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PREFACE

The determination of upwash angle induced by the aircraft at
noseboom-mounted angle-of-attack vanes is a problem the flight test com-
munity faces on a recurring basis., The Air Force Flight Test Center (AFFTC)

4 and the NASA Dryden Flight Research Center (NASA/DFRC) use variations of an
upwash estimation technique developed at NASA/DFRC which is commonly called
the Yaggy-Rogallo technique, This technique has been applied successfully
to numerous, varied aircraft by both organizations. Confusion on the part
of "first-time" users in applying the technique has resulted because there
was little fcrmal documentation of the technique and most information was
passed by informal contact with previous users. Since no proven computer

! program existed, numerous procedures to implement the technique were

! developed. The procedures ranged from hand calculation to use of small

programmable calculators to use of desk-top and large mainframe computers.

Most of the procedures were insufficiently documented to have any retained

value.

Donald R. Bellman of NASA/DFRC was the key individual in development
of the Yaggy-Rogallo upwash estimation technique. It was his insight
into the work of Yaggy and Rogallo and his expertise in translating
their work into an easily used format that led to creation of this
technique. lle refined the technique and applied it to many projects
only one of which is referenced in this memorandum. The technique would
have undoubtably been lost due to lack of use had it not been for Edwin
J. Saltzman, also of NASA/DFRC. His strong advocacy of the technique

| and consultation with potential users resulted in its continued use at
NASA/DFRC and its introduction to AFFTC. Although no original work by
either Bellman or Saltzinan was available for use directly in writing

this memorandum, the consultation they provided to other users and myself
was indispensable to the creation of this document.

The present effort was undertaken to consolidate existing memos,
notes, computer programs, and personal knowledge bafore they were lost. .
This document is really a collection of work by numerous individuals which
was edited and significantly expanded as an expedient method of disseminating
information. The list of individuals whose work was incorporated in the
text are recognized below. To provide a coherent and understandable doc-
ument, the author modified and reorganized material, changed notations,
and expanded many sections. Errors, inconsistencies, and misunderstandings
which were introduced during this process are totally the fault of the

author, and in no way reflect on the individuals who contributed to the
document. Those who contributed were:
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Glenn M, Sakamoto John W, Hicks
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NASA/DFRC, Edwards CA AFFTC, Edwards AFB CA

Steven J. Grier Patricia Juenemann

Cooperative Engineering Student Data Technician
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INTRODUCTION

The accurate determination of angle of attack is a significant problem
to much of the flight-test community. Since angle of attack is a primary
parameter to performance, stability-and-control, and aerodynamic analyses,
angle-of-attack errors affect much flight-test data. The usual approach to
minimizing these errors is to obtain indicated angle of attack from the
angle-of-attack portion of a noseboom instrumentation unit (NBIU) mounted
on a flight-test noseboom. The NBIU normally has a calibration from a wind
tunnel which accounts for angle-of-attack errors due to NBIU local flow
effects. At subsonic Mach numbers, however, there are errors in indi-
cated angle of attack due to the fuselage and winqg upwash which are present
even with noseboom-mounted vanes. Angle-of-atta.« errors caused by the
aerodynamic influence of bodies results from two sc.cces; firs:, effects
of local flow about the NBIU such as aerodynamic interference boundary
layer effects, and shock interaction and, second, upwash effects of air-
craft components such as the fuselage and wing, ' "e NBIU local flow effects
can be adequately defined only by wind tunnel testing. The NBIU wind-
tunnel calibration curves, however, have an upwash component due to the
noseboom used in the tunnel tests which must be adjusted to account for
different noseboom configurations. The upwash adjustment for the NBIU
noseboom as well as upwash of the wing and fuselage can be estimated using
the techniques presented in the memorandum. An in-flight calibration, how-
ever, must be performed to establish the angle-of-attack errors and allow
empirical adjustment of the upwash estimates.

A good upwash-estimation technique is important both during applica-
tion of the NBIU wind-tunnel calibration to flight-test data reduction
and during analysis of the in-flight upwash calibration. Adjustments to
the NBIU calibrations can be adequately predicted by calculation and
new curves developed for use in data reduction for removal of NBIU effects
prior to any analysis of fuselage and wing upwash. Upwash angle estimates
for the fuselage and wing are available well before flight-test results
and are, therefore, available for initial prediction. Characteristics
of subsequent in-flight calibrations should be consistent with the pradicted
characteristics. Separation of Mach number and lift effects on upwash angle
should be accomplished based on empirical adjustment of the level of initial
curves rather than attempts to define characteristics based on the flight
test data, It should be emphasized that the empirical adjustment is made
only to upwash estimation curves and not to the NBIU wind-tunnel calibra-
tion curves,

An upwash estimation technique which has consistently proven to be
simply used and give acceptahle results is based on work by Paul F. Yaggy
and Vernon L, Rogallo and is commonly called the Yaggy-Rogallo technique.
The Yaggy-Rogallo technique is based largely on theoretical techniques
used by Yaggy and Rogallo in analyzing their experimental irvestigations
with some empirical modification by Yaggy, Rogallo and Donald R. Bellman.
The work of Yaggy and Rogallo was retined and simplified by Donald R.
Bellman of NASA/Dryden Flight Researcy Center (NASA/DFRC) for application
to flight-test data. Although the technique has been in use for many years
at NASA/DFRC and the Air Force Flight Test Center (AFFTC), the theory,
procedures, and computer progyrams were never adequately documented. The
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equations and solutions developed to implement the technique were often
inadequate or had unique characteristics which restricted them from general
use, Terminology and i.otation varied enough to cause considerable confusion
in adapting and applying an existing implementation to subsequent aircraft.
The procedures for applying the technique varied from hand calculation up
through a FORTRAN IV computer program for a large mainframe computer. Docu=-
mentation for much of the derivation and many of the computer programs was .
incomplete or nonexistent. The Background section of this memorandum >
describes the development o the Yaggy-Rogallo technique and reviews appli-

cable, previous work both documented and undocumented.

The Yaqqgy-Rogallo technique treats any vehicle as a collection of
aerodynamic bodies whose upwash may be calculated in one of two ways. Cyl-
inder-like bodies which are basically nonlifting such as nosebooms, fuse-
lages, and stores are treated as bodies of revolution. Primary lift-producing
surfaces such as wings, canards, and tails are treated as thin airfoils. A
concise method of estimating upwash for each of the two types of bodies has
been developed from the work f Yaggy and Rogallo. In the case of both types
of bodies, assumptions and ref:nements were made to simplify application of
the equations and expedite making upwash estimates. The upwash for the
vehicle is then determined by combining the estimates for the individual
parts. The Yaggy-Rogallo Analysis section of this memorandum describes the
procedure for dividing a vehicle into components and determining equivalent
body shapes. The equations for calculating upwash of the components are
described as is the procedure for combining the component upwash estimates
into a single estimate for the vehicle, Detailed development of the
equations and notation for upwash angle estimates of bodies of revolution
and thin airfoils are presented in Appendices A and B respectively., For
users who are familiar with the Yaggy-Rogallo technique, a procedural
outline is presented in Appendix C for use as a quick reference and check-
list in making upwash angle estimates. The equations and procedures were -
implemented in two FORTRAN V computer programs which are well documented
in a user's guide and programmer's guide, Appendices D and E respectively.

Practical application of the current implementation of the Yaggy=-Rogallo
technique and corresponding computer programs is <hown in the Procedural Ap-
plications section of this memorandum. Two examples of obtaining upwash
angle estimates from Yaggy-Rogallo analysis are presented. The examples
show how the aircraft is hroken into components and data is obtained for
entry into the production software. The card input and printed output are
presented to show use of the software and the plotted results are presented
to show expected characteristics. The results are applied to actual flight-
test data to demonstrate the excellent results which can be expected from
use of the vYaggy-RrRogallo technique in flight-test data reduction.

BACKGROUND

) The present upwash estimation technique evolved through successive
refinements by numerous persons and organizations. The original technique
was developed by Paul F. Yaqqy in Reference 1 and greatly generaliz:d by
Vernon L. Rogzlio in Reterence 2. The technique, which became known as
the Yaggy-Rogallo technique, represented any vehicle az a collection of
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bodies of revolution and thin, lifting surfaces. The basic concepts for
calculating upwash angle induced by a body of revolution were developed by
Theodor Von Karman in Reference 3. Von Karman obtained good pressure dis-
tribution and force coefficient data for airship hulls from potential flow
solutions for bodies of revolution with equivalent circular cross sections
to the hulls. The same potential flow solution easily yielded estimates

of upwash velocity and angle which proved to be usable for a variety of non-
lifting bodies., ‘imilarly, John De Young and Charles W. Harper developed

a simple method ot estimating upwash for arbitrary lifting surfaces in Ref-
erences 4 and 5 (Reference 5 was formerly issued as NACA TN's 1476, 1491,
1772 or References 6, 7, and 8 respectively). Using a medified lifting-line
technique they were able to easily estimate upwash with excellent accuracy.

Paul F. Yaggy used Von Karman's work and basic lifting-line theory in
a study of upwash angle induced at the propeller planes of multiengine,
wing-mounted engines in Reference 1. In order to optimize nacelle angles
and reduce propeller stresses, it was required to estimate the upwash angle
induced by the wing and nacelle., Yaggy wodified Von Karman's development
to estimate upwash at an arbitrary point in a plane perpendicular to the
longitudinal axis (propeller plane) of nacellec and modified the notation.
Yaggy compared his theoretical values tc data from a series of nacelle
tests from NACA/Ames Aeronautical Laboratory (later NASA/Ames Research
Center (NASA/ARC)). Yaggy demonstrated that the theory gave good results
for blunt bodies at points very near the front and demonstrated that cool-
ing airflow didn't materially effect results even though the assumptions
of potential flow were violated. Yaggy's work was confined to unswept wings
and incompressible flow so that basic lifting-line theory gave good results.
He did, however, recognize the deficiencies and recommended incorporating
John De Young's work if :fforts were expanded to swept wings and higher Mach
numbers.

vernon L. Rogallo expanded Yaggy's work to propeller planes of aircraft
with swept wings and applied Mach corrections to wing upwash effects. In
Reference 2, Rogallo cescribed a means of calculating Mach effects by increas-
ing the effective distance of the wing aft of the propeller plans and in-
creasing the effective wing sweeps. Although Rogallo added Mach effects to
the wing component of upwash, he used Yaggy's incompressible solution for
nacelles. Rogallo compared his theoretical results with experimental data
with good agreement.

The concepts used by Yaqagy and Rogallo were expanded to upwash estima-
tion at noseboom-mounted angle-of-attack vanes at NASA/DFRC. Donald R. Bell-
man and Edwin J. Saltzman modified the technique to account for differences
between the propeller “nd noseboom applications. Reference 9 documents that
compressibility corrections were added to the body-of-revolution calcula-
tions. The technique for lifting surfaces was also refined to simplify and
expedite application with little reduction in accuracy. By certain simpli-
fying assumptions, the independent parameters used were changed to geometric
parameters only and the curves were expanded to a range of distances ahead
of the wing which would include angle-of-attack vanes., The modified tech-
niques were applied ic a noseboom calibration in Reference 10 and to the
M2-F1, HiL-10, and M2-F2 aircraft in References 11, 12, and 13, respectively,
with good comparison with full scale test of the vehicles in NASA/ARC wind
tunnels,
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LIST OF SYMBOLS RAND ABBREVIRTIONS
USCUl SIl
ITEM DESCRIPTION UNITS UNITS
SYMBOLS
: N2 2
A body cross-sectional area in m
ayn Weissinger influence coefficient for N-D N-D
symmetric loading
AR aspect ratio of a lifting surface, AR=b2/S N-D N-D
b span of a lifting surface ft m
c local chord length of a lifting surface ft m
c mean aerodynamic chord length of a lifting ft m
surface
C lift coefficient of a 1lifting surface, N-D N-D
L |
C.=L/qS
L
Cy section lift coefficient of a lifting N-O N-D
surface, CE=2/qS
CL lift-curve slope /deg /deg
03
Coc span loading coefficient N-D N-D
CLE
d longitudinal distance ahead of angle-of- in m
attack vare
dx element of the longitudinal axis in m
FS fuselage station in m
Gn dimensionless circulation about the wing N-D N-D
at span station n
i incidence angle deg deg
K, constant, see equation (A32) in mn
1

U.S. Custcmary Units (USCU) and International System of Units (SI) were
used interchangeably during analyses in this report. Analyses were based
on ratios and non-dimensional parameters as much as possible so that con-
sistency within systems is much more important than the system itself.
Conversion factors between systems were obtained from Reference 14 when
required.
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LIST OF SYMBOLS AND RBBREVIRTIONS (CONTINUED)
USCU SI
LTEM DESCRIPTION UNITS UNITS
SYMBOLS
K2 constant, see equation (A32) in m
Ki constant, see equation (A40) in? m2
K; constant, see equation (A40) in? m2
Kov average of ratios of actual sectional lift- N-D N-D
curve slopes to theoretical values
L lifting surface lift 1bf n
e section lift 1bf n
2 general unit of length (see footnote 3, SS= e
page 89)
M Mach number N-D N-D
N number of points SSS S5
P arbitrary point in flowfield of a body -_— SSE
revolution
a dynamic pressure lb/ft2 n/m2
R equivalent radius of a body, R =/A/7 in m
r perpendicular distance from longitudinal in m
axis to center of pressure of angle-of-
attack vane
S reference arca of a lifting surface ft2 m2
4] longitudinal velocity ft/sec m/sec
Y/ airspeed ft/sec m/sec
W upwash velocity ft/sec m/sec
XYl 2 general rectangular coordinate system -— -_——
a angle of attack deg deg
6 compressibility parameter, g = .i:; N-D N-D
r circulation about the wing ftz/sec m°, sec
‘ upviash angle, + = sin _I(W/VT) deg deg
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LIST OF SYMBOLS AND ABBREVIATIONS (CONTINUED)

ITEM

c/4

LE

NB

TE

DESCRIPTION

SYMBOLS

polar coordinate angle, 8 = cot -l(d/lrl)
sweep angle of a lifting surface

moment per unit length of a doublet element
constant, 3.14159

dimensionless distance from guarter chord
to center of pressure of angle-of-attack
vane, 1 = d/(b/2)

potential function

angular location of the center of pressure
of the angle-of-attack vane

SUPERSCRIPTS

value corrected for compressibility
SUBSCRIPTS

zero - 1lift

quarter chord

fuselage

the ith point along a body

leading edge

local flow

noseboom

spanwise station infiuencing upwash at
station v

radial direction
center of pressure of angie-of-attack vane

spanwise station where upwash estimates
can be calculated

true

trailing edge

12

USCu
UNITS

rad

SI
UNITS

rad
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LIST OF SYMBOLS AND RABBREVIATIONS

ITEM

AFFTC
AWACS
FORTRAN
NASA/ARC
NASA/DFRC
NBIU
Saab’

SI

TACT

UscCu

WINGLETS

DESCRIPTION

SUBSCRIPTS

wing

value corrected for compressibility
tangential direction

ABBREVIATIONS

Air Force Flight Test Center

Airborne Warning and Control System
FORmula TRANslation programming language
NASA/Ames Research Center

NASA/Dryden Flight Research Center
noseboom instrumentation unit
Saab-Scania AB

International System of Units

Transonic Aircraft Technology Program

U. S. Customary Units

USAF/NASA KC-135/WINGLETS Program

(CONCLUDED)
uscu SI
UNITS UNITS
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YAGGY-RAGALLO ANALYSIS

The application of the Yaggy-Rogallo technique to flight test vehicles .
requires a functional and geometric analysis of the aircraft. The Yaggy- l
Rogallo technique allows analysis of two functional types of bodies. The
actual test aircraft must be represented by a collection of bodies of rev-
olution and thin-airfoil type lifting surfaces. Bodies which are not pri- v
marily lifting surfaces such as nosebooms, fuselages, wing-mounted nacelles,
and external stores are treated as bodies of revolution. Conventional wings,
canards, and horizontal tails (if treated at all) are treated by thin air-
foil theory. The analysis of the actual vehicle &nd division into compo-
nents is the first and most important step in Yagqy-Rogallo analysis.

Most vehicles are easily analyzed and the definition of the components
rather straightforward. There are, however, many new and unique aircraft
that are not easily analyzed., Bodies such as the Airborne wWarning and Con-
trol System (AWACS) fuselage-mounted radome, for instance, are not easily
categorized. More common are aircraft such as the F-16 and F-18 which have
strakes extending forward along the side of the fuselage. The strakes are
not efficient lifters at low angles of attack and have such a low aspect
ratio that they are not easily handied by thin-airfoil theory. If the
strakes are included in the fuselage analysis, they cause much greater
apparent fuselage area than would be obtained from the equivalent-circular-
body analysis described in the following sections. The “chine“~type fuse-
lage such as the SR-71 present the same problem to a greater degree, Al-
though no quantitative guidance could be provided, it appears that some
combination of increasing the effective diameter of the fuselage and treat-
ing them as a very low aspect ratio canard would be appropriate. Another
problem arises from wings such as those of the Saab JA37 "Viggen"” which have
changes in leading edge sweep with spanwise station. Since the theory dis- .
cussed in later sections assumes a straight quarter-ctord line, it is
necessary to define an equivalent wing with slightly different geometry and
straight quarter-chord. These examples demonstrate the need for a careful
analysis of the vehicle and the possibility of the need to change the geo-
metric characteristics to get an equivalent aerodynamic representation.

The upwash of each component obtained from the previous analysis is

obtained from an independent analysis of upwash and the results summed.

In most cases the results are summed with no regard for interference

effects. Where required, there are rather simple means of accounting for

first-order interference effects which have been proven with test data.

However, for analysis of numerous bodies which are in close proximity and

with larqe interference effects, there is no adequate theory for inter-

ference effects. Care should be taken in extending the following analyses

to collections of bodies where interference would be a dominate effect.

