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EXECUTIVE SUMMARY 

Title: MEASUREMENT IN A WIND TUNNEL OF THE MODIFICATION 
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INDUCTION EFFECTS NEAR WIND TURBINE ROTORS 

Contractors: Civil Engineering Department 
Colorado State University 
Fort Collins, Colorado 80523 

Principal 
Investigators: D.E. Neff and R.N. Meroney 

Report Period: June 1985 - December 1985 

Objective: The objective of this study was to place a model 
wind turbine into a wind tunnel and measure the 
wind characteristics in the vicinity of the 
spinning rotor for a variety of different approach 
flow conditions. 

Results: A O.S3 meter diameter model wind turbine was 
placed in the Meterological Wind Tunnel facility 
at Colorado State University. Four different 
approach flow conditions were studied. These were 
two different mean wind speeds (6 and 7.6 m/s) and 
two different turbulence conditions (0.1~ and 1.S~ 
intensity). For each of these test conditions the 
three dimensional wind field was measured between 
3 rotor diameters upwind to 1/2 rotor diameter 
downwind. The rotor power coefficient vs. tip 
speed ratio was also obtained. 
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1 • 0 INTJWDJLCTJON 

Aerodynamicists currently use wind field and turbulence 

information to calculate the character of dynamic loading that large 

wind-generator rotors receive (Hansen, 1979; Kareem, et al., 1981; 

Cliff and Fichtl, 1978; Fichtl, 1983). Unfortunately, these 

turbulence scales and intensities may be distorted by the pressure of 

the rotor flow field before they actually interact with the rotor 

blades. Indeed, wind-generator induction effects and streamline 

divergence caused by the hub and tower may significantly distort free 

wind field values. 

In recent years, extensive model and field scale measurements 

have examined near- and far-field turbine rotor wakes (Riley, et al., 

1980; Eberle, 1981; Barker and Walker, 1982). These wake measurements 

were made to evaluate the influence of upwind turbines on downwind 

installations, but little information appears in the literature 

concerning possible induction effects. 

It is the purpose of this report to provide experimental model 

data on the wind field surrounding a single wind turbine rotor disk. 

These data should provide an improved physical insight into the 

induction effects of the air flow as it approaches the wind turbine. 

This insight should in turn improve an analytical model's predictive 

capabilities. 

A scaled model of a horizontal axis wind turbine (a two bladed 

rotor of diameter 53 cm) was placed into the Meterological Wind Tunnel 

(MWT) facility at Colorado State University (cross-section width of 

183 cm). Four different approach flow conditions were studied; low 

and moderate turbulence levels (0.1~ and 1.5% intensity) at both 6 and 



7.6 m/s freestream air velocities. For each of these flow conditions 

the rotor power coefficient vs. tip speed ratio was obtained, and the 

3-dimensional velocity field from 3 rotor diameters upwind to 1/2 

diameter downwind was tabulated. 

The power output of the rotor was obtained via a simple prony 

brake friction device that imparts a torque (measured by the 

deflection of a spring) to the spinning shaft of the wind turbine. 

The rotor speed, measured by a strobe light, was observed to vary with 

load from 900 rpm up to 2100 rpm for the flow conditions described 

above. 

The 3-dimensional velocity field was measured via a multiple hot 

film probe (TSI 1294) capable of measuring rapidly varying velocity 

vector direction and magnitude within a rectangular coordinate system 

octant. The transducer response was directed to an analog to digital 

converter connected to an HP-1000 mini-computer system for on-line 

data reduction. The statistical values computed from the u-v-w time 

series in axisymmetrical coordinates for each position are: 

1) Mean, rms, skewness, and flatness of the axial velocity 
component, 

2) Mean .. rms, skewness, and flatness of the radial velocity 
component, 

3) Mean, rms, skewness, and flatness of the anaular velocity 
component, 

4) Mean velocity vectors angles from the axial .. radial and angular 
coordinate directions, 

5) Reynolds stresses, 
6) Mean .. rms, skewness, and flatness of the angular deviations about 

the axial axis .. 
7) Mean., rms, skewness, and flatness of the angular deviations about 

the angular axis, and 
8) Mean, rms, skewness, and flatness of the angular deviations about 

the angular axis. 

Details of the measurement techniques are provided in Section 
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2.0. The test program and data results are given in Section 3.0. A 

short discussion of the implications of this data set are included in 

Section 4.0. 
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2.0 DATA_A.CQ!JISITJ;ON AND ANALYSIS 

Laboratory measurement techniques are discussed in this section. 

Some of the methods used are conventional and need little elaboration. 

The experiments were performed in the Meterological Wind Tunnel 

()IWT) show in Figure 2.1 (Plate and Cermak, 1963). This wind tunnel 

has a wind speed range of 0.3 to 30 m/s. The approach flow turbulent 

intensity varies upward from 0.1~ • The test section in which the 

model wind turbine was located had a cross-sectional area of 3.34 2 m 

(1.83m x 1.83m). The model was located 7 meters downwind from the 

convergent entrance to the test section. For the grid turbulence 

tests (turb. intensity 1.5~) a dowel grid was mounted at the test 

section entrance. The dowels were 1.27 cm in diameter and spaced 12 

cm apart. The wind turbine was placed in the spatially uniform 

velocity field downwind of the entrance. 

2.2 WIND TURBINE MODEL 

The wind turbine model (Figure 2.2-1) was built by Mr. Peter 

Bushnell of Cornell University (Bushnell, P., 1983; Bushnell, P., 

1984). Figure 2.2-2 displays the mounting arrangement of this 

horizontal axis wind turbine. The rotor shaft is mounted on two 

support rods, each rod holds a low friction roller bearing to ensure 

rotor shaft rotational freedom. At the downwind end of the rotor 

shaft is mounted a small DC generator. A calibration of the 

generator's voltage variation versus rotational speed (obtained 

through the use of a strobe light) yielded the conversion equation 

rpm= 744 x (volts). 

The prony brake consisted of a spring mounted next to a ruler, a 
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leather friction belt, an aluminum brake drum mounted on the rotor 

shaft, and a weight bucket. To start the wind turbine spinning one 

manually lifts the brake assembly away from the brake drum until the 

turbine reaches a rotational speed above its resonant frequency of 

around 1000 rpm. Once above this speed the prony brake is set back in 

place on the brake drum. The amount of weight placed in the bucket 

determines the rotor speed. 

The rotor diameter was 53.4 cm. The rotor blades were made of 

balsa wood covered with epoxy. The blade shape was that of a NACA 

4415 airfoil section. A steel pin at the base of each blade was 

connected to the hub with a set screw, and the hub was also connected 

to the rotor shaft with set screws. The blade chord was constant 

(4.76 cm) over the entire length, the tips were cut square. Table 

2.2-1 displays the blade twist angle versus radial distance. The 

wind turbine was designed to operate at 1400 rpm, with a tip speed 

ratio of S and a lift coefficient of 1.0. 

As stated in Section 2.1 the wind tunnel cross-sectional area was 

3.34 m2 , whereas the rotor disk area was 0.268 m2 • A rough estimate 

of the mass flow through the spinning rotor disk indicates that 

approximately 1/2 half of the rotor disk acted as open area. Thus the 

effective wind tunnel blockage presented by a spinning rotor disk was 

4%. 
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2.3 FLOW VISUALIZAJ'ION TECHNIQUES 

Video movies (VHS) were taken of helium soap bubbles produced by 

a Sage Bubble Generator as they floated through or by the spinning 

rotor blades. Video movies were also taken of a smoke plume produced 

by titanium tetrachloride as it flowed past by the rotor blades. 

2.4 VELOCITY MEASUREMENT$ 

Velocity measurements were made with pitot probes, single hot 

films, cross films and three dimensional hot film systems. Each of 

the.se instruments will be described in the following sections. 

2.4.1 Pitot-Static Probe Measurements 

Pitot-static probes were used as a velocity standard during the 

calibration of the different hot film systems and to provide the 

reference upwind velocity measurement. The principles of operation of 

pitot-static probes are described in any fundamental text on fluid 

mechanics and will not be discussed in detail here. The operational 

relationship for these probes is U = (2g AP/p) 112 , where U = velocity, c 

g
0 

= gravitational conversion constant, AP = difference between static 

and stagnation pressures, and p is the air density. p was calculated 

from the ideal gas law and AP was measured using a Datametrics 

Electronic Manometer. The pitot-static probe measurements are 

accurate to within ±2~ of the actual velocity. 

2.4.2 Single-Hot-Film Probe Measurements 

Single-hot-film (TSI 1210 Sensor) measurements were used to 

document the longitudinal turbulence levels for the four different 

approach flow conditions and as an error estimator for the cross film 

and 3-d film measurements. To calibrate the single film probe it was 

placed into the wind tunnel next to the pitot-static probe. The 
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anemometer voltages were digitized for several velocities covering the 

range of interest. These voltage-velocity (E,U) pairs were then 

regressed to the equation E2 = A + BUc via a least squares approach to 

assumed values of exponent c. Convergence to the minimum square was 

accelerated by using the secant method to find the best new estimate 

of c. To take measurements with this calibrated single film probe the 

anemometer voltage was digitized and stored on a disk file within an 

HP-1000 mini-computer system. This voltage time series was converted 

to a velocity time series using the inverse of the calibration 

equation; 

This velocity time series was then analyzed for pertinent statistical 

quantities, such as mean, mean square, etc. and tabulated at the 

terminal. 

The calibration curve yielded hot film anemometer velocities that 

were always within ±1~ of the velocities calculated from the 

pitot-static probe. The accuracy of a single-hot-film during the 

measurement of turbulent flow quantities is dependent upon the flow 

regime being measured. Du.ring the present study the single-film probe 

was used only in conditions of no mean wind shear and low turbulent 

intensity. (less than 1.S~). For these conditions the velocity time 

series should be accurate to within ±2~. 

2.4.3 Cross-Film Probe Measurements 

Cross-film (TSI 1241) measurements were used to document the 

lateral and vertical turbulent level for one approach flow condition 

and as an error estimator for the 3-d hot film measurements. To 

calibrate the cross-film probe it was placed next to the pitot-static 
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probe. Each of the two films were yawed 45 degrees from the 

direction of the mean velocity vector. The anemometer voltages were 

digitized for several velocities covering the range of interest. 

These voltage-velocity pairs (E1 , U; E2 , U) were fit to the equation 

c. 2 (E. . ) 
1,J 

= 0)) 1 Ai + Bi (Uj cos (45 

via a least squares approach with the secant method used to find the 

best new estimate of exponent, ci. Strict cosine dependence of the 

heat flux from the film versus yaw angle was assumed; and thus, no yaw 

angle calibration was necessary. During measurements made with this 

calibrated cross film probe it was placed so that the mean velocity 

vector was at 45° to each film, while both films were located in the 

x-y plane. The voltage output from each anemometer was digitized, and 

the resulting voltage time series were converted to velocity time 

series via the equations 

UNi = velocity component normal to film i 

u = longitudinal velocity component 

v = lateral velocity component 

To measure vertical velocity components the probe was rotated 90° 

so that both films were in the x-z plane. The reduction equations are 

8 



similar to those above. 

The calibration curve yielded hot film anemometer velocities that 

were always within ±1% of the velocities calculated from the 

pitot-static probe. Since no yaw calibrations were performed no 

estimate can be made of inaccuracies introduced by the cosine law 

asswnption. From past experiences it is felt that this cross film 

reduction method should be accurate to within ±lalt for a low 

intensity, nearly isotropic flow. 

2.4.4 3-Dimensional Hot-Film Probe Measurements 

A Thermo-System Incorporated (TSI) model 1294-20 probe was used 

for all measurements behind and to the side of the wind turbine. A 

specially made probe. similar to the TSI 1294-20 but with a 90° bend 

in the probe shaft 3.8 cm back from the sensors. was used for all 

measurements upwind of the wind turbine. The data reduction scheme 

use was similar to that described in TSI Technical Bulletin 8. The 

TSI model 1294-20 probe has three orthogonally-mounted, cylindrical 

hot films, (Dia.= 0.051 mm) each doubly supported (Figure 2.4.4-1). 

The probe can measure total vector velocities that are contained 

within the single octant defined by the three film positions. 

To calibrate the 1294 3-D probe it was placed in the wind tunnel 

(the probe support axis parallel to air flow) next to the pitot-static 

probe. In this position the angle between each sensor and the flow 

vector is 54.74°; thus, the yaw angles for each sensor are 35.26° 

(Figure 2.4.4-1). The voltage from each anemometer channel (3 total) 

were digitized for several velocities covering the range of interest. 

These voltage-velocity pairs (E.# U;= 1,3), at a fixed angle, were fit 
1 

to the equation 
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2 E .. 1,J 

where 

c. 
=A. + B~(U.) 1 

1 1 J i = 1,3 

2 2 2 c./2 
B'. = B ( ~ + k . ~ ) 1 . cos v· sin v· 

1 1 1 1 

0i = yaw angle between velocity vector and film i. 

k = yaw factor 

n = no. of calibration points 

j = l,n 

via a least squares fit with the secant method to find the best new 

estimate of exponent, c .• Note that if the yaw factor, k, equals zero 
1 

than a simple cosine law dependence of heat flux exists. To determine 

the yaw factor, k, the air velocity was set at a constant value, and 

the probe was rotated about its y axis and then its x axis so that 

voltage samples could be taken for a wide range of yaw angle variation 

on all three films. Table 2.4.4-1 lists the yaw angles on the 

different films for the y - x axis rotations that were used. These 

voltage-yaw angle, (Ei, fi;i = 1,3) were regressed to the equation 

B~ = (E~ . 
1 1,J 

c. 2 2 2 c./2 
A.)/U 1 = B.(cos cp .• + k.sin cp •. ) 1 

1 1 1,J 1 1,J 

where i = 1,3 and j = 1,n 

via a least squares approach with the secant method to find the best 

new estimate for the yaw factor, t 1• 

films are thus obtained, but for the reduction algorithm used k. must 
1 

be equal for all films and not a function of velocity. Providing that 

all three films have a similar aspect ratio then all three k. values 
1 

should be of similar magnitude and forcing them equal does not 

introduce large errors. Once a value for k is specified then a least 

squares fit will determine the optimal values for B .• Once the value 
1 

of k was determined for a specific probe, it was no longer necessary 
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to do angle calibrations. 

Given the calibration constants Ai, Bi' ci and the equations 

2 c. 
E. =A. + B.(V ff .) 1 

i i 1 e ,i 

where V = V (cos20. + k2 sin2 0.) 112 ; eff,i 1 1 

i = 1,3 

i = 1,3 

Veff,i = effective cooling velocity for film i 

V = total velocity vector approaching sensor array 

are defined. Using the trigonometric relationships that exist between 

the three yaw angles 

3 3 

2 sin2 0. =1 and l cos2 
0i = 2 

1 

i=l i=l 

one finds that the total velocity approaching the sensor array, v is 

calulated from 

i=l 

the yaw angles, 01, are 

01 = arcsin [(1 -· v2eu~/v2>IO-k2 )] 1 1 2 ; 

the angles, 8i, between a sensor coordinate axis and the velocity 

vector are 

and the ui velocity components (in the sensor coordinate system of xi 

respectively} of the total velocity, V, are 
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In the above equations V ff . is given by e , 1 

2 1/c. 
veff,i = [(Ei - Ai)/Bi] 1 

The algorithm finds the velocity components, u., that are along 
1 

the sensor coordinate directions. Thus it is necessary to transform 

the u1 values from sensor coordinates to ui values in wind tunnel 

coordinates. The details of this transformation are given in Appendix 

A. 

The computer programs (listed in Appendix B) used to calibrate 

and take data with the 3-D probes were 

1) CAL3D - This program finds the calibration constants, A., B., 
1 1 

k (i = 1,3) and writes them to a disk file for later 

retrieval by a reduction program. 

2) DAT3D - This program creates a digital voltage time series for 

each of the 3 channels, converts the voltage values into 

Ux, Ur' U0 velocity time series files (in tunnel 

coordinates) and calculates each time series minimum, 

maximum, mean, rms, skewness and flatness. 

3) DATl - This program creates a digital voltage time series for 

each of the 3 channels and stores it on the computer's 

disk. It was used to acquire data in a rapid sequence, as 

opposed to waiting for files to be reduced into velocity 

values. 

4) DAT2 - This program picks up the digital voltage time series 

created by DATl and converts them into Ux, Ur, U
0 

velocity 

time series. Then it calculates each time series mininum, 

maximum, mean, rms, skewness and flatness. 

5) ANGllf - This program creates the time series of the angular 
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deviations about the tunnels x, r. o coordinates and 

computes the mininum, maximum, mean. rms, skewness, and 

flatness. It is scheduled from inside DAT2. 

6) PRT3 - This program prints out the reduced data that was 

calculated in program DAT2 in the format seen later in 

this report. 

The accuracy of 3-D velocity measurements and associated 

reduction algorithms can be estimated by directing different known 

mean velocity vectors at the probe. Table 2.4.4-2 summarizes such 

tests. Table 2.4.4-2 shows that the mean velocity magnitude is 

generally within ±3% of the actual value. The error in angle 

calculations is seen to be approximately ±2° for angular deviations of 

1s0 or less and somewhat larger than this for greater deviations~ 

Another test of the accuracy of the 3-D probe is to compare the 

measure of different turbulent statistics measured to those obtained 

from more conventional probes, such as. single-film and cross-film 

probes. Table 2.4.4-3 displays the mean and rms turbulence magnitudes 

calculated from a single film, cross film, TSI 1294-60 3-D probe1 • and 

TSI 1294-20 probe for two different turbulence conditions. The mean 

and rms velocity comparisons between the single film and the cross 

film are within the bounds specified earlier in section 2.4.3. that is 

-2% and -1~ respectively. The 3-D probes compare to these u and u' 

measurements within -3.S~ and -1°' respectively. v' and w' magnitude 

1The 1294-60 probe has larger diameter sensors, and the 
separated by greater distances than the 1294-20 probe. 
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comparisons to the cross film results suggest errors of -lselt (except 

for v' in grid turb where 29'1 error was observed). Figure 2.4.4-3 

displays the spectral responses of these four different probes. The 

single film, cross-film, and TSI 1294-20 3D probes 

equivalent frequence response out to 800 Hz. The TSI 

all provide 

1294-60 3-D 

probe has a large sensing volume; hence, its response rolls off 

rapidly above 100 Hz. The large-sensor-volume TSI 1294-60 3-D probe 

was not used for any data acquisition during the remainder of the 

study. 

2.S POWER MEASUREMENTS 

The power output from the wind turbine was calculated in the 

following manner (see figure 2.S-1): 

1) The spring force constant was calculated to be 54.2 newtons/meter 

by measuring the deflection of the spring for loads varying 

between 0 and 453 grams. 

2) Z0 , the spring zero deflection point as mounted in the prony 

brake system was calculated from the equation (see upper part of 

Figure 2.S-1) 

W = CZ -z ) K or Z = Z - W/K s 0 0 s 

for several different weights up to 453 gms. The average of 

these Z0 values was used as the spring zero deflection point. 

3) The rotor was started for the specific approach flow conditions 

being tested. Over a range of weights placed in 

rotor speed, a, and the spring deflection 

conditions were recorded. 

the bucket the 

under dynamic 

4) The frictional force, F, applied by the prony brake against the 

brake drum is F = W-Td. The torque, ~. applied to the rotor 
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shaft is then ~ = F x R and the power is P = ~ x O. 

S) The power coefficient, C , is C = P/(1/2pAu3> where p= 1.0 kg/m3 
p p 

is the density of air in the tunnel, A is the rotor disk area, 

and U is the approach flow mean wind speed. The tip speed ratio, 

X, is given by OR/U. 

A calculation of the drag force on the wire connecting the weight 

to the prony brake assembly was determined to be small (equivalent 

deflection in spring of 0.3 mm) compared to the hysteresis errors 

accompanied with the estimate of the springs zero deflection point 

(±Sm.m). This error in the estimation of Z overshadow all other 
0 

errors in the procedure to calculate the power, P. This error in P 

varies from ±1.1 watts for the highest tip speed ratios down to ±0.S 

watts for the lowest tip speed ratios. 
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3.0 TEST PROORAM AND DATA 

The test program consisted of documenting the different approach 

flow characteristics, measurement of the performance (power 

coefficient vs. tip speed ratio) of the model wind turbine, and the 

tabulation of the flow field near the spinning rotor. 

are discussed in the following sections. 

These topics 

3.1 APPROACH WIND CHARACTERISTICS 

Four different approach flow characteristics were studied; two 

different mean wind speeds and two different turbulent intensities. 

They were: 

1) Low turbulence <- 0.1'-) and mean wind speed = 6.0 m/ s, 

2) Low turbulence (- O.lCM.) and mean wind speed = 7.6 m/ s, 

3) .Moderate turbulence <- 1. s-.> and mean wind speed ;:::; 6.0 m/s, 

4) Moderate turbulence <- 1. s-.> and mean wind speed ;:::; 7.6 m/s. 

The approach flow was uniform and steady (within ±2.,) over the 

center portion of the wind tunnel. The moderate turbulence cases were 

produced by the placement of a grid, described in section 2.1, at the 

entrance of the test section. .Measurements of the approach flow 

character were made by a single film probe and the TSI 1294-20 3-d 

hot-film probe. The turbulent statistics describing these approach 

flows are summarized in Table 3.1-1. The longitudinal and vertical 

velocity component power spectrums for Flows 3 and 4 are shown in 

Figure 3 .1-1. 

3.2 POWER COEFFICIENT RESULTS 

The power output of the model wind turbine was measured for three 

different conditions: 
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Approach Flow's CASE 

I II III 

mean velocity 6.0 7.6 7.6 

turbulent intensity 0.1~ 0.1~ 1.5~ 

Tables 3.2-1 to 3.2-3 list the numerical values obtained from the 

cases I, II, and III respectively. Figure 3.2-1 displays the power 

coefficient versus tip speed ratio. 

3.3 WIND CBARACl'ERISTIC NEAR '!HE ROTOR. 

Figure 3.3-1 indicates the 58 spatial grid points at which 

velocity measurements were taken with a TSI 1294-20 three dimensional 

hot film probe. Table 3.3-1 lists the coordinates of each spatial 

location. Note that the right most digit of the three digit position 

number always represents the radial distance in 1/8 rotor diameters 

and the left two digits represent the axial distance. Four different 

approach flow conditions were tested, as described in Section 3.1. 

These were: 

Case No. Mean Velocity Turb. Intensity 
(m/s) (~) 

1 6.0 0.1 
2 7.6 0.1 
3 6.0 1.5 
4 7.6 1.5 

The nomenclature used for test designations was case number followed 

by position number. Thus run number 3062 would be for approach flow 

case number 3 (U=6.0 m/s, T.I. = 1.5~) at position 62 which from Table 

3.3-1 was at x = -0.134 m, r = 0.134 m, & = 180°. 

For cases 1 and 3 a mass of 454 grams was placed into the prony 

brake systems bucket. For cases 2 and 4 a mass of 906 grams was used. 

Unfortunately, the amount of friction between the prony brakes leather 
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belt and the aluminum brake drum varied as the brake heated up and as 

aluminum oxide coated both belt and drum. Thus, the speed and power 

output of the wind turbine varied substantially during the test 

period. Table 3.3-2 documents the approximate rotor speed for each 

velocity measurement. The variation in rotor speed during the data 

acquisition period for a single case was as large as ±150 rpm. 

Table 3.3-3 summarize the pertinent turbulent statistics for all 

measurements of the 3-dimensional velocity field near the rotor. All 

measurements were made with a digital sampling rate of 1563 Hz for a 

total of 32384 samples. Thus, given a rotor speed of approximately 

1400 rpm, the velocity time series includes 967 passes of a rotor 

blade (rotor has 2 blades). Again, considering a rotor speed of -1400 

rpm at a 1563 Hz sample rate, 67 samples were taken for every 

revolution of the rotor or a sample was taken every S.37 degrees of 

blade rotation. These time series records were of sufficient length 

to insure an accuracy of ±5~ in the computation of the mean, rms, and 

flatness. 

The following is a description of the column headers that appear 

in Tables 3.3-3. 

1) FILE NAME - The component velocity time series at each measurement 
location were saved on digital tape by these names. 
The last four characters are equivalent to the run 
number described above. The first two characters 
define the velocity component. 

UU is for the axial component. 
VV is for the radial component. 
WW is for the angular component. 

2) AXIS - 1 designates the axial coordinate. 
2 designates the radial coordinate 
3 designates the angular coordinate. 

3) POSITION - Measurement position in meters for the axial and 
radial coordinates, and in degrees for the angular 
coordinate. See Figure 3.3-1 for further guidance. 

4) LIMITS EXCEEDED - This was the number of times a velocity vector 
came within 10° of leaving the measurement octant of 
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the sensor coordinate system. In many of these 
excursions the velocity vector will have left the 
measurement octant resulting in a calculational error. 
In this case the velocity component (in sensor 
coordinates) is set to zero before conversion to 
tunnel coordinates. In some cases the velocity vector 
many pass out of the measurement octant but not result 
in calculation errors; thus the approach places 
erroneous values into the time series. Records which 
have a significant number of these errors should not 
be trusted, and one that only has a few have dubious 
accuracy, particularly in the higher moments, such as 
skewness and flatness. 

