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ABSTRACT

(U) The SEATIDE Analysis Process is a semi-automated
procedure for the generation of time-phased, high value cruise missile
weapon systems concepts, together with the supporting technology and
intelligence indicators which would reflect that these technological goals
are being achieved. The SEATIDE process can also be used to evaluate
the effectiveness of fixed force levels, existing forces in SAL environ-
ments, or Naval defenses.

(U) The Defense Intelligence Agency, through its Directorate
of Estimates, and The Advanced Research Projects Agency (ARPA) have
sponsored the development of this computer based analysis at the weapon
system and Naval force structure; level. A previous process, RIPTIDE,
was developed for DIA for use in analysis of strategic missile systems.

(U) Generic to the SEATIDE Analysis Process are three
major computer models: The Naval Engagement Model (NEM), Cruise
Missile Concept Generation and Screening Model (CM-CGSM) and Relative
Worth Model (RWM). The NEM evaluates force effectiveness, tactics, and
task force configurations; the CM-CGSM enables definition and selection
of candidate, advanced cruise missile system concepts; and the RWM per-
mits assessment of worth in accordance with a variety of objective and
subjective criteria. Each of these models has been checked out by DIA.

(U) In addition to exercising the computer models, there are
several other an#lytical and engineering tasks to be performed, e.g., the
identification of areas of current interest and the associated criteria and
poténtial concepts, the creation of a foreign technology data bank in a
format needed by the computer models, the engineeririg of concepts to

the required detail, and the use of a verification analysis loop.
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AERODYNAMICS MODEL

1.0 INTRODUCTION

The Aerodynamics Model is designed to provide the aerodynamic
parameters required by the CM-CGSM for the general solution to the cruise
missile synthesis problem. The coefficients required for performance
L’ CD) are the primary output; however, certain elements of
the pitch and roll characteristics of the configuration are also computed in

analysis (C

the module. The Missile Synthesis and Performance Routine (Ref. 1) was
used extensively as a model for the SEATIDE Aerodynamics Model.
2.0 OBJECTIVE

The objective of the program is to provide a description of the
basic force coefficients and pitch plane aerodynamic derivatives as a func-
tion of vehicle geometry, flight conditions, and center of gravity location.

Force coefficients (C CD) required for mission performance analyses

L!
are provided to the Vehicle Performance Model.
3.0 MODEL DESCRIPTION

The model computes aerodynamic coefficients of each element of
the configuration and combines these elements along with appropriate inter-
ference factors into a description of the complete configuration. Component
drag coefficient is computed as a function of both Mach number and altitude,
because of the dependency of skin friction drag or altitude while lift curve slope
is computed as a function of Mach number only. The general procedure for
this is diagrammed in Figure 1. The analysis is limited to the linear
angle-of-attack region, Mach numbers from 0 to 5.0 and altitudes below
100,000 feet.

3.1 Configuration Options

The configuration elements available for use in the SEATIDE
CM-CGSM are shown in Figures 2, 3, 4, and 5. Body options are illus-
trated in Figure 2 where the various combinations of nose shape and boat-

tail are shown. The body must have a cylindrical center section with one

—r——— A ——

TR TR —————



DEFINE CONFIGURATION

LENGTH WING AREA
DIAMETER TAIL AREA

SELECT CONFIGURATION OPTIONS

— e BEGIN ALTITUDE LOOP

BEGIN MACH NUMBER LOOP

DEFINE BODY AND LIFTING
SURFACE PARAMETERS
THAT ARE MACH NUMBER
DEPENDENT

1

COMPUTE LINEAR
AERODYNAMIC COEFFICIENTS
Cp. =f(M.h), Cp, =f(M)

(o]

END MACH NUMBER LOOP

| |

END ALTITUDE LOOP

COEFFICIENT OUTPUT

T T T

FIGURE 1 AERODYNAMICS MODEL FUNCTIONAL FLOW
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NAME
ITN

IBTL

ILUG

Nw

ICNTRL
IART

IARW

ITSE CT

IWSECT

TABLE I

AERODYNAMIC OPTIONS

DESCRIPTION

Type of nose

T ype of boattail

Launch lugs

Fixed wings

Control Selection

Aerodynamic Surface
Arrangement (Aft)

Aerodynamic Surface
Arrangement (Fwd)

Aerodynamic Surface
Section (aft)

Aerodynamic Surface
Section (Fwd)

OPTION
Tangent Ogive
Von Karman
Cone
Spherical
Blunted Cone
Blunted Ogive
None

Conical

Yes

Tail

Planar
Cruciform +
Triform
Cruciform X
Planar
Cruciform X
Double Wedge
Bi-Convex

Modified Double
Wedge

Double Wedge
Bi-Convex

Modified Double
Wedge

NO.

O © N o0 bW

— =
- O

12
13
14
I's
16
17
18
19
20
21
22

23
24
25

AR
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NAME
ISURFW

ISURFT

IPLANW

IPLANT

TABLE I (Cont'd.)

DESCRIPTION

Type of wing planform

Type of tail planform

Wing planform definition
input options

Tail planform defini-
tion input options

A

OPTION
Trapezoidal
Delta
Trapezoidal
Delta

Input: SEW, ARW,
w =0.0
TRW, \ TE

Input: SEW, ARW,

ver ‘e - %0

Input: SEW, ARW,

Mpps' A1e = °
Input: SEW, ARW,
TRW, A TE
Input: SET, ART,
TRT, Apy = 0.0

Input: SET, ART,

= 0.
Ap Are 0
Input: SET, ART,

Mpgs: Apg = 0-0

Input: SET, ART,
TRW, ‘\TE

31

32

33

34

35

36

37




gprr— T —————

of the nose shapes shown, and may have a conical boattail. Nose fineness
ratio, bluntness ratio, and boattail fineness ratio are input variables. The
amount of boattailing desired may be selected by an input factor which de-
fines the amount of the base annulus to be removed by boattailing.

