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1.0 INTRODUCTION

Aircraft have been designed with the NASA-developed supercritical wing to
fly at cruise Mach numbers approaching one. " The need for low-installed

drag and high-drag-divergence Mach number nacelle installations is necessary
to the success of this design. Deéign techniques arevrequired to evaluate
these nacelles on an isolated basis and then on an installed or integrated

basis.

For this reason NASA‘has a program underway to provide design information

for low-drag, high-drag—divergence Mach number isolated nacelles suitable

for use with advanced high bypass ratio turbofan engines. One element of

such a program was the development of a method to predict the inviscid pres- .
sure distribution and flow field about an arbitrary axisymmetric ducted body
at transonic speeds. The prediction technique will_provide the means to con-
duct parametric studies so that the nacelle design criteria could be evaluated
to select configurations for further experimenté& investigations. The predi¢4
‘tion technique would_provide guidance during wind tunnel testing to develop

nacelle shapes which would minimize drag within given design restraints.

Several techniques of solving the inviscid equations of motion about arbitrary
two- or three-dimensional bodies at transonic speeds are presently available;
however, there are no computer programs available which treat air inlet of
nacelle configurations. The objective of the development of this computer
analysis was the prediction of flow fields about isolated nacelles at transonic
conditions. The solution technique was further specified to give accurate re-
sults consistent with the requirement of relatively short computing time per
input case as compared to that required for a time dependent finite differerice
method of solution. The method utilized to computé the flow field is the

Streamtﬁbe:Curvature Relaxation technique.

The Streamtube Curvature Method (STC) of solving external flows has not been
discuséed significantly in the literature; however, the method is a very )
natural one. For example, engineers frequently rely on one-dimensional com-

pressible flow relationships for a first-order solution to ducted flows.



The SIC approach is similar except that a number of confluent streamtubes,
with slightly different properties, are added together to obtain the total
flow in the channel. Each streamtube is handled in much the same wéy as

is the one streamtube in the one-dimensional problem. In the limit, as the
size of the individual streamtubes approaches zero, the STC method satisfies

the inviscid equations of motion exactly.

»

This report describes the structure of the éomputer program, Streamtube
Curvature Analysis (STC); and the program usage and operation. Two types

of information are included in this User's Manual, 1) user oriented input
sheets and output definitions along with one example case, and 2)  programmer
oriented descriptions showing program structure, program noﬁenclature, program
messages and error codes, and operating instructions. The program listing is

included as a separate document.
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3.0 PROBLEM DESCRIPTLON

The Streamtube Curvature Analysis was formulated as a computer program to

solve the inviscid equations of motion over a two~dimensional body (plane

or axisymmetric) at transonic speeds. The computer program determines the
flow field properties, streamlines, and pressure distribution over typical
isolated nacelles and calculates théiexfernal pressure drag and the additive
drag. (The additive drag is defined as the integral of pressure multiplied
by the axiai projection of the area taken along the enteriﬁg streamtube fromA
the undisturbed free stream conditions to the stagnation line on the cowl
lip.) The solution is the direct type in that nacelle shape, mass flows,b

and flight Mach number shall be the prime input data.
The computer program is capable of analyzing the following geometries:

a. Two~dimensional inviscid inlet problems without side spillage at

zero or finite angle of attack.
b. Axisymmetric zero-angle-of-attack isolated nacelle problem with:

1. Short cowl nacelle in which fan duct air of a turbofan engine
) exhausts upstream of the primary air nozzle, and the pressure
A . - o .

distribution on the aft nacelle (waist cowl) must be determined.
2. Long duct nacelle in which the exhausts of both Streams are

confluent at the exit or mixed upstream at the exit.

c. In all cases, the flow field may be calculated in the presence of
a centerbody (or ramp) whose leading edge may be positioned either"

forward or aft of the cowl lip plane.

The flow field boundaries can be located as far upstream; and laterally

displaced from the nacelle as far as practicable, to ensure minimum disturbances :

at the.boundary and as far downstream as necessary to ensure correct nacelle
frailiﬁg edge fiow coﬁditions. The program is capable of computing the iniet
internal flow up to’thé assumed location of the engine face. The exhaust

nozzle weight flow and aerothermodynamic properties of the exhaust flow shall

be input quantities. The velocity of the'exhaustlshall be sonic or greater.



The compuﬁer analysis is capable of.predicting the approximate location of
any embedded normal shock in the transonic flow field over the nacelle. it
‘was also desired that the analysis include freefstfeam Mach numbers greater
than one by using the approximate methbd of Moeckel for the bow shock shapé,_

but the STC approach was not compatible with the approximate bow wave definition.

The computer program was sfructureddso that two separate computer source decks
can be set up. OneAdeck was limited by the requirement that the central memory
storage could not exceed 70,000, (octal) locations on a CDC 6400 and/or 6600
computer and was thus restricted to a relatively coarse computational mesh
network. The second deck utilized a finer computational mesh and included re-
finements in the stagnation line region and in regions ofvhigh velocity gfad—
ients. The refined version was limited to a central memory storage not to ex-
ceed 140,0008 (octal) locations. In actuality, the most useful deck ptiliZes
768 grid intersection points and uses a central memory storage of 106,000:

octal locations.

The size of central memory storage required is a function of the defined table
. sizes. These table sizes may be changed to meet the user's needs. The method
- to change the table size is included in this User's Manual. Otherwise, the;
. basic logic of the STC program is identical and all the capabilities definéd

“above are always available.
" The coding of the computer progrém meets the following requirements:

1. The program has been written to run on the LRC's CDC 6400 and/or
6600 computers, or any similar CDC 6400 and/or 6600.

2. The bulk of the computer program has been coded in CDC FORTRAN
2.3 language. At least one subroutine has been coded in CDC
Compass l.l'language. The programs have been written to run

under the SCOPE 3.1 operating system.

3. All input/output has been accomplished with CDC FORTRAN 2.3 state-
ments. The standard system file names of INPUT for card reading
and OUTPUT for printing have been used. In addition, input from

tape files and output to tape files has been used.

g
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The description of the required capabilities of STC do not ihclude all possible
features that'are included in the computer analysis. The'user has control over
the amount of grid refinement or computationallmesh size, both by specifying
local areas of mesh refinement and by setting the number of overall flow field
refinements. Thé input geometry mayﬂbe'specified as coordinates only or co-
ordinates and local surface angles on’any boundary. Multiple channels may be

defined so that inlets with acoustic splitters can be analyzed.
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4.0 METHOD OF SOLUTION

h.1 Basic Equations

The STC Program is designed to solve the equations of motion along stream-
lines, U = constant lines, and along lines which are orthogonal té the
streamlines, € - constant lines. The variable § is introduced to avoid con-
fusion with the velocity potential g which is only applicable when the flo&

is irrotational.

Across the streamlines, the continuity and Crocco form of the momentum

equation are written:

Continuity: o A = %% (8= Const) (1)
avh)  v® am . as |
Momentum: 1 - —_— 2= ( € = Const) (2)
3 on m * dn on

Along the streamlines the following'forms of the energy and momentum

equations apply:

Momentum: DS _ o ( ¥ = Const) ~ .(3)
. Ds ) ’
Energy: %g <0 ' ( V- const) 1(4)



where:

= Flow cross-sectional area = f JMrgn

C = - Curvature of the streamline
H = Stagnation enthalpy

n = Distance along the orthogonal
P = 'Static.pressuré .

= Radial coordinate

s = Distance along the streamline

S = Entropy

T = Static temperature

\' = Velocity

Yy W = Stream function, cumulative flbw rate

P = Densi ty

The solution method is an extension of the streamline curvature method. It
may be briefly described as follows: First a crude grid of streamlines and
orthogonal lines are assumed. (Please refer to Fig. 4-1). Second, the '
curvature of the streamlines at each of the grid points is evaluated. Ihird;
the momentum eqhation is integrated along a line normal to the streamlines to
obtain velocity and.the continuity equation is integrated to determine the
"correct" streamline positions (for the assumed curvature field). These are
indicated by the "x" in Fig.4-1. Fourth, an adjustment, On, is computed by °
considering (1) the difference between the computed and assumed streamline '
positions and (2) the effect of the implied curvature modification in the in-
tegrated momentum equatioh. Finally, the streamlines are repositioned by the

dn values.

Because the movement of any one grid point alters, through a change in
curvature, the velocity at nearby points, it is highly desirable to account

for these interrelatfng”point adjustments simultaneously;‘ Tﬁe utilization

of a simultaneous solution procedure, employed here, is not part of thel
classical streamline curvature method [1, 2, 3]. In comparison, the classical
method yields calculation times which are very slow, especially for a closely '

spaced calculation grid. In concept, the set of simultaneous equations for

10
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1.

2.

Assume a Crude Grid

Evaluate Curvature

Integrate The Cross-
stream Momentum Eqn.,
and Continuity Eqn. To
Determine The "Correct"
Streamline Positions.

Solve The Matrix
Equation for bn and
Move The Grid Points.

Fig. 4-1

11
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the normal streamline adjustments are formulated from the finite difference

"equivalent of the following équation:

‘)

& (bn)  (1-¥) 8 (sn)

= F - : o ",'.-(5)

2
v v  8s?
where:

bn = Required streamline adjustment in the normal direction K
v = Stream function

s = Curvilinear distance along a given streamline

M = Mach number
PV = Flow pef unit area

F = Driving (or grror) function derived from the solution to the

integral continuity and normal momentum equations.

This equation is derived in (Ref. 4) for the special case of isentrepic '
2-dimensional flow. (These limiting assumptions are utilized only to maiﬁ-
. tain simplicity of illustration; they are not part of the computer4program.)
'From a mathematical point of view, the above equation is similar to the con-

ventional equations for velocity potential or stream function, namely,

2

‘ .2 2 : 2 z' : :
(1-M7%) "57g 2M_ M 9°p (1-M7) 8¢
oy 8y2 - Txy x By + x - =0 | (6).
: 2, 2 2 - 2 2 |
(1 -M%)g"F 2M M 37 (1-M% §7Y o
o - _ 9 =0 (7)
Yy ay x y b% by + x axz : 7

where

12



x and y are coordinates in a two-dimensional rectangular system and g and ¥
are the velocity potential and stream function, respectively. (Again, all

of the equations have been restricted to isentropic flow for illustration.)

However, for the purpose of calculating transonic flow, the use of Eq. (5)
offers a distinct advantage over Eqs. (6) or (7) for the following reason:
Because the grid is always alligned in the streamline and normal to stream-‘
line directions, no cross-derivatives appear. In consequence, the finite
difference star is simply switched from a subsonic representation to a super-

sonic representation illustrated in Fig. 4-2.

Notice that for supersonic flow, no points downstream of the orthogonal line
are_included. This reflects the physical reality that disturbances downstream
will not affect the flow upstream. It is, of course, becéuse the coefficient
term, (1-M2), passes through zero and changes sign that the star-switching

noted in Fig. 4-2 is appropriate. ' '

If the grid system is not alligned with the flow direction, a cross derivative
appears in the equation, as in Eq. (6). Unfortunately, the mixed derivative
- .coefficient, MxMy’ does not have the same sign change property and, therefore,

star-switching with this equation is more difficult for general flows with’

some angularity.

The extended streamline curvature method, here referred to as the Streamtube

Curvature (STC) method, has then the following features:
o No additional complexities arise when the flow is rotational.

o The slip lines between the exhaust jet and the external flows can
be handled precisely. (The procedure is to consider two coincident
streamlines. Their position and pressure are the same; their ve-

locity and stagnation properties may be different.)

o From a numerical point of view, the streamline/orthogonal line oriented.

grid'facilitétes the analysis of transonic fields, as described above.

o ‘The streamline/orthogonal line grid also provides a mapping of the
flow field intp a rectangular domain. This is helpful from the stand-

point of computer program organization.’

13
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The STIC Program has also been designed

o to handle multiple stfeams,

o to adjust the flow rates of the Jet exhaust streams to meet the

(2-dimensional) choking condition, -

o to place grid points at locations in the flow field where they are -
needed, as determined by local variations of the dependent variables,

and

o to allow external flow analysis by incorporating matched near-field
and far-field solutions. The far-field solutions are obtained

analyticaLLy;'utilizing small perturbation theory.

P

4,2 An OQutline of The Calculation Steps

The operations performed by the STC Program may be outlined as follows:

l.

Define thé flow regions and locate (approximately) the '"primary" orthog-

* onals and the streamlines which divide the internal and external flows,

Refine the grid as required by inserting additional streamlines and

orthogonal lines between those already existing.

SV

Compute the streamline angles and curvatures.
Compute the orthogonal line angles and move the grid pbints along

the streamlines to obtain orfhogonality.
Compute the velocities on the "far~field" boundary.

Adjust the flow rates in the exhaust streams, if any, to meet the

calculated choking flow rate.

Integrate along each orthogonal the momentum and continuity equations

[ Eqs. (1) ana (2) J.

Determine if the streamline positions are within a "rough tolerance'.
If so, return to Step 2 for additional grid refinement (unless grid re-

finement limits have already been reached). Otherwiée, continue to

Step 9.

15



9. Determine if the streamline positions are within final tolerance.

If so, jump to Step 13. Otherwise continue to Step lO.
10. Set up the ‘matrix _equation for the stfeamline correctzon, ‘5n{
11. Solve the matrix equation.
12. Modify thg stream;ine poéitions by 5n,»and return.fo Step 3.

13. .Calculate and print the output quantitiesj then return to Step 1

for the next case, if any.

