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1.0 SUMMARY 

An integrated system of computer programs has been developed for the design 
and analysis of supersonic configurations. 

The system consists of an executive driver and eight basic computer programs 
including a plot module, which are used to build up the force coefficients of 
a selected configuration. Documentation of the system has been broken into 
four parts: 

Part 1 - General Description and Theoretical Development (CR-3351) 
Part 2 - User's Manual (CR-3352) 
Part 3 - Computer Program Description (CR-3353) 
Part 4 - Test Cases (CR-3354). 

This part contains representative input and output to illustrate program usage. 

These four documents supersede NASA contractor reports CR-2715, CR-2716, and 
CR-2717, which described an earlier version of the system. 





2.0 TYPICAL CASE AND PROGRAM OUTPUT 

Typical design and analysis cases and associated program output are presented 
in this section. The cases consist of: 

l A wing design and analysis for Mach number = 2.7, in presence of 
fuselage and nacelles 

0 Analysis of configuration employing arbitrary fuselage cross-section 
solution 

Wing Design and Analysis 

The configuration for which the wing design is generated is shown in figure 
2.0-l. The input data for the configuration is listed on pages 13 through 16, 
and consist of: 

0 Wing design at Mach number of 2.7 for C 
with pressure constraints, in presence of s 

= .lO and optimum Cmo, 
uselage and nacelles. A 

RESTART deck is first created, and the wing design is then performed 
using the RESTART option. 

0 Analysis of configuration drag-due-to-lift 

0 Skin friction drag 

0 Far-field and near-field wave drag analyses 

0 Drawing of configuration 

0 Wing pressure sumnary 

The program output has been edited to reduce page count while illustrating 
output format. 

The output begins with a listing of the basic geometry, separated into 
components (wing, fuselage, etc.). An uncambered wing was specified in the 
basic geometry, since the camber surface will be defined by the wing design 
program. 

Configuration-dependent loadings. - Since the wing design case is to be 
performed with pressure limiting and in the presence of fuselage and nacelles, 
the corresponding pressure arrays must be computed. 
program is run first, 

The near-field wave drag 
to generate the wing thickness pressure data (page 20). 

Only the wing geometry is required for this calculation; output for the 
complete 
(page 10). 

configuration from the near-field program is illustrated later 
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The lift analysis program is executed next, to calculate the nacelle pressure 
field and the fuselage upwash pressure field. To obtain an approximate 
orientation between the fuselage and wing for the upwash field calculations, a 
previously defined camber surface was input using the TIFZC = 1.0 option. The 
ANLZ interface program inserts this definition into the basic geometry and 
prints it (page 24). The lift analysis program then computes the wing upwash 
field (page 29), the asymnetric fuselage buoyancy pressure field (page 30), 
the nacelle pressure field (page 32), and the loading on the wing due to the 
fuselage upwash field (page 36). The wing upwash loading is that for the 
basic wing angle of attack with all wing slopes zeroed; i.e., as computed with 
input WHUP = 1.0. The fuselage force coefficients are also calculated 
(page 35), and will be used in the wing design solution. 

Wing design solution. - Much diagnostic output is available from the wing 
design module with print controls used in the program (input APRINT) to 
provide output flexibility. In the typical case shown, the print control was 
set at 2.0, to illustrate output format, and then edited. The design case 
shown uses all loadings; first to generate a RESTART deck, then to obtain a 
wing design for a specific design point using the RESTART option. The 
fuselage is included in the solution. 

The optional pressure level constraint definition was requested. These are 
calculated and printed (page 38). Of the possible level constraints, the 
inboard shock Cp limit and overall Cp level (0.7 vacuum) were found to be 
limiting. The wing design program first prints the input data and checks the 
design and constraint options (the card 7 inputs) for consistency. The 
semispan stations, in program units, at which the camber surface will be 
calculated are next printed, followed by a listing of the component loadings 
to be used and the chordwise locations at which the camber surface will be 
interpolated. Tables of the configuration dependent loadings are also output. 

Five Z ordinate constraint locations are specified in the input. These are 
checked to see if the Y and X values of the constraints respectively, are on a 
computed Y station and a note printed on the planform. (The Y values were 
shifted slightly and a note printed, page 40.) 

The program next computes and prints the flat wing solution (page 51). This 
includes lift and drag coefficients, the lengthwise center of pressure 
position (as a fraction of overall wing length), and the drag-due-to-lift 
factor. Since the fuselage is used in the solution, the aerodynamic center 
location of the wing-fuselage combination (computed in the lift analysis 
program at the time of the fuselage upwash calculation, as noted above) is 
substituted for the aerodynamic center of the wing planform only. 

The program then calculates the carryover lift distribution of all the 
camber-type loadings (page 51), and the associated force coefficients. 

