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SUMMARY

A computer program has been developed which is capable of calculating the
flow field in the supersonic portion of a mixed-compression aircraft inlet
operating at angle of attack. The calculation procedure is based on the
method of characteristics for steady three-dimensional flow. The bow shock
wave and the internal shock wave system are computed using a d1screte shock
wave fitting procedure.

The computer program has the capability to compute the internal flow
field with or without the discrete fitting of the internal shock wave system.
The option in which the internal shock wave system is not fitted can be em-
ployed in situations in which the strength of the internal shock wave system
is weak,.and thereby an acceptable solution can be obtained by smearing the
Internal discontinuities.

The influence of molecular transport can be included in the computation
of the external flow about the forebody, and in the computation of the inter-
nal flow in which the shock waves are not discretely fitted. This is accom-
plished by treating the viscous and thermal diffusion terms in the govern1ng
partial differential equations as forcing functions, or correction terms, in
the method of characteristics scheme.

The thermodynamic model employed in the computer program is contained in
a separate group of subroutines. The assumed thermodynamic model is that of a
thermally and calorically perfect gas. Other thermodynamic models may be
empioyed by suitably modifying the existing subroutines or by replacing them.

The representations for the molecular transport properties, viscosity and
thermal conductivity, are contained in a separate subroutine. Dynamic viscosity
is represented by Sutherland's Taw. Thermal conductivity is represented as a



quadratic function of temperature. Alternative formulations for the transport

properties may be employed by modifying the existing subroutine or by replacing
it.

The contours of the centerbody and the cowl are represented by a separate
subroutine. The existing subroutine has the capability to descrihe a variety
of axisymmetric contours. Other geometries, such as those having elliptic or
super-elliptic cross-sections, may be described by suitably modifying the
existing subroutine or by-replacing it.

A major assumption of the present analysis is that the cowl 1lip is con-
tained in a plane of constant x. Moreover, it is assumed that both the center-

body contour and the cowl contour are smooth and have continuous first partial
derivatives.

The computer program cannot:

1. compute subsonic flow,

2. compute the external flow field about the forebody if the
bow shock wave does not exist entirely around the forebody, or

3. compute the internal flow field if the bow shock wave is ingested
into the annulus

The computer program is written in Fortran IV for the CDC 6500 computer.
The program can be easily modified to be compatible with other computers.



SECTION I
INTRODUCTION

A computer program has been developed for calculating the flow field in
the supersonic portion of a mixed-compression aircraft inlet operating at angle
of attack. The general features of the inlet geometry and the flow field are
illustrated in Figure 1. The theoretical analysisonwhich the computer pro-:
gram is based is presented by Vadyak, Hoffman, and Bishop (7).

This report presents a discussion of the computer program organizatidn, de-
scriptions of the subroutines, a discussion of the input parameters, a brief
interpretation of the output information, and five sample cases to illustrate
the application of the computer program. )

A detailed description of the theoretical analysis used in this program is
given in NASA CR-135425, "The Flow Field Calculation in Supersonic Mixed-
Compression Aircraft Inlets at Angle of Attack Using the Three-Dimensional
Method of Characteristics with Discrete Shock Wave Fitting" by Joseph Vadyak
and Joe D. Hoffman.
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SECTION II
PROGRAM ORGANIZATION

1. INTRODUCTION

In this section, the program overlay structure is presented, and some
general comments concerning program input and parameter initialization are
made. The subroutines are identified which contain the thermodynamic model,
the transport property representations, and the formulations used for repre-
senting the centerbody and the cowl contours. The flow field integration
options are briefly discussed. Some comments concerning program output are
presented.

2. INTEGRATION OPTIONS

The computational flow regime is divided into two subregimes: the exter-
nal flow field and the internal flow field (see Figure 1). If desired, only
the external flow field may be computed. Alternatively, if the solution is
known at the axial station of the cowl 1ip, the internal flow field may be
determined without employing the forebody flow integration option.

The program has the capability to compute the internal flow field with
or without the discrete fitting of the internal shock wave system. The option
in which shock waves are not discretely fitted might be employed if the
strength of the internal shock wave system is relatively weak, and thereby an
acceptable solution can be obtained by smearing all internal discontinuities.

The analysis includes the influence of molecular transport in the com-
putation by treating the viscous and thermal diffusion terms in the governing
partial differential equations as forcing functions, or correction terms, in
the method of characteristics scheme. At present, the program has the capa-
bility to include the influence of molecular transport in the computation of
the external flow field about the forebody, and in the computation of the
internal flow field in which the shock waves are not discretely fitted. The
program option in which the internal shock waves are discretely fitted does
not have the capability to include the influence of moiecular transport in
the computation, but rather assumes the flow to be inviscid and adiabatic.

3. PROGRAM OVERLAY STRUCTURE

The overall program consists of .61 routines {6 program routines and 55
subroutines). The program is too large to be stored continuously in computer
memory, hence, an overlay scheme is employed. The overlay structure is pre-
sented in Figure 2. Three levels of .overlaying are used: the resident
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overiay level, the primary overlay level, and the secondary overlay Tevel.
PVERLAY (0,0) is the resident overlay and controls the overall execution of the
program. This overtay contains many of the subroutines which describe the
thermodynamic model, the moieculayr transport properties, and the centerbody
and the cowl contours. @VERLAY {0,0) calls the two primary level overlays.
@VERLAY (1,0} and @VERLAY (2,0). @VERLAY (1,0) performs data input, parameter
initialization, and, if desired, internal generation of the initial-value
plane. @VERLAY (2,0) is used in conjunction with the secondary overlays,
@VERLAY (2,1), @VERLAY (2,2), and @VERLAY (2,3). to perform the actual flow
field integration. The primary level overlay @VERLAY (2,0) contains the
preponderance of the unit processes and the interpolation schemes. PVERLAY
(2,1), which is a secondary Tevel overlay, contains the control logic used in
performing the integration for the external flow field about the forebody.

The secondary level overlay @VERLAY (2,2) contains the control Togic used in
determining the internal flow field in which shock waves are discretely fitted.
The secondary level overlay @VERLAY (2.3) contains the control Togic used in
determining the internal flow field in which shock waves are not discretely
fitted.

Routine LINKOO, the main control routine in HVERLAY (0,0), first calls
@VERLAY (1,0) for data input, parameter initialization, and, if desired,
internal generation of the initial-value plane. Control is then returned to
the resident overlay, @VERLAY (0,0)., @VERLAY (2,0) is then called from LINKOO.
The main control routine in @VERLAY (2,0) is routine LINK20. If the forebody
flow field is to be computed, LINK20 calls @VERLAY (2,1). Then, if the inter-
nal flow field is to be computed with discrete fitting of the internal shock-
wave system, @VERLAY (2,2) is called. If the internal flow field is to be
computed without the discrete fitting of the internal shock wave system,
@VERLAY (2,3) is called. It should be noted that @VERLAY (2,2) and PVERLAY-
(2,3) both cannot be used in the same computer run.

The computer program has a restart capability in which an internally
generated restart file is retrieved from tape. When the restart option is
used, control is returned to the integration control secondary Tevel overlay
which was in use at the time the initial execution was terminated [e.g., if
the forebody flow was being computed, control is returned to @VERLAY (2,1)].

4. DATA INPUT

. The input data are entered through both namelist input and formatted read
statements. Seven namelists must always be specified: namelists LISTT to
LIST7. Namelist LISTT contains the input parameters which specify the flow
field integration options, the number of planes of symmetry, the output options,
etc. Namelist LIST2 contains the parameters which specify the free-stream
conditions, the vehicle orientation, and parameters associated with the speci-
fication of the initial-value plane. - Namelist LIST3 specifies the number of
circumferential and radial stations used in the computational mesh. Name-

1list LIST4 specifies the thermodynamic model and the molecular transport
properties. Namelist LIST5 contains the parameters which specify the center-
body and the cowl contours, Namelist LISTE contains all convergence tolerances



and iteration loop limits. Namelist LIST7 contains the parameters that specify
whether or not any debug output is to be printed.

In addition to the namelist inputs, the two-dimensional initial-value
plane is read in by a formatted read of file ITAPE. Alternatively., if the
forebody is conical ahead of the axial location of the initial-value plane,
the initial-value plane data may be generated internally in the computer
program by an approximate technique.

A1l input data are read in within routine LINK10. After the data have
been entered, selected input parameters are checked for errors and consistency.
If any errors are detected, appropriate messages are printed and the execution
of the program is aborted. The input parameters are tested in subroutine INITIL.

It should be noted that many input parameters have default values and do
not have to be specified. The default values for most of the input parameters
are specified in LINKOO. - .

After all input parameters and data have been entered, parameter jnitial-
ization (for most of the subroutines) is performed in subroutine INITIL.

5. INITIAL-VALUE PLANE

The initial data must be specified on a space-like plane of constant x
(see Figure 1). The flow must be supersonic at every point on this plane.
The x-coordinate axis constitutes the longitudinal axis of the centerbody and
the cowl. Moreover, the mean flow direction is assumed to be in the x-
coordinate direction.

If the forebody flow field is to be determined, the initial-value plane
must be specified at an axjal {x) station that is upstream of the forebody
computational flow regime (see Figure 1). The solution is then found along
the streamlines that pass through the data points specified on the initial-
value plane, althoudh some streamline addition and deletion are performed on
the ensuing solution planes. The axial location of the last solution plane
of the forebody flow field is adjusted to lie at the axial station of the cowl
1ip, and constitutes the initial-value piane for the internal flow field
computation.

If only the internal fiow field is to be determined, the initial-value
plane must be specified at the axial station which corresponds to the x-position
of the cowl Tip (see Figure 1). The cowl Tip is assumed to be contained in
a plane of constant x. For the dinternal flow field integration, a point re-
distribution is performed on the initial-value plane. This point redistribution
is required to define streamlines which 1ie in the stream surface formed by
the cowl boundary. The solution is then found along the streamiines that
pass through the redistributed points on the plane at the cowl Tip axial
station. It should be noted that the internal flow field cannot be computed
if the bow shock wave is ingested into the annulus.



The initiai-value plane may be specified externally by the user. The user
supplied data is entered by a formatted read of the file ITAPE.

The solution obtained by Jones (3) for the flow about a circular cone at
nonzero incidence has been well substantiated. Using a conversion algorithm,
the results of that computer program can be made compatible with the input
_ data required by the computer program developed in the present investigation.
For situations in which the forebody is conical up to the axial station where
the initial-value plane is located, the Jones program is the recommended source
for the initial data.

Alternatively, if the forebody is conical ahead of the axial Tocation
of the initial-value plane, the flow property field on the initial-value
ptane can be generated internally in the computer program. The internally
generated initial-value plane is obtained by an approximate technique which
employs the Taylor-Maccoll solution for the flow about a circular cone at
zero incidence. A superposition procedure is used to obtain an approximation
to the flow about a circular cone at nonzero angte of attack by neglecting the
cross flow effects. This superposition procedure effectively amounts to com-
puting the flow turning angle in the meridional plane of the given solution
point, and then obtaining the flow properties at that point by applying the
Taylor-Maccoll solution for a cone half-angle equal to the flow turning angle.
It must be emphasized that this is only an approximate technique, giving the
well accepted Taylor-Maccoll solutiorn at zero incidence, but becoming in-
creasingly less accurate as the angle of attack is increased. Subroutines
IVSGEN, TMCONE, INTGRT, LPGIC, CONVRG, BDESLV, and FUNCTM are used to generate
internally the initial-value plane flow property field.

6. THERMODYNAMIC MODEL

The assumed thermodynamic model is that of a thermally and calorically
perfect gas. Other thermodynamic models can be ‘incorporated into the computer
program by suitably modifying or replacing subrout1nes THERM@, STAG, TGRAD,
JUMP, TMC@NE, LBGIC, and FUNCTM.

7. MOLECULAR TRANSPORT PROPERTIES

Both the dynamic viscosity and the thermal conductivity are assumed to be
functions of the temperature only. The assumed functional form for the dynamic
viscosity is given by Sutherland’s law (2). The assumed functional form for
the thermal conductivity is a quadratic function of temperature. -Other repre-
sentations for the dynamic viscosity and the thermal conductivity can be
incorporated into the analysis by suitably modifying or replacing subroutine
TPROPS.



8. CENTERBODY AND COWL CONTOURS

The computer program developed in the present investigation assumes that
both the centerbody contour and the cowl contour are axisymmetric. For the
purposes of geometry description, the axial (x) domain is divided into a num-
ber of intervals. In any interval, the body radius may be specified by either
tabular input, or by supplying the coefficients of a cubic polynomial written
as a function of X. It is assumed that both the centerbody contour and the
cowl contour are smooth and have continuous first derivatives. More arbitrary
geometries, such as those having eliiptic or super-elliptic cross-sections,
can be dincorporated into the analysis by suitably modifying or replacing
subroutine BPUNDY.

9. FLOW SYMMETRY

Four flow symmetry options are incorporated into the computer program.
The most general case s when no planes of symmetry exist, This .option s
used to compute the flow field for fully three-dimensional iniets at ‘in-
cidence. The second case is when one ptane of flow symmetry exists. This
option is used for computing the flow field for axisymmetric inlets at angles
of attack. This second case of flow symmetry is the one most likely to arise
in the class of problems being considered in the present investigation. The
third case is when two planes of flow symmetry exist. This option is used to
compute the flow field for three-dimensional inlets with two planes of geometric
symmetry at zero angle of attack. The final option fis when the fiow is
axisymmetric. This option is used to compute the filow field in axisymmetric
inlets at zero incidence,

When determining the interpolation pelynomial fit point stencils, solu-
tion point reflections must be performed when flow symmetry exists. Subroutines
REFLEK and INTRFL are used for this purpose.

10.  OUTPUT

PreTiminary information is printed by LINK10. The initial-value plane
and all solution planes are printed by subroutine PRNGUT. The sotlution points
on the space curves defined by the intersection of the internal shock wave with
the solid boundaries are output by subroutine SHKRFL. In addition to the
position of and the dependent variables at a solution point, the Mach number,
static temperature, velocity magnitude, stagnation pressure, and stagnation
temperature are also printed. The mass flow rate across every solution plane,
caiculated by trapezoidal rule integration in subroutine MASS, is also printed.

The quantity of results which is printed is controiled by the input para-
meter KPRINT. Three printout options exist: body streamiine points and shock
wave points only, all solution points, and all solution peints and the normal
vector components and incident normal Mach numbers for the shock wave surface.

10



SECTION III
SUBROUTINE DESCRIPTIONS

1. INTRODUCTION

In this section, a brief description is given of the function of each sub-
routine in the computer program. This information supplements the information
available in the the form of comment statements within the program.

2. QVERLAY (0,0)

LINKOO. This program routine is the main control routine in @VERLAY (0,0},
the resident overlay. LINKOO first calls. @VERLAY (1,0} for data input, para-
meter injtialization, and, if desired, internal generation of the flow property
field on the initiaT-vaTue plane. LINKOO then calls @VERLAY (2,0) to perform
the flow field integration. Most of the program constants and input parameters
have their default values specified in LINKOO. Moreover, the reader and
pris?er gaII numbers, denoted by IRE and IWR, respectively, are intialized
in LINKQO.

BAUNDY. This subroutine is used for the specification of both the fore-
body/centerbody and cowl geometries. The version of B@UNDY supplied with the
program assumes that both the forebody/centerbody and the cowl are axisymmetric.
More arbitrary geometries can be described by suitably modifying or replacing
this subroutine. If B@UNDY is replaced, the subroutine argument 1ist must be
identical to the existing Tist. The parameters in the argument 1ist are de-
fined as follows.

XABS x-coordinate

Y y-coordinate

z z-coordinate

ALPHA  polar angle defined by tan'](z/y)

RBADY radius of either forebody/centerbody or cowl

BNX x-component of outward body normal unit vector to forebody/
centerbody or cowl

BNY y-component of outward body norma] unit vector to forebody/
centerbody or cowl

BNZ z-component of outward body normal unit vector to forebody/

centerbody or cowl

J - If J=1," forebody/centerbody geometry is to be specified.
If J=2, cowl geometry is to be specified.

11



K If k=0, read in XABS and ALPHA, and compute RB@DY and the cor-
responding Y and Z, If K=1, read in XABS and ALPHA, and compute
RB@DY, Y, Z, BNX, BNY, and BNZ. If K=2, read in XABS, Y, and Z
(coordinates of a point not on the body), and compute RB@DY,
ALPHA, Y, Z, BNX, BNY, and BNZ at the point on the body where
the projection of the body normal in the (y.,z)-plane passes
through the or1g1na11y specified point.

THERM@. This subroutine computes the temperature, sonic speed, and the
thermodynamic parameter £. The assumed thermodynamic model is that of a
thermally and calovrically perfect gas. Other thermodynamic models may be
incorporated into the analysis by suitably modifying or replacing this sub-
routine. If subroutine THERMP is replaced, the ardument 1ist must be identical
to the existing list. The parameters in the argument 1ist are defined as

follows.

P pressure (p)

R density (p)

T temperature (t)

A sonic speed (a)

C@EFF E=(]/pt)(3p/35}p, where s is the entropy per unit mass

KT If KT =1, compute T. If KT # 1, do not compute T.

KA If KA =1, compute A. If KA # 1, do not compute A.

KC If KC = 1, compute CQEFF. If KC # 1, do not compute CPEFF.

Thermodynamic property information is supplied to subroutine THERM@ through

the named common block GAST. This common biock contains the following para-
meters: RUNIV (universal gas constant), TDT {temperature data array). WIMPL
(molecular weight data array), CP (spec1f1c heat data array), NGAS1 (an integer
to denote the number of elements in the TDT, WTM@L, and CP arrays), and KGASTI
(an integer to denote which gas model is to be used) These parameters are
included for modifying subroutine THERMZ to include real gas effects.

STAG. This subroutine computes the Mach number, the stagnatlon pressure,
and the stagnation temperature. The assumed thermodynam1c model is that of a.
thermally and calorically perfect gas. Other thermodynamic models way be in-
corporated into the analysis by suitably modifying or replacing this subrout1ne.
If STAG is rep]aced the argument 1ist must be identical to the existing 11st
The parameters in the argument list are def1ned as follows.

p static pressure

RO static density

T static temperature
A sonic speed

{ velocity magnitude

M Mach number

12




PT stagnation pressure
1T stagnation temperature

Thermodynamic property information is supplied to subroutine STAG through
the named common block GAST.

TGRAD. This subroutine computes the spatial gradients of temperature
by using an analytically differentiated form of the thermal equation of state
so that temperature derivatives can be expressed in terms of the derivatives
of pressure and density. The assumed thermodynamic model is that of a ther-
mally perfect gas. Other thermodynamic models may be incorporated into the
analysis by suitably modifying or replacing this subroutine. If TGRAD is
replaced, the argument 1ist must be identical to the existing 1ist. The
parameters in the argument 1ist are defined as follows.

T temperature

P pressure

R@ density

DPX,DPY,DPZ first partial derivatives of pressure with respect to
X, ¥s and z, respectively

DPXX-DPYY,DPZZ second partial derivatives of pressure with respect

to x, ¥, and z, respectively

DR(X ,DRAY ,DRAZ first partial derivatives of density with respect
to x, ¥y, and z, vespectively

DR@XX,DROYY ,DRPZZ second partial derivatives of density w1th respect
to x, ¥y, and z, respectively

DTX,DTY,DTZ first partial deyivatives of temperature with
respect to x, y, and z, respectively

DTXX,DTYY ,DTZZ second partial derivatives of temperature with
respect to x, ¥, and z, respectively

Thermodynamic property information is supplied to subroutine TGRAD
through the named common block GAS].

TPR@PS. This subroutine computes the dynamic viscosity, the thermal
conductivity, and their spatial gradients. The assumed functional form for
dynamic viscosity is given by Sutherland's Law (2). The assumed functional
form for thermal conductivity is a quadratic curve fit as a function of fem-
perature. Other transport property formulations may be incorporated into the
analysis by suitably modifying or replacing this subroutine. If TPR@PS is
replaced, the argument 1ist must be identical to the existing iist. The
parameters in the argument 1ist are defined as follows.

T static temperature
p static pressure
VIS dynamic viscosity

13



CON thermal conductivity

DTX,DTY.DTZ first partial derivatives of temperature with respect
to x, ¥, and z, respectively
DPX-DPY,>DPZ first partial derivatives of pressure with respect to

X, ¥, and z, respectively

DVISX,DVISY,DVISZ first partial derijvatives of viscosity with respect
to x, ¥, and z, respectively

DCPNX,DCONY,DCBNZ  first partial derivatives of thermal conduptﬁvity
- with respect to x, y, and z, respectively

Transport property information is supplied to subroutine TPR@PS through

the named common block GAS2. This common biock contains the following para-
meters: TDL (temperature data array), VISD (viscosity data array), COND
(thermal conductivity data array), NGAS2 {an integer to denote the number
of elements in the TDL, YISD, and COND arrays), and KGASZ (an integer to
denote which transport property model is to be used)}. These parameters are
included for modifying TPRAPS to use tabular data.

JUMP. This subroutine employs the Rankine-Hugoniot relations to compute
the downstream flow properties at a shock wave solution point. The shock wave
surface normal unit vector components and the flow properties upstream of the
shock wave are entered in the argument Tist. The computed downstream flow
properties are alsc transmitted in the argument Tist. The assumed thermodynamic
model is that of a thermally and calorically perfect gas. Other thermodynamic
models may be incorporated into the analysis by suitably modifying this sub-
routine. - Thermodynamic property information is supplied to subroutine JUMP
through the named common block GAST.

GELG. This subroutine is used for solving a system of simultaneous tinear
equations. The system is solved using Gaussian elimination with complete
pivoting. This subroutine is IBM library subroutine GELG,

3. @VERLAY (1,0)

LINK10. This program routine is the main control routiné in @VERLAY (1,0).
A11 input parameters and initial data are entered in LINKIO. 1In all cases,
the seven namelists LIST1 to LIST7 are entered. If the flow property field
on the initial-value plane is externally specified, a formatted read of file
ITAPE is used to enter this information. After the input data have been
entered, subroutine INITIL ijs called for testing for input errors and per-
forming parameter initialization. If the flow property field on the initial-
value plane is to be internally generated, subroutine IVSGEN is then called
from subroutine INITIL. After subroutine INITIL has been called, preiiminary
output is printed by LINKIO. i
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INITIL. This subroutine 1is called from routine LINK10, and is used to
test for errors on selected input parameters and to perform parameter initial-
ization. If an input parameter error is found, an appropriate message is
generated and the program execution is aborted. After the selected input
parameters have been tested, parameter dnitialization is performed. I the
flow property field on the initial-value plane is to be internally generated,
subroutine IVSGEN is then called.

IVSGEN. This subroutine is used in conjunction with subroutines TMCENE,
INTGRT, L@GIC, CONVRG, @DESLV, and FUNCTM to internally generate the flow
property field on the initial-value plane if-the forebody is conical ahead of
the initial-value plane. The internally generated initial-value plane is ob-
tained by an approximate technique which employs the Taylor-Maccoll solution
for the flow about a circular cone at zero incidence. A superposition pro-
cedure is used to obtain an approximation to the flow about a circular cone at
nonzero angle of attack by neglecting the cross flow effects. This super-
position procedure effectively amounts to computing the flow turning angle in
the meridional plane of the given solution point, and then obtaining the flow
properties at that point by applying the Taylor-Maccoll solution for a cone
half-angle equal to the flow turning angle. The shock wave angle is then
measured from the original streamline direction in the appropriate meridional
plane. It must be emphasized that this is only an approximate technique,
giving the well accepted Taylor-Maccoll solution at zero angle of attack, but
becoming increasingly less accurate as the angle of attack is increased.

TMCONE. This subroutine is one of the subroutines used for the internal
generation of the initial-value plane. TMC@NE is called from subroutine
IVSGEN, and performs imitialization and post calculation storage of the
Taylor-Maccoll solution used in computing the initial-value plane flow pro-
perty field. The assumed thermodynamic model is that of a thermally and
calorically perfect gas. Other thermodynamic models may be incorporated into
the analysis by suitably modifying this subroutine. Thermodynamic property
information is supplied to subroutine TMCONE through the named common block
GAST.

INTGRT. This subroutine is one of the subroutines used in internally
generating the flow property field on the initial-value plane. INTGRT in-
tegrates the Taylor-Maccoll equation inward towards the forebody until a point
is reached where the normal component of velocity is sufficiently smali.

L@GIC. This subroutine is one of the subroutines used in internally
generating the flow property field on the initial-value plane. L@GIC is used
to control the computation of the Taylor-Maccoll solution in a particular
meridional plane. The assumed thermodynamic model is that of a thermally and
calorically perfect gas. Other thermodynamic models may be incorporated into
the analysis by suitably modifying this subroutine. Thermodynamic property
information is supplied to subroutine LPGIC through the named common block
GAST.
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CONVRG. This subroutine is one of the subroutines used in internally
generating the flow property field on the injtial-value plane. C@NVRG is
used in testing if the normal component of velocity has vanished at the body
in the external flow field integration.

PDESLY. This subroutine is one of the subroutines used in internally
generating the flow property field on the initial-value plane. @DESLV in-
tegrates the Taylor-Maccoll .equation by employing a fourth-order Runge-Kutta
method.

FUNCTM. This function is used in internaily generating the flow property
field on the initial-value plane. FUNCTM evaluates the Taylor-Maccoll equation.
The assumed thermodynamic model is that of a thermaily and calorically perfect
gas. Qther thermodynamic models may be incorporated into the analysis by
suitably modifying this function. Thermodynamic property information is
suppTied to FUNCTM through the named common block GAST.

4. @VERLAY (2,0)

LINK20. This program routine is the main control routine in @VERLAY (2,0},
LINK20 calls the integration control overlays, @VERLAY (2,1), @VERLAY (2,2),
and @VERLAY (2,3). If a program restart is specifijed, the last secondary level
overlay that was in use at the time the initial execution was terminated is
called.

REDIST. This subroutine is used to perform point redistribution on the
solution plane at the axial station of the cowl Tip. This point redistribution
is required to obtain a uniform point distribution and to obtain streamlines
shich Tie in the stream surface formed by the cowl boundary. The redistributed
jaints are arranged symmetrically in the computed sector. These peints lie
m rays which have equal angular increments from one another., with the points
m each ray being spaced at equail radial increments. The Tlow properties
1t these points are obtained by bivariate interpolation. If the viscous flow
sption is specified and the internal flow field integration option in which
shock waves are not discretely fitted is specified, point redistribution is
11so performed on the forebody flow field solution plane immediately upstream
»f the solution plane located at the cow] 1ip axial station.

STNSEL. This subroutine is employed to determine the solution point on a
yiven solution plane that is nearest to an arbitrary point whose coordinates
ire supplied in the argument 1ist. After the proper solution point has been
letermined by a search of the computed sector, it is used as the base point
»f the nine point stencil used in formulating the quadratic bivariate inter- -
olation poiynomial. STNSEL calls subroutine BIPTS in the course of determining
:he proper solution point and in formulating the interpolation polynomial
;oefficients.
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REFLEK. This subroutine performs reflections, about the coordinate axes,
of the solution points in the computed sector on a given solution plane when
flow symmetry exists. The solution point reflections are required to obtain
the appropriate fit point stencils used in formulating the univariate, bi-
variate, and trivariate interpolation polynomials. REFLEK is used to reflect
points for the case of one plane of flow symmetry, the case of two planes of
flow symmetry, and the axisymmetric flow case. Both streamline and shock wave
points are reflected in REFLEK.

XSTEP. This subroutine determines the axial marching step allowed by the
Courant-Friedrichs-Lewy (CFL) stability criterion. Except in the vicinity of
an internal shock wave intersection with a solid boundary, the marching step
computed by XSTEP is that used to regulate the distance between successive
solution planes. In the vicinity of an internal shock wave-solid boundary
intersection, special constraints are used to determine the marching step.
XSTEP applies the CFL stability criterion to all streamiine points in the
computed sector. The actual marching step is taken as the allowable x-step
at the most restrictive point. The stability criterion is not applied to the
shock wave points. Moreover, the internal flow field shock wave points are
ignored in defining the convex hull of the finite difference network when
application of the stability criterion is made to a streamline point.

MASS, This subroutine is used to compute the mass flow rate across a given
solution plane. The mass flow rate is numerically ascertained by a trapezoidal
rule integration procedure in which the incremental mass flow rate is computed
through an elemental triangle formed by three adjacent points. The total of
these incremental mass flow rates is the total mass flow rate. If flow sym-
metry exists, only the mass flow rate in the computed sector is found by
integration. The mass flow rate across the entire plane is then obtained by
use of an appropriate multiplier. Special logic is used to trace the internal
shock wave in the integration procedure when the mass flow rate across an
internal flow field solution plane is being computed.

PRN@GUT. This subroutine is used to print the integration results for
all solution planes. Both the external flow field and the internal fiow
field solution planes are printed by PRNGUT. In addition, the initiai-value
plane, the redistributed data plane at the cowl 1ip axial station, and the
restart plane are output by PRN@UT. Three print options (specified in the in-
put by the input parameter KPRINT) are available: body streamline points and
shock wave points, all solution points, and all solution points and shock
wave parameters (incident normal Mach number and shock wave surface normal
unit vector components). The solution points along the space curves formed by
the intersections of the internal shock wave with the solid boundaries are not
printed by subroutine PRN@UT. They are printed by subroutine SHKRFL.

UNIPTS. This subroutine selects the fit points used in formulating the
univariate interpolation polyromials that are used to describe the shock wave
radius and the shock wave angle along the curve defined by the intersection
of the shock wave with a given solution plane. Three adjacent shock wave
solution points constitute the fit point stencil in regions that are away
from an internal shock wave-solid béundary intersection. In the region of
an intersection, the fit point stencil may be appropriately expanded to be
in accord with the Courant-Friedrichs-Lewy (CFL? stability criterion.
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UNIFIT. This subroutine is used to determine the coefficients in the
quadratic univariate interpolation polynomial. The three coefficients in this
polynomial are determined by a fit to three data points which are supplied
to UNIFIT through the call statement. Subroutine GELG is called to solve the
system of simultaneous linear equations that determines the coefficients.

BIPTS. This subroutine selects the fit points used in formulating the
quadratic bivariate interpolation polynomials that are used for intraplanar
flow property determination. A base point and its eight immediate neighbors
constitute the fit point array. Two types of fit point stencils are used:
interior point and boundary point. A boundary point stencil is employed when.
the interpolation base point (the fit point nearest to the interpolated point)
is on the shock wave. Special logic is used to insure that no point stencil
bridges the shock wave.

BIFIT. This subroutine is used to determine the coefficients in the
quadratic bivariate interpolation polynomial. The six coefficients in this
poiyncmial are determined by a least squares fit of nine data points which are
suppiied to BIFIT through the named common bJock FITPTS. Subroutine SYMSIM
is called to solve the system of simultaneous linear equations (normal equa-
tions) which determines the coefficients in the interpolation polynomial.

This system of linear equations has a symmetric coefficient matrix.

TRIPTS. This subroutine selects the fit points used in formulating both
the Tinear trivariate interpolation polynomial and the quadratic trivariate
interpolation polynomial. Four solution points are used in formulating the
linear trivariate interpolation polynomial. Fourteen solution points are used
in formulating the quadratic trivariate interpolation polynomial. The linear
polynomial is used for flow property interpolation on the upstream side of the
shock wave surface. The guadratic polynomial is used for flow property inter-
polation on both the downstream side of the shock wave surface and on the
stream surface formed by a solid boundary.

TRIFTU. This subroutine is used to determine the coefficients in the
linear trivariate interpolation polynomial. The four coefficients in this

polynomial are determined by a fit to four data points which are supplied to
TRIFTU through the named common block FITPTS. Subroutine GELG is called to
solve the system of simuitaneous linear equations which determine the coef-
ficients.

TRIFTD. This subroutine is used to determine the coefficients in the
quadratic trivariate interpolation polynomiai. The eight coefficients in this
polynomial are determined by a least squares fit of fourteen data points which
are supplied to TRIFTD through the named common biock FITPTS. Subroutine
SYMSIM is calied to solve the system of simultaneocus Tinear eguations (normal
equations) which determines the coefficients. This system of equations has a
symmetric coefficient matrix.

SYMSIM. This subroutine solves a system of simultaneous linear equations
with a symmetric coefficient matrix. The system is solved using Gaussian
elimination with pivoting in the main diagonal. This subroutine is a modified
version of IBM library subroutine GELS.
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SHKINT. This subroutine is used to evaluate the univariate interpolation
polynomials that are empioyed in describing the shock wave radius and the
shock wave angle along the curve that is defined by the intersection of the
shock wave with a given solution plane. The interpolation polynomial coef-
ficients are supplied to SHKINT through the named common block SINTRP. The
independent variable is the polar angle THETA, which is transmitted through
the subroutine call statement.

PRPINT. This subroutine is used to evaluate the bivariate and trivariate
interpolation polynomials that are used for flow property determination on
solution planes, shock waves, and solid boundary stream surfaces. The inter-
polation polynomial coefficients are supplied to PRPINT through the named
common block INTRP. The independent variables are the three position coordi-

nates XA, Y, and Z, which are transm1tted through the subroutine call
statement. .

FDERIY. This subroutine is used to compute the first partial derivatives
of the flow properties on a solution plane, a shock wave, or a solid boundary
stream surface. The derivatives are obtained by evaluating an analytically
differentiated form of the appropriate interpolation polynomial. The inter-
polation polynomial coefficients are transmitted to FDERIV through the named
common block INTRP. The independent variables are the three position coordi-

nates XA, Y, and Z, which are transmitted through the subroutine call
statement.

VECT@R. This subroutine is used in conjunction with subroutine SHACK
to determine the components of the unit vector B which is used in the para-
meterization of the wave surface compatibility relation. The unit vector B
is orthogonal to the velocity vector that is downstream of the shock wave at
the shock wave solution point, and has its projection on the (y,z)-plane lie
in the meridional piane which passes through the shock wave solution point.

PLANAR. This subroutine is used to compute the parameters employed in
the formuTlation that represents the shock wave surface. This formulation is
then used in determining the intersection point of either a streamline or a
bicharacteristic with the shock wave surface. Additionally, PLANAR initializes
some parameters used in determining the intersection point of a bicharacteristic
with the stream surface formed by a solid boundary.

INTSCT. This subroutine is used to compute the intersection point of
either a streamline with the shock wave surface, or the intersection point of
a bicharacteristic with either the shock wave surface or the stream surface
formed by a soiid boundary. The determination of the intersection point
coordinates is performed in an iteration loop which uses the secant method to
relax the difference in the radius of the point of intersection obtained from
integration of the equation for a streamline or bicharacteristic and that
obtained from the appropriate surface formulation.

FUNCT. This subroutine is used in conjunction with subroutine INTSCT to
determine a streamline-shock wave intersection point, or the intersection point
of a bicharacteristic with either a shock wave or a solid boundary. The axial
position of the assumed intersection po1nt is supplied to FUNCT through the
subroutine call statement. From the given axial position, FUNCT computes the
corresponding y and z coordinates of the assumed intersection point by both
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integrating the equation for a streamline or bicharacteristic, and by eval-
uating the appropriate surface formulation. The difference in the radius
obtained from the streamline or bicharacteristic equation integration and that
obtained from the surface formulation is reduced to within a specified
tolerance of zero by the iteration method used in subroutine INTSCT.

RADIUS. This subroutine is used to compute the radius of a point on the
shock wave surface or on the stream surface formed by a solid boundary. The
axial position and the polar angle of the point are supplied to RADIUS through
the subroutine call statement. To obtain the shock wave radius at the desired
point, a Tinear interpolation is performed in the meridional plane of the
point between two space curves which are defined by either a shock-wave solution
plane intersection or by a shock wave-solid boundary intersection. To obtain
the body radius at the desired point, subroutine BRUNDY is called.

XFIT. This subroutine is used to curve fit, as a function of the polar
angle, the axial (x) position of an internal shock wave-solid boundary inter-
section. A quadratic polynomial expressed in terms of the polar angle is used
for this representation.

FRCFNS. This subroutine is used to compute the molecular transport
forcing terms used in both the governing equations and the compatibility re-
lations. FRCFNS is called by subroutines SPLVE and SH@CK. The molecular
transport terms can be included in the computation of the external flow field
about the forebody or in the computation of the internal flow field in which
shock waves are not discretely fitted. The program option in which internal
shock waves are discretely fitted does not have the capability to inciude the
influence of molecular diffusion in the computation, but rather assumes the
flow to be inviscid and adiabatic.