CYLINDRICAL COMPONENTS

The upwash estimates for non-lifting bodies which the functional and
geometric analysis has shown must be treated as bodies of revolution are
obtained from equations developed in Appendix A. An equivalent body of rev-
olution, as shown in Figure 1, must be developed for each separate component
which must be analyzed. Bodies whose longitudinal axes are not concurrent,
such as "drooped” nosebooms, must be analyzed separately since the vane
position relative to the axis is different and the bodies have different v
local angles of attack. Also bodies having different local angle of attack
due to induced angle of attack from nearby bodies must be analyzed separately.
A coordinate transformation must also be made so that distances are
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FIGURE 1: REPRESENTATION OF NON-LIFTING BODIES

measured forward and aft of the angle-of-attack vane as shown in Fiqure 2,
Once the equivalent geometry has been developed, compressibility effects
can be accounted for by further changes to an "effective" geometric config-

uration. These changes allow upwash estimates to be calculated using
equations developed in Appendix A,

Experience has shown that bodies with significantly different cross-
sectional shapes can be represented by an equivalent-body-of-revolution
analysis with little effect on upwash estimates., The body of revolution
is obtained by calculating a radius for a circle with equal area to the
actual body. The radius of the equivalent circle, R, is related to the
cross sectional area, A, by equation (1). By calculating the equivalent
radiue at enough sections from plotted or tabulated data the body of rev-
olution can be determined. The centers of the circles lie on the original
longitudinal axis and the radii are perpendicular to it. In determining
the area of a section, the area attributable to lifting surfaces such as

* B

wings or tails is ignored except in unusual cases such as strakes which H

were discussed previously. %
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The location of the center of pressure of the noseboom-mounted vane
relative to the centerline of each component must be specified. The radial
distance, r, and the angular position, Q, are specified as shown in Figure
2. It is important in establishing the value of Q to realize that the tech-
nique is extremely sensitive to the value of 2 and that, in many cases,
there is significant uncertainty in its value. In most cases, the vertical
location of the axis of the equivalent-circular body representing a fuselage
is unknown by several inches or more. For the AFFTC standard noseboom
ingtrumenta&ion unit, a +7 inch uncertainty could vary the value of 0 from
45° and 135° and vary the upwash estimate from zero to its maximum and back
to zero. When there és uncertainty, it is best to make initial estimates
with an @ value of 90 and adjust the value based on an inflight calibration.
However, where the body actually is cylindrical and the relative geometry
well known such as a probe refueling receptical, the calculated value of
¢ should be used. Distances along the longitudinal axis, d, are measured
positive forward of a plane perpendicular to the longitudinal axis which
contains the center of pressure of the angle of attack vane as shown in
Figure 2. To account for compressibility, these actual geometric distances
must be adjusted by a compressibility factor, 8, defined by equation (2).
The effect of compressibility is to create an effective geometry such
that sections forward of the vane appear closer to the vane and sections
aft of the vane appear farther away. This continues until Mach number, M,
of 1.0. Beyond Mach 1.0 the body has practically no effect and upwash is
considered to go to zero. For Mach numbers between 0.0 and 1.0 the effective
distances are defined by equations (3). The Yaggy-Rogallo equation shown
as equation (4) was developed in Appendix A and is used to calculate the
upwash angle, €, per angle of a:tack, a. The angle § is defined by equation
(5) as explained in footnote 2 (following page). After substituting this
formulation for B into equation (4), it can be completely defined and
solved.

R o= =J1-M (2)
d = deg d > o (forward) (3)
a =4d/8 d < o (aft)
8
2, 2 TR Sh =
€ . sinocoge B / R%sin6 o (4)
2r 5
LF.
- - - -
8 = cot (d/]|r!) 0 <8 <1 (5)
1

e Camin e

E = 28
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FIGURE 3: SEOMENVATION OF BODIES OF REVOLUTION

Several solutions to equation (4) are discussed in Appendix A and the
most practical was determined. The recommended procedure is determination
of an upwash estimate through summation of upwash estimates for individual
segments of the body when summed from leading to trailing edge. The body
is divided into N-1 segments by N points where point 1 is the leading edge
and point N is the trailing edge as shown in Figure 3., The length and num-
ber of segments should be selected such that the area between points varies
linearily, or approximately so, between points. Normally, this is accom-
plished by selecting points from the fuselage area versus fuselage station
plot in such a manner that a straight line between points closely approx-
imates the curve. The fuselage stations must be transformed into distances

2The equation 6 = cot 1(d/irl) is the necessary representation of the angle 6.
As the value of d moves from far upstream (d = +») to far downstream (d = -»)
the angle 6 moves from 0 to m as shown in the sketch of the cotangent func-
tion. However, most computers do not allow the inverse cotangent function
and the_inverse tangent function must be used instead. The equation

8 = tan “({r|/d) for 0 < 6 < 7 is equally valid as the cotangent function.
Most computers, however, return inverse tangent values between -7/2 and
n/2 since this avoids the discontinuity at 6 = 5n/2 as shown on the sketch

of the tangent function. In this case the equation must be implemented as

)

L

tan'l(lrl/d) (r/d)>0
)

tan‘l(irl/d) 4+ (lrl/d)<n
so that 6 will move from 0 to 7 as d moves from +» to -=.

Y=COT(X) YaTAN(X)

o

e
N b
=N

e
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forward or aft of the center of pressure of the vane using equation (6).
The corresponding fuselage area must be transformed to the radius of the
equivalent circle using equation (7). The distances must be converted to

3 effective distances for each Mach number where upwash estimates are desired
using 8 calculated using equation (2). The effective distances and cor-
responding efrective angles are defined in equations (8) and (9) respec-
tively. Upwash estimates in terms of t/a can then be calculated using

i | g equation (10). The calculations in equations (8), (9), and (10) must be

: repeated for each Mach number, thus f value, where upwash estimates are

desired., This process is demonstrated fully in the Procedural Applications

section of this memorandum.

e S

e
-t

d, = I"SV-FSi (6)

o
W
[

Ry = ~JE:7F (7)
| d1 = di'B d > o (forward)
o (8)
di di/S d < o (aft)
|
! -~ -
| 0, = cot™! @, /]! (9)

e _ sin®0-cosZ0 = 2 s - ) . i
a -——T—-2r Z[Kl(sin‘)i-smoi_l) + Kz(cosoil_l-cosgi”
: - (10)
| where K, = (RZ _-r?) / (cotg ~cot; )
i 1 i-1 i j=1 {
| K’ = -K’cotE + RZ
1

The summation procedure is very repetitive and becomes tedious when
many upwash estimates at several Mach numbers must be nade. A FORTRAN V
computer program has been written which implements this »rocedure. It is
described fully and in detail in Appendix D.

M~




LIFTING SURFACE COMPOMENTS

The upwash estimates for components to be treated as thin-airfoils,
as shown by functional and geometric analysis, are obtained from equa-
tions developed in Appendix B. The lifting surfaces must be analyzed and,
if necessary, equivalent planforms must be developed and equivalent geometric
characteristics such as area, quarter-chord sweep, aspect ratio, and span
be determined. From these geometric values the upwash estimates for the
lifting surfaces can be determined.

Experience has shown that unless the planform of the lifting surface
differs significantly from usual configurations, the upwash can be deter-
mined from curves or the equation developed in Appendix B. The develop-
ment assumes that all lifting surfaces be in the horizontal plane of the
angle-of-attack vanes and that the vanes are located midspan of the 1ift-
ing surface. Thus, the location of the vanes relative to the lifting
surface are specified by the nondimensional distance, 1, defined by
equation (l1). The effective wing sweep, AB' can be calculated by using
equation (12). These values can be used in"equation (13) or the curve
in Figure 4 to obtain the upwash parameter ¢AR/C.. The upwash parameter for
lifting surfaces ¢/C, can then be determined by &1viding €¢AR/C. by aspect
ratio. It is highly“recommended that the estimates be implomekted in terms
of c/cL for data reduction and analysis. When this is not possible, it
may be“’necessary to accept increased uncertainty and modify the form of the
correction as described in the Combination of Component Estimatés section,

T = (FSV-FSC/4) / (b/2) (11)

A, = tan-l(tanhc/4/8) (12)

d
¥

(AR/C, = 10{Alog(T/8) + BA, + C] (t/2) > 0.4

(13)
where A= <1,4R8973010

B = -9,008447868
C = -1,09936R684

COMBINATION OF COMPOMENT ESTIRATES

The upwash estimates from various components must be combined during
data reduction and analysis tc give a total estimate of the upwvash angle.
The combination of upwash estimatsas should normally be a straightforward
process of combining the estimates for the non-lifting surfaces, combin-
ing the estimates for lifting surfaces, and adding the results. The
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process can become more complicated if it is determined to be necessary

to include the first order effects due to interference. The process becomes
still more complicated and significantly less accurate if the user chooses
to modify the form of the lifting surface estimates from values of ¢/C

to values of e¢/a., The values of lift-curve slope and zero-lift angle Bt at-
tack vary greatly across the 1lift coefficient range and may introduce large
errors when used during the modification. Care should be taken during the
combining process to insure the best, practical result is obtained.

CONBINATION OF NON-LIFTING COMPONENT ESTIMATYES:

The combination of estimates for non-lifting bodies which are treated
as bodies of revolution can normally be combined without correction for
interference effects. Estimates for a noseboom (NB) and fuselage (F), for
instance, can be combined using equation (14). The wing angle of attack, a,
must be corrected for the wing and noseboom incidence angles, i and iNB'
respectively, This is the recommended procedure for most appligations.

€ = (c/a)NB(a—iNB) + (c/a)F(a-iw) (14)

The 1lst order effects of interference can be accounted for by a simple
correction discussed in Reference 1. The angle of attack of the various com-
ponents can be adjusted for upwash of components downstream of the body of
interest. The angle of attack of the noseboom, for instance, could be in-
creased by the induced angle of the wing and fuselage at the noseboom. Al-
though the correction is rather simple, it becomes complicated to implement
if there are several bodies and adds little to the accuracy of the method
since first order interference effects are sscond or third order effects
on upvash angle estimates. Although the method has proven acceptable for
a few bodies, the correction may be inadequete for large interference
effects of multiple bodies such as atores and external tanks.

COMBINATION OF LIFTING SURFACE ESTINATES:

The combination of estimates for lifting surfaces is far more difficult
than for non-lifting bodies. If only the wing is involved, the entire air-
craft 1ift can be attributed to the wing and inh> upwash is simply determined
from equation (15}, If two lifting surfaces are involved such as a wing (w)
and canard (c), the equation would be equation (16). Normally it is diffi-
cult to accurately divide the lift between the wing and canard. If it is
possible, it should be remembered that the lift coefficients are Lased on
the area and dynamic pressure at the surface.

e = (c/CL)w'CL (15)

€= (c/cL)w-ch + (c/CL)C-CLc (16)
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A simpler, but significantly less accurate, method is to convert the
lifting surfaces msstimates to an c¢/a format., The values of 1lift-curve
3lope and zero-lift angle of attack vary greatly across the lift coeffi-
cient range and may introduce large errors in upwash angle estimates.

This is especially true at high angles of attack where upwash angles are

large and the lift-curve slope is significantly different than an average

value for moderate lift coefficients. The upwash estimate in terms of e/a

can, however, be determined from e/CL and the 1lift curve slope, CL s at the
(1]

appropriate Mach number. If the angle of attack at zero lift is a,, the
upwash angle is given by equation (17). This method is not recommgnded and
shou:1d be avoided if possible.

€ = (e/Cy) ey (amag) = ((e/C) ey o) = (e/Cp)Cy ag) (17)

PROCEDURAL APPLICATIONS

The Yaggy-Rogallo technique was used to make upwash estimatas for two
common flight-test applications. The applications were presented primarily
to demonstrate the procedures to be followed in Geveloping upwash estimates
and applying them to flight-test data reduction. The results, however, also
demonstrated the excellent quality of the upwash estimates and the versatility
of the Yaggy-Rogallo technique., The first application discussed is develop-
ment of total upvash estimates for use in reduction of data from the F-111A/
TACT aircraft. Development of the F-111A/TACT upwash estimates was a complete
demonstration of the Yaggy-Rogallo technique and showed the excellent abso-
lute level of curves obtained using the technique, The second application
discussed is development of corrections to upwash estimates to account for
changing noseboom contiquration. This application demonstrated the quality
of relative values between upwash estimates for two configurations and showed
the versatility of the technique. Both applications are documented in the
following subsections.

F-111R/TACT UPHASH ESTINATES

The Yaggy-Rogallo technique was applied to the supercritical wing con-
figuration of the F-111A/TACT aircraft to completely demonstrate a typical
applicaticn of the technique. This aircraft wvas selected becausa the vari-
able wing sweep and large Mach number range of the alrcraft allowed maximum
demonstration and verification c¢f the technique. Also, a large quantity of
high quality, angle-of-attack-calibration data was available for comparison,
Upwash estimates were developed for three wing sweepti and for the Mach
range from 0.0 to 1.0. The development followed procedures recommended in
the Yaggy-Rogallo Analysis section of this memorandum entirely as well as
using some alternative pro.edures necessary to convert the wing upwash
estimates from c/CL to e/a format.
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The process of making comprehensive upwash estimates bagar with a
preliminary analysis of the test aircraft. As discuissed in the Yaggy-Rogallo
Analysis section of this report, it was necessary to separate the test
aircraft into a collection of bodies to be represented either as bodies of
revolution or thin-airfoil 1lifting surfaces, Analysis of the F-111A/TACT
aircraft revealed that only one body of revolution and three lifting sur-
faces were necessary to represent the aircraft adequately for making up-
wash estimates. This was due in part to choosing an aircraft equipped with
the AFFTC standard noseboom instrumentation unit (NB1U). The NBIU has
unique angle-of~attack corrections dominated by local flow effects which
can't possibly be estimated using the Yaggy-Rogallo technique; the wind
tunnel calibration of the NBIU must be used to correct for local flow ef~
fects. The wind tunnel calibration, however, also contains correction for
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the upwash of the noseboom used in the wind tunnel tests which normally
must be corrected as demonstrated in .1e following subsection entitled
Noseboom Correction Estimates. The F-111A/TACT aircraft was equipped with

a noseboom which exactly matched the wind tunnel configuration so that anal-
ysis of the noseboom was unnecessary. As with most conventional tails,

the upwash of the tail was insignificant and could be ignored. Representing
the aircraft was thus reduced to representing the fuselage by an ejuivalent
body of revolution and each of the three wingsweeps by a thin airfoil. Up-
wash estimates were prepared for the body and each airfoil using procedures
recommended in the Yaggy-Rogallo Analysis section of this memorandum. The
upwash estimates were prepared using the production software described in
Appendix D and are presented as production-software output although the

same results could have been obtained by hand calculation if desired. The
resulting upwash estimates were compared with flight test angle-of-attack
calibrations.
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FUSELAGE UPHARN ESTINATEN:

Upwash estimates for the F-111A/TACT fuselage were obtained by an equi-
valent-body-of-revolution analysis and the Yaggy-Rogallo production software.
In order to define the equivalent body of revolution, a graph of fuselage
area versus  ..clage station was obtained from the physical description data
contained in reference 17. The graph which is shown in Figure 5 had curves
for total cross sectional area as well as fuselage alone. All curves except
for the fuselage alone were ignored, and that curve was estimated by a series
of points chosen along the curve such that straight lines connecting the
points accurately represented the curve. In this case twenty-one points were
adequate to accurately define the curve as shown in Figure 6. The location
of the center of pressure of the angle-of-attack vane was located at fuselage
station of -68.45 inches. As previously discussed, the radial distance and
angular location were not easily determined. The radial distance was
set to the lateral location of 7,875 inches and the angular location was
set to 90.0 degrees with the intent of adjusting the level of the upwash
estimation curves based on flight test data. The data were entered on
punched cards using the Us.r's Guide for the Yaggy-Rogallo Production
Software as a reference to obtain the deck shown in Figure 7. The
input data deck was processed throuch program BODY to obtain upwash
estimates.

HEAD1 F=11LA/TACT AIRCRAFT
HEAD2FUSELAGE 21 POIWS
VANES IN -68.45 7.875 90.00

MACHY 11 0.0 0.1 0.2 0.3 0.4 0.5 0.6
MACHY 0.7 0.8 0.9 0.99

AREAY 000.0 0000.0

AREAV 025.0 0200.0

AREAY 125.0 2000.0

AREAY 175.0 2650.0

AREAV 200.0 3150.0

AREAY 250.0 4500.0

AREAY 215.0 4925.0

AREAY 400.0 62175.0

AREAY 440.0 6875.0

AREAYV 460.0 7575.0

AREAY 475.0 1600.0

AREAY 525.0 6850.0

AREAY 600.0 6200.0

AREAY 650.0 9375.0

AREAYV 100.0 4725.0

AREAY 150.0 3990.0

AREAY 175.0 3425.0

AREAY 781.0 1325.,0

AREAY 800.0 1025.0

AREAY 850.0 0650.0

AREAY 875.0 0350.0

END

FIOURE 7: “BODY™ I[NPUT DATR FOR F-111A/TRCT FUSELAOE
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The output of program BODY consisted of two types of lineprinter list-
ings describing the actual geometric data, the effective geometric data, and
the upwash estimates. The first page of output shown in Figure 8 printed
the input and calculated actual geometric data. The output is described in
detail in Appendix C. The remaining output from the input data cards in Fig-
ure 7 were pages of the second type of output. One page was printed for each
Mach number where an upwash estimate was requested. Figure 9 gives an exam-
ple of a single page for a Mach number value of 0.8. Thue effective geometry
and incremental upwash estimates are described in detail in Appendix C but
the important value is the total upwash estimate in terms of epsilon/alpha
which is printed at the bottom of the page, These estimates were plotted
versus Mach number as shown in Figure 10 to give a concise upwash estimatc
for the fuselage.,

YAGGY-RUGALLD UPNAIN CALCULATICR PASE
GECMETRIC DATA FOR CYLINBDRICAL COMPENENTS 1
r=111A/TACT AIRCRAFT
FUSELACT - 21 PCIMTS
ANGLE-CF-ATTACR VANE LCCATION:
;‘AU‘AL Uls“th Fl:uﬂ dG(JY LtN]taLlN{ Seses0ccs s 7.8]50 l“

ANGUL‘R LUCATION Q08 0900000000 ¢e 000000000000 0000080
LLLGX;LD“”‘L SI"I‘)N C’ VAhlS 2 0000 0000000000008 BNS

CCRFCNENT ARE 2 LISTRI®PUTIUN: i - i~ E
CRLSS SECTICMAL  LCNGITULINAL

P LOMGITUTIMAL AREA LF BLLCY CISTANCE FrON

9C.CCCO DEC
~68.45CC IN

ECUIVALENT
RADIUS AT

nNC STAVION AT STATIUR VANE TU STATION STATICA

(IN) (SC IN) (IN) (IN)
1 ¢.CC0C (e CCO0 -58.4500 C.0000
2 ¢t 000U ¢0C.C00y -93.4500 7.9788
3 1/¢.,C000 ¢(QC.CCO0 =153 .4500 £.2913
L] 17%.000C 2e9(.CCOU -243.4500 295.04134
9 2CC 0000 315C. (00 -268.4500 31.66%1
t 25C.0LL ., 45CC.LC00 -318.,4500 37.847C
? 21%.CL0U 542%,CC00 T =343,4900 25,9939
¢ 4CC0ULY teltatCLU ~468.4500 44,8922
4 44C,0000 LEIY.LCL0 -%03.4%00 4¢.T70C)
10 4¢(,C000 1975 CCuv -£2844%00 46.1039
11 41%,C000 (6LL.CCO0 -t43.,4500 45,1889
12 5¢%.CCL0O Len..C000 -t93,4500 46.6950
13 £CC,COUO € {CC.CC00 -668,4%500 43,9290
14 ¢ (000Ut $317%.CC00 -718.4500 41,3012
1 1L 0000 4i2%.0CC0 -768.4500 JE.T816
1¢ 15C.CUCy 3950 .CLU0 -€18.4500 35.4588
1? 11¢.€C00 34/%.CCC0 -¢43,450U 33.010)
18 181.0004 13¢%eCCULY -£49,4500 2C.93¢8
19~ t(" .00060 1.2%.CC00 -868.4%500 12.0029
20 €9C.200u t%0.C000 -518.4%00 14,3841
21 817%..000C 1%C.CC00 -543.4%00 1€.999%0

