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Summary

The present reportetails how the hefilm and related pressure data ameganized for the
hot-film test in the Low Turbulence Pressure TunMASA Langley Research Center, Augu$b96.
Data processing codes to access the data effa@ent and reliable manner adescribed, andimited
examples are given on how to access the database and store acquired information.

1. Database Guidelines

The database contains information obtained as part of e IHit Flow PhysicsExperiment 1, in
the Low Turbulence Pressure Tunnel (LTPT), NASA Langley Research Center in Hampton, Virginia,
in August 1996.In the project, the objective was twocument phgical properties of importance to
the performance of a two-dimensiortagh-lift configuration. The emphasis was on code validation
rather than configuration optimization. The experimenttoncerned pssure distributions and
transition locations(both discussed here) teupport the use of Reynolds edsmeasurements. In
NASA’s nomenclature, it is denoted LTPT Test 397. McDonnell Aircraft (MDA) usesnttation
LB546k.

Two accompanying Cdractor Reports exist: aiser's manual for the data acquisition system
[1,2] and a report with analysis of the data [3].

The information in the complete database is split into two main parts:
Pressure Database

The pressure database contamlb pressures andeference conditions measureatlring the
experiment. The database in the present ASCII formatroughly 10 MB in size. The present
document only ncludes the pressar information deemd necessary taassessthe transition
interpretation, and in the rest of tldecumentthe term databaseill generally refer to théot-film
database.

Hot-Film Database

The hot-film database contains the output from surface hot films used intrdhsition
documentation part of the experimiefihe databaseonsists of raw Ipiary hot-film data, along with
processed ASCII dat&s describedater, the“raw” hot-film data are bulkyapproximately 18 GB,
as compared to the pressure database of 10 MB.

For practical purposes, it is useful to proc#ss binary data to &evel where essentiatatistical
information has been processed andaisilable in ASCII files. A tywal 60-MB bhary datafile is
thus educed to &200-250 kBASCII file containing the mostessentialinformation. The present
database is comprised of the reduced ASCII files.

A set of computer codes (see Sectt) are available taccess the hary data and generate the
ASCII files. Additionally, documents describing the data, codes, and characteristics are available.



The following guidelines have been followed:

* All binary dataare available as reated and arerganized accordingo the chronology of
data acquisition.

 The database and tlaecesscodes are provided witinformation to guide the userhtrough
the setup conditions that use defavdiuesand checks of the inpuBy allowing the user to
override the default values, a meanschécking for erroror inaccuracies in the database is
provided.

» The codes operating on the primary (binary) data

a. are capable (exercising options) of adjustihg time tagging of the data to make
interpretation and sorting easier.

b. are NOT capable of adjusting ohanging ordeleting any data; angorrection is
performed in the MERGE code or later.

» The output files include information allowing the useridentify exactly what data wassed
(through record name) and to what extent (data set and number of samples).

* The codes, in mangasesallow the creation ofuser-inducedcorrelations, tine-shifts,and so

on, which are notonsidered part othe primary data and are neaved for use with any
subsequent code.

2. Database Organization

Figure 1 shows the organization of the ASCII database available on CD. Each rectangle is a folder.

The nine codes are auped in onefolder. They are executables on Macintosh, written in
FutureBasic. ThePROCESSINGcode provides aroverview of how the codes workogether. The
EXABYTEREAD code was used to read the GB of binary dataand output thestatisticalproperties
in an ASCII format, the files in the lHHF.ascii datahse folder. The coddPRESSUREREAD
processed the raw pressure data and produceiileben thefolder HL.PR.ascsifdatabase. Theode
MERGE created distributions of pressure coefficients and hot4iiatisticsfound in the merged
database. The 2 files in HF.Transition were created manually and are interpretation of the data.

The folder, HF.Codes, contains all access codes:

CONVECT Used to process ouytut crosscorrelation data fromEXABYTEREAD.
Containsinformation onsensor locations angroduces an outpufile that
allows plotting of correlation data.

DANTEC Simulator for thehot-film anemometry bridge.

EXABYTEREAD Used to process and examine binary hot film data.

HOOKUP Simuhtor for the hot-film hookup used in the experiment.



LOGBOOK A “micro” search engine to locate data with desired reference conditions and
identify data sets. Contains information on the hot-film test and the
subsequent test with clean model.

MERGE Used to rarge ASCIl pressuredata from PRESSUREREADand ASCII
hot-film data from EXABYTEREAD.

PRESSUREREAD Usetb read ASCII SIF files ofpressure datand process it for inpuinto
MERGE. Also creates LOADS data files.

PROCESSING Gde to be used as a Readme for the database; identifies andeheir
input/output files.

WAKEREAD Used to read ASCII SIF files of We data obtainedduring the hot-film
experiment.

The following folders contain data from the experiment:

HF.dragsif.database Contains data from wake rake traverses.
Filename:rO<Polar0<Point>dat, e.g. r0070051.dat
Format: ASCII SIF.

HF.drag.database Contains wake data processed using WAKEREAD
Filename:HF.DRAG (<Pointya=<Alpha>.<Config><Mach><Re>
e.g. HF.DRAG(53)a=12.30P30N.0.2,9
Format: Tab-delimited ASCII text.
HF.HF.ascii.database Contains proces@eing EXABYTEREAD) ha-film data coresponding to
the pressure data in the PoinfBhe data areorganized in11 folders,

corresponding tocombinations of Configuration, &h number, and
Reynolds number used as input for MERGE.

Format: Comma-delimited ASCII text.

HF.PR.ascsif.database Contains the pressure data to be processed with
PRESSUREREAD. Filenamesc<Run>.
Format: ASCII SIF.
HF.merged.database Contains time-averaged, emged hot-film and pressure data for plotting of

distributions on the three elements. Thddes are the ma sources of
information suitable for transition analysis.

Format: Tab-delimited, spreadsheet ASCII text.
HF.Transition.data Containsinterpretedflow features/transition locations for the mostportant
test cases.

Format: Tab-delimited, spreadsheet ASCII text.



RE.PR.ascsif.database Contains presdiles from runs Wen the Reynolds €$smeasurements
were done. Covers run subsequent to the contents of the
HF.PR.ascsif.database.

Format: ASCII SIF.

The following sections contain a description of the hot-film datmmization, in raw binary form
and processedtatisticalproperties. Figure 2lustrates thefiles, buffers, records and datets, and
explains how they are related.

2.1 File Convention

The hot-film datawere acquired by usingwo EXABYTE tape drivesrunning simultaneously,
recording data from System A and System B. Téwmords areorganized as desbed in theMCARS
User's nanual [2]; only limitedinformation isgiven here, and it is assumed that some of the
nomenclature and definitions are known.

The files are @ated when the data are refidm the EXABYTE tapes (see SectioBb). For
practical purposes, they are most often 60 MBsire, containing 30 completebuffers, or 480
records. The records in the fileeeanumbered, starting witm=1 and normally havingn=480 as the
lastrecord. Due tahe procedure for eading theEXABYTE tape, the filesnormally start with the
beginning of a buffer.

The content of tape A has 7 channelshof-film signals and areighth channel containing the
embeddedtime code. Tape B conta recordedsignals from 7additional channels ohot-film
signals from System B, along withformation onthe banks (groups of channels) run systems A
and B, respectively.

Each record is 131,07dytes long. Thefirst 512 bytes are the header used poovide
identification and reference information suchzaso-offsets [1]. However, evahough the header is
somewhat different in each record, paftthe information is only update@very buffer (8 records),
and since thenformation is generatedn the Sunworkstation, itdoes notalwaysreflect thetrue
status of the hot-film systemThus, reliableinterpretation of d@ is most conveniently donafter
merging the files from the two systemstbat header and embeddednk andime information have
been verified.

2.2 RECORD Convention

Each record in the database has its unitapae, which is recordeslong with the statisticaloutput
from the codes. It is possible at any stage to revalidate or enhance the data. Typically, thithateans
the same record can be reanalyzed using more recent techniques if the need arises.

The convention is as follows:

Since System A and System B files are separate, the record name applies to both:
<Date><file letter><record number in file.

For example 5c039 or 5¢39 was recatden August 5 andctan befound in the file 5_.hfc
(System A or B) and is record 39 in that file.



Each record is 131,07Bytes long(1024 points over 20 msec20-msec nonsampling and then
another sampling period, etc.). Total time to sample one record is (20+20)* 8 msec = 320 msec.

2.3 BUFFER Convention

The data acquisition systehas 2 buffers, each 1 MB in size thestcommodates 8 records of
131,072 bytes each. The data in a buffer are sampled over a time period of 8nfs8262.56 sec
to sample. Wile one buffer is beingread, the other idbeing filled, and vice versa. It dkes
approximately 4seconds tawrite a buffer totape; hence, aquiet” period of 1.4 - 1.5sec exists
while the last portion of the buffer ieing stored, but no saming is done. This procesgalong with
the number of reords perbuffer) is easily observedhrough the on-line display of time when
running the EXABYTEREAD code.

Note that in the header of each buffer, thain)Stime is ony updated every 8seconds
(approximately), that is, every 16 records (i.e. every second buffer). The bank informatjpshated
every buffer, and the Sumecord number is updateevery record, except when the Swecord
number is a multiple of 255, as described in Section 5.4.

2.4 DATA SET Convention

The record has 8 datasets, the (first 7 containing 1024 values, and the 8th cotaining
992 samples) continuouslgampled simultarmusly acrossall 7 channels. The notation in the
EXABYTEREAD code for the data sets within a record is iss=1 to 8.

2.5 BANK Convention

To allow alarge number ofsensors to be used by tlmemometrysystem,there is a switching
capability that allows both power and signals to be switched in groups, or banks, of 7. With 7 banks of
sensorseach of the Systems, A and B, can Hana total of 49sensors, 7 at a ten Figure 3
illustrates how the data associated wikie hot-film measureemts can be retrieved angill be
discussed in the section on accessing data.

2.6 POINT Convention

A Point is data associated with owénd tunnel conditionthat isone configuration, on&keynolds
number, one Maclmumber and onangle of attack. fessure dta weretaken withthe MODCOMP
system once each Point.

2.7 RUN Convention

A Run is data taken during a sequemdeangles of attackThe Runnumberwill be the same for
all Point numbersn the sequence. Run corresponds t@mne configurationone Reynoldsaumber,
and one Mach number. The sequence of angles of attaekerred to as a Polarhe ASCII SIF files
in the database are organized by Run number.



3. Experiment Information

This section containghe most essentiahformation regardingthe experiment andsetup. For a
thorough discussion of experimental features, conbeltAnalysisreport and the User's manual for
the codes and the anemometry system.

3.1 Coordinate Systems

All coordinates tabulated andiscussed in the database are nested, ishatuise condition. All
lengths in the tables are givetondimensionalized byhe cruise-conditionchord, 22 in.(except
spanwise information, which is nondimensionalized by the 36-inch span of the wind tunnel).

The coordinate system lisft-handed Cdesian, with thdongitudinal coordinatefaving x/c=0 at
the leading edge of thglat, y/cnormal to the chordwise ki positive onthe suction side. khough
the Cartesian system is convenient for plotting, it is not necessarily the most physically correct.

A coordinate system, along the physical surface of each element, s/c, is used:
s/c=0 for y/c=0.
s/c is positive on the upper (suction) side of each element.

3.2 Rigging
Rigging is definedas translation and rotation of the leadi (slat)and trailing (flap)elements

from the nested (cruise) configuration. The three configuratisesl in the presergxperiment were
designated by configuration names and defined as follows (see fig. 4):

Configuration 30P/30N 30P/30AD 30N/35T
Slat Gap [%] 2.95 2.95 2.95
Slat Overhang [%] -2.5 -2.5 -2.5
Slat Angle [deq] 30.0 30.0 30.0
Flap Gap [%] 1.27 1.5 0.95
Flap Overhang [%] 0.25 0.25 0

Flap Angle [%] 30.0 30.0 35.0
Point 1-244 and 245 - 355 356 - 417

420 or higher

3.3 Run Procedure

This section containgmportant characteristics of thprocedureused in the runs. Typically, the
runs were perfored as polars, thas, they maintained tunnedtatic pessure and Machumber and
took data at a numbef fixed angle-of-attaclsettings. Figure Shows a typicaprocedure covering
runs 7 through 9.

e The tunnel was pressurized to the desired pressure to attain the prescribed Reynolds number.

