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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-
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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) 
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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. 
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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/AI) 

 

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

lates all these phases except Detail Design (4). 

 

 

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-
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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). 
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“…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/AI) 

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). 
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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). 

 

 

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. 
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Figure 1.4 Fundamental AVD Sizing Logic (10) 

 

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. 
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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) 
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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. 

 

 

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). 
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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). 
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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”. 

· Understand the computational/experimental tools must be used together, it’s 

not either/or. Both have strengths and weaknesses. 

· 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. 

· Answer the question based on physics: “What configuration do I 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.” 
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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-

niques 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): 

 

· VORSTAB (41), a non-linear vortex lattice method; 

· Digital DATCOM (42), a digital semi-empirical handbook method; 

· 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    ̇
 and    ̇

, 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 
Derivatives 

Dynamic 
Derivatives 

LOCE 
Increments 

LaCE 
Increments 

DiCE 
Increments 

      ̇
             

      ̇
             

      
             

   
    

             

   
                 

   
                 

    
    

    
    

        

    
    

 

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
th
 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.  
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Table 3.1 DATCOM MAX Versions 

  
Version 

Last Modifi-
cation Date 

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 
Codev2 

11/15/2005 Modified Source Codev1 

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 
(USAF) 

11/22/2002 Official version of Digital DATCOM from William Blake 
(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 Compaq 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 

M42O52 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 FilesInput Files ExecutionExecution Output FilesOutput Files

RUNDATCOM.IN

for005.dat

RUNDATCOM-6 DATCOM

Flap Setting AeroMech

VATES

DATCOM

 

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 M11O13* Exec for overlay 11, ground effects 

12 MAIN00 Top level executive 

13 MAIN01* Digital DATCOM subsonic aero executive 

14 MAIN02* Subsonic ground effects data executive 

15 MAIN05* 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 CD0 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 

Note: *Gary Coleman and/or Amit Oza contributed to subroutine 

 **Author did not contribute to subroutine 

 

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-

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 

           □ Output only for configurations with straight tapered surfaces 

   
Configuration 

Speed 
Regime 

Static Aerodynamic Characteristic Output 

CD0 CD CL Cm CN CA CLα CYβ Cnβ q/q∞ ε dε/dα 

Wing-Body 

Subsonic ● ● ● ● ● ● ● ● ●       

Transonic       
 

  
 

  
 

  
 

    

Supersonic       
 

  
 

  
 

  
 

    

Hypersonic                         

Speed 
Regime 

Dynamic Stability Output 

   CLq Cmq CLά Cmά ClP CYP CnP Cnr Clr 

   Subsonic ● ● ● ● ● ● ● ● ● 

   Transonic   
 

  
 

  
 

  
 

  

   Supersonic   
 

  
 

  
 

  
 

  

   Hypersonic                   

   

Wing - Body - 
Horizontal Tail 
- Vertical Tail 

Speed 
Regime 

Static Aerodynamic Characteristic Output 

CD0 CD CL Cm CN CA CLα CYβ Cnβ q/q∞ ε dε/dα 

Subsonic □ □ □ □ □ □ ● ● ● □ □ □ 

Transonic       
 

  
 

  
 

  
 

    

Supersonic       
 

  
 

  
 

  
 

    

Hypersonic                         

Speed 
Regime 

Dynamic Stability Output 

   CLq Cmq CLά Cmά ClP CYP CnP Cnr Clr 

   Subsonic □ □ □ □ □ □ □ □ □ 

   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 ΔCL* ΔCm ΔCD ΔCDi ΔCLmax (CLα)δ ΔCDmin* ClW CnW CnVT ClHT ClVT CYVT Chα* Chδ* 

Jet Flaps                               

Pure Jet Flap                               

Jet Flap & Mech. 
Flap 

                              

