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1. INTRODUCTION

As a result of the aircraft vortex hazard problem, there
has been a revival of interest in the nature of aircraft wakes.
While the interest 1s mostly directly towards avoiding or
dissipating the vortices, one should also ask if the energy
contalned in the wake can be put to good use. Initial compu-
tations, done at A.R.A.P. (Ref. 1), indicate that the wakes
generated by large alrcraft contain enough energy in usable
form to allow substantial reductions in power for a following
or wake-riding aircraft. The Naval Alr Development Center has
expressed an interest in obtaining a proof of the concept of
wake riding by flight testing a T-2 trainer in the wake of two
P-3 patrol aircraft, as shown in Figure 1.

In order to assure that the flight test referred to above
could be carried out safely, A.R.A.P. was asked by NADC to
perform a pre-test study which had two principal objectives:

(1) Estimation of the structural loads that would be
encountered by the T-2 were 1t to inadvertently pass directly
through one of the trailing vortices left by the P-3s during
the flight tests.

(2) Consider the nature of the piloting task that would
be faced by the pilot of the T-2 and recommend piloting tech-

" niques and test procedures that might be helpful in assuring

success of the flight tests under consideratilon.

The study that was undertaken by A.R.A.P. to accomplish

these ends was divided into five tasks:

(1) The wake fluid velocity field was computed and entered
into an existing simulation program.

(2) An existing A.R.A.P. simulation prggram was modifiled
in order to calculate changes in the six force and
moment coefficients due to the vortex velocity fleld.
Also, a simple autopilot was incorporated into the
program.
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(3) Measurements of induced rolling moment on a model T-2
wing were made in a small-scale wind tunnel. These
measurements were made to increase confidence in the
analytic estimates. of rolling moment coefficlent
computed by the digital simulation program.

(4) Using results from the above~-noted three tasks, digital
simulations of a T-2 aircraft entering, riding, and
leaving the wakes of two P-3 aircraft were run. The
series of simulations included worst case encounters
where the aerodynamic loads are large. In addition,
runs were made with simple autopilots to roughly eval-
uate the difficulty of the piloting task. )

(5) Structural loads of the aircraft surfaces were estimated
and compared with their maximum allowable valuea. These
estimates were then consldered in the light of NASA's
flight test experience when probing the wake of a 747
with an instrumented T-37 aircraft.

In Sectlon 2 of this report, the mathematical model used to
describe the flow fileld left by the two P~3 aircraft 1s presented.
Section 3 reports on a simple wind tunnel test that helps lend
credence to the model presented in Section 2 and the calculation
of forces and moments on the T-2 which are presented in Section U,
Section 5 deals with the dynamics of the T-2 as it enters the
wake-riding region and the problem of maintalning this position.
Section 6 discusses the structural loads that might be expected
on the T-2 aircraft should vortex encounter occur. And, finally,
Section 7 sets forth the conclusions and recommendations that
resulted from this brief study.
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2. THEORETICAL MODEL OF WAKE FLOW FIELD

The wake fluld velocity field was computed assuming an
elliptic load distribution of the P-3 wing which ideally rolls up
into two discrete vortices for each P-3 as shown in Figure 2.
Each vortex is then ideally located at g b from the centerline
of the aircraft. The strength of each vortex is given in terms
of the circulation ro as

4L
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For the P-3 in steady level flight during testing at an altitude
of 20,000 ft (6096 m) and at a flight speed of 220 knots
(112 m/sec), this is characteristically

2]
.

® -~

. r, = 2,700 fta/sec (251 m2/sec)
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A

The flow field produced by each vortex can, for the purpose of
% 1 this study, be characterized by the mean tangential velocity
: VT . Based on the results of Ref. 2, the tangential velocity

.

! : assocliated with each vortex is given by the following set of
o equations:

3

' ié for r < 3 ft (.91 m)

r 3 3 5 1/2
= o -
v o2 [6(2) - 9(3)°] -
for 3 £t (.91 m) < r < 33 £t (10 m) :
a 2 ry. r 3
e [¢(5) - 2(3)]
for r > 33 £t (10 m)
r
- O
Vo * Zar
These relations should adequately define the flow field for the
region downstream of the P-3s defined by
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400 £t (122 m) < x < 4000 £t (1219 m)

The tangential velocity contributions from each of the four
vortices are then summed in order to obtain the crossflow
veloclty at any particular lateral and vertical position.
This crossflow veloclty information 1s then converted to
geocentric velocity components v (horizontal) and w (vertical)
and stored at 3-foot intervals in y and 2z over a square area

300 ft (91.4 m) on each side. A program then linearly interpolates

among these values and converts to body axes in order to obtailn
the wake velocity normal to the wing at selected stations.

Figures 3 and 4 1llustrate the vertical wake velocity w
as a functlon of lateral position y at 2z =0 and z = 20 ft
(6.1 m) above the vortex centers. Two characteristics are worth
noting. (1) w decreases as 2z departs from z = 0 ., This
means that the alrcraft will be stable with respect to altitude
above the vortices and unstable below them. (2) For |z| < 10 ft
(3.05 m), w 1increases for lateral positions away from the
origin. This tends to stabilize the aircraft laterally by
rolling the aircraft back towards the center.

Figure 5 1llustrates the horizontal veloclity v as a
function of 2z at two selected values of y . Here it is worth
noting that the horizontal velocity will tend to destabilize the
alreraft with respect to lateral position for z > 0 and 1s
stabllizing it for z < 0 .,
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] 3. WIND TUNNEL TEST PROGRAM j
N I In order to lend credence to the validity of the theoretical
? rolling moment values computed for the T-2 in the next section
f T of this report,a wind tunnel test program was carried out in '
i - which rolling moment coefficients were measured on a scale T-2 ]
i k.
b . wing immersed in a scale vortex wake. The apparatus and tech-
§ an niques used in this program and the results obtained are de-
é . scribed in the following sections. ;
A. Apparatus and Instrumentation
fﬁ L The object of the tests was to measure the rolling moment

coefficients on a wing model under conditions which simulated

as closely as possible those of a full-scale encounter of a T-2
with the central portion of the wake produced by two P-3's

flying side-by-side. The means of establishing the desired wake
flow was already available in the A.R.A.P. subsonic wind tunnel.
This tunnel has a 30.5 x 30.5 cm (12x12 in.) test section 2 m
(6.5 ft) long. It 1s provided with vortex generator airfoils
which can produce palrs of parallel vortices in various combi-
nations of strength, sign and spacing. The tunnel test section
and wake generating system are illustrated schematically in
Figure 6, which also shows the flow visualization system avail-
able and some examples of vortex flow cross-sections photographed
in the course of an earlier study of vortex merging. The tunnel
is capable of speeds of up to 13.7 m/sec (45 ft/sec). The vortex
generator alrfolls are of NACA 0012 section and are hollow with
holes at their tips to allow for the injection of smoke into the
flow.

The choice of conditions for the tests was dictated by the
desire to scale the T-2 wake encounter accurately while minimizing
the effects of the tunnel walls. This choice, in turn, specified ]
the slze of the T-2 wing model to be used. The conditions chosen '
were based on a wake vortex spacing of 13.4 cm, or about 4if of
the tunnel width. Since the nominal full-scale test configuration
was to have the vortex spacing equal to twice the T-2 wingspan,

!
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the T-2 wing model was made with a wingspan of 6.7 cm. These
relative dimensions are shown in Flgure 7.

The measurement of rolling moment on a wing model of this
size presented several challenging problems. Not only would
the instrument have to be highly sensitive to applied rolling
moment, but it would also have to be insensitive to axial and
normal forces and other applied moments. At the same time it
would have to be small enough so as not to disturb the flow
unduly, and simple enough to be constructed within the time
avallable. An estimate of the moments to be encountered re-
vealed that the maximum rolling moment would be of the order of
10 gm-cm. A number of possible instrumentation methods were
explored, including strain-gauge torque tubes, reflected light
beams, and servo-driven null systems. None met the combined
requirements of high sensitivity, small size, and simplicity.

Finally, a torque meter deslign was arrived at which did
prove satisfactory in all respects. The instrument incorporated
a sensitive active element mounted coaxially in a fixed tubular
case with the sensitive element suspended on springs of the
flexural pivot type. A very slight angular rotation was allowed
in response to the applied torque, and this rotation was sensed
by a rotary variable differential transformer (RVDT). In a size
that 1is rugged enough for the present application (.48 cm,
3/16-in. 0.D.) the flexural pivots - manufactured by the Bendix
Corporation - are avallable with torsional spring rates as low
as .8 gm-cm/degree, which is more than adequate. Thelr response
to torsion is virtually unaffected by radial and axial loads of
the magnitudes anticipated. The RVDT used was manufactured by
Pickering and Co., Inc., and had separate rotor and stator
sections so that, when it was combined with the flexural pivots,
the action of the instrument was frictionless. In principle,
the resolution was only limited by the means
used to detect the output of the RVDT. A cross-sectional view
of the torque meter is shown in Figure 8. As can be seen, the
frontal area of the instrument (3.81 cm diam) is mainly limited

12
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Figure 7. Relative dimensions of scale wind tunnel test of
T-2 encounter with vortex wake.
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by the size of the RVDT, which, in this case, was the smallest
available of the desired type.

The RVDT was excited by a 10 kHz signal of 3-volt-rms
amplitude. The output was demodulated and measured on a digital
dc voltmeter on the 0.1 volt full-scale range. The resolution ;
was .00001 volts dc and a potentiometer was used to adjust the
zero setting.

With the spring suspension of the sensitive element, the
only damping available for the torque meter was the aerodynamic
damping due to the T-2 wing itself. During the tests 1t was
found that the damping in roll of the wing was quite adequate to
overcome any significant vibrationally induced oscillations of
the torquemeter. In the design, the sensitive element was made
as massive as possible to minimize its undamped natural frequency.
It was found that this frequency was about 16 Hz. This low value
effectively eliminated effects of vibration on the RVDT output.

