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1. INTRODUCTION

The development of the measurement technique reported

here was required for the determination of the periodic flow

field behind the rotor of a small, single-stage axial com-

pressor. With the rotational speed of the rotor of 30,000

RPM at design conditions, the 18 blades of the rotor result

in a blade-passage frequency of 9 Khz. Thus a high response

measurement technique was essential. As reported earlier

in Ref. 1, the means for determining the time-averaged flow

at all speeds is available, and such measurements have been

made to 50% speed.

The basic idea of the present technique was established

some time ago (Refs. 2, 3, 4). This report gives a brief

review of the measurement concept, results obtained with a

first set of probes, and describes in detail the calibration

and application of a new set of probes. The new probes have

the advantage of being only two-thirds the size of the old

ones.
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2. MEASUREMENT CONCEPT

As described in detail in Ref. 2, a dual-probe digital

sampling technique is used to determine the flow field behind

the rotor in a real time regime. The technique incorporates

two high response Kulite pressure transducers (Fig. 1).

Using two trigger signals from the compressor shaft (one per

revolution and one per blade), digitization of signal data

can be controlled from the probes which are shown in Fig. 2.

128 locations can be selectively triggered for any one blade

passage, thus giving good resolution for the specific area to

be covered. The control device for the computer acquisition

of the data is the PACER. Details of this device, which was

developed in-house, can be found in Refs. 2 and 3.

Two major changes to the hard- and software of the PACER

were made recently which are reported in Ref. 4. These

changes made the lock-on to blade passing frequency totally

automatic and reliable, and significantly reduced the total

time for acquisition of a set of data. During the period

reported here, several errors were found in the work pre-

sented in Ref. 4; Appendix A identifies the errors and their

corrections.

The measurement system consists of two pressure probes,

one the so-called type "A" probe which is essentially a total

pressure probe, and the so-called type "B" probe, a total

2



pressure probe bent up 350 from the zero pitch, zero yaw

axis, in the plane of zero yaw. The PACER allows data to be

acquired from each of the two probes when they are at identi-

cally the same location with respect to the rotor. The

probes can be rotated about the sensor tip. It is noted that

their outputs when set at different yaw angles could as well

be considered as the output of different probes of fixed

geometry. Earlier studies have shown the dependency of a

total pressure and a type "B" probe on yaw angle. Appendix

B gives a brief discussion and outlines the use which can be

made of the probe characteristics.

In knowing the output for a certain yaw angle of the "A"

probe and its output for zero yaw angle, as well as the out-

put of the "B" probe for zero yaw angle at the same relative

location, three different pressures are known for what might

be considered to be a single equivalent multi-sensor probe.

Reference 1 shows how such pressures can be reduced to values

of pitch, yaw, and magnitude of the velocity vector. The

zero yaw angle must be found first by comparing the left- and

right-hand sides of the type "A" probe output as a function

of yaw.

As shown in Appendix B, the type "A" probe output as a

function of yaw angle in a steady uniform flow is symmetrical

about a position where the probe is aligned with the flow

(referred to as the zero yaw position). If in an unknown

flow the yaw angle is not zero, by rotating the probe and

3



finding two equal pressure readings separated by a certain

angle difference and selecting the mid-point between the two

corresponding angles, the unknown yaw angle can be determined.

This procedure is in principle the same as the pneumatic

balancing of a conventional probe (see Ref. 1). However, in

an actual measurement situation the pressure output is not

given as a continuous function of yaw angle. In practice,

the data acquisition system allows digital recording of data

for 5 to 11 different probe yaw angles. Figs. 3(a) and 3(b)

give a comparison of calibration data and an approximation

using a fourth-order polynomial for nine data points. It

is evident that the characteristics of the probes allow a

good representation of their output to be obtained for

PA = PA(a) and P = PaB() (a = yaw angle) if only a few values

are givan. From these analytic functions the values PA max

(maximum output of the "A" probe), PB max (maximum output of

the "B" probe) and a value PSA can be determined very easily.

PSA is found from PA a PA(a) where a difference in yaw of 126*

separates right and left branches. This difference is chosen

because for ±63* of yaw the type "A" probe output corresponds

closely to static pressure.

Details of the methods used to derive the pitch angle and

Mach number from the values of PA max' PSA and PB max will be

discussed later in detail.

In acquiring data from the compressor at a steady operating

condition, for each of 128 positions in the blade-to-blade

4
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direction across a selected blade passage, pressure data are

acquired from the two probes set at 5 to 11 probe yaw angles.

Thus at each blade-to-blade position PA = P (a) and PB = P ()

can be approximated and yaw and pitch angles and Mach numbers

can be derived.

5



3. SECOND GENERATION PROBES

In order to improve spatial resolution and keep effects

such as the probe stem interference as small as possible, a

new set of Kulite probes was built.

3.1 Probe Design

The so-called second-generation probes incorporate Kulite

semi-transducers of the type XC062. The transducers measure

0.062 inches in diameter and are roughly two-thirds of the

size of the first generation transducers. Figure 4 shows

the probes in detail. The other difference compared to the

first probes is the angle of the tip of the "B" probe; it is

at 350 rather than 550 with respect to the zero axis. The

reason is that for a range of 300 to 500 angle of attack the

relationship between pressure output and angle of an inclined

pressure probe is almost linear, while for higher angles it

can reach a minimum and become double valued. An angle of

350 should give good resolution for pitch angles in the range

of -5* to +15*.

The probe tips are covered with machined caps which have

eight holes arranged in a circle. This way the area where

the transducers are located is shielded while there is still

sufficient area for the air to get into and out of the minute

volume above the membrane. A frequency response in excess of

100 Khz is retained when the screen is used.

6



3.2. Temperature Sensitivity

High response semiconductor transducers are generally

sensitive to temperature changes. That is, changes in the

temperature of the surrounding medium will produce changes

in the indicated pressure although there has been no change

* in the pressure level. In the transducer manufacturer's

specifications it is quoted that a change of 100 F might

result in a misreading of as much as 2% of the full range

(25PSI) of pressure. On request the transducers can be

built so that only 0.5% misreading for the same conditions

should result. Thus a 100 0 temperature change should pro-

duce no more than 0.125 PSI or--equivalently--3.46" H20

misreading.

The relationship between transducer voltage output and

pressure is known to be linear (Refs. 2 and 3). Temperature

changes result mainly in a shift of the intercept rather

than the slope of the linear relationship. Since the tempera-

ture of the flow in the compressor is expected to be about

500F highar than ambient, an error of 1.7" H20 might be ex-

pected to be present in the pressure measurement if no account

was taken of the temperature sensitivity, assuming the

manufacturer's specification to be accurate.

A simple test was made to check the temperature sensi-

tivity of the "B" probe. The probe was inserted into a con-

tainer which was vented to atmospheric pressure but which

could be heated. With the probe connected to the data

7



acquisition system in the usual way, the container tempera-

ture was changed and the voltage output of the probe was re-

corded. Figure 5 shows the effect of a temperature change

0of about 60 F over a period of four minutes. A corresponding

increase of some 2.4" of water in the indicated pressure was

observed, corresponding to about 0.6% of the full transducer

* range for a temperature change of 100 0F. This was consistent

with the sensitivity quoted by the manufacturer.

For an average flow Mach number in the compressor of

0.7, with a corresponding dynamic head of 154 inches of water,

an apparent shift in the transducer intercept of 1 to 2 inches

of water is not large. Also, since the shift would be similar

at different probe angles (assuming the transducer tempera-

ture would not change significantly), measurements based on

differences between pressures from the same probe set at dif-

ferent angles, would be little affected. However, as readings

from the "A" and "B" probe are both involved in calculating

the pitch angle, the probes must give absolute pressure

levels accurately. Therefore there is need for on-line cali-

bration as data is acquired at any new test condition.
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4. PROBE CALIBRATION

4.1. Calibration Procedure

The range of Mach number, pitch and yaw angle over

which the probes were calibrated, had to cover the ranges

which were expected in the compressor measurements. The

freejet used for the calibration, which is described in

Ref. 1, is capable of Mach numbers up to 0.9, pitch angles

0 0 0 0from -45 to +45 and yaw angles from 0 to 360 ° . Figures

6(a), (b) and (c) show details of the probe hook-up and in-

strumentation which was used. Table I gives the input/output

assignment list for the data acquisition system.

The "A" and "B" probes were calibrated separately.

The probe outputs were each recorded for a total of 9

pitch angles (-15° to +250 in 50 increments) and 6 Mach

numbers (0.2 to 0.7 in 0.1 increments). For each of these

54 configurations the probes were yawed from -80° to +800,

as data were continuously recorded. This procedure served

to establish the complete pressure vs. voltage output

characteristics of the probes, information to be used

later in the analysis and interpretation measurements in

the compressor.

The transducers were scaled using bridge adjustments

to give engineering units on the DVM. The angle potenti-

ometer was set to read linearly in increments of 0.10.

9
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The Kulite transducers were scaled to read in increments

of .01 inches of water, differential pressure. The slope

and intercept of the Kulite transducer were checked and

adjusted as necessary before taking data at each new test

condition. The intercept was adjusted to zero by applying

the jet reference stagnation pressure to the reference

side of the probe transducer with the probe tip aligned

with the flow and balancing the transducer bridge. The

slope was set by adjusting the output of the transducer

to be equal to the jet stagnation pressure with atmos-

pheric pressure as reference.

For each configuration of probe, Mach number, and

pitch angle, the procedure was as follows:

(i) Reference measurements for the jet (stagna-
tion pressure and temperature, and ambient
pressure) were recorded.

(ii) Theoprobe was swept steadily from -80° to
+80 yaw angle as 150 data values of both
probe voltage output and yaw angle potenti-
ometer reading were acquired by the computer
(Fig. 6). The jet reference measurements
were recorded again.

(iii) The procedure in (ii) was repeated but with
the probe yaw angle swept back from +800 to
-80° .

The three sets of reference measurements were com-

pared to verify the steadiness of the test conditions.

When all data were taken, a printout was produced on the

line printer and a plot of pressure versus yaw angle

was generated on the X-Y plotter.

10
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For each probe, the procedure in (i)-(iii) was

repeated for each pitch angle with the jet Mach number

fixed. The jet Mach number was then adjusted to the next

value and the complete procedure repeated again.

4.2. Data Acquisition and Storage

For each of the 54 configurations a total of 640

numbers were stored in one data file as a 2 by 320 array.

The computer program used for the data acquisition was

&XALIB (on cartridge 26, FORTRAN IV). The program is

listed in Appendix C together with program &YAW (on car-

tridge 26, FORTRAN IV). Both programs (&KALIB and &YAW)

are acquisiton programs for the calibration of type "A"

and "B" probes. The difference is that program &YAW re-

cords--in a more conventional way--data from one fixed

yaw position as the average of ten readings for up to 31

positions, while program &KALIB gathers data foz continu-

ously varying yaw position.

It was found that the average of multiple samples

taken at a fixed yaw position did not give more accurate

results than a single reading. Figure 7 shows a com-

parison between the output obtained with the two different

data acquisition methods. The good agreement is an indi-

cation of the steadiness of the flow in the free jet.

Figure 8 shows the output of a total pressure Kulite

probe held fixed in the jet over a period of 4 minutes,

during which 1000 single readings were recorded. The

1,1
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largest disturbances shown in Fig. 8 are probably the

result of distinct changes in the ambient pressure re-

sulting from doors being opened or closed in the build-

ing, rather than fluctuations in the jet itself.

The data acquisition program &KALIB is fairly

simple and contains explanations in the program listing.

Details of the data arrangement in the array are given in

the program listing (Program &KALIB, statement numbers

46 through 77).

4.3. Type "A" Probe Results

Figure 9 gives an example of the type "A" probe

data output at fixed Mach number for each of nine pitch

angles. Shown is the probe voltage output versus yaw

angle. Such plots provided a visual check of the acquired

data. Table II gives an example of the data recorded for

one Mach number and one pitch an+'le for the "A" probe.

All the data in Table II are stored in one file for

each configuration. Table III gives a guide to the data

files for the "A" probe calibration. They are stored on

cartridge 26. The file names follow the following

logic:

XYK Z RR

where

X - A for the "A" probe, or = B for the "B" probe

Y = 2, 3, 4, . . . --Mach number x 10

K - K, Kulite

12
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Z - P for positive or = N for negative pitch angle

RR - 15, 10, 05, etc., = magnitude of the pitch angle

All data taken for the "A" probe appeared to be well

behaved and useful throughout.

4.4 Type "B" Probe hesults

First measurements with the "B" probe showed poor

to unusable results. The output of the probe as a function

of yaw angle was unsymmetrical for positive or negative yaw

angles. Figure 10 shows the output at one Mach number, for

the full range of pitch angles. An investigation of the

probe tip under the microscope showed that some of the

holes in the protective screen at the probe tip were par-

tially blocked by particles of dirt or glue (Fig. 11(a),

and (b)). The holes were cleaned and the calibration rerun.

Figure 12 shows the results at a Mach number of 0.4. The

characteristics of the probe were seen to be much improved

and satisfactory for the intended application. Table IV

gives the list of the data file names as stored on car-

tridge 26.

4.5. Calibration Data Analysis

For the "A" probe the output of the probe as a

function of yaw angle PA = PA(a) was analysed for each

of the combination of Mach number and pitch angle. First,

the maximum value, PA max, was calculated as the maximum

value of a fourth-order polynomial curve fit in the

13



-2 0  <a < 200. Over this limited range the curve PA = A (a)

was fairly flat and a very precise determination of the

maximum value was possible. Second, to establish values

of P for each curve, (see Section 2), the data were surveyed

to find the yaw angle closest to -63°. Data at this and

at four values above and four values below this particu-

lar yaw angle were approximated with a second-order

polynominal and the corresponding value of PA' designated

PSAL yaw was calculated. A second-order polynomial ap-

proximation for this part of the curve was adequate since

the characteristic was nearly linear in this range (see

also Appendix B). The same procedure was used for the

right hand side of the characteristic to establish the

value, PSAR, at a yaw angle of +630. The two values were

found to be the same to within a small deviation for all

54 configurations. The value of PS was calculated as

the average of PSAL and PSAR . Figure 13 is an illustra-

tion of the data reduction.

The only data needed from the "B" probe was the max-

imum pressure output at each test condition. This value

always occured for a yaw angle of zero degrees when the

flow was aligned. The maximum was found by approximating

the output values of PB over the yaw angle range

-300 < 300 with a fourth-order polynomial and solving

for zero slope. The corresponding yaw angle was found

to be very close to zero for all 54 configurations.

14



Figure 14 shows a curve PB = PB(a) for one Mach number

and one pitch angle with the value established for PB max.

The values of PA max, PSA , and P, max, so derived,
A , o eivd

were considered to be analogous to the outputs of a

conventional pneumatic multi-sensor probe. The calibra-

tion and reduction of measurements to values of Mach

number and pitch angle (the yaw angle was always zero)

could be handled in exactly the same way as was done for

the combination temperature-pneumatic probe (see Ref. 1).

The dimensionless velocity, X, was used instead of the
V

Mach number, M where X is defined as X = V where
t

Vt = V2 ~_,the "limiting" velocity. The quantity

X can be expressed in terms of Mach number as

1M2
1 21 + -Y M2

2

For each of the 54 test conditions, using the values

PA max, PSA, and PB max, the coefficients and y were

calculated where

max - ( (i)
PA max

y A max - B max (2)

A max - PSA

and a third coefficient, 6, was examined where

6 15
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B is derived from values of the "A" probe only. The "A" probe

is insensitive to pitch angle as long as it does not exceed +150

to +20° . Hence y provides the measurement of the pitch angle.

The coefficients S , y , and 6 are discussed in detail in

Ref. 1.

The data for a complete calibration are given in Table V.

It can be seen that at fixed Mach number the value of B is

always about the same regardless of the pitch angle while y

changes significantly with pitch angle. The changes in y with

changes in Mach number are seen to be small.

If X is expressed as a function of 3 and y , X = X(B,y)

and ¢ , the pitch angle is expressed as a function of B and

= (,y) the functions X(,y) and ¢(C,y) can be

approximated with polynomials using the methods described in

Ref. 6, such that

= 
.

= i Cl a (D 1 (i-1)
Jij

i= l j l I

7 7: =D ija(j-1) .y (i-1)

where C. and D.. are constant coefficients. Figs. 15(a)13 13

and (b) show the surfaces which were obtained for X(B,'() and

respectively.

The progra,s written to approximate X = X(B,y) and

= (B,y) , based on the subroutines given in Ref. 6, are

&REST8 and &REST9. The programs are described in detail in

Appendix D. It is noted that the coefficients were derived

for the pitch angle expressed in radians.
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A check of the approximation was performed in order

to establish its quality. For the measurements of S and y

from the calibration X and were calculated using equations

(3) and (4). The results were compared with the corres-

ponding values known to have been set when the measure-

ments were made. Errors in the dimensionless velocity, CX,

and errors in the pitch angle, EV were defined as

X m - X cE = X-< 100 (5)

m

and

= - c (6)

where the subscription m denotes the value measured or known

to have been set and subscript c denotes the value calcu-

lated using the surface approximation.

The error E is expressed as a percentage of the

measured value while for the pitch angle the absolute dif-

ference in degrees between measurement and calculation is

calculated. A percentage error in angle is meaningless

close to zero pitch angle.

Table VI gives the coefficients obtained for the X

and $ surfaces. Also shown are the errors EX and e

obtained using equation (3) and equation (4). Approxi-

mations were derived for each of 36 possibilities con-

sisting of combinations of first to sixth order approxi-

mation for s and first to sixth order approximation for y.

17
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The coefficients shown in Table VI gave the best results

on average over the range of the calibration. They are

stored as 7 by 7 arrays under the file names shown on

cartridge 26. It is noted that the errors shown in Table

VI are an indication only of the degree of accuracy of

the approximation technique.

A
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5. VERIFICATION TESTS

Two tests to evaluate the accuracy of the calibration

and of the data reduction technique were made: (1) The

raw data from the calibration were treated as test data

and the reduction procedure to calculate X and t was applied;

(2) The probes were mounted together on the freejet, the

flow was adjusted in Mach number and the two probes were

set together to the same pitch angles, which were unknown

to the operator (see 5.2.). Data were acquired at specific

yaw angles and reduced as in the compressor application.

The results are described in the following paragraphs.

5.1. Verification Using Calibration Data

From the calibration test, the pressures for the

"A" and "B" probe were recorded for fixed Mach number and

pitch angle as PA = P A(a) and PB = PB(a) for a range of

yaw angle of -800 < a < 800. These distributions were

each approximated using a sixth order polynomial, so that

values PA and PB could be interpolated at any yaw angle.

0 0For the "A" probe 9 yaw angles were chosen (+65 O , ±45

±300, +150, 00) so that the range of yaw angle necessary

to handle the data reduction was covered. Since for the

"B" probe sufficient values are required to determine

only the maximum output, 9 different yaw angles for a

19
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0 0relatively small range were chosen (±300, ±22.5 +15

0 0+7.5 , 0°). Arrays PA(9) and YAWA(9) were generated to

contain pressure and yaw angles respectively for the "A"

probe and similarly PB(9) and YAWB(9) were generated for

the "B" probe. These data were then in a format as if

they were produced by the data acquisition program for

compressor measurements, and could be reduced in the same

way.

From the fourth order polynomial for the "B" probe

data, the maximum value P Bmax and yaw angle at which it

occured were stored, for each data set.

PA(9) vs. YAWA(9) and PB(9) vs. YAWB(9) were approxi-

mated using fourth order polynomials. For each data set

the curve PA = PA (  was searched for the yaw angles where

the spread between left and right branches was 1260.

Corresponding to definitions used in the reduction of

calibration data, the pressure determined at the left

branch was PSA L and the one at the right branch was PSA R .

These pressures were as defined here, the same and

were equivalently equal to the value PSA (see Fig. 13).

PA max was calculated using the fourth order polynomial

P A() at the value of yaw angle midway between the values

corresponding to PSAL and PSAR"

and y were calculated using equations (1) and (2)

for each data set. Using these values, the coefficients

from data files MISTXV and MISTIFI and the aquations (3)
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and (4), the corresponding values of X and were computed.

The yaw angle was taken to be that corresponding to the

value PBmax because the "B" probe had a clearly defined

maximum whereas the "A" probe did not (see Figs. 13 and 14).

The values so obtained for X, 0, and a using this reduction

technique were compared to the corresponding values known

to have been set and recorded during the test. Errors

were calculated following equations (5) and (6). A third

error, c,, for yaw was calculated using

a =m -m c (7)

where m was the measured yaw angle and ac was the yaw angle

calculated from the "B" probe data. Since am was always

zero during the calibration, the error E so defined was

equal to minus the value calculated in the reduction pro-

cedure.

The calculations described required extensive data

handling. A program was written (EVALU) to read the two

data files (for the "A" and "B" probes) and carry out the

calculations. The program accesses and reduces data for

one configuration (Mach number and pitch angle) at a time.

It prints the calculated and measured values and the errors

defined in equations (5), (6), and (7) before returning

automatically to read the files for data from the next

configuration. Program EVALU is described in detail in

Appendix E.
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Table VII shows a comparison of the measured and

calculated data. Values for Mach number from 0.3 to 0.7

and pitch angle between 00 and 150 are given since these

are the range of values expected in the intended appli-

cation. The average error in X (or velocity) was about

-0.4% with a maximum value of -1.336%. The average pitch

angle error was 0.120 with a maximum value of 1.360.

An average yaw angle error of 0.6 was obtained with a

maximum error of -1.160. Figure 16(a), (b) and (c) show

these errors plotted as functions of Mach number and

pitch angle. No significant trends were detected in

these data except perhaps in e . Table VII shows that

the yaw angle error was always negative at an average

magnitude of roughly half a degree. This is probably

an indication of the fixed error involved in mounting

the probe on the freejet.

It should be noted that the probe mounting used on

the freejet and on the compressor were not the same.

After the calibration and verification tests were made

on the freejet, the probes were mounted in special actu-

ators for use on the compressor. First however, the

assembled probe and actuators were mounted in turn on a

six foot long, four inch diameter pipe which was fed by

the laboratory air supply. In this pipe, due to its

length to diameter ratio, a steady symmetrical airflow

parallel to the pipe centerline was assured. For
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different Mach numbers--pitch angle was constrained to

zero degrees--each probe was yawed about its tip to either

side. By comparing left and right branches of the indi-

cated probe output the yaw angle vernier was set to zero

at the point of symmetry, corresponding to aligned flow.

The probe was secured in the actuator so that for com-

pressor measurements, zero yaw corresponded precisely to

alignment with the axial flow direction through the

machine.

5.2. Verification on the Freejet

In order to verify the probe calibration and data

reduction in a known flow, the probes were mounted to-

gether on the freejet. Only the yaw angle of one probe

(the "A" probe) could be read using the data acquisition

system. The probes were displaced peripherally at an

angle of 900 to each other (see Fig. 6). While the tip

of the "B" probe was on the centerline, the tip of the

"A" probe was retracted radially about one inch from the

centerline to avoid flow interference between the probes.

Both probes were mounted on the same type of pitch angle

adjustment device.

In the test procedure the probes were set in unison

to controlled pitch angles and Mach numbers which were

unknown to the operator. At each setting, the two probes

0were each rotated to 9 different yaw angles (+650, +45

±30 , +15 , 0 ). Data were taken for each of the 9 yaw

23
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positions. The pressure readings recorded were the average

of 10 sucessive samples. Before the actual test the zero

drift of the sensors was checked. For the "A" probe this

was done by comparing the probe output when set to zero

pitch angle with pressure. For the "B" probe, the probe was

set to -35° in pitch (see Fig. 4) and a similrr compari-

son was made. The data taken were not stored but onl-.

printed. Appendix F contains the computer program TEST

which acquired the data and performed the data reduction.

In order to check the yaw angle determined by the

reduction procedure the probe yaw angle data were artifi-

cially offset. The 9 yaw positions recorded were changed

by adding a constant to each: 650 +X, 45°+X, 300+X, 15°+X,

o 0+X, -15 °+X, -300+X, -45 °+X, -65°4+X. The data reduction

procedure should then produce a value for the yaw angle

equal to X.

Table VIII shows results of the verification tests.

Shown are the results for values of Mach number and pitch

angle which are typical of those to be expected in the

compressor. The errors given in Table VIII are defined as

Xs - X cEX X 100

s' €x x s-

S=G -
s c

Ca as a c

where index s is the set condition and c the calculated

value.
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The values of ex, C, and Ea obtained were considered

to represent an acceptable accuracy for the planned appli-

cation of the technique. In particular, the accuracy of

the pitch angle measurement was encouraging. The pitch

angle was of particular concern because the distribution

of pitch behind the rotor was a particular goal of the

intended measurements which could lead to important con-

clusions concerning the flow through the rotor. As shown

in Tables VII and VIII, the errors in pitch angle measure-

ment appear to be acceptable.
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6. APPLICATION IN COMPRESSOR TESTS

Complete results of compressor measurements made with

the probe system will be reported later. Some initial

measurements are reported here to examine and illustrate

the reliability and accuracy of the probe system and of

the data reduction. Since the data acquisition in the

compressor is more complicated than in calibration tests

on the freejet, the procedures and the programs used are

described in detail.

6.1. Necessity of an Online-Calibration

The semi-conductor transducers are, to some degree,

sensitive to temperature change as well as to differential

pressure change. If a relationship between differential

pressure and voltage output of the transducer was estab-

lished by calibration before the compressor was started,

there would be no guarantee that this relationship would

remain valid while the machine was running. A total

temperature rise of 25°F occurs in flow through the

rotor and the actual temperature of the probe itself

must increase, but can never be known precisely. The

magnitude of the probe temperature rise is large enough

however that the change in the transducer's voltage/

pressure relationship must be taken into account in some

26
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way. This is done through online calibration.

6.2. Online Calibration

Although there is a temperature sensitivity, the

relationship between the voltage output of the transducer

and the differential pressure is found to be always linear

(Ref. 2, 3). Thus, if e denotes the voltage output and

.P the corresponding differential pressure, the equation

AP = i + S e (8)

describes the calibration, where i is the intercept and

S is the slope.

The transducer is arranged in the probes such that

any desired constant pressure, Pr' can be applied to the

back, or reference side, of the transducer. The unknown

pressure on the front of the transducer, P, which is

varying in time, is given by P = tP + Pr ,or

P =i+ S e + Pr (9)

The on-line calibration procedure establishes values

for the slope and intercept while the compressor is oper-

ating at the speed and flow rate at which probe data are

required. The procedure to establish the slope is the

same for both the Type "A" and Type "B" probes. The

procedure for the intercept is more elaborate and quite

different for the two probes. The procedures are described

separately in the following paragraphs.
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6.2.1. Procedure For Slope

At a given steady machine condition, the time

average probe pressure, F, is constant. Because of thermal

inertia it is reasonable to assume that both the slope S

and the intercept i are also constant, although unknown.

If two different reference pressures, Prl and Pr2' are

applied to the transducer in turn, and the corresponding

time-averaged output voltages el and e are recorded then,

from equation (9),

= i + S + Prl (10a)

and

= i + S e2 + Pr 2  (10b)

combining these equations, it follows that

Pr 2  r1  (11)
e 2  e I

Equation (11) provides the means to calculate the slope

of the transducer from measurements. In practice four to

five different reference pressures are applied and the

slope is calculated as a linear approximation (by least

squares) to the variation of e vs. Pr

6.2.2. Procedure For Type "A" Probe Intercept

The time averaged flow conditions in th-e

measuring plane are established using the combination

pneumatic and temperature probe reported in Ref.l. The

probe determines values for the Mach number, pitch angle
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and yaw angle*. The combination probe tip, with its

arrangement of four pressure tubes, is shown in Fig. 17.

When the probe is aligned to balance pressures P2 and

P3 1 the pressure referred to as P1 is a measurement of

the total pressure, since the flow pitch angle can not

exceed about 110 at the rotor exit. Similarly, the type

"A" probe when aligned at the time-averaged yaw angle

is also in principle, a total pressure probe. By equating

the measured pneumatic pressure P, to be equal to the

time-average of the pressure seen by the type "A" probe,

the intercept of the "A"-probe can be calculated

using equation (10)**.

Data for the calculation of the intercept

was gathered during the acquisition of time-resolved flow

The question of whether a pneumatic probe can measure
the correct time-averaged values of fluctuating pressures,
raised in Ref. 7 and Ref. 8, was addressed in Ref. 1. It
was shown that for the conditions measured to date, the
results of the combination probe were accurate. Neverthe-
less, the possibility that an increase in rotor speed,
resulting in higher fluctuation pressure amplitudes and
pressure ratios, might affect the accuracy of the pneumatic
measurements is accepted; and close attention will be paid
to it in the future.

**

The "time-average" voltage could be recorded using
the integrating DVM or by acquiring a large number of dis-
creet samples at arbitrary intervals using the HP 5610 A/D
converter and computing the average. In early tests, the
samples for the time-average measurements were taken using
the A/D converter in the so called "free-run" mode. Roughly
1500 single data samples were collected over about 15 msec.
A comparison of the average values acquired this way with
those given by a digital voltmeter consistently showed
agreement to within +0.5%. Subsequently, for convenience,
the DVM was used to acquire values of the time-averaged
voltage S from the Kulite probes during the online calibration.
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data. At each yaw angle to which the two probes were

set, readings of the probe transducer outputs were re-

corded using the DVM. Data from the combination probe

were acquired also; however, the probe's yaw angle was

not changed. The DVM voltage readings from the "A"

and "B" probes were approximated as functions of the

corresponding yaw angles by fourth order polynomials,

eA = e(L) and eB = eB(a). The maxima of these functions

were derived mathematically and designated Amax and

eBmax respectively.

The value eAmax was found to exist at a

flow yaw angle very close to the yaw angle measured with

the combination probe. For the A probe, a pressure co-

efficient was defined as

PAmax -
_ - (12)

AO P p
C - S

The index "0" indicates that the coefficient was derived

for the yaw angle where the probe was aligned with the

time-averaged flow. Ideally 0 would be unity, since

the "A" probe is expected to measure total pressure if

properly aligned with the flow. However, during the

calibration procedure (reported in Section 4) it was

found that CPAO depended slightly on the probe pitch

angle, although not on Mach number. As shown in Fig. 18,

'!PAO varies within the range of 0.990 to 1.020. The
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relationship between CA0 and pitch angle obtained in

the steady-flow calibration was approximated by a fourth

order polynomial. Using this approximation and the time-

averaged pitch angle, stagnation pressure (Ft) and

static pressure (Ps), fAmax can be calculated using

Equation (12).

Knowing the values eAmax, the slope s and the

reference pressure (Pr), the intercept (i) of the A-probe

can be calculated using equation (10). Thus the rela-

tionship between the probe and the time-varying voltage

signal from "A" probe is known, using equation (9).
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6.2.3. Procedure for Type "B" Probe Intercept

The determination of the intercept of the "B"

probe is indirect. Unlike the "A" probe there is no

matching pneumatic measurement for the "B" probe. Such

an approach would be too inaccurate. The "B" probe is

intended to be very sensitive to pitch angle changes,

so that a very small difference in tip geometry of the

Kulite and an "equivalent" pneumatic probe would cause

a potentially large error in the calculation of the

intercept. Thus an alternate way to derive the "B"-

probe intercept was adopted.

During the online calibration procedure, the

"A" and "B" probes are set to the same yaw angle as the

combination probe. In this orientation, all three

probes are aligned with the time-average flow vector.

This flow vector is determined totally by the combination

probe, and thus the yaw angle, pitch angle, Mach number,

total and static pressures are known for the time-averaged

conditions.

A pressure coefficients, CPB can be calcu-

lated for the "B" probe using the definition

___B ____ (13)
Z!PB

t- S

If the pressure reading of the "B" probe when aligned with

the flow is referred to as PBmax' the corresponding pressure
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coefficient, CPB 0,(at zero yaw angle of the probe with

respect to the flow) is given by

-- Bmax - S (14)
CPB = S

From the calibration tests reported in Section

4, values of CPBO were determined for each of 54 combina-

tions of Mach number and pitch angle. These data are

given in Table IX. Figure 19 shows these calibration data

for CPB 0 plotted as a function of Mach number and pitch

angle. While the dependence on Mach number is seen to

be small, a strong and well-behaved relationship between

-- and pitch angle can be ovserved. CP-BO was viewedCB0

as a function,

CPBO = CB0(X,) (15)

The function in equation (15) was similarly approximated

using the calibration data as a surface depending on two

independent variables (Section 4.4). Appendix G describes

the computer program used and illustrates the results.

