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SYMBOLS

A(d) ith (current or updated) average
a(i) ith sample value
C temperature-shift correction constant

corrected bridge output voltage

cory
meas measured bridge output voltage
EO fictive no-flow bridge voltage
_meas average value of the measured bridge voltage
i sample number
K constant
Ns number of samples
n log slope (about 0.45, typical value)
OHR overheat ratio (usually about 1.8)
Sa average of quantity a, defined by equations (15)
S(a(di)) sum of a(i) from i =1 to i = Ns
T current flow temperature
TCal calibration flow temperature
U calibration velocity
Ueff effective cooling velocity
[Ueff] the vector of effective cooling velocities
u,v,w instantaneous velocity components in x,y,z directions
[v] instantaneous velocity vector
|V| magnitude of the velocity vector
X,V,2 Cartesian coordinate directions
o wire resistivity coefficient (typical value for tungsten = 0.005 per °C)
§ yaw calibration angle setting
[ yaw angle



fyl angular sensitivity matrix

Subscripts:

1,2 used to denote a particular quantity referred to wire 1 or wire 2
uv ,uw quantity determined in wuv or uw measurement plane

Superscripts:

! fluctuating quantity, e.g., u = u + u', or used to indicate an inter-
mediate quantity (e.g., eq. (11))

- time average
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SUMMARY

The report describes a system for rapid computerized calibration acquisition,
and processing of data from a crossed hot-wire anemometer. Advantages of the system
are its speed, minimal use of analog electronics, and improved accuracy of the result-
ing data. Two components of mean velocity and turbulence statistics up to third
order are provided by the data reduction. The report presents details of the hardware,
calibration procedures, response equations, software, and sample results from measure-
ments in a turbulent plane mixing layer.

1. INTRODUCTION

A system for rapid computerized acquisition and processing of analog signals
from a hot-wire anemometer is described. Most of the discussion considers the
crossed-wire anemometer; the simpler case of a single wire is briefly addressed. The
objective of the work was to develop a system for measuring the statistical properties
of the velocity field of a moderately turbulent, two-dimensional, incompressible,
isothermal air flow. This report is intended to document the system for reference in
several researches in which the system will be applied.

A crossed hot-wire probe operated by constant-temperature bridges (CTA) can
provide a signal from which the two instantaneous components of velocity and related
statistical properties of a moderately turbulent flow may be derived. Traditionally,
analog hardware is used to linearize and process the signals from multichannel CTA
systems. More analog hardware is required to process and average the resulting sig-
nals to obtain the desired statistics; for example, u'2,v'2 and u'v' for a crossed-
wire. The present report describes a more modern approach wherein all nonlinear ana-
log processing hardware is replaced by a computerized system for probe calibration,
data acquisition, and reduction. The approach described differs from the old fully
analog methods in that it uses fewer, more stable electronic components, and, more
importantly, is much faster. Complete calibration and acquisition for a typical
20-point profile required less than 60 min. Corrections (e.g., of ambient temperature
drift) are easily implemented in software. Although specific hardware with particular
response equations are presented, the approach taken is very general and could be
easily adapted to different measurement conditions, other types of anemometers, or
three-wire probes.

The experimental procedure and apparatus are discussed in detail in the next
section. Hot-wire response equations — which give simple but accurate relations for
the cooling law, directional sensitivity, and the effects of ambient temperature
drift — and algorithms for computing desired statistical signal properties, such as
mean, variance, and higher-order cross-correlations, are presented in the third
section. Sample results from an experiment to measure turbulence quantities in a
plane mixing layer are provided in the fourth section, and concluding remarks are
presented in the final section. Software for both single- and crossed-wire systems
written in BASIC to run on the HP 9845B desk-top computer is included in the appendix.



2. EXPERIMENTAL PROCEDURE AND APPARATUS

Experimental Procedure

The hardware configuration of the system is conceptually simple and requires
little routine adjustment. Two DISA constant—temperature bridges were employed
to drive the crossed-wires. A fixed dc shift and gain were applied to the bridge
outputs which were low-pass filtered (to remove high-frequency electrical noise)
and then input to a bipolar 12-bit A/D converter. An external clock generated
a sample pulse (typical sampling rate was 500 Hz) to the A/D which caused the two
inputs to be frozen ("sample-and-hold"). These channels were sequentially converted;
the converted values passed through a multiplexer to a high-speed, 16-bit parallel
interface to the computer. After filling the computer's data buffer, raw data were
written to floppy disk. The raw data were reduced off-line to provide the signal
statistics. Before data acquisition began, a complete system calibration check was
performed, and relevant quantities were written to the floppy-disk data files. Taking
up to 3,000 samples per data point required less than 2 min; the calibration procedure
required about 15 min. Thus, a typical 20-point profile required less than a hour for
data acquisition (including calibration), using the program shown here (see appendix
sec. A.1.2). The current off-line data reduction program (see appendix sec. A.1.3)
took about 45 min to reduce these data.

Simple but established models have been implemented to describe the sensitivity
of the constant-temperature hot-wire to variations in flow velocity, wire orienta-
tion, and ambient temperature drift. The relations selected are applicable to
incompressible, isothermal flow of "clean" (filtered) air over a fine wire with
"moderate'" local turbulence intensity (less than about 30%) and negligible instan-
taneous local flow reversal frequency. King's law was used to provide a relation
between the "effective" cooling velocity and the bridge output. A "cosine law'" was
used to relate the effective cooling velocity to the magnitude and direction of the
velocity vector. The entire calibration was shifted to account for the effects of
small ambient temperature changes over the course of a run, based on the overheat
ratio and wire resistivity. Once the King's law calibration was implemented and
shifted for ambient temperature drift, the effective velocities measured by each wire
were used to solve for the instantaneous velocity components in the measurement plane
by inverting the angular sensitivity matrix. Then the instantaneous values of the
velocity components were used to form the statistical properties of the signal. Com-
puted results included the mean and variance, as well as second- and third-order
cross-correlations (i.e., u, v, u'2, v'2, u'v', u'?vy, v'2u' for wires in the u-v
plane).

Experimental Apparatus

Figure 1 shows the system hardware schematically and provides a list of compo-~
nent manufacturers and model numbers. In the following discussion of the hardware,
the system is divided into four areas: (1) probes used, (2) DISA bridges and
signal conditioners, (3) NASA LDV-A/D computer interface, and (4) HP computer inter-—
face, desk-top computer, and floppy-disk drive. Little explicit mention will be made
of the digital voltmeter or oscilloscope, which are used to monitor the analog sig~
nals, or of the pulse generator, which provides a sample trigger to the A/D converter.

Crossed-wire probes- Miniature crossed-wire probes were manufactured in-house at
Ames. These probes had two nominally perpendicular wires mounted at angles of about
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+45° to the probe stem (see fig. 2). The planes that contain eicch wire and its two
support needles were parallel and separated by about 1 mm. The wires were 5-um
tungsten elements about 1 mm long; they were welded to the supports. The "cold"
(room-temperature) resistance of each wire was about 5 ohms, and the operating over-
heat ratio used was 1.8 (ratio of hot, or operating, resistance to cold, or unheated,
wire resistance). The probe tips were mounted in a stem which was in turn held in a
rotating collar. A spring-loaded mechanism in the collar could be rotated to yaw the
probe in five fixed positions in 5° increments. In this way, yaw calibration of the
wire was performed. Often it was convenient to mount the probe so that the axis of
rotation of the collar was parallel (rather than perpendicular) to the desired plane
of measurement. Then a special procedure was used wherein the yaw calibration was
performed in the u-w plane, but the probe was then rotated about the stem axis for
measurement in the u-v plane (see Summary: Calibration and Data-Acquisition Proce-
dure in the next section).

Bridges and signal conditioners- Two DISA 55D31 bridges were used to operate the
crossed hot-wires at constant temperature. The cable resistance was compensated for
using a shorting probe. The probe resistance was measured, and the operating resis-
tance of each probe was set at 1.8 times the cold resistance; this is a nominal value,
because the operating resistance was not changed to account for daily changes in
ambient temperature. However, the frequency response was checked daily as described
below.

The frequency response of each channel was optimized using the internal 1-kHz
square-wave generator and varying the bridge gain (as well as the cable compensation
adjustments). Typically, the '"3-dB~down" point was about 20 kHz on each channel
(Freymuth method). A bridge gain of 4 and an HF filter setting of 2 were usual values.
The bridge output voltage ranged from about 3 V (no-flow) to about 4.7 V (25 m/sec
flow velocity); since the input voltage range of the available A/D converter was
-10 to +10 V (with 12-bit resolution), linear signal conditioning elements were used
to obtain better resolution of the bridge output voltage.

Commercial signal conditions manufactured by DISA (model 55D26) were used to dc
shift, to amplify, and to low-pass filter the bridge outputs before A/D conversion.
A dc shift of about 4 V and a gain of 10 were applied to each channel, yielding a
voltage covering most of the *10-V range of the 12-bit A/D converter. Note that the
exact values of the gain and offset used were calibrated during setup of the system
for each run (see the description of the software below), so that it was not necessary
for the actual gain or offset to be determined from the nominal settings. The low-~
pass filter cutoff was 10 kHz with 18 dB/octave roll-off; the high-pass stage was set
to "direct." The filtering was intended to eliminate spurious electrical noise which
would contaminate measurements of low turbulence intensity.

NASA LDV-A/D computer interface- Two channels of the A/D conversion stage of the
NASA LDV-A/D computer interface (ref. 1) were used to convert the conditioned signals
to digital form and multiplex them to the HP computer interface (described below).
Figure | shows how the NASA IDV-A/D fits into the measurement system, and figure 3
gives the details of the various settings and connections for the interface. A sample
pulse was generated by a Tektronix PG 508 pulse generator and applied to the '"chan-
nel 1 event" and "external reset" inputs. This signal acted as a sampling trigger to
initiate a "sample-and-hold" of the two A/D inputs when the interface was enabled by
the computer setting "CTLO."

