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EXPERIMENTAL INVESTIGATION OF JET-INDUCED LOADS

ON A FLAT PLATE IN HOVER OUT-OF-GROUND EFFECT

By

John M. Kuhlman and Ronald W. Warcup
01d Dominion University

SUMMARY

Effects of varying jet decay rate on jet-induced loads on a flat
plate located in the plane of the jet exit perpendicular to the jet axis
have been investigated using a small-scale laboratory facility. Jet decay
rate has been varied through use of two cylindrical centerbodies having
either a flat or hemispherical tip, which were submerged various distances
below the flat plate-jet exit plane. Increased jet decay rate, caused
by the presence of a centerbody or plug in the jet nozzle, led to an in-
creased jet-induced 1i1ft loss on the flat plate. Jet-induced 1ift losses
reached 1 percent of the jet thrust for the quickest jet decay rates for
plate areas equal to 100 times the effective jet exit area. The observed
11ft loss versus jet decay rate trend agreed well with results of previous

investigations.

INTRODUCTION

Accurate prediction of jet-induced loads on a jet VIOL aircraft under
a variety of flight conditions 1s quite important in achieving aircraft
design performance goals. Many previous studies have indicated quite a
range of possible loadings, depending upon jet nozzle geometry or the num-
ber of jet nozzles (refs. 1-4) or jet decay rate (refs. 5,6). Gentry and
Margason (ref. 5) found that the jet-induced 1ift loss increased as the jet
decay rate increased for a single jet in hover 1ssuing perpendicular to a
circular flat plate. However, Kuhlman et al. (refs. 6-8) found an opposite
trend for a similar jet subjected to a crossflow. That 1s, as jet decay rate
was 1ncreased for a jet in a crossflow, results indicated that the jet-

induced 1ift loss decreased for a fixed ratio of jet-to-crossflow velocities.



Therefore, the current study was undertaken using essentially the same
experimental apparatus of references 6 through 8 to determine if these hard-
ware produce hover lift-induced effects consistent with the hover results

of Gentry and Margason.
SYMBOLS
Results are presented in nondimensional coefficient form, or, where

appropriate, in both SI Units and U. S. Customary Units. Data has generally

been taken and calculations made in U. S. Customary Units.

A area on the flat plate, m? (ft?)

Ae effective jet exit area, m? (ft?); see equation (3)

De effective jet exit diameter, m (ft); De = /ZK;7F

Dn nominal jet exit diameter (jet orifice diameter), m (ft)
AL jet-induced 1lift loss, N (1b)

m jet mass flow rate, kg/sec (slug/sec)

p static pressure, N/m? (1b/ft2)

Pe jet exit static pressure, N/m? (1b/ft2)

Q volume flow rate, m3/sec (CFM)

q dynamic pressure, N/m? (1b/ft?)

Aax maximum exit plane dynamic pressure, N/m? (1b/ft?)

R gas constant, Joule/kg-K (ft-1b/slug-R)

T radius, m (ft)

T jet thrust, N (1b)

Te jet exit static temperature, K (R)

Ve effective jet exit velocity, m/s (ft/s); see equation (4)
X coordinate along longer dimension of plate, origin at center

of jet orifice, m (ft)

y coordinate along shorter dimension of plate, origin at center
of jet orifice, m (ft)



yA coordinate perpendicular to plate, origin at center of
jet orifice, m (ft)

Y ratio of specific heats

p density, kg/m3 (slug/ft3)

SubscriEts:

e effective; exit
max maximum
n nominal

APPARATUS

The work reported herein was performed using the same flat plate, nozzle
and transducers used in references 6, 7, and 8. The flat plate was made
from hard board sheet 0.905-m (36—Dn) wide by 1.22-m (48-Dn) long. The plate
was 1.90-cm (0.75-1n.) thack, fitted with a round leading edge and a tapered
trailing edge. For this study, the plate was mounted between two laboratory
tables 0.80 m (2.63 ft) from the floor. A view of the flat plate used 1in this
work appears in figure 1. The 1.45-m (4.75-ft) diameter by 0.91-m (3-ft)
high circular screen of mesh size 1.6 mm (0.063 1n.) was placed symmetrically
around the plate to damp out disturbances in the entrained jet flow due to
room pressure variations caused by the opening or closing of building doors.
The laboratory ceiling was 4.3 m (14 ft) above the plane of the flat plate.
The plate was fitted with 226 static pressure taps located on rays emanating
from the jet office center as shown in figure 2. These pressure ports were
made from 0.61-mm diameter stainless steel tubing. Distances from the nozzle
centerline to the various pressure tap locations are listed in table Cl
(Appendix C). The plate surface was smoothed and filled with epoxy, resulting
in the removal of an elliptical low region 1in the plate around the jet, which
was created by continual polishing and smoothing of the plate during previous
studies (refs. 6-8). This was necessary to insure a symmetrical pressure

distribution on the plate surface.



The jet exited perpendicular to the plate through a circular orifice
2.54 cm (1.0 1n.) in diameter. The nozzle center was located 0.6 m (2 ft)
from the rounded edge of the plate halfway across the 0.915-m dimension of the
plate. The air jet issued from a 0.14-m (0.466-ft) diameter plenum chamber
supplied by an air compressor through a smoothly contoured 30:1 area ratio
contraction nozzle. A sectional view of the plenum and nozzle is shown in
figure 3. Jet mass flow rate was measured with a turbine type flowmeter
and held constant to within #0.2 percent during any one run using an electronic
feedback control. The only difference betweén the current apparatus and that
used in references 6 to 8 was a machined nozzle exit, fitted to the original

nozzle, which was longer than the original nozzle.

Also shown in figure 3 1s one of the two centerbodies, or plugs, used
to vary the jet exit plane dynamic pressure profiles, and hence jet decay
rate. The centerbody shown 1s cylindrical with a diameter of 1.9 cm (0.75 in.
or 0.75 Dn), fitted with a hemispherical tip pointed in the jet flow direction.
This centerbody 1s referred to as a round-ended plug in this report. A
second centerbody or plug of the same diameter having a flat end has also been
used in some data runs. Jet decay rate has been altered by varying the sub-
mergence depth of the tips of these plugs beneath the jet exit-flat plate

plane.

The plate surface static pressure ports were connected by plastic tubing
and four scanning valves to a single capacitance type pressure transducer,
digital electronic manometer, and chart recorder. Pressure transducers were

calibrated using a dead weight tester.

A two degrees of freedom traverse fitted with a 1.6-mm (0.0625-1n.) diam-
eter pitot static probe was clamped to a corner of the flat plate to measure
jet dynamic pressures. Temperatures of the jet and ambient air were monitored
by 0.25-mm diameter cromel alumel thermocouples. Room air temperature was
nominally 294 K (530 R), with jet exit temperatures nominally within 1 K (2 R)

of the ambient temperature.
EXPERIMENTAL PROCEDURE

The jet nozzle and plenum were physically aligned to be at right angles

to the plate and were then rigidly mounted to the plate. This insured axial



symmetry of the jet-induced plate static pressure distribution for a jet
configuration with no centerbody. For nozzle configurations with a centerbody,
the centerbody was first aligned mechanically with respect to the flat plate and
nozzle, and then if necessary adjusted slightly to yield both a symmetrical

jet exit plane dynamic pressure distribution and a symmetrical plate surface
pressure distribution. Jet exit plane dynamic pressure profiles were measured
using the pitot static probe located 0.25 Dn above the jet exit plane. Air

flow rates for each nozzle-centerbody configuration were adjusted so that

, were held nearly constant. Maximum

max
jet exit Mach number was nominally 0.4, and Reynolds number based on q

maximum jet exit dynamic pressures, q

max
and D was 2 x 10°, Jet exit dynamic pressure profiles were similar to those

obtained in references 6, 7, and 8.

For the various nozzle-centerbody configurations calibrated as described
above and in Appendix A, the jet centerline dynamic pressure decay was measured
using the pitot static probe and traverse. Also, for each of these nozzle-
centerbody configurations, the jet-induced static pressures on the plate sur-
face were measured using the pressure transducer, manometer, and recorder.
Pressures were electrically integrated nominally for five seconds, and the
resulting integrated pressure values were then averaged circumferentially at
each radial pressure port location. Average pressure values at any radial
station varied by no more than five percent for all circumferential stations.
It is believed that much of this variation was the result of slight imperfections
in the radial locations of some pressure ports and i1rregularities in the

plate surface.

