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FOREWORD

This report was prepared under Contract NAS8-29270 for the NASA
Marshall Space Flight Center, and 1t represents a partial fulfillment
of the requirements of that contract. The work was conducted under
the technical cognizant of Dr. Terry Greenwood and Mr. David Seymour
of NASA/MSFC and it was performed in cooporation with B. Audeh,

R. E. Carter, and S. Smith of LMSC-HREC.
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Section 1
INTRODUCT ION

The base region of the Space Shuttle Orbiter receives significant thermal
radiation from the plumes of the Space Shuttle Main Engines (SSME). This re-
port describes the methods used in predicting this radiation and some of the
results obtained for use as a portion of the 1978 thermal environment update.
The complete base thermal radiation environment is presented in Refs. 1-4.

The procedure followed is similar to that described in Ref. 5 for the
1976 environment, but the plume property models have been improved. The method
uses plume property data at four altitudes with the NASA/MSFC gaseous plume
radiation program (GASRAD) to predict radiation to representative surface
locations in the base region. These predictions are used to develop (1) a
sea level plume radiation model using a number of geometric surfaces with
specified emissive powers and (2) an o1titude adjustment procedure to be used
to adjust the sea level radiation predictions to the proper altitude value.
The plume model is used with a radiation view factor (RAVFAC) program to pre-
dict sea level radiation at all the specified budy points in the base region
of the orbiter, external tank (ET), and solid rocket boosters (SRB). These
RAVFAC results are reviewed for consistency in comparison with exrected trends
and available GASRAD results, and they are adjusted based on the comparative
GASRAD values when it appears that the RAVFAC plume model has given erroneous
results. The resulting corrected sea level predictions are then published
along with altitude adjustment factors in the thermal radiation environment
for the SSME plumes.

Radiation for the SRB plumes is predicted separately using RAVFAC models
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at several altitudes developed in Ref. 5. No interaction between the SRB and
SSME plumes is considered during development of the RAVFAC models, but opaque
surfaces of the plume models do cause shading of other plumes in the RAVFAC
predictions. An evaluation of the radiation potential of the SRB/SSME plume
interaction region indicated it was not a significant radiation source. The
evaluation and estimates of recirculating gas radiation are discussed along
with the SSME plume predictions in Sections 2 and 3.

The procedure of using the RAVFAC program has been used primarilv to reduce
required computer time since it is much faster than the GASRAD program. Al-
though a significant amount of time is required to prepare the RAVFAC plume
model and provide GASRAD predictions to check and adjust the RAVFAC results,
an overall time saving can be realized when computing radiation to the several
hundred points required for the base region environment of the orbiter, ET,
and SRB.

The nlume predictions and some of the RAVFAC results presented here
were not part of this work, but are taken from Refs. 1 thru 4 and 7 thru 9.
The plume properties in the form used as input to the GASRAD program are pre-
sented in this report along with a brief review of the methods used for the
plume predictions to provide sufficient data to substantiate the results.

Thie report also contains a brief description of the GASRAD program used and
the predictions obtained, the RAVFAC plume model development, and a discussion
of the recommended method of computing the contiibution of the SSME plumes to

the Space Shuttle base thermal environment.
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Section 2

SSME PLUME DESCRIPTION

Two methods were used for plume predictions. The low altitude predictions
(0, 20, and 40 kft) considered the atmospheric mixing and resulting combustion
with the fuel rich plumes, but each plume was treated as an individual axisymmetric
plume with no interaction with the adjacent plumes. The high altitude pre-
diction for vacuum conditions had no free stream effects considered, but did
account for the interaction between adjacent engines with approximations for
the complex shock structure. Complete 1istings of the plume properties used

are in the Appendix.

2.1 LOW ALTITUDE PREDICTIONS

The Tow altitude plume property predictions were taken from Refs. 7-9.
The viscous mixing analysis used a turbulent kinetic energy model, and the
calculation was performed using the LAMP program (Ref. 10). Finite rate chemistry
was used for the mixing analysis in all cases. The properties in the inviscid
portions of the plume were predicted using a method-of-characteristics (MOC)
program (Ref. 11). The mixing model was run starting with constant v.locity and
pressure for the engine flow,and a free-stream velocity of 250 ft/sec was used
at all altitudes to represent the low velucity in the base region. The pressure
and velocity of the plume for the mixing model were taken to be the exit wall
boundary conditions predicted by the MOC program. The results of the mixing
madel and MOC engine plume were matched by hand. The Mach disk was located
in the sea level plume based on photographs of test firings and in the 20 kft

plume using the triple-point matching criteria.



The SSME engine arrangement shown in Fig. 2.1 shows the relatively tight
spacing of the engines, particularly engines 2 and 3. This close spacing between
the plumes will cause plume interfererce, but this was neglected in developing
the low altitude plumes since there were no procedures to predict the i .uv-
ference and nonsymmetric mixing process. The interference between piumes is
expected to impede the mixing process SO that the a sumption of no interference
would be conservative for mixing effects, and over the altitude range considered,

there should be no significant compression due to inviscid flow effects.

Isotherms for the plume predictions are illustrated in Figs. 2.2 and 2.3
and tabulated in the Appendix. The plumes are described as "revised" to distin-
guish them from the TKE plumes used in the 1976 prediction (Ref. 5)., The sea
level plume has a very high temperature region caused by a Mach disk at 52 inches.
The predicted Mach disk at 20 kft occurs at 135 inches, but 1s too small for
the maximum temperature to be shown in Fig. 2. At 40 kft, the Mach disk is absent,

but the compression region on the center 1ine has an initial peak at 160 inches.

ihe current low altitude SSME plumes have high temperature mixing regions
which grow more slowly initially than those used in the previous environment (Ref.5),
but the high temperature compression region following the Mach disk in the sea
level plume persists farther downstream. The combined effect in the sea level
plume produces radiation which is 1 to 20 percent lower than the previous plume
model at representative base points shown in Table 2.1. At the two higher
altitudes where the mixing layer is the prcdominate radiation source, the

reductions for the new plume mocel are greater, ranging from 21 to 47 percent.

2.2 _VACUUM PLUME

The vacuum plume was the same one used in Ref. 5 except that it was revised
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TABLE 2.1

COMPARISON OF RADIATION FREDICTIONS FOR
THE 1976 (TKET) AND 1978 (TKE2) PLUME MODELS

RTR 014-7

Incident radiation - Btu/ft’-sec (ratio to TKE1)

Locats PRE Sea Level 20 kft 40 kft

ocation It NTIREV [ TKr2 || TKET | TKEZ | TKET | TKEZ
Orbiter heat shield ctr 905 2.80 2.55 3.14 2.03 1.79 1.26
(0.84) (0.65) (0.70)

RCS Pod aft surface 837 13.1 12.1 8.60 5.87 4.15 3.05
(0.92) (0.68) (0.73)

Body Flap upr ctr TE 233 12.7 11.6 6.53 3.99 2.84 1.89
(0.91) (0.61) (0.67)

Fin TE 407 span 640 14.2 13.2 9.67 6.71 5.00 3.61
(0.93) (0.69) (0.72)

SSME 1 lip - aft 7580 29.8 25.7 15.7 9.61 6.76 5.03
(0.86) (0.61) (0.74)

- top 7480 11.2 10.7 6.20 3.26 2.36 1.45
(0.96) (0.53) (0.61)

£T base center 8000 2.88 2.84 2.52 1.88 1.35 1.06
(0.99) (0.75) (0.79)

Notes: 1.

[

PTume model TKF 1 was used for the 1976 thermal environment
described in Ref. 5.

Plume model TKE 2 is the current model with isotherms shown
in Figs. 2.2 and 2.3 and properties tabulated in the Appendix.
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to provide property values at 5 inch radial intervals instead of 20 inch inter-
vals. The portion of the plume aft of the exit plane is pieced together using
four regions with three prediction techniques. The prediction techniques were
tried for the Saturn S-1I stage and checked against flight measurements to
validate the prediction method.

Because of the geometry restrictions required to simplify the construction
of the vacuum plume, ft was necessary to use an equivalent symmetrical engine
cluster in which all engines are canted an equal amount from a cluster center-
1ine. The cluster centerline chosen is pitched up 12.024 degrees relative to
the orbiter X axis, and this centerline represents the Z axis of tlow field coor-
dinate system. Each engine is canted 4 degrees away from this centerline and
equally spaced around the centerline. The resuiting orbiter coordinates for the
engine exits (using a 157 inch engine lengtih) are compared to the actual lo-
cations below. Using a symmetrical cluster allows the plume to be described

by the properties in one sector as shown in Fig., 2.4.

Engine 1 Engines 2 or 3

X Y z X Y Z

0 0 0 0 (]
Actual 1595.9 0 486.3 1622.8 +53 369.9
Equivalent Cluster 1597.2 0 485.5 1620.7 ¥64.9 375.5
0

Difference +1.3 -0.8 -2.1 +11.9 +5.6

The procedure used in the present prediction was described in Ref. 14,
The plume for the first 200 inches downstream of the nozzle exit plane is
assenbled as shown in Fig, 2.4 from an axisymmetric vacuum plume about an in-
dividual engine axis, a central core region resulting fiom the impingement
of all three plumes at the center, and a diamond shape inte:cction region be-
tween adjacent plumes which intersects the central core on the inboard end

and extends to an approximate plume boundary on the outboard end. The shocks
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from the impingement regions cross the individual engine axes about 200 to 250
inches downstream of the exit. At this point, the approximation of the 3-D
plume was abandoned and an axisymmetric prediction was used from 200 to 595
inches downstream of the nozzle exit.

The free plume portion of the flow field was predicted using an MOC
program (Ref. 11) run for near vacuum conditions. This plume was also used
as input to the PLIMP program (Ref. 15) to predict pressures and temperatures
on a surface representing the impingement plane between engines. The impinge-
ment pressures were predicted using a modified Newtonian procedure and a
corresponding gas temperature v.as predicted as that downstream of an oblique
shock which would give the predicted pressure. If an oblique shock solution
was not possible, the shock angle was fixed at 90 degrees relative to the flow
and the downstream entropy and predicted pressures were used to define the
temperature.

The data (flow angle, Mach number, and entropy) predicted on the impinge-
ment plane were also used with a 2-D MOC solution to estimate the properties
in the central core of the cluster caused by inward flow from the plumes and
plune impingement regions. The location for the origin of the shock nea the
cluster centerline used in the MOC solution was estimated using a modified
stand-off distance calculation. The shock shape develope. oy the MOC solution
was estimated using a modified stand-off distance calculation. The shock shape
deve ioped by the MOC solution using the impingement plane flow as input is
shown in Fig. 2.5. The curved shock was incompatible with tii. requirements
of the DTRANS program (Ref. 16) used to assemble the flow field components, so
a shock angle of 15.83 degrees was used as shown in Fig. 2.5.

the three flow field pieces (free plume, impingement region between

adjacent engines, and central core region) were assembled by the DTRANS

N

-
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program into a 3-D flow field for the sector shown in Fig. 2.4 The flow

field in the sector consists of a three-dimensional array of data arranged in
planes normal to the flow field Z axis {cluster centerline) with radial

values at each Z-cut at particular values of n. The radial values are
measured from an axis originating at the nozzle exit centerliue, but parallel
to the cluster centerline. The shock locations separating the regions are
noted in the resul*int flow field data. Since the DTRANS program uses a single
shock angle to describe both the central core and impingement zone between
engines, the 15.83 degree angle approximating the central core was used for
both regions.

Due to the geometry of the 3-D flow field description 1t was difficult
to describe the central core boundary as a cone as it had originally been
visualized although the true physical shape is undefined. The two boundaries
of the central core shown in Fig. 2.4 are a radial line and the impingement
region boundary wrich boch terminate at positions defined by the central core
shock. The maximum depth of the impingement region on a line between the
free plume axes is also determined by the 15.83 degree shock, but since this
region starts nearer the engine exit than the central core, the distance to
the shock 1s larger at a particular downstream location than the central core
radius. The outer end of impingement zonc between engines tapers to a point
near the free plume boundary.

Properties at each axial position in the central core region are constant
radially approximating the results of the MOC solution in the same area.
Properties at the central plane of the impingement zone predicted by the PLIMP
program were assumed constant normal to the impingement plane. As mentioned
previously, the 3-D flow field terminates at Z=200 inches and the MOC prediction
of the flow along the impingement plane and into the central core flow is

used alone beyond this point.

13
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Typical property variations for both the 2-D flow and the MOC prediction
are shown in Figs. 2.6 and 2.7. The solid 1ine indicates properties in a
plane through an engine centerline. The constant property central core ends
with the shock boundary and is followed by the free plume. In a plane between
engines, the constant property central core is follcwed by the properties on
the impingement plane between engines represented by the dashed line. The radial
rroperty variation corresponding to the MOC solution used downstream of Z=200
inches is represented by the broken 1ine. It is interesting that the free
plume has higher pressures at this point although the impingement regions
have generally higher temperatures.

A representation of the base gas between the heat shiel~ and engine
exit plane was chosen to correspond approximately to current estimates of
the recirculated flow properties on and above the heat shield. This repre-
sentation was added to the 3-D plume flow field. The model 1s based on esti-
mated pressures using isentropic flow with an 1sentropic exponent of 1.3,
a stagnation temperature of 3400R, and a stagnation pressure of 0.033 psia
The model chosen was intended to be more representative of the region around
the upper engine since the base flap causes some differences in the flow in the
region between the lower engines. The base gas model described in the following

table uses the geomerty shown in Fig. 2.4 with n and R measured relative to the

BASE GAS MODEL

Max Heatshield End RCS Pod Exit Plane
n ’ Z=-123 Z=-38 Z = -0.01
deg. | radlus p T p T p T
nches psia R psia R psia R
0 0-75.2 0.033 3400 0.021 3063 0.0M 2639
50 0-69.3 0.033 3400 0.021 3063 0.0M 2639
78 0-97.3 0.02 3029 0.01 2581 0 0
110 0-59.0 0.02 3029 0.01 2581 0 0

14
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upper nozzle exit centerline. The inner region represented by n = 0 to 50
degrees represents conditions within the cluster while the region represented
by n = 78 to 110 degrees represents the outer bace region. The radiation
program will treat the zone between these regions as a transition zone with
properties at any Z varying linearly with n.

A complete listing of the vacuum plume is in the appendix.

2.3 OTHER PLUME EFFECTS

In addition to the low altitude and vacuum plumes, consideration was
given to the effects of radiation from the SSME/SRB plume interaction regions
and the reversed gas from the SSME/SRB plume interactions. The radiation from
these sources was not generally significant, but the effect of the reversed
gas radiation was considered in assigning altitude correction factors for the
SRB.

The SRB and SSME plumes intersect in the altitude range from 60 kft
to 140 kft as shown by typical intersection curves in Fig. 2.8. The analysis
of radiation from the intersection was performed at 100 kft. Although the
surface of the intersection is not flat and has no symmetry, it was necessary
to approximate it with a plane surface as shown in Fig. 2.9a. Properties
on either side of the XZ plane were assumed to be symmetric about the X
axis. The angular orientation of the plane was varied until the impingement
pressures predicted on both sides of the plane were approximately equal.

The IMAX position indicated In Fig. 2.9b was used to approximate the indi-
cated shock position relative to the plane, and the properties were assumed
to be constant between the impingement plane and the upper bounding line
between ZMAX and YMAX. The estimated gas properties are listed in the

appendix.
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Fig. 2.8 Intersection boundaries for the SSHE
and SRB plumes (Ret. 23)
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Fig. 2.10 Reversed

gas model for 80 kft.
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Fig. 2.11 Reversed gas model for 120 kft.
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Intersection of the SSME/SRB plumes also causes reversed flow in the lower
base reqion. Properties and size of the reversed flow regions were conserva-
tively estimated (Ret. 13) trom analytical predictions and experimental results.
The estimated gas volume and properties are illustrated in Figs. 2.10 and
2.11. Components of the gas property model were considered to be a small

cylinder representing the reversed jet toward the base and a larger cylinder

representing the separated region aft of the ET base. Temperature at the
origin of the reversed jet (4100 R) is a prediction of the average stagna-
tion temperature of the reversed portion of the SRB boundary layer. Tem-
rerature and pressure at the forward end is based on model measurements
scaled to flight conditions. Gas at the origin of the reversed jet is esti-
mated to be 66 percent SRM products and 34 percent SSME products. This gas
is assumed to mix with sufficient air to lower the gas temperature to the
value measured at the forward end. A linear variation of properties is
assumed in the reversed jet and the properties in the separated region are

taken to be equal to thosc at the forward end of the reversed jet.
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Section 3

GASEOUS RADIATION PREDICTIONS

Predictions were made to many points in the basc region using the
gaceous radiation (GASRAD) program to serve as a basis for adjusting pre-
dictions made by the radiation view factor (RAVFAC) program and to provide
data on the effects of altitude on plume radiation. The essential features

of the program used and the results obtained are presented in this section,

3.1 PROGRAM DtSCRIPTION

The program (Ref. 12) is similar to earlier radiation programs developed
for NASA/MSFC, but it has been designed to handle specific requirements
of the Space Shuttle Main Engine (SSME) plumes. The program has two sets of
subroutines. The first set prepares property data along lines-of-sight
through the plumes while the second set performs radiation calculations
using a band model along the Tines-of-sight and integrates the result. The
first set of subroutines were changed to allow additional flow field input
formats, reduce the number of radiating species considered, simplify input,
and reduce run time. The second set of subroutines were modified to provide
a separate subroutine for water vapor radiation with reduced output options
and to provide for performing calculations with band model parameters
averaged over large spectral intervals. Predictions of the SSME/SRB com-
bined plume effects used the multiconstituent radiation prediction capability
and special modifications of the flow field handling subroutines to handle
the unusual data formats.

The calculation procedure and spectral averaging method used are described
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in Ref. 12. The radiation equation for the incident radiant flux at a point

which the program integrates is

Of \"xf
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where 0 and ¢ are the hemispherical elevation and azirmuth angles, w is the
wavenunber and L is radius of a nemisphere over the point (the upper limit
of the distance S along the lines of sight). The transmissivity t is determined
using the statistical band model described in Ref. 17 as the single-line-
group (SLG) model which uses the Curtis-Godson approximation to include the
cffects of inhomogeneous gases. The spectral integration is performed using
integrated values of the Planck function (AN&) to eliminate errors due to
representing it by a central value when large spectral intervals are used.
Tabulated values of absorption coefficient (k,) and line density (1/dm)
for water vapor used in the band model were obtained from two sources. Most
of the data were obtained from Ret. 17, but in the 2500 to 4500 cm~' spectral
range, later data compiled by Dr. Stephen Young (Ref. 13) was used for SSME
predictions. Dr. Young's data have improved representations of the absorption
coefticient at lTow temperatures while using data of Ref. 17 at high tempera-

1

tures. The data are available at 25 cm™' intervals, but they were usually

averaged over 400 cm! intervals from 1000 to 9800 cm™! with

K

n

Wa Wy
(2\/[?‘; Ny Aw/ Y Nu;’ Aw)z
Wy

(u1

—
~
=N
]

Wa W Iy
[EVRTT) Heaw 73k N )
W, wl



REMTECH INC. RTR 014-7

where Nw° is the Planck function and Aw is 25 cm™l.

The resulting values
are given in Table 3.1 for the 1000 to 9800 cm~'range used. Evaluation of
the results obtained with this procedure is made in the next section.

The only radiating gas considered was water vapor and the only identi-

fied foreign gas was nitrogen. The broadening effect of all other gases

was lumped together, so the collision line width (cm~') becomes

Yo = p[(0.44(273/T)% + 0.09) F,, + 0.09 Fy
+0.05(1 - Fy - FJI(273/T)%

where p is the pressure in atmospheres, T is the gas temperature in K,
and Fw and FN are the water vapor and nitrogen mole fractions.

During the spatial integration, the hemispherical elevation angle in-
terval, A8, is held constant while the azimuth interval, A¢, can be varied to
maintain a constant value of the parameter A8A¢ sin0. This ailows the spacing
between lines in the azimuth direction to be set equal to the spacing in the
elevation direction (selection of the values used are discussed in Section 3.2).

The length of integration intervals along the line-of-sight (AS) is also
varied by tne program. Initially gas properties are interpolated at constant
intervals (usually 3 to 6 inches) along each line-of-sight, but when the
radiation computation is made, the available property values are averaged
over larger intervals before a step in the radiation integration is made.

This process is controlled by the input parameter TDIFF which is approximately
equal tc the change in temperature allowed between the first and final
temperature values in an integration interval. The interval length with the
averaged property values is used as a step with constant properties in the

radiation integration.
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H201(6)

WAVE NO.

{1/7C™)
1200.
1600,
2000,
2400,
2800,
3200.
36C0.
4000,
44 o,
4800.
5200,
S6CCe
6000,
6400,
6800,
72CC.
76C0.
80C0.
8400,
8800,
9200,
9600.

H201(G)

WAVE NO,

(1/7CM™)
12C0.
16C0.
2000.
2400.
2R00.
320C0.
3600,
4000,
4400.
4800.
5200.
S6GC0.
6000,

6400,
6800.
7200,
T6C0.
8CCO.
840,
8800,
9200
96C0.

ABSCRPTION COEFFICIENTS
TEMPERATURES (DEG K)

IC0.
1e476~-07
5.463-01
2.935-02
1.250-04
1.143-04

«£10-03
1,241-01
1.867-01
2.144-05
5.262-05
1e437-02
24127-02
1.“95‘05
4.,118-05
1.308-03
1.724-02
3.293-03
3,340-06
1.925-0%
XQQQQ‘OS
2.558-06
0,000

FINE STRUCTURE PARAMFTFERS (cm™D)
TEMPER ATURES

300.
24739-01
1.461-01
1.161-01
3.061-01
1.832+400
6.936-01
1.009+00
7.882-031
9.408-01
24771-01
1.163-01
1.288-01
3.897-01
J.930-01
1.529-01
1-257’01
2«339-01
4.942-01
2.292-01
1.161-01
1.603-01
0.000

INC.

€30,

2.737-02
24367-01
30065‘02
1.591-04
20160'0“
Q.?Q?-OS
10357"01
6.958-02
S.f86-05
1.644-04
1-377’02
8.697-03
2.230-05
1-“&2’0“
1.565-03
1.812-02
5.191-04
6€.010-06
3.107-05
1396-05
2.27271-36
0.000

€00.

4e151-01
3.855-01
2e592-91
6.082-01
20770490
1.,823+00
1.423+00
1.170+00
1.133+00
1.7051-01
8.919-02
<e239-01
10239“31
8.77-02
%.607-02
1.229-02
1.997-01
1.065+03
4.°53-01
2.585-01
QQ?DR’OI
0.C00

TABLE 3,1
BAND MODEL PARAMETERS AVERAGED OVER
400 cm™' INTERVALS

160C.

boel463-07
1.,252-01
2.529"02
4,013-04
4.792-0u
1.12¢6-02
1.u?23-01
3.931-02
2.331-04
6.uU71-04
1&2““‘0?
6.571-03
6.801‘05
3J.187-04
3.261-07
1.095-02
8-33“'0“
2.121=05
9.“99-05
6.584-05
5.721-0¢
0.000

(DLG K)
100C.
1.C26+2°
Te975-01
6+ 7C4-01
152100
J.160¢0C0
222400
1.561+00
1.512+00
1.756+GN
3.1%1-01
2.616'01
3.879-01
84185-01
5.201-01
3.075-01
1.952-01
1.082+00
24760+00
1e2744+00
6 794-01
1ei}34 00

C.000
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101,
S.095-02
6.934-02
2.036-02
T.640-04
1.331-"72
1.69Q-F2
Seblb6-02
<¢310-02
4.4L7~0Yy
l1e777-13
2.892-03
4.,477-03
10731‘PQ
6.157-C4
3.233-03
Q.QSG'”3
7.129-04
Te?211-05
2e174-04
1.962-74
24660-0°
c.00n

1500.
Te05R+MND
1.947+00
1.861+00
be127+N0
Lo,E36+00
2.6€89+70
2.657+00
2ed41+70
H4.89%+00
1.230+¢70
1.127+00
1.557+P0
S¢961+03]
3.387+N0
1917400
1la465+00
6.028+070
T.388+00
3.51N+00
1.031+00
J.10%2¢70
0.00"

2070.
5.304-02
4.406-0°
10698‘05
1.774-07
2-6“7’0’
2013£‘B?
3.386-007
1.574-02
Se3486-Cu
3.,177-07
6.527-0"7
30679’0‘
Q.IFB-DH
1.246-07
3.169-07%

026“’03
6.241-Cu
1.910-04
3.799-0u1
I.u98~0u
B.846-CS
1.076-04

2000.
1,365+01
4.701+00
4,802+00
9.1€3+0CN
1.0U9+(1
5221407
I.865+0N
S+3125+00
2.852+01
S.808+00
be6h24+40D
3.065+0N
7.,212+01
4.,519+01
1.517+01
T7.937+00
2.892+C1
1,878 11
8.296+00
4.577+0N
8.696+0N
1.945+(C1
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2°00.
he.634-02
T.244-02
1eli1 7-M2
2.UBE-03
b,N25-03
2.M8u-02
2.766-72
1.228-02
1.315-03
3.862-13
5.187-13
3.711“93
2,19&6-~04
1.35R-"3
3.10R~03
2.95-"3
556574
?.Q97-ﬂ%
J.R96~04
3¢179-04
10906“0“
1.152-04

<SC0.
T.u9G+]
1.115+01
l1.287+0N]
4e5€0+01
3.,050+01
1.2352+01
TFB87/+N0
1.151+701
TeF0U+O]
Jel20+ N}
1.978+01
To636401
2.787+02
1.70u+72
6e210+ 01
Te556¢71
1.237+02
3.704+0}
1oft3+¢71
9,026+00
1767471
JeP2€+71

‘atm’! cm ! at indicated temperature)

TTNO.
4,699-02
2.458-02
10237“0?
24522-02
“.15“-07
1.727-0"
1.821-02
1,090-02
1.498-03
3.,4%8-0"7
3,920-07
2.831-07
9.445-04
1.67““33
2.718-03
2.192-07%
6.153-00
3.377’0“
4.434-04
3005“'0“
1.473-0u
1.1%6-04

3CO0.
1.265402
2. 463401
4.,015+01
1.939+02
1.0844+07
2.558+01
1.369+01
1.549+01
1.700+0?
8., 713+01
1.Cez2+0?
2.704+02
1.396¢07
94368+02
2171422
1.3C3+0°
4,115+32
64068401
2.727+01
1.u483+01
20913401
6.273+0!
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The geometric methods used in locating the points in the plumes at
which properties are desired on each line-of-sight are straight forward.
Once the point in the plume is located, linear ~terpolation is performed
parallel to the plume axis, and, in the three-dimensional plume, at constant n.
Exceptions are made where a significant shock is present and can be located
in the flow field. In these cases, the points used in the interpolation
are forced to stay on the same side of the shock as the point being defined.