IBF                               

EBF                               

Flaps                               

Plain 1 1   1 1   1             1 1 

Single Slotted 1 1   1 1 1 1                 

Fowler Slotted 1 1   1 1 1                   

Double Slotted 1 1   1 1 1               1 1 

Split 1 1   1                       

Leading Edge 1 1   1                       

Krueger 1 1                           

Slats                               

Leading Edge 1 1                           

Spoilers                               

Plug               1 1             

Flap               1 1             

Slotted               1 1             

Differential δ                               

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 Wing
1
 ● ● 

Symmetrical Flap on Horizontal Tail
2
 ● ● 

Asymmetrical Flap on Wing
3
 ● ● 

Asymmetrical Flap on Horizontal Tail
4
 ● ● 

Jet Flap on Wing     

Symmetrical Flap and Asymmetrical Flap on Wing
5
 ● ● 

Landing Gear
4 

● ● 

   

*Note Configuration Codes: B+W Wing-Body 

 B+W+H+V 
Wing-Body-
Horizontal-
Vertical 

1 
Up to 20 at the same time 

2 
One per a case 

3 
Up to 2 

4 
One per a case 

5 
Up to 20 SYMFP and 2 ASYFLP 
at the same time 
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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: 

 

· CASE CONTROL 

o TRIM – Will not work, AeroMech used instead 

· NAMELIST NAME 

o PROPWR – Untested 

o JETPWR – Untested 

o TVTPAN- Untested 

o LARWB – Untested 

o TRANJET – Untested 

o HYPEFF- Untested 

o CONTAB – Untested 

· 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 RUNDA-

TCOM.IN instead 

· 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. 

 

· 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. 

· 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. 

· 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. 

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

· 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. 

 

· Drag Coefficient 

· Lift Coefficient 

· Pitching Moment Coefficient 

· 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 

          
              

(      )          
(           )

   
 (      )       

              
        

         
         

      
                    

(1.1)  
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Table 3.8 Drag Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

       
             

      
Clean Wing-Body-
Horizontal Tail-
Vertical Tail 

- 

        
                 

         Flap Setting          

        
                

        
             

   
          

Horizontal Tail 
      and Elevator 
     

        

  
            

          Mach Number          

     
               

          Speed Brake           

    
               

         Spoiler          

        
              

          
Landing Gear Posi-
tion       

    

     
                         

                    Altitude                     

 

Table 3.9 DATCOM MAX Drag Coefficient Buildup Definitions 

Function-characteristic rep-
resentation 

Characteristic representation in DATCOM MAX aerody-
namic buildup equation 

       
             

                     

        
                 

         

        
                

       
                       

        
                         

      
                     

         

  
          

       
                          

       
                                        

 

     
               

          

    
           0 
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Lift Coefficient 

          
              

(      )          
(           )

   
 (      )       

              
        

         
         

      
(                 )    

 
(      )    

 

 
 

(1.2)  

 

Table 3.10 Lift Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

       
             

      
Clean Wing-Body-
Horizontal Tail-
Vertical Tail 

- 

        
                 

         Flap Setting          

        
                

        
(           )

   
          

Horizontal Tail 
      and Elevator 
     

        

  
            

          Mach Number          

     
               

          Speed Brake           

    
               

         Spoiler          

        
                

          
Landing Gear Posi-
tion       

    

     
                         

                    Altitude                     

  
 
           

 
(      )    

 

 
 Pitch Rate            
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Table 3.11 DATCOM MAX Lift Coefficient Buildup Definitions 

Function-characteristic rep-
resentation 

Characteristic representation in DATCOM MAX aerody-
namic buildup equation 

       
             

                     

        
                 

         

        
                

       
                       

        
                         

      
                     

         

  
          

       
                          

       
                                        

 

     
               

          

    
           

        
        

     
                         

                    

  
         

 
(      )    
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Pitching Moment Coefficient 

          
              

(      )          
(           )

   
 (      )       

              
        

         
         

      
(                 )

 [  
 ̇         

        ]  
 

 
        

   

      

(1.3)  

 

Table 3.12 Pitching Moment Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

       
             

      
Clean Wing-Body-
Horizontal Tail-
Vertical Tail 

- 

        
                 

         Flap Setting          

        
                

        
(           )

   
          

Horizontal Tail 
      and Elevator 

     
        

  
            

          Mach Number          

     
               

          Speed Brake           

    
               

         Spoiler          

        
                

          
Landing Gear Posi-
tion       

    

     
                         

                    Altitude                     

  
 
        

            
 