SBLN. This subroutine calls subroutines L@CATE and SPLVE for computing
either a solid boundary solution point or an interior solution point.

LBCATE. This subroutine is used to compute the Tocations of and the
flow properties at the streamline and bicharacteristic intersection points for
the standard interior point, standard solid boundary point, shock-modified
jnterior point, and shock-modified solid boundary point unit processes. The
point locations and flow properties at these points are transmitted to sub-
routine SPLVE through the named common blocks RELAYT and RELAYZ. Subroutine
SPLVE then solves the system of compatibility relations to obtain the position
of and the flow properties at the solution point.

SPLYE. This subroutine is used to solve the system of compatibility
equations for the standard interior point, standard solid boundary point,
shock-modified interior point, and shock-modified solid boundary point unit
processes. If the viscous and thermal diffusion terms are to be included in
the computation, SPLVE calls subroutine FRCFNS. The system of five compat-
ibility relations is solved by calling subroutine GELG.
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SHECK. This subroutine is used to compute the solution for all field-
shock wave points. For the bow shock wave points, the free-stream flow
conditions are used for the upstream flow properties. For the internal flow
field shock wave points, an interior point or solid boundary unit process is
applied to obtain the upstream flow properties. Body solution points on the
downstream side of the cowl 1ip shock wave or on the downstream side of a
reflected internal shock wave are computed using the solid boundary-shock wave
point unit process (subroutine BSHPCK).

5. PVERLAY (2,1)

LINK21. This pregram routine contains the control logic used in the
computation of the external flow field about the forebody. LINK21 is the
main control routine in @VERLAY (2,1). @VERLAY (2,1) is a secondary level
pverlay which is called from routine LINKZ20.

RCNTRL. This subroutine is used to control the number of radial stations
on successive solution planes in the forebody fiow field integration. If
a sufficient influx of mass across the bow shock wave has occured between the
current solution plane and the last solution plane where point addition or
deletion was performed, a new ring of interior field points is added between
the ring of shock wave points and the outermost ring of existing interior
field points. If, after a number of successive point additions, a specified
number of radial stations has been reached, point deletion is performed. Here,
selected interior field points are deleted from the storage arrays while the
bow shock wave points and the body streamline points are retained.

6. @VERLAY (2,2)

LINK22. This program routine contains the control logic used in the com-
putation of the internal flow field in which shock waves are discretely fitted.
LINK22 is the main control routine in @VERLAY (2,2). QVERLAY (2,2) is a
secondary level overlay which is called from routine LINKZ0.

BSHPCK. This subroutine is used to compute the flow properties at a point
on the body that is downstream of either the cowl 1ip shock wave or an internal
reflected shock wave {solid body-shock wave point unit process). This sub-
routine is used only in the option where the internal flow field integration
in which shock waves are discretely fitted is employed.

SPRICT. This subroutine is used in the internal flow field integration
to project the internal shock wave from the current initial-vaiue plane to
the current solution plane. The projected intersection of the internal shock
wave with the solution plane is then used to determine which streamlines do
and do not penetrate the shock wave.

PENTRE, This subroutine is used in the internal flow field integration

to control the computation of an interior field point when the strgam]ine hqs
penetrated the internal shock wave. If the streamline-shock wave intersection
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point is sufficiently close to the current solution plane, an interior point
unit process on the downstream side of the shock wave. is not performed. In-
stead, in this case, a streamline projection onto the solution plane and
subsequent flow property interpolation in this plane is performed. Alterna-
tively, if the streamiine-shock wave intersection point is sufficiently far
from the solution plane, an interior point unit process is performed on the
downstream side of the shock wave.

TRACE. This subroutine is used ‘in conjuction with subroutine INTSCT to
compute the intersection point of a streamline with an internal shock wave.
With the intersection point coordinates determined, the trivariate interpolation
polynomials are evaluated to obtain the flow properties at the- intersection
point. .

SPLINT. This subroutine is used in the internal flow field integration
to determine the intersection point coordinates of and the flow properties at
an interior field point when the streamline penetrates an internal shock wave
with the intersection point being sufficiently close to the current solution
plane. S@LINT is called from subroutine PENTRE,

SWITCH.. This subroutine is used in the internal flow field integration
to perform the post computation interchange of indices when a streamline which
initially appeared to intersect the internal shock wave ultimately did not.
Consequently, a standard interior point unit process is used for this point
instead of a shock-modified interior point unit process performed on the
downstream side of the shock wave.

SHKRFL. This subroytine contains the control logic used for calculating
an internal shock wave-solid boundary intersection.

INTRFL. This subroutine performs the necessary point reflections when
flow symmetry exists for the solution points on the space curve defined by
the intersection of the internal shock wave with a solid boundary.

ISHBCK. This subroutine is used in the internal flow field integration
to compute the incident shock wave upstream and downstream flow properties
at a point where the incident shock wave intersects a solid boundary.

STRSHK. This subroutine is used to compute the position of and the flow
properties at the intersection point of a body streamline with the space curve
defined by the intersection of the incident shock wave with a solid boundary.

RSHECK. This subroutine is used with subroutine BSHPCK to compute the
flow properties on the body downstream of an internal reflected shock wave.

7. @VERLAY (2,3)
LINK23, This program routine contains the control logic used in the com-
putation of the internal flow field in which shock waves are not discretely

fitted. LINK23 is the main control routine in QVERLAY (2,3}. @VERLAY (2,3)
is a secondary level overlay which is called from routine LINK20,
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SECTION TV

INPUT PARAMETERS

1. INTRODUCTION

The input data required for execution of the computer program are entéred
by both namelist input and formatted read statements. In ali cases, the seven
namelists LIST1, LIST2, LIST3, LIST4, LIST5, LIST6, and LIST7 are entered. In
cases in which the user selects to spec1fy the flow property field on the
initial-value plane, that information is entered by a formatted read of e1ther
TAPE 5 (the input file) or TAPE 3. .

In general, only those parameters and data pertinent to the particular
problem being considered must be entered. Many input parameters have default

values and do not need to be specified unless values other than the default
values are to be entered.

In this section, each input parameter is defined. Where applicable, both
the default value and the typical value of the-input parameter are given.

2. TITLE CARD

The first card of each data deck is a title card on which 72 ‘alphanumeric
characters (any standard Fortran characters) of identifying information may
be specified. This card must be the first card of the data deck even if no
information is listed on it. The format of the card is (12R6).

3. NAMELIST LISTI

. The parameters entered in namelist LIST1 control the overall execution of
the program.

KUNIT An integer variable denoting whether English absolute units or SI
units are to be used in the computation. If KUNIT = 1, English
absolute. units are employed. If KUNIT = 0, SI units are empioyed.
A default value of 1 is specified for KUNIT.

KCALL A one-dimensional integer variable array consisting of three ele-
ments. Each element of KCALL specifies whether or not a particu]ar
flow field integration option is to be performed. If KCALL(I) =
(I=1,2,3), then the corresponding flow field integration option 1s
performed If KCALL(I) = 0, the integration option is not performed.
The elements of KCALL contro1 the flow field integration options and
have specified default values as Tisted below.
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XEND

RCAVG

24

KCALL(I) tlow Field Integration Option Default Value

KCALL(1) forebody flow field 1
KCALL(2) internal flow field with

discrete shock wave fitting 1
KCALL(3) internal flow field without

discrete shock wave fitting 1]

Specifying KCALL{2) = 1 and KCALL{3) = 1 simultaneously will cause
an error message to be printed and the program execution to be
aborted.

A one-dimensional real variable array consisting of three elements.
XEND(I)} (I=1,2,3) denotes the x-position, in either feet or meters,
at which the flow field integration specified by the corresponding

element of KCALL is to be terminated. Each element of XEND denotes
a flow field integration option termination point and has a default
value as follows.

XEND{1) Termination Point for Default Value

XEND(1) forebody flow field 2.0 ft
itegration

XEND(2) internal flow Field 3.5 ft

integration with discrete
shock wave fitting

XEND(3) internal flow field 3.5 ft
integration without discrete
shock wave fitting

If any element of XEND exceeds the x-position to which the center-
body geometry is specified, or if XEND(2) or XEND(3) exceeds the
x-position to which the cowl geometry is specified, appropriate
error messages are printed and the program execution is aborted.
Each element of XEND must be positive. It should be noted that if
KCALL(I) = O, XEND(I) does not have to be specified.

A positive real variable denoting the estimated average radius, in
either feet or meters, of the bow shock wave at XEND{1). The
specified value of RCAVG is used in estimating the captured mass
flow rate at XEND(1). This mass flow rate is used in determining
if point addition is to be performed in the forebody flow field
integration. RCAVG must be specified only if the forebody flow
field integration option .is used [KCALL{1) = 1]. RCAVG must be
specified even if the forebody integration option is the only in-
tegration option used [KCALL(2) = KCALL(3) = 01. The cowl Tip
radius may be used for RCAVG. A default value of 0.8 ft is
specified for RCAVG. -



KVISCY

KSYM

KSGL@B

KPRINT

An integer variable denoting whether or not the viscous and thermai
diffusion terms are to be included in the computation of the fore-
body flow field or the internal flow field in which shock waves are
not discretely fitted., If KVISCY = 1, these terms are included in
the computation. If KVISCY = 0, these terms are not included in
the computation. A default value of 0 is specified for KVISCY.

An integer variable denoting the flow symmetry option to be employed
in the computation. KSYM can have the values 0, 1, 2, and 3 cor-
responding to:

KSYM - Flow Symmetry Option
0 no planes of symmetry - computed sector is the entire
solution plane
1 one plane of‘symmetry - computed sector is the half-
plane bounded by the y-axis and containing the +z-
axis
2 two planes of symmetry - computed sector is the

quadrant bounded by the +y-axis and the +z-axis

3 axisymmetric flow - computed sector is the s1ngle
circumferential station on the +y-axis

The point networks for the four flow symmetry options are illustrated
in Figure 3. A default value of 3 is specified for KSYM.

An integer variable denoting whether or not global correction is to
be performed in obtaining the solution for the bow shock wave points.
If KSGL@B = 1, global correction is performed. If KSGLPB = 0, global
correction is not performed. Global correction can only be performed
for the -bow shock wave points and not for the internal flow fTield
shock wave points. Hence, KSGLOB must be specified only if

KCALL(1) = 1. A default value of 1 is specified for KSGL@B.

An integer variable denoting which of three print options is to be
employed in the program execution. KPRINT can have the following
values.

KPRINT Print Option
0 print body solution points and shock wave solution
points only
1 print all solution points
2 print all solution points and shock wave parameters

(incident normal Mach number and shock wave surface
normal unit vector components)

A default value of 1 is specified for KPRINT.
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IPRSTP A positive integer variable denoting the plane number at which the
program execution is to be terminated. This input parameter is
typically emplioyed when the execution is intended to be restarted
at plane number (IPRSTP + 1). Specifying IPRSTP < 0 has no: effect
on the execution of the program. A default value of 0 is specified
for IPRSTP.

KSTART gn integer variable used in controliling the file operations invelved
in the restarting of the program {if desired). KSTART controls the
storage and retrieval of the restart file as follows.

KSTART Control of Restart File

o

nc file operations
write restart file on TAPE &

read information for program restart from TAPE 4,
and write ensuing solution planes on this tape

Ny

" A default value of 0 is specified for KSTART. TAPE 4 is linked to
the dummy file RESTRT in the PRPGRAM card.

4. NAMELIST LIST2

The parameters entered in namelist LISTZ specify the free-stream condi-
tions, the inlet orientation, and the parameters which control the internal
generation of the flow property field on the initial-value plane.

MFS A positive real variable denoting the free-stream Mach number. The
spacified value of MFS must be greater than 1.0. A default value of
3.0 is specified for MFS.

PFS A positive real variable denoting the free-stream absolute pressure,
in either (1bf/ft?) or (N/m?). A default value of 242.2 {(1bf/ft?) is
specified for PFS (this value is the pressure of the standard atmos-
phere at an altitude of 50,000 ft). .

RAFS A positive real variable denoting the free-stream density, in either
(slug/ft®) or (ka/m®). A default value of 0.0003622 (slug/ft®) is
specified for R@FS (this value is the density of the standard atmos-
phere at an altitude of 50,000 ft}.

PITCH A real variable denoting the angle, in degrees, subtended by the free-
stream velocity vector and the projection of the free-stream velocity
vector on the (x,z)-plane, as illustrated in Figure 4. A default
value of 0.0 degrees 1is specified for PITCH. .

YAW A real variable denoting the angle, in degrees, subtéended by the x-
axis and the projection of the free-stream velocity vector on the
(x,z)-plane, as illustrated in Figure 4. A default value of 0.0
degrees is specified for YAW.
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XI A positive real variable denoting the axial (x) position, in ejther
feet or meters, of the initial-value plane. If the forebody flow
field integration option is specified [KCALL(1) = 1], ¥I must be
specified at the beginning of the forebody flow field computational
regime (see Figure 1). If only the internal flow field integration
option is specified [KCALL(1) = 0, KCALL(2) = 1 or KCALL(3) =11,
XI must be specified at the axial station of the cowl lip (see
Figure 1). XI must not fall outside of the range of axial stations
for which the centerbody geometry is specified. Also, XI must not
be greater than the axial station up to which the cowl geometry ‘is
specified. A default value of 1.0 ft is specified for XI.

- KIVS An integer variable denoting whether the initjal-value plane is to
be generated internally by the approximate technique described in
Section II, or read in. If KIVS = 1, the initial-value plane is
computed internally. If KIVS = 0, the initial-value plane must be
supplied by the user through a formatted read of file ITAPE. The
formatted read input is described at the end of this section. The
internally generated initial-value plane option is applicable only

" to cases where the forebody is conical up to the axial station where
the initial-value plane is Tocated. Specifying KIVS = 1 requires
that KSYM = 1,2, or 3and that YAW = 0.0. Furthermore, if KIVS = 1
and KSYM = 3, PITCH must bé specified as 0.0. A defauit value of 1
is specified for KIVS.

KCON An integer variable denoting whether or not the bow shock wave is
conical. KCON must be specified only if the forebody flow field
integration option is employed [KCALL{1) = 1]. If.KCPN = 1, the bow
shock wave is conical. In this case, the angle at-each initial-
value plane bow shock wave point that is subtended by the shock wave
‘and the x-axis in the meridional plane defined by the shock wave
point i1s computed internally. If KC@N = 0, the bow shock wave is
not conical, and the shock wave angles must be supplied by the user
through a formatted read of file ITAPE. "~ The formatted read input
is described at the end of this section. If the initial-value plane
is generated internally (KIVS = 1), a conical- bow shock wave is
assumed (KCON = 1). A default value of 1 is specified for KCEN.

ITAPE A positive integer variable denoting the tapé number from which the
user supplied initial-value plane is to be entered by a formatted
read., ITAPE must be specified only if the initial-value plane flow
property field is to be supplied by the user (KIVS = 0). The default

value assigned to ITAPE is 5 (the input fi]e%. The user may specify
ITAPE = 3, in which case the initiai-value plane is read from TAPE 3.

TAPE 3 is linked to the dummy file IVS in the PROGRAM card.

5. NAMELIST LIST3

The parameters entered in namelist LIST3 specify the number of circum-
ferential and radial stations used in the computational point network.
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ISTPP

JMAXI

JINLET

JLIMIT

A positive integer variable denoting the number of circumferential
stations used in the computed flow field sector. The value specified
for ISTPP must correspond to the flow symmetry option specified by
KSYM (see namelist LIST1) as follows (see Figure 3).

KSYM Allowable Value{s) of IST@P
0 5 < ISTPP < 40
1 4 < ISTPP < 21
2 3 < ISTPP < 11
3 IST@P =

A default value of 1 is specified for ISTPP [this value corresponds
to KSYM = 3 (axisymmetric flow)]. A value of ISTPP.= 21 is recom-
mended for KSYM = 1.

A positive integer variable denoting the number of radial stations on
the initial-value plane. MNote that the initial-value plane input
format is the same whether the computation is being started at an
axial station upstream of the forebody computational flow regime or
at the axial station of the cowl 1ip. The specified value for JMAXI
must be at lTeast 3 and no greater than 21 The default and recom-
mended value for JMAXI is 11.

Whatever the value of JMAXI, the outermost radial station corresponds
to the downstream bow shock wave points, and the remaining (JMAXI - 1)
radial stations correspond to the streamline points.

A positive integer variable denoting the number of radial stations on
each solution plane in the internal flow field integration. JINLET
must be specified only if the internal flow field is to be computed.
The specified value of JINLET must be at least 4 and no greater than
21. The recommended value and the default value of JINLET is 11. It
should be noted that JINLET is independent of JMAXI.

For the internal flow field integration option in which shock waves
are not discretely fitted [KCALL(2) = 0, KCALL(3) = 1], JINLET
specifies the number of streamline points at each circumferential
station. For the internal flow field integration option in which
shock waves are discretely fitted [KCALL(Z? = 1, KCALL(3)} = 0], the
number of streamline points at each circumferential station is equal
to (JINLET - 2)}. The remaining two storage locations are assigned
to the upstream and downstream shock wave selution points.

A one-dimensional integer variable array consisting of two elements.
JLIMIT must be specified only if the forebody flow field integration
option is employed [KCALL(T) = 1]. The elements of JLIMIT are used
in controlling the number of interior field points which are added
in the computation of the forebody flow field. The first element of
JLIMIT [JLIMIT(1)] denotes the allowable maximum number of radial
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stations on a solution plane in the forebody flow field computation
when the mass fiow rate across that plane is less than a specified
fraction [denoted by CRIT(7) in namelist LIST6] of the estimated
mass flow rate at XEND(1), the axial Tocation at which the forebody
flow field integration is to be terminated. The second element of
JLIMIT [JLIMIT(2)] denotes the allowable maximum number of radial
stations when the mass flow rate exceeds the specified fraction of
the estimated mass flow rate at XEND(1). Each element of JLIMIT

© must be positive, odd, and no less than 5 but no greater than 21.
JLIMIT(T) should be less than or equal to JLIMIT(2). A default
value of 13 is specified for JLIMIT(1), and a default value of 2}
is specified for JLIMIT(2}. -

6. NAMELIST LIST4

The parameters entered in namelist LIST4 specify the thermodynamic
model and the molecular transport properties.

R A positive real variable denoting the gas constant, in either
(ft-1bf)/(slug-R) or (I/kg-K}. A default value of 1716.16116
(ft-1bf)/(sTug-R) is specified for R.

GAMMA A positive real variable denoting the specific heat ratio. A de-
fault value of 1.4 is specified for GAMMA.

If the influence of molecular transport is not to be included in the
computation (KVISCY = 0), no other parameters must be specified in namelist
LISTA. If the viscous and thermal diffusion terms are to be included in the
computation, the parameters presented in the following discussion must be
specified.

The dynamic viscosity is represented in the computer program by the
Sutherland formutla (2).

o 1.5 T+ B
LS bl B e = a)

In equation (1), u is the dynamic viscosity at the absolute temperature T, and
B is a constant. For air, B has the value 198.6 R (110 K). The parameter u
is the viscosity at the reference temperature T,. The constants p,, Tg» and’B
must be specified in the program input by entering the fo!]owing.tﬁree para-
meters.
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VIis@ A pos1t1ve real variable denoting the reference viscosity ug in
equation (1). The units of VISP are e1ther (1bf- sec/ftz) or
(N-s/m*). A default value of 3.5 x 10~7 (1bf-sec/ft%) is specified
for VISP (this value is the dynamic viscosity of air at 492.0 R).

T8 A positive real variable denoting the reference absolute temperature
Tg in equation (1). The units of T@ are either R or K. The specified
value of T@ must correspond to the specified value of VISﬂ A de-
fault value of 492.0 R is specified for T@.

B A positive real variable denoting the constant B in equation (1).
' The units for B are either R or K. A default value of 198.6 R is
specified for B.

Thermal conductivity is represented in the computer program by a -quadratic
curve fit written as a function of absolute temperature. This quadratic poly-
nomial is given by '

€=y +a,l a3T2 _ (2)

where k is the thermal conductivity, T is the absolute temperature, and the,
coefficients a. (i=1,2,3) are determined by fitting this expression to three

data point setd. The curve fit coefficients are determined by entering the
following two arrays ’

TDL A one-dimensional real variable array consisting .of three elements.
Each element of TDL represents a temperature data point for the
thermal conductivity of the working gas. The units of each element
of TDL are either R or K. The successive elements of TDL must rep--

resent monotonically increasing temperatures The default values
for the elements of TDL are:

TDL{1) = 400.0 R
- TDL(2) = 1400.0 R
TDL(3} = 2400.0 R
CAND A one-dimensional real variable arrvay consisting of three elements.

Each element of COND denotes the working gas thermal conductivity at
the absolute temperature specified by the corresponding element of
TOL. The un1ts of each element of CBND are either (ft-slug)/{sec®-R)
or (m-kg)/(s*-K). The default values for the elements of COND are:
C@ND(]) = 2.550963 x 1073 (ft-slug)/(sec®-R)

COND{2) = 7.566417 x 107° (Fft-siug)/(sec®-R)

COND(3) = 1.145772 x 1072 (ft-slug)/(sec®-R)
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The specified default values for the elements of CPND correspond to
the thermal conductivity values of air at the temperatures specified
by the elements of TDL.

7. NAMELIST LISTS

The input parameters entered in namelist LISTS specify the contours of
the centerbody and the cowl. It is assumed that both the centerbody and the
cowl are axisymmetric. The x-coordinate axis is the longitudinal axis of
both the centerbody and the cowl (see Figure 1). The forebody tip must be
located at x = 0.0. The axial station of the cowl 1ip must be specified at
x > 0.0.

For the purpose of geometry description, the axial (x) domain is divided
into a number of intervals, as illustrated in Figure 5. The number of axial
stations at which the centerbody geometry is specified is denoted by NCENT.
The number of intervals on the centerbody is equal to (NCENT - 1). The number
of axial stations at which the cowl geometry is specified is denoted by NCPWL.
The number of intervals on the cowl is equal to (NC@WL - T1).

In any interval, the centerbody or cowl radius may be specified either
by tabular input, or by supplying the coefficients in a cubic polynomial writ-
ten as a function of x. For the tabular input option, the body radius r(x)
at axial position x n the ith interval (x{ < X < xq+1) is found by linear
interpolation between point (Xj,rij} and point (xj41.rj+1). The local slope
of the body for this interval 1n a given meridiona1 plane is then given by
the slope of the line segment joining these two points. Alternatively,
employing the cubic polynomial

r{x) =a, + bi(x - Xi) +c

2 -
; (x - x;)® + di(x X

i i ) (xi Sx< x1+1) (3)

1

requires that the curve fit coefficients aj, bj, ci, and dj be supplied by the
user. Since equation (3) is a cubic, slope and curvature can be matched at
the junction point between two adjacent intervals employing this formulation.
An option exists to employ the following cubic polynomial instead of equation

(3) .
- 2 3
r(x) = a;, + byx + c.x* + d;x (x; £ x < xi+]) (4)

When employing equation (3) or equation (4), the coefficients aj, bj, ci and
di must be specified for up to at most (NCENT - 1) and/or (NCBWL - 13
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intervals. The axial location x; must always be specified for NCENT and (if
the internal flow field is to be computed) NC@WL axial stations, no matter
which formulation is used.

If the forebody is conical ahead of a certain axial station, the forebody/
centerbody geometry in this interval (I1st interval) may be specified by
entering the cone half-angie directly rather than by suppiying the curve fit
coefficients or entering the body radius by tabular input.

The geometry description option for a given interval is specified by the
user and does not have to be the same for all intervals. For instance, the
forebody/centerbody contour may have a conical tip, then a quadratic or cubic
variation with x, then a linear variation with x, then again a quadratic or
cubic variation with x. A way to describe this contour would be to input
the cone half-angle for the first interval, the cubic curve fit coefficients
for the second interval, the body radii at the ends of the third interval, and
the cubic curve fit coefficients for the fourth interval. Alternatively, the
appropriate cubic curve fit coefficients could be suppiied for each of the
four intervals. It should be noted that in the input of the geometry data,
radius, slope, and curvature should be made compatible between adjacent
intervals. The boundary contours are specified by entering the foilowing para-
meters.

KBASE An integer variable denoting whether equation (3) or equation (4) is
to be employed when at l1east one interval of the centerbady or cowl
geometry is specified by either of these two cubic equations. If
neither equation (3) nor equation (4) is used in the geometry de-
scription, then KBASE does not have to be specified. If a cubic
equation is to be used, then entering KBASE = 0 specifies that .
equation (3) will be employed. If KBASE = 1, then equation (4) will
be used. A default value of 0 is specified for KBASE. The specified
value of KBASE applies to both the forebody/centerbody contour and
the cowl contour.

NCENT A positive integer variable denoting the number of axial stations
used in specifying the forebody/centerbody geometry. The number
of intervals for the forebody/centerbody is equal to (NCENT -~ 1).
The specified value for NCENT must be at least 2 and no greater
than 100. A default value of 2 is specified for NCENT.

KDCENT A one-dimensional integer variable array (dimensioned at 100)
consisting of (NCENT - 1) elements. Each element of KDCENT specifies
the forebody/centerbody geometry description option to be used in
the corresponding interval. Specifying KDCENT(I) = 1 for the ith
interval selects the option in which the forebody/centerbody radius
is described by equation (3) or equation (4) (depending on the value
of KBASE). Specifying KDCENT(I) = 2 for the ith interval selects
the option in which the forebody/centerbody radius is specified by
tabular input. If the forebody tip is conical, the geometry in
the first forebody/centerbody interval may be described by entering
the cone half-angle directly and specifying KDCENT(1) = 3. The
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XCENT

RCENT

ACENT
BCENT
CCENT
DCENT

CONE

specified value for KDCENT(I) must be 1 or 2, except for the first
interval (I = 1) in which case values of 1, 2, or 3 may be specified.
Specifying other values than those allowed causes the program execu-
tion to be aborted. The default value for KDCENT(1) is 3, while all
other elements of KDCENT have no default values specified.

A one-dimensional real variable array (dimensioned at 100} consist-
ing of NCENT elements. Each element of XCENT denotes the axial (x)
position, in either feet or meters, of the beginning of a forebody/
centerbody interval [XCENT(NCENT) denotes the axial position of the
end of the Tast interval]. The elements of XCENT must be nonnegative
and montonically increasing. The default values for XCENT(1) and
XCENT{2) are 1.0 ft and 3.5 ft, respectively. The remaining elements
of XCENT do not have defauit values specified.

A one-dimensional real variable array (dimensioned at 100) consist-
ing of up to NCENT elements. FEach element of RCENT specifies the
forebody/centerbody radius, in either feet or meters, at the axial
location specified by the corresponding element of XCENT. If
KDCENT(I} = 2, then RCENT(I) and RCENT(I + 1} must be specified. If
KDCENT(I) = 1 or 3, then RCENT(I)} and RCENT(I + 1) do not have to be
specified. Each element of RCENT must be nonnegative. No default
values are specified for the elements of RCENT.

nn

One-dimensional real variable arrays {each array is dimensioned at
100}, where each array consists of up to (NCENT-1) elements. These
arrays are used in conjunction with equation (3) or equation (4) for
specification of the forebody/centerbody geometry. The elements of
ACENT, BCENT, CCENT, and DCENT specify the coefficients aj, bj, Cji,
and d;, respectively, in equation (3) or equation (4). If KDCENTZI) =
1, then ACENT(T), BCENT(I), CCENT(I}, and DCENT(I) must be specified
for the ith interval. If KDCENT{I} = 2 or 3, then ACENT(I), BCENT{IL),
CCENT(I1), and DCENT(I) do not have to be specified for that interval.
The units for the elements of ACENT are either feet or meters. The
elements of BCENT are dimensionless. The units for the elements of
CCENT are either (feet)=' or (meters)-'. The units for the elements
of DCENT are (feet)-2 or (meters)-%. No default values are specified
for the elements of ACENT, BCENT, CCENT, and DCENT.

A real variable denoting the cone half-angle, ‘in degrees, of the
forebody tip if it is conical. If KDCENT(1) = 3, then CONE must be
specified. If KDCENT(1) = 1 or 2, then CBNE does not have to be
specified. A default value of 10.0 degrees is specified for CONE.

If only the external flow field about the forebody is to be computed

[KCAQL(]) =1, KCALL(2} = 0, and KCALL{3} = 0], no further parameters must be
spec1f1ed in namelist LIST6. If the flow field in the annulus is to be
determined, the following parameters must be entered.
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NCEWL

KDC@WL.

XC@uL

RC@WL

ACEWL
BCAWL
CCaWL
DCAWL
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A positive integer variable denoting the number of axial stations
used in specifying the cowl geometry. The number of intervals for
the cowl is equal to (NC@WL - 1). The specified value for NCQWL
must be at least 2 and no greater than 50. A default value of 2
is specified for NC@WL.

A one-dimensionatl integer variable array (dimensioned at 50)
consisting of (NCEWL - 1) elements. Each element of KDCOWL speci-
fies the cowl geometry description option to be used for the
corresponding interval. Specifying KDCBWL(I) = 1 for the 1ith
interval selects the option in which the cowl radius is described

by equation (3) or equation (4) (depending on the value of KBASE}.
Specifying KDCOWL(I) = 2 for the ith interval selects -the option in .
which the cowl radius is specified by tabular input. The specified
value for KDCOWL(I) must be either 1 or 2. Specifying other values
than those allowed causes the program execution to be aborted. The
specified default vaiue for KDC@WL(1) is 2, while all other elements
of KDCQWL have no default values specified.

A one-dimensional real variable array {dimensioned at 50) consisting
of NCPWL elements. Fach element of XC@WL specifies the axial (x)
position, in either feet or meters, of the beginning of a cowl
interval [XCOWL{NCQWL) denotes the axial position of the end of the
Tast interval]. Each element of XC@WL must be nonnegative and
monotonically increasing. The default values for XCOWL(1) and
XCOWL{2) are 2.0 ft and 3.5 ft, respectively. The remaining elements
of XC@WL do not have default values specified.

A one-dimensional real variable array (dimensioned at 50) consisting
of up to NCEWL elements. Each element of RCEWL specifies the cowl
radius, in either feet or meters, at the axial location specified by
the corresponding element of XC@WL. If KDCEWL(I) = 2, then RCEWL(I)
and RCEWL(I + 1) must be specified. If KDCOWL(I) = 1, then RCOWL(I)
and RCPWL(I + 1) do not have to be specified. Each element of RCOWL
must be nonnegative. The default values for RCGWL(1) and RCEWL(2)
are both 0.70 ft. The remaining elements of RCOWL do not have
default values specified.

One-dimensional real variable arrays (each array is dimensioned at
50), where each array consists of up to (NCOWL - 1) elements. These
arrays are used in conjunction with equation (3) or equation (4) for
specification of the cowl geometry. The elements of ACPWL, BCOWL,
CCOWL, and DCOWL specify the coefficients aj, by, cj, and dj,
respectively, in equation (3) or equation (4). If KBC@NL(I} = 1,
then ACGWL(I), BCOWL(I), CCAUL(I), and DCOWL(I) must be specified
for the ith interval. If KDC@WL(I) = 2, then AC@WL(I), BC@WL(I),
CCAWL(I), and DCAWL(I) do not have to be specified for that interval.
The units of the elements of ACOWL are either feet or meters. The
elements of BCOWL are dimensionless. The units for the elements of
CCOWL are either (feet)-! or (meters)-!. The units for the elements
of DC@WL are either (feet)~2 or (meters)-%. No default values are



DXTRAN

specified for the elements of ACGWL, BCOWL, CC@WL, and DCBWL.

A real variable denoting the centerbody translation from the design
point position, or, equivalently, the amount the cowl has been trans-
lated with respect to the centerbody. The units of DXTRAN are
gither feet or meters. Translation occurs solely in the x-direction.
Moreover, the origin of the coordinate system is maintained at the
forebody tip when translation occurs. A positive value for DXTRAN
corresponds to a forward centerbody transiation or a rearward cowl
translation. A default value of 0.0 is specified for DXTRAN.

8. NAMELIST LIST6

The parameters entered in namelist LIST6 specify the various convergence
tolerances and iteration limits used in the numerical integration. Al]l para-
meters in this namelist have specified default values. In general, the program
is executed without changing the values of any of the parameters in this name-

Tist.
SAFEIN

CRIT

CRIT(1)

A positive real variable denoting the ratio of the axial marching
step taken to the axial marching step allowed by the Courant-

" Friedrichs-Lewy (CFL) stability criterion. This variable is used

to determine the axial position of both the first solution plane in
the forebody flow field integration [KCALL(T) = 1] and the first
solution plane in the internal flow field integration in which

shock waves are not 'discretely fitted [KCALL(3) = 1]. Ensuing solu-
tion planes for these ‘integration options have their axial locations
adjusted in accord with an internally computed value of SAFEIN.

For the internal flow field integration option in which shock waves
are discretely fitted [KCALL{2) = 1], the axial position of each
solution plane (except in the vicinity of a shock wave reflection)
is controlled by the input value of SAFEIN. The specified value of
SAFEIN must be positive, and must be less than 1.0 to satisfy the
CFL stability criterion. The default and recommended value of
SAFEIN s 0.975.

A one-dimensional real variable array consisting of 16 elements.
Each element of CRIT specifies a convergence tolerance or other
parameter. The elements of CRIT have the following definitions
and default values.

A positive real variable denoting the tolerance, in either feet or
meters, used to determine if a user supplied initial-value plane
data point js sufficiently ciose to a plane of symmetry when the
data point is supposed to 1ie on the plane of symmetry. CRIT(1) is
also used to determine if a user suppljed initial-value plane data
point is sufficiently close to-the soiid boundary when that point

is supposed to 1ie on the solid boundary. A default value of.0.1 ft
{or 0.1 m) is specified for CRIT(1).
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CRIT(2)

CRIT(3)

CRIT(4)

CRIT(5)

CRIT(6)

CRIT(7)

CRIT(8)
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A positive real variable denoting the relative tolerance used in
testing for a loss of significance in IBM library subroutine GELG
{GELG is used to solve a system of simultaneous linear equations).
A default value of 10~7 is specified for CRIT(2).

A positive real variable denoting the relative tolerance used in
testing for convergence in the internal generation of the initial-
value plane flow property field. A default value of 10=* is
specified for CRIT(3).

A positive real variable denoting the relative tolerance used in

testing for convergence of all three coordinates in the iterative
scheme employed in computing a streamline-surface intersection or
a bicharacteristic-surface intersection. A default value of 107°
is specified for CRIT(4).

A positive real variable denoting the relative tolerance used in
testing for the convergence of the five flow propertias u, v, W,

P, and p in subroutine SPLVE. A default value of 10-* is specified
for CRIT(5). :

A positive real variabie dencting the relative tolerance used in
testing for the convergence of the static pressure in subroutine
SHOCK. Convergence js attained in the local iteration loop if

|P(2) - P¥(2)]/P(2) < CRIT(6)

where P{2) is the solution point pressure obtained from the Jocal
Hugoniot relations, and P*(2) is the pressure obtained from the
wave surface compatibility relation. A default value of 10-* is
specified for CRIT(6).

A positive real variable denoting the mass flow rate ratio at
which the maximum number of radial stations allowed in the fore-
body flow field computation is changed from JLIMIT(1) to JLIMIT(2)}.
The mass flow rate ratio is the mass flow rate at a given fore-
body flow field solution plane divided by the estimated mass flow
rate at the axial station corresponding to XEND{1). A default
value of 0.5 is specified for CRIT(7).

A positive real variable used as a multiplier of the mass flow
ratio which is employed in determining whether or not point
addition is to be performed on a solution plane in the forebody
flow field integration. The mass fTow rate ratio is the mass flow
rate at the solution plane just computed divided by that at the
last solution plane where point addition or deletion was performed.
A default value of 1.0 is specified for CRIT(8).



CRIT(9)

CRIT(10)

CRIT(11)

CRIT(12)

A positive real variable denoting the relative tolerance used in

© routine LINK21 for determining when the angle o calculated in the

global correction for the bow shock wave points has converged. A
default value of 10~* is specified for CRIT(9).

A positive real variable used in routine LINK21 for determining if
a sufficient number of shock wave solution points have converged in
global correction. Convergence is attained when

M/ISTOP > CRIT(10)

where M is the number of shoék wave solution points which have
converged in global correction, and IST@P is the number of cir-
cumferential stations in the computed sector. A default value of
0.8 is specified for CRIT(10)}.

