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The Starting Point: Missile DATCOM
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* Preliminary-design aerodynamics

Developed to rapidly predict aerodynamic characteristics of conventional
missile configurations

« Component build-up methodology

Bodies, lifting surfaces and their interaction are assembled using theoretical
and semi-empirical prediction methods.

 Broad engineering capability

Flight-condition schedules, multiple fin sets, controls and trim, dynamic
derivatives, inlets, pressure distribution estimation and experimental-data
substitution evolved through successive releases.

 Public technical foundation

Detailed methodology, user documentation and source material provide
traceability into both aerodynamic methods and the implementation
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How Missile DATCOM Is Used

A batch-oriented, text-file workflow built around NAMELIST and control-card inputs.

1 *x*** THE USAF AUTOMATED MISSILE DATCOM * REV 5/97 *==++ CASE 1
BLOCK (ELECTRICAL CONNECTION) AERODYNAMIC METHODS FOR MISSILE CONFIGURATIONS paGE 21
FAIRING (SENSOR) PLANAR WING, CRUCIFORM PLUS TAIL CONFIGURATION
STATIC AERODYNAMICS FOR BODY-FIN SET 1 AND 2
VCYL (FIRING BUTTONS) 1 . I re p a re fo r005 ,d at wwx++w+ FLIGHT CONDITIONS AND REFERENCE QUANTITIES *####+
MACH NO = 2.36 REYNOLDS NO = 3,000E+06 /FT
SHOE (LAUNCH SHOE) SIDESLIP = 0.00 DEG ROLL = 0.00 DEG
+ REF AREA = 11,045 IN**2 MOMENT CENTER = 18,750 IN
REF LENGTH = 3.75 IN Li EF LENGTH = 3.75 IN
| —
v | LONGITUDINAL -- == LATERAL DIRECTIONAL --
ALPHA cY CLN CLL
> o o
0.00 0.466 0.000 0.000 0.000
4.00 0.465 0.000 0.000 0.000
=== 8.00 0.463 0.000 0.000 0.000
12.00 0.458 0.000 0.000 0,000
16.00 . . 0.453 0.000 0.000 0.000
20.00 . 0 0.445 0.000 0.000 0.000
R . 24.00 . 0.436 0.000 0.000 0.000
28.00 . . 0.426 0.000 0.000 0.000
CASEID PROTUBERANCE EXAMPLE CASE u n |SS| e
. ALPEA cL D 1./CD x-C.P
DIM IN ¢ e ¢
LA 0.00 0. 0.466 0.000 .3
wo T 4.00 1. 0.546 2.003
SREFQ XCG=39.0,$% 8.00 2. 0.803 2.974
12.00 3. 1.279 2.980
$FLTCON NMACH=3.,MACH=0.4,0.8,2.0, 16.00 5. 1.974 2.655
REN=3.E06,3.E06,3.E06,ALT=0.0, o s B s
28.00 8. 5.114 1.703

NALPHA=5.,ALPHA=-8.,-4.,0.,4.,8.,$
X-C.P. MEAS. FROM MOMENT CENTER IN REF. LENGTHS, NEG. AFT OF MOMENT CENTER
CASE

$AXIBOD TNOSE=OGIVE,LNOSE=12.0,DNOSE=12.0, 1 #*+++ THE USAF AUTOMATED MISSILE DATCOM * REV 5/87 #es++ 1
LCENTR=54.0,DCENTR=12.0, AEROCYNAMIC METHODS FOR MISSILE CONFIGURATIONS PAGE 22
— — - - PLANAR WING, CRUCIFORM PLUS TAIL CONFIGURATION
TAFT=CONE, LAFT=12.0,DAFT=6 .0, DEXIT=5.0,§ SIATIC AERGDINAMICS FOR BODY-FIN SET 1 AND 2

#x*++x+ FLIGHT CONDITIONS AND REFERENCE QUANTITIES ***++*
2.36

$PROTUB NPROT=4., .
PTYPE=FAIRING, VCYL, SHOE, BLOCK, 3 . I N te rp ret Outp ut fl l_e S et yo - 36 g 20 = 3.ucanseg