 
 Pitch Rate            

  
 ̇         

 ̇           ̇  
 

 
 

Angle-of-Attack 
Derivative   ̇  

       

-         C.G. x-shift            

-         C.G. z-shift            
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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 

       
             

                     

        
                 

         

        
                

       
                       

        
                         

      
                     

         

  
          

       
                          

       
                                        

 

     
               

          

    
           

        
        

     
                         

                    

  
         

 
(      )    

 

 
 

  
 ̇         

 ̇          
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Side-Force Coefficient 

      
             

             
                      (1.4)  

 

Table 3.14 Side-force Moment Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

  
         

         Sideslip         

    
             

         Rudder          

    
             

         Aileron           

                          Spoiler          

 

Table 3.15 DATCOM MAX Side-Force Coefficient Buildup Definitions 

Function-characteristic rep-
resentation 

Characteristic representation in DATCOM MAX aerody-
namic buildup equation 
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Rolling Moment Coefficient 

      
             

             
             

        

 [  
         

            
  

 
]    

 

  

   
         

 

  
 

(1.5)  

 

Table 3.16 Rolling Moment Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

  
         

         Sideslip         

    
             

         Rudder          

    
             

         Aileron           

                          Spoiler          

  
         

         
 

  
 Roll Rate         

  
         

            
 

 
   Roll Rate         

  
         

         
 

  
 Yaw Rate         

 

Table 3.17 DATCOM MAX Rolling Moment Coefficient Buildup Definitions 

Function-characteristic rep-
resentation 

Characteristic representation in DATCOM MAX aerody-
namic buildup equation 

  
         

         

    
             

         

    
             

         

    
             

         

  
         

         
 

  
 

  
         

 
(      )       

 

 
   

  
         

 (      )    
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Yawing Moment Coefficient 

 
   [  

         
            

 

 
]        

        

     
              

 

 
     

        

     
        

 [  
           

            
  

 
  

   
       (     

 

 
)
 

]    
 

  
   

        

 
 

  
 

(1.6)  

 

Table 3.18 Yawing Moment Coefficient Buildup 

Function-characteristic 
representation 

Characteristic represen-
tation in aerodynamic 
buildup equation 

Main affecting  
parame-
ter/component 

Other 
effecting pa-
rameters 

  
         

         Sideslip         

  
         

            
 

 
   Sideslip         

    
             

         Rudder           

    
             

              
 

 
 C.G. x-shift            

    
             

         Aileron          

    
             

         Spoiler          

  
         

         
 

  
 Yaw Rate         

  
         

            
 

 
   Yaw Rate         

  
       

  
       (     

 

 
)
 

  

   
 

  
 

Yaw Rate         

  
         

         
 

  
 Roll Rate         
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Table 3.19 DATCOM MAX Yawing Moment Coefficient Buildup Definitions 

Function-characteristic rep-
resentation 

Characteristic representation in DATCOM MAX aerody-
namic buildup equation 

  
         

         

  
         

            
 

 
   

    
             

         

    
             

              
 

 
 

    
             

         

    
             

         

  
         

         
 

  
 

  
         

            
 

 
   

  
         

       (     
 

 
)
 

     
 

  
 

  
         

         
 

  
 

 

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. 

 

 

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 -5⁰ 0⁰ 5⁰ 10⁰ 15⁰ 20⁰ 25⁰ 

0.151 -5⁰ 0⁰ 5⁰ 10⁰ 15⁰ 20⁰ 25⁰ 

0.226 -5⁰ 0⁰ 5⁰ 10⁰ 15⁰ 20⁰ 25⁰ 

0.302 -5⁰ 0⁰ 5⁰ 10⁰ 15⁰ 20⁰ 25⁰ 

0.377 -5⁰ 0⁰ 5⁰ 10⁰ 15⁰ 20⁰ 25⁰ 

 

. 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 -20⁰ to 20⁰ 

LE Flaps 30⁰ 

TE Flaps 0⁰ to 30⁰ 

Spoilers 0⁰ to 45⁰ 

Speed Brakes 10⁰ to 20⁰ 

Elevator -23⁰ to 17⁰ 

AMHT -5⁰ to 15⁰ 

Rudder -25⁰ to 25⁰ 

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 Tail 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 4.064 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 2.4638 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. 