Lifting surface options are illustrated in Figures 3 and 4. Lift-
] ing surfaces may include two sets of surfaces (wing-tail) or a body-tail
configuration. Arrangement of the surfaces may be planar (2 panels),
triform (3 panels), cruciform +, or cruciform X as shown in Figure 4.
Wing and tail panels are assumed to be in line in this model.
Trapezoidal or triangular planforms may be specified by input. Wing plan-
form characteristics are specified in all cases by exposed area and aspect
ratio. Taper ratio, leading edge sweep, Mach number for a sonic leading
edge, or trailing edge sweep angle may be used in various combinations to
select a surface planform. Table I shows the input options available for

surface planform definition. Figure 6 illustrates the lifting surface plan-

form parameters.

Option 30 requires input values for exposed wing area (SEW),
exposed aspect ratio (ARW), and taper ratio of the exposed panel (TRW);
the trailing edge is unswept. Exposed span (BW) of the wing is defined

from the relationship between aspect ratio, span, and area:

BW2

SEW

BW = ‘/SEW * ARW

Wing root chord (RCW) is defined by the relation
RCW =2 x SEW/BW/(1 + TRW)

‘ ARW =

Tip chord is defined by the taper ratio and root chord
TCW = RCW (TRW)

|
|
I
|
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Leading edge sweep angle is defined by the relation

) -14(l. - TRW)
N, = TAN S TR

Option 31 requires input values for leading edge sweep angle
rather than taper ratio; the trailing edge is unswept. Taper ratio is

computed from the following
ARW TAN-A-LE

_ Q. - 4 )
TRW = 97 ARW TaANELE
4

If the input leading edge sweep combined with the input aspect
ratio is not consistent with a trapezoidal wing, a delta wing with the input
leading edge sweep is defined from the input area and a computed value of
aspect ratio.

ARW = 4, O/TANA.LE

BW = VSW * ARW
Wing root chord for the delta wing is based on the relationship
RCW = 2.0 * SEW/BW
Tip chord is zero for the delta wing.
Option 32 is similar to Option 31 with the leading edge sweep angle
being set to provide a sonic leading edge at a specified Mach number. Lead-

ing edge sweep angle for a sonic leading edge is defined by the relation

N a2l 2
./\.LE—TAN M® -1

The remainder of the wing parameters are computed as in Option 31. Trail-
ing edge sweep angle must be input in Option 33 along with aspect ratio,
exposed area, and taper ratio. Leading edge sweep angle is computed from

the relation

-1 BW
= IA + — ™
A LE N (2 (RCW > TAN_A_TE TCW)/BW)

Midchord sweep angle is computed from the following

A-15




b -1 RCW - TCW
‘A'c/z =63 BW +A'I‘E

Quarter chord sweep angle is based on the relation

-1 1.5 (RCW - TCW) _ A
L = +
afs T TN BW TE

Mean geometric chord length is based on the relation

CrCr

C

MGC=2(C * C i
R T

3 R 'S

Spanwise location of the mean geometric chord is

v . BwW 1. + 2 TRW
MGC 6 1. + TRW

Longitudinal location of the leading edge of the mean geometric chord

with respect to the surface leading edge intersection with the body is

Xmcr T YMae TAN‘A’LE

The location of the intersection of the wing leading edge may be
input or computed to satisfy a desired stability margin at either a subsonic
condition (M = 0. 8) or a supersonic condition (M = 2.0) for example.

Section profile may be double wedge, bi-convex, or modified
double wedge as shown in Figure 4. Surface thickness ratio is an input
variable.

Two inlet configurations are provided for airbreathing configu-
rations as shown in Figure 5. A single two-dimensional belly mounted
inlet or dual side mounted inlets may be selected. Launch lugs may be
specified as required.

3.2 Input-Output Options

Input requirements are related to the configuration options
selected. The basic inputs are bLody diameter, missile length or weight,
wing area, wing aspect ratio, and tail area. Modifying inputs for the body
are nose shape, fineness ratio, and bluntness ratio. Wing and tail modifi-

cations include sweep angle, taper ratio, section profile, and thickness




ratio. Inlet type must be specified for the airbreathing configuration. Table
I lists the configuration option switches for the Aerodynamics Model. De-
tailed input instructions are discussed in Volume IIIA.

The basic output of the aerodynamics model is zero-lift drag
coefficient and lift curve slope of a specified configuration as a function of

Mach number and altitude. Table II lists the aerodynamic coefficients

computed in aerodynamics model and included in the lift/drag coefficients.




TABLE 1II
AERODYNAMIC COEFFICIENTS

Symbol Description
CDOOFF Zero-lift drag coefficient (power -off)
CDOON Zero-lift drag coefficient (power-on)
CL Slope of lift coefficient curve with respect to
« angle of attack d CL
d «
CL Slope of lift coefficient curve with respect to
$ surface deflection d CL
d$§
Cm Slope of pitching moment curve with respect to
* angle of attack d C.
d x
Cm T Slope of pitching moment curve with respect to surface
§ deflection d Cm
ag T
CmQ Slope of pitch damping moment with respect to
pitch rate d C,,
T |
Cm & Slope of pitch damping moment with respect to rate of ‘
change of angle of attack d Con
d &K
o] Slope of rolling moment coefficient with respect to
s surface deflection d C1
ds§
Clp Slope of roll damping moment with respect to roll
rate d C1
a2
2V
Ch‘( Slope of tail hinge moment curve with respect to angle

of attack d (HM)
d K

A-18
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Symbol

TABLE II (Cont'd.)

Description

Slope of tail hinge moment curve with respect to tail
surface deflection d (HM)

d §
Slope of yaw damping moment with respect to yaw
rate d CN
d R

Slope of yawing moment with respect to sideslip
angle d CN

aR

Slope of side force coefficient with respect to sideslip
angle d CY

dA

A-19




3.3 Analysis

Complete configuration aerodynamic coefficients are deter -

mined by a build-up procedure with appropriate interference factors. The
general procedure for this is diagrammed in Figure 1 using the component
options described in Table I.

The procedures used for computing the component coefficients
and interference factors are outlined in the following paragraphs, along with
the source references.