XPROT=14.,22.,39.,56., REF AREA = 11.045 IN**2 MOMENT CENTER = .
REF LENGTH = 3.75 1N LAT REF LENGTH = 3.75 In

NLOC=2.,4.,2.,1., ° f
LPROT=5.,1.,10.,10.,10.,0.5, Or006 — repo rt T sERIvATIVES
WPROT=2.,1.,4.,0.25,1.,1., 0.00 0.2802 .
HPROT=2.,0.5,0.1,0.75,0.25,0.25, o T o-
0PROT=0.,0.,0.,0.1,0.55,0.,5  for003 —aerodynamics T
s S0 Gl b .
=64.0, =0.0, =1.0, =4., M 28.00 0.
PHIF=45.,135.,225.,315.,$ i fo ro 09_1:0 rO 1 2 - d eta I led O utp utS PANEL DEFLECTION ANGLES (DEGREES)
PRINT GEOM BODY SET FIN 1 FIN 2 FIN 3 FIN 4 FIN § FIN 6 FIN 7 FIN 8
PRINT AERO BODY 3000 a00  o.o0  o.00
SAVE BODY ALONE LINEAR DATA GENERATED FROM SECOND ORDER SHOCK EXPANSION METHOD
NEXT CASE

Engineer formatted text decks batch program output files
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Why SpearDAT exists

Bringing established preliminary-design aerodynamic methods into a modern engineering workflow

Historical Capability
Missile DATCOM

Preliminary design

Broad configuration capability

+Z

A

XCG >i
+
—_— = — —DNOSE- —& — ~DCENTR{ DAFT — 8 +X
.

Fxo—bLf LNOSE —PL* LCENTH—PL—P‘

LAFT

Workflow Gap

Legacy implementation

Card/file workflow

Difficult integration
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SpearDAT

Modern C++17
Structured API
MATLAB interface




From Legacy Source to a Modern Solver

Reconstructing and modernising the publicly released implementation of the Missile DATCOM
aerodynamic methods

STRUCTURED
AERO STATE
(explicit)
FINCN COMMON
BLOCKS
GEO (implicit) aero/ geometry/ math/
Organised
io/ init/ airfoil/
ALPBET Translated
Improved
Corrected execution defects
FILE UNITS State modelled

Verified
376 solver routines

EXPLICIT
INTERFACES
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The SpearDAT Workflow

From structured engineering inputs to traceable aerodynamic results

MATLAB / C++

-

Structured
Input

{}

Vehicle geometry

Flight conditions

Analysis options
MATLAB/ C++

~

PREPARE

-

Prepare

v

Validate request
Expand sweeps
Prepare cases

~

EXECUTE

Isolated Solver

Process

Fresh State per scalar case

SpearDAT C++

Solver Core

Missile DATCOM
Aerodynamic methods

~

PROCESS

4 )

Process
Results

\)

Aerodynamic data
Completion status
Resolved state
Legacy outputs retained

\_ /

-
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RESULT

-

Structured
Result

Aerodynamics table
Cases
Diagnostics
Traceability




Flight Conditions and Reference Quantities

Defining the operating envelope and aerodynamic coefficient convention

/ Speed &Atmosgzhea
4 !

e Mach schedules

¢ \Velocity schedules

e Standard atmosphere

* Reynolds-specified

¢ Wind-tunnel conditions

a

Incidence \
0 C“‘ BODY-FIXED AXIS SYSTEM

* Angle of attack a
e Sideslip B
e Aerodynamic roll ¢

\ body a/B or total-a/roll attitude /

SpearDAT | Independent personal project

ﬁeference Conventioh

e Sref
e | ref, lateral reference

e Moment reference xcg, zcg
e Boundary layer / roughness

!Geometric scaling /




Body Geometry

Analytic or user-defined mould lines for axisymmetric and elliptical bodies

Choose the representation

&

Axisymmetric
circular section

+Z

T
|

N|

XCG

LNOSE —P|17 LCENTR 441—4

LAFT

Analytic
named sections

nose - centre - aft

i l
= é‘ése— _ - — —chuﬂ%—bm
ok

+

3

CROSS-SECTION FAMILY

w

Elliptical

variable ellipticity
e =height /width

LONGITUDINAL GEOMETRY
+Z

profile defined by (x, r) stations

XCG

fe— X0

LNOSE

S

LCENTR LAFT

Stations

supplied mould line

(x,

r) or (x,w,h)