The firsf operation includes reading the card inpuf for a description of the
geometry and flow propefties. The computer progfém has been written to have
general capability-for analyzing a greatvvariety-of configurations. The
first step in the programmed logic is to develop a table of orthogonals or.
calculation stations for each of the several flow reglons. The regions are
determined as illustrated in Fig. 4-3 so the calculation can proceed'frbm'up-
stream to downstream. The boundary of each region is defined as a brimary
orthogonal. As shown in Fig. 4-4, the initial grid which is developed con-

~ tains only the primary orthogonals and the double streamlines which separaté

the various streams.

The second step in the‘computational procedure is the grid refinement. The
Very.érude grid, obtained in Step 1, is refined before the first solution of
the fiow field equations is executed. A new orthogonal.is'placed within each
region and, 11kew1se, a stream11ne is inserted in the m1dd1e of each channel
In the external channel, add1t1ona1 streamlines are placed close to the body.
After the solution has been obtained for this net, the gr1d 1ntervals are
halved as required. This may be‘likened to the stéps taken when one ''flux . -
plots" a flow fieid by hand. First, major flow lines and normals are sketéhed
in, and then more and more streamlines and orthogonal 11nes are added until

the desxred resolutlon is obtained. At each step in the process the positions

of the lines are adjusted to meet the correct solution requzrements. The pro-'

cedure automatically provides for grid refinement in regions.of high curvature
and high acceleration or deceleration. The streamline and orthogonal lines

which are added between existing lines are not required to span the field if

16
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FIGURE _4-3 SUBDIVISION OF THE FLOW FIELD INTO REGIONS
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only local refinement, near the body, is required. The refinement procedure

prcsehtly?built into. the program uses a criteria involving the distance and
& ' -

velocity increment between grid points. These refinement criteria are dis-

1

cussed in detail in Section 10 and 12.

The third step in the method is to detenminé the angies and éurvat;res.of

the streamlines at each grid point.; Edr subsonic portioﬁs of the-flow field
this iS’performed by fitting a piecewise continuous cubic polynoﬁinal in a
coordinaté system which ié-locally rotated for each interval. The resuiting
fit is analogous to the curve produced by a beam whiéh‘is loaded by discrete
forces so as to pass through‘the given grid points. The locally rotated co-
ordinate system remo#es the restriction that requires the slope to be small.
For grid points located in a supersonic region, backward difference formulas
are emplbyed. Either 3-point, E-point, or Sonint formulas ‘may be optionally
seiected._ Again the coordinafe system is rotated so that slopes in the‘éurve

fitting coordinate system are small,

In the fourth step the orthogonality of the grid points is checked and points
ware‘moved along the spline curve as required to achieve normal intersections
between the.two sets of lines. Also, the normal distance, n, is computed for

each grid point as measured from the lower boundary of the orthogonal.
& -

\When the initial grid is set up, a boundary is élacéd some distance away from
the body. This boundary becomes the interface between the near-field and
far-field solutions. The near-field is computed by the streamtube ‘curvature
"method and the far-field is computed by linear small perturbation theory. 1In
the process of iteréting, this boundary (which is also a.streamline) will
float so thaﬁ:itsvshape and velocity distribution are matched by both the
inner and outer solutions. In practice, the shape of the interface stream-
line (also referred to as the far-field boundary) is first.éssumed. Using
the far-field equations, the velocityidistribution is calculated. This is
Step 5. These velocities are subsequently employed in the near-field analysis
and from this comes a revised shape for the interface streamline. Revised

velocities will then be computed in Step 5 during the following iteration

cycle, and so fofth.

19



" Step 6 is the modification, as-required, of the flow rates of the exhaust
 streams. For boattail analysis of nacelles, the internal geometry of the
exhaust passage is required input to thé STC program. Because of streamline
curvature effects, the discharge coefficient for the nozzle will be somewhat
less than_unity. The user, however, may input a flow rate based on unity .
discharge flow coefficient or, for the matter, any approximate value. De~
termination of the velocity distribﬁtioh across the throat of the nozzle

will be determined within the STC framework and the evaluation of the maximum

"choked" flow rate is Step 6 of the calculation procedure. .

Step 7 is the solution of the flow field equations per se, This section of-
the program is referred to as the "flow balance"; Eqs. (1) and (2) are.inte-
grated. In the external regions of the field,'tﬁe momentum equation is in-

" tegrated from the far-field interface boundary to the body (or to the cénter-
line or lower boundary, whichever exists). ihe'integral form of.the momentum

equation is:

n

) FF v o
2 2 o .
mve-omv f-2[ ¢ . (8)
: o
where:
VFF =. Velocity as determined in Step 5 along the far-field stfeamline.
Vo = ‘Vclocity at any streamline with orthogonal distance n_ .
Npp = Distance measured along the orthogonal to the far-field
streamline. ' '

Although not reflected in Eq. (8), the effect of varying total pressure
behind a shock wave is also included. Also, if a slip-line occurs in the

field, the velocity'jump equations,

20



+ TT___| A Tp - _ s
+ -
c. T. + v?2
P T + H :
+ + ) = . . . (9b)
‘ 2
Cp TT + V_
- - 2 = H_ . (9C)

_are employed where the subscripts (+) and (-) denote conditions on the

streamlines above and below the slip-line, respectively.

The velocity, total temperature and total pressure allow determination of,  
‘the density at each grid point, and the inverse product of .density and ve~
locity is integrated to find flow area. '
£
. "
2
A, - A = [ 8y : _

v PV : (10)

Y .
Thé cumulative flow areas calculated by Eq. (10) are compared with the _
geémetric areas of the streamlines used in Step 3. The difference between
these two values is used as a convergence check (Steps 8 and 9) and in the

streamline correction equation, Step 10.

For internal flow orthogonals, the velocity at the outer boundary

(V... in Eq. (8) ) is not known. Instead, an jteration process is employed

FF
whereby the outer boundary velocity is varied to obtain a match in the.cal-

culated geometric passage area.

In Steps 10 and 11 the proper adjustment of the.streamline positions is de-
termined and in Step 12 the grid points are moved in the normal direction

'by this computed adjustment.

21



.The iterative sequence is to start with a crude grid, as noted aone, and

to repeat Step.3 .through 12 until the flow balance error is small. This is’
often accomplished in one or two iterations. The grid is then refihed to
the next level énd the field is iéconvefged. The refinement/convergence
process is continued until the grid refinement criteria is satisfied, or
alternately, until cémputer storage limits are reached. At this'point,,ad—
ditional loops through Steps 3 to 12 may be performed until the flow balance

error is satisfactory.

A complete description of the details of the numerical procedure is contained’

in Reference 4.
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5.0 PROGRAM DESCRIPTION

5.1 Data Storage Tables

The framework of the STC program is designed to allow flexibility as to

the configuration to be analyzed. For example, very weak limité are plaééd
on the number of flow boundaries and the nuﬁbér.ofbchannelé into which the
flow is split. And no specific limitﬁ'aré plaéed on the number of stream;ﬁ
lines or the number of orthogonal lines in any given region of the flow.

To acomplish this, the bulk of the calculation data is saved in arrays which
are singly dimehsioned. Within each array the data are packed together

to maximize storage efficiency. Descriptions of these tables are provided

below. i

5.1.1 Field Tables

Flow field data are stored in singly subscripted arrays, one for each
variable. The quantities saved at each streamline -orthogonal line grid .

intersection are as follows:

e Z axial position, abscissa
R - - radial or vertical position, ordinate
™ velocity _
PHI1 streamline angle, measured from horizontal
CURV curvatufe of the streamline, —d¢>/ds1
S curvilinear distance along the streamline
S2 curvilinear distance along the orthogonal line
B coefficient in matfix equation for DS2Z,

indicator of subsonic (B>0) or supersonic
(B<0) velocity ‘
RHS right hand side of matrix equation for DS2

DS2 correction of streamline positions

In the Fortran coding M is the symbol commonly used as the.subscript
for the above arrays and NM is the number of field points (or maximum
value of M). The points are grouped by orthogonals starting at the upQ“

stream orthogonal. Points along the orthogonal are grouped together.
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Hence, the point below and above the Mth point are (M-1) and (M+l) res-
pectively. The neighbors in the streamwise direction, however; are

determined by referring to the JMS-table described in Section 5.2.

5.1.2 Channel Input Data Table

Information such as the boundary coordinates and flow properties is
compactly stored in a single array, TABLES, so that only the total
amount of information saved is limited by the array size. No limit is

' placed on the amount of information to be placed in any one Table of

which there are six:

o - channel input table

o boundary table

o table of convected properties

o “table of wake displaﬁement thickness
o flow adjustment table

o

_station table

In the first table, CHDATA, input information read from.page STC/
sheet-3 is stored. The information is stored in subtables; one sub-

table for each channel, and the arrangement of each subtable is as

follows:

CHNAM ‘channel name (BCD)

LHNEXT o length of subtable

WTFLOW - flow rate (if input)

TTO ftotal temperature

PTO : total pressure

TSO ~static temperature

PSO 'static pressure

MACHO Mach number

AO flow cross-section area

VARY - indicator as to whether the
_ flow rate may be varied

RG gas instant

GAM _ ratio of specific heats
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NR not operational

NC [1] 1]

TAB . .on (1]

BB (NR&NC) not operational, zero length array

Except for the first‘two words, CHNAM and LHNEXT, all of the above input items
are optional input and they are all equal to BITS unless values are supplied
according to input instructions for STC/Sheet-3. 1If data for a second chan-
nel are supplied, these data will follow the first channel and so forth

for any number of channels. The first word of the‘CHDATA table is at location
LHO and the last word is at location LHE relative to the origin of the
TABLES-~array. If LHE=LHO-1, no channel data has been input and the channel
data table has zero length. 1In the Fortran coding, the subscript LH is

used to refer to the channel data.

Channel information is read into the STC program by subroutine RCD; the
stored channel data is utilized by routines RICFI, BCONV, ADJWF and ISBOT.

5.1.3 Boundary Table

Directly followiﬁg the channel data are the coordinates of the boundaries.
Again a subtable for each boundary is constructed and the information is

stored in the following order:

BDT .bbundary name

LBNEXT length of subtable

LBZ1 index increment to first coordinate
| in ZBT, RBT, ANGBT-lists |
CHNAME channel with which the boundary data

is associated
up upper or lower boundary indicator
' (if the boundaries around a leading

edge have been collated togethér,_then
CHNAME(2)=UP is the name of the channel
above the leadiﬁg edge and CHNAME(1) is -
the name of the channel below the 1eading
edge).
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LEDEX . index (relative to ZBT, RBT, ANGBT) of the

leading edge point when boundaries are

collated
ZBT(1) " axial coordinate (x)
"RBT(1) A radial coordinate (y)
ANGBT(1) » sufface angle (measﬁred'frOm x-axis in
radians)
ZBT(2) |
RBT(2)
ANGBT(2)
o
o
[o]
o
BDNAME name of aAspecific boundary when several
boundaries afe collated together in one
subtable
. LBA, LBB . index limits relative to ZBT, RBT, ANGBT of the

coordinates for BDNAME
(NOTE -~ the above 3 items are repeated for each boundary
‘where LBZ1/3 is the number of collated boundaries. The
existence‘of this information results in the displacement
of the ZBT, RBT, ANGBT coordinates to higher memory
locationé.f BDNAME, LBA and LBB are equivalenced to ZBT,
RBT and ANGBT respectively);

Boundary coordinates ére necessary input to the program so two or more
subtables will always.exist, staéked one after another. The first ﬁord
of the BDYTAB table is at location LBDO and the last word is at location
LBDE. LB is the subscript used to refer to the boundary data.

Boundary coordinates as supplied on page STC/Sheet-2 of thé_input sheets

are read by_routine‘RBD.- This routine converts the angles from degrees
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to radians, translates and rotates the coordinates as required and stores
the points so that as one pfoceeds from one point to the next (or walks
along the contour) one's left arm is next to the flow field. Thus, the
ordering of points on an upper flow boundary will be reversed and the

angles incremented by 180 degrees.

The several boundaries which may be defined to comprise one continuous
contour are collated in. subroutine BLDTAB. The boundary table is
referenced in routine BDYPTM.

5.1.4 Table of Convected Properties

For each channel, a subtable of convected properties and channel flow
data is built by subroutine BCONVT from data in the channel input table
(if it gxists) and input data from STC/sheet 1. This table contains some
of the same information as the CHDATA table. Information contained in’

the CONVTB table is complete and follows a consistent format.

CH channel name

LTNEXT ' length of subtable

NPT not operational (=1)

LPSI (=15)

LTT (=16)

LPT (=17)

LRCU (=18)

CRG gas consgtant

CPGJ specific heat at constant pressure
C2CP twice CPGJ | 1
QGAM inverse of ratio of specific heats,'a 1l/y
FGT (y-1) /v

FGP v/ (y-1)

FGR 1/(v-1) .

AREATB . area for calculating flow rate

PSI - flow rate for the channel
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TT .~ stagnation temperature
PT stagnation pressure

RCU . : not operational

Again the data for ;he éeveral channels are stacked one aftef another.
LTO and LTE are the first and last iocations of the table relative to
. the origin of TABLES.. LT is the subscfipt used to ;etri$ve convected
property information in subroutines BLDTBS, RBCONV, ADJWF and TTPT.

5.1.5 Table of Wake Displacement Thickness . f

The wake displacement table is only constructed 1if there;exists a

blunt trailing edge, and is arranged as follows: i

X2w streamline coordinate, 52 _

LWNEXT _ length of subtable, = 2N+2 -
S1w (1) : list of distances from trailingledge

SIW (2) ’

SIW (N)

DST (1) list of wake displacement thicknesses

DST (2)

DST (N)

This table is built in the subroutine BLDTBS. DST is determined so that
the wake thickness equals the trailing edge thickness at S1W=O0.
Thereafter the wake thickness decrease at the rate of 0.1 times the
distance from the trailing edge. At 10 trailing edge thicknesses down-

stream, the wake thickness is zero.

