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FOREWORD

This report, "The USAF Stability and Control Digital Datcom,” describes
the computer program that éalculates static stability, high 1ift and control,
and dynamic derivative characteristics using the methods containedlin Sec~-
tions 4 through 7 of the USAF Stability and Control Datcom (revised April
1976). The report consists of the following three volumes: .'/7:

o Volume I, Users Manual : 1 "

o Volume II, Implementation of Datcom Methods

o Volume III, Plot Module _
A complete listing of the program is provided as a microfiche supplement.

This work was performed by the McDonnell Douglas Astronautics Company,
Box 516, St. Louis, MO 63166, under contract number F33615-77-C=3073 with the
United States Air Force Systems Command, Wright-Patterson Air Force Base, OH.
The subject contract was initiated under Air Force Flight Dynamics Laboratory
Project 8219, Task 82190115 on 15 August 1977 and was effectively £oncluded

in November 1978. his report sqpersedes AFFDL TR-73~ 23 produced under -

e B T v w— . o iy B . e e
et

contract F33615-72-C-1067, which automated Seqi!dks A and 5 of the USAF Sta-
bility and Control Datcom; AFFDL TR-74-68)$roduced under contract F33615-73-
C-3058 which extended the program to include Datcom Sections 6 and 7 and a
trim option; and AFFDL-TR-76-45 that incorporated Datcom revis ions and user
oriented options under conttact F33615-75-C-3063. The recent activity gener=-
ated a plot module, updated methods to incotporéte the l976_batcom revisions,
and provide additional user oriented features. These contracts,‘in total,
reflect a systematic approach to Datcom automation which commenced in Feb~-
ruary 1972, Mr. J. E. Jenkins,.AFFDL FGC, was the Air Force Project Engineer
for the previous three contracts and Mr. B. F. Niehaus acted in this'capa-
city for the current contract. - -The authors wish to thank Mr. Niehaus for his
assistance, particularly in the areas ot computer program formulation, imple-

mentation, and verification. A list of the Digital Datcom Principal Investi-

gators and individuals who made significant contrihutions to the develoﬁment h

of this program is provided on the followinz page.
Requests for copies of the computer program should be directed to the
Air Force Flight Dynamics Laboratory (FGC). Copies of this report can be
obtained from the National Technical Information Service (NTIS). |
This report was submitted in April 1979. ’

. . 111
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SECTION 1
INTRODUCTION

In preliminary design operations, rapid and economical estimations of
aerodynamic stability and control characteristics are frequently required.
The extensive application of complex automated estimation proces ires is often
prohibitive in terms of time and computer costs in such an ehvi:onment.
Similar inefficiencies accompany hanchalculation proceduresg, which can
require expenditures of significant man—hours, particularly if configutation
trade studies are involved, or if estimates are desired or. X a range cf
flight conditions. The fundamental purpose of the UGAF Stabilicy and Control
Datcem is to provide a systematic summary of methods for estimating-stability
and control characteristics in preliminary desigp applicaticns. Consistent
with this philosophy, the development of the Digital Datcom cenpu:ér program
is an approach to provide rapid and economical estimation of aerodynamic
stability and control characteristics.

~Digital Datcom calculates static stability, high-lift and control
device, ard dynamic-derivative characteristics using the methods contained in
Sections 4 through 7 of Datcom. The computer program also offers s trim
option that computes control defleciions and aerodynamic data for vehicle
trim at subsonic Mach numbers. o

The program has been developed on a modular basis as 1llnlt:itqd;in
Figuré l. These modules correspond to the primary building blocks referenced
in the program executive, The modular approach was used because it simpli-
fies program development, testing, and modification or expansion. _

This report 1s the User's Manual for the USAF Stability and Control
Digital Datcom. Potential users are directed to Section 2 for an overview’of
program capabilities. Section 3 provides input defin,tions, with basic con-
figuration geometry modeling techniques prasented in ﬁection 4. Analysesg of
special configurations are treated in Seccion 5. Section 6 discusses the
available output data. The appendices discuss namelist coding rules, airfoil
section characteristic estimation methods with supplemental data, and a list
of geometric and aerodynamic variables available as supplemental output. A
self-contained user's kit is included to aid the user in setting up inputs to

the program.
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PERFORMS THE “EXECUTIVE"

FUNCTIONS OF ORGANIZING
FORMED BY OTHER

MAIN PROGRAMS AND DIRECTING THE OPERATIONS PE

PROGRAM COMPONENTS. .
Execums PERFORMS USER-ORIENTED NON-METHOD OPERATIONS
SUBROUTINES SUCH AS ORDERING INPUT DATA, LOGIC SWITCHING,

s " INPUT ERROR ANALYSIS, & OUTPUT FORMAT SELECTION.
UTILITY PERFORMS STANDARD MATHEMATICAL TASKS s
SUBROUTINES REPETITIVELY REQUIRED BY METHOD SUBROUTINES.

SPECIAL
SUBSONIC TRANSONIC SUPERSONIC CONFIGURATIONS
MODULE 1 - |MODULE 111 MODULE V .} |mopuLE VII
CHARACTERISTICS| |CHARACTERISTICS CHARACTERISTICS | | LOW ASPECT
AT AMGLE AT ANGLE - | |AT ANGLE RATIO WING-BODY
ACK OF ATTACK AT SUBSONIC
MODULE I MODULE IV MODULE VI SPEEDS
CHARACTERISTICS| |CHARACTERISTICS CHARACTERISTICS e
IN SIDESLIP IN SIDESLIP . IN SIDESLIP MODULE VIII
: AERODYNAMIC
CONTROL
EFFECTIVENESS

MODULE X
DYNAMIC DERIVATIVES

AT HYPERSONIC
SPEEDS

MODULE XI
HIGH-LIFT AND CONTROL DEVICES

| MODULE VII

TRIM OPTION

MODULE IX
TRAMSVERSE-JET
CONTROL
EFFECTIVENESS
AT HYPERSONIC
SPEEDS

FIGURE 1 DIGITAL DATCOM MODULES




Even though the development of Digital Datcom was purtued with the sole
objective of translating the Datcom methods into an efficient, user-oriented
computer program, differences between Datcom and Digital Datcom do exist.
Such is the primary subject of Volume II, Implementation of Datcom Methods,
which contains the correspondence between Datcom methids and program formula-
tion, This volume also defines the program implementatidn requirements. The '
listing of the computer program is contained on microfiche as a supplement to
this report. Modifications, extensions, and limitations of Datcom methods as
incorporated in Digital Datcom are discussed throughout the report. Volume
111 discusses a separate plot module for Digital Datcom. .

Users should refer to Datcom for the limitations of methods involved.
However, potential users are forewarned that Datcom drag methods are not
recommended for performance. Where more than one Datcom method exists,
Volume II indicates which method or methods are employed in Digital Datcom.

The computer program is written in the Fortran IV language for the CDC
CYBER 175. Through the use of overlay and data packing techniques, the core
requirement is 67,000 octal words for execntion on the CYBER 175 with the NOS
operating system using the FTN compiler. Central processor time for a case
executed on the NOS system depends on the type of configuration, number of
flight conditions, and program options selected. Usual requirements are on
the order of one to two seconds per Mach number. _

Direct all program inquiries to AFFDL FGC, Wright-Patterson Air Force
Base, OH 45433; phone (513) 255-4315.
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SECTION 2
PROGRAM CAPABILITIES

This section has been prepared to assist the potential user in his deci-
sion process concerning the applicability of the USAF Stability and Control
Digital Datcom to his particular requiréments. For specific questions deal~-
ing with method validity and limitations, the user is étroqgly encouraged to
refer to fhe USAF Stability and Control Datcom document. Much of the flexi-~
bility inherent in the Datcom methéds has been retained by allowing the user
to substitute experimental or refined analytical data at intermediate compu=
tation levels. Extrapolations beyond the normal range of the Datcom methods
are provided by the program; however, each time an extrapolation is employed,
a message is printed which identifies the point at which the extrapolation is
made and the results of the extrapolation. Supplemental output is available
via the “dump” and “partial output” options'which give the user access to key
intermediate parameteré to aid verification or ad justment of computations.
The following paragraphs discuss primary progcsam capabilities as well as
selected qualifiers and limitations.

2.1 ADDRESSABLE CONFIGURATIONS
’ In general, Datcom treats the tradit;onal body-wing=-tail geometries

including control effectiveness for a variety of-high-lift/control devices.
High—lift/control output is generally in terms of the incremental effects c¢ve
to deflection. The user must integrate these incremental effects wita

the "basic” configuration output. Certain Datcom methods applicable to

_ reentry type vehicles are also available. Therefore, the Digital Datcca

addressable geometries include the "basic” traditional aircraft concept3
(including canard configurations), and unique geometries which are identified
as "special” configurations. Table 1 sum&arizes the addressable configura=
tions accommodated by the program. |
2.2 BASIC CONFIGURATION DATA

The capabilities discussed below apply to basic configurations, i.e.,

|

traditional body-wing-tail concepts. A detailed summary of output as a func-

tion of configuration and speed regime is presented in Table 2. Note that

transonic output can be expanded through the use of data substitution (Sec=
tions 3.2 and 4.5). Typical output for these configurations are presented in

Section 6.




TABLE 1 ADDRESSABLE CONFIGURATIONS

CONF | GURATION

PROGRAM REMARKS

BODY

WING, HURIZONTAL
TAIL

BODY-WING,
BODY~HOR! ZONTAL

WING-BODY~TAIL

NON=-STANDARD
GEOMETRIES

SPECIAL CONFI1G~
URATION

PRIMARILY BODIES OF REVOLUTION, OR CLOSE APPROXIMATIONS,
ARE TREATED, TRANSONIC METHODS FOR MOST OF THE AERO-
DYNAMIC DATA DO NOT EXIST. THE RECOMMENDED PROCEDURE
REQUIRES FAIRING BETWEEN SUBSOMIC AND SUPERSONIC DATA
USING AVAILABLE DATA AS A GUIDE,.

STRAIGHT TAPERED, CRANKED, OR DOUBLE DELTA PLANFORMS
ARE TREATED., EFFECTS OF SWEEP, TAPER AND INCIDENCE ARE
INCLUDED, LINEAR TWIST IS TREATED AT SUBSONIC MACH
NUMBERS. DIHEDRAL EFFECTS ARE PRESENT IN THE LATERAL-
DIRECTIONAL DATA.

LONGITUDINAL METHODS REFLECT ONLY A MIDWING POSITION.
LATERAL=DIRECTIONAL SOLUTIONS CONSIDER HIGH- AND LOW-
WING POSITIONS,

THE VARIOUS GEOMETRY COMBINATIONS ARE GIVEN (N TABLE
2. WING DOWMWASH METHODS ARE RESTRICTED TO STRAIGHT-
TAPERED PLANFORMS. EFFECTS OF TWIN VERTICAL TAILS ARE
INCLUDED IN THE STATIC LATERAL DIRECTIONAL DATA AT
SUBSONIC MACH NUMBERS.

NON-STANDARD CONFIGURATICNS ARE SIMULATED USING ‘'BASIC!
CONFIGURATION TECHNIQUES. STRAKES CAN BE RUN VIA A
DOUBLE-DELTA WING. A BODY-CANARD-WING IS [NPUT AS A
WING-BODY~HORIZONTAL TAIL., THE FORWARD LIFTING SUR-
FACE IS INPUT AS A WING AND THE AFT SURFACE AS A
HORIZONTAL TAIL. '

LOW ASPECT RATIOQ WING OR WING-BODY CONFIGURATIONS

(LIFTING BODIES) ARE TREATED AT SUBSONIC SPEEDS,
TWO-DIMENS IONAL FLAP AND TRANSVERSE JET EFFECTS ARE

ALSO TREATED AT HYPERSONIC SPEEDS.
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. |.THE EFFECTS OF JET POWER, PROPELLER PORER, AND CAOUNO PROXIWNTY SAY OE OBTAIED FOR THESE CONFIGURATIONS tF THE REQUIRED : /
NANELISTS ARE INPUT, THE EFFECTS OF POWER AND GROUND EFFECTS ARE INCLUDCD ORLY N THE SUBSONIC LONGITUDHIAL STABIUITY RESILTS. : ,

7. OVRAMC STABILITY RESULTS ARE THE SAME AS WING-BODY

5 TN VERTICAL TAIL RESULTS MAY BE OBTAINED FUR THESE CONFIGURATIONS IF THE REQUIRED MARELIST Pyt e
THESE EFFECTS ARE INCLUDED ONLY 14 THE SUBSONIC LATERAL STANILITY DATA. . . e .

_&. REFER TO DATCOM HANDBOOK FOR METHOD LIMTATIONS If GUTPUT IS NOT ORTAINED
&, AVAILABLE ONLY 1N COMBINATION WITH A WING OR TAIL
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2.2.1 Static Stability Characteristics ‘

B The iongitudinal and htetal—directional stability characteristics pro~
vided by the Datcoﬁ and the Digital Datcom are in the gtability—axis gystem.
v Body-axis poml-force and axial-force coefficients are also included in the

output for convenience of the user. For those speed regimes and configura~
tions where Datc'om methods are available, the pigital Datcom output provides
the longitudinal coefficients Cp» CLs Cmo Cn» and Cp» and the derivatives
CpL, Cn,o CYB, cna, and‘C,‘B. output for configurations with a wing and

horizontal tail also includes downwash and the local dynauic-presﬁute ratio
in the region of the tail. Subsonic data that include propeller power, jet

power, or ground of fects are also available. Power and ground effects are

o o g e

limited to the longitudinal aerodynanic characteristicse. ‘

Users ar2 cautioned that the Datcom does not rigorously treat aerodynam=
ics in the transonic speed regime, and 2 fairing between subsonic and super=
sonic solutions is often the recommended procedure. pigital Datcom uses
linear and nonlinear fairings through specific points; however, the user may

find another fairing more acceptable. The detitla of these fairing tech-

o T T SR ¥ RN LT NS

niques are discussed 1n Volume II, Section &.. The partial output option,
discussed in gection 3.5, peraits the user to obtain t,he i{nformation neces?T
sary for transonic fairings. The experimental data input option allows the
user to revise the transonic fairings on configuration components, perform
parametric analyses on test configurations, and apply better method results
(or data) for configuration build-upe. 4 ' )

patcom body a‘etodyngmic characteristics can be obtained at ‘all Mach
m;mbers oi\ly for ﬁodies of revolution. pigital Datcom can also provide
subsonic longitudinal data for cambered bodies of arbitrary cross gection as
shown in-Figure 6. The cambered body capability 1is testtic;ed to subsonic

,longitndinal-stability solutions.

Straight-tapered and nonatraight—tapered wings including effects of

sweep, taper, and incidence can be treated by the programe The effect of
linear twist can be treated at subsonic Mach numberse. Dihedral influences

are included in lateral-directional stability derivatives and wing wake
location used in the calculation of longitudinal data. Airfoil gection
characteristics are a required input, although most of these characteristics
may be generated using the Airfoil Section Module (Appendix B)., Users are
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advised to be mindful of section characteristics which are sensitive to
Reynolds number, particularly in cases where very low Reynolds number esti~

mates are of interest. A typical example would be pretest estimates for

small, laminar flow wind tunnels where Reynolds numbers on the order of °

100,000 are common.
Users should be aware that the Datcom and Digital Datcom employ turbu-

lent skin friction methods in the computation of friction drag values. Esti-
mates for cases involving significant wetted areas in laminar flow will

require adjustment by the user.

Computations of wing-body longitudinal characteristics assume, in many -

cases, that the configuration is of the mid-wing type. Lateral-ditecticnai

analyses do account for other wing locations. Users should consult the

.Datcom for specific details. )
Wing-pbody-tail configuratiorns which may be addressed are shown in

Table 2. These capabilities permit the user to analyze complete configura~
tions, including canard and conventional aircraft arrangements; Component
aerodynamic contributions and configuration build-up data are available
through the use of the "BUILD" option described in Section 3.5. Using this
option, the user can {solate component aero&ynamic contributions in a similar
fashion to break down data from a wind tunnel where such information is of
value in obtaining an overall understanding of a specific configuration.

Twin vertical panels can be placed either on the wing or horizontal
tail. Analysis can be performed with both twin vertical tail panels and a
conventional vertical tail specified though interference effects between the
three panels is not computed. The influence of twin vertical tails is
included only in the lateral-directional stability characteristics at sub-
sonic speeds.
2.,2.2 Dynamic Stability Characteristics

The pitch, acceleration, roll'and yaw derivacives of ch, cmq, CL&, c“&’
Cys Cy o an, Cops and C, are computed for each component and the build-up
configurations shown in Table 2. All limitations discussed in Section 7 of

the USAF Stability and Control Datcom are applicable to Digital Datcom as
well. The experimental data option of the program (Section 4.5) permits the
user to substitute experimental data for key parameters involved in dynamic
derivative solutions, such as body CLG and wing=-body c“a.' Any imprevement in
the accuracy of these koy parameters will produce significant improvement in




TABLE 3 HIGH LIFT/CONTROL DEVICE OﬂTP.UT

SPEED REGIME CODE 1 = Subsonic 2 = Transonic 3 = Supersonfc ——
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| Notes: *In addition to straight-tapered planforms, output also available on non-straight-tapered
i planforms (e.g., ¢ -1 delta). .

Aflerons are identifieo as plain flaps tn program. ' S B N
IBF - Internally blown flap EBF - Externally blown flap T
W - Wing  HT - Horizontal tail _ P
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the dynamic stability estimates. Use of experimental data shbstitution for
this purpose is strongly recommended.
2.2,3 High-Lift and Control Characteristics

: High-lift devices that can be analyzed by the Datcom methods include jet

flaps, split, plain, single-slotted, double-slotted, fowler, and leading cdge
flaps and slats. Control devices, such as trailing~edge flap-type controls
and spoilers, can also be treated. In general terms, the program provides
the incremental effects of high lift or control device deflections at zero
angle of attack.

The majority of the "“igh-lift~device methods deal with subsonic lift,
drag, and piLching-moment’tifects with flap.deflection. General capabilities
for jet flaps, symmetrically deflected high-1ift devices, or trailing-edge
control devices include lift, moment, and maximum-1ift increments along with
drag-polar increments and hinge-moment derivatives., For translatiug devices
the lift-curve slope is a) » computed. Asymmetrical deflection of wing con-
trol devices can be anal ‘ed for rolling and yawing effectiveness. Rolling
effectiveness may be obta .ned for all-movable differentially-defiected hori-
zontal stabilizers. The speed regimes where these capabilities exist are
shown in Table 3.

Control modes employing all-movable wing or tail surfaces canm also boe
addressed with the program. This is accomplished by executing multiple cases
with a variety of panel incidence angles.

2.2,4 Trim Option

.Trim data can be calculated at subsonic speeds. Digital Datcom manipu~
lates computed stability and control characteristics to provide trim output
(static Cp = 0.0). The trim option is available in two modes. One mode

treats configurations with a trim control device on the wing or horizontal

tail. Output is presented as a function of angle of attack arnd consists of

control dgflection«angles required to trim and the associated longitudinal
aerodynamic characteristics shown in Table 3. The second mode treats conven-—
tional wing-body-tail configurations where the horizontal-tail is all-movable
or “flyihg." In this case, output as a function of angle of attack consists
of horizontal-stabilizer deflection.(or incidence) angle required to trim;
untrimmed stabilizer C;, Cp, Cp, and hinge-moment coefficients; trimmed

stabilizer CL; Cp, and hinge moment coefficients; and total wing-body-tail Cp,

il
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LOW ASPECT RATIO WINGS/WING BODY COMBINATIONS

HYPERSONIC FLAP

TRANSVERSE JET

FIGURE 2 SPECIAL CONFIGURATIONS
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and Cp. Body-canard-tail configurations may be trimmed by calculating
the stability characteristics at a variety of canard incidence angles and
manually calculating the trim data. "Treatment of a canard configufation is
addressed in Table l. ,
2.3 SPECIAL CONFIGURATION DATA

The capabilities discussed belo;i apply to the three special configura-

tions illustrated in Figure 2.
2.3.1 Low-Aspect-Ratio Wings and Wing-Body Combinations ,
Datcom provides methods which apply to lifting reentry vehicles at sub~

sonic speeds. Digital Datcom output provides longitudinal coefficients Cp,
CL» Cas CN» and Cj and the derivatives Cp, , Cy . Cy s c,,B, and Cope
2.3.2 Aerodynamic Control at Hypersonic Speeds

 The USAF Stability and Control Datcom contains some special control
methods for high-speed vehicles. These include hypersonic flap methods which
are mcorported into .Dig:ltal Datcom. The flap methods are restricted to Mach
nuubet. greater than 35, angles of attack between zero and 20 degrees and
deflections into the wind. A two-d:lnenlional flow field 1is determined and

B

oblique shock relations are used to describe the flow field.

Data output from the hypersonic control-flap methods are incremental
normal- and axial-force coefficients, anociated hinge moments, and center-
of-pressure location. ‘l‘he-e data are found t'rou the local pressure distribu-
tions on the flap and in regions forward of the flap. The analysis includes
the effects of flow separation due to windward flap deflection by providin_
estimates for separation induced-pressures forward of the flap and reattach-
ment on the flap. Users may specify laminar or turbulent boundaty layers.

2.3.3 Transverse-Jet Control Effectiveness

Datcom provides a procedure for preliminary sizing of a two-dimensional
transverse-jet control system in hypersonic flow, assuming that the nozzle is
iocated at the aft end of the surface. The method evaluates the interiction
of the transverse jet with the local flow field. A favorable interaction
will produce amplification forces that increase control effectiveness.

The Datcom method is restricted to control jets located on windward cur-
faces in a Mach number range of 2 to 20. In additionm, the method is invalid
for altitudes where mean free paths approach the jet-width dimension.

S L




The transverse control jet method requi'res a user-specifiéd time history
of local flow parameters and control force required to trim or maneuver.
With these data, the minimum jet plenum pressure is then employed to calcu-
late the nozzle throat diameter ana the jet plenum pressure and propellant
weight requirements to trim or maneuver the vehicle.

2.4 OPERATIONAL CONSIDERATIONS ,
There are several operational considerations the user ntedg to under-

stand in order to take maximum advantage of Digital Datcom.
2.4.1 Flight Condition Control

Digital Datcom requires Mach 'humber and Reynolds number to define the
flight conditions. This requirement can be satisfied by defining combina-
tions of Mach number, velocity, Reynolds number, altitude, and pressure and

temperature. The input options for speed reference and atmospheric condi-
tions that satisfy the requirement are given in Figure 3. The speed refer—-
ence is input as either Mach number or velocity, and the atmospheric condi-
tions as either altitude or freestream pressure and temperature. ‘l'he speed
reference and atmospheric conditions are then used to calculate Reynolds
number. '

The program may loop on speed reference and atmospheric conditions three
different ways, as given by the variable LU¢P in Figure 3. In this dis-
cussion, and in Figure 3, the speed reference is referred to as Mach number,
and atmospheric conditions as alcitude. Thé three options for program loop-
ing on Mach number aid altitvde are listed and discussed below.

o LJJP = 1 - Vary Mach and altitude together. The program executes
at the first Mach number and first altitude, the second Mach number
and second altitude, and continues for all the 'fught conditions: In
the input data, NMACH must equal NALT and NMACH flight conditions are
executed. This option should be selected when the Reynolds number is
input, and must be selected when atmospheric conditions are not
input. A ’

o LJJP = 2 - Vary Mach number at fixed altitude. The program executes
using tle first altitude and cycles through each Mach number in the
input list, the second altitude and cycles through each Mach number,
and continues until each altitude has been selected. Atmospheric
conditions must be input for this option and NMACH times NALT flight
conditions are executed.
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o LggP = 3 - Vary altitude at fixed Mach number. The program executes
using the first Mach number and cycles through each altitude in the
input 1list, the second Mach number and cycles through each altitude,
and continues until each Mach number has been selected. Atmospheric
conditions must be input for this option and NMACH times NALT flight
conditions are executed. ‘ '

2.4.2 Maclk Regimes B

Aerodynacic stability methods are defined in Datcom as a function of
vehicle configuration and Mach regime. Digital Datcom logic determines the
configuration being analyzed by identifying the particular input namelists
that are present within a case (see Section 3). The Mach tegine‘ is nominally
determined according to the following criteria:

Mach Number (M) Mach Regime
M < 0.6 ' Subsonic

0.6 <M< 1.6 ‘ Transonic
M> 1l  Supersonic
M 1.4 o | ~ Hypereonic

and the hypersonic
flag is set {~ee Figure 3)

These limits were selected to conform uith wost Datco- methods. How

ever, some methods are valid for a larger Mach number range. Some subsonic
methods are valid up to a Mach number of 0.7 or 0.8. The user has the
o'ption to 1ncreasé the subsonic Mach number limit using the varisble STMACH
described in Section 3.2. The program will permit this varisble to be in the
range: 0.6 < STMACH < 0.99. In the same fashion, the nipex_'souic Mach limit
can be reduced using the variable TSMACH. The program will permit this vari-
able to be in the range: 1.01 < TSMACH < 1.40. The progrsa will default to
the limits of each variable if the range is exceeded. The Mach regimes are
then defined as follows: o :

Mach Number (M) Mach Regime

M STMACH - Subsonic
STMACH < M < TSMACH Transonic

M > TSMACH . Supersonic

M > TSMACH _ Hypersonic

and the hypersonic
flag is set




2.4.3 Input Diagnostics

There is an input diagnostic analysis module in Digital Datcom which
scans all of the input deta cards prior to program execution. A listing of
all input daca is given and any errors are flagged. It checks all namelist
cards for correct namelist name and variable name spelling, checks the
numerical inputs for syntax errors, and checks for legal control cards. The
namelist and control cards are described in Section 3.