Example: analytic axisymmetric body

NOSE CENTREBODY AFTERBODY,
_7 ~ 210 @10 Iﬁﬁ
xOrigin l \
exit/base
— 30 e 50 12
input.caseInput.body.shape = "Axisymmetric";
input.caseInput.body.axisymmetric.geometryMode = "Analytic";
input.caseInput.body.axisymmetric.nose.type = "Ogive";
input.caseInput.body.axisymmetric.nose.length = 30;
input.caseInput.body.axisymmetric.nose.diameter = 10;
input.caseInput.body.axisymmetric.center.length = 50;
input.caseInput.body.axisymmetric.center.diameter = 10;
input.caseInput.body.axisymmetric.aft.type = "Conical";
input.caselInput.body.axisymmetric.aft.length = 12;
input.caseInput.body.axisymmetric.aft.diameter = 6; &
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Analytic noses:

o

O O O O

Conical
Ogive
Power
Haack

Von Karman

Afterbodies:
o Conical
o Ogive

Noseend:

o Sharp

o Blunted

o Truncated

Station mode

(0,0 (8;' 4 (2':' . (60,2)
!
nose 8 16 :hase
A AR >
stations.x = [0 8 24 60];
stations.radius = [0 4 4 2];

4/




X0

Lifting Surfaces & Controls

Fin sets define canards, wings, strakes and tails through planform, section and panel placement

FIN SET 2
—p

FIN SET 1
———p:

N

e Upto4finsets ® 1-8 panels/set ® Up to 10 span stations/set

PLANFORM SECTION PANELS
e e upP
I nower l 2uomER

XLE(3) ;

XLE(2) FIN PANEL

/ (TILTED)

//XY

\ STARBOARD
FIN REFERENCE
PLANE

SSPAN(2)

: XLE(1) : ssoAn()

T ]

XCORD

Hinge line

XHINGE

YLOWER

= FINROLL /
LOCATION ANGLE

¢

o

= FIN DIHEDRAL
Y ANGLE

[ HEX ][ ARC ]

[ USER ][ NACA ]

panel roll + dihedral

wing.set = 1;
wing.spanStations
wing.chord = [4 4
wing.xLeadingEdge
wing.flapChordRatio
wing.nPanels = 2;

[0 2 6 8];

31;

[10 10.73 12.03 12.03];
= [0 .25 .25 0],

I w |

wing.panelRollDeg = [90 270];
wing.dihedralDeg = [-5 5];

wing.section.type = "Naca";
wing.section.naca.sectionType = "FourDigit";
wing.section.naca.designation = "0012";

tail = struct;
tail.set = 2;

tail.spanStations = [0 2.0];
tail.chord = [2.5 1.0];
tail.xLeadingEdge = [28.0 29.0];
tail.flapChordRatio = [0 0];

tail.nPanels = 4;

tail.panelRollDeg = [0 90 180 270];
tail.dihedralDeg = [0 O O 0];
tail.section.type = "User";
tail.section.user.xChord = ..

[0 0.25 0.5 0.75 1.01;
tail.section.user.mean = [0 0 O O 0],
tail.section.user.thickness = ..

[0 0.08 0.10 0.06 0];

input.caseInput.finSets = [wing taill; A
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Also supported:

Fixed deflection
Hinge-line definition
Bending moments
Statictrim

O O O O

/ Deflection

defl = struct;
defl.set = 1;

defl;

o

defl.panelDeflectionDeg = [5 -5];
input.caselInput.deflections.finSets =

~

4




Configuration Build-up & Aerodynamic Interference

The complete vehicle is not the arithmetic sum of isolated components

Cumulative configuration synthesis

FINSET 1
—l

A |

€

|
1 —

BODY ALONE (B)

Body-fin and fin-body carryover factors

LFNSET | FINSET2

d G

’\J/‘\/\ )

e —"

\;/

/
—

Body changes the local flow seen by the fin

Fin loading produces an aerodynamic contribution on
the body

N

B +FIN SET 1 (BF1)

Vortex influences

FINSET 1 FINSET2Z

|'A =]
l\ \‘J

BF1 + FIN SET 2 (BF12)

Panel/deflection interaction

body vortex > fins
forward fins = tail

changes local incidence

Adjacent panels are not always
aerodynamically independent

Interference can change both the magnitude and the sign of a control response.