4.0 Body Aerodynamics Characteristics

The vehicle body consists of a right circular cylinder with a
forebody and possibly a conical afterbody. Forebody shape and fineness
ratio are input variables while afterbody fineness ratio and diameter ratio
are variable.

4.1 Drag
Body drag consists of skin friction drag, nose pressure drag,

afterbody pressure drag, base drag, and drag due to lift.

4.1.1 Zero-lift Drag
Subsonic
{cF “C. 4 ] Swer 4 e,
¢ F’?B) = (FRBJ Sean 4

The flat plate incompressible skin friction coefficient (CFi) is based on the

modified Prandtl-Schlicting relationship for turbulent boundary layers.
0,482
[[osla 2, 2.4

Body Reynold's number is computed from 1962 U.S. Standard

GF,{, =

Atmosphere data. Reynold's number per foot per Mach number data vs.

altitude is presented in Table III. The incompressible skin friction coef-

ficient is corrected for compressibility effects by the data of Table IV.
Base drag at all Mach numbers is computed from the base

pressure coefficients presented in Table V. Base drag coefficients are

A-20
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TABLE III

REYNOLD'S NUMBER PER FT, PER MACH NUMBER
VS ALTITUDE

DATA FRCTIN1/ n,, 7.0RR, Beow belT1, 10, S 8GR, 19.. L,61%,
* 20., 3,954, 25,, 3,370, 36,, 2,555, 3%, 3,401,
* U0es 1,914, 4o e SI0S S0er 1albid, L AL
* 604y «032% 6540 «S74, T0ay P45 ¢, ey + 356,
* 80,., .2R0, B8 .., o220, An,, PO 1y, L L o135,
* 100,, 107/

TABLE IV

COMPRESSIBILITY CORRECTION FACTOR VS MACH
NUMBER AND ALTITUDE

NATA FRCTNZ/ N0y fely 1400 Qi (\.973, Coe7%y
1 O,QUBa ‘.nl ﬂ'Qi'_ﬁ, 1.§' OQR.‘“' )‘C'
2 'ﬂo‘S' .‘.ﬂ’ n.57u' uo‘\l r..gqr_;' :.ﬂu
3 t 353, A0y 0eP9, ReaN, Beloy 1,0,
) nagl 0.579, ,‘07:1 ’).Q‘}l 1.“1 0.031;
S 1")—' O.E‘)R, 2.." (,.hﬂ. S.r’l 0.610
) u.o' ﬁ,u91, Sorl r’o“' ‘5.‘\‘" n.-"a'7/

TABLE V

BASE PRESSURE COEFFICIENTS VS MACH NUMBER




corrected for boattailing by the base diameter ratio.

Power -on base drag coefficient is computed from the relation:

= - f, AL &z Dsg

Cog g ( g
Om* Om

Power -off base drag coefficient is based on the relation:

Cog = = Ceg (gf)’

Transonic, M=1

Nose pressure drag at M=1 is based on curve fits of the data of
Reference 3. Tables II and III present ogival nose and conical nose pressure
drag coefficients at M=1 as a function of nose apex half angle. Boattail
pressure drag coefficient at M=1 is based on data of Reference 4. Table III
presents boattail drag parameter Com %)"% as a function of
boattail base area ratio. The effect of nose bluntness on nose drag coef-
ficient at M=1 is based on data of Reference 5. Base drag and friction
drag coefficients are computed in the same manner as the subsonic condi-
tion. Launch lug drag coefficient at M=1 is based on empirical data of

Reference 6. Zero-lift drag at M=1 is given by the relation:

éDc = Oy + chr" C)Dg + CDL fCD,:

Supersonic, M =1.25 - 5

Nose pressure drag coefficients for tangent ogive, von Karman,
and conical nose shapes are based on a curve fit of the data of Reference 7.
Tables IX through XI present nose pressure drag coefficient times the square
of Mach number as a function of Mach number divided by nose-fineness ratio.
Hemispherical nose pressure drag coefficient from Reference 8 is presented
in Table XII as a function of Mach number. Nose pressure drag coefficient
of hemispherically blunted conical noses is based on data of Reference 1.
Tabular data of nose pressure drag for blunted cones is presented in Table
XIII as a function of Mach number, theoretical nose fineness ratio, and nose
bluntness ratio. Pressure drag coefficients for hemispherically blunted
ogive noses is presented in Table XIV, as a function of Mach number, theo-

retical nose fineness ratio, and nose bluntness ratio.

A-22
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TABLE VI

ORTIVE NNSE PRFSSUPF DRAG COFFFIFTENT AT vz

TNSARSIN(FR/Z(N,25 .+ FR¥FRY)*57,3

™
DATA CDPSO/ 0,000,
30,000,
6C.000,
g0, 000,

chPN TA ChPN
n,000, 10,000, 0,010,
n,NBN, Un,00n, n.130,

ﬁ.?lﬁ' 70.0000 0.?50,
0,310/

TABLE VII

T
2n,000,
50,000,
Rn,000,

CONICAL MNDSE PRFSSURE DPAG COBEFFICIEMT AT M=

TM=rNNE HALF ANGLF Th DFG,

TN
DATA CDPSY/ 0,000,
30,000,
0,000,
9n, 000,

AROATYATL

CPhPM ™™ CNEN
n,NOO, 10,000, Ne200,
N 500, HoNOC, DebT0,
A,BTN, 70,0085, n,92n0,
1,000/

TABLE VIII

DEst PARAMFEFYFR AT M=y

PRP=(KARE PTAL/Z MaX, NIAIx%x?
CPPRT1=CTPKT| (M=1) #fL/N)*x? % (KT,

nne
NATA COP&R3, 0,000,
Ne200,
n.350n,
ﬂ.snn.
N RAN,

rrPeTY nne rinPT
1,170, NelNG, A RRN,
FeB20, 04250, 0,390,
re?3n, NalN(, Nie Y &0
n."“l r,.qqn' ﬂo"\‘;"‘l
(o B I - 1,000, (ISl ol