A positive real variable used in subroutine BSH@BCK for determining
if the velocity component downstream of the shock wave and normal
to the surface of the solid boundary has converged to within a
specified tolerance of zerc. Convergence is attained when

vy | < CRIT(11)

where VN is the velocity component normal to the solid boundary.
A default value of 10-% ft/sec (or 10-% m/s) is. specified for
CRIT(11).

A positive real variable used in routine LINK22 for determining if
another solution plane is to be inserted between the Tast solution
plane and the intersection of the incident internal shock wave with .
the solid boundary. Another solution plane is inserted if

Ax/BXcg) > CRIT(12)

where Ax is the axial (x) distance between the last computed plane
and the nearest point on the space curve defined by the intersec-
tion of the incident internal shock wave with solid boundary, and
&XCFL s the axial step allowed by the Courant-Friedrichs-Lewy

41



CRIT(13)
CRIT(14)

CRIT(15)

CRIT(16)

42

(CFL) stability criterion. A default value of 0.2 is specified for
CRIT(12).

Not presently employed.

A positive real variable used in subroutine PENTRE for determining

if a streamline-shock wave intersection point js sufficiently ciose
to the current solution plane, so that an interior point uhit process
on the downstream side of the shock wave is not performed. Instead,
a streamline projection onto the solution plane and subsequent flow
property interpolation in this plane is performed. Thé application
of the interior point unit process is not performed if

{x )/e.xCFL < CRIT(14)

s ~ ®int

where x_ is the axial position of the solution plane, x.., is the
axial 18cation of the streamline-shock wave intersectioﬁnﬁofnt, anhd
AXepp s the axial marching step allowed by the Courant-Friedrichs-
Lewy(st?bility criterion. A default value of 0.4 js specified for
CRIT(14}. .

A positive real variable used in subroutine STRSHK for determining
if convergence has been obtained in calculating the intersection
point of a body streamline with the spacé curve defined by the
intersection of the incident internal shock wave with a solid bound-
ary. Convergence is attained when

6.,y - 6;] < CRIT(15)

i+1

where 8. is the polar angle of the intersection point on the ith
iteratibn, and 8141 is the polar angle on the (i+1)th iteration.
A default value of 10-* radians is specified for CRIT(15).

A positive real variable used in subroutine INTSCT for determining if
convergence has been obtained in calculating the intersection point
of a bicharacteristic with either a solid boundary or a shock wavés
or the intersection point of a streamline with a shock wave. Conver-
gence is attained when

IR, - R.| < CRIT(16)



ITEND

ITEND(T)

ITEND(2)

ITEND(3)
ITEND{4)

ITEND(5)
ITEND(6)

where Ry is the radius of the intersection point obtained by inte-
grating the equation for a streamline or bicharacteristic, and Rg
is the intersection point radius obtained from the shock wave or
boundary surface formulations. A default value of 107°% ft (or

107° m) is specified for CRIT(16).

A one-dimensional integer variable array consisting of 6 elements.

Each element of ITEND specifies a.limit to the number of iterations
permissible in a given iteration Toop. The elements of ITEND have

the following definitions and default values.

A positive integer variable denoting the maximum number of inner
iterations permissible in determining. the intersection coordinates
of ejther a streamiine with a surface, or a bicharacteristic with a
surface. ITEND(1) is used in conjunction with CRIT(4). A default
vatue of 10 js specified for ITEND(1).

A positive integer variable denoting the maximum number of outer

iterations permissibie in obtaining the five flow properties u, v,
w, P, and p in all unit processes except the shock wave-solid boundary
point unit process. A default value of 10 is specified for ITEND(2).

Not presently employed.

A positive integer variable denoting the maximum number of iterations
permissible in the relaxation of the velocity component normal to

the solid boundary and downstream of the reflected (cowl 1ip) shock
wave in the shock wave-solid boundary point unit process {subroutine
BSHBCK). A default value of 20 is specified for ITEND{4).

Not presently employed.

A positive integer variabie denoting the maximum number of permissible
subiterations in determining the intersection point of a 1ine segment
with a given three-dimensional surface (subroutine INTSCT}. A default
value of 10 is specified for ITEND(6).

9. NAMELIST LIST7

The parameters entered in namelist LIST7 specify if debug output is to be

printed.
KDUMP

A one-dimensional integer variable array consisting of four elements.
Each element of KDUMP specifies whether or not a particular unit proc-
ess is to have debug output printed. Specifying KDUMP(I) = 1 (I=1 to
4) activates the debug output option for the corresponding unit
process. Specifying KDUMP(I) = 0 causes no debug output to be printed
for the corresponding unit process. The elements of KDUMP activate
the debug cutput option for the following unit processes and have the
following default values.
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KDUMP(1) Activates Debug Output for Default Vatue

KDUMP{1) interior point scheme 0
KDUMP( 2) solid body point scheme 0
KDUMP( 3) field-shock wave point

scheme 0
KDUMP{4) solid body-shock wave

point scheme 0

ISTART A positive integer variable denoting the solution plane number at
which debug output is to be initiated. A default value of 1 1is
specified for ISTART.

10. FORMATTED READ OF THE INITIAL-VALUE PLANE FLOW PROPERTY FIELD

The user supplied initial-value plane flow property field is entered by
a formatted read of file ITAPE after all seven namelists have been input. To
enter the initial-value plane by tabular input, KIVS = O must be specified in
namelist LIST2. The default value for ITAPE is 5(the input file). The
initial-value plane may be read from TAPE 3 by specifying ITAPE = 3 in name-
Tist LIST2. TAPE 3 is linked to the dummy file IVS in the PRPGRAM card.

The index Timits for the initial-value plane, IST@P and JMAXI, are
entered in namelist LIST3. The initial-value plane point networks for the
four flow symmetry options are illustrated in Figure 3.

The initial-value data are entered by the formatted read statement

- READ (ITAPE,260) ((Y(I,d),Z(I,d),U(I,d),V(I,d),H(I,d),P(I,d},RB(I.JI),
J=1,JdMAXI),I=1,IST@P)

with the format (4E20.13/3E20.13). The parameters in the formatted read state-
ment have the following definitions (see Figure 3).

I An integer denoting the circumferential index of the data point.
An integer denoting the radial index of the data point.
Y A two-dimensional real variable array, each element of which

denotes the y-position, in either feet or meters, of a data
point. The Y array is dimensioned at {40,21). No default
values are specified for the elements of Y.

Z A two-dimensional real variable array, each etement of which
denotes the z-position, in either feet or meters, of a data
point. The Z array is dimensioned at (40,21). No default
values are specified for the elements of Z.

U A two~dimensional real variable array, each element of which
denotes the x-component of velocity, in either (ft/sec) or
(m/s), at a data point. The U array is dimensioned at (40,21).
No default values are specified for the elements of U.
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v A two-dimensional real variable array, each element of which denotes
the y-component of velocity, in either (ft/sec) or (m/s), at a
data point. The V array is dimensioned at (40,21). No default
values are specified for the elements of ¥.

W A two-dimensional real variable array, each element of which denotes
the z~component of the velocity, in either {ft/sec) or (m/s), at
a data point. The W array is dimensioned at (40,21). No default
values are specified for the elements of W.

P A two-dimensional real variable array, each element of which denotes
the pressure, in either (1bf/ft%)} or (N/m?), at a data point. The
P array is dimensioned at (40,21). No default values are specified
for the elements of P.

Ry A two-dimensional real variable array. each element of which denotes
the density, in either (slug/ft®*) or (kg/m®), at a data point. The
R@ array is dimensioned at (40,21). No default values are specified .
for the elements of R@.

In all cases, the initial-value plane data points with J = 1 must 1ie
{to a close approximation} on the surface of the forebody/centerbody. The
initial-value plane data points with J = JMAXI correspond to the downstream
bow shock wave points. If only the internal flow is to be computed, the
initial-value plane is located at the cowl 1ip axial station. It is sufficient
to specify the flow property field, in this case, to a point just outside of
the cowl 1lip. If the bow shock wave radius is less than that of the cowl Tip,
the execution is aborted.

For the case of no planes of flow symmetry (KSYM = 0), the computed
sector is the entire solution plane corresponding to IST@P circumferential
stations and JMAXI radial stations [see Figure 3(a)]. For the case of one
plane of flow symmetry (KSYM = 1}, the computed sector is the half-plane
bounded by the y-axis and containing the +z-axis [see Figure 3(b)]. In this
case, the data points with I = 1 must lie on the +y-axis, and the data points
with T = IST@P must 1ie on the -y-axis. For the case of two planes of flow
symmetry (KSYM = 2),. the computed sector is the quadrant bounded by the +y-axis
and the +z-axis [see Figure 3{c¢)]. In this case, the data points with I =1
must 1ie on the +y-axis, and the data points with I = ISTGP must lie on the
+z-axis. For the axisymmetric flow case (KSYM = 3), the computed sector is
limited to the single circumferential station lying on the +y-axis [see
Figure 3(d)]. In this case, the data points with I = 1 must 1ie on the +y-axis.

If the forebody flow field is not being calculated [KCALL(1)} = 0], or if
it is being computed and the bow shock wave is conical (KC@N = 1), no other
input parameters have to be entered. If, however, the forebody flow field is
to be calculated [KCALL(1) = 1] and the bow shock wave is not conical {KCPN = 0),
then the angle subtended by the bow shock wave and the x-axis in the meridional
plane defined by the shock wave point for each shock wave point in the computed
sector must be entered by the formatted read statement
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READ (ITAPE,270) (BETA(I),I=1,IST@P)

=

with the format (E20.13). The parameters in the formatted read statement have
the following definitions (see Figure 3).

I An integer denoting the circumferential index of the initial-value
. plane shock wave point.

BETA A one-dimensional real variable array (dimensioned at 40), each
element of which denotes the angle, in radians, subtended. by the
bow shock wave and the x-axis in the meridional plane defined by
the corresponding initial-value plane downstream shock wave point.
Each element of BETA must be positive. No default values are
specified for the elements of BETA. :
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SECTION V
OUTPUT INTERPRETATION

The initial portion of the computer output comprises preliminary infor-
mation. This preliminary output consists of information identifying the
problem being considered, the specified computation options, the flow symmetry
option, the thermodynamic model and the molecular transport properties, the
vehicle orientation and the free-stream conditions, certain index parameters,
the contours of the centerbody and the cowl, and the convergence tolerances
and the iteration limits. The initial-value plane is then printed. Alter-
natively, if a program restart is specified, the last solution plane written
on the restart file is printed. Each solution plane is then printed in a
format similar to the initial-value plane printout. Additionally, the redis-
tributed data plane at the cowl 1ip axial station is printed if the internal
flow integration option is specified. Moreover, for the internal flow field
computation, the solution points are printed which 1ie along the space curves

defined by the intersection of the internal shock wave with the solid boun-
daries.

The output parameters listed on the computer printout are defined below.

¢ircumferential index of the solution point

radial index of the solution point

axial position of the solution plane or the solution point
y-position

z-position

Mach number

velocity magnitude

pressure

density

W o BN =< o

- 8

absotute temperature
x-component of velocity
y-component of velocity

= o

W z-component of velocity
PT stagnation pressure
TT  stagnation temperature
ITG  number of global corrector applications
ITL  number of local iterations
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Streamline solution points have both I and J indices which are numbers.
An upstream shock wave solutjon point is denoted by a numerical I index and
the J index is U. A downstream shock wave so]ution point is denoted by a
numerical I index and the J index is D.

For the external flow field about the forebody, the body streamline
solution points are denoted by J = 1. The outer bound to the computational
flow regime is defined by the locus of downstream shock wave solution points,
points with J = D. Since periodic point addition and deletion are performed
in the external flow field integration, continuous streamlines throughout
the computational flow regime are not available. Inserted solution. points
are noted by ITG = ITL =

For the continuous internal flow field integration option, the body
streamline points on the surface of the centerbody are denoted by J = 1, and
the body streamline points on the surface of the cowl are denoted J = JINLET.
The solution is found on the continuous streamlines which pass through
the redistributed points on the solution plane at the cowl 1ip axial station.

For the internal flow field integration option in which shock waves are
discretely fitted, the body streamline points on the surface of the center-
body are denoted by J = 1. The body streamline points on the surface of the
cowl are denoted by J = (JINLET - 2). The shock wave solution points float
in the storage arrays as the internal shock wave travels between the center-
body and the cowl on successive solution planes. The streamline points
between the upstream side solid boundary {either centerbody or cowl) and the
upstream shock wave points on a given solution plane iie in the upstream
flow field sector on that solution plane. 1In a like manner, streamline
points which Tie between the other solid boundary and the downstream shock
wave points on a given solution pTane Tie in the downstream flow fiedd sector
on that solution plane. A reversal of the upstream and downstream sectors
occurs at an internal shock wave-solid boundary intersection. It should be
noted that continuous streamlines are followed in the internal flow field
integration.

The intersection of the incident internal shock wave with a solid boun-
dary at a shock wave-solid boundary intersection defines a space curve. The
solution is found on both the upstream and downstream s.ides of both the in-
cident and reflected shock waves at points on this space curve.

At the end of a soTution plane printout, the Courant number and the
x-step regulation parameters are printed. The Courant number is the ratic of
the axial step taken to the axial step allowed by the Courant-Friedrichs-
Lewy stability criterion (based on immediate ne1ghhors in the interpolation
fit point stencils). The Courant number 1isted is that used in obtaining
the solution plane that was just printed. Likewise, the x-step regulation
parameters refer to the solution plane that was just printed.
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SECTION VI
SAMPLE CASES

1. INTROBUCTION

Five sample cases are presented in this section to iliustrate the applica-
tion of the computer program for calculating the flow field in supersonic mixed-
compression aircraft inlets. For each of the five sample cases, a discussion
of the problem is given, the required input data are presented, and selected
portions of the computer output are listed. The input parameter discussions
follow the order in which the input parameters are presented in Section IV.

Sampie Case No. 1 considers the computation of both the external fiow field
and the internal flow field for a simplified geometry mixed-compression iniet
at zero angle of attack. Sampie Case No. 2 considers the computation of the
external flow field about the forebody of the inlet of Sample Case No. 1 when
the angle of attack is 2.5 degrees. Sample Case No. 3 considers the calculation
of the axisymmetric internal flow field in a simplified geometry annulus using
the program options in which internal shock waves are not discretely fitted
but the molecular transport terms are included. Sample Case No. 4 considers
the computation of the axisymmetric internal flow field in the Mach 3.5 inlet,
documented in Reference (4), at zero angle of attack. Sample Case No. 5 con-
siders the computation of the internal flow field for the Mach 3.5 inlet for the

off-design Mach number of 2.5, nonzero centerbody transiation, and an angle of
attack of 3.0 degrees.

2. SAMPLE CASE NO. 1

This sample case is concerned with the computatien of both the external
flow field and the internal flow field jn a simplified geometry supersonic
mixed-compression aircraft inlet. The inlet geometry is axisymmetric and the
specified angle of attack is zero, hence the flow field is axisymmetric. This
sample case represents the problem being considered when all program input
parameters retain their default values.

The first card of the data deck for Sample Case No. 1, which is presented
in Figure 6, is the title card. A1l input parameters in namelist LIST] re-
tain their default values. Thus, KUNIT = 1 and English units are used in the
computation. The default values for KCALL(1), KCALL(Z2), and KCALL(3) are 1,
1, and 0, respectively. Consequently, the specified computation options are
the forebody flow field integration option and the internal flow field inte- ~
gration option in which shock waves are discretely fitted. The default values
for XEND(1) and XEND(2) are 2.0 ft and 3.5 ft, respectively. Hence, the fore-
body flow field "integration terminates at x = 2.0 ft, and the internal flow
field integration terminates at x = 3.5 ft. Note that since the internal flow
field integration option in which shock waves are not discretely fitted is not
used [KCALL(3) = 0], XEND(3) does not have to be specified. The default value
of RCAVG = 0.8 ft is used for estimating the mass flow rate downstream of the
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SAMPLE CASE NO, 1
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SLIST2

513513
SULST4
PLISTS
ILISLE
SLISTT
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Figure 6.

Data deck for- Sample Case No. 1.



bow shock wave at the cowl 1ip axial station. The default value of KVISCY is
0, consequently the molecular tranport terms are not included in the computa-
tion. KSYM retains its default value of 3, hence the axisymmetric flow option
is employed. The default value of KSGL@B = 1 specifies that global correction
is to be performed in obtaining the solution for the bow shock wave points.
KPRINT retains its default value of 1, consequently all solution points are
printed. Since IPRSTP and KSTART are both 0, the execution is not terminated
at a specified solution plane, nor are any restart file operations performed.

A1l input parameters in namelist LIST2 vetain their default values. Con-
sequently, the free-stream Mach number MFS, the free-stream pressure PFS, and
the free-stream dens1ty RAFS have values of 3.0, 242.2 (1bf/ft?), and 0.0003622
(slug/ft®), respectively. PITCH and YAW retain their default values of 0.0,
so the pitch and yaw angles are both 0.0. The axial position of the initial-
value plane, specified by the default value of XI, is 1.0 ft. Since KIVS and
KCPN are both 1, the initial-value plane is internally generated and the bow
shock wave is assumed to be conical (the forebody is conical). The parameter
%TAPE is ?ot employed since the initial-value plane is generated internally

KIVS = 1).

A1l input parameters in namelist LIST3 retain their default values.
Consequently, IST@P, JMAXI, and JINLET have values of 1, 11, :and 11, respec-
tively, so that 1 circumferential station is employed, 11 radial stations
on the initial-value plane are specified, and 11 radial stations in the- inter-
nal flow field computation are specified. JLIMIT(1) and JLIMIT(2) retain
their default values of 13 and 21 radial stations, respectively.

A1l input parameters in namelist LIST4 retain their default values.
Thus, the specific heat ratio and gas constant, specified by GAMMA and R,
respectively, have values of 1.4 and 1716.16116 (ft-1bf)/(sTug-R), respectively.
Since the molecular transport terms are not included in the computation
(KVISCY = 0), the input parameters VIS, TP, B, TOL, and CPND are not employed.

A1l input parameters in namelist LIST5 retain their default values. The
default inlet geometry has a conical forebody/centerbody with a cone half-angle
of 10.0 degrees. The forebody tip is located at x = 0.0 ft, and the centerbody
geometry is specified to x = 3.5 ft. Thus, NCENT = 2, KDCENT(1) = 3, -
XCENT(1) = 1.0, XCENT(2) = 3.5, and C@NE = 10.0. The cowl 11p axial station is
located at x = 2.0 ft and the cowl geometry is specified to x = 3.5 ft. The
cowl radius, entered by tabular input, is constant at the value of 0.7 ft
Thus, NCOWL = 2 KDCENL( ) = 2, XCPWL(1) = 2.0, XCOWL(2) = 3.5, RCPWL(1) =
and RCPUL(2) = The remaining parameters in namelist LISTS (RCENT, ACENT
to DCENT, ACUHL to DC@HL KBASE, and DXTRAN) are not employed.

A11 convergence toTerances and iteration limits retain their default values
in namelist LIST6.

No debug output is to be printed, hence all 1input parameters in namelisty
LIST7 retain their default values.

Selected portions of the computer output for this sample case are presented

»
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in Figure 7. The first three pages of the program output present the job title,
the specified computation options, the flow symmetry option, the thermodynamic
model , the vehicle orientation and free-stream data, the type of initial-value
plane, certain index parameters, the centerbody and the cowl contours, and the
various convergence tolerances and iteration Timits. The fourth pagé presents
the internally generated initial-value plane flow property field. "Pages five
to seven present the first three solution planes on the forebody (planes No. 1
to No. 3), and page 8 presents the last forebody solution plane (plane No. 16),
which §s located at the cowl entrance. Page nine presents the redistributed
flow property field at the cowl entrance, and page ten presents the Tirst
internal flow field solution plane (plane No. 17). Pages 11 to 13 present the
internal flow Tield solution plane just upstream of the first shock wave inter-
section with the centerbody (plane No. 26), the interplanar results, and the
solution plane just downstream of the shock wave-centerbody intersection

(plane No. 27). Pages 1% to 16 present the corresponding results for the

first shock wave intersection with the cowl. The last page presents the last
solution plane (plane No. 78) before the flow becomes subsonic.

Sample Case No. 1 required approximately 95 seconds of central procéssor

time on ghe €DC-6500 computer (using the Purdue University modified 6000-SCHPE
zompiler).
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THE ARALYSIS OF STEADY THREE-DIMENSIONAL FLOW IN SUPERSONIC MIXED-COMPRESSION AIRCRAFT INLETS

ABSTRACY e

THE FLDW FIELD IN A SUPERSONIC MIXED=COMPRESSTON AIRCRAFT INLET IS COMPUTED USING THE METHOD OF CHARACTERISTICS
FOR STEADY THREE=-DIMENSIONAL FLOW,. THE BOW SHOCK WAVE AND HEFLECTED INTERNAL SHOCK WAVE SYSTEMS ARE- COMPUTED
USING A DISCRETE SHOCK-FITTING PRGCEDURL. THE PROGRAM HAS THE CAPABILITY 10 INCLUDE THE INFLUENCE OF MOLECULAR
TRANSPORT ON THE SOLUTION BY TREATING THESE EFFECTS AS CORRLCTION TERMS IN THE CHARACTERISIICS SCHEME,

THIS PROGHAM WAS DEVELOPED AT THE PURDUE UNIVEZRSITY THERMAL SCIENCES AND PRUPULS1ON CENTER BY J, VADYAK JUNDER

BaheSeAs GRANT 'NOs NGR=15-005-19% FOR THE NeAoS+Ar LEWIS RESEARCH CENTER, CLEVELANDy OHIO THE PRINCIPAL
INVESTIGATOR WAS JoDs HOFFMAN AND THE N.A.S.A., TECHNICAL DIHECTOR WAS A. BISHUP,

“OB TITLE

HAMPLE CASE NO. %,

. SPECIFIED COMFUTATION OPTIONS

Foves H: . 1.} FOREBODY FLOW FIELD
é%{tgf 24} INTERNAL FLOW FIELD WITH SHOCK WAVE SYSTEM
w »
O &
[ ;gu FLGW SYMMETRY
o AXISYMMETRIC FLOW

T,
Ly

ALTY
]

T

GLOBAL CORRECTION
6LoBAL CORRECTION IS PERFORMED ON THE BOW SHOCK WAVE POINTS

THERMODYNAMIC MODEL
A THERMALLY AND CALORICALLY PERFECT 6aS IS SPECIFIED WIYH
SPECIFIC HEAY RATIO=1.40806 GAS CONSTANT= 1.71636LE+03(FT-1.BF /SLUG-DE6 R)

VISCOSITY AMD THERMAL CONDUCTIVITY TRANSPORT TERMe .
VISCOUS AND THERMAL OIFFUSION TERMS ARE NOT INCLUDED IN THE COMPUTATION - INVISCID AND ADIABATIC FLOW IS ASSUMED

ORIENTATION AND FREE STREAM DATA
ORIENTATION » PITCHs 0,00000(DEGREES) YAW= @,00000¢(DEGREES}

Figure 7. Selected output from Sample Case No. 1.
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FREE STREAM DATA = MACH NOs= 3400000 PRESSURE= 2+422000E+02{LBF/FTew2) DENSITYS 3,622000E~08(SLUG/FT**3)
TEMPERATURES 3,896437E+02{DEG R) SONIC SPEED= 9,67557TE+Q2IFT/SEC)

X=VELOCITY= 2,202673E+03{FT/SEC) Y=VELOCITY= 0« - LFT/8ELD) Z=VELOCIYT= O, ; (FT/SEC]

INITIAL VALUE SURFACE
AN INTERNALLY SENERATED INXTIAL VALUE SURFACE 1S SPECIFIED AS BEING LOCATED AT X= 1,00000CL400(FT)

A CONICAL BOW SHOCK WAVE IS SPECIFIED = THE INTERNALLY BENERATED SHOCK WAVE ANGLES ARE
BETAL 13 3,789657E=0L{RARIANS)

INDEX PARAMETERS

ESTOPE 3 IMAXSHD JMAXI=1L
JLIMITC1YE21S dLINIT(2}a21
JINLET=11

INTEGHATION TERMINATION POINTS
FOREBODY FlLOW FIELD INTEGRATION TERMINATES AT X= Z,000000E400{FT)
INTERNAL FLOW FIELD INTEGRATION TERMINATES AT Xz 3.5D000CE400(FT)

FOR FOREBODY FLOW = RCAVG= 8.000000g-01¢(FT)

CENTERBODY GEOMETRY

CONE HALF ANGLE=10,00000{DEGREES}

1 KDCENT XCENT RCENY ACENT BCENT CCENT DCENT

- (ET) (FT3 (FT? (FT*s=1) (Fres=2)}
1 3 1.,900Q900E400 Ga o, D, o, 0.

2 L] 3.5000005000 [ A 0, 0. O, De

COWL SEOMETRY

TRANSLATION FROM DESI6N POSITION= 0, COLFTY
I KDCOWL XCoML RCOWL ACONWL BCOWL cocowL DCOWL
{FT) (FT) 3 g (FT*==1) {FT**-2)
1 F3 2,000000£400 T,000000g~01 O, 0, o, 0,
2 0 3,5060000E+00 T.000000F=~01 0. 0. 0. O,

Figure 7. Continued.



CONVERGENCE TOLERANCES+ ITERATION LIMITS, ANU OTHER PARAMETERS

CONVERGENCE TOLERANCES AND OTHER PARAMETERS

CRIT( 1)z 1,000000E-01
CRIT{ 2)= 1.000000E-07
CRIT( 3)= 1.000000E~-04 '
CRIT( &)= 1.000000€~05
CRIT{ )= 1.000000E~04
CRIT{ )z 1.000000£-04
CRIT( 7)= 5,000000E~01

CRIT( 81= 1,000U00E+Q0
CRIT( 9= 1,000000E~-04
CRIT(10)= 8,000000E-01
CRIT{13)=s 1,000000E~0g
CRIT(12)= 2,000000g-0%
CRIT(15)s 1,00000CE~-05
CRIT(24)= %,0U0000E«01
CRIT(15)= 1,000000E-04
CRIT({161% 1.000000E~06

ITERATION LIMITS

ITEND{L b=30
ITEND(2)=10
ITEND(3)=10
TTEND(4) =20
ITEND(S) 210
ITEND(E =20 ,

INPUT SAFEYY FACTORz 9.750000E«01

G

Figure 7.

Continued.
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INITIAL DATA PLANE
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+ 1763
+1985
«2207
12429
« 2651
« 2873
+ 3095
+3316
23538
«3760
3982

Zz
(FT)

0.0000
0,0000

L.0000

0,0000
09,0000
0,0000
0,0000
0,.06000
0,0000
0,0000
0.,0000

2,710
2,712
2.719
2.727
2.737
2,749
2,762
2,776
2,792
2.812
2.6841

X= 1,00000(FT)

P

g .
(FT/SEC) (LBF/FT2}

2792.%
2793.8
2796.1
279%,8
2803, 8
2806,4
2813,4
2819,.4%
282%9,9
2833,8
2844 .6

375.68
374,20
37068
555335
3bl.éb
354,00
347,13
339.60
331.16
321,41
3u7.74

Ao
{SLUG/FT3)

4,9539E-04
b4 IUDGE~OU
429066E~ UG
4,B613E-084
W B8079E=-04
4y TRBOE~0U
44682004
bebRI2L" 04
N S27LE-OM
4 B2YSE=0Y
4+2961E=D4

BASS FLOW RATE FOR ENTIRE PLANE= 5,2142#E=01(SLUG/SEC)

X~STEP REGULATION ‘PARAMETERS

LIMLTING POINT » Ix b4 uz 1

SAFETY FACTOR= 9.750000L-01

‘Fiquret 7., :Continued.

T u v o PT
{DEG K1 (FT/SEC) (FT/SEC) (F1/SEC} (LBF/FT2)

441,9
441,54
440, 2
43B,6
436,6
43y, %
432,0
429,3
426,42
422,58
4174

FOREBODY FLOW FIELD

2750.1
2759.9
2Ted.?
27772
2785.5
2793.1
28043,9
2809.0
2817.6
2p27.4
284u,3

484,7
432.1
389.3
353.2
321.6
293,.2
267,08
241,58
216,7
189.8
156.5

DELTA=XZ 4,915339E=02(FT)

88b44,2
aeBL, 2
8BB4, 2
B888%4,2
88B4,2
8864,2
£884,2
B8Ok, 2
BbBY, 2
BEBY,2
8884,2

T
{DEG R}

1091,0
1051,0
1091,0
1091,0
1091,0
1091,0
2091,0

.1091,0

1091,0
1091,0
1092,0



LS

SOLUTION PLANE NOo 1 ¢ X5 L.QH91S(FT) : . FOREBODY FLOW FIELD

I J Y 2 M Q P RO T 7] v W PT TT ITe ITL
{FT} (FT! {FT/SEC) (LBF/FT2} (SLUG/FT3} {DEG R} (FT/SEC) (FT/SECY (FT/SEC) (LBF/sFTZ2) {OEG R
11 «18%0  0,p0000 2,711 2792,9 375,02 W.IGTTE-04 41,7 2750,.5 4a5,0 t.,0 abas.s 1091,0 1 2
1 2 + 2062 *, 0000 2.714 2793.9 373,65 4,9346E=-04 byt 2 2799, 7 435.8 -, 0 BaaY 3 1091,0 1 2
b S 12277 -y 0000 24719  2796,0 370,79 44+9078E-04 440,28 2T67.9 395.6 -0 6884, 3 1091,90 1 2
1 4 2492 =+ 0000 2,726 2799.0 366,71 He.BEY1L-0YW 438,8 2775.6 361.1 =0 8884, 3 1091,0 1 2
1 5 L2708 -, 8004 2,735  2602,8 361,78 4.82230-0k 437.2 2783.0 330.8 «0 2884, 3 1091.8 1 2
1 6 2925 + 0000 24745 2806.8 356,25 S T6YHE-OY 435,2 2790, 4 308,46 o0 888%, 3 1091,0 1 3
107 3142 L0000 2.7586 2811.3 350,14 G.T1U9E-0% 433,1 2797.5 278.4 ' 0 aBs4, 3 10%1,0 1 3
i 8 +3360 ,00600 24769 2816,4 343,51 4.64T1IE~OW 430.7 28gy4,8 254,86 0 8884,3 1091,0 1 3
1 9 #3577 -,0000 2,782 2621,9 336,27 4.5T6BE-0% 428,1 2812,4 231.4 «0 8884, 2 109%.0 1 3
110 43792 -,0000 2,798  2828.1 F28,88 H.UTIUE-GY 425,2 2820.5 208.2 e 6864,1 109150 1 3
111 +3986 =, 0000 2,816 2835,3 319,350 4. .410BE-UN 421,68 2829,3 183,9 ~s0 8883,5 1091,0 0 0
T 0 fH178 e 00U 24841 2844,8 367,58 4.2044E-DY 417.3 28ubh,.b 156.2 -0 BBBY 3 1091.0 1 3
MASS FLOW RATE FOR ENTIRE PLANE= 5,73841E-01(SLUG/SEC)
COURANT NUMBER= 97500
’ 1
X+«STEP REGULATION PARAMETERS '
LIMITING POINT = I= 14 U= 1 SAFETY FACTOR= 14,000231E+00 DELTA=X=S 4,831385E=021{FT)
o e
=%
Eg E%
5
=g
2
=

Figure 7. Continued.
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SOLUTION PLANE NO« e X= Le09T4TIFTI FOREBUDY :FLOW FIELD

W PY IiT IT6 ITL

I Y z M . Q P RO T u 1)
tFT) (FT) (FT/SEC) (LBF/FT2) (SLUG/FT3) {DEG R} (FT/SEC) (FI/SEC) (FT/SEC) (LBF/FT2) {DEG R)

11 «1935 -,0000 2,712 2793,2 374,086 He9434E-0b 441,5 2750.8 484,49 a0 88834 1091,0 1 2
1 2 +2139 -,0000 2,714 27%4,1 373,42 4,9326F-04 543,31 2799.4 439,3 ~.0 . 8884,4 1091,0 1 2
1 4 2346 =,0000 2,719 27%.0 370,77 L.9UTLE-CY 440,2 2767.2 400.9 -0 8884, 4 1091, 1 2
1 4 12556 «,0000 2,725  27Y8,4 367,30 H4.B74AEC~08 439,y 2774.73 348,1 “, 0 AE8Y, 4 1091,0 3 2
05 2767 =,0000 2,733 2801,8 BEEL00  4,833FL-04 437,6 2781,2 339,0 o0 8884, 4 1051,0 1 2
1 6 + 2979 L0000 2,741 2605,4 £58,06 4,TBGEE=(Y 435,9 2787,9 312.7 .0 8884, % 109%,0 1 2
107 +3191 0000 2.791  200Y,5 352,01 W, TS4TE=GH w3y, 0 2794,6 2R8,5 o0 8884, 3 1093,.0 1 3
T8 « 3405 .0000 2.762  2814,0 546,069 4.6777L-04 431,9 28U1.4 2659.8 .0 8684,3 1091.,0 i 3
i 9 L3618 40800 2.775 2818.% 340,26 4.6196E-04 429.,6 20Ub.3 253,8 o 8884,2 1091,0 1 3
110 13832 -,0000 2,787 2623,9 333,72 4,5520E-0% b27,.2 281542 222.3 aul 8684, 3 1091,0 1 3
1 11 (4013 w,0000 2,803  2829,5 326,60 4,4823(-04 424,6 2822,.2 203, % -y0 8883, % 109,00 1 4
112 +H4195  =,8000 2,819 2636.1 318.20  4.3996.-0% 423,4 2830, 181.7 -l sbbZ. 8 1091,0 © 0
1 D +U3TO -, 0000 2+BU4] 284y .9 307458 UH.2924FE=D% 4$17,3 2BU.T 155.8 w0 aBaY, 4 1091,0 1 3
MASS FLOW RATE FOR-ENTIRE PLANE= 6.,27HL1Y9Ew01(SLUG/SEC)

COURANT NUMBER= 1.00023

XeSTEP REGULATION PARAMETERS

LIMITING POINT » I= 1y-J=11 SAFETY FACTOR= 9,975883E=01 DELTAXS 4, 4284ELE~02(FT}

‘Figure 7. Continued.
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SOLUTION PLANE NO. 3

) S Y
(FT}
11 +2013
1 2 +2612
13 s2821
1 4 «3238
1 5 + 3658
i & 052
i o 4546

F4
(FT}

w0000
=a0000
-«0000

+0000

«0000
= 0000
+o 0000

2,713
24728
24731
2,748
2,769
2,792
2,842

X= 1,14173(FT)

Q P Ro
(F¥/SEG) (LBF/FT2} (SLUG/FT3}

2793,4
27%6,0
26801,1
2808,.0
28l6.4,
2825,5
28445 ,1

374,26
370,90
363,88
354,54
344,499
331.56
367.19

4,94 06F-DN
44 908BE-0k
4, B8423E-00
4, 7532 -04
U, 646TE =04
4.5308E-04
4,2906F=04

MASS FLOW RATE FOR ENTIRE PLANE= &,78815E-011(5LUG/SEC}

COURANT NUMBER:

299759

ReSTEP REGULATION PARAMETERS

LIMITING POINT = I= 14 J= 1

Figure 7.

SAFETY FACTOR= 9,966240E-01

Continued.

T u v W PT
[DEG RY (FT/SECY (FT/SECH (FT/SEC) (LBF/FT2)

Hag .4
40,3
437.9
34,6
438,7
426,4
417.2

FORLBOpDY FLOW FIELD

2751.0
2Tobb44
2779.7
279243
280540
2817,.%
2840.9

485,11
405,5
345,8
297.0
253.6
216.6
155.4

.ol
e
-y 0
0
IU
el
=0

DELTA=XS T.160804E~D2(FT}

8883,0
8884, 5
5B84,5
8BB4, 4
BEBY4, 3
BBB3. Y
8884,

TT
{DEE R}

1091,0
1091,0
1091,40
1091,0
1091,0
1691.0
1091,0

S R s s e

1T ITL

oo

¥004d, 80
TV NIDIED

EIFTVaD
of #Ovd


http:4.2906E.04
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SOLUTION PLANE NO. 16

I 9 hi
(FT)

«3527
3762
4032
#3325
45636
L4939
«5333
#5763
-5197
6621
« 7030
o TU22
« 7950

-
Q@ OE e

ot b B e e B b
-
-

-
o

z\l
{FTY

WG000
0000
L0000
<0000
0800
.00090
0000
-, 0000
=, 0000
=,0000
=.0000
=, 0000
- 0020

lal

2.709
2.710
2,713
2,717
2,724
2.730
24741
2,755
2.768
2.777
2.787
2.803
2,843

. e P
(FT/SECY (LBF/FT2)

2791,5
2792.4
2793,.,6
2795.6
2798,2
2600,8
2805,.1
2811,0
2816.2
2820.,0
2823,9
2630,2
2845,56

Xz 2.00000(FT)

3Tbe 2B
375,89
3TH.E8
371.50
367,42
s64,21
358.38
450,54
343,70
338,73
335,64
325,64
306462

RO
{SLUG/FTS)

4, 9596E-00
4,9559E-04
G4 0TE-DY
4,9145F~-04
4,80806E-04
Y4 B9DYE-OY
4. T893L-04
4¢TL3TE=00
464 TSE-DK
4, 59F3E~04
4 DUIIE~-04
b H721E~D4
4.2BS0E=-04

KASS FLOW'RATE FoR ENTIRE PLANE= 2,08064E4+00SLUG/SEC)

COURANT NUMBER=

«78781

Figure 7.