This module does not "fix up” input errors. It will, however, insert a
namelist termination if it is not found. Digital Datcom will attempt to
execute all cases as input by the user even if errors are detected.

2.4.4 Airfoil Section Module

The airfoil section module car. be used to calculate the required geomet-

tic and aercdynamic input parameters for virtually any user defined airfoil

section. This module substantially simplifies the user's input preparation.
An airfoil section is defined b& one of the following methods;

l. An airfoil section designation (for NACA, couble wedge, circular arc
or hexagonal airfoils),

2. Section upper and lower cartesian coordinates, or

3. Section mean line and thickness distribution.

The airfoil section module uses Weber's method (Refeiences 2 to 4) to
calculate the inviscid aerodynamic characteristics. A viscous correction is
applied to the section lift curve slope, oy’ In addition a 5% correlation
factor (suggested in Datcom, page 4.1.1..-2) is applicd to bring the results
in line with experimental data. The airfoil section module methods are
discussed in Appendix B.

The airfoil section is assumed to be parallel to the free stream,
Skewed airfoils can be handled by supplying the section coordinates parallel
to the free stream. The module will calculate the characteristics »f any
input airfoil, so the user must determine whether the results are applicable
to his particular situation. Five general characteristics of the module
should be noted:

1. For subsonic Mach numbers, the module computes the airfoil subsonic
section.chatactetistics and the re..lts can be considered accurate
for Mach numbers less than the crest critical Mach number. Near
crest critical Mach number, flow mixing due to the upper surface

16




3.

4,

5.

shock will make the boundary layer correction invalid. Compressi-
bility corrections also become invalid. The hodule also computes
the required geometric variables at all speeds, and for transonic
and supersonic speeds these are the only required inputs. Mach

equals zero data are always supplied.
Because of the nature of the solution, predictions for an airfoil

whose maximum camber is greater than 6% of the chord will lose

accuracys. Accuracy will also diminish when the maximum airfoil
thickness exceeds approximately 12X of the chord, or large viscous
interactions are present uucﬁ as with supercritical airfoils.
'Hhen section cartesian coordinates or mean line and thickness dis-
tribution coordinates are specified, the user must adequately define

the leading edge region to prevent surface curve fits that have an

infinite slope. This can be accomplished by supplying section ordi-

nates at nondimensional chord stations (X/C) of 0.0, .001, .002, and
«003, ‘

If the leading edge radius is not specified in the airfoil section
input, the user must insure that the first and second coordinate
points lie on the leading edge radius. For sharp nosed airfoils the
user must specify a zero leading edge radius.

The computational algorithm can be sensitive to the “"smoothness” of
the input coordinates. Therefore, the user should insure that the
input data contains no unintentional fluctuations. Considering that
Datcom procedures are preliminary design methods, it is at least as
important to provide smoothly varying coordinates as it is to accu-

rately define the airfoil geometry.

2,4.5 Operational Limitations

Several operational limitations exist in Digital Datcom. These limita-
tions are listed below without extensive discussion.or justifica;ion. Some

pertinent operational techniques are also listed. ‘
o The forward 1lifting surface is always input as the wing and the aft

T i ———t . = et =t

lifting surface as the horizontal tail. Thislgonvention is8 used

regardless of the nature of the configuration.
Twin vertical tail methods are only applicable to lateral stability

parameters at subsonic speeds.

17
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Airfoil section characteristics are assumed to be constant Across the

airfoil span, or an average for the panel. Inboard and outboar:’

panels of cranked or double-delta planforms can have their individual
panel leading edge radii and maximum thickness ratios specified sepa-
rately.

1f airfoil sections are simultaneously specified for the same aero-
dyﬁamic surface by an NACA designation and by coordinates, the coor-
dinate information will take precedence.

Jet and propeller power effects are only applied to the longitudinal
stability parameters at subsonic speeds. Jet and propeller power
effects cannot be applied simultaneously.

Ground effect methods are only applicable to longitudinal stability
parameters at subsonic speeds.

Only one high 1lift or control device can be analyzed at a time. The
effect of nigh 1ift and control devices on downwash is not calcu-
lated. The effects of multiple devices can be calculated by using
the experimental data input option to supply the effects of one
device and allowing Digital Datcom to calculate the incremental
effects of the second device.

Jet flaps are considered to be symmetrical high 1ift and control
devices. The methods are only applicable to the longitudinal stabil-
ity parameters at subsonic speeds.

The program uses the input namelist names to define the configuration
components to be synthesized. For example, the presence of namelist
HTPLNF causes Digital Datcom to assune that the configuration has a

horizontal tail.

Should Digital Datcom not ptovide output for those configurations for

which output is expected, as shown in Table 2, limitations on the use of a

Datcom method has probably been exceeded. In all cases users should consult

the Datcom for method limitations.

18
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SECTION 3

DEFINITION OF INPUTS

The Digital Datcom basic input data unit is the "case.” A “case” is a
set of input data that defines a configuration and its flight conditions.
The case consists of inputs from up to four data groups.

“o Group I inputs define the flight conditions and reference dimensions.

o Group II inputs specify the basic configuration geometry for conven-

tional configurations, defining the body, wing and tail surfaces and
their relative locations. , -
0 Group III inputs specify additional configuration definition, such as
engines, flaps, control tabs, ground effects or twin vertical panels.
This input group also defines those "special” configurations that
cannot be described using Group II inputs and include low aspect
ratio wing and wing=-body configuntidns. transverse jet control and
hypersonic flaps. , o

o0 Group IV inputs contiol the execution of the case, or job for multi-
ple cases, and allow the user to choose some of the special options,
or to obtain extra output. '

3.1 INPUT TECHNIQUE
Two techniques are generally available for introducing input data into a

Fortran computer program: namelist and fixed format. Digital Datcom employs
the danelist input technique for input Groups I, II and IIIl since it is the
most convenient and flexible for this application. Its use reduces the pos-
sibility of input errors and increases the utility of the program as follows:
~— -0 -Variables within a namelist may be input in any order; ~ -

0 Namelist variables are not restricted to particular card columns;

0 Only required input variables need be included; and

© A variable may be included more than once within a namelist, but the

last value to appear will be used.

Namelist rules used in the program and applicable to CDC and IBM systems
are presented in Appendix A. The user should adhere to them when preparing
inputs for Digital Datcom. To aid the us:r in conplyingﬂwith the general
namelist rules, examples of both correct and incorrect namelist coding are
included in Appendix A.

19
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All namelist input variables (and program data blocks) are initialized
"UNUSED"” (1.0E-60 on CDC systems) prior to case execution. Therefore,
omission of pertinent input variables may result in the "UNUSED" vélde to be
used inlcalculations. However, the "UNUSED” value is often used as a switch

Ip——————e

i for program control, so the user should not indiscriminately use'dummy
inputs. ' '

All Digital Datcom numeric constants require a decimal point. The
Fortran variable names that are implied INTEGERS (name begins with I, J, K,
L, M, or N) are declared REAL and must be specifiéd in either "E" or "F" for-
mat (X.XXXEYY or X.XXX).

Group IV inputs are the “case control cards.” Though the} are input in

a fixed format, their use has the characteristic of a namelist, since (with
the exception of the case termination card) they can be placed in any order
or location in the input data. Descriptions and limitations of each of the

available control cards are discussed in Section 3.5.

S,

Table 4 defines the namelists and control cards that can be input to the

program. Since not all namelist inputs'are required to define a particular

e - v i ot

problem or configuration, those namelists required for various analysés are
summarized in Tables 5 through 7. Use of these tables will save time in
preparing namelist inputs for a specific problem. ’

The user has the option to specify the system of units to be used,
English or Metric. Tabl» 8 summarizes the systems available, and defines
the case control card required to invoke each option. For clarity, the
namelist variable description charts which follow have a column titled
"Units” using the following nomenclature: _

L denotes units of length; feet, inches, meters, or centimeters

A denotes units of area; ftz, in 2, mz, or cm? .

"Deg denotes angular measure in degrees, or temperature in degrees
Rankine or degrees Kel&in. -

F denotes units of force; pounds or Newtons

t = denotes units of time; seconds.

Specific input parameters, geometric illustrations, and supporting data
are provided throughout the report. To aid the user in reading these fig-
ures, the character "0" defines the number zero and the character "@" the
fifteenth letter in the alphabet.
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TABLE 4: DIGITAL DATCOM INPUT SUMMARY

GROUP1 ~ GROUPII GROUP 11 ~ GROUP IV

NAMELIST INPUT CONTROL CARD INPUT

REFERENCE DATA | BASIC CONFIGURATION |  ADDITIONAL/SPECIAL JOB CONTROL

DEFINITION DEFINITION CONFIGURATION DEFINITION CARDS
NAMELIST |  PAGE | NAMELIST | PAGE | NAMELIST PAGE {CONTROLCARD| PAGE
NAME | DEFINED| NAME | DEFINED |  NAME DEFINED NAME DEFINED
FLTCHN 1] SYNTHS 3 PREPWR 49 NAMELIST n
OPTINS 3 Bgoy 35 JET PWR 51 SAVE n
WGPLNF k1) GRNDEF 53 oIM 73
HTPLNE 37 |.. Tviean 5 | NEXTCASE n
VTPLNF 3 SYMFLP 57 TRIM 73
) VFPLNF 37 ASYFLP 61 DAMP "
WGSCHR 39 LARWB " 63 NACA "
HTSCHR 39 TRNJET 65 CASEID 75
4 VTSCHR -39 HYPEFF 67 DUMP. 75
g VFSCHR 39 CHNTAB 69 DERIV ]
: EXPR -~ | 4§ - PART -n
‘ BUILD n
: PLYT n
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TABLE 7
REQUIRED NAMELIST FOR ANALYSIS OF SPECIAL CONFIGURATIONS

REQUIRE

gotaL ~NAMELISTIe yodn | LARWS [TRNJET [HYPEFF
CONFIGURATIO

LOW ASPECT RATIO

WING & WING BODY| @ L : -
(SUBSONIC) '

FLAT PLATEWITH : —

TRANSVERSEJET | @ L R L7 );XX// /1777

(HYPERSONIC)
FLAT PLATE WITH ;

FLAPCONTROL | @ ® l v —
(HYPERSONIC) C I‘S o
f
Goe K
A

3
'}

TABLE 8 INPUT UNIT OPTIONS

~ REYNOLDS
UNITS SYSTEM cONTROL | GEOMETRY| SURFACE | PRESSURE | TEMPERATURE
uniTs | RoucHNEss| ® T NUMBER
(LENGTH-FORCE-TIME,?-F-T) | CARD o usH ol o) PER UNIT
a .
$uGFC » LENGTH
o FOOT-POUND-SECOND OIMFT | FOOT INCH b2 °R UFT
INCH-POUND-SECOND DIMIN | INCH INCH Ib/in2 R AFT
METER-NEWTON-SECOND DIMM METER N N2 oK ™
CENTIMETER-NEWTON-SECOND | DIMCM | CM CcM new2 | o m '*

THE DEFAULT SYSTEM OF UNITS IS THE FOOT-POUND-SECOND




3.2 CROUP I INPUT DATA

Nanelist input data to define the case flight conditions and reference
dimensions aré shown in Figures 3 and 4.

Namelist FLTC@N, Figure 3, defines the case flight conditions. The
user may opt to provide Mach number and Reynolds number per unit length for
each case to be -omputed. In this case, input preparation requires that the
user compute Reynolds number for each Mach number and altitude combination he
desires to run. However, the program has a standard atmosphere model, which
accurately simulates the 1962 Standard Atmosphere for geoﬁetric'altitudes
from -16,404 feet to 2,296,588 feet, thaf can be used to eliminate the
Reynolds number input requirement and provides the user the option to employ
Mach number or velocity as the flight speed rgference. The user may specify
Mach numbers (or velocities) and altitudes fbf each case and program computa-
tions will employ the atmosphere model to deternine pressure, temperatute,
Reynolds number and other required parameters to support method applications.

Also incorporated is the provision for optional inputs of pressure and
temperature by the user. The program wili override the standard atmosphere
and compute flow condition parameters consistent with the pressure and
temperature inputs. This option will permit Digital Datcom applicaiions such
as wind tunnel model analyses at test section conditions. J

The five input combinations which will satisfy the Mach number and
Reynolds‘number requirements are summarizéd in Figure 3. If the NACA control
card is usea, the Reynolds number and Mach number must be defined using the

" yariables RNNUB and MACH.

. Other optional inputs include vehicle weight and flight path angle ("WT"
and “"GCAMMA"). These parameters are of particular interest when using the
Trim Option (Section 3.5). The tfim flight conditions are output as an
additional line of output with the trim data and the steady flight lift
coefficient is output with the untrimmed data. '

Use of the variable L@@P enables the user to run cases at fixed altitude
with varying Mach number (or velocity), at fixed Mach number (or velocity) at
varying altitudes, or varing speed and altitude together.

Nondimensional aerodynamic coefficients generated by Digital Datcom may

be based on user-specified reference area and lengths. These reference




parameters are input via namelist ﬁPTiNS, Figure 4, If the reference area is
not specified, it is set equal to the theoretical planform area of the wing.
This wing area includes the fuselage area subtended by the ettension of the
wing leading and trailing edges to the body center line. The longitudinal
reference length, if not specifiedhin PPTINS, is set equal to the theoretical
wing mean aerodynamic chord. The lateral reference length is set equal to
the wing span when it is not user specified.

Reference parameters contained in @PTINS must be specified for body-
alone configurations since the default reference parémeters are based on wing
geometry. It is suggested that values near the magnitude of body maximum
cross-sectional area be used for the reference area and body maximum diarmeter
for the longitudinal and lateral reference lengtns.

The output format generally provides at least three significant digits
in the solution when user specified reference parameters are of the same
order of magnitude as the default reference parameters. If the user speci-
fies reference parameters that are orders of magnitude different from the
wing area or aerodynamic chord, some output data can overflow the:outpui
format or print only zeros. This may happen in rare instances and would

require readjustment of the reference parameters.
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NAMELIST FLTCON
ARRAY
VARIABLE NAME DIMENSION DEFINITION UMITS
NMACH - NUMBER OF MACH NUMBERS OR VELOCITIES TO 8E -
RUN, MAXIMUM OF 20
MACH 2 VALUES OF FREESTREAM MACH NUMBER -
VINF 2 VALUES OF FREESTREAM SPEED 1t
NALPHA - NUMBER OF ANGLES OF ATTACK TO BE RUN, -
4 MAXIMUM OF 20 ,
ALSCHD 2 VALUES OF ANGLES OF ATTACK, TABULATED IN DEG
ASCENDING ORDER _
mmu? 2 REYNOLDS NUMBER PER UNIT LENGTH, pV/u 114\
NALT. - NUMBER OF ATMOSPHERIC CONDITIONS TO BE RUN, -
~ MAXIMUM OF 20 . '
ard 2 VALUES OF GEOMETRIC ALTITUDES /]
| PINF - VALUES OF FREESTREAM STATIC PRESSURE FIA
| TINF A\ » VALUES OF FREESTREAM TEMPERATURE DEG
. HYPERS - = TRUE. HYPERSONIC ANALYSIS AT ALL MACH -
| NUMBERS > 1.4
| STMACH . UPPER LIMIT OF MACH NUMBERS FOR SUBSONIC -
; ANALYSIS (0.6 <STMACH <0.99). DEFAULT TO
‘ 0.6 IF NOT INPUT
TSMACH - LOWER LIMIT OF MACH NUMBERS FOR SUPERSONIC -
! ANALYSIS (1.01 STSMACH < 1.4). DEFAULT TO
* 1.4 IF NOT INPUT
R - DRAG DUE TO LIFT TRANSITION FLAG, FOR REGRESSION -
: ANALYSIS OF WING — BODY CONFIGURATIONS
= 0.0 FOR NO TRANSITION, DEFAULY
= 1.0 FOR TRANSITION STRIPS OR FUL. wALE FLIGHT.
Lowr - VEMICLE WEIGHT ' F
| GAMMA - FLIGHT PATH ANGLE 'DEG
oo PROGRAM LOOPING CONTROL -
- =1 VARY ALTITUDE AND MACH TOGETHER , DEFAULT
= 2 VARY MACH, AT FIXED ALTITUDE
=3 VARY ALTITUDE, AT FIXED MACH

FIGURE 3 INPUT FOR NAMELIST FLTCON - FLIGHT CONDITIONS




INPUT OPTIONS TO SATISFY THE MACH NUMBER A\
AND REYNOLDS NUMBER INPUT REQUIREMENTS

USER INPUT 1 PROGRAM COMPUTES /8\
/A MACH, RNNUB
MACH, ALT PINF, TINF, RNNUB

A VINF, ALT PINF, TINF, MACH, RNNUB
’ PINF, TINF, VINF RANNUB, MACH
‘ - PINF, TINF, MACH RNNUB, VINF
\
|
\

/A\ REQUIRED FOR TRANSVERSE-JET CONTROL

O\ EACH ARRAY ELEMENT MUST CORRESPOND TO THE RESPECTIVE
MACH NUMBER/FREESTREAM SPEED INPUT , USE LOJP = 1.

[\ UNITS ARE EITHER 1/FT OR 1/M AS DEFINED IN TABLE 8

/&\ REQUIRED WHEN USING THE NACA CONTROL CARD
/5\ USER INPUTS FOR THESE VARIABLES WILL TAKE PRECEDENCE
/B\ ATMOSPHERIC CONDITIONS ARE INPUT AS EITHER ALTITUDE OR PRESSURE AND

TEMPERATURE
ASEE SECTION 2.4.1, AND EXAMPLE PROBLEM 2 IN SECTION 7




1 ey

LY

B |  NAMELIST OPTINS

ARRAY

VARIABLE NAME | L0 cioN DEFINITION uNITS
|
| : RJUGFC - SURFACE ROUGHNESS FACTOR, EQUIVALENT  d
| : SAND ROUGHNESS. DEFAULT T0 0.16 X 10~3 INCHES,
| OR 0.406 X 10-3 cm, IF NOT INPUT

SREF - REFERENCE AREA. VALUE OF THEORETICAL WING A

‘ o AREA USED BY PROGRAM IF NOT INPUT

CBARR - LONGITUDINAL REFERENCE LENGTH VALUE OF !

‘ THEORETICAL WING MEAN AERODYNAMIC CHORD USED
' 8Y PROGRAM IF NOT INPUT

BLREF - LATERAL REFERENCE LENGTH VALUE OF WiNG SPAN ?
" | USED 8Y PROGRAM IF NOT INPUT

*UNITS ARE EITHER INCHES OR CENTIMETERS AS DEFINED IN TABLE 8

[PrVpE

ROUGHNESS FACTORS FOR USE IN NAMELIST §PTINS !

- EQUIVALENT SAND ROUGHNESS
TYPE OF SURFACE
‘ INCHES om
AERODYNAMICALLY SMOOTH e (]
POLISHED METAL OR WOOD 0.02-0.08 X 10-3 | 0.051 - 0.203 X 103
NATURAL SHEET METAL 0.16 X 10-3 0.408 X 10-3
SMCOTH MATTE PAINT, CAREFULLY APPLIED 0.25 X 103 0.635 X 10~3
STANDARD CAMOUFLAGE PAINT, AVERAGE - 0.40 X 10-3 . o8 X103
APPLICATION
CAMOUFLAGE PAINT, MASS-PRODUCTION SPRAY 1.20X 103 3.048 X 10-3
DIP-GALVANIZED METAL SURFACE ex10-3 15.240 X 10~3
NATURAL SURFACE OF CAST IRON 10X 10-3 25.400 X 10-3
FIGURE 4 INPUT FOR NAMELIST OPTINS — REFERENCE PARAMETERS
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3.3 GROUP I1 INPUT DATA
Namelist data to define basic configu-ation geometry 1s shown in Figures

5 through 8. Those “"special” configurations (Figure 2) are defined using

Group 111 namelists.
The namelist SYNTHS defines the basic configuration synthesis param—

eters. The user has the option to apply a scale factor to his geometry which

permits full scale configuration dinensions to ke input for an analysis of a

wind tunnel model. The program will use the scale factor to scale the input
data to model dimensions. The variable used is "SCALE.”

The body configuration is defined using the namelist B@DY (Figure 6).
The variable METH@D enables the user to select either the traditional Datcom
methods for body ©i, C(p and Cp at low angles of attack (default), or
Joergensen's method, which is applicable from zero to 180 degrees angle of
attack. Joergensen's method can be used by selecting "METH@D=2" subsonically
or supersonically. Users are encouraged to consult the Datcom for details
concerning these methods. Digiral Datcom will accept an arbitrary origin for
the body coordinate system, i.e., body station "zero” is not rqquired to be
at the fuselage nose. ’

The planform geometry of =ach of the cerodynamic surfaces are input
using the namelists WGPLNF, HTPLNF, VTPLNF and VFPLNF shown in Figure 7. The
section aerodynamic characteristics for these surfaces ace input using either
the section characteristics namelists WGSCHR, HTSCHR, VTSCHR and VFSCHR
(Figure 8) and/or the NACA control card discussed in Section 3.5. Airfoil
characteristics are assumed constant for each panel of the planform.

The USAF Datcom contains three methods for the computation of forward
1ifting surface downwash field effects on aft lifting surtace aerodynamics.
They are given in detail in Section 4.4 of Datcom, and their regimes of pri-
mary applicability are summarized in Figure 9. The user is cautioned not to
apply the empirically bnsed subsonic Method 2 outside the bounds listed in
Figure 9. Method 1 is recommended as an optional approach for the by/bh
regime of 1.0 to 1.5. By deféult, Digital Datcom selects Methdd 3 for by/by
less than 1.5 and Method 1 for span ratios greater than or equal te 1.5«
Using the variable DWASH in namelist WGSCHR, the user has the option of
applying Method 1 or 2. Method 2 is app’icable at subsonic Mach numbers

and span ratios of 1.25 to 3.6.
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- Aspect ratio classificaudn is revqu:lred to employ the Datcom straight

tapered wing solutions for wing or tail 1ift in the subsonic and transonic
Mach regimes. Classification of 1lifting surface aspect ratio as either high
or low results in the selection of appropriate methods for computation. The
USAF Datcom uses a classification parameter, which depends upon planform
taper ratio and leading edge sweep (Table 9). 1t also notes an overlap
regime where the user may employ éither the.low or high aspect ratic methods.
Digital Datcom allows the user to specify the aspect ratio method to be used
in this overlap regime using the parameter ARCL in the section namelists.
High aspect ratio methods are automatically selected for unswépt, untapered
uings with aspect ratios of 3.5 or more if ARCL is not input.

Transonically, several parameters need to be defined to obtain the
panel 1ift characteristics. Those . required variables are summarized in
Figures 10 and 11 and are input using the experimental data substitution
namelist EXPRnn. Additionally, intermediate data may be available, for
exanmple Cg /Cy, which requires experimental data to complete. By use of the
cxperimental data input namelist EXPRnn, data can be made available to

complete these second-lgvel computations, as shown in Figure 10.
The namelist EXPRnn can also be used to substitute selected configura-

tion data with known btest results for some Datcom method output and build a
new configuration based on existing data. This option is most useful for
theoretically expanding a wind tunnel test data base for analysis of non-

tested configurations.
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NAMELIST SYNTHS

Xy

X )

w 1'/ cg /7
/s | !

— Vi vt - Fam!
\\ - 1‘ 3 \

N
AVEw—
Xc“

FORWARD HORIZONTAL LIFTING
SURFACE MUST BE DESIGNATED
AS A WING IN INPUT.