 

 

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. 

 

 

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. 

 

 

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

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

None

 

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 “ ”, 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. 

 

Aileron Setting DELTAL DELTAR DELTAL-DELTAR

1 -20⁰ 20⁰ -40⁰

2 -15⁰ 15⁰ -30⁰

3 -10⁰ 10⁰ -20⁰

4 -5⁰ 5⁰ -10⁰

5 0⁰ 0⁰ 0⁰

6 5⁰ -5⁰ 10⁰

7 10⁰ -10⁰ 20⁰

8 15⁰ -15⁰ 30⁰

9 20⁰ -20⁰ 40⁰

WB-Ailerons

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

Ailerons

-20⁰ ≤ δ ≤ 20⁰

 

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 30⁰ is shown because the 

only setting the B747-200F has for LE flaps is 0⁰ and 30⁰ (52). The results shown are not total 

aircraft coefficient but rather LE flap contributions, signified by the “ ”, 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. 

 

No DATCOM Method Exists for ΔCD 

WB-LE Flaps

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

Krueger Flaps

0⁰ ≤ δ ≤ 30⁰

 

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 0⁰, 10⁰, 20⁰, 25⁰, and 30⁰ but only 30⁰ 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 “ ”, 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

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

Fowler Flaps

0⁰ ≤ δ ≤ 30⁰

 

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 “ ”, that can be 

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

cient (  ) are nonlinear. 

 

WB-Spoilers

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

Spoilers

0⁰ ≤ δ ≤ 45⁰

 

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 “ ”, 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 

Brakes

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body

Control Devices:

Spoilers

10⁰ ≤ δ ≤ 20⁰

 

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

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

None

 

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

The results shown are not total aircraft coefficient but rather spoiler contributions, signi-

fied by the “ ”, 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 (  ) and coefficient of drag 

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

 

WBHV-Elevator

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Elevator

-23⁰  ≤ δ ≤ 17⁰

 

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 15⁰ 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 (  ) and coefficient of drag (  ) contributions do not vary with angle-of-

attack. 

 

WBHV-AMHT+e

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

AMHT

-5⁰  ≤ δ ≤ 15⁰
Elevator

-23⁰  ≤ δ ≤ 17⁰

 

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 



 

68 
 

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. 

 

 

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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WBHV – Clean 

DATCOM MAX uses the WBHV 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. 

 

WBHV-Clean

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

None

 

Figure 4.19 B747-200F DATCOM MAX Clean WBHV Model Results Summary 
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WBHV – 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 “ ”, 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. 

 

Aileron Setting DELTAL DELTAR DELTAL-DELTAR

1 -20⁰ 20⁰ -40⁰

2 -15⁰ 15⁰ -30⁰

3 -10⁰ 10⁰ -20⁰

4 -5⁰ 5⁰ -10⁰

5 0⁰ 0⁰ 0⁰

6 5⁰ -5⁰ 10⁰

7 10⁰ -10⁰ 20⁰

8 15⁰ -15⁰ 30⁰

9 20⁰ -20⁰ 40⁰

WBHV-Ailerons

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Ailerons

-20⁰ ≤ δ ≤ 20⁰

 

Figure 4.20 B747-200F DATCOM MAX Ailerons Model Results Summary 
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WBHV – 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. 

 

WBHV-Flaps

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Krueger Flaps

0⁰ ≤ δ ≤ 30⁰
Fowler Flaps

0⁰ ≤ δ ≤ 30⁰

 

Figure 4.21 B747-200F DATCOM MAX Flaps Model Results Summary 
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WBHV – 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 “ ”, that can be added to the base coefficients. Both rolling moment coefficient (  ) and yaw-

ing moment coefficient (  ) are nonlinear. 

