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ABSTRACT

ADAPTATION OF DIGITAL DATCOM INTO A CONCEPTUAL DESIGN PROCESS

BRANDON WATTERS, M.S.

The University of Texas at Arlington, 2011

Supervising Professor: Bernd Chudoba

As implied with open-ended ‘design decision-making’ there are multiple prospective
conventional and unconventional aircraft solution concepts available to satisfy a given mission
specification. The task of defining, assessing and selecting prospective options for the mission
at hand is the primary purpose of the aircraft conceptual design (CD) phase. In addition, con-
ceptual design tends to be fast paced and requires an iterative and multidisciplinary process
structure delivering fast turnaround design-responses. The lack of design information available
during the early conceptual design phase requires the aircraft designer to utilize lower fidelity
analysis techniques that focus on overall correctness of prospective solution concepts (trends
and sensitivities) of a new technology on the design. However, correctly predicting the impact of
gross design decisions on mission performance drivers is a non-trivial undertaking. Further-
more, if the parametric design trends and sensitivities are correctly predicted there will not be a
single solution to a given mission. Consequently, the open-ended conceptual design (CD) pro-
cess tends to be the most abstract design phase throughout the product development cycle.
The Aerospace Vehicle Design Laboratory (AVD Lab) is continuously developing the Aerospace
Vehicle Design Synthesis (AVDS) process aimed at supporting early fact-based decision mak-
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ing. The AVDS methodology contains a data-base, knowledge-base, methods library and pro-
cess library that are utilized in conjunction with each other to arrive at a design solution best
satisfying the mission objectives. The focus of this thesis is on augmenting aerodynamic config-
uration prediction capability within the AVDS process.

The consistent aerodynamic evaluation of conventional and unconventional aircraft con-
figurations throughout the flight regime poses a significant challenge to the designer. This prob-
lem is attributed to the fact that no single aerodynamic prediction tool does exist with the ability
to model flight vehicle configuration choices throughout the flight envelope Given the non-
existence of this ideal ‘unified aerodynamic prediction tool’, the designer has to organize a
methods library instead, thereby dealing with constant method-switching and resulting incon-
sistency issues. There are many aerodynamic methods to choose from with different capabili-
ties and requirements. Digital DATCOM is aerodynamic prediction software with a vast self-
contained methods library for the required methods-switching, but it is restricted to a defined set
of aircraft configuration concept. The methods available in the original handbook ‘paper-version’
of DATCOM can be applied to a wider range of aircraft configuration concepts compared to its
digital implementation called Digital DATCOM. Given these restrictions, this thesis documents
further development of the Digital DATCOM implementation into DATCOM MAX. Development
aim of the ‘MAX’ implementation has been to expand the existing capability towards the ability
to predict key aerodynamic contributions of aircraft components and control surfaces during the
conceptual design phase for a more diverse set of geometric configuration concepts. The B747-
200F verification and validation case study has been chosen because of the richness of the in-
formation available about this aircraft. First DATCOM MAX is cross-verified to match Digital
DATCOM output plus the new prediction capability, using the B747-200F model. Then the cor-
rectness of DATCOM MAX methods is verified against published experimental aerodynamic

data for the B747-200F. A user’s manual and programmer’s guide have been prepared to ac-



company the source code, thereby allowing informed further-development of the software in the
future.

The research presented is a step taken to expand the capability of the AVDS methods
library in the area of aerodynamics by removing selected process restrictions inherent in the
original Digital DATCOM. The objective is to create a tool capable of producing a static and dy-
namic derivative database for a given aircraft design. This thesis identifies the research prob-
lem, the selection of aerodynamic tool for adaption, the modification of Digital DATCOM
FORTRAN 90 source code. A tail aft configuration (TAC) transport aircraft, B747-200F, example

verifies and validates the new DATCOM MAX program.
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CHAPTER 1
INTRODUCTION AND OBJECTIVES

1.1 Introduction and Background

Determining the best solution to an open-ended problem in aerospace is the primary
purpose of aerospace vehicle design. The ‘best’ solution is defined by a mission to accomplish
and can be cost or politically driven. The future of a company or organization tends to depend
on the quality of the solution. This pressure pushes design environments to pursue new aircraft
configurations and concepts aimed at a performance advantage as shown in Figure 1.1. In do-
ing so, the designer must also manage risk when selecting aircraft configurations and concepts

for a particular business case by balancing capability required with capability available.

Figure 1.1 Aircraft Configuration Concepts (1)



To clarify, ‘aircraft configuration’ and ‘aircraft concept’ are defined below by (2).

“The Aircraft Configuration specifies the arrangement of the lift generating surfaces
relative to the positioning, and/or number, and/or integration of the longitudinal control effec-
tor(s) (e.g., Tail-Aft Configuration [TAC], Three-Surface Configuration [TSC], Flying-Wing Con-
figuration [FWC]).

The Aircraft Concept specifies, for a given aircraft configuration, possible permutations
of either lift-, volume-, control-, and propulsion-generating contributors (i.e., possible wing con-

cepts for specific TAC are: high aspect-ratio wing, delta wing, variable sweep wing, etc.)

The Aerospace Vehicle Design (AVD) Laboratory at the University of Texas at Arlington
Mechanical and Aerospace Engineering (UTA-MAE) approaches aircraft design with the aim of
improving the overall aircraft product development lifecycle from conceptual design to simulated
accident/incident investigation (3). The Aerospace Vehicle Design Synthesis (AVDS) methodol-
ogy and software underdevelopment at the AVD Lab is a multi-disciplinary parametric approach
to aircraft design which employs carefully crafted tools to simulate the entire lifecycle of an air-
craft starting from the conceptual design phase (partial reference Amen?). To establish a basis
for this thesis, background information on the aircraft design lifecycle, AVDS, AVD Sizing, Aer-
oMech, and VATES are given in the following sections.

1.1.1 Aircraft Design Lifecycle

The term “design lifecycle” is used in the AVD Lab to describe the development and

operational life-span of a flight vehicle defined by its overall mission objectives. The life-cycle is

divided into six continuous parts (3), Figure 1.2.



1. Conceptual Design (CD)

2. Preliminary Design (PD)

3. Detail Design (DD)

4. Flight Test / Certification / Manufacturing (FT/C/M)
5. Operations (O)

6. Incident/ Accident Investigation (I/Al)

It is important to mention that during the conceptual design, the AVD Lab process simu-

lates all these phases except Detail Design (4).

| | | | | |
L ! ! - ! . ! Flight Test, ! ! Incident/
MI.SS'I(')n } Conce_ptual } Prellm.mary } Det_a il } Certification, } Operations } Accident
Definition Design | Design | Design | L | | L
| | | . Manufacturing | . Investigation
***** - nr-t-—-—_--—---—-r— 0 A —_— - = — =+ — — — — — -
Specification | Identification | Detailed Analysis | Development of | Demonstration of ' Normal | Investigation and
of Desired: 1 and Evaluation | of Promising 1 Requirements 1 Airworthiness and 1 Operation and  irecording of
e Range | of Design | Concepts |for Tooling and | Performance and | Maintenance of |accidents and
e Payload | Alternatives | | Manufacturing | Production of Fleet | Fleet interventions
o Flight rate ! ! < ! ! — ; ‘ !
... I = i * I I F I
| =t | | | {7 |
| | | | |
R I - I I I I
| | | | |
— | s | | | |
B | | | | |
— I I I I I
| | | | |
| | | | |
I I I I I
| | | | |
! ! ! ! ! -
CcD PD DD FT,C Al Life Cycle

Figure 1.2 Aircraft Life-Cycle as Described in The AVD Lab (4)

Conceptual Design (CD)

The conceptual design phase determines the feasibility of meeting the requirements
with a credible aircraft design (5). The requirements are outlined by the mission definition. Using
the underlying mission definition principal design-decisions are made that define the aircraft

design in terms of aircraft configuration choice, -shape, and —size. The tasks in this phase in-



clude the creation of measureable design objectives from the mission definition, exploration of
the design solution space where feasible design concepts are located, evaluation of these de-
sign alternatives with respect to objectives, and the selection of the most viable concept(s) (6).
The objective in producing credible aircraft designs during the early design phase is essential
for identifying the primary business case, thus this design phase is required to capture the
trends and sensitivities of each aircraft configuration concept choice.

Preliminary Design (PD)

In the preliminary design phase the preferred configuration(s) from the conceptual study
is subjected to a more rigorous technical analysis (7). The purpose of this phase is to refine the
assumptions made during the CD phase to determine if the concept truly meets design objec-
tives (6). The objective changes from capturing trends and sensitivities (correctness of the solu-
tion concepts) to accuracy. Here, high-fidelity tools and wind tunnel testing is used to refine and
optimize the aircraft configuration concept. Consideration is also given to manufacturing with
plans for jigs, tooling, and production breaks (5). Detailed parametric studies are often per-
formed around the baseline aircraft configuration concept until the design is ‘frozen’ (7). Once
frozen major changes to the aircraft are no longer feasible. The end result is a complete aircraft
design including systems and subsystems (4).

Detail Design (DD)

The detail design phase engineers and constructs the hardware to the airframe and

systems, overall leading to form a complete aircraft prototype for flight testing and certification

(6). A more detailed description is provided below by Nicolai (5).



“...The drawings for the jigs, tooling, and other production fixtures are done at this time.
A detailed cost estimate based upon work breakdown structure (WBS) is made. All equipment
and hardware items are specified. Often, system mock-ups (such as fuel system, landing gear,
ECS, engine-inlet, and a hardware-in-the-loop flight control system called an iron bird) will be

designed, built, and testing during this phase.”

Design changes can still accord but are limited to a minimum since the cost of making a
change is significant once the drawing hits the shop floor (5).

Flight Test / Certification / Manufacturing (FT/C/M)

During this phase a test vehicle is manufactured and flight tested to demonstrate air-
worthiness. Performance is checked against customer requirements minor design modifications
are made if necessary. Once approved, mass manufacturing begins and aircraft shipments to
the customers are made.

Operations (O)

The operational phase is the flying of the delivered aircraft by the customer. The cus-
tomer can be military, commercial, or private. New customers as well as previous customers
often request a performance modification be made to the aircraft. Changes during this design
phase come in the form of modifications, upgrades, and/or system integrations.

Incident / Accident Investigation (I/Al)

Lastly, incident and accident investigation takes place when an incident or accident in-
volving the aircraft occurs. Information gathered from incidents or accidents may influence any
of the earlier design phases.

1.1.2 Aerospace Vehicle Design Synthesis (AVDS)
The principal idea is to integrate conceptual design synthesis up to flight test emulation

into an integrated work environment. A consistent tool-set simulates the product life-cycle (3).



The integrated software AVDS is an iterative multidisciplinary process, see Figure 1.3. Its objec-
tive is to simulate all relevant design phases up to incident and accident investigation starting
from the CD phase to accelerate design response time; increase design freedom; and improve
correctness and reliability of design decisions (3). For more information on the AVDS process,

see (3).

Part 1. Conceptual Design Synthesis

Mission Parametric Configuration Configuration
Evaluation

Definition Sizing

Market

Continued Design Refinement

Flight Test Parametric Flight Flight Test Product
Scheduling Test Simulation Assessment Review
= ¢ |
p T
Y

Part 2. FT/O/N/Al Emulation Continued FT/VAI Assessment

Figure 1.3 Overview of Product Lifecycle Methodology at CD (3)

AVDS consists of the following multi-disciplinary and disciplinary software modules AVD
Sizing, AeroMech, PrADO, and VATES. A brief description of each tool is described below. This
research is focused on adding aerodynamic prediction capability to this toolset.
1.1.3 AVD Sizing

AVD Sizing has been developed by Gary Coleman and is a parametric sizing tool for
visualizing the solution space (2) (8). The sizing process is based on the constant mission sizing
logic documented in Hypersonic Convergence by Paul Czysz (9). The AVD sizing logic is shown

as a Nassi Shneiderman diagram in Figure 1.4.



AVDsizing

Mission requirements
Range
Payload
Field Requirements

Geometry and configuration assumptions
Gross Configuration
Propulsion system
Structural and systems constants

Constraints

Iterate over any independent design roposen
: o
variable bty
: Xe
Iterate for each <t specified 2
Required
(TMW)ro Current Design Point
Geometry B 2 \J
ot
— -
Current (W/S)o (WiSho
Trajectory

TS 1=k k) -Pr (5 k,, N )W, /P

OWE

@ﬂ“ *TW,*WR.

i
OEW =OWE-W_ ~B+f_ N,

Iterate S, until OWE,, and OWE, converge j

/ Fundamental Sizing Steps

Figure 1.4 Fundamental AVD Sizing Logic (10)

L/

For a complete description of AVD Sizing, see (10)
1.1.4 AeroMech
AeroMech is a generic stability and control tool (2). As expressed by G. Coleman (8),
AeroMech analyzes an aircraft configuration concept for the assessment of
1. Control power leading to the sizing of primary control effectors
2. Static and dynamic stability (open and closed loop) for flight safety
3. 6-DOF trimmed aerodynamics for aircraft performance estimates
For a complete description of AeroMech, see (2) (8) (4). One objective of this thesis is

to provide the aerodynamic input for AeroMech.



1.1.5 Preliminary Analysis, Design and Optimization (PrADO)

PrADO is a state-of-the-art multidisciplinary preliminary aircraft design tool. It is built on
a modular architecture and is a collection of approximately 500 FORTRAN programs, which
reflect the major disciplines involved in design (11). The attributes that make this system an ex-

ceptionally robust configuration evaluation tool, defined by Gary Coleman (10), are as follows:

1. Modular Design
2. Disciplinary Method Robustness
3. Data Visualization

4. Configuration Robustness

Examples of various applications PrADO has been used for are shown in Figure 1.5.

For a complete description of PrADO, see (11).

Figure 1.5 Examples of Various Applications of PrADO (11)



The original objective of this thesis has been initially to integrate DATCOM MAX into
PrADO. Having reviewed the state of the DATCOM MAX itself, it was determined that this goal
is beyond the scope of this M.S. thesis.

1.1.6 Virtual Test and Evaluation Simulator (VATES)

VATES performs autonomous (non-piloted) simulation by modeling the “pilot-vehicle-
operational environment” system behavior in a complex (multi-factor) flight situation, for which
the vehicle performance is to be tested and evaluated (12). The tool has a library of over 500
flight scenarios and has been applied to 18 aircraft, 3 helicopters, and 2 hypersonic vehicles. An

example of a few flight scenarios is shown in Figure 1.6.

& Quick up-down NB: This flight sequence (from
flightpath reversal® start to stop) is performed by a
‘silicon pilot’ model

Multiple turns
in descent

Somersault*
\

Multiple

, :_)" tl’a?e': T4 Pougachev
In vertcal clim \ Cobra*

Pougachev

Cobra Vertical &

80° roll

Start/stop

750.0 position

Figure 1.6 Examples of VATES Flight Scenarios (13)

A complete aerodynamic database is required for VATES and is the other tool this the-

sis focuses providing aerodynamic data for. For a complete description of VATES see (12).



1.2 Problem Description

AeroMech and VATES play a critical role in the AVDS process. Before those tools can
be executed a complete aerodynamic database for a given aircraft configuration concept must
be generated. The aircraft configuration concept can come from one of two places. One is from
AVD Sizing and another is from an existing aircraft used as a case study. The AVDS tool set is
capable of addressing conventional and unconventional aircraft configuration concepts. Conse-
quently, the tool aerodynamic prediction toolbox must also be adaptable to conventional and
unconventional aircraft configuration concepts. Method applicability, fast turnaround times, and
tool robustness are criteria that need to be addressed when trying to generate an aerodynamic
database in the context of the AVDS process.

1.3 Research Objectives & Tasks

The goal of this research undertaking is to provide a tool that can generate an aerody-
namic database for a wide range of aircraft configuration concepts to be used in AeroMech and
VATES. An aircraft main data sheet (MDS) must also be compiled to facilitate the building of an
aircraft model to be used as a case study. Lastly, a user's manual must be written for the aero-
dynamic tool. The research objectives and tasks required can be summarized in the following

points:

1. Select case study aircraft and build MDS.

2. Survey existing aerodynamic tools applicable to this problem and select one.

3. Modify and adapt the selected tool to generate an aerodynamic database com-
patible with AeroMech and VATES.

4. Verify the tools functionality using the case study aircraft (B747-200F).

10



1.4 Chapter Summary

This chapter gives an introduction to the research incentive. It provides background in-
formation, problem description, Master of Science (M.S.) objectives and immediate research
tasks. The background information provides a description of the aircraft design lifecycle, the
AVD Lab’s AVDS process and synthesis tools. This research aims at producing an aerodynamic
database for the fixed-wing aircraft conceptual design phase. Lastly, the research objectives

and overall research tasks are introduced.
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CHAPTER 2
AERODYNAMICS IN CONCEPTUAL DESIGN

2.1 Configuration Aerodynamics

Configuration Aerodynamics considers overall flow phenomena present for the integral
flight vehicle of a particular configuration and concept (2). This aerodynamic understanding,
classified by Anderson (14), has ‘three dimensions’, (a) pure experiment, (b) pure theory, and
(c) computational fluid dynamics (CFD). He concludes that CFD ... nicely and synergistically
complements the other two approaches of pure theory and pure experiment, but it will never
replace either of these approaches.”

The objectives of configuration aerodynamics according to Mason (15), is as follows:

¢ Develop the flow physics insight to form a “mental model” of each flow field or
concept against which to gauge computational/experimental “reality”.

e Understand the computational/experimental tools must be used together, it's
not either/or. Both have strengths and weaknesses.

e Value analytical theory: airplanes were built before CFD ([using] UFD! [Under-
standing Fluid Dynamics]). Analytical formulas provide insight into the role of
key flow and configuration shape parameters.

e Answer the question based on physics: “What configuration do | want to do this

job?”

Lastly, Mason (16) states: “...Since the conceptual and preliminary design phases de-
termine the basic configuration architecture, this is the area where improved design methods

can make the biggest impact.”

12



2.2 Aerodynamic Tools in Conceptual Design

The definition of an aerodynamic database for use during the conceptual design of an
aerospace vehicle is a task which must yield credible results in a timely manner (2). The ‘three
dimensions’, stated by Anderson, directly correctly to three types of aerodynamic calculation
techniques: (a) analytical, (b) semi-empirical and empirical, and (c) numerical. An overview of

these techniques and example corresponding tools are shown in, Table 2.1

Table 2.1 Engineering Techniques for Configuration Aerodynamics Analysis (2)

Analytical Semi-Empirical/Empirical Numerical
Method Year | Method Year | Method Year
Lifting Line Theory (17) 1921 | RAE Standard Method (18) 1940 | Vortex Lattice Method (19) 1943
Swept-Wing Theory (20) 1935 | Hoerner (21) (22) (23) 1951 | Panel Method (24) 1962
Swept Wing Lin Theory (25) 1942 | DATCOM (26) 1960 | Finite Difference Method (CFD) (27) 1975
Low Aspect Ratio Wing Theory (28) 1946 | ESDU (29) 1963 | Finite Element Method (CFD) (30) 1978
Loading Function Method (31) 1950 | Schemenski (32) 1973 | Finite Volume Method (CFD) (33) 1973
Modified Lifting Line Method (34) 1952 | Missile DATCOM (35) 1981 | Spectral Method (CFD) (36) 1977

(..) () () () () (.)

2.2.1 Analytical

Shevell states (37):

“...analytical methods plus wind tunnel studies allow many airplanes to be developed
and to meet the predicted performance with acceptable accuracy. Since the 1950’s it has been
correct to say that the experienced aerodynamicist could predict the drag and lift of a high sub-
sonic speed transport airplane with analytical tools over almost all of the possible speed and
angle-of-attack conditions. ... When flow separation was involved, as at the stall, or shock
waves were present on the wing surface, the theories broke down. ... Unfortunately, for most

aircraft designs these limited regions were the most important.*”
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These tools provide a first order estimate of aerodynamic forces and moments and they
are valuable during the conceptual design phase because of their fast turnaround times. These
methods are aircraft configuration and operationally dependent, which reduces the model flexi-
bility (2). Because of the limited capability of these methods they are determined not applicable
to the aerodynamic database generating tool development.

2.2.2 Semi-Empirical and Empirical

Sinclair defines empirical as knowledge or study that is based on practical experience

and observation rather than theories (38).

Snyder defines semi-empirical as (39):

“the ‘'semi’ in semi-empirical methods means that the parameters used in the correla-
tions were reasonable parameters based on the physics of the situations... In the development
of semi-empirical methods, basic aerodynamic theory is used to make first order estimates of lift
and drag and to define reasonable aerodynamic parameters to be used in the correclations.
Then empirical corrections are made to the theory to produce good agreement with wind tunnel

and flight test data.”

When these methods are used within their applicability, such as Digital DATCOM (Data
Compendium), remarkable levels of accuracy and short turnaround times are achieved, ideal for

conceptual design work (40). The problem with these methods is described by Snyder (39):

“... when the geometric parameters used in an airplane design are significantly different

than those in the database that was used to develop the semi-empirical aerodynamic methodol-

ogy, the methodology results are subject to question.”
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Chudoba concludes (2):

“the non-generic character of semi-empirical and in particular empirical estimation tech-
niques disqualifies those methods from being the ‘work horse’ for the generic stability and con-

trol methodology AeroMech”

Although these methods are not generic they do apply to TAC aircraft and a wide range
of aircraft components. Because of this these tools are considered to be implemented into the
AVDS system.

2.2.3 Numerical

Lastly, numerical methods are linear and non-linear and are commonly referred to as
CFD techniques.

Non-Linear

The non-linear Navier-Stokes, Euler, and Full Potential equations require extensive
computer resources. This is because grids must be constructed to fill the flow field around a
volume of interest. Other tasked required to use non-linear numerical methods are flow field
discretization, solving systems of equations, data storage and transmission, and flow visualiza-
tion. Runtimes can vary depending on the model but in general CFD has slow turnaround times
and is high maintenance. The attributes disqualify CFD estimation methods for aerodynamic
estimation during the conceptual design phase.

Linear

The linear Prandtl-Glauert equation requires much less computing power to solve.
Methods such as the Vortex Lattice Method (VLM) and panel method analyze the geometric
surface eliminated the need to model a geometric volume. However, linear estimation tech-
nigues do not estimate effects like boundary layer, wake roll up, transonic flow, or strong shocks

instead (2). Synder adds (39).
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“... they do provide reasonable estimates of the inviscid aerodynamics, including drag,

for a large class of airplane geometries in both subsonic and supersonic flow”

The linear CFD techniques are favorable because they apply to a large class of airplane
geometries but lack the ability to provide aerodynamic estimations for control effectors that are
predominantly sized to comply with critical flight conditions at the boundary of the flight enve-
lope, which is highly non-linear (2).

2.2.4 Tool Selection

From the arguments above, analytical methods are disqualified for the purpose of this
thesis. Empirical methods are highly database dependent and not applicable to addressing new
aircraft configuration concepts. Non-linear numerical methods are also disqualified for reasons
mentioned earlier. That leaves linear numerical methods and semi-empirical methods.

The most applicable tools that are represented by these two categories are Digital DA-

TCOM, VORLAX, VORSTAB summarized below by Gary Coleman (8):

e VORSTAB (41), a non-linear vortex lattice method;
o Digital DATCOM (42), a digital semi-empirical handbook method;

e VORLAX (43), a linear vortex lattice method

All these tools provide the capability to generate an aerodynamic database with fast
turnaround times. VORLAX can handle a wide variety of aircraft configuration concepts but
cannot handle flight envelopes involving stall. VORSTAB attempts to overcome this but still falls
short unable to model unsteady aerodynamics neglecting C,, and C,,, which play a significant
role in longitudinal damping and is needed for accessing dynamic stability. Digital DATCOM
shortfall is the inability to handle a wide variety of aircraft configuration concepts. As detailed in
(2) VORSTAB, Digital DATCOM, and VORLAX were selected in support of each other to gen-
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erate the aerodynamic database for AeroMech and VATES. The required input summarized by

Gary Coleman (8) is shown in Table 2.2.

Table 2.2 AeroMech and VATES Input

Static Dynamic LOCE LaCE DIiCE
Derivatives Derivatives Increments Increments Increments
C, Cy, AC, AC, AC,
Cp Cmy AC, AC, AC,
Cpm Ci, AC,, AC,, AC,,
Crg Crmg ACy ACy ACy
Cip Cy, AC, AC, AC,
Cng Gy, AC, AC, AC,
Cn,
Cn,
G,
Cn,

Out of these tools Digital DATCOM was selected to be adapted into the AVDS process
to produce the required aerodynamic database. Eventually, all three tools will be incorporated in
support of each other into the AVDS process. Digital DATCOM has been selected because it
can produce the entire aerodynamic database needed for AeroMech and VATES. The set of
aircraft configuration concepts available in Digital DATCOM can also be expanded, within the
context off the configuration buildup process of Digital DATCOM described later.

2.3 Digital DATCOM

Digital DATCOM is a 357+ subroutine code program that was produced by a team of
engineers at McDonnell Douglas over 22 years. It is capable of calculating static and dynamic
derivatives as well as a wide variety of high lift and control device contributions through subson-
ic, transonic, supersonic, and hypersonic speed regimes. Its purpose is to provide a rapid and
economical estimation of aerodynamic stability and control characteristics (42). For a complete

description of Digital DATCOM, see (42) (44) (45).
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2.4 Chapter Summary

This chapter discusses configuration aerodynamics and its role during the conceptual
design phase. All aerodynamic tools available, comprising of analytical, semi-empirical and em-
pirical, and numerical techniques, for conceptual design are presented. The tools are then nar-
rowed down to ones applicable to this thesis and Digital DATCOM is selected to be adapted into
the AVDS process. Lastly, the selected tool is briefly summarized as an introduction into the

DATCOM MAX debugging and capability expansion activity.
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CHAPTER 3
DATCOM MAX PROTOTYPE SYSTEM DEVELOPMENT

3.1 DATCOM MAX Development History

Work on DATCOM MAX originally began in 2005 by research students Gary Coleman
and Amit Oza in the AVD Laboratory, UTA MAE. The last known modification was noted in
2009. The source code they started from was purchased from Public Domain Aeronautical
Software (PDAS) (46) noted as ‘1’ in Table 3.1. From there they produced eight versions ending
with version 10, version 1 being the acquisition of the PDAS source code, also shown in Table
3.1. The 10" version of DATCOM MAX was the version the author started with. All work up until
version 11 was done by research students Gary Coleman and Amit Oza. The software devel-
opment environment utilized is Compaq Visual Fortran 6.6.a on a 32-bit Windows XP Profes-
sional computer.

The order in which the programs are listed in Table 3.1 indicates the order in which the
modifications have been made to the original source code culminating in DATCOM MAX. The
‘Last Modification Date’ column shows the last date each DATCOM MAX version or original
source code has been modified. Each version is summarized below. One should note that no
external documentation of versions 2 through 10 has been produced beyond the source code
documentation. The researcher initiated a source code familiarization phase resulting in the
brief summary statements below.

Version 2

The first version’s sole purpose is to call and run the provided Digital DATCOM execut-

able from PDAS. No modifications were made to the PDAS source code.

19



Table 3.1 DATCOM MAX Versions

Version :;:z:)woD:Itt Comments
1 DATCOM (PDAS) 01/05/1999 Official version of Digital DATCOM from PDAS
2 RunDATCOM 11/11/2005 Runs DATCOM.EXE through Fortran File
3  Source Codev1 11/14/2005 PDAS source code modified to run in Fortran 90
4  Digital DATCOM Source 11/15/2005 Modified Source Codev1
Codev2
5 DATCOMvinput_filename 11/15/2005 Prompts for input file name
6 DATCOMvAuto_file 07/10/2006 Doesn't ask for name of input file
7 DATCOMVAUTO_FILE2 07/11/2006 Working version of DATCOMvAuto_file
8 DATCOMv2 07/31/2008 Start of DATCOM MAX
9 DATCOM MAX (10-28-08) 10/28/2008 Unknown version properties of DATCOM MAX
10 DATCOM MAX (5-1-09) 05/01/2009 Unknown version properties of DATCOM MAX
11  DATCOM MAX V3 09/01/2011 Last version of DATCOM MAX compatible with AeroMech
VA2
12 Digital-Datcom-Package 11/22/2002 E)ffici)al version of Digital DATCOM from William Blake
(USAF) (USAF)
13 DATCOM MAX V4 09/29/2011 Latest released version of DATCOM MAX
14 DATCOM MAX V5 11/05/2011 Created for further development
Version 3

The purpose of version 3 is to convert the source code from Fortran 77 to Fortran 90 to
be able to use it in the Compagq Visual Fortran environment. This was done by modifying the
syntax of the PDAS source code.

Version 4 through 7

These versions are testing programs to familiarize the programmer with the Fortran en-
vironment and the PDAS Digital DATCOM source code. Little is known about these versions
due to the developmental structure of the code. The information that can be drawn from these
versions is summarized in Table 3.1.

Version 8 through 10

These are the first versions of DATCOM MAX that are modifications of the PDAS
source code that try to address the problems outlined in chapter 1.3 . The version produced by
that research effort was version 10, ‘DATCOM MAX (5-1-09)'. Version 10 produced an aerody-

namic database used in AeroMech and VATES.
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3.2 DATCOM MAX Prototype Software Development

The development of DATCOM MAX follows: (a) review of previous work done by Gary
Coleman and A. Oza, (b) establishment of prototype system requirements, (c) verification of
DATCOM MAX against Digital DATCOM executable using the B747-200F case study, and (d)
DATCOM MAX V4 User’'s Manual.

3.2.1 Review of Previous DATCOM MAX Work

Review of previous work done started with the most recent version of DATCOM MAX
available, which was DATCOM MAX (5-1-2009). The only documentation for DATCOM MAX
produced by Gary Coleman and Amit Oza was the source code. The modifications made to Dig-
ital DATCOM by Gary Coleman and Amit Oza is to a select set of subroutines. These modifica-
tions have been identified necessary through 3 means: (a) following the Digital DATCOM rou-
tine using the B747-200F case study, (b) comparing the DATOCM MAX B747-200F model out-
put against the provided Digital DATCOM executable executing the B747-200F model, and (c)
using WinMerge (47) to make a direct comparison of the original Digital DATCOM source code
files. Results of this review have been presented in the previous subchapter, see DATCOM
MAX Development History.

3.2.2 Prototype System Requirements
The DATCOM MAX requirements are derived from the problem statement and research

objectives and are shown in Table 3.2.

Table 3.2 DATCOM MAX Prototype System Requirements

Priority Prototype System Requirements
1 Produce static and dynamic stability derivatives database for a given aircraft configu-
ration to be used for AeroMech and VATES
2 Versatile configuration modeling capability
3 Documentation: (a) software development, (b) software verification, validation, calibra-

tion, (c) users guide
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Priority 1 is to be able to produce a complete conceptual aerodynamic database that
can be used in AeroMech and VATES for a given aircraft configuration concept. Accuracy is
desired but capturing an aircraft concept trends and sensitivities (correctness) is more im-
portant. DATCOM provides the legacy methods for calculating the trends and sensitivities of
aircraft concepts while Digital DATCOM provides the platform which can be modified to calcu-
late the trends and sensitivities for a model.

Priority 2 requires expanding Digital DATCOM to provide a versatile configuration mod-
eling capability. Addressing novel aircraft configuration concepts at the conceptual level is ex-
tremely difficult because of method limitations. The methods contained in DATCOM can be ap-
plied to a wide range of aircraft configuration concepts. This provides the versatile configuration
modeling capability to address different aircraft configuration concepts. The problem with DA-
TCOM is twofold. One, the paper document DATCOM is not in a medium that can provide fast
turnaround times during the conceptual design phase. Two, although Digital DATCOM provides
the medium for fast turnaround times the digital implementation is restricted in aircraft configura-
tion versatility compared to the original paper version.

Lastly, Priority 3 is to produce documentation to go along with the source code and ex-
ecutable so the tool can be used for future project and expanded as needed. The documenta-
tion includes a recorded history of DATCOM MAX, source code modifications list with com-
ments, and a user’'s manual. The recorded history provides a platform for future students to
springboard off of to begin working on DATCOM MAX. The source code modifications and
comments are required for future development of DATCOM MAX. The user’s manual is critical
in allowing anyone to use the tool correctly.

3.2.3 Verification of DATCOM MAX

Verification is the process of checking the DATCOM MAX output against the Digital

DATCOM output. The purpose of verification is to make sure DATCOM MAX can reproduce the

same information from Digital DATCOM. The process to verify DATCOM MAX output is configu-
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ration dependent due to Digital DATCOM'’s operational limitations and is further described in the
DATCOM MAX User’s Manual in the appendix on page 91.

During the development of DATCOM MAX V3 errors related to the Digital DATCOM
source code have been found and continue to be found. This is reinforced by the note in Digital
DATCOM manual, “differences between DATCOM and Digital DATCOM do exist” (42). It is the
author’s experience that these errors are more often than not due to bookkeeping in the code
than the methods but that is not always the case. A list of the discovered errors is shown in the
DATCOM MAX V4 User’'s Manual (in the appendix on page 91) but more are assumed to exist.
This leads to questioning the correctness of the results provided by the purchased PDAS Digital
DATCOM source code and provided executable. William Blake at the USAF has been contact-
ed, who is one of the original developers of Digital DATCOM. He notes himself and Jim Simon
as “the last ‘keepers’ of the code until it became public domain” in 1996 (48). He provided the
author with the original Digital DATCOM source code cleared for public release in 1996. After
reviewing the source codes, differences between the original PDAS and USAF Digital DATCOM
were found in the USAF Digital DATCOM code, shown in Table 3.3. Those differences can
mainly attributed to, debugging lines of code added, thus they do not affect the core of Digital
DATCOM.

Since the original FORTRAN 77 source codes cannot be compiled into an executable
without modification; the provided executable from PDAS and the USAF have been used simul-
taneously to compare results utilizing the B747-200F case study. Rounding differences in the
data as well as differences in declaring unused variables are the only differences found and do
not affect the results. Even though the results appear be nearly identical both executables are
used to verify DATCOM MAX output since it is not known at this point if the PDAS and the
USAF versions output will always match. The strategy of using both executables to verify DA-

TCOM MAX does add another layer of checking.
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Table 3.3 USAF and PDAS Digital DATCOM Subroutine Differences

Subroutine Purpose
ALDLPR Logic to Print Blacks

AUXOUT Write Auxiliary and Partial Outputs
AXPRNT Print Auxiliary Panel Outputs

FLTCL Trim Related
HEADR Write Page Headings and Calls INTERM
INTERM Intermediate Logic for Output

M42052 Exec for Overlay 42, Hypersonic Flap Aero
OUTPT2 Writes High Lift and Control Data

Lastly, for the two added methods for the rudder and landing gear it is not possible to
verify the operation of DATCOM MAX against Digital DATCOM because these methods are not
present in Digital DATCOM or Paper DATCOM. Both methods were implemented by Gary
Coleman and Amit Oza and cannot be verified.

3.2.4 Validation of DATCOM MAX

Validation is the process of checking DATCOM MAX output against experimental aero-
dynamic data, if available. The purpose is to validate the correctness of the DATCOM methods
and the modeling assumptions. As stated previously, “differences between DATCOM and Digi-
tal DATCOM do exist” (42). Although the DATCOM methods are proven legacy material it is
clear the output needs to be checked against actual data. To check every DATCOM method
using a design case study like B747-200F is extremely time consuming beyond the scope of the
current effort to verify functionality of DATCOM MAX. Instead, it is the author’s experience that
simple comparisons prove to be very effective in finding errors. The currently known errors and
corrections found in Digital DATCOM are described in the DATCOM MAX V4 User’s Manual in
the appendix on page 91.