+2

Xy

4
w1 S & = = — — s 1) REFERENCE
PLANE

_ +X
= L
v 2 gg Neq C, '
ORIGIN FOR WING ALONE CONFIGURATIONS MAY BE ANY ARBITRARY REFERENCE POINT.
, & REQUIRED ONLY FOR ALL-MOVABLE HORIZONTAL TAIL TRIM OPTION.
ﬁ\ IF HINAX IS INPUT, Xy AND 2 ARE EVALUATED AT ZERO INCIDENCE (iy,=0)
ENGINEERING|VARIABLE] ARRAY
- SYMBOL NAME | DIMENSION DEFINITION UNITS
Xeq XCG - LONGITUDINAL LOCATION OF CG, (MOMENT REF. CENTER) ]
2c ZC6 - VERTICAL LOCATION OF CG RELATIVE TO REFERENCE PLANE !
W XW - LONGITUDINAL LOCATION OF THEORETICAL WING APEX ?
y w - VERTICAL LOCATION OF THEORETICAL WING APEX RELATIVE TO
' REFERENCE PLANE !
W ALIW - WING ROOT CHORD INCIDENCE ANGLE MEASURED FROM
REFERENCE PLANE DEG
&x“ XH - LONGITUDINAL LOCATION OF THEORETICAL HORIZONTAL TAIL
APEX 1
Az" ZH - VERTICAL LOCATION OF THEORETICAL HORIZONTAL TAIL APEX
"RELATIVE TO REFERENCE PLANE !
iy ALIH - HORIZONTAL TAIL ROOT CHORD INCIDENCE ANGLE MEASURED
FROM REFERENCE PLANE ] DEG
Xy XV - LONGITUDINAL LOCATION OF THEORETICAL VERTIC/-L TAILAPEX | 1
Vg XVF - LONGITUDINAL LOCATION OF THEORETICAL VENTRAL FIN APEX ]
2y v - VERTICAL LOCATION OF THEORETICAL VERTICAL TAIL APEX !
va ZVF - VERTICAL LOCATION OF THEORETICAL VENTRAL TAIL APEX 1
SCALE - VEHICLE SCALE FACTOR (MULTIPLIER TO INPUT DIMENSIONS) -
VEARTUP - VERTUP = . TRUE. VERTICAL PANEL ABOVE REF PLANE (DEFALLT) -
: - VERTUP = .FALSE. VERTICAL PANEL BLEOW REF PLANE -
A NG HINAX - LONGITUDINAL LOCATION OF HORIZONTAL -
TAIL HINGE AXIS ]

FIGURE 5 INPUT FOR NAMELIST SYNTHS — SYNTHESIS PARAMETERS
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NAMELIST BODY

-

_.ds

’N ’,A‘_ tgt

PO3SIBLE SUPERSONIC AND HYPERSONIC BODY CONFIGURATIONS

L
Ya-le=g
dy =dy=dy NOTES:
NOSE AND TAIL SEGMENTS MAY BE CONICAL
(AS SHOWN) OR OGIVAL.
DIAMETERS dy.dy, AND d ARE COMPUTED
Iy FROM LINEAR INTERPOLATION OF
1A INPUTS x; VS R
Pgy=0 '
NOSE-AFTER 800Y
N
dy=dy

NOSE-AFTER BODY-TAIL

e
Sesm>
L]
[}

!A.o
fgr

dy = dy
4z

i

FIGURE 6 INPUT FOR NAMELIST BODY — BODY GEOMETRIC DATA
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LOCAL PLANFORM HALF WIDTH, ¢ ;
A ~—' LOCAL CROSS SECTIONAL AREA, 3; § l
d —

’ .,
-A(’f I | ancLeor arrack Z i
S - - - by e
T | REFERENCE PLANE R
LOCAL PERIPHERY, P, SECTION A-A

. |
X; {

In ]l !A‘°| NOTE: Z = 0 ON DESIRED 60DY CENTER-LINE
REFERENCE PLANE = AXIS OF SYMMETRY FOR AXISYMMETRIC BODIES

NLY REQUIRED FOR SUBSONIC ASYMMETRIC BODIES
OT REQUIRED IN SUBSONIC SPEED REGIME
YPERSONIC SPEED REGIME ONLY
NLY ONE VARIABLE IS REQUIRED
IF ONE VARIBLE IS INPUT THE OTHER TWO ARE COMPUTED FROM IT, ASSUMING A CIRCULAR CROSS-SECTION
IF TWO VARIABLES ARE INPUT, THE THIRD IS CALCULATED AS FOLLOWS:
SAND P INPUT, R=+/S/1
- PAND R INPUT, S = 7R2 ,
S AND R INPUT, P = 27R WHERE R = /Sh OR INPUT R, WHICHEVER IS THE LARGEST

RING | VARIABLE | ARRAY A
v NAME | DIMENSION [DEFINITION unITs
NX - NUMBER OF LONGITUDINAL BODY STATIONS AT WHICH DATAIS | -
SPECIFIED, MAXIMUM OF 20.
X 20 LONGITUDINAL DISTANCE MEASURED FROM ARBITRARY LOCN 2
/A s 2 | CROSS SECTIONAL AREA AT STATION x, A
N 20 PERIPHERY AT STATION x; |
/A\ Ree 20 PLANFORM HALF WIDTH AT STATION x; I}
/\ 2u 20 2~ ZCOORDINATE AT UPPER BODY SURFACE AT STATION x; ?
(POSITIVE WHEN ABOVE CENTERLINE) .
Az 20 2~ Z.COORDINATE AT LOWER BODY SURFACE AT STATION x; I}
(NEGATIVE WHEN BELOW CENTERLINE)
% BNUSE - BNOSE » 1.0 CONICAL NOSE, BNOSE = 2.0 0GIVE NOSE -
BTAIL - BTAIL = 1.0 CONICAL TAIL, BTAIL = 2.0 0GIVE TAIL -
OMIT FORpgy =0
% BLN - LENGTH OF BODY NOSE ?
BLA - LENGTH OF CYLINDRICAL AFTERBODY SEGMENT !
: 25 = 0.0 FOR NOSE ALONE OR NOSE-TAIL CONFIGURATIONS
A\ os - NOSE BLUNTNESS DIAMETER, ZERO FOR SHARP NOSEBODIES ?
ITYPE® - = 1. STRAIGHT WING, NO AREA RULE -
= 2, SWEPT WING, NO AREA RULE
« 3. SWEPT WING, AREA RULE
SET T0 2.0 IF NOT INPUT
METHD - = 1. USE EXISTING METHODS (DEFAULT) -
= 2, USE JORGENSEN METHOD
)} IN CALCULATION OF TRANSONIC DRAG DIVERGENCE MACH NUMBER, DATCOM FIGURE 4.5.3.1-19
EQUIVALENT RADIUS AT TRANSONIC AND SUPERSONIC MACH NUMBER, Rgq = /7
‘ .
R R

L VR U RPN A |
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E NAMELISTS WGPLNF, HTPLNF, VTPLNF, AND VFPLNF
S
{ , _
=
g A\ \ .
‘ M’r.—' L
, (A xfel \( FRONT VIEW
% b2 b*/2 '\‘A-ﬁ l;' INPUT L
| | - . WGPLNF] #T1
: 92 (Awely Y\ J _
:’ i \ °
E L. Cf o o
o |
C [~ o :
] o ‘ r] ' ‘ ' : ‘
%‘ ‘ ’ : o2 ] b*/2 w2 ® t
| | ' o| -
g _ & — ° :
{ N -
i : . | ®
| : \ ) e
! EXPOSED ROOT \ ® |
E 1 uomzo:::: :4::: (Axicly * |
‘ P :
E ue s () » . ° ,
. i °
FRONT VIEW SHie) as
‘ SIDE VIEW ‘
M
: Svows) a1 (l) v
; “
: - (Ax/el, ' —
: EXPOSED WING ROOT CHORD b'olzl
\ (Ax/e); é ' |
3 P L}
& < " - ——L w'z
E [ sta)
Eﬁ HORIZONTAL TAIL EXPOSED ROOT cuono—-/
Ef NOTE: Zy DEFINED IN $SYNTHS
E FIGURE 7 INPUT FOR NAMELIST WGPLNF, HTPLNF, VTPLNF AND VFPLNF -
: PLANFORM VARIABLES
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® - INDICATES EXPOSED PARAMETER
& INPUTS NOT REQUIRED FOR STRAIGHT TAPERED PLARFORM

& ONLY REQUIRED FOR SUPERSONIC AND HYPERSONIC SPEED REGIMES. ONE VALUE REQUIRED FOR EACH MACH NO.
VALUES MUST CORRESPOND TO MACH ARRAY. I¥ NOT INPUT, PROGRAM WILL ATTEMPT TO CALCULATE. :

ATAFOR
ENGINEERING | VARIABLE | ARRAY f
wr | VPINFL svmsoL NAME  |DIMzNSION DEFINITION unITS
VFPLNF . .
) ® G CHROTP - |TiPcHoRD
) ® b2 A\ sspuip = | SEMI-SPAN OUTBOARD PANEL {
) ) b*/2 SSPNE - | SEMISPAN EXPOSED PANEL '
) [ b2 SSPN - | SEMI-SPAN THEORETICAL PANEL FROM THEORETICAL ROOT cHoRD| £
' L o A\ curose | - CHORD AT BREAKPOINT .- ' 1
' ® & 'CHROR - | ROOT CHORD : 4
) ® {Agsehi SAVSI - . |INBOARD PANEL SWEEP ANGLE DEG
» ® Axsco SAVSH - OUTBOARD PANEL SWEEP ANGLE DEG
) o x/e CHSTAT - REFERENCE CHORD STATION FOR INBOARD AND OUTBOARD -
PANEL SWEEP ANGLES, FRACTION OF CHORD
) -] TWISTA - TWIST ANGLE, NEGATIVE LEADING EDGE ROTATED DOWN DEG
| (FROM EXPOSED ROOT TO TIP)
N /2 | A\ssenop - SEMI-SPAN OF OUTBOARD PANEL WITH DIHEDRAL L
) I DHDADI | - DIHEDRAL ANGLE OF INBOARD PANEL (IFT; =T, ONLY DEG
INPUTE)
' L DHDADY| - DIHEDRAL ANGLE OF OUTBOARD PANEL OEG
' ° TYPE - = 1.0 STRAIGHT TAPERED PLANFORM -
= 2.0 DOUBLE DELTA PLANFORM (ASPECT RATIO <3)
: = 3.0 CRANKED PLANFORM (ASPECT RATIO >3) ‘
SHig) A\sus 20 | PORTION OF FUSELAGE SIDE AREA THAT LIES BETWEEN MACH A
LINES ORIGINATING FROM LEADING AND TRAILING EDGES
OF HORIZONTAL TAIL EXPOSED ROGT CHORD
Sext A\ sext 20 | PORTION OF EXTENDED FUSELAGE SIDE AREA THAT LIES BETWEEN | A
MACH LINES ORIGINATING FROM LEADING AND TRAILING EDGES
OF HORIZONTAL TAIL EXPOSED ROOT CHORD
Sext = SHym + 248 ,
Lp A\ rew LONGITUDINAL DISTANCE BETWEEN CG AND CENTROID OF S | £
POSITIVE AFT OF CG '
[ Svwe) | A2\ svwe PORTION OF EXPOSED VERTICAL PANEL AREA THAT LIES A
' BETWEEN MACH LINES EMANATING FROM LEADING AND
TRAILING EDGES OF WING EXPOSED ROOT CHORD
Sv(a) A\sve AREA OF EXPOSED VERTICAL PANEL NOT INFLUENCEDBYWING | A
OR HORIZONTAL TAIL
Sviwe) | A\ sves 20 | PORTION OF EXPOSED VERTICAL PANEL AREA THAT LIES BETWEEN | A
MACH LINES ENANATING FROM LEADING AND TRAILING EDGES
OF HORIZONTAL TAIL EXPOSED ROOT CHORD




NAMELISTS WGSCHR, HTSCHR, VTSCHR AND VFSCHR

i INPUTS FOR ' v INPUTS PER INPUTS FOR
| - | NAMELIST ) SPEED REGIME NAMELIST
= «
= | ENGINEERING | VARIABLE ARRAY : olele = leng
3 2 INEERING| ! -
=le|2| svymsoL NAME | DIMENSIC's DEFINITION 2212|381 |E|E{E] symeor .
313! Sialge|a 21312
| Gkl 2|zl |w AR
zl=|= sl 2|5 =
| a % |-|3|x @
< -
| > >
| olele! v Tve — 7 [ MAXIMUM AIRFOIL SECTION slmlule XaelC
| THICKNESS, FRACTION OF CHORD ole
| & DELTAY - DIFFERENCE BETWEEN AIRFOIL
ej0 ‘ ORDINATES AT 5.0 AND .15% a|ajalm
CHORD, PERCENT CHORD
: wimax | X8ve = THORD LOCATION OF MAXIMUM
L RE 2R AIRFOIL THICKNESS, FRACTION CRE
OF CHORD o
ole o cu - ATRFOIL SECTION DESIGN LIFT oy
COEFFICIENT
p ALPHAI - ANGLE OF ATTACK AT SECTION elm e
o DESIGN LIFT COEFFICIENT, DEG o0 lclrax
Cig CLALPA /&, 20 AIRFOIL SECTION LIFT CURVE o
dc [ ™
LAl R SLOPE —, PER DEG. d
'a
[+) CLMAX& 20 AIRFOIL SECTIUE WE‘R!MUM
ole max LIFT COEFFICIENT .
olo Cm TMO OR CM@ - SECTION ZERO LIFT PITCHING
‘ ° }OMENT COEFFICIENT ol s eleole
ol ® Rig), LERI - AIRFOIL LEADING EDGE RADIUS | o}
e FRACTION OF CHORD
Ric) LER = RLg FOR OUTBOARD PANEL
e oo TLE, FRACTION OF CHORD ole elele
AG CAMBER=TRUE = CATTGERED AIRFOIL SECTION FLAG | @
a(01®]| Wy TOVCE 2\ Z Uc FOR OUTBOARD PANEL 29|00 Xe/C
‘ o e 8| Wowax, |Xoved/3\ - (x/cmax FOR OUTBOARDPANEL @ |O O O AR AR
T THOTOR = € FOR OUTBOARD PANEL
ole moly oy Mo ejeiol° Yulc
Comaxtg |CLMAXL - ATRFOIL MAXIMUM LIFT COEFFI-
b M=0 CIENT AT MACH EQUAL ZERO e ojele
Cidyrg |C-AMOOR - AIRFOIL SECTION LIFT CURVE
0 CLAMP SLOPE AT MACH EQUAL ZERO, -
PER DEG Vil
Wit TCERT p TANFORM EFFECTIVE .
¢ olele THICKNESS RATIO0, FRACTION slum ojo|e |
% . ' OF CHORD - . :
' X KRARP o " WAVE.ORAG FACTOR FOR SHARP- /
t elole NOSED AIRFOIL SECTION, NOT nla s YmiC !
: INPUT FOR ROUND NOSED AIRFOILS
: A , bn SPE p 5 AIRFOIL SURFACE SLOPE AT 0,2040 LR AR
: 60, 80, AND 100% CHORD, DEG. POSI-
) [ TIVE WHEN THE TANGENT INTER. sias %C
: SECTS THE CHORD PLANE FORWARD
OF THE REFERENCE CHORD POINT eolole
ARCL - ASPECT RATIO CLASSIFICATION
olo|e (SEE TABLE 9) o|olo|0 1
, © REQUIAED INPUT
FIGURE 8 INPUT FOR NAMELISTS WGSCHR, HTSCHR, VTSCHR AND O GPTIOHAL INPUT
VFSCHR — SECTION CHARACTERISTICS ' ® REQUIRED INPUT, USER SU

: ' v O OPTIONAL INPUT, COMPUT
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VARIABLE

ARRAY
DIMENSION

DEFINITION

INPUTS PER
SPEED REGIME

WAVE-DRAG FACTORS FOR SHARP
NOSE AIRFOILS

TRANSONIC
SUPERSONIC
HYPERSONIC

SUBSONIC

BASIC WING

AIRFOIL SECTION SECTION

KSHARP

i

16
BICONVEX 5

fm&

SECTION AEROOYNAMIC CENTER,
FRACTION OF CHORD (SEE VOL It
FOR DEFAULT)

e/xq e

OOUBLE WEDGE | —mmememem

1 - x¢le = K‘—-|

;nmsu&

SUBSONIC DOWNWASH METHOD FLAG

= 1. USE DATCOM-METHOD ¢

= 2. USE DATCOM METHOD 2

= 3. USE DATCOM METHOD 3

SUPERSONIC, USE DATCOM METHOD
2IFDWASH=10R 2

(SEE FIGURE 9)

cle-x3} @
x] x3 ‘—l|+'2+“3
} 3

HEYACONAL

ycum

AIRFOIL MAXIMUM CAMBER, FRACTION
OF CHORD

cLo Ay

CONICAL CAMBER DESIGN LIFT
COEFFICIENT FOR M = 1.0 DESIGN.
SEE-NACA RM A55G18 (DEFAULT 70 0.0}

[ -S——
TYPEIN

TYPE OF AIRFOIL SECTION COORDI-

NATES INPUT FOR AIRFOSL SECTION

MOOULE

= 1.0 UPPER AND LOWER SURFACE
COORDINATES (YUPPER AND YLOWER)

= 2.0 MEAN LINE AND THICKNESS DIS-
TRIBUTION (MEAN AND THICK}

NUMBER OF SECTION POINTS INPUT,
MAX. = 50

XCHRO A

ABSCISSAS OF INPUT POINTS,
TYPEIN = 1.0 OR 2.0, XCPRO(1) = 0.0
XCORD(NPTS) = 1.0 REQUIRED

: YUPPER

ORDINATES OF UPPER SURFACE,
TYPEIN=1.0

FRACTION OF CHORD, AND REQUIRES
YUPPER(1)= 0.0

YUPPER(NPTS) = 0.0

00|00

YLAWER

ORDINATES OF LOWER SURFACE,
TYPEIN= 1.0

FRACTION OF CHORD, ANO REQUIRES
YLOWER(1) = 0.0

YLOWER(NPTS) = 0.0

oic|o|0

|

,'EA“AF

ORDINATES OF MEAN LINE, TYPEIN » 2.0
FRACTION OF CHORD, AND REQUIRES
MEAN(1) = 0.0

MEAN(NPTS) = 0.0

. THICK

Y

e

THICKNESS DISTRIBUTION, TYPEIN = 2.0
FRACTION OF CHORD, AND REQUIRES
THICK(1)= 0.0

THICK(NPTS) = 0.0

T45FF PLANFORM EFFECTIVE THICKNESS RATIO0.
ROR STRAIGHT TAPERED PLANFORMS, TCEFF » T‘VC
FOR NONSTRAIGHT PLANFORMS:

[[b/2

t
/; (?f ¢ dy
/2

n

TCEFF =

0
'wz" 1
[ - o

"]

Y
TNICK YUPPER

__é’__“,___’___ XCORD

\ YLIWER

MEAN

A SEE DATCOM SECTIONS 4.3.2.1 AND 4.3.3.2 (LINEAR REGRESSION

METHOOS) IF SET LESS THAN ZERO WILL BYPASS THE

REGRESSION METHQOS
INPUT ONLY FOR CONFIGURATIONS WITH A HORIZONTAL TAIL

NOT REQUIRED FOR STRAIGHT TAPERED PLANFORMS

ARRAY ELEMENTS MUST CORRESPOND TO THE MACH OR VINF
ARRAY (NAMELIST FLTCON)

ARRAY ELEMENTS MUST CORRESPOND TO THE XCPRD ARRAY
ONLY CALCULATED FOR SUPERSONIC AIRFOILS

USING NACA CARD.

L\ SEE SECTION B.3.2 FOR INPUT RECOMMENOATIONS

SUPPLIED OR COMPUTED BY AIRFOIL SECTION MODULE IF AIRFOIL DEFINED WITH NACA CARD OR SECTION COORDINATES
TED 8Y AIRFOIL SECTION MODULE IF AIRFOIL DEFINED WITH NACA CARD OR SECTION COORDINATES




TABLE 9 ASPECT RATIO CLASSIFICATION

“ARCL"
BORDER-LINE RANGE:
3 ‘
(€, +11C0S Ag <A< 16, +11C0s Agg

“ARCL" CAN BE SET IN NAMELISTS WGSCHR, HTSCHR, VTSCHR AND VFSCHR TO
SELECT EITHER LOW OR HIGH ASPECT RATIO METHODS. WHEN “ARCL" IS NOT
SET, AND “A* IS IN THE BORDER-LINE RANGE, THE FOLLOWING CRITERIA ARE USED:
A < 35 -
€y + 1 cos A

“LOW ASPECT RATIO”

35 ) .
A > TS A "MIGH ASPECT RATIO
SEE DATCOM SECTION 4.1.3.3
MEIHOD1
T
METHOD 2 (EWPIRICAL METHOD) v ]
125< Bty <36 < T ‘
METHOD 3 (CANARD METHOD)
bybn <t

METHOD IN RANGE 1.0 <by/by < 1.5 CAN BE SELECTED USING VARIABLE “DWASH" IN NAMELIST WGSCHR
FIGURE 9 PRIMARY APPLICATION REGIMES FOR SUISONIC DOWNWASH MET

IN DATCOM

HODS
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NON-LINEAR LIFT REGION ‘
% % *CLyax
a, ANGLE OF ATTACK
NOTES:

1. IFa, ANDa_ARE INPUT USING EXPR — THE LINEAR LIFT REGION IS DEFINED.

2 IF acL. AX AND PL" AX ARE ALSO INPUT USING EXPR — THE COMPLETE LIFT CURVE
1S DEFINED. -

3. IF THE COMPLETE LIFT CURVES FOR THE WING AND HORIZONTAL TAIL
ARE DEFINED AND BOTH SURFACES HAVE STRAIGHT TAPERED PLANFORMS,
ALL DATA DESIGNATED IN TABLE 2 THAT REQUIRE EXPERIMENTAL
OATA INPUT ARE CALCULATED.

4. |F THE BODY LIFT CURVE IS INPUT AT TRANSONIC MACH NUMBERS,
CONFIGURATION DATA INVOLVING THE BODY ARE SIGNIFICANTLY
IMPROVED.

FIGURE 10 TRANSONIC EXPERIMENTAL DATA SUBSTITUTION




TRANSONIC DATA AVAILABLE WITH EXPERIMENTAL DATA SUSSTITUTION

GIVEX DATA CALCULATED
- NONE VERT.Cp,,
w8 C
H-8 €
W-8-H, W-B-V, & W-B-H-V Cp,
WING Cy VSa WING Cp, Cy. Ca. c”'
w-8 Cp,Cyn.Ca.Cpp
W-8-V Cp,Cy.Cn.Ca
HORIZ C VS a HOMZ. €7 2y Ca Cyy
W8  Cp.CnCaCyy
. B0DY €, VSa - B-V Cy.Cn.CA
w-8 CL VSa
HORIZ. C_ & Cp VSa w-8-T Cg
vo_ s evsd
w- C VSa
WORZ. € VSa W-8-T €,

vqa.‘e; & delda VS a




-
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NAMELIST EXPR

‘1w

;
: E“?Y:EBSTNG vm%“ mz:g;n DEFINITION :
L (c.,.) CLAB 20 | BODY LIFT CURVE SLOPE VS ANGLE OF ATTACK, PER DEGREE
' )g CMAB 2 | BODY PITCHING MOMENT SLOPE VS ANGLE OF ATTACK, PER DEGREE
] (co cos .20 | BODY DRAG COEFFICIENT VS ANGLE OF ATTACK
5 : (cd 8 T 20 | BODY UFT COEFFICIENT VS ANGLE OF ATTACK
(c,)s o8 20 | BODY PITCHING MOMENT COEFFICIENT VS ANGLE OF ATTACK
€, CLAW 20 | WING LIFT CURVE SLOPE VS ANGLE OF ATTACK, PER DEGREE
(Cag\ CHAW 20 | WING PITCHING MOMENT SLOPE VS ANGLE OF ATTACK, PER DEGREE
@), cow 20 | WING DRAG COEFFICIENT VS ANGLE OF ATTACK
(c._ ) oLy 2 | WING LIFT COEFFICIENT VS ANGLE OF AiTACK
Cay o 20 | WING PITCHING MOMENT COEFFICIENT VS ANGLE OF ATTACK
€, CLAK 20 | HORIZONTAL TAIL LIFT CURVE SLOPE VS ANGLE OF ATTACK,
. PER DEGREE
(Cy) CMAH 20 | HORIZONTAL TAIL PITCHING MOMENT SLOPE VS ANGLE OF ATTACK,
" PERDEGREE
(o, COM 20 | HORIZONTAL TAIL DRAG COEFFICIENT S ANGLE OF ATTACK
(°L) cLH 20 | HORIZONTAL TAIL LIFT COEFFICIENT VS ANGLE OF ATTACK
(Cq )n om 2 | HORIZONTAL TAIL PITCHING WOMENT COEFFICIENT VS ANGLE
_ OF ATTACK
(©p) cov - | VERTICAL TAIL ZERO LIFT DRAG COEFFICIENT
(c"-):a CLAWB 20 | WING-BODY LIFT CURVE SLOPE VS ANGLE OF ATTACK, PER DEGREE’
Cady CHAB 2 VING-B0DY PITCHING MOMENT SLOPE VS ANGLE OF ATTACK, PER
: (€yg cows 20 | WING-BODY DRAG COEFFICIENT VS ANGLE OF ATTACK
. g cLwe 20 | ING-B0DY LIFT COEFFICIENT VS ANGLE OF ATTACK
(Colp o 2 | WING-BODY PITCHING MOMENT COEFFICIENT VS ANGLE OF ATTACK
G/t DEGDA 20 | DOWNWASH GRADIENT VS ANGLE OF ATTACK
. EPSLOW | 20 | DOWNWASH ANGLE VS ANGLE OF ATTACK, DEGREES
e QMQINF | 20 | RATIO OF HORIZONTAL TAIL DYNAMIC PRESSURE TO THE FREE
STREAM VALUE VS ANGLE OF ATTACK
w, A ALPYY ~ | WING ZERO LIFT ANGLE OF ATTACK, DEG
iy A ALPLY = | MING ANGLE OF ATTACK WHERE LIFT BECOMES NON-LINEAR, OEG
Gy Al acumw = | WING ANGLE OF ATTACK FOR MAX. LIFT, DEG
Cruax)y ﬁ cLaw = . | "G MAX. IFT COEFFICIENT
, o), ALPON - | HORIZONTAL TAIL ZERO LIFT ANGLE OF ATTACK, DEG
wy A| mpw ~ | HORIZONTAL TAIL ANGLE OF ATTACK WHERE LIFT BECORES
NON-LINEAR, DEG
) A acum = | MORIZONTAL TARL ANGLE OF ATTACK FOR MAX. LIFT, DEG
Clag,' A | cm | - | HORZONTAL TAL BAX, LIFT COEFRICIENT

R NOTE: 1 EXPERIMENTAL DATA PARAMETERS MUST BE BASED ON THE REFERENCE AREA AND LENGTHS AS USED
’ BY DIGITAL DATCOM. SEE FIGURE 4 FOR DEFINITIOI OF DIGITAL DATCOM REFERENCE PARANETERS.

A REQUIRED TO SUPPORT TRANSONIC SECOND LEVEL IETHODS. USED OPLY AT TRANSONIC MACH NUMBERS,
THE USE OF THESE PARANETERS IS SHOWN IN FIGURE 9.

