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A METHOD FOR ESTIMATING THE ROLLING MOMENT DUE
TO SPIN RATE FOR ARBITRARY PLANFORM WINGS

William A. Poppen, Jr.

ABSTRACT

The application of aerodynamic theory for estimating the force and moments
acting upon spinning airplanes is of interest. For example, strip theory has been
used to generate estimates of the aerodynamic characteristics as a function of spin
rate for wing-dominated configurations for angles of attack up to 90 degrees. This

work,

which had been limited to constant chord wings,
comprised of tapered segments.

is extended here to wings
Comparison of the analytical predictions with rotary

balance wind tunnel results shows that large discrepancies remain, particularly for
those angles-of-attack greater than 40 degrees.
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NOMENCLATURE

wing span
wing chord
wing segment chord at the in-board edge

1lift coefficient

L
qb area of segment

rolling moment coefficient =

normal force coefficient

constant term in normal force coefficient equation
coefficient in normal force coefficient equation

slope of linear taper equation
rolling moment

roll rate, § cos @

dynamic pressure

local dynamic pressure

yaw rate, 2 sin a
velocity
local velocity

velocity components, center of wing
coordinates

angle of attack

local angle of attack

air density
rotation rate
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INTRODUCTION

The use of parameter estimation in modeling aircraft dynamics has been quite
successful for many mathematical models of flight. Parameter estimation is most
readily applied when linear models representing small perturbations from straight
equilibrium paths are appropriate. Flight data is most accurate in this regime and
the mathematical model is the simplest.l

Parameter estimation becomes more complex in application to spinning aircraft.
Modeling nonlinear aerodynamics, including rotational flow effects, 1s much more
difficult and many more unknown parameters are introduced.2 In order to reduce the
large number of unknowns it is helpful to apply strip theory of reference 3. Strip
theory "links the wing airfoil section characteristics to the rolling and yawing
moment of the wing in spinning flight."l

In reference 1, strip theory provided a mathematical model that was used to
determine the rolling moment of a wing in spinning flight. Calculated rolling moment
forces due to the wing were about 50 percent larger than the experimental rotary
balance spin-tunnel measurements of a wing-dominated aircraft. It is the purpose of
this paper to expand the existing mathematical model of a spinning wing in order to
more closely represent an aircraft in spinning flight, and to further explore the
limitations and possibilities of the more general model. Specifically, the strip
theory technique of reference 1 will be extended to wings comprised of tapered
segments. The same limitation of reference 1 will be used in that the flow angle at
each strip location is independent of the incremental 1lift at other locations.

DISCUSSION

In order to decrease the complexity of estimating the rolling moment due to
spinning, the authors in reference 1 restricted their analysis to the rolling moment
produced by an untapered wing of a wing-dominated aircraft. In this paper the
approach is extended to wings of arbitrary planform by considereing a wing to be made
up of sections of differing taper.

Let us first consider the local flow characteristics for the general spanwise
location y, shown in figure 1. :
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(w + Ez) w + py
a, = arctan = arcsin
£ u - ry

\J(u - ry)2 + (w + wy)2
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9 =“2)‘ [(u - ry)2 + (w + py)z]

For wings having a coastant taper, the wing chord can be represented by a linear
equation:

c=c¢ - hy for y>0

for y<o0
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The equation for rolling moment for a single strip would be:

2 2 ' ,
dL = - £ (u-ry) + (w+py) |C ¢ % hyydy
2 N o]
For the entire wing the rolling moment becomes:

b

2 2 9
| L —% X [(u - ry)” + (w + py) ]CN(y)<co * hY) y dY_

2

In order to easily represent aerodynamic data at high angles of attacks, the normal
force coefficient (fig. 2) is given the form:

C(a) =C_ +C sina
N No sina

It follows then that a single wing section over which the normal force equation
is applicable will have the following contribution to rolling moment:
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After integrating,
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The terms in the normal force equation, Cy and CNsina’ correspond to
the local angle-of-attack ranges (see fig. 2) listed in Table 1 from reference 1:
Angle-of-Attack | CNO CN-S ina
-164° to -16° -5 1.0
-16° to =-10.5° -1.6 -3.0
-10.5° to 10.5° 0 5.8
10.50 to 16° 1.6 -300
16° to 164° .5 1.0
Table 1



The wing span locations having local angles of attack of -16, -10.5, 10.5 and
16 degrees are determined by: '

_ _w - u tan(a boundary)
Yboundary - - p - r tan(a boundary)

These will serve as limits of integration in the above equations if they fall in the
confines of the panel being considered. If they do not, the boundaries of the panel
will be used as limits.