» Zerosweretaken beforeand/or after the runs and at ts&atic pessure typical of the run to
obtain the proper zero-flow heat loss for the desired Reynolds number.



e The desired connector set (1,a2,3) was hooked ugnd theanemometrysystem was switched
on.

« The tunnel was started and stabilized at the desired Maotber andReynoldsnumber. The
spanwise pssuredistribution wasmonitored andsidewall suction was adjusted to make the
spanwise mssuredistribution as uniform as possiblblote that for angles of attac&bove
16 degrees, no additional adjustment to the sidewall suction was applied.

* When the prescribed tunnel conditions were attaihettfilm data acquisition was initiated and
pressure data (a Point) wadkén with the MODCOMBystem, whichmeant staying atot-film
bank settings for 15 seconds at a time and selettimgombinations of banks foSystems A
and B, respectively:

e 1-1 (System A on bank 1 and System B on bank-2, 3-3, 4-4, 5-56-6, and 7-7.Thus,each
POINT of presswr correspondsto roughly 90 seconds of hot-film data. The &gconds
acquisition time for each combination provided at least two full buffers, usually three.

* The angle of attack would then be changed, #rel next POINT inthe same POLAR was
acquired.

In the initial part of a test, there was concern thatigght not be posslb to repeatangle of attack
accurately to overlay the dafar the three-connectorsets. To investigateg few pointswere taken
where theconnectorsets werechanged doing a run. Theesults ofthesetestsindicated that the
repeatability of the angle of attack was fully adequate, and the polars were done one per connector set
in the main portion of the experiment.

In the very last part of thexperiment, the hefilm sheetswere stripped off the model, and
“clean” pressure runswere performed. Resultscan befound in the pressure databasence it
includes this part of the test.

In many of the runs, wake rake data were takem the holder fothe Reynolds s&issprobe was
positionedclose to the modefo determine probenterference.This interferencehas been noted in
the LOGBOOK code but has not been used to exclude any of the data.

4. Database

By running the PROCESSING&ode and thestand-alone codesDANTEC, which simulates the
hot-film anenometry bridges, andHOOKUP, which simulates thénookup arrangementised in the
remainder of the anemometry system, an overview of the organization of the database is obtained.

The purpose of the database is to makeotiginal data fronthe experimen@vailable to theuser
and allow re-examination of processed daRe-examination islone throughthe use of threenain
codes: LOGBOOK, PRESSUREREAD, and EXABYTEREAD.

The assumed entry point fthe user’sinterest in a specificonfiguration and an approach to
analyze data at a specific Reynolds number and Mach number.

To determine which data sets to examine, it is convenient to use the LOGBOOK code, in which the
parts of the database used via the PRESSUREREAD and EXABYTEREAD codes are given.



4.1 Database Set-Up Procedure
The following procedure was used to prepare the database:

« The binary files were created from thxabyte apes. Theséiles contin all the availablalata,
valid and invalid.

« A version of theEXABYTEREAD code was used tgenerate tab-delimitedstatistical data,
including embeddedime for the systenA files and thebank information fom thesystem B
files.

* The database hard-wired the LOGBOOKcode contains the elementsquired torelate (or
hookup) the configuration andunnel conditionselection to the actual pressure amat-film
data. The next items describe the procedure followed to create the “hooks”:

1. The manuallogbhook containingthe date, polar and point number, wasll as Reynoldsnumber,
Mach number, and angle of attasias entered. Gomentsregardingthe test were inalded where
applicable.

2. The PRESSUREREADcode was used to create the relation between Pourhber and
MODCOMP Timecode.

3. The hot-film systemoperator’'s bgbook provided the start andstop time for theanemometer
systemappropriate fo the Modcomp times and the Poindlefinitions. In addition, entries were
made to cover data taken when no pressure watarecorded, such as the zero-flm@nditions
taken at least once per dayhe connector sethat was used and tHeokup sensorarrangement
that was used were also entered into the database.

4. It was found that the only reliable meawfsproviding a uniguegontiguousnumbering system for
the hot-film data was to use the date, file sequence, and record number because

* The Sun record number reset at least once during the experiment, and it was found that the Sun
record number repeated once every 256 records.

* The embedded time was not always availasid accurate due to the D/A and A/Digial-to-
Analog and Analog-to-Digital) conversions.

e The header time was off by more than 2 minutes.

4.2 Database Record Numbering System

The numbering system to identify a record is as follows:

<date><system><file><record>
<1 or 2 numbers> <a or b> <a through t> <1 through 480 or more>

The numbering system may be used to identify the actual data point:

<date> <system> <file> <record>.<data set> <sample>
<1 or 2 numbers> <a or b> <a dlugh t> <1 through 48@r more> <lthrough 8> <1 lrough
1024>



Example:

7b219 means data taken on August 7, being a part cddbend data file (byith record number
219. Through use of references like this in the final rdg8al, it is possike to relatethe outputdata
to the original data.

7b219.40997 means data set number 4, sample number 997.
4.3 Database Organization Procedure

The entire database was examined, and the first and last ressasated with aertaintestpoint
were identified. As mentioned in Secti@ril, the hot-flmdatawereread from the tapes in blocks of
60 MB, irrespective of the experimental conditions, whitdant, in some casethat the hot-filmdata
associated with a pressure point may stadria file and end irthe next. The EXABYTEREAD code
handles this, allowing data from different input binary files to be “patched” together again.

The criteria used for organizing the database were:

« Positiveidentification of theembeddedtime. If the embeddedtime wasnot determined(for
whatever reason, the output showed zeros); the lpeiak in somecases could belentified by
examining the voltages, whichwould denonstrate astep clange at atime break. This
identification was used as the initial identification of Points.

« The next step was to use the b-files and revise the Point-association based on the header time.
Although not up-to-datdike the embedded time, it codl be assumed that records with the
same time in the header were part of the same buffer; that is, it was possible to uséetios
as a better verification of data sortinthan theembeddedtime. The appropriatetime shift
determined for the experiment has been introduced in the code.

« The databhse resides o€Ds with copies availableon 1 GB Jaz-drivecartridges used with a
Macintosh computer.

The following rules are used for the organization of the database:

e Each Jaz-cartridge contaiténary datafiles up to960 MB; it is important to be able to add
tools and work without moving the files from the cartridge.

» The data are sorted by dagnd the Jazartridges are sorted seqtiaty/chronologically for
each day; each holds up to 960 MB of binary data:
Jaz-1 System A files a through p (Up to 16 binary files)
Jaz-2 System B files a through p (Up to 16 binary files)
Jaz-3 System A files g through t (Up to 4 binary files)
Jaz-4 System B files g through t (Up to 4 binary files)

If Jaz-3 contains less than 450 MB of data, Jaz-4 is included in Jaz-3.



Example:

7a.hfq where <date> <System> .hf <sequence>

On August 7, one Exabyte tape was made that contained data from eachived gystems, A and
B. The file in question is the 17th file from System A. The q fildi be on Jaz-3 since it is the
A system.

In addition to the binary data, each cartridge contains:

* an ASCII STATfile (tab-delimited) with the header time and information on the data

e an ASClIllvoltsfile (tab-delimited) with theembeddedtime aswell astime-averagedvoltages
and standard deviations for all channels

e anerrors & warningsfile which includes all comments on the data quality
e an executable version of the EXABYTEREAD code that was used to create the ASCII files

The names of the ASCII files correspond to teeer name of théinary file with one exception:
the t file. Since the size of this binary file varies widely, up to sevaratired MB, the corresponding
ASCII file is broken upinto several piecesgach except thiastone being480 record long, so that
the resulting file is of reasonable size for most spreadsheets.

Note that these files were created by uskmdx) 1024 samples from the firghata setiés=1) of
each recordihat is, the DC voltage and gstdard deviationshould be quiteaccurate,while both
skewnessand flatnesshould beclose to“final” value, oltained ifall samplesvereused.The files
contain enough data to make an assessment of the functionality of the system possible.

5. EXABYTE File Specifics

The file structure isunchanged fromwhat wasused in the NASA TSRW37 High Lift Flight
experiment [2]. Sampling ratélters, gains,and data acquisitioproceduresare exactly the same.
The only differencein the flight and the presentTPT experiment wasthe method ofdata
acquisition. In the LTPT experiment, acquisitiomshalted betweemach pressurg@oint where the
flight experiment used continuouscording. Inthe LTPT experiment, it was necessary tanmally
note the sensasrrangement number (l=standar@cove) andthe connectorset that wachosen
(1, 2, or 3).

In reality, the system hasare flexibility than used becausmy of the 12 connectors could be
combinedin any setup [1]. This utility was never used in the experiment, buH®®KUP code
contains the feature and illustrates how it can work.

The following sections describe some of file parameters. The section on tBXABYTEREAD
contains more details regarding the processing of each of the parameters.

5.1 Header Time
Header time is the computer timetbe Sun workstationin the currenttest, it wasapproximately

2 minutes different im thetime-code-generated (dradded) timewhich is adjusted amentioned
next. The number in the header is in seconds (since January 1, 1970).
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The time code garator provides the day of thgear, but not theyear; therefore,proper
interpretation of the headeime requires the code to knowhat year it is. Specifying theyear is
accomplished by using the filename convention. As described UBH&BYTEREAD, the code
checks the filename and determines which experiment the data are from.

5.2 Embedded Time

Embeddedtime is the accurat¢ime-code-generatedime included as channel 8 o8ystem A.
Note that it contains the day (ke the timecode informationpassedvia the MODCOMP, in which
the day had to be omitted for transfer reasamg) time needetio have 10msecaccuracy.However,
as will be discusseth Section 7.2, thembeddedtime code is not perfect because it includes a D/A
conversion, analg amplification, and subsequent A/D conversion &l asthe conplicating fact
that there was no strobe on the system).

5.3 Time Correlation

The time used forthe correlation withpressure datavas the time-code-generatedGreenwich
Mean Time, GMT (Zulu) time, which &s fed into boththe anemometr system and th®1IODCOMP
computer. 8ce the header time in thides is the Sun timeand there is a 2 minutdifference,
EXABYTEREAD hasan option to adjust the time readefore it is déplayed, whichbrings the
displayed header time into agreement with the embedded start time of a buffer to within 2 seconds.

Based on the System records 5a2-66,13al16-160, and21ql16-112 (seedefinition of record
names), thalifference was 13&econds on August 5, 145econds on August 13, and 158conds
on August 21. If the time adjustment option is invokedEABYTEREAD, the time is slited
133 + <Date> seconds; that is, 138 seconds on #ugul46 secondsn August 13and 154seconds
on August 21.

Time delay from the start of the last record ibudfer to the start ofhe subsequent firsecord of
the next buffer was confirmed to be within 1.70 to 1.75 seconds for the records listed.

The presswe files ontain two time indications, bdt presumably taken ahe time when the
pressure data have been averaged. One is the embedded time (day not included), and the other is the
MODCOMP computer’'sown time tagusually put on all SIFiles. This time is local time, which in
August is 4 hours behind GMT.

Examination of the data for August 5,13, and 21 shitas in addition to the 4-hr difference, the
MODCOMP is 440 seconds behind the Embedded GMT. Thus, for data points where the pressure file
did not provide theembedded timegr in thelast part of the test when tlnbeddedtime was not
recorded (since the hfilm system waso longerhooked up), the GMT can be estimated from the
MODCOMP time (to within 10 seconds) adding 4 hours, 7 minutes, 20 seconds.

5.4 Sun Record Number

The Sun Record numbewhich isgenerated in the data acquisitionde on theéSun, provides a
means offinding data. Itstarts from 1 at thébeginning ofthe tape (orat reboot) and runs
consecutively throughout the recordingidtcontained inthe header and is the only reliable way of
synchronizing the data as far as records are concerned. It has onevieaw 255 records it does not
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update, and thersiill be two records withidentical Sunrecord number but as iearly evident,
different data.

6. TAPE READ on Sun

The existing database wagnerated througldirect reading ofthe Exabytetapes by using the
TR96 code on the Sun. For various reasons, it was not possible to read the data in a maifiowen,
and some of the peculiarities are described below.

The TR96 code assumes that the data ornape have beerecorded in1996. Itreads theheader
time, which is given as seconds from January 1, 197Gabtfacts thenumber ofseconds from then
until January 1, 1996 to make the time compatible with the embedded time.

The code is set up to readnamber of specificstart and stop times to be usfedt data analysis.
These are normally generated RCFILE, and the input to the TR96 codea text string, which is
interpreted as time by the code. Up to 20 time segments can be specified.