The T-2 wing model was made of aluminum and was mounted at
the end of a 15-cm long sting inserted in the forward end of
the torque meter. The wing was to scale in planform, but some-
what thinner than scale in sectilon. )

The torque meter was mounted in a manually adjustable
traversing mechanlism which allowed the wing to be located at any
point in the flow field up to within about 4 em of the tunnel
walls. In Figure 9, the torque meter and model T-2 wing are
shown together with a view of the wind tunnel test section with
the vortex generator airfolls and the torque meter installed.

The torque meter was calibrated by hanging weights at the
tips of the model wing. The calibration was found to be linear
throughout the full range of allowable angular rotation. Built-
1 in stops limited this rotation to about +5°, The two flexure
1 ' pivots actually installed in the torque meter resulted in a com-
: bined spring rate of about 14 gm-cm/degree. Thus the maximum
rolling moment to be expected (10 gm-cm) would produce a roll
deflection of less than 1 degree, a negligible disturbance to the
wing roll attitude. The torque meter calibration is shown in
Pigure 10.
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Figure 9. (Top) The T-2 wing model and torque meter mounted in the
traversing mechanism. (Bottom) View of the wind tunnel
showing the vortex generator airfoils at left and the
torque meter in place at right.
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B. Procedure and Technique 3

To establish the proper wake flow field for these tests, 3
it was first necessary to determine what vortex circulation 3
strengh was needed and what conditions were required to produce
it. For the full-scale flight test at 20,000~ft (6096-m) alti-
tude and 220 kts (112 m/sec) the 1ift coefficient for a P-3 is
Cp, = .88 for a gross weight of 100,000 1lbs (45,450 kg). The
wind tunnel tests were scaled by adjusting the angle of attack
of the vortex generator airfoils and the tunnel velocity to pro-
duce vortices equal in circulation strength I to those that
would be produced by two hypothetical scale model P-3's.
Assuming an elliptical loading for the P-3, the 1ift is

L = 11‘1 pUTrb

Substituting for L 1in the expression for 1ift coefficient

C a——-z—

L % pU~S
and rearranging, we have

ro_ 2CLb

U TA

where A(=b2/S) 1s the aspect ratio of the P-3 (A=7.5) and b
is the wingspan of the hypothetical model P~3 scaled the same as
the T-2 model. This latter value is b = 19 cm . For these
conditions, then,

% = ,0142 meter

To find the proper settings of vortex generator angle of attack
and tunnel speed to match this value, it was first necessary to
calibrate the vortex generator system. This was accomplished by
deducing the circulation strength T by measuring the mutual
rotation induced on each other by a pair of like-sign and equal-
strength vortices between two points downstream of the vortex
generators., For one vortex of a parallel pair, the circulation T

18
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can be shown to be
w2d2U

X180

where 4 is the spacing of the pair, U 1s& the stream veloclty,
and X 80 is the distance downstream required to produce a
rotation of 180 degrees. Using smoke for flow visualization, a
series of photographs was taken showing cross-sections of like-
sign vortex pairs at three distances downstream of the vortex
generators. The initial spacing was the same as that to be used
in the wake penetration tests. To minimize Reynolds number
effects, the tunnel was run at its maximum speed of 13.7 m/sec.
The angles of induced rotation and the spacing were then measured
on the photographs and the values of TI' calculated. These
values are plotted in Figure 11. The excellent agreement between
the points based on the two axlal intervals 1s taken to mean that
the degree of vortex roll-up changed very little downstream of
x= ,38m . It is thus assumed that roll-up was in fact complete
at x = 1.0l m , the location of the T-2 wing model during the
rolling moment measurements. From the TI' callibration, it 1is
seen that the vortex generators should be set at an angle of
attack of 3.2° to produce the desired scaling of T .

' =

The remaining geometric specification needed for the tests
was the vertical reference for location of the T-2 wing relative
to the vortices. This was easlly determined from smoke pictures
at the proper axlal location with the vortex generators set at
the proper angle. The location was confirmed by again observing
the smoke flow with the wing in position for a coaxial encounter.
It 18 intereating to note that the latter observation showed the
vortex flow to be quite steady around the wing model with no

evidence of disturbance created by the model or 1ts mounting sting.

Two additional factors which might be expected to affect the
rolling moment measurements are the distribution of angular
momentum in the vortex, as characterized by its tangential ve-
locity profile, and the Reynolds number. Both of these factors
were investigated in a limited way.

19

T P i T A AT T e e 1 3

L W A 8 D Y T e A 1 A

W———




U=13.7 m/sec

O Based on values
between x=1.0lm
and .38m

X Based on values
between x={.60 m
ond 1.OIm

1. . | . | |

3 4 ] 6

Vortex generator angle of attack, degrees

Figure 11l.

Calibration of vortex generator system.
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Some idea of the tangential velocity profile was gained
by holding a rake of sensitive tufts across the flow just up-
stream of the wing. The tufts were spaced at intervals of
48 em (3/16 in.). It was observed that two adjacent tufts de-
flected 1n opposite directions indicating that the maximum
tangential velocity occurred at a radius of no greater than .24 cm.
The implied core dilameter of no more than .48 em (3/16 in.) 1is
consistent with the observed smoke concentrations which imply a
core diameter no larger than about .5 em., It 1s estimated very
roughly that the deflection angle of the adjacent tufts did not
exceed about 8°. Thus the tangential velocity at that location
probably did not exceed 13.7 tan 8° = 1.9 m/sec. For purposes
of Judging the relative scale of such a vortex, in Figure 12 is
plotted a simple Betz-type profile based on the measured
r = .,195 m2/sec and the elliptically loaded wing of the hypo-
thetical scale model P-3 generator ailrcraft (b = ,19m). Also
shown are a potential vortex of the same strength, a point de-
noting the velocity estimate based on the tuft deflection, and
the semispan of the T-2 wing drawn to the same scale. The con-
clusion that may be drawn from this plot is that the fluid ve-
locity at one point is below that of the assumed vortex from the
P-3. This point, however, 1s near the viscous core region of
the vortex, and since no viscous effects are accounted for in
the Betz model, the lower value would be expected.

To assess the possible effects of conducting these tests at
low Reynolds numbers, the rolling moment coefficient Cp; was
evaluated for a coaxial encounter for three tunnel speeds, 10.6,
12.2, and 13.7 m/sec, These speeds correspond to Reynolds
numbers based on the T-2 model mean chord of 9,500, 10,900, and
12,300, respectively. Unfortunately, only this limited range was
available with the existing vortex generators and wind tunnel.
The greatest difference occurred when the value of Cy at
Re = 12,300 was found to be 7% below the value at Re = 9,500,

a not too significant amount. This i1s within the range of ex-
pected experimental accuracy of these tests. Perhaps of more
interest was an investigation of earlier airfoil testing at low .
Reynolds numbers which brought to light some useful data. Insofar é

21
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as rolling moment calculations are concerned, two parameters
are of importance which are affected by Reynolds number. These
are the section lift-curve slope and the value of CLmax » the
maximum 1ift coefficlent. In Ref. 3 data for a number of thin
airfoils are reported at Reynolds numbers as low as 42,000. The
principal trend as Reynolds number 1s reduced is that CLmax is
also reduced. For thin airfolls, the two-dimensional lift-curve
slope changes very little down to Re = 42,000 , remaining at
approximately .l per degree. At thils value, the maximum angle
of attack obtainable prior to stall i1s still above 10°. Additional
data at still lower Reynolds numbers were found in a report
(Ref. 4) on the testing of small paper gliders. In this case,
the Reynolds number was 23,000 and the airfoils included a flat
plate, several stepped wedges, an NACA 0012, and a circular arc.
All had an aspect ratio of 3. The 1lift curve slopes were all
similar, being approximately .05 per degree. This value is the
result of the low aspect ratio and the reduced Reynolds number.
The value of CLmax still occurred at angles of attack above 10°.
The implication of these data seems to be that at least down to
Reynolds numbers of about 20,000 the section characteristics con-
tributing to rolling moment should remain valid as long as the
local vortex-induced angle of attack does not exceed 10° and as
long as the actual three-dimensional 1lift-curve slope can be
approximated. Of course, even if the local angle of attack does
exceed 10° for a portion of the encountered vortex profile, the
over-all effect on rolling moment may not be large because of
the small lateral extent of that portion.

To explore any further effect that might occur at
Re = 12,300 , the T-2 wing model itself was remounted in such a
way that the torque meter registered 1ift. The wing angle of
attack was made adjustable so that a 1ift curve could be determined.
The resulting data are plotted in Figure 13. It 1is seen that there ]
is a discontinuity in the curve, with two values of CLmax being i
required to give the best fit of the data. However, a single
value of CLa = ,05 glves a reasonable approximation - within
about 13% - for all the data. A check for the effect of aspect
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Figure 13. Measured 1ift curve of T-2 wing model.
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I ratio on CLu can be made using the method of Ref. 5. If a
sectional value of .l per degree is assumed, and with A = 5.07

I for the T-2 wing, a three-dimensional value of .07 results., Thus
1t appears that a significant portion of the reduction in Cr,

I can be accounted for by three-dimensional effects.

I

The measurement of the model lift-curve slope made it possible
to compare the experimental CL values with the, results of a
computation run based on the conditions of the model tests.
Reasonable agreement in such a comparison would support the
validity of the computation method when appllied to the full-scale
case. For this purpose, a computation was made to simulate
lateral traverses through the flow fleld of the vortex pair at
two vertical locations. A 1ift curve slope of .05 per degree was j
used as shown in Figure 13 with stall occurring at an angle of

I N T

v attack of 8°. A constant value Cj = .43 was used above 8°. ]
The comparison for these cases is shown in Figure 14, where the '
R data are taken from those to be presented in the next section.

The abscissa in this figure 1s the lateral position y in the

flow made nondimensional by the wingspan b of the T-2. It

is seen that the agreement 1s reasonable, with the computatlons,

as expected, exceeding the measurements by approximately 20%.