Four 16-bit TTL data words were then multiplexed to the computer. The first word
gave the time between samples (a count dependent on the operating mode (see ref. 1 for
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details)); these data were typically discarded after verifying that the nominal sample
rates were actually attained. The second word gave status information; it was also
checked then discarded. The third and fourth words were the two channels of anemom-
etry data in directly computer~compatible integer representation. Since the A/D that
was used had only 12 bits of resolution, this required that the upper 4 bits be either
all 0's or all l's, depending on whether the converted voltage was positive or nega-
tive, respectively. Thus, the converted A/D data could take on integer values of
-2,048 to +2,047, inclusive.

An important feature of the NASA LDV-~A/D hardware was the fast sample-and-hold
hardware. The measurement strategy required that the two channels be sampled simul-
taneously so that the instantaneous-velocity vector components in the measurement
plane could be determined. Since the frequency response of the anemometer was limited
to about 20 kHz, it was desirable that the two signals be sampled within, say, 10 usec
or so. The sample-and-hold hardware in the LDV-A/D was capable of locking in the
input analog signal within 0.5 usec of receiving the sample trigger. Then the A/D
conversion and multiplexing could take place asynchronously (as long as all four words
were passed before the next sample pulse). For each A/D conversion, a minimum of
14 psec were required.

HP computer and parallel interface- Multiplexed data were passed to the HP com-
puter from the NASA LDV-A/D using the HP 98032A high-speed 16-bit parallel interface.
Jumpers labeled '"9,B,D" were connected inside the 98032A for proper operation with
the IDV-A/D. A select code of 10 (screw setting on the 98032A) was set for use with
the software described in the appendix.

A data buffer of 24 kbytes was provided in the memory of the HP 9845B desk-top
computer for storage of up to 3,000 samples obtained from one measurement location
(four words of 2 bytes each are passed from the LDV-A/D). Since two of the four data
words passed for each sample were merely monitored and discarded as described above,
12 kbytes of raw data remained to be stored for each point. An HP 9895A floppy-disk
drive was used for archival storage of raw data. The buffered data were written in
real time to a sequential-access floppy-disk file. Enough header information was
written to each file to identify the run, as well as to reproduce calibration tables
and correct for ambient temperature drift. About 1 min per point was required for
storing the data on floppy disk.

Fairly rapid and simple data buffering was possible with the HP computer, using
convenient high-level commands. Sampling rates as high as 10,000 samples per second
were used (indicating interface transfer rates 4 times as high in 16-bit words per
second). Direct memory access (DMA) was not used; the processor was simply dedicated
to the real-time task.

The system described above was also streamlined for the simplified case of single-
channel, hot-wire anemometry. Of course, just half the hardware shown before the A/D
in figure 1 was needed. The calibration procedure consisted of simply setting up the
signal conditioner and compiling the King's law data. On-line data reduction was
implemented, since this could be done rapidly with only one channel. Thus, the
look-up table was constructed immediately following the static velocity calibration
and implemented after filling each data buffer. Mean and fluctuating values of
velocity were stored; raw data were not usually archived.

A DISA 55P11, platinum-plated, tungsten hot-wire was used for the single-wire

work. The overheat ratio and bridge setup were exactly as described earlier. The
BASIC program to run the single-wire anemometry system is provided in the appendix.
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3. CROSSED-HOT-WIRE RESPONSE EQUATIONS

Simple relations that describe the response of a fine, heated wire to varia-
tions in flow velocity, orientation, and ambient temperature drift have been incor-
porated into the off-line data reduction program. Of course, the equations selected
have a strong effect on the type of calibration performed and on the accuracy of the
results. The response equations are first discussed separately, the calibration
procedure is summarized, and the algorithms actually used for implementing the
response equations and computing the signal statistics are then given.

Static Velocity Response: King's Law

The effective, instantaneous wire velocity was assumed to be related to the
bridge output voltage by the generalized King's law:
1/n

(D

- 2
U - K(Eeff

2
eff - Eo)
This is an approximate relation which has been determined to be fairly accurate in
describing the steady-flow heat loss over cylinders in cross-flow; the (constant)
value of the log slope n selected (0.45) provides a good fit to experimental data
at moderate-to-low Reynolds numbers, based on wire diameter. Our steady-flow calibra-
tion data fit King's law with an rms error of 0.5% over the range of 5-25 m/sec.
Although simple interpolation or polynomial fit of the calibration may seem equally
acceptable, the log-linear King's law fit provides a quick way to evaluate whether
the calibration is "typical,'" and it smooths minor "jitter" in the calibration data.
Also, the King's law calibration may be confidently extrapolated slightly outside the
range of the actual calibration data.

Yaw Sensitivity: Cosine Law

The "effective cooling velocity" is taken to be that component of the velocity
vector perpendicular to the wire. This assumption implies that a wire yawed in a
uniform constant-velocity stream will respond to an effective flow velocity that is
proportional to the cosine of the yaw angle (see fig. 2 for nomenclature). Neglecting
the axial component of velocity (along the wire axis) is strictly an approximation —
one that is often made, however, and one that works quite well for moderately turbu-
lent flows.

Uggs = |V| cos v (2)

For two wires at angles ¢, and Yy, to the reference coordinate direction, the follow-
ing two equations result, if sensitivity to out-of-plane velocity fluctuations is
neglected:

= u cos Y, + v sin y, Kl(Ei - Ef)l)l/nl

Ueffl
(3)
, 1/n

Ueff2 =ucos Yy, + v sin y, = K2(E§ - Eéz) 2

Here u and v are the instantaneous velocity components in the measurement plane.
Note that U,¢¢ for each wire may be found immediately from the King's law
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calibration; only the bridge voltage must be known. A matrix form more convenient for
discussion or generalization is

[Uge) = [W1IV] 4)

The entries for the angular sensitivity matrix are found by a yaw-calibration proce-
dure described below. Then, the inverse of this matrix is computed once and stored.
Solution for the instantaneous velocity components is simple:

-1
V] = w17, ] (5)

The explicit solution of equation (3) gives the equations actually used to compute the
instantaneous velocity components:

(sin wl)Ueffz - (sin wZ)Ueffl T
~ (sin ¥,;) (cos ¥,) (cos y,) (sin ¥,)

> (6)
(cos wZ)Ueffl - (cos wl)Ueffz

(in 97) (08 ¥,) = (cos ¥) (sin ¥,)

Temperature Drift Correction

Temperature drift of a few degrees Fahrenheit is commonly encountered and has
some effect on measurement accuracy since the probe is operated at constant tempera-
ture. For typical wire-overheat ratios and sensor resistivity properties, the tem-
perature difference between the wire and flow is a few hundred degrees Fahrenheit, so
that a few degrees drift will change the perceived heat-transfer coefficient between
wire and flow by a percent or so. A small correction to the bridge voltage is
applied to account for this variation in ambient temperature:

E
corr meas _ a _ -
~ 2(0OHR) (T Tcal) =C )

E
meas

where C represents the percent shift required for the instantaneous bridge voltage —
fixed by the operating parameters and current-flow temperature. Since fluctuations in
the bridge voltage are fairly small, a further simplifying approximation is that the
instantaneous bridge voltage can be simply shifted by the fixed percentage of the
average output voltage. Then the calibration is easily implemented after the shift is
computed and applied to each voltage reading. The equation actually used is then

= E +Cx E (8)

E
corr meas meas

Note that each voltage reading is corrected for ambient temperature changes. The
correction will, therefore, influence both mean and fluctuating time-averaged results,
as it should.



Summary: Calibration and Data-Acquisition Procedure

Figure 4 shows a flowchart that represents the verbal description of the calibra-
tion and data-acquisition procedure below. The calibration consisted of four steps
performed for each channel: (1) in-place calibration of the A/D converter and DISA
signal conditioner; (2) static calibration for determining the King's law constants;
(3) yaw calibration with wires in the u-w plane; and (4) recalibration to determine
the effective angle in the measurement plane (if differenct from the u-w plane).
Data acquisition with the calibrated system consisted of acquiring the data from the
two channels in a buffer then dumping the buffer with identifying information to a
floppy-disk file.

The shorted-input reading of the A/D converter can drift a few bits from the
nominal value of 0 and was, therefore, checked for each run. Then a reference dc
voltage was measured with the signal conditioners bypassed. An offset value was then
fixed on the dc offset stage of the DISA 55D26 conditioner and the offset was deduced
by measuring the A/D value for the known reference with added offset. Finally, a
gain was applied to the offset reference voltage through the amplifier section of the
DISA conditioner. The effective value of the gain factor could be deduced since the
input reference voltage and offset were accurately known. From the known calibration
constants, the bridge output voltage could be accurately computed from the measured
A/D converted value.

Static calibration of the wire velocity response was performed with the wire at
fixed orientation in a steady flow of variable velocity. Note, however, that the
actual orientation is not yet known, but is to be determined through calibration. If
the calibration velocity is taken to be U, then, from equation (2),

Ueff = U cos ¥ 9

where ¢ is the angle between the calibration velocity vector and the wire. We first
aligned the probe so that the wires lay in the u-w plane; this wire angle is called
Yuw. With equation (1), this yields

1/n

U = Kt'n\,(E2 - Ef)) (10)

where

K&w = K/ (cos wuw) (1)

Thus, the constants Ky and Eg were determined from a straightforward, linear,
least-square fit of the calibration data with n specified (n 1s dependent on the
calibration range; we used n = 0.45 for 5 < U < 25 m/sec). Next, Y, was deter-
mined via direct yaw calibration (see below); K was then computed from equation (11).

