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ABSTRACT

The PAN AIR Technology Code (AS02) is a program that calculates flow properties about
arbitrary three-dimensional configurations. The program uses a higher-order panel method
to solve the linearized potential flow boundary-value problem at subsonic and supersonic
Mach numbers.

The aerodynamic solution provides surface flow properties (flow directions, pressures,
Mach number), configuration forces and moments, sectional forces and moments, and
pressures. In addition, A502 calculates flow properties in the flow-field points and flow-
field streamlines. Results are limited to subsonic and supersonic cases (transonic cases
excluded) with attached flow.

This user's manual includes user input data necessary for running A502 on the CRAY
computer, printout descriptions, and details for processing output files. Also included are
sample cases with computer printout.
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1. SUMMARY AND INTRODUCTION
The primary aim of this user's manual is to describe how to use the PAN AIR Technology
Code (A502H) to solve for subsonic or supersonic flow properties about an arbitrary
configuration. The document includes program updates made since the release of A502F
documentation (reference 1), and includes all the A502 program options.

1.1 BACKGROUND

The PAN AIR Technology Code was developed to test a variety of approaches and
boundary value problem formulations for solving subsonic and supersonic flow about
arbitrary configurations. The original user's manual (reference 2) required inputs to be
defmed from setting parameters in a FORTRAN subroutine. The next A502 document
(reference 3) contained both a user's manual and a theory/applications manual. Formatted
inputs, generation of paneling for simple geometric configurations, numerous boundary
conditions, and support programs for post-processing results were available for use.
Following this, additional support programs and numerous program updates were
developed (references 4 and 5).

With increased production usage, the boundary-value problem formulation settled in on the
most economical approach. Also, almost all of the geometry analyzed represented complex
configurations that had to be lofted and then paneled (reference 6). To simplify the user's
document, the A502F User's Manual (reference 1) focused on the most commonly used
options and omitted all the boundary conditions and geometry-generating capabilities.

The present manual is described immediately below in the next section.

1.2 OVERVIEW OF MANUAL

In response to a few experienced users who occasionally use some of the uncommon
features, all the program options have been included in the current documentation. To
maintain the focus for the average user, the least used options appear in the appendices
(similar to the A502F User's Manual).

Other additions to the manual include:

• The most recent program updates.
• Some of recent ideas checked out for analyzing flows with different total flow

properties have been included in the appendix.

Numerous references are given to help with additional understanding of the theory,
application, and evaluation of this method. Some references are for the PAN AIR
program, since the basic problem formulation is the same as A502.

06-54703 BOEING 1-1



1.
Summary and Introduction

Section

To help you locate needed information, a description of each section is provided below:

2. Capability

3. Terminology

4. Overview of an
Analysis

5. Program Inputs

6. Program Printout

Descri ption

Briefly describes program capability. After reading
this section, you should know whether or not
A502 can solve your problem.

Reviews fundamental terminology used in the
program.

Outlines the complete performance of a subsonic
flow analysis.

Describes inputs required to run the program.
These are presented in block form, indicating that
they are either required or optional, with implied
defaults. Each text subsection describes one or
more input blocks. Inputs are also defined in
appendixes C, D, and E.

Describes program output, defining significant
output symbols.
Gives control card decks for executing A502H.

Describes processing of program output files.

Treats a simple wing-body case, with all output.

7. Submitting a Run

8. Processing Output Files

9. Example: Wing-Body
Configuration

10. Example: Power-On Nacelle Treats a simple nacelle and illustrates the results.

Appendix

A. A502 Support Programs

B. Detailed Printout for
Locating Program Errors

C List of All Input Boundary
Conditions

D. Geometry-Generating
and -Modifying Tools

E. Some New A502H
Capabilities.

1-2

Description

Lists and describes various support programs and
files for your reference.

Details A502 printout for your reference.
(Extension of section 6.)

Summarizes all the boundary conditions for A502.
This includes the primary boundary conditions
given in section 5.9.

Describes inputs to generate simple geometry and
modify existing networks.

Describes wake vortex filaments, second-order
wake, and representing regions with different total
pressure and/or temperature.

BOEING 06-54703



1.
Summary and Introduction

1.3 HELPFUL HINTS FOR USING THIS MANUAL

While the ideal aim of the user's manual is to provide easy-to-find answers to any user's
particular questions, the manual must contain a large amount of information to cover the
wide range of user experience. This makes locating particular information difficult and is
contrary to the original purpose of the manual.

Some helpful hints for using this manual are:
• The primary focus of this manual is on how to work through the numerous details

for setting up, running, and post-processing a linear three-dimensional subsonic or
supersonic flow analysis.

• Examine section 1.2, "Overview of Manual," to see what is presented.
• The key A502 terminology is given in Section 3.
• Many sections start off with key information for the entire section. Spending a little

time with the front of a section may help in understanding some of the specific
details.

• Most significant input program options and explanations are placed first in a
description.

• The manual teaches how to run a case by giving examples (computer input and
output) for a simple wing-body and power-on nacelle.

• The appendices contain many of the complete details for input options of the
program and are provided to document all the options. Some of the boundary
condition inputs overlap with the primary options given in the input in section 5.9.

06-54703 BOEING 1-3



2. - CAPABILITY
Program A502 solves the general three-dimensional aerodynamic/hydrodynamic problem
for arbitrary configurations. The program uses a higher-order panel method, based on the
solution of the linearized potential flow boundary-value problem at subsonic and
supersonic Mach numbers. Results are generally valid for cases with either subsonic or
supersonic flow (transonic regime excluded) within the framework of the linearized
potential equation. The results are not usually applicable to cases where viscous effects and
separation are dominant The following subsections outline what A502 can and cannot do
for you.