In view of this, it 1s concluded that the computation method i

should give reliable results when applied to the full-scale ;

b test case. It 18 also concluded that the vortex velocity pro- § ;
}

" file in the wind tunnel test must have been reasonably similar ;
- to that used for the computation. if

b C. Results and Comparison with Computations

The torque meter was used to measure the rolling moment co- sf
efficlent C;, of the model T-2 wing at a number of points in a *
cross-plane of the vortex flow field. Two cases were investigated,
one with the wing horizontal (¢=0°) and one with the wing vertical
(¢=90°). The rolling moment was induced in the former case by
vertical velocity components and in the latter case by horizontal
velocity components. The test grids showing the locatlions at
which C, was measured are shown in Figures 15 and 16. 1In
both cases sufficient points were used to permit the mapping of

25
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Figure 14. Comparison of computed and measured C, distributions

for model tests of T-2 wing. .
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wing horizontal (¢=0°),

Figure 15.
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the wake field in isoplethd of constant Cz » With somewhat
more detall possible for ¢ = 0° ., The measurements were all
made at an axial location x = 1,01 m downstream of the vortex
generators and with a tunnel speed U = 13.7 m/sec.

Plots of the measured lateral distributions of cz
presented in Figures 17 and 18 for ¢ = 0° and 90° ,
respectively. For ¢ = 0° there are 19 vertical locations 2z/b ,
and for ¢ = 90° <there are 11. The data show that the wind
tunnel flow field had reasonable symmetry and that the magnitudes
of induced Cy, are about the same for both vortices. In Figure 17
it is seen that a lateral traverse through the vortex centers
(z/b=0) involves five reversals of C, . For |z/b| > .5 a
lateral traverse involves only one reversal. With the wings
vertical (¢=90°), it is seen in Figure 18 that a lateral traverse
at z/b = 0 also involves only one reversal, while farther above
and below the plane of the vortices the response 1s more complex.
In particular, a vertical traverse through one of the vortices
results, as might be expected, in two reversals. The situation
1s more readily appreciated by an examination of isopleth plots
which portray the measured rolling moments as contours of con-
stant value. Isopleths for the ¢ = 0° and ¢ = 90° cases
are shown in Figures 19 and 20. It 1s seen that for ¢ = 0° ,
the region of five reversals is confined to small values of z/b .
In the ¢ = 90° case, there are small regions above and below
the plane of the vortices where reversals occur. (Due to slight
asymmetry in the measurements, the region of negative C below
the y/b = +1 vortex was not resolved on this plot.)

Comparisons of measured Cl distributions with computed
distributions for the full-scale encounter are shown in Figures 21
and 22, for ¢ = 0° and ¢ = 90° , respectively. Two vertical
locations are represented, one through the plane of the vortices,
and one displaced above the vortices.

The comparisons all show that the computation defines the
lateral distribution of rolling moment quite well, with positive
and negative peaks matching the measurements. The general agree-
ment in shape of the distributions is also indicative of a
similarity in response to the vortex velocity profiles encountered.

are
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z2/b=-1.18

-002 1

Figure 17. Measured lateral profiles of rolling moment coefficient
for the T-2 model wing at ¢ = 0° for several vertical
locations 2z/b .
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Figure 17. (cont.)
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Figure 18. Measured lateral profiles of rolling moment coefficient
for the T-2 model wing at ¢ = 90° for several vertical
locations z/b .
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(cont.)
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Figure 21. Comparisons of measured values of Cy for the T-2
model wing with computed values for a full-scale
encounter. ¢ = 0°,
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Figure 22. Comparisons of measured values of Cy for the T-2
model wing with computed values for a full-scale
encounter, é = 90°.

PP PSS




In the computation, of course, the profile was that to be ex- §
pected for an elliptically loaded P-3 wing, whereas for the
model tests the profile was that actually produced by the vortex
generators in the wind tunnel. In both cases, the vortex cores
were small in comparison to the T-2 wingspan and the total
circulation was scaled by matching Cp, of the generators. No
comparison of the detailed shapes of the rest of the vortex
profiles was possible, but the similar response indicates that
they must have been similar. It is felt that as long as the
circulation is scaled and the core size i1s small compared with
the wingspan of the encountering aircraft, any slight differences
in the velocity profiles from a generator aircraft in a clean
configuratipn will have only secondary effects on induced rolling
moments.,

Referring again to the comparisons shown in Figures 21 and
22, 1t 1s seen that the principal rolling moment peaks exceed
the measured values by as much as 100%. To understand the meaning
of thls difference in magnitude refer again to the computed and
measured model data shown in Figure 14. In that case it was found :
that when the computation made use of a 1lift curve that was E
actually measured for the wing model, the agreement was reasonably

good, with the computed peak values exceeding the measurements by
about 20%. Since for the full-scale computation of Figures 21 and
22, an actual 1lift curve was also used - that of a full-scale T-2
based on flight tests - it appears that the difference between the
computed full-scale results and the model measurements is traceable
primarily to the 1lift curves themselves. For the model, a value
of cLa = ,05/degree was used, whereas for the full-scale T-2, the
value was CLa = ,08/degree. The values of Clmax Occurred for
the model and full-scale T-2 at 8° and 14°, respectively. As
has already been discussed, the primary reason for the particular
characteristics of the model 1ift curve is felt to be the low
Reynolds number of the tests.

In view of the foregoing considerations, it 1s felt that
the computational method is capable of predicting rolling moment
coefficlients with reasonable accuracy. Thus, the peak values
shown in Pigures 21 and 22 are felt to be representative of
values that should be expected in full-scale encounters,
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4. CALCULATION OF THE FORCES AND MOMENTS
ON THE WAKE-RIDING AIRCRAFT

The forces and moments on the wake riding aircraft are
calculated 1n nondimensional form by summing contributions due
to the static aerodynamics, control deflections, and aircraft
angular rates.

The contributions due to the angular rates are assumed
proportional to the rates and not a function of o or B8 (the
standard rotary derivative approach). The contributions due to
control deflections are proportional to the deflection and a
nonlinear function of o and B8 . Values of each control
derivative are stored on a grid of a,B points in a computer
file. The four values of the control derivative bracketing the
desired a,B are obtained and the desired values found by two-
dimensional linear interpolation.

The statlc aerodynamic coefficlents are also nonlinear
functions of a and B and are obtalned in the same manner as
the control derivatives. The values of o and 8 wused in this
process include the effect of the wake flow as calculated at the
ailrcraft c.g.

- ran~l( "inertial * Yw(ca)
Qog = tan ( i

g = tan™L ("mertigl * vwgce))

In addition to this wake effect on the static aerodynamic
coefficients, there 1is also the spanwise nonuniform flow effect.
This 1is evaluated using strip theory. The incremental wing
section axial and normal force coefficients on the 1th gection
of the wing, cx, and cz, , are given in terms of angle
of attack, oy and local section area, S1 . They are
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°x, " fx(21)84/8,
czi = fz(oi)silsw

The functions fx ’ fz are plecewise linear representations
of the three-~dimensional normal and axial force data from Ref. 6
for B = 0° .

These incremental coefficients are then summed and added
to four of the six static aerodynamic coefficients as shown
below.

Q2
"

x = Cx(9cgoBeg) +) ox,

(9]
"

z = C2(%qrBeg) * ):"zi
Cq = CylaggsBeg) *'z:yiazi/b

Cp = Colagg s Beg) = ) YyCx, /b

The really significant contribution from this strip theory
is the contribution to the rolling moment coefficient Cl .
This is shown in Flgure 23 as a function of lateral position Yy
for two altitudes with zero roll. Wind tunnel test data (Ref.
6) indicate that full T-2 ailleron deflection produces a maximum
roll moment coefficient of +.04. It, therefore, appears that
the ailerons will not be able to counterbalance the moment
produced by the wake when operating within 15 ft (4.57 m) of the
center of a vortex. The aircraft is automatically rolled out of
this region and exits from the wake in the downward direction
as shown in Figure 27 and discussed in Seection 5.
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5. NUMERICAL SIMULATION OF WAKE-RIDER DYNAMICS

A.R.A.P.'s six-degree-of-freedom Aircraft Digital Simula-
tion Program has been used to simulate the flight of the T-2
in the wake of two P-38. Geometric, mass, and aerodynamic
characteristics have been obtained from Refs. 6, 7, and 8 and
are tabulated in Appendix A,

In order to obtain estimates of the maximum structural
loads and to crudely ewaluate the piloting task, over forty
simulations were run. From these, six have been chosen for
presentation in this report. The first three illustrate the
advantage of approaching the wake from above. The last three
represent worst-case encounters and also give a feel for what
the pilot must do in order to ride the wake.

Figure 24 shows the T-2 being flown with altitude stabiliza-
tion:

§ = kh(z - Zdes) + kYy + ka(a -a, )

des

T = To + kv(V - Vde )

S

k, = .001 rad/ft ]

k, = .5

kv = =40 1b/ft
where § = elevator deflection

T = thrust
Yy = flight path angle

This 1s not meant to represent typical pillot control but merely
to provide stable altitude changes. The solid curve in Figure 24
indicates how a 100 ft (30.5 m) altitude decrease is accomplished

L6
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with no wake present. The long dashed curve shows what happens
with the wake present. Note that the control, while not
accurate, is quite stable. On the other hand, if the approach
is made from below, the increasing upwash and high power setting
force the aircraft through the center of the wake, and the
approach from above must then be used. It, therefore, appears
that entry into the wake should be done from above.

Having chosen this entry technique, the altitude stabiliza-
tion was removed and entry was stﬁdied using a constant thrust
reduction. This is successful as long as the sink rate 1is well
below the maximum upwash in the wake (say, 5 fps (1.52 mps)
sink rate for a 14 fps (4.27 mps) upwash).

For the previous simulations, the alrcraft started with no
lateral position error in order to concentrate on the longitud-
inal problems. To examine the combined problem, the alrcraft
is initially positioned 7 ft (2.13 m) to the right and 50 f¢
(15.24 m) up. The trajectory of the aircraft with the controls
held fixed is shown in Figures 25 and 26. The small horizontal
wake velocity component v, causes the aircraft to drift to the
right as 1t descends. The more 1t drifts to the right, the
larger v becomes. The aircraft is also rolled by the vortices,
causing the vertical component of the 1lift vector to decrease and
and the aircraft to descend through the wake. Time histories of
«a,8,¢,%,p,r,D, and r as well as the position errors
are also shown for this simulation in Figure 26.