In generating properties in the low altitude plumes the distance from
a point on a line-of-sight to the axis of cach of the three plumes is determined
and the property determination is made in the closest plume. In areas where
the plumes overlap because of the close spacing, this method essentially
discards the portion of each plume beyond a central surface between adjacent

plumes.

3.2 PREDICTED RADIATION

Radiation predictions for the SSME plumes will be described first followed
by predictions for the SSME/SRB impingement regions and the SSME/SRB reversed
gas.

Predictions for the SSME plumes were made at representative points in
the base region for the four altitude conditions considered. Predictions
for the vacuum plume were not significantly different form the results of
Ref. 5 which used a coarser mesh representation of the same basic flow field
(20 inch instead of 5 inch radius increments as in the present acuum flow
field). Because of the slight change in results, the vacuum plume runs
were only repeated for a few points. The current results for the SSME plume
radiation at four altitudes are presented in Table 3.2 along with the vacuum

plume results from Ref. 5. The maximum predicted radiation in the GASRAD
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TABLE 3.2

RADIATION PREDICTIONS AT SELVCTED LOCATIONS

Incident radiation - Btu/ft%-sec and
Point (ratio to sea level)
Location 0} | No. S 20 w0 Vacaun
ea
Level Kft K5t Vacuum (Ref. 5)
s i A e
Orbiter base heat shield
Bottom center 900 3.53 2.75 1.23 0.47 0.48
(0.64)] (0.35)] (0.13){ (0.14)
Center 905 2.35 2.03 1.26 0.74 0.73
(0.86)] (0.54){ (0.31)} (0.31)
Bottom outboard 909 2.10 1.78 1.15 0.04 0.05
(0.85)} (0.55)] (0.02)] (0.02)
Bottom No. 1 bulge 2761 941 2.47 1.83 1.01
(0.74)] (0.41)
Top outboard 957 0.99 0.78 0.55
(0.79)} (0.56)
Upper middle outboard 961 5.02 3.23 1.79 0.42 0.46
(0.64)] (0.36)] (0.08)| (0.09)
Bottom eng mtd hs 1 2701 984 3.45 2.09 1.03 0.67 0.67
(0.61)} (0.30)] (0.19)] (0.19)
RCS Pod
Lower surface 807 0.86 0.38 0.20 0.04
(0.44)] (0.23) (0.05)
Aft surface 837 12.1 5.87 .05 0.69 0.70
(0.48)| (0.25)] (0.06)| (0.06)
Qutboard lower surface 851 0.45 0.17 0.10 0.003
(0.38)] (0.22) (0.01)
Inboard surface 862 4.27 1.62 0.77 0.30 0.32
(0.38)] (0.18)] (0.07)] (0.07)
Top 874 0.030 0.038 0.034
(1.27)} (1.13)
Top 877 0.105 | 0.110 | 0.081 0.003
R (1.05){ (0.77) (0.03)
OMS Pod
Base 784 4.71 2.80 1.57 0.10
(0.59)] (0.33) (0.02)
Nozzle shroud base 7780 7.41 3.51 1.69 0.52
(0.47)] (0.23) (0.07)
Body flap trailing edge
Upper center 233 11.6 3.99 1.86 0.93 0.96
(0.34)] (0.16)} (0.08)] (0.08)
Aft center 241 11.5 5.28 2.70 0.58
(0.46) (0.23) (0.05)
Fin trailing edye
40'. span aft 640 13.2 6.71 3.¢1 0.53 0.59
(0.51) (0.27)} (0.04)] (0.04)
40" span side 6499 1.63 0.93 1 0.54 0.072
(0.57) (0.37) (0.04)
I T ST TTTLLL iy ‘J“—,— g —Z —e = ooV s e
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TABLE 3.2 (Continued)
RADIATION PREDICTIONS AT SELECTED LOCATIONS
T_‘ Incident radiation - Btu/ft%-sec and
Point (ratio to sea level)
Location o' | No. S -0 1 Vacaum
ea l
Level | Kft kft | V2CUUM(Ref. )
Wing trailing edge
60% span aft 360 3.51 2.35 1.34 10.063 |]0.093
(0.67) ]1(0.38) | (0.02) | (0.03)
60% span top 4699 2.17 1.29 0.70 0.075
(0.59) § (0.32) (0.03)
OMS Nozzle
Aft facing lip 1891 7150 11.80 5.67 2.89 0.61 0.63
(0.48) ] (0.24) | (0.05) ] (0.05)
Inbd facing exterior surface | 180} 7152 5.93 1.96 0.91 0.42
(0.33) { (0.15) (0.07)
Inbd facing inner 1ip 0] 7201 10.6 4.42 2.13 0.63
(n.42) | (0.20) (0.06)
Outbd facing inner 1lip 180] 7251 0.005 }0.007 }{0.010 0.007
(1.40) { (2.00) (1.40)
RCS Aft Nozzles 8 and 9
Inbd facing inner 1lip 0f 9502 8.90 3.57 1.72 0.59
(0.40) | (0.19) (0.07)
Qutbd facing inner 1ip 0] 9652 0.10 0.11 {0.08 0.008
(1.10) | (0.80) (0.08)
Inbd facing outer 1ip 180] 9651 4.92 1.48 0.64 0.41
(0.30) | (0.13) (0.08)
SSME Nozzle 1
Hat-band 2 top - outhd 0] 7402 0.33 0.14 0.08 0.05
(0.42) ] (0.24) (0.15)
Exit manifold top 270f 7480 10.7 3.26 1.45 1.55
(0.30) ] (0.14) (0.14)
Hat-band 2 top - inbd 270] 7482 6.62 2.00 0.88 0.74
(0.30)  (0.13) (0.11) #
Hat-band 4 top - inbd 270] 7484 3.68 1.17 0.50 0.5
(0.32) | (0.14) (0.14)
Hat-band 2 aft - outbd 0] 7502 1.12 0.28 0.17 0.08 0.08 w
(0.25) ] (0.15) | (0.07) | (0.07)
Exit manifeld aft - outbd 90} 7530 17.0 6.80 4.06 0.79
(0.40) ] (0.24) (0.05) J
Exit manifold aft - inbd 270 7580 25.7 9.61 5.03 2.98 2.86 A
(0.27)] (0.20) }(0.12) | (0.11)
Hat-band 2 aft - inbd 270] 7582 9.20 3.15 1.28 1.17 1.20
(0.34) | (0.14) }(0.13)| (0.13)
Hat-band 4 aft - inbd 270] 7584 5.23 1.55 0.61 0.46 0.61
(0.30) } (0.12) 1(0.09)} (0.12)
SSME Nozzle 2
Hat-band 1 top 135 7741 5.87 1.30 0.89 0.76
(0.31)] (0.15) {(0.13)
Hat-band 2 top 135] 7742 4.42 1.30 0.64
(0.29) | (0.14)
Hat-band 2 top 18Q¢ 7752 1.39 0.54 0.27
(0.39)] (0.19)
. ) T M IR
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TABLE 3.2 (Continued)
RADIATION PREDICTIONS AT SLLLECTLD LOCATIONS

RTR 014-7

= =
Incident radiation - Btu/ft’-sec and
Point (ratio to sea level)
Location o' | Neo. S 2 w0 vacuum
ea
Level | Kft kFe | /2SUUM |(Ref. 5)
= s P’ e e— - F——“
SSME Nozzle 2 (Cont.)
Hat-band 2 top 2251 7762 1.20 0.33 0.17
(0.28) 1(0.14)
Hat-band 1 aft 135} 7041 10.3 3.54 1.74 1.68
(0.34) }(0.17) 1(0.16)
Hat-band 2 aft 135 7842 7.06 2.04 0.98
(0.29) 1(0.14)
Hat-band 2 aft 180 7852 3.76 1.12 0.54
(0.30) (0.14)
Hat-band 2 aft 2251 7862 2.63 0.55 0.30
{0.21) (0 1)
ET Base
Conter 8000 2.84 1.88 1.06 0.047
(0.66) {(0.37) |(0.02)
57.1 Inch radius - top 0| 8330 2.77 1.98 1.12
(0.71) |(0.40)
- bottom 1801 8339 2.07 1.41 0.80
(0.68) }(0.39)
108.4 inch radius - top ol 8670 1.65 1.31 0.79
(0.79) [(0.48)
- bottom 1801 8679 0.87 0.68 0.40
(0.77) 1(0.51)
154.2 inch radius - top ol 8950 0.21 0.22 0.16
(1.05) [(0.76)
- bottom 180 8959 0.021 10.021 0.014
(1.00) {(0.67)
ET/SRB Aft support
Upper link - aft 775 1.50 1.19 0.72
(0.79) |(0.48)
Lower link - aft 825 1.71 1.28 0.75
(0.75) |(0.44)
SRB Aft support post
Quter lip 30 671 8.98 4.84 2.49 0.33 0.36
(0.54) [ (0.28) [(0.04) |(0.04)
SRB Skirt
Quter lip - top ol 2109 4.78 2.41 1.21 0.19 0.21
(0.50) |(0.25) |(0.04) |(0.04)
- side 90 2139 || 1.59 | 0.69 | 0.33 0.08
(0.43) |(0.21) (0.05)
Base 'ieb - top 0l 2500 3.28 2.56 1.5¢2
(0.78) {(0.46)
SRB Curtain(contourcd aft)
= 67.5 (measured out from | 45] 2317 9.03 2.80
SRB centerline) (0.31)
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TABLE 3.2 (Continued)

RADIATION PREDICTIONS AT SELECTED LOCATIONS

RTR 014-7

Incident radiation - Btu/ft%-sec and
Point (ratio to sea level)
Location o' | No.
Sea 20 40 Vacuum
Level Kft Kft Vacuum (Ref. 5)
BT e gy e e ——att
SRB Case/Skirt ring
Aft facing web - top 0] 6503 3.70 2.68 1.53
' ‘ (0.72) f(0.41 0.
Inbd facing rim - side 90| 6535 2.27 1.19 (0.61) (O.g;%
0.52 0.27 .
SRB stiffgner at XB=1733.56 ( al ) (0.04)
Aft facing web -"top 0 6303 2.86 2.12 1.23 0.024
(0.74) ](0.43) 0.01
- side 90} 6333 3N 2.18 1.24 (0.01)
. . (0.70) [(0.40)
Qutside rim - top 0] 6305 3.33 1.78 0.95 0.10
_ (0.53) }(0.29) 0.03
- side 90| 6335 1.49 0.80 0.41 ( )
(0.54) [(0.28)

NOTES: 1) 0 is measured clockwise from the axis of the surface in the negative

Y. direction for the Orbiter.

tﬂe top (positive Zg).

For the SRB and ET it is measured from

2) Nozzle hat-bands numbered forward starting with the one next to the

1ip manifold.
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results was at Point 7580 on the SSME engine exit lip at sea level (25.7
Btu/ft2-sec). Many other relatively unshaced aft facing surfaces near the
SSME cluster have radiation rates in the range of 10 to 13 Btu/ft?-sec,
but shading by the SSME nozzles limits the peak radiation for the base heat
shield to 5 Btu/ft?-sec. Peak radiance for a single line-of-sight through
the plumes reached 47.8 Btu/ft?-sec-sr for the aft facing nozzle 1ip on
SSME nozzle 1 (Point 7530).

Although the offect of engine gimbaling was not covered as part of the

thermal environmen’, sensitivity of the radiation rates to gimbaling was

sampled by predictions of radiation to Point 7852 (the aft surface of hat

band 2 on the inboard side of engine 2) with the lower engines gimballed

2, 4, and 6 degrees toward the left from flight nuil. The results indicate

an increase in radiation of about 12 percent ;er degree of yaw gimbal, so

any flight conditions which are expacted to have a significant gimbal de-

flection for a long period of time should be evaluated to determine if the

environment based on the flight null condition (shown in Fig. 2.1) is adequate.
An evaluation was made of the effect of several parameters on the pre-

dicted radiation. It included effects of thc modified band model parameter

data, the spectral integration interval, and the spatial integration inter-

val along line-of-sight. The revised band model data in the 2500 to 4500 cm~!

range gives slightly lower radiation predictions as indicated in Table 3.3,

so when it is combined with the previously used data outside this spectral

range the result is to reduce the predicted radiation for the typical SSME

plume conditions considered. The 400 cm™! integration interval used for the

predictidn in Table 3.2 produces a slightly higher radiation than the 25 cm™!

interval in all cases. This offsets the apparent reduction in predicted

radiation when TDIFF* = 200 R is used. The TDIFF parameter extends

* See page 25 for description of TDIFF.
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TABLE 3.3

RESULTS OF BAND MODFL PARAMETER
AND PATH LENCTH INTEGRATION INTERVAL VARIATIONS

3

Nozzle Lip

Wave ET Base "~ Normal to Fin TE
Number Center , Eng Ctrl Side
Absorption w 1/cm Point 8000 i Point 7480 Point 6499
Coefticientl 5 |~ 30730 ] 20140 20 740
a Sl Init|Final| Al SL | kftlkft | SL | kft| kftll SL | kft| kft
) !
NASA 200l 10009800 4001 2.91{1.93/1.0911.0/3.28;1.431.6710.95(0.55
(Note 1)
100019800 | 251 2.87{1.89;1.06
250014500 | 25 0'96i0'72 0.43
Young !2500 4500 1 251/ 0.89(|0.67}0.41
(Note 2) i |
Combined ' [‘1000 9800 {4001 2.8411.88!/1.061{10.7{3.2611.451(11.63(0.93/0.54
(Note 3) I
’ Y !]OOO 9800 | 251 2.80!1.84]1.04,/10.5}3.16{1.41({1.60]0.9010.53
|
0 ll]OOO 9800 | 400 '2.87 1.9111.091110.8/3.39/1.54}1.65|0.95]0.56
NOTES: 1) Data original provided by GD/C (Refs. 20-22) and included in NASA SP 3080

(Ref. 17)
Data from Dr. Young (Ref. 13) using half-widths from Ref. 17

Combination of Dr. Youngs data (2500 - 4500 cm™') and NASA SP 3080
datu (1000 - 2475 cm™ and 4525 - 9800 cm"!)

A1l thermal environment predictions use the combined absorption coefficient
data with 1DIFF = 200, Wy = 1000, wg = 9800, and A= 400
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the integration ir.>»rval by averaging the property data which are available

at 6 inch intervals. When TCIFF = 0, the averaging procedure ir not used, gp
a step in the radiation integration is perfor =d at each € inch interval along
a line-of-sight.

A11 of the errors apparent in this comparative evaluation are insignifi-
cant in comparison to other uncertainties in the prediction and use of the
radiation environment, so the use of a 400 cm ! spectral interval and TDIrF = 20CR
are considered satisfactory.

Angular intervals used in integrating over the spherical angles are more
difficult to evaluate since errors incurred are likely to vary significantly
with point location. Therefore, the intervals were chosen to be approximately
equal to the 6 inch integration interval along the lines-of-sight at a distance
of abhout 200 inches. The cora length represented by the azimuili angle increment
(M) is a function of the elevation angle (0) and increment (AO). At a radius
or line-of-sight length (S), the cord (C) is

C=SA:s8in0
for small increments expressed in radians.

In making the SSME plume radiaticn prediction the prccedure followed is
to use a constant value of M0 and vary Adb with O to keep C/S constant*. The
values chosen were 50 = 2° and /S = A0, so when O is 90', A¢ = A0, The
resulting cord length is

C = 0.035S,
so for &S = 6 inches, C is equal to AS at S = 171 inches.
Radiation predictions for the SSME/SRB plume intersection region were made

at only 4 points in the base region because the indicated heating rates wern

* In the radiation program, C/S is controled by the input parameter TAMGLE.
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so low. The results are shown in Table 3.4 in comparison with the current
predicted rates due to the SSME and SRB plumes at the same aititude. The results
for the intersection regions are conservative (high) estimates since they neglect
absorpticn by the SSME and SRB plumes. In all cases, radiation from only one
(the closest) intersecticn region was predicted. This was doubled to give the
results for two intersecticn regions for the two points on the vertical plane

of symmetry. For the two other points, it was estimated that the second inter-
section would increase the radiation by no more than 50 percent, so the single
region prediction was increased by 50 percent for the comparison in Table 3.4.

The integration intervals used for the SSME/SRB plume intersection regions
were thce same as used on the SSME plumes with the exception that the increment
along the line-of-sight was reduced from 6 inches to 3 inches because of the
small thickness of the initial high temperature region in the intersection flow-
field (described in Section 2.3).

Predictions were made at the ET base center and lower body flap trailing
edge to evaluate the impact of radiation from the reversed gas from the SSME/SRB
plume intersection. The results shown in Table 3.5 compared with the current
environment indicate significant radiation could result from the reversed flow
at 120 kft. Since the reversed flow radiation increases with altitude while
most other radiation decreases with altitude, the altitude adjustment schemes*
used do not furnish the necessary trends to define the effect.

The Tower body flap surface receives no SSME plume radiation, so the SSME
environment assigned is intended to recognize a small contribution ¢f the reversed
gas radiation. A full description of the radiation predicted would have required

either artifically raising the lov altitude heating rate (presently 0 up to 40 kft)

* Recormmend altitude adjustment procedures described in Section 5.
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TABLE 3.4

COMPARISON OF RADIATION ESTIMATES FOR
THE SSME/SRL PLUME INTERSECTION REGIONS
WITH THE DESIGN ENVIRONMENT AT AN ALTITUDE OF 100,000 FEET

] Predicted Radiation - Btu/ft’-sec
. 0 Point |} Environment R
Location : SSME/SRB
it (Note 1) No. (Refs. 1-3) Intersection
| SRB SSME Estimatc {Note 2)
Fin trailing edge - 640 1.84 | 2.64 0.10
ET base center - 8000 3.15 | 0.65 0.05
SRB skirt aft rim 0 21G0 7.71 1.02 0.12
SRB skirt inbd rim 45 2119 0.8 1 0.85 0.02
NOTES: ) O defined in Table 3.2

1

2) Predicticons made for the closest intersection region were doubled
for points on the vertical plane of symmetry (pts. 640 and 8000)
and increased 50 percent for the other two points to give an
estimate for both regions.

TABLE 3.5

COMPARISON OF RADIATION ESTIMATES FOR THE REVERSED
GAS WITH THE DESIGN ENVIRONMENT AT 80,000 AND 120,000 FEET

Predicted Radiation Btu/ft’-sec
. Point || Alt Environment
Location -
No. kft (Refs. ]—3)— Reversed Gas
SRB SSME Estimate
.
Body flap Tower TE 213 80 2.24 | 0.04 0.1
120 1.79 | 0.07 0.60
FT base center 8000 80 3.51 0.81 0.12
120 2.89 0.45 0.53
|
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or assigning special altitude adjustment factors for this surface. Noither
approach was deemed jgustified since the thermal protection system intended for
the body flap lower surface is likely to be designed by re-entry heating loads.
A st lar araqument was made for the Tower surface of tne Tower SSME nozzles
where the thermal protection system is designed by high radiation and impinge-
ment heating at other locations on the interior of the engine cluster.

Radiation from the reversed gas to the [T base and the inner surface of the
SRB were considered in assigning the SSME altitude adjustment factors and slight
adjustments wore made to the 160 kft heating rates in some cases to cover
possible reversed gas radiation prior to the SRB separation. Surfaces other than
those discussed herve are not expected to receive significant radiation from
the reversed gas.

Integration intervals used in the reversed qas prediction were the same
as those for the SSME plumes except that the anqular integration intervals
were increased because of the rvelative uniformity of the oas and the close

proximity of the gas to the prediction points.
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Section 4

VIEW FACTOR PLUME MOCEL

In order to allow rapid prediction of radiation distributions, a model
representing the sea level plume was developed for use with a modified version
of the RAVFAC program (Ref. 19) which sums the products of computed view fac-
tors and emmissive powers for plume components tc arrive at predictions of in-
cident radiation. This section will describe the development of the plume model
and present a comparison of the RAVFAC and GASRAD predictions for surfaces in
the Space Shuttle base region.

The modified RAVFAC program can handle either opaque or fran<parent shapes,
so portions of the plume believed to have relatively high transmissivity can be
modeled as transparent while those with low transmissivity can be specified as
opaque. Because of the success achieved with the model of the previous plume
predictions (Ref. 5), a similar model was chosen initially for development of
the current plume model. However, it was difficult making the nozzle lip pre-
dictions high enough without forcing the upper body flap point too high. A
new shape was tried with a disk inside a cylinder to shade it from view for
directions approaching normal to the plume axis. The resulting model is de-
scribed in Fig. 4.1. In general, the size of the shapes decreased while
emissive powers increased in comparison with the model in Ref. 5. In the present
model, the disks were made trarsparent to save shading calculation time since
they would primarily shade the interior of the cylinders which do not radiate.

Ratios of RAVFAC to GASRAD predictions for the points used ir developing

the plume are shown in Table 4.1 for both the design plume and variations made
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j@
3
%é
Distance from the exit-inches
Emissive Distance
Shape power from exit Radius g-elements Y-elements
Btu/ft?-sec inches inches

Disk 1 - Transparent 150 50 25 2 8

2 - Transparent 120 350 20-50 3 8

Cylinder 1 - Qpaque 60 50-350 20 6 16

2 - Opaque 60 300-600 50 6 16

3 - Opaque 40 600-1200 50 6 16

Cone - Transparent 12 120-1200 40-100 N 8

Fig. 4.1 RAVFAC model for the TKE 2 sea level plume
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to test sensitivity to element size. The gcal was to achieve ratios of 1.0 to
1.2 for the points used. The largest error (22.7%) was on the body flap upper
trailing edge which seemed to be difficult to model. It was surmised that in
the GASRAD prediction cooler portions of the lower plumes absorbed more of the
high radiation levels from the upper plumes than could be duplicated within the
RAVFAC model limitations.

In designing a RAVFAC model, an attempt is made to minimize the number of
surface elements, so that more computer memory will be available for surfaces
receiving radiation and computation time will be reduced. At the same time, the
elements must be properly distributed to allow a reasonably accurate repres-
entation of shading effects. This also usually satisfies the requirement of
having elements small enough for the necessary numerical computation requirements.
The number of elements for the surfaces in the design plume were assigned
considering these factors, then checked by varying the element size to deter-
mine the sensitivity and detect errors due to improper sizing. The results of
varying element size presented in Table 4.1 indicate that increasing the size
(reducing the number of elements) does not produce a significant deteriation
in the plume model accuracy. However, no reductions in the number of elements
were censidered since the number of elements in the plume model were not con-
sidered excessive and there is always the possibility of larger errors at other
locations. Increasing the number of elements did not result in any significant
increases in the indicated RAVFAC plume error although tne maximum errcr increased
from 22.7 to 24.7 percent. The largest percentage change due to increasing the
elements was at Point 8670 on the ET base where the RAVAC prediction decreased
5 percent when elements in the axial direction on the cylinders (B - elements)

were doubled. This illustrates the relative sensitivity that heavily shaded
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TABLE 4.1

RESULTS OF THE RAVFAC PLUME STUDY

T [ Ratio of RAVFAC/GASRAD predictions
Location Point -
No. p-elements y~-elements
Desian Note 1 Note 2
Nouble | Halve || Disks | Cyl's
o , o 16 8
SRS PO | S (S S
Orbiter heat shield
Rottom outboard 909  1.n98 | 1.085 ¢ 1.1194 1.066 | 1.102
Upper middle outboard 961 | 1.095) 1.055,1.1728( 1.096 | 1.115
RCS Pod
Inboard facing surface Q62 | 1.742 0 1.142 1 1.124 || 1.762 | 1.142
Body flap trailing edge
Upper center 233§ 1.227 (1 1.247 | 1.211{ 1.226 | 1.227
Fin trailing edoe
40< Span - aft 640 | 1.030) 1.026 | 1.046| 1.014 | 1.040
- side 6499 I 1.062[ 1.061 { 1.071{ 1.046 | 1.096
Wing trailing edge
60% Span - aft 360 || 0.9934 0.999 { 1.000 1.001 | 1.002
SSME 1
Exit manifold - top 7480 || 1.0541 1.069 { 1.000} 1.055| 1.0568
- aft 8=90 7530 || G.991 ) 1.009 { 0.953 [} 0.995(1.012
- aft 8=270 7580 | 1.061¢ 1.070{1.0324 1.059 |1.072
ET Base
Center 8G00 || 1.0534 1.054 {1.070 1.058 [ 1.068
108.4 inch radius ~ top 8670 | 1.1653 1.100{ 1.1394 1.153 {1.159
ET/SRR Aft support
| Upper link facina aft 775 1 1,139 1.129 1 1.1294 1.123 | 1.122
| SRR Skirt
Quter lip - top 2109 | 1.1104 1.1051 1.136 {1 1.106 | 1.107
Pase - top 2500 || 1.123 L1.111 1.160 11 1.127 | 1.094
Mean 1.090 11'084 1.088 14 1.08511.094

Notes: Chanaes described are variations to the "desian" RAVFAC plume in Fia4.1,

1)g-elements are the axial etements on cylinders and cones and the radial el-
ements on disks. Since some surfaces have odd numbers of R-elements, the
halving procedure followed was

(R-eTtINEW=((g-e1t)OLD+1)/2.
with the result *runcated to an integer .

Z)Y-c]ements are the circumferential elements. The y-elements on the disks
were increased to 16 to give 16 elements on all surfaces but the transparent
cone. In reducina elements, the cylinders were reduced to 8 elements so all
surfaces had & y-elements.
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points can have to the element distribution, but it was not considered sufficient
cause to increase the elements in the plume model.

A comparison of the available RAVFAC and GASRAD predictions using the plume
model are shown in Table 4.2. The indicated errors in the RAVFAC predictions
are less than 20 percent for all significant heat rates with the exception of
9 points on the SSME nozzles.

Analysis of the errors indicated that too uch emphasis had been placed on
the disk located 50 inches from the nozzle exit which represents the beginning
of the high temperature region caused by the plume Mach disk. This had been
done to reduce the number of elements in the plume and the indicated error at
the upper body flap point (Point 241). A better plume probably could have been
achieved using two disks with lower emissive powers, but the eyrors caused by
the use of one disk were not apparent in the sample problems used in developing
the plume.