Using the expression for the surface represented

by equation (15), and values of the Mach number and pitch

angle, given by the combination probe, at each operating

point, CPB 0 %ere calculated. Then, using the time-averaged

total and static pressures given by the combination probe

measurementoacorresponding value of PBmax can be calcula-

ted using equation (14). Using the recorded value of the
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"B" probe voltage output, eBmax, corresponding Pr' and

the value established earlier for the transducer slope,

the intercept of the "B" probe was calculated using

equation (10). Thereafter, equation (9) could be used

to convert time-dependent voltage readings to absolute

pressure values.

6.3. Data Acquisition in TX-Compressor Measurements

The hardware of the dual probe digital sampling

technique was described in Section 2. The present sec-

tion describes the procedures and software used to ac-

quire and store raw data necessary to determine blade-

to-blade velocity distributions. The sequence of

events is summarized in Table X.

As described in Section 2 and Section 4.5, at

each blade-to-blade location sufficient data from the

"A" and "B" probes were required that functions

PA = PA (a) and PB = PB(a) could be established. However,

the yaw angle was not known apriori for any of the 256

positions at which data were acquired. The time average

yaw angle was known from the combination probe and

variations in yaw angle were selected to be about this

value.

It was found that yaw angle varied typically -5
°

to +15 from the time averaged value. Thus data were

acquired for 9 different probe yaw angles covering a
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range of the average yaw angle minus 50 minus 650, and

plus 150 plus 650, in order to make sure that a sufficient

range was covered to define the maximum values from

A = PA(a) and PB = PB(a) for -a= +630.

Program &ABKUL was used for the data acquisition.

It is described in detail in Appendix A. Figures 20a and

20b show an output of the raw data. Shown are the outputs

of "A" probe (Fig. 20 a + b) & "B" probe (Fig. 20 c + d) for all

256 positions and for the 9 different probe yaw angle

settings. The plots were generated by program &WAVE

which is described in Appendix I. Besides plotting data

from a data file the program also offers the possibility

to acquire data from one Kulite probe and plot it on-line.

All data acquired with program &ABKUL are stored

in one large data file. This includes the unsteady meas-

urement data, all the steady state data for the online

calibration and the combination probe measurements. Thus

each data set is complete and independent of any cther

information.

Table Xa shows an example of steady state data

acquired for the online calibration (see Section 6.2.);

values for the slopes of the Type A before (1st) and

after (2nd) the paced data acquisition. This output

allows comparison of the results of the two calibrations.

If the corresponding values of slope differ by more than

+1.5%, which indicates drift during the measurement
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period, the data are not accepted. The "intercepts" of

"A" and "B" probes are also printed. These values are

only used however to monitor changes during the data

acquisition. The actual intercept of the voltage-

pressure characteristic must be calculated from these

values as described in Section 6.2. Here again a dif-

ference of more than +1.5% is taken as evidence that

the transducer drifted during the measurement. The

other data shown in Table X is raw data which is printed

out immediately after it is acquired so that it can be

checked. Combination probe data are always acquired

with the Kulite probe data. Table Xb shows steady-

state data taken with the data from the "A" and "B"

probes. For each probe yaw angle setting the same data

is acquired as for the online calibration. The values

"yaw A pr." and "yaw B pr." give the probe yaw angle

settings (nine positions). In the third column values

DCA and DCB are printed. As described in Section 6.2.,

these are the dc voltage levels of the "A" and "B" probes

which will be used for the determination of the inter-

cept. For each of the nine positions, values called

"averaged values paced output" for "A" and "B" probes are

printed. Those are the averages of the 256 single meas-

urements of each of the probes. A comparison of these

values with the DCA and DCB values--if the decimal point

is neglected--show differences of up to 5%. This is
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because the DC values are derived for the whole rotor,

while the paced output values are from two selected blade

pairs only.

The single raw data file is arranged in a 20 by 256

array. Table XI shows the location of the data within that

array. Column #1 contains the data for the online calibra-

tion only while column #20 is reserved for the steady state

data acquired with paced data. Columns #2 through #19 con-

tain the raw data for the nine yaw angle settings of the "A"

and "B" probe, with the Type A probe data in even numbered

columns, the Type B probe data in the odd numbers. Table XI

also shows the hook-up for the data acquisition for the steady

state data. This is explained in more detail in Appendix H.

The data acquisition for one set of data including online

calibrations and steady state data requires some 17 to 20

minutes.

6.4. 'Data Peduction

After the raw data is checked for obvious errors using

program WAVE (see section 6.3.) the data reduction is carried

out using a single program "ABRED". The steps in the pro-

cedure are listed in Table J-1 and Appendix J describes the

program in detail.

The program first reads the coefficient files for the

calibration of the A- and B-probe as well as those for the

combination probe. The operator is then asked for some input

concerning the amount of output that is desired. The first
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calculation is to determine the flow time-average properties

from the combination probe measurements. The average of the

readings obtained at the nine different Kulite yaw angle set-

tings is computed since the yaw angle of the combination probe

was not changed during the acquisition sequence. The results

shown in Table XII are values for dimensionless velocity (X),

yaw angle, pitch angle, total pressure and static pressure.

The second calculation uses these values and the ac-

quired raw data for the online calibration to compute the inter-

cept values of the "A" and "B" probes. It is at the user's

discretion to output the steps in this process in order to

check the calculations performed (see Appendix J).

The first reduction of Kulite data performed is for the

time-averaged values from Kulite probe measurements. A DC

voltage reading of both probes was recorded for each of the

nine yaw angle positions the probes were set to. Using the

results of the previously performed online calibration, ab-

solute pressure values are calculated. These are placed in

two arrays, PAA(9) and PAB(9). Arrays YAWA(9) and YAWB(9)

are filled with the corresponding yaw angle values. Using

fourth order polynomials a relationship is approximated giving

pressures of "A"- or "B"-probe as functions of yaw angle.

From these functions the values PA max' PS PSR' PSA and Pp max

are derived as shown in 4.5. The flow yaw angle was assumed

to be the one corresponding to PB max" However, it should be

mentioned that the flow yaw angle derived from the A-probe

28

.4I



F

as the center value between the yaw angles corresponding to

PSL and PSR deviates only slightly (±0.50 to ±1.00) from the

one found with the B-probe.

From these four pessuree, coefficients B, y and 5 are

calculated. Applying the calibration coefficients to these

values X-- or Mach number -- and pitch angle are calculated

lated. Thus the time average flow vector is determined.

If it is compared to the one derived from the combination

probe measurement, the differences turn out to be, typically

0.64% in Mach number

0.550 in pitch angle

0.630 in yaw angle

The magnitude of these differences is acceptable. Table

XII shows results of an actual data set from a compressor test

run. At the very top .values calculated from combination probe

measurements are displayed followed by the results of the

online calibrations for both "A" and "B" probe. Immediately

thereafter the contents of the arrays ?AA(9), PAB(9), YAWA(9)

and YAWB(9) are given showing the average pressure values of

both Kulite probes and their corresponding yaw angles for the

overall flow measurement. The values PSLI PA max and PSR de-

rived from those are shown as well as the corresponding yaw

angles. Next PB max and the yaw angle for this pressure is

given.

In the following line the actual flow quantities as

derived from the "A"-"B" probes are listed. XU, XAX and
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BETA2 are calculated from X, pitch and yaw angle, the

circumferential speed and axial speed are printed also.

These values are:

XU = Circumferential speed (dimensionless)

XAX = Axial speed (dimensionless)

BETA2 = Relative flow angle in the measuring plane.

Once the overall flow vector is determined from the Kulite

probes ar.d compared to the results from the combination probe,

individual measurements are reduced for any or all of the 256

positions. Whether all, one or any set of positions is re-

duced is operator-controlled by input parameters.

The same way the data reduction was carried out for the

time-average flow vector the raw data for all 256 single posi-

tions are treated. Arrays PA(9) and PB(9) are filled with nine

individual pressures of "A" and "B" probe which were derived

from the raw data applying the results from the online cali-

bration. The yaw angle settings YAWA(9) and YAWB(9) are the

same nine values as before. Those are the same throughout

the whole reduction since they are the ones the probes were

set to. In Table XII the arrays of PA' PB' YAWA and YAWB are

Ashown. Also given are arrays PAC(9), DPA, PBC(9), DPB. As

mentioned previously PA and PB are approximated as functions

of yaw angle by fourth order polynomials. In order to check

the quality of that approximation, using the polynomials,

values are calculated for the nine given yaw angles (PAC(9)

and PBC(9)) and the difference between the measured pressure
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i2
value PA or PB and the calculated value PAC or PBC is dis-

played as DPA or DPB. As long as the values DPA and DPB

are smaller than ±2 inches of water (all pressures shown

are in inches of water), it can be assumed that the approxi-

mation fits the data points sufficiently well.

Above the array of measured data are some reduced values.

Again PSL, PA max and PSR are printed with their correspond-

ing yaw angles. Below the array,P B max and the flow angle

for this particular position are given. In the last line

position number, beta, gamma, X-- or Mach number -- , pitch

angle and yaw angle for this position are given.

If a data reduction shall be performed for all 256 posi-

tions it is advisable to skip the print-out of the raw data

and all intermediate steps (primary input). This way there

will be only the print-out of the last line of Table XII for

each of the positions.
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6.5 Data Presentation and Evaluation

In chapter 6.4 the reduction procedure of the raw data to

discrete values of X- (or Mach number), pitch angle and yaw

angle for all or any of the 256 positions of measurement was

described. All these flow parameters were stored in a single

file and can be retrieved at any time. In order to get an idea

of the flow behavior with respect to the rotor, the flow para-

meters were plotted as a function of the position within the

rotor frame. Figure 21(a) shows the distribution of X

Fig. 21(b) gives the yaw angle and Fig. 21(c) the pitch angle

distribution. The programs used to generate these plots,

namely PLOTX, PLOTY and PLOTP, are described in Appendix L.

The general behavior of the measurements was examined.

For this, the assumption was made that the relative flow angle

at the rotor trailing edge, 32 was constant for a given

radius (see Fig. 22). Figure 23 shows the velocity triangles

for the flow leaving the rotor. If i 2 and Xu , the circum-

ferential velocity, are constant, any change in the Mach number

of the relative flow will reflect in a change of yaw angle and

Mach number of the absolute flow. Using the nomenclature in

Fig. 23, at any given flow condition i the absolute velocity

is given by

X
u

X a (16)v i  tan 32 cos (i  + sin a.i
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F.iq.re 24 shows X as a function of yaw angle. To be

examined is the yaw angle corresponding to the minimum value

of X v. From Fig. 23 it can be seen that this yaw angle

-s (90 - ) which is indicated also on Fig. 24. Looking

at Fig. 21(b) it was found that indeed the minima of Xvel

correspond to a yaw angle of 39.110.

Another characteristic point in Fig. 21(b) is the maximum

value (480) of the yaw angle. When Xvel was derived from

equation 16 and from Fig. 24 for that yaw angle, a value of

.1572 was obtained. This value was found to be consistent

with the measured Mach number for that particular location.
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7. DISCUSSION AND CONCLUSIONS

As pointed out in chapter 6.2 the absolute accuracy of

the Kulite measurements is governed by the accuracy of the

combination probe measurements. At higher Mach numbers yet

to be measured, this may become a problem (see Ref. 1).

Reference 7 shows that the pneumatic measurement might be

incorrect if the fluctuations in pressu-e increase in ampli-

tude beyond certain limits. Since the experiments of Ref. 7

were carried out using a totally different set-up for measure-

ments of total and static pressures, the results are not

directly comparable, however, an examination of the possible

influence of such errors was attempted.

The assumption was made that P1 should be treated like a

tctal pressure probe and P23 and P4 like static pressure probes.

It was assured that an error in the measurements of P1 and also

in P23 and P4, or in P1 or P23 and P4 would occur at the same

time, giving a total of three possible combinations.

An error of 10% defined according to Ref. 7 was assumed.

Such an error resulted in an error of 0.25% in the absolute

value of the total pressure and 0.5% in the static pressure.

These errors applied to the data from data file AB1901 resulted

in none of the three error combinations giving a significant

change in Mach number and yaw angle distribution. The pitch

angle showed the only significant dependence on these assumed

errors. Figure 25 shows the comparison of calculated pitch
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angle distribution with and without assumed errors. It can be

seen that the biggest error was found for the case of a correct

total pressure, but an incorrect static pressure (P23 and P4).

An average difference of about one degree was found, and the

distribution did not show any qualitative differences. Since

the pitch angle could also be measured 0.50 too low (if P. is

measured incorrectly but P23 and P4 are measured correctly)

the achievable accuracy of the pitch angle measurement is

within a range of -0.5 to +1.00

The basis of the method of application in the compressor

is that the behavior of the probes as a function of yaw angle

at each point in the rotor frame is the same as in a steady

flow at the corresponding Mach number and pitch angle. The

steady flow characteristic is known from the calibration. In

order to examine the validity of this assertion, probe measure-

ments were analysed for selected points of measurement with

respect to the rotor frame. It was found that the B-probe

produced the same characteristic PB vs. yaw angle in its

application as it did in its calibration. The type A probe

however showed different results depending on the location of

measurement. Figure 26 shows the output of the A probe reduced

to values of CA plotted in comparison with the curve of CA

as a function of yaw angle established during the calibration.

It can be seen that for the time average values the agreement

between test data and the calibration is very acceptable. It
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is also acceptable for data from near mid passage. However,

the same is not true for data in Fig. 26 from the rotor wake

region. Going into the wake and out of it tends to skew the

top of the function CPA vs. yaw angle to different sides of

the actual flow yaw angle. Near the center of the wake the

probe characteristic appears to be similar to that established

in the calibration. Four possible explanations for the

skewing are considered:

a) Flow temperature effect on the probe output depending

on the different probe yaw angle settings.

b) Probe interference due to "steady" gradient effect.

c) Probe interference due to "unsteady" gradient effect.

d) "Incorrect" averaging in a flow in which Mach number

and flow angles are separately unsteady, and probe output is

non-linear in M , a and .
eThe effect in (a) is not a probable explanation since the

effect would be present also in positions outside the wake. It

is also unlikely, because of thermal lag, that the sensor

material could respond to the high frequencies of the wake

fluctuations. The effect in (b) could give errors having the

observed qualitative behavior.

In Ref. 9 it is shown that when a velocity gradient

strikes a total pressure probe the apparent location of measure-

ment tends to shift away from the center of the probe tip. The

calculations carried out in Ref. 9 were applied to the geometry

of the probes and flow parameters measured in the blade wakes
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with the A-B probes. It was found that an apparent displace-

ment of the order of 3% of the probe outer diameter was indi-

cated to be possible. This was considered to be negligible.

However, since the results in Fef. (a) were for impact probes

at zero yaw angle to the flow direction, an experiment to verify

the conclusion for the A-B probes yawed in a velocity gradient,

is certainly desirable.

The possibility of an unsteady error which results

from the behavior of the probe itself must be considered.

However, it is noted that the error is only significant where

the flow is unsteady in the rotor frame. This explanation

would have to be accepted if all other explanations failed,

and could be verified by independent non-intrusive measurements

such as LDV. However, since the error appears only in the

unsteady wake the most probable cause is thought to be <j

The existence of unsteadiness of flow paraireters in

the wake region is clearly evident from oscilloscope observa-

tions. The observed fluctuations are oscillations in the probe

output voltage (pressure) readings, which--in the data acquisi-

tion process--are ensemble-averaged over 40 samples to repre-

sent one value of pressure for a single measurement.

From the average pressure values, pressure differences and

ratios are derived and reduced to obtain a velocity vector cal-

culated in this way is the same as the average flow velocity

vector. The question clearly, is whether the flow velocity.

vector calculated in this way is the save as the average flow

velocity vector which could be obtained if the actual velocity
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vector was known for the individual samples. Clearly, the probe

output depends quite differently on variations in pitch, yaw

and Mach number, and the fluctuations involve changes in all

three.

A first attempt was mad& to examine the problem of averaging.

Using calibration data, an array of three Mach numbers, three

pitch angles and three yaw angles was selected. This resulted

in a total of 27 possible flow vectors, for which the functions

PA = PA(a) and PB = PB (a) were known. Since the flow yaw

angle during a calibration is always zero, an "artificial" yaw

angle was superimposed on the calibration data. For yaw angles

different from zero, corresponding pressure values for the A and

B probes were shifted by the amount of the superimposed yaw angle,

but in the opposite direction.

In a first step the 27 flow vectors were averaged by

averaging their velocity components U, V, W and calculating the

corresponding single values for pitch angle, yaw angle and Mach

number. Secondly, for each of the 27 vectors, data sets PA(9)

and PB(9) (corresponding to nine different probe yaw angles)

were built. These values were averaged to result in nine single

values for PA, PB and corresponding yaw angles. The regular data

reduction procedure was then applied and pitch angle, yaw angle

and Mach number were calculated.

Differences between the two calculation methods were

defined as:
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Xaf ap 100€ X =
Xaf

C Mn af- Oap

S af- ap

subscript "af" meaning average from flow vectors and "ap" meaning

average from pressure values.

The procedure was carried out for four different sets of

data, each consisting of 27 different flow conditions.

Table XIV lists the range within which each of the flow

parameters was varied and the differences resulting from the

calculations. The differences obtained were not large, however

it must be noted that the process of averaging which has been

tested does not exactly simulate the one to which the A-B probes

are subjected in the compressor. Further analysis is required

to properly evaluate the effect of averaging on the probe data.

In order to explain the skewing observed in the A-probe output

in the wake regions, it would only be necessary to have fluctua-

tions which were not symmetric with respect to the wake center-

line, as is very likely to be the case in the wake of a highly

loaded compressor blade.

In conclusion, the DPDS technique has been developed

further to successfully measure three components of velocity in

regions outside the unsteady rotor wake. The edges of the wake

region and average conditions on the wake centerline are well

defined. A limitation to the use of the present method within

the wake region is thought to be due to the necessity for ensemble

averaging. Further work is planned to resolve this question.
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TURBOPROPULSION LABORATORY Test A-R-ra-- ih-rti on

HP9830/21 MX Data Acquisition Run No. ]

Port/Channel Assignments Datejan Iq82

SCANNER #1 SCANNER #2 SCANNER #2
S.V. # S.V. * ch ch ch

101 0 401

I 1_ 1 411
321 2 42

3 3 43

4 4 44
5 5 45
6 6 Tt TiinnP 46
7 7 47,

8 8 481

1 91 9 49
1i 0 i0. 50

1 11 11 51
1 12 12 52

1 _13 13 53

15 14 14 54,
16 15 15 551
1 16 16 56
1 171 17 57_

1 181 18 58
2C 19 19 59
21 20 20 Pt T,.nn 1 60

2 _ 21 21 6il _t -of n,_61,
23 22 22 Vw Angl ' 621

24 3 2 23 631
2 24 24 _ _--- 64

2__25 25 p 2565
2 26 26 66 _

2 27 27 67

29 28 28 68
3C 29 29 69

31 30 30 70
32 31 31 71

33 32 32 721

34 33 _33 731

341 34 741
353 35 _35 75

3 36 36 76
3 37 37 77
3 38 38 78
4 39 39 79
4]
4:
4:
4x
4:
4E
4

Table I. Data Acquisition System Hook Up.

TPL 4,/01/81
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Xvel Phi CpOB
( )(9) ( )

.0958 25 .0030

.0962 20 .1470

.0961 15 .2790

.0960 10 .4250

.0962 5 .5680

.0965 0 .6930

.0965 - 5 .7860

.0963 -10 .8470
0954 -15 .9040

.1348 25 .0460

.1348 20 .1970

.1347 15 .3320

.1349 10 .4760

.1346 5 .6080

.1345 0 .7290

.1353 - 5 .8240

.1343 -10 .8900

.1349 -15 .9190

.1754 25 .0930

.1752 20 .2400

.1750 15 .3810

.1758 10 .5160

.1750 5 .6390

.1751 0 .7480

.1744 - 5 .8510

.1744 -10 .9200

.1742 -15 .9520

.2171 25 .1290

.2165 20 .2750

.2163 15 .4130

.2161 10 .5480

.2160 5 .6720

.2162 0 .7770

.2161 - 5 .8690

.2152 -10 .9370

.2156 -15 .9620

.2636 25 .1740
F. .2624 20 .3230

.2626 15 .4590

.2624 10 .6010

.2622 5 .7150

.2622 0 .8150

.2628 - 5 .8860

.2630 -10 .9340

.2627 -15 .9690

.2949 25 .2140

.2944 20 .3590

.2944 15 .5010

.2945 10 .6330

.2945 5 .7450

.2948 0 .8330

.2948 - 5 .9020

.2950 -10 .9490

.2952 -15 .9830

Table IX. CpOB for All Calibration Configurations of Mach Number and Pitch Angle
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0 A TA ARRANGEMtENT IN DATA FILE FOR RAO DATA FROM K UL I T E S U 1 E Y'
DATA(2C2S6)

CALIIRATION t 0s ist YAW A Ist YAW P 'Ind YAW A 2nd YAWB - III YAW A 91h YAW B t STEAY $TAIE y&&s

DATA(1 t)D ATA(2, t) OATAc', 11 DAIA(4, i) DATA(S, 1) - DAIA(1Z i) DATA(%&3, i) t DT.)k:t
iATA4i 2U ArAU? 2) DATA0, 2) D.ATA(4 ,) ~DATA(S. 2) -- DATIO i '12) D4TA! ') I S ATA_c ~
DAA1 )DAT A AT(, )D, 3) 3 AA4,DATAATA(, 3) -- ATA0I, 3) DATA(1 5, 3) I AA ~ :

DATA(1, is 3 DATA(Z.P 2.0.

DATA(' 21) 1 IA ' DT('C 2)
DATA(!: 22) z S I DATAUQ, $

* 2i 1 a ? nd

DAA , 8 DATA(jv2c.
DATA11, 31 Il a a Pa'/ '~ Y ATA(, il.)

DAI(1 TA) ( D Ai J = T A A C.AQON ( 4~ 1 1 A.0Z~ ~
D ~T A ( .J+ i)pI-)1..2 ACwrJ ( 4' <0)

DO TA J., 2) f,0N 4 i *
T~rdiJ 2) 1 4, G1'i1 ( N 4 /' i .0 .3,

ifA( 9 '~l- f~H ~' DATA(;'. 4)DATA(1, 5I) o DA .(1 Lj+ 1.-YI ~4R K 1 1 A~~c,:

D (-JA( ~i'jn J NR(C I, a '
DATA(I st) k? tAi~ I d A))AW ATA(Ze, 50'D + 7Xi'1 UA N Vr-5t , 1. ) AA2~DATA(i, Q1) D AI~J-~ A.. j T2yAt! $AR 1 DATA(CX ?

DATA(;, q2) D A T A .aJ1 2YAAJ

DATA1, 9) a U Sa a DATA f20.gc

DATAi1t S DTA_' C

DATTi;02 I , a at NI a a, 1; 1 )ji

C)A)(: S 1) ~ ~ 4 1) l. DATA (20,O3
DriTA(? "1 1 - "CN 4~ 1 T A RF61

DATA(111) i 2n fXYI1( f "?) ~ A pI~i
Ind1,2: D' P) Ii ." 1'. .1 > I ': (2

Ar(,2''aDATA('O- 4) 1- I 'A ( 4 i A P I DATAzU-,121
A DA~TA(2 11 4) ..ti a4 8, 1) .f la

DATA(2 iF 5. i
DATA; tA 'f.A (- , ,A;( ,I

DAT DATA ( 20 1.)N 8 3 1) A 4) jl 6 ,
D~T~it a AT A (2 T* + 2) '? N F..8N 3 2 J Yrl 0: H 7.

_D A1' 1' 1 0~P( 2' I ~ ''
DATA(iis,,) a At(.( 'DATA ( .0,1i. Tf + I Sc.~
DATAU14.) !Slone A is DAI A2u ( -.' r - 14~ S2,:I D#.rftts16'j
DATAQi;161 ?rr.',A Is? a D A TA(0 1is 23 @gt' I

DAT~i~71)2ir~n. irt a DA TA( 0,i19

DA'A(i,10) t~lopc A 2nd a 0
DITA(i,i~) 2intir.A 2nd 2 aaaa S -

DATA(141) t~Ioe 3 2nd a
VAIAQi,I1) tintar. P 2n d * a2 -

2 DATAQ1,2S1 DAIA3,2 56) DAA(4,25b) DAIA(7,,256) - WTA(It25b) DAUA(I236) 2i -

Table XI. Arrangement of Data Within Raw Data File.
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RAW DATA FILE : ABt901:: 27

FLOW AVARAGED VALUES AS ESTABLISHED WITH THE COMBINATION PROBE

Ptotal(INCH H20) Pstatic(INCH H20) Xvel Mach Phi(deg) Yaw(dea)
438.8521i0 402.299380 .iS693 .3S443 4. 5 30,76

EQUATION FOR A-PROBE PRESSURE :
PA = 400.532230 + 9966.041000 * VOLTAGE(raw)*O.Oi + PREF(INCH H20)
CPOA = 1.00408 CPOB = .6394757
EQUATION FOR B-PROBE PRESSURE :
PB = 405.349850 + 9709.025400 * VOLTAGE(raw)*9O.0i + PREF(INCH H20)

# PAA(#) PAB(#) YAWA(#) YAWB(*)

1 388.564 384,562 -40.060 -39.850
2 415.562 405.356 -20.040 -19.750
3 432.724 417.524 -.37000 0.00000
4 438.413 424.489 14,700 iS.0200
S 438.205 42S.738 29.7000 29.7900
6 436.311 424.OSS 44.6600 45.0900
7 429.005 417.040 64.9900 65.3300
8 412.283 400.314 84.7900 85.2400
9 376.753 370.378 109.570 110.280
A-PROBE APPROXIMATION RESULTS : YAW = -32.03 30.97 93.97

PRESSURE (INCH H20) = 401,494630 438.987430 40t.494690
CPAMAX = 1,0036

B-PROBE APPROXIMATION RESULTS : YAWO = 31.1 PRESSURE (INCH H20) =426.03

AVERAGE VALUE RESULTS FROM THE A-B SYSTEM:

BETA GAMMA Xuel Pitch Yaw XU XAX BETA2
.08541 .34S69 .15693 4,00 31.13 .24251 .13400 50.33

A-PROBE APPROXIMATION RESULTS : YAW = -33.87 29.3 92.13
PRESSURE (INCH H20) = 401.035520 439,204830 401.035580

CPAMAX = 1.0093

# YAWA(I) PA(I) PAC(I) DPA YAWB(I) PB(I) PBC(I) DPP
1 -40.060 390.745 390.620 .12415 -39.8S0 386.023 386.21i -. 1874-'

-20.040 418.046 418.693 -.64673 -19.750 407.238 406.601 .63637
3 -.37000 434.472 433.312 1.16040 0.00000 419.654 420.214 -. S601
4 14.7100 438.073 438.307 -.23431 15.0200 425,849 426.014 -. i6504
S 29.7000 438.365 439.171 -.80560 29.7900 427.988 427.737 .25152
6 44.6600 436.436 436.487 -.05164 45.0900 425.091 425.287 -. 19SSO
7 64.9900 428.007 427.055 .9s190 65.3300 416.069 415.419 .64966
8 84.7900 409.352 409.953 -.60OS9 85.2400 397.940 398.495 -.SS493
9 i09.570 372.605 372.503 .1017S 110.280 367,713 367.588 ,12476

B-PROBE APPROXIMATION RESULTS : YAWO = 28.8 PRESSURE (INCH H20) =427.75

PSTATIC (DERIVED FROM PAMAX AND XVEL) = 402,086

Post Beta Gammo Xvel Pitch • Yaw BETA2
1 .08691 .30020 1S784 2.16 28.77 SO.31

Table XII. Explicit Output of Reduced Data (run #119).
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Raw Data From File AB1901:27.

POSt Beta Gamma Xvel Pitch Yaw BETA2
1 .08691 .30020 i5784 2.16 28.77 50.31.
2 .08625 .29869 i5719 2.07 28.85 50.47
3 .08659 .29771 i5751 2.04 28.77 50.39
4 .08693 .29870 15785 2.10 28.67 50.32
S .08626 .29383 15714 1.86 28.34 SO.54
6 .08556 .29333 15646 1.81 27.89 50,78
7 .08761 .29336 iS845 1.89 27.95 50.27
8 .08695 .29314 15780 1.86 27.77 50.46
9 .08699 .30001 t5792 2.16 27.87 50 42
10 .08651 .29053 15735 t.72 28.18 S. 51
1i .08616 .30175 AS714 2.20 27.01 50.75
12 .08771 .30535 15867 2.41 27.27 50.32
13 .08736 .3i543 .15844 2.83 27.40 50.38
14 .08758 .31300 15863 2 .74 27.95 E0.24
15 .08843 .31647 15949 2.91 27.52 50i0

.6 08708 .32767 15832 3.33 27.13 50.47
1 .08815 .33026 15937 3,48 27.70 50.12
£8 .08751 .33647 15883 3.71 27.75 50.26
19 .08845 .34354 .598i 4.03 27.49 5o.07
20 .08694 .35824 15855 4.57 27.79 50.37
21 .08777 .35549 15931 4.49 28.23 50.o.
33 0877 .35943 tS888 4.61 27.57 50,32

4 .3627 .is89o 4.76 28.06 ~0 25
24 .08730 .36500 i5898 4.85 28.28 5020
25 .08809 .35980 15967 4.67 28.19 50.03
26 .08817 35931 15973 4.65 27.69 511109
27 .08765 .36770 15935 4.97 28.86 50.03
28 .08754 .37437 15933 5.22 28.31 50.13
29 .08721 .35432 15876 4.42 28.80 SO.i6
30 .08759 .36250 15923 4.76 29.1i 50.02
31 .08590 .34610 15741 4.04 29.45 50.41
32 .08591 .33789 15732 3.71 29.74 50.38
33 .08682 .34274 i5825 3.94 28.54 50.30
34 .08629 .33269 15762 3.51 28.85 50,40
35 .08633 .33968 .15774 3.80 28.47 SO.44
36 .08652 .33720 15789 3.70 29.09 SO.31
37 .08466 .32843 iS600 3.27 28.94 50.81
38 .08430 .32945 .15566 3.29 28.62 50.94
39 .08466 .31729 15586 2180 28.75 50.85
40 .08445 .31319 .15561 2.62 29.15 50.86
41 .08548 .31905 15668 2.91 28.62 50.66
42 .08583 .32284 .15706 3.08 27.38 50.67
43 .08569 31942 15688 2.93 28.83 50,58
44 .08616 .31527 15729 2.78 28.39 50.53
45 .08673 .32951 15801 3.39 29.01 50.28
46 .08768 .32712 .15888 3.33 28.90 50.06
47 .08778 .32402 15894 3.21 28.34 50.12
48 .08757 .32691 15878 3.32 29.08 50.07
49 .08892 .31918 15998 3.04 28.51 49.82

50 .08780 .32379 .15897 3.20 28.24 50.13
51 .08746 .32749 .iS868 3.34 28.18 50.22
52 .08814 .31063 .i59i4 2.65 28.43 50.04

Table XIII. Reduced Data For the First Blade Passage of Run #119.
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Figure 1. Probe Arrangement in Transonic Compressor
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80 A_ _ _ _ _ __ _ _ __ _ _ _ _ _

[inches H120)

60. _ _

20.14

4 4

-- 60.____

-80. -6 0. - 0. -2_10. r&-.A. C20C. 4 0. 60. 80-4,.
Figure 3a. A-Probe Pressure (Gauge) vs. Yaw Angle YAW ANGLE [Degrees]

Solid line -Calibration Data
Dotted line -Data Approximated from Specific Data Points

(4th Order Polynomials) Shown as crosses
(Datafile: A5KPlO)
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D B ..

[inches H201

Fiur 3b.. B-rb rsur4Gue.s-YwAge YWANL Dges

Solid line-Calibration Data
Dotted line -Data Approximated front Specific Data Points

(4th Order Polynomials) Shown as crosses
(Datafile: B5KPlO)
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Figure 4. High Response Transducer Probes
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(a) End View

(b) Side View

Figure 6b. Free-Jet Calibration Apparatus

72



DICHG 78K CHAN. wC

S70CN. 4 H

I SCAN.1

C-)

REE RESCA. SED TT
w

t- CUNT. ACO. SYST EM

PUNCH COMPUTE

Ficure6c. TaTERcustinSse

73S



[inches H20 Gauge]

120.__ _ _

100.__ _ _

80. __ _

60. _ _ _ __ _ _ __ _

40. __

-40. A_ _ _ _

-40.v

-100._ _

-80.-60.-40.-20. 0. 20. 40. 60. 80.
YAW ANGLE [Degrees]

Figure 7. Pressure Readings vs. Yaw Angle. Data Acquired
Using Two Different Programs:
Solid lines - Program KALIB (Continuous Acquisition)
Crosses - Program &YAW (Discrete Readings)
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[inches H20 Gauge]

60. _ _

40. - H- -~---__

20.
* I! '7

-40.

