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SUMMARY

This report describes a computer code which calculates a geometry
parameter from inputs of an air vehicle aft end area distribution. This
parameter, called the "Integral-Mean-Slope" or IMS, was found to correlate
well with high subsonic and transonic aft end drag measurements and is
used a a predictor of pressure drag.
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INTRODUCTION AND BACKGROUND

The NAVAIRDEVCEN was tasked with an assignment from the Naval Air
Systems Comiand to develop an accurate method of predicting aft-end
fuselage drag of twin nozzle "fighter" type aircraft. A computer
program (reference (a)) and several supporting documents (references (b),
(c) and (d)) were developed, in addition to this report, as a result of
the aft-end drag analysis methods. During the methodology development,
it was clear that one of the major parameters which correlates well with
the aft-end drag was the Integral Mean Slope (IMS).

This report presents a computer code which allows the user to
compute the IMS from inputs of the vehicle geometry. The input format
is compatible with other in-house graphics utility codes such as refer-
ence (g), so the user may preview the inputs before execution.

The IMS parameter is calculated by integration of the normalized
rate of change of fuselage area as defined by the following equation.

1. 0 d(A/AMAx )
(X/D) d(A/AMAX )

AE1A f d(/ EQ
IMS MA (i

1.0 - AE/A MAX

where,

represents the aft area integration limit

A represents the maximum fuselage area

DEQ represents the maximum equivalent fuselage diameter,

I DEQ

The IMS parameter was originally introduced by Pratt & Whitney Aircraft
in reference (e) as a correlation parameter relating fuselage area
distribution with the variation of aftbody drag coefficient. Another
variant of the IMS is the truncated IMS or IMST which was formulated by
Boeing in reference (f). The truncated INS parameter is a recent varia-
tion of the basic INS calculation which utilizes empirical data associated
with probable streamline separation -s a function of aftbody curvature
and Mach number. The calculation procedure involves testing the local

7
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aftbody slope at a given free stream Mach condition for the possibility
of separation and the modification of the aftbody slope to conform to
the separation streamline when appropriate. The empirical data asso-
ciated with the truncated IMS parameter is presented in Figure I and was

extracted from reference (f).

CODE OPERATION

The code consists of a main program, IMS, and two subroutines,
SPLNQ1 and SLOPEl. INS processes the input data to create an array of
the normalized area distribution versus normalized aftbody length (see
equation (1)). An integration is performed in accordance with equation (1)
above in steps of .01 of the normalized aftbody length to arrive at the
INS and INST.

The subroutines SPLNQI and SLOPEl associated with this computer
code utilize a spline fit curve through the input data to produce a
piecewise cubic with continuous first and second derivatives. The
aftbody area distribution is curve fitted using the SPLNQ1 subroutine
for interpolation of data values and the calculated aftbody slope is
obtained in a similar manner using the SLOPEl subroutine.

OPERATING INSTRUCTIONS

The IMS parameter correlates well with high subsonic and transonic
aftend drag measurements (see references (a) and (b)) if sufficient care
is exercised in the precision of input data. The numerical calculation
procedure necessitates a smooth input data curve of aftend area dis-
tribution for maximum precision of calculated IMS parameter. Therefore,
it is advisable to plot the area distribution prior to use of this
program to insure a smooth input curve. The data input format is com-
patible with the NAVAIRDEVCEN plotting computer codes (reference (g)) to
facilitate the input of analytically smooth data curves.

The program input data requirements are specified in Table I, where
a minimum of nine data cards are required for execution. The maximum
integration limit (XMAX) is input in the first ten columns of card 1 and
can represent either fuselage station directly or can be normalized with
the maximum equivalent fuselage diameter. The number of Mach numbers
(XNOMACH) is input in the next ten columns and the maximum fuselage area
(AMAX) is entered in columns 21 thru 30.

The fuselage area distribution (input on card 7) can be specified
in dimensional units of either square feet or square inches by setting
the parameter (ADIMEN) in columns 31 thru 40 to either 0. or 1., respec-
tively. The user may also input the normalized area distribution as a
function of normalized aftbody length X/DEC, provided AMAX is input as 0.
Detailed integration steps during the process of calculation of the
overall IMS parameter can be printed by insertion of a value of 1. in
columns 41 thru 50.