As many wake thickness subtables are built as there are blunt-tfailing
"edges. The wake thickness table begins within the TABLES-array at
location LWO and ends at_LWE. ‘The table is referenced by the TTPT.

routine, : _ . s
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5.1.6 Flow Adjustment Table

The flow adjustment table is also created in the BLD*BS routine, one

subtable for each trailing edge. The information contained is as

follows:

X1F orthogonal céor?iﬁate of the t.e., &

X2F streamline coordinate of the t.e., &,

X1BF _ El coordinate of the choked station of the flow
below the t.e. if not X1F

X1AF _ El coordinate of the choked station of the flow
above the t.e. if not XI1F

S1F . curvilinear streamline distance to the trailing
edge (along the upper surface of the airfoii).
This value is used for interpolating the wake
displacement thickness. ‘

NCHB number of channels below the t.e.

NCHA oo " above " "

JORDER = ~]1 if the single channel flow is choked
= 1 if channel flow rates below the t.e. are known -
= 2 if channel flow rates above the t.e. are known

VNR (12) - 12 element storage array used by subroutine »

NEWRAP for the flow iteration

The data stored in this table is used by subroutine ADJWF which adjusts
the flow so that at each trailing edge the pressure différence from one
side of fhe trailing edge to the other is reduced to zero (to satisfy
the kutta condition). .If this condition qaﬁnot be satisfied, the flow
in one of the channels will be choked and routine ADJWF adjusts the flow
to the maximum choked value. The flow adjustment table is located be-
tween LFO and LFE. Each subtable is NFCOLS (=20) in length.

5.1.7 Station Table

The station table is the last of the compacted tables (except for the
shock point table which is appended to it) and it contains information
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- for each orthogonal line.

because the number bf‘ofthogonals is increased to obtain a téfined grid.

The table grows during the calculation process

Because it is the 1ast table 1t can easily be extended into the unused

portion of the allotted memdry. The data saved for each of the orthogonals

is arranged in the stacion'table as>£dliows:

PRIM

TYPELB

NAMELB

ILB

S1LB

* TYPEUB.
NAMEUB
IUB
FUB
S1UB

sfation cooraiﬁate, El
length of subtable .
field point index of first (lower boundary)

point of the orthogonal

. field point index of the last (upper boundary)

point of the orthogonal

primary station indicator, T or F, (a primary

station, is one of the original grid statioms

and it will pass through boundary end points).
type of the lower boundary, i.e. SOLID,

FIELD, FARFLD, etc. for indicating proper
boundary condition :

name of the lower boundary used for'
referencing the boundary table

boundary (table) interval of the orthogonal
boundary intersection

fractional position in that interval
curviiinear distance from béginning of the

interval

‘type of the upper boundary

name of the upper boundary

interval of the upper boundary

fractional position in the interval
curvilinear distance from the beginning
of the interval

boundary velocity, used as an initial guess
for the velocity iteration in the FLOBAL °

“routine
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' DWDV;SCHOKE ~ slope of the flows rate versus velocity
| curve used for the velocity'iteration in
the FLOBAL routine, = SCHOKE if flow is
choked at this station
X2CL 52 coordinate of the control streamline
used for positioning orthogonal lines
in the PTMOVﬁ.routine
SLSWI sonic line-shock wave indicator, = 1.0 for
mixed flow, = 0. otherwise
MCL field point index of control streamline,
used in PTMOVE only |

This group of 20 items is repeated for each étationf starting with the
upstream and proceeding to the downstream stations. Field point
wcalculations are then performed by looping through the station table,
.starting with the first station aé L=L0 and proceeding to the last |
station. The last word of the last station is at location LESTA.

'T;e above set of six tables is initially constructed with gaps between
each table. The channel data and boundary tables are coﬁstructed simul-
taneously in the RCD and RDC routines called from REDINP. The maximum
size of the channel data routine is preset by the value of MAXLH.
MAXLH is initiaiized to 400 but may be input as any value if such should

be necessary.

After reading the card data input, at the beginning of the BLDTAB routine,
the boundary data is moved down in memory so that it is just above the

channel data. The gap between the two tables is thus eliminated.

The reﬁaining four tables are then all built in subroutine BLDTBS. Again
spaces between the tables are provided so that they can be constructed
simultaneously and grow to the following lengths without interfering with

each other:
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Table Name | Input Variable  Default

Name : Value
Convected Properties ' MAXLT © 200
Wake Displacement Thickness '_ MAXLW : "~ 200
Flow Adjustment o  MAXLF 200

At the end of the BLDTBS routine the$§aps between the tables ére eliminated
by moving each table down in memdry. The result is that all information
contained in theseltables is stored compactly, and the last table, the
station table, has space into which it.may expand. The length of all six
tables combined is limited to the lengtﬁ of the-TABLES-array, and this vélue
is adjusted at program load time to meet the size requirementé of the flow

field.

5.1.8 Streamline Table

The stréa@line table is not stored in a compact arrangement. It consists of

three arrays in a labled common SLTAB.

ﬁ . cumulative flow rate for the channel
X2 §, - coordinate -
" SLCHN  channel name of which this streamline is a part
The streamline number; J, is the subscript used to access informatioh in
each of thgsevthree arrays. All of the streamlines for a given channe1 are
together and in order (proceeding away from the centerline). However, né.';

special ordering of channels is required.

5.1.9 Table of Leading Edge and Trailing Edge Points

The Leading Edge-Trailing Edge Point (LETEPT) table is constructed ih_routine
BLDTAB and used in routine BLDTBS for the purpose of defining the flow regions

and primary orthogonals., The data in this table is not saved after the BLDTBS

routine is executed.

The information in this table is obtaihed from the boundary table. The ends
of boundaries and double points contained within the boundaries are listed,
together with the boundary and channel names. Each '"line" of the LETEPT table

contains the following ten items.
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XE axial coordinate of boundary end poxnt or

double point

YE radial or vertical coordinate
 ANGE - mean angle of the flow at XE, YE
NLE number of times the same point has occurred as an up-

stream boundary end point. Normally NLE=O or 1. If
NLE=2 then the point is a leading edge. .

NTE number of times point has occurred as a downstream
end point., NTE=2 for trailing edge point., NLE=NTE=0
for a double point in the boundary table

‘CHL. name of flow stream above point

CHU name of flow stream below point

BDL name of boundary (UPPER=F)

BDU name of boundary (Upper=T)

NUSED number of times the point has been uséd in developing

the ORICHN-table, initially = -1 for a double point

After the table is constructed the points (or lines) are sorted sd that the
upstream points are first and the points follow from hpstream_to.downstream
in order. If difficulty is encountered in the development of the basic grid,
the information contained in tﬁe LETEPT-table may be helpful in diagnosing

the error.

5.1.10 Table of Channels Embraced by Each Orthogonal

The LETEPT-table contains all points through which (primary) orthogonal lines
are to pass. From this table the ORTCHN-table is developed as an aid to the
construction of the initial grid of streamlines and orthogonal lines. The
latter table contains a list of all of the channels embraced by each orthogonal.

Specifically each "line" of the table contains:

LEDGE _ .index of the point in the LETEPT—tableH

LRPREV previous line number (or ORTCHN-table index)
' ~of the upstream orthogonal

CHNA(I).  channel names

CHNA(2) " "

CHNA . T "

CHNA(2) "
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The above information is tabulated (one line) for each orthogonal. Also,
the first two lines are developed'és dummies for the purpose of listing all
channels. Other dummy lines may also be inserted. LRD is the index in-

crement between lines and is equal to the total number of channels minus two.

5.1.11 Table of Index Limits

The labeled common /IX@RIG/ contains the index limits for each of the above

listed tables. The items and order of'storage are as follows:

LHO location of channel table origin
LHE location of channel table end
LBDO location of boundary table origin
LBDE location of boundary table end
LTO location of convected properties table Qrigin
LTE location of convected properties table end
i LWO location of wake displacement thickness table origin
LWE location of wake displacement thickness table end
“LFO location of flow adjustment table origin
V LFE locaiion‘of flow adjustment table end
LO location of the station table origin
LESTA location of the station table end
LSO location of the shock point table origin
LSE location of the shock point table end

LDUM(6) unused

MO unused
NM number of field points
NJ number of streamlines

NFCOLS | number of "columns" in the f1§w adjustment table
MAXNJ maximum number of streamlines (dimensional limits are MAXNJ=128)
-MAXOL maximum number of points on any one‘orthogohal (dimensional
_ -limits are MAXOL=96) ,
MAXNM maximum length of field arrays, calculated in subroutine REDINP

MAXLE maximum table length, calculated in subroutine REDINP

'LEO location of the first word in the LETEPT-table, (=1)
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location of the last word in the LETEPT-table
location of the first word in the ORTCHN~table

location of the last word in the ORTCHN-table
~ the ORTCHN-table is subdivided into lires and LRD is the

length of the lines
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5.2 Accessing Data in the Field Tables

The data_stored 1n!the field tables consist of the Z, R, S1, 52, PHI1,
CURV, VM, B, RHS, and DS2 at each point in the field. An additional

array termed the JMS table provides access to the information in the field
tables. .This information.(subscripted-M:l,NM) consists of:

J. Streamline number |
MU M subscript of upstream grid point; MU = 0 at beginning
of streamline. | ' : '
MD M subscript of downstream grid point; MD = 0 at end of
o streamline. | ‘
ISTAG Point type indicator
ISTAG = 0 - Normal point.

1 - Stagnation (or singularity) point.

‘2 - Trailing edge point or a point fixed on the
body surface used to locate a primary.
orthogonal. '

3 - Point adjacent to a stagnation (singularity)

point or an end point of a partial orthogonal.
4 The word content of each JMS entry is:

GE-635

(36 bit word) ' I MU MD ISTAG
N 8 13 13 2
bits _bits bits . bits
CDC-6400/ 6600
(60 bit word) : ' J MU - MD ISTAG
24 8 13 13 2
bits unused bits bits ~ bits bits

On the GE-635, the machine word length presents a practical 1limit to both the
number of streamlines (i = 255) and the maximum field size (NM - 8191) It
was felt that these limits represent a convenient maximum for any problem
which might be encountered. Hence, the bit configuration for the JMS word
on the CDC 6400/6600 is identical to that on the GE635, resulting'in an
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unused portion of 24 bits. The subroutines which pack and unpack the JMS
table eq%;ies (SAVIX, GETIX, and GETRLX) are coded in the CDC assembly
"flanguadg'COMPASS 1.1 in the interest of increascd computation.speed. These
routines would have to be modified if a problem required a streamline number

J in excess of 255 or a grid point index M greater than 8191.

5.3 STC Calculation Stépp, Flow Charf:t Overlay Description

The present section outlines the sequence of calculation steps performed

by the STC Program and ‘describes the overlay structure on the CDC 6400/6600

computers.

5.3.1 STC Calculation Steps & Flow Chart

The processing flow chart for the STC program is shown in Figure 5-1 and in-
cludes the principal subroutines, their function, and their associated output.
The general calculation steps performed by the STC Program were outlined in
Section 4, Method of Solution. Here the calculation steps will be identified i

with the subroutiné performing that step.

The computer program has been written to analyze many types of geometries

and flows. The user must identify the various flow boundaries and channels
whéﬁ the program input is compiled. Thege sets of flow boundaries (BDY) and
channel names (CHN) define flow regions with specified properties of temper-
ature, pressure, and velocity. It is the task of the program user to organize
his problem so that each flow region is defined by the proper'bouﬁdary and
channel names (see Figure 4-3 and 4-4).

The first operation in the computer program consists of reading the card in-
put for the description.of geometry and flow properties in each flow region

(REDINP), and then storing and building the various tables (BLDTAB, BLDTBS,

BCONV). The channel daté, boundary data, and flow property data are eéch .
stored in their respective tables. If necessary, the boundafy points are

smoothed and local angles at each boundary point are calculated.
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~The field point table and station table are started with the first unrefined
grid of orthogonals and dividing streamlines. The boundary of each region
is defined as a primary orthogonal. The dividing streamlines which separate

the various streams are called double streamlines.

The next step in the computational procedure is to refine the very crude
initial grid (REFINE) after calculatingfthe distances between points along
'streamlines. A new orthogonal is placed within each region and a new stream-.
line is inserted in the middle of each channel. In the external channel
‘(identified by CHN - EXT), additional streamlines are placed close to the
body. After the solution for this grid has been obtained, thé intervals are

again halved as required.

As the calculation procedure continués, grid refinement is automatically pro-
vided in specified flow regions or in regions of high curvature and high ac-

. celeration and deceleration. The streamline and orthogonal lines which are
added between -existing lines are not required to span the field if only

local refinement near a boundary is needed. These refinement criteria are

discussed in Section 10 and 12,

After refining the grid, the next step (SLC) in the solution is to determine
the angles and curvatures of the streamlines at each grid point. For subsonic
portiohs of the flow field, this is performed by fitting a piecewise continuous
cubic polynomial (beam) in a coordinate system which is locally rotatéd for
each interVal (Figure 5-3). The locally rotated coordinate system removes

" the restriction that requires the slope to be small. The matching conditions
are the angles and curvatures at each point. At the end of streamlines which
~terminate at a flow exit boundary or extend to a flow inlet, the end curvature
is specified. Normally the end curvature is zero, but the user may input a

constant non-zero value of curvature.