In the 737 flight tests, the Exabyte tape was left acallaimes, and therevould therefore be large
portions of the tapaunread since only specific flightconditions were of interest. In theLTPT
experiment the tape was paudsetweenrecordings (generall2 minutes oress;ideally, 7 banks at
15 seconds each).

The user inputs a file name to run the TR96 code. filvmenclature chosen rfahe current
experiment was as follows:

<day><system>.hf<sequence letter>

<day> Dae of the measurements; 8 means August 8, 1996 and so on
<system> a for System A and b for System B
.hf Means the binary file contains hot-film data

<sequence letter> assigned to distinguish each time element
6.1 File Names

The code has letters a-t; that is, 20 fibam be generated. If motamne segments are specified, the
codes jump past the nextts# records andwill put all renaining requestd time into one big file
named

<day><system>.hf<blank>
6.2 Data Rate

The code assumes that dat@ generated at a rate of 16 records in 6 seconds. This rate may (or
may not) have been true for the 737 experiment. It was found that the value for theekp@&Tment
is closer to 10.5 records in 6 seconds. The code deteriaedesired readingeihgth in number of
records by taking thend time minus thestart time,computing the number of seconds,assuming
16 records in 6seconds, andeading the estimated desiredumber of recordswithout actually
checking the end time. This feature creates a problem for analysis of the present experiment.
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6.3 Sun Record Number

As mentioned above, the numbers 255, 510, and so orepeated, and thisepetition is thus not
an easy way of selecting data. Hawer, correlating $stem A and System B results is pooblem
since the pattern is consistent.

Note that when the TR96 code ruiitsdisplays, for example;131,072 bytes read fromrecord
480.” In reality it does not read th&un record number; it ges the sequence record it has
encountered. The Sun record number is not always unigque on a tape since it is occasionally reset.

6.4 Tape Drive Oddities

When eading on other tapdrives wth different compressiorschemespdd results canappear.
For example, in one instance the drive pulled off 65,536 bytes per record, and insteadretct8a
only 240 were read.

Another oddity waobserved when 4-byte record was read along with the 65,536 byldss
problem can be handled through use of the sync Wwéid3 to shift the pointeto the correctstart of
the records. At most, 1 record of data is lost.

6.5 Start Time

The code uses the header time to saflata. It translates théesired time into seconds and reads
the beginning of the header every record until the desired time is smaller than theumde $ince
the header updates every buffer, norrpabcedure inthe Boeing 737 test was tselect a time
8 seconds before the desired start time to make sure the desired time was actually patoddied
data.

In the present test, the Sun time and the embetiltheq used agorrelation withthe pressurealata,
were off by 2 minutes, making it difficult to create individual files. Also, the length was critical, a time
that is a littletoo short would mean losing data bank 7 (usually)atime alittle too long would
mean reading into the next time segment.

7. Database Generation and Validation
7.1 Sun-Extraction of the Data Files

Instead of modifying the code and verifying that the modifications were working, the database was
generated by runninghe TR96 code usingurtificial entries,the goal being to pull off ALLdata
EXACTLY as recorded; that is, no skipped records or records read twice.

This goal was accomplished through the following means:

» The first time given in the PC file was ktastone day too early; therefore, TR¥®Rgins
reading from the start of the tape.

» Each time segment was chosen to bwiButes (up toand includingthe 19th,corresponding
to files athrough s). This segment would provideoughly 5 minutes of dataor, more
accurately, 480 records since 3 [minutes] * 60 [seconds] * 16/6 [rec/sec] = 480 [rec].
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» Each subsequerdtart time isequal to the previous element stop time—in reality dimdy
matter of importance is the 3-minute length.

 The 19 first time elements provid@120 records(although the last Sunrecord number
included (found inthe s file) is9085 due tahe 35 Sunrecord numberrepeats), and the
length of the t file in minutes is set upnlg enough taapturethe rest of the tape. Fanost
cases that means 30 minutes, whigdtcommodates anoth&800 records. Thdile can get
bulky, but since EXABYTEREAD reads the file with rand@ocessthe limitation onlyplays
any role for transferring or handling the files. It is more cumbersome to read from a CD one
file of 600 MB than a couple of 60 MB files.

7.2 Comparing Header Time and Embedded Time

The embedded time is the correct time to use when merging with the pressure dataerHsince
it is not easily accessible in the binary file and because there are tolerance problems, it is necessary to
define the data blocks bysing a combinatin of the header time and tleenbeddedtime to make
sure the interpreted embedded time is correct.

The correction of header time involves the following steps:

Step 1. The start and eral the buffer is identified ashe time span &m the change imeader
time to the nextchange. In examininghe data, it is clear that neither time nor bank
indication will change \ithin a buffer, and to recover auffer at atime is the natral
entity. Buffer length should be 16 records.

Step 2. The time increment frothe previousbuffer is determined. If it is considerabinore
than 8 seconds, it is assumed that there has been a pause in recording.

Step 3. The time line for thembeddedtime is examined forzeros (timesynchronization not
possible) andreversals(time code indicating decrease time). These features are not
uncommon because the embedded timeagality, is a digital signal converted &malog,
subject to electronic noise and voltage mehift and thereafter digitized again. Some
days the recordedime code was more noisy thasthers and the deviationsould be
found both in hours, minutes, and secon@%e valuescome as subsequesaimples and
hence any of them can be subject to the noise.)

Step 4. Based on thexpectedtime difference between theembeddedtime and the headdime,
the valid time segments are identified.

Step 5. In the MERGE code, thent line for eachrecord is “filled in” or corrected so that the
time for the start of each record is given.

Step 6. Basedn the time line, an assessmentriade as to whether the data in theaffer are
contiguous. If more than one datat hasheen requested, the followiragditional steps
are carried out:

Step 7. The start timfor each data set is identifiems above. The time line for eactecord is
determined, based on the available times.

Step 8. Basedn the time line, an assessmentmade whether the data in thecord are
contiguous.
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7.3 Validating Anemometry Data

The EXABYTEREAD code checks the anemometry data at several level®veigall checking is
done on the integers that make up either the zero-offsets or the dynamic AD-converted data.

The zero-offset isvailable to theMERGE codethrough the STAT file; therefore, most of the
verification is perfomed inMERGE, while the Errors & Warningsfile containswarnings butretains
the values.

7.4 Zero Offsets

Since the zero offsets and the actwalemometry datanay be obtainedeither atzero-flow
conditions or with flow, there ay be a largalifference betwen zero-offsevalues fordifferent files.
If the zero offset was obtaineduring zero-flow conditions, the averagealue (dsplayed when
running the codeill be in the range 160 to 170. If wasobtained duringflow, it will be around
250, thatis, close to saturation. Haver,even if it reaches thenaximum possiblevalue of 255, it
does not constitute a problem because its function in the system merely is to provide arbaokiog
off voltage tobring the input tathe AD converter \thin appropriate bounds. ddsequently, only a
zero value for a given sensor will result in a warning.

7.5 A/D Converter Saturation

While traditionally moderate standard deviation sign that there are no saturation problems, the
fact that the dynamic data are N@IC-coupled makes ihecessary to examine every sample that is
used in thegeneration ofthe statistical dataSince thezero offset may be quitdifferent from the
time-averaged bridge voltageis differenceresults in a biagn AD convertervalues thaimay cause
saturation even with a moderate level of standard deviation.

For the EXABYTEREAD code, the approach chosen is that withirkih&x samples used foeach
data set, angaturationvalue will result in a warning anavill provide thenumber ofpostive and/or
negative occurrences found. Saturation is considereddor when the counts rea&i188 or-8188,
thatis, 4 counts from full-sce in either direction.ANY value reaching thisiumber of counts will
result in a warningand because thstatistical valuesire incorrect, the voltagstandard deviation is
reset to zero. Thus, the statistical infotima used in MERGE will onsider the da invalid, while the
detailed information is still available in the SIGN files.

7.6 Anemometer Bridge Saturation

In certain cases thenemometer bridgéself will saturate. This saturation determined from the
current throughthe bridge and the bridge Nage; the power qply can only provide 19ImAmp
per channel—ifthis 191 mAmp is exceeded, the bridgél not work properly. Depending on the
sensor and zeroffsets, thismay happenearlier or later than AD saturation, and it Isetefore
necessary to check for it in MERGE. Hewer, EXABYTEREAD issues avarning if it appears close
to the approximate limit.

7.7 Anemometer Bridge Shutdown

In a shutdown case thereris output from theanemometeibridge, which mayoccur if the cold
resistance of the sensor is so high that tlesgibed resistance on theidge arm is highenough
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without a need for the electronics to femdrent (and heat up ¢hfilm). Due tothe zero offset,here
will still be a nonzero output voltage.

8. Accessing the Database

Figure 6 illustrates the hierarchy obdes andiles andprovides anoverview of how to relate the
information. This section contains description of thevarious accessodes. Theaccesscodes are
EXABYTEREAD, PRESSUREREAD, and MERGE. TRROCESSINGcode should be run to give a
more thorough knowledge of the database structure.

To access the hot-film data and merge it with the presdata, it imecessary to firsdentify the
test point of interest, using, for example, the LOGBOOK code.

8.1 LOGBOOK Code

This sectionbriefly describesthe LOGBOOKcode to be used in the High-LifElow Physics
database. The codeproduces a MENU file that relates Configuration and hot-film
sensors/anemometityookup tothe wind tinnel conditions.This file is to be used as input to the
PRESSUREREAD and EXABYTEREAD codes or as a stand-alone search file for the database.

The code does not usany input file; all information is“hardwired” in the code asdata
statements. Ko, unlike most of the othercodes, this one does not hame eventloop and is
terminated when the job is done by using returns and negative entries, not (<Apple><period>).

The information in the code is based on the daily log ksgpBen Anders, suppmented by the
hot-film information and notes provided by Eric Roback and Sheryl Johnson.

8.1.1 Operation

Launch the code, and four options appear:

8.1.1.1 “Flip through.” If this option is chosen, the codell expect anumber entry of 1hrough
415 to be given. The number corresponds to the entry number iogheok. Each entryhaseither
pressure data, hot-film data, or both. Tév@ry numberdoes notcorrespond tahe Point humber
since zero flow measurements are included.

By entering a number, thiaformation relating to the entrys displayed.All information should
be self-explanatory except for the following:

Sensorchoice: Standard corresponds to kangement lin the HOOKUP code,that
is, the configuration used inthe first part of thetest to determine
transition locations.

Coves means the Aangement 2 inwhich the sensors in the covegions
were used.

Bare model-no hot films corresponds tahe runs made at the emd the experimentafter the
wing wasstripped from hot-filmsensors andleaned up. Thesdata
have been included in the database to enable assessmentsfibh’the
effect on the configuration performance.
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Start time and Stop time Time in hr:min:sec forstart and stop times akcord Exabyte data.
This is GMT and is the time tag used both in the raw hot-film files and
the SlIFfiles, allowing correlation of hot-film dat with the pressure
data. Normally, thisrecording time interval is close to 90 seconds,
while the anemometry system steppedhtough sensor banks 1
through 7 (see the HOOKUP code).

Data type: hf= hot-film data
pr = pressure data

wr = wake rake data

Hit Return, and the next entry will appear.
If a number larger than 415 is entered, the code will show zeros/invalid results.
Exit the loop by entering a negative number.

8.1.1.2 “Database.” If this opton is chosen, it ipossible toidentify data points meetingertain
criteria. This option has a very crude selection routine.

The code displays:
“Configuration 1-30/30N, 2=30P/30AD 3=30P/35T”
Answer 1, 2, or 3

Code display:
Input Reynolds number [mill] 5,9,12, or 15"
Answer 5,9,12, or 15.

Code display:

“Cases found, no alpha or Mach limits imposed:” <number of entries found>
“Input Angle of attack, minimum & maximum, -1 for sweeps”

Answer <Minimum alpha> , <Maximum alpha>

If only one value is entered, a single value will be used in the search.

Code display:
“Input Mach number, minimum & maximum”
Answer <Minimum Mach number> , <Maximum Mach number>

If only one value is entered, a single value will be used in the search.

Code display:
“k i Point Mach Re Alpha Connector ArrangementStart time  Stop time”
followed by the entries found that meet the combined criteria given.

Hit Return and the codewill start over at theonfiguration selection above. A negative number
(followed byReturn) will exit the code.
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8.1.1.3 “SUN file.” This option creates a filealled "strstpa0O.dta" in thiolder you select (theode
will not letyou choose another name) andsistable for use on the SUN to extract résinary)
hot-film data from the Exabyte tapes.