FIGURE 8: “BODY" OEOMETRIC OATA OUTPUT FOR F-111A/TACT FUSELAOE
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YAGGY-RGGALLU UPwASH CALCULATICN PACE
UPWASH ESTIMATE FGR CYLINDRICAL COFPONENTS 17 1
) MACh NUFBER = L8CO0O o B T
= F=T1TA7TACY ATRURAFT
FUSELAGE 21 PCGINTS
LONCITUDINAL EFFECTIVE EQUIVALEMNT INCREPENT
PY DISTANCE FROM DISTANCE FRUP RADIUS AT ~IN EPSILCM
N VANE TO STATION VANE TC STATION THETA STATION OVER ALPhA
T TTTUINY TTINY T TRADY TINY -
1 -€8.450C -114.C833 3.0727 6.0CCC 0.
<] -162.4500 -322.4167 3.1172 2542312 «1574E-C2
4 -242.4500 -4(%.79500 3.1222 29.0434 «€451E-C3
TR T T TTTREE SR U0 T T T TR AT T 3.TER0 T T3I 661 JZ4T7EE-U2
¢ -31E.4500 =53C.71500 13.12¢8 37.847C «4332E-C2
7 -343.4500 -572.4167 3.1278 39,5939 «1E€4E-C3
€ —4€8.4500 -78C.1500 3.1315 44.6922 ot172€6-C3
S -5C€.4500 -E47.4167 3.1322 46.78C1 «1295E-C2
1c ~5E.4500 -28C. 7500 3.,1327 49.1036% «563GE-C4
I & SR E I P 11 01 R 1 P 410 1V B I 8 VA" BEE 1S & L R ] 2L B
12 =563,4500 -989.C833 3.133¢ 46.695C «1134E-C3
13 -6€EL 4500 -1114.C€33 Z.1345 44,4243 «1127€-C3
1= -7¢€.4500 -1280.7500 3.1354 38.781¢ «3536E-C4
1€ 61844500 -1364.C0833 2.135¢8 35%.458¢ e C499E-C4
T T AT T T USBEISNGTCOT T T UUR1ATSTTS00 TT2L1TEOT T UIZLULEI T L SELCE-CS
18 -£45.4500 —la15. 1500 Z.13¢0 20.93¢E «134EE-CE
16 -B€2.450C -1447.4l67 3.13€2 18,0626 «cC22E-C5
<C -%12.45%00 =153C.7500 Z.13c4 14,3841 «336Ck-(5
21 ~543.4500 -19%7¢.41l07 32,1366 10.55¢¢C «E515E~C¢
- : T T T TGTAL UPWASE ESTIMATE (EPSTUUN/EALPHAY = L 4GcEE-C2
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WING UPHASH ESTIMATES:

Upwash estimates for the F-111A/TACT supercritical wing were obtained
at three wing sweep angles using a thin-airfoil analysis and gho Ysgqy-
Rogallo production software. Leading edge sweep angles of 26 , 35 , and !
58° were selacted because they gave a wide range of wing sweep angles and
because the best flight test data were available., The geometry of the wing
was obtained from physical description data contained in reference 17. The !
data were for a "theoretical trapezoidal® wing so that it was not necessary
to develop an equivalent geometry. The physical data used in the analysis
are presented in Table 1. These data were entered on punched cards using
the User's Guide for the Yaggy-Rogallo Production Sofsware as a reference to
obtain the input data deck, shown in Figure 11 for 26 wing sweep, and two
other decks not shown. The input data decks were processed through program
WING to obtain upwash estimates for the three wing sweep angles.

TRBLE 1: F-111A/TACT WING DATA

DPRPIRERERI

WING | AsPECT !
‘ Ae SPAN RATIO | Acse | FSesa ,
26.0 | 684.02 §.07 23.34 | 457.28
35.0 | 617.34 4.39 32.42 | 442.96
§6.0 | 471.54 2.56 §5.70 | 384.S6

The output of program WING consisted of a single pagg of lineprinter
listing for each wing sweep angle. The output for the 26 wing sweep as
shown in Figure 12 corresponds to the input data deck in Figure 11. The out-
put which is described fully in Appendix C were obtained for the three wing
sweep angles and plotted as shown in Figure 13. This is the recommended form
for using the data in data reduction and analysis and normally the data
should be left in this form. It is not, however, compatible with many exist-
ing data reduction procedures so efforts were made to change the form of the

data and combine the data with the fuselage estimates to obtain a single up-~ :
wash estimate.

HEADI F-1ILA/ZTACT AIRCRAF]T

HEAD2TRAPEZOIDAL WING 26 WING SHEEP
RACHY 11 0.0 0.1 Ve 0.3 0.4 Ued V.6
MACHY 0.7 0.3 0.9 0.99

END

FIOURE 11: "NING® INPUT DATA FOR F-111R/TACT 28° WINO SWEEP CONFIOURATION
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CONBINATION OF CONPONENY ESTINATES:

Combination of upwash estimates for the F-111A/TACT aircraft was easi-
ly accomplished using the procedures recommended in the Yaggy-Rogallo Analysis
section of this memorandum, However, the €/C, format was incompatible with
the programs and data base which were used to compare Yaggy-Rogallo results
with flight test data, The estimates were, therefore, converted to an e/a
format using the lift-curve slopes contained in reference 18 and presented
in Figure 14 and zero-lift angles of attack (not presented). The results
were satisfactory for an angle-of-attack calibration comparison and are
discussed in the following subsection. At tha lower lift coefficients (0.1
to 0.2), however, a 50% difference in sstim2:ed upwash angle was noted
between using the average lift curve slope obtained at moderate lift
coefficients (near 0.465) and the correct one. Although changing from
¢/C, to €/0 yielded acceptable razults for this study, it is not recommended
for normal use.

COMPARISON MITH FLIOHT TEST DATW:

The upwash angle estimates generated for the F-111lA/TACT aircraft were
ocompared with the actual flight test data obtained during the angle-of-attack
calibration. The indicated angle-of-attack values were obtained from the
AFPTC NBIU on the aircraft and the true angle of attack values were obtaised
from the inertial navigation and pitot-static systems. The data were obtained

YAGGY-RUGALLO UPWASH CALCULATION . PAGE
UPWASH ESTLIMATE FOR LIFTING SURFACE COMPONENTS 17 1
F=111A/TACT AIRCRAFT
. TRAPEZOLUAL W1NG 26 WING SWEEP
LIFTING SURFACE GEUMETRIC DETAIL:
LONG I TUDINAL STATION OF VANES S 0000000000000 00 0000 -68.4500 IN
LUNGLTUDINAL STATLIUN UF APEX UF QUARTER=-CHORD LINE 457.2800 1IN
DISTANCE FROM APEX UF QUARTER-CHORD TO VANES (XV). 525.7300 IN
S'AN (ﬁ) 2 0000000000000 0000000 200000000 000000000t 66‘.0200 l"
TAU (XV/(8/2)) 20 0000800000000 06000000000000000080 1.5835 B/2
Asptc' R"lu 0002000000000 0000 000000000000 000000 5.0700
SIEEP CF QUARIER‘CHORD Lth 0000 0svrss0s0000000 000 23.3000 DEG

LIFTING SURFACE UPWASH ESTIMATES:
EFFECTLVL EPSILON AR

NACH BETA TAU/BETA WING SWELP /CL EP>ILON/CL EPSILONSCL
(0 G) {RAD) {RAD) (DEG)
0.0000 1.0000 1.583% ¢3.3400 « 025482 «005026 «287976
«1000 +995¢C 1.991» 23.44949 «025241 «004978 «285247
« 2000 «9798 l.6161 23.7684 «024515 «0043835 «277038
«3000 9536 l.6599 24,3387 023298 «00459% «263285
«4000 9165 1.7227 29%.2111 «021581 «004257 «243880
«950C0 «8660 l1.8284 26,4847 «019349 «003816 218663
«6GCO «80CC 1.9793 28,3411 «0l6%84 «003271 «1874108
« 7000 7141 2.21173 Jl.1410 «013263 «002616 «149880
«8000 «600L 2.6391 35.17222 « 009361 «001846 «105788
« 9000 «4359 36327 44.7098 «004804 «000963 «055191
«9900 ol4ll 11.2250 71.8961 « 000536 .000106 «006063

FIOURE 12: “WINO® OUTPUT FOR F-i11A/TACT 26° WING SWEEP CONFIGURATION
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from numerous constant-altitude accelerations and decelerations accom-
plished throughout the flight tests. The indicated values were corrected
to remove local flow effects determined from a wind tunnel test documented
in Reference 19. The curve of local flow errors presented in Figure 15 was
used to change the indicated angle-of-attack values to “corrected angle of
attack” values. The upwash angle estimates presented in Figures 10 and

13 were then used to obtain "calculated angle of attack" from the corrected
values. The data a.e presented for 26, 35, and 58 degree wing sweeps in
Figures 16(a), 16(b), and 16(c), respectively.

The plots of true angle of attack versus indicated angle of attack show
errors in indicated angle of attack which are normally attributed totally
to upwash. However, when the NBIU calibration was applied to obtain the
corrected angles of attack, about half of the error was removed. The upwash
angle estimates obtained from the Yaggy-Rogallo technique were applied di-
rectly without any modification to obtain the calculated angle of attack val-
ues. As can be noted from Figure 16, these estimates were excellent in pre-
dicting the upwash angles. Close examination indicates that the Yaggy-Rogallo
technique slightly under-estimated upwash angle for the 26 degree wing
sweep and slightly over-estimated upwash angle for the 58 degree wing sweep
upwash, but the errors could be easily removed by only a small change in
level of the upwash estimation curves based on this data. On the 58
degree wing sweep plot, several points which lay outside the data grouping
were removed during analysis. The points were not random scatter but
were caused by the inability to accurately calculate rate of climb (thus
flight path angle) from the pitot static system as the aircraft acceler-
ated or decelerated through a Mach number of 1.0. These points were
actually the result of inability to accurately calculate true angle of
attack and were not related to the NBIU or the Yaggy-Rogallo technique.

0.36

121 £2RRL RLRRT TETRITILST 22522200

DESCRIPTION

28 WINO SWEEP

36 HNINO SWEEP

68 WINC SWEEP
OATR FAIRINOS

b FEEES BRSRS BEKRS Ay Tanaa DEes b

» proned

> Sk

......

il

/<,

0.00 SO i I3 by & 1
0.0 0.2 0.4 0.8
MRACH NUNBER

0.8 1.0

FIGURE 13: F-111R/TACT LIFTING SURFACE UPWASH ESTIMRTES
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NOTES:
, 1. NBIU TRUE ANOLE OF SIDESLIP = 0.0 (DEOREES).
| 2. CURVE OBTRINED FROM REFERENCE 19.
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NOSEBOIN CORRECTION ESTIMATES

The correction of the NBIU calibration for changes in noseboom upwash
is another important application for Yaggy-Rogallo technigque. The NBIU cali-
bration contains an error in angle of attack due to upwash of the wind tunnel
noseboom which changes when a different noseboom is used. Rather than sub-
tract the whole upwash estimate predicted by Yaggy-Rogallo from the NBIU
calibration data, the difference in upwash estimates between the wind tunnel
boom configuration and the test boom configuration is added. This is consis-
tent with the AFFTC philosophy of making only incremental corrections to
test data and doesn't tie the user to the Yaggy-Rogallo technique if a new
and better technique is developed.

The wind tunnel noseboom configuration shown in Figure 17 was processed
through the Yaggy-Rogallo production software as was the KC-135/WINGLETS
noseboom configuration shown in Figure 18, The results of both runs are
displayed in Figure 19, The difference curve was entered as a correction
to the KC-135/WINGLETS upwash estimate and combined with estimates for
other components.

AFFTC NINO TUNMEL
NeIu NOSEBOON

4.7 OIN.
3.28 DIN.

s

29.50°
-— 5. I?D e

FIOURE 17: WEND TUNNEL NOSEBOOM CONFIOURATION

RFFTC KC-135/NINOLETS NOSEGOON
NBIU NOGEBOOM T0
AIRCRAFT
RDAPTER
82.00 DIR.
3.25 DIR.

€ 162.80 3>

FIOURE 18: KC-135/HINOLETS NOSEEBOOM COMFIOURATION
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FIOURE 191 KC-1365/KINGLETS CORRECTION FOR NOSEBOOM CONFIGURATION

SUMMARY

e

The Yaggy-Rogallo technique for estimating upwash angles at noseboom-
mounted vanes has been documented in this memorandum. The origin of the tech-
nique has been investigated and referenced to eztablish confidence in the
technique, The limitations and assumptions have been discussed and recom-
mendations on use of the technique have been made. The source of all curves
and equations have been shown and an audit trail of all data has been esta-

vt B Wis o s

blished. From these investigations, stazndard software and procedures have %
been developed and documented for future use. §
The use of the Yaggy-Rogallo technique in data reduction and analysis §
significantly increases the accuracy c¢: angle-of-attack data and reduces »
the work in analyzing upwash calibration data. By predicting characteristics §
and, in most cases, the level of curves, the technique allows development =
of data reduction curves with minimum effort. The newly developed production +
software produces preliminary cirves based on aircraft geometry alone. 3
when used in conjunction with an NBIU wind-tunnel calibration to remove 3
local-flow effects and an upwash calibration to adjust level of the ;
upwash estimation curves, the technique offers a uniform, yet flexible, ®
method of obtaining accurate angle-of-attack data. 4
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APPENDIX R
DERIVATION OF THE EQUATION FOR UPWASH ANGLE
INDLSED BY R BODY OF REVOLUTION

INTRODUCT [ON

The basic concepts for calculating the upwash angle induced by a body
of revolution were devr'oped by Theodor Von Karman in Reference 3. Although
the goal of the memoranjum was calculation of pressure distribution around
airship hulls, part of the solution involved calculation of a potential
function for flow around the body of revolution and hence velocity distribu-
ticn. Paul F., Yaggy applied this theory to determination of upwash angle
induced by nacelles on the flow at the propeller plane in Reference 1. 1In
his development Yaggy narrowed the development to determination of induced
angle only and validated the technique by comparison with test data on sev-
eral nacelle configurations.

ey Tk &

Yaggy's technique was later applied to nacelles on swept wing aircraft
by Vernon L. Rogallo in Reference 2. Although Rogallo ccrrected other parts
of his analysis for compressibility effects, he applied Yaggy's nacelle equa-
tions without correction even at high subsonic Mach numbers. Violation of
potential flow assumptions at the higher Mach numbers lowered confidence in
the calculation. Donald R. Bellman developed a compressibility correction
{ to the Yaggy equation which was used in Reference 9. The correction, which

was basad on determining an "effective" geometry which varied with Mach num-
ber, allowed acceptable ectimation of upwash at all Mach numbers. Develop-

ment of the Yaggy equation and the subsequent compressibility correction
are outlined in the following sections.

YACOY EQUATION DEVELOPMENT

The derivation for upwash induced by a nacelle prasented in Reference
1 is suitable for general application except for its restriction to the hor-
izontal meridian plane. The following derivation 9f the Yaggy equation )
closely follows Yaggy's original work except for minor terminology and sign
changes necessary to make it compatible with currently accepted aircraft
coordinate systems. The derivation was also expanded to allow varying rad-
ial position around the body.

CEOMETRIC/COORDINATE SPECIFICATION:

R,

The geometry of an arbitrary body of revolution as specified ir rectan~
. : gular coordinates is shown in Figure Al, The longitudinal body axis, X ax-
is, is the axis of revolution (axis of symmetry) and is positive forward,
The lateral body axis, Y axis, and vertical body axis, Z axis, are positive
as shown. The body is at angle of attack, a, such that a transverse flow

in the direction of the -Z axis of velocity W is induced. The angle of

} attack, transverse velocity, and uniform freestream velocity, V., are rela-

ted by equation (Al), The longitudinal velocity component, U, is definad by

U=V_ cos (a), The lateral velocity component is considered identically

zero ?or all cases so that angles of sideslip other than zero are never con-

sidered.
u = sin'l(w/vT) (AL)
]
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FICURE RAl: BODY OF REVOLUTION IN RECTAMOULAR COORDINATES

The potential function for doublet flow is more simply developed in
polar coordinates so a coordinate transformation was performed., The angu-
lar position around the longitudinal axis, 2, and the radial distance from
the longitudinal axis, r, of an arbitrary point, P, are defined and rela-
ted to the rectangular coordinate system in Figure A2, Distances along the
longitudinal axis are defined by a new variable, 4, such that d = 0 where
the perpendicular piane containing point P intersects the longitudinal axis.
The sign of distances are determined to be positive when the point P is
downstream of a doublet element located on an element, dx, of the longitud-
inal axis. Thus, distances forward of d = 0 are positive and distances aft
of d = 0 are negative, The definition of adjusted longitudinal distances
and of the remaining angular coordinate, 6, of the polar coordinate system
are shown in Figure A3. The angle 6 as defined in equation (A2) goes from

6 = 0 an infinite distance upstream (forward' to 6 = v an infinite distance
downstream (aft).

§ = cot-l(d/lrl) 0

<6 < (A2)
o.
Vr‘\r
‘( ]
Y
2 r
s0°® : 270°

v
100°

FIOURE R2: DEFINITION OF & AND r
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FIGURE R3: DEFINITION OF d AND ®

POTENTIAL FUNCTION DEVELOPWENT :

An infinitely long cylinder of constant radius in a transverse flow
may be represented by covering the longitudinal axis with doublets of moment
per unit length, u. If the transverse flow is along the -Z axis and the
doublets are oriented with their axes along the Z axis, the potential func-
tion of a doublet element of strength udx in polar coordinates is defined
in equation (A3)., The potential function for the infinite cylinder can then
be obtained by integrating equation (A3) from infinitely upstream vhere 6
= 0 to infinitely downstream where 6 = m., The potential function .s then
defined by equation (A4). The potential function for a body of finite
length may be obtained by integrating from 6 at the leading edge, eLE' to
0 at the trailing edge, eTE' of the body as in equation (AS).

46 = i‘nli- cos? sin6 de (A3)
n
= -cosil (A4)
1?:_—[0 y sinf do
0
™
. -cos2 . (A5)
) -zn—r-/&l‘r p sin€ 40

Potential functions for bodies of varying radius, R, can be developed
in a similar manner by varying the strength of the doublet elements along
the longitudinal axis. The strength of the elements must be related to
the radius of the body and the transverse velocity by equation (A6). Sub-
stituting equation (A6) into equation (AS) yields the potential function
for a finite body of varying radius shown in equation (A7).
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= 27R"W (A6)
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o = oa.cOB0 Tﬁaz sind Ao (A7)
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YROOY EQUATION FORMULRTION:

The velocity components V., and V_ as shown in Figure A2 are defined
by equations (A8) and (A9) from Refer&nces 15 and 16. Differentiating
equation (A7) and substituting into equations (A8) and (A9) yields equations
(A10) and (All) respectively. The vertical velocity Vz is then defined
by equation (Al2).

as
= o (G \ 8
Vr dr (%8)
_ 1 a¢
V,, = : & (A9)
6
F
W cosQ/ 2 .
Ve ol ———up R® sin0 d0 (A10)
r 2r 8
_ LF
0""!‘
v, = ”s—-lj-"r’/ R? 5ind do (A11)
: 2r 8_ ..
LE
vV, = V,*sin? = Vr°cns°: (A1D)

Substituting equations (Al10) and (All) into equation (Al2) and rearranging
yields equation (Al3). But W = v_ sin a, or for small angles of attack W
-~ V_a, so that equation (All) bec&!\ea equation (Al4), However, since the
indgced angle is small, € = Vz/v’r and equation (Al4) becomes (AlS).
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v, = W sin 0 °°§-—9/ R® sind 4o (A13)
2r eLE
sinzﬂ-coszﬂ eTE 2
V, = Vo M08 2 R sin® ae (Al4)
2r eLE
2 2 Orp
e - §l£.2:§2§.3 R% sin® de (A15)
2r eLE

COMPRESSIBILITY CORRECTIPN:

Violation of potential flow assumptions used in formulating the Yaggy
equation lowered confidence in the results obtained at high subsonic Mach
numbers, Donald R. Bellman developed a compressibility correction based
on determining an "effective®" geometry which varied with Mach number. To
account for compressibility, these actual geometric distances must be
adjusted by a compressibility factor, B8, defined by B = /I-M*. The effect
of compressibility is to create an effective geometry such that sections
forward of the vane appear closer to the vane and sections aft of the vane
appear further away. This continues until at Mach number of 1.0 and beyond
the body has practically no effect and upwash is considered to go to zero.
For Mach numbers between 0.0 and 1.0 the effective distances are defined
by equation (Al€)., The effective angles are similarly redefined in equation
(Al7). Equation (Al15) then is transformed to equation (Al8) when corrections
for compressibility are included.

g = d'B d ?_ 0 (for’ard) (A].G)
d = d/8 d < 0 (aft)
8 = cot™L(a/|x|) 0<8 < (A17)
€ sinzﬂ-coszﬂ STE 2
a = —_T—- - R sin® de (A].B)
2r eLE
4
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YRGGY EQUATION SOLUTION

The solution of the Yaggy equation was accomplished by several tech-
niques to determine the best approach for practical application. The radius
of the equivalent body of revolution as a function of 6 is rarely an analy-
, tic function, but is usually a graphical or tabular representation. The
variation of the radius is such that assumptions about the relationship of
R to 6 are valid only for small ranges of 6., Equation (Al8), therefore, was
converted to a summation equation so that the integration could be accomp-
lished over small segments by assuming a relationship between R and 6. The
integral portion of equation (Al1l8) could be changed to a sum of integrals
as shown in equation (Al9) or more corcisely in equation (A20). Thus, if
the body is divided into N-1 segments by N points where point 1 is the lead-
ing edge and point N is the trailing edge, equation (A20) can be substi-
tuteld into equation (Al8) to yield equation (A2l).