For grid points located in a supersonic regioh, the subroutine SLC employs
backward difference formulas in keeping with the switch to the star with no
downstream points (Fig&re 4-2)., Either a 3-point parabola, a 4-point piece-
wise cubic (beam), or a 5-point formula may be optionally selected. The 3-point

~ parabola isApreferred. Again the coordinate system is rotated so that slopes
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in the curve fitting coordinate system are small. The end conditions for

the supersonic curve fit formulas are a specified angle and zero éurvatufe.

One additional task performed by SLC is the location of stagnation pointsw
and the definition of the dividing streamline intersecting the boundary at
the stagnation point. At leading edges, the dividing streamline is set per-
pendicular to the boundary surface at the stagnation point, (Figure 5-4).
An orthogonal which goes with the st&gnation point is defined and the point

on the first streamline is positioned. |

PTMOVE checks the orthogonality of the grid points and moves the points along
the spline curve as reduired to achieve normal intersections, (Figure 5-5),
between the two sets of lines. Also, the normal distance, n, is computed

for each grid point as measured from the lower boundary df‘the orthogonal.

When: the near-field grid is defined, a boundary is placed some distance away
from the body. This boundary becomes the interface between the near-field

and far-field solutions. The near-field is computed by the streamtube curvature
method and the far-field is computed by linear small perturbation theory,
(Figure 5-6). 1In the process of iterating, this boundary (which is also a
streamline) will float so that its shape and velocity distribgtion are matched

by both the inner and outer solutions. In practice, the shape of the inter-

~ face streamline (also referred to as the far-field boundary) is first assumed.

Using the far-field equations, the velocity distribution is calculated. These
velocities computed by FARFLD, are subsequently employed in the near field

analysis and from this comes a revised shape for the interface streamline.

" Revised velocities will then be computed in FARFLD during the following iter-

ation'cycle, and so forth. FARFLD is a selected boundary option when the far-
field boundary, BDY, is called FF. A solid boundary may also be specified

by renaming the far-field boundary and defining the coordinates.

The next step (ADJWF) is the modification, as required, of thelflow rates of
the exhaust streams. For boattail analysis of hacelles, the internal geometry
of the exhaust passage is required input to the STC program. Because of
streamline curvature effects, the discharge coefficient for the nozzle will

be somewhat less than unity. The user, however, may input a flow rate based
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on unity discharge flow coefficient or, for the matter, any approximate value.
Determination of the velocity distribution across the throat of the nozzlé
will be determined within the STC framework and the evaluation of the maximum

""choked" flow rate is ADJWF of the calculation procedure.

The next three subroutines, STALOO, BRHS, and FLOBAL, develép the solution to

the flow field équations represented by éontinuity, Eq. 1, and radial or cross-
stream momentum, Eq. 2, (Section L). At each station ( STALOO) along a boundary,.
the flow equations ére'integrated along an orthogonal (FLOBAL) and the right hand
side and the coefficient B (B= [(1 - Mz)/pvzj) in Eq. 5 are determined (BRHS).
In the external regiohs of the field, the momentum equation is integrated from
the far-field interface boundary'to the body (or to the centerline or lower
boundary, whichever_exists). The cumulative streamtube flow areas are .then
calculated by integrating the continuity equation and compared with the geo-
metric areas of the streamlines defined by SLC.F The differences.betﬁeen the
streamline position determined by the "flow balance" FLOBAL and by'SLC is used

as a convergence check. If also defines the right hand side or driving error

function in the streamline correction equation, Eq. 5.

If the streamline poéitions are within a convergence tolerancé the program
'logic loops back to REFINE. Additional streamlines and orfhogonals'are added
~as required by the refihément criteria. The refinement procedure presently'
built into the program uses a criteria ihvolving the distance and veloéityiiﬁ—

crement between grid points.

If the streamline convergence tolerance has not been met, the streamline cor-
rection equation is solved by defining a matrix, MCOEF, and by solving this
matrix using one of sevéral methods. The solution techniques include IAD,
Implicit Alternating Direction,‘or LRELAX, Streamline Block Relaxation. The
user has control of the choice of solution method, but IAD has demonstrated

the more stable and faster solutions.

After calculating the streamline correction, 6n, the stfeamlines are adjusted
(ADJSL) to their new positions and the program logic loops back to SIC to de-
fine new curvatures and geometric streamtube areas. This loop is called an

inner solution. Depending on the amount of grid refinement, the inner loop
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may take from 2 to 20 passes to reach streamline convergence.

As soon above, the iterative sequence is to start with a crude érid'and to go
through subroutines SLC to ADJSL until the flow balance error is small. The

grid is then refined to the next level and the field is reconverged. The re-
finement/convergence process is continued until the grid refinement criteria

is satisfied, or alternately, until computer storage limits are reached. At

this point, additional inner loops may be performed until the flow balance

error is satisfactory.

Finally, the output quantities are calculated and the results are printed in

any of several forms. The output forms are defined in Section 7.
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5.3.2 STC Qverlay Déaérig;ion

The STC program has been structured for execution on the CDC 6400/6600
machines under the SCOPE 3.1 operating system. The basic OVERLAY featurés
of SCOPE 3.1 have beeh utilized to reduce the memory requirements to those -
currently in use at the NASA Langley Reséarch Center. Shown in Figure 5-2
is. the overlay étructure including all subroutines and the important data
table storage areas. As indicated in this figure, the program consists

of a main overlay, four (4) primary overlays, and six (6) subordinate ‘
secondary overlays. A Briefﬁdescriﬁtion of the prdcessing in each overlay |
is given in the fbllowing section. In this description, the word "link" is

used interchangeably with the word "overlay".

Overlay (0, 0) - Entry STCA

The main overlay (0, 0) contains the main program STCA, as wellﬁas | A
general purpose subroutines which are called by subprograms in.éhé'subse—
quent primary and secbndary overlays. The main program_STCAnprovides
control for execution of the STC program by loading the appropriate over-
lays in sequence and testing for completion oriconvergence of the problem

solution.

Also included in the main overlay is the data storage area-consiéfing

of the general program tables, the field tables, and the streamline table
-as discussed in Section 5.1. This storage area represents the largest
block of working storage in the main overlay. The sizes of thesé.various
regions of memory are initialized by the block data subprogram USECDG. An
increase in the number of available field points, stations or streamlines
may be effected simply by recompilation of this block data subprogram and
the block data USECDM in overlay (4, 0). |

| Overlay (1, 0) - Entry STCN

Overlay (1, 0) 1s the primary overlay for the program input and initial
construction of the data tables and the unrefined calculation net. Program
STCN serves 'as a driver routine to call in subordinate secondary overléys.
These links in turn read the input and build the initial tables and calcu-
lation net. Subroutines used concurrently by secondary links also reside

in overlay (1, 0). -
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Overlay. (1, 1) - Entry STCNR

Overlay (1, 1) consists of the subroutines to read the card and/or

tape input and perform preliminary processing. General input'data are'reaé

in REDINP and boundary and channel data are read in RBD and RCD respectively.
The channel data input table is also constructed in RCD. In the case of the
boundary input, if angles are not specified with the coordinates, the SMOTH
routines are called to calculate angies by fitting a beam through the specified
coordinates. Also, the NACA Series 1 Cowl coordinates are stored internally |
and may be used to generate an "analytic'" contour for a specified boundary.

segment. The input quantities to select these options are discussed in Section
7.1, and on the 1nput'sheets (Section 12.2).

Overlay (2, 1) - Entry STCN2

The principal function of overlay (2, 1) is to build che boundary table

and the leading edge/trailing edge table using the coordinate and angle data
from the preceding link. This procedure is accomplished in subroutine BLDTAB.
If specified by input; this overlay 1is recalled to initialize the matrix for
the solution on the far field boundary (FRFDNZ). |

Overlay (1, 3) - Entry STCN3

The bulk of initial table construction is performed in subroutine BLDTBS.
Specifically, the orthogonal channel table, the streamline tablé, the station
table, the flow adjustment table, and the wake diaplacement:thickness table are
built in this routine. Subroutine BCONV is called to build the convected
properties table as an intermediate task. In the process of table construction,
the values of Z, R, SZ’ and V for the unrefined grid ére placed in the field
tables.

Overlay (2, 0) - Entry STCB

Overlay (2, 0) is the primary link for calculation of the coefficient B and

the RHS of the streamline correction equation using the "flow balance" relations.
The subroutine FLOBAL and TTPT arelincluded in this link, since they are used

by the output routines to calculate final velocities in the field prior to
printing. '
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Overlay (2, 1) - Entry SICS

Overlay (2, 1) contains the subroutines STALOO and BRHS to loop through
the stations and calculate the coefficients B and RHS for the matrix solution
of the streamline adjustment equation. Included also is the subroutine ADJWF

which adjusts nozzle flow rates prior to entering the flow balance calculation.

Overlay (2, 2) - Entry STCW1
Overlay (2, 3) - Entry STCW2

These two overlays are loaded at the end of the problem solution to produce

the printed output and generate a restart tape if requested. Subroutine WRIA:
prints the péfameters defined by input, program storage utilization information,
solution convergence level as well as generating the restart tape. Subroutines
WRIQUT and WRIBDY print out the solution at the field points and the boundaries

respectively. {

Overlay (3, 0) - Entry STCXX

Overlay (3, 0) is loaded prior to the execution of the flow pbalance. The
prime functions of this link are to adjust the streamline positions (ADJSL),
refine the grid (REFINE), calculate streamline curvatures (SL@), orthogonalize
the grid (PTMOVE), and calculate velocities on the far field boundary (FARFLD).
The far field routines are only called if these options are in effect. REFINE
- will not be called if grid refinement limits have been reaéhed, the flow bal-

ance error is too large, or the maximum field point limit has been met.

Overlay (4, 0) - Entry STCM

Overlay (4, 0) contains the subroutines MCOEF and IAD to set up and solve

the matrix equations for the streamline adjustment.
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Routines

BLDTAB
BLDTBS

BCONV " °

SLC

REFINE

.
L

PTMOVE

}

additional grid refinement

FARFLD

1

ADJWF

inner loop

if rough tolerance is satisfied

T

BRHS
FLOBAL

STALOO |.

—=

MCOEF

IAD

ADJSL

if grid refinement
and final tolerance
are satisfied

(

WRIA
WRIOUT

WRIBDY

k]
EXIT

THE_STREAMTUBE CURVATURE PROGRAM

Function

Read Input.

Build Tables and
determine first crude
calculation net. - «

Calculate distances between
points along streamlines.

Refine. grid by adding new

orthogonals and streamlines as required.

Calculate streamline curvatures,

angles, and distances between

points. Locate stagnation points,

Move points along streamlines

to obtain orthogonal lines.

Calculate velocities on the
far field boundary,

Adjust'nozzle flow rates.
Station loop to calculate

coefficient B and RHS using
"flow balance' equations,

~Calculate matrix coefficients

including far field B, C.

Solve matrix equations
for streamline movement,

Adjust streamlines,

" Print output,

Fig. 5-1 Program Flow
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C—

6.0 PROGRAM NOMENCLATURE

Communication betwécn the subrouﬁines in each overlay is accompiished by the
use of labeled common. with few exceptions, the majority of labeled common
storage areas are located in the main overlay. The size and data in these
blocks are initialized by the block data subprograms USECDG and STCBLK.

The principal 1abe1ed common blocks-are given alphabetically in the following
section. Labeled commons used by general purpose utility subroutines are not
included in the tabulation. In most cases, the use of these-commons is given

in the/listing of the pertinent subroutine ( Volume III).

Within each block, variables are listed according to the position occupied in
the block. In some cases, the variable name may differ between routines and
a typical name is given. Also, several areas are used primarily as erasable
temporary storage and are denoted as such in the description of the labeled

common. Inspection of the source listing should indicate the particular use

of these areas by a given subroutine. The pertinent dimension and - type infor-

mation are included with the variable name (R = Real, I = Integer, L = Logical).

Variables normally containing BCD data are typed as H Hollerith, even though
Epey may have real or integer names. - o ‘
\\ . E

S,
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7.0 STC PROGRAM INPUT/OUTPUT

The following sections are concerned with the input to the STC program,

special user instructions, and the output produced by the STC program. The

. standard system files INPUT and OUTPUT (TAPE6 = OUTPUT) are used for card.

input and printed output respectively. Additional daté files designated
as TAPEl (input) and TAPE2 (output) may be used by the programs. .In general,

these files will reside on magnetic tape.

7.1 Pfogram Input

Input sheets for the STC program are given in Section..lZJx élbng with
épecial notes pertinent to the use of these sheets. Optional program input,
not normally required, will be described in this section. Input data

may be in the form of punched cards or a magnetic tape file (output file
from a previous execution of the STC program). Data read from a magﬁetic
tape filéimay be selectively over-ridden or augmepted by input cards. Four (4)

distinct card input sets are read by the program and are:

1.) Input sheet Identification information

3.) Input sheet

0

2.) TInput sheet 1.~ Overall input data
2 Boundary coordinates
3

4.) Ihput sheet Channel flow properéies

"The first input set, consisting of identification information, is read once

in a given run using fixed field format (6A10). The remaining input sets

consist of a header card followed by a NAMELIST input list $A. Standard
FORTRAN IV NAMELIST (Volume III) is used to read these latter lists.
Successive cases may be run using only input sets 2.) through 4,). In all

cases, the channel flow properties (input set 4) may or may nét be present.

The input parameters for each set are given in the following section.

Includéd in these descriptions are the inﬁut items aﬁpearing on the input
sheets as well as controls for special program options and the modification

of preset tolerances.
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7.1.1 Identification Information quyt Sheet 0

The first three (3) cards of the input deck consist of the name and address

of the user and the problem identification

Card No.