The possibility of increasing the number of elements on the first disk was
investigated to determine if this would improve the agreement for the nozzle
points. Increasing the elements from 16 (2 x 8) to 48 (3 x 16) caused significant
changes in some of the predictions with poor agreement, but the trend was not
always toward reducing the error.

On SSME nozzle 1 the agreement is good at the exit plane (Points 7XX0),
but apparently to much radiation in the RAVFAC prediction comes from the near
portion of plumes 2 and 3 while the mixing region of plume 1 contributes a
negligible amount. Moving forward on the nozzle to hat band 2 (Points 7XX2)
causes the GASRAD results to drop apparently due to shading of plume 1 by the
nozzle exit manifold and aft most hat band, while the same location on the RAVFAC

model does not have appreciable smaller view factors for the near plume of SSME
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TABLE 4.2
RADIATION PREDICTION COMPARISONS AT SELTCTED LOCATIONS
— T ———————————.
e e e
RAVFAC | GASRAD | GASRAD
{ Orbiter base heat shield
Il Bottom center 900 3.74 3.53 1.06
! Center 905 | 2.63 | 2.3 1.12
| Bottom outboard 909 2.31 | 2.10 1.10
!l Bottom No. 1 bulge 270 941 2.61 2.47 1.06
J Top outboard 957 1.07 0.99 1.08
| Upper middle outboard 961 5.50 | 5.02 1.10
| Bottom eng mtd hs 1 270 | 984 | 3.18 | 3.45 0.92
| RCS Pod
! Lower surface 807 | 0.77 0.86 0.90
| Aft surface 837 13.4 12.1 1.1
| Outboard lower surface 851 0.38 | 0.45 0.84
if Inboard surface 862 4.88 | 4.27 1.14
' Top 874 0.02 |0.03 | 0.67
. Top 877 | 0.07 - 0.105 } 0.67
L OMS Pod | i
;; Base 784 4.90 E 4.7 1.04
‘ Nozzle shroud base 7780 7.08 7.41 0.96
Body flap trailing edge

'§ Upper center 233 14.2 11.6 1.23

Aft center 241 12.9 1.5 1.12
ngin trailing edge
| %405 span aft 640 13.6  13.2 1.03
. *40% span side 6499 1.73 1.63 1.06
‘iWing trailing edge

*60% span aft 360 3.49 3.51 0.99
1 60% span top 4699 .79 | 2.17 0.82
; OMS Nozzle
i Aft facing lip 180 | 7150 13.1 11.8 .1
1 R W SR | SRRy S S |
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TABLE 4.2 (Continued)
RADIATION PREDICTION COMPARISONS AT SELECTED LOCATIONS

Point Incident Rgd1ation Ratio
Location ol No. Btu/ft sec RAVFAC/
RAVFAC | GASRAD | GASRAD
Inbd facing exterior surface| 180 7152 6.66 5.93 1.12
| Inbd facing inner lip 0 7201 | 11.6 10.6 1.09
g Outbd facing inner 1ip 180 7251 ; 0 0.005 -
E RCS Aft Nozzles 8 and 9 ;
| Inbd facing inner 1ip 0 | 9502 | 9.75 8.90 .10
! Outbd facing inner lip 0 9652 { 0.01 0.10 0.10
| Inbd facing outer lip 180 | 951 | 5.82 | 4.92 1.18
/| SSME Nozzle 1 |
| Hat-band 2 top - outbd 0 | 7402 | 0.3 0.33 0.94
| *Exit manifold top 270 | 7880 | 1.3 | 10.7 1.05
| Hat-band 2 top - inbd 270 | 7482 | 9.14 6.62 1.38
| Hat-band 4 top - inbd 270 | 7484 ||  3.63 3.68 0.99
© Hat-band 2 aft - outhd o | 7502 | 1.59 1 1.12 1.42
| *Exit manifold aft - outbd | 90 | 7530 | 16.8 1 17.0 0.99
*Exit manifold aft - inbd 270 | 7580 | 27 | 25.7 1.06
© Hat-band 2 aft - inbd 270 | 7582 | 11.0 ! 9.20 1.20
| Hat-band 4 aft - inbd 270 | 7584 | s5.20 | 5.23 0.99
' SSME Nozzle 2 ; '
" Hat-band 1 top 135 7741 | 7.56 1 5.87 1.29
" Hat-band 2 top 135 | 7742 | 6.1, 4.42 1.40
~ Hat-band 2 top 180 | 7752 || 102 | 1.39 0.73
| Hat-band 2 top 225 | 7762 || 164 | 1.20 1.37
! Hat-band 1 aft 135 7841 12.6 | 10.3 1.22
| Hat-band 2 aft 135 | 7842 9.28 7.06 1.31
" Hat-band 2 aft 180 | 7852 3.93 3.76 1.05
! Hat-band 2 aft 225 | 7862 4.00 2.63 1.52
iET Base
*Center 8000 2.96 2.84 1.0
| 57.1 inch radius - top 0 8330 2.81 2.77 1.01
| OIS NN RSP IS S S—
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TABLE 4.2 (Continued)
RADIATION PREDICTION COMPARISONS AT SELECTED LOCATIONS

S A I T
| Point i Incigintfigdiation Ratio
Location I o Pl
57.1 inch radius - bottem | 180 | 8339 | 2.20 | 2.07 .06
*108.4 inch radius - top 0| 8670 || 1.92 1.65 1.16
- bottom | 180 | 8679 | 0.93 0.88 1.06
154.2 inch radius - top 0 | 8950 | 0.13 | 0.2 0.62
' - bottom | 180 8959 ; 0.02 0.021 0.95
Il ET/SRB aft support
| *Upper Tink - aft 775 | 1. 1.50 1.14
| Lower link - aft 825 | 1.72 1.71 1.01
f SRB aft support post ‘
" Outer lip 30 | 671 | 9.23 | 5.9 1.03
| SRB skirt ;
| *Outer lip - top 0 | 2109 | 5.31 4.78 1.1
- side 9 | 2139 | 1.40 150 | 0.88
*Base web - top 0 2500 | 3.68 % 3.28 Co1.12
SRB base curtain 45 | 2317 i 9.0  9.73 1.00
~ SRB case/skirt ring { ‘ l
| Aft facing web - top 0 | 6503 | 414 370 | 1.12
' Inbd facing rim - side | 90 | 6535 .23  2.27 0.98
~ SRB stiffener at X =1733.56 ’ ;
Aft facing web - top 0 | 6303 || 313 |28 | 1.09
- side 90 | 6333 | 3.6 3 | 1.0
Outside rim - top 0 | 6305 3.54 ' 3.33 1.06
- side 90 | 6335 1.53 | 1.49 1.03

* Points used in developing the RAVFAC plume model.

NOTES: 1) O is measured clockwise from the axis of the surface in the negative
Yo direction from the Orbiter. For the SRB und ET it is measured
from the top (positive Z ).

2) Nozzle hat-bands numbered forward starting with the one next to the
1ip manifold.
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2 and 3. This results in an over-prediction by tnhe RAVFAC model. The success
of the RAVFAC umodel at the fourth hat-band (Points 7XX4) is fortuitous.

On SSME nozzle 2, the over-prediction at hat-band 2 (Points 7XX2) is similar
to that of nozzle 1 except for the points at O = 180° (Points 7X5X). At this
point, nozzle 3 is so close to nozzle 2 that the initial disk surface of plume 3

is shaded by rozzie 3.(Refer to Fig. 2.1 for engine position.)
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Section 5
RECOMMENGED THERMAL ENVIROMMENT

The recommendations resulting from this study have been ii.corporated in
the radiation environment presented in Refs. 1 thru 3 to provide a sea level
prediction with multiplying factors to account for altitude variations.

The adjustments to the sea level predictions made using the RAVFAC program
and plume model were generally minor except on the SSME nozzles as indicated by
the comparison with GASRAD predictions in Table 4.2. The adjustments were
judiciously applied using comparisons at known points as a guide to points with
similar orfentations or lucations. Because of the pocr agre ..ent between the
RAVFAC and GASRAD predictions on the SSMI nozzles (Table 4.2) 1t was necessary
to increase the number of GASRAD predictions in this regior to assure the RAVFAC
results could be properly adjusted. It is recommended that the RAVFAC plume
model be revised before it is used for further radiation studies on the SSME
nozzles.

Altitude adjustr.nts were divided into three ranges: 0 to 40 kft., 40 to
160 kft., and cver 160 kft. Double letter codes were provided for each point
with the first letter designating a curve depicting the variation in adjustment
factor from 0 to 40 kft and the second letter designating a heating rate cf
160 kft and above. Between 40 and 160 kft a linear variation with altitude is
assumed.

The altitude curves for 0 to 40 kft were determined by plotting the altitude
to sea level radiation ratios for data in Table 3.2 which were 0.1 Btu/ft2-sec
or greater at any altitude. The result is shown in Fig, 5.1 with the solid

curve selected to represent the current data, while the Jashed curve shows the 1976
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trend (Ref. 5). The curve of altitude ratios Was used to determine points for
construction of the family of altitude curves illustrated in Fig. 5.2. The
higher curves generally apply to points with low heating rates which are shaded
at .ea level and get a better view of the plume as it expands. Points which have
a good view of the plume at sea level are characterized by the lower curves. The
lower curves decrease relatively slowly at low altitude to represent the per-
sistance of the large Mach disk and shock structure in the plume. One of :hese
curves was assigned by the first altitude correction code letter to each point

in the base region based upon (1) its view of the plume, and (2) the results
reported for a similarly located point in Table 3.2.

The second letter in the double Tetter altitude code specifies the radiation
at 160 kft. It represents either a fraction of sea level heating or a fixed rate
as shown at the top of Fig. 5.2. These are the same altitude correction codes as
used in 1976 for the environment at 160 kft, and are determined using the vacuum
plume preiictions in Table 3.2. For points receiving significant radiation from
the vacuum plume model, one of the ratios was used, while for points with
neyligible radiation one of the fixed rutes was used depending on the predicted
heating or the uncertainty due to recirculating gas and other undefined plume
features.

Althouah the SRBs are separated before 160 kft, an environment was specified
at 160 kft to allow interpolation between 40 kft and 160 kft. In assigning the
160 kft correction factor for the SRB, the predicted heating of the inboard sur-
faces of the SRB by the reversed gases from the SSME/SRB plume impingement was
considered, and in some cases, this condition determines the environment specified
at 160 kft rather than the anticipated radia“ion from the vacuum plume. Radiation

from the SSME/SRB plume intersection region was neglected.
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NOMENCLATURE
Symbol
Fl Hy0 Mole Fraction
F2 N, Mole Fraction
P Pressure
R Radius
T Temperature
JA Axial distance from nozzle exit
n Angle used in vacuum plume definition

;--_‘,_ —_

-~

psfa
inches
R
inches

degrees

| Symmetrical sector in which vacuum
plume properties are defined

View looking aft

Three-dimensional geometry used for the vacuum plume
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e 90300 .3400,000 47520
77.600 «000 3029.000 2.8800
97.300 3029.000 2.8800
110.000 « 000 3029.0N0 2.8800
59.nM00 3029.000 2.8R00
+J00 «100 3063.0N70 3.0200
- . T%«200 3063.C00 ° 3.0200
50,000 «nON 3063.070 3.3200
69.300 3063.000 3.0200
77.600 +NON 2581,0N0 1.4400
97.300 2581.000 1.4400
116,000 «220N 2581.0M0 1.4400
e ,590300 2581.0N0 14400
«000 + N0 2639.,000 1.5800
75200 2639.0M0 1.5800
5G.000 « 000 2639.0N00 1.5800
69.7%00 2639.000 1.5800
77.600 + N0O 1.070 0010
... 97.300 1.000 +0010
110.000 « 000 1.000 «0010
59,000 1.000 «0010
«000 «"00 1240,200 32.0110
Tel0D0 1375.920 78.6370
17,000 1672.370 119.,1439
15.000 1735,660 142.0%80
2N.r00 181¢€,370 176.5430
25.000 1929.370 239.3830
SJ.n00 204 4,840 314.6130
3,000 2186.87%0 430.,3830
4N.NN0 22844577 5%8.8%90
45,000 2159.660 622.,2R00
57.n00 100.0N00 «0310
51,752 376,040 4010
51.96Nn 1725.810 JA1N
$1.962 1725.810 «0010
INNER SHOCK POINT IS NUMRER 1?2
10,050 «NO0 1240.2M0 32.0110
€arJ0 1375.420 7845610
17,000 16724240 119.1250
15,000 1735.570 142,0430
20.000 1816.180 176.5150
2%.700 1929.260 239.,3710
IN.NO0 2044,710 314.5810
3c.N00 2196.4°0 430.,2910
4n.nNon 2283.160N 557.3040
45,000 2151.690 617.0020
S pon 100.000 «aN10
A73

. d g T Y

. «7500

Fi
«7500
«7500
«7500
«150Q

7500
7500
« 7500
« 7500
7500

~.e7500Q

« 7500
« 7500
«7S00
«7500
7500
« 7500
« 7500
« 7500
« 7500

7500

7500

oL

-

N

x
e e et i

«7500
«7500
+ 7560
+ 7560
7560

7560

« 7560
« 7560
e 7560
+ 7560
« 7560
+ 7560
« 7560
« 7560
«6000
«6000

«7560

+ 7560
07560
« 75680
«7560
+ 7560

_e75%60

7560
+ 7560
«7560
« 7560

o i iy oo et



FLCW FIELD (CONTINUED)

e Y 4 ETA R 1 P Fl
5.000 106.0¢0 52,221 3N9.67%0 .0010 + 7560
i 62,330 2401.070 .0010  +6000 o
52,331 24N1,070 0010 «6000
- _INNER_SHOCK POTNT TS NUMBER e
5000 «000 1240.200 32.0110 e 7560
e _Senp0 1373.910 78.3360 e7560
10.000 1671.8R0 119.0710 «7560
i 15.000 1735.300 142.,0540 « 7560
o 2€.000 1928.940 239.3320 7560
37.000 2044.330 314,4810 « 7560
e 3f.000 2185.460 429.2250 47560 e
40.n00 2279.130 552.7610 « 1560
i 45.000 2127.980 601.4430 « 7560
52,697 399.490 .0010 o 7560 _
52705 3141.,650 «3280 «6000
52,707 3141650 .37280  .6000 o
INNEQ SHOCK POTINY IS NUMBER
5,300 .000 1200.200 32,0110 7560 -
S.000 1371.420 77.9630 7560
e e e e e e e 17,100 1671.270 118.9830 07560_ .
15.000 1734.850 142.0720 e 7560
) 20.000 1815.180  176.2830 47560 -
2%.000 1928.400 239.2570 « 7560
37.000 2043.710 314,3010 « 7560 R
35,000 2183.770 427.8070 e 7560
B ) 40.000 2272.600  545,3940 7560 B
45,700 2090.5N70 576.4310 e 7560
sM.rp0 100,000 «a010 « 71560 B
53.R04 368.860 «0010 « 7560
£, 812 371¢.822 6140 +6000
53.814 3716.820 «6140 «6000
. INNEP SHOCK POTNT TS NUMBEP -
5.100 +000 1240.2N0 32.0110 « 7560
SenC0 1365.440 77.0580 + 71560
17,000 1669.,810 118.7630 e 71560
15000 1733.770 142.1020 « 7560
20.000 1813.640 175.,68960 « 7560
25.000 1927,040 239.,02%0 « 7560

e s e

IR TG P PP - S e

]

313.7900 7560
424.4200 + 7560
$28.1520 « 7560
$19.1010 « 7560

I0.NO0 2042.170
38,000 2179.730
4%.000 2007.300

$0.000 100,070 +0010 « 7560

R 67,649 100,000 .0010 «7560 .. ——
6 .659 2589.070 +3740 «6000
67.903 25%4.220 «3730 «6000

INNEP SHOCK POINT IS NUMRER 12

$.007 624940 «N00 12403.2"0 32.0110 7560

A74



B o e e sy

FLOW FIELD (CONTINUED)

- z ETA

o $.000 62.94g
-~“50300 _";;.9QD
| 5,003 180L.000
14,177 « 000

. SR e et =
s

R
5.000
12,200
15,000

20,000

2%+Nn00
30,000
35.000
40, 000
45,000
50.000
77.538
77.548
77556

INNER SHOCK POJI'T IS

« 00

. —5900.

1T.000
15.000
2N« ™00
25000
3".000
.3%,000
“noﬂoo
45.000
50.00”
$5.000
59,783
_.+000
S.nO0C
10,000
1%.n00
204000
25.n00
30,000
3Ir.nO0
47,300
45,100
S3. 700
£5.000
60,000
« NCN
000
'17. 000
1%+ 000
2N 000
. 25000
30.000
3%. 000
4n, 000
45,000

T

1357.4M0
1667.830
1732.280
1811.470
1925.120
2040.070
2174.310
2238.070
1912.670
. 100,010
100C.000
984,810
984,400

1240.2C0
1356.850
1667.770
1732.180
1811.320
1924.,980
2039.920
2173.940
2236.810
1907.020

100.0n0

961.920

416.390
1240.200
13192.,220
1654.150
1721.270
18N01.200
1909.260
2024.3%0
2138,.,150
2149.0N0
2012.270

917.620

S”R4,450

489,840
1155.,700
1583.750
1662.920
1735.960
1815.140
1933.010
2043,210
2144,560
2127.310
1840,160

A75

. P
75.8230
11844550
142,1210
175.3090
238.6080
312.9400
419.9300
5$06.1700
449,0910
0010
.0010
«0010
«0010

NUMBER
32,0110
75.739"
118.,4330
142.1210
175.266N
238,5760
312.8760
419.6280
504.7290
GU4,6%30
«0010
212.1700
5.8520
32.0111n
66.8%30
116.0220
141.6350
175.1670
233.2670
3IN3.059N0
391.0450
400.8630
293.5240
19.6000
2.0590
«9360
23.4990
89.6610
124.9660
151.6250
183,3720
46,0330
315.9050
395.,52512
382.6630
240.5230

F1
7560
#7560
« 7560
¢ 7560
7560
«7560
«7560
7560
«7560
¢ 7560
e 7560
+6000
«6000

« 7560
e 7560
« 7560
e 7560
« 7560
o« 7560
« 7560
«7560
«7560

+ 7560

o 7560

+ 7560

» 7860
07560
+ 7560

« 7560

e 7560

« 7560

e 7560

« 7560

e 7560

« 7560

« 7560

« 7560

e 7560

« 7560

+ 71560
«7560

« 7560

« 7560

¢ 7560 ‘
7560 __
« 7560
«7560

« 7560

« 7560




ST A

g Oy ek o © ) ~SETHRAILH te WORLaY 7T

Vel R U e 8 vk e N

s T

! K e )

——
PO |
3

i

FLOW FIELD (CONTINUED)
I S ETA R T P
14,170 «000 50,000 851,590 24,1490
e 55,000 628.2%0 3.5730
6".000 485,810 09260
65000 4314280 . _ _e7470 _
- M.000 33%2.030 5870
!- U 72,858 284,450 <4830
* 72.868 8740,830 168,8890
75.162 4740.8%0 168.8890
INNER SHOCK POINT IS NUH?EQ
18,170 1.540 . __ 000 _1155.700 23,4990
€e00N 1533,770 89.6560
I 10.000 1662.920 124,9640
15.000 1735.950 151.6240
— - 20,000 1815.130 183,0670
25,000 1933.000 246.0280
- - e .._30.000 2043.200 315.8990
35,1000 214%&.550 365.,5170
. — - 40,000 2127.320 3R2,6740
[; 45,000 18840,220 280.5410
“ S0.n00 851.7%0 24,1690
$SS.000 628,350 3.5750
(Z ... 60,000 485.840 29260
:. 6700 41]1.320 «T4T0
, 70,000 332,090 570
72,303 293.9M0 4660
72.313 4740,830 168.8890
T4.N41 4740,.870 168,5890
e e . INNER SHOCK POINT IS NUMRER ]
14,170 24040 «000 1155.700 23.4990
S«000 1533,7P0 89.6520
10.n00 1662,910 124.9630
15.000 1735.,950 151.6220
20.000 1815.130 183,3640
e e e e e - 25.0Q0 1933,000 26,0250
32,n00 2043.270 315.8940
3%« 0N 2144,.550 395.5110
4%.n00 2127.3%0 382.6030
45.n00 1840.270 240.5540
57.n00 851,870 24,1230
U . __...5%.000 628.4N0 3.5760
6N 000 WA5,860 09260
65,000 431,350 o7470
70.r00 332,140 5870
71,930 300,210 4810
71.940 2780.260 6.0200
e _13.696 2730.040 58660
INNER SHOCK POINT IS NUMBER
14,170 11.180 «300 1155.700 23.4990
000 1532.260 89,3840
17.000 166<.690 124,8810

A76

Fil
«7560
«7560
e 7560
1560

«7560

o7560

7560
7560

«7560

« 7560
«7560
« 7560
o 7560
e 7560
7560

07560
7560
7560
«7560
«7560

_e1560

e ——n i — i

« 7560
7560
«7560
¢ 7560
« 7560

e 7560
o 7560
« 7560
«7560
«7560

« 7560

7560
«7560
« 7560
«7560
« 7560
07560
7560
+ 7560
7560
«7560
«6020

.. .«6020

+ 7560
+ 7560
e 7560




FLOW FIELD (CONTINUED)

e

st

[ d

pasg ey

P i

: 2 . . ETA
o
1“-173;00320
14,177 3C.4AD
14,170 43.950

e T P
15.000 1735.710 151.5360
20,000 1814720 182,8480
25.000 1932.59%0 245,79170

.. 30,000 2042.810 315.5740
35.000 2144,0%0 395,.,11020
43.000 2128.0°0 343,2700
45,000 1843.610 241,.,4610
50,000 8584960  25.175N
ST.n00 631.760 3.6530
60.000  487.4N0 «9300
6S.000 413,590 7530
66,578 389,440 06950
66,584 3510.010 8.4120
60,769 468,840 8.,2700

INNER SHOCK POINT IS NUMRER

_. - 000 1155.700 23.4990
€.n00 1528.610 88,7040
12.000 1662.120 124,6720
15.000 1735.110 151.3160
2C.000 1813.,770 182,2990
<%en00 1931,.,560 245,2190
3% 000 2041.87%0 J14,7650
3%.n00 2142,740 394,3690
43.000 2130,0%0 384,7750
4%.npn 1851,940 243,7210
STe.c00 876,970 27.7280
55000 640,240 3.8460
6000 491.200 «9790
3743 4u3,430 5240
637353 4160,510 10.7780
65,937 4137.360 13.6900
INNER SHOCK POINY IS NUMBRER
«N00 1155.7N0 23.4990
10.000 1661.210 124,3030
ifen00 173%4,160 150.9690
2%.000 1812.070 181,410
27,200 1929,.,970 Q44,3040
Jn.n00 20040.29%0 313.4900
Ife.000 2140.7N0 3924440
40100 2133.160 387.1910
“€,000 1868.760 247,2150
53.P00 904,960 31.8670
5%.000 653,570 h.1870
6MenND0 496,950 9530
62.784 488,370 oB8840
62,1794 8227,.8°0 11.5000
65.n093 8227.9%0 11.5029
INNER SHOCK FOINTY IS NUMBER
«000 1155.7N00 23,4990
A77

1%

14

1

i, S T S e i .

R i i

Fl.
7560
1560
7560

o 1560
o 7560
«7560
«7560
« 7560
e 7560
e7560Q __

«7560
7560
«6020
«6020

7560
«7560
7560
« 7560
07560
7560
«7560

« 7560
7560
«7560
« 7560
«7560
e 7560
«7560
«6020
«6020

e7560
« 7560
e 7560
o 7560
¢ 7560
«1560
«7560
o 7560
e 7560
« 1560
e 7560
07560
e 7560
«7560

e s g .