~ -~ ~

Org - "2~ B, = & ., & s
R%sin6 46 = R%sint ae + R? sin6 d0 4++e+ |  R° sin0 do
8

Ok ®r %, N-1 (1.19)

. i -

S o i, - -

% R® sinb d0 = ~ R° sin6 4o (A20)

8.
eLE pex i=-1
N i
P o =

L = SERTRCER ~ R° sin6 ae (A21)
s 2r ei_1

Further simplification of equation (A21) depended on the method chosen
to perform the integration. The term (sin?’Q - cos’f) is independent of the
integration so 0 was assumed to be 90 degrees so that equation (A21) was
transformed to equation (A22). Since the dominant method in past imple-
mentations had been numerical integration, several numerical algorithms were
tried first.

= <L ~ R? gin® as (A22)

2r )
1=
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NUMERICAL APPROXIMATIONS:

The initial algorithm investigated for solution of equation (A22) was
one that had been used extensively in past application of the Yaggy-Rogallo
technique. The algorithm is presented in equation (A23) and assumes that
the radius of the scgment is constant along its length with a value equal
to the aft radius of the actual segment. During a sensitivity study which
is discussed in the Sensitivity portion of this subsection, the algorithm
was found to have a high sensitivity to the number of segments into which
the body is divided. Because of the unacceptable sensitivity, three other
numerical algorithms were tried.

N

RIM

1 2 N =
= A 2
;;5 Ri sinei (ei ei-l) (A23)
1=

The three numerical methods which were investigated were slight varia-
tions of the same algorithm., In each case the segment lengths were assumed
to be short enougih that R and 6 could be asaumed constant along the segment.

Rear Radius. The first numerical method assuned that each segment of
the body was a cylinder with constant radius equal to the rear radius of the
segment (R.) and angle equal to the average value for the rear of the segment
(6.) and the front of the segment ei_l so that equation (A22) was transformed
into equation (A24).

N =
8,48, = =
€ . 1 P il (| -
= ;! Ri Sln—!-— (ei ei-l) (A24)
l=

Forward Radius, Similarly, the second numerical method assumed that
each segment of the body was a cy.inder with constant radius equal to the
forward radius of the segment (R._,). The angle equal to the average value
for the segment was again used oft éhis method. Equation (A22) was trans-
formed into equation (A25) using the second parameters,

N = =

0.+0, ~ -

- R sintmd=d (0,-0, ) (A25)
2r

(=2 L)

Average Radius. The third numerical method assumed that each segment
of the body was a cylinder of constant radius equal to the average of the
front and rear radii of the segment. Using these parameters, equation (A22)
was transformed into equation (A26).

5 = 3
R.=R 6.+6 -~ =~
- [ bt 1] sinded=d (5,00, ) (A26)
r 2

RO
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Equations (A24), (A25), and (A26) were used to evaluate the sensitivity
of numerical-integration techniques to the method of estimating radius, to
the choice of number of points, and to round-off and recording errors during
hand calculation,

Sensitivity. The sensitivity study was conducted on a typical fighter
fuselage by pic%ing various numbers of segments, choosing points to define
the segme:ts, and calculating upwash estimates using equations (A23), (A24),
(A25), anc (A26)., The numbers of points chosen were 9, 21, 42, and 83 points
along an approximately 900 inch fuselage. For the 9 and 21 point tests, the
points were selected to best represent the area versus fuselage station plot
with straight line segments. The 42 point test essentially defined the
curve exactly and the 83 points were selected by linear interpolation be-
tween the 42 points. The sensitivity of the primary method used in the past
to the number of points selected is shown in Figure A4 and the sensitivity
to the number of points and to the method of estimating radius of the three
numerical-integration techniques are shown in Figure A5. The number of
points significantly affected the accuracy of the upwash estimates as shown
by comparison with the optimum solution obtained from exact integration. If
either the forward or aft radius of the segment were chosen as in Figure A5,
the technique did not converge to the optimum solution with 83 points. If
the average radius were chosen as in Figure A5, at least 42 points were
needed and 83 points preferred although 83 points was well within past guide-
lines for selecting the number «f points. The sensitivity of the techniques
to round-off errors incurred during hand calculation and recording were in-
significant.
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The sensitivity study of the numerical techniques indicated deficiencies
in the numerical method; the prime one being the extreme sensitivity to the
number of points selected. A user could unknowingly select too few points
and, coupled with a poor choice of radius, get highly erroneous results. In-
creasing the number of points and making other assumptions about variations
of R with 6 could improve the accuracy of the methods to acceptable levels,
but make the whole technique ungainly and difficult to implement. Exact
intagration of the integral portion of equation (A22) proved a better alter-
native than improved numerical techniques.

EXACT INTEGRRTION TECHNIQUES:

Exact integration of the integral portion of equation (A22) is a prac-
tical and far more accurate means of solving the equation. As with the nu-
merical methods, assumptions must be made about the variation of R with 6.
It is not, lL.owever, necessary to assume that the segments approach infini-
tesimal length and finite-length segments may be used. The length of the
segments may be as long as desired if the assumed function of R with 0 is
valid. Accuracy of the solution is totally dependent on proper selection
of the function of radius along the length of the body. Three functions
of R with 0 were investigated to determine the most practical method for fu-
ture application.

Finite Cylinder. The finite cylinder was selected as the first estima-
tion of body shape both because of its simplicity and because of its corres-
pondence to the third numerical technique. The radius of the segnent was
taken as the average of the front and rear radii as shown in equation (A27).
Using this relationship which makes R independernt of 6, equation (A22) can
be transformed to yield equation (A28). The integral can be easily evaluated
to yield equation (A29),

R, +R
R = —iizl (A27)
2
N =
e _ L RETIY Y A S
!— = —’ S— /~ sinO de (Aza)
a 5 )
2Y L « d : Ox_l
1=

N 5

e . Ri*Rioa p g

ol s [cosei_l-cosoi] (A29)
2r” [/




Finite Cone., The finite cone solution was similarly obtained by assum~
ing that the radius of each segment varies linearly along the segment. The
slope of the cone edge is defined by the expression (R, _, - R )MA._; - ai)
so that the radius is defined by equation (A30). Usiné %he r&latfo&ship of
d to B defined in equation (Al7), equation (A30) was transformed to equation
{A3l1). Equation (A3l) was rearranged to yield equation (A32). Equation (A32)
can then be substituted into equation (A22) to yield equation (A33).

R, =R, =~ =
R = wiol 2 (@-d,) + R (A30)
i~ = 1
i-1"94
R- -R- ~ ~
R = =d oo (cotd-cot0,) + R (A31)

- n
cot®; ,-cotl,

R = K,cotf® + K
1 2 - - (A32)
where K, = (Ry_y~R;)/(cote, ,-coté,)
Kz = Ri - chotOi
8,
€ 1 2 27 < 2 IR =
- - P x !’ "
3 ;;! '/; 1Echot 0 + 2)1K200t6 + \2] siné 46 (A33
2 : i-
*]
S (Kz-Kz)(cnsa -0056 ) + 2K,K (sina -qina )
a ;:5 A U R B Ll A Uk i-1
' T= x (A34)
2 tan(ﬁi/?)
+ Klln( - )
tan(Ci_l/?)
#
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Linear Area. The third exact integration solution was obtained by assu~-
ming that the cross-sectional area of the segments varied linearly along the
length of the segment. The area is then defined by the equation (A35). The
area, however, is defined by the equation A = nR? and the relationship of
d to B is defined in equation (Al7) so that equation (A35) was transformed
into equation (A36). Equation (A36) was then transformed into equation (A37)
and substituted into equation (A22) to yield equation (A38). Equation (A38)
was integrated to yield equation (A39).

Aj_"A; = -
AN = em—— (d-d.) + A, {A35)
0 i i
i-1 71
2 2
R, =R - =
RZ = _1_-.1__1_ (coto-cotoi) +R§ (A36)
cotOi_l-cotOi
2 - ~ ~,
R™ = choto + K2
. 1 5 - - (A3
g = - - 4l -
wvhere I‘l (Wi_1 .\i)/(cm'.i_1 cotﬂi)
a_ Z = 2
K2 = -chotOi + Ri
N 6.
. 1 ir - = . D=
= =) =g * Lchot' + K, | sin0 Q0 (A38)
2r° e, ‘
i=1
l.—.
|
A E ooy = . % i = _ =
= ;;3 [Lz(nlr i .ani_l) + k_._,(cn';v!._1 ﬂoqﬁi)] (A39)
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Sensitivity. The sensitivity of the exact integration techniques to
the method of estimating radius, to the choice of number of points, and to
round-off and recording errors was evaluated with the same data points used
on the numerical-integration techniques. As expected, all three methods
were less sensitive to the number of points selected than the numerical tech-
niques as shown in Figure A6, The finite cone showed some sensitivity, but
the finite cylinder and linear area methods were essentially insensitive
from 21 through 83 points as shown in Figure A6. Check cases were hand cal-
culated for all three methods and the finite cone proved to be difficult to
hand calculate and extremely sensitive to round-off and recording errors.

No particular problems were noted with the other methods.

The analy:tis of both the numerical~ and exact-integration techniques
indicated that the most practical method of solving the Yaggy equation was
the linear-area-variation method, Only on bodies which were actually coni-
cal did the finite cone provide better results, and its added complexity
and sensitivity were unwarranted. The linear-area-variation method provided
the best upwash estimates in practically all cases, was the least sensitive
to the number of points selected, and was almost as simple and adaptable to
hand calculation as the numerical techniques. Therefore, equation (A2l)
was solved using the linear-area-variation method to evaluate the inte-
gral portion and resulted in equation (A40)., The recommended equation
for general use and the equation implemented in the production software
was eguation (A40).

i (=i . =91 il 4 s, .-cos”,
[l](qmo1 qan._l) + Yz(c0q j-1-Cos 1)]

2r< +
1 2 5 5 -~ - (A40)
Ly, = (R [ =RT | -
vhere ’1 ( i1 Rl)/(cotel_l cotOi)
S E -~ 2
K2 = LlcntOi + Ri
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DERIVATION
IN

INTRODUCTION

The estimation of induced velocities and angles in the flow field of
arbitrary wings is an extensive and complicated subject which received much
attention by early theoretical and experimental aerodynamists. The methods
and theoriss developed by early researchers were compared extensively with
test results and experimental data. Although individual methods compared
more or less favorably with experimental results, general conclusions and
trends could be drawn. The most important conclusion was that most aero-
dvnamic characteristics of a vehicle could be obtained accurately by inde-
pendent treatment of the wing, fuselage, and nacelle components. Except
for flow in the immediate vicinity of the junction of bodies, the aerodyna-
mic characteristics could be determined based on geometry of individual
components and combined with similar characteristics from the other compo-
nents with only simple or no interference corrections. Another importantc
conclusion was that the effects due to thickness, twist, camber, and flap
deflection could be handled through modification of spanwise loading so
that the wing could be assumed to be a "thin airfoil”. These conclusions
allowed treatment of wing induced velocities and angles independent of other
bodies and allowed treatment by a number of powerful theoretical techniques
developed for thin airfoils,

Paul F, Yaggy documented in Reference 1 a technique for estimating the
upwash angles induced by wings at the propeller planes of aircraft with mule-
tiple, wing-mounted engines. Yagqy used basic lifing-line theory to esti-
mate the wing effects for straight wings in incompressible flow. Using a
system of horseshoe vortices and equations from H, Glauert in Reference 15,
Yaqqy estimated the induced angles and confirmed by comparison with experi-
mental data that the technique gave good results. He also confirmed that
the span loading of the wing alone could he used in the technique since dif-
ferences in span loading caused by nacelles had negligible effect on upwash
for greatly differing plan forms. The technique worked well for distances
greater than 60-percent chord ahead of the leading-edge of the wing and for
unswept wings of moderate to high aspect ratio. However, Yaqggy recognized
deficiencies in the technique and recommended that for swept wings and other
configurations, techniques such as those described by John De Young in Ref-
erence 5 should be used.

Vernon L, Rogallo expanded Yaggy's work to swept wings and high subson-
ic Mach numbers in Reference 2, Based on Yaggy's recommendation, Rogallo
incorporated De Young's technique for estimating wing-induced upwash angles.
In Reference 6 De Young investigated three possible replacements for basic
lifting-line theory; two were modified lifting-line techniques and the third
a lifting surface technique. As expected, the Falkner lifting surface tech-
nique was most accurate but most difficult and time consuming for making
estimates of wing-induced upwash angleg, Of the tvo modified lifting-line
techniques, the Weissinger technique proved superior to the Mutterperl tech-
nique ard gave only sliqghtly less accurate results than the lifting surface
technigue. The Weissinger techniqus was considerably less time consuming,
easier, and proved to be the method best suited to an overall study of ef-
fects of geometry and wing loading on wing-induced upwash argle. The com=-
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parison of the three methods was done by comparing the three methods with
experimental data of aerodynamic center, lift curve slope, and other aero-
dynamic parameters. Because the techniques did accurately predict other
aerodynamic characteristics, equations developed by De Young in Reference

4 for induced downwash were considered adequate, Rogallo adapted the equa-
tions to upwash prediction by changing the influence coefficients and applied
the equations to prediction of upwash angle at the propeller planes of wing-
mounted engines. He compared the results with experimental data at Mach num-
bers of 0.32 and 0.90 and at wing sweeps of 0.0 degrees and 40.0 degrees with
good resulcs.

The equations developed by De Young from Weissinger and reiterated by
Rogallo in Reference 2 were not well suited for flight test application. The
estimat2s from these equations were confined to distances close ahead of the
wing where propeller planes would normally lie. Also, calculation of upwash
from the known influence coefficients required inputting estimates of span
loading which often were not readily available, Investigation by Don Bellman
of NASA/DFRC led to a presentation of the data in a concise form which was
easily used in making upwash estimates for flight teet application.

WEISSINGER METHOD

The Weissinger method of prediction of wing-induced upwash is a modified
lifting-line theory considered by De Young and Rogallo to be the best tech-
nique., The method uses a lifting-line located at the quarter-chord line and
continuous sheet of trailing vortices as shown in Fiqure Bl. The strength
and variation of the vortex filament is specified by a boundary condition at
a finite number of control points along the three-quarter-chord line. Flow
perpendicular to the surface of the "thin airfoil" is not allowed at these
control points., Weissinger investigated the use of 7, 15, and 31 control
points to accurately represent the wing. Although there were small gains in
accuracy with the greater number of points, the gains were negligible and
seven points were used in all referenced analyses. The spanwise location of
the seven points was specified in terms of the dimensionless lateral coordi-

LIFTING LINE

CONTROL POINTS

CONTINUOUS SHEET
OF TRAILING VORTICES

FIOURE B1: WEISSINOER ESTIMATION TECHNIQUE
»

- e v o o e e o e 4




L.

FIOURE 821 7-POINT WEISSINOER TERMINOLOOY

nate, n, which was defined by equation (Bl) where y is the lateral coordinate
and b is the wing span. The spanwise location of the nth control point is
defined by equation (B2). The location of the seven points is shown in Fig-

ure B2,
n = TE;!T (Bl)

N, = cos (nn/8) (B2)

The equations for calculation of induced upwash which Rogallo adapted
from De Young's development in Reference 4 were the result of Weissinger
analysis. The upwash can be calculated at points with specific spanvise
coordinates, n , corresponding to Weissinger's control points as defined in
equation (B2) ind ahead of the leading edge of the wing. To simplify the
anzlysis, De Young assumed symmetric loading so that the analysis could be
confined to four points (v = 1, 2, 3, 4) and intermediate results, if neces-
sary, could be determined from interpolation as discussed in Reference 4.
‘The equation for induced velocity, W, over freestream velocity, VT’ is equa-
tion (B3).

4

(W/VT) = E avncn (B3}

n=]
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The value of V/V, is a function of influence coefficients, a__, which
control the influence that the dimensionless circulation, G_, at e nth
semispan station has on the spanwise station v where upwash estimates are
required, The dimensionless circulation is defined by G_ = I'_/bV. where the
circulation at spanwise station n, I' , is dependent on m3ch nﬁmbeg and geo-
metry. Equation (B3) is awkward to Work with fcr quick, easy estimates of
upwash. The equation was rearranged and rewriti=n in Raference 2 to put
upwash in terms of unit 1lift coefficient and other more easily understood
terms. Equation (B4) is the rearranged equation.