5) VELOCITY (MEAN) - Mean velocity component in meter/sec. 
6) VELOCITY (ANGLE) - Angle (degrees) from the specified AXIS to the 

mean velocity vector. 
7) VELOCITY (MIN) - Minimum velocity in meters/sec. 
8) VELOCITY (MAX) - Maximum velocity in meters/sec. 
9) VELOCITY RMS) - Root mean square of the velocity fluctuations in 

meters/sec. 
10) VELOCITY (SKEWNESS) - Third moment of the velocity fluctuations 

normalized by the RMS. It is zero for a sine wave and 
a random signal. 

11) VELOCITY (FLATNESS) - Fourth moment of the velocity fluctuations 
normalized by the RMS. It is 1.5 for a sine wave and 
3.0 for a random signal. 

12) VELOCITY (REYNOLDS STRESS) - This is not in the units of stress. 
It is simply the mean product of the indicated 
velocity components. 

U for the axial component. 
V for the radial component. 
W for the a¥gular component. 

Units are (m/s) • 
13) ANGLE (MEAN) - Mean value of the angular deviations about the 

indicated axis. The units are degrees. 
14) ANGLE (MIN) - Minimum of the angular deviations (degrees). 
15) ANGLE (MAX) - Maximum of the angular deviations (degrees). 
16) ANGLE (RMS) - Root mean square of the angular deviation 

fluctuations (degrees). 
17) ANGLE (SKEWNESS) Third moment of the angular deviation 

fluctuations normalized by the RMS. 
18) ANGLE (FLATNESS) Fourth moment of the angular deviation 

fluctuations normalized by the RMS. 

At the base of some of these Tables is a note stating the 

magnitude of calibration errors which consistently occurred in the 

data reduction of all velocity values on that page. In some cases 

this repeatable error is hypothesized and the word probably has been 

included, in others the error is definitely correctable. In any case 

the stated values are always within ±3~ of the suggested values. 
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4.1 Visualization Results 

When helium soap bubbles were introduced into flow upwind of the 

spinning rotor three different phenomena were observed. These were: 

1) Most bubbles passed through the spinning rotor and 
were then caught up in the counterswirling flow 
downwind of the rotor. That is the rotor was 
spinning in a counterclockwise sense, the flow 
downwind of the rotor swirled in a clockwise 
sense. This result was expected due to the 
conservation of angular momentum for this system. 

2) When the bubble source was placed at approximately 
3/4 of a radius from the hub most bubbles seemed 
to have a straight line approach to the spinning 
rotor but roughly around 20lfo of them were 
deflected angularly upwind of the rotor. This 
deflection appeared to fairly abrupt and occurred 
around 1/4 to 1/2 a rotor radius upwind. 

3) When bubbles were caught up into the tip vortices 
these vortices appear to be quite tight with a 
bubble making a full revolution in the equivalent 
distance of approximately one blade length. 

The visual results from introducing a smoke source upwind of the 

rotor was not able to reproduce the detailed flow tagging of helium 

soap bubbles but it did display the curving of streamlines radially 

outward around the spinning rotor blades. This is a demonstration of 

the existence of axial induction effects. 

4.2 Wind Field Results 

Figure 4 .2-1 displays the mean axial velocities for approach flow 

case I (U :::::: 6 .0 m/ s# T. I. = 0.1%). The upwind data were obtained at a 

different time then the downwind data and thus the rotor speeds and 

calibration biasing may effect precise matching of these data sets. 

Figure 4.2-1 shows that the axial component of flow approaching the 

rotor disk was deaccelerated in core region defined by a tube 

containing the rotor disk and accelerated outside this region. This 
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deacceleration was reasonably uniform with radial position up to the 

measurement location just upwind of the rotor (1/8 rotor diameter). 

Then it radically departs from this trend as the flow passes through 

the rotor. An axial induction factor based on mean velocity 

measurements at 1/8 rotor diameter upwind would be 0.125 but 

depending on how one extrapolates the data through the rotor section. 

a radially depended axial induction factor may vary from 0.125 to 

0.42. The flow outside of the rotor tube accelerates as was expected 

from. mass continuity. The ordering of velocity maanitudes with radial 

distance take an unexplained reversal as the flow passes outside of 

the rotor blades. 

The estimitation of axial induction factors based on mean 

velocity values. as done above. may be in error due to the transient 

nature of velocity values as the rotor blade passes. The axial 

velocity just upwind of the rotor varies in a roughly sinusoidal form 

about its mean value (Fiaure 4.2-2). For approach flow Case I the 

periodic variation of axial flow velocity was as large as ±7.5~ of the 

mean value at 1/8 rotor diameters upwind. If the minimum velocity 

value were used rather than the mean (File name UU1043. Table 3.3-3) 

the computed axial induction factor would be 0.2 instead of 0.133. 

Thus the transient nature of the flow has a sianif icant influence on 

values important to the aerodynamic performance of the wind turbine. 

Figures 4.2-3a to 4.2-Sd display the normalized mean axial 

velocity chanae (100 z (u - (u ) )/(u ) ) versus axial distance in x xoo zoo 
rotor diameters for each of the four approach flow conditions. 

Comparison between plots with similar approach velocities but 

different turbulence levels (figure 4.2-3a and 4.2-3c. figure 4.2-3b 

and 4.2-Sd) do not show any major flow differences in this format. 

21 



Comparison between plots with similar turbulence levels but different 

approach velocities (figure 4.2-3a and 4.2-3b, figure 4.2-3c and 

4.2-3d) display a difference in the magnitude of the range of mean 

axial velocities in the wake region of the turbine only. The range of 

axial velocity variation was greatest in the lower approach wind speed 

cases. 

Figure 4.2-4 displays the normalized mean radial velocity 

(100 x li..../(u ) ) versus axial distance in rotor diameters for approach 
.K x 0) 

flow case II. It shows that the flow was divergent approaching the 

wind turbine and in the wake region out to at least one-half rotor 

diameters downwind. The maximum divergence is at the rotor disk where 

the mean velocity vector deviated by 10° from that of the approach 

flow. The radial velocities are greatest (14-20Clt of the approach 

velocity value) near the tip region. The radial velocity transient 

variation just upwind of the disk and downwind outside of the rotor 

wake are nearly sinusoidal in form as observed by a flatness factor 

near to 1.S. 

Figure 4.2-S displays the normalized mean angular velocity 

(100 x u,/ (ux) (X) versus axial distance in rotor diameters. Within the 

wake region large negative angular velocities exist (the rotor was 

spinning in the positive sense). The magnitude of these angular 

velocities was greatest <~25'a of the approach flow velocity) at the 

innermost radial measurement position of one-eight rotor diameter. 

The flow immediately upwind of the rotor and the flow downwind of the 

rotor but outside of its wake have negative mean angular velocities 

but their magnitude (~2-3~ of the approach flow velocity) is much less 

than that in the wake region. 

Classical vortex/strip theory assumes that the angular velocity 
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at the rotor disk is one-half the angular velocity imparted to the 

slip stream (Wilson, et al., 1976). This assumption leads to the use 

of an angular induction factor, a', to correct blade section angle of 

attack for induced rotational motions. These corrections usually 

presume a rotatina activator disk with an infinite number of blades. 

To compute the instantaneous anaular induction factor for the 

model wind turbine a correlation between the rotor blades position and 

the angular velocity components magnitude must be known, 

unfortunately, a blade position time series was not measured during 

this study. Examination of the axial and angular velocity time series 

(Run No. 1043) presented in Figures 4.2-2 and 4.2-6 can give a 

qualitative estimate as to the sign of the angular induction factor. 

The sharp drop seen in the axial velocity time series 

due to the pressure field surrounding a passing rotor 

is undoubtably 

blade. This 

fall in axial velocity occurs at the same time as a sharp maximum in 

the anaular velocity time series. This would indicate that the rotor 

blade sees an angular velocity component that is in the opposite 

direction as the rotor blade travel. 

Figures 4.2-2 and 4.2-6 also show that each rotor blade has a 

different periodic maanitude. This was due to slight misalignments of 

the rotor blades in their plane of motion. One rotor blade was 3 mm 

closer to the measurement probe than the other. Since the probe was 

67 mm from the rotor plane the flow characteristics must be changing 

rapidly in the immediate region in front of the rotor disk. 

Figures 4.2-7a and 4.2-7b display the axial turbulent intensity 

(100 x (ux)rms/(ux>oo versus axial distance in rotor diameters for 

approach flow cases II and IV respectively. They show that the axial 

turbulent intensity increases dramatically in the region approaching 
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the rotor disk and then initially decrease sharply in the rotor wake. 

The sharp increase in turbulent intensity for the spacial location of 

X = 1/2, R = 1/8 is due to the influence of the growing wake caused by 

the wind turbines hub and support mechanism. Figure 4.2-8 of the 

axial flatness factor versus axial distance shows that most of this 

turbulent intensity in the non-wake region is due to an organized 

periodic structure of slowly varying amplitudes, approaching that of a 

sine wave. 

The velocity time series for the axial velocity component (Figure 

4.2-2) and the angular velocity component (Figure 4.2-6) help estimate 
1 

the angle of attack during a rotor cycle. The rotor rotational 

velocity, 25.81 rps, was estimated by measuring the time period 

between blade passages on these figures. At a radius of 0.201 m the 

velocity of this rotor blade section, was 32.6 m/s. This information 

was used to plot the angle of attack time series shown in Figure 

4.2-9. This figure shows that the periodic nature of axial induction 

is the primary cause for variations in the angle of attack for this 

approach flow and position. The actual variation of angle of attack 

that occurs at the rotor disk will be larger than that show here at 

6.7 cm upwind of the rotor disk. 

1No account has been made for rotor blade twist angle 
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TABLE 2.2-1 BLADE TWIST ANGLES VERSUS ROTOR RADIUS 

r 
(m) 

0.021 
0.031 
0.052 
0.062 
0.094 
0.125 
0.156 
0.187 
0.219 
0.250 
0.260 

r/R 

0.08 
0.12 
0.20 
0.24 
0.36 
0 .48 
0.60 
0.72 
0.84 
0.96 
1.00 

Twist Angle 
(degree) 

37.9 
31.8 
22.S 
19.0 
11.8 
7.5 
4.7 
2.8 
1.4 
0.3 
0.0 

note - Blade Begins at r = 0.016 m (r/R = 0.061) 
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TABLE 2.4.4-1 YAW ANGLE CALIBRATION POINTS 

1st rotation• 2nd rotation• Yaw Angles• 
about y axis about x axis 01 01 03 

0 -30 17.2 17.2 65.3 
-15 26.9 26.9 50.3 

0 35.3 35.3 35 .3 
10 39.8 39.8 25.3 
20 43.0 43.0 15.3 

-120 -30 17.2 65.3 17.2 
-15 26.9 50.3 26.9 

0 35. 3 35.3 35.3 
120 -30 65.3 17.2 17.2 

-15 50.3 26.9 26.9 
0 35.3 35.3 35.3 

*All angles in degrees, positive rotations about probe coordinate system 
are clockwise (looking from positive axis to negative axis) 
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Table 2 A .4-2 Comparison of Actual and Calculated Velocity Vectors 
for 3-D Probe 

Actual Calculated• 
Velocity Angle _.from__A.xi-LJ~~_g_J Velocity And£ _ _]'rom_ APJ . ..s._J.!>~1 

m/s x y z m/s x y z 

4.0 40 90 50 4.2 4L2 88.0 48.9 
30 90 60 4.1 31.9 89.1 58.2 
15 90 75 4.0 16.9 89.9 73.1 

0 90 90 4.0 0.3 90.0 89.7 
30 120 90 4.1 26.4 116.3 93.1 
15 105 90 4.0 15 .o 105.0 90.5 
15 75 90 4.0 15.4 74.6 90.1 
30 60 90 4.1 26.2 63.9 92.S 
15 90 105 4.0 14.S 89.9 104.S 
30 90 120 4.0 22.8 89.4 112.8 

6.0 40 90 50 6.2 43.4 88.0 46.7 
30 90 60 6.2 32.8 89.7 57.2 
15 90 75 6.1 17.1 90.1 72.5 

0 90 90 6.0 o.s 90.2 89.5 
30 120 90 6.1 27 .o 116.9 92.9 
15 105 90 6.0 15.4 105.4 90.4 
15 75 90 6.0 15.3 74.7 90.0 
30 60 90 6.2 26.8 63.3 92.3 
15 90 105 6.0 14.6 89.7 104.6 
30 90 120 6.0 23.9 89.0 113 .8 

8.0 40 90 50 8.2 44.8 87.3 45 .4 
30 90 60 8.1 33.0 89.4 57.0 
15 90 75 8.0 16.9 90.1 7 3 .1 

0 90 90 8.0 0.4 89.7 89.7 
30 120 90 8.1 27 .o 116 .8 93.2 
15 105 90 8.0 15 .o 105.0 90.6 
15 75 90 8.1 15.2 74.8 90.1 
30 60 90 8.3 26.7 63.S 92.5 
15 90 105 8.0 14.8 89.9 104.8 
30 90 120 8.1 24.3 89.4 114 .3 

*Velocity Calibration on 0 = o0 , 9 = 90°, 9 90° x y z 

Angle Calibration Performed at 6.0 m/s 
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Table 2 .4 .4-3 COMPARATIVE RESPONSE OF ANEMOMETER PROBES 

PROBE GRID CYLINDER 
TURBULENCE WAKE 

TURBULENCE 

u u' v' w' u u' v' w' 

Single Wire 5.99m/s 0.106 5.7 0.407 

Crosswire 5.982 0.106 0.0763 5.827 0.374 0.368 
5 .983 0.109 0.0813 5.776 0.411 0.383 

3-d Probe 5.86 0.097 0.108 0.099 5.51 0.386 0.433 0.418 
(1294-60) 

3-d Probe 5.90 0.096 0.100 0.096 
(1294-20) 
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Table 3.1-1 APPROACH FLOW CHARACTERISTICS 

Approach Measurement Velocity Minimum Mean Maximum RMS Skewness Flatness Integral 
Flow No. Probe Component Scale 

(M/S) (M/S) (M/S) (M/S) (m) 

1 single film u 5.878 5.900 5.924 0.007 0.162 2.934 

2 single film u 7.500 7. 538 7.588 0.009 0.188 3.106 

3 single film u 5.491 5.928 6.330 0.107 -0.045 2.952 0.0463 

4 single film u 6.980 7.516 8.033 0.131 0.0414 2.900 0.0425 

1 3-D Probe u 5.877 5.90 5. 918 0.007 -0.0346 2.441 
V1 2 3-D Probe 7.581 7.60 7.622 0.007 1.092 2.858 ..i::-- u 

3 3-D Probe u 5.580 s. 96 6.325 0.100 -0 .120 2. 963 0.0517 

4 3-D Probe u 7.060 7.59 8.057 0.120 -0.039 2.912 0.0504 

1 3-D Probe v -0.014 0.01 0.045 0.008 0.072 3.167 

2 3-D Probe v -0 .142 -0.08 -0.028 0.016 0.086 2.671 

3 3-D Probe v -0.581 -0.08 0.392 0.106 -0.003 3.006 0.0147 

4 3-D Probe v -0.758 -0.11 0.478 0.139 -0.039 3.177 0.0152 

1 3-D Probe w -0.004 0.02 0.052 0.008 -0.018 2.966 

2 3-D Probe w 0.036 0.08 0.116 0.011 -0.116 2. 744 

3 3-D Probe w -0.429 0.07 0.482 0.101 -0.090 3 .104 0. 0171 

4 3-D Probe w -0.618 0.12 0.622 0 .128 -0.040 3 .156 0.0164 



Table 3.2-1 Power Measurement Test for U = 6.0 m/s. T.I. 0. lti 

Mass Spring n Tip Speed Power Power 
(Kg) Deflection rpm Ratio (watts) Coefficient 

Zd• (cm) 

0.091 8.5 1640 7.4 1.13 0.050 

0.227 10.0 1545 7.01 2.79 0 .124 

0.318 11.1 1460 6.62 3.57 0.158 

0.408 12.2 1370 6.22 4.19 0.186 

0.454 12.7 1330 6.03 4.58 0.203 

0.499 13.2 1300 5.90 4.95 0.219 

0.545 13.8 1230 5.58 5.01 0.222 

0.635 14.7 1180 5 .35 S.8 0.757 

0.681 15.1 1135 5.15 6.16 0.273 

0.726 15.7 1080 4.9 6.13 0.272 

o. 771 16.3 980 4.45 S.8 0.257 

•zd 7.45 cm 
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Table 3.2-2 Power Measurement Test for U 7 • 6 m/ s , T. I. 0 .14'0 

Mass Spring (2 Tip Speed Power Power 
(Kg) Deflection rpm Ratio (watts) Coefficient 

zd• (cm) 

.453 12.6 1925 6.89 6.81 0.148 

.544 13.6 1900 6.80 8.15 0.178 

.680 15 1805 6.46 9.97 0.217 

• 770 16.1 1760 6.3 10.80 0.235 

.906 17.6 1645 S.89 11.93 0.26 

.997 18.7 1575 5.64 12.4 0.271 

1.088 19.2 1460 S.23 13.46 0.293 
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Table 3.2-3 Power Measurement Test for U = 7.6 m/s, T.I. = 1.5% 

Mass Spring 0 Tip Speed Power Power 
(Kg) Deflection rpm Ratio (watts) Coefficient 

Zd• (cm) 

.453 13 2080 7.45 6.39 0.139 

.544 13.8 1980 7.09 8.03 0.175 

.680 15.2 1860 6.66 9.83 0.214 

.771 16.2 1840 6.59 11.11 0.242 

.861 17.1 1770 6.34 12.19 0.266 

.906 17.4 1700 6.09 12.72 0.277 

.996 18.1 1640 5.87 14.0 0.306 

1.087 18.6 1510 5.41 14.9 0.326 

1.132 18. 7 1380 4.94 14.7 0.322 

1.222 18.6 1240 4.44 15.8 0.344 

1.313 18.7 1080 3.87 15.68 0.342 

•zd = 7.45 cm 
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Table 3.3-1 Measurement Locations 

Position x/D r/D x r 6 
(m) (m) (deg.) 

001 1/2 1/8 0.267 0.067 180 
002 1/2 2/8 0.267 0.134 180 
003 1/2 3/8 0.267 0.201 180 
005 1/2 5/8 0.267 0.334 180 
006 1/2 6/8 0.267 0.401 180 
008 1/2 8/8 0.267 0.535 180 
011 1/4 1/8 0.134 0.067 180 
012 1 2/8 0.134 0.134 180 
013 1/4 3/8 0.134 0.201 180 
015 1/4 5/8 0.134 0.334 180 
016 1/4 6/8 0.134 0.401 180 
018 1/4 8/8 0.134 0.535 180 
021 1/8 1/8 0.067 0.067 180 
022 1/8 2/8 0.067 0.134 180 
023 1/8 3/8 0.067 0.201 180 
025 1/8 5/8 0.067 0.334 180 
026 1/8 6/8 0.067 0.401 180 
028 1/8 8/8 0.067 0.535 180 
035 0 S/8 0 0.334 180 
036 1 6/8 0 0.401 180 
038 0 8/8 0 0.535 180 
041 -1/8 1/8 -0.067 0.067 180 
042 -1/8 2/8 -0.067 0.134 180 
043 -1/8 3/8 -0.067 0.201 180 
044 -1/8 4/8 -0.067 0.267 180 
045 -1/8 5/8 -0.067 0.334 180 
046 -1/8 6/8 -0.067 0.401 180 
048 -1/8 8/8 -0.067 0.535 180 
060 -1/4 0 -0.134 0 0 
061 -1/4 1/8 -0.134 0.067 180 
062 -1/4 2/8 -0.134 0.134 180 
063 -1/4 3/8 -0.134 0.201 180 
064 -1/4 4/8 -0.134 0.267 180 
065 -1/4 5/8 -0 .134 0.334 180 
066 -1/4 6/8 -0.134 0 .401 180 
068 -1/4 8/8 -0.134 0.535 180 
070 -1/2 0 -0.267 0 0 
071 -1/2 1.8 -0.267 0.067 180 
072 -1/2 2/8 -0.267 0.134 180 
073 -1/2 3/8 -0.267 0.201 180 
074 -1/2 4/8 -0.267 0.267 180 
075 -1/2 5/8 -0.267 0.334 180 
076 -1/2 6/8 -0.267 0.401 180 
078 -1/2 8/8 -0.267 0.535 180 
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Table 3.3-1 continued 

Position x/D r/D x r e 
(m) (m) (deg.) 

080 1 0 -0.535 0 0 
082 1 1/4 -0.535 0.134 180 
084 1 2/4 -0.535 0.267 180 
086 1 3/4 -0.535 0.401 180 
088 1 4/4 -0.535 0.535 180 
090 3/2 0 -0.802 0 0 
094 3/2 1/2 -0.802 0.267 180 
098 3/2 2/2 -0.802 0.535 180 
100 2 0 -1.070 0 0 
104 2 1/2 -1.070 0.267 180 
108 2 2/2 -1.070 0.535 180 
110 3 0 -1.605 0 0 
114 3 1/2 -1.605 0.267 180 
118 3 2/2 -1.605 0.535 180 
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Table 3.3-2 Rotor Speed During Data Aquisition 

Case No. 

Position 1 2 3 4 
No. (Data Obtained with TS! 1294-20 Probe) 

001 1340 1600 1470 1360 
002 1340 1600 1470 1370 
003 1340 1580 1440 1350 
005 1340 1560 1440 1340 
006 1300 1525 1440 1330 
008 1340 1525 1440 1320 
011 1360 1500 1420 1320 
012 1360 1500 1420 1330 
013 1360 1500 1420 1350 
015 1360 1500 1420 1370 
016 1360 1510 1440 1360 
018 1340 1510 1440 1350 
021 1380 1500 1400 1350 
022 1380 1400 1420 1370 
023 1380 1450 1420 1370 
025 1380 1450 1420 1370 
026 1430 1465 1420 1500 
028 1430 1465 1420 1560 
035 1430 1390 1380 1550 
036 1430 1390 1400 1520 
038 1430 1390 1400 1520 
045 1420 1400 1400 1580 
046 1406 1400 1400 1580 
048 1490 1420 1400 1600 

(Data Obtained with Modified TSI 1294-20 Probe, 90° bend) 

041 1550 1540 1354 1360 
042 1550 1540 1354 1360 
043 1550 1530 1354 1360 
044 1550 1420 1354 1360 
045 1550 1380 1354 1360 
046 1550 1420 1354 1320 
048 1540 1380 1354 1320 
060 1500 1380 1300 1370 
061 1500 1400 1320 1370 
062 1520 1430 1320 1370 
063 1530 1400 1320 1430 
064 1530 1340 1320 1430 
065 1530 1340 1320 1430 
066 1530 1460 1320 1350 
068 1540 1460 1320 1350 
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Table 3.3-2 continued 

Case No. 

Position 1 2 3 4 
No. (Data Obtained with TSI 1294-20 Probe, 90°) 

070 1490 1450 1310 1430 
071 1465 1410 1310 1430 
072 1465 1420 1310 1430 
073 1465 1460 1330 1430 
074 1465 1340 1330 1430 
075 1465 1370 1330 1430 
076 1465 1370 1330 1390 
078 1440 1430 1330 1310 
080 1320 1413 1330 1310 
082 1320 1450 1330 1310 
084 1320 1465 1330 1310 
086 1320 1413 1330 1310 
088 1300 1450 1330 1310 
090 1350 1460 1350 1310 
094 1350 1420 1350 1310 
098 1350 1420 1350 1310 
100 1420 1550 1400 1310 
104 1400 1465 1400 1310 
108 1400 1525 1400 1310 
110 1500 1600 1465 1310 
114 1500 1600 1443 1310 
118 1465 1600 1400 1310 
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., ... . ..,, 
.01 
.O.'... 

....... ... ~ 
.02 
.16 

1.~o 
.31 

1.70 
en ..... ._, 

1.31 ... '"'' '-· tL.U 

.:.,o 

.~3 
"' r."'"'T .:.. +Jw 

.24 ....... . _..._ 
C'"') 

tJ.:.. 

-re-..... _, 
- • 1 '7 

- •. ,2 

. +27 
.O<;' 
.01 

.34 

.10 
... c- ... , .... , ... 

-.n 
ti I ...... ., .., 

2.20 

'"''"' • ) u 
c-n 

•'-''-' ... ..., ... 
..:....•-...>..:_ 

rLAT 
NE::;::; 

R[rtlOL l:tS 
!:;TRES!:; 

10.78 IJW 
C.25 uw 

1-L :.,c UIJ 

2.~2 vw 
'7.18 LJW 
0.01 UV 

2. 75 1.JW 
:.,.<;''"} uw 
7. 27 UlJ 

1.54 vw 
1. 55 uw 
::'.23 UV 
2. 55 t.IW J.oo uw 2.cc uv 
~.4-1 IJW 
2.cc uw 
2.'78 UV 
C, 71 'JW 
-L46 UW 

13.'72 UV 
3 .1::- vw 
.!.. ::rn uw 

10.14 UV 
1. 52 ')W 
5.50 uw 

11.'72 UIJ 
t.:., 1 vw 
1.07 
.... '" .... \J > 

uw 
UV 

2. 7:., '.JW 
~·~~ mJ 
..... I ·' UIJ 
:.22 vw 
3.02 uw 
2 • 'i'3 UV 
5 .18 t..'W 
:.12 uw 

17,.:.,3 UV 
3.25 vw 
5.51 LIW 
7.30 UV 
.., ... ' 'JW 
-~ :53 l.IW 

13.0C LIV 

.0~53 
· .0-1C3 
.0'702 

.027~ 
• 0-120 

.• 018 .' 