1.
2

Cols.
2-61 User name (1-60 alphanumeric éﬂdracters)
,»2—61 : User address or location (1-60 alphanumeric
o characters)
2-61 Problem identification (1-60 dlphanumeric
characters) ' |

Blank cards may be substituted for input quantities not required.

7.1.2 Overall Input Data Input Sheet 1

The first card of this input set 1s a header card. consisting of al in

column 2, the word STC starting in column 4, and a T or an F in both columns

14 and 24.

Card Column

2
4-6

" 14

24

Description .

1 .= Denotes overall data input
STC - ‘= Denotes program name
“Input tape? (T or F)
Output tape? (T or F)

'Thé header card is followed by the NAMELIST $A and the associated overall

input data. The NAMELIST input 1is terminated with a § ih-column 2,
Input Péramerérs-for General Usage
_ : o _ Preset
Parameter Description ' Value
MACHO ‘Mach Number
TSO Ambient Temperature ‘1.0
PSO Ambient Pressure | 1.0
RG Gas Constant o 1.0
GAM Ratio of Specific Heats o - 1.4
RHL Highlight Radius ' o | 1.0
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Preset

Parameter T Description ~ Value
RM Maximum Body Radius 1.0
TIE Body Closure Tolerance
AXI  Problem Type T = Axisymmetric T

F = Plannar '
GR(l)' : Table of Transverse Coordinates for
. Grid Refinement Tables (up to 10 values)
SGR(1) Table of Transverse Grid Refinement - 1.
Criteria (up to 10 values)
NGR Number of Entries in the GR, SGR tables 1
GZ(1) A "Table of Axial Coordinate for grid
' : Refinement Tables (up to 10 values)
SGZ (1)  Table of Axial Grid Refinement
. ‘Criteria (up to 10 values)
NGZ Number of entries in the GZ, SGZ tables. 0
- VMG1 Maximum Mach Number Increment_Betneen 0.1
Grid Points in Streamwise Direction
VMG2 _ Maximum Mach Number Increment Between 0.1
- Grid Points in Normal Direction
MAXIT ' Maximum Number of Grid Refinements

Optional Input

The following input quantities are considered optional input in that
they are not normally required for execution of the STC program. These
items consist, in general, of input controls for special program options

and input data to modify preset or initialized comstants and parameters.

Stagnation Properties, Optional

: _ Preset

Parameter , Description : Value
PTO ~ Stagnation pressure 1.0
TTO : Stagnation temperature a E 1.0

The total pressure and total temperature may be input by specifying PTO and
TTO normalized by the free stream static temperature and pressure. Alternately,
the total conditions are calculated from the Mach number, MACHO, and the

ambient pressure  and temperature, PSO and TSO,
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Special Controls for Supersonic Flow, Optional

o Preset
Parameter : Description Value
SSFML_ Formula number for calculation of 1

supersonic curvatures

1 for 3 point parabola

-1 for 3 point parabolas for both
subsonic and supersonic points

SSEF - Supersonic entering flow along the
: upstream boundaries? T or F

SSEANG ‘ 'Entering flow angle for SSEF = T (degrees)

SSDF Supersonic flow downstream of a choked
. station? T or F

SSFEND | ‘ Supersonic beam downstream end
¥ condition (SSFML = 2)

0. = Parabola
1. = Cubic

SSFND1 o Supersonic beam upstream end
' condition (SSFML = 2)

0. = Parabola
1. = Cubic

_ BRLX . B - Relaxation factor

TSIC Number of points to be used for . _
. transonic interpolation of curvature

Boundary Conditions for Streamline End Points, Optional

2  for _4 point piecewise cubic (i.e. beam)

o O

.75

.75

Preseﬁ
Value

Parameter : _Description

Upstream, NBC(2) = Downstream; .
0 Angle specified
1 Curvature specified
2 Ratio of the rate of
curvature at the end point
- to the value at the next
- end point is specified

NBC - "NBC(1)
" NBC

NBC

NBC

AFC" ' 'AFC(1) = Upstream, AFC(2) = Downstream;
Angle, curvature or ratio of rate
of change in curvatures
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4 Preset
Parameter . Description Value
IADM Sweep parameter 0
0 = IAD .
1 = Orthogonal block relaxation
_ -1 = Streamline block relaxation
RHOBAS Base acceleration factor 0.5
' parameter, pgp
RHOAMP Half amplitude of the acceleration 0.5
factor, Pa
Note:
' 2 ar
p =p_ + 20, 8in —_—
B A 2/AM
MAXSWP ©  Maximum number of sweeps -200
TOLRL _ Relative tolerance for matrix solution; .001
|aDS2| < TOLRL*DS2 '
- max.
Flow Balance Solution Controls, Optional
' Preset
Parameter ' Description Value
TOLES2 Relative tolerance on maximum point
' A movement predicted by the flow balance
TOLINR  Inmer iteration tolerance on streamline
. _ movement
NINNER(1) Number of inner iterations (without 16*10
grid refinement). Specify up to MAXIT
values
CNVF(1) Fractional percentage of total point 10*1.0
movement to be used at a given refinement
level. Specify up to MAXIT values.
. NODENS . Grid refinement level through which 0

Matrix Solution Controls, Optional

incompressible flow properties (y=w)
will be assumed. '
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Grid Refinement Perameters, Optional

The following input items'may be used to control the length of ortho-
gonal lines and streamlines as the grid is refined. The use of these

parameters is discussed in the following section on '"special user instructions"

_ Preset
Parameter ‘ Description Value
- CRXSL Used for extending new streamlines .375
CRXOL ' Used for extending new orthogonal .375
lines across a subsonic region '
CRXSS Used for extending new orthogonal | .125
' lines across a supersonic or mixed ’
region
CRXE Used for extending new orthogonal : 0
‘lines which cross an expanding
flow sonic 1line
CRXC .  Used for extending new orthogonal ' 0

"lines which cross a supersonic to
~ subsonic compression line

Optional Print and:Control Options

Optional diagnostic print and special logic controls are located in

common /CPRINT/. Normally these variables are set to 0.. As indicated in
the following section, the'print controls will provide output from a number
of routines. The setting, pertinent subroutine, and resulting printout are

indicated. Several variables control logic flow only.

Parameter . » Description

PRTES2 ~ Subroutine BRHS *
_—2 Print B,RHS,DS2,Z,R,PHI,CURV, and ES2
for the two stations with maximum ES2. . (DS2
is the value computed during the previous
iteration.)
>2 Print the above information for
PDUM(8) <€q% PRTES2. (B,RHS and DS2 are .
" the values computed during the previous
iteration.)
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. PRTA ™ Subroutine IAD

~ #0 Print matrix solution for DS2 at
end of each sweep. This indicator
is turned on internally if
NSWP > MAXSWP - /NM - 2

PREFIN Subroutine REFINE

'#0 Print diagnostic during streamline-
refinement “for
PDUM(8) <€,< PREFIN

PREFN2 Subroutine REFINE

¥0 Print diagnostic during orthogonal
line refinement for
PDUM(8) iglf_PREFNZ

SSONIC : Subroutine BRHS
=2 Suppress area scaling for ES2
calculation
PDUM(1) ~ 'Subroutine SLC

>1 Print ZB,RB,ANGD,CURVD during
iteration for stagnation point location

=1 Print results of curvature calculation

=2 Print results of supersonic curvature
calculation

=4 Print curvature results if point is a
stagnation point or the termination of
-a partial orthogonal

PDUM(2) ‘Subroutine IAD |
#0 Print final matrix solution for DS2
PDUM(3) Subroutine MCOEF
~ #0 Print influence coefficients Ay,...Ag
PDUM(5) Subroutine MCOEF

>1 Print influence coefficients, G, relating
streamline point movement to the negative
of curvature

=3 Print above information for partial
orthogonal points only

=4,5 Print above information for lst and 2nd
points upstream of leading edge

PDUM(6) Subroutine ADJWF
‘ #0 Print results of flow adjustment iteration
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Parameter

Description
PDUM(7) Subroutine REFINE
‘ #0 Print velocities, stream—function after
refinement
PDUM(8-9) Subroutine FLOBAL
Print flow balance related data if
PDUM(8) <&.< PDUM(9) and
PDUM(8) *PDOM(9) # O
PDUM(10) Subroutine BUILDT
#0 for printout of tables described in
Section 5.1 after they are first constructed
=2 for printout of all tables at end of
solution
PDUM(11) Subroutine FARFLD
#0 Print coordinates, slope, velocity on
the far field boundary
PDUM(12) Subroutine MCOFF
' #0 Use spline influence coefficients even
~ 1if SSFML = -1
PDUM(13 Subroutine FARFLD .
#0 Use "linear'" interpolation on the far field
- boundary
#0 Use "least squares parabolic" interpolation
; ‘ on the far field boundary '
PDUM(18) Subroutine FLOBAL
=1 for calculation of normal shock total
pressure loss for transonic compressions
PDUM(20) Subroutine FRFDNZ '
_ - #0 Print matrices used in far field solution .
PRPRN Subroutine WRIOUT ' '
'#-1 Print field information at each station
7.1.3 Boundary Coordinates - ’ ‘Input Sheet 2

The first card of this input set is a header card containing a2 in

column 2, the word BDY starting in column 4, the boundary name in colummn 14,

and the channel name in column 24.
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Card Column .Description

2 ' 2 - Denotes boundary input A
4 A 3 BDY - Denotes input type |
14 Boundary name, 1-6 alphanumeric

characters '
24 Channel name, 1-6 alphanumeric

characters

The header card is followed by the NAMELIST $A and the associated input for
the specified boundary. The NAMELIST is terminated with a $ in column 2,

Parameter . Description

UPPER Boundary position
| UPPER = T Upper boundary
UPPER = F Lower boundary
ZRONLY Geometry ihdicator ,
ZRONLY = T No surface angle 1nput'
ZRONLY = F Surface angle input

Two options are available for the input of the boundary gedﬁetry. Either
the coordinates and the surface angle (measured from the positive x-axis)

may be input, or thé coordinates alone may be input. In either case the

points must be input accurately. The first option (ZRONLY = F) is preferred.

With the second option (ZRONLY = T), a beam is fit to the input points to
determine the angles and, in the process, the beam fit angles and curvatures
are printed. To determine whether gAsuitably smootﬁ curve has been fitted
to the points, the user should examine the curvatures and make sure they

are reasonable. In general, the points should not be closely spaced except
as required in regions of high curvature. 1In these regions, the angle‘

change between points should be less than 25 degrees.

The NACA Series 1 cowl coordinates are stored internally, and may be
selected by specifying ZRONLY = T and B(1) = 991, 1, followed by the high-
light coordinates and the coordinates'of the maximum diameter. If the cowl
is to be extended beyond the end of the Seriés 1 contour, the "maximum»

diameter" coordinate is repeated and then other coordinates are listed. -
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Boundary coordinates.ate normally input in tabular form using the B bléck

as specified on input sheet 2. All points must be listed in the streamwise
direction for each boundary. Points at sharp corners must be listed twice,
once for each angle which ekists at the point. Normally, pressure and Mach
number distributions will be printed at each orthogonal intersection with

the boundary. Orthogonals may be forced to coincide with boundary points

by listing the point twice in the input and setting DBLPTS = 0. (see optional
bouridary input). | ‘

The column names in the B arrary are Z (or X), R (6r Y), and ANGD. .
Parameter Description
B(1) Input block for boundary data

) column 1 Z or X coordinate
column 2 R or Y coordinate

column 3 Ahgle or slope of surface

If desired, the data in the B array may be input in "free form" using the
symbolic names associated with the appropriate columns of the B block.

Parameter. ’ Description
R Normal (radial) coordinate (axisymmetric)
Y Normal (vertical) coordinate (Pianar)
Z Axial coordinate (axisymmetric)
X Axial coordinate (planar)

ANGD Angle or slope of surface

Boundary data input via the B block will override corresponding data input

in the "free form".

Optional Input

VOptional input parameters, not shown on input sheet 2, are available to
apply linear transformations to the input coordinates. Also, input control

may be specified to.force orthogonals to be placed at selected boundary input
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points. This is accomplished by repeating the coordinates in the boundary
input and specifying DBLPTS = 0. Normally, DBLPTS = .01 forces removal of
extra orthogonal stations where the angle discontinuity is less than .01

degrees.
Parameter ' Description Bgfset
DBLPTS Double point tolerance. Double points 0.01
will be deleted if the angle diacontinuity
is < DBLPTS (degrees)
ROTATE "~ Angular rotation in degrees
ZPIVOT Coordinates of the pivot. point of
RPIVOT rotation . |
SCALE Multiplicative constant to be appliedito
: the coordinate data
ZTRANS Translation increment in axial direction
RTRANS Translation increment in radial/vertical
direction
7.1.4 Channel Flow Properties ' N Input Sheet 3

Thé first card of this input set is a header card containing a 3 in
column 2, the word CHN starting in column 4, and.the_channel name starting

in column 14.

Card Column Description
| 3. - Denotes channel input
CHN - Denotes input type
4 - Channel name, 1-6 alphanumeric
: characters

Channel flow properties are specified in the follcwing NAMELIST A,
which is terminated with a §.
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Preset

Parameter Descriptiqn B ‘ Value
GAM Ratio of specific heats ' 1.4
RG Gas constant 1.0
TTO Total temperature normalized by

freee stream static temperature
PTO _ Total pressure normalized by free
8tream static pressure
MACHO Mach number
TSO . Static temperature normalized by ' 1.0

free stream static temperature
PSO Static pressure normalized by free . f 1.0
"stream static pressure '
Specify either TTO and PTO (if known) or MACHO, TSO, and PSO if the‘Méch
number is known. When these options are not used, the second obtion is
employed with the free stream values of ?TO and TTO computed from the
MACHO supplied in the overall input data (sheet-1).