4
WV 1 j ) S (B4)
o a —_=
BC /% av 2[3 (b’/S)] 0 | Cee

—_kav n=1 n
where
M = Mach number
B = /I=NT
Cr = total 1lift coefficient

= average of ratio of actual sectional lift-

av curve slones to theoretical values
S = total wing area
Cy = gection lift coefficient
c = gection chord lenqgth
c = mean aerodynamic chord length

The parameter {C c/C E; is the span loading coefficient which is pre-
sented in references & an& for numerous, varied configurations. Results

in these references indicate that the span loading coefficient is not a func-
tion of Mach number, but is only a function of effective geometry. The in-
fluence coefficients are functions of effective wing sweep defined by equa-
tion (BS) and dimensionless distance ahead of the quarter-chord line defined
by equation (B6). The influence coefficients used throughout this analysis
are given in Fiqure 17, p. 35-46 of Reference 2,

(RS)

distance ahead of C/4

T = (h/2) (B6)
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BELLMAN PRRAMETERIZATION

Don Bellman of NASA/DFRC simplified application of the Weissinger tech-
nique in making upwash estimates for fligit test use. Through the use of
normalizing parameters, the Weissinger technique was adapted to general
flight test application and the range of 1/8 values extended to values which
would include nosebooms. Initially equation (B4) was simplified and conver-
ted to parameters more generally used by flight test personnel. Since the
upwash angle, €, is defined by ¢ = tan (W/V,_) = (W/V,) and aspect ratio, AR,
is defined by AR = b?/s, equation (B4) was rxwritten 35 equation (B7). The
value of v can be set to 4 by assuming that the noseboom is on the center-
line (midspan) of the wing (n = 0) or close enough that interpolation is

unnecessary.
4
€AR _ 1 a | S
C,, 2 4n| C;c (B7)
n
n=1

Research in many of the references indicated that span loading coeffi-
cients varied very little directly with Mach number but had major variation
with AB with minor variations due to taper ratio, A. Further analysis
showed”that the minor variations of span loading coefficient due to taper
ratio had negligible effect on upwash estimates. Values of influence coef-
ficient are a function only of 1/8 and A, as shown in Reference 2. From
this functional analysis it was concludea that the parameter e¢AR/C. could
be plotted versus 1/8 with lines of AB' Bellman generated a curve which was
disseminated to numerous projects and used successfully both at NASA/DFRC
and AFFTC., Several curves derived from the original were obtained from diff-
erent sources. Because the curves from different sources differed slightly
in detail and there were questions concerning the range of independent para-
meters over which the curves were valid, the original curve could not be
determined, Since the original analysis was no longer available, independ-
ent curves were developed which could be substantiated with data and docu-
mented,

DATA ANALYSIS AND FAIRING:

Redevelopment of the Bellman curve was done with theoretical and exper-
imental data from three references and included twenty-two span loadings sub-
stantiated by numerous tests and studies. Data with seven geometric wing
sweeps were used and in every case possible, the data were used at more than
one effective wing sweep to insure that A, was normalizing Mach effects on
span loading. Taper ratios from 0.0 to 1,0 were used to validate the assump-
tion that data with all taper ratios could be combined. Aspect ratios from
2,0 to 10.0 were used to insure that t¢AR/C. normalized aspect ratios effect-
ively. A summary of data included in the &nalysis is given in Table Bl,

Values of eAR/C. were calculated for effective wing sweep values 0.0,
31,0, 45.0, and 60.0 deqrees and for 1/f values from 0.15 to 0.70 using equa-
tion (B7). The data were plotted and faired as shown in Figure s53. The
data appear nonlinear at lower 1/8 values, but become linear above 1/8 of
0.4 when plctted on a log-log plot. Some minor disagreement between the
data and fairings can be seen at 1/8 of 0.7 and A, of 45.0 and 60.0. These
discrepancies were attributed more to inability tg accurately read the in-
fluence coefficient curves than to trends in the data., As stated in the
note in Figure B3, there is some ordered effect within A, groupings attrib-
utable to taper ratio. Generally lower taper ratios are at the top of the
grouping and higher values at the bottom of the grouping, but the effects

. W e s




TABLE B1: SUMMARY OF INCLUOEO OATA

POINT TAPER ASPECT SPAN LOROINO COEFFICIENT
NUMBER Jka J\C/l RATIO RATIO REFERENCE AND FIOURE
1 0.0 o.o 0.0 3.0 NACA TN 1491, FIO 10(C)
2 0.0 0.0 == = ELLIPTIC LOADINO
3 c.0 0.0 0.4 10.0 NACA TN 2795, FIO 7(B)
4 c.c 0.0 0.5 3.0 NACA TN 1481, FIO 10(C)
S 0.0 0.0 1.0 3.0 NACR TN 1481, FIO 10(C)
6 31.0 31.0 0.4 4.7 NACA TN 1476. FIO 2(0)
7 45.0 31.0 0.4 4.1 NACA TN 1476. FIO 2(0)
8 45.0 36.0 0.5 6.0 NACA TN 2795, FIO 3(R)
S 45.0 40.0 0.4 10.0 NACA TN 2795, FIO 7(A)
10 45.0 45.0 0.0 3.0 NACA TN 1481, FIO 10(B)
11 45.0 45.0 0.5 3.0 NACA TN 1491, FIO 10(B)
12 45.0 45.0 1.0 3.0 NACA TN 1481. FIO0 10(B)
13 60.0 31.0 0.4 4.7 NACA TN 1476. FIO 2(D)
14 60.0 35.0 0.5 6.0 NACA TN 2795, FI0O 3(A)
15 60.0 40.0 0.4 10.0 NACA TN 2796. FIO 7(A)
16 60.0 45.0 0.0 3.0 NACA TN 1491, FIO 10(B)
17 60.0 45.9 0.5 3.0 NACA TN 1491, FIO 10(8B)
18 60.0 45.0 1.0 3.0 NACA TN 1481, FIO 10(B)
18 60.0 56.3 c.o 2.0 NACA TN 1481, FIO 7
20 60.0 60.0 9.0 3.0 NACA TN 1491, FIO 10(A)
21 €c.0 60.0 0.5 3.0 NACR TN 1481, FIO 10(A)
22 60.0 60.0 1.0 3.0 NACA TN 1481, FIO 10(R)

were not well defined and are insignificant for almost all applications.
Although there were perceivable differences betwean the data fairings in
Figure B3 and Bellman curves from other sources, the differences are within
1imi:s that could arise from interpretation of the data and were ignored.

The new fairings were used in all analyses in this memorandum and in develop-
ment of the production software presented in Appendices D and E.

CURVE FIT:

The data fairings in Figure B3 were fitted with an equation to allevi-
ate curve reading in future applications. The equation (B8) is valid for
1/% values above 0.4 and is the recommended procedure to extrapolate to
1/ values higher than 0,7, For 1/i lower than 0.4, the data were faired
at the four wing sweeps where data were available and interpolated to obtain
values at intermediate wing sweeps. The results ar~ given in Figure B4,

The assumptions in the technique deteriorate rapidly as 1/8 goes below 0,15
and no confidence is possible in extrapolation below 0.15,

log (sAR/CL) = Alog(1/8) + BAB + C /% > 0.4
where (B8)
A = -1,48897301
B = -0,008447868
C = -1.099368684
[
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APPENDIX C
PROCEDURAL OUTLINE FOR THE YRGGY-ROGALLO
UPWASH ESTIMATION TECHNIQUE

The outline contained in this arpendix is a concise presentation of
the procedures necessary to generate upwash angle estimates using the
Yaggy-Rogallo technique. It is intended as a quick reference and checklist
for users who are familiar with the Vaggy-Roaallo technicque and does no%
replace tne detailed discussion elsewhere in the memorandum.
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PROCEDURAL OUTLINE FNR THE YAGGY-ROGALLO
UPWASH ESTIMATION TFCHNIQUE

I. Perform Yaggy-Rogallo analysis .
A. Define geometric confiquration{s) to be analyzed
B. DNivide aircraft into two tvpes of comnonents
1. Won-lifting hodies
2. Lifting surfaces
3. Other {see discussion for classifvina comnonents)

II, Dnefine Upwash Fstimates for Individual Comnonents

A. Cylindrical Components
1. Designate individual components
a) Fach component with non-concurrent centerline
b) Each component where a senmarate estimate is desired
Define cross sectional area distrihution of each comnonent
a) Obtain definitior of cross sectional area versus fuselaqe
station for aircraft
i) Plot
ii) Tahulation
iii) Scale drawing
b) FEliminate area due to liftina surfaces such as wings, tails,
or canards
c) Generate final nlot of cross sectional area versus fuselaae
station
3. Select points from curve and assian numbers
a) Toints selected so that straiaqht line seaments connecting
them adequately define curve
i) Each data noint consists of two valuesg
{1) Fuselaqe station
(2) Corresnondina cross sectional area
ii) At least tvo noints must be selecteAd
(1000 noints is maximum number for use of production
software)
iii) Accuracv depends con hnw well straight-line segments
represent curve; not on snacing of nnints
b} selected noints are nurhered from 1 to W
i) Point "1" is at+ leadira edae of hodv
ii) Point "I" is at trailina edge of hody
iii) roints designated at ith peint
4., nefine location of angle-of-attack vane
a) Lonaitudinal location of anale-of-attact vane
i) Pasignated v center of nressure of vane(s)
11) Fuselaga station mus* re in same refarsnca svstam
as rest of data
b} Anaular and radial location
i} DNesaianated bv center of nressure of vane(s)
1i) ¥nown qeometry
r = distance from centerline to center of pressure
~ = anaular location of center of presaure with 0
being vertically ahove centaerline (degreas)
iii) Unknown georetry
r = listance from nlane of sSvmmetrv to center of

2.

nrasaura
D= 90,0
1
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10.

Select Mach numbers where unwash estimates are desired
a) Restrictions
i) Mach numbers must be greatar than or eaual to 0.0
ii) Mach numbars must he less than 1,0
b) Recommended range and snacina
i) 0.0 to 1.0 in steps of 0.10 is usuallv accentable
ii) 0.0 to 1.0 in steps of 0.025 is more than adequato
iii) Range and snacina shnuld bhe adjustad to meet proiject
needs
Select "production software” or "hand calculation" anproach
(Results will he almost identical but "hand calculation" is
long, tedious, and time consuming)
a) "Production software" approach (consult User's Guide for
Yaggy-Rogallo Production Softwvare)
i) Develop HEAN1 card
ii)} Develop HFAD2 card
iii) Davelor. VANFS card
iv) Develop MACHV card(s)
v) Develon ARFAV cards
vi) Run BODY proaram
vii) Skip to sten II, A, 13, of this outline
b) Hand calculation amnroach
i) Fstahlish a wnrk sheet for actual geometric calcula-
tions
ii) Fstablish a work sheet for effactive ganmetric calcu-
lations and urwash estimataes for each Mach number
where an upwash ectimate is desired
iii) Calculate compressihility factor, R, for each Mach
number and nlace a*+ ton of wnrk sheet
N = =
Parform coordinate transformation smn that distances fore and
aft are measured from the center of prassure of the angle of
attack vane (distances are positive fnrward)
i) Faquation uses fusalage stations pravinusly datermined

di = FSV-FSi
ii) Record values on actual geomatryv workshaast

Calculate ecuivalent radius a* each selected fuselage station
Ry = VKTV i= 1,8
Calculate effective distancas corresnonding to each geometric
distance, Must be repeatsd for each Mach value and placed in
individual workshaeets,
ai = di-Q d > 0 (forward)
i=1,%

a3, = di/Q d < N (aft)

i
Calculate effeactive angles cnrrasnondina teo each geomastric
distance, Must he reneated for each Mach value and nlaced on
individual workshaets,

nomeetTl@/lr) i= 1w

e N L.

he ey Mo

P

%

FOEVEE FXABR (3: TN T Rt

1

t A B SBEAGL &

Bl

EIRTS Qe 7 A

& I 7L




Lo

&

Ll p s LR SIS APORE

11,

12,

13,

Calculate the contribution of each segment, A(e/a), to upwash
angle estimates

Ale/a) = [K1(81n6i-sxn9i_l) + Kz(cosei_l-cosei)]
where K‘ = (Rz. -Rz) / (cota -cotg )
1 i-1 i i-1 i
.. 9
K2 = chotei + Ri

Sum contributions of all seaments to obtain an upwash angle
estimate for the hody at each Mach number,

Ao =20 N
€ _ Eiﬂ___%QE_J L A(e/a) (for each Mach)
= 2r i=2

Plot upwash anqgle estimates as t¢/a versus Mach numher and
check for apnroupriate characteristics

B, Lifting Surface Comnonents

l.

2,

Negignate individual comnonents

Define an "equivalent nlanform” for each liftina surface having
straight leadina and trailing edges and tins narallel to free-
stream flow.
a) nNefine gaometrv of lifting surface

i) Fuselans station of quarter-chord line at midsnan,

FS
1i) Sp¥AA of 1liftina surface, b
iil) Aspect ratio of lifting surface, AR
iv) Sweep of the quarter-chord line, *.
b) nefine fuselaae station of centar of prQ§3ura of angle-
of-attacl vanes, FS
Select Mach numbers whe¥e unwash astimates are desirad
a) Restrictions
i) Mach numbars must bs greater than 0,0
ii) Mach numbers must he less than 1.0
b) Recommended range and snacing
i) 0.0 to 1.0 in stens of 0.10 is usuallv accaptahle
ii) N.0 ¢t 1.0 in staps of 0,025 is more than adequate
iii) Range and snacing shonld he adjusted to meat project
nesds
Selec*t "nroduction software” or "hand calculation® aonroach
a) “Production snftware” annroach (consult User's Guide for
Yaygv-rogallo Production Softwaras)
i) Develon HFAN] card
ii) pPavelor HFAD2 card
iii) Develon WIS card
iv) Develon MRACHV card(s)
v) Run WING proaram
vi) Skin to sten 11, B, 7,
b) "Hand calculation" apnroach
i) Estahlish a worksheet for emach liftina surface to
ha analvzed
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ii) Calculate compressibility factor, B, for each Mach
number on place adjacent to the Mach value on work-

sheet
g = /IHZ

5. Calculate dimensionless parameters
a) Calculate dimensionless distance, 1, of the center of pres-
sure ahead of quarter-chord of wing
T = (Fsv-rsc/4)/(b/2)

b) Calculate effective wing sweep, A8

" -1
AB = tan (tanAc/4/B)
c) Calculate dimensionless parameter, Tt/8

6. Calculate upwash parameter, cAR/CL
a) 1/8 > 0.4
cAR/C, = 1o[Aloa(t/8) + BAg + c]

where A = -1.488973010
B = -0.008447868
C = -1.099368684

b) 0.15 < 1/8 < 0.4
Curve lookup

c) t/B < 0.15
Assumptions violated (see text)

7. Calculate s/CL

E/CL = (EAR/CL)/AR
8. Plot upwash angle estimates as ¢/C, versus Mach number and
check for appropriate characteristYcs

III. Combine upwash estimates from various components
A. ‘ylindrical components
1. Account for incidence angles such as noseboom incidence, i
and wing incidence, i

NB'

w

2. Combine upwash angle estimates
€ = (c/u)NB(a-iNB) + (e/u)F(a-xw)

3. If interference corrections are required, see text.

B. Lifting-surface components

8
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Iv.

1. Develop lift coefficient for each component
i)} Divide 1lift among component

ii) Develop C. for each component based on lift of com-

ponent, aPea of component, and local dynamic pressure

2. Calculate total upwash estimate

+ (e/C ) .*C

&= (E/CL)WOCLW et

Cc

3. 1If required, change to ¢/a format (not recommended)

€ = ((e/CL)'CLua) - ((e/CL)-CLaaO)

i} €¢/C, is a function of Mach number

ii) CL and a, are a function of Mach number and lift

a
coefficient

Apply Results

A. Use for preliminary estimate

B. Adjust level of curve based on flight test data to obtain final

curves.




OF TWARE

INTRODUCTION

The equations and orocedures develoned for application of the
Yaggy-Rogallo upwash estimation technique were incorporated in two pro-
duction computer programs, Fquations develoned ir Appendices A and B
were implemented in a manner to insure maximum capahilityv for users with
a minimum requirement of time and effort. The lanquage used was American
National Standards Institute (ANSI) FNRTRAN 77, commonly callad FORTRAN
Version 5 (or FORTRAN V), as described in Reference 21, This newast
version of FORTRAN was u.ed to insure the longest possihla usaful life
for the software but, more importantly, FORTRAN V supovosedly has greater
commonality among computars than FORTRAN IV, Every effort was made to
create gsoftware which would move easilv hetween computers, Only a sin-
gle card, the file declaration or "PROGRAM" card, of each proaram is non-
ANSI. ©No suggested control-card setuns were included in the U'ser's

Guide since the programs are verv small and easily adanted teo numarous
application techniaues,

The two computer nrograms correspond teo the ti'o tvpes of components
into which an aircraft would he divided in the preliminary staqges of a
Yaggy-Rogallo onalvsis. Program RODY is intended for making unwash est-
imates for comnonents which are designated as bodies of ravolution and
program WING is intended for making unwash estimataes for comnonrents
designated as lifting surfaces, Although the two programs are comnletely
independent, there is qreat similarity in their internal development,
input and outnut, and there is a larqge dearee of commenalitv in the
input data cards which reduces the amount of worl to prenara input
cards. Both programs extensively chac) tha inont data to determine
any inputs which would cause ahnormal termination of the onroqram, and,
to the nr:aximum axtent nossible, check for errors which would give un-
reasonabhle results, Messages are written hv hoth programs to the user
if unexpected inputs are encountered teo aid in locatinag the errcnaous
card(s). The following sections deoscribe the innut data, the outnut,
and error checking for hnoth nrograms in datail. If more detail is

needed, the user should consult the Programmer's fuide or program list-
ings in Appendix F.

PROORAN BODY ~ BOODY-OF-REVOLUTION UPWASH EBTIMATOR

Proqgram BODY makes unwash estimates for hndies of revolution using
equations recommended in Apnendix A, The program does not reauire the
user to develon the acuivalant hodv-of-ravelution, anqular relationships,
and "effective® geomatry reauired by the final ecuations, Instead, the
input is in more familiar terms such as longitudinal (fuselage) station,
longitudinal (fuselaqge) cross sectional area and Mach numher, with the
nrogram calculating other naeded varametaers, The nroqram can calculate
unwash estimates for as manv hndies as the user desires during a single
run. The normal outnut is a comnrehensive, lineprinter listing of the
input data, the calculated geometric data, the affactive geometric data,
and the upwash estimates, Should the user improperly orepare the input
data, the output data will he greatlv ahhreviated and consist of as much
information as possihle or the location and nature of the error. Tha
error messages are outnut by earror-checking portions of code and denend
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on the location and type of error. The input, outnut, and error checking
are described more fully below.

BOOY INPUT CARDS:

The input cards for program BODY consist of six tvpes of cards which
are arranged into data sets as shown in Fiqure D1. Fach card of the inout
data sets contains one of six card identifiers entered as alphanumeric
data in the first five columns of the card. The card identifiers are
used as card titles in discussing the cards as well as serving as flags
in the error checking vrocess, The remainder of the card contains input
data to be used in calculating unwash estimates or labeling output. There
are limitations on the number and range of some parameters which must be
observed, The content of each tvrme of card and limitations on specific
variables will be discussed in detail below, but the critical information
is summarized for quick reference in Fiaqure D2,

HEAD1l Card. A single HFAD1 card is the first card of each input
data Set, The card identifier is the alphanumeric characters "HFAD1" in
the first five columns, Columns 6 through BN contain 75 alphanumeric
characters of user-supplied heading. This heading is the first of two
lines of heading printed on each page of outnut to identifv and clarify
the output.

HEAD?2 Card. A sinale HFAD2 card is the sacond card of each innut
data scet, The card identifier is the alnhanumeric characters "“IEAD2"
in the first five columns. Columns 6 throuah 80 contain 75 alnhanumeric
characters of user-supnlied heading comprisina the second heading line
to be printed on each paqge.