The program used to calculate the rolling moment of the wing using the above
equations is listed in the appendix. 1t is a series of subroutines that will calcu~-
late the rolling moment coefficient of any tapered section of a flat wing given the
following data: the two boundary chord lengths of each panel; the distance of these
chords from the origin; the air density; the velocity of the aircraft; the wingspan;
and the area of the wing. There is an option to calculate the rolling moment coeffi-
cient of a single panel, or both symmetrical panels having the given dimensions.

The spin subroutine accepts the dimensions of the panel and calculates the slope
of the linear equation describing wing taper (h). It then computes the limits of
integration along the panel. These 1limits are sent to the intermediate tests
subroutine. Tests classifies the limits and sends only those that are within the
bounds of the desired panel(s) to the panel subroutine. The panel subroutine does
the actual rolling moment calculation of the panel between the limits using the above
equations. The split subroutine is an optional subroutine which, given the
dimensions of the wing, will split a wing into its component panels and send each
panel in succession to the spin subroutine.

_With this program, a wing comprised of tapered panels can be modeled, panel by
panel. Through a simple modification, the program can accumulate the total rolling
. moment of an aircraft wing due to each panel at a selected angle-of-attack. For the
airplane shown in figure 3, this was done at an angle-of-attack of 14 degrees in
order to obtain figure 4. Figure 4 is a plot of the total rolling moment coefficient
of the wing of the aircraft, as well as the rolling moment coefficient of each of the
wing's component panels as a function of nondimensional spin rate. The bottom curve
of figure 4 represents the total rolling moment coefficient for the airplane of
figure 3 at 14 degrees angle-of-attack.
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The following flowchart is a diagram of the program:

MAIN MAIN
(WING (PANEL
DIMENSIONS) DIMENSIONS)
OR
SPLIT
(SPLITS
WING)

SPIN TAPER, LIMITS, RESULTS PRINTED
TESTS CLASSIFIES LIMITS
PANEL CALCULATIONS

In a typical light, wing~dominated aircraft such as the one illustrated in
figure 3, the panels that cause the greatest moment are the outer panels as is shown
in figure 4 and in table 2. The upper curve in figure 4 represents the rolling
moment contribution of the inner panels, the next curve represents the contribution
of the middle panels and the third curve from the top 1is the contribution of the
outer panels. This figure 1s for a fixed angle-of-attack while the rotation
rate varies. On the other hand, table 1 shows the relationship between the panels
when the rotation rate is fixed and the angle-~of-attack is varied. The data of table
1 and Figure 4 clearly show that the outer panels contribute from 78% to 97%Z of the
total rolling moment. Of course, this is expected since these panels are larger than
the others, have the longest moment arm, and experience the greatest variation in
dynamic pressure.

Figure 5 shows the improvement caused by taking into account wing taper as
compared to the values obtained with a constant chord. There 1is significant
improvement in the data, particularly at higher rates of rotation. The upper curves
are the spin-tunnel test data. Obviously, improvements in the model must be made
before the method can be considered acceptable. It is interesting to note (see
figures 5 and 6) that there is little difference when the wing of the aircraft in
figure 3 is simplified in the calculations to two large trapezoidal panels instead of
six smaller ones. However, the multi-panel approach is more accurate and is
applicable to the more general case.



In reference 1, it was noted that at angles-of-attack around 50 degrees the
experimental rolling moments were autorotative at low rotation rates. The calculated
data of reference 1 did not represent this phenomenon. The plot of 30 and 50 degrees
angle-of-attack in figure 7 shows that the new calculated data does not show auto-
rotative moments either. With the theory being used here, it would be impossible to
obtain autorotative moments except over an angle-of-attack range of 10.5 to 16
degrees since the slope of the line of normal force coefficient vs. angle-of-attack
(fig. 2) is always positive except over this range. Note that figures 5 and 6 show
an autorotative moment at low rates of rotation both in the test data and in the
calculated data for 14 degrees angle-of-attack. However, an extension must be made
to this simplified aerodynamic theory for higher angles-of-attack.l

The amount of error in the mathematical representation of a spinning wing has
been decreased by describing the wing as a set of tapered panels. However, the
errors are still large. The next step might be to consider the contribution of the
tail section to the rolling moment. Since the program calculates the rolling moment
of any tapered panel, the three tail panels could be input in order to determine the
tail effects. The present method will compute the rolling moment for. swept-wing
configurations since rolling moment is independent of sweep. However, an extension
of the model should also incorporate pitching moment. Of course, this method will
not hold for aircraft where body effects cannot be neglected. The effects of the
body would have to be considered by some other method such as the strip theory of
reference 5. Improved estimates of aerodynamic moments would be expected if the
induced flow effects on the flow angles were included in the formulation. Past
results and future extentions promise further improvements in predicting the
aerodynamic forces and moments of spinning airplanes.