The code will ask for a day input and will produkéile containing all exting start/stop times for
that day. Viewed irSimpletext, the file looks odd, but it &t up towork on a Sun andill look
different using the text editor VI there.

8.1.1.4 ‘'MENU file.” This choice will produce aMENU file for the experiment. A default
time-stamped filename is given that can be changed by the user.

8.2 EXABYTEREAD Code

The present chapter describes the EXABYTEREAD code and the anpdy$sismed to determine
the characteristics of the hot-film signals. Note that this code is used to analyze both the Boeing 737
flight experiment and the LTPT wind tunnel test.

While it may be advantageous to perform statistics on parameters such as time-series, for
simplicity, statistics isperformed directly on vdtages assumed to be a result of tpRysical
conditions.

In the presensection, some@uidelines are given forunning the EXABYTEREAD code, along
with information on the characteristics of the processing.

An example of the operation dtifie differentcodes used to build up the processed database is
given in Section 7.

8.2.1 Input
After launching the code, the user is prompted to provide the following:

Run number This is anumber that can be the polanumber or someother suitable
identifier. Does not affect processing. lhagativenumber isentered, the Run
number can be used to bypass filename conventions.

Point number A numberused for identification, assumed to provide a link to pmessure
points defined in the experiment. Since the pressure database is baBethin
number, and the Poi number ispart of the output STAT filename, it is
desirable to take care entering the correct Point number.

System 1 = A; 2 = B. This has an influence on processing because the eightmel
is handled differently if it comiins timecodanformation (System 1 or A) or
contains bank information (System B or 2).

Next, the user iprompted to select a filenam@&his selection is made with dialog box. All
output files from the EXABYTEREAD code will end up in the folder that is selected usinglitiisg
box.

As mentioned above, the same code is useprdoess data fronthe LTPT experiment asvell as
the “original” 737 flight experiment. For the LTPT experiment, the user should select a file of form
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<date><system>.hf<letterdenotingthe sequence of binary file. Example 5a.hfc means data were
acquired on August 5 from anemometer system A, and is the third file in the sequence that day.

The code uses the filenemto deterrme which experimentthe file is from, and unless it
recognizes the filename, it will ask the userdoother name. If necessattjs check can be oitted
through setting the Rumumber negative. If the code determines that the data are fronmLTHEr
experiment, it will use the hard-wirddformation on hookup fothat experiment, displayingensor
number and the sensor location, along with the channel number in the graphics portion of the code.

The code also checks the filename for the system (A or B), and if it does not agree with the
already indicated system in question, the user is asked to resubmit the filename.

The user is nexpromptedto input which connectorset was used, 1, &y 3. There is nothing in
the file itself oranywhere else in theystem that can be used to give timfrmation automatically
(i.e., logbook notes exist, but no physical parameter in the system has beeo tbere is no way to
check what the user is assuming. As a help, the connector set used accordinggtdb& hasbeen
hardwired into the code, and the following alternatives can be used:

0 option The codewill automatically choose the prescribed connector, based ometuwed
numbers provided.

-1 option The code will display the logbooks noted connector sets for that day, along with the
file and record number they are associated with.

Next, choose 1, 2, & for aknown connectorset, 0 touse the automatiassignment, or -1 to see
possible sets.

The arrangement, standard or epis automaticallydetermined bythe code based on the date of
the data acquisition. The arrangement is displayed only in the graphics window.

Next, the user ipromptedto provide start recordmstart Normally thefile contains 480records
that are numbered 1 through 480. If the user wantsséothe hot-filmresults bgether with pressure,
the LOGBOOK will already have been used to determine which records to use for the data (the tables
in the present manual also provide this information).

After mstarthas been enterethmax the last record to be processed, will be entered.

The code now checks whetht#re prescribedconnector set agrees with thene entered and
indicates whether theonnector set changeoketweenmstartand mmax This checkwill be invoked
again in the setup structure window if the valuesetartand/ormmaxare altered.

Since thebinary hot-film data have beesplit into 60 MB blocks, irrespective of whptessure
point the data belongs to, it is sometimes necessary to extract data through the end of one file and the
beginning ofthe following file. The EXABYTE code canappend da from a secondile to the
original one, as will be described later.

8.2.2 Setup structure window

The user is next provided with a graphic description of the currently chosen setup fdatahe
reduction, which allows the alteration of most of the setup parameters; both the existing input and the
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default values are availableThe wndow showsthe 8 datasets ineach record, with théheader
information shown as a thin segment to the left.

The green bar and the list above it show the default setup of parameters:

mstart initial record number for analysis (default mstart=1)

mmax last record number for analysis default mmax=20)

isetstart the first dataset (iss) analyzed (default isetstart=1)

isetend the last dataset (iss) analyzed (default isetend=1) as default is
isetstart=isetend=1; only one data set is analyzed

kmax number of samples used in each dataset analyzed (default is kmax=1024)

If the filename indicates that tlaata are from the LTPT experiment, one additional parameter is
displayed:

connectorsetconnectorset, 1, 2, or 3 i®ither input or determined automatically. If it is
believed that the logbook data contained in the hard-wired database afdbe
are erroneous, thealue can beoverridden aftermstart andmmax have been
entered. The connector set can be changed to 1, 2, or 3. (Here 0 or -1 input is
not acceptable.)

The values of the parameters can bierad by clicking on thgarameter namer value. Anedit
field allows the user to typen a different value. The edit field is closethrough the use of the
carriage return. The code shows soimielligence in judging the useranswers; forexample, itwill
refuse to let thenstartbe larger thammmax but beware of uncharted combinations that may occur.

When the processing parameter characteristics are as deseedefault output parametesfiould
be examined. These are changed through clicking on thespamdingbuttons. Afilled red button
indicates an active feature.

graphics A toggle switch used if there is a desire to display the direct signals used for the
analysis. Default is zero. Toggled. For details, see Section 6.2.4 on how to use the
graphics features. Using the phics option does noin any way alter the
processing of the data. It istémded entirely as a eans ofexploring the raw
signals and their properties and to build confidence in the statistical parameters.

comma delimited/tab

delimited These buttons concern the outmitttistics file i.e., STAT file, which is always
generated by the EXABYTEREAD code. Theotwuttons are mutually exclusive.
Only one of them can be chosen (red) at any time. Clicking on the othewilbne
cause the user to select either tab delimited or comma delimited output.

signal file This option is chosen (red) if a signal auttps desired. Defaulis no signal. This
option takes time, bothin extractingthe data asvell as inthe analysis.Three
forms of the signal fileexist. The files are calledstab, Scom, and Stec,
respectively:
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tab Tab delimited (default)ists reference parameters the top,including average,
standad deviation,skewnessand flatness. The sampleumber andthe 7 AC
outputs are listed in counts in the next 7 columns.

com Comma delimited contains the samméormation asthe tab-delimited but ses a
comma to separate the data.

tec Tecplotfile, including the headelinformation used in tecplot files. Reference
information in the top section, moswof it as comments(preceded by #)Then
continuous dta arewritten in 9 columns and separated by zones. Each zone is
identified by record (m) andlataset (iss). The firastolumn issample number
(k=1 to kmax). The second isne in milliseconds mm the start of therecord.
The severastcolumns contain the actuahemometrysignal’'s AC component.
The user of the tecplot file canquuce pbts in voltage rather than iounts
using the value for ADslope.

The OK button, a yellovbutton on the far right of thecreen, is selected 8iart proessing the
data. There will be a display of thdtial header informaon, andlater, when onerecord (or dataset)
has been processed, the statistical results are displayed.

8.2.3 Execution

In the default mode, the codeill run, generatingthe statistics aapproximately 2.5seconds per
record on an Apple Quadra 800.

The output to the screen is two similar lines containing:

m record number, not written anywhere in the file; usually 1-480.

recordPos& the position (in the file) of the firdtyte of the recordi.e., partof the header. A
large number.

Sync the sync word FA3 (hexadecimal)will appear in the header to indicate valid
data.

day day in the yearfrom the header)218-234 corresponds tcAugust 5 hrough
August 21, 1996.

hr hour (from the header)

min minutes (from the header)

sec seconds (from the header)

SUN counter Sun record number (with its deficiencies noted elsewhere) from the header

Sys A bank# bank of System A (from header)

Sys B bank# bank of System B (from header)

zero-offset  average of zero-offsets for the time segment requgtéab5 corresponding to
the DA value determined in a preceding zero-offset run)

Notice that the header may indicate a bank change for SystemSystem Bbefore it isactually
implemented. Thus, in EXABYTEREAD output, it is necessary to examine both the A and B system
files before conclugins are drawrregarding ginals; the heademay haveindicated one bank as

21



active whilethe signal isactually fromanotherset of sensors. Awill be described in the MERGE
section (8.4), the most straightforward approach to tta & to consier any discrepancy iheader
and embedded bank number as a disqualifier for the data in question.

The second line will have an additional number:

« If the file is from System A, itwill include theembeddedtime in seconds and tens of
milliseconds.

* If the file is from System B, iwill show zero, with an extra line beath that provides the
embedded bank information.

If a signal file has beemequestedthe executionwill halt while the code iswriting to disk.
However,the signal outpubption allowsthe interested ser to accesANY data inthe database for
examination or other processing. Ietkignal output is chosen amhly one record isequested, the
signal file will be produced automatically.

If more than one record i®quested, theutput signalswill be in one file, but for eachrecord
processed, the user must re-verify that he/she wants to save the data.

In each case theolumns denote the channelimber. Thestatisticalinformation islisted in the
first few lines. Data are entered according to sample number for each signal.

The signal files are given a name starting with SIGN and including the date and timeretdhe
generation.

8.2.4 Processing parameters

The selection obutput parameters of the code is chogéth execution speed andalue with a
transition indicator in mind.

In the following, thedefinitions of output parameters agéven, folloned by theoutput format
itself.

Definitions
Instantaneous signal U+u
Time-averaged signal U
Probability density B(u)

Statistical moments

2nd standard deviation: o
where the Variance is? = u? = u? B(u) du

3rd skewness factor:S= 1*/g°

where &_:;L? B ) du
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4th Kurtosis: K =u%/o* (or flatness factor)

where lﬁ‘zf ¢ B Yy du
Other statistics
Autocorrelation function: p(T) = fu(t) u(t+T1) /1 L2(1)

The autocorrelation function is normalgvaluatedand although it is notpractical tooutput the
entire function, two products of the analysis are saved:

Taylor microscale

This scale igletermined fom the secondlerivative ofthe autocorrelation function at zero time
shift (t = 0). The implementation in the code is to use an integral based on the time series shifted two
samples anccorrespondsroughly to the cornerfrequency ofthe lowpass filtersof the system
(25 kHz).

Integral scale

This scale isan integral of theautocorrelation functin either until it is zero or until there are
62 samples. Thdatter limit is set due to th@nemometry system’gower supplies, which has
disturbance peaks that might destroy the measurement (62 samples means a time delay of 1.24 msec,
i.e., 800 Hz,which istwice the fundamental distirance frequencyf 400 Hz). The user can easily
verify the behavior of the autocorrelation function by using the signal output feature.

The definitions of the Taylor microscale arnbe integralscale are givenin Tennekes and
Lumley [4].

Parameters NOT included:

Intermittency has not been included instibode because idetermination is noa clearly defined
mathematical entity. The intermittenayepends, in general, on tHew-frequency cutoff of the
dynamic signal, and nayeneraldefinition exists. Thekey is to poperly define a laminar/turbulent
interface in the signal; therefore, itimportant to definean intermittency, along with ‘&ualifier”
or threshold information that can indicate if the determined statistic is a true or false.

Zero crossings

Although zerocrossings are iportant to determinefeatures like burst frequencie@roper
threshold settings are needed. Therefore zero crossings are omitted.

spectra

Spectra are omitted mainly due the extensive timeequired for their processing but also
because it requires more than a single value to extract the essential information.
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The SIGN-files (in comma-delimited form) can be used as input to a separate cogofrided)
that allows analysis with these techniques as well as with conditional sampling techniques.

8.2.5 Output format

Four typesof output files exist, all in ASCII format. Thesewere described in more detail
previousy:

STAT Contains statistical parameters along wittoanplete set ofeference informationMainly
for use in MERGE. This file is always generated; default is comma-delimited. Not suitable
for spreadsheets. Filename has time stamp extensions so that it is not overwritten.