8
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The second data card is reserved for input of the Mach number
values (XK) as real numbers in fields of 10 columns starting in column 1.
The third data card allows the input of a case identification or title
(IDENT) with cards four and five input with blank fields. The number of
fuselage data stations (NPP) is input on card 6 as an integer value
right-adjusted in columns 5 thru 7 with the fuselage data values (FX)
input as monatomically increasing real numbers in fields of ten, starting
in column 11. If necessary, additional fuselage data values can be
continued on subsequent cards, starting each in column 11. The number
of fuselage area data values (NPP) is input on card seven as a right-
adjusted integer in columns 5 thru 7, and must correspond with the value
input on card 6. The fuselage area data values (FX) are input in
correspondence with the previously input fuselage values as real numbers
in fields of ten starting in column 11. Additional fuselage data values
can be entered on subsequent cards, starting each in column 11. The
final card for each case is input with blank fields and additional cases
can be included by repeating the input format of cards 1 through 8
followed by a blank stop card.

The output provided by the program consists of the standard IMS
parameter calculation and the truncated IMS parameter for each Mach
number specified by the user.

A sample case is included in Appendix A, together with the re-
sulting sample output. A listing of the 2I4S source program and required
subroutines are included in Appendix B.
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APPENDIX A
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In this sample problem, the inputs on page A-5 show that the aft
body area distribution was input in normalized form using 17 data sets
terminating at a normalized aft body length of 2.611 equivalent diameters.
From the inputs, we can see that the IfS was to be determined at 5 Mach
numbers (.5, .6, .7, .8, and .9) from the maximum area station +. a
length of 2.611 diameters. The 12S computation can be terminated at a
more forward body station by specifying the parameter XGAX to be less
than 2.611 in this case.

The output, on page A-6 shows the value of IhS and IKST to be
.63665 over the Mach number range indicating no probable separation by
the criterion discussed in the introduction section.

A-4
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S 0.6 a0 0.8 0 3

040311 9057 C44CULAY 103 0 90A T 0020 1217 STATICS$

2 0.

I/ON .7 0. .982 .49 .639 .300 .93 90

.01 .tog 9.434 6.62 (.161 1.414 1.23,

2.244 2.46S 2.611

&'Am 9 9 .30? .1730 .0430 .0063 .3132 .660

. 1 44 . 0 03 too#00 . 9 3 0444 .04 10 .4 4 1

.0

COPY available to DTIC does iiot

VOrIZO jaly legible eprodUCti~n
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SAMPLE IMS1 CALCUL4?10 -- TO61 OZILE [.I' 611110.S

.'**0 Vote"4 1.00000

.1*040 .64444 .70000 .80000 .too** 9.0*0000 010600 0.00000

4.04 .04 .4144 .4370 .1454 -070 .0240

1.74 .44 .4344 .. 6620 1.1896 2.1400 3.3310

2.3440 2.4%60 2.6110

1.Ooo0 .1S .2736 .11469 .903 .6702 .0640

.146 .3300 .709 .7,13 .6446 .6660 .4042

4030 .3636 .1911

oAc, so TRloCATIO INS Ste INS

.%*04 .62662 .63662

P00* .63662 .63662

.7000 .43963 .6396

s044 .§3662 .63663

.1004 .63662 .4,34611

COPY available to DTIC does not
Pe1mit fully legible teproductlon
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APPENDIX B

COMPUTER LISTING

The listing provided herein includes the IMS program with subroutines
SPLNQ1 and SLOPEl which are currently operational on the NAVAIRDEVCEN
CDC 6600 computer system.

