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ABSTRACT

A portable data acquisition system was developed for

éxperimental investigations of aerodynamic models. The system

records the test data in digital form on a stgndatd cdssette tape
recorder, which is later played back foﬁ\fnalysis by comguter. ‘The

early conversion of data from analogue to digital form maintained

.overall accuracies to i,l percent. The system is notable in that’ ;;

eliminates the need for any manual data' handling, and is not restricted

to the present application. | "
" The data acquisition system was used in wind tuntel and

- free flight testing of law Reynold%'humber-airfoils.‘ Some‘suggestiona '

Y

for improvements to the system arise from a discussion of these

v

tests, and comparison to theoretical results.

iv .
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CHAPTER 1

INJRODUCTION

R
»

A large quantity of data which is mainly repetitive fn =~
fhaturé must be collected and analysed when testing aerodynamic models.
Performing this function manually is extremely time consuming and

may easilyrresuit in errors. In the special case of free flight

\ testing, it iswextremely difficult to collect this data manually. A

‘system which automatically collects and records series of data at a
high speed becomes necessary. If, in addition, the system can be
interfaced with a computer for data analysis it becomes even more
valuable. These were the inantives‘fo; the construction of the

system described in this paper. -

‘Pree flight testing has been carried out with models

~ mounted on trucks and airplanes (1). The advanéages;gf this method

of-;esting arg‘that large scale models can beiused, that wind tunnel
conscraints are aQoided, ’nd that free air turbulence is simulated
e#actly. The most serious diéadvantages are the problems of‘gper§ting
equipment in the field and the great dependenqe'on weather. >The use
of ;>data acquisition system such as is described in this paper best
alleviatés the first difficuity; the second-qne cannot be helped.

There are man& data acquisition systems available _

. .‘-Z
commercially. However, several restrictions and limitations placed

Y

 on the system due to iﬁééapplication in free flight testing made it

desirable to cdnstruct A»system suited specifically for - these tests.
N ['Y .

L

LAY



Apart from physical limitations on the size and weight of
the system, and the necesaity that it be operated under battery
pover, it was of prime importance that the system b& eaaily operated
ﬁwith a minimum of superviglon by the pilot of the cagyier. It was

necessary, therefore, -to provide some kind of antomatﬁc control on

the system. This would be neceseaty even i@’éacommercial system were
‘S» N B

used. However, the nature of tbé dat& ‘ﬁ%ﬁsathat discrete
NN
monitoring of several dgta:h&pnneledgxgﬁher\t ,continuoue monitoring)

Wl
was necessary. This sequeﬂe$?g func*2§5 é%uldaalso be built directly

a

into the system controls, rather than‘modifying a commercial system,
The construction of a system also ensured that the system could be ’
easily interfaced with the data analysis computers. The system
could also be constructed so as to provide digital signale recorded
on tape which could be easily tead directly into the computer.

A commercial data system, outside of limitations on space
and weight, wouid.require extensive hardWate modifications and
additions for its use in the present application. " Therefore, for ..
reasons of uniqueness of applicationm, agkured compatability with
other hardware, and the availability of extensive coﬁputer tesburces
for analysis, the total design and construction of a data acquisitien
gystem was endertaken.

fhe two chief goals of the designed system werevthat the
process of data recotding and analysis be automated as much a; |
possible, hence no manual prbcesaing of data be required, and that

the system bé portable, with the application to free flight testing

in mind,

&
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The deaigned system is an extension of an idea preaented by
Whitfield (2), in which a much ainpler data recording system used in
.the performance teacing of gliders was described. A fundamental |
difference of the present system comp?;ed to Whitfield 's is the use
of standard transducers which produce a simple analog DC voltage
output signal.. Since the central electronics accepts a ataadard
voltage input (usually 0 to 5 volta) any transducer having similar
output characteristics can be used. This greatly increases the
fléxibility of the system making it useful for a wide range of
applications. For example, studies in vibrationm, fluid meghanica and
» heat tfansfer, to name a few,lcould all be carried out using this
data acquisition system.

The system itself operates in two parts' data recording and
data analysis. The former is dependent largely on the hardware
system and is daaéribedAin Chapter_II. The data analysis phase is -
most dependent dé;the software package develgped for the large ground
based computer. It is discussed in Chapter lII. Following the
syatem description, two.applicationsaare presented in Chaater lV, along

R

with discussion of results and somelsuggeated_1mprovements to the

~

~ system,



CHBAPTER 1I -

. ' ' DATA RETRIEVAL

-

For aerodynamic testing, the minimum set of experiméntal
parameters which must be measured are airspeed (or d }mdc pressure{,
static pressure, éngle of attack, loca1>stat1c‘ptesZi:e at poQPts on
the model surface, temperatur?, and velocity at éoints in the Qéke of
the model. Many meaéurements of local static pressure and wake |
velocity must be made at each test oénfiguratién to give the pressure
distribution and wake velocity profile. ’From\this data, values.of |
1ift, moment and drag can be found, and a comélete‘performance
Qnalysis can be made.

_{'The systgm developed to ﬁerfofm these meagurements 1s‘shown
sehematically 1n”F£éure i.‘\The system operates under the_contfol of

the cgntral electtonics module. Due to the complexity of the system,

the major components will be discussed- separately.

<

' 2.1 TRANSDUCERS -
.. The transducers used for measurement of the paraqetefs mén-_~'
tioned abévé vere'standéfd.models. Their geﬁér#l feétures will be
included here, as they affect other components in the system.
) The dynamic and static pressures were measured with Validyne
capacitance-type pressure'transdhcers. The dy;amic pressure was

measured directly, while the static pressure, in free flight tests,

was measured relative to a sample of air coﬁtained in an insulated

: and qealed vacuum bottle,

1] . ' C 4
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Temperature was measured using a TSI Telethermometer trans-
ducer.
A scanivalve was used for measurement of local static

pressure at points on the model surface. This instrument is a

combination transducer and solenoid drive mechanism. Up to 48

pressure tubes, coming from taps on the model, can be connected to

&the ports on the head of the scanivalve. Each port is connected in

turn, by means of a channel in the scanivalve rotor, to the transducer
cavity.‘ The rotor is moved from port/ﬁ% pdrt by the solenoid drive
mechanism. After a compi§§e revolution of the rotor, a’ limit switch

indicates that all the ports have been monitored. This instrument

.wasvidealyfor this application because of its compactress and simplicity

of operation. k\\‘ — ‘ !

" The angle\of attack was measured, in.thevfree flight tests,

LR ] : 1o

LI90S

by a yaw probe mounted/en’the model support structure. The scanivalve"
) vl N ’
was used to monitor the' pressures coming from the two sides of the yaw
. . ; ) . .
probe. - e P L q
. Two types of transducers were used for the'measgrement;of '
velocity at points in the wake, The first was a cdnstan&“teﬁperature

B}

. hot filu anemometer. This instrument was used in hopes of getting

informatien on the free’atream turbulence level, which ie cf some
importance to low Reynolds number airfoils. .However,'extrene .
difficulty yas'experiencedlin using this'instrument,'ncth in operatidnni
and analysis ‘of data. ‘Quantitaﬁ%yeAinformagion on turbplence levels

could not be obtained directly nith'the type of recorder used. An

1.9 recorder is necessary for this. Also, since the anemometer had to

be calibrated for both temperature and density variati@ns, the analﬂbis

‘;,*‘A i . "% -yt

N

\



was quite difficult. Following these problems, a standard pressure
transducer and Pitot probe were substituted to measure the dynamic
héad in the wake directly.‘ This greatly increased the reIiasility

of the data and simplified the analysis. The probes for these
transducers were mounted on a stem behind the model. The stem could
be traversed th;ough éhe wake by argeared varlable speed motor drive.
The posiﬁion of fhé}probe i3 the wake was monitored by.a 10 turn
potentioﬁeter coupled directly to the motor shaft. The pétenfiometer

was supplied with a constant voltage from the central electronics,

and the output voltage was a linear function of the probe position.

2,2 ELECTRONIC DATA HANDLING AND CONTROL

The heart of the data acquisition system is the data Handling
and control system. The function of this component is to sequentially |
monitor the transducer signals and prod#ce the digital data signals
sent to the recordgr. The control circuitry also operated the
scanivalve drive méchanism and responded to the s£art and stép—signals
from the operator control and the cycle limit switches. A block
diagram of the central eleétroﬁica is shown in Figure 2 and circuit
diagrams are in thg appendix.,

The operation of £he‘glgg;fonics in the treatment of &ata~ \\
was aslfollows: A multiplexer éiféuit sequeqtiallngated egch of the
transducer‘sign;ls to a voltage controlled oscillﬁtor. The transducer
signals were amplified and bias voltage applieéjwhere'needed to
operate the oscillator in a higher frequency range. Strict timing

for the multiplexing process was achieved by using an electronic clock

based on a very high frequéncy (262.144 KHz.) crystal oscillator.
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Each transducer signal was gated through to the voltage controlled .
osclillator for a period of 289.05 milliseconds. ' The multiplexer then

w -
closed off the transducer signal and, after a shorg delay of 39.06

\

milliseconds, connected the next transducerlin’ﬁequ29ce thrbughffo the
oscillator., The signal gap was used Eo separate data&poihts as will
be explained in section 2.5, Each transducer signal‘wég monitored

in turn and the multiplexing ppocees repeated until all ﬁpe data was
' ' \
recorded. : ’ \

\
3\

The volﬁage controlled oscillator produces an outﬁut

frequehcy proportional to the input voltage. Input voltages from O to
Q \

-

. A\
10 volts produced output frequéncies from 0 to 10 KHz. The oacl}lator

was operated in the range of 300 to 3,000 Hz. . During the gaﬁ betwgen
. .o \

transducer signals, output from the oscillator was blanked to leave

a clean break between data points on tape. The output of the oscill&tbr
was then amplified and sent directly to the recdrdi?g head of the

data recorder.

e 1
P

' x .
The resulting record of data on tape consisted of  a series

{ ! - !

of data bursts of varying frequencies separated by short gaps, in
repeateqlgroups of four or five. The number of bursts 1p each gtqupj
was dete;pined.by‘the mode of éperatidn,of the system. In the wake /
traverse mﬁde, f;be tranqducets.were active. In mode two, the model
,pnessufe distribution was scanned and four transducers were uséd.

‘ The number of cycles in each bursthwasAthe;efbre'a digital
representation of the.voltage’dutput of the transdﬁcers'ﬁnd hence.of

. the physical quantity being measured. Tape speed on recording or

- playback was immaterial, since each data bﬁ?gfuhad\been written on



.

t#pe for a precisely controlled time period. That is, neither amp-
litude nor frequency of the signal as it appeared_on;tapé_maitered,

és it was the number of cycles in the burst which carried i;formation.
fhe means by which these data bursts were -read b;cgkand~teduced to
useful data is discussed in later sectio;s, q\'

When operating in the second mode, the ecanivalvé drive
mechanism was colitrolled by the electronics package. Imhediately after
the scanivalve transducer signal was monitored and recorded, the |
ééanivalve was stepped to the next pqrc; The transducer was not
monitored again for slightly more tilan a second, givirig ample time for
~ equilibrium to be reached at the new pressure.

| The completioh of data monitorihg fbr'a:test c&ndition_was
indicated to the central electronics by limithaqitches\installed in
the scanivalve dfi#e and the tfaverse motor drive mgch#nisms{i When -
these limits were met, the multiplexing and recording functioné\we£g\ '
terminated and an indicator'lgmp on the operator's ?ontrol box ‘ )
signalled the end of the cycle. '-;
. The overall control of the system wﬁs through a,hand—héld
vbox'connected by ;ulficonductor cable to the centia; eléctronics.