«6030
«6030

«7560



,
P s stz |

-

TR TR

P e e,

T

z
- l“ol’O

v i g e b

e s

141170

14,179

“FL6s FIELD (CONTINUED)

£TA
43,950

$7.4710

7C.92C

R 7
$.N00 1511.310
17.N00 1659.430
15,000 1732.280
2", 000 1808.860
S€eN00 19264670
3n,000 2037.250
35,n00 2136.720
40,000 2139.550
4S,nN00 18A8.9%0
£Ne NG 959,490
5%.n00 679.170
60,n0N 5N7.440
bU. 872 449,360
bh,u82 3986.650
INNEQ. SHOCK POTINT IS
« 000 1155.700
c.000 14960150
17.000 1657.100
15.100 1729.8%0
20.n00 1804.650
25.000 1922.410
0.r0n 2033.370
35,000 2131.610
4N.p0Nn 2148.3120
4s,n0n 19184520
€7, 700 1028.990
5,000 T711.420
6NeNCO 519.680
65,100 459,580
M.npn 397.8%0
71.134 383,590
71.146 159,640
73,138 3112.000
INNE® 3HOCK POINTY TS

oNPO0N 1165,700
€.100 1477.8°0
10.r0N 1654.310
18,000 1726.910
$7.000 181€.020
2°.000 1917.300
3ren0n 2028.770
38,000 21254680
4N, "g0 2159.400
4%, 700 1951.180
5r.n00 1109.820
58,000 747.6%0
67.r00 532.380
6%.n00 §77.270
1% r00 421.310

A78

p

85 4820
123.6%910
150.2020
179.,7130
242.,4910
310.9030
3Ir¢.,2620
392.1500
253,8010
40,3710
4,7260
«9780
«8390
11.52711
t. 4870

NUMBER
23.499D
A2.6580
122.84600
169,3880
177.,4700
26341240
3IN7,7u440
In5,1729
398,9400
261,878
51.9680
S5.4467
1.,0N70
«8630
«7150
«6810
9.4920
9.3590

NUMRER
23,4990
79.2%00
171.82%0
163,324
129,9380
237,.,2990
In3.9310
380,3890
407.5340
270.7090
46,3370
6.2%50
1.03%80
«9060
« 170

18

i6

F1l

e 7560
« 7560
e 7560
« 7560
7560
» 7560
« 71560
7560
«7560
«7560
o 71560
«7560
+ 7560
«6030
«6030

»7560
+7560
<7560
«7560
«7560
+7560
«7560
«7560
«7560
27560
27560
e7560
<7560
«7560
«7560
. 7560
«6060
«6050

7560
« 7560
07560
7560
e 7560
«7560
¢ 7560
« 7560
« 7560
07560
+ 7580
« 7560
07560
° 7560
07560

J N ——,

P

[N Y

P



A ——. Srnte v s
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FLCW FIELD (CONTINUED)

Zz ETA
144170 73920
14,170 844410
141790 85.410
4

4 2, o
QOA '}') [«5\
[(CP
14,170 18L.000

R T P
75,700 3644460 «635C
82.000 3064680 4960
B4e531 253.510 «3690
84,541 2247.970 S5.2960
86.144 22064040 5.1250

INNER SHOCK POINT IS NUMBER

«000 1155.700 23,4990

e 000 1457.110 75,3860
17,000 1651.210 120.,6910
1%.000 1722.670 147.1390
2T.000 1812.320 186.8090
2%.Nn00 1911.5°0 234.1470
37,000 2023.6%0 299.7350
35.n00 21194170 375.1640
4uNenD0 217246730 417.7880
45,000 1984.710 279.8420
$7.000 1197.870 82.8730
5%.n00 784,140 7.0070
60.000 544.670 1.0670
65.000 494,160 e9U60
77000 443.470 «8240
7€.000 392.470 « 7020
87sN0N 341.280 «5790
8,700 289.870 45610
97«00 238.27%0 «3320
9€.000 1864360 2080
100.n00 134,260 «0830
105.000 100.070 <0010
117.n00 100.000 «3010
111.740 10C.0N0 0010
111.750 929.870 0010
111,846 927.270 «3JN10

INNEF SHOCK POINT IS NUMBEP
« 00 1155.700 23,4990
SeN00 1455.490 75.0860
10.000 1650.970 120,6030
1S.n00 1723.420 147.,0480
20.000 1811.8%0 186.5670
25.000 1911.140 233.9040
37000 2023.290 299.4150
35.n00 2118.6P0 374.7660
40,000 2173,.,6°0 418.6N80
47.000 1987.190 280.5150
£0.000 12044560 84,1630
SS.000 786,710 7.0600
6N.000 545,550 1.3690
«NON 1155,770 23,4990
5.000 1340.470 $3.6620
I1Cen0N 1634,850 114,7220
15.000 1706,840 140.9960
A79

18

24

F1
«75¢€0
e7560
«7560
6160
«6170

e 7560
o 7560
« 7560
« 7560
«7560
« 7560
«7560
e7560
«7560
«7560
« 7560
« 7560
« 7560
e 7560
e 7560
« 7560
« 7560
«7560
e 756C
27560
« 7560
« 7560
«7560
e 7560
«6380
«61380

7560
«7560
7560
«7560
«7560
«7560
7560
7560
* 7560
«7560
7560
7560
«7560
* 7560
«7560
+7560
«7560



S T
WA}
, '

o
" v
2

———

7
144170
! 23.332
{
i
|
) 23,330
21,330
o

K L B

|

g qung

ETA

1sL.000

.000

3.320

3.820

FLOW FIELD (CONTINUED)

R
20.000
2%.000
3g.C00

e e 350 000

40,000
4%e 000
50.000
£5.000
60,000
.. .—....o000
5000
1f.000
15.000
20.n00
25.0n00
3N. 200
35,0000
40,100
4%.n00
50.p0N
55.000
60.000
6%+ 000
1%. 100
TN.283
70,293
1%.162

INNER SHOCK POTNT IS

« 000
c.N00
13,000
1%.N100
20.000
2%« N00
3%+ 000
I®«000
40.r00
4%.000
50. 000
5%, 100
60.r00
&5.N00
68.570
69,580
72849

INNER SHOCK POINT IS

« 000
s« 000
10+.700C
15.000

o s g s

T
1778.370
1a81.380
1998,290
2090,870
2177.270
20304362
15524270

933,450

732.080
1199.110
1675.340
1692.130
1723.540
1810.390
1929.370
2051.590
2143.810
2135.420
1781.800
1306.360

835,210

633.590

538,190

492,590

490.0N0
£0504670
50504670

1199.110
1675.340
1692.110
1723.510
1810.3%0
1929.300
2051.5%0
2143.,830
2135.500
1782.060
1306.7%0

835.670

6334790

538.2°0

505.720
5050.670
5050.67C

1199.110
1675.340
16%2.110
1723.500

A8O

P
167.1070
217.7500
278.9960
351.,7690
420.7610
314.5110
150.2490

2243060
7.9330
40,9420
116.6030
123.4720
135,4590
174.3220
236.9750
5164540
392.1310
387.4960
236.1660
72,7550
11.6680
2.3730
1.0520
9420
«9 360
254 .4 440
254 .,4440
NUMRER

40,9420

116.6020
123.4650
135.4440
174,.,2900
236.9320
316.4120
392.1220
IBT7.5550
236424060
72.8250
11.6870
23760
1.2520
«9 740
2544040
2544440
NUMBER
40.9420
11646010
123.4620
135.,439Q0

Fr
« 7560
« 7560
« 7560
1560
« 7560
« 7560
2+ 7560
« 7560
« 7560
«7560
« 7560
« 7560
« 7560
« 7560
« 7560

o 7560

+ 7560
« 7560
«7560
« 7560
« 7560
.7560
« 7560
«7560
«7560
+ 7560
« 7560

+ 7560
« 7560
« 7560
+ 7560
« 7560
e 7560
«7560
e 7560
27560
« 7560
« 7560
e 7560
« 7560
« 7560
« 7560
« 7560
« 7560

«7560
7560
7560
7560

SRS —

s b T T



o=

g gy P

z CTA

, '”‘"""""‘———-.*_j f. HOA% 3.820
- “":::":23. ‘3 30“ lj.. 470
11::m;__ ff:?30 214630
- 2%.330  3C.780

FLCW FIELD (CONTINUCD)

R T P
20,000 1810.320 174.2790
2%.000 1929.280 236.9180
_30.000 2051.510 316.3980

. . 3%000._2143.,830 392.1190
40,000 2135.5°0 387.5740
45.000 1782.1%0 23642720
S0.n00 1306.910 72.8470
SS.000 8115.820 11.6930
60.N00 633,860 23770
.65.000 538,320 1.0%520
68,231 §508.920 +9810
68,241 3865.940 21.7110
T2.534 37%4.320 20.3900

INNER SHOCK POINT IS NUMRER 1S

«000 1199.110 4p.9420
..854000 1675.320 116.5840
10.n00 1691.910 123.3630
1%.000 1723.100 135.2510
2T«N00 1809.560 173.8730
25.000 1928.3°90 23643650
IN.NOD 2050.890 -315.8600
35.000 2143.,780 392.0050
40.np0 2136.530 3R8.3320
4%.000 17854390 237.,29170
SN 000 1312.220 73.7270
5S.000 841.7%0 11.9400
60,000 6364480 2.41A0
62,570 552.460 1.0860
63,580 18%6.190 £3,.,7980
68,260 3812.2R0 5147550
INNER SHOCK POINT 1S NUMBER 14
«000 1199.110 40.9020
S.1M00 1675.320 116.5480
10,000 16914490 123.1470
15.1700 1722.220 134,8410
<0.000 1807.910 172.9810
2%«nCO 19264420 235.1440
30.n00 2049.510 J14.6690
3c.r00 2143.5°0 391.7R20
40,000 2138.720 3R9,9840
45,000 1792.540 239.5540
SNenp0 1323.770 75.6190
§5.000 8544640 12.4800
6Nen00 6424270 25000
6N.690 633.840 244380
67,700 140,870 69,6660
65,792 4130.840 68,9180
INNE® SHOCK POINT IS NUMBER 14

«200 1199.110 4G.9820
S.000 1630.080 10?7.7%00

A81

TR R

Fl

« 1560
« 7560
7560

7560 ..

«7560
« 7560
«7560

1560

7560

° 7560 .

7560
6690
«56680

7560
« 7560
7560
* 7560
«7560
«7560
« 7560
« 7560
« 7560
7560
+ 7560
7560
« 7560

« 7560

86720
«6720

« 7560
«7560
07560
« 7560
« 7560
« 7560
«7560
«7560
«7560
«7560
7560
7560
7560
+ 7560
+65760
6760

7560
7560

e e, bt S

Wie W

- gt
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i FLOW FIELD (CONTINUED)
# 2 £TA ) T [
23.330  30.780 10,000 1690.860 122.8260
i' 1%.000 172C.9N0 134,2240
. 27,00 18N5.477 171.660
L 3 25,000 1923.420  213,2800
37,000 2047.390  312.8360
35.000 2143.460 361,5170
40,npg0n 2142.010 3192.4570
45,000 1873.4%°0 242,9890
5N,n00 1341.0%0 78,3790
} L 55,000 874.070 13.2920
59.511 6564940 2.6730
59,521 41%5,610 72.0u80
65797 4135.570 72.0670
INNER SHOCK POTNT IS NUMBER
23.330 45.9%0 «.000 1199.110 40.9420
e e e e R . 5-!}00 1631.380 1N8.0110
10,1000 1689.460  122.099N
Q 15.000 1717.859  122,7990
i 20700 17994533 168.4950
2%.000 19164300 228.8230
37,900 2042.240 3N8.3940
2 ] 38,000 2143.650 391.,2450
P 47,000 2149.550 398,1230
45,000 1829.440  251.,14990
‘ SN.nNO0 138G.430 84,3480
i 56,000 919.070 15.1640
: t¢0.0n00 671.2¢3 29240
. 62,673 637.490 246470
} 62683 4006,3%0 €4.3030
: 67.697 3993,610 615300
INNE® SHOCKF PCTINT TS NUMRER
; 23,330 61.170 +N00 1199.110 43.9420
! feNON 1664,4%3  114.5920
‘ 1N, 00N 1687.760 121.2030
, 17700 1713.963  130.973"
z 2,000 1791.790 16443990
x 2%.700 19064710  222,7R00
30.N00 2035,0%0  302.2250
35,000 2151570 365.9320
! 40, N00 2159.060 405,.,2530
45.N00 1864.240 262,125N
S0.000 1429.780 91,3520
€, 000 9614970 14,2450
6% rON 698,1N0 3.3200
6%.700 S567.340 1.1220
70000 525.240 1.0210
7T1.447 513,070 09910
T1.457 2910.4R0 22.150
TEe P30 2878,800 19.5%560
INNE? SHOCK POYNTY IS NUMRER
23.33 764280 «NULC 11994110 “009“20

o

13

14

16

Fi
«7560
« 7560
« 71560
+ 7560
«7560
«7560
«7560
«7560
« 7560
« 7560
« 7560
«6790
«6790

<7560
7560
7560
7560
<7560
<7560
<7560
<7560
7560
<7560
<7560
<7560
7560
7560
6840
684D

7560
« 7560
+ 7560
«7560
+«7560
«7560
7560
«71560
«7560
7560
« 7560
« 7560
«7560
« 71560
7560
7560
«6900
6910

7560

e —————— et

s e sy | |



oy Ppuy ey

FLCw FIELD (CCNTINUED)
o -2 ETA n
230330 76+280 S« 000
B 12. 300
15,000
20000
2%.000
3%. 000
35.000
47, 000
45.000
.50, 000
5%.n00
— 60. 1000
65.000
7% 000
75.000
.. 80,000
85.n00
9%.n00O
90, 399
90C. 409
924,184

22,330

91.4%0 « 0000
S 000
10,000
1%.000
<06 nO0
2%.000
30.ﬂ00
3%.000
4. 000
4%.000
s0.000
55,000
60700
654000
M« NDO
75.000
80.N00
135,000
135,929
136.188

INNER SHOCK POTNT TS

23.330 92450 « 000
Sen00
1%.000
1¥.000
2Ne D00
2%.000

30.000

&N ——— 4 S ———— e - &

T
1627.830
1686.000
1709,.530
17°6.430
1895.070
2025.940
2146,.,590
21694620
1906.040
1484,060
1031.210

730.540
$80.760
S40.200
499,550
4584790
$17.90
376,980
373.710
3530.870
3486.,030

INNER_SHOCK POTNT TS

1199.110
1585.710
1684.420
1704.960
1776.083
1881.,9R0
2015.1%0
2140.640
2188.030
1957.770
1537.810
1100.0%0
905.8%0
650,430
$65.810
516.820
477.830
100.000
1n0.0n0
100.000

1199.110
1582.780
1684,330
1704.660
177%.3%0
1881.090
2007.6°0

~83

P
108.8100
120.,2390
128.8920
161.3340
215.3760
294 ,4280
391.5340
413.,1330
275.4880

97,1370

17.7110
3.8060
1.1540
1.0570

+9590
«8610
«71430
«6650
«6570
3.8920
3.6260
NUMBER
“009“20
102.1590
119.,3150
126.,7260
15642010
206.9590
285.2260
38642870
427.4130
281,.,9700
1N1.2830

21.4830

12.7630
245240
1.0940
1.0000

9070
3010
+0010
0010
NUMBER
40.9420
101.6980
119.2580
126.,5850
155.8%90
206+3R00
28341520

LR s i

Fl

«7560
« 7560
« 7560

o7560._. __.

«7560
«7560
«7560
«7560
«7560
+ 7560 .
«7560
«7560
«7560
1560
«7560
7560
«7560
7560
«7560
7130
«7170

7560

«7560
7560
7560
«7560
«7560
+7560
« 7560
« 7560
7560
« 7560
«7560
27560
1560
«7560
7560
« 7560

.e7560

26640
65640

+ 7560
« 7560
+ 7560
« 7560
« 7560
« 7560
e 7560

e ———ere -

e —— S

e s e e



? ETA
234330 92,450
23,330 18C.0NC
32,500 L3270
g
!
‘ Ir.8017 £.160

|
|

Eidokts v ool 7 s

FLCW FIELD (CONTINUED)

n
35.700
40,000
45,000
€N, 00C
5 €. N00
60.000
¢5.n00
72,100
75.000
60 ngo

« 100

.00
12.n00
1€.000
20.000
.25.000
3".N0N
35.000
47, 00N
45,000
50. 000
5%.700
6"e N00
6%.000
MNenan
75700
80.009

«NQN

5.N00
10, 700
1«00C
2N, no0
2%.000
30.000
3% N0
41,000
45,.non
5N.nGN
5%5.000
60. 000
6%+ 000
67.707
674717
7%.162

INNER SHOCK POINT IS

« NOO
e NOO
17. 00
15.000
2% ron

T
<140.220
219g.010
1960.270
1541.210
1104 .440
900,570
648.,2N0

556.87%0

§17.950

479.0800
1199,110
1383.990
162,400
1689.440
1736.190
1828.470
1968.790
2098.490
2170.860
2078,.,4R0
1700.110
12R7.360

965.1N0

739.710

647,500

584,530

521.0%0
1421.9R0
1678.,270
1676.3°0
1727.5%0
1822.410
1943,.,1N0
2067.470
2182.,720
212645R0
1779.,420
1392.420
1050.170

788.8N0

651.730

626.3%0
4891.7%2
4891.750

1421.960
1688.2R0
1676.310
1727.460
1822.,2%3

A84

)
385,9160
427.3510
283.6950
101.4620

21.7370
12.3230
2.4490
1.0960
1.,0030
«9100
40.9420
73.5010
117.,2830
119.8530
137.,1970
182.3280
256.,9780
3€1.6090
411,.,8970
357.5800
127.5210
44,0710
15,4310
53790
302330
1.8250
1.1270
7844370
119,2920
115.,9220
133.,7170
175.2720
241 ,6450
32642170
395,9440
3R3,3730
168.1410
64,2440
211560
be9160
J.1u20
29370
307.5000
307.5000
NUMBER
78,4370
119,289
115.,8950
133.6910
175.,2020

Fl
«1560
+ 7560
« 7560
«7560
«7560
« 7560
« 7560
« 7560
« 7560
« 7560
+ 7560
+7560
¢7560
«7560
« 7560

«7560

«7560
<7560
<7560
«7560
«7560
«7560
«7560
«7560
«7560
7560
«7560
<7560
«7560
«7560
+7560
«7560
«7560
«7560
<7560
+7560
«7560
«7560
«7560
«7560
«7560
«75460
«7560
+7560

7560
« 7560
7560
«7560
7560




R
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FLOW FIELD (CONTINUED)

2 ETA

32.500 5¢160
32.500 5660
32,500 13.820

T 32,500 22.480

p
25,000
3n.N00
35,000
40,000
4%, 100
50.000
S%.C00
6" «000
64,808
bu, P18
71.73n0

INNER SHOCK POINT 15

«C00

000
10.1n00
_1%.000
20.000
25.000
3”en00
3. 000
47, NO0
45,000
SNenNO0
5%.0Q0
6%.n0N
64.503
6,513
Tlebuy

INNER SHOCK POINT 1§

« 000
S« Q0
10.000
1%. 000
2%.N00
Ir, p0o0O
35.n0N0
40,000
4n, NOO
$0.000
5%.n00
606 NQN
604520
60.530
67,777

INNER SHOCK POINT IS

« 000
S+ 000
10,700
1%.000

T
1942.910
2067.280
2152.710
2127.020
1779.960
1393.150
1050.8R0

789.4N0
653.920
4891.750
4891.750

1421.960
16£8.22%0
16784290
1727.440
1822.220
1942.850
2067.240
2152.700
2127.110
1780,060
1393.300
1051.0%0

7T89.520

656.870
I813.0u80
37178.410

1421.960
1688.390
1677.860
1727.010
1821.280
1941.640
2066.100
2152.640
2129.680
1783.,220
1397.660
155,250

793.120

172.930
3817.320
3834.490

1421.960
1688,590
1677.000
1726,1%0

A85

P
241 45740
326.0620
395,9250
383.3230
168.4690
6% 43860
21.7280
6.,9400
3.1670
307.5000
307.5000
NUMBER
78.4%70
119.2990
115.8900
133.688N0
175.1880
241.4990
326.0310
395,9210
383.373Nn
168,5360
64,4150
21.2180
69450
3.1920
£8.8060
571720
NUMREPR
7844379
119.3350
115.77%20
123.5280
174.7710
240,7740
325.1120
395.8080
384 ,8540
170.,4820
65,2570
21.5240
7.0850
64540
90 .4220
82,2300
NUMBER
7844270
119.4040
115.421N
133,2190

1
«7560

«7560
+ 7560

1560

« 7560
«7560
« 7560
«7560
« 7560
« 7560
« 7560

« 7560
« 75640
+7560
«756Q
7560
« 7560
+« 7560
7560
7560
«7560
«7560
7560
7560
7560
+7260
+ 7250

« 7560
+ 1560
e7560
e7560
« 7560
«7560
« 7560
« 7560
+ 71560
« 7560
«7560
« 7560
« 7560
« 7560
+ 7280
«7270

« 7560
« 7560
« 7560
+ 7560

e m———— e



|

g’ FLOW FTIELD (CONTINUED)
‘ z ETA R T P
32,500 22.483 20,000 1819.430  173,9520
2°,000 19394260  239,3510
H 31,000 2063.860 33,3130
e 35,000 21524550  395.6060
47,100 2134.710  387.7430
45,000 1789.4N0  174.2°00
£7,000 14064170 £6.9050
56,00 1063.510 22.1270
52,006 £77.620 9.8870
o 58.n16 2829.3%W  111.2860
65.656 3811.,890 109,2270
| INNER SHOCK SOINT IS NUMBER 13
& 32.500  31.140 <000 1421.969 78.4370
5.000 1688.890 119.5060
10.000 1676.000  115,0600
3 e  15.000 1724.890  132.7660
20,000 1816.730  172.7560
25,000 1935.793  237.,2760
; 30.000 2060.610 320.7020
i 365,000 2152.480  395,3560
40.000 2134.440 387.1870
- ) 45,000 1798.380  179.7600
| 7eN00 1418.480 6942960
) 55,000 1075.,470 23.0100
_ 55,940 956.360 15,0660
3 56,950 3806.740 129.7600
: 65.104 3806.710  129.4770
INNER SHOCK POINT IS NUMBRER 13
; 32,500 47,200 «N00 1421.960 78,4379
§ S.n00 1689.680 119,78106
10,000 1676.830 115.3460
. 154700 1721.570 1315640
z 20.000 1809.610  169.5960
: 25,000 1926.660 231.8210
A 37.n30 2052.140 313.9080
| 35,700 2152.620 394,9450
{ 40 g0 2130.740 383.8940
45,000 1821.450 193.8560
57,700 1450,2R0 75,5100
55,700 11064560 25.3530
60.0C0 837.130 8.8810
60588 814,670 841060
6N 598 3776,.390 9845630
68,139 3772.6P0 93,0360
INNER SHOCK POINTY TS NUMARER
32,500 63,270 <000 1421.960 78,4370
54000 1690.7%3  120.1590
13.000 1677.970 115.7390
1,000 1717.060  129.9%60
20.N0N 1800.,060  145,3%40
A86

14

1
7560
¢ 7560
7560
«7560
«7560
7560
« 7560
«7560
7560
«7290
« 7290

« 7560
7560
« 7560
« 7560

«7560
«7560
«7560
«7560
7560

«7560

7560
«7560
« 7560
«7310
«7310

«7560
.7560
.7560
«7560
«7560
.7560
«7560
+7560
«7560
«7560
«7560
+7560
«7560
«7560
»7340
«7340

« 7560
¢ 7560
o 7560
¢ 7560
«7560

S

¢
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4
32,500

32,502

32.500

e e e e e

n
25.000
33,000
315.000
40.000
4"+ N00
50.000
56.n0O0
60.n00
65. MO0

~T77e104

70,628
70,638
77846

« 000

e ——5e000.

1%.n00
1S.c00
2N 00D
25,000
3. 000
35.p000
40, n00
4%. 000
SN. nOO
SSOPOD
67 NQ0
6%.000
7". nQ0
75.00N
80,000
8%,000
90. 000

93,397

93.0807
99,870

+ 000
R. MO0
10,000
15. 000
2%0.000
25. 000
30. 000
35.000
40, 200
45,000
£N.NO0
55, 700
670200

FLCW FICLD (CONTINUED)

T
1914.5N0
2041.020
21534540
21260740
1851.420
1491.4%0
1147.140

872.400
704,690
659220
6534520
1659.780
3644,210

INNERP SHOCK POINT IS

1421.960
1681,510
1679,3%0
1711.,590
1788,.610
1900.060
2028.050
2140.670
2123.340
188%,790
1538.550
1194.,120
913.770
780.390
635.870
5964100
S14.570
453.5%0
401.160
374.490
3255.8R0
3120,3%0

INNER SHOCK POTNT IS

1421.960
1640,.840
1681.020
1705.480
177¢,000
1884,290
2013.,7N0
2125.2%0
2121.2%0
1921.800
1587.760
1243,830

961,590

A87

P
2245460
304,9910
304,.,9420
380.2090
211.,9460

£3.6360
285260
10.4180
44760
4.0940
4,04870
45,1360
31.3590
NUMBER
78.4370
118.,9010
116.2290
127.9600
16042620
215.8930
294 .6050
384.4670
376.8400
232.4340
93.0600
32.3650
12.3220
10.1020
4.7430
2.2360
1.14600
«7920
«6N80
5440
4.7650
J.4880
NUMBEPR
78.4370
112.5750
116.7°10
125,.,7%0N
184,640
20644360
283.,8020
372.0250
374,3630
253.5640
103.0580
36.6360
14,9930

F1
1560
27560
«7560
o1560._ . _
«7560
7560
«7560
«7560
7560
«7560
7560
«7370
«7380

7560
1560
«7560
«7560
« 7560
7560
7560
«7560
« 7560
«7560
7560
7560
7560
7560
7560
«7560
«7560
e 7560
7550
7560
7480
7510

« 7560
«7560
«7560
« 7560
e 7560
e 7560
« 7560
+ 7560
«7560
« 7560
« 7560
«7560
e 7560




PR TR AT e 4

I FLOW FIELD (CONTINUED)
Z £TA P T P
32,500 95,300 65,000 774.140 6.6640
r 70,0000 714,300 S.4 760
? 75,700 616,620 245020
- ) 80,000 526.930 1.,2280
. 155,680 167,250 o1640
155,780 100,000 .0010
. 156,288 100.0N0 .0N10
) INNEP® SHOCK POINT IS NUMBER
32,500 96,390 .N00 1421960 78.4370
o S.n00 1638.190 112.1610
10,000 1681,120 116.8280
19,700 1705.0°0 125.6080
20.000 1775.200  154,2820
2%.000 1883.290 205.8360
. 30,000 2012.690 283,1950
[ e . 35,700 21244260 371,2480
40,000 2121150  374,20470
45,000 1924.0%0  254,.8610
£N.N00 1590.8N0  103.6R20
55,000 1246.930 16.9N90
67.n00 965.160 15,2650
o 65,1000 777.110 6.7780
77.700 716.090 5.4 800
75,000 617.910 2.5180
80.700 527.720 1.2320
32.500 1Ry.0N0 «000 1421.960 78.4370
£,h00 460,420 R4 .5N60
17,000 1687.5°90 119.0640
15,700 1682.610 117.4690
Z7.N00 1733.860 136.,0550
25%.000 1835.270  1P1,.,1120
37,000 1957.4%7  250.1570
35,000 2073.990  330.9640
4r.np0 2126.000 374.7670
45,000 20364370 318.1600
50,000 1740,6%3  163,7140
€%. 00 1421.970 65,4610
0000 1147.620 29,5520
67,000 933,530 13.6900
L 77,000 810,870 7.8150
7°.000 688,050 3.4430
. 87,000 619,270 3.0720
i 41,670 .0nrp oNGN 1608,770  109,3890
’ £.N00 16°0,760 120.1880
. 10,000 16R3.6%0 117.9130
I 19,000 174)1.147  138,8550
: 27,700 1845,500 186,3630
: 25.000 1965.570 2549230
. 30,000 2073.390  329.9270
. I 3°,000 2104.,1R0  357,4040
l A8
1o RSO B 0

18

Fi

«7560
«7560
«7560
«7560
+7560
« 7440
$ 7440

7560

$7560

«7560
«7560
«7560

«7560

« 7560
«7560

o 7560
« 7560
« 7560
« 7560
+ 7560
«75E0
« 7560
« 7560
« 7560
« 7560
« 7560
+75€0
« 7560
»7560
27560
« 7560
e 7560
7560
e 7560
« 7560
« 7560
« 7560
« 7560
+ 7560
« 7560
«7560
e 7560
e 1560
+ 7560
e 7560
« 7560
» 7560
« 7560
«7560
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FLOW FIELD (CONTINUED)
2 ETA P
41,670 «090 49,000
45,000
59,000
. 55,000

63,000

65.000

«“5,132

€% 142

75+162

« 000
S« NQ0
17.n00
1%.n00
27000
..-2%.000
30.nQ0
35.n00
4%, 000
45,000
S0.Npo
550000
60,000
61.n91
61,101
717,686

414670 7.050

INNER SHOCK POINT IS

e 41.670 74550 « 000
€.nQ0
17000
15.0n00
20e 000
25.100
30, 200
35.000
43.000
4%.n00
SNeN0O0
§%+ 700

60.#20
60,830
10,429

INNER SHOCK POINT TS

41,670 15.210 « 000

%e 000
17. 000
15.000
27« 000

2%.000

606000

T
1994 ,670
1727.9°0
1426.970
1155.600
934,660
804,310
802.870
4633.370
4633.330

INNER SHOCK POINT TS

1608.700
1690.820
1683.460
1740.940
1845,200
1965.110
2073.020
2104,410
1995.490
1729.010
1428.370
1157.030

935.9%0

894.970
4633,.,330
4633.330

1608.700
1690.820
1683.41%0
174C.910
1845.150
1965.040
2072.960
21N4.440
1995.610
1729.160
1428.,570
1157.260

9364120

905.350
3533.720
3625.840

1608.7N0
1691.0%0
1682.7%0
1740.270
1883,.810
196 3.470

A89

P
287.9300
136.,2150

65.0700
30,0960
13.6860
7.6550
7.6300
413.,3330
413.3330
NUMRER
109.30890
120.,2090
117.8u20
138,7820
185,8900
254,6430
329.6270
357.548N0
288.3560
136.,7940
65.3600
30,2230
13.7500
11.5430
413,3330
413,3330
NUMBER
109.3P90
120.,2120
117.8320
138.7710
185.,8650
254,.,6020
329.5830
357.5690
208,.,4180
136.,8790
65,4030
20,2010
13,7590
12.1000
104,8250
91.6200
NUMSER
1n9.3890
120.2840
117.5840
138.5160
185,2600
25346230

7560
7560
7560
« 7560

7560
7560
7560
7560
«7560

«7560
+7560
«7560

«7560.