VANES Card. A single VANFES card is the third card of each innut
data set. The card identifier is the alnhanumeric charcters "VANES" in
the first five columns. The information on this card snecifies the loca-
tion of the center of pressure of (he angle-of-attack vane relative to
the centerline of the hodv of revolution and the longitudinal (fuselage)
station reference plane. The first parameter is a two-character abhbre-
viation for the units of length in which other parameters will he input.
Two alphanumeric characters such as "IN" for inches or "CM" for centime-
ters ar2 entered in columns 9 and 10 and stored in variakle '™IT™, The
only use within the program for this variahle is as a column heading for
all columns having units of length; no units checkinag or conversion is
done. Nothing advarse will hamnen within the program if the abhreviation
doesn't agree with the actual units or aven if the field is hlank. It
is important, however, that all values h> entsred in consistent units of
length, 1If the vane radial distance is entered in inches, for instance,
the longitudinal stations mugst ha in inches ané the areas must be in
square inches to obtain valid results. Accurate entrv of tha units abbhre-
viation will act as a reminder of this fact and is hiqhlv recommended.
The next parameter is the longitudinal station of the center of pressura
of the angle-of-attack vane, The narameter is enterad in columns 11
through 20 in F1n0.0 format and stored in variahle FSVANF, The next two
parameters are the radial distance from tha centerlina and angular loca-
tion around the centerline of the center cf pressure of the angle-of-
attack vane which are stored in variables RVANF and ANVANF resnactively.
The radial distance is measured from the centerline to the center of
oressure; it must be non-zero and should hea entered as a positive value
in F10.0 format in columns 21 through 30, The angqular location of the
center of pressure is measured positive clockwise when facing forward
and is zero when vertically above the centerline. The value of the angle
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NO
CARD OF
TYPE CARDS VARIABLE FORMAT COLUMNS DESCRIPTION
HEAD 1 HEAD AS l- 5 Card identifier - Must be "HFAD1"
HEADY ATS 6-R0_ First 1iné of user srecifled heading
HEAD2 1 HEAD AS l- 5 Card identifier - Must be "IIEAD2"
HEADZ ATS 6-80  Second line of user specified heading
VANES 1 HEAD AS l1- 5 cCard identifier - Must be "UVANFS"
3X 6- 8 Blank
NYIT A2 5-T0  Two alphanumeric characters as abbreviat-
tions for units of input (eaq; IN, CM, PT)
FSVANE _ F10.0 11-20 Tongitudinal station of center of pressure
of angle-of-attack vane
RVANF. F10.0 21-30 Radial distance from hody centerline to
center of pressure of angle-of-attack vane
ANVANF. FI0.0 31-20 Anqular location of angle of attack vane -
Must be in deqrees
InY  41-A0 Blank
MACHV 1 HEAD AS l- 5 cCcard identifier - Must be ""ACHV" on each
to card
14 3X 6- 8 Blank
(as HNMACH 12 8-17) Numher of Mach number values to be read
req'd) from all MACHV cards (Note: This variable
is active on first card only)
AC "10.0 11-80 Seven Mach number values (Note: Number of
MACHV cards must match exactly the number
of cards to read in "NMACH" values at 7/
card)
AREAV 2 [IEAD A5 Y- 5 Card i1dentifier - Must be "AREAV' on each
to card
1000 3.4 6-10 Blank
as FS(1) FIN.0 11-20 R~ sinagle longitudlnal station value
req'd) A(T . - sinale statlon area corresponding to the
FS value on the same card
50X 31-80 BRBlank
END 1 HEAD AS 1- 5 card identifier - Must be "FND " (Note:
This terminates a data set)
15X 6-80 Blank

FIOURE D2: SUMMARY OF

ODATA CARDS FOR PROORAM BODY
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must be entered in deqrees in Fl1N.,N format in columns 31 through 40,

MACHV Cards., One or more MACHV cards follow the VANES card in each
input data set. Fach MACHV card has the alvhanumeric characters “MACHV®
in the first five columns as the card identifier. The first MACHV card
only has variable NMACH in 12 format in columns 9 and 10, NMACH contains
the number of Mach numbers where upwash estimates are desired, The num-
ber of Mach numbers is limited to 98 by program dimensions and efforts
to enter more values will abnormally terminate the program. Each MACHV
card will hold up to seven values of Mach number in 7F10.0 format in
columns 11 through 80. Since e2ven values per field for fourteen cards
yields ninety-eight values, the program expects no more than fourteen
MACHV cards. The program exnmects all Mach number values tn bhe entered
in the first NMACH fields and only enough cards to contain NMACH fields
+0 be in a data set. Thus, if seventeen Mach number values are to be
read in, it would require exactly three MACHV card; the first two would
contain full seven fields each and the third would contain three Mach
number values in the three left-most fields. All Mach number values
must be greater than or equal to 0.0 and less than or ecual to 1.0 as
assumed in deriving the basic equations.

AREAV Cards, At least two AREAV cards must follow the MACHV card(s}
in each Input data set, Each AREAV card has the alvphanumeric characters
"AREAV" in the first five columns as the card identifier. The AREAV
cards contain the longitudinal station/hody cross sectional area nairs
necessary to describe the bodv, Values are entered with one pair per
card to allow easy insert or removal if it is found that more or fewer
points are needed to dascribe the body accurately. The longitudinal
station value of a pair is entered in F10.0 format in columns 11 through
20 and stored in the FS variable arrav. The corresnonding body cross
sectional area of a vair is stored in Fl10.0 format in columns 21 through
30 and stored in the same element of the AREA variable array. The arrays
are dimensioned to 1700 in the program and exceeding 1000 AREAV cards
will cause abnormal termination. The cards must ha ordered within the
AREAV cards in ascending value of longitudinal station. Two consecutive
cards with equal values of longitudinal staticon are allowed to easily
account for sudden increases in fuselage area such as at inlets, In this
case a zero value will be assigned to the increment unvash for the segment.

END Card. A single END card must fnllow the ARFAV cards to end
reading of AREAV cards and to terminate the input data set, The card
identifier is the alnhanumeric characters "FNN " in the first five
columns. The rest of the card is bhlank.

800Y OGUTPUT:

The output of program BODY consists of two tvpes of lineprinter
listings as shown in Figure D3, The first tvpe of listing shown in
Figure D3(a) lists the actual geometric data for the hodv as input by
the user and the calculated geometrv for the squivelant=hodv-of-ravol-
ution. The second type outnut shown in Fiqure D3(b) lists the eaffective
geometric data and upwash estimates calculated for a snecific Mach
number. The format of both tvnes of nages wares planned such that the
actual printing takes only 7.5 inches in width and about 8.5 in lenqgth
with 40 data points ner nage and € lines per inch., This leaves adequate
margins, when trimmed to 8.5 hv 11.0, to nlace thea pages in notebooks
and reports. Both types of pages are repeated as reaquired to accommodate
the number of points up to 1000, PFurther details of both nages are in-
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YAGGY-ROGALLO UPwASH CALCULATION PAGE
GECMETRIC DATA FOR CYLINDRICAL COMPCNENTS 1/ 1
F=-1LLA/TACT AIRCRAFT
FUSELAGE 21 POINTS
ANGLE-OF-ATTACK VANE LOCATION:
RADIAL DISTANCE FROM BODY CENTELRLINE sececcssscces 7.8750 IN
‘NGULAR LOCATION S0 050 200D OEE NIt OIONDIELIENNENS 90' Oooo DEG
LONGIILDINAL STATIUN GF VANES * OO SN sOSIIBIIIIBENNS -680*500 IN
COMPONENT AREA DISTRIBUTION:
CROSS StCTICNAL  LONGITULOINAL EQUIVALENT
PT LONGITUOINAL AREA CF BUDY DISTANCE FROM RADIUS AT
nNO STATION AT STATL1O0M VANE TG STATION STATION
(IK) (50 IN) (IN) (IN)
1 0.0000 0.0000 -68.4500 0.0000
2 25.0000 20G.,0000 -23.4500 7.9788
3 125.0000 2000.0000 -193.4500 2%.2313
4 175.0000 2650.C000 -243.4500 29.0434
9 2€0.0000 315¢.C000 -268.4500 31.6651
6 250.0000 4500.0600 -318,4500 37.8470
7 275.0000 4925,.C000 -343,.4500 39.5939
8 4CC.0000 6275.0000 -468.4500 44.6922
9 44C.0000 6€875.C0000 -508.4500 46470801
10 460,000V 1579.0000 -528.4500 49.1039
Il 475.0000 1600.,0000 -943.4500 45.10849
12 525.0000 685C.0000 -593.4500 46.6950
13 6C0.0000 6200.C000 -668.4500 44,4243
14 65C.0000 5375.0000 -713.4500 41.36132
15 1€0,0000 4725.0000 -768.4500 lg.7/816
16 75C.0000 395C.0000 ~818.4500 35.4588
17 179.0000 3425.C000 ~843.4500 33.0183
18 7181.0000 1325.C000 -849.4500 2C.5368
19 800.0000 1025.0000 ~868.4500 18.0629
20 850,0000 650.CC00 -G18.4500 I14.384]
21 875.0000 350.C000 -943.4500 10.5550

A} OECNETRIC DATA

FICURE D3: PROCRAN BODY SAMPLE OUTPUT
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8) EFFECTIVE OATA AND UPUASH ESTIMATES

FIOURE DS: PROORAM 300Y SRMPLE OUTPUT (CONCLUDED)

YAGGY-KOGALLO ' PWASH CALCULATION PAGE
UPwASH ESTIMATE FOR LYLINDRICAL CUMPONENTS 1/ 1
5 MACH NUMBtwx = 8000
;, F-111A/TALT AIRCRAFT
i FUSELAGE 21 POINTS
f& LUNCITUDIMNAL EFFLCTIVL EQUIVALENT INCREMENT
£ T OISTANCE FROM VDISTANCE FROM RADIUS AT IN EPSILON
NG YANE TU STATIUN VANE TU TATION THETA STATION OVER ALPHA
(In) (IN) (RAD) (IN)
1 -68.4500 -114.,0833 33,0727 0.000C 0.
2 -63.4500 -19%47500 3.0vll 7.9788 «2385c-03
3 =-193.4500 -322.4167 3.1172 25%.2313 «1974E-02
4 =24 1.4500 -40%,7500 3,122 29,0434 «€451E-03
bl =26H844500 -447,4)167 33,1240 31.6651 «2478E-03
¢ -31d.4500 ~530.7500 341268 37.8470 +«43326-03
7 =1343,4500 -9%2.4167 3.1¢2178 39.5939 «1864E-03
8 -4c9.4500 -t80.7500 3.1315 44.6922 «b6172E-C3
S =-5C8.4%00 -847.4167 3.1323 46,78C1 «1295t-023
1C =-5¢8.4500 -88ue 79500 3,132/ 49.10139 «9939E-04
11 =543, 4900 -3C0%,7500 3.1329 49,1849 «4237E-04
12 -5913.4500 ~589.0833 3.1336 46,6950 «1134£-03
13 —6EH 4500 -1114.0833  3.1345 44,4243 «1127€-03
14 -11d.4500 =11947.41067 13,1350 41,3632 «4S98E-04
15 ~16R.45%0 -1280.75%090 3.13%4 38.781¢ «1536E-04
16 -8144500 -1304.C833 3.1358 35.4588 +2499E~04
17 -843.4500 ~14C%.7%00 3.1360 33,0183 «9220E-05
1 -H4G,45%C0 149157900 3J.1360 20,5368 «1348E-05
19 -8nl.4500 -1447.41067 3.1362 18.0629 «2022€-05
2C ~91¢.4H0U “1530G./5%0) 3413064 14,3841 «3390k~-C5
21 - 143,400 =197¢.%17 3413068 10.95%C «8915E-06
TUTAL UPWASH ESTIMATE (EPSILUN/ALPHA) =  ,4G26E-02
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cluded below.

Geometric Data, The first page(s) output by BODY for each input
data set present the geometric data for the case as shown in Figure D3(a).

The output is identified by the two lines of user-supplied heading .
entered on the HEADl and HEAD2 cards and orinted between the dashed lines L )
directly below the standard headings, The next information is the loca-

tion of the angle-of-attack vane relative to the centerline of the equi-
valent-body-of-revolution as read from the VANES card. The radial dis-
tance from the body centerline and the longitudinal station of the vanes
are printed and labeled with the dimensional abbreviation innut in
variable UNIT. .t is reiterated that no conversions or checks are

done to insure consistency of units., The anqular location is printed
and labeled in its mandatory units of deqraes,

The cotnonent area distribution is then printed along with prelim-
inary calcvlations of the dimensions for the ecruivalent-body-of-revolution.
The poirt numbers are assigned to longitudinal station values used to
define the actual geometrv of the body ir a consecutive manner as the
AREAV cards are read. This is the means of identifyinag the pnints and
segments of the geometric data listing and corresnonding points on the
effective data listing., The longitudinal stations and corresnonding
crogs sectional area of the hodv at the station are printed exactly as
read from the AREAV cards in the innut data 9et, The longitudinal dis-
tance from the vane to the appropriate station is the distance used to
determine upwash and is calculated by the algebhraic addition of the
longitudinal station and the longitudinal station of tha anqgle-of-attack
vane, The equivalent radius at the s+ation is calculated a= the radius
of a circle having an area acual tco the cross sectional area of the
station., All values on the geometric data nage rerresent purely geometric
relationships which do not varv with Mach numbar, The geometric data
are output as one set per input data set, a

Effective Geometrv and Upwash Fstimates, The second tvrpe of page(s) ’
output by BODY are the effactive geometry and upwash estimates shown in
Figure D3(b). These values are Mach number demendent and thers is, thera-
fore, one set of pages for each !Mach number rsquested on the MACHV card(s).
The appropriate Mach number is printed as part of the standard heading
on each page directly above the twn lines of user-supnrlied heading from
the HEAD1 and HFAD2 cards. The point numbers on this page directly
correspond tf, those on the geometric data. The lonagitudinal distance
from the angle -of-attack vane to the lonaqitudinal s*+ation is renrinted
on this page for commletenass, The actual lonaitudinal distances are
corrected for compressibility which decreasas distances ahead of the
vane and lenathens distancaes aft of the vane to vield effective geometric
distances, The angles betwean the centerline of the hedy and lines
connecting the center of the eaquivalent circles at each effective station
are calculated as THETA and nrinted in units of radians. The aquivalent
vadius at the station, which is reprinted for completeness, and THETA
are the nrimary innuts to determine the upwash ircrament for the Ssegment
in terms of upwash angle, ensilon, over anqle of attack, alnha, The
upwash ncrement for a segment is printed at “he longitudinal station for
the aft station of the segment., On the last page of listing for each
Mach number is printed the sum of unwash estimates for all segments to
give a total upwash astimate for the hndv at the given Mach number in
terms of epsilon ovar alnha,

BODY ERROR CHECKING:

Program BODY performs numerous arror checks as data is read and as
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upwash calculations are made, The main purpose of the error checking
is to avoid abnormal termination of the program or to give the user as
much information as possible on the location and nature of the error if
termination is unavoidable. Several minor-error checks are made which
change internal values which are obviously wrong and would cease execu-
tion of the program immediately if uncorrected. These changes which
were included mainly to protect the user from gross misapplication or
keypunch errors are not accompanied bv error messages. Since these
checks might limit the experienced user, give unexpected results, or
cause confusion due to apparent inconsistencies, thev are discussed
briefly. The main body of the checks are for major errors with input
data which do not have easily determined solutions znd which must term-
inate program execution., These major-error checks write error messages
to the user prior to tzrmination to identify where and why termination

occurred, Both the minor-error and major-error checks are discussed
below.

Minor-Error Checking. Errors which appear otvious and usually re-
sult from keypunch errors or gross misapolication of the tachnique were
corrected without accompanying output messages, This was done to allow
continued execution of the program sn that output could be produced to
aid error analysis and so that subsequent data sets could bhe processed,
In some cases this results in invalid or unexpected results which should
be investigated and fixed; in other cases it simply allows data to be

entered in a convenient manner when it would normally terminate program
execution,

Mach number values entered on MACHV cards were checked for values
less than 0.0 and greater than 1.0, Obviously values less than 0,0 have
no meaning and usually result from keypunch errors. Valuss less than
0.0 were changed to 0.0 intarnally hut nrinted at their original value
to allow them to he found and corrected. Mach number values greater than
1.0 are aqually invalid since velocities cannot bte induced ahead of a
body in supersonic flew. Urwash astimates for Mach numbers greater than
1.0 were set to zerc and execution continued,

The longitudinal station values input on ARFAV cards to define the
body of revolution were checked on input to insure thers were no descen-
cding data values. ™his was n»cessary te irsure valid upwash estimates
were obtained, Two cards with the same longitudinal station were allowed,
however, to conveniently represent step increasas in cross sectional
area such as at inlets without resort to cone station slightlv less and
one slightly more than the actual station, An incremental upwash of

0.0 was assigned to the "sagment” defined by the two equal longitudinal
stations.

Major-Error Checking. Checking for major errors which necassitated
program termination was accomplished in suhroutine RDDATA, Any major

error discovered resulted in an aerror message frllowad hv proqram termin-
ation.

lormal program termination resulted from reading an end-of-file
designator vhile attempting to read a HFAD1l card. Unexpectsd reading of

an end-of-file designator by any other read statement results in the
statement

® IS IN FRROR = FND=OF<FILF FMCOUNTEREN
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where the quotes have the five alphanumeric characters of the card iden-
i tifier being sought when the end-of-file designator was encountered.
{ The input data set should be reassembled with the proper number and
tyoes of cards. A related message results if the input data set is
improperly arranged or a card identifier is misapelled. The statement

= " IS IN ERROR = CARD READS "

will be printed if an unexpected card identifier is encountered. The

: first set of quotes enclose the five alphanumeric characters of the ex-
pected identifier while the second seat enclose the eighty alphanumeric
characters on the card actually read., Deck must he checked for proper
order of the input data set.

L B

: Other major errors result from improrer number or arrangement of the
<) AREAV cards. As the cards are read, the longitudinal station values are

checked for ascending order. If a descending value is found, the state-

ment

LONGITUDINAL STATION IS NOT IN ASCENDING ORDER

is written and execution terminated. The ARFAV cards must then be man-
ually checked and reordered. If reading of ARFAV cards is terminated
normally by reading an END card and only one PREAV card has been read,
ﬁ the statement

NUMBER OF LONGITUDINAL STATINNS MUST FYCFED 1

is written, Since two cards are necessary to define a single segmant,
at least one additional AREAV card must be added to adequately define
the body of revolution.

PROORAN WING - LIFTINO SURFACE UPHASH ESTIMATOR

Program WING makes upwash estimates for lifting surfaces using
equations develoned in Appendix B, The user is required to inout the
geometry of the lifting surface to he analvzed and the location of the
center of pressure of the angle-of-attack vane. In most casas the test
X aircraft will resemble the Weissinger planform discussed in Apnendix B
closely enough that fgeometric dats can be ohtained directiv from the
physical description of the aircraft and input into the orogram. 1If,
however, the test aircraft doesn't match the assumed planform closely
enough, the user must entar the gueometrv of an "enmuivalent® Weissingaer
planform as discussed in the Yagqy-Rogallo Analysis section of this re-

. port. The program calculates all "effective" geometry to account for
compressibility effects and calculates unwash estimates. The program

can calculate upwash estimates for as many lifting surfaces as the user
desires during a single run., The normal output is a comorehensive, line-
printer listing of the input geometric data, the effective geaomatric data,
and the upwash estimates, Should the user improperly prepare the input
data, the output will be greatly abbreviated and consist of as much in-
formation as possible on the location and nature of the error. The error
messages are output by error-checking portions of cnde and devend on

the location and type of error. The innut, output, and error checking
are described more fully bhelow,




HING INPUT CARDS:

The input cards for program WING consist of five types of cards
which are arranged into data sets as shown in Fiqure D4, Fach card of
the input data sets contains one of five card identifiers entered as
alphanumeric data in the first five columns of the card. The card iden-
tifiers are used as card titles in discussing the cards as well ag ser-
ving as flags in the error checking process. The remainder of the card
contains input data to be used in calculating unwash estimates or laheling
output, There are limitations on the number and range of some parameters
which must be observed. The content of each tvre of card and limitations
on specific variables will be discussed in detail below, but the critical
information is summarized for quick reference in Fiqure DS5.