-60. ______

-80.--60.-40.-20. 0. 20. 40. 60. 80.
YAW ANGLE [Degrees]

Figure 9. Type A-Probe Calibration Data at
Mach = 0.4. Pitch Angles in the
Range from -150 to +25"
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[inches H20 Gauge]

40.

20.

20.

-20. -K

-80. -60. 2 07 0.s 2~ 0. 0.
YAW ANGLE (Degrees!

Figure 10. Type B-Probe Calibration Data at Mach = 0.4.
Pitch angles in the Range from -150 (Top) to
+25* in 50 Increments. Some Holes in probe
tip are contaminated by dirt.
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Figure lla. Probe Tip with Dirt in Some Holes

Figure 11b. Probe Tip with Dirt in Some Hole.
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PA
[inches H20 Gauge]

50. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

40.

20.

0.

-20. .~.+

-80.-60. -40. -rj0 0. 20. 40. 60. 80.
YAW ANGLE [ZDearee-,]

Fgure 12. Type B-Probe Calibration Data at Mach =0.4.

Pitch angles in the 'Range from -150 (Top) to
+25' in 5' Increments. Clean Probe Tip.
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[inches H20 Gauge]

40.

20. PB mar

-20.

-40.

-80.

-100.

-120. __.

-140.1
-80.-60.-40.-20. 0. 20. 40. 60. 180.

YAW ANGLE [Degrees]

Figure 14. Type B-Probe Calibration Data
(Mach 0.6, Pitch angle =250)
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Figure 15a. Approximation of Dimensionless Velociti, X, 
as

Function of Coefficients 
e and y.
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Figure 15b. Approximation of Pitch angle ,: as
Function of Coefficients and y.
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Pitch Angle [Degrees]
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_ ...._ Average

-1.0
-1. 5 1__ _ 1__ _ 1 _ _ _ _ _ _ _ _ _
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Mach Number

Figure 16. Errors as Specified Depending on Mach Number
and Pitch Angle.
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Figure 17. Combination Pressure Temperature Probe

(Tip Detail)
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CP OA

1.025

1.000

Mach number
00. 7

V 0.6

o -0.4

2- 0. 3

0.950
0.0 5.0 10.0 15.0 20.0

Pitch Anqile (Degrees)

Figure 18. Pressure Coefficient for Type A-Probe at Zero Yaw
Angle as Function of Mach Number and Pitch Angle.
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Figure 19. Pressure Coefficient for Type B-Probe for Zero Yaw
Angle as Function of Mach Number and Pitch Angle.
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Xvel 7.

. 1 4 ; ...... . .

I ii

. 12 L___ L _, _. _.-._ 1 .
0. 00 64. 00 128. 00 192. 00 256. 00

50. b

Yaw Angle
(Degrees)

30._

0. 64. 128. 192. 256.

12. c)
Pitch Angle:
(Degrees)

4.

0. 64. 128. 192. 256.
Circumferrential Position

Figure 21. Measurement Results at 50% Speed, Midspan, Peak Efficiency

(File AB19R1).
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j132 W2

(2

Figure 22. Relative Velocity Distribution W2at Rotor

Trailing Edge (Schematic)
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82 ' const.

U = const.2

xx

x~ -X cs

1. £ ± UA ZUX

y -v ia(wO)i / )XuiX2 ±

xi ~ ~ ~ -= Vvio a u - u - X

Xvau

5 " (d Xv) xin s+

Figure 23. Velocity Triangles for Varying Values of the
Relative Velocity XW
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Dimension less
velocity X (/)

tan. zOS,+Sil
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0.17.

0.17

w

x

0.16-

0. 1i28. -i =

~~0.15,

0 10 20 30 0 50 6t 70 80

39.]I Yaw Angle (Degrees)

Figure 24. Dependence of Absolute (Xv) and Relative (Xw) Velocities
o: Yaw A,, e (a) Assuming Constant Values of Circum-
fe ..t. I Velogity (XuO0.24219) and Relative Flow-
Ang'.- (82=50.39 ).
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0. 64. 128. 192.
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Figure 25. Influence of Incorrect Pneumatic Probe Pressure Readings Run 119,

50% Design Speed, Near Peak Efficiency, Dotted Line - No Errors.
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YAW ANGLE (DEG)

-80 -40 0 40 80

tot

0.5 4-

-.

TIME AVERAGED
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• \' COUNT 128

/ JCCUNT 181
"I

1 COUNT 188

COUNT 195

Figure 26. Pressure Coefficient Versus Yaw Angle for
Type A Probe at Specific Positions in Rotor
Flow Field (Run 123 - solid line is from
calibration at M = 0.4 , * = 00).
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APPENDIX A

CHANGES MADE TO SOFTWARE FROM (Ref. 4)

The changes made by McCarville and reported in Ref. 4

brought about two general improvements: hardware changes which

eliminated the need for an operator-performed lock-on proce-

dure and software changes which allowed the acquisition of

one sample for each consecutive revolution instead of every

tenth or eleventh as before. In the process of integrating

the new software into the data acquisition program, one minor

and one significant error was found in the subroutines used for

acquiring data through the A/D converter.

The data is transferred from the A/D converter to the

21MX computer in 16-bit words. Only the highest 10 bits contain

the digitized voltage while the A/D channel number (0 through

15) is transferred in the lowest 4 bits. Using the highest bit

for the sign, the range of numbers which can be transferred

is thus ±(215-i) or ±32,767, while the smallest meaningful

division is 26 or 64. The resolution which can be achieved
26 1 0

therefore is 26- or 2 0  or 0.000976 of full range. Since

the full range of the A/D is -lV to +lV, the instrument

resolution is to about 2 mV.

The procedure of masking can be used to derive an exact

digital number solely from the highest 10 bits of the transmitted

word. If this is not done, the A/D channel number from the

low bits is included when converting the data word to a decimal

number. The result is to create decimal numbers which appear
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to be changing with a resolution of 2' is ±32,767 or 0.0305 mvs.

Since the increase in program running tine due to masking was

insignificant, this procedure was built into the data acquisition

program.

The second error was found while using the data acquisition

program. It was noted that a different number of samples

acquired from the same machine conditions did not bring any

significant change in the smoothness of the output. An

examination of the output of 5 individual samples (Table A-I)

and the average derived from these samples showed that only

the first sample was converted from an integer into a real

number and that the same real number resulted for each individual

sample no matter what was the value of the integer.

Figure A-1 shows the listing of the original subroutine

(RPACE) from McCarville which acquires raw data. The single

samples are read into array IBLTF(99) correctly (lines #90

and #125). The conversion into real numbers is incorrect, in

that only the first value of the array IBUFF(99) is converted.

Figure A-2 shows the corrected DO-loop.

Table A-II shows values achieved using the corrected

subroutine. It can be seen that changes in the integer numbers

are reflected in the calculated real .iumbers.
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In the acquisition Program discussed herein a subroutine

sim~ilar to the one of Fig. A-2 was used.
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APPENDIX B

OUTPUT CHARACTERISTICS OF TYPE "A" AND TYPE "B" PROBES

The DPDS, measurenents are carried out using two

different kinds of pressure probes. The type "A" probe is

essentially a total pressure probe (see Fig. 4). The general

behavior of such a probe with respect to angle changes has

been established for quite some time (Ref. 10). However,

using a pneumatic equivalent probe to the "A" probe the out-

put of the probe as a function of yaw angle was established

with the probe mounted in the steady flow of a freejet.

Figure B-i shows this dependence. The characteristics of

this curve are a flat top, indicating an insensitivity of the

probe to yaw angle changes of up to ±200 from the zero yaw

angle position , and the steep but almost linear -arts from

-700 to -400 and +400 to +700. At yaw angles of -630 and

+630 the probe reads static pressure and that happens inde-

pendent of Mach number and pitch angle as long as the pitch

angle does not exceed a range of -50 to about +150.

Figure 9 shows the output of the type "A" probe for

different pitch angle settings but one Mach number only. It

can be seen that pitch angles ranging from -150 to +250 at a

5 increment produce almost identical curves.

Figure 1 2 shows the output of the type "B" probe for the

same Mach number and the same range of pitch angle. It

can be seen that, compared to the 4A" probe
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probe does not have a flat top for a range of measurement

close to the zero yaw angle (zero being the yaw angle where

the probe is aligned with the flow). Instead it shows a

clear and well-defined maximum in output for the zero yaw

angle. It is also evident that the output depends very clearly

on the pitch angle. The yaw angle where the probe reads static

pressure is different for different pitch angles and Mach

numbers. Different Mach numbers always show only one curve for

the "A" probe (independent of pitch angle) while the "B" probe

depends on changes of both Mach number and pitch angle
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APPENDIX C

DATA ACQUISITION PROGRAMS &KALIB AND &YAW

The purpose of both programs--&YAW and &YALIB--is to ac-

quire sufficient data for the calibration of either the type

"A" or "B" probe. It has to be mentioned here that only one

probe can be mounted in the center of the freejet at a time.

It is therefore essential to establish identical conditions

for the calibration of both probes.

Since the data reduction as outlined in 4.1 requires not

only the knowledge of Mach number and pitch angle, but also

the probe output characteristic as a function of yaw angle,

data is acquired for different yaw angle settings. Here is

the major difference between programs &YAW and &KALIB. While

program &YAW requires the data acquisition at one specific

yaw angle setting, &KALIB acquires data in a continuous mode

for a range of 1600 (-800 to +800) in yaw angle.

However, program &YAW will be described first, since it

is the more conventional one.

C-1. PROGRAM &YAW

Since parameters have to be changed during a calibra-

tion, the program has to work interactively with operator

input. For each selected combination of Mach number and

pitch angle data can be recorded for up to 31 probe yaw angle

settings. For any of these settings the values of total

pressure, Kulite reference pressure, probe yaw angle and Kulite
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pressure reading are acquired as the average of 10 data

samples each. The pitch angle is keyed in by the operator

prior to the measurement and the total temperature and the

barometric pressure (static pressure since it is a freejet)

are measured also. When the data for one yaw angle position

is taken the operator is asked to have the probe moved to

another yaw angle and initialize the data acquisition process

again.

Once the data for all 31 yaw positions are taken, the

operator is asked to key in a file name. The raw data from

this calibration is then stored in a file with the name pre-

viously assigned.

In the next step absolute values for the total tempera-

ture (degrees Fahrenheit) and the static pressure (inches Hg)

are calculated. File name, pitch angle, total temperature and

static pressure are written on the line printer. The follow-

ing DO-loop derives absolute values of the impact pressure

(inches of water), the Kulite reference pressure (inches of

water), the probe yaw angle (degrees), and the Kulite pressure

output (inches of water) as a gage pressure. From these values

a pressure coefficient cp defined as

PK + Pref - Ps
c =P Pt - Ps

where PK = Kulite pressure

Pref = Kulite reference pressure

Pt = total pressure

Ps = static pressure
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is derived. All of these values are tabulated.

A plot of c vs yaw angle is produced automaticallyp

with the operator's choice of drawing a full grid or just the

calibration result.

After this the program can either be stopped or started

again for a different flow condition.

C-1 gives a flow chart, while C-2 is a program listing.

Externals: ABRT, CLEAR, CLOSE, CPLOT, CREAT, DRAW, FXD,
LABEL, LDIR, LOCL, MOVE, OPEN, PLOTR, RMOTE,
SCANR, SETAR, VIEWP, WINDW, WRITF

Variables Type Description

CDATA(32) Real Array containing pressure coefficients cp

DATA(32,4) Real Array containing complete raw calibration
data

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IFILE(3) Integer Array containing file name

IGCB(192) Integer Graphic data control block

IL Integer Total number of words to be stored in raw
data file (two words for one data value)

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions (1st
word for number of records, 2nd for record
length)

ITYPE Integer Type of data file

S total pressure
T RKulite ref. pressure
UReal Sample readings of probe yaw angle
V Kulite output

W total pressure
x RKulite ref. pressureReal Average values of prb"a nl
y probe yaw angle

z Kulite output
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C-2. PROGRAM &KALIB

As stated earlier this program records probe data for

more yaw positions than program &YAW. Once either the "A" or

the "B" probe is mounted on the freejet and the desired flow

condition (Mach number and pitch angle) is established, the

actual pitch angle is keyed in, and single measurements of

total temperature and pressure as well as Kulite reference

pressure and barometric pressure are taken. The operator is

then asked to start the data acquisition process for the Kulite

pressure/yaw angle measurement. Simultaneously the operator

has to signal that the probe shall be rotated in the freejet.

While the probe is rotated from -80 to +80 in yaw at a con-

stant rate of -3 0 /sec, the yaw position and the corresponding

Kulite pressure reading is recorded alternatingly. When the

whole range of yaw angle is finished, the flow conditions are

recorded again and the probe is rotated backwards 1600 with

the same data acquisition process as before. Then the jet

conditions are recorded a third time. All raw data is multi-

plied by its corresponding scaling factor. The total tempera-

ture is calculated in degrees Fahrenheit. A pressure coefficient

as defined in C-I is derived for all 300 points of measure-

ment. The whole data array (contents are defined in the listing)

is stored in one file with its name as operator input. A

complete output of the file contents is printed. (Note:

line printer must be set to "comp".)
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The operator is then asked to specify the form of a

plot of the just-acquired data. When the plot is completed

the operator has the choice of stopping the program or per-

forming another data acquisition for a different flow condition.

C-3 gives a flow chart of &KALIB while C-4 is a program

listing.

Externals: ABRT, CLEAR, CLOSE, CPLOT, CREAT, DRAW, FXD,
LABEL, LDIR, LOCL, MOVE, OPEN, PLOTR, RMOTE,
SCANR, SETAR, VIEWP, WINDW, WRITF

Variables Type Description

CDATA(300) Real Array containing pressure coefficients
c
p

DATA(2,320) Real Array containing complete raw calibration
data

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IFILE(3) Integer Array containing file name

IGCB(192) Integer Graphic data control block

IL Integer Total number of words to be stored
in raw data file (two words for one
data value)

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions (1st
word for number of records, 2nd for
record length)

ITYPE Integer Type of data file

By comparison of sets of data acquired with both pro-

grams for the same flow conditions, no difference was found

between the results of the two programs.
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Since program &KALIB offers much more overall informa-

tion in even shorter time, it was used for the whole calibra-

tion of both probes with occasional comparisons between the

two program results. Plots of the probe outputs vs yaw angle

were produced and stored for each of the conditions to have an

easy and clear idea of the probe's general behavior.
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I ET INTERFACE BUJS
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REMOTE CONTROL

PRESET DATA ARRAY
WITH 0.0

RECORD FREE3ET
FLOWCONDITIONS

RECORD 150 PROEE
DATA SAMPL.ES

.RECORD FREEJET
FLOWCON) T IONS

RECORD ISO PROBE

DATA SAMPt.S

r-SCALE RAW DATA-

'IREC ORb rViErsr
fj.-OWCONDI TIONS

READ' PILENAMEtREt-A TE
IFtE & STORE DATA

JPLOTT KULITE OUT.P1T

S. YAWANGLE

Figure C-i. flow Chart of Data Acqusition Program & Yaw
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&YAM T.00004 IS ON CROO26 USING 0002S OLKS -10060

66 01 FTN4,L
0002 PROGRAM YAW

0a A 0TA(3 4) .ATA(32)
o3os * UESION C/14 J I(I44, FILE(3),ISIZE(2)

006 DATA I$ECU /%/
0 17 ATA R
0008 RATA ITYPE /I/
0009 DATA ISIZE /2 128/
0010 DATA IL /24b/

S001% ,

00l3 C PROGRAM TO ACQUIRE DATA FOS THE CALPOATION OF A KULITE PwUbF
0014 C THIS PROGRAM TAKES DATA AT DEFINED YAW POSITIONS.
oats C ONLY THE RAW DATA IS STORED,
S01 C .

0011 111 RMAT(READPI CHAkCLEFROMYE MINAL)..
0019 102 FORMAT 414)
0020 103 FORMAT(' WHEN YOU ARE READY FOR THE "14-. MEASUREMENT. HIT C '
0821 104 FtRMAT(" Pt toinnel- F0. P ref, "F3.6' Probe pet. Fd 1 A uir0022 Ce of.. *F8.&)

00o3 IDS FORMAT -" ENTER THE FILE NAME YOU WANT THE RAW DATA TO bE ~fOktD I024 0 '
0026 106 FORMAT( !F YOU NEED A COMPLETE NEW FRAME, KEY E '/" ANY GTI1 V
00j S& IFMro
00Y' 107 FaRmAT C" IF YOU WANT ANOTHER SET OF DATA FOR A DIVFRENT PIT(.H AJI.
0020 4 E KEY YCS/ ANYTHING ELSE, IF NOT'

"
)

0029 149 F6RAT ((3")
0036 6t FORMAT (" x . *TA .TZ STORED IN FILE t, 6 3A2/)

00 602 FORMAT 1: Pst.., -' 14' ),n. iq .82 noF;3 S/1,o n lu n n * I , T d m R~ i ' O . P n r o - ' R S /

00 tO 3 FORAT " S YAW &V.IA ou P ref. Pt tunrVL'tbi'(
1003 $ *//)

40 e:J4 FORflAT (4 1 1X,F7.3,3(tXF12 &),bX,F12.b)

D003 1001 FQRMAT("F1R7M3AIHOT3")
0037 1002 FORMAT('FIR7N3AOHOT3)
0038 1111 FORMAT(- 0 -'IS"IEIR .
0039 1301 FORNAT'0-PRO0E PITCH E I4,t0XP PAR3 :"F7.3)
0040 1302 FORNAT('TUNNEL TEMPERATUREF'F? 3,2X"FILE : A2)
004 1303 FORMAT(" CP")
00,41 ISI FORnAT(CA)
00430 0 4 4 C . ...... .... ...... ... ....... .... .... .... ..... ... .... ...... ... ....004S C
0046 C DATA LOCATION IN TWE DATA FILE i
0047 C

0048 C FOR I - I TO 31 1 IS THE NUJ PER OF 
T
HE YAW ANGLE.

0049 .FOR EACH OF THE§E YAW ANGLES THE ARRAY CONTAINS THE FOLIOWIN
O VALUES IN T E GIVEN ORDER:

00S2 C , 1 3 4
0054 1 R I PT tunnel P ref. Wtlit. Probt position Ku1&t, Dre'.

OOS4 C .0 2
0 S C

005 6 C
0os7 C 631Doss C
0 CS9 E ATA(32,:) contOInis PTch'nqj@ input from termina1
000 ,OATA(.3-,) co n I TOannt, road fro. srrr 02 ch 6
0061 C .0ATAi32,3) contains P barO road from $r')nr $1 cm
0062 C
0 0 6 3 C ..... ..... .... .... ..... ..... . .... .... . . ..... ... ..... ... ..
0064 001 CALL ADRT(7,2)
cabs CALL RMOTE( 8)
0066 CALL RMOTF(1a)
0067 CALL RNmT ()
0068 WRITE (8 801)
0069 WRITE (10 10o)
0070 WRITE (cS16SQ1 )

0073 C
0074 C PRESET DATA ARRAY WITH 0.000Ts C
0076 

C
0077
0078 DO 002 1 - 1,32,1

Figure C-2. Listing of Calibration Data Acquisition Program &YAW.
(Continued on next page.)
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002 gAf( f' 3) 0 .0
04 tD02 AIA(31,) 1 CNO 2,1

a RS U1ITE( ,101) S61

1140% EA I lIII)Iu02, ,
')98 DO i1s 1 *1 311
099 003 wzr 1 1',l I ,
'170 READ(

n9AF 4IU E.2H GOTO 003
193 X

-1#7 DO 690 1101
176 S :~N(S2,1

1 40 T * SCAMR(I.1,01)
i~i X #X.T
'0 U *SCAMRIS,22,01)

*11 Y Y
194 V * CAMR(15,23,01)

I a DATA(1,11 W h/10
1137 DAr AI ,'J) *10

'9 DATA (13 y I%1
DAVA(1 41 2 /10

111) 01 1DATA(1,J),J. 1.4,1)
11? READ U{ 149) IFILE
I SALL R (IDCD, ERR,IFIL.E,ISIZE,IT'(PE,ISECU,ICE,IDCDS)

SI, IF I ERN LT. 0 ) UWjR Il 3310
1, CALL OPEN !CMUFL OPN ~sC IIIC

117 j.1 2
" t IF (ZEN* LT 0 WRIITS( 1it) 13,IEIR
t LL WIO cioa, IER., A,1

IF (ZTE LT. 0 ) WN I1,1 111) :3,IERR
CALz L CLOSE (uDC&,IERI,. j

j;4 ~ F (IERR LT. 8 ) WRITE
' 's IAT(32,2) -32.64+ 341 41'4 4RR)
; h DATA(32,3)* DATA(32,3) S 10000U- 7 WITE(6,661) IFILE

'9a hRilTEc&,60 ) A(32,A),DATA(32,2),DAIA(32,3)

'AT111,11 411,11I,1) : 16000
DATA(I 1) * ATA(I,1) S10

313 DATAI I,?) B ATA(1,2) S 10000
34 DATA(!,3) - DTA~j,) 100
,is DAA(I 4) * DATA 1, : IUL'V

36 CDATAdJ) *(DATA(I 41 + DATACI 2)) / OATAI1
S7 02 iIE&b4 ,DATA(I..S),DATAdt,4) ,DA A1,25,DATA(I,1),CDATA(I)

17? CALL CIFAR 1
40 CALLLL
it CALL PLC'ii (IC,2,I 13)

?2 CALL SEAN (ZGCc,I.5

14 AL INDI O -W ,0 1 I4, CALL FXD (IGCD,1)

RED 1,4 IDUM
.40 IFIDUM. .2HYEI CALL LCRID (IC-.,.ISS0461S1.
149 CALL MOVE (GC9,D4TA(1,3),CDATA(1b)S

DOO0 040 1-1 311

,4CALL MOVE (IGCC9,& is.)'*
CALL EPLO(C0-.d,

4 CALL AE I~
1'7 RI TE 1631301AA(21 DATA(32,3)
SO CALL VO' (ICC,22.,I 0

Figure C-2. Listing of Calibration Data Acquisition Program &YAW.
(Continued on next page.)
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01IS9 CL PO C.8
0 1he CALL LAIILL (I GC810-
0261 WRITE (1 1

3
0j) DATA(3.2),IFIL

16 ALL CPLUT (IGCU,-s CCB.)
0r64 CALL LOIR (16CR.4:871)
0165 CALL LABEL (IGCi.
0166 WRITF (13 1303)
01(7 WRIIE(t t47)
01b8 READ(l,149) IDUM
0169 IF (IDUM EQ. 241() GOTO I
117 a STOP 7777

0t71 END
40?2 REAL FUNCTION SCANR (LUICHAN.K)4 17 3 C . .... ... ... .. ... .... ... ... .... ... .. ..... .. ... ...... .. ..... ... ..
0174 C
0174 C Close relay ICHAN on scanner LU and read the instrument

017h C indicated by K.
0177 c Authort Rabor N. Geoopfrh
0178 C onto: February 31, 19790179 C .DotaIod proqran description is available in TXCO loq; the
"080 C virxablts arao
0181 C LU ... LUO of desired scanner (8 or IS).
0182 C ICHAN ... Scanner channel (intoer).
'U83 C I . .. Scanner cnannol (ASCI ).
0164 C K ... Instrument code 4 DYM I / Counter - 2 ).
11185 C
lISA C,117 *t'jiA ,nn er'nd ed s D'VM,' coun "er . . . . . . . . . . . .

98O 00 (A,2)
1189 801 FORMAT ("C")
I190 1001 FORMAT ('TIT3")
')191 1201 FORMAT ("T")
(9? 1501 FORMAT ("C*)'p193
,j9q4 WRITE C 8, 801)
919S WRITE (1, 15011
tj'lph IC * ICON(ICHAN,O)
1197 WRITE (LU, 101) IC
?178 GO TO 01,02) K

(1199
,I. 00 01 CALL TRIrR (10)
1201 READ (10 3) DUN

CALL TRIG4 (1C)
f,'03 READ (10, 4) SCANN
-1.144 GO TO 03'i.'05
''.6 02 WRITE (12,1201)
':07 READ (12, 4) SCANR

ng9 03 WRJTJ (LU, 80t)

,.112 INTEGER FUNCTION ICON(I,N)
'2,3 IC-I-N
'14 IF(IC.LT.I) GO tO i00
IS1 CALL COOE
I W ITE( ICON,60)IC

?17 60 FCRMAT(12,
2t RETURN
,,19 100 ICON*IC+300639
'20 RETURN
2,i ENpD

Figure C-2. Listing of Calibration Data Axquisition Program &YAW.
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'At Is 1-65504 1S ON CR9026 USING 1542 9LKS -SOB00
nOt FTN4,LpoNt LI

'P '"PROGRAM KALIS
ilI PEAL DATA(2320)CDATA(30OS

0 VNNON ItLt24),IDCit*44),IFILE(3),ISIZE(2)
'10S DATA IDCRS /144/
104 DATA ISECU /e/
',07 DATA R /E
'IU DATA 1IMP /?/
'72 DATA ISzIE /I 1/e/
"iO DATA IL /T2OO/

111,A C ..... ... ...... ... ...I. ..... .... ..... .... ...... ... ..... ..... .. ... ..
Is C

liq C PROGRAM TO ACQUIRE DATA FOR THE CALIBRATION OF A KULITE PROBE.
!ft C
,7 01 ORAT( iAD PITCANLE OTERNAL..)...........................
lie 102 FORNAT( *WHEN YnU ARE READY FOR THE MEASUREMENT, HIT CR '-1
19 103 rORMAr( "FIR$T RANGE COMPLETED'')

'2i') 194 FORMAT(" WHEN Y ARE READY TO MOUE TNE PROSE BACKWARDS,KEY CRI
"
).1 105 FORMAI( ENTER THY FILE NANE YOU ANT THE RAW DATA TO 1E STORED INJ4 0SE I T Y

121 lO0 FORAT(" IF YOU NEED A COMPLETE NEW FRAME, KEY YE I-/- ANY OTHER K24 2EY IF NOT$')
, !3 107 FOOMAT(" Ir YOU WANT AMOTHJ• ;ET OF DATA FOR A DIFF•ENT PITCH ANGL
:,6 [SE KEY YES"/" ANYTHING ELS I NOTI')
,2'/ 149 F6RNAt((3A1))
, '4 601 FURMAT(" RAW DATA ARE jTORED IN FILE :"tx 3A2 ISX'PITCH - "14/)
21F oS0 FORMAT(' TUNNEL TEMP. DEC. FTUNNEL PRSS. INCHES M20 K R
11 SEF PRESS. INCHES H20 P AR INCHES HG')
S1 &01 FORMAT(4(7XFI9.7),G9*&EFORE READiNGS"?)

A 604 FORMAT(4 7XFl9.7),SXKBETWEEN READINGS-/)
4" 605 FORNAT(4(7X,F19.7),SX-AFTER READINGS-/)
34 600, FORMAT44(7XFI9.?),SX'AVERAGE VALUES"/)
It b07 FURMAT(" S YAWANG KUL TEOUT CP S YAWANG KULTEOUT CP
.;16 tfAWAN KULITEOUT CP *YAWANE KULITEOUT CF S YAWANIEKUL1T
I0/ STOUT CPI)

11 6013 F(IPMAT(t3 IX,F6.3,2X,FUi.S,IX,FS.3,4(14,1X,F6.3,2X,F9.S,1X,Fa. 3))
*'" 609 FORMAT(Ilt)
4) 901 FORFMATC*CA*)
,41 100t FORMAt('F1R73AIHOT3")
'4 ' 1002 FURMAT("FtR7M3AOHOTJ")
'43 iult FORMAT(" 0 -"I*VIERR i "SF12 .4)
44 1301 FORMAT("?-PROBE PITCH -"I4 1 1XP SARO =F. 3t1XFILE .'3A2),4-i 1302 FORMAr('TUNNEL TEMPERATURE.F7.3 TUNNEL PRSS.=F7.3)

.4k. t3O3 FORmArt(*ULITE OUTPUT (INCHES H20)1)
:47 1501 FORMAT('CA)J
4, 3 c ....................iL ' ..................... ... ....... ...
.)3 C.". C DATA LOCATION IN TH4bTF
' LOCATION IN FILE CONTAINS

C FOR = 1 TO 300 DATA(t,t) YAW POSITION
"'3 C FOR I I TO 300 DATA(2,1) XULITE PRESS. OUTPUT
-'4 C
.s C LOCArION IN FILE: CONTAINS: READ FROM:

'-.7 C DATA(1,301) T total Tunnel Ch# 6 Scanr.$ 2
., C .DA1A(2,3q1) P total tunnel C'S2 0 Sin.0 b aC .DATA(1,30L1) K ref. press. Cnezi I n..ft. .6 3 '1 . 1 nk g
'0 . DATA(2,302) Bare". press. Ch$2S Scmnr. l I
+s1t C

C.I C DATA(t,303) T total tunnel Cht 6 canr.0 2
33 C .DAI(2,313) P totl tunnel Ch*2O c nr.0 2 b e t w a e n

'.4 C DATA( 1304) K ref. press. Cht2l Sconr.0 2 r * a d & n qs.
,5s C DATA(2,3U) Baron. press. Ch$25 Sconr.9 I

.,17 C DATA(1,30) T total tunnel Ch$ 6 Scanr.t 2
'1.1 C DATA(Z 305) P total tunnel Ch$20 Sconr.0 2 a f T t r
",9 C DATA( ,306) K ref. press. Cht21 Scan&.5 2 r * a d A n 9
,/0 C DATA(2,306) Bron. press. Ch82S Sconr.0 I
'+1 C

2A Z,,fj o I nn

./4 C .DATA(t,319) K ref. press. F r s n t h r a e

.75 C D 3193 Baron. preas. r e 0 d i n 9 s a b 9 v a

'.77 C .DATA(t,320) Pitch anqle Ternano1
.;tC

Figure C-4. Listing of Calibration Data Acquisition Program &KALB.
(Continued on next page.)
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s.

84 ALL. MOTE10
(Iris HILL AMOT011 )

57 (I 6M01)
's519 WNITE (IS,lsel)

I PRESET NEW DATA ARRAY WITH *.0
93 C

"6 Do 902 1 *1,320,1
"'07 DATA(1,I) *0.0
iS3 002 DlArA12 1) *0 4

130 READ (I S) DATA4I,3'0)
1031 DATA(1,1) * SCAMR(I4,@6,01)

M? DATA(2,3S It 5CANR3 120,@1)
103 DATA(i,312) I CAMRllS,21,11)
134 DATA(2 302) -SCAMI(09,2S,S1)
305 URItEUiO 1002)
106 0OS UNITE "1 'I~
3107 READ (1147) IDUN
i3e1 IF ( 10U ME-2 )t GOTO 00S
3(19 DO 010 1 t IS i~
Ito 010 jATA(j,I) * EANN 1t JSI
IQ2 DATA(i,303) SCAN(1d1,60,GS1
113 DATA(2o303) -SCANR(3I ,0
114 DATA( 1,304) $ CAN*( 1S,l0)
'Is DAtA(2 304) *SCANR(UU, 501)

WR UITE-({,103)
33' 015 URITE(I 104)
19 NtEACCli 49) IDUM

it, IF ( IbUM M.E.H ) GOTO 015
15:0 DO 0l8 I - I1100 1
1.1I DATA41oI) - SC~t3N({522,01)
1 e2 019 DATA(2o!) w SCANR(t~j23 01)
'13 BArat( I,55 S AMRIa,1
14 DA A(2kM, ScR i,~ h
.S DAtA3I,306) SCAMR(IS,21,01)

i.# AIA42,306 * SCANO(OB,25,01)
1.'? CALL C EAR(7 1)
I2 CALL LSC L (7$
9q DO 019 I k 3

t
9 
I

N?3 019 AIAVA f :1A 0
151 DArAqCI) 1 32.4149'. 3.47279 S DATA(t,I)
134 020 OAwe(,I) *DATA(2 1) * 10

55 DATA(1,318) * (DAT
4
ll,301)+DATA *30.DATA(t,305) 3/3

53~3~ DATA(2,33D *(DATA(2,30i).DATA, 0 3.DATA(2Q 5).
DATA(1,319) - (DArAc1,302).DATA(i,304;,DATACI,06)),3

tIM DATA(2,31,9) - (DATA(2,302).DA1'A 2:3 4 #DATA(2o306))/3
15 DO 021 I - 1 300,1
40 021 CDATA(I)- (6ATA12,I)-DATA(1,319)) /DATA(2,319)
141 URITEI 3,105)
142 READ (1, 149) IFILE
43 ~ ALL CNtAT (IDCD,IENN,TFILEISIZE,ZTYPE,ISECUICN,IDCS)

4S IF (I EPA LT. 0 ) URITE( t&W11) 1 KE RC46 SALOPEN (IDC9,IERR,I I E.10TN SE UINIDCS)

1 13 IF (EPR .T. 0 ) UN 1 51 1 11) iJ,IENR
149 CALL WITF IIDCB,IER A, L)isO L 1< JJ - 3I~ i~N 4,AA~

II's NIT (6,60) DATAI, AT,3

Figure C-4. Listing of Calibration Data Acquisition Program &KALIB.
(Continued on next page.)

