075 0209 1_e_? .101 1.326_ .202 1_1810
.1_ 1.3_12 .221 101129 o219 1.n971 ._2_ 1.05"5 .222 !_OP_ .120 1.323_ ._1_ 101506
_1_$ 1.3399 0230 10P049 .221 100_17 ._3_ .9_1 .231 ,€_08 .139 103190 .22_ I_t209
.I_1 1.339u .2_1 089_0 02_0 .9_99 .2,0 ._607 .2u0 e_k_7 .160 1.Snub .2_1 !eli10
e]41 1.33A? .251 ._355 .2_0 .901] 0_53 09177 o250 .9X69 .179 1._705 .2"2 1,0783
_1_1 1.3389 0263 .81_ o260 ._81 .263 .89_5 .252 ,0_93 .202 1.2056 0249 1_0585
,!b] 1.]390 0_72 tR!8] .270 08508 .271 1881, ._63 _9_h_ .210 1.1822 0_6_ 1.0268
,_80 1.3_75 .28, .83_2 ._81 ._517 ._8_ ._708 .273 peq_k 0222 1.1"00 .271 1_0110

,181 |.3376 ._89 .8_03 ._q_ .85_2 0290 ._714 0_83 ,AR_? ._30 !.0930 ._81 ,9936
._00 !.3_2 o}05 086_6 .305 .Sbq? 0302 .8756 0292 .88_9 0_"0 1.08"0 .292 .9717

.?OP 1.33_! .322 .88a1 .321 .8924 0321 ._953 .30, _89 .252 1.0,35 .301 09570

._!4 1.3317 .3_| .9057 .]_0 .9115 .3U3 .9186 .322 19_1 .259 1.0230 .322 .93,8
_21S 1.330_ .36, .9]]0 .]60 0914_ .36_ .9396 0]_2 tq_O ,27! 19888 o]"_ _9235
.2_ 1.2922 0382 .9509 038_ .9534 .38" -.9601 .362 ._4_ .2?9 .97_7 016" .92"0
_2_ 1.25_9 0"02 .9706 0_00 .9705 0"00 09718 .380 1_89 .291 .9_93 0380 e930_

1.2658 0425 .9868 0_23 .0891 0,25 .99|9 .aO0 19769 0300 .93a1 .=00 09,3_.22S

_p_ .98_8 0_53 09972 ._53 .99_0 ._50 .9973 ."53 _9981 .3_2 .9112 ."3! .9696
._ 1.02_0 .501 .9989 .%05 .9988 .50] 09966 050" p0088 .339 .9052 .""9 '9805
=_U °97R7 0602 .9988 .bOO 09989 =bOg =9988 060_ ,90RR 0360 .9105 .770 89936

ep"0 .7736 .704 0998_ .702 .998o 070S .0988 .703 to,so .38t .9297 ."99 p9982
_0 .7_67 .800 09989 .80_ .99F8 .801 09988 .801 _0_90 ._00 .9_57 .602 09989
epSa °7752 0902 09993 .903 .99A9 0902 09989 090] toq8_ .g48 .9831 0700 .9989
,870 .78_2 0999 0998_ 1.00_ .9992 1.009 .9986 1.001 ._9_ .,98 .9985 .801 .9988

098_ . 8032 0%98 .999a 0899 _9990
t_ .8191 .701 0999_ 10007 .9990
,_00 .8300 0800 .9992
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070] .9989
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TABLE XVII.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 2 AT M = 0.80 AND Pt,j/p = 2.9