«7560
1560

e ————— et

«7560
« 7560
«7560
« 7560
«7560
7560

e 7860
e 7560
¢ 7560
e 7560

o 7560
«7560
¢ 7560
e 7560
e 7560
«7560
7560
« 71560
«7560
« 7560
«7560
« 7560
« 7560
«7560
+ 7850
« 7550

+ 7560

07560 _

+ 7560
«7560
« 7560
« 7560




]

I R

FLOW FIELD (CCNTINUED)

L oem spesemsne S

INNED SHOCK POINT IS

NUMBER

2 €TA n 7 P Fl
41,67n 15.210 30.N0N 2071.640 32845770 e7560 ~
3¢, 700 21N5.2%0 388.,3770 o 75640
40,700 1998.,470 289.8980 «7560
S 4547200 17%2.690 128.8950 « 7560 .
5Nem0N 1433.440 66,4150 « 7560
Sfen0O0 1162.2%0 30.6850 e7560
57,470 1075.37%0 19.1750 «7560
E7.480 3533,940 132.2110 « 7550
67322 3540,140 125.,4170 o 1550

e e i e

+ 00 16N8,700 1n9.389N ¢ 7560

000 1691.410 120.4150 «7560

1N.N00 16R1,520 117.1180 « 7860

17,000 1738,950 18,0580 « 7540

\ 27.N00 1841,410 1P4,175° o 7560

! _2%«000 1960C.5°0 251.8690 7560

: 37.N0O 2069.2%0 326,6700 «7560

35.000 2176.,720 359,0130 «7860

4n.rg0 2003.5%50 292.5210 «7560

4, NO0 1738,990 142.,4680 + 7560

57.N00 1842,170 68.2200 « 7560

S%e000 1171.110 31,4810 +7560

58712 1154,.,940 29.9680N « 7560

§€e 322 3513.56N 154,5950 « 7850

65,529 1516.4%0 151.,0150 « 7550

INNER SHOCK POINT IS NUMRER

« 000 1608.700 1n9.3890 « 7560

Fan0O 1691.,940 120.6700 «7560

‘10100 1679.870 116.5N90 «7560

17ergn 1737,170 177.4120 «7%60

20.00N 188,030 1R2.,6470 « 7560

QRLN0D 1956440 249 ,.,40580 «7560

3".”00 2065.9’3 324.,3620 « 71560

35,000 2108.870 360,310 e 7560

. 42, "C0 2010.620 29641450 «7560

{ 4%,00N 1747,7%0 147.,4110 7560

! 50.n00 1454,130 70,7370 o7560

S4.371 1215.870 35.6660 «7560

i $4,381 494,390 175.7260 « 7550

i 676115 3494,560 175,0360 + 71580

INNER SHOCK POINTY IS NUMBEPR

«N00 1608.770 119.3890 + 71560

e D0 1693,.570 121.1400 o 75¢0

1N.700 1674,792) 114,6810 + 7560

15,700 1732.020 135,5390 e 1560

2N«"00 1828.370 178.,2u440N « 7560

27eNDN 1944,780 2682,3400 e 7560

37000 20564680 316.6840 e 7560

3°.000 2115.4R] J64,6470 e 7560

‘ ©".nOD 2028.660  305,2720 7560
l A90

L
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41670

41.670

414672

41.6170

ETA
ug.150

64,770

81.390

90,010

FLOW FIELD (CONTINUED)

4 T P
45,000 1772.170 161,0820
50.000 1407.740 77.8320
£§5.000 1218,450 35.85u4N
9,352 10%2.160 20,1520
59,362 3503.880 135.0740
6%, %00 3575.620 127.4140

INNE? SHOCK POINT 1S NUMBER 13
«N00 1608.7N0 109.3R90
f«000 1695.,670 121.8910
17.000 1675.3N0 114,860
1%.000 1725.010 132.9890
27.00C 1815.190 172.3060
25.000 1929,1°90 232.8920
3N.000 044,420 3I07.,0020
1,000 2125.340 I71.1220
40,700 2033.310 307.8400
45.000 1803.410 178,2220
SN, r00 15304640 87.0420
S5.000 1263.760 40.2660
62,700 1033.070 18,9510
65000 865.260 9.2100
67,199 815,190 8.264N
6%.209 3440.1%0 65,5410
79,739 31393,670 £1.1620

INNER SHOCK POINT TS NUMPER 15
«N30 160G8.770 109.3090
om0 1698.390 122.8350
17.700 16764220 115.882N
17,000 1716.4°0 179.,8R80
27+ 000 1799.470 165.1710
2%.000 19104693 221.66410
37.000 2030.260 295%5.9100
35.000 2121.360 3167.2800
WC.rd0 2040,690 312.28}0
WS, NON 1838,.,460 196.9460
SN, 000 1578,720 °7.5750
5% r00 1315,540 45,504"
¢C.000 1081.,7%0 21.8280
6%.000 991.060 19.7160
77000 834,399 8.7430
15,700 686,480 3.6%10
8N, 000 5%56.370 144540
85,000 468,950 «1580
97,700 399.2%0 &SN
S4,719 360,440 «3600
94,729 ¥0%56.860 9.4350
104,705 29%8,360 4.4160

INNER SHOCK POTNT IS NUMBLP 20
+NO0 1608,.,700 1r9.3890
“eN0N 16R2.3°0 120,5%00

A91

F1

¢ 7560
¢ 7560
7560
07560
7550
« 7550

o 1560
«7560
« 7860
+ 7560
« 7560
« 7560
¢ 7560
«7560
e 7560
27560
«7560
«7560

Yean

LR B XY,

7560
7560
« 7550
«755%0

¢ 7560
e 1560
« 7560
¢ 7560
e 7560
» 1560
7560
«7560
7560
«7560
«7560
« 1560
e 15460
«7560
« 7560
«1560
+ 7540
« 7560
e 7560
« 7560
e 7560
« 7560

7560
« 7540

e st
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41,670

41.670

41,670

€TA
98.010

99.010

18C.000

CFLOM FICLD (CONTINUED)

P 1 p
10.7M00 1681.7R0 117.0820
15.000 17064960 126.4190
2l NOC 1782.1%0 157.3100
2%.000 1890.5%0 209.4470
I0.n00 2013.520 203,9440
35.000 2134.78D 3S4,.1550
41,1700 2050.870 318.7280
4S.n00 1874.110 215.3650
£7.n00 1627.4°0 108.5350
$5.n00 1369.350 51,4810
6T.000 1177,400 25.9610
6S.00N 956.240 13.2780
700700 Po5e2:7 94580
75.000 711C.290 3.9380
87,000 571,950 1.5470

172.948 172,960 1560
172.958 2260.970 «J3010
173,807 2245,.,3'0 «0Nn10

INNER SHOCK POINT IS NUMRER

«0N00 1608,700 1n9.3890

“« 000 1681.050 120.3510
17.n06G 1682.,0N0 117.1570
1%.000 17N8.370 126.,2040
20.000N 1781.110 156.8260
2%.rgn 1889,363 208,7040
3”0000 2012.270 223,190
3%.n00 21N3.77°0 353.3711
40,100 2051.570 J19.1 710
45.0n00 1976.270 216.4260
57«00 1630.3%0 109,.,1P80
S%.r30 1372.570 €1.8430
67.nN0% 114]1.060 26,3720
tSenn0 959,50 13.4%40
7T7.000 867.0%0 9.5020
75.n00 T711.770 3.9%80
N, N00 872,930 1.5%30
« 6N 16N08,7N0 109,.3890
$enN00 15°}1,310 106,8610
17000 1694,890 121.6220
1. 000 31873.6%0 1164,2730
21.n00 17?3.220 136.3160
SF«000 1831,312 179.6230
IN."0N 1947.770 284,2?260
35.n0N 20%4.910 J316.9480
WN.n00 2097.7¢0 3%3.0N90
45,00 1973,270 262.375N
SN."0C 1758.2°0 151.2230
55.000 1532.9°0 83,4830
60,1700 1317.610 84,6540
6%.nQ0 1125.,3%0 23,3100

A92

Fi

« 7560
« 7560
e 71560
« 7560
«7560
e 7560
«7560
«7%60
« 7560
« 7560
o 7560
« 7560
« 7560
2+ 7560
+ 7560
« 7560
«7320
« 7320

« 7560
+ 7560
o 7567
« 7560
e 7560
« 7560
« 7560
« 7560
+7%60
« 7560
«7560
« 7560
«7560
+ 7560
« 7560
+ 7560
« 7560
« 7560
e7560
e 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
«7560
e 7560
+ 7560
« 7560
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50.83C

53.831

RIS Do v o

41,670

50.830 __ .

FLOW FIELD (CONTINUED)

A T P
10.000 968,990 12,1230
7%.000 8544820 77,9390
8N.000 6P3.070 3.2340

«000 17C3.0N0 124.,4940
S5«000 16914610 120.5%560
17.000 1697.6°0 123,2650
15.000 17664+510 149,.,9090
20.00C 1872.280 199.,0690
25000 1986.,520 267.7930
30.n00 2071.,710 327.633N
3%.n00 2038.540 306.4720
40,000 1883,490 209,0750
45,000 1695.7410 123.7890
57.n00 1485.110 69.2630
55000 1273.5%0 38.0540
60.p000 1081.620 19,7610
62557 1056.240 19.6880
626567 44464,670 195,0000
Te162 4446,670 495,0000

INNER SHOCK POINT IS NUMRER 14
«0N00 1703,000 124,4940
TeDO0 1691.710 120,5R90
17,100 1697,.290 123.1180
1%.000 1765.820 19,5870
20.n00 1871.560 198.7410
2%.000 19864080 267.2761
27,000 2071.060 327.12370
3R.000 2039.,410 307.1080
4N, ngN 1884.610 209.5210
4%.700 1697.3%0 124,1990
SN.000 14R7,.,160 69.7380
SeCQ0 1275.900 38,3210
57.454 1176.510 269290
ST.Ub6U 4U446,670 495.0000
694723 U446.,6TT 495.,0000
INNER SHOCK POINT IS NUMBER 13
«N0O0 1703.000 124,4940
£en30 169..723 120.5930
17. 000 1697.250 123.1010
1%.000 1765,740 149,5500
2%.n00 1871.490 198.,7030
25.000 1985,990 267.,2170
3NeD00 2070.,9R0 327.0800
IS."00 209,510 InN7.1P00
40, noN 1884,740 209.5720
4%.N00 1697.510 124,260
S0.00N 1487,390 69.7930
55.N00 1276.170 38.3510
57.215 1185,.440 27.6090
57,225 3293.9N0 150.0930
A93

Fl

« 7560
« 7560
«7560
7560
7560
7560
¢ 7560
07560
7560
«7560
7560
7560
«7560
7560
« 7560
7560
«7560
«7560
7560

« 7560
+ 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
« 7560
+ 7560
«7560
« 7560
«7560

7560
7560
«7560
7560
« 7560
« 7560
« 7560
+7560
«7560
7560
e 7560
7560
7560
+ 7550

UL
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4
50.830

50,930

L. m~w,m‘m Coemewa e
'] . . .

$0.830

50.830

50,830

ETA
9.500

16.650

24,310

31.960

4% .550

FLOW FIELD (CONTINUED)

R
69,492

INNEP SHOCK POINT IS

« NGO

5+ 000
10000
15,000
20 N0
2%.N00
37,000
35.0Q00
40N, NOC
45,000
5% rgn
Su,u39
S4Uesll9
66,898

INNER SHOCK POINT IS

« 100
€.Mnn
10 200
15.n00
20+ 00
254700
30.000
2n.m00
42,100
4%.000
5ﬂ.nnc
524617
524627
65.U14

INNER SHOCK PQINT IS

« 700

S« 000
10, 0N
1%.n300
20emp0
25.0N00
3. QN
3‘.”00
4Qe.rQ0
45,000
57« npN
51.305
$1.818
6%.12¢

INNER SHOCK POTINT IS

« 00
e N00
10.nQn

T
2291.170

1703.000
1691.940
1696.340
1764,150
1869.8230
19A4,080
2069.490
2041.520
1827,.,470
1701.1%0
1492.090
1305.270
32824300
3288.730

1703.000
1692.320
1694.8%0
1761.510
1867.0%Q0
1980.840
2367.040
2044,850
1892.070
1707,.140
1499,810
139°6,370
3265.920
2268.740

1703.000
1692.820
1692.760
1757.910
186343%0
1976.500
2063.7°0
2049,.,370
1898.210
1714.,860
151C.1?20
1435.1°0
325064410
325U.570

17G63.000

16°94,.030
16%7.770

A94

p
133.2000

NUMRER 17

1724.4940
120.6700
122.7630
148,8090
197.9u480
266.,0300
325.9480
308.6410
210.7240
125.1859

70.8820

42,1080
172.0900
164,5440
NUMBER 1
124,4940
120.7970
122.1980
147,5730
196.,6R90
264,.,0610
324.0880
311.0590
212.8910
12647370

72.6800

$3.4020
191.3680
1Rr3.0440

NUMRER 12

124.4947
120.97C0
121.4267
145.8900
14,9710
261.3960
321.6120
314,3270
215.,8130
129.,0280
75.0970
59.4220
209.6840
208.6080
NUMRER 1
124.4940
121.3020
119.5550

S e S ——t s -

F1l
«7550

«7560
«7560
«7560
«7560
«7560
«7560
+7560
<7560
«7560
«7560
+7560
«7563
«7550
+7550

o 7560
«7560
7560
« 7560
« 7560
« 7560
«7560
« 7560
« 7560
«7560
«7560
«7560
«7560
« 7560

«7560
«7560
+7560
«7560
«7560
<7560
<7560
+7560
«7560
«7560
.7560
«7560
«7560
+7560

7560
7560
7560
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FLOJ FIELD (CONTINUED)
b4 £ra R

50.83°0 454550 15.000
20.000
25.000
3%.p00
35.M00
40,000
45.000
5M.N0O0O
Sle 727
I S4Ue737
674565

INNER SHOCK POINT IS

56.140 « 00N

Se 000

10.n00
e e 15.000
20000
2%.000
30. Q0
3%.nQ0
40,0100
4c.000
50.700
5%. 000
6M.n0C
€l1.658
t1.66R8
74,526

$0.830

INNER SHOCK POTNT IS

5N7.830 T7<e730 « 000
“e Q0
1%.pa0
15,000
2N. 000
25700
37000
I%.ron
40.N00
45.n00
ST.Nn00
5%.N00
67000
6. 000
70. 000
75.100
T¢.435
T 445
8R,617

INNER SHOCK POTINT IS

5D0.830 R6e320 «N00

T
1752.170
1854.470
1966.210
2056320
2060.110
1912.920
1730.620
1531.420
1341.140
3254.840
3255.970

1703.000
1695.670
16814160
17645.,450
18u42,.,820
1953.020
247,310
2073.9%0
1930.970
1750.6°0
1555.440
1356.060
1165.830
1107.,980
3238,.830
3225.4%0

1703.000
1697.4R0
1680.649
1737.290
1828.,9P0
1937.550
2037.5”C
2090.260
1947.660
1774.050
1583.240
:386.100
1194.750
1022.750

860.150

701160

637.380
J137.620
3066.490

1703.000

A95

p
143.6340
1°0.8720
2559.,3710
315.9200
322.05%00
222.7010
13646800

80.389N
46,2380
179.3030
171.,2200
NUMREP
1244940
121.9190
117.3750
141.,1680
185,5190
246,9590
378.9989
321.8900
231,7480
146.,3570
R6.6360
48,2980
2545630
20.9070
131.8%6"N
108.35%0
NUMBER
124.4940
122.55%90
116.8180
1%8,1570
179.1050
237.4330
J01.4120
Ju3z. 346l
244,.,1160
157.5130
93.8u60
§2.4770
27.9880
14,1710
7.3480
3.5110
3.,2340
61.0860
35.3300
NUMRER
124,4940

F1l

e 7560
o 71560
«7560
o 7560
« 7560
e 71560
« 7560
¢ 7560
« 7560
« 7560
« 7560

«7560
«7560
7560

«7560

«7560
27560
« 7560
«7560
«7560
« 7560
¢ 7560
«7560
e 7560
« 7560
« 7560
«7560

« 7560
7560
«7560
« 7560
«7560
«7560
«7560
«7560
«7560
« 7560
«7560
« 7560
+7560
«7560
«7560
«7540
«7560
« 7560
« 7560

7560

T e o — oe——————
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n

S.Nace
1n, 000
1%.00n
2N« 000
<%eN0N
3n0q00
3%« N00
47,000
4%.100

T
1699.610
1623.670
1727.960
1813.480
1920,550
2027.740
2084.430
1966.040
1799.470

50.00N 1613.360

55.100
6T.N0N
654000
17.000
75.000

. ..-80.000

85,1090
91.000
95. 000
100.000
1044690
104.700
117,388

INNER SHOCK POINT IS

« CON
e NON
10.000
15,100
27« MO0
2%+ 000
I7. 000
I%.000
40.n00
45.n00
S MO0
5€.000
€J. 0100
65.000
70,000
715.000
GP.noo
85.00"
9N 000
188,217
188,227

1418.,630
1226,080
1056.520
895.600
739.120
609.860
514,130
430.300
375.120
329.350
279.890
2785,.890
2700.720

1703.000
1700.970
16596.780
1717.810
1797.020
1902.890
2013.900
2071.1%0
1985,1%0
1825.590
1644160
1451.860
12604570
10°91.230

931.6%0

777.710

641,820

544450

459.8R0

141.500
2262.510

189,535 2256.8R0
INNER SHOCK POINT TS NUMBEP 2
.000 1703.000

e 000 1701.020

[ FLOW FIELD (CONTINUED)
? ETA
$50.838 864320
.
[ .
50.83C 99.920
.
504830 100,920

10.n00

16%97.010

A96

P
123.2870
117.8610
134,.,6880
171.8780
22649490
293.7350
338.6510
257.5140
169.5210
101.6150

$7.0240
30.6630
16.7250
8.8970
4.,4040
2.1080
1.1190
«5850
«3530
«2110
«1200
T.6020
5.8640

NUMBER 22

124.,4940
123.7580
118.9250
1%0.8940
16441640
216.0340
2P4,3610
32845240
271.2110
181.7100
109,5110
6146920
34.7R30
19,5690
10,5370
5.3700
246150
1.4330
8160
0120
0010
0010

12444940
123.7730
119,0030

Fi
e 1560
e 1560
«7560
.7560
«7560
« 1560
¢ 7560
«7560
« 7560
7560
e 7560
«7560
« 7560
«7560
« 7560
¢ 7560

«7560
«7560
«7560
<7560
+7560
«7550
«7530

7560
7560
7560
7560
7560
<7560
+7560
7560
<7560
7560
+7560
7560
7560
«7560
7560
7560
7560
7560
7560
7560
<7370

7370

« 7560
+ 7560
«7560

P YR
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FLCW FIELD (CONTINUED)

2
50,830

50,830

63.03C

60,000

g A, SGAALS AN s . 0 -
S .

ETA
10C.920

180.000

«000

11.000

R
15,000
204000
25.000

-30.000..
35.000
40.00
454000
€Te 700
55.000
60.:00
65+000
72. 100
75000
§0.000
85.000

< 1 e ————————— b ke -

T
1717.050
1795790
1901.590
2012.530
20704260
1986.560
1827.500
16864410
1454 ,280
1263,270
1093.7¢0
934,270
780.510
644,170
S46.810

9C.000. 462,180

« 000

e n00
1C. 000
150000
<0. 000
25.000
37000
3S.000
40.nO0
4%5.000
57« 000
L8.nQN
60. 000
65000
7041700
7%.000
87,000
8%;000
9MeNQN

200

e nNON
10. 000
15.000
20.0Q00
25.0n00
3%. 000
35.rQ0
47,000
4%5.000
57000
55,000
£9,982
57.992
154162

~+NCO0

1703.000
1704.450
1698,.500
1684,4N0D
1743.840
1838,420
1945,620
2033.920
20564310
1915.670
1748.,930
157C.000
1398.2N0
1214,.,000
1058.,320
913.660
T74.100
663.670
S74.,400
168 9.6R0
1698.,283
1737.270
1816.170
1915.4070
200N8.320
20284340
1950.710
1806.8%0
1646.150
j470.300
1292.070
1129.780
4320,0N0
4320,.,000

INNER SHOCK POINTY 1§

1689.680

A97

P
130.6070
163.5880
215.,2300
283.5180
327.8170
272.2100
182.5950
110.0850
62.0330
35.1470
19,7790
106.6590
S.4420
26540
1.4%570
«8360
124.4940
125.,0280
122.9040
118.1760
140,9490
183.,8410
242,1980
299,0950
320.1230
226.3790
146.,9170
89,7860
52.6610
30,1430
16,8520
9.7680
5.5490
3.2100
1.9460
119.8470
123.1180
138.,8200
172.9550
222.7090
280.9250
298.,4010
2513390
173.7940
108.909N0
64,3510
18.9160
22,7840
540.0N00
5u0,0000
NUMREP }
119.,8470

Fl
«7560
+7560
7560

e 7560 _

« 7560
« 71560
«7560
«7560
«7560
«7560
7560
«7560
« 7560
«7560
«7560

o 7560

«7560
7560
7560
+ 7560
+ 7560
¢ 7560
«7560
7560
«7560
«7560
«7560
7560
«7560
«7560
«75¢0
«7560
« 7560
7560
7560
«7560
«7560
« 7560
« 7560
«7560
« 7560
e 7560
«7560
« 7560
+7560

«7560

7560
«7560
o 7560
7560

e 7560

B T T
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FLCW FIELD (CONTINUED)

2 Lo
- 60.000 1o

—‘ ; " 60.000}1.500
6C.0a0  18.150

hﬁr 60.00C  25.290

e S RS A e i1

R T P
S.000 16984160 123.3730
10.n00 1736.520 138.5120
15.000 1814.990 172.39%0
20.000 1914,320  222.0280
25.000 2007.140 280.1840
17,000 2028.070  298.1370
35,000 1952.120 252.2480
45,000 1648.340 109,4%50
5N.000 1472.690 647070
57,913 1333.540 44,8260
7,923 4320.,0N0  $40.0000
6P. 842 4320,0N0  540,0000
INNER SHOCK POINT IS NUMBEP
«N00 16P9.680 119.8470
__%en00 16984150 123.0690
12000 1736.450  138.4840
15.000 1814.880  172.3430
20.000 19144220  221.9650
25.000 2007.030  280.1150
3N.n00 2028.080 298,1120
35,000 1952.250 252.3320
40.000 1810.880  174,6800
45.000 1648.540 109,.5050
SNengn 1472.910 64,7640
' 53,715 3044,710 194,9250
6°£38 30U9,760 17642460
INNE® SHOCK POTNT IS NUMBER
«0N0 1689.690 119.8u47N
S.700 1697.970 123,0000
10,000 1715.220  137,9850
1%.000 1813.,070  171,4350
27,000 1912.430  220.9160
2%.N00 20054110 278.9170
30,000 2027.670  297,6970
3%.000 1954.530  253,7990
4000 1813.880 175.9R870
4%, N0N 1652.080 110.3RS50
50,000 14764770 65,7460
Slelt1 1425,7°0 $7.9920
51,451 2031.690 211.4270
66451C 3037.900 203,5470
INNER SHOCK POTINT IS NUMAER
+000 16894620 119,8470
Ce 00 16974690 122.8910
10,000 1733.,300 137,.,2010
15,000 1810.230 170.3110
27. 000 19094450 219.4490
2%.N00 2002.130 277.,0490
A98

F1
7560
« 7560
«7560

« 7560

«7560
7560
«7560
7560
7560
«7560
7560
e 7560
«7560

<7560
«7560

VO |

« 7560

«7560

«7560
<7560
<7560
«7560
«7560
«7560
«7560
«7560
<7560
«7560

«7560
« 7560
«7560
« 7560
«7560
e7560
+ 7560
e 7560
e 7560
e 7560
« 7560
« 7560
o 7560
«7560

7560
27560
+7560
+ 7560
7560
« 7560
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[or—r

[ ep—

g

[

L et

I e

FLCW FIELD (CONTINUED)

Z

63.300

63.000

bjodbo

630333

ETA P
25290 30,000
3%.000
41,000
4%.,000
49,927
47,937
65312

INNER SHOCK POINT IS

« 000
000
lﬂ.con
15.000
29.”00
254000
30.000

32.440

- - 3%.000

47,000
45,000
49,243
494,253
654150

INNE® SHOCK POTINT IS

46220 « 000

. N0N0
1. 000
15.n0n
2. Npn
2%.000
IN. e
35.000
4N, NN
45.000
5M. 100
£7e 292
5%« 102
67,792

INNER SHOCK POTINT IS

6L.020 « 00

T« 0G0
10. 200
15.000
27.000
2% .700
3n.000
I5.N00
4r,noC
45.n00
57.100
55.000
€7, 194

T
2026.990
1958.090
1818.540
1657.5°90Q
1485,340
3018.750
3021.260

1689,.,6R0
1697.310
1730.750
1806.4°0
1905.530
1998,230
2026.240
1962,760
1824 ,640
1664,720
1517.110
IDG6.430
30064510

1689.680
1676.290
1724.140
1796,.,8%0
1895.4%0
1988,290
7024.710
1974.710
1840,1%0
1682.8%0
1510.4%0
143G.700
3007.88R0
30n8.320

16R9.,6%0
1694.890
17154370
1787.,010
1382.3%0
1975.600
2023.530
1990.0%0
1859,.,870
1703.940
15358.520
1363.3%50
1217.180

A99

[
297.0750
256430820
178,0190
111.7530
67.9760
221.8930
224.,6840
NUMBER 11
119.8670
122.,7450
136.,1640
168.1330
217.5170
274.6020
296.3100
259,0630
180.6670
113.5%70
76.3030
243.6320
242,0900
NUMPER 11
119.8470
122.3%80
133.4620
16342760
212.510
268.3660
2°4.6130
26646190
187.3520
118.3820N
T4.2770
58.6780
215.1160
205.,2790
NUMRER 12
119.8470
121.8280
129.8780
19,0680
206,0730
260.3R60
292.9700
27641930
195.7660
127.79840
80.5807
49.3110
3045820

Fl
7560
7560
«7560

7560 .