Jet thrust, T, has been calculated through use of the measured exit
plane dynamic pressure profiles. A procedure somewhat different from, but
related to that developed by Ziegler and Wooler (ref. 4) and used by the authors
in references 6, 7, and 8, was used in this study. Previously, a jet thrust, T,
was calculated from integration of the jet exit plane dynamic pressure profiles,

and T was used to calulate an effective jet exit dynamic pressure from

( )

q =
eff 2
oRT - Y- 1 (I>
€ Y m




In this study the maximum observed exit plane dynamic pressure, Upax?

was used to estimate the jet thrust, T, from equation (1). Solving for T

gives

€ max (2)

This calculated thrust has been used to nondimensionalize all measured
1ift losses, AL. The effective jet area used to calculate the reference

length, De’ used to nondimensionalize all distances, has been calculated

by

A, = T/(2q,, ). (3)
It 1s estimated that this procedure gives results which lie within 10 percent
of those obtained using the earlier procedure of references 6 through 8.
Differences are due to 1naccuracies in the measured q distributions near the
jet exit near the nozzle or centerbody wall, as discussed in reference 7.
It 1s believed that the q distributions have been greatly altered due to a
blockage effect of the probe which 1s particularly noticeable for the flat
plug flush configuration. Also, the measured q distributions have been
smeared or averaged radially by the pitot static probe, whose diameter was one-
half the annular gap between the nozzle and centerbody. All data for the
various nozzle-centerbody configurations have been obtained holding the

effective jet exit velocity, \e’ fixed where

e (4)

and m has been measured with a turbine flowmeter. The data-reduction proce-
dure used 1n this study was adopted because 1t yields results which are more
self-consistent than those found by the earlier method (refs. 6-8). For
example, the value of Ae calculated usaing this procedure from equations (2)
and (3) for the flat-ended plug flush configuration 1s very close to the

actual physical exit area. However, use of equations (1) and (3), as in the



earlier references, for this configuration would result in a value of Ae

25 percent larger than the actual area.
RESULTS

Jet dynamic pressure decay data and jet-induced pressure distribution
data have been obtained for the following jet-in-hover, nozzle-centerbody-

plate configurations:

(1) no centerbody;

(2) hemispherical-tipped centerbody flush with
jet exit plane;

(3) hemispherical-tipped centerbody submerged 1.0 D
below jet exit plane;

{(4) hemispherical-tipped centerbody submerged 0.5 D
below jet exit plane;

(5) flat-ended centerbody flush with jet exit plane;

(6) flat-ended centerbody submerged 0.375 D below
jet exit plane;

(7) flat-ended centerbody submerged 0.875 D
below jet exit plane; and

(8) flat-ended centerbody submerged 1.375 D
below jet exit plane.

These centerbody shapes and locations are the same as those studied in

references 6 through 8. Results are presented in the following figures:

Data Figure

Integrated jet-induced loads for round-plug and
no-plug configurations 4

Jet dynamic pressure decay for round-plug and
no-plug configurations 5

Integrated jet-induced loads for flat-plug and
no-plug configurations 6

Jet dynamic pressure decay for flat-plug and
no-plug configurations 7

Comparisons of current results with those of
reference 5 8,9

Logarithmic jet decay data plots 10,11

~1



The measured jet exit plane dynamic pressure profiles are displayed in
Appendix A. Table Al gives the nozzle calibration data for all configurations
tested. Tabulated jet decay data for all configurations appears in Appendix
B, and tables of plate surface pressures for all jet nozzle configurations

tested are given in Appendix C.
DISCUSSION OF RESULTS

As shown in figures 4 and 6, the presence and location of the center-
bodies greatly altered the magnitudes of the jet-induced loads. Figures
5 and 7 show that the jet dynamic pressure decay rates were also altered by

the two centerbodies.

Comparison of figures 4 and 5 reveals that there was nearly a one-to-one
correspondence or ranking between the round-ended plug configurations having
both quicker jet decay rates and larger nondimensional integrated loads,

AL/T. Jet decay rates have been compared based on the q(z) data for z > 5.

The round plug flush configuration had a quicker jet decay rate than the no-
plug configuration, and also had a larger nondimensional jet-induced 1lift

loss, AL/T. This was followed by the round plug submerged 1.0 Dn below the
exit plane, with the round plug submerged 0.5 Dn having both the quickest

jet decav and the largest AL/T values for all round-ended plug configurations.
\ote the crossover of the decay data at z/De ~ 4 for the 1.0 Dn and 0.5 Dn

configurations.

Study of figures 6 and 7 shows a similar ranking of the various flat-
ended centerbody configurations. The flat plug submerged 1.375 Dn displayed
the quickest decay rate, but had a slightly smaller AL/T than the flat plug
submerged 0.875 Dn configuration. However, these two runs were followed, 1n
order of both magnitude of AL/T and decreasing jet decay rate, by the flat
plug down 0 375 Dn and the flat plug flush configurations. The decay of the
flat plug flush case occurred more quickly than for the no-plug configuration,

and 1t also had a larger AL/T.

Thus, all data consistently showed for a single jet in hover that an
increase 1n jet decay rate led to a larger nondimensional jet-induced 11ft loss,
AL/T. This trend 1s consistent with the earlier results of Gentry and Margason

(ref. 5).



While for the flat plug an increase in jet decay rate always corre-
sponded to the plug tip's being submerged further below the jet exit, very
little difference was observed in decay rates of the round plug submerged

1.0 Dn or 0.5 Dn configurations.

The observed trend of increased AL/T for an increased jet decay rate
for jets in hover was opposite to the results of references 6, 7, and 8 for
a jet in a uniform crossflow. Using nearly the same apparatus as that used
in this study, it was found during the earlier work that quicker jet decay

rates for a jet in a crossflow led to a decrease in AL/T.

Lift losses for a jet in a crossflow were on the order of 50 times larger,
relative to the jet thrust, than corresponding AL/T values found 1in this
study for the hover case. These larger 1ift losses would be offset by
aerodynamic 1ift or proper configuring of an actual jet VTOL aircraft. Lift
losses in hover, on the other hand, could only be compensated for by installa-
tion of a larger engine. These 1ift losses in hover can have a significant
effect on the performance of an actual jet VTOL configuration, as discussed

in reference 9.

Explanation of the two opposite trends may be achieved by consideration
of the different physical mechanisms governing jet development. For a jet
in hover, the jet decay 1s determined solely by turbulent mixing of the
jet with the ambient fluid, resulting in entrainment of the ambient 1into the
jet. The resulting inflow velocities, which increase as the jet axis 1s
approached, cause the low-pressure region on the plate around the jet. Hence,
in hover quicker jet decay, corresponding to better turbulent mixing, leads

to increased entrained inflow and an increased 1ift loss.

However, for a similar jet configuration in a crossflow, there are two
other mechanisms governing the jet-induced loading on the plate. First, the
jet acts somewhat like a solid obstruction to the crossflow, causing a small
positive pressure region on the plate ahead of the jet (refs. 6, 8, 10, and
11). This positive pressure region increases as the crossflow velocity in-
creases. Second, and most importantly, the crossflow jet flow field is dominated
by a contrarotating vortex pair located somewhat above the jet centerllne,\
which is formed as the crossflow flows around the jet, as documented by Kamotani

and Greber in reference 12. It 1s this organized vortex pair which dominates



jet entrainment, and hence jet-induced loads, for a jet in a crossflow. Ref-
erences 6 and 8 further concluded that the presence of a centerbody in the
jet nozzle, while leading to quicker jet centerline dynamic pressure decay,

lead also to a weakening of the vortex pair, and hence to a decreased AL/T.

In figures 8 and 9 the current results are compared with results of
reference 5 using a different apparatus. Although the apparatus used was
different, the resulting li1ft loss and decay rate trends agree well with
results from this study. Lift losses for a jet in hover are at most 1
percent of jet thrust for a plate area equal to 100 jet exit areas. In figures
10 and 11, the current decay data have been replotted on logarithmic axes.

It 1s seen that all jet decay rates have been altered largely by changing the

length of the flow establishment region near the jet exit.

CONCLUSIONS

The jet centerline dynamic pressure decay rate and jet-induced load data
derived 1in this study for a single jet issuing at right angles to a flat

plate into still air (hover case) have shown that:

(1) The presence of a centerbody in the jet nozzle and
plenum leads to nonuniform jet exit plane dynamic
pressure profiles and alters the jet centerline

dvnamic pressure decay rate;

(2) More rapid jet dynamic pressure decay corresponds to a
larger jet-induced 11ft loss on the flat plate, consistent

with results of Gentry and Margason (ref. 5), and

(3) These jet-induced 11ft losses are typically on the order
of 1 percent of the jet thrust for a plate area equal to

100 times the jet exit area

10
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APPENDIX A
NOZZLE CALIBRATION DATA FOR JET IN HOVER

Nozzles used in the current work have been calibrated near the jet
exit (at an elevation of 0.25 times the jet orifice diameter, Dn’ above the
exit plane) using the following procedure:

1. Record barometric pressure, nozzle exit pressure and

exit temperature and jet flow rate.

2. Traverse 0.25 Dn above nozzle exit plane across jet
exit and record q versus r. Check for symmetry

and adjust centerbody location if necessary.

3. Measure maximum observed jet exit dynamic pressure

from q versus r from 2 above. (See figures Al-A7.)

4. Calculate jet thrust produced by equivalent ideal

nozzle from the equation

2 RTe qmax

T=mn
y -1 ’
(pe * Y qmax)

where (P, Te) are exit plane pressure and temper-

(A1)

ature, T is the calculated thrust, m is the jet

mass flow rate, and y 1is the specific heat ratio.

5. Calculate effective jet exit plane velocity Ve’ and

effective jet area, Ae’ and diameter, De’ from

A = , (A2)
e quax
MRT
Ve = 5 , (A3)
ee
and



D =L . (A4)

Nozzle exit plane total pressure and static pressure profiles are
shown in figures Al to A7. Dynamic pressures have been measured as total
pressure minus static pressure. Nozzle calibration data are tabulated in
table Al. Note that a q versus r profile has not been recorded
for the round plug flush nozzle configuration. This was due to large
unsteady fluctuations of q. To obtain a better measure of the maximum
exit plane q for this configuration, the q values were electronically
integrated at various r values, and the maximum observed average q

has been recorded in table Al.

