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ABSTRACT

This report describes work done under a program to evaluate
the use of pressure differentials in a flight control system.

The first part of the program consists of a study to determine
the pressure profile around the test surface. This study was
performed using two techniques:

1) Windtunnel Data (Actual)
‘2) NASA/Langley Single Element Airfoil Computer
Program (Theoretical).

The system designed to evaluate the concept of using pressure
differentials is composed of a sensor drive and power amplifiers,
actuator, position potentiometer, and a control surface.

The second part of this program consists of determining the
characteristics (both desired and actual) of the system and each
individual component. This report, however, terminates with the
desired characteristics of the system as a whole. The actual
frequency response of the system could not be obtained due to
the use of an inappropriate sensor.

This report describes the flight control system developed,
the testing procedures and data reduction methods used, and

theoretical frequency response analysis.
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this study is to provide information leading to
determining the feasibility of using a differential pressure feedback

signal in an airplane's flight control system.

1.2 BACKGROUND

In nearly all airplanes equipped with automatic flight controls
(AFC), the control surfaces are positioned via a feedback loop with
a feedback gain proportional to control surface position. Since in
many instances control surface position is linearly related to the
differential pressure created by a control surface deflection, this
type of feedback works well.

However, in many systems, it is found necessary to schedule
the feedback gain as a function of flight attitude, Mach number,
dynamic pressure, or a combination thereof. (At this point in time,
Mach number is not included.)

Since the purpose of any control motion is to create a certain
pressure differential, it is logical to consider a system whereby
control surface motion is signalled by a gain directly proportional
to the pressure differential. The differential its=21f would then
have to be gsensed by a suitable pressure sensor.

This method of control surface signalling may simplify control
law requirements. It may also allow for the direct control of

airplane attitude relative to the total velocity vector of an



airplana., This is because such attitudes ar: themselves proportional

to pressure differentials across lifting surfaces (Reference 1).

1.3 METHODOLOGY

This study was performed using the following three phases:

1) Pressure profile study

2) Sensor calibration

3) Frequency response and transfer function

determination.

The pressure profile study is used to determine the range and
characteristics of the test surface. The sensor calibration phase
is needed to obtain the sensor's physical characteristics. (The
actual work of this study terminated at 'his phase.) A theoretical
frequency response analysis has been conducted; but at the time of
this report, the physical testing of this phase has not begun, due

to the results of Phase II.



2. SYSTEM DESCRIPTION

2.1 OVERALL SYSTEM THEORY

The flight control system which was designed to test the use
of a differential pressure sensor is illustrated in Figure 2.1.
The block diagram is a pitch attitude hold system with the differential

pressure feedback for the § loop. The flow diagram of the inner

Boomm.

looy is illustrated in Figure 2.2.

2.2 CUMPONENT BREAKDOWN

The components used in the testing are listed in the flow
diagram of Figure 2.2 and can be found in the appropriate drawings

according to Table 2.1.

Table 2,1 Guide to Delta P Drawings

l Drawing No.(s) Component
DP-0105 Sensor
DP-0204 Sensor Circuit Schematic
DP-0204 Sensor Wiring Diagram and Layout
DP-0301 Signal Conditioner (Control Box)
DP-0204 Signal Conditioner Schematic
DP-0204 Signal Conditioner Wiring Diagram and
Layout
DP-0301 Drive Amplifier
DP-0301 DP-0203 Power Amplifier
DP-0203 Power Amplifier Schematic
DP-0101 Actuator (Assembly View)
DP-0101 Position Potentiometer (Assembly View)
DP-0101 Delta P Test Surface (Assembly View)
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Figure 2.3 Differential Pressure Sensor




2.2.1 SENSOR

The sensor used in this study was designed by Jim Black,
NASA DFRC Engineer. The sensor uses three thermistors to measure
the differential pressure between the two ports. Figure 2.3 illustrates
the sensor's components. The circuit diagram for the sensor is found
in Figure 2.4,

The sensor, designed to be used in a wing-leveler autopilot
system, operates by keeping the middle thermistor at a constant
temperature, As the air flows past the front thermistor (a flow
due to differential pressure), it is cooled. After passing the
middle thermistor, the air is heated, thus causing the rear
thermistor to be at a different temperature. This teuperature
difference results in a voltage difference'wichiu the sensor
cirauit. This difference, again, is the result of a pressure

differential.,

2.2.2  SIGNAL CONDITIONER

The signal conditiorer in the flow diagfam performs the
following tasks:
1) Reads the differential pressure signal from
the sensor-circuit combinatiﬁn
2) lionitors the position of the control surface.
The signal conditioner uses tﬁe signal from the position potenti-
ometer to prevent a hardover condition.
The circuit diagram for the signal conditioner is given in

Figure 2.5. The signal conditioner (designed by Dr. D. G. Daugherty,
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KU Electrical Engineering Professor) was also designed to aid the
frequency responsa testing of Phase III. To do this, test points

and input terminals were included; their functions are listed in

Table 2.2.

Table 2.2 Signal Conditioner Test Points and Input Terminals

]

Circuit Point No, Symbol Function

1 +P (OUT) pifferential Pressure Output
Sigrnal

2 -P, (IN) Frequency Response Signal
Input

3 Pc'P = ¢ Error Signal

4 Comp. Compensating Circuit Signal
(if Required)

5 P.C. Position Command Signal-
Sensor can be bypassed and
surface controlled using
position potentiometer (LVDT)

2.2.3 DRIVE AMPLIFIER

The drive amplifier used in this study is from the NASA M99
separate Surface Stability Augmentation (SSSA) Project. The
schematic of the drive amplifier may be found in Figure 2.6.

The drive amplifier uses standard op-amp methods for developing
opposite phase drive signals required by the power amplifier.
Discrete transistors connected as complementary emitter-followers
provide the necessary drive current for the power amplifier inputs.

Small (56 ?) resistors are included in the collector circuits of

S o wuml onnl  YEEEl e ey
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these emitter-followers as protection against mishaps during
circuit testing. In normal circuit operation their function is
inconsequential (Reference 2).

The drive amplifier receives the V_ . signal from the signal

IN

conditioner, thle also monitoring the position of the surface
through the sz terminal. The output then goes to the power

amplifier,

2.2.4 POWER AMPLIFIER

The power amplifier used in this study is also from the SSSA
project. The schematic of the power amplifier is given in Figure 2.7.
The power amplifier is a Class~B push-pull bridge configuration.
This configuration was used in order to attain actuator voltages
approaching *28 volts (56 volts, peak-to-peak). Diodes are included
for protecting the power transistors against inductive spikes from
the actuator (Reference 2).

The power amplifier receives four (4) signals from the drive

amplifier:
1) A FDBK
2) A IN
3) B FDBK
4) B IN

The A and B FDBK signals are transmitted directly to the actuator.
It is these signals which drive the actuator. The A and B IN
signals originate at the drive amplifier, The A and B IN signals

are connected to the drive amplifiers A and B OUT terminals, respectively,

10
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2.2.5 ACTUATOR

The actuator used in this study is the McDonnell Douglas
"Solactor," Model 6023 A, also used in the SSSA project. The

properties of the actuator are given in Figure 2.8.

2,2.6 POSITION POTENTIOMETER

The position potentiometer (L.V.D.T.) used in this study has
the following characteristics:
1) Type: III
2) Resistance: 2K O * 102

3) Range: 3" linear: 12

2.2.7 SURFACE AND MOUNTING HARDWARE

The test surface used in this study is the Beech, Model 60
(DUKE), elevator-trim tab assembly. The surface was obtained through
the Aerospace Engineering Department at the University of Kansas.

The surface and mounting hardware are illustrated in Figures 2.9

and 2.10. Also included in these figures are the actuator and
L.V.D.T. Table 2.3 gives a listing of the detailed drawings of

the surface and mounting hardware which are available through the
Flight Research Lab, at the University of Kansas Center for Research,

Inc.

12



Figure 2.9 Test Surface and Mounting Hardware
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Figure 2,10 Test Surface (Assembly View)




Table 2,3 Delta P Surface and Hardware Drawings

Drawing No, Item
DP-0101 Test Surface (Assembly View)
DP=-0102 Potentiometer Clevis
DP-0102 Actuator Clevis
DP=0102 Windtunnel Mount
DP=0102 Mounting Rib
DP-0103 Aft Actuator Mount
DP-0103 Fore Actuator Mount
DP-0104 Endplate Mount
DP-0104 Endplate

14
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3. PHASE I: PRESSURE PROFILE STUDY

3l PUREOSE

3.1.1 BASELINE DATA ON PRESSURE DISTRIBUTION

Because of the uniqueness of the airfoil used, a pressure
arv€ile study is necessary to obtain baseline data on the pressure
distribution at specific angles of attack and flap deflections.

The data obtained during this study are used against the theoretical
analysis of Section 6.1. If the pressure distribution can be

predicted, then a windtunnel pressure profile study can be eliminated.

3.1.2 SENSOR LOCATION

The major objective of the pressure profile study is to
determine the location of the differential pressure sensor.

The control system illustrated in Figure 2.2 is designed
primurily for flap deflection sensitivity; however, provisions
have been made in the signal conditioner control box for angle
of attack sengitivity. The selection can be made through a switch
mounted on the control box.

The locations of the sensors are determined using the results
of the data reduction. These results are best summarized using
the graphs found in the d.*s presentation of this report. These
graphs show how the change in the pressure coefficient, 4C_ = C

PLOWER
» changes with angle of attack and flap deflections for

C
PUPPER
13 chordvise locations.

15



The criteria for selection are as follows:
Sensor No. 1: a) Sensitivity to angle of attack
b) Least sensitivity to flap deflection
¢) Consistent linesyity
Sengsor No. 2: a) Least sensitivity to angle of attack
b) Sensitivity to flap deflection
¢) Consistent linearity
With sensors at these two locations, both angle of attack and flap
deflection can be sensed separately and accurately within the range

of linear aerodynamics.

3.1. V

Results from the pressure profile study are also used to
determine the range of pressure required to be sensed by the sensor.

It is this characteristic which the sensor does not have.

3.2 FACILITIIES AND HARDWARE

3.2.1 WINDTUNNEL

All testing of the surface was performed at the University

' subsonic

of Kansas Aerospace Engineering Department's 3' x 4
windtunnel. Facilities include a 60 tube manometer, 26 of which
were used for this study. The manometer may be seen in Figure 3.1,

Figure 3.2 views the test suvface before a run.

1o
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Figure 3,2

Test Surface in Wind Tunnel




3.2.2 TEST SURFACE

Provisions were made on the test surface of Figure 3.2 to
measure the pressure profile at 13 different locations, on each side
of the surface. All static ports were connected to the manometer
board using 1/16" I.D. pressure tubing. All connections were made

airrtight using a polyurethane spray lacquer.

3.3 TEST SET-UP

The test set-up consisted of installing the surface in the
windtunnel, and connecting the pressure lines to the appropriate
connectors on the manometer board. Each pressure line was tested
for blockages and leaks. When all lines were determined to be clear
and airtight, the testing began., The manometer board was tilted
at a 30° angle to match the inclination of the tunnel pitot-static
manometer; this simplifies the data reductiomn.

A static pressure port was installed in the tunnel test section.
The port was used for a reference static pressure on the manometer

board. Corrections due to position are outlined in Subsection 3.5.1.

3.4 PROCEDURES

The procedures for the pressure profile testing followed the
items of Table 3.1. A total of nine runs were performed. Each
run consisted of the following steps:

1) Setting flap at desired deflection

2) Setting tunnel at desired dynamic pressure

18
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3) Obtaining equilibrium condition in manometer
board tubes
4) Setting surface at minimum angle of attack (-8°)
5) Reading manometer board pressure tubes
6) Repeating Steps (3) and (5) for angles of attack
-8° to +8° by increments of 2.
Table 3,1 Pressure Profile Run Log
Run No. a S (deg)
1 a * - 20
SWEEP
2 - 15
3 - 10
4 - 5
5 0
6 + 5
7 + 10
8 + 15
9 ' + 20
*GSWEEP: -8,-6,-4,-2,0,+2,+4,+6,+8 (degrees)

Note: All testing was performed for a tunnel dynamic

pressure of 25,6 psf.

3.5 DATA PROCESSING

3.5.1 DATA CORRECTIO

The raw data obtained from the Phase I testing includes:

19



1) Static pressure at the 26 locations along the
test surface (Pa)
2) Static pressure in the test section (P.)
3) Dynamic pressure at the test section (q)
These values, in centimeters of alcohol, are read from the manometer
board, inclined to 30°. Before the data can be reduced, two corrections
must be made. First, the dynamic pressure must also be corrected for
tunnel blockage. The procedure of Pope (Reference 3) is followed.
Second, the test section static pressure port (see Figure 3.3), being
located forward of the test surface leading edge, reads slightly
high due to the increase in dynamic pressure over the surface from
tunnel blockage. The i;compressible Bernoulli equation is used to
calculate the true reference static pressure from the change in
dynamic pressure due to blockage.
The corrections are detailed in Part II of this report, which
contains all the data obtained from the pressure profile study.
Included in Part II are sample calculations, computer program

listings, and presentations (tabular and graphical) of the data.

3.5.2 DATA REDUCTION

]

Since the inclination of the manometer board (used to measure
the test surface's static pressure) is identical to the dynamic
pressure manometer tube, the coefficient of pressure is calculated

directly from:

'™ W c———— (3.1)
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where the pressures have been corrected as per Subsection *.5.1.
Since differential pressure is the quantity to be investigated,
the difference between the lower and upper coefficients is calculated.
However, the lower and upper pressure tap locations are noc’the
same, Therefore, the lrwer surface pressure coefficients are
linearly interpolated ‘o the upper surface tap locations.

It is desired to find the chordwise locations that satisfy
the criteria specifi:d in Subsection 3.1.2. Toward this end,
the change in pressure coefficient, Cp - Cp » 18 plotted

LOWER UPPER

against flap deflection and angle of attack for each of the 13
chordwise tap locations. (These graphs are located in Appendix A
and in Part II.) This facilitates inspection and interpretation
of the data. A numerical regression of the data is performed to

quantify the slopes of these graphs. This augments the interpretation

of the figures and is used in the theoretical analysis of Section 6.2,

3.6 RESULTS AND DISCUSSION

Based on the figures of Appendix A, tap number (13) (x/c = .766)
has the best combination of linear sensitivity to flap deflection,
and insensitivity to angle of attack. One pressure sensor, located

here, can sense flap position with little error to angle of attack.

The location of tap number (1) is best for angle of attack sensitivity,

but is not used for the purpose of this study.
The required range of the sensor is best put in terms of
pressure coefficient:

-1.2 < 8C) < 1.2 (3.2)
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This is the nondimensional diffe~ential pressure occurring at
the largest angle of attack and flap deflection tested. At a
dynamic pressure of q = 25 psf, the required range is:
=30 < AP < +30 psf (3.3)
If this study is to be repeated, it is recommended that a
more common airfoil, with a known, experimental pressure distribution
be used. For example, a NACA 0012 would be a good choice because

of its wide use in horizontal tails.
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4, PHASE II: SENSOR CALIBRATION

4.1 PURPOSE

The sensor calibration process is performed to determine the
relationship between the differential pressure acting on the sensor,
and its output. From this process the drive amplifier's gain value

is determined,

4.2 FACILITIES AND HARDWARE

4.2,1 FACILITIES

The calibration tests were performed using the windtunnel
facilities previously mentioned in Section 3.2, Also included
in the facilities is the Hewlett Packard (HP) 2012 Data Acquisition
System (DAS), HP9825 micro-minicomputer, and the HP9872 X-Y plotter,
all shown in Figures 4.1 and 4.2. A schematic of the entire data

acquisition system is illustrated in Figure 4.3.

4.2.2 HARDWARE

The hardware and components used for the calibration tests
included:
1) Differential pressure sensor
2) Sensor calibration mount
3) Signal conditioner
The calibration mount is shown in Figure 4.4. The mouvar provides

a pitot-static pressure differential across the sencor which is
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Figure 4.2 HP9825 A Computer and 9872 Plotter
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Figure 4.4 Pressure Sensor Calibration Mount

Output to D.A.S.
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Figure 4.5 Calibration Schematic

26



Iprbamiemin. ‘

i ]

e | Sy g S g Gl ol ] ot Asic §

calibrated against the tunnel manometer. The apparatus utilizes

a "u" shaped windtuunel mount to secure it in the tunmnel,

4,3 TEST SET-UP

The schematic of Figure 4.5 illustrates the uses of the
components for the calibration process. The set-up consists of
s~curing the sensor on the calibration mount and checking the side-
slip angle (B) of the plate so the flow becomes just attached.

Channels 12 and 13 of the DAS are then zeroed. This is done
using the 5K Q potentiometer of Figure 2.4. In effect, this is

causing the output of the fore and aft thermistors to equal,

negatively. Once initialized, the calibration process can begin.

4.4 PROCEDURES

The calibration procedures follow the computer listing of
Appendix B on Page 81, . Once initialized, the computer asks for
the tunnel dynamic pressure, which is the differential pressure
of the gensor. As the desired tunnel dynamic pressure is attained,
the DAS takes 10 sampled values and obtains the average. This
average is then used in the cutput and for plotting purposes.

Table 4.1 gives the output of a typical calibration run, The
output is then plotted in Figure 4.6. As indicated in the output,

the tunnel dynamic pressure range is from O to 35 cm of alcohol,

or 0 to 27.2 psf.
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Table &

Manometer Dynamic Pressure Transducer Output
(ca. of alcohol) (mVolts)

0 - 0.080

2.5 - 0-982

s.o - 1.185

7.5 - 10183

10.0 -1.290
12,5 - 1,464
15.0 - 1,538
17.5 - 1.525
20.0 - 1.‘10
22,5 - 1,225
25.0 - 1.140
27.5 i - 1.083
30,0 - 1.049
32.5 - 0,982
35.0 - 0.839

4.5 RESULTS AND DISCUSSION

The results of the calibration tests indicate that for this
type of application, the sensor is not adequate due to shortcomings
in two areas:

1) Sensor range
2) Dynamic response.

It was found that the sengor produced a linear output only
up to approximately 2 psf. In addition, the sensor became completely
saturated at values up to 13 psf. As outlined in Section 3.6, the
required linear range of the sensor is :30 psf.

A pressure sensor can usually be mathematically modelled by
a pure lag. Although specific dynamic response tests were not

performed, it was observed that approximately 10 seconds was
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required for the sensor output to return to zero after a presaure
differential was removed. This type of response is unacceptable

in a feadback control system.

4.6 MODIFICATIONS AND SUBSEQUENT RESULTS

Various methods were tried to obtain different sensor character-
istics. The following methods were suggested by Jim Black, designer
of the gensor:

1) Change sensor port diamcter

2) Change amplifier gain.

4.6.1 SENSOR PORT DIAMETER

The sensor port diameter was changed from the original diameter
of .025" to a diameter of .0135". This was done by plugging both
ports on the calibration mount with epoxy. The epoxy was ther
drilled out to a .0135" diameter (#80 drill).

The calibration process was then repeated. It was fouud that
vhile the sensor range was slightly increased, the dynamic response

characterictics were degraded,

4.6.2 AMPLIFIER GAIN

The amplifier (sensor) was altered by changing the resistance
of the input resistor to the amplifier of Figure 2.4. The amplifier
gain was changed to values of .01, .10, and .50. Again, the

saturation point remained unchanged.
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4,6.3 AMPLIFIER VOLTAGE

The sensor circuit of Figu.e 2.4 definse the input voltage
to the amplifier as +22 volts d.c. The amplifier voltage used
in the terting was set at 15 volts d.c. io i=c ¥f any difference
would result, the voltage was increased to 18 volts d.c. (the limit
voltage for the LM 324N OP AMP). This tended to increase the
saturation p-:int, but still not to the required value. The linear

range appear=i to hHe unchanged.

4.,6.4 MIDDLE THERMISTOR

A sensor thermistor profile was conducted to determine how
the voltage, current, and resistance of each thermistor in the
sensor was changing as the pressure differential increased.