In the next simulation (Figures 27 and 28), the ailerons
are used to help keep the wings level

Ga = k¢¢

k¢ = 1

where sa = gileron deflection.
Again, the aircraft drifts to the right but at a reduced
rate since the 1lift vector is more nearly vertical. The aircraft

passes through the wake near the center of the closest vortex

48




A A L AT S

*ganduy TOJ3UOD OU Y3FMm BUpIa a¥eM Z=-J JO Iouanbas swyl °&2 aan3Tg

i

=(99s)awt |

2

0:="¢
a3axid MOILS




- e e s - o ot S
-l
[o]
m Hr H + ¥ 4 4 — Lvu7 r
- { 14 o
c
_ : :
Lﬁ I
+ ¢ 44 4+ 44+ m
LYLYIH
- £
- r;! - »
+ ++- 1+ M
— fwiv -4+ 444 L 0
} + — it

i {44 ™ Hﬁ 11 LTH e lm

0 e ot ST N S o s e o + -

] e b4 — 4+
SRu SESnsususeeuaEadases SRS 2

ot —_— : . -
T T b
g HEB I S iy * ' dn @
- _ HiF ESRDES SR >
- . - i »irx“ 4 m

e 3 L 4

W : et S EASNSDIRaES R~
+ 4+ 4 TR S o
8 5 N SRAEE DREEEREEE D )

! ESABREEEENE -4 +—+ & o
1 WRAREERE I8 BEEEN Ot mn
-,Y:ﬁn 4+ bt i LrLﬁLﬁ P Im (o]
1 +- ot $ot—t-+—

4y b+t ]
u ! e -

e L4 44
+ {4 44 &
l + o
o
0
(s
+ o}
44 ©
C ; £
4 ol
— + A + M 4 [

nt T
Bl .
- \Ve]
T N
[}
] Rrocam T g
++ bl
-
+ iy




T e T A

»
P
4 -
{ L
R
-4 i
44 -
! B E S (e e Jr
“ lv
and AT.ITW(
4 +—
+
. 4 i
4 +
} Had
i | H — e+
L i ] S 1 RS 21
g L 3 H 1
i T 1
+ o
Lv -+ -+ AH‘ M. Pt -
] R 4
: ] JJ 5 ] 4 ] 117
Smm r + +—t
i - —
; nes -t S RBEAE Ba i~
+ +- +—t + ' ¢
- + 4 w : -4t 4t
{f [ + 4 % b+ 44+ - + 44 b
¥ 4 - + + +—4— At 4+
+ et ottt —
gt -
A {4t b et
- * + 4 + -+t ?Lfi?
At
- 44 ++ 4444 Ay o
} +
b +1 44 q.‘ e ~~
11 _ 7 R
‘ it b
Ry 1 jnas ] o
o +- o]
{ - L BE BBS 13}
9. —+ 44 +-4 + -4 + ﬁWM ~r
B 4+ L
m Hﬁ L1 “ n B 1 4
HE I IS .
444 v v
t t o
4 444+ Lv.ﬁ!! 4 =
4~ 4+ 4 - -4 14 4444 +44 M.w
e
Y ’ ) 3
F+ 4411+ 4+
' ) %%‘ &0
t -{
1




l
I
I
!

ooy

[

R e e e 5 A’

-4+ b4 NI —~+
o T :
. T
7 -+ - $- 54 -
N ! ]
. ] 444 Wl,.Lr t Wl_H 4
; Fi-t . T
11+ 9 - r— vﬁi -1
- i st +
; +4 44 * bogd + +
i 41+ 1 e 4
i —4 -3 «1.,1.@ -+ +
: 3 tr+—++
¥
3 s -4t b+ t-+ -
M + T. ._1 +J
g jARENEN 4 L
}- - 44+
—
+ - L i~ -
y RN 0 . AW«L[
R L 4 L -4+ +,zﬁ o4+ H_IT..,@» +
B 44 4 ++ + - =2
5 . H : -
: 4+ + IR RERE INERSESS NN
; - 1LT A4 - I T e = o B o s
3 m ﬁ nﬂ 1 ﬁ ! ) ! !
3 4 1t D+ RERR SRR e o R ohd
4 1 bt AR IR 4: SR
i + + ¢ +——t—+ + 4t - t
¥ i == } 1 I . =d Fid b At
¥ AH L e -4 i mTI + 44 IS EDREE
{ o 1+ _ - et SRR EERs BB
, +— t i a # + — qral - THL MIY+ P
1 + + +—+—+ +
: 11 + 1 -t IS B B
: ++++ M . +
i - ' bt g
...w i + 4 R ot e I, S
; t —+ ; s —t
+++ { ,,w = M! Aw + R e
-t~ + + b4 — B
4 b 4o+ S
441 t- 4+ 44— S BRI
- an B e
- . + —+ L. - w# 4 -
_ 4 T + b 4 AR B
" T - P TR :
¢ -4+ T joded HE bt 4= -
H + e st
i G S U R [ Y S S S ,;T.F + .:,M LLH.\r, L!kl‘%
1 + - T e lﬂux_ 4o
i w% N QR 4 v [EGY O ﬁHL .ljfri __ bodd
n + ++ 4+ 4 + 4 Abr + ] LIPA + -t -+ 4
; 4 —
! TN agsss T Ho s
& J 4
M 4+ B 4 INBE { 7 -
g t IBRRREN INEEE Ny *.Jh. - 1 t - - .
H
#
i

(cont.)

Figure 26.




D ' - e T S ST

e e e e e a m s e R LG SN VO S P IR Pr S R ey

g —+4 4+
4
4 -+t
4
t i 4 £ 4 4
=
+ +
-
-
Bt
- R4
1
. -
4
+ + ] RaE +
o + + -4 *%I»ﬂ +-++ + +—+ +—4—+ t 4+
4 4+ i N ddn ——d 1 - [P
.Ww T - —+— LS B T+t + '
- | 1 4- - r-iialu T [ +
—t + + +—t
- T+ 4+ f -4 4 4 b + -4 - - - 4
r i [ { ﬁ | Jifl.r
B T
T+ i 4-4
r
-t +
+ +

-+

+

+

B

T
444 4+ 4

+
(cont.)

Figure 26.




“a. ~ © e tmi =g e e S e imme e A AT e L R s S —

L

vgpgpeers

R AR ST SRR

H

—
|
T
4 '
+
1 bt
T T
i i S
T v il
3 ol
t M
e i
" bt
¥ T
L4 I
R T v
b8 T r:
* ™ —— 4
R R R BN H
«b T T N
} o A e ot SO S SR O RSN
} f 44 et A4
+—1—+ - s——i— iyt
: O i
M M R MBS
w A
. — Y 4 + ~~
T H M T 1 ™7
4 fr—t—t s o
Ht ot i 7
. e
} 3
H —~
i [&]
4 s
[0}
(4]
S
il -
v L]
\Vel
N
&
,Hﬁ bal
4+ <3




B B e T LT PR Ve L DR Ll IR e b At VY

*SUOJIITTE 03 }YOBQPo3dJ ST3uv TTOX Y3TM SUTPTL 9Yem g2-] Jo adusnbes auypy °Lz aa314

| ONE e e e g

‘ gpkngiﬁr@rffiflh St -

. o R s, v AR D AR

g

L TR

s

=(99s) awi|
4

¢="¢
T04LNOD 170Y

i~

55




B oo

-1

++

R N O O el e feny el Gy b oo Meed e G S BN DN OO BN

! i 3}

' T o -
t :
1 Figure 28. Time histories of T-2 wake riding with roll angle
% : feedback to ailerons.
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and is rolled because the roll torque from the vortex is
greater than the maximum aileron roll torque.

In the third simulation (Figures 29 and 30), the ailerons
are used to control lateral error as well as roll angle

= +
6 kyy k

a o®

k .0033 rad/ft

y

k¢ =1

There is, therefore, a slight negative roll (Figure 30) due
to the initial 7 ft (2.14 m) lateral error. The error is reduced
and the vehicle descends slightly 1nto the lower part of the wake
but then rises again. At this point, the pilot should further
reduce power and attempt to stabllize the aircraft at 2z = 10 ft
(3.05‘m). He can then concentrate on holding his lateral position
with respect to the vortex fleld.

The small, slow alleron motions (Figure 30) required to
stabllize the lateral osclllations indicate that a pilot should
be able to perform this function 1f he has good visual cues for
locating the vortices. 1In reality,'however, the pilot's task may
be complicated by P-3 position-keeping variations, amblent
turbulente and crosswind effects on the wake, and turbulence
within the wake. It 1s felt that these effects are best evaluated
in the flight test program.
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6. STRUCTURAL LOAD CALCULATIONS

et ooy omg BEE D

estimation. In particular, the angular aircraft rates resulting
from the encounter are not large enough to produce dangerous

j T misorientation of the aircraft after exiting from the vortex.

! In addition, the aircraft accelerations resulting in inertial

. loadings on the T-2 can be neglected when compared to aerodynamic
) loading. In general, 1t is also true that inertial loadings

tend to alleviate structural loading and this approximation is
conservative. It is approprilate to estimate static aerodynamic
loadings when the T-2 1s immersed in the vortex flowfield since
conservative estimates are sought.

§

ﬁ Dynamic simulations presented in Section 5 suggest that

g alrcraft upset motions occurring during direct vortex encounters
¥ are not sufflclently violent to factor heavily into loads

-~

A. Wing Loading

Overloading the wings of the T-2 during vortex encounter
does not appear to be a problem. Uslng a strilp theory estimate
of the loading on one wing coaxially encountering the vortex
specified'in Section 2 gives a load of approximately 6370 1bs
(2887 kg). This calculation has assumed an average value of
1lift curve slope equal to 0.08/deg. This loading, doubled to
account for the other wing, can only result in accelerations
experienced by the pilot of %1 incremental g's. These loads are
well within the wing structural design limits,

@

B. Horizontal Taill

The loading induced on either the port or starboard hori-
zontal tall estimated by strip theory during worst-case encounter
is approximately 2120 1bs (962 kg). This load approaches the
horizontal tall root shear design load of 2550 1bs (1157 kg).