24



Table Al. Tabulated nozzle calibration for jet in hover.
Nozzle Q Te Pe Ynax " T Dets Veff
Calibration m¥/s (€t3/mn) K (R) kPa (lbf/ftz) kPa (lbf/ftz) kg/s (lbm/s) N (lbf) m (ft) m/s (ft/s)
No plug 0 0704 (149.1) 296 (533) 101 6 (2123) 11.52 (240.7) .0847 (0.1867) 11.57 (2.601) 0 0253 (0.083) 141 (463)
Round
plug flush 0.0318 (67 43) 295 (531) 100.6 (2102) 11 30 (236 1) .0383 (0 0844) 5.20 (1.169) 0 0171 (0.0561) 140 (460)
Round plug
05 nn down 0 0378 (80 18) 296 (533) 102 4 (2138) 11 29 (235 8) .0455 (0.1004) 6.14 (1.3805) 0.0186 (0.061) 139 (456)
Round plug
10 D" down 0 0466 (98 75) 295 (531) 102 7 (2144) 12.78 (266.9) .0561 (0.1236) 8.00 (1.799) 0.0200 (0.0655) 148 (485)
Flat plug
flush 0.0303 (64 13) 296 (533) 100 7 (2103%) 11 13 (232 5) .0364 (0.0803) 4.92 (1 105) 0 0168 (0.055) 139 (457)
Flat plug
0 375 Dn down 0 0314 (66.44) 296 (533) 102 5 (2140) 11 82 (246 8) .0377 (0.0832) 5.20 (1.169) 0.0167 (0.0549) 142 (467)
F1at plug
0 875 Dn down 0 0360 (76 18) 295 (531) 101 S (2120) 10.89 (227.5) .0433 (0.0954) 5.75 (1.292) 0.0183 (0.0601) 137 (449)
Flat plug
1.375 Dn down  0.0443 (93 91) 296 (532) 101 2 (2113) 12 22 (255.2) .0533 (0.1176) 7 51 (1.688) 0 0198 (0.0649) 146 (478)

5¢
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pressure profile; no plug.
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Figure A2. Mozzle exit plane dynamic
pressure profile; round
ended plug down 0.5 Dn'
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Figure A3, Nozzle exit plane dynamic
pressure profile; round plug
down 1.0 Dn'
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Noz:zle exit plane dynamic
pressure profile; flat
plug flush.
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Figure A5. Nozzle exit plane dynamic
pressure profile; flat
plug down 0.375 Dn'
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Figure A6. Nozzle exit plane dynamic
pressure profile; flat plug
down 0.875 Dn'
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Figure A7. Nozzle exit plane dynamic pres-
sure profile; flat plug down
1.375 Dn'



APPENDIX B

TABULATED JET-IN-HOVER DYNAMIC

PRESSURE DECAY DATA
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Table Bl. No plug.

S q
Dess Ynax
0.251 1.0
1 0.994
2 0.997
3 0.996
4 0.997
5 0.966
6 0.8831
7 0.753
8 0.633
9 0.518
10 0.426
11 0.357
12 0.304
13 0.262
14 0.23
15 0.199
16 0.18
17 0.153

18 0.143




Table B2. Round (hemispherical)-tipped plug flush.

S 9
Deff Inax
0 1.0
1 0.776
2 0.726
3 0.678 or 0.692
4 0.656
5 0.586
6 0.494
7 0.405
8 0.328
9 0.275
10 0.227
11 0.19
12 0.163
13 0.141
14 0.123
15 0.109
16 0.099

17 0.088
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Table B3. Round themispherical)—tipped plug submerged 0.5 D .

S q
Deff max

0.341 1.0
1.017 0.729
2,033 0.571
3.05 0.524
4,066 0.422
5.083 0.34
6.099 0.273
7.116 0.22
8.132 0.187
9.149 0.153
10.165 0.131
11.182 0.108
12.199 0.096
13.215 0.086
14.232 0.073
15.248 0.066
16.265 0.054




Table B4. Round (hemispherical)-tipped plug submerged 1.0 Dn'

s q
Dogs Upax
0.318 1.0
1.028 0.648
2,056 0.482
3.084 0.451
4.112 0.42
5.141 0.368
6.169 0.313
7.197 0.263
8.225 0.222
9.253 0.188
10.281 0.16
11.309 0.139
12.337 0.122
13.365 0.106
14.394 0.092
15.422 0.084

16.45 0.073

w
~1



Table B5. Flat-tipped plug flush.

S q
Deff Inax
0.379 1.0
0.952 0.934
1.903 0.78
2.86 0.743
3.806 0.713
4,758 0.688
5.709 0.607
6.661 0.502
7.612 0.419
8.564 0.336
9.515 0.283

10.467 0.233
11.418 0.2

12.37 0.168
13,321 0.149
14.273 0.129
15.224 0.114
16.176 0.104

17.127 0.093




Table B6. Flat-tipped plug submerged 0.375 D -

S 9 _
Deff nax
0.379 1.0
1.003 0.828
2.006 0.783
3.009 0.689
4.012 0.647
5.016 0.577
6.019 0.498
7.022 0.4135
8.025 0.345
9.028 0.284

10.031 0.239
11.034 0.202
12,037 0.176
13.04 0.151
14,043 0.131
15.047 0.118
16.05 0.106

17.083 0.097




Table B7. Flat-tipped plug submerged 0.875 Dn.

- q
Dess Unax
0.3466 1.0
1.092 0.777
2.184 0.623
3.276 0.627
4.368 0.556
5.46 0.467
6.552 0.38
7.644 0.316
8.736 0.256
9.829 0.219
10.92 0.179
12.01 0.153
13.105 0.133
14.197 0.122
15.289 0.105
16.381 0.091

17.473 0.082




Table B8. Flat-tipped plug submerged 1.375 Dn'

s q
Dess Imax
0.321 1.0
1.018 0.687
2.035 0.507
3.053 0.445
4.071 0.441
5.088 0.405
6.106 0.356
7.124 0.309
8.141 0.262
9.159 0.228

10.177 0.195
11.195 0.172
12.212 0.147
13.23 0.132
14.248 0.116
15.265 0.105
16,283 0.092
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APPENDIX C

TABULATED STATIC PRESSURE DATA

FOR JET IN HOVER

T A - e

Eedec

LS "P



Table Cl. Flat plate pressure port

locations.
Pressure Radial Distance

Port No. cm (in.)
1 1.905 (0.750)
2,223 (0.875)

3 2.540 (1.000)
4 3.493 (1.375)
4,445 (1.750)

6 5.398 (2.125)
7 6.350 (2.500)
7.303 (2.875)

9 8.255 (3.250)
10 9.208 (3.625)
11 10.160 (4.000)
12 11.430 (4.500)
13 12.700 (5.000)
14 13.970 (5.500)
15 15.240 (6.000)
16 16.510 {6.500)
17 17.780 (7.000)
18 19.050 (7.500)
19 20.320 (8.000)
20 20.638 (8.125)
21 20.955 (8.250)
22 21.273 (8.375)

23 21.590 (8.500)




144

SET NUMBLH 1
NG PLOG [¢Ioh] 71
R zossua
JET FlOw HATE 2 4,222 CMN (149,

JE1

PORT

10

11

2¢
21
22

23

]
MY ALY
-d,v819
Y ybHY
=, 142v
o 297
- 1222
1177
e 134
o) 1122
LT YR YA
LI A o)
« ), PURY
N, 0074
A 1364
P, PUh6
=P Vi1142
=V, 246
LIS AR Y
(', Q128K
“A, 0146
-y 27
10143

oy k023

10
- 989
- ,A819
", OhHN
0,042
= e0297
0222
“B,0177
Q1134
- ,0122
A 2100
-, A08%
LYK
374
"N, 0064
- 8056
(410142
-, 10046
(1, NA35
-, N128
~0,1d6
- ,0027
= ,143

- ,13213

1,036 INCH NOMINAL DIAMETER NOZ7ZLE

FREFCTIVE VEIOCTTY =

241
XL
-21,0K19
-0, 0680
-0, 1420
-0,1297
-0,0222
-3,0177
-N,0134
- 0122
-0 AUV
v, 0089
), (i g
02,0074
P 064
-0, A0H6
=N 12
-",Héh
= ,6335
-, An28
-0 ,40346
-i1,0027
PR

«J P23

PLUG DFPTH =

140,5 M/6

3o
“},0989
-0,0819
“N,N6HY
-A,8420
-N,0297
-1,0222
-2,0177
“R,N134
-A,0122
=0.01a44
~0,0085
LT LLE!
B, 1174
3. NUR4
= , 56
“-Jei142
«3,A046
=, 3Y
-h,0828
=A,0346
=,1A27
-N,¥43

-4 ,1123

1696 CkEM

002
)

61,3 P75 )

» FLATPLATE

EF¥ECTIVE JET DIAMETER = 9,99

PREE STREAM VELOCITY =

0,0

JET EFFECTIVE THRUST 211,532

NON=DIMENSTONALIZED PRESSURES
(DFGREES)

45
~,n989
-(1,R19
“3,h680
), 10420
“3,0297
- ,13222
-0,0177
03,0134
~3,0122
), A140
-3 ,n085
“d.,0084
=) 0074
A N6 4
03,0056
o3 NI42
3, 0046
- ,An1S
-t,¥128
B Bdb
~4,4n27
i, 114}

-0, 023

ANGLE
60

= ,0989
-0,2819
-Q,¢68@
-0,042¢
*Q.2297
-0,¢222
03,2177
-G,2134
.0,0122
A ¢100
-0,0085
*2,0984
N ,8074
“0,P¢64
9 ,00506
~3,0042
-0,8¢46
-W,4¢38
-3,0028
3,044k
-0 ,6827
0 ,004)

-0 ,va23

15
e,0989
«3,0819
~Y,0689
-®,0420
“Q,0297
-0,0222
0,017/
-0,0134
-0,0122
“d,0164
-2,008%
09,0084
«9,d0u74
=0,0464
«@,4456
.9,0042
-0,3046
il gB135
«d,0128
g 1146
-y, 1342
- 11343

w0323

90
~0.0989
=9 ,0H19
"M ,0680
“0,042¢
=0.0297
-9,0222
0,017
*0,0134
-¢,0122
00160
-B,008%
“.0¢84
“y,0074
N, 0264
*0,04056
"NeNP42
=~A,0046
13,0035
- ,0028
“} 246
-0,1827
- ,0¢43