The wires are now set at various known angles to the calibration flow in order to
determine the "effective" wire angle Y,,. The calibration velocity was held constant
in magnitude and direction at a value of about 70% of the maximum calibration velocity.
If the yaw angle relative to the effective angle ¢, ,, 1s denoted &, then equa-
tion (3) can be used to derive an equation that relates the bridge output for & =0
to the output for a particular value of §; rearranging yields an expression for the
effective wire angle Yy



Uerr = 81)
5= 0)

cos(8,;) -
! Ueff(
sin(§,)

(12)

tan wuw =

In practice, we computed Yy for four different values of delta of -10°, -5°, 5°,
and 10°. These results were averaged to get the value of Vi

Now the system is calibrated for measurement in the u~w plane. When measure-
ments in the u-v plane were desired, one further step was required. The probe stem
was first rotated 90° to position the wires in the wu~v plane. At this point, the
effective wire angle Y, is unknown; although ¢ ,, would be nominally the same as
Yuwe it can be slightly different because of slight pitching of the probe stem.
Another static velocity calibration was performed as described above. However, this
time n and Eé were fixed when the King's law was fitted to the data; K|, was found
by linear least-square fit, then 1y, , was computed as before:

cos(wuv) = K/Kl'lV (13)

Data acquisition now took place. Identifying information regarding, for example, run
number and probe position, was entered from the keyboard. The current flow tempera-
ture (measured with a thermocouple and digital readout) was also entered from the
keyboard. Then the data buffer would be filled. A few samples were used to compute
the average bridge voltage for use in computing the temperature shift. The tempera-
ture correction shift was written to the floppy-disk data file along with the identi-
fying information, calibration data, and the raw data buffer; 25 kbytes were provided
for each data file. Probe calibrations were fairly stable and repeatable for several
hours of running, so that 60-100 data points could be reduced using the same calibra-
tion constants with the ambient drift correction.

Computation of Signal Statistics

Figure 5 is a flowchart of the data-reduction algorithm for computing signal
statistics. Starting with raw data written into floppy-disk files as described above,
the data reduction began with construction of a look-up table from which a velocity
could be assigned to any raw A/D voltage. This simply required that for every possi-
ble A/D reading, the King's law calibration be used to compute a corresponding effec-
tive flow velocity, Ueff' Then, after adding the temperature correction shift to each
reading, the table was entered for every raw data sample. The result for a single
reading would be two values of Uggsf — one from each channel of the crossed wires.
Equation (6) was then used to compute the values of the instantaneous velocity compo-
nents u and v. Once the calibration was implemented and the instantaneous-velocity
vector components computed for each raw data point pair, the various signal statistics
were computed. It is noteworthy that wherever reference is made to an average value,
the average is computed using the "running average" formula:

S(a(i)) = A(i = Ns) (14)
where

A() = A@d - 1) + [a(l) - A - 1)]/4 (15)



Average values of the various moments were computed as defined below:

Su = S(u(1))/Ns A
Sv = S(v(i))/Ns
Suu = S{u(i)u(i))/Ns
Suv = S(u(i)v(i))/Ns L (16)
Svv = S{v(i)v(i))/Ns
Suuv = S(u(i)u(i)v(i))/Ns
Suvv = S{u(i)v(E)v(1))/Ns )

Using these definitions, the signal statistics were then computed assuming nearly
infinite sample size:
Su -W

el
]

v = Sv
IFT-= Suu - SuSu
';TE = Syv -~ SvSv } (17)
u'v' = Suv - SuSv
u'?y' = Suuv ~ 2SuSuv - SvSuu + 2SvSuSu
u'v'? = Suvv ~ 2SvSuv - SuSvv + 2SuSvSv y

4. SAMPLE RESULTS FOR A PLANE MIXING LAYER

Selected results of measurements made in the near-field of a plane mixing layer
are presented in figure 7. Figure 6 depicts the situation and needed reference quan-
tities. The mixing-layer velocity ratio was about 2:1, with a maximum velocity of
21 m/sec. Results for both tripped and untripped initial boundary layers are pre-
sented in figure 7.

The profiles of mean velocity shown in figure 7(a) were fitted to the similarity
coordinates for the developed mixing layer as recommended by, for example, Townsend
(ref. 2). The fit results in a collapse of the mean profiles to the error function
shape at successive streamwise locations, and the growth rate inferred from the
resulting thickness parameter can be used to check the measured values of u'v'
shown in figure 7(d). The actual values and trends of the turbulence quantities, such
as those shown in figure 7(b-d), measured using the present system, compare extremely
well with theory and data from other experiments. Full details of the measurements in
plane mixing layers are given in reference 3.



5. CONCLUDING REMARKS

A system for rapld computerized acquisition and processing of analog signals from
a hot-wire anemometer has been developed. Probe calibration is also implemented in
the system. Correction for ambilent temperature drift is implemented in the software.
Complete calibration and acquisition for a typical 20-point profile requires less than

60 min.

Data acquired with this system in a plane mixing layer, including turbulence
measurements up to third-order correlations, agree well with theory and existing data.

10



APPENDIX

SOFTWARE FOR THE HP9845B DESK-TOP COMPUTER

The HP9845B desk-top computer used included an I/0 ROM and ran programs written
in BASIC. Three programs are included: "UWIRE," a program for single hot-wire data
acquisition and real-time data reduction; "XWIRE," for calibration, data acquisition,
and storage of data using the crossed hot-wire CTA system; and "UVBAR," used to
reduce the data from files written by the data acquisition program "XWIRE."

11



i

REM FROGEAM LWIRE

' PROGREAM T2 ACRUIRE SIHMGLE-WIRE DATA USIWNG THE LDW-A-0 I
OQFTION BASE 1

DIM Tit1#L[SE] Yeterd 7 P infarmaticon -+rings for data file
INTEGER LlcZ8oa, 45 ‘data buffer

IMTEGER = LN E,,IeRar, TCZOA8 ! cowords feom O
INTEGER Hs=

INTEGER Zero,Eref,0ff,Eqain,Ectf,Ezzra,Ela  Flaw

IMTEGER Obt=,0f1

IMTEGER Elindzal

IMTEGER E8del ,Edelcl@l

IMTEGER J,Jntr

IMTEGER Ical,lpt,HMcal

FEAL Razairn,Gain

FEARL “1uz@a,Ueoaldzad

FEARL HM,k,E=qg

FEAL Uical,Tcal,Trnow,Okr,Alpha

FERL Yhwb, U
FERL Left 4Bl Volook-up table for Ueff calibration 12-bit B-D
FERL Ywald
SHIRT Uetftl: gEEy b odata array weitten to Floppy

SHORT Ubar C38 05, Upe i C38 0

FRINT

FRIMTER I3 &

FRINT =% <« FROGRAM LUWIRE @ FULLY-DIGITHL UW-WIRE DATH ACRISITION
FRIMT

FRINT " PROGEAM zTRUCTURE °

WK
bt

el

T
[t B o I on

L5 U I I S 1 S PP S O RS
U U Y

a1
DA

N
ot

-y Ty O DOURS LA
facn ]

Ty
ke i oy
JOUR U AU RO A0

[\

o

i
1
i
1
146
i
1
1
1
1

FEIMT " 1. Calibratese the ASD cornwverter of the LDV 2I,"
FRINT " 2, Calibrate the probe wvs, welocite, "

FRIMT " 2, Conztruct look-up tabkle.”

FRIMT " - AFoguires e,

data and write U to dizk i
FRINT " cpeat Cdor tor gsach data point take
FRINT i =
FRINT

Ty N 4
11
m
Pt
-

t

Feduce data oft-time with anothe r

Hl
At .

I #% Calibrate the A0 charnmel 1

FREINT

FEINT "<+ CALIEBRATION OF THE A-D COMYERTER =%

FRINT

Hz=11 18 =amples are awveraged at sach point
Qo for =1

EaEI% GOSUE Adeoal

m
M
it

+
M
W
Il

|
% Calibrate wire ws, welocitw
|

g

! o Compile raw calibration data tabls

FRINT

FREIWMT "#% CALIERATION TO DETERMIME Ebridge wz. ideff *s*
FRIMT

IHFUT "Enter calibration flow temperatures in degq. Fi",Toal

Toal=.SS56#Tcal-320

A

M v DA N S W
DoCl A
—

1

LA NN & & & .

LA I}

IMFUT "Enter wire temperaturs resistivity cosfficient (Y, Alpha
IMFUT "Enter nominal owverbeat 1o wzed fabout 1L25 1Y, Ol
P HATE: HWire paramster: are meeded to do temperzture Ccorrection

S FEIHT "kimgs Law will ke uzed to comstruct the look-up table -9

H]
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,_

!
AR,
DL

FRIHT = K#(E~2-E@~2a%e 1 H»"
FRINT "The constants K, EB~2, and M maw be determined from direct”
FRINT “calibration or input directlw, Enter O to calibrate, or I
FEINT "to input the constants directlw.”
IHFUT " Cemter T ook Ix 1",Cal#
IF Cal$="C" THEHWH GOTO 7z@
IF Cal$="I" THEH GDOTI 528
GOTO =48
IMFUT "Enter kK o " K
THFUT © Eg~2 ¢ ",E=nq
IHFPUT H ot "H
COTO 958
IHFUT "Enter no. points o
Hz=188 M@l zamples ars to be taken at
FOR Ical=1 TO Hcal
FRIHT "Foint no. “§lcal

T T

T Ty Ty Ty
o
DU oV o R B

DO S SUTS R U

(oA Y
[

Ty
RS U Y
T T O

1o iUy Hoal
ach point

e
ot I

to hbhe taken C9= ZB tota
=

[} S U P
P

el
(LX)

(215 IHFUT “"Enter calibration welocity 1", Uocaldlcals

re GOSUE Atod

S EltinmdIcal =4 loomputes average bridge cutpuat walue
S FOR Icpt=1 TO M=

Elinclcali=Elindlcals+iCol,lepti-ElinclcalidsJaopt
HERT Topt
2. Conwvert to wolts
VMicIecall=FHYErgrELlindlcall,Ezera,Eoff,Gain
FREIMT IcaliticaldlcalagWidIlcall
HE®T Izal
FRIMT “"##% CALIERATIOW DATH ACGUISITION COMPLETE ++°
FREIMT
! 2. Perform King s law £t
FEINT "Ferform Eitng'z law £t —--"
FEINT “"Channsl 1 0"
CALL HwcaliWoal  Widsah, Uoalo*s: Hy K, Ezq2
FRINT
!
o+ Conmstruct look-up tables to implement the calibratyan
!
5 FREINT
5 PRIMT "#% LOOF-UF TABELE COMSTRUCTIOW AWHD VYERIFICATION #£"
FRINHT
' oThe matr 1= Def
4] Uofrom the King's
FOr J=1 TO 4838
Yhwb=FHYEr gl T Ezera, Eoft, |
IF Yhuwub~2xE=q THEHW GOTO 1@
et .Jo=0
GOTO 18748
HeffoTi=FHEingiYhub, K, Esg H?
HE=T J
= IF Cal#="1" THEH GOTO 1244
33 PRINT "Re-comtruction of calibeation data o
HE FRINT
Powerifu look-up table by re-comstructing calibration data
I
FREINT "FT. Udactual EIl HLCARL"
FEINT Memm e e e e e e e e e e e e "
FOR Icpt=1 TO Hcal
Jntr=ElincIcptl
Hlcal=UeffiInter?
FRIMT Icptilocalclopt i Elindloptaiilical