Continued.

T U v W,
(DEG R) (FT/SECY (FT/SEC) (FY/SEC)

442,13
542,0
byl
40,5
439,3
438,0
436,0
433,3
H304F
429.1
427.,3
52%,3
417,.,0

FOREBODY FLOW FIELD

274%9.1
2755,1
2761.2
27b7¢6
2774.,0
27797
2787.4
2756.56
2804.+3
2809.8
2815.2
2823.2
2841.5

44,7
454,86
4ya4.3
394,08
367.2
34l
3146
284 ,4
258.7
239.2
221.1
19%.0
154.2

-:?
=l
o0
U
o0
0

. PT
{LEF/FT2)
887745
8685,2
BBES. R
8885,3
888b, 2
8683,8
B8BL.C
3379,3
8877,.8
BBT7.5
BB77.5
88768,0
8684,8

cTT
(DEG R}

lo09b.8
1031,0
1091, 0
1091,
1091,0
1091,0
1091,0
1091.1
109l.1
1091.1
10911
1691,1
1091,0

ITs

o RD R b e

ITL

GNP A



L9

AEDISTRIBUTED PLANE AT COWL ENTRANCE

1

P N T VAN

GDUCO PN F LN

Y
(FT}

« 3527
3961
+8395
L4829
«DZ63
« 5697
6132
16566
« 7000
«7000
7000

Z
(FT)

0.0006
0,0000
0.0000
2,0000
0,050
0,0000
6.0000
0,0000
0.0000
¢,0000
0.0000

2,709
2,712
2.719
2.728
2.739
2,753
2,768
2,776
2.78e

. 2,577

2,577

Q
(FT/S8EC)

2791.5
2793,2
27962
2799.8
2804.3%
281p,2
2815,5
2919,5
2823.8
27354, 4
2734 .4

%= 2,00000(FT)

[LBE/ET2)

376.28
374,61
370,74
365,66
359,53
351,65
344,60
339,40
334,08
459,68
459.68

Ro
(SLUG/FT3)

4,9596E=04
49459 TE=D4
4+9073E=04
4. 8592E=04
4,8003E=04
4,7244L=-04
H46563L-04
4.6058E~C4
4.5592E=04
S, T1l4bL=04
5.7148E=04

MASS FLOW RATE FOR ENTIRE PLANE= 1,91746E+00(SLUG/SECH

X-STEP REGULATION PARAMETERS

LIMITING POINT » I= 14 W= 1

Figure 7.

SAFETY FACTOR= 9.750000L-01

antinued.

T
(DEG R}

442,11
441,86
440,2
438,85
436.4
433,7
431.2
H29.4
274
458,7
Led,7

INTERNAL FLOW FIELD WITH SHDFK WAVE SYSTEM

Y v
{FT/SEC} (FT/SEC} (FT/5EC} (LBF/FT2)

2749,1, 4RY. 6 =l
27596 431.7 =0
2769,0 %a8,7 «0
2777.6 35L.5 U
2766.0 519.6 «0
2795.3 288.0 o0
2803.2 262.2 +0
2809.,1 24%1.7 el
2814.8 222.6 =0
toa734,u4 0.0 a0
27304 0.0 'l

DELTA=X= 2,61L184E~D2(FT)

PT

BATT. &
B685.0
B85, 6
Bgs4, 2
B882,0
B879.6
8avs8,0
B&8TT,.3
BATT.5
BEB48,1
B8HE.1

17
(DEG R)

1099,8
1091,0
1091,0
1091,.0
1091,0
1091,1
1091,1
1091,1
1091,1
1091,1
1091.1

H400d 49

ALFIVOD

d WM@I’@@

g1 JDV



9.

SOLUTION PLANE NO. 17 X= 2.09611tFF} INTERNaL FLOW FIELD WITH SHOCK waVE SYSTEM

1 v Y r4 M -Q 7 RQ T U v W . P1 T 176 ITL
(FT} (FT) (FT/SEC) (LBF/FT2) (SLUG/FTY) (DES R} (FT/SEC) (FT/8ECH {FT/5LLy (LBF/FTR2) (DEG R}

11 +3696 - ,0000 2,709  2791,5 376,27 4+ 9595E~04 H42,1 2799.1 7 ug4.7 =0 8076.9 1090,7 1 a
1 2 +4112  -,0000 2,712 2793,3 BT4, b8 4.FH4BE-D4 441.5 2759.0 43641 =D 8885,2 1091,0 1 2
13 J453% -,0000 2,717 2794,5 371.67 B.9161c-U4 440.5 27574 594,4 -0 8B885,6 1091.1 % 2
1 4 #8952 L0000 2,725 279s,7 367,07 4.B726E-04 439,08 2775,4 3460.5 «0 6864,3 1091,0 1 2
1 8 5375 0800 2,735 2802,7 351.71  4.8212k-04 §37,2 2783,2 329.8 o0 68682,41 3091,0 1 3
1 6 12799 « 0000 2,746 28074 35h,dtt 4 THILE-QU4 455,0 27491.2 301.3 'y 8579,6 1091,1 1 3
1 7 0224 L0000 2,760  2813,.3 3u7.51 4,6843E-04 43243 2840,V 273.4 W0 4878,0 10%31,1 % I
18 16650 -,0000 2,772  28ls.) 341,17 4.6230L-0H 430.0 25¢7.0 250.3 ~a0 8877, 4 1091.1 1 2
1 v 6653 L0000 2,773 2816,1 361,13 4.62J6E~GY G30.0 2857.,0 250.2 o0 8677 4% 1091,1 1 3
1 D 16653 0000 2,538 271646 4T+ 37 Se9204E-04 47648 2716.6 -2 ~s 0 8836,.5 1091.1 1 1
19 27000 ,0000 2.556 272b.¢ 474,50 bH.84EGSE~04 473,0 2725,0 -l -+G a88ua,2 1091,1 1 2

MASS FLow RATE FoR ENTIRE PLANE= 1,51BB2E+00(SLUG/SEC)

COURANT NUMBER=: ,97500

X=STEP REGULATION PARAMETERS

LIMITING PGINT = Iz 14 J=11 SAFETY FACTOR= 9.7500000~01 DELTA=X= B8.027141IE~02(FT)

Figure 7. Continued.
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SULUTION PLANE NO. 26 e 2.67582(FT) INTERNAL FLOW F1lELD WITH SHOCK WAVE SYSTEM
1 J Y Z. M Q B Ro T u v W PT T IT6 ITL
(FT) (FT) {(FT/SEC) (LBF/FT2Y {SLUGL/FT3) {DEG R} (FT/SEC) (FT/SECY (FT/SEC) (LBF/FT2} IDEG R}
11 L4718 -,0000 2,709 2791,.8 375,563 4,9555F-u4 40%,9 2749,4 484,8 -0 88745 1090,7 1 2
i L4730 -,0000 2.710 2791,9 379.54% %.9527E-04 4i4t,8 27097 453, 4 vl + B8TS,0 1090,7 1 2
i D 4730 -,0000 2448  2b57.4 585,27 6,7823L-04 502,8 2652.6 159.6 -0 8796,7 10%20,7 1 3
i 2 U973 +0000 2."\\19 2658,7 H84 , 44 S« TBUTL=0Y 50246 26b4,9 1H1.2 «0 86814.0 1091,0 1 2
1 3 « 5241 .0000 2,817 26497 .5 SB7.62 6.8049L~04 03,2 2654, 8 12044 - o ag22,2 1091,1 1 2
1 04 +5519 L0000 2.418  2657.9% 587,16 6.802%E-0y 503,0 2656.0 100.3 0 BB26,7 091,00 1 2
105 « 5802 L0000 2.412  2695,.¢ 552,81 B.O6HIBE=Gh 50443 2653, 9 Toel W0 58307 1091.0 2 2
1 6 + 6094 L0000 2,410 2654,9 594,756 6G.B6bSE~04 504.7 2653.5 S3.4 .0 8832.9 1091,1 1 2
i7 + 6390 0000 2.410  2654%,0 byl ,¥h  b.&GEBIE-CH 504, 8 26595.8 2.1 .0 8834,5 191,11z 2
1 8 B692 .0000 2,411  2654,8 593,83 6.859TL-04 04,4 2654,7 15.4 © e0 " 8B38,7 1091,1 1 2
19 L7000 L0000 2,412  26%5,2 59y, U1 6.B649E-04 504,2 2655.2 -0 0 8B54.3 109,06 1 ?

MASS FLOW RATE FOR ENVIRE PLANE= 1,51677E+0Q(5LUL/SEC)
COURANT NUMBER= 36974

X=STEP REGULATION PARAHEiERS
LIMITING POINT « Iz 1, J= 4 SAFETY FACTOR= 9,TS50000E-01 DELTA-X= 5.3301T4E~02L{FT)

ALITVOD 004 40
ST 39vg TVNIDIE0

Figure 7. Continued.
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INTERPLANAR RESULTS = REFLECTION WITH CENTFRRODY

INCIDENT WAVE UPSTREAM AND UOWNSTREAM SHoCK POINTS

I X T Z
{(FTy (FT) (FT}

1 v 2.6783 L7235 ~+000G0

b I 2.6783 6723 -+ 0000

[ P RO
{FT/SECY {LBF/FTY2)} (SLUG/FT3)

279147 375.69 4.9540E-04
2657.0 945.87 6.,7872E-04

INCIUENT WAVE UPSTREAM AND DOWNSTREAM B00Y STRELAMLINE FOINTS

[

F I X Y 2z
iFT) tF) (FTY

1 U 32,6783 #7283 =,0000

10 2.6783 UT23 -.00D0

] P RO
(FT/SECY (LBF/FT2) (SLUG/FT3}

27917 375,69 H.9540E-04
2657.0 585.87 €.7872E~04

REFLEGTED WAVE UPSTREAM AND DOWNSTREAM BODY STREAMLINE POINTS

I J X, Y 4
tFT1 iFT) (FT2

1 U 2.6783 47235 -,0000
1 0 2,6783 4723 '=,0000

Q P RO
{FT/SECY) (LBF/FT2) (SLUG/FT3)

2657, 0 585,87 6.TLT2E-0%
2510.7 879,22 9,0526E-0%

Figure 7. Continued.

T
{DEG R}

44,9
503.0

¥
(bEe R}

G41,9
503,0

T
{DEG R}

503,0
565,97

U
[FT/SEC)

2749.3
2652,2

U
[FT/SEC)

2745,3
2p52,2

1}
{FT/SEC}

2652,2
2472,3

v W L4
{FT/SEC) (FY/SEC) {LBF/FT2)
48,8 -e0  8BT4.5
16035 -0 8795,8

v W P1
(FT/SECY (FT/SEC) (LBF/FT2)

48Y.8 -0 BBTY,5
160.5 =0 B795.8

N -

v W - PT
(FT/SEEY (FT/SEC) (LBF/FT2)}

160,5 - 8795,8
H36,0 a0 8736,2

T .
({DEG R}
1040,7
1090;7

TT
{DEG R}

1090.7
1090.7

181
{DEG R)

1090,7
1090,7



1

SOLUTION PLANE NO. 27 ' }: 2472912(FT} INTERNAL FLOW FIELD WITH SHOCK .WAVE SYSYEM
7

19 Y ¥4 M ° P KO T u v W PY | TT IT6 ITL
{FT} IFT} (FT/SEC) (LBF/FT2} (SLUG/FT3) (DEG R} (FT/SECY (FT/SEC) IFT/SEC) {LBF/FT2!} (pEG R
11 4812 -, 0000 2,148 2506,5 BEB8,71 9.1222g-04 567.7 2468,4 435.3 «0 8738,2 1090,7 1 2
1 2 5012 L0000 2,127 2495,3 915,96 Y43199E~04 572.7 2457,08 43l,¢ s 0 8T41,5 1091,0 1 1
i D «5054% = 0000 24123 24%3,0 921,68 FeSGLYE-(QH 5T3.7 24kbb.5 W30 ,.4 o0 8Tu42,6 1091,0 1 1
A v « 5054 -~ 0000 24407 2652,3 £96,72 6,87B8p~04 505.5 2646.9 133,9 «0 8815,9 1091,0 1 3
1 3 +5265 L0000 2,407  2652,5 996,72 6£.8800L-04 505 .4 2649, L 119,5 W0 egaz.1 1091.1 1 3
104 5534 w0000 2.462  2649,B 601.94 B.9242E-04 S50646" 2648,1 95.0 o0 B626,.6 1091.0 13 3
1 5 .5817 L0000 2.399 2648,1 60%:32 6.9527E~04 50743 64T, 1 Td.0 ) o0 8630, 1891,0 1 3
I 6 «6105 <0009 24396 2647,.0 607,01 ©6.9718E-04 5078, 2ELkE,D 52,8 .0 8832,8 1091,1 1 3
1 7 + 6397 +0000 2.398 2648,0 606,00 6.9549E=-04 507.4 2647.7 4,0 .0 8834,6 1031,1 1 3
1 & « 6695 «0000, 24400 2649,0 664,38 b.B46TE=0u 507.0 2649,0 15,9 * W0 8839,1 1091.,1 1 3
1 9 «T000 +0000 2.402 2649,9 603,64 E.OYUSE-0H 506.5 2649,9 w0 o0 8855,2 1091,.0 1 3

MASS FLOW RATE FOR ENVIRE PLANE= 1.51861E+00(SLUG/SECH
COURANTY NUMBER=z 97500

KeSTEP REGULATIO&.PARnMETERS

LIMITING POINT = I= 1y J= 2 SAFETY FACTORz 9.7S0009E~D1 DELTA=X= 3,213069E~02(FF)

oI BV TYNIDINO

EIFIvNO ¥00d d0

Figure 7. Continued.
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SOLUTION PLANE NO. 38

1 Y
(FT)
I 1 + 5368
1 2 «5538
1 3 $5T20
1 % 5913
15 «6l12
l & +6322
1 7 «6540
1 6 «6766
10 w6989
1 v +6989
1 9 «T000

Z
{FT}

#, 0000
-« 0000
-,0000
», 0000
-, 0000
=, 0000
-, 0000
-, 0000

L0650

L0000

L0000

24077
2,078
2,080
2.077
2,074
2.084%
2,095
24093
2,089
2.326
2.326

Q L,w P
(FT/SECY (LBF/FT2)

24634
2464 ,1
2465,9
2464,2
2461,.9
2468, 5
2475.1
2474,3
2471,2
2609, 6
2609.7

Xz 3.04445{FT}

990,00
990.20
EEERR L)
992.66
999,28
584,07
968.91
972415
981.50
680,91
650,90

RO
{SLUG/FT3)

9,853TE-04
9,8554F=-0u
9.,8376E=-0u
Y,8776E=G4
9.9273E- 04
$.8213E-04
9,7154E-04
GeTHR2GE~OU
FB1TO0L=-CY
7.5712E=-04
T+5717E=04

MASS FLOW RATE FoR ENTIRE PLANE= 1.S3397E+00(SLUG/SEC)

COURANT NUMBER=

615953

X=5TEP REGULATION PARAMLTERS

LIMITING POINT = IS 14 J= 1

Figure 7.

SAFETY FACTOh= 9,750000E-01

Continued.

7 u v
{DEG R) {FT/SECY (FT/SEC}

85,4
585,5
S84,9
568546
58643
583.8
581.1
S8l.4
56246
524,0
52440

INTERNaL FLoW FIELD WITH SHOCK WAVE SYSTEM

2425,9
2u30.1
2u35,3
2436,%
2436,7
2447,7
2458,2
245915
2457,5
2609,6
. 2609,7

427.8
4pB.0
366.8
36940
351.6
319.5
299.3
27L.2
260.,7
]
~al

W
(FT/SEC)

-e0
el
~ol
-l
el
=e0
=D
=+0

lo

o0

ol

DELTA~X" 24643767E-02(FT)

P
(LBF/FY21

873k .4
8744,0
a754.1
876%.1
8772.6
8779.9
8787.3
£798,7
8819.8
B863,8
GBe4. T

7T
[DEG R}

1090.6
1090,9
1091.0
1091,1
1091,1
1091,3
1091.1
1091,0
1090,9
1090,9
1090,9

ITs

Tk e b B et e B B A e B

ITL

RNRUNRERMNRD R
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INTERPLANAR RESULTS ~ REFLECTION WITH CoOWL

INCIDENT WAVE UPSTREAM AND DOWNSTREAM SHOCK POINTS

I v X Y
(FT) {FTY

i 3,0464 +7000

1L 0 3e 0864 « 7006

z [ L. P RO
{FT) {F¥/SEC) {(LBF/FT2) (SLUG/FT3)

+0000 2,325 2609.% 681,37 7.5752E-04
«0000 24088 2HTU.6 983422 9.8295E«04

INCIUENT WAVE UPSTREAM AND DOWNSTREAM BODY STREAMLINE POINTS

1 v X Y
(FT} (FT}

1 U 3,048% L7000
LoD 30464 47000

4 M "] P . RO
{FT) (FYs/SEC) (LBF/AFT2) (SLUG/FT3)

.0000 2.325 2609, 681437 7,5752E«04
0000 24088  2470.6 983.22 9,B295E-04

REFLECTED WAVE UPSTREAM AND DOWNSYREAM BoDY STREAMLINE 'POINTS

I J X Y z M "] P RO
(FT) (FT) S AFTY tFT/SEC} (LBF/FTa) (SLUG/FTE)
1 v 3, 0464 - 7000 .UDDd 24088 2470,6 963,22 9,8295E-04%
1 0 3, 04l + 7080 L0000 1,866 2319.7 1361.08 1,25%15E=-0G3
Figure 7. Continued.

T
(DEG R)

524,1
582,9

T
(DEG R}

524 ,1
582,9

T
{DEGL R}

562,9
643,0

u v L PT
(FT/SEC} (FT/SEC) (FT/SEC) (LBF/FT2)
2609 .4 =0 .0 8864, T
2456, 7 260,9 0 8820,3

U v W PT
(FT/SECY (FT/SEC) (FT/SEC) {LBF/FT2)

26094 . =,0 . a0 B8864,7
24506,7 260,9 .0 8820,3

U ') PY
{FT/SEC) {FT/SEC) (FT/SEC) (LBF/FY¥2)

2456,7 260,79 o0 8820,3
2319.7 o0 «0 87852

T
(DEE R)

1090,9
1090.9

T
(DES R)

1090,9
1090,9

Tt
(DEG R)

1090,9
1090,2

d0
o190

RITTVOD

§T @OVd TVNE:
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SOLUTION PLANE NO. 39,

1

S e e e e

MASS FLOW RATE FOR ENTIRE PLANE= 1,51389g+00(SLUG/SEC)

COURANT NUMBER=

Y

MOC G-Jostn £ 0 o'w

Y
(FT}

«5415
+ 5583
«5762
« 5953
+ 6150
6557
6572
+6795
+68T1
16871
«7000

4
(FT})

=,0000
=.0000
=, 0000
-,0000
-,0000
w, 0000
-, 0000
-, 0000

0000

0000

«0000

#3TS00D

2.072
2,072
24075
2,074
2.068
2,071
2,084
2.090
2.090
1.3864%
1,867

XeSTEP REGULATION PARAMETERS

CIMITING POINT - I= 1¢ W7 1

< 4
{FT/SEC), tLBF/FT2)

2460, 2
2%640,5
2462,0
2462,0
2457, 9
2460,1
2466.6
2472, 4
2472,1
2318,.0
2519,9

SAFETY FACTOR=z 9,750000.-01

X= 3+07090(FT}

997,57
996,41
996,08
998,08
1009,13
1004,66
4,72
976.7¢
978,19
1363,70
1380,59

Figufe 7. Continued.

RO
{SLUG/FT3)

Fe307EE-04
FeFl0EE~04
G JOHEE=Gl
9, F1L0E~04
Gy TIE- LY
9,96 7TE-04
Y,8285F-uh
S, 7758E- 05
9, TBA4E =0k
1,2525E-03
14291203

LT u v L PT
(DEG H) (FT/SEC) (FT/SEC} (FT/SECY (LBF/FT2)

S86,.7
586.9
586 .5
566,52
588,2
587.3
583.8
582,2
582,3
683,77
64249

INTERNAL FLOW FIELD WITH SHOCK WAVE SYSTEM

2422.8 427.2 =D
FL FLL 408,6 vl
2u31,4 58647 -0
2434,7 365,6 -0
2452,.6 3%51.3 el
2438,1 327,9 -l
2451,0 293.9 el
2457.7 269.3 -0
2457,9 264,5 -0
2318.0 -1,9 .
2319.9 20 ~s0

DELTA=XS Z2460138TE~02(FT}

BT54.2
aTuy,0
675441
8764,0
87724
8779, 7
8787,
ATS99 .5
8806,2

8768,9

8785.2

T

I
(DEG R},

1090,.5
10990,9
10%1,.0
1091,1
1091,1
1091,1
1091,.1
10%i,0
1091.0
1091,0
1050,9

Y Y T N VA P PRI

It

[CRoR. R RANCRIY VY (W TH
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SOLUTION PLANE NO. 78 A= B.4BSSH(FT) INTERNAL FLOW FlELD WITH SHOCK WAVE SYSTEM

I Y 2 M ] P RO T 8] ¥ W PT TT ITg ITL
{FT) {FT) tFT/SECT (LBF/FT2) (SLUG/FT3) (DEG R} (FT/SEC) (FT/SEC) (FT/SECY (LBF/FT2) (DEG R}
1 1 «BlYs =, 0000 1,412 71932,7 2666 ,.,14 1,9932E~03 779.54 1963.% 355.6 .0 8633, 6 1690,3 1 2
1 U +6148 -,0000 l.412 1932,7 2666.24 1,9933g-03 T79.4 1903.% 335, 4 =40 , 8633,8 1090, 4 1 2
1D 16148 =.0000 1,058 153547 426%.,88 24,7796L~(3 894.0 1535,3 33.1 =s0 " 8543 % 1090, 4 1 3
T 2 +6230 - 0000 1.05¢ 1538,.0 L26%,13 2.7612E~03 B893.6 L 1537.7 297 =20 8563.,0 1090,.5 1 3
1 3 «6321 =,0000 1.082 1541.1 4262,23 2JIBLI3E-03 892.9 1540.8 2645 0 8582,.,8 1090.,6° 1 2
) S 6413 -, 0000 1,055 1545,0 W255,47 2,TTITE-(3 a92,.0 1544,8 23,5 -o0 602, 4 1490,71 b 2
1 5 «6522 «o.0000 1.060 1550,9 WE40.10 2,TTH2L-0) 890.6 1590.8 19.8 -yl 8622:3 10%0,8 1 2
i & « 5634 ~4.0000 1,066 1557.3 4223.:18 2.T76ELE-D3 88940 1557.2 15.2 L] L H Y 1090,8 1 F
1 7 +6750 =,0000 1,066 1558,3 4229.84 2,7T734E-02 888.7 1558,2 11,3 -0 B6EG, G 1090,8 1 2
1 8 «6872 «,0000 1,065 1556,9 4247.77 2,7BH3E-(p3 889,0 1556.,9 6.8 -0 8691,3 10%90.8 1 3
1 9 + 7500 -, 0000 1,068 1560.2 w246.71 2,TB6SE~D3 888,0 156042 -0 r =eD 8719,0 1090,7 1 3

MASS FLOW RAFE FOR ENTIRE PLANES 1,51297E«00(SLUG/SEC)
COURANT NUMBER=z ,44224

X=STEP REGULATION -PARAMETERS
LIMITING POINY = 1= 1, J= 4 SAFETY FACTOR= 9.750000E-01 DELTA-X= 2,4600L1E~03(FT)

23
S5
% &
o
G
E6
e 28
B

Figuré 7. Continued.



3. SAMPLE CASE NO. 2

Sampie Case No. 2 is concerned with the computation of the external flow
field about the forebody of the inlet considered in Sample Case No. 1 when the
angle of attack is 2.5 degrees. The initial-value plane flow property field
is generated internally in the program by using the approximate technique
described in Section II.

The first card of the data deck for this sample case, illustrated in
Figure 8, is the title card. English units are used, so KUNIT retains its de-
fault value of 1 in namelist LIST1. Since only the forebody fiow field is to
be computed, KCALL(2) is specified as 0 in namelist LIST1, while KCALL(1) and
KCALL(3) retain their default values of 1 and 0, respectively. The forebody
flow field integration termination point, denoted by XEND(1), is 2.0 fi, the
default value. Since one plane of flow symmetry exists, KSYM is specified as
1. The molecular transport terms are not to be included in the computation,
and global correction is to be performed on the bow shock wave solution points.
Hencé. KVISCY and KSGL#B retain their default values of 0 and 1, respectively.
A1l remaining parameters in namelist LIST1 (RCAVG, KPRINT, IPRSTP, and KSTART }
are 1eft at their default values.

In namelist LIST2, MFS, PFS, and R@FS are left at their default values of
3.0, 242.2 (1bf/ft?), and 0.0003622 (slug/ft®), respectively. Since the.angle
of attack is 2.5 degrees, PITCH is specified as 2.5. The remaining parameters
in namelist LIST2 (YAW, XI, KIVS, KC@N; and ITAPE) retain their default values.
Consequently, the forebody flow field integration starts at x = 1.0 ft, the
jnitial-value plane is internally generated, and a conical bow shock wave is
assumed.

In namelist LIST3, all input parameters retain their default values
except for ISTPP. The number of circumferential statioms is selected to be
21, hence IST@P = 21.

A11 input parameters in namelist LIST4, which specifies the thermodynamic
model, retain their default values.

In namelist LISTS, only the forebody geometry must be specified [up to
XEND(1)] since the internal flow field is not being computed. The default
forebody/centerbody geometry is again used, hence NCENT = 2, KDCENT(T) = 3,
XCENT(1) = 1.0, XCENT(2)} = 3.5, and CPNE = 10.0. No other parameters are used
in namelist LISTS for this sample case.

A1l convergence tolerances and iteration limits specified in namelist
LIST6 retain their default values.

No debug output is to be printed, so all input parameters in namelist
LIST7 are left at their default values.

Selected portions of the computer output for Sample Case No. 2 are pre-
sented in Figure 9. The preliminary information, the initial-value plane,
and the first and last solution planes are presented. The execution of Sample
Case No. 2 required 411 seconds of central processor time on the CDC-6500
computer.
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SAMPLE CASE NO, 2

SLISTL KCALL{2)=0, KSYM=1 $  ORICINAL PAGE 18
SLIST2 PITCH=2,5 & OF POOR QUALITY
SLIST3 ISTOP=21 $

SLISTH %

SLISTS S

SLISTE %

SLISIT %

Figure 8. Data deck for Sample Case No. 2.
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THE ANALYSIS OF STEADY THREE-DIMENSIONAL FLOW IN SUPERSONIC 'MIXED-COMPRESSION AIRCRAFT INLETS

ABSTRACT
THE FLOW FIELD IMN A SUPERSONIC MIXED=COMPRESSION AIRGRAFT INLET 1§ COMPUTED USING THE METHOD OF ‘CHARACTERISTICS
FOR STEADY THREE-DIMENSIONAL FLOM, THE BOW SHOCK WAVE AND REFLECTED INTERNAL SHOCK WAVE SYSTEMS ARE COMPUTED
USING A DISCRETE SHOCK-FITTING PROCEDURE, THE PROGRAM HAS THE CAPABILITY TO INCLUDE THE INFLUENCE OF MOLECULAR
TRANSPORT ON THE SOLUTION BY TREATING THESE EFFECTS AS CORRECYION TERMS IN THE CHARACTERISTICS SCHEME, -
THIS PROGRAM WAS DEVELOPED AT THE PURDUE UNTVERSITY THERMaL SCIENCES aND PAOPULSION CENTER 8Y J, VADYaK UNDER

"NehaS.As GRANT NO. NGR=15=p05=151 FOR THE N.A,S.As LEWIS RESEARCH CENTER+ CLEVELANDs OHIO, THE PRINCIPAL
INVESTIGATOR WAS JaDs HOFFMAN AND THE N.A,S.As TECHNICAL DIRECTOR WAS A. BESHOP.

OB TITLE

SAMPLE CASE NO, 2

SPECIFIED COMPUTATION OPTIONS

1.y FOREBOOY FLOW FIELD

FLOW SYMMETRY

ORNE. PLANE OF SYMMETRY =~ COMPUTED SECTOR IS THE HALF~PLANE BOUNDED BY THE Y-AXIS AND CONTAINING THE +Z=pXIS

6LOBAL CORRECT.ION

BLORAL CORRECTION IS PERFORMED ON THME BoW SHOGK WAVE POINTS

THERMOOYNAMIC MODEL

A THERMALLY AND CALORICALLY PERFECT 6aAS IS SPECIFIED WITH
SPECIFIC HEAY RATIO=1,40080 GAS CONSTANTS 34716161403 (FT~LBF/SLUG-DEG R)

VISCOSITY AND THERMAL CONDUCTIVITY TRANSPORT TERMS

VISCOUS AND THERMAL DIFFUSION TERMS ARE NOT INCLUDED IN THE COMPUTATION = INVISCID AND ADIABATIC FLOW IS ASSUMED

ORIENTATION AND FREE STREAM DATA
QRIENTATION = PITCH= 2,50000(DEGREES) YAWZ 0,00000(DEGREES)
FREE STREAM DATA ~ MACH NO«= 3.00000 PRESSURE= 2.422000E+02{LBF/FT+%2) DENSITYS 3,622000E=04(SLUG/FTH*%3)

Figure 9. Selected output for Sample Case No. 2.
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TEMPERATURE= 3,896437E+02(DEG R}

XeYELOCITY= 2.899910E+03{FT/SEC}

INITIAL VALUE SURFACE

.

SONIC SPEEG= 9,675577E+02({FT/SEC)
Y-VELOCITY= L«26612BE+02(FT/5EC)

Z=VELOCITY= D,

AN INTERNALLY GENERATED INFTIAL VALUE~SURFACE IS SPECIFIED AS BEING LOCATED AT X= 1,000000E+G0{FT}

A CONICAL BOW SHOCK WAVE IS SPECIFIED - YHE INTERNALLY GENERATED SHOCK WAVE ANGLES ARE

BETAT
BETA(
BETA(
BETAL
BETAT
BETAL
BETA{
BETA(
BETA{
BETA(L1D)=
BETALLL)=
BETA(12)=
BETA(13)=
BETA(i4)=
BETAL15)=
BETA(lE)=
BETA(17)=
BETA(1B)=
BETA(19)=
BETA(ZO)I=
BETA(21)=

- -
naaan e

WE=JOU £ R

INDEX PARAMETERS
ISTOP=21

<JLIMIT{1)=13

4.006123E-01 (RADIANS)
4, 003646E=01 (RADIAND)
3,996323E~01 (RADIANS)
3,984479E-01 (RADIANS )
3,968643E-01 (RADIANS)
3,949524E«01 (RADIANDY
5.927982E-01 (RADIANS)
3,904973E-01 (RADIANS)
3,88144TE-DL{RADIANS)
3.858412E-01 (RADIANSY
5,836601E=-01 (RADIANS)
3,816879E~0L(RADIANS?
4,799390E=01 (RADIANS)
3,786021E-01(RADIANS)
B3, 774795E«01 (KADIANS)
3,766270E=01 (RADIAND)
3,760174E~01 {RADIANS]
3,75586TE=-01 (RADIANS)
3.753141E=01 (RADIANS)
B, T51656E~0L (HADIANS)
3.751187E~0L (RADIANS)

IMAX=4D JMAXI=11

JLIMNIT(2)=21

LNTEGHATION TERMINATION PUINTS

FOREBODY FLOW FIELD INTEGRATION TERMINATES AT X= 2,000000E+00{FT}
DR FUREBQDY FLOW * RCAVG= 8,000080E-D1I(FT}

LENTEHBODY GEOMETRY

CONE HALF ANGLES10.00000{DEGREES)

I  KDCENTY
1 3
2 ¢

XCENT RCENY
{FT} {FT)

1,00g000E+D0 a.
3:500000E400 "

Figure 9. Continued.

CCENT
(FT*%n])

0.
0.

0,
0y

DCENT
{Fres=2)

{FT/SEC)

40
1v0D W00d
S gova TYIONO
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CONVERGENCE TOLFRANCESs ITERATION LIMITS, ANp DTHER PARAMLTERS

CONVERGENCE TOLERANCES AND OTHER PARAMETERS

CRIT{ 1)= 1,000000E-01" :
CRIT( 21= 1.000000E=07
CRIT( 3)= 1.000GO0E-Q&
CRIT(L )= 1.0U0000E-DS
CRIT( 5)= 1.000000E=04
CRIT( §)= 1,000000E0%
CRIT(L 7)= 5,000000E~01

CRIT{ &)= 1,000000E+D0
CRIT{ 9)= 1,000000E-04
CRIT(10}= B,000000E~01
CRIT(11)= 1,000000E=06
CRIT(12)= 2,000000E-01
CRIT{13}= 1,0080000E-05
CRITI(14}= 4,DU0000E~01
CRIT{15)= %.,000000E-04
CRIT(16)= 1,006000E~06

ITERATION LIMITS

ITENDt1}=10
1TENRE2) =10
ITEND(3}=10
ITEND(4}=20
ITEND(S) =10
ITENGt 6110

INPUT SAFETY FACTORS 9.750000E-~01

Figure 9. Continued.



A

INITIAL DATA PLANE

1

B I IR o R TN L

Jd

G UM OCHEGGUANDUONCNORDRRORNDIORNNNMNRICAIE b R b o o b o et b e S i o s

Y
(FT}

17683
21751
1714
<1651
+«1562
dh4e
1301
«1127
L0924
«0693
<0437
L0158
0135
+O434
, 0730
21009
21260
«1471
1630
1730
17864
L2008
1993
1946
1868
L1758
L1615
s LUH1
L1234
L0997
0729
0u37
«0123
0204
+0535
G859
vll6Y
«1437
1668
+1B36
1943
11979
2253
2235
2178
+2085
1953
1785
+1581
$ 1342
«106%
«0T766
H0u37
00838
w0273

1t 41 8011

LFT}

0,0000
.0208
L6415
0619
0818
«1009
»1190
L1356
.1501
1621
L1708
+1756
L1758
L1799
+1605
f1446
1233
0972
0672
0343
+0000
L0000
L0246
, 0490
0729
L0960
f1179
1382
L1566
L1723
L1849
1937
£1979
«1971
L1907
1783
+ 1601
«1361
1070
0738
JB3TT
L0000
0,0000
L0285
L1566
084D
J1102
13409
1575
17786
21946
2078
L2166
2203
2184

o

= 1.000004{FT}
M @ P HoO

(FT/SEC) (LBF/FT2) (SLUG/FTH)
2,805 2830,8 B2E, 42 U HTE5E-D0G
2,804 2630,4 325,83 4,4705E-04
2,801 2029,5 327,08 4.4B885E-08
2,797 2b27.8 329,11 4.5086E£-04
2,792  2825.6 332,01 4.5369g-0u4
2.784%  2B22.6 I35,7TT  4.S735E-04
2,775  28B19,0 240,89 4,6183c-0y
2,765 2814,3 345,89 4,67L3C-0u4
2,733 2810,0 352,22 W.T7320E=04
2,740 2804,6 359,42 4.799TC~04
2,725 2798.8 367,10 4,8733E-04
2,71t 2792.7 375,40 4.9513E-04
24696 2736, 4 364,03 S5.0315E-04
2,681 2789,1 392,73 5.1121£-04
2.606  277T4.0 BOL. 40 5.1898E-04
24653 2708,3 40y,i2 3.2618E=04%
2,842  2703,3 416,16 b.32D4E-0Y4
2,632 2759,2 422,02 5.3779g-04
2,625  2756,1 H26,41 5.4172£-04
2,623 2754,2 429,14 5,4415E-Un
2,620 2753,6 430,06 S.449TE-04
2,808 2832,0 324,89 4,4575E-04
2,807  283L.8 524,50 4,4615E-04
2.805 2830,7 325,593 4.4736E-04
2,800  2829,0 327,98 H.493TE-04
2,795  2646,8 330,49 8,3221F«U4
2,787  2823,8 344,25 4,55BTE-04
2,778  2820,2 338,89 4,6047FE-04
2,767 2816,0 344 .49 4, 6558C-04
24755 2811,1 350,72 4.7176E~-04
2,742  2u805,.7 357,83 4.T7B95E-04
2,728 2799,9 %65,62 4.B593E-04
2,713 2793.,8 373,92 H4,9373E-04%
2,698  278T.4 382,53 5.0177C-04
2,683 2781.1 391,27 S5.0985E-04
2,669  2775,0 359,75 5.1763£-04
2,656 2769,3 407,67 542905L-04
2,664 2764 ,3 414,72 5.3122E~04
2,635 2760,2 k2p,58 5,3648E-CY
24628 275741 W24 ,97 Do4O4IE-OY
2,623  275%,.2 427,70 S5.4284¢-04
2,622  2754.6 428,62 S5.4366E~04
2,815 2634,6 320,53 W, H24%FE=04
2,814 2B34,3 320,94 4,4284E-04
2,811 2833,3 322,16 HJHHUNE-0Y
2.807 2831,7 324,20 4.4BUBE.DY
2,801 2829 .4 327,09 4.4B8BBE-04
2.794 2826,5 330,84 4.5254EwQH
2,785 2822,9 335,45 4.5703E2-04
2,774 2818,6 340,93 4,623%E=04
2,762 28i3,7 347,25 4,6842E-04
2,749 2808,3 354,84 H4,7TH21E-04
2,734 2802,5 302,10 4,8259E-08
2,71%  2798,3 370,%9 4.904CE~D4
2,704  2790.0 378,98 4,9B43E-DY4

Figure 9. Continued.