. . , Preset
Parameter " Description Value

AQ . Nondimensional flow area normalized by

the product of m and the square of the

highlight dimension. For plane cases

input AY /AY.,,. Por inlets AO- mass flow

o HL .

ratio. : '
The flow is computed using the total properties as determined from the
supplied Mach number, MACHO, and the flow area A0. If input data are not
supplied for a given channel, the reference properties on input sheet-1

" will be employed‘with'the area calculated at the entrance station.

Individual sets of Boundary and channel data need not be input in any
particular-order. For example, boundary input for the upper and lower
surfaces bounding a given channel (input sheet 2) may be followed by the
input for the pertinent channel (input sheet 3). While arbitrary placement

of these input sets may be used, it is well to develop some standardized

conventions for the sequential input of boundaries and channels. This will

be discussed further in the following section on special user instructions.
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7.2 Program Outbut

The output from the STC program may be logically dividedlihfd the‘,
following six sectionsﬁ ' |
'1.) Card input and preliminary printout.
~2.) Input and calculated bogndary coordinates and angles.
3.) Solution history
4.) General input ;nd 6utput data

5.) Flow field data along orthogonal lines

6.) Calculatéd'flow data along field Boundariea and final channel
momentum balances. :

The above sections appear sequentially in the output except when

PRPRN = ~1. 1In this case, the print of the flow field data'along orthogonal

lipes is eliminated and the céiéulated boundary information follows. the

general input/output section.

7.2.1 Card Input and Preliminary Printout

A

The initial section of output consists of a card image print of the
problem input and a designation of the tape input/output file selections;
%%z, TAPIN = § and TAPOT = § . Upon completion of the card image print,

. the file TAPES is rewound to its original positionm.

7.2.2 TInput & Calculated Boundary Coordinates & Angles -

Boundary coordiﬁates are processed and printed as they are read. The
columnar output displayed for each boundary consists of the input coordinates
(X,2), (Y,R) and the inéut or calculated body slope (ANGD) in degrees.
Preceding these items is a bold heading Specifying BOUNDARY COORDINATES, the
boundary name (BDY = name) , thé adjacent channel (CHN = name), and whether
the surface is an upper (UPPER = T) or a loﬁef (UPPER,-_F) boundary. When
the ZRONLY = T option is in effect, 1ntérmed;ate printout will»be produced
defining the resulté of the beam curve fit to the input coordinates. Since

no smoothing is applied to these coordinates, the only meaningful output 1is
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the (X,2) (Y,R) and the'calculated sngles (ANGD) . Break points in ooundaries
(donble points) enable. the curve fit of a boundary in segments. The consoli-
dated output, consisting of the collated boundary data for allfsegments}

follows the above intermediate printout. The NACA Series 1 cowl coordinates

(ZRONLY = T) appear as 40 points in a form similar to that described previously.

Normally, the solution history (described in Section 7.2, 3) is printed

as the next section of output. When far-field boundary conditions are applied,
howeyer, a comment is inserted in the output designating the original trans-
verse location and streamwise extent of the far field boundary:. Prior to
calculation, the upstream and downstream limits of the far field streamline

. are extended to insure that the velocities are well behaved'at the stream-
wise ends of the STC integration region. The coordinates of the resulting

far field boundary are printed below the above comsent.

7.2.3 Solution History

The solution history output provides a convenient summary of the problem
history as the solution proceeds through major grid refinements and inner
iterative improvements of the flow balsnce. Included in this section are the
parameters defining the grid refinement, the inner iterations, the grid
othogonalization, the flow balance errors, and the matrix solution. The'
pertinent variables in their literal order of appearance in the solution

'history list- are:

Variable Description

NREFIN - Grid refinement level

GRID PTS | Number of field points :

INRCTR .~ Inner (flow balance) iteration level

CNVF : R Convergence factor on streamline movement

RMS-DS1 ) Root mean square point movement along streamline

_ "before damping

MAX-DS1 . Maximum point movement along streamline before
o damping ‘ .

MAX-DS1 Maximum point movement along streamline after

o damping :
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Variable., - . Descripti
ariable scription

LIM-ES2 ' . ' Limiting streamline ESZ for satisfactory

' "solution of the flow balance
MAX-ES2 e Maximum ES2 predicted by flow balance
MAX-DS2 -fa Maximum streamline correction predicted by

.the matrix solution for DS2. = 0. when INRCTIR = 0_

k!
NSWEEPS Number of iterative sweeps for solution of the

matrix equations. = O when INRCTR = 0

7.2.4 General Inpht and Output Data
The output in this section consists of general input and a summary of .

selected output parameters. All of these items have been defined previously
in Sectlons 7.1 and 6.0, hence only the general subdivisions of this
printout will be listed.

a. ) General input : Section 7.1

b.) Streamlihe End Conditions Section 6.0

c. ) Supersonic Curvature Section 6.0
: Parameters

d.) SubsonicySupersonic : Section 6.0

' Branch Selection .

e.) Grid Size Criteria Section 7.1

f.) Memory Utilization

The memory usage in terms of field points, STC table-storage, and
number of streamlines is compared with the maximum available values

of these parameters.

g.) Convergence Data - Section 7.1

h.) Special Boundary Options

The GE version of STC contains é number of special boundary options
in additién to the hard wall and the far field. Only the>hard wall
and far field have Been'explicitly implemented in the NASA Langley
version of STC, due to limitations on the hollerith input capabilities
of CDC NAMELIST input.

i.) Matrix Solution Section 6.0

83



j.) Contents of Channel Section 6.0
Input Table o

k.)_ Channel Flow Rates, _ :
Pressures and Temperatures C

lncluded'in this outputvare the channel flow rates and the pressures

and temperatures in each individual channel. Note that the flow rate in a
given channel may be adjusted to satisfy the Kutta condition atva trailing.
edge. When dimensional properties are input, the columns denoted PT/PSO and
. TT/TSO have units compatible with the dimensions of the input gas conmstant
RG.

7.2.5 Flow Field Data Alongzprthog al Lines

Flow field data on orthogonal lines are printed when PRPRN # 1 The
first portion of output on each page consists of the program name (STREAMTUBE '
CURVATURE PROGRAM) and the problem identification. The STC program uses an

' auxiliary coordinate system (51, £ ) as a numbering scheme for orthogonal
lines and streamlines, The coordinates 51 = XI1 and 52 = XIZ ‘apply to the-
orthogonal lines and streamlines respectively. Following the problem identi-
_fication is a heading with the constant station value 51 = XI1 along with

the channels through which the given orthogonal passes. Primary (initial) ‘
orthogonals are flagged with ** after El At the extreme right.of this line.
of output is the flow type; viz., SUB = subsonic, SUP = supersonic, or

CHOKE = choked Pertinent data from the field arrays are printed‘in column
format. Stagnation points do not appear in the floﬁ field outpnt.‘

Variable Lo Description :

X12 | ' Streamline numbering coordinate £,

STRM FNCT . "~ - Dimensionless stream function; fraction of flow
in channel ’

X, 2 - Streamwise_coordinate _ N

Y, RV- o .- Transverse Or Cross stream coordinate

PHI - Flow angle, deg. - a
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Variable ' Description

CURV Streamline curvature

PS/PO ‘Ratio of local static pressure to reference

static pressure

- - PS/PT : Local static to total pressure ratio
TS/TT © "Local static to total temperature ratio
— : CP . Pressure coefficient .
P -P
-— s ©
Compressible
1 P M 2 .
E‘Y 0o
P -P : .
8 © .
' — Constant density
- . . PM (y =0) !
- . 0 MACHA < .1
4 MACH . Mach number
AREA Flow area
PTQPTO : Channel total pressure ratio

For-primary orthogonals, the axial and normal momentum fluxes are

printed following the field data. These items are:

Axial Momentum Flux = fV cos ¢ dw +f(P-Ps) cos ¢ dA

Normal Momentum Flux =f\'l sin ¢ dw + /(P—Ps)- sin ¢ dA -

85



7.2.6 Calculated Flow Data Along Field Boundaries-Final Channel Momentum.

Balances

The final section of standard output includes the flow parameters on the
upper ahd lower streamlinés bounding each channel. Normally the boundary

data follows the field data. In the case of PRPRN = -1, however, the boundary
information is printed_immediately after the general input/output section.

Thfee iines of identification information head the boundary data, and

consist of the program title (STREAMTUBE CURVATURE PROGRAM), the specific
case identification, and a designation as to whether the boundary is an uppér
or lower porti&n of the given channel. The streamline coordinate (XI2) is
given following the channel name. Boundary flow parameters are printed at

orthogonal intersection and consist of the following items:

Variable Description
~XI1 S 7Orthogona1 (station) numbering coordinate (g )
S1W " Distance along boundary .
XW, ZW ' "Axial coordinate
YW, RW . Vertical or radial coordinate
ANGW ' . Flow angle or surface slope
CURW A  Streamline or surface curvature
PS/PO , : Local static to reference pressure ratio
CP . Pressure coefficient
C_= 2(p-P )/yP M 2
P 8 80
2 - |
C_= Rg(P-Ps)/P M (y = 0, constant
P s density)
c =0 , M <.1
P ~ o
PS/PT L Local static to total pressure ratio’
MACH , . Local Mach number ' o
PT/PO - Ratio of local total to reference ‘static
_ : ' pressure
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The cumulative drag/thrust is printed in the column labeled CDPI. The

force is normalized by'the free stream dynamic pressure (q) and the maximum

area based on RM and is given by:

(P-P__;) dA

q Amax

CDPI =
The adjaceﬁt column (A-AMAX)/AMAX is projected area normalized by the
maximum area. Following the column printout 1s the ratio of boundary
total temperature to ambient total temperature. When the boundary 1is
the approach stagnation streamline, the inlet additive drag is printed
below the total temperature ratio. This force 1is also normaiizéd‘by q

and AMAX and is printed for both the upper and lower stagnation stream-
line. ' '

Momentum Balance

The STC program evaluates the thrust/drag on each boundary surface bounding
a given channel aﬁd;then verifies these forces by performing‘an "overallf
momentum balance for each of the fluid streams. The integral momentum
balance oﬁtput follows the boundary output for a given channel. This
}nformation consists of the entering axiai momentum, the integrated
pféésure forces on the boundaries, and the leaving axial momentum. . The
discrepancy between the leaving momentum and the sum of the inlet momentum
and the pressure-area forces represents the net error in the calculation.
This error may be attributed to inaccuracies in the computed pressuré
distributions . or, perhaps, to insufficient refinement of the calculation

grid for adequate resolution.
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8.0 PROGRAM MESSAGES AND ERROR CODES

8.1 Parameters Deseribing Splution Status

The solution history output, described briefly in Section 7.2.3, contains a

summary of how the solution is proceeding. By reviewing this solution status,
the levél of grid refinement and the degree of solution convergence can be
readily determined. In brief, the solution history is like a '"hospital
patient's history" in-éhat the general health of the calculation procedure

is charted here. (See Section 11 - Sémﬁie Cases).

The grid:refinement level is specified by the number of times the grid has
been refined (NREFIN) and by the number of GRID PTS in the flow field. The
number of grid refinements is controlled by MAXIT. The number of points in

the flow field is dependent on the grid refinement criteria specified and

- MAXIT.

The number of inner iterations at any grid refinement level is shown by

INRCTR. These are controlled by built-in tolerances on the flow balance,

but the internal program control can be overridden by inputting NINNER(m)

where m refers to the level of grid refinement.

* The system of built-in tolerances is shown in Figure 8-1. The iteration

- tolerances are controlled by T¢PLINR and by TWLES2 which are input. The

system starts with the maximum streamline movement (MAX-ES2) demanded by the
"flow balance'" in FLOBAL and compares this to a specified limit, L1M-ES2,

If the MAX-ES2 is within limits, the "flow balance" is satisfied and more
grid refinement is called for (if the limit has not been reached); otherwise,
inner iterations continue uhtil the specified tolerance, LIM-ES2, is met

(or- the specified NINNER limit is met). The specified tolerance, L1M-ES2,

is controlled by TOLINR and the current grid size. Thus, the "flow balance"

tolerance becomes smaller as the grid refinement proceeds.

If the grid refinement (MAXIT) criteria is satisfied or the field point limit
is reached, a second tolerahce (TPLES2) defines a final series of inner
iterations., This pefmits a looser tolerance (TOLINR) during the flow field
grid development and then a final tight tolerance (T@LES2) for actual flow

- field definition. The summary of this iteration tolerance is shown as NREF1N,

GRID PTS, LIM-ES2, and MAX-ES2. A scan of the two columns in the flow balance
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(See Section 11 - Sample Cases) shows the decreasing values of MAX-ES2 as the
solution proceeds. Any erratic behavior in MAX-ES2 indicates convergence

problems (the patient's heart is behaving poorly).

During an inner iteration, fhe streamline displacement (or correction)

equation is solved to adjust the streamlines in the flow.field. The results
of the matrix solution are shown as a maximum streamline adjustment (MAX-DS2)
which is actually made and the number of sweeps (NSWEEPS) througﬁ the_matrix A -1
solution (IAD or LRELAX) to reach the final solution. Also shown is the cumu- '

‘lative time to complete the calculations at each level of refinement. » “5

Three other columns, titled "orthogonolization'", summarize the orthogonal ad-
justment in PTMOVE. This history is informative, but does not identify so- .. o
| i

lution problems usually.