,_
M
—
S

LT EE KU B Y e B 2 B B B Bt |

o=

=

(x>

LA A

-
A

[

Rl RIS

O 00 D00 DD Q00 O

o~
Mg

L
o

)
AR AN

o

()

DIFEN CUNT TR SR =
o

o
[

¥u)
Py

oo g0

a look-up table of valuesz of wslaocity

i=
Law it werzuzs the 1nput value,

Pan)
il

"
3o

RO
A

L

O
o]

k=1
o=

,_
[x]

- -
AR IR

._
2
PR X
P ]
MR

[=4ul

~
(]

“J Ty LN da O3 [
oS T O

—
an]

el i i e T T o o e I e e e S el N § )
o :

L S T

[}
—
X
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R
=

HEXT Icpt
FREIMT
!

e =
— o0
AUR I o S AU

#% Acguire and ztore data at successive points]

|
I=ft 1=

Trow=Tcal

FRIMT "+% DATA RACRQUISITION ="
FRINT

FRINT *® Enter run parametersi
FREIHNT

INFUT * - Ho.o data zamples per point COZBEBY Y, H=

FEDIM et lzdHs=2

FRINT "Enter rezpornze to determine twps of data £ile to writel
FRIHT "H - rno data file written”

FRIMNT "R - raw data weitten at sach point

FRIHT "5 - arly summary weittern at the end of the profile’
IMFUT “Erter W, B, or S I",Afi11¥

IF RfiT#="H" THEHW GOTO 14808

FRIMT "Enter parent filenams - for raw data file, the point numnber®

-t

FRIMT "iz appended to thiz name. Thiz will be the rname wzed for a
FREINT "zummary data file,"

THFUT “"Enter filename ",Hame#

IHFUT " - Emter % if temperaturs correction is desired I",Atend
Ipt=1
'

4 ! 1. Mowe to next location OF entesr flaw temp if correcting?
S8 FRINT

£3 FPREIMT "POIWHT HUMEER © " Ipt

TEOIMFUT "Enter % location $Myvealdolpto

IHFUT “Enter flow temperature in deg. FiI ", Trow

S Trhow=, SS598*Trhow-22 2

ST 2. Obtain raw Jdata
COSUE Atod
!
Elau=4a
FOR I=1 TO 183
Elaw=Elaw+iCil,Ir-Elavs-l
HEST 1
Uezt=Usff CElauwd
Wlagw=FHYbrgiElauw,Ezero,Eaff,Gaind
FRINT "Approx. ACD walue = "jElaw; " =:"jWiavp" Yolvs & L
IF Atem#$s:"y" THEHW GOTO 1evo
Flav=Gain*taff+iElav-Ezerod
4, Compute zhift to calibration for teaperaturs drift
At l=FHShift iR pha, Ohe, Toal ,, Trow, R1aw)
ztldefyiElav+lzft il
1t =FHYbrgrElavw+ Izt Ezera, Eoff,Caind
HT "Shifted A-T waluse = "jElawv+lsftl;s =" Ve
| S. Implement laook-up table
Ubar cIpt =@
dpri clpt =0
FOR J=1 TO H=
JIlt=Col, Ja+lzit]
BefflacTr=Ueffollltl
Hbar(Iptr=sUbar i Iptr+0def 120 T0-UbardIpt 220
Upriclpti=sUprd Clpt s+ 0ldef f 120 0sleff1a0Io-UpricIiptiarJ
HE=T J
UpricIpti=sUpriclpti-UbardIpt d#lUbar CIpt D
Upri cIpt d=50R CUpr 1 a0

[ I R R O T e

n

Eztimate average bridoge output voltage (3§ ftemp corresting

o
t

~

f

"ildest

T
it
-

oA hs B = Mrldest

-

-

[ax(]
—
Do

b
o

v

E
e
B

1
B Y
5

o
D]

-
v

g =g

=]
-} ™

T
D}

I U T e i el T e e e e e S e T el i S e e e N e e e N Sy
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FEB 0 FPREINT "Y= “"jYwaldIpt2i "UBAR = "jUbarcIpts;" UPRIME = "jUpridlpt)

i PRINT

IF AFi1$<:"R" THEHM GOTO 1838

! £. Store data on Floppy disk

GOSUE Dfile

FRINT

IHFUT "Enter % to take another data point, =lze H : JAn=§

IF Ans#="H" THEH 13784

IF Ars$d>"%" THEM 132

Ipt=Ipt+1

GOTO 1458

!

FEDIM UbardIptd

FEDIM Upridlpts

FEDIM %walilptd

IF Rfit$="5" THEM GOZUE Dfile

FEINT "Enter one of the following to proceed:”

FEIHT "M - Takes another profile with zame calibraticons"

FEINT "FE - Recalibrate"

FEINT "E - Exit progran

IMFUT "Prez=z M, R, or E ",
1'_.' q I

A I |
oV
)

IF Ans$="M" THEH GOTO
IF Ans$="FE" THEHW GOTO
IF An=%¥="E" THEH GOTO
GOTO 1228

EMD

I T T T O T T T T O I O O T N O O O O A O O O R I O O A R A R BN I A S O S B A O

I #xx¥rsrxxrxrsxsrx END OF MAIM FROGREAM LHWHIFE ##*¥+¥¥rsx33E¥is
N T O T T T T O T T T O T T T T T T T O T T O O I O

Tfite: Pwrite data £ile to floppw

FRINT

FRIMT "+% DATAH FILE WRITE TO FLOPFY DIZE «%"

FRINT
FREIMT "Ht
FRINT "the
DISPE "sxex
FRUSE

DISF "#x%% File write in progress $#xssd

.,
at
= -

[ ]

-
b

a tloppy in deiuve of "

be sure there iz
File of S0, 2%-bwte records.”
=

| O O ORI O T T OO ORI OO T LT (O O L T L B e e e e T e T e SOy S i S A S SO P P Yy

iy

DO DR S
-

L
Do Y

S US I L T O CSONS O N (%

AZZIGH Filed TO #1

FEIMT #1:Tit1#

IF AF 1 #="R" THEH FRINT #1,%waldIptd
FRINT #1iK,E=zq,H

FEIMNT #1;7cal,Toow, Al pha, Jhe

FRINT #1‘I=+t1

FRIMT #1:H
IF Afil$="5" THEH MAT FRIHNT #1;7vwal

IF AfFiT1$="2" THEH MAT FREINT #1;lbar

IF Afi1E="3" THEH MAT FREIWNT #1;Uperi

IF Rt i1$="R" THEH MAT FREINT #i;lUeff13

ASSIGH # TO #1 P cloze data file

DISE "#%%x% File write completed #xxs"

RETURH

O O I O O O O R O S R O A A R A O A R O A I O O O T I I N A R A I A A I A A NN N

Adcal: P calibrat the ASD conwverter of the LDW I
D enter the routime with Ichan amd Hz zet
Vil Thizs zegment i3 for fixing the shorted-inpur

£d Filef=tams¥

T IF RAfilE="R" THEH Files 1*“HLI'Ip7'

28 MAZS STORARGE IS H;.E,Z“ ; 1 Floppyw dries CFIEEIHE driwe B) oas
B CREARTE Filef, 54 boopen £ile with 188 records 256 butes
5]

&

T T
DO A

- -
D]

oy
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LT
[AUR OU Ot

S
TS T

—
A

s

! oy
RUR Ao I IR e T M T

"
(AL MY

T 0T O T
oDy Iy S

A B Bt R
o T T

I B R
oIy Gy D O

T -
D U o B A ]

N

FRINT
FEINT " #x% Calibrate the AL conuverter channel "jlohani® sss"
DISF "Short input of channel "jIchani" then pressz COHT®
FRUSE
COSUE Ataod
! Auerage the 18 readings to get the zera wvaluye
Zera=d
FOR I=1 TO M=
Zero=Zera+iCiIckhan, I
HEST 1
Sero=ZerosHNs
FEINT "Zero-lewsl coutput is 1 " Ze
il How read the reference wvalue
FRINT "How calibrate the GAIM=1 wz, DIRECT befors proceeding’
DISF "Cormnect FREF woltags to chan "jIckhan; ! then press COMT
FALSE
SOSUE Atod
Eref=0
FOR I=1 TO H=
Eref=Eret+ Cdlchan, I -Erefisl
HE®T 1
FRINMT "Feference woltage applisd to channsl ") Tohang
Prl Offzet calibratian
LDISF "Apgply an OFFSET to charnel "ilchani® then press COMHTY
FHRUSE
GOSUE Atod
Off=n
FiR I=1 TO H=
OffF=0ff+0Cdlchan, Ti-0ff 21
HEST 1
Dbt z=0ff
Jffi=Eret-0ff
FRINT "Offzet walus iz @ "i0ff1
Pobil Set GAIH rnow
LISF "Set GAIWH om chanmel i Ichany " then press COHTY
FAHUZE
SOEUE Atod
Eqain=a
FOR I=1 TO H=
Eqain=Egain+iC(Ilchan, Is-Eqaini-I
HE®T 1
Fgain=iEqain-Jeroli- - (dbts-Jerad
FRINT "Gain 1= ! "jEgain
It Reszet OFFSET as desired
DISF "Fezet COFFSET an chatmel " Ickhany " then press COWHTT
FAHLUSE
GOZUE Atod
0f+=8a
FOR I=1 TO H=
Dff=0ff+iCilchan, [i-0ffd -1
HE®T 1
Off=CEQain-0ft i Fgain+idf{l
FRINT "Firmal OFFSET walus is ! "j0fF)" kit
FETURH
O T T T T T T T T T T A T O T O T T O O A A R

Atod: I Subroutine for dinput from the LDV-ASD 21
I Enter rogtine with Hs=no. szamples

DIZF "Pressz COHT to inttiate data acgusition®

FRIISE

Foy oot 12 Bits”
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T
]

o]

O O
[ B O Y]

Do I

—
(LI

21l
2116
Slza
3 A

Do R I WY

A%

At L
e i e
Ty
A

I,

el

MU

g
AN

.,..