120



1'.? UITE 6605) DTA(1 305) ,ATA(J,305 ,DATA( ,1,30),DAA('1 0

II

I% WRITE 16,60S)1DATA(t,1gjAA2I~,AAIIb A& tb
ih0 MR 1E (b 606) DATA 1:318),1DATA( I 1) DATA ,1 9) A TA 9
I, WRITE(bA07)
1 1,2 DO 030 1 .5o60,1

164 I1.601 'S jj It+ 60

166 II YJ+ 60
017 0,0 WRITE(bt6o)I DATA1 I) DATA(' I) CDATA(I),J DATA 1. ),DATA(2.1) C

(68 *DATA(J) II DAtA(I 01$ DATA(2 'I),DATA yI) J DArA(dIJ),DATA 2 31")9 *),CDATA(J 13 DA|IIIAT(,III)2,1 T i(III) I

'70
III WRITF(6 609)
172 CALL PLOr flGCB,2.l 13)
,/i CALL SETAR (IGCS,1.51

1i4 CALL VIFWP (ICC9,30., 0. ,20.h68.O)
175 CALL WINDW (IGCB, 80.,80.,- 6.00,160.0)
176 CALL FxD (IGLD,t)
177 WRITE(t,106)
178 READ (t,149) IDUO
'./9 IF(IDUM.EO.2HIE) CALL LGR1D (IGC -S ,10. 0.0,0.0,4.0,2.0,1.0)
"40 CALL MOVE (ICC9 DATA(I,I),DATA(2,1))
, SI DO 040 1-1 300 f
0
1
2 040 CALL tRAW (IGC DAIA(6,) DATA(2.1))00] IF( IDUN NE. 2HiE) GOT6 OO

.94 CALL VIEUP (IGCB,0., S .,0.100.)CALL UINDU (IGCb..,1SO.,0.,100.)

1ig CALL MOVE (IGC 4B,22.,is.)
18R CALL CPLOT (ICC - .. 0)
t2 CALL LAPEL (IGCO)

NRITE(13 130)DATA(t.320),DATA(2,3S)
194 CALL MOV£ (I9CC .22 a0.)
'; CALL CPLOT (Irc -6..0.",0.)

106 CALL LDIR
97 CALL LAPEL (IGCB)
'98 WRITE (13,1303)99 110 CONTINUE

0 WRITE( IU7)
'10 REAO(,1 49) IDUM
011 IF (IDJM EQ. 2HYE; COTO I

STEP 7777
)4 EN

REAL F'JNCTION SCANR (LU,ICHAN,K)

'07 C
"iR C Close rely ICHAN On scanner LU and read the instrument

19 C indlCed by K.
10 C Author: Robert N. Goopf'rth

C . Date! February 31 1979
CIlled prtqri dRIcription is availnble in TXCO log; the
C inr ab el ire:

14 C LU ... LU$ of desired scanner (8 or IS).
C ICHAN ... Scqnner chnnnel (integer).

10 I .. Scanner cnannel (ASCII).'17 C K .. Instruen t code DVM - I Counter - 2 ).
13 C

0 4 dots s'-'nn., rind -*ads D)JM, cotinter.
21 10t IRMAT IA.)

-2 101 FORMAT C ")
"'11 100l FORMAT ("T3T3")

12 1 FORMAT ("T')
t'1,0I FURMAT ("C")

7 UITE 1 9, g01)
WRITE (t9 101)
IC. - ICONICHAN,0)

s0 WRITE (LU, 101) IC
GO TO (01,02) K

01 CALL TRIGR (10)
34 READ (10 * ) DU"

CALL TRIGR (to)
:"S READ (to, *) SCANR
47 CO TO 03

Figure C-4. Listing of Calibration Data Acquisition Program &KALIB.
(Continued on next page.)
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0239 02 bIATE I ,124t)
0240 READ (ts, 0) SCANI
024t
0, 42 03 WREITE (1_U. act)

0243 URN
0244 END
024S INTEGER FUNCTION ICON(IN)
0246 TC-L4N
0'47 IF(XC. T.1 ) GO TO 100
0248 CALL CODE
0249 WRITEUICOM,6S)IC
OPSO 60 FORMAT(12)
1)%1 RETURN
VS'2 100 ICOWNC+380649

n254 END

Figure C-4. Listing of Calibration Data A:quisition Program &KALIB.
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APPENDIX D

DATA REDUCTION PROGRAMS &REST8 AND &REST9

The programs &REST8 and &REST9 are in principal the same

and follow the same logic. They are used to approximate the

Mach number--or X --and the pitch angle, ¢, as functions of

the two independent variables B and y (see 4.5). The soft-

ware used to work out the approximations is described ex-

plicitly in Ref. 6. Basis for the approximation is the data

as shown in Table V. This data is stored as a 10 by 54 array

in a data file ABNEW2 on cartridge 26. The data is read

into a 10 by 54 array from file ABNEW2 by both programs.

Since the approximation itself is carried out in external

subroutines, the necessary variables are contained in a

common block. &REST8 thus contains i (BETA), y (GAMMA)

and X (XVEL) while &?REST9 contains 2 (BETA), y (GAMMA) and

PHI (pitch angle in radians). As approximations of differ-

ent order are possible for both variables 2 and y, the orders

of the approximations are increased from one to six in a

DO-loop for both variables, resulting in a total of 36

combinations.

For all combinations the set of coefficients is printed

out and also an array (6,9) for all errors (see 4.5) re-

sulting from this particular approximation. When the whole

DO-loop is worked out, the operator has to decide what order

of approximation he wants to use for the application of the
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probes. In general lower order polynomials should be pre-

ferred against higher ones, although the latter promise the

smaller overall error. The criterion for the decision should

be the error distribution within a range of Mach number and

pitch angle which will be the one of the most common

application.

Once this decision has been made, the operator inputs

the desired orders of polynomials. The corresponding coef-

ficients are then recalculated and the operator is asked for

a file name under which he wants to have these coefficients

stored in a 7 by 7 array.

As programs &REST8 and &REST9 are in principal identi-

cal, only one flow chart (Fig. D-l) is given, and a listing

of program &REST9 is given in (Fig. D-2).

Labeled common blocks:

Common block identifier Variable

MATRX A, B

SUMME BETA, GAMMA, XVEL (or PHI)

Variables Tp Description

A(49,49) Real System matrix used for the 3-D approxi-
mation of XVEL (or PHI) as function of
BETA and GAMMA (see Ref. 6)

B(49) Real Right hand side vector of 3-D approxima-
tion (see Ref. 6)

BETA(16,16) Real Beta--pressure coefficient

COEFF(7,7) Real Approximation coefficients array
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Variables Type Description

D(10,54) Real Calibration data array

GAMMA Real Gamma--pressure coefficient

ICR integer Cartridge reference number

IDCB(144) Integer Data control block

IFILE(3) Integer Array containing file name

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions (1st
word for number of records, 2nd for
record length)

ITYPE Integer Type of data file

NMACH Real Number of different Mach number settings
during the calibration

NPITCH Real Number of different pitch angle settings
during the calibration

PHI(16,16) Real Array containing the actual pitch angle
settings during the calibration

PI Real 3.14593

R(16) Real Array containing the individual errors
between calibration data and calculated
values

SUM Real Calculated value of XVEL or PHI (de-
pending on program)

XVEL(16,16) Real Array containing the actual Mach number
(X) settings during the calibration
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4REST9 t-00004 IS ON CR00026 USING 00024 bLKS R-0060

0001 FTN4,L
3002 PROGRAM REST9 (3,99)0 0 0 3 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. . . . . . . . . . .. . . . . . . . . . . . . . . ..0004 C
0004 C Ths is program REST9
0006 C

0007 It reads file APNEW2 (26) which cantaine calibration idnta from.
0008 C the nw A- and 14-probe ( O.062' 6 d. SCreen with MoLSS).010 C It then anrgEeL.4te 'h potcnqlo Ph, 1; a - fufCtOh of
0010 C aeo' and qamm b 0iffereny order of polynminis .
01 C The eSUtS of 1 I Op GOon'One are 1rohied for evtoluoYon
0312 C r only one Sot f co:fKcent is 1. e rd.
t)013 C Dhe o r asd for 'he olyno nal T proanQti~on
3014 C lvaLtolble in Tne TbinOaoOry|ooon LOOlrtOty I¢n'rp L#brady
001s C T PLbL). SRe NPS6'B0-O CR for Iorthop eference.
0016 C
1017 C
0 01e C .. ... ..... ... ..... ... .... .... . ... .... . ... .... .... . .. .
0019 COMMON MATRX A P
3020 COMMON / UMME / kTA CAMMAIPN!
1021 REAL At49 491 B(49).ChEFF(7 '3 0(S04)
002' INTEGER I!bCB(44 dfILE(3ISI E(')
002 REAL KTAilt6. AnnA1.6,),PNI1lb)
0024 REAL R(16)
302S DATA PI /I 141593/

DATA IFILE /4A&, 2NE, 2HWI2/
DArA ISLCU /0/

0029 DATA ICR /26t
0029 DAIA ITYPE /i/
030 DATA ISIZE /3 129/
0031 DATA IDLPS /144/
0032 ot FORMAT (' SELECT SET OF COEFFICIENTS FOR BEST RESULTS '/" EN'EI N
0033 *ORDER AND NORDER NOW :)
0034 149 FORMAT(((3A23))
n03s 601 FORMAT (///1 COEFFICIENTS FOR THE CALIBRATION SURFACE SORED IN F1
0036 OLE ;"3A2/)
a,37 602 FORMAT ((3X tio(1t,:2)))
0038 603 FORMAT (1X, 7(21, Fl!.6))
'n39 b04 (IORMAT (//;- tRRO AT EACH POINT 4DEGREES),'/.
9040 60S FORMAT ((30,16,,)))
0041 Q6 FORMAT 111:,2 16(1X F7.3)/10X xb(.F! 3),.))
0(342 11lt FO.MAT, " STATE MEO 0 "14 - ERROR S' 14 * ENCOUNTERED 1-1
0043 LI - LOGLU(I)
0044 C ...... ....... .
J04S C
3046 C READ DATA FILE APNEW2 FROM CARTOIDGE 26 INTO ARRAY D10 '
0048 E . .

0049 CALL OPEN (IDCB,IER9,4FILE.ICPTN,;SEU.ICR.:DCS)
u0S0I SJ * 1
O051 IF t RR .LT. n I WRITE LI lilt) IJIERR
OS2 CALL RfADF (IDCP,IEPRZ, ,uHIIN,1)'

0053 J. =
0044 IF C iETR ' V ' wWITE 'L:.0lll) OJ IERR
'oss CALL LOC E IDCO.,IERR1 ,

IJS7 IF ( IERR ,LT. 0 wRITE (LI,:111) .',IERI

,.O3 DO 001 1 * 1,8,1
00.01Do D01 3
0062 17 ,
,1163 IF (i .C . S) Dt4 1, D('4,lj * I 01031
JOb4 PHI (I1,) * D34,.*7 I J) . 0
005 ETA (I,0 j D ,J)
00o6 001 GAMrqA(I,J, - 0(9,J)

0.369
low9 NMACH - 6
1170 NPITCH =

002 CONT INUE

3 0 , C ...............

4Z0
"  

C CALCULATE CALIPRATION SURFACE 0rlFI.If-
1P C

Figure D-2. Listing of Reduced Data Approximation Program &REST9.
(Continued on next page.)
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ore's ) ........ ; '6 ....................... ..................... ........
0001 00 1 t U 0 1,6,1

DO 011 NU I 6,1

0%84 WNU
0085 003 CONTINUE
ON 04 0 1 a 1,7,1Joe# 8u004 o lt
0083 004 COEFF(I,3) 0.0
0099 M NORDER* I
.090 NORDER41
0091 CALL COIAT (A B r,N,NMACIH,NPITCH)
0092 NEQUS q*
0093 CALL ELGJ (NEQUS)
009 11 . 0 I
0094 000s I 1,J
0096 0000 I :0 0 9 7 I t H S N[+ f t

0 0 os COEFF(I J) - B(1,
009 F f 1 NE. ) COTO 006
0102 IFILE(3) * 2N
0101 IFILE(2) : !lST
0102 IFILE(3) 1 4FI
0103 CALL CREAT (IDCS,IERRIFILEISIZE,ITYPE,ISECUICR,IDCBS)0104 JJ - 4
O0OS IF C IERR GT. 0 1 WRITE (LI ti11) 13 IERR
0106 CALL OPEN (IDCB,IERR,IFILE,IOPTNISECU:ICR,IDCS)
0107 JJ S S
010e IF C RR j.LT. C WRRITE CLI 1111' JJ,IERR
0109 CALL WRITF (IDC ,IE RCOEFF,98)
0to 33 . b
011 IF ( TEAR .1 TO )RITE (LX,111 ) 33,IERR
0102 C ALL CLOSE (IDC8,IERR,)
0113 J3 * 7
0114 IF C lERR .LT. 0 1 WRITE (LI ,ttt) 33,IERR
Otis WRITE (6,601) IFILE
0116 006 CONTINUE
01? WRITF (6,602) (J,3*1,N,1)
0118 DO 007 Z-1 MI

0M9 007 WPjTj (b 16(50CFF(010 a WitT[ (6.602 c3JtNt
0121

2002 3 ... . .... ..... .... .... ... .. .... ... ... ... ..... .... ...... ... ... ... ...
0 12520124 CALCULATE ERRORS FOR ALL ACHNUMER PITCHANGLE COMBINATIONS.

@125 C
0 12 6 C ..... ... ..... .... .... ..... ..... ..... .... ..... .... ..... ... ... ..... .
0127
0129 WAITE (6,b04)
0129 WRITE (b6bOS) (3.1I1,NPITCH,1)

Oil? - NAACH,1I
3000 o' t,NPITCH ,

0132 sUm 0 ,
0133 DO 009 It 1,M,19034 10 008 J1 1 t14 1
0135 008 SUM.SUM+(COEFF(Ii if)lGAMMA(I,31)*(Jt-t)1YBETA hI,3)011-)
0136 009 R(J) • (PHNI .1) - S ) I 6 160.0 / PI
0137 010 WRITE (6 b0) I(R(13) I -iNPITCHI)0138 WRITE (6,605) (IJI V4PITHHI)
0139
,kX41 IF (I31 EQ, I ) GOTO 012
0t41
0142 011 CONTINUE
0043 49ITE (LI, 01)
0144 READ (LI, S) MORDER,NORDER
0145 131 - I

014 2 GOTO 003
t47 012 STOP 7777

0148 END

Figure D-2. Listing of Reduced Data Approximation Program &REST9.
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APPENDIX E

DATA EVALUATION PROGRAM &EVALU

As described in 5.1, program &EVALU simulates a case in

which calibration data is treated as actual test data--as

far as possible. From this data flow quantities of Mach

number and pitch angle are derived using the whole data re-

duction method, and compared with the known actual values.

The program is set up to perform this comparison for all

given Mach number/pitch angle combinations. However, since

the process is rather extensive and time-consuming, the pro-

cedure is actually only worked out for a limited range of

calibration settings.

First of all the program reads the sets of coefficient3

for the Mach number and pitch angle approximations (as gen-

erated in &REST8 and &REST9) into two arrays. In a loon

corresponding calibration data of the "A" and "B" probes for

one Mach number/pitch angle combination is read at a time.

This data is read into two data arrays (ADATA(2,320) and

0 +0BDATA(2,320)). For nine defined yaw angles (t65 ° , ±45

-300, -150, 00) the program searches for given yaw angles

which are closest to the defined ones and averages four yaw

angles bigger and four smaller than the one found as well

as it averages the corresponding pressure values. This re-

sults in nine single pairs of PA values and yaw angles. The
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B probe "data acquisition" is handled differently. For a

range of yaw angle smaller than the whole calibration range

the output of the B probe PB is approximated with a sixth

order polynomial as a function of yaw angle. For nine spe-

00 0 0 0cific values of yaw (±300, +22.5 ° , -15° , ±7.5 ° , 0° ) corres-

ponding pressure values PB are calculated using the derived

polynomial.

These data arrays PA(9)/YAWA(9) and PB(9)/YAWB(9) are

equivalent to the data acquired in a test. They are again

approximated and the pressure values PAMAX, PSA and PBMAX

are calculated. The data reduction procedure as outlined in

4.5 is applied to these values and the Mach number (or X)

and pitch angle are derived. Since the yaw angle is always

adjusted to zero when aligned with the flow in the freejet,

the yaw angle should always turn out to be zero. However,

the program offers the possibility to artificially super-

impose a different yaw angle in that the given relationships
PA = PA (a) and PB =PB (a) are shifted to PA =PA(a + Lc) and

PB =PB(x + -A), where La is the "artificial" yaw angle. The

quality of the flow quantity calculations is expressed in

errors of Mach number, pitch angle and yaw angle as described

in 5.1. The necessary error values are printed out and the

loop is continued. Figure E-1 gives a flow chart of the

program while Fig. E-2 contains a listing.
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Labeled Common Block:

Common block identifier: Variable:

DTA2 Xl, Y

Variable Typ Description

AAO Real Flow yaw angle derived from A probe

ABO Real Flow yaw angle derived from B probe

ADATA%2,320) Real Array to contain the A probe data

AFILE(3) integer Array to contain the file name for
A probe data

ASL Real Left hand side yaw angle of A probe
output

ASR Real Right hand side yaw angle of A probe
output

BDATA(2,320) Real Array to contain the B probe data

BFILE(3) Integer Array to contain the file name for
B probe data

COEF(7) Real Array to contain coefficients from
2-D approximations

COEUX(7,7) Real Array containing the coefficients
of the 3-D approximation for the
velocity

COEUP(7,7) Real Array containing the coefficients
of the 3-D approximation for the
pitch angle

CPAMAX Real Maximum pressure coefficient A probe

CPBMAX Real Maximum pressure coefficient B probe

DP Real Pressure difference for two pressure
values corresponding to two yaw
angles which are separated by DX

DPX Real First derivative of the function
PA (a) - PA (OL- ' a)

DX Real Given spread in yaw angle between
PSAL and PSAR
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Variable Type Description

ERPHI Real Error between measured and calculated
pitch angle

ERXVEL Real Error between measured and calculated
Mach number (Xvel rsp.)

ERYAW Real Error between measured and calculated

yaw angle

GAMMA Real Pressure coefficient

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IFILE(3) Integer Array containing file name

IL Integer Total number of words read from
data file (two words for one value)

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions

ITYPE Integer Type of data file

ICLR(3) Integer Command to clear line above cursor

NOLF Integer No line feed command

NOCR Integer No carriage return command

PA(9) Real Array for A probe pressure values

PAMAX Real Maximum pressure of A probe

PB(9) Real Array for B probe pressure values

PBMAX Real Maximum pressure of B probe

PHI Real Pitch angle (calculated)

PHIME Real Pitch angle (measured)

PSA Real Static pressure equivalent of A probe

PSAL Real Pressure reaging of A probe for a
yaw angle 63 to the left of the flow
aligned yaw angle

132

.4#



Variable Type Description

PSAR Real Pressure reading of A probe for a
yaw angle 630 to the right of the
flow aligned yaw angle

PSTAT Real Static pressure

PTOTAL Real Total pressure

P1-P8 Real A probe pressure values in the
vicinity of a given yaw angle giving
the basis to find an average pres-
sure value for the corresponding
yaw angle

XVEL Real Mach number equivalent dimensionless
speed

XVELME Real Measured XVEL

X0 Real Starting value for the iteration
to find PSAL and PSAR

Xl(256) Real Data array for 2-D approximations

Y(256) Real Data array for 2-D approximations

YAWA(9) Real Array containing A probe yaw angles

YAWB(9) Real Array containing B probe yaw angles

YAWOFF Real Superimposed yaw angle offset to
simulate yaw angles different from
00.

YI-Y8 Real A probe yaw angles in the vicinity
of a given yaw angle equivalent to
PI-P8.
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READ APPROXIMATION COEFFIE1NIFILS M ISTXV AND MISTFI N'
ARRAYS COEKX AND COEKP.

READ SUPFR111PUSEL'
YAWAN.I .E OFFSET.

025' >

RE.AD CALIk~l"10N DATA FILES FOR
A- AND B-PROI4E F-OR ON'E MACHNU.MPER/
PITCHANIE COMBINAT1ON,

APPLY YAAGEOFScET AND'

IFOR GIVFN YAW POSTON".)

CALCULATE iPHI-bbUkRF COEF-
FICIENTS0,9,CPAMAX AND CPBMAx.

fALCULATE FLOW (40ANUTTIES
(MACH. PITCH- AND YAWANGLF)

MEASURED VAILUES ("AtCUL.A1E_
DEVIATIONS AND ORINT THEM.

Figure E-l. Flow Chart of AtaEalaio rgrm.EA
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1EVALU T00004 IS ON CROOO2b USING 00051 BLKS R=0000

0001 FTN4,L
!1602 PROGRAM EVALU (3,99)
0003 C
0004 C
00S C THIS IS PROGRAM E V A L U (ate) I
nVO6 C
4007 C IT CAN TREAT THE RAW DATA FROM THE A- AND 8-PROBE CALI-
0008 C BRATION LIKE ACTUAL TEST DAA
1009 C
,}oO CJ:il i C .. ... ... ..... .... .... .... ... ..... .... .... .. ... .... .... ... .... ......I
'Otz commom / DrA? / xt,'r

0013 INTEGFR IDCI(i44)C FILE(3),ISIZE(2),NOt.FNOCR(2),ICLR(3)
0014 INTEGFW AFILE(3) bFILE(3),01S I A,_ llktTA(3,;.-0fDATA(J.320),XI(2Sb),Y(ZS6),CCEF(7)
'))%I IRL C EKA(TT),C EKP( 7,)

0017 REAL PA (9) ,PE t0) ,YAWA(9) ,YAWP(9)
0t DArA ISIZE (1) t 0/

0611 DATA ISIZE (2) / 128/
4020 DATA I[YPE / I/
0021 DATA IDCbS / 144/
002' DArA IL 't.18/
§02 DATA NOLF /006;379/
9024 DATA NCCR /000033b,0444330/
3325 DATA ICLR /05124,01591O0065379/
1326 140 FORMAT 4 ' DO OU WANT AN OITPUT OF THF CALIBRATION COEFrICIENTS7*
.30;7 */;RENTER YES IF SO OR ANYTHING ELSE zF NOT')
a _43 149 FORMAT ((3A21)

1029 150 FORMAT c ENTER FILE ( FOR X APPROXIMAT!ONH'/
1030 1' DON'T FORGET SECURITY CODE & CARTRIDGE REFERENCE NUMBERt'/
,031 S. I : -A')
1631 ISI FORMAT (3A2,1X tI' ix12)
433 152 FORMAT (/" 6 TA PFAD FROM FILE "3A2" ARE-/)
1034 113 FORMAT ( I -I
C035 1S4 FORMAT ".(IX ,1-i6))
1036 15 FORMAT ( ENTR ,ICE (SIFP ) FOR PHI APPROXIMATION--/
3337 *" DONT FORGET SECURITY CODE I CARTRIDGE REFERENCE NUMER$'/
'1038 rSIFP ! I "A2)
:1u39 156 FORMAT ( ENTER THE OFFSET OF THE YAWANCLE IN DECREES 1")
?4AO IS7 FORMAT(" RESULrs rOM THE A-B SYSTEM ./ 'I0X"CALCULAION:'t("MEASU
,041 REMENT"OX ENRORSO:S'VE.-S-T(7XYAWbX-XVEL"PITCH-bX-XV
-'42 8EL X"PITCH'7XTYAw"3X"YAw FROM A PROPE"//)
.043 t58 VnRNAT {tX(3A2))
C0 44 1s9 FnRMAT (1" R A W D A T A "/. 0 A - KULITE P - KULITE=7X"YAW A
004S *=TX"YAW P')
O46 160 FORMAT ([3,4<?X FtO 5))
-047 i6l FCRMAT- A-PROk APPROXIMATION RESULTG YAW 7"(SX F9.2)/16EX PR
0048 RESSURE (INCH H20) = "3(3X.Fit.1b/29X" PAMAX =FS.4 )
,349 162 FORMAT(/' P-PROBE APPROXIMATION RESULTS : YAWO = "F5.1" PRESSURE
'IO *(INCH 420) -"F6.2/')

J0$ 163 FORM, iX FO.4.3X( F7 2C Ix F9 4,3X,F7.2,lX,F9.4,3(3X,F7.Z))
!052 601 FORMAT ( t / "Ii2 611bi
V-13 b02 FORMAT (
,)54 aOfl FOR4AT ARTIFICIAL YAW ANGLE OFFSET IS : *T3" DECREES //)
k Tss 604 FORMAT 4/1
056 t11 FORMAT (* STATEMEnT 8 * '13" ERROR 0 - "13" ENCOUNTERED'")
US7 LI = LOGLU ISESSN,
'Se LO b
n59 6RZTE (LI,148)
,DOb READ (LI14

9
) :PRIN1

Itb i C . .... .. ...... .... ...... ... ... .. .. ... ...... . . .. ... .. .. ... ...... .

;Tb2 C
CC3 C READ FILE FROM DISC INTO ARQAY COEI(XC7.7).
1064 C
0365 C .. ........................................................306b WRITE ELI,lS0) 14OLF

READ (LI ,1SIIFILE ISECU, CR
.768 RITE h.I,149) (ICLR.11 - 1,3)
"64 CALL OPEN (IDCP,IERR,IFILE,IOPTN,ISECUICR,IDCOS)

,07t IF ( IERR .LT. 0 1 WRITE A,1111 )JJIERR
ALL RLADF (IDCB.IERR. .EK X8,LEN,1)

.074 IF , IFRR .LT. C ;wRITE (LI,I } JIIERR
30S CALL CLOSE (IDCB,IERR.O)

10"_ 9 ( !F.RO LT. C I WRITE kLI.t1lt' J .IERR
1079 IF (IPRINt .NE 2HYF) GOTO OtI.

Figure E-2. Listing of Calibration Data Evaluation Program &EVALU.
(Continued on next page.)
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08eat C OUTPUT INPUT DATA.
002 C

0084 .R....... .... .... . .
00as IF ( LO .ME. 0 ) WRITE (LO, 152) IFILE
0006 WRITE (LI, 1S3) (Ii.til1,7)
0087 IF ( LO NE. 0 ) WRITE (LO, 601) (I1,11,7)
n0e8 DO 0C0 II-.7 ',
0089 IF ( LO N.' 0 WRITE (LO, 602) I(COEKXII31),311,?,t)
2090 OS WRITE (LI, 154) l1,4COEMX(11,31),Jlo,1)
0 0 9 1 C ..... ... ...... .... ... .. .. . .... ...... ... ..... ... .... ..... .... .....
0092 C
0093 C READ FILE FRON DISC INTO ARRAY COEKP(7,7).
0094 C
009S C
0096 l0 C .IN.E............ .......... .......
0097 WRITE ILIISS) NOLF
0098 READ (LI,15S) IFILEISECU.ICR
0099 WRITE (LI,149) (ICLR 1 I 3)
0100 CALL OPEN (IDCB,IERRIFILEIOPTN,ISECU,ICRIDCSS)
0101 33 - 4
0102 FLI IERR LT. 0 ) WR6TE (L1t111) JIERR
0103 CALL READF (IDCB R EKP,9LEN,I)
0104 31 . S
010s IF ( ZERR .LT. 0 WRITE (LI,11111 33,IERR
0106 CALL CLOSE (I DCS,IERR,O)
0107 3J - 6
0108 IF IER .LT. 0 1 WRITE (LI,1i11) 3JIERR
109 IF PRIN ME. 2YE) GOTO 020

0 11 0 C . .... .... ..... .... ...... .... ... ... .. ... ...... .. ..... ..... ..... ....

0'l2 C OUTPUT INPUT DATA.
0113 C
0114 C0 114 C ' i i ' k i .. ..........................................
011s WRITE oLI, 5)II~
011b IF ( La NE. 0 ) WRITE (LO, 1S2) IFILE
0117 WRITE (LI, 153) (11,It=1,7)
0118 IF ( LO NE. 0 ) WRITE (LO, 601) (11,11.1,7)
0119 DO 01S 11.1 7,1
0120 IF ( LO M.' 0 ) WRITE (1.0, 602) Ii,(COEKP(II,31),J3II,7,1)
0121 015 WRITE (LI, 154) It1(COEKP(II,31),J 1-,7,l)
0122 020 CONTINUE
0123 S0124 C . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

0125 C THE DATA ACQUISITION SHALL BE PERFORMED NOW
0126 C
0127 C
0 128 C ... .... .... .. ............. ... .. .. ..... .. .................. .. ....
01'9 WRITE (LI,1S6)

01~0 RAD (1 *) YAUOFV
WRITE (L,603) YAWUFF

0132 AFILEIt) - 2HA2
0133 AFILE(2) - 2HKP
0134 BFILE(I) 2M142
Ot3s III - I
0136 i5 1 1
0137 WRITE (LO,1S7)
0138 GOT 13s
0139 02S CONTINUE
0140 WRITE (LI,ISO) AFILE
0141 WRITE (LI,158) BFILE
0142 II * 131 . I
0143 i5 * IS * 1
0144 IF (AFILE(t).E9.2HA2.OR.AFILE(2).EQ.2HKN.OR.AFILE(3).E.2H2S.OR.
014S *AFILE(3).EQ.2H.) COTO 135

146 CALL OPEN (IDCDIERR,AFILEIOPTN,ISECU,ICR,IDCBS)
147 1 7

0148 IF IERR .LT. o WRITE L1111) J3,IERR
0149 CALL REAOF (IDC1,IERR1,ADATA, L,LEN 1)
0150 33 * 8
OiSt IF IERR .LT. 0 ) WRITE (LI,1011) 33,XERR
0152 CALL CLOSE (I CB,IERR,O)
O0S3 33 - 9
0154 IF IERR LT. 0 ) WRITE (LI,1111) 33,IERROtSS
OIS CALL OPEN (IDCSIERRbFILE,IOPTNISECUICR,IDCDS)
0157 33 1 10
Ose IF 1 IERR LT. 0 ) WRITE 11I,1111) 33,IERR

Figure E-2. Listing of Calibration Data Evaluation Program &EVALU.
(Continued on next page.)
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d to I 1V ( ILRR L.T. I WRITE LLI.1111) JJ, :ERR
l10,2 CALL LcJQSE IDCP,IERR,0)

0%64 IF k ERR .LT. 0 )WRITE tL1,1111( J3,r1ERR

Olbh DO Old I - i,300.i
dib7 ADATA (I,1I I ADA!A (1.11 + YAW4I4FF

110 ?ATA 1II1 ?DIIA7A 1.:' + T.1LW4FF
014 ADAYA 4,)*AUAT. kZ,I( + AO.)A (1,3ig)

t11 030 'DATA -,1) = DA9A ,2,1) 2'DAIA (,'9

'It2 D0 8 3S I - -0,60,IS
0l-3 It .