It was concluded that the middle thermistor was not able to
increase its power output after a relatively low pressure was
applied to the sensor. Four (4) different thermistors replaced
the middle thermistor to check this theory. Using values of 5K,
108, 50K, and 100K @, the power output of the middle thermistor
was Increased. The results were encouraging but still saturated

out before maximum estimated pressure differential occurred.

4,7 CONCLUSIONS AND RECOMMENDATIONS

The sensor is not suitable for the purpose of this study,

There are two types of pressure sensors available today that meet

the needs of the project.
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Conventional diaphragm pressure sensors have the range,
accuracy, and dynamic response required but are relatively expensive.

A Piezoresistive sensor offers the same qualities for a
reasonable cost. A brief literature search is recommended before

final selection is made.
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5. PHASE III: FREQUENCY RESPONSE

Phase III of this study is designed to determine the transfer
function for the system, actuator, and sensor. The circuit can be
either assumed to be a pure gain, or determined analytically. Once
thegse transfer functions are known, a closed loop analysis of a
typical feedback control system can be performed, and the stability
determined. A theoretical aralysis of a typical control system is
included in Section 6.2.

Phase III is composed of Parts A, B, and C. The objective
of Part A is to obtain standard 1lift, drag, and pitching moment
coefficients and their variations with ¢ and SF. The run schedule

for Part A is given in Table 5.1.

Table 5,1 Part A Run Schedile

Run No, a Sp (degrees) q (psf)

@ - 20 25

- 15
- 10
5
0
5
10

15
20 Y

Note: (:) a = =8,-6,-4,-2,0,+2,+4,+6,+8 (degrees)

VWoOoONOUVE LN KM

++++

Part B of Phase III is designed to obtain preliminary data
on system performance at various angles of attack and initial flap

positions. (Several of the runs may be deleted if the initial
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indications are promising.) This is accomplished by applying a
step input to the pressure sensor via the signal conditioner

control box. The run schedule for Part B is given in Table 5.2.

Table 5,2 Part B Run Schedule

Run No. a (deg) A s (deg) q (psf)

P  J
co FINITIAL

® - 10 25

10

O WOV WLES WA
OSSP O00PrSDD
[

+++ 4+

Y i Y

P

Note: (2) aC, = 0.1,0.3,0.5,1.0 or

AP = 2,5,7.5,12,5,25 psf at q = 25psf

The data obtained will be presented as illustrated in Figure 5.1.

APcommand'

AP

PRESSURE DIFFERBﬁCE

t TIME, t

Figure 5.1 Response to a Step Input
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Part C will be used to determine the necessary frequency response
characteristics of the system. A total of 18 windtunnel runs will be

used to obtain the data, each containing the following:

INPUTS OUTPUTS
§. () = |6 Jcoswt $ (t) = |8& |cos(ut + ¢,)
FIN FIN l..OU'I.' FOUT 1
8Py (L) = lAPOUT}cos(wt + ;)
AP (t) = |aP.|coswt ) (t) = |5 |cos(wet + ¢.,)
IN IN FOUT FOUT 3

AP (L) = IAPOUTlcos(mt +4,)

The reader should note the following:
1) GF inruts directly into the actuator.
2) AP inputs into the control circuit.
3) Frequency range: ,01 < w < 1000 rad/sec.

Tables 5.3 (a) and (b) give the run schedules for this part
of the frequency response testing. The sinusoidal inputs to the
actuator and sensor will he accomplished by connecting a function
generator to the appropriate inputs on the signal conditioner.

A two-channel strip chart recorder will be used to monitor the
outputs of the sensor and L.V.D.T.

The data obtained during this phase of the study would be
presented in the form of a standard bode plot. It will be from
these plots that a transter function will be derived. These
transfer functions will then be tested against those used in the

theoretical analysis of Section 6,2,
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Table 5.3(a) Frequency Regponse Test Runs - Position

Run No, a (deg) l& I 'AP l
Fin IN q (psf)
2 -6 -
3 -4 -
4 -2 -
5 0 -
é + 2 -
7 +4 -
8 + 6 -
9 +8 Y - Y

Table 5.3(b)

Frequency Response Test Runs -~ Pressure

Run No. a (deg) |5F | 'APIN| q (psf)
IN
1 -8 - @) 25
2 -6 -
3 -4 -
4 -2 -
5 0 -
6 + 2 -
7 + 4 -
8 +6 -
9 +8 - Y v

Note: (D | ap = 2.5,7.5,12.5,25 pst at q = 25 pat

® | 6 |= 5,10,15,20 degrees
IN




6. THEORETICAL ANALYSIS

6.1 THEORETICAL PRESSURE DISTRIBUTION

The windtunnel test described in Chapter 3 required significant
amounts of time, manpower, and hardware development., It is desirable
to find a way to bypass the need for this test. If a commonly used
a%rfoii with the necessary testing already performed (e.g., NACA 4
and 5 digit airfoils) is chosen, then the published results can be
used instead of repeating the test. However, the test surfzce

employed for this study incorporated a unique airfoil (see Figure

Memand el Gelhel  Gubeied  BuEGN)  Gee) S e

6.1) with an unknown pressure distribution. Therefore, to avoid

ind

windtunnel testing, numerical methods must be used. The method
used for this study was the NASA/Langley Single Element Airfoil
Program (SEAP), which was stored on the University of Kansas

Honeywell 66/60.

The program requires, as input, the airfoil coordinates listed

in Table 6.1. Mach number and Reynolds number inputs are the same
] as in the Phase I testing. Included in the output is a listing of
the pressure coefficients at chordwise stations along the airfoil
(see Appendix B for sample output).

A total of 16 cases were input to the program—four angles of

5

attack (a = 0, 3, 6, 9°) and four flap deflections (GF = 0, 5, 10, 15°).

ey e

It is assumed that symmetry holds with respect to angle of attack
and flap deflections. Flap deflections are input to the program by

altering the airfoil coordinates aft of the hingeline (see Figure 6.2

e A e SRR

and Table 6.2). Due to difficulties with software, results were not

obtained for the case of a = 9°, GF = (°,

A
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Table 6,) Delta P Airfoil Coordinates - Zero Flap Deflection

XU (=XL) U (= -il) XU (=xi) ZU (= -2L)
0 0 323 .080
« 00625 +032 350 077
.0123 043 «373 074
.01873 .032 400 on
.0250 .037 425 +06823
.03123 <064 430 .0635
0375 . 069 Y ) .06273
04375 073 +500 .060
+0500 17 «323 .05723
+05623 081 330 +0545
.0623 .083 373 +0817%
.06873 .083 «600 049
.0750 +087 .625 +04625
.08125 .090 +650 +0435
+087S +092 .675 .04075
.09378 «093 700 .038
+100 .09 J28 .033
<1123 «0963 «750 «032
125 .098 J78 «029
.137% <100 800 .026
130 .099 .823 .02323
«1625 .0985 .858 .0205
175 .097 878 01775
.1878 .096 «900 015
«200 <093 +923 .01225
«223 .092 .950 +0093
250 .089 978 .00673
«275 .086 1,000 . 004
300 .083

Table 6.2 Delta P Airfoil Coordinates - Flap
Deflection = 5, 10, 15 (degrees)

Subastitute into Table 6.1 for .70<XU<1.00

5. = 3° 8, = 10° s, =15° "
XU (=XL) L4 Ld F
w | v | 2L w | 2
.00 038 |-.060 | .038 |-.041 037 [~.083
.28 .032 {-.039 | .030s|-.0428 - |-
.750 .027 |-.038 023 [-.064 .017 l-.080
T .022 |-.03? .0158 |~.0455 - | -
.800 017 [=,036 | .008 |-,047 -.003 |-,087
.825 .012 |-.0358 | .000S{-.0485 -] -
.850 007 {~,035 | -.007 [-.080 -.023 |-.064
.875 002 [=.034 | -.0145|-.081 - | -
.900 -.003 |-.,033 | -.022 [-.082 -.043 |-.071
.925 -.008 |-.032 | -.0295 |-.0838 - |-
.950 -.013 [-.031 |-.037 |-.085 -.063 |-.078
973 -.018 [-,030 | -.0448 |-.0365 - .
1.000 -.023 |-.029 | -.082 |-.08 -.083 |-.083

For the Gr * 15° case, it wvas necessary tv input &

slightly fewer number of coordinates. Since the aft
portion of the surface is essentially flat, this {s
considered to make little, {f any, difference.
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The Cp values generated are at distributed points (chosen by
the computer) along the airfoil. Consequently, for comparison withk
the windtunnel data, the pressure coefficients are interpolated to
the 13 chordwise locations of the test surface. Then the same
data reduction process outlined in Subsection 3.5.2 is performed
on the data. The results are tabulated and plotted in Appendix C,.

From Figures C.l through C.26 it is seen that the general

Wl il g L] iy g

sengitivity trends follow those of the windtunnel data. However,

contrary to the experimental data, the pressure differential, at

Hialog,

all locations, is sensitive to flap deflection. In addition, the

Fap—

results are sonevhat nonlinear--especizlly at the five degree flap
deflection case. The maximum CP predicted by the SEAP at x/c = .766
R agrees reasonably well with the experimental data, but this is not
the case at the forward tap locations.

There are a few explanations for the discrepancies between the
experimental and theoretical data. First, the large thickness ratio
(t/c) and extreme forutrd'location of the maximum t/c might not
lend itself to accurate analysis by the SEAP, Second, since the
i prograﬁ is not specifically designed to handle flap deflections,
the method of doing so could lead to errors. Finally, the program
ut{lizes a two-dimensionzl analysis technique,while the windtunnel
test is three dimensional.

: While the results of the theoretical analysis do not correlate
. exactly with the experimental data, they are promising enough to

: prompt further study. Analysis of other airfoils, perhaps with
another computer program more suited to the specific needs of

the project, is recommended before discounting the theoretical approach.
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6,2 CLOSED LOOP DYNAMIC STABILITY ANALYSIS

A study has been performad to see what the closed loop performance
of a system is (or should be) that incorporates differential pressure
command as opposed to elevator position command. In analyzing the
system, the block diagram of Figure 6.3 is used. The systenm
illustrated is a pitch attitude hold loop which uses pressure as
the feedback quantity in the GE inner loop. As a control

COMMAND
a conventional pitch attitude hold system which incorporates
elevator position command (of Figure 6.4)‘was also analyzed.

For simplification, the amplifier of the inner loop has been

assumed to be a pure gain, equal to unity:

KAMP =1 (6.1)

The elevator servo is assumed to be a first order lag:

§.(8)

E 10

O) "%+ 10 (6.2)
oUT

The break frequency of 10 rad/se: is representative of a reasonably
fast, general aviation actuator.

The sensor calibration constant, or position command gain, is
a function of dynamic pressure and is obtained from the numerical

regression of Chapter 10, Part II, of this report:

3aC
35 <047 (6.3)
F
or:
AP
36F - KSENSOR = ,047q (6.4)
& CIRCUIT
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Figure 6.3 System Block Diagram (Pressure Command)
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Figure 6.4 System Block Diagram (Position Command)
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*
The aerodynamic lag and the sensor lag are combined into

one first order transfer function:

§ (s)
EIN - . S
APOUT(') s+a s+5

(6.5)

The break frequency of 5 rad/sec has been assumed as "reascnable.”
The experimental determination of this lag is one of the major

purposes of the Phase III windtunnel test,

The airplane ig%EfT transfer function ig derived using data
E
obtained from Appendix B of Reference 4 for a typical general aviation
airplane. To investigate the effect of dynamic pressure on system

perform nze, high and low values were used:

Case 1: q = 8.47 psf (K. - ,40)
Case 2: q = 76.28 psf (Ks = 3,59)

Using Reference 5 in conjunztion with the University of Kansas

Aerospace Engineerinyg Departmen's HP9825A micro-minicomputer,

the airplane gu%gy transfer function was derived for each case; and

the root loci gf Figures 6.5 through 6.8 were generated. The computer

output used to construct the root loci is located in Appendix D.

Notice that with the inner loop pressure command, the sensor and

actuator combine to form an oscillatory pair. 1In fact, Figure 6.6

shows that {t is these poles which go unstable at high dynamic pressure.
It can be seen from ~he figures that a loop gain equal to

Ke = 1.0 (6.6)

*
The aerodynamic lag represeniLs the lag between a change in 6E and

the resulting pressure change at the sensor.
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yields reasonable damping ratios and natural frequencies for the
pressure sensor pitch attitude hold system, It is also observad
that in the system with the pressurc sensor, the gain me:zgin
remains relatively constant with dynamic pressura as compared to
the conventional system. It appears that gain scheduling with
dynamic pres-ure can be avoided without a compensator or inner
loop pitch damping.

Again it should be noted that the sensor properties have
not been determined. The frequency respouse data obtained during
Phase III will yield the necessary information for a more detailed
study. This analysis is merelv a preliminary investigation of the

closed loop characteristics of the pressure feedback system,
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7. CONCLUSIONS AND RECOMMENDATIONS

The sensor used in this study does not have the qualities
required to determine the feasibility of differential pressure
feedback in a flighi coautrol system. Of available sensors, the
piezoresistive has the characteristics most suited for this type
of application.

°  Once this corncept has been proven feasible, a follow-up
program is recommended which will include the use of a more

conventional airfoil. Within this program, both theoretical and

experimental pressure distributions should be investigated.
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NOTE:s LOWER SURFACE Cp INTERPOLATED TO UPFER SURFACE TAP LOCATION

elpia = -2

R " elphm = 0
- ‘alphs- = 2
' _‘Ot-u-——-clﬁ--— 4

-n__xs_:xo -3 N it m__xs__a 8
FLAP DEFLECTION M’GLE 0', ¢

ORIGINAL PAGFh}S
QF PQUR QUALITY

CaLC

P. FINN 3-81 AEViSED | DAtk FIGURE A.1.8 EXPERIMENTAL CHANGE IN

DATE
21-5-81

PRESSURE COEFF ICIENTS
CHE , o———
: e | D LEVY [S/>5% - FLAP DEFLECTION
o : SENSITIVITY
APPD

UNIVERSITY OF KANSAS

PAGE

66

rr




NOTE: LOVER SURFACE Cp INTERPOLATED TO UPPER SURFAL TAP LOCATION
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NOTE: LOVER SURFACK Cp INTERPOLATED TO UPPER SURFACE TAP LOCATION
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NOTE:s LOWER SURFALCE Cp INTERFOLATED TG UPPER SURFACE TAP LOCATION
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NOTE: LOWER SURFACE Cp INTERPOLATED TO UPFER SURFACE TAP LOCATION
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NOTE: LOWER SURFACE Cp INTERPOLATED TO UPPER SUNFACE TAP LOCATION
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NOTE: LOWER SUWACE Cp INTENFOLATED TO UPPER SURPACE TAP LOCATION
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NOTE: LOWER SURFACE Cp INTERPGLATED TO UPPER SURFACE TAP LOCATIVN
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NOTE: LOWER SUPFACE Cp INTERPOLATED TO UPPER SURFACE TAP LOCATION
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APPENDIX B, PRESSURE TRANSDUCER CALIBRATION PROGRAM
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C.2 PRESSURE DISTRIBUTION DATA
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AS INPUT TO HP98
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EAMSAS UNIVERZITY FLIGHT RESERRCH LRE
DELTA P PROJECT - PHARSE I
SINGLE ELEMENT RIRFOIL FROGEAM RESULTS

RHGLE OF ATTACK = @ FLAF DEFLECTION AHGLE = 8
FILE HUMBER 34

I T P P T e e R R L e e P e T X
RESULTS OF SERFP DRTH
R T Y P R P e P R R R e e A L L R P P L X
TRF * X/C Cr (=
NUMEER = locaticn UrRRer lower

FELILIRLELL2LT L XL AL FPRBAEFILLLELLALALLLELLBX LR L L2542 B0

*
1 * 0.088 -1.193 -1.138
Iy * 9.076 -1.,135 -1.13%
2 * 9.034 -1.338 -1.3%%
4 * 9,894 -1.354 -1.354
] % 0.105 -1.21% -1.21%
E  » @121 -1.277 -1, 377
v = 9.133 -1.458 -1.4540
& * 0.142 -1.365 -1,268
E] + .8.15% -1.098! -1.8:31
16 - 8.16% -9.3581 -1,331
11 * 9.1384 -3, 743 ~R.743
12 * 8.20% -9.542 -3, 68458
13 * 0,228 -3,572 -a,.57z2
14 * g.254a -3, 334 -0, 334
1 + 8,381 -0.264 -1, 264
*
1e * 9,410 -0, 1326 -, 138
17 * 8.484 -3,11% -0, 01T
1 - 2.689 -3,1032 -9, 0z
13 * a.71s -3.,ave -2,87,
o0 - 8,.7950 -R,07 ~3,. 8Ty
21 - 0.78s -3, 042 -3.04z2
zZ - 8,520 -3.0829 -3,02%
23 - 1.0488 Genzd a,534

-

LR X R B R e e B X R IR R R R 2
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KRANSAS UNIVERSITY FLIGHT RESERRCH LRB
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF RTTRUK = 3 FLAF DEFLECTION RNGLE = 8
FILE NUMEER 35

S Y e L e A L L

RESULTS OF SERP DRTH

P P E PR PP PP P L PP T TP LT TP PP EEE L LT Ly I T I T I T T T 3
THF * XA C Cr Cr
NUMBER = location URpRer lower
P P P PP P PP PP E P T I TPETE L TTT LT L LT ELE PP L PP PEFFFEPLEL P T T T E LT
*
1 * B.860 -1.358 -3.612
2 * 8.8?75 -1.72 -3.683
3 * 8.884 -1.939 -3, 849
4 * 8.894 -1,377 -3, 354
S * B.183 -1.6865 ~3. 777
*
[ * 8.121 -1,782 -3, 355
s * #.133 -1.357 -1.81%
S * B.143 -1.786 -8.385
2 * 8.155 ~1.445 -3.744
18 * B.169 -1.132 -3.5%1
*
11 ¥ 8.184 -1.889 -3.438
2 ¥ 0. 285 -@,3831 -3.423
13 # g.223 -8.738 -3. 364
14 * 8.2508 -8.47 -8.193
15 * 3,381 - -8.331 -3.145
*
1e * 8.416 -8.289 -3,8s7
7 % 8.43808 -8.177 -i,858
13 * B8.689 -3,159 -3.845
13 * 8.715 -3.11%9 -3.835
29 * B.758 -8.11%5 -3,/2z
21 * 8,785 -3, 1328 ~3.Pas
22 * 8,529 -3, 883 -5, 88z
23 % 1.808 0. 638 B.630

%
EE e A R R S R A S R A R R RS AR R RS R RS A AR RS R S A

/\/
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KANSAS UNIVERSITY FLIGHT RESEARCH LRE
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE QF RTTRCK = 6 FLAF DEFLECTION RANGLE = 8
FILE NUMBER 36

RESULTS OF SEAF DRTH

E Y P I Y Y T Y T P T 2 3
TRP * XSC Ce Cr
NUMEBER =* iocation UPRSt lower
Ty R T T T PR TR R T T L L L X T TR PP PR PR P P PP S
1 - 8.0c68 -2.824 -3.893
2 * 9.876 -2.487 -3,124
3 * a.4a384 -2.67¢ ~-3.345
4 * g.994 -2.439 -3, 382
S * 9,183 -2.134 -3, 3885
<
) * 8.121 -2.124 -3, 444
7 * 8.133 -2.383 -3,593
s * a.143 -2.248 -3,.57%
Q * 8.1SS -1.822 -a.418
18 * 9.1869 -1.512 -3.383
k4
11 * 9.134 -1.233 -3, 2489
2 ¥ a.2a3 -1.121 -a,193
3 * v,228 -1.9883 -d. 158
14 * 8,258 -8.5628 -3, 047
15 * 8,381 -3.518 -a,813
*
1e * B.4186 -8.298 3,833
17 * 8.488 -9.,248 3,828
138 * 0.680 -8.22 B.822
19 * 8.715 -3.183 R.018
28 * 8.v548 -a.162 2,824
*
21 * B, 735 -9.11%9 0,839
3 * 3,329 -3.8%3& A, 838
23 * 1.884 g.524 H. 524