3 EACH EXPERHMENTAL DATA NAMELIST REPRESENTS DATA FOR ONE MACH NUMBER. THE LAST 79 DIGITS
OF THE NANELIST NAME CORRESPONDS TO THE MACH NUMBER SEQUENCE IN NAMELIST FLTCPA, FIGURE 3.
NANELIST EXPRO] PROVIDES EXPERIMENTAL DATA FOR THE FIRST RACH NUMBER, EXPRO2 TYE SECOND,
EXPRIS THE FIFTEENTH, ETC. ALL SIX CHARACTERS IN THE NAMELIST NAME MUST BE SPECIFitu,

FIGURE 11 INPUT FOR NAMELIST EXPRnn— EXPERIMEI\]TAL DATA INPUT
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* 3.4 GROUP IIl INPUT DATA

The namelists required for additional or "special” ccnfiguration defi-
nition are presented in Figures 12 through 22, and Tablequﬁ‘through 12,
Specifically, the namelists PR@PWR, JETPWR,,GRNDEF, TVTPAN, ASY’FLP a\d\CﬂNTAB
enable the user to “"build upon” the configutation defined through GSoup 1I
inputs. The remaining namelists LARWB, TRNJET and HYPEFF define {"stand
alone”™ configurations whose namelists are not- used wffh Group II inputs.

The inputs for propellor power or jet power effects are made through
namelists PRYPWR and JETPWE, respectively. The number of engines allowable
is one or two and the engines may be iocated anywhere on the configuration.
The configuration must have a body and a wing defined and, optionally, &

horizontal tail and a vertical tail. Since the'Datcom method accounts for

incremental aerodynamic effects due to power, configuration changes requ.red

to account for proper placement of the engine(s) on the configuration (e.g.,
pylons) are not taken into account. -

Twin vertical panels, defined by namelist TVTPAN, can be defined on
either the wing or horizontal tail. Since the method only computes the
incremental lateral stabiiity results, “end-plate” affects on the longitudi-
nal_charactéristics are not calculated. If the twin vertical panels are
present on the horizontal tail, and a vertical tail or ventral fin is
specified, the mutual interference among the panels is not computed.

Inputs for the high 1ift and control devices are made with.the namelists
SYMFLP, ASYFLP and CUNTABR. In general, the eight flap types defined using
SYMFLP (variable FTYPE) are assumed to be located on the most aft lifting
surface, either horizontal tail or wing if a horizontal tail is not defined.
Jet flaps, aléo defined using SYMFLP, will always be located on the wing,
even with the presence of a horizontal tail. Control tabs (namelist C@NTAB)
are assumed to be mounted on a plain trailing edge flap (FTYPE=1l); therefore,
for a control tab analysis namelists CPNTAB and SYMFLP (with FTYPE=l) must
both be input. For ASYFLP namelist inputs, the spoiler and aileron devices
(STYPE of l., 2., 3. or 4.) are defined for the wing, even with the presence
of a horizontal tail, whereas the all-moveable horizonial tail (STYPE=5.0)

is, of course, a horizontal tail device.

.
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NAMELIST PRPWR : ;

K a
/
/ |
/ ]
/ =
it e e e —__/: 4
Py T S~ |
- N +X REFERENCE PLANE ~~J *
= {- —> = e
\ - —— f". . /,/
= -
~—_ %&“’” -
X'p ]

PROPELLER POWER EFFECT METHODS ARE ONLY APPLICABLE TO LONGITUDINAL STABILITY
PARAMETERS IN THE SUBSONIC SPEED REGIME.

”
A Ky IS NOT REQUIRED AS INPUT IF (bp)'s ARE INPUT AND CONVERSELY (by)'s ARE NOT REQUIRED

IF Kpy 1S INPUT.

FIGURE 12 INPUT FOR NAMELIST PROPWR — PROPELLOR POWER PARAMETERS

(SEE SECTION 4.6.1 OF DATCOM)

- v i e

ENGINEERING | VARIABLE | ARRAY

SYMBOL NAME | DIMENSION DEFINITION UNITS
iT AIETLP - ANGLE OF iNCIDENCE OF ENGINE THRUST AXIS, | :DEG
n NENGSP - NUMBER OF ENGINES (100 2)5 ¢ -
v THSTCP - THRUST COEFFICIENT = gy e -
X'p PHALGC - AX:AL LOCATION OF PROPELLER HUB L
Zr PHVLC - VERTICAL LOCATION OF PROPELLER HUB 4
Rp PRPRAD - PROPELLER RADIUS 1 -
Ky ENGFCT ) - EMPIRICAL NORMAL FORCE FACTOR -
(bplo.3n, | BWAPR3 - SLADE WIDTH AT 0.3 PRIPELLER RADIUS £
bplo.6Rp | BwaPRs A\ - BLADE WIDTH AT 0.6 PROPELLER RADIUS £
(bplo.grp | BWAPR9 - BLAGE WIDTH AT 0.9 PROPELLER RADIUS £
Ng nbPBPE - NUMBER OF PROPELLER BLADES PER ENGINE -
Blo.75Rp | BarRyS - BLADE ANGLE AT 0.75 PROPELLER RADIUS DEG
Yp P - LATERAL LOCATION OF ENGINE )

CRYT - .TRUE. COUNTER ROTAYING PROPELLER -

: .FALSE. NON CGUNTER ROTATING PROPELLER
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r
4
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3
3 NAMELIST JETPWR
4
} ; o 2 Y]
‘ T a 'o ’"7
Y V /
I “— - o e a '
- - vt
- -t
S- - - an = = - \ \
g —— 3
3 r \.'-..; ‘ \a‘
LY 4 ’.‘:.-f
- P OB WD D wn e e I 4
B - - ’
; ' +X nsrenence !9_"_5_-;*_
2 ! =1
; hepsms—— x'"-— - l. : 0 J
JET POWER EFFECT METHODS ARE ONLY APPLICABLE TO LONGITUDINAL STABILITY PARAMETERS
© {N THE SUBSONIC SPEED REGIME. : .
: JET POWER INPUTS ARE REQUIRED FOR EXTERNALLY BLOWN JET FLAP (EBF) CONFIGURATIONS. NOT REQUIRED
; PURE JET FLAPS OR INTERNALLY BLOWN FLAPS (18F) .
EBF JET| JET v '
FLAP | POWER E'“;:':::{“‘ NAME m;z::zm DEFINITION UNITS
INPUTS | INPUTS -
%’ ® ® t AlETU - ANGLE OF INCIDENCE OF ENGINE THRUST | DEG
LINE
{ ® " NENGSJ - NUMBER OF ENGINES (1 OR a -
}
: ° Te THSTC) - THRUST COEFFICIENT = -~ Sasr -
-+ ° " JIALOC - AXIAL LOCATION OF JET Eneme weer | 4
' ° [ ) 2 JEVLeC - VERTICAL LOCATION OF JET ENGINE EXIT 1
E ® o e JEALOC - AXIAL LOCATION OF JET ENGINE EXIT 1
: ® A JNLTA - JET ENGINE INLET AREA A
% [ ) ) 0 JEANGL - JET EXIT ANGLE pEq
H ° v) JEVELY - JET EXIT VELOCITY In
) Too AMBTMP - AMBIENT TEMPERATURE DEG
° £} JESTMP - JET EXIT STATIC TEMPERATURE DEG
) ° " JELLOC - LATERAL LOCATION OF JET ENGINE
® ’e TP - JET EXIT TOTAL PRESSURE FIA
° P AMBSTP - AMBIENT STATIC PRESSURE FIA
° ° N JERAD - RADIUS OF JET EXIT 1
k K
! FIGURE 13 INPUT FOR NAMELIST JETPWR ~ JET POWER PARAMETERS
k
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NAMELIST GRNDEF

.. _\<— - REFERENCE PLANE

GROUND EFFECT METHODS ARE ONLY APPLICABLE TO LONGITUDINAL STABILITY
PARAMETERS IN THE SUBSONIC SPEED REGIME. :

: ENGINEERING | VARIABLE | ARRAY : :
: N . !
SYMBOL NAME | DIMENSION , DEFINITIO UNITS
Ny NGH - NUMBER OF GROUND HEIGHTS TO BE RUN -
H GROHT 10 | VALUES OF GROUND HEIGHTS. GROUND HEIGHTS EQUAL

ALTITUDE OF REF. PLANE RELATIVE TO GROUND !

FIGURE 14 INPUT FOR NAMELIST GRNDEF — GROUND EFFECT DATA
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NAMELIST TVTPAN

o o]

N

N

EFFECTS OF TWIN VERTICAL PANELS ONLY REFLECTED IN SUBSONIC LATERAL ST ABILITY RESULTS

2
&

L

ENGINEERING| VARIABLE] ARRAY DEFINITION UNITS
SYMBOL NAME | DIMENSION :
by’ avP - VERTICAL PANEL SPAN ABOVE LIFTING SURFACE !
by v - VERTICAL PANEL SPAN ?
2n B8OV . - FUSELAGE DEPTH AT QUARTER CHORD-POINT OF VERTICAL
PANEL MEAN AERODYNAMIC CHORD !
by 8H - DISTANCE BETWEEN VERTICAL PANELS ]
Sy sV - PLAN FORM AREA OF ONE VERTICAL PANEL A
e VPHITE - TOTAL TRAILING-EDGE ANGLE OF VERTICAL PANEL AIRFOIL
SECTION DEG
| VP - DISTANCE PARALLEL TO LONG. AXIS BETWEEN THE CG AND THE
QUARTER CHORD POINT OF THE MAC OF THE PANEL. POSITIVE
IF AFT OF CG. !
2p ¥4 d - DISTANCE IN THE Z DIRECTION BETWEEN THE CG AND THE MAC

OF THE PANEL, POSITIVE FOR PANEL ABOVE CG.

FIGURE 16 INPUT FOR NAMELIST TVTPAN - TWlN-VERTICAL PANEL INPUT
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NAMELIST SYMFLP

‘ : ENGRSYY
PLAIN TRAILING-EDGE FLAP ROUND NOSE FLAP
nTYPE= 10
, g _.I
: E i\*% )‘-}
&
’ tanigre
SINGLESLOTTED FLAP ' w :.at FLAP walgre
oy
| Gy
. .
- — —-1 JE%>—— R
AN # — )
' ]
| Y'Y . ‘
T FLAP . SNARPNGSE FLAP
| L TR “©
CLASSIFICATION OF PLAN FLAP NOSE SHAPES c'. ;
t o
o (8
" WGE LE Q2 G,
-t ¢ ) ) 1 C
J_ " e e — - A i | o ﬁ):’f-'
[} ’g } ‘——-'k- & Al
;\ 1 .
LEADING-EDGE SLAT ‘ CONTROL SBALANCE INPUT VARIABLES :
1 ] <
'_l L] "' I ;Lx"“ . | ::
D U z E Siett
. « . Sn—
LEADING-EDGC $LAP . KEUSSERFLAP %‘:

FIGURE 16 INPUT FOR NAMELIST SYMFLP — SYMETRICAL FLAP DEFLECTION INPUTS
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ARRAY
M3OL | VARIABLENAME | o oy OEFINITION
g
s
1.0 PLAIN FLAPS
= 2.0 SINGLE SLOTTED FLAPS -
= 3.0 FOWLER FLAPS
FTYPE - =40 00UBLE SLOTTED FLAPS -
= 5.0 SPLIT FLAPS
= 6.0 LEADING EDGE FLAP
= 7.0 LEADING EDGE SLATS :
= 8.0 KRUEGER [ BN
NDELTA - NUMBER OF FLAP OR SLAT DEFLECTION ANGLES, MAX 9 ~lejo|ejO®|@®je ol e
DELTA 9 FLAP DEFLECTION ANGLE MEASURED STEAMWISE 5|9 lo | @@ | @ | @® ®
12 PHETE - TANGENT OF AIRFOIL TRAILINE EDGE ANGLE -
BASED ON ORDINATES AT 90 AND 99 PERCENT CHORD o000 |® @
72 PHETEP - TANGENT OF AIRFOIL TRAILING EDGE ANGLE BASED ON
ORDINATES AT 95 AND 99 PERCENT CHORD X B EE BN BN
CHROF1 - FLAP CHORD AT INBOARD END OF FLAP, MEASURED ] .
PARALLEL TO LONGITUDINAL AXIS 'BE K NE N EE B NN N
CHRDFG - FLAP CHORD AT OUTBOARG END OF FLAP, MEASURED I}
PARALLEL TO LONGITUDINAL AXIS FEE B B A B A I I
SPANFI - SPAN LOCATION OF INBOARD END OF FLAP, MEASURED )
PERPENDICULAR TO VERTICAL PLANE OF SYMMETRY "{ejeo|l ol ej® e |®]® @
SPANFO - SPAN LOCATION OF OUTBOARD END OF FLAP. MEASURED | o
PERPEMDICULAR TO VERTICAL PLANE OF SYMMETRY ojlojo|lo|oeojeje e @
CPRME! 9 TOTAL WING CHORD AT INBOARD ENO OF FLAP (TRANS. ]
LATING DEVICES ONLY) MEASURED PARALLEL TO
LONGITUDINAL AXIS ejeo| @ ojleoe| e
CPRMED 9 TOTAL WING CHORD AT OUTBOARD END OF FLAP (TRANS. | 1
LATING DEVICES ONLY) MEASURED PARALLEL TO
LONGITUDINAL AXIS ojle | o oo le
CAPINB 9 | [ ]
CAPOUT 9 ? ®
DOBOEF 9 ! o
DOBCIN - J ] ®
ogscoT - ! °
SCLO 9 INCREMENT IN SECTION LIFT COEFFICIENT DUE TO
DEFLECTING FLAP TO THE ANGLE 8¢
SCMD 9 INCREMENT IN SECTIGN PITCHING MOMENT COEFFICIENT
DUE TO DEFLECTING FLAP TO ANGLE 54
c3 - AVERAGE CHORD OF THE BALANCE 1le
TC - AVFRAGE THICKNESS OF THE CONTROL AT HINGE LINE tie
= 1.0 ROUND NOSE FLAP
NTYPE - { 2.0 ELLIPTIC NOSE FLAP -
= 3.0 SHARP NOSE FLAP
= 1.0 PURE JET FLAP [
JETFLP - = 2.0 18F -
= 3.0 €BF
h ) = 4.0 COMBINATION MECHANICAL AND PURE JET FLAP
cMU - TWO-DIMENSIONAL JET EFFLUX COEFFICIENT = [
DELJET 9 JET DEFLECTION ANGLE DEG ®
EFFIET 9 EBF EFFECTIVE JET DEFLECTION ANGLE OEG ®
*|ONAL FOR ALL FLAP TYPES
CHAMICAL FLA? TYPE IF JETFLP « 4
J
!’.Am-v
. v ! . .
; -t
¥ o ’I . R e R Rt v
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un(orgi2) = 1/2["9_0 - ‘Yss]

tan (Grgf2) = 12 [”95_;12]

FIGURE 17 SYMMETRICAL FLAP INPUT DEFINITIONS
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TRAILING EDGE
CAMBER LINE

PURE JET FLAP

- JET
EFFLUX

~TRAILING EDGE
CAMBER LINE

JET
EFFLUX

COMBINATION JET FLAP

& MECHANICAL FLAP

PARALLEL TO

WING CHORD

INTERNALLY BLOWN | | LINE
e Bitt * +28 4 /

S et G

" " EXTERNALLY BLOWN

JET FLAP ~tL

" FIGURE 18 JET FLAP INPUT DEFINITIONS
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FIGURE 19 INPUT FOR NAMELIST ASYFLP — ASYMMETRIC L CONTROL DEFLECTION INPUT




A VARIABLES REQUIRED
PER CONTROL TYPE

ENGINEERING]VARIABLE| ARRAY
. SYMBOL NAME rmensuou : DEFINITION UNITS

SPOILER-SLOT-DEFLECTOR ON WING
ALL MOVEABLE HORIZONTAL TAIL

PLUG SPOILER ON WING
PLAIN FLAP AILERON

@ [FLAP SPOILER ON WING

- = 1.0 FLAP SPOILER ON WING
] = 2.0 PLUG SPOILER ON WING ;
: STYPE - = 3.0 SPOILER-SLOT-DEFLECTION ON WING ‘ -
' = 4.0PLAIN FLAP AILERON [
= 5.0 DIFFERENTIALLY DEFLECTED ALL MOVEABLE HORIZONTAL TAIL ' °
NOELTA - NUMBER OF CONTROL DEFLECTION ANGLES; REQUIRED FOR ALL -
;o CONTROLS, MAX. OF 9
by SPANF! - SPAN LOCATION OF INBOARD END OF FLAP OR SPOILER CONTROL, /]
: MEASURED PERPENDICULAR TO VERTICAL PLANE OF SYMMETRY
i by | seanre - SPAN LOCATION OF OUTBOARD END OF FLAP OR SPOILER CONTROL, Y
£ MEASURED TO PERPENDICULAR TO VERTICAL PLANE OF SYMMETRY
, WR(PTES2) | PHETE - | TANGENT OF AIRFOIL TRAILING EDGE ANGLE BASED ON ORDINATES | -
3 AT x/c = 0.90 AND 0.99
o DELTAL ] DEFLECTION ANGLE FOR LEFT HAND PLAIN FLAP AILERON OR tesr | o6
HAND PANEL ALL MOVEABLE HORIZONTAL TAIL, MEASURED IN
VERTICAL PLANE OF SYMMETRY , eole

% L] OELTAR 8 DEFLECTION ANGLE FOR RIGHT HAND PLAIN FLAP AILERON OR RIGHT DEG
1

HAND PANEL ALL MOVEABLE HORIZONTAL TAIL, MEASURED IN
, . VERTICAL PLANE OF SYMMETRY e|e
e CHRDF! ~ | AILERON CHORD AT INBOARD END OF PLAIN FLAP AILERON, ]
-t g MEASURED PARALLEL TO LONGITUDINAL AXIS ™
o, CHROF§ | ~ | AILERON CHORD AT QUTBOARD END OF PLAIN FLAP AILERON, L
_ MEASURED PARALLEL TO LONGITUDINAL AXIS ; ®
- 5} pELTAD | 9 | PROJECTED HEIGHT OF DEFLECTOR, SPOILERSLOT-DEFLECTOR -
| coNTROL; FRACTION OF CHORD

LY DELTAS 8 | PROJECTED HEIGHT OF SPOILER, FLAP SPOILER, PLUG SPOILERAND | -~

¢ SPOILER-SLOT-DEFLECTOR CONTROL; FRACTION OF CHORD olele
A Xs#C 9 | DISTANCE FROM WING LEADING EDGE TO SPOILER LIP MEASURED -
L PARALLEL TO STREAMWISE WING CHORD, FLAP AND PLUG SPOILERS: :
FRACTION OF CHORD e|e®
.Y xsoamE | - | DISTANCE FROMWING LEADING EDGE TO SPOILER HINGE LINE -
¢ - MEASURED PARALLEL TO STREAMWISE WING CHORD, FLAP SPOILER,
4 PLUG SPOILER AND SPOILER SLOT-DEFLECTOR CONTROL: _
FRACTION OF CHORD ole|e
N HS$C s | PROJECTED HEIGHT OF SPOILER MEASURED FROM AND NORMALTO, | -
. ¢ _ AIRFOIL MEAN LINE, FLAP SPOILER, PLUG SPOILER AND SPOILER-
E»- SLOT-REFLECTOR; FRACTION OF CHORD olele
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NAMELIST LARWB
SHARP LEADING EDGE
INPUT PARAMETER -8.1 NOT REQUIRED IF LEADING EDGE IS ROUND

8.1. EFFECTIVE WEDGE ANGLE OF SHARP LEADING EDGE WING, PERPENDICULAR T0 LEADING EDGE
- AT®,3 FROM NOSE, DEGREES

':L by=oLté,0 R

AJ908 81
TNA ‘5L1

ROUND LEADING EDGE
INPUT PARAMETERS: ( "% LE ) / bANDS, (NOT REQUIRED IF LEADING EDGE IS SHARF).

(R% LE )/b = EFFECTIVE RADIUS OF ROUND LEADING EDGE WING, PERPENDICULAR TO LEADING EDGE
AT %r/3 FROM NOSE, DEGREES DIVIDED BY SURFACE SPAN

5 = LOWER SURFACE ANGLE OF ROUND LEADING EDGED WING, PERPENDICULAR TO WING LEADING EDGE

AT ¢, /3 FROM NOSE, DEGREES
} R%Lé =2p +14
_;r_ 313, S Y
. 0 R
Af % R %LE
¢ 5 !
' )
S g
il
AN i 1T
1 RI
|
Y A e g e A
b
R2

T
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ROUNDN
FALSE.

VIEW X

ROUNDN

:, TRUE.

BASE LOCATION DESICNATOR

BLF
.TRUE.

PLAN VIEW

_L OF BASE AREA

E / e X *lhl“
- e
% BLF "f{i:i"ce | g L Jeno NoRmAL Force
_EALSE. I REF PLANE
ENGINEERING | VARIABLE | ARRAY ;
SYMBOL NAME | DIMENSION DFFINITION UNITS
Zase 28 - VERTICAL DISTAHCE BETWEEN CENTROID OF BASEAREA AND |
BODY REF PLANE )
s SREF - PLANFORM AREA USED AS REFERENCE AREA A
50, DELTEP - SHARP LEADING EDGE PARAMETER DEG
Sg SFRONT - PROJECTED FRONTAL AREA PERPENDICULAR TO ZERO
NORMAL FORCE REF PLANE A
A AR N ASPECT RATIO OF SURFACE -
(Ry/3 LEVb RILEOB - ROUND LEADING EDGE PARAMETER -
8y ~ ELTAL - ROUND LEADING EDGE PARAMETER 0EG
15 L - LENGTH OF BODY USED AS LONGITUDINAL REF LENGTH !
Swet SWET - WETTED AREA, EXCLUDING BASE AREA A
P PERBAS - PERIMETER OF BASE !
S SBASE - BASE AREA A
hy HB - MAXIMUM HEIGHT OF BASE !
by 88 - MAXIMUM SPAN OF BASE USED AS LATERAL REF LENGTH !
BAGE LOCATION | BLF - TRUE. PORTIONS OF BASE ARE AFT OF NON-LIFTING SURFACE | -
DESIGNATOR "FALSE. TOTAL BA*~ AFT OF LIFING SURFACE
Xm XcG - LONGITUDINAL LOCATION OF CG FROM NOSE ?
0 THETAD - WING SEMI-APEX ANGLE DEG
NOSE BLUNTNESS | ROUNDN - “TRUE. — ROUNDED NOSE -
DESIGNATOR .FALSE. - POINTED NOSE
Seg $8S - PROJECTED SIDE AREA OF CONFIGURATION A
AT SBSLB - PROJECTED SIDE AREA OF CONFIGURATION FORWARDOF 20 | A
Xcentroidgg XCENSB - DISTANCE FROM NOSE OF VEHICLE TO CENTROID OF
s PROJECTED SIDE AREA !
Xcentroidy XCENW - DISTANCE FROM NOSE OF CONFIGURATION TO CENTROID OF
PLAN AREA [}




NAMELIST TRNJET

w |1

Mea Peo
AY / Y
II777TNTT7777
L —
N
ENGINEERING | VARIABLE | ARRAY I
SYMBOL | NAME | DIMENSION DEFINITION uNITS
NT ~  |NUMBER OF TIME HISTORY VALUES, MAXIMUM OF 10 -
v TME 10 |TIMEHISTORY ¢
Fe Fe 10 |TIMEHISTORY OF CONTROL FORCE REQUIRED TO TRIM F
Gee ALPHA 10 |TIMEHISTORY OF ATTITUDE 0EG
LAMNRJ 10 |TIMEHISTORY OF BOUNDARY LAYER, WHERE -
- {TRUE.-BOUNDARY LAYER IS LAMINAR AT JET
| - [FALSE - 80UNDARY LAYER 1S TURBULEHT AT JET
SPAN ~  |SPAN OF NOZZLE NORMAL TO FLOW DIRECTION 2
v PHE = |incuinaTiON oF NOZZLE CENTER “INE RELATIVE TO AN AXIS | DEG
i NORMAL TO SURFACE |
; ", ME - |nozzLE EXIT MACH NUMBER -
Iy isp - |4ETVACUUM SPECIFIC IMPULSE t
¢ cc - |wozzLe DiscuarGE coeFFiciENT -
v, | o - |speciFic weaT RaTIO OF PROPELLANT -
L LFP ~ | DISTANCE OF NOZZLE FROM PLATE LEADING EDGE /]

FIGURE 21 INPUT FOR NAMELIST TRNJET — TRANSVERSE-JET CONTROL INPUT
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heaal

3 ’ NAMELIST HYPEFF

ENGINEER | VARIABLE | ARRAY : :
| SYMBOL | NAME | DIMENSION | DEFIRITION UNITS
1 ALT AUITD - ALTITUDE ) 2
« ML XHL - | DISTANCE TO CONTROL HINGE LINE MEASURED FROM
r _ THE LEADING EDGE 1
{ ToTe | 14T - RATIO OF WALL TEMPERATURE TO THE FREE STREAM -
‘ | STATIC TEMPERATURE .
o CF - CONTROL CHORD LENGTH 1
: HNDLTA - | NUMBER OF FLAP DEFLECTION ANGLES (MAXIMUM OF 10) -
& HDELTA 10 CONTROL DEFLECTION ANGLE, POSITIVE TRAILIP'® DEG
EDGE DOWN
LAMNR - = TRUE.—BOUNDARY LAYER AT HINGE LINE IS LAMINAR -
« FALSE.—BOUNDARY LAYER AT HINGE LINE IS TURBULENT

B N i asett T
EERE R L

FIGURE 22 INPUT FOR NAMELIST HYPEFF — FLAP CONTROL AT HYPERSONIC SPEEDS
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MAMELIST CONTAB

TABLE 10 INPUT PARAMETER LIST NAMELIST CONTAB

ENGR | VARIABLE CONTROL | TRIM
symeoL | Name | O™ DEFINITION TAB Tag | UNITS
= 1 TAB CONTROL X -
TTYPE - | =2TRMTAB X
=3 B0TH X X
(Chidye CFiTC - | INBOARD CHORD, X {
CONTROL TAB
Crohe CFOTC - OUTBOARD CHORD, !
CONTROL TAB X
(biye BITC - | INBOARD SPAN LOCATION X £
CONTROL TAB
(bol;, 89TC - | OUTBOARD SPAN LOCATION X !
CONTROL TAB ,
(Chy CFITT - | INBGARD CHORD, TRIM X 1
TAB
(Cply CFOTT - OUTBOARD CHORD, TRIM X £
TAB
(bdeg BITT - | INBOARD SPAN LOCATION x | 1
‘ TRIM TAB
{bglnt BOTT - OUTBOARD SPAN LOCATIORN, X L
j i TRIMTAS
. By 81 - X V/DEG
’ ; B, 82 - 1/DEG
: B3 83 - 1/0EG
By B4 - x | voee
0y D - SEETABLE 1 X V/DEG
D2, €2 - FOR DEFINITIONS V/BEG
03 23 - 1/DEG
Gmax GCMAX - X x | !
k ks AN - X FIA-DEG
R RL X -
B BGR - X -
Ar DELR - X -

A\ IF THE SYSTEM HAS A SPRING, KS INPUT, THEN
FREE STREAM DYNAMIC PRESSURE IS REQUIRED
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TABLE 11 SYMBOL DEFINITION

¢..C
vic*te
fe 7 S
By = ( aCp, c/a6c)6tc' ag, bxe = (Chg)e. 1/Deg (Datcom Section v.1.6.2)
B2 = (%h c/astc) Soagby o 1/Deg. user input.
B3 - ( achc/aa,) BcrbretSr ¢ (Chg)cr 1/Deg (Datcom Section 6.1.6.1 )'
Bg = ( oCp CIBS“) bobrcBg ¢ 1/Deg, user input.
) surface mean aerodynamic chord {movable surfaces ére defined by their area aft of the
hinge line, and the MAC is of that area)
Dy = (3Chy/38¢)sycag . 1/Deg (User Input)
Dy = (acht c/aam)a c'as *® (Chg)¢c, 1/Deg (Datcom Section 6.1.6.2)
D3 = (achtc/aa,) brbe (Chq)tc. 1/Deg (Datcom Section 6.1.6.1)
Fe control-column force (pull force is positive)
1 , , , , :
Ge - maximum stick gearing user input. 3
max axc’ 1t R =0, Gg,___ also is zero. In this case f
57.3 Y3 - max ST B
¢ /max input Gec . and Ar = 1.0 (Grer o, = Gy *4r). |

Kk - _ aM;e 1 tab spring effectiveness
3d¢c Jspring Stctte :
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TABLE 11 SYMBOL DEFINITION {CONT'D)

q local dynamic pressure

R1. R2 shorthand notation for tab and main surface hinge moments and key linkage
plnmetefs, obtained from Table 12

RL serodynamic boost link ratio, user input. (RL20). Toinput R = oe,
~ set R <O0.

