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ABSTRACT

. -Thls theslis lays the foundation for the dynamlc stall
Investigatlion beling conducted at the Fluid Mechanics Lab-
oratory at NASA-Ames Research Center. Using existing optical
and electrical equipment, a new dedlcated Micro-VAX computer
and Labstar software, an Indraft transonic wind tunnel and
able techniclans to make the proper Interface hardware, the
project came together [n a new test facllity at the Fluld
Mechanics Laboratory. The goal of the thesis was to obtaln
both gqualitative and quantitative information about the wake
proflles of an alrfoll In steady state operatlions at varylng
angles of attack and tunnel conditlons. To accomplish thls
task, schlleren photography was used to obtaln a qualltative
picture of the flow fleld. With this Informatlon, a two com-
ponent Laser Doppler Velocimeter was set up to accurately
measure the velocity profiles that correspond to the schllie-
ren photographs. Once thlsg prellminary work is completed,
the same apparatus wlll be used to further |nvestigate the

unsteady dynamic stall phenomenon:
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I. INTRODUCTION

A. DESCRIPTION OF THE OVERALL DYNAMIC STALL PROJECT

Statlc stall ls a well understood and documented phenom-
enon. A wing or rotor blade that |[s operating at a high a,
angle of attack, will experience a point where separated
flow wll] cause an accelerated decrease In lift and a large
rapld increase in drag. This a« at which the wing will pro-
duce the maximum lift, Clmax' Ils a very Iimportant aspect
of alrfoil performance. This stall a determines the stall
gpeed of the alircraft. Considerable effort has been expended
to find ways to decrease the stall speed by Increasing the
clmaX° The majority of this effort has been directed to-
ward a gradual approach to the stall «, in other words,
static stall research.

The wing can be made to continue to produce lift past
the statlc stall « 1f the wing angle of attack 1Is In-
creased raplidly past the stall «. The phenomenon of
dynamic stall Ils manifested In the rapld decrease of the
l11ft at the higher stall a. There are four basic stages of
dynamic stall that have been documented [Ref. 1):

1. Tralling-edge flow reversal, progressing forward along

the ajirfoll.
2. Formation, growth and shedding of the vortex.
3. Full stall.
4. Boundary layer reattachment.
The understanding of thls phenomenon wlll be beneficlal to
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the helicopter, where constantiy osclllatling rotor blades
are consistently 1In the dynamlc' gstall reglion throughout
thelr revolution, and Jjet fighters, where agile and rapid
maneuvering through the stall a«a I[s8 required for surviva-
bility. By quantifying the veloclity field around and behind
the airfoll, a better understanding of the dynamics of this
phenomenon will be gained. This new analytical Information
will provide valuable Information to the design engineer to
expand the fllght envelope of future flghter aircraft and

Improve the performance of the hellicopter rotor system.

B. THESIS GOALS

This thesis lays the foundation for the dynamic stall
investigation project being conducted at the Fluld Mechanlcs
Laboratory at NASA-Ames Research Center. Using existing
optical and electrical equipment, a new dedicated Micro-vVAX
computer, new Labstar software, an exlilsting transonic Iin-
draft wind tunnel and able technicians to make the proper
interfaces, the project came together in a new test cell of
the Fiuld Mechanics Laboratory. The goal of this thesis was
to first obtaln stroboscoplic schlieren photographs of a sta-
tionary alrfoll at dlfferent a’s to obtain gqualitative
data on the flow past the airfoll and the size, shape and
extent of the wake and then set up a Laser Doppler Velocl-
meter to obtaln quantitative veloclty data in order to con-

struct an accurate velocity proflle of the flow fleld.
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C. SCHLIEREN AND LASER DOPPLER VELOCIMETRY BASICS
1. Schllieren

Many optical flow visualizatlon technlques have been

sxvxxs

,
aielg
4 a B

developed for gas flows. Each of these techniques are sens!-

tive to variatlons In density and derivatives of density In
the flow. Interferometry is sensitive to the density of the
gas flow; ¢. Schlileren Is sensitive to the density grad-
lent or the change In density with respect to distance;
§ps8y. Shadowgraphy |s sensitive to the second derivative
of the density; é2p/6y2. All the techniques rely on
the fact that the speed of 1light is a function of the local
Index of refraction in that medium. In gases, the Iindex of
refraction Is a function of density.

The schllieren, German for streak, technique allows
one to view, qualitatively, the density gradient in a glven
flow field. This visualization system is consliderably sim-
pler and cheaper to use than other techniques. Therefore, |t
was chosen as the preliminary technique to obtain quallita-
tive information about the alr flow around and In the wake
of the alrfoll. The schlleren setup involves using a line
gsource of light and projecting It through the test section
where the flow fleld alters the path of the light. The line
gource s usually a monochromatic gas discharge tube. The

light |Is projected through a narrow siit to provide a line

of llght of uniform 1llumination. The dimensjions of the slit

control the definition of the Iimage seen on the screen. A

12
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high quallty concave mirror |s usually used to direct the 4
light from the source through the tést section. On the other
slde of the test section, another similar mirror Is used to
reflect the light to a viewing screen or camera. Each point
of the line source will illuminate each point in the test
section |f the source 1Is collimated and of equal optlcal
distance on both sides of the test section. The light from
the second mirror is focused onto a knife edge. The place-
ment and adjustment of the knife edge |s very critical as
the sensitivity of the entire system depends on It. The -
knife edge is placed In the plane of the source Image and
interferes with a portion of this Image. A portion of the
light from each point in the test section is blocked which ;
decreases the light Impinging on the viewing screen. The f
density gradlents encountered in the test sectlion normal to A
the knlfe edge cause a refraction of light allowing more
light from that portion of the test section to pass over the

knife edge and |lluminate the viewing screen. By rotating

both the line source and the knlfe edge both directional

derivatives of density can be viewed. Also, through the

lateral adjustment of this knife edge at the source I[mage, “

a fine control over the degree of detall resulting from this 3

technique can be exerc|sed. ;
The viewing screen can be any Image recording .

device. Polarold cameras can be set up for Instantaneous :

results or 35 mm cameras can be mounted at the focal length oo

13
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of the lens to obtaln numerous photographs durlng the
testing. Video cameras can also be used.
2. Laser Doppler Velocimetry
The techniques for measuring velocity In the past
used sensors, which need to be introduced into the flow.
This necessarily meant Intruding Into and affecting the
flow. During the last two decades, a new technique, Laser
Doppler Velocimetry or LDV, has been avallable. LDV’s are
Indeed a better technique. It is nonintrusive and is capable
of directly measurling veloclties of particles in the flow.
Laser Doppler Velocimetry has been very successful In meas-
urlng flow veloclities In turbulent and reverse flows. It has
been successfully used for the past two decades to obtain
velocity measurements accurately.

Laser Doppler Velocimetry uses two coherentl |jght

beams from the same source, which |ntersect to form the
measurement volume. The two 1ight beams form an interference
fringe system that Is crossed by particles moving with the
flow. The Ilight scattered by the particles is Doppler
shifted2, The frequency of thls scattered light |is

directly proportlonal to the particle veloclity. With

1. Coherent Light = light in which the electromagnetic
waves malintain a flixed phase relationship. (Random House
College Dictionary)

2. Doppler Shift = the magnitude of the apparent change
In frequency resulting from the relative motion of the
light source and the receilver. (Random House College Dict)
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suitable selection of flow particles, known also as seeds,
the fluild velocities can be measured from the particle
velocities. Usling photodetectors, the light scattered by the
particles |Is converted into electrical signals. This signal,
after processing, provides frequency Information from which
the veloclity can be determined. The measurement of two
components of the veloclty can be obtained by setting up two
orthogonal! systems with laser beams of two colors, In the
same optics train, thus identifying each component wlith a

partlicular color.
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11. EXPERIMENTAL APPARATUS AND PROCEDURE

A. SCHLIEREN SETUP

The schlleren system for this experiment was set up
using both a contlinuous light source and a stroboscopic
source. The contlinuous source was used to provide a tlime

averaged schllieren photograph and also to allow use of a

video tape recorder to record the time history of the flow.
To provide instantaneous schlieren photographs of the flow

Fa fleld, the stroboscope was used. See Figure 2.1 for the

. schematic of the setup.

)

;; To obtaln the 35 mm photographs of the flow fleld, a US
ﬁ Sclentlfic Strobrite Stroboscope was used. The strobe had
1% five settings, 20 Hz to 1 KHz, to adjJust the duratlon of the
T\ strobe. The 70 Hz setting proved to be the optimal setting.
;3 A mechanlcally adjustable slit In front of the strobe was
ii used to produce a line source of |light needed for the tech-
;' nique to operate effectively. A large concave mirror with a
é 305 cm focal length reflects this 1light sheet towards the
g test sectlon. The test sectlon had optical access through
W both sides of the tunnel. The test sectlion’s dimensions were
;; 13 cm by 25 cm and was constructed out of 2.5 cm thick
%? plexiglas. The light passing through the test section was
; then reflected by an ldentical mirror located opposite the
‘E first mirror on the other side of the test sectlion as shown
s

:'. 16
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Concave Mirror ___
(120" Focal Length) ™\

Vertical Slit ——

Stroboscopic
Light Source

Airflow —)

: =35mm Camera

wln 200mm Lens

Vertical Knife
Edge

Concave Mirror /
(120" Focal Length) \/

Filgure 2.1 Schlleren Schematic

In Flgure 2.1, Light from the second mirror was focussed on
a vertlical knlfe edge whose position could be adjusted to
get a hlighly sensitive system. The knlfe edge was orliented
vertically to obtain the visual signature of the density

gradlient In the vertical plane of the test section. After

17
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the knife edge, a 200 mm lens was. used to focus the Image
onto the photographic device.

Since the test section is 25 cm wlide, the photographs
obtalned from the system actually represent density gradient
effects averaged over the test section width, as |s always
the case with the schlieren technique.

A Nlkon 35 mm camera body with motordrive (but no lens)
was used to record the schllieren Images. The camera was
placed at the focal point of the 200 mm lens. Fine adjust-
ments to focus the image In the camera were made by a micro-
meter sllide on the camera mounting mechanism. Plctures were
taken by opening the shutter with a remote shutter release
cable, before the strobe was fired remotely and then closing
the shutter. With a 1little practice, this procedure was
quite rapld. Photographs were taken at two different Mach
numbers, 0.30 and 0.45, and at three dlifferent a’s; 00,
7.79, 15.5°, See Figures A.1 through A.6, Appendix A,
tor examples of schlleren photographs. This series of photo-
graphs was studied to analyze the flow gqualitatively and to
determine the locations in the wake for obtalining the veloc-

ity data for the two dlfferent Mach numbers.

B. LASER DOPPLER VELOCIMETER SETUP
Thls section wil] discuss the speclfic LDV system setup
In test cell number four at the Fluld Mechanics Laboratory.

The following sections will be discussed: transmitting

18




optics, recelving optics and photodetectors, test section,

signal processing and data processing. Figure 2.2 shows a
photograph of the transmitting optics and Figure 2.3 shows a
photograph of the recelving side. Indlvidual schematics will]
be discussed In detall within the followlng sections.

The laser used Is a Spectra Physics, Model 164, S Wwatt
Argon-lon Laser capable of outputting Jight from 0.351 to
0.528 microns and up to twelve discrete wavelengths simul-
taneously [(Ref. 2:p. 23). By choosing the blue beam, 0.4880
microng, and the green beam, 0.5145 microns, for the two
component Laser Doppler Veloclmetry System, nearly 75% of
the inftfal output power could be used. This standard
practice was adapted in thls case.

1. TIransmitting Optics

Owing to traversing requirements, the laser was
higher on the optics table than the 10.8 cm optical height
of the transmlitting optics. A set of two mirrors at 45°
angles to the directlon of the incident 1ight were used to
lower the beam to the require height. Figure 2.4 shows a de-
talled schematic of the entire transmitting optics system.

The vertlically polarized beam exiting the multiline
laser, after being directed by mirrors, |s passed through a
beam colllmator, part of the TSI Model 9106 set. Inclident
light |s collimated |f the beam dlameter does not change as
It passes through space. In reality, however, It Is suffic-

ilent 1f the collimator can [nsure thls quallty through the

19




Figure 2.2 Transmitting Optics Photograph

Flgure 2.3 Recelving Optlcs Photograph
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\ Traversing Optical Components
) Mechanism 1-Green Polarization Rotator
Rails 2-Green Beam Splitter
3-Green Bragg Cell
4-Blue Beam Displacer
T S5-Blue Polarization Rotator
E 6-Blue Beam Splitter
s 7-Blue Bragg Cell
T - 8-Green Steering Wedges
------------------- M~ ving Optics 9-Blue Steering Wedges
8 - ynit 10-Beam Stops (Both Beams)
(E: H l 11-Beam Spacers (Both Beams)
'{ Elevating Froon Mirror
> H Blue Mirror
o : Mirrors '
N Q—--- ~ftpojol|ej7fs|sja 3]z --‘?—-{' :
| ) |
Mirror ! |
[}
]
Il
S WATT ARGON- ION
i, LASER
Airflow
[ 4
Beam Lowering Mirrors ‘o‘
Collimator }
Polarization Rotator'
Half-Wave Attenuvator
. Mirror
A Dispersion Prism/Color Separator

Flgure 2.4 Transmitting Optlce Schematic

: relatively short optical path of the system. Proper coll]-
mation is salid to be achieved when the walst! of the beam
colncides wlith the focal point of the transmitting lens. By
slliding the collimator sleeve In and out and observing the

beam "spots" on a distant wall, the collimator can be set.