*

FTEEFL X T LR RS LA LFLLFE I TR XXX FFLET XL L L XL LB XL LR FF XL LS XXX XXX 2
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFQOIL PROGRAM RESULTS

ANGLE OF RATTRCK = 0 FLAP DEFLECTION RHGLE = 3
FILE NUMBER 37

RESULTS OF SEARF DATA

P S T T Y T T Y P T I I T T P Y Y P T e R Y R P S S S T L LR
TAF * X C ) Ce
NUMBER = location urrer louwer
Ry T T R S Y P R P R A T R P L R R Xk
*
1 # 8.982 -1.348 -1.822
2 * ¥,873 -1.285 -3, 949
3 * 8.833 -1.872 -1.143
4 * 9.8%4 -1.981 -1.282
S * 98.187v -1.359 -1.863
-
& * 8.123 -1.4386 -1.11¢8
v * 8.135 -1.827 -1.266
& * 8.143 -1.324 -1.148
Q * @.163 -1.832 ~-8.88¢
18 * 0.181 -9.,9a3 -8.714
i1 * 8,393 -8.,59%¢ -3, 436
12 * 8.29¢ -8.418 -3, 27S
13 * 9. 4094 -9.214 -9, 878
14 * 8.552 -3.15% -3, 983
1S ¥ 8.67 -2.227 Q. 21%
*
16 * . v.588% -9.880 8. 157¢
17 * g.7094 -8.83% 9. 144
12 * p.728 g.828 a.12
15 * 0.741 -3.822 0,883
28 * 8,795 -3,887 B, 833
*
21 * g8.224 -0,.843 ST B
2z * 8,852 -8.182 -3, 383
23 * 1.880 A, vel 8. 7ed

*
FEERLLLPFLLXRLETEPE XS XXX XXX AHAFFLLLCEXLTERLLL T IR ER SRS 20
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KANSAS UNIVERSITY FLIGHT RESEARCH LREB
DELTA P PRQJECT - PHRASE I
SINGLE ELEMENT RIRFQIL PROGRAM RESULTS

ANGLE QF ATTACK = 3 FLAP DEFLECTION HNGLE = 3
FILE NUMBER 38

RESULTS OF SERP DATH

R Y T T T T TS T L T L T T T e e T S S T T T T
THF * X0 Ce (N
NUMBER = location urRer lower
P S T T T T PR T Y I R T T IR T R LY P F LR
*
1 * 9,862 -1.6887 -3, 743
2 * 2.873 -1.513 -3.712
3 * g.883 -1.883 -3.9312
4 * 8.894 -1.783 -3, 984
S * 8.187 -1.524 -3, 831
*
& ¥ 9.123 -1.632 -3, 351
T * 8.135 -1.767 -1.187
3 ® 0.148 -1.452 -1.08s
Q * 9.163 -1.141 -8,773
18 * v.181 -1.9481 -8,819
*
11 * 9.283 -9.644 -9, 3384
12 * a.29¢8 -8.433 -8, 258
13 £y 8. 3404 -8.178 -8.183
14 * 8.552 -3.897¢ -3, 058
1S * 9.671 B.122 8,878
*
18 ¥ 0.883 8,991 A, 003
17 * 8.704 8.123 -3.828
18 * 3,729 9.153 -3,822
i3 * 8.741 a.0:39 -8, 339
24 * 8,799 a.a1?v -3,853
21 * 8,224 8. 033 -a,877
22 * 89,882 -2.324 -3.174
23 * 1.6884 5.7359 8,799
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KANSAS UNIVERSITY FLIGHT RESEARRCH LREB
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT RAIRFQIL FPROGRAM RESULTS

ANGLE OF ATTACK = & FLAF DEFLECTION HNGLE = 3
FILE HUMBER 39

RESULTS OF SERF DARTR

Vg g g
TRP * XIC Cp ()
NUMBER = location URREY lower
B T T T I T T T T LT T T T T T P T R T Y T T T T T
*
1 * g.8862 -1.385 -08.48%
2 * 8.a73 -1.773 -3, 454
3 * 8,883 -2,083 -a.661
4 * g9.0%4 -1.9235 -3, 748
) * a.167 -1.78¢ -0.6843
*
& * 8.123 -1.798 -a. 764
T * 8.135 -1.914 -8,2332
2 * 0.148 -1.563 -3, 8848
Q * 8.183 -1.238 -3.852
18 ¥ 8,181 -1.883 -a,512
*
11 * 8.:283 -3.688 -2,318
12 * 8.298 -3, 458 -9, 289
13 * 8.484 -3, 148 -8,119
14 * a.852 -8.833 -3,8938
15 * 0.571 0.261 -3, 840
*
16 ® 8.5683 /. 254 -3, 145
17 * 8.794 8.387 -3.289
13 * 8.728 B.319 -9, 132
19 * g.741 g.139 -a,1%53
28 * 8,795 8.113 -3,1589
*
21 * 0.824 8.138 -, 183
22 * 9.852 0.045 -a,z281
23 * 1.008 Q.725 A, 72s
*
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KANSAS UNIVERSITY FLIGHT RESEARCH LAB
DELTAR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE QF RTTACK = 9 FLAF DEFLECTION RMNGLE = S
FILE NUMBER 48

Ly At Yy R X
RESULTS OF SERFP DRTH

THF * X<C Ce ()
NUMBER =* location urper lower

x*
1 * 8.082 ~2.268 -8, 158
2 * 8.av3 -2.888 -8.183
3 * 8.083 -2,378 -8,373
4 * 8,094 -2.194 -8.471
S * 8.187v -1.928 -8,438
*
& * 89.123 =-1.997¢ -9, 533
v * 8.133 -2.891 -8.781
8 * g.148 -1.699 -8.658
3 ¥ 0.183 -1.338 -8, 488
19 * 8.181 -1.18%5 -d.38%
*
11 ¥ 8,203 -9.754 -9.215
2 * a.293 ~3.498 -8.132
13 * g.404 -g8.138 -8.,89!
14 * 89,852 -9.082 -@.881
15 ¥ a.671 8.322 -8.817
*
le * g.588 a,354 -8, 286
17 ¥ Q.74 a, 488 -a, 583
18 ® 9.729 8.482 -8.472
19 * 8.741 a.318 -8, 327
29 * 8,795 8.2as -8, 278
¥ :
21 * 8.3824 9,214 8,278
22 * 8,852 a.83%¢ -3.4487
23 ¥ 1.0008 g.683 8.683

#
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KANSRS UNIVERSITY FLIGHT RESERRCH LRE
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFQIL FROGRAM RESULTS

RANGLE QF RATTACK = 9 FLAP DEFLECTIQN ANGLE = 18
FILE NUMBER 40

E A R e X I S L IR L R SR R SRR R R R AR L AR LT

RESULTS OF SERP DRTAR

I Y Y Y L L R L R LS ST S

TRP * XC Cep Ce

NUMBER =« location urpeYr lower
R Y Y X T R R R L L L T T T T T ¥ X ORIy P
¥
1 * 9.869 -1.945%5 -3, 541
2 ¥ 9.671 -1.85¢ -9.492
3 ¥ 8.881 -2.188 -3, 534
4 ¥ Q.891 -2.85% -3, 747
S ¥ 8.182 -1.832 -3.7v35
*
& ¥ v.118 -1.928 -3, 888
T ¥ 9.128 -2.119 -8, V&7
8 ¥ 8,148 -1.960 -8, 887
Q ¥ 8.181 -1.613 -d.r7r1
19 ¥ 8.185 -1.37¢ -, 862
*

11 ¥ 8.139 -1.283 -9, 444
2 ¥ 8.199 -8,932 -3, 241
3 * 8.278 -3,883 -8.101

14 * 8.399 -3.469 . 988

15 * 8.649 -9.428 a.141

*

18 * 0.872 -8.537 Q. 364

17 ¥ 9.6388 -3.822 Q. 331

18 * Q.70 -9.685 . a,317v

19 * 0.728 -8.2%4¢ Q. 188

2a * 9,844 -a.213 Q. 158

*

2 * 8.873 -3.872 g, 127

22 ¥ €, 901 8.a27v a.19%

23 ) 1.881 8.17o9 8.179

*
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KANSAS UNIVERSITY FLIGHT RESERRCH LAB
DELTR P PROJECT - PHRSE 1
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF HTTACK = 3 FLAP DEFLECTION RNGLE = 18
FILE NUMEER 41

THF * X7C Ce Ce
NUMBER = location UrRpRet lower
D Y N T LI S T TR T T R T R R R R R P S P T Y
*
1 ¥ 0,069 -2.781 3,828
2 ¥ 0.071 -2.388 2, 088
3 # 9.8381 -2.,%22 -9, 963
4 * 8.091 -2.744 -0, 2435
S * 8,182 -2.430 -3, 283
*
& * 8.116 -2.98°7 -9, 282
T * 8.128 -2.6388 -3, 353
8 * 8.148 -2.476 -3. 489
b * 9.151 -2.0483 -3, 400
18 * 0.189 -1.748 -8, 252
*
11 % 8.138 -1.81°7 -d. 188
12 * 8.199 -1.289 -3.833
3 * 0.273 -3.383 9,857
14 * a, 399 -8,.588 A, 165
15 * 0.649 -8.519 0.215
*
16 * 0.672 -3,5¢8¢ 9. 4048
17 ¥ 9.688 -3.671 8,377
18 * Q.74 -9.739 7 @, 361 7
19 * 0.720 -3,331 . a.2320
29 * 9.844 -3, 247 g, 199
¥
21 * 8.873 -3.098 A, 159
22 * 9.991 a.019 8,122
23 ® 1.901 8.165%5 A, 185

*
FLLEXRXTXPLP XX LRALXLAFALEATITXALELLX LR RS ARX B RS2 Lro 4L TRaTSEERY
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT AIRFOIL PRQOGRAM RESULTS

ANGLE OF RTTACK = 6 FLAP DEFLECTION RANGLE = 18
FILE NUMBER 42

eI I I IS S LI E LS LSS LL LS AL LS R RS R EL TR SRR L L

RESULTS OF SERP DATR

I L I I R X RS R R LRSS S LR R AR A R A A R A SR 2

TRP * X7 C Ce Ce
NUMBER =+ location upper lower
P Y T T T T T T T T ST LI SIS T TR F PR Y TN ERTR TR F PP )
*
1 * a. 068 -3.8635 a, 459
2 * 0.871 -3.384 Q. 489
3 # g.881 =3.737 a, 327
4 * a,891 -3.478 a,1v8
S * 8.182 -3.880 8.138
*
& * 8,116 -3.111 a.112
7 * 8.128 -3.27V9 8,014
-] * 8,148 -2,999 -3, 188
) * 8.151 -2,483 -g3.,av2
:Q * 8,165 -2.128 9,828
%
11 * 9.138 -1.979 Q, 184
2 * 8,199 -1.478 0.188
3 * 8.278 -1.08% g, 2898
14 * 98.399 ~-9.767 A, 262
1S * 0.649 -8.508 a, 291
* .
18 * 0.672 -8,500 @.437
17 ¥ 0.688 -9.717 0.424
13 * 0.704 -8.77 0,487
19 * 8.728 -9.354 A, 278
29 * 9. 544 -Q,277 3,242
-
21 x 8,873 -g.118 B, 134
ey * 8.%01 -9.883 B.153
23 * 1.081 8.1¢€3 0,183

*
FFALEXIRLF L LA XXX TR EFNTXFR LB RLL XL RALFEXTLR T 2285800k ¥e
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KANSAS UNIVERSITY FLIGHT RESEARCH LAE
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT ARIRFOIL PROGRAM RESULTS

ANGLE OF RTTACK = 9 FLAP DEFLECTIOM RNGLE = 10
FILE NUMBER 46

FEFFRRRF SRR F R A AR R R EF RS R AR R IR R AR R IR RRR LR R RS
RESULTS OF SEAP DATA

- .

EERLLREELF AP LB RLE SR LRI RRRE R LR IR R LSRR LA R ERREA R R LA ARCR R LRSS

TRP # X/C Cr Cp
NUMEER # location urper tower
PR DR Py Py Y Y L 22 LR TSI T IS IS Y
¥
1 ¥ 8.060 -4.614 8,771
2 * 8.0871 -4,232 8.711
3 ¥ 0.0881 -4,594 8,632
4 ¥ 8.091 -4.24y 8,517
S ¥ a.102 -3.788 8,458
<
6 * 0.116 -3.724 B.417
7 % 8.128 -3.871 a,327
g % 0.140 -3.518 8,229
9 # 9.151 -2.989 A.221
19 # B.165 -2.492 g.272
*
11 * 0.180 ~-2.326 g.361
12 * 0.199 -1.753 9,334
13 # 8.278 -1.301 9,343
14 * 8.399 -0.333 8,359
15 * 0.650 -8.704 8,372
*
16 * 8.672 ~-0.6638 4,428
7 * 9.688 -8.776 0,423
18 # 8,764 -g.81% A.467
19 * 0.720 -9.398 B.339
24 * 0.844 -3,382 g9,294
21 * 0.373 -8.13%5 8,237
e # a.991 -8.091¢8 8,139
23 * 1.001 Q.10 8. 168

P
FEFLLLBL XL LI IR FXRRF LSRR LERLELLFILLRLCEREE AL AP LR LR LG 0SS s

104



KANSAS UNIVERSITY FLIGHT RESERRCH LAE
DELTA P PROJECT - FHASE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE OF RATTACK = e FLAP DEFLECTION ANGLE = 13
FILE NUMBER 43

A2 LR RS XIS LIRSS SIS AL A AR AR SR LSRR XY X

RESULTS OF SERP DATA

EEERXLE LR LR R R LR AR EEFXR R P XN LN REEEERERL XL SRR

TAP * X/C Ce Cep
NUMBER = location urReEr lower
FERFSPFAUL ISR ERA LR EAREFEER AR XL P LR LTI RFRREN IR LSS R EN
*
1 * 0.873 ~2.9307 -0, 227
2 * 0.083 -2.529 -0, 293
3 * 0.098 -2.256 -3.422
4 * a.114 -2.350 -0, 4939
S * 9.128 -2.522 -3.477
*
[ * 0.142 -2.133 -3.584
? * 6015? “1.?15 ”@.457
8 * 0.175S -1.479 -9.238
9 * 0.197 -1,357 -8.214
iv * 0,222 -8.9983 0.011
*
11 * 0.367 -8.781 a.673
12 * @.418 -8.£088 Q. 217
13 * Q.807 -0.616 9,254
14 * 0.632 -08.718 0.408
15 * 0.r -8.750 8.418
*
18 * 0.674 -0.945 Q, 444
17 * 9.69%5 -1.861 3. 449
18 * 0.7195 -8.913 0. 44%
19 * 8.735 -9.2¢9 Q2,248
2d * 0.916 -9.157 8,281
*
21 * 0.947 9. 152 5 5
23 * 9,977 f.247 0,283
23 * 1,003 9.151 0. 151!
»

32 L R R A A R X ST I L XA S R X R L L R R R R R R R R X R R L LR
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KANSAS UNIVERSITY FLIGHT RESERRCH LAB
DELTAR P PROJECT - PHASE 1
2INGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF RTTACK = 3 FLAF DEFLECTIOM RHNGLE = 13
FILE NUMBER 44

S O T R Yy ey sy s a L e L
RESULTS OF SEARF DRTR

FEFEERR AR IR FERER BRI AR R EFFRFF R BRI RAEIRF A I AR LR S RGNS

TRP * xX7C Ce Ce
NUMEER = location urper lower
EXRREFEFREF SR IR A BRE NSRS FEE AP LR AFNLEF LN LB LS PR AR L0 NRS
*
1 * 9.872 -3.224 8. 199
2 * 0.085 -3.192 a,10:3
3 * 0.098 -2.81% -a,828%
4 * 8.114 -2.874 -9, 043
S * 0.128 -3.836 -9,129
-«
& * 9.142 -2.5886 -0,235
7 ¥ 0.157 -2.183 -2.1%¢
] * 0.175 -1.819 -3.041
Q * 9.197 -1.837 0,009
1a * p.222 -1.114 0.154
*
11 * 9,367 -2, 953 0.193
12 * B.416 -8.711 8.238
i3 # 9,607 -9.703 0.31%
14 * 9.631 -0.782 9.433
15 * 8.654 -0.78ar 2. 454
*
1€ * B.674 -0, 250 a,477
17 * 0.69S -1.0¢} n.431
18 * 00?15 -60913 ‘30482
19 ¥ 0.735 -0.280 0, 27S
2a * 0.918 -8.1¢68 0,224
21 . Q.%47 Q.154 0,079
&3 - 9.977 Q. 241 0,07
23 * 1.083 8.143 3,142

&
X R AT R Y L Y R R R R R A A R R R R S R R R S LR R
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KANSAS UNIVERSITY FLIGHYT RESERRCH LAE
DELTR P PROJECT - FHASE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTE

ANGLE OF ATTACK = 6 FLAP DEFLECTIOH ANGLE = 15
FILE NUMEBER 45

FRIEBEBER B L FLLRFPLEIFPIRIABL YL IR L L EIRABLI AR L 0+ 28R4 2505800548

RESULTS OF SEARP DATR

SRS L L ELLILB UL BPBRBB A BB PR AL LRSS LL LR LR PR LS LT E S b E S L vt
TARP * xX/C ce Cr

HUMBER = location urRper lower

2 I T Y R Y Y Py P Y P Y Y PP R SIS SIS LIRS RS S X

*
1 * 0.073 -4,049 9,539
2 % 9.08S -3.951 0. 445
3 # 9.098 -3,454 0,328
4 * 0.114 -3,479 B, 280
S * v.128 -3.614 0,193
*
& # 0.142 -3.851 0,387
ra # 0.157 -2.4% 0,121
8 * 0.179 -2.1€0 0. 193
g * 0.197 -2.017 0,224
10 # 222 -1,329 8,29
-
11 » 0.327 -1.144 0,318
12 * 0.416 -9.319 Q. 364
13 # B.E07 -Q,792 8,382
14 * 0.631 -9.212 0,479
15 € 0.559% -3.840 g, 457
*
1e * 0.674 -0,997 2,512
17 * 0.£95 -1.087 a.821
18 * 0.71% -Q.936 B.524
19 * 0.73% -9.292 B2t
20 ¥ 0.91¢ -8,175S 0,257
>
21 * 0.947 9. 159 I T
2z * 0.977 3,246 0, 8es
23 * 1.003 9.14% 0. 14S

*

FEEF IR BT LLLLEAEPRIREIP TSP L F R TXTIFLALISFPEE I I Pt rrrssrrrrss

. AN
Ui p Al Pag,
V4 _)‘, f QL’A 1;1 2 v
Iy
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTA P PROJECT - PHR3E I
SIMGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE OF ATTRCK = 9 FLAF DEFLECTIOH ANGLE = 15
FILE NUMBER 47

FEELEINRLF LT FRLLFAFELXLRAR L LA AL TLLXXLAI TR ERE LA TR ER RN

RESULTS OF SERP DATHA

B g D g e S T T2 XTI T T F TR T LT T
TR® % X7C Ce Cp
NUMEER =+ location urRpetr lower
B P P PP S P P PR T F P LI TR I PP PP L
*
1 * 0.873 -¢,297 8,731
2 * 8.885 -4,749 8,711
3 * 8,893 -4.113 B, 603
4 * g.114 -4,870 0,543
S * 8.123 -4,283 9, 464
*
[ * 9.142 -3.558 8. 3e7
7 * 8.157¢ -2.891 B.365
2 * 8.175 -2.584 8,334
9 * 8,978 -2.343 2, 485
i8 * B8.22:2 -1.33 w424
Fa
11 * 9,367 -1.318 5. 427
2 * 2,416 -g.312 0,439
13 * 0.607 -3.874 8., 45¢
14 * B8.632 -3.369 8,531
S * 8,655 -8.333 B.554
*
1€ * 8.674 -1.0844 B.574
17 * 8.69% -1.123 B.574
13 * B.7195 -B.267 0,577
13 * 8.73% -8, 394 a,3%6
29 * A,918 -a.121 8,297
*
21 * 8,947 9,163 A, 1ad
22 * 8,377 a.253 8,870
c3 ¥ 1.893 8. 145 B, 146