S ) surface area (movable surfaces are defined by their area aft of the hinge line)

ag -angle of attack of the surface to which the main control surface is attached, Deg

.(%:_n_c_> . withk = o0 control-tab gear ratio
¢ / stic ‘
free

5 ) surface deflection, positive for trailing edge down or to the left, Deg

Ay, = =Og m“/ac max 073 maximum control deflection (the value of A ¢ is positive because

stcmax and 5, max Will have opposite signs), user input.

When R = 0,4, = 1.0.

SUBSCRIPTS

c main control surface

s surface to which the main control surface is attached, i.e, horizontal tail, vertical tail,
: or wing

tc control tab

trim tab
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TABLE 12 EQUATIONS FOR R1 AND R2

_ (CATCOM TABLE 6.3.4-b)
SPECIFIC TYPE ¢INKAGE R n
" OF SYSTEM ALl x| 8 ! ] 2
GEARED TAB o | o | Fe 0 1
PURE DIRECTCONTROL | o | = | 0 (] . 1
(RL+4) ~(k/gD2) (R + &)
GEARED SPRING TAB Fle|r
8 k 8 k
' fiy *'E&E-EU'{‘“L-B’ RL Oi:%;‘—ﬁz- (R -/
l'@'E +4) ~{k/qDaNRL + &)
SPRING TAB £ Flo 2 k 82 k
A ¢ = = (R R +emmeee = —= (R{)
R A L+ 7“7 "L
) Ry +4y) 0
PLAIN LINKED TAB fF|lo]o B2
. Ry + Ac"o:' '
O ~(k/qD2) &
GEARED FLYING TAB o | £ | F 8 k
0 ——— ' k
" wh 3 oy
| . & ~(k/aD2) &
SPRING FLYING TAB o| Flo B2 8
AcD2 AcD2
a o : . _
PURE FLYING TAB o] ojo 82
' AcD2

* £ DENOTES FINITE VALUE
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3.5 GROUP IV INPUT DATA o
Case control cards are provided to give the user case conttol and

optional input/output flexibility. .
All Datcom control cards must start in card Column 1. The control card
name cannot contain any embedded blanks, unless the name consists of two
words; they are then separated by a single blank. All but f.ne case termina-
tion card (NEXT CASE) may be inserted anywhere within a case (including the
middle of any namelist). Each control card is defined below and'emples of
their usage are illustrated in the example problems of Section 7.
3.5.1 Case Control ‘ - '

NAMELIST = When this card is encountered, the content of each applicable
namelist is dumped for :he‘case in the input systé- of mi:s.v This option is
recommended if there 1is doubt about the input values bemg used, especiully
when the SAVE option has been used. : -

SAVE = When this control card is present in a case, inpuc data for the

cagse are preserved for use in the following case. ‘thds. data encountered in

the following case will update the saved data. Values not input in the new
case will remain unchanged. Use of the SAVE card allows minimum inputs for
multiple case jobs. The total number of appearances of all namelists in
consecuti . : SAVE cases cannot exceed 300; this includes multiple appearances
of the same namelist. An error message is printed and the case is terminated
if the 300 namelist limit -13 exceeded. Note, if both SAVE and NEXT CASE
cards appear in the last input case, the last case will be executed twice.

The NACA, DERIV and DI_N control cards are the only control cards
affected by the SAVE card; i.e., no other control cards can be sawed from
case to case. Y '

DIM FT | When any of 'these cards are encountered, the input and

DIM IN [ output data Qie specified in the stated system of

DIMM | units. (See Table 8.) DIM FT is the default.

DIM CM

NEXT CASE ~ When this card is encountered, the program terminates the
reading of input data and begins execution of the case. Case data are

destroyed following execution of a case, unless a SAVE card is present. The
presence of this card behind the last input case is optional.
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3.5.2 Execution Control
TRIM - If this card is included in the case input, trim calculations

will be performed for each subsonic Mach number within the case. A vehicle
may be trimmed by deflecting a control device on the wing or horizontal tail
or by deflecting an all-movable horizontal stabilizer.

DAMP - The presence of this rard in a case will provide dynamic-
derivative results (for addressable configurations) in addition to the stan=:
dard static-derivative output (see Figure 25).

NACA - This card provides an NACA airfoil section designation (or super—
sonic airfoil definition) for use in the airfoil section module. It is used
in cbnjunction with, or in place of, the airfoil section characteristics
namelists, Figure 8., The airfoil section module calculates the airfoil sec-
tion characteristics designated in Figure 8, and is executed 1f either a NACA
control card is present or the variable TYPEIN is defined in the appropriate
section characteristic namelist (WGSCHR, HTSCHR, VTSCHR or VFSCHR). Note
that if airfoil coordinates and the NACA card are specified for the same
aerodynamic surface, the airfoil coordinate specification will be used.
Therefore, if coordinates have been specified in a previous case and the SAVE
option is in effect, TYPEIN must be set equal to “UNUSED" for the presence of
an NACA card to be recognized for that aerodynamic surface. The airfoil
designated with this card will be used for both panels of cranked or double~

delta -lanforms.

1 » v~rm of this control card and the required parameters are given
below.
Card Column. Input(s) Purpose

1 thru 4 - VTA The unique letters NACA
' designate that an éirfoil

is to be defined

S5 Any delimeter

6 W, H, V, or F Planform for which the
airfoil designation
appiies;
Wing (W), Horizontal Tail
(1), Vertical Tail (V), or
Ventral Fin (F)
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Any delimeter
1, 4, 5, 6, S Type of airfoil section;
o l-series (l);'b—digit (4),
S-digit (5), 6-series (6),
or supersonic (S)
9 Any delimeter
10 thru 80 Designation Input designatibn; columns
'  are free-field (blanks are

ignored)

Only fifteen (15) characters are accepted in the airfoil desiznation.

The vocabulary consists of the numbers zero (0) through nine (9), the letter
"A", and the characters ",", ".", "=", and "=". Any characters inpu. that
are not in tﬁe vocabulary list will be interpreted as the number zer.. (0).

Section designation input restrictions inherent to the Airfoil Section
Module are presented in Table 13.

3.5.3 Output Control

CASEID - This card provides a case identification that is printed as
part of the output headings. This identification can be any user defined

case title, and must appear in card columns 7 -through 80, » '
DUMP NAMEl, NAME2 ,.. - This card is used to print the contents of the

named arrays in the foot-pound-second system of units. The arrays that can
be listed and definition of their contents are givén in Appendix C. For
example, if the control card read was "DUMP FLC, A " the flight conditions
array FLC and the wing array A would be printed prior to the conventional
output. If more names are desired than can fit in the available space on one
card, additional dump cards may be included. _

DUMP CASE - This card is similar to the-"DUMP NAMEl, «..” control card.
When this card is present in a case, all the arrays (defined in Appendix C)
that are used during case execution are printed prior to the conventional
output. The values in the arrays are in the foot-pound-second system of
unité. '

DUMP INPT ~ This card is similar to the "DUMP CASE™ card except that it
forces a dump of all input data blocks used for the case.

DUMP I¢M - This card is similar to the "DUMP CASE" card except that zll

the output arrays for the case are dumped.
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TABLE 13 AIRFOIL DESIGNATION USING THE NACA CONTROL CARD

INPUT NACA

DESIGNATION

0012
0012.28

23118
2406-32

43006-65

16-212

64-005
64-205  A=0.6
63A005
652A215 A=06
65,2A215 A=0.6

$-3-30.0-2.5-40.1

DOO®

NACA SERIES
" AIRFOIL

4-01GIT
4-DIGIT

5-0IGIT
4-DIGIT
MODIFIED

§5-0IGIT
MODIFIED

1-SERIES -

6-SERIES

SUPERSONIC

RESTRICTIONS

NONE

NONE (NOTE: THICKNESS CAN BE
FRACTIONAL ONLY FOR 4-DIGIT
'SERIES)

NONE

POSITION OF MAXIMUM THICKK :SS
MUST BE AT 20, 30, 40, 50 OR
60% CHORD

POSITION OF MAXIMUM THICKNESS
MUS7 BE AT 20, 30, 40, 50 OR
60% CHORD

X FOR MINIMUM PRESSURE MUST
BE.G,.80R .9

X FOR MINIMUM PRESSURE MUST
BE.3, 4, 50R .6

(NOTE: THE PROGRAM DOES NOT
DISTINGUISH BETWEEN A

64, 2-210 AND A 64,-210.
DIFFERENCE IN COORDINATES
BETWEEN THE TWO DESIGNATION
iS NEGLIGIBLE) :

() SECTION TYPE 1= DOUBLE WEDGE
2= CIRCULAR ARC
3= HEXAGONAL

(2) DISTANCE FROM L.E. TO MAX

THICKNESS, % CHORD
8 MAX. THICKNESS, % CHORD
FOR HEXAGONAL SECTIONS, LENGTH
OF SURFACE AT CONSTANT
THICKNESS, % CHORD
(NOTE: ALL PARAMETERS CAN BE
EXPRESSED TO 0.1%; “~" DELIMETER
MUST BE USED)
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DUMP ALL - This card is similar to the “DUMP CASE” card. Its use dumps

all program arrays, even if not used for the case.

YA s AT

DERIV RAD - This card causes the static a:d dynamic stability deriva-
tives to be output in radian measure. The oﬁtput will be in degree measure

ey e

unless this flag is set. The flag remains set until a DERIV DEG control card
is encountered, even if ;'NEXT CASE" cards are subsequently encountered.

DERIV DEG - This card causes the static and dynamic stability deriva-
§ tives to be output in degree measure. The remaining characte'tistics of this
control card ére the same as the DERIV RAD card. DERIV DEG is the default.
' PART - This card provides auxiliary and partial outputs at each Mach
number in the case (see Section 6.1.8). These outputs .aie automatically
provided for all cases at transonic Mach numbers. '

BUILD - This control card provides configuration bu11d4up data. Conven-
tional static and dynamic stability data are output for all of the applicable
basic configuration combinations shown in Table 2.

PLYT - This control card causes data generated by the program to be
written to logical unit 13, which can be retained fdr input to the Plot
Module (described in Volume III). The form: _v of this plot file is described
in Section 5 of Volume III. |
3.6 REPRESENTATIVE CASE SETUP

Figures 23 and 24 illustrate a typical case setup utilizing the name-
lists and control cards described. Though namelists (and control cards) may
appear in any order (except for NEXT CASE), users are encouraged to provide
inputs in the data groups outlined in this section in order to avoid one of

the most common input errors - neglecting an important namelist input. The
L user's kit (Appendix D) has been designed to assist the user in eliminating

many common input errors, and its use is encouraged.
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" FIGURE 23 TYPICAL "CASE" SETUP
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TRIM
GROUP IV

I NEXT CASE

o INPUTS  (DumMP A, AHT, AVT

rci\ssw

$EXPROT..$
GROUP I

INPUTS J SIETPWE ... $

' ﬁm' CASE

: rSAVE

CASEID
GROUPIV

INPUTS r,uc”

r ; j NACA-H
; - 3 ~
E 5‘?“' r NACAW
” rsv‘mus -3
§ SHTPLNF .. $
’ GROUP Il rmspm_,g
INPUTS
1 r $860Y .. $

F o Itsvvnus,.s

sm"' f SOPTINS .. $

INPYTS r SFLTCON .. $

.

FIGURE 24 TYPICAL “STACKED CASE” SETUP
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SECTION &

'BASIC CONFIGURATION MODELING TECHNIQUES

4.1 COMPONENT CONFIGURATION MODELING
Use of the Datcom methods requires engineering judgement and experience

to properly model a configuration and interpret results. The same holds true
in the use of the Bigital'Datcom program. As a convenience to the user, the
program performs intermediate geometric computations (e.g., area and aspect
ratio) required in method applications. The user can retrieve the values
used for key geometric parameters by means of the PART and/or DUMP options,
Section 3.5. The geometric inputs to the Digital Datcom program are rela-
tively simple except for the judgement required ir best representing a
particular configuration. This section describes .me geometry modeling
techniques to appropriately model a configuration.

4.1.1 Body Modeling A

The basic body geometry parameters required (regardless of speed regime)
consist of the longitudinal coordinates, X{i, with cor;esponding planform half
widths, Ry, peripheries, Pji, and/or crosg-seccional areas, Sjy. These values
are usually'used in a linear sense (e.g., the trapezo‘dal wule 1is used to
integrate for planform area, sp = 2 ch“ Rj dx). This implies that body-
shape parameters are linearly connected. MHowever, geometrfc derivatives,
such as (dS/dx)y, are obtained from quadratic interpolations. Proper model~-
ing techniques which reflect a knowledge of method implementation, when used
in conjunction with.the PART and DUMP options, greatly'ehhance the progranm
capability and accuracy.

Body methods for lift-curve slope, pitching-moment slope and drag coef-
ficient in the transonic, supersonic, and hypersonic speed regimes require
the body to be synthesized from a combination of body segments. The body
segments consist of a nose segment, an afterbody segment, and a tail segment.
However, in these speed regimes, 1ift and pitching-moment coefficients versus

. angle of attack are gefined as functions of the body planform characteris-

tics, and therefore are not necessarily a function of the body~segment

parameters.

The program performs the configuration synthesis computations as
described below. The body input parameters R, P, and S (defined in Figure 6)
can reflect actual bocdy contours. Digital Datcom will interpolate thé R
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s jat X =2y, X =2y + 25, and the last input X for dy, dj, and dj,
~2spectively. Using the shape parameters Bhose and Beaiy ir will synthesize
an "equivalent” body. from the various possibilities shown in Figure 6. For
example, in the center bﬁdy X =2y to X =%y + 2, will be treated as a
cylinder with a fineness ratio of 225/(dytd)), the nose will be the shape
specified by B, ge with a fineness ratio of £n/dy, etc. Thus, it is up to
the user to choose iy, 25, Bnose» and Byyi] to derive a reasonable approxima-
tion of the actual tody.

Digital Datcom requires synthesized body configurations to be either

nose~alone, nose-afterbody, nose-afterbody-tail, or nose-tail (see Figure 6).

The shape of the body segments is restricted as- follows: nose and tail

shapes must be either an ogive or cone, afterbodies must be cylindrical while
tails may be either boattailed or flared. Additional body namelist inputs
are required to define these body segments and consist of nose- and tail-
shape parameters BN@SE and BTAIL and nose and afterbody length parameters BLN
and BLA. In the hypersonic speed regime, the effects of nose blﬁntness may
be obtained by specifying DS, the nose bluntness diameter .

For an example of inputs for BLN (4n) and BLA (2,) is required in speed
regimes other than subsonic, the reader is directed to Figure 6. Body diame-
ters at the various segment intesections, dy, d}, and dj, are obtained from
linear interpolation. The tail length, g1, is obtained by subtracting
segments £y and %, from the total body length.

Most Digital Datcom analyses assume bodies are axisymmetric. Users may
obtain limited results for cambered bodies of arbitrary cross section by
specifying the B@DY namelist optional inputs ZU and ZL' This option is
restricted to the longitudinal stability results in the subsonic speed
regime. At speeds other than subsonic, ZU and ZL values are ignored and
axisymmetric body results are provided. It is recommended that the reference
plane for<ZU and ZL inputs be chosen near the base area centroid.

The body modeling example problem (Section 7, problem 1) was selected
specifically to illustrate modeling techniques and relevant program opera-
tions. They include: ' '

0 Choice of longitudinal coordinates X; that reflect body curvature and

critical body intersections, i.e., wing-body intersection, and body
segmentation, if required.

o Subsonic cambered body modeling.
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o Use of the DUKP option so that key parameters can be obtained with

the aid of Appendix C.

4.1.2 Wing/Tail Modeling

Input data fer wings, horizontal tail, vertical tails and ventral fins
h#ve been classified as either planform data or as section characteristic
data, as shown in Figures 7 and 8 of Section 3. Twin-vertical panel planform
input dati is showm in Figure 15.

Classification of nonstraight-fapered wings and horizontal tails as
either cranked (aspect ratio > 3) or double delta (aspect ratio < 3) is
relevant to only the subsonic speed regime. In this speed regime, the
appropriate lift and drag prediction methods depend on the classification of
the lifting surface. Digital Datcom executes subsonic analyses according to
the user-specified classification regardless of thé surface a&spect ratio.
However, if the surface is inappropriately desigﬁated. a warning message 1is
printed.

Dihedral angle inputs are used primarily in the lateral stability
methods. The longitudinal stability methods reflect only the effects of

dihedral in the downwash and ground effect calculations. The direct effects -

of dihedral on the primary lift of horizontal surfaces are not defined in
Datcom and are therefore not included in Digital Datcom. ‘

Digital Datcom wing or horizontal tail alone analysis requires the
exposed semispan and the theoretical semispan to be set to the same value in
namelist WGPLNF and HTPLNF. The input wing root chord should be consistent‘
with the chosen semispan. The reference parameters in namelist PPTINS should
be used to specify reference paraneters corresponding to other than the
theofetical wing planform. If the reference parameters are not specified,
they are evaluated using the theoretical wing inputs and the reference area
is set as the wing theoretical area, the longitudinal reference length as the
wing mean aerodynamic chord, and the lateral reference length is set as the
wing Qéah;” o : - '

Horizontal tail input parameters SVWB, WVB, and SVHB, as well as verti-
cal tail input parameters SHB, SEXT, and RLPH, are required only for the
supersonic and hypersonic speed regimes. They are used in calculation of
lateral-stability derivatives. If these data are not input, the program will
calculate them, but will fail if any part of the exposed root chord lies off
of the body; lateral stabilit; calcuiations are not performed if this occurs.
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Two-dimensicnal airfoil section characteristic data for wings and tails
are input via namelists WGSCHR, HTSCHR, VTSCHR, and VFSCHR, or may Be calcu-
lated using the airfoil section module. On occasion,- the section character-
istics cannot be explicitly defined because airfoil sections either vary with
span {an average airfcil section may be specified), or the planform is not
straight tapered and has different airfoil sections between the panels. In
such circumstances, inputs should be estimated after reviewing existing

airfoil test data, Sensitivity of program results to the estimated section

characteristics can be readfly evaluated by performing parametric studies -

utilizing the SAVE and NEXT CASE options defined in Section 3,5. Users are
warned that airfoil sensitivities do exist for low Reynolds numbers, i.e., on
the order of 100,000. These namelists can 1ilso be used to specify the aspect
ratio criteria using "ARCL" (Table 9).

Planform geometry, section characteristic parameters, and synthesis

dimensions for twin vertical panels are input via namelist TVTPAN. The

effects of such panels are reflected in only the subsonic lateral-stability
output. The panels may be located ei*ther on the wing or on the horizontal
tail.

. 4.2 MULTIPLE COMPONENT MCDELING

Combinations of aerodynamic components must be synthesized in namelist
SYNTHS. However, the program makes no cross checks in assembly of components
for configuration analfsis. The user must confirm the geometry inputs to
assure consistency of dimensions and component locations in total configura-
tion representation. .

442.1 Wing-Body/Tail-Body Modeling
Body values employed in wing-body computations are not the same as body-

alone results but are obtained by perforuiing body-alone analysié for that
portion of the body forward of the exposed root chord of the wing. User
supplied body data, input via the namelist EXPRnn, will be used in lieu of

the "nose segment™ data calculated. Carryover factors are a function of the

ratio of body diameter to wing span, as obtained from the wing input data,
i.e.; the body diameter is taken as twice the difference of the exposed
semispan and the theoretical semispan. Hence, the body radiuve input in
namelist B@DY does not affect the interference parameters.
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4.2.2 Wing-Body-Tail Modeling
A conventional “aircraft™ contiguration is modeled using the body, wing,
horizontal tail, and vertical tail modeling techniques previously described.

Wing downwash data are required to complete analysis of configurations with a
wing and horizontal tail. Subsonic and cnpersonié downwash data are calcu-
lated for straight-tapered wings. For other wing planfdmn, or at transonic
Mach numbers, the downwash data (qy/q,, €, and d€¢/da) must be supplied using
the experinehtal data substitution option, though two alternatives are
suggested: |
a. Actual data, or from a uing-?body-tail config’untibn which has an
“equivalent” struight tapered wing, or '
be Defining an "equivalent™ straight tapered wing and subitituting the
wing-body results obtained from the previous Digital Datcom run to
obtain the best analytical estimate of the configuration.
Body~canard-wing configurations are simulated using the standard body-
wing~tail inputs. The forward surface (canard) is input as the wing, and thi
aft 1ifting surface as the horizontal tail. Digital Datcom checks the rela-
tive span of the wing and horizontal tail to determine if the configuration
is a conventional wing-body-tail or a canard configuration.
4.2.3 Configuration Build-up Considerations
! Section 3.5 describes multiple case control cards which simplify inputs
' for parametric and configuration build-upi. There are a few items to keep in
mind. The effect of omitting an input variable or setting its value to zero
may not be the same; since all inputs are initialized to "UNUSED," 1.0E-60
~__for CDC computers. However, the "UNUSED" value may be used to give the
effect of an input variable being omitted. For example, if "KSHARP" in
namelist WGSCHR was specified in a previous SAVE case, a subsequent case
could specify "KSHARP = 1,0E-60" (for CDC computers) which would result in
KSHARP being omitted in the subsequent case. In many places Digitsl Datcom
uses the presence of a namelist for program control. For example, the
program assumes a body has been input if the namelist BEDY exists in a case.
The effects of a presence of a namelist, through case input or a SAVE card,
cannot be eliminated even if all input values are set to "UNUSED.” The omnly
éxcepticn to this rule involves high-lift and control icput. Either name-
11st SYMFLP or ASYFLP may be specified in a case, but not both. In a du
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-, ,
sequence involving namelist SYMFLP and a SAVE card, followed by another case
vhere ASYFLP is specified, the ASYFLP analysis will be performed and the
previous SYMFLP input ignored. '

4.3 DYNAMIC DERIVATIVES
Digital Datcom computes dynamic derivatives for body, wing, wing-body,

and wing-body-tail configurations for subsonic, transonic, and supersonic
speeds. In addition, body-alone derivatives are available at hypersonic
speeds. ' There is no special namelist input associated with dynamic deriva-~
tives. Use of the DAMP control card discussed in Section 3.5 will {nitiate’
computation. If experimental data are input, the dvnamic derivative methods
will employ the relevant experimental data. Dynamic derivative solutions are
provided for basic geometry only, and the effects of high-lif; and control

devices are not recognized.

The lexpcrinental data option of the program permits the user tg substi-
tute cxperilental data for key static stability parameters involved in
dynamic dcttvatlve solutions such as body Cp, wing-body Cp, etc. Any
1-prov¢-ont in the accuracy of these parameters will produce significant
1-ptoven4nt in the dynamic stability estimates. Use of experimental data
mbstituttﬁon for this purpose is strongly recommended..