VOLTS Containsstatisticalinformation in terms of DC(bridge) voltage and stadard deviation
[mvolts] of fluctuating voltage. Always generated. Suible for spreadsheet tab-
delimited. This file is overwritten.

SIGN Tab- or comma-delimited. Thelefault is tab-delinted. Contains somereference
information andstatistics. Suitable fospreadsheets. Filename has time staxgensions
(which means it is not overwritten).

e& w Errors and warnings filcontains comments that text generathating the processing,
indicating deviations observed. This file is overwritten.

8.2.6 Graphics

If graphics has been selected, the completion of each record’s procedsswgitch to agraphics
display of the record’s contents in teymof time series ostatistical data as aifidion of the record.
The main purpose is to provide the user vaithossibility of monitoring the actual datdehind the
statisticalnumbers, and the graphics capabilitythisrefore linited. It is anticipated that anfurther
illustration of the signals will be done through the use of standard plotting routines.

While the graphics is displayed (untfle OK button is clicked), thdata procesag is halted, and
the processing estimate time will be unrealistic.

The graphics window is interactive and responds to mouse clickkeytmbard entries. It hafour
different modes, TIME, AUTOCORRELATION, CROSSCORRELATION, and HISTOGRAM.

Some keyboard entries are these:

. Signals are moved up and dowan to thesidesusing the keyboard arrows, 20 pixels per
keyboard input.

. Changing the vertical scale is done using the + and - keys, 25% each time.

. Changing the horizontal scale is done using the * and / keys, 25% each time.

Display autocorrelation when crosscorrelation is used. Toggled.

Display the statistical and reference information for the dataset. Toggled.

Displays numerically a portion of the autocorrelation or crosscorrelation functions. Toggled.

N < 0 9

Used to activate mouse dragging of the signal in the horizontal direction. Toggled.
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The statistical information is as follows:

[

x.film
s.film
Volts
Std.dev.
Skewness
Flatness
Channel

Delay

sensor number, 1 - 359

x-location of film, nondimensionalized by chord; x=0 at slat leading edge
s-location of film, nondimensionalized by chord; s=0 at y=0 on the element
DC (bridge) voltage of the film

standard deviation [mVolts]

skewness coefficient

flatness coefficient (or kurtosis)

1-7; anemometer channel in this system.

operatedn TIME option by radio buttons to the right.

The reference information is as follows:

file
m
iss
day
hr
min

Sec

input filename

record number in file (usually 1 - 480)
data set within the record (1 - 8)

day of the year

hour (header)

minute (header)

second (header )

arrangemensensor hookup; 1=standard, 2=coves

connectors connector set 1, 2, or 3 (user input)

System
Bank

anemometer system 1=A; 2=B

anemometer bank for system, 1 - 7 (header)

The information of arangementsystem,and bank has beenombined to provide thesensor
number andlocation. Notethat at thispoint the SystemA data files do not have the bank
information, and it is necessary to be careful withititerpretation to makesure that the data are
really from the sensors that are indicated.

8.2.6.1 TIME series. As the default (unless seled differentlyin the setup widow), the graphics

window will display a time series (sample number 1 through kmax) of the AC component of all seven

signals.

There is no display of scales and the axes do not display any grid.

The valuesare displayed when the mousenmved over the points of interest with thetton
down. The value displayed is that of the mousetionanot necessarila sample.Depending on the
plot choice, the mouse buttowhile beingheld down, will display three numbers representing the
values: sample number (k), time [msec], and voltage [mVolts].
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Each signal can be #ehed onor off independently byclicking the radio button next to the
channel number. The button is toggled. Each signal is assigned a color automatically. A symbol may
be used to show the individual samples for any displayed dignalicking in the box. Thesize of
the symbol is 3 pixels by default but can be changed by clicking on the size box.

The kstart and kend boxes allow display of a limitedset of the samplegdefault kstart=1 and
kend=kmax), which allows nore rapid execution ofhe display or selection offeatures” to be
clearer. Changing the valueskstart andkend does not affect the computed statistics.

To the right of the symbol boxes are imduttons marked+ and -. Theseallow horizontal
shifting of each individual signal, 1 sammea time. Signal shiftingllows “conditional sampling”
of the signals to detect certain events and correlations. This number tells how many sampdacthifts
signal has been given. For example, the feature can be used to correlate start and/or end of a turbulent
burst to estimate the propagation and growth.

The feature is not a replacemefior proper conditional sapling; it is provided to help learn
typical signal characteristics.

Another issue of inportance ighe noiselevels ofthe signals andhe ever-recurring question of
whether an observed feature of the signal is caused by the limitations and peculiaritieh atffthe
system or the recording technique, or if it is indeed a flow property that is observed.

To have a basismoothing techniquevailable,the gaphics TIMESERIES display isquipped
with a filter button (toggled).When clicked, a5-point smoothingfilter is switched onand off for
ALL 7 sevenchannels. Notéhat this does not in any way alter tbetput ofthe code statistics, or
signals; the graphics routine merely displays a filtered copy of the original data.

8.2.6.2 AUTOCORRELATION. Clicking on the AUTOCORRELATION button will display the
autocorrelation function ofthe currently disphkged signals in a widow (toggled). Thecomputation
uses kmax-32 points, and the value at the axis is 1.

The function is displayed foall signals selected with th€IME series adio buttons, and the
switching on and off feature is also available in this mode.

This display is itended to helpassesghe validity of thecomputed Taylormicroscale and the
integral scale,which are indicated on the plot. Notice that generdtiy signal levels will give a
“noisy” function, just like the signal itself get§agged.” The reason is that the quietdaminar
signals have a resolution in which the standard deviatisauighly 8counts (3bits of information),
and the autocorrelation loses its meaning.

The autocorrelation function is computed for display only, and the output is not saved.

8.2.6.3 CROSSCORRELATION. Clicking CRCSSCORRELATIONwill prompt theuser toinput
any two channels from the fil@he crosscorrelatiotetween the signalgill be disphyed, making it
possible to obtain a valid set of data to determine the transfer function between different sensors.

To check the numbers, choose the cross-correlation between the same signal; it should be unity at
zero time shift(identical to the autocorrelation function). The cross-correlation functionuses
kmax-64 points because it is computed up to 32 samples positive and negative shift.
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The crosscorrelation functias alsocomputed fordisplay only, theoutput is notsaved,and like
the autocorrelation, the crosscorrelation has accuracy problems.

8.2.6.4 HISTOGRAM. Clicking the HISTOGRAM button will display a histogram of the kmax AC
signals, nondimensionalized by the standard deviation.

The user igprompted toinput a channel, and the histogram plegédues from -5 to 5 times the
standard deviation. The filled black symbols signify values within the standard deviation. Note that if
the standard deviation is logapprox. 2mVolts), theresolution of 0.3 mVoltdor the signalsmeans
that splitting the data into 0.1 sigma(i) bicausesesolution problems fothe display; thats, some
of the bins will be empty due to the resolution limitations of the data.

The histogram is intended to provide an indicatdrihe existence ointermittency and thehape
of the skewness.

The histogram is computed for display only, and ¢hput isnot savedThe histogram button is
toggled.

8.2.7 Appending additional records

After the prescribed recordsave been prassed andvritten to file(s), the user iprompted to
choose an option:

O=finish Choosing this option will close all files and finish execution of the application

1=another run The usemwill be prompted tochoose anotheset of records from theame
input file. This option issuitable tocheck bankvalidity, spurious results, and
to verify repeatability.

2=append datarhe userwill be asked to input another file so thatore records can be
appended to the data already processed.

As mentioned earlier, practical limitations caudbd databaséo be split into(nominally) 60-MB
binary files. Thus, it may be necessarytiates to collect data &dm more than oneénput file to
provide a full coverage of all banks for any particular pressure point number.

Appending data may be done from any poinaiy file, except thait assumes the zero offsets to
be unchangedand no connectochange shoulthaveoccurred.This information isnot checked in
the code.

The resulting file will have four parameters put in between the output records:

mstart (in the new file)
mmax (in the new file)
infilename (of the new file)
kmax (for new processing)

The dataset has been made as complete as possipieedthe userthe freedom to changkmax
or the records being used, but still enables the parsiogy the file to note¢he origin of discrepancies
that may occur.
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8.2.8 Noise and filtering

The transfer function for the entire systefmom film, through bridge, signal conditioning, analog
multiplexing, analogzero offset,and AD conversion isiot readily accessible; 1l4channels of
anemometry are set up to handle ZBdhs, and althougheach film is trackable and to soreatent
possible to calibrate, the dynamic response is a critical issue.

The noise level can be observed in two different conditions:
« Zero-flow conditions

In zeroflow runs, it appears that the standard deviatiorraaghly 5 m\blts for all sensors. The
waveform is very distinct, with a repeat pattern occurring at roughly 5800 Hz.

* Flow conditions

Flow conditions can be explored in the laminagions of theconfigurations.Often a lowfrequency
component igpresent (particularly irthe slat's and mairelement’s stagnation regions), and the
standarddeviations are 1.5 - 2 mVoltdhe disturbancepattern hasa higher frequency,around
12000 Hz (well below the 20 kHz analog Chebyshevrfited the 50-kHz sampling rate.) Nihase
relation between channels has been observed for this high-frequency disturbance.

The resolution of the4-bit AD converteris 2.5/8192 \blts/sample = B05 mVolts/count. Thus,
the standard deviatiocorresponds t@pproximately 5Scounts, and great care must be exercised in
drawing conclusions at this signievel. There are indications that the noise is due to the cadme
(rather than twisted pair) and the use of a single-ended connection.

For the purpose of thpresent experiment and fwrovide transitionlocations, it issufficient to
assume that regions of standard deviation levels around2LfVolts arelaminar without any clear,
high-frequency content.

A quadratic smoothindfilter (see Hamming [5]) over 5 pointswere used,according to the
formula:

sf(k,i) = [ 7 s(k-2,i)+24 s (k-1,i) + 34 s(k,i) + 24 s(k+1,i) + 7 s(k+2,i)] / 96

where s(k,i) is the AC value of the samplember k, charal i, andsf(k,i) is its filtered equialent.
The percent sign % denotes double precision integer.

8.3 PRESSUREREAD Code

The purposeof the PRESSUREREADcode is toallow the pressurefiles generated by the
Modcomp system of LTPT to be reaand transformednto a formatappropriate for merging the
hot-film data with the pressure data.

The inputfiles used are ASCII typ&tandard Interface FormeB|F files genered by using the
COMBO code of LTPT. Thesdiles contin one segment with the parameter names followed by
records of 6 values per line data for the diffeqgatameters. While the SIF fileontain both“raw”
pressurevaluesand pressureoefficients, only thé'raw” values inengineeringunits are used. The
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ASCII SIF-files are read sequentially once tteader has been reabhere arel918 elementsand a
line is read in at a time as a string. Next, each string is split into its elements i=1 through 6.

8.3.1 User interface

When thecode is launched, a miow appears tallow settingand displaying the differeninput
and output parameters/options as welbaseration ofdifferent vesions of the pressureoefficients.
All settings should be done before the RUN button is clicked and the actual processing is done.

8.3.2 Input files

SIF file

Single point means that one single measurement point (or record in the Sikillde read. This
method isuseful, for example, vimen comparing dta for different confjurations or Reynolds
numbers having the same angle of attack.

Single polar means that the entire pol& processedand if outputfiles are geneted, separate
files for each point will be generated. If both PRES, FAC, and spreadsheets are selected,iapsihgle
file containing a polar of 9 points will create 27 output files.

8.3.3 Processing

The processing INPRESSUREREADconverts measured pressurefdo pressure coefficients
according to three schemes:

Cp wt. cal. The coefficients are generated bging the windunnel calibration factoCFSP
(which is a function ofsidewallsuction) found inthe inputsif file, the standard
mode of operation for the wind tunnel.

Cp original Sets CFSP to 1thatis, no wind tunnel calibration idncluded. Note that this
process uses a PINF that is not r@tefrom the measured pressure in avay;
therefore, theMach numberwill be somewhatdifferent thanin the corrected
case.

Cp special Assumes that the stagnation point at the slat sees the true total pressure and, based
on the theoretical expression for the stagnation pressure, determinpsotiesr
reference level for the pressure coefficients.

Only one scheme may be used at a time, selected through mouse clicks.

Examination of the SIF file will reveal that the pressures used as a basis forpthesure
coefficients are ESP pressures atiad byDESPREFAN. Thepressure coefficients included in the
SIF file are not used.