-

This box held all the necegaafy’controls for power, mode selection,

traverse direcfion:an& epeed; cycle start switchés, and the énd of -

cycle indicator lamp. The operator could theréfore move arquﬂd'while
data recording was in progress and remain in full control of the
R ~

. syst&?.'.f~:ﬁa

) 1

R \ - The- electronics remained idle while the next test condition
. was set up and until the signal to start recording was received from

the control box.

~(
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2.3 DATA RECORDING

The output signal from the central electronics could be sént
directly to a real-time computer to give af- immediate read-out of
'data. However, to give portability to the system, a’ medium for
temporary data storage was required. Ideally, this recorder would
have written data directly in a suitable code to computer-compatible
magnetic tape. This was unacceptable, however, due to the eize of
such a recorder and the required power loads. A Small self—powered
cassette tape recorder was selected as the temporary storage device. ;”é;
This necessitated a further step in’ data processing — the transfer
. of data from cassette to coded magnetic tape on a small ground based
computer. This transfer phase will be discussed in section 2.5.

;It was mentioned previously that the data.output.signalvwasv
gsent directly to the’ recording heads of the cassette recorder. The
:ecorder input signal did not require amplification and the internal
'circuitry of the recorder would have added noise and distortion to the
signal. The recorder s playback circuits were used, however, with no
difficulty.

The recorder used'waa a two channel model. The firat‘
channel was used exclusively for the test data. The second channel
was used for a voice commentary on current test conditions, recording
start and other information ‘to identify the data files. Originally, |
it was planned _that the second, channel would also record the infor-
mation on turbulence from'the anemometer. This was impractical due
to an automatic level control in the internal circuitry of the

\

recorder. -
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the instrument box. The use-of cassettes for data stor ge was

\
\

advantageous in the eaeewwith which they could ‘Be manipulated and

e
i é
L

X -

stored.
N ) . iy \,} -, [ n

2.4 POWER SUPPLY

,Power“ﬁae"supplietho gli components in the data system from
a set of 12 volt batteries. Two motorcycle batteries and one automobile
battery were used., The former were connected in series to provide 12

-

and 24 volts to components requiring DC power. The larger automobile
battery was, used to drive an'inverter which produced 110 volts AC for
the other’components.' When Operating in the lab, all components could
be operated under external power to conserve the charge in the batteries.
The traverse motor was powered separately by a 9 volt dry cell battery.
?ff’nv ‘Under internal (batuery) power, the data acquisition system
could be run continuously for two to three hours, depending on initial
charge in the batteries. After this time, or if the batteries were
low, performance of the system became erratic. This was usually
indicated first bywthelscanivalve sulenoid drive failing to atep tol
the next position, causiné the read cycle to take inordinately long

to complete, -ﬁovever, power_failure proved to be of little problem

as all necessary data could be recorded in much less than two hours. -

LR

2.5 DATA TRANSFER TO CODED TAPE
With tbe raw test data recorded on the cassette, the last -
step ir 'he retrieval process was toﬂtranéfer this data to computer-

compatible tape in a usabie form. Thig;gas.done on a small reai—time

3,
£
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&
computer, a PDP 11/20. ‘A functional/ schematic of the transfer process
is shown in Figure 3. ° L ) ——\\\\\a/A\
) The cassette recorder was interfaced with. the computer
' through,a simple signal conditioner. Each pulse from the_cassette ******
activatedla‘trigger in the conditioner, sending a more uniform and
sharply defined pulse to the computer. The threshold for trigger.
activation could be adjusted so as to'eliminaterhoise induced trigger-
ing. This was monitored'oy visual inanection of the»output signal
displayed on an oacilloscope. As each pulse reached the‘computerl a
count regiaterlwaa incremented, 80 that-tne number-of cycles in the
burst would be obtained.
The signal conditioner module also aenaed the gap between.“
_ data bursts. When no signal arrived.within.BO'milliseconde (eet by
operagor); an interrupt wae sent to the computer. This caused the
currentktotal in the count register to be stored in core memory, and
the register to be reset to zero for the next burat. . i 31“

\\~

When a certain number of count totals, specified by the
‘operator as the block length usually 40, were stored in core memory,
the entire block was written on nine track’ magnetic tape in a code and
format compatible with the large ddta processing computer (IBM 360/67).

When the data set for a test~condition had been completely
read into the computer, the counting function was terminated and all
remaining totals in memory were written to tape. Thia termination'
oocurred on the generation of an interrupt fiom the teletype console \
by the operator. The resulting file on magne’ic tape consisted of |

several blocks of numbers representing the number of cycles in'each
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burst of the cassetfe record read. fhese numbers formed a data
vector, with no distinction between each number to indicate its
transducer origin. The job of sorting tﬁese numbers into separate
vectors was done in the programs described in Chapter III.

| After the terminate interruﬁt hed'been~precessed, tﬁe
computer prompted on the teletype for the desired blocksize and fdle
label for"the next data set. - When the counting function for the next
data set was initiated through the teletype, this file 1abe1 was
written on the magﬁetic tape as the first block in the new data file.
The label could be recovered on the large computer to give details of

the test conditions.
®

The program for the PDP 11/20 is written in Assembler and
is included in the appendix. This program resided on a magnetic tape
in core image form and was loaded into the computer before each data

transfer session.
With the digital representation of data on tape, the next
phase in the data analysis could be carried out on the larger data

processing computer. This vae largely a software dependent function

and is described in the next chapter.

2.6 CALIBRATION AND ACCURACY

Before eny.teating was carried out, the s&sfem.had.to be
calibrated, This.was done~by‘sec;ihg up known. physical inputs to the
transducers and operating the system as'if test data were being
recorded. Using a small auxiliary program which simply read the

coded magnetic tape, a ltst of counts for each traneducer for each

. input condition could be obtained. These count totals were used to
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determine the calibration relations,.samples of which are shown in
Figures 4 through 9. The use of the derived calibration relatiogs is
discussed in more detail in the next chapter, but it should.be mentioned
here that the system was entirely recalibrated before every test
series. This procedure required approximately half an hour. o "
The accuracy of the system can be described in three ways:
precision, sensitivity, and repeatability. The precision of the data
system refers to how accurately the computed value of the physical
quantity compares with the actual value. Sensitivity relates to the
smallest perceptable change in the computed value as a percentage of
the full range of values._ Repeatability refers to the degree uith
which the same measured value resul om repetitive measurements of

-3

the same physical quantity.

The precision of the data system depends a entirely on

the calibration procedure and the resulting calibration relation.'
However, two factors other than the exactness ‘of the calibration
affect the precision. The first is the fact that the analog signals
from the transducers were, effectively, integrated over the gate-
open time. Thus, small variations in the physical quantity were

Q .
averaged over that time period. Secondly, the count total arrived

at by the small computer w;s accurate to only plus or minus one count.
In a total range of five hundred counts (an average value) thia

represents a system induced error of + 0.2 percent, which is the lower
bound on- the precision. The upper: ‘bound on the precision depended om

the care and accuracy with which the calibration was accomplished.

This is estimated to be on the order of 1 percent of full scale.
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v

In this situation, sensitivity and repeatability are related.
It was found that repeated'meesurements of thevsame phyaical quantity_
resulted in count totale‘that differed by,. at moet,_i 2 from the
aferege? :Thus, the-smalleat'significant perceptable change is pro-
duced bf a change of three in the count total. This represents a
sensitivity of:t 0.6 percent of the full scale of five hundred.’ Since
the sensitivities of each trans&ucer were much‘lower than this, the
_i:b.6'percent of full scale repeatability was,the limitation, also, to
the system sensitivity.

| The comparison dg the sensitivity and precision shows that
‘even 1if greet care wes used in obtaining‘the caiibration relations,

the overall eeneitivity,of the system limits accuracies to + 0. 6 '
.percent of full scale‘vaiues. However, in view of the fact that final
results depended on integrations of these values (for example, the v
: lift coefficient derived from the preseure distribution), the accuracy

Iof the final results were estimated to be on the order of +1 percent.

'This is quite good accuracy for experimental testing.

L4



_CHAPTER III

y ) DATA ANALYSIS

Starting with the magnetic tape records of count totals,
- the task of data analysis breaks down into five main parts. The
first is to sortothe string of numbers on tape into vectors, one for
each physical quantity being measured: Next, using suitahIe calibration
relations, the actual values of the ohysical quantities-can be cal- |
4 culated from the count totals. ~With these”basic values, other physical

"quantities can be derived and secondary. parameters calculated. Fourth,

the results are made available for any further analysis desired by

( o +
storing them on disk. Lastly, final analyses such as 1ift.: and drag
calculations and plotting can be carried out. This last step was '{

5
carried out by separate programs described below. ]

The fi]gt four steps .are included in both the programs

SCANREAD and TRAVREAD which aEF 1isted in the appendix. A flowchart
for these programs is shown in Figure 10 The complete specifications :
.for input format, peripheral device assignment;.and ekecutionlcommands
underﬂMIS (Michigan Terminal System) control are included in the |

o e - - - . . 7
'appendix listings. It was necessary to use two'programs-for this'
first phase of 'data reduction because of the differing formats of data

~ fof the two operating modes of the recording system. That is, mode -

one (traverse) records five physical quantities, while mode two (scan)
records only four. L ' L \

-

'Provision was made in these two programs for calibration

T . 25
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constants to be included with each set'qf datalrather ;haﬁ being built
into. the program. This was dong by piacing the appréﬁ;iate factors in
a disk file and reading them into the program during egécution;
~Alternatively, the valuééAcbdld be entered through the terminal, i1f
that-was the *SOURCE* defaulg. The‘dérivation of tﬁe calibration
rélations was déécribéd in section 2.6. Ail Fhe rélations (with the
exception_of the hot film anemomete;‘calibration) wereAlinear, ‘The

. anemometer requifed a-twd stage reduction, both of which were non—
linea It was found that the linear calibrations were most affected
by a zero shift, while the ;roportionality constant stayed the same.
Thus, by obtaining the count.values at qero_condit;ons only, a rough
but ~reasonably accuratqicalibtétion céuld Bé obtained.

" Once the primary physical values had been.déterpined using
the calibratidn relations, they éodld be uged'in'comﬁipatiéns to

derive the secondary values suchias airspeed, dehsity, altitude and

»

pressure'coefficients.