1. Walst = the polint on a beam where the diameter |s
the smallest.
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From the colllmator, the beam passes through a po-
; larizatlon rotator and an attenuator. The polarizatlion ro-
tator changes the polarizatlon of the incoming laser beam to
conform to the polarization requlirements of the next optlcal
component, a dispersion prism. The attenuator works |n
tandem with the rotator to Insure passage of only the horiz-
ontally polarized 1lght through these components. The dls-
perslon prism separates the wavelengths, or colors, of the
llght. The two primary colors of this laser, green (0.5145
microns) and blue (0.4880 microns), are used to form the two
component system. A set of mirrors, TSI Mocel 9107, |s used
to direct each of the beams to the appropriate axis for the
transmitting optics as shown In Flgure 2.4. As can be seen
from the figure, the green beam |s directed down the center-
line of the optics and the blue [s directed 25 mm to the
right of the green.

The centerline, green, beam passes through a polar-
lzation rotator, TSI Model 9102, to rotate the beam polari-
zatlon 90°, then a beam splitter, TSI Model 9115. The
polarizatlion change Is necessary to iInsure proper splitting
Into two beams from the incident light. The beam spllitter

divides the Incldent beam into two beams of equal Intensity

and parallel to the optical axis, spaced S0 mm apart.
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Since the flow fleld to be |nvestlgated will have a
turbulent wake with possible separaied flow reglons, a freg-
uency shift system s used for each of the two colored
beams. Upshlfting of the frequency of the laser light prior
to entering the teat sectlon will allow detection of the !
directlon the particle traverses through the probe volume.
The shift results In a moving fringe pattern that will gen-
erate a photodetector signal equal to the shlft frequency
when measuring a particle with zero velocity. This system .
allows a greater range of measurements of negative veloc-
Itles and, thus, is required for this system to obtaln valid
measurements. ¥

The palr of green beams now enter a frequency shlft-
Ing device called the Bragg cell. This device |s an acousto- -
optic unlt that upshifts the frequency of an incldent beam. la
The shlft is set at 40 MHz. This device 1Is placed In the

\ optical path of one of the two beams forming the probe vol-
| ume for that color. The outgoing beam will be shifted by a -

40 MHz shift relatlve to the other beam. The Bragg cell

operates by deflectilng one beam In a fan-llke pattern In Iy
the plane Intersecting both Inclident beams. Each separate
deflected beam has a frequency that Is a multiple of 40 MHz
from the Incldent beam. The Bragg cel] should be adjusted =
to shift the llight intensity to the flirst order beam. This ;.
Is accomplished by tilting the Bragg cell in 1ts mount. \

This flrst order beam should have an Intensity greater than
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§3 90% of the Incident l1ight beam [(Ref. 3:p. 148). An optical

'd‘\ .

;:2 wedge IS lIncluded in this device at the output end of the
‘8

&,

ii Bragg Cell to steer the deflected, first order beam parallel

ﬁE to the unshifted beam. The result of thls Bragg shlifting Is

n\.p

“: an i{nterference pattern In the probe volume that will move
¥

relatlive to a flxed particle. This moving fringe pattern can
be used to dlfferentlate the directlon of motion through the
probe volume. Partlicles moving with the direction of motlion
of the fringes glves a Ilower frequency and agalnst the
fringe movement gives a higher frequency as shown 1In the
following equation. The particle moving through the probe
volume will produce a signal whose frequency I|s

f

signal = !fanjft */- fpoppier!

where the sign Is + for particles moving in the opposite
direction to the fringe movement [Ref. 2:p. 671].

For optic tube support purposes a TSI, Model 9176,
Support |Is wused. This device also serves to increase the
effectiveness of the beam stops of the biue beam by inc-

reasing the deflected beam separatlion distance.

The off-axis blue beam |s now brought to the center-
line using a beam displacer, TSI Model 9174. This model em-
ploys a rhombold prism. It displaces the beam a fixed, 25
mm, distance to the centerline of the optics whlle keeping

the beam parallel to the axis. The blue beam then passes
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through the same serles of optlcal components as the green
beams: polarlzatlion rotator, beam splitter and Bragg cell.

The next two elements In the optics traln are beam
steering modules, TSI Model 9175, one for each of the
colors. These modules allow for steering of the shilfted beam
to Insure proper beams crossing.

The Bragg cel! produces several! beams, of which
only the flrst harmonic, the beam that Is shlfted by 40
MHz, |s Important. All the other unwanted beams are blocked
off by means of a beam stop. In the present case, a beam
stop was used on each of the two shlfted beams.

Following the beam stops, beam spacers, TSI Model
9113-13, are used to for each set of beams to reduce the
dlstance between the beam palirs formlng the probe volume,
The spacing was reduced to 13 mm by using these prisms;
whlle malntaining polarlty, coherence, beam dlameter and
parallel optlcal paths. The primary use of these elements |s
to control the fringe spacing In the probe volume by
changling the angile of Intersection of the beam.
Addlitionally, however, they permit transmiaslion of the beams
Iinto the test section by requlirling only small mirrors and
optlc components,.

The four beams from the optlc tube are dlrected to
the focusing lens with flve micrors. The first two move the
beams from 10.8 cm to 23 cm above the optlical table and the

next two reflect the beams back 180° toward the last
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micror In this serles. This mirror directs the four beams
vertlcally toward the transmitting optics lens. The four
beams then enter the transmitting optlics lens to focus the
four beams to a point. A flinal mirror Is used to direct this
focused beam to the test sectlion. The focusing lens and the
last three mirrors are mounted on a traversing mechanism to
enable traversing of the focused beams iIn any of the three
orthogonal dlrections as shown In Flgure 2.6.
2. Recelving Optics and Photodetector

All the receliving optlics are mounted on a traversing
mechanism which Is slaved to the traversing mechanism on the
transmitting side. The two gsldes were allgned to within 0.01
mm and could be moved together. A Taskmaster controller |s
used to move the two traverses both manually and through the
use of computer programs. See Figure 2.5.

The receiving optics are used to capture the 1ight
scattered by the particles crossing the probe volume and
focus this light onto photodetectors. It consists of several
components; that are mounted on a hardware arm connected to
the traversing mechanism. The scattered light Is collected
by a series of three lenses that collimate the 1light and
direct |t toward the polarlzation color separator. The last
lens acts as a gpatlal fllter In addition to being a beam
collimator. Its function is to allow light focused on the

lens to pass through whlle blocklng all the rest of the

light. It |Is used to reduce the stray llight scattered from




ot

arousd the probe volume, as |s the case In measurements i
. N
close to a solld surface. E
.
The polarization beam separator separates the two [N
wavelengths present In the scattered light Iinto its con- i
stituent colors; green and biue. This splitter reflects "
o,
light with horlzontal polarization upward while transmitting "
the vertically polarized light through it. This |Insures sep- ;'
aration of the two primary colors In the scattered llght. ;
Two notch fllters are used at this stage, on each of ;-t
the colors to eliminate reslidual color contamination. The o
Ny
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Figure 2.5 Recelving Optics Schematlic
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separated scattered llght 13 now focused on to the photo-
detector aperture with a lens.

The photodetector converts the llght signal Into an
electric signal. The photodetector used |8 a photomultipller
tube or PMT. The advantages of the PMT over the other types
are low noise, high galn and broad bandwidth while its
fragillity and the need for a high voltage source are Iits
disadvantages (Ref. 2:p. 45].

3. Test Sectjon

The transonlic test section is formed by insertling

upper and lower ventllated walls 1In a subsonic indraft wind

tunnel. The test section’s dimensions are 13 cm by 25 cm.

Flgure 2.6 Transmitting Side of Test Section
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A 7.5 cm chord NACA 0012 alirfoll was mounted between the
side walls at the centerline. This alrfoll I|s attached at
quarter chord to a external device to osclllate the airfoil
through various angles of attack. The slde walls of the test
sectlon are made of 2.5 cm thick plexiglas to allow complete
and unobstructed optical access to the airfoll. See Fligure
2.6. The mechanism to mount the model partially blocks the
views of the leadlng edge of the model. However, this was
not a limitation for the present study.
4. QSlgnal Processing

The signal from the photodetector must be processed
to obtaln the frequency lnformation iIn the scattered 1light.
Flgure 2.7 shows the block diagram of the signal processing
components. The signal from the PMT |s amplifled by an EIN
Model 403LA, linear amplifler to boost signal strength by 37
dB to transmit the signal over a long distance and to be of
appropriate strength for signal processing.

A downmixling clrcult |s wused next to decrease the
effectlve frequency shift from 40 MHz to around 10 Mhz to
Improve the counter resolution. The two elements of the

downmixer are a Tektronix SG503 Levelled Sine Wave Generator

e 'yl

and a Hewlett-Packard, Model 10534A, Passive Dlode Mixer.

) ¢
o

The expected Doppler frequency should be estimated to prop-

r
)

'y

erly set the mixer frequency. Using the range of Mach num-
bers expected as -0.2 to +0.5, the free stream veloclty

range can be calculated using the set of equations In
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section III A and 20° C as the amblent total temper-

ature. The velocity range resulting from thls calculation Is
-67 to +167 meters per second. With the fringe spacing of
19.52 microns and the second equation on page 35, the
estimated Doppler frequencies are -3.4 to +8.6 MHz. Using
the equation on page 34, the signal and mixing frequency
should be expected to fall within the range of 36.6 to 48.6
MHz. By wusing a starting mixing frequency of 35 MHz, the

calculated signal frequency reaching the counters will

Ssignal and Data Processing

Photomultiplier Tube

Sine-Wave Preamplifier
Generator

| High Voltage

Source

.- ,
Passive

Diode

Mixer
Signal z“s“ LItW 3 MicroVAX
Processor omputer ‘ Computer

Interface

. v
~J .- S
- £
MicrovVaX
Oscilloscope m@ Graphics

Workstation

Figure 2.7 Signal and Data Processors
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be 1.6 to 13.6 MHz. The mixling frequency should be adjusted
whenever the tunnel condl!tions ch&nge or In attempts to
obtaln better counter resolution.

The next slignal processing unit encountered is the
Series 3000 Macrodyne LDV Processor. Thia device has several
functlions: varlable high and Ilow pass fllters, Input and
output ports, threshold and overload adjustments and freqg-
uency counter with fringe passing selection switch. Both the
low pass fllters, to remove the high frequency nolse, and
the hlgh pass fllters, to reduce the low frequency pedestal
from the slgnal, are adjustable to provide the optimal fll-
tering of the signal. Once the signal has been thus condl-
tioned, a frequency counter [s used to measure the signal
frequency and convert [t to digltal time data that can be
sent to the data processor. The counter operates on two
different systems to valldate the Doppler signal: a three
level detectlon scheme and a 5/8 or 10/16 comparison. The
three level detectlion scheme shown In Figure 2.8 must be met
before a signal s validated. A threshold level |s set on
the counter to be just above the level of the steady state
nolgse. The signal must pass the following gates to be ac-
cepted: (1) exceeds the threshold setting (2> crosses zero
and (3) exceeds a negatlive threshold. To pass thls check,
the selected number of fringe crossings must sequence
through each check without error. This detectlon scheme |Is

notably effectlive In nolse discrimination. Once a signal Iis
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; recelved and passes the first check, the counter starts to
A measure the Doppler perlod by opening a time gate and stop-
i ping at the switch set number of cycles. This setting of
& cycles |is able to be selected from a switch on the counter
F control panel. Validated data from the switch being In the

10/16 cycles position tend to be better for strong Doppler
bursts because the greatest number of cycles measured tends
to reduce the effects of nolse in the signal. However, this
setting also restricts the motion of the particle through

the probe volume and thus I[ntroduces artlificlal blases of

(+) CROSSING 3 LEVEL SEQUENCE
PROCESSOR ENABLE e (+) THR. EXCEEDED

| 2ero crOSSING e (-) THR. EXCEEDED

/ DETECTED ® (0)CROSSING ON

l ! A I POSITIVE TRANSITION
{+) THRRESHOLD A—ﬁ \ \ A <

AN T A
'l 1VI i { ! {I vl Al
{-) CROSSING V
GATE FALLS AFTER FIXED CYCLE COUNT
GATE |

o | [LLTIPIEE]T

Figure 2.8 Three Level Counter Detection Scheme
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the data. The particle must traverse. the probe volume at
Its largest length to lnsure validated data for 16 fringe
crossings For this reason, present experiments were carrled
out with the switch set to the 5/8 position.
S. Data Processing Hardware

Once the data iIs recelved from the Macrodyne signal
processors, it must be multiplexed and transferred to the
computer for veloclty calculations. The NASA LDV Computer
Interface is now used to control the multlplexing of data,
sequencling of data, provide a digltal dlisplay to track
successful counts of the Doppler frequency and, generally,
control the flow of data between the signal! processor and
the Micro-VAX computer. Slnce a two component Laser Doppler
Velocimeter |Is used In thils experiment, the multiplexer
sends four channels of data for each valld Doppler burst.
The first data word contains the time Iinformation, the
second contalns any status Informatlion from the signal and
the last two words contaln the frequency data from each
component. Due to the limited nature of this experiment,
the first two words of data are not useful in further
velocity calculations. Therefore, Just the frequencles from
each particle caused Doppler burst are used to calculate the
respective particle velocitles.