Under certain output obtions, the diagnostic printout includes a liné of so- - ‘ mg
. ) . §
lution history at the end. Since the history is not summarized neatly on ,
one pagé, care musf be exercised in seeking out the solution history inter- ' i _;
- {

‘spéréed with the diaghostic output.
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STC ITERATION TOLERANCE

L e— e

Continue grid refinement if:

(a) MAX-ES2 < LIM-ES2

or INRCTR > NINNER (NREFIN)

and (b) NREFIN < MAXIT

NOTE:
LIMES2
CLEN"-

has not been satisfied or
field point limit has not

been reached.

|
|
|
I
| .
| and (c) grid refinement criteria
|
]
}
]

—_— e e me e — — — m———— e e

- —— - =9

e e ______r. —e— e e -__.'

FLOBAL

I
I
|
|
|
|
I
|
|
}
4

- — =~

3. Otherwise |
' calculation |
is complete |

-
]

|

|

' |
1

-

e

WRIA

TPLINR* [Current Grid Siza

characteristic grid interval
length; it is equal to the a
average of the SGR's & SGZ's,

—t

| 1. Continue inner iterations if:

(a) MAX-ES2 > LIM-ES2 and’
- INRCTR < NINNER (NREFIN)

!

|

| or (b) grid refinement criteria is

I , satisfied or field point
limit is reached and

I MAX-ES2 > TYLES2*CLEN

|

|

‘TPLES2*CLEN = final tolerance

i MCOEF

TYLES2 are input items.

Fig. 8-1 Iteration Tolerance
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8.2 STC Error Processing

In general, the occurrence of an error during processing will cause
termination of the prbBlem. Each of the main links contain an error
print routine which will print the STC tables and the field tables~

to assist in diagnosing the problem. When the error occurs in overlays
subordinate to (0,0), an illegal computed GO TO statement is executed.
This will cause a MODE 4 abort and a printout of the sequence of sub-

routlne calls preceding the error.

8.2.1 Description of Table Print Format

In general, the information stored in the STC tables consists of mixed
BCD, floating point, integer, and iogical data. A special routine
(TABPRT) is used to print the arrays which may have a variable data
format. The following conventions have been established for the outpﬁt

format on the CDC machines:

Data Type o Print Forﬁat

Integer , Integer (I12) Format

Floating Point E or F Format, depending .
on the magnitude of the
number.

BCD - Hollerith characters

: S _ A6 Format
Logical o TRUE. Variables are

printed as an integer -0

FALSE. Variables are

printed as an integer 0
Note that a floating point 0, an integer O, and a logical.FALSE. are
all printed as an integer 0 since the data type, in this instance, is
indistinguishable." The program listings ( Volume III) may be consulted
to determine the true type of the data should this situation arise
A junk word BITS = 1015 is utilized in the STC program for testing
purposes. This quantity is printed using OCTAL fermat (04) and appears
as 0000. o ' | ’



Since the data tables used in each overlay differs, the error print may
differ slightly between links. The normal order of printed-oufput éohsists
of the general labeled commons, the STC tables (BDYTAB, STATAB, etc), the
JMS table, and the field tables such as R, Z, VM, etc. The error print is
best illustrated by an example of the typical output after an error in

the flow balance (errlays‘(Z,O), (2,1)). The variables'in the printout
may be identified by referring to Section 6.0 or directly to the program
listings. Referring to the example, the initial output consists of the
data in labeled commons/ALLCOM/and/CFB/. This latter common block is used
as working storage by the flow balance routines. The STC tables BDYTAB, .
ADJWF and STATAB appear next. These data are packed in common/CHDATA/,
with the location designated by the limits set in common/IXORIG/. Note
that the relative location within /CHDATA/ is printed as the extreme

left column of numbers. Following the STC tables are the /SLTAB/
streamline table and fhe JMS table denoting the upstream/&ownstream print
connections through the field. The JMS table is followed by the data stored
”;i? khe field tables S1, SZ, Z, R, PHI1, CURV, VM and B. The final printout
ﬁznsists of the labeled.common /ERASEZ/,:used as temporary storage by the
flow balance routines. Following the output, a mode 4 error is initiated

'tp obtain the subroutine backtrace.

Common /TROUBL/ contains two logical variables ERR and INERR which may be
set to .TRUE. during processing. In this situation, the job is terminated
-normally in the main program. The table printout is preceded by the
comment ERR = T, ERRLOC = nl,.LENTRY = n,. In this comment,'n1 and n,

are integers denoting the location of the last overlay call in the MAIN

program and the current LENTRY setting (see listings).

8.2.2 Location & Explanation of Specific Error Comments

As mentioned previously, input or calculation errors will result in the
termination of the broblém. The locations (subroutine name) and description
of error conditions are given in the following table. Included are suggested

corrective measures (where possible), description of comments preceding the’
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‘table print, and a designation of Qhether the error is FATAL or NON-
FATAL. One specific problem deserves further comment. When the
iterative solution of»the matrix equafions for streamline point movement
is in troublel(NSWP -+ MAXSWP), a print of the solution matrix‘(DSZ) and
the maximum DS2 will start appearing in fhe printout. Subfoutine IAD
is structured to detect this problem aﬁdlprovide the iteratioﬁ;history
over a complete cycle as the solution proceeds from over-rela*ation to
under-relaxation. In'this case, the problem méy usually be detected by
inspection of the solution matrix. Appropriate corrections would be

to input a RHOBAS.larger than the preset value or preferentiaily sweep
the field in a single direction. .

94



*a1qe3 43a9doad

141l

pP2309au0d ul Judsaad jou yJouueyd pajysoanbax 103 sarlaadoiag oN d Gzl
| , . oN a 0TS 108S1
*1egn8uls ST XFI3jBW UOTINTOS PIIFI aed ON a . 1 ANIIVH
| * sTPu080Yy310 IJUSPFOUTO) s9X a (8T 140S4g
-ou teuofoyizo o3 Buypiodoe paiapio
aq jouued sjutod Axepunoq pue ‘@8pa Buirreaa ‘a8pe Buypes sax d 09Y
*andut ¥o9y) °SnNONUIIUOI Jou ITqel Alepunog s31 d 09¢ aviaid
‘0T Pue G°Q
uaaml9q 30U Y 1939WBIEJ °POIBRIDGUIT 9q JoUUBRD INOIUOD T SITAVS sax d - 08 TSy4s .
‘a8ei1o03s
Po1BO0TTE SP9adXa UOFIVI2S HIOWS Woi3 s3jutod andino Jo iaquny sajx d 0€0T AX0IHd
W
N */9ad0dsSn/ UT SITUIT
a8uey)y ‘*91qe3 Induy Touueyd 103J 981035 OTQEI JUITITIInsSul sax d 0S6 oy
*L1epunoq uaAI8 103 Induy 23BUTPIOOD ON sax 4 GG asy
*NHD 10 1@g 3ou paed I1apeay Induy uo PIard puodsg sa) d ooYy ANIQTd
,uanma uoT3e1S 3yl ur juesaad j0u uOTIEIS paisanboy oN d YA IXVLS
*21qel uoFiels ayz uj juasaad jou uojlels paiysanbay ON d oct ONVLS
*31Wy] por3roeds ueyl 1a3e918 SUOT3IBADIT JO Iaquny ON - d .¢q WTI1d
_ *arqe3 X ur juyod T £Lyuo 3t
ind20 OsTe TITM °X Se 19pao awmes ufl jou DY - uorieadajujg oN d 611 1I1ddS1
*sat8ue mo1J snotands 103 Leaie TIHd X29yD oN a 0S ENVIV
‘uan¥B aae Buyales AYINIT pue ﬁHmu.%mﬁum>o ISBT 2yl " I=934 ON d Z1 VIL1S
. *ON jusmej3e3g
JusuWmon 1s9aeaN aweN
3 913100dg ad£] uol3led0] SBuTINOIQNG

S9INSEI 9ATIVA110) lo/pue uoridyadsa(q . «

95



* lowow PaIBOOTTE SPaddxe safiredoid PazooAucd wo wwnmhuu J1e3s9y S3X . d 06T ANOOSY
‘ . . A ~ -Tealajug . - .
pu2 ue uyt padeld jurod ‘PpuUNOJ 3JOU UOTIDISAIIUT Liepunog sax N 0ST
. *a7qe3 Aiepunoq ur 3juasaid jou 2weu [auURY) . - - . ON a “goT ,_ 190
punoj j0u TPUUBYD SUTPUNOQ SPUTTWEIIIS o oN d . 0L NHDAOF
ON 4 968
ON | cL8
ON d 998
~ pa133junodus Snipel u>wumwmz s9% | d GES
oN a 0z8
ON 4 0eL
ON O 0ZL
ON d 69
ON | 989
oN El %S9
ON 4. 9
oN d 009
.ﬁwccm:u uaayd wom”vcsow jou sa8pa wcwuumccoo . S99} a 196 A
*Ta2uueyd uaATE8 103 punojy jou sa8pa 3uridduuo) SaX Jd LTS Sara1q
*Tauuey> uanflld 103 ainssaad HmuOu speadxa aanssaid d13eIg - S9% d 8T
. A * S3INUTIUO0D
UOTIBRTNOTE) °SNTEBA PIOy> UBY) 1938218 33BI MOTJ Iauuey) sax . N €81
+3ndutg .Hw.ccmzu }O9Y) -pPauUIIIP 30U JIUUBYD USAT3 10J 2381 MOTJ sax 4 | 00¢ ANODH
“ON juowel el s .
JuauWmo) : 31sa1eaN aweN
S3INSE3l SATIVII10) l10/pue cowuaﬂuuwon. o13T1o9dg ad£] uoTjEdO07 DSUIINOIQNg

96



‘payoeax uﬂaﬂﬁ_wcﬁﬁammpum sax N oLT

‘[N ueyl a923eaid 1S 3wc.wo X9pul SUITWE3IIS - ON d 09T
*uorje3ls uaayd .
e Teuo3o0y3lio Mmdu B MOTIE Jou saop JTwy] 29e1031s a[qel uollels sax N ovvT
ISTTaweN
sa} g LA ANIITE
* Liepunoq aya wo Spus 9yl puoLaq pua3IxXe suoriels Liewtid - ON 1 8¢cE
*(1 > ¥IJ[VH) P23eUTWIa] UOTIBTNOTED ‘JUBWABULIaL ‘ q
PTa8 35113y 3JI -oIqeuosesiun juawaaom jurod Jo apnjytuldey sax N vIEE -
| | oN i 80€€
ON Ed 90€€
. *durTWea13Ss
aTqnop B 3e syiBual pue saf8ue feuoBoyizio a3ed0Ta1 03 IanTred oN d . 81¢
M *3UTTWEa13S TOIJU0d ON oz. d o€z AAOWId
ON d ott
ON d ot¢
ON | 0€Z
ON d 01¢ VISNI
*37qe3 Alepunoq 9yl Ul [eBAIIIUT umaoum mumUOA ou.wusﬁwmm o ON d St . W1dxag
papa9dXa UOTITPUOD BIINY JO UOTIOBISTIBS 10J SUOTIBIAIT JO Iaquny =~ ON S d 0S . _ IVIMAN
*ajex Baﬁm anduy 19sn ueyl ss9] 9381 MOTF PaNoyYn sax N 782 AMCav
*aoueTeq molJ Buranp aanjeaadwaz d>r3els aariedaN oN J 06S
*pe33twaad jou Aiepunoq PYaTI-iBJ 1dMOT OoN a vES - IV40o1d
*uoTIBIS USAT3 3B Ioyd paidadxaupn sax N .oow “ ZIMCQY
'“ON jusu®lels
Jusumo) 3sai1eaN ameN
S9INSEI| 9ATID3110) 1o/pur uoridridosaqg . 21310°dg 2d£], uoT3EdO] SurInoiqQng

97



*aurtds °oIqnd uo m=0ﬁuﬁvaou L1epunoq snoauoixy

(uot3ea8ajur)
X Se 19pI0 3WES UT J0U DX °PI3IEBLVOT 3JoU 3Tqe3 X UT TBAILIUI

. *papeadxe 1tuyp] daoms cowuﬁﬁom

: v . : : *9ZTS
vﬁuwoﬂumﬂumuumumzocm:uumummuwuumaw>oam=waamwuumE:Eﬂxnz

*o1uosiadns Laxepunoq pyayj-1ed
*JOXVH uey3 123e218 aujl TeuoBoyjio ue uo sjurodysam Jo °ON

*jurod uorjeuldeis jo uopirsod Jupied07 uyp 1011y

oN i o s¥agnd

oN & o0zt 114D
oN- - i s€z

oN 4 wwm. avl
s9x i %6 2300K

oN i 09 © 14011S

oN a

8hT 218

S9INSEIR 9ATIDAAI0) 10/pue uoTIdradsag

*ON USuRIe}S .
Juaumoy) 1S3IBIN awey
o13ToReds adgg, uoTIEd0T BurInoaqns

98



8.3

Example - Error Print-Out
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9.0 OPERATING PROCEDURES

The STC program described herein may be ruﬁ on any Control Data 6400/

6600 machine operating under SCOPE 3.0 or a higher level operating

system. In general, operating procedures and control card set-ups will
differ from site to éite. The following comments on program modificationms,
deck set-ups, and operating instiuctibné are restricted to the program as
installed at the NASA Langley Research Center. Minimal changes should be

necessary for successful installation at other CDC sites.

9.1 General Operating Procedures

Two versions of STC are available at the LRC computer site, both residing in
source and absolute biﬁary form on permanent file (data cell) disc storage.