.lI4 3 I / 2
115 IF I .EU. -60 JI! -hS

IF J .. 3. bd IT 1!
0%77 11 11I-*

3178 DO 035 I - I IS0 1
01,?9 IF 4ADAIA(I f) CT. 31 1 GT0 03S
also TI ADATA((,1-2)
Dial Pt ADATA(2,1-2)
Oln)2 YZ =ADATAII,1-14

OWP P? AOATM2 .,-I)
1184 Y3 -ADATA(,
0135 P3 *APArA42,1
0%66 Y4 =APATA tio
0 1 j7 P4 *ADATA(,11
Oise GOTO -140
clay 035 CONTINUE
O1;0 040 Do 045 1 - ISI 300 1
0171 IF I At4ATA 1,j f. 3, J1 GOTO 045
0192 YS APATAI,l -2)
0193 PS *AVATA(2,1-2)
0194 Y6 AIIA1A(i1-1)
0115S Pb =ADATA(,11t)
fli'b Y7 ADATAO1,1
0147 P7 *ADATA(2,I
1)199 Y8 AIATAC1,t11
019Q P9 3 ADA VA(2,I11
nZ00 GQTn 0';0
11101 045 CONTINUE
0202 050 01(1) Y
0.?03 X84') 9,8284 , 4) * 93
301t5 X1(4) Y4
1:06 Ohts) Y
0217 0146) *Y&

0.1 a X t t?) Y 7
0209 01(8) y9
0240 9 (1) *pt
02-1 Y (2)

3213 Y t4) P 4
0214 Y 45) 2 PS
02is Y (6) Pb

026 ( 7) . P7
T21 (a -8 P9

q21i4 Y AUA111) 4(tv*Y3+Y4*Vo,tY7..q) 8
4210 05 PS (S p (Pi#P?.P1.PF4.PS.P6-.8
02,11 00,3 ,S 26,12S.1

12,23 060 Y %.) * -DATi142
02:24 DO ohs5 I 7,7
"ZS5 J I 17;
3-1:6 XII11 SP9AIA41 ,
0217 06, T 41) 9DATA ( 2,i
8228s NPHIS -208V0229 CALL MAT2 (NPNTS,7,COF,-U

0237 07 WIT p bI ,1594A

0236 00 075 X ,,

Figure E-2. Listing of Calibration Data Evaluation Program &EVALU.
(Continued on next Page.)
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3-'41 PSARO ADftTA,7%91q F lATA2.31) 12
:12421 PTAT P8.0 ua 1 3 O
0.143 PTOrA~ =(AJATA(2,3I8 ) + rArAtP2,31)' t) PFARO s %3.70iS)
'1244 XVFLN S0 TR ( - (PTOTAL,PSTT 1,u(-3 a .57)
024S PHIME * .DATA(1..320)
0J244, DO t'80 1 1.9 1
024' x1(l) = AWAI)
0.?4A 080 Y (I) PA %I) PPARO * 13.565
0249 CALL MAT2 q9,S,COEF,-4)
02 s o C .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .

Ozst C
0252 c FIND MAX. OUTPUT OF A PROBE.
0253 C

0-s'; DX.......26.0
0456 00 -70.0
0.2S7 095 DP =(FNP (4,COrF XO)-FNP(4 tCOEF,'(X0+DX)))
02se IF (ASS(DP) .LT. 3.0601) CaO 6YO
02S9 IPX =-2.WCEF3SDX-6.sC0EF(41SX040-3.XCOEF(4SDXXDX-
0260 * t2.SCOEF(S)SXQSXOSDX-t2.*COEF(5)$XOSDX*DX-4.*LOEF(S)*DX**3
02b1 X0 = 0 - DP / IPX
0262 GOTO 085
0263 090 ASL XO
0264 ASR XO +0 DX
026S AAO -XO + DX / 2.0
0266 PAMAX =FNP(4,COFF,AAO)
0267 PSAL =FNP(4 .CO F, ASL)
U268 PSAN FNP(4 'COFF ASR)
0269 PSA *(PSAL *P54R) / 2.0
0270 PTOTAL PAMAX
0271 BETA =(PAMAX -PSA) / PAMAX
0272 CPAMAX (PAMAX -PSA) /(PICITAL - PSA)
0273 IF ( IPRINT NE. 2NYE C fOTO 091,
0274 WRITE (LI 161) ASL AAO ASR.PSAL PAMAX PSAR,CPAMAX
027S IF (It0 k. 0 ) W~fTE ILO,ibi1 ASL,AA4,ASR,PSAL,PAMAX,PSAR,CPAMAX
0276 05CONTINUE
0277 C .. . . I.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.279 C
0279 C APPROXIMATE B-PROBE PRESSURES.
0290 C
0281 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0293 01(11 -~dr
02'94 100 1(I) P~kl) + (PSARO S13.585)
020S CALL MAT2 (9,'3,COEF,-4)
0286 00 0 00
0287 110 DPX -FND(4,COEF XO)
02(38 IF ( APS(DPX) .LT. o.06001 COTO 115

P9 10 - DPX /(2*COEF(3) +6*COEF(4)*XO 12SCOEF(S)*XO*XG)
291 AkO X0

0292 PPMAX FNP(4,CCEF,ADO)
02193 IF ( IPRINT NE. 2HYE ) GOTO £20
02,94 WRITE (LI t62) ABO PEDMAX
0219S IF (Ca mt. 0 3WafTE (1.0,162) ABO,PBMAX
0296, 129 CONTINUE
0297 CPF-MAX =CPPMAX - PSA 3/CPTOTAL -PSA
0290 GAMMA -(CPAMAX -CPBMAX) /CPAMAX
0299 X'JEL *0.0
0300 PHI =0.0
0301 DO 12S It t ,7,1
010?l. DO 125 1 I? ,7,1
0303 XVEL X* +VL (COEXII,I2) * GAMMA*(2-)(SBTA*(I1-i)
0304 125 PHI *PHI + (COEXUI1 12) S GAMfA9*(I2-l)(SBETA**(II-i)
0305 PHI *PHI S 100. / .t9
1130h ERX'JEL (( ClVELME - VEL I /0'EL 13100.
0307 ERPHI PHIME -PHI
0308 ER YAM YAWOFF' ABO
R309 WRITE (I I 1b31 ('EL PHI ALtO ,VFLME PMIME ERXVEL ERPHI FRYAW AA0
0.110 1IFLU .NV )WRITE (L6,16A) XOFL,PNI,:AB,XOELME,PAIME,EAXVEL.tRPHI

0313 IF (1S EQ. SS C OTO 500
03014

ais I F (I1 E 10 C OTO ?10
16 IF (IS IE I 9 GOTO 220

0317 IF (IS .EQ2 I COTO 23.
03t8 IF IS. 37 , GOTU 240

Figure E-2. Listing of Calibration Data Evaluation Program &EVALU.
(Continued on next page.)
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13T19 6 EQ. 46 ) GOT[ 250

0 321 210 AFILEMI 2mA3
a32 r&FlLE() 2Hs
0323 11
3324 iITE (10,62 4
0325 COTO 2 ,60 4

1?3,& 220 AFILEMI 2HA4
332 BFLE(l) ;HB4
U325 I 5 - 1
0329 WRITE (10,604)
9330 COTW 260
OZ31 230 AFILE(S) 2HAS
0332 IFILELI) = 2NE4
0333 111 IS1 - 27
0334 WRITE (LO,&04)
033S COTO 26 0
9336 240 AFZLE(I) 2 PA6
0137 PFILE(I) = 2NW
0339 Ill IS - 3
3339 WRITE (10,604) 3
0340 COTO 260
0341 250 AFILELi) =2HA7

,0342 11FILE(l) *2H&07
0343 131 IS - 4S
9344 iRITE (LO,604)
034S GO0TO 260
3346 260 IF l I3 COQ 3~fTO 300
1347 IF 3IJI IR. 2 3COTO 310
4.348 IF III1 .Ea 3 )GOTO 320
1349 IF I 1:I .c 4 i3 0T0 33 0~.3SO IF IIII -EQ. S COTO 340

3t IF III3 EQ 6 C OTO 350
032 IF II A: . 7 CO~rTO 360

0353 IF IIIJ E, 8 3 (OTO 370
u

35
4 IF C l ER;.9 COTO 380

0355 300 AFILEIB) - , S2
33536 AFILE(2 2K
03S7 GOTI) 400 4
3359 310 AFILE(3) 2H?~20
0359 AFLLE(2) 211KP
3360 COTO 400
4361 320 AFILE(') ?H2)4S
03b2 AFILE '.) . 2HKP1363 COTO 400
0364 330 AFILE(3) - ?)410
.,65 AFILE(2) - ZHxp
0366 COTO 400
0367 340 AFILE(J) = 2)405
0360 AFILE(2N - 'HKP
0369 COTO 400

.A0 350 AFILE(3) -21400
331 AFILE(2) - 2HKP

0372 COTO 400
0373 360 AFILL(3) - 2)405
'0174 AFILE(C) - 2HiKm
037S GiO 0 400
037b 373 ArILECI) -2)4bO
1377 AFILE(2) - )k

CO ~~ TO 40n3
39 380 AFILE 3) - ?41 S

U380 AFILEZ!% 214EN
CI 0.TO 400
.i3e2 400 PFLE%2) - AF:LE(2-)
0193 1,F 1-E (3 ) AFILE(3,
! 84 COTO 02-
lmr, S00 STOP 77-'

3R* END
q 3F!7 EAL cONC71ON FNPCNORr'ER,LOEFF,ZX)

388 NEAL COEFF 7
At cot-rc(NORDER.1)

7-0 ',F N('RDER E; .3 0!rOO 0,1
DO 01O '.1 - ,NORTER.1

01 At. C. L

0 99 REAL COEFFD(63
3400 DO q1 1-1,NORER 1
0 401 01 COFFFDIl = COEFO(I41',*1
3 411 A6 I:OFFF D (MONDEN)
04'J O ON NOIIDEV

344 IF( NORDR EQ. 0 COTIO 03
0405 DO 02N~ I INORDN
31406 1 ( PONON +j Ij407 0' At D.COEF DI: Z(

a40 FN .4 -Al )Zx
'3409 RETURN
9410 END

Figure E-2. Listing of Calibration Data Evaluation Program &EVALJ.
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APPENDIX F

CALIBRATION TEST PROGRAM TEST

Chapter 5.2 describes the test and the test procedure

used to verify the quality of the calibration in a freejet

experiment. Although this experiment lacks the simulation

of high frequency flow vector changes like those to be ex-

pected in its application, it seems to be the most useful

check of the calibration itself and the data reduction pro-

cedure. While the set-up of the experiment and the data

acquisition procedure were described in 5.2 already, details

of computer program &TEST, which is used to perform the data

acquisition and the data reduction, will be given herein.

Like program &EVALU, this program first reads the cali-

bration coefficient files into two arrays. It then asks the

operator to key in the barometric pressure in inches of

mercury. The data acquisition itself is performed in a DO-

loop, interactively with the operator. Both probes are set

to nine different yaw angles and data samples are recorded.

The actual pressure and yaw angle values which are used

are the averages of 30 single samples each, in order to ex-

clude any influence of some flow irregularities. Once the

data is taken, the data acquisition system is released from

the HP 21-MX computer control and the data reduction is

started.
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The nine pressure values of the A-probe are approximated

with a fourth-order polynomial as a function of the yaw an-

gle. From this approximated curve pressure values PSAL,

PSAR and PAMAX are derived which are used to calculate

CPAMAX and BETA. The output of the B probe is approximated

the same way and the pressure PBMAX is calculated from this

curve. Using PBMAX and the results of the A probe, CPBMAX

and GAI'MA are established. The coefficients BETA and GAMMA

alone are used to derive values of Mach number (or X) and

pitch angle ( # ). The yaw angle which corresponds to the

pressure value PBMAX is assumed to be the flow yaw angle.

It should be close to zero since the probes are aligned with

the freejet for a zero yaw angle, unless an "artificial" yaw

angle has been superimposed on them as described in 5.2

The calculated values are compared to those the freejet

was adjusted to. In 5.2 the results of these comparisons

were demonstrated already.

Labeled common block:

Common block identifier: Variable:

DTA2 Xl,Y

Variable Type Descripticn

AAO Real Flow yaw angle derived from A probe

ABO Real Flow yaw angle derived from B probe

AKULIT Real Average value of 30 A probe pressure
samples
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Variable Type Description

APRESS Real Single sample value of A probe pres-
sure reading

ASL Real Left-hand side yaw angle of A probe
output

ASR Real Right-hand side yaw angle of A probe
output

BKULIT Real Average value of 30 B probe pressure
samples

BPRESS Real Single sample value of B probe pres-
sure reading

COEF(7) Real Array to contain coefficients from
2-D approximations

COEUX(7,7) Real Array containing the coefficients of
the 3-D approximation for the velocity

COEUP(7,7) Real Array containing the coefficients of
the 3-D approximation for the pitch
angle

CPAMAX Real Maximum pressure coefficient A probe

CPBMAX Real Maximum pressure coefficient B probe

DP Real Pressure difference for two pressure
values corresponding to two yaw angles
which are separated by DX

DPX Real First derivative of the function
PA(a) - PA (- a)

DX Real Given spread in yaw angle between
PSAL and PSAR

GAMMA Real Pressure coefficient

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IDCBS Integer Control block length (of IDCB)

IFILE(3) Integer Array containing file name

142
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Variable Type Description

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions

ITYPE Integer Type of data file

ICLR(3) Integer Command to clear line above cursor

NOLF Integer No line feed command

PA(9) Real Array for A probe pressure values

PAMAX Real Maximum pressure of A probe

PB(9) Real Array for B probe pressure values

PBARO Real Barometric pressure inches of mercury

PBMAX Real Maximum pressure of B probe

PHI Real Pitch angle (calculated)

PSA Real Static pressure equivalent of A probe

PSAL Real Pressure reading of A probe for a yaw
angle 630 to the left of the flow
aligned yaw angle

PSAR Real Pressure reading of A probe for a yaw
angle 630 to the right of the flow
aligned yaw angle

PTOTAL Real Total pressure

XVEL Real Mach number equivalent dimensionless
speed

X0 Real Starting value for the iteration to
find PSAL and PSAR

Xl(256) Real Data array for 2-D approximations

Y(256) Real Data array for 2-D approximations

YAWANG Real Single sample of yaw angle reading

YAWKUL Real Average value of 30 yaw angle readings
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rREAD ALIBRA TION COEFF IIENTI NTO aRRAYS CUEK X AND CEP

ORATOR INPUT OF
BARO)METR I' PRESSURE,

DO LOOP FOR DATA ACQUISITION I-i,9,i

DO LOOP FOR NUMB(ER nF SAMPLES

L NIN

YES

APPROXIMATE A-PROBIE PRESSURES
AS PA =P5A(YAW) (POLtYNflMTNAI',

DERIVE PSAI *PSAR PAMAX,
CPAMAX AND14 FROA p(Aw)

APPROXIMAIE P-PROBjF PRESSiURES
AS PBf = PB(YAW) (POLAYNOMINA..)

RIVF. PfMAXCPEbMAXj
AND) f FROM P 4Y W)

.ALCUL ATE XVEL AND PHI
FROM#f AN)F.

PRINT/$,?, XVEL,PHI ,YAWANGLE.

STOP

Figure F-1. Flow Chart of Calibration Evaluation Program &TEST.
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VTEST T-00004 IS ON CROO026 USING 00055 ULKS RO000

O000 FTN4,L
u002 PROR.AM TEST (3,99)
1 003 C . .. .. . . ... ... .. . . ..... .. ... ... .... ... .... . .. .. .... .. ... .... .. ..
t004 C
uOOS C THIS IS PROGRAM TEST FOR THE A-B PROBE SYSTEM.
O09 c
.n07 C IT ACQUIRES DATA FROM THE A-P PROPES MOUNTED IN THE F*EE-
1.08 C JET IN ORDER TO CHECK THE VALIDITY OF THE CALIRATION.
009 C THE DATA 15 NOT STORED, ONLY AN ONLINE OUTPUT IS AVAI-
3000 C LAPLE.

013 C
0014 C
0ils C314MON / DA2 / iY
01JI REAL XI(2Sb),Y(2t6)
00 RFAL COEF7) CnEKX(7 ),COEKP(7,?)
3&1i REAL PA(9) P619) YAWt9)
019 INTEGER IDC14(44), JILE(3),ISIZE(2)
'020 INTEGER NOLF,ICLRI
i;21 DATA IDCDS / 144 /
002" DATA ITYPE / 1 /
2123 DATA ICLR /OtSS!4 O1S%159,0065379 /
0024 DATA NOLFS / 00 S78
00:S 101 FORMAT t' OUTPUT INPUT DATA TO ANY OTHER DEVICE? ENTER NO

!I~ 6 OR LUS t'/" '42)
:0? 102 FORMAT ( " DO YOU WANT AN OUTPUT OF THE CALIBRATION COEFFICIENTS?'
502G 8/" ENTER YES IF SO OR ANYTHrNG ELSE IF Nst--)
u 29 103 FORMAT ( ' DO YOU WANT AN OUTPUT OF THE CONTROLL PARAMETERS?"/' KE
030 SY YES IF SO OR ANYThING ELSE IF 4OT")
03 1 104 FORMAT (//j THE DATA REA) FRO". VILE "SA ARE*/)
11032 111S FORMAT (" I j
1033 I~h FORMAT ( j 1 II' 6116)
10 14 107 FORMAT tT1tF 1,b))
00 IS IlA FORMAT j1 / J "12 6116)
,036 109 FORMAT ( ENTER P bAR6 IN INCHES G -)
'037 110 FORMAT (/R A U D A T A "/" 0 A - XULITE P - KULITE"9X"YAWI)
70le t1* CORMAT I'WHEN YOU ARE READY FOR YAW ANGLE 0 '12" HIT CR )
0139 !12 FORMAT (13,3(2X FtOS))
'fl40 113 FORMAT(" A-PROBt PPR OXIATION RESULTS t YAW = -3(X F9.2)/16X' PR

041 *ESSURE (INCH H2O) - "3(3X FXI.h/L9X" CPAMAX *f).4 )
rm42 1t4 FURMAT(/" R-PPOE APPROXIMATION RESULTS : YA0 = 'FS." PRESSURE

,143 *INCH H20) -"Fl, -1/)
1il44 tic FORMAT(" AVERAGE VALUE RESULTS FROM THE A-P SY5TEM //SX"ETA"4X G
1045 WAMMA"RX"Xve4XPLtc"6X"Ynw"/3(F9.5(,2(X,F7.)I
3(146 i41 FOPMAT (3)
n047 ISO FORMAT (12)
'048 11t FORMAT (" STATEMENT # '14' ERROR 0 "F12.2" DETECTED*)
.049 10111 FORMAT ("riR7M3A0HO'3")
(-"SO 130 FORMAT ("CA")
70 LI = LOGLU(ISESSN)

00 .iR17E %L 101) NOLF
10;3 READ IL 149- IDIJM!04 WRITE (LI, 149) (:CLRt1t,.'
'I r5 IF ( IDtM EQ. ?HNO ; 0 TO 010
0016 CALL COI'E

0 SS -? READ (IDUMt ISO) L-1
jo O IF I LO .E 1 O TO) 01
lI~q IF *LO A1E. h, GO TO 0 1
('1ob I

€ 
I LO EQ. 18 I GO 10 03

GO TO OISpv2 PIP tO0 1

-,,63 0t3 IF 1 LO ,EQ LI I LO = 0
9064 6RITE ,LI.112)
'Obs READ (L;,94 IPRINI
1465 WRITE (LI,

1
.7')

1367 READ (LI,149) PRIN
T

11: V4 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .
"O's? C
1i(10 C READ FILE SIFX22 FROM DISC INTO ARRAY COE~x(7,71.

S tC P 't t . ............... ...
3014 IFILEL,' * 2NFI
10-- lr',E(3) * LH43
30Vb IS E = 0

47A ~CALL OPEN ( IDC? ECR .TIFLE , OPTR.OE .5i% - TP'

Figure F-2. Listing of Program to Test the Quality of the Calibration: &TEST.
(Continued on next page.)
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0086 IF IERO .LT. 0 WRITE (LI,1111 ji1,IERN
08? IALL REDF (DC,IERR,COKX,98LE,

0099 C J
0095F IR JE .T ITE (LI,11O1) C 1,IERR

aOCBS 55 -

0096 IF ERO .LT. 0 ) WRITE (L , Iti (j1 ,ZR)

C00 C IF (PRIN .ME. 2HYE) GOT 1 02 7as8 . ... ... I. ... . .... ... .... .. .... .... . ... ... .... .. .. .. ... . ... .... ... ..

0099 02 RT LO)ICDMCIi)3I710009 C

0090 C OUTPUT INPUT DATA.

0109

0093 WRITE (2),1941 ]FILE
0094 IF ( LO .HE4 0 )3 4 FILE
0095 33ITE (LI,1S , 77

0109b IF ( L .HE . 0 ) WRI TE (LO, 1 1) 33, IERR0097 DO 020 I111,7,1

4098 IF I LE .T. 0 ) WRITE (LO17) i13IER5

0195 0 3 0 ',

0199 I E0 WRITE (LI,LB) ,11), 3,I E
0 108 C ..... . . . ... .. . . .. ... .. .. .. ... ... .. ... .. ... .. ... .. ... ... .... ... ..
0101 C0102 C READ FILE SIFP22 FROM DISC INTO ARRAY COEKP(7,7).
It3 C

01224
02 C ~ r (L~1)IlE.......................... I......................

0104 02S IFILO E) 0 I LSI
0106 IFIL€2) .M 0FP
0107 IFILE(3) 2H43ciao CALL OPEN (LDCO IERRIFILE,IOPTNISECUICR,IDCBS)
0109 35 - 4

019 IF IEN .LT. 0 WRITE (LI 17 ) J,ERRl
I 1ti CALL EAF(IDCD.IERRCQEKP,98;L N, I

01'3 IF RITE (LI,1T. 0iCWRITE(I,111, ) 1 ,IER

014 CALL CLOS E iIDCA ,IERRO)
0135 C 5 - 6al16 IF I ZERR .LT. WR ITE (L ,11111 JJ,IERR
0117 IF (PRIN "I :E. AnY)) GOTO 031

0 1t ie C . ..... .. ...... .. . .... ... .. ... . . . . . . . .. ... ... ... ... ...... ...

0119 C
0%20 C OUTPUT INPUT OATA.
0121 C
0122 C

0123

0124 IF ( LO ME. 0 )WRITE (L,104) IFIL
012 WRITE (LI10,S) (11,11=i 7)
0126 WIF ( LO E. 0) RITt ILO,106)
0127 DO 030 11-1 7,1Ot s IF ( LO -Mt. 0 WRUITE (LO.07 I(C0EKP(ZI,J1),J11,7,1)

014 030 WRITE (LI,10) 11(C0EKP(I1,At),i1't7,1)t01 S 03S CONTINUE
a t 3 I ... ... ... .... .. .. ... ...... ... ...... ... ... ...... ... ...... ... ...... .

0149 RA L,4) 0C

0133 C THE DATA ACQUISITION S4ALL E PERFORMED NO
0134 C
0135 C0136 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0137 WRITE (LI 109}
0139 1READ (LI *) PE'ARO

0139 CALL A E CRT (7(2)
0140 CALL R SOT 1 ( M
0141 CALL RhOT ( iTS)0142
U143 WRITE (10,100t)
0144 WRITE (LS,15011

0141

146 WRITE (LO,11010147 DO 0s0 I = 1,9,1
0148 040 WRITE ILI.1161
0149 1 EAD LI,149) IDUMOtto IF ( I DUM.ME. 2H )GOTO 040
01si 4KULIT 0.0
4It2 YAWXUL 0.0
PIS3 SKUL IT 0 .0
01S4 DO 04S J t t30 1
01ss YAWANG StAMA (ts,22,010
0istj fiP-iss SCANR ( 2.1
all; APRESS SCAN (15.'4,ni1
Oise AkULIT AhULTT - APW65

Figure F-2. Listing of Program to Test the Quality of the Calibration: &TEST.
(Continued on next page.)I
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DIN9 4 YAWKU * YAUKUL * YAWANG
S 4SBKU IT OBKULIT + PrfESS

01bt PA (1) * AKULIT / 30
0162 Pe (I) - SKULIT 30
0163 YAW(1) * YAWKUL / 30
0164 0SO WRITE (LO 112) 1 PA(I)PqtI),YAh(I)
016s CALL CLEAR (7,F)
016b CALL LOCL ( 7)
0167
0168 C
016 C START DATA REDUCTION.
0170 C
0173 F 6 " .......... . ......... ................................. ....
0174 XI(I) * YAU (I) * 10000
(17S ass Y (I) - (PA (1' S 10000 ) 4 ( PBARO * 13.SS)
0176 CALL "AT2 (9,5,CIEF,-4)
0 17 7 C . ..... ... .... . ... .... ..... ... ...... ... ..... .... ... ..... ... ..... ...0178C

'179 C FIND MAX. OUTPUT OF A PROBE.
al a C . . .. ". . . .................................................

D1az DX12.
0183 X9 - -70.0
0184 060 DP * (FNP(4 COEF XO) - FNP(4,COEF,.XO+DX)))
0185 IF (ADS(DP) LT. 6.3001 ) COTO 06S
018& DPX . -2.oacoEr(o1aox-8.o*CaEF(4)sXosoX-3.O*CDFFr(4);DX*nK
0187 8 12,08COEF(S)SXO xOSDX-12SCOEF(S)*XOSDXSDX-4.0SCOEF(5S)DX**3
018 XG = XO - DP / DPX
0189 GOTO 060
2190 0b5 ASL - XO
191 ASR X O * DX

i1t A AAO XO+ DX / 2.0
0193 PAMAX - FNP(4,OFF AAO)
0194 PSAL * FNP(4 COFF ASL)
019S PSAR *FNP(4COEF ASR)
0196 PSA = (PSAL + PSAR ) / 2.0
0197 PTOTAL - PAMAX
0198 FETA = (PAMAX - PSA ) / PAMAX
099 CPAMAX = (PAAX - PSA 1 / (PTOTAL - PSA
1200 IF ( IPRINT .mE. 2HYE )OTO 070
1201 WPITE (LI 113) ASL $AO, ASR PAL PAMAX PSARCPAMAX
0202 IF (LO .NE S ) WRITE LO,13, SL,AAOASR,PSAL,PAMAX,PSAR,CPANAX'1203 070 CONTINUE
. 204 C,2 0 4 C . . . . . . . . . . . . . . . . . .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
('205 C
320b C APPROXIMATE 0 PROBE PRESSURES.
0207 C
0 20' ' .. ............ .. .. .... .... .. . ... ... .. .. ... . ... ... . ... . ... ......D¢ 20? DO9S1

1210 XII1 YW (I) 10000
i'll 075 Y (I) * (P? (1) i G000 ) 1 PHARO S 13.85)
a 12 CALL MAT2 (9 S COEF,-4)
J213 X0 . 0.00
nZ14 080 DPX ; FND(4 COFF XO)021S IF ( ADS(DPX) LI 0.60 C OTO 085
'1216 XO - XO - DPX /(2COEF(3) * hSCOEr(4)*XO + !2*COEF(S)*X0*X0)
0217 COTO 080
21q 095 APO0 - XD

2719 Pt-MAX - FNP(4,r0F,A.0)
J2:3 IF i IPRINT NJ. 2HyF I;OTO 090
0,121 WRITE (LI,j14) AI P'-MAX
22 2 F ( Lf .NE. 0 RITE (LO,114) AFO,PEMAX
2223 090 rONTINUE
224 P14AX " ( PPMAX - PSA I / (PTOTAL - PSA )
1225 SAMMA = (CPAMAX - CPBMAX ) CPAMAX
1,26 xVEL - 0.0
J227 PHI *0.0
5282 DO 095 It 1,'.t
:29 DO 095 12r 1,7,1
.230 XVEL X EVEL (COEKX(Ii,2) $CAMMAV*(12-t)1*PETA $*W(1-1'
.321 09S PHI PHI (COEKP(11.2I) IGAMMASI(12-t))$bETA 8()11-1'PT PHI 130 / 3.141-9

R TE (LI,11S) ETA.CAMMA XVCLPHI,AA1
7Z34 IFILO .NE. 0) WRITE sLO,1i) PE0A,GAnMA.VEL,PHI,A90
12S STOP 7"7
23. END
" REAL FuNCTION FNP NORDER,COEFr Z)0

-:38 REAL COEF ,*'

Figure F-2. Listing of Program to Test the Quality of the Calibration: &TEST.
(Continued on next page.)
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BIG0 OR ER ui , COTO 02

0241 O $1 it - t,NOROIRI

104 0 FNP - At
0245 RETURN
0246 END
024# 7 9RfAt FUNCTION FND(NORDERCOEFF,ZX)

248 ALCOEFr (7)
0249 REAL COEFFD(b)0250 D0 0; I-t,NOROER I

0J 0 CEF D(I) COEVFD(NORDER)
02si NOROR NORDER - I
0254 IFt NORDR EQ. 0 ) GOTO 03
025 DO 62 11 I 1 NORDR I
0 25,6 1 NORR 1);+l) -11
0257 0 At COEFFD(I) ZX*AI
02s9 03 FND -At
02S9 RETURN
0260 END
0261 REAL FUNCTION SCANR (LU,ICHANK)02 61 C ..... .. . ..... ... .. ..... ... . .... .. ... ... .... .... .. ..... . .. .. ... .. ..02&3 C

0264 C aCoce relay ICHAN on %canner LU and read the instrument
026S C Ind c~ted y .
0266 C Author ;obert N. Geopfarlh
0267 Date: Febrvary 31, 1979
029 . Detailed proqram description is ovailable in TXCO loq; the
0269 C uvriableS are:
0270 C LU ... LUO of desired sconner (8 or IS).
0271 C ICHAN . Scanner chnnnel (Lniaer)
0271 C IC . Sconner channel ItASCI).
0273 C K Ins truent code ( DUN - I Counter 2
0274 C0275 C027S C .... ..... ...... ... ..I ... ......... ;''  .... ...................
0276 S Cloesscne dr us jV, outr.
0277 101 PORMAT (A2)
0279 901 FORNAT ('C,)
27 1001 FORMAT (T3T3")

0280 1201 FORMAT ('T")
0201 IS01 FORMAT ('C")
0282
B294 WRIT2014 01

0285 IC - ICONHICHAN,0)
0296 WRITE (LU, 101) IC
027 GO TO (01,02) K~0280
0289 01 CALL TRIGR (10)RED (10 )DUN
I CALL TRIG (10)
0292 READ (10, x) SCANR
0293 GO TO 03
0294
0295 02 WRITE (12.1201)
0296 READ (12, 8) SCANR
0297
0S98 03 URITE (LU, 901)

R99 ETURN
0300 END
-030t INTEGER FUNCTION ICON(I,N)
0302 IC-I*N
0303 IF(IC.LT.10) GO TO 100
0304 CALL CODE
0305 WRITE(ICON,&G)IC
0306 60 FORMAT(12)
0307 R TURN
0309 100 IEON-IC+30060B
0309 RETURN
0310 END

Figure F-2. Listing of Program to Test the Quality of the Calibration: &TEST.
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APPENDIX G

CALIBRATION DATA (CPoB) APPROXIMATION PROGRAM &RESl0

As shown in Fig. 19, CPBO is well behaved as a function of

pitch angle and Mach number as well. Thus it is approximated

as a function of these two variables. Program &RESl0 handles

this procedure. It is in principal again the same program as

&REST8, like &REST9, so that a detailed program description

will not be given here. However, it shall be mentioned here

that the data which is the basis of the approximation is

contained in data file A31W2. This is an indication that

this file contains all the data necessary to represent the

whole calibration.

For the evaluation of the quality of the approximation,

errors are printed out as were for &REST8. These are calcu-

lated as:

CPB - CPB

7CPB0 CPBOm

;.ndex m = known from measurement

index c = calculated

The variation in the order of polynomials for the approxi-

mation was changed in two DO-loops also and the one for the

best error results chosen. Those coefficients are stored in

file MISTCP on cartridge 26. Figure G-1 shows the coefficients
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and the associated errors. The highlighted area gives the

range of Mach number and pitch angle which will most likely

occur. Thus the error distribution within there is most

important.

Figure G-2 gives a listing of program &RESl0. The simi-

larities to programs &REST8 and &REST9 are obvious, so that no

flow chart or further explanations are given.
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Morder Norder -- a-,

i.:, r j t ":,1

Mach Pitch Angle
Number 230 : - . .7 "* ? 15 ,

0.2 .- ." I;. " :,

0.7.