“,0023

105
~U,0989
0819
“0,0684¢
=i, 0420
“0,02917
~0,0222
=-0,0177
-2,0134
-0,0122
*y,0140
-9 ,080858
“y,0084
B, 0174
=A,64
=¥ ,de56
= ,042
-0,0046
g ,0035
«d,0028
o), 0046
-, 0427
-0y 43

-3,0023

124
=,0989
w4819
=0.0680
.d,0420
=0,0297
-,0222
=3,0177
-3,0134
@ ,0122
*YeR100
=y ,0085
=¢.00884
=y ,0074
=2,0064
oy, 0056
¢ 0042
-0,0046
Q44038
o, 0028
*d,0046
Q0027
=0 e0043

-9,0023

135
*P.0989
“},0819
=0,0680
=0,0420
»P.0297
-0,8222
-0,0177
*3,0134
-0,0122
“@,01¢4
-0 ,0088
“2,0084
03,0074
=0,0064
«0,0056
- ,0042
«g,0046
“9,00135
-3 ,0128
),0046
“0,0827
“3,0043

-} ,0023

CENTERBOUY DIAMETER = 0,00
v, ks )

M/ (

N (2,592

150
¢,0989
g, 0819
~d,0680
“d,0420
=Y,0297
“0,0222
¢,8177
=0,0134
-d,2122
=¢.,010@
-0,0085
*2.,0n84
“¢,0074
*Y,0064
*Q,00856
=4.0042
“¢,0046
*¥,0035
~d,0028
“Y,0046
-d,0027
“¢.1043

“2,802)

s 160

»Y,a0949
-9,0819
0,680
=0,0420
“0,0297
80,0222
-0,0177
-g,0134
=0,0122
*d 0100
“0,0085
*0.0084
90,0074
*D.0064
“g,0056
“Y,0042
-v,8046
»Y,00n35
-9 ,0028
U, 0846
49,0037
=0,004)

Y ,0023

Ly )

110
“g,094Y
-y ,0819
w0680
e0,0420
=9e.297
o ,0222
=3,0177
=0,0134
-d,0122
“g 91080
w0085
~geb0b4
0,0074
=,Q064
wi,005¢6
Y0042
d, 6046
=, 3b
~,0028
Y0040
oy B0 L7
g, 0043

.0, 0023

1§ 1]
*Pe9YY
ep,0819
o XY1-11
wlW42¥
=0e0297
=0,0222
“d,01}7
“0,0134
-d,0132
w0140
wd,0ls
"P.0084
“0,00674
*3,0064
“Y,00%6
*0.0042
eP,0040
=P, 0030
= ,004Y
“Q.0046
-,0047
wy,00d3

w0823



Sy

PORT
1
2

10
11
12
13
14
15
16

17

19
20
21
22

23

NON=DIMENSTONAL
AKEA

1,661%
2,546
4,6996
H,RTT0
13,1938
24,6496
78,2449
16,9794
16,8532
57,8663
67,9142
85,6136%
11¢,6375
132,9169
157,2218
tH3 5922
211,976
242 ,2R8h
?262,315)
27¢,5334
278 ,RRE2
207 ,369n

295,977

N M
o, NANAA0
-9 ,000080
L S Id
-, AN
-u.uuu@bm
-, A00ANG
N NANAAN
LU’
=N ANOAGN
AN
R, NNN0Q0N
Y LT
“DaV NN
-3 ,000000
=}, 00000
o} BP0
=N, 0000¢'R
- AP 0D
“H,AAPPAN
3, 000020
=N, An0eLy
-, NN

=N BNANNAN

LBaFT
%, 0AN0nY
-, 000800
“0, 00BN
-3, 4N RpY
), AN0AY
-0, 00UBPA
-0 MNANRN
0, 000000
-2, ABANAu
-, 00000y
N, dRRNGBH
et ANPPNY
R, HARPBH
%, 30BN
@, 0NN
(), 800000
-0, A0ANRE
-3, A0000u
*N, 000000
-2,800000
-0,000000
-d, NNy

LA T RT3 T

/10

“i,BBYABH
«%,800004
-0, 0NN
i, DOVNG A
=0, 003000
P, 000UHY
0, NABAN
-0, 00u0RABY
-}, ANAANN
@, 000000
«d, 000NNY
., BAB AN
-0, 01UANN
o, BN Y
N, BnARAY
-V, P00
-, PUBAUE
o, DAY
i, AARAGY
-?,000000
Y, 00¢000
o, 00800

N AANANY

N
*},003939
g B45677
»3,009185
=},013346
= ,217169
-y ,123600
g 023815
) ,126615
o) 329518
“@,032146
*(,134188
*0,#37738
.0.242172
ot $45593
=2,048879
¢ ,051504
“?.054595
o ,257131
“3,058478
¢ ,25938)
¢ o059917
o), 060791

*2,061261

L8
-0,000885
s0,001276
“0,00206%
Q803899
“0,¢03860
=9,004631
»0,005354
-0,8059813
“0,206633
-0,007226
=0,007686
“0,¢08483
“0,20948¢
“0,810249
=“0,010988
~0,011578
*V,e1227)
oy ,212843
=0,813146
“9,213349
*V,¢13409
“U,¢13660

-N,013771

LA

*0,000342
=g ,064492
=0,000796
0,001161
“0.,001489
-0,001786
“0,00206%
=0,08032308
=0,002559
*9,a02787
*D,002965
“d,0803272
=(,003657
=0 ,0003954
“0,004238
«9,044466
=p,004734
-0,804954
*0,005071
*0,005149
"Ps0085196
=0 ,005271
=0,005312



ot

SET NUMKER

R

?

1,916 INCH NOMINAL DTIAMFTHH NOZLZLE = FLATPLATE

HOUND END PLUG OCT

L XX RZ ]

JET ELOW RATE a
JET EFFECTIVE VELOCITY =

PORT

1¢
t1
12
13
14
15

16

18
19
2
ral
22

23

[t
¥ ,4349
«@,33068
=1,250)
e 1316
0,787
-4,0549
=0, 394
0,297
- ,1214
w2181
=, 148
1, 8110
=2, 01u4
o) U192
NNLTE
~A,007Y
-, 2861
o unns7
o, 0149
LY
), P01
=¥, ¥4d

TS}

19
“0,4349
43,3368
=2,258)
-t,1316
“1,0787
-9 ,1549
=M,n3I94
-\t ,0297
“a,n214
“t,0181
“0,0148
A, A116
=, 140
.0 ,0092
-0,A081
¥ 0NTA
-3,0161
={, 01157
-0, N49
LA LY
04
2,045

LI N AE R

2.796 CMM (

20
-P,4349
-0,3368
-P,2%63
“0,1316
-A,07R7
-),0849
-A,n394
80,1297
-y, 00219
-, ?181
T HIEL!
-),A116
-2,0100
-d,0092
A ,DNR3
»h,0a709
- ,0061
=4, 057
0,049
-, 0084
-, 1041
~G,A04%

- ,00731

17

PLUG DFP1H =1,00Q¢

98,

74 CiM

)

147.9 M/S ( 485,11 F/5)

34
“3,4349
=U,3368
*$,258)
wd,1316
~A,NT787
00,0549
=0,0394
-9 ,0297
-0,A214
-A,1181
“-,N148
-,0116
“N,A100
-, 092
-3 ,008)
B, AT
-A,0061
N, 157
-,00449
0,054
-, A4
), 1045

=¥,A131

EFFECTIVE UET DIAMETER 3 0,79

bHEE STREAM VELCCITY =

0,0

JET EFFECTIVE THRUST = 9,099

NON=DIMENSTONALIZED PRESSURES
ANGLt (DPEGREES)

45
=1,4349
«,3368
(,25R)
=0,1316
*A,PTR7
-d,0549
~,0394
-y 9297
-0,1214
=, 2581
“p,0148
-?,0116
=3,0104
@ ,0092
=}, 0083
=3,u07a
-3,0061
~3,0057
=\, 00149
LR LY
- 31341
o, M145

-1 B3 1

61
~0.4349
-0,3368
~3,258)
«?,1316
=0,03787
«0,0549
~0,0394
-3,029%97
“n,0214
-a,0181
“9,0148
-0,0116
=0,010a0
-0,0¢92
-0,0083
“0,¢¢ 79
43,0061
=v,005]7
-3,¢049
*9,e549
o, 2841
*A,0¢44

-0 ,0¢31

7%
“0,4349
90,3368
“3.2582
«0,13106
=",3787
@ ,0549
“0,0394
8,297
-d,0214
d,0181
0,148
-0,0116
-0,0100
-0 ,0092
-, 083
“0,007d
@ ,A061
-0,0057
-, 149
), 084
- 0041
-0 ,0045

-0,203]

9¢
*1,4349
“P,3168
*0,2583
=0,1316
“B,A787
-#,0549
~¥,01394
=1,0297
~A,n214
“W,1181
~P,N148
*0,0116
" N0
“¥,0092
-0,008)
“.0807¢
“B,0261
" NUS7
“B,0449
“0,0¢54
“@,0241
“0,0¢45

0,031

105
“0,4349
«0,3368
“0,2583
“t,1316
“d,¥787
-d @549
“i,0394
-t,0297
-} ,03214
.y ,0181
“d, 0148
-0,0116
- 1002
-, 8092
-l ,0683
)78
-0,0061
“0,08057
=0 ,0049
W05 4
-0,0041
= 404