The horizontal tall root bending moment during worst-case coaxial
encounter is estimated to be 9540 ft-1lbs (1320 kgm) which is also
below the design value of 13,600 ft-lbs (1880 kgm). These
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estimated loads are still to be reduced by interference with
the wing flowfield, and this effect will be discussed below.

C. Vertical Tail

The loading induced on the horizontal tail has been esti-
mated by strip theory to be approximately 1890 1lbs (867 kg) during
worst-case encounter. To this, in addition to static loading,
the rudder deflected full over will lncrease this load by
approximately 1300 1bs (590 kg) to bring the total load to 3200 1lbs
(1450 kg). Since the vertical tall design load is 7000 1bs
(3175 kg), no problems regarding vertical tail root shear are
anticipated.

The vertical tall root bending moment requires special
attention since the horizontal tail 1s located on the rudder.
Therefore, asymmetric loading of the horizontal tall results in
an additional increment to the root bending moment of the vertical
tail. Including this increment, the rudder root bending moment
is 33,500 ft-1bs (4631 kgm). The vertical tall root bending
moment 1s estimated to reach 116% of its design value, making the
tall root the most highly stressed location on the alrcraft.

This loading is conservative and will be adjusted 1n the
next subsection to account for wing interference effects.

D. Wing Flowfleld Tall Loads Alleviation

During coaxial vortex penetration, the T-2 aircraft will
shed a strong vortex flowfield which will tend to lessen the
aerodynamic loads on the tall by countering the vortex flow from
the P-3 aircraft. A simple estlimate of this alleviation has
been made, and all tall loads and moments are reduced by about
15%. The tail root bending moment is estimated to be 27,600 ft-
1bs (3815 kgm) which 1s 96% of the design value.

Experience gained by NASA while probing the wake of a 747
aircraft in flaps-down configuration with a T-37 (an aircraft
very similar to but smaller than the T-2) has shown, as we have
found, that the root bending moment on the vertical tail of the
T-37 was the most serious tall load problem. 1In these NASA tests,
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negative wing loads were also a problem. A direct comparison
with these tests is not possible because the T-37 penetrated
the vortex wake of a 747 in flaps-down configuration, thus the
vortex, though far stronger, is more diffuse than that of the
P-3. Further, the T-37 made these penetrations at lower
dynamic pressures than are envisaged for the wake rider experi-
ments. In addition, the pllot of the T-37 made every effort to
force his aircraft to remain in the center of the vortex as
long as he possibly could.
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7. CONCLUSIONS AND RECOMMENDATIONS

A study has been made of the dynamics of a T-2 aircraft
attempting to establish a wake-riding position behind two P-3
ailrcraft. The followling conclusions may be drawn from the data
gathered in this study.

(1) An approach to the wake-riding position should be made
from above by a reduction in power slightly less than that which
may ultimately be possible and maintaining constant airspeed
(and, hence, position) by setting up the appropriate rate of
descent.

(2) The lateral position from which a wake rider attempts
to descend into the wake~-riding position would appear to be an
important element of the wake-riding problem for, initially, the
pilot cannot '"sense" the proper position from rolling cues. Once
in the wake-riding positlion, rolling cues may be sufficient to
enable the pilot to maintain position. Thus, it would appear
desirable (1h the absence of engine smoke to mark the vortices)
to perform these flight tests either in still alr or with flight
directions aligned with the wind so that visual cues of lateral
position are as accurate as possible.

(3) The provision to the pilot of visual cues marking the
vortices (smoke or éondensation) would be most helpful in
assuring the success of wake-riding experiments.

(4) Once in the wake-riding slot, the piloting task of
maintaining position in still air should not be too heavy.

(5) Aileron control of roll orientation will be marginal
with the T-2 fuselage centerline within 15 ft (4.57 m) of the
center of a tralling vortex. If the T-2 is allowed to enter
this region, 1t is anticipated that the aircraft will be rolled
out of the wake into the region below the vortex. If no alleron
control is used, a roll acceleration of 385 deg/sec2 could occur
although a roll rate of 90 deg/sec would probably not be exceeded.

(6) If the T-2 inadvertently passes through the center of a
vortex, yaw angles of the order of 16° might be experienced. The
maximum yawing acceleration 1s less than 30°/sec”.
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(7) Structural loads on the tail of the T-2 aircraft
passing directly through a vortex are computed to be large,
approximately equal to the design load in the case of the root
bending moment on the vertical tail (the most loaded aircraft
component). This situation results from the fact that the tails
of aircraft are not designed for the level of asymmetric hori-
zontal tail loading that 1s experienced when passing through a
vortex.

(8) The structural load calculations that have been made °
are, in general, supported by the results of flight tests performed
by NASA using a T-37 aircraft to penetrate the wake of a 7T47. In
these tests, vertical tall loads were high but not ciitical. A
direct comparison is not possible because the T-37 penetrated the
vortex wake of a 747 in flaps-down configuration, thus, the vortex,
though far stronger, 1s more diffuse than that of the P-3.

Further, the T-37 made these penetrations at lower dynamic pressures
than are envisaged for the wake-rider experiments.

The following recommendations can be made as a result of
this study:

(1) The wake-rider flight tests, as originally envisaged,
must be considered as high risk experiments unless the tail of
the T-2 were to be strengthened to take the reot bending moments
that might be incurred if a pass through the center of a trailing
vortex occurred.

(2) It is desirable to approach the wake-riding position
from above using a reduced-power, constant-alrspeed approach.

(3) If wake-riding experiments are carried out, every
effort should be made to mark the vortices between which the T-2
is to ride in order to provide the T-2 pilot with visual cues for
lateral positioning.
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H ' APPENDIX A
; MASS, GEOMETRIC AND AERODYNAMIC DATA USED IN THE
% l SIMULATIONS OF THE FLIGHT OF THE T-2
I Mass Properties '.
£ I W 11,000 1bs 4990 kg g
d I cg 21% mac .:
I, 9000 slug ft° 13,000 kg m°
2
] 7 I, 14,600 slug £t° 19,790 kg m°
~ I, 19,000 slug ft° 25,754 kg m°
C e Ixy 0 ;S
! 3
Ixz 0 [ ]
* Iyz 0
] Geometric Properties {
S 254,86 £t° 23.68 m°
3 ) 7.407 ft 2.25T m
b 38.13 ft 11.62 m
S Aerodynamic Properties
3 3 Static Aerodynamic Coefficients and Control Deflection
b | _ Derivatives Evaluated on a Grid of a, 8 Points 4
S (on pages following) 4
i
G




————e e
—————————
e — e e e
———— T ———— g ——
————e
————————————————
B —
—————— e
o r————————————
e ———————————
e ————————
et r———————
s ——————————— e

Pages 77-86 are the best copies available

nn 3rnonnocn

00 3In00nnncn

00 3nno00no°n

_NO F0A0CHTN= AN INAONRT A= AN IA00NS2°n-

nn 2ononce’n

7030000090

an I000000°0

on InN0ne2°0

20-30000NH A

Zh-3n000NT*n

f0_3Inn0nnetp

e INN00IE°N

ELRLLITLLA

TO«I0NANZ2T Ne TA=INNOACT® A= TN=INNONC2°N=

an Jon0hnn’n
Ap Inonnnn®a

0o 3Inno0nnacn

00 3Innoonnn

N0 3an0nancn

an 3Inndana’n

00 AaN00N0°N
an 3angonn’n

an Iangonn’a

N 30nnnnnca

TA=200n00N %N~ Th=AINNOANL*N=~ nn

nn 3cnolcT0

0n 3Ian0nno‘e

an 3Ian0onn’a

RLLD DTS &

on Anndnrr*n

0o INN0KST®N

Th=20n00CcZ°N
An INNONANACO

nn 30000000

Tn=annonnz*n
33 J::b:’: [1]

0n 3Inndnnn°*o

nn annann®n

00 _3nnonnn®n

fn AInn0nnn®o

an_3Innganncn

ne 3anonno’n

nn Innonnn®n

Tn=30n0020°n
ne Iangcan®n
an angona‘n

na Aangonn®n

_on J::oe:: n

‘on 3Inn00nn’n

_Oa_3nnatnnce

un 300062¢°n=
0n J00009¢°n
2n~30nAnfngen’
0n 300000D°H
In~-30n00a¢ N~
0a 3nnpdanca
on u::a:::-:.

an 300000n0°0

on 3nn00nu°n

0n 3000€CY0

“Tn-300A0THo N

(LR TDLLLTAY]
“an 3000000

0n 30000000

no ANN00N0°H

na 2on00nn°n

Tn=~-20n0NPT 0

on Innonnrn®o

Zn=Inn0nn¢®n,

ne 2Pn00RK N~

0n 3Inn0neco~-

00 Innonnn

Z0=-3nn00n9°n-

oA INANEAN*H

0n_3nnpcnn®n

T 20-300n00q"n

_n0 Inonnancn

Gh 30A00A0°A A0

"InNNonooto

N INONCIC°N= Ap INNQGZE O~

a0 InonA2c°n  an NND0OTE°D

Pa=3nn0009°a"
_0n Inn0000°0
10-N0NNEE A= Tn=0NONES N~
‘80 In0AANAA N Ineu000°0
no J:::::: n nn Inagnen’n

NG NGRARANR°A AR Fa00000°0

TTan nnnnnn®n

A= 0On 300009T°N= nn J:aanﬂa n= no_ 10009510~

NN ANOOTHE®O 0D INNOTHLCO

IN=-IN0ANGK" A

Yn~300009%%0

nn Innnnan®n

nan Iangoe6°n

no 3In0onnAn*n  fn INNCCO0°C

NN INNNAAASA A 0ANN0O°H

00 Ina00ann*n

nn Inng000°n

cHYY
MUY

=YY

THO™

na"
CLEL]
2d9
™I

1ok de)