*
FEFEEELSEF LTS EFLLFXFFLEREFLF X ET X XXX EXF XX L XX XX XXX FFEERFER XS
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“DELTR P THEORETICHL PRESSURE DISTRIBUTION DATA STORER":

dim X[3i3’333 UL333s331LE33 333 L NS 1 1 Y#0 L]
fat 2:2x1$8.5

for Isl to 3
for Jsi to 3
wrt 4;“ANGLE OF ATTARCK=",3(J-1)s "DEG"
wrt 4> "FLAP DEFLECTION="»5(1-1)y “DEG"
for K=l to 33
ent "¥/C?2"s %l 1sJsK1
wrt 4)KyXLIsJ0sK]

next K

ent “CHANGES?":NS$

if car(N$)="Y"j¢cl]l 'chanves’ (1)

for K=l to 33

wrt 4.1:Ks XL I JsK]

ent “Cp UPPER?*UCIy»JsK]

wrt 4. LUlIr hKliurt 4

next K

ent “CHRMGES?“sN$

if cap(N$)="Y"icll]l 'chanses’(2)

for K= to0 33

wrt 4. 1K X[ Is JsKI: UL T2 Dr1K]

ent “Ce LOWER?"sLLIyJsK]

wrt 4. 1sLlIssK)iwre 4

next K

ent “CHRNGES?"»N$

if car(N$I=“Y"jcll 'chanves’(3)

491}

wrt rl,"ALPHA=",3(J=-1), "DEG"

wrt ris"DELTR FLRP=",3CI-1>y"DEG"

wre ris” XxsC Ce UPPER Ce LOWER"Jwrt ri

for K=t to 33

if car(NEI="Y " Swrt 6. KX Is HKDHULIs HKILL FhJrKYiwre riijme 2

wrt 4. 1Ks XL IssKDHULTs JsKsLIT9JsK S wre rt
next K

ent "GEHERAL CHANGES?",YS$

if cap(Y$)="¥"ja5b “GC"

if capr(NSIZ*Y jimp 4

ent “HARD COPY OF THIS?":N$

if cap(N$I#"Y"ijme 3

é+rtiato 28

i "N"sNS$S -

next J

next 1

trk 13fdf 33ircs 33pX[#HUC*#]sLL*]
ste

ﬁccﬂ =

“N"sY$

ent "CHANGE 1) 1/C? 2) Cp UPPER° 3> Ce LOWER?"»A

cll ’chanses’(ﬂ)

¢ ent "MORE?",Y$

if cap(YEON"Y"jret
sto 47

"changesg™:

"MN"sN$

ent "NUMBER?",K

Pif elxlient "XoC2 X[ 19 J0K)

if pizZient “Cp UFPPER?", ULy JsK]
if pi=s2ient “Cep LOWER?=sLLIsJsK]
ent "MORE?",N#¥

if coap(HE X #"Y"iret

3t0 54

21442
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0: “SEAP - C SUB P QUTPUTTING PROGRAM files 342492
1t din LIZODLPE2DVIL80):SEL10)ifor Sa) 10 €03 #"3L [ 3 ) next Sifud 1
2t dim X{23DHUL23DLI23PRAID " “aLI-LS
- “aSs
43 fmt 1103, 0040 4"y 31195.3
: fmt 299 "ANGLE OF ATTACK = “»f3,.0y10x "FLAP DEFLECTION RHGLE = "+¢4.0
2 fnt I FILE HUMBER "9 2.0
$ "PCL"tent “FILE HUMBER?™:Fi1f F<33 or F 33ibeapiaro +9
Sotrk 13¢df Fildt Foli{#lUl*rLl~3sR+D

9: “STR™:wrt s+ " R et L DL DL T “Tror S=1 to Siurt Ainsxt
10t wre S»° FRAHSRS UNIVERIITY FLIGHT PESERRCH LAB"lwrt ©
112 wrt 09" DELTR P FROJECT - FHMRSE I

2 wrt o

137 wrt o¢” SINGLE ELEMENT RIFFQIL FROGRAM RESULTS"

142 wrt viurt Siurt Slwrt S .2vReDiurt S, 2sF5urt Siwrt Ssliiury 6
19: wrt o SEIIFUSIL"RESULTS OF SERP DATRC
153 wrt S3wrr 2eLs

170 wrt GeSIZ" TAP *+"8S83° x/¢ Ce Ce"

13: wrt SHSELTHUNEER » location uPREr lover™
19: wrt SL$

20: wrt 6" *"30=Bitor 3=} to 23

211 wrt 6. 11S LIS UCSIHLLS1iB+1-B

22t if B=Sid+Biurt 6" +”

232 next Sifurt 62 ° "

243 wrt SsL3iwre Sjurt &lwrt 8

252 for S=1 to 12jurt 6inext S

261 ent “RNUTHER FILE?"s»P3i1f cam(Ps z"¥"j3t0 “PCL"
278 stp

*8319
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KANSRS UNIWERSITY FLIGHT RESERRCH LARE
DELTR P FPROJECT - FHRSE 1
SINGLE ELEMENT RIRFOIL PROGRAM PESULTS

RHGLE OF ATTARCK = 9 FLAP DEFLECTION HAMGLE = &

FILE HUMEER S8
e Ly

RESULTS OF SERF DATA INTERPOLATED TO PHRSE I TAP LOCATIONS

LSEXEFELR L L L P AL I LR F LRI XL EL T FLA RS LEFLLET TR LLE XXX XXX XX EES

THF  # XIC Cp Cr chanae in
HUMBER « location upper lower Cr
T T Ry s et R e e
1 # 8.113 -1.267 -1.267 3. 90g

8.171 -8.85% -8.35% |, 808

X

223 -8.583 -3,553 B, 68a

L

8
8.27V6 -@.328 -g.328 8. 888
a

in &

28 -8.2%2 -a.2%92 8, 88a

T

g 8.483 -4.114 -9.114 3, a8

o
2 ) A Y A R S S L S S S S Y I H N A

*

FLELLLFLFLTL LR LR L LI XL L L L X XL R LT XL L XL IR E LT L L L XX XXX XSRS ES

M
=
Ead
In

* Chan9s in rrzssure coeffilclent rerres the difference
betuwesn lowsr and uppsr surface prezsure costfficients
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KANSAS UNIYERSITY FLIGHT RESERRCH LRE
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF ATTACK = 3 FLAF DEFLECTIOM ANGLE = 9
FILE NUMEER SI1

RESULTS OF SEAF DATA INTERPOLATED TO FHASE I TS9P LOCATIONS

Yy Y I I T I T R T R T PR Y PR P R T e

TAP * X/C Ce Ce chan9e in
HUMEBER # location UPPEr lower Ce
e L I Y Ty I T T TR TS
1 ¥ 8.119 -1.895 -4.841 8.854
2 ; 8.171 -1.162 -8.574 8,587
3 ; 8.223 -a,3687 -B.375 g,431
4 ; 8.278 -3.457 -9.154 8.273
3 ; 8.328 -3.419 ~3.184 g.255
& ; 8,338 -8, 382 -0.145 8,237
v ; 8,433 -8.201 -8.853 3.145
3 ; 8.455 -@3.177 -3.949 8.12v
? ; 8.537 -8.172 -8.543 g,124
1d ; 8.589 . -0.187 -9.847 B.128
11 ; 8,663 ~-8.169 -8, 845 8,115
12 ; 8,728 -9.1138 -3,834 a.a24
13 Z 8,768 -g.108 -a.481% 8,932

# Chan9e in pressure cosfficient rep
between lover and ueper zurface pr
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KANSAS UNIVERSITY FLIGHT RESEARCH LARE
DELTAR P PROJECT - PHASE 1
SINGLE ELEMENT RIRFOIL PROGRRM RESULTS

ANGLE OF RATTACK = 6 FLAF DEFLECTION ANGLE = g
FILE NUMBER 32
D T XX R e e e T L P L e L e i

RESULTS 0OF SEAF DATA INTERPOLATED TO FHASE I TAF LOCATIONS

FEFLL RS LRI TIRFEFETFRFF XXX LA RLENENLLLF AR R R RRES

THF * X/C ce Ce change in
HUMBER # location urper lower Ce
FEFEARRF SRR FFFFRRSERFREXELRE R AN AR CNRSRRSFRRIRCF R SRR RN R R RS
1 ¥ 8.119 -2.193 -3,42%9 1.764
2 : 8.171 -1.474 -8,2%7 1.177
3 : 8,223 -1.831 -@.165 a3, 286
4 ; 8,275 -@.882 -3.941 a, 361
S : @,328 -8, 957 -3.829 8,527
B : g.329 -8.511 -3.8185 8,432
v ; 8,433 -8, 285 3,821 g,3168
g ; 9.485 -8.248 A, 828 8.273
e ; 9,937 -9, 248 8.825 @,285
18 : 8.589 - -8,233 6.024 f,257
11 : 8.663 -8.22: 8,822 B, 245
12 : 8.720 -3.1€3 9,817 A, 126
13 : a.766 -0, 1432 H.831 A.174

*
FELXLLFFFLLFFLFXLLFILL L XXX EPTLXXXLEXXL LT RLELT LI L XS XL XX F S

# Changas in prezzure coefficient reprezents the differsncs
betusen lowsr and urper surfoace rrezzure cosfficients
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KANSAS UNIVERSITY FLIGHT RESEARCH LAE
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF RTTHCK = @ FLAF DEFLECTIOH HNGLE = 9
FILE NUMBER 53

Y L Y L iRt
RESULYS OF SERP DATA INTERFOLATED TO PHASE I TAF LOCATIONS

FERFFRLPEL R RLRF LR LR RN AN XEFERL L LR LRFLEEIHEXFS R RS 8 S

TAP * X/C Ce . Ce change in
NUMBER + location upper lower Ce
FARFESRF LSRR ERE RN PR R AR R IR RSP SRS FFIAAF AL RS R R E R R RE 5

1 * 8.119 -1.455 -1.104 8,332

2 ; 8.171 -a,973 -3,8973 @, 165

3 : 8.223 -8.558 -2.,491 8,15

4 : 8.27 -8.45¢6 -0.313 a.147

S : 8.328 -8, 338 -@.216 @.142

5 : 8.3580 -6.253 -8.1z28 8,139

7 : B8.433 -9.283 -3.963 g.140

g : B.485 -8.1%6 -8,854 8,142

9 : 8.537 -9.184 -6.848 8,144

19 ; 9.589 — -8.172 -B.08235 B.147

11 ; 8.6685 -9,049 8,177 @.2z26

1 : a,72a A.012 8,125 8,187

13 z 8,766 -3.843 5.852 g,834

FELFLLEL LS L L P L LI L LRRSFPEIL L LB EL VL LELL L XL L LT IL LSS SRR SE 0SS

# Change in eressure coefficient representz the diffsrence
betusern lower and urper surface prezsure cosfticients
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KANSAS UNIVERSITY FLIGHT RESERRCH LAE
DELTA P PROJECT = FHRASE I
SINGLE ELEMENT RAIRFOIL PROGRAM RESULTS

ANGLE OF RTTACK = 3 FLAP DEFLECTION RNGLE = 3

FILE MUMEBER 5S4
FEPRRAATFF RIS AF S AT FREFFFAIRRRFEANSSANPRRARSNREIRR SRR R R

RESULTS OF SEAP DATA INTERPOLATED TO FHASE I TAF LOCATIONS

TRP # X/¢C Ce Ce chanse in
NUMBER # location uppeEr lower ce
1 * 0.119 -1.606 -8,934 a.87v2
2 : a.171 -1.878 -0, 704 8,374
3 : B.223 -8, 608 -8, 355 8,245
4 z 8,276 -8,482 -8,27% 8.283
S : 0.328 -a,368 -8, 207 8,154
& : 9,350 -8.236 -8.137 8,199
7 ; 0.433 -8.16% -8, 169 9,059
8 : 0.485 -8,152 -8,9%9 8.851
9 : @.537 -8.135 -9.081 g,a54
18 : @.339 -8.118 -8.872 @.0846
11 : 8.663 8.08s 8,855 -8,039
12 : 8.729 a.15¢& -Q,822 -B,i78
13 : 9,766 |, 852 -8, 845 -3, 8%7
*

# Chanse 1n pressure coefficlient rep
betwesn lower and ueprer surface pr

Ntz the difference
ure coetficients

<

N

E-
s

[1]]

r
4
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KANSAS UNIVERSITY FLIGHT RESEARCH LRB
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE OF ATTACK = ) FLRP DEFLECTION RNGLE = S
FILE NUMBER SS

EREFFLR TR P LR EPRBENFEFEREFEEIT R RIIRR RV FRNERFR LR RS

RESULTS OF SEAF DATA INTERFOLATED TO FHASE I TAF LOCATIONS

(X2 I T SIS SIS S A LA LR R S S S AL R R A A E A AR AR et R L)

TRF % X/C Ce Ce chanse in
NUMBER = location uRpEr lower Ce
FERERRFFR LN REER DR RNF AR RFFF R RPN ERFSERF RN RIEEN IR RR RS
1 * 8.119 1,777 -9,744 1.833
2 : 8.171 ~1.1¢4 -§,589 8,579
3 ; 8.223 -0,6338 -3,295 g.3423
4 ; a.2v6 -a,588 ~9.233 8.2v3
S ; 9,328 -89, 36 -9.182 H.180
& : 9.33898 -8.214 -8,13%9 a.a71
7 : 8.433 -8.128 -8.11¢ 8.a12
8 ; a.48% -2, 1088 -a.112 -8, 888
) ; 8,537 -9.0884 -9.108 -9.824
18 : 8.58% . -0.062 -8.183 -9,0842
1! : 0.668 a.211 -8,858 -9, 261
13 : 9,728 a,31%9 -0.192 -8,511
13 : 9,766 @.160 -9.154 -8,.214
*

FERFILLRLXT L LCALLEAERR R AT AT RARELT L LR L L AL I LSRRI T R ELE S E XS was

* Chanse in pressure coefficisnt re
between lower and uprper surface P
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KANSAS UNIVERSITY FLIGHT RESEARCH LAE
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT RIRFQIL PROGRAM RESULTS

RNGLE OF RATTACK = 9 FLAF DEFLECTION ANGLE = 19
FILE NUMBER Sé :

THP * X/C Ce Ce chanse in
NUMBER # location urper lower Ce
AXF AR S LRI R RSB R XL FP BRI SRR RELRTERXEXENE®
1 * 8.119 -1,977 ~9,695 282
2 : 8.171 -1.328 -8,.518S 8,812
3 ; @.223 -9,8%¢ -9,198 © 0.858
4 ; 8.276 -8,569 -8.18¢6 8,585
S : 8.328 -9.59% -8.831 8.583
) : 0.389 -@.583 9,042 9.54%
7 ; 9.433 -0.464 8,078 0.542
g8 : 9.485 -8.455 8,893 8.543
9 : 8.537 -3, 447 a,102 8,555
19 : 9.589 -0.438 9.123 a.5e1
11 : @.668 -8.511 a.328 a.839
12 ; 7e -8,294 8,182 9,432
13 : a,7ee -0, 264 3. 177 9,441

¥
PEXFFTLAL TSR LA R LR LR LA FALLLLFL L PR B L L LR FLLEFLL XL XL LT R XLRTXS

S the Jdifference

* Chan9e in rressure cosfficient represent
cssure coefficients

epn
between lower and urper surface err
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KANSAS UNIVERSITY FLIGHT RESEARCH LHE
DELTA P PROJECT = PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE OF ATTACK = 3 FLAP DEFLECTIOM HNGLE = 19
FILE NUMEER 357

REFEL R RS R LR RRRERRF R FRSARERRR AR XL R LA RLRER LS TR ERCRIREEREES

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCARTIONS

EEEEERFLEFLARERLLERRFRRRFARRERE PR RE R R PR R R AER R LR RF R HEES

TRP = X7C Ce Ce chanse in
NUMBER #* location upper lower Ce
EARRRRR SR B LR R RSB PR AR R R AR R R RN A R LA RF R IR R IR SRR RS SR RRER
1 * 0.119 =-2.55% -8.279 2.276
2 ; 9,71 -1.637 -8.219 1.478
3 ; @.223 -1.104 -8.006 1.028
4 Z 0.276 -0.893 2.054 0.947
S : 9.328 -8.762 9.102 0.864
€ : 9.380 -0.635 0.149% 0.783
7 : 0.433 -0.579 B3.172 0.751
g : 0.485 -08.5€4 2.183 0.747
Q : 0.537 -0.550 0.193 8.743
1@ ; 8.589  -0.335 8.203 0.739
11 ; 0.668 -0.558 9.370 8.728
12 ; 0.720 -6.331 9.231 g.5€62
13 ; 08.766 -9.300 B3.21% 9.519

AL P XL FS LT P REPRREXE LRSS ERRNRRR LR L P L RL S LT X E R R P FE SRS LSS 00w

# Chon9e in pressure coefficient rerrezents the difference
between lower and urper surfoce pPreziure cosfficients
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KANSRS UNIVERSITY FLIGHT RESEARCH LAE
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

AHGLE OF RTTACK = 6 FLAP DEFLECTION ANGLE = 19
FILE NUMBER 358

FRBPERBLLRBRVP AR EFERBBRAF R BB R RFX BRI ELBAEBRREERE LSRRI L2020 %%

RESULTS OF SEAP DATA INTERPOLATED TO PHARSE I TAP LOCATIONS

FREFRERALBLEREEERRBEBBAEERRRLEBBERERBEPERBRE AR R ZSL R RS RRRS

THP * X/¢C Ce Ce chanee in
NUMBER # location upper lower Ce
FRELELEELRLXRXRFFXRFIRARFRBBRARXBZRRR BB AERERRENLE LR BRERR SRS
1 * 0.119 -3.156 6.88¢ 3.242
2 : 8.171 -2.970 @.9%e 2.119
3 : @.223 -1.35% 8.175 1,533
4 : 9.276 -1.101 a,2ev 1.308
S : 0.328 -8.9%32 9.230 1.162
& : 0.380 -8.767 a,2%3 1.820
7 : 9.433 -0,693 0.266 0,959
& : 2.485 -0.672 9.272 Q. 544
Q : 0.537 -0.851 @.278 6.923
10 : 2.589% -0.630 0.284 0.914
i1 : 8.668 -D.601 0.413 1.014
1& : 9.720 -a, 364 0,276 9.6482
13 E 9,765 -9.3Z%2 Q.263 Q. 535

CELEFILR T XL ERFLLTE AT RXETRIRX TR LEXXLAFPELLERIRFIL XS T XSS TR IS4 RNeS

# Chonve in presgure coefficient reprezent: the Jdifference
betwesn lower and urPrer surface mrressure coefticients
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KANSAS UNIVERSITY FLIGHT RESEARCH LAEB
DELTR F PROJECT - PHASE 1
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