Note that “bad” (malfunctioning) pressure taps in the SIF files are identified as a 999 [psi] value.
In PRESSUREREAD thespoints arestill included in the outpufiles to makethe arraysconstant
throughout the processing scheme and to maintain the identification of the bad pressure taps.
However, in the spreadsheet output, they have been removed to facilitate plotting.
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8.3.4 Output files

There are two types of output files that are toggled on and off using mouse clicks

PRES containghe reference information, along with the pressure distribution on the
model

FAC contains the reference information,omad with the pressuresmeasured on the
ceiling, floor, and sidewalls of the tunnel as well as information on the suction mass
flow.

Output files are text files with either a tab delimiter or a comma delimiter, selected bynusirgg
clicks. The file namesare automatically generated but do ndicate whether the delimiter is a
comma or tab. The default is comma delimited.

Note that thefiles do not normally contain anyexplanation regardingheir contents (unlike the
SIF files with their header). Instead, the alatructure is defined in the template. If a tab delimiter is
used,the PRESSUREREAIRode has the optionf including the parametemame in theactualfile.
Including the parameter name will makeuitusable as an inpdile to MERGE, and the filename is
given the prefix: x, i.e., XFAC and xPRES to stow them far away from the “proper” files.

Filenames are as follows:

For pressure distributions: PRES.<Run>.<Point>.<Date>.<hrminsec>
For facility information: FAC.<Run>.<Point>.<Date>.<hrminsec>

If both file types are created, theyill have identical time stamps. As default, both files are
generated, but either or both may be omitted by using the appropriate option.

8.3.5 Spreadsheet

By default the spreadsheet is not activet is clicked, theoptions will appear. The spreadsheet is
used to allow export of the data to spdsheet codes that aaeailable to the user, such as Excel and
Cricket Graph, among others. The output may differ in terms of parameters but has lmheregro
by using the selected processing scheme.

Optional outputs are these:

Cp pressure coefficients
M Mach number
p pressure [psi]

p/pt pressure nondimensionalized by the total pressure

The lattertwo are nhdependent of ssumptionsregarding Mich numberor tunnel reference
conditions. As mentioned, bad points have been omitted.

The spreadsheet outputs all the data based on the physical element. This measgrédwdsheet
application like Cricket Graph, which plots in value order, rhayeproblems with the mairlement
numbering. The output from MERGE is more suitable for stodmposite” plots. Spreadsheets are
always tab-delimited.
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Note that thex-coordinates ofthe spreadsheet distinguish ween thefront portion of the
elements and the covegions. Thisdistinction is necessary to obtain reasonable plots using Cricket
Graph.

The option“Headers” should be selcted to defia column contentso be read in Excel. In
Cricket Graph the headers will cause all colunmbe of alphabetic format, which makes twumn
format change necessary to plot the data.

8.3.6 Display of pressure coefficients

The numericalvalues ofthe pressure coefficients displaption are off as a default but may be
switched on witha mouse click. Thirteen optiorexist, the values displayed beinfap numberx./c
(nested) in percent, and pressuwoefficient value, CpNote that bad taps ametained in Display,
given a pressear coefficientvalue of nore thanl100. (The pressure 999 [psi] is treated as if it were
real when the coefficients are computed.)

Chordwise Spanwise Facility
LC slat LS slat C ceiling
E
WC  wing under slat F floor
L
BC  winghbox W  sidewalls
TC  wing tall TS  wing tail

FC  flap main row FS flap main row
FC1 flapextra row FS1 flatrailing edge row

Any of the options are togglebdy using mouseclicks. Each segment isispplayed numerically,
and the displayhalts,waiting for acarriage return. Input of a gative number will switch off the
display and return to the setup screen.

8.3.7 Display of SIF file contents

The contents of the ASCII Slfdle can beexamined by usinghis option. Forpractical puposes,
the records are considered as 323 lines of 6 values each, rather than the 1938 values in a string.

Three sources of information exist for display; each is individually toggled:

names provides the parameter names in the file - displayed red. These names are
“hard-wired” into the code; thais, the actual header %ot read.Because thelata
redudion works with fixed positions of thevariables, it isessential to knowvhat
values are actually used. Using the prescribed set of ASCII SIF files, the file and the
“hard-wired” information should be identical. The actual SIF file can le&ed in
any word processor; h@wer,there are 8 nameper line comparedto the data
segment’s 6 per line.

strings provides the text string found in the file - displayl@de. It is an exact copy of the
string in the actual file.

values provides the interpretation of the fite values - tplayed black. lis the value set
used by the code for processing.
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When this option is used, the sthnie of the dsplayis chosen asvell asthe number of linesafter
the RUN button is selected. If no number of lines is given, the default value of 11 lines is used.

The entire contents ad record isshown selecting 1,10,20, and sa until reaching 320 in the
sequence, viewing 10 lines (60 values) at a tiffna@.negative line number is input, the displagtion
is switched off, execution continues, and the code returns to the set-up screen. If an entire polar has
been selected, the display will remain switched off through the remainder of the execution.

name search allows examination of any single parameterttie SIF file. The user iasked
for the name of the parameter (which has to be exact). The code searches for
it and displaysts line and elementhumber andits current value. Thenext
action on the set-up screavill remove the display. ttil RUN is pushed, no
data are read in, anlbde currentvalue (usudy 0) at the merary location is
displayed.

8.3.8 Run
The RUN and REPEAT selections are the only actions that process and store data.

RUN is used to read in and process datem a SIF file. If thesame dataset is to be re-evaluated,
the REPEAT button is used. When the RUN button is clicked, the execution starts.

single point

Single point is suitable to cqrare data from differenpolars, todetermine Reynolds number
effects, the effects on configuration changes, and so on. If a single point is requested, titk huser
asked to decide which one. Since the pressure files are arranged one per p&RESSIREREAD
code will determine which file should be opened and will disptaich Points are inaded init. The
selection is either accepted or altered by the user.

Unless it ischanged during subsequent single-poiohs, the paragter selectioncriteria will
remain in effect.

Single polar is usually suitable to process a batch of test points and provide input datanfextthe
code, MERGE. Note that separate output file igroduced foreach poity dependingon the polar
number, the resulyill be avariablenumber of files.Note that MERGE expects the input file to be
comma delimited. MERGE will require extra time to interpret a tab-delimited file.

select input SIF-file

Whether single point or single polar, the user is next prompted to select an input file. This file may
have any nameand may or may not reside in the sarwder. Any output file from the
PRESSUREREAD code will be placed in the same folder as the input SIF file.

The input file MUST bean ASCII file with the exact parametelist of the template. The
PRESSUREREAD code checks a few parameter names and will display a warningill(atsb write
it into any requested output files) in the file’s bad data flag parameter.

The codewill display, as it reads theaerds and output, the time and conditions of the points
selected. The initial reading of the parameter list takes some time.
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REPEAT is usedo re-examine destpoint. Notethat if a polar has been analyzed, the data set
available is from the last @ssure point read frorthe ASCII SIF file. REPEAT is suitable wreate
comparisons of pressure distributions by using different procesgitigns or to checklata before it
is written to files.

After execution, the code returns to the optieeseen and anotheselection fom the database
can be made by usinBUN, or reproessing can be done with a different processing scheme or
output choice by using REPEAT.

The program execution cabe interrupted byusing (the not very elegant but effective)
Apple<period>. Howver, this option doesnot work during execution wen the code is halted to
display a listing or dump. A <return> willtithe execution continu&ntering anegativenumber will
cancel the displays and let execution finish and return to the set-up window.

The code has no graphic display of data. Not displaying idataliberate sincéhe data set is not
complete without the appropriate hot-filmdata. The main purpose of tHRRESSUREREAD and
EXABYTEREAD codes is to provide a means of pregiag the raw data to make it usable for
subsequent analysis. For graphic (and numedisplays of complete dataset comparisons, the
MERGE code and output files should be used.

8.4 MERGE Code

The inputfiles used fo MERGE are comm-delimited; STAT files for hot-film data andPRES
files for pressure data.

8.4.1 Hot-film data

Any numberof input files can be used, but they are assumed to cover the same time interval or
approximately the same tunnel conditions and high-lift configuration, i.e., normally the hatdian
associated with a pressure point.

The data areormally read inpairs, a-filesand corespondingb-files (from System A and B,
respectively). The file formi is strict to its elements and structure baflows sone alternatives
regarding units.

Typically, there are siinput files with flow condtions, and if zero-flowconditions are to be
included in the analysis, it is necess&wysupply six more zeroifes, ORthe pre-testalibration data
are used. In the lattarasethe zero-flow volagesdeterminedduring testsetup are used teepresent
the zero-flow heat loss to the substrate.

The input files contain the data accordingtie anemometer channel {firough 14) wih which it
has beerpbtained.Records are analyzed as they are read. The headeriffankation isused to
identify that a change has occurred (i.e., the operator has switched to a different set of 3&hsors).
a change is detectethe MERGE codewill skip the firsttwo records, thdasttwo records, and store
the average of the rest in the array positidesermined bythe connectorset andbank identifier.
Note that if the input file contains infoation from thesame bankn two separate timeections, the
last one will be stored.
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Normally, a maximum of six input files are used. The MERGE owilleonly deal withwhatever
data it is given. In certain cases, more than six input hot-film files may be given. One exandgdie is
from the very last part of theest, vhen thehookup arrangement watwanged to exploréhe cove
regions. In this case, data from more than 294 locations on the configuration will be available.

8.4.2 Omitting data
Data are omitted from the output for the following reasons:

» Based on the zero-offset of the systéne mean voltage may be saturating the édhverter.
MERGE definesa maximum andminimum voltage level coresponding tosaturation and
excludes data outside the limit. The saturation should, in weEstshave been detected in
EXABYTEREAD, resulting in a zero standard deviation.

» |If the standard deviation is zero, the data are rejected.

* Bank identification isavailable bdt in the header and in the channel 8 of System B
(embedded bank information). Theo are compared foreach record ana warning issued.
However, since it may be possible tawn an A-file without the coasponding Hile, or a
different B-file, the data are not excluded.

Questionable data that fall within one of the following categories are tagged:

Mean and Standard deviation exceed maximum voltage. AD saturation problem.
Mean and Standard deviation below minimum voltage. AD saturation problem.
Mean bridge voltage below 1 volt. Bridge balance problem.

Flatness factor above 25 or below -25. Electronic noise (spikes).

Data include elements with bank identification inconsistencies.

Data include elements with time code inconsistencies.

N o ks N

Entire A and B files were taken at different instants.

Interpretation of experimental data as function of space is done by using the connector set used (1
through 3), thearrangement (1-standard anctc@ves), and the caspondingselection ofchannel
and banks, to cover all possible data points. The statistical data and the pressure coefficientsedare
according to their physical location. Data from Arrangemeand 2 may be usetbgethersince the
MERGE code has the film numbering, coordinates, and hookup tables hardwired.

The sequence of assigning values is as follows:
1. The bank (1 - 7) and channel (1 - 7), together with System (A or B determhes which of

the 1 - 98 hooked up sensors the data belong to.

2. The connectorefinition (given by the operator) 1 to 3 determinekich set of sensors is
hooked up (connection box outside tunnel).

3. The arrangementumber (1 to2) is determined by the ERGE code based on th#ate
identified in the data file; it uses the header timat, any of theinformation input athe time
of EXABYTE file creation.
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Thus, to obtain a complete coverage of data, first run the datadirasponds to arrangement 2
and data will be stored at 294 locations. Tham arrangement one fothe sameconnectorsets; 294
other points arestored, some are new amdost of hem overwrite thearrangement anformation
because some sensors will be active under both arrangements.

8.4.3 Pressure data

The pressure data of the inpiile are available apressure coefficients. Only limitechecking is
performed because most of the verification has been done already in the PRESSUREREAD code.

8.4.4 Display and graphics
Currently no display or graphics exists for the code.

8.4.5 Output files

The output of the MERGE code @ganized as a&preadsheet witta minimum of reference
information. The file contains information obtained from the hot-film and pressure measurements.

The user igprompted toprovide afilename,whereupon the MRGE code adds a time taQnly
experimental data considered lie correct are includedherefore, data éfm some sensomwill be
omitted. Also, one column includes warnings regarding the quality of certain data points.