) Tﬁe fourth s;epfmentionéd above, and the last operation in
SCANREAD and TRAVREAD, Qas to output'these'resulté to fhe printer and -
to tfansfer them co'&isk,for further anélysié; ‘Accoﬁpanying this data
fs‘diqk was a list of parametérs describing the gest éondition, for
,example,;airfqil.ﬁame, angle of attack, location of sgatic pressuré
tap; on the ﬁodél, and flap configuration.. - T

' Seyéral prpgraﬁs were used £6r final analysis of the data °
written to disk by SCANREAD and TRAVREAD. \fhé program SCANPLOT:uses
'nioutput dgta fromvSCANRgAD to plot the pressure disfribu;ion oﬂ the

model.‘ The program SCANLIFT,-using the same data asfSCANPLOT, calculates



A\
the 1ift and moment coefficients. Each of these were set np to
process several complete sets of data in a single run. The data set
was a compounded list obtained by thL execution of SCANREAD on several
raw data files. The program TRAVDRAG reads a compounded data list,.
, . produced bj several runs of TRéVREAD,:to calculate the drag coefficient.

__,}Flowcharts for these analysis”p&ograms are-shown in Figureg 11 through
. { . -

130 | ~

All the abovefmentioned progrems were\stored in object form'
on dis;. Once a data tape had been.produced,‘the ask of analysis .
. reduced to issuing a set of instructions for the computer to run a
certain program with a certain data file@ ’The‘; ‘grams sre:entirely.;
A compatsble with each other‘tegarding internal:data ex hange formats,
and instruction queuing{.ln only avfew minutes, a set of instructions
could'be assembled which wonld produce all the desired final results,
including complete listing of raw and reduced'data, pressure distribn-
'tion-plots,‘and-lift, drag and moment coefficients. |
The programs as written rely heavily on the very effitient
-and extensive peripheral device management-programs resident in MIS.
(In running SCANREAD seven devices were used for input/output
operations‘)//hlso, extensive use was made of system and mathematical
librgry subroutines, some of which may not be available on all
;installations. The resident subroutines used are listed in the
sopendix. R |
. ~ This completes the description of the data acquisition system.:
The next chapter describes two applications of the system, followed by

a discussion of results and suggested improvements.
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CHAPTER IV -

APPLICATIONS OF THE DATA ACQUISITION SYSTEM

4.1 TEST CONFIGURATIONS

‘The data acquisition system ;;8 used in two applications with
some minor variations in power supply and transducer arrangements. The
.first was free flight festing of an FX-61-163 profilerét low Reynolds
" number, VThe second .was wind tunnel testing of the same profile with
a 35 percent chord slotted.fiap adjustable to any position, \'l |

The freelfliéht tests were performed‘on a two dimensional
model having a span of ;8'1nches and a chord of 18 inches. The modelA
was mounted between rectangulér endplates 54 inches above the wing of
the carrier sailplané. .The angle of attack was deustable from fhe
cockpit by means of a pushrod and lever mechanism. )With this model
configufation, Reynolds numbers'baséd on model chord of from 0.6 x 1§6
to 1.1 x 106 couid be achieved. The data acquisition system waé

‘mounted in the,reaf seat of the'sailpiane, with the control box in -

tﬁe cockpit acceesibie to the pilot.

The normal test brocgdufe w%s to tow the cérrigr-sailplane
to 3,000vfeet‘;bove ground,‘duriné whicﬁ time measurements could be
taken. Eollowing release, ﬁore measurements wefe'taken as the sail=
plane descended in free fligpt. An entire>flight iastednfrom 25 to
35 minutes élldwiﬁg a coqpleté range of,angles of éttack to be’cqvéred.

A very large number of problems were faced in”performing‘the

flight tests. Genefaily, these arose from the operation of a fairly

sophisticated electronic system far from the usual support equipment.

36
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available in the laboratory. Numerous problems arose in the develop-
’ment of the aysten itself, many of which did not‘appear until aPter |
the system was mounted in the sailplane or had been aloft for the test.
Since the airfield was some distance from support equipnent, a great
-deal of time was lost invdismantling and transporting the syatem
| between the airfield and the laboratory. The.dependence on weather
proved to be another great problem. |
Specifically, the greatest difficulty with the free flith
tests was the operation of the hot film anemometer, Originally planned
to be used to get an indication of the free stream turbulence as well
as measuring the wake velocity, the anemometer required much more
attention than was possible in a free flight test. Also, the output
signal during~the tests was found-:to be well outside the range af\\\ _
values obtained in the laboratory, upsetting the electronics consider—fx
ﬁmtably and destroying many sets of data. This was probably caused by
the extreme deviations of air temperature and density in the tesq\
conditions from those of the calibration conditiona. This posed no -
Ty
vgreat problem, however, since the wake traveree data could be obtained
using a Pitot probe and a standard pressure transducer. This sub-
stitution vas then made on later tests. Since it vas only. hoped to ;
' get qualitative information dﬁ free stream turbulence with the original
system (quantitative data would have required much more equipment, and.
be even harder to operate),-the loss of this information was not
considered serious. . |

Preliminary results obtained in the free flight tests pin*

. pointed some further problems. Foremost among'theSe was the
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'determination -of the. angle of attack of the model. 'Asvmentioned

previously, the angle of attack was measured with a yaw probe -

mounted on the model endplates, with pressure lines leading to the

scanivalve. Thus, the angle of attack was monitored once in scan

mode and not at all in traverse mode. Although thegpressure dis-
tributions measured during these tests were fairly smooth, there wasL
a very large scatter in plots ot lift coefficient‘against angle of
attack; This could have been caused by changes'in-the attitude of

the sailplane. Other than the location of the pushrod, there was no

' wny of determining exactly what the angle of. attack was at: each point

in a test. o : )

‘Lacking the time to make the necessary changes to the data
acquisition system to correct these problems, and also because of
poor weather, it was decided to terminate the free flﬁpht tests.

For the second application of the data system, a series of

wind tunnel tests were set up. The model tested was again the FX-61-
, -

163 with 35 percent slotted flap, but with only a 12 inch chord. The

flap was adjustable to any setting. There were nearly twice as many

pressure taps on this model compared to the flight test model to

:obtain more definition in the pressure distribution. The data system

'was run under external power to eliminate the periodicd!;ed for -

battsry removal and recharging.

It was' possible to complete a series of tests in the wind -

tunnel covering a full range of angle of attack at a given speed and

flap -setting and record all the data in less than half an hour.  The

transfer of data from cassette to magnetic tape tooi equally as long.
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with allfthe data on tape, only seweral minutes were required'to
assemble a set of instructions for analysis on the large computer.

A’ discussion of these results follows in the next section.

4.2 RESULTS -

The wind tunnel ‘tests were performed at flap settings of

o

. 0, 10, and 20 degrees,vlabelled Series I1I, IV, and V‘respectively.

(Series T:.and II were preliminary tests used in setting up the test

A

equipment.) The Reynolds number for all tests was‘O 8 n 106'based

on chord. The final results for these tests are shown in Figures 14

to\l6. A few sample pressure distributions as they are plotted ‘by
the cowputer are shown in the appendix. Several of these plots have
been overlaid and are shown in Figures 17 and 18,

It should be noted that all data shown is uncorrected for

fwall constraints. The use of a semi-open top, as suggested in (4),

makes the theoretical wall correctionS*negligible. More experimental
tests must be carried out to see if that is, in fact, the case.

- The present series of data show very 1itt1e scatter, both - —

_in the pressure distributions and in the integrated 1ift and drag

results, and are reasonably close to the values reported for this air-
foil (3). Differences are on the order of 10 percent. It was felt |
that the chief source840f>error in the final resultsvwere with the
tunnel itself, since ‘the model was quite large. This is aﬂserious_

problem when testing high lift airfoils, and further efforts are being

made ‘to develop the,test facilities. These efforts are directed at.

{

-boundary layer control on the tunnel walls, and further investigation .

of.the semi—open«top-as mentioned above. The development'of'this

€
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facility should make it possible to investigate the airfoil performance

at high angles of attack, going beyond the stalling point.

4,3 DISCUSSION OF RESULTS

It should be noted, rgferfiﬁé to Figure 19, that the pressure
~distributions were measured and plotted separately for the upper and
lower/;urfaces and do not join., Since the présbure taps did not
extend to the trailing edge of the ﬁain“airfoil, values of pre;sure
coefficient had to be extrapolated in this region‘for the calcﬁlation
. . s :
of 1ift. This’waé done in the program SCANLIFT,‘fo apbroximatély'
80 percent chord. From the appéarapce-of the plots, this'shoﬁid cause
no great problem as the pressure recovery in this regibn is quite |
smooth, A further point of interest is that, on the flap, the exact
location of the stagnation point can only be inferred from the data
given, ,In fact, the computer-drawn_plots may‘be misleading in some.
. céses, as the plottgr only conneéts fhe input data points, and é:npot
infer the location of suc’ strateglic points ag'the stagnatidn ﬁaint.
This is é minor disadvantage of a completely autoﬁated system, that is,
the system can hahdle thg éenexal case flawlessly, while errors may
arise in treatment of some specific cases. This disadvantage can only
be overcome by providing more data points fo comﬁleﬁe thg curyés'(more—
'tapE on the ﬁodel), by véryvsophisti;;ted‘ppqgramming, or by maﬁual
editing of results. | o

Despite the fact that the regults'ob;§ined from these two
test configurations were'somewhat disapﬁointing; ﬁhe d}ta,acquisition '

system was able to show its value invthiQWCybe of experimental work.

With minbr.modificétiona to- the test facilities, it should be possible

.
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to accuratelj’measu 7 e airfoil performance characteristics.

Through thke use of the data acquisition.system as originally
conceived, and an appkeciation  of the:difficulties involved in the‘
test procedures, several possible inprovements to the‘system arise.
None of.these are major, and do not\changevthe central idea of the
system. -

Firstly, it would be possible to decrease the gate-open time
of . the multiplexer and at the same time increase the voltage offset
of the transducer signals. The former would speed up the recording
process while therlatter/woul&\inbrease the frequency output of the
oscillator, thereby maintaining the accuracy. The real time computer
used to count the cycles can operate much faster than the(range nhere
it was‘used.- Howeuer, for flight testing, speeding up the recording
of data would increase the effects of instabilities of the carrier, as
the analog signal integration period would be much shorter. 7

-._.

econdly, the method of measuring the angle of attack in

- free flight tests must be changed. It should be monitored continudlly

through the test. This involves the addition of another transducer and

the rearrangement of sequencing in the multiplexer. Also; since

tegperature is the most stable parameter, it need be fépitored only

once for each test condition.
Since one of the ideas of free flight testing is to simulate -

atmospheric turbulence exactly, it should be measured by placing an -

RMS meter on. the anemomEter output to give a DC signal for recording._

1

The anemometer must also be temperature compensated. However, in view_;

'very special care,

"of the diffioulties experienced with the anemometer, this;woula require;
- . A Lo

)



The process of data transfer to magnetic tape 1s slow due
to the ;.\Essary delays in setting up the cassette at the desired >x
position, entering file label through the teletype and starting the :
program. This coqld possibly be improved to be a continuous read-out:
However,. the problems of file identification and data sorting would
be immense. With praEtice, it was possible to se: up the. computer
in the gaps between data sets and the cassette could be run continuously..