.oo:..o 

.0155 

.0084 

.0015 

.0057 
-.0027 

.oooo 

.0001 .oooo 

.oooo .oooo .oooo 

.01 '70 
-.0-16C 

• Ot..'74 

.0131 
-.1070 
-.0220 

• 01-1.!, 
-- .0506 

.0074 

.001.1 .oooc 

.0004 

.oooo 

.0001 .oooo 
-.oooo .oooo .oooo 

.01D5 

.1007 

.OOC6 

.OO·H 
- • 1-1 'l'i' 
.05'7~ 

.0471 

.0013 

.00'73 

------ANGL~ lN~Ukll~ilUN----------------

MCAH MIU. MAX. RMS EKEW- FLAT-
AUOLE ANGLE ANGLE ANGLE NESS NESS 

14.0 
nn n 
uJ +u 

101.--; 

1~.5 
n' C' 
'-'\...'. ~ 

1 Ol .1 
1-'L 3 
05.~ 

102.5 

3.1 
07+4 
71.6 

"-' 
07. 
'j' 1. 

2. 1 
nn n 
'-'"-'•"-' 
'72. 1 

12.1 r.c. 2 
101.0 

13.3 
C5.5 
?7 .1 

15.C 
03.4 

101.5 

l • • o 
CL2 
'71 .4 

_,. 5 
C5.'j' 
S'l. e 

'"' n "'- . .., 
n-. n 
UI tU 

71.C 

13.7 
D~.O 

100 .')' 

15.4 
C4.C 
77.0 

17.5 
01.2 

100.'7 

... . .., 
~~·~ ....,, . / 

• 1 
e~ ~ 
...> .... •ttJ 

57.7 

• 1 
5-1.2 
57.7 

1.1 
C-1.'7 
'70.5 

2.1 
07.4 
c;' 1 • .!, 

:'. 1 cc. 1 
'71. c 

• 4 
57.4 
5<;'. 7 

• 1 
50.3 
5'7. 7 

.3 
51.4 
57.7 

·LO 
C2.5 
70.0 

:..c 
f"\C' -y 
u..J •tJ 

c;'l. 3 

? •. , 
C7, -1 
';'1.5 

... .... 
c:- ~ C' .J·1•,..J 

5'7.7 
• 1 

4C.C 
5';'. 7 

... ..... 
4~.z 5 ... .' 

51.C 
131.6 
1-10, l., 

40.4 
110 .2 
120.5 

40.c;' 
110.7 
121. <;' 

5.4 
C'7. 6 
("\"') c:-
IA-t...J 

-y .... ..,,.,_ 
:JC. 4 
472.2 

'"' ., .... , 
C7.~ 
c;'? •. ~ 

40 ,<;' 
122.2 
122.0 

41.7 
127.1 
123.? 

13. '7 
124.5 
12C.4 

7,7 
Cl.3 
S'2. 2 

5.0 
36.5 
'.:'~.: 

3.2 
cc.~ 
'72. 1 

40.4 
125.1 
122.3 

4?.. 7 
127.3 
120.2 

4C.1 
125.4 
137.0 

f.,,c;' 
7.8 
l, .: 

LO 
·'LO 
4.5 
-L7 
5.0 
-LC 

1. 1 
1. 2 

• 3 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

-y .... ..., ... 
4.0 
..., n 
~. J 

5.6 
7.1 
7.1 
5,5 
7.0 
7.1 

n . ) 
1. 0 

.2 
... 

.2 
• l 

• 1 
• 1 
• 1 

3.l 
6.6 
4.4 

6.0 
C.l 
9.5 

l,. 7 
:J.3 c.4 

2.33 
- •. io 
- • <;'8 

.74 
- t. 1 7 
-1. 65 

..,.,. . , .... 
-1.22 
-1. 4r.' 

.03 - • oz. 
- .Ol 

-.ll 
.14 .._.., ... ,; 

.14 ,.. ... . -
-1. 19 

1.4C 
- • 3-1 

- 1. 45' 

1. 76 
- 1. 25 
-2.25 

1. 28 
-.68 

-2.50 

-.21 .:o 
.51 

- • 16 
.14 
.33 

-.02 
.54 

1.06 

1. 31 
.10 

- '"' C""'7 Lt'-'-' 

1. 79 
-.5C 

-2.22 

1.35 
;.·~o - ..... _o 

f:l. 87 
8.72 

15. S'8 

9.36 
9.20 
7.84 

7.71 
7.30 
7.27 

1. 54 
1.55 
2 f 17 
3 .11 
~. 9'? 
2.89 

.91 

.8'.:: 

.04 

12.77 
4. 84 

13.62 

8.52 
5,94 

10.22 

7.70 
5,45 

11. 78 

1.68 
1. l6 
2.61 

2.26 
2.:0 
: f' 73 

2.93 
3. 01 
2.94 

12.83 
3.40 

17.85 
7.47 
s .18 
9.0S 

5 .14 
·1. 10 

11. 82 



TABLES 3.3-3 

FILE AXIS POSITION LI HITS ---------------VELOCITY I NF Of': MAT I ON ·· ···· ·· .. -·----·-·-- --- - --·--- -------ANGLE INFORMATION----------------
MAME EXCEE[l[[I MEAN ANGLE: 111 N. MAX. RM!:; ::::t:,[W · rLAT·· F:rYNOLDS ttC:AN 11 I H. MAX. RMS SKEW- FLAT-

( ~~) TIME VEL. H\Oli VEL. VEL. VEL. ttc:;::; NE:lO !:;TRE~::; ANGLE AtrnLE ANGLE ANGLE NESS NESS 

UU1025 1 .067 o.ooo 6.54 c.J l·. -~4 ~ • .!,5 .05~ .• o~ 1.50 VIJ .oooz C.3 1.0 10.3 .9 .67 2.03 
l}\'1025 2 .3J4 o.ooo .94 01.0 .oo 1.10 .102 ,.., 

+VI 2.01 uw .0035 01.0 7"f.9 03.0 .a -.69 2.06 
WW1025 3 100.000 o.ooo -.15 S' 1. 3 ..• zo . •OS' .040 1. 41 -t.oo uv .0022 S' 1. 3 S'O.O S'2.4 .3 1.40 3.99 
IJU1026 1 .Ot.;7 o.ooo 6.42 5.6 ln 30 6.47 .013 .:5 ~. 7'." vw .oooo s . .:. s.o £.,. 3 .2 .06 2 .12 
\,'1)10'.2t. .... .401 o.ooo ..!.O 04 .l. .53 '" .02.!. .03 z.u uw .0001 04 • .!. 03.S' CS.3 .... -.03 2.10 tUU •4 
HW10~6 3 180.000 o.ooo -.10 ?1. 6 .23 .14 • 01' • .!',1 3.00 UV .• 0001 '71 • .s 5'1.3 72 .1 .1 .70 3.07 

1.1u1o:s 1 • 01:..7 o.ooo .!r.33 3.1 .!. • :::rn 6. J.!. .010 ..• 1-\ z • . 45 vw .oooo 3.1 ....... 3.5 • 1 -.10 2.92 "'. ~ 
IJV1()29 2 .535 o.ooo .23 S7 .-4 • 23 ...... .011 .10 2.s-2 uw -.oooo 07.4 37.0 07.? • 1 .s1 2.98 ....... 
WW 1 <>28 3 rno.ooo o.ooo -.:o s-1.c ,,. ... . • 17 .ooo .01 2.n UV .oooo S'1. 0 S'1. 5 S'2.0 • 1 - .io 2.90 • ,..;,,4 

UU1035 1 o.ooo o.ooo 6.:1 9.0 6.o.s [;.J7 .007 - • 01 1.s.s vw .0003 9.0 0.3 10.7 .s -1.21 3.H 
l.Jl.11035 ... • 33-~ o.ooo 1.07 00.2 .i;-o 1 • 1.!r .053 ·1.20 3.73 LIW .0016 co.: 7';' .-1 Cl. 'J .s 1. :?3 3.48 ... 
\~W1035 3 1so.ooo o.ooo - .14 S'l. 3 -.2s -.o? .02-~ ·· 1 • S'O t...7'3 UV .0002 S'l.3 90.0 S'2.J .2 1.65 6.10 

UU1036 1 o.ooo o.ooo 6.~s .!_,. 1 G.20 t..'31 .o~~ .03 :.oo vw .0001 6. 1 s.s :.,.{,, ... -.37 2.61 ..... 
1)1,11036 2 .401 o.ooo •.SS 04.1 .5? • 70 .01~ • -4? 2.70 uw ..• 0002 04.1 03.6 34,7 .2 .::a 2.56 
WW1036 3 rno.ooo o.ooo - • 16 91.5 ..• ';!1 ..• 12 .012 ........ '3.0~ UV .oooo 71.5 '/ 1 • 1 S'l.S' • 1 .46 3.09 ........ 
lJU1033 1 o.ooo o.ooo 6.26 ...... 6.21 ~.2~ .010 • 1.!. 3.42 vw -.oooo .,. .... 2.0 J.7 .1 -.22 3.45 ""' . ..:.. J ..... 

IJV 1 C•3C 2 .535 o.ooo • 30 :F·~ 
.... , ..,, .011 .1 'i' '3+09 uw ...• 0000 """' ""' .... , ... C7.6 .1 .. .54 2.95 :21 ...... U.I t.r.. UU• ./ 

WW1033 3 180.000 o.ooo ·-. 1 ::l I 1 t I .1s .oo7 • 06 3.0.!. UV .oooo 'i'l. 7 'i' 1 • -~ 'i'1.? • 1 -1.1s 2.95 
UU1045 1 -.067 o.ooo S.S'2 7.7 s.cc t.. 01 O'"' • ..u .70 2.-10 1JW .0001 7. <] .!. • 'J c. 47 .4 - .ts 1.94 
IJV1045 2 ,334 o.ooo ........ 

t\jk 02.2 .71 ....... 
t I w .045 . .10 1.07 uw .oooc o~.2 31.1 33.2 .4 .12 1.93 

WW1045 3 100.000 o.ooo -.12 s-1.: ..• 1 {, .07 .01~ 
.,..., 2.74 UV .0001 S' 1. 2 ":O. 7 'i'1. 5 • 1 -.60 2.e2 . ..,.., 

0\ LIU10·16 1 - .o,i..,7 o.ooo &.10 s.s 6.02 6 .15 .017 .~s 2.53 vw -· .oooo s.s \ .c l.. 0 • 1 .01 2.97 w IJV1046 " • ·~ 'J 1 o.ooo .57 e-~. 7 • ·~C • t.2 .OH .01 2.S'3 uw .0001 04.7 C4.2 cs.s • 1 .07 2.S'S 
!JW1046 3 100.000 o.ooo -· .1 s 'i'l. 4 - .10 .11 .010 .01 z • .!',1 UV ..• oooo ? l • 'J ';'1.0 'i'l. 7 .1 .40 2.65 
tJLll 048 1 -.067 o.ooo 6.10 .,. .... l·.15 I ........ .01~ • 1 [, .33 vw .oooo . .., ... 2.c 3 • .s .1 .07 2+98 .... \.""' u•-'' _. .... 
IJl.'1018 ,, .535 o.ooo .30 07.2 .2~ . ~s .012 • 03 .73 uw -.oooo ........... O.!.. 7 07.6 • 1 -.42 2.94 3 \.II ... 

l..tW10·1B lC0.000 o.ooo - .1.s S'l. 5 - .1 S' .13 .007 .oo .?9 UV .oooo S'l. 5 c;-1.2 S'1. c • 1 1.06 3.04 



I J.LL H,',1:., I U~ .. 11 ltJrl 
NAME 

UU1041 
VV1041 
WW1041 
UU1042 
VV101~ 
WW1042 

UU1043 
V9104~ 
WW1043 

UU10~4 
VV1044 
WW1044 

UU1045 
VV1045 
WW1045 
UU1046 
1,1')1046 
\.JIH046 

UU1048 
IJ'.'1048 
Wl-.11048 

O'\ UU10~0 
~ '..'l..'10t..O 

WW1060 

UUl').'..1 
'.J'..'1')61 
WW1061 

UU10!2 
1)1,11062 
WlJ10!.2 

UU1063 
9V1063 
WW1063 

UU1064 
'.IVlOt.4 
WW10M 

UU1065 
V'.1 1065 
\·JW 1065 

UU1066 
1.,1') 1066 
~JW1066 

UU1068 
VV1063 
WW106S 

2 
3 

1 ... 
J 

. ., 
3 

... ... 
3 

2 
3 

1 
2 
3 

2 
3 

1 .., 
2 

1 
'.2 
3 

'"' ... 
3 

2 
3 

1 
"' ... 
3 

1 
2 
3 

2 
3 

2 
3 

-~0~7 
.0::..7 

1£0.000 

-.067 .1:n 
130.000 

-.067 
.201 

lCO, 000 

·-. 0,!..7 ,..,,..., 
1so:oo6 

- • Ol·7 
.334 

1£0. 000 

··-. O,S7 
.401 

130.000 
-,Ot,7 

.535 
180.000 

-.134 o.ooo o.ooo 
-.134 

.067 
!CO. 000 

- .134 
.134 

100. 000 

- , 134 
.201 

180.000 

-.134 
• 267 

130. 000 

-.134 
,334 

180.000 

-.134 
.401 1so.ooo 

- .134 
.535 

1£0. 000 

L 1111 I:_; 
EXCEEDED MEAN 
<Z) TIME IJEL. 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo 
o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo 
o.ooo o.ooo 

5. 3'::' 
.07 ..• oc 

c:- --~ 
-· • ~J .17 
- .06 

s.20 
.ss 

-- .01 

5. 0-4 
• 'lO 
.03 

{., .13 
.73 
.01 

6.:a 
• 4'7 

- • 03 
{, .. u 

• 21 
- • Ol· 

5.54 
• 1 '7 
• 1.S 

5.54 
- • 03 
-· .15 

5.57 
.07 

-.12 
5.70 

.1 :J 
-· .12 
C' MC' 
...i tu.J 

.-15 
-· .02 
6.0C 

.43 
-.02 

6.23 ... .,,. 
..... .i 

..• 04 

6. '34 
.13 

-- .04 

TABLES 3.3-3 

-· ·- ···l.'l:..LLlC1 ii J.IHLrnfHi I lllll ---··-···-------------
ANGLE MIN. MAX. RMS SKfW- fLAT- REYNOLDS 
FRON VEL. VEL. VEL. NE'. ::: t~Es::; :::n:ESS 

1. 1 
G7.3 
S'0.7 
2.0 

08t1 
"i'O. 7 

.!...O 
C1 .o 
'70.2 
r;-.o 

01.0 
("\f""\ ~ u, • / 
~ .. s 

03~2 
87.S' 

4.4 
C5 • ..', 
~0.3 

2.0 
co.1 
'70.5 

n~.6 
VL' t 1 
80.3 

1. c 
'>'0 .3 
'71 • {, 

1. 4 
C4/.3 
71.2 

........ ....... 
en.~ 
r,\1. 2 

4. 4 
CS.6 
'J'O .1 

4.1 
05.7 
S'0.2 

3.2 
~l-. ~ >0 • ..., 

1. 7 
nc.4 
70. !\ 

s. ~~. 
.12 
.31 

4.76 
:g~ 

4 .::n 
.45 

-· .15 

5.51 
.. :.._, 9' 

-· • O{, 

t. .• oc , .... 
tU.O::. 

..• 03 

6.27 
• -14 
.0{, 

:., • 3/., 
.1:, 
• 0'7 

5.51 
.10 
• O'J 

5.42 
-.1';' 

• {, 1 

5,44 
.• 01 
-.21 

5.55 
.OG ....... ..... .., 

5,77 
"'7"1 . ..,, 

.07 
./.;. .• 0·1 ... , ..... w 
- • Ot, 

1L20 
.~')' 

-.07 

6.31 
.13 

.• 07 

5.51 
"\C' ,.,_.., 

.1 s 
5.53 ., ... ...... ,.> 

'"'c· .... ~ 
5 .5.!.. 
·U . "- ) 

'5.CO 
1. 13 .1c 
{.,.20 

n-r • \J.., 
• 0{, 

I "7f 
Utw\Ji 

.54 

.01 
{.,. ·15 
.2~ 
.03 

'5:~2 
.22 

5 • .!..2 
• 1 ·'4 
• O·~ 

5.70 
.15 
.01 

s. 4 ., 
t I 

• 0 

5. 'H 
• 5·'4 
.0{., 

~ .1~ 
.50 
.02 

t ""' W• "'-'°' 
··'\O 

.• 01 

' -.n u. ~\.) ....... 
•,.;,,;,-.> 
.02 

.001 

.085 

.070 
• 117 
.OD7 
.121 
• '2.00 
• 0-~3 
.1H 

0 -• .,. 
t I..> 
• 113 
.054 

.oz~ 

.OH 

.013 

.015 

.014 

.007 

.012 

.012 

.007 

.oo 
0 ..• . ~· 

.02 

• 0:".3 
.030 
.o:rn 
.002 
.032 
.04C 
.07~ 
.OJ{, 
.045 

.03'7 

.O~J 

.0.:....J 

.011 

.025 

.012 

.ooc 

.015 .ooc 

.ooc 

.013 .ooc 

'"'' ,_._. 
.17 

1.01 
.1) 
'01 
• '71 

• O.'., 

:5z 
'"'" •.:..U 

.13 
'"' . "'"-

' • I..• 

·-. 1 • 5 
• :;.' 1 
• 0 ~ 
.23 

.~-1 
.0'7 
.o'i' 
.17 
.02 

.• 03 

.10 -.oc 

.70 
.1{.. .oo 
.b3 
.05 

.• 45 
.41 
.oc 
.11 
.44 
• 0-1 

.• 01 
.17 

.24 

.14 

.03 

• 0·1 .• oo 
.14 

1.72 vw 
"' -ye-.... •W..J 

"' "'" ... , u 
uw 
UV 

2.31 vw 
1.~,3 lJIJ 
2.'70 UV 

1.c1 vw 
1.57 uw 
2.54 UIJ 

1.85 vw 
1 .. ~'7 uw 
2.00 LJl,1 

2.40 1,1\J 

~·9S uw 
... •UI UV 

2 .1 'i' vw 
2.C7 UIJ 
2.C{.. U'J 

2. 'i'1 VIJ 
3.03 UIJ "" ,..., 
ti... • I ~ U'J 

z.7t. vw 1.co uw 
1. 72 UV 
~.2~ vw 
2. 41 lllJ 
3.23 UV 

2.2{.. VIJ 
1. 05 U~J 
2.3C UV 
1.93 VIJ 
2 .12 uw 
2. :rn UV 

1.n vw 
2 .12 uw 
2 .13 UV 
2. 7 4 VIJ 
2.07 UIJ 
2.71 UV 

2.G7 VIJ 
2.'70 uw 
3.0~ UV 

2.CS' VIJ 
2. '>'::~ UIJ 
3.0S' UV 

.0011 

.0054 

.0013 

.0007 

.OO':'G 

.0023 

.0013 
.• 0021 

.001'5 

.• 0007 
.007C 
.0024 

.0001 .oooc 

.0002 

.oooo 

.0001 .oooo 

.oooo -.oooo .oooo 
- • 0000 

.0001 

.0001 

.oooo 

.0011 

.0002 

.0001 

.001{.. 

.0003 
-.0004 
.ooo~ .oooc 

·-.0001 
- • 0011 

.0002 

.oooo 
..• 0002 
.0001 
.oooo .oooo .oooo 
.oooo .oooo .oooo 

------ANGLl lN~UkMAllU~----------------
MEAH MIH. MAX. RMS SKEW- FLAT-
ANGLE ANGLE ANGLE ANGLE NESS NESS 

1.7 
nn .., u' . "" '70.S' 

2.4 cc.1 r;o. 7 

:., • 1 
C4.0 
S'O .1 

?.1 
H·O 
\JI t7 

.!...C c:1. 2 
C';'.~ 

4,4 
ne- ' \,) ..... L.' 

70.3 

2.0 
00.1 
'70. 5 

"' ' .;.. tu cc.o co.z 
1. c 

';'0.G 
S'l.0 

1.5 
f'.'\t"\ -y 
\.,.I ~ .. -...> 

S'1 .2 

"' .... on. 
'71. 
4.4 

cs.:., 
?0.1 

4.1 
05.'7 
S'0.2 

'3. 2 
"'' ,.. U\J t U 

?O ,4 

1. 7 
CC.4 
S'0.4 

.4 
07.4 
CC.4 

.2 
C0,4 
C7.2 

-1.'7 
,...., l 
ULt0 
C,'.,,c;' 

{.,,? 
70. '5 oc.2 

e n .Jtv 

E~·~ 
UI t .._I 

4.0 
C5.1 
:J'7.? 

1. 5 
C7.7 
S'O. 2 

1. 7 
C7.3 
07. 7 

• \J 

r.n.6 
'70. 4 

.3 
nn c-
uL• f" .J 

[)?. 9 

1. 4 
C7.3 
470.0 

3. (, 
C4.7 
C'i'.4 

3.-1 
85.3 
C';'.C 

2.6 
C.'..-.3 
?O • 1 

1. 3 
C7.'7 
S'O. 1 

3.4 
?1.3 
t;'3. 3 

4.1 
IJ 'j' • '7 ,...., .,. 
1 ~ • ..J 

7,4 
05.1 
71.:., 

11. 5 
C3.1 
'70.6 

... ., 
I t I 

04.2 
470. 3 

4.9 
C.!. .• 0 
70.'5 

83.5 
<;'O .C 

3.4 cc .CJ 
37.0 

l.. 4 
S'l.? 
t;'l. .. : 

2.3 
170. 1 
92.1 

2 .')' 
07.2 
t;'2. 3 

5.3 
Cl.4 
'70.7 

4.7 
36.6 
170.l. 

3.7 
87.4 
?0.6 

2.1 cc.a 
90.l. 

.4 

.9 
1.0 

.o 
• S' 

1.3 
• l. 
.6 

1. 2 

1.2 
1. 2 .s 

• 4 
• 4 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

:~ 
.3 

• 4 
.4 
.4 

• 4 ... .... .s 
... . ... 

• 4 
.5 

.3 ... .... 