«0,0431

12¢
=2,4349
.¢,3368
“0,2583
ot,1316
*0.0787
-0,0549
*0,0394
“0,0297
22,0214
«d,0181
eg,0148
«d,0116
“0,0100
“?,0092
*0,0083
“0.0078
«2,0061
*Q,0057
-¢,0049
~¢.0n54
“¢,0041
v ,0045%

«2,04314

13s
*3.4349
“2,3368
*0.2583
=0,1316
=p,0787
“0,0549
“0,0394
=0,0297
“1,0214
=0,0181
=0.,0148
=p,0116
=0,0190
=3,8092
=3,0083
*0,40070
-0 ,0061
=9, 04587
=0 ,0049
*¥,0054
@ ,0041
=0,0045

'B.GGJI

CUNTERBUDY DIAMETER = 8,75
Y8 ks )

My/s (

N (1,8004

150
*8,4349
=g,3368
*g,258)
-0,1316
.0,0787
~0,0549
*2,8394
°0,8297
“0,d214
v0,0181
*2.,0148
“0,0116
“3,0140
-0 ,08092
*2,008)
*¢,0070
«d,0861
*3.,08057
.d,0049
“d,00854
“0,8041
~0,0045

“9,0031

160
i ,4349
=0,3368
»0,2543
»0,1316
"0,0787
“0,0549
“0,0394
-0,0297
“9,0214
-0,0181
=0,01480
“9,0116
“0,01¢0
.0,0092
«9,808)
*2,007¢
-Y,0061
.2,00857
-0,0049
-v,0054
-0,0041
-0,0045

“d,0adq

LY )

170
=8,4349
«d 3368
L TY LK)
=y,13106
=, 0787
wd,0549
=g,0394
=i 9297
“¥,0214
wd,0181
oY, 0148
-d,0116
*Y.010¢
o, 00192
@, 0083
oY, 8070
wi,000)
@, 0057
o, 0049
., 0054
-y,004]
*y,0045

¥ 031

180
“0e434qY
=P,33b8
“p,e2583
“v,1316
"0,0787
oV ,v549
~Ye0394
¥ ,0297
“P,v214
oy, u18}%
"9V 0148
=B,01106
*Pe01¢0
ey ,0092
y,0083
Y0070
0061
"B oUd7
«l,0049
*0,005%4
=0,0041
*d 0045

=0,0031



Ly

PORT

10

11

18
19
29
27"
22

23

NON-PDIMENSTONAL
ARLEA

2.6532

4,068)

77,5449
14,1799
22,6662
32,9764
45,1059
59,1%35
74,021
92,4048
118 ,4%4)
136,755%
176,604
212,27%9
251,4724
293,119
IIR 415
1Hh,9179
119,401
432,0229
41%,3640
458,949

472,655

N «M
=), 00000
(), AR NP
=0, ABUANY
-3, 8000800
=3, 0Ad0n0
), AR
-3 AN
i, O PBPY
= AN
-} OPVAIR
=D A0 N
Y1)
), 08NN Y
-0, AUNPNQ
o, VBPANA
-, AN OHN
YT T
=, 001000
=), AN0G
- NP Ap
-0, ARG
-3,00090¢0

=, (INAP

LB=FT
o), GUPANY
=) ,AINAAQ
o, AN
- {31030
i, UIBBYY
-3, BHBBYR
-0, BN
AN P
-4, PINANN
¥, BNANAN
-, BUANN
-l HHBBAL
-0, ARNNN
- ,NABAN
oM ANAABY
LY T T
-, NBBRNY
-9, 1B ANN
Y I P YITATE
U, BUUIY
-, ULy
Y I Y

() AR

M/TD

i, BUENYY
AL
-, 080000
R, 308000
0, 0BV
i, ANNNY
sy, NN
-l HHINOY
oA, NIAINY
i) ,OANNY
il e BNABUY
i3, BN
af, B03ANG
LN A T )
=, 0080000
o HINAAY
o, NBRNRY
0,000
i) e BN AY
«¥ LAY
s AN
Y IR L)

LY I L]

N
=0,017311
=34¥24461
340377177
= ,051944
“J,061968
4169453
*0,076617
=(,082842
*“,087908
«,892690
=0,096245
“¥,101175
s 1637157
14112093
-0,116929
3121371
-0,125508
(4129660
=y e131990
oy ,133044%
“v,133862
¢ ,134785

=2,1354132

LB
“0,603892
«0,205499
“0,e08492
~0,011452
“0,213706
«0,015613
ev,¢17224
«h,218623
“0,219762
«0,220837
“2,021636
-4 ,622744
.0,224089
-0,025198
«0,026286
“9,027284
«0,e28214
-0,029148
*0,229671
«¥,€29909
“0,e30092
«0,030300

*04230445

Lst

“0,002162
“3,0030%4
*3,004717
*0,08v6361
“4,007612
=0 ,008672
*0,¥09566
“¥,010344
“0.010976
~3,01157)
“0,012047
*3,012633
=0,013380
“0,013996
~D,0146¢0
“0.015154
«B,015671
“0,010189
4,016480
-9,016612
“,116714
-0,016829

“$,016910



8P

SkT HUMHER

"

SGUARE
TeReun

3

EhD PL

JET FLOW PATE =

PORT

19

12
13
14
15

16

18
19
2w
21
22

23

14
ey,3b76
-0,2844
“0,2156
0 ,1081
“, 1634
«0,0445
e 2327
-, 0240
el W1R2
“¥ 144
“ i ¥127
- 1192
el U TH
-, Y066
- AR H
it P48
o1 ,'¢146
o, ¢t 41
o, 2" 39
e 0036
et k31
=, ¢029

eW,P037

10
*W,a3678
i ,2844
*(1,2156
4, 1081
“Y,Mb34
0,445
«A,13127
oy 1240
“N, 182
¢ ,0148
-",1127
0,092
U, HOTR
=, 066
=4, 1S A
-, 48
-V, 0046
(0049
-, 0039
«,0036
=1, P34
- ,M29

0,037

L

A1 INCH NOMINAL DTIAVETEH NOZLLE

U6  0ct1T 17

2,650 CHMM ¢
JET FEFECTIVE VEIOCTITY = 14%,6

20
=0.3676
h 2844
*N,215h
-0,1¢81
41634
-0,41445
oA ,1n327
-3 ,01240
= 111R2
-3,7148
-A,0127
-0, 00092
-, BT8R
i} ,N066
LY
-}, 0048
-Q,n046
=0,004)
“A,00039
-h, 0836
-0,10134
- ,929

oip, (17

FLUG DEPTH 21,37%

k1
“0e3676
-P,2844
*#,215b
-3,1081
0,634
-A,0445
-,0327
-0 ,0240
“A,N1R2
-A,0148
“0,0127
-0,0092
“R,dATR
0, Bi866
) U5 H
i, Q048R
=B, 31046
=A,0041
N ,NP39
-, 0036
-0, 134
-0, 0029

-, 137

931,91 CEM
M/5 (

1117,

)
1 kS )

= FIAT

PLATE

PRVRCTIVE JET DIAMETELR = 0,78

PREE

STREAM VELOCLITY a

6,0

JET EEFPECTIVE THRUST & 7,548

NON=PDTMENSIONALIZED PRESSURES
ANGLE (DFOGREES)

45
“0.3676
-0 ,2844
“9,215b
e 100
=P, 0634
-,0445
-3,0327
-0,0240
=, U182
-3,0148
“-0,0127
-, 31192
“,00TR
=, 166
LILINATSLY ]
-(}  WII4R
“a, 004
-0 ,0041
-3 ,0039
-0,0436
.0 ,3034
-),0029

=) 0337

69
3676
-A,2844
-n,21%06
P, 1081
“h,7634
-9 ,0445
-¥,¢327
«0,0240
“Ngfh2
-0 ,0148
“-n,¢127
0,992
-A,P¢78
-, 0066
-¥,0058
-, PP4H
=N, 0046
«p,0241
“P, 2039
-0,0e38
=0, ¢e34
-0,0029

B, P37

75
“#,3078
-0, 2844
h,2156
0, 1081
s, 634
-,0445%
- ,0327
-, 0249
=¥ ,1182
“h,0144
-3,n127
-, #1092
=3,0878
-, 066
Iy
) 048
0,046
-@,0041
0,039
¥ ,P036
-,0034
-0 ,0h029

- 0037

9¢
“A,3676
-(,2644
"0,2156
181
“Pe634
=NeB445
=P,0327
“,1240
"U,N1R2
=h,11148
~A,4127
-4 ,0¢92
*A, 4278
“H,00866
“Ha058
=11, 4¥
=(,0046
e, 8241
-3,0¢39
~P,0¢36
“A. 0034
“-,0629

“-n,dedl

105
33676
i, 2044
~0,2156
i 1URY
0,634
=i ,445
-0,0327
-d,124¢
-1,1182
it , #1481
“d,1127
i, 1692
32,0878
LT
=d,0058
=¥ ,01¢48
o), nede
i), 0241
2]
-, 0036
“0,8034
o) W29

-G 137

120
“¢,3676
-¢,2844
"0.2156
.¢,1081
-0,0634
“d,0445
vn,08327
.0,0240
“¢.0182
-¢,0148
“t,0127
e 0092
“2.0078
-d,0066
., 80158
wi, 0048
“¢s0n4b
-2,0041
*¢,0039
ol 0036
/. .0034
«9,0029

“0,0037

135
~0,3676
«0,2844
“¥,2156
d,1081
“3,4634
., 4445
“0,0327
“i,$240
“d.n18B?2
“-n,0148
-0.0127
.l ,P092
“3,0078
“d, 0066
“d,u58
-, 0048
“0,0046
-y, 8041
“0,h039
«d,0036
=3 ,0034
., 8129