TN
20,000,
SA. 000,
ﬂl"n.ﬂfﬂ'

CPPN
n,nun,
n,170,
n.2RN,

CRp
n,270,
n.ﬂ(ﬂ,
N QkEN,

Akﬂ,(ﬁfﬁ,))/n,n

rre
F.]:O'
r.200,
'..u:p'
(L hAN,

rPerTy
N ATO,
Ne300,
Net14ab,
N NKA,




O DNFGUN L WM -

OV PXNTNE WY -

B W e

TANGFNT

TABLE IX

NETVE pnSF

WAVE DPRAR

LML =MACH NIUMRFR/MNSE FINFNFSS RATTIN
CRer2=AMNSFE PRESSURE DRAG COFFFICIFNT TIMES MarH SOUARER

M
DATA CONNG/ 0,000,
h.15¢,
Ng300,
0,450,
Oebhli(,
0,750,
(14900,
1,080,
1,200,
2.h0D,

CRusD

ﬂ.nﬂﬁ,
n,033,
N,107,
N,”201,
Nel3Ph,
fJURY,
0,665,
n,Re7,
1.104,
u,u8n,

VNA K ARMAM MNRF

(a8
04,08C,
0,200,
0.3‘-‘0,
n.500,
(g b65C,
0,RnC,
0,950,
1.100,
1.600,
4,000,

TABLE X

~AVF NRAG

CFNM?

N.C0OR,
n,ns%3,
Na.130,
N,PUY,
fieg37%,
0,542,
0,731,
Nn.,%40,
1.‘5“,
9,300/

COEFFICIENT

nML
0100,
0,250,
0.40¢C,
r.5%0,
0 TG,
0, RSN,
1.000,
1-1‘01
2.nreC,

CREFFYCTENT

DM sMACHK NI'MRFRP/NNSF FINFMFSRS KATIN

CPuMD=NNSF PRESSURE NRAG

DALY
NaTA CNNVK/ 0,000,
rf.150,
Ne300,
0,480,
0ekN0,
n,780,
n,9nn,
1.08¢0,
1,200,
?.6”09

ChHuM2
N.000,
n,029,
n,nﬂl,
Na16N0,
N.?760,
n,384,
0531,
r,701,
n,901,
1,300,

DML
0,080,
Ne200,
0,350,
0.500,
Ne 650,
0L.R00,
0,950,
1.10¢,
1,600,
u,n00,

TABLE XI

ChuM?
0-0ﬁ7.
N Ndpe,
Net0b,
n,190,
0,297,
0,U3%,
h.581%,
N.,7469,
1,450,
7500/

CRFFFICTIFNT TIMES MACH

DML
0,100,
0-2‘01
n Unn,
n,%%0,
0,700,
Q.Rgﬂ,
1.00C,
1.15¢,
2.000,

HEMTSPHFRTICAL NMSF PRFSSURF NDRaAR rOFFFIFIFENT

MACK
NATA CNSFRR/A NO0,
N 780,
1.500,
2,500,
S.,000,

CRPN
0.?ﬁﬁ,
n,240,
N hAN,
ﬁ.asﬂ,
A BT7H,

MACKH
Nel8R0,
1.000,
1.7<ﬂ,
3,000,
holnn,

rnpr
0,200,
nollnl
0073'\'
N RUS,
N REN,

MACKH
(1,860,
1.2%0,
2.000,
4, nern,

10,000,

crwmp2
N,N17,
n.n7R,
n.’bbl
0.?51,
n,u3n,
A ka0,
Na797,
1.016,
2.700,

SAUARFD
ChM2
NaNn16,
A NRD,
Ne132,
N,273,
ne3UY,
N, ue0,
Neh37,
N,R2U4,
2,050,

(TN
f,P20,
0.825,
n,775,
r REN,
N RGO/




TABLE X1II f

CANTCAL NNOSF waAvFE DRAG FOFFFTICIFNT

PMLEMACH MUMRER/NNSE FINEREQS RaTTM
CRwM2=NNSF PRFRRIIGE NRAR CPFFFIFTIFNT TIMFS MACH SAUARFD ]

N Chwv) r ChuMp nrL o PTF : *
DATA CCNCA/ 0,000, 0,000, 6,080,  A,N16, 0,100, 0,020, ‘

1 ButBhP,  M080, 0,200, D71, 0.250, 0,098,
2 0,300, Dla 225 Ne350, Ne151, n.unn, N, 180, 1
3 0,450, "-’191 De500, Ne247, (eS50 ¢ n,26%, |
4 n,e600, n,317, 0,650, n,6n, n,700, nUbk, |
5 0.750, N.U50, N800, N.50%3, 0. R&C, r 851, f
6 0,900, 0,40k, 6,950,  0,kAT,  {,0fC, 0,730, i
7 1.080, 0,794, 1.100, N RAL, 1,180, n,Q34, i
R i 1,200,  1,00K, 1,600, 1,400, 2,080, 2,350, |
9 2.600, 3,750, 4,006, R.50n/ |

TABLE XIII

BLUNTFD CNANF DRFQQUIRF NRAR FAPEFFTPTIFAT

FCAP=NOSF RI UNTNFSS PATTC
FP=THFOBETTCAL COQF FIMFNFSQ QATIC
CNPANzRI (INTED F(MF PPRPFESSIIFF NKAG CNEFFTCTENT
KMsMACW FIVRER
DATA CPP7017 1,250, 1,500, 2,000, 3,000, 4,000,

1 2.000, S 00, 4,n0n, S.000, A NGO, 7,000, R, 0N,
2 A 000, A 200, 0 800, n,a00, n,Rn0, 1,000,
AMzY P8, FR22,.,0 TmKkll RN
Frip=n,0 fe2l C.lC 0 &0 PR,EN ¥ 00

X 0e255, [y 2 o NelS0, Ne21%, n.320, f.520,

X 0,125, felth, Nel115, Na170, G300, NaBP0,

X Ne0O7R, (eNTO, 0,095, Nelh0O, Ne290, N.,820,

X ﬂ.Ocﬁ. 0.ﬁ€ﬂ' Oonnn' no“" 0.2°ﬁp n.anl

X 0.03“. ﬂ.ﬂuh' Q,h?S, n.g:), 00290' ﬁ.ﬂ?ﬂ.