.2 

"' .... 
.2 
• 1 

• 1 
• 1 
• 1 

.1 
• 1 
• 1 

-·. 64 
.23 

-1.03 

- • 62 
.04 

-.91 

'"''"' ·-~ -.30 
- .Cl 

• 11 - . 11 
-.63 

- .12 
.11 ....... 
t ""'' 

-.02 
.21 

-.98 
-.02 
-.31 
1.14 

-.06 - . o:: 
.03 

-.60 
.12 

- . {,)' 
-.62 

.03 
-.62 
-.48 

.39 
- • 4 4 

• 11 
-.16 
-.53 

-.01 
.04 

-.47 

-.10 
.05 

-.97 

.07 

.13 
-.28 

3 .14 
2.35 
2.81 
2.32 
1, {..3 
2.89 

1. 81 
~·P ..:. ..... 1 

1.68 
1.68 2.os 
1. 93 
1.93 
~. l.'/ 

2.93 
'"' I"''"' "-.; -
3.04 
3 .10 
'.2. 99 
:.£7 

1. so 
1. 80 
1.72 
3.::'6 
2.41 
3 .19 

2.45 
1.86 
2.37 

3.03 
2 .13 
2.38 

2.08 
2.08 
2.18 
2 .10 
2.10 ......... 
...... 11 

2.92 
2.91 
2.97 

2.99 
2.98 
3 .11 



TABLES 3.3-3 

rILL AXI3 POSlTIOU l.IMIT'.3 - ----------VELOCITY INFORMAlION --- ----------------- ------ANGLE INFORMATION----------------
NAME EXCEEDED t1EAN AUG LC MIN. t1AX. fut~ ~t~[IJ· fl AT· REYNOLI1z 11C:Atl MIN. MAX. F:MS St~EIJ- rLAT-

{~) TIME VEL. FROM VEL. VEL. VEL. t~r::;::; m:::;!:; STRE:3!:i ANO LE ANGLE ANGLE ANGLE NESS NESS 
ULl1070 1 - • 21_,7 o.ooo s.c3 2.3 s.co 5.05 • 00)' ·· 1. OS 3.27 VIJ .oooo 2 .. :3 1. 0 .... «'.' • 1 .oe 2.92 ..... ) 

1)\1107(1 .... o.ooo o.ooo .20 co.1 .14 .25 .014 .oo 2. 'i'4 uw .oooo 00.1 07.S 00.6 • 1 -.43 2.99 .::. 
WlJ1070 3 o.ooo o.ooo .13 C0.7 .or:- .17 .010 .10 2.n UV .oooo cc.7 cc.3 C9.1 • 1 .47 2.80 
1.11 .. 11071 1 ~·. ~~ 7 o.ooo 5.85 1. 0 s.c1 5. :JO .011 .03 2.47 vw .oooo 1 • G 1.J 2.3 • 1 .04 2.89 
'.'') 1071 r\ .ol.7 o.ooo ..• 13 S'1. 3 - .17 .07 .013 • o-i :L01 UW .oooo S'l. 3 S'O, 7 S' 1 • 7 .1 -.31 J.oo 
~JW1071 3 130.000 o.ooo -.13 ?1.3 ..• 17 • O'i' .011 '"'' 2.04 UV .oooo ?1.3 'JO. 9 91.6 • 1 -.20 2.84 .... \J 

UL11072 1 -.zt...~7 o.ooo ';LCD 1.1 ~). 03 5.s-: .015 • 11 2.57 vw .• oooo 1. 1 .., 1.5 .1 -.13 :.E'S t I 
1)1) 1072 2 .134 o.ooo - • 03 'i'0.3 .• 07 .01 .012 .01 ::'.';'7 uw .oooo 'i'O .3 Q';',9 ?0.7 • 1 -.32 2.9'5 
W\H072 3 100. 000 o.ooo - .11 '71. 0 • 1-1 .07 .011 .... .,. 2.01 UV .oooo n.o S'0.7 '71+ -1 • 1 .:o 2.70 ........ 
1JU10::'3 1 ... , .... o.ooo 5 .5'4 1.0 S.70 5.7? • 01·.\ .01 :.~o vw .• oooo l • 0 1. 4 .1 -.05 2.77 - • .;:.u,/ ., 
\)1.)1073 "' .:01 o.ooo .o: 8"l.C .• 03 .Ol, .010 .20 3.13 uw .oooo OS'.C C<.:'.5 c;o.:: • 1 - • 35 3.01 ... 
UW1073 3 130.000 o.ooo -.10 ';'1 .o ..• 15 . .• 07 .011 .10 2.00 UV .oooo ';'1.0 '70.7 91.4 • 1 • 3:J 2. 77 

UU1074 1 ...... '2.l,7 o.ooo 6.03 . '] s. S'S' t,,. 07 .013 • 1 ')' 2.65 vw ...• oooo "' ... 1. 3 .1 .10 3,01 t I . , 
1JIJ 1074 2 .2S7 o.ooo • 05 C?.5 .01 .10 .011 .os 3 .13 uw ..• oooo 07.S 0';'.0 nn n 

u J t > • 1 -.09 3 .12 
WW1074 3 u::o. 000 o.ooo -.oc '70.G - • 11 .• 04 , OOS' .oc 2.03 UV .oooo S'O.G '70.4 S' 1. 1 • 1 -.e7 :.es-
LIU1075 1 - • ~!'7 o.ooo .s.11 1.0 6.07 :.. .1.~ .007 .13 2.70 vw -.oooo 1.0 .... 1. 3 .1 -.10 2.a4 
1,1'.' 1075 "' .334 o.ooo .o:.., C'/.5 .oo .10 .012 .1 l. 3.03 uw .oooo "''"' .,,. cr;:o S'O.O .1 • 3<:' 2.9~ ... u / + ~ 
~HH07~· 3 180.000 o.ooo - • O'J' 70.8 ..• 13 . • o:. .OO'J' .02 3.00 UV .oooo 70.0 70.5 S' 1 • 2 • 1 -.32 2.99 
UU1076 1 .:67 o.ooo ~. lC 1.0 lo .15 l..20 • ooc ..• 51 2. 7'f vw .oooo 1.0 .., 1. ~ • 1 ....... 3,47 ., .... , 
1)\11076 2 ,401 o.ooo .04 37.~ ·- .01 .OS' .012 .11 3.13 uw .oooo C'J. ls ...... "') 

VI t.,.;.. 'i'0.1 • 1 .50 3.16 
hl\J1076 3 180. 000 o.ooo - .O'i '70.7 • 1-1 • 0 l, .007 .oc 3.20 UV .oooo S'0.7 70.5 'i'1. 3 • 1 • 1 'i 3.21 

°' UU1078 1 -.:~7 o.ooo 6.2{, .'"l I "''"Y &.:7 .ooc • '3~ ::'.52 vw -.oooo .? .s 1.2 .1 .04 3 .16 V1 "' ..... ..., 
1)1.,' 1078 .... r'"1'~ o.ooo -.03 ';'0.2 .07 .02 .Ol.2 .01 3.23 uw .oooo '70.2 C'J.C S'0.7 .1 -.57 3.17 .:.. .,...,l,JJ 
WW1078 3 130.000 o.ooo ... • 09 70.S ..• 12 •. • 01.> .ooo ...... 

t4,.J 3.24 UV .oooo 90.0 90.5 'i'1.1 .1 -.78 3.34 



0\ 
0\ 

r l LL ,; ;;:i :; r· U ::.: I 1 I 0 f I 
NAME 

uu1oeo 
1,11)1030 
tJW 1 or.o 
UU1082 
V\11082 
H\.Jl 082 

UU1084 
1)1)1034 
WIJ10C4 
UU1036 '."Jl 086 
H~l1 OS.S 

UUlOCC 
1)')1088 
WW10SC 
UU1090 
V'.Jl o~o 
LnJ1090 

UU1094 
9\11071 
WW10?4 
UU10?3 
'J'.1 1 OS'C 
Ht.Ji O?S 

UU1100 
1} 1.'1100 
t~t.Jl 1(\f) 

UU1101 
VV1104 
HW1104 

UU110E 
VV1103 
WW1108 

UU1110 
VVlllO 
WW1110 

1 
"' .... 
3 

1 
'..:! 
3 

1 
"' .... 
3 

1 
".) 

3 

"' .... 
3 

l 

~ 
1 
"" 
3 

"' 
3 

1 

3 
1 
"' -.. 

~ 
UU1114 1 
'JV1111 2 
IJ\"1114 3 

UUl 113 
'N 111 B 
~HH 118 

"' .... 
3 

-.535 o.ooo o.ooo 
~ ... 535 

.1:.n 
130.000 

.~Z5 
.2.S::' 

1£0 .ooo 
-.'535 

.401 
130.000 

·-. 535 
.535 

100.000 
-.so2 o.ooo o.ooo 
-.co2 

"'-....., 1co:oo() 
.co2 
.535 

100. 000 

-1.070 o.ooo o.ooo 
-· 1. 070 

• 2l.:? 
130.000 

--i.n~ 
f.J.J.J rno.ooo 

·-1.~05 o.ooo o.ooo 
-1.605 

.2~7 
100.000 

--1.605 
.5J5 

130.000 

LI HIT~ 
EXCEEDED MEAN 
(%) TIME VEL. 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo 
I), 000 o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

5.73 --.oo 
- .04 

5.77 
.04 
.04 

s.co 
• 05 .oi 

'5.04 .os 
.04 

5.C7 
• 03 .os 

5.:H 
.01 ... os 

s.cz .oo .o? 
s.c.t .oo .oc 
5.Cl ... oo 
-.10 
5,32 .oo 

.11 

s.cs 
-· .01 

.10 

5d34 -.oo 
- • 11 
C' ....... 
.J t \JI .oo 

.13 
s.os 
- • 01 

.13 

TABLES 3.3-3 

·--VELUC111 INrORMATION -
ANGLE MIN. MAX. RM~ ~KEW-
FROM VEL. VEL. UEL. HESS 

,4 
';'0.0 
';'0.4 

• .!.> 
IJ'j', ,!_, 
~t"\ I u> • u 

,.. ..... 
D'J'.5 
c?.4 

..., . , 
OS' .. S 
CS'• .S 

' ..... .......... 
U> •" 
05'.5 

..., . , 
C<.:' • ';' 
'l0.7 

• S' 
iro.o 
C'.:.' .1 

.o -;o.o 
C7.~ 

t.O 
S'O.O 
?1.0 

1. 0 
S'O.O 
S7.0 

1.0 
'.i'O .1 
04>' .o 

1 .1 
S'O.O 
5'1 .1 

1.2 
'.i'O.O cc.c 
1.2 

c;'O .1 cc.o 

5.71 
.o~ 

.• 07 
.,. ... "" .J•; .J .oo 

.01 

5+77 
.01 

0 ., . .., 
5+:H .oo 

.01 

5.cz 
.01 
.03 

s.c2 .o-i 
.10 

c:: ..,, ... 
..,., t / ) 

.os .oi 
5.01 

.05 .os 
t::' ...,r.\ 
\,) t ,/ ~ 

.05 
1 ... . .., 

s.o~ 
.• O~· .oc 

.,. '"'"' J+v.:.... .os 
.05 

s.c1 
• 0-1 

.. 14 
c: .. , ... 
W•l.•..J 

.0.1 
• O'J 

5,C4 
.o:., 
.10 

C" -,c· 
..Ji·/~ 

• 0·1 ..• oo 
.,,. ...... 
..J.. ; ) 

.07 

.07 

... "''"' .J•u.,.._ 
.07 
,09 

r ,...., 
.J. \,l\,J 

O'" . , .oo 
5,70 

• 0";' 
.o~ 

5.07 
• 05 
.05 

s .c-i 
.o-~ 
.12 

t::" ("\I 
;;J t UV 

.o-'l 

.12 
s.r.1 

• O·~ 
0 -. • j 

C' f"'\t:" 

'"'''"'"' .04 
.14 

5 .... , ........ 
.03 
.13 

t." """" ..> .. \.I J 

• 0·1 
.07 

5. ';'0 .os 
.15 

s.:n 
• 0, 
• 1.S 

,OOl· 
.010 .ooo 
.007 
• 00~ .ooc 
.ooe 
.010 
.007 
.ooo 
.010 .ooo 
.OO? 
.012 • oo~· 
.ooo 
.010 .ooo 
.010 
.011 
• 007 

.007 

.011 .ooc 

.007 

.007 .ooo 

.ooc 

.011 

.007 

.ooc 

.010 

.OO:J 

.011 

.007 

.007 

.ooc 

.010 .ooc 

.OO'f 

.011 .ooo 

....... . ; ~· 

:H 
.,..,,. 

•.J.J 
... 1 {_, 
.o: 

. .ll. 
.1s .... -. ..... , 

...,.,,. 
• , .J 

.07 
'"''"' - ........ 

• 10 
.03 
.02 

1.10 
.oL. .1: 

....... .. ' '-' 
.17 
.17 

...... ........ 
.1 {_. 
.02 

.01 
• o.~ 
.o:... 
.01 
.05 
.O'i' 

.. u .• oz 

.03 

.oo 
0 .. , . \.) 

.21 
,..,. 

: <>-;· 
.10 

... "? ,, .., 
.04 
.07 

*Note (U values are 2.5% low) 

F'LAT-
NE~~ 

REYNOLDS 
srnE::;!:I 

z,. OS' VW 
::L 14 UW 
3 .-'12 Ul.J 

Z. 50 IJW 
3,01 uw 
3.07 UV 
Z. t., 7 \JW 
3 .o., uw 
3.15 U'J 
3,3.~ \,'IJ 
3.:n uw 
Z.'l2 UIJ 

3.n vw 3. lC uw 
2.7~· U'J 

., .oo vw 
3.11 uw 
2.C7 UV 

z. o~· V\.J 
:;:. 40 uw 
3. 25 LllJ 

2.-11 IJW 
·3 .n llW 
J.02 UV 
Z, 71 V\.J 
3 .17 uw 
~.O? UV 

Z. 43 IJW 
3.27 uw 
J,ZO UV 

2.52 vw 
J.1~ uw 
3.02 UV 

2. 3'7 1,,,'W 
3.ZD UW 
=.70 Ul.1 

l.O~ VW 
J.31 uw 
3.02 UV 
2.~3 vw 
3. 2~· lJW z.n uv 

• 0000 .oooo .oooo 
.oooo 
• 0000 .oooo 

.• oooo .oooo .oooo 
.oooo .oooo .oooo 
.0000 .• oooo .oooo 
.oooo .oooo .oooo 
• ooc.~o ..• oooo .oooo 
.oooo .oooo .oooo 
.oooo .oooo .oooo 
.oooo .oooo .oooo 
.oooo .oooo .oooo 
.oooo .oooo .oooo 
.oooo ..• oooo 
.oooo 
.oooo .• oooo .oooo 

------ANGL~ lNfUkMRIIUN----------------
HEAN HIN. MAX. RMS S~EW- FLAT-
ANGLE ANGLE ANGLE ANGLE NESS NESS 

. ~ 
10.0 
S'0.4 

( . .., 
f""\f"\ t .., ' ... ,.... ... ..,. ..,, ..... 

,,, . .... 
01.5 
07.5 

.., ,, ,...,., ..,. 
\J/ .. -..; 

CS'. 5 

' . .... 
~2·* Uc/ •W 

n ..... 
C ....... ,I 4· / 

70.D 

" . ' 
S'O.O 
CCJ .1 

n 
• \J 

2~·0 
u.• t 1 

1.0 
'i'O .o 
'i'O+'i' 

1. 1 
'70.0 
C'/.O 

1. 0 
2~·1 .... , .o 

1. 1 
70.0 
'i'1 .1 

1 • 
"l'O • cc. 
1.z 

'";lj. 1 ...... ~ \.I"". ' 

,., ... ·: u> •u 
';'0 .o 

,., ..... 
t"'\n ...,. 
\.J,. + w 
D7·. 3 

t ·1 
07.1 
(l')', 1 

,.., .... 
c~ .. 1 ,..,.. ... 
y) ... . ..... 
E2·~ 
\,J) .... 

.,,. 
• .J 

t"\t"\ c-
\..'.' t '-l 

'J0.5 

.. .:... 
'"'" .I \.J ~. ~ c ..... .., 

.,. 
•..J 

07. :... ...... ,.... 
\.,IU tU 

.... 
f"."" ' U) tu 

S'O. 7 
n . .., 

er;- .. l. 
OD.6 

.5 ........... 
v~ • 1-, c ..... " 

n 
ti.I 

c~.~ -;-o.o 
... 

f I 

C'?.5 cc.s 
1.0 

c·~ .. :_. sn.s 

.., 
20:~ .,o .. / . 
~(.~. 
D7. 

nA·~ ""'·'.) 
C, .. ..., 

,I to.' 

1.1 
':'O,O 
.... .... f"\ 
U) t I 

1 • 1 
~0.1 
"'"' ..., u j • ,/ 

1t0 
'70' -~ 
'fl. 0 

l.: 
'70.5 
C"'' • \.I') .. -, 

l. 
':'() ' ...... ...,, . 

1+3 
':'O ,5 
S' 1 • : 

1 • ..t 
'70.5 
c~.2 

1. 3 
'i0.5 
MM cc 
\...•,! !.·""-' 

1. 4 
')'(). , 
n.3 

1.5 
c;'O. 4 
£7.1 
1.5 

"l'O, ,!... 
C7.0 

• 1 
• 1 
• 1 

.1 
• 1 
• 1 
• 1 
• 1 
• 1 

• 1 
t 1 
• l 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
t 1 
• 1 

• 1 
t 1 
• 1 

• 1 
t 1 
• 1 

• 1 
• 1 
• 1 

.1 
• 1 
.1 

- • 2!? 
.30 

·- t 4~ 

- .03 

• '71 

,o 
.• 1 

-1.: 
.O.!> ...,,., 
t w''...J 

.lO 

.12 
. 1 "' 
• 8-1 

-.OB 
'I -

1. O? 

'"' . --.. 
C" . ~· 

.10 
• l. 1 
.37 

. o:. 

.45 
1. 01 

.o 
• 1 

. f c 
.. o 

C' 
'..J 

" 
t 11 
.17 
.07 
.oo 
.13 .... .,. 
.... ..J 

.03 .-r .7: 

3. z:s 
3.04 
7 .... 
"'"'I 1'1 

~.3? 
~. r:.•f_" 
:.94 
3, c 
J. 1 ... ("\ ...,, 

• 10 
.~1 
.03 

3.1£ 
J .1 s 
:.01 
f'") I"\...,. - . ·' ... 
3. 0 !· 
2.'?4 

: t :.1 
3,13 
3 j '~'! 

~:ii 
~.'?O 

:: I ~r:: 
'.L15 
: ., 8~ 

3. ? 
:. 0 
-r C' 
.,.,; . .... ~ 

: . ';' ~ 
::! • ~1 
: '(\ l 

2.~1 
~. ,..,,c 

r'I I'.>' 
... f ~·~ 

3. ()2 
3.~1 
3, r· ~ 
r\ ....... 
~ti . .,. ,,...,,('\ -·. - ... r\ .... , 
.... , \J 

j 



°' -...J 

TABLES 3.3-3 

f1LL AXIS POSITION LIM113 ---------------VELOCITY INFORHATION·--------------------
NAME EXCEEDED HCAN AttGLE MIN. MAX. RH~ CKCW- FLAT- REYHOLDS 

Ull2001 
l}'.'2001 
WW2001 
LIL12002 
V1.J2002 
WW2002 

1 .., 
3 
1 
2 
3 

UU2003 1 
IJV2003 2 
WW2003 3 
UU2005 1 
1)V2005 2 
~HJ2005 J 

UU2006 
992006 
WW2006 

UU200S 
VV2008 
WW2008 
UU2011 
V~2011 
WW2011 

1 
2 
3 

1 
2 
3 
1 
2 
3 

UU2012 1 
•JV2012 2 
WW2012 3 
UU2013 
IJl,12013 
WW2013 

UU201S 
1,.11)2015 
1.rn2015 

UU2016 
~H,J21') 1! 
WW2016 

UU201B 
VV201B 
WW2018 

UU2021 
1JV:?021 
~JW2021 

1 
2 
3 

1 .... 
"" 3 

1 ., 
3 
1 
2 
3 

1 
2 
3 

UU2022 1 
VV"0'"''"' ~ 
ww~o~~ 5 
uu2on 
V'J2023 
\,llJ2023 

1 
2 
3 

.267 

.ot.7 
100.000 

.267 

.1 '34 
180.000 

.'2~7 
.201 

100.000 
.267 
.334 

1so.ooo 
.267 
.401 

100.000 

.2l..7 
.535 

180.000 
.134 
.067 

100.000 
.13:} 
.134 

180.000 

.134 

.201 
100.000 

.134 

.334 
130.000 

.134 

.401 1so.ooo 

.134 

.535 
180.000 

.067 
.067 

180.000 
.Ob7 
.134 

180.000 

.067 
.201 1eo.ooo 

<%> TIME VEL. FROM VEL. VEL. VEL. NESC NECC CTRECC 
l.S'Z7 
2.949 .soo 
o.ooo 

.306 

.006 

.01'5 

.361 

.015 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

.145 

.H2 

.006 

.019 
2.365 

.161 

.034 
~.097 

.420 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

.2C4 
1.572 
.2~2 

.111 
2.C66 
2.514 

.OS'O 
3.041 
3.t.n 

6.C4 
-.02 

-1.52 
5 •• 17 • :.o 

··1 .11 

4.oo 
.26 -.oo 

s.s4 
•35 

-.24 
c.37 

""'' t.:;,I.) 

-.~o 

0.10 
.13 

-.JO 
7 .O'i' 

.33 
-1.01 
s.11 

.47 -1.16 
4.40 

.40 
-.?b 

s.i~ 
t I U 

-.20 

s.zo 
.52 

-.25 
o.os 

.:lt 
-.2~ 

7.05 
+54 

-1. 75 

s.cs-
.54 

-1.13 

4.70 
.74 

-.06 

12.s 
')'0 .2 

lOZ.5 
11.9 
S7.0 

101.s 

13.0 
Sl,.4 

102.4 
2.0 

87.7 
'i'1.6 

z.~ 
00.2 
S'l.S' 

2.3 
C'J't 1 
'i'2 .1 

14.5 
07.4 

10-1.3 
12.3 cs.4 

101.4 
13.7 
03.9 

102.2 

s.s 
G4.7 
'i'l. 4 

4,0 
06.3 
S' 1. 7 

2.6 cc.2 
71. ')' 

14. l. 
05.7 

103.'7 

12.4 
C4 .';' 

101.3 

13.4 
Sl.3 

100.1 

2 .13 
-'5.00 
·~ls.50 

3.02 
~ 1 • l.: 
.. z.15 

""' ....... "'- • .I u 

·-~. zo ...... ~· 1 

0.2~ .oo 
.J3 

c.3:! • zo 
.... 3.4 

0.14 .oc 
.35 

4.S'? 
-3·2~ 
··4. """" 
3.5'5 
·2.70 

-4.06 
2.74 

-2 .'54 
·2 .45 

0.21 
• .:.o 

-.30 

0.14 
• 4'5 
.31 

0.01 
.1? 

·-. 32 

4.22 
-4. 62 
·4 .35' 

3.:!~ 
·<l .{.,? 
-4.05 

2.71 
.... 2.09 
3.23 

? • 4-!\ 
'5. 01 4.:a 
{.,.63 
~·22 
._. t /,I 

4. ')'7 
2.:5 
2.20 
......... U•WI 

.74 
.• 12 

c. H .. , .. ~ ....... 
.... ~3 

0.23 
.1 S' 

·-. 23 
O.S'O 
·•. &o .... .., .... 
,,;,. t I~ 

0.41 
5.10 
3.01 

5. 3'>' 
3.05 
2.53 
c. &t.) 

• S'C 
.• 13 

c.:3 
• .!iO 
.21 

o.o? 
.31 

-·. 22 
... .., ... 
\J .. I ' 
4. ?J 
4.1S 

"' "'"' ~·~~ 
'-'·:;~ 4 .... ,,. 

:., • 51 
3.}'~ 
3.40 

.:.,.H 
• 'i'1? 
.715 

..,.., ., . """""-' ...,...., . .., . .__,,."' 
.30? 

""'"' f ............. 
"\I"\ I 

• ..:..,y""' 

.200 

.175 

.zo:.=; 

.022 

.01, 

.017 

.015 

.012 
• 01 ·4 
.012 
.zs., 
.&~3 

~....,r."i . """""'"' 
.3?2 

# "T'\ .u ... •-
t4?0 

• 35'; 
• 450 
.4{.,2 

.125 

.0?3 

.o~o 

.013 
• 02t> 
.017 
.012 
.015 
.012 

• 4l·1 
1.0{.,5 

.731 
..,..,.., 

• , JM) 

"''"' 1:044 
... ~.., 

t I ') W 

.577 
.950 

·2.30 
.40 
.44 
.oo ....... 
t I I ... ,..,,, 

"'-•4-U 

.30 ...... . ..,..., 
2.01 

.1s 

.03 ... ., . ..., .... 
.., ... ........ 

.O"J' 

.15 

.14 

.07 

.~.!> 

.• 73 
.43 1.eo 
.01 

1.02 
2.27 

• ?!\ 
.M., 

2.57 

.oo 
:g3 
.74 

- • 1 ·1 
.45 

.• 03 
.14 .os 
.~3 
• 1:., 

2.0: 

·~~ 1 ......... 
1.05 

,.., 
t ""'I 

1. ·1!.> 
1.40 

10. ·4'? vw 
7.51 uw 

12.35 UV 
2.ll 
J>E~ , . '"'"" vw uw 

U'J 

4.01 vw 
7.:., 1 uw 
9.22 UV 
1.t.1 vw 1.sCJ uw 
J.35 UV 
.... ...... .. . " .., 
"" 17\ft """. u' ""' "' .:.. • i \Ji 

vw uw 
UV 

2.02 vw 
3.0S' uw 
J.&3 UV 
0 •. ,,!, vw 
5.53 uw 

17.37 UV 
7,37 vw 
S'.13 uw 

14.cs uv 
3.10 vw 
&.10 uw 

13.27 UV 

1.l.O VW 
1.74 uw 
3 .13 UV 

4.06 vw 
~·~~ uw ..... _, .... UV 
" ... , !\. ~"' 
..... > 1 
3.0? 

vw uw 
UV 

3.70 vw 2.c2 uw 
12.30 UV 

1.03 vw :., . .n uw 
7.53 UV 

.10 vw .oo uw 

.~c UV 

.09[,7 
··- .OG70 
-.14'>'S' 

.0274 
- • Ol.77 
-· .02?2 

• oo:rn 
-.0134 

.015? 

.0015 .ooso 
-- • 0015 

.0001 .oooo .oooo 

.oooo .• oooo .oooo 

.0315 
-· .0633 

.0721 

.0404 .oscs 
·-· .0532 

.oo:.,? 
-.0017 
..• 0400 

..• 0027 
.0002 -.ooo:. 
.oooo .oooo 

..• 0000 

.oooo .oooo -.oooo 
.0.4:.,3 

..• 337.!i 
,O?JC 

.000? 

.3710 .ons 

.077:_. 
-.Ol.23 

.07:.,1 

------ANGLE INFORMATlON----------------
MEAN Hitt. MAX. RMS SKEW- FLAT-
AHGLE AttGLE AttGLE ANGLE NESS NESS 

14. 6 
?0.1 

102.4 
12.7 
""' C'\ 101:5 
13.7 
Ct. .4 

10:.:!.4 
2. ';' ...... .., 

"".I • , 

71.6 
""' , ........ 