4.4 TRIM OPTION

m;xi.x Datcom provides a trim option that allows users to obtain longi-
tudinal :ru data. Two types of capability are provided: control device on
wing or uu (Section 3.4) and the all-movable horizontal stabilizer. Trim
with a contt_ol device on the wing or tail is activated by the presence of the
namelist SYMFLP (Section 3.4) and TRIM control card (Section 3.5) in the same
case. Output consists of aerodynamic increments associated with each flap
deflection; similar output is provided at trim deflectfon angles. The trim
output is generated as follows: the undeflected total configuration moment
at each angle of attack is compared with the incremental moments generated
from SYMFLP input. Once the incremental moment is matched, the corresponding
deflection angle is the trim deflection angle. The trim deflection is then
used as the independent variable in table look-ups for the remaining incre-
ments, such as Cp and Cpi The user should specify a liberal range of flap
deflection angles vhen using the control device trim option.
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4.5 SUBSTITUTION OF EXPERIMENTAL DATA v
Users have the option of substituting certain experimental data that
will be used in lieu of Digital Datcom results. The experimental data are

used in subsequent configuration analyses, e.g., body data are used in the
wing-body and wing-body-tail calculations. Experimental data are input via
namelist EXPRnn, Figure 11. All specified parameters must be based on the
same reference area and length used by Digital Datcom. - _

In the transonic Mach regime, some Datcom methods are available that
requh"e user supplied data to complete the calculations. For example, Datcom
methods are given that define wing C“/CL and CDL/cLZ although methods are
not available for Cp. If the wing lift coefficient is supplied using experi~
mental data substitution, C;,_ and Cp can be calculated at each angle of
attack for which C 1is given: The additional transonic data that can be

calculated, and the “experimental” data required, are defined in Figure 10.
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SECTION 5

ADDITIONAL CONFIGURATION MODELING TECHNIQUES

5.1 HIGH-LIFT AND CONTROL CONFIGURATIONS
Contrcl-device input data for symmetrical and asymmetrical deflections
are contained in namelist SYMFLP and ASYFLP, respectively. Analysis is

limited to either symmetrical or asymmetrical results in any one case.

Multiple case runs involving SAVE cards, may interchange symmetrical and
asymmetrical analyses from case to case. Only one control device, on either
the wing or horizontal tail, may be analyzied per case. If a wing or wing-
body case is run, flap input automatically refers to the wing geometry.
However, if a wing-body-horizontal-tail case is input, flap input data refer
to the horizontal tail. Multiple-device analysis must be performed manually
by using the experimental-data input option. Symmetrical and asymmetrical
flap analyses (naneliéts SYMFLP and ASYFLP) are not performed in the hyper=
sonic speed regime (hypersonic flap effectiveness inputs are made via name-
list HYPEFF). No distinction is made between high 1ift devices and control
devices within the program. For instance, trim data may be obtained with any
device for which the pitching moment increment is output, with the exception
of leading edgé flaps. Jet flap analysis assumes the flaps are on the wing
and the increments are for a wing-body configuration.
5.2 POWER AND GROUND EFFECTS

Input parameters required to calculate the effects of propeller power,

jet power, and ground proximity on the subsonic longitudinal-stability
results are input via namelists PR@PWR, JETPWR, and GRNDEF. The effects of
power or ground proximity on the subsonic longitudinal stability results may
be obtained for any wing-body or wing-body-horizontal tail-and/or vertical-
tail configuration. Output consists of lift, drag, and pitching moment
coefficients that include the effects of power or ground proximity. Ground

v effect output may be obtained at a maximum of ten different ground heights.

1t should be noted that the effects of ground height usually become negli-
gible when the ground height exceeds the wing span.

The effects of ground proximity on a wing—body configuration with sym-
metrical flaps can be calculated for as many as nine flap deflections at each
ground height. The required data are input via namelists GRNDEF and SYMFLP.
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5.3 LOW—ASPECT-RATIO WING OR WING-BODY
The Datcom provides speclal methods to analyze low aspect ratio wing and

wing~body combinations (lifting-body vehicles) in the subsonic speed regime.

Parameters required to calculate the subsonic longitudinal and lateral
results for lifting bodies are input via namelist LARWB. Digital Datcom
output provides longitudinal coefficients Cy, CD,'CN, Cp» and Cp and the
derivatives CLar Cn,,
5.4 TRANSVERSE-JET CONTROL EFFECTIVENESS

A flat plate equipped with a transverse-jet control system and corre~

» Cygr and Cg .

sponding input data tequifements for namelist TRNJET is shown in Figure 21.
The free stream Mach number, Reynolds numbecr, and pressure are defined via
namelist FLTCYN, Figure 3. Estimates for the required control force can be
made on the assumption that the center of pressure is at the nozzle. The
predicted‘cehter,of pressure location is calculated by the program and
obtained by dumping the JET array. If the calculated center of pressure
location disagrees with the assumption, a refinement of input data may be
necessary.
5.5 FLAP CONTROL EFFECTIVENESS AT HYPERSONIC SPEEDS

A flat plate with a flap control is shown in Figure 22 along with input

namelist HYPFLP. Force and moment data are predicted assumming a two=
dimensional flow field. Oblique shock relations are used in describing the

flow field.
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SECTION 6

DEFINITION OF QUTPUT

Digital Datcom results are output at the Mach numbers specified in name-

1ist FLTC@N. At each Mach number, output consists of a general heading,

reference paramaters, input error messages, array dumps, and specific aero-

dynamic characteristics as a function of angle of attack and/or flap deflec-

Separate output formats are provided for the following sets of
static. longitirdinal and lateral gtability, dynamic

tion angle.
related aerodynamic data:

derivatives, high 1ift and control, trim option, transverse=-jet effective-

ness, and concrol effectiveness at hypersonic speeds. Since computer output
is limited symbolically, definitions for the output symbols used within the
The Datcom engineering synbol follows the

Unless otherwise nozed, all results

related output sets are given.
output symbol notation when appropriate.
are presented in the stability axis coordinate system.

6. l STATIC AND DYNAMIC STABILITY OUTPUT

The primary outputs of Digital Datcom are the static and dynamic

stability data for a configuration. An example of this output 1s shown in
?1gure 25, Definitions of the output notations.are given below. '

6.1.1 General Headings

identification information is contained in the cutput heading

Case
and consists of the following: the version of Datcom from which the program

methodologies are derived, the type of vehicle configuration (e.g. body alone
or wing-body) for which aerodynamic characteristics are output, and supple-

mental user-specified case identification information if the CASEID control

card is used.

6.1.2 Reference Parameters
- Reference parameters and flight-condition output are defined as follows:

o MACH NUMBER -~ Mach at which output was calculated. This parameter is
user-specified in namelist FtTCﬂN, or calculated from the altitude

and velocity inputs. . \
o ALTITUDE - Altitude (if user 1nput) at which Reynolds number was
calculated. This optlonal parameter is user specified in namelist

FLTCON.
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o VELOCITY - Freestream velocity (if user input) at which Mach number

: ‘ and Reynolds number was calculated. This optional parameter is user i
specified in namelist FLTCN. '

o PRESSURE - Freestream atmospheric pressure at which output was
calculated (function of altitude). This parameter can alsc be

user specified in namelist FLTCON.
o TEMPERATURE =- Freestream atmospheric temperature ac which output

{ was calculated (function of altitude). This parameter can also
be user specified in namelist FLTC@N. ‘

o REYNOLDS NO. - This flight condi’ion parameter is the Reynolds

’ nunber per unit length ar? is user-specified (or computed) in

| | namelist FLTCON.

; o REF, AREA ~- Digits' Latcom aerodynamic characteristics are based
vu ~hi~ rafr :rnce area., It is either user-specified in namelist
@PTINS or is equal to the planform area of the theoretical wing.

o REFERuNCE LENGTH - LONG. - The Digital Datcom pitching moment coef-

" ficient is based on this reference length. It is either user-speci-
fied in namelist @PTINS or.is equal to the mean serodynamic chord

of the theoretical wing.

o REFERENCE LENGTH - LAT. = The Digital Datcom yawing-moment and
rolling- moment derivatives are based on this reference length.
It is either user-specified in namelist @PTINS or is set equal
to the wing span.

© MOMENT REF. CENTER - The moment reference center location for vehicle

moments (and rotations). It is user-specified in namelist SYNTHS and
output as Xcg (HORIZ) and Zgg (VERT). ‘
o ALPHA - This is the angle-of-attack array that is user specified
; N in namelist FLTCPN. The angles are expressed in degrees. S

6.1.3 Static Longitudinal and Lateral Stability , §

Not all of the static aerodynamic characteristics shown in Figure 25 !

are calculated for each conbinatioﬁ'of vehicle configuration and speed
regime, because Datcom methods are not always available. Aerodynamic char-
acteristics that are available as output from Digital Datcom are presented in
Table 2 as a function of vehicle configurqtion and sﬁeed regime., Additional

constraints are imposed on some derivatives; the user should consult the
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Methods Summary in Section 1 of the USAF Stability and Control Datcom Hand-

book.

The stability derivatives are expressed per degree or per radian at

the users option (see Section 3.5).

o

o

-]

o

CD - Cp = Vehicle drag coefficient based on the reference area and
presented as a function of angle of attack. If Datcom methods are
available to calculate CDO but not to calculate Cp versus o, the
value of CDO is printed as output at the first alpha. CD is posi~
tive when the drag is an aft acting load,

CL - C, - Vehicle 1lift coefficient based on the reference area and
presented as a function of angle of attack. . 'CLA is positive when
the 1ift is an up acting load. ‘

CM - Cp = Vehicle pitching-moment coefficient based on the reference -
area and longitudinal reference length and presented as a function of
angle of attack. Positive pitching moment ééuses a nose-up vehicle
rotation. i |

CN - Cy - Vehicle (body axis) normal-force coefficient based ‘on the
reference area and presented as a function of hngle of attack. Clq'f',=
is positive when the normal force is in the +Z direction. Refer to
Figure 5 for Z-axis definition.

CA - Cp - Vehicle (body axis) axial-force coefficient based on the
reference area and presented as a function of angle of attack. Ca
is positive when the axial force 1s in the +X direction. Refer to
Figure 5 for X-axis definition. _
XCP - X¢c,p. = The dis‘tance between the vehiéle moment reference
center and the center of pressure divided by the longitudinal refer-
ence length. Positive X. p, is a location forward of the center of
gravity. If output is given only for the first angle of attack, or
for those cases where pitching moment (Cp)is not computed, the
value(s) define the aerodynamic-center location; i.e., Xe.pe ®
dCp/dCy, = (Xcg-Xae) /<.

CLA = C, - Derivative of 1lift coefficient with respect to alpha,
1f 'cLa is output versus angle of attack, ‘these ‘values correspond
to numerical derivatives of the 1ift curve. When a single value of
CLQ is output at the first angle of attack, this ontput is the

linear-lirt-region derivative, CL, 18 based on the reference area.
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o CMA = Cy - Derivative of the pitching-moment coefficient with
. respect to alpha. 1If C‘“u is output versus angle of attack, the
values correspond to numerical derivatives of the pitching-moment
curve. When a single value of Cp 1s output at the first angle
of attack, this output is the linear-lift-region derivative. Cn  is
basea on the reference area and longitudinal reference length.

o CYB - CYB - Derivative of side-force coefficient with respect to
sidgslip angle. When CYB is defined independent of the angle of
attack, output is printed at the first angle of attack. CYB is
based on the reference area.

o CNB - an - Derivative of yawing-moment coefficient with respect
to sideslip angle. When C“B is defined independent of angle of
attack, output is printed at the first angle of attack. C“S is
based on the reference area and lateral reference length.

o CLB - CQB - Derivative of rolling-moment coefficient with respect
to sideslip angle presented as a function of angle of attack.
Cg_s is based on the refereance area and lateral reference length.

o Q/QINF - gy/q. ~ Ratio of dynamic pressure at the horizontal tail to
the freestream value presented as a function of angle of attack.
When a single value of qH/qm is output at the first angle of attack,
this output is the linear-lift-region value.

o EPSLON - €y ~ Downwash angle at horizontal tail expressed in degrees.

Downwash angle has the same algebraic sign as the 1ift coefficient.
Positive downwash implies that the local zngle of attack of the
horizontal tail is less than the free-stream angle of attack.
o D(EPSLON)/D(ALPHA) - b_é/ba - Derivative of downwash angle with
respect to angle of attack. When a single value of D(EPSLON)/
D(ALPFA) is output at the first angle of attack, it corresponds to
the linear-lift-region derivative. o oo
6.1.4 Dynamic Derivatives '
Not all of the dynamic derivatives shown in Figure 25 are calculated for

each combination of vehicle configuration and speed regime because of Datcom
limitations. Aerodynamic characteristics that are available as output from
Digital Datcom are presented in Table 2 as a function of vehicle configura=-

tion and speed regime. See the Datcom Handbook, Section 1, for additional
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restrictions. Dynamic stability derivatives &re expressed per degree or per
radian at the users option (see Section 3.5). :

o CLQ - ch = bCLIB(qE/ZVm) - Vehicle pitching derivative based on
the product of reference area and longitudinal reference length.

o aMQ - Cmq = 3C,/d(qc/2Vy) - Vehicle pitching derj.vative based on
the product of reference area and the square of the longitudinal
reference length.

¢ CLAD - Cp. = ACL/d(ac/2Vye) = Vehicle ‘acceleration derivative based
on the product of reference area and longitudinal reference length.

o CMAD - Cy. = dCp/d(ac/2V,) - Vehicle acceleration derivative based
on the product of reference area and the square of the longitudinal
reference length. ' .

o CLP - Cgp = 3C,/3(pb/2V,) - Vehicle rolling derivative based on
the product of reference area and the square of the lateral reference
length.

o CYP - CY = aCYla(prZVw) - Vehicle rolling derivative based on
the product of reference area and lateral reference length.

o CNP - cnp = 3C,/d(pb/2Vy) - Vehicle roiling derivative based on
the product of reference area and the square of the lateral reference
length;

o CNR = Cp = acn/a(rblsz) - Vehicle yawing derivative based on the
product of reference area and the square of the lateral reference
length, -

o CLR - Cy = dC,/3(rb/2Vy) - Vehicle rolling derivative based on the
product of reference arca and the square of the lateral reference
length.

6.1.5 High Lift and Control
This output comnsists of two basic categories: symmetrical deflection

of high lift and/or control devices, and asymmetrical control surfaces. The
high I&ft/control data follow the same sign convention as the static aerody-
nanic c\oefficients. Available output is presented in Table 3 as a function
of speed regime and control type. Users are urged to concult the Datcom for

limitations and constraints imposed upon these characteristics. Output

obtained from symmetric:l flap analysis are as follows.
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o DELTA - 8¢ - Control-surface streamwise deflection angle. Positive
.trailing edge down. Values of this array are user-specified in
namelist SYMFLP.

o D(CL) = ACy, - Incremental lift coefficient in the linear-lift angle-
of-attack range due to deflection of control surface. Based on
reference area and presented as a function of deflection angle.

o b(cM) =~ ACp - Incremental pftching-moment coefficient due to control
surface deflection valid in the linear lift angle-of-attack range.
Based on the product of reference area and longitudinal reference
length; Output is a function of deflection angle.

o D(CL MAX) - ACLmax ~ Incremental maximum~lift coefficient. Based
on reference area and presented as a function of deflection angle.

o D(CD MIN) - ACDmin - Incremental minimum drag coefficient due to
control or flap deflection. Based on reference area and presented as
a function of deflection angle.

o D{cCDI) - ACDi = Incremental induced-drag coefiicient duve to flap
deflection based on reference area and presented as a function of
angle-or-attack and deflection angle.

o (CLA)D - (cLa)5 - Lift-curve slope of the deflected, translated
surface based on reference area and pregented as a function of
deflection angle.

o (CH)A - Ch, ~ Control-surface hinge-moment derivative due to angle
of attack based on the product of the control surface area and the .
control surface chord, S.C.. A positive hinge moment will tend
to rotate the flap trailing edge down.

o (cu)p - Ché - Control=surface hinge-moment derivative due to control
deflection based on the product of the control surface area and the
control surface chord. A positive hinge moment will tend to rotate
the flap trailing edge down. A

Qutput obtsined irom asymmetrical control surfaces are given below.

Left and right are related to a forward facing observer: ‘

o DELTAL - &y = Left lifting surface streamwise control deflection

angle. Positive trailing edge down. Values in this array are

user-gpecified {n namelist ASYFLP.
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o DELTAR - 6p - Right lifting-surface streamwise control deflection
angle. Positive trailing edge down. Valuea in this array are
\mer-specified in namelist ASYFLP.

o XS/C - xg/c - Streamvise distance from wing leading edge to spoliler
lip. Values in this arrsy dre input via namelist ASYFLP, Figure 19.

o HS/Z = hglc = Projected height of spoiler measured from and normal
to airfoil mean line. Values in this array are input via namelist
ASYFLP. '

o Db/C - 684/c - Projected height of deflector for spoiler-slot-
deflector control. Values in this array are input via namelist
ASYFLP, ‘

o DS/C - 8g/c - Projected height of spoiler cont.tol. Values in this
array are input via namelist ASYFLP.

o (CL) ROLL - C; = Incremental rolling - moment coefficient due to
asymmetrical deflection of control surface based on the product of
reference area and lateral reference length. Positive rolling aoment
is right wing dowm. _ ' ‘

o CN - Cpy - Incremental yawing-moment coefficient due to asymmetrical
deflection of control surface based on the product of reference area
and lateral reference length. Positive yaving moment is nose right.

6.1.6 Trim Ogtion ' ’

Th. Digital Datcom triam option provides subsonic lonritudinal character—
istics at the calculated trim deflection angle of the control cavice. The
trim calculations assume unaccelerated flight; i.e., the static pitching
moment is set to zero without accounting for any contribution from a mon-zero
pitch rate. Trim output is also provided for an all-movable horizontal
stabilizer at subsonic syeeds. These data include untrimmed stabilizer
coefficients Cp, CrLs Cu, and the hinge moment coefficient; stabilizer '

trim incidence and trimmed stabilizer coefficients Cp, Cp, Cy» and the

hinge-moment coefficient; wing-body~tail Cp and Cp with stabilizer at

trim deflection angla.- Additional Digital Datcom .y-bols used in output are
as follows:
o HM - Stabilizer hinge-moment coefficient based on the product of
reference area and longitudinal reference length. Positive hinge
moment will tend to rotate the stabilizer leadhg edge up and

trailing edge down.
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o ALIHT - Stabilizer incidence required to trim expressed in degrees.
Positive incidence, or deflection, is trailing edge down.
The all-movable horizontal stabilizer trim output is jvesented as a
function of angle of attack
6.1.7 Control gt’Hypersonic Speeds

Two types -of control analyses are available at hypersonic speeds. They
are transverse-jet control and flap effectiveness.

Data output from the hypersonic flap methods are incremental n::mai=- and

_ axial-force coefficients, associated hinge moments, and center-of-prassure

location. These data are found from the local pressure dlstributions‘on the
flap and in regions forward of the flap. The analysis includes the effects
of flow separation due to windward flap defleztion. This is done by provid-
1ng.elt1nates for separation induced-oressures forward of the flap and
reattachement on the flap. The user.: nay specify laminar or turbulent
boundary layers.

The transverse control jet method requires a user-specified time history
of local flow parameters and control force required to trim or maneuver.
With these data, the minimuﬁ jet plenum pressure necessary to induce separa-
tion is éalculated. This minimum jet plenum pressure is then employed to
calculate the nozzle throat diameter and the jet plenum pressure and pro-
pellant weight requirements to trim or maneuver the vehicle. Typical output
can be seen in example problem 10,

6.1.8 Auxiliary and Partial Output

Auxiliary outputs consist of drag breakdown data, and basic configura-

tion geometric properties. Partial outputs consist of comporent and vortex
interference factors, effect of geometric parameters (e.g., dihedral and wing
twist) on static and dynawic characteristics, canard effective downwash, data
for transonic fairings and intermediate data that require user supplied
data to complete (e.g. CQB/CL). Typical output is shown in Figure 26.
6.1.9 Effective Downwash

Datcom methods for configurations where the forward lifting-surface span

is less than 1.5 times the aft lifting-surface span do not explicitly pro;ide
estimates for either the downwash angle or gradiant. Houwever, Digital Datcom
provides "effective” values fcr these quantities. The canard effective
downwash angle and gradient are defined as downwash data required to péoduce
the correct wing-body-tail lift characteristics when applied to conventional
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AUTOMATZD STADILITY AND CONTROL METHODS PER AFRIL 1974 VERSION OF DATOM

. CONPIGURATION AUXILIARY AND PARTIAL OUTPUT
WING-DODY~VEANTICAL TAIL-HORJZONTAL TAIL CONFIGURATION
COFPIGURATION surioure, EXAMDPLE PROBLEM ), CAST |

SeranTTmesscesvccnaes  PLIGHT CONDITIONS . messesccescaac AFFERENCE DIMENSIONS meecenen
_::’r'g. ALTITUDE  vELOCITY PRESSURE TewPERATURE AEYNOLDS . REF, RIFERENCE LENGTH  wOMENT RLP, CENTLR
NUMBER AREA LONG, LAT, I9R12 R
ere rt PT/80C LR/PTee, oec n 1t PTen, rrT Fr rT v:frA
. $.40002+2¢ 4.e90 NP 3.000 4.400 0.0r¢

BASIC BODY PROPEMTIES
U!ﬂte ARTA }xcc ?7¢6 BASPE ARZA ZERO LIFT CRAG R2SE DRAG TRICTION DRAG PRESSURE PRAG
«3015840) 4.60 0.00 0,90 «7579€-04 +16890-C, +24918-0, «399,F-03
XCC RELATIVE T0 THEORETICAL LEADING ENGE mACa .40

BASIC PLANPORM PROPERTIFS

TAPER ASPECT  QUARTER CHORD QUARTER CHORD ZERO t.FT PRICTION

wine ARFA RATIO RATIO SWEEP mAC X (MAC) Y (MAC) DRA" COFPPICIENT
TOTAL TWEORITICAL |, y9pen) .298 +1984EeN] 45.000 0468400 2602401 L615E+00

TOTAL EXPOSED  ,1796E+01 «331 . .3707e401  45.000 L755E400 +e74E401 .7478400 ST L337Ee0,
NORTZONTAL TATL
TOTAL THEORITICAI  .4509E+00 604 1398.£40) 45.000 .3432400 4348401 .3e7Ee00

TOTAL EXPOSED  , iinspanc 681 «3aT28e0) 4.00C -, JesBec0 YSTICT LI94ECH L1adE-0 L 394€-04
VERTICAL TAIL
TOTAL THEARITICAL 1. 3peny IV ce 158840 8,100 +76.E00C L379E+01 3662400

TOTAL EXPOSED  ,8-97p+ch NTH J1961Pe01  4B.30C L668E+00 L386Een] .498£+00 NA NA

“4¢ NA PRINTED WHEN METHOD NNP APPLICABLFE

AUTOMATED STASILITY AND CONTROL METHADS PER APRIL 1976 VERSION OF DATCOM
CONFIGURATION AUXTLIARY AND PARTIAL OUTPUT
WING-RODY-VERTICAL TAIL-HORIZONTAL TAIL CONFIGURATION

CONFPIGURATION RUILDUP, EXAMPLE PROBLEM 3, CASE )

Totlsteemescccasmacanens  FLIGHT CONNITIONS ermecccasncnesmcoenceonss emsecmcacecsce AFFERENCE DIMFNSIONS eccceccasane
Mo ALTITUDE VELOCITY PRESSURE TEMPERATURE REYNOLDS REF, REFERENCE LENGTN  MOWMENT REP, CENTER
vunecn NUMRER AREA LONG, LAT. HORIZ VERT
Lad FT/SEC LA/FTO%, DEG ® 1/7r7 . FTee, rT FT FT rr
. 4. 4000E¢08 4,450 W8eu 3.cn0 2.600 o.cco
CLA=B (W)= 7,4432-n3 CLA-W(B)» 5,578f-C¢ K=B{W}e ), 484E-01 K=W(B)= 1, 11,6402 XAC/C-B (W)= &, 8,82-01
CLA=B(M)= 1,777E-0) CLA=H{B)= 1.C,92-02 K~B(H})= 1.306E-01 R=H(B)= 1,1042400 XAC/C=B(H)= 3,C),£-01

AUTOMATED STABILITY AND CONTROL METHODS PER APRIL 1976 VERSION OF DATCOM
CONFIGURATION AUXILIARY AND PARTIAL OUTPUT
WING-BODY-VERTICAL TAIL-HORIZONTAL TAIL CONPIGURATION
. CONFICURATION RULLDUP, EXAMPLE PROALFW 3, CAST 1

Soiteesemcescemsemecoe  PLICNT CONDITIONS Secsseccacecas  REFERENCE DIMENSIONS ~ccesmeamees
SACM  ALTITUDL  VELOCITY  PRESSURE  TEMPERATURE REYNOLDS ner, REFERENCE LENGTH  MOWENT. REF. CENTEW
numnER - NumAER AREA LONG, AT, HORIZ VERT
r Fr/seC LA/FTee, nEG N 1/FT rree, rr T T rr
800 6.4C00E406 o es e.580 ~tee
200 WING DATA FAIRING seo
COL/CL*®%; & ,1977E+29 CLB/CL = =, 4598E-C4
PORCE BREAK MACH NUNBER (2ER0 SWEEP) = .9321E+00 FORCEZ AREAK MACH NUNRER (ITH SWEEP) =  .93,.£e77
WACH{A}) ® 1.C25 - CLA(A) » .5)842-01 MACH(B) = 1.095 CLA(R} = ,4967E-71
(CLB/CLIN®T. 6 o -, 477122, (CLB/CLIMel 4 = =, ehdcE=rg
LIFT-CURVE-SLOPE INTERPOLATION TARLE
MACH CL-ALPHA
730 Jaesreany
955 +571%€-01
t.eas V5 384E-1
1.095 4967€-71
1.400 YL
| * WING-BODY DATA PAIRING #ea
CLR/CL = =.7296E-02 (CLA/CL)NPB = = 4718204 (CLO/CLINeL 4 = -, (5)3E-0, (CNAYM=L, 4 & 55,5801
v
i
9% HORIZONTAL TAIL DATA PAIRING ®ee
COL/CLA®2 = 435740 CLB/CL = -, )45E-04
PORCE BREAK MACH NUMBER (ZERO SWEEP) = .3738£420 FORCE BREAX MACH NUMBER (WITH SWEEP) = 983420
MACKIA) = 1.054 CLA(A) = ,13.7€-81 PACH(B) = 1,144 CLA(B) = ,1,18E-9]
i (CLB/CLIM®0.6 ® =, /620C=0  (CLB/CLIM=1.4 = -.¢496£-03
\ LIPT-CURVE-SLOPE INTERPOLATION TARLE
WACH CL-ALPHA
275¢ -8.34E-02
904 .1401£-01
1.054 .13272-01
314 .1al8e-01
. 1472 J7109E-C4
$¢° HORIZONTAL TAIL~BODY DATA FAIRING #o
CLA/CL = =.14752-9¢ (CLB/CLINPE = ~.93)3E-0) (CLB/CLIN®1.4 = -, 15598-0) (CNAJM=L. 4 o ,1197E-71

$4% BODY-WING~HORIZONTAL TAIL DATA FAIRING oo
ORAG DIVERGENCE MACH NUMRZR = ,93)
MACH (4.1

600 «1714K-01
. L7608 : .171°E-01
: 1.10¢ PTYPIET
: 1.40¢ +4415E-01

FIGURE 26 EXAMPLE AUXILIARY AND PARTIAL ouUTPUT
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configuration equations. The effective downwash nradient, de/d«, is found by
equating the right hand sides of Datcom equat uns 4.5.l.1-a and 4,5.1.1-b.
The effective downwash angle, €, is found by equating the right hand sides of
Datcom eq&ations 4,5.1.2=a and 4.5.1.2-b.