3.2.5 DATCOM MAX User’s Manual

The DATCOM MAX V4 User’'s Manual provides descriptions of required input, configu-

ration concepts versatility and limitations, available output, and operational information of the

latest software release called DATCOM MAX V4. The purpose of the manual is to allow user
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DATCOM MAX familiarization for future development. The DATCOM MAX V4 User’'s Manual is
given in the appendix on page 91.

The DATCOM MAX V4 User’'s Manual contains the following information.
Release Note

The release notes give a brief summary of DATCOM MAX development history, a list
and description of modifications made between versions ‘DATCOM MAX (10-28-08) and ‘DA-
TCOM MAX V4’, and a list describing known problems in Digital DATCOM and DATCOM MAX
V4.
Program Guidelines

The program guidelines describe the DATCOM MAX V4’s routine, capabilities, and limi-
tations.
Output Formats

This section lists and describes the available output from DATCOM MAX V4.
Input Files

This section lists and describes the required input for DATCOM MAX V4.
Validation Process

The Validation process contains two parts; Verification of the DATCOM MAX results
and validation of the DATCOM MAX results. The description of verification and validation is de-
scribed earlier in this chapter. The DATCOM MAX V4 User’s Manual gives a step by step pro-
cess of how to verify a DATCOM MAX model.
How to Build a New Version of DATCOM MAX

Lastly, a step by step example of how to create a new version of DATCOM MAX in the
Compaq Visual Fortran environment is shown to allow for future development of DATCOM

MAX.
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3.2.6 DATCOM MAX Routine
The purpose of this section is to describe the DATCOM MAX V4 routine at the top level.

The routine in which the code runs at the top level is shown in Figure 3.1 and is described be-

low.
Input Files Execution Output Files
RUNDATCOM.IN r':'ap Semng_l AeroMech
A
eyl RUNDATCOM-6 = DATCOM > DATCOM
\ 4
for005.dat VATES

Figure 3.1 DATCOM MAX V4’s Routine

3.2.7 Input Files

There are two files that handle the input for DATCOM MAX. As show in Figure 3.1 they
are RUNDATCOM.IN and for005.dat.
for005.dat

The for005.dat file is built using the same syntax as described in the Digital DATCOM
User's Manual (42). The differences are what cases and in what order they must be placed in
the for005.dat file to properly model an aircraft configuration concept. The order and cases to be

placed in the for005.dat is as follows:

1) Clean & LOCE cases

2) LACE 1 case (Ailerons, if applicable)
3) LACE 2 case (Spoilers, if applicable)
4) DICE case (Rudder, if applicable)

5) Speed Breaks case (if applicable)
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Depending on the configuration and flight conditions executed, the cases required will
vary. Required case selection is made using the Digital DATCOM User’'s Manual (42).
RUNDATCOM.IN

The RUNDATCOM.IN file is very different from the for005.dat file and does not contain
the same syntax as the for005.dat does. For a complete description of the syntax and contents
of the RUNDATCOM.IN input file please see the DATCOM MAX V4 User’s Manual, given in the
appendix on page 91. The purpose of this file is to provide the inputs for the landing gear and
rudder methods added as well as execution information used by DATCOM MAX. Some of the
information is redundant to the for005.dat file and is reminisce from the (5-1-09) version of DA-
TCOM MAX structure.
3.2.8 Execution

The execution of DATCOM MAX is handled by the driver program, RUNDATCOM-6,
and the DATCOM subroutine. The purpose of this section is to describe program execution log-
ic.
RUNDATCOM-6

RUNDATCOM-6 is the driver program that reads the RUNDATCOM.in input file, writes
all the output files except datcom.out, and builds the aircraft configuration concept using saved
results from the DATCOM subroutine. RUNDATCOM-6 calls DATCOM for each flap setting de-
clared in the RUNDATCOM.IN input file, shown in Figure 3.1.
DATCOM

The DATCOM subroutine is originally the driver program for Digital DATCOM. It has
been modified and is now the subroutine called by RUNDATCOM-6. Each time the DATCOM
subroutine is called the for005.dat input is read and all cases are executed. Depending on the
flaps settings input to the RUNDATCOM.IN file the for005.dat information will be executed dif-

ferently for each flap setting.
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3.2.9 Output Files

There are three groups of output files that DATCOM MAX produces. Two groups are for
AeroMech and VATES while the last group is reminisce of the Digital DATCOM code and is ne-
glected. For a complete description of the output formats see the DATCOM MAX V4 User’s
Manual, given in the appendix on page 91.

3.3 DATCOM MAX V4

DATCOM MAX V4 is an adaptation of Digital DATCOM intended for use in the AVDS
process. The purpose of DATCOM MAX V4 is to provide an aerodynamic database of static and
dynamic stability derivatives for an aircraft configuration concept generated by AVD Sizing or
provided by a case study. This chapter describes the modifications made to Digital DATCOM in
order to arrive at DATCOM MAX V4, capabilities and limitations of DATCOM MAX, and a com-
plete description of the aircraft configuration concept buildup equations implemented into DA-
TCOM MAX V4.

3.3.1 DATCOM MAX Modifications to Arrive at V4

To create DATCOM MAX three subroutines have been added and nineteen Digital DA-
TCOM subroutines have been modified, shown in Table 3.4. Each subroutine required exten-
sive modification. For a complete list of modifications with comments please see the DATCOM

MAX V4 User's Manual, given in the appendix on page 91.
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Table 3.4 DATCOM MAX V4 Subroutines

Subroutine Purpose
Created
1  DIFLP** Computes incremental wing lift due to flaps (Rudder)
2 LNGR* Computes incremental landing gear contributions (Torenbeek)
3 RUNDATCOM-6* Driver Program (wrapper for DATCOM subroutine)
Modified
1 BODOPT Computes asymmetrical body aerodynamics
2 CMALPHA* Computes lifting surface CMA
3 DATCOM* Driver subroutine for Digital DATCOM
4 DECODE Read user input NACA designation and decode
5 DRAGFP Calculates subsonic flap induced drag
6 FLAPCM* Computes wing CM due to flaps
7 GRDEFF* Computes ground effects
8 IDEAL Calculates the section ideal aerodynamic parameters
9 LATFLP Computes incremental wing lift due to control devices
10 LIFTFP* Computes incremental wing lift due to flaps
11 M11013* Exec for overlay 11, ground effects
12  MAINOO Top level executive
13 MAINO1* Digital DATCOM subsonic aero executive
14 MAINO2* Subsonic ground effects data executive
15 MAINO5* Subsonic high lift and control devices executive
16 OUTPT2* This subroutine writes the high lift and control data
17 TRSONI Computes transonic wing lift slope, CLMAX, ALPHA CLMAX,
AND CDO body lift and moment slopes, drag at angle-of-attack
18 WBAERO Compute wing body lift, pitching moments and drag
19 WBCM Wing-Body moment calculations

3.3.2 Capabilities and Limitations
DATCOM MAX V4 aircraft configuration concept modeling capability is defined in the
same manner Digital DATCOM defines aircraft configuration concept modeling capability, as

shown in the Digital DATCOM User’s Manual (42). This is done through three charts: ‘Aerody-

Note:

*Gary Coleman and/or Amit Oza contributed to subroutine
**Author did not contribute to subroutine

namic Output’, ‘High Lift & Control Device Output’, and ‘Additional Analysis’.

Aerodynamic Output

The ‘Aerodynamic Output’ defines the static and dynamic stability derivatives estimation
capability (output) available for the particular aircraft configuration for the specific flight speed
regimes. Digital DATOM has 10 different configurations, while DATCOM MAX V4 has 2 configu-

rations. Digital DATCOM has limited capability to calculate subsonic, transonic, supersonic, and
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hypersonic speed regimes, while DATCOM MAX V4 is currently only available for subsonic cal-
culations. This is because DATCOM MAX requires debugging and validation for each aircraft
configuration in each speed regime and is beyond the scope of the current work. For Digital
DATCOM'’s available aerodynamic output please see the Digital DATCOM User’s Manual (ref-

erence). DATCOM MAX V4’s available aerodynamic output is shown in Table 3.5.

Table 3.5 DATCOM MAX V4 Aerodynamic Output

Output Available

u] Output only for configurations with straight tapered surfaces

Configuration Rspe_ed Static Aerodynamic Characteristic Output
egime Coo | Co | CL | Cn | Cn | Ca |Ca|Cvg|Cnp| dlg. | € | de/da
Subsonic ) ° . . . . . ° .
Transonic
Supersonic
Hypersonic

. Speed Dynamic Stability Output

Wing-Body Regime Clq | Cmg | Ca | Cma | Cip | Cyp | Chp | Cur | Cir
Subsonic ) ° . . . . . ° .
Transonic
Supersonic
Hypersonic
Speed Static Aerodynamic Characteristic Output
Regime Coo | Co | CL [ Cm | Cn | Ca |Cu|Cvg|Cup| dlg-| € | de/da
Subsonic ] u] u] o o o . ° ° o u] u]
Transonic

) Supersonic

Horisomtar T | Hypersonic : |

- Vertical Tail Speed Dynamic Stability Output
Regime C,_q Cmq Ca | Ca | Cp | Cyp | Cop | Cur Ci
Subsonic ] u] u] ] o u] o o 5]
Transonic
Supersonic
Hypersonic
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High Lift & Control Device Output and Additional Analysis

The ‘High Lift & Control Device Output’ shows what high lift and control devices can be
modeled and the additional output available for each device, see Table 3.6. This information
must be used in conjunction with the ‘Additional Analysis’ information, see Table 3.7. The ‘Addi-
tional Analysis’ table shows the individual concepts that can be used on what aircraft configura-

tion and how many of each device.

Table 3.6 DATCOM MAX V4 High Lift & Control Device Output

Speed Remine Code 1 Subconic 2  Supersonic 3  Supersonic

Control Device AC* AC, ACp ACy; AC| max (Cra)s ACpmin* Cw Cow Covr Ciur Cwr Cywr Cha* Chs*

Jet Flaps
Pure Jet Flap

Jet Flap & Mech.
Flap

IBF

EBF

Flaps

Plain

Single Slotted
Fowler Slotted
Double Slotted
Split

A a4 a4 a4
A A A A

Leading Edge

a4 a4 a4 a4 o

Krueger
Slats

Leading Edge 1 1
Spoilers
Plug 1 1
Flap 1 1
Slotted 1 1
Differential &
Horizontal Tails 1
Wing Ailerons 1 1
Rudder 1 1 1 1 1 1
Landing Gear
Nose Gear 1 1
Main Gear 1 1

Notes: *In addition to straight-tapered planforms, output also available on non-straight-tapered planforms (e.g., double delta).
Ailerons are identified as plan flaps in program.
IBF Internally blown flap
EBF Externally blown flap
W Wing
HT Horizontal tail
vT Vertical tail
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Table 3.7 DATCOM MAX V4 Additional Analysis

Additional Analysis

Applicable Configurations*

B+W B+W+H+V
Properller Power
Jet Power
Ground Effects
Twin Vertical Tail
Symmetrical Flap on Wing1 ) .
Symmetrical Flap on Horizontal Tail® ) .
Asymmetrical Flap on Wing3 ) .
Asymmetrical Flap on Horizontal Tail* ) .
Jet Flap on Wing
Symmetrical Flap and Asymmetrical Flap on Wing® ° .
Landing Gear* .
*Note Configuration Codes: B+W Wing-Body
Wing-Body-
B+W+H+V Horizontal-
Vertical
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Operational Limitations
Many functions in Digital DATCOM have not been addressed or verified in DATCOM
MAX V4. They were not included in this research due to applicability or time constraints. The

un-addressable components and functions un-included in DATCOM MAX V4 are the following:

e CASE CONTROL
o TRIM —Will not work, AeroMech used instead
e NAMELIST NAME
o PROPWR - Untested
o JETPWR — Untested
o TVTPAN- Untested
o LARWB — Untested
o TRANJET — Untested
o HYPEFF- Untested
o CONTAB - Untested
e SYMFLP
o PLAIN FLAPS — Will not work, RUNDATCOM.IN needs modification
o JET FLAPS — Will not work, RUNDATCOM.IN needs modification
e ASYFLP
o AMHT (STYPE = 5) — Do not use, Implemented through RUNDA-
TCOM.IN instead
e Program Subroutines

o DWASH - Incomplete, uses only clean configuration
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In addition, the ‘Operational Limitations’ of DATCOM MAX V4 are different from that
found in section 2.4.5 of the Digital DATCOM User’'s Manual (insert reference). The ‘Operational

Limitations’ applicable and tested in DATCOM MAX V4 are listed below.

o The forward lifting surface is always input as the wing and the aft lifting surface
as the horizontal tail. This convention is used regardless of the nature of the
configuration.

o Airfoil section characteristics are assumed to be constant across the airfoil,
span, or an average of the panel. Inboard and outboard panels of cranked or
double-delta planforms can have their individual panel leading edge radii and
maximum thickness ratios specified separately.

o |If airfoil sections are simultaneously specified for the same aerodynamic sur-
face by a NACA card designation and by coordinates, the coordinate infor-
mation will take precedence.

o The effect of high lift and control devices on downwash is not calculated.

e The program uses the input namelist names to define the configuration compo-
nents to be synthesized. For example, the presence of namelist HTPLNF caus-

es Digital DATCOM to assume that the configuration has a horizontal tail.

3.3.3 Configuration Buildup Equations

The two aircraft configurations available in DATCOM MAX V4, shown in Table 3.5, and
are Wing-Body and Wing-Body-Horizontal Tail-Vertical Tail. The component buildup is the same
for each configuration except for the simpler, Wing-Body, configuration the horizontal tail and
vertical tail contributions are ignored. To build a configuration concept, simply add the compo-
nent contribution(s) to the clean configuration. Please note ground effect is shown for future

development implementation into DATCOM MAX and is not used in DATCOM MAX V4. Using
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the output from DATCOM MAX V4 the aircraft configuration concept aerodynamic coefficients

can be calculated.

o Drag Coefficient

o Lift Coefficient

e Pitching Moment Coefficient
e Side-Force Coefficient

¢ Rolling Moment Coefficient

¢ Yawing Moment Coefficient

The equations are shown with two tables. The “Buildup” table defines each variable and shows
what each variable is a function of. The “DATCOM MAX Buildup Definitions” table shows how
the variables defined in the “Buildup” table are defined in DATCOM MAX. The purpose of this
table is to provide transparency of how DATCOM MAX builds the aircraft configuration concept.
DATCOM MAX provides the input to these equations, which allow the coefficients to be deter-
mined for various control device deflections, high lift device deflections, flight conditions, and

aircraft configurations.

Drag Coefficient

Cp (a, M) + ACDFlaps(a, M,8¢) + ACp,,., s (@ 87, Sur, 5.)

= CDWBHV
« K} (a, M, 8;) + ACp,, (a, M, 5) + ACp (@, M, 55)
(1.1)
+ ACp, e (@ M) * 616

+ ACp,, (@, M, 87, Sy, 8o, hap)
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Table 3.8 Drag Coefficient Buildup

. .y Characteristic represen-  Main affecting Other
Function-characteristic L - .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters

Clean Wing-Body-

ACpy, gy (@, M) ACp gy (0, M) Horizontal Tail- -
Vertical Tall
ACp gy, (0 M, &) ACpp,,s (% M, &) Flap Setting (&) a, M
Horizontal Tail
AC o, 8¢, Oyr, O
ACpyrys, (M, 8, 8y, 8,) D;me( r Bur 8c) (84r) and Elevator  a, M, §;
* KD ((X, M, 8f) (69)
Kb (o, M, 8¢) Kb (o, M, 8¢) Mach Number (M)  a,6;
ACp, (M, &) ACp, (o, M, Sgp) Speed Brake (6,,) a,M
ACp (o, M, 85) =0 ACp, (o, M, &) Spoiler (&) a,M
Landing Gear Posi-
ACDLGmax ((X, M) ACDLGmax ((X, M) * 8LG tion (6LG) a, M
ACp (a,M, 8¢, 8y, 8erhge)  ACpg (@, M, 87,87, 8e, hgg)  Altitude (hgg) a, M, 8¢, 8ur, 8,

Table 3.9 DATCOM MAX Drag Coefficient Buildup Definitions

Function-characteristic rep-
resentation

Characteristic representation in DATCOM MAX aerody-
namic buildup equation

ACDWBHV(a, M)
ACDFlaps(a, M, &¢)

ACpyppys, (@M, 8¢, Sy, 8e)

K (a, M, &)

ACp, (o, M, 6gp)

ACp, (e, M, 85) =0
ACDLGmax ((X, M)

ACp iz (a, M, &5, 8y, B, hei)

ACp,, gy (@ M, CONFIGURATION )
ACpg s (@M, 8¢)
ACpyy gy (@ M, 847 CONFIGURATION)
- ACDWBHV(O(, M,CLEAN CONFIGURATION)
+ ACD(SQ (a, M, SHT’ 59) + ACDFlaps (O(, M, (Sf)
ACDWBHV(O(, M,CLEAN CONFIGURATION )
ACDWBHV(a, 1ST MACH NUMBER,CLEAN CONFIGURATION )
ACDSb ((X, M, Ssb)
0
ACDLGmax ((X, M)
ACDGE (a, M! 6f' 6HT' 6e' hGE)
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Lift Coefficient

C, =

CLWBHV

(a, M) + ACypy,, (. M, 87) + AC,,,, o (@, 67, 8ur, 6)

* KM(a,M,8;) + AC,, (a, M, 8) + AC, (a, M, &)

(1.2)
+AC, (@ M) % 61
b
+ ACLGE(a' M, 6f’ 6HT’ 69’ h‘GE) + Cg(a, m, 6}") *q * V
Table 3.10 Lift Coefficient Buildup
. .y Characteristic represen- Main affecting Other
Function-characteristic L . .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters
Clean Wing-Body-
ACy gy (@, M) ACy, 5y (@, M) Horizontal Tail- -
Vertical Tail
ACLFla.ps ((Z, M’ Sf) ACLFlaps (a' M' 5f) Flap Settmg (Sf) a, M
Horizontal Tail
AC, ,0¢, Oy, O
ACy,r, s, (@M, 87,847, 8,) L,'j,me(a 7. Our0e) (647) and Elevator ~ a, M, &;
*KL (a,M,5f) (63)
K" (a, M, 8;) K (a, M, 8;) Mach Number (M)  «, 6
AC, (a,M, b)) ACst(a, M, b)) Speed Brake (&) a, M
AC, (a,M,65) =0 ACy (a, M, 6) Spoiler (8;) a,M
_ Landing Gear Posi-
ACLLGm.a.x (a' M) - 0 AC.]-‘LGma:x (a’ M) * 6LG t|on (SLG) a, M
ACLGE(a! M! Sf’ SHT’ 69’ hGE) ACLGE(a; M; Sfl é‘HT: 63; hGE) Altltude (hGE) a, M, Sf' 5HT' 55
b .
C (@, M, &) ¢ (aM,8) «q 5 Pitch Rate (q) a M, 5
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Table 3.11 DATCOM MAX Lift Coefficient Buildup Definitions

Function-characteristic rep- Characteristic representation in DATCOM MAX aerody-
resentation namic buildup equation
ACy, 5y (@ M) ACy, py (@, M,CONFIGURATION )
AC s (@ M, 57) ACrap (a, M, &¢)
ACy, pyy (@ M, 8y CONFIGURATION)
ACiyy,s, (a,M, 8¢, 87, 8e) — ACyy, 5y (@, M,CLEAN CONFIGURATION)

+ ACy; (@, M, 87, 8.) + ACy,, (M, 87)
ACy gy (@, M, CLEAN CONFIGURATION )

KM(a, M, 0¢)
ACLWBHV((X, 1ST MACH NUMBER,CLEAN CONFIGURATION )

ACLSb (al M; (Ssb) ACLSb (a, M, 65[7)
AC (o, M, &) 0
ACLLGmax ((Z, M) 0
AC, ;. (a, M, 65,67, 8, hgE) AC, ;. (a, M, 65,647, 8, hgE)

b
Cl(a, M) CLq(a,M,é‘f)*q*V
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Pitching Moment Coefficient

Cm = Conypay (@ M) + ACpy o (@, M, 87) + ACpyr s (@, 87, Spir, e )

* Kot (@, M, 8¢) + ACpy, (@, M, 85 + ACy, (o, M, 5)

+4 mLGmax(a M) * SLG
(1.3)
+A mGE(a M, Sf,(SHT,Se,hGE)
‘ b
+ [CE(a, M) * C. (a, M) * q] * 7 G ey +Cp
* Az
Table 3.12 Pitching Moment Coefficient Buildup
. oy Characteristic represen-  Main affecting Other
Function-characteristic L . .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters
Clean Wing-Body-
DGy gy (@, M) ACry gy (@, M) Horizontal Tail- -
Vertical Tall
A mFlaps(a M Sf) A mFlaps(a M 5f) Flap Settmg (6f) a;M
Horizontal Tail
AC, ,6¢,0pr, 6,
ACinyyry 5, (@ M, 87, 87, 6c) THT+e (e 87, 0r,0e) (64r) and Elevator  a, M, §;
*Km(a,M,(Sf) (63)
KM(a M, &) KM(a M, &) Mach Number (M)  a, 6
msb(a M,8,,) msb(a M, ) Speed Brake (J)) a,M
ACy (a,M,5;) =0 ACy (o, M, &) Spoiler (85) a,M
Landing Gear Posi-
AC, mLGmax(a M)=0 ACmLGmax(a, M) * 8¢ tion (8,5 a, M
mGE ((X M (Sf, SHT' Sev hGE) mGE ((X M Sf, SHT' 66' hGE) Altitude (hGE) Q, M, (Sf, SHT: Se
b .
Cﬂl (a,M) Cm(o(, M, &;) * q * V Pitch Rate (q) o, M, &¢
. , b Angle-of-Attack
& .
Cn(a, M) (@, M, 8¢) x a Derivative (&) % M, 5
- Cp * Axeg C.G. x-shift (Ax.,) a,M
- Cp x Az C.G. z-shift (Az) a,M
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Table 3.13 DATCOM MAX Pitching Moment Coefficient Buildup Definitions

Function-characteristic rep-

resentation

Characteristic representation in DATCOM MAX aerody-
namic buildup equation

AC (a, M)

MwWBHV

ACp,,. (a,M,5;)

MFEiaps

ACinyyp,s, (M, 87, 6,7, 62)

KM (a, M, 5;)
Acmsb (O(, M' 6sb)
ACms (al M; 65)
AC, (a, M)

mrGmax

ACpp (@, M, 8f, 8z, 8 hii)
Ch (a, M)
C& (a, M)

ACy, py (@, M,CONFIGURATION )
ACLFlapS(a, M, &¢)
ACy, pyy (@ M, 8y CONFIGURATION)
— ACyy, 5y (@, M,CLEAN CONFIGURATION)
+AC,, (a,M, b6y1,6,) + ACLp s (a, M, &¢)
ACy, ppy (@, M,CLEAN CONFIGURATION )
ACy, ppy (@, 1ST MACH NUMBER, CLEAN CONFIGURATION )
AC,,, (a,M,6)
0
0
ACy;.(a, M, 6, 6ur, 8¢, hgE)

b
CYa,M,é —
HaMmo) ang
C& (o, M, 8¢)
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Side-Force Coefficient

Cy = Cf(a,M) * B + ACy. (a, M, 8,) + ACy, (@, M, 8,) + ACy, (@, M, &) (1.4)

Table 3.14 Side-force Moment Coefficient Buildup

. .y Characteristic represen-  Main affecting Other

Function-characteristic L - .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters

CE(a, M) CEa, M)« B Sideslip (8) aM
ACy (a, M, $,) ACy, (a,M,6,) Rudder (6,) a,M
ACy (a,M,8,) ACy,(a, M, 6,) Aileron (6,) a, M
ACy (a, M, ) ACy (a, M, 65) Spoiler () a,M

Table 3.15 DATCOM MAX Side-Force Coefficient Buildup Definitions

Function-characteristic rep- Characteristic representation in DATCOM MAX aerody-
resentation namic buildup equation

ck(a, M) C(a,M,CLEAN CONFIGURATION)

ACy (a,M,6,) ACy (a,M,6,)

ACy, (a,M,§,) ACy (a, M, 8,)

ACy (a,M, &) ACy (a, M, é)
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Rolling Moment Coefficient

+|C (a, M) + C (a, M) * Axcg  — | * p *

C = Cf (a,M) * B + AC, (a, M, 8,) + AC, (@, M, 8,) + AC, (@, M, §)

l

] v (1.5)
+ C/ (a, M) :
* * —
1 \a, T oV
Table 3.16 Rolling Moment Coefficient Buildup
. .y Characteristic represen- Main affecting Other
Function-characteristic L - .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters
c(a, M) cFla, M)« B Sideslip (B) a,M
AC, (a,M,6,) AC, (a, M, 5,) Rudder (6,) a, M
AC, (a,M,$,) AC,, (a,M,5,) Aileron (6,) a,M
AC, (a, M, &) AC, (a, M, 6y) Spoiler (&) a,M
Clp(a,M) Clp(a,M) *p*% Roll Rate (p) a, M
b
Clﬁ(a'M) Cl‘g(a,M) * Axcg *V*p Roll Rate (f) a, M
¢l (a, M) Cl(a, M) 1 * % Yaw Rate (1) a,M

Table 3.17 DATCOM MAX Rolling Moment Coefficient Buildup Definitions

Function-characteristic rep-

resentation

Characteristic representation in DATCOM MAX aerody-
namic buildup equation

cf(a, M)

AC, (a,M,6,)
AC,,(a, M, 8,)
AC, (e, M, 8)

¢l (a, M)
cf(a, M)

¢/ (a, M)

cf (e, M) * B

AClT(O(,M,é'r)

AC,, (e, M, 8,)

AC, (a,M,6y)

Cl (a, M) :
E3 *k —

L7

P b

o (a,M,6f) * Axcg *V*p

l
Clr(a,M,Sf)*r*ﬁ
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Yawing Moment Coefficient

b
Cn = |CE(a, M) + Cf (@, M) % Axy + 7| * B+ ACy, (0, M,5,)

b
+ AC,, (a, M, §,) * Axcgy * 7 + AC,, (a, M, §,)

+AC, (@, M, 8)

. 2b (1.6)
+ |Chla, M) + 2 % Cy (a, M) * Axgy *T+ 2
2
B b L p
* Cy (a, M) * (Axcg *T> ] *T*ﬁ"' Cp(a,M) *p
l
2V
Table 3.18 Yawing Moment Coefficient Buildup
. .y Characteristic represen-  Main affecting Other
Function-characteristic L - .
. tation in aerodynamic parame- effecting pa-
representation . .
buildup equation ter/component rameters
ch(a, M) Chla, M)« Sideslip () a,M
b . .
Clﬁ((X,M) Cl‘B(a,M) *Axcg *T*'B SldeS“p B a, M
AC, (a,M,6,) AC, (a,M,§,) Rudder (6,) a,M

AC, (a,M,5,)

ACna (a' M; 5(1)
ACy (@, M, )

Cr(a, M)

CE(a, M)
cl(a, M)

CP(a, M)

b
AC, (a, M, 5,) * Axeg * —

l C.G. x-shift (Ax,,) a,M

AC,, (a,M,$,) Aileron (6,) a,M
AC, (a, M, 5,) Spoiler (&) a,M
l
Ch(a,M) xr * v Yaw Rate () a,M
b
Cf(a, M) * Ax,q * 7T Yaw Rate (1) a,M
b 2
P (a, M) * (Ax *_) 2
y (& cg
l Yaw Rate (r) a,M
l * T % ﬁ
CP(a, M) *p = > Roll Rate (p) a,M
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Table 3.19 DATCOM MAX Yawing Moment Coefficient Buildup Definitions

Function-characteristic rep- Characteristic representation in DATCOM MAX aerody-
resentation namic buildup equation
cf (a, M) Cl(a, M)+ B
b
cl (a, M) cl(a, M) = Ax,, * T*B
AC, (a, M, 5,) AC, (a,M,5,)
b
AC,, (a,M,6,) AC,, (a, M, 8,) * Ax,y * 7
AC, (a,M,8,) AC, (a,M,8,)
ACns(a' M, 65) ACns((Z, M, 65)
l
Cr(a,M) C,f(a,M)*r*ﬁ
g I b
C, (a,M) Cy, (a,M)*Ang*V*r
8 P b\? !
Cy (a, M) Cy(a,M)*(Ang*T> *Z*T*ﬁ
l
Cy (a, M) Cﬁ(a,M)*p*ﬁ

3.4 Chapter Summary

In conclusion, this chapter describes DATCOM MAX’s history, development process,
and attributes. The modification of Digital DATCOM into DATCOM MAX V4 required review of
previous work, defining the prototype system requirements, and verification. A DATCOM MAX
V4 User's Manual was produced allowing user familiarization for future development. The capa-
bilities and limitations of DATCOM MAX V4 are defined in the context of Digital DATCOM. Last-
ly, a description of DATCOM MAX V4’s output and aircraft configuration concept building equa-

tions are shown.
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CHAPTER 4
CASE STUDY: B747-200F
4.1 Introduction

The AVD Laboratory selected the B747-200F aircraft to calibrate the AVDS process be-
cause of the richness of data available for this aircraft, which includes geometry, weights, aero-
dynamic, structure layout, propulsion, and performance data (5) and (49) through (50).

To give an idea of the capabilities of the B747-200F the payload range diagram is
shown in Figure 4.1. It should be noted the engines selected to be used for this aircraft are the
GE CF6-50E2. This was selected because it is the newest and most common engine used on
this aircraft. The importance engine selection plays in the Digital DATCOM case study is center

of gravity definition. The center of gravity in Digital DATCOM is the moment reference center.

B747-200F Payload Range Diagram

650,000
—_ Max Payload
» 600,000 —_—
2 \
E 550,000 Max Fuel +
> 500,000 Payload & Sizing

& ’ \QDemgn Mission
+ 450,000
z AN
o 400,000
\\ Ferry

350,000 T T T T T T U 1
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Range (nm)

Figure 4.1 B747-200F with CF6-50E2 Engines Payload Range Diagram (51)
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Based on the current capabilities of DATCOM MAX, described in ‘Capabilities and Limi-
tations’, low speed flight at sea level without ground effect is chosen to model the B747-200F.
According to experimental data available low speed flight is defined as Mach 0.075 to 0.377 or
50 to 250 knots at sea level (52). This Mach range is what the B747-200F is modeled for The
aircraft is also modeled at the angles of attack experimental data is available for, which is -5 to

25 degrees (52). The mission for the B747-200F case study models is shown in Table 4.1.

Table 4.1 B747-200F Case Study Model Mission

Mission (Sea Level)

Mach Numbers Angle-of-Attack
0.075 -5 0° 5° 10° 15° 20° 25°
0.151 -5 0° 5° 10° 15° 20° 25°
0.226 -5 0° 5° 10° 15° 20° 25°
0.302 -5 0° 5° 10° 15° 20° 25°
0.377 -5 0° 5° 10° 15° 20° 25°

. Lastly, all control surfaces defined in section 4.3.3 are modeled across their maximum
deflection range defined by the experimental data (52), also see Table 4.2. The control devices
are deflected through their entire deflection range for every angle-of-attack and for every Mach

number.

Table 4.2 Device Deflection Angle Ranges (52)

Device Deflection Range
Ailerons -20° to 20°
LE Flaps 30°
TE Flaps 0° to 30°
Spoilers 0° to 45°
Speed Brakes 10° to 20°
Elevator -23°to 17°
AMHT -5%to0 15°
Rudder -25° to 25°

Landing Gear Fully Extended
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4.2 Main Data Sheet (MDS)

The main data sheet compiles information from 25 difference sources about the B747-
200F, (5) and (49) through (50). The purpose of the MDS is to bring all geometric, weights, and
performance data for the aircraft together into a standard industry format that provides quick
and easy access to consistent and up to date information about the aircraft. The entire main
data sheet can be found in the appendix on page 143. The information contained in the MDS is

shown in Table 4.3.

Table 4.3 B747-200F MDS Contents

Configuration Components | Control Devices | High Lift Devices
Fuselage Ailerons LE Flaps
Wing Spoilers TE Flaps
Hoizontal Tail Speed Brakes
Vertical Tall Elevator
Rudder
Landing Gear
Power Plant

Some information between sources is redundant. This is reassuring although some in-
formation is conflicting. For the conflicting information the newest version of information is used
and the ignored conflicting information is marked red in the MDS. Other non-conflicting infor-
mation from the same source as conflicting information is marked yellow, which signifies use
this data with caution. The last color in the MDS, green, signifies information not directly availa-
ble from the sources and is not used.

Lastly, the MDS serves as a Digital DATCOM and DATCOM MAX model building assis-
tant, shown in Figure 4.2, for a TAC aircraft like the B747-200F. Links are placed between the
‘References’ tab and ‘DATCOM Input’ and ‘DATCOM MAX Input’ tabs that automatically cate-
gorize the corresponding information between the MDS and required input for Digital DATCOM

and DATCOM MAX models.
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Figure 4.2 MDS Assistant Function

4.3 Digital DATCOM Model

Using the information from the MDS 9 Digital DATCOM B747-200F models have been
produced. The reason nine models are needed is because Digital DATCOM cannot run the en-
tire aircraft configuration concept at once. Meaning all the control effectors available in Digital
DATCOM that are applicable to the B747-200F aircraft cannot be added to a single Digital DA-

TCOM model. The nine models are shown below in Table 4.4.

Table 4.4 B747-200F Digital DATCOM Model List

Aircraft Configuration Component(s)

1 WB Clean

2 WB Ailerons

3 WB LE Flaps

4 WB TE Flaps

5 WB Spoilers

6 WB Speed Brakes
7 WBHV Clean

8 WBHV Elevator

9 WBHV AMHT+e

The aircraft geometry is the same for every model. The differences are in the control
devices used and presence of the empennage. The reason for the empennage removal is ex-

plained later. The gross B747-200F geometries used for the Digital DATCOM and DATCOM
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MAX models are summarized in Table 4.5. Sign convention is defined in the Digital DATCOM

User's Manual (42).

Table 4.5 Digital DATCOM B747-200F Model Specifications Summary

Digital DATCOM Variable Units
Body
Length 68.637 m
Wing (Straight Tapered Planform) m
Theoretical Semi-Span SSPN 29.8216 m
Root Chord CHRDR 14.0663 m
Tip Chord CHRDTP 4064 m
Dihedral Angle DHDADI 7 deg
Twist Angle TWISTA -3.5 deg
Airfoil BACJ
Horizontal Tail
Theoretical Semi-Span SSPN 11.0865 m
Root Chord CHRDR 9.8552 m
Tip Chord CHRDTP 24638 m
Dihedral Angle DHDADI 8.5 deg
Airfoil NACA-6-63-008
Vertical Tail
Theoretical Semi-Span SSPN 9.8044 m
Root Chord CHRDR 11.7348 m
Tip Chord CHRDTP 3.9878 m
Airfoil NACA-6-64-010

To visualize the Digital DATCOM models ‘DATCOM PLOT.exe’ is used to produce a
‘fort.7’ file. For a description of the Digital DATCOM plot module see (45). Tecplot is then used

to open the fort.7 file and visualize the geometry, shown below in Figure 4.3.
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Figure 4.3 Digital DATCOM B747-200F 3-View

4.3.1 Equivalent Straight Tapered Wing

Special attention has been paid to defining the wing geometry. The B747-200F is a
double crank wing. One crank is on the LE while the other one is on the TE. Digital DATCOM
can handle a single crank or straight tapered planform wing but not a double crank wing. In ad-
dition, Digital DATCOM only provides transonic speed output for straight tapered wings. Even
though transonic speeds are not addressed in this thesis an equivalent straight tapered wing
has been calculated to allow the B747-200F models to be used in future development of DA-
TCOM MAX. The Digital DATCOM User’s manual (42) notes an equivalent wing should be used
if choosing a straight tapered planform to represent a cranked wing but does not present any
conversion methods. ‘Geometry Construction’ (53) by Askin T. Isikveren from the University of
Bristol provides “An Overview of Equivalent Reference Wing Conventions”. The three methods
presented are: (a) weighted mean aerodynamic chord method, (b) ESDU method, and (c) sim-

ple trapezoid or net method. The ESDU method was selected because “it has been employed
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with a growing popularity and has become a standard in numerous academic institutions and
airframe manufacturers” (53). For a complete description of the method please see (53). A top
view of the B747-200F wing is overlaid with the Digital DATCOM model ESDU equivalent wing

planform along with a brief description of the method in Figure 4.3.