X he0O30, *NLN88, O 0T0; e lSts n.,2Q0, NP0

X h,025, a, N2, 0, NkE, 0,150, c.290, n,s20,

RMSY ,8n, Fr=p,N TwrIl RN
Frapsn,n fhg2n (e D K0 N, R0 Y 00

3 002‘75 ﬂ,?f?. X D.Z“l 4,211, 000:6' no““” {

4 0s1¥1s IS E L Nelhiy NePRT, 0,429, N.hRO, |

5 8,071, A NRD, r,135, n,ous, n a1 s, 0,669, a

A 6,060, N PRA, IR B i A N,2%7, A UnR, N, haA, {

7 Gel3F, n,NEA, 114, n,22n, N uNny, N hER,

A N, 02k, Vg ISy VelVCo Na??P7 fe i8S, N,he8, 1

9 n.no4, 0 ¢ U2y (elBh, 0aPPT, AedNp, NG ARQY/ |
|

A-25 Y& T  ANFRRE ATy .
’ /

2y 'y . 1
|




TABLE XIII (Continued)

Fr=p,00, FR=D ., 0 THRII R,N
FCAP=N0,0 0,20 A.Un N 6N A RO
DA" CDP?nP/ ﬁ.]ﬂo' ﬁ.1ﬂn’ 0.236' 0.30“, O.S‘R,

B 0.095%, Net12, 0e181, N.306, h.do3,
C 0,089, n,nan, N,156, NePHH, n.H0ON,
p 0.041, h,Nk3, falun, N 280N, n.u479,
E n,027, n 080, 6,133, 275, 0,477,
F 0,022, n,045%, Nel32, N.270, 0,476,
G N.N16, N,NU2, 0e120, N,P268, 0.,Uu75,

RM=Z .00, FRE=2,0 THRI' B0
FCApP=0,N Ce2f 0,40 N,60 fL,R0
X 0,154, n.180, 0,258, 04385, 0,5rR?2,
) 0.079, Nel112, 0,200, f.350, 0,568,
2 0.0UQ, N,0R3, 0.175' 0,333, 0.5:8,
3 n.03%4, D067, 0,163, n,324, 0,560,
4 0,025, NeOSA, 0,156, N.31R, 0,549,
5 n.019, N.NR2, 0.150, 0315, 0,545,
& N.017, n, 050, 0150, Nne313, n.5us%,
kMzld, N0, FR=2,0 THEL R,N
FCAF=zH,0 f,2N Nl N,h0 r. PO

DPATA CDP703/ 0,142, g LT Cerk?, N UMK, C.613,
R 0007"1 A.“’l nce‘Ol 0.369, n.SQf‘.
9 n, 044, 0,0RT, n,1RS, 0,350, 0n.5R2,
a 0,631, N KK, 0el172, Ne3un, 0,572,
R n,022, NPk, Nel1kd, N.340, P Al
c 0,016, N.NSK, Ne1AN, 0.333, 0.5+8,
n 0.013, n, 08N, Celb0, n,%22, 0,865,

TABLE XIV
RLI'NTFD (LGIVE PGFQSIIRE PFAG COEFFTCTIFNT

FCAPE AQGE B LNTVERS RATT(

FRE=THFNRFTICAL MNSE FINFRESS RATIQO

CRPMSRLIINTEN NGTVF PRFSSIIRF NRAGR FOFFFIFTIFANTY
PATA CDPT711/ 1.25¢C, 1,500, 2.000, 3.000, a,ona,

{ 2.N00, 3,000, 4,000, 5,000, hoNND, 7.000,

2 Ga0N0, ﬂ.’ﬂﬁ, 0,400, NeA00, n,Ran,
RVMEY .25, FR=22,0 THKII R,0

FrAp=(G,0 Ge?h Neli Gobh0 tP0

0,220, N 17%, n.090, n,125, Q270
0,110, n,NKS, n,0N70, Na1P8, n,270,
0,065,  N,0un,  0,0u5, 0,125, 0,270,
O.CUQ, n,ﬁ}ﬁ, 0.0“5’ 0.!?“, ﬁ.??ﬁ,
n,03%5, 0 N2, 0.0US, Ne130, Na2BO,
0,025, n.020, NeNUS, Ne135, 0N.2RS,
0,020, n,n18%, n,N80, Natun, n,2¢0,

NNNNNNN

A-26

1.00
n,75%8,
h,75R,
nn’SRl
N,75%,
n,75%,
Ne759,
NeTSR,

1.0(1
A PUTZ,
N RUZ,
0.8“0'
nh,rUZ,
h RUU,
N.RUT,
N RUTY

l.ﬁn
A RAR,
N, RAR,
n,R&G,
A FRO,
fn,RAG,
N,R69,
N RAQ/

R,n00,
1,000,

1.0
h,c20,
N.820,
A.B20,
N8N,
ﬁ.‘?ﬂ,
hn,820,
f,820,

e




O BNV & W

dMMoON D

FNEWMN - X

D0 X P> 0P

p”=’aSOI
FCAP=(M N
N,220,
n,105,
0.065;
n,0un,
n.030,
Na 030,
N,N1R,
R™Mz2,.,N0N,
FCARP=O 0

PATA CDPTY2/ 0,197,

0,005,
0,055,
0,035,
0,025,
n,018,
0,015,
RM=TZ .00,
FCAP=0,0
0.173,
0.0R8,
0,083,
n,036,
0.076,
n,019,
0,014,
RMsUu, 00,
FCAP=0,0

DATA CPPT713/ 0.163,

N,0RY,
n.05¢,
8,032,
NeN22,
N.h16,

Ba011,

TABLE XIV (Continued)