V:ia

=

LJL N
(414} Sal
ol
HHY D

cHYA

Ap " INN0N00 D cHPN

t~—
~

N0 INANNNANSA  HA INAGOO0°N

aonann®a

nn 3nn000HTH

N0 _INNANNANA  an_ Inr0N0N°n

MY
™YL

-~

NN INN0OPC*N~ 0N INNACPT*N= TO=INNNNAK’a= 0N FINACOTIT*G

Ta=-20n00%t°A-

an Jpnannn’n

_Th T00060T°0-

TaA=INANANT N=
on Innbnngcn-

an 3nn0Ann*n

Tn=230nnnce*n-

Tn=3nnNna2*n-

In=-3Anngonz2°a~ o

0n 30A00NAH

e

na Inaanan*n  an Jaagni6°n

TA 2000SAT°N~ 0n FOANCNS°0= TO-INONNARASA= 0N INNO00D°H

nn Ianponncn

0h IANGONTCD

on Innonnncn

"In=30nn0e2n

no INNANAATA 00 InA0ND00°H

T0-IN0NANNK A= TN=I00002C%0

-

[ %]

L&)

.
1
b

o

20 00000¢°Nn 20 J0000n02°0C

2n nnoo0cT’n

nn 3nnafenp’n

In 300000n€E°0

=v139

no Inonnonco

In 3000006°0~

2Rl




R

sige,

A fana
S 37 AN R I A 0 AP v 2 s ” e
]
Lo - e i
s
.
; :
J
.
L = I -7 e - - - T T
o
§
-«
x,
m
m
-
hat
r-
o
-
-}
= [ o]
| t~
u
—.l
-
o
| e e e e e e e o e e e e e e
o

Z0=300000&°N"_ZN=INN0ANE N~ N6 INNCSAT N=_ Tn=30An0TZ°0= TO=INNNNCP A= TA-30000F2°N~

L EL AL AT NWYR A L

uys

AN 20NNNADA 0N INADONANACO 0N INN00A0*N 0N 30000NN°N A0 IN0NNNAA 0N INA0N00°0 Litichl
CA=2NNNANND A= ZA=INANNNE’ N  Z20=Tan00N2*A 2a=100NCCT A= 2A=TANANAZ A= ZA=IAA0HDZ A=~ wha™d 7
_. L AN 2000000°0 NN INNOANDSH N0 INNOONO N 0N INADONO®N  NO INCONANSH A0 InN0000°0 ZHNS
n AN 2AN0ANACA AN INRDONNcA 00 IANCONNSA  On INAGCNHBSH N0 INOANAATA A INACHCONSH THVY
_“ An I000000°A 00 IANOANACG  GP 2aA0000°A  0n I0A0NANTD DO INDANAATA AN INAG000°0T  eWUN
20 J000NNE N 20 INOONAZ 0 2N IN000CT N In 0ACNAR N no 2n0nAaN°A  Th NA0000°0- w4
2 dawa AN 300000R0°A  =v) IR
]
N b e g b : . o O DO S TS T Yo ek DO OB OB
L i s s e 7 T | _ . R, g




i

R i i v

0N 2AN0AND A ON INNNAANCA T NN IAN0CO0°H AN INNACAUH AN INONANASA NN IANONNA"A cHUY

no 2000CHTN= Nn INAONCTN= 00 3INN0IAZ°A= AN I0ABSPE°a= an INOANGCre N~ An INADG2E’H- ZHYS

8 S-S B-Ja

a0 30000CE°A AN INNDNRAZ°O a0 IAN009C°N 0N 3NNONAG*D A0 ONA2C*A  nn INNDNIE°O THYY
g, .
] ZA=I0N0NN9°N  ZA=I0N00NK"0  Z0=TAN0ONT*N  ZA=IAINANDNS®A 20=-1ANNNAA’A  ZA=Inn3009°N LR b
>
Py nn 20000A0°A  0A INN0ANNSA AN 30N0000°N 0N 3JANOCAL"H N0 INNNNAAN  na 3InNn0000°0 0g

TA=I0NONPT*N= TA=-INANACY*0= TA=INNOOC2°N= [A=30N00AC°N= TN=I00NNAC A= TA=INND0EC N~ va

-

oy An 200000A°D  ON INR0ANG°H 00 INN0GN0°n OR 3000000°0 a0 INCAAAOTA 0N 10000006 ZHIY T

- fn 2AN0NNDCA__ 0N INA0NANCO AN INA0DACTA  0A INNDONRNTA_ A0 FANNAARSA AN INA0000°N THAY
m 00 20000004 0N FNNGAARSG 0/ 3aN00N0°A 0N I00DONDH  NO ANDDANNA  On 3INN0N00°O W+

0 . 0N I0N0ANA"N 0N 4ANNAAD°N 0NN 2aN00N0°H 0O INA00AN D NO IN0NRAATH  Ha InA0AON"H cHYA

TA=308000)°n= TA=INADNNLN= AN INNDOZT*0= On IANNOAT® N~ N0 InNn9cT n= Na INOOIST O~ Laalin Tl

NN I0N0LCT°N NN ANOATI®N AN IAO0HIT’N  On J0N0ECT’N A0 INANTHT A 06 J0ACTHT°0 L Ci ) N
TP=3000AC2°N TNA=INNOAAZ*0  TA=-20nN002h°Nn TA-I0ADNTH>N  TA=-A00ANSK*A  TA=INN009N A~ w0i4 =
nn 2009090°0 0N IanCannto AN n::oa:a.anl@ml&b:oo:: 0 N0 _InONANNSHA NP 3ANDN00°H AOAD
on NNANNANASA 0N INN0ANN°0 AN Ia000N0°N 0N 30A0000°0  AQ INNANAASA  NA INNONCO°0 vas
i AN I0N0ANATA 0A TNA0AAACA 0N 2an00NNTA 0A INANNANSA AR IAANARASH AR InA000ADT T eMvS T
¥ 0N _3000NAR°H AN INNOANACO DA IAN0ONNSN 0N I0A00NA°H_ N0 INKNAAATA AN INN0G0G°N cHYq
a0 2800000°A 0N AINABHANSH 0N IANDONAA 0N INNNONNSA AN INOAAAATA  OA INA0N00°N 2HYS
= AN INAONNAASH 0N AINNOAA0DO AN IAN0GAO N 0n INAANANA A0 IABONANSA 0 Taagodd a —~  THYS
; TN=3NNONNT N 20=TnANNNE*N  2A=I0N00NP°N  Zn=00N0NL°H  20-INNANRK"A  20=InN0006°0 e
o AN 2000NOH°A= 0N AINNNEAE° 0= NN INCOCZE A~ Gn I0NC0AT*0= TO-INANNAG A~ NA INGOOOT*A Uk
mn TA-T0N0APZ A= TA-INAOAAT 0= Zn=0000NAZ*A  TA=200A07T°N= TA=TOAARET A= TA=20A00STSA=" — 3%
.m . _____Tn 7000GAT°0-_ AN INAONTEA- TA 00SATCA= DA IONDONASNH- TA=INDANARSA~ AN JON00S8S"D P
.w T TA=TANNNNG A= TA=INONNG A= TN=20N00NG*Nn= TA=IDANNCG A= TA=-TI00ANCI A« TA=INN0AGI*N=- ()
m TA=NN0NNPR*N= TA=-INNDNSZ*A= HN INNDONT*H  Ta=30000e2°n  ta=ifDAAnK*As Tn-30A00SE n" ~ VA
._-
m : 20 700000C°Nn  ZA 3INO0NNAZ®0 2 2(N00GT A Ta 30ANOCAP N AN NONAAR*A YA WNA0009°0-  VIW
. 1 Java ™o 30n000NG A =v(p
)

v




s

:
3
4

PR g AT AR R

. AT ey e

Lo SN v T

oo

i
w
S

K. T T
k. C - S - - ;
| b - - - - — -y
K.
X
1
{5
L
"~
L)
©~
-~
ol S— -
-
-
o]
L,
~
o o
o [*3)
o — - - ———
-
-
f}
|
”
|
014
- — - S e e
By
L
ot
- - N N
o
.
®)
o _
[
o
L
o —_— o
.
.
: Z0=3000NNESN=_20=10N00NR" N~ NA_INDOSET N=_ Tn=30NNATZ°N~ T0=-2000AC?°n= TA=-30N00CZ°N~- NN
..
o an 2AN00NNANN NN INN0NNAN®D  ON 3IANDOAB A 0N INN0ORO°H A0 I000anN°n AR InA000I°0 ({1 il
€
N - B S . e . .
- CN=30n0NANA N« ZN=INNNRANECSA  20=IAN00NZ°A 2Zn=-30100CT°Ne 2N=TNN0NAZ A= PR=-TANOAOZ = vons
“ 00 2000000°0 00 IA00ANNH 0N IANOONON  0n 3INADONNN 00 INNANAN*A  An 3INA0N00°0 24N
’ 0N I000N0N°H NN IAN0NNDSA N0 IAN0OADSA  0A IFANOCNO®A A0 INOANNA®A  AA INAONOON°H THES
.
. 00 3000000°0 00 3NAGANO°A 080 3ANG0AN°A 0N I0ANNANSH 0D INONONAN®H A IAN0O00°H [ ] -
14
s Zn F0000nc*a  2Za IAN00NZ*a 20 WN00GT°N Ta W0NN0NE°N a0 In00ann°a  Th IA00009°0~- 2

'll"lllll!llll’l!!l

SR T IR

L] Iavd

n 30n0NNANRS° N

=V 30




LR e

A ONAE T 1 o tad BT o

)
'
)
e AR 2AN0NNDTH N0 ANNBRADTD 0N INN0ON0*A
m - e 0 INBACHT®A= (4 INNON~T*A= AN INNCOIZ°N-
)i AN 20000C6°A NN I0N0NEZ°0 0N AINN009S°A
po 20=7000AN9°n  ZN~ANN0NNK*A  ZR=3nn00NRT°N
[ an_2nn0non®n  na 3Inn00N0°0 0N 3In0000N°n
v” . TN=0NANZ2T°Ne TA-INNONET®0~ TH=AAN00CZ N~