T v v
IDEG R} (FT/SEC) (FT/SEC)

424,0
W24,1
24,6
425, 3
h2g,4
427, 8
429,5
431,5
433,7
436, 2
458,9
441,8
g4y, 7
447,86
450.5
433,1
495,4%
457,3
458,7
459,%
459,8
L23, 4
423,90
424,0
42u4,8
u25,9
427,2
428,9
30,9
433,2
435,7
438,4
441,32
L4y, 2
447,2
456,0
49248
454,9
456,58
458,.2
459,1
459, 4
422,1
422.3
422,8
423.5
424,6
426,0
427,7
k29,7
432,0
434,5
37,2
440,11
443,0

FOREBODY FLOW FIELD

2787.7
2T87.,3
27066.3
a784,1
2781,4
27772
27737
2768.9
2763,6
R75%.9
2751.9
27u8,9
2740,0
2T34,.2
2729.0
2724.5
2720.6
2717.6
2715.4
2714,1
271348
2798,2
27976
2796,7
a794,7
27%2,0
2768,6
2784, 4
2779,6
2TTHe S
2768,6
27625
2756, 4
2TH0. 4
2ThY,5
2739.1
27343
2730.2
27270
272446
2723.2

2722.7,

2807.1
,2806,8
2805.6
2803,7
2801.,1
2797,7
2795,7
2788,9
2783,7
eTis, b
2772.0
2765,7
2759,8

491,9
490,32
485,5
477. 0
464,2
B46,2
421,8
3B9.8
3us, 8
297.7
235,9
163.4
81,3
-8B 4
-102,2
=195,6
~283,0
=358.56
~417,5
-qsul7
-HE7, 4
435,8
434%,5
430, 4
423,35
412,48
396,9
375,7
7,7
311.7
266,56
211,7
147.2
73,9
~6al
-%0,4
-174,0
'2520“
w320,2
=372.8
~406,1
=417.5
393,9
392,8
389,35
383.0
37345
359.9
Il,2
316,3
284,2
243,7
194, 4
136,42
TO.0

W
[FT/SEC)

0.0
43,8
86,0

133,1
179, 3
22646
2T4,8
Sa3,0
370.1
4i4,2
452,86
482,2
#99, 6
502,6
486,86
450,2
392,7
519,2
220,6
413,86

0

0,0
38,6
TT.6

117,5
158,5
200,6
243,86
286,9
329.2
368,9
4p03,7
430,7
446,7
449,6
435,.5
403,1
351.7
282,.3
137,6
10,7

o0

0,0
34,4
69,2

10%,9
14,6
1794
218,2
257.3
295,8
331,9
63,7
88,4
403,22

PT
(LBF/FT2)

8895,5
8895, 4
8695,3
6895,2
8894,9
8894, 4
889%,8
8892,9
8891,6
8889,8
8887,4
aBay b
8880.5
B875,9
8870.7
8865,1
8659,8
BASY,?
aasg, 8
B848,2
8847,3
8695,5
8895, 4
8895, 3
8895,2
88949
8894 4
8893,8
8892,9
8891,6
6889,8
8887, 4
8884, 4
8880,5
8875,9
8870.7
8865,1
8859,.6
8854, 7
8850, 8
as8us,2
8847,3
8895, 5
8895, 4
8895,3
8895, 2
8894,9
8694, 4
5893, 8
8892,9
8891,6
8889,8
BEBT, 4
gaay4, 4
8880,5

Y
(DEG R)

1091,0
10%1,0
1091,0
1091,0
1091,0
1091,0
1091,0
10%1,0
1091,0
1091,0
1091,0
1091,0
109%,0
1091,0
1051,0
1091,0
1091,0
1091,0
1091,0
1091,0
10%91,0
i091,0
1091,0
1091,0
1091,0
1091.0
1091,0
1091,0
1691,0
1091,0
1091,¢
10910
1091,0
1091,90
1091,¢0
1091,0
1091,0
i0%91,0
1091,0
1091,9
1091,0
1091.,0
1091.0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1093,0

ALITVAD 9004 40
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9.

INITIAL

i

14
1»
l&
17
it
19
20
21

J
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DATA PLANE

Y
(FT}

- 05636
~+0989
~y 1319
=, 1613
e 1858
-, 2042
-, 2156
~, 2195
L2059
L2477
« 2611
L2302
L2150
» 1958
w1721
L1849
eliH1
o802
LOu3T
20052
-, U243
-, 0737
-e1119
-, LUTY
val790
2052
- 2248
- 2370
- 2411
W ETHE
+2720
2645
2340
+2126
1862
»1557
1214
0838
20637
50017
-s G412
-, 0838
=.12u5
-, 1630
-.1967
- 2246
-, 2455
-, 2584
-, 2628
12993
LT
+2879
,2738
» 2543

&

(=]

L=

(FT)

2105
1962
1756
1489
1169
L0805
0411
Looend
0000
0383
0642
0950
L1285
.1519
PER-Y:|
« 1987
2168
L2307
2395
2427
.23948
,2303
2141
.1911
1618
1268
L0872
JOU4S
Jooco
000
0382
20718
1061
1388
+ 1690
1962
2198
2392
2536
2625
2652
2612
2502
2320
2067
«1746
L1367
+0939
L0478
0000
«CQ00
L3400
ks L)
1173
+Ai531

2.689
2,675
2,661
2.650
24640
2,633
2,629
2,627
2.823
2,823
2,820
2,816
2,810
2,803
2,793
2,783
2.771
2,757
2,743
2,728
2,713
2,897
2,683
+2,669
2,658
2,648
2,641
2,637
2,635
2,833
2,632
2.830
2,826
2.820
2,613
2,804
2.793
2.781
2,767
2,753
2,738
2.723
2,707
2,693
24679
24668
2.658
2.651
2.6U8
2.bkh
2.844
2,843
2,841
2,837
2'831

Figure

X= 1+00000(FT!}

e . P RO
{FT/SEC) (LBF/FT2} (SLUG/FT3}

2783,.6
2777,5
27714
2766.8
2762.6
27599,5
2757.6
2757.0
2638,0
R&637,7
2036,7
2635,1
283z2.8
2829Y,9
2826,3
2822,1,
2617,2
2811,8
2806,0
2799,8
2793,5
2767,1
2761,0
2779,3
2770,2
2Tbb,.1
2763,0
2761.1
27v0,4
2841.8
2841.5
2840,6
2639.0
. 2836.7
2833.,8
2630,3
2626.1
24821.3
2815,9
2810.1
2504,p
2797.8
2791,.3
2785.2
2779.5
2774 ,4
2770,3%
2767.2
2765,3
2764.6
26455,9
2645,86

. 2844,7

2843,
2640,9

9. Continued.

367,71
396,17
404,05
411,13
416,97
421,46
424,08
425,01
316,30
316,70
317,90
319,91
32z, 76
32b. 44
331,01
336, 42
342,67
349, 6w
357,39
368,61
3T, 14
382,61
351,22
399,09
406,10
411,91
416,26
418,99
419,91
311,60
311,99
313,16
315,12
317.90
321.51
325,97
331,28
337,41
3ug. 51
351,89
359,99
368,41
376,98
365,30
395,09
400,04
435,79
410,12
412,80
415,71
306,58
306495
308,08
399,922
312.67

5,0653E~04
5.1432E-04
5,2154€-04
542793004
5.3329€=04%
5, 3713g-uy
5,3956E-04
5,4038¢2-04
4,3826E«Ut
4y 3866E=04
4,3984F-04
4,4183E-04
4, 4463E-04
b, UE29E=0Y
4,52 70E=04
4,5797TE=04
4,6400E~-OH
4,7075E-04
4, TBUTE-0L
4,8587E~D4
4,938bE=-04
5,0195£=04
5,097T2E~04
5.1693E=04
be233lE-04
5,28%6E-04
5, 3249E~04
5, 3492~ GY
B.3575E=Q4
4,336Q0E-0U
4,3399€-04
4, 3515E-04
4,3T09E=04
4,3983c-04y
G 4BIOE=0Y
K UTTTE=OY
44529504
4, 58690E-0b
4,655TE=04
. T2O5E~04
4,6053E-04
4. 684TE-0Y
4,9648E-04
5,0420E~0U
S5,113TE«04%
5.1771E=-04
Se2299E-04%
5e2685E-04
§.292T7E~-0u
3s3GURE~DY
42 2B60E=-04
4, 269TE=04
443010E-04
4,3199E=-04
4.3466E-D“

T u v W PT
(DEG R) (FT/SEC} (FT/SEC) (FT/SEC) (LBF/FT2

HHE, D
448,8
451,5
HE53.8
455,7
427,31
u58,0
458,3
420,9
420,7
421,11
421,9
423,0
H29, b
L¥-4-Te 4
28,1
430,3
432,9
435,86
438,5
LYY gtk e -
YUy, 4
w47, 2
L49,%9
462,2
454,31
4585,5%
4556, 4
496,7
418,7
%18,9
419,48
#2041
421.2
422,5
424, 2
426,2
428,4%
450,9
W33.7
#36,5
L39.%
442 %
448,35
HuT,9
450,42
452,28
453,6
484,58
454,08
416,8
416,9
417, 4
418,11
819,2

FOREBODY FLOW FIELD

2753,8
2748.3
2743,4
27392
R735.8
2733,3
2732.8
2733,3
2815,0
2814,6
2813,5
2B11,7
2809,2
2805,9
2801,.,9
2797.3
2792,2
2786,6
2780.6
2774,5
2768,
2762,5
2757.0
2732:0
2747,7
Z744.2
2741.7
2740,2
2739.6
2822428
2821.9
2820.8
2819,1
2816.86
2813,4
2809.6
2805.1
2800.1
2794.6
2768.8
2782.8
2776.56
277048
2765.%
27603
2755%.9
2752.%
2749,9
2748.3
27478
282943
2028.7
2827.7
2626,9
2823,7

=246
«78,7
=154, 4
r225.4
-266,9
-334,8
~364,8
-375,1
360,.7
359.7
356,7
351,.2
342, 7
330,6
314,0
291,7
262,7
226,2
l1al,.6
128,7
68,5
2.3
=671
=136,3
=201,
=~257. 4
~300,9
=-328,5
=338.0
33%,2
3352,3
29,6
324,7
17,2
306,5
291,5
271.5
245,4
212.3
171.7
123,58
6845
7.9
»55.8
»119,3
-178,9
=230.6
=-2704.6
=296,.,0
n304,7
309,3
308,.6
306,2
391,9
295,3

H06,2
393,48
364.6
318,2
255,5
i78,9
92,1
«0
0,0
20,9
62,2
94,2
127,3
161,5
196,7
232.3
267,3
500,4
429,86
352,5
66,4
369,5
358 .4
332,0
2687,9
232,9
163,1
84,0
«0
0,0
27.8
55,9
84,9
114,85
145,8
177,8
2i0,2
Fir-
47208
29%.8
21,0
&3%.,1
$37.3
327.5
303,7
265 ,4
&135,2
1494
76,9
o0
0.0
25,0
50,3
Te. &
103,%

BBTS.9
88707
BBES,1
BE59.6
8854.7
8850_8
8848, 2
BBLT, 3
B895,5
88954
8895,5
8595,2
B8OY 5
BEYY K
B893,8
8592,9
8631,6
B8a8Y .8
8887 &
B8EBY 4
8864,5
8875,9
8870,7
6665,1
88%9,6
8854,7
8850,8
8546,2
8B4T 3
8895,5
88954
8895,3
8695,2
8894 ,9
8BB4 4
8893,8
8892,9
8891 ,6
8889,8
BBET .4

888y ,%

6B880,5
8875,9
B&T0,7
8865,1
8859 ,6
8855,7
a854,.8
B8848.2
884743
889%5,%
£595,.4
BBYS,S
8895,2
8894%,9

TT
{DEG m)
1091,0
1091 ,0
1091.0
1091,.0
1093,0
1091,0
1091,0
1091,0
1091,0
1021,40
1091,0
10910
10910
1091,.0
1091,.0
1091 .0
1091,0
1091,0
18491,0
1051,¢
1091,.0
1091,0
10691, 0
1091,0
2091,0
1091,0
10910
1091,0
1091,0
1091,0
1091,0
3091,0
1091,0
1091,0
1091,0
1091,0
1331,0
10%91,0
1091.0
109140
1091,0
1091,0
1091,0
1091,.9
1091 .0
1091,0
1091,.0
1091,0
1091,0
109140
1081,0
1091,0
1991,0
1091,0
1091,0



INITIAL DATA PLANE

I

LL

J

COPEIT DI CTCEREOEE @-dadmddod~d ~dd ~d ~F~d od wf =] ~d o md = of oy OO0 O OO LAl a0 AR R )

Y
(FT}

2297
+2003
1664
«1288
0875
L0537
-.0019
-, Dlug2
-+ 0940
- 1372
=-31766
=214
- 2H450
-1 266
-«2799
~+ 2845
3250
3208
«35113
+2957
L2741
2869
2144
1773
+1359
0911
» 0437
= 0055
- 059352
. 1042
-+1510
.- du2
-.2322
-qa2635
- 2869
=+ 3014
"5063
-1 1)
L3453
+ 3348
«3176
+ 2939
«2640
2285
1881
1432
20948
«OW37
- 0091
0622
uelliph
-s1641
--2099
=e25060
~e2831

0

<

{FTY

01861
«25i56
e 2410
«2615
e 2766
+« 2855
«2BT7
$ 2827
2702
2500
WRR22
«1875
L1466
+1007
+0512
L0000
L0000
W B439
. 0870
<1284
L1674
L2032
L2350
2622
2839
L2996
. 3086
+3102
3042
29901
26580
22379
+2004
«1365
L1074
« 0547
0000
L0000
L0478
L0946
1396
1818
2204
+ 2545
s 2834
3064
3227
« 3317
3328
3257
3101
2860
+ 2835
2134
+1665

2,824
2,815
2,804
2.792
2,779
2,764
2,749
2,738
2,719
2,704
2,691
2,679
2.66%
2,662
2,658
2,656
2,855
2,855
2,852
2.848
2,843
2,83
2,827
2,616
2,805
2,791
2. 177
2,762
2,747
2,732
2,717
2,703
2,692
2,682
2,675
24670
24669
2,868
2,867
2,865
2,861
2.856
24849
2,840
2,830
2,818
2,805
2,791
2,776
2,761
2.746
2,731
2,718
2,706
2,696

Figure

g
(FT/SEC)

28%8,1
2634,.¢6
2830,5
2823,8
2820,5
26l4,7
2808,6
256G2,4
2796.0
2789,9
2784 .3
2779, 3
2775,1
RI72,06
2770,1
2769, 5
28530, 3
2850,90
2549,1
28476
2644,5
2842 .7
28359.3
2835,3
2850,7
262%,5
2619,8
2613,8
2807 ,6
2801,y
2795,3
2789,7
2784,7
278Q,6
211T.8
2775.6
2775,.0
2855,1
2554 .8
2853,9
28b2,5
2850,4
2847,8
2844 5
2840,6
2836,1
2831.40
2825,5
261%,6
2613,5
2807,3
280%,3
279%.8
2799,8
2786,7

9. Continued.

X= 1+80000(FT)

P
[LBF/FT2}

316,17
320,50
329,66
331,63
338,38
345,79
153,73
362,00
370,42
378.60
386,28
393,12
358,80
403,07
405,73
406,63
301.26
301,62
3oz, 7o
3o4,52
307,50
310,46
314,63
319,61
325,39
331,93
539,14
346,87
354,94
33,18
371,19
378,72
385,43
391,02
395,22
397,83
394,71
295,55
295,89
296,92
298,64
301.10
304,30
308,26
313,05
318,60
324,89
331,86
359,45
347,19
355,19
363,00
370,35
376,91
382,48

RO
{SLUG/FT3)

4,3B812E-0%
4.,423BE-04
4 4TUSE=GU
4,532BE=5%
4,5982E-04
4+ 66T6E-04
4, THSHE DU
4.B8258-04
%4 9029FE~04
4.9793E~D4
5, 0502E-0¢
bell50E-04
5.1649F-04
5420 57TE=34
5.,227T7TE-0%
5. 2359E -4
4,2327E=GY
§,23b3E=00
4o 2U T2E~UY
4.2653E-04

4, 291LE~G4

4,3245E-04
4 365BE-04
4. 4100E-04
h 4717E~0%
4,5354E-0%
4, 6052E=-04
4 .6TI9SE~0Y
4, 756504
4,83493E-00
4 GOYHE=04
4,9TIHE-GG
5.0414E-04
5+0927E-04
5,1311E=04
5.1548E-04
S41629E=04%
4,1753E~-04
4.1788ED4
4, 18Y1E-CL
4e2064E=04
4,2310E-04
4.2631E-04
4, 5027E-0k
%,3500E-04
B, 40LBE-04
Y. 4666E-04
4, H344E-0H
b,6068E-04
W, 6820E=-04
4, 7SB1E-DY
4.8318E-04
4.9006E~-0H
4,9616F=04
§5,0121E~-0t

T
(DEG R}

42045
422,11
524,1
426,45
428,808
431.5
LA4, 3
13743
440,2
443,1
445,77
448,0
449,9
451,3
§52,2
452,5
L1y,7
414,9
415,3
416,0
LT o lhamr
L18,3
419,9
421,86
424,0
426,959
429,1
431,9
434,8
437,08
440,86
L43,2
ua5,5
H4T .4
448,8
449,7
450,0
412,5
412,6
413,0
413,7
414,7
415.9
4175
419,3
421,5
423,8
426,5
429,2
432,1
435,0
437.8
440,4
442,7
44,5

v
(FT/SEC)

FOREBODY FLOW FIELD

2620.6
281649
2812,.6
2807,7
28024
2796.7
2790.8
2784,8
2778.7
27734
2766844
2764, 1
2760.6
2758, 0
2756, 4
27585, 9
2855,7
2830, 4
2834, 4
2832,8
2830,6
28p27,7
2824,1
2820,0
2815,2
2830,0
2804,5
27948,7
2792.9
2787,1
2781.6
277646
2172,3
27a8,8
27662
2764.6
2764,1
2842,%
2Ruz,2
2841,2
2839,7
2857.6
2834,8
2831.%
2827,4
2822.9
2817.,9
2812,9%
28Q6,8
2801.1
2795,4
27%90.0
2785,1
2780.8
2777.3

v
(FT/SEC)

285.7
2724
254,y
230,8
200.8
163.9
119,9
6943
15,9
w4846
«103,D
~158,0
=205.6
=242,6
=266,1
~2T4,1
287,.9
287,3
285.2
281,5
275,77
67,2
255,.4%
239.3
218,1
191,1
157,5
117,5
Ti.4%
20.4%
=334
-87.2
=-137,%2
-182,0
216,28
-23?.9
=245,8
267.9
267,.3
265.6
262.%
25744
250.1
239.7
225.6
206,7T
1825
15243
116.0
74,0
2744
-21.,9
»71.5
~118,.2
=-158.9

L
(FT/SLC)

131,5
160,6
190,3
219,868
247,86
272.8
29a,7
30543
408,5
299,9
278.4
FLE)
195,7
137,2
T0.7
o0
0.0
22,3
b5,1
68,5
92,8
1138,2
14%,7
171,7
ig9a,7
226,86
247,.8
266,4
276 ,2
<81 ,8
T4 4
255,1
223,3
179,7
126,0
63,0
»0
0,0
19,8
49,0
60,8
az.5
155,3
129.2
153.7
178,4
202,2
223.,8
2491,2
452,6
256,84
250,2
233.0
204 ,3
L64,6

T
{LBF/FT2)

88944
8893,8
8892,9
8851,6
8889,8
asav,u
8BAY, Y4
8880,5
4875,9
8570,7
8665,1
8859,6
5854,7
8859,8
B848,2
8647,3
8895,5
8695,4
8895,3
8895, 2
5894,9
8L, 4
8893,8
8892,9
8891,6
a889,8
8BEY, 4
aBBY, 4
8880,5
8875,9
8870,7
8865,1
8859,6
8854,T
8850,8
8848,2
BE4T, S
86895,5
6895,4
3895,3
8895,2
8894,9
8894, 4
8893,8
8892,9
8891,6
88898
8887 .4
8864.4
2680,5
8875,9
8B70.7
88565,1
8859,6
88547

T
{DEG R)

1091,0
10%91,0
1051,0
1091,0
10%1,0
1691,0
1091,0
1091,0
1091,0
1091,0
1091, ¢
1091,0
1091,0
1691,0
1091,0
1091,0
10691, 0
1091,0
1092,0
1093,0
10%1,0
1091,0
1091,0
109150
1091,0
1091,0
1091,0
1091,0
1091,0
10%1,0
1091,0
1091,0
1091,0
10%1,0
14091,0
1091,0
1091,0
1093,0
1091,0
1091,8
1091,0
1091,0
1091,0
1091.0
1091,0
1691,0
1081.0
1091,0
1091,0
1991,0
1091,0
1091,0
10%91,0
1091,0
1091.0

KIFTYOD J00d IO
q1 TOVd TYNIDTEO
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INITIAL DATA PLANE X= 1«00000{FT} FOREBODY FLOW FIiELD

I J Y 2 M Q [ HO T 0] v W PT TT
(FT) {FT) tFT/SEC) (LBF/FT2) (SLUG/FTS) {CEG R} (FT/SEC) (FT/SEC} (FT/SEC) (LBF/FT2) {DEG R)
19 8 a,3077 W2142 2,689 2783.7 366,49 S5.0499E-04 u4e, 9 2774,8 =-190.5 115,5 5850, 1091,0
2y & - 230 ., 0581 2,685 2781.8 359,05 S,0735E-04 Lug, 8 2773.2 =210.6 59,6 . EB4s,2 1091,0
2T & =, D281 +0000 2,683 274d1.,2 389,92 5.0812£-04 447,1 2772.6 «217,.4 o0 B8847,3 1q91.0
I 0 3TET g, 0000 2.882 €660,y 26923 4elll4p=04 409,9 2849,6 2ub.1 0,0 B89%,5 1e91,0
2 2 3698 «08LT 2,882 2860,1 289459 H41146C=04 410,1 2849,4 247,86 17.2 8895, 4 1091,0
309 + 3584 L1023 2,879  2829,3 290,51 4,1293E-04% Y10,4 2648,9 246,2 3,7 6895,.3 1091,0
4 9 + 3395 1508 2,876 2c37,9 9223 G4,1497c-04 411,11 £647,9 2436 52,9 ap95;2 1491,0
v 9 3137 L1962 2,870 2856,0 294,43 4,1639€-04 412,0 2845,0 239,59 72,0 ge94,9 1091,0
6 ¢ +2813 2376 2.864 2833 ,4 297,45 U4,1943F-04 4t3,2 2842,4 233 .4 92,2 8894 ,4 1091,0
r9 2428 L2741 2,855 2890.3 301,21 U4,2320E-04 414,7 2839,2 224 ,6 113,5 s493,8 1091,0
8 9 1989 3047 2,8%6 2646, 5 305,73 4,2772E-04 416,5 2835,% 212.4 135,5 8892,9 1091,0
¢ 9 +1506h 3269 2.634 2842,2 311,05 4,329Y6C-04 H18,6 2651,0 193,9 +  1%7,9 £891,6 1091,0
1y 9 0984 L3458 2.821 2837,3 317,03  4,38%0E~04 420,9 2826,2 174 .6 179,T 8889,8 1091,0
11 9 43T L3548 2,804 2oii,9 323,70 M4,4545p <04 U234 2821,0 147,8 199,56 BBET, Y 1091,0
2 9 -, 0126 43555 2,793  2b20,1 330,91 4,%2%7E~04 426, 2815,5 115,2 216,0 8884 .4 1091,0
13 9 -, 0692 L3473 2.778 2820,1 334,458 4,5979E~04 429,0 2809,9 T7.4 227,1 asan,d 1091,0
49 = 1246 . 3302 2,763 20lu,1 340,22 Y4,aT20E-~04 4331.8 2804 ,3 35,1 231,53 8675,9 1091,0
12 9 w772 s 3040 2,748 2808,2 353,81 M, TY44IE=-UU 434,6 2799,0 -2,9 226,4 8870,7 1091,0
le 9 =.2250 2692 2,735 2802,7 360,35 4,b6114Fep% 437,1 2794 ,2 -55,2 211.,3 8865,1 1091.0
19 - 2679 22ud 2,723 2797 .8 36T 483 bH,8712E=04 439, 4 2789,9 =96,1 185,56 6659,6 1091,0
409 - 3026 1764 2,713 2793.8 372,67 W, 82N8E~4 L ) 2786,4 -135,5 142,8 8854, 7 1091,0
19 9 - 3265 12069 2,706 2/99,7 376,68 U,Y580F-04 442, 7 2783.,% =164.7 105,3 8850,8 1091,0
20 9 e 34US L0615 2,701 2788,8 379,18 4,9810FE-~04 443,6 2782, -183,2 54,5 8e46,2 1091,0
21 9 -y 3500 0000 2,700 2785,2 380,02 4,98U8E~0 443,9 2781,8 -189,5 o0 6847, 3 1091,0

[
=

1 +396e D,0000 2,900  2864,5 281,70 4,0346E-04 46,8 2857,9 226,7 0,0 8695,5 1091,0
2 L5944 L0556 2,899  2866,6 282,00 L4,0376E-04 467,0 2857,6 226 4 14,3 8895, 4 1091,0
3 3820 Llo99 2.897 2885,8 262,88 4,0466E-~uYy 497,3 2856,4 225,4% 28,9 4895, 3 10910
& 3616 1620 2,895  2864,5 284,57 4,0618F-04 47,9 2855,5 223,5 44,2 8a9y, 2 1091,0
o 33356 L2106 2,888 2562,7 286,50 4,0855F-04 Lys, 8 2853 .6 220,4 60,4 8894,9 1091,0
& 2905 L2545 2.362 2260,3 289,40 W,11197-¢4 410,0 2451,1 215.6 77.7 89y 4 1091,0
? 2570 ,2936 2.87TY4 2857,3% 292,80 H,1473p-0Y4 H1y, 4 28K8.,1 208,46 96,2 8893,8 109,00
8 12096 3281 2,864  38%93,7 297.04 4,19000-04 413,1 2644,5 198,6 115,46 8892,9 1051,0
9 1579 3514 2,853 2849, 362.02 U4,2398E=Ll 415,1 2840,3 185,0 135,6 8891,6 1091,0
10710 1021 3690 - 2,861 7 208%4,8 307,72 4,.2966t=04 417,3 2835,7 166,.8 155,3 ° 8889,8 1091,0
11 10 0437 L3TBL 2.827 2839, 314,07 %,3595C=04 4yilg,s 2830.6 43,7 173,7 8687,4% 1091,0
12 10 <,0162 3782 2.813  2634,0 320,97 Ho4272E-04 422,5 2825,3 115,2 189,2 BBOY,.4 1091,0
13

1%

19

16

17

18

19

Dl el ol
CoOQeo Qg

10 —,07b2 +3689 2,798  2828,1 326,R5 Y. 4TLIC-04 425,2 2819.8 81,8 200.0 8B60.5 1091,0
18 -,1348 L3503 2.783  282z,1 335,70 %,5702E-05 28,0 2814 .4 4,0 204,08 8875,9 1091,0

10 -,31904 3221 2,768 2815,3 353,03 &,6404E-04 430,7 2809,1 3.9 20144 86T0.7 1091,0

10 - Ru12 2859 2.755% 2610.9 I4Y.96 HJT0B3SE~04 433,3 280443 37,5 188,7 BBE5,1 1091,0

10 -, 2857 .2393 2,743 2806,1 356,16 S.T6HOC-04 435,5 2800.1 ~T7645 166.,3 B8859.6 1091,0

10 -2 3222 L1864 2,733 2s802,1 361,35 4,8136E-04 %37,4 2796.6. =110,7 134,5 B8R4, T 1091,0

10 - L1277 2,726  2799,1 265,26 8,8502€-04 438,8 2754 ,1 =137,3 94,7 8850,8 1691,

4U 10 =.3682 L0649 2,721 2797,2 367,70 4.872BC-04 “39,7 .2792.5 -154,3 48,9 B848,2 1091,0
¢l 190 -«3716 .D000 2,720 2798.,6 Jgb,b2 4,8BUSC-0u 440,0 27592.0 -1&0,1 .0 BBY4T,3 1091,0
1 0 L4235 06,0000 2,927  2877,0 . 270,13 3,9156F-04 402,0 2870.5 196,7 0,0 8895,5 10%1,0

2 0 4190 0595 2,927  287e,T 270,40 3,9183F~04 402,1 2870,0 196,6 10,% 8595, 4 1091,0

2 0 4057 1176 2,925 2o76.0 271,82 3.926BE-04 492,56 2669.2 156,4% 20,6 B895,3 1091,0

4 L ¢ 3837 1732 24921  2874,8 272460 J4I9410Ew04 403,1 2867.9 195.7 31,8 8895,2 109%,0

2 0 « 3539 2251 2.217 2873,0 274,55 3B.9614E-04 403,9 28661 1944 L, o 8894,9 1091,0

6 0 »3158 2721 2+210 2870.,7 277,40 3,9885E-04 409.0 2863+7 191.9 57.6 8894, 4 1691,0

7 D WE712 «£3132 2,902 2567,8 280,50 H%,0221E=-0% 05,4 2860,8 187,28 T2.5 £893,8 1093,0

B D 2207 L3475 2.893  2u64.4 284,51 4.0630E-0u 5908,0 2857,2 181,32 85,8 85692;9 1693,0

g D L1652 37Ul 2,882  2860.3 289,25 H,1111lF-0u4 410,0 2853.1 171,5 106,11 8891,6 . 1091,0

v D +1058 3922 2,869  285b,4 294,71  4,165LE-0D4 41z,2 2846.,5 157.8 i23,8 aga9,n 1091,0

Figure 9. Continued.
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ANITIAL

}

11
12
13
14
15
16
17
148
1y
20
21

o

DoDocoOoLoODoOCODOo

DATA PLANE

Y
tFT}

0437
=-,0198
-y 0832
- 1451
w2035
-2 2570
-, 3036
w3419
-y 3703
~e 3878
. 3938

Z
(FT)

L4013
L4009
« 3906
«3T0H
«3403
+2006
«2523%
+ 1264
« 1345
+« 083
+0000

2,858
2,841
2,826
2,811
2,796
2,782
2.770
2.760
2,752
2,748
2,746

(FT/SEC)

2850.4
2064 .8
2859,0
2233.0
282T.2
2821.8
2816,.,9
28l2.9
2809,9
280&,0
2807,3

X= 1.00000(FT)

P
(LBF/FT2)

30G.84
307.32
334,59
321,64
329.00
335,77
541.85
346,474
350,78
553,17
351,99

RO
{SLUG/FT3)

4,22T4E=gl
4y 2938E =04
by 3636E=04
Y. 4345F=D4
4,504%0E=-04
G4 5692F 0k
4, 6AT3E=0U
e BTSTEGH
4.7120£~04
4,.734%6E=04
4, 7422604

MASS FLOW KRAYE FOR ENTIRE PLANE= 5.43008E«D1(SLUG/SEC)

X=STEP REGULATION PARAMETERS

LIMITING POINT - I=21.

J= 1

Figure 9. Continued.

SAFETY FACTOR= 9.750000E«01

T
(DEG R}

414,7
417, 3
42041
422,9
425.,6
428,2
30,5
B3244
433.8
434%, 7T
435,0

FORERODY FLOW FIELD

U
{FT/SEC)

2843,5
283842
2832,7
2827.2
2821.9
2817,0
2612.8
RE0T, 4
2806, 7
2805.1
2804,5

v
{FT/SEC)

139,5
11642
&B,0
55,6
20,3
w16,0
=50.7
~Bl.%
~105.%
=120,8
-126.ﬂ

W
{FT/SEC)

40,9
1558
167,0
73,1
171,9
1562,4
46,1
17,1
82,7
42,8
ID

DELTA=XZ= 4,591958E=02(FT)

PT
(LBF/FTR)

8BAT &
8884, 4
8B80,5
8B75,9
8870,7
4865,1
8859,4
8854,7
8850,8
B845,2
88473

77
{DEG R)

1091,0
1091.0
1091,0
1091,0
1091,0
1091,0
1091,0
1093,0
1091,0
1091.0
1091,0

o1 @ovd VN0

gy 8002 0


http:4.2274E.04

08

SOLUTION

1

N~ F £

At B L i OOV

10
il
12
1s

J

WOHOOGWOLOHEWGGRNNWNON BN VDN TORN N R e M R R RER P e e

PLANE N0, 1

Y
(FT})

laub
1832
V1796
11729
1636
1519
$1370
«31191
0982
L0743
JORT7E
L0186
-+ 0120
-, 0435
-, 0746
wylO42
eol208
-, 1532
~e1702
-,1808
= 1844
« 2080
« 2064
2017
1938
1826
1681
L1504
+ 1293
1049
0775
0473
0148
-y 0391
-+ 0536
-, 0874
-.1195
- 1479
'11715
-.1899
we 2011
-s 2049
12318
#2299
L2243
«21l4b
2015
1845
«1638
1394
1116
«0807
20870
#0111
=y0261

Z
(FT}

0,0000
«0215
L QU39
+GOLO
+O847
1048
ph284
L1408
«156]
«1688
782
1835
Jl840
«1792
+1687
L1522
» 13060
v10286
0710
0363
0000
+O00C0
. 0253
L0503
07HE
, 1986
Jd212
L1423
L1613
1778
1911
2004
.2052
2044
«1982
«1857
1665
«1421
1118
L0772
+039%
0000
0000
«0290
+057T
L0857
1125
1378
L1611
L1819
19958
L2133
L2226
2268
, 2252

2.797
2.796
2,798
2,792
2,788
24783
24777
2,769
2,760
2,749
2,737
2,723
2.708
2,692
2,677
c, 662
2e64Y
24637
2+628
2,623
2,621
2,806
2,799
2,797
2,793
2,187
2,77y
2,77t
2,761
2.749
24737
2,724
2,711
2,698
2,685
2,673
24661
2,652
2.044
2,638
2.634
2,633
2'609
2,808
2.805
2,801
2,795
2.788
2,179
2,768
2,787
2,74y
2,731
2,717
2,703

Q
(FT/8ECH

2827.7
2827,5
2626 ,9
2829,8
2824 ,3
2822,3
2619,8
2816.7
20i2,9
2808,5
2803.4
2791.¢4
27914
2785,p
2778,5%
2772.1
2766,3
2761,3
27574
2755,0
2754 ,1
20238,9
2828 .6

' 2827.6

2825,9
2523.,7
28240.,8
2817,2
2ul13,2
2808,
2803,7
279a.9
2792,%
2787.3
2781.,9
2776.6
27711.3
2767.6
276y .2
2TEl .6
2760,0
2759,5
2852,3
p&31,9
2840,9
2829,3
2827,0
2824,0
2820.5
261s .4
2811.,7
2ble,n
2601.1
2795 .4
2789,6

¥= 1+04592¢(FT}

P
(LBF/FT2}

329,82
329,58
330.35
331.67
333,57
336,11
33y,355
3u3, 38
3LE,27
354,07
360,83
Jeo.0h
376,91
385,70
394,62
k03,54
511,78
418,91
424 4y
427,93
429,13
t27.78
328,20
329,45
551.54
334,45
434,19
32,73
346,02
454,01
360,61
367,68
375,08
362,69
390.20
397.40
404,05
409,89
414,72
418.32
420,95
421,31
328,5¢
325,94
425,19
327.47
330.19
333,95
338,53
345,90
350,031
356,77
364 ,Ud
371,69
379,57

Figure 9. Continued.