X/_ • 10,800 11,05_ 11,300 !1,550 11,80n 12,300 12,800

R/_ PTP/PT R/D PTP/PT R/O PTPJPT R/D PTP/PT RiD PTP/PT RiD PTP/PT RiO PTP/PT

;nO1 !,92_8 ,005 I,_a_5 =,OOu 1,92_ ,002 1,7930 ,00! l_Qn86 ,002 1,saa5 ,003 1_7755
tfl2! 1,9251 ,022 I,_381 ,022 1,9250 ,020 1,795_ _019 ttonql ,022 1,8388 ,022 1,7723
e_! 1,0266 ,0_1 1,8135 ,0_3 1,o270 ,0_! 1,7978 ,0,2 1t0107 ,0_2 1,837_ ,0_2 le??60
.e_! 1,92_2 ,062 |,8|71 ,Obl 1.0_92 ,061 1,8003 ,060 |_o0o_ ,O&_ 1,8_06 ,060 |e781_
;OR! 1,92_S ,08! 1,8230 ,082 1,g288 ,082 1,80_2 ,080 1,0e81 ,08! 1,8380 ,085 1e7892
,_01 1,9253 ,103 1,8126 ,!0_ 1,929a ,10_ |,8082 ,iO_ tton_q ,i02 1,8315 ,106 1,7965
,I_1 1,9191 ,12_ 1,_u22 ,12_ 1,926! ,125 1,81_7 ,12a trOOpS ,121 t,830_ ,121 1v8007
,1_3 1,9106 ,1_0 ],859_ ,1_ i,q2$i ,1_5 1,82o6 ,l_O 1v8o0_ ,i_l 1,85o0 ,1_3 lv?�Y_
,_b$ !,8907 ,163 1,8607 ,163 1,o151 ,|61 1,8277 ,160 lvS_qa ,163 1,815_ ,162 1a7693
,180 t,88u8 ,|83 1,8678 ,182 1,g07_ ,18_ |,8170 ,180 ie_60_ ,185 i,76b0 ,18] i _71_
_0_ |,892_ ,202 1,87]0 ,20_ !,8qt2 ,190 1,8317 ,_03 1_78%% ,500 |,6q6_ ,_01 1,63Ul
,_lt 1,fl028 ,211 1,873S ,212 1.,85_1 ,510 1,8103 ,212 1_688k ,510 1,6385 ,21_ 1',5555

,720 1,89U3 ,2_2 t,87a9 ,22t 1,7826 ,2_0 t,7563 ,22t lydia7 ,22_ 1,5_bl ,2_1 Ii,S169_3_ 1,8068 ,232 1,8618 ,2_0 1,6_76 ,531 1,6?_S ,230 iv_e_e ,732 l,a87a ,_33 Uu88
,_Ut 1,806! ,2U3 |,?618 ,2U3 1,a850 ,2Ul ],5532 ,2U_ 1_7_u ,2U_ I,_025 ,2GI l' 3007
,_aS t,SqSa ,250 1,6263 ,25_ 1,3a_7 ,253 1,_13! ,_Yl l_Se6e ,200 !,Sa_! ,250 1_3_6
2Yl 1,87_8 ,260 1,36_6 ,262 1,2!26 ,261 1,3132 ,260 ivp_ao ,263 1,255_ ,260 lv?g!l
_S. 1,7g67 ,273 |,ogau ,27! l,l!08 ,270 1,2233 ,273 i # |_0_ ,272 1,5036 ,27_ 1V2203
Pqq 1,51_$ ,t8! ,977_ ,281 !,fl192 ,265 !,]215 ,283 1_e78_ ,283 i,lUU2 ,282 1V|835

V_6_ t,2739 ,290 ,89_7 ,_91 ,05a3 ,201 _,0_98 ,291 1_156 ,202 1,1060 ,2_3 1,1_01
,_6U I,OqQg ,302 ,8_] ,303 ,8070 ,303 ,98_ ,303 vqASe ,305 l,OY2fi ,300 lvll2?

,_T2 ,80U? ,3a1 ,_738 ,3U6 ,_895 ,3Ul ,896! ,3_2 v0!_8 ,3_0 ,q575 ,3_! _0992
,_81 ,768_ ,36! ,8977 ,363 ',9088 ,36! ,907_ ,36_ eO_ ,365 ,9380 ,361 v0682
,200 ,7?88 ,381 ,9188 ,382 ,92_ ,_81 ,9280 ,382 _a_8 ,387 ,q398 ,38! .qS_I
,_01 ,7813 ,_01 ,Oai2 ,aO_ ,0505 ,401 ,Oaq2 ,U03 _6 ,_02 ,0535 ,_0! _95S7
,3_] ,705S ,U28 ,_70! ,_2_ ,qTlq ,_26 ,9723 ,_33 _A08 ,_30 ,9760 ,_53 .98_8