M 2000NNN°A  NA 3n00QGN0°0 0N 6,00000°N

AN _2009N0A0°N AR INANANACO 0N IN00O0NN°H
nn 2000000°0 AN 3INNOANNCD 0O In000NO°N
fn IAA0ANASH 0N IPADBNACO  PH INNDONAH

on 3an0nnn®n
an 3napcrc*a-
na 30000ec°A
2na=30000n9°n
0n 30no0onn®o

In=3000006°n~

0n Janofan*n
0n 3I800NPR°H
on 30000n0°0

nn 30pNONO°N

_TA=300QANL°a= TA-INNOANL*0= NA 3INADC2T 0~ On 3I0NO0ST°n-

ne 20002€T*N 00 INN0ATTA O AAN0HeT’N

IN=30A0NC2°A  Tn=3InNONNZ°0

Tn=3000026°0

fa Te00NNO°H AN Irn0AN0°A

nf 3AAN00N0" 0

An 30000NA°O 0N INNCONO°O 00 Jn000NN°n

AR IpNANNPA°A  NA ANANANACA T 0n pnocnntn

nA_3AN0NNASA DN I0a00NN°H_ 0N IAN00NO°N

AR IAANALANTA  An INACANAA NN Inn00AN°H

PA=200000G°0= Tn=3000NTT°0

nn Inn0n0nca 0N 3INA0AAN0 A6 Ianoonnén

AN INA0ONSK A= NA AINNCOLC°D~ 0N INNQOHE n=

Tr=3nnnnnn®n=- tn-3nn0nac 0~

Znh=3nnconA®n-

THh I0000ATT°0- 0N InN0N0K*0= TN INOOCTL N=

nn J000CP2TN= AN ANNOGCT®N= NN ANNOOTTL N=

Tn=3000N?9%ne tA=3000ATTI 0~ A0 INNOOAT*N

2n=annoonacn-

an 30n0¢cI*N
In=30n0nTH" D
0n 3Innacrn*n
gn 30000n0°a
0on InnNoancA
0n 30n06nn°n

Ua 3AnNNCAnN®n

0n Innpinncn
Tn=300006T"N

0n 300n0n2 -
Tn=3000082°N=
Gn 3J0na0cL°n-
an NAGeI* N~

In-3000002°%0

S Jav4

70 30000NC°A 20 INNANNZ°0 20 3AN00ST'n

2n 30an0ont’*a

=% 30

]

AN 000AAN"NA  nn InA0N0CO°N  gHWN

An 3I000G2¢°A~ an Ian0G2C°N=  ZHWY o
no IRN0NREN AN FN0002E"H THUYN
ZO<n0NNAS* A 2A=10n0009°0 WA T
00 30000A0°0  0n 3Inn0000°0 ARk .
I0=3ININNKC*N= TA=-20nNNEC O~ vOA

00 INAnNAAN®N Ao InA0000°0 ZHANT T T T
A0 NNNONANTA  nx Inn0007°N Yy
N0 IannN0nAc*n  nan Inn000ND°0 a 79

n0 3Intanan®n T An Inn0n0nts T eHra

N0 30009cT°0= 00 JAN09ST°0=  gH7N
N0 A000THT"N  Nn INAOTET®O THPA mu
TIN=-3n0NNae°Nn  TA=INN00SH A~ MOLH -
A0 3000000 Aa 3nag0000TA AMLn
ng Innonna*n  Aaa 3Inn000G°0 vaia

N0 IAa0nnnArccn Aa InA0N00TA AHYD -
A0 ANGONAR*a  nn Inn00C0°0 gHys
NN INANRAR®A AR INNDIN00°N ZHYA

f0 3InnAnnn*a  An 3Inn0000°N THY T
_Tn=3nanncY*n TN-30000S1°0 hl -
T0=3In0NONA° N~ Tn-3IAN00BL"DO WA
TA=2N00nQ7*N=~ Ta=3ANn00SZ 0N~ LR

a0 IN0OATT N~ An InA0ONSS O b

no INNNCCT A~ an AINNDSET* 0~ [
Z0-3000nns"n~ TA=TnNONC*0 ¥~

60 In0NAAN N T 1000009°N- vs

mng i 00 EGEB O




4 . B i & & - v 3 2 ik » Y — -
3
3 P e e e . [ -
.
m~
.
[ 8
19
I
) e e . - R
N
- 9
o
w
3 _"_
4
p —— e e e e e L e e il et f e el e i
i o
: 2
ﬂ
m
=
o R P — JU,
”
1

= =
|
]
1

AN
8

3
=
3 —_—
b !
1 4
3 )
3 .
: . e e U e e e o - —~
)
* —ﬁ
L ocf
M
i — [ _
m ¢
&
i : R _ i L
3 e
|
H ¢

Zn=20000N6°n=~ 20=1000ANK* N~ NN In00SET*N- Tn=30000TZ°N~ TA=7000AC?*A=- TA=30n0IF2°0"

NOVY

B
.
i
I

0N Tan0NN0°A AN 3IAn00ANCH 0N 3IAN00NO°A  On 30nN0ANcnA A0 TInONAAR*a 00 Inn0R00°Q aa*9

CA=20N0NNA® A~ ZN=30N0NNE°A 2n=3aN0NNZ°A 2Zn=30000CT*N= ZA=IANANNZ*A= 2n=30N0NCZ*N=  vONT

LSRR .

nn 7en0ANDN 62 INANNRO°0 NN In00CHN*A  Oa 3INNOCNCTO 00 IN00Annta  nn 3Inn0000°N 2449

!

0N 200000AN°A NN INN0AANCO 0N ANNO0NACA  On INA00CANRTH N0 IAONBARATA an INAONO0"A THY 1

HHY )

AN 20000N0°A 0N 3INN0OAADSH  aN 3NA00NO0°0  On 3I0NN0NANA A0 3INONAANSY 0N INACNO00°0

e ..

20 WOAONNS N 20 INN0NAZ®0 20 INNCCST*N  Ta I0N00NE°0 00 InNONAN®A  TA In00008°D- V4V

2 9 3av4 Zn 30AN0ANT A  =vi3R

Iy W S SR N




L

d AN 20N0NANTA 0N INN0CNNANO AN IAN00NN"n  On INANONGSA AP 3ANNNANA  An INN000C°A eHUA

“r __0n 2000GHT0= 0N INNOATZN= NA INA00SCZ°N= AN 3000022%°A= nO INNAZZ°a~ An INNON2Z2° N~ AHYD

w on 3000022°0 0N 3IN0N0NCE0 00 ANNRDOREN  On I0NONSE*N NN AINONNAE®N NN INNDOES* D THYS

h 20=300006R%n  Tn=3na00nT*Q  ZN=2NQLAR°A  Zn=30NNNGL A 20=I00NNC/ N PA=30a00GL°A 30N -
w NO 2000000°0 AN 3IAANDAANCD 0D IAN0ONNTA 0N IANN0AGTA O INA0AANSA  AA InA0A0NCD naa -
m TA=20000C2°Re TN=INNNNAO?°N= TN«IAINNOOCZ°N= TN=T100N0>" "N~ [N=AINNOAREC* A= YTA=INACHKE D~ Ve

: 0N I000NN0°H 0N ANNOORACG  OR IANOGNCN 0N INAOONOTN N0 INDANAA‘D 0N 3INACCCA°A | M T T
w AP _INADNNNSH 0NN _JAANANGA 56D IaN0CAN"A  On INA0OANTG AN IN0ARANSA nA INA0000°D THAA _
m NN 2000000°N 0N 3AN0NNO°O  ON IN000NA°N  GA 3BN00A0°A N0 IANACAn*A AN INNONCLD wHYA

’ an INN0ANRA®A  nA Inn0NRN*n  0n 3nn00N0°A O INAOOAG*A AR 3Innanna®n A INA0NDGH — oHIY
m TA=INNCONL 0= TA=FNAMAANL*0~ 08 Ia0002T°0= 0n 300000T°0N~ N0 INNNSCTI N~ 0N INADICT 0~ ZHYS

w AN I000/CT°N NN INNOATTA AN IAN0HST®N  On 3I000ECT®N AN ANOATAT®A N INADTET O THYA h%
B TA=20000£G°N  TR-3a00029°0 TA=30N00SS*A  Tn=300009L°n TH=I0ANAAI°N  TN=I0A00EL°N ~ waln
w AN_INN0ANASA AN I0N0ANDB*A 0N IA000NA°A_ OA INANOAN N A0 _IAINNAAAN®A  AA IAAGOCA°A a0e™ .

o 6an 20nNNPD°N AR INAONNAN'D 0N 3IAN0ONN"H  On 3000000°H 0D 3INONONA®A 0N INNOBCO°H vQ19

o

y ne 3000ANA%A NN AnalaAn*A 0A Ia0000NTA  On 30M00ABA AN INANARRCA Pa 3AA0NCOCA eMYA T T
m AN _3ANONNA°H AN JNNONANSO Nn_3AN00NG°A_ On J0NGCAN®A A0 I00ANAA®A AN INA0000°0  ¢HY~
” AN INABANACH 0N AINNOANACA a0 IAN0BAA°NR  Ca (A00DANSHA AL INNNANAA AR JAACGN0G°N ZHYAN

p

y ‘AN INA0NNANSA TGN INNOAANCH 0N IaN00NN N On 30AN0AGSE  NO INAAAARSA AN IAN0ANATH  gHYAT T
Mm Zn=3200000G°A= TA=INAOATT®A _ 20=-3a000n9°n= 1n=30NnN0¢2°n  IN=-3NANANCZ°A  Tn=-30n0NCE2°A 87
o 0N 3000NNK°A= 0A INND0ES*N= 0N INN0DAZ N~ 0N INONNGT*N= TO-~INANANL°A~ TN=-TONONOH"O Uk}

: TA-2000079°0- TA=IANDARL*A= TNA-IANDN9H°A= Tn=30N00CH*N= TR-2APAACK A= TA=30N00SH A= 4
: e TN 2000LTTI°A= TA INN0ENT 0= TN IANQSTIT® O~ Qn INNOOAS*N=- a0 JOAENN2T°A= 0N Ian000S°C 75