00.2 n.-;-
~.3 

09 .1 
?2.2 
15.4 
07.4 

104.: 

13.0 
05. 4 

101.4 
15.3 
03.7 

102.0 
'5. 5 

04.7 
?1 • ., 

.... , .o 

....... 3 
S' 1. 7 

""' ' ... .., 
co.~ 
";'1.0 

17 .1 os.s 
103.7 

Hu4 
04.'5 

101.1 

17.~ 
01.3 

100.0 

., 
45:3 
5?.7 

.1 
57,4 
57. 7 

• 1 
57 •. \ 
547.0 

1. 1 
05.1 s-o.o 

"' ., .... .... 
07.7 
?1. 6 

1.? cc.7 
. ?1.6 

• 1 
57.2 
t,7.5 

.1 
51.3 
5?.7 

" ..... 
51.4 
S'7.7 

4.2 
03.3 
90.')' 

3.5 cs.c 
? 1 • _, 

~.2 
07.C 
'i'l. 5 

.3 so.:. 
57. 7 

., . ..., 
47.0 
5?.7 

.5 
47.6 
S?.7 

55.0 
130.4 
144.5 
3?.5 

107.6 
117.9 

40.0 
116.S 
11?. 3 

S.3 
?O.O 
4>'2 .2 

3.1 
C0.6 
S"2.3 

2.1 
C?.S n.s 
41.5 

122.2 
1:3.3 

42.3 
110.'5 
125.1 

41.0 
124.1 
122.1 

6.0 
C5.S' 
92.0 

4.6 s:.,.s-
s-2. 1 

3.0 
CC.6 
S'Z.3 

42.3 
12:J.'5 
127.3 

45.1 
127.6 
130.5 

44.1 
124.5 
12l..: 

7.0 
7.0 
6.4 
J.6 
.., D .... ~ 
4.2 
3.c 
4.1 
4.1 
1. 1 
1.4 
.2 
.1 
• 1 
• 1 

• 1 
• 1 
.1 

3,2 s.2 2.c 
s.1 .s. 1 
4.9 

S.3 
6.0 
6 .1 

.6 

.6 

.2 

""' ..... 
.2 
.1 

• 1 
• 1 
• 1 

s.: 
S.6 
'5 • S' 

7.2 c.3 
9.0 

7.3 
7.1 

10. lJ 

.., .., .... :: :33 
-.22 

.23 
- • C·~ 

-2.01 
• 1 S' -.ss 

-1. 90 

.20 
-.02 -.so 

.1c 
-.13 

.47 

.os 
• '56 

-1.01 

1.59 
.47 -1.ss 

2.27 
-1. 69 
-2.19 

1.29 -.a1 
-2.52 

• 00 
- .10 

.73 

-.04 
.15 
.23 
.o: 

-.07 
.92 

.6C 
-.14 
-~.02 

.77 
- • S'4 -1.76 
1.os 

-1.45 -1.se 

e.64 
7.78 

13.26 
a.72 
7.63 
9.02 
s. 3 a. 4 
9. e 
1.59 
1.se 
3 .t 9 

3.:s 2.sa 
3.02 

3.11 
3.11 
3.76 

16.70 
5.84 

16.32 
1 t.16 
S.29 

13.99 
7.09 
6.67 

13.86 

1.75 
1.73 
3.0S 

2.30 
2.34 
2.59 
2.94 z. r.7 
J.03 

S.56 
3.06 

12.81 

3.~~ 4 t I I 

S.62 
3. 7-1 
7.59 
7.45 



TABLES 3.3-3 

I l LL 11;'.1 ...J I U.:·.l. l .l.Ull L J.11.l I:_; ---------------VLLUL111 .LIH· Uk 11?1 I I 0 N -· ·- •· ·· ·- - ·- ·· - - -- -· - ... - .. - ·- - - •· - ------AUGLE lNFOkMAflON----------------
NM~E EXCEEDED t1EAN ANGLE MIU. MAX. RMS :.t~[W fLAT·· r-: E nrn u1::; t1EAU MIU. MAX. RMS St~EW- FLAT-

< ~!) TH1E \,.'EL. FROM 1JEL. VEL. 1JEL. N[SS UESS STRESS ANGLE ANGLE ANGLE ANGLE NESS NESS 
LIU2025 1 .067 o.ooo c.20 7.0 ... c>n 

I t :.> '-' C.-12 .127 .04 1. 53 vw .0052 7.0 -1.6 '"' ... 1.4 -.10 1.45 , ...... 
IJV2025 2 ,334 o.ooo .?9 03.1 • {,-1 1. 30 .200 ...• 15 1. 4~ uw -· .0020 D3.1 C0.9 05.S 1. 4 .08 1.45 
1,q,12025 :?. 180.000 o.ooo .. _. 1 5' S' 1. 3 ....... . .., / ... 10 .053 ·· 1. 31 3.';'0 UV -.002~ ?1. 3 ?0.7 S'2. 6 • 4 1. 34 3.91 
UU20'.2.S 1 ,O!;,? o.ooo lJ.07 ·LO 0.01 c .13 .0:2 .02 2.3';' vw .0002 4.D ·L1 5.5 .3 -.07 1.90 
t.J•.'~O:'~· '"' • -101 o.ooo .:._.,'\ C5 .. 5 • 5, • 7·!\ ,.o~c .13 1. 5'2 LJW .0004 cs.s C!I. C Cl. .2 .., • 13 1. 90 j . ..., 
1JIJ 20 ~~ !:- 1co.ooo o.ooo ... ....... '71 • ~ .... n .17 .01c ....... 2.96 UV .0001 ? 1 • tJ 5'1. 2 92.0 • 1 .27 2.8? ......... ·- f4/ . ..., , 
UU202C 1 .0{,7 o.ooo ... ("\c:" ...... 7.07 c.oo .Oll '"..., 3. 10 vw .oooo ... .., 2.4 3 .1 .1 - • 01 2.91 .I • .1 ... , ..... , • \J.., ..... ., 
1.' 1•12022 2 .5J5 o.ooo ~n •.:..> ....... '"' .21 .35 • 01-1 U.1 f .I .~1 :LO.'.> UW .• oooo ...... '"' ti..J.I f I 07.5 o:J. 3 • 1 .34 3.22 
\s!l~I :? ('I ~ 8 3 !CO. 000 o.ooo - • 2-1 '71 • c '"'f'.' ..... , ..• 20 .01~ .02 2.cc;- UV .oooo 'i'l. 7 '71. 4 n.1 • 1 -.oc 2. 90 
Ul.1~0'35 1 o.ooo o.ooo 7.?0 .., C' 7.70 c. 1-1 .133 .1 :.., 1. 53 vw .001t. ... C' r: '"' n C' .6 -.71 2.68 , • .J , •.J ..J•v \Jt..J 
1•11)2035 "\ .334 o.ooo 1.02 '"''"' ..., -.n 1.1.!, .OC3 .50 2.3l uw .001:... '"'"" ... Cl • .!, C-1. 4 .{, • 71 ~. t_.5 3 UL. fo .I ., , U4 •.I' 
~J!.J2035 180.000 o.ooo -.1? ?1. -1 -- • 30 ..• 12 .0:;'7 - • 77 4.05 UV .0007 'i'l .4 S'O.? ?2.2 ... .63 3.58 ..... 
UU203t. 1 0.0{'10 o.ooo 7.C4 5.0 ..., ..... .., '"'""' .031 .0-1 1. '72 vw .0001 5.0 _,, -1 s.s • 1 - • ~6 2.82 
'·'~'2(l36 2 • 401 o.ooo .65 c5.3 I•:::., ~ :7: .020 ....... 2.73 uw .0001 ,... ... ..., G-1. 7 35.0 .2 .43 2.83 • ..J, ..... ..J u.Jtw 
IJW2036 3 1~0 t ooc·. \)tPOO - • 21 S' 1 • .!, .... ...:~ . .1 l- .013 .10 3.os uv .oooo S'1 • .!, S' 1. 2 ?1.';' .1 - t ~":' 3.03 
UU2045 1 - • 0:...7 c.ooo 7. :...1 ' .... ... .,,..,. 7.71 .035 .57 2.25 vw • ooos I "T ...... ...... .s -.13 1. 73 \..'. ~· I • .,j...,.} \Jt ... ~' t L. , ...... 
'.'V2045 ... • 33 ~ o.ooo .02 33,9 .t.,7 .?5 .0:,7 ..• oo 1. .!,';' llW .0012 ... ..., ... 02.? a5.o C' • O'? 1. 71 .... \.JWt I • .J 
WW2045 3 180. 000 o.ooo ·-. 17 S' 1. 3 ..• ~J .10 .014l .20 2.47 UV .0003 S' 1 • 3 '>'0. 7 S'l. 7 • 1 - .13 2.41 

UU20"'~ 1 - • 067 o.ooo 7.74 4.5 7.6? 7. 7'7 .021 .21 :'.15 vw .0001 4,5 4.1 5.1 .2 • 12 2. 71 
1-.' 1.'204t.. .401 o,.ooo c-n 85.7 .51 • /.,6 .o~~ O'T 2.57 uw .0002 ,... ... .., 05.1 Cl·. 2 ... -.13 2. t.3 .... ,. ~'u . ... \..l~t, ..... 
l.)W20H 3 130.000 o.ooo ·-. 20 ?1.5 ·- .25 -- .14 .015 .10 2 • .!.1 lflJ .oooo n .5 'j' 1. 1 91.0 • 1 .36 2. 59 

°' UU204S 1 -·. Ol7 o.ooo 7.00 ... ..., 7.75 7.::::5 • 015 , , 3. rn vw .oooo ..... '"' .. .,. "' • 1 • 14 3.33 .... , tut...• .... , .... ..., ......... 
00 '.)')2048 ") .535 o.ooo .31 07.7 .25 .3~ .015 .oc 2.00 uw -.oooo 07.7 07.4 00.2 • 1 -.02 2.86 

WIJ204B 3 180.000 o.ooo ·-. 21 ?1.5 .26 .• 1.!, .012 .oc 3.12 UV --.0000 S'l. 5 ?1.Z '>'1.S' • 1 • 41 3 .15 



°' \0 

FILE AXIS POSITION 
NAME 

UU2041 
~V2041 
WW2041 

\JU2042 
'·"·'2042 
WW2042 

UU2043 
1,!')'.~043 
WW20U 
lll'2045 
1) 1)2045 
i..JW2045 

UU2046 
l)'.'20·i6 
l•JW2046 
UU2048 
VV2048 
1.JW2043 
UU2060 
VV2060 
W\J2060 

UU2061 
VV2061 
WW2061 

UU2062 
VV2062 
WW2062 

UU20~3 
VV2063 
WW2063 

UU2064 
VV206~ 
WW2064 

UU2065 
'N20l.5 
~JW2065 

UU2066 
'·'~'2066 
W\J20l.6 

UU2063 
1,1 1•12068 
WW2068 

~ 

3 
1 ., 
3 
1 
~ 

3 
1 
~ 

3 
1 ., 
3 

2 
3 

1 
2 
3 

1 .. 
..:.. 
3 

1 
2 
3 

.. 
3 

2 
3 

~ 
3 

1 
2 
3 

"' ..:.. 
3 

-- .067 
.067 1so.ooo 

-.067 
.134 1eo.ooo 

-· .067 
.201 

180.000 
-.067 

.334 
180.000 

-.067 
.401 1co.ooo 

-.Ot:7 
.535 

130. 000 
-.134 o.ooo o.ooo 
- .134 

.067 
180.000 

-.134 
.134 1eo.ooo 

- .13-4 
.201 

180.000 

-.134 
.2.S7 

1£0.000 

-.134 
.334 

130 .ooo 
-.134 

.401 
1£0.000 

-.134 
C'"Tc:" 

• ..J,,)..} 

180.000 

LIMITS 
EXCEEDED 
< ~ > TI ME 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

HEAN 
VEL. 
6.35 
-.01 
-.10 
6. 7{., 

.17 
- .15 

6.83 
.5l· 

-.0? 
7.3? 

.54 
-.10 

C.03 
.2? 

-.. 14 
0.07 

.OJ 
-.17 
7.00 

• 14 .1s 
7.04 
-.01 
-· .1 s 
7.10 .1s 
-.12 

7,25 
• 27 

- .11 

7.56 
.34 

-·.or; 
.., ..,.., 
It~~ 

..... > 
-.12 

7. 'i' 1 
.20 

-.14 

0.01 
.01 

-.15 

TABLES 3,3-3 

-------V[LOCITY !~FORMATION-- -------· 
ANGLE HIN. HA~. RH~ ~KEW- FLAT-
rROM VEL. VEL. UCL. NESS ~CSS 

REYNOLit::; crnc:::;t; 

1. s 
S'O .1 n.s 

1. c;' 
33.6 
r,-1. 3 

4.7 cs.4 
90.7 
3.9 

IJ{.,. 1 
90.7 

~.3 
37.7 
91.0 

1.2 
C'J.C 
91.2 

1. 7 
33.s co.a 

1.2 
~0.1 
91.2 

1. t.> cc.o 
S' 1. 0 

2.5 
C7.7 
'"J0.9 

2 .. l. 
C7.5 
S'O • ·7 

2+3 
~..., C"'\ 
u ~ • ) 
"JO. 'i' 

1.7 
03 • .s 
S' 1. 0 

1. 1 
07.S' 
"Jl .1 

6 .5"J 
- • 31 
.41 

I ,_,_, 
u .... 1 

-· .0{., 
. ,40 

6.27 .. ~: 
.40 

7.02 ...... ..... , 
-.13 

7.76 
.21 

..• 1 S' 

C.04 
...• 05 
- .22 

/J. '7'7 .oo 
- • 01 

6."J4 .ts 
M .~7 

.!..S'O 
.o.~ 

r\C' 
... '"""' 
7.03 

.21 
-.23 

7•·'"4 
.04 

.• 20 
.., -0'") 
; t I k 

.17 
·- .20 
-. nn 
It uu 

• 11 
.20 

7.?6 
- .O{., 

.19 

7.0'i' ..,.,.. .... '-' 
.10 

1.~1 
• \0 
• Ji'., 

.., .... .., 
J t WJ ,,.. : :fo 
c.oo 

.70 

.03 

C.10 
.37 

. • O'i' 

0.11 
•Or.' 

·- .12 
7.15 :g 
7 .15 

.13 
.• 00 

7.20 
.26 
• 0{., 

7.·H ...,, ........ 
.04 

.., .,.., 
I f' I W 

,4:._, 
.o~ 

7.C? 
.40 .os 

7. 'i't., 
• :'O .• 10 

0.05 
.07 

.• 11 

.131 
• 1 ·~l
.157 
.Z54 
.121 
.205 

.30? 

.052 

.170 

.037 
.073 
.025 

O ~ .... 
• ... tJ 

.024 

.013 

.011 

.017 

.010 

.010 

.02? 

.02~ 

.OH 

.055 

.05{., 

.075 

.04C 

.07{., 

.109 

.01 'i' 
, Ol)6 

.o:....s 

.040 

.0-12 

.017 

.03';' 

.022 

.011 

.025 

.013 

.011 

.017 

.010 

.04 
.• 0-~ 
.6~ 

.13 

.g~ 
• , u 

.13 

.1 s 
• 'i'(,, 

.53 
• 0·4 
.14 

.17 
..• 03 

.20 

• 0'5 
.01 
.05 .. ~{., 
.10 
.06 

.12 
.• 06 
.40 

.13 

.O'.? 

.42 

.• oc 
.1 c 

C'C' 

'"'"' 
.04 
.17 

c::",.., 
t..J.:.. 

.1 'i' 

.01 
• O'i' 
.07 

-.15 ....... ..... > 

.03 

.io 

.20 

2.0? vw 
1.00 uw 
:?.29 UV 
1.')'3 vw 
1. {.,0 uw 
2.3l- UV 
1. 71 vw 
2 • 1 S' U\J 
2.t..1 UV 
:;-.20 vw 
1.70 uw 
2.32 UV 
2.~1 vw 
2.51 uw 
3.22 UV 
2.n vw 
2.0.!. uw 
J.20 UV 
3.C3 VW 
2.23 IJW 
2.11 UV 
:?.16 vw 
1 • 'Jt.... LIW 
2. O'i' llV 

1.04 vw 
1.75 uw 1.n UV 
1.(,7 vw 2.-;-o uw 
1.76 UV 
1..!.0 vw 
1.77 llW 
2.07 UV 
2.33 vw 
2.02 uw 
';' .60 UV 
2.00 vw 
2.M UW 
3.14 UV 
2.70 vw 
2.03 uw 
3.33 UV 

- .0010 
.017'5 
.0051 

.oooo 

.O'J77 

.004'i' 

.0065 

.OOS'.!. 

.0040 

.0007 

.0014 

.0010 

.0001 

.0002 

.0001 
..• oooo .oooo .oooo 

.oooo ..• oooo .oooo 
-.0001 

.0022 

.0002 

• 000-1 
.0041 
.0003 

.oooo 

.000{., 
• 000.!. 

.• 0004 
- .0020 .oooc 
.oooo 

-·. 0005 
.0003 

.oooo 
- • 0000 

.0001 

-.oooo ..• oooo 
.0001 

------AHGLE IttrORHATIOH----------------
HEAH HIH. HAX. RMS SKEW- FLAT-
AHGLE AttGLE ANGLE ANGLE HESS NESS 

::! .2 
?0.1 
?1.5 
~ • .!, 

nn / 
'"''·' •U S' 1. 3 

4.? 
05.3 
90. 7 

4.0 
0{., .1 
'i'O. 7 

........ ..... ..., ,...., n 
U) t I 

?1.0 

l • 2 
nn n 
U) tU 

71 .2 
1. 7 

ED·~ .... c. u 

1.3 
'70. 1 
91.2 

1. 7 
03.3 
S'l .o 
2.s ....... 

?<>:~ 
,.., .. .... ~ 

07.4 
90.7 

... ..., 
'"'~ ·~ U I t I 

":O •? 

1.7 
00.6 
S' 1. 0 

1. 1 
nn " U ./ t I 

71.0 

.3 
C7.C 
00.4 

.o 
o~.s 
C7.0 
3. (, 

C3.7 
36.7 

~.? 
C5.0 
?0.2 

1. c 
::::7 .4 
S'O • {., 

n 
• J 

CS'.3 
'"JO.? 

• 1 
o~·~ Cu ..... 

.1 
co.-;-'i'O.o 

.s 
S7.? 
C'7.5 

1. 'i' 
C7.1 
El'i'. 6 

1.5 
Ct...5 
c-;-.c 

1 • .s 
C7.1 
'i'O .3 

1. 2 oo.o 
S'O. 7 

f"\ tu 
CS'.5 
70 .o 

3.0 
S'~.7 
93,4 

3.C 
'"JO ,5 
?3.4 

6.S 
Cl,. 7 
'i'3. 2 

s.o 
C7.3 
'i'1. 3 

2.c cc.s 
S' 1 • 3 

1 .6 
?0.3 
91. 6 

2.4 
S'O,O 
t;'O .1 

2.2 
~1.: I'\., ., 
I"- • ""-

.... C' ..... ., 
09.6 
t;'2.0 

3.2 
CC.3 
91.8 

3.6 
8?.7 
?1.5 

3.1 
cc.c 
91. 4 

........ ....... 
B'i' .2 
S' 1. 4 

1.4 
?0.4 
'i'1. 3 

.o 
1.2 
1.3 

• I] 
1. 0 
1. 7 

• 6 
.6 

1. 5 

.s .s 

.2 

• 1 
.2 
• 1 

• 1 
• 1 
.1 .. ..... 
.2 .... ..... 
• 4 
.4 .s 
.4 
.4 
.6 

.2 ,.., . .... 

.5 

.3 
• 4 .... . ..., 
.3 
.3 
.2 

• 1 
.2 
• 1 

.1 
• 1 
• 1 

-.44 
.10 

-.62 

-1. 28 
.05 

-.77 

.23 
- • 37 
-·. 90 

-.07 .os -.os 
-.02 

.04 

.47 

.2s 
-.~3 

-1.06 
-.04 
-.10 
-.10 

-.57 
.06 

-.40 
-.ss 

.04 
-.45 

.o? 

.04 
-.52 

• 12 
- .17 
- • 46 

.oo -.oo 
-.04 

- •OS' 
.23 
.£4 

-.25 
- • 1 r. 

.72 

2 .17 
1 • El9 
2.30 
3,59 
1. 66 
2.37 

2 .1 s 
:.37 
2.63 

1. 72 
1. 71 
2.29 

2.63 
2.54 
3+06 

3. 48 
:.E7 
3.11 
2.19 
2.23 
2 .10 
2.37 
1.96 
2.09 
2.os 
1.77 
1.93 

2.56 
2.£7 
1.94 

1. ?1 
1. 94 
2.03 

2.04 
2.01 
2.59 

2.73 
2.68 
'7 ".fC' .., • -·..J 

.49 .co 

.95 



TABLES 3,3-3 

fILE t~XIS POSITION LIM ITS ----------- ---VELOCITY INFORMATION------------------ .... - - --- ANGLE INFORMATION----- - -- -----
NM1C EXCEEDED HEAN ANGLE MIU. MAX. RM::: :::KEW· FLAT- REYNOU1::; t1EAN MIN. MAX. RHS SKEW- FLAT-

( ~.!) rrnc: V[L. rROM VEL. VC::L. VC:L. NC:CS NC::::~ 5TRt:SC ANGLC: AUGLE ANGLE ANGLE NESS NESS 

lll12070 1 -.267 o.ooo 7.42 1. 7 ... ..,. " 7.46 .010 .1s 2.:0 tJW .oooo 1.7 1. 2 2.2 • 1 .03 3.08 
1,J1J:070 "' o.ooo o.ooo .17 oc.7 I :11 .... ..,. • 01 l. .07 3.00 LIW .oooo cc.7 co.~ C'J.2 .1 .15 3.01 3 • ktiJ 

IJW2070 o.ooo o.ooo .14 00.9 .o? .20 .01-4 .12 2.02 UV .oooo co.? 80.5 3?.3 • 1 -.01 2.ao 
UU:?071 1 - .2c:.7 o.ooo 7,45 1. 3 7.41 7. H} .011 .14 2.:Jl VIJ .oooo 1.3 .c 1.c • 1 .0(., 2.E}B 
1,11.1:071 3 .067 o.ooo .10 ';'0. :~ '1.'.. • ()3 .01~ .02 2.7::' llW .0000 70,G 'i'0.2 91.2 • 1 -.13 2.92 
lJW2071 100.000 o.ooo -.1~ S' 1. 0 I 1 )' O"" .015 .07 2. 'N.1 UV .0001 S' 1. 0 90 • .!. S'l. 4 .1 .23 2.94 t I 

LIU2072 1 -.267 o.ooo 7.50 1.0 7.45 7.55 • 01.!. .1? 2.s.s vw .oooo 1.0 .s 1.4 • 1 -·. 16 2.72 
VV2072 ..., .134 o.ooo •. • O:! '70. 2 ..• oo .03 .015 .02 2.';'J uw .0001 S'0.2 nn -. '70 .~ • 1 .17 2.93 ... VI•·' 
tJl'-'2072 3 180.000 o.ooo -.13 ?1.0 ...• 10 --.07 .015 ..... .., .... ..., 2.71 UV .oooo 'i'l +O 90.5 91.4 • 1 .18 2+61 
UU2073 1 .... 2l\7 0.()00 7.55 1.0 7,50 7. l.1 .020 .• 17 2.~~ vu .oooo 1.0 . (., 1.3 • 1 -.16 .... C''") 

4 • ...>-. 
1)'.12073 2 .~01 o.ooo .03 C?.7 ··.02 .10 • 01·4 .• 07 3 .17 uw .oooo O'i''. 7 c,.2 90.2 • 1 .24 3 .17 
lJW2073 3 1co.ooo o.ooo -.12 70.'l . .10 .o~ • 01 L. ""' 2.74 UV .0001 S'O • S' 'J0.4 91. 3 • 1 .04 2. U;, .......... 
UU207\ 1 - .267 o.ooo 7.60 • o 7.03 7,74 • 01? .o~ ::'.40 vw -.0001 "' .s 1.2 • 1 .12 2.94 . ; 
V1J2074 " .267 o.ooo .07 07.5 .oo .13 .014 .02 3.22 uw .0001 CS'.5 CS'.O S'O.O • 1 -.11 3.23 ... 
U~J2074 3 180.000 o.ooo .oc;- S'0.7 - .15 -.03 .015 .o& 2. 'i'4 UV .oooo ?0.7 'i'0.2 'i'l.1 • 1 -.49 2.96 
UU20:'5 1 -t267 o.ooo 7.76 ."J' ..., .., ... 7.CO .012 .02 2.57 vw .oooo ."J .5 1. -1 .1 -.07 3.20 ~ . " ... 
VV'.2075 2 .334 o.ooo .07 :J4"_;'.5 .oo .14 .010 -· .1 J J.02 uw .• 0001 f'\~ e" 

"""'. J O'i'.O 90.0 • 1 -.oo 3.00 
IJt>.l:~075 3 !CO. 000 o.ooo - .10 ".:'O. 0 -· • 113 ....• 04 .015 .1c 3,.17 UV .oooo l'JO.O 'lO • '3 t;'1. 3 • 1 - • :rn 3.28 

UU'2078 1 -.267 o.ooo 7.90 "' .. ., Ml 7.S'4 • 01-4 .41 2.~3 vw .oooo .s .4 1 .1 • 1 .07 3.04 . .., I • UU 