Geometric Properties (cont.)

0 ESDU Method
O The concept of the ESDU equivalent wing planform was first published in
1976
Q It has been employed with a growing popularity and has become a standard
in and airframe

equal area principle

exposed panel
o1

fuselage max diameter

T“ o

Q Fundamentally, the methodology works off the exposed original wing
planform area with some inherent geometric elements as a basis for
generating the final projected equivalent reference wing

Q The exposed planform area of the original wing is calculated by summing the
areas of each exposed trapezoidal panel

Q Taking the span measured from the fuselage-wing juncture datum to the
wingtip, the chord at the projected fuselage-wing juncture is computed using
the original wingtip chord and the recently computed exposed planform area

O The leading edge of the fuselage-wing juncture chord is then calculated using
the equal area principle

0 Can be thought of as a line projecting towards the aircraft plane of symmetry from the

wingtip and when infersecting the anginal cranked planform Aye angles forms
transversal zones of equal area

Jan 05 Section 6 - Initial Sizing & Analysis Techniques 5
Copyright © 2005 by Askin T. Isikveren All Rights Reserved

Figure 4.4 B747-200F Top-View ESDU Equivalent Wing Planform and Method Summary (53)

4.3.2 Airfoil Selection

The wing, horizontal tail, and vertical tail require an airfoil selection. This can be done
one of two ways in Digital DATCOM. The first option allows the user to specify and NACA des-
ignation, while the second option allows the user to input airfoil section coordinates. The meth-
ods used to calculate the airfoil properties vary depending on the speed regime. In general, the
airfoil properties are calculated in incompressible, inviscid flow then correction factors are used

to account for viscous effects, bring in line with experimental data, and account for transonic
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flow (if present). For a complete detailed explanation of Digital DATCOM'’s airfoil model see the
Digital DATCOM User’'s Manual (42).

The wing airfoil sections are known to be Boeing proprietary airfoils with the designa-
tions starting at the root BAC 463 and ending at the tip with BAC 474. Unfortunately, the ordi-
nates of these sections are not given and Digital DATCOM is restricted to one airfoil designation
for the entire surface. The one attribute that is known about these airfoils is that they are super-
critical. Fortunately, Boeing did release a general supercritical airfoil known as BACJ, shown
below in Figure 4.5. The coordinates for the BACJ are in the appendix on page 189. The BACJ

is the airfoil selected for the wing.

BOEING AIRFCIL J
0.3 T _ T ! T

0.1f ' 2

B | ST SIS e s e e o R s -

T ASET e s e e et S — -

0.3 | | | i | i I | i

Figure 4.5 Boeing Airfoil J used as B747-200F Wing Airfoil in Digital DATCOM (54)

Next is the horizontal tail airfoil selection. No information is available on the airfoils used

for the horizontal tail so previous project knowledge along with approximations made from the
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Boeing 3-view drawing (55) was used. In a previous study done by the AVD Laboratory involv-
ing a B777-300ER aircraft (56) the closest horizontal tail airfoil was found to be a NACA
63A010. Taking measurements from the Boeing 3 view drawing (55) the average airfoil thick-
ness is estimated to be 8%. The B777-300ER and airfoil thickness estimate lead to the selec-
tion of the NACA 63A008 series airfoil for the horizontal tail. The Digital DATCOM NACA card
function was used to designate this airfoil section for the horizontal tail.

Last was the vertical tail airfoil selection. As with the horizontal tail no information on the
airfoils used by Boeing for the vertical tail is published. The AVD Lab B777-300ER study (56)
was used again along with approximations made from the Boeing 3 view drawing (55) to select
an airfoil for the horizontal tail. The study determined the closest airfoil available for the vertical
tail is the NACA 64A008 airfoil. Taking measurements from the Boeing 3 view drawing (55) the
average airfoil thickness is estimated to be 10%. These two reasons are why the NACA 64A010
is selected for the vertical tail. The Digital DATCOM NACA card function was used to designate
this airfoil section for the vertical tail.
4.3.3 Control Surfaces

All the control devices for the B747-200F are shown in Figure 4.6. Some control surfac-
es such as the ailerons, elevator, rudder, flaps, and spoilers have multiple surfaces. Each
serves a different purpose depending on the flight regime and has different characteristics such
as maximum deflection angles and deflection rate. To model these surfaces in Digital DATCOM

some generalizations had to be made and are described in the sections below.
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Figure 4.6 B747-200F Control Surfaces (reference volume 1)

Ailerons

The B747-200F has two ailerons, one inboard used for high speed flight and the other
outboard for low speed flight (57). Digital DATCOM is limited to one aileron. The flight regime
being tested is low speed so the high speed aileron is not modeled.
LE Flaps

There are two LE flaps, the inboard are Krueger while the outboard are cambered and
slotted Krueger flaps (57). There is no information available on the camber of the outboard LE
flaps and Digital DATCOM cannot handle a cambered Krueger flap. The LE flaps extend almost
the entire length of the wing with gaps for the engine mounts. As an approximation the LE flaps
are modeled as one continuous Krueger flap extending from the inboard span location of the

inboard flap to the outboard span location of the outboard flap. No information was available for
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the chord length of the Krueger flaps so an approximation is made using the Boeing 3 view
drawing (55) and other photos.
TE Flaps

There are two TE flaps, which inboard are and outboard triple slotted flaps (57). Digital
DATCOM is not capable of modeling tripled slotted flaps. The two closest options to choose
from in Digital DATCOM are double slotted and Fowler flaps. No information is available on
making an approximated double slotted flap to a triple slotted flap. Designing an approximated
double slotted flap for the B747-200F is beyond the scope of this thesis. After consulting with
Wolfgang Heinze (58) it was decided to use a Fowler flap. An approximate Fowler flap was then
made using the Boeing 3 view drawing (55)
Spoilers

There are a total of 12 spoilers with 1-4 and 9-12 classified as outboard and 5 and 8
classified as inboard (reference volume 2). The most inboard spoilers are neglected because
they are used on the ground as speed breaks, as shown in Figure 4.6. The outboard spoilers
are the primarily used during flight. Because of this and Digital DATCOM only being able to
model one set of spoilers the outboard spoilers are modeled as one continuous spoiler.
Speed Brakes

The 6 and 7 spoilers left out during the discussion of the spoilers are considered speed
breaks (52). These are modeled as split flaps in Digital DATCOM. The lift coefficient is assumed
to be negative instead of positive and the moment calculation is neglected, while the coefficient
of drag is used as-is. This model is not assumed to give perfect results but rather represent the
sensitivities of a speed break during design.
AMHT+e

There is no change made to the horizontal tail to model it as all moving. The incidence
angle of the horizontal tail is changed in Digital DATCOM to model it as all moving. The eleva-

tor, as shown in Figure 4.6, is spilt. The inboard section is used for low speed in conjunction
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with the outboard while only the outboard section is used for high speed. The inboard and out-
board elevator sections are combined to model the elevator as a plain flap in Digital DATCOM.
4.3.4 Visual Geometry Check

As a final check the 3 view drawing of the B747-200F from Boeing (55) was overlaid
with the Digital DATCOM models to double check that all geometries are defined as intended.
The parameters that cannot be visually checked is the airfoils, wing twist, and control device
geometries. The visual check is shown in Figure 4.7. Digital DATCOM is not capable of produc-

ing a visual of the control devices.

<

{10

- 80

Figure 4.7 B747-200F Digital DATCOM Model Overlaid with Boeing 3 View (55)

Important attributes about the visual check, in Figure 4.7, to note are the airfoil thick-
ness at the root of the wing, shown in Figure 4.4. These attributes of the model need to be re-

membered when reviewing the results.
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The Digital DATCOM model of the B747-200F is a rough approximation of the actual
aircraft. Approximations are made in the airfoil selection, control device modeling, high lift de-
vice modeling, and wing planform geometry. These approximations need to be kept in mind
when reviewing the results.

4.3.5 Results

The results presented below are in the same order as Table 4.4. Output is produced for
every Mach number, at every angle-of-attack, with every control surface deflection angle shown
in Table 4.1 and Table 4.2. There are far too many results to show the component buildup for
each aircraft configuration so the total aircraft configuration for each aircraft component is sum-
marized with a selected analysis point that related to all flight regimes defined in Table 4.1. See
the Digital DATCOM User’'s Manual (42) for a complete list of output produced. All results are
untrimmed.

WB - Clean

Shown below in Figure 4.8 is the WB configuration used for all WB aircraft configura-
tions. This model is exactly the same as the configuration shown in Figure 4.3 except the hori-
zontal tail and vertical tail are removed. The removal is necessary due to an operational limita-
tion of Digital DATCOM places high lift and control devices on the aft most lifting surface (42).

The empennage is removed in order to place high lift and control devices on the wing.
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Figure 4.8 B747-200F Digital DATCOM WB-Clean Model

The purpose of the WB clean configuration is to provide a configuration that compo-

nents can be added to and component contributions be calculated. Figure 4.9 shows the coeffi-

cients of drag, lift, and pitching moments for the WB clean configuration.
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WB-Clean 025
—1=0.075
Alt = Sea Level
0.075<M<0.377 020 = M=0151
5° <qs25° —M=0.226
Configuration: o015 | =——n=0202
Wing+ o —=0.377
Body oi1o
Control Devices:
None 0.05
000 + - T T T 1
-05 o 05 1 15 2
CL
16 0.07
1.4
12 0.06
1o 0.05
0.8 —=0.075
G 06 JFoos —=0.151
04
0.2 0.03 — =022
00 002 —=0.302
02 ——M=0377 —=0.377
-0.4 + T - T T T T T 1 001 + T T - T T T T |
-10 -5 o 5 10 15 20 25 30 -10 -5 o 5 10 15 20 25 30
Angle-of-Attack (o deg) Angle-of Attack (o deg)

Figure 4.9 B747-200F Digital DATCOM WB-Clean WB Model Results Summary

The results shown in Figure 4.9 are the total coefficients of the entire WB clean configu-

ration. Also, the nonlinear stall regions can clearly be seen.
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WB - Ailerons

The ailerons are calculated in DATCOM by aileron settings, shown in the fourth quad-
rant of Figure 4.10. The results shown are not total aircraft coefficient but rather aileron contri-
butions, signified by the “A”, that can be added to the base coefficients. Also, the nonlinear re-
gions of the aileron contributions can clearly be seen. It should be noted the aileron contribu-
tions are assumed to be independent of angle-of-attack due to Digital DATCOM method limita-

tions.

WB-Ailerons 0.008
Alt = Sea Level 0.006
0.075=M=<0.377 0.004
-5° <a=<25°
Configuration: . 0002 \=0.075
Wing+ g 0.000 T :_
Body -0.002 M=0.151
. M=0.226
Control Devices: y
Ailerons 0004 NOTE: Invariantwith —w=02302
-20°<5<20° 0008 angle-of-attack. ——M=0.377
-0.008
0 1 2 3 4 5 & 7 8 9 10
Aileron Setting
0.0015 Aileron Setting DELTAL DELTAR DELTAL-DELTAR
—_—a st
M = 0.226 - - -
0.0010 i 1 -20 20 -40
0.0005 _T:‘IE: 2 -15° 15° -30°
- —a=15 0 0 0
3 sooe Lo 3 -10 10 20
-] =25 4 _50 50 1 00
-0.0005 5 0° 0° 0°
NOTE: Invariantwith —
-0.0010 0 _50 0
angle-of-attack. 6 5 5 10
-0.0015 + 7 10° -10° 20°
o 1 2 3 4 5 & 7 & 9 10 11 12
reron setti 8 15° -15° 30°
leron ettng
9 20° -20° 40°

Figure 4.10 B747-200F Digital DATCOM Ailerons Model Results Summary
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WB — LE Flaps

No DATCOM drag coefficient methods are applicable to the LE flap setting at the exe-
cuted Mach numbers, shown in Table 4.1. Only the flap setting of 30° is shown because the
only setting the B747-200F has for LE flaps is 0° and 30° (52). The results shown are not total
aircraft coefficient but rather LE flap contributions, signified by the “A”, that can be added to the
base coefficients. Overall the contributions do not significantly vary for a change in Mach num-

ber and are assumed to not vary with angle-of-attack.

WB-LE Flaps
Alt = Sea Level
0.075<M<0.377
-5° <a<25°
Configuration:
Wing+
Body No DATCOM Method Exists for ACp
Control Devices:
Krueger Flaps
0°<5<30°
0.005 0.04
Flaps Deflected 30° 005 Flaps Deflected 30°
0.000 ’
0.02
-0.005 o075 0.01 .
E oo e ] 0T3S :E 0.00 — | =0.075
- —=0.151 T om —=0.151
-0.015 =0.226 -0.02 1=0.226
-0.020 NOTE: Invariantwith  ——1=0.302 003 NOTE: Invariantwith ——1=0.202
angle-of-attack. W=0.377 -0.04 angle-of-attack. e M=0.37T
-0.025 + -0.05
24 a5 26 27 28 29 30 31 24 25 26 a7 28 29 30 31
LE Flap Deflection Angle (deg) LE Flap Deflection Angle (deg)

Figure 4.11 B747-200F Digital DATCOM LE Flaps Model Results Summary
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WB — TE Flaps

The B747-200F has TE flap detents of 0°, 10°, 20°, 25°, and 30° but only 30° are shown
in Figure 4.12 for a summary. The results shown are not total aircraft coefficient but rather TE
flap contributions, signified by the “A”, that can be added to the base coefficients. The shown
coefficients have nonlinear attributes that are clearly shown. Also, it should be noted that the TE

flap contributions are assumed to be independent of angle-of-attack.

WB-TE Flaps 0.10 o
Alt = Sea Level Flaps Deflected 30
0.075=M=<0.377 0.08
5% <as<25° —_—n=0075
Configuration: - 006 e | =0) 151
Wing+ g2
= ——=0.226
Body 0.04
Control Devices: 1=0.228
Fowler Flaps 0.02 —=0.302
0°<5<30° —W=0.377
0.00 T T T T T T |
-10 -5 0 5 10 15 20 5 30
Angle-of-Attack (o deg)
0.392 -0.152
Flaps Deflected 30° Flaps Deflected 30°
0.390 -0.154
0.388 0156
-~ 0.386 -
LA < 0158
< 0384 =
0382 -0.160
NOTE: Invariant with 0162 1 MOTE: Invariantwith
0.380
angle-of-attack. angle-of-attack.
0.378 + T T T T T T T 1 -0.164 T T T T T T T 1
] 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0 0.05 01 0.15 0.2 0.25 0.3 035 0.4
Mach Number Mach Number

Figure 4.12 B747-200F Digital DATCOM TE Flaps Model Results Summary
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WB - Spoilers

The spoiler output, shown in Figure 4.13, is assumed to not vary with angle-of-attack
and for the most part does not vary with Mach number for low speeds. The results shown are
not total aircraft coefficients but rather spoiler contributions, signified by the “A”, that can be

added to the base coefficients. Both rolling moment coefficient (C;) and yawing moment coeffi-

cient (Cy) are nonlinear.

WB-Spoilers
Alt = Sea Level
0.075=<M <0.377
-5° <a=25°
Configuration:
Wing+
Body
Control Devices:
Spoilers
0°<5<45°

0014
0012
0010

~ 0.008

< 0006
0.004
0.002

0.000

NOTE: Invariantwith
angle-of-attack.

—11=0.075
—=0.151

M=0.226
— 1=0.302
=——M=0.377

T T
20 30
Spoiler Deflection Angle (deg)

40

50

NOTE: Invariant with
angle-of-attack.
T

—

—

—

=0.075
=0.151
0.226
=0.302
=0.377

20 30
Spoiler Deflection Angle (deg)

Figure 4.13 B747-200F Digital DATCOM Spoilers Model Results Summary
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WB — Speed Brakes

The results shown are not total aircraft coefficient but rather spoiler contributions, signi-
fied by the “A”, that can be added to the base coefficients. It should be noted in quadrant three
of Figure 4.14 the coefficient of lift contribution is shown as positive. As mentioned earlier the
negative of this is taken to be used as the lift coefficient contribution. It is shown as positive be-
cause these are the raw Digital DATCOM results and are unmodified. Also, as mentioned be-

fore the moment calculation is neglected due to modeling differences.

WB-Speed 0.004 - o
Brakes 0005 Speed Brake Deflection 10
Alt = Sea Level 0.003
0.0756<M<0.377
5° <as<25° - 0.002 ——W=0.075
Configuration: g 0oz — M=0.151
Wing+ 0.001 W=0.226
Body o001 W=0.302
Control ngigg§: 0.000 il
Spoilers — i =0.377
10°<65<20° -0.001 4
-10 -5 0 5 10 15 20 25 30
Angle-of-Attack (a deg)
0.030 0.006
H (+]
Speed Brake Deflection 20
0.025 0.005
0.020 0.004 e
- - M=0.075
goois £ 0003 —=0.151
0.010 0.002 M=0.226
0.005 NOTE: Invariant with Mach 0.001 — I=0.302
number and angle-of-attack. W=0.277
0.000 - 0.000 +
o 5 10 15 20 5 -10 5 0 5 10 15 20 25 30
Speed Brake Deflection Angle (deg) Angle-of-Attack (a deg)

Figure 4.14 B747-200F Digital DATCOM Speed Brakes Results Summary
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WBHYV - Clean

Now that all the control devices have been modeled on the wing separately the empen-
nage can be added. Figure 4.15 shows the total coefficients for the clean aircraft configuration.
The purpose of this configuration is to provide a baseline that other components can be added

to in order to build-up an aircraft configuration utilizing the control and high lift devices calculat-

ed earlier.
WBHV-Clean 030
—1=0.075
Alt = Sea Level 025
0.075<M<0.377 st R
o 0 -
-5 <qa<25 020 M=0.
Configuration: - —_—H
Wing+ o015 1y
Body+ 010
Horizontal Tail+ .
Vertical Tail 0.05
Control Devices:
None 0.00 -+ T
0.5 ] 05 1 15 2
G
1.3 0.4 .
15 £ —M=0.075
1a 02 —=0.151
b o0 M=0.226
10 —— =075 : o
o 038 e | =0, 302
(S —l1=0.151 &-02
—H=0.377
0.4 W=0.226 04
0.2
0.0 —1=0.302 08
-0.2 —W=0377
-04 + T T T T T T T | 08 + T T T T T T T |
-10 -5 0 5 10 15 20 25 30 -10 5 0 5 10 15 20 25 30
Angle-of-Attack (o deg) Angle-of-Attack (a0 deg)

Figure 4.15 B747-200F Digital DATCOM Clean WBHV Model Results Summary
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WBHYV - Elevator

The results shown are not total aircraft coefficient but rather spoiler contributions, signi-
fied by the “A”, that can be added to the base coefficients. The drag coefficient is shown for only
one Mach number and varies only slightly with change in Mach number but is available for the
entire speed range, described in the Introduction. The lift, drag, and pitching moment coeffi-
cients are nonlinear and clearly shown. Also, the coefficient of lift (C;) and coefficient of drag

(Cp) contributions do not vary with angle-of-attack.

WBHV-Elevator \’{7 004 M = 0.226
[ P -
Alt = Sea Level 0.03 '
0.075<M<0.377 :
-5° <as<25° 0.02
Configuration: - =
Wing+ E, 0.01 & -
Body+
Horizontal Tail+ 0.00
Vertical Tail 001 - NOTE: Approximatelyinvariant
Control Devices: with Mach number.
Elevator -0.02 — T T T T
-23° <5<17° -15 -5 5 15 25
Angle-of-Attack [a deg)
0.15 06
NOTE: Invariantwith
0.10 04
angle-of-attack.
005 02
— 1 =0.075 — il =0.075
3 < 00
£ ooo =015 < — =015
< M=0.151 T 02 M=0.151
4 M=0. W=0.225
0.05 W=0.226 D4
010 — 1=0.302 —N1=0.302 NOTE: Invariantwith
-0.6
— 1 =0.377 e W =0 377 angle-of-attack.
-0.15 ~ T T T T | 038 + T T T T |
-30 -20 -10 o 10 20 -30 -20 -10 o 10 20
Elevator Deflection Angle (deg) Elevator Deflection Angle (deg)

Figure 4.16 B747-200F Digital DATCOM Elevator Model Results Summary
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WBHV — AMHT+e

The AMHT+e is the same as the elevator configuration except that the incidence angle
of the horizontal tail is varied to represent an AMHT. The same Mach number is shown for the
drag coefficient. An AMHT deflection of 15° is chosen to show the data for simplicity because it
is the middle of the deflections angles for the AMHT but the entire range of deflection angles for
the AMHT+e combination, as described in Table 4.2, is available. Also, just as with the elevator,

the coefficient of lift (C;) and coefficient of drag (Cp) contributions do not vary with angle-of-

attack.
WBHV-AMHT+e i 006
Wenv-Amiii+e i ok 5 =-23° - = o
Al Sea Level & —§:% M=0.226 & AMHT =15
0.075<M<0.377 008 o5
5% <q =25 it
Configuration: - D02 5= 1
Wings ¢ e ——————
Body+ 0.00 \
Horizontal Tail+
Vertical Tail -0.02 | NOTE: Approximatelyinvariant
Control Devices: with Mach number.
AMHT -0.04 +
5% <5<15° -15 -5 5 15 25
Elevator Angle-of-Attack [a deg)
-23° <5<17°
0.20 0.6
0 0
i AMHT =15 . AMHT =15
0.4
0.10 02
2 0.05 —N=0.075 -~ 00 —M=0.075
< o000 =015 2 —_—=0.15
a M=0.151 % 02 M=0.151
00 M=0228 14=0.226
010 04
MNOTE: Invariant with == N=0302 06 —M=0.302 NOTE: Invariant with
015 angle-of-attack. T ) =0 377 angle-of-attack.
-0.20 ' : ' | -08 4 : ' ' ' : : ' ' ' |
-30 -20 -10 0 10 20 80 -25 -20 ~-15 -10 -5 o 5 0 15 20
Elevator Deflection Angle (deg) Elevator Deflection Angle (deg)

Figure 4.17 B747-200F Digital DATCOM AMHT+e Model Results Summary

4.4 DATCOM MAX Model

The DATCOM MAX model contains the entire aircraft configuration concept in every
possible configuration. Since the entire aircraft configuration concept is modeled at once DA-
TCOM MAX there is no need to build-up the components using multiple models, which is what

is required with Digital DATCOM, shown in Table 4.4. The results described for DATCOM MAX
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contain the same components as Digital DATCOM, with the addition of landing gear and the
rudder, but are all in the context of the full WBHV aircraft configuration. Table 4.6 shows the

outputted components for the B747-200F DATCOM MAX model.

Table 4.6 B747-200F DATCOM MAX Model List

Aircraft Configuration Component(s)

1 WBHV Clean

2 WBHV Ailerons

3 WBHV Flaps

4 WBHV Spoilers

5 WBHV Speed Brakes
6 WBHV AMHT+e

7 WBHV Rudder

8 WBHV Landing Gear

4.4.1 Modeling Additions

As mentioned in chapter 3 on page 19 two additions have been made to DATCOM
MAX. These are the ability to model a rudder and the landing gear contributions. For more in-
formation about the methods implemented please see chapter 3.
Rudder

There are not special considerations that are taken into account when modeling the
rudder. The vertical tail attributes are declared in the Digital DATCOM for005.dat file as normal.
The difference is an asymmetrical flap of type 6, which is not in Digital DATCOM, is declared in
the for005.dat file. This is still a plain flap but is used as a flag in the code to use the rudder
methods.
Landing Gear

The landing gear is modeled by declaring the frontal area, lengths, quantity, and loca-
tion of each landing gear in the RUNDATCOM.in file. The B747-200F has two sets of main

gear. These had to be approximated to one longitudinal location to since the method used only
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allows for one location to be declared for the main gear. The approximation is made by averag-
ing the distance of the two sets of main landing gear. The main gear location approximation is

shown in Figure 4.18.

D 00000006000

. [4

HQ [
31.8008 “
[33.3312 m!

34.8615 m

Figure 4.18 B747-200F DATCOM MAX Equivalent Main Landing Gear Location

4.4.2 Results

The B747-200F DATCOM MAX results follow the order of Table 4.6. Output is pro-
duced for every Mach number, at every angle-of-attack, with every control surface deflection
angle shown in Table 4.1 and Table 4.2. There are far too many results to show the component
buildup for each aircraft configuration so the total aircraft configuration for each aircraft compo-
nent is summarized with a selected analysis point that related to all flight regimes defined in
Table 4.1. Please see the DATCOM MAX V4 User’'s Manual in the appendix on page 91 for a

complete list of output produced. All results are untrimmed.
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WBHYV — Clean
DATCOM MAX uses the WBHYV clean configuration as the baseline for which all com-
ponents are added to. Shown in Figure 4.19 is the DATCOM MAX B747-200F clean configura-

tion. The results shown here are the total coefficients of the entire WBHV clean configuration.

Also, the nonlinear stall regions can clearly be seen.
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Figure 4.19 B747-200F DATCOM MAX Clean WBHV Model Results Summary
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WBHYV — Ailerons

Just as with Digital DATCOM in DATCOM MAX the ailerons are calculated by aileron
settings, shown in the fourth quadrant of Figure 4.20. The results shown are not total aircraft
coefficients but rather aileron contributions, signified by the “A”, that can be added to the base
coefficients. Also, the nonlinear regions of the aileron contributions can clearly be seen and

should be noted that the aileron contributions are assumed to be independent of angle-of-

attack.
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Figure 4.20 B747-200F DATCOM MAX Ailerons Model Results Summary
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WBHYV — Flaps

The configuration chosen to represent the flaps is titled in the charts in Figure 4.21,
which is full deflection of the leading and trailing edge flaps. Unlike Digital DATCOM the charts
do not show the contributions of the flaps but rather the complete aircraft configuration with

flaps deflected.
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Figure 4.21 B747-200F DATCOM MAX Flaps Model Results Summary
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WBHYV — Spoilers

As with Digital DATCOM the spoiler output, shown in Figure 4.22, is assumed not to
vary with angle-of-attack and for the most part does not vary with Mach number for low speeds.
The results shown are not total aircraft coefficients but rather spoiler contributions, signified by
the “A”, that can be added to the base coefficients. Both rolling moment coefficient (C;) and yaw-

ing moment coefficient (Cy) are nonlinear.
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Figure 4.22 B747-200F DATCOM MAX Spoilers Model Results Summary
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WBHYV — Speed Brakes

The results shown are not total aircraft coefficient but rather spoiler contributions, signi-
fied by the “A”, that can be added to the base coefficients. It should be noted in quadrant three
of Figure 4.23 the coefficient of lift contribution is shown as negative. As mentioned earlier for
the Digital DATCOM model this was shown as positive. Also, as mentioned before the moment

calculation is neglected due to modeling differences.

WBHV-Speed 0.004 - 0
Brakes 0005 Speed Brake Deflection 10 =
Alt = Sea Level 0.003
0.075<M<0.377
50 <q<25° . 0002 ——M=0.075
6
Configuration: £ o002 —M=0.151
‘E’;V'zgz 0.001 11=0.226
ody 0.001
Horizontal Tail+ —M=0.302
Vertical Tail 0.000 —W=0377
Control Devices: -0.001 + T T T T T T T |
Speed Brakes 10 -5 0 5 10 15 20 25 30
10°<5<20° Angle-of-Attack (a deg)
0000 0.006
s 0
NOTE: Invariant with Mach Speed Brake Deflection 20
-0.005 number and angle-of-attack. 0.005
0010 0.004
= - —M=0.075
- E
g 0015 g 0003 —M=0.151
-0.020 0.002 W=0226
-0.025 0.001 =002
— =037
-0.030 | . . : | 0000 ! : . : : : : ]
0 5 10 15 20 25 10 5 0 5 10 15 20 25 30
Speed Brake Deflection Angle (deg) Angle-of-Attack (0 deg)

Figure 4.23 B747-200F DATCOM MAX Speed Brakes Model Results Summary
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WBHV — AMHT+e

The elevator alone configuration is not shown because the only difference between the
AMHT+e configuration and Elevator configuration is variation of horizontal tail incidence away
from 0°. The results shown below are for the total coefficients for the WBHV configuration with
an AMHT+e deflection of 15° each. 15° is arbitrarily chosen as the same conclusions are shown

throughout the deflection sweep. Also, the nonlinear stall regions can clearly be seen.
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Figure 4.24 B747-200F DATCOM MAX AMHT+e Model Results Summary
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WBHYV — Rudder

The results shown in Figure 4.25 are contributions from the rudder and not total coeffi-
cients. The yawing moment (Cy), rolling moment (C;), and side-force coefficient (C,) show all
vary with Mach number, angle-of-attack, and rudder deflection angle but are only shown for one
Mach number for simplicity but are available for the entire speed regime. Different conclusions
cannot be drawing from changing the Mach number other than the magnitude of the coefficient.

Also, the nonlinear regions can clearly be seen.
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Figure 4.25 B747-200F DATCOM MAX Rudder Model Results Summary
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WBHYV — Landing Gear
The only landing gear results, shown in Figure 4.26, available are the contribution drag
(ACp) and pitching moment (AC,,) coefficients. The drag coefficient does not vary with Mach

number or angle-of-attack while the pitching moment coefficient varies with angle-of-attack.
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Figure 4.26 B747-200F DATCOM MAX Landing Gear Model Results Summary

4.5 Verification

Verification is the process of checking the DATCOM MAX output against the Digital
DATCOM output. The purpose of this section is to show that DATCOM MAX is producing the
same results for each component of the B747-200F model as Digital DATCOM. The process to
verify DATCOM MAX output is configuration dependent and is described in the DATCOM MAX
V4 User’'s Manual, shown in the appendix on page 91 . Just as with the results output the verifi-
cation process is extensive, whereby each component is checked at each Mach number and
altitude. This is required because when a method switch occurs the user is not notified and may

not have been adapted for use in DATCOM MAX. The verification is available for all the output,
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as described in the Introduction and Table 4.2, but due to the vast amount of data the verifica-
tion results are summarized below.
4.5.1 WBHV - Clean

The clean WBHYV configuration must be checked first as it is the baseline and every-
thing is based on this configuration. The comparison, shown in Table 4.7, gives the differences

between the Digital DATCOM and DATCOM MAX results summarized earlier.

Table 4.7 B747-200F WBHV Clean Configuration Model Verification

M=0.226 Digital DATCOM DATCOM MAX Difference
Alpha CD C|_ CM CD C|_ CM CD C|_ CM
-5° 0.015 -0.150 0.2493 | 0.015 -0.150 0.2493 | 0.000 0.000 0.0000
0° 0.016 0.232 0.1068 | 0.016 0.232 0.1068 | 0.000 0.000 0.0000
50 0.032 0.601 -0.0297 | 0.032 0.601 -0.0297 | 0.000 0.000 0.0000
10° 0.066 0.966 -0.1699 | 0.066 0.966 -0.1699 | 0.000 0.000 0.0000
15° 0.122 1.313 -0.3154 | 0.122 1.313 -0.3154 | 0.000 0.000 0.0000
20° 0.203 1.623 NA | 0.203 1.623 -0.4869 | 0.000 0.000 NA
25° 0.263 1.616 NA | 0.263 1.616 -0.6458 | 0.000 0.000 NA
Note:  NA signifies the DATCOM method applicability was exceeded

The same arbitrary Mach number is chosen as before and is shown for every angle-of-
attack. All the results match within the significant figures. The one exception is the pitching mo-
ment coefficient past 15° angle-of-attack. DATCOM MAX does not recognize the method ap-
plicability was overrun. When this happens Digital DATCOM does not produce results and plac-
es a notification about the method overrun where the results normally would be. For this case
DATCOM MAX is unable to recognize this and continues using the method and produces the
results. This is ok as the data would be extrapolated in this region if ever required anyways but
is good to note the extrapolation of the pitching moment coefficient for angles of attack past 15°.
Because of this the results are declared to match. These conclusions hold true for all the output

for the WBHYV clean configuration.
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4.5.2 Ailerons

The aileron verification data is available for all angles of attack, Mach numbers, and de-
flection angles defined in the Introduction and Table 4.2. One flap setting and Mach number is
arbitrarily chosen to show the verification of the ailerons, shown in Table 4.8. Also, the rolling
moment (C;) does not vary with angle-of-attack. The values shown are the contribution of the

speed brakes, shown by “A”, and not the overall aircraft coefficients.

Table 4.8 B747-200F Aileron Model Verification

Flap Setting 9

M=0.226 Digital DATCOM DATCOM MAX Difference
Alpha ACN AC| ACN AC| ACN AC|
-5° 3.495E-05 6.8247E-03 | 3.500E-05 6.8250E-03 | -5.000E-08 -3.000E-07
0° -2.283E-04 6.8247E-03 | -2.280E-04 6.8250E-03 | -3.000E-07 -3.000E-07
5° -4.783E-04 6.8247E-03 | -4.770E-04 6.8250E-03 | -1.300E-06 -3.000E-07
10° -7.019E-04 6.8247E-03 | -6.980E-04 6.8250E-03 | -3.900E-06 -3.000E-07
15° -8.877E-04 6.8247E-03 | -8.810E-04 6.8250E-03 | -6.700E-06 -3.000E-07
20° -1.027E-03 6.8247E-03 | -1.015E-03 6.8250E-03 | -1.200E-05 -3.000E-07
25° -8.811E-04 6.8247E-03 | -8.600E-04 6.8250E-03 | -2.110E-05 -3.000E-07

The flap setting chosen is 9, defined in the fourth quadrant of Figure 4.20 and Figure
4.10. The differences shown above are well out of the significant figures of the possible Digital
DATCOM output so they are assumed to be zero. Because of this the results are declared to
match. These conclusions hold true for all the output for the ailerons.
4.5.3 Spoilers

The spoiler verification data is available for all angles of attack, Mach numbers, and de-
flection angles defined in the Introduction and Table 4.2. One Mach number is arbitrarily chosen
to show the verification of the spoilers, shown in Table 4.9. The spoiler data does not vary with
angle-of-attack so all spoiler deflection angles are shown. The values shown are the contribu-

tion of the speed brakes, shown by “A”, and not the overall aircraft coefficients.
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Table 4.9 B747-200F Spoiler Model Verification

M=0.226 Digital DATCOM DATCOM MAX Difference
Delta ACy AC, ACy AC, ACy AC,
0° 6.527E-03 | 0.000E+00 | 6.527E-03 | 0.000E+00 | -3.000E-07 0.000E+00
15° 6.602E-03 | 1.909E-03 | 6.602E-03 | 1.909E-03 | 3.000E-07 0.000E+00
25° 9.486E-03 | 3.116E-03 | 9.486E-03 | 3.116E-03 | -1.000E-07 0.000E+00
35° 1.148E-02 | 4.230E-03 | 1.148E-02 | 4.230E-03 | 0.000E+00 0.000E+00
45° 1.300E-02 | 5.214E-03 | 1.300E-02 | 5.214E-03 | 0.000E+00 0.000E+00

The differences shown above are well out of the significant figures of the possible Digi-
tal DATCOM output so they are assumed to be zero. Because of this the results are declared to
match. These conclusions hold true for all the output for the spoilers.