. AN 20N0NCEZ°N= NN INNDGEZ*0N= NN IANQ02C°A- OA INAANAC A= AN 3ANANTC A= A0 InAQNTE A= [ Sl

s

: TYN=3000NNT A= TR=ANNDANZ*G NA INN00ET®n  Ta=300n099°n  za=3aNhnns *n- Ta=Inn0n9¢*a vy
v Ph 30N0NAE N 20 INNONNZ 0 en In000GT A In J0N00NU°6 00 InOAONAD°Q  Ta 3000009°0-  viIv

4 Javd 20 30n00002°n =v13Q




e e e e - .. e — e - e — —
W.
A
1 . — - e . R . N
ke
|
o
=
,r - o
= -
& ©
:
¢ e - _ R
TA=INAONTZN= _TN=IANONREZ A= 1A=3INN0D0R2°A=_TA=0NAN2E D= TOH=I0ONAKEC A~ TA=IANOOKET 0= WOWSY
NN 2NNONANTH 0N INACAAR®H  NA INNGOANTA 0N JANCNAASH AN INNONNA°A A0 INN00J0°0 noMA
CR=9ANNNAATAS Zn-InA0NAF N ZA=3INOBNGZ°A  EA-INANONG A= 2A=INDNNAAT A= 2A=NAD0OT 0=  vOu )
: 3 An 20N0ANON 0N IAN0NNDCD 0N IAA00AN°H 0N I0ANCAG°O NG INCONAG°H AN INA0000°A aHYY A
‘AN 0NCNANACA N0 ANANAAASH NN IN000NA°A 0N INAPCANTA AR INANAANSHA A0 Inn0000°N NN
Ah IANONAASA  ON 3ANDAANSH QN INN0000°A O J0A00NA®0 N0 InCANAI®D  An I0A0000°0 ~ eHuy T
m 20 3000ANC N 20 ANNOONZ°N ZH IN00OST N Tn I0N000A8°0 NG INOD0ANROSA 1A IA0000° 0~ v4lv
¢ [ J tavd ?n 30n00n0n2°n =vw( 3R

TN S AR T S G TR N Y T SV

RERIPRPIR © SR PP PR , il




pakeae sl

ST

Law

2 27

N

PRI e v Ty

v

b mu

Iy Srr————

An I000NAND  OR 3NANDNO°D

arn 20A0NL?°0 NN Inn0aectp

Pr«30000CK"N
AN 30009004 00 InNAANG°0

tTa=30n0nczn= In=-INN0NO2°N~

AN TAD0NANCH  AA INACONDCH

AN TAAOANOSN  An 3000ANG°DH
nn panpra’n an Ien0nn0*n
AR 2000000°A 0N INNONANSQ
TA=3000n0L"0= TA=INN0a~L*~

0N 3INeALCY*N  On INN0nTTCO

NN _IN0NA0E AN Inalnnnco

on 2an0nnn°0 0N AINNONN0COD

nn 3Innpnrn®a N AnnnoAnco

nn 000NN’ AN FanGann’a

AR IANANNSOH AN Inn0ann®0

AN INAONNN*A 0N Inn0onn*D

_70=T0N0NNG% 0= TA=INAOATT®N

nn 3000neh°0= 0N In00NCG 0~

TN=INN0AAT®*N  Zn=-30000NR°N

TA=20n0NAESN  TN=~I0N0N29°0

YN=30NONLG° A= Tn=3PNORNL N=
TA I000K2T°0= TN I0002TYY°N=-

nn 2000NNK°A= AN INANANG N-

TR=200006T°N"

Tn=3nndnancn

L oA K

6 Iv4

0N IANCONN*L  CN I0000N0°H  £N INAAAANTA A0 20n0000°0  ¢HWY
Af ZANOCHT A= NA INAOARTZ°0=~ 0N INNDOCZ°N= NN INARCZZ°N= NO INOANZ2°A= DN INAGNZZ°0=  2HU _
AN INC0CNE A un INNACEET N A0 TNNONKC T AN 0NCOEC°N L L
Z20=301007°n  20=30000C2°A 2A=300006L°N NONY
A I0C0CNNTD  On 30A0O0N°N 00 INOMANRTA  OF INADOCO°O anva -
TA=-30000C2%A= TN=I00007C°Ae TO=INANAKC A= TN=INA0NKE A=  v3IY .
AR 3I0N00N0%0  OA J0A00A0CK 00 INOAAAASA 0N INN0000°N  2HAN -
a0 200000°A 0~ 3INNNINASHA NN INNANAASA AN INAOHODTH  THAY ~
0n IN00CA0°N 0N 30N00AC0 00 0000NN°D AN INACA00°N "7
00 3IAN00NO°N 0N INANONASO T NH InNanARSA  an Inncannto  eHIAT T T
00 200002T°n= 0n 20000°T°A= #0 IN0DOSCT®I= NN ANOIST*0=  2HIH
A0 INO0HAT®N  On INNOCCI®O AN INCNTAT®A N INAOTHT*O TH?Y .
TA=3NN00FSTA T Th=300009L°0  TN-ICONRKZ A TA=T00006L°0 T Mol T
nn 3anQ0n0°n  Nn m:;»;:an-4mp‘ubmwmenuxIMa:uaooooa.aln,,a:.;::l:wv
N0 INN0OND°N  GA 3INNNOAR°A A0 IncAANN’a NN INA00GI°A vain
A0 AAN0ONACA DA INACNADTA AN INANANSA AN IAADICOTN T eHvs
an 3400000°0  0A 3000NAN°H  AD INAONANSD NN 3ANC000°N gHVY
0N An000ANSH OO0 INANEANSA 0N FannAnA°a Na 30A0000°0 HYY
0 0n Inngdnn®a on J0nAnAnTA  aa Faoananca  on Inn0000°0" — THYA T
ZA=300006n3°n~ Ta=300000F%N  TH=INANNAC*D 4:-u==auomu=.|.1fs1u:»‘l(..
0N INA00NE°N= On 30N002T°N= TO=ANNNANE*N= TN=-300A000Z°0 e i
TA=30N00G5 N~ Tn=J0NN0CS D= TN=-308AAJG* A= TA=-30n00LG N> 4
TN IAM0ENT A~ Ga 3000029°A- 00 N0NNCT®A=- A 30nO0NEE*HD Ty
en INNCOND A= an IANNTCS A=~ NN INONATS A= an InadoTIg*°n=- | Su ) ”
00 A0A0SGTY  Tn=300002L°0 20-3000008%n  TA-J0AQNE2°0 w
Z® J0000C€T°0 In 3I0MACAESA NG INOOOANTN TN I0N000B 0=  V4IY ’

20 To000ng*a  2Zn AInp0nan2°n

S SR A N B | St ™ -

20 30nn0naE°n =vi 30

L]




TPV

QN 20000700 NN INN0ANDSD NN IA000NN°A

TA=20n0nT2°n= Tn=AnnNAcZ 0~ TN=InN0G22°n=_TA=30N0007¢° N~ TB=0NNANC AT

on 30n000n°0 00 IN0NARGCA

CA-30NONND A= ZA=IAROARE A ZA-3NN00GZ°A  §a=-30000AG M= Zn-90nnnT A=

TA=20n00E 0~

L LAL" N

o0 30n0000°0 ans~ .

2n-3006000T1° 4~ ot

_ 0N _3000400°0 00 IANDANDSNH DA IN000NATA 00 Jan00N0°N N0 I000000°0 A0 INAC000°C  ZHNT )
ne 200000NA°A  AA IAA0ANACH AL IAN00ANTA  0A INADOANASA  NA AINANAARSA NN Inn0000°N THNY “
A 30A00N0°A 0 3InA0NAG°0 0N IN000NNH 0N 3NA0CAD 0 00 3IN00AAATH AN uaaoaamdﬂfxlrm:nm||a||slw
L .
70 20000NE°N 2n Inndanz*0 20 3I0N0OGT*n 1Ia 300000€°H n0 In00Asn*a N 3000009° 0~ LFRL] .

0t  Jave 70 30n0000E°n

| - anE S A Mtk buE b i bed

ot |

sv130

bd b e e MM BN B



1

VTR AE e IS L i R e TR T b Y A AT SRR A e R R i T T s S e T e e A e e saide v TT L AT S s g s gt -

=
i 1'
B
3
¢ where
1
‘- CcX axial force coefficient, C,
é : l cY side force coefficient, Cg
? : cZ normal force coefficient, CZ
? l CL rolling moment coefficient, Cz
% : I CM pitching moment coeffilcient, Cm
2 ‘ : CN yawing moment coefficient, Cn
§ ]~ CYDR side force due to rudder derivative, Cy6
: - r
' CZH1 normal force due to elevator derlvative, §,6 <0 , Cmé
] e
3 CZH2 normal force due to elevator derivative, ae >0, Cm6
3 e
; I CLDA rolling moment due to aileron derivative, 016
a
' I CLDR rolling moment due to rudder derivative, CZG
r
CMH1 piltching moment due to elevator derivative, Ge <0, CmG
7 e
- CMH2 pitching moment due to elevator derivative, Ge >0, CmG
3 e
L CNDA yawing moment due to alleron derivative, Cn(s
a
3;{ o CNDR yawing moment due to rudder derivative, Cn6
' r

Rotary Derivatives
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SIGN CONVENTIONS FOR AIRCRAFT VARIABLES

Gdies T e A a0

Horizontal tail deflection, positive for nose down
command (i.e., horizontal tail trailing edge down)

8 Aileron (or flaperon) deflection, positive for left
roll command (i.e., right aileron trailing edge down)

s s

§_: Rudder deflection, positive for nose left command
(i.e., rudder trailing edge left)

Differential horizontal tail

.

Bind  Bid  Ped P ey Py
O
o

g

\ Center of gravity
\/

\\ p.C,
_ : u,Cy - {; - X
v,Ly

q,Cpm

" a5 !

7 SHEFOAIET =S TRNT - S
?

v Qe

linear velocity along x axis

linear velocity along y axis )
linear veloclity along z axlis ;
force coefficlent along x axis

force coefficient along y axis

force coefficlent along 2z axis

»

N <

angular veloclity about x axls
angular veloclty about y axis
angular velocity about z axis

HOow OO O=x4dc

rolling moment coefficlent
pitching moment coefficient
yawing moment coefficlent
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