Ko
[SLUG/FT3}Y

4,510BC-04
H,5133E=04
4,52U6E=04
H05366£'04
4.5523E-04
4.5768E-04
G, 6OBRE~ Q4
4,64T1E~04
4.69491E~04
4, T495E=04
4,81 38604
4, BBE5L. DY
4,9649E-04
5,0466E~00
D,1289E=04
De21UNE=(Y
5,.8W3E~04
543496E~04
5,3993F=-04
S, 43USE-04
S, 4412E~04
B, 4957E=-04
4. H99T7E~-04
4,5120E-04
4,5334c-04
4,56U8F=-04
4,59T1E~-0u
4,84 10E~DW
4,6919C=04
w, IHP2E=GH
4,8120E-04

4. BTBIE~-04

H.9Q53E~p“
8,0192E-04
5.0886E-0%
5¢1546E-04
5,2151E-04
5268004
5,4113E-04
5,34 50E=00
5,3635E=04
5.3703E-04
H44359E-04
H.4560E-04
L .5T7TU2E~04
4.8906E =04

4.5192E=04

4. 5558E-04
4,60U3E-04
4,65 2RE -0
4,7108F=00
4,7753EwCl
G, BHUHEwLH
4, 9163E-04
4,9899E~0Y

T u v w PT
{DEG R} (FY/SECY (FT/SEC) (FT/5EC) {LBF/FT2}

425,%

425,5

425.8
42643
427.0
427,9
429,1
430.6
432.3
W34, 4
436,8
439.5
4424
445,3
B4B,3
W51,3
454,0
456,3
458,%
459,2
459,86
424,58
425,0
425,5
b2p,2
427,3
428,7
439,3
432,2
b4, 3
436,7
439,1
441,7
By, 3
LhE,8
449,2
451,5
453, 4
455,0
456,2
456,9
4571
425,58
423,44
423,9
428,17
425,7
427,1
428,86
Q;0‘7
432,9
435,3
437,9
#40,5
443, 2

FOREBODY FLOW RIELD

2784,7
2784.,9
2783,68
2782435
2780.8
277840
2779, 7
2772.3
2768.2
2763,6
2758,35
2752,5
2746,4
2740,2
2734.1
272848
2723.9
2718,5
2715,1
2713.0
2712,4%
2794, 4
2794,0
2792.7
2790.7
2767,9
2784 4
2780.3
2775,6
27709
2765,1
2759,7
2754,3
2749,1
2T44,¢
2739.8
2736.1
2733,0
273046
2726,8
2727.8
27274
2803,8
L2803,9
280G2,2
2800,3
27976
2794.1
2750,0
27853
2780,2
2TTu .7
276%,1
276345
2758,0

491,0
489.4
4EH.3
WTSe5
46245
444,98
420,4%
3p89.2
49,5
300,
2490,8
170,5
89,7
3
nFh, 4
190,35
“281,5
“361.6
—20, 4
464,59
-478,3
440.6
4194
435,9
429,4
419, 4
4n4,8
384,5
357,28
321,2
2764
221,2
155,.8
&l.4
-l
=86.0
~171.2
r251,0
=320.1
=373.7
=407,7
=419.%
4004.1
399.1
396,0
390,3
381.4
368,5
35044
326.0
29410
253.3
203,4
Attt gl
7645

0.0
42,4
85,2

12846
173,0
218.%
2hl%, b
811,40
356, 8
400,2
439,1
©70,5
491,2
497,3
485,54
452,7
97,9
321,5
226,2
116,9
«0

0
38,0
Thu6
116,1
157,21
199,5
243,.1
287.3
$30,.8
3718
407,8
435,9
452,9
L5643
4by2,3
409,.5
&5T.4
286,9
200.9
103,45

8895,3
8§95,2
8895,1

8594,9
T BB9%,6

289%4,1
8893,5
8892,5
8891,2
8889,3
8886,9
8883, 5
8879,8
8875,2
8869,9
B864,3
a858,8
8853,8
a849,8
8&u4?,3
BakG, 4
889%,5
8895,4
8895,3
8895,1
8894,8
8894 .U
8893,7
6892,8
8891,5
£8889,8
8887,4
8684, 4
BAED,6
8876,0
8870,9
8865.4
AB60,.0
BB5S,1
8851,2
BE4B,T
aduT,.8
8895,5
8895,5
8895,3
8695,2
8894,y
8894, 4
8893.8
L892,8
8891,6
LLEEN
8867 ,4
£O8Y 4
8860,6

TT
tBEG R)

1091,0
1091,0
1091,0
1091,0
109140
1091,0
1091,0
109:,0
1091,0
1091,0
109t,0
1091,0
1091,0
1091.0
1091,.0
1091.0
1091,0
1091,0
1091,0
1091,0
2091,0
1091,0
1991.0
1091,0
1051,0
1691,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
1091,0
1091,.0
1091.0
1091.0
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
1091.0
1091,90
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
1091,0
1091,0

P T T L ol el i ad ol o o ol N N e R N N R R R ol ol ol ol ol ol Sl ol o ol ol ol el ol ol
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SOLUTION PLAME Mo, 1 = l.04592{FT) FOREBODY FLOW FIELD
1 Y z M o] P RO T 0] ¥ L PT . 17 176 1ITL
{FT) tFT) (FT/SEC) (LBF/FT2) {SLUG/FT3) {DEG RY  (FT/SECY (FY/SEC) (FT/SEC) (LBFAFT2) {DEG R)
14 3 -, 0636 .2173 2,690 2783.8 387,38 5.0622E+04% 445,9 2752.7 2.1 415,0 B876,0 1091,0 1 z
15 3 -21002 +2028 2,677  2778.4 394,88 2.1313E-04 448,49 2748,V «75.8 40246 B8&70,8 1091,0 1 2
16 3 e 1345 +1817 2,665  2773.4 4p1.83 5.1946E-04 450,7 2743,9 ~153.5 372.9 8865, 4 1091.9 1 2
17 4 -y 1651 1543 2,655 2769,0 407.94 5,2500E-04% 452,8 2740,5 -226,3 25,6 8859,9 1091,9 1 2
s 5 =4 1906 w12l2 2647 2T69,.4 412,99 5,2955E-0% 454, 4 27377 =289, 4 261 .4 8855,0 1091,0 i 3
iz 3 -+ 2098 0836 2,649 2762,7 416,76 S.3293E-04 455,7 2735,8  =338,2 183,1 8851,1 1091,0 1 3
20 3 -, 2216 Q426 2+637 2761.0 419,09 5,3501E-04 4564 27348.6  ~359,2 90, 3 a84g,s 1091,0 1 3
21 3 -, 2258 L0000 2,635 2760.5 419,88 5.357Z2E=-04 456,7 2734,2 «379,8 0 8847,7 1091,0 1 3
1 4 2559 L0000 2,818  28635,9 318.92 4,4085E-04 421,5 2812,10 367.7 0 8895,5 1091,0 1 3
2 4 L2537 G328 2,817 2833,8 315,33 4,G126E-0k 421,7 2811,6 366,8 30,9 8695,% 1091,0 1 2
3 4 2470 «06562 2.8158 2834 6 320,56 4,4247£-00 422,1 2810.5 36,0 62,3 8895,4 1091,0 1 2
4 & ¢ 2360 10986 2,810 2823,0 B22461 Yy YuHIC-QU 422,9 28UB. D 358,9 4,6 8895,2 1093,0 1 2
S 4 2206 +1266 2.805 2830,7 325,50 4,4733E-04 24,0 2805,9 351,0 128,1 6894,9 1091,0 1 2
& 4 L2011 «15u8 2,797 2827,7 329,23 4,.5098g-0k 425,4 2802,5 339,49 163,0 BBI4, 4 1091,0 1 3
[ « 1774 1801 2.768 2624,1 333,60 4,5342E«0% 427,1 2798, 5 iz3,2 199,40 8893,8 1091,0 1 3
8 4 1498 2025 24777 2820,0 339,17 4.6063E-04 429,0 2793,9 301,2 23b,8 - 88%2,9 1091,0 1 3
9 4 ,1185 L2213 2,766 2815,2 345,30 Y4,6654E~04 431,3 2748,8 272,2 272,1 8891,6 1691,0 1 3
& L0840 - 2357 2,753  28190,0 352,11 4,73UTE-DY 413,7 2783,3 235,3 306,686 8849,8 1051,0 b3 3
1 & # 0us7 2450 2,739 2604, 4 S57.47 4,80UBE-04% 436,3 R1T7,6 1892,9 257,.2 ga87,%9 1691,0 1 3
12 4 .00TY 24886 2,725 2798,5 367,24 4,B742E-04 439,0 2771.Y 135,8 361,2 8884 ,% 1091,0 1 3
13 4 -, 0331 1Y) 2,711 2792,7 375,25 4,5493g-04 441,8 2766,3 74,0 376,0 888p,6 1651, 0 1 2
AbB L0736 +2366 2,697 276e,8 383,24 5,0235E€-0% 44,5 2760,8 5,9 379,5 eavé,o 1091,0 1 3
FR-T e 1130 L2201 2,683 2781,2 390,92 5.0945E-04 47,1 27959,9 65,5 368,4 8870,8 1091,0 1 2
16 4 = 1497 L1967 2,671 2776,0 398,05 5,1597E-04 w49,5 2751.5 -136,8 341,5 8B65,3 109%1,0 1 2
it & ., 1824 1667 2,681  2I7T1.5 oy ,33  §,2168E-0H4 453,6 2747,8  -203,7 298,3 8859,9 1091,0 3 2
18 4 -y 2095 L1307 2,652  27e7,7 409,52 5,263TE~-04 453,3 2744,9 -261,7 239,58 8855,0 1091,0 1 2
1?2 4 -e 2299 G900 2,648 2765,0 413,40 5,29B6E-0Y4 L54 .6 2742,0 =306,6 L67,8 8851,0 19%1.0 1 3
20 4 -, 2426 L0459 2,642  2T63,2 wi5.80 5,3201£-04 455 .4 2T41,5 w3350 56,% aB4a,5 1091,0 1 3
21 4 -, BHET +0000 2,640 27627 . 416,61 5,3274E=UY 455,7 2741,1 -344,8 .0 8647,6 1991,0 1 3
1 5 2801 L0060 2,828 q839,8 314,11 4,36%0E-04 419,7 2819,3 iup.6 £ 0 8895,5 1091,0 1 2
2 5 L2775 0366 2,827 2839.5 314,51 4,3649E-04 419,9 2818,9 339,8 28,0 8895,5 091,060 1 2
4 4 2699 L0727 2,825 2838,5 315,71 4,3766C=0u4 20,3 2817,8 337,3 56,% 8895,4% 1091,0 1 2
% & £2573 L1075 2,820 2336,9 217,72 4.3967E-04 ya1,1: 2616,0 332,06 85,4 B&95,2 1091,0 £ 2
5 b L2399 1406 2.815  2834,6 320,56 4,424G6E-0U 422,2 2613,4 325,7 116,3 8894,9 1091,0 i 2
6 0 2177 1714 2,807  2831,7 224 22 4,.46U6F-0k 423,58 2810,2 35,3 148,1 a9y, 4 1091,0 1 2
7T 5 1911 1991 2,798  2828,1 328,71 4.,5046E-04 425,28 2806.3 300,7 181,0 8693,8 1091,0 1 3
g s 1602 2233 2,787 2b23,9 334,02 4,5563E-04 427,2 26801.7 280,86 214,.7 asy2,9 1091,0 1 3
? 5 .1255 L2432 2,17e 2619,2 340,31 4,8152E-¢4 429, 4 2796,7 254%,5 248,1 8891,6 1091,0 1 3
0 5 0874 ,2581 2,783 2814 .0 546,089 4,60U5E-04% 431,9 2791,3 220,9 280,0 8889,8 1091,0 1 3
11 b , 0466 «2675 2,749 2808,3 354,26 4,7509c-04 434,5 2785.6 179,4 308.3 8887.5 1091,90 1 3
JIE 0038 2706 2,734 2802, 4 362,05 4,8249E-04 437,.2 2779,8 129,9 330,7 8884 N 1091,0 1 3
13 5 -, 0800 22668 2,720 2796.4 370,10 4,9007c-04% 40,1 277T4,1: 73,2 3u4.,7 8830,6 1091,0 4 3
14 5 -+ 0837 + 2559 2705 2790,u4 579416 4,9759£-44 442.8 RT6046 10,5 348,35 &876,0 1091,0 1 3
15 5 =+1258 2375 2,692 2784,V 385,93 5.0479c-04 455,5 2763.5 55,3 338,.5 8870,8 1091,0 1 2
ie 5 -+1650 L2118 2,679 2779,4 323,15 5,1143F-64 447,9 275%9.0 «121,0 314,80 abe5,3 1091,0 1 2
X7 5 ~e1997 «1791 9% -1 2T74h,8 399,93 DllT24E-04 %590.1 2755,1 «~182,8 274.5 8659,8 1091,0 1 2
8 5 -2 2268 1403 2,659  2771,0 W04 ,80 5,2203E-04 451,8 275241 -236,3 220,86 a854,9 1091,¢ 1 2
19 b5 -+2501 0965 2,653 2768,2 4gd,74 5,259Y9C-0% 453,2 2745, 8 ~277.8 154,5 5851,0 1091,¢0 1 2
20 5 2634 L0492 2.649 2766,.4 411,18 5,2T77BE-04 454,0 27T48.35 LENL S 79,6 8848,4 1091,0 1 2
21 5 -2 2680 0000 2,648 2765,8 412,01 5,2852¢-04 4by,2 2748,0 =313,1 .0 B847,5 1091,0 by 2
1L 6 L3044 L0060 2,838  2843.8 509.16 4,3117E-0% 417.8 2820.1 317.2 .0 ‘a89%5,5 1091,0 1 2
2 6 3015 L0404 2,838 8L43.5 309,54 4,3155E«04 414,0 2825.7 316,5 25,4 8895,5 1841,0 1 2
3 6 2929 0802 2,835 2u42,5 310,70 4.32T1E~04 4918,% 2e24.7 314,2 51,2 8895 ,4 1091,0 1 2
4 6 L2788 1185 2,831 2841,0 312,66 4,3465E«0% - 419,2 RB22,9 310,2 T7.8 88%5,2 1091,0 1 2
S 6 .2592 1548 24825 2638,7 315,41 4,3737E-0% 420,2 282044 303,9 10%,6 8894,9 1091,0 1 2

Figure 9. Continued.
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SOLUTION PLANE WO, 1 X= 1404592(FT1 FOREBODY FLOW FIELD

1 u Y z M G P RO T Y v W PY 1T ITe ITL
(FT) (FT3 (FT/SECY (LBF/FT2) (SLUG/FT3)  {DLG R) (FT/SECY (FT/SEC) (FT/SECY {LBF/FT2)  (DEG R)

+ 2345 L1882 2,818 2B3s.8 316,98 4,40P0E-0% 423,6 2817,3 294,6 134,5 8%, 4 1091,0
L2048 .2183 2.609 2B32.3 323,37 4.4521E-04 423,2 2813.% 281,4 le4,7 . 8893%.8 1091,0
1707 L2441 2,796  2bzd.2 228,57 La50631E-04 u25,2 2809.1 263.4 195,85 8p92,9 1091,0
«1325 + 2652 2,766  2623.% 334,56 445613E-04 42744 2804,2 239,5 22644 8891,6 1091,.0
0508 L2807 2,713 2818,3 341,25 h.626UE~0b 29,8 2798.8 208,9 255,9 4889,8 1091,0
L OleY L2901 2,759  2812,& 48,54 4,68961E-04 432,58 2793,.2 1731.0 282,2 8887,5% 1091,0
00Dl L2928 2,TU5 28056,7 356,29 4.76Y0E-04 435,2 &7at,b 125,86 303,2 888, 4 1091,0
. 0470 2878 2,730  2800.7 364,30 L.BUSTE-04 438,1 2751.5 73,4 81b,5 8880, 6 1091,0
-,0938 . 2754 2,718 2794.6 372,86 4,9213£-04 448,9 2776.2 15,7 820,3 8876, 0 1091,0
-+ 1347 . 2550 2.701  £788,9 Zu0, 18 4,9937C-04 443, 6 2771.0 5.1 1.6 8870,8 1091 ,0
-, 1803 L2270 2,689 2T82,% 387,38 S5.0605E=04 446,1 2766,%  ~109,9 289,3 8865,3 1091,0
2171 1916 2,672 2775.8 393,79 5.1193E«04% 448,2 2762,5  =163,1 253,1 88589, 48 1091,0
-.2475 1499 2,669 2779.0 399,09 S.1676E-04 450, 0 2799.3 e212.7 203,5 8854,9 1691,0
- 2703 L1030 2,662 2772.1 403,06 5,2036E-04 451,3 2757,0  «251,2 42,7 8650,9 1091,0

& 1 z

& 1 3

& 1 k]

] i 3

& 1 k]

3 1 3

& 1 3

b 1 kK]

& 1 3

b 1 3

-] 1 2

& 1 ?

& 1 2

[ 1 2

20 & .,2B644 L0524 2.658  2770,3 405,52 5.2258E-04 452,2 2755.6 =275,6 T3,5 B&4B, 4 191,00 1 2
21 6 .,2892 + 0000 2,656  2769,7 406,35 5,2333E-04% 452 44 2755,%  -283,9 o0 BBY47,5 1091,0 1 2
17 3207 ,04000 2,849 2848,0 364,03 4,26U6E-GH 415,8 2838,6 296,3 W0 8895,5 1491,0 1 2

2 7 3256 S LH43 2,849 2647.,7 34,41 H,264%3E-04 416,0 2832,2 295,6 22,9 4895,5 18%92,0 1 2

3 7 43160 , 0877 2,846  2u846,8 505,52 4.,2TH4Ew-04 G164 2831,% 293,7 46,3 88954 1091,0 1 3

4 7 L3003 .1295 2,842  2B45,2 307,40 4.2942E-CY 417,1 2829,5% 290,1 70,4 8895,2 1091,0 1 3

5 7 2786 .1689 2,838 2843 ,1 510,06 -4,3206FE«04 418,2 2827,2 284,5 95,6 8894 ,9 1091,0 1 3

& 7 2513 L2052 2,829  264%0,2 313,51 4,3548F-04 419,5 2824,1 276,2 122.0 8a9h 4 1091,0 1 3

1T 2187 2374 2,520 283p0,8 337,77 4,396%2.04 421,11 2820,% 264,4 149,5 8893,8 1091,0 1 3

8 T L1812 <2650 2,810 2832,7 322,83 B ULETELQU 423,0 2816,2 248,2 177,9 8a%2,9 1091 .0 1 3

g T L1395 L2872 2,798 2828,1 328,67 4,503BE-04 425,2 2511,4 226,6 206,3 8891,4 1091,0 1 3

10 7 L0943 L3038 2,785  2822,9 335,22 4,5675E-04 427,7 2846,2 198.8 2336 8889,8 1091.6 1 2
11 T , 0463 3127 2,771 2817,3 342,39 4,6367F-DY4 430,3 2800,.7 164,1 258,18 6887,5 1491,0 2 3
e 7 .,0030 L 2,75  261l1.4 35p,02 4,.709BE-00 433,90 2795,0 122,5 277,.8 8884 .4 1091,0 1 3
14 7 .,0%4D . 3088 2,74y 28054 357,94 4,7851E-D4 435,9 2789,3 74,6 29p,5 8880,6 1091,0 1 3
19 7  .,103a8 L2949 2,727  &TY9.3 365,93 4,B86U4FCuN uza. 7 27p3,7 21,3 294,5 8875,9 1491,0 1 3
1 7 -,1516 2726 2,713  2793,5 373,66 4.9327E-D4 aH1,.4 2776,5 w3, 9 286.9 8670,7 1091,0 1 3
16 7 .,1957 2422 2,700 2788,.2 380,87 449995E-04 43,9 2773.9 91,2 266,7 8865,2 1091,0 1 -]
17 7 -,2345 12082 z2,689% 2To3,.q 347,26 5,05B5C-04 44641 27699  w14h,2 233,6 8659,7 1091,0 1 3
8 7 = 2666 +1596 2,679 2T79,5 392,95 Se1070E~04 G47,9 276646 »190,3 188,90 8e&5Y,8 1091.0 1 3
19 7 -+ 29906 1098 24,673 2776,56 196,592 S5,1431g-04% Gy9,2 2764, «226,1 131.8 8E50,9 1091,0 i 2
U T ..308% L0588 2,668 2774,2 390,96 H.16D4E-08 LS50, 2752,8  -2u48,7 67,9 8648, 1091,0 1 2
21 7 -,3105 L0000 2,667  27T74,2 399,81 S5,1750E-0% 450, 4 2762,3  -286,5 «0 8B4T 4 1091,0 1 2
1 8 + 5532 0000 2,861  2852,4 298,63 4.2069E-04 413,7 2839.0 277.0 v £895,5 10591,0 1 3

¢ B8 . 3497 L0481 2,460  2852,1 299,04 4,2104E-04 413,9 2838,6 2764 20,6 8895,5 10916 1 3

4 & P 3392 + 0953 2,888  2851,3 - 300,11 4.2212¢-04 34,3 2857, 7 27T4,7 41,5 8695, 4 1091.0 1 3

y 8 .3219 L1806 2.554 2849 .8 301,50 4.2392E-04 415,0 2836,1 271,06 63,3 8895,2 1091,0 3 5

9 & L2981 +1832 2,848  2d47.7 305,44  4,2646E-04 416,0 2833,8. 66,7 84,0 8854,9 1091,0 2 3

& & 12682 L2221 2,841 2544,9 207,76 4.2976E-04 417,3 2830,9 259, 4 109,9 88944 1081,0 1 x

L 2326 L2567 2,633 28416 311,85 4,3383F-04 418,9 2827,.4 248,9 35,0 £8893,8 1081,6 1 3

8 8 1918 25860 2,822 2837 .6 316,74 4. 3BEEE«04 420,7 2823,% 234,5 60,9 8892,%9 1091.0 1 3

9 & (1466 3094 2.811  2833.0 B2Z2.400 H,H422E~00 4z2,9 26818,7 215,0 187,.1 4891,6 1091 ,0 1 3

v a « 0978 3262 2,798 2828, 328,77 4«5045£-0% 425,3 28136 189,9 212,3 a889,8 1091, 1 3
11 8 S ETY) 3354 2,784 zb22,4 335,70 4«5T24C04 427,9 2608,2 158,4 35,2 a887.,5 1091,0 1 3
12 4 -,0072 . 3369 2,769  28le,8 Bu3.83  4ebUHHE-QH 430,6 28024% 120, 4 283,48 8884, 4 1091,0 1 3
14 8 -,0609 13300 2,75  28i0.6 351401 4.718BE~0D4 4334 2796,9 V6.4 26540 8880,6 1091,0 1 3
4 8 -,1139 + 3145 2,739 2L0u,s 3EB,87  4.7933p~-04 436,3 ° 2791,4 2744 270,.1 B8BTS, 091,06 1 3
15 8 -.1645 . 2902 2,725 2798.,8 366,50 4.8651E-04 439,0 2786,2 «2U,5 263,.7 88T0,7 1091,0 1 5
16 4 .,2111 2575 2,712 2793.a 373,63 4,.9316E-04 441,59 2761.5 ~76,7 245,5% 865, 2 1091,0 1 3
17 Be ..2520 ,2168 2,701 2788.5 379.96 4.99V2F~04 443,7 2777,5  =-12%,.8 215,3 BA59,7 109t,0 1 3
18 8 =, 2858 1693 2,692 2784,7 385,22 5.0386E=04 H45,.5 277442 »168,6 T34 8854,8 1091,0 1 3

Figure 9. Continued.
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¥
(FT?

-~y 3110
-4 3265
-e 3318
VETTY
3739
 B625
3436
LT
26851
+ 2465
2025
+1013
+0u6l
we 0107
~e 06TY
= 1240
-+ 1774
s 2265
=y 2695
-y 3050
-s331Y
-e SUTT
v, 3532
WH023
s 3981
2857
+« 3653
3372
«3021
2604
«2131
+1609
»1049
20460
-0 0243
w0749
-y 1341
-+1904
-.2“19
- 2871
- 5242
«e3518
- 3689
e 3THE
44 S0
4564
4247
L4022
.3713
3326
2868
« 2346
01771
»1154

1

Z
(FT)

1161
L0591
L0000
L0000
L0519
L1028
«1517
L1974
,239]
2759
L3070
3315
L :F:)
L3582
3591
,3511
L3341
3079
+2295
«17%0
1227
LE62Y
L6000
L0000
L0558
<1104
J162T
2117
2962
2952
3280
L3557
L3716
.3810
=1-R R
«3723
3538
3256
«2681
2022
« 1887
1293
L0607
0000
0060
L0614
1216
21792
L2331
2820
32bl
.5612
e.1:1- 1
L4090

[+] P

(FT/SEC) [LBF/FT2)

2,685  2781.8 389.16
2,681 2780,0 391.60
2.679 2779.4 352,43
2.874 2857,.2 292,99
2,873 2b56,9 293,33
2,871 265%6,1 294,54
2.867 2854 46 296,04
2,862 Zacc.b 266,45
2,85% 2850,0 301,50
24846 2046,7 305,52
2,836 2842,9 310,20
2.824 2838,4 315,63
2,812  2833,5 321,79
2,798 2828.0 228,56
24733  28&2.,3 335,83
2,768 28le,3 353,43
2.754 2810.4 351,11
2,739 2604 .6 356,60
24746 2r99,2 3ed, 02
24715 2754.5 *374.65
2,706 2790.5 317,04
2,699 2787,7 380,93
24694 2185,9 333,33y
2,693 2165,3 354,16
2.887 2862.3 266,97
2,887 2862,1 287,26
2,885 2861,3 286,22
2,881 2859,9 289,81
2,476 20858,90 29z, 08
2,869 2855,5 295,02
2,661 2652,4 298,71
2,851 2B48,7 303,14
2,840 FIX LN 308,32
2,827 2839,6 314,19
2,814 283443 320,70
2,799 2628,6 327.71
2,784 2ue22,8 585,07
2,770 2816,.9 342,54%
2,7%6 2811,2 4G, 84
2aTH3 2605,8 356,70
2.731 2601,1 3&2.681
2,722 2797,2 36T.Y0
2,715 2794,3 ari.72
2,710 2792,5 374,10
2.709 2791,9 374,90
2,928 2677, 270,906
2,927 2676,8 270,53
2,925 2876.1 271,13
2,922 2874 .9 272.49
2,917 2873,2 274,45
229312 2870,9 277,03
2,503 256E,0 280,30
2,893 2864, 6 284,27
2,883 2b00.5 288,97
2,870 2855,9 294,39
Figure 9. Continued.

X= 1.04592(FT)

RO
{SLUG/FT3)

S.0747E=04
S.0970E-04
S A0RGE-GH
H,1425E=04
4,1526E-04
4,31630E-04
4,1802E-04
5, 204004
4,2301E=-04
4, 27TS1IE=Q4
g, 321T7E-0H
4,3755£=-04
4, 4360E-04
4,5022E~04%
4, STETE=04
4, 845TE~GY
4, TL90E-0
4,7899C-04
4, 8058E~04
4,9139C-04%
4,9b20E~04
4,99 78E-04
5,0200p-04
5, 0275E~GY%
4. 08BHE=-CH
4,0915E~04
§,1011E-0UY
5,11 T1E-Gh
4,14UV0E-0L
4,1698E-0Q4
4, 2069E-04
4,2512E-04
4, 3027E«04
4,3609L-00
4, 4249E-0Y
4,4934E-04
4,5647E-04
4, 636404
4,706DE=04
44 TTOBE-OY
L.82B2E=04
4,8757E~04
Be9ll2E~-04
4,9332 =04
e F406E« 04
%,9148F=-04
3,9175E-04
3,52%8E-00
3,9399E~04
3,96 00E- 04
3,98B66E-04
4, 0200E~0Y4
4,0605-04
4,1082E-~04
4, 1629E~04

T U v W 43
{DEG R} (FT/SEC) {FT/SEC) (FT/SEC) (LBF/FT2)

446,8
47,7
4ug,0
41144
411,6
12,0
412.7
413,56
414,.,9
H16,4
518,2
420,3
422,7
25,2
L28,0
$30.,7
453,5
436,2
458.,7
bew, Y
Yaz.8
Ly,
445,06
4585,2
409,06
409,
499,959
10,2
H11,.1
412,35
413,7
415,.5
417,5
4i19,8
422,3
425,0
427,
430,5
433,2
435,7
§57.9
H39,7
441,0
41,9
q442,2
4062,0
LY
4o2,4
403.0
403,89
Lo6,?
406,%
457,9
409,9
412,13

FOREBODY FLOW FIELD

2771.8 -201,9
2770.3 ~-223,0
2769.8 -230,2
284545 258, 4
2545,2 258,0
2844 ,3 256,.6
2842.8 253,95
264D .6 49,7
2B37,.9 2ud,. 4
2834,5 234,3
2630.6 221,6
2826,1 204,4
2521.1 1481,9
2815,9 153,5
2810,4 119,0
2804,8 78,9
21499,5 33,9
2794,2 -13,8
2789, n6l, 9
2785,4 -107,5
2782.1 -157,1
2779.7 -178,0
2778,2 -197,6
evTT. T v204,3
2852,2 240,.2
2851,9 239.9
2851,1 238,7
2849,7 236,6
2agt,7 2353,1

2845,1 227,8
2641.9 220,1
2838,1 209,2

2833,8 194,2
2629,1 174, %

2823,2 149,2
2518,6 118.3
2813,1 82,0
28077 4i.2
280246 2,5
2798.0 4646
27935, ~88.6

2790.,6  =125,2
2788,2 =153,8
2T 0T «172,9
278&,2  -178,2
2870.,3 196.5
2B70,1 196,3
2865,5 195,9
286841 194,9
28B6,3 193,82
2864,0 190,4
2861,1 185,9
2857.6 179.2
2853,9 169, 4
2848,9 155,9

121,7
62,7

aB50,8
asua,3
BBHT 4
8895,5
8895,5
8695,3
B&YS, 2
8894,9
8894, 4
8693,8
5592,9
8a91,6
£889,8
BB8T, 4
88848, 4
5680, 8
5875.9
8870,7
BBES,1
5859,6
3854,7
8850,7
884s,2
aB47,3
8895, 4
8895, 4
4895,3
8895,1
8894, 8
8894, 4
8895,7
a892,8
8891,5
5889,8
8867,4
BasL, 3
B28¢,5
8475,8
85T0,6
B865,0
8859,5
8854,6
8850,6
3648,1
8847,2
8895,5
8895,5
8895, b
8895,2
8894,9
8894 .5
8833,8
8892,9
8891,7
8689,9

7

{DEG R}

10%1,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,8
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
1091, 0
1091,0
1091,0
1091,0
1091,0
10%1,0
1091,8
1091,0
1091,0
19091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
10%91.0
1091,0
1091,0
1091,90
1091,¢
1091,0
1091,0
1091,0
1091,0
1091,0
10%1,0
1991, 0
1091,0
1091,0
1091,0
1091,0
1091,0
1091,0
1091.0
10%91,0
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SOLUTION PLAKE HO.

1

11
12
19
14
12
16
17
b
19
20
21

J

ovuooUoCLCoODGCoQ

¥
{FT}

0507
-~ 0158
'008?3
- LH7Y
~e2092
-, 2659
e 3154
3561
- BBEH
- 4051
- h115

1.

Z
tFT)

LH192
LU195
JHO0TY
3809
3578
3166
2661
2073
L1421
0722
0000

2,857
2,842
2.827
2.5612
2,797
2,783

2,771,

2.761
2,753
2,749
2,747

- P
(FT/S€C) (LBF/FT2)

2850,7
2hi5,2
2639 .3
28353.4
2627,6
w2z, 2
2617.3
2814,3
2610,3
2808.4
2807,8

X=. 1+ 045924FT)

306G, 48
307,10
314,17
321.37
328,54
335,29
341,34
346,40
350,21
352,59
153,49

RO
{S5LUG/FT3)

4,2238E-G4
4,2897E-04
L, 3599E-04
4. 4300E~04
4, 4996E-DY
4, 5646F- 04
44 6224F=-0%
4, 6TUEE=UY
4, TUETE=0Y
4,7290E-04%
4,7366E-04

MASS FLOW RATE FOR ENTIRE PLANE= 5,93176E~-0X{SLVUG/SEC)

COURANT NUMBER=

297500

X=STEF REGULATION PARAMETERS

LIMILING POINT = 1221% w= 1

Figure 9. Continued.

SAFETY FACTORm 9.987241E-01

T
{DEG R)

414,5
417,2
419,9
L22,7
425,5
k28,0
43043
k32,2
433,6
434 .4
434,7

FOREAODY FLOW FIELD

L v
(FT/SECY (FT/SEC)

2843,9 138.0
283846 115,4

2833.1 88,2
28276 5647
282249 22,0
251744 -13,9
2613,2 Lya, 6
2809,7 -79,5

28y7.1  ~103,5
2805.6 «119,5
280540  ~124,.9

]
{FT/SEC)

140,72
154,9
166,53
172.5
171.8
162.9
145,0
118,2
65,7
53,4
.0

DELTA=XS G,45%629E=-02(FT)

PT
(LBF/FT2)

88876
88B4,5
8880,7
8876,2
8871,0
8665,6
BB60 2
8855,3
56514
pasa,s
8548, D

TT
{0EG R}

1091.0
1091.0
1691.0
1091.0
1091,0
1091,0
1091,0
1091,0
1091.0
1891,0
1091,0

ITe

4

AN RN DD G 0N

ITL

7 C8 G Gt SH O e O (G K



G8

SOLUTION PLANE NO.

I

LWENELEGRM

J

DL AR OODGANNRDINNRNMBNNNNRONRENOMNNRONRRANE PR FRPPRFPRERPRME PP R

Y
{FT}

3527
« 3509
« 3458
«3370
3243
3074
« 2859
2592
« 2264
+1883
w1435
0922
+034%
-4 0272
=2 0922
-4 1573
~2191
~+ 2734
-, 3160
- JH33
w, 0527
9831
. 3809
«3THL
3627
« BHBD
o252
.2926
2664
22282
. 1840
+1336
20773
20160
vy 0450
"1157
-,181%
-e 2426
-4 2957
- 3370
-4 3632
=, 3722
4176
yhraT
JH063
3921
3721
-17:¥
1 3143
« 2762
2319
L1818
1252
»0636
v, 0123

20

Zz
(FT?