4.5.4 Speed Brakes

The speed brake verification data is available for all angles of attack, deflection angles,
and Mach numbers as defined in the Introduction and Table 4.2. A deflection angle of 20° was
arbitrarily chosen to show the verification of the speed brakes. The values shown are the contri-

bution of the speed brakes, shown by “A”, and not the overall aircraft coefficients.

Table 4.10 B747-200F Speed Brake Model Verification

Speed Deflection of 20°

M=0.226 | Digital DATCOM DATCOM MAX Difference
Alpha ACD ACL ACD ACL ACD ACL
-5° 5.91E-04 | 2.70E-02 | 5.93E-04 | -2.68E-02 | -2.00E-06 | 1.00E+01
0° 1.82E-03 | 2.70E-02 | 1.82E-03 | -2.68E-02 | -5.00E-06 | 1.38E-02
50 2.16E-03 | 2.70E-02 | 2.17E-03 | -2.68E-02 | -1.10E-05 | 2.68E-02
10° 2.95E-03 | 2.70E-02 | 2.96E-03 | -2.68E-02 | -1.00E-05 | 2.68E-02
15° 3.74E-03 | 2.70E-02 | 3.75E-03 | -2.68E-02 | -8.00E-06 | 2.68E-02
20° 4.52E-03 | 2.70E-02 | 4.54E-03 | -2.68E-02 | -1.70E-05 | 2.68E-02
25° 5.310E-03 | 2.70E-02 | 5.33E-03 | -2.68E-02 | -1.60E-05 | 2.68E-02

The coefficient of lift (C,) does not vary with angle-of-attack but does vary with Mach
number and deflection angle. The differences shown for the coefficient of drag (Cp) are well out
of the significant figures of the possible Digital DATCOM output while the coefficient of lift (C,)

differences are rounding differences between Digital DATCOM and DATCOM MAX. Because of
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this the results are declared to match. These conclusions hold true for all the output for the
speed brakes.
4.5.5 Flaps

The flap verification is normally done in two parts, LE and TE separately. For simplicity,
the LE and TE flaps are combined and both deflected to their maximum, 30°. The verification
has previously been conducted with the flap separately and does not change the verification
conclusions. One Mach number is arbitrarily chosen for the verification. The data shown is for

the total aircraft configuration concept and not the individual component contributions.

Table 4.11 B747-200F Flaps Model Verification

LE & TE Flaps Deflected 30°
M=0.226 Digital DATCOM DATCOM MAX Difference

Alpha CD C|_ Cm CD C|_ Cm CD C|_ Cm
-5° 0.027 0.233 0.118 | 0.028 0.209 0.047 | 0.000 0.024 0.072
0° 0.047 0.615 -0.024 | 0.040 0.592 -0.096 | 0.007 0.023 0.072
5° 0.069 0.984 -0.161 | 0.069 0.961 -0.232 | 0.000 0.023 0.072
10° 0.115 1.349 -0.301 | 0.115 1.325 -0.372 | 0.000 0.024 0.072
15° 0.183 1.696 -0.446 | 0.183 1.672 -0.518 | 0.000 0.024 0.072
20° 0.276 2.006 NA | 0.276 1.983 -0.689 | 0.000 0.023 NA
25° 0.348 1.999 NA | 0.349 1975 -0.848 | 0.000 0.024 NA

The coefficient of drag (C,) matches with a small outlier of 0.007 at 0° angle-of-attack.
The coefficient of lift (C,) and pitching moment coefficient (C,,) have nearly constant differences.
After further investigation it is found that these constant differences as well as the single outlier
for the coefficient of drag (Cp) are contributed to rounding differences between Digital DATCOM
and DATCOM MAX. The differences shown are larger than a single rounding error and that is
true. That is because each time a component contribution is calculated in Digital DATCOM it is
sent to the output subroutine and rounded to the 3" decimal place. Since DATCOM MAX calcu-
lates everything continuously the data is never sent to the output subroutine and rounded.

Throughout the investigation it is unclear how Digital DATCOM rounds and is assumed to be
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from numerical differences between the two programs. The numerical differences add up
through component buildup in DATCOM MAX and leads to the differences. Because the indi-
vidual component results are similar and the numerical errors contribute to the differences the
results are declared validated. These conclusions hold true for all output of the flaps.
4.5.6 AMHT+e

The AMHT+e verification is normally done in two parts, elevator alone and AMHT+e.
For simplicity, the AMHT+e is only shown. The AMHT and elevator deflections are arbitrarily
chosen to be 15°. The data shown, in Table 4.12, is for the AMHT+e contribution, shown by the

“A”, and is not the total aircraft coefficients.

Table 4.12 B747-200F AMHT+e Model Verification

AMHT+e Both Deflected 15°
M=0.226 Digital DATCOM DATCOM MAX Difference
Alpha ACD ACL ACm ACD ACL ACm ACD ACL ACm
5° | 0.026 0.148 -0.333 | 0.022 0.148 -0.334 | 0.005 0.000 0.001
0° 0.028 0.148 -0.333 | 0.025 0.148 -0.334 | 0.003 0.000 0.001
50 0.028 0.148 -0.333 | 0.028 0.148 -0.334 | 0.000 0.000 0.001
10° 0.028 0.148 -0.333 | 0.032 0.148 -0.334 | -0.004 0.000 0.001
15° 0.031 0.148 -0.333 | 0.035 0.148 -0.334 | -0.005 0.000 0.001
20° 0.036 0.148 -0.333 | 0.040 0.148 -0.334 | -0.004 0.000 0.001
25° 0.043 0.148 -0.333 | 0.046 0.148 -0.334 | -0.003 0.000 0.001

As described with the flaps numerical rounding error can be seen for the drag coeffi-
cient (ACp) and pitching moment coefficient (AC,,). Additionally, the drag coefficient (AC) shows
a greater non-constant error than the pitching moment (AC,,) does. This is because the drag
coefficient (AC)) is the addition of the incremental minimum drag coefficient (AC,, . ) due to flap
control and the incremental induced-drag coefficient (AC,,) due to flap deflection.

4.6 Validation
Even though Digital DATCOM contains verified legacy methods it is stated in the Digital

DATCOM User's Manual that “differences between DATCOM and Digital DATCOM do exist”
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(reference). For this reason the output from DATCOM MAX must also be validated against ex-
perimental aerodynamic data, if available.

The validation presented for the B747-200F is not the primary focus of the work and is
limited in scope. The source of the aerodynamic data for this case study is “The Simulation of a
Jumbo Jet Transport Aircraft Volume Il: Modeling Data” (52). The purpose of that study by
NASA was to build a simulator for the B747-100/200 family of aircraft, so ample aerodynamic
data is available. Two AVD Lab research students, Taylor Cook and Jasmine Kendricks, took
the report and digitized the data into Microsoft Excel. The comparisons presented below are
possible in part to their work.
4.6.1 Drag Polar

Below is the drag polar for the clean B747-100/200 for low speed flight, shown in Figure
4.27. The experimental drag polar data stops right at stall, which is at the same drag coefficient

(Cp) that DATCOM MAX shows stall.
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Figure 4.27 B747-200F Drag Polar Validation

It also clearly shows the coefficient of lift (C,) is being over predicted for all speed rang-

es.
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4.6.2 Lift Curve Slope

The coefficient of lift (C;) versus angle-of-attack is shown in Figure 4.28 and reinforces
the results from the drag polar. Shown as a dotted red line the clean DATCOM MAX B747-200F
model’s coefficient of lift (C,) is over predicted. Also, note the differences in angle-of-attack at

which stall appears. Low speed is assumed to be less than or equal to Mach 0.3.

3.0
55 | NOTE: Low Speed
2.0 -
1.5
G 1.0 -
0.5 - 30° TE Flaps (Experimental)
0.0 - Clean (Expernmental)
05 - = == 30°TE Flaps (DATCOM MAX)
' = = Clean (DATCOM MAX)
_1.0 T T T T T T T 1
-10 -5 0 5 10 15 20 25 30
Angle-of-Attack (a deqg)

Figure 4.28 B747-200F Lift Curve Slope Validation

Lastly, the TE flaps selected, Fowler flaps, clearly underestimate the tripled slotted flap

lift curve at full deflection.
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4.6.3 AMHT

The change in lift coefficient equals the change in the total lift coefficient due to change
in AMHT deflection angle times the effectiveness factor of the AMHT deflection angle. For the
DATCOM MAX data effectiveness factor is not available so assumed to be one at all Mach loca-

tions. Additionally, the DATCOM MAX data is not trimmed.

0.015
Experimental

0.014 - = == DATCOM MAX
0.013 -

[=14]

S 0.012 -

=

< 0.011 -

=]
0.010 -
0.009 - NOTE: Sea Level
0.008 T T T T 1

0 0.2 0.4 0.6 0.8 1

Mach Number

Figure 4.29 B747-200F AMHT Lift Curve per Degree Validation

As shown in Figure 4.29 only low speed data is generated for the B747-200F using

DATCOM MAX.
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4.6.4 Elevator

The change in lift coefficient equals the change in the total lift coefficient due to change
in elevator deflection angle times the effectiveness factor of the elevator deflection angle. For
the DATCOM MAX data effectiveness factor is not available so assumed to be one at all Mach

locations. Also, DATCOM MAX results are not trimmed.

0.010 -
Experimental
0.008 1 = = = = = = == == DATCOM MAX
w 0-006 - NOTE: Sea Level
-,
= 0.004 -
£
< 0.002 -
0.000 -
_0.002 T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2
Mach Number

Figure 4.30 B747-200F Elevator Lift Curve per Degree Validation

As shown in Figure 4.30 only low speed data is generated for the B747-200F using

DATCOM MAX.
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4.7 Chapter Summary

In conclusion, this chapter defines the B747-200F case study aircraft by developing a
MDS. From there the aircraft is modeled in Digital DATCOM and DATCOM MAX using the
MDS. Modeling approximations are made and described. The DATCOM MAX model is then
verified against the Digital DATCOM models to check the operational correctness of DATCOM
MAX. Lastly, a brief comparison between the B747-200F DATCOM MAX results and aerody-
namic data is made.

This case study demonstrates the application and accuracy of the DATCOM MAX pro-
totype system. This study has shown that DATCOM MAX’s predictions show trends and sensi-
tivities needed during the conceptual design phase. Overall, the case study has modeled, ana-

lyzed, and compared results for the B747-200F.
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CHAPTER 5
CONTRIBUTIONS SUMMARY AND RECOMMENDATIONS

5.1 Contributions Summary

The debugging and capability expansion of the software DATCOM MAX consist of (a)
building a B747-200F MDS (b) using the MDS to build B747-200F Digital DATCOM models (c)
the debugging and capability expansion of the stand-alone DATCOM MAX software with user’s
manual (d) verification and brief validation of the B747-200F DATCOM MAX model.

The goals of the present research project have been achieved, consisting of debugging
and capability expansion of a complex legacy aerodynamic prediction software, verification,
brief validation, and application of the stand-alone software DATCOM MAX. The specific tasks

below have been carried out to meet these overall research objectives.

1. Aerodynamic tool survey and selection. Method applicability, turnaround
time, and tool accuracy have been assessed for analytical, semi-empirical and
empirical, and numerical aerodynamic tools. With the aim at providing fast turn-
around times combined with, verified legacy methods for a wide range of air-
craft configurations, these key factors identified Digital DATCOM for inclusion
into the AVDS methods library.

2. Research previous DATCOM MAX work and source code familiarization.
Previous AVD Lab work started with Gary Coleman and Amit Oza laying the
framework for modifying the original Digital DATCOM implementation. With lim-
ited source code documentation at hand for the 357+ subroutines the pertinent

code modules have been identified, studied and documented.
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Debug and capability expansion of Digital DATCOM to generate an aero-
dynamic database compatible with AeroMech and VATES. Debugging con-
sumed the largest effort of this work fixing DATCOM MAX errors as well as Dig-
ital DATCOM errors. Reducing the problem to isolate debugging issues as well
as leaving behind the framework for future researcher to expand the addressa-
ble configurations, has been the overall research strategy.

Build B747-200F MDS, Digital DATCOM models, and DATCOM MAX mod-
el. Using the B747-200F case study, a MDS in the appendix on page 91 has
been compiled to provide quick and easy access to consistent and up to date
information about the aircraft. The MDS has been instrumental for building the
Digital DATCOM and DATCOM MAX models, thereby providing transparent
documentation related to input data and underlying assumptions taken.

Verify and briefly validate DATCOM MAX using B747-200F data. Digital
DATCOM has been developed by multiple teams of engineers over 22 years,
resulting in significant code inconsistency. Typical for legacy-code modifica-
tions, any modification to the code can cause undesired results. To make sure
the modifications implemented result in the desired prediction results, DATCOM
MAX has been verified against Digital DATCOM using the B747-200F models
in parts. This approach provided assurance that the modifications have been

incorporated correctly.

DATCOM MAX provides the vital aerodynamic database required for AeroMech and

VATES in the AVDS process. Capturing the aerodynamic trends and sensitivities of an aircraft

configuration concept during the conceptual design phase provides the designer with the de-

sired fact-based decision making, which leads to identification of the solution space with the

least amount of risk.
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5.2 Recommendations for Future Work

Although the goal of debugging and capability expansion of DATCOM MAX has been

achieved, there are still broader objectives to be met. These recommendations for future studies

include:

Development of DATCOM MAX to fully utilize Digital DATCOM. The current
version of DATCOM MAX V4 does not cover the full capability of Digital DA-
TCOM. Expanding the capability with verification and validation studies would
greatly increase the robustness and capability of this tool.

In depth validation studies. For the most part this research has to assume that
legacy semi-empirical DATCOM methods are accurate. Consequently, only a
brief validation comparison for the B747-200F is provided. A thorough transonic
transport aircraft validation study should investigate how accurate the DATCOM
methods are for the conceptual design phase.

Finally, utilizing all of Digital DATCOM’s capability in DATCOM MAX, and the
coupling/complementing of DATCOM MAX with VORSTAB, this would result in
a significant contribution to the aerodynamic prediction challenge the conceptu-

al designers are faced with.
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APPENDIX A

DATCOM MAX V4 USER’'S MANUAL
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1 RELEASE NOTES

Work on DATCOM MAX originally began in 2005 by research students Gary Coleman and Amit Oza.
Starting in 2011 a third research student, Brandon Watters, continued the work and modified the code to
its current state, DATCOM MAX V4. The source code they started from was purchased from PDAS
[1]. The first step was to modify the code from Fortran 77 to Fortran 90 to use the Compaq Visual
Fortran compiler. From there many versions have been made to progress to the code to its current status.
The following table shows the progression of DATCOM MAX. The DATCOM MAX versions are
listed chronologically while the Digital DATCOM source codes are placed in the list according to when
they were introduced to the project.

Table 1 - DATCOM MAX version list.

Version Last Modification Date  C s

1 DATCOM (PDAS) 1/5/1999 Offical version of Digital DATCOM from PDAS

2 RunDATCOM 11/11/2005 Runs DATCOM.EXE through Fortran File

3 Source Codevi 11/14/2005 PDAS source code modified to run in Fortran 80

4  Digital DATCOM Source Codev2 11/15/2005 Modified Source Codev1

5 DATCOMvInput_filename 11/15/2005 Prompts for input file name

6 DATCOMvAuto_file 7/10/2006 Doesn't ask for name of input file

7 DATCOMVAUTO_FILE2 7/11/2008 Working version of DATCOMvAuto_file

8 DATCOMv2 7/31/2008 Start of DATCOM MAX

9 DATCOM MAX (10-28-08) 10/28/2008 Unknown version properties of DATCOM MAX
10 DATCOM MAX (05-01-09) 5/1/2009 Unknown version properties of DATCOM MAX
11 DATCOM MAX V3 8/1/2011 Last version of DATCOM MAX compatable with AeroMech (vA2)
12 Digital-Datcom-Package (USAF) 11/22/2002 Offical version of Digital DATCOM from William Blake (USAF)
13 DATCOM MAX V4 9/29/2011 Lastest version of DATCOM MAX

Throughout the development of DATCOM MAX the output was verified against two sources. These
sources are the original executables from PDAS [1] labeled as “DATCOM (PDAS)” and USAF [2]
labeled as “Digital-Datcom-Package (USAF)”. Each of these executables also came with the
corresponding source code. It was found that when comparing the output of the source code and
provided executable from PDAS the results do not match. This comparison was not done for the USAF
Digital DATCOM because the source code is provided in FORTRAN 77 and needs to be converted to
Fortran 90. In light of this a comparison was done between the PDAS and USAF provided executable
outputs. These were found to not exactly match but were very close. Also, errors found in the output is
consistent between the provided executables. With that in mind, both executables are used to verify the
output of DATCOM MAX when developing the code and running a model.

1.1 PROGRAM CHANGES

The complete list of program changes made from DATCOM MAX (10-28-08) to DATCOM MAX V4
is shown in Table 3. The list contains 265 entries that are categorized into the following top level
sections. Some sections are further broken down for ease of searching and can be seen in reference [3].

NACA Cards

Body Geometry

Bookkeeping

Code Cleanup
Equation/Method Modifications
Debug Mode

DICE

AVD Lab, The University of Texas at Arlington, 2011.
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Double Slotted Flaps
Ground Effect
LOCE

Output

Program Run Time
Speed Brakes
Spoilers

SYMFP

Reference [3] contains the purpose, location, and date of every modification performed on DATCOM
MAX (10-28-08). Each top level modification 1s summarized below.

NACA Cards
The NACA card “x-coordinates where airfoil coordinates are to be calculated” output differed from the
provided DATCOM . EXE and was corrected to match.

Body Geometry

When the aft most coordinates of the body are input as the same to “close” the body the code would
incorporate some numerical error around 107-6 rather than “0.0D0” [4]. This fix was ultimately
commented out because from the evidence gathered DATCOM EXE does this as well.

Bookkeeping
This consists of adding or modifying common blocks from DATCOM MAX (10-28-08). No

modification of common blocks have been done from the original PDAS code although copying and
pasting them to some subroutines that originally did not have them has been done.

Code Cleanup
Changes in comments, variable definitions, and removal of unused variables were changed from the

DATCOM MAX (10-28-08) source. No “code cleanup” has been done in regards to the original PDAS
source code other than to change it to be compatible with .F90 in Compaq Visual Fortran.

Equation/Method Modifications

The methods modified are listed below.

o The C,, calculation in the CMALPH subroutine equation was incorrect in the original PDAS
source code and was corrected.

o The “quick fix” was removed to shift the aesrodynamic center computation to the center line in
the CMALPH subroutine. The “quick fix” is not part of the original PDAS source code.

e In the DRAGFP subroutine while calculating DCDI the drag was purposely being over
predicted due to modification of the original PDAS source code. This over prediction was being
performed to compensate for bookkeeping errors in DATCOM MAX (10-28-08) unknowingly.

e The C,, calculation in subroutine WBCM was corrected from the original PDAS source code.

Debug Mode
This mode was added to allow trouble shooting and verification of DATCOM MAX'’s output. This
mode allows the user to simplify the output to the DOS window. Regardless if this mode if on or off the

AVD Lab, The University of Texas at Arlington, 2011.
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code will also save text file, “PROTOCOL.DAT”, which contains all the text that would be output to
the DOS window if the debug mode is turned on.

DICE
Formatting was not done in “AERQO OUTPUT FILE”, which is named by default as “AERO01.DAT”,
for the DICE. This was done to be consistent with all other control effector formatting.

Double Slotted Flaps
Two major modifications were required to add double slotted flap capability in the presence of a

horizontal tail to DATCOM MAX.

1) Modify the PDAS source code to correctly execute double slotted flaps.
2) Add the necessary bookkeeping to add the contributions where and when needed in the code.

The original PDAS source code had a for loop counter error and resulted in an out of bounds array when
attempting to use double slotted flaps. The bookkeeping modification is part of DATCOM MAX'’s
addition and modification of Digital DATCOM’s output storage and order of execution.

Ground Effect

Modification of common blocks, equations, and buildup is required for proper ground effect
calculations. Ground effect is a function of flap setting, AMHT setting, elevator deflection, angle of
attack, height, and MACH number. The original Digital DATCOM cannot handle all of these without
the user performing component buildup by hand. The modifications of the GRDEFF subroutine are
NOT complete and any ground effect output is incorrect

LOCE
Modifications similar to Double Slotted Flaps bookkeeping were required to implement an AMHT with
an elevator 1n the presence of a wing with an ASYFLP and or SYMFLP.

Qutput
The output was cleanup up to be consistent for every control effector as well as added variables left out
previously.

Program Run Time
Serves no real purpose other than to track the run time of the program.

Speed Brakes
Corrected component buildup for the speed brakes.

Spoilers
Corrected component buildup for the spoilers.

SYMFP
Changed the bookkeeping, added troubleshooting output, component buildup, and order in which the
code operates.

AVD Lab, The University of Texas at Arlington, 2011.
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1.2 KNOWN PROBLEMS

DATCOM MAX V4 is by no means a complete modification of Digital DATCOM. In addition Digital
DATCOM was found to contain errors as well. With that in mind all known problems with Digital
DATCOM and DATCOM MAX are listed below.

1.2.1 DiGITAL DATCOM

Some errors found have no impact on the result while others lead to incorrect results based upon how
the model is setup. Below is a list of known errors. The problems below have been corrected for use in
DATCOM MAX V4.

e LEARN.OUT file is created and opened but not closed by the program

e The delta induced drag, “D(CDI)”, of the body in the presence of a high lift device is not
calculated correctly in most cases due to errors in switching flags within the code. This is
especially true depending on how many angles of attack and deflections are chosen. A good rule
of thumb is more than 2 of each and the more the merrier. This is because linear interpolation is
used.

e The delta coefficient of moment, “D(CM)”, 1s dependent on how many deflection angles are
used. This is because linear interpolation is used. Based on results using multiple angles is not a
good idea. Stick with one deflection angle when possible.

e The delta coefficient of lift, “D(CL)”, when declaring SYMFLP as “FTYPE=8.0". The Krueger
D(CL) produced negative lift when 1t should produce a positive delta contribution.

1.2.2 DATCOM MAX V4

As stated earlier DATCOM MAX V4 is not a complete rework of Digital DATCOM. Because of this
only certain configurations and flight regimes are known to be correctly working. Please read the
capabilities and limitations sections for further description on what can and cannot be done in
DATCOM MAX V4. Below is a list showing what 1s known to give incorrect answers.

Down Wash

Ground Effect
Transonic Speeds
“TRIM” Function
Output Extrapolation

The original source code in these areas has not been adapted to function in the context of DATCOM
MAX V4. An effort was started for Ground Effect but is not complete. The down wash uses the clean
configuration and the bookkeeping within the DWASH function for each configuration needs to be
updated.

Lastly, due to how data is being stored in DATCOM MAX V4 there is a warning displayed when
compiling the code and is as follows.

“Warning LNK4084: total image size 353763328 exceeds max (268435456); image may not run”

“What this means is as long as the program is run on Windows 98 or newer operating system it will
work. Windows 95 and NT 4.0 (prior to SP3) have a limit on the virtual address space of process or
applications of 256 MB. Windows XP/2000/NT 4.0 (SP3+)/Me/98 have a limit of 2GB.” [5]

AVD Lab, The University of Texas at Arlington, 2011.
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DATCOM MAX V4 AEROO1.DAT information may provide information that is extrapolated past
Digital DATCOM’s applicability. To correct this the “OUTPUT EXTRACTION” portion in the
“DATCOM?” subroutine must be moved to the end of the “DATCOM” subroutine.

2 PROGRAM GUIDELINES

The modifications to the original Digital DATCOM source code provided by PDAS [1] are a wrapper
as well as integrated changes. These changes automate many functions that would otherwise require
extensive user work. For example, in order to run a TAC with a high lift device, say double slotted
flaps, a BW configuration needs to run with the high lift devices. Then the output needs to be compiled
by the user from the datcom.out file. After that the compiled data needs to be input as wing
experimental data for the full TAC. This is only one example while many additions were made and are
described below. The purpose of this chapter is to describe DATCOM MAX V4, not Digital DATCOM,
for information on Digital DATCOM see [6].

2.1 PROGRAM ROUTINE

While DATCOM MAX V4 is integrated directly into Digital DATCOM. The first input file to be read
is RUNDATCOM.IN and establishes how many times Digital DATCOM is going to be run with the
number of flap settings. From there Digital DATCOM is executed for each flap setting and each time
Digital DATCOM runs it reads the for005.dat input file. This routine is shown in Figure 1. One should
note at least one, normally the first, flap setting needs to be with no flaps to provide a clean
configuration baseline. For each flap setting all cases in the for005.dat are executed.

[ Input HFIapSettingH Dﬁng(ég:\d SavecjtsgwldH Output ]

Figure 1 - DATCOM MAX V4 Program Routine

Digital DATCOM executes each case as normal from the for005.dat file when no flap settings are
present in the RUNDATCOM.IN file. The order in which the cases appear in the for005.dat file does
not matter as long as the LOCE cases are grouped consecutively. Specifically, the AMHT and elevator
deflections are grouped together. The AMHT deflection is changed by changing the incidence angle of
the horizontal tail using the variable “ALIH” and creating multiple cases for multiple deflections. The
elevator deflections are placed in every AMHT case, including clean (ALIH = 0.0). That being said
there 1s a “good practice” order in which is used and shown in Figure 2.

Clean & LOCE . . Ground
[ e H Ailerons H Spoilers H Rudder HSpeedBreaksH Effect ]

Figure 2 - Digital DATCOM for005.dat execution process and file structure.

The order in which these cases are placed in the for005.dat file is the order in which they will be
executed during the “Digital DATCOM” block in Figure 1.

AVD Lab, The University of Texas at Arlington, 2011.
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2.2 CAPABILITIES

DATCOM MAX V4 has been verified for a limited number of configurations. There are two categories
used to build a single configuration, which directly correspond to the RUNDATCOM.IN file. These
categories are:

e CONFIGURATION CODE
¢ LOCE CONFIGURATION

These categories are directly related to the RUNDATCOM.DAT on page 18.

CONFIGURATION CODE
This is the configuration of the aircraft and has the following options:

6= Body-Wing
11 = Body-Wing-Horizontal-Vertical

LOCE CONFIGURATION
There are two possible LOCE configurations.

2 = AMHT (Not verified)
3 = AMHT+e (All moving horizontal tail with an elevator)

The code is expandable to any configuration involving the surfaces listed below but is limited to the
configurations listed above due the development of the code being programed on a need basis. The
additions that will need to be made to the code revolved around the output files, RUNDATOM.IN, and
component buildup.

Body

Wing

Horizontal Tail
Vertical Tail

e High Lift Devices

2.3 LIMITATIONS
Many functions in the original Digital DATCOM have not been addressed or verified. These include the
following:

e CASE CONTROL
o TRIM — Will not work, AeroMech used instead
e NAMELIST NAME
o PROPWR - Untested
JETPWR - Untested
TVTPAN — Untested
LARWB — Untested
TRANIJET — Untested
HYPEFF — Untested
CONTAB - Untested
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e SYMFLP

o PLAIN FLAPS — Will not work, RUNDATCOM.IN needs modification

o JET FLAPS - Will not work, RUNDATCOM.IN needs modification
» ASYFLP

o AMHT (STYPE=5) — Do not use. Implemented through RUNDATCOM.IN instead
e Program Subroutines

o DWASH - Incomplete, uses only clean configuration.

3 OuTPUT FORMATS

DATCOM MAX outputs two main groups of output files. One group is intended for AeroMech &
VATES while the other is the original Digital DATCOM output files. All the files are text files with
extension “DAT”, “.dat”, “.OUT”, and “.out”, which can be opened in any text editing program
although normally notepad is used. The last file is fort. 7 if DATCOM PLOT.EXE is used. Tecplot is
used to view this file and allows the user to visually check the geometry that was input into the
program.

PROTOCOL.DAT 1s used for troubleshooting and venfication against the two provided Digital
DATCOM executables. This file contains all the output from the command prompt so it may be viewed
afterwards. For more information on this output see the “VALIDATION ProCESS™ on page 22.

3.1 DIGITAL DATCOM
The files associated with Digital DATCOM are the following:

for013.dat
for014 dat
LEARN.OUT
e datcom.out

for013.dat, for014.dat, and LEARN.OUT do not contain any information and are reminisce of the
original Digital DATCOM code. Outputting these files was not removed in DATCOM MAX because it
is unclear if they are needed during execution.

datcom.out contains output arrays (if specified in for005.dat using the “DUMP CASE” command),
control surface information (if specified in for005.dat), aerodynamic buildup, and high lift devices (if
specified in for005.dat). An example of an output array is shown in Figure 3. All the output arrays are
defined in Reference 2 and contain all input variables, output variables, as well as intermediate
calculated variables. These are very useful to debug errors.
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A( 1)= 4.87342E+03
Al 6)= 1.00000E+00
.04470E-01
05011E+01
78399E+01
13198E-01
S98B0E+01
52892E-01
61249E-01
47706E+01
06861E-01
26555E-01
57451E-01

84665E-01
00000E+00
000Q0E+00
00000E+00
00000E+00
07600E+01
11396E-01
00000E+00
27587E+01
54077E+00
76577E-02
99237E+01
00000E+00
21876E+00
55063e-01
. 68840E-01
26023E+01
00000E-30
00000E-30
29139e-01
00000E+00
00000E+00
27798E-01

A(191)=

A( 2)= 2.66667E-29
AE 79= 6.23724E+00

A 129= 2.07392E+01
A 17)= 1.33333E+01
A( 22)= 1.17366E+01
A( 27)= 3.13198-01
AC 32)= 3.59880E+01
A( 379= 7.57451E-01
A( 42)= 6.14103E-01
AE 47 6.06861E-01
AC 529= 2.77693E+01
A 57= 4.84665E-01
A 62)= 8.61959E-01
AC 67 89226E-01
AE 72 702926-01
AC 77 . B4BB5E-01
A( 82)= 0.00000E+00
A( 87)= 0.00000E+00
A 92)= 0.00000E+00
A( 97)= 1.00000E+00
A(102)= 0.00000E+00
AC107)= 7.11396€-01
A(112)= 0.00000E+00
A(117)= 0.00000E+00
A(122)= 3.27587E+01
A(127 2.29035e+01
AC1329= 1.53901€+00
A(137)= 1.00000E+00
A(142)= 0.00000E+00
A(147)= 2.44685E+01
A(152)= 4.27056€E-01
A(157 556556-01
A(162)= 1.00000E+00
A(167)= 1.00000E-30
A(172)= 1.00000E-30
A(177)= 5.88449-01
A(182)= 0.00000E+00
AC187)= 3.60470E+01

A(192)= 6.29139E-01

A(  3)= 4.87342E+03
AE 8)= 1.00000E+00

1.00000E-30
1.76502E+00
8.71732e+01
1. 00000E+00
8.71732E+01
8.61959€-01
7.89226E-01
5.70292e-01
4 84665E-01
4.07600E+01
7.11396E-01
7.78108E-01
8.21442€-01
4.65912E-01
0. 00000E+00
0.00000E+00
A 93)= 0.00000E+00
A( 98)= 0.00000E+00
A(103)= 1.00000E+00
AC108)= 6.52892€-01
A(113)= 0.00000E+00
A(118)= 2.88917E-01
A(123)= 4.87290E-01
AEIES 3. 50000E+00
A(133)= 0.00000E+00
A(138)= 0.00000E+00
A(143)= 0.00000E+00
A(148)= 4.27056E-01
AElsa 4340BE+01
AC158)= 2.50294€-01
A(163)= 6.57939E+00
A(168)= 1.00000E-30
A(173)= 3.42915e+01
A§173)= 8.08534E-01
A(183)= 0.00000E+00
A(188)= 6.29139E-01

A(193)= 8.08192E+01

A( 4)= 5.81977E+03
9.76674E+01
A( 14)= 1.00000E-30
A( 19)= 8.90978E-01
. 00012e+02
84731E+01
= 4.07600E+01

7.11396E-01
7.78108E-01
. 21442e-01
65912E-01
11396E-01
3.78B68E+01

. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
. 00000E+00
.57451E-01
. 00000E+00
5.81977E+03
-12655E+00
.06823E+05
. 54077€+00
. 00000E+00
. 27557E+00
.14193e-01

. 35B66E+01
1. 00000E-30
. 00000E-01
. 27798e-01
. 00000E+00
. 88440E-01
A(194)= 1.00905E+02

A( 5)= 6.23724E+00
A( 10)= 4.25716E+01
A( 15)= 3.05011E+01
A( 20)= 5.84935E+01
AE 25)= 2.88917e-01
30)= 4.62707E+401

A( 35)= 7.11396E-01
A( 40)= 3.7886BE+01
A( 45)= 6.61249E-01
AE 50)= 6.94257e-01
55)= 8.84831E-01

A( 60)= 6.52832E-01
A{ 65)= 6.61249E-01
A( 70)= 3.47706E+01
E 75)= 6.06861E-01
A( 80)= 5.26555E-01
A( 85)= 1.00000E+00
A( 90)= 0.00000E+00
A(_95)= 0.00000E+00
A(100)= 0.00000E+00
A(105)= 0.00000E+00
A(110)= 8.619596-01
A(115)= 1.00000E+00
A(120)= 6.57939E+00
A(125)= 3.10683E+00
AEIBD%: 3.99237e+01
A(135)=-3.82450€-01
A(140)= 0.00000E+00
A(145)= 7.62195E-01
A(150)= 9.10189E-01
A5155§= 2.476896-01
A(160)= 1.03426€+01
A(165)= 4.35866E+01
A(170)= 8.05501E-01
A(175)= 3.60470E+01
A(180)= 6.29139E-01
A(185)= 0.00000E+00
A(190)= 8.08534E-01
A(195)= 3.44126E+01

Figure 3 - "A" Qutput array using "DUMP" option.