SpearDAT | Independent personal project

Synthesis element

Body-fin upwash

Fin-body carryover

Carryover centre of pressure

Panel deflection interference

Equivalent angle of attack

Body-vortex strength & track

Fin-vortex strength

Fin-vortex track

Method source / reference

Development of an Improved Carryover Interference
Method for Missile DATCOM, AIAA 96-3395.

Pitts, Nielsen & Kaattari, Lift and Center of Pressure of
Wing-Body-Tail Combinations at Subsonic, Transonic, and
Supersonic Speeds, NACATR-1307, 1957; AlAA Journal, May
1981.

NACA TR-1307; AIAA94-0027; AlAA Journal, Aug. 1982.

AGARD-R-711.

Hemsch & Nielsen, Equivalent Angle-of-Attack Method for
Estimating Nonlinear Aerodynamics of Missile Fins, Journal
of Spacecraftand Rockets, Vol. 20, No. 4, 1983.

Hemsch, Nielsen & Dillenius, Method for Calculating
Induced Rolling Moments for Cruciform Canard Missiles at
Angles of Attack up to 20 Degrees, NWCTP-5761, 1975.

Pitts, Nielsen & Kaattari, NACATR-1307, 1957.

Missile DATCOM synthesis treatment; vortex tracked
downstream alongthe local velocity vector.

Integration note

The Missile DATCOM Final Report, Vol. |
documents the configuration-synthesis
methodology and the rationale for selecting
andintegrating these component methods.
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Optional & Advanced Capabilities

Specialised models and outputs beyond the core body-fin analysis

Inlets & diverters

SIDE VIEW

4 )

| |1 |
n @ @ ®

installed force & moment increments

additive / spillage drag
2-D top ¢ 2-D side ® axisymmetric

\_
p

/
N

Dynamic derivatives

first-order response to

-

Body protuberances

non-lifting external features

drag + local interference effects
cylinders ¢ blocks e fairings ¢ lugs

~

4 N

Experimental data
substitution

THEORY ~_

[ CONFIG BUILD-UP ]
TEST/CFD —

test/ CFD at selected build-up stage

o
-

\ pitch e yaw ¢ roll e changing incidence /

o

Spin / Magnus

[ ey

spin roll damping
spin-induced side force & yawing moment

specialised body correlation

/
N

)

SpearDAT | Independent personal project

K hybrid experimental + theoretical build-up/

Pressure dlstrlbutlons

| G
4

2

0 &
20 20

X lin)

Body C, (shown) - fin C, also available

local Mach auxiliary outputs
method-dependent distributions

o J

11



Structured Results & Traceability

From legacy solver products to MATLAB-ready aerodynamic data

/ SpearDAT processing \
/ Legacy outputs \ MATLAB result structure

arse

foreo3 L P ) [ result.aerodynamics ]
foreee ) ¥ .
fore09-012 check completion [ result.cases ]

g J

) & , | -
assemble tables diagnostics
S ; 4 resolved state
- N retained legacy files
Historical solver products capture diagnostics
remain available for L ) R
engineering traceability

K when needed. j \ controlled processing layer / K

Traceability retained: generated deck ¢ case status ® rowranges ¢ diagnostics ® optional legacy outputs

SpearDAT | Independent personal project 12



Verification & Validation

Different evidence answers different engineering questions

ﬂmplementation Verificatiorx

Does the software perform the
intended calculation?

e routine-level regression tests

* solver-path/ integration tests

e generated-deck full-stack tests

¢ historical Fortran comparisons where
meaningful

e corrected defects tested explicitly

477 / 477 passing

native automated tests

\3

Interface & Traceability

Did the solver receive what the user
requested?