«7560
7560
«7560

«7560
«7560
«7560
7560
«7560
7560
« 7560

7560

«7560
« 7560
« 7560
+ 7560
7560

7560
+ 7560
7580
«7560
« 7560
«7560
+7560
7560
+ 7560
+7560
+ 7560
«7560
« 7560
e 7560

e 7560
« 7560
o 7560
o 7560
7560
« 7560
«7560
«7560
+ 7560
e 7560
« 7560
« 7560

07560.

© e R

'
[ "
© s
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FLO4 FIELD (CONTINUEDN)

2 £TA R L P F1 e
/ 60.000 60.020 59.404 3002.900 167.2460 «7560
75.173 2997.660 135,1150 +7560 -
INNET SHOCK POTNT IS NUMBER 13
60,000 73.810 __.000 1689.6R0 119.8470 o7560
5,000 1693.110 121.1510 <7560
1N,000 1706.270 12641560 «7560 -
15,000 1775.900 154,5640 «7560
20,000 1866.7N0 1 ;,2140 «7560 o
25,100 1960.,770  2%1.0u40 «7560
e 30.000 2023,250 291,7990 »7560
35,000 2008.110 287.2630 «7560
40.N00 1879.510 207.1890 <7560 -
45.N00 1728.360 138.5420 «7560
5,000 1564.410 87.7910 «7560 B
£5.000 1394.900 53,5190 «7560
e - 67,000 1229.370 . 31.7%2N «7560
65.000 1078.210 18.2620 «7560
: 70.000 936,200 10,7830 «7560 o
! | 77.641 834,770 742950 «7560
- 73,651 2944.430 84,5500 7560 L
: 9",194 2880,080 43,0260 «7560
{ . INNER_SHOCK POINT IS NUMRER 16
¢ I 60.0C0 87,6C0 <000 1689.680 119.8470 «7560
£.N00 1690.940 120.3290 +7560 L
10,000 17744170 125,3370 <7560
l 15.000 1763.160 149,3780 «7560
20.000 1849.,180  189,4040 «7560
25.000 1944.580  240,7960 07560 )
l 3N.N00 2024,.,320 291.4420 «7560
3,000 2014.260 290.,1720 «7560
40.N00 1899.790 220.1000 «7560
4S.000 1754.760 149,9700 «7560
l‘ 50700 1595,470 95,4810 «7560
o St.nDD 1428.790 €8.39.0 07560‘ e
_ 67.000 1262.380 34.8420 «7560
j €5.000 1113.4R80 21,0810 «7560
i 70.030 973.190 126930 « 7560
75.000 8364710 7.3630 «7560 )
ENNOD 717,390 4,2050 «7560
[ , 85,000 620,760 2.5090 07560 _
90,000 S536.2R0 1.5020 +7560
9%,n00 471.750 «9340 ¢7560
N ' 1CNeND0  411.170 5470 +7560
& 104,829 353,380 ¢3150 ¢ 7560
- 104,839 2623,490 9.9160 7560
§ | o » 121,465 2059.5R0 3.9470 <7560 o
: INNER SHOCK POINT 1S NUMRER 22
: 63,000 101.390 +000 16B9.680 119,8470 «7560
{ 5,000 1688.910 119.5590 «7560
. | 10,1000 1701.520 124,3620 +1560
: ' A100

e, .-



A T

oy e

Nh Lt e e -

FLO4 FICLD (CONTINUED)

2 ETA R
60,300 101,390 15,N00
2N. 000
25.000
.3%.000

3s5,n00
40.000
45,000
5% poo
55.000
60.700
6%« n00
13+ 000
7%.n00
80,0100
8%.Nn00

- .——_90.000.

. —........60.000 _102.390.

9%.Nn00
201.n16
202.036
20,924

...+ 000
S«n00
10.000
15.000
<0.200
25.Nn09
3N.000
3§oﬂ00
47,000
45,100
50%.n00
$5.0n00
60,000
65.nQ0
704700
75.000
87, n0C
8%.00N

- . . 974000

9%.000
100.900
+ 000

%S¢ 000
1M, 700
.. 1%.000
2" U
25.000
3c.non

60.00C 180.070

35.000

T P
1749.290 143.7070
1870.470 179.9860
1927.760 230.1700
2015.800 2R5,6150
2012.690 287.9330
1920.,770 233.1530
1781.670 161.4100
1676.9%1 103.2000
1463.1M0 63,3570
1298.410 39,4690
1149.,710 26,3640
1010.4¢0 14,7060
876.600 8.6%30

753.130 4.9180
654,310 2.9440
569,610 1.8480
501.550 1.1600
188.350 «0290
1829.220 .0010
1818,740 «0010

INNER SHOCK POINT IS NUMRER 2

1689,.,680 119.8470
1698,920 119.5¢60
1701.320 124,.,25640
1748,260 143,2£830
1829.100 179.2930
19264540 22%.4000
2014,520 2P4,8070
2012.640 -97.8200
1922.2°0 234,0850
1783,600 162.2220
1629.180 103.,7490
1465.550 63,7130
1301.060 19,8490
1152.300 24,6010
1013.120 14,8530
879,440 8.,7270
755.710 4.,9710
656,720 2.9770
572.100 1.8760
503.720 1.1770
440.500 6980
1689.6%0 119.,8470
1690.520 123.1750
1688.120 119.2860
1705.760 125.,9220
1768.850 151.7580
1858,520 194,2210
19% 3,710 246.2080
¢021.75%0 2%9.9830
A0

.e7560

Fi
7560
«7560
«7560
«7560

e 7560
«7560
¢ 7560
e 7560
e7560
e 7560

« 7560
« 7560
e 7560
07560
«7560
e 7560

7560

«7560
e 7460

7460

27560
« 7560
« 7560
« 7560
«7560
e 7560
«7560
« 7560
27560
e7560
« 7560
+ 7560

e 7560
«7560
o 7560
«7560
« 7560
¢ 7560
e 71560
e 7560
+ 7560
«7560
« 7560
7560 .

7560
7560
«7560
«7560



‘ FLCA FICLD (CONTIN

2 ETA

672,000 1500090

' 80,000 . 3N0

%' 80.3C" 15.570
i

80.30C 16,030

GEE e B B sy

Ct mp———————

VED)

? 1 P
40,000 1990.290 273.9370
4°.000 1868.670 20243720
€N 00N 1727.900 138,4540
$%¢000 1577.440 90,3030
6NenO0 1423,020 S7T.4860
65.000 1271.380 36.5360
77700 113542650 225320
75,700 1010.040 14,3830
8CenN00 889,380 8.,8940
85.70N 782.0R0 S.4380
IN.NON 690,020 3.3980
95,000 610,280 2.1320

10%.000 5u42.600 1.3370
e 000 1692.,470 121.0690
S.000 1771,790 154,.,4350
10,000 1849,150 190.3870
1%.mn00 1917.420 22409120
23.000 1967.060 2%3.5700
2%.000 1977.,1N0 262.7%20
3IN.p00 18823.860 207.0020
35.000 17R2.,560 15843940
40.000 1673.5R0 116.8620
4,700 1556,520 A3.6990
STen00 1433,280 58.7300
S4.6T 1323,u460 42.0u70
S4.273 4107,.,570 523.0000
7%.162 41N7.5M] 520.,3200

INNER SHOCK POINT IS NUMPRER 12
«J00 1692.,4N00 121.0690
c. 000 1770.270 153.7750
1N, N0 1847,.,2%0 189,210
18,000 1915.7n0 223.9660
20.n00 19664380 253.058N
25.n00 1979.790 264,353N
IN,npN 1886.610 208.6°10
If.n00 1785,6%0 159.68200
4n.nQn 1677.120 118.0970
4S.pQNn 1560.530 f4,5910
46,559 1522.460 76,0760
46.569 4107.,500 520.0000
67.,22% 4107.5"0 $20.0009
INMER SHOCKX POINT 1S NUMBER 11

«000 1692.,400 121.0690

S 000 1770.110 153.77%20
10,00 1847,160 189,10630
15.000 1915,5R0 223.9047
20,000 1966.340 253.02750
25.700 1979.970 264,4580
37.0p00 1886.790  208.8010
3f.1CN 1785,.8180 159.97710

A102

F1
7560
7560
« 7560

«7560

7560
«7560
«7560
7560
e 1560
«7560
« 7560
« 1560
7560
¢ 7560
7560

«7560

«7560
7560
7560
«7560
« 7560
7560
7560
«7560
e 7560
« 7560
7560

«7560
7560
« 7560
27560
7560
« 7560
° 7560
«7560
« 7560
« 7560
1560
« 7560
« 7560

+ 7560
° 7560
¢ 7560
« 7560
1560
« 7560
«7560
«7560

B e

[
hroastt s 1 B«
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P T ee———



-

81.000

g P e

: 87,000

87,300

FLOW FIELD (CONTINUED)

ETA
16.030

214570

27.620

33.670

47.670

R T P
40,000 1677.350 118.,1770
45,000 1560.8N0 84,6490
46,410 1526.370 76.950N
464420 26944940 213,0780
67,074 2701,780 205,.,1680
INNER SHOCK POINTY IS NUMBER 11
+000 1692.470 121.0690
S.N00 1768,750 153.1620
10,000 1845.540 188,3%00
1%.000 1914,110 22%.0950
20.000 1965.790 25245950
294000 1982,270 265.8310
30,000 18R29,15D 210.2470
35,100 17988.550 161.2470
40,000 1680,320 119.,2330
45,000 1564,230 85,4110
4c,n43 1563.1°0 85,1790
45,053 2688.680 220.3140
65.801 2692.830 215.5470

INNER SHOCX POINT IS NUMBER 11
+000 1692.4N0 121.0690
SeN00 1766.820 152.350N
12.70n 1843,.280 187.2950
15.700 1912.070 221.9510
2N.Nn00 196%5.010 252.0010
25.00N 1985.5%0 267.,7730
3I0.r0N 1872.429 212.2910
31,000 1792,.330 163,3400
4N, NO0 1684,.,670 120.7200
44,097 1591.000 91.,3R30
44,107 26%2.1°0 22T7.7%50
654147 2683,320 22643827

INNER SHOCK POINT 1S NUMBER 10
«N00 1692.,40N0 121.5%90
fe MO0 1764,420 151.,3810
17.000 1840.,4%0 185,94%90
1%.000 1929,460 220.5850
27.000 1964,170 251.2910
25,700 1984,070 266.7120
30,000 1896.600 214,8040N
35.200 1796.980 165,2410
40, rN0 1689,.930 122.5450
43.666 1607.430 95.0160
43,676 2675.910 24,8570
65.22% 2676,.,330 232.6490

INNER SHOCK POTINT IS NUMBER 10
+ 000 1692.400 121.0690
€. 000 1757.060 148.2490
10.000 181,860 181.,8480
1700 1901,.,800 216.3480

A103

sl

i,

Fi

7560
07560
7560
7560
e 7560

7560
7560
7560
«7560
«7560
7560
7560
7560
+ 7560

7560 .

7560
«7560
e 7560

« 7560
«7560
« 7560
« 7560
7560
« 7560
«7560
« 7560
« 7560
«7560
«7560
«7560

«756C
« 7560
« 7560
«7580
«7560
«7560
+ 7560
« 7560
+ 7560
« 7560
« 7560
«7560

«7560
«7560
7560
« 7560




L

T D ey ey

FLOW FIELD (CONTINUED)

z ETA

) 80,000 47.670

- 80,003  61.680

| 87,300  75.690
.

i 80,707 85,700

R
20.000
2%, 000
32. 000
. 35.000
Qﬂ.ﬂoo
45.000
46,972
4h, 082
6%, 31¢

INNER SHOCK POTNT 18

«NGN
€. N00
1N, 000
15.n00
<T.N00
. 25000
3%.n00
3I5.00N
4N.no0
4S.c00
5% nooe
S4.NS6
S4.M66
76,489

INNER SHOCK POTINT 1S

« 200
S« "00
10,000
15.r00
2N« n30
<Senp0
37«00
3c.0nC0
4N.n00
4S.non
€0e D0
5%e000
6" ngn
6fF.Nn00
6B, 662
69,672
93,177

INNER SHOCK PUINT IS

«N00
Ses MO0
10.”00
1%.0n00
<7000
25030
3”7 QN

T
1961.,610
1979.5%0
1908.980
181C.9n0
1705.,650
1592.8130
1547.550
2679.,370
2691,240

1692,.,4N0
1747.270
1820.550
1892.020
1951.1N0
1974,5N0
1924,940
1828.770
1725.670
1615.200
1495,.,070
1396.010
2676.590
2665.,2"0

1692.409
1735.,120
18N6.7040
1877.950
1938,.,090
1969.,610
1943.850
1849,.600
1746,5%0
1639,.,290
1522.240
1401.540
1282.530
1170.140
1093.8%0
2640,.,4N0
256¢.770

1692.4N0
17204750
1789,640
186C.785
1924,010
1965.540
1964,910

A104

]
249.3110
263.4730
222.3180
171.7930
127.9630

91,7170
£1.6580
216.7170
2N6.5090
NUMBE®
121.0690
144,.1220
176.4300
210.9940
243,4690
259.7750
231.9070
180.3950
134.7980
96.9510
70.0120
53,0370
183.7440
1482,6710
NUMBE P
121.0690
138.,9950
169.7860
204,0820
276.3290
2%6.0620
243.11350
189,7250
163,2080
105.3150
76,0270
53.6580
37.2500
25,0000
19.0130
113.2400
62.1160
NUMBEP
121.0690
132.9190
162.0830
195.8940
228,6360
2%2.7380
255.4650

11

12

15

F1

+7560
«7560
+7560
. 7560
+7560
«7560
<7560
+7560
+7560

«7560
+7560
+7560
+7560
«7560
+7560
«7560
«7560
+ 7560
« 7560
«7560

«7560

*7560
7560

« 7560
« 7560
« 7560
+ 7560
o 7560
« 7560
« 7560
+ 7560
o 7560
« 7560
e 7560
« 7560
«7560
+ 7560
« 7560
+ 7560
o 7560

7560
* 7560
7560
« 7560
+ 7560
7560
7560
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A105

[ FLO4 FIELD ¢CONTINUED)
- Zz TTA e L P
80,000 894700 35,000 1871.810 201.0960
{; ,,,,,, 40,000 1771.919 154.1410
45,000 1665.470 314.2790
— e i . ..50.,000 1551.740 82,4770
- 5,700 1432.493 58.5199
60.000 1312,700 40.6550
) 70,000 1096.390 19,2180
72,000 996,480 12.9470
- —— 80.000 899,370 8.5470
#s,700 807.090 5.5920
- 972,000 T725.3%0 3.7280
9%.000 649,090 2.4780
100,200 S574.4%0 1.6120
107,930 539.940 1.26%0
e 102,640 2003.4%0 24.1500
129,993 2:75.000 7.5820
) INNER SHOCK POINT IS NUMBER 22
8$N.200 103,700 +000 1692.40N0 121.0690
£,N00 1704,350 125.9660
10,000 1769.03%0 153,3840
_ I 1%.,000 1842.170 186.9340
20,100 1909.680 220.7840
25.000 19624670 25041060
IN,n00 1970.410 2%58.3380
350000 1893,.8"0 214,1%80
un.ngn 1796.020 165.2%20
45,000 1692.290 123,3300
57.700 1591.930 88,9900
S%.,000 1463,.870 63.3160
¢N.non 1345,070 45,2870
65,700 1232.4+C 31.5690
M.m0N 1127.1%0 21.6370
- 7%.000 1027.690 14,6510
. 80.rg0 931.810 9.7280
i 8%.000 837,770 6.3880
) - S”.raf 75¢.5%0 44250
: 9%.000 679.740 2.9890
: l' 10%.000 505,950 1.96810
e 2c7:239 238,390 01220
’ 228,249 1253.6810 +0N10
. ome 231,936 1226.4R0 0N10
I INNER SHOCK POTINT IS NUMBER 22
o 82,200 104,700 « 200 1692.400 121 .0690
S.000 17N3.100 125.4380
e e e 10,000 1767.470 152.,72710
1%.700 1840.760 186.2740
2N.700 1908.670 220.2280
c%.N00 1962.570 2489,989N
3n,c00n 1970.063 257,7570

F1
« 7560
«7560
7560

o 7560

E—

O s e, s

« 7560
27560
«7560
« 7560
« 7560

7560

«7560
7560
+7560
7560
7560
v 7560
« 7560

7560
7560
« 7560

+7560

¢ 7560
«7560
«7560
7560
+7560
« 7560
« 7260
«7560
7560
7560
« 7560
«7560
7560
27560
«7560
7560
«7560
¢ 7560
«7560
« 7560

7560
« 7560
e 7560
7560
«7560
7560
«7560




F4 £y R
82,000 35, b0
40,000
45,000
———— e e 50enQ0

5%.N0ON

3 67200
* 6. N00
1N« NOO

g 75000
E7.00C

8%.700
9%.000
954000
1CN.000
10°.n00
11%.000
o N0
S.nNON

| 17«ng0
I 17.000
27«00

T . 254000
i I QN0
: Ir.no0
: 4P, ng0
é “‘.ﬁoﬁ
H £Nenga
5€.nQN
67 Q0
6F.000
77. 7q0
: 75000
i 0,000
: §°,000

; T FL™ FIELD (CENTINUED)
104,790
!

.t

80.300 18¢.000

. 97, 000
{ 9%, 700
: 1C0. 100
1Cc. 00
112.rQn
+ 000
.00
- 12.03n
lSQHUO

2T« Q0

<S.000

. 37+ 200
3% nE0

“30000

4%, 0N

4R, 744

| 102,000 (000

1
1895370
1797.740
1694,190
1584 ,070
1466.060
1367,330
1234.770
15294290
1029.870
934,080
840,159
758,760
681,910
508,150
540,090
981,370
1692,40¢C
1667.690
1687.870
1758,660
1894,310
1915.0%0
1963.110
1958.,940
1875,920
1777.690
1674.760
1566,093
140,799
1336.640
1229.060
1129,100
1035.800
CUb.6"0
858.223
781,260
717.2%9
636,570
576,570
1807.860
197,10
1976.3°0
1968.170
1908,610
1823,11C
1741,510
1660.090
15734650
1477.860
18N6.270

A106

P
215.0R20
1663360
123.966N
89.4470
63,7970
45,6347
31.8220
21.8080
14.7710
9.,8130
644700
44770
3.0260
19940
1.2960
«8%10
121.3690
112,3790
119.4650
149,1040
188,15650
223,.,8710
2%0.4 720
2%1.1720
204,5990
187.2290
117.3640
£5.2°752
61.150N0
43,9980
21.1150
2147750
15,1510
10,4240
6.9910
4.9700
J.465N
2.3730
16760
173.6550
27.929N
259.1820
253.9440
220.1250
175.4400
13,7120
110.0500
86,0200
6be30430
83,9760

«7560
7560
7560
«7560
«7560
«7560
7560
7560
¢ 7560
7560
7560
»7560
7560
7560
« 7560

o7560

¢ 7560
« 7560
« 7560
« 7560
7560
«7560
« 7560
« 7553
«7560
«7560
o T.50
«7560
« 7560
«7560
« 7560
«1560
«7560
« 7560
e7560
«7560
« 7560
« 7560
«7560
«7560
o 7560
e 7560
« 7560
e 7560
o 7560
<7560
« 7560
o 7560
+ 7560
« 7560

v e

[ ——

e i s i i
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FLOW FIELD (CONTINUED)

11

[+]

2 ETA P T P
100.000 +CC0 48,754 3917.5N0 425.0000
756162 3217,500 425,0000
INNER SHOCK POINT IS NUMBER
100,000 .. 20.25%0 . . __.000 31807.8690 173.,6550
S5«N00 1932.440 234.6710
17.000 1974,320 258.,0350
15,000 1969.2%0 25445990
29700 1913,910 22341120
25.N00 1828,.,270 177.7460
37«N00 1746.6F0 141.5900
38.1700 1665.360 112.0100
39,718 1584,260 88,9850
39,728 3917,500 4?75.,0000
66044 3917.500 425.,2000
INNER SHOCK POINT IS NUMBEP
100,000 204760 . ___.NO0Q 1807.860 173.6%50 .
. f.C00 1932,210 234 .5%90
10.000 1974.270 257.9780
15,000 1969.290 254+6320
2N0.000 1914,170 223.2610
2F.0n00 1828,.,450 177.8610
- . 3N.000 1746.930 141,6830
3€.N0N 1665,620 112.1180
3I%.618 1586,.,280 £9.5450
39628 2447,.990 197.6000
€5.947 2451.820 193.6650
INNER SHOCK POINT TS NUMBER
1J0.,000 25.260 «100 1807.860 173.6%50
RenOC 1929.870 233.4250
17000 1973.220 257.4090
1%. 100 1969.840 254.9690
27.N00 1916.820 22447560
25.n00 1831,0N0 179.0140
3N, 000 1749.520 142.6210
35.n00 1668.,260 11,2850
38,869 1602.C90 93,9180
319,979 2445,150 200.5160
6. 15 2447,.,120 198.4940
INNER SHOCK POINTY IS NUMBER
3C.260 «000 1807.860 173.6550
Se000 19264750 231.9100
19,000 1971.890 256.6540
15.n00 1970.5R0 255.4280
27000 1920.,360 226,7%500
25.000 1834,3°0 180.5490
- .30.0D0 1752.960 143.8680
3%.1700 1671.760 114,3840
38,32 1614.990 97.4820
IR,352 2442.110 203.,6360
65.092 2442,010 2037460
INNER SHOCK POINT IS NUMBER
100,000 3c.260 »N00 1807.860 173.6550
A107

L e o)

Fl
7560

7560

« 7560

« 7560

«7560 .

7560
«7560
« 7560

7560 _

7560
7560
7560

«7560

« 7560

«7560
7560
7560
« 7560
«7560
«7560
7560
7560
7560
«7560

«7560
«7560
<7560
+7560
«7560
«7560
«7560
«7560
«7560
«7560
«7560

7560
7560
+7560
7560
<7560
<7560
«7560
«7560
«7560
«7560
«7560

«7560
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" FLoOW FIELD (CONTINUED)
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By gy

R T P F1l o
5,000 1923.090 Z30.1300 «7560
17.000 19704350 255,7760 «7560 o
15,700 1971.480  285,9770 +7560
20.000 1924.520 229,0860 <7560 ~
2%.n00 18784350  182.3460 «7560
30.000 1757.010 145,5270 «7560 .
354000 1675.870  115.9010 «7560
33,114 1623.340 99,7820 «7560 -
39,120 2439.150  2N6.6800 «7560
650366 2439.640 204.1170 «7560 L _
INNER SHOCK POTNT IS NUMBER
+000 1807.860 173.6550 .7560
ce000 19N09.9P0  223,7560 <7560
10,000 1964.940 252,7080 +7560 B :
17,000 1974.850 258,038 «7560
20.000 1939.320 237,.3870 .7560
25,n00 1852.490 198.7350 <7560
IN.N00 1771.410  152,1440 «7560
38,00 1690.3°90 121.2400 « 7560
4. n00 16064490 95.1890 7560
41,356 1583,120 88,7890 +7560
41,6 2441.1%0 196.3010 «7560 B
68,952 2442.870 187.1210 «7560
INNER SHOCK POTNT IS NUMRER
.FO0 1877.860 173.6%50 +7560
©,000 1892.8%0  215.4240 «7560
17,100 1958.110  248,.8670 .7560
15,000 1979,610 260,9350 «7560 o
27.000 1957.760  247.,6910 «7560 -
25,700 1872.180 199,9030 +7560
I7.000 17894880 16045670 +7560
35.000 1708.930 127.9980 «7560
4N, 00N 1626.460  100.6560 <7560
45,700 1539.320 77.8070 «7560 o
4R, 344 1974,290 6547340 «7560
49,754 2439,440  178,2640 <7560
77,856 2420.710 135,4330 «7560
INNER SHNCK POTNT IS NUMRER
«000 1807.860 173.6%50 «7560
£.000 1872.000 205.2670 «7560 L B
10,000 1950.130  244,4190 27560
15,000 1984,310 263,8200 <7560
27.000 1962.920 250.8610 <7560
N 25,000 1895,670 213,1150 +7560
AOO!{Q 3r.n00 1811.760  170,4590 «7560
» <o 35.000 1730.7°0  135.8790 «7560 ]
€Q£%39 4N.N00 1649,790 106.,9630 «7560
NG 48,000 1564.060 R3.8150 «7560
4N 50.n0N 1469.440 64,8580 7560
55.n00 13764290 49,5830 «7560

A108
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FLOW FIELD (CONTINUED)
2. ETA P
1000000 77290

e z ..

- .. . ...100.200

I

I

l e - -
|

[

13 -
*

% - — - - e
*

i

1

! a,. .

100.000

91.300

105.310

T

60.000 1283.720
624660

1235.630

62670 2413.860

« 000

£+ 000
10.0200
1%.n00
.20« 000
25.n00
37.000
35.000
40.000
4%.n00
— -50ec00
SS5. 000
60.0n00
6€.n00
70.000
75. 000

._... 8Pepno

65.N00
9%.000
95.000
97,238
97.2u48
135,525

INNER SHOCK POINT IS

«N00

e N0O0
1M.NQ0
1%. 000
20.000
<5000
3"« NO0
3%.000
40. 00
45.100

.97 000

$%.000
6"e 200
65.000
70.000
75.000

.. ...80.n00.