The output file is organized to make plotting easy and contains the following columns:

Hot-film data
1. Sensor This is either hot-film sensor number (1-359) or pressure tap ( - ).
2. xlc Longitudinal Coordinate of hot filnor pressue tap, nested, x/c=0 at tieading
edge of the slat; x/c=1.0 at the trailing edge of the flap.
3. ylc Vertical Coordinate of hot film or pressure tap, nested; y/c=0 on the apex of the
slat and trailing edge of the flap.
4. sfc.flap Length along the surface of the flap; s/c.flap=0 for y/end is positive on the

suction side.

5. s/c.main Length along the surface of the maimng; s/c.main=0 for y/c=0 and is positive
on the suction side. Not accurate in cove region.

6. s/c.slat length along the sface of the flap;s/c.slat=0 fo y/c=0 and is positive on the
suction side. Continues into the slat cove for negative s/c.slat values.
mean Mean bridge signal (voltage) [Volts] over kmax samples.
8. Std.dev Standardleviation [mVolts] about Meafor kmax samples. For laminaflows,

this is typically a measure of the noise level of the hot-film signal.

9. skewness Tind statisticalmoment coefficient ofsignal. Characterizes th@symmetry of
the signal. In a transitionaflow, the skewnessgoes from close to zero,
negative/positive, passing through zerbew theintermittency is 0.5 and at the
end of transition; then opposite of the initial deviation and at the end of
transition close to zero again.
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10. flatness Fourth statistical moment of signal. Also called Kurtosis. For Gaussian
distributions, 3. High values found for transitional flows.

11.microscaé From the autocorrelation function. The ykr microscale[msecs],determined
from the secondderivative of the autocorrelation functiorat zero time shift.
Here determined from samples shifted 2 units. (Corresponds ton@s8d, which
is close to the highest frequency before the Chebyshev corner frequency.)

12.Integralscalelntegral of the autocorrelation funcbn to zero correlatioror, in some cases,
64 samples, whichever occurs first.

If the autocorrelation function wasmitted in theEXABYTEREAD processingcolumns 11 and
12 will contain zeros.

Pressure data

13.-Cp.flap Negative of pressure coefficient on the flap
14.-Cp.main  Negative of pressure coefficient on the main
15.-Cp.slat Negative of pressure coefficient on the slat

16.-Cp.flapx  Negative of pressure coefficient on the flap, secondary row
9. Example and Tutorial

In the present section, an example of how the database can be accessed is given:

Step 1.Determine desired high-liftonfiguration andwind tunnel referenceconditions. Inthis
case we choose 30P/30N, Mach=0.2, Re=9 million, and 8 degrees angle of attack.

Step 2.Run the LOGBOOK code toselect the nass of hot-film and presserdata files. To
obtain a completeset of dah (yet excluding the cove sensors), waeed 6 hot-filmfiles: 3 from
System A and 3 from System B. If we alsant to explorethe results fom the cove regionsnore
files using sensor arrangement 2 need to be included.

Launch LOGBOOK, and select search m@le = Database <Return>

Select configuratiorl =30P/30N <Return>

Input Reynolds number [million]: 9 <Return>

The code indicates that 141 entries (test points, zero flow conditions, etc.) have been found.

Input Angle-of-attack [degrees]: 8 <Return>

Input Mach number: 0.2 <Return>
The code returns a list containing the entries that match all these criteria.
A screenshot may be used to record this list. <ideft><Apple>3 to make a snapshot that can be

viewed with Simpletext. It is automatically labeled Pictur@rlhigher) etc. and is put into thenain
folder of the Mac.
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We see that the following datasets may be suitable:

Item Point Connector Sensor arrangement
2 51 1 1
13 62 2 1
22 71 3 1
379 421 1 2 Include for cove info.
388 430 2 2 Include for cove info.
419 463 N/A N/A Include to compare pressure

distributions with and without the
film sheet present.

Exit the code using -1 Quit code

To include all the relevant kdilm data, 10film files would beneeded. Welecided touseonly

the standardsetup, i.e., 6 files. Sipressure files are available. For simplicity, we use only Point 51
since all should be the same.

The repeatability can behecked separatelyt this is desired, theRESSUREREAxode can be
run to poducethe inputfiles for MERGE. Then MERGE is run to @iuce the spreadsheet files.
MERGE does not need a hot-film input.will take any number offiles (up to six, asmentioned
previously), and only display/output the data received.

Step 3. To determine the location of the hot-film data, run LOGBOOK once more.

Choose 1=flip through

Enter the entry numbers, and the following information can be found:

ltem Point Connector Polar  Startrecord End record

2 51 1 7 5 hfc 82 5 .hfc 209
13 62 2 8 5 .hff 66 5 .hff 193
22 71 3 9 5 .hth 146 5 .hth273
And to include the cove sensors:

379 421 1 55 21 .hfc 48 21 .hfc 100
388 430 2 56 21 _.hfg 304 21 .hfh 143

Here _ means a or b, depending on which system is used.
Notice that all but the very last data can be found in single files.

When the flip-through mode is used, haolglidown the return keMips the display forward to the

next logbook entry. If a certain entry idesired, it can be esrted followedby return. A negative
entry quits the code.

For pressure files, we see thaggsure data (withot-film sheetpresent) can béund in Polars 7,
8, and 9, as well as 55 and 56.

For simplicity, we only use Point 51 in Polar 7.
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Step 4. Run PRESSUREREAD
Launch the code, select single point and comma delimited PRES file.

Select RUN and the code will open a dialeigdow to select a file t@mpen. $ce Point 51 igart
of Polar 7, theinformation of interest isfound in the ASCIl SIF-file asc7 in theHL.HF.database

folder.
Select record number 2, which is the 8-degree case.

It is also possible to extract all the pressure fitegeded for theentire polarby choosing Full
polar. The code then will create separate, identifiable files for each of the Points.

Step 5. Run EXABYTEREAD

According tothe information foundin the LOGBOOK, the hd-film data coresponding to the
pressure data are found in six files:

5a.hfc, record 82 through 209 for System A
5b.hfc, record 82 through 209 for System B

5a.hff, record 66 through 193 for System A
5b.hff, record 66 through 193 for System B

5a.hfh, record 146 through 273 for System A
5b.hfh, record 146 through 273 for System B

Locate the data otwo CDs for §stem A and System B, respectively. Copy the six files to Mac
memory since the CDs are write-fgoted and theode putsall outputfiles in the samdolder as the

input files.
Launch EXABYTEREAD.

Enter Run number: 0 Any number may be entered to identify the output files. (For simplicity, it
could be a short number.)

Enter Point number: 51 (pressure point number)
Enter System: 1 (Corresponding to System A)

Next, a dialog box opens, allowing the user to choose an input file.

Locate and select
5a.hfc
and open it.
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The code checks the filename and promihis user forConnector set informatiorfset is 1, 2,
or 3).

Enter: O for automatic selection.

Provide start record, mstart: 82

Provide last record, mmax: 209

The setup structure window appears with the complete set of run parameters.

Unless a change is desired, select Return.

Selecting Returwill causeEXABYTEREAD to analyze the firsi024 samples from each of the
records, starting witliecord 82 of thefile, and will put the statisticalinformation into a comma-

delimited file.

If graphics is selected, it is possilile examine the raw signal. Hewer,this is atime-consuming
endeavor and should be done separately from data processing for merging with pressure data.

Execution proceeds and displays the results one record at a time.

When procssing is finished, one magither quit (=0),start proessing of other data from the
same file (=1), or append more data from another file (=2).

Choose 0 since no more data from the file is needed.

Repeat the processing, using the esponding Hile and the four otherfiles, by using the
appropriate record numbers:

Files 5a.hff & 5b.hff, mstart= 66 and mmax=193
and 5a.hfh & 5b.hfh, mstart=146 and mmax= 273

There will now be six files of hot-film statistical data and one file of pressure data.
Step 6. Run MERGE
Launch the MERGE code.

Enter the firstfile, correspondingto Connectorset 1, System A. As the file is reasignificant
information is disphyed for each record processed. The n@xte the diabg box appears, the
System B fileis entered. After reading the daia, the MERGEcode will average and sort the
information, and assign the information to a physical location on the model rather tharhdoreel
in the measurement system.

If more hot-film dataare needed, the filpairs fa Connectorsets 2and 3 are entered. After
adding the pressure file, the input sequence is stopped. The user provides a name andfaelects a
for data storage, and the datee written to aab-delimitedfile suitable for analysis in apreadsheet
application.
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10. Conclusions

The database has been created to allow retrieval of datedsd in thduture because it is set up
with access codes and is independent of the acquisition of other database handlers and software. If the
needarisesthe software can bported to other platforms. The User's Manual for dreemometry
system describes the data in sufficient detail to port réeding code for the binary data. The
intention is also that published data can be checked for validity whenever a need arises.
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Appendix
Database Sorted by Configuration

In this appendix the data are sorted into ggunfations and day of $éng. Itrevealsthe complete,
existing data set$n cases wherg¢here is a repeat pressure run, data may nointleded. In most
cases, pressure runs and complete hot-film sets are included if more than one is available.

Pressure data are denoted Point-1, Point-2, or Point-3, where 1, 2, and 3 corresporibtdilime
connector set used.

Hot-film data are denoted Film-1jlf-2, or Film-3 where 1, 2, and 8orrespond tahe hot-film
connector set used.

The record names are abbreviated, omitting the date in front. For example, Point 50 was taken on
August 5, and the corresponding hot-film data records are 5b450-5c81, abbreviated to b450-c81.

The original pressure data written as SIF filesaganized according to polar, abelow each set
of point numbers, the carsponding SIF filename is given; forexample, asc007 means that the
corresponding pressure data were taken as part of polar 7.

A.1 30P/30Nis the standard configuration used for the nm@ontion of thetesting,one series in the
beginning of the test and one in the last.

August 5 , 1996

One complete data set at intermediate Reynolds numsterdard Macmumber was completed,
along with a repeat series &xplore the repeatability ofhe angle of attack (and otheunnel
conditions) toverify whether or not polarsould be run or if the&eonnectors had to be changed at
each angle of attack.

Corfiguration: 30P/30N

Mach number: 0.2

Reynolds number: 9 million

a Point-1 Point-2 Point-3Film-1 Film-2 Film-3

4 50 61 70 b450-c81 e418-f65 h18-h145

8 51 62 71 c82-c209 f66-f193 h146-h273

10 52 63 72 €c210-c337 f194-f321 h274-h417

12 53 64 73 €338-c449 f322-f449 h418-i033

16 54 65 74 c450-d97 A50-g97 i34-i161

19 55 66 75 d98-d225 098-g209 162-i289

21 56 67 76 d226-d369 0210-g337 i290-i417

22 57 68 77 d370-e33 - 418-j65

23 58 69 78 e34-e161 0338-h17 j66-j177
asc007 asc008 asc009
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Corfiguration:
Mach number:
Reynolds number:

30P/30N

a
4

8

10
12
16
19
21
22
23

Point-1

82
83

88

asc010

August 6, 1996

0.2
9 million
Point-2 Point-3Film-1 Film-2 Film-3
80 79 - j322-j480 j178-j321
81 - - k2-k129 -
- - k130-k289 - -
- - k290-k417 - -
84 - - k418-165 -
- 85 - - 166-1193
- 86 - - 1194-1321
87 - - 1322-1419 -
- - 1450-m97 - -
Zews - m98-m209 m210-m353
asc010 asc010

One data set at intermedid®aynolds number, standard Manbmber was completed agepeat
series toexplore the repeatability of the data. The BLT was put in positioseireral of the runs
(check). No data were obtained for connector set 1.

Corfiguration:
Mach number:
Reynolds number:
a Point-1

4 -

8 -

10 -

12 -

16 -

August 7, 1996

Corfiguration:
Mach number:
Reynolds number:
a Point-1

30P/30N
0.2
9 million
Point-2 Point-3Film-1 Film-2 Film-3
95 100 - b32-b223 d48-d239
96 101 - b224-b415 d240-d431
- 104 - - e368-f79
98 103 - c128-c319 el76-e367
zeros - - f80-f271
asc011 asc012

Two conplete datasets atintermediate Reynolds number, high atmv, and at high Mach
numbers were run.