0000
03486
L0693
L1039
+1385
+1728
+ 2065
2392
+2701
2982
<5222
3408
+3509
3516
« 3404
3156
2764
+2223
+1566
.0809
.0000
20009
L0408
L0813
1215
1610
«1994%
2364
2712
L3031
3309
L3534
+ 3690
<3758
3722
£ 3564
«3271
L2839
2272
11588
D817
, 0000
0000
L0872
210939
,1399
L1845
«2273
« 2677
3048
« 3378
. 3655
+3BET
23997
L4030

2.769
2,769
2.76%
2.768
2. 766
24764
2.762
2.758
2.754
2aTHE
2474),
2,732
2.722
2.T10
2.698
2,604
2,671
2.659
2.650
2,644
2,642
2e770
2,770
2,770
2,768
2,767
2.764%
2.761
2,797
2,752
2.TH8
24738
2,729
2,719
2.708
2,695
2,683
24670
2,699
2.651
2.645
2,6U3
24773
2.773
2,772
2,771
2.769
2.766
2,762
2.758
2,752
2,746
2,738
2.728
2,718

Figure

X= 2400000(FT)

Q P RO
(FT/SEC) (LBF/FT2) (SLUG/FT3}

2816,5
2616,4
2813,2
2015,.8
2615.2
2814 .4
2813,3
2811.,9
2810,0
2807, 7T
2004,7
24801,0
2796.7
27917
27868.3
27480.6
2775,0
2770.0
2766,0
2763 4
2762,5
2817,1
2817,.0
2816,7T
2815,5
24l5,6
2814 .a
2813,3
2811,7
2609,7
28071
26804,0
2890,3
2795,0
2791,2
2785,.0
280,71
2779,5
2770,8
2767,1
2764,7
2753.8
2618,3
2818,2
2617,8
2817,3
2o0l6. 4
2815,3
2e13%,.9
28la,1
2&09,8
2607.1
2B03,8
2000,1
2795,8

9. Continued.

343, b2
343,51
343,78
344,25
344,76
345, 9%
347,27
ELY-H]
351, %0
354,22
357,91
362,47
367,96
374,38
361,03
36927
196,483
4p3, 09
4G, B4
415,41
414,73
342,49
343,01
343,35
343,95
3e4, 03
346,04
347,64
349,72
352,45
385,64
359,68
364,52
370,20
376,63
L3, 63
390,9%6
394,18
o, 72
410,00
413,43
b1k .64
3491.%1
341,55
341,97
342,69
353,74
345,17
367,02
349,37
352,30
355,88
360,18
365,22
370,99

4,6479E=04
4,64 HBE=CY
b, 65LYE-GU
4,6559E= 04
by BERBE~0Y
be6T2LE=UY
4, LB4BE~DU
4,7015-04
B, 7232E=04
4,7S09E=-U4
4,7858E~04
4,B8288E-04
4, 580404
4,94 UV1E=-0O4
5,0065E=04
2, 077T0E=-04
S, 14 THE-OY
5,2119€«04
5,2642E-04
5, 2984Eapk
Sy31U02E=04
4,642 8E-04
4, 643BE-04
4, 647204
4,6529E-04
b, 6614 E=Dd
4,6730E=04
4,68B4E-04%
4, TOB2EDY
4, 7333C-04
b, TEHSE=0L
4eB8027E~04
4,84B83FE-0u
§.9015E-04
4,9615E=-04
5,0264E-04
5,0939E~04
5,1600E=04
b.21Y6E~-0OU
5,26 THE=(O4
S.2985p=04%
5, 3093E«ul
H,620849E=04
4. 6298E~0k
4,63%8E-0%
4,6408E-04
4,68UJE=DY
4,6646C-04
4,6824E=04%
4, TO4TE~QY
4,7328E-04
4, 7569E=-04
4,8076E%04
4,8550E-04
4,9091E=04

T
(DEG R)

430,5
530,68
535.7
430,8
431,21
431,5
431,9
432,6
433,4
434, 5
435,8
437,4
439,53
H4l,6
[T
486, 7
449,2
453,6
453,84
uoy, 7
455,1
430,4
439, 4
4390,5
530,7
431,1
431,5
432,1
32,8
433,8
454%,9
436,4
438,1
440,1
442,3
u4y,7
447,2
449 ,6
451.8
453,%5
454,77
4325,1
429,48
429,9
430,0
430,3
430,.7
431,2
431,8
432,7
435,7
435,0
436,56
435,3
W40 ,4%

FOREBODY FLOW FIELD

U v W PT
(FT/SEC) (FT/SEC) (FT/SEC) (LBF/FT2}

27737
2773.6

23,8

2772,8
2772.,0
2771.,0
2769,7
2767,9
2765,8
276341
275%,%
27T56,0
275%.6
2746,8
274147
2736, 4
2731.,4
2727.0
2723.5
2721,
2720,9
2779,
2779,0
2778,6
2777.,9
2776,9
2775,7
2774, U
2772,V
2769,.6
2766,7
27634
2759.5
&755,98
2750,7
2T46.0
27412
2736,8
2732.9
2729,.8
2727.9
272742
2788,
2Te4.1
2783.,7
2782,9
2761.6
2785
2778,6
2776,H
2773,8
2770,8
27674
2763,7
2759,86

489.1
48749
484,3
478,1
468,868
456,0
hE8,.7
415.9
386,53
48,4
300,.2
240,2
16%.1
80,8
16,9
=122,1
=228, 5
~327,.2
-4p7,%9
=46l1,1
=479, 7
461,33
460,9
45%7,1
481,6
443, 4%
431,56
415%5,.6
394,23
366,2
329,.9
283,68
286,.9
156,8
T4,8
-17.4
rll6,2
=215,5
=-307.2
=-381,9
=431.0
-yu8,2
43645
435.6
~432,7
4276
419.9
508,7
393.2
372,14
344,99
509,.3
264,2
208,5
141,5

.0
35,8
71,9

108,58
146, T
186,0
226,7
269,0
312, 4
356,.2
399,08
4368,4
470,9
492,0
496,43
478,2
433, 4
59,7
258, 4
135,2

.

8891 ,6
B8%1.5
B891,35
8890,58
8890,1
8889,1
BBET,5
8885,6
p882,8
8879,2
8o6T4,6
8868,9
8662,5
8855, 7
86849,0
8842,7
6B37,3
8833,2
8830,.4
8828,9
6628,4
8894 ,6
Bu94 .5
8854 ,3
BB95,9
8B95,. &
8892,5
8891,5
8820,1
8868 ,4
8866,1
8883 ,3
8879,8
8875,7
8871.1
B866,1
8861,0
8856,0
8851,6
884%6,2
8846,19
AB4S, 2
8895,0
8895,0
a89y .8
5894, 4
85694 ,0
8893,3
8892,5
8891,5
889¢,1
8&8a,4
8886,3
8883 ,7
8880,5

17
{DEG R}

1090,9
1090.9
1090,9
1090,8
3090,8
1090.8
1090,8
1090,5
1090,7
3090,6
1090,6
1090,5
3090.4
1090,3
1090,3
1090,3
1090,2
109¢,3
1090,3%
1096,3
1090,3
1091,0
1091,0
1091,0
1091,0
1091,0
10%90,9
1090,9
1090,9
1090,9
1090.9
1090,9
1090,9
1090,8
1090,8
1090.8
1090,9
1090,9
1090,9
1090,9
1090.9
10906,9
1091,0
1091.0
1091,0
10651,.0
1091,0
1021 ,.0
1091,0
1091,0
1091.0
1091,0
1091.0
1091,0
1091,0

176
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SOLUTLON ‘PLANE NO,

1

J

PN NN TN TR RO U N FEFFEF F R EFEFEEFFFRPFEFFFFEFFORWRLOEGRN

Y
(FT}

-+ 0709
- 1399
- 2067
~.2681
3206
=¢3610
=4 2804
- 3952
2UEHY
L4510
L4408
L4237
» 3999
3653
2320
2881
£2377
+1811
1189

0519 7

w0187
=0911
-,1630
- 2317
-y 2940
-, d4gd
-. 5871
—el123
-, 4209
527
Haa7
HT787
JH568
4290
23937
+ 35140
3012
s 24y7T
1820
1139
+0415
-, 0338
we1103
-4 185%
2560
-~ 3203
-y ETHD
147
- 4402
-y 588
«3352
«5306
9168
«H941
4625

20

F4
{FTl

239852
«3TU7
« 3409
12934
L2333
21622
20832
«00800
0000
L0537
+10568
1586
«208%
2557
+ 2995
« 3390
3732
L4009
4209
L4317
A3l
L4203
» 3956
3574
. 3058
2419
+1676
L0857

2,707
2,695
2,683
2,671
2,661
2,653
2.648
2,647
2,778
2,778
2,777
2,775
2,773
2,769
2,765
2,760
2,754
2.T4T7
2,739
2,730
2,719
2,708
2,697
2,606
2,675
2,665
2,658
2,654
2,652
2,784
2,784
2,783
2,781
2,778
2,774
2,770
2,764
2,758
2'750
2,742
2,733
2,728
2,712
2,70}
2.690
2:680
2,672
2,665
2,661
2,660
2,789
2.74%
2,788
2,786
2,764

Figure 9. Continued.

X= 2v00000(FT)

Q P RO
(FT/SEC) (LBF/FT2) {SLUG/FTH)

2791.1
27861
2761,1
27176,2
er7z,o0
2768,6
2766,5
2/65,7
2829,2
2620,1
2819,7
2819.0
26ls,0
a81es,7
2019,1
2613,1
280,86
2807,8
2804,4
2600,8
27%6,4
2791,8
27u7,0
2782.3
2777,8
2773,9
2770.8
2768,4
2768,2
2622,6
262a,s
2622,0
2821.3
2829,2
2818,.8
2816,9
2b14,7
2612,1
2o09,1
2805,6
2501,8
2797.5
2793 ,1
2788,6
2784,2
2740,0
776,85
2773,7
2772.0
2171.4
2624 .6
2824 ,5
2824,1
2823 .4
2822,4

T3
384,18
391,15
397.87
405,87
40b,.b3
411,71
Li2.77
338,95
339,12
339,65
340,53
341,78
343,45
345,96
348,16
351,32
559,08
359,49
364,55
370,25
376,43
382,94
389,49
395,73
401,22
4ps,55
408,352
409,28
335,83
3i6.02
336,59
337.5¢
338,95
340,79
3u3, 12
345,95
3u9,36
353,33
357,87
362,96
368,55
374,47
330,59
386.64
392.3¢
39T 23
491,06
403,50
404,31y
333,28
333,49y

333,93

334,77
336,01

4, 3685E-04
0,0316E-04
55,0997 -0
5,1572E -0
9.2117E=04
54254%8E-04
5,2826E-04
5,2922E-0H
4,60465-0“
4.6063E=-04
4,6113E04
4,6198E-04
4,6320E =04
4,6480E-04
$466B2E-04
4,56932F =04
W, 723408
4, T592E~0u
4,BOLl0E-04
4, 8487E-0u
4,902l =50
4,9597E-04
5,0199¢ 04
5,08U2E-DY
5.1375FE=058
5,1872E-04
5,2264F-04
5,.2514%E-0Y
5,2600E~-0Y
4, 5TH4E-DY
4,5702€~-0Y4
G.,581TE~0Y4
4,.5911F =G5
Y, 6040E-0N
4,6223-04
4,64847E-0Y
4.,6721E=04
4,7046E-0H
4, TH2HE-08
4,7895E-04
4,83350-04
§,8860E=0Y
4,9412C-04
4,3979E-uk
5,0536E~04
S,1004E-DY
h,1503E-04
$,1850E-04
5,20/1E-04
Ge21UBE=-0Y
4, 5HIBE 04
4,5509€-01
4. 5506E~0%
4,9658E=04
4 5THBE-0Y

T U v W PT
{DEG R} (FT/SEC) (FT/SEC) (FI/SEC) ([LBF/FT2}

H42,6
G4, 9
447 ,3
449,5
451,5
553,1
54,1
454, 5
528,9
429,0
429,2
429,5
%30,0
430,6
431.3
432,3
433 .4
434,7
836,35
38,1
nuQ,l
y42,3
[T
yug,7
448,9
L30,7
452,1
453,1
453, 4
527,8
427,9
428,)
428,4
Y28,9
429,6
439,59
43,5
432,7
63,1
435,8
437.6
439,5
441 .6
443,7
445,8
47,7
449, 4
450,7
451.5
451,8
426,9
426,9
42T, 1
427.4%
427,9

FOREBVDY FLOW 'FAELD

27%5,3%
AT00.7
2746,.6
2Tu2e 7
2739.3
273%6,8
2735.1
2734,6
2789,7
2789.%
2788,9
274a8,0
2T8c.8
27685.2
2763.2
780,79
2776,3
2775,
27720
2768,5
2764,%
2760,3
2756,5
avsa, 7
2T49,2
2746,
274%,0
2742,6
2Th2,.1
2795.1
27949
2794,3
2793.,4
2792,V
2790,9
2788,5
2785.8
2783,1
27a0,0
2776.7
2775,2
2769,%
2768.9

276243

2758.,9
2755.9
2793.4
275145
27504
275040
2799,2
279953
2798,9
27%8.1
27971

63,7
22,7
=114,2
“205,1
«288,0
=-3558,1
~399,0
-414,2
413,9
13,0
B10,4
4057
398,4%
387,8
372.9
352,6
125,68
290,8
2n6,9
195,0
129,0
85,4
~25.4
-109,7
-192,4
~267,0
-326,7
=365,5
-378,9
393,5
392.7
390.2
385.7
378, T
368.4
354,0
3344
308.3
274,56
232,2
180,86
119.7
50,5
w2l 6
=102,2
-177.4
w244 ,5
-297,.8
-332.1
=343,9
375,8
374,9
B372,1
36T7.2
359,17

840,9
W40, 8
420,9
378.2
11,4
222, 4
116,D

+

B8876,9
BaT2, T
88E8,2
8863,7
8859,86
8856, 3
8a5u,1
#BS3, 4
66895, 6
8695, 5
BB9S, 4
£895,1
BuS4, 6
8894, 1
8893,3
8892, 3
e591,0
£369, 4
B8887,2
8884, 7
8881, 4
aarT, v
8873,3
88e8,7
8a64,1
8859,9
8856, 6
G85H, 4
8853, 6
84896, 2
8396,1
8895, 9
8895,6
8899,2
8894, 5
8893,7
8892, 6
5891,1
8689, 3
B8887,0
&884,1
8880,6
B876.,3
6871.8
8866, 9
8862,0
A857,.6
aas54,0
8851.7
§851,0
8894,.9
4894.%9
8894,7
8894;5

,88949,1

17
(DEG R}

1091,0
10911
1091,1
1091,1
1091,2
1091,2
1091,2
1091,2
1091,0
1091,0
1091.0
1091,0
1091,0
1091,.0
1091.0
1091,0
1091,9
1691,0
1091,0
1091,0
1091,0
1091,.1
1091,1
1091,1
1091,2
1091,2
1091,2
1091,3
10691,3
10%1,0
1091,.0
1091,0
10%1.0
1091.0
1091,0
1091,0
1091,0
1091.0
1091,.¢
1091,0
1091,0
1093,0
10910
1091,0
1091,1
1091,
1091,1
1051,.1
1091,2
1091.2
1091,0
105L,0
“109140
1093.0
1091,0

176
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JA

SOLUTION PLANE NO, 20 X= 2.00000(FT) FOREBODY FLOW FIELD
W PT TT 176 ITL

I J Y Z » Q P RO T u ")
(FT} (FT? (FT/SEC) (LBF/FT2) {SLUG/FT3) {DEG R} (FT/SEC) (FT/SEC} (FT/SEC) (LBF/FT2}) {DEG R)
6 & Lh228 ,3143 2,780 2821.1 337.68 4,5919€-04 428,58 2795,6 249,1 46,1 8893,5 1091,0 1 2
1 6 3745 , 3654 2,776 2619,.4 339,84 4,6128E=04 429,3 2793,8 334,6 178,1 8892,8 10%1,0 1 2
4 & 3188 4162 2,771 2657.3 J42,53 4,638BE-04 430,33 279147 315,3 211.0 8891, 1091,0 2 2
9 & 2560 LT 2,765 2ok4,.6 345,60 4w 6TU2E~04 431.5 2789.2 290.1 244,90 8890, 4 1091,0 1 2
10 & +1871 4759 2,757 2611,8 349,66 4,7071E-04 432,9 2786,5 257,9 276.1 8888,6 1091,0 1 2
il & LJ1127 Luony 2,749 2508,4 354,11 4,7495€-04 4344 2783.,2 217.9 305.58 8886,2 1091,0 1 2
12 & L0244 ,5018 2,739 2804,.6 459,09 4,7Y966E-04 436,2 2779,.8 169.6 350,08 88a3,2 1091,0 1 2
14 6 « UGN 4967 2,729 2800,.4 364,55 4,8480E-04% 438,2 2T7603 113,10 48,3 887%.5 1091,0 1 2
4 & nel278 4785 2.715 2796.1 370,27 4.9016E-04 440,2 2772.9 49,3 356,.1 8875.1 1091,0 1 2
15 & -e2071 ,4u62 2.708 2791.7 576,13 4,9561E-uUl 442,2 276945 -19,6 350,86 a870,1 1091,0 1 2
16 & -.2816 , 4996 2.698  2TbL7.u 38L.85 b.,0089E-D4 45y ,2 216b,4 -90.5 329.4 8864,8 1091,0 1 2
L7 & -,3483% L3394 2.889 2183,8 387.14 5,0574p-g4 “HE,0 2763.7 =158.4 291.,5 4859, 6 1091,90 1 2
18 6 -.4041 2668 2,681 2780,1 391,69 5.0990E~04 $57,6 2761.4 -218,7 236,868 8854,9 1091,0 1 2
12 6 e HUG2 ,18490 2.675 2777.86 395,21 S413L0E-04 445,8 B759,7 -266,4% 167,2 8851,2 1091,0 1 2
20 & k728 ,0939 2,671 2775.0 397.43 D.l5L1E-~CH 449,06 2758, 7 -297,0 b6, 6 aB4H, B 1091,0 b 2
21 & =, 4814 0000 2,670 2775,4 398,19 5,1580E-04 449,8 2758,.3 «307,6 ] 88457,9 1091,0 1 2
107 +5615 L0000 2.797 2628.0 328,99 4,506T7E-0Y4 425, 4 2505, 3568.1 » 0 8892,1 191,13 1 2
27 5765 L0738 2.797 2827,8 329,17 4,5084%p-~p4 425,4 2805%,3 355,1 26,6 8692,1 1091,1 1 2
3 7 +5812 L1463 2.756  2B27.4 329,72 4.5146E0-~04 425,6 2804,8 T 352,93 55,5 8892, 1091,1 1 2
4 7 5360 2164 2:794 2026,7 230,63 4,5225E-04 426,0 2604, 47,3 80,9 8891,8 1091,1 1 2
5 T +5011 L2829 2,792 282%,7 331.91 %,5351E=-04 426,59 2803,0 339,7 109,0 8891,5 1091,1 1 2
e 7 L4569 L3445 2,788 2624 .4 333,57 4,5512E-04% 427,1 2801.7 329.0 "137,8 88%1,0 1091,1 1 4
77 L4039 L4001 2,784 2822,7 335,63 4,5712E-U4 427,8 2800,2 3146 167,82 8890, 4 1991,1 1 2
8 7 L3426 RTY:1 2,779 2820,8 338,11 4,5952E-U4 428,7 2798,3 295,7 196,9 8689,6 1991,1 1 2
2 7 $2737 H4BB5 2,773 2ols,.S 341,06 4.6257E~04 429,68 2796.2 2714 2Z26,3 8388,9 1091,1 1 2
10 7 1982 , 5187 2,767 2815,8 344,50 4,.8567E-04 431,1 2793,9 241,0 254,% agss,9 1091,1 1 2
11 7 L1171 L5380 2,759 2812,7 348,45 4,6945C-04 432,5 2791,3 203,9 280,1 aeau,7 1091,1 1 2
e 7 0319 L5450 2,751 2809,3 52,6y 4 ,T3bLE~-04 34,1 2788,05 159,7 501,2 6381,9 1091,1 1 2
14 7 -, 0556 5385 2,742 2805,5 357,75 4,782BE-04 435,9 2785,6 108.5 315,7 8878,2 1091,1 1 2
7 ~.1433 5178 2,732 2601,5 32,90 4.83120-04 437.7 278246 51.2 32,2 8873,8 1091,0 1 2
v 7 e 2266 4819 2,722 2797,5 Z66,22 4,8BU9E-04 439,6 2779.6 -10,3 315,.1 8868,8 1091,0 1 2
16 7 w3054 4308 2.713 2793.5 373,43 4.9293E-04 UhL 277649 -73,2 £95,4 8863, 4 1091,0 1 2
177 -e3798 . 3653 2.704 27B9,8 570,20 H.9T41g~-0U4 443,11 2TT4.4 =133,7 260.8 g858,1 1091.9 1 2
18 T 4390 , 2868 2,696 2786.7 382,47 b5.0128E-04 4i4,6 2772,8 -187,2 211,5 4853, 48 1091,0 1 2
19 7 ~, 40838 1976 2,690 2784,2 385,70 5,04Z3E-04 45,7 277048 =229,3 49,2 58Y49,5 1091,0 1 2
240 7 -.5117 L1008 2.687 27v2.7 367,75 5.0610£~04 Ghah 4 276944 -236.4% 77.2 8847,0 1091,9 1 2
21 7 w212 L0000 - 2,686 2782,2 Z88,.46 S5.06THE-Q4 b46,7 2769,5 “265,7 «0 8846,1 1091,0 1 2
1 8 26235 - 0060 2,811 2633,4 322,17 4,4393C-04 22,9 2813.6 334,0 .0 B89, 4 1091,1 1 2
2 4 6180 D796 2,810 2833,1 224U H,44Z20E-~Q4 ©23,0 2813,.4% 333,2 24,8 8890,3 1091,1 1 2
3 8 5014 +1579 2.809 2852,.% 325,24 U 4UY9E.QL 23,3 2812,7 530,9 50,0 8894, 2 i09i,1 1 2
4 B 5741 23358 2.806 2651,%5 324,55 Yl 4627E-04 G25,8 261149 32646 TS, 8 8E9G.0 1091,1 1 2
> & +5363 3050 2,803 2630.1 T26.31 HHTIIE-OK 24,4 281041, 319,9 102,84 B8B9,7 1091,1 1 2
& & 4885 3713 2.798 2828 .4 328,458 4,5010E-04 425,2 2808,% 310.2 129,7 8889,3 10°1,1 1 2
7 & W31l L4311 2,793 2826,.4 530,99 4,5296E~04 426,2 280643 296,7 457.5 8888,7 1091.3 1 2
8 8 JEB49 LUB29 2,787 2824 .4 533,63 4,5581c-QU4 427,2 2804,2 274,8 185,3 8887,9 1091,1 1 2
9 8 2906 5286 2,781 2021,7 536,96 4.5830%E=04 428 .4 280250 255.7 212,4 86686,8 1091.1 1 2
e 8 2092 5577 2,775  2819,0 340,37 H,.6163E~04 429,6 2799,7 226.9 237,9 Bass5,2 1091,1 1 2
1 8 1220 ,5779 2,767 2bl6,1 344,07 4,65L8E-0U 431,0 2797.4 i92,1 260.4 8883,1 109,11 1 2
12 8 D306 L5849 2.760 2812,9 348,03 H,6896E-04 432,4 27951 151,0 276,3 a&a0,2 1091,1 1 2
15 B " ..0832 45773 2,752 2809,6 352,26 &,7298£-04 434,0 2792,7 164.1 289,.8 a876,6 1091,1 1 2
14 8 -.1570 . 5545 2,743 Z2406,2 356,62 4.TTU9E-04 435.6 ' 2790.% 52,1 293.0 8872,3 1091.1 1 2
P - 2UEBO L5185 2,735 2802,7 361,06 4.8126E-~U4 437,2 2788.1 -3,0 280,.7 8867,3 1091,1 1 2
& 8 e 3330 L4605 2,727 2799%,.4 265,38 4,8529€-04 438,7 2786.0 ~68,9 26644 8862,1 1091,0 1 2
17 8 - 087 . 3902 2,7ty 279642 359,54 4,B89ULg-04 44g,2 2784 ,2 -112,2 234,2 8856,9 1091.0 1 g
a 1

-s4718 23061 2,713 2793,6 372,84 %.9220E-04 LI 27826 »159,2 18%,4 a8852,3% 10%91,0

Figure 9. Continued.
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SOLUTION PLANE NO. 20 Xz 2.00000(F7) FORERODY FLOW FIELD

1 Y 2 M @ P RO T u v PY 7 IT6 ITL
{FT}) {FT) IFT/3EC) (LBF/FT2) (SLUG/FT3) (DEG R} (FT/SEC) (FT/SECY (FT/SECY (LBF/FT2} {DEG R}
14 8 .,5193 L2108 2,708 2791,5 375,51 4,F466FE-04 442,3 27614 =196,2 133,3 B8ua, s 1091,0 1 2
20 8  ..5ua8 1075 2,705 2790,2 377,21 %,9622E-04 42,9 2780.7 -21%,.8 68,9 . 884&,1 1091,0 1 3
21 8 -.55688 0000 2.70% 27u9. 8 3T7.78  4,967LE-U0 4n3,1 2780.4 ~228,0 -0 8845,3 1091,0 1 2
1Y 6643 -, 8000 2.027 2039,5 S1h, 92 4.3616E-0% 4199 282242 3ll.2 0 68569,8 1091,1 1 2
2 9 L, 6584 ,0852 2.B26  2839,3% 314,67 UH,3651E-04 4520,1 282242 31047 22,9 8889,5 1091,1 1 2
3 9 JBuQ7 1689 2.62% 2338,5% 315,72 4.3755E-04 420,5 2821.3 308.9 46,1 88289,5 1091,1 1 2
4 9 LBLl1M L2497 2,821 2837.1 317,43 4,3923E-Dp4 421,1 2819,.8 305,6 T0.2 8889,3 1091,2 1 2
2 9 3709 L3262 2:816 2635,3 319472 44H149E~04 k2240 261748 300,1 5,1 BEBY,0 1091,2 1 2
6 9 JS519s L3970 2,610  2833,1 322,91 4,.442BE-0L 423,0 2815.4 291,83 121.0 8888,6 1691,2 1 2
79 LH5A1 LUBDT 2,804  2830.5 125,70 HL,4735E-04 24,2 2812.8 279.9 47,5 88848,0 1091,2 1 2
& 9 3873 5159 2.797 2827,8 129,19 4,507&6E-~04 425,58 28i0.0 263,7 174,1 8867,2 1091,2 1 2
Yy Y L30TH 9613 2,789  2424%,8 332,70 4. SHSTE~GL 426,9 2B0T.% 242,3 199.9 8886,1 1691,2 1 2
w9 2209 .5954% 2,782 2621,8 335,75 %.5810E~0% 428,3 2804,6 215,3 2235,9 5884,5 1091,1 1 2
11 9 278 6168 2,774 2818,7 340,69 4,61B9E~04 429,8 2802.1 182,5 244,7 88a82,3 1091,1 1 2
12 9 .0302 L8240 2,786 2815,5 Ay, 65 H,6569E=04 433,2 2799,7 144.0 260,7 8879,4 1091,1 1 2
1d 9  «.06%94 6157 24758 26L2.4 348,63 Y,6948E-0% 432,7 2797.% 100,3 270,53 8875,8 1091,1 1 2
14 9 -, 1697 L5911 2,751 z809,3 352,52 &,T3l6E-vd 434,11 2795.6 52,4 271.8 8571,5 1091 ,1 1 2
15 9 - 2685 , 5493 2,743 2BO6.2 356,32 4,.76T3E-0h 435,85 2793.8 2,1 263,5 8&&s, 7 1091,1 1 2
16 9 -, 38,0 Wugps 2.736  2b03.4 359,89 & . BOUTE=0Y 438,8 279243 wU8,3 244.3 BEELST 1091.0 i 2
17 9 437 S 4154 2,730 2800,8 33,52 U,8308E-U4 438,0 2791.0 -6 ,0 213,7 8856,7 1091, 1 2
14 9 .,50u4s L3258 2,725 2198,7 365,87 H,B56ZF-D% 439,0 2750.4 -137,7 172,0 8652,3 1091,0 1 2
1y 9 - O58Y 2243 2.721 2797.4 267,96 G u755E-04 439,54 2789.2 -170.2 120.7 86848,8 1091,0 1 2
20 9 -~ 5860 L1143 2,719 27956,0 369,28 4,B876E=04% 4np,2 2788.,7 =191,0 62,3 8846,5 109%,0 1 2
21 9 -.5986 ~ ,L,D0OO 2,718 27956.6 369,75 4.89128£-04 440,4% 2788.5 -198.1 W0 8B45,8 1091,0 1 2
110 L7033 -,0006 2.84Z2 2845,3 307,23 4.2922E-G4 417,2 2830.4 291,2 -, 0 8689,5 1691,1 1 2
£ 10 JE970 L0903 2,84kl 2845,0 307,71 4,2960E-04 417, 4 2830,0 290,8 21,0 68889,5 1991,1 1 2
5 10 L8782 L1791 2,839  284u4,1 308,65 &,3075E-0U 17,8 2829,V 269.4 42,5 £899,4 1091,1 1 2
4 10 LBETL L2649 2,835  2842,5 310,71 4%,3257£-04 418,5 2827,4% 286,6 BY .7 8889,3 109%1,1 1 2
D 10 L6040 J3uap 2.629  2840.5 313,24 H,3508E-04 419,5 2825,1 282,0 87,9 8689,0 1091,1 1 2
6 10 . 5496 L4210 2,823  2835,p 316,97 4,3617CA0H w20, 7 26224 2749 112,2 8688,6 1091,1 1 2
T 10 LBy JaBb6 2.615 20ah,0 319,99 4, 41THE~GH 422, 1 2&19,9 26% 4 137,2 ab88,0 i0%i,2 1 2
LY JHUTL L 5eT1 2,007 2631.8 324,00 Y4,45680=04 hz3,6 2816.1 249,68 182,58 asa7,2 1061,1 1 z
v 16 L3244 ,5951 2,798 28eb.4 326,26 o LFYUE=Oh 425, 2812,8 230,4 287,33 8bo6,0 1091.1 1 2
10 a0 L2387 .63l2 2.759 2o24.9 332,66 4,.50L2E-04 425,06 2809,6 205,5 210,3 8854,3 109i,1 1 2
1r 10 21340 B538 2,761 2021 .4 337,06 4.o83%L-04 428,5 2&ub.b 174,9 23G,2 686z,1 1091,1 1 2
12 1 L0305 JBB1Y 2,772 281B.0 Ay, 42 4,6257L-04 %30,1 2803.8 138,8 245,5 8879, 1091,1 1 2
13 19 - 0754 6526 2,764 2814 ,6 345,63 4,66595-00 431,6 2801.% 97,7 254 .4 B&TL,7 1091.1 1 2
14 10 -.1813 8264 2,798 28311.5 349,57 4.7038C-vuk 433,1 2799,3 52,8 255,4 2871,% 1091.1 1 2
15 1v w2838 L9821 24749 2808.5 353,27 4.T3B2E-0Y4 Y344 27978 5.9 247 ,0 8866,8 1091,0 1 2
1¢ 10 -.3796 5197 2.742 2655,.8 356,63 U.TEYEE-DG 435, 7 2796,.2 “0.8 228.4 8862,90 1091.0 1 2
17 L0 - HEU7 MU0 2.737 2803,.5 389,56 4,T9T0E=04 436,86 2795,1 -B4,7 159,.2 8857,3 1051.,0 1 2
18 10 ., 5356 L3452 2,732 2501,% 351,99 4,81Y6E-0U 437,7 2794,3. e122,8 15%,9 8693,1 1091.0 1 H
19 10 =, 5890 2376 24729 280041 363482 H.830bE-06 436,33 2793,/ =152,.4 112,0 8&u9,9 1091,0 1 2
24 10 .. 6221 .1211 2,726 2799,2 364,95 4. BHESE-0H 438,7 2793,3 =171,3 57,7 BBY47,8 1091,0 1 2
21 149 LT L0000 2,726 2798.4 365,34 4.85DU4F-04 38,9 2793,2 «177,7 + 0 8847,1 1091,0 1 2
111 L7u02 ~, 00080 2,855 2650,5 301,06 &.2296E-04 414,68 2837,48 273.6 -0 8659, 9 1091,1 1 2
2 11 7335 , 0952 2.85% 26%5p,2 B0L,43  4,2332L-04 414,9 2837,0 273,2 19,3 8889,9 1091.1 1 2
4 11 LTL37 .1887 2,852  2649.3 302.52 4.2841F-04 15,3 2836.0 271.9 39.0 8889,8 1091,1 1 2
4 11 5809 2790 2,848 2647.8 304,32 H.2622E-04 16,0 2834 ,4 269,3 53,4 8889,6 1091,1 1 2
2 i) L8355 » 3645 2,843 26%5,7 306.82 442B71E-04 41740 283242 265,2 80,7 8889, 4 1091,1 1 2
6 i1 4 DTERL L U435 2,356 284%3.1 309.96 4.3183E-04 $18,2 2B29,% 258,9 103,90 8889.0 10651,1 i 2
7 11 25094 «51B7 2,828  2840,1 313,68 4,3552E~04 419,7 2B26,3 249,.6 126,2 88848,4 1091.1 1 2
8 1t J43p2 L5783 2.820 2836.7 317.80 4,3968E~04 421.3 2822,8 2356,6 49,9 88a7,% i091,1 1 2
9 11 L, 3l1k 6262 2.810 2558340 B22,47 4. HULTE-DY 423, 0 28192 2191 3733 8886,35 1091,1 % 2
10 21 L2443 L 6649 2,800 2829,1 327,28 4. 4BBTE~DS 424,9 2815,% 196,5 195.4 8B8Y,6 1091,1 1 2

Figure 9. Continued.
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SOLUTION FLANE NO. 20 X= 2+00000(FT} FORESODY FLOW FIELD

1 J Y 2 M o] P RO T u v w PT T 176 17L

{FT) (FT) {FT/SECY (LBF/FT2) (SLUG/FT3) {DEG R} (FT/SEC) (FT/SEC) (FT/SEC) (LgF/FT2} {DEG R}
11 11 J180Y 6888 2790 2825,2 332,18 4.5364E~0H 426,7 2812.0 168,35 214.8_ BBB2,3 1091,1
12 11 10310 +69648 2,781 E52L.3 337.03 4,.5832E-04 52849 28UB.T 134,48 229.8 BaTI. 4 1091,1
13 11 -.0802 6876 2,771 2817,6 341,72 4,6282E-04 430,2 = 2805,8 96,3 238,9 8875,9 1091,
14 13 «e1917 26601 2,763 2614 ,1 346,07 4,6697E-0U 531,68 2803,3 54,1 240,3 8871,8 1091,0
Iy 1d -,299% L6134 2,758 2010,7 350,07 «w,7076E-G4 433, 3 2831.3 9.9 23z,6 8867,4 1091,0
L6 11 - 4008 LSuT? 2.748 280a,1 3536y u4,Tul2Fp-pu4 434,.6 2799,6 34,1 215,2 a862,8 1091,0
17 12 - 490% LUEEY 2,742 205,65 3%6.82 L.T7o98c-04 W35.7 2758,3 -75. 4 147,7 8858, 35 1091,.9

18 11 -y D603 + 5638 2+737 2803,7 359,16 4.7928f-0% 436,7 27374 =111,2 150,86 BELHY,5 1091,0
19 11 =-1621% 2504 22784 auliz,2 IpFeF9 4 BEFBL-04 437.3 279646 =139,0 1054 6851, 4% 1091.0

20 i1 =+ 65hH 1277 2,732 25601.3 362,11 4.82URE-GY La37.7 2736.4 =156,6 S4,3 B&UT, 5 L091.0
21 11 -+ 65682 L0000 2,731 2801.0 362,48 4,8237E-04 437,9 279643 ~162,.6 N BB4B, 9 1091,0
112 « 7750 w0060 2,870 2&56,1 294 .26 4.1612E8-04% 412,11 2644,7 255.5 -l 8890, 3 1091,1
2 i +« 7680 0887 2,870 2855,8 294,59 4, 1&64E6E-04 yia,2 2844, 4 255,1 17,3 8890, 3 1091,1
312 JTUTE L1977 2,868 2655, 295,589 4,174EE-04 412,6 2843,5 253,9 35,0 8890, 2 1091,1
4 12 $ 7129 2923 2.664 2653.6 297,45 #,1913E-04 413,43 2642,0 251,46 83,3 88990,1 10911
312 Ve65Y « 3818 2.859 2851,7 299,98 H4,21%7¢=04 41y, 2 2839, % 247,9 T2, 4 8889,56 1091,1
& 12 2BD53 LHELG 2,852 c849,.2 302,58 4,244T7E~ub 415, 4 283T7,5 22,4 92,5 G889, 4% 1091,1
f 2 « 5334 , 5392 2. B4 2uto, 2 306,21 ‘%,2B8L0E-04 416,68 2834, 2 23%,3 113,6° 8488,56 1091,1
& 12 24504 L6038 2,83% 2642,7 320,42 H,3229L-0% 418,4 26830,7 223,90 135,53 8887,9 1091,1
Yy 12 3574 6569 2,825 2838 ,6 315,13 4,3695E-04 420,43 2826,9 207,56 157,1 8886,7 1091,1
10 12 2557 L6968 2,815 2334 ,7 320,22 B, 4195F.pY 422,2 28z22.9 187.5 17&6,1 a8s85,0 1091,1