The aerodynamic buildup takes place in parts. Each surface and/or body is calculated independently but
with respect to the same reference location and added together one by one until an entire component
buildup 1s achieved. An example of the output during component buildup is shown in Figure 4. The
example in Figure 4 1s a complete configuration, wing-body-vertical tail-horizontal tail, at sea level,
Mach 0.1 and two angles of attack, 5 and 10 degrees. This output will look the same for each individual
component and component build ups. The order at which a body-wing-horizontal tail-vertical tail
configuration with symmetric or asymmetrical control surface and ground effect will appear in

datcom.out 1s:

1)

Body Alone

Wing Alone

Horizontal Tail

Vertical Tail

Wing-Body
Body-Horizontal Tail
Body-Vertical Tail
Wing-Body-Horizontal Tail
Wing-Body-Vertical Tail

10) Wing-Body-Vertical Tail-Horizontal Tail
11) Control surface delta contribution
12) Ground Effect
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CHARACTERISTICS AT ANGLE OF ATTACK AND IN SIDESLIP
WING-BODY-VERTICAL TAIL-HORIZONTAL TAIL CONFIGURATION
B/W/HT/VT, B747-200F (Case 1, CLEAN ALIH=0.0 SYMFLP = Elevator)
----------------------- FLIGHT CONDITIONS  =-oomoomomomoooeeeooaae =-zzo----ss-oo | REFEREMCE DIMENSIONS ~———-o—oo--
MACH  ALTITUDE  VELOCITY ESSURE  TEMPERATURE REYNOLDS REF. REFERENCE LENG MOMENT REF. (ENTEH
NUMBER NUMBER AREA LONG. LAT. HORLZ
M M/SEC N/ M2 DEG K 1/ M M##2 M M
0 0.100 0.00 34.03  1.0133E+05 288.150 2.3190E+06 540.675 9.985 59.643 31521 4.500
——————————————————— DERIVATIVE (PER DEGREE) ==~==============um
g ALPHA o cL ™ N cA xcP cLa (D) cNB cLe
5.0 0.029 0.604 -0.0379 0.604 -0.023 -0.063  7.374E-02 -2.7756-02 -8.599E-03 -2.638E-04 -4.093E-03
10.0  0.067  0.970 -0.1877 0.967 -0.103 -0.194 7.323E-02  -2.995£-02 -4.959€-03
g ALPHA Q/QINF EPSLON D(EPSLON) /D(ALPHA)
1.000 3.344 0.350
10.0 1.000 5.095 0.350
1 AUTOMATED STABILITY AND CONTROL METHODS PER APRIL 1976 VERSION OF DATCOM
DYNAMIC DERIVATIVES
WING-BODY-VERTICAL TAIL-HORIZONTAL TAIL CONFIGURATION
B/W/HT/VT, B747-200F (Case 1, CLEAN ALIH=0.0 SYMFLP = Elevator)
——————————————————————— FLIGHT CONDITIONS —-—--=-=—-=—-ooo——oom ~-----------—- REFERENCE DIMENSIONS ------------
MACH  ALTITUDE VELOCITY  PRESSURE  TEMPERATURE REYNOLDS REF. REFERENCE LENGTH  MOMENT REF. CENTER
NUMBER uMaen AREA LONG, LAT, HORIZ VERT
M M/SEC N/ M2 1/ M#*2 M M M M
0 0.100 0.00 34.03  1.0133e+05 288 150 2.3190 +06 540.675 9.985 59.643 31.521 4.500
DYNAMIC DERIVATIVES (PER asc.n:a)
[ PITCHING=======  ===== ACCELERAT! --- YAWL
0 ALPHA cq oM CLAD CMAD cLe = cnp CNR cLR
o
5.00 1.524e-01 -3.593e-01 3.617e-02 -1.145e-01 -6.249e-03 7.339e-04 -l 198e-03 -2.013e-03 3.313e-03
10.00 3.617E-02  -1.1456-01  -6.327€-03  2,311E-03 .B44E-03  -2.134E-03  4.515E-03
AUTOMATED STABILITY AND CONTROL METHODS PER APRIL 1976 vszsmu OF DATCOM
GURATION AUXILIARY AND PARTIAL OUTI
WING-BODY-VERTICAL TATL-HORIZONTAL TAIL (a«smuunnm
B/W/HT/VT, B7: 00F (Case 1, CLEAN ALIH=0.0 SYMFLP = Elevator)
——————————————————————— FLIGHT CONDITIONS --—- --- REFERENCE DIMENSIONS ---—------—-
MACH  ALTITUDE VELOCITY  PRESSURE  TEMPERATURE REYNOLDS REF. REFERENCE LENGTH  MOMENT REF. CENTER
NUMBER NUMBER AREA LONG. LAT. HORIZ VERT
M M/SEC N/ M2 DEG K 1/ M M2 M M M M
0 0.100 0.00 34,03  1.0133e+05 288.150 2.3190£+06 540.675 9.985 59.643 31.521 4.500

Figure 4 - Datcom output configuration buildup example.

3.2 AEROMECH

The only file associated with AeroMech is AERO01.DAT and contains various output blocks, which
can be combined to determine aerodynamic properties in various aircraft configuration settings
Notepad is generally used to view the data. An example of one of the data blocks output is shown in
Figure 5. When multiple data blocks are output they will be printed below each other.

&UNAME ACA MACH FLAP SET cL cD w™ CYB CIB CNB
&FORMAT 200K X000OKK 00K 2O XXX XOOKXX 200K KOO X XOCOXXX. XK XXX XXX 2 OO XXX L HOOOCKK KKK, XXX
*STATIC DERIVATIVES AND DYNAMIC DERIVATIVES

&VALUE 5.000000 0.100000 1.000000 0.603635 0.029262 -0.037914 .008599 -0.004093 -0.000264
&VALUE 10.000000 0.100000 1.000000 0.969785 0.066818 -0.187688 .008599 -0.004959 -0.000264
&VALUE 5. 000000 0.150000 1. 000000 0.604759 0.029067 -0.038100 -0.008605 -0.004104 -0.000348
%VALUE 10.000000 0.150000 1.000000 0.971254 0.066563 -0.188118 .008605 -0.004971 -0.000348
&VALUE 5.000000 0.100000 2.000000 0.623855 0.029262 -0.057353 008599 -0.004093 -0.000264
&VALUE 10. 000000 0.100000 2.000000 0. 990004 0.066818 207127 08599 -0.004959 -0.000264
&VALUE 5.000000 0.150000 2.000000 0.624921 0.029067 . 057582 .008605 -0.004104 -0.000348
&VALUE 10.000000 0.150000 2.000000 0.991417 0.066563 . 207600 .008605 -0.004971 -0.000348
*

&VALUE 5.000000 0.100000 3.000000 0.945374 0.058925 -0.181659 -0.008599 -0.004093 -0.000264
&VALUE 10.000000 0.100000 3.000000 1.311523 0.107207 -0.331434 .008599 -0.004959 -0.000264
&VALUE 5.000000 0.150000 3.000000 0.947325 0.058881 -0.182572 .008605 -0.004104 -0.000348
&VALUE 10. 000000 0.150000 3. 000000 1.313821 0.107171 -0.332590 -0.008605 -0.004971 -0.000348
*

&VALUE 5.000000 0.100000 4.000000 0.984005 0.065340 -0.197909 -0.008599 -0.004093 -0.000264
&VALUE 10. 000000 0.100000 4. 000000 1.350154 0.114835 -0.347683 .008599 -0.004959 -0.000264
&VALUE 5.000000 0.150000 4.000000 0.986050 0.065321 | -0.198904 .008605 -0.004104 -0.000348
&VALUE 10.000000 0.150000 4.000000 1.352546 0.114831 -0.348922 .008605 -0.004971 -0.000348
W

&VALUE 5. 000000 0.100000 5. 000000 1.004224 0.065340 -0.214831 . 008599 -0.004093 -0.000264
&VALUE 10.000000  0.100000 5.000000 1.370373 0.114835 -0.364605 .008599 -0.004959 -0.000264
&VALUE 5.000000 0.150000 5.000000 1.006213 0.065321 -0.215856 .008605 -0.004104 -0.000348
&VALUE 10. 000000 0.150000 5. 000000 1.372709 0.114831 -0.365874 .008605 -0.004971 -0.000348
*

Figure 5 - Example AERO0O1.DAT output data block.

The output for each data block is a function of angle of attack (AOA), MACH number, and aircraft
configuration settings. The aircraft configuration settings are dependent on the data block. The data
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blocks output depend on the aircraft configuration. Below is a list, in order, of every possible data block
that is output.

e Static Dernivatives and Dynamic Dernvatives

e  Ground Effect

e Longitudinal Control Effectors

Longitudinal Control Effector MACH Correction
Lateral Control Effectors (Up to 10 separate)
Directional Control Effectors

Speed Brakes Extended

Landing Gear

Each data block 1s a function multiple factors, some more than others. Below shows what each data
block is a function of as well as all available output for each data block. The Static Derivatives and
Dynamic Derivatives serve as the basis for building up any aircraft configuration setting set of
aerodynamic data. To build the data for a particular aircraft configuration setting add all relevant
databases with corresponding angle of attack, MACH number, and flap setting to the Static Derivatives
and Dynamic Derivatives data.

Static Derivatives and Dynamic Derivatives

f(AOA,MACH,FLAP SET)
= (CL,CD,CM,CYB,CIB,CNB, CLADOT,CLMDOT, CLQ,CDQ,CMQ,CYP, CIP,CNP,CYR, CIR,CNR)

Ground Effect
f(AOA,MACH, FLAP SET,HGE,DAMHT,DCE) = (DCL,DCD,DCM)
Longitudinal Control Effectors
f(AOA MACH,FLAP SET,DAMHT, DCE) = (DCL,DCD,DCM, DCY, DCL, DCN)

Longitudinal Control Effector MACH Correction

f(AOA, MACH,FLAP SET) = (KCLHT,KCDHT,KCMHT)

Lateral Control Effectors

f(AOA, MACH, DLACE) = (DCL,DCD,DCM,DCY,DCL, DCN)

Directional Control Effectors

f(AOA,MACH,DDICE) = (DCL,DCD,DCM, DCY,DCL, DCN)
Speed Brakes Extended

AVD Lab, The University of Texas at Arlington, 2011.
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f(AOA, MACH,DSPB) = (DCLSPB,DCDSPB, DCMSPB)

Landing Gear
f(AOA, MACH,FLAP SET) = (DCDLG,DCMLG)

3.3 VATES
There are 27 files associated with VATES. In order to use these in VATES further manual manipulation
is required and how to do that is in Amit Oza’s thesis [7]. Below the files are described.

VATES is the reason a MACH correction factor is used for the LOCE. This correction factor reduces
the interpolation VATES needs to do for the DLOCE to 4 dimensional rather than 5 dimensional. This
reduction can be seen in DLOCE+01.DAT and KLOCE.DAT. The MACH number is evaluated at the
first MACH number listed and for005.dat and KLOCE.DAT is used to correct the DLOCE+01.DAT
results for any difference in MACH number needed. For more information on this please see Amit
Oza’s thesis [7].

DCLEANI.DAT — Clean Static Derivatives

f(AOA, MACH,FLAP SET) = (CLWB,CDWB,CMWB, CYB,CLLB,CNB,CLAD,CMAD)

DCLEANI.DAT — Clean Dynamic Derivatives

f(AOA,MACH, FLAP SET) = (CLQQ,CDQQ,CMQQ, CYPP,CLLPP,CNPP, CYRR, CLLRR, CNRR)

GRDEFT+01.DAT — Ground Effects at Up to 10 Different Heights

f(AOA,MACH,FLAP SET, HGE,STABILZR, ELEVATOR) = (DCL,DCD,DCM)

DLOCE+01.DAT — Longitudinal Contrel Effector Effects, Up to 9 AMHT Deflections

f(AOA,MACH,FLAP SET,STABILZR, ELEVATOR)
= (DCLHTE,DCDHTE,DCMHTE,DCY,DCLL, DCN)

KLOCE.DAT — Longitudinal Control Effector Mach Correction Factors

f(AOA,MACH,FLAP SET) = (KCLIHT, KCDIHT, KCMIHT)

DLACEIL DAT — Lateral Control Effector Static Derivatives

f(AOA,MACH, AILERON) = (DCLA,DCDA,DCMA,DCYA, DCLLA, DCNA)

DLACE2. DAT — Lateral Control Effector Dynamic Derivatives
f(AOA, MACH,SPOILER) = (DCLS,DCDS, DCMS,DCYS, DCLLS, DCNS)

DDICE.DAT — Directional Control Effector Static Derivatives
f(AOA,MACH,RUDDER) = (DCLRU,DCDRU,DCMRU, DCYRU,DCRRU,DCNRU)
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SPDBRK.DAT — Speed Break Static Derivatives

f(AOA,MACH,SPEED BR) = (DCLSPB,DCDSPB, DCMSPB)

LDGR.DAT — Landing Gear Static Derivatives
f(AOA,MACH,FLAP SET) = (DCDLGMAX,DCMLGMAX)

4 INPUT FILES

There are two input files needed to run DATCOM MAX V4. They are for005.dat and
RUNDATCOM.IN, which contain some overlapping information but due to the program routine this is
necessary.

4.1 FORO005.DAT

The for005.dat is built as described in the Digital DATCOM manual [6]. The exception is the order in
which the cases need to be placed. The order is shown in Figure 2. For a quick overview of how to build
a Digital DATCOM input file please see [8].

4.2 RUNDATCOM.DAT

The RUNDATCOM.DAT has a different file structure than for005.dat and if not done correctly the
program may still run without notifying the user of any errors. It may also cause a runtime errors or
array out of bounds error 1f not done correctly. Figure 6 shows an example of the RUNDATCOM.IN file.
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NAME OF AERO OUTPUT FILE =3 AER001.DAT
DEBUG MODE (T=ON, F=OFF) T
TOTAL NUMBER OF CASES 7
CASE NUMBER OF CLEAN CONFIGURATION 1
CONFIGURATION CODE(B=1, W=2,...,BWHV=11) 1
LOCE CONFIGURATION (1=e(NA), 2=AMHT, 3=AMHT+e) 3
Ground effect (0=no, l=yes(ft), 2=yes(m)) 2
NUMBER OF LOCE DEFLECTION 3
LoCE DEFLECTIONS 0.0
5.0
15.0
1ST AMHT (ASE (read but not used if 1) 1
LAST AMHT CA: 2
AMHT DEFLE(TIGNS 0.0
6.0
Number of LACE 2
Alieron=1, Spoiler=2 1
CASE NUMBER GF LACE RUN 3
NUMBER OF LACE DEFLECITONS 9
LACE DEFLECTIONS 20.0
15.0
10.0
5.0
0.0
-5.0
-10.0
-15.0
-20.0
Alieron=1, Spnller-l 2
CASE NIHBER OF LACE 4
NUMBER OF LACE DEFLEC]TONS 5
LACE DEFLECTIONS 0.0
15.0
25.0
35.0
45.0
NUMBER OF DICE DEFLECITONS 2
Z\: (¢4 DIETA'KE FROM XCG TO A.C. OF VT IN FT, 28.8822
V (X DISTANCE FROM XCG TO A.C. OF VT IN FT) 99.8554
DI(E DEELECT‘IUNS 0.0
5.0
Speed Breaks (1=Yes, 0=No) 1
Case Number of speed breaks 6
Number of speed break deflection 2
Speed Break Deflection(s) 10.0
20.0
Landing Gear 1n:renents (1=yes, 0=no) 1
Number of main gea 4
Number af nose qear 1
Number of main gear wheel columns 4.0
Number of nose gear wheel columns 1.0
Number of main gear wheel rows 2.0
Number of nose gear wheel rows 1.0
Frontal area of main wheels (mA2) 0.5808
Frontal area of nose wheels (wA2) 0.5808
Length of main Landing gear (m) 5993
X Locaction of main landing gear (SI from Nose) 34.2519
Z Location of main landing gear (SI from Nose)  0.5334
X Location of the nose gear (SI from Nose) 10.1854
Z Tocation of the nose gear (SI from Nose) 0.7239
number of flap settings 5
PE ALPHA bi cfi cfo PHETE PHETEP CPRMEI CPRMEQ CAPINE CAPOUT DOBDEF DOBCIN DOBCOT
1
8 -25.0 5.9246 29.1522 0.8133 0.8123 13.9007 5.0451]0.0 0.0 0.0 0.0 0.0
1
3 25.0 3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637]0.0 0.0 0.0 0.0 0.0
1
3 30.0 3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637|0.0 0.0 0.0 0.0 0.0
2
8 -25.0 5.9246 29.1522 0.8133 0.8125! ' 13.9007 5.0451]0.0 0.0 0.0 0.0 0.0
3 30.0 3.2512 20.8979 1.5166 0.6358 0.0012283 1.0014263 16. 5957 5.6637]0.0 0.0 0.0 0.0 0.0

Figure 6 - RUNDATCOM.IN Example Build

Some basics about the file structure, everything needs to start 49 spaces over. Anything before those 49
spaces will be ignored. That is why everything can be seen starting from the same column shown by a
red arrow in Figure 6 other than the SYMFP information at the bottom. The SYMFP information is
placed evenly spaced solely for ease of reading and does not have a spacing constraint. For the SYMFP
settings at the bottom, the program reads 15 different variables for each setting and depending on the
SYMFP type some variables will not be needed. If this is the case “0.0” still needs to be put in place of
that variable, shown in blue. The green outlines the start of the SYMFP information. Up to 20 different
SYMFLP settings can be declared. For each setting up to 20 flap combinations can be declared. The
order of this information needs to be as follows.

1) 1 Number of SYMFP devices
AVD Lab, The University of Texas at Arlington, 2011.
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a. SYMFP type (1" device)

b. SYMEFP type (2™ device)

[ —

d. SYMEFP type (20" device)
2) 2™ Number of SYMFP devices
SYMPFP type (1% device)
SYMEFP type (2™ device)

e o

SYMEP type (20" device)
3) .

SYMFP type (1* device)
SYMEP type (2" device)

e o

éY. MFP type (20'}‘ device)
4) 20" Number of SYMFP devices
a. SYMFP type (1* device)
b. SYMFP type (2™ device)
| ST
d. SYMFP type (20" device)

To declare a clean configuration at least one flap setting, usually the first one, needs to be set to zero
indicated by the zero at the top of the green box in Figure 6. The variables for the SYMFP section are the
same as declared in the Digital DATCOM manual [6]. Below are nontrivial sections of the
RUNDATCOML.IN file described.

NAME OF AERO QUTPUT FILE
Enter any name and will be used as the output filename for AeroMech. The default is AEROOI.DAT.

DEBUG MODE (T=0ON, F=0FF)
Enter in caps “T” or “F” to turn the output to the command prompt on or off.

TOTAL NUMBER OF CASES
Enter the total number of cases used in the for005.dat file.

CASE NUMBER OF CLEAN CONFIGURATION

Enter the case number of the clean configuration. This case needs to have 0 degree deflections for all
control surfaces. This does not include incidence angles for the wing, horizontal tail, or vertical tail. If
an AMHT is used the incidence angle of the horizontal tail is normally set to 0 degrees for the clean
configuration.

CONFIGURATION CODE(B=I, W=2,....BWHV=I]1)
This is asking what aircraft configuration you wish to run. There are two possible options for this
section although more can be programed in.

6 = Body-Wing
12 = Body-Wing-Horizontal-Vertical

LOCE CONFIGURATION (I1=e(NA), 2=AMHT, 3=AMH T+e)
AVD Lab, The University of Texas at Arlington, 2011.
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This is asking what type of LOCE is to be used. There are two possible options for this setting although
more can be program in.

2= AMHT (Use with caution: Not verified)
3 = AMHT+e (All moving horizontal tail with an elevator)

Ground effect (0=no, 1=yes(ft), 2=yes(m))

If ground effect is one of the cases in the for005.dat this needs to either be 1 or 2 depending on what
units are input to the for005.dat.

NUMBER OF LOCE DEFLECTION

This 1s asking how many elevator deflections are to be used. This corresponds to how many “DELTA”s
in the for005.dat under SYMFP, normally of “FTYPE = 1.0”. If no elevator is present this will be “0”
and the following section, “LoCE DEFLECTIONS”, should be deleted from the RUNDATCOM.IN
file. Max of 10 deflections.

LoCE DEFLECTIONS
Contains every deflection of the elevator. Max of 10 deflections.

IST AMHT CASE (read but not used if 1)
First case number used for the AMHT. If no AMHT is present set to zero and delete “AMHT
DEFLECTIONS” section.

LAST AMHT CASE
Second case number used for the AMHT. If no AMHT is present set to zero and delete “AMHT
DEFLECTIONS” section.

LoCE DEFLECTIONS
Contains every deflection of the AMHT. Max of 10 deflections.

Number of LACE

This can be set to 0, 1, or 2. There can be a maximum of 1 spoiler and 1 alieron and is limited by the
output file routine for VATES. The first one declared needs to be an aileron due to VATES output file
routine. More will be output to AERQO1.dat for AeroMech if more are declared up to a maximum of 10
spoilers and ailerons. If set to 0 the following lines need to be deleted Aileron=1, Spoiler=2, CASE
NUMBER OF LACE RUN, NUMBER OF LACE DEFLECTIONS, and LACE DEFLECTIONS.

Landing Gear increments (I=yes, (=no,

This signifies if you have landing gear present or not. If landing gear are not present place 0.0 in the
following sections and do not delete them. Number of main gear, Number of nose gear, Number of
main gear wheel columns, Number of nose gear wheel columns, Number of main gear wheel rows,
Number of nose gear wheel rows, Frontal area of main wheels (m”2), Frontal area of nose wheels
(m"2), Length of main Landing gear (m), X Location of main landing gear (SI from Nose), Z Location
of main landing gear (SI from Nose), X Location of the nose gear (SI from the Nose), and Z location of
the nose gear (SI from Nose).

Number of main gear wheel columns
AVD Lab, The University of Texas at Arlington, 2011.
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Number of nose gear wheel columns

This 1s valid for the nose or main gear columns. Imagine looking down at the top of the aircraft while
placing a grid over the aircraft. From this perspective count the number of columns of main and nose
gear.

Number of main gear wheel rows
Number of nose gear wheel rows

This is the same as the columns above except count the rows instead for the main and nose gear.

Frontal area of main wheels (m*2)

Frontal area of nose wheels (m*2)

This 1s valid for the nose and main gear. Only input the frontal area of one tire, not the total of all the
tires.

X Location of main landing gear (SI from Nose)

Z Location of main landing gear (SI from Nose)

X Location of the nose gear (S1 from Nose)

Z Location of the nose gear (SI from Nose)

This 1s valid for the X and Z locations of the nose and main landing gear. Self-explanatory except if
multiple rows of nose of main landing gear exist then an equivalent nose or main landing gear needs to
be made because only one location or each can be input.

number of flap settings
This 1s the total number of flap settings including the clean configuration. An example can be seen in
Figure 6 on page 19.

If there is still question of how the RUNDATOMLIN file is read please see Figure 25 on page 38.

5 VALIDATION PROCESS

The first validation check that must be made is a “sanity” check of the geometry using “DATCOM
PLOT.EXE” with the for005.dat file to make sure what the user input is what the user intended. A fort.7
1s generated from this and Tecplot opens this file to visually check the geometry. From there a jpg file
can be saved and overlayed with actual pictures of the aircraft. When scaled properly all the geometries
should match. A third party detailed example of this can be seen in [9].

When using DATCOM MAX the results must be verified then validated. Verifying is the act of
comparing DATCOM MAX V4 results against the two provided excutables, DATCOM.EXE and
“digdat.exe”, to check and see if they match taking into consideration the known errors of all the
programs. This is because all these programs are very complicated and numerous unknown errors are
known to exist and this check helps to point out any obvious DATCOM MAX V4 errors. The known
errors are listed in section “DicitaL. DATCOM” on page 10. Validation is the act of comparing DATCOM
MAX V4 results against experimental aerodynamic data, if available. This is to check the “correctness”
of DATCOM’s methods used. In previous projects it has been found much better methods exist for
particular calculations for specific scenarios. Also, methods do not exist for particular aircraft
geometries but DATCOM will sometimes extrapolate a method’s applicability in order to continue. It’s
very important to know when this happens because the results may not resemble the trend that should be
represented.
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5.1 VERIFICATION

Verification is the process of checking DATCOM MAX V4 results against two provided executables.
These executables are DATCOM.EXE from PDAS and digdat.exe from the USAF. The reason for
using both executables is when comparing the results from each executable there are differences and
there is no way to prove which one is “more” correct. WinMerge is a very useful tool when comparing
output files and can be found here http://winmerge.org/.

The verification process presented here is for DATCOM MAX V4 and is not generic for Digital
DATCOM. If DATCOM MAX'’s capabilities are expanded the verification process will need to be
modified. This is because of the differences in the component buildup processes in Digital DATCOM
and DATCOM MAX, which makes the verification process different for most control effectors.

There is only one output file from each of the given executables and are as follows. Using WinMerge
these two output files can be compared and more often than not only numerical errors can be seen. If an
errors 1s found it should be noted.

* DATCOM.EXE - datcom.out
e digdat.exe - for006.dat

Each configuration and component combination to be checked in order is listed below. The reason it is
done as a buildup is to narrow down where any errors might be coming from and because a complete
configuration cannot be tested in Digital DATCOM due to its limitations, The list below shows the
configurations to be used to check each component used. This is because certain components can only
be used in certain configurations within Digital DATCOM. For more information on available
components please see [6]. Also, under each configuration and component shown to be checked the
output location for DATCOM MAX V4 1s shown.

1) WB - Clean

s datcom.out
2) WB - Ailerons

s datcom.out
3) WB - Spoilers

e datcom.out
4) WB — Speed Brakes

s datcom.out
5) WB - TE Flaps

e PROTOCOL.DAT
6) WB - LE Flaps

¢ PROTOCOL.DAT
7) WBHYV - Clean

e datcom.out
8) WBHYV - Elevator

¢ PROTOCOL.DAT
9) WBHV - AMHT+e

s PROTOCOL.DAT

AVD Lab, The University of Texas at Arlington, 2011.
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For each case involving the datcom.out output from DATCOM MAX V4 all available output can be
checked and 1s straight forward using WinMerge, shown in Figure 7. All data for every flight condition,
altitude and MACH number, needs to be checked because Digital DATCOM performs method
switching without notifying the user and may be incorrect. This is done by finding the corresponding
locations in the datcom.out output files from DATCOM MAX V4 and Digital DATCOM excutables,

datcom.out and for006.dat.

* Untitied right

ONTROL METHODS PER ABRIL
AT ANGLE OF ATTACK AND IN
L.

QOIS0 433 0.5054 0.434 -0.008  1.164  7.3088-02 -2.73 8203910 605
0.054 0.802 0.3443 0.800 -0.086  0.431  7.3828-02 -3.21 0.067 0.7
AISRA  Q/QINT  ESSTON D(EPSLON) /DIALPHA
8.0 1.000 5300 a.a7

5
10.8 1000 5
AUTOMATED STABTLITY AN = AsaTL

WING-BGI

B/H/HT/VI, BT B/

- FLICHT CoND:
VELOCITY  BRE:

u Wz

MrsEc
0.00 51.04

x W
0.00 5104 1.0

W/ weez
1.01338405  236.150 3.47

-0.0381  o0.é08
-0.1831 0568

-0.024  -0.063  7.aBiE-02  -2.78
-0.103  -0.134  7.330E-02  -3.00
/e

TISLON  D(ZPSLON) /D(ALPRA

1.600 3 348 0.350]

o cran aan s s

86701 so0z-01 -3 s112-01

Ln: 40 Cok 88/131 Ch: B8/131 1252 Win

L4 Cok M/129 Chi 34129
Ready

3 Differences Found

Figure 7 - WinMerge datcom.out comparison example.

For configuration and component combinations that do not allow comparisons using the datom.out file
from DATCOM MAX V4 a little more work by the user is required. After an overview of the

PROTOCOL.DAT file this process 1s described.

For comparisons using the PROTOCOL.DAT output file from DATCOM MAX V4 the user must find
the corresponding locations within the PROTOCOL.DAT file first. The PROTOCOL.DAT file
organization is dependent upon the setup of the for005.dat and RUNDATCOML.IN files. Figure 1 and

Figure 2 outline the general file structure but a general example is shown below.

1) Flap Setting 1 from RUNDATCOM.IN

a. Case 1 from for005.dat

b. Case 2 from for005.dat

G

d. Case 300 (Up to 300) from for005.dat
2) Flap Setting 2 from RUNDATCOMLIN

a. Case | from for005.dat

b. Case 2 from for005.dat
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e 0

Case 300 (Up to 300) from for005.dat
3y .

Case | from for005.dat

Case 2 from for005.dat

o o

. Case 300 (Up to 300) from for005.dat
4) Flap Setting 20 (Up to 20) from RUNDATCOM.IN
a. Case 1 from for005.dat
b. Case 2 from for005.dat
c ...
d. Case 300 (Up to 300) from for005.dat

During every full clean configuration case the flap settings will be applied, which is the reason the first
flap setting needs to be no flaps. Flap settings will also be applied during the ground effect cases but
since this portion is not complete it can be neglected. Figure 8 shows an excerpt from the from the
PROTOCOL.DAT output file. Before running each set of cases, the entire for005.dat, the flap setting to
be used for those run will be declared and i1s shown in orange while the deflection of the flap setting is
shown in red. After that the case number to be ran will be declared. While in each case return statements
from major subroutines will appear to show at what point the code is at running as will the MACH
number and altitudes if multiple are set. When the entire case is complete the statement in blue will
appear. When a flap setting is finished running the statement “SO FAR SO GOOD” will appear. The
other notes are for the verification of the parts 5, 6, 8, and 9 listed above.
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>33333

AE SETLING 2
TRIS so]F'—ﬁ'uw-\RE AND ANY ACCOMPANYING DOCUMENTATION
IS RELEASED "AS IS". THE U.S. GOVERNMENT MAKES NO
WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, CONCERNING
THIS SOFTWARE AND ANY ACCOMPANYING DOCUMENTATION,

INCLUDING, WITHOUT LIMIYATIm-, ANY WARRANTIES OF
MERCHANTABILITY OR FIT! FOR A PARTICULAR PURPOSE.
IN NO EVENT WILL THE u s GQ\«ERM-NE!\T BE LIABLE FOR ANY
DAMAGES, INCLUDING LOST PROFITS, LOST SAVINGS OR OTHER
INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE, OR INABILITY TO USE, THIS SOFTWARE OR ANY
ACCOMPANYING DOCUMENTATION, EVEN IF INFORMED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES.
Preparing to start the big loop

i7A To METR PFOGrE TTom MO1001

Retorn o wain pragra'n from M50062
NALT =
2

Return to main grogra'n from M02002

Return to main program from M51063

MACH=  0.1000000

ALT = 0.0000000E+00

AR Timit for CM{ALPHA) exceeded, back-up method used
-=-WING Tﬁﬂ]LIM} EDGE FLAP CONFIGURATION--

NALPHA

NFLAPSET i
FLAPSET 1
ALPHA 1
D(CD MIN) 1.0000000E-30
D(cL) 2.0219384E-02
D{CM) 1.9438911E-02
D(CDI) 1.0000000E-20
ALPHA 2
D(cDI) = 1.0000000E-30
NALP 2

MACH= 0.1500000

ALT = 0.0000000E+00

AR 1imit for CM(ALPHA) exceeded, back-up ’“!t?’!vd used
---WING TRAILING EDGE FLAF‘ CONFIGURATION-

NALPHA =
NFLAPSET i
FLAPSET 1
ALPHA 1
D(CD MIN) 1.0000000E-30
D(cL) 2.0162731E-02
D(CM) 1.9482434E-02
D(CDI) 1.0000000E-30
ALPHA 2
D(CDI) 1.0000000E-20

Figure 8 - PROTOCOL.DAT output format example,

a. PROTOCOL.DAT

6) WB - LE Flaps

a. PROTOCOL.DAT

8) WBHYV - Elevator

PROTOCOL.DAT

9) WBHV - AMHT+e

WB— TE Flaps
First determine what flap

Flap Settin

PROTOCOL.DAT

setting, clean case number, MACH number, and altitude in that order to be
verified. Let’s take the following example. Keep in mind gathering the information from DATCOM
MAX V4 is done with the complete model, clearly shown in Figure 10. The verification models in
Digital DATCOM is a WB model because in Digital DATCOM flaps are automatically added to the aft
most lifting surface, which if an elevator was present would add the flaps to the elevator.

g =4, from RUNDATOM.IN
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Clean Case Number = 1, from RUNDATCOM.IN
MACH = 0.1, from for005.dat

Altitude = 0.0 m, from for005.dat

Angle of Attack = 5.0 deg, from for005.dat

Figure 9 and Figure 10 provide the information to find what data is to be verified from the

PROTOCOL.DAT file, shown in Figure 11.

NAME OF AERO OUTPUT FILE
DEBUG MODE (T=ON, F=OFF)

ASE_NUMBER OF CLEAN CDNF URATION

=TT}
LOCE CONFIGURATION (1=¢(NA), 2-AMHT, 3=AMHT+e)
Ground effect (O=no, l=yes(ft), 2=yes(m))
NUMBER OF LOCE DEFLECTION

LoCE DEFLECTIONS

1ST AMHT CASE (read but not used if 1)
LAST AMHT CASE
AMHT DEFLECTIONS

Number of LACE

Alieron=1, Spoiler=2

CASE NUMBER OF LACE RUN
BER OF LACE DEFLECITONS

LA(E DEFLECTIONS

Alieron=1, Spoiler=2

CASE NUMBER OF LACE RUN
NUMBER OF LACE DEFLECITONS
LACE DEFLECTIONS

-0
25.0
35.0
45.0
NUMBER OF DICE DEFLECITONS 2
ZV (Z DISTANCE FROM XCG TO A.C. OF VT IN FT) 28.8822
LV (X DISTANCE FROM XCG TO A.C. OF VT IN FT) 99.8554
DICE DEFLECTIONS 0.0
5.0
Speed Breaks (1=Yes, O=No) 1
Case Number of speed breaks 6
Number of speed break deflection 2
Speed Break Deflection(s) 10.0
20.0
Landing Gear increments (l=yes, O=no) 1
Number of main gear 4
Number of nose gear 1
Number of main gear wheel columns 4.0
Number of nose gear wheel columns 1.0
Number of main gear wheel rows 2.0
Number of nose gear wheel rows 1.0
Frontal area of main wheels (mA2) 0.5808
Frontal area of nose wheels (mA2) 0.5808
Length of main Landing gear (m) 2.5993

X Locaction of main_landing gear (SI from Nose) 34.2519
Z Location of main landing gear (SI from Nose) 0.5334

X Location of the nose gear (SI from Nose) 10.1854

Z location of the nose gear (SI from Nose) 0.7239

number of flap settings 5

FTYPE ALPHA b1 bo cfi cfo PHETE PHETEP CPRMEI CPRMEO CAPINB CAPOUT DOBDEF DOBCIN DOBCOT

0

1

8 -25.0 5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0 0.0 0.0 0.0

1

3250 3.2512 20,8979 15166 0,6358 0,0012283 00014263 16,0087 6637 0.0 00 00 00 00
30.0 3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0 0.0 0.0 0.0 0.0

8 -25.0 5.9246 29.1522 0.8133 0.8128 0.0 0.0 0.0 0.0 0.0 0.0

3 30.0 3.2512 20.8979 1.5166 0.6358 0.0012283 0 0014253 15 0987 5 6537 0.0 0.0 0.0 0.0 0.0

Figure 9 - RUNDATCOMLIN TE flap verification example.
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|DIM M
DU\IF’ CASE
PART

SFLTCON NMACH=2.0
NALT=2.0, ALT

$SYNTHS KE-}] 5211, ZC ALIw-z 8 xH-ss 9532,
ZH=6.8961, ALIH=0 .6816, Zv=8.9916, VER
$i NX: NOSE=2. 0, BTAIL—Z 0, BLN=23.091, SL.A—1‘3 304 IT\'PE 3.0,
x(13~ 0.000,2.309, 4. 618,6.927,9,236,11.545,13. 855, 16, 164,18. 473,20, 782,
23.091,23.130,42. 423, 46.163,43. 914,53, 659,57. 403, 61. 148, 67 16, 68. 637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3. 263,3. 253, 3. 253,
.253,3.253,3.253,3.22 .934,2.381,1.721,0. 464,0.000,
2U(1)=5.629,7.468,8.769,9. 881,10,030,10.043,9.957,9.798,9.585,9.322,8.995,
§.995,8.995,6.995,9.006,5.103,9.052,5.014,9. 185 , 8. 144,
ZL(1)=5.629,3.924,3.200,2.737 2. 457,2.286,2.197 ,2. 184, 2. 164,2. 184,2.184,|
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8. 1448
SWGSCHR TCEFF=0.1, TYPEIN®2.0, NPTS=50.0
XCORD=0. 0, 0. 0001, 0. 0002 ,0. 0004, 0. 0008, 0. 0014, 0. 002, 0. 003, 0. 004, 0.. 005 , 0. 006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0. 04,0. 05 ,0. 06,0.07 ,0. 08,
D!.GO:.ZO.'H016019022D26030035040045050055&60.
.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
oousoo 0. ooouzso 0.0000260, 0. 0000400, 0. 0000550,

7586,

MEAN=

00 845 , -0. 0001345 , ~0. 0002100, -0. annzano.
-0.0003200, 0. DOO‘I.?B. 0 0006595, -0. 0008000, 0. 00093/ DO 10345,
-0.0010945 ,-0. 0010945 , -0. 0010300, -0. 0009245 , ~0. 0006100, -0. 0002095 ,

0.0001955 ,0.0006050,0. 0011755 ,0. 0017150, 0. 0024500, 0. 0032505 , 0. 0041905 ,
0.0052705 ,0. 0064705 ,0. 0078755 ,0. 0095150, 0. 0114105 , 0. 0134455 ,0. 0153960,
0.0165255,0.0172760,0.0170555 , 0. 0156655, 0.0129350, 0. 0099805 , 0. 0075850,

. 0048805 ,0.0034155,0. 0018800,0.0002700,
Yh:cx-ﬁ 0000000, 0. 0033000, 0. 0051000, 0. 0071300,0. 0099500, 0.0130600,0. 0155300,
.0187400,0. 2290,0. 290, 1252890,0.0283800,0.0309500,0.0331200,
D 0351790, 0.0402350,0. 0443200, 0. 047 3600, 0. 0522290, 0. 0568910, 0. 0603830,
0.0646400,0, 0679290,0.0735600,0.0781790,0.0820310,0. 0852300, 0. 0891690,
0.0923300,0.0957000,0.0981210,0. 1001410, 0. 1006990,0. 0996990, 0. 0969310,
0.0922100,0.0854390,0.07668%90,0.0661500,0,0569710,0.0468300,0. 0367490.
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0. 0068310, 0. 0037600,
0.0013600§
SWGPLNF CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
CHSTAT= 0 THISTA— 3.5, DHDADI=7.0, TYPE=1.0%
NACA-V-6-64.
SVTPLNF D-RDTP-! 9878,
SAVSI=44.0, CHSTAT=0.25,
NACA-H-6-63-008
SHTPLNF CHRDTP=2.4638, SSPNE=10.4288,
SAVSI=37.0, CHSTAT=0.25, DHDADI=S.5,
$SYMFLP FTYPE=1.0, NDELTA=3.0,
DELTA=0.0,5.0,15
PHETE 0 Dmsm?