The program next cycles 
page 56). 

through all the component loadings (starting on 
For each, a table giving spanwise distributions of lift, drag, and 

pitching moment coefficients is printed. This is followed by the integrated 
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values of lift coefficient, drag coefficient, center of pressure position, 
drag-due-to-lift factor, the ratio of input reference area to gross planform 

This is followed by a ta'ulation of change with design 'Lb and the 
coefficients associated with all other component 

loadings. The camber surface for the selected loading is then printed, 
together with the lifting pressure 
surface pressure distributions. 

distribution and upper,n;;iriower wing 
The camber surface ' of the 

side-of-fuselage station is set to zero, since it is replaced by the fuselage 
shape. The individual camber surface data are not shown, but have the same 
format as the final solution (page 78). 

The program next summarizes the force and interference drag coefficients of 
all the component loadings (page 73). The order of the data are: 

1) Lift coefficients for all loadings and their respective Cm0 
contributions (for the exposed wing part) 

2) Interference drag coefficients for all wing loadings (page 73) 

3) Drag coefficients of wing-on-nacelle for all loadings (page 76) 

4) Fuselage contribution to wing design point (lift, drag, and pitching 
moment), transferred from lift analysis program (page 77) 

5) Lift, drag, and Cmo contributions of the carryover lift 
distributions (page 77) 

All of these data., plus the configuration-dependent pressure distributions, 
are then punched Into a RESTART deck, and the deck image printed (page 77). 
Only a portion of the RESTART listing is shown since it is quite long. (The 
size of the RESTART deck is a function of the number of loadings, whether 
fuselage is used, number of constraints, etc.) 

With all component loading data defined, the program then solves for the wing 
designs requested on card 7, beginning on page 78. (If the design case is run 
from a RESTART deck, the program solution commences at this point.) The 
solution conditions are sumnarized (i.e., CL, Cmo, Z constraints, etc.), 

followed by the optimized values of Cm,, KE (drag-due-to-lift factor, 

co/cL2), and the associated loading combination factors Ai CL . 

The respective contributions of exposed wing, fuselage, carryover lift, at!d 
nacelles to the configuration are then printed. 

The solution pressure distribution is next printed and scanned for pressure 
constraint violations. If any occur (either in level or gradient), they are 
noted in the right-hand margin. At the conclusion of the pressure 
distribution print-out, the locations and magnitude of the largest solution 
pressure level and gradient are noted (page 91). If violations of input 
pressure limits occur, the solution repeats with a constraint added at the 
location of worst violation. 
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For the test case shown, 
RESTART. 

a wing design was obtained in a subsequent run using 

deck, 
Since all of the basic solution data were preserved in the RESTART 

it was not necessary to recalculate the configuration-dependent data. 
The RESTART deck is valid for any case having: 

1) The same or fewer loadings (order can be changed) 

2) Same fuselage geometry, angle of attack, and side of fuselage station 

3) The same or fewer Z constraint locations (order can change). The 
value of Z at these locations can also be changed 

4) Any CL, Cmo or pressure constraint 

In the particular test case shown, the second and third Z constraint locations 
(of the five available) were used. Solution pressure distributions were 
requested for all four camber surface options (CL only, CL plus pressure 
constraint, cL p l"S $jo, cL Plus cmo plus pressure constraint). The 
resulting camber surface for CL + Cp was requested to be output 

and also punched into cards. The inboard shock C 
limit (0.7 vacuum) was requeste!. 

limit was deleted and 
only an overall C 
of .0025 was & 

A C gradient limit 
impos d on the entire wing upper surface. The foading order was 

changed from the case that produced the RESTART deck. 

The output lists the inspection of the loading and Z constraint order of the 
input case relative to the RESTART data (page 81). The data in the restart 
file are then shuffled to correspond to the input case. 

The solution commences for the C L (and Z) case. It then continues by 
applying the pressure and Cm0 constraints. 

In order to illustrate program output, the solution for the wing design 
requested has been edited and is shown (beginning on page 82). The initial 
solution has a number of pressure violations, the worst of which is identified 
at 15 percent semispan and 10.4 percent chord (page 91), and a constraint 
applied there. The solution then recycles, and identifies a second constraint 
to be applied. 

Subsequent solution cycles build up to five gradient constraints, one of 
which, the first one found, is found redundant (i.e., made unnecessary by a 
later constraint), as shown on page 96. That constraint is removed, together 
with the last constraint applied (since it involved a redundant constraint), 
as shown on page 96. The solution continues until the gradient constraint is 
everywhere satisfied, and then checks pressure level. In this case, level was 
already satisfied, so the final solution sumnary is printed, including a 
summary of the twelve largest pressure gradients on the wing upper surface for 
the final solution (page 99). 