11 12 1468 7218 2,804 2630,4 325,52 4, 4T714E.Q4 42y, 2 2818,9 162,2 197,0 Be&2,7 10911
id 12 203526 L7303 2,793 2o2a,1 330,88 4.5235£-04 426,2 2815,.0 131.5 412,1 8879.,8 1091,1

L e e e e e el el e e e e e e e e e e e e e el o e e R T T Sl gy S P N P SN
I-Hml\)h)l\-‘lNUNMNNMI\JNNI\JMNR’NNNNNNR‘NNNNNNNNNNNNNMNNNNNNMNNMNNNM

13 12 .,0844 JT208 2,768  28al,9 336412 H4STHIE-OY 428,2 2811,% 96,0 221,7 8B76,3 1891,0
14 12 -,2014 6920 2,772 25818,0 S41,02 4,6211F-(n 430,0 2808,5 56,6 224,0 8BT2,4 1091,0
1 12 .,31u47 LEU32 2,764 2814 ,4 345,52 4.6640E-04 431,7 28¢05,9 15,0 2T 48 8868,1 10931,0
16 12 -,4206 JSTuH 2,756 2811,2 349,50 4,7017C-04 433,31 2803,8 26,6 202,1 8863,7 1091,0
17 12 -,5148 LuB&S 2,749 2o0Ub,5 352,86 G4,7334E-04 LT zegp2,2 -65,7 176,56 8859,6 10%1,0
18 12 .,5932 L3616 2,744 2806,4 355,56 4.7587¢-0u 435, 4 2801,V -99,7 141,9 8856,0 1091.¢0
1Y 12 -,8522 L2627 2,740  2804,8 387,52 4,77T0C-0N 436,11 2800.2 -126,0 99,4 8853,2 1091,9
20 12 - ,6889 L1339 2.738 2805,9 350, T2 4. TBURL =04 436,5 2799.68 -142.7 5t1.2 8651,4 1091,9
21 12 «,7013 L0800 2,737 2803,6 399,12 4,7919€-04 436,7 2799.8 =148,% o0 8850,8 1091,4
115 L8081 -,0000 2,891 2803,8 289,27 4,070 E=04 08,4 2654,3 232,8 "ol 8890, 7 1091,1
215 8008 +1040 2,850 2863,5 2b5,56 4.0TS1E-04 408,5 2854,0 232,5 14,6 88%0,6 1091,1
314 L7792 L2061 2,888  2862,7 2B&, 47 4.,0823C-0u 408,9 2853,2 231,6 29,5 8890,6 1091,1
4 15 7434 L3048 2,885 26e1.4 287.95 4,0977E-04 409,5 2851,8 229,9 4u,9 8890,4 1091,1
D 1s €939 L3982 2,880 2859,¢ 240,16 4,.1197E=-04 410,4 2549,9 227.1 61,3 8aYvg, 1 1091.1
6 14 8313 L4846 2,873  2657,2 292,99 H.1483E-04 411,5 2847,4% 222,8 78,7 8869,7 1091,1
715 + 5563 $5624 2,565  2e04,2 2Y6.,49 4 ,1836E-0p4 413.0 2844 ,d 216.4 97 .2 8869,1 1091,1
B 15 4598 . ,8299 2.8586  2850,7 300,66 4,225%F-04% 4iu,6 2840,8 207,95 116,6 8888,2 1091.1
9 15 + 5729 L6B5Y 2,846  284%6,7 305.4%3  4,2731C-04 436,5 2836,% 194,7 136,7 8BET,0 1091,3
10 15 L2668 L7271 2,834 2642.,3 310471 4.32bL5g-0k ©18,6 2632.9 177.7 156,4 6885,3 1091,1
1 13 L1531 L7533 2.822  2837.,7 316.35 4.3811F-04 420.7 2828,0 155.8 174.6 aBe3,0 1091,1
12 1% 0340 L7623 2.81¢0 2833.0 322,17 4,4382E-04 423,0 2823,7 28,7 189,8 6880,2 91,0
15 15 -,0882 L7925 2,798 2628,3 327.95 4. 494DE=(Y 4d5,2 2819,0 95,7 200,3 3876,8 i091,0
14 138 - 2303 2TR26 2+78B7 283,88 333,43 H454TSE-~0H Y2T.2 2815.8 &£0,7 204,0 8872,9 10910
15 15 -, 3287 HTLY 2.777 28l19.8 33b.50 4.5963p-04 429,1 2812.,6 22.2 199,.7 B868,8 1091,0
16 13  -,4393 +5999 2.768  2Blb,2 343,01 4.6394F-0b 430,48 2810.0 wlb,7 186,3 BB&Y,T 1091,0
17 13 -.5377 L5082 2,760 2613,1 346,84 4,6757E-04 432.2 2807.9 =53.,5 163,56 8860,.8 1091,0
16 13 -,6i97 .3988 2,754 2410.7 349,90 4.7047E-04 33,4 2606.3 -85,7 131,9 BB57.9 1691,0
19 153 .,6B14 J2THY 2,750 2808,% 352,14 4,7258F-0l4 43y, 2 2805,2  -110.7 92,6 8B54,9 1091,0
20 13 -, 7197 L1399 2,748 2b07.8 358,49 4,.7385p-0u uay, 7 2804,6  -126,5 47.8 a853,2 1091,0
21 13 w7327 ouap 2. 747 2807,5 353,99 4.THZOBE-D4 434, 9 2804,49 -132,0 W0 §E82,6 1091.0
1 0D +BYET . ,0000 2,929 2877,5 269.t0 3.91V0E~04 501,8 2870,8 195.4 «s0 8895,5 1091,0
2 0D + 8391 $1089 2,928  2877,2 269,87 3.9128g-04 01,9 2870,6 199,4% 9.6 8893,5 19%1,0

Figure 9. Continued.
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SOLUTION PLANRE WO 20 X 2+000004FT) FUREBUDY FLOW FIELD

1 Y z M o P Ha T u v W PY 1Y 1Te 1TL
, {FT} {FT) IFT/SEC) (LBF/FT2) (SLUG/FTS) {DEG R) (FT/5EC) {FT/8EC) (FY/SECY (LBF/FT2) (DEG R}
3 o L8165 2160 2,926 2876.5 270,70 3.9214E-04 4n2,2 2869,8 155,3 19,6 8895,4 109:,0 2 1
L 1791 L3194 2.92% 2875,2 272,11 3,9300E=-0i 402,8 2868.4% {e3.0 30.3 §§95,2 1091,0 2 i
5 O L T2TS JULT3 2,918 28734 275,14 3,9569E-04% 403,7 2B66.9 194,3 42,0 489k, 9 1091,0 2 1
v D 6617 , 5080 2,911 2671.1 276,63 3,9845E=U4 64,8 266441 192,17 55,2 B85F4,5 1091.0 2 1
T o 583 569 2.903  28s8,1 280.22 W.0192€=-01% $oH. S 2eal.l 189,7 69,8 8693,9 1091,0 2 1
8 0 L4926 L6604 2.893 26b4,5 264,34  4,0612E«04 468,0 - 2857,% 184,86 86,0 8892,9 1091,0 2 1
Y U .3910 .7157 2.832 2503.5 259116 ‘VUIJ-UJ-E'Q"i 309.9‘ 2555-0 175-5 10315 8891.6 1091'0 2 1
v 2 27906 L TB25 2,670 20495,7 BOU .63 4 l6H2E~p8 u1z,2 2848,5 1h4 .0 121,86 8369,8 10%1,¢0 2 1
11 0 1606 7901 2,856  2850,.6 300,61 4.2292E~04% 14,6 2843,4 148,1 139,1 3887,5 1091,0 2 1
1é U L0356 £ 7997 2,842 2845,3 36L.94 Y,2681C-04 417.1 2838,3 126,5 154,8 8@aL, 6 10%1,0 2 1
13 D ~e 0923 £ 75895 2,828 2859,6 315,41 4, 3520L-04% 419,86 2883, 4 100,0 186,68 s881,2 1091,0 2 1
1t 0 -a2207 e 7582 2.815 2034 ,8 313,70 4.U4LITE=ul 422,11 2826,.6 59,1 i7o,2 BOT7, 9 16%1.0 2 i
id O -y 3HBU STOUS 24503 26¢9,5 325,67 4,.,4718C-0u w24, 4 2624 ,4 25,0 72,3 6673.2 1091,0 2 1
it O e dE1l 6297 2,791 28625,5 355,10 b4,02458-Gw 426, 4 260,48 ., 3 63,1 £869,0 109i,6 2 1
if 9 <,.beun L5335 E,962 ¢ocl,8 339,79 b9yt L28,2 z817,8 34,2 by .8 &865,1 109.,0 2 1
g o AT L4185 2.7y 281e,7 339,50 w,e000Z-0b N29,6 281,92 64,3 17,8 8861,0 1691,0 z *
Y 5 -,715b L2801 2,769  Eile,5 T42,40  S,6826Z-0w &30.7 2018,9 87,49 8o,2 5o09,8 weL, 2 i
dy L - T857 L1489 2,765 #5im,1 344,11 w.oN0GIwtw L31,9 2ELEw T vip03,0 Go,l SE9T,5 13%L,0 = L
) L TEQY L0006 2.7764 esiy, T 544,60 T.oSH3Idw w3l,3 2omceb =1G84+& G £037,0 1594 ,5 2 b3
MASS FLOW HATL FOR ENVIRE PLANLT 2,dz233C+00 (SLUG/SEC) -

CUURANT nWUMIBLNhE 36396,

Figure 9. Continued..



4. SAMPLE CASE NO. 3

This sample case is concerned with the computat1on of the axisymmetric
internal flow field for a simplified geometry inlet using the program option
in which internal shock waves are not d1screte1y fitted. For this sample case,
;?e mg}e%g]ar transport terms are included in the computation of the internal
ow Tie8d.

The data deck for this sample case is presented in Figure 10. The first
card of the data deck is the title card. English units are used in the com-
putation, hence KUNIT retains its default value of 1 in namelist LISTI. Since
only the internal flow field integration opt1on in which shock waves are not
discretely fitted is to be used, KCALL(1)} = 0, KCALL(2) = 0, and KCALL(3) =
are specified in namelist LISTI .. XEND(3), wh1ch denotes the termination point
of the internal flow field integration, is Teft equal to its default vaiue of
3.5 ft. To illustrate the use of the flow symmetry option in which two planes
of symmetry exist (even though the flow field is axisymmetric), KSYM = 2 is
specified in namelist LIST1. Since the transport terms are to be included in
the computation, KVISCY = 1 is specified in namelist LIST]I. The remaining in-
put parameters in namelist LIST1 are retained at their default values. Note
that RCAVG and KSGLPB are not employed in this sample case.

All parameters in namelist LIST2 are Teft at their default values, except
for XI, the axial location of the initial-value plane, which is specified as
2.0 ft (the axial position of the cowl 1ip)}. The initial-value plane flow
property field is internally generated at x = 2.0 ft (a conical forebody is
assumed).

In namelist LIST3, all input parameters retain their default values ex-
cept for ISTPP. The desired number of circumferential stations in the com-
puted sector (quadrant) is 11, hence IST@P = 11. Both JMAXI and JINLET are
11, hence the number of radial stations on both the initial-value plane and on
each of the internal flow field solution planes is 11. Note that JLIMIT is
not employed in the computation of an internal flow field.

All parameters in namelist LIST4 are left at their defauit values. The
default values of GAMMA = 1.4 and R = 1716.16116 (ft-1bf)/(slug-R) specify the
thermodynamic model. The default values of VIS® = 3.5 x 107 {1bf-sec/ft?),

TP = 492.0R, and B = 198.6 R specify the parameters in Sutherland's Taw. The
tabular values of TDL and CPND presented in Section IV.6 specify the thermai
conductivity.

The centerbody geometry for this inlet is identical to that specified 1in
Sample Cases No. 1 and No. 2. Hence, the default values of NCENT = 2,
KDCENT(1) = 3, XCENT(1) = 1.0, XCENT(2) = 3.5, and CONE = 10.0 are retained.
The cowl geometry in this inlet is selected so that Tittle or no flow turning
occurs at the cowl 1ip. This requirement is met by specifying NC@WL =
KDCPWL(1) = 2, XCOWL(1) = 2.0, XCOWL(2) = 3.5, RCOWL(1)=0.7959, and RC@NL( )=
0.8874 in namelist LIST5. Note that except for RCOWL(1) and RCQNL(E), these
values are the default values. No other parameters are used in this namelist.

9i



SAMPLL CASE NO, 3
KCALL{1)=0y KCALL(2)=0, KCALL(3)=1, KSYM=2s KVISCY=1 §

SLISTL
BLIST2

SLIST3

92

SLISTHY
BLISTS
SLIST6
SLIST?

XI=2,0 %

ISTOP=1l1 &

&

RCOWL(1)354795%9, RCOWL(2)=.8874 &
$

5

Figure 10. Data deck for Sample Case No. 3.



A1l convergence tolerances and iteration limits specified in namelist
LIST6 retain their default values.

No debug output is to be printed, hence all input parameters in namelist
LIST7 are left equal to their default values.

Selected portions of the computer output for Sample Case No. 3 are pre-
sented in Figure 11. The central processor time required to execute Samplie
Case No. 3 was 433 seconds on the CDC-6500 computer.
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THE ANALYSIS OF STEADY THREE-DIMENSTONAL FLOW IN SUPERSONIC MIXED~COMPRESSION AIRCRAFT INLETS

ABSTRACY

THE FLOW FIELD IN A SUPERSONIC MIXED~COMPRESSION AIRCRAFT INLEY IS COMPUTED USING THE METHOD OF CHARALTERISTICS
FOR STEADY THREE-DIMENSIONAL FLOW. THE BOW SHOCK WaVE AND REFLECTED INTERNAL SHOCK WAVE SYSTEMS ARE COMPUTED
USING A DISCRETE SHOCK=FITTING PROCEDURE. THE PROGRAM HAS THE CAPABILITY TO INCLUDE THE INFLUENCE OF MOLECULAR
TRANSPORT ON THE SOLUTION 8Y TREATING THESE EFFECTS AS CORRECTION TERMS IN THE CHARACTERISTICS SCHEME.

THIS PROGRAM WAS DEVELOPED AT THE PURDUE UNIVERSITY THERMAL SCIENCES aNp PROPULSION CENTER BY J, VADYAK UNDER
NeAdSsAs GRANT Noo NGR=15-005-191 FOR TYHE NeA.S«A+ LEWIS RESEARCH CENTERe CLEVELANDs OHIO. YHE PRINCIPAL
INVESTIGATOR WAS JeDs HOFFMAN AND THE N.A.S.A. TECHNICAL DIRECTOR WAS A, BISHOF,

JOB TITLE
SAMPLE CASE NO. 3

SPECIFIED COMPUTATION OPTIGNS
te} INTERNAL FLOW FIELD WITHOUT SHOCK WAVE SYSTEM

FLOW SYMHETRY
TWO PLANES OF SYMMETRY = COMPUTED SECTGR IS THE QUADRANT SOUNDED 8Y THE +Y-AXIS AND THE +2Z~AXIS

THERMODYNAMIC MODEL
A THERMALLY AND CALORICALLY PERFECT GAS IS SPECIFIED WITH
SPECIFIC HEAT RATIO®1,40000 GAS CONSTANT= 1.716161E+403(FY-LBF/SLUG-DEE R)

VISCOSITY AND THERMAL CONDUCTIVITY TRANSPORY TERMS
VISCOUS AND THERMAL DIFFUSION FERMS ARE INCLUDED IN THE COMPUTATION OF THE FOREBONY FLOW AND/OR SHOCKLESS INTERNAL FLOMW
VISCOSITY IS REPRESENTED BY SUTHERLAND'S LAW WITH
REFERENCE V1SCOSITYx 3,500000E~0T(LBF=SEC/FTHe2) REFEREN&E TEMPERATURER 4,920000E+402{DES R)
BASE TEMPERATURE= 1.986000E+02(DEG R) .
THERMAL CONDUCTIVITY IS REPRESENTED BY A QUADRATIC CURVE FIT OF TEMPERATURE BASED ON THE FOLLOWING DATA

DATA POINT NO« 1 TEMPERATYRE= %,000000E+02(DEG R) THERMAL CONDUCTIVITY= 2,550963E=03{FT=SLUG/SEC**3=DEE R}
DATA POINY NO. 2 TEMPERATURE= 1.400000£+03(DEG R} THERMAL CONDUCTIVITY= 7,56641TE«03(FT=SLUG/SEC**3=DEG R}
DATA POINT NO« 3 TEMPERATURE= 2.400000E+03(DEG R} THERMAL CONDUCTIVITYE L.145772E-02({FT=SLUG/SECss3+DEG R)

Figure 11. Selécted output for Sample Case No. 3.



G6

ORIENTATION AND FREE STREAM DATA

ORIENTATION = PIYCH= 0,00000(DEGREES) YAWz 0,00000¢(DEGREES)

FREE STREAM DATA =’ MACH NO.= 3.,00000 PRESSURE= 2,422000E+02(LBF/FTex2} DENSITY= 3.622000E~04(SLUGAFT**3)
TEMPERATUREr 3.896H3TE+402(DEG R) SONIC SPEED=S 9,67SSTTEQ2{FT/SED)

X=YELOCTITY= 2,902673E+03(FY/SEC) Y=VELOCITY® 0. [FY/SEC) Z=VELOLITY= D, (FT/SEC)

INITIAL YALUE SURFACE
AN INTERNALLY GENERATED INITIAL VALUE SURFACE IS SPECIFIED AS BEING LOCATED AT X= 2,000000E400(FT}
INDEX PARAMETERS .
ISTOP=11 IMAY =240 JMAXI=11
JINLET=212

INTEGRATION TERMINATION POINTS

INTERNAL FLow FIELD INTEGRATION TERMINATES AT X= 35,5000C00E+00(FT}

CENTERBODY GEOMETRY

CONE HALF ANGLE=Z10,00000(DEGREES)

I KDCENT XCENY RCENT ACENT BCENT CCENT DCENT
iFT) (F1} {FT) (FTas=1} (FTee=2)

1 3 1,0C0000E+0D Qe ' 0. 0. 0.

2 0 3.50000CE+00 0, Oe 0, 0. O

COHL GEOMETRY S
=g
TRANSLATION FROM DESIGN POSITION= o0, {FT) GE
1 KDCOMWL " Xcowd REOWL ACOML BCONL CCOML DCOWL §Q
, (FY} (FT} (FT} (FTak=1) (Frea=2) =
1 2 24000000E+00  7,959000g~03 Q. . Oe 0, G &
2 0 2.500000E+00 B.874000E=02 0. 0. Ue . De [

CONVERGENCE TOLERANCESs ITERATION LIMITS, AND OTHER PARAMETERS

XIYIV
qL @Hvd IV

CONVERGENCE TOLERANCES AND OTHER PARAMETERS

Figure 11. Continued.’
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CRIT{ 1)= 1,000000E«01
‘CRIT{ 2)= 1,000000E~07
CRIT( 3)= 1. 0G0000Ew04
CRIT{ 4)= 1y000000Ew-08
CRIT( S)= 1.000000E«04
CRIT{ &)= 1.000000E-04
CRIT{ T)= '5,000000E~01
CRIT{ 81= 14 000000E+00
CRIT( 93= 1,000000g~04
CRIT(10)=.6,000000E-01
CRIT{11)= 1,000000E«Dg
CRIT(12]= 2,000000E~0}
CRIT(131= 1,000000E=05
CRIT(14)= 4,000000E0
CRIT(15]1= 1,000000E=04
CRIT(16)= 1,000000E-05

IVERATION LIMITS

ITEND(1)=10
ITEND(2)=10
ITEND(3)=10
ITEND(4)=20
ITENDUS =10
ITEND (&) =10

INPUT SAFETY FACTOR= 9,750000E-D%

Figure 11.. Continued.


http:1.00000E.04
http:CR110.0I
http:OQOOOOE.04

L6

INITIAL DATA PLANE Xz 2400000{FT) FOREBODY FLOW FIELD

1 Y Zz M ] P RO T U v W PT 17T
{FT) (FT} (FT/SECY C(LBF/FT2) (SLUG/FTH) (DEG R} (FT/SEC) (FT/SEC) (FT/SEC) (LBF/FT2} {DEG R}
3527 Q.,0000 2,710 2792,5 275,68 4,.9539E-04 441,9 2750,1 488,7 0.0 8884,2 1991,0
L3483 L0552 2,710 2792,5 375,68 U4,9539C=04 441,9 275041 478,8 75.8 BBBY 2 10931 ,0
. 3554 ,1090 2,710 2792,5 375,68 4,9539E-04 441,9 2750.1 461.0 149,.8 8884,2 1091.,0

Iiuz L1601 2,710 2792.5 275,68 4,9539E<04 441,9 2750,1 431,9 220,1 BEAu,2 1091,0
»2853 L2073 2,710 2792,5 375.68 4,9539Ee04 441,9 2750.1 392.2 264.9 8884, 2 1091,0
« 2494 2494 2,710 2792.5 375,598 %.953%e-08 441.9 2750.,1 34z, 342.8 8884,2 1091.0
02073 2853 2,710 2798,.5 375,58 4,9539E-04 441,9 2750.1 284,9 392,2 8884, 2 1091,0

<1601 » 3142 2.710 2792.5 375,65 H.9539e-04 441.9 2750.1 220.1 431,99 888r,2 1091,0
«1090 +« 3354 2,710 2792,% 375,68 4,9539gE-04 41,9 2750.1 149,8 461,.0 8884,2 1991,0
i « 0552 J3u83 2.710 2792.5 375,68 U.9539E-04 441.9 2750,1 75.8 478.8 888%,2 1091,0
1 0000 3527 2,710 _2792.5 375.68 4,9539E=04 441.,.9 2750.1 «0 484,7 asgu.2 1991,0
«397¢ ° 00,0000 2,713 2793.5 374,20 HIHO0E~DG 4418 2759,9 432,1 el 8884,2 1991,0
15921 0621 2,71% 2793.5 374,20 4H.9800E-08 44,4 2759.9 326.8 6746 Bagu,?2 1091.0
V3TTE L1227 2,713 279%,5 374,20 H.I400E=0H Hi41,.4 2759,9 4iQ,9 133,58 8884, 2 1091,0
« 30348 21802 2,713 2793.5 374,20 4.9400E-04 441,4% 2759.9 385,0 196,2 8884,2 1091.0

W3212 22334 2,713 2793.5 374,20 Y4.9400E~04 44,4 2759.9 49,6 254.0 agau, 2 1909i,0
2807 2807 2,713 2793.% 374,20 4,9400£=04 441, 2759,9 505,5 365,5 888k, 2 1091,0
« 2334 .3212 2,713 2733.9 374,20 4H.9400E~04% 41,4 2759.9 254.0 349,6 a884,2 1091,0
1602 35358 2,713 2793,5 374,20 UH.9400g-04 bbby, 2759, 9 196,2 385,0 8854,2 1091,0
y1227 + 3776 2,713 2793,5 374,20 U4,9400E=04 451,49 2759,9 133,5 #1i0,9 8884,2 1091,0

1 L0621 3921 2,713 2793.5 374,20 4.9400E-Qu Lo 4 2759,9 67.6 428,68 888, 2 1091,0
1 +Q0OD0 W 3970 2,TL3 _2193,.5 374,20 4,9400E=-0U gy, 4 2759,9 .0 432,.1 8884,2 1091,0
LUh1Y o.0000 2,719 279%.,.1 370,66 4,9066E-04 uyp,2 2768,9 389,3 6,0 8d8n,2 1091,0
L4360 L0691 2.719 27%6,1 370,66 M4,9066E=0U 4G, 2 2768,9 38%,5 60.9 a8oh,2 1091,0
sb198 1364 2,719  279&,1 270,66 4,9066E-04 bu0,2 2768,9 370,3 120,3 8aa4,2 1091,0
+ 3933 L2004 2,719 2796,1 370,66 H.F066E-0% g, 2 2768,9 46,9 i7e,7 8884,2 1091.0
+ 3571 . 2595 2,719 2796,1 370,66 4,9066F~04 440,2 2768,9 215,0 228,8 B8R4, 2 10910
3121 3121 2,719 2796,1 370,66 4.9066E=Dk 40,2 2%768,9 275,13 275.3 as8y, 2 1091,0

2595 .3571 2.719 279.1 370,66 L.9066E-QU 4up,2 2768.9 azs.8 515,0 8884.2 o910
+ 2004 3933 2,719 2796,% 370,66 U,9068E-QH 4u4g, 2 2768,9 1786,T 346,9 88684,2 109%,0

s 1364 198 2,719 2796,1 370,66 4.9066E-0% 440.2 2768,9 120,3 370.3 8884,2 1091,0
1 «0691 4TG0 2,719 2796, 370,66 U4,9066F=04 4uG,2 27668,9 60,9 384,5 8884,2 1091,0
1 00p0 Sy 2,719 2796,1 370,66 4.9066E~0QY 4bp,2 2768.9 .0 389,33 8&d4,2 10%1.0
4858 0,0000 a2,rar 2799.6 365.88 4.B813E-04 438.6 2777.2 353,2 0.0 8884,2 1991,0
U798 L0TH0 2,727 2799 .6 365,88 4.BEL3E-04 438,6 277742 348,8 55,2 8884,2 1091,0

H620 L1501 2,727 2799.% 365,88 U4.BELl3E=~0Y4 438,.6 2777.2 35.9 109.1 8884,2 1091.0
43528 2205 20727 2799,.6 365,88 4.B6)13E~-04 43846 2777.2 I1%.7 16043 8684,2 1691,0
« 5930 + 2855 2,727 279%.6 365,88 H.8613E~04 438,6 2777.2 285.7 207.6 8884,2 1091.0
» 3435 3435 2.727 2799,6 365,88 4.8613€-04 438,6 2T77.2 249.7 249,77 B8BY4,.2 1091.0
+ 2855 + 3930 2,727 2799.6 365,88 4.8615£-04 438,.6 2777.2 207.6 285,7 8884,2 109i.0
. 2205 L4328 2,727 2799,6 365.88 4.8615E-04 438.6 2777.2 160.3 314,7 Bgey,2 1691,0
<1601 SHE20 2,727 2799,.6 355,88 4,86)13E+04 438,.6 27772 109,1 335,9 BABE, 2 1091,0

1 » 0760 L4798 2,727 279%.¢6 365,68 4,8613E=04 438,6 27772 55,42 48,48 BABY .2 309%,0
1 «0000 24658 2.727 279%.6 265,88 4,8613E-04 438,6 S2TTT.2 «0 353,2 B8B4G .2 1091,0
y 533502 0,0000 2,737 2803.8 360,26 4H.,8079E-00 436.6 2785,.3 321.6 a0 GEBY,2 1091,.¢
5236 Q829 2.737 2803,.8 360,26 H.807FE~DH 436,6 2785.3 317.7 50.3 &864,2 10%1,0
5042 1638 2.737 2803.8 360,26 4.8079E-08 436,6 27853 305.9 99.4 88B4.2 1091,0

24724 o407 2,737 2803.8 360,26 U.8079E=04 436,6 2785.3 286,56 146,0 8884,2 1091,0
. 4289 3116 2,737 2803,8 360.26 4.807%E=04 436,6 278543 260,2 189,0 8884 ,2 1091.0
3749 «3THY 24737 2803,.8 360,26 4.8073E-08 436,6 276543 2274 22744 B884,2 1093,¢
«¥1lle 4289 2,737 28903.8 360,26 %.8079g-04% 436,68 2765.,3 189,0 26042 5884 ,2 1091,0
» 2507 L4724 2.737 2805,8 360.26 4%,8879E~06 436,6 2705.3 146.0 2B6.6 8BB4, 2 1091.0

O UONOREMNM EFQOURNPRFHNPRPOUR NSNS SRR PP RO ENTEENNH
MUV OO NP EELEEFEFFFLFEFTFLENGUWHOGO MWW RNNRDMNA SR R R R e e s

«l6358 LS0n2 2,737 2803,8 360,26 H4.8079E~04 436, 6 2765,3 99,4 305,.9 5884 ,2 1091,0
1 , 0829 5234 2.737 2803,8 360.26 4.3079E-04 436.6 2785,3 50,3 317.7 a8s584,2 1091,0
1 «0000 .5302 2,737 2803.8 360,26 H,80T7T9E=D4 436,6 2785,3 .0 3216 8884,2 1091,0

Figure 11. Continued.

AITIVND ¥00d JO
81 HHVd TYNIDIHO0



86

ANIT4AL DATA PLANE X= 2+00000(FT) FOREBODY FLOW FIELD
I v Y F4 M [} P RO T u u PT 7

Y
(FT) (FT) (FT/SEC) (LBF/FT2) tSLUG/FT3) {DEG R) (FT/SEC) (FT/SEC) (FT/SEC) (LBF/FT2) (OE6 R)
1 5745  0,0800 2,749  2808.4 554,00 4.T4B0E-04 434,54 2793,.1 293,2 0,0 6894 ,.2 1091,0
2 «HET5 20899 2,749  2808,4 354,00 HeTUBOE«DY 454, 4 2795.1 289,6 45,9 8884,2 1091,0
3 « SUEH L1775 2.749  2808,4 354,00 H.T4B0E«0% 435, 4 2793,1 278,9 9.6 8884, 2 1091,0
4 5119 2608 2,749  2508,4 354,00 G,T4B0E-04 43,4 2793,1 261,3 133,1 8884, 2 1091,0
5 L4648 3377 2,749 2808,4 354,00 4,74B0E.04 434, 4 2793,1 237,2 172,54 B8A4,2 1091,0
6 +H063 +4063 2,749 2608,4 354,00 %,7400E-08 434,49 2793,1 207,4% 207 ,% 8ebs,2 1091,0
7 23377 L4608 2,749 2808,4 354,00 &,7480E-04 434, 4 2793,1 172,% 237,2 8884 ,2 109,010
5] 2608 «5129 2.4 20808,.4 354,00 %,T4BOE-Oh 434 4 2793,1 133,1 261.,3 BgeL .2 1091,0
9 1775 JSUEl 2.709  2804.4 354,00 &,74B0E-04 434, 4 2793%.1 90,6 278.9 8884, 2 1091,0
a0 « 0899 5675 2,749 2808,4 554,00 H,TUBOE=04 434, 4 2795,1 45,9 269,86 8884 ,2 1091,0
11 +0000 (5745 2,749° 2808,4 354,00 4,.7480E-04 434, 4 2793,1 .0 293,2 aao4,2 1091,0
1 +618%  0,0000 2,762 28l3.,e 347,13 4,6B20Ew04 432,0 2800,9 267,0 0.0 gasy,2 91,0
2 L6113 L0948 2,762  2813,¢ 347,13 4,6B20E-04 432,0 2800,9 263,7 41,8 8884, 2 1091,0
3 .5886 L1913 2.762 2813.6 347,13 4,6020E=-04 432,090 28006.9 253.%9 82,5 8884.2 1091.0
" 5515 L2810 2,762 2813.,6 347,13 4,6820F<04 432,0 2800,9 237,9 121,2 a8o4,2 109%,0
5 + 5007 L3638 2,762 2813, 337,13 4.6B20E-04% 432,0 2800,9 216,0 156,9 88864,2 1091,0
6 H376 U376 2,762 2813,4 347,13 4,8820E-04 432,80 2800,9 188,8 188,58 86884,2 1091,0
3638 L5007 2,762  2813,¢ 347,13 4,6B20E«04 432.0 2800,9 156.9 216,0 8agh,2 1091,0
2810 5515 2,762 2813.e 347,13  4.6820E-04 432,0 , 2800,9 171,2 237,9 888%,.2 1091,0
1913 +5886 2,762 2813,6 347,13 4,6820E-04 432,0 2800,9 A2,5 253,9 8884,2 10910
1 «0968 6113 2.762 2813,¢6 347,13 4.£820E-08 432,0 2800,9 41,8 263,7 8584,2 10%1.0
1 0000 +6189 2,762 28136 3T A3 4,6BR0E=00 432,0 2800,9 . 267,0 8BaM, 2 1091,0
«&633  0,0000 2.776 2819,4 339.60 4.6092E-04 429,3 2809.0 241,8 0,9 8584, 2 1091,90
6551 +1038 2.77¢ 2819.4 339.60 4,6092E-04 429.3 2B09.0 238.8 37.8 BBEY .2 1091,0
6308 2050 2,776  2819.4 339,60 H.6092€-08 " 429,3 2809,0 230,0 T47 8BB4 ,2 1091,0

25810 »3011 2.776 2819.4 339,60 U4.6092E-04 429.3 2809,0 215,.5 109.8 8884, 2 1091,0
+5386 +3899 2,776  2819,4 339,60 4.6092E-04 29,3 2809.0 195,56 1582,1 BaBH,2 1091,0
P 4630 +JHE90 2,776  2819,u 339,60 U4,6092E-08 429,3 2609,0 171,0 171,0 8884 ,2 1091,0
3899 5366 2,776 28194 339,60 4.6092E-0% 429,.3 2609.0 42,1 195,6 8864%,2 1091,0
3011 ,5910 2,776  2819,4 339,60 H4.6092F=04 429,3 2809,0 109,58 215,5 8884,2 1091,0

« 2050 6308 2,776 2819,u 339,60 4,6092E~04 429,3 2609,0 T, T 230,40 8864%,2 1091, 0
1 «1038 L5551 T 2.776 2819.4 339,60 4.6092E-D4 429.3 2809.0 37.8 238.8 88ak,2 1091,.¢
1 « 0000 +6633 2,776  2819.4 339.60 H4,6092E-04 429,3 2809,0 N 241,8 88a4,2 2091, 0
7077 0.000Q 2,792 2825,¢9 531.16 4.52T1E-04 426,2 2817.6 216.7 0,0 Basgy,2 1091,0
«6990 1207 2,792 282%5,9 331,16 4,5271E«04% H26,2 2817.6 214,0 33,9 B84 .2 1091,0
26730 + 2187 2,792  2620.9 331,16 4.5271E=04 426,.2 2817.6 20641 67.0 888k,2 1091,0
+6305 «3213 2.792 2825.9 331.16 4.5271E-00 426.2 2817.6 193.1 g8.4 8884%.2 1091.0

5725 160 2,792 2825,9 331,16 4,527ic-04 426,.2 2817.6 15,3 127,4 88a4,2 1091.0
5004 L0004 2.792 2825,9 331,16 4.5271E-04 426,2 2817.6 163,2 153,2 abo&,2 1091.0
4160 5725 2,798 2825,9 351,16 4.5271E=08 426,42 2817.6 12744 175,3 8Ba4,2 1091,0
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3213 6305 2,792 2825,9 331,16 4.5271E-0% 42642 2817.6 98.% i93,1 B&E%.2 1091,¢

«2187 #6730 2.792 2825.9 331.16 4.5271E-04 4262 2817.6 67.0 206,.1 ssak,2 1091.0

1 1107 «6990 2,792 2825,9 331,168 4,5271E~04 426,2 2617,.6 33,9 214,0 BB8%,2 1091.0
1 0000 JT077 2,792 £825,9 331,16 4.5271E~04% 426.2 «2817,6 W0 216,7 BB&Y,2 1091,0
10 7521 G,0000 2,812 2833.8 321,21 H.4295E-04 422,5 2827.4% 189,8 0,0 8884,2 1091,0

190 «TH28 1176 2,812 2d33,.8 321,21 4.4295E-04 422,.5 2827,4 187.5 29,7 888%,2 1091.0

10 +7152 L2324 2.812 2833.8 321.21 H.4295E-04 422.5 2827.4 180.5 5847 88o4,2 1091.0

10 +6701 3414 2.812 2833,8 321,21 H4.4295E-04 42245 28274 169:1 86e2 8884,2 1091,0

10 16008 W4420 2,812 2833,.8 325+21 H.4295E-D4 422,535 2827.4 153.6 111.6 BE&4,2 1091.¢
10 «5318 «5318 2,612 2833,8 321,21 4.4295E-04 422,5 | 2827.4 154,82 134,2 8884,2 1091,0
10 420 «&084 2.812 2833.8 521,21 4,4295E-04 422,5 2827.4. 111,68 153,6 Bgsq,2 3091,0

HOMENNREUHNMBOUE~NO R EGNHNEHOUANOR RN S VO~

10 3L J6701 2,812 