The Mlicro-VAX computer stores all acquired data In a
buffer set up by acqulisitlion programs. The next step after

data acquisitilon Is to calculate the velocitles. These
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computer programs reduce the massive amounts of raw data

obtalned into meaningful veloclty data that can be output in
tabular form and graphical form.

The following Is a simpilfled path followed by the
numerous computer programs to reduce the data. At least 1000
samples from each component are required to obtain a statis-

tically steady sample frequency. This frequency data must

N then be converted to the true Doppler frequency by the fol-

lowlng equation:

fd = fs - fB + fM

‘N
_ Pl

where fd ls the true frequency resulting from the particle

J: traversing the probe volume, fs is the signal frequency
; measured by the counter, fpg Is the Bragg shift frequency
';‘ of 40 MHz and fy Iis the freguency of the downmixer. The
2 downmixer circult permits decreasing of the effective freg-
‘g uency shift to values within the 1 to 10 MHz range. The true
frequency data |s then averaged over the samples taken to
3 obtain a mean value and a sample standard deviation. Using |
S this mean value, for each channel, all samples that are |
N within 2 ¢, two standard devliations, of the mean are saved
S and the rest are discarded. This procedure accounts for a-
g bout S% reduction of data and will insure samples that are
; too low or high will not blas the final resulits. A new mean
? and standard deviation are calculated for each channel. Next
'é the probe volume dimensions and parameters are calculated
b 34
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with primary emphasis on the fringe spacing equatlon:

§ = N/ (2 # sln(é/2)]
where 6 ||s the fringe s8pacling In microns, A |is the beam
wavelength In microns and © s the angle of intersection
of the beams. Know!ng the fringe spacing, the veloclity can
be determined using the relatlion:

u=fq*§

where u is the veloclity of the particle in meters per second
and fd Is frequency of the particle measured by the count-
ers In MHz.

Once the veloclty components of the particle are
determined streamwise and In the transverse directions, the
computer stores the results In a data table for further
analysis. The probe position I8 also saved In this data
fille. The entire process i3 now repeated at different

locations of Interest In the flow.

C. LABORATORY APPARATUS

Bes!des the Laser Doppler velocimeter and schlileren
systems descrlbed earllier, additional Instrumentation was
used to obtain the wind tunnel pressure and temperature
data. A 24 port scanivalve pressure transducer system was
set up to measure the total and static pressures at varlous
points Inslide the operating tunnel. This scanivalve system

was driven by a digital to analog interface, built on the
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SC premises, which allowed computer control of the "stepplng”
P".

g; and "homing" of the scanlvalve.

Using the Diglital to Analog Interface on the MicroVAax

I

E; computer, these signals to step the scanivalve system were
v,’
z? transferred from a computer program to the physical unit for

actlon. Once the stepper motor was sent the approprlate sig-

.
.-

O

« o
.

nal to move, the Analog to Dlglital Interface board on the

s
LA

‘ computer sampled the pressure transducer signals and |oaded

A

the data Into the computer for converslion Into pressure data
and later analysis.

The atmospheric pressure was recorded from a mercury
barometer with micrometer sScale mounted on the laboratory
wall near the wind tunnel. The total temperature was record-
ed on a mercury thermometer mounted on the barometer. Both
of these measurements will socon be replaced with Paro-
gscientlflc pressure sensors and thermocouples that will

have a direct link with the computer.

A TS] Slix-Jet Atomizer, Model 9306, was used to provide
particle seeding for the LDV system.
Filgure 2.9 shows the general! laboratory setup and

locatlon of the data processing and anclllary equlpment.

D. DATA PROCESSING
1. lIntrodyctlon
The Laser Doppler velocimeter yleids a large amount

of raw data during Its operation. This data must be stored
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Flgure 2.9 Laboratory Setup
in the computer In a logical sequence In order to properly
calculate the veloclitles and all other assoclated data.
2. Compyter Programs
The following discussion pertalning to the func-
tioning of each of the computer programs that was written to
accomplish the task of managing the vast amount of data In

the most efflcient and timely manner.
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a. Master Program

MASTER controls the overall flow of data during
each of the subroutine calls, acqulires all the data and
reduces |t to a usable form.

First, the wind tunnel condlitions are sampled by
the use of varlous subroutines: DA11J1LAB, SETUP, GETDATA,
DETACH and OUTPUTD. The traversing mechanism |s then posi-
tloned with subroutine HWTRVT to move the probe volume of
the LDV to the proper location in the flow. Next, the LDV
data ls acqulired wlith subroutine HWWA. The samples are
taken, veloclties calculated using subroutine VELOCITY and a
statistical mean and standard deviatlon are calculated. The
data Is then reduced with subroutine REDUCE_DATA to preclude
the use of any velocities greater or less than two standard
deviations away from the mean. Each of the two veloclity com-
ponents are then recorded along with the position In the
flow. The veloclity proflles are obtalned from the data using
post-acqulisition processing programs. An optlon ls given
during the acquisitlion process to view a histogram of the
resulting velocitles to check on the distribution of data
samples with subroutine HISTOGRAM. A sample histogram from a
test run is shown in Filgure 2.10.

b. Scanivalve Programs

First a signal 18 sent to the scanlvalve to

"home" to port 0 for the first presgsure reading This |s

accompl ished by using the subroutine DA11JILAB. Next, a call
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Figure 2.10 Sample Histogram

to subroutlne SETUP |Is made to connect the computer’s |In-
ternal timing clock and Analog to Digltal interface board to
program control. Also, the sample acquisition rate and num-
ber of samples are interactively entered.

Now, the computer |8 ready to acquire data from
the scanlvalve system. Since there are 24 ports to sample on
the scanivalve, a loop Is entered in which samples are
taken. scanivalve stepped and data reduced during each loop.
Subroutines GETDATA and DA11J1LAB acquire the data and step
the scanivalve respectjvely. DA11JI1LAB has an adjustable
time delay to give time for the pressure In each port to

equallze after scanivalve stepping.
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After all 24 ports are sampled, the mean and
standard deviatlon voltages are calculated for each port.
The callbratlion pressure attached to port 0 and the atmos-
pheric pressure at port 1 are now entered interactively In
consistent units; inches of mercury In this case. With these
two pressures entered, a callbration line |s calculated and
the remaining voltages from the scanivalve system are con-
verted to pressures. Using port 2, settlling chamber stagna-
tlon pressure, and port 7, test sectlon static pressure, a
tunnel! Mach number s calculated. See sectlion III A for the
equations used in these calculations. Next, the total
temperature is entered and the free stream velocity |Is
calculated.

For use 1|n labelllng a program generated plot-
ting fille for post-acquisitlion analysis, the angle of attack
of the test sectlion alrfoll and current time are entered.
The last part of the scanivalve data acquisition
programs close the loop on the analog to diglital interface
by detaching the clock and driver. A dlagnostic output file
is also generated for post-acquisition analysis.

c. LDV Data Acquisitlion Program

Both the transmitting and receiving optics of
the Laser Doppler Velocimeter are mounted on three axls
motorized traverses that are slaved together to move the
probe volume to any point of interest in the flow. Using a

pre-exlsting software driver for the Taskmaster traverse
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control unit, the optics could be moved at wil]! from the X
computer workstatlon. ;
Although a pre-existing software drlver was
avallable for the NASA-LDV Computer Interface, significant l

changes had to be made to the code for it to work on the

(e A A

present system. The main Laser Doppler Velocimetry
acquisition subroutine “DAMUX" was responsible for loadling
the incoming data from the multiplexer Iinto data arrays.
Once the raw frequency data is in arrays, It has to be

decoded to correspond to usable numbers.

P

The time word output, as 14 bits, by the counter

£

a9

has a mantissa and exponent format: with a 10 bit mantissa
and a 4 bit exponent. The computer reads it as a 16 bit word
and adds two bits that are not used for data handling. These
two blts are only used during direct computer 1inks. This 16
bit word |s output as a complementary word that s reversed;
that is, the zeros are output as ones and the ones as zeros
then the entire word is reversed (i.e. the least significant
bit which is on the right most side bit |s moved to the left
most bit In the word). Flrst, the word is made into its com-
plement then both the mantissa and the exponent are reversed
prior to decoding. The exponent Is preset from the counter
front panel switch. The following Is the standard 16 bit :

word composition and what actually results from the output:
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Correct output
0111010001 0111 Ot = 465x27 = 59,520

Mant Issa Exp NU

Actual output

Fetats s s MRS NP Pty XX

01 0001 0111010001

NU Exp Mantissa

Transiated by the computer

0100010111 0100 01 = 279x24 = 4,464

First step: Take its complement
10 1110 1000101110

NU Exp Mant | ssa

Next: reverse the order
011101000¢f 0111 O0f = 59,520
Mant issa Exp NU

where NU stands for Not Used. In order to fill the sixteen

bit word, the 14th and 15th blt are added to control data
flow but have no significance to the value of the data. From
this last 16 bit word 1s calculated the Doppler shift freq-
uency. The output from the NASA-LDV Computer Interface is
actually representative of the time elapsed for the particle
to traverse 8 fringes of the probe volume. The Doppler

perliod |s expressed by the following equation:
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tq = 1/32 (DgDg...Dg)> x 2BXP ns

where Dg..Dy represents the binary mantissa and EXP is
the preselected exponent set on the counter. From the
period, the Doppler frequency I8 calculated using the
following equatlon:

fq = 1000/ty MHz

This Doppler frequency Iis then be used to calculate the
} velocity of the traversing particle. Since frequency
! shifting |s used to discriminate the actual direction of the
! particle through the probe volume, the Doppler frequency
must be adjusted to account for the Bragg and mixlng
frequencies. See equation on page 34 for this relationship.
Once the actual frequency of the particle |Is determined, the
fringe spacing is calculated by the first equation on page

35 and the velocity iIs found using the second equation on

the same page.




d. LDV Support Programs.

Three subroutines are used to provide the
supporting functions to the LDV data acqulisition. These are
VELOCITY, HISTOGRAM and REDUCE_DATA.

VELOCITY |Is responsible for calculating the
fringe spacing, extracting the particle frequency from the
signal and then calculating the two velocitles.

HISTOGRAM takes the veloclty data and plots
a histogram of the percentage of velocities that fall within
a glven range. The x axis of the histogram Is dlvided
equally into 8 segments from the minimum to maximum velocity
values. The optlon to plot a veloclty histogram Is gliven
after each LDV acquisition to spot check the distributlon of
the data. A nearly Gausslian or normal distribution |is
expected If the system iIs operating properly. This will also
show the effects of nolse as evidenced by the broad band of
the histogram values.

REDUCE_DATA reduces the veloclity data to
oniy those values falling within two standard deviatlons of
the mean. This results in a 4.5% rejection of data which
will reduce the effect of high frequency nolse on the
counters and tend to reduce the effect of very large

particles moving slowly through the probe volume.
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I11. DATA ACQUISITION

A. TUNNEL CONDITIONS

In order to obtaln good correlation between the schllie-
ren photographs and the Laser Doppler Velocimeter obtained
data, the operating tunnel conditlons would have to be
nearly ldentical. Two sets of conditlions were chosen: one
corresponding to an approximate Mach number of 0.3 and the
other 0.5. Once the tunnel was running at operating
conditions, the computer program MASTER calculates the test
section Mach number and free stream veloclty according to
the following relationships. Assuming Isentropic flow In the
test sectlon, the section Mach number, M, |s calculated from
the stagnatlion pressure, P,, and the static pressure, P,
using the following relationship:

M = (C(Po/PIY- 1/ M yrxc2/1y-11))172

where vy = 1.4. The resulting calculated Mach numbers for
the two conditions are as follows: 0.295 and 0.450. From

these Mach numbers, the corresponding free stream velocities

are calculated.

V=Mnuna

where a |s the sonic veloclty,

am= (1RT>1/2
where R Is the universal gas constant and T Is the static
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temperature |n the test sectlon. The statlc temperature can
be calculated from the total temperature, To, measured on
the wall near the tunnel by the next relationship:

= To/(1 + [Cy-1)/21%M2)

B. SCHLIEREN PHOTOGRAPHS
t. Introductlon

Orice the wind tunnel was running at the flrst of
two operating conditions, manometer board readings were
recorded and Mach number calculated using the first
equation on the prelous page. The schlieren photographs were
then taken at four different angles of attack and three
different strobe Intensitles to obtaln the optimal
photographs.

2. Test Conditions and Procedure

Using the procedures detalled In sectlon II A, the
schlleren photographs were taken at the settings and
condlitions llisted In Table I, below.

Upon completion of the wind tunnel runs, the 35mm
flim was developed and printed. From these schlleren
photographs, the conditions resulting Iin the best depiction
of the wake proflles were chosen to represent each Mach
number and angle of attack. These are annotated wl!th an
asterisk, %, in Table I, below.