After the final optimization solution is obtained, the program calculates any 
requested camber surfaces. The spanwise drag sumnary and force coefficient 
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sumnary values are printed as was done for each of the component loadings in 
the RESTART file generation (page 100). This is followed by a sumnary of the 
source of the force coefficients (i.e., wing, fuselage, wing-carryover lift 
and wing-on-nacelle drag). The pressure coefficients acting on the wing upper 
and lower surface and the camber surface shape are then tabulated for the wing 
grid calculation points. The camber surface is then interpolated at the 
requested percent chord values, and printed (page 112). 

Wing camber surface. - In the illustrative case, the requested camber surface 
design was analyzed in the lift analysis program. The updated definition is 
printed on page 117. In general, the wing shape would first be lofted to 
ensure a smooth chordwise and spanwise surface before the analysis was run. 

Lift-analysis. - Given the basic geometry definition and the camber surface 
o tanned by the design program, the lift analysis program was used to 
calculate the lifting pressure solutions for the complete configuration, both 
tail-off and tail-on at a series of horizontal tail settings. 

The camber surface definition punched by the wing design program was input 
into the lift analysis program. The wing camberline definition at 0.075 
semispan (side-of-fuselage station in wing design program) was substituted for 
the zeros punched by the wing design program in the fuselage region, in order 
to allow calculation of the wing-fuselage intersection. 

The lift analysis program output consists of the input, the wing-fusela e 
intersection definition, fuselage upwash definition (upwash in degrees , B 
fuselage buoyancy field, the nacelle pressure field definition, camber surface 
data, and the wing lifting pressure coefficients. 

Leading-edge suction data for a series of angles of attack are calculated for 
different leading-edge suction conditions: no suction, full theoretical 
leading-edge suction, the Polhamus (vortex lift) analogy, and attainable 
suction. The leading-edge thrust calculation output consists of: 

0 Sectional and total leading-edge thrust coefficients for a series of 
wing angles of attack (page 129). The sectional data are based on 
average wing chord, which is noted in the output. 

0 If attainable thrust data are also requested, the output includes 
normal section data (consistent with the definitions of ref. 1) shown 
on page 128, and the distribution of attainable thrust factor, KT, 
in the same format as the leading-edge thrust coefficients. 

0 The configuration force coefficient surnnaries are expanded to include 
the leading-edge thrust effects at various angles of attack (pages 
141 and 142) for both the cambered and flat wing solutions. 
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The force coefficient sumnary, 
shown on pages 139 and 140. 

tail-off, and without leading-edge suction, is 
The program first prints a table of lift, drag, 

and pitching moment coefficients for the wing at the input incidence, and also 
per degree angle of attack (flat plate solution at 1 degree). The increments 
due to the nacelles are also printed. 
fuselage contribution added. 

This table is then repeated with the 
The drag terms are then combined into two 

equations (nacelles on and off), and drag and pitching moment coefficients 
tabulated for a series of lift coefficients without wing leading-edge suction 
included. The data with leading-edge suction included follow. 

For the particular case shown, the leading-edge thrust increments for the 
cambered wing at zero angle of attack (CL = 0.096) are very small, as they 
should be, since that is the design condition for the wing. 

The configuration streamwise lift distribution is next sumned and printed and 
further broken into separate sumnations for wing-fuselage-canard, nacelles, 
and horizontal tail. These sumnations are cumulative and are divided by the 
total lift of the configuration. 

The force coefficient and streamwise lift distribution data are repeated for 
each tail angle of attack, together with the contributions due to the 
horizontal tail. 
shown on page 145. 

Data for a representative tail angle of attack of Z" are 

The spanwise lift distribution is printed last (page 154). This tabulation is 
for the wing-canard-nacelles combination 
horizontal tail). 

only (excluding fuselage or 

If the limiting pressure option of the lift analysis program is requested, the 
output is the same except for two alterations: 

1. The data at the configuration basic angle of attack become data at a 
specified angle of attack. 

2. Notes are printed to call attention to the pressure limiting option. 

Addition of a canard to the configuration produces an additional set of force 
coefficient sumnary data; i.e., data are printed both with and without the 
direct canard contribution. 

Skin friction. 
wetted areas, 

- The skin friction program prints input, then a table of 
drag/dynamic pressure (D/q), and drag coefficient, for each 

input flight condition (page 155). 
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Far-field wave drag. - The far-field wave drag program prints an enriched area 
d>strlbution for the fuselage (page 158), then the area distribution for 
different configuration component buildups at a series of theta (cutting plane 
inclination) values. The program next identifies and prints the area 
restraint points corresponding to the case restraint condition, followed by 
configuration data for the input configuration and one optimized subject to 
the restraint points. An optimized fuselage area distribution corresponding 
to the restraint case is then calculated and printed, followed by a drag 
sumnary for the configuration as input and with the optimized fuselage 
(page 165). 