404, SPANFO=9, 4171

CASEID B/n/n‘r/v‘r, B747-200F (Case 1, CLEAN ALIH=0.0 SYMFLP

[DAM|

SAVSI=40.76,

SSPNE=9.B8044, S5PN=9.8044, CHRDR=11.7348,
TyPE=1.0§

SSPN=11.0865, CHRDR=9.8552,
TYPE=1.0%

.0
PHETEP=0.0003527, CHRDFI=2.8144, CHRDFO=0.7233,

Elevator)

e

Figure 10 - for005.dat from DATCOM MAX V4 TE flap verification exampl
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INCLUDING, WITHOUT LIMITATION, ANY WARRANTIES OF

DAMAGES, LOST PR LOST SAVINGS OR
INCID -l'. M CONSEQUEN‘T!AL OMAGES JA!S!NG OU" OF Tne
USE, OR S

(EWPAMING DO(LMEMTATION iviN zF mFoﬁuEﬂ IN ADVANCE
[OF THE POSSIBILITY OF SUCH DAMAGES
Preparing to start the big loop

g

001

z

l\e:um ™ maln pruor&m from M02002
an from M51063

Figure 11 - PROTOCOL DAT TE flap verification example.

The flap setting, case number, MACH number, and altitude information from for005.dat and
RUNDATCOM.IN files allow you to find in the PROTOCOL.DAT file, shown in Figure 11, the desired
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TE flap information to be verified. The information is labeled exactly the same as it is in the datcom.out
and for006.dat from Digital DATCOM, shown in Figure 12. These labels are D(CL), D(CM), D(CL
MAX), D(CD MIN), and D(CDI). Please note only one Digital DATCOM output file is shown for
simplicity but they will be exactly the same format. Also, note in Figure 11 the “ALPHA” does not give a
degree but rather a “1”. This is due to bookkeeping difficulty and instead that “1” is telling the user the
information provided is for the first angle of attack declared in the for005.dat, which is outlined in red in
Figure 10.

CHARACTERISTICS OF HIGH LIFT AND CONTROL DEVICES
WING FOWLER FLAP CONFIGURATION
(s = FOWLER FLAI

FLIGHT CUNDITIONS - =---- REFERENCE DWENSIOV\S
TE

ELOCTTY REFERENCE LENGTH  MOMENT REF.

NUMBER HORIZ VERT
M M/SEC N/ M2 DEG K 1/ M M M [

0 0.150 0.00 51,04  4,41986+01 933.606 3.2316E+05 540,675 9,965 59, saz 31.521 4,500
--------- INCREMENTS DUE TO DEFLECTION--------=- ---DERIVATIVES (PER DEGREE)---

o DELTA D(cL) D(CM)  D(CL MAX) D(CD MIN) (CLA)D (CH)A (CHID

30.0 0.381 -0.1537 0.217 0.01167 5.402E-02 NDM NOM

0 ==+ NOTE * HINGE MOMENT DERIVATIVES ARE BASED ON TWICE THE AREA-MOMENT OF THE CONTROL ABOUT ITS HINGE LINE

o -- INDUCED DRAG COEFFICIENT INCREMENT , D(CDI) , DUE TO DEFLECTION ---------

0 DELTA =

ALPHA

5.0 2. 46E-
0***NDM PRINTED WHEN NO DATCOM METHODS EXIST
Return to main program from M57071
1 END OF

Figure 12 - datcom.out or for006.dat TE flap verification example.

After inspection all the numbers match up from the PROTOCOL DAT, Figure 11, and datcom.out or
for006.dat, Figure 12, except for the D(CDI). The reason for the is because DATCOM MAX V4 in this
example was ran with two angles of attack, shown in Figure 10, while the two Digital DATCOM
executables were ran with one angle of attack, shown 1n Figure 13. This is the reason it is important to
run all cases with the same “FLTCON?”, or flight conditions, because a linear interpolation function 1s
used in Digital DATCOM to calculate the D(CDI) from however many angles of attack are used.

oM M
BUILD
ouaP case
PART
SFLTCON NMACH=2.0, MACH=0.1,0.15,
NALT=2.0, ALT=0.0,0.0
PHA=1.0, ALSCHD(1)§5.09
SSYNTHS XCG=31.5211, 2C
BODY NX=20.0, BNOSE=2.0, BTAI
X(1)= 0.000,2.309,4.618,6.92
23. DSI 23. 120 42. -\24 46 159 49 914, 53 659,57.403,6 N
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3. 253, 3. 253,3.253,3. 53,
.253,3.253,3.253,3.221,2.934,2.381,1.721,0. 464,0. 000,
ZU(1)=5.629,7.468,8.769,9. 881,10.030,10. 043, 9. 957,9.798,9.585,9.322,8.995,
+935,8.995,8.995,5.006,3.103,9.052,9.014,9. 185 ,8. 144,
TLCL)Ss 629, 3. 9243, 200,20 731, 22 4ET) 2208, 2107, 2 14,2 104 1272184, 27180,
184,2.362,2.902,3. ssa 4:489,5.250, 6. 683, 5. 14 as
swascm TCEFF-O 1, TYPEIN2.0, NPTS=!
=0.0,0.0001,0.0002,0.0004,0. cmna 0.0014,0.002,0.003,0.004,0.005,0.006,
0. oua 0.010,0.012,0.014,0.020,0.026,0.032,0. 04,0.0%,0.06,0.07,0.08,

8.27, ZW=3.4576, ALIw=2.8%
0, BLN=23.091, BLA=19
.236,11.545,13. 855,16,

0.10, 0.12,0.14,0.16,0.19,0.2 5,0.60,
,0.70,0.74,0.78,0.82,0.8
MEAN= o 0000000, 0. 0000300, 0. DOOOS 0K 000550,

0.0000200, -0. 0000045 , -0. 0000845 , -0. 0001345 ,-0. 0002100, -0. 0002840,
-0.0003200,-0.0004195, -0. 0006595,-0 0008000, -0.0009300,-0.0010345 ,
-0.0010945 , -0. 0010945 , -0. 0010300, -0, 0009245 , -0, 0006100, ~0. 0002035 ,

0.0001955, 0 0006050,0. 0011’55 0 001’150 0.0024500,0. 0032505 0.0041905,
0.0052705,0.0064705 ,0. 0078755 ,0.0095150,0.0114105,0.0134455,0. 0153960,
0.0165255,0.0172760,0. 0170555 , 0. 0156655 , 0. 0129350, 0. 0099805 , 0. 0075850,
0.0048805 ,0.0034155 ,0. 0018800,0. 0002700,

THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0. 0155300,
0.0187400,0.0212290,0.0234290,0. 0252890,0.0283800,0.0309500,
0.0351750,0.0402390,0. 0443200 479600, 0. 0522290, 0. 056891
0.0646400,0.0679290,0. £1790,0.0820310,0.0852200,
0.0523300,0.0957000,0. 001410, 0.1006990,0.09969390,
0.0922100,0.0854390,0. 90,0.0661500,0.0569710,0. 0468300,
0.0313310,0.0258700,0. 0199610,0. 0151700, 0. 0097610, 0. 0068310, 0. 0037600,
0. 00135005

SWGPLNF CHRDTP=4.064, SSPNE=26.5704, SSPN=29. 8216 CHRDR=14.0663, SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%

SSYMFLP FTYPE=3.0, NDELTA=1.0, DELTA=30.0, sPANFk!
SPANFO=20. 8979, CHRDFI=1.5166, CHRDFO=0.6358, PHETE 0 012263,
PHETEP=0. 0014263, CPRMEI=16.0987, CPRMEQ=S.66:

cAsEm 8/W B747-200F (SYMFLP = FOWLER FLAPS)

Figure 13 - for005.dat from Digital DATCOM TE flap verification example.
AVD Lab, The University of Texas at Arlington, 2011.

120




Ref.:

AVD LAB
Date: 21 October 2011
lﬁ \\/ RESEARCH Page: 30 of 51 Pages
AEROSPACE+ VEHTGLE + DESIGN REPORT Statiis: AVD L5b [ntemis

WB — LE Flaps
WBHYV — Elevator

WBHV — AMHT+e

This process for these configurations is exactly the same from above. The only differences are the
models build, self-explanatory, and what sections to look through in the PROTOCOL.DAT. The
sections one must look in are declared by the case number associated with the elevator deflections
and/or the AMHT+e in the for005.dat file. When looking through the PROTOCOL.DAT file at the
LOCE cases the output will look similar to the one shown in Figure 11 except with a few differences.
These differences can be seen in Figure 14. The WB with LE flaps is exactly like the example shown
above.

SOFTIAR AT RLLOMPANYING DOCUMENTATION
IS RELEASED "AS IS". THE U.S. GOVERNMENT MAKES NO
WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, CONCERNING
THIS SOFTWARE AND ANY ACCOMPANYING DOCUMENTATION,
INCLUDING, WITHOUT LIMITATION, ANY WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT WILL THE U.S. GOVERNMENT BE LIABLE FOR ANY
DAMAGES, INCLUDING LOST PROFITS, LOST SAVINGS OR OTHER
INCIDENTAL OR CONSEQUENTTAL DAMAGES ARISING OUT OF THE
USE, OR INABILITY TO USE, THIS SOFTWARE OR ANY
ACCOMPANYING DOCUMENTATION, EVEN IF INFORMED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES.

Preparing to Start the big loop

000
ASE NUMEER= 1
e om M01001

T RaT PTOUT Y
REturn to main program from MS0062
= 2

NMACH= 2
LOOP = 1

Return to main program from M02002
RETUrn to main program from M51063

LT = 0.0000000E+00

= d. back-up merhod used
[-=HTPL TRAILING-EOGE FLAP CONFIGURATION---]
INALPHA =
poLoce = 3
jipra = 1
PLOCE = 1
p(co mIN) = 1.s5605852E-06
p(cL) = §.1909522E-05
b (cm) = -2.2169064E-04
b (co1) = 2.2038585E-06
LOCE 2
p(cD MIN) = 8.7930501E-04
(cL) = 4.0954761E-02
b (cm) = -0.1108784
p(co1) = 1.5751722€-03
LOCE
p(co mIN) = 4.4786393E-03
<L) = 0.1199209
b (cn) = -0.3238694
b (co1) = 7.2913235€-03
Jucpha” = 2
LOCE = 1
p(coT) = 4.4414774E-06
LOCE = 2
b (co1) = 2.6941970E-03
LOCE =
b (co1) = 1.0568657E-02

Figure 14 - PROTOCOL.DAT for LOCE's example.

Some attributes shown here that are not shown in Figure 11 are the multiple elevator deflection angles.
These are noted by the number of LOCE deflections, NDLOCE, and as with the angle of attack the delta
LOCE, DLOCE, does not show the angle but rather which deflection it is. For example 1 is the first
deflection angle input in the for005.dat the 2 is the second angle and so on. As before the data is labeled
the same as the information in the datcom.out and for006.dat files. Remember the AMHT is varied by
declaring multiple cases and changing the incidence angle of the HT so to check this multiple Digital
DATCOM models will need to be made for each HT incidence angle with all the elevator deflections.

AVD Lab, The University of Texas at Arlington, 2011.
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5.2 VALIDATION

Validation is the comparison of DATCOM MAX output against experimental aerodynamic data. Cross
checking all available output from DATCOM MAX is ideal but not always possible. When not possible
it is up to the user’s experience to judge the “correctness” of the results. This process is entire dependent
upon the type and amount of data available.

6 HowrTo BuiLD A NEW VERSION oF DATCOM MAX
This tutorial 1s for Compaq Visual Fortran Professional Edition 6.6.a and is used on a Windows XP
Professional Version 2002 Service Pack 3.

First things first and that is to open Compaq Visual Fortran and open a new project. Do this by clicking
File - New then on the opened dialog box, shown in Figure 15, go to “Projects”, type in the desired
project name, while making sure the project is set to “Fortran Console Application”.

= (=)

Fies | Projects | Workspaces | Other Documents |

L Fortian COM Server Project nome:
I Fortan Console Apphcation| [patcoMmaxvs
%! Fortran Dynamic Link Libvar
(W] Fortran Standard Graphics or QuickWin Application
€| Fortran Static Libary
[&] Fortran Windows Applcation
i) Makefie
T} Uity Proect @ Create new workspace
" Add to cument workspace
r

Logation
[C\DOCUMENTS AND SETTIN .|

Platforms

YWin32
coce

Figure 15 - New Compagq Visual Fortran project window part 1.

After making sure the settings are the same as in Figure 15 click “OK” and a couple new windows will
pop up after each other. Nothing should be changed and make sure the settings are the same as in Figure
16 and click “OK” then Figure 17 and click “OK” again.

AVD Lab, The University of Texas at Arlington, 2011.
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Fortran Cansole Application - Step 1 of 1 =313

‘What kind of Console Application do pou want to create?

& An emply project.
A simple project.
" A"Helo World" sample project

I This project will be inking against one or more Fortran DLL Import Bbrasies.

coo_| | o]

Cacel | Hep |

Figure 16 - New Compagq Visual Fortran Project window part 2.

Fortran Console Application wil create a new skeleton project with the following
specificalions

Project Directory:

+ No files will be crested or added to the project.

CADDCUMENTS AND SETTINGS\AVD LAB\MY

[ oo

Figure 17 - New Compagq Visual Fortran Project window part 3.

Now an empty project is created with only two files in the folder location specified. These files are the
name of the project with “.dsp” and “.dsw”. Click on the “.dsw” to open the project if not already open.
Now the source files need to be added to the empty project. To do this two steps are needed. First copy
the source files from the previous version to the location of the new version. These folders are
RUNDATCOM and SOURCE shown in Figure 18 outlined in red. Outlined in green are other useful
files that should also be copied as well.

AVD Lab, The University of Texas at Arlington, 2011.
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% DATCOM MAX V4

File Edt View Favorites Tooks Help
Qe - © - (F O search |2 roders | [~ (K8 Foder sinc
Address | C: and Setting: Labipy Dx \DATCOM)Digital DATCOM MAXIDATCOM MAX V4
Folders X Name ~ Size  Type
(3 pesitop A [CiDebug Fie Folder
@ () My Documents File Folder
& 9 My Computer Fie Folder
& b 39 Floppy (1) File Folder
= % Local Disk (C:) Z7KB| Tecplot Layout
@0 an 66KB DAT File
#® ) AVDS 28KB  Project File
() d9cB9048c 1 cf93bb3245 1KB  Project Workspace
# (2 peL |3]DATCOM MAX v4.0pt 46KB OPT Fie
= () Documents and Settings 1] DATCOM MAX ¥4.plg KB PLGFie
@ ) Alusers | Eloatcom pLoT. exe 469KB| Applcation
=D awLeb |#] datcom.out B,007KB OUT File
@ 2 Desitop ) DcLEAn1 DAT 4KB DAT Fie
@ P¢ Favorkes #]DCLEANZ.DAT SKE DATFie
& (2 My Documents #]DDICE.DAT 3KB DATFie
B 0747 %] DLACE1.DAT 6KB DAT Fie
() Airfol codes |#)oLace2.pat 4KB DATFie
© Aol |%]DLOCE+01.0AT 4KB DAT Fie
# () ATMO-program |%]DLOCE+02.0AT 4KB DATFie
® 2 A |%)DLOCE +03.0AT 4KB DAT Fie
@ (2 B747-200F %] DLOCE+04.DAT OKE DATFie
@ (2 B777-3006R 2] oLoCE+05.0AT OKB DATFie
& £ B777-1VC |#]DLOCE +06.DAT 0KB DATFie
= £ patcom |#]DLOCE+07.0AT 0KB DATFie
# () Digtal DATCOM |#]0LOCE +08.DAT OKB DATFie
& 1) Dighal DATCOM MAX #|DLOCE+09.0AT OKB  DAT Fie
@ () Copy of DATCOMvAUto_file DAT File
# () DATCOM MAX (5-1-09) # |For013.dat 0KB DAT Fie
® () DATCOM MAX (10-28-08) |#)for014.dat 0KB DATFie
# () DATCOM MAX V3 |ie]fort.7 19K8 7 Fie
C |#] GROEFT+01.DAT ISKB DAT File
5] GROEFT+02.DAT ISKB DAT File
(53 Documents | GROEFT+03.DAT ISKB DATFie
% (2 RUNDATCOM |#] GRDEFT+04.DAT OKB DAT Fie
) SOURCE \* | GRDEFT+05.DAT 0KB DAT Fie
® () DATCOM MAX VS (% GRDEFT+06.DAT OKB DATFie
@ ) DATCOMvZ | ] GRDEFT+07.DAT OKB DAT Fie
@ ) DATCOMvAuto_file | ] GRDEFT+08.DAT OKB DAT File
® () DATCOMVAUTO_FILE2 |#) GRDEFT+09.0AT OKE DAT Fie
® (2 DATCOMVInput_fliename |#] GROEFT+10.08T OKB DAT Fie
() Digital DATCOM Source Codev2 (2]KLOCE.DAT 3KB DAT Fie
® () RunDATCOM (%|LDGR.DAT 3KB DATFie
® (2 Source Code PDAS (2 |LEARN.OUT 0KB OUT File
(£ Seuree Codevi #|PROTOCOL.DAT 29KB DAT Fie
# BB Oigital Datcom.zip L; RUNDATCOM.IN 4KB] INFie
22 Paper DATCOM ] sPDBRK.DAT 2KB DAT Fie

Figure 18 - DATCOM MAX source files and other useful files.

The second step after the files have been copied over to the project file is to link these file with the
project. To do this open up the project and delete the current files under the project usually labeled as
“Source Files”, “Header Files”, and “Resource Files”. After that right click on the project and select
“New Folder” shown in Figure 19.

AVD Lab, The University of Texas at Arlington, 2011.
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‘.. Compaq Visual Fortran
Ele [dt View [nsert Project Quld Jooks Window Help
D EHo 8 o -

(2 DATCOM MA

2x

T Workspace DATCOM MA><VE|
72 DATCOM MA i
fuid

Buid (selection only)

Figure 19 - Creating new linked folders for DATCOM MAX.

Created three folders named “SOURCE”, “RUNDATCOM?”, and under the “RUNDATCOM” folder
“Rudder”. These are shown in Figure 20.

*.- Compaq Visual Fortran
Ele Edt View [nsert Project Duld Tools Window
@ B 2- - 0OH
2lx
GWD*MEDATCDMMAXVE
= [ DATCOM MAX VS files

) SOURCE
= &3 RUNDATCOM

5 Neys Folder,

Figure 20 - Linking files to DATCOM MAX project.

These are the same name as the folder copied over to the project file. Now these files must be linked to
each other. To do this right click on each folder in the Compaq Visual Fortran project and click “Add
Files to Folder...”, shown in Figure 20. The file to be added for Rudder is shown in Figure 21.

AVD Lab, The University of Texas at Arlington, 2011.
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Insert Files into Praject

Look in: [ £ Rudder

Flename:  [DIFLPF90

[ 0K I

Fles oftype:  [Forian Files ["for." 190, " " id"foprc) w| _ Cancel

[Files vl be inserted into folder titled Rudder’ in project DATCOM MAX V5"

Figure 21 - Rudder folder linked files.

Do this for the “SOURCE” and “RUNDATCOM” and select all files contained in those folders when
linking, shown in Figure 22 and Figure 23.

Insert Files into Project

Look in: | 23 SOURCE

Files of type: [ Fortian Files (“for." 190 1" " td fpp:“re) =] Cancel

Fmﬂbenmedmlddu tited 'SOURCE " in project DATCOM MAX VS'

Insert Files into Project

Figure 22 - SOURCE folder linked files,

Look inc [ 23 RUNDATCOM

File name: ["RUNDATCOM-6.FI0" "DATCOM.F30" "LNGR. oK l

Fles of type: [ Fortian Files [1on" 190" " 1d" fppre) w|  Cancel

[Files will be inserted into folder tiled RUNDATCOM' in project DATCOM MAX V.

Figure 23 - RUNDATCOM folder link files .

Now the setup is finished and the new version of DATCOM MAX is ready to be compiled. To compile

and run the program click on the red exclamation point in the top toolbar. A notification window will

appear as seen in Figure 24 and click ok.
AVD Lab, The University of Texas at Arlington, 2011.
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- Compaq Visual Fertran
Be Bt Vaw et Boct Bud Took Window Heo
O FLHd Lt B D DEY SN |l S WX HD D&
2lx
(5 WeTRANF0 &
WGEOTLF0
WINGCLFS0

WINGYW F30
WRLOT F0

HNAMIF0 This Hle doss not &3 Do you wank to buld &7

ouers [ s s

T[]\ Busa ( Debug ), FraimFies 1 ), FranFiesz / Tl 1 o

Figure 24 - Compiling the new linked files for DATCOM MAX.
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APPENDICES

READ (2,622) NDEBUG

READ (2,20) NCASE, NCLEAN, CONFIG, ALCONFIG, NGE
READ (2,20) NDLOCE

DO I=1,NDLOCE
READ (2,10) DLOCE(I)
END DO

READ (2,20) NAMTI,NAMTF
IF (NAMTI .EQ. 0) THEN
AMT=

ELSE
NAMT=NAMTF-NAMTI+1
END IF

DO I=1,NAMT
READ (2,10) DAMHT(I)
END DO

READ (2,20) NLACE
DO K=1,NLACE
READ(2,20) NAorS(k), NLACEcase(K), NDLACE (k)

DO I=1,NDLACE(K)
READ (2,10) DLACE(K,I)
END DO

END DO

READ (2,20) NDDICE
IF (NDDICE .GT. 0) READ (2,10) ZV, LV

DO I=1,NDDICE
READ (2,10) DDICE(I)
END DO

READ (2,20) NSPB,NSPBcase,NDSPB

DO I=1,NDSPE
READ (2,10) DSPE(I)
END DO

READ (2,20) NLG, NMG, NNG
READ (2,10) AMGC, ANGC, AMGR, ANGR, Sfm, Sfn , ALMG, XMG,ZMG,XNG,ZNG

READ (2,20) NFLAP
IF (NFLAP .EQ. 0) THEN
NFLAP=1
GOTO §
END IF
READ (2,7)
DO I=1,NFLAP
READ(2,%) NFLAPSET(I)
DO J=1,NFLAPSET(I)
READ(2,7) NFTYPE(I,]), DELTA(I,J), SPI(I,J), SPO(I,]), &
& CIN(T,1), COUT(I,3), PHETE(I,]), PHETEP(I,)), &
& CPRMEI(I,J), CPRMEGEI.JJ. CAPINB(I,1), &
CAPOUT(I,J), DOBDEF(I,3), DOBCIN(I,3), DOBCOT(I,I)

END DO
END DO

10 FORMAT(T49, E10.3)
20 FORMAT(T49, I5)
622 FORMAT(T49, L)

Figure 25 - RUNDATCOMLIN read file source code in Fortran 90.

Table 2 - B747-200F model references.
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Branch, Air Accidents Investigation, Boeing 747-285F, HL-7451: Main document. 3/2003 (EW/C99/12/04).

Company, Boeing Commercial Airplane. 1984. 747 Airplane Characteristics. 1984. D6-58326.

Company, The Boeing. 2003. Freighter Reference Guide. s.l. : The Boeing Company, 2003. D906Q0819.R1.

Comparison Chart: Turbofans. GE Aviation. [Online] General Electric. [Cited: April 4, 2011.]

http://www geae.com/engines/commercial/comparison_turbofan.html.

Hanke, C. R. and Nordwall, D. R. 1970. The simulation of a jumbo jet transport aircraft. Volume 2: Modeling data. s.1. : NASA, 1970, D6-
30643-VOL-2; NASA-CR-114494.

Hanke, C. R. 1971. The simulation of a large jet transport aireraft. Volume 1 - Mathematical model. s.I. : NASA, 1971, NASA-CR-1756.
Heffley, R. K. and Jewell, W. F. 1972. Aircraft handling qualities data. s.l. : NASA, 1972. AD-A277031; NASA-CR-2144.
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12 Jenkins, Dennis R. 2000. Boeing 747-100/200/300/5P. North Brance : Specialty Press Publishers and Wholesalers, 2000, Vol, Volume 6, 1-
58007-026-4.
13 Lednicer, David. 2010. The Incomplete Guide to Airfoil Usage. UIUC Applied Aerodynamics Group. [Online] Raisbeck Engineering, Inc.,
September 15, 2010. [Cited: April 18, 2011.] http://www.ae.illinois.edu/m-selig/ads/aircraft.html.
14  Logistics, Altus. 2010. Aircraft Specifications Boeing 747-200. s.\. : Altus, 2010.
15  Milstein, Jeffery. Kopeikin Gallery. Jeffrey Milstein Photographer. [Online] [Cited: April 18, 2011.]
http://www kopeikingallery.com/media/gallery/Nippon%20Cargo%20Airlines%20Boeing%20747-200.jpg.
16 Model CF6-50. GE Aviation. [Online] General Electric. [Cited: April 4, 2011.] http://www.geae.com/engines/commercial /cf6/cf6-50.html.
17 Nicolai, Leland M. and Carichner, Grant E. 2010. Fundamentals of Aircraft and Airship Design. Reston : American Institute of Aeronautics
and Astronautics, Inc., 2010. Vol. 1. ISBN-13: 978-1-60086-751-4.
18  Roskam, Dr.Jan. 2005. Airplane Design Part {: Preliminary Sizing of Airplanes. Lawrence : Design, Analysis and Research Corporation
(DARcorporation), 2005. Vol. 1. ISBN-13: 978-1-884885-42-6; ISBN-10:1-884885-42-X.
19 —.2004. Airplane Design Part II: Preliminary Configuration Design and of the Propulsion System. Lawrence : Design, Analysis
and Research Corporation (DARcorporation), 2004. Vol. 2. ISBN-13: 978-1-884885-43-3; ISBN-10:1-884885-43-8.
20 —.2002. Airplane Design Part ili: Layout Design of Cockpit, Fuselage, Wing and Empennage: Cutaways and Inboard Profiles. Lawrence :
Design, Analysis and Research Corporation (DARcorporation), 2002. Vol. 3. ISBN-13: 978-1-884885-56-3; ISBN-10:1-834885-56-X.
21 —.2007. Airplane Design Part IV: Layout of Landing Gear and Systems. Lawrence : Design, Analysis and Research Corporation
(DARcorporation), 2007. Vol. 4. ISBN-13: 978-1-884885-53-2.
22 —.2003. Airplane Design Part V: Component Weight Estimation. Lawrence : Design, Analysis and Research Corporation
(DARcorporation), 2003. Vol. 5. ISBN-13: 978-1-884885-50-1; ISBN-10:1-884885-50-0.
23 —. 2004. Airplane Design Part VI: Preliminary Calculation of Aerodynamic, Thrust and Power Characteristics. Lawrence : Design, Analysis
and Research Corporation (DARcorporation), 2004. Vol. 6. ISBN-10:1-884885-52-7.
24 —.2006. Airplane Design Part VII: Determination of Stability, Control and Performance Characteristics: FAR and Military Requirements.
Lawrence : Design, Analysis and Research Corporation (DARcorporation), 2006. Vol. 7. ISBN-13: 978-1-884885-54-9; ISBN-10:1-884885-
54-3,
25  Torenbeek, Egbert. 1982. Synthesis of Subsonic Airplane Design. Norwell : Delft University Press, 1982. ISBN 10: 90-247-2724-3.
Table 3 - DATCOM MAX V4 Modification List.
Purpose of Location Comments Date
Modification
1 Airfoil Calculation \DATCOM MAX *** CHANGED FROM .GT. TO .GE., 8/10/2011
Correction VASOURCE\DECODE.F80(106) MODIFIED BY BRANDON WATTERS
2 Airfoil Calculation \DATCOM MAX *** CHANGED TO 1.05 FROM 1., 8/29/2011
Correction VASOURCETRSONI.F90(476) MODIFIED BY BRANDON WATTERS
3 Airfoil Calculation \DATCOM MAX "** CHECK, MODIFIED BY BRANDON 8/10/2011
Troubleshooting VA\SOURCEVNDEAL.FS0(145) WATTERS
4 Airfoil Calculation \DATCOM MAX "** CHECK, MODIFIED BY BRANDON 8/10/2011
Troubleshooting VASOURCE\DEAL.FS0(155) WATTERS
5 Body Geometry \DATCOM MAX *** ZEROED TO REMOVE NUMERICAL  8/9/2011
Correction VASOURCE'\BODOPT.F90(154) ERRCR, MODIFIED BY BRANDON
WATTERS
6 Body Geometry \DATCOM MAX *** ADDED, MODIFIED BY BRANDON 8/5/2011
Troubleshooting V4\SOURCE'\BODOPT.F90(141) WATTERS
7 Body Geometry \DATCOM MAX =* ADDED, MODIFIED BY BRANDON 8/5/2011
Troubleshooting VASOURCE\BODOPT.F90(156) WATTERS
8 Body Geometry \DATCOM MAX *** ADDED, MODIFIED BY BRANDON 8/5/2011
Troubleshooting VASOURCE\BODOPT.FO0(175) WATTERS
9 CMALPHA Equation \DATCOM MAX *** ADDED WING(M+60), MODIFIED 8/11/2011
Correction V4SOURCE'CMALPH.F90(561) BY BRANDON WATTERS
10 Code Cleanup \DATCOM MAX *** ADDED "D" TO VARRIABLES TO 9/27/2011
VARUNDATCOM\RUNDATCOM- SHOW IT'S A DELTA NOT TOTAL,
6.FS0(38) MODIFIED BY BRANDON WATTERS
11 Code Cleanup \DATCOM MAX =* ADDED "D" TO VARRIABLES TO 9/27/2011
VARUNDATCOM\RUNDATCOM- SHOW IT'S A DELTA NOT TOTAL,
6.FS0(586) MODIFIED BY BRANDON WATTERS
12 Code Cleanup \DATCOM MAX *** ADDED "D" TO VARRIABLES TO 9/27/2011

V4ARUNDATCOM\RUNDATCOM-
6.F90(603)

SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.
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13

2

22

23

24

25

27

28

31

32

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(647)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.FS0(662)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(875)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(884)

\DATCOM MAX
V4\RUNDATCOM\RUNDATCOM-
6.FS0(910)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(922)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(353)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F80(1017)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1053)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(1083)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1117)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(1151)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(1187)

\DATCOM MAX
VASOURCE\GRDEFF.FS0(269)

\DATCOM MAX
VASOURCE\GRDEFF.F90(389)

\DATCOM MAX
V4SOURCEWM11013.F90(60)

\DATCOM MAX
VASOURCE\LATFLP.FO0(530)

\DATCOM MAX
VASOURCEOUTPT2.F30(231)

\DATCOM MAX
VASOURCEVOUTPT2.FS0(409)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(54)

*** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

!*** ADDED "D" TO VARRIABLES TO
SHOWIT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

=* ADDED "D" TO VARRIABLES TO
SHOWIT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

** ADDED "D" TO VARRIABLES TO
SHOWIT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOWIT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

=** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED "D" TO VARRIABLES TO
SHOWIT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

"** ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

=* ADDED "D" TO VARRIABLES TO
SHOW IT'S A DELTA NOT TOTAL,
MODIFIED BY BRANDON WATTERS

*** ADDED, MODIFIED BY GARY
COLEMAN, ASSUMED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY GARY
COLEMAN, ASSUMED BY BRANDON
WATTERS

=* ADDED, MODIFIED BY GARY
COLEMAN, ASSUMED BY BRANDON
WATTERS

*** MODIFIED BY GARY COLMAN AND

AMIT OZA? BRANDON WATTER'S
ASSUMPTION

*** REMOVED BECAUSE NOT USED
AND MEMORY HOG, MODIFIED BY
BRANDON WATTERS

"* REMOVED BECAUSE NOT USED
AND MEMORY HOG, MODIFIED BY
BRANDON WATTERS

*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

9/27/2011

9/27/12011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/2011

9/27/12011

8/15/2011

8/15/2011

8/15/2011

N/A

9/28/2011

9/28/2011

8/28/2011

131




“REROSPACE + VEHICLE + DESIGN

AVD LAB
RESEARCH
REPORT

Ref.:

Date: 21 October 2011
Page: 41 of 51 Pages
Status: AVD Lab Internal

33

34

35

37

41

42

43

45

47

51

52

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Cleanup

Code Information

Output

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

\DATCOM MAX
VARUNDATCOM\LNGR.FS0(26)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(50)

\DATCOM MAX
VARUNDATCOM\Rudder\DIFLP.F90(21)

\DATCOM MAX
V4ASOURCE'\FLAPCM.F90(24)

\DATCOM MAX
VASOURCE'GRDEFF.F80(31)

\DATCOM MAX
VASOURCE\LIFTFP.F90(24)

\DATCOM MAX
VASOURCEWM11013.F80(18)

\DATCOM MAX
VASOURCEWAINO2.FO0(15)

\DATCOM MAX
VASOURCEWMAINOS.F90(24)

\DATCOM MAX
VASOURCEWQUTPTZ.FO0(43)

\DATCOM MAX
VASOURCEMAINO1.F90(68)

\DATCOM MAX
V4RUNDATCOM\DATCOM.F90(122)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(133)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(1257)

\DATCOM MAX
VARUNDATCOM\DATCOM.FS0(198)

\DATCOM MAX
VARUNDATCOM\DATCOM.FS0(245)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(259)

\DATCOM MAX
V4RUNDATCOM\DATCOM.F90(265)

\DATCOM MAX
VARUNDATCOM\DATCOM.FB0(274)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(289)

** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS

* VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS

*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
"** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
"** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
*** VARIABLES REMOVED BECAUSE
NOT USED AND MEMORY HOG,
MODIFIED BY BRANDON WATTERS
"** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED 622, MODIFIED BY
BRANDON WATTERS

** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

"* ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

9/28/2011

8/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

8/28/2011

8/24/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011
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53