Using these photographs, a short HP-41 CX calculator

program was written to relate photographic dimensions to
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TABLE 1. SCHLIEREN PHOTOGRAPH PARAMETERS

Strobe
M a (deg) Intensity (Hz)
* 0.30 0.0 20
0.30 0.0 70
0.30 0.0 150
0.30 7.7 20
0.30 7.7 70
»* 0.30 7.7 150
#* 0.30 15.5 20
0.30 15.5 70
0.30 15.5 150
0.30 23.6 20
0.30 23.6 70
0.30 23.6 150
* 0.45 0.0 20
0.45 0.0 70
0.45 0.0 150
»* 0.45 7.7 20
0.45 7.7 70
0.45 7.7 150
0.45 15.5 20
»* 0.45 15.5 70
0.45 15.5 150

real] test sectlon dimensions. Once the real dimensions of
the wake were known, the Taskmaster traverse mechan!sm was
calibrated. This ylelded a 1:1 relatlionship In the chordwise
direction and a 1:4 relationship In the vertical direction.
This means that the Taskmaster diglital control panel reads
true values for the X directlion, chordwise, and four times
the real value in the 2 dlrection, vertlical. Arbitrarily
choosing the tralllng edge of the airfoll at 0° « as an
Iinitiallzation point for the Taskmaster, a table of LDV
sampl ing points was made for the first three angles of
attack. See Table I1I, below, for a sample of the Taskmaster

table at a = 7.7°
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Table II. TASKMASTER LDV>SAMPLING LOCATIONS

Points Alpha = 7.7 deg
Sampled X 2 -

E;; 2 2.00 7 656 555 45 4353252151 .50 -5 -1 -1.5 -2 -2.5
E:* 2 1.5 7656555 454353252151 .50 -5-1 -1.5-2-25
.: 2 1.00 7656555 45 4353252151 .50 -5-1 -1.5-2-25
E* 2 50 7 656555 454353252151 .50 -5-1-1.5-2-25

2 .00 7 656 555 454353252151 .50-5- -1.5-2-25

19 -5 7 656 55 5 45 43532521581 50 -5 -1.5 -2 -2.5

17-1.00 7 6.5 6 55 5 45 4 35 3 25 2 151 .5 -1.5 -2 -2.5
17-1.80 7 65 6 55 5 45 4 35 3 25 2151 .5 -1.5 -2 -2.5
11-226 7 656 55 5 45 4 35 3 25 -2.5
12-3.00 7 65 6 5.5 5 45 4 35 3 25 2 2.5

===

176 (Total iocations sampied)

C. LASER DOPPLER VELOCIMETRY DATA ACQUISITION
1. Calibration of the LDV Svstem

The relationship between the Doppler frequency and
the velocity of the particle traversing the probe voiume |is
given by the second equation on page 35. The particle
veloclity |s directly propocrtional to the Doppler fregquency
by a factor of the fringe spacing. By the first equation on
page 35, fringe spacling Is only a functlon ot the
transmitting lens angle and wavelength of the llight. Since

the wavelength of the 1lght Is accurately known to within
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0.05 mlcrons, or 0.01%, an accurate lens angle Is all that
|s needed for callbratlion [(Ref. 4].

The following relatlonship was used to calculate
the lens angle:

© =2 % tan~l (E % d/ (2 % £

where E |s the beam expansion ratlo, 1.0 In this case: d |s
the incident beam spacing, preset at 13 mm with TSI Model
9113-13; and f |s the wavelength of the light.

The lens angle In this case was not accurate
because the focal length of the focusing lens was not
known. Therefore, callbratlion was necessary to Insure
accurate veloclty measurements were obtalned.

The callbration method chosen was to operate the
wind tunnel at known conditions, calculate the free stream
velocity from the scanlvalve pressure data and then move
the probe volume via the Taskmaster to colnclide with a
position In which the free stream veloclty could be
measured. From thls procedure, a constant could be applied
to the velocity equation as follows:

u = fd # 8§ » (Calibration Constant)

This callbration constant will compensate for the estimated

focusing lens focal length.

2. Test Conditlons and Procedure
Once callibratlion |Is completed, the tunnel ls

brought to the test conditlons, the Taskmaster is moved to
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the first sample polnt and the MASTER computer program is
run with the adjusted fringe spacing to reflect the
callbratlion.

At each sampling point, 1000 samplies will be taken
to lInsure statlstical accuracy of the mean flow calcula-
tions. The scheduled sampling points can be seen In Table
11, page 48. After each Taskmaster traverse, the oscllilo-
scope |is checked to Insure no drastic loss of the signal
occurred during the movement. If the Doppler signal de-
creases, sllight adjustments to the recelving optlcs traverse
may be needed to regalin the signal strength. To optimize the
data received, slight adjustments may have to be made, also,
to the selected mixing frequency, mixing frequency ampli-
tude, counter threshold setting or high and low pass fllter
settings.

After Table Il data polnts are sampled, the airfoll
angle of attack or test Mach number |s changed and the above

procedure is repeated.
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1v. RESULTS AND DISCUSSION

A. SCHLIEREN

The first thesis goal was attalned early enough to
provide qualitative Information concerning the alrflow
around and In the wake of the alrfoll. Schlleren 35mm
photographs were produced for both selected mach numbers,
0.3 and 0.45, and for four different angles of attack; 0°©,
7.79, 15.5°9 and 23.6°. The best photographs for each
Mach number and the first three angles of attack are dis-
played In Appendix A, pages 55-57. From these photographs,
LDV sampling polnts were chosen as seen from Table 11 on
page 48.

Three turbulent areas are evident on all the schlleren
photographs. As seen in Flgure A.4 on page 56, the airflow
Is slightly dlsturbed upstream of the airfoll due to the
presence of a pitot-static tube extending into the airflow
Just forward of the airfoll. This tube has been subsequently
removed to clean up the filow. At the top of the same photo-
graph, a wedge shaped dlsturbance can be seen. This and the
lower floor turbulent layer are results of the transonic
wall slottings found on both the roof and the floor of the
test sgectlion. Although a concern for later unsteady flow

studies, these two areas do not Interfere with the wake

proflles resulting from a steady flow analyslis.
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k‘:’: B. LASER DOPPLER VELOCIMETER

E; Due to equipment problems and time constraints, the LDV
l! data acquisition part of this thesis was not able to be
Eé accompl lshed. All systems are now operational, to Include
Hﬁ computer programs, however, there is |[nadeguate time to

acquire data and analyze the velocity proflles obtained.

tﬁ Callbration runs were made with a limited degree of
:E success when the wind tunnel was run under Mach 0.3 and the

Laser was not powered over 2 watts. The problem with the
Laser s easily repalred, however, time consuming. The
upper limit on the wind tunnel Mach number is caused by the
evaporation of the seeding particles in high speed flow.

This, too, can be easily overcome by the proper selectlon

3 of seeding particles and related atomizer.




V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The thesis provided iInvaluable asslstance to the dynamic
stall project at the Fluid Mechanics Laboratory. The schlie-
ren photography was able to provide the qualitative data on
the steady gstate flow fleld. With thigs accomp! ished, the
schlieren system in this laboratory was able to be easily
tallored to the next step: unsteady flow analysis.

The LDV work provided the laboratory with the essentlal
computer programs8, hardware |nterfaces and drivers, optics
systems and auxillary required equipment to enable the pro-
Ject to proceed with very little additional work to achieve
the steady state veloclity profiles. The ground work has been
accompl lshed to enable the project to continue forward with
the systems on hand to study the effects of dynamic stall in

both the steady and unsteady environments.

B. RECOMMENDATIONS

The schlleren system is fully functional, however, the
Laser Doppler Velocimeter system stlll requires a little
additional effort to make [t productive. The Laser doughnut

condition needs to be addressed to enable higher powers to
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be utilized. The types of seeding avallable to the system
needs to be addressed to insure operability of the tunnel
and data acquisition systems above Mach 0.3. With these
minor flxes and a little fine adjustments of the signal

processling equlipment, the LDV [I8 ready for action.

= m I -
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APPENDIX A: SCHLIEREN PHOTOGRAPHS

i
1
i

Flgure A.1 Mach Number = 0.3, a = 0°

Figure A.2 Mach Number = 0.4S5, a = 0°
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Figure A.3 Mach Number = 0.3,

Figure A.4 Mach Number = 0.45,
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Flgure A.6 Mach Number = 0.45, a = 15.5°
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APPENDIX B: COMPUTER PROGRAMS

PROGRAM MASTER

Moster Progrom written by Maj Richard R Ryles, NPS Student 28 Apr 87
Lost Update 6 Sep 87

This progrom will gather data from the scaonivoive system, move the
Toskmaster and ocquire LDV velocity dote.

This progrom should be used with subroutine SETUP, GETDATA, DETACH, OUTPUTD
HWTRVTY, HWWA, HISTOGRAM and VELOCITY.

INCLUDE *SYS$LIBRARY:L10SET.FOR®

Declare variables

INTEGER DEV_ID,CLX_ID

INTEGER NCHANL,HISTO,BLUE_GREEN

INTEGER NPT,NPTS,NSAMPLES , COUNT

INTEGER I,J,NSTEPS, IER,ANSWER. END, TALLY, TIME

REAL  VOLTAGES(5008),U_U(200),V_v(200), U_v(200).0ELX,DELZ

REALs8 SUM,AMEAN,X,XX,Y,YY,STO_OEV,STD_DEV_V,STD_DEV_U,SUM_V,SUM_U
REALs8 SUM_VERT,SUM_HORIZ

REAL  RATE,SCANI_VOLT(®:23,2),SCANI_PRESS(®:23).VERT_VEL(8200)
REAL  CALIB_PRESS,SLOPE, INTERCEPT  HORIZ_VEL(8200), FINAL_V, FINAL_U
REAL  X_POSITION,Z_POSITION,MEAN(2) .M, FREE_STREAM, TO, ATMOS_PRESS
REAL  X_LOC(200),Z_LOC(200).U(200),V(200),ALPHA, ZERO,CORR_FACTOR
REAL8 W, W,UW

CHARACTERe1 ANS,VOLT_ANS

LOGICAL HOME

Scanivalve dota acquisition |

]
Y
2
2
C
c
c
c
c
Cc
(o]
c
(o
(o}
c
C
C
Cc
C
1@
20

c

OPEN(UNIT=99,FILE='RESULTS.DAT* STATUS="NEW" )

TALLY = @

HOME = .TRUE.

NSTEPS = @

CALL DA11J1LAB (HOME NSTEPS, |ER)

IF (IER.NE.1) GOTO 17

ANSWER = @

WRITE (o,¢) 'Skip to Taskmaster? (y/n) [DEF - No]’

READ (s,1) ANS

IF (ANS.EQ.'Y’.OR.ANS.EQ.’y’) GOTO 99

WRITE (e,¢) "Print the scanivalve diognostic doto to o file? (Y/N)',

: * [DEF - Mo}"

READ (¢,1) VOLT_ANS

CALL SETUP (CLK_ID,DEV_ID, RATE,NCHANL NPT, NPTS)

CONT INUE

HOME = _FALSE.

NSTEPS = 1

DO Se J =290, 23
WRITE (0.2; J
IF 2J.NE.O CALL DAT1J1LAB (HOME, NSTEPS, |ER)

IER.NE.1) GOTO 150

CONT INUE

CALL GETDATA (DEV_ID,NPT NPTS,VOLTAGES)

C e e ¢ 0 8 ¢ ¢ ¢ 06 06 ¢ ¢ 06¢ ¢ 0 0 ¢ 0658 00

Calculate mean and stendard deviation

C o ¢ s ¢ ¢ 0 6 2 09 060 06060 ¢ 0 ¢ ¢ 900900

SUM
00

=0.0
30 [ = 2, NPT
SUM = SUM + VOLTAGES(I)
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INUE
SUM / FLOAT(NPT-1)

De

=2, NP
VOLTAGES
X X e
=Y + SUM

STD_DEV = SQRT(SUM)

IF (VOLT_ANS.EQ.'y’' .OR.VOLT_ANS.EQ.'Y') CALL OUTPUTD (RATE, NPT,
NCHANL , AMEAN,STD_DEV, J, VOLTAGES)

b

@1

8

é )

AMEAN
1.0/FLOAT(NPT-1))

X
Y

£

SCANI_VOLT(J,1) = AMEAN

SCANI_VOLT(J,2) = STD_DEV
CALL DETACH (CLX_1D,DEV_ID)
IF(VOLT_ANS.EQ.'Y' .OR.VOLT_ANS.EQ.‘'y’) THEN

OPEN(UNIT=15 FILE='SCANI_VOLT .DAT' ,STATUS='NEW')

DO 68 | =0, 23

WRITE (15,3) I, SCANI_VOLT(I,1). SCANI_VOLY(1,2)
ENDIF
® ® 6 &6 8§ 6 8 ¢ 0 ¢ ¢ & ¢ 5 8 0 0 ¢ 0
Calculate scanivalive calibration line
ond convert all voltages to pressure
¢ & & & & ¢ &6 &6 &6 ¢ ¢ 0 6 ¢ " OO 0 "D
WRITE (e¢.¢) 'Enter Scanivalve Calibration Pressure:’
READ 0.-; CALIB_PRESS
WRITE(e,¢) ' Enter Calibration Pressure Correction Foctor:’
READ( ¢, ¢ )CORR_FACTOR
CALIB_PRESS = CALIB_PRESS + CORR_FACTOR
WRITE(e,) 'Enter atmospheric pressure:’
READ(e,¢) ATMOS_PRESS
SLOPE = (ATMOS_PRESS~CALIB_PRESS)/(SCANI_VOLT(1,1)~SCANI_VOLT(®,1))
INTERCEPT = CALIB_PRESS - SCANI_VOLT(@,1)eSLOPE
WRITE(99.9) 'CALIB_PRESS' ,CALIB_PRESS
WRITE(99.¢) CORR_FACTOR® ,CORR_FACTOR
WRITE(99.+) ATMOS_PRESS ' ,ATMOS_PRESS
OPEN(UNIT=16,F1LEw"'SCANIPORT .DAT* ,STATUS~ 'NEW' )
DO 70 I = @, 23
SCANI_PRESS (1) = SCANI_VOLT(I,t) e SLOPE + INTERCEPT

WRITE(16,¢)1, SCANI_PRESS(I)
CLOSE(18)
IF (VOLT_ANS.EQ.°Y' .OR.VOLT_ANS.EQ.'y") THEN

15)

DO 80 | = @8, 23
WRITE (15.4) I,SCANI_PRESS(I),SCANI_VOLT(1,2)+SLOPE+INTERCEPT
ENDIF
CLOSE

WRITE

WRITE -.0§'Equotion of the colibration line =’

WRITE(e,o)'Y &' glopes.’ X +',intercept

WRITE(99.¢)'Y =’ slope,’ X 4'.intercept

WRITE(e,¢)’ °*

® 6 6 ¢ & 6 6 0 6 3 & 0 O 08 9 & 0 s

Caicuiate tunnel Mach and velocity

o 6 ¢ & &6 0 0 0 & 0 0 & 2 0O 8 & O O

IF(SCANT_PRESS(7).EQ.©8.0) SCANI_PRESS(7) = 1.0
IF(SCANI_PRESS(2).L7T.SCANI_PRESS(7)) GOTO 85

M = SORT(((SCANI_PRESS(2)/SCANI_PRESS(7))ee(2./7.)=1.)e8.)