VV2078 .535 o.ooo -.o.: ';'0.~ .• oc .04 .015 .01 J.10 uw .oooo S'O. 1 o~.7 $'0.6 • 1 .57 3. 1.2 
~JW207S 3 180.000 o.ooo ... .i 1 5'0.S ..• 15 .. o:. .010 .1.) 3.21 UV .0001 '>10 .o 'l0.4 91.0 • 1 -1.20 3.22 

-....J 
0 



'-I 
I-' 

rI L[ i"IX I~ r·os IT! Ot! 
NAME 

UU20CO 
1)1)2080 
WW20CO 

UU20S2 
JPJ"''-{"\C'"'"' ww2oa2 

2 ..,. ..., 

1 
'"" 3 

UU20S4 1 
1)1}203 1 2 
WW20£4 3 

UU203.S 1 
'J""006 ".' wiJ2os.i 3 
UU20£8 1 
l.''.'2088 2 
lJW20££ 3 

UU20?0 
1.1'.l:.?Oc::'O 2 
~Jl·12090 3 

l'U20i::'4 
1)1,12094 2 
\~W20?4 3 

UU20'?3 
1N20S'£ 
~1W20?3 

1 

~ 
UU2100 1 
l)l.12100 2 
WW2100 3 

UU2104 
'.l'.'210·4 
\.JW2104 

UU210£ 
1111~1 f'I~ 

w~1~ 1 oc 
UU2110 
1)1)2110 
WW2110 

LIU2114 
l.'V2114 
W\.J2114 

UU211E' 
VV211£ 
l.JW211S 

~ 
3 

~ 

3 

~ 
J 

1 ., 
3 

'"" 3 

..• 535 
o.ooo o.ooo 
··~. s ~'5 

• 13' 1so.ooo 
-.~3~ 

... 6, 
100.000 

...... SJ5 
.401 

130.000 

-.535 
,535 ico.ooo 

..... 002 
o.ooo o.ooo 
-.co2 
.2~7 rno.ooo 
.so2 C'-. i:-
t "'1 w .J 

100.000 
-1.070 o.ooo o.ooo 
-1.070 

.267 
130.000 

-1.070 
.535 1eo.ooo 

-1 • .!>05 o.ooo o.ooo 
-1.605 

.267 
1£0.000 

-1.~os 
.535 

130.000 

LIMITS 
EXCEEDED MEAN 
C%> TIME VEL. 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo 
0.(100 o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

7.30 
.0-1 ·- .os 

7.:H 
.03 .os 

.......... 
I •WV 
.• 01 

.0-1 

7.30 -.oo 
.07 

7.41 .• oo 
.oc 

7. 3·~ .1: 
.1~ 

7.34 
..• 15 

.1 & 

7 .. 2';' 
-.30 

.21 

7. 3t.> 
.07 

- .1 c 
.... .,. .... 
,/ ttiJV 

..• 07 
.10 

7.·H 
- .03 

1-· . , 
7.41 

•OS' 
..• 17 

7.41 
- •OS' .zo 
7.42 
- .10 .:o 

*Note 

TABLES 3.3-3 

·-·--1.'lLOCITY Hff0f::t1Al IOU 
AHGLE MIN. MAX. RMC SK[W-
FROM VEL. VEL. UEL. ttE~S 

.s 
'"''"' .... w .J • ~ 

S'O • 4 

• 4 
2~·~ 
UJ •V 

... . .., 
'JO .1 
c~.7 

.5 
5'0.0 
05'.5 

• .!. 
5'0.0 
C'>'. 4 

1.5 
C7.1 
?1 .2 

1. 7 
';'1. 2 cc.c 
J.2 

c;'~ .. 3 
07.3 

1 • [, 
OS'.3 
S' 1. 4 

1.5 
S'0.5 
nn l 
UUtO 

1.s 
S'~.z c..,., 

1 • '5 
05'+3 
'>'1. 3 

1 ... . , 
S'0.7 oc.s 

1 • :J ' 
S'O.O 
S0.4 

.., ""'\ ... , 
~# t .... .I 

.02 
.• 10 
........... 
; .... u 

.. OD 

.01 

7.30 
,(),!, 
.oo 

7. 3-~ 
.05 
.OJ 

7.3:... 
.o.~ 
• 0·1 

7.30 
• o~ .. 
.20 

7.30 
.20 . 11 

7.09 ... ..,. 
: li:i 

.., ....... , :n 
........ 

7.34 
.13 
.13 

......... 
; t>WI 

.13 
1 "'f . .... 

7.30 
.03 
.22 

.... .., .... ,; • ....-u 
.15 
.15 

... ''"" ~ • .;... I 
'-\r.::' 

:o~ 

..,. "'YC'" _, •-..>t..> 
.12 ..• oo 

7.33 
•. 02 
+07 

...., ''1'( 
I .. ""''W 

.04 .oc 
7.42 

.04 

.11 

7. 4·1 
.05 
.13 

7.37 
.17 
• 11 

..., •y("\ 
.t • ._ty 

.10 

.15' 

7.3~ 
.1.!.. 
• '5~ 

7.39 
.15 
.13 

7.4Z 
.01 

"""" ....... 
7.44 
:g~ 

7.44 
.15 .1z 

7. ·15 
.04 
+24 

..., lll!"t 
It \.JO 

.01 
• 35' 

.010 
• 01-1 
.01: 
.ooo 
• 011 
.013 

.007 

.013 

.010 

.01 

.01 

.01 

• 011 
.011 
.011 

.012 

.01 ·~ 

.013 

.015 

.013 

.010 

.035 .oco .oso 

.011 
+013 
.013 

.013 

.013 

.011 

.011 

.011 

.010 

.ooo 

.011 

.013 

.011 
• 01·1 
.012 

.011 
• 01.!. 
.013 

values are 2.5% low) 

~-,.. 

+..>~ 

""' .... \.I .oc 
.43 
, C• 1 .oc 
.14 
.17 
.lC 

.1s 

.1 ')' 

.07 

.. 10 .oo 

.o~; 

... ,.. ..... "" 
.34 
.17 
,Ot., 
.07 
• 11 

• .so 
.51 
• -17 

• ·~ 1 .1: 
.31 

.:4 ,.. .... .... ; .oo .. ·,~: 

.07 

.10 

.o .o .o 

.?1 .os .oc 

.73 
:£~ 

FLAT-
NE::;::; 

R[YNOLit~. 
:::TRE:::::; 

3,34 vw 
3.0l. uw 
3.03 UV 
"' ...... .... ,, ·' ..,. ""'r' t./' ..... .' 

:.5'7 

vw 
U\...t 
UV 

~·~~ vw ... ..,, uw 
3.zo IN 

:.70 vw 
J.10 tHJ 
3.:: UV 

2.4{., vw 
'3. 10 UIJ 
3.20 UV 

:.20 vw 
3.37 LIW 
2.~.'.. UV 

:.14 vw 
2.c;-5 uw 
3. -i3 UV 

:LOO VW 
2.5'7 UIJ 
2. ~~ U'v' 

2.2t., VIJ 
::L 15 UW 
2.CS UV 
".' .,. ,.. l)IJ 
3:53 uw 
3.3'7 UV 
".' , .. 
... \J \...' 

""' I'.'\.., .;..•ul 
2tS\5 

vw 
Ul.J 
U'J 

2.~1 vw 
3.32 uw 
2.~7 UV 
3.57 vw 
:.70 uw 
3.24 UV 
_,. 31 vw 
3.7() uw 
·L 21 UV 

.oooo .oooo .oooo 

.oooo .ooor.· 

.0001 

.oooo .oooo .oooo 
.• oooo .oooo .oooo 

.oooo - .oooo .oooo 

.0001 .oooo .oooo 

.oooo .oooo .oooo 

.001~ 

.002s 
.• 0037 

.oooo .oooo .oooo 
... 0000 

.0001 .oooo 

.oooo .• oooo .oooo 

.oooo .oooo .oooo 

.oooo .oooo 

.0001 

.oooo .oooo .oooo 

------ANGLE INFORMATION---------
MEM~ MIN. MAX. Frns St::nJ-
ANGLE ANGLE ANGLE ANGLE NESS 

.5 ... ........ 
U./ t .t 
')'0 t ., 

.4 
5'0.2 
"''"' f \J) f\j 

~ ... , 
70.1 
C'>' • ~ 

.5 
~~·~ \,,J; • ..J 

I ...... 
S'O .o 
CC::' .4 

1.5 
C'.:' .1 
'>'1 .: 

1.7 
71.2 cc.c 
3.: 

6~:5 
1. :_, 

c~.2 
71. ·'\ 

1.5 
2~·5 
uut6 

1.5 
'"'0 .... fD:l 
1.5 

BS'. 3 
5'1. 3 

1. 7 
2~·Z 
U\Jit-W 

1.C 
70.0 
CC.4 

... .... 
C'.i'.O 
c;·o.o 

• 1 ....... "' \..> J • \...' 

C'i.J 

• 1 
'"'"' ... u > • .I 

C'/. 3 . 
g: 

... ,..., 
Mn I 
u.l tu 
C'.:' .o 

1 • 1 
en .., t...•• ,,. 
'70. «;' 

1. 3 
'>'O .o cc.s 

2.0 
'll. 2 
05.5 

l. 3 
cc.~ 
5'1. 0 

1. 1 
~:'0. l 
co. 3 

1. 2 
Z~·~ 
~·\,,.' t w 

1. 1 
cc.::: 
70 ,')' 

l. 5 
5'0.3 cc.1 

1, 4 
CfJ". 7 
37.0 

1. 0 
'70.: 
r.'O. 7 

... ., 
'iO. l 
~o.o 

.... ,, 
'i'O. 4 
'.:'O .O 

n 
•'-' 

'>'0. 't 
C7.3 

1. 0 
70.3 
("\('.'\ ..., 
\J) J.j' 

1 .o 
~7 • .! .. 
')' 1. 5 

2.0 
';'1. 5 
C'>' .1 
...... 
I • ._ 

S'5.C 
CC.6 

1 t S' 
D'7 .. 7 
<;'1. 7 

1.0 
'>'1. 0 
07.0 

1.c 
n·o 
... , '0 

1.0 c•;.c 
'71. 7 

:.o 
71.1 ec.D 

3.0 
S'~·~ 0 I t.., 

.1 
• 1 
t 1 

• 1 
• 1 
• 1 

• l 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
.1 

.1 
• 1 
• 1 

• l 
• 1 
• 1 

... ., 
f . .., 

• 4 

• l 
• 1 
.1 

• 1 
• 1 
• 1 

• 1 
• 1 
• 1 

• 1 
• 1 
.1 

• 1 
• 1 
• 1 

.1 
• 1 
.1 

..• oc 
.63 
.15 

• 01 
~"Y 

: 7i 
.C"•5 
.33 

1.10 
... . ... 

• 0 
• '1 

.o~ 
.30 

..• ~ tl 

• 10 
"""' 

.73 
,p 
.15 
• f_;' 1 

.5..S 
"'"" I ._i •• ) 

• 50 

- • 4.:.. 
re-

• .J...__t 

.3C 

• 11 
.7~ 
• 31 

.10 
- . ~~ 

t ,.} ,, 

. : ~~ 
.:1 

- • 01 
- • ~1 - " ... ,_ ... 
.o~ 

-.43 
-.37 

FLAT--
MESS 

• 1 
• 4 

" ! 

3 .13 .. '"() 1:01 
3.26 
~.'?2 
"7 r1t"\ 
.....t•4•' 

~:~ -. .., ..... _, 

3.~3 
3 .1 II 
3 .1 :--

2.e3 
3. ~ !· 
2. -:-'8 

3. 1 <:"' 
"" (le' 
- "I ..J 
3. H'> 

3.11 
3.01 
3.0t 

:.~1 
3 .19 
:,ll 

3,75 
3 t t.<;' 
3. 3tl 
..... .... .., 
...;,. .. -
2.?0 
~:.CZ 

3.02 
3. 3"! 
:.~7 

: t :-' ~ 
2t73 
3.21 

3 .11 
3.70 
4.02 



........ 
N 

r- t ~ [ :, ., I ': r· tJ ::: I T I 0 i ~ 
ti ii ME 

uu:.001 
1.1 1.':0.::11 
\J\..!3001 

uu ()0 
'.' 1.' 00 
~Jt,J C•O 

UU3003 
'.''.'30(.'3 
1~11-.12003 

uu:0os 
V~3005 
WW3005 

l.'U 00 
111.' 00 
W\.J t)0 

UU-:?0')~ 
1.111'7"1''"' 

,:,,!:}~'i)6~ 

UU3011 
~~3011 
WW3011 

L'U3012 
1 • .11.1z012 
!·JI)? 012 

UU3013 
'·" ',." 1 ·-r 
1'.J1~30d 
IJl_IJ015 
V\13(.'15 
\.l\•l3t) 15 

L'U3'.:•1 t.. 
1.''.'".301 ~. 
UIEO 1 t,. 

~1_1](•1? 

V1..13018 
Hl~3013 

L1l'Z021 
1) 1.1·.:1_,21 
IJ li.13 0 21 

UIJJ022 

1 ,... 
3 

.,, 
.J 

3 

1 
'"' 
3 

3 

'"' ] 

1 
'"' 3 
1 
... 
J 

1 
'"' 3 

"?. 

"' 3 

"' ... 
'3 

1 

3 

1111-r (.)':'':' "' 
!J!~J5o22 3 
UU3023 1 
IPJ'"'rf)">"'l '"' 

l·J~J3623 3 

.~!..\7 

.0.!.,7 
180.000 

• =~:" 
•. 134 

180.000 
t :t_,7 
.201 

180.000 

'"''""' ;·..:..u.·-
I :r,:r,4 

180.000 

.'2.67 
'-~01 

180.000 
; ~ . .)7 
e--r~ 

1 ao: c:0o' 
• 13 ·1 
I),~ 

1£0 ~ 600 
• 1 J, 
.134 

180.000 
• i:q 
.201 

1 so. 00~) 
• 13-1 
.z34 mo. ooo 
• 1:: 4 
I rn1 

180.000 

• 13, 
.535 

180. 000 

• Ol·7 
,O.S7 

180.000 

.O.S7 

.134 
130. 000 

.067 

.210 
180.000 

LiilIT:::. 
EXCEEDED MEAN 
n~ ) T I ME '•'EL • 

fC"C" • u ~.h.J 

1 ,.,,...r 
• u-'-" .534 
,OO.!.. 
'4·15 
.074 

.012 
~ "'"'""' ~. '\ ';~ . o, / 
I) ,000 o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo 
o.ooo o.ooo 

.015 

.312 

.015 

.017 
r\ -r-.-r 
#f- f. I I w 

.3?6 

.130 
.4. 7'/':.) 

• 71_:'1 

o.ooo 
o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

.031 
• 7'?4 
.235 

.207 
2.776 
:.301 

.528 
6.~51 
1.445 

"" .,., ..,,..,..., 
.12 

- .9(.l 
4 r\,., -,., .... ..:.. 

.2e 
- • 74 

.... ""'"' "'". ·' u ....... .... ,, 

..... 5? 

.!. • Cl ..,., ..... \..• 
'"\C' ..... .J 

6.t.5 ....... 
tLl 

-.2~ 

::, • 4J 
·U - ..... ) 

5.C1 .:o 
1. 01 

4.34 . .,. ... 
....... .1 ....... 
ti ..J 

2. S'1 .,, ... ,...,..; 
-.61 

~.67' 
.76 ·.2: 

6.50 
C" I 

t ..JU 
-.23 

.S.30 
.31 -.2s 

5,75 
.46 

-1.08 

4.46 
• .., 1 

... 7.S 

3.13 
.55 

-.67 

TABLES 3.3-3 

. '.'L'LOCITY 111row1t1TIOll 
ANGLE MIN. MAX. RMS SK[W-
fROM VEL. VEL. VEL. NESS 

10.0 
nn n 

1<rn:0 
10.7 
Cl>t: 
'?7 it"! 

13.~ 
84.7 

102.0 

J.7 
C7.0 'j': .1 

• 4 
n r 
I.I • .J 

'J • 2 

3.1 
J:?Q··/ 
,. .;... tU 

10.0 cc.o 
99.B 
10.7 
C5.~ 
r."n c-
' J • .j 

1 ''.T I"\ ,__,,.I 
32.7 

101.s 

.!> t :J 
83.5 
71.? 

C" "'1 "-'• ..... • 
35.1 
92.0 

3 .~. 
87.~ 
?2.3 

11. 6 
85.5 

100.6 

10.7 
84.8 
'?9.6 

15.4 
C0.3 

101.B 

1.04 
LOJ 

- 4. 4,'., 

:.~1 
2. o.: 

. ~ .17 

1. c 
1. 7 
1. 0 

~ .J';' 
- .15 , .... 

t\J"'-

6.38 
.12 

- • 5:_. 

.'., .17 
1 , .. . .;.. .sc 

4.05 
-~.Cl 
-·2.0J 

2.70 
... 2t1 '.:' 
"2 .51 
1.50 
1.70 
1.73 
' ....... u • ...,.,,;;,.. 

'"'l . ;.;:~· 
•'"''-' 

l· t 25 .:J 
-.51 

~.o.s 
.• 02 

·-. 52 

3.72 
-3 .57 
-3.04 

2.co 
-3.30 
-3.29 

1. 4:~ 
···:. 31 
-·2 t 75 

., '""'"' I tu .I 

4.H 
:~. 35 

~.11 
~, C" 1 ::37 
.. , , C" 
Wt w .... ' 
L'Jl 
1.53 

7.37 
1.1~ 

.13 
' n..,. u • .I"" 

,.!,] 
.04 

.s • .S? 
.4C 
• 11 

-S • c;'D 
3.51 
2.c1 

5, 4.!i 
:L 1~ 
:.58 
""1' f'C" ......,. / ._l 

2. 3·t 
1. C/3 

7.01 
1 '"'r' ... ~· 

.07 

6. 71 .c7 
.05 

l..60 
.~o 
.10 

7 .10 
3. '?1 
3.50 
' -.n u • ..Ji) 

4.07 
3.73 

5.22 
3 .o.s 
2.51 

~ #*\f':\ . .., _ _, 
en / 

+..J.1 u 
A ."\r\ 

c- ""tu ..... 

.: 0 
'"' -· ·- .., .] 3 

.231 .......... 
t ._ I I 

,....n··y 
tli-\-'W 

• 16 i 
1 -·•n 

• .IL• 

.075 

.Ol.O 
• o-::., 
.Ol.C 

.Ol.7 
0 . ..,.,,. • ·' ...J 

.070 

.200 

.5~5 

.313 

• 3.'..1 
.550 
.551 
• 2{ .. ~,' 
.403 
.3G3 

.10 
• 1 ·'I 
.07 

.070 .oco 
• 0£.''J 

.069 
.07l· 
.071 

.~ce 
.l.92 
.473 

.432 
·~~o 
• / .f 1 

• 3~~. 
• 5.S1 
.483 

·~.cc ...... , ...,_ 
1 •) '" f .,,, 

.1C 
1 • ::' 1 
1 ·~'"' t /..;,,, 

.• 20 
1 • 1-1 
1 r\-, ....... 

• 17 
.15 
.01 

.01 

.OJ 

.02 
· .o.-i 
.oo 
.07 

1.00 
r'.· C"' 

•77 1. '-''-' 
- ,47 
1.07 
~ .13 

• 3l. ..,,... . , -"" ..,..,. 
... ~J ....> 

.10 

.05 

.01 
, Ol. 
.oo 
.04 

.04 
- • 11 

.10 
- • 17 

.O? 
2 .IJ1 

.73 
• 52 

2 .17 

.4-1 
•. to 

2+37 

Note (velocity values are possibly 3% low) 

FLAT-
HESS 

F:EYNOLI1S 
STRESS 

17.25 vw 
10.33 uw 
17.CO UV 

~-70 
7,51 
c.77 
.... I"\ ( 
~. > 'U 

.'., .17 
I -yc-
u•wJ 

'JW 
lJ l·J 
UI) 

vw uw 
UV 

2. 17 IJW 
2.31 uw 
J,07 UV 

2 • "l'O 'JIJ 
3 .13 uw 
3.02 UV 

2+475 

~:~~ 
vw uw 
UV 

7. ,!, 1 l..'~J 
_,. 33 uw 

12.70 U'J 

2.77 vw s. l.~~ uw 
?.11 UV 

3. 7'"1 vw 
5. 12 uw 

11.14 UV 

:.55 "" ..,. .... .... W.6... 
"' nr 6.. t I ..J 

2 .S': 
'"' n-. ..... ltJ 

2.94 

vw uw 
UV 

vw uw 
LIV 

J.06 vw 
3,03 uw 
J.11 UV 

4.0t. vw 
3.27 uw 

1?.04 UV 

J.34 vw 5.ss uw 
9.36 UV 

~.71 vw 
4.18 uw 

14.53 UV 

.0070 

.0507 
• 0'71-1 

• 012'.J 
,O::'O.!. 

- .0207 
.0035 
.0151 
.0173 
.ooo? 
• OC•4-1 
.OOt3 

.• 0002 
.0002 

.• 0001 

-.0001 .oooo 
.0005 

.020:, 

.05?0 

.0747 

.00(.,0 
-.1221 
.0466 

.0050 
.• 0475 
.02oc 

.001-1 

.0027 
.• 0012 

• 000·~ 
.0002 
.0004 

-.0001 
.0002 

- .0007 
.o~~~c 

-.1273 
.OOOS' 

-.0036 
-.12c~ 

.0506 

.0451 

.0077 
-.0072 

------ANGLE INFORMATION-
MEAN MIN. MAX, RMS SKEW-
ANGLE ANGLE ANGLE ANGLE NESS 

11. 7 
nn -. 
uu • / 
477 .r; 

11.c 
D~ .. ~ 
??.? 
1~.5 
04.7 

101.7 
... I"\ 

'"'''"' C7 .. O 
?2.1 

3,4 
"., I:" 
u~·~ S' ...... ..:.. 

3.1 
nn -. 
U\Jt-' 

';'2 .6 

11.: cc.o 
"JS\ .. C 

13.S cs.o 
';'9.4 

1 ~. t 5 n . ..s 
101 • .'., 

l.. 8 
03.5 
'i'1. 9 

C' ..,. 