Lastly, the analysis programs could be improved.solas to |
'decrease the” amourit of supernision needed. It would be possible to
quene the computer by key words in the file 1abel. In’etfect, the
programs as written would become subroutines under almaster,operating.
program. It wouldfalso be possible, since the small computer was not

)

operating near capacity, to, do the first four stages -din the dlta v ]
‘reduction at the same time as the raw data was being read in and qéunted.
However, the PDP 11/20 does not have the sophisticated subroutiné

library and input/output management program that is available on the

larger ‘IBM 360/67. The program for the PDP«ll/ZO must also be/written

@

‘in Assembler rather than FORTRAN ‘ K ,/

4 4 SUGGESTED IMPROVEMENTS AND FURIHER WORK t,

From the preceding discussion, the ‘ollowing recommendations .

’

can be made to improve the system performanc
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“
]

"3. The possibgiity of continuous playback of the cassette should be
. investigated moreafully:-, - » ‘ “
4. The data reduction process on the lafge computer could be stream-

lined to simplify the operating instructions..”

Avr

These changes, which do not dtastically alter the makeup of
the data acquisition system, wduld be quite easily implemented and
would improve the,performance and usefulness of the‘systen.

_ The data acquisition system has shown its usefulness for

)

this. kind of repeated testing It is therefore suggested that it be

used to make a complete study of airfoil performance in the wind

tunnel under many'different wall and flap-configurations, and boundary

layer_contfol. It should be possible! then, by comparing experimental

1

results with theory to develop the airfoil testing facility so as to

)

provide completely dependable and accurate results.

L Aw



CHAPTER V

CONCLUSIONS

- The data acquisition system described in this report has
shown itself to be a useful and efficient research tool, thereby

achieving its objective. Its operation is extremely flexible,

allowing fixed or mobile operation and it is not limited to aerodynamié

testing or to the'specific transducers used here.' Since no ‘manual

processing\of large masses of data is required, either in recording,
transfer to computer punch cards or files, or analysis, a great deal A
of time is saved and processing ertors are eliminated. The system
therefore allows much more efficient use of test facilities. The
system also combines the use of inexpensive and low powered meggurei

\\\\\4m\nts with the use of the large data processing computer.

T~

T
- The present system was estimated to have an accuracy of +1

percent. The conversion from snalogue transducer signals to digital

representations at an early stage eliminates many sources of error

and assures the best possible accuracy consistent with the transducer -

,calibration and stability. .

) - FASTENLI 4

It was shown that, ‘even with automatic data recovery, the
difficulties of performing free flight tests are quite large and
numerous, though not insurmountable. The wind tunnel,tests indicate\

that more work must be done to accurately assess the effects of the

L]

tunnel walls on the results.

©
« bl

Data acquisition systems such as described here will become

49 IR
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mafe prominent in future research, With‘advances in technology and
. the growing abundance of minicomputers it will become increasingly IR
possible to perform exﬁerimental reegafdh quicklyagnd accurately |
without grgat expenée. Especially, any investigation requiring tﬁe .

R repeated monitoring of several data channels should be considered as

requiring a data acquisition system such as described in this report.
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COMPUTER PROGRAMS o .

Foiiowing is a 1ist of all system subroutines used in the

program package listed in this appendix.ﬂ These subroutines were

available in the Scientific Subroutine Package library (*SSP MATHLIB)

or in the Calcomp plotter library (*PLOTLIB) available through MIS.

Complete documentation for these subroutines is available in "System/

360 Scientific Subroutine Package" published by IBE, in "The Michigan

Terminal System Volume 3: System Subroutines' published by the

University of Alberta Computing,SerVices,'and in "Calcomp Users Manual"

ralsd published by the University of Alberta Computing Services.

-

Name

ALI

>

ATSG -

AXIS

CONVAE®*

" FLINE
PLOT
PLOTS

QSF

READ

SYMBOL

_changes plot origin.

Function

Aitken~Lagrange interpolation at point specified;

using ordered vectors. produced by ATSG.

sets up ordered vectors of data points for ALI.

plots, labels and dimensions a linear axis.

converts characters coded on magnetic tape in ASCII

to EBCDIC which is IBM 360/67 intermal code.

plots smooth curve through data points.

‘.

opens a plot file.

integration of egqually spaced function values using @
?\%‘% -

Simpson 8 rule. ﬁ

reads data blocks from magnetic tape.

plots specified character string.

% This subroutine was not available through MIS" and was written
by L. Lewis, Tech. Services, U. of A.
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PROGRAM NAME: SCANREAD

. OBJECT NAME: SCANREADOB

THIS PROGRAM OBTAINS DATA FROM MAGNETIC TAPE RECORDS

FOR SCAN MODE OPERATION AND REDUCES THE RAW COUNTS TO
PHYSICAL QUANTITIES. THIS 1S FOLLOWED BY OUTPUT TO
TEMPDRARY DISK SPACE FOR USE IN SUBSEQUENT CALCULATIONS
AND/OR LISTING. UNDER *MTS* TEMPORARY FILES NEED NOT.

BE *CREATEDY BUT THEIR CONTENTS ARE DESTROYED AFTER
*SIGNOFF, , _

5 , : . » - ‘//

TO RUN THIS PROGRAM FROM THE TERMINAL, THE FOLLOWING
_DEVICES MUST BE SPECIFIED IN THE RUN COMMAND:

C MAGNETIC TAPE DEVICE (EG., *Tx)

4 DUTPUT TEMPORARY FILE FOR FURTHER CAL CULATIDNS
5 (DEFAULTS TO *SOURCE*) ;

6
8
9

UNIT

3

(DEFAULTS TO #*SINK=*)
OUTPUT TEMPORARY FILE FOR LISTING OF RESULTS .
“INPUT FILE OF X~COORDINATESs FLAP, ETC.

I3

‘S PRQGRAM *BATCH*. THESE ASSIGNMENTS MUST BE

&

- NIT -5 DI§L FILE OF CALIBRATION PARAMETERS
T””j& 8 *SINK*

EXAMPLE ¢ _ e -
$RUN SCANREADOB O=#T* 4=-S1 S=CALFILE 8=%SINKx* 9=FX51163

.AFTER SEVERAL RUNS OF SCANREADOB, OUTPUT ,DATA ON UNIT 4
CAN BE COLLECTED INTO ONE FILE BY USING THE INSTRUCTION.

$COPY -Sl+-52+...+ S9 TO SCANDATA .

THEN FILE SCANDATA BECOMES INPUT TG SCANPLOT AND
SCANLIFT, HOWEVERs THE LAST LINE IN SCANDATA MUST BE:

oy

T

END
TO OBTAIN A COMPLETE LISTING OF RESULTS:

SCOPY <~L1+-L2+,,.+-LS TO SCANLIST
SLIST SCANLIST -

INTEGER*Z IN(40).LENoLAB(80)
INTEGER NAS(SO)oNSCAN(SO)oVORK(ZOO)-NAME(S)oNPST(SO)cNTP(SO)
DIMENSION Q(5C) +SCAN(SO) sCP(50), X(SC)-PST(SO).TP(SO)

I

C READ 'IN THE LABEL BLOCK FROM TAPE

O
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CALL READ(LABJLEN,0+LNR+0,£100)
CALL CONVAE(LABSLEN) »

"WRITE(6,6000)

WRITE(6+,6001) (LAB(1),I=1,LEN)
WRITE(646002)
READ(S+5000) ALPHA

"WRITE(6,6003) ALPHA

READ IN THE FIRST DATA BLOCK

CALL READ(INJLEN,O.LNR, o.slol)' ol
LEN2=LEN/2

INITIALIZE SUBSCRIPTS FOR DATA SEARCH -

K=1 o
00 3 L32,LEN2 |

 WORK (K)=IN(L)

K=K+1
CONT INUE

READ IN THE REMAINING DATA BLOCKS

CALL READ(CINSUCENYO+LNRy04+£102)

LEN2=LEN/2 s

DO S L=1,LEN2 :

WORK (K)= IN(L)

K= K+l

CONT INUE 4

GO TO & } .

LEN2=LEN/2
DO 6 L=1,LEN2

WORK (K )=IN(L)

K=K+1 ‘ ) ) ) EYIN
IF(K.GT.200) GO TO 7 v '
CONTINUE .

READ INPUT DATA FROM DISK FILE
READ(9¢9000) NPTS,FLAPs(NAME(I),I=1,5) :
READ(9+9001) NMU,NML 4 NFU 4NFL _ ‘ 0
READ(94+9002) ¢X(1)+I=1,NPTS}). ' : ’ ‘

ASSIGN‘COUNT VECTORS

J=1
DO 8 I=14NPTS S0

NAS(I)=WORK(J)

NPST (I )=WORK(J+1) _ »

NSCAN( 1) =WORK(J+2) ‘ .
NTP(I)=WORK(J+3) o ST ‘

'I=J+4

CONTINUE
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(sl aNel

 WRITE(6+6007)

OUTPUT THE COUNT VECTORS TO DISK FOR LISTING . .

WRITE(8+8000) (NAME(I),1=1,5) : - %,
WRITE(8s 8001) ALPHA.FLAP : ’

WRITE(8.8002)
WRITE(8,8003) ((I.NAS(I).NSCAN(I).NPST(I).NTP(ID).I 1 +NPTS)

&)

READ , IN CALIBRATION CONSTANTS

READ(5+5001) QSL+QINT .
WRITE(6,6008) QSL,QINT = A . :

WRITE(6,6009)

READ(5+5001) SSL+SINT"
WRITE(6+6010) SSL.SINT

WRITE(6,6011)
READ(5+:5001) PSL+PINT

WRITE(6+6012) PSL.PINT

 WRITE(6,6013) : B : . .

0NN

NOow

00NN

40Co

14001

4002
4003
5000
5001

OUTPUT RESULTS TO DISK FOR FURTHER CALCULATIONS

READ(S5+5001) TSL+TINT .
WRITE(C,6014) . TSL,TINT

CONVERT RAW COUNTS TO PHYSICAL UNITS

DO 9 I=1,NPTS
Q(1)=QSL*®NAS(T)+QINT
psr(l)=p§F*Npsr(I)+prT
TP(I)=TSURNTP(I)+TINT
SCAN(I )=SSULXNSCAN(I)+SINT
CP(I)=1.,0+#SCAN(I)/G(I)
CONTINUE =

‘COPY VECTORS TO DISK FOR LATER LISTING

WRITE(8+8004) ' . >
WRITE(8,8005) {(I,Q(1),SCAN(I)sCP(I);PST(I),TP(I))+I1=1sNPTS)
WRITE(8,8006) N :

WRITE(4,4000) (NAME(I),I=1,5) " o
WRITE(4,4001) ALPHA.FLAPNPTS s NMU+NML s NFUs NFL

WRITE(4,4002) (X(1),I=1,NPTS) . * B
WRITE(4,4003) (CP(I)sI=1,NPTS) - e

WRITE( 646004 )

. G0 TO 999

FORMAT (5A68 ) o
FORMAT (2F4.0,513)

FORMAT (16F5,4)

FORMAT (1 0F8,3)
FORMAT (F4.0) : ‘
FORMAT (2F8,.3) . : e
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6000 FORMAT (/*FILE LABEL: ) o ~

600’1 FORMAT (/40A2) . ' R . %)

6002 FORMAT (/'ENTER ALPHA: ') - C

6003 FORMAT(/'CONTINUING WITH ALPHA=*,F65,0)

6004 FORMAT (/*DATA COPIED TO DISK FOR FURTHER CALCULATIONS')

6005 FORMAT (/ YEND-OF -F ILE 'ENCOUNTERED IN LABEL .BLOCK ")

6C06 FORMAT(/*END-OF-FILE ENCOUNTERED.IN FIRST DATA BLOCK?® )

- 6007 FORMAT(/*ENTER Q CAL I8RAT ION SLOPE° AND INTERCEPT:?)