3037

CENTERBUDY DIAMETER 8 0,75
Yo F/5 )

M/S (

N (1,068/¥

150
“2,3676
od,2844
“y,2156
*2,1081
“g,0634
-0,0445
“0,0327
-0,824¢
*y,0182
-d,0148
-d,08127
-0 ,3092
g, 8078
~d,0066
.y, 8058
-y,0048
“Q,PA46
03,8041
“g,0039
w0 ,0036
~0,8134
¢ ,8029

*9,0037

160
“0,3616
~0,2844
“¥,2156
60,1081
0,064
“0,0445
“0,08327
NYLY
"9,0182
.0,0148
.0,0127
.0,0092
=0,0078
=), 0066
=0.0158
-0,0048
“0.0046
=Y, 0804
*3,0039
-0,0036
“Y,¢¥n34
~0,0029

~0,0037

Ly )

119
=0edblo
=¥, ,2844
*e2156
=0,1081
=p,k634
w,044%
*Q,8327
.d,0240
“Y,0182
oy,0144
“W, k121
0,00y
=Y .¥0B7Y
LIPS 471 ]
L' T Y]
ol 6H4H
=PVl dbd
i 4]
03y
KT
0,034
el 0 4Y

e, 837

189
*Ye3b70
0 ,2844
*042150
“0,1081
*Y,0634
*Qd,¥445
“0.0327
=0,024¢
*Y 0182
,0148
“040127
o ,0u092
“Yev 18
L1111 ]
P00
«0,0044
P eVU4b
P ,0041
=00V 39
g, 0030
=V.08J4
0,0¥29

'“.Uﬂ§7

1



6%

POPRY

1¢
11
12
13
14
15

16

18
19
20
21
22

2

NONDIMENSIONAL
AREA

2.7¢4865

4,1500

7.6555
14,4604
23,1212
33,6379
46,1105
60,2349
76,3233
94,2615
11¢.6313
139,5007
1R0,227@
216,5199
256,1121
299,0036
345,194%
394 ,6R48
427,297
44¢,6953
454,305
46R,1211

4H?2,1414

N =M
-0, FRABNG
il INUANH
-y HAPNPY
-, 000000
- BANANA
E LT
- BBNANN
-, 300NN
-0 NN G
¥, 0NN N
U, BARNAN
-0, 000000
(o NANPAY
-0, OBPOeH
-, AN PR
Y LLY
-, BANDAN
i, HARAAN
3 HAHNAY
-9, 0000N0
ey YT T30
DT YT

"N HNANAN

LBefT
-0, PUP0 N0
i, BIANUQ
-t 0uABNY
(BN
(1, AN
-, 0U000N
-0, NN
-0, AuBaAda
-, BNBBHA
U T LT
-, 0HpABN
-9,000000
-0, 0UA0RY
", 0Vn0nY
), OUONAN
-0,PPA0RA
-3, 000000
-0 ,300000
0, 000000
0, 00010
i), ANANAQ
N Y

i, @RNNNY

M/TD

i , WANVNY
PLY Y
o HAANAN
-, AUEA0 0
=2, HAEANN
¥, AVBABY
LU dd dJddY)
L LU Y
a}ANDANY
-, 002000
=, 0Ve0an
o), Q0NN
o, PPN
YL
oD ANPNNA
-, PORRBE
=0 0VNURUY
o, ONRA0N
LAY 'dd Y
B, 001NN
-0, 0000300
0, 0000n0H

e} 200000

N
“0,0146132
@, 0120668
o 31784
042600
=Q3,05¢680
057565
@ ,3635¢8
=d,068527
=0 ,f72038
=y ,076731
¢ ,079791
-3,083701
*3,068345
=@ ,091892
®Q2 095260
-a,0983¢9
“2s101402
-2,104378
“2e 106272
“¥,106987
»? 107663
=i, 108256

*3,10911

L8
“0,003289
*0,204646
i, bn7145
«0,eu9576
-4,211393
.¥,¢12941
“0,014277
°0,¢154¢5%
“0,216374
«0,217249
“0,217937
-9,018816
e, 19860
-0,¢20657
“0,021419
-0 ,022100
“,222795
-0,023464
*¥,£23890
.0,024051
c0,024203
«0,£24336

0,224506

743

“0,0081949
=9,002753
“¥,004233
2,0045674
*Y,006750
=0,007667
“y,010489
«y,009127
~8.009701
*¥,010220¢
=3,010627
“,011148
*0.011767
-¥,012239
=0.012690
*0,013094
=0,0135¢6
-0,013982
=v,014154
*0,01425¢
*0,014340
“0,014449
“0,014519



0S

SET NUMKHER

R

4

1,416 TNCH NOMINAL DIAMETEKR NOZZLE

KOUND END PLUG OCT 77

Sesnes

JET FLOW KRATE =
JET LEFFCTIVE VELOCITY =

PORT

1
11
12
13
14
15
16
17
1)
19
20
21
22

23

%)
=4, 390H
-i',2824
oy 2604
- ,0964
B, AbNE
¥ ,2409
o) P 2HT
-),0226
~0, 178
“M,¢148
«?,2127
o104
P, V86
ot) UVHH
LY
-y, 0055
., 100472
el 3
«@,¢n3b
L
o¢,?¢ 3R
-0 ,¢028

LY kYY)

10
*¥,3968
-l ,2024
“1,2064
-, 0964
. JA6U6
-0,4109
-3,n287
- N226
=t,0178
=h,n158
-P,N127
P 1014
LTS
LRy
- BA6A
) 055
-, 10472
CUNAA 1
TR TS
“,NN48
-, N IR
ol JMU2R

o i3I

29
“N,3968
-0 ,2A24
=,2064
-P,0964
-, 0666
-4 ,0409
-, A2H7
-,7226
-0,0178
“A,0158
-0,0127
A 104
=%, 0006
-7,0068
-, W6 H
- ,08059
-, 01142
A ,hindy
-, 0036
-0,0045
-0, 16138
-0, 0028

-3, 0030

PLIIG DEPTH =
2,270 CMM (  8a,

18 CEM

504
)

139,13 M/S5 ( 456,3 F/5 )

k1%
~,3968
-0,2824
“ihe2064
~0,0964
*A,N6M6
-0, #409
=N, 1287
“P,11226
-0,0178
~3.0158
-Q,0127
=N,01n4
=P, 0006
-, ONER
“-A,0060
i) 8055
-ﬂ.ﬁéé?
“h,nl3p
0,036
- ,404S
-,00n38
T

“Q,AN3D

« FLATPLAIE

PEFECTIVE JET DIAMETER = 0,73

FHEE STREAM VELCCITY =

V.0

JET EFEECTIVE THRUST = 6,141

NON=DJMENSTONALTZED PRESSURES
ANGL.E (DFGHEFES)

45
“h,3968
0 ,2R24
*P,2164
-0,0964
P, N60A6
-, 0409
-,0287
“3,0226
«3,0178
*p,0138
-0,0127
“-0,08104
-, P0B6
@ ,O068
-(1,0060
-3,81155
P, 0042
LGNGO TY
«3,8436
- ,0n45
-, W3R
“) WH2R

-, 0030

69
“1,3968
-i1,2824
h,2064
-h,0964
0 ,0606
¥ ,0409
-0,0287
-0,0226
«0,0178
03,0158
2127
-0,0104
-0,2086
-0 ,CV6R
-h,2060
-$,085S
-",0042
B NIV
-N, 0036
INTLY)
- ,¢¢3R
-1,P0328

-0,P030

15
~¢,3908
-,2821
-0, 2Vb4
-0 ,0964
“P,0606
0,149
-0,0287
=) ,0226
-0,0178
“W,0158
-0,0127
-2,0104
0,086
03,0068
“@,00b6Y
«3,0055
-8, AN42
TR )
-0,0136
-0, 0145
-0,0038
«0,002R

~d. 0030

91
"he.3968
i ,2824
*1.2064
-, 8964
~,06006
-0,0409
*,n287
-,0226
-¢,0178
“N,2158
-¢,0127
“N,0104
-g,0086
“d,0068
“P.3260
-0 ,0055
- ,1042
=0 ,0¢ 30
-9 ,0236
= ,0045
-p,0¢ 30
-p,0e28

0,030

105
=4,3968
-y,2824
=0,2064
-0,0964
@, 8606
o0 ,0409
-B,0287
-0,0226
-¥,0178
*3,N158
il 11127
3,004
«9,0086
@ ,0068
=0,006¢
@ ,0655
=@, 0042
-, 4030
), 0836
@ ,0045
0 ,0038
. ,0028

“g,0030

120
843968
-0,2824
- ,20064
-8,0964
~0,08606
-t,0409
¥ ,0287
-¢,0226
«¥,0178
2,158
-t,0127
~2,0104
.9, 0086
-,0068
»,0060
-0 ,0055
-9,8042
90,0034
«d,8036
“0,0045
«f,0038
0,002

‘8.9939

135
“,3968
-0,2624
“0,2064
“d,0964
“0,0606
-0,8409
“0,0287
«3,0226
.0,0178
“0.0158
«0,0127
“0,0104
«0,0086
“0,0068
“0,0060
«@,0055
-0 ,0042
“0.0030
~0,0836
“0. 0045
~0,4838
-0,0028

=),003¢

CENTERBODY DIAMETER ® ¥,/
V.8 +/8)

M/s (

N (1,3405

150
*0,3968
“y,2824
*y,2064
-y,0964
-Y,06¢6
.d,0409
-0 ,0287
*2,2226
ed,¥178
*0,4158
-0,0127
02,0104
-2,0086
-2,0068
*9,0060
-0 0055
-9,0042
.Q,0030
-0,0036
"y, 0045
-¢,0038
-¢,00828