WRITE(e,*) 'Tunnel Mach Number =' M
WRITE(99.¢) ' Tunne! Moch Numbder =' M

WRITE 0.0;' *

WRITE(e,¢) 'Enter Total Temperoture (C)’
READ(e,¢) TO

WRITE(99.¢) ' TOTAL TEO#P', TO
WRITE(e,e)" °*

T0 = TO + 273.13%

FREE_STREAM = i ¢ SQRT(481.52eT0/(1.4(Mee2/5.)))
WRITE(e.e) Free Streom Velocity (mps) =' FREE_STREAM
WRITE(99.¢)'Free Streom Velocity (mps) =' FREE_STREAM
IF(FREE_STREAM.EQ.0.0) FREE_STREAM = 1. E-10
WRITE(e,e)* °*
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WRITE(e,¢) Enter angle of attaock (deg):’
READ(e,s) ALPHA
.lTEf”.O)'ALPHA'. ALPHA

WRITE(e,e) 'Enter Current Time: (4 digit integer)’
Read(e,e) TIME

WRITE(99.¢) ' TIME®  TIME

WRITE (e.,¢) 'Skip to end? (y/n) [DEF - No]*

READ (e.1) ANS

IF (ANS.EQ.'y’.OR.ANS.EQ.'Y') GOTO 16@

i

Taskmaster mover and LDV dato acquisition |

DOOO

] WRITE (es.¢) 'Which color is connected to the left (§3) channel?’,
& * (Bluem1 , Greenmd)’
READ (+,9) BLUE_GREEN
WRITE(99.¢) "BLUE_GREEN' ,BLUE_GREEN
IF(FREE_STREAM.EQ.0.0) FREE_STREAM = 1.E-8

3
A

::" OPEN (UNIT=2S FILE='FINAL.DAT',STATUS="NEW")
-: WRITE 25.03 . Taskmaster (Final.Dat)"*
WRITE (25,¢) °* pos (in) velocity/std dev velocity/std dev’

WRITE (25,18)
WRITE (+.¢) ‘Skip to LDV? (y/n) [Def - NO]*
READ (e,1) ANS
IF (ANS.EQ.'Y'.OR.ANS.EQ.'y’) GOTO 110
IF(TALLY.EQ.®) THEN :
WRITE(e.¢) 'Enter X—Position for calibrotion’ !
READ(+,¢) X_POSITION
WRITE(s,¢)'Enter Z-Position for calibration’
READ(e,¢) Z_POSITION
ENDIF
10@ CALL HWTRVT (DELX,DELZ)
WRITE (e¢,¢) °Move the Taskmoster agaoin prior to LDV Acquisition? (Y/N)’
READ (¢,1) ANS
¢ 8 6 & ¢ 0 ¢ ¢ & ¢ & 0 ¢ P ¢t S ¢ 0
Record position of LDV at all times
e ¢ 5 &6 & & ¢ & & & ¢ s 0 & s 0 0 0 00
IF(ANS.EQ. Y’ .OR.ANS.EQ.'y') THEN
X_POSITION = X_POSITION + DELX
Z_POSITION = Z_POSITION + DELZ
GOTO 100

OO0

ENDIF
® 6 & ¢ & & & & & & 6 ¢ ¢ " s O 5 0 0
Acquire LDV data
® 6 6 & & & & & & 5 & 6 0 0 6 & O S 0
CALL HWWA (NSAMPLES ,ANSWER,BLUE_GREEN)
® & 5 & & & & & 6 ¢ & O S 8 0 0B O ¢ 0o
Increment position and record it
Read velocity dato, sum it and find
standard deviation
¢ 6 6 0 & & & & & & & 0 & ¢ O & O O s 0
X_POSITION = X_POSITION + DELX
Z_POSITION = 2_POSITION + DELZ
SUM_VERT = .00
SUM_HORIZ = 0.D0
OPEN (UNITe3S FILE="VELOCITY.DAT’ ,STATUS="OLD")
DO 120 1 = 1, NSAMPLES
IF §BLUE_GREEN.EQ.O; READ§35.7 VERT_VEL(]).!-UIZ_VELg
IF (BLUE_GREEN.EQ.1) READ(35.7) HORIZ_VEL(1).VERT_VEL
SUM_VERT = SUM_VERT + VERT_VEL(I)
120 SUM_MORIZ = SUM_HORIZ + MORIZ_VEL(I)
CLOSE(3S)
FINAL_V = SUM_VERT / FLOAT(NSAMPLES)
FINAL_U = SUM_HORIZ / FLOAT(NSAMPLES)
SUM_V =
U=

OO0 -000
-

e ®e .

-

— g

)
)

£
28800

23&
(W]
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130

(e X Xg)

OO0

210

DO 130 1 = 1, NSAMPLES
X = VERT_VEL(I) - FINALLY
XX = HORI1Z_VEL(I) - FINALLV
YeoX o X o (1.0/FLOAT(NSAMPLES~1))
YY = XX o XX ¢ (1.0/FLOAT(NSAMPLES~1))
Wes W+ ((HORIZ_VEL(1)ee2)-(FINAL Uee2))
W e W + ((VERT_VEL(1)ee2)~(FINAL_Vee2)
W e UV + ((HORIZ_VEL(1)eVERT_VEL(1))~(FINAL_UsFINAL_V))
SUM_V = Y + SUM_V
SM_U = YY + SUM_U

W = W / FLOAT(NSAMPLES

VV = W / FLOAT(NSAMPLES

UV = UV / FLOAT(NSAMPLES

STD_DEV_V = SQRT é;l’:-:;

STD_DEV_U = SQRT
mlTE(‘.') . e

. ;’U dir’
'V dir’

Eliminat
2 6 & 00

IF (BLUE_GREEN.EQ.1)

THEN

mslg = FINAL_V
= FINAL Y

CALL REDUCE_DATA (NSAMPLES,COUNT, END ,MEAN,STD_OEV_U,STD_DEV_V,

WRITE (e.¢)'Velocities ond std devs =’
)’V dir’ , FINAL_U,STD_DEV_U
¢)'V dir’ FINAL_V,STD_DEV_V

‘Velocities ond std devs =’

,FINAL_U,.STD_DEV_U

,FINAL_V,STD_DEV_V

First cut RNS volun

L]
ato outside two sigma from meon
e & & 5 & & 5 8 6 ¢ & 5 5 0

BLUE_GREEN)
FINAL_U = MEAN lg
FINAL_V = MEAN(2
WRITE ”.ci'ﬁoducod velocities and std devs =’

WRITE (99.¢
WRITE (99,
ELSE

'V dir’

UEAN§2; = FINAL LV
= FINAL_YV

CALL REDUCE_DATA (NSAMPLES,COUNT, END,MEAN,STD_DEV_V,STD_DEV_U,
BLUE_GREEN)

FINAL_U = MEAN(2
FINALLV = mm

WRITE (99,
WRITE (99.¢
WRITE (99,

ENDIF

*® @ ¢ 5 & 5 & & 0 O

Calculiate RMS values

®» & & & ¢ 0 & 0 & O

OPEN(UNIT=43 FILE="VELOCITY .DAT' ,STATUS='OLD")

W = 0.00
0.00
( N
01 1,

823

'2552::2"
[ I |
SSEL

&2

W / FLOAT(END)

_GREEN.EQ.1) READ
+ uomz _VEL(1)ee2)=(FINAL_Use2
+ vm _VEL(1)ee2)-(FINAL_Vee2)
+ ((HORIZ_VEL(1)eVERT_VEL(1))-(FINAL_UeFINAL_V))

‘U dir’ FINAL_VU,STD_DEV_U
.FINAL_V,STD_DEV_V

ia ue_cneeu €0.0) READ§43 7§ vcnr_vu(n.mmz_v:%r)
VE HOR1Z_VEL(1).VERT_VEL

;)

43,7

‘Reduced velocities and std devse =’
‘U dir’ ,FINAL_V,STD_DEV_V
'V dir’ ,FINAL_V,STD_DEV_V

1)




vammwwrvvwww Rl s Jla? ahad ol B0 AlaP o fat ot he® Rat et e Hal _Raf_Saf il Sab Sk L AR F A AN P AR A s 2 -_s;v_w'_\."f

A
N
>y
' W « VW / FLOAT 00;
3 = UV / FLOAT(END

' RlTE e,0)
W WRITE(e,s) Reduced RMS values'

WRITE(e,¢) ' U-RMS,V-RMS' , WU, W

WRITE(s,e) 'Uv—RMS' UV
}_. WRITE(99.¢) 'URMS,V—RMS" WU, W
N WRITE(99,s) UV-RMS' UV
" WRITE (25.8) X_POSITION,Z_POSITION,FINAL_U,STO_DEV_U,FINAL_V,STD_DEV_V,
AN & W, VW,uv
A TALLY = TALLY + 1
“l c..‘........‘.‘O.......‘.‘.

c Options to view histogrom and toke data again

-. C o6 ¢ 006 ¢ ¢ ¢6 ¢ 06 06 8 ¢ ¢ 5068 ¢ 069 660660000
Y WRITE(e,e)"
. WRITE (e,¢) ‘Do you want o Histogram? (1/0)*
"y READ (e,e) MISTO
N IF (HISTO.EQ.1) CALL HISTOGRAM(COUNT,END,BLUE_GREEN)
[ WRITE (e.8)

READ (e.1) ANS
1IF (ANS.EQ.°n'.OR.ANS.EQ.°N’') GOTO 140

GOTO 100
- 140 CLOSE (25)
~ CLOSE(99)
\: C ¢ 6 06 6068 ¢ 8 086 06 8 ¢ 0 858068 83 9 8900 0¢e¢ 0
" c Convert output data into proper format for
N c “PLOTCV" Vector Plot of velocity profiles
N C o606 ¢ ¢ ¢ 06 0606 0 5 9 0606806 ¢80 9090 090

OPEN(UNIT=4S, FILE="FINAL.DAT' ,STATUS="0LD")
READ(45,14)

iy »

" OPEN(UNIT=48, F1LE="GRA.DAT' ,STATUS="NEW")

- WRITE(46.13) M,FREE_STREAM, ALPHA, TIME,11,16,10

. ZERO = 0.0

., DO 150 [=1, TALLY

S READ(45,11)X_LOC(1),Z_LOC(1),u(1),v(I),u_u(1),v_v(1),u_v(l)

v X_LOCE 1 ;-X_Lx( 1)+3.0
- Z_LOC(1)=(Z_LOC(1)+42.5)e.24

y U§;-U§;/FREESTREM
o FREE_STREAM
e u_u / FREE_STREAM
o v v 1 - V.V l / FREE_STREAM

& u_v(1) = u_v(1) / FREE_STREAM

* 150 mns(u.tzgl.x_l.oc(l) ,Z_L0C(1),u(1),V(1),ZERO.U_U(1).V_V(1),ZERO,
o & u_v(1),Z€ErRO

CLOSE 45;

. CLOSE(46

160  WRITE (¢.5)

- (o]

“ c Formot stotements |
O c
L 1 FORMAT (A1)

; 2 FORMAT (1X,'Scanivalve § *,12)

3 FORMAT (1X,'Port §°,12,3X, 'Average Voltage = F12.4, 63X,
& ‘Stondord Deviaotion =’ F12.4)

" 4 FORMAT (1X, 'Port ".12.3X.'Prouurc ' F12.4,' (psi)’.3X,

" & ‘Standard Deviation =' F12.4,' (psi)"*)

‘ s FORMAT (//1X,'This is the END!’ //)

j 6 FORMAT (/1X, 'Move taskmaster again and toke dato? (y/n) [DEF - Y]'/)
i 7 FORMAT (1X,2F11.4)

a] 8 FORMAT (1X,2fF7.2,F19.2,F8.2,F10.2,F8.2,1P3E12.4)

9 9 FORMAT (11)

< 11 FORMAY(1X,2F7.2,F10.2,8X,F10.2,8X,1P3E12.4)

Y 12 FORMAT(1X,13,1P10E12.4)

' 13 FORMAT(1X, 'GRA.DAT, MACH NO = ' F4.2,', FREE STREAM VELOCITY = ' F5.1,
ol & ', ALPHA = ’ F4.1,/1X, 'Septenber 9, 1987° ,4x. i4," hre.’