ANGLE 0OF RTTACK = % FLAP DEFLECTION ANGLE = 135

FILE NUMEER 959

REBFLEEFFEBEIRBEREFEFRBEB PR ERER R R RN S RERLBER L RE S LR L2 0228358588

RESULTS OF SEAP DATA INTERPOLATED TO PHASE I TAP LOCATIGNS

AERCREELEEBRERBERERERLREBERRREERRR L RRE R RF L LT AU B LSRR BB S

TAP X/¢C Ce Ce charde in
NUMBER # location urRREY lower Ce
REEFRLELEIZRLE LB AR RRBERRRREBEBERER LR RS EIRRR SRR SRR RS0
1 ¥ 90.119 -2,411 -9.433 1.97¢
2 : 2.171 -1.52¢ -0.322 1.204
3 : 8.223 -0.902 2.911 a.914
4 : 9.27¢ -9.858 8.034 0.892
S : 0.328 -0.814 0.0%6 9.870
é ; 9.380 -0.73€é 9.111 9.84¢
7 : 8.433 -8,5609 9,220 9,829
g ; 9,485 -8.611 8.230 B.241
@ : 0.537 -9.5813 @.240 @.3%3
1@ : 8.3589 -0.615 0,259 0.8€6
11 ; 9.668 -0.882 3,438 1.318
12 ; 0.7z20 -8.751 @, 3399 1.158
13 : 8,766 -3.2%9 8,240 a. 4%

-
BERE L LS L L PP R RRLFTLERP T IRRT LB NS LE RS 28T B2 E RSB IR T rrr vt rets

« Charn3e 1n pressure coefficient reprezents the ditferencs
betueen lower and urrer surtace Prezzure cocsfficisents
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KANZHS UNIVERSITY FLIGHT RESERRCH LAE
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT RIRFQIL PROGRAM RESULTS

ANGLE OF RTTRCK = 3 FLAF DEFLECTION ANGLE = 15
FILE HUMEER 68

FEEERIEHEEF R R RS LR LI EF LS L P L L FFLEEFLERNFERLEREXREL AR XSS RS

RESULTS OF SEAF DATA INTERPOLARTED TO FHASE I TAF LOCATIONS

PP PP P R S P P T I T T T T I T TR PR P LR R R E R PR T P EEE T
TAFP ¥ X/C Ce Ce chan9e in
NUMEER # location Urper lower Cep
B P P P P P T T T I F ST P PR T P PR Y T e R Y.
1 * B.119 -2.332 -8,877 2,255
2 : 8.171 -1.882 -8, 867 1.218
3 : 8,223 -1.113 g, 154 1.267
4 : 8,276 -1.856 8,169 1.22%5
N ; 0.328 -1.9081 9,183 1,183
*
& * a,3849 -3,393 8,213 1.111
v ; @,422 -3,714 S.oFu 1.0881
g : 8,485 -a,783 g, 293 1,868
*
e # 8,537 -3,7485 B, 385 1.811
-
1a % 8,589 -3,7064 8,312 1.81s
11 z 8.668 -8, 983 a, 478 1,273
*
12 ¥ 8,729 -8.755 0,420 1.1385
13 ; 5 I Y -3, 2648 B, 2E8 B.52]

¥

FEEPREF LA AL L LR L LS FF AL L L P XL L FE L L E LN ST LT L XL P XL XX L X LR RS SR

% Chanas in preszsure cosfficient represents the differsnce
betweern lower and uppsr surfoce pressyre costtficients
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KANSRS UNIVERSITY FLIGHT RESERRCH LHAE
DELTR P PROJECT - PHASE 1
SINGLE ELEMENT RIRFOIL PROGRARM RESULTS

ANGLE OF ATTACK = 6 FLAF DEFLECTION ANGLE = 15
FILE NUMBER 61

RESULTS QF SERP DATR INTERPOLATED TQO PHASE I TAP LOCATIONS

R LI e S SIS LSS SX S LRSS Rl b AL ARt i L L L)

THP * X/C Ce Ce chanae in
NUMBER +# location upper lower Ce
FELLLEXFETFLXLEFFETFIFFLAPLIZX TR TELATXATXXEXTRRAEF L LA BEIER RS
1 a.119 -3.525 . 249 3.77:
_ 8. 171 2,234 8.177 2,411
3 ; 9.223 -1.327 @.296 1,623
4 ; 9.276 -1.234 3.308 1,548
5 ; B.328 -1.148 5.317 1.457
6 ; 8.380 ~5.959 B.345 1.295
? ; 9.433 -9.817 8. 366 1,182
3 ; 8. 485 -8.309 8.371 1,150
s s 9.537 ~9. 302 g.375 1.177
19 ; 9.589  -@.795 9. 380 1.175
TR 8. 668 3,947 5.511 1.459
12 ; 9.720 8. 775 G, 471 1,246
13 ; 8. TEE @, 272 3. 302 B.574

FELETLE L FFIE T LR L FX XXX FXLFXFEFEL R I L EP LI XL LR ELEFFXETEFE LR SR XS

4 Chanss in epressure coefficlient reprezents the differencs
between lower and urper surface preszure coefficients
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KANSAS UNIVERSITY FLIGHT RESEARRCH LRE
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT RIRFOIL PROGRAM RESULTSZ

ANGLE OF HATTACK = 2 FLAP DEFLECTIOM RHGLE = 14
FILE NUMBER &2

2T X I I P P S I R YR R IR AL AT X XS LR R LA I SRS RS RS L LT X

RESULTS OF SEAP DATR INTERPOLATED TO PHASE I TAF LOCATIONS

TRP * X/C Ce Ce chense in
NUMEBER +# location URPpEr lower Ce
FLPLXPPFLLLLXLCTL LB RV AV L XL RTREL X LT FIXLTRELELLCTXXLE P XL XD
1 x 9.119 -3,761 8. 395 4.155
P 9. 171 -2.426 B, 284 2. 709
3 s B. 223 -1.616 8,339 1,354
P 9.276 -1.312 B.349 1,861
.
s s 9.323 -1.182 B. 353 1.4€1
s s 2. 380 -8, 985 8. 357 1,264
- & B. 433 -9.816 2. 361 1,176
3 ; B.485 -8, 789 B, 363 1,152
a s B.537 -8.762 B. 366 1,129
18 ; 8,539 -9.73 B, 369 1,104
1 ; 9. 668 -8.675 B. 467 1,141
2 & @.720 -~ 398 G, 330 B, 728
13 o 2,766 @1, 365 B.317 B.EE1

FREFLF LT LR X LT TR AP IF XL L LEFRP LT LS L L LLFLL R RRALLXEFXE XL RSS2 RS

* Chanse in pressure coefficient represents the difference
between lower and urrer zurtface preszure coefficients
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KANSAS UNIVERSITY FLIGHT RESERRCH LRAEB
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

ANGLE OF ATTACK = é FLAP DEFLECTIOWM AMGLE = 13

FILE NUMBER €3
S T I PP P Y Y S R Y Py e I LI
RESULTS OF SERP DATA INTERPOLATED TO PHASE I TAP LOCATIONS

FETEFEERFLLFR X TEF XX TP LF DL FRXXLETELLALLFRLELFELLEXT LS EEN

TAP * X/C Ce Ce change in
NUMBER # location upPper lower Ce
FEXECEEEFFEFXNIRERAFPEANATFRFFRFRRFRH PR FHERRH IR BB AR R RS R HHS
1 * 8.119 -4.130 B8.518 4.648
2 : 8,171 -2.598 8,388 2.978
3 ; A, 223 -1.528 a.424 1,953
4 ; 8,276 -1.443 a,425 1.373
S : 8,32 -1.3€9% a.426 1.735
& : 8,380 -1.2084 8,438 1.635
7 ; a,433 -8.9a9 a. 448 1.349
8 : 8.485 -@.838 8,443 1.341
Q : 8,537 -9.888 8. 44i 1.334
18 : @.589 | -8.378 @, 449 1.327
11 : 8. 668 -8,393 8,563 1.968
12 : @.v2 -8,391 B, 522 1.323
13 E 8.768 -8,283 é.346 B.62%

FEEFPISETRLLXL L XX R L FF R XXX L LR LS LLLLLLEX L L LSRR AR LR L LR oS

tz the differencs
g coefficlients

¥ Chonae in pressure coefficient rep

resen
betwesn lower and upper zurfoace pPrezzur
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FANSAS UNIVERSITY FLIGHT RESERRCH LAE
DELTA P PROJECT - PHASE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

RHGLE OF ATTRCK = 9 FLAF DEFLECTION RAMGLE = 2
FILE NUMEER &4

Ty Y e E I s S e ST ey
RESULTS OF SERP DATR INTERFOLRTED TO PHASE I THAP LOCATIONS

EERLILXLX LT XXXLTTXFERLLAXEFIIPALIXLELT LRI XX RER LR

TRF  * X/C Ce Ce chanse in
NUMBER # location urper lower ce
2 e P R R P X R R R S IS TS LI A AL A EE LIS I SIS LR L R L L
1 ¥ a.119 -1,989 -@,5089 1.471
2 : a.171 -1.270 -8, 435 8,835
3 : . 223 -8.698 -8,137 8,581
4 : . 2786 -8.551 -9.143% a, 482
) : 8,328 -6,385 -a,1z29 9,268
& : 9,338 -8.208 -8, 104 9.183
7 : 8,433 -9, 112 -8, 895 8,822
g ; 8. 43S -8.888 -9.,888 -9,9282
9 : 8,537 -8, 088 -@,98es -9, 926
18 : 8.589 -9.934 -9,884 -0.958
11 : 8,668 a.271 -8,927 -3, 298
12 : .72 8.482 -@.472 -8.954
13 ; 9.768 9. 265 -9, 393 -9, 563

FELXLEXF XX LT AL X LXTXLL XL ERL LS L F DL BRI RESEBIEXE XSRS

2 the difference

# Chan9e in pressure coefficient repre t
ssure coefticients

betueen lower and urper surface rre

in in
m
- =

4
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e )  demmg  Seemd owed O mwl G O GRW  WENE SR N UM AN AU D D BB

it wm,

01 “SEAP INTERPOL. PROG.":

11 dim X(133:U00133>,L0331:CL132sRsD3dim GL2319HI233» 10230500
t dim E[1316AC161:DI1815dim BL 4,4 ]4Ps X

31 L 1199n0 13,1710 208 ,223940335.278+X04)5 ,328+K[533.38-005128,433+X(7]

41 48852008, S37eK[913.589+4XK110)3.688+XL1113.72+K012)3.7564%L 13

9% trk lifor F=34 to 48

63 ldf FsGl»1sH{=1I[{#20v0Q

?1 for I=1 w0 13

8: for Jsl to 22

9t if KIIIWGLJI)iato 11

10t HLJISUCTISILJ3+LL T 352t0 1S

111 i€ nov (SLI10GDJY and XL T XKGLJ+11)3eto 16

121 (KT 1J-GLJOD/(GLJ+13-GLJID022

133 ZCHLJ+1 3-HOJ DD +HT JI5UC T )

143 2CI0J+1)=-10000+10 01500 1)

1%t LLIJX-UCIX+ClI)-EL]I:F~-33]

153 next J

172 next 1

182 Q+ALF-331+RiN>DIF-3314D

191 rcf Fele) R+ UL+ 1oLl #1sCL#2sAsD

202 next F

21t for T=1 to 13iT+P3E[TI+XK

22t for $=1 to 16 ’

232 ELT1S)+BIDIS) S+1,RLS1/3+1]

24: next S

258 fdf T+8Sircf T+SBl#1PrX

26 next T

#24010

”r{!‘;(:‘

. VI\L ‘r‘[‘.("y Y
(3 N T

PR OTALITY
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0t "SER
i1t dinm
2% din

4t fmt
St fat
€ fmt
7t “PCL
8¢ trk
t "STR
10 wrt
112 wrt
12t wre
13t wrt
143 wrt
15: wrt
16 wrt
ve Wre
18: wrt
197 wrt
20: for
218 wrt
22t wre
23t wrt
248 wrt
25t ror
26: ent
27: stp
*13077

P - DELTR C SUB P OQUTPUTTING PROGRAM files S0+63"
L3(SOLPEI31,VSI8Q),S8L 105 f0r Sml to GO "#7+Ls[S)inext Sitxd |
X[lS]lUClg]!L[13]:Ctl33!ﬂani' "L S

“25$
15109 3.0 dxs " 2"+ 4§12, 3
2+9x; "RHGLE OF ARTTRACK = “+£4,0910%» “FLAP DEFLECTION ANGLE = ~»§4.0
3r9xy “FILE HUMBER “»f2.0

“tent “FILE NUMBER?"sF3if F)>8S or F<SQieto +0

13fdf Fildf FoX{*sUC*#ToLl*#)rCL%)sAD -

“twrt s === eemccccecceccacc~o “}tor S=i to Sjurt Sinext S
6" KARHSAS UNIVERSITY FLIGHT PESERRCH LRB"jwrt 6
6" DELTA P FROJECT - PHRSE [”

[

6" SIHNGLE ELEMENT RIRFOIL PROGRAM RESULTS”
6lurt slurt diwrt 6, 23Ry Dlurt S.3sFJurt Slwrt SrLslure 6

8sSEL"RESULTS OF SEAP DATA INTERPOLATED TO PHRSE I TAP LOCATIONS™
Siwrt SHLs$

69583 TAP * x/¢C Ce Ce chanee in”
61 SFS"NUMBER # location upper lover Ce"
éiLs

S=1 to 13 :

S LiSsRISHUISHLISHCIS B wry & " #"Inext S

SrLFiwrt 6lurt Siwrt 6

615858+ Chanee in pressure coefficient recresents the difference”
61SEL” between lower and uprér surface Pressure coetficients”
S=1 to 12jurt Einext S

“another file?"sPS$iif cap(FP$ >0 "N"ist0o "PCL"

1:8



BY TAP LOCATION
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C.4 INTERPOLATED CHANGE IN Cp

F LT Y. PR ey YL T

S s T R



NN

KAHSAS UHIVERSITY FLIGHT RESERRCH LAE
DELTR P PROJECT - FHHSE 1
SINGLE ELEMENT RIRFOQIL PROGRAM RESULTS

D]
T

TRF NUMEER 1 FILE HUMBER

TAP x<c LOCATION ©.119

CHANGE IN PRESSURE COQEFFICIENT
INTERPOLRTED

P R L LT P P Ty e e T L LS
FLAP  * ALPHA-ANGLE OF ATTHLCK (deareez:
DEFLECTICON=® @ 3 B Q
Y T g Y R rE T T T Ry L
#

0.0 8.009 9,854 1.7=4 a,uag

9.352 A, 67 1,233 1.471

2.8

ar 55

LI

N

-

3,242

[
oy

1.282

1-9?8 D

18.8

X

Y Y G T A

4
3.774 4.64

L0
(v}
n
[x 2%
[xx

15.9 =k
*

* Results of SEAP data inmterrolated to phoze I tarp lacaticons

s the difterence

e ocosttlolents

* Charae in eressure coefficisnt rem
betwgen lower and upper zurtace rr
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KANSAS UNIYERSITY FLIGHT RESERRCH LHE
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

-~

T

TAP NUMBER 2 FILE HUMBER
TAP x~c LOCATION 8,171

A IR I R I RIS I I SRR AL IR LS S SR R S A P R SRR IR RS RS R X

CHANGE IN PRESSURE COEFFICIENT

INTERPOLRTED
AL AL R LI ELEE S X S S T X T XSS IR R AL E X I B R S X R L R R IR I Y YRR L R
FLAP * ALPHA-ANGLE OF RTTACK (de9rees’
DEFLECTION= % 3 & 9
A2 2RI R RS AL S S LIRSS ISR AR AR R RS LSRR AL XA R I ISR SRR LR R LR
*
B.80 # 0.000 a.58v 1.177 a. 08
*
5.0 0.165 a.374 d.575 8.83%5
*
10.0 + @.812 1.478 2.119 2.78%9
%
15,8 =* 1.294 1.81¢ 2411 2.978
*

a2 X224 AL L AL X LSS RIS IR R A RS LRI E RS L YRR SRR ST R T Y TIPS

# Rezults of SEAP data intereolated to rhaze I tap lacations

# Chan3e in epressure coefficlent re

€ sent:s the difference
between lower and upper surface p r x

g cosfrlclents
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KANSAS UNIVERSITY FLIGHT RESERRCH LRB
DELTA P PROJECT -~ PHRSE I
SINGLE ELEMENT RIRFQIL PROGRAM RESULTS

Ty
o

TAP NUMEBER 3 FILE NUMBER
TAP x< ¢ LOCATION @.223 '

EEEPERLLTLFL RS LA EELE RN RLEFLT LR R FLRF L LRI R BN EET AL LT LSRR LS e e

CHANGE IN PRESSURE COEFFICIENT

INTERPOLATED
R T A T Ry Ty R TTEE EEEE EP P E e
FLAP = RLPHA-ANGLE OF ATTACK (degrees.
DEFLECTION+ e 3 & 9
S R T T I Ry Yy Yy Y e a L
¥
9.6 = 9.000 9.431 Q. 886 9, 8ua
*
5.0 = 8.15¢6 B.245 8.343 9.581
¥
19,0 +# 0.658 1.898 1.533 1.954
#
15.0 = 8.914 1.267 1.623 1,953
*
Ry LTy I I IR TS PR T T PR PP

* Fezultz of SERP data interrclated to rhaze 1 top lacation:

* Charae in rressure coefficlient represents ths Jdiffersncs
betusen lower and urprer surtace Prezzure coettilcisnts
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KANSAS UNIYERSITY FLIGHT RESERRCH LAE
DELTA P PROJECT - PHASE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

TAP NUMBER 4 FILE MUMBER 69
TAP x-/c LOCATION @.27 '

REULFRREFELEF XXX RLEFFRE LS LS L L EFE LA R L E LR R FLERF R FL AL LR EFL LR L R RS R00%8

CHANGE IN PRESSURE COEFFICIENT

INTERPOLATED
AR R R RS RERF R PSRRI SRR R R R R AR IR AR IR F R RS RS S L IR IR SRS SRR R ISR H ARS8 25553
FLAP  # ALPHA-ANGLE OF ATTACK (dearegez’
DEFLECTION# 9 3 6 9
3y S T IR R R L R Y R Y I I T S R PR TR )
#
0.0 » 8.000 8.273 8.5¢61 0.0088
#
5.8 +# 0.147 8.203 0.273 a.402
#
1.9 = 9.585 @.947 1.383 1.651
#
15,08 # @.892 1.22% 1.540 1.873
¥

ERRLEPLL LT LEL LS PR L EFH LR LEEFLEFLLFL L L XL RF LR ER R LSRR LRSS L LIRS R4 53R 855525

* Fezults of SERP data interrcolated 1o rhase [ tar lacations

* Chanas in pressure coefficlent reprezent:z the difference
between lower and uprer surface pPreszure cosefficlents
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTA P PROJECT - PHASE I
SINGLE ELE..&NT RIRFOIL PROGRRM RESULTS

-J
X

TAP NUMBER S FILE NUMBEF
TAP x-¢ LOCATION @.328

RXEEEBRLRXNF RN TEBRRREREFRREFRRS SR XX AFLEREABEAER LA AR SRR B LA LR L L2

CHANGE IN PRESSURE COEFFICIENT

INTERPOLRTED
L2 T I T T R R Y P P P P P T R R Y E R Y R R R R R R R R Ry Ny R L L
FLAP * ALPHA=-ANGLE OF RATTACK (deearsesz’
DEFLECTION# ] 3 é 9
L e L Y Y Y P I P T T R Y P Y T R I R P T T R LR LR F R R RPN
*
8.0 = 0.000 0.2%5% 0.527 0.930
L 3
$.0 # 9.142 0.154 8.189 B.2686
*
10.0 # 0.563 Q,8¢4 1.162 1.481
*»
15,0 + 9.87@e 1.183 1,457 1.795
*

222 I LI R R R e R Y I R I Y Y Y I T I X

* Fezultz of SEAF doto interralated to ehaze I tap locations

* Chariae {n pressure Ccoefticient représzent: the ditterence
betweer lower and uPRer =urtace Rrezfzure cosfticisnts
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ERANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

TAP NUM3ER € FILE HUMBER T1
TAP x.¢ LOCATION @.280

FRERBLBBBPE AL B RE R LR LISELBRETREFFRREIANFFLEL LR LRBFLEIRAE PR IR F L4 EE RSS20 02 s

CHANGE IN PRESSURE COEFFICIENT
INTERPOLRTED

FLRP * ALPHA-ANGLE OF RTTACK (Jdearcesz:
DEFLECTION= %) 3 () 9
I Y T e T Y Y Yy Y Y P Y P Y R Y e L P e TSRS L 2 8
*
g.9 = 2. 128 8.237 0.4493 9. 908

D
o

A7 @, 1as

—

5.0 0.139 9.999 g.

o
(2 0]
4=

1e.9 0.545 09.783 1.020 1.:

* A AN Ak

o

3

[ )

0.846 1.111 1.295 1.