'-''"'"' C5.1 
'i'2.0 
3.7 

M._, '"\ 
UI +6... 
n"\ ..., 
,/4 • ..,., 

13.7 
85.4 

100.l 

15.6 
E4, l. 
?9.4 

1C.4 
C0.7 

101.c 

• 1 
~R·~ "°"''•.I 

• 1 
C'( ... 

~~~-..,,. 7 

"' ·-53.1 
5'7. 7 

• 1 
~1.1 
SC.9 

n . ..., 
34. 5 
0'5'. l. 

r 

''"" MC' I o?:o 
.... ..... 

C' , C" 
,,.Jut ...J 
t:'f'\ n ..JI t U 

.... .... 
51.L. 
5'i'. 7 

'"' ·-50.3 
5'.:'. 7 

2.9 
"'" ("\ 89:4 
~.~ 

s2.1 
C"J.5 

.4 
C4.5 
89.1 

... ,..., 
53.7 
S~'. 7 

.J 
4£,"J 
S"J, 7 

• 4 
4';'.5 
5';'. 7 

5 ~ .. ~ 
131 .1 
1 ·'13. l. 

,,._. t"\ 
.J). i 

1~~.7 
11"J.3 

41. '"i 
11,. 2 121.: 

10.2 
'5'1t3 
95.1 

' .., .., . ..., 
?1.0 
':-'LC 

C' ... .J • , 

':'J ·l 9.J ..... 

37. 4 
11C .6 
11c.o 

40.3 
120.0 
120.3 

~ 1 j ';' 

1~!·! 1-.J • ..., 

11. 5 
C7. 7 
94.8 

c. l. 
87.9 
<;'-1. 5 

6.5 
c;'O .: 
94.7 
347. "} 

127.7 
11? .c 
41. 7 

12c.1 
123.9 

""'"' .., ..,}.,,;.. . ..., 
126.8 
141.2 

C' ..., 

'"'', 
g·~ 
.J. ~ 

-L 1 
:i .o 
5.0 

5tC 
6. 1 
C' ..., ...,, , 

1. 3 
1.5 

• 6 
I .... ... ., 

• l. 
..., 

• I 

:t. 
.., r ...,, .... \ 
5. 1 
3. 1 

5,9 ..., ~ 

•· t"'-' 

7.3 
' C' '-'' ..> a.o 
7.3 

1.2 
1. 2 

.6 

.7 
.{, 

.7 ... ., 

.6 

3.9 
6.8 
4.7 
S.9 c.: 
9.4 

7.1 
9.4 c.o 

2 .<.:'3 -.zg 
1 • ~·u 

,73 
1 t ~~ 

-1.79 

1.13 
-1. 18 

1 '\C' 
..... J 

.:~ 

.13 
-.02 

.03 

.02 
• 01 

.01 

.01 
-.06 

1. ~· ~ 
rn - . ~:... 1 . .., ... 

1. 60 
-1.05 
-2 .16 

1.3: 
-.69 

-:.33 

-.o .o .o 
.Ol 

-.02 
-.03 

-.os 
.10 

- .10 

1. 5t 
-.13 

-2.74 

1.63 
- • 3l. 

-2.21 

1.22 
-.12 

- : . 17 

Flf~T
NESS 
13.93 
11.01 
~~ ~ O'."' 

9 .15 
r'o t c;''2 
8.74 
{.,' f'l 1 
6.33 
( L -. 
L:..·. ~-

2.43 
: I :cf 
3.07 

J.0~ 
3 .1 J' 
3.02 

~.9 
.... r. 
~ ;.~ 

11 • :-'..., 
1'54 1"" Lr. 

7,73 
5.40 
9.56 

f.. •• 0'"' 
4.89 

11.19 

2.41 
.... 7-. 

2: 95 -
3.06 
2.94 
.... C\.., ..... ..., ..... 

3.07 
3.03 
3.11 

12.:~ 
3,44 

18.86 

7.35 
C' ...... 

""'. ---9 .16 

4.62 
3,90 
12.r~ 



TABLES 3.3-3 

rILE t1:-< I~~ POSITIOtl LI HIT!: ---------------VELOCITY INFORMATION--------------------- ------ANGLE INFORMATION----------------
NAME EXCEEDED HEAN ANGLE MIN. MAX. RMS St~EW- F"LAT- REYNOLDS MEAN tnn. MAX. RM£ £t:EW- rLAT-

( '.'!) TINE '.'CL. FROM VEL. VEL. VEL. HE!:;S NESS STRESS ANGLE ANGLE ANGLE ANGLE NESS NESS 
LIU'3 0:."5 1 .067 o.ooo 6.'50 IJ. 1 6.lC l..CO .oe:.. .o~ z.n vw .ooo~ ';'. 1 ... "' 13.1 1. 1 .zs 2.70 ;J .... 
•-n~1 30::!5 

., 
.3J~ o.ooo 1.01 Cl .1 • 5:~ 1. 4l. .1~-1 • :rn z. 7.S UY .0020 Sl.1 77.3 ss.2 1.0 -.34 2.eo 

H\~30~5 3 1eo.ooo o.ooo -·. 21 S' 1. «;' -.so .oo .07'7 - .12 3.03 UV • 002~ ';'1 • ';' Ct;.'• '3 '74 • .!\ .. .12 ? • 0-~ . / 
L1 L!~(~'2~ 1 .0~7 o.ooo .s.~s 

, .. :...o·' [, • .S3 • 0~·1 .05 2.02 vw .oooo , ..,. 3.4 ';'.O .7 .05 :? • 93 e4:o l.i•w 
1,•1,• ·:: ~~:'. l· '") • ,101 o.ooo • 6[., • '3 ~-~ • f)~ (.1""'" .01 2.?1 Ut~ .0005 E'LO Cl.3 c~.c ... -·. 01 : • ':'1 j .. -.· .. :6 t·HIJ026 100 .ooo o.ooo - t 2:! ·n.o ...• ·'l? .07 .0;2 .02 2.70 UV ·-. 0004 S'2.0 39.4 94.'5 -.01 2.?8 

'-"-':!O:e 1 .067 o.ooo 6.22 3 f S' 5.'75 6.50 .o~.·o -.o::s 2.'72 VlJ .0002 ..,. n .c l·. ~ .. ..• o~ ?. • t:tt ..,,,, .. · t / 

'-".'Jt)2'.? ... ,'SJS o.ooo ...... 
"' 0 .02 ,..., .on -·· .12 J .10 uw -.0003 86.S 84.2 89.S . / • 11 3 .10 ,..,.., uu. u fU-.1 

hlH'302E z, lEO. 000 0. (.'00 -.24 4"''"' "' - • 5.S .14 .072 • os J.07 UV - • 00()[, ""' ..... CC • .!. ~5.3 .... - • o:; z. t:·~ I Ii.. t ~ ~ ... ._ • J 

UL'".!035 1 o.ooo o.ooo ~.17 10.1 5.oo ~.55 .11~ .oo 2.43 vw .0003 10.2 ~.: 13.3 .9 -.20 3, 1)6 
'.'~.' 3 <) "? 5 "' ,334 o.ooo 1. OS' 80.0 • t.7 1.42 .075 -.20 3.0S' LllJ -.00:2 co.o -., r 03.'7 ("\ ..... "T z.o~ 
H'·l:!035 J 180.000 o.ooo -.20 '>'1 .a -.52 .O? .075 .• 03 3.05 UV -.0005 91.a 89:2 94,7 :1 : 54· J.05 

LILl:!03C. 1 o.ooo o.ooo 6.10 t.6 5 .?1 6.4.!. .071 - .03 2.0-4 VIJ .0002 , ... ... , 
t;'.~ ... .01 3. 1)£ u., ·••'-' ., 

'·''.']0:!6 .... ; ,01 o.ooo .69 03.7 .36 1~03 .07[, - .03 3 .()1 uw - .0002 83.6 B0.3 86.7 .7 -.01 3.04 
HW3036 3 rno.ooo o.ooo -.21 S'l.S' -· .4'? • 1 l- .073 .01 3.02 UV -· .0001 '71 • ? 80.5 ?4. 5 ... .02 :? • 01 ., 
!.rn~o;s 1 f),000 o.ooo .s.14 4.0 s.os 6.39 .072 ..• 01 2.so vw -.0001 4.0 1.0 7,4 .7 -.01 3. OS 
'P.1'!.03r 2 .535 o.ooo .36 E~· .t. -·. 07 fl'\ 0..., ... - .12 :L 15 UW -.0005 86.l. 03.l. ~o • .!. ... .10 3 .15 ..... , • / i :7 !·!'·~ ~ 0 ·: 8 ] mo. ooo o.ooo ..• 2~ I..:. t 1 .52 .oo .073 .05 3. O,'\ UV ··,0006 5'2.1 39.3 95.0 - • 0·1 3.03 
UU304'5 l -.067 o.ooo 5.8? 8.5 5.57 6.1.!. .07'7 .01 2.:n vw .0002 o.5 5.3 11. 7 .':' ·-. C'C• ..... <'..., - ' .. 
•.~'.•Jo_,~~; ,334 o.ooo .06 01.7 ...... 

• ..J.~ 1.20 .o::n .· .01 2.?4 uw .0001 Sl.7 73.4 84.9 .a .02 2.96 
t·J!,13045 3 180.000 o.ooo -.17 171. 7 -.46 .17 .074 .o::s 2.?? UV -.0005 ?1.7 co. ·1 ?·1.5 ... ·- • 01 ~, ~~ 

........ 
. , 

~ lJU30·~ 6 1 -,Ot;;? o.ooo 6.05 ~ "' 5. 7.1 .!. • 31 .073 ·- .07 3.02 vw -.oooo 6.3 3 .1 9.S .7 • 0'5 3.06 " . """ '.''.':!(l~ 6 ... .401 o.ooo .63 84. 0 • :u nc- .077 .01 z.'77 uw .oooo 04.0 C0.7 C7.0 ... -·. o: r'\ C"f'.'\ . , .... . , -. , .~ 

M!·!°JO ~6 J H'O .OOO o.ooo ..• 1 '] 91.S -.52 .lJ .on .02 J.01 UV ..• 0002 91.3 ea.a 94.9 ..,, -.01 3.01 . , 
UU M8 1 - •· ()67 o.ooo 6.oo .ii.o 5.78 6.'32 .07:.:! .os .?5 vw .0001 4.1 .": 7 .1 ... - • 00 3.0 .. 
'·"·' I) ~3 ~ ,535 o.ooo • 3S o.s.s -.01 •.SS • 077 .10 .11 uw -.0004 86.4 83.6 90.1 .7 .os 3.1 
bW 048 ·3 1£0.000 o.ooo -.20 91.S' -.40 .13 .071 • 07 .01 UV -.oooo IJ1.'7 C0.7 ~4.5 ... .• ot. .. 3.0 I, 

u 
Note (values possibly 3% low) 



....... .p. 

lLL 
~!MiE: 

uu 0~1 
~~ 0~1 
WW 041 

lJU O~ 
'.''.' O·~ 
'..JU O·~ 

UU3013 
1111-.:n•-r ,:,i:i30.13 
uu~o~' 
VV3044 
4U:014 

UU3045 
~~~0~5 
WW3045 

~U3046 
VV304l 
HWJ016 

UU30·18 
-." .. 

1 30 ~8 
HW304£ 

UU30~0 
VV30l0 
WW3060 

UU3061 
1.11•130.!;1 
'''l.J3061 

!JU306: 
'··''.'31'.)t..: 
M\.f30.S2 

&.·..$ .. , 
l) •• J.._ 

~ 
3 

" ... 
3 

" 3 

3 

~ ..,. ..., 

~ 
3 

1 .... 
3. 

1 
" j 

3 

1 
" ..:.. ..,. .., 

L'U30l· 3 1 
'·'''°2'')53 : 
l·.llJ3063 3 

L'U306 ·1 
'J'J30t· ·1 
~HJ30.S1 

UU306S 
1)'}'3065 
WW3065 
UU3066 
'Jl.)3066 
~JIJ306 6 

UU3068 
1.' 1)3063 
Wl.J3068 

1 

3 

: 
3 

1 
" 3 
1 
2 
3 

1 ·u·~: l l l (),, 

··, Ol.:°' " ~ ... 1co:oo<) 
- .067 
,13i 

100.0.00 

·· .Ol7 
.201 

1£0.000 
-·, Ol7 
.~!,7 1so.ooo 

···~F . "'..,, mo. ooo 
.0.!.7 
• rn1 

130.000 

-.067 
C' °"T ... ...... ,..J..J 1co.ooo 

·- .13 ~ o.ooo o.ooo 
- .13-~ 
~0~7 

1£0.()00 

• 13, 
.131 

130. 000 

-.134 
.:01 

1£0.000 
- • 1 J.1 

.. ~67 
100.000 

-.134 
,334 

180.000 
·-.1:n 

.401 
130.000 

-·J~~ 
tJW_, 

180.000 

I lr11T'.:: 
E:XCCCDUt 
(~~)TIME 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo 

'0.000 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
(.\. 000 o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo 
o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

t1[M~ 
\.'[L. 

s.:-:-.oJ 
- .11 

5 .1 ';' 
• 1 l· 
.13 

s.:o 
• -10 

..... OD 
C' ,,.. 
~.ui 

.. 7·1 .. o: 
:.,.11 

.Sla 
.... 05 
I ...,.,,. .......... .., 

• :J t., 
• 0'7 

I r\n 
Ut .. u ... ..,. ...... "' 
- • 11 

5.41 
-- .04 

.10 
5 •. ~: 

• 1 i 
- .10 

'5. 15 ....... . ..:.. ~ 
-·· • O'i' 

~.57 
• -11 - .ot., 

5.co 
• '50 

·- .03 

.!..02 
.i~ 

- • O·~ 

.!i .14 
.32 .• oo 

.s.2z 
.24 

-·. oe 

i"ltlGL[ 
rF:ON 

o~:~ 
';'1'5 

.... " -·-r.e. 3 
'>' 1 t -1 

I::" ..,. .., .. '"". 
0 4~·. 3 
S'O,:J 

'7 • . i 
I'>'> I 

u- """' <::'0.2 

5 .. 3 
c~.7 
S'0.4 

c~.:3 
'i'O.C 

c~:~ 
171.0 

i.: 
f;'$? ~ ~ o ..... ) 

1. c 
C0.5 
')'1. 0 

..., n 
- t I ,., ....... ""'·' ..... ';'(). 7 

... J·~ 
u.J tu 
S'O • :_. 

1.'i' 
cs.1 
5'0.3 

4. -1 
CS,b 
')'0. 1 

3.0 
0}.0 
S'O. 7 

o~:5 
S'0.7 

TABLES 3.3-3 

II r Luc I T '( I I H 0 rm('; I I DI' 
MI M' t1t1X. rm~ ~;t':l\.J 
'.'EL. '.'El. '.'EL. I!['.:;'.:; 

1, C':' 
'1~ - .. .:10 

, • .:., 1 
"" .':d 

• C'.'-, 
. ..,. t ~·.1 

.17 
.• 41\ 

c:" ""'"' J ..... ,, 
""'Y'"\ . ..,_ 

.JJ 

5:~~ 
".l'n • ~·u 

C' ,... , 
..J• IV .o:., 

• ·~O 

5. 5 
• 1 . • c 

5 .10 .,. . ., 
t ~·w .:1 

s.oc 
.10 ..• zo 

s.01 
.0-1 
• ·tO 

s .1c 
:~z 

5.51 
.:'1 

.• 31 

5.7~ 
• 15 ..,. ... 
t -'w 

.,,. ....... 
.J f \.,/ ~ 

.03 
.• 34>' 

5.';'3 .. ~: 
- • 43 

5 , ... 
•'-'U 

:~s 
C' _, .... .., .. , ... 

.. ~; ~ 
• -i2 

c- -.n w .. ·' ,/ 
.--:~ 
.. 15 

.:.,,o:., 
1.17 

• 33 

.!..~~ 
• \j) 

"\C' 
• - .J 

,!,, 
t . 

I c.:· 
L't.J .,. 

t.J 

" ..... 
s.~'i' .2c 

.30 
"' ... , J t I \J 

:g 
~5. 04 .so 

.~.!, 

5 .')'5 
·*Z ...... '-' 

.:., .12 
·~~ . ~'"' 

t..32 
.75 .... , ·-..., 

b.-1-1 
• :., 1 
.20 

.!..~z 
., ;;i 

.20 

.1:.'f) 

.110 
1 ....... . _, 

• 1? ~ 
.10::.· 
• HO 

.~ 1 

.o <::' 
1 ~-

• ..J 

.1Q~ 

.1 ~,'; 
• 0 l..:.. 

.o~~ .o ....... 

.O.!.C 

.oz~ .o,_ 
• o:..'7 

.071 

.o;r~ 

.071 

.077 

.oz~ .o .. ..:.. 
• 08l·. 
• 077 .oc1 
.10.!; 
.077 
.070 

.q~ 
•Ou / 
.OD.!. 

.007 
• 07l· 
.07-1 

.077 

.074 
t 0{.,f'J 

.075 

.073 

.071 

.oz~ • o,, 

.07~ 

.01 
• ?.~ . .,_ 

1 r\ . -• 0 :·.~ . .'., , 
0 .... . " 

.01 

.lo~ 

• 11 
• 11 
.~5 

.01 

.O.!. 

.0:2 

.o: 
• () 1 
.01 

t 1-1 
.10 

0 ., . ..., 

.oo 

.01 
.• 04 

· • Ol. 
t 0-1 
.12 

• 01 .• oo 
.1-t 

.oc 

.01 
• 1 ·1 

.OJ 
.• 01 
.10 

..• O.!. 
.01 

... 03 
..• 05 

.01 
·- .01 

. :g~ 
.O.!. 

rtriT 
NESS 

r::cYt!OL.i:t:::. 

'°' IC!" - • \J.J 

§:f.~ 
I"\ -,f:" 
- • t.J.J 
,... L-.. ,.,, - .. ·-'-

l,'l·J uw 
U,, 

\' 

'.'W 
IJU 

2. 74 U'..' 

: • 00 ')IJ 
:.'l: uw 
2, 73 U1J 

=·71 ,., ... , 
•· r-u " ., ... -. ,/ ,/ 

:.';.OD .... ...... 
.:.. t I U 

3.01 

~·o~ ..., • 1.., 
3.01 

vw uw 
UV 
vw uw 
UV 
vw uw 
UV 

:.1., l)IJ 
J.20 uw 
3. 10 U'J 
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::i ::~ ::: 

0 
Cl .... 

f"')I") l"1 
r.r--. r·. 
000 
t"11"'"J ,..., 

§!Si 

0 
G) .... 

c-i·cr er 
r·. r-·. r-. 
C•OO 
1"1,...J!-"l 
::..:· .. ::: 
::i::-::: 

ooo ooo ooo 000 
ooo ooo 

ooo 000 

r-..cro 
'')1"10 
C·ll"'lO ... 

0 
Cl .... 

u·1 :n b"l r-, r-. r. 
C•OO 
t 1r·1n 
::i::·::t 
::i::-z 

r-, .... o 
"'JC•O 
C'·l~O 

0 
c.l 
.-4 

-.) "') -t.'l 
r-. r· ... r--o o o 
:-·1 ,., i-·1 
::i::--2 ::a:.z 

Ci ClC·I 
OC·IO 

"') 

ooo 
ooo 
ooo 

ooo 

r-.lf"JO 
")l"'.10 
C'·llnO 

ooo 
000 
ooc• 
ooo 

1000 
MOO 
ll"JC•O 

0 100 
C'l .... 

ClOOC'l r. r-.r·, 
C)CJC• 
nr"J!'''.I 
::i:·z 
::i:·z 

76 

OC•O 
C'.IO-; CD 
OC>O 
l"'Jl"lM 
:::>::·3 
::t~·:3 

C'-ICIC"·I 
CO C.) OJ 
OC•O 
r--1r-··1n 
;~:5i 

ooo 
ooo 
ooo 
ooo 

inr-.o 
t) ... )0 
~-JC·IO 

0 
c.l .... 

«f'~C'J· 

CUC'J CU 
C'C•C> 
l'l!"1r'J 
::i:• ::;: 
::i:-::t 

000 
000 
000 

000 

11"> .... 0 noo 
ll">«tO 

0 
Ol .... 

--0 --0-0 
('t(,)CJ 
C•OO 
t'Jl"'"JI") 
::i-:.., 
~~i 

c .. 1C·1r·, ...ir-..r..i r1c.-.cr 
O...iO 000 000 

'-) "') I I ') 

ooo ooo 
ooo 

ooo 

li'lll,0 
t"JMC• 
1011"10 

ooo 000 
ooo ooo 
ooo ooo 

ooo ooo 

C'·tC•o C'H-...0 
ooo o--lo 
t:JOO ONO 

0 ;Oo 
Ci) 

0 
c.l 
.-4 

C.l C')C.) 
c.:i (')CJ 
OC•O 
1'1t'll'1 ::a:-.:;: 
::i:-::: 

ooo 
C·· CJ-.C, 
oeao 
l'"'Jf")t'') 
::i-,-
::i::-3 

<Cj~Cf' , ... , •• c-.. 
C•OO 
!"1!"'1M 
::i::-·:3 
::.i::i.:J: 



TABLES 3.3-3 

rILE .~XIS f'OSITIOU LIMITS ---------------VELOCITY INFORMAT IOU-- - ·------------------ ------ANGLE INFORMATION----------------
NAME EXCEEDEr• MEAN AUGLE MIN. MAX. RM::; ::;t,;CIJ- rLAT- REYUOLil!:; MEAU MIU. MAX. RMS St':ElJ- fLAT-

( ~~) TIME VEL. FROM 1JEL. VEL. VEL. NESS NESS !3TRECC ANGLE ANGLE ANGLE ANGLE NESS NESS 
UU30S'B 1 -.802 o.ooo 6.00 1. 1 5,71 ~.3~ .oc~ .01 2.cc vw .• 0005 1. _, .o C" ('\ I ··P""\ 2:S'l ...Jt .' tU ·-·..:.. 1 .. 11F30'?8 2 .535 o.ooo .10 O'i'.O • :!5' .42 .OGJ • 1 'i' J. 2·~ uw .• oooo :J'i'. 0 :J.j. 0 72. :J n ' 1 '? 3.21 
Wl.J305'1:1 3 rno.ooo o.ooo • 0'5 C'i' .5 .-1Z • l.3 0-.C'.\ .O';' ~.z1 U'J ...• 0007 C'i'.5 c.1. 2 S'·~. 2 :c .• 10 .3. 21 t ,/ .''t 

ULl3100 1 ·-1.070 o.ooo ~.04 n ~:i. 75 [;. J5 .oc2 .03 2.01 vw .0002 1. J .o 4.7 . [; .50 3,07 • i 
1•11)3100 "' o.ooo o.ooo - • 01)' 'i'O ,:J • ·~4 .25 o-•n .• 0 '·-~ '3.02 LIW .• oooo 'i'O.C C7.7 ''" '"' n • C•S :.0: .... . ,/ .• , .. , .. "- •V 
WW3100 J o.ooo o.ooo -.os 'i'0.4 ...• 42 ........ .075 • 0-1 3 .10 UV .0003 '.i'O ,4 C7.4 74.0 .7 .05 3 .10 ... , 
LIU3104 1 -1. 070 o.ooo 6.03 1.0 5.75 l. .. 33 .OC3 .11 2.cs vw .oooz 1. J .o • c-

: 5· '3c::' :tC~ ., '~· 1)1)310 ·1 2 .267 o.ooo .O'.i' 05'.2 .21 .43 .001 .01 2.'.i'S UW .OOO'i' "'"' "" ("\C':" I'\ n.1 .01 2.?6 U) t..:.. u..J t > 
WW3104 3 1eo.ooo o.ooo .05 8?.5 .... ~S' .47 .07'.i' .o~ 3.07 UV .ooos CCJ.5 nr.- c-

U.Jt J ~~'~'I ,£ -.03 3.07 
UU3103 1 -1.070 o.ooo .s. 01 1.0 ~=;. 5 4 .!, .3~ .occ - .11 3.04 vw .ooo~ 1. 4 .o 4.6 • l .33 ~. '?9 
l)'J31 oc 2 .535 o.ooo .oc CS'.~ • ·12 t .. 15 .OC8 .21 3.:rn LIW .0002 nf.'\ I"\ C5.7 ~,. 1 "' . :1 3.-H \J.' ·- ..... 
HW3108 3 100.000 o.ooo .07 nn ~ .~5' .43 .002 .oo J.oc uv .oooc ('\M "7 05.9 ?2.7 n - .07 3,1)3 U I • tJ U I t tJ .... 
UU3110 1 -1.605 o.ooo 6.06 1. 0 5.71 ' -rn .ooc .• 06 3.05 IJIJ .0003 1. 4 .o 1.7 ., .47 z. ':.1 5 u • w) .. 
VVJ110 2 o.ooo o.ooo .• 07 '.i'0.8 .40 ~n • 007 .• OJ 3.03 uw ..• 0007 '70.C .... ..,. ..., '.i'-L6 n .04 :L05 ....... u I "W .... 
WW3110 3 o.ooo o.ooo -· • o~ S'0.6 .40 ........ .oc-1 - •OS' 3.oo uv .0003 5'0.~ C7.5 S' ·1 • 6 .c • 1 () 3. I) 1 t "-I 

UU3114 1 -1. 605 o.ooo 6.07 1. 1 c- 'n .!,. 42 .0'70 .oo 2 • '.i'4 VlJ .ooo-:;- 1 •. , .o 4.2 ., .,.,. 2. 8:! J t \JI . , ; ~.J 

IJV3114 "' • '2t.. ·7 o.ooo .o·~ "'" '"' .• ~7 .-15 .occ .03 2.73 l.JW .000'7 ,..,.. .... nc- n '"}'2. t l .c .04 ~I~~ 3 U/ t.;.. LJ ..... \J ._It lJ 

~Jt.J3114 130.000 o.ooo • O:J ....... ..., .... , .43 .OC6 • o~ 2.'.i"i' UV .0007 09.J ,...,.. ... ';'2. 4 n . t08 3, I) 1 U) t tJ t.:..U \J..., • ) .... 
LIU3118 1 -1. 605 o.ooo 6.02 1. 2 5.is t . .,, • OS'2 .• 05 2.04 lJIJ .oooc 1. t_. .o 5.5 . , ..., .... 

~.c~ UtW'-' t ..JA.. 

'··'')3119 2 .535 o.ooo .0'7 C'i' .1 .4C .56 .O'.i'4 .• 1 c J.4J uw .0001 C7 .1 c.1. 5 7·1. 6 ,... .13 J t .. ,5 . , 
........ WlJ3118 3 180.000 o.ooo .oc nn ..... ..... ., • 4.!. .occ .02 3.10 UV .oooc ........... CS.5 S'2.~ .c -· .03 :, , 1 C• UJ' t,,;.. ..... ~ t:.J) ... 

....... 



....... 
a> 

TABLES 3.3-3 

f!L( AX!~ rosITIOtt LIMIT~ ---------------VELOCITY INFORHATION---------------------
NnME EXCEEDED MEAN ANGLE MIN. MAX. RMS SK[W- FLAT- REYNOLDS 

UU4001 
l)•.111001 
WW4001 

\!U i 1)1) 
'.'l.'-10•) 
~11HOO 

UIJ·1003 
'·"·'·H~OZ 
WW4N.'3 

UtJ ~;')05 
U•l.!000:: 

'~~•foos 
UU4006 
"" 1 r, !'I·'· \.Jt:J 4 (. 0 6 
LIU ·1003 
Vl.l.l!OOS 
~rnBOB 

UU4011 
1..••.•4011 
l~til4011 

UU4012 
VV4012 
HtJ.1012 

IJU4013 
1)'}401 z 
tJ1"4013 

UU401S 
11'.'4015 
loltH015 

UU-H.\16 
1.".'11016 
~·)!i.14016 

!J!J 401 '3 
VIJ401e 
!·H·J401S 

ULl4021 
'.'V4021 
ti.IH~021 

UU4022 
VV402:? 
WW4022 
UU4023 
V'J·1023 
\•JW4023 

1 ..... 
..;.. 

3 

2 
J 

1 ... 
3 
1 .., 
"" 3 

1 .., 
3 
1 
2 
3 

1 ., 
3 
l 
2 
3 
1 
2 
3 

1 
2 
3 

1 ..... 