=Y,8030

160
*V,3968
-v,2824
=0,2064
¥ ,0964
=0,06¢6
0,049
=0,06287
-0,0226
-y,0178
=v,0158
-0 ,0127
»0,0104
»y,0086
-¥,0068
*Y,0060
.9,0085
=90,0042
=“d,8020
90,8036
0,004
-,0838
=¥,0028

-0, 8n30

LB )

17¢
ay, 3968
-t,2824
eV, 2064
"t 0964
=y, 8606
i 0409
ot ,0267
oy 8220
-y, ,8178
=g,0158
9 ,0127
“8,0104
o, 0086
«0,00868
g ,006y
.l , 08855
.,0042
0,0830
-,803b
0, 0048
NRCTEY
-y, 0028

LY Y 3R]

180
"0.3908
-v,2844
“0,20064
¥,09064
=8,0606
-,0409
=0,0287
g,0246
-0,0178
»0,0158
i 0127
IV
=¥, 00H0
-d,0008
=9g,006Y
v, 005
90,0042
“¥,0030
TR
0, 8445
-¥, 00y
0,00

=Y,0030



1S

POR1T

1o

12
13

14

16
17
18
19
20
21
22
23

NON=DIMFHNSTONAL
AKFA

I,057%
4,68H2
B,6404
16,3364
26,1201
38,1008
51,97H
6H 1519
A6,2224
16,4895
124,9803
1%7,5939
203,6025%
244 ,6026
249 ,3299
337,70644
3A9 96061
445,R75%
482,711
497,45 3n
%13,72H6
5?8,H3kh

544,6775

N aM
"D, 0N P0Q
D, 000000
=N, WRNNNA
A, A00000
=D AN
LA U]’
() o 1NN
- RAVAGA
=2, 000000
N, 000000
R, NANON0
o4 30000
A, 100N
-0, 300000
-, 0009
RO AL
LI AT IRY Tl
=N VOO N
=}, 1A0BA0
A, AAUNRNQ
0 p
el AP

-8,0B08AG

LA=F1
0, 000000
-0, #N000N
-0, 200000
-0 ,000000
-0, 0UNANE
=@ BB
., NAVBAN
¥, BNNNNR
(1, 000000
i, OUORHA
@, AUNROQ
-l B0
., ANABEN
-0, MiAnIe
-, BODIAY
T T
-0, 000000
-0, 000000
-0, 0080009
@ 00B000
i1, HUNNG
-, 000000

-0,000000

M/T0

o, B0BA0E
i, 800000
0, 000NN
«(,000000
Ll
=), AR ANY
“dBNNRHY
-, 0NV 0N
= ANAVAR
-, B0 RUAY
o), ANBNAY
B, 000nN0
o, AIAVAY
d, 000000
=0, 000000
oY AUAAIN
), 0PENAY
B, 330039
-(},000000
oA, JNIRAAR
¥, NUBHAY
- BB0RaN

=0 ,0080000

N
“) 15794
-y 021790
*0,032431
=P ,0420861
“0,049799
-,A56131
’,061346
= ,066078
*0,070248
«(},074458
“0,0877523
-@,081950
=Q,#87074
=Q,0907114
-0,0694210
34197673
=2 ,100555
“2.102734
-¢,104443
3145321
e, 1006192
~3.1066064
g ,107289

Lb
“0,¢03550¢
-0,004898
"0,007291
“0,809460
*0.¢11195
-0,012618
-0,013791
-0,014854
*9,0150801
“0,616738
“0,017427
“0,018422
“0,219574
«0,020392
“9,£21178
“0,021957
«0,£22605
*0,623095
*0,823479
=0,823676
“4,023849
“¥,023978

¥,024119

L/t

*0,002572
-0,003548
“U,005281
=0,00685)
*V.008109
“y,049141
“P,809990
=0,019760
*0.011446
«03,012125%
“B,012624
=g,013345
=0d,314180
»9,814772
*0,815342
=0.0159%06
“0,016375
“V,0106730
Y ,8)17068
“Ns0017151
=$,017277
*0,817370

“0,817471



€S

SFT NUMRER

R

]

1,416 INCH NOMINAL DJAMFTER NOZZLE = FLATPLATE

SGUARF END PLUG OCT 77

JET FLOW RATE =

PORT

1@

19
20
21
22

23

0
0,447
«3,237)
«A,1740
- ,279%
“?,0490
-h,0345
-P,0249
“0,P189
0,154
-“0,0118
e ,0096
0 ,¢PPRE
-0,007¢
“¢.0n53
-0,0047
“P 2044
0,004k
P, P00k
-0,0019
-2,¢036
-0,0024
0,10 36

-?,0043

ta
“0e3447
71,2373
“P,1740
-@,0795
-n,149a
-9,0345
“N,¢249
«3,01R9
-7,0154
“A,A118
-0,0096
-0 ,00AR
-0,0071
0,005y
~-0,0042
03,0044
-3,0046
=-",0006
-3,P019
0,036
-0,0024
-¢.00136

-0 ,004)

2.1%7 CMM (
JET FFFECTIVF VFLOCITY = 136,9

29
0,442
-®,237)
90,1740
-7,0795
P890
P ,0345
-, 01249
=-3,n189
-n,0154
-P,0118
-0, 1096
P, PABR
-0 ,0071
“P 0053
-9 ,0042
“N,00n44
-4 ,0046
0,006
-0,0019
“3,00836
-f, 0024
-0,00136

-, 0043

PLUG DEPTH =
76,
M/S ( 449,84 F/5 )

30
*Nq3442
=0,2373
=P.1740
- 0798
e 490
=0,034%
“-N,0249
“9.,n189
-1,7154
“N,0118
-0,0396
~3,PNRE
P P71
-A,ANS%3
-, 1042
Q.44
-0 ,P046
=0 .0006
«3,0019
=303k
-, 0024
“-P N6

-3,0043

1R CFM

«B15
)

EFFECTIVE JVET DIAMETER =& ©,72

FERFF STREAM VELOCITY =

h,0

JET EFFECTIVE THRUST = 5,746

NON=DIMENSIONALIZED VRESSURES
ANGLF (DEGREFS)

4s
*“3,3442
«9,2373
*a,1740
-t,079%
-0,0490
-p,n345
“n,1249
03,3189
00154
*A,A11A
-(,8096
“A,00RR8
-0,0074
-,00%83
-0,0042
=0,7044
- ,0746
-0,0806
03,0019
7,036
-0,0024
L IR )

«, 001143

60
-0,3442
-?,2373
-0,1740
-?,0795
-(,0490
=0,2345
-P,0249
P, 7189
-f,2154
“B,0118
0,0096
o, AARRA
-0,e071
-7,005%13
-0,0042
-A,A044
-0,0046
“0, 0006
-0,0019
Q2036
00,0024
-),0036

=) ,2¢43

715
*fA,3442
-0,2373
=0,1740
«0,8795
~A,N490
-3,034%
-Q,0n249
=0.0189
-9,0154
“P,A118
«3,00%6
~0,nU88
-0,0071
=0,00513
-0,0042
-0,0044
-0,0046
83,0006
-A, 0019
“(,0036
-0 ,0024
-7,An3A

.ﬂ."w43

9a
*Pe3442
7,237
~P,1740
- ,08795%5
-n,049¢
-0,0345%
“2,0249
*N.n189
“0,0154
"N,N118
P,A096
“.,ACRA
0,074
~Ne.0?¢S33
-1,0242
~A,01044
-3,0046
0,006
-,00¢19
*N,AP36
-,Av24
*A,00 36

LA R

19%
“2,3442
-0,2373
“Q,174¢
-0,0795
=-0,449¢
-y ,0345
- ,A249
-.,0189
«@,0154
=,0118
«2,0096
-3 ,0¢88
o, P71
.0 ,04253
-0 ,0042
3,000 44
P V45
=0 006
-0,0019
o006
- 1024
- 036

- B¢ 4]

120
“?,3442
.,2373
“¢,1740
«2,8795
?,0490
-2,034%
“3,a249
00189
.?,0154
“@3,0118
-2,0096
-¢,nP8R
«d,0071
“0.A053
-? 0042
v,nnd4
-¢, 1046
R
- A1 9
¢ 0W36
-,0024
~(,AN36

o), P114)

13s
*P.3447
-(,2373
“Pe1740
-1,079%
*(3,3490
=0 ,034%
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26,9324
19,1826
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10,1683
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-0 ,000000
-0, naN0AQ
R, N000A0
-0, 000U
LU T

=0 ,300000

LRFT
-0, 808000
i, AaRauA
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-0.P039
0 ,0n37
-,00139
-0,0028
0,00729
P, P19
-0,8018
-P,AN19
-2,0013

«P,0022

10
“7,191R
=0,141R8
-0, 1061
“A,0%31
1,132
“0,p234
«“%,0156
"P.0124
03,0101
-2,0001
-0 ,0068
72,0059
*Q P52
*N.,0039
-y,0n37
- ,NAA19
-} 0028
-3 ,00729
-},0019
-7, AN18
-3 PA19
0,001

-“0,0027

1.909 CHM

20
-2,1918
-0,1418
-¥,1061
-0,A%31
-n,03213
-1,0214
-n,0156
-p,0124
“0,0101
-a,0081
-A,0068
“0,00%9
-0,0852
-.7039
-0,0037
“-0,n019
“n,nn28
-n,0029
-Q,8019
-0,0018
“n,An19
-(, 0013

-P,PP22

PLUG DEPTH =
M C 67,
JET FFFECTIVF VELOCITY = 140,1

k1]
2,191
“n,141R
-0,1061
“,05131
-3 ,7n321
-(.0A214
-#,015h
~A,0124
-0 ,A1081
-0 ,ARR1
-0 ,7068
“0,n0%9
«q,0052
“0,nA39
03,0037
“0,na39
-a,0028
-,0029
-(,A019
-(,nA18
-@,A019
-,7013

-P.,A027

43 CFM

e
)

M/8 ( 459.,6 F/S )

FFFECTIVE JET DIAMETER = 9,67
PRYE STREAM VELUC]ITY
JET EFFECTIVE THRUST

NON=DIMENSIONALIZED FRESSURFES
ANGLE (DEGRFES)

43
-P,19148
=7,1418
“N,1061
-,083¢
-0,3323
“P,0214
-?, 0156
~P,0121
-1,0101
=3,0001
-0, 0068
“0,00%9
0052
*A,00n39
«0,8037
-A,0039
-9,0928
{00029
-n,pN19
@, U018
0,19
-0 ,801)

-0,007272

6¢
P, 1918
-0,1418
-0,1061
3,25
-0,8123
-n,n214
-2,P156
-0,0124
-d,8101
-A,0081
-0, 0268
-n,0n89
-0,2052
-3,en30
-0,00137
-3,An39
-0,002R
-7,P029
-3,0019
-0,0018
“0,9a19
-, 0713

“-3,2n2?