15.0
*

AREELT RS RF LRI FFILLBLERRLRRERTEERXEFRRERBLF TSN ALRTEFFRILEEFIRFLFLLIR XL XL E 4

- Fezults of SEAF data intsrrclated to rhaze 1 tap lacation:

* Chanae in Pressure coefticlent rerrezants the dittsrence
betusen lower and urper surtace pPrezsure costticients
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KAHSAS UNIYERSITY FLIGHT RESERRCH LHE
DELTR P PROJECT - PHASE I
SINGLE ELEMENT RIRFOIL FROGRAM RESULTS

=
ra

TAP NUMEER 7 FILE HUMEBER
TAP x- c LOCATIGH 8.433

FEEEXLLFLLEEL LA RNFLLF TRV X E NP F LR XAL AT X EL LR ALLL LI L L L XL SRR I F L LXTE L F %S

CHAMGE IN PRESSURE COEFFICIENT
INTERPOLRTED

I T Ty Y T P Y e L P R T T R e Y R R e R
FLAP * ALPHA-AMGLE OF ATTRCK (dearecesz’
DEFLECTION* (5] 3 & 9
I Ty PR Y R Y T T Y e A P I Y Y T T P P T
*
9.000 8,143 21 0.8808
8.140 a.

9.542 a.?31 8,93% 1.17¢

B.a
5.8
19.8@
15.8

2.
¥.812 a.822

C‘.‘t
Ul
'Jl

oL

a.829 1.9681 1.182 1.34

* Kk kK kA F

A2 S S L L R R RS R R R R SR LR R A SRS A AL TR Y R R LRSI RS Y X

* Rezultzs of SEAP data interrolated 1o phus I tarp lacotions

L4
in

* Charnae in pressure coefficient rerr

t tz the difference
between lower ond uprer surface BrESIUFE o

et ficients
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KRANSAS UNIVERSITY FLIGHT RESEARCH LAB
DELTR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESLLTS

=4
()]

TAP NUMBER £ FILE MUMBER
TAP x~c LOCATION @.485

CHANGE IN PRESSURE CQEFFICIENT

INTERPOLRTED
T Y Ry Yy eI R s s sy e e E R E eSS e Ly
FLAP = ALFHA-ANGLE OF RATTACK (dearesz>
DEFLECTION=® Q 3 & 2
P I T Y Ty Y R e L PRt LR R Y Yy
*
8.9 =« 0.8v0 8.127 3.273 3.90a
*
5.8 % g.142 a.0e1 -8, 08e -4, 892
#
18.8 = 9.548 8,747 9. 944 1,152
*
15.8  « 9,841 1.888 1.1248 1.341
¥
Ty Y Yy E L e T S L T Ry e E X L L

* Fezulrs of SEAP dota interrolated tao phaze I tap lacatiaons

* Chanae in pressure coefficiesnt represzents the difference
between lower and urper surface pressure cosfficients
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KANSAS UNIVERSITY FLIGHT RESERRCH LRB
DELTA P PROJECT - PHRSE 1
SINGLE ELEMENT RIRFQIL PROGRAM RESULTS

TRAPF NUMEBER 9 FILE NUMBER T4

TAP x-c LOCATION @.537

CHANGE IN PRESSURE COEFFICIENT
INTERPOLRTED

FLRP = ALFHA-ANGLE OF ATTACK (de9reez)
DEFLECTION* a 3 8 9

9.8 8.808 a.124 8,265 o, 838

5.0 8. 144 8,834 -9.824 -8.9:2¢8

Lo

19.@ 8.535 8,743 3,929 1.12

15.8 8.8353 1.911 1,177 1.334

L I I N N R

% Rezults of SEAF data interrolated to phaze [ tap lacations

* Charse in pressure coefficisnt reprezents the differsnce
between lower and upper surface Preszsure cocfficients
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTR P PROJECT - PHRSE 1
SINGLE ELEMENT AIRFOIL PROGRAM RESWLTS

-3
in

TRAP NUMEBER 18 FILE NUMBER
TAP x<c LOERTION 8,589

CHANGE IN PRESSURE COEFFICIENT

INTERPOLRTED
Ly LTI I TR T R Ry ey Y Y I S I B R s
FLAFP  * ALPHR-ANGLE OF RATTHIK {dearees?
DEFLECTION* % 3 5 )
L R ey s L e T s L e s L
*
a.e # 8.0800 a.128 3. 297 9. 908
¥
9.8 # 0.147 8.84¢ -a,942 -8.83%08
¥
186.8 =« 0.3561 fB,739 8.914 1.184
*
15.0 = 0.866 1.918 1,175 1.327
%

* Fezults of SEAP data intzreolated to phaze I tap lacations

* Chanae in pressure coefficient reprszent:s the difference
betuecen lower and upper zurface ereszzurs cosfficients
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KANSAS UNIVERSITY FLIGHT RESEARCH LAE
DELTA P PROJECT - PHRSE I
SINGLE ELEMENT AIRFOIL PROGRAM RESULTS

THP NUMEBER 11 FILE MUMBER T&
TAP x<c LOCHTION ©,&88
P e A L L IR T L L

CHANGE IN PRESSURE COEFFICIENT

INTERPOLRTED
B T T P TR T TR T T TR TR R g g R A LT T T T
FLRP * ALPHA-ANGLE QF ATTACK (desrees)
DEFLECTION= 3] 3 6 9
B D L L T T D g S N T T T T L L T L D T T R R e Y I T T I T o
*
g.0 = 9.98009 B.115 B.245 3,884
*
5.0 * 8.226 -3.838 -3.261 -3.298
*
19.8 = 8.339 f.323 1.0814 1.1414
%
1S.2  =* 1.318 1.373 1,459 1.5€¢
*
Y Ly T Y g B A T R S B g L L L L L L T ¥ T OpaprE ey

* Rezults of SEAP datao interrpolated to phaze I tae lacationsz

* Chanse in pPreszure coefficlient rer
r

gzentz the difterence
between lower and upper surface press: 0 3

e cosfficients
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KANSAS UNIVERSITY FLIGHT RESERRCH LRE
DELTAR P PROJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

TAP NUMEER 12 FILE HUMBER 77
TAP x-¢ LOCATION ©.728

2T T R R Py IS I PR I R LR SRR XS R LS A AL IS L AL S SRS EL LR L S E LS LA L AN

CHANGE IN PRESSURE COEFFICIENT
INTERPOLRATED

P P Y R e g Y T T T T ST TR P TEERPE P R R R P P P P P R S S P P I I T LR P r
FLAP ALPHA-ANGLE OF ATTACK (dearees)
DEFLECTION® @ 3 & 3

2T T L R R P R I T R LSS RS A A AR S L L AR L RS AR R R R R AL R Lt

8.8 Z g.000 2.834 8,136 a. 6048

9.8 : a.107 -8.178 -8.511 -8,954

18,8 : a.482 @.5e2 3.544 g,vas

15.9 : 1.158 1.183 .24 1.323
***&******I*************************%***********4******§§*%****%ﬁ****ﬁ****i

* Rezults of SEAP data interrolated to fhaszs I tap location:z

* Chanae in pressure coefficient r

eprezentz the difference
betwucen lower and upper zurtface press

are coefficlents
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KAMSAS UNIVERSITY FLIGHT RESEARCH LAB
DELTR P PRQJECT - PHRSE I
SINGLE ELEMENT RIRFOIL PROGRAM RESULTS

TAP NUMEER 13 FILE NUMEER 78
TAP x ¢ LOCATION @.768
T Ty Ly Yy T I T Ly T

CHANGE IN PRESSURE COEFFICIENT
INTERPOLATED

P R T R T L L L L LR T R T T TR T R B e Gt g X

FLAP * ALFHA=-ANGLE OF RATTACK (desrees)

DEFLECTIOM# 8 3 & 9

L R T L L T T g g e Y 2 L L L T Rl I L L X X D R R g P )
*

6.8 = 0.9898 8.B82 B.,174 Q.

[
=
=
1

on
[
[x]

2.8 8,934 -8.,9%7 -8.314 -4,

240
L
—

18.9 g.441 a.51% 8,595 g, ¢

fJ
I

. 629

o

15.8 3.430 8.527 8.574

b i I N R T

FEERXLLL L LT XL L XL LR A A H TR LR LL AL S F L E XL AL L XXX E LA E L LR LRSS LR L EE xS

* Fezsultz of SEAP data interrolated to prhasze . tar loacatiaons

* Chanae in pressure cosfficlent reprezents the diffsrence
betwsen lower and uprer surface preszure cosfficlients
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Q3 “SEAP DATA OQUTPUTTING PROGRAM specific x/¢c files S6-73"
11 dim LECSOLWPS(31,YSL301:SE(SHTH( 10 Ffor Sm] to PS3"e"<LS
2t dim Bldrd )sPa 3" “eSE1" “aT$

3
(S)ingxt S3exd 2

31 fat I 2ef12.252x3fat SeSxr "TAP NUMBER “»f2.0Qs 35y "FILE HUMBER “«§3.0
41 fmt 4r2rExs 5. 1925 " # 1 2xltmt 69 Sxs "TAP x/¢ LOCATION "»i8.3

S: Ts& 0 LTSN 3°LTSL"  67&THL” 9"avs

6t "PCL ient “FILE HUMBER? ,F3if F)>73 or F{&8iwto +0

Tt otrk 134df F3laf FeBL#DsPyX

81 "STR Iuwrt €rTILTSLTIL " ~mmmwcnecmcmncw—= “3for Sml to A3wrr Sine ot S
9 wrt SrTHL" KRNSAS UNIVERSITY FLIGHT RESERRCH LAB " Swre &

10t wrt S, TELTSS" DELTR P PROJVECT -~ PHRSE 1"

11t wrt 6

123 wrt 62 T88" SINGLE ELEMENT RIRFOQIL PROGRAM FESULTS"

13: wrt Slwrt Siurt Glurt Slurt 6.5 PrFiwrt Slurt 6. 8sNiwrt Sjurt giurt &
14: wrt slurt 8153 LS5wrt 6

152 wrt 6, THLTHL" CHANGE IN PRESSURE COQEFFICIENT®

162 wrt S THLTESTEL” INTERFOLRATED"

171 wrt Slwrt 6r3FiLS

lgt wrt 6" FLRP * ALPHR-ANGLE OF RTTACK (deeress)”
192 wrt

6" DEFLECTION® ~»Y$

20t wrt S»SEELEiwre Sy THL” *

21t for [al 10 43(I=1)8+Clwurt 6. 43 f0Or J=l to 4

228 wrt 6. 5:8{1sJ)inext Jiwrt Glurt 6:TSL" *"

23 next !

243 wrt 6»SELLSburt Biwrt 6lurt Slurt Siwrt 6iwrt €

gg: wrt g'Tt&“% Results of SEAP data interpolated to phase I tap lacations”
3 wrt

27 wrt 65TS8 ¢ Chanve in eressure coefficient represents the difference”

28t wrt G THL" between lower and ufper surface Prezsure coefficrents”

29: for 3a] to 16

382 wrt 6inext Sient "ANQOTHER FILE?"»PSiif car(P$)="Y"jero "PCL"

31: end

*8226

143

o

-

——

[

P RR——— ]



”Mmulﬂ““--—‘—h—-—-mw

R ]

C.5 GRAPHICAL OUTPUT--FLAP DEFLECTION SENSITIVITY

[Salaalede 1l YEo BN o X L T TR Y = :
SUTTRRE AT BLANY NAT T e

145



£, TR T T,

r
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEGRETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOTATIONS
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NOTE:s THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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C.6 GRAPHICAL OUTPUT--ANGLE OF ATTACK SENSITIVITY
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THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTEs THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA

INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL DATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE: THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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NOTE; THEORETICAL OATA INTERPOLATED TO SPECIFIC TAP LOCATIONS
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DELTR P PROJECT
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RESULTS OF LIMERRE CURWE FITTING
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UNIVERSITY QF KANSAS
CENTER FOR RESERRCH

DELTAR P PROJECT
SERP

RESULTS OF LINERR CURVE FITTIHG

FILE NUMBER V& TAP NUMEER 11

DELTR ¢flap deflection anale? versus CHAMGE IN
FRESSUIRE COEFFICIENT AT DIFFERENT RMiGLES
AHGLES OF ATTACK <(alrha?l

FLUELPLLLL XL DXL XL EXF R XL L LL XL LR LXLFRXLAEE LS80 s
* * * * *
¥ alpho # SLOFE * INTERCEFPT % COEFFICIENT OF =
* * * # DETERMIMATION =#
* * * * *
FILLLPLFI LR L ETL L L XL LFELXEFFLEXLLLELLXRXREF TSRS
; * * * *
80,891 -G,02% %
a,9%% -a, 11*
8.993 'b- -J
B.1260 -1,9c4a
+ * *
FELLELEEBLLBXEFLLLLFEERLEER LA L L AL XL XL L LR R XX R LR ETES

.
\ﬂ

— L0 g )

8
3

*
*
-
* =)
*
*
*

* A K @
kL I I A
E 3 R
200D T
O F 0D

9

#*

-
->
-
&
-
>
-

HLFHR (anale of attack) VERSES CHAMGE IH
FRESSURE CQEFFICIENT AT DIFFEREMT FLAP DEFLECTION
AHSLES (deltad

A E T P L R L L R R e R R R R T R T
* % * * *
# delta ¥ SLOPE # INTERCEPT % CQEFFICIENT OF =«
* ¥ + DETERMINATION =
* * * *
S L R R R L P L T T R ]

% )

*

BT 3
o]

L0 D
-
=)

)
DOORY v SV I

8. 933
8. 027
* * *

FELELFELFLL T FL LIS BELLILEL L L L F LS RS L L4 F 2 XL EL 024D

0T 00—
« = w »

3% ]

[y

!
Ty e O L
B S

1a
15

IR

%

*

* g * 6,041 ¥

* 5 % -0.88H o« g,13
- * *

- * %

*

-
-
z
*
“
-
-



UNIVERSITY OF KANSAS
CENTER FOR RESERRCH

DELTR F PROJECT
SERF

RESULTS OF LINERR CURWE FITTING

FILE NUMEBER 77 TRP NUMBER 12

DELTR (flap deflection an9le) verszus CHAHGE IN
FRESSURE COEFFICIENT AT DIFFERENT HANGLES
AHNGLES OF RATTRCK <(alrha:

AR Y Ty
# * * # *
*# alpha #  SLOPE  # INTERCEPT # COEFFICIENT OF #
* * * # DETERMINARTION #
¥ ¥ * * *
R L T L T ]
# ¥ * * #
8,875 % -0,139 2.30
2,031 #  -0,193 2,76
8,837 % -0,254
*

“
B.57 *

8.223 -1.911 8,933 %
:

WOHWS
* k& &
4 ok kK

*
*

P
%
*
Py
*
e Y I L R R Y T )

FLPHR (anale of attacky VERZES CHAMGE INM
FREESSURE COEFFICIEMT RT DIFFERENT FLAF DEFLECTION
RHGLES (deltal

R R e LA T T T T o
# * * * #
* delta # SLOPE # INTERCEFT # COEFFICIENT OF =+
> * * + DETERMINATION
* * * * *
R L R e T
# * ¥ ¥
¥  @,8380 ¢ -@.0902
£ -0.117 = a, 142
# ¥
# #

4 % ok
U o I S
« = =
S RN TR ]

..
!
-

v.027 g, 450
g.919 1,135

FELXEXLTF LR F L F P L L L F PRI LR L L L LR FE IR E S PSSR FE 4 S

AD A
b IO Y R wn]

1
1!

E N I T X
E IS - ST S
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UNIVERSITY OF KANSAS
CENTER FOR RESERRCH

DELTA P FROJECT
SERP

RESULTS OF LINERR CURVE FITTIHG

FILE NUMEBER 78 TAF NUMEBER 13

IELTA (flap deflection anale) uversus CHAHMGE IHN
FRESSUURE COEFFICIENT RT LDIFFEREMT HRHGLES
HHGLES OF ATTACK <(alerha?

FEALFEXEFLLERL LR LT PR XL RLLIEI R n e b
* * * * *

+ aleha *  SLOFE  # INTERCEFT # COEFFICIENT OF =
# % % * DETERMINATION =#

* * * * *
R PR R T L L L R X e AR R R R I R R Y
* * * * *

+ @ % 0,036 % -§.016 % 8,91 %
# 3 % B8.83F  x -§,935 =+ B, 54 s
£ 6 % 0.847 % -9.959 3,41

#0009 & 0,120 % -0,949 % B.72 #
-

* * * *
I E T I R X R T S e R R R R R E R s

ALFHA {anale of attack:» VERZIES CHRHMGE IH
FRESSURE COEFFICIENT AT DIFFERENT FLRF DEFLECTION
RHGLES (delta>

I R T PRI S L X L LSRR A R AR EL R R e )
* * * * *
# delta * SLOFE % INTERCEFT # COEFFICIENT OF «
* * 5 + DETERMINATION
* * * * -
L e P R R R L R R R
* * *

8.92% * -0.902
-0,873 % 8,109
*

*

—
(o)

g

— e e
.« e =

A,827 a, 433
4.81% 2,455
# # #

P LT T T R Y L LR L P R P TR L T R RN

A A A A
D WA IR ]

"
SR

15

LR N S S
ARA, L
L I B A B 4

L s
S S T T
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D,1 LOW DYWAMIC PRESSURE

**QQ‘QQO‘§*Q***QQ#Q‘*¥§§¥Q0‘§‘QQOQ¢Q§6§Q‘*Q< PEERCLRBOIES

DELTR P FREQUENCY AMALYSIS FCI

P LT T IR T T YT YYTII ST TR IR DOL T PR R LT PELL T ITT TR LL R 21

INPUT DATA

Hins Rrea ‘D(301sfett2)
Heraht <DET1 11D
Wine Sean (DLT22st 1D

MAC

CDET3 ekt

Airspeed (DIT41ret 30
Dénzgity (DITSTezluss L3

[0
F,
LI SO |

')

Ansle of attac
Theta 1nitial
I+vb *"D(81 D3l
CLL DLes D
[ O IS UG T B
CHTL DLaTDh
cM1 D38
CHMTL DLa3 D

Honrdiméngional

cou D1
CRT «DL2)
CDR D31

CDDE D(4 D
CLU «Dle D
CLR DT
CLARD ' DL2D
CLO DYy
CLDE 'DL1O D
cHy «DLI2D
CMTO DLLI3D
E D))
5D
[ slé]"
[ SIXI /T4 Sl B
CHDE «Dl13 D

kK (DTETvrad)

(DLTT D rad)
ugg-1t 1)

Jeriuvatives
LOHGITUDINRL

0.0009
-3,0330
0, 1300
0.0500
0.0009
4,6090
1.7080
33,9009
09,4200
0. 0009
09,0000
-Q,8%092
9. 2009
-8, 2ol
-12.400
‘l..‘uc ‘

n o
--.