& //4%, 'NPROF  NSAMPL NCOEF' /7 ,12,6X.12,6X,12/1X,* 1D X-POS°,

4§ [ ' Z-POS v v w ue2',
19 & i ve2 we2 w uw’)

]
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14 FORMAT(//)

16 FORMAT(6X,'x*,6X,"2°'.12X,°u’ , 17X, v’ 11X, 'u12",9X, 'vt2’' 10X, ‘'uv’) -
STOP .
c -
c Scanivalve Error Stotements | P
c y
170 IF(HOME) THEN N
WRITE (¢,¢)’'Problem in homing Scanivaives’ N
ELSE -~
WRITE (=,¢)'Problem in stepping Scanivalves’ ~
ENDIF
IF lER.EQ.Z; WRITE 0,02‘00(0 transfer failed in J—Board’
IF (IER.EGC.3) WRITE (o,9)'Foilure in detaching J-Boord’
IF (MOME) GOTO 10 3
GOTO 20 "
END -
<&
-
.
n
'I.
K
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SUBROUTINE SETUP(CLK_ID,DEV._10,RATE NCHANL NPT NPTS)

Subroutine written by Maj Richard R Ryles, NPS Student, 13 Moy 87
Updated 15 Jul 87

This subroutine is intended to attach the internal clock and A-D board
to the main prograom and allow them to de used for data ocquisition.

This subroutine should be used with subroutines GETDATA, DETACH

INCLUDE 'SYSSLIBRARY:L{IOSET.FOR’ .

Declare local variabies

OO0 O0O000O0OO0OO0

CHARACTER+4 CLX_DEV

CHARACTERe ! ANS

INTEGER SYS_STAT {Status ret by LIO calls
INTEGER DEV_ID.CLK_ID 'LIO device 1D

INTEGER NCHAN 'Channel §

INTEGER NPT NPTS

REAL RATE, TIME

Input desired clock and somplie parometers

OO0

WRITE(e,1)
READ (s, 2 )NCHANL
10 WRITE(e.3)

READ( e, ¢)RATE

IF(RATE.GT.600.00) THEN
WRITE(e,4)
GOTO 19

ELSE
IF(RATE.LT.9.01)WRITE(s.5)
IF(RATE.LT.9.01)GOTO 10

ENDIF

20 WRITE(+.6)

READ(+,7) NPT

IF(NPT.GT.5000) THEN
WRITE(+.8)
GOTO 20

ELSE
TF(NPT.LE.@)WRITE(+,9)
IF(NPT .LE.@)GOTO 20

ENDIF

NPT = NPT + 1

TIME = FLOAT(NPT-1)/RATE

WRITE(e,11)TIME.TIME/60.

NPTS = 2 o NPT

CLK_DEV = 'KZA®’

WRITE(e,12)

READ( ¢, 13)ANS

IF (ANS.EQ.'y' .OR.ANS.EQ.'Y') THEN
WRITE(s.14)
READ(s.15)CLK_DEV

ENDIF

Attoch the KWV11-C Clock ond set up for mapped 1/0 |

OO0

SYS_STAT = LIOSATTACH (CLK_ID, CLK_DEV, LIOSK_MAP)
1F(.NOT. SYS_STAT) CALL LIBSSIGNAL(XVAL(SYS_STAT))
SYS_STAT = LIO$SET_R (CLK_ID. LIOSK_CLK_RATE, 1,RATE)
IF( NOT. SYS_STAT) CALL LIBSSIGNAL(XVAL(SYS_STAT))
SYS_STAT = LIOSSET_] (CLK_ID. LIOSK_TRIG, 1, LIOSK_IMMEDIATE) .o
IF{ NOT SYS_STAT) CALL LIBS$SIGNAL(XVAL(SYS_STAT))

Attach the ADV11-D and set up for mapped [/0 |

OO0

SYS_STAT = LIOSATTACH (DEV_ID. 'AZA@', LIOSK_MAP)
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IF(.NOT. SYS_STAT) CALL LIBSSIGMAL(XVAL(SYS_STAT))

c
C Set up the ADV for synchronous transfer
c Set channei (nchanl)
(o8 Gain of 1 |
c Trigger on LIOSREAD and fill buffer os fast as possible |
c
- SYS_STAT = LIOSSET_1 (DEV_I0, LIOSK_AD_CHAN, 1 ,NCHANL,)
IF(.NOT. SYS_STAT) CALL LIBSSIGNAL(XVAL(SYS_STAT))
SYS_STAT « LIO$SET_I (DEV_ID, LIOSK_AD_GAIN, 1, 1)
IF(.NOT. SYS_STAT) CALL LIB$SIGNAL(XVAL(SYS_STAT))
SYS_STAT = LIO$SET_! (DEV_ID, LIOSK_TRIG,2,LIO$K_CLK_POINT CLK_ID)
IF(.NOT. SYS_STAT) CALL LIBSSIGNAL(XVAL(SYS_STAT))
c
c Format Statements |
C
1 FORMAT(1x, "Enter channel number to sample: (8,1,8,9))
2 FORMAT (12)
3 FORMAT(/1x, ' Input desired Clock Rate (600 Hz — .01 Hz):'/)
4 FORMAT(1x,'Following directions! Input too high.'//20x.'Try again'/)
5 FORMAT(1x, Too low! Lots of time on your hands?'//20x,'Try again'/)
6 FORMAT(/1x,'No. of data points: (any number iess thon 5,001)'/)
7 FORMAT (14) -
8 FORMAT(/1x, 'Hey! Follow directions! Too high. Try again!'/) o
9 FORMAT(/1x, 'Hey! Last input is nonsense! Try again!‘/) DA
11 FORMAT(/1x, 'The approximate run time for each port will be *,f6.1, .-
. & * seconds (or ',f5.2,' minutes)'/) o
12 FORMAT(/1x. Do you wont to change the Clock Device Name from [KZA®]?', o
: * (y/n) {OEF - no)"/) -
13 FORMAT (A1) _
14 FORMAT(1x, 'Enter Clock Device Name: (KZA®,KZB®)') o
15 FORMAT (A4) .
c ‘j-
RETURN ~

END

L4 .I.,

IR




SUBROUT INE GETDATA(DEV_ID,NPT ,NPTS, VOLTAGES)

T T N N W W W W L W N W T T A VAT TN YL,

C
c Subroutine written by Maj Richard R Ryies, NPS Student, 28 Apr 87
C Update 15 Jul 87
C
C This subroutine is intended to acquire the dato from the A-D board
c with the specified parameters from subroutine SETUP. [t also will
c translate the A-D data into voltages to be converted to physical
(o quantities in the main program.
c
C This subroutine should be used with subroutines SETUP DETACH,OUTPUTD
c
INCLUDE "SYSSLIBRARY:LIOSET.FOR®
c
c Deciore local variables
c
INTEGER SYS_STAY !Status ret by LIO calls
INTEGER DEV_ID tL10 device ID
INTEGER DATA_LENGTH 'Number of bytes of dota read
INTEGER NPT NPTS INumber of points to sample
c
c Declore dota buffers |
c
INTEGERs2 RAW_DATA(5000) 15000 point row dota buffer
REAL VOLTAGES (5000) 1500@ voltages output
o
C Get o raw_doto buffer of 'npt’' values |
c Uses LIOSREAD to reod the A/D |
c Note length of buffer is in bytes |
c As is the returned doto length |
c
SYS_STAT = LIOSREAD(DEV_ID, RAW_DATA, NPTS, DATA_LENGTH, ;
IF(.NOT. SYS_STAT) CALL LIB$SIGNAL(XVAL(SYS_STAT)
c
c Convert the row data to voltoges using LSPSFORMAT_TRANSLATE_ADC |
c
CALL LSPSFORMAT_TRANSLATE_ADC(RAW_DATA, VOLTAGES, NPT, ., , )
o
RETURN

END




SUBROUT INE DETACH(CLK_1D.DEV_ID)

Subroutine written by Moj Richard R Ryles, NPS Student 28 Apr 87
Update 168 jun 87

This subroutine shouid be used with subroutine SETUP

This subroutine is intended to detach the internal clock and A-D board
from the main program and aliow them to be used for others application.

OOOOO0O0OOO0

INCLUDE ‘SYS$LIBRARY LIOSET FOR®
C......ll..l.'...‘.I“l...I‘l‘......0'.l.Olll".."“....t..l..‘......-
C Deciare local voriabies
c...........C‘.....‘..‘.....‘...O..O.l‘I‘.........l..‘.....l.........‘.

INTEGER SYS_STAT tStatus ret by LIO calls

INTEGER DEV_ID.CLK_ID L]0 device ID
C.......‘.l......l......-.l..l..l........."..‘.'..'..l‘....‘..........
C Detach from the Clock
C‘.O........l..'........I....l..l‘...‘....'.......O".....‘.O‘.........

SYS_STAT = LIO$DETACH (CLK_ID,)

IF( NOT. SYS_STAT) CALL LIB$SIGNAL(XVAL(SYS_STAT))
CO‘t..t-‘O.‘..O‘0.00000000000000UOOOOI.'.‘.ll..l...........‘.'.........
C Detach from the A/D
C..l........‘.............C.l‘.I...‘....C.‘......"'.....‘......‘..O...

SYS_STAT = LIOSDETACH(DEV_I1D, )

[F( . NOT. SYS_STAT) CALL LIBS$SIGNAL(XVAL(SYS_STAT))

WRITE(e,1)

1 FORMAT(/1x, 'Both clock and A-D device are detached'/)
RETURN
END
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SUBROUT INE OUTPUTD(RATE NPT ,NCHANL , AMEAN /STD_DEV, J, YOLTAGES)

Subroutine written by Moj Richord R Ryles, NPS Student 28 Apr 87
Update 24 Jui 87

[
|
This subroutine is intended to output diagnostic results to o file. |
|
|

This subroutine should be used with subroutine SETUP, DETACH., GETDATA

Deciare local variables |

[eXeXeXsXeXeXeXeXsXn]

INTEGER  NCHANL IChonne! §

INTEGER J !General loop indexes
INTEGER NPT 'Number of points
REAL 8 AMEAN ,STD_DEV

REAL RATE,VOLTAGES(S5eee)

Output datc to a file |

OGO

OPEN(UNIT = 10, FILE = 'SCANIDIAG.DAT', STATUS = ‘NEW')
WRITE{19,1) J, RATE, NPT-1, NCHANI, AMEAN, STD_DEV
1 FORMAT(/1x,'Scanivalve §',i3/1x, 'Clock Raote =',f6.1,5x, 'Data Points"’
& ‘Sompled =',i4/1x, 'Chonne!’' , Sx, ‘Mean’', 4x, 'Standard Deviation'/
L 3x,i3.2112.4/)
WRITE(1@,¢) 'Scanivalve §'.,J
DO 20 I[=1 NPT
20 WRITE(1@,¢) " I=",[,VOLTAGES(I])
CLOSE(10)
RETURN
END

-
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c

SUBROUT INE HWWA (NSAMPLES  ANSWER , BLUE_GREEN)
c
C PURPOSE -

OO0 DOODDO0OOOO00O0

Drives the acquisition of the LDV data

ERROR HANOL ING

1ER = 1 meons no “"fata!" error.

EXTERNAL REFERENCES

NAME DESCRIPTION AND SOURCE

DVWA Calls DRVI1—WA device driver to aocquire A/D dota.

DEVELOPMENT HISTORY :

DATE INITIALS DESCRIPTION
87/26/83 T™L Adapted from DAPNT

12/12/8% CLH Modified to print results in either

octal or integer.
02/25/87 GBG Modified for use with DRVI1-WA and WS
05/06/87 CLH Modified to accept "new"” DAMUX1.
06/08/87 RRR Modified to subroutine + deleted CLH 5/87 Mod
07/15/87 RRR Modified to colculate velocities + optimized

for speed of execution
07/24/87 RRR Modified to view Histogrom

28/29/87 RRR

Modified to occept colibraotion constant

C AUTHOR(S): Ted Lichtenstein, Informotics General Corp.

C—.-.......‘.....‘............‘..................‘.......‘.‘.O.....‘..‘.

c
c

O0OO0O0O0O O O O

C o o

C

100
.