CONCLUDING REMARKS

Mathematical representations of nonlinear phenomena such as the aerodynamics of
a spinning aircraft are characterized by having large numbers of unknown parameters.
Analytical methods such as strip theory can be used to reduce the number of unknown
parameters. In this paper, strip theory is applied to compute aerodynamic forces for
a wing composed of several variable taper trapezoidal panels in order to obtain a
model structure which requires only the unknowns of the normal force equations.
Although the error is decreased significantly by using strip theory in this manner as
compared to approximating the wing as untapered, there is still much more to be done
in order to analytically predict aerodynamic force of spinning aircraft. In order to
extend the model further, many new parameters would have to be added. Also, it is
clear that aerodynamic theory for angles-of-attack greater than 40 degrees must be
improved since it is impossible to predict the results of spin-tunnel rotary balance
tests with strip theory methods.

Since the program that calculates the data is general enough to accept any wing
panel of an aircraft, the revised model is currently useful in comparing the effects
on a panel of changing parameters such as rotation rate, angle-of-attack, velocity,
taper, etc. It is also useful for comparing aircraft components. However, the error
between anlytical predictions and the experimental data is still too large to
consider the strip theory representation to be an effective model of a ‘spinning
aircraft.




APPENDIX

Listed in the following pages is the program used to calculate the rolling
moment due to spin rate for an arbitrary planform wing. Inputs to the program are
set in a short main program which calls the subroutines necessary for the
calculations.

The first page shows an example of the simplest case where a single panel is
input to the program. Variable CHORD is the inboard chord length and CHTIP is the
outboard chord length. Dl and D2 are spanwise distances from the center line of the
fuselage to CHORD and CHTIP respectively. AREA refers to the area of the entire wing
containing the panel, and SPAN is the wing span. RHO is air density and VEL is the
velocity of the aircraft. The last integer tells the program whether to compute the
rolling moment for panel with the given dimensions on the positive side of the
aircraft (0), the negative side of the aircraft (1) or both (2). Normally, this
value will be 2, except when isolation a single wing panel is desired.

The second page shows a case where the panels of an entire wing will be input to
the program. 1In this case, variable CHORD is the root chord, CHl and CH2 are the
chord lengths at the point of wing taper change, and CHTIP is the chord length at
the wing tip. DIl and D2 are the spanwise distances from the center line to CHI and
CH2 respectively. FUSE is the width of the fuselage.

As was mentioned in the text, the program can be modified to accumulate the
total rolling moment of a multi-paneled wing. To do this, a one-dimensional array
can be defined and placed inside the main loop of the spin subroutine such that each
time spin is called with a new panel's dimensions, the nine values of the panel's
rolling moment coefficient array (CLW) are added to the new array for a selected
angle-of-attack (corresponding to an iteration of the main loop). For more than one
angle-of-attack, a two-dimensional array would be necessary.



PROGRAM NAIN

b} PROGRAN

.
CH122,97

To/ T4 orT-1

MAINCINPUT,0UTPUT)
(23
L2}

s CH2e2,97
Dle1,043
0210,0
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10 RMOe,002376
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CALL SPIN{CHORD,CHTIPoD1s025AREASSPANI RN VFLY2)
sTor

13 (114

SYMBOLIC REFERENCE RAP (Rel)

ENTRY POINTS

4140 MaAlIN
VARJABLES SN TYPE
4229 AREA REAL
4212 CHTIP REAL
4214 CH2 REAL
42186 D2 REAL
4221 M0 REAL
4222 VEL REAL
FILE NAMES NODE
0 TvrUY
EXTERNALS TYPE
SPIN
STATISTICS

PROGRAN LENGTH
BUFFER LENGTH

PROGRAR WAIN

10

19

RELOCATION

@211
4213
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4237

2054 OuTeur

ARGS
9
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CHl=2,97
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0ls
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20

.
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RHO-,.002370
VELe*100,
AREA=33,.04

CALl
STO

SYMBOLIC REFPERENCE MAP iRel)

ENTRY PDINTS

4140 maln
vargasies SN TYPE
4226 AREA REAL
4213 CHtge REAL
4219 CH2 REAL
4217 02 REAL
4222 mMO REAL
4223 VEL REAL
FILE NAnES nooe
0 Invut
EXTERNALS TYee
114834
STAVISTICS