[
<)
4

Dinenzional

DEFIVATIVES

¥, DT T s A

..luﬂﬁva
0 D310008
, 31300
0 DOBIIH0
0, 3900000

Jerivatioes

L LINES S ) -0.0122
T o1 g ~0 e
WROCEY gt 3,226V
“DE vfr. st -1.07%¢
ol LIS T3 -9,1223
R Oiftogt2) -33.0147
CAD (fr.gD D.3214
ZQ . og) -1.3843
ZDE tro3tdd -v.7031
MU 1t 30 . 0902
MTU ¢l vts. 0.9069
MR «1-3t22 -3,.7T47
MTH <1812 Q.00

MHD 1 =z
MY Loz
MDE <1 512

188
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« l FRVRBEI3PRBR2RBRRFPBARRRRRBRRRRERRBRBBPBEBBBR SRR AL RBRE USRS
' DELTA P FREQUENCY ANALYSIS FC1
- BRARBARRBRBBRNANPARRRBRRRRBRRRRRBRRRRERRBRBRBBEBR RS SCEBERRRRRES
K. .
i l TRANSFER FUNCTION POLYNOMIAL COEFFICIENTS
3 THE COEFFICIENTS OF THE LONGITUDINAL CHARACTERISTIC EQUATION ARE:
g s 91.72136 Be 316.08207 Cs £90.02367
i D= 14.18981 E= 18, 782%7
4 l THE COEFFICIENTS OF THE NUMERATOR U(S) ARE:
: 9.00000 AU= -98.65111 BUs -363. 02492
- CUs  17443.94743 DU=  171%6.83612
] l ) THE COEFFICIENTS OF THE NUMERRTOR ALPHA(S) APE:
: 9.00000 AA= -7.70812 BRs -62%.09400
: CA= -11,22826 DA= -27.01314
THE COEFFICIENTS OF THE NUMERATOR THETA(S) ARE:
- 0. 00000 9.00008 AT~ ~624.04734
BTs ~544.79%48 C(T= -13.11681
!, STANDARD FORMAT FOR LONGITUDINAL TRANSFER :UNCTIONS-
‘ UCS)/DELTA-E(S) COEFFICIENTS ARE:
KUDE 913. 44451
TU1 1.03134
TU2 0.96748
TU3 -0.082%3
OMN SP 2.50357
, 2T SP 0.6863%
] oMN P 0.1307S
FARR IR 9.013869
ALPHACS)  DELTA-E(S) COEFFICIENTS ARE!
] KALPHADE -1.43820
TALPHA ] 0.91233
CHN RLFHR . 20790
2T ALFHA 9.04193
OMN SP 2.50357
2T SP 0.68589
OMN P 0.18075
TP 9.01869
] THETALS)/DELTA-ECS) COEFFICIENTS ARE:
KTHETADE -0.6983%
TTHETAL 40.3%%22
TTHETA2 1.17893
~ OMN $P 2.503%7
2T 3P 0.68639
oMM P 0.1307S
; 1 TP 0.01869
f
% ]
¢ ‘.
1 Ups 1711
8 g / IJ( \(;/
- T
- 1? N -I(;
G, 7
.;‘ ',1'{/. ““‘;
| v
189
r
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I e St

D.1.1 WITH PRESSURE SENSOR (PRESSURE COMMAND)

P I T T I T TR YT Y Y Y Y P Y P Y Y R XY Y
DELTA P FREDUENCY ANALYVILIS FU

LRI e Y Y Y Y Y X R Y Y A R P PR L L R R R R R R L PN R Y

HO' S COEFFICIENTS
1,OOE A1 S, 000E 01
Do s COBFFICIENTS
1, 0008 20 1, S00E 01
Hi 3 COEFFICIENTS
SLEA0E 0X 0 T,443E Q2

7. 000E
1. 310€

GUITHE N 23,1618
nZ 3 COEFFICIENTS

1,000 00

p2eir COEFFICIENTS

1,000E ©0

HOOMC IRl 2=

£.0Z40E 03 3.2685E

HEG N L (2 =

v I40E a2 2, eeSE
Fsal
FOOT D, 2 -Q.02%
Pt g, o =, 345
b= [XIRAINIX

Di5. COEFFICIENTS
02 S.300E

04 2.TITE

o = -

XL D
lwaginar;,
0. B30
3,000

DEGIDCL DL S Te DO JNE L JNC 2 1=

AO1TRE 01 1.€32E

1,212 w3
FOOT HO, o«
FodT v, $ -1.729
FOOT Ho, C -{,720

K= 9.209

93 1,174

DEAIDLLIDL S ek MHI G INC L INL 2 )=

9VTOE 91 1,692E 93
1

.
SAATE B3

Real
00T HO, B -T.93%
ROOT HO, 4 -1.283
ROGT no, 2 -1.663

b= 0. %00

Imavinary

-3.%%3

=2.043
2.043

DD L IDE 2 JerHIOINL T INC 2 )m

A, 1T0E O
1.644E 23
FOOT NG, &
FOoT g, 4 -1.983
FOOT HY, 2 1,853

b= 9,300

1.632E 03 1.174E

Imasinar.

DEOIDCIIDLZ I HEDINL L INE 2 )=

SLITOE 01 1,€3IE 03 1.1T4E

1. E40E a3
Renl

FOOT Ha, ® -7 %12
FOCT N0, 4 -1.%20
FonaT g, 2 “-1.,%9

{mnarinar.

PR
-d,n

]
2,882

190

31

04

11748 04

4

04

1.420E 01

0T O, I

JLO84E G4

FOOT MO, S
FOUT HO,
FOOT MO, |

.20 04

ROOT NO. S
ROOT B0, 3
ROOT NO. !

3. 338 04

&0QT HO.

ROOT H. %
ROQOT HO.

3,652 4

FOOY M, €
EQOQT pin,
EOOT HD,

1,1 I0E Ot

RPNV I

4.51CE 04

Feal
-T. 43
-0

R

« 1 N
“etlcE U4
Feal
L euT

) +
AL AN

y .
-l

- e -

NS 3 -

B
o~ e
LA
-t -

1.277E
T..vs ]
.o
-,
LI S

£.TS0E 20

lrasarar,



Ve 1,000
DEOIDLLIIDLSIerHEOINT L INL S 1=

T
1.%71
FOOT N,
FOOT N,
SOnT g,

QE 0
E vz

| SO S N

(] ROV

IR UG I B LINTI VD [T @ EHERD

“ l_QE 01 1.5%2E 03 1,1I7<E
--';.’.
Feal [moesinar.
FOOT no0, © -1,3%3 -3, 734
FOOT o, 4 =TenTl ~3.931
FOOT o, -'.2%3 3.734
Ks 3.000
DIOIDC I IDC2IeKHCOINC L INL2 )=
9.170E 0 1.692E 03 1.174E
3.281E 03
Real Imasinary
ROOT HO, € -1.021 4,491
ROQT HO, 4 -7.269% -0.302
ROOT NO, 2 -1.021 4,431
K= 4,000
DEOIDC1IDL2IeKNLQINCIINCS )=
9, 1M0E 91 1.692E 03 1.174E
3.93¢E 03
Real [masinary
ROOT HO, ¢ -0.797 -5.087
ROOT HO, 4 -5,712 0.000
ROOT MO, 2 -0,797 S.0e7
Ke 3.000

1.232E O3
Fenl Inasinar.
=T, e =2, 2
=T SiE S
=1.47% 3349

DLOIDCLIDI2J+KHEOINC Y JNC S )=

9. 170E 01

1.892

4.591E 03

ROOT HO. &
ROOT HO. 4
ROOT NO. 2
K= 6.000

Real
-0.389
=-6.244
-9.3529

03 1.1IT4E

Inaeinary

‘So 551

-9. 029
$.9%18

DCOIDCLIDL 2 J+kNI O INL L INC 2 =

9. 170E 01

1.692E 03

9. 244E 03

FOOT NO,
FOOT HO,
FOOT NG,

0 & O

Ks T 00
DOOIDLLIDC S deRNE AL L INL S )

9, 1TRE 01

T.H01E 03

FOOT M,

¢

FOOT ho, <
RCOT 1o, 2
L 2,000

ISR @ Mg

SOLTOE

€, %04k

FoaT N,
FooT i,
[ I ST

"

4

=0.213

Imoeinary

-5.371
0.0
s.371

EZE 03 1.1T4E

[moeyror:
-9, 349
g, GO0
8. 344

IO ML L INC S )

1,232 03 1L ITHF

a3

Tndarrar -
- i3
A PRATLIY]

]

1.174E

1.174E

04

04

u4

a4

a4

X

F.T0ZE 04

FOOT N, =
FOOT NG, o
FOOT NG,

4. 732E 04
FOOT O, T
FODT HO, 2
FOOT Ho, 2

.796E 04
RODT NO. S

ROOT NO. 3
FOOQT HO. ¢

S.SE0E 04

ROOT NO.
F2OT NO.
EOOT NO.

[SNNTT |

5, 204 04
FOOT HNO. %
FOOT NHO. 3
ROOT NO. 1

B.SIFE 09

FOOT NO, %
FOUT HO, 3
FoaT N,

TORTIE 04

FOOT N,
FoaT HO.
FOOT HD, )

S.OTHE e

FnT ti, <
POt thx, ]
EO0T tir,

191

1.908E 0%

Real
-r. e
°D .:‘4.'

~0.822

1.374E 0%

Peol
9,423

-, 033
Q. e8y

2.241E 0%

Rea!
=19, 28
-9, 039
-9,710

Feal
=14, %01
-0
-0, T

T.EulE e

Ty ey oy
el
O, oy
0, At

. 33FE 04

Lo winar.
0,202
=0, Do)
Q. 000

1. 103E 0%

[erainar.
a, 000
-0, 000
0, 000

1. 331E 0%

Imaeinor.
2,000
=9, 000

Q. 009

1.2S%E 0%

Imowinar.
T
T IY]

-0, 000

1,323 2%

Irastrar.
-, iy
O, 00
0,y

TLIalE 0T
}EERE B NINN]
XIIEN ]
.....

.....



LID02TekiilO N0 L L 2 3=

@ 1TOE 01 1.8%3E 03 1, IT4E 04
. ¥O1E 02
Real lnaeinar~
ROOT HO. € -0.218 -6.344
ROOT NO. ¢ -3.823 -0.900
ROOT N0, 2 -0.213 6. 344
Ks 8,000
DLOIDCLIDLZI+KHLOINL 1 INL2 )=
9, 170E 01 1.692E 03 1.174E 04
. €.S%¢6E 03
Real Imavinary
ROJT NO. € -0,0%83 -8.879
ROOT HO, o -%5.706 0. W
ROOT NO. 2 -0,0353 6.879
k= 9. 008
DEOIDCLIDL 2 oK OIML L INL 21
9, 17T0E 01 1.8%ZE 03 1.174E 04
7.211E 903
Reul Imaeinary
ROOT RO, € 0.102 -8, 388
RONT MO, 4 -0,021 0.000
ROOT MO, 2 -3.613 0.009
K= 19,009
DLOIDCLIDIZIekkE OINL L INC2 1=
S ITAE 01 1.832E 93 1,174E 04
T.30%E 03
Real Imavinary
ROOT HO, & 9,247 -2,268
ROOT HO, 4 -9,030 ¢.000
ROOT MO, 2 -%5.5%0 -9.000

1

TLAS2E 04

ROOY NHO, S
ROQT HO, 3
ROOT MO, 1

8,07¢E 04

ROOT NO, S
ROOT NO, 3
ROUT NO. 1

8.T00E 04

ROOT HO,
ROOT NO,
ROOT HO.

[ O XL}

9.334E 04

FOOT NO, §
ROAT HO, 3
ROGT HO. 1

92

3. 240E 0S8
Fenl

~11.34%
-0.031
-0.7%%

3.707E 0%
R

L X
-12,233
13
o

)

.1

(X XY

-12.9%4
0. 247

-0, TTR

[ soynoe -
e, crn)

202028 0T

Luvysinor.
D000
U T

0. 009

l.e7EE Of
Twasgror.
=0, 200
IR

=0.000

J.TT0E 0T

Thasreaar
=300
Telud

-9, 109



D,1,2 WITHOUT PRESSURE SENSOR (POSITION COMMAND)

SREREREERA PR R BN ESF SRR R RFRRR SR ERRRRRE AR IR ER ARG RIS
DELTA P THEORETICAL ANRLYSIS
BEERERREARERRRFRR RN RS RSB RR SRR RERERRR RS RF R AR R RS

Na(¢S) COEFFICIENTS
1.000E 01

DAC(S) COEFFICIENTS
1.000E G0 1.900E 01

N1<S) COEFFICIENTS '

1.310E

6.240E 02 S.448E @82
- D1<(S> COEFFICIENTS
.9.170E 01 3.161E 02 S.S08E
N2C(S) COEFFICIENTS
1.000E 00
D2¢S) COEFFICIENTS
},0005 00
NO(1ID(2])=
6.240€ 83 S.443E 03 1.310E
NIOIN[LIINCZ )=
6.240E 93 5.448E 83 1.310E
Real Imazinary
ROOT NO. 2 -9.0235 9.000
K= 0.000
DLOIDCL IDE2I+KNIQINC L IN[2]=
9.179E 91 1.233E 03 3,741E
Real Imaainary
ROOT NO. § ~-1.72 ~1.819
ROOT MO, 3 -9,093 -9.181
ROOT MO, 1 -9.003 9.181
K= 9.200
DIOIDL1IDC2)+KNIOINCLINL2)=
9.178E 01 1.233E 03 3.741E
: Real Imasinary
ROOT MO. S -1.552 -2.111
ROOT NO. 3 ~-8.089 ~-9.160
ROOT NO. 1 -9.989%9 8.160
K= 8.599
DEGIDOI IDL2I+KNCDINC L JHL 2=
P.ITBE 91 1,233E @83 3.T741E B
Real Ima2inary
FOQT N3, S =1,349 -2.533
ROOT HO, 3 -8,120 -g.921
ROOT HO, -9.130 0.921
K= 9.899

DIOIDC1IDLZI+KHEOINE 1 INL 2=

9.17HE 91 1,233E 03 3.T4IE
Real Imasinary
RODT HD. §  ~1,131 =2.349
POOT HO, 3 -9,972 B8.000
ROOT NO. 1§ -9,3%3 0. 309

Y

a1
a2

1.420€ 01

ROJT MO, 1

5.314E 03

ROQT HQ. 4
RODT NO. 2

7.062E 03

ROOT HO. 4
ROOT NO. 2

3.934E Q3

ROQT HO. 4
FOOT HO. 2

1.931E 94

ROOT HQ, 4
ROOT HO, 2

193

1.830E 01

Rzal
-9.343

1.602€E 02
Real

~-10.000

-1.720

1.2959E 03
Real

-19.167

-1.3582

2.355E a2
Feal

=10, 3%;
~1.345

4.519€ a3
Real

-12.617

-1.131

Imazinary
9. 009

1.329€ B2
Imaainary
-9.999
1.313

2.142E 32

Ina3inary
9.090
2.111
2.53SE 02

loaainary
(251 L]
2.504

2.93%E 2
[maainary
9.00)
2,243



K= 1.000

DLOIDI L IDL23+KNEBINC L IN( 2=

9.178E 01
Real
ROOT NO. S ~-1.088
ROOT NO. 3 -0.066
ROOT NO. 1 -0.466

K= 2.000

-3.0356
8.000
0.000

DL IDC 1 IDE21+KNCOINC 1 INC 2]=

9.170E o1
Real
ROOT NO. § -0.728
~ROOT NO. 3 -0.044
“"ROOT NO. 1 -8.631
K= 3.000

~3.892
0.0908
-8.080

DLOIDI1IDL2I+KNCDINC L INC2 )=

9.179E 01 1.233E 83 3.
Real Ima9inary
ROOT NO. S -0.435 -4,32S
ROOT NQ. 3 -0.937 -8.009
R30T NO. 1 -0.697 -9.000
K= 4,090

DLOIDI1ID2I+KNIDINL L INC2 1=

9.179E 91
Real
ROOT NO. § -9.228
ROOT NO. 3 ~-8.834
ROOT NO. 1 -0.732
K= S.900

~5.843
-8.380
~0.900

DLOIDI1IDI21+KNCOINC 1 INC 2 3=

1.233E 03 3.741E @3
Imaginary

1.233E 83 3.741E @3
Imasinary

1.205E @4

ROOT NO. 4
ROOT NO. 2

1.829E 04
ROOT NO. 4

© ROOT NO. 2

741E O3

1.233E 93 3.741E 03
Imasinary

9.178E 91 1.233E 83 3.741E B3
Real Imaeinary
ROQT NO. S -9.0829 -3.485
ROOT NO. 3 -0.932 8.000
ROOT NO. 1 -0.754 9.000
K= 6.0080
DEBIDL1IDL2I+KNIBIN[IIN[2]=
9.170€ 91 1,233E 83 3.741E @3
Real Imnasinary
ROOT NO. S 0.149 -5.373
ROOT NO. 3 -9.931 0.890
ROOT NC. 1 -9.769 -9.809
K= 7.989

DCOIDC L IDE2I+KNE B INC T INE 2 )=

Q.170E 01 1.233E 93 3.T4IE 03
Real Imasinary
ROOT NOD, S 0.312 ~-6.222
ROOT HD. 3 -9.938 9,000
ROOT NOD. 1 -9,739 -9.999
K= 8,990
DIOIDL 1 IDL2I+KNCBINL 1 INC 2=
9.170€ 91 1.233E 03 3.741E 03
Real Imadinary
ROOT NO. S 0.462 -6.549
ROOT NO. 3 -9.029 0.000
ROOT NO. 1 -8.788 9.009

194

2.453E 94

ROOT NO. 4
ROOT NO. 2

3.077E 84

ROOT NO. 4
ROOT NO. 2

3.701E 04

RQOT NO. 4
ROOT NO. 2

4.325E 04

ROOT NO. 4
ROOT NO. 2

4.949E 04

ROOT NO. 4
ROOT MO. 2

S.S73E 04

ROOT NO. 4
ROOT NO. 2

S.609€ 03
Real

-19,739

-1.088

1.106E 04
Real

-11.317

-9.728

1.658E 94
Real

-11.802

-8.45¢%

ra

E 04
eal
-12. 2°5

-8.2 s..\}

w

50\0

2.740E 04
Real

-12.603

-9,829

3.225E 94
Real

-12.249¢
9,149

3.330E 14
Real
-13.261

0. ﬂlh

4,274E @4
Real

-132.554
U, 462

3.19Q€ 92

Imasinary -

-9.000
3.9%

4.500E @2
Imaainary
8.009
3.8%2

5.310E @2
Imaainary
-9.009

4.5295

7.120E Q2
Imavinary
-3.900
$.943

8.438E 92
Ima3inary
9.9200
S$.435

2.749E 92
Ima9inary
23.909
$.373

1.195E 33
{na9inary

. 236E 02
Imoa:nary
9.1300
5.549

v

gy




K= 9,900

DEOIDL L IDL2I+KNEOINC 1 INC 2 1=

2.1THE 01 1.233E

Real

ROOT HOQ. S V.583

ROOT ND. 3 -3,029

ROOT HO. 1} -9,799%
K= 19,299

Q23 3.741E 93 B.19TE 04
Imasinary

-6.332 ROOT NO. 4
2.000 ROOT NO. 2
-0.000

T3P IDL 2 1+KNEOIND L N[ 2 )=

9.1TOE 81 1.233E

- Real
ROOT NO, S 8.7324
ROOT HO. 3 -9.928
ROOT NO. 1 -9.300

93 3.741E 83 ©6.821E o4

Imaginary
-7.104 ROOT NO, 4
-0.000 ROOT NO, 2
9.089

195

4,913 24
Real

-13,329
0.683

S.484E 04
Real

-14. 087
3,734

1.387E Q3
Imaainar.
-0, 00
5.332

1.433E a2
Ima3zinary
-9, 930
7.104



D.2 HIGH DYNAMIC PRESSURE

FETTLRTLTELRLCLTX LR EIR ATV eSRTocererare

P R L e Y )

DELTA P FREQUENCY ANRLVSIS FCI

e e L R P Y L RS R T LSS L LS A ARt 2 Lt 5

INPUT DARTR

Wins Arsg D029 JeFetd)
He1anmt D711 1D

ina Span *BET2)ebr
MACL DIT3Tare
Airzeeed (D741t
Density (DTS lezluasz vt
Anale of attach +DTaderad:
Theta initial D77 Jerad:
Toob «DESL dezluaz-er t2)

3!