(R S o Y o
—

U RN

o
!

o
A%

()

2488
2418
428
3430
3448
2454

-

o g _<.
T T
AR BRI

FESET 18
COMTROL MASKE 1
WRITE IO 1a,5;:48
WRIVE IO 18,5;1 Izt art
Ht=4%HN=
FOR I=1 Tid =
Dumnme=FREARDBEIHC 1@
HER®T 1
FELIM DicHz, 42
EHMTER 18 WNFHE
FOE I=1 TO Hs
Col, ITx=D10I,30+2848
HEWT 1
DISP "Data acqusiticon o
FRETURH
T I R B O A O O I O B O A I B I I O R

SUE Hwoal CINTEGER Hp, RERL
' Subprogram to canpute

P King = law calibration

DFTION ERSE 1

IHFUT "Enter

Ln_

k41,

con g 1

E
ot

exporent Mol
Foimitial

I...
2
(g \4|

"7
1

3

—
(X

[
03
-

H
—

_‘

PR
[xx]

T o

=
1]
Sy B N N 5

"D_i] factor @ "MK

FEIWT "Ezero zguarsd: "1E
Err=05 I ocomput e
FOR I=1 T Mg
Ert=Err+i ol IR0 ECT v #EY
HE=T I

Err=108<30RErr

FEINT "RMZ

SUEEMT

T T T T T O O I O A O O A O O N

DEF FHWBrgtIMTEGER Eir, INTEG
b Computes The bridge output
FETURM CCEin Gaint0f
FHEHD

LEF FHMYawd(RERL De1,REAL Ebr,
RN RN ERR R

LEF FHEing<REARL Ebr,RERL K,R
I Compute welocity bazsed on
FETUREHN kEsiEbr-Z-E@=zgi~C1-MH
FHEHD
A A A I O A A I A N A

_| M

q

M

SHpd

pErLEnt SO O t

- -
i R

LEF FHERiI+tCREAL RAlpha, REAL
P Computs tempesrature drift

handzhake

HOFOREMAT ;DL 2

A

bu zettimg CTLG

acquizition

et

| T T T T T T A O A A O R A B A |

I REAL
Cd]1bf:f1un

linear

H.REAL B, REEAL
cohstanti fror
zquars it

—wire

leazt

ale tactor
fei

cal
Ffectiue no-t1ow br

m

EME error ot the 1t

[o-Ezqiailoby i diloang

the fit 1 "jE-c3tone

[ B I

L T I O O T A
ER Zero, IMTEGER Off,FEAL
woltage based on calibration

EEE R T

Gains
,.l -

FEAL A,REAL H,FREAL EBbrs:

EAL Ef=zq,REAL MO

Firmng = bLaw calibration

RN NN NN
Chr REAL Tref,REAL T, IMTEGER R

correction to bridge woltage

17

Gt gLt

Conztant

tirnd

Ezgo

=quared
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3568 Cpet=Alpha*(T-Tref - -(2#(0hr-122 | % =zhift in bridge output wvoltage
3578 RETURN Cpct*R

3588 FHNEND

FE9E L rrrrrrarrrrrrrrrrrrrrrrrrrerrrrrerrrrirrrrrrrrirrrrrrerrrrrrer bbbt
2688 DEF FHYaw(REAL De1,REAL Ebr,REAL A,REAL N,REAL EBbrs>

3518  FHEND

18



FEM PROGEAM HHIREZ

! FROGRAM TO ACRUIRE »-WIREE DATA USIHG THE LIDV-A-D0 CI
OFTION EARSE 1

DIM Tit1#$L[E L1],

IMTEGER 31
IMTEGER ] ;
IMTEGER Hz,Ichan
INTEGER Zero,Eref,0ff,Eqain,Ecffizd,Ez
IMTEGER Elinc&d:r ,E2ini2as

INTEGER E@delCZy,Edelizg, 1

IMTEGER Intr J,Mcal,Ipt,I
IMTEGER Flaw,RZauw

IMTEGER Flag

FEAL Llhr . H'lf h:.. Tl al, Trouw
REAL J

FEAL
RERL
FEAL R S : ¥y '
RERL A 2. D»I-IH- Tl:.Tba.Jln=I.J_:31.T1a1,T231
FRIHT

FRIMTER IZ 16
FRINT "*+
FRINT

FRINT " PREOGRAM STRUCTURE o

FEINT * 1. Calibrat the ACSD conwerter of the LW CI0Y

FRINT " 2. Calibrate the ¥ probe ws, welocifw.”

FRIMT " Yaw calibration of the ¥ probs to determing wire an
FRINT " Aoguire Jdata and write taw data from cne 1o 2 to di
FPRIMT " cd For oeach data point taken.”

. REspeat IZ:
FEIHT “ Feduce data off-1ine with another progran,
FREIHT

-
3 Ty
SOURURTU WA

ztr¥[8E] tinformation strings for data file
i 'ja?a buftsr
b data words from CI

1T %

ol

LR N

W
!

7

by I A T | [ SR (R

[

0
oy
LR
(143

OO0
[ O
s

i
=

RS R RS SO R U P
[ IS T B SO U U X |

"~
2
.
Ll

o

[ A S T O T e e e e e e L e )
-
iy

[t
o

FEOGREAM =WIREZ ¢ FULLY-DIGITAL =-MIFE ORTA RCRISITION >3 =+

b

LR SR I S
[an]

1)

fn u_ o |Y_|

0

[ AT I SN R OW]

AN R DU W OV LU OV LV (8

P ox% Calibrate the RS0 - both channels=

FRIMTER Iz @

FRINT

FRINT “#+% CALIERATIOWN OF THE A<L COWHVERTER =Y
FRINT

i

oGO e D O

firs

Channel 1 iz don t.
tl1y = e @

samp ] e

In |Tl

-
s
il

|T|

-0

1]

d at sachk point

Pt
ML MY
[

4

P
DU R

—
)

b,
= o= mm
1
] —- h )
-
—
Tt
l_‘ll
i
L
-

calibrated n

Xy
iy

11]
-

-
[N

r
-:l|_ E Adcal

)

.,_
L
(]

oo

PRSI SRS SoU N Sl B N ST 1 SO SR IR T L0 T
Do I R R

-
3]

% Calibrate both wires at fixzed angles ws. welocity

— - = Domm

[an}

! 1. Compile raw calibration data table

FRINT

FRINT "*% CAHLIERATION TO DETERMIME Ebridge ws. Uef§ %27
FRIMT

S IR LA B

A%

4
34
4
el
4
4
4
4
3
34

[

—
M

19



IYI

IMFUT "Enter calibration flow temperature in deg. Fi" Teal

Tral=.5996#(Tcal-225

IHFUT "Enter wire temperature resiztivitye coefficient 1",Aipha

IMFUT “"Enter nominal owverheat ratio uwused Caboutr 1.80 0%, Ok

I HOTE: HWire parametesrs are nesded o do temperature correction

FRIHNT " ALFHA = “;Alphar" OHE = ";0hery" TCARL = "3 Tcaly™ C°

FRIMT

INFUT "Enter nno. ints to be taken CO= Z@

Hz=1@4A 1188 zamples are to be taken
FOR Ical=1 TO Hcal

s )
=
UK

Do

5}
5]
1
i

13 1", Heal
ach [aln] it

i
-

m

-

[V U
-+

DISPF "Foint mno. "
INPUT "Enter the
COSUE Atod
Elintd II als
EZing ll—_
FOR ILpt—l TO H=
ElimiIcal»=Elinmilcalr+cCil, lopty-Elindclcalii-Topt
EZindlcal d)=E2indlcal d+ 0002, Iopt d-E2incIcal »2slept

I
alibration welacitw ¢ ", Ucalcicall

D I 0

Pt

i
i

X

lcampute average bridgs ocutput wvalue

..,,,_
[ ]
-
A
m

L ot e
-,
RN A o

-
Dot v

4
5

i HEXT Iept
A ! 2, Copwesrt to wolts

SeGaint

yGaimidsn

YIvToals=FHMBrglElindIcal dsyEzeracty , Eaff
VEolocali=FHVYbrgriEZintlcal dyEzerod2  Eaffi
FEINT "Faoint "jIcaly” U= "jloaldlecaldy® wi=s "yl dloalsy " W=
HEXT Ical
FRINT "+ CALIERATION DATA ARCQUISITION COMPLETE ¢
FREIMT
! . FPertform Kimg s law £it
FEINT "Perform Eing = law it for both charmnels —--
FRIHT "The r»-u1f= will be a =scale Fartur ¥ = EsCOS0AR: amd®
FRINT 'E+f FCtive wire
FREIWHT "amg
FREINT
FRIMT "Channsl 1 "
Flag=8a
IF AcalfF="%" THEH Flag=l VER-2
CALL HwoaliHoai Mlosh, Uoalosd  H20ld, Kzt
FRIMT
FRINT "Channsl 2 "
CALL HwcaliMoal WaosiUoal dsa (HET20,k L S
PoKstr 13 K- FHEEHH, where A 13 the effective
| whichk determined in the next progdram =ego
{ Hote that the sffective zero-flow uvoltage Es
! for the waw calibration.

IF Acal$®="%" THEHW GOTO 12926

ive ma-flow output E8~ H iz these e{f

le in the plane of the wire,

Txed for Hoalf=l
~e10,E2sgi 1l Flag:s

f2h,Flagn
angle

3

e = T N
M =
-

B S 1

o
=
-
Bul
in
m
m
5N
M
=R

DU el

MOUBRAR

boes Yaw calibration to determine effective wire angles

!

