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ABSTRACT

As our civilization relies more heavily on aircrafts and rockets, the use of wind-tunnels has
increasing been integrated as an important aeronautical tool in their design. Even though wind-
tunnels are great scientific tools, they do have their flaws. Based on the specific wind-tunnel
design, one of the main negatives is that wind-tunnels cannot simulate free-flight conditions
without having to correct the data for wall effects and other flow phenomena.

Both two and three-dimensional flows need to have corrections applied that are unique to that
wind-tunnels design. For two dimensional flows, corrections that can be obtain are for the

oa o a o) %5 with direct corrections available for @ a a a a % . The

corrections are developed from the buoyancy, solid and wake blockages, and streamline

curvature corrections. For tree-dimensional flows, corrections can be obtainare0a 0 a 0 &,
0] 0 G These corrections depend on the methods applied to the two-dimensional cases
along with the method of images.

The experiments contained in this project are utilizing an AEROLAB wind-tunnel along with a
ClarkY-14 airfoil and wing. The wind-tunnel was set up to have inlet velocities of 6, 30, 68 and
102 mph and outlet atmospheric environmental conditions. The data collected with the correction
factors applied was then compared with free-flight CFD models to compare corrections
effectiveness
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Chapte r 1: Introduction

1.1 Bac kground

1.1.1 De velopment of Wind-Tunnels

The first attempt to simulate steady, controll able air flow used mountain
slopes and valley’’s where the wind was usually stea dy with min imal trees
and other turb ulence landscape features. These early attempts were met w
ith limited s uccess and depended o n weather co nditions which at the tim
e, were har d to predict hour to hour much less a few days o ut from a test
date. In th e early 170 0"'s, Benjam in Robins’’ whirling arm device (Fi gure
1.1) pr oduced air velocities of only a few fee t per second for testing
models and was the onl y device at the time that could achieve those

marginal from what could be found na turally.

1.26 m —————y
I
|
|
1

—0)

Figure 1 .1 - Benjam in Robins’’ Whirling A rm where a
mass was dropped which rotate d the arm. (NASA, 200 5)

The whir ling arm de vice did not produce a r eliable flow of air for te sting
and ca used turbulence from the model goin g through its own wake.

(NASA,20 05) During the mid-170 0'’s, Sir Geo rge
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Cayley used a whirling arm that could produce velocities of 10 to 20 feet per
second but was not modified in any way to correct for the model going
through its own wake. (Theodorsen, 1933) Over the years since Robins’’ first
whirling arm, they had gotten bigger and able to produce faster velocities to
the point that researchers were able to obtain tip velocities in excess of 100
mph. Since the times of Leonardo da Vinci and Sir Isaac Newton as well as
Benjamin Robins and Sir George Cayley, engineers realized that there was a
need for a device to create and maintain a steady, controllable flow of air. It
wasn’’t till the 1870"'s that the Aeronautical Society of Great Britain began
development of the first enclosed wind tunnel that could maintain a steady,
controlled air flow. The society invented, designed and operated with the
help of Francis Herbert Wenham, who is credited with many aeronautical
fundamental discoveries including the measurement of lift-to-drag ratios and
the importance of a high aspect ratio. (NASA,2005) Along with other
experiments that were completed using the new technology, Osborne
Reynolds demonstrated that the airflow pattern over a scale model would be
the same as for a full-scale model if certain parameters were the same with
the scaled and full--scale model. The flow parameter became known as the
Reynolds Number which is a description for all fluid-flow situations, including
the shapes of flow pattern, the ease of heat transfer and the onset of
turbulence. However there are limitations on the conditions in which
dynamic similarity are based upon the Reynolds Number alone. (Theodorsen,
1933) With the advent of the Reynolds Number, the wind-tunnel became a
more powerful research tool which allowed the Wright brothers to test their

variously designed airfoils which revolutionized manned flight. Since the



Wright brothers, the use of wind-tunnels has exploded and the science of

aerodynamics was born.
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Wind-tunnels are often limited to the volume and the speed of airflow which
could be delivered by the flow environment and power plant respectively.
The wind-tunnels used by the Germans during WWII are an interesting
example of the difficulties associated with extending the useful range of
large wind-tunnels. To overcome the limit in volume that kept large wind-
tunnels from operating effectively, the Germans used caves which were
excavated to be even larger to store air which could be diverted to their
wind-tunnels when needed. The caves allowed for an increase in air volume
which in turn allowed the research labs to explore the high-speed regimes
and greatly accelerated the number of aircraft advances that German held
over the Allies. By the end of the war, Germany had three different
supersonic wind-tunnels that were able to sustain velocities of Mach 4.4.
(NASA, 2005) Since the time of the war, metal vessels which can hold very
high pressure and handle higher volumes of air where developed and are
used as a substitute to the German design. Later research focused on more
powerful power plants, turbine blade design, tunnel shape and test section
design. Wind-tunnels and other types of tunnels were the best aerodynamic
research tool until computer power increased enough for the development of
CFD (Computational Fluid Dynamics) programs to take over for the
expensively run wind-tunnels. Even with CFD solvers being used, wind-

tunnels still have their place in research today.

1.1.2 Wind-Tunnel Design



The design of wind-tunnels can be open-circuit or closed-circuit. Open-
circuit tunnels (Figure 1.2) can also be ““suckdown”” or ““blower””
tunnels. A ““Suckdown”” tunnel is open to the atmosphere (open-circuit)
and has the axial fan or centrifugal blower downstream of the test section
which sucks the fluid through the test section. A ““Blower”” tunnel is also

open to the

13



atmosph ere but has the axial fan or centrifugal blower upstream of t he
test station and blows the fluid thro ugh the test station. Open-circuit
tunnels have the advantag e of being | ess expensiv e to build but come at
the cost of req uiring more power to operate and the model can only be

subjecte to ambient conditions.

Anti-turbulence

scraen
2;—\ . Fan
= \\ Test section Duffuscr
T = i S
: \\__ s _______-7#--' : 5
- —_— d -
. C:_‘___‘.‘
R Ap— ¥
b .'l|‘/ '——________-— | | -
- / Contraction

section

Figure 1.2 - Exam ple of open -circuit wi nd-tunnel ( Kasravi, 20 10)

Closed- circuit tunne Is (Figure 1.3) are closed to the outside atmosp here
with an axial fan or multi-stage axial com pressor (supersonic tun nels) to
cre ate the fluid stream. Tw o0 advantage s over the open-circuit tunnels are
that the atmospheric co nditions in the tunnel can be controlled and this
ype of tunnel avoids the loss of retu rning air’’s momentum. Closed-circuit
tunnels also have mo re uniform flow through the test sec tion than op en-
circuit tunnels but great attention needs to be concentr ated on the design
of the entrance to the test section to maintain uniform flow. Th e control
over the condi tions and flo w in the tun nel comes w ith the cost of being

very expensive to build. ( Pankhurst, 1952)
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Figure 1.3 - Example of close d-circuit wind-tunnel (Kasravi, 20 10)

The fluid flow create d by the fan s blowing i nto the test section is hig hly
turbule nt due to the motion of the blades on the fan. The turbulen ce can
be dissipated by adding closely-spaced vertical a nd horizontal vanes which
smooth out the fluid before it enters the test section. ““Suckdown”” tunnels
do not have this issue s ince the fan is positione d behind the test section
and downstre am of the fluid flow. In closed-circ uit tunnels, the fan or tu
rbine is located on the opposite side of the tunnel from the test secti on
which allows the fluid flow to e ncounter sev eral vane sets to straighten the
fluid flow before it reaches th e test sectio n. The vane set allow fo r the flow
to be ““sucked”” or ““blown”” down the tu nnel with th e fluid flow entering
the test section in a laminar s tate. The tunnel itself is usually circ ular due
to the effects o f viscosity o f a fluid flow through a square cro ss section. T
he fluid flo w through a square cros s section will have flow constriction in
the co rners of the square tunnel which wi Il cause turb ulent flow. The inside
f ace of the tu nnel walls ar e made as smooth as possible to red uce surface

drag and turbulence.
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1.1.3 Wa ll Effects

The test section of most wind tu nnels is recta ngular while the tunnel itself is circ ular which
causes it s own desig n issues. Th e inlet must keep the flo w laminar during the tra nsition from
circular to rectangula r. Since there will alwa ys be some t urbulence entering the t est section, this
must be accounted fo r when anal yzing the model data. The model in the test section is usually
kept in t e center of the test secti on to reduc e interaction with the tes t section wa 1l boundary layer
but this cannot always be obtained due to test secti on design or placement of the model itself. (F
gure 1.4a a nd b) The te st section and model create a host of other issues that will n eed to be

corrected and factored out n order for the model d ata to be acc urate and us eful.

[ /S

Figure 1.4a - Exam ple of model maintained on the ¢ enterline of test section . (NASA, 2005)
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Figure 1.4b - Example of model m ounted on test section wall. (NASA, 2005)

In the book, ““Low-Speed Wind Tunnel Testing””, the author produces a list of
is sues produc ed by the exist ence of the walls in the test section. The
issues 0 ne needs to consider ar e listed below; (Pope, 1 984)

x | na closed test section, a lateral constraint to the flow pattern about a
bo dy is known as

{Hau nn

solid blockage”” and causes an incre ase of dyna mic pressure,
increasing all forces an d

m oments at a given angle of attack. In an open test section, t he effect of
“ “solid blockage””

is usually neg ligible sinc e the flow is allowed to expand in a normal
mat ter.

x | n closed test sections, a lateral constraint to the f low pattern about the

“Hu nn

wake is know n as ““wake blocka ge.”” The ““w ake blocka ge”” effect

increases the wake size which in turn

i creases the drag on the model. In a n open test section, the e ffect of

“"wau nn

wa ke blockage”” is usually negli gible since t he flow is allowed to

expand in a no rmal matter.



x | n closed test section, the angle of attack near the wingtips of a model
with a large sp an is i creased exc essively, m aking the tip stall start e

arly. The eff ect of an open jet is opp osite
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where the tips are unstalled. In both cases the effect is diminished to the point of
negligibility by keeping model span less than .8 of the tunnel width

X An alteration to the normal curvature of the flow about a wing so that the wing moment
coefficient, wing lift and angle of attack are increased in a closed wind tunnel and is
decreased with an open jet.

x The normal downwash is altered so that the measured lift and drag are in error. The
closed jet makes the lift too large and the drag too small at a given geometric angle

of attack. An open jet has just the opposite effect.

The normal downwash is altered so that behind the wing is the measured tail setting and
static stability are in error In a closed jet, the model has too much stability and an excessively
high wake location. In an open jet, the stability effect is large.
x The normal flow pattern is altered so that the hinge moments are too large in a closed test
section and too small in an open test section.
x The normal flow is altered about an asymmetrically loaded wing such that the boundary
effects become asymmetric and the observed rolling and yawing moments are in error.
x The flow is altered by a thrusting propeller such that a given thrust occurs at a speed lower
than it would be in free-flowing air when in a closed test section. With the propeller braking,
the effect is opposite. Wake effects such as these are negligible when a
free jet is employed.
In most instances, corrections for all the above will not be used at once. With these corrections
listed above, extraneous corrections are needed due to wind tunnel design which includes

angularity of flow, local variations in velocity, tare, and interference.
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1.1.4 Wall Effect Corrections

Wall effects that need to be corrected depend on the model that is placed
in the tunnel. With an airfoil spanning the test section, wall to wall, 2D wall
effect corrections will be utilized. Other shapes that are not considered 2D

will employ 3D wall effect corrections.

A. The Method of Images

The method of images approach allows for the flow pattern about the wing
to be closely simulated mathematically by replacing the wing with a system
of vortices composed of a lifting line vortex and a pair of trailing vortices.
(Theodorsen, 1933) Similarly, a solid body may be represented by a source-
sink system and a wake by source. The simulation of a course, sink, doublet
or vortex behind the boundary to be represented. ““Solid boundaries are
formed by the addition of an image system which produces a zero

streamline matching the solid boundary.
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Figure 1.5 - Example of 3D im age system utilizing lifting line an d a pair of t
railing vor tices. (Pope, 1984)

An open boundary requires an i mage system that produ ces a zero ve locity poten tial line
which matches the boundary. (Pope, 1984) After the image sys tem is estab lished, a closed
rectangu lar test section becomes a doubly in finite system of vortices. This meth od can be used
to determ ine the corrected values for the indu ced drag coe fficient, induced angle of attack an d
the induce d velocities. In the boo k written by Gustafson, he discusses the need, in both the 1
nviscid and viscous flow, that th e normal bo undary condition for the solid walls to set the
system of images correctly. This will ensure you have an accur ate solution when calcu lating

the ¢ orrection fac tors. (Gustafs on and Sethi an, 1991)

B. Buoy ancy Correction

Like the other correction factors needed to a nalyze the d ata returned from wind tunnel testing, the
buoyancy correct ion is need for all parts of an aircraf t, especially the fuselage. While the fuselage
experiences significantly higher drag due to buoyancy force than a win g or airfoil, the
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develop ment of the ¢ orrection factor for a wi ng or airfoil is still nece ssary. As th e flow pass
es an immerse d body in a wind tunnel test section, the flow w ould like to expand beyo nd the
wall s of the test section. In order to conse rve mass, th e flow there fore must accelerate. T his
interacti on between the test section walls and the flow near the test section is re ferred to as

horizontal buoyanc y, and is defined (Hahn, 2004) as

0O o m g e
o —A — (1.1)
O G
where
K&)
o ™ a = (1.2)

Values of / can be ound in fig ure 1.6. The derivative o f pressure w ith respect to x was
provided as some pr ssure. The horizontal b uoyancy must be subtra cted from the drag of the
model be fore analysi s can comm ence. Some wind tunne Is have sligh tly expandi ng walls to

mitigate the buoyanc y force that is projected onto the body in the flo w field. (Pope, 1984)

Figure 1.6 - Shape factor to deter mine a (Pop e, 1984)
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C. Wake Blockage Corrections

Any real body without suction-type boundary layer control will have a wake
behind it and this wake will have a mean velocity lower than the free
stream. The velocity outside the wake in a closed tunnel must be higher
than free stream in order that a constant volume of fluid may pass through
the test section. Maskell’’s theory of wake blockage in closed tunnels was
originally intended for use with aircraft models. The theory applies to large
blockages arising in the testing of bluff models, particularly those mounted
on the floor. ““Maskell has derived expressions for the correction of force
and pressure coefficients measured in a closed wind tunnel on bluff models
subject to separated flow. For symmetrical models, normal to the wind

direction, the relationships given[]” (Gould, 1970) are shown in equation 1.2.

3 Qi ar
T oD et RF -
0

These relationships are the key to developing the corrected values for wake

(1.3)

blockage and can be verified through experimental methods using a flat

plate.

D. Solid Blockage Corrections

The presence of a model in the test section reduces the area through which
the air can flow and by continuity and Bernoulli’’s equation increases the
velocity of the air as it flows over the model. This increase of velocity is
called solid blockage. ““Its effect is a function of model thickness, thickness
distribution, model size and is independent of the camber.”” (Herriot, 1950)

To determine the blockage correction for a symmetrical body at zero attack,



it is only necessary to consider only the basic profile of the airfoil. The wing

can be represented by a series of finite
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lines of sources and sinks. The lines will thin down at the extreme tip and the planform will not
be exactly rectangular. The actual wing is represented quite well by this method and enables a

calculation to be made of the induced velocity along the tunnel axis by images of the wing. The
velocity induced by the images which represents the effect of the tunnel walls on the velocity at

the model is known as the solid-blockage correction.
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Chapte r 2: Clar Y-14 Air foil and Wing

2.1 Development o f Airfoils and Wings

The earliest serious work on the developmen t of airfoil sections beg an in the late 1800's.
Althoug it was kno wn that flat plates would produce lift when set at an angle of incidence,

some sus pected that shapes with curvature, w hich more closely rese mbled bird wings would
produce more lift or do so more efficiently. H.F. Phillips patented a series of airf oil shapes i n
1884 aft r testing the m in one of the earliest wind tunnel s in which " artificial currents of air
(were) p oduced fro m induction by a steam jet in a wood en trunk or conduit." (T heodorsen,
1933) O tave Chanute writes in 1893, "...it seems very desirable tha t further scie ntific
experime nts be made on concav o-convex su rfaces of var ying shapes, for it is not impossible that
the diffe ence betwe en success and failure of a proposed flying mac hine will de pend upon the
sustaining effect bet ween a plane surface an d one properly curved to get a maxi mum of 'lift' ."

(Theodo rsen, 1933)

Br‘ql‘u‘ 1854
2 . . e——— . .

’MA
- -

Figure 2.1 - Early pa tented airf oil shapes by H.F. Phillips (CTIE, 2004)
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At nearly the same time, Otto Lilienthal had similar ideas. (Lilienthal, 2000)
Lilienthal had a clear interest in the physical basis of flight: He wanted to fly.
He realized quickly and correctly that the knowledge of his time was
absolutely insufficient for his aim. So he put his main aim aside for decades
in order to concentrate on an extensive aerodynamic measurement program.
After more than 20 years of experiments in physics without a single practical
attempt to fly, Lilienthal summarized his knowledge in the book ““Bird flight

as the basis of aviation”” in 1889. Lilienthal describes the technique of flight

aau nn

as a stomping ground for amateurs, ““emotion-mechanics”” and only a few
specialists (Lilienthal, 2000). His book is for all of them. It is a popular book
about physics which guides in a clear line of thought to from Lilienthal””
achieved newest state of research. The book is still a standard for the
research of bird flight today. Lilienthal combined theoretical and technical
skills and skills in craft and athletics in a very special way which enabled him
to become the first flying human. He worked out the theoretical stock-in-
trade for human flight, constructed a suitable flying apparatus and built it
mostly by himself. He had the physical constitution, courage and dexterity in
order to test his flying apparatus. He was designer and testing pilot in one
person. So it was easier for him to improve his construction during the
testing period. The diversity of Lilienthal s skills, the broadness of his
interests and his interdisciplinary approach are certainly essential reasons for
his success.

No one equaled him in the power to draw new recruits to the cause; no one

equaled him in fullness and desire of understanding of the principles of

flight; no one did so much to convince the world of the advantages of



curved wing surfaces; and no one did so much to transfer the problem of
human flight to the open air where it belonged.

As a missionary, he was wonderful. He presented the cause of human
flight to his readers so earnestly, so attractively, and so convincingly that

it was difficult for anyone to resist the
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temptation to make an attempt at it himself, ...... he was without question
the greatest of the

precursors, and the world owes to him a great debt. With these words in
1912, Wilbur

Wright described the man who was the most important influence on practical
flying and flight

theory before the Wright brothers: the German engineer, Otto Lilienthal.
Airfoils used by the Wright Brothers closely resembled Lilienthal's sections:
thin and highly cambered. (Lilienthal, 2000) This was quite possibly because
early tests of airfoil sections were done at an extremely low Reynolds
number, where such sections behave much better than thicker ones. The
erroneous belief that efficient airfoils had to be thin and highly cambered
was one reason that some of the first airplanes were biplanes. The use of
such sections gradually diminished over the next decade. A wide range of
airfoils were developed, based primarily on trial and error. Some of the more
successful sections such as the Clark Y and Gottingen 398 were used as the
basis for a family of sections tested by the NACA in the early 1920's. (NASA,
2005) In 1939, Eastman Jacobs at the NACA in Langley, designed and tested
the first laminar flow airfoil sections. These shapes had extremely low drag
and the section shown here achieved a lift to drag ratio of about 300. A
modern laminar flow section, used on sailplanes, illustrates that the concept
is practical for some applications. It was not thought to be practical for many
years after Jacobs demonstrated it in the wind tunnel. Even now, the utility
of the concept is not wholly accepted and the "Laminar Flow True-Believers
Club" meets each year at the homebuilt aircraft fly-in. One of the reasons
that modern airfoils look quite different from one another and designers have

not settled on the one best airfoil is that the flow conditions and design goals



change from one application to the next. On the right are some airfoils
designed for low Reynolds numbers. Unusual airfoil design constraints can
sometimes arise, leading to some unconventional shapes. The airfoil here

was designed for an ultra-light sailplane requiring very
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high max imum lift ¢ oefficients w ith small pitching mom ents at high speed. One

possible solution: a variable g eometry airfoil with fle xible lower surface.

Today, airfoils are ¢ ntinuously re-evaluated in order to meet the gr owing demand in

commerc ial, military , and scienti fic applicati ons. Drag ¢ an be reduc ed to save o n fuel costs;
lift can be in creased to enable lower speed flight ; profiles ca n be redesig ned to accommodate
he at transfer t high spee ds. In these applications, airfoils are optimized for performance and
economy at specific operating co nditions def ined by altitude, temper ature, and velocity. The
main con sideration i n airfoil des ign is the relative velocity of the air foil. For this reason,
airfoils for subso nic, transonic, supersonic, and hype rsonic flow conditions exhibit strik ingly
differe nt design p hilosophies (John. D. A derson). High speed airfoils may h ave less cam ber
to reduc e skin friction drag an d low speed airfoils will tend to hav e more cam ber in order to
maximize lift. Differen airfoils are defined by various parameters such as leading edge (LE), t

railing edge (TE), thickness (t), chord (c), an d camber, as seen in Figure 2.2.

thickness
mean camber line

leading edge
trailing edge

camber chord line

chord ¢

Figure 2.2 - Airfoil Nomenclatu re (NASA, 2005)

2.2 Development o f the Clar k Y-14

Clark Y-14 is the na me of a parti cular airfoil profile, wid ely used in general
purpose aircraft desi gns, and much studied i n aerodynam ics over the years. The profile was
designed in 1922 by Virginius E . Clark. The airfoil has a thickness o f 11.7 perce nt and is flat on
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the lowe r surface from 30 percen t of chord back. The flat bottom sim plifies angle measurem
ents on propellers, and makes for eas y constructi on of wings on a flat surface. The C lark Y is

appealin g thanks to its high cam ber, which produces a v ery good lift-to-drag rati o.

v

Figure 2.3 - Clark Y Airfoil

The Loc kheed Vega is one example of the Clark Y used in practice. For many a pplications the
Clark Y has been ad equate; it gi ves reasonab le overall p erformance in respect of its lift-to-d
rag ratio, an has gentle and relatively benign st all characteristics. But t he flat lower surface is
sub-optimal f rom an aero dynamic perspective, a nd it is rarel y used in ne w designs. T he

Spirit of St. Louis and the Piper Cub use the Clark Y.

2.3 Characterizin g the Clark Y-14

The Clark Y-14 was chosen for this project d ue to the ai rfoil being a general purpose design that
can be u ed for its su perb control at low Reynolds numbers. An addi tional featu re of this wi ng is
that its lo wer surface is parallel to its chord, enabling the use of an in clinometer to change th e
angle of attack direct ly if needed. For this project, the Clark Y-14 ai rfoil is chara cterized un der
low-spee d operating conditions. A full airfoil is mounted vertically in the SJSU wind tunnel to
obtain 2 D flow conditions and p ressure distributions ove r the chord as well as m easure the w ake.
In additi on to the 2D characteriz ation, a Clark Y-14 win g is used for 3D charact erization. Th e
Wing is mounted to a sting balan ce, in a hori zontal position, to meas ure the reaction forces
directly. The data obtained from both the 2D and 3D exp eriments wi 1l be analyzed in order to
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obtain values for the coefficients; C,, C,, C, and C.. Wind tunnel wall
corrections for the SJSU tunnel are combined with the test data to develop
corrected data more similar to free space conditions. These results will then
be compared with the theoretical and excepted data values for any given
angle of attack. The analysis will be building a more rigorous model of the

Clark Y-14"'s behavior under low speed conditions.

2.3.1 Aerodynamic Forces

The aerodynamic forces acting on a body may be described by lift, drag and
pitching moment. Lift is the net vertical force and drag is the net horizontal
force with respect to the direction of motion. The pitching moment reflects
the tendency of the airfoil or wing to pitch about a given reference point.
These quantities are derived from the normal force and axial force acting on

the airfoil by equations 2.1 and 2.2;

43 (2.1)

e (2.2)
The normal force (N) is defined as the force perpendicular to the airfoil chord
and the axial force
(A) that is acting parallel to the chord. It can be seen in the equations for the
lift force ( and the drag force ( are both derived from the same normal and
axial force. However, the angle of attack ( determines how much of the
normal and axial forces transfer into the lift and how transfer into the drag
forces. The pitching moment may be expressed by an integral of the net
moments acting on the airfoil (Equation 2.3).

£k 00 (2.3)
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In Equat ion 2.3, the differential moments are taken with respect to a given
refere nce and then integrated from the | eading edge to the traili ng edge. A

g raphical rep resentation of these for ces is shown in Figure 2.4.

Normal
Force

Lift

<

Angle of Attack
Axial

/\ Force

Pitching Moment |

Figure 2.4 - Aerodyna mic Forces (Anderson , 2007)
2.3.2 Lo w-Speed Ae rodynamics

In low-s peed flows, several ideal izations can be applied when the fr ee
stream velocity is und er Mach .3 to help simp lify the flui d dynamics
analysis. On e assumptio n that can be made from the idealizat on of the fl
ow is that de nsity remai ns constant ( no compressibility of th e fluid) sinc e
the density v aries by only a few perc ent from a v elocity rang e of 0 to 300
mph (And erson, 2007) Another idealization is the flow i s inviscid. Inviscid
flow s are flows that neglect the viscous effects th at occur in any flow suc h
as fractio n, thermal ¢ onduction a nd diffusion. Using this assumption relies
on having a hi gher Reynolds number b ecause viscous effects have a signif
icant effect at low Reynol ds numbers. These effe cts are know n to be min
imal for low -speed air fl ows and this dealization is well supported by current
theory. (Anderson, 2007) The f low is assu med to be ste ady and the body
forces acting on the working fluid were assumed to be minor com pared to
dynam ic effects. T hese idealiz ed conditio ns are sufficient to allow the use

of Bernoulli"’s equation (Equation 2 .4), in the lo w-speed flo w analysis.
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Bernoulli”’s equation may also be derived from the momentum equation
by considering a differential control volume and applying the assumptions
made previously. The resulting equation shows that the sum of the local
pressure (p) and the dynamic pressure (q), (Equation 2.5), is constant
throughout a given flow. From this Equation, the local velocities may be
computed from knowledge of upstream data and local pressure so that all

of the flow characteristics may be obtained.
3 i (2.4)

g3 (2.5)
Effects of the wind tunnel walls may be ignored by applying the inviscid flow
approximation. By doing so, the flow may be assumed to be uniform except
over the airfoil/wing. Uniform flow simplifies the control volume analysis and
allows the consideration of a full length airfoil as a 2D profile. The
assumption of uniform flow is justified due to the smooth wind, the filtered

flow and the controlled entry into the test section.

2.3.3 Characterizing Airfoil Performance

Airfoil performance may be characterized by quantities such as the lift, drag
or pitching moment produced under different operating conditions. These
aerodynamic forces are often computed from the total pressure over the
planform area and are then normalized by the dynamic pressure in order to
produce non-dimensional quantities. For example, the lift, drag and normal
coefficients may be expressed as Equation 2.6, 2.7 and 2.8 respectively. The
pitching moment must also be normalized by the chord length in order to

produce a non-dimensional moment coefficient as in Equation 2.9.



[0

31



o EoTp S (2.8)
S0 R
B I (2.9)
SR D
BES
7 mEE (2.10)
30

These non-dimensional quantities are functions of the Reynolds number
(Equation 2.10) and the angle of attack. The Reynolds influence may be
seen by the inclusion of the density ( and the velocity ( terms while the
angle of attack influence is implied through the force, moment and area
terms. Thus, in order to appreciate the full range of responses of a given
airfoil, it is necessary to consider a range of Reynolds numbers and angles of
attack. Variation in the Reynolds number produces different lift curves, while

variations in the angle of attack will alter the lift-drag ratio.

2.3.4 Characterizing Wing Performance

Wing performance can be characterized much the same way as an airfoil’’s
performance.

2.4 Obtaining Airfoil Characteristics from Data

2.4.1 Airfoil control Volume Analysis

One method of obtaining the lift, drag and pitching moment coefficients of
interest is to analyze a control volume over the surface of the airfoil. In this
method, localized pressure measurements are taken in a plane in the chord
wise direction on both the upper and lower surfaces to obtain a pressure

distribution. (Figure 2.5) The difference in the pressure distributions may



then be integrated in order to obtain an expression for the net pressure

acting over the surface.
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Figu re 2.5 - Pressure distribution over an airfoil (Pope, 1984 )

In the pr essure distri bution shown in Figure 2.5, the arrows pointing
towards the wingspan represen s a positive gage pressure while the upper
pressure distribu tion shows o utward poi nting arrows to show negative
gage pr essure. This is clarified in the two p lots shown b elow the pressure
distribution diagram. It can be seen that the nor malized gage pressure i s
lowest near the leading e dge where the velocity is the highes t. This
observation conf irms the be havior predi cted by Berno ulli’’s equat on.
Howeve r, a limitati on of this ar rangement i s that the su mmation of
pressure data fails to detect the axial forces a cting on the airfoil and the

skin friction is unaccou nted for in th is method.

2.4.2 Te st Section C ontrol Volu me Analysis
An altern ative metho d of measur ing drag force is to perform a contr ol

volume a nalysis over a streamlin e bounded control volu me. By applying



conser vation of mo mentum to this control volume, it can be de duced

that th e body with in the contr ol volume ¢ ontributed t o0 a loss of
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moment m. The effe cts may be visualized b y marking the inlet and
outlet veloc ity profiles a s shown in Figure 2.6. The inlet fl ow is uniform
while the outlet flow will have a non-uniform shape due to localized loss of
mo mentum. T his loss of m omentum is known as the drag

]
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Figure 2.6 - Co ntrol volum e on a 2D body (Ande rson, 2007)

produced by the airf oil and may be indirectly calculated by solving the
velocity profiles at e ither

end of the control volume. Alter natively, thr ough the use of Bernoulli’’s
equation , localized

pressure measureme nts in the wa ke may be u sed instead . A non-
dimensional an alysis

consider ng normaliz ed pressure was then used to solve for the coeff icient
of dra g. This type of

arrangem ent will pro vide suffici ent data to calculate the drag coefficient
but differential forc es

were not measured and thus lift a nd moment cannot be evaluated from this
data.

2.4.3 Wing Direct Force Measu rement
A more realistic met hod of predicting airfoil performance is to consider a

finite length wing span mounted in the center of the test section. The 3D



airfoil (wing) uses a sting bala nce that mea sures the axial and normal

reaction force imposed on the sting -airfoil struc ture due to the flow. Th e
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Figure 2.7: Sche matic of F rces on Sting balance (Pope, 1984 )

reduced constraints a llow the airfoil to respond with the full six degr ees of freedom and the

finite width of the airfoil w ill allow rot ational flow over the si des of the w ing.
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Chapte r 3: AER OLAB Low-Speed Wind Tun nel

3.1 General AER OLAB Win d Tunnel Specificati ons

The San Jose State U niversity w ind tunnel ( Figure 3.1) was designe d by
AERO LAB and is specifically made for the educational environ ment. The
wind tunnel is an open circuit or ““Eiffel”” tunnel with a 12x12x 12-inch test
section wh ere a force b alance or table mounted models can be used to o

btain a vari ety of aerod ynamics dat a.

Figure 3.1 - AEROL AB Educat ional Wind Tunnel (AEROLAB, 2007)

The maximum velocity that can be created is around 145 mph with a
clear chann el with nea r-infinite adjustability above 10 mph with the 9
blade fan which is con structed of reinforced-fiberglass. The blades are
rated to a maximu m rotational speed of 34 37 rpom but maximum
rotational speed in th e wind tunnel is 2345 r pm. The fan is mounted
directly to t he shaft of a 10HP m otor which i s controlled by heavy-du ty
variable frequency drive.