4
8

10
12
16
19
21
22
23

110
111
113
114
115
116
117
118
119
asc014

30P/30N
0.15
9 million
Point-2 Point-3Film-1 Film-2 Film-3
120 129 b96-b287 e464-f175 144-j335
121 130 b288-b479 f324-g47 j336-k63
122 131 cl-c191 g48-g255 k64-k255
123 132 €192-c399 g256-g463 k256-k463
124 133 c400-d111 h64-h271 k464-1175
125 134 d112-d319 h272-h463 1176-1383
126 135 d320-e31 h464-i175 1384-m95
127 136 e32-e239 176-i383 m96-m287
128 137 €240-e463 384-j143 m288-n15
asc015 asc016
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Corfiguration:

Mach number:

Reynolds number:

a Point-1

4 138

8 139

10 140

12 142

16 143

19 144

21 145
asc017

August 8, 1996

Corfiguration:
Mach number:
Reynolds number:
a Point-1

4 178

8 179

10 180

12 181

16 182

19 183

21 186

22 185

23 187

asc022

Corfiguration:
Mach number:
Reynolds number:
a Point-1

4 208

8 209

10 211

12 212

16 213

19 214

21 215

22 216

asc025

30P/30N
0.23

9 million
Point-2
146

147

148

149

150

151

152
asc018

30P/30N
0.20

5 million
Point-2
188

189

190

191

192

193

194

195

196

asc023

30P/30N
0.20

12 million
Point-2
217

218

219

220

221

222

223

asc026

Point-3Film-1
154 n16-n207
156 n208-n431
157 n432-063
158 064-0255
160 0256-0447
161 0448-p191
162 p192-p383
asc019

Point-3Film-1
197 a48-a239
198 a240-a431
199 a432-b143
200 b144-b335
201 b336-c79
202 c80-c271
203 d145-d336
204 c400-d144
205 d337-e48
zeos 0145-0336
asc024

Point-3Film-1

224 0337-p48

225 p49-p256
226 p385-q112
227 g113-q304
228 g305-r16

229 r17-r208

230 r209-r400
- A65-s176
zelos t2674-t2864

asc027
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Film-2
p464-q175
gl76-q367
g368-r79
r80-r271
r272463
r464-s175
s$240-s463

Film-2
e49-e240
e241-e432
e433160
161-f368
f369-g80

081-g272

g273-g464

g465-h176

h177-h400
n433-0144

Film-2
s177-s343
s$388-180

t81-t247

281-t447

483-t626
t674-1848
t849-t1051

t2497-12497

Film-3
225-1431
624-1815
816-11023
11024-11087
1329-11519
11520-t1679
11680-11887

Two complete data sets at low and high Reynolds number; standard Mach numbers were run.

Film-3
340-k64
k65-k256
k257k448
k449-1176
177-1384
1385-m112
m113-m304
m305-n32
n33-n240
n241-n432

Film-3
t1089-11233
t1295-11456
157-t1614
t1676-t1791
t1868-11982

t2239-12247

12428-12428



August 9, 1996

Two conplete datasets at arery high Reynoldshumber,close to standard &th numbers, were
run.

Corfiguration: 30P/30N

Mach number: 0.18

Reynolds number: 15 million

a Point-1 Point-2 Point-3Film-1 Film-2 Film-3

4 233 237 241 b304-c15 d200-d415 e448-f159

8 234 238 242 c16-c207 e416-e127 f160-f351

16 235 239 244 c208-c399 e128-e239 f352-g63
zelos g448-h159 g256-g447 g64-g255

asc028 asc029 asc030

August 12, 1996

The model rigging was changed to 30P/30AD. One complete data set was run.

Configuration: 30P/30AD

Mach number: 0.20

Reynolds number: 9 million

a Point-1 Point-2 Point-3Film-1 Film-2 Film-3
zelos al-al27 al2@é351 a352-b63

4 251 261 271 b74-b255 f128-f319 j1-j191

8 252 262 272 b261-b445 f320-g47 192-j383

10 253 263 274 b464-c173 g48-g255 k80-k287

12 254 264 277 c183-c383 0256-g463 k288-k479

16 255 265 279 c407-d95 g464-h175 11-1191

19 256 266 280 d112-d287 h176-h367 1192-1415

21 258 267 281 el-e207 h368-i79 [416-m159

22 259 268 282 €208-e399 i80-i287 m160-m367

23 260 269 283 e400-f127 288-i479 m368-n79
zeos 01-0120 n288-n480 n80-n287

asc032 asc033 asc034
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A.2 30P/30AD

Auqgust 13, 1996

The testscontinued with 30BBOAD. One complete datset at sindard Reynoldswumber, high

Mach number was run.

Configuration:
Mach number:
Reynolds number:

a

4
8

10
12
16
19
21
22

Point-1

287
288
289
290
291
292
293
294
asc036

Auqgust 14, 1996

The testscontinued with 30BBOAD. One

number was run.

Configuration:
Mach number:
Reynolds number:

a

4
8

10
12
16
19
21
22
23

Point-1

314
315
316
317
318
319
321
322

asc040

30P/30AD
0.23

9 million
Point-2

295
296
297
298
299
300
301
302
asc037

30P/30AD
0.2

5 million
Point-2

324
325
327
329
330
331
333
334
336

asc041

Point-3Film-1
zeos a320-b47
303 b48-b223

304 b224-b383
305 b384-c127
306 c128-c335
307 c336-d47
308 d48-d239
309 d240-d431
310 d432-e143

asc038

Film-2
al2&319
f144-g15

016-9287
g288-h15
h16-h207
h208-h399
h400-i111
112-i303
304-j15

Film-3
al-al27
j16-j207
j208-j400
j401-k111
k112-k303
k304-115
116-1182
m1l-m127
m128-m351

complete data ktw Reynolds number, standard

Point-3Film-1
zeos a336-b47
337 -

338 b242-b431
339 b432-c143
340 c144-c335
341 €336-d63
342 d64-d239
343 d240-d431
344 d432-e159
345 €160-e360
zelos 0192-0399

asc042
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Film-2
al2&335
f324-g47
048-g175
g416-h127
h128-h334
h336-i47
i48-i239
240-i447
448-j159
560367
n464-0191

Film-3
al-al27
j368-k94
k95-k287
k288-k479
11-1223
1224-1415
416-m127
m128-m319
m320-n31
n68-n271
n272-n463

Mach



A.3 30P/35T

Auqgust 19, 1996

The third configuration (rigging) was use®0P/35T, and runsvere made at Standard and low
Reynolds number and standard Mach number.

Corfiguration: 30P/35T
Mach number: 0.2
Reynolds number: 9 ition
a Point-1 Point-2 Point-3Film-1 Film-2 Film-3
zens a336-b47 al2&335 al-al27

4 356 369 379 b48-b255 f400-g110 j320-k47
8 357 370 380 b256-b447 g111-g303 k48-k239
10 358 371 381 b448-c159 0304-h31 k240-k463
12 359 372 382 c160-c353 h32-h223 k464-1175
14 366 373 383 e368-f79 h272-h479 1176-1383
16 360 374 384 c354-d63 i1-i191 384-m95
19 361 376 385 d64-d255 192-i383 m96-m303
21 363 377 386 d256-d447 392-j95 m404-n15
22 364 378 387 d448-e191 j96-j303 n16-n159
23 365 - - €192-e367 - -

asc049 asc050 asc051
Corfiguration: 30P/35T
Mach number: 0.2
Reynolds number: 5 ition
a Point-1 Point-2 Point-3Film-1 Film-2 Film-3
4 389 398 407 n368-079 r288479 1072-t1263
8 390 399 409 0128-0335 s1-s190 t1264-11455
10 391 400 411 0336-p47 s191-s383 t1456-11663
12 392 401 412 p48-p255 s385-t95 t1664-11855
14 393 402 413 p256-p447 196-1287 11856-t2047
16 394 403 414 p448-q159 288-t479 t2048-12239
19 395 404 415 g160-9367 480-t671 t2240-12431
21 396 405 416 0368-r95 b72-t863 t2432-12639
22 397 406 417 ro6-r287 t864-11071 12640-t2831

zeos t3232-t3360 t3024-t3231 t2832-t3023
asc052 asc053 asc054
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A.4 30P/30N

Auqgust 21, 1996

Corfiguration:
Mach number:
Reynolds number:
Arrangement:

a

4

8

10
12
16
19
21
22
23

Point-1

420
421
422
423
424
425
426
427
428

asc055

30P/30N
0.2
5 itlion
Coves
Point-2

429
430
433
435
436
437
438
439

asc056

Point-3Film-1

Z€ens

47

a448-b181
b309-b361
c48-c100
c312-c480
d73-d248
d296-d480
e21-e239
€240-e463
e464-1223
£24-f463
m208-m399

Film-2
al28-a447
f464-9303

g304-h143

h304-i142
143-i463
464-j287
288-k111

k112-k431

k432-1287

1288-1479

m1l-m207



8O0k

PRESSUREREAD

EXABYTEREAD

PROCESSING

OI0;
UR0I6

HF dragsif.database HF .drag database

28 fibis 28 MB 58 files BEOk

HF HF .asci.databasa

531 fllas 47.4 MB
HF_mermged database

HF FR.azcslf database B0 filag 25 MB

43 filges 2.9 MB

RE.PR.ascsil dalabasa HF.Transition.data

g files = Fi 2 Has a2k

Figure 1. Database organization.
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FILE = 30 Bufiars - 480 Records (normally)

M=

M40
(rirmally]

m=17

m=2

m=dd

i 2 MB binary data)

Channels 1 - 7 = Hot fim signalg =~
Channel & = Embedded tima or Bank/group information

49

{ 60 MB Binary Data- normally)

BUFFER = B Records (always)

jzm=3

ms=l

RECORD = & Data sets (always)
131,072 8
{ ee) DATA SET
Channals 1 - 8
img=1
P

Fa

Figure 2. Files, buffers, records, and data sets.




rm =82

Paoint 51
=8 deg

Paoint 52
a=10 deg

Point 563
=12 dag

=210

M=227F

HOT FILM SENSOR NUMBERS
AND LOCATIONS:

BANK | 1-7 Flapuppertrailing edge
1 H-56 Flap, lower forward

BaNk [— mM=100
3 . #-14 Flapuppermid

BANK 57-63 Flap, lower forward
. 12-21 Flapupper.front

64-70 Flap, lowermid

4 — 22 - 28 Flap,upper.nose
71 -77 Flap, lower rear

BANK |  29-35 Flaplowernose

5 78 - 84 Flap, lower,trailing edge
BaNk | 36-42 Flaplowernose
L] 103-10® Flap, TE & Main,TE

43-49% Flaplower front
BANK |& 110-116 Main,rear

— m=200

m=338

im0

THE HOT FILM SYSTEM IS ROLLED THROUGH
7 BANKS (GROUPS) OF HOT FILM SENSORS
AS WIND TUNNEL DITIONS ARE KEPT
COMSTANT

Exampla from August 5
J0PF30N Mach=0.2 Re=3 mill.
Connector set 1.

Figure 3. Pressure points and hot-film data.
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Configuration: 301/ 30N

Slat gap 295 %
Slai overhang 25 &
Slat angle 30 de
Flap gap 1.27
Flap overhang 15 %
Flap angle 3 deg
a1+
g_u: ::: _-_-____J___-
R
LEE
13 T T L T ¥ T T T L] 1
-0.2 -0.0 o2 0.4 0.8 0.8 1.8 i.2
Figure 4. MDA 3-element high-lift model, 30P/30N rigging.
o poegl Data recoeding for a=19 dag
4 O O
(W) DDD
o o
iy R ek R ., P
O (W O
O O O
ZERC-
Fow ||| O O - E&?J
CAL CAL
! ] ]
E%ET"‘H CONMNECTUR COMNECTOR S
SET Mo 2 SETHo 3
| ; : | : r } : —-
1540 1EI:I}.’}- 16:20 1644 'lTI:III 1120 1740 1!."50 18:20 1840 TIME
[hr:min]

[0 Datacolectan
@ Data for marging. a=18 deg

Figure 5. Run procedure — collection of hot-film data through switching connector sets.
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b, hin
Ga.hih

COMMECTOR SET 2

COMNECTOR SET 3

CORMECTOR SET 1

BINARY TIME SERIES : 128 RECS/FILE = T68 records= 36 MB

\

ASCI SIF fila
EXABYTEREAD
248 kB
6 ASCN bt ilm ascT
files, =16 dalasels
e =
PRESSUREREAD
- 8 kB ASCIH
PRES
MERGE fle

ASCII DATAFILE: 1 eat of statistics par film or pressure lap.
46 kB for Point 51, 30P30N Mach=0.2, Re=3 mill.

Figure 6. Data processing, compression, and access.
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