,82_7 ,_50 ,0866 ,_3! ,9771 ,_SO ,0890 ,_5! eqqO8 ,US! ,9863 ,503 _998_

,_6] ,88U8 ,S05 ,qgsq ,_7_ ,907_ ,502 ,qgg_ ,503 V_Qg? ,_0a ,9988 ,TOn .999_
,_82 ,qOq_ ,b03 ,990y ,502 ,_002 ,_$3 ,0993 ,60_ V_qg_ ,_22 ,9987 ,80U _0990
_U_ ,93_Q ,700 ,g907 ,$32 ,qgq3 ,576 ,gqg_ ,?00 V_qg_ ,6_2 ,9090 ,g03 _9900
,_¶q ,qbS] ,80_ ,_gg_ ,_q8 ,00q_ ,603 ,0993 ,802 _000_ ,702 ,gggo 1,003 ,qgg|
,_ ,Q8_0 ,gOu ,_90_ ,700 ,0g_ ,70_ ,9gg_ ,903 ,0992 ,80| ,9900
,_?S ,99_0 1,005 ,_g�S ,801 ,0998 ,8_2 ,9q_S 1,002 ,0_Q_ ,898 ,gqql

_01 ,9981 ,903 ,009_ ,90_ ,0993 1,008 ,0988
_600 ,gq88 !,0_S ,gqq_ |,000 ,ggg_

_RO| ,9903
ea_ ,_903
,007 ,ggq_

L'_
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TABLE XVIII.- PITOT PRESSURE MEASUREMENTS FOR CONFIGURATION 2 AT M = 0.80 AND Pt,j/p = 5.0

X/O • 10.800 11°nSn I1.$no 11.550 !1_8n_ 12.]0o 12.800

R/D PTP/PT RiO PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT R/D PTP/PT

_n06 3.30n1 -.001 2.aal? .005 1.2_6b -.000 2.12a3 -.05_ _a6_ .002 1.7520 .002 2_907,
_e_o 3°3002 u.o01 _.aa2? °0_] 1°2809 °000 _.719] usOaO ]e|Ta8 .0_] |.809_ °02a 3eOba8
_Oa_ 3.3058 =.001 2.a_6 .Oa2 1.2689 .021 ?._906 ..023 2v_2 _ 00_0 1.8783 .Oa2 3e]bG2
_06_ 3.3051 .021 2.a289 .062 1.5875 .Oal 2.963a .001 2rA922 .063 1.9a72 .061 $_1982
.OA_ 3.3083 .039 2.aoa? .081 1.955. .060 2.78a? .019 $_1_62 .080 2.0015 .081 3e1827
_522 3.3051 .061 2.]b]6 .101 2.08a5 .080 _.581a .Oa2 3e_3a .100 2.0705 .103 3r1822
el,2 3._931 .080 2.3128 .122 2.19_3 .101 2.5768 ,061 3e_a5 .121 2.1a93 .120 3.1580
_163 3,2763 ,10_ 2.2338 ,la0 2,??bO ,122 2,595_ ,O_l $_qa_ ,1a3 2,2338 ,1a2 3_0829
r1_2 _,2_?? ,1_0 2,1763 ,162 2,3b0_ ,lal 2°6157 ,101 3_9_ ,161 2,2996 ,161 2_8456
._0_ 3._al9 .lao _.15_2 .182 2.a272 .160 2.6395 .121 3epT_q .180 2.3652 .]#1 2_638_
,212 2.970b .lbl _,a280 .200 2.a91! .180 P,6675 01a2 3tp?_? ,203 2,a312 ,Z02 2.375?
,22_ 2.868b .180 2.5292 .212 2.5275 .200 2.6831 .163 3eI_6_ .21E 2.aa82 .211 2;2615
.p$_ 2,_5_b ,201 2.615a .221 2.%_07 .211 2,6689 .179 2_X3_ .221 2,a5a3 ._22 2.1_91
,pa_ 2e_762 o212 2.6513 ,231 _j5770 0221 20630_ 0203 2a_Aa 3 ,233 21a_9? ,232 2e01_0

._6 1.5R67 .221 2.6797 .239 2.605A .229 205706 .212 _3_7a .2a2 2.3750 02a1 1.903T
,_53 .2891 .2_2 2.7072 .2a5 2.6168 .2al 2.a370 o221 2_1_9A .2a9 2.3057 ,251 1_7815
.p52 .758a .2a1 P.T32a .2_1 2.6229 .253 2.7680 .282 1_ .260 2.187a .2hi 1_6961
._59 .7_?1 .251 2.25n8 .257 2._211 .261 201288 .2a3 1_18 .272 2.0a18 .271 1eS927
.p6? .7628 .260 _.7697 .261 2.60_3 .27a 1o9187 .251 1e211_ .280 1.9286 .281 1e5005
.p?O .765a 0272 202a83 .265 20593_ .280 ].R02a .263 1e_121 .290 leAOaa 0292 t,a2a!
283 .7727 .282 _.Sa?a .270 2.5308 0290 |.6357 .220 |,a_37 0301 1.6752 .301 te35a7