The tunnel ductings are compose d of four major duct co mponents which

are the contraction , the test section, the diffuser and then fan housin g. A

proprie tary 9™ orde r polynomial defines th e contraction contour. The

contraction ratio (in let area to o utlet area) is 9.5:1 which allows the tunnel



to achieve high performan ce and low turbulence level at low speeds. Alo ng

with the
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contraction ratio, the shallow-an gle (6° total-included div ergence angle based on cross sectiona 1
area) hel ps eliminate diffuser effe cts especially when large models are being tested (AEROLAB,
2007). A nother contributing facto r to the high performance of this tunnel is that flo w conditioni ng
uses hexa gonal matri xes which ar e 4 inches lo ng and .25 in ches wide to straighten the flow. The
hexagona I matrixes d o little to eli minate small eddies, alth ough the tun nel is equipped with two
turbulenc e-reducing screens imme diately dow nstream of th e hexagonal matrixes. T hey are mad e
0f 0.009 inch stainless st eel wire spaced at 20 wir es per inch. Small eddies in the air are broken int
o yet smaller eddies by the screens. Co mparatively s peaking, smaller eddies dissipate fast er than

large r eddies.

3.2 Test Section a nd Instrum entation

The test section of th e AEROLAB wind tunn el is 12x12 x12-inch (Fi gure 3.2) an d is
equipp ed with div erging walls that diverge 0.0625 inc hes from the test section inlet to the
outlet. The divergin g walls miti gate the test section buo yancy effect resulting fr om the

grow ing bounda ry layer thi ckness.

Figure 3. 2 - AEROL AB Wind Tunnel Test Section (AEROLAB, 2007)

The test section is al so equipped with a man ually-operat ed yaw table for models needing to

be mounted to the floor of the test section usually for pressure models. These models can be
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connected to a 24-tube multi-manometer that does not require the DAC or to the two solid-
state differential pressure transducers. When using the 24-tube multi-manometer, it only required
reading of the change of pressure from the tubes manually. The vertical glass tubes provide
pressure measurement as well as visualization. Along the bottom, these tubes connect to an
anodized aluminum reservoir. The reservoir remains at atmospheric pressure because the lid does
not make a perfect seal. To use models that require pressure transducers, a data acquisition (DAC)
system is supplied and is used with the pressure transducers and the sting balance. Also, there is
a ““sting”” Force/Moment Balance that is mounted to the top of the MPS
(Motion Positioning System) vertical arms. The wind tunnel’’s three-
component sting balance is mounted on a parallelogram-type model
positioning system. The model positioning system was designed specifically
for the EWT sting balance. It was dimensioned such that changes in pitch
angle have little effect on model height -- the forward tip of the balance
remains essentially stationary as pitch angle is changed, therefore keeping
the test model centered in the airflow. The pitch angle range is +/-20°. Prior
to shipment, the balance was calibrated (first order only) at AEROLAB. The
maximum load ranges are:

Normal Force (Side Force): 25 Ibs. (111.2 N)
Axial Force: 10 Ibs. (44.5 N)
Pitching Moment (Yawing Moment): 50 inch-Ibs. (5.65 N-m)

The use of the DAC is controlled by a program written in LabVIEW to
control all tunnel functions. This program is connected and used to control
the two solid-state differential pressure transducers and a three-component sting Force/Moment

balance.
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3.3 Clar k Y-14 Ai rfoil and W ing Models

The win d tunnel com es with a va riety of mo dels but the two models used to develop the
correction factors for the wind tu nnel were t he Clark Y-14 airfoil an d wing. The Airfoil (Fig ure
3.3) is mounted vertically to the yaw table an d spans the test section . The 18 flu sh-mounted

pressure tabs are connected to the pressure transducer ar ray or can b e connected to the 24-tu be

multi-manometer. Fo this project , the pressur e tabs are co nnected to the DAC to ha ve the test r uns

by

recorded through LabVIEW.

Figure 3.3 - Clark Y-14 Airfoil (AEROLAB, 2007)

The Clark Y-14 win g (Figure 3.4 ) can be mo unted on sting balance only and has adjustable
slats and flaps for a wide variety of ex periments t hat can be p erformed. The wing is 9.875
inches long and has a span of 3.5 inches. For the purpose of this project, the win g will be left in

a clean configur ation which entails the slats and flap s being left un-deploye d.

Figur e 3.4 - Clark Y-14 Win g with and without F1l aps and sla ts deployed
(AEROLAB, 2007)
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Chapter 4: Two-Dimensional Wall Corrections for the Clark Y-14 Airfoil

For an airfoil, there are several corrections that need to be performed to more accurately model
free-flight conditions. The four main wall corrections for an airfoil are buoyance, wake
blockage, solid blockage and streamline curvature. The buoyance corrections will have an
additive component to the drag force while the wake and solid blockage component are

dimensionless but are used in the correction for the streamline curvature. The streamline

curvature corrections are the most important for correcting airfoil data corrections for al, acr,

dcmand includes the parameters; Ve, qc, Ree, ¢, Cic, cmpz and cqo. The velocities tested in the
wind-tunnel are 6.5, 30, 68 and 102 MPH and the Reynolds numbers are 100,000, 500,000,
1,200,000 and 1,800,000 respectively. Data and calculations for this chapter can be found in

Appendix B

4.1 Buoyancy Correction

4.1.1 Theory

Closed-throat wind-tunnels have a variation of static pressure along the axis of the test section.
The variation of static pressure is due to a thickening of the boundary layer as the flow
progresses through the test section. As the flow approaches the end of the test section, the
pressure progressively becomes more negative. With the pressure turning more negative down
the length of the test section, the model tends to be sucked down the test section. The amount
of buoyancy is usually insignificant for wings and airfoils but the correction becomes more
important for fuselages and nacelles. The buoyancy corrections can be applied in the two-

dimensional or three-dimensional space. For the two-dimensional case, the cross-section area is
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shown in figure 4.1 and the static pressure variation along the test section length is graphed
in figure 4.2 as an example. It should be noted that for every velocity change, the static
pressure gradient through the test section will change. The static pressure can be determined
experimentally by measuring the pressure distribution over the airfoil or wing or by utilizing

equation 4.1 to determine the slope.

o b (4.1)

CLARKY AIRFOIL
03

02}

03"

Figure 4.1 - Cross-sectional area in percentage of length
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Figure 4.2 -- Static Pressure Gradient in the test section for a
velocity of 6.5 MPH

Wind tunnel designers employ slanted vertical walls along the test section length to mitigate the
effects of the buoyancy force on the model. The walls slightly widen from the narrowest point

at the mouth of the test section and opens to a determined width through calculations and then

verification of the results to ensure the test section exit has not over expanded.

4.1.2 Approach

It can be seen that the variation of the static pressure in figure 4.2 from any two given
station along the airfoil is linear and therefore the pressure differential acts on the average

area. The resulting drag force for that segment of the airfoil is

Q5@ lam
(o))

O fF ofF « (4.2)

3l

Equation 4.2 can be solved by plotting the local static pressure against the cross-section area as
in figure 4.2 and the area under the curve is found to be the buoyancy. If the static pressure

gradient is a straight line, equation 4.2 simplifies to

Ik
Off ff O, — 4.3
- (4.3)
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Graphin the static pressure grad ient shows that the test section is effectively sh rinking and this
can be il ustrated by viewing stre amlines tra nsiting down the test-se ction. As the streamlines
approach the end of he test section, they are closer toget her than when entering the test section.
The sque ezing effect should be accounted for in the corr ected equation and added to the pre ssure

gradient effect. The t otal drag in crement per span length with the inc luded squee zing effect is

0O o.im
o oL (4.4)

where 4 can be found from figur e 4.3. With out experim ental data to find the values for the  body

shape, Ocan be d etermined e asier by replacing 4% with_ A 9. With the substitution of
d

@A % 0 becomes

0O o ™ ) 6['%)/9 . 61T
o ﬁ A a4 o —_— A - (4.5)
‘ el e
i
A ;A & G o .
where & ™ o T Te — 0 7, Acan also be determined by Figure
L 61T
< G W)

5.4.

Figure 4.3 - Bod y shape fact or for different shapes (Pope, 1984)
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Figure 4.4 - Plot of thick ness ratios for a categ ory of airfoils vs. a (Po pe, 1984)

A more rigorous approach is necessary if the pressure gradient is not given
wher e the use of the Bernoulli”’s and cont inuity equati ons are nee ded. The
pre ssure gradie nt can be d etermined b y using Bernoulli”’s eq uation (Equa
tion 4.6) and the continuity equation (Equation 4.7) by knowing the veloc ity
and pressure at the entrance of t he wind tun nel. The vel ocity and pr

essure can be then dete rmined at th e test section entrance a nd exit.

) Fe (4.6)

6)'3:?_5"!) &4 & (4.7)

To begin, the Re. wil | need to be determined for a given for the experiment.

Re,; for a flat plate, wh ich taking o ne side of th e test sectio n can be ass
umed, is 50 0,000. For Re < 500,00 O, the flow is considered to be laminar
and for Re > 500,000, the flow is co nsidered to be turbulent . The Reynold s

number fo r a length is found by

D

&

)



44



Once the Reynolds number is fo und for the test section length, the d etermination if the flow
is laminar or turbulent can be made . If the flow is laminar t he test section length, t he

boundary layer dis placement can be found directly fro m

G
o (4.9)

The exit velocity is n eeded at the test section exit which depends on the cross-sectional area at the
exit. The cross-se ctional area is depende nt on the bo undary layer displacement. Since th e

boundar layer displacement has been found, the effecti ve area at th e exit can also be found by

g o™ e’

(4.10)

For the case where flow turns tur bulent befo re exiting the test sectio n, the x¢r wi 1l need to

be found to determine t he boundary layer displa cement. (Figure 4.3)
u=0.99u_=u,_
Nominal Limit of
Boundary Layer

Transition A
Region (short)

- _’l |‘_ Turbulent 5

Leading Edge

Viscous Buffer

Point Sublayer  Zone Graph of velocity u
against distance y from
X surface at point x

Transition

Figure 4.5 -- Laminar and tur bulent boundary layer over a flat
plate (CFD Online, 20 09)

The tran sition point, X., is deter mined by us ng the critic al Reynolds number for a flat

plate in 45



D) _ﬁﬁ 4.11)
With the transition point found, the laminar boundary layer displacement can be found at that
point by using equation 4.9. The laminar boundary layer displacement at the transition point can
also be assumed to be the thickness of the turbulent boundary layer displacement. With that

assumption,
. N G
6)... D [ v g (412)

Solving for Xeq, the starting point of turbulent boundary layer can be found by subtracting Xeq
from . Since the turbulent boundary layer start point has been identified, equation 4.12 can be
used to find the turbulent boundary layer displacement at the test section exit by replacing Xeq in
the equation with the length of the turbulent boundary layer. Using equation 4.10 and replacing >

with - 2, the effective exit area can be found.

The test section exit area can now be used in equation 4.7 but the other parameters also need
to be found. Some assumptions need to be made to simplify the problem 1) by ignoring the
losses through the contraction of the inlet of the test section, 2) ignoring the losses through the
flow screen at the wind-tunnel entrance, 3) assuming incompressible flow and the pressure at
the entrance of the test section is actually lower than the pressure calculated at the test section

entrance. The known parameters for equation 4.6 are @ which are assumed to be

STD and i1s0 =
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\ Test Section /
|

Figure 4.6 [|- Te st section diagram for calculation of P, and V ,

Since the boundary c onditions at the entrance of the win d-tunnel are known, equ ation 4.6 can be

utilized to find P at station 1 but realize P; i s actually le ss than Py. ( Figure 4.6) V1 is also kn own

since it 1 s measured at station 1 with the DA C. All varia bles are now known for station 0 an d 1 but

unknown for station 2. V> at station 2 wil 1 need to be calculated by equation 4.7 and the cross-sec

tional area t hat was calc ulated for section 2, the test section exit by the process of determining the

bou dary layer displacement. (Figure 4.7) The last variable that needs to be found is P> which ca n be
easily calculated by equation 4.6. Once all six variable s have been calculated, the longitudinal static

pressure gradient can b e found for any free-str eam velocit y.
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Figure 4.7 -- Effec tive cross-s ectional exi t area of th e test sectio n
with the b oundary la yer

displac ement remo ved
By using the Py and P2, the longitudinal stati ¢ pressure gradient is calculated by

L6l g--0
— e (4.13)

This pro cess can be r epeated as many times as needed to obtaina ™  curve for t he wind-tun nel. A

code t o complete this task is s hown in Ap pendix A an d can be use d to output a range of ™  to

excel file . Now that t he pressure gradient through the tes t section is known, this allows for t he

application of a simp lified equat ion for the buoyancy co rrection (Eq uation 4.14) for an airfoil.

0 o™ — (4.14)
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4.1.3 Results

To determine the 2D buoyancy correction, the cross-sectional exit area of the test section is

shown in figure 4.8.

0.96

1.00

0.94

0.92

0.90

0.88

0 50 100 150 200 250 300
TestSectionAirspeed,V(ft/sec)

Figure 4.8 -- Effective cross-sectional area at exit of test section for
various airspeeds

Equation 4.14 is used along with equation 4.6 and 4.6 to determine the static pressure gradient

through the test section (Figure 4.9).
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Figure 4.9 - Static pressure gradient through the test section from 0 to 334_

The airfoil has a model volume of .0068 ft* by recreating an exact model
of the airfoil in SolidWorks. The 2D buoyancy correction, as shown on the
chart below, was calculated for a velocity range of 0 []- 334 =and is

plotted in figure 5.6.-Fhe maximum velocity plotted

corresponds to ¢ ' G, at sea level.

50



1
absi ® 0.9

0.8 ,//
0.7 ,//’
0.6 ,/’(

0.5 ,/”'

0.4 /

0.3 ,z””

0.2 St

0.1 el

0 /

50 100 150 200 250 300
TestSectionAirspeed,V(ft/sec)

Figure 4.10 - 2D Buoyancy Correction for 0_J- 334

4.1.4 Discussion

As seen in figure 4.10, the buoyancy drag contributes very little to the
overall drag on the airfoil. The largest amount of drag for what is considered
““low speed”” is approximately .9 Ibs. per span length and could be omitted
from the wall corrections if a high degree of fidelity is not required.

With the assumptions that the boundary layer starts at station 1 in figure 4.6,
this creates a certain amount of error in the calculations. Since the boundary
layer actually starts at the entrance of the wind-tunnel, by the time the flow
reaches the test section entrance, it could already be turbulent.

The assumption was made because the exact equation used to create the
inlet is not known nor the actually roughness of the inner surface. Also, the
wind-tunnel has a flow straightening system at the entrance. The entering air

first passes through a matrix of parallel passages that are shaped as



a hexagonal matrix, like a ““honeycomb””. The honeycomb cells are 4 inches
long and serve to straighten the flow -- to eliminate most flow angularity. The

nn

““*honeycomb”” matrix does little to
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eliminate small eddies and it is hard to account for these eddies which effects on the boundary layer
thickness. The tunnel is equipped with two turbulence-reducing screens immediately downstream of
the honeycomb and even though they help keep the flow straight, it is hard to calculate the screens
effects on the boundary layer.

The effective cross-sectional exit area of the test section is affected by the
wind-tunnel inlet conditions. The effective area is more susceptible to the
inlet conditions at very low speeds as seen in figure 4.8. At approximately 90
ft/sec, the test section exit turns from laminar to turbulent which reduces the
boundary layer displacement and which causes the pressure gradient slope
to decrease slightly. Once the flow turns turbulent in the test section, the

effective cross-sectional exit area stabilizes and at approximately 140 ft/sec,

the area becomes equal to .9962 ft> for M < 3.

4.2 Solid Blockage Correction

4.2.1 Theory

With a two-dimensional model in the test section, the flow is semi-blocked
and the flow area is reduced. In order for continuity and Bernoulli’’s
equation to be satisfied, the flow must increase in velocity to maintain the
same mass flow rate through the test section. The increase of velocity is
considered solid blockage and is a function of model thickness, thickness
distribution and model size. The camber of the airfoil is independent of the
solid blockage. ““The solid blockage velocity increment at the model is
much less (about Y4 ) than the increment one obtains from the direct area

nn

reduction.”” (Pope, 1984) The streamlines furthest from the model are also



impacted by the increment velocity since they are displaced more due to

the confines of the test section.
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4.2.2 Approach

In solving solid-blockage problems, it is important to determine the axial velocity. One case to
examine is where a circular cylinder is placed into a two-dimensional test section. The circular
cylinder can be simulated as doublet of certain strength and is contained by an infinite vertical
series of doublets of the same strength. Using this simulation of doublets, the axial velocity

can be found by

(4.15)

Since the velocity produced by a doublet varies inversely with the square of the distance from the

doublet, then doubly infinite doublet series may be summed as

0 0 KD 0
N _g,g, E[ 0 o~ O’Dﬁ 0 (4.16)

To use a 2-ft diameter cylinder in a tunnel that is 10-ft high would have a solid blockage that
would cause the flow velocity to be increased by 3.3% over the true free-stream velocity. In the

case of an airfoil, the solid-blockage velocity increment (Glauert, 1933) is show be

0 K:» & 65;50 " Q‘f
N <3 ao °> 7 Q@ ™G, . (4.17)

where values of qcan be found in figure 4.9. Another variation to determine the solid-blockage
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Figur e 4.11 []- Plo t of vs. Fineness rat io

on an airfoil is from a report that uses some f actors associated with the buoyanc y

correction (Allen an d Vincenti, 1944). The following re sult is from their work where
x < A (4.18)

oy A
where [} EE Ao m g4 % . A simpler equation for the solid-b lockage correction for a

two-dim ensional tunnel is given by

N & Dé;& (4.19)

where is .74 for a wing spanning the tunnel test sectio n horizontally and i s .52 for a sp an that

is spanning vertically and a good approx imation for an airfoil model volum e is

« 3G @ (4.20)
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The approximation of the airfoil model volume is only appropriate at a 0 angle of attack. For
any other angle of attack, the model thickness becomes

i 5G 2 (4.21)
where the .49 is the thickness of the airfoil due to the chord line of the Clark Y-14 being the
bottom edge of the airfoil. The model chord becomes

« B0 (4.22)

and the model span remains unaffected. The variable, C, can be used but if greater accuracy is
desired, the geometric area of the exit of the test section should be used less the boundary layer
displacement thickness around the perimeter. The boundary layer displacement can be calculated
by using the process in section 4.1. But if an approximation is adequate, the approximation of the
displacement thickness is .6 of the boundary layer thickness, since the boundary layer turns
turbulent at some point in the test section. The boundary layer thickness can be found by

B o (4.23)
0

For an example of boundary layer thicknesses, wind tunnels with the general size of 7x10-ft have

displacement thicknesses of 5 £]:°3 inch.

4.2.3 Results

For the 2D solid blockage correction, equation 4.19 is used to determine the correction factor
for the solid blockage. Since the airfoil is mounted vertically in the wind tunnel, a value of .52
was used. C is the effective area at the exit of the test section and figure 4.8 can be used to find
the effective area for a plotted velocity. The model volume is estimated with equations 4.20,
4.21, 4.22 and is plotted in figure 4.12. With the model volume and test section exit effective

arca
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Figure 4.12 -- Model volume plotted with airfoil angle attack
calculated for angle of attacks from -4 to 16 degrees, the solid blockage is calculated and plotted

in figure 4.13a. A more detailed view of solid blockage curve is plotted in figure 4.13b.
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Figure 4.13a -- Solid Blockage for the Clark Y-14 for M
<.3
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Figure 4.13b -- Solid Blockage for the Clark Y-14 for V <90 ft/sec

4.2.4 Discussion

The two-dimensional solid blockage is a dimensionless quantity and increases with angle of
attack as seen in figure 4.12 and 4.13. The plot shows the solid blockage at very low speeds
jumps dramatically but continues in a decreasing slope as the flow speed increases. At a velocity
of approximately 83 feet per second, the boundary layer turns turbulent at the exit of the test
section and causes the solid blockage to drop and stay flat for the remainder of the velocities
used in calculations.

A fundamental source of error in the solid blockage used in section 4.2.2 is the simulation of the
body by doublet system to develop the equations. It may be possible to circumvent the error if

the pressure at the tunnel wall is measured with the model in place and then with the model
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removed. The resulta nt velocity increment c an be compu ted and the image
system theory can be

used to compute the ratio betwee n blockage at the wall and at the tu nnel
centerline. The

AEROL AB wind tun nel has two holes in the walls of the test section used for
pitot tube inse rtion

to measure pressure. When the pitot tube is n ot installed, the holes a re left
open and can actu ally

lead to a reduction in the solid blockage since pressure can be natura lly
increased or decreased

dependin g on tunnel conditions.

4.3 Wa ke Blockage Correction

4.3.1 Theory

All bodi es create a w ake with th e fluid they are moving through and bodies
in wind tunnels are not exem pt. The law of continuity states the velocity
outside the wak e in a closed tunnel must be higher than the free s tream
velocity in order for a consta nt volume of fluid to flow through t he test
section. (Figure 4.14) The ve locity in the mainstream will be hig her due to B
ernoulli”’s principle. Bernoulli’’ s principle states that a p ressure gra dient
derive d because of the boundary layer growth along t he model ind uces a
velo city increme nt on the m odel. Wake blockage m ay be neglecte d for
the case of open top and botto m of the test section. Th e natural tendency

forth e




Figure 4.14: Dia gram of th e velocity p rofiles in a test section with wake. (Pope, 198 4)

wake is toward the axial symmetry which permits a sing le correction .
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4.3.2 Approach
In order to calculate the wake effect due to the model, we must first
simulate the wake and the tunnel boundaries. For the two-dimensional
case, a line source is needed to be placed at the wing'’s trailing edge with
some hypothetical different colored fluid which can mark the wake region.
The region to be emitted (Q) may be determined by

e (4.24)
To preserve continuity, a sink must be placed at least 4 body lengths
downstream. This simulation of the wake must be contained between the
upper and lower surface of the test section walls by an infinite vertical row of
sink-source combinations. The sources will not produce an axial velocity on

the model but the sinks will induce a horizontal velocity in the amount of

OQEHE
8l

(4.25)

where hg is the spacing between sources. The one-half in equation 4.25 is
due to half of the sink velocity increment will be felt upstream and
downstream. The incremental velocity is produced at the model due to the
walls and it should be added to the measured velocity. A handy equation for

the incremental velocity is

Qo °—DEL:-M (2.26)

where :;* . Maskell[]'s two-dimensional method calculates the wake blockages

correctionby

NofF° @ 0 (2.2
230 3l 7)
To



able to utilize equation 2.27, the
= method for calculating the is
by

ok ag 02

must be known or be able to be
calculated. One
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This met hod require s that the sh ear stresses from the up per and lower
surfaces o f the airfoil to be measu red. The AEROLAB wi nd-tunnel is
incapable of measuring the shear stresses and w ith only the ¢, availabl e,
only the pressure dra g can be me asured which is a very small part of the
total dra g. The shear stresses on the surface of the airfoil dominate t he
additive component o f the drag. An alternate m ethod is to calculate the
from th e wake that is created behind the airfoil.

acn

Dg:. —_ —_—
[I- 2.29

This m ethod does not have the additive co mponent of skin frictio n drag but

is more accurate when using only pre ssure. To measure the w ake, a []“wak e[]”

Hu nn

rake is placed behin d the airfoil as in figure 4. 15. The ““w ake”” rake m

easures the pressure acr oss 18 press ure ports, these pressures are

,_ _

|

I

- =

Figure 4.15 -- ““Wake"”"” rake behind t he Clark Y -14
airfoil

then con verted to dy namic press ures by
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Once the dynamic pressures across the rake have been calculated, a plot
of the q is needed to visually see where the wake is located. Taking the

gl’s that are in the wake, apply equation 4.31

1 oo o (4.31)
)

where the o is the distance between the pressure ports to find the area
under the curve for each g value and the area can then be summed to
satisfy the in equation 2.29. After the integration has been completed, the

rest of the equation becomes trivial to calculate the ;G

4.3.3 Results

Figures 4.16 through 4.18 were plotted with the calculated data from using
equation 2.29.
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Figure 4.16 -- Profile of wake at 6.5MPH
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Figure 4.19 is developed from the calculated cq of the pressure data corresponding to equation

4.30.
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Figure 4.20 is plotted with the calculated wake blockage from equation 2.27.
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Figure 4.20 -- Plot of the wake blockage vs. angle of attack
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4.3.4 Discussion

The wake blockage for a two-dimensional shape depends heavily on the
coefficient of drag and it is important to have complete data relating to the
drag (skin friction and pressure). Without all the components for the drag, it
is hard to calculate the correct wake blockage. It is also difficult to get a
complete picture of the drag without developing an equation to model the

pressures to integrate in equations 2.28 and 2.29. This point is illustrated in

figure 4.19 where the cq4 is greater for the case of the 30 MPH flow compared

with the 6.5 MPH flow but both are higher for the 68 MPH flow. This is

confusing because it would be expected that the ¢4 would slowly increase
with flow speed to a certain point.

In figure 4.16, flow through the test section is so slow that that pressure
sensors have a difficult time measuring any pressure change over the noise
created by the senor itself. Figure 4.17 shows a more expect profile shape as
the flow velocity increases. It can be seen that the flow is becoming steadier
and when the test section velocity is increased to 68 MPH, the wake profile
becomes very smooth and easily distinguishable from the normal flow
conditions. Due to tunnel limitations, a 102 MPH run could not be performed

due to the wake and solid blockage becoming so great, that it would

{Hu nn

choke”” the tunnel flow, and possibly damage some of the equipment.

Also, a consideration needs to be made that the wake rake did not measure

the entire wake and therefore, the wake correction is left incomplete. This

issue will lead to an incorrect ¢4 from being calculated. Since two of the
main contributors of the wake blockage come from the wake calculations,

the error could be significant.
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4.4 Streamline Curvature Correction

4.4.1 Theory

For the streamlines, the presence of the ceiling and the floor prevents the normal curvature of the
free flow that occurs about any lifting body, and relative to the straightened flow, the body
appears to have more camber than it actually has. This is usually on the order of 1% for
customary sizes. Accordingly, the airfoil in a closed wind tunnel has too much lift and moment
force about the quarter chord at any given angle of attack as well as the angle of attack being too
large itself. This effect is not limited to cambered airfoils but to any lifting body that produces a
general curvature in the airstream.

To gain insight into the streamline curvature effect, it must be assumed that the airfoil in
question is small and may be approximated by a single vortex at its quarter-chord point. The
image system necessary to contain this vortex between the floor and ceiling consists of a vertical
row of vortices about and below the real vortex. The image system extends to infinity both above
and below and has alternating signs according to the section about the method of images that
will be discussed in a later section. With the method of images, it can be seen that by considering
the first image pair as shown in figure 4.22, it is apparent that the vortices induce no horizontal
velocity since the horizontal components cancel but the vertical components add induced

velocity.
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Figure 4.21 -- Image system n eeded for the streamline curvatu re
correction (Pope, 1984)

From sim ple vortex t heory, the v ertical velo city at a dist ance x from the lifting 1 ine will be

0
0% OoO (4.31)

Substitution of reasonable values for x and h into the above equation reveals that the bounda

ry-induced upwash ang e varies alm ost linearly along the c¢ hord, and hence the stre am
curvatur e is essentially circular.

The chordwise load for an airfoil with circul ar camber m ay be consi dered to be a flat plate
loading p lus an ellipt ically shape d loading. T he magnitu de of the flat plate loade d is
determined from the product of the slope of the lift curv e and the bo undary-induced increase in
the angl e of the tange nt at the half-chord poin t because fo r a circular camber the curve at this
point is par allel to the line connectin g the ends o f the camber line. The lo ad is properly

compute d as an angl e of attack correction.
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4.4.2 Approach
To complete the corrections for the streamlines, the airfoil will need to be assumed to be a flat

plate. A correction for the angle of attack is developed by

hg O (4.32)
al
where
S
5 og - (4.33)

assuming that ~ ¥is small compared to h? which is the first image pair. The second pair of
vortices being twice as far away, will be roughly one-fourth as effective and the third pair, one-

ninth. So that so that for the images above and below the real wing, we have

h o 5 (4.34)
O
The additive lift correction is
h g 3 (4.35)
and the additive moment correction is
¥ & h
h o el (4.36)

4 a

The complete low-speed wall effects for two-dimensional wind-tunnel testing are located below
if only the corrected term is needed. The data with the subscript u are uncorrected data and bases
on free-stream, clear tunnel g, with the exception of drag which must have the buoyancy
correction due to the longitudinal static-pressure gradient removed before final correcting. The

velocity correction is

oo (4.37)

The dynamic pressure is
& 0 oo (4.38)
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The Rey nolds numb er is
O fBs (4.39)

The angle of attack is

2
- cap ,
o 2 g, (4.40)

where [Jp._comes from the mom ent force m easured during wing-tunnel testing. The measu re of [Jn.
is from the wing testing an d needs to h ave its own correction due the moment force being

taken at a different s pot than at t he quarter-c hord point. I n figure 4.22, it can seen that the

actual point of force measurement is lo cated behind the quarter-chord and t he equation to

LOCKING SCREW
FOR ROTATING
REF. POINT BALANCE e
(Example, model C.G.) CENTER
‘ ROTA[TE PIN 80°

TO STOP FOR SIDE
A FORCE AND YAWING

MOMENT MEASUREMENT
N \
1 n
[ e
e I == = |
- = T

AIRFOIL >
SECTION MODEL C

+ > -

Measure distance “C" from the end of the balance to a chosen
reference point. NOTE: “C" is positive for locations in front of the
end of the balance and negative for locations behind the end of
the balance.

Fi gure 4.22 []- Translation of momen t to quarter-chord poi nt on the
C lark Y-14

(A EROLAB)

translate it to the qua rter-chord point is

o o (4.41)

o}

where A is 1.135 inches for this wind-tunnel. With thedetermine d, findby
i $
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« g—m U (4.42)
]
* 1s used to calculate
[ O
o im O[] 4.43
0° (4.43)
The coefficient of lift is
oD oo 4 (4.44)

where the coefficient of lift is derived from the pressure distribution over the wing. The pressure

distribution is calculated by
o ——1 (4.45)

Once the  has been determined, summing the area under the curve created by the on the

upper and lower surface of the airfoil, gives the for a particular angle of attack and

velocity. The coefficient of moment is

go @ﬁs"w (4.46)

The coefficient of drag at 0 lift angle is

@ B O, O (4.47)

4.4.3 Results

The results below are created from equations 4.34 -4.46.
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The profile drag was created at the zero lift position of -3.5 degrees angle of attack and is in

Table 1.

Uncorrected
Uncorrected Angleof Uncorrected Corrected
Velocity,Vy Attack, y Coefficientof Coefficientof
(ft/s) (degrees) Drag,Cqou Drag,Cqo

9.53 3.46 0.080 0.08
44.00 3.67 0.150 0.15
99.73 3.51 0.010400 0.0104

Table 1 -- Uncorrected and corrected Cqo

4.4.4 Discussion

The correction mainly depends on the calculated c; and the c¢| comes from the pressure
distribution over the airfoil. The airfoil has pressure ports from the 0 chord line position to the
80% of the chord line. The last 20% of the pressure distribution is not included due to any

pressure readings after the 80% chord length. This introduces an element of error into the
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calculations for total C;, and filters through to the calculation of total ci. The corrected angle of

attack vs. uncorrected angle of attack is as expected in that the figure 4.25 shows for any
uncorrected angle of attack; the corrected angle of attack is lower. Also the bcj has a negative
slope for most test sections airspeeds and behaves as expected. All the 6.5 MPH cases produced
erratic results due to the flow speed itself and the very low Reynolds number plays an important
role in the results. The corrected coefficient of moment is negative as expected but again, the 6.5
MPH case shows 0 correction factor required.