6008 FORMAT (*CALIBRATION 1S: Q= , £B8.5, ' kNAS+* ,F5,2) : -

6009 FDRMAT(/*ENTER SCAN CALIBRATI ,SLOPE AND INTERCEPT:*)

6C1C FORMAT (*CALIBRATION IS: SCAN=',F8.5, “«NSCAN+%,F5,2)

6011 FORMAT(/*ENTER PST CALIBRATION SLOPE AND INTERCEPT: )

6012 FORMAT (*CALIBRATION IS:. PST="+FB.4+ " *NPST+ ' F8, 1)

6013 FORMAT(/'ENTER TP CALIBRATION SLOPE AND' INTERCEPT:?)

6014,FqgnAT(-CALtaRATIQN‘xs: TP=' ,F8,4, " ANTP+?,F5,1)

8000 FORMAT (//'DATA FOR' TEST OF* 42X, 5A4) _

8001 FORMAT(/*TEST CONDITIONS: ALPHA='yFE€,04* FLAP=',F6,0)

.8002 FORMAT(/'RAH~COUNTS'/T3.1HIiTBQSHNAS'TIB.SHNSCAN.T29.

14HNPST 4 T40,3HNTP) )

8003 FORMAT(13,4110) . '

8004 FORMAT (/ *PHYSICAL QUANTITIES**/4HHOLE +T10,1HQsT20+4HSCAN ,
- 1T3042HCP +T38,3HPST,T48, 1HT) o ,

8005 FORMAT(I3.3x.F7.3.3X{F7.303X.F7.2-3x.F7.2.ax.FQ.1)

8C06 FORMAT (/*x QUANTITIES NOT REQUIRED ARE MASKED #k%k&k&%f) .

900C FORMAT(I3,F4,0,5A4) L

9001 FORMAT (414)

v

9002 FORMAT(16F5,4) ° , : .
c B '
C SPECIAL EXITS A
C . 5 . . \;
100 WRITE(6,6005) . N
Co GO TO 999 ' L - : ' .
101 WRITE(€,6006) ' .
¢ ul _
C 'H'!,;;u s .
9997 {§TOP
R
o YEND
c '
y )
i ~7 s
a 'd
- 3
h P ¢ |
- ":‘ ’
. L x )
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* CALL PLOT(2.0+2.0,-3) _ o
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PROGRAM NAME: SCANPLOT - ‘
DBJECT NAME: SCANPLOTOB

THIS PROGRAM READS DATA WRITTEN T3 DISK BY SCANREAD AND
PLOTS THE PRESSURE ®OISTRIBUTION FOR EACH SET OF DATA, .
NOTE: TERMINATION OCCURS WHEN * END' IS ENCOUNTERED IN
THE DATA FILE ON UNIT S5 (THE INPUT DATA) IN DATA LINE

*ONE._ 1/0 UNITS SPECIFIED IN THE RUN COMMAND ARE: -

_— UNIT 5 FILE OF INPUT DATA
(DEFAULTS ‘TO *SINK*) OUTPUT LIST

.49 TEMPORARY DISK FILE TO BE USED WITH *CALCDMPQ

THE PLOTTER SUBROUTINE LIBRARY MUST BE USED.

A TYPICAL- RUN CCMMAND WOULD BE: “

s ~

SRUN SCANPLOTQB4*PLOTLIB, 5=SCANDATA 9=-TEMP

IF RC=C ON RETURN FROM' SCANPLOTOB. THE PLOTTING 15. C
COMPLETED BY: : . ‘

dsRuN *CALCOMPQ SCARDS==TEMP 4

QIMENS ION WORK(2Ca8), X(SO).CP(SO) ' . | wd
"INTEGER END/?® END*/, IN/® 0.'/¢ALPHA,FLAP, iME(5). : .
CALL PLOTS(WORK ,8192) : - . v

COUNT=1,0 . | _ ,
FACT=0.667 - - - S
*FACTOR' SUBROUTINE SCALES TFHE PHYSICAL S1zE oOF THE. L
RESULTING PRESSURE " ISTRIBUT ION, PLOTS, FACT=1 WILL
PRODUCE A PLCT 10 INCHES BY' 6 IEHES., THE MAXIMUM

e

. ALLOWABLE SIZE FOR THIS PROGRAMa - - S
i . . R
CALL FACTOR(FACT) BN L
- ° | e & e
READ INPUT DATA | S

o . -
- REAR{S5,5000) (NAME(I),I=1,5)

IFINAME( 1) .EQ.ENIP) "G TO 999 SR Co -
READ(S +5001) ALPHA.FLAP.NPTS.NMU.NML.NFU.NFL .

. WRITE(€,6000) ALPHA

READ(S,50C2) (X(I)sI=1,NPTS) o
,READ(59$°°3,AZ(_CP(I)'I=1 'NPTS) ’ v

PLOTTING OF AXES .AND LABELS JCW_‘ L A

CALL AXIS(C 0+0.,C92HCP, - .6.0»0" 0s~5.0s1. c.1o 0)
CALL AXIS(5, Ce0, O.IHX.-I.IO 0090 0.0 0s0,1,10. c)

. CALL PLOT(5.0+0.0,~3) . _ o |

DO 2 I=1,5 , K i T :
Y=FLOAT(1I)/1.2 S _ o —r
v . N o - . . 4

E)
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“CALL SYMBOL(=5,CsYsCe2500 NAME(!).90 Csa)
2 CONTINUE
CALL SYMBOL(~84.5:1.,0+0,125,EHALPHA=,9C, 0.6)
CALL SYMBOL(=4,5,2.C¢C.1254ALPHA+90. Csa)
CALL SYMBOL(=8.041.0sCe12545SHFLAP=,90,0+5)
CALL SYMBOL(=8,0,2.0+0,125,FLAP+90.C+8)
C )
IF(FLAP.EG.IN) GO TO 20 .
C . 3 L
C PLOT SUBROUTINE FOR FhAP:ByT :
C. . o _ e v O
CALL FLOUT(X,CP ¢sNMUNML s NFUsNFL)
GD TO 40 ' .
C - : ,
c . PLOT SUBROUTINE FOR FLAP=IN )
C :
20 CALL FLIN(XsCP.NMU:NML)
Cc . B e
L c . SET" UP, PLOT ORIGIN FOR NEXT PLOT
‘'C
£O 'EFCQQUNT LT.0.0) TO 60
'q . CALL PLOT(rS. 0.12 «=3)
5 ~GO TO 70
50 ~. CALL PLOT(7e¢0s-12,0¢=3)
7C . C®UNT=-COUNT . . .
.60 TO 1, o [
o : o / '
4Cf . .
50C0 FORMAT (5A4) ' / )
5001 FORMAT(zAa.sxs) ; :
5002 FORMAT (16FS.4).. .
5003 FORMAT(ﬁoFe 3y . / :
6C00 FORMAr(/'PLOTTING FOR/ALPHA-'.ex.AA) ,
c , ,
C, PROGRAM EXIT
C o R .. L )
999 IF(COUNT.GT.0.0) GO TO 80 e, ' ;
) _CALL PLOT(.7.0+-12.C»~+3) ' : ;
"8C CALL PLDTC(O. c.o 0.995) _
sToP : /" . ? e )
‘ END 4 . -
C v ' /
C . .
c © ! -~
c
SUBROUTINE FLIN(X » CP s NMU o NML )
- C THIS SUBROUTINE PLOTS FOR FLAP=IN CASE
DIMENSION3X(50)oCP(SO),XGR(3O).CPGR(30)
C
C UPPER . SURFAQE
c S .
. DO 1 I=1,NMU . : %
Aok XGRCI)=Xx (1) S '

B8

CPGR(I)=CP (1Y o~ | A
CONTINUE. . ° v - R y

" , . . : ) ‘ ) .. N m‘;
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CALL DIST(XGR,CPGRsNMU 1)
LOWER SURFACE -

DO 2 I=1,NML
J=NMU+1T

XGR(1)=X(J)"

CPGR(I )=CP(J)

CONTINUE

CALL DIST(XGRe+CPGR NML+2)

RETURN
END

he
B 4
SUBK * NE FLOUT(XoCPoNMUoNML'NFU.NF _iﬁ?
THIS _UBROUTINE IS FOR FLAP=OUT CA’%
DIMENSION X(50),CP(50)+XGR(20),CPGR

MAIN UPPER SURFACE - S
DO'1 I=1,NMU . ' e
XGR(I}=x(1) . L !g,,' .
CPGR(I )=CP(I) : - L L TN
CONT INUE : . S RN PR N
CALL DIST(XGR»CPGRINMUs1) o _,,.§%§v

S
MAIN LOWER SURFACE

)

DO 2 I=1,NML ' C o
J=NMU+ I - R4

XGR(1)=X(J)

CPGR(I )=CP(J) . ’ Sy ?

CONT INUE - r.
CALL DIST(XGR-CPGR-NML.Z) .

FLAF UPPER SURFACE _ ' - .

‘DO 3 I=1..NFU

Td= NMU*NMLfI

XGR(1)=X(J) &

CPGR(I )=CP(J) * ,jﬁ% , -

CONTINUE x ' R _ _
cALe DIST(XGR.CPGR.NFU,JI IR SN = : .

&/
FLAP LOWER anﬁAce Eh%'v
DO 4 I=1.NFL | :
J=NMU+NML4NFU#I - _ .
XGR(I)=X(J) ! BRI -
CPGR(1I )= CR(J” a '
CONTINUE & [
CALL DIST(XGR+CPGRsNFL2)

RETURN

v

B9
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END

SUBROUTINE DIST{XsCPsNsK)
DIMENSION X(3C)sCP(30)
X(N+1}=0,0

X{N+2)=0.1

CP(N+1)=0.C -
CP(N+2)=1,0

CALL FLINE (CPeXos~Nsls1,sK)
RETURN '
END

.B10
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PRQGRKM NAME:? SCANLIFT :
OBJECT, NAME: SCANLIFTOB

THIS PROGRAM USES THE DATA PRODUCED BY SCANREAD TD
‘CALCULATE THE LIFT AND MOMENTY COEFFICIENTS, THE

INPUT DATA IS THE . SAME AS THAT FOR SCANPLOT, THE
PROGRAM MAY BE RUN THROUGH *BATCH* OR THROUGH THE

TERMINAL.