PROGRAN LENSTH
BUFFER LENGTH

RELOCATION

2054 ouTPuY
ARGCS
i1

2188
40078

142
2035
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4212
421
421e
4221
4220

CHORD
cHl

FUSE
SPAN

CHORD
CcHl

Fuse
SPAN

FTN 4,805352

REAL
REAL
eEAL
REAL
rEAL

FIN 4,00992

: SPLITICHORD,CHLeCMZoCHTIPI 01002, SP AN, FUSE) RHO AREAS VEL)

REAL
REAL
PEAL
REAL
REAL

64703/02. OM.3

04703709, 09,¢
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T477¢  OPTel FIN 4,00552 04703703, 09.0

SUBROUTINE SPIN(CHIACH2sD15D25 AREASSPANV, RHOLVEL, LTOG)

THIS SUBROUTINE GENERATES NON-DIMENSIONALIZED VALUES FOR THE
ROLLING NORENT OF A SPINNING AIRCRAFT WING PANEL ATV ANGLES OF
ATTACK FRON O TO 90 OEGREES AND AT NON-DINENSIONALIIED ROTATION
RATES FRON O TO 9. THE MAIN ROGRAM MUST OEFINE VALUES FOR THE
SOUNDARY CHORDS, THE OISTANCES TO THESE CHORDS FROW THE DRIGIN,
THE VINGSPAN, THE VELOCITY OF THE AIRCRAFT, THE AIR DENSITY, THE
AREA OF THE VING, AND AN INTEGER TO SPECIFY WHETHER OR MOT THE
USER WANTS TO OESCRISE A MECATIVE PANEL, POSITIVE PANEL OR BOTH,
THE PRINARY PURPOSE OF THIS SUSROUTINE IS TO CONPUTE THE LIALTS
OF INTEGRATION ON THE PANEL.

escscscsssese
XXX XXX R N

OEFINITION OF VARIABLES

T0

ALPHA = THE ANGLE OF ATYACK IN llﬂlll!

ALPHD = THE ANGLE OF ATTACK IN DEGREES

A o THE FIRST LOCATIONAL ANGLE OF ATTACK = 30.9 OEGREES
A2 = THE SECOND LOCATIONAL ANGLE OF ATTACK ~ 16 OEGREES

CHlp CH2 = TWO LINIT CHORDS OF THE PANEL
(CH2 IS LARGER THAN CHL)
CLY = NON~DINENSIONALIZEOD AIIAV R ROLLING WONENT
CNSA = CONSTANT TERM IN NORMAL CE COEFFICIENT EQUATION
CNO = COEFFICIENT [N NIRMAL FORCE COEFFICIENT EQUATION

01 = DISTANCE %0 CM1
02 = DISTANCE TO CH2

ELW = ROLLING MOMENT

M = SLOPE OF THE LINEAR EQUATION DESCRIBING THE WING TAPER
1706 - O FOR POSITIVE PANELJ ) FOR NEGATIVE PANEL) 2 FOR 80TH

LAstBslColOsLE = LOVER LINITS OF INTEGRATION
UAsUB UC,UDLUE = UPPER LINITS OF INTEGRATION

OMEGA = ROTATION RATE

Te4T4 OPTe) FTN 4,00332 04703/83. 09,0t

P = ROLL RAT

QUE = DVNANI‘ PRESSURE
R = YAW RATE

RHD = AIR DENSITY

SPAN = VING SPaN

U = CORPONENT OF vELOCITY

VEL = VELOCITY

¥ = COMPONENT OF VELOCITY

WB2V = NON-DIMENSIONALIZED ROTATION RATE

YAL ~ SPAN LOCATION WAVING AM ANGLE DF ATTACK OF 10,5 DEGR
YN2 = SPAN LOCATION MAVING AN ANGLE OF ATTACK OF -l‘l D::l:::
YL = SPAN LOCATION MAVING AN ANGLE OF ATTACK OF 10.9 OEGREES

n SPAN LOCATION HAVING AN ANGLE OF ATTACK OF 14 DEGAEES
OIMENSION CLWISO) .
0 FORNAT(11E32.4)

REAL LAsLBSLESLDSLE,HRUSE
CONNON 77 As8sCoWaPrHoMFUSES SPANI CHOGCNSAIELY o CHORD s RHD

41010.3/37.3
A22164/37.3

RHQ*RKHOL

SPANSSPANN

MFUSEeD]