 

WBHV-Spoilers

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Spoilers

0⁰ ≤ δ ≤ 45⁰

 

Figure 4.22 B747-200F DATCOM MAX Spoilers Model Results Summary 
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WBHV – Speed Brakes 

The results shown are not total aircraft coefficient but rather spoiler contributions, signi-

fied by the “ ”, 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 

Brakes

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Speed Brakes

10⁰ ≤ δ ≤ 20⁰

 

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 0⁰. The results shown below are for the total coefficients for the WBHV configuration with 

an AMHT+e deflection of 15⁰ each. 15⁰ is arbitrarily chosen as the same conclusions are shown 

throughout the deflection sweep. Also, the nonlinear stall regions can clearly be seen. 

 

WBHV-AMHT+e

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

AMHT

-5⁰  ≤ δ ≤ 15⁰
Elevator

-23⁰  ≤ δ ≤ 17⁰

 

Figure 4.24 B747-200F DATCOM MAX AMHT+e Model Results Summary 
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WBHV – Rudder 

The results shown in Figure 4.25 are contributions from the rudder and not total coeffi-

cients. The yawing moment (  ), rolling moment (  ), and side-force coefficient (  ) 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. 

 

WBHV-Rudder

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:

Rudder

-25⁰ ≤ δ ≤ 25⁰

 

Figure 4.25 B747-200F DATCOM MAX Rudder Model Results Summary 
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WBHV – Landing Gear 

The only landing gear results, shown in Figure 4.26, available are the contribution drag 

(   ) and pitching moment (   ) coefficients. The drag coefficient does not vary with Mach 

number or angle-of-attack while the pitching moment coefficient varies with angle-of-attack. 

 

WBHV-Landing 

Gear

Alt = Sea Level

0.075 ≤ M ≤ 0.377

-5⁰  ≤ α ≤ 25⁰

Configuration:

Wing+

Body+

Horizontal Tail+

Vertical Tail

Control Devices:
Landing Gear

Fully Extended

 

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 WBHV 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 CL CM CD CL CM CD CL CM 

-5⁰ 0.015 -0.150 0.2493 0.015 -0.150 0.2493 0.000 0.000 0.0000 

0⁰ 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 

10⁰ 0.066 0.966 -0.1699 0.066 0.966 -0.1699 0.000 0.000 0.0000 

15⁰ 0.122 1.313 -0.3154 0.122 1.313 -0.3154 0.000 0.000 0.0000 

20⁰ 0.203 1.623 NA 0.203 1.623 -0.4869 0.000 0.000 NA 

25⁰ 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 15⁰ 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 15⁰. 

Because of this the results are declared to match. These conclusions hold true for all the output 

for the WBHV 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 (  ) does not vary with angle-of-attack. The values shown are the contribution of the 

speed brakes, shown by “ ”, 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 ΔCN ΔCl ΔCN ΔCl ΔCN ΔCl 

-5⁰ 3.495E-05 6.8247E-03 3.500E-05 6.8250E-03 -5.000E-08 -3.000E-07 

0⁰ -2.283E-04 6.8247E-03 -2.280E-04 6.8250E-03 -3.000E-07 -3.000E-07 

5⁰ -4.783E-04 6.8247E-03 -4.770E-04 6.8250E-03 -1.300E-06 -3.000E-07 

10⁰ -7.019E-04 6.8247E-03 -6.980E-04 6.8250E-03 -3.900E-06 -3.000E-07 

15⁰ -8.877E-04 6.8247E-03 -8.810E-04 6.8250E-03 -6.700E-06 -3.000E-07 

20⁰ -1.027E-03 6.8247E-03 -1.015E-03 6.8250E-03 -1.200E-05 -3.000E-07 

25⁰ -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 “ ”, 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 ΔCN ΔCl ΔCN ΔCl ΔCN ΔCl 

0⁰ 6.527E-03 0.000E+00 6.527E-03 0.000E+00 -3.000E-07 0.000E+00 

15⁰ 6.602E-03 1.909E-03 6.602E-03 1.909E-03 3.000E-07 0.000E+00 

25⁰ 9.486E-03 3.116E-03 9.486E-03 3.116E-03 -1.000E-07 0.000E+00 

35⁰ 1.148E-02 4.230E-03 1.148E-02 4.230E-03 0.000E+00 0.000E+00 

45⁰ 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 20⁰ was 

arbitrarily chosen to show the verification of the speed brakes. The values shown are the contri-

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

 