200

IMPLICIT NONE

PARAMETER NRAWMX=80000

PARAMETER LUNT [=5

PARAMETER LUNOUT=6

INTEGERe®2 IRAWDT (NRAWMX )

INTEGER«2 TYRAWDT (NRAWMX ) , 1 2RAWDT (NRAWMX )

INTEGER 1ER.HISTO,Nf r ,ONE , TWO

INTEGER IYESNO, NRAWIN, 1. BLUE_GREEN

INTEGER NCHANS ., NSAMPLES, INDEX. JNOEX

INTEGER NS, ANSWER , COUNT , END

REAL T IME (NRAWMX ) , FREQ(NRAWMX ) , VELOC (NRAWMX ) , 1 SRAWDT (NRAWMX )

REAL MIX(2).GAM(2),DEL(2).KAP(2),D(2).1(2) .MEAN(2) FREQUENCY(2.8001)
REAL FREQONE , FREQTWO , FRE (NRAWMX ) , FREQ1_AVE , FREQ2_AVE , CAL_CONST(2)
LOGICAL DATSELCT (3)

CHARACTERs 19 DIRECTION

CHARACTERs 1 ANS

DATA MIX(1) .MIX(2) / -1.E~-6,-1.E-6/
INCLUDE ' ($SYSSRVNAM) ’

CONTINUE

® ® & & & & & & & 5 & & & & & 8 ¢ & s & 9 ¢ 0
Fill the rgw dato buffer with this bit pattern:
"19010101010101010"

This equals 125252(8), -21846(10).

DO 200 1 = 1, NRAMMX
IRAWDT(1) = *125252°0
11RAWDT(1) = '@00000° o
12RAWDT (1) = '000000 o
13RAWDT (1) = 2.0

CONT INUE

® ® ® ® & ¢ & S & 9 6 & * & 5 ¢ & & O 8 & o 0
Input number of samples to be ocquired

C.‘........‘Q.‘..'.....“..

ffd‘w’-l‘ o

u LI %
-,-\-,.,\\.\.-\J‘.‘-fx{--f-r-r--a.r.-.r.r. >
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NCHANS = 4
300 WRITE (LUNTI, 1)
10 FORMAT (' Enter number of sompies:')
READ (LUNTI, o) NSAMPLES
NRAWIN = NSAMPLES e NCHANS
IF (NRAWIN .GT. 32767 .OR. NRAWIN .LE. @) THEN
WRITE (LUNTI, 20)
20 FORMAT (° The number of sampies ¢ number of channels must be 32,767'
& * or less.')
GO TO 300
END IF
® & & ¢ & 6 & 0 & & & 6 & O & & & % ¢ ¢ 5 ¢ P90
Set uyp the LDV parameters prior to acquisition
® 5 ¢ &5 6 ¢ & & ¢ O ¢ & ¢ 5 S 5 & & 0 ¢ s @ & O 0o
IF(BLUE_GREEN.EQ. 1) THEN '
GAM(1) = @. 488 ]
GAM(2) = ©.5145
1F(CAL_CONST(1) .EQ.1.) THEN
WRITE(»,¢) Enter Blue colibration constant’
READ(s,s) CAL_CONST(1)
ENDIF
IF(CAL_CONST(2) EQ.1.) THEN ;
WRITE(s,¢) Enter Green calibration constant’ ]
READ(e,s) CAL_CONST(2) ]
ENDIF
ELSE
GAM(1) = @.5145
GAM(2) = 0.488
IF(CAL_CONST(1).€Q.1.) THEN
WRITE(s,¢)’Enter Green calibration constant’
READ(s,¢) CAL_CONST(1)
ENDIF
IF(CAL_CONST(2) .EQ.1.) THEN
WRITE(e,¢) Enter Blue calibration constant’ ;
READ(s,¢) CAL_CONST(2) ]
ENDIF
ENDIF
IF(MIX(1).LT.8.@) THEN . ),
1F(BLUE_GREEN . EQ.1)WRITE(e,») ' Input BLUE mixing frequency (MHZ)'
1F(BLUE_GREEN .EQ.O)WRITE(e, ) ' Input GREEN mixing frequency (MHz)® .
READ(#.s) MIX(1)
ENDIF
IF(MIX(2) LT © @) THEN
IF(BLUE_GREEN.EQ.1)WRITE(s,) ' Input GREEN mixing frequency (MHz)’
IF(BLUE_GREEN.EQ.Q)WRITE(e, +) Input BLUE mixing frequency (MHZ)"
READ(e,*) MIX(2)
ENDIF
[F(ANSWER E£Q.@) THEN .
WRITE(s.»)'Do you wont probe volume specificotions? (y/n)’ '
READ(e. ' (a)') ANS :
IF(ANS EQ "Y' OR.ANS.EQ.'y') ANSWER = 1
ENDIF
WRITE(e,0)"’

F-Tw e k¥ NESNE YV S 4 6 F F T EEEET T-"e 8 s § RV 8V -8V VL TaTeTaTe EERY v = ¥ TV,
(s NeXe]
.
.

v w

v w

Select the doto to be returned.

OO0

DATSELCT (1) = FALSE.

DATSELCT (2) = FALSE.

DATSELCT (3) = TRUE.

& & @ o 6 ¢ ¢ 6 O © & 5 T & ¢ 5 6 5 S & " S S

LDV Dato Acquisition

e & & & & 5 & 6 6 & B O % & & & & 0 6 4 & s 0 ¢ 0 *

ONE = 1 Ty

TWO = 2

OPEN(UNIT=5 FILE='VELOCITY.DAT’ ,STATUS='NEW') y

DO INDEX = 1, NSAMPLES g
CALL DAMUX (NCHANS, ONE, DATSELCT, , . IRAWDY, IER) N .
IF(IER .NE. 1) WRITE(e,e)' IER in DAMUX =' [ER

o8 3 _&_a&

OO0
-
3
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C.......‘.‘.......'...."‘.".

(o Conversion to Frequency
C“......".“...‘....‘......
DO =1, 2
IRAWDT (1) = INOT(IRAWDT(1))
I3RAWDT(I) = 0.0
' [2RAWDT (1) = @
I1RANDT§X) =9
[TRAWDT(1) = IIBITS(IRAWDT(1),10,4)
[2RAWDT (1) = JIBITS(IRAWDT(1),0,10)
[3RAWDT(1) = (2.¢s[1RAWDT(I)) ¢( fioat(I2RAWDT(1)))

TIME(1) = I3RAWDT(I)/32.
FREQ(I) = 1000./TIME(])
END DO
FREQUENCY (1, INDEX) = rnsom;
FREQUENCY (2. INDEX) = FREQ(2

c.................‘...‘.‘....
Cc Convert frequency dato to velocities
C..........U....‘....‘.......
CALL VELOCITY (FREQ,VELOC,TWO MIX, ANSWER,GAM, DEL,KAP D, | Nfr CAL_CONST)
WRITE(S5.3@) VELOC(1),VELOC(2)
e FORMAT(1X,2F11.4)
END DO
CLOSE(S)
C........‘.‘.....“...‘.........."...l
C Calculote average counter frequency and print to sceen for diagnostics
C s o 8 8 8 ¢ ¢ 8 8 8 3 ¢ 8 8 ¢ 8 8 ¢ ¢ 5 ¢ 8 0 35 ¢ 85 ¢ 5 % 8 86 8 06 8 083 ¢ o .
FREQONE = 0.9 .
FREQTWO = 0.0 H
DO 34 [ = 1 NSAMPLES X
FREQONE = FREQONE + FREQUENCY(1.1) .
34 FREQTWO = FREQTWO + FREQUENCY(2,1) .
FREQ1_AVE = FREQONE/FLOAT(NSAMPLES)
FREQ2_AVE = FREQTWO/FLOAT(NSAMPLES) .
WRITE(e, ¢)" .
WRITE(e, e, iverage counter frequency § 1 =' FREQ1_AVE .
WRITE(e,e¢) 'Average counter frequency § 2 =' FREQ2_AVE .
C.‘........“...‘.....l....‘l..
[ Write Probe Volume dimensions and paraometers to g file s
C.......‘...'.....“......‘..‘. .
I F (ANSWER . EQ. 1) THEN Q\
OPEN(UNIT=15 FILE='Probe.dat’' ,STATUS="'NEW') N
WRITE(15,¢) 'Probe Volume Data’ :
WRITE(15,¢)" '
& ' .
DO 40 | = 1,2
IF(BLUE_GREEN.EQ.1) DIRECTION = 'Horizonto! Velocity’ -
1F(BLUE_GREEN.EQ.@) DIRECTION = ‘Verticae! Velocity ~.f_
IF(1.EQ.2) THEN A
IF(BLUE_GREEN.EQ.1) OIRECTION = 'Vertical Velocity "
IF(BLUE_GREEN.EQ.@) DIRECTION = ‘'Horizontal Velocity’ iy
ENDIF X
WRITE(15,1)GAM(1) .DIRECTION,DEL(1).XKAP(1),D(1).1(1)es. 001 Nfr :'
1 FORMAT(/1X, 'Wovelength of light <microns> = ' {7 4. ° (Mecsuring ',
& 619,')'//1x, Fringe Spacing <microns> = ' ,18.2//1x, 'Lens
& ‘ angie <deg> =',f7.2//1x, 'Probe voiume diameter <microns> = '
& £10.5//1x, 'Length of measuring volume <wvmn> = ', 119.4//1x,
& Number of Fringes =' i3/)
WRITE(15.¢)"
& . ,
40 CONT INUE
CLOSE(15S)
ENDIF
C ® & ® ® ¢ ¢ & & & 5 @ % & & & & & & ¢ B & 3 & 6 & ¢ ¢ & & O 4 & & v S s s 000
C Option to print o histogram of velocity doto on screen for diagnostics
C.O.....".“...‘l........"....l‘..‘...
WRITE(s,o)"

WRITE(e,¢)’'Do you wont o Histogrom? (1/0)"
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READ(e,s) HISTO

END = NSAMPLES

IF(HISTO.EQ. 1)CALL HISTOGRAM(COUNT , END,BLUE_GREEN)
* & & ¢ ¢ & & & & 9 5 & & 8 O B 6 O O & 0 0 s v O
Again?

® & & 9 & 6 & 5 5 & * & ¢ & 6 O ¢ ¢ & 8 0 5 s D
WRITE(LUNTI )" °

WRITE (LUNTI,s) ‘Acquire LDV Dato again? (@=NO, 1=YES)
READ (LUNTI, ) IYESNO

WRITE(e o)’

IF ( IYESNO.EQ.1 ) GO TO 100

SO

e N o T T
leXe Xs)
L ] [ ]
[ ] [ ]

P

RETURN
END
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WTINE VELOCITY(FREQ, VELOC N, MIX , ANSWER , GAM ,DEL ,KAP ,Dm. | .Nf ¢,
CAL_CONST)

Subroutine written by Ma) Richord R Ryles, NPS Student, 9 Jun 87
Last Updote 29 Aug 87

|
|
This subroutine was written to convert the LDV row dotao from frequency |
to velocities. |

f

REAL  THETA GAMMA ,DELTA,d.f . E . KAPPA Dsubm, im,De, FREQ(N) VELOC(N),GAM(2)
REAL  SKIFT,.MIX(2),0EL(2).CAL_CONST(2) .KAP(2).Dm(2).1(2)
INTEGER [ANS, ANSWER Nfr
IF(CAL_CONST(1§.E0.0‘O) CAL_CONST(1) = 1 @
IF(CAL_CONST(2) .EQ.9.8) CAL_CONST(2) = 1.0
Pl = ASIN(1.0)e2.
d= 13, ! Beam spacing (mm)
{ = 600. ! Focal length of traonsmitting lens (mm)
]
1

E= 1. ! Beam expansion raotio

KAPPA = ATAND(Eed/2./f) Lens angle (degq)

DO S 1 = 1.2
GAMMA = GAM(I) ! Wave'!ength of Laser (microns)
DELTA = CAL_CONST(1) » GAMMA / (2.¢SIND(KAPPA)) ! Fringe spacing
De = 1.1 ! Diometer of the incident igser beam (mm)

Dsubm = (4. ¢GAMMA«f/(PleDe¢E)) ! Probe volume diometer (microns)
Im = Dsubm / TAND(KAPPA) ! Probe volume length (microns)
Nfr = 1.27 « d / De ! Number of fringes
DEL(1) = DELTA ! Variables passed to output file
KAP(1) = KAPPA ' “ " " “ "
Om(1) = Dsubm !
1(1) = tm !
SHIFT = 4.0
FREQ(1) = FREQ(1) - SHIFT + MIX(1)
VELOC(i) = DELTA o FREQ(i)
RETURN
ENO

" " " " "

" " n " "

= Brogg shift (MHz)

MIX = Mixing freq (MHZ)