The Cqocalculations introduce the most error of all the corrections. The correction depends on the
solid blockage and the wake blockage which as discussed previously, the wake blockage has a large

error rate. The error is then multiplied by 3 times due to the equation used to calculate it. Another

source of error is coming from the plotting of the c; vs. cq to determine the initial Cqg to correct. From

published data for the Clark Y-12 and Clark Y-15, the correction is two orders of magnitude higher

than it should be. Also the wake calculated for the cq4 is incomplete at high angles of attack due to

the wake rake not being long enough to capture the whole wake.
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Chapter 5: Three-Dimensional Wall Corrections for the Clark Y-14 Wing

For a wing, there are several corrections that need to be performed to more accurately model
free-flight conditions when data is collected from a wind tunnel. The four main wall corrections
for an airfoil is buoyance, wake blockage, solid blockage and streamline curvature. The
buoyancy corrections will have an additive component to the drag force while the wake and solid
blockage component are dimensionless but are used in the correction for the streamline

curvature. The streamline curvature corrections are the most important for correcting wing data

and includes the corrections for b, bCr, bCm and LCpi. The velocities used in testing in the

wind-tunnel are 6.5, 30, 68 and 102 MPH and the Reynolds numbers are 100,000, 500,000,

1,200,000 and 1,800,000 respectively. The data and calculations are located in Appendix C.

5.1 Buoyancy Correction

5.1.1 Theory

Closed-throat wind-tunnels have a variation of static pressure along the axis of the test section.
The variation of static pressure is due to a thickening of the boundary layer as the flow
progresses through the test section. As the flow approaches the end of the test section, the
pressure progressively becomes more negative. With the pressure turning more negative down
the length of the test section, the model tends to be sucked down the test section. The amount
of buoyancy is usually insignificant for wings and airfoils but the correction becomes more
important for fuselages and nacelles. The buoyancy corrections can be applied in a three-
dimensional space. The philosophy behind the three-dimensional buoyancy correction is the

same as the two-dimensional.
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5.1.2 Approach
The approach to the three-dimensional case i s very similar to the tw o-dimensional one.
The process ¢ an be follo wed in sectio n 4.1.2 dow n to equatio n 4.14. At t he point, the

buoyancy correction becomes
o e)'ilﬁ,,'ifs)D@ e (5.1

The ¢ is determined by finding the fineness ratio of the shape being tested and in this case, the
Clark Y-14 wing. The fineness r atio is calcu lated by the length of th e shape bein g tested

divided by the maximum thi kness of th e shape. The ratio is use d to find the ¢ by figur e 5.1.

Figure 5.1 [J- Values of .. vs. finene ss ratio (Po pe, 1984)

5.1.3 Re sults
The buo yancy correc tion was ca Iculated usin g equation 5.1 and using the methods in
section 4.1.2 to etermine the pressure gradient thro ugh the test section. The buoyancy ¢

orrection is plotted i n figure 5.2 for M < .3.
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Figure 5.2 -- Plot of the buoyancy correction vs. the test section
airspeed

5.1.4 Discussion

The buoyancy for the wing is lower than that of the airfoil. This could be
due to the airfoil covering the entire berth of the test section where the
wing is only 80% of the test section berth. The calculated drag due to the
buoyancy is a really small component of the overall drag. This small
component is so small that it could be left out of the correction altogether

and still represent less than .1% of the error in drag force.

5.2 Solid Blockage Correction

5.2.1 Theory

With a three-dimensional model in the test section, the flow is semi-blocked
and the flow area is reduced. In order for continuity and Bernoulli’’s
equation to be satisfied, the flow must increase in velocity to maintain the

same mass flow rate through the test section. The increase of velocity
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is considered solid blockage and is a function of model thickness, thickness
distribution and model size. The camber of the airfoil is independent of the
solid blockage. ““The solid blockage velocity increment at the model is
much less (about % ) than the increment one obtains from the direct area
reduction.”” (Pope, 1984) The streamlines furthest from the model are also
impacted by the increment velocity since they are displaced more due to
the confines of the test section.

5.2.2 Approach

The solid blockage correction for a three-dimensional body follows the same
procedures as in section 4.2.2. The approach for solid-blockage of a wing

defined by Thom'’s short-form equation is

o 33_@ N F B o
T o 0 (5.2)
0 >

where k is .90 for a wing and .96 for a body of revolution. Solid-
blockage for a wing-body system is a combination of simply the sum of
each component as determined from their respective equations. This

will give you the total solid blockage for the entire system.

5.2.3 Results

Applying equation 5.2 to the Clark Y-14 wing and using a k value of .90,
the solid blockage is plotted in figure 5.3 for test section velocities of M < .
3. The cross-sectional area was derived from the process used in 4.1 and

those C values were used in the solid blockage for a wing.
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Figure 5.3 []- Plot of the solid blockage for the Clark Y-14 wing

5.2.4 Discussion

The solid blockage is greater for the wing compared with the airfoil’’s solid
blockage in section 4.2. This makes sense because the wing blocks more
area in the flow as the angle of attack increases than an airfoil. But wing’’s
solid blockage follows the same pattern as the airfoil as the velocity

increases.
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5.3 Wake Blockage Correction

5.3.1 Theory

All bodies, two-dimensional and three-dimensional, create wake with the fluid
they are moving through and bodies in wind tunnels are not exempt. The law
of continuity states the velocity outside the wake in a closed tunnel must be
higher than the free stream velocity in order for a constant volume of fluid to
flow through the test section. For the three-dimensional case, Maskell’’s
three-dimensional method is utilized. The Maskell’’s method accounts for the
effects of momentum outside the wake when separated flow occurs. This
added effect from the momentum is added by the lateral wall constraint on
the wake and results in lower wake and model base pressure than what
would occur in the free flow condition. (Maskell, 1965) Maskell demonstrates
that wake blockage yields results similar to their higher speed counter parts
on the same model. The natural tendency for the wake is toward the axial

symmetry which permits a single correction.

5.3.2 Approach
The wake blockage correction for streamline flow follows the loci for the
two-dimensional case in section 4.3.2 as far as the wake is simulated by a

source of strength

6).’1)['— (53)

which is matched for continuity by adding a downstream sink of the same
strength. However for the three-dimensional case, the image system
consists of a doubly infinite course-sink system space a tunnel height apart

vertically and a tunnel width apart horizontally. The axial velocity induced at



the model by the image source system is again zero, and due to the image

sink system is
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.o Q.
No . :moi gy ’ (5.4)

The incr eased drag due to the pr essure gradi ent may be s ubtracted b y removing the wing

wake pressure draw by

000 ® o
(0 = bJ'..:?'UD o o (55)

where K 1 is derived f rom figure 5.4

F igure 5.4 []- Values of K; and K; for a number of bodies

The Cgqy f or the wing is calculate d by using t he force data generated by test comp leted in the
AEROL AB wind-tu nnel. The fo rce data is g enerated by the 3-comp onent force/ moment stin g
balance. The normal and axial fo rces measured by the st ing balance had equatio n 2.2 applie d to

convert the raw data to a drag fo rce. To conv ert the drag to into its coefficient fo rm, apply

200 T (5.6)



Using the . calculated from the wind-tunnel data, the wake blockage and change to the due to

the wake can be found.

5.3.3 Results

The calculated Cpy is shown in figure 5.5 and the ¥  is shown is figure 5.6.
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Figure 5.5 -- Plot of the angle of attack vs. the coefficient of drag
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Figure 5.6 -- Plot of the angle of attack vs. wake blockage
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5.3.4 Discussion

When comparing figures 5.5 and 5.6 to each other, it can be seen that the
two plots are highly coupled together. The coefficient of drag is the
dominating factor in the wake blockage correction. The correction for the
coefficient of drag could not be completed due to the Clark Y-14 not being
graphed in figure 5.4 even though the thickness ratio is known for the Clark
Y-14. Being able to determine the correction factor for the coefficient of the

drag is extremely important and without it, the drag cannot be corrected.

5.4 Method of Images

5.4.1 Theory

Method of images has many applications in modern engineering from
aerospace to electrical. Method of images can be used in any application
where the item of interest is located inside a field. In electrical engineering,
one example of its use is to determine a conductor’’s change in an
electromagnetic field whereas in aerospace, method of images can be used
to determine the downwash on a wing or airfoil in a wind-tunnel. A wing
being flown in nature close to the ground can have method of images applied
to determine the downwash. Downwash is defined as a small velocity
component in the downward direction at the wing and is caused by the wing-
tip vortices downstream of the wing. The wing-tip vortices induce a small
downward velocity component in the neighborhood of the wing by the

“Hau

vortices ““dragging”” the surrounding air around them and this motion
induces a small downward velocity component on the wing. (Anderson,
2007) The downwash then combines with the to produce a local relative wind

that the wing encounters. The downwash caused by these wing-tip vortices



become very important when the wing is located in a confined space such as
a wind-tunnel. When the airflow is confined by the walls of the wind-tunnel,
downwash produces a higher induced velocity (0O) on the wing
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which creates a mom ent on the w ing. Figure 4.1 illustrates what occ urs when th e induced
velocity from the do wnwash acts upon a finite wing. The moment created on the wing by th e
induced velocity introduces the induced angle of attack ( ) component to the wing. While p ilots
only care about the effective angle of attack ( ), engineers care greatly about the induced

angle of attack. The induced angle of attack adds to the e ffective ang le of attack to equal the
geometric angle of a ttack (). Th e induced angle of attac k reduces th e local angle of attack
the wing enc ounters but adds to the drag (D) the wing experiences in the form of in duced drag

(). The induced drag is defined as a component of the

D.

L
a — Geometric angle of attack
a; — Induced angle of attack
a . — Effective angle of attack
&; Aeff=a ~;

Figure 5.7 - The effects of dow nwash on a finite win g to produc e induced
drag (Anderson, 2007)

total dra g on the wing due to the downwash of the airstream passing over it. The induced dr ag can
be a proximated by equating the L multi plied by the tangent of the induced angle of atta ck.
(Anderso n, 2007) Be cause of the confined sp ace of the w ind-tunnel, the downw ash affects t he

wing more than if it was unconfined, hence the need for a correction of the indu ced drag
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gathered from wind-tunnel data. An application of method of images is to correct for the inflated
induced drag on the wing due to the wind tunnel walls. To apply this method, the wing can be
replaced with a vortex system composed of a lifting line vortex and a pair of trailing vortices. A
solid body, like a wing, can be represented by a source-sink system where the body is located
and the wake can be represented by a source. (Pope, 1984) Using this vortex system can produce
accurate results to any degree necessary. The solid boundary of the wing is formed by the
production of a zero streamline matching the solid boundary. After the image system is
established for the wing, the system can be applied for a closed rectangular wind-tunnel. It
should be noted that the two-dimensional application of method of images only applies if the
downwash is needed along the lifting line and the three-dimensional application is necessary to
get induced upwash after the wing, the streamline curvature effect or the correction for the wing
with a lot of sweepback. (Pope, 1984)

To setup the image system, take the image and replicate the opposite sign of the image system as

demonstrated in figure 5.8 where one vortex A is bound by two walls 1 and 2. To correctly setup

NN RN CANER ONN NG AN ERD

Figure 5.8 - Single vortex arrangement for simulation with vertical boundaries

the images, second vortex is created that is assigned the opposite sign of A to wall 1 which is
vortex B. Vortex C is the same sign as B and created opposite side of wall 2. The higher the

order of accuracy needed, more images are needed in the system in order for the system to be
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balanced. With the addition of v ortex B and C, there ima ges need to be
created with vortex B’* and C"'. Vortex B’ is added to the opposite side of
vortex B and is assigned the opposite sign of vortex B. The same oncept is
ap plied to vortex C and al | additional vortices nee ded for the desired
accuracy. For the case of a rectangular test sectio n of a wind-tunnel, figu

re 5.10

Figure 5 .9 - Vortex image syst em for the h orizontal simulation o f wing in a
rectangula r test sectio n (Pope, 19 84)

demonst rates the vertical walls component a nd figure 5. 9 demonstrates
the horiz ontal walls and
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Figure 5.10 - Vort ex image system for th e vertical si mulation of winginar
ectangular test sectio n (Pope, 19 84)
shows the image sys tem becomes a doubly i nfinite system of vortice s. (Pope, 1984) For a
wing in a clos ed rectangular test sectio n where the three-dime nsional quan tities are required

is sh own in figure 1.5.

5.4.2 Approach

With the use of elementary vortex theory an d the expres sion for the induced vel ocity due to
the vortex strength (1) at a distance (r) from each bound vort ex. The expression appl ies to a
semi-infinite v ortex startin g at the lifting line and trailing to in finity in the aft directio n. The

induc ed velocity is

89



o o (5.7)

and com bined with t he strength of a vortex equation which is forme d from the r elationship

between the circulation for a uni formly load ed wing and lift is

O
Heo » ; (5.8)
produces ;
(A
& “’D (5.9)

For each image of th e vortex wh ere the vortex applies a downwash on the wing, the induce
d velocity is calculated . Since the positive direction is con sidered the down direction, the
calculated induced velocity is subtracted fro m the induce d velocity c alculated for the wing

simulate d in the test section.

Rs

Ry

COCOCD

<1

O CO

- - - - -
- - -

Figure 5.11 -- Vortices image etup to cal culate the i
nduced velo city

The win g in free flight produces an induced velocity on itself and th at is found b 'y

11
i

g O (5.10)
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The coefficient of lift for the wing is found by using the axial and normal forces measured in the

tunnel by the sting balance, then applying equation 2.1 to get the lift. Once the lift is calculated

for the wing, the C is found by

0 s (5.11)

The correction to the angle of attack comes from the summing of equation 5.10 of all the
images but does not include the wing itself. When the sum of the change of the angle of attack
is added the induced angle of attack that the wing experiences in free flight, the total induced

angle of attack is found for in the tunnel.

oo [
(5.12)

Now the corrected needs to be introduced to determine the O to calculate the corrected . Since

the cosine of the angle between the lift and lift component created in the wind-tunnel is one, the

The induced drag coefficient can be written as (5-13)
& (5.14)

and the change in the induced drag caused by the boundary induced downwash becomes

° #o (5.15)

This method will need to be modified to calculate the downwash on bigger models over the 80%

cross section length of the test section width.

5.4.3 Results
Using the method of images, figures 5.12 and 5.13 were plotted against the angle of attack for

the correction factor of bn and Lcgi, respectively.
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Figure 5.13 []- Plot of Lcgi vs. the |,
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The method of images is an accurate way of determining corrections utilizing the image

methodology. As seen from these plots, the run at 6.5 MPH, gives the most problematic data but
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other runs seem to align with each other except at high angles of attack. At high angles of attack,
the correction becomes larger and is expected based on the method used to develop the

correction equations.

5.5 Streamline Curvature Correction

5.5.1 Theory

The corrections for the streamline curvature for three-dimensional testing follows the same as for
protocol the two-dimensional case in that they are concerned with the variation of the boundary-
induced upwash along the chord. Once again the variation turns out to be essentially a linear
increase in angle so that the streamlines curvature effects may be treated as the loading on a a
circular arc airfoil. Similarly, the loading is treated as a flat-plate effect based on the flow angle
change between the quarter and half chord, and an elliptic load based on the flow angle change
between the half and three-quarters chord but for the three-dimensional case, the image system is
vastly different from the simple system for two dimensions.

The three-dimensional image system as in figure 1.5 where basically it consists of the real wing
with its bound vortex and its trailing vortices. The vertical boundary is simulated by the infinite
system of horseshoe vortices and the horizontal boundaries by the infinite lateral system.
Linking the two systems are the infinite diagonal system. The effect of the doubly infinite image
system at the lifting line of the real wing is the main boundary upwash effect. Mostly the area of

interest is in the change of the upwash along the chord and along the span as well.

5.5.2 Approach

The total additive correction for the angle of attack is

0 5 w50 (5.16)
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The additive lift correction is

where a is the wing lift curve slope which is plotted from the data collected from wind-tunnel
test on the Clark Y-14 wing.

The additive correction to the moment coefficient is

5.5.3 Results

(5.17)

(5.18)

The wing lift slope curves were created for each Reynolds number and is shown in figure 5.14 -

5.17.

Lift,L(Ibs)

T4
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T0.030

T0.0

Figure 5.14 []- Wing lift slope curves for 6.5 MPH
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Figure 5.15 -- Wing lift slope curves for 30 MPH
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Figure 5.16 -- Wing lift slope curves for 68 MPH

95



Lift,L(Ibs)

y=0.4029x+2.5436

8.000 /
6.000 /

4.000 /
—

1 6 11 16
UncorrectedAngleofAttack, , (degrees)

Figure 5.14 -- Wing lift slope curves for 102 MPH

Figure 5.18 -- 5.20 are derived from the corrections discussed in this section.
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Figure 5.18 []- Plot of the change in the angle of attack vs.
uncorrected angle of attack
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Chapte r 6: Computationa | Fluid D ynamics of the Clark Y-14 Airfoil

6.1 Gri ds

Two grid s were crea ted to simul ate the fluid flow inside the wind-tu nnel and an other to mod
el the Clark Y-14 in fre e flight cond itions. The free flight grid was created in Point wise and is
construc ed by orthogonality (Fi gure 6.1). T he airfoil is i mport from SolidWork s where a on

e-step stru ctured grid is placed around the Clar k Y-14 Airf oil. The gri d was steppe d out to 10

body lengths around the airfoil.

Fig ure 6.1 -- O rthogonal grid around the Clark Y-14 Airfoil
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After the grid is form ed around the airfoil, th € main dom ain is divid ed into 5 smaller domain
s. All five down have the volume setting set to fluid with t he biggest d omain outsi de boundary
being set as the inlet. All the rem aining dom ains will have their outside boundary set to

pressure outlets. T he last bou ndary condition to be se t is the boundary around the airfoil needs

to be s et to wall. Th e grid is now ready to be exported to Fluent.

Figure 6.2 -- Free flight grid w ith 5 sub-domains for the Clark Y-14
The next grid to be created is for the airfoil inside the tu nnel but instead of the grid being 2D , it will
be 3D due to an bug in the software that will not all ow this grid type to be exported to F luent
properly. This grid also be const ructed out o f an orthogonal grid loc ated around the airfoil b ut not
stepp ed out to 10 body lengt hs. The step out should be in a multi ple of 8+1. The grid in figure 6. 3

was steppe d out 57 steps. The orth ogonal grid is then divi ded up 6 sub -domains.
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Figure 6.3 -- Grid modeling the flow inside the wind-tunnel with the
C lark Y-14

From the boundary o f the orthogonal grid, a new structu red out to the boundaries of the test
section. All domains in figure 6. 3 are assign ed the volum e condition of fluid. The boundary
conditio s are also s etup as the v elocity inlet on the righ t side of the grid and a p ressure
outline on the left. The upper and lower boundaries are set as walls as their boundary conditions

as well as the air foil. Once t he setup is complete, the grid is exp orted to Flu ent.

6.2 Setu p

The setu p for the gri ds is perform ed in Fluen t where the grid was siz ed to the correct dimens
ions of chord of 3.5 inches. After the grid is scaled, the bound ary conditi ons are checked to
ensur e they were properly 1 mported into Fluent. Th e residuals w ere set for convergence at le-

07. T he flow conditions are set at invisci d with air selected at the medium.

100



6.3 Res ults

In figures 6.4 —- 6.9, t he static pre ssure is plo tted in the c ontour map for
the Clar k Y-14 at angle of attacks of -4, 0, 4, 8, 12, and 1 6 at a free-

stream velocity of 149.6 4 ft/sec..

Figure 6.4 -- CFD Results for the C lark Y¥-14 at -4 aoa

Figure 6.5 -- CFD Resu Its for the Clark Y¥-14 at 0 aoa
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Contour 1
2.519e+001
1.777e+001
1.035e+001
2.937e+000

=1.190e+001
-1.832e+001

-3.415e+001
-4.157e+001
-4.898e+001

Figure 6.6 -- CFD Resu Its for the Clark Y¥-14 at 4 aoa

Figure 6.7 -- CFD Resu Its for the Clark Y¥-14 at 8 aoa
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igure 6.8 -- CFD Resu Its for the C lark Y-14 at 12 aoa

igure 6.9 -- CFD Resu Its for the C lark Y-14 at 16 aoa
In figures 6.10 —- 6.1 5, the C, ove r the airfoil is plotted a nd is used to
calculate th e coefficien t of lift over the airfoil at angles of at tack of -4, 0,

4, 8,12 an d 16 and a f low velocit y of 149.64 ft/sec.
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e -

° os 1 15 2 25 3 s
Position (in)

Pressure Coeficient Muy 19, 2011
ANSYS FLUENT 130 (24, dp, pbns)

Fi gure 6.10 --Plot of the C, over the Clark Y-14 at -4 aoa

Pressure Coeflcmnt May 19, 2011

ANSYS FLUENT 110 (29, dp, ponvs)

Figure 6.11 --Plot of the C, over the Clark Y-1 4 at O aoa

104



Pressure Coeficient May 18, 2011
ANSYS FLUENT 110 (24, dp, pbins)

Figure 6.12 --Plot of the C, over the Clark Y-1 4 at 4 aoa

Pressure Coeficient

May 19, 2011
ANSYS FLUENT 130 4, ¢p, pbns)

Figure 6.13 --Plot of the C, over the Clark Y-1 4 at 8 aoa
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Pressure Cotficient May 19, 2011
ANSYS FLUENT 120 (2, dp, pbins)

Figure 6.14 --Plot of the C, over the Clark Y-14 at 12 aoa

May 19, 2011
ANGYS FLUENT 130 (24, dp, pbns)

Figure 6.15 --Plot of the C, over the Clark Y-14 at 16 aoa

In figures 6.16 —- 6.1 8, the coeffi cient of lift is graphed for -4, 0, 4, 8, 12 and
16 for corrected ,

uncorrected, expected and CFD esults.

106



ol
©

0.8
iICorre 07
ctedC b
oeffici 0e
_entoﬂ
ift,c Uncorrect
0.5 e 2.0
T4 0.4 ===Corrected
0. ———Expected
e CFD
0.1
r 0.0 T T T 1
1 6 11 16
UncorrectedAngleofAttack,
(degrees)

Figure 6.16 [J- Plot of the C, at a velocity of 44 ft/sec comparing
uncorrected, corrected,

expected and CFD results

[iE)
N

' 1 6 11 16
UncorrectedAngleofAttack, , (degrees)

(S

£ = Uncorrected
=

42 Corrected
9 e EXpected
(%)

£ e CFD

0

o

3 0.2

0

e

(%}

g

o 0.0

5]

o

T4

Figure 6.17 []- Plot of the C, at a velocity of 99.73 ft/sec comparing
uncorrected, corrected,



expected and CFD results

107



Uncorre
- cted

- Corrected

=—=Expected
——CFD

0.0 1 I I 1
1 6 11 16

UncorrectedAngleofAttack, , (degrees

T4

Figure 6.18 -- Plot of the C, at a velocity of 149.64 ft/s ec comparing
uncorrected, correc ted,

expected and CFD results
In figures , The streamlines are shown for on ly one velo city of 149.6 4 ft/sec at varies angles of

attack.




Figure 6.19 -- Streamlines over the Clark Y¥-14 at -4 aoa
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F igure 6.20 -- Streamlines over the Clark Y¥-14 at 0 aoa

F igure 6.21 -- Streamlines over the Clark Y-14 at 4 aoa
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F igure 6.22 -- Streamlines over the Clark Y-14 at 8 aoa

Figure 6.23 - - Streamlin es over the Clark Y¥-14 at 12 aoa
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Figure 6.24 - - Streamlin es over the Clark Y¥-14 at 16 aoa

6.4 Discussion

The CFD was succes sful at plott ing the ¢, over the Clark Y-14 for 9.533,
44.000, 99.732 and

149.642 ft/sec at -4, 0, 4, 8, 12 a nd 16 degre es of angle o f attack. In

figures 6.4 -- 6.9 shows the static pre ssure as the angle of attack increases.

It can be seen that as the angle of attack incre ases, the static pressure

shifts over the airfoil as the airfoil stalls. The ¢, is used to calc ulate the ¢ as
in section 4.4 for use in comparing the data to c orrected an d expected
results. In fig ures 6.16 -- 6.18, the graph s show how the correct ion factors

compare wit h the CFD r esult and the expected values. T he graphs s how

that cor rected c; is c lose to the expected values where t he CFD is v ery
close to t he corrected results. Fo r the CFD c ases for the a velocity of 9.533,
44. 00 and 99.7 3 ft/sec, the CFD results are in Ap pendix C but mainly

represents what is shown i n figures 6.4 -- 6.15.
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Chapter 7: Conclusion

As our civilization relies more heavily on aircrafts and rockets, the use of wind-tunnels has
increasing been integrated as an important aeronautical tool in their design. Even though wind-
tunnels are great scientific tools, they do have their flaws. Based on the specific wind-tunnel
design, one of the main negatives is that wind-tunnels cannot simulate free-flight conditions

without having to correct the data for wall effects and other flow phenomena.

Both two and three-dimensional flows need to have corrections applied that are unique to that
wind-tunnels design. For two dimensional flows, corrections that can be obtain are for the O

aoa 0 &, with direct corrections availablefor @ @ a a a .. The

corrections are developed from the buoyancy, solid and wake blockages, and streamline
curvature corrections. For tree-dimensional flows, corrections can be obtainare0 a 0 a 0

&s,

0] 0 G These corrections depend on the methods applied to the two-dimensional cases
along with the method of images.

The CFD can be a cheaper solution to wind-tunnels but as seen in the results throughout chapter
6, require an almost perfect grid. This can be very expensive due to grid building, setup and
supercomputer time to the point the cost match that of wind-tunnels. Wind Tunnel testing and the
corrections developed for that specific tunnel that are easily applied to any model, keep tunnels

operating and a competitive source of aeronautical information.
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Appendix A

/* This program determines the Pressure Gradient through the SJISU Wind Tunnel Test
Section.*/

#define CRT SECURE NO_DEPRECATE
#include <stdio.h>

#include <math.h>

#define VISCOCITY 0.000000382f

#define DENSITY 0.002325f

#define PRESSURE 2.1162f

#define VELOCITY ZERO 0.0f

#define AREA ONE 1.0f

double reynoldsNumber(double velocity, double cord length)
{ return (DENSITY * velocity * cord length) /
VISCOCITY;

}

double criticalPoint(double velocity, double cord length, double reynolds number) {
return ((reynolds_number * VISCOCITY) / (DENSITY * velocity));

}

double laminarBoundaryDisplacement(double velocity, double cord length) {
return (1.72f * cord_length)/pow(reynoldsNumber(velocity,cord length),0.5);

}

double turbulentBoundaryDisplacement(double velocity, double cord length, double
reynolds number) {

return (0.046f * cord length)/pow(reynolds number,0.2);
}

int
main(void)

double reynolds number = 0.0f;
double velocity = 0.0f;

double cord length = 1.0f;

double critical point = 0.0f;

double boundary displacement=0.0;
double effective area = 0.0;

double pressure _one = 0.0f;

double velocity two = 0.0f;

double pressure two = 0.0f;

double ts length = 0.0f;
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double pressure grad = 0.0f;
double starting velocity = 0.0;
double ending_velocity = 0.0;
double velocity increment = 0.0;
double velocity mph = 0.0;

int dummy;
FILE *file;

file = fopen("C:\\data.csv","w+");

printf("Enter the starting velocity (MPH) of the flow over flat plate >
"); scanf s("%If", &starting velocity);

printf("Enter the ending velocity (MPH) of the flow over the flat plate >
"); scanf _s("%If", &ending_velocity);

printf("Enter the velocity increment (MPH) >");

scanf s("%]lf", &velocity increment);

fprintf(file,"MPS,FPS,Reynolds Number,Cross-Sectional Test Section Area (ft),Pressure
Gradient\n");
for (velocity mph = starting_velocity;velocity mph <= ending_velocity;

velocity mph+= velocity increment) {
velocity = velocity mph * 1.46666666666667;

reynolds number = reynoldsNumber(velocity,cord length);

//printf("Reynolds Number -> %lf\n", reynolds_number);
critical point = criticalPoint(velocity,cord length,500000);
//printf("Critical Point (ft) -> %If\n", critical point); if
(reynolds_number < 500000.0f) {

//printf("Reynolds Number < 500000 - Laminar\n");

boundary displacement =
laminarBoundaryDisplacement(velocity,cord length);
effective_area = pow((cord_length - boundary displacement),2.0);
//printf("Laminar Boundary Displacement (ft) ->
%If\n",boundary_displacement);
/lprintf("Effective Area (ft"2) -> %lf\n\n", effective area);
b

else {
double delta x = 0.0;
double turbulent start point = 0.0;
double new_start point = 0.0;
double new_laminar _boundary displacement = 0.0;
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double turbulent boundary displacement = 0.0;

//printf("Reynolds Number >= 500000 - Turbulent\n");

boundary displacement =
laminarBoundaryDisplacement(velocity,critical point);

delta x = pow((boundary displacement * pow(((DENSITY * velocity) /
VISCOCITY),0.2) / 0.46),1.25);

//printf("Delta X (ft) -> %If\n",delta x);

turbulent start point = critical point - delta x;

new_start point = cord length - turbulent start point;

//printf("New Start Point Turbulent Boundary Distplacement (ft) ->
%If\n",new_start point);

turbulent boundary displacement =
turbulentBoundaryDisplacement(velocity,new_start point, reynolds number);

//printf("Turbulent Boundary Displacement (ft) ->
%If\n",turbulent boundary displacement);

effective_area = pow(cord_length -
turbulent_boundary_displacement,2.0);

//printf("Effective Area (ft"2) -> %lf\n\n",effective area);

}

pressure_one = PRESSURE - .5 * DENSITY * pow((velocity),2);
//printf("Pressure at Test Section Entrance (Ib/ft"2) -> %lf\n",pressure _one);

velocity two = (velocity * AREA ONE) / effective area;
//printf("Test Section Exit Velocity (ft/sec) -> %lf\n",velocity two);

pressure_two = pressure_one - .5 * DENSITY *
pow((velocity two),2); //printf("Pressure at Test Section Exit (1b/ft*2) ->
%If\n",pressure_two);

//printf("Enter Test Section Axial Length (ft) >");
//scanf s("%lf", &ts length); ts length = 1.0;

pressure_grad = (pressure_two - pressure_one) / ts_length;
//printf(""Pressure Gradient through the Test Section (Ib/ft"3) ->
%If\n\n",pressure_grad);

fprintf(file,"%lf,%lIf,%lf,%If,%I1f\n",velocity mph,velocity,reynolds number,effective ar
ea,pressure_grad);

}
printf("DONE.\n");
fclose(file);
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scanf s("%d",&dummy);
return (0);
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Appendix B

2D Airfoil Data (Pressure)

Al

p

V_h

q ref a

[

[m d

coun [ps ph e
t fl 1 4l
1 0 20

2 0 30

3 0 40

4 0 40

5 0 30

6 01 40

P1

[m
ba
r]

10
16.
1

10
16.
1
10
16.
1
10
16.
1
10
16.
1
10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

P4

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

P5
[m

ba

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
15.

10

15.

10
15.

10
15.

10
15.

10
15.

P7
[m

ba

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16

10
16

10
16

10
16

10
16
10
16

P9

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

[m
ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

ba

10
16.

10

16.

10
16.

10
16.

10
16.

10
16.

[m
ba

10
16

=
o O

10
16

10
16

10
16
10
16

=

© = T
S3 ko 3

(V)]
=L~

= N

o . U1 00 .