CLl “DOashy
CDL D03
COTE v DOAT Y
cHlo-pLeR

CHMTL DLE3 0

Hondlmenzional derivatyoes: Diven

LONGITUDINAL DEFIVATIVES

[RUIIEE U I K B, 0000 N S
COT D2 -9,0229 STH 1
chR - DL2] 0, 13200 RO
CDDE D4 B, 150d WDE vt
Ly el @, 9003 jud L IS B
CLR «TH 4, 8009 CR ot
CLARD «DLad 1.7009 ZAD et
(NS U K 3,909 20 e
CLDE DO Q. 4300 ZDE ¥t
CHU DO [ S TN MU 1.
CMTLY «DOL2 DD Q. 3309 MTU 1
MR D014 -23,33049 MA 1 :z
CHTR «DLLS ) Q.23009 MTR 1
CHRD DL 1s ) =-S5, 20093 MRD 1
CHE DT -12,409Q M 1os
LMbE DOLRY -1.2909 MIE 1
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B
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IS IN TSI

1240,
[N A
a.0 SIN TN TS

ER DD B

'
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R St |
K -, Zeg3
213y =TT, 8204
E -2.4850
B -5, 8543
3 SO SO Yol 11
t: [AERIXTSTS
ez Q3000
T3 ~42,0034
B o 1, D0
E -2,3%98%
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e et rrt et e ettt R PP R P I TP NT IS e e m e
PELTA P FFEQUENCT AMNALVSIT FUL

L L P Ry e L P e A A A R R A T I AR R R T R XY

TERANSFER FUNCTION POLYHOMIAL COEFFICIENTS
THE IOEFFICIEHTQ OF THE LONGITUDINAL CHARACTERISTIC EDUATION ARE:

-- A= 27928437 B= 2244,22937 L= 1SETT.87370
D= AIT.TEVES E= SOT.837T

THE COEFFICIEHNTS OF THE HUMERRTOR U 3. RFE:
@.00009 Au= -2e55,.9112%  EBUs D DTN B e
Cls= -953563.063381  DU=  1331733.23340

THE COEFFICIENTS OF THE HUMERATOR ALFHAY$) ARE:
Q. 00003 RR= =53,43401  BR=  -1839%8,111%3
CH= -319.2237!1 DAs =T3B.15732

THE COEFFICIENTS
2., 209aa
ET= -44193, 13753 (CT= -;l" 232z

STRHTAFD FORMAT FOR LONGITUDIHAL TRSNSFER FUNHCTIONZ

oS DELTA-E-S» COEFFICIENTZ RRE!

hLUILE 2 41.33Q4*
T -3,21267
DI (TI] 16, 535?%
T 13 A.7472%
GMH SR =T Il )
T 5P a,6851
aMH P @3, 13330
TP a. 150

RALFHA" %+ -DELTA-ExS> COEFFICIENTS ARE:

EALFHADE -1.43821
TALFHAL §.00411
OMM ALFHA B,287%9
2T ALFHRA 9.12923
Mt SP T.58749

2T =P 2,.23516

oMK P 9.139¥)

T F 9.159%5s

THETH. % 'DELTA=-E S COEFFICIENTS ARE:

P THETHIE -5, s
TTHETAL 12 1
TTHETAZ i, 3

OHH 2P T bl
2T iF 5] "
N F ] 3

TP Iy} "

BN

197



D.2,1 WITH PRESSURE SENSOR (PRESSURE COMMAND)

REFRERRAEREERBERB R R R RBERRRF L BB R BRI FERRRRERFERR 2NN

DELTAR P FREQUENCY ANRLYSIS FC1
FEERFERRRRR BRI AR RERRRRRERREERRRRRERSRERCRERRRRRRRRRS

NO(S) COEFFICIENTS

1.000E 01 S.000E€ V1
DOC3S) COEFFICIENTS
1.000E 00 1.S500E 91 2.29%5E 02
N1¢S)> COEFFICIENTS
1.687E 04 4.419E 04 2,.193E 03
B1<(S> COEFFICIENTS
2.753E 02 2.847E 03 1.3568E
N2¢(S) CQEFFICIENTS
1.000E 90
D2¢(S> COEFFICIENTS
1.000E 00
NEOIN[11DC2])=
1.687E 05 1.28SE 06 2,242EF @&
NEQIN[1INC2)=
1.687E 95 1.28SE 96 2.242E 06
Real Ima9inary
ROOT MO, 2 -0.874 0.9000
ROQT NO. 1 -2.548 9.9000
K= 0.090

DLOIDC1IDL2I+KNCDINL 1 INC 2=

2.753E Q2 6€.976E 93 1.216E 05
1.16SE 0S
Real Imasinary
ROOT NQ. & -7.500 -13.182
ROOT NO. 4 -7.500 13.162
ROQT NO. 2 -8.027 -9.179
K= 9.200
DLOIDL1IDL2I+KNCOINC 1 INC 2 )=
2.753E 92 6.376E 83 .215E S
1.484E 095 ) '
Real fmaginary
ROOT NO. & -7.129 -13.q26
ROOT NO, 4 -5.453% -$.600
ROOT NO, 2 -8.086 -0.181
K= 9.509
DLOIDCL IDL2I+KHCBINL 1 INC 2=
2.7%53E 02 6.976E 93 1.21€E ©S
1.263E 0S
Real Imaainary
ROOT HNHO. & -5,513 =-12.3%86
ROOT HO, 4 -5.513 12.3%6
ROOT NO, 2 -0.165 -0.151
K= 9.339
GCOIDL ! IDL2I+KHNEQ ML L JHC 2 )=
2.7%3E 92 8.9T6E 93 1.21sE ©S
2.442E 0S5
Real Inaginary
RODT HO. € -5,3%7 -12.3%9
FOOT MO, 4 -5.3%7 12.3%59
ROOT HO. 2 -8.573 $.723

198

94 9.378E 02

1.59%7E @3

1.59FE @35

ROOT NO. 2

8.394E 95

RODT NO. S
ROOT NO. 3
ROOT NO. 1

9.23ZE 05

ROOT NO.
ROQT HO.
ROOT NO.

W

3.7T38E @5

RODT NO. S
ROOT HO. 3
ROGT HO. 1

1.024€ U3

RODT NO.
FOOT HO,
POQAT HO,

— L) A

S5.077E 02

Real
-%5.009

3.613E 26

Real
-5.142
-5.143
-8.027

3.87V0E 06

Real
-7.129
-5.455
-2.086

4,255€E 96
Real

-5, 5933
-5.993
-8.185

4.541E 08
Real

-6.579
-9,234
-9.239

Imasinary
0.009

Imasinary

=-5.462
5.488
0.179

6.712E 65

Imainary

13.9026
S5.609
9.1381

1.344E€ 0s

Imaainary
-5.72%
S.735

@.151

Z.R1EE 08

lma9inary
-5.733
-9, 2532
9.35%

P

F R— i

PR—



£

K= 1.000
DLOIDL1IDC2I+KNCOINT 1 INC2 )=
2.753E 92 6.976E 93 1.216E 05
2.762E oS
Real Imavinary
ROOT NO. 6 -S5.,428 -12.910
ROOT NO. ¢ -5.428 12.910
ROOT NO. 2 -6.966 $.646
K= 2.000
DLOIDL1IDL2I+KNCOINC T INC2 )=
2.753E 02 6.976E 03 1.216E 05
.- 4.353E o5
Real Imasinary
ROOT MO. 6 -3.720 -13.9%88
ROOT M. 3 -8,.350% -4,.726
-8.350% . 726

ROOT HO. 2

K= 3.00@
DLOIDCLIIDC2I+KNLBINL L IN(2]
2.7S3E 02 6.976E 83 1.216E ©S
$.95SE oS
Real Ima9inary

RQOT NO. 6 =2.572 -14.384

ROQT NO. 4 -2.572 14,384

ROOT NO, 2 -9.533 3.408

K= 4.0008
DCOIDL1IDE2I+KNIOINL L INL 2 )=

2.753E P2 6.976E 83 1.216E 85
7.552E @S

- Real Ima9inary
ROOT NO. 6 -{.787 -15.119

ROOT WO, 4 ~-19.307 ~-1.336

ROOT HO. 2 =-18.307 1.336

K= 5.000
DLOIDI1IDL2I+KNLBIN[ 1 INL 2 1=

_2.7S3E 02 6.976E 83 1.21€E 9%

" 9.143E 05
Real Imasinary
ROOT KO. 6 -1.097 -15,.788
ROOT NO. 4 -0.087 9.000
ROOT NO. 2 ~-8.258 -0.009
K= 6.000

DIOIDLLIIDC2I+KNLOINL 1 INC 2 1=
2.7S3E B2 6.376E @3 1,21€E 95
1.7

sE 08
Real Imazinary
ROOT HO. & -0.412 =15.399
POOT HO, 4 -9.284 -9, 000
FOOT HO. 2 -7.548 8,900
k= T.00

DL @ IDC 1 IDC 2 J+KNE © JHC 1 JNZ 2 )=
2.753 02 6.976E 03 1.216E 05

Real Taasinary

FOOT HD. 5 2.107 -1g,352
POOT HO. 4 -9.083 -9, 009
FOOT NGO, 2 -7.138 9.300

199

1.038E 06

ROOT NO. S
ROOT NO. 3
ROOT NO. 1

1.227E 06

ROOT NO, $
ROOT HO. 3
ROOT NO. 1

1.395E 06

ROOT NO. S
ROOT NO. 3
ROOT HO. 1

1.564E 06

ROQT NO., S
ROOT NuO. 2
ROOT NO. 1

1.733E 06

ROOT NO. S
RODT MO, 3
ROOT HO. 1

1.992E 06

RODT HO,
ROOT HO.
RUOT HO.

— en

2.870E 9%

FOOT HO, S
FOODT H3, 3
ROOT HO.

Real
-6.966
-00 163
-0.39

6.183E 06

Real
-3.729
-3.107
-9.784

7.469E 06

Real
-2,533
-9.09%
~1.937

8.754E 98

Real’
-1.767
-9.0%)
-1.223

1.994E a7
Real

-13.813
-1,007
-1.36%5

1.132E 97

Renl
-15.493
~3,412

~1,47E

1.251E 7

Real
~1E£.7ES
g.107
-1.3573

4,898E 06 2.464E 06

{masinary

=-5.646

~9.900
9.009

4.706€E 08

Imasinary

13.988
0.000
0.009

6.343E 08

Imasinary
-3.493
-9.000
-3.9009

9.139¢ 86

Imasinary
15.1172
-8.999
-9.999

1.143€ 07

Imaainary
-0.099
19.782

9.9060

1.267E o7

Imaainary

1.531E o7

Iodainary
-3, D0
16,482

=3.000



K= 8,00

Q

DLOIDC 1 IDC 2 I+KNEOINC 1 INC2 )=

2.7%3E 02 6.976E @3
1.394E 06

6

ROOT NO,
ROOT HNO.
ROOT NO.

4
el

-

K= 9.000
DCOIDL1IDL2I+KNIOINC 1 IN( 2]

.7S3E 02 6€.976E ©3 1.216E @S
1.5S3E @8

- - ROOT NO.
ROOT NO.
00T NO.

Ks  10.000

€
4

2

Real
8.579

-9.082

-5.857

Real
8.989
-0.081
-6.651

Imasinary

=-17.487

-Q.000
0.000

Imavinary
-17.977
-0.009
9.000

DCOIDC1IDC2I+KNCBINC 1 INL2 )=

2.7S3E
1.713€

ROOT HO.
ROOT HOQ.
ROOT n9,

3
4
2

92

6.976E 93
Real Imaeinary
1.373 =-18.439
-0 . 080 0. 000
-6.499 -9.000

1.216E 09

1.216E 05

2.239E 06

ROOT NO. S
ROOT NO. 3
ROOT NO. 1

2.408E 06

ROOT NOQ. S
ROOT NO. 3
ROOT HO. 1

2.576E s

ROOT HO. S
ROOT MO, 3
ROOT HO. 1

200

1.3%0E 07

Real
-17.89%4
0.579
-1.647

1.518€ o7

Real
-18.87%
0.989
-1.712

1.64TE 97
Real

-13,74%
1.373
-1.763

1.816€ 97

Imasinary
0.000

17.487
0.009

2.040E o7

fmasinary
2.000

17.377

-9.0899

2.284E A7

Imasinary
0.900
18,439
0. 000

2
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D.2.2 WITHOUT PRESSURE SENSOR (POSITION COMMAND)

K=

BENGNLR20 9000000000000 00¢0000sc0c0tssscscssscsaccccscnsns

TELTROB STEC ENOY Suml Dl
VP L 4P rP e PE0900000000 0008000t 00s00ct0000ntanscncs soce

HOCSY CQEFFICIENTS

1,000E 91
DOC3Y COEFFICIENTS

1,000 ¢ 1.00E Ot
H1CS) COEFFICIENTS

1.887E 04 d.3138 034 1,12372 &3
D1¢3)> COEFFICIENTS

S .TSIE 02 2.¥4TE 03 1.SHSE 04 A, ITIE 0F v, 0TTE Ag
H2(S) COEFFICIENTS

1, 009€ w0
D2(S) COEFFICIENTS

1.900€ 20

HOOJHC L 100 21=

1.237E 0 4.41%E 05 3.133E 04
HOQINE L NE 2 )=

1.287VE 0S5 4.419E 05 3,133E 04

Fzal lnwaatnars Faal [aaymar.
ROOT NHO., 2 -3,074 9. 000 EOOT WO, 1 =l.338 [T
9,000
DOOIDCLIDC2IeRNEDINC L INC 2 1=
2.7S3E 02 S5.c00E 03 4.415E 94 1.STTE 0% A, I38E 9 S.0TTE oOF
Real Ina2inary Feol Imasinar.
ROOT HO. S -5.143 ~5. 468 FOOT NHO. 4 =-10,009 2, 000
ROOT HD., 3 =5.143 S. 482 ROOT NHO, 2 -3,027 -9, 17

ROOT HO. 1 =9.027 9.1742

K= 23,299
DCOIDCLIDL2I+KMIQINCLINC2 )=
2,7S3E A2 S.600E 03 4.415E 94 1L, 91SE 0T 3,S27E 94 1. 142E 04
Real Ima3inary real Tansinory
ROOT MO, S -4,19% -%5.394 ROOT HO., 4 =-11,.339 9.0080
RODT H23, 3  =-9,172 0. 000 ROOT HO, 2 -4.1% .33
RUOOT HO. ! -8.397¢ 0.0009
K= 23,590
D[Q]D[l]D[EJ*KN[BJN[IJN(2]=
Z.7S3E 02 S.500E 93 4.41SE 04 2,421E 95 Z.ZO%E 0% 2. 104E 04
Real Imaainary Reol Triaainary
ROQOT NO, S -3.209 -6.77 ROQT HO, & =12,777 -9, 009
ROOT NO. 3 -0.102 -0.009 fOOT HO. 2 -3.209 B, T3

ROOT NO. 1 =1.044 0.000

K=

0.200
DIDIDLLIDE 2 I+KNCAINE L INC 2 )=

Z.TSIE 02 S.500E 93 4.41%E 04 2,%2TE 05 3.534E 0% I.0xZE 04
Real lmainary Feal Tmwaainmar,
FOOT HO, S -2.%12 -7.439 FOOT HO, 4 -12,.3504 -, 00
ROOT HO, 3 -9,.9%1 -3, 000 FQOT HO., 2 ~2.%12 R B
RIOT Hi, 1 -1.,422 -3.0490
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K=

2.7%3E 02
Real
ROOT NO., § =2,144
ROOT NO. 3  =-0.087
ROOT NO. 1| -1.592
K= 2.000

1.000
DCOIDC1IDI2)+KNCQINC 1 INC 2]
S.600E 03 4.415E Q04 3.264E 09

Imaeinary

9.000

DCOIDC 1 IDC 2 J+KNC @ INC 1 INC2 3=
2.7S3E 02 S.600E 03 4.415E 04

Real

ROOT NGC. S -9.869

POOT NO, 3 ~-0.869

ROOT NO. -2.019
K= 3.000

Imasinary

-9.619
9.619
9.000

DCOIDL I IDC2I+KNEAIND I INC2 )=
2.753E 02 S.600E @3 4.415E 04

Real
ROOT MNQ. S -0.022
ROOT NO., 3 -0.979
ROOT NO. -2.181

K=

Inaeinary

-10.888

@.000
9.000

4,000
DLOIDC1IDL2)+KNI@INC1INC 2 )=

2.7S3E 02 S.600E 83 4.415E 04

Real

ROAT NO, $ 0.635

RQOT HO, 3 -3,078

ROOT NO. 1 -2.268
K= $.000

Imavinary
-11.317
8.900
9.900

DCOIDL1IDI2I+KNIOINC 1 INL2)=
2.753E 02 S5.600E 03 4.415E 04

Real

ROOT NO. S 1.1814

ROOT NO. 3 -0.077

ROOT NO. 1 -2.322
K= 6.000

Imaseinary
-12.79%
0.900
0.000

DLOIDL1IDC2I+KNIOINL 1 INC2)=
2.733E 02 S5.600E 03 4.415E 04

Reol

ROOT NO. S 1.654

ROOT NO., 3  -0.078

ROOT NO. 1 -2,.3%8
K= 7.000

Imasinary
'13. 566
9.020
0.909

DCOIDC 1 1DC2J+KNEO INE 1 INC 2 )=
2.753E 02 S.S00E 03 4.41%E 04

Real

ROOT MNO. S 2.074

ROOT NO, 3 =9.076

ROOT MO, 1  -2.384
K= 8.000

Imasinary
-14.257

0.020

0. 000

DCOIDL L IDL2I¢KNEOINC L INC 2 )=
2.7S3E 02 S.600E 03 4.415E 04

Real
ROOT HO, S 2,458
ROOT nQ, 3 -3.07¢
ROOT nQ, 1 =2,404

[mastnary
-14.388
0.000
9.000

ROOT NO. 4
ROGT NO. 2

4.951E 05

ROOT NO. 4
ROOT NO. 2

6.638E 05

ROOT HO, 4
ROOT HO. 2

3.324E 0S

ROOT MO, 4
ROOT MO. 2

1.001E 08

ROOT NO. 4
ROOT HO, 2

1.170E ve

ROQT HO. 4
ROOT NO. 2

1.338E 08

ROOT NO., 4
ROOT HO, 2

1.%07E 06

ROOT HO, 4
ROUT HO., 2

4.%12E 0%
Real
-14.37
-20 144

8.937E 0%

-9, 081

1.326E 0¢
Real

-13,033

-9.022

2.220E Q8
Real

-39, 304
1.181

3.%94%E 08
Feal

-2
et s k)

2.49%%

3.701E 04
Imaeinary
0.0090
T.%13

S.394E 04
Imaeinary
9.900
0.000

1,009 0%
Ivaesinary
-Q,000
10,3388

1.329E 05
Imarinary
=Q.009
11,937

1.647E 0S
Imaeinary
-9.000
12.79S

1.967E 0S
Imasinary
-0.000
13.%¢¢

2.23¢E 0%
Imovinary
=0.909

14,297

2.50%E 0%
[mosinary
s BT TY)
14,333
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K= 2,000

DEOIDLLIDC2+kNIDINC L INCE )=

2.7S3E 92

Reol
ROOT HO, 5 2.3903
ROOT HO, 3 -0,076
ROOT HO, 1 -2.420

K= 10.009

S.500E ©3 4,419F 04

Imaminar-.
-15.458

0,009

0. 900

DEGIDC L IDCEJekHEQINE 1 INC 2 )=

2.7k 92
ROOT M2, S 3.12¢
FOOT NI, 3 =9,07¢
FOOT hO. 1 =2.422

S.600E 93 J4.41%E 04

Imasinary
-16.008

0. 000

0.200

1.876E 04

FOOT Ho, 4
FOoT No, X

1,344 O

FOoT Ho, 4
FOOT Q. 2

203

PaETE 0

Feal
SRR L]

EETH

2,AZ%E O%
Lemvaymar .

I.344E 03
[rwasinar,
=9.8009
120003
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