Mo {CHL=CH23/(02-D1)
CHORDeCHLeN® CABSID1)
QUE®, JORHOOVELOVEL
ALPHA®=2,7/37,3

OECINNING FIRST LOOP

00 1 lel,40

INCREMENTING ANGLE OF ATTACK BY 2 DEGREES

ALPHACALPHAG2,757,)
ALPHD 37, 30ALPHA
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SUBROUTINE SPIN TO/T4  OPTe) FTN 4,80592 04/03/0%. 09.0¢

I | B Mo VELOSINIALPHA)
UsVELOCOSIALPHAY
THZN '

BECINNING SECOND LOOP
.90
00 2 J°1,®

INCRENENTING ROTATION RATE

LLL LT T

* WD2VeNB2Ve.l
OREGCASWB2VOR, OVEL/SPAN
PeONECAOCOS (ALPNA)
ReDREGAOSINIALPHAY

POROR$,000000001

SUSReZPueP

YAZ2e (=WoUSTANI=A2) 1/ (PoROTANI=A2))

YR1o (=WoUsTAN(=AL1))/{PeROTANL=AL))

Y1 e(=VeUSTANG ALII/(POROTANL ALD}
109 Y2 o{=uoUsTANG A2}D7(POROTANL A2))

LAe?77,

LBe777,

LCe?77,

110 LEeT77,

13 UEeT77,

[4
C COMPUTING THE LIMITS UA & LA FOR CNOe=,3 AND CNSAe1,0
¢
R ¥ 1] 1F(=02-YN2)115115100
Ae=D,

1mt 2
IF102-YA2}12,12,13
™2

]
13 Uae

129 12 uAeD2
10 CONTINUE

SYSROUTING SPIN Te/T6 OPTe} FTNn 0e00332 04703709, 09.0¢

CNO==,3 ot -
CNSAel.0

. CALL TESTSIUANLA,ITOG)

130 100 CONTINVE

e aee + w ... K CONPUTING THE LINITS UB € LB FOR CNOs=1.b AND CNSAe=3,

IF{=02=Yn1)14,14,130
13 16 1F(02=-YN2)1500130518
16 IF(-02-YN2)17517,18
10 L8e=D2
60 10 19
17 LheYN2
140 19 1F(02~YAL)21521520
21 uUBeD2
60 TO 19
20 UseTAL
19 CONTINUE
145 CNQe=1,4 .
CNSAe=2,
CALL TESTS(UB,LS.ITOG)
190 CONTINUE

CORPUTING THE LINITS UC & LC FOR CNOe0oO- AND CNSAeS.d

1F(=D2-71)22,22,230
22 1F(02=-YN11230,230,24
26 1F(~D2~YN1129,2%:26
19 26 LCe=D2
0 10 27
2% LCevN}
27 1F(D2-Y1)20,28,29
UCe02

160 60 10 23

- 23 CONTINUE
CHOe0.
CNSAe3,.0
109 CALL TESTSIUC,LCHITOG)
230 CONTINVE

[4
C COMPUTING THE LINETS UD € LO FOR CNOoleb AND CNSAe~),

ana

LLY.)
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| SUSROUTINE SPIN TeIT6 ‘OPTe} FIN 4,00932 94703/09, 0%, 0t

¢ . .
e 1F(=D2-72130, 30,310
. 30 1FiD2-Y1)310,310,32
32 1F(=D2-Y1133,33534
34 L0e=D2 .
60 10 33
173 33 Lol
33 IF(D2=Y2)36030,37
36 UDeD2
60 T0 N1
37 uDev2
10 31 CONTINUE
CHOeleb
CNSAe=3,
CALL TESTSCUD,LO, ITOG) .
310 CONTINUE

CONPUTING TME LINITS UE € LE FOR CHOoed AND CNSA®1.0

1F(02-Y21380, 300,29
3¢ IF(=02-Y2)40,40/41
100 41 tEe=D2
60 10 &2
. 40 LEeY2
42 UEeD2
CNO= oS
193 CNSAel 0
CALL TESTSIVE,LE,RTOG)
380 CONTINUVE

PRINTING THE LINITS YO THE OURP
PRINT 700,LAsUALBIUBSLLCHUCILDIUD,LESVE
CONPUTING THE NON-DIMENSIINALIZED ROLLING NOMEMT FROA THE ROLLING MOAENT.

THIS WILL HAPPEN @ TINES ANO TMEN THE SUSROUTINE WILL EXIT INTO THME DUTER
LOOP WHERE THE ANGLE OF ATTACK [3 INCAEASED 8Y 2 OEGREES.