\lgm-bWbOOO
0N T

=
N
>5—wo wnwo

B



1

10

16.

7 0 3 0 1
10

16.

8 0 2 0 1
10

16.

9 0 3 0 1
10

16.

10 O 40 1
10

16.

11 O 40 1
10

16.

12 0.1 50 1
10

16.

13 0.1 50 1
10

16.

14 O 20 1
10

16.

15 O 20 1
10

16.

l6 0 2 0 1

10

17 3 0 16

o

4

2

1

3

8

2

10 10 10 10 10 10
16. 16. 16. 16. 15. 16. 10

4

2

1

3

8

2 16

10 10 10 10 10 10
16. 16. 16. 16. 15. 16. 10

4

2

1

3

8

2 16

10 10 10 10 10 10
16. 16. 16. 16. 15. 16. 10

4

3

1

3

8

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

2

1

3

8

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

2

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

3

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

3

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

3

3

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

3

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

3

1

3

8

10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16.

2 16

10 10 10 10 10 10

16. 16. 16. 16. 15. 16.

4

2

1

3

8

2 16

3

2

4

9

2

3

10 10 10 10 10 10
16. 16. 16. 15. 16. 16.

3

3

4

9

2

3

10 10 10 10 10 10
16. 16. 16. 15. 16. 16.

3

3

3

9

2

3

10 10 10 10 10 10
16. 16. 16. 15. 16. 16.

3

2

3

9

2

3

10 10 10 10 10 10
10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

3

3

3

9

2

3

3

8

2

3

10 10 10 10
16. 15. 16. 16. 10

3

8

2

3 16

10 10 10 10
16. 15. 16. 16. 10

3

8

2

3 16

10 10 10 10
16. 15. 16. 16. 10

3

8

2

3 16

10 10 10 10 10

3

8

10 10 10 10 10 10 10 10

3

3

3

9

2

3

3

8

10 10 10 10 10 10 10 10

3

2

3

9

2

3

3

8

10 10 10 10 10 10 10 10

3

2

4

9

2

3

3

8

10 10 10 10 10 10 10 10

3

2

3

9

2

3

3

8

10 10 10 10 10 10 10 10

3

2

3

9

2

3

3

8

10 10 10 10 10 10 10 10

3

2

3

9

2

3

3

8

2
10

16.

2
10

16.

2
10

16.

2
10

16.

2
10

16.

2
10

2

3 9
10 10
15.

3 9
10
10

3 16
10
10

316
10 10
15.

3 9
10
10

3 16
10 10
15.

3 9

10 10 10 10 10 10 10 10 10 10 10

3

2

3

9

2

3

3

8

2

10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

3 9



10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 16. 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.
18 o0 3 016 3 2 1 2 8 216 3 2 3 9 2 3 3 8 2 3 9
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
16. 16. 16. 16. 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.
19 0 40 1 4 2 1 3 8 216 3 2 3 9 2 3 3 8 2 3 9
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
16. 16. 16. 16. 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.
20 0 1.0 1 4 2 1 3 8 216 3 2 3 9 2 3 3 8 2 3 9
10 10
10 16. 10 10 16. 10 10 10 10 10 10 10 10 10 10 10 10 10
0.0 3.1 16. 38 16. 16. 29 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15. Av
15 5 0 09 5 24 1 5 81 2 16 3 24 33 9 2 3 3 8 2 3 96g
21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
22. 22. 22. 22. 22. 21. 22. 21 22. 22. 22. 21. 22. 22. 22. 21. 22. 22. 21.
14 76 46 16 57 56 37 21. 58 46 64 75 37 58 58 54 37 58 87
8 4 1 9 6 3 89% 7 1 9 1 8 7 7 2 8 7 17psf
4.6
20
00 FP
1 S
Airf
oil
Stat
i
on 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
%of
Cho
r 0. 0.0 0.0
d 0.8 0.7 6 0.5 04 0.3 0.2 0.1 75 O 75 0.1 0.2 0.3 0.4 0.5 0.6 0.70.8
Dist 24 2. 1.7 1.0 0.3 0.2 0.2 0.3 1.0 1.7 2.4
anc
e 28 5 1 514 507 5 62 0 62 507 514 521 52.8






fro 5 5

mLE
Al
p
V_h P P P P P P P P P P
q ref a Pl P2 P3 P4 P5 P6 P7 P8 P9 10 11 12 13 14 15 16 17 18 19
[
Imd Im Im [mm@Mm[m MmN mi@Mh[mMh[mM”h[mI[M”mMh[mI[MmI[m [m
cou [ps ph e ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba
nt f] 1 9olrl I I I I I 1 @ 1 1 1 I 1 1 I ] rl r] 1]

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 16. 16. 15. 16. 15. 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

-~ 0N o

>S5 —wo wo

10 16. 16. 16. 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 16. 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 10 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 10 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 10 16. 15. 16. 10 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10 16. 16. 10 16. 15. 16. 15. 16. 16. 16. 15. 16. 16. 16. 15. 16. 16. 15.
7 028 O 16 3 2 16 2 8 2 9 3 2 2 8 1 2 2 7 1 2 9



10

11

12

13

14

15

16

17

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.1

0.1

10

10
16

10
16

10
16
10

10
16

10
16

10
16
10

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
16
10

10
16

10
16
10

15.

10

10
16

10
16
10

15.

10

15.

10

16.

10

. 16.

10

16.

10

16.

10

16.

10

. 16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15



18
19

0.1

0.1
0.1

7

7
7

0 16

10
0 16

0 10

3 2
10 10

16. 16.
3 2

10 10

10
16
10

2 8
10 10

16. 15.
2 8
10 10

1 9 3 3 2
10 10 10 10 10

16. 15. 16. 16. 16.
1 9 3 2 2

10 10 10 10 10

8
10

15.
8

10

2
10

16.
2

10

7 1 2 9
10 10 10 10
15
15. 16. 16. .
7 1 2 9

10 10 10 10



20 0.1 7

21

22

23

24

2.4

2.3

2.2

2.4

6.5

9.5
33
33

31

30

30

30

16

10
0 16
10
16.
01

21
21.
99

0.4
24
01

10
14.

10
14.

10
14.

10
14.
07

16.

10

16.

10

16.

30

21

22.

59

0.5
18
94

10

14.

10

14.

10

14.

10

14.

9

16.

10
16.

10
16.
21
21
22.
39

0.4
30
39

10
14.

10
14.

10
14.

10
14.
8

16

10
16
10
16.
01

21
21.
99

0.6
13
87

10
14.

10
14.

10
14.

10
14.
5

16.

10
16.

10
16.

21
22.
37

0.8
03
74

10
14.

10
14.

10
14.

10
14.
7

15.

10
15.

10
15.
79

21
21.
53

0.7
15
19

10
14.

10
14.

10
14.

10
14.
2

16.

10
16.

10
16.
18

21
22.
34

0.7
15
19

10
14.

10
14.

10
14.

10
14.
6

15.

10
15.

10
15.
95
21
21.
85

0.0
50
66

10
14.

10
14.

10
14.

10
14.
7

16.

10

16.

10

16.

21

22.

58

10

15.

10

15.

10

15.

10

15.

5

16.

10
16.

10
16.
26
21
22.
50

1.3
79
73

10
15.

10
15.

10
15.

10
15.
8

16.

10
16.

10
16.
26
21
22.
50
3

0.3
29
07

10
14.

10
14.

10
14.

10
14.
4

15.

10
15.

10
15.
81

21
21.
57

0.6
13
87

10
14
10
14.

10
14

10
14

16.

10
16.

10
16.

21
22.
16
9

0.8
98
68

10
14.

10
14.

10
14.

10
14.
3

16.

10
16.

10
16.
21
21
22.
39

0.7
08
81

10
15
10
15.

10
15.

10
15

16.

10
16.

10
16.

21
22.
37
8

0.8
98
68

10

15

10
15

10
15

10
15

15.

10
15.

10
15.

21
21.
33

0.8
98
68

10
14.

10
14.

10
14.

10
14.

16.

10
16.

10
16.
10

21
22.
17

0.8
03
74

10
14.

10

15

10
15

10
15

16.

10
16.

10
16.

21
22.
37

0.8
98
68

10
15.

10
15.

10
15.

10
15.
1

15.

10
15.

10
15. Av

21
21.
75

0.1
39
21 Cp

10
14.

10
14.

10
14.

10
14.
8



25

26

27

28

29

30

31

32

33

34

2.3

2.2

2.3

2.3

2.3

2.3

2.3

2.3

2.3

30

30

30

30

30

30

30

30

30

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
15
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

. 14,

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
15
10

15.

10

15.

10

10
15

10
15

10
15
10

15.

10

15.

10

10
15
10

10
15
10

10
15

10
15

10
15

10
15

10

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
15

10
15

10
15

10
15

10
15

10
15
10

10
15

10
15
10

14.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

. 15.

10

15.

10

15.

10

15.

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14



35
36

23 30 07
10

14.
24 30 06

24 30 0 10

9 8 5
10 10 10

14. 14. 14.
9 8 5

10 10 10

7 2
10 10

14. 14.
7 2

10 10

6 7 4 8
10 10 10 10

14. 14. 15. 15.
6 7 5 8

10 10 10 10

4
10

14.
3

10

10
14

10

14.

10

10
15
10

15

10
15
10

5
10

14.

5
10

9 1 8
10 10
14
10 15. .
15 1 8

10 10 10



37

38

39

40

2.3

2.3

2.4

2.4

30

30

31

30

44,

14
66

41 9.5 61

14.

10
14.

10
14.

10
14.

10
14.

10
14.
66

21
19.
17

0.2
82
83

10
10.
03

14.

10

14.

10

14.

10

14.

10

14.

10

14.

90

21

19.

67

0.3
32
35

10

10.

2

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

19.

45
4

0.2 0.4

96
34

10

09.

9

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

18.

82
7

40
37

10

09.

3

14.

10

14.

10

14.

10

14.

10

14.

10

14.

68

21

19.

21

0.4 04

49
38

10

09.

3

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

18.

20
1

49
38

10

08.

8

14.

10

14.

10

14.

10

14.

10

14.

10

14.

59

21

19.

02

0.4 0.1

44
88

10

09. 10.

1

14.

10

14.

10

14.

10

14.

10

14.

10

14.

69

21

19.

23
5

74
81

10

3

15.

10
15.

10
15.

10
15.

10
15.

10
15.
49
21
20.
89

0.2
70
81

10
12.
8

15.

10
15.

10
15.

10
15.

10
15.

10
15.

21
21.
54

0.6
03
89

10
14.

14.

10
14.

10
14.

10
14.

10
14.

10
14.
36

21
18.
54

0.7
68
96
10

08.
2

14

10
14

10
14

10
14

10
14
10
14.
05

21
17.
89

0.6
60
93

10
08.

14.

10
14.

10
14.

10
14.

10
14.

10
14.
29

21
18.
39

0.7
14
95

10
11

15.

10
15.

10
15
10
15.

10
15.

10
15.
06
21
19.
99

0.1
16
29

10
11

15

10
15

10
15

10
15

10
15
10
15.
01

21
19.
90

10
11.
2

14.

10
14.

10
14.

10
14.

10
14.

10
14.

21
18.
82

10
10.
9

15

10
14.

10
15

10
15
10
14.

10
14.
97

21
19.
81

0.1
02
79

10
11.
4

15.

10
15.

10
15.

10
15.

10
15.

10
15.

21
20.
08

0.0
80
28

10
11.
7

14.

10
14.

10
14.

10
14.

10
14.

10

14. Av

27

10
11.
5



42

43

44

45

46

47

48

49

50

51

9.5

9.3

9.4

9.5

9.4

9.5

9.3

9.4

9.4

9.6

61

60

61

61

61

61

60

61

61

61

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

02

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

10 10 10
09. 09. 08.

3
10

09.

3
10

09.

3
10

09.

4
10

09.

4
10

09.

3
10

09.

4
10

09.

4
10

09.

3
10

. 09.

3

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8
10

08.

8

10 10 10 10 10 10 10 10 10 10 10 10 10

09. 10. 12. 14. 08. 08. 11. 11. 11. 10. 11. 11. 11.

1
10

09.

1
10

09.

1
10

09.

1
10

09.

2
10

09.

1
10

09.

1
10

09.

1
10

09.

1
10

09.

1

4
10

10.

4
10

10.

4
10

10.

4
10

10.

4
10

10.

3
10

10.

4
10

10.

4
10

10.

3
10

10.

3

9
10

12.

9
10

12.

8
10

12.

9
10

12.

8
10

12.

9
10

12.

9
10

12.

9
10

12.

9
10

12.

8

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6

2
10

08.

2
10

08.

2
10

08.

2
10

08.

2
10

08.

2
10

08.

2
10

08.

2
10

08.

1
10

08.

2

5
10

08.

5
10

08.

5
10

08.

5
10

08.

5
10

08.

4
10

08.

5
10

08.

5
10

08.

4
10

08.

4

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1
10

11.

1

1

10
11
10

11.

1
10

11.

1
10

11.

1

10
11
10

11.

1

10
11

10
11

10
11

2
10

11.

3
10

11.

2
10

11.

3
10

11.

3
10

11.

2
10

11.

2
10

11.

2
10

11.

2
10

11.

2

9
10

10.

9
10

10.

9
10

10.

9
10

10.

9
10

10.

9
10

10.

9
10

10.

9
10

10.

8
10

10.

9

5
10

11.
4
10

11.
4
10

11.
5
10

11.
4
10

11.
4
10

11.
4
10

11.
4
10

11.
4
10

11.
4

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7
10

11.

7

5
10
11
5
10
11
6
10
11
5
10
11
5
10
11
5
10
11
6
10
11
5
10
11
5
10
11

5



10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
11

10. 10. 09. 09. 09. 08. 09. 10. 12. 14. 08. 08. 11. 10 11. 10. 11. 11. .
52 9461 03 2 8 3 3 8 1 3 8 6 2 4 1 11 2 8 4 7 5

53 95 61 010 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10



54

55

56

57

58

59

60

9.5

9.4

9.6

9.4

9.4

9.4

9.4

61

61

61

60

61

61

61

60.

85

89.

24
66

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

28

21

10.

02
4

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

21

09.

84
7

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

85
21

09.

11
6

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

32

21

08.

01
9

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

29
21

07.

94
6

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

79

21

06.

91
2

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

21

07.

56

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

34
21

10.

13
9

12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.
84

21

15.
36

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

60

21

19.

04
7

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

18
21

05.

62
8

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

45

21

06.

20
2

11.

10

11.

10
11

10
11

10
11
10

11.

10

11.

10

11.

10

11.

08
21

11.

68
4

11

10
11

10
11

10
11

10
11

10
11
10

11.

10

11.

10

11.

03

21

11.

59

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

21

21

11.

96
6

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

87
21

11.

24
6

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

42

21

12.

40
5

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

21

12.

97
9

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11. Av
51 g

21

12.

58
3

psf



61

62

63

64

65

66

67

68

69
70

26.

26.

10

10

0.2 0.3

84
32

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

68
39

99
8.5

99
8.5

99
8.6

99
8.5

99
8.5

99
8.5

99
8.6

99
8.6

0.4
13
75

99
7.7

99
7.7

99
7.7

99
7.7

99
7.8

99

0.4
98
93

99
6.4

99
6.4

99
6.5

99
6.4

99
6.4

99
6.4

99
6.5

99
6.6
99

0.5
49
81

99

5.9

99
5.9

99
5.9

99
5.9

99
5.9

99

99

0.5
52
03

99
5.4

99
54

99

0.5
69
73

99
55

99
5.5

99
5.7

99
5.5

99
5.7

99
5.7

99

0.2
52
24

99
9.6

99
9.6

99
9.7

99
9.6

99
9.6

99
9.7

99
9.7

99
9.8
99

0.2 0.6

34
49
6

10
06.
5
10
06.
5
10
06.
6
10
06.
6
10
06.
5
10
06.
5
10
06.
6
10
06.
6
10
06.
6

10

11

38 0.8 0.6

26
6

10

11.

3
10

11.

3
10

11.

3
10

11.

3
10

11.

3
10

11.

3
10

11.

3
10

11.

2
10

11.

3
10

03
14

99
1.9

99
1.9

99

99

47
16

99
3.5

99
3.6

99
3.6

99
3.4

99
3.5

99
3.6

99
3.6
99

0.1 0.1 0.1 0.0 0.0 0.0

32
77

10

00.

1

10
00
10

00.

1
10

00.

1
10

00.

1

10
00
10

00.

1
10

00.

1
10

00.

1
10

64
85

10

00.

9
10

00.

9
10

00.

9

10
01
10

00.

9
10

00.

9

10
01

10
01

10
01
10

25
03

10

01.

6
10

01.

6
10

01.

6
10

01.

6
10

01.

6
10

01.

6
10

01.

6
10

01.

7
10

01.

7
10

90
73

10

01.

6
10

01.

6
10

01.

7
10

01.

7
10

01.

6
10

01.

6
10

01.

7
10

01.

7
10

01.

7
10

56
44

10

02.

5
10

02.

5
10

02.

6
10

02.

5
10

02.

5
10

02.

5
10

02.

5
10

02.

6
10

02.

6
10

17
72

10
03

10
03
10

03.

10
03

10
03

10
03

10
03

10
03
10

03.

10

0.0
15
46

10

03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10

Cp



71

72

73

74

75

76

77

78

79

80

27

26.

26.

76

10

10
2.3

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

99
8.7

99
8.6

99
8.6

99
8.7

99
8.5
99
8.5

99
7.9

99
7.9

99
7.7
99
7.7

99
6.6

99
6.5

99
6.6

99
6.6

99
6.5
99
6.5

99
6.1

99
6.1

99
6.1

99
5.9
99
5.9

5.4

99

5.4

99
5.4

99
5.5

99

5.5

5.3

99

5.4

5.5

99
5.5

99
5.5

99
5.3
99
5.3

99
5.8

99
5.7

99
5.7

99
5.6
99
5.6

99
9.8

99
9.8

99
9.8

99
9.8

99
9.7
99
9.7

06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

12

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

99
1.9
99
2.0

99
3.5
99
3.6

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10
01

10
01

10
01

10
01
10

00.

10
01

10
01
10

01.

10
01
10

00.

10

00.

. 01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

10

01.

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

03

10
03
10

03.

10

03.

10
03
10

03.

10

03.

10

03.

10

03.

10

03.

10
03
10

03.

03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.

10 Av
03. ¢



58

20

91.

85

0.1

32
07

P1

ba
r]

10
16

10
16

10
16
10
16

20

85.

53

0.3

91
19

10

16.

10

16.

10

16.

65

20

83.

87
6

0.4

41
92

P3
ba

r]

10

. 16.

10

16.

10

16.

10

16.

20

81.

23

0.5

29
73

P4

ba
r]

10

15.

10

15.

10
16
10
16

20

80.

14

0.5

85
53

P5

ba
r]

10

16.

10

16.

10

16.

10

16.

85

20

78.

90

0.5

94
11

P6

ba
r]

10

15.

10

15.

10

15.

10

15.

20

79.

43

0.6

04
65

P7

ba
r]

10

16.

10

16.

10

16.

10

16.

15

20

87.

94

0.2

71

P8

ba
r]

10

15.

10

15.

10

15.

10

15.

58

21

02.

29

0.2

41
77

P9

ba

r]

10

16.

10

16.

10

16.

10

16.

13

21

12.

10

16.

10

16.

10

16.

20

71.

87

0.8

97
33

10

16.

10

16.

10

16.

20

75.

17
7

0.7

40
45

10

15.

10

15.

10

15.

11

20

88.

78

0.2

55
39

. 10

16

10
16

10
16
10
16

96

20

90.

55

0.1

66

20

92.

01

0.1

96 42

85

10

16.

10

16.

10

16.

61

10

16.

10

16.

10

16.

68

20

92.

05

0.1

02
03

10

15.

10

15.

10

15.

55

20

93.

86

0.0

65
34

10

16.

10
16
10

16.

05

20

94.

91

0.0

34
13

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

psf

Cp

-~ Wn o

>S—wowo



10

11

12

13

14

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
16

10
16
10

10
16

10
16

10
16

10
16

10
16

10
16

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16
10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15



1.6 016 3 1 16 1 7 1 8 2 2 2 8 16 2 2 7 1 2 9
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

15
10 16. 16. 10 16. 15. 16. 15. 16. 16. 16. 15. 16. 16. 16. 15. 16. 16.

i 01 5 016 3 2 16 1 7 1 9 2 2 2 8 1 2 2 7 1 2 9

14



16

17

18

19

20

21

0.1

0.1

0.1

0.1

0.1

0.0
95

2.3

8.8
73
33

30

10

0 16

10

0 16

10

0 16

10

10

10

21
21.
96

0.9
78
62

10
0 14.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
27

21
22.
53

1.4
18
31

10
14.

10
16. 10

10
16. 10

10
16. 10

10
16. 10

10
16. 10

10 10

16. 15.

14 98

21 21

22. 21.

26 92
3 9

1.0 15 25 14

88 28
54 24

10 10

14. 14.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

13

21

22.

24
2

17
55

10

14.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

33
4

18
31

10

14.

10 10
16. 15.

10 10
16. 15.

10 10
16. 15.

10 10
16. 15.

10 10
16. 15.

10 10
16. 15.

21 21
22. 21.
16 70

11 1.6
98 38
47 16

10 10
14. 14.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
16

21
22.
30

1.9
67
93

10
14.

15

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

21
22.
37

0.1
20
61

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

21
22.
37

1.8
58
01

10
14.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
78
21
21.
50

1.6
38
16

10
14.

10
16.

10
16

10
16

10
16
10
16.

10
16.
02
21
22.
00

2.9
57
24

10
14.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

21
22.
37

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
19
21
22.
35

1.4
18
31

10
15

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
66

21
21.
26

1.9
67
93

10
14.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
09

21
22.
15

1.3
08
39

10
14.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
19

21
22.
36

10
15.

10
15.

10
15.

10
15.

10
15.

10

15. Av

0.3
19
08

10
14.

Cp



22

23

24

25

26

27

28

29

30

31

2.3

2.3

2.4

2.3

2.2

2.3

2.3

2.3

2.3

30

30

31

30

29

30

30

30

30

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
14

10
14

10
14

10
14

10
14

10
14

10
14
10

10
14

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
15
10

14.

10

10
15

10
15
10

14.

10

10
15
10

14.

10

14.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
15

10
15
10

10
15

10
15

10
15

10
15

10
15

10
15

10

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14



23 30 05 7 6 4 6 14 2 2 9 2 7 4 8 15 15 5 9 15 8
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

14
14. 14. 14. 14. 14. 10 14. 14. 14. 16. 14. 14. 14. 10 10 14. 14. 15.

32 2330 05 7 6 4 o6 14 2 2 9 1 7 4 8 1515 5 9 1 8

16



33

34

35

36

37

38

39

40

2.4

2.4

2.3

2.3

2.5

2.3

2.4

2.3

30

31

30

30

31

30

30

30

-

44,

14

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

18.

82
7

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

72
21

19.

28
7

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

63

21

19.

10
9

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

41
21

18.

63
9

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

62
21

109.

07
8

10
14

10
14

10
14

10
14

10
14

10
14

10
14
10

14.

10

14.

01

21

17.

81
4

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

24
21

18.

28
4

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21
21

18.

22
2

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
15
10
14.
92

21
109.
71
5

17

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

11

21

22.

2

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

19.

24
5

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

18.

61
8

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

109.

45
4

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15
21

19.

87
2

10
15

10
15

10
15

10
15

10
15

10
15

10
15
10

15.

10

15.

00

21

19.

88
2

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

50

21

18.

83
8

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
15
10

14.

90

21

19.

67
3

10
15

10
15

10
15

10
15

10
15
10

15.

10
15
10

15.

10

15.

02
21

109.

91
3

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

73
5
21

19.

31
8

Av
g

psf
FP



41

42

43

44

45

46

47

48

49

12

12

69

69

68

68

69

68

69

68

68

0.4 04 04 05 0.5 0.6 0.7 0.6 0.2

28
29

10

09.

04
10

09.

05
10

09.

05
10

09.

05
10

09.

05
10

09.

04
10

09.

04
10

09.

05
10

09.

04

95
67

10

08.

1
10

08.

1
10

08.

2
10

08.

2
10

08.

2
10

08.

2
10

08.

1
10

08.

2
10

08.

2

41
77

10
07

10
07
10

07.

1
10

07.

1
10

07.

1

10
07

10
07

10
07

10
07

18
12

10

06.

5
10

06.

5
10

06.

5
10

06.

6
10

06.

5
10

06.

5
10

06.

5
10

06.

5
10

06.

5

04
65

10

06.

1
10

06.

2
10

06.

2
10

06.

2
10

06.

2
10

06.

2
10

06.

1
10

06.

2
10

06.

2

12
45

10

05.

2
10

05.

2
10

05.

2
10

05.

2
10

05.

2
10

05.

2
10

05.

2
10

05.

2
10

05.

2

60
66

10

04.

8
10

04.

9
10

04.

9
10

04.

9
10

04.

9
10

04.

9
10

04.

8
10

04.

9
10

04.

9

07
95

10

05.

6
10

05.

6
10

05.

7
10

05.

7
10

05.

7
10

05.

7
10

05.

7
10

05.

7
10

05.

7

35
16

10
08.
1
10
08.
1
10
08.
2
10
08.
2
10
08.
2
10
08.
1
10
08.
1
10
08.
1
10
08.
1

18

0.8

87 04 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1

71
3

10

16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

64
23

10

09.

2
10

09.

2
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

3

47
45

10

09.

2
10

09.

3
10

09.

3
10

09.

3
10

09.

3
10

09.

2
10

09.

3
10

09.

3
10

09.

3

57
62

10

10.

1
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

1
10

10.

2
10

10.

2

67
79

10

10.

5
10

10.

5
10

10.

5
10

10.

5
10

10.

5
10

10.

5
10

10.

5
10

10.

5
10

10.

5

63
3

10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6

63
3

10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

2
10

10.

1

63
3

10

10.

6
10

10.

7
10

10.

7
10

10.

7
10

10.

6
10

10.

6
10

10.

7
10

10.

6
10

10.

6

49
82

10

10.

8
10

10.

8
10

10.

8
10

10.

8
10

10.

8
10

10.

8
10

10.

8
10

10.

8
10

10.

8

00
42

10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6
10

10.

6

Cp



50

51

52

53

54

55

56

57

58

59

60

11.
9 68
12 69
12 68
11.
8 68
11.
8 68
12 68
11.
8 68
11.
6 67
11.
8 68
11.
8 68
11.
8 68
11. 68.

o

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

10
07
10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

10

04.

10

04.

10
05

10
05
10

04.

10

04.

10
05

10
05

10
05

10
05

10
05

10

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10

19

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10.

10

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10
10.

10 Av



61

62

63

64

65

66

87

10
0.0
26

09.
48

21
08.
34

0.1
63
04

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.
06

08.
18

21
05.
62

0.4
43
68

99
8.8

99
8.9

99
8.9

99
8.7

99
8.6

99
8.9

07.
08

21

03.

33

0.6
11
72

99
4.9

99
5.2

06.
54

21
02.
20

99
4.2

99
4.2

99
3.9

99
3.8

99
4.1

06.
21

21
01.
52

0.7
73
59

99
3

05.
23

20
99.
47

0.8
60
69

99

1.4

99
1.6

99
1.5

04.
92

20
98.
82

0.9
83
85

99
0.1

99
0.3

99
0.2

98
9.9

98
9.9

99
0.2

05.
72

21
00.

08.
15

21
05.
57

0.4
33
12

99
7.8

99
7.6

99
7.4

99
7.5

99
7.7

20

16

21
21.

96

0.9
57
77

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
8

09.
32

21
08.
01

0.2
32
54

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.
4

09.
29

21
07.
95

0.1
62
16

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.
8

10.
19

21
09.
82

0.0
57
47

10
02.

10
02.

10
02.

10
02.

10
02.

10
02.
6

10.
53

21
10.
53

0.0
15
24

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.
2

10.
62

21
10.
73

0.0
01
47

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.
5

10.
20

21
09.
85

0.0
15
55

10
03.

10
03.

10
03.

10
03
10
03.

10
03.
2

10.
67

21
10.
82

0.0
26
98

10
03.

10
03.

10
03.

10
03.

10
03.

10
03.
7

10.
84

21
11.
18

0.0
39
30

10
04

10
04
10
03.

10
03.
10
04

10
04

10.
62

21
10.
73

10
04

10
04
10
03.

10
03.

10
03.

10
04



67

68

69

70

71

72

73

74

75

76

77

. 10

10

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

99
8.9

99
8.9

99
8.9

99
8.9

99
8.8

99
4.1

99
4.1

99
4.1

99
4.2

99
4.3

99
4.1

99
4.2

99
4.1

99

99
1.5

99
1.4

99
1.4

99
1.8

99
1.4

99
1.4

1.5

99
1.5

99

99
0.3

99
0.2

99
0.2

99
0.4

99
0.5

99
0.1

99
0.3

99
0.2

99

99
2.4

99
2.4

99
2.3

99
2.4

99
2.4

99
7.7

99
7.7

99

10

15.

10

00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

. 00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

10

02.

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10
04

10
04
10

10
04
10

04.

10
04
10

10
04

10
04
10

04.

10

10
03

10
03

10
03

10
04

10
04
10
03

10
03

10
04
10
03

10
04
10
03



27 3 07 9 5443321704 25788 5 9 7 3 5 2 8 04 9
78 27. 10 010 99 99 99 99 99 99 99 99 10 10 10 10 10 10 10 10 10 10

21



4 4 00. 87514 2913 0 22 7.5 15. 00. 00. 02. 03. 03. 03 03. 03. 03.
10 10 10 10 10 10 10 10 10

79 5 2 0 5 88514 3 14 0.2
10 10 10 10 10 10 10 10 10 10 10
10 00. 99 99 99 99 99 99 99 99 15. 00. 00. 02. 03. 03. 03. 03. 03. 03.
80 27 3 0 5 87513928130 22758 2 7 5 1 4 1 6 9 38
10 10 10 10 10
10 00. 99 99 99 99 99 99 99 99 15. 10 10 02. 03. 10 10 10 10 O3.
26. 2.3 60 8.8 5.1 40 29 14 0.1 2.3 7.6 79 00. 00. 56 23 03. 03. 03. 03. 90 Av
77 5 05 3 9 75 85 45 8 55 5 5 34 8 5 5 47 17 73 97 5 g
20 20 20 20 20 20 20 20 21 20 20 20 20 20 20 20 20
89. 20 78. 76. 73. 70. 68. 72. 83. 21. 89. 90. 93. 20 95. 95. 96. 96. 96.
80 86. 49 16 89 67 03 57 63 53 25 21 90 95. 79 16 33 83 69

15
0.1
13 FP
4 S
0.9 0.0 0.0 0.0 0.0
0.2 0.3 0.6 0.7 0.8 0.9 1.0 0.8 0.4 65 0.2 0.1 0.0 0.0 0.0 14 27 38 59
08 69 42 18 18 00 30 44 55 28 47 78 63 19 00 63 11 03 49
11 61 28 35 6 91 03 74 04 2 51 07 78 31 97 2 5 7 2 Cp
Al
p
V_ h P P P P P P P P P P
q ref a P1 P2 P3 P4 P5 P6 P7 P8 P9 10 11 12 13 14 15 16 17 18 19
[ 1 2.0
Imd Im IMmMMmMmMMmMMmMmMmMMmmmmhmMmmmmmmMmmmmmmmm[mm 88
cou [ps ph e ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba 54
nt fl ] g9lrl I 1 1 1 1 rl ol el Ll ol vl ol ol rl orlrl r= 3

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1 1.4
1 016 0 15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 16 16. 16. 15. 16 16. 15. m 66

22

 =—h W T



10

11
12

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1
0.2

o

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16
10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

23

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

1

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

66 s
7
p
S
14 i
4 n



13

14

15

16

17

18

19

20

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.2

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

75
1

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

37
8

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

16
9

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

75
1

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

16
9

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

33
4

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10
16

10
16

10

16.