FrR=z2,n THKRII R0

n,2N fglDn
n,140, 0.153,
n.,na3, Ne1P8,
NNt Ne110,
n,NUR, 0e1NC,
n,NTAR, N.NGF,
NgN33, Ne 095,
04030, f.0G3,
FR=2,0 THRII R, 0
0,20 QL uc
N,179, N.20%,
n,100, 0e183,
0.0k1, 0134,
n.N52, Del2b,
N NU?, Ne1?4,
n,0%9, e 118,
ﬂ.nxhp 001‘5'
FR=2,0 THRI! RN
0.20 O.UO
AN 1T7R, N.235,
(1P 1 1 De185,
N NRN, Ne1669,
n,0kA8, N,156,
N N&S, Ce1580,
ﬂ."Sﬁo h-!ubf
n, NGO, p,1l2,
FrEz,0 THF R0
€.2n ho.un
Ne17%, Ne2dn,
0oy Le20 0,
A,0B2, relB,
Na070, Na170,
ANRT, NelkP,
(o T 1L Dalh(i,
A NKRER, e R

NghN
on?l‘;'
0,220,
0.”18%,
N.”212,
NaP10,
N,210,
N,?210,

0,60
Ne30K.
0.2R1,
0,266,
N PR,
N.?26N0,
ﬂ.?:?,
N,P8R,

N,60
N,360,
N3y,
n.,323%,
n,217.,
N1,
NeR(R,
0,306,

G,60
(o - Ko
n, 385,
0 S G,
n,33%,
Ne337,
N30,
n,32%,

f RO
0,395,
n,6395,
n,3¢%¢,
nuce,
o.unn,
n,unn,
0. UDO:,

Y
N UT7R,
N 0T,
0, UAhS,
A URG,
n,479,
N URR,
NgH4hQ,

ﬁ.pﬁ
n,SkG,
fR U9,
(l.rﬂuj,
ﬁ.kza'
n,h349,
f.538,
B SR7,

h.pc)
n,c00,
(o577,
fLGRE,
N,565,
h.%";
NsSAD,
N8R0,




Boattail pressure drag is based on data of Reference 1. Table

XVpresents boattail drag parameter 4008& (—’g—)" as a function of boat-
. > z z . z L
tail base area ratio (DB /‘)H ) and boattail parameter T =
Base drag is computed as described in the subsonic region.

Body friction drag is based on the relation

Co =t/€r,_§£%,§§,—:

Launch lug drag coefficient is based on empirical data of
Reference 6. Table XVI presents launch lug equivalent flat plate area as a
function of Mach number. Launch lug drag coefficient is based on the

relation £,

& *

SRerF

Zero-lift drag coefficient at supersonic Mach number is based

on the relation
Co. = Cout Cogr + Cog +Cop *+Cp,

4.1.2 Induced Drag

Induced drag cnefficient at all Mach numbers is based on the
relation

C’Dl: = 0‘_ TAN X

4.1.3 Total Drag Coefficient

Total drag coefficient is based on the relation

Co #» Cp, *Coi

4,2 Lift Curve Slope

Body lift consists of the nose contribution and the boattail
contribution.

Subsonic, M <.9

Nose and cylindrical section lift curve shape is based on poten-
tial theoryv and uses Munk's apparent mass factor from Reference 1.
Munk's efficiency factor is presented in Table XVII as a function of body fine-
ness ratio. The boattail contribution is equivalent to the nose contribution

corrected for boattail volume and boattail base area ratio. The boattail




TABLE XV

CNANTCAL RMPATTATI PRESSLIFFE NRAG PARAMETER

PPP=(FASE PTA,/ MBX, DTA Yx%?
CRA=CPPATL * (2, Nx| /DY k%D
RLNDRSRMATTAT|I PARAMFTFR (2, N/RFETAY (| /D)

RI DR=1,0
DATA CPART1/ i.,000, .
Dhp cha rop Coa rnz cna
1 0.000, ncuenl Oon?“' ﬁ.q'7|" r‘qn‘ol A.A(\hl 1
2 0075, Neb2N, fa100, N,k0N, 150, N 8kN, ’
3 0,200, 0510, 02500 n,480, 0.300, 6, unh0,
4 ﬂ.}ﬂo, rf.3RN, 0 & LR fa320, (8 {3 0,280,
S n,S00, f.P1N, 0,580, N,1AN, e tn,; 6,139,
& 0,650, 0,110, 0f.,700, h,NronN, N B00, A.NRN,
7 0,880, n,nun, 0,950, 0. 00, 1,000, HehNN,
RI DR=2,0
8 2,000,
SR2 cna mE g NP cna
Q N, 000, 1,740, 0,025, 1,hdN, 04050, 1.540,
A 0e 0TS, 1,440, 01006, 1,340, N 150, 1,700,
R 0.200' ‘.0703 O.qul 0 <O4n; f,300, f.ﬁ]f‘,
c n,35n, n,70n, C.u00, n,59n, rn,us0, ARAEN,
D 0.500, NJd20, 0,580, N 80, feb0Q, 6,200, |
F 3.65n' ﬂ.?l(" O.?ﬂf‘, 0.470’ {'-.Rﬁ(\, (‘.f*ﬂﬂ,
F 0,900, n,N20, D.950, N.010, 1,000, 0,000/
RI PR=3 N
PATA CPART?2/ 3,000, ‘
rNna rra nnp ChA rnP cnha
1 n.000, Polen, C.0P5, ?.7280, 0080, 2.029,
2 O g TS, 1.526n, (998 [ [{ 9% | o 160, e 180, 1,540,
3 fe2ntt, 1.3dn0, o250, 1.170, N.300, 14016,
4 0e350, f.R7n, Delng, NaT20, 0,480, fok0h,
5 ¢ «S00, Ha.500, e 950, Qe e N 600, h.320,
) 04680, n.?;rt 0.e 706G, N200, Do GG, ne,nQf, 3
7 A’qﬂh' Nalioh, F.QR(‘-, NaN10, 1.000, “.f‘r-fo '
w| CR=d, 0
8 g 0> (Nl
nep rra N Cra rnp tha
9 0000, 2,090, (5GP Sy P.h0N, 0, 0%0, 2.%R¢,
A DTS, 2,220, 1,106, P.AkA, N 1E0, 1,780, !
B Del00; 1,560, 0ea?S05, 1350, N300, 1,170, i
C 0850, 1000, heblnh, AyRER, had8&o, fReT00,
D 0.%"‘(‘, (\.t."]'\' (-.’N,‘;f‘), (\.L‘Aﬁ, ﬂ.b(‘(-' "'-“‘ﬁi
3 N AR50, fi 290, Gig THH, o I 1 N EOD, n,nan,
F n,onn, AL P, rL usH, Aafht1n, T B BG , ANROY