Table 4.10 B747-200F Speed Brake Model Verification 

Speed Deflection of 20⁰ 

M=0.226 Digital DATCOM DATCOM MAX Difference 
 

Alpha ΔCD ΔCL ΔCD ΔCL ΔCD ΔCL 

-5⁰ 5.91E-04 2.70E-02 5.93E-04 -2.68E-02 -2.00E-06 1.00E+01 

0⁰ 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 

10⁰ 2.95E-03 2.70E-02 2.96E-03 -2.68E-02 -1.00E-05 2.68E-02 

15⁰ 3.74E-03 2.70E-02 3.75E-03 -2.68E-02 -8.00E-06 2.68E-02 

20⁰ 4.52E-03 2.70E-02 4.54E-03 -2.68E-02 -1.70E-05 2.68E-02 

25⁰ 5.310E-03 2.70E-02 5.33E-03 -2.68E-02 -1.60E-05 2.68E-02 

 

The coefficient of lift (  ) does not vary with angle-of-attack but does vary with Mach 

number and deflection angle. The differences shown for the coefficient of drag (  ) are well out 

of the significant figures of the possible Digital DATCOM output while the coefficient of lift (  ) 

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, 30⁰. 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 30⁰ 

M=0.226 Digital DATCOM DATCOM MAX Difference 

Alpha CD CL Cm CD CL Cm CD CL Cm 

-5⁰ 0.027 0.233 0.118 0.028 0.209 0.047 0.000 0.024 0.072 

0⁰ 0.047 0.615 -0.024 0.040 0.592 -0.096 0.007 0.023 0.072 

5⁰ 0.069 0.984 -0.161 0.069 0.961 -0.232 0.000 0.023 0.072 

10⁰ 0.115 1.349 -0.301 0.115 1.325 -0.372 0.000 0.024 0.072 

15⁰ 0.183 1.696 -0.446 0.183 1.672 -0.518 0.000 0.024 0.072 

20⁰ 0.276 2.006 NA 0.276 1.983 -0.689 0.000 0.023 NA 

25⁰ 0.348 1.999 NA 0.349 1.975 -0.848 0.000 0.024 NA 

 

The coefficient of drag (  ) matches with a small outlier of 0.007 at 0⁰ angle-of-attack. 

The coefficient of lift (  ) and pitching moment coefficient (  ) 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 (  ) 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
rd

 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 15⁰. The data shown, in Table 4.12, is for the AMHT+e contribution, shown by the 

“ ”, and is not the total aircraft coefficients. 

 

Table 4.12 B747-200F AMHT+e Model Verification 

AMHT+e Both Deflected 15⁰ 

M=0.226 Digital DATCOM DATCOM MAX Difference 

Alpha ΔCD ΔCL ΔCm ΔCD ΔCL ΔCm ΔCD ΔCL ΔCm 

-5⁰ 0.026 0.148 -0.333 0.022 0.148 -0.334 0.005 0.000 0.001 

0⁰ 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 

10⁰ 0.028 0.148 -0.333 0.032 0.148 -0.334 -0.004 0.000 0.001 

15⁰ 0.031 0.148 -0.333 0.035 0.148 -0.334 -0.005 0.000 0.001 

20⁰ 0.036 0.148 -0.333 0.040 0.148 -0.334 -0.004 0.000 0.001 

25⁰ 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 (   ) and pitching moment coefficient (   ). Additionally, the drag coefficient (   ) shows 

a greater non-constant error than the pitching moment (   ) does. This is because the drag 

coefficient (   ) is the addition of the incremental minimum drag coefficient (      
) due to flap 

control and the incremental induced-drag coefficient (    
) 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 II: 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 

(  ) that DATCOM MAX shows stall. 

 

 

Figure 4.27 B747-200F Drag Polar Validation 

 

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

es. 
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4.6.2 Lift Curve Slope 

The coefficient of lift (  ) 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 (  ) 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. 

 

 

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. 

 

 

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. 

 

 

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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3. 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. 

4. 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. 

5. 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: 

 

1. 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. 

2. 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. 