HEAD] Card., A single HFAD] card is the first card of each input
data set, The card identifier is the alnhanumeric characters "HEAD1" in
the first five columns. Columns 6 through 80 contain 75 alnhanumeric
characters cf user-sunplied heading, This headina is the first of two
lines of heading printed on each nage of output to identifv and clarify
the output,

HEAD2 Card. A single HFAN2 card is the second card of each input
data set, The card identifier is the alphanumeric characters "HFAD2" in
the first five columns. olumns & throuadh 80 contain 75 alphanumeric
characters of user-supplied headina comnrising the second heading line
to be printed on each nage.

WINGS Card. A single WINGS card is the third card of each input
data set, The card identifier is the alphanumeric characters "WINGS" in
the first five columns. The information on this card snecifies the loca-
tion of the center of pressure of tha angle-of-attack vane relative to
the location of the lifting surface and the geometrv of the lifting sur-
face. The first varameter is a two-character ahhreviation for the units
of length in which other parameters will he inout. Two alphanumeric
characters such as "IN" for inches or "CM" for c~ntimeters are entered
in columns 9 and 10 and stored in variable UNIT™, The only use within
the program for this variabhle is as a column heading for all columns
having units of length; nc units checking or conversion is dene. Nothing
adverse will happen within the program if the ahbreviation doesn't agree
with the actual units or even if the field is blank, It is important,
however, that all values he entered in consistent units of lenath,

If the longitudinal station of the center of pressure of the angle-of-
attack vane is in centimaters, for instance, the lonqitudinal station

of the quarter-chord line at midspan and the span must also he in centi-
meters to obtain valid results, Accurate entry of the units ahbreviation
will act as a reminder of this fact and is highly recommended., The next
parameter is the longitudinal station of th= center of pressure of the
angle-of-attack vane, The narameter is antered ir columns 11 through 20
in F10.0 format and stored in variabla FSUVANF, The next parameter is

the longitudinal station of the quartar-chord line at midsnan and is
stored in variable FSQCL., FSOCL is entered in columns 21 through 30 in
F10.0 format, The last three parameters which give the planform geometry
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NO.
CARD OF
TYPE CARDS VARIABLE FORMAT COLUMNS DESCRIPTION

IHIEAD1 1 HEAD AS l1- § Qard identifier - Must be “HFAD1"
HEAD]1 A75 6-R0  First line of user snecified heading
HEAD2 1 HEAD A5 1- 5 Card identifier - Must be “HFAD2"
HEAD2 A75 6-80 Second line of user specified heading
WINGS 1 HEAD AS l- 5 card identifier - Must be "WINGS"
3X 6= 8 Blank
ONIT A2 5-10 Two alphanumeric characters as abbreviation

for units of irnut (ea; IN, CM, FT)

FSVANF. F10.0 11-20 Tongitudinal station of center of pressure
of anale-of-attack vane

FSOCL F10.0 21-30 Tongitudinal station of quzrter-chord line
at midspan

SPAN FIO.0 31-40 Bpan of lifting surface

AR F10.0 41-50 Aspect ratio of lifting surface

W5QCL “FIN.0 S1-60 Wing sweep of quarter chord line

20X 6l-710) Blank

MACHV 1 HEAD A5 1- 5 cCard identifier - Must be ““ACHV" on each
to card
14 3X 6= 8 Blank
(as *IMACH 12 =T “umber of Mach number values to he read
req'ad) from all MACHV cards (*'ote: This variable
is active on first card only)
XMACH TFIB.N  11-RN  Seven Mach number values (liote: Number of

"IACHV cards must match exactly the numher
of cards to read in "'™ACH" values at 7/
card)

END 1 HEAD AS 1- 5 Card identifier - !ust be "rND " (Note:
This terminates a data sot)
T5X ~-8N  RBlank

FIOURE D5: SUMMARY OF DRTA CARDS FOR PROORAM WINO
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are the span of the lifting surface, asvect ratio of the lifting surface,
and sweep of the quarter-chord line. The narameters are stored as vari-
ables SPAN, AR, and WSQCL resvectively., All three are mntered in v10,N
format in columns 31 through 40, 41 throuagh 50, and 51 through 60 resnec-
tively., The remainder of the card is blank.

ACI'Y Cards. One or more MACHV cards follow the VANFS card in each
inout data set. Fach MACHY card has the alnhanumeric characters "HACHV"
in the first five columns as the card identifier. The first ™ACHV card
only has variahle NMACH in 12 format in columns 9 and 10, NMPCH contains
the number of Mach numbers where upwash eatimates are desired., The
number of Mach numbers is limited to ?R bv »nroaram dimensions and efforts
to enter more values will ahnormallv terminate the nroaram. Fach “ACHV
card will hold up to seven values of ™ACH numher in 7F1Nn.,N format in
columns 11 through 80, Since seven values ver field for fourteen cards
yields ninety-eight values, the nrogram expects no more than fourteen
MACHV cards. The nrogram expects all ’ach number values to he entered
in the first NMACH fields and only enough cards to contain MMACH fields
to be in a data set. Thus, if seventeen Mach number values are to be
read in, it would require exactly three “ACHV cards; the first two would
contain full seven fields each and the third would contain three Mach
number values in the three left-most fields. Al Mach numher values
must he qreater than or eaual to N.N and less than or emual tn 1,0 as
assumed in deriving the basic ecquations.

END Card. A single FND card must follow +he MACHV cards to end
reading of ARFAYV cards and to terminate the innut data set. The card
identifier is the alphanumeric characters "FNN " in thae first five
columns. The rest of the card is blank.

HING OUTPUT:

The output of orogram WING consists of a sinale paaga of line-
printar listing as shown in Fiqure DA, The outnut listas t+he actual
deometric data for the liftina surface as innut hv the user as well
as the calculated and effactive qgeometrv at each 'Mach numher reauested
and unwash estimates for each snecific ‘‘ach numher, The fermat of
the listing was nlanned such that the actual printina takes onlv
7.5 inchas in width and about 8.5 ir lenath with 417 data nnints paer
nage and A lines ner inch. This leaves adequate marains, vhen trimm-d
to 8.5 by 11.n7, to nlace the pnages in notehooks and ranorts. The
pacge is reneated as reaquired to accommodate +he numher of Mach numher
values requested.

The outnut is identified hv the two lines of user-sunplied
heading antered on the HEAD] and HFAD2 cards and printed hetwvean the
dashed lines directly helov the standard headiras. The next informa-
tion is the location of the 1iftina surface relative to the center
of prassure of the anqgle-of-attack vane and +he geomstry of the
planiform as read from the WINAS rcard. The distances ard dimensions
are printed and laheled with +he dimensional ahhreviation inmu+t in
variable "™IT, As with program BODY, no conversiens or chacks are
done to insure consistencv of units,
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The Mach number data, effective geometry, and upwash estimates
are then printed with one line ner Mach number value reaquested.
The first and second values are the Mach number and corresponding
compressibility factor labeled MACH and BFTA respectively. The
effective distance of the angle-of-attack vane ahead of the quarter
chord line in terms of t/? and the effective wing sweep for the par-
ticular Mach number value are then onrinted. The upwash parameter
€AR/C_ calculated for the Mach number value is then printed as
EPSIL&N AR/CL in radians. The upwash anqgle estimate ner unit 1lift
coefficient in radians and then deqrees are printed as EPSILNAN/CL
as the last two values.

WING ERROR CHECKING:

Proqram WING performs numerous arror checks as data is read and
as upwash calculations are made. The main purpose of the error
checking is to avoid abhnormal termination of the program or to give
the user as much information as nossible on the location and nature
of the error if termination is unavoidakle, Several minor-error
checks are made which changa internal values which are ohviouslv
wrong and would cease execution of the program immediatelv if
uncorrected. ™hese changes which were included mainlv to nrotect
the user from gross misannlication or kevnunch errors are not accom-
nanied by error messages, Since these checks might limit the axner-
ienced user, give unexnected results, or cause confusion due to annarent
inconsistencies, thev are discussed briefly, The main hody of tha
chacks are for major errors with innut data wvhich do not have easilv
determined solutions and which must terminate oroaram execution.
These major-error checks write error massages tn the user pricr to
termination to identifv where and why termination occurred. PRoth
the minor-error and major-error chacks are discussed helow,

Minor-Frror Checkina., Frrors wvhich aonear ohvious and usually
result from ¥Fevpunch errors or qross misanmnlication of the techniaue
were corrected without accompanvinag outnut messages, This was done
to allow continued sxecution of the proagram sc that outnut could
he nroduced to aid error analvsis arnd so that suhsenuent data sats
could he processed, In some cases this results ir invalid or unex-
nected results vhich should bs investigated and fixed; in other cases
it simply allows data to he entered in a convenient manner when it
would normally terminate orogram exacution.

Itach number valuas antersd on MACHY cards were checked for
values lass than ".0 snd greater than 1.7, 0nbviously values lees
than 9.7 have no meaning and usuallv result from Fevounch errors.
Values less *han 0.0 were changed to N0 irternallv hut printed at
their oriqginal! value to allow them to he found and correctad, Mach
number values qreater than 1.7 are eryallv inrvalid since velocities
cannot he induced ahead of a hodv i» supersonic flow. ('nwash asti-
mates for “Mach numhers greater th>an 1,”7 were -~at tn zero and execu-
tion continued.

—

—_—




it e

T ey o= =

Major-Frror Checking. (hecking for major errors which neces-
sitated prodram termination was accomplished In subroutine DATARD,
Any major error discovered resulted in an error message followed
by program termination.

Normal program termination resulted from reading an end-of-
file designator while attemnting to read a HFAD]1 card., Unexpected
reading of an end-of-file designator by any other read statement results
in the statement

" IS IN ERROR = FND=OF=-FILF FNCOUNTERED

where the quotes have the five alohanumeric characters of the card
identifier being sought when the end-of-file designator was encountered.
The input data set should be reassembled with the proper number. and
types of cards. A related message results if the inout data sot is
improperly arranged or a card identifier is misspelled. The statement

" " IS IN ERROR - CARD READS "

will be printed if an unexpected card identifiar is encountered,
The first set of quotes encloses the five alphanumeric characters
of the axvected identifier while the second set anclose the eightv
alphanumeric characters on the card actually read, Deck must be
checked for proper order of the input data set.

Other major errors result from arrors ir input data values
which would abnormally terminate execution. If ore or mora errors
are found, a statemer.t

INPUT DATA EPRNRS:
is printed followad by an exnlanation of the innut data errors. The
canter of pressure of the anule-of-a:tack vanes must be well ahaad
of the quarterchord line of the liftinag surface, 1If the distance {s
found to be zero a message

DISTANCE FROM WINA TN VANE MUST BF NON=ZFRO

will he printed. If the value for snan of the lifting surfare is
forund to ha negative or zaro, a message

SPAN MUST BE NON=ZFRO, POSITIVE VALUF

will Le printed. If the value for asmact ratio is found te he
negative or zero, a messaqge

ASPECT RATIO MUST BF NON=?FRN, POSITIVE VALUR
will be printed. The wina sweso anqle of the auarter-choré lina
must be greater than zero (aft sweaep) hecause no forward sween data

was analvzed. If the sweean is less than 0.N a massaqe

SWEEP ANCLFS LFSS THA* 2,0 ARE INVALID
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is written, If the sweep is greater than 90,0 a message

SWEEP ANGLES GREATER THAN 90,0 ARE INVALID
is written. If no Mach number values are svecified, the program need
not be executed; therefore, if the number of Mach number values
specified by variable MACHS is zero a message

NUMBER OF MACH NUMBERS MUST BE GREATER THAN 0

is written.

Another message is written if the center of pressure of the
angle-of-attack vanes doesn't lie far enouah ahead of the quarter-
chord line, The production software uses the escuation described in
Appendix B to calculate the upwash parameter. As explained in
the derivation, the ecuation is valid only for t/3 values greater
than 0.4, Therefore, if 1/2 is less than 0.4 a messaqge

TAU/BFTA VALUES LFSS TIIAN 0,4 ARF IMNVALID

is written,




? APPENDIX E
| PROGRAMMER'S GUIDE AND PROGRAM LISTINGS
SR FOR THE YAGGY-ROGALLO PRODUCTION SOFTWARE

I INTRODUCT [ON

Programmer information and program listings for the tw2 programs
developed to implement the Yaggy-Rogallo upwash estimation technique are
included in this appendix. Both programs are ANSI-standard FORTRAN V
with the exception of a single file-declaration list on the first card
i of each program. Practically no user or programmer guidance is supplied
e as comments within the code because of the extreme simplicity of the
F code and the production nature of the software. A user's guide to input,
" output, and error checking for both programs is included in Appendix D.

- $es ¥

Program BODY is the program which calculates upwash estimates for
bodies of revolution using equations developed in Appendix A and program
WING is the proqram which calculates upwash estimates for lifting sur-
faces using equations developed in Appendix B. The two programs are
completely independent, but there is great similiarity in their internal
development, input, and output. Information needed to understand the
working or limitations of these programs or to modify them is included
b in the following sections.
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PROGRAM BODY

PROGRAM BOODY :

Purpose. Program BODY implements the Yaggy-Rogallo technique of
making upwash angle estimates for bodies of revolution. The body is
entered as a series of longitudinal station/cross sectional area pairs
which describe the distribution of area along the body length. At each
station a radius is calculated which is the radius of a circle having an
area equal to the actual area at the station. The upwash angle estimate
for a segment between two adjacent stations is calculated by assuming the
area of intermediate sections varies linearily as described in Appendix A
and implemented in equation (A40).

Conditions of Validity.

(1) The specified location of the center of pressure of the
angle-of-attack vane must not lie on the centerline of the equivalent
body since this is a singularity in the original equations. Mathe-
matically the radial distance from the centerline of the equivalent body

to the center of pressure of the ancle-of-attack vane, r (variable RVANE),
cannot be equal to zero.

(2) Program dimensions limit the body to 999 segments (1000
longitudinal station/cross sectional area pairs).

(3) Program dimensions limit the number of Mach number values
per input data set to 98.

(4) Mach number values requested must be greater than or equal

to 0.0 and less than or equal to 1.0 since other values have noc meaning
in upwash calculations.

Storage Required.

Octal Words Decimal Words
PROGRAM 150 104
COMMON 15701 7105
TOTAL 16051 7209

Subprograms Used.

ABS, ATAN, EPOAL, RDDATA, SQRT, WRITE2

COMMOM Inputs. Only the common inputs used by this program are
described below.
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COMMON/BBB/FSVANE, RVANE , ANVANE , NMACH, XMACH( 98) ,FS(1000) ,AREA(1000)

INPUT DESCRIPTION UNITS

r RVANE Radial distance from the centerline of the equiv- e 3
alent body to the center of pressure >f angle-
of-attack vane

Q ANVANE Angqular location of the center of pressure of angle- deg
of-attack vane around the equivalent body center-
line with 0 being vertically above the centerline

NMACH Number of Mach number values where upwash angle N-D
estimates are desired

XMACH  Mach number values where upwash angle estimates N-D
are desired

COMMON/CCC/NPTS,NPGS,X(1000),R(1000)

INPUT DESCRIPTION UNITS

NPTS Number of points into longitudinal station/long- N-D
itudal station pairs used to describe the equi-
valent body (Number of AREAV cards read by RD-

DATA)

X X Longitudinal distances from center of pressure of L
angle-of-attack vane to longitudinal station

R R Equivalent-circle radii at each longitudinal £
station

COMMOM Outputs. Only the common outputs used by this program are
described below.

COMMON/DDD/XE(1000), THETA(1000), DELEOA(1000), SUM

OUTEEI_ DESCRIPTION UNITS

X YE Effective longitudinal distances from center of ]
pressure of angle-of-attack vane to longitudinal
stations

8 THETA Angle between body centerline and line connecting rad
vane and center of equivalent circles

A{e/a)DELEOA Increment in ¢/a for a segment of the Dody N-D

LA(e/a)SUM The sum of A{e/a) values to give the ¢/a for the N-D
whole body

Junits specified as units of length, t, are not in any particular units of
length but all parameters having units of t must be in the same unit of
length, e.qg., all in inches or all in centimeters.
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Program Description. Program BODY calculates upwash estimates for
bodies of revolution. BODY uses subroutine RDDATA to read a single input
data set, check the input for errors, and call WRITEl to print the actual
geometric data for the body. The effective body geometry is then calcu-
lated from the actual geometry by BODY. Increments in upwash angle due
to each segment of the body are calculated using function EPOAL and
summed by BODY to obtain an upwash angle estimate for the whole body.
WRITE2 is called to print the effective geometry and upwash estimates.
RDDATA is then called to read another input data set or terminate exe-
cution.

Program Listiny.
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FUNCTION EPOAL :

Purpose., Function EPOAL calculates the upwash estimate for a single
segment of an equivalent body of revolution using the linear-area method
recommended in Appendix A and implemented in equation (A40).

Conditions of validity.

(1) The angle at the leading edge of the segment, ®i-1, and
the angle at the trailing edge of the segment, %i, cannot be equal.

(2) The radial distance from the body centerline to the center
of pressure of the angle-of-attack vane, r, cannot be zero.

Storage Required.

Octal Words Decimal Words

70 56

Subprograms Used.

COS, SIN, TAN

Calling Statement.

FUNCTION EPOAL (RI,RIM1,THI,THIM]1,RVANE, ANVANE)

Calling Argument Inputs.

INPUT _ DESCRIPTION UNITS

Rj RI Radius of equivalent circle at trailing edge of 2
segment

Ri-) RIM1 Radius of equivalent circle at leading edge of 2
segment

94 THI Angle for trailing edge of segment rad

041 THIM] Angle for leading edge of segment rad

r RVANE Radial distance from equivalent body centerline L

to center «f pressure of angle-of-attack vane

] ANVANE Radial location of center of pressure of angle- deg
of-attack vane arnund body centerline

Functional Qutput.

Output DESCRIPTION UNITS

Ale/2) EPOAL Upwash increment for a single segment in tecms of N-D
upwash angle, ¢, per angle of attack, a
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Program Listing.

FUNCTION ;Dﬁll (PT,PIM1,THI, THIM1y RVANE s ANVANF)

PEAL K1,
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SUBRCGUTINE RDDATA :

Purpose. Subroutine RDDATA reads one input data set per call,
checks data for input errors, and passes information out through common.

Conditions of Validity.

(1) Data must be formated in 80-column card images as described
in Appendix D, Users Guide for the Yaggy-Rogallo Production Software.

Storage Required.