The first version has a maximum flow field data storage of 300 grid points, and
may be run from the LRC remote input stations using a job field size of

708K locations. It is expected that this version will be used to run

problems through the first 2 or 3 grid refinements to.assure that the

program is operating satisfactorilytand the input is correct. For problems

of nominal size, it will be necessary to run a larger versipn of STC at the
cegtrélﬁsite (field length < 70gK).

Theylarger version of STC may be created by recompilation (FORTRAN IV RUN
compiler) of the two block data subprograms which set the size of the STC
table and field point storage (USECDG) and the size of the influence
coefficient arrays used in the solution for the streamline adjustment
(USECDM). As a guide for setting the size of these labeled'commons, a
bench-mark field length of 1008K storage is adequate for a problem of

730 grid points. The commons and arrays which must be altered to increase

the problem size are:
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1.) Block Data USECDG  (overlay 0,0)

Common .,Variable ‘_ . : Table/Descriptidn
/cps2/  cl2 .. Field Table - Streamline adjuatﬁent
/CRUS/ -C16 : , Field Table - Right hand side. of matrix
equation _
/CHDATA/ c9  $TC Table Storage |
/CCURV/ c11 _ ' Field Table - Streamline Curvatutés
/CPHI1/  Cl4 | ' Field Table - Flow Angle
/Cs1/ - C17 o Field Table - Distance along’streamlines
/cs2/ C18 ' Fleld Table - Distance along orthogonal
_ ' lines '
/SLTAB/ c8 ' . Streamline Table - Dimension 3* maximum
' ' number of streamlines '
/eM/  c13 i Field Table - JUS (mesh point comnection)
j o array
/CB/ ; C10 ‘ Field Table - Coefficient B in matrix equation.
/cz/ 20 o Field Table - Axial coordinate (X,Z)
. /CR/ c15 " Field Table - Normal cootdinate (Y R)
/CvM/- c19 _ . Field Table - Velocity

As indicated in the preceding list, 11 variables comprise the flow field
tables. These arrays should be dimensioned to the maximum numbet ‘of mesh
points. The exception is /CDS2/, which must be set to a miniﬁhm of 900

locations.

Note also that /CZ/ and /CR/ ﬁust reside next to each other in memory, as
these quantities are used to determine the»mhximum limit for the number

of field points. For problems with a large quantity of boundary input and/or
a large number of anticipated orthogonal stations, it may be necessary to
increase the size of the STC Table storage common / CHDATA/ beyond the 2046

locations currently allocated. The streamline storage /SLTAB/ is set to

éccomodate 128 streamlines; this should be of adequate size for most problems.

As in the case of /CZ/ and /CR/, the commons /CHDATA/ and /CEND/ must be
located adjacent to one another in memory. These items are used to set

the maximum limit for the STC table storage.
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2.) Block Data USECDM . (Overlay 4,0)

Common Variable: ' Deacriptioﬁ
[CAZ/ Cc42 ' Curvature influence coefficient

A2 '
/CA3/ Cc43 Curvature influence coefficient

: A3
/CA4/ C44 : Streamline flow difference influ-
. ence coefficient A4 :

J/CAS/ - C45 Curvature influence coefficient

A5 . :
‘/CA6/ C46 Curvature influence coefficient

Ab .
/CA7/ C47 Streamline flow difference influence

, coefficient A7

/CA8/ C48 N Streamline flow difference influence

coefficient A8

The dimension of the arrays in these commons should be the same as the

dimension of the flow field arrays.

9.2 Recommended Procedures for Program Maintenance & Modification

As mentioned previously, a source and absolute binary copy of the of the

STC program are stored on the permanent disc file (data cell) at the LRC com-
~ puter center. It is recommended that relocatable binary copies of each
version be maintained_on tape. As changes are made to the program, only
those routines which differ need be recompiled. The relocatable binary »
tape may be updated ueing standard COPYL and COPYN functions, Subsequeht »v
execution from this file willlresult in the creation of a new absolute
biﬁary file which ﬁey,replace the oﬁe currently on the data cell. The -

updated source decks may also be updated at this time.

The source copy of STC contains *DECK cards as the first card of each
subroutine. In running at other CDC sites, the .source file may be

used directly to initialize an update tape. .
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9.3 Standard Executioh Deck Setups

Normally, the absolute binary (overlay) ptogram will be relouded from the
data cell for execution. The suggested deck set-up 1is:

(Job' Card) L o _ :H . ' g
(user Card) . | : ) | L
FETCH (A3727, address on data cell, BINARY, STC)
COPYBR (INPUT, TAPES)

STC.

675 (EOR)

[Input Data)

6789 (EOF)-

As indicated previously, this deck set-up is applicable at the NASA
Langley Research Center computer site. At other installations, the
absolute binary file may be reloade&'from tape. For example, a typical

deck set-up for use on the CDC Cybernet System is:

1

(Job Card)

LABEL, STCOVLY, R, VSN = UT6l1, L = CEl

COPYBF (STCOVLY, STC)

REWIND (STC) ’

COPYBF (INPUT, TAPES)

STC.

675 (EOR) | _ |

[Input Datal o : , : ' : : o -

6789 (EOF)

" 9.4 Restart of STC Program from Data Tape

A partially completed’éTC problem may be restarted using,the output data
tape from the previous STC execution. . The restart tape is obtained by

specifying TAPIN as T on the general input header card and using a file
qafd such as REQUEST or:LABEL to assign TAPE2 to a givgn physicél‘device.
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Of course, the logical file TAPE2 must be assigned with "write permit'" RING .
option. 1In the subsequeht restart task, TAPIN must be specified as T on.the?
general 1nput header card. Also, the input file TAPEl must be defined using
an appropriaté file card (NORING). The input for the restart case should A
consist of the identification cards, the general input header card, and the
first $A namelist. For example, to restart a job after 3 major grid
refinements and run to 5 grid refinements, the example input might

appear as:

2

NAME =J. Smith
ADDRFS = LRC

IDENT = NASA 8 INLET

2 4 14 - 24
1 SIC T F
$SA

_MAXIT = 5,

$

Intermediate output at a given MAXIT level may be obtained by running a-
' restart case and not assigning TAPE2 and TAPEl. 1In this instance, these
files are assigned to disc and switched at the end of each total set of
input. This option 1is also usgful'for changing program tolerances at a

given stage of the calculation.
The preceding example could be run as one case using the following input:

2 . .

NAME = J, Smith
ADDRES = LRC

IDENT =NASA 8 1 INLET

2 4 14 24
1  STC F T
$A

MAXIT =3

$

remainder of case input

119



1 stc T F
$A

MAXIT = 5,

$

Successive restart cases may be stacked in sequence. On all but the
final one, use 1 STC T T as the header card. ‘
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10.0 HELPFUL USER HINTS

10.1 General Comments

The following section is a compilation of information for the user. Many
items have been covered elsewhere, but they will be repeated in this section
for emphasis. The intent is to identify key input parameters so that com~

puter solutions can be accomplished with minimum user problenis or errors.

The primary items of impbrtance are:
1. Smooth input geometry
2. Grid refinement definition
3. Iteration tolerances

4. How to get out of trouble when the solution doesn't converge.

10.2 Smooth Input Geometry

The Streamtube Curvature method uses the boundary or body surface curvature
as the geometry parameter which causes velocity and/or pressure gradients.
Thus, the computer program is very sensitive to changes in curvature. Hence,
an accurate definition of the boundary Eoordinates and local_éngles is imper-

ative if surface curvatures are to be smooth and continuous.

There are two methods to insure smooth input geometry; a) use an analytic
boundary or function with continuous first (angle) and sécond derivatives
(curvature) or b) smobth specified bouﬁdary coordinates by fitting a curve
to the surface points. The definition of an analytic boundary is not al&ays
possible and, in some cases, the intersection of two analytic functions will
have discontinuous second derivatives. (AnVASME‘nozzle is an ellipse followed
by a straight line. The discontinuous second derivative causes.a pfessure

"blip"). Hence, a curve fit technique may be necessary in most cases.

The besf curve fit to use is a piecewise smooth cubic since the curvatures
are evaluated in STC using the same type of curve fit. Hence, the definition
of the coordinates and angles should come froé some such gedmetry smoothing
method. As part of the geometry definition, the curvatureé should be checked

for discontinuities or erratic behavior.

!
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10.3 Grid Refinement

The grid refinement criteria is explained in detail in Section 12. Some

comments on use are appfopriate with reference to Figure 12-3,

First of all; the purpose of the grid refinement‘criteria is to maximize the
grid refinement in areas of interest and to minimize the flow field grid in
areas of smooth flow. By forcing flow field grid points to be used efficiently,
computer table size and storage space is minimized and computer time is reduced.

Also, the flow field grid can devélop without over-constraining the streamline.

The best technique is to first identify the region or regions in the flow

fie;d where a high degree of resolution is hecessary. The geometric grid re-
 finement criteria in this area is set at a value equal to the grid size de-

sired. As shown in Figure 12-3, a rectangular flow field section on the inlet

lip is defined with SGZ = SGR. If a subsidiary plot of SGR vs GR ahd SGZ vs

GZ are set up, the input table is readily developed. In the radial. direction,

SGR is specified at the centerline, decreases linearly to the region of'inferest,

increases linearly to the outer region value and is consfant from there out.

In the axial direction, a similar plot can be drawn. The coordinates of these

‘two plots become the input tables for GZ/SGZ and GR/SGR.

In some problems, the geometric grid refinement must be redefined if éolution
difficulties occur. A demand for excessive grid refinement in'a local area
can over-constrain the deVelopment of the flow field. Only experience will
.allow the user to maké,the optimum choice of gfid refinement criteria for

different problems.

10.4 Iteration Tolerances

The iteration tolerances, TPLINR and TOLES2, have been preset at recommended
values for most problems. As explained in Section 8.1, these tolerances
. control the iteration logic for the grid refinement and the "flq& balance'

~ or inner loop solution.

Usually, if the inﬁut.geometry is properiy defined and no errors are made in
defining the flow properties (such as setting VARY = T in all the channels),

the solution‘proceeds'through several grid refinements with no problems.

122



When the grid refinement criteria and the itér&tion tolerances are incompat-
ible, i.e., the tolerances are very small aﬁd fhe grid refinement has high
resolution in-an area of large stréamline curvature, the solution will show
instability in the definition of streamline adjustment (MAX-ES2 will not de-
crease continuously). The remedy is to change the tolerances or the grid

refinement or both.

One good procedure is to keep the iteration tolerances relatively large during
the flow field grid development and then restart the last grid refinement
with smaller tolerances. Again, experience in use of the computer analysis

will be necessary to provide guidance in how to do this.

10.5 Trouble Shooting

The Streamtube Curvature Analysis has been set up as a user oriented com-

puter program for the solution of relatively complex transonic flow field
problems. Many of the control variables have been preset to the most generally
useful value. Hence, a majority of problems will be solved quickly and ac- -
curately if the inpdts (geometry and channel flow properties) have been de-
fined cbrrectly. But, there will be instances when numerical difficulties

will occur.

Invariably, a large percentage of the numerical difficulties can be related
to errors in defining the geometry or bad judgemént'in selecting the grid
refinement or iteration tolerances. However, when large supersonic bubbles
are present in a transonic flow, con#ergence problems in the inner loop have
been experienced. A dump, very similar to that shown in Section 8.3, will re-
sult. The solution history gives the first diagnosis in that the level of
grid refinement, the number of inner iterations during the last refinement,
and the behavior of MAX-ES2 can be quickly reviewed. Often MAX-EST will_
start to converge and then show instability. By identifying the appropriate
NINNER, fhe solution can be forcéd to the next level of grid refinement by

rerunning the problem with the NINNER control inserted.
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One Qdod procedure is to rérun the program with the MAXIT set to the previous
level of successful grid refinement and convergence, to get a complete print-
out of the flow field, and then to restart the computer program with new iter-
ation tolerances and/or grid ref1nement controls. The example cases in -
Sectlon 11 show a problem solution which has been restarted with changes in

1terat10n tolerances.
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11.0 SAMPLE CASE - PROGRAM OUTPUT .

The following sample case is the analysis of an inlet lip at a free stream
Mach number of 0.80. The geometry is defined as a straight centerline for
the lower boundary of the inlet flow (BDY CNTLN w2 and UPPER = F), the
coordinates and angles for the inner surface of the inlet 1lip, the call for
a NACA I external cowl 11p (CLEX), and a farf:.eld (FF) upper boundary. The
grid refinement has been redefined as shown to eliminate some numerical -

problems. The 1terat10n tolerance is TOLESZ =.1.0. The output print option

is initially set for a summary printout of boundary information only (PRPRN = -1).

The grid refinement level is set as MAXIT = 8. The input is printed out as
the first pages‘of the output.

After eight grié refinements, the solution history and boundary flow con-
ditions are printed out. The solution is restarted with MAXIT = 12 and again

the same printout is requested.

The final iteration keeps the same grid refinement, but decreases the tolerance
TOLES2 = .001 for flow balance convergence, . The print option is changed to
get the full flow field;’ These results are’printed out as shown.

A eomparison with test data is shown in Figure 1;-1 for the solution aftef
eight grid refinements (epproximaiely 700 grid_points) and after twelve grid
refinements with the converged flow balance (1100 grid pointék The addifional
resolution near the leading edge of the external lip surface is evident. This
is an inviscid solution so that the oscillations in pressure are defined. A
boundary layer solution indicates local separation and the test data agrees
with this. Once the inviscid solution gets downstream of the separation

region, it matches the test data very well.
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