FRINMT

FRINT "%+ YaAd CALIBRATION - FROEE YAWED IH WIRE PLAHE ="

.,__
= T

Do)
N D)
Don I

T
SV
-]
Tt
a! ot

DoV
|

[ I}
A
—
—
st
—

(3= Hz=180 189 samplez are wszed in waw calib

—
| LA SR L )
U R
—+
(]
-

-~
Do

! 1. Fix the welocituw 3
FEIHT "The nominal waw ang
FPRIMT "angle in the wirs
FREINT "waw calibration.”
FRIMT

DISF "Set probe at Deltas@ then press COHT
FAUSE

chive wipre"

ined bu the

L I Sy |
[ i wx ]

puil
Dax]

b b b it bt et hd s i pd s b e e
]
)

b=t o et et e e

a i
—
AN
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i
Pn

B

GO=SURE At ad

B 5] Eldeldl=

5]
EAdelczi=0
FOR Icpt=1 Td Hs
Efdel C1=E@de)Cli+0Cal, Topt2—EBdel C1l0 0 Topt
Edde 1 CZ20=E@del {21+ '?‘I-p?'—EHdhl'EJ)fIcpt
HEXT Topt
jdwllll—FHnb quﬁdhlflﬁ.Ezern'l WEcffoln,
ddel C2r=FHYbr g EBde1 N Z s, EEPDLL,.EH++ITT Gaimy2ao
dde 1o lo=adel d1a~2
Ade ] cZa=VBdel (202
FRINT
FRIMT "Zera walu
FRINT
! 2. vaw the probe throuwgh a seriez of angles
Hupraw=1
FREIMT “"How the probe will be wawed through a seris:z of angles
FRIMNT "after which the average effective wireg angle 13 computed,”
FEINT
FEINT " - Foant mo. M5 Huaw
IHFUT “Erter the wire angles Delta 9, DeloHuaw
GOSUE Atod
Edel il Huawr=1
Edel o2, Hoawi=a
FOR Icopt=1 TO H=
Edeldl, Huawi=Edel il Hyaur+iCdl, Topti~Edel Ll Hoawr - Topt
Edel 2, Huaur=Edel 2, Hpawi+ 00, Topti-Ede 1 02, Huaui it Topt
HEXT Teopt
IHFUT "Replw Y tao do oa
IF AF="H" THEHW 5OT2 143
Muaw=Huan+l
B0 To 12508
i . Dompute targent of average sffective wire angle
FRINT
FRIMT “YAW CARALIERRTIOHN DATAH SUMMARY"
FRINT “FT. ‘AW AHGLE TAHHAL Y THHIAZ 3"
PPIHT e "

.,.
[ix]
=

-
[

o= T

-
DU oL}

X
[x]

LRI SR KIS
oy
i

T

| LSOO OO 0 IO RO O ST T (6 TN (N T SR S ey

.
DA A

i}

. et bt b ke b fed b e s e

DU ]

—
K %

AN Oy
(A ]

et |

M

e T O

vy
A

nother point, else M

|_J ]

—
o8

-
LUK

-
7

El
]
]

.-
L1

—

—
s

[ B 1 T S

-
Do I B U 3
-~ -
(I
o
H H
D ux)

=1 TO Huwaw
' ‘-EHTb'quHelil,Icptb,
Vel i2r=FHYbrgiEdel 02, Topt 0,
PHOTED The sffective wire ang
Tlal=FHYyawilel dlopti,Wdel o1y, EZ
Tla=T1la+iT1ial-Tlax-lcpt
T2al=FHYaw el (Ioptd,Ydel (23, E22quas HEVZ 2, VBde 10200
Tea=T2a+ . Tzal-TZar Tocpt
FEINT Icpts:" "iheldlcpray™  "iTial;" ";TZal
HERT Topt
FRINT
FRINT "Auwsraged walues: Tam psil = "i1Tlar"  Tan psiZ = “1TE:
FRIMT
INFUT "Replw T to change thess, elze M ",Anzé
IF Anz#«<:"C" THEH GOTO 1728
INFUT "Enter Tan psil, Tan p=il
FEINT
E?‘fl'=1“”DRE1+HBSﬁTlaﬁ”E} fremowe effective wire angle
; el vEDZacl Wfrom calibration constants

SERECIHRABS CT220 20 or constructing look-up table

onon

Ga1r“2}ﬁ
A h F:' oint -

n

n
Do RN s B W TN S 3 PN ¢ B SV P S (N TS
]
n
—
A
—
[l

DAy
e i
DA AR R R

Ty
T .

()

TFy Ty ATy (T 0T
=
=

il
Dol

g

g IS | I S
[xx]

-
JOUNE RN

o -

el
[ X

"y Tla,Tla

-
[y

It B B B0 ' AT R A

L R S T T o R

I SO R R o]
D B )

RS
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bt
P B B
[ X

[ax]
v On
[y ]

-
[

L I o I
USRI AU I v S 3o I Ry B A i

ey 1)
=5V 6

[x)

o
[ex]

L s BN R KR RN s Y AW
e AL TR B SO TR (RO ]
DU RO o I o B o I o B 0]

o

i g
Jubay
LU L]

Sk
- 2 [vonD T
DU R I U O ]

Ty (T
S T S

oo

15y o )
(DR N o]
e
D B I o B R B k)

2148
2158
S1Ed
2176
2180
2198

s

(2U2h=R2str il 2ac2l

FRINT

IHRUT "% to perforsm arth. cal. in plane of measurement Creply v o

FoOorR I=1 TO 2

Evla=sEzcln

Hel»=H2CI2

Ezgquls=EZ=sqcIn

Catli=C2adls

HE®T I

IF Acal#="%" THEH GOTO =48

GOTO 13951

Te in arthogonal plane 132 computed

FRINT
FRIMT "0
FREIMT *
FRIHT
FRINT " H
FREINT "
Argili=18
Frgles=1

itbration conztant:
= "jEolayt KE

PeEzgilay

nl

used im Toock-up table comnstruction:
1,

I 7
| . e

[ OV}

L
-
=

)
—
=

FRIMT " WIFE g = "iAnguEs
FEIMTER IS

FEIMT "%% CRT iz rmow the default printer #x"

#% Acquire and 2tore data at succezsive points

FRINT "%+ DATA ACGUISITION ="

FEINT

FREINT * Enter run paramet

FRINT

FRINT " - Erter £ile name for output data files - not to sxcesd”

FRIMT " 4 characters - e.,3. DATH. *

IHFUT ™ Enter file rmame ! ", Hame¥f

IMFUT % - Enter a 1-line tile title for the

IMFUT “ - Ho.o data samples per point COIZ0E8 0", M=

IMFUT " - Enter % if temperaturs corrscticn iz dezired ', Atend

Ipt=1

! 1. Mowve to next location & enter flow

FRIWT

FRIMT *FOIMT HUMEER @ ";Ipt

IMFUT "Enter flow temperature in J

Trow=, 33560 Tnow-327

IMFUT "Enter ome-line s=tring to didentifw the curesry

! 2., Obtain raw Jata

GOSUE Ataod

! . Eztimate average bridaes output wvoltage C3f temp correcting?

IF Atem$<>"Y" THEW SOTO 23230

Elauv=0

EZau=8
FOR I=1 TO 18
Elaw=Elaw+iCil, Ts-Elauwi-l
EZavw=EZauv+iCiZ, Ii-EZauvi~]

MEXT I

b s o

M

profile 1Y, Tit1#

1 correcting?

-
T
-

Bl

3. Fi "y Trow

M

topoint 1My vstr#

L

22



; "—EZ-—rlll' 1

Comput s :h1ff to calibration for temperature drift
FHS h1+f'H1;h=.Dhr.T-=1 Triow, BLauws

Z=FHshift CAlpha, Okhr, Toal,, Thow, RE2auw)

! S9. Store data on floppy dizk

23 GOZUE Dfils

BE FPRINT

FRIWT "Ertsr one of the following to procesd @0 "

([

-
[y

=
=
=
-
=
=
]
=
=
-~
=
=
-
=
-—

4
41
428 FPRINT "E - e=xit the progran'
438 PREINT "FP - another data point, same profile nans”
- 4413 PRINT "H - new protile, same calibration”
458 FRINT "C - mew profile, repeat calibration procedure
458 IMPUT "Enmter E, F, H, P YL Hns#
2478 IF Ans%="E" THEH GOTO
’ 2498 IF Ans$="F" THEHN GQOTO
2958  IF Ansz$="H" THEH GOTO
250 IF Ans$="C" THEHW GOTO
2518 GOTO 2468
2528 Ipt=lpt+l
2938 GOTO 212w
25448
2558  EHD
Ty e e e N
ZETE L sxxssxrxxssxxs EHD OOF MRIM FROGREAM HHNIRE #xssxasxssxrirs
e e e e e NNy
2558 Drile: b owrite raw B-wire data to oa flop for later
g boreduction Ceach raw RCSD pair i
2618 PRINMT
fezd PRIMT "++ WRITE RAM DATH FILE =+
238 FRINT
Zed4d PRINT z Eure there iz a floppy in drive @ of"
g FRIWT =l ace for o a file of 188 records of 258¢
FRINT : . &a COMT when readw to procesd
Filef=Ham=$ VAL F
FREIHNT "File "{Filef;" beirg written "
MAZS STORAGE I3 "itH2,68,8" 335 A
CREATE File$, lan Ffile iz
ASSIGH File® TO #1
FRIMT #1;Tit1#
3 PRINT #13%str#§
iy} FRINT #1;Tcal,Trnow,Alpha, Ohe
B PRINT #llEu++n1',E*hrn'll,Sainﬁlh AT cal constant sz
“E PRINT #1iEcff iy, Ezerol2y,Gainii)
B OFPRIWMT #1; '15,E_q.1J_Ht1),Daflh 'cal conztants for hot-wire
N B FPRINT #15F PyEsqri HOZ Y Cacds
AR FRIMT #1;1s s 1212
B FRIMT #1;Hs
. 8 MAT FRINT #1;0C ' Raw data for both wieesz

o
L)

HSSIGH = TO #1
MAZS STORAGE IS ":TiS" by
FEINT "%+ FILE WREITE COMFLETE ==
FETURHN

RN NN NN NN NN

Adcal: ' calibrate the B0 comwerter of the LIY I
P enter the routine with Ichan and Hsz =s=t
PP Thiz zegunent iz for fixing the shorted-input walus
FEIMT
FEIHT * ##% Calibrate the A-D convertsr channel "3 lchany! szt