6.2 DIGITAL DATCOM SYSTEM OUTPUT

Execution of Digital Datcom will produce a series of messages and data

in additionvto the results previously discussed. This information falls into
three categories: . input diagnostics and error analysis, extrapolation
warning messages, and Adirfoil Section Module output. In addicion to these
outputs, an optional listing of the case input namelist data is available
by using the NAMELIST control card (see Section 3.5).

Additional output may be obtained by using the DUMP and PART control
cards. When the DUMP option is exercised, the contents of user specified
data blocks are output prior to the conventional aerodynamic characteristics
output. A list of the arrays and variables stored in each data block is
presented in Appendix C.

6.2.1 Input Error Analysis
An input diagnostic module (C@NERR) checks all data in the input

stream prior to execution of any other Digital Datcom module. This module
checks all namelist and control cards and flags any errors. CANERR head-
ings and error messages are designed to be self explanatorye. All input cards
are lis;ed and any cards containing errors have the appropriate message
written immediately to the right of the card. An explanation of the seven
messages that can be generated by C@NERR are given in Table 14. CPNERR
will not correct any errors and the program will attempt to execute each case
using the data as input by the user.

Prior to‘case execution, additional input error analysis is conducted
to insure cha£ all namelists essential to the case are present. This analy-
sis will abort only those cases missing an essential namelist. The messages
that can be produced by this analysis are given in Table 15.

6.2.2 Extrapolation Messages

Extrapolation messages are produced when the irndependent variable range
of the Datcom figures (nomagraphs/design charts) have veen exceeded. These
mesages identify the number of the figure involved, the independent variable
values currently being used, the resultant value of the dependent variable,

the type of extrapolation that was used to generate the dependent variable,
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and the name of the table look-up routine and the subroutine that contains
the figure. They are printed primarily to alert users when the normal limi: '
of Datcom figures has been exceeded so that the user can determine the
credibility of the results. The messages are listed at the end of the case
odtput. Extrapolation message interpretation is {l1lustrated in Figure 27.
The extrapolatiin mesages are written to a computer system "scratch tape” as
they are ge.erated. At the conclusion of the case they are read and sorted
by figure number within each program overlay. In this way all extrapolations
for a single figure produced in a method module are output togéthet for
convenience. Note that these extrapolation messageé are not necessarily
output in their order of occurance in the program.
6.2.3 Airfoil Section Module '

The Airfoil Section Module is executed whenever airfoil section charac-

teristics are to be calculated. Output consists of section coordinates and a

listing of the calculated section characteristics.
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The following example is a hypothetical extrapolation waming message
created to illustrate the Digital Datcom technique.

EXTRAPOLATION MESSAGE SUNMARY

OVERLAY FIGURE NUMEER " TYPE OF EXTRAPOLATION (LOVER UPPER)
SUBROUTINEG i . . FIGURE LIMITS (LOMER UPPER)
FINAL RESULT INDEPENDENT VARIABLES
AR S.1.2.1-27 LAST VAL QUADRTIC LINEAR  QUADRTIC LAST VAL LAST VAL
TLIN3X SUFLAT 1.00E+00 8.00E+01 -2 O0E+01 & O0E4O1 O. §.00E+00
1 O3813E-02 8. 31203E400 83 6. 24200£401 %8 %.58603E-01

Datcom figure 5.1.2.1-27 is used to aid the extrapolation message

interpretation.

Step 1. Associate the Datct;n figure
variables with the Digital Datcom
‘variables X1, X2, X3, by comparing
SUBSONIC SPEEDS lower and upper limit values with the -
e 0  1limits showr on the Datcom figure.

1
Le

Rand ) A e )

o =y - *  In this example:

c, ) :
(?f)/\.n ~002 N X1 corresponds to A |
(por dog) 004 :

N\ X2 corresponds to Ac,z

X3 corresponds to A !

) A 4w ” Step 2. From Step 1 determine the
RN variable that relates the sub-figures i
(&) i ' (), (b), and (o). (1eae A or X3, If
i , iy 0 _ this variable lies within the table
' ) , limits, interpolation between two of the
» : figures may be required. In this exam- :
o o 2% e = ple X3 = ,559, Thus interpolation is

{e) Ae0

o performed batween figuru (a) and (b).

3
po
3
8

]
/_l

(. -

(v dug)

Step 3. Extrapolate the variables
according to the type of extrapolation
l ' given in the message. In this example

i B2

FIGURE $.1.2.1-27 WING SWEEP CONTRISUTION TOC/, figures (a) and (b) are extrapolated on

variables X1(A) and xz(Aclz). Since
the extrapolation technique is general,
only figure (b) extrapolation will be

demonstrated.
FIGURE 27 EXTRAPOLATION MESSAGE INTERPRETATION
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Adz(dLg! Cutout A shows a dashed curve added to

figure (b) illustrating the quadrat-
40 60 80
fcally extrapolated X1 variable to 8.31.

Next, the dashed curve is extrapolated

/1

quadratically with a solid line to the

ESEF"/’- . , X2 value of 62.4.
AN Step 4. Figure (a) is extrapolated as

A

o outlined above. The extrapolated values

£)

SR
\

7/

for figures (a) and (b) are then used

to interpolate yielding the final result

™ —
\\
N N

N

2
4
; 0138
8 of -. .
A\
X

CUTOUT A

This extrapolation informaticn is written to logical unit 12 for pro-
cessing by overlay 57. The format is as follows:

CARALOEH0R L D0000E 02 H0000E402 1 2
.55860E+00 0. .10000E+01 0 O
C10381E-01
. 999999999
Line 1: Overlay number, number of four character words for figure number,
and number independent variables.

N 23 3 3
TLINZX SUPLAT 5.1.2 1-27
5% B2120E+01 . 10000L+01  8000CE+01 0 &

Line 2: Subroutines arnd figure number

Lines 3-5: Extrapolation data for each indeperdent variable:
Independent variable; lower limit; upper limit; type of
extrapolation, lower and upper, where

-1 = not required
0 = use last value
1 = linear
2 = quadratic
Line 6: Final result
Line 73 End of extrapolation messages mark (written from overlay

57 prior to dump of extrapolation messages). Used to
signify end of extrapolation messages for the case.

FIGURE 27 EXTRAPOLATION MESSAGE INTERPRETATION
{CONCLUSION)
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SECTION 7

EXAMPLE PROBLEMS

Eleven sample problems have been selected to illustrate the modeling
techniques described in Section 4 as well as the use of the input namelist
and control cards. : '

The paragraphs below describe each of the example problems selected for
illustrating the program setup of the configurations described in Sections 4
and 5. The input data for each example problem is presented, and the com-
plete output is presented in the microfiche supplement to this report.
7.1 EXAMPLE PROBLEM 1

Figure 28 shows three body configurations along wiﬁh selected X coordi~
Notice the concentration of

nates where shape parameters would be specified.
points used to define curvature and abrupt changes in body contours. Config-

uration (c) is chosen as the Problem 1 example to illustrate the body alone
analysis at all speed regimes. Subsonic body analyses are obtained for an

approximate axisymmetric body and for a cambered body.

A summary of the four cases in problem 1 is given beldw:

Case No. Configuration Mach No. Comments
; 1 Body 0.60 Axisymmetric solution
i 2 Body ’ 0.60 Cambered solution
: ? 3 Body 0.9,1.40,2.5 Supersonic analysis
! # at Mach No. l.4 and
; i 2.5 ’
! 4 Body 2,5 Hypersonic analysis

This problem illustrates the use of the CASEID, DUMP CASE, SAVE, and

NEXT CASE control cards.
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$FLTCON NMACH=1.0,MACH(1)=0.60,NALPHA=11, ,ALSCHD(})%~6.0,-4.0,-2.0,0.0,2.0,
4.0,8.0,12,0,16.0,20.0,24.0,RNNUB(1)=4,28E6S
SOPTINS SREF=8.85,CBARR=2,.46,BLREF=4,28$
$SYNTHS XCG=4.14,2CG=-0.20$
$800Y NX=10.0,
X(1)=0.0,0.258,0.589,1.26,2.26,2.59,2.93,3.59,4.57,6.26,
${(1)=0.0,0.080,0.160,0.323,0.751,0.883,0.939,1.032,1.032,1.032,
P(1)=0.0,1.00,1.42,2.01,3.08,3.34,3.44,3,61,3.61,3.615
$80DY BNOSE=l.,BLN=2,59,BLA=3.67$
CASEID APPROXIMATE AXISYMMETRIC BODY SOLUTION, EXAMPLE PROBLEM 1, CASE 1
SAVE .
DUMP CASE
NEXT CASE ’ .
$80DY 2U(1)==.595,-.476,-.372,~.138,0.200,.334,.343,.343,.343,.343,
2L(1)*~-.595,~-.715,~-,754,-.805,~-.868,~-.868,~.868,-.868,-.868,-.868%
CASEID ASYMMETRIC (CAMBERED) BODY SOLUTION, EXAMPLE PRCBLEM 1, CASE 2
SAVE
NEXT CASE
SFLTCCN NMACH=3.0,MACH{1)=0.90,1.40,2.5,RNNUB(1)=6.4E6,9.96E6,17.8E6S
SAVE
CASEID ASYMMETRIC (CAMBERED) BODY SOLUTION, EXAMPLE PROBLEM 1, CASE 3
NEXT CASE :
SFLTCON NMACH=]1,0,MACH(1)=2.5,RNNUB(1)=17.86E6,HYPERS=,TRUE. S
$BODY DS=0.0$
CASEID HYPERSONIC BODY SOLUTION, EXAMPLE PRGBLEM 1, CASE 4
NEXT CASE
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BODY INFORMATION (CONFIGURATION C)

X (FD) S(FTY) P(FT) R(FT) Zu(FM z, (FM

0.0 0.0 0.0 0.0 -0.5% -0.5%

- 0.258 0080 - L0 0.186 0.6 0715

0.589 0.160 142 0.286 <0372 0754

1% 0.323 201 0.424 -0.138 0805

2% 0.751 3.08 0,533 +0.200 ~0.968

259 0.843 .34 0.533 0.334 ~0.868

293 0.939 X 053 0.343 -0.868

19 1032 361 0,533 0343 ~0.858

AS 1.032 361 0.533 0.3 ~0.868

6.26 1.032 381 0,533 0.343 0,568

FIGURE 28 BODY MODELING AND EXAMPLE PROBLEM 1 BODY DATA
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7.2 EXAMPLE PROBLEM 2
Wing alone models for straight-tapered and nonstraight-tapered planforms
. are shown in Figure 29. The root and tip airfoil sections differ as shown in

" in Figure 30; therefore average values of section data are used where appro-
priate. Calculation and determination of section input characteristics are
from the procedure and figures of Appendix B. These input variables are also

summarized in Figure 30. The confignration analysis consists of:

Case No. Configuration Mach No. - Comments
1 Exposed wing 0.6,0.9,1.40 Straight-tapered-wing
2.5 dump A array
2 Exposed wing 0.60 Cranked wing
3 Exposed wing 0.60 Double delta

This problem also illustrates the control of program looping using the

variable L@PP in namelist FLTCON to obtain the fliéht conditions. Note that
cases 2 and 3 use the same inputs to FLTC@J, but Lﬁb? is changed from 2 to 3.

t

SFLTCON NMACH=4.9/,MACH(1)20.6010.90+1.40,2.30,L00P=1./NALT=4.6,
ALT(1)=8,02000.:,40000.,90000. HYPERS=* .FALSE.y»
NALPHA=11./ALSCHD (1) 2-6.,01-4.8:-2.0:10.0:2.0+4. .v8..le.lvlb.'|2'..024 o8
SOPTINS SREF=8.85,CBARR=2.46+BLREF=4.,288 |
$SYNTHS XW=3,.61 202~ .80/ALIN22.0,XCC=4,148 i
SWGPLNF CHRDTP=#,.649»SSPNE=1.59+1SSPN=1,59,CHRDR=2, 90vSAVSl'55.loCNSTﬁT'l ' I
SWAFP=8.8,TWISTA=9.8,SSPNDD=#.9)DHDADI =@.9+ DHUADO=@.8, TYPE=1 .08
'?ngﬂz DELTA"Z 35!XOVC'..4"CLI".IZ7OQLPHQI".1230CL“LP“(1)' 1333,
OvVC=#.11,
i ’ CLMAX (1) =1, l?S:CHOl-.OZvaLERl'.ClavaAﬂBERI.TRUE.oCLAHO'.l'SvTCEFF" #55s
; CASEID STRAIGHT TAPERED EXPOSED WING SOLUTION» EXAHPLE PROBLEM 2s CASE 1
: SAV
. - DUMP A 3
. NEXT CASE
S$FLTCON NMACH=2.8/MACH(1)=@. 6002 SvLOOP'Z.9NhLT!2.'ALT(l)'..v9l". [
$SYNTHS XW=z2.497¢2W2-.719%
SHCPLNF SSPNOP=1.11+CHRDBP=2.24,CHRDR=4,91,SAVSI=75,1,SAVS0=55.9, TYPE=3. 08
SWGSCHR TOVC=,19/LER]=8.811/+/LERO=.0158,TOVCO=0.12/)X0VCO=08.49,CHOT=~,025628
g:sgln EXPOSED CRANKED WING SOLUTIONs EXAMPLE PROBLEM 29 CASE 2
NEXT CASE
SFLTCON LOOP=3.$
SWOPLNF TYPE=2.0%
CASEID EXPOSED DOUBLE DELTA WING SOLUTION» EXAMPLE PROBLEM Zs CASE 3
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7.3 EXAMPLE PROBLEM 3
Pertinent data for Example Problem 3 are presented in Figure 21, The

problem consists of a wing-body-horizontal tail-vertical-tail configuration
analyzed at a subscaic and transonic Mach numbers. Results are obtained for
various combinations of the vehicle components by using the BUILD cotion.
The second case utilizes experimental body and wing-body dgta to update sub-
sequent Digital Datcom configuration analyses., The remaining cases illu-
strate the use of the twin vertical panel, pfopeller poﬁer and jet power

inputs. A summary of the various configurations analyzed is presented below.

Case No. Configura&igg
1 Wing + body + vertical-tail + horizontal-tail

configuration buildup

2 Wing + body + vertical-tail + horizontal-tail
with body and wing-body experimental data

3 Wing +.body + vertical-tail + horizontal-
tail + twin-vertical-panels with body and
wing body experimental data

4 Wing + body + vertical-tail + horizontal-
tail + twin-vertical-panel + propeller
power with body and wing-body experimental
data :

5 Wing + body + vertical-tail + horizontal-
tail + twin-vertical-tail + jet power with
body and wing-body experimental data
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BUILD
$PLTCON NMACH=2.0,MACH(1)=.60,.80,NALPHA=9,0,ALSCHD(1)=-2,0,0.0,2.0,
4.0,8.0,12.0,16.0,20.0,24.0,RNNUB(1)=2,28E6,3.04E6$
S;L;Egg :HACH-J.O.HACH(I)-0.60,0.80.1.S.RNNUB(I)'4.2626.6.‘BG.
. 14
$OPTINS SREF®2,25,CBARR=0,.822,BLREF=3,00$
$SYNTHS XCG=2.60,2CG=0.0,XW=1,.70,2W=0.0,ALIW~0,0,XH=3,93,
2H=0,.0,ALIH=0.0,XV=3.34,VERTUP=,TRUE, $
$80DY NX=10.0,BNOSE=2.0,BTAIL=1,0,BLNe]l,46,BLA=1.97,
X(I)-0.0..l75,.322,.530,.050,1.460,2.50.3.43.3.97,4.57,
§(1)=0.0,.00547,.0220,.0491,.0872,.136,.136,.136,.0993,.0598,
P(l)to.o,.262,.523,.795.1.04,1.305,1.305,1.305,1.12,.866.
l(l)-ﬂ.o,.0417,.0833..125..1665,.208,.208,.208..178..1383
SWGPLNP CHROTP=0.346,SSPNE=1.29,SSPN=1.50,CHROR=1,16,SAVSI=45,0,CHSTAT=0.,25,
SWAFP=0.0, TWISTA=0.0,SSPNDD=0.0,DHDADI=0.0, DHDADO=0,0,TYPE=1.0$
$WGSCHR TOVC=.060,DELTAY=1.30,X0OVC=0.40,CLI=0.0,ALPHAI=0.0,CLALPA(1)=0.131,
CLMAX(1)=.82,CMO=0.0,LERI=,0025,CLAMO=,105$
$VTPLNF CHRDTP=,420,SSPNE=.63,SSPN=,849,CHRDR=1.02,SAVSI=28.1,
CHSTAT=,25,SWAFP=0,0,TWISTA=0.0,TYPE=1,0$
S$VTSCHR TOVC=.09,X0VC=0.40,CLALPA(1)=0.14]1,LERI=,0075$
$WGSCHR CLMAXL=0,78$ :
SHTPLNF CHROTP=,253,SSPNE=.52,55PN=.67,CHRDR=, 42,5AVSI=45.0,CHSTAT=0.25,
SWAFP=0.0,TWISTA=0.0,SSPNDD=0.0,DHDADI=0,0, DHDADO=0,0,TYPE=1,0$
$HTSCHR TOVC=0,060,DELTAY=1.30,X0OVC=0.40,CLI=0.0,ALPHAI=0.0,CLALPA(1)=,13]1,
CLMAX(1)=0.82,CMO=0.0,LERI=.0025,CLAMO=,105$
g:aglb CONFIGURATION BUILDUP, EXAMPLE PROBLEM 3, CASE 1
NEXT CASE
$EXPRO1 CLAWB(1)=.0575,CMAWB(1)=~,0050,
CDWB(1)=.015,.014,.015,.019,.064,.141,.216,.302,.410,
CLwB(1)e=-.115,0.0,.115,.23,.47,.65,.76,.81,.90,
CMwB (1)=.010,0.0,-.010,~.020,~-.038,-.002,~-.013,-,013,~.020,
CLAB(1)=.002,CMAB(1)=,00139,
CpB(1)=.012,.010,.012,.013,.014,.016,.020,.030,.047,
CLB(1)=-.004,0.0,.004,.008,.012,.020,.060,.085,.10,
CMB(1)=-.0078,.0078,.020,.038,.060,.083,.110,.140,.165,$
$EXPRO2 CLAWB(1)=.06,CLAB(1)=,002,CHAB(1)=,0039,
ALPOW=0.0,ALPLW=8,8,ACLMW=12,01,CLMW=], 39,
ALPOH=0.0,ALPLH=6,2,ACLMH=10,10,CLMH=1.02,$
CASEID INCLUDES BODY AND WING~BODY EXPERIMENTAL DATA, EXAMPLE PROBLEM 3, CASE 2
SAVE
NEXT CASE
STVTPAN BVP=0.40,BV=,60,B0V=,36,BH=1,10,5V=,360,VPHITE=20,0,VLP=1,04,ZP=0,0$
CASEID' INCLUDES BODY AND WING-BODY EXPERIMENTAL DATA, EXAMPLE PROBLEM 3, CASE 3
SAVE
NEXT CASE
S$FLTCON NMACH=1.0,MACH(1)=.6,RNNUB(1)=2,28E6$
$PROPWR AI!TLP-2.0,NENGSP-1.O.THSTCPOO.IS,PHALOC'O.O,PHVLOC-O.O,PRPRAD-O.CO,
ENGFCT=70.0,NOPBPE=4.0,BAPR75%18.0,YP=0.0,CROTs, PALSE. §
g:g:lb INCLUDES BODY AND WING-BODY EXPERIMENTAL DATA, EXAMPLE PROBLEM 3, CASE 4
NEXT CASE !
$PLTCON NMACH=1.0,MACH(1)=.6,RNNUB(1)=2.28E6$
$JETPWR AIETLI=2.0,NENGSJ=1,.0,THSTCJI=.35,JIALOC=0,0,JEVLOC~0.0,JEALOC=0,5,
JINLTA-J.O.JEANGL'IS.0,JEVELO-4000..AHBTHP-500.,JESTHP-ZOOO..JELLOC-O.Q.
JETOTP=5000. ,AMBSTP=500, ,JERAD=2,0$
CASEID INCLUDES 30DY AliD WING-BODY EXPERIMENTAL DATA, EXAMPLE PROBLEM 3, CASE §
NEXT CASE
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FLIGHT CONDITIONS: MACH NUMBERS = 0.60, 0.80
REYNOLDS NUMBERS PER FT = 2.28 x 105, 3.04 x 100
SCHEDULED ANGLES OF ATTACK = -2.0, 0.0, 2.0, .0, 8.0, 12.0, 16.0, 20.0, 24.0

REFERENCE PARAMETERS: REFERENCE AREA = 2.25
LONG. REF. LENGTH = 0.822

LATERAL REF. LENGTH = 3.00

—_—T 1
WING | HORIZONTAL TAIL| VERTICAL TAIL]
| SEMISPAN 1.50 067 0.849
o EXPCSED SEMISPAN | 1.29 052 0.630
¢ 036 0.253 o
3.93 ‘ cp 116 0.420 1.02
—_— Ay : 45° 45° 21
: AIRFOIL NACA 65A006| NACA 65A006 | NACA 634009
1.70 X REFER TO INPUT DATA FOR BODY AND PROPELLER POWER DATA.
——r c6
260 i
< =
3.00 l l
EXPERIMENTAL DATA
MACH = 0.60 (cl-a’f 0.002, (Cm,)8= 0.-6.339, MACH = 0.80 (cLa)B =-_o :gﬁb (Cm G)B= 0.0039,
(CLoyg = 00575, (Cg)y g = ~0.005 (CLgyg= 0- -
ALPHA (CD)B (CL)B (Cm)B (CD)WB (CL)WB (Cm)wa (CD)B
-2 0012 -0.004 -0.0078 0015 -0.115 0010 0012 -
0 0010 00 0.0078 0014 0.0 0.0 0.010
2 0012 0004 0020 0015 0115 -0010 0.012
4 0013 0008 0038 0019 02 -0020 0.013
8 004 0012 0060 0064 047 0038 0.014
12. 0016 0020 0083 0141 065 -0002 . 0.916
16 002 0060 0110 0216 076  +0.013 0.020
2 0030 0085 0140 0302 081  -0.013 0,032
24 0047 0100 065 0410 090  -0.020 0.05¢

FIGURE 31 EXAMPLE PROBLEM 3 DATA
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7.4 EXAMPLE PRCBLEM 4

Pertinent information for Example Problem & is presented in Figure 32,
In this example a wing-body-canard configuration is analyzed in the subsonic
speed regime (Case-1). Canard and wing section data are calculated using the
Airfoil Section Module (Appendix B). Case 2 illustrgtes the use of the
supersonic airfoil option of the Airfoil Section Module, nonzero body nose
ordinate, vehicle scale faétor, and use of metric inputs. Note that since
the NACA control cards are being used, RNNUB and MACH must be used to define
the flight conditions.