15
«A,1918
“f,1411
¥, 1061
-0,0511
-¥,1121
-0, 1214
-02,0156
-0,0124
«0,0101
-, 0081
-0,0168
-0,0059
-0,0052
", 4039
-3,0037
-~3,0039
-2,0028
-0,0029
-0,0019
-%,0018
-7 @019
0,013

-0 ,0022

99
“h,1918
0,148
=0,1261
.15 31
LRV R
A 0214
-A,0136
P 1124
-3,0101
“0,0p81
-0,0068
340059
-d,0052
“n,0039
- ,0037
*Nn,A039
-, 0028
01,0029
“ 1, 0019
-n,0018
P, 019
“?,0013

-N,A02?

105
-f,1918
-~,1418
-0,1061
(1,531
321
214
“?, 3156
=,0124
},0101
afl AL
«0,AC68
03,0059
-3,0052°
0,029
9,00 37
“Q,P9Y39
-@,0¢ 28
-, 8028
-} PN19
-, OV1H
- P19
-, 0413

) 22

120
-¢,1918
“d,1418
-, 1061
“¥,0531
“,0321]
“?.0214
«?,08156
=3.012¢
¢, G101
“P,0081
«2,006H
“@,0059
03,0052
=Q,0039
~0,00137
“2.0039
¢, 06028
2 ,0429
“3,0019
0,018
-“2,8019
7,013

- ,022

= b,
= 5,199

135
*4,1918
»(,1418
=B, 1161
"P,0531
-1,032)
~3,0214

“0,0156

/
-",1124

-2,0101
-, NAB1
-?,0068
01,0059
-3,30852
00139
-, 0037
“0,A039
«(, 128
-(,0029
3,0019
“0,0018
~0.0019
@013

"3, 0027

CENTFRBODY DTAMETER 3 ¥,75

M/8& (

150
-0,1918
“¢, 1418
0,161
“¢,0531
-¢,n321
“hen214
“?,6156
-3,0124
-¢,21¢1
-Q,09081
“¢,006R
*9,04089
=@ ,0052
“@.,0039
.@,0037
-0 ,0030
-Q,6028
-0 ,0029
“3,0019
“y,0018
-, 119
-3 ,A013

4.00272

Ve
N (t,1688

160
-0,1918
“0,1418
=H,1061
- ,08131
-0,4323
", 0214
¥, 156
“v,u124
~A,010€1
“0,unb1
90,0068
"0.00n59
-9,0152
0,039
-0,8037
VW39
~Q,00n28
-V ,AP29
“Q,0019
-0,8018
=d,0¢1 9
-d,0013

-A,0p0227

F/5 )
LE )

11v
w1,19184
“n,1418
w101
a5 31
13213
~,n214
«d, 0156
“N,124
-, 0101
=y, HY
g, 0068
=Ye005Y
L1 'L P]
LG LER
“y,0037
Y, 13y
-d, 024
“d 00129
“d,001Y9
ed,Wn18
"0, u1Y
@, 0113

-y, 3122

18¢
-¥,1918
=Nel419
=¥41¥61
“N,nS531
LT R PR
*n,9214
“9,0156
-0,v124
- ,01¢1
“Q.uubt
-0,00068
0o 0059
LY
U TEL
-¢,8037
“h,0039
=0,0028
08,0029
“0,0019
-,0018
-n,4419
P 0a1d

o022



-

SS

PORT
1

2

1o
11
12
13
14
15
16
17
18
19
20
21
22

21

NON«DIMENS[ONAL
AREA

1,6146
5.5424
10,224
19,3122
du,RT7A9
44,9242
61,4480
A ,4504
101,9314
12,8910
147,757
186,306 3
230,6972
289 ,1672
342,0434
399,3261
461,0151
527,1104
5Td.6574
588,5%8%
f06,7347
25,1461

643,913

N =M
ol ABVAYY
NP Y.L’ T'Y)
-0, 4NNPAn
-0, AUNBNN
-0 NANRHN
P, 000000
-0, APR NGO
-0, WAANAN
=V ANAANA
-? ,00NVE N
i, AANPNA
-V, AUABRA
- AANRRY
-6, 000000
P, 000000
- ,d00000
1, 600000
-t ,0e0P0Y
“B,BaNPRN
-V, 001000
NP0
-, BRI

.00

LR=FT
«dOnvua
B, AVNABYY
N LET YD)
R ,800000
R
LA 1 d%
“3,000000
-, 000000
*QBONANN
LU T dde
“A,BANGHY
o) MNABBUA
3, NNPAANN
o) ,NAIONY
“,0a8000
=0 ,00000
=0 AN
@ ,000000
=}, B0
o LT
=0, B0P00A0
=, 0080000

=0, ANONANH

M/1D

«},00000¢0
i, B0N0YY
-, ANUHBN
el JNAOVEY
LT
- ,000000
-, 000 P
o VAN
=, VNNNAY
o), QAVNBY
=), AUAUA0
¥, ANYI0Y
e NHNNAN
UL
“(,A0RNNA
«0,04000¢
A NARAN
), 040000
“N,BNNPRY
0 ,A80000
“U,B0NN00R
e, PUIVOY

=0, 200N

N
- 287635
=0, 010645
*A,016116
-2 ,021429
~2.225538
-2,028853
=g 931690
-@,834279
“0.236659
y,238789
“¢.0404925
=3 ,084295¢
*g.846061
-3,048159
*3,n59331
@ ,052719¢
*2,0%4716
w2 ,0560657
“0,057192
¢, 050149
3,¢585132
g, #588¢5

" o#59258

L8
“8,801716
002393
“0,003623
-0,204817
=0,e05741
«0,806486
*0,007124
«0,¢07706
=0,808241
.0 ,¢0872¢
=V,¢09088
«0,£¥9655
~0,210355
~8,¢10826
»0,¢11314
“0,211867
“0,¢12300
*0,012782
*V,812992
“0,¢13072
“U,¢13158
-U,213219

=0,r13321

L/t

"d, 001469
-0 ,002047
“8,003100
=) ,004122
"0eAV49172
“$,00555@
“3,00009%
*3,006593
“A,007051
007461
“Y,007778
“d,008261
9, WNB859
p,019263
“0,009481
*0,8101%4
0010524
-g,010936
“B.011116
«3,0111084
=0,¥11258
=P,011311

"8.011398



9

SET NUMHER 7 1,416 INCH NUMINAL DIAMETFW NOZZLE = FLATPLATE
SGUAKE END PLUG 0CT 77
zenus PLUG DEPTH = ,375 EFFECTIVE ORT DIAMETER = 0,66 CENTERBOLY DIAMETER = v,7%
JET FLOW RATI =  {,AA1 CMM ( 66,44 CEM ) FHEE STHEAM VELCCITY = V.0 M/5 ( D@ #/5 )
JET FRERUTIVE VELOCTITY = 142,33 M/S ( 466,9 /5 ) JET EFFECTIVF THRUST = 5,200 N (1,1649 LB )
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11 «f,PVbb =0, N066 =01 Q066 «V,0066 *0,0066 «i, 066 «B,0066 *,0L66 «B,0¢06 =U,0066 *0,B8066 =U¥,0066 =V,0066 =V,006b =d,0066
12 =050 =0 (W56 =R, 0050 =A,0056 =AANUS56 O, PU56 =0, 0156 "0.AC56 =0,0056 =0.B0U56 =0,0056 =@ ,00P56 *V,P056 wd.0EDb =Y,PB56
13 «0,7045 =0, 0045 =0 K045 «0,0045 «0,004S <, 0245 «B,0045 =1, 0045 =0,0045 «¢,0045 =),0045 =p,0045 =0V ,D045 =0,0035 =0,0v45
18 =0, 0143 =, 0041 «0, 0443 =3,0043 0,004 =, ¢r83 *0,1043 =(,00243 P, 0r4] =0,1043 =0,A043 *P,0043 *V,004) =08,0043 =V.0043
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17 =0,0031 e, W31 =0,0031 «0,0031 =0, ,0031 «8,0031 «0,0031 =0,8031 «0,003] 03,0031 =0,0031 g ,0031 =0,003]1 =0,0031 =0,00J31
IR =0 '0312 =1 ,0032 =a,0012 «A,0032 *A,A032 «N,0¢32 =0,4032 ~0.,0AF)12 «R,R032 =2,0AR32 *0,N032 =¢Y,A032 *V,2032 *U¥.0032 =V,.0032
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