¢ inputvalidation & defaults

e deterministic for005 generation

* sweep expansion into scalar cases

¢ resolved-state capture

e case status / diagnostics/row mapping
¢ retained legacy artefacts when required

MATLAB request
¥
generated deck

¢
resolved state
¢

result

TRACEABLE

/ Aerodynamic Validation \

Do the predictions reproduce
measured physical behaviour?

4 independent NASA wind-
tunnel datasets

][ body + cruciform tail ]
] [ twin inlet + tri-tail ]

forces e moments ¢ controls e roll ¢
configuration effects

[ canard + tail

[ elliptical body

agreement + reduced-fidelity
regions
both reported

\_ /

Passing software tests does not establish aerodynamic accuracy — both questions are assessed separately.

SpearDAT | Independent personal project
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Experimental Validation I: NASA TM-2005-213541

Axisymmetric missile concept with controlled roll and tail deflections

o

(a

erodynamics of an Axisymmetric Missile\
Concept Having Cruciform Strakes and
In-Line Tail Fins From Mach 0.60 to 4.63

Jerry M. Allen, NASA/TM-2005-213541,
March 2005

J

NASA/TM-2005-213541

Aerodynamics of an Axisymmetric Missile
Concept Having Cruciform Strakes and In-Line
Tail Fins From Mach 0.60 to 4.63

Jerry M. Allen
Langley Research Center, Hampton, Virginia

MS=0.000 MS=42.528
«~— 6.293 } 7.410 } 3875 23.579 >| |‘r 1.371

R ER
2.694 /69 3.150 3.040

' 1

. . Configuration data Tail fin
Body with baseline (small) nose rnon%em center, hinge line,
MS=23.387 MS=40.259

Test Envelope

Mach: 0.60to 4.63
Alpha: -2° to 22°

Roll angle: -90° to 90° °
Tail fin deflections: varied °

* Configuration 3
*  Body+cruciform tail
No strakes

AN

Selected validation case

Controlled roll/control-surface deflections

\

}« 1213

'
i

, Hinge
| line

'
0.630 > ! [
L

}47 1.992 E >

MS=139.165 MS=40259

<:‘1:>

Fin 1

8y 8
4 2
&, 5,

3

—— }4* 0.110

/__\\
Cami
/ Crrt Cniz
Caa \‘ >CB "
Crra Cyrs
~— 7

Rear views

¢ Arrows indicate direction of leading-edge deflection Co
* Views are shown at ¢ = 0°
Why this dataset?

* Electronic wind-tunnel dataset

* Manyruns across
Mach/alpha/roll/control inputs

* Exercises longitudinal, lateral

J
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and control-response behaviour/
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NASA 2005: Longitudinal Correlation

NASA 2005 Configuration 3: baseline PHI = 0 correlation
Colour = Mach number | Solid lines: SpearDAT | Filled circles: NASA experiment

c C c
6 - N 2- M 0.35 - 4

0.3 1

0.25 4

0.1 ®

-1 T T T T T -10 T T T T T 0.05 T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

a [deg] a [deg] a [deg]
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NASA 2005: Roll & Control

NASA 2005 Configuration 3: physical Pitch +10 deg
Filled circles: NASA experiment

PHI=0deg | Solid lines: SpearDAT |

Cn

a [deg]

a [deg]

a [deg]

NASA 2005 Configuration 3: physical Roll +5 deg

5 Cw
1 &
Sl
3 P
,ra'?
g
S 24
14 ——PHI=-90deg = PHI=-225deg
R — — PHI=-67.5 deg PHI = 0 deg
e —-—-PHI = -45 deg
o —
-
'1 T T T T T
0 5 10 15 20
a [deg]
c
0.25 4
02 :
S 0.15
A *
0.1
0.05 T T T T T
0 5 10 15 20
a [deg]
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M=090 | Colour=bodyroll angle PHI | Solid lines: SpearDAT |

Filled markers: NASA experiment

14 Cw
0 A . & .
14 N
5
2] S
S 31 f
-4 \N;-‘::f::i.:-\’m-,. R ———
. I
-5+ F | PR
A
-6 ) ¢
'7 T T T T T
0 5 10 15 20
a [deg]
C
0.5- e
‘i‘. -:Jw"""-"
0.1+
A
0 .
A
'0-1 T T T T T
0 5 10 15 20
a [deg]
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Experimental Validation Il: NASA TM 84560

Axisymmetric tri-trail missile concept with an air-breathing configuration

Aerodynamic Characteristics of a Series
of Twin-Inlet Air-Breathing Missile
Configurations.