05
21

22.

06
5

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

54
2

16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
10

21
22.
17
9

24

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

37
8

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

37
8

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

77

21

21.

49

16

10
16

10
16

10
16
10

16.

10
16

10
16

10
16

10
16
10

16.

00

21

21.

97
1

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

37
8

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

14
21

22.

25
3

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

62
21

21.

16
6

16

10

16

10
16

10
16

10
16

10
16

10
16

10
16

10
16
10
16

21

21.

96

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

21

22.

17
9

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

54
2

Av

psf



21

22

23

24

25

26

27

28
29

2.4

2.4

2.3

2.4

2.5

2.4

2.5

2.5
2.5

9.9
00
00

31

31

30

31

31

30

31

31
31

2.6
07
48

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10

7 2.0
25 16 2.7 2.7 1.0 1.8 2.7 2.7 0.2 1.4 1.3 2.7 0.8 2.0 24 2.7 2

12
55

10

14.

-
10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

14.

-
10

14.

7
10

14.

7
10

58
15

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10

97
35

10

13.

7
10

13.

7
10

13.

8
10

13.

7
10

13.

7
10

13.

8
10

13.

7
10

13.

8
10

02
42

10

13.

9
10

13.

9
10

13.

9
10

13.

9
10

13.

9
10

13.

9
10

13.

9
10

13.

9
10

88
54

10

13.

4
10

13.

4
10

13.

5
10

13.

4
10

13.

4
10

13.

4
10

13.

5
10

13.

5
10

48
01

10

13.

6
10

13.

6
10

13.

6
10

13.

6
10

13.

5
10

13.

6
10

13.

5
10

13.

5
10

97
35

10

13.

2
10

13.

2
10

13.

2
10

13.

2
10

13.

2
10

13.

2
10

13.

2
10

13.

2
10

02
42

10
13.
7
10
13.
7
10
13.
7
10
13.
7
10
13.
7
10
13.
7
10
13.
7
10
13.
7

10

25

40
53

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

68
28

10

15.

4
10

15.

4
10

15.

4
10

15.

4
10

15.

4
10

15.

4
10

15.

4
10

15.

4
10

73
34

10

14.

9
10

14.

9
10

14.

9
10

14.

9
10

14.

9
10

14.

9
10

14.

9
10

14.

9
10

02
42

10

15.

1
10

15.

2
10

15.

2
10

15.

1
10

15.

1
10

15.

1
10

15.

2
10

15.

2
10

98
68

10

15.

2
10

15.

2
10

15.

3
10

15.

3
10

15.

3
10

15.

2
10

15.

3
10

15.

3
10

37
88

10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

17
62

10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

14.

7
10

97
35

10

15.

1
10

15.

1
10

15.

1
10

15.

1
10

15.

1
10

15.

1
10

15.

1
10

15.

1
10

02
42

10

15.

1
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

37
88

10

14.

8
10

14.

8
10

14.

8
10

14.

9
10

14.

8
10

14.

8
10

14.

8
10

14.

8
10

Cp



30

31

32

33

34

35

36

37

38

39

40

2.4

2.6

2.5

2.4

2.5

2.4

2.5

2.4

2.5

2.5

2.4

31

32

31

31

31

31

31

31

31

32

30

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14
10
14

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.

26

16

10

15.

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16
10
16

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.



41

42

43

44

45
46

2.4 30.

11.

12.

95

45.
39
33

68

69

68

69

68
69

10
14.

21

109.
24

0.1
84
93

10
09.

10
09.

10
09.

10

09.

10

09.

10

7
10

14.

70

21

19.

25

0.4
32
14

10

08.

10

08.

10
08.

10

08.

10

08.

10

10
14
21
17.
78

0.9
09
53

10
07.

10
07.

10
07.

10

07.

10

07.

10

8
10
13.
72

21
17.
20

1.0
24
61

10
05.

10
05.

10
05.

10

05.

10

05.

10

10
13.

21

17.
57

1.0
41
66

10
04.

10
04.

10
04.

10

04.

10

04.

10

10
13.
42
21
16.
57

1.0
37

10
03.

10
03.

10
03.

10
03.
10

03.

10

10
13.
53
21
16.
80

1.2
76
09

10
02.
5
10
02.
5
10

02. 02. 03. 14. 12. 11. 11. 11. 11. 10. 11. 11. 10.

6
10

02.
5
10

02.
5

10

10
13.

21
16.
11

1.3
86
91

10
02

10
02
10

1

10
02

10
02
10

10
13.
67
21
17.
09

1.2
41
99

10
03

10
03
10

1

10
03

10
03
10

10
15.
99

21
21.

95

0.7
91
14
6

10
14.
8
10
14.
8
10

8
10

14.
8
10

14.
8

10

10
15.
40

21
20.
71

0.2
11
46
8

10
12.
4
10
12.
4
10

4
10

12.
4
10

12.
4

10

9

10
14.

21
19.
66

0.1
47
53
3

10
11.
4
10
11.
4
10

4
10

11.
4
10

11.
4

10

2

10
15.
13
21
20.
14

0.0
87
86
1

10
11.
6
10
11.
6
10

6
10

11.
5
10

11.
5

10

10
15.
24

21
20.
38

0.1
00
64
8

10
11.
6
10
11.
6
10

6
10

11.
6
10

11.
6

10

10
15.

21
20.
28

0.0
62
28
7

10
11.
4
10
11.
4
10

4
10

11.
4
10

11.
4

10

10
14.

21
19.
24

0.0
62
28
7

10
10.
8
10
10.
9
10

9
10

10.
9
10

10.
9

10

10
15.

21
20.

08

0.0
62
28
7

10
11.
2
10
11.
2
10

2
10

11.
2
10

11.
2

10

10
15.
18
21
20.
24

0.0
45
23
7

10
11.
2
10
11.
2
10

2
10

11.
2
10

11.
2

10

10

14.

81

21

19.

48

Av



27



47

48

49

50

51

52

53

54

55

10

68 0 09

68

69

69

68

70

70

70

10
09.

10

10
09

10
09
10
08.
10
08.
10
08.

10
08.

70 0 7

. 08.

10

08.

10

08.

10

. 08.

10

08.

10

08.

10
08
10

07.

10

07.

10

07.

10

07.

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10
07
10

06.

8
10

06.

8
10

06.

8

10

05.

10

05.

10
05.

10

05.

10

05.

10
05.

10
05
10

04.

8
10

04.

8
10
04.
8

10

04.

10

04.

10
04.

10

04.

10

04.

10
04.

10

04.

10
04

10
04

10 02. 01. 01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10. 10.

03.

10

03.

10
03.

10

03.

10

03.

10
03.

10
03
10

02.

9
10

02.

8
10

02.
5
10

02.
4
10

02. 02. 03. 14. 12. 11. 11. 11. 11. 10. 11. 11. 10.

6
10

02.
5
10

02.
4
10

02. 01. 02. 14. 12. 11. 11. 11. 11. 10. 11. 11. 10.

3

10
02
10

01.
8
10

01.

8
10

04 8 8

02

10

01.

9
10

1

10

02
10

01.

9
10

8
10

01.

5
10

01.

3
10

01.

3
10

3

03

10
03
10

1

10
03

10
03
10

8
10

02.

5
10

02.

3
10

02.

3
10

3

14.

8
10

14.

8
10

8
10

14.

8
10

14.

8
10

8
10

14.

7
10

14.

7
10

14.

7
10

7

12.

4
10

12.

4
10

4
10

12.

4
10

12.

4
10

4
10

12.

2
10

12.

2
10

12.

2
10

2

11.
4
10

11.
4
10

4
10

11.
4
10

11.
4
10

3
10

11.
2
10

11.
2
10

11.
2
10

1

11.

5
10

11.

5
10

5
10

11.

5
10

11.

5
10

5
10

11.

4
10

11.

3
10

11.

3
10

3

11.
5
10

11.
6
10

6
10

11.
6
10

11.
5
10

5
10

11.
4
10

11.
4
10

11.
3
10

3

11.

4
10

11.

4
10

4
10

11.

4
10

11.

4
10

4
10

11.

2
10

11.

2
10

11.

2
10

2

10.

9
10

10.

9
10

9
10

10.

9
10

10.

8
10

7
10

10.

6
10

10.

6
10

10.

6
10

6

11.
2
10

11.
2
10

2
10

11.
2
10

11.
1
10

1

10
11

10
11
10

10.

9
10

9

11.

2
10

11.

2
10

2
10

11.

2
10

11.

2
10

1

10
11

10
11

10
11
10

9

10
8
10
10
9
10
9
10
10
9
10
10
9
10
7
10
10
6
10
10
6
10
10

10

6
1

10 10 10 10 10 10 10 10 10 10 10 10 10 O
06. 04. 10 02. 01. O01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10. 10.



56 13 71 o7 8 7 7 04 7 7 2 2 7 2 2 3 3 1 6 9 9 6
12. 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
10

57 6 70 0 08. 07. 06. 04. 03. 02. 01. 01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10.

28



58 7

59 9

60 8

62 27

26.

63 8

27.

64 2

71

10

10
3

10
08.
70 0 6

10
08.
71 0 6

10
08.

10
08.
89

21
07.
12

0.2
21
71

10
00.

10
00.

99
0 9.8

10
07.
7

10
07.
8

10
07.

10
08.
06
21
05.
37

0.4
13
59

99
7.6
99
7.4

10
06.

10
06.

10
06.

10
07.
04
21
03.
24

0.5
62
16

99
51

99
4.9
99
4.6

10
04.

10
04.

10
04.

10
05.
03

20
99.
05

0.8
78
84

99
2.7
99
2.4

10
03.

10
03.

10
03.

10
04.
32
20
97.
56

98
9.4
98
9

7

10
02.
7

10
02.
7

10
02.
6

10
03.
15
20
95.
12
2

98
7.1
98
6.7

7

2

2

7

2

1

2

3

1

6

9

9

6
1

10 10 10 10 10 10 10 10 10 10 10 10 O

01l. 01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10. 10.

6

1

1

7

2

1

2

3

1

6

9

9

6
1

10 10 10 10 10 10 10 10 10 10 10 10 O

01. 01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10. 10.

6

1

2

7

2

1

3

3

2

6

9

9

5
1

10 10 10 10 10 10 10 10 10 10 10 10 O

01. 01. 02. 14. 12. 11. 11. 11. 11. 10. 10. 10. 10.

6
10
02.
14
5
20
93.
02
3

98
4.6

98
4.4
98
4

1
10
01.
64
5
20
91.
97
9

1.4
37
48

98
3.8

98
3.6
98
3.2

1

10
02.
66
20
94.
09
9

1.3
16
08

98
5.6
98
5.2

7
10
14.
75
5

21
19.
36

0.7
47
84

10
13

10
13
10
12.

2

10
12.
31
21
14.
25
3

0.3
17
40

10
07.

10
07.

10
07.

1

10
11.
28
21
12.
10
2

0.2
15
52

10
05.

10
05.

10
05.

2
10
11.
41
5
21
12.
38

10
05.

10
05.

10
05.

3

10
11.
46
21
12.
47
8

0.1
78

10
05.

10
05.

10
05.

1

10
11.
29
21
12.
12
3

0.1
49
30

10
05.

10
05.

10
05.

5

10
10.
74
21
10.
97

10
04.

10
04.

10
04.

9
10
11.
06
5
21
11.
65

10
04.

10
04.

10
04.

9
10
11.
07
5
21
11.
67
4

0.1
12
79

10
04.

10
04.

10
04.

5

10
10.
74
21
10.
97



29



65

66

67

68

69

70

71

72

73

74

27.

10

99
9.9

99
9.9

99
9.8

9.9

99
9.9

10
00

99
9.9

99
7.4

99
7.4

99
7.4

99
4.7

99
4.7

99
4.6

99
4.7

99
4.8

99
4.9

99
4.7

99
4.5

99
4.3

99

99
2.4

99
2.4

99

98
6.8

98
6.7

98
6.7

98
6.9

98
6.9

7.1

98
6.8

98
6.5

98
4.1

98
4.2

98
4.3

98
3.3

98
3.2

98
4.9

98
4.8

98

12.

10

12.

10

12.

10

10
13

10
13
10

12.

10

12.

10

07.

10

07.

10

07.

10

. 07.

10

07.

10

07.

10

07.

10

07.

10

. 07.

10

07.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

10
05

10
05
10

05.

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

. 04.

10

04.

10

04.

10

04.

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04



6 4 098 7345239 674 335413 4 7 6 4 1 6 8 8 4
10 10 10 10 10 10 10 10 10 10 10
04
26. 10 00. 99 99 99 98 98 98 98 98 12. 07. 05. 05. 05. 05. 04. 04. 04.
75 6 2 01 765 2794724436569 4 7 6 4 2 5 8 7 3

30



76

77

78

79

80

27

27.

26
84

10 99
3 0 99
. 10 99
3 0 938
. 10 99
3 0 99
10 99
3 0 99
10 99
3 0 938
10 99
3.2 9.8
10 89
5 0 5
20
88.
31
3
15
1.3
75
5
0.2
40
83
Al
V_p
ref h Pl

99
7.4

99
7.3

99
7.4

99
7.4

99
7.3
99
7.4
15

20
83.
14

0.4
52
89

P2

99
4.7

99
4.6

99
4.6

99
4.6

99
4.6
99
4.6
89

20
77.
45

99 98
24 9.1

99 98
24 9

99 98
24 9.1

99 98
23 9

99 98
2.4 9.0
36 84

20 20
72. 65.
74 74

0.8 1.0
12 84
41 13

98 098
6.8 4.1

98 98
6.7 3.9

98 98
6.8 4

98 098
6.8 4

98 098
6.7 3.9
98 098
6.8 4.0
15 47

20 20
61. 55.
00 22

1.2 1.4
20 62
73 63

98
3.2

98
3.2

98
3.2
98
3.2
78

20
53.
62

1.5
06
17

98
5.2
98
5.2
73

20

57.
78

1.3
76
37

P9

31

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.
92

21
15.
54

0.7
46

10
07.

10
07.

10
07.

10
07.

10
07.

10
07.
33

21
03.
85

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.
64

21
00.
32

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.
59

21
00.
22

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.
39

20
99.
81

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.
12

20
99.
25

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

47

20

97.

89
8

0.1 0.1

32
89
8

P
16

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

72

20

98.

40
4

20
80
4

)
17

10
04.

10
04.

10
04.

10
04.

10
04.

10
04.
68

20
98.
33

10
04.

10
04.

10
04.

10
04.

10
04.

10
04.
27

20
97.
48

Av



88
ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba ba 54

U._
> 3

cou [ps
nt f] ]

Qoa—o
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 m 66
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15. ph 66

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 saq.
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15. ft 14

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 10 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 16. 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
15. 16. 16. 15. 16. 15. 10 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

15. 16. 16. 15. 16. 15. 10 15. 16. 16. 16. 15. 10 16. 16. 15. 10 16. 15.
9 6.5 09 2 1 9 1 7 168 1 2 2 7 16 2 1 6 16 1 8

32

" o]

5 —TwoT wnwo —h



10

11

12

13

14

15

16

17

18

19

20

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1
0.1

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16
10
16.

10
16.

10

33

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16
10

16.

10
16

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10 Av



21

22

23

24

25

26

9.5
33
33

2.4 31

2.4 30

2.5 31

2.3 30

2.4 31

2.5 31

15.
89

21
21.
74

3.0
72
66

10
14.
03
10
14.
03
10
14.
03
10
14.
03
10
14.
03
10
14.
03

21
22.
37

5

21
22.
16

1.9
23
96

10

. 14,

10

. 14,

10

. 14,

10

. 14,

10

. 14,

10

. 14,

4

. 15.

89

21
21.

73

3.3
85
94

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
3

21
22.
16

3.0
72
66

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
4

21
21.
33

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
1

16.
03

21
22.
02

2.5
50
52

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
4

15.
79

21
21.
53

3.2
81
51

10

14

10
14

10
14

10
14

10
14

10
14

16.
09

21
22.
15

3.2
81
51

10
14.

10
14.

10
14.

10
14.

10
14.

10

14.
2

34

16.
18

21
22.
33

0.2
53
13

10

16

10
16

10
16

10
16

10
16

10
16

21
22.
37

1.7
15
11

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
3

15.
73

21
21.
40

2.4
46

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
8

16.
00

21
21.
97

3.0
712
66

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
1

16.
18

21
22.
33

1.5
06
25

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
2

16.
14

21
22.
26

2.2
37
24

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
1

21
21.
12

3.1
77
09

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
5

. 16

21
21.

96

3.1
77
09

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
9

21
22.
16

3.1
77
09

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
9

21
21.
54

2.3
41
67 Cp

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
6



27

28

29

30

31

32

33

34

35

36

2.4

2.5

2.5

2.5

2.4

2.5

2.6

2.4

2.3

31

31

31

31

31

31

32

31

30

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
16

10
16

10
16

10
16

10
16
10

10
16
10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

. 15.

10

15.

10

15.

10

15.

10

15.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

15.

10

15.

10

10
15
10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
15

10
15

10
15

10
15

10

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14



37
38

24 31 0 3
10

14.
2531 03

24 31 0 10

6 5 3
10 10 10

14. 14. 14.
6 5 3

10 10 10

5 1
10 10

14. 14.
5 1
10 10

5
10

14.
5

10

14

10
14

10

14.

10

35

1 4
10 10

16. 15.
1 4

10 10

8 1
10 10

14. 15.
8 1

10 10

2 1
10 10

15. 15.
2 1

10 10

6 9
10 10

14. 14.

10 10

10
15
10

10
14



39

40

41

42

43

2.4 31

2.5 31

2.4 30.

4 9

45,

32
00

1 69

9 68

1 69

14.

10
14.

10
14.

10
14.
30

21
18.
42

0.5
27
89

10
09.

10
09.

10
09.
01

14.

10
14.

10
14.

10
14.
59

21
19.
02

0.5
32
17

10
08.

10
08.

10
08.
1

14.

10
14.

10
14.

10
14.
46

21
18.
75

0.5
19
33

10
06.

10
06.

10
06.
6

14.

10
14.

10
14.

10
14.

21
18.
41

0.5
40
73

10
05.

10
05.

10
05.
3

14.

10
14.

10
14.

10
14.
48
21
18.
78

0.5
53
57

10
04.

10
04.

10
04.
7

14.

10
14.

10
14.

10
14.

21
17.
99

0.4
63
69

10

01

10
01

10
01

14.

10
14.

10
14.

10
14.
47
21
18.
76

0.4
80
81

10
00.

10
00.

10
00.

14

10
14

10
14

10
14
21
17.
78

0.7
11
92

99
8.4

99
8.3

14.

10
14.

10
14.

10
14.

21
18.
20

0.7
97
52

99
7.2

36

16

10
16

10
16
10
16.
02

21
22.
01

0.8
15
96

10
08.

10
08.

10
08.
7

15.

10
15.

10
15.

10
15.
37
21
20.
64

0.1
78
27

10
14.

10
14.

10
14.
5

14.

10
14.

10
14.

10
14.
82
21
19.
49

0.0
75
56
3

10
13.

10
13.

10
13.
1

15.

10
15.

10
15.

10
15.
09

21
20.
07

0.0
54
16

10
12.

10
12.

10
12.
7

15.

10
15.

10
15.

10
15.
18
21
20.
24

0.0
41
32

10
12.

10
12.

10
12.
4

15.

10
15.

10
15.

10
15.

21
20.
08

0.0
27
15

10
12.

10
12.

10
12.
2

14.

10
14.

10
14.

10
14.
55

21
18.
94

0.0
65
67

10
11.

10
11.

10
11.
5

14.

10
14.

10
14.

10
14.

21
19.
66

0.1
12
75

10
11.

10
11.

10
11.
7

14.

10
14.

10
15
10
14.
93

21
19.
73

0.1
68
39

10
11.

10
11.

10
11.
6

14.

10
14.

10
14.

10
14. Av

0.1
64
11 Cp

10
11.

10
11.

10
11.
1



44

45

46

47

48

49

50

51

52

53

54

12

69

68

68

69

67

67

69

69

69

69

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

00.

10

00.

10
01

10
01

10
01

10
01

10
01
10

01.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

99
8.3

99
8.2

99
8.3

99
8.4

99
8.4

99
8.3

99
8.4

99
8.4

99
8.2

99

99
7.4

99
7.4

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

10
13
10

13.

10

13.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

.12,

10

12.

10

12.

10

12.

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10
11

10
11
10
11

10
11

10
11

10
11

10
11

10
11

10
11

10
11

10



12 68 009 08 6 2 5 7 008 696 5 1 7 4 1 4 6 5 11
55 12. 69 010 10 10 10 10 10 10 99 99 10 10 10 10 10 10 10 10 10 10

37



56

57

58

59

60

11.

96

69

68

68

69

68

68.

45

10
0.3
93

09

10
09
10
09.

10
09.

10
09.

10
09.

10
09.
13
21
07.
61

0.2
14

08

10
08

10
08

10
08
10
08.

10
08.

10
08.
12

21

05.

51

0.4
41
82

06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.
67
21
02.
47

0.6
70
49

05.

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.
34

20
99.
70

0.8
77
33

04.

10

04.

10

04.

10

04.

10

04.

10
05

10

04.

20

98.

36

1.0 15

23
96

00.

10

00.

10

00.

10

00.

10

00.

10

01.

10

00.

91

20

90.

45
4

99
99

00

10
00
10
00.

10
00.

10
00.

10
00.

10
00.
29
20
89.
14

1.7
77
16

99
8.3

99
8.7

99
8.2
35
20
84.
85

2.1
00
96

99
7.3

99
7.7

99
7.2
20
82.
69

38

08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.
67
21
06.
65

0.3
21
38

14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

21
18.
82

0.6
80
56
5

13.

10
13.

10
13.

10
13.

10
13.

10
13.

10
13.
09

21
15.
89

0.5
10
37
5

12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.
70

21
15.
07

0.3
89
93
2

12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.
45
21
14.
54

0.3
27
96
6

12.

10
12.

10
12.

10
12.

10
12.

10
12.

10
12.
17
21
13.
96

0.2
79
09

11.

10
11.

10
11.

10
11.

10
11.

10
11.

10
11.
46
21
12.
47

0.2
42
43
4

11.

10
11.

10
11.

10
11.

10
11.

10
11.

10
11.
68
21
12.
93

0.2
11
01
4

11.

10
11.

10
11.

10
11.

10
11.

10
11.

10
11.
56

21
12.
69

0.1
73
48
5

11

10
11

10
11

10
11
10
11.

10
11.

10
11.
06 Av



61

62

63

64

65

66

67

68

69

70

71

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

99
7.5

99
7.5

99
4.3

99
4.4

99
4.2

99
4.4

99
4.4

99
4.3

99
4.2

99
4.3

99
4.2

99
4.2

99
4.2

98 98
8.9 2.2

98 98
8.6 1.9

98 98
8.8 2.1

98 098
8.8 2.2

98 98
8.5 1.9

98 98
8.6 2

97
9.3

97
8.9

97
9.2

97
9.2

97
8.9

97
8.9

97
8.9

97
8.9

97
4.8

97
4.8

97
4.9

97
4.8

97
4.9

97
2.4

97
2.5

10

99 12.

10

99 12.

10

99 12.

10

99 12.

10

99 12.

10

99 12.

8.9 3
10

99 12.

8.8 3
10

99 12.

8.8 3
10

99 12.

8.8 3
10

99 12.

8.8 3
10

99 12.

8.8 3

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

6

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

3

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

6

10

07.

10
07

10
07

10
07

10
07

10
07

10
07
10

06.

10

06.

10

06.

10

06.

9

10

06.

10
06
10

06.

10

06.

10

06.

10
06

10
06
10

05.

10

05.

10

10
06

10

06.

10

10
06

10
06
10

06.

10
06

10
06
10

05.

10

05.

10

10
06

10

05.

10

. 05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

. 05.

10

05.

7

10
05
10
04

10
05

10
05

10
05
10
04

10
04

10
04

10
04

10
04

10
05



72 26. 10 010 99 99 99 98 98 97 97 97 99 10 10 10 10 10 10 10 10 10

39



73

74

75

76

77

78

79

80

00.

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

9.9

10
00

10
00.
38
20
89.
33
7

99
7.5
20
83.
32
2

4.4

99
4.4

99
4.3

99
4.4

99
4.3

99
4.2

99
3.6

99
4.1
95
20
76.
41
9

1.3

99
1.4

99
0.5

99
1.0
95
20
69.
94
5

98
8.5

20
64.
71
3

98
1.3

98
1.9
65
20
50.
87
7

9.3

97
9.4

97
9.2

97
9.1

97
8.1

97
8.9

20
44,
53
8

97
4.8
35
20
35.
98
5

97
2.4

97
2.4

97
2.0
75
20
30.
22
1

40

8.9

99
8.9

99
8.8

99
8.9

99
8.8

99
8.6

99
8.4

8.3

99
8.4

99
8.7
95
20
86.
02
7

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

10

12.

30
5
21

14.

24
3

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

10

09.

62
21

08.

63
5

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

34

21

05.

97
2

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

59
21

04.

39
5

07

10
07

10
07

10
07
10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

91

21

02.

98
6

10
06

10
06

10
06
10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

94

21

00.

96

. 06

10
06

10
06

10
06
10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

93
21

00.

92
8

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

57
21

00.

17
7

05

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

10

04.

86

20

98.

70
4

Av

psf



cou
nt

(<) 0]

[ps
f]

0.1

0.1

0.1

0.1

0.1
0.1

15
0.8
46

ref

ph

N

0.2 04 06 09 11 16 1.8 2.1 24 0.3

10
74

P1

ba
rl

10
16

10

15.

10

15.

10

15.

10

15.

10

55
43

10

16.

10

16.

10

16.

10

16.

10

98
96

P3

ba
rl

10

. 16.

10

16.

10

16.

10

16.

10

16.

10

27
09

P4

ba
rl

10

15.

10

15.

10

15.

10

15.

10

15.

10

35
17

P5

ba
rl

10

16.

10

16.

10

16.

10

16.

10

16.

10

08
37

P6

ba
rl

10

15.

10

15.

10

15.

10

15.

10

15.

10

72
33

P7

ba
rl

10
16

10

16.

10

16.

10

16.

10

16.

10

72
51

P8

ba
rl

10

15.

10

15.

10

15.

10

15.

10

15.

10

08
33

P9
ba
rl
10
16.
10
16.

10
16.

10
16.

10
16.

10

41

44
45

10

16.

10

16.

10

16.

10

16.

10

0.6 0.5 0.3 0.3 0.2 0.2

89
80
1

10

16.

10

16.

10

16.

10

16.

10

16
01
3

10

15.

10

15.

10

15.

10

15.

10

94
63
1

10
16

10

16.

10
16

10
16
10

16.

10

28
73
8

10

16.

10

16.

10

16.

10

16.

10

76
71
7

10

16.

10

16.

10

16.

10

16.

10

40
49
5

10

15.

10

15.

10

15.

10

15.

10

0.2

08 0.1 0.1

51
1

10
16.

10
16.

10
16.

10
16.

10

73
06

10

16.

10

16.

10

16.

10

16.

10

44
93

10

15.

10

15.

10

15.

10

15.

10

0N T

5 —TwoT o —h



10

11

12

13

14

15

0.2

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

15.

10

10

10

10

15.

09

10

15.

10

10

10

15.

10

15.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

16.

10

16.

10

16.

10

16.

10
16.

10
16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10
15.

10
15.

10

15.

10

15.

10

15.

10

15.

10

16

10

16.

10

16.

10

16.

10
16.

10
16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10
15.

10
15.

10

15.

10

15.

10

15.

10

15.

10

16.

1
10

16.

1
10

16.

1
10

16.

1
10
16.
1

10
16
10

16.

1
10

16.

1
10

16.

1
10

16.

1
10

16.

2
10

16.

2
10

16.

2
10

16.

2
10

16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

2

16.

3
10

16.

3
10

16.

3
10

16.

3
10

3

15.

8
10

15.

8
10

15.

8
10

15.

8
10

8

16.

1
10

16.

1
10

16.

1
10

16.

1
10

1

16.
2
10

16.
2
10

16.
2
10

16.
2
10

2

16.

2
10

16.

2
10

16.

2
10

16.

2
10

2

15.

7
10

15.

7
10

15.

7
10

15.

7
10

7

16.
1
10

16.
1
10

16.
1
10

16.
1
10

1

16.

1
10

16.

1
10

16.

1
10

16.

1
10

1

15
8
10
15
8
10
15
8
10
15
8
10

8
1

10 10 10 10 10 10 10 10 10 O

16. 16. 15. 16. 16. 16. 15. 16. 16. 15.

2
10

16.

2
10

16.

2
10

16.

2
10

16.

2
10

3
10

16.

3
10

16.

3
10

16.

3
10

16.

3
10

8
10

15.

8
10

15.

8
10

15.

8
10

15.

8
10

1

10
16
10

16.

1

10
16

10
16

2
10

16.
2
10

16.
2
10

16.
2
10

16.
2
10

2
10

16.

2
10

16.

2
10

16.

2
10

16.

2
10

7
10

15.

7
10

15.

7
10

15.

7
10

15.

7
10

1
10

16.
1
10

16.
1
10

16.
1
10

16.
1
10

1
10

16.

1
10

16.

1
10

16.

1
10

16.

1
10

8
10
15
8
10
15
é
10
15
8
10
15
8
10



16
17

0.1

0.1

7

7

15.

09
10

0 15.

16.
2
10

16.

16. 15.
1 9
10 10

16. 15.

16. 15.

10 10

16. 15.

16. 15.

10 10

16. 15.

16.

10

16.

42

16. 16.
2 3
10 10

16. 16.

15.

10

15.

10
16
10

16. 16.
2 2
10 10

16. 16.

15.

10

15.

16.

10

16.

10

. 16.

15

10
15



18

19

20

21

22
23

0.1 6

0.1 6

0.1 7

0.1

05 6.6

9.6
80
00

2.4 30

2.2 30
2.2 29

9
10
15.

10
15.

10
15.

10
15.
92

21
21.
80

2.2
82

10
14.

10
14.
03

0 10

2
10

16.

10

16.

10

16.

10

16.

21

22.

37

2.6
79
81

10

14.

10

14.

10

1
10
16.

10
16.

10
16.

10
16.

21
22.
16

1.7
84
72

10
14.

10
14.

10

9
10
15.

10
15.

10
15.

10
15.
89

21
21.
74
1

3.0
77
63

10
14.

10
14.

10

1
10
16.

10
16.

10
16.

10
16.

21
22.
16
9

2.8
78
72

10
14.

10
14.

10

7
10
15.

10
15.

10
15.

10
15.

21
21.
33

1.1
88

10
14

10
14

10

1
10
16.

10
16.

10
16.

10
16.
09
21
22.
14

10
14.

10
14.

10

8
10
15.

10
15.

10
15.

10
15.

21
21.
54

2.9
78
18

10
14.

10
14.

10

1
10
16.

10
16.

10
16.

10
16.
09

21

22.
15

3.0
77
63

10
14.

10
14.

10

43

2
10
16.

10
16.

10
16.

10
16.

21
22.
37

0.2
04
36

10
15.

10
15.

10

3
10
16.

10
16.

10
16.

10
16.
29

21
22.
57

0.3
03
81

10
15.

10
15.

10

8
10
15.

10
15.

10
15.

10
15.