0 - . *.: : .) . , ' ... . ' c '"f"'l" , ~ '-,- - , : "- . Z :
. . . .. : . ,.-..'.1" . ' '"

Table G-I. Coefficients and errors for C' approximation depending on
and PoB
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&RESIO T=00004 IS ON CROO026 USING 00024 £LKS R-0000

001 FTN4.L
0002 PROGRAM RESiO (3,99)
.003 C
0004 C This is Program' RF.S(tor, 10.
1111OS C
0006 C 1here q'or sOme proqr ms REST , which in prinriple 10 2141 lh
000", ,Imp ; Thev reTorv C'O1brr'ion Oril' o, g rout Oaio 1 o,
)UOR8 C .thaxt can e~ used re10 ripp~ozj,)'Te ih I c0 13 v a ioa
0009 C ;urf'ace.
0utO C the Sofworee ,urfnce npro,4mntton i luri.lble
001 C in one Turlopropulsion Lborqiorv binarv L,brforv(TPL8L .
0012 C Sde NP567-H-IOi(R for furt,,r referenc'
0113 t if. this pnr'LcuI'r cae ine crIibrlouor, dnOo3 ,f It-e
0014 C
U11iS C N E W A - A N D B' - P R 0 B L S
0U16 C
0012 C re 'pprooinqted
1010 C . CPO f(PHI.XVEL)
019 C
D O t C . . - 1 1 . .. .... .... ..... .. . ... ... ....
0021 COMMON MATRX, A.14
0022 COMMON / SUMME / PHI,XVEL rPnP
0023 RLAL PLOTR(2bh) A(40 49) %4(49) COEFF(7 "7 D(Ii S41
0024 INTEGER IDCP(144) IFILE( ) ,ISTI!(O ,OCR(; Iu(k i
0025, RE AL XVEL(Ib1,,) PHI(lb,161,CPib(1 b R -$)
91U126 DATA PI -1.141S93
0027 DATA IFILE /2HAP 7HNE 2HW/
a00 DAIA NOCR /00003P. 114

6
43JP/

002;9 DATA ICLR /015S241,,0O1SS1 5 ,006S378/
0030 DATA ISrLU /0/
01131 DATA ICR /26/
0032 DATA ITYPE /I/
0033 DATA ISIZE /3 12f3/
0034 DATA IDCPS /1A4/
0031, 101 FORMAT (" SELECT SFT OF COEFFICIENTS FOR PEST RESULTS '-/. ENTER M
C0036 *ORDER AND NUNDER NOW '1

003", 149 FORMAT(" ((3A21)l
003S bO1 FORMAT (///" COEFFICIENTS FOR THE CALIDRATION SURFACE STORED' IN F1
0039 ILE :"3A2/'
ofn40 b02 FORMAT (3X lb(hX I2)))
0041 6l3 rOkMAT i2X 1' 1,,'F ")'3w %0( F.
004 ' 604 FORMAT ,. /IR(1RI , x 'AC '2H t0Nr 0- %0114,1 6 V FORMAT (3 X i u i X. 2))

0044 b06 FURMAT (I.2,"( '' 2 , 1.h1
104S 1111 FURMAT 1" IAIEMEN1I '14 ERkOR I "14 " ENCOUNTERED'
004h LI = LOGLU(I)
0 1 4 7 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0!148 C
0 149 C READ DA1A FILE AFNEW
0050 C
90111 C
0052 CAILL OPEN UDCE.,IFRR.!F1LE-b0rTN,ISE1' 11;:13
U053 3 z I
00-.4 IF ( IFOR LT 1 WRITE LI tl11 JJ IERR
03ss CALL READF (DCP,IfR9, D . IOPO LN.I

09',b 11 = :

C057 If IFqR L1 0 , WRITE L1 ,111) IT. '11
10"3 ;ALL '.LQSt ( PCI., IRR, 0

1011 IF I IENR Ll, 0 0WRITE L:, 111i .1 IFRR
nI,'o I 7 0

10,
oa's -' 1 I I . 'o- DO: 0'T I

1  
J *

o~b '41 T T, 14.,13, S P. (I
11,160 n 03 C P 1 DO I*

00":'0 N4MIIC
'  

: '

, 10 CON T INL,

AL jA IT- CAL AIA1ION ,' c COEF1 C%,T.

Figure G-1. Listing of Program to Approximation CPoB  Values: &RESIO.
(Continued on next page.)
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0 079 111 0

00all 00 060 NU - 1,6,1

00I5 DO 00 IU - 1,6,1

0 0 8 2 0 1 S C O N T I JU E0 .

0088 M. OR DV4-1
0089 MN(ORDLR-1

0090 CALL COMA? (A,B,M,N,N"#ACH,NPITCH)
0.91 MFQUS-M*N
00192 CALL ELGJ (NEQUS)
0093 11-0

0 094 DO 02S I I' 1±,
0095 DOO02S 311N I
0096 :1 -~
n097 025 COEFF(r I)- &(riC
0099 IF ( IJI ME. 1 ) GOTO 030

10099 IFILE(I) s2HMI
0100 IrILE(2) 24ST
0101 IFILE(3) *2HCP
0%02 CALL CREAT (IDCB,IERR,IFILE,IS1ZE,ITYPE,ISECU,ICR,IDCBS)
o±03 13 4

0 104 IF CIERR ,LT. 0 )WRITE (L! 11111 ) I1IERR
0105 CALL OPEN CIDCB, IERR, IFILE, IOPTN, ISECU, ICR, IDC1BS)
01045 33 - S

V0107 IF C ER CT. 0 ) RTTEC jIA 111) 33,IERR
0109 CALL WERTF ( DCEI,IERR,COE F, 8$
0109 33 -
0110 IF ( ERR .LT. 0 ) WRITE (Ll,l111) .IJ,IERR
0111 CALL CLOSE CIDCB,IERR,(JO
0112 jj 7
0113 IF CIERR .LT. 0 ) WRITE CLI,i111C JJ,IERR
0114 WRITE,(6,601) IFILE
ails 030 CONTINUE
0116 WRITE (b 605) (1 J=I,N,L)
0117 Do 03S f = ',i
0118 035 WRITE (6,606) 1 4 COEFF(I J),3=I,N,IC
G119 WRITE (o.65 .. ~,NI
0120
0122
012 3 C. . . .. I .. . . . I . . . . . . . . . . . . .
0124 C
0125 C OVERWRITE DATA ARRAY WITH CALCULATED DATA
0126 C
0127 C

0129 WRITE (b b02) C.1 J-1 NPITCHII
DO 050 t =' jNM4,WH,4(8NRDO 045 3 NPITC,

3132 SUM U.12
01M DOi 040 It = ,M,1
0134 DO 040 Jt 1,N.1
0135 040 SU,4=SUM-,COEFFtll 'i)9XVELI,J)**(J1-I))*PHI U:,JC)*IC-1)
')13, 045, R(J)=(CCP9VUI .fl-t1'M CP0± OP I 100IU
0137 050 JRITE tb b03C I~ j NPITCH,IC
Ois WR ITE ~, bO2i, J=.PTN1
0139
11140 IF (131 -EQJ. I ) GOTO '65
0141
'J142 060 rf'NTINIlE
0143 olITE IL1C 1011
0144 READ kLI. I)mcRIER,4000FR
014S IJ I = 1
0146 GOTO 0%-,
014' DbS !P 7-77'
U148 tI

Figure G-1. Listing of Program to Approximation C~o Values: &RES1O.
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APPENDIX H

TEST DATA ACQUISITION PROGRAM &ABKUL

Program &ABKUL is rather complex. The amount of data

gathered and stored is quite extensive. Since the data re-

duction procedure is faster if only one file contains all

data, the use of a single data file seems to be justified.

Before any data acquisitior is performed, the file to

contain the data is created under a name given by the opera-

tor. This way it is ensured that there is sufficient space

on the cartridge to store the file. Once this is done, the

data array (DATA(20,256)) is preset with zeros and the inter-

face bus and devices are set to remote control. The first

part of the data acquisition is for the first on-line cali-

bration. Both Kulite probes are at the same radius as the

rotor exit combination probe and all probe yaw angles are

fixed to the same angle given by the combination probe. This

one is assumed to be the time averaged flow yaw angle. The

reference pressure on the back side of the Kulite transducers

is changed to a known value and a set of data is recorded.

This data includes the pressure readings of the Kulite probes

and their reference pressure as well as all the information

available from the combination probe. Once this data is

collected, the Kulite probe reference pressure is changed to

another value and another set of data is acquired. This
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procedure is carried out for a total of four different refer-

ence pressures, allowing sufficient time after each pressure

change for the measuring system to adapt to the new pressure.

After the last pressure is applied, the reference pressure is

reset to barometric pressure and the data acquisition for the

first on-line calibration is completed. During the data

acquisition the recorded data is printed out immediately so

that its quality can be evaluated right away.

Before the acquisition of high speed data is performed,

the operator is asked to specify the number of yaw angles he

wants the Kulite probes to be moved to. A maximum of nine is

possible and this number should always be favored to ensure

sufficient data to cover a range of 160 in yaw angle as ex-

plained in 6.3. The program asks the operator to set both

Kulite probes to the first yaw angle and to initiate the data

acquisition. In a first DO-loop data from the type A probe

is gathered for 256 consecutive circumferential positions.

Each of the 256 values is the average of 40 single samples

which are acquired on consecutive revolutions. In a second

DO-loop the same kind of data is acquired from the B probe.

Since the two probes are mounted on the compressor case wall

separated by 2700 circumferentially, the trigger numbers

where the data acquisition starts are separated by a number

of 1728 cts.=2700 for the two probes. (The trigger device

splits 3600 up into 2304 single counts. Both probes acquire

data for 256 counts, 400 respectively. Since the rotor has

18 blades, two blade passages are covered.)
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When the second DO-loop is done, steady state data from

the combination probe and the Kulite probes is acquired. This

data is of the same kind as that for the on-line calibration

data and is in general very helpful for checking purposes. It

is printed out as soon as it is acquired. From the high speed

data the overall average values for all 256 positions from A

and B probes are derived and printed out also.

The DO-loop is continued by the operator initializing the

acquisition for another yaw angle setting of both probes.

When the data for all desired yaw positions is acquired,

a second on-line calibration is performed. The results are

printed out immediately so that they can be compared to those

from the first calibration and obvious errors can be detected

right away. From the two on-line calibrations slopes and

intercepts are derived for both probes as described in 6.3.

Finally the data is stored in the assigned file.

Figure H-i gives a flow chart of program &ABKUL, while

Fig. H-2 is a listing.

Variables Type Description

AVRGA Real Average value of A probe output

AVRGB Real Average value of B probe output

BUFR(1664) Integer Buffer array

DATA(20,256) Real Data array

DCA Real DC-level reading of A probe

DCB Real DC-level reading of B probe
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Variables Type Description

DE Real Voltage difference between combination
probe and reference temperature probe
thermocouple

E Real Voltage reading of combination probe
thermocouple

FSVLTG Real Calibration factor Kulite probe

reading

IBUFF(99) Integer Array for Kulite sample values

IBLADE Integer Number of compressor rotor blade pairs
to be investigated

ICLR(3) Integer Command to clear line above the cursor

ICOUNT Integer Number of acquired data points (U
through 256)

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IDCBS Integer Data control block length

IDUM Integer Dummy variable

IFILE(3) Integer Array containing file name

IL Integer Total number of words stored in data
file (two words for one value)

ISECU Integer Security code

IRPM Integer Rotational speed derived from trig-
gered measurements

ISIZE(2) Integer Array to specify fill dimensions

ITYPE Integer Type of data file

LI Integer Input device number

LO Integer Output device number

MASK Integer Masking variable

NOLF Integer No line feed command
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Variables Type Description

PBARO Real Barometric pressure

PCAL Real Calibration pressure for the Scanivalve

PREF Real Reference pressure for the Kulite
probes

P1, P23, P4 Real Pressure readings for the combination

probe

RPM Real Compressor speed as read from counter

SECON Real Intercept of either A or B probe
calibration

SLOPE Real Slope of either A or B probe
calibration

TARE Real "Zero drift" for Scanivalve transducer

X(4) Real Array for on-line calibration data

XIMA Real Immersion of A probe

XIMB Real Immersion of B probe

XIMC Real Immersion of combination probe

Y(4) Real Array for on-line calibration data

YAWA Real Yaw angle of A probe

YAWB Real Yaw angle of B probe

YAWC Real Yaw angle of C probe

YAWP Real Total number of yaw positions for
the A and B probe
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&ABKUL T-00004 IS ON CR00026 USING 00061 9LKS R-0O0

0001 FTN4
002 "PROGRAM ASKUL (3,99)0003 E . . . . . . . . .. . .. . . . . . . . ... . . . . . . . . .. . .. . .. . . ... . . . . . . ... . . . . . .. . .. . . ..
,004
000S C This is proqram AZKULui&e).
0006 C It performs an online cqllibrtion of the A and B kuliteproheg
4007 C and a data acquasition for 7 yaw positions of those roes as
1038 C well.)009 C

-1U10 C Author i Friedrich Neuhof O
n;l? C D Cte ONTIy N8H 1981
0012 Cq 0 5 3 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. .
01014 C l881$lSlllllzll$$Jla lsSl8151llzz
It I Is C
501b C NOTE ? IF THE "C' WILL BF REMOVED FROM THE STATEOFNTS
6017 C CONTAINING ASTERISK ; IN CO)LUMN ?3 AND HIGHE R.
Dole C NO STEADY STATE DATA WILL PE ACCUIRED AND UNLY

0019 C * ONE SET OF HIGH SPEED DATA WILL BE TAKEN' S
1020 C S NC Sltlltlltts*8t*t*88t8Sttl18l)Slt*8888tSll8*SaS8SaSlleSSSll*S8iS

0022 DIMENSION IBUFF(99) IGCB(192)
0023 REAL DATA(20 2%6iX(4),Y(4),AVRGA,AVRCB
0024 INTEGER BIJFR (1&64)
002S INTEGER NOLF,IDCI4(144),ICLR(3),IFILE(3),ISIZE(2)
0026 DATA lDC9S / L44/
DOt DATA 1?U $
029 DATA ITYPE
3030 DATA IL /10?40/

lj*DATA jS IZEj) / 12/
003 DATA S _ZE 1 20/
o033 DATA NOLF / 006s379/
0914 DATA ICLR -024BQOSSIS6,006537?/
.0 DATA MASk 17,7000/
u036 DATA FSVLTG / .%EO/
d137 1t FORMAT I" This is proqra An ULtiOC). /" It First perfors 1' data
3038 ocauasitAon fo r on 0 in* Cntlibration of the A and 14 / probe-."/
039 8" Then iT Inkes paced data from the proofe at ? ji4ferent y.n poso
"40 *tkons 1/* interactively with the operntor. At the end ,Inoeer set
.141 *of data for an online"'/" calibration *s accquired'"//" The whole r
1042 &aw data Ls stored uh onefe'")
343 102 FORMAT (////" The online ralibratinn shal1 be performed now/'" 11
044 a llows four diffrent refrence Dr sures'//" When the first ref

.04 * S.pressure is aoplied correctly. 'e 61)' '
1046 103 FLRMAT(/ 36X" Online calibr'tton /1/)

'047 104 FORMAT(I3X Immer.comb. v- % o'j.X"0PI"
9

4"1Q '/'.T'P ont
'048 8* lmer.A va A or. "9X CA'OX"P'efl'OXT ,13X"Imer.tf or.
049 y Pw Et pr.SX1DCV9X"RPm"9X-Dt'//)
so jos rORMAT (/i2X S(2X Fig t ./sA I2,SX,s(3X%,F0 b)/i2t ,s(x FIO b

1051 106 FORMAT C' Ap e n t re
4

. press. ni bec GO wnn conjition
;352 I rp stable /'enough for, the next Peandnkr

:9s3 157 FORMATf* %ei online calibratio ne
I /  
f et 'h r f or#-- f-,

X04 the high speed d0f Q~a s ton1-/N Enter T'l m,-Afto of l,lteront

ass 9,8rlw a2jes ou want" w Hit CR qfit that to rtthe-
"OI6 108 OR MAT(7///36X"Avernq* values from ptreo rfn"/,,

'is- to? FORMAT (" Adjust hoth kulite probes to vow angle number "12." Key
05 *C * when this is done')
S%9 110 FORMAT(/24X'A probe"3OX*P probe"/26t31ooe"'bVInterceP1 S."Qy'5io

'060 8pe6ntorceqt"/47X"*"/" Iot calibrat on"P(3t Fi* P" • ".i 12
lbi X.-)/7'"/" 

n d 
clLbrntionh2(3X,Ft"6 w" ;

'62 111 FORMAT (* 5econd online calibrntion annl' - Re,., the raf tress
463 * and consider tho data aCqUaSitkOn to Li Co.Le'' " Cc r . th
nb4 S results of the two onlne calibrations qna check for ari4 /6 '

36S Sf the drift can be -CCepted, key in the fie name you want tho dat
116 a /" to be sleod in" .

,67 112 FORMATS(' Averaqged values paiced output , A probe 'FIO." ' probe
8b * "1710.S)
b9 14t vORrAT (* Outpt input data to ane ether device' Cter NO

:70 I o, LUS '' "ALI
?7i 1 4- RF MA Q 3.2))

,a 1001 FJRMAT * cRM3AHOT3'
'75 1201 FORMAT .1/G6T"'7t, 1501 FORMAT .'CA'

*7 @1111 FORMAT TTlATEMENT 8* *I~ ERROR~ I I~ lt"EP<

Figure H-2. Listing of Data Acquisition Program &ABKUL.
(Continued on next page.)
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0079 LI - LOCLU(ISESSN)
0080 77 WRITE (LI, 1481 PQLF
0081 READ (LI, 149) I UM
0082 WRITE (LI, 149) (ICLR, zIftaU
0083 IF ( DU .Ea. PHOO 1 ;Cu3u 78
0084 CALL CODE
0095 READ (IDU 1SO) LO
0086 IF ( LO ) GO TO 79

0089 GO TO 7
0090 78 LO 0
0091 79 IF ( LO EQ LI I LO - 0
0092 WRITE (LI,1 i)
0093
009 4 C .. ... .. . .. .. . ... .... .... . ... .... ... .. ... .... ... ... ... . .... ...... .

0097 C
0098 C0099 '66' ...... I 'l ..............................................
0100 DO 01 3J- 12S,
0101 01 DATA (,) .0
0102 C ........ .......... .. ........ ....... .......... ... ...... .. .........
0103 C
0104 C Set interface bus and devAces to remote control
0105 C0106 C ALROTt8
njg, " "ALL .......... ..........................................
Dios CALL RMUTE( 8)
0109 CALL RNOTE(IO)
Otto CALL RMOTE(12)
0111 CALL RMOTE(IS)
0112 WRITE ( 8, 801)
0113 WRITE (10,1001)
0114 WRITE (12,1201)
0115 WRITE (15,1501)
0 1 1& C ...... ... ..... ... .... ..... ... ...... ... .. ...... .... ...... .. ..... .
0117 C
0118 C Perform the data acquasition for the first online calibration
0119 C0128 C
0121 j - I
0122 C GOTO 05
0123 02 I - I
0124 WRITE (11,102)
012S READ (L1,149) IDUM
0126 IF ( IDUM .HE. 2HGO I GOTO 02
0127 WRITE (LI,103)
0128 IF I LO NE. 0 ) WRITE (LO,103)
0129 WRITE (LI 104)"o3 03 ~~ A .6 -;4Ac&N M I, I ,1o ' %)

0132 PCAL - ACQ 4, 2,10)
0133 Pi ACRM ( 4, b,10)
0134 P23 a ACQN ( 4, 7,10)
0135 P4 ACUN ( 4, 8,10)
0136 RPM a SCANR( G,17, 2)
0137 PL-APO = SCANR( 8,25, 1)
0138 XItC = SCANR( 8,32, 1)
3139 YAWC = SCANR( 8,33, 1)
0140 XIMA = SCANR( 8,34, 1)
0141 YAUA = SCANR( 8,35, 1)
0142 xI M = SCANR( 8,36, I
0143 YAWS = SCANR( 8,37, 1)
t144 PREF a SCAMR( 9,39, 1)
0145 E = SCANR(t1,18, 1)
014b DE = SCANfR(i 19 1)
3147 DCA = SCANR(I1sSZ: 1)
0146 DC14 SCANR(IS S3, 1)
O149 DATA(I,J ) - TAAE2
)ISO DATA()$J 1) s PCAL2
:1tst DATA(,S. 2) - PI
0152 DATAt IJ+ 3) Pn3
0153 DATA(IJ. 4) - P4
0154 DATA(i J S) = RPM
O3S5 DATA(I,3- t0 PPAR0
OISe, DATAIS.- 7) =k fI 1M ,
Oil," DATA(,I. 0) N - w
.S8 DATA(II,) V) A IMA

Figure H-2. Listing of Data Acquisition Program &ABKUL.

(Continued on next page.)
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ATA 1,310) - YWA

0 161 DATA41,J*12) -YAW&E
0162 DATA(i,J-13) =PRIF
0163 DATA(I,J*14) *E
0a"4 DATA(I,3.15) DE
0165 DATA(1,J+16) D CA
0166 DATA (I J,17) D C04
0167 WITOE ILI 105) Xl19C,YAUC,PI ,P23,P4,I,XIMA,YAWA,DCA,PREF,E,XIMP,
0168 $YA&IP;DCIJ,4PM,DE
016.9 IF ( LO NE. 0) WR ITE (LO0,105) X!MC,YAWC,P1,P2-3,P4,1,XIMA,YAAI.C
0170 *A PREF E XIMB YAUI4 DCI, RPMIDE

ot ~ I~k 1 Q. ( 6' C6TO 65
017- IF 1 3 .EA.41 ) GO10 10

0173 04 WRITE tLI.10b)
0174 READ CLI,149) IDUM
0175 WRITE CLI,149) I ICLR 1'3)
01'6b IF (IDUM NE. 2IHGO GO 0T 04
0177 3 1 20
0178 1 1 1
U179 GOTO 03
0180 OS WRITE (LI,107)
D101 READ (LI I) AUP

8191 C YAWP ... 4F 8 2

0184 C

0186 C
0%87 C .

0189 WRITE (LI 148)
Give IF (Lo mf& 0 ) wIOXTE (La,108)
019 1 wR IT ( LI 104)
0192 IF ILO kN. 0 ) WRITE LO,1 04)
0193 DO 0)9 Il -2,Y4WP,5
0194 33 - 1 /
019S 06 WRITE (LI,109) 33
019b READ (LI,i49)IDUM
9117 C WRITE (LI,14

9
) ICLR,11,3)

0198 IF ( IDUM ME. 2GO ) GOTO 06
0199 AVRGA =0.0
0200 ICOUNT 0
0201 START *2S6
02,02 STOP =2S6 *21;6
0203 DO 61 It START STOP 1
0104 ICOUNT ICOlJNf
020S 11'LADE = It - -.00300t
0206 CALL EXEC (3,19)
0207 CALL EXEC 41,19,IRPM I !11LADE)
0208 CALL EXEC (1,2U,Il'UF0,A0)4A0
320V RE'UFF 0o
0210 DO 62 It 1 30 1
0211 IPUFFJi). IAND 11UFP(Ji) MASK)
0212 62 RI'UFF - FLOAT IDIIFF(±I) / 32768., RbUF
3213 DAlA(JI,ICOUNT) * (RbUFF*F5VLtG /30
0214 AI/qGA *AVRC4A *DATA 311,ICOUNT)
0205 61 CONrINUE
021b AVRGA , AVRGA /2S6
n217 C Dt) '454 I !3'I
a2l l Cq4C;A 4RITE tb 1;3l AAI'S=i2t3
0210 C1313 FORMAT (6 - DATA,.J)lF.i
U220 U14TTE 1,?)AVRG..
q2 2,-: FOR"ATv' 4V'RGA Fo
0222 AVPGP .
U:23 1 COUNT * i
';22' START ih9s
01-2 V'OP IbQ6 21
0:1-6 DOl 64 I1 START STOP,-

02:' ICOINT *ICOUNt - I
4220 I1LAOE It 1 * 100001'

722; CALL EXEC (3.19'
0230i CALL EXCC (l1,1P~m I IIILArE)

CALLFEXE: 41 20,IHLFtA0,j,3)
RS I J, :

0414 1ItJF ,51 lANr~ I1UFrSi),M4 k
0;j, 63 R(ILIVF FLCAT I tUFF, 1 26.*R.~
'236 DA,I.1 COUNT1 ,QYFF*FkLTG), 3.

If- VQGlAV401 - DATA 51C U T
f,)~ -1i 4 -0 N rI NII

Figure H-2. Listing of Data Acquisition Program &ABKTJL.
(Continued on next page.)
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0'39 AVR GO * AVRGB / 25b
0240 C DO 54-5 1 32 1
§241 C54S5 WRITE (6 1313$ (i DATA(JI+I,3),J - 1,256,32)
0242 WRITE AA33 ) AVRG6
22243 333 FORMAT(

0 
AVRGB - "F12.6)02 44 C . . . . . . . ... . . . . . .... . . . . . . . . ... .. . . . . . ... . . . . . .. . .. . . . . . . ....024S C

0246 C Got neCessary steady Stott dot e

0247 C
0248 C ... .. ... ... .. ... .... . .. ... .... ... .. ..... ... . .... ... ..
02!49 C aOO 9
0250 1 - (3J - 1) 20 + 1

OR f DATA( 0~ ) A N 4.
0253 DATA(20, + 21 = ACGN 4, 6,10)
0254 DATA(Q0,I. 3) * ACON ( 4, ,10)
325 DA1A(20,1. 4) ACON ( 4, 9,10)
0: 5 DAYA(20,I 5) * SCANR( 8,17, 2)
0257 DATA(20,O. 6) - SCANN( 8,25, t)
0250 OATA(20,I. 7) - SCANR( 8,32, 1)
0259 DATA(20, O. 8) - SCANR( 8,33, 1)
0260 DA A(20, - 9) SCANR( 8,34, 1)
22b DATA(20, 10) SCANR( 8,35, 1)
0262 DATAk20,-11) = SCANR( 8,36, 1)
0263 DATA(20,I.12) SCANR( 8,37, 1)
0264 DATA(20,I.+3) SCANR( 8,39, 1)
0265 DATAt20,1+i4) - SCANR(i5,IU, 1)
0266 DATA(20,O.15) * SCANRCI5,19, 1)
0267 DATA(2Q,0.1b) SCANRI-5 1)
0268 DArA(2U, t7) - ANR(15 )
0269 OATA(20,1O4L) - AVRGA
0270 DATA(20,1+1) =AVRG071 WRITE (L 105) DATA(20 17) DATA(20 1-2) DATA(20.*2)DATA(20,0 3)
0272 * OArA(QG t,4),JJ DATA( 0 1.4) DATA (0 1-.1) DATA 0,011b),
0273 $6ATAQt 1*13) DAfA2P0,O.1) DATA(20 I-ii),D41A(20, 12 )
0274 *DATA(20 1T17) DATA(20.I.S),bATA(2U,t 15)
0275 WRITE (LI 11 -$ AVQGA AvRCp
227t IF ( LO QE. 0 ) WRITE (LO,105) DATA(20917) DATA(20 0+8) DATA(200277 9 ,'2),DATA(20 1+3) DATA(20 .4),3J DATA20 1 A4" 'N ,T
0278 s120 .-1 ,DATA(2n .13),DAfA'-O 1-4) DATA(2OO 1),DATh( It

)
,

0279 SDATA(20 I-t7) DATA(Z o1 5)IDATAt20 1+1S)
0290 IF ( LO'.NE. d ) WRITE (LO,112) AV0GA,AVRCb
02 8 t C ... ..... ..... .... .... ...... ... ..... ... ..... ..... ..... ..... .... ...
0232 C
0283 C Next yaw position.
0244 Cn122) Co2 8 C ". .. r. u ........................................................
0206 09 CONTINUE
0287 1 = 81
0208 GOTO 02
0249 10 CONTINUE1 , i : * . .. . . . . .. *. . . . . . . . . . . .. ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .
02q2 C Release interfqcir bus fnd devices from remote control
0293 C
0 2 94  C . CLEAR(7j)
029b CAL LOCL (7)
029

020 Do 11 1 1 4 1
=o (-1 S 1 +0 17

0300 X(I) DATA(i, 3
a30i J 1 - .3
j312 11 Y(0) *DATACi,11'
0303 CALL CURVE k4,% Y LOPESECON)
0304 DATA(1,160) LPt
,3305 DATAl 18) b SECON0309 0 12 t I 4,1
007 : -i) 0 is
0338 X(I) * DATA(I, 3
1033 = 3 - 4

'131O 12 Y(0) = DATAt,JJ'
0311 CALL CURVE (4.x-Y.SLOPE,SECON2
0312 DATA(1.170) - 4,00
03%3 DATA(1 7'1 SECON
3314 DO 13 1.4,1
0315 1 = 2i- 20 *
33%. 0(1) DATAki, J3
031

-  
J Y - I

S3I 11 ),12 DA 2AA, Ii

Figure H-2. Listing of Data ACquisition Program &ABKUL.

(Continued on n.Flxt page.)
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CAL URJ (4 x OLPE,SECON)
0320 c lrA6h,
0321 DATA($ 1813 SCON
a322 00 1 1 -

G3 4 Y(I) DATA(I,333
53 1 CALL CURVE (4 X Y0 SLOPE,SECON)

0328 DATACI,190) -*~
0329 DATA~i 191) - SECON
3330 WRITE ILI ID) IDATAII 1) DATAl 1.t)1£ 160 19o 10)
33l IFfLO.NE.8) 4RlTEtLO,%ld e ATA(,I),dAT;h1, 1 4f 160,190,10)
3,332 WRITE ML,lil)
0333 READ (LI 149) IFILE
0330 CALL CRE47 (IDCI,IERR,IFILE,ISXZE.ITYPE,ISECU,ICR,IOCIO)
1335 Il - t
0336 IF, IEP 13.LT. 0 ) WRUITE 1liliA It TER0
0337 CALL OPEN (IDCb,IERR,IFIl.E IOPTM 1StCU,ICRDIS
0338 1I 2
0339 IF 1E 100 L.03WRITE (i ltii. l1,:CRR
0340 CALL WRIT0V !DCBIE R RDA TA11L.
3341 It 3

, J4? IF IER 13 .LT. 0 ) WRITE (i,1111) 11,1000
. 3 CALL CLOSE (ZDCB,XCRR,Q)

0344 11 - 4
0345 IF ( 103 .LT. 0 WRUITE (1,1%11) IX,IERR
01346 STOP 7777
0347 END

Figure H-2. Listing of Data Acquisition Program &ABKUL.
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APPENDIX I

PROCESSING PROGRAMS &SPLIT AND &WAVE FOR TEST DATA

As stated in 6.3 a plot of the acquired high speed data is

very desirable since it represents the fastest way to judge the

quality of the data. As the graphics software requires

much storage space within a program, it is not possible to

read the complete data file into a plot program. A utility

program--&SPLIT--has been created which splits the data array

into two smaller arrays containing either A or B probe data.

These arrays contain the data for the on-line calibration and

steady state also. They are both stored under different names,

which are operator input.

Since program &SPLIT is a very short and simple program,

only a listing is given in Fig. I-1. Explanations are given as

needed within the listing. The two newly created files are

stored on the same cartridge as the original raw data file.

Program &WAVE provides means to read the smaller data files

and to plot their contents. If the variable POS is assigned to

be the circumferential position of the probe readings where the

starting position is set to 1 and the end position to 256, the

pressure distribution can be expressed as a function P = P(pos)

for all nine yaw angles. These functions can be plotted by

program &WAVE. The plot is a straight line connection of all

points.
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As mentioned in 6.3 program &WAVE serves two purposes:

plotting Kulite data from an existing file and acquiring data

from any of the 16 A/D channels and plotting it right away.

The decision as to which of the two options shall be used has

to be made first by the operator. If it is desired to plot

data from a data file, the operator has to key in the file

name and the cartridge reference number. This file is then

read into a data array. For each probe yaw angle setting

there is one pressure distribution P = P PS) and the operator

is asked to specify the one he wants to plot. The choice of

plctting on the CRT screen or the X-Y plotter has to be made

as well as whether a whole new frame for the plot is neede.

Without further input the graph is developed. Other data from

the same file can be plotted without rerunning tbe Droqram or

it can be stopped at this point.

If the second feature of the program shoul be exerzisel,

it has to be specified at the very beg nnnc, n for

this decision. An A/D channel nur. ber has to c "

corresponds to the Kulite transducer that shall be *oseruw

The number of samples to be taken at each of the 2r6 Tosit ons

also has to be out in. This initializes the data aciuisiticn

process. Once all the data is acquired, the operator has to

decide whether he needs a new frame or not and where he would

like to have his plot (CRT or X-Y plotter). As soon as the

plot is dumped, the program can either be stopped or started

from the very beginning.
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Figure 1-2 shows a flow chart of program &WAVE, while Fig.

i-3 is a listing.

Variable Type Description

AD Integer Dummy Variable

CHANL Integer A/D channel number

DATA(II,256) Real Data Array

FSVLTG Real Calibration factor for Kulite probe
reading

IBUFF(99) Integer Array for Kulite sample values

IBUM Integer Dummy variable

ICR Integer Cartridge reference number

ID Integer

7DCB(144) Integer Data control block

IDCBS Integer Data control block length

IDUM Integer Dummy variable

IFILE(3) Integer Array containing file name

IGCB(192) Integer Graphics control block

IL Integer Total number of words stored in data
file (two words for one value)

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions

ITYPE Integer Type of data file

LI Integer Input device number

LU Integer Output device (screen/plotter) number

MASK Integer Masking variable

N Integer Number of samples to be averaged
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Variable Type Description

RBUFF Real Real value of single sample

RBUFO Real Sum of all real value samples for one
position

X(256) Real Real data array

Y(256) Real Real data array

1
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&SPLIT 1=00004 1S ON CRO0026 USING 011021 lItKS R-0100

0001 FTN4,L
0002 PROGRAM SPLIT(3,99)
1JU 0 3 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .
0004 C
000S C This prrqrnm splils 'tie larqe d'itri file 's cteated by proqratt.