Clyde Hayes, NASA/TM-84560, 1983

™\ ~ T R\ / Why this dataset? \
Test Conditions Selected validation case «  Dense subsonic-transonic
dataset for an air-breathing

Mach: 0.60, 0.80, 0.95 *  Configuration B1-11-T1 .. . .

O . . . missile configuration
Alpha: up to 20° *  Body+tritail + ®1=90° inlet configuration . Exercises installed inlets
No sideslip/roll angle * No strakes ’

diverters and tri-tail build-up
/ K j * Usefulvalidation case despite
\ inlet-closure mismatch /

SpearDAT | Independent personal project 17

Closed internal ducts

LM277811E




NASA TM 84560: Longitudinal Correlation

NASA TM-84560: B4I,T,, ¢, = 90°, zero tail deflection

Colour = Mach number | solid = uncovered/open

Cy

Cu

— SpearDAT uncovered/open
— =SpearDAT face-plug sensitivity
® NASA digitised data

a [deg]

10 15 20
a [deg]

25
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S

0.8

0.7

0.6

0.5

0.4

0.3 -

0.2 -

0.1

| dashed = face-plug sensitivity | filled circles = NASA
Ca

0

5 10 15 20 25

a [deg]
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Live MATLAB Demonstration

Define = Run = Inspect =» Plot

-

®)

.

1. Structured
vehicle input

define geometry and flight case

J

input = struct();

% flight + geometry + fin set

-

@2. speardat_mex(input)

execute deterministic scalar cases

N\

~

J

result =...
speardat_mex(input,options);

-

-

3. MATLAB result @ 4.Plot / post-
table process
inspect structured outputs plot or post-process coefficients
®
aero = result.aerodynamics; plot(aero.AlphaDeg, aero.CN)
19
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Current Status & Next Steps

A usable engineering tool today, with a clear path toward broader validation and deployment

SpearDAT today
v Reconstructed & modernised C++17 solver stack
v Typed C++ APl + MATLAB MEX interface
v Structured input, validation, execution and results
v Automated verification and full-stack regression testing / \
v Independent experimental validation studies
v Comprehensive MATLAB Interface User Guide Develop ment roadmap
25 376-page MATLAB Interface User O Broade-r.expe'rlmental validation
SpearDAT MATLAB Interface User Guide G Uide O C a pa bl llty refl ne me nt
O Parallel execution / performance
Installation e quick start e capabilities ® O QtGUl via C++ API
APl reference e validation e applicability \O Release & cross-platform packaging /
Documentation, examples and traceability
captured with the interface.
User Guide
Automation & design-space exploration
fitness = @(x) run_speardat_design(x); desi -
Parameter sweeps ¢ optimisation ¢ Monte Carlo ® aerodynamic databases [xBest,fBest] = ga(fitness,...); Sz'rg" SpearDAT e optimisation

SpearDAT | Independent personal project 21



Summary & Discussion

Modern software access to established preliminary-design aerodynamic methods

@ Modernised \ @ Engineeringworkflow\ /@ Evidence-based use \

implementation
SpearDAT implements the publicly MATLAB and C++ users work with Software verification and
released Missile DATCOM structured inputs and structured aerodynamic validation are treated
aerodynamic methodsina aerodynamic results as separate engineering questions
reconstructed and modernised
C++17 solver
structured state * explicit interfaces validation ¢ automated case preparation e 477 automated tests e independent NASA

traceability ¢ retained legacy outputs \comparisons e applicability documented/

k isolated execution ¢ tested solver stack/ K /

Rapid preliminary-design capability in MATLAB, with the limitations of the underlying methods
made explicit

Questions & Discussion

christos.patrinos@outlook.com
MATLAB Interface User Guide available on request

SpearDAT | Independent personal project
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