57

59

81

62

63

67

70

|

72

73

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode

Debug Mode
Debug Mode

Debug Mode

Debug Mode
Debug Mode
Debug Mode
Debug Mode
Debug Mode
Debug Mode

Derivatives Output

\DATCOM MAX
VARUNDATCOM\DATCOM.FS0(301)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(318)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(334)

\DATCOM MAX
VARUNDATCOM\DATCOM.FB0(351)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(404)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(458)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(465)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(476)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(214)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(248)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(259)

\DATCOM MAX
VASOURCE\CMALPH.Fo0(342)

\DATCOM MAX
VASOURCE\CMALPH.F90(584)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(42)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(41)
\DATCOM MAX
VASOURCE\CMALPH.F0(5)
\DATCOM MAX
VARUNDATCOM\DATCOM.F90(51)
\DATCOM MAX
VASOURCECMALPH.FE0(11)
\DATCOM MAX
VASOURCEWAINO1.FO0(65)
\DATCOM MAX
VASOURCEWMAINOS.F90(21)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(630)

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED DEBUG MODE, MODIFIED
BY BRANDON WATTERS

*** ADDED NCLEAN, NDEBUG, &
TIME'S, MODIFIED BY BRANDON
WATTERS

*** ADDED NDEBUG, MODIFIED BY
BRANDON WATTERS

*** ADDED NDEBUG, MODIFIED BY
BRANDON WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

** ADDED WRITE, MODIFIED BY
BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

8/4/2011

8/26/2011

8/26/2011

8/26/2011

8/26/2011

9/27/2011

9/27/2011

9/1/2011
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74

75

76

78

79

81

82

83

85

87

89

a1

92

97

DICE Bookkeeping

Double Slotted Flaps

Double Slotted Flaps

Double Slotted Flaps

Double Slotted Flaps
Execution

Double Slotted Flaps
Troubleshooting

Double Slotted Flaps
Troubleshooting

Double Slotted Flaps
Troubleshooting

Double Slotted Flaps
Troubleshooting

General Bookkeeping
General Bookkeeping
General Bookkeeping
General Bookkeeping
General Bookkeeping

General Bookkeeping

General Bookkeeping

General Bookkeeping

General Bookkeeping

General Bookkeeping
General Bookkeeping
General Bookkeeping
General Bookkeeping
General Bookkeeping

General Bookkeeping

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(744)

\DATCOM MAX
VASOURCEMAINOS.F90(95)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(240)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(85)

\DATCOM MAX
VASOURCE\LIFTFP.F90(518)
\DATCOM MAX
VASOURCE\LIFTFP.F90(672)
\DATCOM MAX
VASOURCE\LIFTFP.FO0(679)
\DATCOM MAX
V4SOURCEWBAERO.F90(58)
\DATCOM MAX
VASOURCE\LIFTFP.F90(723)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(381)

\DATCOM MAX
V4\RUNDATCOM\DATCOM.F90(55)
\DATCOM MAX
VARUNDATCOM\DATCOM.F90(66)
\DATCOM MAX
V4RUNDATCOM\LNGR.F90(27)
\DATCOM MAX
VARUNDATCOM\LNGR.FS0(38)
\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(51)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(62)

\DATCOM MAX

VARUNDATCOM\Rudder\DIFLP.F90(22)

\DATCOM MAX

VARUNDATCOM\Rudder\DIFLP.F90(33)

\DATCOM MAX
VA\SOURCE\FLAPCM.F90(25)
\DATCOM MAX
V4ASOURCEFLAPCM.F90(36)
\DATCOM MAX
V4SOURCE\GRDEFF.F90(32)
\DATCOM MAX
VASOURCE\GRDEFF.F90(43)
\DATCOM MAX
VASOURCE'LIFTFP.F90(25)

\DATCOM MAX
VASOURCE'LIFTFP.F90(386)

*** ADDED WRITE'S AND EXPANDED
IF STATEMENT, MODIFIED BY
BRANDON WATTERS

!*** ADDED DOUBLE SLOTTED FLAPS
VARIABLES, MODIFIED BY BRANDON
WATTERS

*** DOUBLE SLOTTED FALPS,
MODIFIED BY BRANDON WATTERS

*** MODIFIED DWCL DWCM DWCD
DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS

*** CHANGED K COUNTER, MODIFIED

BY BRANDON WATTERS

=* ADDED, MODIFIED BY BRANDON
WATTERS
*** ADDED, MODIFIED BY BRANDON
WATTERS
*** ADDED, MODIFIED BY BRANDON
WATTERS
*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED IF STATEMENT, MODIFIED
BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS
*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS
*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS
*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCGE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

1*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS
*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS
*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

8/16/2011

7772011

71712011

8/4/2011

772011

77201

772011

711972011

7/28/2011

9/1/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

8/4/2011

B8/4/2011

8/4/2011
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98 General Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEWM11013.F80(19) MODIFIED BY BRANDON WATTERS
99  General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEWM11013.F90(30) MODIFIED BY BRANDON WATTERS
100 General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 81412011
VASOURCEWAINO1.FI0(69) MODIFIED BY BRANDON WATTERS
101 General Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEWAINO1.FO0(80) MODIFIED BY BRANDON WATTERS
102  General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEWMAINO2.F90(16) MODIFIED BY BRANDON WATTERS
103  General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/4/2011
VA\SOURCEWAINO2.F90(27) MODIFIED BY BRANDON WATTERS
104 General Bookkeeping  \DATCOM MAX i+ ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEMAINOS.FO0(25) MODIFIED BY BRANDON WATTERS
105 General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/4/2011
VASOURCEWAINOS.FO0(36) MODIFIED BY BRANDON WATTERS
106 General Bookkeeping  \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/4/2011
V4ASOURCEOUTPT2.F90(44) MODIFIED BY BRANDON WATTERS
107 General Bookkeeping \DATCOM MAX *+* ADDED NCLEAN & NDLOCE, 8/4/2011
V4ASOURCEVOUTPT2.F30(55) MODIFIED BY BRANDON WATTERS
108 General Bookkeeping \DATCOM MAX =** ADDED NCLEAN, MODIFIED BY 8/4/2011
VASOURCEWAINO1.FOO(61) BRANDON WATTERS
109  General Bookkeeping  \DATCOM MAX i+ ADDED, MODIFIED BY BRANDON  7/27/2011
VASOURCEWMAINOS.F90(15) WATTERS
110 General Bookkeeping \DATCOM MAX *** ADDED, MODIFIED BY BRANDON 812372011
VASOURCEWOUTPT2.F90(40) WATTERS
111 General Bookkeeping  \DATCOM MAX 1+ REPLAGED IF STATEMENT, 8/3/2011
VASOURCEWMAINOS.FO0(77) MODIFIED BY BRANDON WATTERS
112  General Bookkeeping \DATCOM MAX "** REPLACED IF STATEMENT, 8/23/2011
VASOURCE\FLAPCM.F90(137) MODIFIED BY BRANDON WATTERS
113 General Bookkeeping  \DATCOM MAX 1+ REPLACED IF STATEMENT, 8/23/2011
VASOURCE\LIFTFP.FO0(342) MODIFIED BY BRANDON WATTERS
114 Ground Effect \DATCOM MAX » ADDED DIMENSIONS, MODIFIED ~ 9/29/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BY BRANDON WATTERS
6.F90(37)
115 Ground Effect \DATCOM MAX 1+ ADDED DIMENSIONS, MODIFIED ~ 9/29/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BY BRANDON WATTERS
6.F90(602)
116 Ground Effect \DATCOM MAX *** ADDED DIMENSIONS, MODIFIED 9/29/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BY BRANDON WATTERS
6.F90(634)
117 Ground Effect \DATCOM MAX '+ ADDED DIMENSIONS, MODIFIED ~ 9/29/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BY BRANDON WATTERS
6.F90(857)
118 Ground Effect \DATCOM MAX "** ADDED DUE TO FLAP 9/29/2011
Bookkeeping VA\SOURCE\GRDEFF.F80(165) BOOKKEEPING, MODIFIED BY
BRANDON WATTERS
119 Ground Effect \DATCOM MAX ' ADDED FOR GRDEFF 9/28/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BOOKKEEPING, MODIFIED BY
6.F90(91) BRANDON WATTERS
120 Ground Effect \DATCOM MAX 1*** ADDED FOR GRDEFF 9/28/2011
Bookkeeping VASOURCEM11013.F0(44) BOOKKEEPING, MODIFIED BY
BRANDON WATTERS
121 Ground Effect \DATCOM MAX !*** ADDED FOR GRDEFF 9/28/2011
Bookkeeping V4\SOURCEMAINO2.F90(41) BOOKKEEPING, MODIFIED BY
BRANDON WATTERS
122 Ground Effect \DATCOM MAX 1+ BOOKKEEPING OF CORRECT 9/29/2011

Bookkeeping

VASOURCE\GRDEFF.F90(78)

FLAP DEFLECTIONS, MODIFIED BY
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123

124

127

128

131

132

133

135

136

137

138

139

140

141

142

143

Ground Effect
Bookkeeping

Ground Effect
Bookkeeping

Ground Effect
Bookkeeping

Ground Effect
Bookkeeping

Ground Effect
Bookkeeping

Ground Effect
Bookkeeping

Ground Effect
Execution

Ground Effect
Execution

Ground Effect
Execution

Ground Effect Output

Ground Effect Output

Ground Effect Output

Ground Effect
Troubleshooting

Ground Effect
Troubleshooting
Ground Effect
Troubleshooting
Ground Effect
Troubleshooting
Ground Effect
Troubleshooting
Ground Effect
Troubleshooting
Ground Effect
Troubleshooting
Ground Effect
Troubleshooting

LOCE Bookkeeping

LOCE Bookkeeping

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.FS0(80)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(581)

\DATCOM MAX
VASOURCE\GRDEFF.F90(1)

\DATCOM MAX
VASOURCEWM11013.F90(9)

\DATCOM MAX
VASOURCEW11013.F20(55)

\DATCOM MAX
VASOURCEWM11013.F80(63)

\DATCOM MAX
VASOURCEWMAINO2.FO0(52)

\DATCOM MAX
VASOURCEWMAINO2.FI0(55)

\DATCOM MAX
VASOURCE\GRDEFF.FS0(353)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1214)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(112)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.FS0(640)

\DATCOM MAX
V4\SOURCE\GRDEFF.F90(380)
\DATCOM MAX
V4\SOURCE\GRDEFF.F90(430)
\DATCOM MAX
V4\SOURCE\GRDEFF.F90(365)
\DATCOM MAX
VASOURCE\GRDEFF. F90(449)
\DATCOM MAX
V4HSOURCE\GRDEFF.F90(464)
\DATCOM MAX
V4\SOURCE\GRDEFF.F90(489)
\DATCOM MAX
V4\SOURCE\GRDEFF F90(504)
\DATCOM MAX
V4\SOURCE\GRDEFF. F90(509)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(370)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(55)

BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** VARRIABLES ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

** 1040 AND 1030 ADDED FOR
GRDEFF BOOKKEEPING, MODIFIED
BY BRANDON WATTERS

*** CHANGED DUE TO
BOOKKEEPING, MODIFIED BY
BRANDON WATTERS

*** MODIFIED DUE TO BOOKKEEPING
OF D(CL)FLAPS STORAGE CHANGED,
MODIFIED BY BRANDON WATTERS
*** ADDED CLOSE COMMAND FOR
ADDED FILES, MODIFIED BY
BRANDON WATTERS

"** CHANGED GRDEFT & DLOCE FILE
NAMES AND ADDED SOME,
MODIFIED BY BRANDON WATTERS

"* CORRECTED LOOP ORDER,
MODIFIED BY BRANDON WATTERS

*** ADDED TO CHECK ALPHWG(J),
MODIFIED BY BRANDON WATTERS
t*** ADDED TO CHECK CLWB,
MODIFIED BY BRANDON WATTERS
*** ADDED TO CHECK DALPHA(J),
MODIFIED BY BRANDON WATTERS
=* ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

** ADDED, MODIFIED BY BRANDON
WATTERS

=* ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED BODYOUT, MODIFIED BY
BRANDON WATTERS

*** ADDED NCLEAN & NDLOCE,
MODIFIED BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/28/2011

9/26/2011

10/10/2011

10/10/2011

8/23/2011

8/18/2011

8/18/2011

8/18/2011

8/18/2011

8/18/2011

8/18/2011

8/18/2011

8/18/2011

9/1/2011

8/23/2011
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145 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/12011
VARUNDATCOM\DATCOM.FS0(66) MODIFIED BY BRANDON WATTERS

146 LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
VA\RUNDATCOMILNGR.F90(27) MODIFIED BY BRANDON WATTERS

147 LOCE Bookkeeping \DATCOM MAX 1=+ ADDED NCLEAN & NDLOCE, 8/23/2011
VARUNDATCOMI\LNGR.F90(38) MODIFIED BY BRANDON WATTERS

148 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/12011
VARUNDATCOM\RUNDATCOM- MODIFIED BY BRANDON WATTERS
6.F80(51)

149 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/12011
VARUNDATCOM\RUNDATCOM- MODIFIED BY BRANDON WATTERS
6.F90(62)

150 LOCE Bookkeeping \DATCOM MAX i*++ ADDED NCLEAN & NDLOCE, 8/23/2011
VARUNDATCOM\Rudder\DIFLP.F90(22) MODIFIED BY BRANDON WATTERS

151 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 812312011
VARUNDATCOM\Rudder\DIFLP.F90(33) MODIFIED BY BRANDON WATTERS

152 LOCE Bookkeeping \DATCOM MAX *+* ADDED NCLEAN & NDLOCE, 8/23/12011
V4SOURCE\FLAPCM.F30(25) MODIFIED BY BRANDON WATTERS

153 LOCE Bookkeeping \DATCOM MAX "+ ADDED NCLEAN & NDLOCE, 8/23/2011
VA\SOURCE\FLAPCM.F90(36) MODIFIED BY BRANDON WATTERS

154 LOCE Bookkeeping \DATCOM MAX 1=+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEYGRDEFF.F30(32) MODIFIED BY BRANDON WATTERS

155 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 812372011
VASOURCE\GRDEFF.F90(43) MODIFIED BY BRANDON WATTERS

156  LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCE\LIFTFP.F90(25) MODIFIED BY BRANDON WATTERS

157 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/2011
VA\SOURCE\LIFTFP.FS0(36) MODIFIED BY BRANDON WATTERS

158  LOCE Bookkeeping \DATCOM MAX i*++ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEWM11013.F80(19) MODIFIED BY BRANDON WATTERS

159 LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEW11013.F80(30) MODIFIED BY BRANDON WATTERS

160 LOCE Bookkeeping \DATCOM MAX 1=+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEMAINO1.F90(69) MODIFIED BY BRANDON WATTERS

161 LOCE Bookkeeping \DATCOM MAX !** ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEWMAINO1.F90(80) MODIFIED BY BRANDON WATTERS

162 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/12011
VASOURCEWAINO2.FO0(16) MODIFIED BY BRANDON WATTERS

163 LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEWMAINO2.F90(27) MODIFIED BY BRANDON WATTERS

164 LOCE Bookkeeping \DATCOM MAX 1*++ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEMAINOS.FO0(25) MODIFIED BY BRANDON WATTERS

165 LOCE Bookkeeping \DATCOM MAX *** ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEWAINOS.F90(36) MODIFIED BY BRANDON WATTERS

166 LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
V4SOURCEYOQUTPT2.FS0(44) MODIFIED BY BRANDON WATTERS

167 LOCE Bookkeeping \DATCOM MAX 1+ ADDED NCLEAN & NDLOCE, 8/23/2011
VASOURCEVOUTPT2.F80(55) MODIFIED BY BRANDON WATTERS

168 LOCE Bookkeeping \DATCOM MAX *** ADDED PLACEHOLDERS, 8/23/12011
VASOURCEMAINO1.FS0(100) MODIFIED BY BRANDON WATTERS

169 LOCE Bookkeeping \DATCOM MAX !*** ADDED, MODIED BY BRANDON 8/31/2011
VA\SOURCE\DRAGFP.F0(30) WATTERS

170 LOCE Bookkeeping \DATCOM MAX 1=+ ADDED, MODIED BY BRANDON 8/31/2011

VASOURCE'\DRAGFP.F90(36)

WATTERS

AVD Lab, The University of Texas at Arlington, 2011.
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171 LOCE Bookkeeping \DATCOM MAX *** ADDED, MODIFIED BY BRANDON 8/23/12011
VASOURCEWAINOS.FS0(10) WATTERS
172 LOCE Bookkeeping \DATCOM MAX 1=+ ADDED, MODIFIED BY BRANDON ~ 9/1/2011
VA\SOURCEMAINOS.F90(7) WATTERS
173 LOCE Bookkeeping \DATCOM MAX 1+ IF STATEMENT CHANGED, 8/4/2011
VASOURCEMAINOS F90(223) MODIFIED BY BRANDON WATTERS
174 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/23/12011
VARUNDATCOM\DATCOM.F90(80) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
175 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/23/2011
VARUNDATCOM\RUNDATCOM- DHTCL DHTCM DHTCD, MODIFIED BY
6.F90(85) BRANDON WATTERS
176 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/23/2011
VA\SOURCE\FLAPCM.F90(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
177 LOCE Bookkeeping \DATCOM MAX 1*=* MODIFIED DWCL DWCM DWCD 8/23/2011
V4\SOURCE\GRDEFF.F90(57) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
178 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/23/2011
VA\SOURCE\LIFTFP.F90(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
179 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/23/12011
VASOURCEWAINO1.FO0(94) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
180 LOCE Bookkeeping \DATCOM MAX 1*** MODIFIED DWCL DWCM DWGCD 8/23/2011
VASOURCEWAINOS.F90(53) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
181 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 9/1/2011
VARUNDATCOM\DATCOM.F90(80) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
182  LOCE Bookkeeping \DATCOM MAX 1*** MODIFIED DWCL DWCM DWCD 9/1/2011
VARUNDATCOM\RUNDATCOM- DHTCL DHTCM DHTCD, MODIFIED BY
6.F90(85) BRANDON WATTERS
183 LOCE Bookkeeping \DATCOM MAX ** MODIFIED DWCL DWCM DWCD 9/1/2011
VASOURCE\FLAPCM.FS0(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
184 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 9/1/2011
VASOURCE\GRDEFF.F80(57) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
185 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 9/1/2011
VASOURCELIFTFP.F9O0(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
1856 LOCE Bookkeeping \DATCOM MAX 1*** MODIFIED DWCL DWCM DWCD 9/1/2011
VASOURCEWAINOT.F90(94) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
187 LOCE Bookkeeping \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 9/1/2011
VASOURCEWMAINOS.F90(53) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
188 LOCE Bookkeeping \DATCOM MAX i~ REPLACED DCDLOCE DCLLOCE ~ 8/23/2011
V4RUNDATCOM\RUNDATCOM- DCMLOCE, MODIFIED BY BRANDON
6.F90(388) WATTERS
189 LOCE Bookkeeping \DATCOM MAX *** REPLACED DCDLOCE DCLLOCE 812312011
VARUNDATCOM\RUNDATCOM- DCMLOCE, MODIFIED BY BRANDON
6.F90(417) WATTERS
190 LOCE Execution \DATCOM MAX *** ADDED AND DO NOT USE |, 9/1/2011
VASOURCEMAINOS.F90(18) MODIFIED BY BRANDON WATTERS
191 LOCE Execution \DATCOM MAX *** ADDED HTPL IF STATEMENT, 8/31/2011
V4\SOURCE\DRAGFP.FS0(105) MODIFIED BY BRANDON WATTERS
192 LOCE Execution \DATCOM MAX 1+ GRAB HTPL WITH ELEVATOR 8/23/2011
VASOURCEWMAINOS.F90(160) DEFLECTIONS OUTPUT, MODIFIED
BY BRANDON WATTERS
193 LOCE Execution \DATCOM MAX I*** GRAB HTPL WITH ELEVATCOR 9/1/2011

VASOURCEWMAINOS.FI0(160)

DEFLECTIONS OUTPUT, MODIFIED
BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.
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194

195

197

199

200

201

202

203

204

205

206

207

208

209

210

21

212

LOCE Execution

LOCE Output

LOCE Output

LOCE Output

LOCE Output

Method Modification
Removed

Method Medification
Removed

Program Run Time

Program Run Time

Program Run Time

Protocol Qutput

Protocol Qutput

Protocol Qutput

Protocol Output

Protocol Qutput

Protocol Qutput

Protocol Qutput

Protocol Qutput

Protocol Qutput

\DATCOM MAX
VASOURCEWAINOS.FS0(160)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(718)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(684)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(704)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(679)

\DATCOM MAX
V4\SOURCE'\DRAGFP.FS0(202)

\DATCOM MAX
VASOURCE\CMALPH.F90(364)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(42)

\DATCOM MAX
VA\RUNDATCOM\RUNDATCOM-
6.F90(94)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1204)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(212)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(249)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(262)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(268)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(277)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(292)

\DATCOM MAX
V4ARUNDATCOM\DATCOM.F90(3086)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(321)

\DATCOM MAX
VARUNDATCOM\DATCOM.F90(337)

"** GRAB HTPL WITH ELEVATOR
DEFLECTIONS OUTPUT, MODIFIED
BY BRANDON WATTERS

t*** ADDED MACH LOCATION,
MODIFIED BY BRANDON WATTERS

*** ADDED MACH LOOP, MODIFIED
BY BRANDON WATTERS

*** ADDED WRITE, MODIFIED BY
BRANDON WATTERS

*** CORRECTED LOOP, MODIFIED BY
BRANDON WATTERS

1+ .CD(J) UNCOMMENTED,
MODIFIED BY BRANDON WATTERS

** QUICK FIX TAKEN OUT, MODIFIED
BY BRANDON WATTERS

=** ADDED NCLEAN, NDEBUG, &
TIME'S, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** ADDED TO SAVE COMMAND
PROMPT QUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

=* ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS
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9/27/2011

8/1/2011

8/27/2011

8/1/2011

8/1/2011

8/4/2011

7712011

8/26/2011

8/26/2011

8/26/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

139




AVD LAB
RESEARCH

“REROSPACE + VEHICLE + DESIGN REPORT

Ref.:

Date: 21 October 2011
Page: 49 of 51 Pages
Status: AVD Lab Internal

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Protocol Qutput

Protocol Qutput

Protocol Output

Protocol Qutput

Protocol Qutput

Protocol Output

Protocol Output

Protocol Qutput

Protocol Output

Protocol Output

Protocol Qutput

Protocol Output

Protocol OQutput

Protocol Qutput

Speed Brake

Bookkeeping

Speed Brake Output

Speed Brake Output

Spoiler Bookkeeping

SYMFP Delta
Bookkeeping

\DATCOM MAX
VARUNDATCOM\DATCOM.FS0(355)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(407)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(461)

\DATCOM MAX
VARUNDATCOM\DATCOM.FS0(468)

\DATCOM MAX
VARUNDATCOM\DATCOM.FO0(479)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(97)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(139)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(217)

\DATCOM MAX
V4RUNDATCOM\RUNDATCOM-
6.F90(251)

\DATCOM MAX
V4ARUNDATCOM\RUNDATCOM-
6.F90(263)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1211)

\DATCOM MAX
VASOURCE\CMALPH.FQ0(345)

\DATCOM MAX
VASOURCE\CMALPH.F90(587)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(76)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(767)

\DATCOM MAX
VA\RUNDATCOM\RUNDATCOM-
6.F90(1152)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(1161)

\DATCOM MAX
VARUNDATCOM\RUNDATCOM-
6.F90(546)

\DATCOM MAX
V4SOURCEMAINO1.F90(100)

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

1*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OQUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MCDIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OQUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OQUTPUT, MODIFIED BY
BRANDON WATTERS

"** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED TO SAVE COMMAND
PROMPT OUTPUT, MODIFIED BY
BRANDON WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS

*** MOMENT ADDED AND LIFT AND
DRAG LOCATIONS SWITCHED,
MODIFIED BY BRANDON WATTERS

*** MOMENT ADDED AND LIFT AND
DRAG LOCATIONS SWITCHED,
MODIFIED BY BRANDON WATTERS

*** MOMENT ADDED AND LIFT AND
DRAG LOCATIONS SWITCHED,
MODIFIED BY BRANDON WATTERS

"** COMMENTED OUT TO CORRECT
SPOILER DATA, MODIFIED BY
BRANDON WATTERS

*** ADDED PLACEHOLDERS,
MODIFIED BY BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011

8/24/2011
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Ref.:
R‘;\ég ALQCE:;H Date: 21 October 2011
“REROSPACE + VEHICLE + DESIGN PenEs Sbiusr Fegss
REPORT Status: AVD Lab Internal
232 SYMFP Delta \DATCOM MAX *** ADDED, MODIFIED BY BRANDON 9/28/2011
Bookkeeping VASOURCEWMAINO2.F90(9) WATTERS
233 SYMFP Delta \DATCOM MAX 1** DWCD ADDED, MODIFIED BY 8/31/2011
Bookkeeping VA\RUNDATCOM\RUNDATCOM- BRANDON WATTERS
6.F90(295)
234 SYMFP Delta \DATCOM MAX 1*** DWCD MODIFIED, MODIFIED BY ~ 8/31/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BRANDON WATTERS
6.F90(320)
235 SYMFP Delta \DATCOM MAX 1*** DWCD NCLEAN CHANGED TO IFS,  8/31/2011
Bookkeeping V4\RUNDATCOM\RUNDATCOM- MODIFIED BY BRANDON WATTERS
6.F90(393)
236 SYMFP Delta \DATCOM MAX I*=** DWCD NCLEAN CHANGED TOIFS,  8/31/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- MODIFIED BY BRANDON WATTERS
6.F90(422)
237 SYMFP Delta \DATCOM MAX 1+ DWCD NCLEAN CHANGED TO IFS,  9/1/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- MODIFIED BY BRANDON WATTERS
6.F90(422)
238 SYMFP Delta \DATCOM MAX 1*** DWCL ADDED, MODIFIED BY 8/31/2011
Bookkeeping V4\RUNDATCOM\RUNDATCOM- BRANDON WATTERS
6 F90(297)
239 SYMFP Delta \DATCOM MAX == DWCL MODIFIED, MODIFIED BY 8/31/2011
Bookkeeping VA\RUNDATCOM\RUNDATCOM- BRANDON WATTERS
6.F90(322)
240 SYMFP Delta \DATCOM MAX 1* DWCM ADDED, MODIFIED BY 8/31/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BRANDON WATTERS
6.F90(299)
241 SYMFP Delta \DATCOM MAX 1*** DWCM MODIFIED, MODIFIED BY ~ 8/31/2011
Bookkeeping VARUNDATCOM\RUNDATCOM- BRANDON WATTERS
6 F90(324)
242 SYMFP Delta \DATCOM MAX *** DW'S CHANGED FROM 8/31/2011
Bookkeeping VA\SOURCEWAINO1.F90(262) CASECOUNT TO IFS LOCATIONS,
MODIFIED BY BRANDON WATTERS
243 SYMFP Delta \DATCOM MAX *** DW'S CHANGED FROM 9/27/2011
Bookkeeping V4 SOURCEMAINO1.F90(262) CASECOUNT TO IFS LOCATIONS,
MODIFIED BY BRANDON WATTERS
244 SYMFP Delta \DATCOM MAX ** MODIFIED DWCL DWCM DWCD 8/4/2011
Bookkeeping VA\RUNDATCOM\DATCOM.F90(80) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
245 SYMFP Delta \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/4/2011
Bookkeeping VASOURCE\FLAPCM.F20(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
2456 SYMFP Delta \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/4/2011
Bookkeeping V4ASOURCE\GRDEFF.FS0(57) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
247 SYMFP Delta \DATCOM MAX 1*** MODIFIED DWCL DWCM DWGCD 8/4/2011
Bookkeeping VASOURCE\LIFTFP.F90(50) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
248 SYMFP Delta \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/4/2011
Bookkeeping VASOURCEWMAINO1.F90(94) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
249 SYMFP Delta \DATCOM MAX *** MODIFIED DWCL DWCM DWCD 8/4/2011
Bookkeeping V4\SOURCEMAINOS.F90(53) DHTCL DHTCM DHTCD, MODIFIED BY
BRANDON WATTERS
250 SYMFP Delta \DATCOM MAX 1+ CORRECTED BODY-WING CM 7/25/2011
Calculation Correction VASOURCEWWBCM.FS0(148) FORMULA, MODIFIED BY BRANDON
WATTERS
251 SYMFP Delta \DATCOM MAX *** GRAB FLAP DELTA OUTPUT, 8/4/2011
Execution V4\SOURCEMAINO1.F90(233) MODIFIED BY BRANDON WATTERS
252 SYMFP Delta \DATCOM MAX !"** REMOVED, MODIFIED BY 8/3/2011
Execution VASOURCEMAINO1.F90(187) BRANDON WATTERS

AVD Lab, The University of Texas at Arlington, 2011.
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“REROSPACE + VEHICLE + DESIGN

AVD LAB
RESEARCH
REPORT

Ref.:

Date: 21 October 2011
Page: 51 of 51 Pages
Status: AVD Lab Internal

253

254

255

256

257

258

259

260

261

262

263

264

265

SYMFP Delta
Execution
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Deilta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting
SYMFP Delta
Troubleshooting

SYMFP Delta
Troubleshooting

\DATCOM MAX
VASOURCEWAINOS.FO0(131)

\DATCOM MAX
VASOURCEMAINOS.F90(145)
\DATCOM MAX
VASOURCEWMAINOQ.F90(178)
\DATCOM MAX
VA\SOURCEWMAINOO.F90(199)
\DATCOM MAX
VASOURCEWMAINO0.F90(122)
\DATCOM MAX
VASOURCEWAINO1.F90(148)
\DATCOM MAX
VA\SOURCEWAINOS. F90(70)
\DATCOM MAX
VA\SOURCE\GRDEFF_FS0(160)
\DATCOM MAX
VASOURCEWBAERO.F90(102)
\DATCOM MAX
VASOURCEWAINOS.F90(114)
\DATCOM MAX
VASOURCE\FLAPCM.F90(474)
\DATCOM MAX
VASOURCEWAINO1.F90(205)

\DATCOM MAX
VASOURCEWAINO1.F90(213)

*** REMOVED, MODIFIED BY
BRANDON WATTERS

*** ADDED BY BRANDON WATTERS
*** ADDED BY BRANDON WATTERS
*** ADDED BY BRANDON WATTERS

*** ADDED CHECK, MODIFIED BY
BRANDON WATTERS

*** ADDED CHECK, MODIFIED BY
BRANDON WATTERS
*** ADDED CHECK, MODIFIED BY
BRANDON WATTERS

*** ADDED TO CHECK BW(J+100),
MODIFIED BY BRANDON WATTERS

*** ADDED TO CHECK BW(J+100),
MODIFIED BY BRANDON WATTERS

*** ADDED, MODIFIED BY BRANDON
WATTERS
=* CHECK, MODIFIED BY BRANDON
WATTERS

*** DWCL(Il) ADDED, MODIFIED BY
BRANDON WATTERS

*** DWCM(ll) REMOVED, MODIFIED
BY BRANDON WATTERS

8/3/2011

7/12/2011

8/2/2011

8/2/2011

7/26/2011

7/26/2011

712612011

8/18/2011

8/18/2011

8/4/2011

7/28/2011

7/14/2011

714/2011

AVD Lab, The University of Texas at Arlington, 2011.
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Main Data Sheet
A/C Type: B747-200F

Certification based on: N/A

Issue : 06-29-2011

Document: 1

Prepared: Brandon Watters Signature: S P
Checked: Signature:
Checked [Approved: Signature:
Approved: Signature:
Approved: Signature:

In case of changes orinconsistencies, please contact advanced design AVD L
Indicates changes to the previous issue dated 06-2%-2011 By: Brandon Watters

Distribution by University of Texas at Arlington Phone: 817-272-1436

Must be calculated
Use with caution
Do not use
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Design Mission:
ters

fixed units units
ach | 5 - B
titud 31-35-39 D001 step cruise mm 6 it inch
nge| B 6 m -
ake-of Field Length (TOGW] min inch
Landing Field Length (Max Landing Weight] mm inch
ax Operating Altitud, [ m i G
ayload Weight | 111250.00 kg |- 711 245264 s C
rev Weight 1 k|- [ B

Principle Di

Win,
rameters Metric
E-'» i ¢ 5109 510
[Wetted Area >1021.93] 1021930000
59.613
5314
Aspect
[Taper
Geomet ric Twist
Profile Type camwise Thickness
i % 25 -
TTip A [z5 B -
Mean Aerodynamic Chord 8374 m  [mm 71619 7731 inch
X-Location of 25% MAC 31750[m _Jmm 10 104.17] fi inch
[Thickness Ratio at MAC [t/] 9.4 % |- B B
t/c 0.13-0.9) - -
Incedence (Root /Tip) 2 deg S B B
[Stream-wise Flap Chord Ratio at MAC (/) 30 5 5 5
Flap Span to Span Ratio [b;/b) 70 - - B
Flap Angles
= 5
= B
= B
25 -
25 B
19 b
[Swveep)
Lead Edge d 4 K
val e (nboard] e + B
vailing Edge (Outboard] deg. 6 B
Chord
Root (Theoretical Value Y-0) m [mm 4010 5433 fi nch
Root m [mm 4+ 4803 N inch
P 4064]m_[mm 43,10 1333 Tonoo] [r inch
i foil
Voot [BAC 463 10 468 S 13 B
Tip i [BAC 169 10 474 S 13 B
Incidence Angle relative to A/ X-Axs
Toot 250 e T B
[Tip deg |- & B -
[Tank Volume
158110 196950 kg liter 6 52035] 1lb USgal
swithin the A/C System
17551 m  Jmm & Goroo| [t inch
0] m mm [ o.00] Jf inch
m mm vt 13482] it inch
00F Main Dita Sheet 1
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200F M
AVD Laberatery

Aileron:

i
hond T m_[mm & To inch
[Surface Area 332 sa20000]mJmm__ |+ si6.01] [A inch”
Maxamum Displacement
1 70 Gz |- 5 z 5
m 20 deg |- 9 B -
Normal Operation Rate
Jup deg/s |- B B S
Jdown 40 deg/s |- E) - -
[One Hydraulic System Failure Rate
r Ea | Genls |- 5 = &
 F 21| deg/s |- £l B B
Span fraction b/2
oot 030 - ] 5 5
TTip 0.43 B i) E z
Chord fraction ¢
oot 017 - 5 - -
Tip 0.25 5 19 - -
Chord
Root 1590 m mm 4 62.59] Jft inch
Tip 216 2159(m  [mm n B500] it inch
[Span Location from Centerline
Boot 11.33 113320m mm 4 Calculated 37.18) it inch
ip 13.12) 13122[m mm 4 Calculated 13.05 i inch
Tord m_Jmm T i ek
[Surface Area 693 30,000 | m° mm* ol T4.59) ft inch”
Mamum Displacement
P 25) deg - 9 & =
| 15 deg |- B B
Normal Operation Rate
3 Gegle |- 5 . 5
= ez /s |- 5 5 =
Gne Hydraulic System Failure Rate
I deg/s |- B - -
deg/s |- 5 =
B i) 5 5
[out - 19 - -
Chord fraction ¢
Root [T - i) 3 3
ip 0.17 - ] = 5
Chond
Tioot T2i4m  mm T EENE D Tnch
i 878[m__[mm 4 s i inch
[Span Location from Centerline
oot 20875]m _[mm 4 Calculated sz1a5| |f inch
ip 26331 [m_Jmm 3 Calculated Tiis ] [ inch