THE PROGRAM REQUIRES SUBROUTINES FROM *SSPMATHLIB,

~

A TYPICAL RUN COMMAND WOULD BE:

$SRUN SCANLIFTOB+*SSPMATHLIB S=SCANDATA
L

INTEGER END/® END'/,IN/' 0.'/sNAME(S) - & i
DIMENSION X(50),CP(50) /

READ DATA DEPOSITED BY SCANREAD S B

READ(545000) (NAME(1),1=1,5)

IF (NAMEC 1},,EQ,END) GO TO 999

READ(5 +80 A”bHA.FLAP.Nst.NMU.NML.NFU.NFL
READ(s.sooa) (X(1)sI=1,NPTS) o
READ(5,5003) (CP(I),I=1,NPT$) : .
WRITE( 6, 6000) (NAME(I) }=1,5) | .
WRITE( 6, 6001 ) "ALPHA,FLAP

IF(FLAP.NE.0.0) GO TO 2

INTEGRATION SUBROUTINE FOR FLAP=IN CASE

CALL FLIN(X'CP-NPTS.NMU.NML.CN.CMLE)
GO 70O 3 '

INTEGRATIDN SUBROUTINE FOR FLAP OUT CAsSE :'_ e

CALL FLOUT(XoCP.NPTS.NMU-NMLoNFU.NFLoCN.CMLE’

' CALCULAYE&CL AND CM1/34 : %.

cL= CN*COS(Ac#HAts 1416/180.) o -

CMQ-CMLE+CL/4. ) ) . ‘ N 3

OUTPUT THE RESULTS ' oo i v

wRITE(e.cooé) CNsCMLE
WRITE(6,6003) CL.CMQ

GO TO 1 - - . - ' e

-l

N L E w "

5001 FORMAT (2F4 ,0,513)
927EORMAT(16F5 a) -
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FORMAT (/ /¥ TEST OF* +2X +5A4)) -
FORMAT (* ALPHA=Z ¢4 F6.0+2Xy *FLAP='4F6.0)
FORMATI(YCN=¢ ,F7.2/'CMLE="* 4F7,3)
FORMAT(*'CL=" FT7,2/'CM1/4="*F7,.3)

STOP :
END Y S . B '

SUBROUTINE FLIN(X.CP-NPTS.NMU.NML.CN.CMLE) oy
DI'MENS ION X(SO)-CP(SO)oXI(51)-CPI(SI!-WORK(IO@).ARG(B).

1VAL(8)sXU(25) sCPU(25) s XL (25)+.CPL(25)+2Z(51)

T omm

raan,

tPRs=1, OE—Z

'.»HOO’Z , g

" SET UP AUXILIARY VECTORS

DO 1 I=1,51 _ . o
XI(I)=(1=1)%H"

DO 2 1=1.NMU

XU(I)=X(1I)

CPU(I)=CP(I)

DO 3 I=1;,NML

J=NMU+1

XL(TI)=X(J) ‘ -
CPL I ) =CP(J) = ‘ : ‘ {

L

INTERPOLATE CP VECTORS AND INTEGRATE FOR UPPER SURFACE

LOOP=4 ) : ‘ SN
DO 4 I=1,51 :
CALL ATSG(XI (1) cXUtCPUoWORK s NMU, 1 QARGQVALte)
"CALL ALI(XI(I).ARG.VAL.CPI(1).a.Eps.IER)

ve

*IF(IER.EQ.C) GO TO 4

" CONTINUE

WRITE(64+6000) LO P.I 1IER’

CALL QSF (H,CPI,

" somLuP=2(51) % e

DO 5 I=1.51 v Ty
CPI(I)=CPI(I)*XI(T) - T T

ALL QSF(HsCPIsZs51) ’ a7
UMMUP=Z (51)

DO LIKEWISE FOR LOWER SURFACE

LOOP=6"

DO 6 I= 1.51

CALL ATSG(XI(I)sXLsCPL, wORK.NML.1.ARG.VAL.8)- LI
CALL ALI(xI(I).ARG.VAL.CPI(I).e.EPs.IER) ’
IF(IER.EQ.C) GO TO 6 ' : ﬁé
WRITE( 6, 6000) LOOP,I,IER

CONT INUE



TER

0N 000

[aNaNse!

OO0 W

\

CALL QSF(H.CPI.Z.SI)
SUMLLO=Z(51)

DO.7 1=1,51
CPI(I)=CPI(I)%XA(T)

CALL QSF(HeCPI,Z451) - T

SUMMLO=Z(51)

COLLECT RESULTS

CN=SUMLL O-SuML UP
CMLE=SUMML O~-SUMMUP

-
2

FORMAT (* IN FLIN LCOP*,15,' AT POINT*,14,"

RETURN
END

SUBROUTI NE FLOUT(XvCP-NPTS;NMU-NML.NFU.NFL.CNbCMLE)

®

tER=",16)
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DIMENS. ION X(SC)+CP(50)+sXI1(40)+CPI(40) WORK(10C)s»ARG(S),
1VAL(B) ¢XMU(30), XML(30).XFU(ao).XFL(EO).CPMU(30).CPML(BO).

2CPFU(20) +CPFL(20),2(50)
EPS=1,0E-2"
"H=0,02

MAIN SURFACE

OO 1 1=1,32 ‘ .
XICI)=(I=1)*H ’ I

DO 2 I=1¢NMU* : -
XMUCE ) sXd%) o ' o

' CPMU(gﬁytb(x)”“lgi' ' o

DO "3 i-l.NML B ,
JENMU+T : .
XML(I)=xX(J)

CPML (1 )= CP(J)

-

INTERPOLATE CP VECTORS AND INTEGRATE

- LODOP=a

DO 4 I=1,32

CALL ATSG(XI(I) +sXMU4CPMUWORK ¢NMUs1 , ARG.VAL.B)
CALL ALI(XI(I)-ARG-VAL.CPI(I)vBoEPSoIER)

IF(IER.EQ.0) GO TO 4
- WRITE( 6, 6000) LGOP.I-IER

. ‘CONTINUE e —_—

CALL QSF(H,CPI,2,32)
SUMMUP=Z (32)

DO 5 1=1,32 N

- *

CPI(I)=CPI(I)%XI(1)
CALL QSF(H«CPI1+2Z+32)
ADDMUP=Z (32}

<,



00

O OO

11

12

135

14

BT

<iec

LCOP=6
DO 6 1=1,32

CALL ATsG(xt(l).xML.cpML.wonk.NML.x.ARG.Vﬁt.a)

CALL ALI(XIC(I)., ARG+VAL+CPI(1)+8+EPS,1ER)
i#( 1IER.EQ.0) GO TO 6

WRITE(6+6000) ,LCOPs1,1ER

CONTINUE L

CALL QSF(HsCPI Z,32) '

SUMMLO=Z(32)

DO 7 I=1,32

CPRICI)=CPI(I)%XI(1):

CALL QSF(H.CPl,2Z,32)

ADDMLO=Z2(32)

‘FLAP

EPS=0, 1C
DO 8 I=1,NFU
J=NMU+NML4T
XFU(I)Y=X(J)
CPFU(I) cPw)

ou 9 I=1,NFL
JtNMu+NML+NFu+I
XFL(I)=X(J)
CPFL(1)=CP(J)

DO 10 I=1,17
xt(!)—(x-x)*H+o 65

e
INTERPOLATE CP VECTORS AND 'INFEGRATE

LOOP=11

DO 11 I=1,17

CALL - ATSG( XI (1) XFUsCPFU ¢+ WORK oNFU,1 'ARG'VAL.NFU)
CALL ALI(XI(I).ARG.VAL,CPI(I)QNFUOEPSQIER,

IF(IERLEQ.0) GO TO 11
WRITE(6,6000) LOOP,I,IER
CONTINUE

CALL QSF(H+CPI,Z,17)

SUMFUP=Z(17).
DO 12 I=1,17 :
CPI(CI)=CPI(I}%*XTF(I) .

. CALL QSF(HsCPI+2417) -
ADDFUP=Z(17) . 4
LOOP=13 L - E
DO 13 I=1,17 - . .

Soa

CALL ATSG(XI(I).XFL.CPFL.WORK.NFLoIoARG.VAL.NFL)
CALL ALI(x:(!).ARG.VAL.cpI(I).NFL.EPS.!ER) )

‘1F( IER.EQ.0) GO TO 13 __
WRITE( 6+6000) LOOP+I,IER
CONTINUE :

CALL . QSF(H.CPI.Z!“’).
SUMFLO=2(17) . ,

DO 14 I=1417 : -
CPI(I)=CPYI(I)*XI(I) .
CALL QSF(H:CPI,Z,17)

W

Bl4
69
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70
ADDFLO=2Z{(17)

t

COLLECY RESULTS

CN=S8UMML 0+~SUMMUP+SUMFLO-SUMFUP
CMLE=ADDML.O~-ADDMUP+ADDFLO-ADDFUP

FORMAT&'IN FLOUT LOOP®,14,2Xe'AT POINT' 415, 1ER=',15)

RETURN
END
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PROGRAM NAME: TRAVREAD, e

%

OBJECT NAME: TRAVREADOB . !
¢‘
TH1S PROGRAM READS MAGNETIC TAPE RECORDS FOR TRAV MDDE
QPERATION AND REDUCES THE RAW COUNTS TO PHYSICAL- UNITS,
THIS IS FOLLOWED BY OUTPUT TO TEMPORARY DISK. SPACE FOR
USE IN SUBSEQUENT CALCULATIONS. THE PROGRAM MAY BE RUN
FROM THE TERMINAL. HOWEVER, TO MINIMIZE 1/0 THROUGH THE'
TERMINAL, RESULTS ARE COPIED TO TEMPORARY.~DISK SPACE FOR
LATER LISTING ON THE LINE PRINTER, THE °*RUN®* COMMAND
MUST CONTAIN REFERENCE TO THE FOLLowiNG UNITS: '
UNIT O MAGNETIC TAPE (EG *Tx) :
oo OUTPUT DISK FILE FOR SUBSEQUENT CALCULATIONS
(DEFAULTS TO *SOURCE*) :
(DIFAULTS ‘TO *SINK*)
OUTPUT DISK FILE FOR LISTING OF RESU_TS
INPUT DATA FILE (SAME AS FOR SCANREAD)

Vo0 s

A TYPICAL RUN COMMAND FROM THE TERMINAL WOULD BE:
$RUN TRAVREADOB O=#T# 4=-T1 8=-L1 9=INDATA ~
A TYPICAL RUN COMMAND THROUGH *BATCH*® WOULD BE:
SRUN TRAVRsAooa 0=*T* 4=-T1 S5=CALFILE B=*SINK* 9=FX61163

AFTER SEVERAL RUNS OF TRAVREADOB. DATA OUTPUT ON UNIT &
MAY BE COLLECTED INTO ONE DISK FILE FOR TRAVDRAG USING:

$COPY ~T14-T2440.+-T9 TO TRAVQATA -

THENs TRAVDATA BECOMES INTPUT DATA FOR TRAVDRAG. THE
LAST LINE IN DRAGCATA MUST BE ' END* TO TERMINATE THE .
EXECUTION OF TRAVDRAG PROPERLY.