3. 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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APPENDIX B 

B747-200F MAIN DATA SHEET 
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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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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$ 

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, 

   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, 



  

157 
 

         -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$ 

 $ASYFLP STYPE=4.0, NDELTA=9.0, SPANFI=11.3322, SPANFO=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$ 

 $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$ 

 $SYMFLP FTYPE=8.0, NDELTA=2.0, DELTA=25.0,30.0, SPANFI=5.9246, 

   SPANFO=29.1522, CHRDFI=0.8133, CHRDFO=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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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$ 

 $SYMFLP FTYPE=3.0, NDELTA=1.0, DELTA=30.0, SPANFI=3.2512, 

   SPANFO=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, 

   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$ 

 $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$ 

 $ASYFLP STYPE=1.0, NDELTA=5.0, SPANFI=13.7179, SPANFO=19.9805, 

   CHRDFI=1.3371, CHRDFO=1.3371, 

   DELTAS=0.0,0.0453175,0.0739976,0.1004294,0.1238097, 

   XSOC=0.8748379,0.8688718,0.8584331,0.8431727,0.8235543, 

   XSPRME=0.6997446, 

   HSOC=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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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$ 

 $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, SPANFO=8.3376$ 

CASEID W/Speed Brakes, B747-200F (Case 6, Speed brakes modeled as a split flap) 

DAMP 
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WBHV-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, 

   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$ 

CASEID B/W/HT/VT, B747-200F (CLEAN) 

DAMP 

SAVE 
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WBHV-Elevator 

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, 

   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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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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APPENDIX D 

B747-200F DATCOM MAX MODEL 
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for005.dat 

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 (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, CHRDFO=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 

 $SYNTHS XCG=31.5211, ZCG=4.5, XW=18.27, ZW=2.7586, ALIW=2.8, XH=56.9532, 
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         ZH=6.8961, ALIH=0.0, XV=54.6816, ZV=8.9916, VERTUP=.TRUE.$ 

 $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, CHRDFO=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, 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 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, 

   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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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$ 
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 $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$ 

 $ASYFLP STYPE=4.0, NDELTA=9.0, SPANFI=11.3322, SPANFO=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 

 $ASYFLP STYPE=1.0, NDELTA=5.0, SPANFI=13.7179, SPANFO=19.9805, 

   CHRDFI=1.3371, CHRDFO=1.3371, 

   DELTAS=0.0,0.0453175,0.0739976,0.1004294,0.1238097, 

   XSOC=0.8748379,0.8688718,0.8584331,0.8431727,0.8235543, 

   XSPRME=0.6997446, 

   HSOC=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$ 

 $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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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, 
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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, 

         3.253,3.253,3.253,3.221,2.934,2.381,1.721,0.464,0.000, 
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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, 

   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, 

         0.0001955,0.0006050,0.0011755,0.0017150,0.0024500,0.0032505,0.0041905, 

         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$ 
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 $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$ 

 $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, SPANFO=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                         AERO01.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)     28.8822 

LV (X DISTANCE FROM XCG TO A.C. OF VT IN FT)     99.8554 

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 (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                          7 

FTYPE ALPHA bi     bo      Cfi    Cfo    PHETE     PHETEP    CPRMEI  CPRMEO CAPINB  CA-

POUT DOBDEF DOBCIN DOBCOT 

0 

1 
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8     30.0  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 

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     30.0  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 

3     10.0  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     30.0  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 

3     20.0  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     30.0  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 

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 

2 

8     30.0  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 

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 
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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  0.036170 

  0.120000  0.038880 

  0.140001  0.041211 

  0.160000  0.043220 

  0.190001  0.045760 

  0.220000  0.047880 

  0.260000  0.050300 

  0.300000  0.052311 

  0.350001  0.054261 

  0.400001  0.055620 

  0.449999  0.056320 

  0.499999  0.056341 

  0.549999  0.055620 

  0.599999  0.054130 

  0.649999  0.051790 

  0.700000  0.048471 

  0.740000  0.045011 

  0.780000  0.040691 

  0.819999  0.035430 

  0.859999  0.029190 

  0.900000  0.021990 

  0.929999  0.016020 

  0.950000  0.011830 

  0.969999  0.007521 

  0.979999  0.005340 

  0.990000  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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