A-ZQ E-s" ... / 4




mL

DATA CDART3/ 5,000,

b - NTNE W -

MmO D O

DATA CDARTL/

> N NTE WY -

MTMI O D> O

np2?
n,009,
0,075,
n.200C,
De350,
c.500,
NebS0,
N.900,

RL

6,000,

rhp
0,000,
01505
0,306,
0480,
Nab0OO0,
n,7%¢0,
0,900,
RL
R,000,

nere
0.000,
0.075,
0,200,
on-‘,:nl
0.5{‘0.
Nab650,
0,900,
R
10,000,

nr2
0,000,
0,075,
0,200,
0,350,
0.5“\”»
Ne6SN,
n.900,
RL

NATA CPDARTS/16,0N0,

NT N NN .

D2
0,000,
0.075,
OQPhnl
0,350,
n.500,
0,650,
a,900,

TABLE XV (Cont'd.)

PR=5,0

£HA
1,320,
P.460,
1.710,
1,080,
0, heh,
Na310,
0,030,

NR=h, N

rns
3.720,
2.110,
1,390,
n,Run,
0 SY
f\.‘(-f‘,
NeN30,

PRzA N

£na
4,250,
3.020,
2,040,
1,3¢0,
0,760,
Ng370,
n,0uD,
DR=10,0

(oal
8,000,
1‘.2860
P.P10,
1.390,
n.R20,
Nedi1n,
NeNUDB,

PRat14,0

cra
B A0N,
3.7001
2.5800,
1eA30
n.92n,
n,uun,
NaNUBO,

np?
0,075,
0,100,
Ne250,
n,unn,
n.55n,
0700,
n,950,

N2
0.050,
0,200,
0350,
0,500,
0,650,
5,800,
N ,950,

npe

0.025,
0-1”0'
0,250,
O 00,
0550,
0.700'
0.950,

nne
Ne02%,
0,100,
0,280,
N.U00,
Ne580,
D700,
0,950,

nhe

0,025,
o100,
n, 280,
(edN0,
0550,
0.700,
N 980,

cnA

.‘.nlﬁl
PQ"’O'
1,480,
n.910,
n.51N,
0,240,
N N20,

ChaA
2,960,
1,Rd0,
1,170,
6,700,
Ne3d0,
Ne116,
(\00200

cra
3,750,
2,760,
1,760,
1,090,
O.bon'
0,270,
0.010,

CDA
4,270,
2,900,
1.910,
1.160,
0,660,
N,270,
Oonln'

cha
S.000,
3,340,
2.140,
1,360,
0,750,
0.320,
A.010,

re?
n,080,
0,150,
N300,
0.450,

ChA
?2.,h50,
1,970,
1-?6"'
(\-77‘\0
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TABLE XV (Cont'd.)

RILNR=20,0

20,000,
il
n,025,
0,180,
6,300,
0,U50,
0,600,
0,750,
a,ann,

Fl=s LUG EQUTIVALFNT FLAT PLATE ARFA=SNIIARE TNC=ES

RMz MACH
RrMm

DATA FLRM7/ 1,200,

1,400,
2.un0,
3.600,

cha nee rnha
4,994, 0,050, 4,85an0,
2,160, 0,200, 2,750,
P.,0dN, N3850, 1,740,
1,200, 0500, 1,000,
N,A3O, N bS50, n,u9n,
n,25n, DJRON, Ne150,
A NUN, 0.950, De01 0%
TABLE XVI
LG DRAG CMFFFICIFNT

NUIMRER
Fl Qv
18,200, 1.250,
1R, 100, 1.600,
13,200, 2.800,
9,100, 4,000,
TABLE XVII

F
1R, 400,
1A.,900,
11,600,
R,100/

MIINK!'S FEFTFIFYCY FACT(R

Frk= RCONY FTMNFAFRS RATIN

FKEMINKIS FFETCTENCY FACTAR

FER

DATA FVFRP/ 4,060,

T.00r,
10,660,
13,000,
16,000,
19,000,

F x
n TR0,
AL RQA,
A Oun,
A, OKS,
n,ORA,
n,984,

FRE
F.hﬁf,
ﬁ.(\t’\(,'

11,000,
ta,6no,
170006 ;
?.(.'Q(\"’r\l

¥
f\.ﬂ:ll\'
NeQ2n,
N.950,
N,a97n,
A.QPLI,
nN,QRR/

ro?
Nes100,
9,250,
A, uno,
f.550,
0,700,
0.R80,
1,000,

(<3
1.300,
2,000,
3.200,

FRB
h 000,
9,000,
127,000,
15.000,
1R, N00,

1R, 400,
14,900,
10,200,

CNA
3,750,
2,380,
1,470,
A ROD,
na360,
h,0RN,
A, nch0y/

|

F K
n,R7A,
6,030,
A,OKN,
N,075%,
AL OFE,




factor is presented in Table XVIII as a function of boattail geometry and
angle of attack. Body lift curve slope at subsonic speeds is based on
the relation

Transonic, M=1

Body lift curve slope at Mach 1 is based on slender body theory
adjusted for experimental results. Body lift curve slope is given by the
following relation

Cr g = R4 + 2.4IKgr

Supersonic, M>1.2

Supersonic lift curve slope for nose-cylinder bodies is a func-
tion of nose fineness ratio to cylindrical section fineness ratio.