—
x)

~Ezet tape diiwe as maszs

o
v
1]
-
_',,
J_l
o

iy
[ax)

[ R

J—
[ wn)

R
2N
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2924
2948
LSk

n 3
DA R T I I T It B R A
DU U B AU U R MU U U OUBI AU N

Dx

DO I X
—
AR )

—
Lot

iy
[}

KRS O B N ]
]

s I,
+ 5
-
1 1

-~
DOl

iy
D

G0 D0l

]

i

ity
151

4

£

'+ =
oo

34568

-
[

4
4
4
24
4
4
4

- 5
—
[\x

FAtood: !

nIspP
FARLUSE

GOSUE Atod
' Auerage the

Zer o=

FOrR I=1 TO H=

Zero=Zerat+iCilchan, Ir=-2erodr-1

HE=RT 1
FRIMT “"Zero-
[N A B A A T Y Y
ISP "Connect
FRIIZE

SOSURE Atod

Eref=8

FOR I=1 TO Hs

Eref=Eret+iCilchan, Ii-Eretf2-I

HEXT 1
FREINT "Reterence
Ll Al o offset
DISF "Appluw
FARLSE

SOSUE Atod

O+ t=6a

FOR I=1 TOQ

Off=0§FF+00C00

HEST 1
Offi=Eret-0f¢f
FRINT "Offzset walus
i Qain 1=
Lisp " GHIN
FARUSE

GOSUUE Atod

Eqain=4a

FOorR I=1 T H=

Eqain=Egain+CiIchan, I2-Eqairns~1

HEST 1
Fgain=iEgain-Zerols
FRIMT "Gairn of channel
It Rezet the OFFSET

"Short dinput of channel Y Ichan; !

18 readings to

Tewel
the
¢

e

gt poid 1.
read the reference
t.

wolta Qe o

voltage applisd tao

1
at oftf=et to chamnel M3

Hs=
Ichan, ITd-0FF31

iz SR N A |
calibrated - nominal
gy = "yIchani"

D ()

et chanre H

CEretf-CZero-0++1:
"sIlehan; 1=

walue

DIZPF "Reset the OFFSET orn charmel "jlchan:i”

FRUIE

SOSUE Htod

Off=0

FOaR I=1 T H=

Off=0ff+eC0lokharn, T -0ff0 -1

HEST 1
Off=rEqain-0ffr-Fgain+df{l
FREINT "Firmal OQFFSET = 1"y0¢f:"
RETURH

bits"

ther

valuss
thern

12

"iRgain

1.

then

1 e

COH,

Bitz"®

e

channel " Icharn; i
= applied arnd calibrated for
Ichang ™

channel

prEs

L

COMT™

YL Eref
Ichan

COMT®

SE ]

Lernal

COMT

LI ~F.- T

Subroutine for the

I Enter routine
""" CONT to

Ve TS

irpudt from
with Hz=no.
DIsp *
FRUSE
RESET 18
COMTROL MASE 1
WREITE IO 18,5:48
HWRITE IO 18,5
Ht=d4%Hs

hrardshak e

ks

24

=

samples
initiate data acqusition

tting
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3529 FoOR I=1 TO =

Dummy=READEIMC 160
MEXT I

FEDIM D1cHs, )

!

DOV X
onoon oon
DU X |:-|

-
Do I 1)

EHTER 18 WFHZ Ht HOFORMAT;O1C#3 !faszt data acguiszition

DISP "Data acquzition camplete’
FOF I=1 T Hs ttransfer the data to 1nt»qcr A AVS
ColyITa=Dlol,30+2648 thwo dat g words (LD 3 ending 4 words total
Co2, To=D10I,40+20848 lzecond data word
HE=T 1

RETURH

NN NN NN NN NN

ZUE Huwcal CIHTEGER HpRERL Ed*y,FERL Uo#s ,REAL HW,REAL K,FEAL Ezq, INTEGER F13
I Subprogram 1o compute hot-wice Cd]1brit1uh constants faor
I King s law calibraticon wia linsar least zgquars fit
OFTION BRASE 1
IHFUT "Enter exporent M Capprox,. 8,45
IF Fl'l THEHW GOTO 257va

I dinmitialize sums for lingar leaszt-sqguares it

ey
-

[ U oy B Y )
(LX) ¢

T n
DU I A

-}

Puiipiegiy
RO e

!

on

!

3o " H

)
XY

,_.,_
Do B
-
15t

[

AR

T
R

[
=
1]
DGR X T W s i B B X R I

—
g 15

~T
;_:4 LU;,D

I

Laal

it
I -

48 K SH bzcale factor
o Es=qgq=-E-H feftfective no-flow bridge cutput zguared
e8  GOTO 2340
a La=@
L

D)
—

i}
[

o

FOR I=1 TaQ Hp
La=sLe+lcl s cENT V2
Li=Li1+cECI~E-E=
HEXT 1

E=La-L1

!
—
i

—_
—
DOUR A

AL I =
[ ]

- =
DOURS kN

PRINT “E:ale factor K+ 1 "IKE
FRIMNT "Ezsro zquared EB-2 @ "jE=zqg
Err=08 ! computes BEMS XN srreor of the it
FORE I=1 TO Hp
Err=Err+ (U lo~kK# i ECTosEC T -Esqd 01 MWD U T 02
HEST I
Err=138*I0RECErrHpo
FRINT “REMZ percent error of the £it 1 "jErei" R0
SUBEHD
T T T T I I T T T T O I O O A O A A A O O O I O R A O A O O I IR R A O

DEF FHY¥brgQ¢IHTEGER Ein, IMTEGER Zero,IHTEGER Off,REARL Caind

I Tompute the bridge output woltages based on calibration wvalues
FETURM YiEim-Zerol " Gain+lffr+28-46%5

FHEHT

T T T T T T T T T T N O T T T T T T T O O S A Y

LEF FHYawCREAL Del,REAL Ebr,REAL RA,REAL H,FEAL E8BEr
P Compute the sffective wire :ng]a Qiven the nomirn;

-§ T

,.
[x

)
O T ST b IS O
o
bl

-
Dot I e}

-
o

,,
2,
=

.,_
]

,_
o
-
5

-
Y

S IR ST NP O

pi X
LI )

2R
A%

,_
T

oo

v o

ESOU &% B o IS B W )

—
A

-
N
=
oD
o
MR

XN RN U R SR ORI SN ORI R R S I O O I s B Y
I

ul |||
[t
m
=
1
w
=8

25



4119 ! appropriate constants from calibration ws., welocity
4128 Ang=Del*FI1- 158

4128 RETUREH “COSCRNQI-CCERF~2-H)-CE
4148 FHEHWD

- RN AR R RN N N N N N NN NN

LEF FHEing{REAL Ebr,REAL K,REAL E@=q,REAL W»
b Computes welocity based on Kinmg s Law calibration constants
FETURN KE*CEbr~Z-EB=sqgd~C1-MH3

FHEHD
I T T T T T T T T I O T R O T O T R O O O R O O R I O A A A R O I A A I B A O S I I O IR R

LEF FHZhift{REAL Alphza,REARL Ohr,RERL Tref,REAL T, IHTEGER R
' Compute femperatures deift correction to bridge woltage
Cpot=AlphasiT-Tref i 2% 0hr—133 Y shift in bridge output woltage
FETURHM Clct*R

S48 FHEHD

—

dbrs~-RAy a0l oMy 2SS IHORARgY

T
()

!

ot I R I
+

e

Ll A Y U R By o
(]

)
[
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&0

FROGRAM TO REDUCE W-WIRE DATAH ACAQUIRED WITH FROGRAM ZWIREZ
ITnput iz 2 channels of raw Jdata and calibration constant:
Output iz the twd compornents of mean welocity in the wir

o D0 [ e

L1 1]

FEM PROIGEAM UVMERREZ
!
i
!
'

AR
DAL

n
(]

plane as well as the in-plane turbulence strezzez and thicd
I arder products,
DFTION EASE 1
DIM Tit1#0881, V=tr$28]
INTEGER Mz ,Hf,Filnco
IMTEGER Ecftc2i,EzeradZy
IMTEGER Isttl,I=ttZ
INTEGER CC2, 20881
INTEGER I,J,Tntr
FEAL “hub
FEAL Gainizd
FEARL Tcal,Triow,Alpha, Ohe
FEAL Ko Zi,EagquiZy HO2y,Caldd
FEAL
FEAL
SHOET
FREIHT
FREINT " ++ PROGEAM UYERREZ - REDUCES REAW H-WIRE DRTRA #=°

g T L

%)
O T

) 1™
D]
o
T

-
T T T TS
e O T T

KA1 SN L I L

J Ty
DoV

» S D

o 00 -

.,~
e

-
()

—
DAL

S FRIWT
Fi& FREINT “"Program outlinsi"
S FRINT "1. Fead caltibration and raw data from spesitied £ilel”

%}

vt calibration,
Wi tao third order,

LLsY
ply
o

FRIMT "2, Conztruct loock-up table and impler
FEINT "2, Compuate rummning sums £or stati=t i
FEINT "4, Frint results,”

FRIMNT "HOTE! Chanmsl 19
FEIMTER 1% 4

MAZSS STORAGE IS “"iHa,a,a"

Filno=g

THRUT "Enter parsnt filenams (or E to exit program: ", Hame#

D |
]

zumed to be U+ wire for z=ign convention,"

A

TIPS O B ORI LS CRR L% T DI R R SR 0 O S = S S W R P T Y

ok

248 File$=Hamz#

254 IF File®="E" THEHW GOTI 13214

el IHFUT "Enmter to. of data filez with parent prefiz (B if parent aniudt Hf

IF HMf=8 THEMW GOTO 416
Filho=Filno+l

IF FilrmosHf THEM SOTO 1296
Files=Hamsf2WVALECFi 1rnod
ASSIGH Filefs TO #1

FERD #1;Tit1#

FEINT Tit1#

FEAL #1;%str#

FRINT Y=tr#

FREARD #1:Tcal, Trnow,AYpha, Ohe

FERD #1;Ecffili,EzeracliyGaingls
READ #1:Ecffe2s,Ezerovdr,Gainiis
FEARD #1 K<10,Ezqels, Mol Dadls
FEARD #1;k AyZangn
FEARD #1;1s
FERD #1;Hs=
MAT KEEARD #1,C

' mow reduce the data - three s=teps:

Pl, Construct & implement look-—up table
P2, Convert detffl,2 tao U oand W

Po3e Update runrning swums

IF Filrmo:1l THEH GOTD Fzi

1

A

T g
DU AU A

e - e
DA )]

M

._
[ux]
—

O O X= D= I 2 18
fri,I=8t2

.