Octal Words Decimal Words
PROGRAM 406 262
COMMON 10030 4120
TOTAL 10436 4382
Subprograms Used.
ABS, SQRT, WRITEl
Calling Statement.
CALL RDDATA
Input File Inputs.
INPUT DESCRIPTION UNITS
HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Second line of user-supplied heading (75 alpha- N-D

numeric characters)

UNIT Abbreviation for units of length for input values N-D
(2 alphanumeric characters)

FSy FSVANFE Longitudial (fuselage) station of center of pres- L
sure of angle-of-attack vane

r RVANE  Radial distance from the body centerline to the 1)
center of pressure of the angle-of-attack vane

2 ANVANE Angular location of the center of pressure of deg
angle-of-attack vane around the body centerline
with 0 being vertically above centerline
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(2 alphanumeric characters)

| NMACH Number of Mach number values where upwash angle N-D
i estimates are desired
e XMACH Mach number values where upwash angle estimates N-D
I are desired
i ] :
j { FS FS Longitudinal (fuselage) stations used to describe [
i equivalent body
2
‘ AREA Longitudinal (fuselage) station cross sectional 1
areas corresponding to stations in array FS
COMMON Outputs. Only those common values output by this
subroutine are discussed below.
COMMON/AAA/HEAD] ,HEAD2 ,UNIT
OUTPUT DESCRIPTION UNITS
HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Second line of user-supplied heading (75 alpha- N-D
numeric characters)
UNIT Abbreviation for units of length for input values N-D

COMMON/BBB/F SVANE, RVANE, ANVANE , NMACH,XMACH(98) ,FS(1000),AREA(1000)

area corresponding to stations in array FS

d T e A PO IR S T T ey

OUTPUT DESCRIPTION UNITS
1
FSy FSVANE Longitudinal (fuselage) station of center of pres- 1
sure of angle~of-attack vane
r RVANE Radial distance from the body centerline to the L
center of pressure of the angle-of-attack vane
2 ANVANE Angular location of the center of presure of the deg
anjle-of-attack vane around the body centerline
with 0 being vertically above centerline
NMACH Number of Mach number values where upwash anrgle N-D
estimates are desired
XMACH  Mach number values where upwash angle estimates N-D
are desired
FS FS Longitudinal (fuselage) stations used to describe L
equivalent body
2
AREA Longitudinal (fuselage) station cross sectional L




A

2 B d

3
A 8

Tow

-

o

A OGS

el

COMMON/CCC/NPTS,NPGS,X(1000),R(1000)

OUTPUT DESCRIPTION UNITS

NPTS Number of points into longitudinal station pairs N-D
used to describe the equivalent body (Number of
AREAV cards read by RDDATA)

NPGS Number of pages required for NPTS at 40 points per N-D

page
x X Longitudinal distances from center of pressure of [}
angle-of-attack vane to longitudinal stations
R R Equivalent-circle radil at each longitudinal L
station
Messages,
(1) " IS IN ERROR - CARD READS " )

Error message printed when RDDATA encounters an unexpected
card identifier. First quotation marks contain card identifier of card
expected and second prints 80 alphanumeric characters on card actually
read.

(2) LONGITUDINAL STATION IS NOT IN ASCENDING ORDER

Error message printed when the longitudinal station FS(I) on
an AREAV card is less than that on the preceding card.

(3) " " IS IN ERROR - END-QF-FILE ENCOUNTERED
Error message printed when an end-of-file is encountered
during reading of any card other than a HEAD]l card. Quotation marks
contain card identifier of card expected when end-of-file was encountered.

(4) NUMBER OF LONGITUDINAL STATIONS MUST EXCEED 1

Error message printed when only one AREAV card is read
and NPTS equals one.
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Program Listing.
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SUBROUTINE WRITEL:

Purpose. Subroutine WRITEl1l prints the actual geometric data for

the body with 40 points per page and up to 25 pages as required. One
set of pages is printed for each input data set of the input file.

Storage Required.

Octal Words Decimal Words
PROGRAM 411 265
COMMON 10030 4120
TOTAL 10441 4385

Calling Statement.

CALL WRITEl

COMMOM Inputs. Only the COMMON inputs used by this subroutine are
described below. ,

COMMON/AAA/HEAD],HEAD2, UNIT
INPUT DESCRIPTION UNITS

HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)

HEAD2 Second line of user-supplied heading (75 alpha- N-D
numeric characters)

UNIT Abbreviation for units of length for input values N-D
{2 alphanumeric characters)

COMMON/BBB/FSVANE , RVANE, ANVANE , NMACH, XMACH( 98) , FS{ 1000), AREA(1000)

INPUT DESCRIPTION UNITS

FSy FSVANE Longitudinal (fuselage) station of center of pre- L
ssure of angle-of-attack vane

r RVANE Radial distance from the body centerline Lo the L
center of pressure of the angle-of-attack vane

) ANVANE Angular location of the center of pressure of deg
angle-of-attack vane around the body centerline
with 0 being vertically above centerline

NMACH Number of Mach number values where upwash angle N-D
estimates are desired
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XMACH Mach number values where upwash angle estimates N-D
are desired
FS FS Longitudinal (fuselage) stations used to describe L
equivalent body :
2
AREA Longitudinal (fuselage) station cross sectional 2
areas corresponding to stations in array FS
COMMON/CCC/NPTS,NPGS, X(1000),R(1000)
INPUT DESCRIPTION UNITS
NPTS Number of points into longitudinal station N-D
longitudinal staticn pairs used to describe the
equivalent body (Number of AREAV cards read by
RDDATA)
NPGS Number of pages required for NPTS at 40 points N-D
per page
X X Longitudinal distances from center of pressure of 2
angle-of-attack vane to longitudinal stations
R R Equivalent-circle radii at each longitudinal 2
station
Printer Outputs.
INPUT DESCRIPTION UNITS
NPGS Number of pages required for NPTS at 40 points N-D
per page
HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Second line of user-supplied heading (75 alpha- N-D
numer ic characters)
UNIT Abbreviation for units of length for input values N-D
(2 alphanumeric characters)
r RVANF. Radial distance from the body centerline to the L
center of pressure c¢f the angle-of-attack vane
2 ANVANE Angular location of the center of pressure of deg

angle-of-attack vane around the body centerline
with 0 being vertically above centerline
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FSVANE

FS

AREA

Longitudinal (fuselage) station of center of
pressure of angle-of-attack vane

Longitudinal (fuselage) stations used to describe
equivalent body

Longitudinal (fuselage) station cross sectional
areas correrponding to station in array FS

Longitudinal distances from center of pressure
of angle-of-attack vane to longitudinal stations

Equivalent-circle radii at each longitudinal
station
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SUBROUTINE WNRITE2:

—

Purpose. Subroutine WRITE2 prints the effective geometric data for
the body with 40 points per page and up to 25 pages as required. ONne
set of pages is printed for each Mach number where upwash estimates are
requested.

Storage Required.

Octal Words Decimal Words

PROGRAM 347 231
COMMON 11633 5019
TOTAL 12202 5250

Calling Statement.

CALL WRITE2(AMCT)

COMMON Inputs. Only the COMMON inputs used by this subbroutine
are described below.

COMMON/AAA/HEAD] ,HEAD2,UNIT

INPUT DESCRIPTION UNITS

HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)

HEAD2 Second line of user-supplied heading (75 alpha- N-D
numeric characters

UNIT Abbreviation for units of length for input N-D
values (2 alphanumeric characters)

COMMON/CCC/NPTS,NPGS,X(1000),R{1000)

INPUT DESCRIPTION UNITS

NPTS Number of longitudinal station longitudinal cross N-D
sectional area pairs used to descirbe the equival-
ent boly (number of AREAV cards read by RDDATA)

NPGS Number of pages required for NPTS at 40 points N-D
per page
X X Longitudinal distances from center of pressure of L

angle-of-attack vane to longitudinal stations

COMMON/DDD/XE(1000), THETA(1000),DELEOA(1000),SUM

L
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OUTPUT DESCRIPTION UNITS

X XE Effective longitudinal distances from center of L
pressure of angle-of-attack vane to longitudinal
stations

8 THETA  Angle between body centerline and line connecting rad
vane and center of equivalent-circle

A(e/a) DELEOA Increment in e€/a for a segment of the body N-D

Ja(e/a) SUM - The sum of A(e/a) values to give the e¢/a for the N-D
whole body
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PROORAN WING
PROCRAN HING:

Purpose. Program WING implements the Yaggy-Rogallo technique of
making upwash angle estimates for lifting surfaces. The lifting surface
is estimated by a thin airfoil with trapezoidal planform as described in
Appendix B and the upwash angle is calculated using equation (B8).

Condition of Validity.

(1) The lateral location of the angle-of-attack vane must be
very near the midspan of the lifting surface.

(2) The longitudinal location of the angle-of-attack vane must
be ahead of the quarter-chord line of the lifting surface. Mathematical
calculations require only that the value be non-zero to continue program
execution but the basic assumpticns of the equations require the effec-
tive distance to be at least 0.4 of the span of the lifting surface.

(3) The specified span and aspect ratio of the lifting surface
must be a non-zero, positive values.

(4) The specified quarter-chord sweep angle must be greater
than or equal 0.0 and less than or equal 90.0.

(5) Program dimensions limit the number of Mach number values
per input data set to 98,

(6) Mach number values requested must be greater than or equal

to 0.0 and less than or equal to 1.0 since other values have no meaning
in upwash calculations.

Storage Required.

Octal Words Decimal Words

PROGRAM 140 96
COMMON 1266 694
TOTAL 1426 790

Subprograms Used.

ALOGl10, ATAN, DATARD, SORT, TAN, WRITE3

COMMON Inputs. Only the COMMON inputs used by this program are
described below.

COMMON/EEE/FSVANE, FSQCL, XV,SPAN, TAU,AR,WSQCL,NMACH, XMACH( 98)
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INPUT DESCRIPTICN UNITS
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FSy FSVANE Longitudinal (fuselage) station of center of 2
pressure of angle-of-attack vane

FSc/4 FSQCL Longitudinal (fuselage) station of quarter- g
chord line at midspan

Xy Xv Longitudinal distance from midspan of quarter- 3
chord line to longitudinal station of center of
pressure of angle-of-attack vane X, = F§;/4-FSy

b SPAN Span of the lifting surface £
1 TAU Dimensionless distance from quarter chord to N-D
center of pressure of angle-of-attack vane
AR AR Aspect ratio of the lifting surface, AR = b2/S N-D
Ae/a WSQCL Sweep of the guarter-chord line of the lifting deg
surface
NMACH Number of Mach number values where upwash angle N-D

estimates are desired

XMACH Mach number values where upwash angle estimates N-D
are desired

COMMON/FFF/BETA(98),TOB(98),WSB(98), EARCL(98),ECLR(98) ,ECLD(98)
B BETA Compressibility parameter, B8 =/T-M2 t-D

/8 TOB Distance ahead of quarter-chord line corrected N=-D
for compressibility

Ag WSB Sweep of quarter-chord corrected for compressi- deg
bility tan Ag = tan Aq/4/8

€AR/C;, EARCL Lifting surface upwaah parameter ti=D

€/Cy, ECLR Upwash angle per unit lift coefficient in radians 1 ad

e/Cy, ECLD Upwash angle per unit lift coefficient in degrees deg

Program Description. Program WING calculates upwash estimates f..r
lifting surfaces. WING uses subroutine DATARD to read a single input
data set and check the input for errors. It then calculates upwash
estimates for all HMach numbers requested and calls WRITE3 to print the
effective geometry and upwasii estimates. DATARD is then called to read
another input data set or terminate execution.
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SUBROUTINE DATARD :

Purpose. Subroutine DATARD reads one input data set per call,
. checks data for input errors, and passes information out through common.

Conditions of Validity.

(1) Data must be formated in 80-column card images as described’
in Appendix C, User's Guide for the Yaggy-Rogallo Production Software.

Storage Required.

Octal Words Decimal Words

. PROGRAM, 150 296 '
A COMMON 172 122
| TOTAL 642 418

Subprograms Used.

ABS, WRITE3 y

Calling Statement.

CALL DATARD

Input File Inputs.

t
i
INPUT DESCRIPTION UNITS :
HEAD1 First line of user-supplied heading (75 alpha- N-D i
numeric characters)
i HEAD2 Secona line of user-supplied heading (75 alpha- N-D
numeric chnaracters)
|
UNIT Abbreviation for units of length for input N-D |
valu.es (2 alphanumeric characters) i
FSy FSVANE Longitudinal (fuselage) station of center of L
pressure of angle-of-attack vane
FSc/4 FSQCL Longitudinal (fuselage) station of quarter-chord t
line at midspan
SPAN Spar of the lifting surface L
AR AR Aspect ratio of the lifting surface, AR = b2/S N-D ¢
Ae/4 WSQCL.  Sweep of the quarter-chord line of the lifting deg

surface




NMACH

XMACH

COMMON Outputs.

Number of Mach nunbder values where upwash
angle estimates are desired

Mach number values where upwash angle esti-
mates are desired

are discussed below,

COMMON/A4/HEAD] ,HEAD2,UNIT

N-D

Only those common values output by this subroutine

are desired

L’ OUTPUT DESCRIPTION UNITS
HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Second line of user-supplied heading (75 alpha- N-D
numeric characters)
UNIT Abbreviation for units of length for input values N-D
(2 alpanumeric characters)
COMMON/EEE/FSVANE,FSQCL, XV, SPAN, TAU, AR, WSQCL ,NMACH, XMACH( 98)
! OUTPUT DESCRIPTION ___ UNITS
FSy FSVANE Longitudinal (fuselage) station of center of L
pressure of angle-of-attack vane
FSc/4 FSQCL Longitudinal (fuselage) station of quarter-chord £
line at midspan
Xy XV Longitudinal distance from midspan of guarter- ]
chord line to longitudinal station of center of
pressure of angle-of-attack vane, X, = FSg/4-FS,
b SPAN Span of lifting surface L
| § i TAU Dimensionless distance from quarter chord to N-D
center of pressure of angle-of-attack vane
AR AR Aspect ratio of the lifting surface, AR = h?/S N-D
Acsg WSOCL  Sweep of the quarter-chord line of the lifting deg
surface
NMACH Number of Mach number values where upwash angle N-D
estimates are desired
XMACH Mach number values where upwash angle estimates N=-D




.

Messages .
(L) * " IS IN ERRROR - CARD READS "

Error message printed when DATARD encounters an unexpected
card identifier. First quotation marks contain card identifier of
card expected and second prints 80 alphanumeric characters on card

actually read.
(2) " " IS IN ERROR - END-OF-FILE ENCOUNTERED

Error message printed when an end-of-file is encountered
during reading of any card other than a HEADl card. Quotation marks
contain card identifier of card expected when end-of-file was

encountered.
{3) INPUT DATA ERROR:

Error message printed when an error is encountered in the
input data. It will be followed by one or more of the following

messages:

(a) DISTANCE FROM WING TO VANE MUST BE NON-ZERO

Error message printed when the fuselage station of the center

of pressure of the angle-of-attack vane (FSVANE) exactly equals the
fuselage station of quarter-chord line at midspan (FSQCL).

({b) SPAN MUST BE NON-ZERO, POSITIVE VALUE

Error message printed when the span of the lifting surface
(SPAN) is zero or negative.

{c) ASPECT RATIO MUST BE NON-ZERO, POSITIVE VALUE

Error message printed when the aspect ratio of the lifting
surface (AR) is zero or negative.

(d) SWEEP ANGLES LESS THAN 0.0 ARE INVALID

Error message printed when the sweep of the quarter-chord
line of the lifting surface (WSQCL) is less than 0.0.

(e) SWEEP ANGLES GREATER THAN 90.0 ARE INVALID

Error message printed when the sweep of the quarter-chord
line of the lifting surface (WSQCL) is greater than 90.0.

(f) NIMBER OF MACH NUMBERS MUST BE GREATER THAN 0

Error message printed when the number of Mach number values
where upwash angle estimates are desired (NMACH) is equal to 0.
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SUBROUTINE WRITE]:

Purpose.

Subroutine WRITE3 prints the actual geometric data,
effective geometric data, and upwash-angle estimates with 40 points per
page and up to 3 pages as required.

input data set of the input file.

Storage Required,

One set of pages is printed for each

Octal Words Dezimal Words
PROGRAM 472 314
COMMON 1306 710
TOTAL 2000 1024

Calling Statement.

CALL WRITE3

COMMOM Inputs.

described below.

COMMON/AAA/HEAD] ,HEAD2, UNIT

Only the COMMON inputs used by this subroutine are

INFUT DESCRIPTION UNITS
HEAD1 First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Second line of user-supplied heading (75 alpha- N-D
numeric characters)
UNIT Abbreviation for units of length for input valuves N-D
(2 alphanumeric characters)
COMMON/EEE/FSVANE,FSQCL, XV, SPAN, TAU,AR,WSQCL,NMACH , XMACH( 98)
INPUT DESCKIPTION UNITS
FS, FSVANE Longitudinal (fuselage) station of center of )
pressure of angle-of-attack vane
FSc/4 FSQCL Longitudinal (fuselage)station of quarter-chord i)
line at midspan
Xy XV Longitudinal distance from midspan of quarter- L
chord line to longitudinal station of center of
pressure of angle-of-attack vane, Xy = FSc/4-FSy
b SPAN Span of lifting surface L
1 TAU Dimensionless distance from quarter chord to N-D

center of pressure of angle-of-attack vane

e S
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AR AR Aspect ratio of the lifting surface, AR = b2/s N~-D
hc/4 WSOCL  Sweep of the quarter-chord line of the lifting deg
surface
NMACH Number of Mach number values where upwash angle N-D
estimates are desired
XMACH Mach number values where upwash angle estimates N~-D
s are desired
; COMMON/FFF/BETA(98), TOB(98),WSB(98),EARCL(98),ECLR(98),ECLD(98)
b
=1 B BETA Compressibility parameter, B =/I-MZ2 N-D
5 1/8 TOB Distance anead of quarter-chord line corrected N-D
for com-ressibility
Ag WSB Sweep of quarter~-chord corrected for compres- deg
sibility, tan Ag = tan Ac/4/8
eAR/Cy, EARCL Lifting surface upwash parameter N-D
e/C, ECLR Upwash angle per unit lift coefficient in radians rad
} e/Cy, EZLD Upwash angle per unit lift coefficient in degrees deg
Printer Outputs.
OUTPUT DESCRIPTION - UNITS
HEADL First line of user-supplied heading (75 alpha- N-D
numeric characters)
HEAD2 Secend line of user-supplied heading (75 alpha- N-D
numeric characters)
UNIT Abbreviation for units of length for input values N-D
1 (2 alphanumeric characters)
FSy FSVANE Longitudinal (fuselage) station of center of 1
pressure of angle-of-attack vane
FSc 4 FSOCL Longitudinal (fuselage) station of guarter-chord 1
i line at midspan
Xy XV Longitudinal distance f-om midspan of quarter- L
chord line to longitudinal station of center of
pressure of angle-of-attack vane, Xy = FS5;/4-FSy
b SPAN Span of lifting surface 1
t TAU Dimensionless distance from quarter chord to N-D
center of pressure of angle-of-attack vane
-
12
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AR

Aey/a

/8

eAR/Cy,
€/Cy,

E/CL

AR

WSQCL

NMACH

XMACH

BETA

TOB

WSB

EARCL
ECLR

ECLD

Aspect ratio of the lifting surface, AR = b2/S

Sweep of the quarter-chord line of the lifting
surface

Number of Mach number values where upwash angle
estimates are desired

Mach number values where upwash angle estimates
are desired

Compressibility Parameter, 8 =/1-M2

Distance ahead of quarter-chord line corrected
for compressibility

Sweep of quarter-chord corrected for compres-
sibility, tan Ag = tan Ac/4/8

Lifting surface upwash parameter

Upwash angle per unit lift coefficient in radians

Upwash angle per unit lift coefficient in degrees

13
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