0006 C Ah1KUL into two seperate Atai file-..
1)007 C One contalns the .wrivetarm% of thie A-probe and the other the
0008 C one from the h-probe'
0009 C0O10O C.0o 0 c ...... I : ..... 'i M ',' i..... ...................... . .
011 RrAL IIAA(2 21,0 DATA7'l1t ,";6)0012 : N TfGER IILB( 144I),1 r tLE< 3), (S FQ)

1014 DATA i'F /j 00/)o 15 I'A yA I T ,P I I,/

0016 UAIA iZ, I E2)/ 028/
0017 101 FORMAT(" fNlR THE NAM (IF THFP ;AWL DATA FILE
)018 102 FIIRMAr(" FNIER THE! CARTRIDGE REFFRENCF NI-MFIE"R

(1009 103 FOIRMAT( i NTER IH NAME FOS? T"L. FLE CONTAINTNLU A-PQOOE PATA-'
0020 104 FORMAT( (NTEN THE NAME FOR TNE FILE Ct)NTAININi, 1-.'RjF IAA'')
0021 149 FORMAT((3A;' ,
1002j' 1111 FORMAI(" 1,TATEMENT 1 :*12" ERROR * "14" DISCOVERD,"
11023 ISIZL~t) so
02,-4 IL : 10.40
0 0 2 1, C . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .

00.16 C
0027 C READ RAW DATA FILE INTO ARRAY DATA(

2
0,2S6)

0(128 C-0029 C
0 0 2 9, C . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0030 WRITE (1,131)
0O31 dA) 1 ,149) IFILE
110 32 WRITE 1, 11:2)
0033 READ 1i, s) 1CR
0034 LALL OPEN (IDCt,I1RR,IFILC,I'IPTN,IS ECU(.ICR,IDCI£2)
0035 11 = I
0036 IF ( IFR L

T
. 0 1 WPITF (1 i1() 3-,IERR

1037 CALL READF (IDCE1,IFRR,DATA,tL,LEN,1)
(1030 TJ . 2
0039 IF (IERR LT.I 4 1 JRTTE(i,110l) T1 ,IERR
0040 CALL ILILISE. (IDCE,I FRR,0)
0041 j1 - i
1042 IF ,jERRl ,LT. 0 ) WRITE(,1111, I1J,0RR
:10 4 ! C ... . .. .. ... . ... .. . . ..... . .... .
01.44 t.
U114, C RFAD A-PRO-tE DATA INTL ICPARATE ARRAY
n046 C
0 0 4 7 C . ... .. .... ..... ..... . ..... . . .
01148
(1049 T O 0 1 I | 'AIfl0ca D O u t l I ; 2 ,6 1

10SI S
(3'; -i .1 ', I
00S3 PATASJi..',I PATAIJI, I
00OS4 -A T A++ , , ' T ; A,% I ,
t) D51'} A- D;T ' :I ) A D T A 0 , II130 1:.1-, 1: 44t)1
(1u2o -52" I : a
0(1 17 *L= & +

10 U ..IS,?

IlO1160 c 01 AD FILENAME FOR A-PROPE DATA AND q-ORF A (14 O[DT

iUn4 WRITE 11 3
.106 READ , 14

-
1 IF1L

-0,LL 'OA!- I ,DCh . :ERR IFILL ISEC3 (J, ,IL0'S
Itl'l/ Ii , !(E10 VT . '11 ''tEl! 33: ' J TIIOF

T[Rk T- ~ 1- Pfl h
'

CALL )"PFN (ilC, I F,4Q , L [, :,-rT,.% . F-,-J "C"*, DC I,

nil" i;j = ,

019 L:;- , 1ICRTE(1 1 ' '.' ,
Z :ALL w4-TF 1)CI. I F. RR . DAT ' IA

43
Uc14 ii , . . . . wP TTE,l l111, J1 :t Q;

''+'-,+i. Z. 3 :- 1 PCI , Rh -'1

Figure I-1. Listing Program to Split Up Big Raw Data Array From A-B Probe
Into Smaller Arrays: &SPLIT.
(Continued on next page.)
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0079 C
1080 READ B-PROBE DATA INTO SEPARATE ARRAY
0081 C
0082 C b . . .J ; i " ; ....... ................. .......... ...........
0083 DO 071 9
4084 00 O7 I 1 2S6 I
0385 it - J i 2 ) 1
0086 32 = + I
'087 DATAS(32,T) DATA(3lI)hI,39 DATAS I) * DATAUI)
1089 07 DATAS(11,Z) * DATA(20, )
C0 9 0 C .... ..... ..... ... .... ..... ..... ..... .... ..... .... ..... ... ..... .

o092 C READ FILENAME FOR D-PROBE DATA AND STORE B-PROBE DATA.
U093 CJ o9 s C R i ..... ...... ..................... ....................
i095 WRITE (1.1041
i096 READ (1 149) IFILE
-197 CALL CR1AT (!DCBIERRIFILESIZE,ITYPE,ISECUICR,IDC9S)
J098 33 7 7
J099 IF (IERR .LT. 0 ) WIRTE( i.ii1) JJ IERR
V100 CALL OPEN (rDC8,IERR,IFILE4IQPTN, SECJ.ICR, ZDCBS)xtOi 33 * 8

'iJ2 IF tIERR .LT. 0 ) URITE( Ili;) )JJIERR
0103 CALL WRITF (IDCI,IERR,DAtA.L)0104 Ij - 9
CIDS IF (IERR ,LT. 0 ) WRITE(I,tili) 3JIERR
C13 CALL CLOSE (IDCB,IERR,0).
0107 3J =10
'ins IF (IERR .LT. 0 ) WRITE(,11it) 31,IERR
0109 STOP 7777
dile END

Figure I-1. Listing of Program to Split Up Big Raw Data Array From A-B Probe
Into Two Smaller Arrays: &SPLIT.
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Figure 1-2. Flow Chart R of Dta;IF. AcqistiNG aiLlotrPrgaS&A
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? 
3

READ A/D CHANNEL=

I
ACQJUIRE DATA FROM A/D
UISTNI THE PACER

PLOTI FRAMR?

NO(

91.OTr WA,,rFO'RM A,-. OFISTRED

Figure 1-2. Flow Chart of Data Acquisition and Plotter Program &WAVE.
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* &WAVE 1-00004 IS ON CR00027 USING 00022 bLKS R-0000

001 FTN4,L
0002 PROGRAM WAVE (3,99)
to111 4 1 ...................................................................

o00s C This As program WAVE
0006 C It plets waveafrms as read from either i
0007 C a data file created using test date from the TX-conpressor
0009 C op frop a specified AD c annel rqht away,.
0009 CDo0 le C ...... .................... ............................. ..........
0011 DIMNIN GRm !F(9
0012 REAL DATA(I 2t ) X(2S6) Y(2sb)
0013 INTEGER IDCb(144) IFILEt3),ISIZE(2),NCHANL
0014 DATA IDCbS / 144/
0015 DATA ISECU / 00/
0016 DAtA ITYPE / 1/
0017 DATA I / 5632/
0018 DATA ISIZE(I). 44/
0019 DATA ISIZE(2) / 28/
0020 DAtA MASK 1777009/
0021 DA4TA FSVLYG / .IEDI/
0022
0023 100 FORMAT (I This is program AVE. / It can pOtt a waveform as read
0024 S foPm the A/d or from a data fale,/ Decide now, which of the two
0025 options yoU wont'/* Key AD if you want to take a new readina, An
0026 Sthinq*else*/° will ask for furTher lnforpations for a data fih.)
0027 101 FORMAT (Enter the nome of the data file-*)
0028 102 FORMAT ('Enter the cartridge ref. nunbert')
0029 103 FORMAT(" Do you want another wauefor" to be ploTedl/- Enter yes,
0030 S if SO anything else if not'*)
0031 104 FORMAT( Do you want to stop this program or al0t sOMe more wues

7

0032 S/ If you are qoang to stop it, just key STOP. Anything else will
0033 g 3ive you further instr ctionsl')
0034 105 FORMAT (/12XS2XFIO.6)/SX,12,SX,S(2X,FIO.6)/12XS(2X Flo 6))
005 107 FORMAT(" Do you need a complete new frame?"/" Answer YtS or NO'-)
00 108 FORMAT( If you want the plott on the plotter, key PL, anyihinqels
0037 se for the terminal '.)
0038 113 FORMAT(' You decided to to et a waveforM from the AD-'/'Enter the
0039 a followina now : AD channel )
0140 114 FOrMAT(" uber of repetitions, bladepair (1-9) "I
0041 11t FORMAT(" Enter the corre%pondAnq number for the waveform you want
0042 %to draw!'/' The arranqe!ent i :/' Yaw pos T 1 2
0043 s 3 9/9X" DATA( 1,J), DATA(2,J), DATA(3,J),
0044 ,.. DATA( 9,1) - Probe"/)S
0045 116 FOAMAT(" Do you want a plot of another waveform7"/' If so, key YE.
0046 An y other key w sll ttop the program'

-
)0047 149 FORMAT u3A2)

0048 1111 FORMAT f STATEMENT 0 t"13" ERROR 0 * '14" DETECTED')
0049 LI - LOGLU(ISESSN)
0050 001 WRITE (LI,1OQ)
0051 READ (LI t4V) IDUM
0052 IF ( IDUM EQ. 2HAD ) GOTO 025
0053 WRITE (LI,101)
0054 READ (LI,149) IFILE
0055 WRITE (LI,102)
0056 READ (LI, I) ICR0057 CALL OPEN (IDCP,IERR,IFILE,IOPTN,ISECU,ICRIDCDS)
0058 33 = I
0059 IF (IEIR .LT. 0 ) WRITE (LI 1111) TJIERR
0060 CALL READF (IDCB,IFRR,DATA,tL,LEN 1)
0061 J3 = 2
0062 IF (IERR .LT. 0 ) WRITE (LI,1111) 3J,IERR
0063 31 = 3
0064 CALL CLOSE (IDC9 IERR 0)
1065 IF (IERR .LT. 0 f WRItE (LI,lill) J3,IERR
0066 OOS WRITE (LI I1s)
00o7 READ (LI 5) 1
0069 It t I .
0069 XK * 1.0
0070 DO 010 3 1,256 1
0071 X(') 3 X0
0072 010 Y(J) - DATA(I1,J)
0073 LU 1
0074 ID 1 I
007S WRITE (LI 107)
0076 REA 1 LI,14

9
) IDUM

007.7 WRITE (LI,108)
0073 READ (LI,1491 ISUP

Figure 1-3. Listing of Program to Plott Raw Data Waveforms: &WAVE.
(Continued on next page.)
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0081 CALL PLOTR (IGCC,10 1 LU)

0082 CALL SETAR d1GCB.,x.t)o
0083 CALL VIEWP ( GO20. 10.20.,.68
0084 CALL WrNOW (0I9GCB A -1 a. 1~ 6)
Does IF ( IDUM .ME. ZHrYE') cO it

119 ALLFXD (IGCOB~00,3 CALLGRID (tGC,-1*,1,00a04.2,.
D088 015 CONTINUE
0089 CALL MOVE (IGCB,X(I),Y(I))
0090 Do0020 J 2256 I
3091 020 CAL DRAW (~b)3,()
3092 WRITE (LlX li 103) ,YJ)
0093 READ (Ll,149) IDUM
1094 IF ( I DUM EQ. 2NIE ) OTO GS
00o95 COTO 050
0094 02S WRITE CLI,113)
0097 READ (LI, S) ICNAN
0098 WRITE C LI,114)
0099 READ (LI, 1) 1ILADE
0100 ISTART *(IL6E-u 8s 2S6 - 1
0101 ISTOP *ISTART 25
0102 it 0
0103 DO 035 I: START,ISTOP.1

010s IBLADE *I + 256 - t000001
0106 CALL EXEC (3,19)LDE
0107 CALL EXEC (t,19 IRPM 110LDE
0108 CALL EXEC (1,20' I90,A,ICHAN,G)
0109 ffOJVO - 0,0
0110 DO 030 J - I N I
0111 IPUFF(J) * I4NdTCI9UFF(J)MAK

0I 0 Rb FF L FLAT(IfUF (3 )/ 32 68,
all 030R1UFO RRAUFF - RIOUFO

0o114 03S Y(It) =((ROUFO*FSVLTG'/N)
I0115 LU I
0116 ID I
0117 WRITE (LI,107)
0118 READ (LI,t49) IDUM
0119 WRITE (LI i0e)
.3120 READ ,(LI,149) II4UM
0121 IF (IOLM EQ. 2NPL ID =2
0122 IF (ID EQ. 2 )LU =13
0123 CALL PLOIR (I CB,ID 1,LU)
0 124 CALL S TAR(IC,.
0125 CALL VIE0d (IGCI',20. 100. ,20. ,68.)

016 CALL WIHT W (ICCOO .;S 6  -1 0 1 0)
012-7 IF ( IDUM .ME. 2HYE ) Gd O 646
0128 CALL FxD UICC8,2)
0129 CALL LGRID ICb..,00.,..,.
0130 040 CONTINUE

*0131 CALL MOVE (IGCO,I,Y(1))
0132 Do 0 45 .0 -.2 A56 1
0133 X(3) * I Co

40124 045 CALL DRAW (IGCB,X(J),Y(J))
0135
o106 050 WRITE (LI,i04)
0137 READ (LI,149) IDUM

* 01 0 ( I UIM. ZHST C OTO 01
0139 ST p 77

0140 EN4D

Figure 1-3. Listing of Program to Plott Raw Data Waveforms: &WAVE.
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APPENDIX J

DATA REDUCTION PROGRAM &ABRED

Program &ABRED was explained almost completely in chapter

6.4. More detailed explanations shall be given in here

where they are needed. Figure J-1 shows a self-explanatory

flow chart of the program while Fig. J-2 is a complete

listing.

From the flow chart it is obvious that the first and big-

ger part of the program deals with overall flow measurements

from the combination probe. The data reduction of these mea-

surements is not explained since Ref. 1 deals with this in

great detail. It should be mentioned that the raw data used

for the combination probe data reduction is the average of

the raw data which was acquired along with the acquisition of

any set of Kulite probe data. Thus the results of the com-

bination probe represent one average flow vector which is

assumed to be constant throughout the data acquisition pro-

cess. As the Kulite data used for the on-line calibration is

derived from the whole raw data acquired also, this seems to

be a reasonable way. The principle of the on-line calibra-

tion was described in chapter 6.1 already. If a print-out

of the control parameters was chosen, the result of the on-

line calibration will be displayed in the form of a linear

equation relating A and B probe pressures to voltages.
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The results of the on-line calibration are first applied

to the dc-level values from the A and B probe in order to

calculate the average flow vector. Chapter 6.4 shows the

results of this process. The procedure used to derive these

values is in principal the same as the one used to calculate

flow vector quantities for the individual measurements. In

order to check the quality of the data reduction, an output

of the A and B probe results as derived from their approxima-

tions can be produced. The yaw and pitch angle as well as

Mach number are derived from the approximation results and

printed out. These values can be compared to those derived

from the combination probe (see 6.4).

Then the DO-loop for the reduction of individual data

points is started at the position (ISTART) determined earlier.

For any of these positions the results of the on-line calibra-

tion is applied to the raw data first, so that absolute pres-

sure values exist. The data reduction procedure as described

in 6.4 is then applied to these values. Using the local Mach

number as well as the total pressure as derived from the A

probe, pressure coefficients CPA are derived as functions of

yaw angle and can be printed if desired. The examination of

these values proved to be very helpful in the evaluation of

the quality of the achieved result.

Since the A probe has only one calibration curve CPA as

a function of yaw angle, as long as the pitch angle and Mach

number do not exceed the range of the calibration, for any
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measured position the same curve should be resolved. The

use made of this fact so far is described in chapter 7.

When the DO-loop for all described positions is completed,

the reduced data is stored in a file. Only pitch and yaw

angle and Mach number ( or x ) are stored, since they are

sufficient to describe the individual flow vectors.

Common Block Identifier Variable

DTA2 Xl, Y

Variable Type Description

AAO Real A probe yaw angle for aligned flow

ABO Real B probe yaw angle corresponding to
max. probe output

ASL Real A probe yaw angle 630 left of flow
aligned yaw angle

ASR Real A probe yaw angle 630 right of flow
aligned yaw angle

BETA Real Dimensionless pressure coefficient

BETA2 Real Relative rotor exit flow angle

COECPB(7,7) Real Data array for coefficients of 3-D
CPOB approximation

COEF(7) Real Data array for 2-D approximation
coefficients

COEKP(7,7) Real Data array for coefficients of 3-D
Kulite pitch angle approximation

COEKX(7,7) Real Data array for coefficient of 3-D
Kulite Mach number approximation

COEOP(7,7) Real Data array for coefficients of 3-D
combination probe pitch angle
approximation
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Variable Type Description

COEOX(7,7) Real Data array for coefficients of 3-D
combination probe Mach number
approximation

CPA Real Pressure coefficient from A probe

CPAMAX Real Maximum pressure coefficient from
A probe

CPBMAX Real Maximum pressure coefficient from
B probe

CPOA(6) Real Data array for 2-D approximation of

A probe pressure coefficients

DATA(20,256) Real Data array containing the raw data

DEAMAX Real First derivative of approximated
function EA (voltage A probe) of
yaw angle for maximum of EA

DEBMA Real First derivative of approximated
function EB (voltage B probe) of
yaw angle for maximum of EB

DELTA Real Pressure coefficient

DP Real Pressure difference for two pressure
values corresponding to two yaw angles
which are separated by DX

DPA Real Difference between actual A probe
pressure and value derived from poly-
nomial aproximation at each yaw
position.

DPB Real Difference between actual B probe
pressure and value derived from poly-
nomial approximation at each yaw
position

DPX Real First derivative of the functionPA(a) - PA(a - , )

DX Real Given spread in yaw angle between
PSAL and PSAR

EAMAX Real Maximum voltage from the A probe

EBMAX Real Maximum voltage from the B probe
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Variable Type Description

EQ3 Real CPOA- maximum pressure coefficient
of A probe (used in on-line calibration)

EQ5 Real CPOB-maximum pressure coefficient of
B probe (used in on-line calibration)

GAMMA Real Pressure coefficient

ICR Integer Cartridge reference number

IDCB(144) Integer Data control block

IDCBS Integer Control block length (of IDCB)

IFILE(3) Integer Array containing file name

IL Integer Total number of words read from data
file (two words for one value)

IPRINT Integer Decision variable (control parameters
yes or no?)

IPRINI Integer Decision variable (calibration coef-

ficients yes or no?)

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions

ITYPE Integer Type of data file

ICLR(3) Integer Command to clear line above cursor

LI Integer Input device number

LO Integer Output device number

NOLF Integer No line feed command

NOCR Integer No carriage return command

PA(9) Real A probe pressure values from indi-
vidual measurements

PAA(9) Real A probe pressure values from averaged
(dc-level) measurements

PAB(9) Real B probe pressure values from averaged
(dc-level) measurements
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Variable Type Description

PAC(9) Real Calculated values of A probe

PAMAX Real Maximum pressure value of A probe
output as function of yaw angle

PB(9) Real B probe pressure values from indi-
vidual measurements

PBARO Real Barometric pressure

PBC Real Calculat--i values of B probe

PBMAX Real Maximum pressure value of B probe
output as function of yaw angle

PHI Real Pitch angle

PKB Real Maximum absolute average value of B
probe pressure

PREF Real Average value of Kulite reference
pressure

PREFP(9) Real Array of reference pressures for all
9 independent yaw oositions

PSA Real Static -ressure equivalent of A probe

PSAL Real Pressure reading of A probe for a yaw
angle 63' to the left of the flow
aliqned yaw angle

PSAR Real Pressure reading of A probe for a yaw
angle 630 to the right of the flow
aligned yaw angle

PSTAT Real Static pressure

PSTATA Real Static pressure minus Kulite reference
pressure

PTOTAL Real Total pressure

POA Real Maximum pressure output of A probe
(on-line calibration)

POB Real Maximum pressure output of B probe
(on-line calibration)
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Variable Type Description

P1 Real

P23 Real Pressure values of combination probe

P4 Real

RADIS Real Radius of probe tip location

RDATA(3,256) Real Reduced data array

RPM Real Compressor speed

SECTA Real Intercept A probe

SECTB Real Intercept B probe

SLOPEA Real Slope A probe

SLOPEB Real Slope B probe

TT2 Real Total temperature at rotor exit

U Real Circumferential rotor speed

XM Real Mach number

XU Real Dimensionless circumferential rotor
speed

XVEL Real Mach number equivalent dimensionless
speed

X0 Real Starting value for the iteration to

find PSAL and PSAR

Xl(256) Real Data array for 2-D approximations

Y(256) Real Data array for 2-D approximations

YAW Real yaw angle

YAWA(9) Real Array containing A probe yaw angles

YAWB(9) Real Array containing B probe yaw angles

182



REA DSIEDSTARTAN

REDUCE OMBINATON PROB

EC OR UTIUTIOFYS

N PRINT COEBINATION PROE RSUL

READ RA OATA I L

Figure~ ~NT J1FlwCARRof Data(Rdutin rora3&BED

V CT



PPROXIA C-VOLT4A
F A-RO ASF UNCTION

-i F YAIIANI LE

vii CALCULATE MAXIMUM VALUE OF
APPROXIMATED CURVE iEAMAX

ALuLATE' CPONAM FRT1

ITCHANGLE DERIE R
EHE COMBINATION PROBE

ALCULATF PAMAX USING CPOA.
TOTAL AND PSTATIC FROM
HCOMBINATION PROBE

ERIVE THE A-PROBE rNTERCEPI

PPROXIMATE DC-VOLTAG

CA LAE AXIUM ALC OFLTO

( ~ P P R O X I M A T E D C RV E A E M X

2

Figure J-1. Flow Chart of Data Reduction Program SABRED.
con't
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CALCULATE 09 FROM H.
PITCHANGLE AND MACI4NUM-

M NA 109 PISSE

CALCUI.AT PUSiAX USING CP0S,1

PTOTAL AND PSTATIC IRDN.
THE trfmRtNATION PROBEi~~ DERIVt TH -PROBE INTEREP
FROM POMAX ERMAX AND THE
SLOPE ESTA LISHED IN THE
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J ! I rRRELAT ION

CALCULATE PRESSURE VALUES
FOR A- AND P-PROBE FROM

Figure Jl. Flow Chart ofGE DataRe cin proLa YAW-POSITONS UINGcTEnRE
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APPROXIMATE THE A-PROBE PRESSURE]
JALUES AS AFUNCTION OF YAWANGLE

CALCULATE PRESSURE VALUES PAMAX.
PSAL PSAR AND CORRESPONDING YAW'
ANGLS FROM APPROXIMATED CURVEI ~ IPRINT=YE7 E

APPROXIMATE THE B-PROBE PRESSURE
-VALUES AS A FUNCTION OF YAWANGLE

.ALCUtATE THE MAXIMUM PRESSURE VALU.
BMAX FROM APPROXIMATED CURVE AND
HE CORRESPONDING YAkhANGLE

V RI* PRESSURE COEFFICIENTEN~AND( FROM PSAL.PSAR AND POMAX

CALCULAtE, MACHNUfIBER AND
PITCHANCLE FROM ANDr

PRINT RESUILT S OF AVERAGE
VALUE DATA REDUCTION

4

Figure J-1. Flow Chart of Data Reductionl Program &ABRED.
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4

CALCUJLATE ACTUAL YAW POSITIONS AND
REFERENCE PRESSURE VALUES OF A- AND
B-PROBE FOR ALL YAWANGLE SETTINGS (9)

DO 270 I=ISTART lEND I
(I IS INDIVIDUAL PdSfT16 N

CIRCIJMFERREN'TTALLY)

CALCULATE ABSOLUTE PRESSUJRE VAL UES
FROM RAW A-AND B-PROBF DATA liING
THF ONLINE CALIBRATION RESULTS

APPROXIMATE A-PRUBE PRESSURE V~AL.UES
AS FUNCTTON OF YAWAN(CLE AND CALCULATE
VALUES PAC USING THE APPRQXIMATTON FUR

.. ATUA YAWANGE ISJ

YES
IPRINT=YE?

NO
PRINT R.,11LTSO
A-PROBE EAlAiO

APPROXIMATE 8-PROBE PRESSURE VALUES

EAS FUNCTON OF YAWANGLE AND CAI.CIJLATEVALUES PBC USING THE APPROXIMATION FOR(THE ACTUJAL YAWANGLES i

Figure j-1. plow Chart of Data Reduction Program &ABRED.
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ALCULATE AND PRINT THE
TATIC PRESSURE flSING PAMAX
ND THE MACHNUMBIER
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iANRED 7-01044 IS ON CRSS027 USING 00142 SIKS RubS,0

0602l PK PRGAM OWED (3,v94

g00s C . THIS 1S PROGRAM ABBE~uction) FOR THE A-D PROBE SYSTEM.

406rt1K (f*6ESION1 LWEEN WIT A! SELPFUTE NEW AB
90074 F f RORA H ON R)

9010 . IF Any TEW PROBES tKUL ITE AS WELL AS CONBINATION POE
:0 UF ~tRECT FILE NAMES FOR THE COEFFIIENT

*013 C FILE 0 CONTAINS APPROX. COEFFICIENTS: DATA ARRAY NAME

~16 1 KULITE PROBES MACHNUNBER COEX
00is 3 K ULITE PROBES CPO$CBC

301 C .O2RDITI PROBE PITCHANGLE CaLEB

"020C

:10314 SATA( 9,254),X1(25) Yt12Sh) COEV(7)
302s CO OX(7,7) ,COEOP,?),COEKXf,?,CEKP(7,7)COECPB(7,7)

04OtPAA(93 ,PAII(9) IYA3AC9) IYAUO(9)
01I LPA(9) PS(Y) ,PAC(q) 'PREFP(9)

0026 RaL RDATA(3,2S&)
0029 DI"ENSIO CPSAI6)
"03 0 ITEE I tC 144) 4fIlff3) .ISIZE(a)
003 IT12ER NI NOCI)ILLRWj
031 DAT7A CPOAI1) /R W~0S921 ;I
so33 DATA CP64A2) i *03S647S I
034 DATA CP0A(3) ,' *724"24/

TA gAAPOA4) %:20W9
.0037 A~TA CPOA(5) /-2

3 jf
DATA CP gAI16 I /.9

900 DATA IDCBS 144
300 o W E ;O 11jjj49,OS7

0041 1*I ROLF %06I351S.0S7
304 366 FORMAT (* OUTPUT INPUT DATA TO ANY OTHER DEVICE? ENTER NO

31JAS 316 FAT ( 0 YOU WANT AN OUTPUT OF THE CALIBRATION COEFFICIENTS7'
a "46 */* ENTER YES IF SO 00 ANYTHING EL§S IF NOT$'/" 'Al)*1047, 31S FORMAT I-DO YOU WANT AM OUTPUT OFTECONTROLL PAPAMETERS'"/- XE
11948 IT Y S IF SO OR ANYTHING EL If' NOT"E "A41)

.09 OF MA(//* A 'ARE"/)

0 *3"FRAT (" ENTER RA DATA FILE'/
10S3 U ON'T GOSSI SECURITT CODE & CANTRIDGE REFERENCE NUMBER "/

1" A2)
005 40 ORMAT ((3&2) IX 2t 2
3(II6 4S ORAT 4"ET, 1NUABE OF THE START AND END POSITION /

D057 A5
I5 as 0 FRMAT 413 Ix 13)

'1060 It RAW DA1A .....E .......

it?& 1&0 FORAAT(/' FLOW AVAIACEZ? VALUES AS ESTABLISHED WITH THE COIIINATION
, N PIOVE'/hI Ptelal(INCH 1420) Pso'onc(INFH q23)"ve w16Mact12X*

31044 W~ft4iv9q"WXYawideq)*02SX, 13 61 b) 2x 4 5),2(3x P7 .2)/)
306% 345 FORMAT (* EQUATION FOR A-PROBE PRtSSUIR %/PA - -F12.6" + *P12.
4064 6 S VOLTAGE trow)O. I1 * POEF(INCM W20)')

.967~~~ 90 ORAI PA - *FIBS' rPO9 - "F19.7)
h0o 171 FORAT 4"jEQUATION FOR B-PROBE PRESSURE ;/* PSB *F"12.6'" F 12.
169 *6' S 14LTAEPe9S@ PREF(TNCH 1H21)"
170 301 FQRMAT I0PA 0)PAbis) 1AWAto) 'rAW(*)"/)

71 J IRI~MAT (12 A44 IX F? 5))
Fs FUNOT(- £-PROfE APPROXIMATION4 RESULTS :YAW - 3(SX,F9.2)/16X* PR

0073 SGURE (INC" H420) -* 3(3X,F%1.6),29X* CPAMAX FS 1O41)~0 ~ 35FRA, BPOEAPPROXIMATION RESULTS :YAWS - "PS.t" PRESSURE~5 sC INcN K201 f-IP6.,.'
q 40 FORMAT4" AVERAG VALUE RESULTS FROM THE A-B SYSTE4"'/SX"5FTA"4%*C

Figure J-2. Listing of Data eduction Program &vAB1RED.
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i079 46S AT(/,W/flh POS*16X*DotahSX'GaG6X*XvelSX'Pich7?X'YaewS
'#0be *X BETA2)
a0th 4tO FORMAT(' YAA14) PAMZ) PAC(I) SPA YAWBM() P
S00 66(I) PvCCI) DPs*)
009 4 FET( 21 % F )) "its / 4 F 421 1 4 0 F 2C

06 440 FORMAT(" NTER THE NAME FOR THE FILE CONTAINING REDUCED DATAI'/
1339 8" DON'T FORGET SECURITY COD & CARTRIDGE REFERENCE NUNBERW/
3090 it I I "A2)
a0 44S FSRMAT (/,. *JPJE STlIPN§* ? "~) *

I09 11 F RMAT (" STA T NV A 1 RRUR 6
009. 1149 FORMAT ((3AZ))
094 LI - LOCLU41SESSN)

34 ITE L 149) IjLII 2)

,1# COF E . NO )O o 1

196t . ) GO TO OI

a I SL .. ) GOTOOS
dies ll 10 050105 616 LO - 0

'.tt0b Its F (LO ;EO. LI) LO - S
b 107 WRITE ILI, 51 OIF
4 t oEAD (LI t149) IPRINI
119 UWiTE CLI,1149) (ICLR,1111,3)011O WRITE (LI, 315) MOLF

it READ (LI .149) IPRINT
0112 WRITE (LI,1149) (ICLR,I1l 8 1,3)
5113 C .................................................................
.114
-ils ; FAD C7EFFCINTFILE FOR TH5 KULITE MACHNUMBER APPROXIMATION
at FRON D SC INT AN AY COEKX(,7).I ~~Ots i ...... .. .. . . . . . . . . . . . . . . . . . . . . . . .
gill C IF ( .L. -3WRTE(, ...
0AL IFILE() R EST

IFE(3) - 2HXV111 ISE U 00
I I'l ICR 26
I364 CALL OPEN (IDCDIERR,0F)LEIOPINISECU,ICR,IDCBS)

,167 ILL ZEADF (DCD,IERN,COEKX, LEN,I)

01.19 @ F ( IERR .LT. OE40WRITE 1.1,11i ) 3,IEARR
3130 Cn. (10OS ' 0IC, R,)

0132 IF ( leE .LT. 0 P WRITE (LI,4111) 33,IERR0133 IF (1Pitz"I ;ME. 2HYE) GOTO 02
.;134 C .. ... ... ... ... ... .. .. .. ... ... .... .. .. .... .. ... ..... .... . . . .ji3S C

613 C OUTPUT INPUT DATA.
.136 C
1137 C
.. 38 C .........

,140 IF ( LO NE 0 WRITE (LO, 320) IFILE
114 WRITE (L, 3S? (lZ,ZI ,)
t42 IF ( LO .ME. 0 ) WRITE (LO, 3,5) (11,11-1 7)
3143 f0 020 t. 7,1
144 IF I LO L .I, 0 ) UWRITE (LO, 330) I1,(COEKX(I1,31),31st,7 )' '145 020 WRITE IL!, 330) I1,(COEKX(11,3t),Jtt,?,1)
14S C'1 4 C .... . .. .. ..... ... .... ..... ... .... . .. .... ... ... ... .... .... .. ..... ..,*A47 C

148 C READ COEFFICIENTFILE FOR THE KULITE PITCHANGLE APPROXIMATION
'49 C FROM DISC INTO ARRAY COEKP(7,7).
"SO C

1t54 IFILE(3l - 2HEI
15 IALL OPEN (IDC3.IERR .IFILE.IOPTNISECUICR,IDCDS)

IF a IERN .LT. 0 1 WRITF (L1,11111 J3,IERR
Il5 CALL RFAOF (IDCB.IERR.COEKP,.3.LEN,t'

(

Figure J-2. Listing on Data Reduction Program &ABRED.
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LL LOSE i tka a %J
T

E C11,It) J3,IER2

31S

itll
''OUTPUT INPUT DATA.