$FLTCON NMACH=1.0,MACH(1)=0.60,NALPHA=5, ,ALSCHD(1)=0.0,5.0,10.0,15.0,20.0, ,
RNNUB(1)=3.1E6$ ,
$OPTINS SREF=694.2,CBARR=18,07,BLREF=45.6$
$SYNTHS XCC#36.68,2CG=0.0$ .
$BODY NX=19.0,BNOSE®2.0,BTAIL=2.0,BLN=30.0,BLA=0.0,
X(1)=0.0,2.01,5.49,8.975,12.47,15.97,19.47,22.89,26.49,30.0,33.51,37.02,
40.53,44.03,47.53,51.02,54.52,57.99,60.0, .
§(1)=0.0,2.89,7.42,11.32,14.64,17.36,1°.49,21.0,21.91,22.20,21.90,
21.0,19.49,17.36,14.64,12.33,7.42,2.89,0.0,
. P(1)=0.0,1.84,4.72,7.21,9.32,11.05,12.41,13.36,13.94,14.14,13.94,
13.36,12.41,11.05,9.32,7.21,4.72,1.84,0.0,
R(1)=0.0,.293,.752,1.15,1,48,1.76,1.97,2.13,2.22,2.25,2.22,2.13,1.97,1.76,
1.48,1.15,.752,.293,0.0,$ : :
NACA-W=6~65A004
NACA~H-6-65A004
SWGPLNF CHSTAT=0.0, .
SWAFP=0.0,TWISTA=0.0,SSPNDD=0.0, DHDADI=0.0, DHDADO=0.0,TYPE=1.0$
$SYNTHS XW=8,064,2W=0.0,ALIW=0.05
SWGPLNF CHRDTP=0.0,SSPNE=6.205,5SPN=8.J]1,CHRDR=13.87,5AVSI=60.0$
S3YNTHS XH=29,42,2H=0.0,ALIH=0.0$
YHTPLNF SSPNE=21.34,SSPN=22.82,CHRDR=26.62,SAVSI=38,52,CHSTAT=0.0,
CHRDTP=3,80,
SWAFP=0.0,TWISTA=0.0,SSPNDD=0.0,DHDADI=0.0,DHDADO=0.0, TYPE=1.0,5HB (1) =73. 5,
SEXT(1)=73.5,RLPH(1)=17,3$
CASEID BODY PLUS WING PLUS CANARD, EXAMPLE PROBLEM 4, CASE 1
NEXT CASE
DIM M :
SFLTCON NMACH=1.0,MACH(1)=2.00,NALPHA=S, ,ALSCHD(1)=0.6,5.0,10.0,15.0,20.0,
RNNUB(1)#6.56E6,NALT=1. ,ALT(1)=27400.$
SOPTINS SREF=64.4933,CBARR=5.5077,BLREF=13.9111$
$SYNTHS XCG=12,1800,2CG=0.0,SCALE=0. 30§ .
$BODY NX=19.0,BNOSE=2.0,BTAIL~2.0,BLN=9.144,BLA=0.0,
X(1)=1.0,1,613,2.67.,3.73,4.801,5.868,6.934,8.004,9.074,10.144,11.214,
12,284,13.354,14.420,15.487,16,551,17.618,18.675,13.288,
S(l)=c.,.268,.689,1.052,1,360,1.513,1.811,1.951,2.036,2.062,2.085,
1,951,1.811,1,613,1.360,1.053,.689,.268,0., =
P(1)=0.,.561,1.439,2.198,2.841,3.368,3.783,4.072,4.249,4.310, 4.249, .
4.072,3.783,3.368,2.841,2.198,1.439,.561,0.,
R(1)=0.,.089,.229,.351,.451,.536,.600,.649,.677,.686,.677,.649,.600,
+536,.451,.351,,.229,,089,0.5
NACA-W-§=-3-30.0~2,5-20.0
NACA-H=5-1~50,0-2.5
SWGPLNF CHSTAT=0.0,
SWAFP=0.0,TWISTA=0.0,SSPNDD=0.0,DHDADI=0.0,DHDADO=0,0,TYPE=] . 0S
SSYNTHS XW=3.4579,2W=0,0,ALIW=0.0$
SWGPLNF CHROTP=0.0,SSPNE=1.8913,5SPN=2.4414,CHROR=4.2276,SAVSI=60.0S
$SYNTHS XH=9,9672,ZH=0,0,ALIH=0.05
SHTPLNF SSPNE=6.5044,SSPN=6.9555,CHRDR=8.1138,5AVSI=38,52,CHSTAT=0.0,
CHROTP=1,1582,
SWAFP-G.O,THISTA-0.0,SSPNDD-0.0,DHDADX-O.D.DHDADO-0.0,TYPB-I.0.5“8(1)-6.0283.
SEXT(1)=6,8284,RLPH (1) =14.4170$
géigtg gonv PLUS WING PLUS CANARD, EXAMPLE PROBLEM &, CASE 2
ASE v
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T
: 801
L
i
3.w--| r—
26.62
; . ,
| REFERENCE DATA
: REFERENCE AREA = 694.2
;‘_ LONGITUDINAL REF. LENGTH = 18.07
; LATERAL REF. LENGTH = 45.64
, | FLIGHT CONDITION DATA
| MACH NUMBER = 0.60
; REYNOLDS NO./FT = 3.1 x 10
l SCHEDULED ANGLES OF ATTACK = 0.0, 5.0, 10.0, 15.0, 20.0
! BODY DATA
; | x s p R
! J 0.0 0.0 0.0 0.0
‘ i 2.01 28 1.84 0.203
? 5.49 1.0 12 0.752
) ! 8975 1132 1.2 LIS
‘ | 1241 64 9.32 18
i ! 1599 123 1105 176
¢ j 19.07 19.09 124 197
: | 2% 2.0 13.3% 213
” %4 29 1w 222

0.0 2.2 1.4 2.5 S
33.51 21.90 13.94 2 ,

31.02 210 13.3 213
40.53 1949 124 1.9
44.03 17.36 11.05 1.76
41.53 14.64 9.32 1.4
5102 - 1133 1.2 L.1§
54.52 1.42 4.72 0.752
51.9 289 1.84 0.23
60.0 0.0 0.0 0.0

WING AND CAMARD DATA
AIRFOIL NACA 65A004 ' L
FIGURE 32 EXAMPLE PROBLEM 4 DATA
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7.5 EXAMPLE PROBLEM 5

The wing-body portion of the configuration used in Example Problem 3 is
modified hy attaching plain trailing-edge flaps to the wing. This example
problem is used to {llustrate partial outputs and'dynamic derivative input

and output, A summary of Example Problem § analysis is as follows:

Case No. Configuration Mach HNo, Comments
1 Body + wiug 0.60 PART, DAMP, DUMP DYN
2 Body + wing + 0.60 DUMP FCM

plain trailing-

.

edge flaps
The Digital Datcom output data, including a dump of the DYN and FCM common

arrays, are presented in the microfiche supplement. The flap configuration
is shown in Figure 33.

DIM FT _
PART
SELTCON NALPHA=9.0,ALSCHO(1)=~2.0,0.0,2.0,4.0,8.0,
12.0,16.0,20.0,24.0s
SFLTCON NHACH-X.O,HACH(I)-O.GO,RNNUB(I)-Q.ZSEGS
SOPTINS SREF=2.25,CBARR=0.822,BLREF=3,00$
SSYNTHS XCG=2.60,2C5=0.0,XWs1,70,2W=0.0,ALIW=0.0$
$80DY NX=10.0,BNOSE=2.0,BTAIL=1.0,BLN=1.46,BLA1,97,
X(1)=0.0,.175,.322,.530,.85,1.46,2.50,3.43,3.97,4. 57,
Ri1)=0.0,.0417,.0833,.125,.1665,.208,.208,.208,.178, . 136§
SWGPLNF cnnorp-o.3¢6,sspus-1.29.ssp~-1.so,cuaoa-1.16,sAvsx-4s.o,cusrnr-.zs,
SWAFP=0.0,TWISTA=0.0,SSPNDD=0,0, DHOAGI=0. 0, DHDADO=0 . 0, TYPE=] . 0%
SWGSCHR Tovc-.aso,DELTAY-l.JO.XOVC-O.lo.CLI-0.0.ALPHAI'0.0,CLALPA(1)~O.131,
CLMAX(1)=.82,CM0+0.0,LERI=0,0025,CLANO=, 105§
$WGSCH!. CLMAXL=,8,TCEFF=.03$
CASEID BODY-WING DAMPING DERIVATIVES, EXAMPLE PROBLEM 5, CASE 1
DAMP '
SAVE
DUMP DYN .
NEXT CASE .
$SYMFLP NDELTA-S.O,DEL?A(X)-O.,10.,20.,JO.,40..60.,PHETE-.0522.CHRDPI-.2094.
cunnro-.xsso,spnur:-.2oa,spAnro-.7oe.rr¥ps-1.o,ca-.oxlzs,rc-.ozzs.
PHETEP-.0391,NTYPE-1.$
CASEID PLAIN FLAPS ON WING, EXAMPLE PROBLEM 5, CASE 2
DUMP PCM
NEXT CASE
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FLIGHT CONDIVIONS: MACH NUMBER = 0.60
' REYNOLDS NUMBERS PER FT = 4.26 x 105

SCHEDULED ANGLES OF ATTACK = -2.0, 0.0, 2.0, 4.0, 8.0, 12.0, 16.0, 20.0, 24.0

REFERENCE PARAMETERS: REFERENCE AREA = 2.25
LONG. REF. LENGTH = 0.822
LATERAL REF. LENGTH = 3.00

R PLAIN FLAP DETAIL

1
TV

3.00 I

FIGURE 33 EXAMPLE PROBLEM 5 DATA
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7.6 EXAMPLE PROBLEM 6 .
The wing- body configuration of Example P: blem 5 .- used to illustrate

afleron and spoiler input and output data. F.gure 34 chows the geometry.

$FLTCON NALPHA-9 0,ALSCHD=-2.0,0.0,2.0,4.0,8.0,
12.0,16.0,20.0,24.08
SPLTCON NMACH=1,0,MACH(1)=0.60,RNNUB(1)=4,26E6,$
SOPTINS SRE?-Z.25,C8ARR-0.822.BLREF-3.00$
$SYNTHS XCG=2.60,2CG=0.0,XwW=1,70,2Z=0,0,ALIN=0,0$
$BODY NX=16.0,BNOSE=2.0,BTAIL=1.0,BLN=1.46,BLA=1,97,
X(1)=0.0,.175,.322,.530,.85,1.46,2.50,3.43,3.97,4.57,
R(1)=0.0,.0417,.0833,.125,.1665,.208,.208,.298,.178,.138%
$WGPLNF CHRDTP=0.346,SSPNE=1,29,55PN»1,50,CHRDR=1,16,5AVSI=45,0,CHSTAT=.25,
SWAFP=0.0,TNISTA=0,0,SSPNDD=0.0,DHDADI=0,0,DHDADO=0,0,TYPE=1.0$
$WGSCHR TOVC=.060,DELTAY=1.30 XOVC=0.40,CLI=0.0,ALPHAI=N,0,CLALPA(1)~0.131,
CLMAX(1)=.82,CH0=0.0,LERI=0.0025,CLAHO=.105%
SASYFLP DELTAL(1)%5.,10.,20.,30.,40,,DELTAR(1)==2,,=-5,,-10,,~15.,-20.,
STYPE=4.0,
NDELTA=5, ,CHROPI=».1116 ,CHROFO=,0692,SPANFI=1,108,5SPANPO=1,50,PHETE=,(522$
CASEID PLAIN FLAP AILERON, EXAMPLE PROBLEM 6, CASE 1
SAVE
NEXT CASE
SASYFLP STYPE=3,.0,DELTAD(1)=,0130,.0261,.0380,.0513,.0630,.0750,
DELTAS(1)=.013,.0261,.038,.0513,.063..075,

XS0C(1)=.6980,
.6955..6850..6633..6456,.6250,XSPRNE- 55, H'OC(I)-.0357..0710..0956..1152.
«1365,.1359$ )
CASEID éPOIL!R-SLOT-DEPLECTOR ON WING, EXAMPLE PROBLEM 6, CASE 2
NEXT CASE

120

e




S

FLIGHT CONDITIONS: MACH NUMBER =0.60
REYNOLDS NUMBERS PER FT = 4.26 x 106

SCHEDULED ANGLES OF ATTACK = -2.0, 0.0, 2.0, 4.0, 8.0, 12.0, 16.0, 20.0, 24.0

REFERENCE PARAMETERS: REFERENCE AREA = 2.25
LONG. REF. LENGTH = 0.822 -

T TR E o

Cme

_J

L4
LY

J
e e e ) e

4
o
<
-
IS

LATERAL REF. LENGTH = 3.00

" PLAIN FLAP AILERON DETAIL

]

1.50

-L‘ 1.108

0.0692

CG
2.60

FIGURE 34 EXAMPLE PROBLEM 6 DATA
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7.7 EXAMPLE PROBLEM -7

The wing-body-tail configuration of Example Problem 3 1s used to illu- .
strace trim control: with an elevator on the horizontal tail. In addition,
the effect of plain trailing-edge flaps on the wing (see Example Problem 5)
is included via experimental data input to illustrate a procedui‘e for multi-

ple high~1ift and control device analysis. The wing high l1ift increment
output is used to update wing-body undeflected totals via namelist EXPRnn.
The geometry is sketched in Figure 35.

$PLTCON NHACH-I.O,HACH(I)-.SO,NALPHA'Q.O.ALSCHD(I)'-Z.0.0.0.2.0.4.0.8-0.
12.0,16.0,20.0,24.0,RNNUB (1) »2.28E6$ .

$OPTINS SREP=2.25,CBARR=0.822,BLREF=3,0$ :
$SYNTHS XCG'Z.GO,ICG-O.O.XHHI.70.2“'0.O.ALIH'O.O.XH-J.93,!H~0.0.ALXHOO-0, .
XVel, 34,VERTUP=, TRUE. $
$BODY NXsjl0.,
x(l)-0.0,.l?S..JZ?,.S!O..05,1.46.2.50,3.4].3.97,4.51.
R(l)-0.0..0417,.0833,.125..1665,.208,.208,.208,.178,.118$ Rl
SWGPLNF CHRDTP-O.346.SSPN€-1.29.SSPN-1.50,CHRDR-1.lG.SAVSI-‘S.O.CHSTAT..25.
SHAFP-O.O.THISTA-O.O,SSPNDDGO.0,DHDAD[-O.O.DHDADO-O.O}TYPB-I.OS
SWGSCHR TOVC'.060.D€LTAY-1.JO,XOVC-O.40.CLI-0.0.ALPHAI-O.D.CLALPA(X)-0.131.
CLHAX(l)-.82,CHO-0.0.LERI-0.00ZS.CLAHO-.1053
SWGSCHR CLMAXL=0.78$ : .

SVTPLNF CHRDTP-.C20.SSFN8-.63,559"-.849.CNRDR'1.02.SAVSI-28.l,
CHSTATe,25,SWAFP=0.0,TWISTA=0.0, TYPE=],0$

SVTSCHR TOVC=,09,XOVC=0.40,CLALPA(1)=0,141,LERL=,0075$ .

SHTPLNF CﬂﬁDTPI.ZSJ.SSPNE'.SZ.SSPN-.67.CHRDR-.42.SAVSI-45.0,CHSTAT-0.25.
SﬁAFP-0.0,THISTA-0.0.SSPNDD-0.0,DHDADI-0.0.DHDADO-0.0,TYPE'I.OS

SHTSCHR TOVC-O.OGO,DELTAY-I.10.XOVC'O.CO.CLX'O.D.ALPHAIOO.O.CLALPA(I)-.131.
CLMAX(1)=0,82,CMO=0.0,LERI=,0025,CLAMO=, 105§ .

SSYMFLP FTYPB'I.O.NDBLTA-9.,DELTA(I)--60.,-40..-30.,-10..0-.10..
20..40..60.,PHETB-.OS22,PHBT£P-.OSZJ,SPANPI-.ll.SPANPO-.670,CHRDP!'.075.
CHRDFO-.OSX,CB-.OOJB.TCO.0076."???8-1.0,5 "

SEXPRO1 CLHB(X)'.OQ,.ZO‘,.330..450,.690..095.1.070.1.180,1.17‘3 b

TRINM I\
CASEID INCLUDES HIGH LIFT EFFECT ON WING, EXAMPLE PROBLEM 7 . \
NEXT CASE

P et nin L e
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FLIGHT CONDITIONS: MACH NUMBER = 0.60
REYNOLDS NUMBERS PER FT = 2.28 x 10°

SCHEDULED ANGLES OF ATTACK= -2.0, 0.0, 2.0, 4.0, 8.0. 12.0, 16.0, 20.0, 24.0

REFERENCE PARAMETERS: REFERENCE AREA = 2.25
LONG. REF. LENGTH = 0.822
LATERAL REF. LENGTH = 3.00

‘l
- I
WING HOR'ZONTAL TAIL | VERTICAL TAIL
) ' SEMISPAN 1.50 0.67 . 0.849
g EXPOSED SEMISPAN 1.29 0.52 0.630
A N 0.346 0.253 0.42
3.93 cq 116 2420 1.02
—_ | Aen 4° 1 a1 |
. AIRFOIL NACA 65A006| NACA 65A006 NACA 63A009
1.70 . PLAIN FLAP EFFECT ADDED AS EXPERIMENTAL DATA SUBSTITUTION
: — s
K .
: 2.60 | /—\
3 ’
t < L ————— 4 “‘*:%
t . 3.00
FIGURE 35 EXAMPLE PROBLEM 7 DATA
£
123
o
st .




© -

7.8 EXAMPLE PROBLEM 8

The all-movable horizontal tail trim case .s illustrated using the
configuration of Example Problem 3., Note that - hinge-axis distance is
specified in namelist SYNTHS and a TRIM control card is present in the

case.

SFLTCON NMACH=1.0,MACH(1)=0.60,NALPHA®9,0,ALSCHD(1)=-2.0,0.0,2.0,4.0,8.0,
12,0,16.0,20.0,24.0,RNNUB{1)=2,28E6S

SOPTINS SREF'Z 25 CBARR-O 822,BLREF=3,00$ '

$SYNTHS XCG=2,60,2CG=0.0,XW=1,70,2W=0.0,ALIW=0.0,XH=3,93,2H=0. O,ALIH-O 0,
XVe3, 34,VERTUP=,TRUE.S

SSYNTHS NINAXOQ 271§

$8CDY NX=10.0,

X(1)=0.0,.175,.322,.530,.65,1.46,2.50,1.43,3.97,4.57,

R(1)=0. 0..0417..0833,.125..1665,.208..208..208,.178..1335

SWGPLNF CHRDTP®0,.346,SSPNE®1,29,SSPNe!,50,CHROR=1,16,SAVSI=45,0,CHSTAT=.25,

" SWAFP=0.0,TWISTA=0.0,SSPNDD=0.0,5HUADI=0.0,DHDADO=0.0,TYPE=1.0$

SWGSCHR TOVCO 060, DELTAY-I 30,X0VC=0.40,CLI=0,0,ALPHAL=0, O.CLALPA(I)-O 1,
CLMAX(1)*,.82,CM0=0,0,LERI®0.0025,CLAMO=,105$

SWGSCHR CLHAXL'O 788

SVTPLNF CHRDTP-.GZO,SSPNE-.63,SSPN-.3‘9,CHRDR'1.02.3AV$I'23.l.
CHSTAT=,25,SWAFP=0.0,TWISTA=0.0,TYPE=1.0$

SVTSCHR TOVC- 09,X0VC=0.40 CLALPA(I)OU 141,LERI=.0075$

SHTPUNF CHROTP=. 253 SSPNE®.52,SSPN=.67, CHRDR- 42,5AVSI=45.0,CHSTAT=0. 25.
SWAFP=0,.0,TWISTA«0.0,SSPNDD=0.0,DHDADI=0.0,DHDADO=0.0,TYPE=]1,0$

SHTSCHR TOVC'O 060, DELTAY-I 3o, XOVC'O 40, CLI'O 0. ALPHAI-O 0 CLALPA(1l)=,131,
CLMAX(1)=0.82,CM0=0.0, LERI-.OOZS CLAMG=,105$

CASEID ALL HOVEABLE HORIZONTAL TAIL . EXAMPLE PROBLEM 8

_ TRIM
ﬂEXT CASPE
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7.9 EXAMPLE PROBLEM 9
Problem 9 consists of a lifting body configuration with a delta pLan-
form, sharp leading edge, and symmetrical diamond cross section. Pertinent

data for this problem are shown in Figure 36.

$PLTCON NHACH-l.ﬂ-NAC“(l)l.26,BALPHA-‘.O.ALSCHD(I)'°5.0.0.0.5.0.l0.0,lS-O.
20.0,RNNUB (1) =1.%6E6S .

S$LARWB ll-0.0.SREP'.989.DBLT!P-90.0.SPRONT-.307,Al'1.076.L-1.915.8ﬂl"2.2..
P!RBAS'Z.JI.SBASE-O.JO7,HB-.SBS.BBOI.OJ.BLP'.PALSG..XCG-I.‘C.THI?ADCIS.O.
ROUNDN'.?ALS!..585-.57.SBSLB-.0220,XCENSB-I.Z??,XCER“-!.2773

CASEID LIFTING BODY WITH SHARP LEADING EDGE, EXAMPLE PROBLEM 9
NEXT CASE

SR
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P SN

LUFT l

L5 FT | 0.595 FT- !

Z28=0.0 2
SREF= SPU\N = 0989 FT

DELTEP = 5, +5 = 300+ 60.0= 90.0°

. Soace = 2
SFRENT = Sgase = 0307 FT
AR= 1,076
L =1915FT

Swer = 2.28

PERBAS = 2.38 FT

HB = 0.595

BB =1.03

BLF = FALSE.

XCG = 1.4

THETAD = 15.0

RPUNDN = FALSE

RILE@B = NOT REQUIRED. SHAR® LEADING EDGE
. DELTAL = NOT REQUIREL, SHARP LEADING EDGE

$BS = 0.57 FT2 -

SBSLB = 0.0228 FT2

XCENSB = 127 FT

XCENW = 1277 FT

FIGURE 36 EXAMPLE PROBLEM 9 DATA
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7.10  EXAMPLE PROBLEM 10

This problem demonstrates the analysis of the transverse control jet in

hypersonic flow located on a flat plate, as shown in Figure 37.

SFLTCON HACH(l)'I0.0,NHACH-I.O,RNNUB(l)-l.E?,PINF(l)-lO.,HYPERS'.TRUE.S
STRNJET TIHE(I)'I.,2.,3.,4.,5..FC(1)-1000.,2000.,1000.,500.,200;,NT'5.,
ALPHA(I)-O.,3.,6.,9.,13.,LAHNRJ(1)-.FALSE.,.FALSE.,.FALSE.,.FALSE..

- .TRUE.,HE-2.39,ISP-225.,SPAN-Z.O,PHE-JO.,GP-l.Z,CC-90.,LFP'10.$

CASEID TRANSVERSE-JET SIZING, EXAMPLE PROBLEM 10

DUMP JET

NEXT CASE
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P, = 10
M = 10

10.0

FIGURE 37 éXAMPLE PROBLEM 10 DATA
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7.11 EXAMPLE PLOBLEM 11

The use of a hypersonic control flap is demonstrated in this example.
Pertinent geometry data is shown in Pigure 38.

SFLTCON MMACH=1,,MACH(1)=10.,MALPHASS, +ALSCHD(1)=0,,5.,10.,15.,20.,
MSNUB(1)=1,06E5,HYPERS=, TRGZ . $

$OPTINS SREP], +CBARR=]1.$ .

$EYPEF? ALITD#150000, ,XHL=8.,TWOTI®3,.122 oCPe2,0,HDELTA(1)=0.,2,,4.,6.,
1. 12, pl‘o 220, .35. 2130, ,LANNRs , TRUE, +HNDLTA=10.8

CASEID FLAT PLATE WITH PLAP IN BYPERSONIC PLOM, EXANPLZ PROSLEM 11
NEXT CASE
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8.0

T SN
M” Mo = 10.0 e”\J\é

¢ = 0,8, 10, 15, 20.
Ry = 106 x 10°

h = 150,000 ' A
§f=10,2,4,86,10,12, 16, 20, 25, 30.

FIGURE 38 EXAMPLE PROBLEM 11 DATA
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APPENDIX A

NAMELIST CODING RULES
Digital Datcom utilizes the namelist input. technique because it s more
convenient and fléxible than formatted input., The namelist coding rules that
follow are compatible with both CDC and IBM computer systems. The input
Jiagnostic analysis module (CPNERR) tests all of the input and flags any
violations of these rules, but it does not cottect'input errors. Digftal
Datcom will always execute the data as input by the user regardless of the
errors sensed by C@PNERR.
l. Namelist input data may appear in any card column from 2 to &0,
Colﬁmn l cannot be used (control cards are the only exception to
this rule), ‘
2. Namelist names cannot contain imbedded blanks and must be preceeded
by a $ (& on IBM systems). The $ must appear in Column Z;énd the
name begins in Column 3., A biank must follow the nameliét name .
3. Namelist data sets are terminated by a § or S$END (&END ou 1BM
systems). i ' ' ‘f
4. Variable values are specified usiry one of the two following forms:
vhame = ¢, '

or _aname = cj, €2, €3, see, Cp,
where: vname is a variable name, |
-aname 1is an array name,Aand v

i
I
i
z
s
;
.
!
i
i
|

€; €1, €2, €3, wesy Cq are numeric constants

Variable names cannot contain imbedded blanks. :

5. Each inbut constant must be immédiafely followed by a cnﬁma'(no
blanks) and must not contain imbedded blanks.

6. Namelist.variables may be in any order.

7. Not all namelist variables need be input.

8. Namelist variables may appear more than once in a namelist data set.
The last value will be used. o

9. Muitiple oécﬁrrences of the same constant in a naneiist variabie
array can be represented in the form K*C, where K 1s the number of
successive occurfenceé and C is the numeric éonstant. The repeti-

tion factor, K, must be an unsigned integer followed by an asterisk.
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10.

11.

12,

On CDC systems, if all the elements of an array are not specified,
the array name must be subscripted with the index for the first
element to be filled; i.e., anaume (1)=Cy, Ci+lseve, Cy, where
1 is the index corresponding to C, Array dimensions for all
namelist variables in Digital Datcom are specified for each namelist
name in Section 3 of this report.
" Each card that is to be continued must end with constant followed by
a corma.

All Digital Datcom numeric constants should specify a decimal
point. All variables, except logical variables are declared type
“REAL",

Examples illustrating these rules are shown in Tables A~] and A~2. Each

namelist rule is designated by its number.
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