21
21.
54

0.9
89
09

10
15

10
15
10

10
16

10
16
10
16.
05

21
22.
07

1.8
84
18

10
15.

10
15.

10

2
10
16.

10
16.

10
16.

10
16.

21
22.
37

0.9
89
09

10
15.

10
15.

10

2
10
16.

10
16.

10
16.

10
16.
19
21
22.
35
7

1.1
88

10
15.

10
15.

10

7
10
15.

10
15.

10
15.

10
15.

21
21.
33

0.9
89
09

10
14.

10
14.

10

1

10
16
10
16.

10
16.

10
16.
09

21
22.
15
9

1.0
88
54

10
15

10
15
10

1
10
16.

10
16.

10
16.

10
16.

21
22.
16

2.9
78
18

10
15

10
15
10

8
10
15.

10
15.

10
15.

10
15. Av

2.1
82
54 Cp

10
14.

10
14.

10



24

25

26

27

28

29

30

31

32

2.3

2.3

2.4

2.5

2.3

2.4

2.3

2.3

2.4

30

30

31

31

30

30

30

30

31

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

02

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

. 10

14

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

4

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
14
10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

. 15.

10

15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

. 10

15

15

10

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14



33

34

10

14.

24 31 0 3
10

2.3 30 0 14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10
14
10

14

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

44

10

15.

10

15.

10

15.

10

15.

10
15
10

15

10

15.

10

15.

15.

10

15.

10

15.

10

15.

14.

10

14.

10
15
10

15

10
15
10

15

10
14

10
14



35

36

37

38

39

40

2.4

2.4

2.4

2.4

2.3

2.3

31

30

30

30

30

30

44,

29
33

2

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
24
21
18.
28

0.6
47

5
10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
54

21
18.
92

0.6
38

4
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

40

21

18.

62
9

0.6 0.6

34

2
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

21

18.

20
1

92

4

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

21
18.
61

0.6
87

10
14

10
14

10
14

10
14

10
14

10
14

10
14
21
17.
78

0.6
12

5
10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
41

21
18.
65

0.5
89

1

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

21
17.
99

0.6
92

1

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
09

21

17.
98

0.9
63

45

8
10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
79
21
21.
52

0.5
99
21

6
10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
67
21
21.
27

0.4
12
18

10
15.

10
15

10
15

10
15

10
15

10
15
10
15.
00

21
19.
88

0.2
02
88

2
10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

21
20.
28

0.1
09
36

3
10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

20.

49
8

0.1 0.0

09
36

2
10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

19
21

20.

26
8

11
39

6
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

61
21

19.

05

0.0 0.0

59

10
15

10
15

10
15

10
15

10
15

10
15

10
15
21

19.

87
2

68

10
15

10
15

10
15

10
15

10
15

10
15
10
14.
99

21
19.
86

0.1
62

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.
59 Av



41

42

43

44

45

46

47

48

49

50

68

10
06.

69 01

69

68

69

10
06.
02
10

06.
03
10

06.
03

10

06.

68 0 2

10
06

69 0 3

68

68

69

70

10
06.
01
10

05.
08
10
05.
09
10

05.
07

77

10

06.

4

10

06.

10

06.

10

06.

10

06.

10

06.

6

10

06.

10
06
10

06.

2
10

05.

9

32

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10
06
10

06.

2
10

05.

8

21

10
06.

10
06.

10

06.

10

06.

10
06.

10
06.

10
06.
4
10

06.

1
10
06.
1
10

05.

8

76

10
06.

10
06.

10

06.

10

06.

10
06.

10
06.

10
06.

10

06.

6
10
06.
4
10

06.

1

05

10
06.

10
06.

10

06.

10

06.

10
06.

10
06.

10
06.

10

10
06
10

05.

9

79 21 85 3

10 10 10 10

06. 05. 04. 12. 13. 12. 12. 11. 11. 10. 10. 10. 09.

4

10

06. 05. 10 12. 13. 12. 12. 11. 11. 10. 10. 10. 09.

5
10

06.

6
10

06.

5
10

06. 05. 04. 12. 13. 12. 12. 11. 11. 10. 10. 10. 09.

4

7

10

9

10
06

10
06
10

8

8 2

3

3 3

86 76 28 72

10 10 10 10 10 10 10 10 10

9

5 2

9 4

7

7

3

5
1

10 10 10 10 10 10 10 10 10 O

05 4
10

10 12.

05 4
10

10 12.

05 5
10 10

8 3

8
10

13.

8
10

13.

8
10

8

5 1
10 10

12. 12.

5 1
10 10

12. 12.

5 1
10 10

5 2

8 5
10 10

11. 11.

9 4
10 10

11. 11.

8 4
10 10

8 4

6
10

10.

6
10

10.

6
10

6

7
10

10.

7
10

10.

7
10

7

3
10

10.

4
10

10.

3
10

3

5
10
09
5
10
09

10

5
1

10 10 10 10 10 10 10 10 10 10 10 10 O

06. 05. 04. 12. 13. 12. 12. 11. 11. 10. 10. 10. 09.

06. 06. 10 13. 13. 12. 12. 11. 11. 10. 10. 10. 09.

8 4

6

7

3

5
1

10 10 10 10 10 10 10 10 10 O

04. 11. 13. 12. 12. 11. 11. 10. 10. 10. 09.

10 10 10 10 10

7 4
10 10

9 5

4 8 9 2 8 5 1

10 10

5 2 051 5 3 1

10 10 10 10 10 10
. 06. 05. 04. 11. 10 12. 12. 11. 11.

3 7 7 7 14 6 2

10 10 10 10 10 10 10 10 10
06. 05.

2 6 7 8 8 5 1

7 4

6

6

5

10 10 10

10. 10. 10.

6

7

3

10 10 10

4

5

10 10 10 10

1

10 05. 04. 11. 13. 12. 10 11. 11. 10. 10. 10

06

3

5 7

8

4 12

7 3

4

4

10

7
10
09
5
10
3

10
09

2



12. 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
09
51 6 70 0 05. 05. 05. 05. 06. 05. 06 05. 04. 11. 13. 12. 12 11. 11. 10. 10. 10

46



52

53

54

55

56

57

58

59

60

12.

63

71 0 5

10

05.

10
05.

72 0 3

10
05

72 0 3

72 0

72 0

72 0

73 0

72 0

72 0

70.
25 0

10
05.

10
05.

10
05.

10
05.

10
05.
10
05

10

05.

67
21

10

05.

10

05.

10

05.

6
10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

92

21

00.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

90

21

00.

10

05.

7
10
05.
8
10
05.
5
10
05.
4
10

05.

3
10

05.

6
10

04.

8
10

04.

7
10

05.

3
10

05.

85
5
21

10

06.

1
10
06.
1
10
05.
8
10
05.
7
10

05.

7

10
06
10

04.

7
10

04.

8
10

05.

8

10

06.

16
21

9
10

05.

9
10
05.
8
10
05.
5
10
05.
4
10

05.

4
10

05.

6
10

04.

6
10

04.

4
10

05.

4

10

05.

83
21

4
10

5
10

10 05. 04.

06

4
10

7
10

7
10

11. 13.

8
10

8
10

8
10

4
10

12.

4
10

10
12
10

7
10

11. 11.

6
10

3
10

2
10

4 4 2
10 10 10 10

09
10. 10. 09. .
3 4 9 1
10 10 10

10 05. 04. 11. 13. 12. 11. 11. 11. 10. 10. 09. 10

06

3

5

8

7

3

9

6

1

3 3 9 09

10 10 10 10 10 10 10 10 10 10 10 10
05. 05. 04. 11. 13. 12. 11. 11. 11. 10. 10. 09. 10

6

2

4

6

7

3

9

5

1

2 3 8 09

10 10 10 10 10 10 10 10 10 10 10 10
05. 04. 04. 11. 13. 12. 11. 11. 11. 10. 10. 09. 10

5
10

05.

5
10

05.

7
10

04.

9
10

05.

1
10

05.

5

10

05.

98
21

9
10

04.

8
10

04.

9
10

04.

5
10

04.

4
10

04.

9
10

05.

38
5
20

2
10
03.
9
10
03.
9
10
03.
9
10
03.
7

10
04
10
04.
50
5
20

5
10

11.

5
10

11.

4
10

11.

6
10

11.

5
10

11.

6
10

11.

91
5
21

7
10

13.

7
10

13.

7
10

13.

8
10

13.

8
10

13.

7

10

13.

77
21

3
10

12.

3
10

12.

3
10

12.

3
10

12.

3
10

12.

2
10

12.

39
5
21

9
10

11.

8
10

11.

8
10

11.

8
10

11.

8
10

11.

8
10

11.

99
5
21

5
10

11.

5
10

11.

4
10

11.

5
10

11.

5
10

11.

4

10

11.

66
21

1

10
11

10
11

10
11

10
11

10
11
10

11.

24
5
21

2 2 8 09
10 10 10

10. 10. 09. 10
2 2 8 09
10 10 10 10

10. 10. 09. 08.

2 2 8 9
10 10 10 10

10. 10. 09. 08.

2 2 7 9
10 10 10 10

10. 10. 09. 08.

1 2 8 9
10 10 10 10

10. 10. 09. 08.

1 2 8 9
10 10
10. 10 10. 10

39 10. 05 009.

5 45 5 23
21 21 21 21

Av
g

00. 01. 00. O1. 99. 97. 13. 17. 14. 13. 12. 12. 10. 10. 09. 07. psf

47



61

62

63

64

65

66

67

68

26.

28.

4

10
3.0
33

10

10
5

0.7
23
09

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

0.7
29

10
00
10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

10
00.

0.7 0.6
09 94
03 15

99 99
7 2.4

99 99
7 24

99 99
6.9 2.3

99 99

99 99
6.8 2.2

0.6
75
96

98
7.9

98
7.9

98
8.1

98
7.9

98
7.9
98

72

0.6
50
33

98
2.8
98

0.6
90
02

97
51

97
5.4

97
5.5

97
5.4

97
5.8

97
5.4

97
5.3
97

7.7 2.7 5.3

79

0.7
55
34

96
7.4

96
7.3
96
7.4

0.9
50
46

96
0.8

96
0.6

96
0.9

96
0.4

96
0.1
96
0.4

48

42 30 43

8

0.2
84
80

97
9.5

97
9.8

97
9.9

97
9.3

97
9.4

97
9.2
97

3

0.5

76 0.4

66
9

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10
14.

10

9.4 14.

1

20
4

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

0.3
04
64

10
09.

10
09.

10
10
10
09.

10
10

10
10
10
09.

10
09.

0.2
32
71

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

10
08.

0.1
64
08

10
07.

10
07.

10
07.

10
07.

10
07.

10
07.

10
07.

10
07.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

0.0

15

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

10
06.

0.0
32

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.

10
05.

10
04.

10
04.

10
04.

10
04.

10
04.

10
04.

10
04.

10
04.



69

70

71

72

73

74

75

76

77

78

26.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

10

00.

99
2.4

99

97
6.1

97
5.8

97
5.6

97
5.4

96
8.5

96
8.4

7.7

96
7.7

96
1.5

96
0.5

96
0.8

97
9.9

97
9.7

97
9.6

97
9.5

98
0.2

97
9.2

97
9.6

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10

11.

10
10

10
10

10
10

10
10

10
10

10
10

10
10

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10

05.

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04

10
04



9 3 03 2 7 248 31578214026 8 10 9 9 8 5 9 8
10 10 10 10 10 10 10 10 10 10
04
26. 10 00. 00. 99 99 98 98 97 96 96 97 14. 11. 10 08. 07. 06. 06. 05. .
79 5 2 05 4 7428 8334598111976 9 10 9 9 7 5 8 7

49



80

cou
nt

26.
94

[ps
f]

0.1

0.1

15
0.5
53

ret

ph
]

10
00.

10
00.
37

20
89.
32

0.2
18
09

P1

ba
] r]

10
15.

10
15.
0 9

99
9.9
10
00.
26

20
89.
09

0.2
49
48

P2

ba
r]

10
16.

10
16.
2

99
7.0
85
20
82.
45

0.4
84
73

P3

ba
rl

10
16.

10
16.
1

99
2.5
05

20
72.
89

0.8
28
88

P4

ba
r]

10
15.

10
15.
9

98
8.0

20
63.
58

1.1
89
31

P5

ba
r]

10
16.

10
16.
1

98
3.4

98
3.0
95
20
53.
23

1.5
35
78

P6

ba
r]

10
15.

10
15.
6

97
6.1

97
5.6

20
37.
68
7

2.1
43
09

P7

ba
rl

10
16

10
16

96
8.4

96
7.8

20
21.
33

P8

ba
r]

10
15.

10
15.
8

96 97
1.4 9.7

96 97
0.8 9.6

20 20

06. 45.
69 96

3.3 1.8
01 38
11 85

P9 10

ba ba
rlrl

10 16.
16 1

10 16.
16 1

50

10
14.

10
14.
59

21
19.
02

10
11.

10
11.
84
21
13.
27

10
10.

10
09.
99
21
09.
40

. 10

16

. 10

16

10
09

10
08.
86
21
07.
04

1

10
08
10
07.
86

21
04.
97

10
06.

10
06.
66
21
02.
45

6

10
06.

10
06.

21
01.
91

. 10

16

. 10

16

10
05.

10
05.
74
21
00.
53

0.1
81
48

1

10
04.

10
04.
60

20
98.
16

Cp

n T

—h



10

11

12

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.1

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10
16
10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

. 15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

. 15.

10

15.

10
16

10
16

10
16

10
16

10
16

10
16

10
16
10

10
16

10

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10
16

10
16

10
16

10
16

10
16
10

10
16

10
16
10

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10
16

10
16

10
16
10

10
16
10

10
16

10
16

10
16

10

10

16.

10

16.

10

16.

10

. 16.

10

16.

10

. 16.

10

16.

10

16.

10

16.

10

16.

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15



1.7 09 2 1 8 16 6 16 8 16 1 2 8 16 2 2 6 16 2 8
10 10 10 10 10 10 10 10 10 10 10 10 10 10

15
15. 16. 16. 15. 10 15. 10 15. 10 16. 16. 15. 10 16. 16. 15. 10 16.

13 01 7 09 2 1 8 16 6 16 8 16 1 2 8 16 2 2 6 16 1 8

51



14

15

16

17

18

19

20

0.1

0.1

0.1

0.1

0.1

0.1

0.1

6.9

10.
12

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

75
1

2.7 2.8

79

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

19
21

22.

35
7

78

10
16
10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

09
21

22.

14

1.9 3.3

83

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

88
21

21.

70
9

76

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
09
21
22.
14

3.0
77

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.
62

21
21.
17

2.6
79

10
16

10
16
10
16.

10
16

10
16
10
16.

10
16
10
16.
01

21
21.
99

2.6
79

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

79

21

21.

53
2

3.0 43 1.7 1.5

10

16.

10
16

10
16
10

16.

10

16.

10

16.

10
16

10

16.

03
21

22.

02
3

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

16
9

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

21

22.

37
8

77 70 84 85

52

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

21
21.
54

0.9
89

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

21
21.
96

2.9
78

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

18
21

22.

33
6

1.3 2.3

86

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

10

16.

13
21

22.

23
2

81

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

21

21.

12

29 2.5

78

10

16.

10
16

10
16

10
16

10
16

10
16
10

16.

10

16.

02
21

22.

00
2

80

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.

10
16.
12

21
22.
22

2.4
80

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10
15.

10

15. Av

8 ¢

21

21.

54

2 psf
FP

2.1
82 Cp



21

22

23

24

25

26

27

28

29

2.3

2.4

2.5

2.3

2.3

2.4

2.2

2.4

2.5

30

31

31

30

30

31

30

31

31

27

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

01

72

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

63

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
14
10

10
14

10
14

10
14

10
14

10
14

10
14

10
14
10

63

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

81

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

13.

10

81

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

63

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14
10

13.

10

54

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

10
14

72

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

82

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

09

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

18

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

91

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

45

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

15.

10

18

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

36

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

91

10
15

10
15

10
15
10

10
15

10
15

10
15

10
15
10

14.

10

54

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14



14
10 14. 14. 13. 14. 13. 14. 13. 10 15. 15. 15. 15. 15. 15. 14. 10 14. .
30 2330 014 3 1 9 1 8 1 9 14 2 9 2 3 4 2 6 15 9 5
31 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
14

24 31 0 14 14. 14. 14 14. 13. 14. 14 14. 15. 15. 15. 15. 15. 15. 14. 15 15

53



32

33

34

35

36

37

38

39

40

2.5
2.4
2.4
2.4
2.4
2.3
2.4
2.6
2.3

2.3
85

32

30

31

31

31

30

31

32

30

30.

7

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

09
21

17.

3
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

33
21

18.

2
10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

10

14.

20

21

18.

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14

10
14
21

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

3

10

14.

21
21

8
10

13.

9
10

13.

9
10

13.

8
10

13.

8
10

13.

9
10

13.

9
10

13.

8
10

13.

8
10

13.

9

10

13.

86
21

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

2
10

14.

1
10

14.

2
10

14.

19
5
21

10
14

10
14

10
14

10
14

10
14

10
14
10

13.

9
10

13.

9
10

14.

1
10

13.

98
5
21

1

10
14
10
14.
1

10
14
10
14.
1
10
14.
1
10
14.
1

10
14

10
14
10
14.
1

10
14.
07
21

2
10

15.

2
10

15.

3
10

15.

2
10

15.

3
10

15.

2
10

15.

3
10

15.

2
10

15.

2
10

15.

3
10

15.

22
5
21

9
10

15.

9
10

15.

9
10

15.

9
10

15.

9
10

15.

9
10

15.

8
10

15.

9
10

15.

9
10

15.

8
10

15.

87
5
21

3
10

15.

3
10

15.

2
10

15.

3
10

15.

2
10

15.

3
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

22
5
21

3
10

15.

3
10

15.

3
10

15.

3
10

15.

3
10

15.

3
10

15.

3
10

15.

3
10

15.

4
10

15.

3
10

15.

30
5
21

4
10

15.

4
10

15.

4
10

15.

4
10

15.

3
10

15.

4
10

15.

3
10

15.

4
10

15.

4
10

15.

4

10

15.

38
21

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

2
10

15.

3
10

15.

3
10

15.

3

10

15.

22
21

7
10

14.

7
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

6
10

14.

7
10

14.

7
10

14.

6
10

14.

64
5
21

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15
21

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15

10
15
10

14.

98
5
21

6
10

14.

6
10

14.

6
10

14.

5
10

14.

6
10

14.

6
10

14.

6
10

14.

5
10

14.

6
10

14.

5

10

14.

56
21

Av
g

17. 18. 17. 18. 17. 17. 20. 21. 20. 20. 20. 20. 19. 19. 19. 18. psf

54



41

42

43

44

45

46

47

48

11.

11.

97
1
45.
02
66

0.7 0.7

51

10
06.
67 0 4
10
06.
68 0 5

10
06.
68 0 5

10
06.
67 0 4

10

06.
68 05

10

06.
67 06
10
06.
68 0 8
10

68 0 06.

47
2

99
56

10

06.

10

06.

10

06.

8

10

06.

10

06.

10

10
07
10

06.

21
1

0.7 0.8

82
05

10

06.

10

06.

10

06.

10

06.

10

06.

10

. 06.

10

06.

10

06.

78
3

38
97

10

06.

10
06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

0.8
25
83

10
06.

10
06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

0.7
07
61

10
06.

10
06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

19 75 92 34 69 34 50 66 33 13 87 84 95

0.1 0.6 0.4 0.2 0.1 0.0
0.7 0.7 09 11 01 08 16 94 54 0.0 0.0 0.1 0.2
55 64 52 16 55 90 24 35 24 11 50 51 25
78 53 81 5 7 3 9 6 4 43 84 54 98 Cp

10 10 10 10 10 10 10 10 10 10 10 10
06. 06. 06. 11. 14. 12. 12. 10 11. 10. 10. 10. 09.
5 2 2 6 2 8 3 12 4 o6 5 1 3
10 10 10 10 10 10 10 10 10 10 10 10 10
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.
6 3 4 5 2 8 3 9 4 6 5 1 3
1
10 10 10 10 10 10 10 10 10 10 10 10 O
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.
5 2 3 6 2 8 3 9 4 5 5 1 2
1
10 10 10 10 10 10 10 10 10 10 10 10 O
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.
31 1 4 2 8 3 9 4 5 5 1 2
1
10 10 10 10 10 10 10 10 10 10 10 10 O
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.
6 3 3 6 2 8 3 9 4 6 5 1 3
10 10 10 10 10 10 10 10 10 10 10 10
09
06. 06. 06. 11. 14. 12. 12. 10 11. 10. 10. 10. .
7 4 4 7 2 8 3 12 4 6 6 2 3
10 10 10 10 10 10 10 10 10 10 10 10 10
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.
7 4 4 7 1 7 3 9 4 5 5 1 2
10 10 10 10 10 10 10 10 10 10 10 10 10
09
06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10.



55



49

50

51

52

53

54

55

56

57

58

10
06

68 0 6

67

68

10
06.
05
10

06.
05

10

06.

68 0 6

10
06

67 0 2

69

68

68

67

68

10
06.

10

06.

10
06.

10

06.

10

06.
04

10

06.

8

10

06.

10

06.

10

06.

10

06.

6

10

06.

10

06.

10

06.

10

06.

10

7

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

06.

10

7

10
06.

10
06.

10

06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

10

10
06.

10
06.

10

06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

10

06.

10
06.

10
06.

10

06.

10
06.

10
06.

10
06.

10

06.

10
06.

10

06.

10

6

4

4

7

2

7

3

9

4

5

5

1

2
1

10 10 10 10 10 10 10 10 10 10 10 10 O

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

5

3

3

6

2

7

3

9

4

5

5

1

2
1

10 10 10 10 10 10 10 10 10 10 10 10 O

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

4

1

2

10 10 10

06. 06. 06.

6

2

3

10 10 10

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

6

3

3

5
10

11. 14.

6
10

7

2
10

2
10

1

8

3

9

4

10 10 10 10

12. 12. 11. 11.

7

3

9

4

10 10 10 10

7

2

9

4

6
10

10.
5
10

5

5
10

10.

5
10

5

1

10
10
10

1

2
10
09

10

2
1

10 10 10 10 10 10 10 10 10 10 10 10 O

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

4

1

2

5

2

8

3

9

4

5

5

1

2
1

10 10 10 10 10 10 10 10 10 10 10 10 O

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

4

1

1

10 10 10

06. 06. 06.

4

1

1

10 10 10

06. 06. 06. 11. 14. 12. 12. 11. 11. 10. 10. 10. 09.

5
10

06.
3
10

. 06.

5

2

10
06
10

06.

2

2
10

06.
1
10

06.
3

2
10

11. 14.

6
10

6
10

11.
4
10

11.
7

2
10

2

10

2
10

14.

2
10

14.

1

8
10

12.
8
10

7
10

12.
8
10

12.
7

3

9

4

10 10 10

12. 11. 11.

3

9

4

10 10 10

3

9
10

11.

9
10

11.

8

4

5
10

5
10

1

10. 10. 10

5

4

10

10 10 10

5
10

10.
5
10

10.
5

5
10

10.

5
10

10.

4

1

10
10

10
10

2
10
09
2

10
2

10
09
2

10
09

1



10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

09

12. 06. 06. 06. 06. 06. 10 06. 10 O6. 11. 14. 12. 12. 11. 11. 10. 10. 10 .

59 2 69 04 6 6 3 5 06 3 061 5 2 7 2 8 3 5 4 10 1

56



60

61

62

63

64

65

11.

75

27.

27.

8

69

67.

85

99.

51
33

10

10
4

10
06.

10
06.
21

02.
07

0.7
07
44

99

99

99

99
0 3.4

10
06.

10
06.
77

21
02.
69

0.7
07
44

99
4.2

99
4.1

99
4.1

99
4.3
99
3.8

10
06.

10
06.
68
21
02.
49

0.6
98
55

99
3.9

99
4.1

99
4.2
99
3.8

10
06.

10
06.
50

21
02.
12

0.7
04
77

99
3.7

99
4.2
99
3.8

10
06.

10
06.
71
21
02.
55

0.7
02
99

99
3.8

99
4.3

99
4.3

99
4.4
99
4.2

10
06.

10
06.
24
21
01.
57

0.7
00
33

99
3.8

99
3.9
99
3.7

10
06.

10
06.
49

21
02.
10

0.7
24
31

10
06.

10
06.

21
01.
49

0.7
41
19

99
2.8
99
2.7

10
06.

10
06.
24

21
01.
58

99
2.5
99
2.6

57

10
11.

10
11.
56
21
12.
68

10
05.

10
05.

10
05.

10
05.

10
05.

10
14.

10
14.
18

21
18.
16

0.6
18
89

10

11.

10
11.

10
11.

10
11.

10
11.

10
12.

10
12.
75

21
15.
18

0.4
41
21

10
08.

10
08.

10
08.

10
08.

10
08.

10
12.

10
12.
28
21
14.
19

0.3
03
52

10

07.

10
07.

10
07.

10
07.

10
07.

10
11.

10
11.
89

21
13.
38

0.2
17
35

10
06.

10
06.

10
06.

10
06.

10
06

10
11.

10
11.
38

21
12.
32

10
05

10
05

10
05

10
05
10
05

10
10.

10
10.
52

21
10.
52

0.0
62

10
03.

10
03.

10
03.

10
03.

10
03.

10
10.

10
10.
48

21
10.
44

0.0
15

10
03
10
03.

10
03.

10
03
10
02.

10
10
10
10.
07

21
09.
58

0.1
06
01

10
02

10
02

10
02
10
01.

10
01.

10
09.

10
09.
20 Av

21
07.
76

0.2
00
18 Cp

10
00.

10
00.

10
00.

10
00.

10
00.



66

67

68

69

70

71

72

73

74

75

26.

10

99
4.1

99

99
3.9

99
4.1

99
4.4

99
3.9

99
4.2

99
3.9

99
4.1

99
4.3

99

99

99
3.7

99
3.8

99
4.1

99
3.9

99
4.3

99

99
4.4

99
4.1

99
3.9

99
4.4

99
4.5

99
3.4

99
3.6

3.7

99
3.6

99
4.1

99

99
3.4

99
3.9

99
2.4

99
2.4

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

10

. 11.

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

10

08.

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10

07.

10
06

10
06

10
06
10

10
06
10

06.

10

06.

10

06.

10

06.

10

. 04.

10

04.

10

04.

10

04.

10

. 04.

10

04.

10

10
05
10

05.

10

05.

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

10

03.

02.

10

02.

10

02.

10

10
03
10

02.

10

02.

10

03.

10

03.

10

03.

01.

10

01.

10

01.

10

. 01.

10

01.

10

10
02
10

02.

10

01.

10

02.

10
00

10
00

10
00

10
00

10
00

10
00

10
00

10
00

10
00

10
00



9 3 037 414141434 393 276 5 8 3 2 1 7 1 1 5
10 10 10 10 10 10 10 10 10 10
00
26. 10 99 99 99 99 99 99 99 99 99 05. 11. 08. 07. 06. 05. 03. 03. 02. .
76 6 2 042 4545 44 4843 42313 5 5 9 4 3 1 8 2 2 5

58



77

78

79

80

27.

26.

27.

27.

27.

19

10

10

10

10

=W

99

4.2

99

4.1

99

3.9

99

3.9

99

3.8

05
20

75.

5

99

4.5

99

4.4

99

4.3

99

4.3

99

4.1

35
20

99

75
20
76

76. .

29
4

16
9

99

4.2

99

4.3

99

99

4.1

99

99

4.4

4.3

99

4.2

99

3.9

99

99

3.7

99

3.8

3.6

75
20

. 75.

99 99

26 4

99 99

99 99

2.8 8

35 9

20

73. 85
37 8

10

04.

20

99.

54

0.1 0.6 0.4

10

11.

12.

46
8

10

10
07

08. .

10
07

10
07

10
07

10
07

24

21
03

10

06.

0.2 0.1 0.0

10

05.

10

10
03

03. .

10
03

. 10

03

. 10

03

. 10

03

10

02.

10

02
10

01.

10

00.