109

oo

AannNAn Aann

CLULIIeELM/ LQUESAREASSPAN)
2 CONTINVE

210 C PRINTING IHE ANGLE OF ATTACK AND THE NON-DIMENSIONALIZEOD ROLLING WONENT

~

SUSROUTINE SPIN T447¢  OPTel FIN 4,80392 94703708, 09,

PRINT T00,ALPHD, (CLVLI) o dels®)
1 CONTINUE

<
119 g THE SUBROUTINE WILL END AT ANGLE OF ATTACK EOUAL TO 90 DECREES

RETURN
END

SYRSOLIC REFERENCE RAP (Rel)
ENTRY POINTS
3 sein

VARTABLES SN TYPE RELOCATION

[ REAL 1t 407  ALPMA REAL

411 ALPMD REAL . 0 AREA REAL [N N

406 a1 REAL 409 A2 REAL
t 8 REAL re 2 ¢ REAL e
13 CHORD REAL s o Ml REAL £.0,
[N REAL (1 430 Ctw REAL atray

11 CNSA REAL R 10 CNO ]
o o1 REAL (B o 02 Fobo
12 &y REAL I s M L ’
6 MFUSE REAL r a0 1 INTECER
0 jro¢ INTEGER [ LN ae 3 INTEGER

F12 Y REAL 400 LB REAL

401 LC REAL 402 o L

403 LE REAL 433 ONEGA L
. REAL 1 406 QUE "gaL

16 R REAL 14’0 REAL X
0 RNO1 REAL FoPe 7 sPan REAL e
0 SPany REAL Folo “az v REaL

23 UA REAL 26 Up REAL

423 ue REAL 426 W REAL

27 ue REAL 0 VEL REAL (KN
Y v REAL 4 412 we2y rEAL .

420 vYm) PEAL T M2 REAL



SudrouTiit vests T0/74  OPTVL FIN 4,00952

04/03709, 09,0

INTO TMREE CATACORIES?

1) LINITS THAT SOTH FALL ON TME NESATIVE VING

2) LINITS THAT SOTH FALL ON T™E POSITIVE VING

3) LIMITS THAT FALL ON EITHER SIDE OF THE FUSELAGE
THESE LINITS ARE SENT TO SUSROUTINE PANEL TO CORPUTE TE
ROLLING MONENT,

THIS SUBROUTINE CLASSIFIES LINITS SENT FRON THE SUBROUTINE seiN

-
L LLL L
XXX RN ¥

10
SUSROUTINE TESTS(UA,LA,LTOG)
REAL LA
CONNON /7 As80CoWaPrHsHFUSESSPAN,CNOSCNSA,ELY s CHORDRHO

19

LT,

TFCUALLEHFUSEoAND UALBE o (=HFUSED) UheoNFUSE

HFUSE € o (=HFUSED) LAeWFUSE

«LA) 60 TO 1101

1# DOUSLE PANEL NOT REQUESTED, €0 TO 1390
TFI3T0C.LE.1) €O TO 1190

»9> DOUSLE PANEL ¢¢<

00TH LINITS POSITIVE
IFIUALGEHFUSE.AND . LALCEHFUSE) €O TO 1100

S0TH LINITS NEGATIVE

20
19

1R LUALLEs=HFUSEL ANDsLALLE.=HFUSE) GO TO 1100
b 1]

0000 NECATIVE VING oo

ANAMANA AN AAAAN NON

a0 ORICAsUA
ORICBeLA
UAe=MFUSE

TRk TutTE Yests T4/T6  OPTe} nﬁ (WY IH

TP (UALEQ.LA) GO 7O 2007
CALL PANELCUASLAY

49 [

14 0400 POSITIVE WING o0t

<
1007 UA«DRIGA
LASHFUSE
30 IFtUAL.EQ.LAY 6D TOD 1101
CALL PANELIVAsLE)
LA=ORICS
€0 10 1101

c
s C P> SINCLE PANEL <¢<¢

1190 ORIGA=UA
ORIGOeLA
IFL1T06.67,0) 60 1O 1133
[ 14 1F{UALGE.MFUSE.AND.LALGEL.HFUSE) €O TD 1100
TIF(UALLE,=HFUSE.AND.LASLE.=NFUSE) 60 TO 1101
LASHFUSE
IFlUA.LE.LA) 60 TO 1101
CALL PANELIVA, LAY
[ 1] LA«ORIGCH
60 70 1101
1193 1FIUALCELNFUSELANDJLALCEJHFUSE) 6C TO 1101
IFLUALLE.=HFUSE . AND, +LE.=NFUSE) €0 TO 1300
UAs=HFUSE
0 1F uA.LEsLA} €D TO 1101
CALL PANELIVASLA)
VieOR1GA

60 70 1101
1100 CALL PANELIUA,LM)
14 ] 1101 RETURN
END

SYNSOLIC REFERENCE MAP (Rel)
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LINITS THAT COME THROUGH ARE THOSE THAT ARE NOT ON THE SARE PANEL.
THEREFORE, THE ROLL MOMENT MUST S8E CALCULATED FOR EACH SIOE SEPARATELY,

ROUTINE YO CATCH LINITS THAT ARE LESS THAN THE DISTANCE TO THE PANEL.