FREQ = Adjusted Doppier Freq
(MHz)
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0
3
u
a c SUBROUTINE HISTOGRAM(COUNTER. END ,BLUE_GREEN)
A c Subroutine written by Maoj Richard R Ryles, NPS Student, 18 Jun 87
tc: Updote 29 Aug 87
\ c This subroutine is intended to create two histogroms of velocity
-:a c dato from o two component LDV.
N4 Cc
Yoo c
4 CHARACTERe 4 STRING
>, CHARACTER#22 LABELX ! variables for the oxis
oD CHARACTERe 17 LABELY ! lables
CHARACTER#29 LABELM
INTEGER STATUS, I, ISHADE ., COUNTER, END
> INTEGER N(3).BLUE_GREEN
Ly REAL XCONTROL Cg.XMlN.XHAx
REAL YCONTROL(4) ,COUNT(8)
REAL xXLOW(8)
REAL XHIGH(8)
REAL Y(8).VELOCITY(8200,2),X(8200)
Cc
N(1) = 1 | number of doto points
N(2) = 1 ! number of columns of dato
N(3) = 1 ! number of rows of date
C ® 06 06060606 09 0 ¢ ¢ 060 ¢ 0 010
c Read Velocity Data File
C ¢ ¢ s 0606 06 5 06 ¢ 06 0 ¢ 0 0 0 9 ¢
OPEN(UNIT=S FILE="VELOCITY .DAT' ,STATUS="0OLD")
IF(BLUE_GREEN.EQ. 1) THEN
DO 10 ] = 1, END
10 READ(S5,1) VELOCITY(I.1),VELOCITY(!,2)
ELSE
DO 20 I=1,END s
20 READ(S,1) VELOCITY(1,2),VELOCITY(I.1)
ENDIF
C ¢ ¢ o 6006 06806 069 060609 0 ¢
Cc Find the Min and Max volues
C o ¢ s 060606 060606 0 00695 ¢ 908 s
CLOSE(S)
DO B8O JV =1,2
DO 30 K = 1,end
30 X(K) = VELOCITY (K,J)
XMIN = 19000.0
XMAX = -1000.0
DO 40 | = 1,0nd
1r§xuln.cr.x§1; XMIN = xgl;
49 TF(0MAX. LT.X(1 XA = x(1
C e ¢ 68 ¢ 0 000 06060 0 0 0 0 0 1
(o} Initialize X-Axis controls
C e o 8 ¢ 066 0 ¢ 0 0 0 08 ¢ 0 0 00
XCONTROL(1) = 5.5 ! length of x—axis, in inches
XCONTROL(2) = XMIN ! left most value on x-axis
XCONTROL(3) = XMAX ! right most value on x—oxis
XCONTROL(4) = (XMAX-XMIN)/8. ! increment of plotted points
C o ¢ o060 ¢ 0 606 8 8 0 0 06 0 0 0 »
c Find y data from somple array
C o ¢ ¢ 006 0 068 ¢ 0% 9 0 8 0 ¢ 30
DO Se I = 1.8
Y(l) = 0.0
XLOW(I) = XMIN + FLOAT(I-1)eXCONTROL(4)
IF(1.EQ.8)THEN
XHIGH(8) = XIMAX
ELSE
XHIGH(I)= XMIN + FLOAT(1)sXCONTROL(4)
ENDIF
50 COUNT(I) = XMIN + FLOAT(1)eXCONTROL(4)
c .

XTOTAL = 0.0
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o000

OO0

[¢XgXe]

OO0

8@
90

DO 60 | = 1,0nd
XTOTAL = X(I) + XTOTAL

1IF(X(1).GE.DXMIN.AND . X(1).LT.COUNT(1)) Y(1) = Y(1) + 1.0

IF(X(1).GE.COUNT(1) . AND.X(1).LT.COUNT(2)) Y(2) = Y(2) + 1.0
IF(X(1).GE.COUNT(2) .AND.X{(1).LT.COUNT(3 Y(3) = Y(3) + 1.0
TF(X(1).GE.COUNT(3) .AND.X(1).LT.COUNT(4)) Y(4) = Y(4) + 1.0
IF(X(1).GE.COUNT(4) AND.X(1).LT.COUNT(S5)) Y(5) = Y(3) + 1.0
IF(X(1).GE.COUNT(S) .AND.X(1).LT.COUNT(8)) Y(8) « Y(8) + 1.0
IF(X(1).GE.COUNT(6) AND.X(I).LT.COUNT(7)) Y(7) = Y(7) + 1.0
1F(X(I).GE.COUNT(7) .AND.X(1).LT.COUNT(8)) Y(8) = Y(8) + 1.0
IF(X(1).GE.COUNT(8) .AND.X(1).LT.XMAX) Y(8) = Y(8) + 1.0

YXMEAN = XTOTAL/FLOAT(EM))

YMAX » 8.0
DO 70 | = 1.8
Y(1) = Y(1)/FLOAT(END)
IF(YMAX.LE.Y(I))YMAX = Y(I)
Y(I) = 100. « Y(I)
WRITE(e,2)YMAX100. , XMEAN
Initiglize Y oxis controls

LJ
YCGJT&OL§1 = 4.5 | height of graph in inches
YCONTROL(2) = 0.0 ! lower boundary value
YCQ‘TROL%J = YMAXs®120. ! upper boundary value
YCONTROL(4) = 5.0 | increment of plotted points

Histogram labelis
® & & & & % 5 0 0 & & & s 9 0

LABELX = '  VELOCITIES (mps) ' ! x-gxis label
IF(COUNTER.GT .@)LABELX = 'FINAL VELOCITIES (mps)’ ! x-axis label
LABELY = 'PERCENTAGE OF PTS' ! y~oxis |aobel
LABELM = 'HORIZONTAL VELOCITY HISTOGRAM® ! upper lobe!
IF(J.EQ.2) LABELM = * VERTICAL VELOCITY HISTOGRAM'
STRING = ' IXSY' ! mode string
ISHADE = 2 ! fitling of graph

e & & & & & 6 & 5 0 ¢ & o3 S O O 0
Set up coordinate system with values
® & & 6 & 8 & & 9 O & & & 8 O O O 0 ¢
IF (XMIN.GE . XMAX)GOTO 90
CALL LGPSPLOT(1,STRING, .0, N, LABELX, LABELY ,STATUS, .,
XCONTROL . YCWTROL. .LABELM)
IF (STATUS .NE. LGP$_SUCCESS) THEN
CALL LIBSSIGNAL(XVAL(STATUS))
ENDIF
e & 0 0 ¢ 0 ¢ & ¢ 5 O O 8 9 0 0
Call routine and plot histogram
® & & & & 9 ¢ & ¢ & 0 O 0 s 0 s
CALL LGPSHIST(1,XLOW,XHIGH,Y ,8,STATUS, , ISHADE)
[F (STATUS .NE. LGP$_SUCCESS) THEN
CALL LIB$SIGNAL(XVAL(STATUS))
ENDIF
PAUSE 'Waiting for viewing/printing Histogrom; Type CONT when finished®
CALL LGPSTEEAINATE_PLOT(‘I’ ! terminate plotting
CONT INUE
RETURN
NRITE}O.-)'
WRITE(#,#) 000 No MHistogrom creoted: xmind>mxhigh eee’
GOTO 80

C e 06 8 0 ¢ 060606 06 s 06068 0 00 900

c

Formats

C e 060 ¢ 0608 0606060606669 ¢ 00000

1
2

romnétx,zfn.A)

FORMAY /1X.;IAXINI.M PERCENTAGE OF SECTORS = ‘' ,F6.1//1X, SAMPLE MEAN = °,
: F9.2

END
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SUBROUT INE REDUCE_DATA(NSAMP ,COUNTER, END ,MEAN, SfD;DE\M .STO_DEV2,
& BLUE_GREEN)

Subroutine written by Maj Richard R Ryles, NPS Student, 12 Aug 87
Updote 29 Auq 87

This subroutine is excludes all veiocity dato from the LDV thot fall
outside two standard deviations from the mean.

OO0OOOO0

[eNeXe]

OO0 WN OO0
®®

5@

55

60
C o o
c
C o o

% P PR
OO

REALe8 STD_DEV?,STD_DEV2,NEW_STD(2),TOTAL(2).SWM(2).X.Y
REAL VELOC(2,10000) ,MEAN(2),UP,DOWN, TOLERANCE
REAL NEW(2).VELO(2,20000)
INTEGER NSAMP ,COUNT(2).TOT,END,BLUE_GREEN
® & 8 & & 8 & & ¢ % & & & ¢ S 6 & B & O " S S G SN0
Read velocity data from fiie
® & 5 ® 5 B & & & % & & & & F & B & & B & & & & ¢ & 8 9
OPEN(UN]T=3 FILE='VELOCITY.DAT' STATUS='OLD")
DO 180 1 = 1 NSAMP
READ(3.1)VELOC(1,1) VELOC(2,1)
CLOSE(3)
¢ & & 5 & 8 S 5 & & & &6 ¢ ¢ S & ¢ 5 ¢ 5 3 5 & O & = 8 s * s
Calculate ronge of occeptable values i.e. all veiocity
data that falls within two stondard deviations of the mean
e & & & & ¢ & @ ¢ * 8 O 6 5 O 5 & 5 S st B O " "6 o0
DO 30 J = 1,2
IF(J.EQ.1)THEN
TOLERANCE = STD_DEV1e2.
UP = MEAN(1) + TOLERANCE
DOWN = MEAN(1) - TOLERANCE
ENDIF
IF(J.E£Q.2)THEN
TOLERANCE = STD_DEV2e2.
UP = MEAN(2) + TOLERANCE
DOWN = MEAN(2) - TOLERANCE
ENDIF
® & & @& ¢ ¢ & & % ¢ & & ¢ 0 & & & 5 ¢ % ¢ ¢ & % ¢ & v SO
Flag each point outside of two standord deviations
* & 6 8 @ 8 & % & & & % & & 6 ¢ 5 G ¥ & & 5 B O T ® B O
DO 20 I = 1, NSAMP
IF(VELOC(J.,1).LT.DOWN.OR.VELOC(J,1).GT . UP)VELOC(V,])=1000.0
CONT INUE
¢ & ® % 9 & © % & & % & ¢ ® & & 5 & 5 & % ¢ & ¢ ¢ S ¢ GG
Calcuigte new mean and staondord deviations
e & ® @ O & 5 % ¢ & 6 5 & 5 S 0 S P 5 % ¢ & & O & 3 T OO
DO 68 J = 1,2
TOTAL(J) = 8.00
COUNT(J) = @
SUM(J) = ©.D0®
DO 50 | = 1,NSAMP
IF(VELOC(1.1).NE.1900.0.AND VELOC(2,1) .NE.1000.0) THEN
TOTAL(J) = TOTAL(J) + VELOC(J.I)
COUNT(J) = COUNT(J) + 1
ENDIF
CONT INUE
IF(COUNT(J).EQ.Q) COUNT(J) = 1
NEW(J) = TOTAL(J)/FLOAT(COUNT(J))
DO 55 K = 1 ,NSAMP
IF(VELOC(1.K).NE.1000.0 AND.VELOC(2,K) .NE. 1000 .0) THEN
X = VELOC(J,K) - NEW(J)
Y = XeXe(1./FLOAT(NSAMP-1))
SUM(J) = SUM(J) + Y
ENDIF
CONT INUE
NEW_STD(J) = SQRT(SUM(J))
CONT INUE
¢ % 5 & & 5 6 & & ¢ ¢ 8 £ S 6 & & O & 8 5 & & b O 0 0 s ¢

Output new values to screen
® @ ® ¢ ¢ & 0 6 5 & & 2 ¢ & 5 T & ¢ & O ¢ 5 O & * B % 0@
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WRITE(e,¢) 'New cleaned-up data’
IF(BLUE_GREEN.EQ. 1) THEN

WRITE(s,e)'U dir' ,NEW(1) NEW_STD(1)

WRITE(e, o)’V dir’ NEW(2) NEW_STD(2)
ELSE

WRITE(e,s)'U dir’ NEW(2) NEW_STD(2)

WRITE(e, #)'V dir’ NEW(1) ,NEW_STD(1)
ENDIF
MEAN(1) = NEW(1)
MEAN(2) = NEW(2)
STD_DEV1 = NEW_STD(1)
STO_DEV2 = NEW_STD(2)
e« O ¢ 9 & ¢ & ¢ & & ® 0 & & & & 5 ¢ O 5 & 6 % O O B O ¢ 0@
Write interim dato file containing just good data
e & ¢ & ® & & & & & & & & & P 0 5 P 8 s 6 6 & 0 O B 8 ¢ o0@®
OPEN(UNIT=S FILE="INTERIM.DAT' STATUS="'NEW')
DO 70 U = 1,2

DO 70 | = 1, NSAMP
IF(VELOC(1.1).NE.1000.0.AND.VELOC(2,1).NE.100@.2) THEN
WRITE(S.2)VELOC(J.1)

ENDIF
CONTINUE
CLOSE(S)
2 & & ¢ & & 5 9 5 % & 6 & & 5 ¢ ¢ % ¢ ¢ 4 ¢ 5 ¢ & 2 & 5
Write finol velocity daoto file for plotting
e & ¢ ¢ & & & &6 8 & ¢ & & % & ¢ & & & ¢ 5 & & ¢ & & b s
OPEN(UN{T=7 FILE='VELOCITY DAT' STATUS='NEW’)
OPEN(UNIT=9 FILE="INTERIM.DAT' ,STATUS='0OLD")
TOT = COUNT(1) + COUNT(2)
DO 8@ I =1, TOT

CIF(1.LE.COUNT(1))THEN
READ(9.2) VELO(1t.1)

LSE
READ(9.2) VELO(2.,1)

ENDIF
CONTINUE
CLOSE(9)
END = COUNT(1)
COUNTER = 1
DO te@ | = 1, END

WRITE(7.1) VELO(1,1),VELO(2,COUNT(1)+1)
CLOSE(7)
RETURN
® & © ¢ 6 ® & ¢ ¢ ¢ & & ¢ & =8 * ¢ % & & O & & ¢ ¢ O » ¢ @
Format staotements
® & ¢ @ 8 & & & 5 & & O 5 5 & % O & & ¢ ¢ & B O * O * ¢ 0
FORMAT (1X,2F11 . 4)
FORMAT(1X,F11.4)
END
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