Madmum Displacement deg_|- : - -
Normal Operation Rate deg/s |- - -
[Span Location fraction b/2
ot 0.4 - 19 - -
ip 0.67 - 19 B 5
[Chord fraction c
Toot - ] B 5
in 5 15 g 5
Chord of win,
Root 667 8665]m [mm [ 26,44 i inch
ip 6,60 6604m_[mm 4 2167 fi inch
Engﬁ cation fr.c.
Root 0.71 - 19 B -
Tip 0.71 - 19 - -
Hinge Location from LE
Root 617 o o Zaoo| | inch
ip 457 mm + 170.75] [t inch
[Span Location from Centerl
13,72 13718[m _|mm lculated 540.08[ | inch
19.98] 19980]m  [mm 4 Calculated 7663 [t inch
hord mm S760[ |t Tnch
f face f mm” 188251 [rF inch”
Maamum Displacerment - : 3 5
Normal Operation Rate s E 5
[Chord of win
Root 11650/m |mm T 36,75 155.00] [ Tnch
ip 10.406[m __[mm 4 3414 10966 it inch
Hinge Location from LE.
Koot B674(m [mm 4 28.46) sans0| it inch
) 7417 |m mm o 24,33 20200[ | inch
[Span Location from Centerline
Rool 6230lm  |mm & 2735 i inch
Ip T0471[m__[mm T 3435 it inch
Air Brake:
THi[m  mm TAT T760] i Tnch
[Surface Area 33.91 1862 51] 1A* inch”
Maxdimum Di - -
Normal Operation Rate E 8 Z
[Span Location from Centerl
Tkoot 6150(m mm [ r Tnch
| £ B338m_mm T i Tnch
Dt Shest

146




High L

It Devices:

e T I
| Zeailing Edge
Triple Slotted 9,10 1
Hoot 153 1517m [mm + wﬂ fi nch
Trip 152 1517[m  [mm + X i inch
hmg(‘hnr\d (Retracted)
| [ 14.64) 14638|m mm 15 1807 it inch
Tip 5.90) 9596]m_[mm 15 3247 fi inch
[Wing Chord (Extended]
Root m [mm 15 i inch
Tip m [mm 15 mn inch
C1 Chord
TRoot m mm 4 fi inch
| [ 0.6594) 659lm _ [mm + 2.16) 2596 [t inch
CZ Chord
Koot 1734[m _[mm T 569 fi nch
ip 19%8[m [mm & 6.49) fi inch
C3 Chord
[ 1.1300) 1130(m  Jwm 0 i inch
ip 11181 L118[m  [mm + i inch
[Span Location from Centerline
oot mm x Tao0] i inch
i 11,3320m Jmm + ETRE N inch
Surface Arca mm? [+ Calculated 16105 118] |A inch?
ents d 4.9.10 T - 5
C3 Detents deg 4+ I - -
Flap type EXTY
[Elap Chord [Retracted)
TRoot 1.25 1251 m mm 4 410, 49.25] it inch
D 0.64] 636lm_[mm [ 209 2503] |t inch
[Wing Chord (Retracted]
Root 685 B551[m _ [mm [ 20,04 RN inch
ITip 44 1433|m mm 4 14.54 17453 | inch
[Wing Chord (Estended]
Root m[mm m m inch
[Tip m |mm + it inch
C1 Chord
JRoot m mm 4 i inch
| ) 3249 325|m_mm + T07] 1270] |1 inch
C2 Chord
Thoot ™ |mm T ENEED Tnch
ITip m mm 4 1624] | inch
C3 Chord |
| [ 0.9935 m_mm 0 3.26) it inch
) 0.6292) m |mm & 2,06 fi inch
[Span Location from Centerline
| [ 13123m  [mm 0 5 516.59] [R inch
Trp 205%6m__|mm + 6.5 82275 |t inch
[Surface Area £3491. 227 m’ Jmm® |4 .Calculated 67263 oGa6L5a| | inch”
Detents | d - 910 3 5
C3 Detents Max: 0,15,30,57.5,45] Ti]deg |deg - 5
Loading Edge
Flap type Rrueger standard unslotied 510
|Elsp Chord [Retracted)
I Foot 001 FETE] [ Ty z 767 i202] |’ Tnch
ip 0.61 B13]m  Jmm + 267 sz02] it inch
hm Chord (Retracted)
Root 13,00 13,087|m _|mm o 4254 inch
T m_|mm + inch
Span Location fr
[ 5.92) Slm [mm 0 19.44 inch
20.34] 20363 [m  [mm o 66,81 inch
Flap type Rrueger variable cambered and stotted 510
|Flzp Chord [Retracted]
ot 051 813[m_ |mm o 267 iz00] i inch
ip 0.61 813m  [mm + 267 sz 00| [ inch
[Wing Chord (Retracted)
Root o m I nch
p 423 4232|m_[mm 4+ 13.89 166.63] |t inch
Span Location from Centerl
Foot 72.09 o z 7238 H60.75] [t Tnch
ITp 2515 mm 0 55 r;[ EERFIN [ nch
200F M Dita Sheet 1
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Horizontal Tail:

eiers et
[Horizontal Tail Type All Moving Horizontal Tail (AMHT) 10,11
Reference Area 1365 36,5 B 19 wu_%
[Wetted Area >273.14 Calculated > 2940
Span
| Theorstical Value 22.17] 9,10 7275 TREF it inch
20.86] + 68,43 sRrEF] TR inch
[Aspect Ratio 3,60 25 . :
[Taper Ratio (e /o) 0.2 25
[Sweep Angle (23% Chord] 3 3 25
[Dibedral Angle ] deg |25 -
[Average t/c 25
/{Scye) 25
2 25
[Hinge Position (% o) 25
Balance Ratio (4 &) - 25 - -
Dis Trom A/Ceg to M ac (5] Halm  Jmm ] 5150 175400] | Tnch
[Tal Volume Coefficient (G - EAL] - -
Maximum Displacement
up (] 70 dez_ |- 75
down (+] 120] deg |- 25 -
[Sweep)
T z B
¥
[Chond
Root (Theoretical Value Y-0) mm 4 3233 inch
Root mm 4 30.95 inch
m mm I 808 inch
2 ol
Tip i k2 X
Incidence Angle relative to A/C X-Axis
Root + B
Tip B & B B
Horizontal Tail Ref. Point within the A/C System
Tx B 0 1060 0 =1
It | mm + 0,00 inch
| A | mm £ m_( T Tnch
Split Elevator
[Elevator Chord (root/tip. frc,) 0.29) - 19
Svvee)
2 Edg a + - -
I g Eddge deg o
i rfoil
[Tip i rfoil2 [N B B B
| Inboard
Waam um Displacement
up. 23 deg b
dow 1 deg 25
[Chond
Root 281 mm 4 9.23 11080] JA inch
> 0.72 mm + 238 Zoso] Ji inch
[Span Location from Centerline
Root Lit[m _ [mm + 73] a0 inch
ip 9417|m mm 4+ 30.90] 370, it inch
Maximum Displacement
up. 23 deg |- 25 =
" down 17 deg |- 25 -
Chord
oot 2.81 2514]m mm 4 9.23 11o60] Tf inch
i 0.72 72¢lm [mm + 238 FEN inch
[Span Location from Centerlin
JRoot 1.14) 4 37 1eo0] |r inch
i ”j + Z00] T7075] it inch
00F Main Dita Sheet 1
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200F M
AVD Laberatery

Tameters et
[Reference Area 7741 77.109,520]m 19 30
[Wetied Area > 154219040 [m? Calculated > 1660
an
I | Theoretical Value 13.36] 13383 m  [mm 4 Calculated 43.91 526.87] inch
| I [ o 9.804]m 9.1 3217 306.00] it
A

Crp [ Cioa)
[25% Chord] Gz |- P33 B 5
e |- I+ - -
5 = 5 5
B 25 5 3
Hinge Position (% ¢, - 25 5 5
[Balance Ratio (% B 25 5 =
Distance from A/Ceg to M1 ac. (%] 000 m Jmm i 10200 T2za00] | Tnch
[Tail Volume Coefficent (C;7) - 1719 5 5
7 Distance from Zcg to AL E503|m mm & Calculated 789627 A [ Tnch
[X Distance from Xcg to A.C. 30.436]m ‘mm 4 Calculated 99.8554 1198.26] Jft inch
Sweer]
deg |- i & =
deg |- 4 - -
Chond
Boot mm 49,10 ft inch
ip mm 4910 it inch
ol
Tip = | B B
Incidence Angle relative to A/C X-Aris
| [ 0.00 de - 4 - -
.00 deg |- 4 - -
[ 54682Im mm g 179.40 2152811 It inch
| m mm 0 0 % 00| |6 inch
] 0

Thinge Postion (7]

|Balance Ratio (% ¢

|Rudder Chord {root /tip. frov)

Chord|
[oor 752 516lm  [mm T 154 i Tnch
Tip 2.84] 7845[m__[mm £ 933 fi inch
[Span Location from Centerline
| m[mm 30.19) 362.30] [i inch
m_ |mm 39.44 17230] it inch
m?_[mm® 93 13439] Tr® inch”
Maximum Displacement deg |- 925 B B
Normal Operation Rate deg/s |- B B
[One Hydraulic System Failure Rate deg/s |- 5 5 g
Chord |
| [ 284 2845|m mm 4 931 i inch
ip 143 1.435]m_Jmm £ +71 fi inch
Span Location from Genterline
Jioot 12022[m  [mm 3944 SEETIND inch
ITip 17,996 m mm 59.04 70a.50] |i inch
[Surface Area 12580,000[m* _ [mm? 135 19499 e inch”
M mamum Displacement deg |- 575 f 5
Normal Operation Rate deg/s |- B -
[One Hydraulic System Fallure Rate deg/s |- E - -
Fuselage:
I Parameters Metric Junit_[prefixed [Rer Englishy [umits units
Roference Length 6B.63 68631 [m _|mm T 225,17 2701091 it nc
[Hight | m mm Jit
width| 6,50 6.502lm__[mm 910 2133 256.00] it ncl
[Planform Area - mm’
rface Wetted A P
pa on Area m?[mm
Load Volume 605E11]m* [mm + 21365 ft* nch®
Max. Main-Deck Cargo Volume-Paletized Carga SI2Er11[m’ [mm 18434] fi* nch®
Max. Lower-Lobe Containerized Cargo Volume: SEm' [mm 5297 i+ nch®
Mas. Lower-Lobe Bulk Carga Volume: 23000000000 m*__[mm B12 fi* nch®
Framd)
Flange Length m mm ft inch
nge Thickness m mm it inch
Wb Thickness i mm fit inch
Fuselage RefPoint within the A/C Syste
T .00 Olm__ [mm 0 Goo] [& nch
I7 0.00 0[m_mm [ Goo| [ inch
3 5.63 5625]m [mm + 22063 | inch
Dosign Eye Point (DEF]
I m mm ft inch
I + i
| [m mm
Dt Shest
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Landing Gear:

Size | 1.24463:0.4826 -0.508[12446 x 4826 -[m __|mm 21 333 - 1.666 49 19-20
Ply R 327 I 5 21 5 H
[Lateral Distance Between Two Tires 1
091 0lm B 259) EEE N ) inch
Wing Gear 112 L120]m 6 167 +409] |t inch
Body Gear 112 1120Im __ fmm 6 3.67) 4409 it inch
Longitudinal Distance Between Two Tirs
Wing Gear 1.47] 1.4701m mm 6 +.82 57.87] |/ inch
Body Gear 147 1470lm  mm A 162 577 i inch
[@leelhase
2407 21070]m _[mm 6 78,97 91763 i inch
| 27.14] 27140 m mm 6 £9.04) 1068.50] Ifi inch
11,00 11000[m  [mm @ 3609 0| i inch
i .84 38401Im mm o 1260 15118] [/ inch
| Distance Between Two Tires
| TH 117 T120]m  mm A 367 waoo] R Tnch
Inic 0.91 910[m _ [mm 2.99 s5as] | inch
1343 ar_|- 1 1 pst 5
Frontal Area of Main Wheels 0.5808) 560,750 [m’  [mm” I i [ incl
rontal Area of Nose Wheels 0.5808] 580,780 [m”_[mm® 00| [ inch”
ength of Main Landing Gear 60 2,599 m mm 102.33] Ift inch
Reference point within the A/C System Main Gear 1
[ 31,6005 31001 m  Jmm + 10433 T25z00] |1 inch
| =5.5066) m mm & fi inch
Z 4] 533]m _ fmm 4 1 2r00] ft inch
Reference point within the A/C System Main Gear 2
[x mm 4 10433 125200 |i inch
Ir mm 4 16.07] ft inch
1z mm 4 175 fi inch
Reference point within the A/C System Body Gear |
Ix | 348615 #4862 m  [mm + 114.38] it inch
| | 19191 mm 0 i inch
1z 0.5334] 533]m mm 4 1.73] 21.00] |ft inch
Reference point within the AJC System Body Gear 2
Te 310615 Ho6i|m_[mm [ 11535 137 fi inch
e T 1.9191 1910[m __[mm 0 %30 75.55] |t inch
7 1 0.5334} 533|m mm + 1.75 2100 R inch
Reference point within the A/C System Nose Gear
X I 1.7615) 7762 m mm 4 25.46) 305.57] Ift inch
I [ 0.000 0lm mm 4 0.00 o] |/ inch
Iz | 39 T2m__mm 0 238 PR N 3 inch
Power Plant:
FmeeTs T T @
{_E-_ neral Electric CE6-50E2
e | High Bypass Turbo Fan T
jumber of engines 3 1
Tee-off thrust
Torone engine| 73153 K- & 57500 Tbr B
i kN |- [T
5FC™_[Conve Factor 28.325 at mazimun thrust 0:4236-0.0109051 kg /W] 6 0.366-0.385 Ib/bf/h |-
tages 1F/3LPC/14HPC) = 16 =
ow-Pressure Turbine / High-Pressure Turbine 4 - - -
wgmum Diameter 26 2667 Im mm 105] Iit inch
ength 45! M@m mm 1e3] Jfe inch
ax Power at Sea Level 732 k|- b 5
verall Pressure Ratio at Max Power 30,40 - B
i 7 Tbe
i 424-4.4] S 5 16 -
l\_wwﬂ,an 4104 kg 1 3047 Tbs
CE. Locations
St 22" m mm 1 18.67) 22800] IRt ncl
21 Slm__mm 1 8.07) ge80] it nch
m?_ Jmm?®
/s I mm:
[m? m*
m_ [mm it incl
et Diameter m_[mm it
m_[mm m
i m[mm it
eference point within the A/C System (el pt. engine — Fanre, plane / ais of rotation)
X* m [mm ftinch
|z i m___[mm 3 ftinch
| e m mm h
gl 4 deg
T Il AL System [deg i
[N per nacelle -
[Ref Area nacelle strale 5 b‘

O0F M Dt Shett
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Design Masses:

[Max. Ramp Weight

kg
[Max. Landing Weight kg [ B
[Max. Take-off or Drake Release Weight kg |- bs -
[Operating Empty Weight kg |- -
[Zero Fuel Weight kg | bs -
[Max Structural Payload kg |- 5
[Usable Fuel Capacit 196950 kg [Liters USGal
[Payloa kg |- 14 245264) bs -
C.G. Limits % MAC in Flight (B747-2008 unknown engines)
[Forward 1 - 25 - -
[Rear . B 95 B B
IRanze _ 19, 5 25 - -
[Payload 5 OEW. 4 - 25 B -
CG- Location
[ Take-Off
| eMAC B E
alculated 103.43] 622470838 |R inch
it inch
Guessed 1176 Tz 12| | inch
Cruise
56 MAC alculated
Ix alculated
i
| A [*-Guessed

Spoiler Full Deployment Speeds* S ) — "] FE— | S— {—" E—) i E—| i

[Mas. Centilied Altitude I 72 7] I Y I EESTIT) I I (OO
[arcrat Servicetibe: 1 | | I [ 1 1 1 [l ] ]

E747.200F Main Data hett
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List of attached drawings

1 Principle Dimensions - 3 View; 747-200.dxf
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APPENDIX C

B747-200F DIGITAL DATCOM MODELS
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WB-Clean
DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$
CASEID B/W/HT/VT, B747-200F (Case 1, CLEAN ALIH=0.0 SYMFLP = Elevator)
DAMP

SAVE
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WB-Ailerons
DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
Z1(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%
$ASYFLP STYPE=4.0, NDELTA=9.0, SPANFI=11.3322, SPANF0=13.1215,
DELTAL=-20.0,-15.0,-10.0,-5.0,0.0,5.0,10.0,15.0,20.0,
DELTAR=20.0,15.0,10.0,5.0,0.0,-5.0,-10.0,-15.0,-20.0,
CHRDFI=1.5897, CHRDFO=2.1590%
CASEID W/Aileron Configuration, B747-200F (ASYFLP = Ailerons)

DAMP
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WB-LE Flaps

DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%
$SYMFLP FTYPE=8.0, NDELTA=2.0, DELTA=25.0,30.0, SPANFI=5.9246,
SPANF0=29.1522, CHRDFI1=0.8133, CHRDF0=0.8128, CPRMEI=13.9007,
CPRMEO=5.0451%
CASEID W/TE Flaps Configuration, B747-200F (SYMFLP = Krueger)

DAMP
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WB-TE Flaps

DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$
$SYMFLP FTYPE=3.0, NDELTA=1.0, DELTA=30.0, SPANFI=3.2512,
SPANF0O=20.8979, CHRDFI=1.5166, CHRDFO=0.6358, PHETE=0.0012283,
PHETEP=0.0014263, CPRMEI=16.0987, CPRMEO=5.6637$
CASEID W/TE Flaps Configuration, B747-200F (SYMFLP = FOWLER FLAPS)

DAMP
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WB-Spoilers
DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
Z1(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%
$ASYFLP STYPE=1.0, NDELTA=5.0, SPANFI=13.7179, SPANF0=19.9805,
CHRDFI=1.3371, CHRDFO=1.3371,
DELTAS=0.0,0.0453175,0.0739976,0.1004294,0.1238097,
XS0OC=0.8748379,0.8688718,0.8584331,0.8431727,0.8235543,
XSPRME=0.6997446,
HS0OC=0.0153960,0.0607135,0.0893936,0.1158254,0.1392057%
CASEID W/Spoiler Configuration, B747-200F (ASYFLP = Spoilers)

DAMP
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WB-Speed Brakes

DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,

-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
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-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$
$SYMFLP FTYPE=5.0, NDELTA=2.0,
DELTA=10.0,20.0,
PHETE=0.000634278, PHETEP=0.000482512, CHRDFI=1.4650, CHRDFO=1.4650,
SPANFI=6.1500, SPANF0=8.3376%
CASEID W/Speed Brakes, B747-200F (Case 6, Speed brakes modeled as a split flap)

DAMP
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WBHYV-Clean
DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
ZH=6.8961, ALIH=0.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
Z1(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,

0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
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-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$%
NACA-V-6-64A010
$VTPLNF CHRDTP=3.9878, SSPNE=9.8044, SSPN=9.8044, CHRDR=11.7348,
SAVSI=44.0, CHSTAT=0.25, TYPE=1.0$
NACA-H-6-63A008
$HTPLNF CHRDTP=2.4638, SSPNE=10.4288, SSPN=11.0865, CHRDR=9.8552,
SAVSI=37.0, CHSTAT=0.25, DHDADI=8.5, TYPE=1.0$
CASEID B/W/HT/VT, B747-200F (CLEAN)
DAMP

SAVE
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WBHV-Elevator
DIMM
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
ZH=6.8961, ALIH=0.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
SWGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,

0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
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-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$WGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$%
NACA-V-6-64A010
$VTPLNF CHRDTP=3.9878, SSPNE=9.8044, SSPN=9.8044, CHRDR=11.7348,
SAVSI=44.0, CHSTAT=0.25, TYPE=1.0$
NACA-H-6-63A008
$HTPLNF CHRDTP=2.4638, SSPNE=10.4288, SSPN=11.0865, CHRDR=9.8552,
SAVSI=37.0, CHSTAT=0.25, DHDADI=8.5, TYPE=1.0%
$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,

PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDFO=0.7239,
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SPANFI=1.1404, SPANFO=9.4171$
CASEID B/W/HT/VT, B747-200F (CLEAN ALIH=0.0 SYMFLP = Elevator)
DAMP

SAVE
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WBHV-AMHT+e

DIM M
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
ZH=6.8961, ALIH=15.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)=0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,

0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
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-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$WGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$%
NACA-V-6-64A010
$VTPLNF CHRDTP=3.9878, SSPNE=9.8044, SSPN=9.8044, CHRDR=11.7348,
SAVSI=44.0, CHSTAT=0.25, TYPE=1.0$
NACA-H-6-63A008
$HTPLNF CHRDTP=2.4638, SSPNE=10.4288, SSPN=11.0865, CHRDR=9.8552,
SAVSI=37.0, CHSTAT=0.25, DHDADI=8.5, TYPE=1.0$
$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,

PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDFO=0.7239,
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SPANFI=1.1404, SPANFO=9.4171$
CASEID B/W/HT/VT, B747-200F (CLEAN ALIH=0.0 SYMFLP = Elevator)
DAMP

SAVE
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for005.dat
DIMM
BUILD
DUMP CASE
PART
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
ZH=6.8961, ALIH=15.0, XV=54.6816, ZV=8.9916, VERTUP=TRUE.$
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)=0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,
Z1 (1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%
$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,
XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,
MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,

0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
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-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,
THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$WGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$
NACA-V-6-64A010
$VTPLNF CHRDTP=3.9878, SSPNE=9.8044, SSPN=9.8044, CHRDR=11.7348,
SAVSI=44.0, CHSTAT=0.25, TYPE=1.0$
NACA-H-6-63A008
$HTPLNF CHRDTP=2.4638, SSPNE=10.4288, SSPN=11.0865, CHRDR=9.8552,
SAVSI=37.0, CHSTAT=0.25, DHDADI=8.5, TYPE=1.0$
$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,

PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDFO=0.7239,
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SPANFI=1.1404, SPANFO=9.4171$

CASEID B/W/HT/VT, B747-200F (Case 1, CLEAN ALIH=15.0 SYMFLP = Elevator)

DAMP

SAVE

NEXT CASE

$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,

ZH=6.8961, ALIH=10.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$

$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,
PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDF0O=0.7239,
SPANFI=1.1404, SPANFO=9.4171$

CASEID B/W/HT/VT, B747-200F (Case 2, ALIH=10.0 SYMFLP = Elevator)

DAMP

SAVE

NEXT CASE

$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,

ZH=6.8961, ALIH=5.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$

$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,
PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDFO=0.7239,
SPANFI=1.1404, SPANFO=9.4171%

CASEID B/W/HT/VT, B747-200F (Case 3, ALIH=5.0 SYMFLP = Elevator)

DAMP

SAVE

NEXT CASE

$SYNTHS XCG=31.5211, ZCG=4.5, X\W=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
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ZH=6.8961, ALIH=0.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$
$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,
PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDF0=0.7239,
SPANFI=1.1404, SPANFO=9.4171$

CASEID B/W/HT/VT, B747-200F (Case 4, ALIH=0.0 SYMFLP = Elevator)

DAMP
SAVE
NEXT CASE
$SYNTHS XCG=31.5211, ZCG=4.5, X\W=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,
ZH=6.8961, ALIH=-5.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$
$SYMFLP FTYPE=1.0, NDELTA=9.0,
DELTA=-23.0,-20.0,-15.0,-5.0,0.0,5.0,10.0,15.0,17.0,
PHETE=0.0005077, PHETEP=0.0003827, CHRDFI=2.8144, CHRDFO=0.7239,
SPANFI=1.1404, SPANF0O=9.4171$
CASEID B/W/HT/VT, B747-200F (Case 5, ALIH=-5.0 SYMFLP = Elevator)
DAMP
NEXT CASE
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,

R(1)=0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
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3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,

ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,

Z1(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%

$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,

XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,

MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,

THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,

0.0013600%
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SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216,

SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%

$ASYFLP STYPE=4.0, NDELTA=9.0, SPANFI=11.3322, SPANF0=13.1215,
DELTAL=-20.0,-15.0,-10.0,-5.0,0.0,5.0,10.0,15.0,20.0,
DELTAR=20.0,15.0,10.0,5.0,0.0,-5.0,-10.0,-15.0,-20.0,
CHRDFI=1.5897, CHRDFO=2.1590%

CASEID W/Aileron Configuration, B747-200F (Case 6, ASYFLP = Ailerons)

DAMP

SAVE

NEXT CASE

SASYFLP STYPE=1.0, NDELTA=5.0, SPANFI=13.7179, SPANF0=19.9805,
CHRDFI=1.3371, CHRDFO=1.3371,
DELTAS=0.0,0.0453175,0.0739976,0.1004294,0.1238097,
XS0C=0.8748379,0.8688718,0.8584331,0.8431727,0.8235543,
XSPRME=0.6997446,
HS0OC=0.0153960,0.0607135,0.0893936,0.1158254,0.1392057%

CASEID W/Spoiler Configuration, B747-200F (Case 7, ASYFLP = Spoilers)

DAMP

NEXT CASE

$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,

NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%

CHRDR=14.0663,

$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532,

ZH=6.8961, ALIH=0.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$

$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
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X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,

R(1)= 0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,
3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000,

ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,

ZL(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%

$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,

XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,

MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,

THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,

0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
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0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,
0.0013600%
$WGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0$
NACA-V-6A64-010
$VTPLNF CHRDTP=3.9878, SSPNE=9.8044, SSPN=9.8044, CHRDR=11.7348,
SAVSI=44.0, CHSTAT=0.25, TYPE=1.0$
NACA-H-6A63-008
$HTPLNF CHRDTP=2.4638, SSPNE=10.4288, SSPN=11.0865, CHRDR=9.8552,
SAVSI=37.0, CHSTAT=0.25, DHDADI=8.5, TYPE=1.0$
$ASYFLP STYPE=6.0, NDELTA=5.0, SPANFI=9.2024, SPANFO=17.9959,
DELTAR=-25.0,-15.0,0.0,15.0,25.0, CHRDFI=3.5177, CHRDFO=1.4351%
CASEID B/W/HT/VT, B747-200F (Case 8, ASYFLP = Rudder)
DAMP
NEXT CASE
$FLTCON NMACH=5.0, MACH=0.075,0.151,0.226,0.302,0.377,
NALT=5.0, ALT=0.0,0.0,0.0,0.0,0.0,
NALPHA=7.0, ALSCHD(1)=-5.0,0.0,5.0,10.0,15.0,20.0,25.0%
$SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8%
$BODY NX=20.0, BNOSE=2.0, BTAIL=2.0, BLN=23.091, BLA=19.304, ITYPE=3.0,
X(1)=0.000,2.309,4.618,6.927,9.236,11.545,13.855,16.164,18.473,20.782,
23.091,23.120,42.424,46.169,49.914,53.659,57.403,61.148,67.816,68.637,
R(1)=0.000,1.588,2.197,2.619,2.911,3.118,3.232,3.253,3.253,3.253,3.253,

3.253,3.2563,3.253,3.221,2.934,2.381,1.721,0.464,0.000,
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ZU(1)=5.629,7.468,8.769,9.881,10.030,10.043,9.957,9.798,9.585,9.322,8.995,
8.995,8.995,8.995,9.006,9.103,9.052,9.014,9.185,8.144,

Z1(1)=5.629,3.924,3.200,2.737,2.457,2.286,2.197,2.184,2.184,2.184,2.184,
2.184,2.184,2.362,2.902,3.680,4.489,5.280,6.683,8.144%

$WGSCHR TCEFF=0.1, TYPEIN=2.0, NPTS=50.0,

XCORD=0.0,0.0001,0.0002,0.0004,0.0008,0.0014,0.002,0.003,0.004,0.005,0.006,
0.008,0.010,0.012,0.014,0.020,0.026,0.032,0.04,0.05,0.06,0.07,0.08,
0.10,0.12,0.14,0.16,0.19,0.22,0.26,0.30,0.35,0.40,0.45,0.50,0.55,0.60,
0.65,0.70,0.74,0.78,0.82,0.86,0.90,0.93,0.95,0.97,0.98,0.99,1.0,

MEAN= 0.0000000,0.0000300,0.0000500,0.0000250,0.0000260,0.0000400,0.0000550,
0.0000200,-0.0000045,-0.0000845,-0.0001345,-0.0002100,-0.0002840,
-0.0003200,-0.0004195,-0.0006595,-0.0008000,-0.0009300,-0.0010345,
-0.0010945,-0.0010945,-0.0010300,-0.0009245,-0.0006100,-0.0002095,
0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.004 1905,
0.0052705,0.0064705,0.0078755,0.0095150,0.0114105,0.0134455,0.0153960,
0.0165255,0.0172760,0.0170555,0.0156655,0.0129350,0.0099805,0.0075850,
0.0048805,0.0034155,0.0018800,0.0002700,

THICK=0.0000000,0.0033000,0.0051000,0.0071300,0.0099500,0.0130600,0.0155300,
0.0187400,0.0212290,0.0234290,0.0252890,0.0283800,0.0309500,0.0331200,
0.0351790,0.0402390,0.0443200,0.0479600,0.0522290,0.0568910,0.0609890,
0.0646400,0.0679290,0.0735600,0.0781790,0.0820310,0.0852300,0.0891690,
0.0923300,0.0957000,0.0981210,0.1001410,0.1006990,0.0996990,0.0969310,
0.0922100,0.0854390,0.0766890,0.0661500,0.0569710,0.0468300,0.0367490,
0.0313310,0.0258700,0.0199610,0.0151700,0.0097610,0.0068310,0.0037600,

0.0013600%
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SWGPLNF  CHRDTP=4.064, SSPNE=26.5704, SSPN=29.8216, CHRDR=14.0663,
SAVSI=40.76,
CHSTAT=0.0, TWISTA=-3.5, DHDADI=7.0, TYPE=1.0%
$SYMFLP FTYPE=5.0, NDELTA=2.0,
DELTA=10.0,20.0,
PHETE=0.000634278, PHETEP=0.000482512, CHRDFI=1.4650, CHRDFO=1.4650,
SPANFI=6.1500, SPANF0=8.3376%
CASEID B/W/HT/VT, B747-200F (Case 9, Speed brakes modeled as a split flap)

DAMP
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RUNDATCOM.IN

NAME OF AERO OUTPUT FILE AEROO1.DAT
DEBUG MODE (T=ON, F=OFF) F

TOTAL NUMBER OF CASES 9

CASE NUMBER OF CLEAN CONFIGURATION 4

CONFIGURATION CODE(B=1, W=2,...,BWHV=11) 11
LOCE CONFIGURATION (1=e(NA), 2=AMHT, 3=AMHT+e) 3

Ground effect (0=no, 1=yes(ft), 2=yes(m)) 0

NUMBER OF LOCE DEFLECTION 9
LoCE DEFLECTIONS -23.0

-20.0

-15.0

-5.0

0.0

5.0

10.0

15.0

17.0
1ST AMHT CASE (read but not used if 1) 1
LAST AMHT CASE 5
AMHT DEFLECTIONS 15.0

10.0

5.0

0.0

-5.0
Number of LACE 2
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Alieron=1, Spoiler=2 1

CASE NUMBER OF LACE RUN 6
NUMBER OF LACE DEFLECITONS 9
LACE DEFLECTIONS 20.0

15.0

10.0

5.0

0.0

-5.0

-10.0

-15.0

-20.0
Alieron=1, Spoiler=2 2
CASE NUMBER OF LACE RUN 7
NUMBER OF LACE DEFLECITONS 5
LACE DEFLECTIONS 0.0

15.0

25.0

35.0

45.0
NUMBER OF DICE DEFLECITONS 5

ZV (Z DISTANCE FROM XCG TO A.C. OF VT IN FT)

LV (X DISTANCE FROM XCG TO A.C. OF VT IN FT)

DICE DEFLECTIONS -25.0
-15.0

0.0
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15.0

25.0
Speed Breaks (1=Yes, 0=No) 1
Case Number of speed breaks 9
Number of speed break deflection 2
Speed Break Deflection(s) -10.0

-20.0
Landing Gear increments (1=yes, 0=no) 1
Number of main gear 4
Number of nose gear 1
Number of main gear wheel columns 4
Number of nose gear wheel columns 1
Number of main gear wheel rows 2
Number of nose gear wheel rows 1
Frontal area of main wheels (m"2) 0.5808
Frontal area of nose wheels (m"2) 0.5808
Length of main Landing gear (m) 2.5993
X Locaction of main landing gear (S| from Nose) 34.2519
Z Location of main landing gear (S| from Nose) 0.5334
X Location of the nose gear (S| from Nose) 10.1854
Z location of the nose gear (S| from Nose) 0.7239
number of flap settings 7
FTYPE ALPHAbi bo Cfi Cfo PHETE PHETEP CPRMEI CPRMEO CAPINB CA-
POUT DOBDEF DOBCIN DOBCOT
0

1
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0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

30.0

30.0

0.0

30.0

10.0

0.0

30.0

20.0

0.0

30.0

250

0.0

30.0

30.0

0.0

5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0

3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0

5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0

3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0

5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0

3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0

5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0

3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0

5.9246 29.1522 0.8133 0.8128 0.0 0.0 13.9007 5.0451 0.0 0.0

3.2512 20.8979 1.5166 0.6358 0.0012283 0.0014263 16.0987 5.6637 0.0
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0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



APPENDIX E

B747-200F MODEL WING BACJ AIRFOIL COORDINATES
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BOEING AIRFOIL J

50. 51.

0.000000 0.000000

0.000101 0.001680

0.000200 0.002600

0.000400 0.003590

0.000801 0.005001

0.001399 0.006570

0.002000 0.007820

0.003001 0.009390

0.004000 0.010610

0.005001 0.011630

0.006000 0.012510

0.008000 0.013980

0.010000 0.015191

0.012000 0.016240

0.014000 0.017170

0.019999 0.019460

0.026001 0.021360

0.032001 0.023050

0.040000 0.025080

0.050000 0.027351

0.060000 0.029400

0.069999 0.031290

0.080001 0.033040
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0.100000

0.120000

0.140001

0.160000

0.190001

0.220000

0.260000

0.300000

0.350001

0.400001

0.449999

0.499999

0.549999

0.599999

0.649999

0.700000

0.740000

0.780000

0.819999

0.859999

0.900000

0.929999

0.950000

0.969999

0.979999

0.990000

0.036170

0.038880

0.041211

0.043220

0.045760

0.047880

0.050300

0.052311

0.054261

0.055620

0.056320

0.056341

0.055620

0.054130

0.051790

0.048471

0.045011

0.040691

0.035430

0.029190

0.021990

0.016020

0.011830

0.007521

0.005340

0.003150
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1.000000 0.000950
0.000000 0.000000
0.000101 -0.001620
0.000200 -0.002500
0.000400 -0.003540
0.000801 -0.004949
0.001399 -0.006490
0.002000 -0.007710
0.003001 -0.009350
0.004000 -0.010619
0.005001 -0.011799
0.006000 -0.012779
0.008000 -0.014400
0.010000 -0.015759
0.012000 -0.016880
0.014000 -0.018009
0.019999 -0.020779
0.026001 -0.022960
0.032001 -0.024910
0.040000 -0.027149
0.050000 -0.029540
0.060000 -0.031589
0.069999 -0.033350
0.080001 -0.034889
0.100000 -0.037390

0.120000 -0.039299
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0.140001 -0.040820

0.160000 -0.042010

0.190001 -0.043409

0.220000 -0.044450

0.260000 -0.045400

0.300000 -0.045810

0.350001 -0.045880

0.400001 -0.045079

0.449999 -0.043379

0.499999 -0.040590

0.549999 -0.036590

0.599999 -0.031309

0.649999 -0.024899

0.700000 -0.017679

0.740000 -0.011960

0.780000 -0.006139

0.819999 -0.001319

0.859999 0.002141

0.900000 0.003880

0.929999 0.003941

0.950000 0.003340

0.969999 0.002240

0.979999 0.001491

0.990000 0.000610

1.000000 -0.000410

1.000000 0.000950
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