(SR

A CCMPLETE LISTING OoF RESULTS MAY BE DBTAINED 8Y

$COPY —L14-L2+eaet=LY" 7o TRAVLIST
SLIST TRAWLIST . £ -

INTEGER*Z IN(ao).LEN.LAB(BO) :
INTEGER NAS(so).NNAKE(sc).NPUS(SO).wORK(ZOO).NAMEcs).

1NPST(3L) NTP(S0)
D IMENSEON 0(50).uAKE(SO).POS(SO).PST(SO).TP(SO)

READ TH™ LABEL BLOCK

CALL READ(LABJLENsO+LNR:0+£100)

CALL CONVAE(LABJLEN) -
WRITE( 646000} ' ' ' :

WRITE(6+6001) (LAB(I)sI=1,LEN) o
WRITE(E,6002) : '

- ) B . _ -
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READ(S,5000) ALPHA
WRITE(60.6003) ALPHA

2 ' . . ° P A
READ IN THE FIRST D ,BLOCK AND PERFORM DATA SEARCH

LS

R

A

CALL RE AN, LEN, 'N Co 5101’ . :
Lenz=L@gN/2 A 0
K=1 Bl '

DO 3 L=2,LENZ '

WORK (K )=IN(L)

K=K+1

CbNTINUE

READ IN THE - REMAINING DATA BLOCKg

CALL READ(INJLEN,O+LNRO+E6)

LEN2=LEN/2 ‘

DO 5 L=1,LEN2 ‘ ‘ ¢

WORK (K)=INCL) .
K=K+1

IF(K.GT.200) Go TO 8 '
CONT INUE
GO TO 4

LEN2=LEN/2
DO 7 L=1,LEN2 -
WORK (K )= IN(L)

K=K+1

IF(K.GT.200) GO TO 8
CONTINUE

READ INPUT DATA FROM DISK

READ(9 »9000) Nst.FLAp.(NAME(i);1=1%"”
ASSIGN COUNTS 10 WORKING VECTORS

K=K/S
J=1

NAS(IY—WDRK(J) .
NWAKE(I) =WORK (J%2)

' NPOS (1 )=WORK(J+3) o
“NTD(I)*WORK(J+4) B T

J=J+5
CONT.INUE

60TPUT COWNT VECTORS TO DISK
WRITE(8,8000) (NAME(I)eI=1,5) o g

WRITE(8,8001) "ALPHAFLAP
WRITE(8,8002)

WRITE( 8, 8003) ((I.NAS(I)-NVAKE(I)oNPDS(I)oNPST(I).NTP(I)) o I=1,t



#6001 FORMAT(/40A2)
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\

o READ IN CALIBRATION CONSTANTS

WRITE( 6, 6007)
READ(S +5001) QSL,QINT
WRITE(€,6008) QSL.QINT | , .
. WRITE(€46009) '\ : ~ ' y
READ(5+5001) WSL+WINT . :
WRITE(6,6010). WSL +WINT
WRITE(6,6011 )} Ty
READ(S5+:5001) PSL.PINT
WRITE(6+6012) PSL,PINT
WRITE(6,6013) .
READ(S +5001) PSTSL.PSTINT
WRITE(6s6014) PSTSLPSTINT
NRITE(646015) = .
° READ(S+5001) TSL.TINT
 WRITE(6+46016) TSLsTINT

-CONVERT COUNTS TO PHYSICAL UNITS

QU]

Q(I)—QSL*NAS(I)+OINT

WAKE (T )J=WSL*®NWAKE(I) +WINT

POS(I)=PSLENPOS(I)+PINT" 4 .

PST(1)=PSTSL*NPST(I)+PSTINT ‘ . : : o

TP(1)= TSL*NTP(I)+TINT : ’ . ) .
0 CONTINUE .

COPY RESULTS TO DfSK FOR LATER LISTING

00 O -

WRITE(Bc8004)
WRITE(8:8005) ((IoO(I)oWAKE(I)oPDS(I)oPST(I).TP(I))-I 1.K)

WRITE(8+8006)

- QUTPUT RESULTS-FOR FURTHER CALCULATIONS -

[aNaNg!

WRITE(444000) (NAME(I), I=1,5) ‘ .
WRITE(4,4001) ALPHA.FLAP,K '
WRITE(4,4002) (WAKE(I)sI=1,K)
WRITE(4,4003) ¢POST(I).1=14K) 0
WRITE(4,4002) (Q(I)sI=1,K)
sWRITE(646004) ‘

GO TO 999

4000 FORMAT(5A4) o »
4001 FORMAT(2F4,0,13) _ , ‘
4002 FORMAT(10F8.4) ' .
4003 FORMAT (16FS5.3) g ‘

S000 FORMAT (F4,0)

5001 FORMAT(2F8.3) :

60C0 FORMATY (/'FILE LABEL")

- 6C02 FDRMAT(/'ENTER ALPHA ) , K ’
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6003 FORMAT(/'CDNTINU!NG WITH ALPHA=',F6,0) 74

" 6004 FORMAT (/'DATA COPIED TO DISK FOR FURTHER CALCULATIDNS. )

6C05 FORMAT (/'END~OF ~FILE ENCOUNTERED IN LABEL BLOCK.')

6006 FORMAT(/'END=OF~FILE ENCOUNTERED IN FIRST DATA BLOCK.')

6007 FORMAT(/'ENTER Q CALIBRATION SLOPE AND INTERCEPT:*)

6008  FORMAT('CALIBRATION IS: Q=9,F8,5¢' ®*NAS+? F5,2)

6C09 FORMAT(/*ENTER WAKE CALIBRATICN SLOPE AND ”TE@CEPT:')

6010 FORMAT(®CALIBRATION IS: W=',F8. S+ ENWAKE+%

6011 AT (/'ENTER POS CALIBRATION SLOPE AND INT EPT:")

6012° FOR AT('CALIBRATION IS: POS=9,FB.5, " *NPOSH? 4F5,2)

6013 FORMAT(/'ENTER PST CALIBRATICN SLOPE Ao INTERCE#?-')

‘6014 FORMAT (' CALIBRATION IS: PST=?,FB8,4, '*NPST+*,F6.1)

6C15 FORMAT(/'ENTER TP CALIBRATION SLOPE AND INTERCEPT:*)

6016 FORMAT (' CALIBRATION 1;3‘\Tp=v.F7.a.-#NTP+-.F6.2)

8000 FORMAT (/7'DATA FOR TEST OF ! ,2X,5A4) :

8001 FORMAT(/'TEST CONDITICNS: ALPHA=',F6,0+* FLAP=',F6,C)

8002 FORMAT (/'RAW COUNTS*/T3,1HI s T10+s3HNAST19,5HNWAKE T 3C'

‘ 14HNPOS s T40+»4HNPST s TSC o 3HNTP) . ’

8C03 FORMAT(I3,5110)

8C04 FORMAT (/*PHYSICAL QUANTITIES*'//TB.IHI.TlOolHOcT20o4HUAKE-
1T30+3HPOS«T40.3HPST TS50, 2HTP)

BCOS FORMAT(I443F10.2+2F10 .3 48X +sF6,1e8XeF6,1)

8C0€E& FORMAT (/"% QUANTITIES NOT FEQUIRED ARE MASKED kkkkk?)

9000 FORMAT(I3,F4,0,5A4)

c. -
c . ' - A - .
C SPEGIAL EXITS ' :
C » E : ‘ .
100 WRITE(6,6005) RE Sl E
"GO TO 999 : Ry ¥
101 WRITE(&, 6006) . o .
,C'v - . ) . B .
< EXIT .
C ' : ‘
999 STOP
END
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PROGRAM NAME: TR AVDRAG

OBJECT NAME: TRAVDRAGOB
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THIS PthRAM CALCULATES THE DORAG COEFFICIENT FROM tﬁE

- WAKE DATA PRODUCED BY TRAVREAD, IT:MAY B-

THE TERMINAL OR THROUGH *BATCH*,

" ;
b Moot oA
BN

17 REQUIRES SEVERAL SUBROUT!NES FROM *SSPMATHLIB.

TYPICAL RUN COMMAND WOULD BE: N

SRUN TRAVDRAGOB4#*SSPMATHL1B S=TRAVDATA -

THE PROGRAM TERMINATES ON READING ' END®
LINE OF A DATA SET, ) ;

INTEGER END/' END '/ « NAME( 5)

N

. A

a -

RUN THQBUGH

IN THE FIRST

DIMENS ION wAKE(SO).o(SO).p05(50).o($p).V(1éo).p(1ocf.

lARG(B)oVAL(B)-Z(lOO)-POSF(SO) ,
EPS=1,0E~2 - )
H=0,005 | o \

!

SET UP [AUXILTARY POSITION VECTOR ..

DO 1-1=)+100
Y(I)=( T=1)%H

READ. DATA DEPOSITED BY TRAVREAD \
READ (S5 :5000) (NAME(IFN,1=1,5) "
IF(NAME( 1) LEQ.END) GO TO 999 ‘
READ(5.5001) ALPHAJFLAP,K =
READ (5 +5002) (WAKE(1)o1=1,K)" ‘

READ(S+5003) (POS(1)s1=1,K) A
READ(5+5004) (Q(1)+1=1+K) bt
. ' 'y

CALLULATE AUXILIARy,VEFTORS T
T oo

DO 3 J =1 oK ‘ - ' ) ’ »
D(I)*NAKE(I)/Q(I) - L
POSF (1 )=PAS(I) /12, ' e

VI&TERPGLATE‘VALUES'AT 0.005 FOOT INTERVALS

. \’\_
DO, 4 I=1,100 g ' ~ 3
CALL ATSG(Y(I), Poss.o.wonx.k.i.ARG.VAL.B)
CALL ALI(Y(I).ARG.VAL.p(I).e.EPs.IER)

1IF(IER.EQ.0) GO TO 4 LN’ %
WRITE (€, 6000) I.IER R R
CONT INUE AR
CALL QSF(H,P¢Z,100) SN
cP=2(100) L Lty e

OUTPUT THE RESULTS.. . %

’

7

(4

AND INTEGRATE

B



5Q00

5001

5002

5007

5004
6000
6C01
6002
6003

§

999 '
) END

¢

'WRITE(€s6001) (NAME(T)yi=1,5)

wRITE(6.6002) ALPHAFLAP

waTE(6.6003) co , T

GO To 2, : e
- ] . .