AR R B B TR B
[ ]

M

oy
=

T &
o M

OB I T R W T BT T N T R R N SR A ST S S U AR
i ! .

[N I KIS NS

T
ot
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T T T T T
L e I I A R |

o
i

DAST L I U T L T )
=

-
b

-

"
R

Y
DU )

,_
[ A
.
X

MR

o

=
an]

AL S LAY

DR N O Y

DO

LA § QR SN N SN X
DU )

T

ST Gl e

B Y B B Bt Bt R B M A Mt B M N M SO O 0 O w PO S S90S (I (O o8
[y

— -
TIOU I I U U N

Lo

putl
I ]

A

]
(R R

o
=
-

o
o
Pl

oo
Y
=

™
[xn]

g
™
MR

iy}
Den]

o
=4 e
Dxx]

o
[x)

[¥x]

]

T
MRS

g

Do
=

[

P

(A
o
x

ey
L1 -
USRI

.
-,

,..

[
-

()

..

[un)
-

[x)

..
Dy
1=

e RN I S k]
=

v—,v—-
Pocil A

I

DA

P U P
[n]

P o= I

g
[l

—_
i)

1, Construct & dmnplement look-up table
i
FOR J=1 T0
FOR I=1 ﬂ
Uhnb FH”b gr
IF Vhwbe .Es
Leffil, Jr=0
COTO &948
eftol,JosFHKingiWhuwb, KO T2, Ezqrls HOIID
HE®T 1
HEST J
DISP "LOOK-UP TRELE COMSTRUCTION COMPLETED"
P Implement 1ook-up
Hout 1=4
Hout 2=8
FOR J=1 TO H=
Jrtre=C00l, Ji+vleftd
IF Col, Jrod4@es THEM GOTO 758
Hout 1=Hout 1 +1
T li=Ueffaly ITnted
Ji+Isfr
3 Jrod4@3% THEM SOTO 77Va
Hout 2=HoutZ+1
Leffi2od,2s=sleffi2, Intrd
HE=T I
DISF "CALIBRATION IMFLEMEMTRTION COMFLETED"

l_"',_u
Y]
facx]

E l"..'

TZyEzeraodlr,Eaf ol Gainils:
£13 THEM GOTOD £389

o

e
5

2. Convert defd 1,2 tao U oang

1
|
t

Siml=

1 iz U+% wire

L

lcharnel 2 1= =% wir

- .
RIUUIOURE MU

i
o

Sip=

—
Dad

FHF Ipt=1 TO H=
U=R1sleff1oclpt, 1a+A2sUer 120 Ipt,
WeRIEleff1E0Ipt, Lo +A4slefi120Ipt,

[ LS £

L AR

I Z, Rurnimng sums faor stati

””Ih?
“Tpt

IF.IT.

- I F...r

Sal=Sul 4ol

m-u—uu‘u+lH+”+”
HEHT Ipt
Dbar=3%ul
Mbar=5Sol
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1126
114a
1154
1158

—-

| O T O O T e e e
A
bux]

oo g

g
[ux]

A
D]

oo

[ AT St o Y R
P DOV o R o B S I ORI

B
<

1
- . _
MU 1)

- -
ML)

[T
5

150

1

i
=

—
M

DO PN I TN R A
b

[ S
Do

]

Ty
)

Gl
AT

O SN
_"II:-:lx.‘

i
10

b bt e b et b b ek ek b bt bk ek btk b bt b b b b el ek b b s e e
=

EOUE ER G
I B PO O )

pully
Do)

Hpr1_

-u;—w41+-u1

Lot ar
Hewbar
YWaubar=
FRIWMT
FRIMT "REDUCED DATA : Chanmel 1 taken as U+y "
FRIHWHT

ar*lUbar#Vbar
~# W barslbar

YA Mot 2

FEIMT "dut-of-range datal chn 1 "iHouwtli" chn &
FREIMT "Total zample zize!l " Hs
FEIHT "URBAR = ”:Ubfr:" VERE = "iWbary" UHITSS

FRINT “UPRIZ = “jUpriZ;" WPRIZ = "jWpriZi" UHITZ:

PRINT "UYERR = HHb:r:” UHITS: (LoTanz
FRIMT "UZVERR = “;UZubar;" WEUEBAR = "3
FRINT
GOTO SE@
IHFUT "Reply ¥ to
IF Rrz$="7" THEH 3
MASS STORAGE IS “:
FRIMTER I3 16

EHI

duce anathsr proafile,

| | O T T T T T T T T T Y T O T T T O O B O O

[}
—
15
M
=

LT
fLeTaez

i il EMD PROGRAM UYEARS L00DLL0 bbbt

] [ T I T R R N O R O O A I A AR A A A AR O SR U R SR O R DR AR ORI NR AR BN AR T A

ODEF FHEimgoREAL Ebr,REAL K,REAL E@=zg,REAL M2
bocommput s welocity bazsed on King's
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X-WIRE EQUIPMENT LIST

'.:(E)'_VI MFG & MODEL DESCRIPTION
1 | NASA DESIGN MINIATURE X-WIRE WITH 5um TUNGSTEN WIRES
(DISA 55P11) SINGLE MINIATURE HOT-WIRE WITH 5um Pt-W SENSOR
2 | DISAB5M10 CONSTANT-TEMPERATURE BRIDGE
3 | DISA55D31 DIGITAL VOLTMETER (AVERAGING)
4 | DIsAssD26 SIGNAL CONDITIONER

5 TEKTRONIX SCE03 10 MHz STORAGE OSCILLOSCOPE (2 CHANNEL)

6 TEKTRONIX PG508 | 50 MHz PULSE GENERATOR

7 NASA DESIGN LDV/A-D MUX AND 4-CHANNEL A-D WITH FAST
SAMPLE-AND-HOLD
8 HP98032A HIGH-SPEED 16-BIT PARALLEL INTERFACE
9 HP9845B DESKTOP COMPUTER WITH 1/0 ROM INSTALLED
10 HP9895A FLOPPY DISK DRIVE

CHANNEL 1
llu+vll

CHANNEL 2

llu_vll

——— BNC CABLE

Figure l.~ Crossed-wire system hardware schematic.
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PIN ARRANGEMENT
FOR ROTATION

y
CROSS- ABOUT Z-AXIS X
WIRE

T YAW ANGLE
MEASUREMENT
x —— DEVICE
CALIBRATED
FOR 5°
INTERVALS
{ o
| : o
IC)l %)
| | O
|
SPRING — [&=
LOADED VERTICAL T
STEM FOR .
YAW MOVEMENT (.

ELEVATION PLAN-VIEW

Figure 2.- NASA crossed-wire probe and holder.
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WORD 7
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X-WIRE
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|
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POWER POWER
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o 1] ==
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5:50.5 EVENT RATE B ;3 45 6 78
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| LDV INHIBIT OUTPUTS extennaL reser PORER
- A INPUT 0.1 SEC @ et C
|
| @ @ @ @ NASA-ARC
_____________ 30-LDV COMPUTER INTERFACE MOD B

Figure 3.~
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START

ENTER REFERENCE QUANTITIES
OHR, ¢, Teq

HARDWARE CALIBRATION

A/D ZERO Zj
GAIN Gj
OFFSET Oj

STATIC VELOCITY CALIBRATION
FIT KING'S LAW

E2Z N
K;. EoZj: Nj

YAW CALIBRATION IN U-W PLANE

‘l’uw, j

ROTATE PROBE TO u-v PLANE?

STATIC VELOCITY
CALIBRATION

Puv. Y= Yuw,

Vi= Yu,j —

DATA ACQUISITION
e ENTER LOCATION Ygrg AND Tyow

e ACQUIRE DATA A, j),i=1,Ns
e COMPUTE TEMPERATURE CORRECTION

SHIFT Si

DATA FILE WRITE
o OPEN FLOPPY DISK FILE
e WRITE CALIBRATION

Kj, Eo% Nj ¥
e TEMP SHIFT Sj AND YgTR
® RAWDATAA (i, j)

YES

ANOTHER POINT?

Figure 4.- Calibration and data-acquisition procedure.
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START

OPEN DATA FILE

NO NEW CALIBRATION?

NOTES:
1) jDENOTES CHANNEL NUMBER

2) SIGN CONVENTION:
“u+v’’ IS CHANNEL 1

3) uANDvARE THE IN-PLANE
COMPONENTS OF VELOCITY

READ CALIBRATION CONSTANTS

L E.2. N, v Z, G, O
KirBo"je Nj: v Zje Gj. O
i=12

CONSTRUCT LOOK-UP TABLE

W = 2
Ueff, cal (k,j)= Kl (E4(k) - EOi

k =1, 4096

WHERE:E(k)=Z%g§(5{§5 +0;)
i

READ TEMPERATURE SHIFT: Si

READ RAW DATA: A {i,j);i=1,NsANDj=1,2

IMPLEMENT LOOK-UP CALIBRATION AND SHIFT

Uggr (i, 1) = Uggr car [(A Lii) + 5. 1]

COMPUTE u, v FROM U,

u i) =9 [ 9}, Ugge (i i)
v i) =5[], Ugge li. )]

COMPUTE SIGNAL MOMENTS

[ 84

uuxﬁk S vﬁLﬁ; S u i) v (i,

*vﬁﬂ,ﬁ;: umzvm,ﬁgx

2
b3
ts

1.
Ns ~

u i) v ()2

¥ oui?,

STATISTICAL QUANTITIES FROM MOMENTS

YES ANOTHER POINT?

Figure 5.- Data-reduction algorithm.
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