2.1 WHAT A502 CAN DO

A502 predicts linear subsonic and supersonic irrotational flow properties in regions of
constant total pressure and temperature! about arbitrary 3D lifting configurations.

2.1.1 Flow Properties
• Surface flow properties (on upper and lower surfaces)

- Second-order pressure coefficient (also isentropic, linear, and slender body
pressure coefficients)

- Mass flux components, nondimensional
- Velocity components, nondimensional (option to correct values for velocities less

than freestream)

- Local Mach number (second-order)
- Potential

• 3D surface pressure forces and moments (FX, FY, FZ, MX, MY, MZ)
- Per panel column
- Per network (an array of panels)
- Accumulation of all previous networks

• Configuration forces and moments (CL, CDI, CY, FX, FY, FZ, MX, MY, MZ)
- Input configuration
- Full configuration

• Sectional pressure forces and moments along a user-specified plane (CFX, CFY,
CFZ, CMX, CMY, CMZ, CLC, CDC, CNC, CMC, CLC*CHORD/CREF, CUT-LEN)
- Per network

Total

- Pressures (CP2ND) along cut sections

1A partial implementation has been made for solving flows with different total pressure and temperature
than freestrearn. See appendix E for additional details.

06-54703 BOEING 2-1



2.
Capability

• Flow-field properties for all solutions; may be calculated for subset of surface
networks
- Mass flux or velocity components, nondimensional
- Second-order pressure coefficient

Perturbation potential
- Local Mach number

• Streamlines in the flow field for requested solutions; may be calculated for subset of
surface networks
- Mass flux or velocity components, nondimensional
- Second-order pressure coefficient
- Perturbation potential
- Local Mach number

2.1.2 Program Operational Features
• Solves up to four solutions (different angles of attack, etc.) in one computer run
• Reduces geometric input and computer cost for configurations with one or two

planes of flow symmetry or antisymmetry
• Restarts subsequent solutions from saved data

- Produces additional solutions, etc., from previously saved aerodynamic influence
coefficients

- Solves for flow-field properties, etc., from previously saved aerodynamic
influence coefficients and singularity strengths

2-2 BOEING 06-54703



2.
Capability

2.1.3 Output Files
• Printout
• Surface flow properties at panel center control points; used for plotting
• Pressures at panel corner points, calculated by extrapolation and interpolation from

neighboring control points (GGP)

• Sectional cut pressures versus X, Y, Z, X/C (GGP)
• Sectional forces and moments (GGP)
• Configuration forces and moments summary (GGP)
• Configuration paneling and flow-field streamline paths (A23Q-style)
• Off-body point flow properties (GGP without runids)
• Flow-field streamline properties (GGP)
• Input for A598 boundary layer analysis (binary)
• Aerodynamic influence coefficients (binary)
• Factored aerodynamic matrix (binary)
• Singularity strengths (binary)

2.2 WHAT AS02 CANNOT DO
• Predict flow dominated by viscous effects
• Predict flow dominated by transonic flow effects
• Predict flow with different total pressures; for example:

- Flow properties for a configuration inside a jet plume with supersonic flow
- Flow properties for a configuration inside a propeller slipstream swirl

• Will not automatically determine wake shapes

06-54703 BOEING 2-3



3. TERMINOLOGY
It is of primary importance to understand A502 terminology before you begin any
configuration analysis. The special terminology used for A502 comes from the developers and
the users. It clarifies program processes, configuration representation to the program, and
interpretation of the resulting analysis. A502 terminology contains nomenclature that has
special meaning in this program; it also reviews some definitions familiar to the aeronautical
engineer.

A summary of the terminology is provided below. The list is not complete, i.e., an integrated
top-down layout of terms; but it represents basic and frequently used terminology, an
understanding of which can make the remaining documentation much simpler to follow.
Because of the relationships among some of the terms, the list is organized under major topics.

SUMMARY OF TERMINOLOOY
Pa~e No.

3.1 ABUTMENTS OF DOUBLET NETWORK EDGES 3-3
Abu tmen t 3-3
Abutment summary 3-3
Forced abutment . . . . . . . .. . . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . . . . . . . . . . . . . . . . .. . . .. . . . . . . . 3-3
Liberalized abutment 3-3

3.2 ABUTMENT TYPES 3-4
Full network edge abutment 3-4
Partial network edge abutment 3-4
Identical abutment 3-4
Subset abutment. 3-5
Unabutted network edge. 3-5
Abutments in a plane of symmetry. . . .. .. 3-5

3.3 COORDrnA TE SySTEM............................................................... 3-6
Reference coordinate system.. . . .. . . .. . . .. . . .. . . .. ... . . .. . . .. . . .. . . .. . . .. . . . . . . . . . .. 3-6
XZ and XY planes of symmetry (anti symmetry) .. .. . . . 3-6

3.4 FLOW PROPERTIES 3-7
Velocity vector (VX, VY, VZ)...................................................... 3-7
Mass flux vector (WX, WY, WZ) 3-7
Second-order pressure coefficient (CP2ND)...................................... 3-7
Isentropic pressure coefficient (CPISN)........................................... 3-7
Linearized pressure coefficient (CPLIN) 3-8
Slender body pressure coefficient (CPSLN)...................................... 3-8
Mach number or local Mach number (M, LMACH, MACH)... 3-8
Density (p) . . .. . . .. . . .. 3-8
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