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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 Command 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 1s calculated by integration of the normalized
rate of change of fuselage area as defined by the following equation.

1.0 f d(a/A,.)
— d(A/ )
v T/ Avax
1.0 - A_JA

(1)

where,
AE represents the aft area integration limit
AMAX represents the maximum fuselage area

D_ . represents the maximum equivalent fuselage diameter,

EQ
4 A 1/2
I

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 IMS parameter is a recent variz-
tion of the basic IMS 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
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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-
cigted with the truncated IMS parameter is presented in Figure 1 and was
extracted from reference (f).

CODE OPERATION

The code consists of a main program, IMS, and two subroutines,
SPLNQlL and SLOPEl. IMS 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
IMS and IMST. ;

The subroutines SPLNQl 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 SPLNQl 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,
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AFTBODY
SLOPE

a !A/Annt
O (%/dcq) 1 -

FREE STREAM
MACH NUMBER

0.0 0:5 1.0

FIGURE 1 AFTBODY SEPARATION CRITERIA
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The second data card is reserved for input of the Mach number
values (XM) 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
continmued 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 IMS source program and required
subroutines are included in Appendix B.
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APPENDIX A

SAMPLE INPUT/OUTPUT
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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 IMS 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 IMS computation can be terminated at a
more forward body station by specifying the parameter XMAX to be less
than 2.611 in this case.

The output, on page A-6 shows the value of IMS and IMST to be
.63665 over the Mach number range indicating no probable separation by
the criterion discussed in the introduction section.
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SAMPLE IMS) CALCULATION - ama3 TO WOZILE EXJT STATIONS ;
2.61190 @.00000 1.00000
. 30000 . 60000 . 70000 . 80000 .s0000 0.00000 0.00000 0.00000
17.0000
0.0000 L1820 . 4100 . 8370 . 8850 #7200 1.0240
1.0700 1.2080 t.4340 1.8820 V.19%0 1.1000 2.2%10
1.3440 1.4%00 2.6110
1.0000 L9887 L2708 RI11] .908) L8702 - 8880
L9888 -0300 -1809 L1193 .das L5608 L4847
4030 -2828 Loy L
MACNH w0 TAUNCATED ImS $T0 Im§
- 3000 .63082 . 83482
so00 3682 .63682
- 7000 43882 . 83882
0000 -83682 - 83882
-9000 .83882 .83882

Copy availuble to DTIC does not
Pomit fully legible reproduction
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APPENDIX B

COMPUTER LISTING

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

B-1
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PROGRAM IMS ,
SUBROUTINE SPLNQL

SUBROUTINE SLOPEl

TABLE

NADC-76386-30

OF CONTENTS
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