{
04703709, 09,0t




e e—————— ¢ e e e s

SURRDUTINE PANEL 74776 QPTe} FIN 4,00252 84707712,

€0000000000000000000¢ TRTY T 0
e THIS SURRQUTINE PERFORNS THE INTEGPATION FOR TWE ln:tl:‘ RORENT o
L] ‘e

TESTS THAT 4RE ROTH FITUES NN A PASITIVE PAMEL NE 4 NEGATIVS .
PANEL. THMF SUBRIUTINF IS CALLED GACH TIWE & NFW SET OF LINITS o
ANEL 1S CDWPUTED
00008006000000000¢0040¢

OEFINITINN OF VARTAALES
10
M = THE SLNPE OF THF LINEA® ECUATION OESCRIAING WING Tarte

(41} « INTEGPAL OF T4t SQUAPE ONCT I'F AYee2 & &Y o (
PHIY = ¥ TIWFS THF INTEGPAL CF THF Sarf

PUTYZ = INTEGRAL OF v SOUARED TIWLS TuF Sadf

PHIY3 = INTEGRAL OF Y CUSED TIPES THE SAME

RADL = SQUARE RQNT 7F 4Yee2 ¢ AY o C § ¥ TYL LOVEP LI=IY
PAOU = QUARE PNOT NE AYS82 o Y o [ J ¥ THI UPPLE LIn]T

SUR'GU'IN‘ PANELII'A, LAY
wEAL L
cunnn» 11 Ke8sCoNsPpHaHEUSESPANSCHNCHSAVFLY CHORD,RMO

28 RADU=SORT (ASUASASROIAC) .
PADLOSORT(ASLACLASRGLASC)

NnAnNAnNAnNARAnNAONANRANN

20

PHIetUA®, 5608, 2574)00ANU=(LACS0R0, 2578 )0RANL
PHEPHIS{ (4o0R0C=ROB)/(8,080SORT(ANIIOLALNALANUAG2,4842,9300T(d)0w
E 1 1ADU)=ALOGIAOLA®2,0B42,9S0RT(A)*RADL))
¢ .

PHIY® 3333330 (RADUCSI-RADLSO3)/ A 9080PNT/A .

PHEIY2e( b 0004 =S, OR)ORADUCOIo (L, 0ALA=S,00)0RADLO3)/ (26,
k1) PHIY2oPHIY2=(4,0400=3,0ReB)¢PHL/(10.%A04)

LYY

'!N’-lUA"!lI(SOl)-(T'l‘UIDIIlO‘A‘A)O('OO'BlIl.l’l",)
PHIYIa(TENP={20C)/(130ACAD)oRAD
40 ‘l"l-lll"t)ll"ll-ll
[l 3] 1y TEMPL1-(20C)/ (1% A} DLeeY
'“l'!""l'! (L70Re03}/(I204003)- ("C'Iillu'lill)Oiﬂl

SUBRDUTINE PANLL T417% NPTe} FIN 6,00%%2 04707712, 1
[4
C LINITS THAT ARE ON TME POSITIVE SIOE OF TWF VING ®UST 60 THRQUGH TuE
L} € EOUATIONS AT 2000 INSTEAD OF THOSE FOLLOVING RECAUSE TME NEGATIVE vING
€ IS DFSCPI®EN AY & DIFFEUENT EOQUATION THAN THME POSITIVF SIDR.
4
TFTUALATHFUST o ANNLALGELHFUSE) €O TD 2000
c
s ELVeELV-woRUOICHORNS
S=PHNOCHSAO A (P OILUNINSUOH) IPN]
FLVAELu=DHNOLHORDO (SOCNCO( o 250A0{UAOA=LAC04)s, 33131 0N [Udoeaje
Led)eCe, So(yasus=LioLd) )=
SHORMNOCNU®S0{ 20 A0 (UASOSaLAS85}4,290B0 (VA= A®94)4,3220330C0
L1 $t{Uase-Lacen))
G Th 2030
200D (LNl tw=vePY eCUIODe, JOCNSAOPHLY
ANSAC .50 (PO HNPD=LON)CPHIY2oPORNNIHOCNSAS S0Pu]IY]
NeCHNROS ,FOCNCO( 4250 44333331000 (yae0)alae
60 1031 e, S0 tUACUA=LANLAY)
SHEDHIOTNOS 50 L 20A0{UAIO5LA005)0,230R0(1IAGCA=LA®94)5,333300(0
S{yaesd=Laved))
2030 RETURN .
END