0. 0. 0.
0.7 0.7 7 0.6 0.6 0.6 0.7 0.7 8 56 25 48 3 18
11 09 02 97 92 91 30 87 28 97 53 86 12 42
78 09 56 57 57 42 21 05 92 8 7 7 14 8
2D Airfoil Calculations
%ofChord
UpperSurface
P1
P1 P2 P3 P4 P5 P6 P7 P8 PO P10 1 P12 P13

59

0.
30 64 0 0.1 0.2
86 03 13 02 01
2 5 16 65 74 Cp

LowerSurface
P1

P14 P15 P16 P17 8 P19



4

AOA

0

AOA

4

AOA

O

30

68

30

68

30
68

0.8 0.7 06 05 04

m
0.42
401
T
0.28
283
T
0.28
432
T
0.13
207
T
0.97
862
T
0.42
829
T
0.16
304
T
0.20
811
T
2.60
748
T
0.18
493

m

T 0.43
0.51 039
894 7
T T
0.33 0.29
235
T T
0.36 0.41
839 375
T T
0.39 0.44
119 192
T T
1.41 1.08
831
T T
0.49 0.44
567 177
T T
0.44 0.61
368 172
T T
0.36 0.64
961
T T
2.51 1.65
255 815
T T
0.43 0.90
214

T T

634

854

228

T
0.61
387
T
0.44
037
T
0.49
893
T
0.52
973
T
1.52
824
T
0.51
812
T
0.68
21
T
0.71
835
T
2.79
735
T
1.02

T

T
0.80
374
"
0.44
938
i
0.54
981
T
0.58
553
T
2.51
755
T
0.50
465
T
0.77
359
T
0.81
86
T
2.70
242
T
1.04

953 461 166

m

0.3
0.71
519
9

m
0.44
938
m
0.55
203
m
0.59
411
m
141
831
m
0.61
245
m
0.86
069
T
0.90
091
T
1.08
854
m
1.03
74

m

0.2
0.71
519
9

.
0.44
488
m
0.56
973
m
0.60
465
T
1.19
847
T
0.76
066
T
0.98
385
T
1.03
003
T
1.84
801
T
1.27
609

T

0.1
0.05
066
2

i
0.17
481
m
0.25
224
m
0.27
1

T
1.63
816
T
0.60
795
T
0.80
79
T
0.84
474
T
2.79
735
T
1.38
691

T

0.27
081
0.23
449

0.24
177

T
1.96
793
T
0.23
516
T
0.43
312
T
0.45
504

2.70
242
T
1.24
199

T

60

1.37
973

0.60
389

0.63
826

0.61
444

0.12
061l

0.88
771

0.95
777

0.96
528

0.24
053
0.79
114

0.74

0.07
5

m
0.32
907
T
0.76
896
T
0.80
314
T
0.89
733
T
1.85
801
T
0.46
423
T
0.23
254
T
0.24
751
T
1.46
828
0.21
146
8

0.31

0.1
T
0.61
387
®
0.66
093
i
0.64
716
m
0.74
045
m
1.63
816
m
0.34
745
m
0.16
216
m
0.17
807
m
1.37
334
0.14
753
3

0.21

0.2
m
0.89
868
m
0.71
495
m
0.13
277
m
0.25
539
m
2.95
724
m
0.25
762
m
0.05
747
T
0.06
378
T
2.70
242
0.08
786
1

0.18

0.3 0.4
T T
0.70 0.89
881 868
T T
0.11 0.15
629 68
T T
0.16 0.12
485 503
T T
0.19 0.14
685 261
T T
1.19 1.41
847 831
T T
0.16 0.16
779 33
™ 0.00
0.01 147
524 6
T T
0.01 0.00
931 097
T T
0.89 2.03
868 788
0.10 0.06
064 228
8 7

0.17 0.14

0.5
m
0.89
868
m
0.17
03
m
0.09
073
m
0.10
203
m
1.96
793
m
0.16
33
0.01
555
2
0.01
463
2

T
2.41
762
0.06
228
7

0.14

0.6
T
0.80
374
"
0.10
279
i
0.05
644
m
0.06
534
m
1.30
839
m
0.16
33
0.02
698
9
0.02
711
5

m
2.79
735
0.06
228
7

0.12

0.7 0.8
™ T
0.890.13
868 921
™ T
0.08 0.04
028 427
T0.01
0.01 546
772 4
T 0.00
0.03 684
413 9
™ T
1.300.31
839 908
™ T
0.14 0.10
982 042
0.03 0.06
930 129
5 9
0.03 0.05
803 949
7 2
™ T
2.70 2.03
242 788
0.04 0.02
523 392
7 6

0.110.11



8

AOA

12

AOA

16

AOA

30

68

30

68

30

0.22
171

0.24
083

3.07
266

0.52
789

0.21
49

0.21
074

2.28

0.64

768

0.72
309

0.21
809

2.77
927

0.75

0.41
359

0.45
289

2.86
381

0.53
217

0.44
182

0.45
543

2.67
981

0.63
877

0.72
97

0.24
948

2.87
872

0.79

0.56
216
T
0.65
06
T
1.92
396
T
0.51
933
T
0.67
049
T
0.69
896
T
1.78
472
m
0.63
432
m
0.70
903
T
0.48
473
T
1.98
363
T
0.78

0.87
884
T
0.81
241
T
3.38
594
T
0.54
073
T
0.87
733
T
0.92
709
T
3.07
763
T
0.69
221
T
0.69
415
T
0.82
888
T
3.37
6

T
0.83

1.03
336
m
1.08
413
m
3.07
266
m
0.55
357
m
1.02
396
m
1.13
517
m
2.87
872
m
0.68
776
m
0.67
596
i
1.18
931
m
3.07
763
m
0.82

1.14
967

1.22
073

1.29
74

0.46
369

1.59
999

1.60
837

1.18

0.61

205

0.65
033

1.53
578

2.67
981

0.70

1.38
654

1.46
263

2.55
052

0.48
081

1.77
716

1.87
233

1.18

0.58

979

0.69
002

2.14
309

2.67
981

0.75

1.43
748

1.50
617

3.28
151

0.71
192

2.10
096

2.17
251

2.97
818

0.69
221

0.75
534

2.73
45

3.07
763

0.76

1.31
608

1.37
637

3.28
151

0.79
752

2.33
399

2.40
833

3.07
763

0.96
385

0.95
046

3.30
111

4.37
054

0.95

61

784

0.74
619

0.25
313
0.81
596

0.32
138

0.34
445
0.20
436

0.59
921

0.28
480

1.83
885

1.78
472
0.11
116

740 552
3 3
0.31 0.21
079 432
3 7
T T
1.71 2.44
511 61
0.17 0.07
827 556
8 3
0.68 0.51
056 037
5 5
0.68 0.51
980 601
1 3
0.30 T
381 0.98
9 909

0.41 0.20
218 288
0.57
666 0.42
9 04
0.86 0.68
551 530
8 4
T T
1.58 0.98
582 909
0.60 0.40
155 890

750

0.18
772

3.07
266
0.05
416

0.38
993

0.39
463

1.88
418
0.10
936

0.30
464

0.51
865

2.97
818
0.21
624

816

0.16
474

1.50
625
0.04
132

0.32
796

0.32
873

0.98
909
0.10
936

0.23
271

0.42
331

1.38
691
0.19
435

930
1
0.14
418
5

T
2.23
724
T
0.02
715

0.27
909
0.27
671
7

T
1.18
8
0.01
139
3
0.16
408
7
0.34
619
2

T
2.38
145
0.05
424

081
1
0.13
289
8

m
3.17
709
m
0.06
567
0.24
243
4
0.24
049
5

T
0.98
909
m
0.05
986
0.10
620
9
0.29
154
6

T
2.97
818
T
0.01

807

0.12
080

3.17
709

0.11
275
0.21
101

0.20
851

1.08
854

0.06
876
0.04
915

0.24
038
2.58
036

0.05

279 364
4 3
0.11 0.10
072 532
6 5
™ T
3.17 2.34
709 167
™ T
0.16 0.16
839 411
0.170.14
348 555
5 6

0.170.14
306 493
™ T
2.97 2.18
818 254
™ T
0.16 0.21
228 572
™ T
0.030.11
27 29
0.11
0.18 985
148 9
™ T
2.48 2.18
091 254
™ T
0.150.22



14 956 205 897 583 761 578 453 281 5 7 3 9 6 4 143 084 154 598
0.16 0.61 0.44 0.30 0.21 0.12 0.06

0.70 0.70 0.69 0.70 0.70 0.70 0.72 0.74 0.78 849 889 121 352 735 673 277 0.01 0.100.20

68 744 744 855 477 299 033 431 119 65 1 2 9 3 1 8 6 54 601 018
0.15 0.62 0.44 0.21 0.13 0.06

10 0.71 0.70 0.70 0.69 0.69 0.69 0.73 0.78 0.82 697 553 886 0.31 842 086 403 0.01 0.100.20

2 178 909 256 757 257 142 021 705 892 8 7 7 214 8 2 5 316 265 174

ForV=6
MPH
%ofChord

Airf UpperSurface LowerSurface

o

il
Stat

i P1 P1 P1 P1 P1 P1 P1 P1 P1 P1
on P1 P2 P3 P4 P5 P6 P7 P8 P9 O 1 2 3 4 5 6 7 8 9
%of
Cho

r 0.0 0.0

d 08 0.7 0605 0403 0201 75 0 75 0.1 0.203 04 05 0.6 0.7 0.8
Dist

a

nce

fro

m 0.2 0.2

LE 2.4 1.7 1.0 0.3 62 62 0.3 1.0 1.7 2.4

(in) 2.8 5 2.1 5 1.4 5 0.7 5 5 0 5 5 07 5 14 5 21 5 28

0.4 0.7 0.7 0.0 1.3 O

0.4 05 30 0.6 0.8 15 15 50 79 0.3 0.6 0.8 0.7 0.8 0.8 0.8 0.8 0.1
24 18 39 13 03 19 19 66 73 29 13 98 08 98 98 03 98 39

4 01 94 7 87 74 9 9 2 1 5 07 87 68 81 68 68 74 68 21

0.1

AngleofAttack(deg)

09 14 10 15 25 14 11 16 19 20 18 16 29 11 14 19 13 1.3 0.3
78 18 88 28 17 18 98 38 67 61 58 38 57 98 18 67 08 08 19
0 62 31 54 24 55 31 47 16 093 3 01 16 24 47 31 93 39 39 08



62



AngleofAttack(deg)

12

16

4

26 25 1.6
07 12 58
48 55 15
T T T
3.0 2.8 1.9
72 63 23
66 81 96

T 2.6 1.7
22 79 84
82 81 72
T T T
2.7 2.8 1.9
79 78 83
27 72 63

2T1
372 4T3
0.0 0.0 0.0

47 04 09
14 42 17

7 7 4
0.1 0.1 0.1

19 25 30
84 34 83
7 3 9

0.2 0.2 0.2
56 08 22
00 53 77

2 5 5

0.2 0.2 0.2

2.7 2.7
97 02
35 42

3.3 3.0
85 72
94 66

3.0 2.8

77 78
63 72

3.3 77
76 63

574

6T5 7T6 8T7 9T8

0.0 0.0

70 04
88 42

1 7
0.2 0.1

02 96
28 79
9 3

0.2 0.1
74 89
98 54

8 8

0.3 0.2

1.0 1.8
88 48
54 01

1.2 25
97 50

11 1.1
88 88

2.6 2.6
79 79
81 81

™ T

0.0 0.0
71 38
52 29
0.1 0.1

30 41
83 83
9 1

0.1 0.2
46 32
82 26

8 8

0.1 0.2

2.7
97
35

3.2
81
51

2.9
78
18

3.0
77
63

m

0.0
13
13

0.0

45
07
6

0.0
68
74

7

0.0

2.7
02
42

3.2
81
51
m
3.0
77
63

4.3

70
54

10T

0.0
89
24

0.0

69
27
0.0
92
32

0.1

40
53

0.2
53
13

0.2
04
36

1.7
84
72

1.4
68
28

1.7
15
11

0.3
03
81

1.5
85
82

uppe 10'T|

0.0
76
13

1.1

62
13
1.6
92
01

2.0

11

0.0
39

0.0
65
15

0.0
46
04

m

1.3
73
34
m
2.4
46
1
m
0.9
89
09
m
0.9
89
09

2.7
02
42
m
3.0
72
66
T
1.8
84
18
m
2.9
78
18

11T 127

12
m

0.0
11
79

m

0.0
43
7

m
0.0
35
52

m

13
m

0.0
75
63

T

0.2
29
77

0.2
03
79

m

0.8
98
68
m
1.5
06
25
m
0.9
89
09
m
1.3
86
91

2.0
37
88

2.2
37
24

T
1.1
88

2.3
81
45

2.4
17
62
T
3.1
77
09
m
0.9
89
09
m
2.9
78
18

13T 14T 15T

14
m

0.0
80
37

m

0.2
07
79

15
m

0.0
80
37

m

0.1
30
84

m
0.1
46
83

T

16
m

0.0
89
87

0.2
22
77

T

2.7
97
35
m
3.1
77
09
m
1.0
88
54
i
2.5
80
36

2.7
02
42
T
3.1
77
09
m
2.9
78
18
m
2.4
80
91

16T 17T

17
m

0.0
85
12

m

0.1
63
82

m
0.2
60
75

m

18
m

0.0
85
12

0.2
74
99

T

2.0
37
88

2.3
41
67

2.1
82
54

2.1
82
54

18T |

19

0.0 5
51 20
89 77

0.0 2
81 22
37 59

0.2 6
37 07
01 76

™ T

total

A O (e}
ocPoaococ®PCdooun®3

25
4

0

0.4
44
64

2.3

72

3.2
99
77

m






3 8 5 3 6 2 8 9 4 81 02 94 95 17 72 71 71 94
0.2 0.2 0.2 0.2 0.2 0.2 0.0 0.11.7 0.0
48 23 43 97 03 0.1 08 75 07 26 19 0.0 0.1 0.1 0.1 0.1 0.1 0.20.2
09 22 11 81 33 18 30 69 74 14 05 08 43 43 08 08 03 03 58
12 1 7 8 8 6 8 9 8 8 3 7 57 66 66 85 85 88 34 04
0.2 0.2 0.3 0.2 0.2 0.2 0.0 0.22.2
0.2 43 67 22 87 67 87 93 30 84 0.1 0.0 0.1 0.2 0.1 0.2 0.2 0.20.2
82 11 98 68 87 98 87 10 82 33 26 32 98 18 88 67 77 53 33
16 9 8 1 1 2 1 2 2 2 1 4 19 36 25 42 98 93 06 17
ForV=
30MPH
%ofChord
UpperSurface LowerSurface
Airfo
il
Stati P1 P1 P1 P1 P1 P1 P1 Pl P1 Pl
on P1 P2 P3 P4 P5 P6 P7 P8 P9 O 1 2 3 4 5 6 7 8 9
%of
Chor 0.0 0.0
d 08 0.7 0605 0403 0201 750 75 0.1 0.2 0.3 04 05 0.6 0.7 0.8
Dista
nce
from 0.2 0.2
LE 2.4 1.7 1.0 0.3 62 62 0.3 1.0 1.7 2.4
(in) 28 5 21 5 14 5 07 5 50 5 5 07 5 14 521 5 2.8
- 0.6
£ 0.2 0.3 0.2 04 04 04 04 0.1 0.2 03 0.7 0.6 0.7 01(15 05(15 07(1) OO% 088 042
82 32 96 40 49 49 44 74 70 89 68 60 14 59 8 3 79 28 27
4 83 35 34 37 38 38 83 81 81 7 96 93 95
. 08 0.1 0.1 0.1 0.1 0.1 0.1
g 04 04 04 05 05 06 0.7 0.6 0.2 87 04 03 0.2 67 63 63 63 49 00
28 95 41 18 04 12 60 07 35 71 64 47 57 79 3 3 3 82 42
0 29 67 77 12 65 45 66 95 16 3 23 45 62

64

95

1.7
95
76

PC

1 68
0.6
66 2.7
34 85

5 94

0.44.0
88 80
57 09



AngleofAttack(deg)

T T T T

0.1 04 09 1.0
84 32 09 24

4 93 14 53 61

0.5
27
8 89

0.5
32
17

0.5 0.5
19 40
33 73

0.6
47
12 68

0.6
38
77

0.6 0.6
34 92
32 21

0.7
51
16 4

0.7
99
56

0.7 0.8
82 38
05 97

372 4T3

2T1 5T4

0.0 0.0 0.0 0.0

30 31 36 44
75 43 83 48
T4 9 4 6 8

0.0 0.0 0.0 0.0
46 46 47 51
19 87 99 13
0 8 2 5 9
0.0 0.0 0.0 0.1
30 67 96 03

85 08 70 31
4 4 3 7 3

T T T 7T
10 1.0 1.2 1.3
41 37 76 86
66 4 09 091

0.5
53
57

0.4
63
69

0.4
80
81

0.7
11
92

0.6
87
76

0.6
12
05

0.5
89
79

0.6
92
21

0.8
25
83

0.7
07
61

0.7
55
78

0.7
64
53

6T57T6 8T7 9T8

0.0 00 00 T
44 44 30 0.0
93 71 98 01

8 3 4 2
0.0 0.0 0.0 0.0
55 68 68 10
85 65 43 53

5 5 1 9
0.1 0.1 0.0
03 15 0.1 32
95 67 33 86
3 4 15 1

™ 0.7
1.2 91

41
99
m
0.7
97
52
T
0.9
63
85
m
0.9
52
81

10T

0.0
32

0.0
24
47

0.0
16

90
7

14

0.8
15
96

0.5
99
21

0.1
11
16

5

C

0.2
11
46

0.1
78
27

0.4
12
18

0.6
01
55

uppe 10T

r

0.2
30
14

0.3
71
21

0.7
00

50
1

11
m
0.0
06
19
0.0
15
88
0.0
37

59
8

0.1 0.0
47 87
53 86
3 1
0.0 0.0
75 54
56 16
3 4
0.1

0.2 09
02 36
88 3
0.4 0.2
08 16
90 24
3 9

11T 127
12 13
™ T

0.0

17
87

0.0
68
79

0.0
10
15

0.0
30
25

0.0
04 0.0

48 11
8 77

0.1
00
64

8

0.0
41
32

4

0.1
09
36

3

0.1
94
35

6

0.0
62
28

7
m

0.0
27
15

0.0
11
39

3

0.0
54
24

4

0.0
62
28

7
m

0.0
65
67

T

0.0
59
86

m

0.0
11
43

13T 14T 15T

14

m

0.0
41
56

0.0
21
27

0.0
09

42
5

15

m

0.0
13
65

0.0
16
55

0.0
08

14
7

16

m

0.0
16
36

0.0
16
33

0.0
06

22
9

0.0
62
28

7
m

0.1
12
75

m

0.0
68
76

m

0.0
50
84

0.0
45
23

0.1
68
39

0.1
62
28

0.1
51
54

16T 17T

17

m

0.0
13
65

m
0.0
16
33
0.0

06
22
9

18

m

0.0
09
15

0.0
15
66

0.0
05

37
6

0.0
23
92

0.1
64
11

0.2
15
72

0.2
25
98

18T |

19

0.0
06 9
23 4

0.0
12
51

0.0

03
45

93
22

0.4
23
61

0.4
94
38

0.6
07
78






12

16

ForV=
68MP

Airfo
il
Stati
on
%of
Chor

Dista
nce
from
LE

(in)

AngleofAttack(deg)
N

00 57

3 5
0.0 0.0
64 63
32 65

2 5
0.0 0.0
77 79
54 08

8 1

Pl P2

00 71 86 22 63 86 00 19 28 17 48 77 70 04 08 14 16
3 5 3 5 7 8 69 7 4 3 6 4 9 64 92 06 62

0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0

66 68 0.0 60 0.0 20 13 8 37 07 15 10 06 0.0 0.0 0.0 0.0

32 99 64 09 64 70 67 85 92 68 61 93 03 02 06 11 18
6 8 99 2 1 1 4 9 7 8 2 6 8 42 43 55 9

0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0

81 0.0 76 0.0 76 21 31 99 26 12 31 0.0 0.0 02 0.0 0.00.0

05 83 67 73 01 46 56 80 72 63 25 20 12 14 03 10 18
1 24 2 17 6 7 2 6 7 1 8 53 43 1 11 12 88

%ofChord
UpperSurface LowerSurface

P1 P1 P1 P1 P1 P1 P1 P1 P1 P1
P3 P4 P5 P6 P7 P8 P9 O 1 2 3 4 5 6 7 8 9

0.8 0.7

2.4
2.8 5

0.2 0.3
84 68
32 39

0.1 0.4
63 43

0.0 0.0
0.6 05 0403 0201 75 0 7501 0.2 03 04 05 0.6 0.7 0.8

0.2 0.2
1.7 1.0 0.3 62 62 0.3 1.0 1.7 2.4

21 5 14 5 0.7 5 5 0 5 507 5 14 5 21 5 2.8
0.2 0.6 0.0
0.4 04 05 05 05 0.2 34 38 08 0.6 0.1 0.1 0.1 0.0 0.0 0.0 15
13 98 49 52 69 52 49 26 03 47 32 64 25 90 56 17 46
75 93 81 03 73 24 6 6 14 16 77 85 03 73 44 72 4
0.9 0.0 0.0 0.0 0.0 0.0
0.6 0.6 0.7 0.8 0.9 08 04 57 0.2 0.1 0.0 0.0 01 15 26 39 61
11 82 73 60 83 07 33 77 32 62 57 15 47 55 98 30 29

66

0.0
73
60

7

Co

= O

25 0.4
75 47
4 96

0.6
73 0.5
41 26
3 2



AngleofAttack(deg)

12

16

T4

4

04 68 72 1

0.2 04 05 0.8
21 13 62 78
71 59 16 84

0.2 04 0.6 0.8
14 41 70 77
9 82 49 33

0.7 0.7 0.7 0.6
23 29 09 94
09 7 03 15

0.7 0.7 0.6 0.7
07 07 98 04
44 44 55 77

2T1
3T24T3 5T4

0.0 0.0 0.0 0.0

32 39 45 52
63 10 63 43
6 7 4 7

0.0 0.0 0.0
30 0.0 64 72
33 52 69 78

6 77 1 4

0.0 0.0

31 48 0.0 0.0

76 78 72 95
5 7 05 61

50 69 8 9 12 2 54 16 47 24 6

T T T T™ T 07 03 0.2 0.1 01 0.1
10 11 13 14 1.3 47 17 15 87 78 49
33 49 86 37 16 84 40 52 50 16 30
36 67 54 48 08 7 3 3 6 7 1

10 1.5 1.7 2.1 2.3 03 80 10 89 27 0.2
23 99 77 00 33 21 56 37 93 96 79
96 99 16 96 99 38 5 5 2 6 09

0.6 0.6 0.6 0.7 0.9 84 76 0.4 04 32 64
75 50 90 55 50 80 66 20 64 71 08
96 33 02 34 46 2 9 4 6 2 7

0.7 0.7 0.7 0.7 0.7 68 18 41 03 17 26
02 00 24 41 86 49 89 21 52 35 73
99 33 31 19 5 1 2 9 3 1 8

2
0.1
40
81

0.2
42
43

0.1
06
20

0.0
62
77

6

10T uppe 10T 11T 12T 13T 14T 15T

6T57T6 8T79T8 9 . 11 12 13 14 15
0.0 00 0000 mT™O02 T T ™ T

55 56 41 00 0.0 89 0.0 0.0 T 0.0 0.0
09 08 09 22 32 58 06 18 0.0 14 14
2 8 8 2 73 5 18 13 39 88 49

00 00 0000 m™O0O4 OO0 T T T T
81 92 89 15 0.0 79 27 0.0 0.0 0.0 0.0
71 22 58 51 19 94 19 04 10 03 00

4 7 8 3 67 8 6 93 98 64 69

0.1 0.1 0.1 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
09 26 41 34 21 81 39 06 20 18 16
15 81 20 41 30 10 94 66 15 28 37

1 1 1 9 9 4 7 2 1 4 3

16

T

0.0
10
79

0.0
00
85

0.0
14
50

6

9
0.1
28
07

0.2
11
01

4

0.0
49
15

0.0
15

N

o w©® AN wr©
RaANNOTUVIOWRNMNONRU

o O.
[l )]

16T 17T

17

m

0.0
07
36

0.0
02
12

7

0.0
13
44

4

18

T

0.0
03
71

0.0
03
31

0.0
12
04

3

9

©
=

0.0
00
11

0.0
05
03

0.0
11
32

2

lowe

o =
oCPhprr,C3

18
28

52
73
2

74 0.4
93 04
5 24

98 0.4
22 61
8 67

33 0.5
83 28
6 37






32 55
83 61
6 5
0.0

0.0 71

72 93

12 64 7

16

ForV=
102
MPH

Airfo
il
Stati
on

0.0 0.0

70 70
74 29

Pl P2

77 95

39 06
1 5

0.0 0.0
70 68
15 50

9 6

0.0 0.0
70 70
16 38

6 8

31
19

68
85

0.0
66
31

0.0
67
01

0.0 0.0

70 71

16 23

6 2

UpperSurface

P3 P4

P5 P6

93
90

0.0
72
26

0.0
73
27

P7

55
43

99
57

09
88

0.0
21
32

0.0
24
96

0.5
35
12

0.0 0.0 0.

19 23 38

09 17 54

6 5 2

0.5

%ofChord

Pl
P8 P9 O

13
47

0.0

32
30

0.0

29
52
7

Pl

1

14
88

0.0
12
46

0.0
13
25

45 35 30 26
01 89 35 07

5 5 3 6
0.0 0.0 0.0
36 26 0.0 13
25 86 19 51

2 8 84 5
0.0 0.0 0.0 0.0
37 26 17 09
23 04 20 47

7 4 4 6

LowerSurface

Pl P1 Pl P1
3 4 5 6

22
67

19
22

15
95

0.0
07
76

0.0
00
82

0.0
07
28
0.0

02 0.0
36 06
9 07

0.0
15
31

Pl P1 P1
7 8 9

%of
Chor

Dista
nce
from
LE

(in)

)(deg

4
0

0.8 0.7

2.4
28 5
0.1 0.3

32 91
07 19

0.6 0.5

1.7
21 5
0.4 0.5

41 29
92 73

0.4 0.3

14 5

0.5 0.5

85 94
53 11

0.2

0.7

0.6

04
65

0.0

01 75 0

0.2
0.3 62
5 50
0.2 0.6
41 14

0.2 77 44
71 1 7
0.9

68

0.0

75

0.2
62

5

0.8

97
33

0.7

40
45

0.2 0.3 0.4 05

1.0
0.7 5

1.7
14 5

0.2 0.1 01 0.1

55 96 42 02
39 85 61 03
0.0

0.6 0.7 0.8

2.4
21 5 2.8
0.0

0.0 0.0 06

65 34 84
34 13 9
0.0 0.0 0.0

23 330.6

54

0.
42
55

0.
13
72

PC

42 86
5 5 34
1 0.6
77 0.3
68 92
5 157
1

0.6 0.4
52 24
8 27 81



AngleofAttack(deg)

12

16

T4

0.2 0.3 0.6 0.7
08 69 42 18
11 61 28 35
T 7™ T T
0.2 04 0.6 0.8
40 52 50 12
83 89 6 41
T 7™ T T
0.2 04 0.6 0.9
10 55 98 27
74 43 96 09
T T T T
0.2 0.2 0.4 0.8
18 49 84 28
09 48 73 88
T T T 7
0.7 0.7 0.7 0.6
11 09 02 97
78 09 56 57

2T1
3T24T3 5T4

0.0 0.0 0.0 0.0

26 41 48 55
16 65 58 76
3 6 2 3

0.0 0.0 0.0 0.0
28 50 68 76
88 59 03 84

6 4 1 7

0.0 0.0
34 55

0.0 0.0
73 94

0.8
18

1.0
84
13

1.1
35
17

1.1
89
31

0.6
92
57

6T57T6 8T7 9T8

0.0

58
98

0.0
85
97

0.1
15

0.9
00
91

1.2
20
73

1.6
08
37

1.5
35
78

0.6
91
42

0.0

59
93
8

1.0
30
03

1.4
62
63

1.8
72
33

2.1
43
09

0.7

30
21

0.0

43
78

0.8
44
74

1.5
06
17

2.1
72
51

2.7
34

0.7
87
05

0.0

00
36
5

0.0
16
24

7

0.0
36

0.4
55
04
T
1.3
76
37

2.4
08
33

3.3
01
11
T
0.8
28
92

10T

0.0
32
11

m
0.0
19
13

0.0
23

65
28

0.7
46
19

m
0.3
44
45
i
1.8
38
85
0.1
56
97
8

0.2
47
51

0.3
10
79

0.6
89
80

0.8
65
51

0.6
25
53

uppe 10T

0.3

03
12

0.4
97
73

0.7
15

11

m

0.0
10
61

0.0
26
91

0.0
39

0.1
78
07

0.2
14
32

0.5
16
01

0.6
85
30

0.4
48
86

7

0.0
63
78

0.1
87
72

0.3
94
63

0.5
18
65

0.3
12
14

11T 127

12

m

0.0
20
47

0.0
05
32

0.0
06

13

m

0.0
49
79

0.0
12
09

0.0
20

0.0
19
31

0.1
64
74

0.3
28
73

0.4
23
31

0.2
18
42

8

0.0
00
97

0.1
44
18

0.2
76
71

0.3
46
19

0.1
30
86

2

14
63

0.1
32
89

0.2
40
49

0.2
91
54

0.0
64
03

5

13T 14T 15T

14

m

0.0
22
61

m
0.0
04
15

0.0
17

15

m

0.0
16
97

m
0.0
01
01

0.0
15

16

m

0.0
12
23

0.0
00
68

3

0.0
13

27
11
5
0.1
20
80
4
0.2
08
51
1
0.2
40
38
9
m
0.0
13
16

0.1
81
48
m
0.1
02
65

16T 17T

17

m

0.0
08
37

0.0
02
08

0.0
12

18

m

0.0
04
97

0.0
03
25

0.0
11

59
49

0.1
05
32

0.1
44
93

0.1
19
85

0.2
01
74

18T

19

0.0
01
36

0.0
04
87

0.0
10

lowe

©3

TN

N B

©»r

N -

H U1 O

Cr

I
0 ¢

0.4
50
52

0.4
82
49

0.5






6 4 7 3 8 2 1 2 7 4 2 3 6 4 5 7 3 2 406
0.0 0.0 0.1 0.1 0.1 0.2 0.1 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 1.1
33 00 81 03 37 74 02 0.0 03 49 12 15 45 36 30 25 0.0 19 0.0 23 720.7
30 57 30 11 17 03 24 57 22 38 95 07 53 16 27 86 22 07 15 28 67 26
8 8 72 3 3 7 5 226 9 6 1 3 2 8 3 1 45 9 9 6 2 1
0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.2
23 36 65 00 36 83 43 75 92 1.0 0.0 19 60 47 38 31 26 21 15 23 820.8
37 71 68 90 25 94 87 44 74 58 36 38 19 09 47 88 59 09 06 30 25 35
12 9 1 1 9 5 3 9 5 8 95 5 5 8 9 5 7 7 3 7 1 165
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
71 70 70 69 0.0 71 75 0.0 25 0.5 29 0.0 0.0 26 17 09 02 0.0 0.0 16 580.4
04 58 00 50 69 08 86 20 19 42 34 13 38 52 46 74 54 05 15 09 77 26
16 3 2 6 7 2 2 3 2 8 68 4 43 05 8 5 5 4 79 22 6 6 58
0.2755
8 0.397 2.378 0.292 58
V=6MPH 0.3645
12 0.526 2.378 0.292 78
C q c(ft) L'(Ibf) 0.4669
. 0.0181 16 0.673 2.378 0.292 7
g 4 0.597 0.104 0.292 3
£ g 0.0018
- 0 0.060 0.104 0.292 4
0.0025
4 0.084 0.104 0.292 6
0.0012
8 0.042 0.104 0.292 69
0.0202
12 0.666 0.104 0.292 45
0.0148
16 0.489 0.104 0.292 44
V=30MPH
. 0.0254
2 4 0.037 2.378 0.292 38
28 0.1720
- 0 0.248 2.378 0.292 02
0.5500
4 0.793 2.378 0.292 49



kAngleofAttac

(deg)

DynamicPressur
e

6MPH 30MPH 68MPH 102MPH
4 0.11 2.32 9.44 26.76

0 0.10 2.33 11.87 26.77

0.11 2.45 12.30 27.27
0.10 244 11.97 27.04
0.11 2.35 12.63 26.95
0.11 2.39 11.76 27.19

Av
0.10 2.38 11.66 26.99 ¢



linch= 0.083333
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Appendix C

3D Wing Data

0.175

0.498

0.834

1.133

0.678

0.652

0.156

0.513

0.864

1.173

1.282

0.659

11.660
0.292
11.660
0.292
11.660
0.292
11.660
0.292
11.660
0.292
11.660
0.292

26.995
0.292
26.995
0.292
26.995
0.292
26.995
0.292
26.995
0.292
26.995
0.292

0.59492
4
1.69439
2
2.83573
8
3.85459
1

2.30468
2.21826
2

1.22612
4

4.03888
6.79986
7
9.23299
1
10.0957
6
5.18685
3



Alph

q Vref a NF/SF  AF/AF2 PM/YM
[mph [deg

[psf] ] ] [Ibf] [Ibf] [in 1bf]

0.1 6 4 0.03 0.01 0.01

0.1 5 4 0.02 0 0.02

Mc/4

[in Ibf]
0.052
0.021

71



0.1 5 4 0.04 0.02 0.01 0.073
0.1 7 4 0.05 0.01 0.01 0.114
0.1 5 4 0 0 0.01 0.010
0.1 6 4 0.05 0.02 0.01 0.094
0.1 6 4 0.03 0 0.01 0.052
0.1 6 4 0.02 0.01 0.02 0.021
0.1 6 4 0.02 0 0.02 0.021
0.1 5 4 0.03 0 0.05 0.012
0.1 6 4 0 0 0.04 0.010
0.1 6 4 0.05 0 0.01 0.094
0.1 5 4 0.04 0 0.01 0.073
0.1 6 4 0.03 0 0.03 0.032
0.1 6 4 0.02 0 0 0.041
0.1 6 4 0.03 0 0.02 0.082
0.1 5 4 0.03 0.01 0.03 0.032
0.1 6 4 0.03 0.01 0.02 0.042
0.1 5 4 0.04 0.01 0.03 0.053
0.1 6 4 0.03 0 0 0.062
0.047639
0.1 5.7 4 0.0295 0.003 0.015 Avg.
2.3 30 4 0.13 0.02 0.07 0.199
2.4 31 4 0.08 0.02 0.06 0.106
2.3 30 4 0 0.01 0.08 0.080
2.3 30 4 0.02 0.02 0.01 0.051
2.5 31 4 0.12 0.03 0.08 0.169
2.3 30 4 0.08 0.04 0.06 0.106
2.4 31 4 0.04 0.05 0.01 0.093
2.4 31 4 0.04 0.04 0.02 0.063
2.5 31 4 0.11 0.03 0.05 0.178
2.4 31 4 0.07 0.03 0.02 0.125
2.5 31 4 0.14 0.03 0.06 0.230
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2.4 31 4 0.11 0.02 0.04 0.188
2.5 31 4 0.12 0.02 0.06 0.189
2.3 30 4 0.1 0.02 0.05 0.157
2.5 31 4 0.05 0.03 0.03 0.134
2.5 31 4 0.05 0.03 0.02 0.124
2.5 31 4 0.08 0.03 0.07 0.096
2.5 31 4 0.14 0.03 0.08 0.210
2.4 30 4 0.11 0.02 0.03 0.198
2.4 31 4 0.04 0.02 001 0.093