68
'H '~ ~ ........ ,;' i. .. ..... ..... ..... ..... ...

If ( LO .ME. 0 ) I
)1 A 4ITE QL) we2 5 ( • t LO 32 ) 1
0i74 DO030 It-3) IF I LO .tI4. 0 ) USIT (t.0. 336)11, tCO£1KP(I1,J1),it'1,7,1)

. 030 T I 3T

Vj~YFL $.KU5LIZTE CP45 APVUOX1ATtOMC. oo7 ....... ........ ...................................41 0F ON DISC INTO ARRA C [Pq,,

1164 IVILE(2)...2fST
lie5 IF I. (3) " 2*ICP

;is& CALL OPEN (IDCDIERR,IFILE,IOPTN.ISECU,lCUt. IDCS)
,++ ~ ~ T_ I ERN .LT, m (Lldtttt) JJJE£R

113 L LT. 6 WRITE (LI 1tt1) 3J3IERR

39 9't94 F ( 1£t" "O).IT'I~tt)3,ERRt
F RINI ME. 21IYE) GOT,

, .......... I . ........ I .........

Ig C OUTPUT INPUT DATA.

2061 C. 1 a ...... . .... I... I........ I... I -... I....... ........... . . . . . . . . .

21 C RITE (LI, 320)IFILE
26 IF ( LO M I ) WRITE (LO, 326) IFILE

4933 WRITE (LI, 32S) (t1,1i1-,71
j614 IF ( LO .ME. 0 WRITE (LO, 325) (11,11=1,7)
3OIS 0A 11-.1 7,1
;206 IF 0 W. . 0 WRITE (10. 330) II(C0ECP0(I1,J1),31.t,7,I)
)26 64 0 0.%ITE EI, 30) It,(COECP 3II,J3)1 i,,,7.)'. G .. .. .. ........ . ......... .......... . ......... . ... ...... .........

I AC FFIETFL STHE 016MTGOEfACHNNIMER
AIIPPROXbTlN MINTO ARA CO O( 7 ,).

..13 ..".. .....
%4;t 04 g . =
tb L(2) 2KC
'17 IFIL 31 N

-, CALL OPEN tDCU, SERR IFILE,IOPTNISECUICR,IDCDS)

IR .LT 0 ) WRITE (LIlill) JJ,IERR,2,t CALL READF (SCb.IERRCOEOX,V8.LENI)

-E, S .L. 0 ) WRITE (L1,1111) JJ,IERRALL CLOSE t IDCVI EAR, 0

S 3 il 12

;""", I4R 4 .2HYE) GQTO
2 ......... , ...... .............................................

-:'. C OUTPUT INPUT DATA.

IF .O .NI A 4 ) WRITE (LO, 320) IFILE
S tIIT Skl, 3 ) 7I. ' ,)

If ( Le M. a ILO, 32S) (ll,I1.1,7)
D 00 31.) I- ,1

Rs IF O W"' WRITE (LO. 3301 I1,COEOXI,3I,3l-1.,1

Figure J-2. Listing of Data Reduction Program &ABRED.
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-

)?39 OSO WRITE (LI, 330) I$,CCOEOXlI1,31),i$.1,7,1).4 0 C ,.. .. ... I. .. ..... .. ..., .. .. . ... ... ... .. .. .... .. .. ... .. .. .. .. .... ...'4l C
242 C READ COEFF CIENTFILE FOR THE OoS1NATIONPNOVE PITC4ANGLE

1243 C . APPROXIMATION INTO ARRAY COEW'(7,7).
44 C

z24S C ....
..4I 095 IFILE(l) ZNCO
247 IFILE(2) 2NEF
.48 IFILE(3) 2H2P
:249 CALL OPEN (IDCDIERRIFILEIODTN.ISECUICIDCS)

'A 3 13
ARR .LT O RIE (L1,1111) 3 JIERR

CALL F , RRCO OP,98,LEN, I)
;2S3 JJ 14
.254 IF ( IERR .TI.?. 0 ) WRITE (M1,!111) 3,IERE
2SS CALL CLOSE (I DCIERR,0)

(LSill JJ - 1S
257 IF IERR .LT. 0 1 WRITE (L!,111) 33,IERR
325e IF (IPRINI NE. 2NYE) GOTO 06569 :,,1-b*b . . . . . ...... ............ ............ .......... ...- - ....OT U N U A A

2b1 ~ OUTPUT INPUT DATA.
C

,64 E( Li....... . . ......
.2bS IF ( LO NE. 0 wRITE (LO, 320) IFILE
J166 WRITE (Lr, 32S) ZZZt,7
b7 IF ( LO .ME. 0 ) WRITE (LO, 32S) (1,11=1,7)

'268 DO 060 111 ? 1
.269 IF ( LO H. 0 W WRITE (LO, 330) I,(CQOCOP(I$,Jl),Jt1,7,i)
:70 060 WRITE (LI, 330) XCOPI31J117,1)

273 06S WRITE (LI, 335) NOLF
;274 READ (LI, 340) IFILE ISICUICR
-27S WRITE (LI,149) (ICLRI1 =1,3)
'176 IL 10240
.277 ISIZE(l) 80
;278 ISIZE(2) V 128
"179 CALL OPEN (IDCB,IERRIFILE,IOPTN,ISECU,ICRIDCS)
.190 J3 = 13
;91 IF IERR .LT. 0 ) WRITE (LI 1t1) JJ,IERR
il CALL READF (IDCV,XERR,DATA,ICLEN,)UJ * 14
284 IF C IERR .LT. 0 ) WRITE (LI,1111) 33,IERR
•29s CALL CLOSE (IDCBIERR,Q)

287 IF ( IERR L. 0 ) WRITE CLI,1il1) 3J,IERR
299 WRITE (LI,34S) NOLF
299 READ (L1,3SQ) ISTART IEND
.290 WRITE (LL,35 ) IFILE.ICN
291 IF ( LO NE , 0 ) WRITE (LO,3SS) IFILE,ICR
292 C
!293 C
294 C COMBINATION PROBE DATA REDUCTION.
'29S C296 C•29 2 C ........ ' : ......................................................
297 Pi 0.0
-98 P23 = 0.0
"?99 P4 = 0.0
300 PREF = 0.0
.301 RPM • 0.0
102 RADIS = 0.0
103 YAW 0.0
'04 TT2 0.0
70S D 0(70 1 191
136 1 (1-6) * z0
317 PPARO * DATA(20 J+,)*l 358'
-) P1 Pi + (6ATA(20;J 1) - DATA(03 1' PARO)*iCO9ItOr0
-.9 P23 P23 * (DATA(20,J 4) DATA(2?:J 1) - PIAROIRa 0oIO00
kto P4 P4 * kDATA(20,J- S) PATAQ24 .4 ) + PSARO)wIOO1000
J1 PREF PREP- DATA(20,3-4). 100 * 1400

RADIS -ADI".(BAtA(' + A 333 +,-.940AT, t,*.0)*DATA(Z0,S.*2,),3*tO00
'14 YAW YAW DATA(20 3+91 X 10000
its 070 TT2 T72 - (DATA( 0,J-iS) + DeTA(20,J lb)) 9 1000
316 Pt Pt /9
317 P23 =P23 /
;19 P4 - P4 /4
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.R . . . .VM- RA.DI.

1?5 TT2 -31.9557 # 30.b827 S TT2 M :03679 S TT2 STTZ
26 TT2 * (T12 -32) a S / 9 + is731
37 VT2 *ST(200088 TT2

328 U *(RPM /601 *RADIS 2 * 3.14159 S6.0254
.329 XU -U iVT
,30 BETA (PT P23 )I / P23
AT - P I / GAMA P P2

DELTA = GA MA S BETA
133
334 XVIL =0.0
35 PHI 0.0
I3 DO 07S I 1 1,7,1
337 DO 075 2 1 7,1
;338 XVEL - XU;L 4 (COEOX(11,I2)$D LTASS(I2-t))IGAMMAsS(I1-1).!3"39 075 PHI e PHI (COEOP(It. I2)*DELTAX$(I2-1))$f)AMMA*"(11-1)340 X SORT ((2/(,402-h))*((VEL*XVEL)/(1-(XVEL*XVEL))))

:34t PTOTAL S Pt
.342 PSTAT PTOTAL * (i-XVELUXVEL)8•( .402/.402)
i343 WRITE (LI,360) PTOTAL PSTAT EVEL EM PHI YAM
:344 IF f LO .NE. 4 ) MRITE (LO.3bO) LTOT LPSTAT,XVEL,XMPHIYAO
1345 C ..................................................................
1746 C
.47 C . PERFORM ONLINE CALIBRATION. A-PROSE FIRST.
,349 C
3349 C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
350" S C . ..... .......... ......... .......... ........... ......... . ....... ..
352
3S3 E FIND MAXIMUM OUTPUT OF A-PROBE.

13S4 C
ASS C• iisb o " "i 6 *" i ......................*''*',........... . . . . . . . .
)3S7 1 • (I-i) 5 20
ASS XII() u DATA(J0 3411) * 10600 * 3.14t59 / 180
1359 080 y (I) DATA( '03+17)
:360 CALL MAT2 (9,SCOEF,-4)
;.36 1i C ..................................................................362 C
1363 C INITIAL ESTIMATE FOR THE APPROXIMATION IS iYAW - 22 (deg)

.364 C
"36S C ...... ..................... .......... .... ...... ....... .........
T366 XO - 0.4
;367 08S DEAMAX = FND (4 COEF XD)
3368 IF(ABS(DEAMAX) .Lt. 0,6001 ) GOTO 090
S: 369 X8 -, X& -DEAMAX / (2*COEF(3)4b*COEF(4)SXO+2*COEF(S)*XOXO)

1 090 JAMAX M FNP(4 COEF XO)
i372 SLOPEA = (DATA11,166) DATA(I,I8O))/(-2.0)SO03O0OO0
:373 PHI * PHI * 3.14159 / 180.
1374 C ....... ....... .... ........ .......... ........... ....... ............
.)375 C
376 C CALCULATE CPOA(E03) FROM COMBINATION PROBE RESULTS (PITCH)
3"7 C
378 C

--.... "' ";....;.........................................
j38U PAMAX - E03 * (PTOT4L-PSTAT) * PSTAT
3381 SECTA - PAMAX - PREF - SLOPEA 9 EAMAX
39: POA * SECIA S 'LOPEA S EAMAX * PIREF
:383 IF ( IPRINT .NE. 'HYE ) OTC, 095
,3a4 WRITE (LI 365) SECTA SLOPEA
1385 IF (LO Nt. 0 ) WRITt (LO,365) SECTA,SLOPEA
39 095 CONTINUE-I s S E ..................................................... .............
'89 C .S3-PROBE CALIBRATION.

.390 C FND MAIMUM OUTPUT FIRST.391

392 .... ....... . . . . . ...03 3 0 0 t o o I i,8 , l

.394 3 ( (-0 8 20
"19S y1X0(0 ) 8TA( ,,.,3) * 10000 3.14I59 / 190,;396b too y D ) ATA( OJ*11S)

397 CALL MAT2 (9,S,COEF,-4).19 p C . ..... .... . . ... ..... ... .... ..... ... I. .... .... ... ..... .... .. . .

Figure J-2. Listing of Data Reduction Program &ABRED.
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0399 C
0403 INITIAL ESTIMATE FOR THE APPROXIMATION IS YA6 * 0 (deqo)
0401 C . . . . . . . . . . . .
0402 C...
040
040 lOS DIMA ND (4,COEFXS)
046 IF (ABS(IESMA) LT. 0.00601 ) GOTO 110
0406 XO X8 - DESMA / (2COtF(3).6SCOEF(4)sX.x23COEF(S)SXOsX)
0409 T0
0466 11 EI4MAT , FNP A(4.COF ~XC)
469 STA PS TT E
0410 EGS = 0.0
04110411 ......... ........ .. .. .........................................

0413 C CALCULATE CPOS FROM COMBINATION PROBE RESULTS.0414
04, S

0417 DO Its J1 - aSt
04t9 I litE (LIO30 5" 3.£(C

4420 IF (LO W. R) UIfTE (LO,370) EQ3,EQ
042i POR " EIS (PTOTAL-PSTAT) PSTAT
0422 PKV POD * PREF
0423 SLOPED (DATA($ 170) + VATA(I,190) ) / (-2.0) t 1001000
•0424 SECTO = PK9 - P*EF - SLOPED S EDMAX
0425" IF ( IPRINT .ME. LINYE ) GOTO 120
0426 WRITE LI 37S) SECTB SLOPED
0427 IF (k . O ) WiITt (LO,37S) SECTD,SLOPED
046 120 CONTNUE0429

0(4306

.437043 50"25........ ............. ...................................

0439 5 = cl-I) * 20
0440 PAA4I) - DATA420,J.17)0441 PAD(Z)S DATA(20,+I)
0442 PAAIR SECTA SLOPEA PAA(I) DATA PARAM T4)iaI T00

0443 PAB(I) *SECTS * SLOPES S PAD(I, * DATA(2@,J~t451I0500
0444 YAWA(I - DArA( O,J.t1) S 10005
0445 125 YAW&U * DATA(20,J 13) * t1000044 E IF 1. IPRINT .TE. 2HYE ) GOTO 13 b
0447 RITE (LI 380

9449 IF L .NE.0O)I5NZTE(O3O
0439 WRITECLI 385) I PAA(I),PAC(I),YA A(I] YAWC(I)

044 P130 1 DAL .E 0 TA4 O,317) ,A¢,PiXYA(IW(

'3453C

0 454C AQ AA2,+6.0 4S4 P t .. .. .... .... . .. .... .. . . .. . .. .. .... . ... . .. .. .. . ... .. .

04S C APPROXIATE A PROE PRESSURES.
0456 C

0448 140 Y () .A
0449 CALL AT2 (9 ,CO -4)

'462 C
464 IND MAX. OUTPUT OF A PROSE.14O C

94b6 C

,469 10 - -40.0

+ 469 145 DP _ * (FNP(4.COCF.Xg) - FNP(4,COEV,(XO.OX)))
( 470 [F (4SS(DP) .L. b.000| ) COTO iSO
o4l OPE -2.CALL I COE 3lX-6. O.COEFc4)SOSX-3. SSCUEF(4)SDXSDX-

-14 2 . ..X. . .... ... ... ... ... .. ....E1 S EF ) X0 X D .... C... ...... ......

1464 GOTO X4 .
a4' ISO ASL X
L476 A E X a DI
'AA4 6 O * DX . 2.0
40 I PAMAX ( FNP(4,CCr,.4d,

Figure J-2. Listing of Data Reduction Program &ABRED.
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1471 DPX* ;;Al~ FjlDX-.O*0EF )*X*DX-. *OEF(1*D*Dx

92?1f * 4 .XI|'gfli-2*OFS$QISD-.SOFS*X*

147 COT 14S ' ,++ ,



48PSA (PSAL/ PSMi ) / 2.8

1494 FAMiAI 1I 19SA S

4 b TI(h.1

a9 I.L , Nut . E AF ,411 I ).499 ,C, ..... ... I ..... .,... .. .. .... .., ,.. ,,.. .... ... ..

.496 C
490 1 '1
491 She lXI4T X, IIOB Pi AtU(1)

'499

499

119 C FIND MAXIMUM OUTPUT OF $-PROBE.

.497 C H. & (9SC p4
I9SOI 9 . ......... .. ................................................... Z D fA~l M O T U F B P O t

S04 IbS DPX = FND(4tCOEF XI)
,SOS IF (AISCDPX) .LT. .6O000 ) COTO 170
so STO M O "DPX /(21COEF(3) ,SCOEF(4)*XO + 12,COEF(S)*XO*XQ)

850 1,0 Age *X0
,-So9 P319 = FNP(4,COEFBD)
StO IF ( IPRINT EN. 2HYE ) GOTO 17S
St- URITE (L 1394) ASOPSNAX
.12 1.SE. r I WTE LO,39) AD0,P..Ax

:513 
1 NI

S14 CPAX ( P94AX - PSA ) / (PTOTI. - PSA
.15 0N9 (CPANAX CP9MAX ) i CP#AX

XV L :1

16VEL + (CO (1[12) 8CA0MAlA(1I2-t)* PETAII(It-1)
8? M P;I - P +I * (COEIP(I .t2) *GAmnA*.(I2-t))* .ETAS0(I1-1)

PHI PHI * S80 / 3.14159
IA142 XVEL S cos PH z. _+IIA , 4os19oS Aj * A 4l 1 j;/ ,qO )
E ATAN((XU-XUELCOS PH83. 141 t0 S O .14t

:525 0 / XAX) S 180 / 3.14tS9
56 WRITE CLI,400) RETA,GAMNNA XVEL PHI ADOXU XAX RETA2

C IF(LO E. 0) WRITE (LO,400) £1T2,nmAXOFLPHIAPOXUXAX,BETA2
$29 0o o o .... o ,...... .., , ...... .. ........ o... .......... I.... ...
29 9 STAlRT OF DATA REDUCTION FOR INDIVIDUAL POSITIONS.

532 C ........................................... . ....... .......... ...
533
:S34SRI , F ................ .................... ........... .................
S37 C CalculatLon of vale*% which art val&d for all pestions.
538 C
539 C540 ithf (Li,45.....................................................
541 IF 4 LO E., 0 1 WRITE (LO,40S)
'i42 0 IBs I 1 191
143 3 = 02
'544 YAA(I) DATA(20, Jti) 0 10000
4S YW4B(I) DATA(,o J+13) 8 10000

S41 19S PREFP(I) DATA( OJ+14) S 100*1000
t;4. , . .... .. ... ... ...... ... ...... ... .. ...... .. .. .... ... ..... .... ..

,48 C
.49 C START OF DO LOOP I
50 C

1S3 DO 190 3 , ,i€qS4 Ji . j *I 2
q.SS J2 ,,3 2*
tS6 PA(J) DATM31,I) 0.01
S7_7 PP(j) OATA(12.11 8 0.01-;SRt PAlJ) SECIA SLOPEA SII PA PREFPJ)

Figure J-2. Listing of Data Reduction Program &ABRED.
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96 p34I) -sEcTS SLOPES S P9SJ) P PeFp ( )

964 . ApproAsnete A-probeulput.
;S6s 1 W' W W C' * i '. .................................................
64 X$t) -'Al'i6? 195 1 Z) * PA (|1)

,568 AjNA fldT2 (9 S CO *-4)
1D49 D00 I * t,9,
S70 M55 PAC($) - FoP (4,COEFYAdA("I))I-'+':+ 't+ S7 .................................................................. , , ,, . T T o , , ,o ,
574

574FIND MAX. OUTPUT OF A PROSE.

~XG -40.

so PASNAD F*(INP(4.COFAA) - IP4COIF(S)*X)))
•~ ~~XT ;6F OF1S(P /[T 0D!P OT t

36 lS • O X
I ~ , ^ X0 O IX / 2.0

A587 P~X. FWP(4 ,C (F,A0)
.588 A FNP (4,COFASL)
.e9 PIA FNP (4Cr ASR)+.19P0 SA (PSAL psAi ) / 2.0
Sol
S91 TIA *.(PANAX - PIA ) / PANAX
.93 CPAIAX. ( PAMAX - PSA )/ (PTOTAL - PS*
'44 IF (IPRINT .HE. 23YE ) COTO 21S
C9" bMIT (LI 390) ASL AA$ AS* PSAL PANAX PSASCPANAX

219 Or 0k. SI )(UWE ILO,Jt9*) ASL,AA6,ASRPSALPNAXPARCPAAX
S96 C'599
&a 0 F : APPROXIMATE 9 PROPE PRESSURES.
160, C
!b02 C

.1 . O 211'66S 22S Y (1$) PA (t0

b06 CALL MAT2 (9 5,C3EF -4)
,be? IF (IPRINT .k. Z94Yk ) COTO 225
ba0 URITE (LI 410)
639 IF (LO ' k. S ) WRITE (LO,410)
or0 225 CONTINUE
I1 C1 1 C .. .... ... ..... ... ... .... .... ..... .... ... .... .... ..... ... ... ..... . .,612 C

o13 C CALCULATE AND PRINT QUALITY OF APPROXIMATIONS.
614 C
615 C
617 P9C * FNP (4,COEFYAMD(IW))
.0 PA(11) - PAC(Z10

O5l 1 P14(l Q "ST 230
020 

r
F (IPRINT .E. Y. OTO 230

'622 *OPP
s23 IF (LO N. 0) WNR!T %O 41S) 11,YAWAII),PAIt),PAC(11,,DPA,
'624 SYAUW(11),Pq(I1) C!
b25 230 CONTINUE02b C 2 ............. I.....................................................

o27 C N
S2 FIND MAXIMUM OUTPUT OF -PROPE.-29 C
.30 C o ......... . I" .': ..................................................

I DPM L!!TW ra~ 240

. 3407 4S - DPX /(2SCOEF(3) + bSC0EF(41*X0 * 12COEF(S)UXG3K0O8135 COTrO Z35
136 240 ASO XG
63? PPMAX - FNP(4,COEF.AO)
b38 IF (1PI1NT .N. 2HYC I;OTO !4S

Figure J-2. Listing of Data Reduction Program &ABRED.
(Continued on next page.)
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',639 iIP RYE LI 395) 480 PSIIAX
640 1 ) LO .A.SIljTE (LO,39S) A*G,P9MAX

6 24S CONTINUE

;041 XVfL S
64 PH .

~649 256P1e* H11 (~i maCP(12) SANS() )6~l6

650 MPIIN X * 2NYE 1  - XV&L*XVEL ) 8 3.S
11A I11 (LkX~ 421P!MTAT

6S, IF (LO N.01UITE (LO.422) PSYAT
.4 WRITE (CL!42S)

.Ss 61 (LO WR* ITE (LO,42S)
Cs A 2 (041) 1 PSIAT) / (PANAX - PSIAT)

61 YAW Ya AIIIi)- ABC
V*ITE (Lkt436)) II A,C

640 F ( LO . UIWITE CPA4 ) I,YAW,CPA
61 266 CONTINUE

*,2 265 CONMTINUE PH6 180= 11 S / 3.14159
S6 EIA2 *ATAN ((XU - XVEL * 5IN(ABI * J.14119 / 18)S

bb6 Z OS(PHI a 5 9 1 10))/
666 5(XVEL*CDS(A$0*3.141S9/180)*COS(PNI*3.14IS9/100)))*
667 5180 / 3.141SP

669 C
!)70 PRINT FLOW VECTOR QUANTITIES FOR INDIVIDUAL POSITIONS.

674 IF MLO . 6) WAITE ILO,43
4
) I,1kTACAMMA,XVEL.PHI,AS6,9ETA2

675 R DATA(1,I) - XVEL
167 1DATA(2,I) - PHI
677 ItDATACS I) . ABC
S79 276 CONT INU

682 C STORE REDUJCED DATA IN A DATA FILE.
683 E
ba4 .......... 13

Ia UIREM) 12
667 WTE(LI,440) NOLF
A88 READ (L! 345) IFILE SUC

"19 RI~tAT 41C3IEARIV~IILE,ISIZEITYPE,ISECU,ICI,IDC3S)

69' JLL OPEN (ICIR, NICR DC9S)
691
b9* I V(IE*E .LT. il 'W4jE11A1 33IERR
695 CALL WR F 2 EDAA,ZL
696 " . a
1397 IF (IEEE .LT. 0 ) UPIVE(1,11111 UXERR
d'98 CALL CLOSE (IDCD,IEII ,Q)
'99) 33 19
1 00 I IERR .L.0) NT (,11)3 IER
lot MRITE (LI 44) IVILE ICA

TOPF 07~ ) I Tt (LO,44S) IFILEICR

19% REAL VUNCTIOW VNP(MORDER,COEVVZX)
"6 EAL EOCVV?)

17 %l a FOF( ORDER.1)
Zoo IF ( N DE0R Ea. a ) OTO 02
"@9 t1O it I 1,NOIDE0,1
-10 I NOR ER * ItI

At l. COEVV(I).ZXSAI
1 11 NP -atA

13 ItETURN
'14 E.4D
;Is REAL FgNCTI ON FND(NORVER,C0EFF.ZX)
'I. REAL CuEF

11 REAL COEFF11,6I
10 D 01 I-I.MORDIER.1

721 NOIS- "ORDER - 1
;71J01NOS .ES 0 COTO 63

7 i o, a I LDI 1
*7 4 *51,(1D +1)Z-,,?IS At a COEFFD(I)*ZXSAt

RETURN
728 END

Figure J-2. Listing of Data Reduction Program &ABRED.
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APPENDIX K

PITT PROGRAMS FOR REDUCED DATA

The plot programs &PLOTX, &PLOTY and &PLOTP can be used

to produce plots of the results obtained from the A and B

probe. They are all almost identical except for which quanti-

ties of the flow vector they plot and the corresponding limits

of the plots. Only one program description and one flow chart

are given and the differences between the three programs are

pointed out where they appear.

First, the program asks the user to key in the name of the

data file containing the reduced data along with its cartridge

reference number. This file is then read into an array

DATA(3,256). The user has to decide whether he would like a

plot on the X-Y plotter or just on the screen. Plots on the

screen are much faster than those from the X-Y plotter and it

is often only necessary to get a fast idea of the general

value of the reduced data. However, X-Y plots are rather use-

ful for documentation purposes. Once this decision is made

either way, the use of the plot has to be specified. This

must be done at any time the program is used. The physical

dimensions of the plot have to be matched to the particular

needs of the user.

Plot sizes have to be given in inches times ten. One

inch is set equal to 25 millimeters (instead of 25.4 mm) by
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the HP plotter software. The values of XMIN and YMIN (lower

left corner of plot) should not be smaller than 5.0 (0.5 inches

or 12.5 mm), in order to leave sufficient space for the line

titles. It is advisable to scale the lengths of the axes in

a way that even measures in inches correspond to even numbers

of the quantities plotted. For example, 10 degrees in yaw

angle equivalent to 1 inch. Following are the limits of the

quantities to be plotted:

For all programs: 0 1 circumferential position 1 256

Program PCOTX: 0.12 5 X (Mach number equivalent) 5 0.2Q

Program PCOTP: -4o 4 pitch angle 1 16°

Program PCOTY: 100 S yaw angle 1 50°

Before the programs are used, the operator should check to

see if his data falls within these limits. If it exceeds any

limits, adjustments have to be made in the corresponding pro-

gram line #67.

In order to compare different sets of data it is often

helpful to plot the data from two or more files on one plot.

To avoid having the same grid plotted any time one set of data

is plotted, the user has to specify whether he wants to have

a full grid (frame) plotted or not. He is also given a choice

of 7 different line styles in order to distinguish similar

but different data. For details of the line styles and plot

software details see Ref. 11.

Once all this input is given the desired program will

produce a plot as specified. In case of the X-Y plotter the

number one pen is selected automatically by the program.
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Thus the user should make sure that a good pen of the right

color is inserted in that slot. When the complete graph is

drawn, the program will stop.

Figure K-1 gives a flow chart of the program while Fig.

K-2 is a program listing.

Esternals: CLOSE, DRAW, FXD, MOVE, OPEN, PLOTR, READF, SETAR,i VIEWP, WINDW

Variable Type Description

DATA(3,256) Real Reduced data array

IBUM Integer Dummy variable

ICR Integer Cartridge reference number

ID Integer

IDCB(144) Integer Data control block

IDCBS Integer Control block length (of IDCB)

IDUM Integer Dummy variable

IFILE(3) Integer Array containing file name

IGCB(192) Integer Graphic data control block

IL Integer Total number of words to be stored
in raw data file (two words for one
data value)

ILINE Integer Line style determinator

ISECU Integer Security code

ISIZE(2) Integer Array to specify file dimensions (1st
word for number of records, 2nd for
record length)

ITYPE Integer Type of data file

LU Integer Output device number (screen/plotter)

X(256) Real Data array for X values
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Variable Type Description

XMAX Real Maximum value of physical plot size
(right side)

XMIN Real Minimum value of physical plot size
(left side)

Y(256) Real Data array for Y values

YMAX Real Maximum value of physical plot size
(upper limit)

YMIN Real Minimum value of physical plot size
(lower limit)
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START

IREAD DATA FI- E
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STOPS
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ILOTX T-0O004 IS ON C006926 USING 10014 BLKS R-6000

'a') FTN4PLPROGRAM PLOTX (3,99)
,q €10 ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

405 C THIS IS PROGRAM PLOTX(vel)

t C IT PLOTTj X (MACMUNKR) DISTRIUTIONS AS ESTASLISHED WITH
,IOs C PIORAN ADIE
log C x l ERUIVALLNT TO NACHNU-BER AND GIVEN AS A FUNCTION OF
!010 C CIRCUMFERPENTIAL POSITION.
,t, C
02 C ACTUAL PLOTTSIZE IS USER INPUT.
1t3 C!.~~'t , C. .......... i Jli . . .. .. .. .. .. .. . .. .. . .. ...........
91 REAL 0T 4S)_X (1Sb) ,Y( 2 S)917 INTECER I AT" 44) IPIL(3 ), 1SIZE 2)

019 DT SC 0

10 DATA TYPE / 1/
921 DATA IL / 2040/

-122 DATA ISIZI() / 1h/
021 DATA ISIZE(2) / 129/
')14 100 FORMAT ('Enter the name of the date file!)
025 101 FORMAT ('Enter the CR number')
0.1.4 1 02 FUPMAT(" If you want the ploit on the plotter, key PL, enythingels
'•2 te fee the termina ')
'28 t03 FORMAT ("lnter Xpl tnin o:)
0;9 104 FORMAT ('Enter Xpletpas I )'131 104 FORMAT (,Enter Ipletmee 1")
q tA 1o FORMAT ('Enter Ypketax !')

I*$ FORMAT(* Do We need a co lete new fran*n?1/ Answer YES or NO!*)
fil3 100 FORMAT (I Enter line etple (0 - 1) ')
''.4 149 FORMAT ((3A2))
"15 1111 FqRMAT (I STITIMENT 0 '13' ERROR 0 : "14D ETECTED')"14 LI - LOCLU( lifSESi,

f137 WRITE (L,106)
READ (L,149) IFILE

KPLJE (4.0 IR
booP EA = B S)!"141 CALL OPEN (IDC),IEPR,IFILE.IOPTN,ISECU.ICR,IDCSS)
,141 iF (ESS ,1T. 0 ) WIRTI (Lk 111) Si,IERR
'.44 CALL READF (IDCB,IERR, DATA, L,LrNIL)114:- J - 2
'44 IF PIERO LT. 0 ) WRITE (LX.1111) 3JIERR
(14"7 IJ - 3
048 CALL CLOSE (IDC? IERR 0)
149 r (IERR ,L-. O S WRITE (LI,tIL ) J.IERR

')'.; lY[(LX,,(2)
WRITE (1.,-42)

:,3 READ (1,149) IU .
."4 IF (INQJM gQ, -HPL - ID

IF 'D EQ. 2 ) LU 13
WRIT (11,103)

''7 READ (L1S) I

-7 0 AD (LI *S) XNAX
'0 WRIrE (L1,105)
"t READ (LI, 0) YIN
I..? *RItE (LX,106)
V'l READ (LI S) YTAX
"44 CALL PLnr (ICCpDt,LU)
I ' /S" CLL 5EIAR (IGCBl,t.3)

'64 ALL VN AP (IGC1 XM NMAX ,YMIN YMAX)"167 CAL iIdNW (I1C bO.0,256.0,O.t, 0.24)', RI, E (11¢L,107)

"IT READ (LI ,149) IDUM
I7Q WRITE 41.1,108)
"t7 READ (LI, *) I I E
'72 CALL LItE ( VGC3.KLINE)
971 IF ( IDtlM . ME. 2HYE ) GOTO OS
;,4 CALL FD (1C0 ,2)

,075 CALL PEN ( a 1)
"7h CALL LCRID (IGCD,-i4.,.SI,0.0,0.12,4.S,2.R,1.0)
07? s CONT INUE
,17q CALL MOVE (IGCS,SDATA(l,1))

(1 10 CAL DRAW (ICCOJDAA1,)

Figure K-2. Listing of Reduced Data Plott Program &PLOTX.
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