SYMROLIC REFERLNCE MAP (Rel)
ENTRY POINTS

3 PANEL .
VARIAOLES SN TYOE RELOCATINN

[ Y REAL 1 1 e efag 1t
2 ¢ AL 17 13 Cunen REAL N
11 CNsa RESL ‘ 10 w0 REAL e
12 B PEAL ] L RFAY ‘7
6 NFUSE "EhL 1 0 La REML LN
. AL et 36 eup REML

335 euly REAL 336 PHIY2 REAL

360 PHIYS (42 1Y 333 ANl el

332 Papu PEAL te wun 1A N
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.

SUNRDUTING SPLIT 76776 T opTei’ . .

i

FIN 4.00392

FUSELAGE,

essessses

THIS SUBROUTINE SPLITS A WING INTO 17S INOIVIOUAL PANELS
AND SENOS THE DINENSIONS TO SUDROUTINE SPIN,
MUST SUPPLY [N THE MAIN PROGRAM VALUES FOR THE COAMON
CHORD, THE TIP CHORD, AND TUD CHMORDS IN=-BETVEEN AT THE
POINTS OF TAPER CHANGE, THE DISTANCES TO THESE CNOROS FRORN
THE ORICINs THE AREA OF TME WINGy THE WINGSPAN, 4IR OEN=

SITY, THE VELOCITY OF THE AIRCRAFT AND THE WIOTH OF TME

THE USER

10

a onnannnnnann

HFUSE=,5¢FUSE
13 HSPANe S0SPAN

CatL SPllﬂtnﬂlbycnhRNS(:NMIIA‘!'lﬂuluﬂnvltoll
CALL SPINICHI,CH2,01002,AREASSPAN)RHO,VEL2
CALL snmcnz.cmlv.oz.usnmuu,sun.uun.vn.u

l"
20

SYRBOLEC REFERENCE MAP (Re})
ENTRY POINTS

3 smar
VARTADLES SN TYPE RELOCATION
0 AREA REAL FelPo 0 CHORD
0 CHTIP 0 M
0 W2 o n
o 02 0 FUSE
116 Nrust 137 HSPAN
9 kWO 0 SPaN
o V&
EXTERNALS TYPE  ARGS
sPin 9
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loner Middle

0, deg. Panels Panels Totsl
[ -.0032% =.046320 1747 ~.223
2 | -.00868 =, 04095 ~.1759 -.2228
4 -.00%64 =-.0330% -.119 -.2200
[} ~.00497 -.02923 -.1818 -.2160
s =.00346 -.02434 -.1830 -.2108
10 -.00180 =.02017 -.102% =.2045

12 «.00052% -.01620 -.182% ~.1992
14 =.000417 -.01220 -.1796 - 1922

16 ~.000768 -.00824 -1724 . 1914

18 =.000197 =.00451 -.1553 =.1600

20° | -.000508 =.00239 -.1378 «. 1407

22 =.000882 =.00198 ~.1202 =123

24 -.0M890 =.00394 =.1024 =-.1072
Table 2

Rolling mowent coefficient for the contributing trapezoidal
Panels on the main wing of the airplane showm in figure 3 ot

angles of sctack from O to 24 degrees and (H/2V = 0.5,

Figure 1. Schematic Sketeh of a Spinning Wing
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Norsal Force Coefficient, C‘

1.6 - ) ainn % ¢ 1.0 sina

S.R sina

2
m 1 '] L I ] L 1 - 2 _— |
[ 0 20 ' an S0 ~ 0 #0 ”»
Anpln of Attack
Figure 2, Model and meanured normal lnr‘! crefficient of reference 6,
———
[ 4
Figare V. Draving of 1/1h-acale tvpical tight slrplane of reference 4, Note

the & distinct panels on the maln wine,
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Figure &, Contribetden of sing pancle tc the rolline moment for
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Figure 3. Effects of rotation rate on rclling moment coefficient for 8 and 14 degrees
ongle of sttack.
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Figure 6. Effects of votatfon rate on rolling moment coefficient for
8 and 14 degrees angle of attack.
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Figure 7. Effect of rotation rste on rolling moment coefficient for 30 and
S0 degrees sngle of attack.
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