85,000
$N.N00
95.000
10N, nO0O

- e St e on

.. 95+956_2334,940
INNER SHOCK POINT IS NUMBER

1807.860
1847.9R0
1941.270
1973.540
1969.750
1922,.090
1836.180
1755.050
1674,.,110
1589.930

14990220

14N04,080
1312.,690
1223,260
1139,.,910
1062.700
986,090
908,210
83¢.120
764,630
73%.5%0
2245,.640
- 1949,670

1807.860
18204980
1904,640
19624610
1978.170
1950.300
186 3.3R0
1780.7N0
1699,.380
16164680
1529.740
1433.,760
1342.620
1253.490
1168.570
1089.500
1015.47%0
937.0%0
865.160
794,900
729.620

A109

R

[
37.23170
31.6170

126.6700

. 0103750

14
173.6550
193.4530
239,5250
257.7560
255.0220
227.8550
181,3940
145.,2310
115.6840
90,8790

7003710

53.7610
40.6090
30.1690
22.4310
16.6410
12.1260
85520
601780
4.4530
3.8400
28.6590
Se¢3R3D
NUMRER 21
173.,6550
180.,193N
221.61410
251.7050
260.1190
243.4680
195.4900
156.7790
12447550
98,0470
759740 .
58.3600
44,8380
33.6910
24,9480
18.4360
13.5900
9.6980
7.1270
51950
3.7490

. o 1560

- gmﬁm&%&wﬁ" )

Fl
«7560

v7560
« 7560

-.21560

7560

7560
7560
« 7560
« 7560

« 71560
7560
e 7560
oT560
«7560
.e75640

7560
« 7560
7560
7560
«7560
« 7560

« 7560
« 7560
«7560
«7560
«7560
«7560

« 7560
7560
« 7560
«7560
« 7560
« 7560
+ 7560
«7560
«7560
«7560

. 17560

e7560
«7560
7560
o 1560
+ 7560

7560
+ 7560
« 1560
« 7560

T ki v
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’ I FLCW FIELD (CONTINUED)
: o 2 ETA R T P
: 100,000 10%.310 105.000 670.48%0 26940
R 110.000 614.950 1.9140
; i 115.000 567.100 163990
{ - ..120.p000 5164750 «9950 .
‘ 125.000 472.050 «7090
g i 130,000 412.010 «5100
: 250.133 394,080 «3620
- 250,143 1058.490 <3060
o 256,614 1028.750 +0010
i B —_ ... INNER_SHOCK POTNT IS NUMBER 28
o 100,700 1064310 +0N00 1807.860 173.6550
. ) - . SenD0 1818.,960 179.1970
:,] 17.000 1901.810 220.,2300
C 15.000 1961,830 251,2800
o 20.000 1978.,830 260.5140
. e ... 252000 19524270 284,5580
CE 30.n00 1865.4N0  196.6180
15,000 1782.540 157.6020
i 40,100 1701.180  125.3990
| 45,000 1618,590 98.5%20
50.n00 1531.900 7643690
L 55.n00 1435.950 €8,7650
] 6N.000 1344,770 45,1440
65,000 12554610 33,9370
‘ 77erp0 1170.580 25.1250
; 7% Q0 1091.390 18,5630
. 87,000 1017.480 13,6940
L 8?.000 939-160 9.6030
| 90.n000 867.190 741960
: 95.000 797.000 5.2470
160.nog0 731.570 3.7R80
| 10%.n00 672.360 2.7220
i 11C.000 616.,6R0 19350
e ) 115,700 5684850 1.4180
120,000 51846%0 1.0100
100,000 1R0.000 eN00 1807.,860 173.6550
€000 1718.770 134,7190
17,000 1739.,210  143,5400
15.000 1845.360 192,9510
o 20,000 19564850  249,3260-
. 25.000 1996.320  265,0860
: 37,000 1952.070  244,6160
i 35,000 1872.770  201.1570
Tt 47,000 17864230 159.5100
S 45,n0N 1703,040 126.1560
- N 50.000 1620.0N0 98,8090
S 3. 55.n00 1534,100 76.7900
3 67.n00 1439,350 £9.5200
i . 65.100 139,640 45.8560
i 7N.000 1263.030 W,7730
§
i
¢
A110
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FLOW FIELD (CONTINUCD)

Z
100.000

120.000

120,000

122,000

120.,00€0

ETA
1r0.000

000

25.120

25.620

294210

o]
15,000
80,100
85100
97000
9%.Nn00

107.000
10%.000
110,000
115.NnG60
120.0p00
« N00
5000
10.000
1%.000
<0.n00
_ 254000
3I0.N00
3-+000
40. 00N
42,126
43,136
75,162

INNER SHOCK POINTY IS

«N00
“.n0O0
10.000
15.r00
20« NN
<fe 00N
3% co0
33.350
33, 76N
6F, 228

INNER SHOCK POINT IS

« 100
f.nQl
10."00
154530
20000
PRI Rale s
1%100
32,28°
317,299
6%.282

INNEP SHOCK POINT IS

« 00
enON
ITa000
17«00
2N« 700

T
11804140
1102.850
1031.470

9564930
887.7%0
821.76U
759.140
700,840
647.260
599.660
204 4,260
2067.140
1989.850
187%.970
1791.840
17124140
1636.230
1561,.070
1484,140
1432.,480
3765.000
I745.070

2044.2560
2071.800
1998,890
1890.810
1800.910
1720.700
1644.,760
1594.850
3745.000
1745.000

2064,260
20714992
1999,180
1891.2°0
18014280
1721.040
1645,.,1N0
1596.110
2263.370
2264,530

JJ44,260
2073.440
c00l1.1%0
1894,6710
1R04.0R]

AN

P
25,9570
19.3580
14,5030
10,6590

7.9040
5.8940
4.3790
3.2090
2.3570
1.7€10
30646550
323,8460
267.9820
203.5970
161,2430
129,0800
103,4430
82.8R50
67,0190
€8,3970
137,5000
337.5100
NUMBER
3066550
327,2750
273.4770
2109.9540
165.4130
132.2350
105,9360
91,1570
337,5000
317,5000
NUMRER
30646550
327.4120
273.6660
210.2100
165,5790
12,3610
106,0350
91,5310
171.4820
170,.3050
NUMBE®
30646550
328,476"
275,1300
21241900
166.8660

F1

«7560
« 7560
7560
7560
7560
« 7560
«7560
+ 7560
« 7560
« 7560
7560
« 7560
7560
« 71560
«7560
« 7560
« 7560
« 7560
« 7560
«7560
« 7560
« 1560

« 7560
« 7560
« 7560
«7560
+7560
« 7560
« 7560
+ 7540
« 7560
7560

« 7560
«7560
«7560
* 7560
« 7560
7560
+ 7560
«7560
«7560
« 7560

7560
«7560
« 7560
« 7560
«7560

o,
T S gl Vﬁ;m
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g‘ FLOW FIELD (CONTINUED)
4 ETA R 1 P
120000  29.21C  25.000 1723.690  133.3330
“ 30.M00 1647.730  106.8010
‘ [i 32,928 16044160 93,9150
: - 37,938 2262.380  172.7420
6%.098 2262.590  172.4740
{ INNER SHOCK POINT IS NUMBER
- & 120,000  33.370 <000 204,260 306.6550
) 5.N00 2075.310  329.,855N
! 17,000 2003.700 277.0320
. - 15,000 1899.010  214.7610
20.000 1807.720  168,.5300
- ] 25.000 1727.100 134,.5880
37.N00 16514130 107,.,7890
37,681 1611,290 96,0210
32,691 2261.290 174.1470
e 654199 2260.420 175.2690
INNEQ SHOCK PQINT IS NUMRER
120.000 37.380 «NO0 2044,260 30646550
f.000 2077.430  331.,4110
17,000 2006.620 279.1840
15,N00 1903.960 217.6670
o o 20,000 1811.870  170.4N1N
25,000 1730.950 135.9970
30.000 1654,960 108.8970
i 32.602 1616,330 97.5030
32,612 2260.,210 175.5340
650635 22%9,990 172.5750
I INNE® SHOCK POTNT 1S NUMBER
120,000 S1.210 «000 2044,260 306.6550
f.000 2086.370 337.9%30
104200 2018.990 288.3110
174000 1974.940  229.9640
2N.00C 1828,910  178.2020
e <5¢N00 17ULE,L,920 141,.,8510
32,900 1670.950  113.7410
35,000 1596.9N0 91.7420
35,789 1585.2P0 88,2910
35,799 2259,730  169.4410
- 67,219 2257.860 159,7190
INNER SHOCK POINT TS NUMRER
: 120,000 65,030 ¢ 000 20844260 30646550
4 T.n0N 2081.5N"0 33443630
1N.ng0 2035.270 300.2750
- 15,700 1952.3"0  246,0030
20,1700 1850.7°90  196,1190
: { e ) 25,000 1768.2N0 1%0.3120
“ I0,N00 1691.870  121.4280
‘ 37,000 16174360 9747120
\ 40,700 15424770 78.8279
I 424788 1506.590 7144690
. AN12

F1

+7560
<7560
<7560
«7560
«7560

« 7560
«7560
« 7560
« 7560
«7560
« 7560
¢ 7560
« 7560
« 7560

«7560

«7560
«7560
«7560
7560
+7560
+7560
+7560
«7560
¢ 7560
7560

« 7560
« 7560
7560
«7560
« 7560
« 7560
«7560
7560
« 7560
« 7560
«7560

7560
«7560
+7560
<7560
7560
7560
«7560
7560
<7560
<7560
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2 ETA
120.000 650020

J20.000__ 78.860

o —————r o

120,000 924690

120.000 1064500

e Gy ey pe
>
&
R

W ¥

FLOW FIELD (CONTINUED)

n T P
42,398 2258.830 161.,4400
79491 2234.840 121,6290

INNER SHOCK POINT IS NUMBRER 10
« 000 2344.260 30646550
“.N00 2071.170 326.6340
10,200 20554270 315.0160
15.000 1985.780 265.6220
20.000 1881.620 204,6180
25.000 1795.150 162.6010
30.000 1716.430 130.4070
3. 000 1641.,320 104.6N40
40,000 1567,380 83,6550
45.000 1491,940 6844720
5T«n00 1411,.,860 S4 49240
55.000 1336.770 43,9150
55943 1323,130 42,0590
£54953 2240.070 128,4380
92,927 2145,740 65.3580

INNER SHOCK POTNT IS NUMBEP 13
« 000 2044,260 306.6550
CeND0 2359.260 317.7570
10ep0C 2078.940 332.4090
1%.000 2016.,010 2°6.0%39
23.N00 1921.760 22841480
20N 1825.470 176.2917
3".n00 1743.8K0 140.2890
3J%.np0 1668.,030 112.6430
4N, 000 1594,080 90.8M80
4,000 1519.200 73.8610
SNe NGO 1441.440 5947450
55.000 13634350 47,4850
6NeNC0 1292.130 37.9170
6%, n00 12214590 29.9260
TP 000 1153.410 23.4920
75.000 1087.640 18,2990
80,000 1023.010 14,0870
85.000 959.210 103.6750
89,897 90C0.150 81240
89,907 2114.690 43,3450
141,219 1767.840 7.2000

INNER SHOCK PCINT TS NUMBER 19
«NO0 2044,260 IN6.6550
12.000 2079.950 312.9610
15.n00 2045.820 307.9560
27000 1966.210 254,1910
25.700 1858.290 191.0R30
3171700 1775.440 153.5°971N
2.000 1697,.,4R80 123,3940
47,000 16224330 98.,9R30

AN13

Fl
7560
7560

7560

« 7560
7560
«7560
«7560
«7560

7560 _

«7560
«7560
7560
« 7560
«7560
«7560
«7560
¢ 7560

«7560
« 7560
«7560
« 7560
« 7560
« 7560
«7560
~7560
«7560
« 7560
«7560
7560
7560
7560
7560
«7560
7560
« 7560
7560
7560
« 7560

o 7560
e 7560
2+ 7560
« 7560
o 7560
«7560
« 17560
« 7560
« 7560
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FLOW FIELD (CoNTINUED)

PR

Fosttamans ¥ v oama 2

A4

2 ETA » T P F1 e
120.000 1064500 45,000 1547.800 79.5100 «7560
S0.000 1472.030 64,7220 «1560 o
$5.000 1391.9%0 $1.6880 « 7560
65.n00 1249,.200 73,0530 «7560
70,000 1180,.,390 25.9220 « 7560 ) L
75.000 1113,970 20,1030 7560
80.000 1049.950 15.5990 «7560 o
85.000 986.020 12.0110 7560
$0.N00 925.640 9.2240 7560
95.n00 868,950 741690 «7560
100.n00 812.4460 5.,5670 «7560 I
105.700 1754.830 4,1890 « 7560
110,000 703,560 3.1660 « 7560 R
115.000 654.600 203990 « 7560
120.700 6104650 1.878N «7560 _
12%.000 570.17%0 1.3950 7560
137,000 S571.640 1.0600 «7560 o
268,176 494,900 71000 #oxtnss
267,186 898.770 0140 «7560 o
278,901 846.970 .0010 « 7560
INNER SHOCK POINT IS NUMBER o B _
« 000 2044,260 3n6.6550 « 7560
5.n00 2045.210 307.1870 « 7560 L
1. 000 2078.440 331.8410 ¢ 7560
15.000 2048.0M0 309.5%50 «7560 )
27000 1969.510 256.1190 «7560 T
2%,000 1861.570 192.9990 + 7560
30,000 1777.860 154.7020 «7560
37000 1699.640 124.1820 «7560 ~
40.0p0 16244390 99.5780 «7560
45,000 1549.870 79.9200 « 7560
50700 1474.2%0 65,0790 «7560
5,000 1394.,170 £2.0%10 «7560
60.000 1321.5%0 41,8460 « 7560
65.000 125141690 33.2750 « 7560
77,700 11°2.300 26,0940 « 7560
75.000 1115.8%0 20.3170 «7560
80,000 1051.860 15.7210 7560
85.000 987.900 12,1210 .70 _
97.nON  927.5%0 9.3060 «7560
95,000 B870.740 72250 ¢ 7560
100,100 B81l4.4Nn0 5.6150 « 7560
105.000 7564620 44,2250 «7560
110,700 705.400 3.2030 «7560
115%.n00 6564430 2.4280 «7560 ) _
12N.000 612.320 1.,849N ¢ 7560
125.n00 S571.730 1.4110 «7560
130,000 5334210 1.0720 « 7560 )
«NO0 20444260 306.655N « 7560



FLCW FIELD (CONTINUED)

oy Gesed  Gwet e

2 ETA R T P
121,000 18C.000 5,000 1945.880 244.1720
10,000 19054210 224,.1210
17,100 2032.970 299.0720
e 20700 2086.630 338,00850
25,1700 2016.940 287.0430
30,000 191C.270 221.7M710
35,000 1808.,060 168.5170
. 47,000 1722.990 132.716N
} 4SS, 000 1644.4°0 105,.3100
. 50,000 1568.260 2451120
S€,np0 1491.590 68,5870
: 60.000 1412.910 55.1700
; 65.000 1337,970 44,3750
70.000 1268.060 35.1650
.- 75.000 1199,6437 27.6360
} 80,000 1134,.,5n0 21.7840
: 85,000 1071.930 17.1580
i 90,100 1010.210 13.3620
i 95,000 951,020 10.3400
105.000 840,260 62900
1 11N.700 7R4,650 4.8710
! 115,000 734,590 3.7960
) 127.000 6%7.4?0 2.9620
.. 125,700 643.4N0 2.2700
! 130.000 602,750 1.7530
: 140.930 «JN0 s MO0 2134.520  3R8,20S50
".N00 2009.690 283,6400
§ 10,000 1903.9%0 216.3840
; 15.700 1797.,950 159.0970
274n00 1700.460  1724.,2430
: 25.N000 16254450 99.9190
f 30.700 1551.6R0 R1.2260
‘ ) 35,000 1479.090 66,4490
, 37.507 1442,080 €9,9830
H 37.517 3580.0N0 2€6.5000
. 75.162 352(,000 266.5000

INNE® SHOCK POINT IS NUMARE®
3 163,000  3C.062 «700 2124,520 388.2N50
| €.0Q" 7019.,090 290,0030
10,700 1916.6"3  224,5220
v 15,000 18702.2"3  164,9510
3 20,1700 1715.670  130,2920
: 2%.000 1639.0N0  104,2490
_ 27,7380 1603.930 93,1940
§ 27,790 3580,0N0 266,.,5000
65.n91 359(0.,0600 266.5300

INNERP SHNCK POINT IS NUMRE®
140,300  3C.5¢0 «N00 7134.570  383,2Nn50
I TonO0 P019.470 200,2150

l A5
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7560
«7560

7560

7560
«7560
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«7560
7560
+7560
«7560
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«7560
«7560
«7560
«7560
7560
¢ 75560
« 7560
« 7560
« 7560
«7560
7560
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7560
7560
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TFLOW FIELD (CONTINUED)

—te e

A116

2 €TA 2 T P
140.000 304560 10,000 1917.1720 2724 .7940
15,000 1302.820 165.,2750
27.N00 1716,100 110.4930
e = e 27000 1639.450 104,3920
27,348 1604 ,840 93.4020
27358 2117.150 146.,0131
65.094 23117,120 l146.1690
INNER SHOCK POINT IS NUMBER
140,000 23.49C «000 2134.570 3n8.,2050
~ ) “erQl 2021.340 291.5280
10.000 1920.370 22644770
15.r00 1806.660 167.2830
2%.00N 1719.230 131.7400
25.000 1642,250 105.,2820
27.206 1609.7°0 94,9200
e 27.216 2117.010 146.6030
¢5.212 2116.780 147.5820
INNER SHOCK POINT IS NUMRER
143.000 36,930 « 300 2134,520 3188.2050
“eN00 2023.830 293.2130
17,000 1924,5%0 228.6360
e _ 1%°.000 1811.590 169.8600
20.000 1723,240 133,3390
c5.n00 1645,830 106,47220
27,131 1614,530 96 .4400
27.141 2116.850 147.,2°70
65,570 2115,770 146,4660
INNER SHOCK POTNT IS NUMRER
143,320 40.370 « 000 2134,570 328,.,2n50
SeMON 2026.5%0 295.,0540
10.000 1929.0°0 230.9990
15.700 1816,990 172.6770
20« 000 1727.670 135.,0850
2%.N00 1649,7u0 107.6660
27.154 16184180 97.6050
27164 21164690 147.9690
664172 2114,550 144 ,4R50
INNER SHOCK POINT IS NUMRER
140.000 574140 «NOD 2134,520 388.,2050
f.pQn 2043.070 306.,2140
17.n00 1955,.,080 26,6310
1€.700 1849,810 189,7710
<0en00 1754,220 145,647
2%.N00 1673,360 115.180N
3N, 00N 160N0.840 02,3020
31.371 1581.070 °7.8790
31.781 2113.810 143,2960
Tt 142 21N3.,190 127.2340
INNEP SHOCK POINT TS NUMRE®R
140,000 72.910 «000 21%4,520 388,205

Fi
7560
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«7560

o 1560_ _

«7560
+ 71560
« 7560

«7560
« 7560
e7560
7560
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« 7560
«7560

e7560

7560

« 7560
«7560
e 7560
7560
« 7560
« 7560
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« 7560
7560
« 7560
«7560
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«7560
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"FLOW FIELD (CONTIN
2 £Te
140,000 73.910
!
§
? 140,005 9C.670
|
;
i
i
1
) 140,007 107.440
!
-
i
(’:/' > .’“)V
¢ s )
'/‘,;, ’ ‘-

g vl beeed Sy

VED)
R

5.700
17,000
15.nN00
20,000
2%.700
7,000
I¢.700
40.000
41,796
41,306
97,343

INNER SHOCK POINT IS

« N30
£+000
1%.r00
1%.000
20.0100
25.000
I0.n00
3%.n00
40,.n00
4s,0n0n
57NN
S5.000
6"enQN
t5.N100
67,9868
67«996
137,99+

INNER SHOCK POINT IS

« 100
e 707
17.700
‘15000
2N.noN
25.0n30
3I%.n00
35.900
40.1C0
45.900
L34 %ale] ]
5%.000
tC.n00
6%5.000
70.000
7%.000
8C. 000
85.000
$7, 00N
9. 000

T
2064400
1987.470
1892.79g3
17R8.870
1715,920
1632.,210
1560.033
1488.260
1469,940
2107.2°0
205C.0%0

134,520
2099.810
2027.150
1944 ,360
1841.470
1748.950
1669.110
1597.070
15244670
1453,650
1394,970
1319.,6%0
125 7.860
1196,160
1153.25%0
2049,340
1751.771

2134,520
2141.510
2076.,160
1997.710
1904 ,.4%0
1796 .960
1713.210
1637,380
1564.690
1492.190
1421.180
1354,380
1291.,480
1231.150
1173.340
1118.1°0
1063.470
1010.2M0
959.810
907.590

A7

P
320.7280
268.5870
212.0860
159.3400
126.4730
1C2.0710
83.059N
68.0320
64,7790
133.,2750
82.9230
NUMBER
388.2050
35443630
295.452N
239.4290
185.4420
163.,4940
113.6R70
91.2750
75.3900
61.8900
S0.8570
Ul.6180
13.8710
27.4810
23,4359
73.0640
14,2310
NUMRER
388.2150
395.0090
371.3110
275.5380
218,.,3049
162.,4570
129.3820
103.6540
83.9430
68,6370
5641680
46,3360
38.0090
31.0020
25,1970
20.4400
16,5010
13.3700
13.7070
845190

F1
«7560
« 7560
«7560
7560
«7560
« 7560
« 7560
«7560
7560
7560
7560
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e 7560
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7560
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7560
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« 7560
«7560
7560
« 7560
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«7560
«7560
7560
« 7560
+ 7560

7560
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«7560
« 7560
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« 7560
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7560
« 7560
« 7560
7560
7560
« 7560
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FLOW FIELD (CONTINUED)

140.009

140.000

142,300

4

ETA
107.440

108,440

180.000

R T P
100.000 8S4.650 6.7080
105,000 80C6.890 5S.3°00
110,000 760.680 4.2101
115."00 7164219 34540
12".000 676.100 27260
125,000 636.160 21390
130,000 599.740 1.6900
282,085 565,950 1.340N0
2820095 776.250 «J180
299,36 637,070 0010

INNER SHOCK POINT IS NUMRER
«00D0 2134,570 383.2050
SeNN0 144,110 397.5490
1%.000 208M,410 335,4%40
15.000 2001.090 277.8180
- 20.000 19N08.370 223.,0220
2%.n00 1800.910 164,5020
30.0700 1716.140 130.5340
3If.n00 1639,810 104,4170
40.000 1567.0°90 84,4700
4%.000 1494,5ND 69.0390
5N 00N 1423.4R0 $6.5720
55.000 1356.540 46,6540
60.000 1293.400 31820650
6‘.ﬂ00 1233.090 31.2080
7N.000 1175.,180 25.3580
7%.000 1120.050 2345950
80Men00 1065.390 16,6380
8%.000 1012.1N0 13.4120
90.300 $61.640 10.7940
95.700 909,650 8.5940
10N.000 856.4%°0 6.7600
10.900 808,760 S.4230
110,000 762.560 4.,3530
115.000 720,060 3.4890
120,000 677,962 2.7550
125.n00 637,890 2.1610
130.000 601.370 1.7360
135000 567.7"0 13540
140000 $32.020 1.0610
«N00 2134,520 388,2080
5.100 2290.1NC $65.3R00
17700 2442,9%0 811.0610
1%.n00 2286.800 5€3.2300
2. 000 2125.600 379.4860
25700 1996.,33%0 274 ,.260
374000 16882.560 20644 240
35100 1769.510 151.,209N
Qnoﬁﬂu 1673.,780 116.5590
45,000 1603.9%0 93,2730
A8

28

Fi

«7560
v 7560
«7560

7560

7560
7560
7560
« 7560
« 7560
e 7560

e7560
7560
+ 7560
«7560

« 7560
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7560
7560
07560
« 7560

« 7560

« 7560
« 7560
o 7560
«7560
« 7560
«7560
+ 7560
« 7560
«7560
e 7560
e 7560
+» 7560
+ 7560
« 7560
«7560
« 1560
« 7560
e 7560
« 7560
e 7560
+7560
+ 71560
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FLOW FIELD
Z
14J.00C

160,007

167.003

160.000

150.003

(CONTINULD)

£ve
180,370C

«.0CC

34,990

IL.u%0

3¢.910

124 T P
$N,.N0N 15284360 75,8250
6,000 1454,699 619760
6N. 000 1384,7%0 “0.1020
65,000 1319.5%0 41.5%30
T717.700 12€8.3N00 313.8700
75.000 12N0,1°90 27.7190
87.n00 114%5.550 2247490
ge,NG50 1092,000 1845560
97.ron 1035.420 15.020C
95,000 9688690 12.1020

1C7."0N 940,690 9.,7480
105,000 887.250 77490
117,000 89.810 6.2780
115.700 794,530 £.0970
120.700 751.,2%0 44,1140
12%.000 710.380 3.,2960
130,000 669.4°0 2.6010
135,000 632.7°0 2.0910
140,000 599.460 1.6920
«"00 2108.8%0 365,0080
S.n00 19641,300 241.7%60
17,000 1819.730 174,7140
1f.0G0 172G6.070 1%2.1160
20.00" 167294550 101.1970
2r.0o00 15506240 81.1170
1IN, 700 3477.160 £5.,963N
31,288 1450.,72J 61.24633
31.R98 3427.570 205,5000
75.162 3427.5N0 2N5,5700
INNEP SHOCK POINT 1S NUMPRER
e P00 2178.890 365,3080
€en00 196C.670 254.2120
17.n00 1839.,7°0 1P4,1780
1,700 1741,.,970 139.9840
c7.700 165C+6°0 177.,1590
21.718 1623.370 ©9,5420
21.724 3W217.5NR0 205,5Nn00
65,139 3427,.5N0 2n%,5000
INNED SHOCK POINT TS NUMBEF
. 000 2108.8°0 365.0080
€,130 1961.220 25445660
17,000 1844320 1Ra. 4480
1%,rgN 1702,600 140.2N090
2% 700 1651.3°0 107.,4090
2l.70CH4 1624.140 n9,7450
21.714 2301.140 125.2830
6,191 70rC.970 126.10010
I4NER SHOCK FOTNT 1S NUMBER
«700 ?2108.890 JeS.0080
CemNN 1966,4°0 287.9120

A9

F1

e 7560
«7560
« 7560
+7560
«7560
«75C0
+7560
+ 7560
+ 7560
« 7560
« 1560
« 7560
« 1560
« 7560
«7560
+7560
« 7560
+ 7560
« 7560
« 7560
« 7560
« 7560
« 7560
+ 7560
« 7560
« 75610
« 7560
«75¢0
« 7560

7560
7560
7560
o 7560
¢ 7560
1560
« 7560
« 7560

07560
« 7560
7560
o 7560
e 7560
« 7560
e 7560
« 7560

» 7560
« 7560
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FLOW FIELD (CONTINUED)

4
160,400

160. 030

160.00C

163.30°C

1500300

Y
39.910

44,820

60.680

76520

2¢360

n
10.000
17.000
20,000
letB4
21.594
66,077

INNER SHOCK POINT 1S

« 00N

Se (100
17«n00
15,700
n.con
21.715
21,928
67,335

INNER SHOCK POTINT IS

+« 000
%+000
10.000
1°.000
20.0n00
25. 000
29,728
<5735
7%.681

INNER SHOCK POCINT 1S

« OGN

* e 000
10.000
1%«000
<Jengon
2‘.ﬂ00
3INeNnQ0
34,539
Ju,549
94,591

« 000

SeD0ON
1da. g0
1%.n0"
2N 00
2%."00
I ngn
3%. 000
4. 000
4s,720
530063
5. 000
So,800

T
1845.750
1748.510
1657,920
16304120
2001.210
1998,760

21N8.890
1972.8%90
1852,470
1755,.380
1666,C40
1675,170
2001.260
1996.210

2108.890
1998,.,330
1875.920
17¢7,.710
1698,210
1614,.,690
1673,.,90
1998.0N0
1978.800

2108.8°0
2030.220
1926.2%0
1828,410
1738.8+0
1652.040
1575.200
1578.93%0
1992.790
1913,970

2108.89%90
206 7,480
19864170
1876.,6%0
1789.7N0
17102.270
1618,.840
1542.6%0
1471.670
14N5,17%0
1343.,370
12R%,6%0
1238.240

A120

]
186.9950
162.,3200
179,7650
101.3350
125.773N
124,0910
NUMBER
365.008N
262.0710
190.1630
184,9720
112.6970
1N2.6720
126.3640
121.7990
NUMBER
365.,0780
278.4260
202.6690
159.5880
124.2590

97.2180
94,2730
123.,4030
105.,9580
NUMBER
365.0080
296.9190
2€%2.1270
178.7860
138.8170
107.6970
B6.7590
72.1080
118.75%80
70.1%20
NUMRER
365.308"%
322.8540
270.59710
201.4790
1605390
125,7130
98,2730
78.5430
64,9520
53.9280
by,8120
37.2670
71,6110

F1
«7560
7560
« 7560

o 7560

« 7560
e 7560

e 7560
« 7560
« 7560
7560
« 7560
«7560
« 7560
«7560

7560
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e 7560
« 7560
« 7560
e 7560
« 7560
« 7560
o 7560

« 7560
« 7560
«7560
27560
e 7560
«7560
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+ 7560
«7560
« 7560

«7560
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«7560
«7560
+ 7560
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« 7560
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+ 7560
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FLOW FIELD (CONTINUED)

2
160.0010

.- 1606400G0.