Supersonic lift curve slope for cone-cylinder bodies is pre-
sented in Table XIX. Ogive-cylinder data is presented in Table XX. Effects
of nose bluntness on blunted cone lift curve slope are based on data of
Figure 4.2.1.1-24 of Reference 1. Tables XXI and XXII present bluntness
effects for blunted conical nose shapes and blunted ogival nose shapes,
respectively.

4.3 Center of Pressure

Subsonic and Transonic

Center of pressure for nose and boattail at subsonic speeds
and transonic speeds according to potential flow theory is given by the

following relation:

CP { S“FLN ( )CL,‘ - Larzf[m +2(Pa + OZLM)/
3(oe+ 08+ 22Ln)] 4 (Razds } c",w}/(c‘_w # Cougr)

A-32

=




TABLE XVIII

RMNATTATIL LTIFT FACTCR

VOLRATSROATTATL VPLUMF (1 ,=RASF ARFA/RFF, AWFA)/NMIRE YN (1uF ‘

ALPHA= ANGLE NF ATTACK =« DENR
RRTNN=RNATTATIL [ IFT FACTCR
ALPHA=N,0
DATA VOLRA/ 0,000,
VALRAT RPRTOM VALRAT RRTNN VOLRAT PRTON
1 0,000, n,nen, 0,200, =0,515, 0, U000, =N, RAY,
2 0.600' -0.971' 0.800' -1.0001 1.0(‘0' -‘Qh(\n!
AL PHA=S,N
3 5,000,
VOLRAT RRTMON VOLRAT RRTMIN VCLPAT BERTCN
u 0,000, 0,000, 0,200, =N,500, n,u400, =0,R4US,
5 N.600, «N,95R, 0.BN0, =N, 08N, 1.000, =0, QRS,
ALPHAZ10,0
6 10.0“0'
VOLFAT RRETON VALRAT RRTNA VPL AT RRTON
7 0,000, 0,000, G200, =N, U685, 6,un0, -0 ,ROP,
8 0,600, =n,90%, N BOC, =0,925, 1.000, =0,030,
, ALPHAZ18,0
‘ 9 15,000,
VOLRAT RRY(N VOLRAT RETON VOLLFAT RRTYON
A n,000, n.n0n, Ne200, 0,000, n.,un0, ~0,k95,
8 0,600, =0,810, N800, =N0,R35, 1,000, =0,R40,
Al PHA=20,0
c 20,000,
] VOLFRAT RRTYNN VOLRAT RRTON VRILRAT PRYCM
i ) 0,000, A, 000, 1,200, =N, 280, n,uf(, =0,802,
E E 0,600, &N A3N0, PLBOC, =N k71, 1,000, =0,680,
: Al PHAZ=30,0
: F 20,000,
[ VOLRAT PRTOA VOLPAT RBTNON VO PAT REBTNN
| 6 0,600,  A.ODN, 0,200,  A,000, 0,400, 0,000,
; - N k00, 0e060, 0,800, Nn.noe, 1.000, 0s 000/
)
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TABLE XIX

SHPERSOANTIC L TFT CHRVE SLCOPF FNP CNNFefY| TADFRE

RFF, FIG,4,27,1,1=21R, PFF,1
BRFN=RETA/NNSE L/D

BPFAN=1  0/RFN

FAFN=CYL INDER (L/P)/AASE (L /N)
CLASLTYFT CURVF SLOPF =(1/RAN)

FAFNZO,0
DATA CNA2R1/0,00C,
BFN clLa BFN cLA BFN cLe
n,3nc, 1.930, Ned0n, t.6000, Ne6C0, 1.RB0,
DaTO0, 1.870, c.B800, 1,860, 0,900, 1.ReN,
1,000, 1 RN, :
FAFN=0,5 i
n,500, ‘
RF N Cl A BFA cLa BF N CLA

n.3nn, ?2.580, nD.UND, 2.h00, 0.600, 2.620,
n.700, 2.610, N B8N0, 2,605, 0,900, 2.600,
1,000, 2.58N0,
FAFN=1,Nn
Lt.00n0, !

KFN CLA BFN CLA BRFM cLaA ;
n,300, 2.h0N0, 0.400, 2.790, 0.600, 2,910, i
0,700,  2.940, 0.R00, 2,980, 0,900, 2,990, |

A\ = S e e ey

1,000, 2,000,

FAFN=2,0

2,000, b
RF N Cl A RFMN CLA KFN ria

“.3nn, ?c7301 0.“00’ 2.“601 0.6001 3.06“}
0,700, 3,130, N.800, 3,200, 0,900, 3, ou0,
1,000, 3,290/
FAFN=3 0

DATA CNAR3R2/3,000,

RF N clLa RF®. cLA RFN LA
0,300, ?.760, CednNe, 2.910, 0.600, 3,140,
Nn,700, 3,220, N800, 3,260, n.900, 3,360,
1,006, 3,430,

FAFN=4,0
4,000,

REN Cl.a RFN cLa RFN rla
Ne300, ol s NdN0, 2.920, NebOO 3,160,
0e700, 3,.run, n,BON, 3.320, N.900, 3,TRN,
1.000, 3,475,

FEsFNz5,0
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z o
0,300 LA
B 0.766, 2.790, 0 B cLA
DATA 1 ono' 3,248 H0C, -] 6 RFN
1 CNARU/ 0.000, 2. 475 0.800, 3'3“0. 0,660 cLA
2 i i 1325,  oian0,  3.d08,
3 00500’ n.R0N, 1.850, n,50 i 3.408,
4 2,460, 04300, 1,860, 1.0 fr  1.R55
5 i e 5'530' 11500, 1,860, 060
6 Shee’ . 300 . 540 2500, 2,420,
7 S n.R0N, ST e o i
8 Sl P ey o200 21780,
S B.Onn. 0,&06' 2'9701 0.200' ?:QQg’ N,h00,
B 4,000, R 1ol pacse o ekl
(= 3';90, ”-366' 3,490, lqun, 3.006'
D 5.0 L ”.ROn’ 3.340, n.oon, 3410, feh00
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