0.13941

2.415  30.7 4 0.0815 0.027 0.0295 Avg.
12.1 69 4 039 0.14 0.05 0.758
12.2 69 4 046 0.17 0.17 0.783
12.1 69 4 0.35 0.13 0.02 0.080
12.1 69 4 039 0.14 0.04 0.768
11.9 68 4 022 016 0.12 0576
12.1 69 4 051 0.15 0.16 0.897
11.9 68 4 0.41 0.1 0.01 0.840
12.1 69 4 033 0.14 0.05 0.734
12 69 4 047 012 0.12 0.854
12 69 4 04 013 0.03 0.799
12.1 69 4 043 016 0.11 0.781
12.3 69 4 042 0.17 0.11 0.760
11.9 68 4 039 0.09 0.05 0.758
12.2 69 4 049 0.08 0.13 0.886
12 69 4 051 0.13 0.15 0.907
11.9 68 4 05 012 0.17 0.866
12.1 69 4 0.43  0.11 0.1 0.791
11.9 68 4 035 0.15 0.03 0.695
12.2 69 4 0.44  0.13 0.1 0.812
11.9 68 4 036 011 0.06 0.686
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0.75164

12.05 68.7 4 0.4125 0.1315 0.072 Avg.
26.9 103 4 1 0.14 0.13 1.943
26.8 102 4 0.91 0.46 0.22 1.666
27.5 104 4 1.04 0.08 0.28 0.080
26.9 103 4 0.85 0.54 0.23 1.532
26.8 102 4 1.06 0.13 0.29 1.907
26.7 102 4 1.02 0.14 0.19 1.924
26.3 101 4 1.05 0.21 0.32 1.856
27.3 103 4 1.05 0.25 0.32 1.856
26.2 101 4 0.97 0.27 0.26 1.750
26.3 101 4 0.95 0.39 0.22 1.749
27.2 103 4 0.95 0.51 0.3 1.669
26.1 101 4 1.02 0.25 0.26 1.854
26.7 102 4 0.99 0.25 0.31 1.742
26.5 102 4 1.04 0.31 0.27 1.885
26.9 103 4 0.93 0.28 0.34 1.587
26.3 101 4 1.02 0.28 0.32 1.794
26.3 101 4 1.03 0.21 0.33 1.805
26.9 103 4 0.99 0.29 0.33 1.722
26.9 103 4 0.97 0.42 0.21 1.800
27.3 103 4 0.95 0.37 0.2 1.769

1.69447

26.74 102.2 4 0.9895 0.289 0.2665 Avg.

q V_ref  Alpha NF/SF AF/AF2 PM/YM Mc/4

[psf] [mph] [deg] [Ibf] [Ibf] [in Ibf]  [in Ibf]
0.1 6 0 0 0.03 0.01 0.010
0.1 5 0 0.01 0 0.01 0.011
0.1 6 0 0.01 0.01 0.02 0.080
0.1 7 0 0.01 0.01 0.02 0.041
0.1 6 0 0.02 0.01 0.01 0.031
0.1 6 0 0 0.01 0.01 0.010

74



0.1 6 0 0.03 0.01 0 0.062
0.1 6 0 0.03 0.01 0.01 0.052
0.1 7 0 0.02 0.01 0.01 0.031
0.1 7 0 0.01 0.01 0.02 0.001
0.1 6 0 0 0.01 0.03 0.030
0.1 7 0 0.02 0.02 0 0.041
0.1 6 0 0 0.01 0 0.000
0.1 7 0 0.02 0 0.01 0.051
0.1 6 0 0.01 0.01 0.02 0.041
0.1 7 0 0.01 0.01 0.01 0.011
0.1 6 0 0.01 0.02 0.03 0.051
0.1 7 0 0.01 0 0 0.021
0.1 6 0 0.01 0.01 0.01 0.011
0.1 6 0 0 0 0.03  0.030
0.01543 Avg
0.1 6.3 0 0.0065 0.007 0.006 5.
2.4 31 0 0.23 0.04 0.3 0.177
2.3 30 0 0.2 0.02 0.22 0.195
2.3 30 0 0.19 0.02 0.18 0.080
2.3 30 0 0.24 0.01 0.28 0.217
2.3 30 0 0.23 0.04 0.26  0.217
2.3 30 0 0.23 0.03 0.26 0.217
2.4 30 0 0.2 0.04 0.21 0.205
2.3 30 0 0.2 0.05 0.2 0.215
2.3 30 0 0.22 0.04 0.24 0.216
2.4 30 0 0.25 0.03 0.28 0.238
2.3 30 0 0.27 0.01 0.29 0.270
2.4 31 0 0.21 0.03 0.2 0.235
2.3 30 0 0.19 0.03 0.2 0.194
2.4 31 0 0.23 0.04 0.24 0.237
2.4 31 0 0.28 0.04 0.28 0.300
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2.3 30 0 0.27 0.02 0.25 0.310
2.3 30 0 0.22 0.01 0.22 0.236
2.4 30 0 0.24 0.03 0.26 0.237
2.5 31 0 0.27 0.05 0.26 0.300
2.3 30 0 0.22 0.01 0.19 0.266
2.345 30.25 0 0.2295 0.0295 0.241 0.22795
11.8 68 0 1.14 0.16 1.28 1.083
12 69 0 1.11 0.13 1.31 0.990
12.1 69 0 1.22 0.11 1.24 0.080
12.1 69 0 1.16 0.14 1.32 1.084
11.8 68 0 1.12 0.12 1.23 1.091
12.2 69 0 1.15 0.12 1.2 1.183
12 69 0 1.14 0.13 1.27 1.093
11.9 68 0 1.16 0.12 1.18 1.224
12.1 69 0 1.15 0.14 1.28 1.103
12.1 69 0 1.15 0.13 1.24 1.143
12.2 69 0 1.11 0.14 1.29 1.010
12 69 0 1.15 0.17 1.3 1.083
11.9 68 0 1.18 0.13 1.28 1.166
11.7 68 0 1.15 0.11 1.32 1.063
11.9 68 0 1.16 0.12 1.3 1.104
11.9 68 0 1.16 0.17 1.27 1.134
12.1 69 0 1.13 0.15 1.37 0.972
11.9 68 0 1.14 0.16 1.32 1.043
11.9 68 0 1.15 0.1 1.27 1.113
12.2 69 0 1.15 0.12 1.32 1.063
11.99 68.55 0 1.149 0.1335 1.27951.04138
27.2 103 0.1 2.72 0.35 3.21 2.427
27.1 103 0.1 2.98 0.23 3.36 2.816
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26.9 103 0.1 2.58 0.39 2.98 0.080
26.6 102 0.1 2.47 0.42 3.03 2.089
27.1 103 0.1 2.52 0.43 3.05 2.173
26.9 103 0.1 2.69 0.26 3.18 2.395
27.1 103 0.1 2.91 0.35 3.45 2.581
26.5 102 0.1 2.68 0.29 3.2 2.354
27.6 104 0.1 2.6 0.43 3.09 2.299
27.4 103 0.1 2.62 0.48 3.21 2.220
27.3 103 0.1 3.02 0.3 3.31 2.949
27.5 104 0.1 2.79 0.32 3.36 2.422
26.5 102 0.1 2.53 0.42 2.99 2.253
26.1 101 0.1 2.48 0.37 3.01 2.130
26.9 103 0.1 2.65 0.3 2.98 2.512
27.1 103 0.1 2.7 0.32 3.24 2.356
26.9 103 0.1 2.95 0.21 3.47 2.644
27.6 104 0.1 3 0.21 3.41 2.808
27.1 103 0.1 2.63 0.39 3.07 2.381
26.5 102 0.1 2.54 0.42 3.12 2.144

3.186 2.30162
26.995 102.85 0.1 2.703 0.3445 Avg.

q V.ref Alpha NF/SF AF/AF2 PM/YM  Mc/4
[psfl] [mph] [deg] [Ibf] [Ibf] [inIbf] [in Ibf]

0.2 8 3.9 0 0.01 0.02 0.020
0.1 6 4 0.01 0.01 0.02 0.041
0.1 7 3.9 0.01 0 0.01 0.080
0.1 7 3.9 0 0.01 0.03 0.030
0.1 6 4 0.01 0.02 0.02 0.041
0.1 5 4 0.01 0.01 0.03 0.009
0.1 6 3.9 0.01 0.01 0.01 0.031
0.1 5 3.9 0.03 0 0 0.062
0.1 7 4 0.01 0.02 0.01 0.011
0.1 7 3.9 0.01 0.01 0 0.021
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0.02
0.02
0.02

0.01
0.01
0.01
0.01

0.005

0.34
0.27
0.42
0.36
0.36
0.45
0.39
0.37
0.32
0.37

0.3
0.39
0.36
0.35
0.38
0.29
0.35
0.37
0.41

0.01

0.01
0.01
0.02
0.05
0.02
0.03
0.03

0.04
0.04
0.04
0.03
0.01
0.03
0.04
0.01

0

0.01
0.01
0.01

0.01
0.02
0.02
0.02
0.04
0.03

0.009

0.43
0.45
0.53
0.41
0.46
0.54
0.48
0.47
0.46
0.48
0.43
0.45
0.46
0.46
0.48
0.42

0.5
0.47

0.5

0.010
0.010
0.031
0.041
0.031
0.020
0.001
0.001
0.019

0.009
0.01382

Avg

6 .

0.275
0.110
0.080
0.336
0.286
0.393
0.328
0.297
0.203
0.287
0.192
0.358
0.286
0.265
0.308
0.181
0.225
0.297
0.350
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2.5 32 4 0.39 0.03 0.55 0.258
0.4715 0.26572

2.375 30.55 3.99 0.362 0.0205 Avg.
11.7 68 4 1.95 0 2.17 1.871
11.8 68 4 1.78 0.05 2.62 1.069
11.7 68 4 1.68 0.03 2.59 0.080
11.8 68 4 1.79 0.08 2.49 1.220
11.8 68 4 1.87 0.03 2.22 1.656
11.7 68 4 1.94 0.24 1.89 2.131
11.9 68 4 1.77 0.13 2.35 1.318
11.5 67 4 1.78 0.02 2.22 1.469
11.8 68 4 1.72 0.09 2.79 0.775
11.7 68 4 1.89 0.05 2.34 1.577
11.6 67 4 1.79 0.05 2.62 1.090
11.8 68 4 1.76 0.22 2.58 1.068
12.1 69 4 1.96 0.17 2.19 1.872
12.1 69 4 1.88 0.11 2.38 1.516

12 69 4 1.87 0.12 2.38 1.496
11.7 68 4 1.8 0.23 2.1 1.631
11.9 68 4 1.73 0.08 2.7 0.885

12 68 4 1.81 0.25 2.22 1.531
11.8 68 4 1.87 0.18 2.16 1.716
11.8 68 4 1.85 0.05 242 1.414

11.81 68.05 4 1.8245 0.107 2.37151.36919 Avag.

27 103 4 4.41 0.05 5.83 3.310
26.2 101 4 4.33 0.06 541 3.564
26.7 102 4 3.96 0.19 5.69 0.080
26.7 102 4 4.37 0.19 4.61 4.447
26.6 102 4 3.94 0.1 6.24 1.926
26.8 102 4 4.02 0.27 6.15 2.181
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26.7 102 4 4.23 0.56 498 3.787
26.8 102 4 4.27 0.05 541 3.440
26.7 102 4 4.38 0.27 6.28 2.798
26.5 102 4 3.99 0.06 6.44 1.829

26 101 4 4.16 0.26 443 4192

26 101 4 4.29 0.16 6.12 2.771
25.8 100 4 4.1 0.07 596 2.537
26.2 101 4 3.97 0.42 524 2.988

26 101 4 4.18 0.12 6.01 2.653
26.6 102 4 4.14 0.22 5.08 3.500
26.2 101 4 4.25 0.23 554 3.268
26.6 102 4 4.28 0.24 554 3.330
26.6 102 4.1 4.02 0.1 593 2.401
26.3 101 4 4.55 0.41 498 4.450

5.5935 2.97257
26.45 101.6 4.005 4.192 0.1895 Avg.

q V.ref Alpha NF/SF AF/AF2 PM/YM Mc/4
[psfl] [mph] [deg] [Ibf] [Ibf] [inIbf] [in Ibf]

0.1 6 8 0.05 0.01 0.01 0.094
0.1 6 8 0.03 0.01 0.02 0.082
0.1 7 8 0.04 0.02 0.06 0.080
0.1 6 8 0.03 0.02 0.04 0.102
0.2 8 8 0.04 0 0.01 0.093
0.1 7 8 0.03 0.01 0 0.062
0.2 8 8 0.04 0.02 0.01 0.073
0.1 7 8 0.04 0 0.03 0.053
0.1 7 8 0.03 0.02 0.02 0.082
0.1 7 8 0.02 0.02 0.01 0.031
0.1 7 8 0.02 0.01 0 0.041
0.1 6 8 0.03 0.01 0 0.062
0.1 7 8 0 0 0 0.000
0.1 7 8 0.03 0.02 0.01 0.072
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0.1 6 8 0.01 0.01 0.03 0.051
0.1 6 8 0.04 0.01 0.01 0.073
0.1 7 8 0.01 0.01 0 0.021
0.2 8 8 0.04 0.02 0.01 0.073
0.1 7 8 0.05 0.01 0.01 0.094
0.2 8 8 0.04 0.03 0.02 0.063
Avg
0.12 6.9 8 0.031 0.011 0.004 0.0651.
2.4 31 8 0.47 0.02 0.57 0.404
2.5 32 8 0.5 0.03 0.63 0.406
2.4 31 8 0.48 0.04 0.58 0.080
2.5 31 8 0.48 0 0.63 0.365
2.4 31 8 0.47 0.02 0.62 0.354
2.3 30 8 0.47 0 0.62 0.354
2.4 31 8 0.49 0.01 0.62 0.396
2.4 31 8 0.47 0.01 0.61 0.364
2.4 31 8 0.46 0 0.58 0.373
2.5 31 8 0.49 0.02 0.65 0.366
2.5 31 8 0.48 0.02 0.62 0.375
2.4 31 8 0.49 0.01 0.57 0.446
2.4 30 8 0.46 0.02 0.57 0.383
2.2 30 8 0.46 0 0.58 0.373
2.5 31 8 0.47 0 0.61 0.364
2.4 31 8 0.49 0.02 0.64 0.376
2.4 31 8 0.5 0.03 0.61 0.426
2.4 31 8 0.43 0.02 0.58 0.311
2.6 32 8 0.51 0.01 0.6 0.457
2.4 31 8 0.49 0 0.63 0.386
Avg
2.42 30.95 8 0.478 0.003 0.606 0.36792 .
12 69 8 2.34 0.03 3.37 1.480
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12.1 69 8 2.39 0.19 3.04 1.913
12.1 69 8 2.28 0.16 3.38 0.080
11.8 68 8 2.43 0.15 2.99 2.046
11.9 68 8 2.53 0.38 2.94 2.303
11.9 68 8 2.46 0.36 2.84 2.258
12.2 69 8 2.75 0.22 2.65 3.049
11.9 68 8 2.31 0.29 3.42 1.367
11.8 68 8 2.3 0.26 3.37 1.397
11.8 68 8 2.26 0.34 3.09 1.594
11.9 68 8 2.45 0.2 3.14 1.938
12 68 8 2.24 0.25 3.27 1.372
12 68 8 2.28 0.3 3.38 1.345
12 69 8 2.5 0.31 292 2.261
11.7 68 8 2.7 0.22 2.6 2.996
11.7 68 8 2.3 0.4 3.19 1.577
12.1 69 8 2.37 0.24 3.3 1.612
12.1 69 8 2.28 0.23 3.59 1.135
11.9 68 8 2.37 0.02 3.25 1.662
11.9 68 8 2.48 0.33 292 2.220
1.78031
11.94 68.35 8 2.401 0.078 3.1325 Avg.

27.3 103 8 5.53 0.01 7.23 4.231
26.1 101 8 6.03 0.06 6.83 5.667
26.2 101 8 5.49 0.07 6.04 0.080
26.9 103 8 6.17 0.22 7.2 5.587
26.9 103 8 6.21 0.01 7.41 5.460
26.2 101 8 5.44 0 6.4 4.874
26.5 102 8 5.97 0.02 7.33 5.043
26 101 8 5.05 0.49 7.99 2476
25.7 100 8 4.64 0.51 7.58 2.036
26.3 101 8 5.84 0.5 6.44 5.663
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26.6 102 8 5.7 0.43 7.45 4.363
26.5 102 8 5.16 0.43 8.34 2.354
26.7 102 8 4.89 0.33 8.45 1.685
26.9 103 8 6.35 0.02 7.05 6.110
26.2 101 8 5.79 0.32 6.59 5.410
26.2 101 8 5.5 0.03 6.57 4.829
26.9 103 8 5.88 0.07 6.92 5.266
26.6 102 8 5.23 0.48 8.21 2.629
26.2 101 8 5.23 0.05 8.31 2.529
26.6 102 8 541 0.61 8.45 2.762

7.3395 3.95282
26.475 101.75 8 5.5755 0.133 Avg.

q V.ref Alpha NF/SF AF/AF2 PM/YM Mc/4
[psfl] [mph] [deg] [Ibf] [Ibf] [inIbf] [in Ibf]

0.1 7 12 0.05 0.01 0.04 0.064
0.1 7 12 0.05 0.01 0.03 0.074
0.1 7 12 0.02 0.01 0.01 0.080
0.2 8 12 0.04 0.01 0.02 0.063
0.1 7 12 0.04 0.01 0 0.083
0.1 7 12 0.06 0.02 0.03 0.094
0.1 6 12 0.07 0.01 0 0.145
0.1 6 12 0.04 0.01 0 0.083
0.1 6 12 0.03 0 0 0.062
0.1 6 12 0.03 0 0.02 0.042
0.1 7 12 0.04 0 0.02 0.063
0.1 7 12 0.04 0.01 0.04 0.043
0.1 6 12 0.04 0.01 0.02 0.063
0.1 6 12 0.04 0.02 0.03 0.053
0.1 7 12 0.04 0.02 0.02 0.063
0.1 7 12 0.03 0.02 0.01 0.052
0.1 7 12 0.03 0.01 0.02 0.042
0.1 6 12 0.03 0.02 0.03 0.032
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0.1
0.1

0.105

2.5
2.4
2.6
2.4
2.4
2.4
2.6
2.6
2.5
2.4
2.4
2.5
2.5
2.5
2.6
2.7
2.5
2.5
2.6
2.4

2.5

11.7
11.8
11.6
12.1
11.7

6.7

31
31
32
31
31
31
32
32
31
31
31
31
32
32
32
33
31
31
32
31

31.45

68
68
67
69
68

12
12

12

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

12

12
12
12
12
12

0.02
0.04

0.039

0.54
0.59
0.55
0.52
0.46
0.51
0.68
0.46
0.54
0.44
0.52
0.56
0.54
0.57
0.51
0.51
0.59
0.44
0.51
0.53

0.5285

2.79
3.06
2.69
2.81
3.31

0.01
0.01

0.01

0.06
0.06
0.01
0.02
0.08
0.01

0.07
0.06
0.02
0.03
0.05
0.04

0.04
0.07
0.01
0.05
0.08

0.036

0.21
0.21
0.01
0.11
0.22

0
0.03

0.0185

0.62
0.58
0.66
0.61
0.55
0.67
0.66
0.59
0.71
0.55
0.58
0.55
0.57

0.6
0.59
0.64
0.55
0.59
0.62
0.62

0.6055

2.91

3.5
2.49
2.99
3.18

0.041
0.053

Avg

0.06476 .

0.499
0.643
0.080
0.468
0.403
0.387
0.749
0.363
0.409
0.362
0.498
0.611
0.549
0.581
0.467
0.417
0.673
0.322
0.437
0.478

Avg

0.46982 .

2.872
2.842
0.080
2.834
3.680
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11.8

12
11.8
11.7
11.8
12.1
11.8
11.8
11.9
11.9
11.7
11.8
11.7
12.3
11.8

11.84

26.7
26.1

26
27.1
27.4
26.2
27.2
26.3
25.9
25.7
26.5
25.6
27.9
26.9

68
68
68
68
68
69
68
68
68
68
68
68
68
69
68

68.1

102
101
101
103
104
101
103
102
101
100
102
100
104
103

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

12

11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.9

2.54
2.66
3.24
2.95
2.34
2.78
3.12

2.7

3.2
3.35
2.84
2.67

2.8
3.06
2.72

2.8815

6.79
6.84
7.04
7.05
8.34
7.37
7.51
6.63
7.05
7.05

6.3
6.67
6.91
7.22

0.21
0.02
0.14

0.1
0.03
0.21
0.18
0.07
0.19
0.13
0.15
0.04

0.2
0.12
0.22

0.1155

0.68
0.07
0.13
0.45
0.44

1.2
0.94
0.34

0.69
1.01
0.27
0.27

0.3

3.05
3.41
3.09
2.68
3.24
3.03
3.76
2.09
2.95
3.11
3.75
3.74
3.58
3.68
2.88

3.1555

8.63
7.03
9.19
7.19
8.33
8.41
9.72
5.75
7.97
9.62
8.91
7.34
8.96
9.83

2.214
2.103
3.625
3.434
1.610
2.732
2.706
3.506
3.682
3.833
2.136
1.794
2.223
2.662

2.757
2.66616
Avg.

5.442
7.146
0.080
7.421
8.955
6.864
5.844
7.991
6.641
4,991
4.147
6.484
5.361
5.133
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27.4 103 11.9 7.22 0.83 8.74  6.223
27.2 103 11.9 7.22 1.14 8.51 6.453
28.6 106 11.9 7.53 0.35 9.14 6.466
26.4 102 11.9 6.59 0.32 8.9 4.758
27.3 103 11.9 6.74 0.51 8.34 5.629
27 103 11.9 6.66 0.02 6.31 7.493
26.77 102.35 11.9 7.0365 0.149 8.341 5.97613 Avg.
q V_ref Alpha NF/SF AF/AF2 PM/YM Mc/4
[psf] [mph] [deg] [Ibf] [Ibf] [in Ibf] [in Ibf]

0.1 7 16 0.01 0.01 0.02 0.001
0.1 7 16 0.05 0.01 0.02 0.084
0.2 8 16 0.02 0.02 0.03 0.080
0.1 7 16 0.04 0.02 0.02 0.063
0.1 7 16 0.01 0.01 0 0.021
0.1 7 16 0.03 0.01 0.01 0.072
0.2 8 16 0.03 0.01 0.03 0.032
0.1 7 16 0.02 0.01 0.03 0.011
0.1 8 16 0.03 0.02 0.02 0.042
0.1 7 16 0.03 0.01 0.01 0.052
0.1 7 16 0.03 0.01 0.01 0.052
0.1 7 16 0.03 0.02 0.03 0.032
0.1 7 16 0.04 0.01 0.04 0.043
0.2 8 16 0.01 0.01 0.01 0.011
0.1 7 16 0.03 0.01 0.01 0.052
0.1 6 16 0.03 0.01 0.03 0.032
0.1 7 16 0 0.01 0.03 0.030
0.1 7 16 0.02 0.02 0.03 0.011
0.1 7 16 0 0.01 0.02 0.020
0.1 7 16 0.01 0.01 0.01 0.011
0.0195 0.03263
0.115 7.15 16 0.0235 0.0125 Avg.
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2.5
2.2
2.3
2.2
2.4
2.5
2.5
2.3
2.3
2.4
2.5
2.4
2.5
2.3
2.4
2.5
2.5
2.5
2.3
2.4

2.395

11.5
11.9
11.9
11.9

12
11.8
11.8
11.9
11.6

31
30
30
30
31
31
31
30
30
31
32
30
31
30
31
31
31
31
30
30

30.6

67
68
68
68
69
68
68
68
67

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16

15.9
15.9
15.9
15.9
15.9
15.9
15.9
15.9
15.9

0.61
0.56
0.59

0.6
0.54
0.53
0.59
0.61
0.48
0.53
0.57
0.53
0.59
0.54
0.56
0.53
0.53
0.61
0.55
0.55

0.56

2.66
2.72
2.74
2.75
2.83
2.67
2.74
2.41
2.66

0.01
0.03
0.01

0.04
0.03
0.03
0.01
0.05
0.04

0.01
0.04
0.04
0.01

0.05

0.04
0.06

0.02

0.08
0.11
0.09
0.07
0.06

0.08
0.1
0.07

0.66
0.55
0.65
0.63
0.63
0.66
0.62
0.67
0.54

0.6

0.7
0.59
0.63
0.62
0.63
0.65
0.66
0.73
0.57
0.65

0.632

3.24
3.11
3.17
3.19
3.39
3.17

3.2
2.97
3.05

0.604
0.611
0.080
0.614
0.489
0.438
0.603
0.594
0.455
0.498
0.481
0.508
0.593
0.499
0.531
0.448
0.438
0.534
0.570

0.490
0.50396
Avg.

2.273
2.527
0.080
2.509
2.475
2.364
2.479
2.025
2.463
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11.8 68 15.9 2.61 0.1 3.06 2.349

12.1 69 15.9 2.61 0.02 3.1 2.309
11.9 68 15.9 2.55 0.16 3.17 2.115
12.1 69 15.9 2.87 0.01 3.16 2.788
12.1 69 15.9 2.81 0.09 3.15 2.674

12 69 15.9 2.72 0.05 3.31 2.327

12 69 15.9 2.64 0.1 3.3 2.171
12.1 69 15.9 2.82 0.01 3.19 2.654
11.8 68 15.9 2.73 0.05 3.19 2.468
12.1 69 15.9 3 0.18 3.49 2.728
11.9 68 15.9 2.82 0.07 3.49 2.354

11.91 68.3 159 2.718 0.075 3.205 2.30662 Avg.

27.5 104 15.9 8.9 0.36 11.71 6.735
26.7 102 15.9 10.3 0.29 10.21 11.137
28.3 105 159 10.96 0.01 12.85 0.080
27.7 104 15.9 8.36 0.45 12.11 5.216
26.5 102 15.9 9.25 0.38 1292 6.251
26.1 101 159 10.22 1 12.05 9.131

26 101 159 10.05 0.29 145 6.329

26 101 15.9 8.82 0.91 8.26 10.019
28.6 106 159 10.63 0.41 13.27 8.761
27.9 104 15.9 9.48 0.44 8.34 11.307
27.9 104 159 11.09 0.6 13.44 9.544
26.6 102 15.9 7.96 0.27 11.35 5.147
26.8 102 159 11.27 0.58 10.41 12.947
26.4 102 15.9 8.93 0.04 9.18 9.327
25.6 100 15.9 9.32 0.53 10.72 8.596

26 101 15.9 9.01 0.44 1293 5.743
26.4 102 15.9 8.62 0.62 9.15 8.715
28.5 106 159 10.24 0.81 8.94 12.282
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28.1
27.3

105
103

27.045 102.85

3D Wing Calculations
AF
V=6 NF /A
MPH q /SF F2
[p [Ib [lb
sf] f] f]
0.0
0. 29 0.0
4 1 5 03
) 0.0
0. 06 0.0
0 1 5 07
g 0. 0.0
4 11 05 0
0. 0.0 0.0
8 12 31 11
0.
1 10 0.0 0.0
2 5 39 1
1 0. 0.0 0.0

159 11.83
159 11.34

0.54 10.78

0.28 12.51 10.992

159 9.829 0.303511.2815 8.59987 .

PM
Y
M Sin
[in 0.069
Ibf] 4 76
0.0 0.052
15 3 34
0.0 0.034
06 2 90
0.0 0.017
09 1 45
0.0 0.000
04 O 00
0.0
18 0.017
5 1 45
0.0 2 0.034

Cos Tan

0.9 0.0
975 699
6 3

0.9 0.0
986 524
3 1

0.9 0.0
993 349
9 2

0.9 0.0
998 174

1.0 0.0

5 6

000 000
0 O
0.9 0.0
998 174
5 6
0.9 0.0

fAngleo

89

13.738

Avg

Dra

Lift g
(Ib) (Ib) CL Cp
0.0 0.0 1. oO.
296 009 2 03
4 4 3 3 9
0. O.
0.0 0.0 2 29
0O 065 07 7 2
0.0 0.0 0. oO.
049 003 1 01
4 9 5 9 3
291 152 0 52
8 67 07 1 8
0.0 0.0 1. oO.
1 360 178 4 71
2 69 9 3 0
1 0.0 0.0 0. O.

JAngleofAttack(deg

N -

=

6.5
MP
H

0.0
389
5

0.2
916
46

0.0
132
1
0.5
279
93
0.7
098
71

30
MP
H

0.0
366
59

0.0
524
13

0.0
801
75
0.1
094
17
0.2
418
07

10
68 2
MP MP
H H

0.0 0.0
354 341
07 65

0.0 0.0
463 531
89 7

0.0 0.0
825 758
57 41
0.1 0.1
435 428
53 39
0.2 0.2
505 503
71 74

0.6 0.3 0.2 03



6 11 23 12 19 90 993 349 6 191 184 6 67 6 699 019 872724
5 5 5 5 9 2 44 93 9 0 97 65 99 22
0.9 0.0
0.052 986 524
3 34 3 1

0.9 0.0
V=30 0.069 975699 V=30
MPH 4 76 6 3 MPH
0.9 0.0

0.087 962 874
5 16 0 9

2. 0.0 0.0 0.9 0.1 0.0 0.0 0. O.
41 81 0.0 29 0.104 945 051 831 212 1 03
4 5 5 27 5 ¢ 53 2 0 4 85 49 4 7
2. 0.2 0.0 0.9 0.1 0. O.
34 29 29 0.2 0.121 925 227 0.2 0.0 4 05
-0 5 5 541 7 87 Og 09 g 0 295295 1 2
2 . 1 E
£ 2. 0.0 0.4 £ 0.3 0.0 0. 0.
37 03 20 71 g 0'1:'133 905 492 596 457 6 08
4 5 62 5 5 4 88 03 3 O
0156 80-2 Oé:ls _ 0.4 0.0 0. O.
. .15 76 5 2
: 2.04 0006 9 43 9o 8 - /3103 810
8 42 78 03 06 0.9 0.1 05 01 0. 0
0.5 0.6 1 0.173 848 763 1 09'4 45'0 3 24
1 2. 28 0.0 05 0 65 1 3 > 66 95 5 2
2 5 5365 09 0.1 05 0.1 0. 0
2. 1 0.190 816 943 1 32'7 73;5 9 30'
1 39 0.5 0.00.6 1 81 3 8
1 0.207 781 125
2 91 5 6
1 0224 09 0.2 \/_gg
V=68
MPH 3 95 743 308 MpH
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Attack(deg)

Angleof

102
MPH

fAngleo

=

-

o b~

0.4
12

9 11

49

1.8
24

2.4
01
2.8

2.7
18

2.7

4.1

03

0.1
31

0.1
33

0.1
07

0.0
78
0.1

0.0
75

0.2
89
0.3
44

5

0.0
72
1.2
79

2.3
71

3.1
32

3.1

3.2
05

3.1
86

Ul = N

=

0.241
92

0.258
82

0.275
64

Planfo

rm
Area:

7 7
0.9 0.2
703 493

0 3
0.9 0.2
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