160,000

i m——

ETA
92.360

10¢.,200

109.200

n T p
594410 1954,6R0 77.2070
142,210 1513.,690 13.4210

INNED SHOCY¥ POINT IS NUMRER
«N0O0 2108.8990 365.0080
S.000 21°0.4%50 3JR7.2150
17. 000 2054.940 314.,8190
15.n00 1955,320 250.9290
20000 184B,540 188,1960
27700 17957970 14546290
3I%.200 1670.7%0 114,4450
35100 1590,.,170 90,7260
4N. 000 1515.140 73.2570
45,000 1444,550 60.17810
50.000 1378.8%0 49.7620
56.000 1319.,130 41.5290
NQDODDO 1263.870 3“.6610
65enn0 1211.470 28,9020
73.30C 1161.010 24,0550
70N 1112.4°0 19,9880
8N.000 1065.050 16.6140
65.n00 1018,.,5R0 13.7610
97,000 972.320 11.2980
95.000 927.040 9.2400
10%. 00 883.3M0 7.£900
160N 8U4G.1+0 6.2640
110.000 797.9%0 51730
11%.030 757.010 4.2780
1204000 717.910 3.4490
125.rgN 6BL.770 27930
137.000 645.6u0 2.2600
13%.700 614.120 1.851N
290.%69 751.400 +0u0Q0
118,780 42 .2N0 001N

INNEP SHOCK POTINT TS NUMBER
+ 0G0 °108.890 365.,2060
S.C00 2134,.600 391,4830
13100 203594560 317.7R4Q
15.000 1960.,870 254.,4560
<0er3n 18524400 163.0080
25.007 1761.8%0 147.4°00
300 1674,370 115.,7470
Ce00N 1593,210 91.5%20
40.700 1517.923 73.7°40
45,p00 1447.050 60.5730
50.non 1381,340 $3.1%80
55.000 1321.3%0 41,8330
5N, nQ0 1265.870 14,8980
65,00 1213,340 29.0930
77700 1162.8%) 24,2100
75,000 1114.2°%0 2041160

A 21

13

28
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« 7560
« 7560

«7560
« 7560
«7560
« 7560
7560
«7560
«17560
« 7560
« 7560
« 7560
«7560
+7560
« 7560
« 1560
7560
7560
«7560
.7500

7560

7560
«7560
« 7560
« 7560
« 7560
« 7560
+7560
«7560
« 7560
«7560
7560
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«7560
«7560
« 7560
« 7560
«7560
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«7560
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163,000 109.206
160,030 185,000
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CFLOW FIELD (CONTINUED)

)
8J.000C
8€,n00
91,000
95,000

100.n00
105,000
11r.non0
11,100
12%.100
127.0C
130,000
135.r00
142,000
« 100

Se Q0
10.000
1%.00C
2C0.1"00
250000
30en0C
Is. QN
4N, non
4% .n0N
5 e G0
£5+0n00
Hle MO
65.m00
TD.ODO
75.000
87 N00
£§5.000
97«Nn00
S°.000
100.nD0
10.n00
110.NnGN
115000
Z e MO0
1254000
137.ng0
135.n0N
140,000
« NN
‘enQ0
10.rQ0

1Tenn

PN.”DO
{Ren0N
2he21N
264280

1
1066.880
1020390
9744140
928.810
885,110
841,970
799.79Q
758.87U
7194670
6R24,3R0
647,140
615,770
585,730
cl100.8°0
2348.,9”0
24694150
2409.350
2225410
2012.940
1862.010
1759,570
1662.990
1576.6°0
1498,190
14264010
1359.760
1299.7N0
1245.750
1194,390
1145,110
1097.570
10514360
1006.230
960.390
518,190
876.950
815,390
794.6%0
754,380
717.510
682,020
649.2%0
2D74,.,800
1909,.,370
1773.590
1667.360
1574.420
1488.940
1469.780
3282.570

Ar22

[
1647430
13.869N
11.3890

9.3100
7.6460
643180
5.2200
4.2780
3.4€10
248190
2.2°00
1.8710
1.5430
365,0089
61244220
788.,4540
698.5390
485.5890
2°8,0400
194,2440
146,5500
111.7700
R7.2740
6949750
§7.1690
47.0050
38.9090
12,5280
27.1860
22.7109
18.9160
15.7080
13,0200
10.7030
8.8710
7.303n
6e1450
5.0740
441620
3.4230
2.8040
243050
330.9640
220.6450
15444580
113.5100
R6 47260
68.0730
6447060
159.0000

Fi

« 7560
7560
« 7560
« 1560
«71560
7560
«7560
« 7560
7560
«7560
«7560
«7560
«7560
«7560
7560

«7560

«7560
«7560
«7560
+ 7560
«7560
« 7560
«1560
«7560
«7560
«7560
« 1560
« 7560
7560
«7560
«7560
«7560
«7560
«754C
«7560
« 7560
« 7560
« 7563
AT
«756C
«7560
«7560
«7560
+ 7560
« 7560
«7560
+7560
+ 7560
«7560
+« 7560

- e e e e o as
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180.000

180.00C

180.000

183.000

180.040

1813.00¢C

180,000

189.0399

ETA
«000

319.8%50

40,350

43,930

48,020

52.110

66.27°0

BC.470

"FLOW FIELD (CONTINUED)

n
75,162

« 000
5.000
1r.N00
15.000
164252
164262
€h.N6S

« 000
S« N0C
17, 00N
15.000
15.28%
16.265%
Lbe168

- 000
.00
17,000
15.000

16, 714

164 324
67165

« 70N

c. 000
10.000
15.000
16,459
15.,4¢9
6B 4yP

« 000
£. 000
17,000
15.n00
1A.698
1A, 704
706255

[ ﬂon

. 100
1%.N0p
15,000
<. no0n
FRO S |
c0e 211
€0,752

« 000

T
2R 24570

INNE® SHOCK POINTY IS

20744870
1937.370
1808.6%0
1698,500
1675.6N0
31282.570
1282,.,500

INNER SHOCK POINT 1§

2074.80D
192¢8.070
1809.570
1699.280
1676.350
1906.240
1904 .390

INNER SHOCK POINT TS

2074.8M0
19u3,340
1816.140
170%.130
16R 1,350
19064270
1902.97%0

INNER SHOCK POINT IS

°074,.,800
1949,.,850
1824,350
1712.380
16R6.,240
1976.370
19n1.270

INNER SHOCK POINT IS

2074.8N0
1956.870
1333.2R0
172306230
169,240
1906,220
1§9¢9¢,290

INNER SHRCK POINT IS

2074.800
1985.020
1869.,460
1758.540
16664450
166245R0
1974,.,360
1872.310

INNER SHOCK POINT 1S

074,800

A123

o}
159.2000
NUMBER
I30.9640
2%9.4500
170 990
124.,0900
11643090
19,0000
159.2000
NUMBER
330.9640
239.,92170
171.2200
124.3540
116.,5640C
107.9780
107.,1040
NUMRER
330096“0
243.,4230
174.3080
12643810
118.,2620
108,2250
105,.8180
NUMAED
330.9A40
247.7u490
178.1260
123.8000
119.9230
178.5100
104,.3080
NUMRER
313.9640
252.4200
182.,2910
13,4640
121.2810
108.8020
102.668"
NUMRER
3I30.9640
271.1530
199,1940
147.4840
113.2Nn20
111.8880
107.0780

85 .8 85D
NUMRED
I.9640

%,

F1
«7560

7560

« 7560

+ 7560
« 7560
27560
« 7560
+ 7560

« 7560
« 71560
« 7560
« 7560
+ 7560
« 7560
7560

«1560
7560
«7560
« 7560
« 7560
7560
«7560

« 7560
« 7560
« 17560
« 7540
«1560
+7560
« 1560

e 7560
« 7560
« 7560
« 7560
« 7560
« 7560

« 7560
27560
7560
« 7560
« 7560
« 7560
+ 7560
+ 7560

« 7560
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’ FLOW FIELD (CONTINUED)
2 ETA R T [
180,000 8L .4 70 oCO0 20184360  293.3%60
17,000 1917.990 22645110
? 15,000 1812.050 172.4540
- . Z0.N00 1709.280 127.7390
7 25,000 1623.470 96.5950
] 27.785 15764660 87,2550
274795 1901.110  104,2290
_ 102.768 1783,5N0 £5.,3400
i INNEP SHOCK POINT IS NUMREP
£.700 2055.790  318.30310
17,007 1980.860 2683640
154700 18744740 §9(}7360
20.000 1768.,100 _1%52.0010
. 27.000 1675.400.7 116.,2410
} _ o IN.000 1589.,940 90,3340
35.n00 1505,630 70,9650
) 49,000 1433.110 £8,.3020
! . 4uS.npd 1368.770 48.4210
i 47,173 1319.5R0 4] ,5830
49,183 1867.460 78.0380
‘ A 71524150 14714290 10.2570
. TNNE? SHOCK POTNT TS NUMBER
’ 180.003 108.,43460 100 2074,.,800 370.9640
. ©,N07 7095.,470  345.,5680
i 17. P00 2350.970  315,3750
! 15,000 1956.610 252.1660
20.0p0 iSUS.160 1%8,0140
S 25.700 1732.1°0 135,4610
? S 30,00 16464380 10643940
! A 216,000 1560360 R3.4760
; wY L 434707 1479.350 £64.3690
i "G ’zy 45.rNN 14074370 84,0630
el S7.roC 1345,010 44,9630
) < 554000 1289.3°0 17,7090
! 6NenDD 1236,.440 21,7610
. 6%.000 1190.790 26.8330
77,000 1145,270 22.6740
] 75.700 1101.5N0 19.1530
! EMen0D 1U59.510 16.2530
85,000 1018.740 13,7570
$7.rQ0 978.1°0 11.5700
95.000 938,390 9.6090
1CN. 700 9N0.290 8.1440
10%.000 861.0u0 6.8790
110,700 8272.0R0 5.7860
117,000 7844350 4.8490
127700 T484,110 443430
126.700 713.620 3.3%50
120,000 681,270 2.7°10
A24

F1
«7560
+«7560
« 1560
«7560
«7560
«7560
«7560
« 7560

«7560
«7560
+ 7560
«7560
«7560
« 7560

« 7560

«7560
« 7560
7560
«7560
«7560

«7560

« 7560
+ 7560
7560
«7560
«7560
«75860
« 7560
«7560
« 7560
«7560
«7560
+ 7560
7560
« 7560
«7560
7560
7560
«7560
7560
7560
«7560
«7560
+ 7560
« 7560
«7560
7560
« 7560




l FLC4 FIELD (CONTINUED)
b4 ETA P

160,000 108.840 291,080
297,060
i 336.205
180.00r 109.840 « 000
i e 000
17, "00
15.000
207100
25200
3. 000
- 35.C00
4N« 700
45,000
50. 000
5S.000
6p.ﬂ00
65.000
70.000
T%.0C0
gn.ngn
. e - R £S5, 700
3 9 "« NQ0
‘ 9%.n00
LCH.UOO
10.000
11%.000
115,700
1204700
125.700
130.,gn
135.1700
IQU.GOC
+ 20C
S«n00
17,700
1%. 730
20,000
2%."Q0
30 p00
I%,n00
40, nae
4T,n0N
£, n00
554100
- 63,200
65100
80,n0gNn
9n.nON
165.000

180,302, 180.0°C

T
651.560
7624450
41%.830

INNER SHOCK POINT IS

2074.800
2097.9n0
2056.090
1963.020
1850.870
1737.280
1650.510
156 4,350
14824650
1410.110
1347.740
1291.740
1240.520
1192,.,740
1147.120
1103.360
1061.300
1020.480
979.9%0
940.0°0
912.060
862,810
823.8R0
786.110
T49.810
715.27?0
62,740
653.100
624,480
2074.8N00
2215.2°0
2273.470
22€¢9.810
2211.7°90
2083.7°0
1921.8°0
1778.670
1667.570
1572.950
14R 3,690
1406.670
13414990
1284,720
1139.0R0
1053,.960
936.360

A125

p
243380
«0960
«0010
NUMBER
330.9640
348,.,1200
31845300
256.4370
190.6830
137.6610
107.8100
84,4000
6649440
S4.4630
45,3620
18,0120
71.9900
27.0160
22.8230
19,3030
1643770
13.3600
11.6590
9.7600
d.2010N
6.9360
5.8360
4.8200
4.,078n
3.3R40
2.8110
243610
1.9810
330.9640
471.2500
S42.5820
538.8050
46649670
337.3130
2?8.,4690
157.2240
113,5930
R6.3760
67.3%90
53.9070
44,5620
317.1317
22.1%90
15.8900
9.6000

Fl

+ 7560
« 7560
7560

«7560
7560
7560
7560
« 7560

e7560

« 7560
e7560
«7560
01560
¢ 7560
«7560
« 7560
o 7560
7560
«7560
«7560
e7560
« 7560
« 7560
«7560
« 7560
e 7560
e 7560
e 7560
« 7560
+ 7560
7560
« 7560
« 7560
7560
+ 7560
« 7560
«7560
«7560
«7560
« 7560
« 7560
e 7560
e 7560
e 7560
e 7560
« 7560
e 7560
o 71560
«7560

B
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FLOW FIELD (CONTINUED)

b4
180,000

<00.000

203d.N00"N

203.000

202.900

700.000

200.000

200.000

£TA
1gC.0C0O

« 00

44,570

45.070

51.490

564410

654330

U.010

n
110,000
11°.000
120.00C
125.000
13n.nu0
135.n700
140,000

« 00C

100
17000
1%5.00N
204700
274651
2M.661
784162

« 20N
“e000
1N+ 00
17.891
10. 901
67.754

« 700
TenQC
17000
17,900
1N.°1n
6. 41n

o MO0
“e 000
1% m00
llaﬂqq
11,1065
69,954

« 0N
e 000
1%. 000
11,477
11,487
4,003

«N00
5+N00
17.NnQ0
17.0n6R
12,777
77.782

« 700

T
896.820
863.520
8724520
786.320
7514390
718.330
637.710

2007.700
1892.490
1732.170
1623,.,7°0
1528,070
1515.960
3140.000
J140.0N0

INNE® SHOCK POTNT IS

2027.7000
1926 .8N00
1798.2R0
1752.320
32140.000
3140.000

INNER SHOCK PCINT TS

20e07.700
1927.270
1789.520
17634360
1827.460
1823.980

INNEQ SHOCK POTINT IS

2007.700
1934.270
18764620
1775.9%0
1827.630
1820.820

INNER SHOCK PCINT IS

2007.7N00
19424500
1827.470
1787.690
1827.820
1809.2%0

INNER SHOCK POTNT IS

2007.7N70
1951.6°0
18°0.610
1797.340
1828.070
1794.560

INNER SHOCK POINT TS

2007.770

A126

p
8.1000
648610
S.7900
4,8900
4,10M80
3.4410
2.8910

286.2000

212,380

135,670

99,5620
76,2070
73.5840

125.0000

125.00010

NUMBER

2R6.2N000

228.881710N

162.3250

149,9820N0

125.3000

125,0000

NUMRER

2R6.2000

229.,2U40

162.9170

150.4790

93,6930
91.9%90

NUMREP

286,.,2000

234,.,1320

171.0660

156.,4500

93.935N
%J.u050

NUMRER

28642000

2u4G.010N

1R0.9520

162.0380

94,2130
84,4690

NUMBER

2%86.2000

246.4730

191,.,9380

166.6180

94 45160

77.5790
NUMRER
28642000

F1
7560
7560
7560
«7560
+7560
7560
« 7560
+ 7560
«7560
7560
«7560
«7560
«7560
«7560
7560

«7560

+7560
+7560
«7560
«7560
e 1560

« 7560
« 7560
«7560
«1560
e 7560
¢ 1560

«7560
«7560
« 1560
7560
« 7560
«7560

« 7560
e 1560
o 7560
« 7560
7560
« 7560

«7560
7560
« 7560
«7560
« 7560
«7560

7560

s e e e,
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l " FLow FIELD (CONTINUED)
2

200.000

200.00¢C

200.000

I 700000

ETA
80.010

94,690

109,380

11C.380

r
5.C00
10, 000
15000
16,727
164737
101,285

INNER SHOCK POINT IS

« 000

. 000
10.000
1,100
<0.000
27. 000
30,000
N, 479

_ 30,489
152,269

INNER SHOCK POINT IS

« 100
%000
17.000
15.00N
20.0NQ0
27.000
3C.NQD
3%. 200
470, 000
45,000
57.NnQ0°
S%.1000
61.n00
&S.N00
77.n00
75,000
8re.non
85,000
9. o0
98,000
1C0.nON
1C*. 00N
11N, 000
115.000
1204100
125.000
13,000
269,009
269,R19
153.n32

T
1973.343
1906.840
1788.860
1744,.,370
1825.790
17154470

2007.7N0
1997.540
1954.6R0
1870.800
1748.,790
1651.140
1561.270
1553.310
18N9,.,960
1414.250

SOCT.700
2023.170
2000.670
1948,150
1851.100
1725.320
1629.400
1541.070
14€9,2%0
1382.760
1319.9N0
1265.750
1216.,790
1171,510
1128.870
1088.610
1050.53%0
1013.780
978.080
942,990
93N07.840
872.5R80
837.150
802.819
T69.7k "
737.9%0
1N8.0%0
680,010
835,340
428,460

p
261.,8680
218.6640
162.,5650
141.4170
93,0980
52,2110
NUMBER
286.,2000
279.0160
248.6750
201.4970
143.4850
108.6660
83.3360
91.6180
81.7260
11.37¢0
NUMRBER
286.,2000
297.129%90
281,.,2640
244,31030
192.0860
133.1160
101.5480
78,9630
62,7020
502620
41.5710
34,8500
29.4320
2%.000N0
2142970
1842260
15,6740
13.4670
11.5500
9.8750
8.3980
7.2380
61960
52900
4.5050
3.8220
3.2390
27650
«3110
«G010

INNER SHOCK FPOTNT IS NUMBER

« 00N

2007.770

A7

286,200D0

28

Fl
7560
7560
7560

« 7560

«7560
7560

«7560
«7560
7560
7560
7560
7560
7560
«7560

7560 _

7560

« 7560
«7560
«7560
«7560
7560
« 7560
+7560
«7560
«7560
»7560
« 7560
«7560
«7560
« 7560
«7560
«7560
+7560
7560
«7560
«7560
¢17560
+1560
« 7560
«1560
+ 7560
+ 1560
e7560
« 7560
« 7560
«7560

7560

e e R |
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FLOL FTIELD
z
233.00¢C

<00.30N

(CUNTINUEM)

£TA
110.290

18G.0C0

[»4

Se 0N
17.M00
1. 00r
<Ne MO0
2he00
3N« 000
3I5.100
4% gn
45.000
5T Nnp0
£Ser00
60.1700
6%+ 1QQ
77000
75,700
€. Q00
8%.100
93.000
95. 000
1094000
10S.n00
117 o0
11S.n0n
127,100
l:“oCOP
137,700
125,n00
140,100
«NON
5.n00
17« ro0
15, 1g0
2. nge
27« N00
37.ng0
35.n00
4. N0
4* 100
£N,.N00
$%e« 00N
&Nenpn
65,000
77 00
7%.0n00
8h«nQn
L5600
9%7. 000N
95.000
1C0enp0
105, rQ0

T
20244860
20N2.973
1952.300
1858,.,360
173G.6N0
1634,.,740
154544990
1463.260
1385.,929
1323.040
12684320
1219.0%0
1172.560
1130.7°0
1090.52C
1052.320
1015.500

979.7A0
u4.6%0
90%9.5%50
874,310
838,910
804,570
771.470
739,520
709,670
631.570
654,240
2307,7N0
2049,.,370
2046.7%0
2038.820
204 3,3R0
2033.9°0
1957.490
1827.,740
16RE.290
1577.760
1488.370
1404,670
1374.470
1274.840
1222.8°0
1175%.810
1122.0%0
10914310
1052.820
1015.910
9A0.370
45,823

A128

-]
208.3740
223.5660
247.3410
195.5370
134,8670
103.3n70

79.9120
63,4470
§0.6990
42.0060
3541610
2946630
25.1R20
21.4430
18,3720
15.7930
13,5650
11.6330
9.9460
804540
7.2950
642470
5.3330
4,5420
3.8%30
3,2690
2.7910
2.3770
2R6,2N00
31643260
314.8340
308.8200
312.8350
305.3100
251.2070
180.7610
121.0650
R6.7050
67.6510
53,7640
43.5290
35,9520
70,0520
2543#50
21.5750
18,4040
15,8280
13.5R80
11,6570
9.90920

Fl
«7560
«75¢0
«7560
«7560
«7560
«7560
«7560
7560
« 7560
«7560
«7560
e 7560
«7560
«7560
« 7560
«7560
«7560
7560
7560
«7560
« 7560
«7560
«7560
7560
7560
« 7560
«71560
7560
« 7560
«7560
«7560
«7560
« 7560
«+7560
7560
7560
«7560
+ 7560
« 7560
« 7580
«7560
7560
« 7560
«7560
«7560
7560
¢ 7560
«7560
«7560
7560

L peed

§ e e
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FLOW FIELD (CONTINUED)

2 ETA R | P F1 B
200,000 1gC.000 110.200 911.070 8.5190 7560

115.000 876.700 743720 «7560 e
120,000 842.270 6.3u20 + 7560

e e e e 25,000 808,710 5.4370 »7560 o

13%.n00 776.4P0 4.6560 7560

135.000 745.690 3.9R10 «7560 R
140.000 716.490 1,3650 « 7560

CALCULATION TIME 43,00000 SECONDS

e e sk AXTISYMMETRTIC FLOW FIFLD STARTS HERF axwuwx

s Bl

sl
v 1

G BEE SN S ey Raa  Baed By by

P

A TS
SOUVAY

'}: R
{

+ PAGE "2

SN GUALITY

A129

—



o~ L . o U e ——————

I
i

FLOW FIELD
2 R T P F1 )
1 200,070 « 000 ?566,0 123.6007 e7560
. 20.000 7193.0 116.3000 e7560
) 40,000 2914.0 1n2.20cn 7560 L
- €0.700 "744,0 21,5800 «7560
§ 8C.000 2338.0 *4,2700 «7560 o
100.r00  2251.0 2543800 «7560
. 120,000  2192.0 18,6700 «7560 o
| 140.100 2171.0 13,4200  +7%60
. lo0.0G0 2070.0 9.6340 «7560 3 L
1£0.100 2013.0 6¢734C «7560
i 200.000 1958,0 47447 7560 o
H 220,100 1897,0 11,3220 e 7560
240.000 1835,.0 2.3020 .7560 o
260,000 1771.0 1.6280 «7560
i 280,000 171640 12270 7560 ~
300.000 16560 «8957 «7560
320.000 1600.0 6647 L7560 o
340,200 1542.0 4096 « 7560
360,100 14°8,0 3P24 . 7560 o
3e0.000 1435.0 02957 .7560
4004000 1387.0 «2325 «7560 .
235.000 «"00 3330.0 20,1400 «7560
204000 3041.0 79.0R0C 756N
4C.n00 "778.0 71.9900 ¢7560
6N.700 2613.0 £1.1600 7560
80.100 2419.0 41.4CCO «7560
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SSME/SRB PLUME INTERSECTION

AT 100,000 FEET

YMAX

SSME Side -7

+Y -

SSME side
IMAX= X tan 6.75°

SSME Shock

SRB Side

PLUME NOMENCLATURE

Y
-2

A137

SRB Shock

SRB side
IZMAX= -X tan 8,25°
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