._92 .7911 o292 20088a .281 2.3578 0300 10a7a2 .282 te372a .321 10_795 .322 1_2a01

._0_ .80_1 ,301 _._902 .290 2.1a88. 0322 ]._115 ,293 1_65 ,339 1.3095 ,3aI I_1a78

._1 ,836a ,31_ 1,2326 0303 1,7995 ,3_3 1,0376 ,303 Ie199 _ ,362 1,1633. ,361 1_075?
,_ orb'9 0321 I.0b_5 o321 1.3859 .36a .95a6 .321 I_0A91 ,383 !.0558 ,$83 1_0225

,89a7 0329 ,93_9 ,_a2 1,071_ ,383 09359 ,3a2 .99_9 ,aOa 19929 ,a01 ,9955._6a
.¶E_ ,9182 .3aO ,_693 °$50 1,0068 ._01 ,9_69 ,363 e9573 ,a52 ,9762 ,_52 _9895
_aOa .9a13 .3a8 ._596 ,362 .9378 ._51 .9870 .381 _q_S .501 .9975 .501 e9981

t_S6 .98_3 .3bO .8721 .382 .90_ 050! .9993 .aO! t9599 .60a .9992 .602 .9989
_Ot .9980 .382 .9023 .a02 .9267 .605 .9995 .aa9 ._912 .7_1 .9993 .?02 _9988
tkO_ ,9982 ,a01 ,92al .a55 ,980_ .702 ,9997 ,50U _9995 ,801 .9993 .802 ,9989
t?Oa 09981 ,U51 °9291 0502 ,9988 ,802 ,9997 ,601 _q_qa 0903 ,9993 ,903 ,9988
_A02 ,99_a ,501 ._990 °599 ,9992 ,901 09993 ,700 _99_ 1,0_0 ,9993 0998 _9986
190_ ,998U ,bO_ °9992 ,70| ,0999 !,000 ,9997 ,801 _990

1._ ,9985 0702 .9999 .800 ._9_5 .902 _99a
0802 ,999R o903 .qq05 ,99a ,099a
,903 ,9999 1,010 °9995

1.003 ,9999
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Figure 1.- Photograph of experimental apparatus.
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radially

Figure 2.- Drawing of exhaust-nozzle simulator. (All dimensions are in centimeters unless otherwise noted.)
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t I E. "
l ,.7__ __

I tZ.3_t 1 ll_Total-tem_ratureprobe __
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D" ------ db
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5.367 3.470 _ I I (O.]52outerdiametertubes) / I

• ameters
Internalcoordinates Geometricpar ,! ./

s r s r lid 0.800 J /
I /

°2. _:_'1__:_ 275_ °e/° "_ i/
:7__:_ _:_;__:_ oo/o 5,o ,/

1.524 3.912 5.080 5.090 t/D .500
1.778 3.950 5.207 5.169 SID .533
2.032 3.993 5.334 5.248
2.286 4.041 5.461 5.334 _' de9 _1.054

2.540 4.097 5.588 5.&?O l_c,deg 17._7 i2.794 4.161 5.715 5.514
3.048 4.229 5.842 5.611
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3.810 4.483 6.223 5.939
3.937 4.534 6.3_ 6.060
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(a) Configuration 1.

Figure 3.- Detailed sketch of nozzle configurations with tables of geometric parameters and internal coordinates.

(All dimensions are in centimeters unless otherwise noted.)
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(b)Configuration2.

Figure 3.- Concluded.
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Figure 4.- Drawing of conical survey probe. (All dimensions are in centimeters

unless otherwise noted.)
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Figure 5.- Pitot pressure distributions for configuration 1. Nozzle exit is located at x/D = 9.80.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.-Continued.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Concluded.
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Figure 6.- Pitot pressure distributions for configuration 2. Nozzle exit is located at x/D = 10.768.
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