FORMAT (5A8) . - ~ S

FORMAT (2F4,.0413)
FORMAT (10F8.4)

FORMAT(16F5, 3)
.FORMAT(10F8.4) = .
FORMAT (! AT POINT',IS,! IER='¢ps)

FDRMAT(//'TEST OF-.zx.SAA)

FDRMAT('ALPHA—'-FG%Oc' FLAP—'.Fe 0)
FORMAT('DRAG cosFFYCIENT--.¢9 S/7)

sTop

B

v
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COMPUTER OUTPUTS

. 'i";



$CON *T* POSN *14%

$R SCANREADOB O=#*T# U4=-) s-znnos 8=%SINK* 9=FXFZERO .
17:27.13 . P Co c2
_ PILE LABRL: 5
ENTER ALPHA: . ’ ‘ ¢
, CONTINUING WITH ALPHA= 0. ' : ~ -
" DATA FOR,SEST OF PX-611&£3 SERTRS TI
e : : , = ‘
e tOlDITIONS..ALPHA=;@§TO. FLAP= 0. ' L
N )y - i
RAW COUNTS : - A
-1 NLS a NSCAN ~ NPST NTP - : - p
1 467 244 29 27 : s
2 467 285 , 29 27 "
3 469 341 29 27 - o
4 468 - 372, 29 27 - -
5 467 396 29 28
6 468 o 423 29 C 27
7 466 430 29 . 28
8 u66 437 29 27 e } L
9 470 426 29 27 , : N
10 468 . uo0 . 29 - 27 e |
11 .47 367 29 28 , . S
12 u68 ., 349 ' 29 21 - : - L e
A3 w67, ¢ 340 29 27 -~ S
-1 467 300 27 R
15 469 246 : zg . 28 ‘ , L
16 u67 . 350 2 <. 27 - .
17 " 470 . 362 30 .27 4 : ‘ :
. 18. 470 366 - 29 , 27 .
¢ 19 Tu69 378 -, 29 28 ¥ s N
' 20 3874 0 29 28 : o .
21 3810 . 30 : 27 T
22 - 3T .29 27 e * :
23 346 ®#, - 29 27 . o ‘ B
24 g 351 29 28Y ' '
25 . 315 .. - 29 . 28, o .
26 305 - 29 . agt . \ -
. . r .
ENTER Q 'CALIBRATION SLOPE AND INTERCEPT‘ s ' v ' ‘?
CALTBRATION IS: (Q=-0.08240*NAS+59, gy ' T e
" ENTER SCAN CALIBRATION SLOPE AND INTERCEPT: :
CALIBRATION IS: SCAN=-0. 202oo*nscxu+3e 70 e o .
ENTER PST CALIBRATION!S&OFEIQHQ INTERCEPT e ,y. -
CALTBRATION 1s: psr—*t****t *NPST+****** 1
" ENTER TP CALIBRATION SLOPE AND INTERCEPT: | N - g
CALTBRATION IS: TP=kk®xkkkkNTP+aykkX e , !,:@@;P
PHYSICAL QUANTITTES* S o \
HOLE 0 .. SCAN -, . €P ‘PST - T
S % 1 2. ,21.399  -10,588 0151 kExkkkx bt )
CENTRAC ) MF SRS . . : ] "lt'{ oo ' o L N T . -;-“‘ j
C . ; : ' Sos . : Tl T va
. N . v . . . . A S .



*2 27,399  -18.870 0.12  ®xkxiknk b
3 21,234  -30,182 “0. U2 - EkEKEEE P c3
4 214317 . -36,444 -0.71 ek RkEk  kkks 86
i 95 295399 -41,.292 ~0.93.  kExkxnk ok .
, -6 21,317 -u6.%h¢ =1.19 *ekkaks KR
P 7 f21 482 -48, 160 -1,24 kXK kk ok ok ok
FTTT8 T 21.u82  S49,574 =1.31 *xexans Ty
=9 121,152  -uW352 “1.28 *xxka%x Lok -~
10 21,317 -u42,100 ~0,97 . *EEEAkE - kwkk
1 21.070. -35.434 -0.68 *ok Rk ok ok TTT
12 21.317 -3%.798 w -0.49 ek okok g T Y
13 21,399 . =29, 9891l -0.40 K ok ko * ok X
s,i\)}w. 1 21.399 =21,900 o "0.02 EERK AR xR
15 21,238 "<«10.992 0.48 eI TET TS ® ok
n# 16 21.399  -32,000 =0.50  Aekkwkk | kel .
17 21.152 -34.424 -~ -0,63 L gt 2 2 TRk
18 21,152+ -35,232 “=0.,67 ok Aok Kook rhkh
19 21.234 -37.656 -0.77 K A ok *kok ok
20 21,317 -39.474 -0.85 Aok ek Aok ok %ok %
21 20.987 . -38.262 -0.82 2ok ok 40K & -k
22 21.234 -37.050 -0.74 ****t*t kg K
23 21,482  -31,192 “0. 45  EEwKkkE *okok &
24 21,234 -32.202 “0.52: &xkkaxkk ok ok
25 20.987  -24,930 “0.19  ®k®kxks * ok
26 21.152 -22 910 -0. 08 Rk kk K T
* QUANTITIES NOT REQUIRED ARE MASKED *kkkokk
DATA COPIBD TO DISK FOR PURTHBR cucg‘m'rtons )
~ SToP 0 MR ' f‘.ﬁg
17:27.15 .713 Hc=0 | _ ﬁ
\5 13 _';‘t ; ‘: .? ;. ":
. - ﬁ% ) LT 4
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TRAL 5TQ nl HF 558 \
R

N Dt I * ‘ _'_’ I

SR TRAVREADOB 0=#T# U4=-B 5= ZBROT 8=*SINK* 9=FXFZERO G4
17:27.17 ’ 87
PILE LABFL: o - b
ENTER ALPHA '
-
CONTINUING WITH ALPHA= -~ O, N . )
DATA FOR TEST OF+ FX-61-163 SBRIES II -
fEST CONDITIONS: ALPHA= 0. PLAP= 0.
RAW COUNTS S . N o
eI . NAS - . NWAKF NPOS NPST NTP
C 496 830 - 5707 29 28
2 497 - 829 540 29 28
3 497 829 506 29 - 27
4 496 . 829 - - 473 29 27
5 . 498 829 440 29 27 R
.6 500 827 411 29 27 - 4
7 ETTED 830 386 29 27 m, e
8 499 - 827 - 359 29 27 N ¢
9 . 497 827 . 334 - 29 28 ; _ o
10 897 . ‘824 308 . 29 - 27 o
11 499 . 800 284 29 27 . )
12 ° " 496 640 273~ 29 27 >
13, 49y -u52 - 267 . - 29 .27 .
14’ 499 311 ¢ 264 30 27 . i o
15 496, 118, . 254 29 27 AR TS
<16 498 32 247 29 27 A
17 497 31 ‘ 239 - 29 28 |
+ 18 498 30 £ 231 ¢ 29 27 .
19 498 = . 100 224 29 527 4
20+« 498 ‘2us . 1218 029 27 Lo
21 496 372 212 29 27 e T
22 498 . 5TY %“ 206. ° 29 27 ~ i
.. 23 498 646 - 200 ;- i 29 27
P2 494, 729 193 .- - 29 28 .
Y25 e 500 . 789 - 186 .29 27 .
26 898 ¢ 813 . 179 1 T¥yg. 27 e
27 496 - 822 158 9 27 _ RS
28 495 - B2 132 . ’2 ; -"27 )
29 500 . 823 - 105 29. 27
30 T 499 . w3825 - 77 . 30 28 "
: R . . ] w v ‘_ (;’ N
ENTER Q CALIBRATION SLOPE”AND INTERCEPT: ¢ . .
CALIBRATTON IS: 0=-0. 082uO*RAs+59 88 ” , R
ENTPR WAKE “CALIBRATION SLOPE AND INT RCEPT: S
CALIBRATION I6: W=-0. OOS“OO*NHAKE+ w\zs . NS - o q o,
ENTFR POS CALIBRATION SLOPE AND IRIBRbERT. - . ore
CALIBRATION Is: POS=<0. o11oo*npos+ 6\16 ;
-« ENTER. PST CALIBRATION SLOPE AND. INTERCEPT: 'y ST,
CALIBRATION TS: PST=# %4k kk kk ANDST ¢ #kkk ; 5 ot



BT

FNTER TP CALIBRATION SLOPE AND IKT!RCBPT‘ o

STORE S F fﬂa-

! .
B

CALTBRATION IS: TR=#W*axssaNTPessssrs g c
PHYSICAL QUANTITIRS*
T 0 WAKE - POS PST TP
1 19.01 0.100 . =0.110 LR T I LI
2 8.93 0.105 0.220 b AL I 7 YT @ .
3 8.93 0.1C5 0,594  skkxkk mEKKKk '
19,01 0.105 0.957 RXEEAK Rk RRRK |
.5 _18.84 0.105 1.320 ko g1 il L
6 18.68 0.115 1.639 AEREEE | RRERKE |
7 18,84 0.100 1.914 Rk ok RAE |
8 18.76 _ 0.115 2,211 ke IR ELT ]
9 18.93. 0.11% 2.486 LD A LT ‘
10 "18.93,  0.130 2,772  kkakkx TN 4
11___18.78 0. 250 3,036 sxkmes " aussns o1
12 719,01 "~ 1.050 3,157 . #xkEexx LT l .
131 19.17 1.990 3,223¢  Aekxnx Ak ERRR ﬁ@ﬁ
1 - 18B.76 2.695 3,289 e T R ST Ty Sk
15 19.01 3.660 3.366 bkt L I £ T -
16 18,84 4.090 3.443 C RRAokRk t**t** e AN
1T, 18.93 4,095 = 3,531 corean  wewesw 7
) 18 18, 84 4,100 3.619 REMKEE | Rk L
19 18,84 3.750 3.696" Rk kK Rk
20 18.84 3.020 s 3.762 Rk kR FYYITL
2 19,01 2.390 3.828 - kkamax Rk ARk
22 18,84 1.655 3.894 YRRk RRK . CRkRR&R h .
.23 * 18,84 1.020 3,949 TR RRRR kK . 3
- 24 19,47 - . . 0,605 4,037 - dkkskx EEr T o P
25 18.68 - .7 0.3Q5 4,114 EERREE L R ERRE ‘
26 . 18,84 . - 0.385 . 04,191 - ‘kkxkes *****t L
ST 19,01 0.140 . 4,422  ##dkak  xksaxx B 4
28 9,09 7 0.130 'u.7o&,‘% *kkkkk skl 113 & L
.. .29 . 18%4 0. 135, 5,005 - AkgAEk. dkkkkk - 5 C
.30 18 76 0. 125 5 3130 wxdekr . karkek ~
* OUANTITIES nor REQUIRBD ARE nasrnn *****-w - L
' . i: < s L9 Q
vmm cnpxzn TO DISK POR FURTHER cndCULATIon§
~ST0P o ; .
17; 27.21 .766 RC 5 o
"%@ < v Ly 1" : o :
p— PR SO, N * ° =
"” . ra v x @ .
,‘ M 4 s :
"—" :~ - ‘. ‘:i‘ﬂ g °
- - S M ;___< — 8. ' ' %L
. \ l - \ ' ‘i‘;'; o -
tx :A “\c -lo .\\' h
G T \ .
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