B
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SUBROUTINE SPLNQ1............................B-5

SUBROUTINE SLOPE............................B-6
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C M.0 00:

"I" "I I07 0000000 , C000 1 4 INTGRA MCA%00 S0LOP(O F 0 A GIf AREA0(0 2 0

c 240 000

217 . /7 .2 20 "I : . 3 2 s 7 . 0 s . 1 000

00 . -200 200 00
c I-0s 00,

.. 0.. is .( r23A. ... $Its ;.1 00

c::: %PRINT IS cut ran 0200600slIC @0107.0 no. Its0

0 200aIM 00,

20 0100 2(0 100.0)00000.000000 0 0
007070.00 O 10100

A:" "a 400000 oc
27.0001.0K00.2 GO 70 30 .01@0
OF&C I 2.0 0001

blo * . 00 000
0 a0 40 100 000

720200 000.)OF&C. 060200,0007100402

C ... 000MCHARY :
40 040 0 .4 00 0:3

......0 000 So 121 001

so 0 to 0 ION 20 01
C .2s 00
C4.O 47 61: l 001CAA READ IN V00 1,416 

0
0.''oI00- _0061 700 C00001102027 I20.0 003

c 0W7 I 000T a 0g :.' ?PO 00 L:07 G2I S0 *00

C110 200 003

00 7 00 200 004

00 00 0.;.0 2:0004

000 700.0004 . ) [12. . 1 2001 000
00 , 7000720.10 .7 71.0 READ 000

I'* r *m1 11 1 07 , INNS 0

Rt27) l oo 20 0

or *I 20 000:
00 * 1OTR0, 000 . z 200i- N 000

* 20 2." 00

.S 2 0 .00
000~ 0. 200 10 04

'20 Ton% 0 201000
I7 N 1.,21 I 20 000

00 1 I I . * I0 ' ' I 20 00

00 0 -2 0 22 .. 0 100 00
.20 700720.7 .4 0 000

:01.T to 1'.0 20 000

1707C M0.2007 '10 20 0

'40 . 1 to 1 200 7 II 007
00 §: 0*00 0 0

00207. 00.20 007

00207" :0 00 00

200~0 000MOa

C 1  Ms0 00020.1

0. 200N 000:

77 .~~" 00.07274 .0.1

70 * I 20 000

.11 07000l. 12 7,70.2 200" 12'. wc., 2 00

200 20007

:'0a24 *0 0 7 'Dt20 0:0
1 01 I-v 000:S'' 0 010

02 00.'0 4.0.o 1.0.0 0.2007

"I'll007,0."Il FI 20207'1. , C ... ... o

00 701 It. 201 07.'11.

B-4
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C 02000 0C025S OS000100 20 0000 .. 0 .. F........... I 0I

C 000 11010.5A 11 *( 002440tUS000 F00

SOP ''0. 00200

002'0MAIN .00, PLOTOD

21: *l 002 0P 0
.002400.09tOO

0*0400

20 V 02-0(~ 2022.3 , 02 4

Go f; 220 2 "140

141P0W0.02P22 0..4 to2

20 S1TOOoPO.,0S 00 04
no00020P04

50 00 240o~t0

13-11 222 .2100 
P00

04 ; 2F02-00222. 0.4 200

A0 !0.0 
P 0

0.0.2 nop000
0 42-22242.P t02

260 700020P2 04I200V44I

01 0 ENT . 44 V4! 6/ 2 1 ; ISP 00
20 .Q OfS GOt 0 0004L: *
24 0.0 1~ 50

02.020 SF22 O O 00

0200 . 2 042 000

2 0 - (14 -1101 1 0520401

52*0001-2$O1t001

go ,a 5l020005

02.02142IO .. Ct AL0400ESOIt ~FICET
02.72NIO O10 1'olotkl 000

4200220 0 4

0022i.200Of 000

20 02.02 .0202.202.2202.220B00
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20 40040.002

00 2 '40002
20 270211007 74.0.00002

00 03002002

so 7270 002
04 27U 74. 70.00003

70 2102*70 00 0.4 002

GO To 12 002
m 002

0002 002

770 lau*4if002

4 G O o 0 0 / 30*

-44 4*U0to pl 0:4

s30 2-83-00

31007o.404
R..0000 00

121-320 0

44 77 .
04011

*,.0000- 007

$No 0** 040

0 ..... S S 
000

go TO20 0.0

1271;1 
000

02.07fl 40

2, 2.3-02 §4

lf200.320 000

72' NO020NNs 040

to-2 1072 - 00
0.72-077. -2.072 7,- 0

1072 *022/70IM I 004

70 207011. 00,

0040.00020.O 0

GO t0 240 0,

(4.17 0,0

coo77-07774 00

0707 Lie7 * 07n40

070 7.407 46