Near-field wave drag. - The near-field wave drag module, for 
wing-fuselage-nacelles, was executed next. The program input is first 
printed, followed by the wing fuselage intersection. Thickness pressure 
distributions for the empennage surfaces are then printed (page 168). 

The nacelle terms are next printed. First the nacelle pressure field acting 
on the wing is output (edited out in this case, since it is the same as 
previously illustrated in the lift analysis program output). The interference 
pressure signatures associated with the nacelles and fuselage acting on one 
another are next calculated and printed, including the "image" signatures 
associated with reflections off the wing surface. 

The buoyancy field of the fuselage acting on the wing is then sutnnarized, 
followed by the wing definition and isolated thickness pressure solutions. 

The isolated fuselage pressure distribution and the wing-on-fuselage signature 
is next tabulated (page 183), together with a running sumnation of the drag 
associated with these pressures. Each of these sums is divided by the total 
corresponding drag value. 

The final drag sumnary (page 184) consists of wing section data, tabulated 
fuselage and nacelle drag coefficients, empennage drag, total drag and wetted 
areas. 

The wing section data, at the solution spanwise stations, consist of the 
isolated wing section drag coefficient (COW/C= drag of the element row divided 
by chord), interference drag of fuselage on wing section (CDBOW/C), 
interference drag of nacelles acting on the wing section (CDNOWK), the sum of 
those section coefficients (SUM CD/C), and the fraction of the total wing wave 
drag for the section. 

Drag of the wing-fuselage combination is next printed, including the isolated 
wing (CDW), isolated fuselage (CDB), fuselage-on-wing interference (cDB/w), 
wing-on-fuselage interference (CDW/B), and the total of those (CD WING-BODY). 
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A table of nacelle drag terms is then printed, giving the isolated wave drag 
and the interference terms for the nacelles at each input origin. 

The total wave drag for the configuration is printed as TOTAL CD. 

Plot program. - The plot program prints the program input and view data. A 
typical drawing from the program is presented on page 4. 

Wing pressure sumnary. - Pressure data corresponding to different 
configuration components (wing, fuselage, nacelles) are listed beginning on 
page 186. Representative wing pressure data from the pressure sumnary program 
are shown for a lift coefficient of C 

l!l 
= 0.10,. at the wing pressure 

locations of the lift analysis output. ese data are shown beginning on 
page 197. Note that the input has a line count limit per page (input DLINE), 
which is used to put a header on each page to identify pressure output. 

Lift Analysis Employing Arbitrary Fuselage Option 

Input for a case illustrating the arbitrary fuselage option and leading-edge 
thrust calculation is shown on page 200. The digitized fuselage geometry 
input option is required. The wing-fuselage intersection is input consistent 
with the fuselage definition. 

For this case, the fuselage geometry is continuous although three segments in 
the basic geometry are used to input the definition. The discontinuity codes 
are therefore input as zeros, and the program creates a single continuous 
definition, as noted on page 205. 

The print codes of the arbitrary fuselage input control the output detail. 
All print codes were set at 1.0, and the output edited to show representative 
data. 

The axisymnetric solution for the equivalent body of revolution at zero angle 
of attack is performed first. The radius and first and second derivatives of 
the body area distribution are calculated and listed, followed by source 
characteristics data and the surface velocity components (u and v) and 
pressure coefficients at 50 equally spaced stations (pages 211 through 213). 

The program next calculates and lists the shape of the fuselage Z reference 
axis, which is formed by connecting the centroids of the individual cross 
sections. 

The cross flow solution is next calculated for all input cross-sections at the 
input angle of attack. A short frustrum of fuselage containing the cross 
section is interpolated from the fuselage geometry and the surface properties 
h, v, w, and Cp) calculated for each defining point on the crosssection. 
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Representative data (the Y-Z pair has been converted to polar coordinates) are 
shown on pages 215 and 216. If the particular frustrum selected is in the 
vicinity of a lifting surface (e.g., within the X boundaries of the wing), the 
properties at the field points of interest external to the fuselage are also 
computed (page 216). These field points are at selected semispan stations and 
are located on the lifting surface, using geometry that was set up in the lift 
analysis geometry interface routine. The Z values shown in arbitrary fuselage 
output are with respect to the Z reference axis, rather than the Z coordinate 
system of the geometry input. 

The axisymnetric and cross-flow solutions for surface and field points are 
combined and printed for the input angle of attack (page 216). The field 
point data are then interpolated to create the lifting surface upwash data 

$3Fic2ile7r!~s 
Surface pressure data are used to calculate the fuselage force 
which are printed for a series of angles of attack (page 220) 

and also reiolved into the lift and drag components acting along the Z 
reference axis, as used in the drag-bookkeeping of the lift analysis program. 

12 
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