3 
1 
2 
3 

2 
3 
1 .., 
3 
1 .., 
3 

.267 
.067 

180.000 ....... • .:.. "4' 
.134 mo. ooo 
.267 
,'.,HH 

180.000 
~2~7 
.334 

100.000 

.267 
'-401 

180.000 
..., t ... .... .....,~ 

.535 
130.000 

.134 

.0~7 
180.000 

'1'.H 
.134 

180.000 
.134 
.201 

100.000 
.t:H 
.334 

130.000 
.134 
.401 

180.000 
.134 
.535 

130.000 

.067 

.067 1eo.ooo 

.06'7 

.134 
100.000 

.067 

.201 
180.000 

<:> TIME VEL. FROM VEL. VEL. VEL. NE~S NESS STRESS 
4.768 
7.578 

.849 

.OO? 

.68£, 
o.ooo 

.OH 
.395 
.003 

o.ooo o .ooo o.ooo 
0. 00{\ o.ooo o.ooo 
o.ooo o.ooo o.ooo 

.OS'6 
• ?2.S o.ooo 
.on 

2.603 
.10s 
.031 

2.001 
.303 

o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 
o.ooo o.ooo o.ooo 

.O?O 
1.751 

.062 

.oeo 2.1se 
1.4?S 

.019 
3.560 
1.000 

£..te 
.01 

-1.02 
5.25 

,42 
·-1. 3~ 

4.18 
.33 

-1.04 
a. 4-i 

.42 
-.JS 
8.31 

• 36 
-.39 
s.14 

.25 
-.43 

o.e2 
.45 

-1.97 

s.5& 
.54 

-1.:?0 
4.42 

.54 
-1.os 
0.34 

.83 
.•• 34 

e. 1 i' 
.64 

-.35 

7. 7"1 
.38 -.3a 

6.91 
.75 

-1.93 
s.71 

.61 
-1.2s 

4.64 
.77 

-1.00 

16.4 
C?.? 

10£ .• 4 
1~3.2 
B:.i.6 

104. '5 

14.6 
05.~ 

103.9 
z.s 

87.2 
92.5 
J.7 

Si'.5 
92.7 
3.5 oe.2 

93.0 
16.6 
Sb.4 

106.1 

1·~ .2 
84.6 

103.1 
15.() ::rz.2 

103.3 
6.1 

84.3 
92. '3 

5.1 
SS.6 
?2.4 
J. a 

87.3 
?2.7 
16.7 
tM.O 

105.5 
14.0 
84.1 

102.6 
1s.2 co.a 

102.0 

1.?e 
-5.49 
-5.93 
3.50 

-~. (~2 
-3.50 

2.84 
. 2.03 
-2.36 
7.86 
-.~3 -.s2 
o.oo 
···.OS 
-.74 
... <:\"') 
~ • W• 
-.1? -.so 
4,73 

-4.23 
-4.42 
3,.\3 

-2.78 
-3.84 

2.t:H 
·2. 31 
-2.68 
7.06 
.~s 

·-. 72 
7.84 ....... -:71 
7.64 
-.06 
-.76 
4.46 

-3.98 
-4.40 
J.47 

-3.25 
-4.04 

2.?5 
·-2. 49 
-3.J? 

"'· 70 5.67 
4.07 
~.'52 
3.2? 
1.so 
5 .1? 
~·~~ .c.. "'"" 
9.03 
1.14 

.04 
s • .!.O 

.74 
- • 01 
S.46 

.64 
-.05 

a.2c 
4.26 
1.?0 
a.13 
5.04 
3.79 
5.55 
.., ""'"' .., • "'"''4 2.sc 
a.a2 
1.42 

.10 
e. ,49 
1.02 

.10 
a.27 

• 74 
.01 

a.62 
4.90 
4 .11 
0.33 
5.16 
4,93 
6.so 
4.07 
3.37 

.e 1N 
1.2-H 

• ">02 

.402 
·~~~ 
t ""'..._I 

.202 

.:H9 
.2S'2 

.22s 
t24S 
.092 
.oc:s .on> .oei' 
.os2 
.0?4 
.089 
.293 
.687 
.394 

.405 

.62'1 

.486 

.34£. 
• ·440 
.467 
.165 
.1s? 
.0?1 
.004 
.ou~ 
.091 

.oms .oN .. 

.090 

.417 
1.o~s 

.579 
,595 
.77D 
.859 
.5.!-2 
.542 
.748 

-.9? 
.OJ 
.5';' 

.• 27 
.6? 

1. 74 

- • ,40 
-.52 1.6e 

.11 
• 01!· 
.01 
.02 

·- .02 
.10 

·- .01 
-·. 0£. 

.06 

- • .!.O -.1a 
1.95 

.s1 
1.:34 
2.45 

-·~9 
ti.II.I 

2 .4.!. 

.02 

.13 

.10 
-.O? .oo 

.06 

.11 
. .10 .o? 
...• 1 l> 
-.os 
2.2e 

.30 

.70 
2.JB 

.?s 
1.l.S 
2 .1 'i' 

4.2a vw 
~.52 uw 
7.61 UV 
2.02 vw 
6.63 uw 
9.35 UV 

5.~e vw 
6.15 uw 
7.4C UV 
1.n vw 
2.03 uw 
J. tJ UV 
2.34 vw 
J.OJ UW 
2.?6 UV 
2.98 vw 
J • 07 UI' 
J.02 UV 
s.n vw 
~). 64 uw 

13.92 UV 
s.9a vw 
7.58 uw 

15.62 UV 
.... ,.. .... &:52 

12.J1 
2.12 
2 • .11e :s.oa 

vw uw 
UV 
vw uw 
UV 

2.n vw J.oo uw 
2.S'S' UV 
2.90 vw 
J,O? UW 
J.14 UV 
J. ::rn vw 
2.51 uw 

13.56 UV 
~.21 vw 
S.36 UW 

12.28 UV 
2.co vw 
7.77 uw 

10.77 UV 

Note (velocity values are possibly 2.5% low) 

.1'302 
-.2041 
-.2521 

.0463 
-.065:.' 
-.0509 

.0052 
-.0093 
-.0350 
·- .0006 

.OO·U 
-.0065 

.0001 
-.0010 
-.0004 
-.0001 

.0003 -.ooos 

.0303 
-.0970 
-.1302 

.0321 
-.0771 
-· .0905 

.OOJ? 
-.0816 
-.0585 
-.0026 
-.OOOt!o 
-.0020 

.0001 
·- .0010 
-.0007 
-.0002 • ooo: 
-.0011 

.0451 
-.3172 
.• 0701 

-.0038 
-.26?3 

.0591 
..• 0344 
-.0274 

• 0307 

------ANGLE INFORMATION----------------
MEAN MIN. HAX. RMS SKEW- FLAT-
ANGLE ANGLE ANGLE ANGLE NESS NESS 

1'.;'.9 
89.7 

106.2 

1'5.9 
05.5 

104.6 

15.J 
85.6 

103.C 
., .o 

Oi'.Z 
92.5 ..... ""'t I 
S7.5 "'"' ... , ... .! 

J.S cc.z 
93.0 

17.4 
86.3 

106.0 

15.S 
84.li 

103.0 
16.3 
83.1 

103.1 

6.1 
04.3 
92.3 

5,1 
S5.6 
~2.4 

3.9 
e1.J 
92.1 
10.1 
83.S 

105.3 
17.1 
SJ.a 

102.4 
17.7 
80.9 

101.? 

.1 
45.0 
S'J.7 

.3 
54.0 
70.4 .. . .,,, 
57,5 
5?.7 

.3 
02.J 
89.7 

1.2 
84.9 
CJO .1 

.... 
t I 

C5.S 
90.3 

• 1 
56.4 
73 .';' 

.3 
51.? 
59.7 

... .... 
52.3 
5'J.7 

2.0 
C0.4 
89.3 

2.4 
82.7 
e?.3 

1.0 
C·4 • 5 
89.9 

.1 so.o 
59.7 

.J 
40.5 
59.7 

..... . "" 47.5 
57. 7 

54.C 9.0 
134.2 11.2 
144.3 o.6 
41.6 

116.7 
123.7 

41.1 
120.0 
122.6 

a.4 
CJ 1 • .!. 
95.6 

£ .. 4 
90.6 
95.1 
6.2 

';'1. 3 
95.7 
41.4 

12s.2 
123.6 

42.4 
12'3.2 
125.4 

41.6 
121.9 
123.6 

10.1 
07.6 
94.8 

7.9 sa.4 
S'-1.? 

6.8 
?0.4 
95.4 
42.4 

125.'5 
125.J 
44.S 

122.1 
129.6 

43.0 
123.0 
123.9 

4,3 
4.5 
3.a 

4.0 
4.7 
3.9 
1.3 
1. 7 

.6 

.6 

.7 . (, 

.1 ... 
:6 

3.0 s.6 
3.3 
S.4 
6.J 
5 .1 
s.s 
5.a 
6 .() 

1.1 
1. 1 

.6 
... 

t I 

.7 

.6 

.7 ... :.; 
4.7 
8.4 
4.7 
S.7 
7.6 a.J 
5,7 
6.5 e.6 

1.11 
-.07 
- • 46 

.45 
- • ll 

-1.19 

-.~? 
,47 

-1. ii 
.21 -.os 
.01 
.03 -.oo 

- .OS' 

-.04 .os 
-.05 

• S'S' 
.23 

-1. 76 

1.68 
-1.1e 
-2.34 

.e4 
-.78 

-2.40 
.12 

- .14 
-.11 

.oo 
-.03 -.os 
-.03 

•OS' 
-.09 

.2e .os 
-2.21 

.69 
-.40 

-2.36 
1.31 

-1.56 
-2.42 

3.eo 
4.39 ::r.7e 
6.SO 
I -r-r ?:ro 
7.29 
6.76 
7.67 
2.22 
2.(\3 
3.12 
2.94 
3.03 
~.S'l 

3.03 
3.07 
3.02 

11.45 
5.81 

12. 65 

0.12 
6.e1 

15.76 
s.e1 
6.64 

12.79 
2.ss 
2.48 
3.09 
3.01 J.oo 
2.9Cj' 

3.02 
3.11 
3.1s 
6.43 
2.56 

13.'SO 
5.22 
4.34 

11.61 
6.14 
7.40 

11.22 



TABLES 3.3-3 

rILE t1 X I '.3 P 0 S IT I Ot! LIMIT~ ---------------VELOCITY INFORMATION-- ------------------ ------ANGLE INFORMATION----------------
NflME EXCEEDED MEAN ANGLE MIN. MAX. RMS sr:: :,,1- FLAT- REYNOLDS MEAN MIN. MAX. RMS sta:w- FLAT-

( ~; ) TIME VEL, fROH VEL. VEL. VEL. NE.:~::: NESS STRESS ANGLE ANO LE ANGLE· ANGLE NESS NESS 
l't.'~0~5 l .067 0. ()00 8 .1.s 7.4 7. {.,,l, 8.6: .155 .07 2.35 l)IJ .0043 7.-1 .. .,,. 1:,z l. 6 • l ~ 2,01 ..... ....> 
!}I) lQ'.25 

3 • ~"";3 ~ o.ooo 1.02 02.9 • -\2 1.67 .:~1 .1: 1."'16 uw .0030 32.? 78.3 87.1 1.6 -.1s 2.01 
H\J.it.~25 180.000 o.ooo - .. :? '7~.o ..... 72 .14 .102 .07 3.01 UV .0057 '>'2.0 C';'.O c;'S.: ... .1: 3.03 . , 
ULl~o·:?~ 1 ,Ot.;7 o.ooo 0.01 f!'." ... 

..Jt I 
.... , ... 
/ • \J .• 3,37 .087 .02 :.L36 VW .0001 5.8 3.0 s.s .7 .os 3.05 

V''"'·i'.'26 .... • 401 o.ooo ... .,. C-1, 7 ...... 1 .1 c • 1'.:-0 .oo 3.06 UIJ - .0010 04.7 CL.'.. ...... I -.03 3.0? °'" t I~ ..... tJ U.' tV .. • 
t·'W ~o:t.:.. 'J l~0.000 o.ooo -.30 t;'2.~ ··.:.-.6 .O';' .090 .10 3.05 UV ..• 000[, 92.1 89.3 94. 7 .6 -.09 3.05 

UL1402£ 1 • Of..,7 (.' .000 7.S'O 3.C ... .,,..., a.2: • OC7 ..• 07 3.03 V'1J - • 0000 .,. n . ~ ... .,. ... -.0£. :? • 13 ~ • J,/ .JI .1 ·' .. .., t I 

'.".'V.'.1:23 t !:):35 o.ooo ,.H c:·. 1 -.o.:., .os .077 .10 3.15 UIJ .0002 07 .1 83.7 90.4 .7 .10 3.16 
L'H4~:·28 3 180. 000 o.ooo ·-·. 34 92.5 .• 71 .os .on .07 3.04 UV -- .0010 ';'Z, 4 nn ' ';'5 .1 ... - .0(.. 3t05 ........ '"' .,, 
Utt 1'.'35 1 o.ooo o.ooo 7.:31 ?.4 7,35 IL20 .152 .04 2.35 vw .0017 ? • .\ 5.9 13.2 .9 -.21 3.02 
1.''.'·1'.'35 .... .334 o.ooo 1.27 eo.e • 7t,, 1. 7'J • 124 -.18 2.'?CJ uw -·. 0037 co.c 77.0 E1. 5 .i:- ...... 3.00 
!·!!·' ., 0 3 s 3 1~0.000 o.ooo -· .27 ?2.0 ·-•.SS .10 .0';'4 .05 :.?9 UV .• 0005 9::!.0 89.3 94.9 .7 -:o3 2.~9 

L'L'1')36 1 o.ooo o.ooo 7. El6 (,. 3 7.48 B .1'? • 0-::'1 - • 04;' 2.'J(., l)IJ .0001 I -. :.'7 -;'.';' ... • l)e 3.07 U• w ., 
'·"·' ~O:! ! 

., .401 o.ooo .s1 S4.1 .34 1.22 .0?6 .01 J.OS llW - • 0011 S·L 1 81.1 87.5 ... -.OS 3.06 ., 
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APPENDIX A - COORDINATE TRANSFORMATIONS 

The reduction algorithm for the TSI model 1294 probe calculates the 

velocity components along the sensor coordinate system. To find the 

values of the velocity components in the tunnel coordinate system 

several intermediate transformations must be made. Figure A-1 details 

the different coordinate systems that will be discussed here. 

Consider the general derivation of the transformation tensor that 

relates the magnitudes of vector quantities (u.) in the "unprimed" 
1 

cartesian coordinate system to the magnitudes (u!'') 
1 

resolved in a 

"triple primed" system. To transform from the unprimed system to the 

triple primed system three intermediate transformations must be made. 

The first transformation is a rotation of degrees about the x1 
axis. The second transformation is a rotation of a2 degrees about the 

new x' 2 axis. The third transformation is a rotation of a3 degrees 

about the x3 axis.+ These transformations can be stated mathematically 

as 

(1) For al rotation 1 2 3 
k 

u' = ckmum where ckm = 1 1 0 0 k 2 0 sina1 c~sa 1 3 0 -s1na1 cosa1 

(2) For a2 rotation k = 1 2 3 
j = 

u'! = bjkuk where bjk = 1 cosa2 0 -sina2 J 2 0 1 0 
3 sina2 0 cosa2 

+The sense of the angular rotations are defined as follows: Looking 
from the positive to negative direction along the axis in question a 
positive angle requires the counterclockwise rotation of the other two 
axes. 
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(3) For a3 rotation = 1 2 3 
i 

u ! 't = a . . u'! where a .. = 1 c~sa3 sina3 0 1 1J J 1J 2 0 -sina3 cosa3 3 0 0 1 

The.components of the intermediate transformation tensors (ckm' bjk' and 

a .. ) may be obtained from inspection. For example ckm is the cosine iJ 
th th of the angle between the k- primed and the m- unprimed coordinate 

axis, i.e., ckm = cos(xk,xm). 

Grouping the three transformations into one completes the general 

derivation of the vector component relationships between the unprimed 

and the triple primed systems. 

u ! " = a .. b . kckmu = A. u i iJ J m 1m m 

cosa2cosa3 c~sa 1 s~na3+ sina1sina2cosa3 
sina1 s~na3-cosa1sina2cosa3 

where A. = -cosa2sina3 c~sa1 c~sa3-. sina 1 c~sa3+_ im s1na1s1na2sina3 cosa1sina2sina3 
sina2 -sina1cosa2 cosa1cosa2 

It should be noted that the transpose of A. = A~ = A . can be used to 1m 1m mi 
transform vector components in the triple prime system to those in the 

unprimed system, i.e., u. =A .u'''. i mi m 
The geometric relationship between the sensor coordinates and the 

probe coordinates is always fixed, but the relationship between the 

probe coordinates and the wind-tunnel coordinate also needs to be 

formalized before an overall transformation from sensor coordinates to 

wind-tunnel coordinates can be stipulated. During physical placement of 

the probe within the wind-tunnel, one starts with the probe coordinates 

aligned with the wind-tunnel coordinates. The probe and thus the probe 

coordinate system is first rotated ~3 degrees about the axis, 
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then degrees about the new axis, and then degrees about 

the new x1 axis. After these rotations of the probe by its supporting 

mechanism are completed, the probe is in position to take data. 1 

To find the coordinate tranformations that are necessary to convert 

vector components in the sensor system (unprimed) coordinates to the 

probe system (triple primed) coordinates, consider the reverse trans-

form, i.e., probes system to sensors. It is seen in Figure A-1 that a 

rotation sequence of a1 = O, a2 = 35.26, and a3 = -45.0 will achieve 

the desired orientation. This transform can be written as 

u =Au'" i ij j 

where A.. is calculated from the general derivation given previously. 
1J 

We are more interested in the reverse transform, i.e. sensor to probe. 

This is found by taking the transpose of tensor A.. above, i.e. 1J 

U tt I = AT u = A . . . . . .u. 
1 l.J J Jl. J 

Inserting a1 = O, a2 = 35.26, and a3 = -45.0 into the equations for 

the components of A .. 
Jl. 

one finds that the transformation tensor for 

conversion of velocity components in the sensor system to velocity 

components in the probe system is 

1/../3 

A •. = -1/../2 J]. 

-1//6 

1/../3 

1/../2 

-1//6 

1/../3 

0 

2//6 

1The reason for aligning the probe away from the tunnel coordinates is 
that the probes x1 axis should be in approximate alignment with the 
expected mean velocity vector. This will increase the accuracy of the 
measurement. For low-to-moderate turbulence levels it insures that the 
velocity vector never leaves the sensor coordinate system octant in 
which measurements are possible. 

84 



To convert the velocity components resolved in the probe coordinate 

system to those of the wind-tunnel system one must reverse the rotational 

order that was used during the physical placement of the probe. 
,., ;'n'\ , .. 

Uk : c u"' then u. = bjkuk then km m J 
.. •-·-·· -!rl\ ··-•-t.. I\ I\ I\ I\ I\" u. = a .. u. => u. = B. u',, 
1 1J J 1 1m m 

where the angles (ll, (l2, (l3 that make up the general transformation 

tensor are now defined as -yl, -y2, and -y3 respectively. 

Combining the two transformation tensors derived above, one for 

sensor to probe conversion and the other for probe to tunnel conversion, 

into one overall transformation tensor for sensor to tunnel system 

conversion yields {note that the indices have been changed for 

convenience) 

where 

u~" = 
J 

A .. u. 
J1 1 

and 

= Bk.A .. u. = Ck.u. J J1 1 1 1 

= B u''' kj j 

- velocity components in the tunnel coordinate system 

u. - velocity components in the sensor coordinate system 
1 

A .. J1 

_general transformation tensor with a1 = -y1, a2 = -y2, 
(l3 = -y3 

- transpose of the general transformation tensor with 
(ll = o, (l2 = 35.26, (l3 = -45. 

Since the elements of Cki are the cosine of the angle between the 

ith sensor coordinate and the kth tunnel coordinate, the yaw angles in 

calibration mode are easily calculated as 

~.=90.0-arccosC 1 .=arcsinC 1 .. 1 1 1 

To convert from the rectangular tunnel coordinates to an 

axisymmetric tunnel coordinate system it is only necessary to rotate the 
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rectangular system about the x1 axis so that the measurement location 

is contained within the x1 - x2 plane. This angle of rota ti on is 

given by the following conditional statements 

1) if Xz = 0 and X3 = 0 then p = 0 

2) if Xz = 0 and X3 > 0 then p = 90.0 

3) if X2 = 0 and X3 < 0 then p = -90.0 

4) if Xz < 0 then p = arc tan Cx/x2) + 180.0 

5) if Xz > 0 then p = arc tan (x3/x2). 

The transformation can be summarized as 

where 

.. •.J-t.. 
0 """ = d kck.u. = D um = dmkuk .u. m 1 1 mi 1 

0 u = velocity components in the axisymmetric tunnel system, and m 

dmk = general transformation tensor with a1 = p, a2 = O, a3 = 0. 
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Sensor Angle Definition 

z 
Sensor Coordinate System 

Probe Coor di note System 

z Tunnel Coordinate 
System 

FIGURE A-1 Sensor, Probe, and Tunnel Coordinate Systems 
I 
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APPENDIX B - COMPUTER PROGRAMS 
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0001 
000:? 
0003 
0004 
000~ 
000~ 
0007 oooe 
0009 
0010 
0011 
0012 
0013 
0014 
001'.5 
0016 
0017 
0011:? 
0019 
0020 
0021 
00"')"" 0023 
0024 
002'.5 
0026 
0027 
002e 
0029 
0030 
00'31 
0032 
0033 
0034 
0035 
0036 
0037 
003$ 
0039 
0040 
0041 
0042 
0043 
OOH 
00·1'.5 
0046 
0047 
0049 
0049 
0050 

rnH,L 
PROGRAM CALJD(3r70) 

C**CALIDRATEC TCI 1~~1 JD rRODC 
COHHOtt ACJ>rB(J)rCCJ)rFK<J>rTEHPrPRE:rUHlNrUHAXrANOHN<J>rANCHX<J> 

+ ~ur<J>,Attr<3> 
DIMENSION IPARCS>,ICH<J>rANO<J> 
CALL RMPAR<IPAR> 
LU=IPAR<1> 
IF<LU.LT.1>LU=1 
CALL LIBER<LU> 
WRITE< LU, 100) 
READ<LU•*>ICHC1>,TEHP,PRES 

I CH< 2 > =I CtH 1 ) l 1 
ICB<:~>=ICH<U ::;: 

WRITECLUr102><ICH<I>tI•1,J) 
READ<LU,*><CUr<I>1I=1,J) 
WRITE<LUr104><ICH<I>rI=1r3) 
READ<LU•*><AHr<I>•l=1,J> 

1 WRITE<LUr110> 
IFCNOYCSCLU>>211r3 

2 CONTittUE 
WRITECLU,1ZO><ICHCI>rl=lt3> 
READ<LUr*><FK<I>rI=l1J) 
WRITE< LU, 130 > 
READCLU,•><ANG<I>rI=1,3) 
CALL CLVELCOtlCH,AttG,LU> 
GO TO ~ 

'3 CONTINUt 
CALL CLVEL<l,ICHrANGrLU> 
WRITC<LUr140) 
READ<LU,;>DEL P 

U=4.75*CQRTCCTCHrl273.>tDCL r1rRCC) 
CALL CLANG<ICHrU•LU> 

[; CONT I trnc 
WRITE<LUr 150> 
Ir<ttOYES<LU>>O•&r7 

7 COHTittUE 
CALL WRCAL<LU> 

0 CONTINUE 
WRITCCLUrHO> 

100 FORMAT<•ENTER CHAN. l• TEMP.CC), PRECCURE<IN HG> - -•> 
102 FORMATC.ENTER CUPPRCCCION roR CHAttC. ·1~·,·1~·,·I~· _., 
104 FORMAT<•ENTER AMPLIFICATION FOR CHAttC. •12•,•12•,•12• -•> 
110 FORMAT<•ttETCRMittE YAW rACTOR K -T _•) 
120 FORHAT<•ENTER YAW FACTOR K FOR CHANC. •12•,•12·~·12• -•> 
130 FORMAT<•EttTER ANGLCC or ROTATION ADOUT x,y,z AXIC _., 
140 FORMATC//•ENTER PRESSURE FOR ANGLE CALIBRATION- -•> 
150 FORMAT<•WICH TO WRITE TO CAL. rILC - _•) 
160 FORHAT< 1 RUN COHPLETE 1 > 

END 

89 



0051 
0052 
0053 
0054 
005'5 
00'56 
0057 
0059 
0059 
0060 
0061 
001!·~ 
0063 
OOM 
0065 
00!.0 6 
0067 
006E 
00.!:9 
0070 
0071 
00'."~ 
0073 
0074 
0075 
0076 
0077 
oo7e 
0079 
0080 
OOS1 
00°"' 
0083 
0084 ooes 
0086 
0087 ooee 
0089 
0090 
0091 
0092 
0093 
0094 
009S 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
01 ()'3 
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0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 01..,., 
0124 
0125 
0126 0127 
012S 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 0143 
0144 
0145 
0146 0147 
0148 
0149 
0150 
0151 
015:? 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
016S' 
0170 
0171 
01?2 
017'3 
0174 
0175 

C•******************************************************************** SUBROUTINE FTVELCLU'E'U'N,AFAC'A'D,C> DIMENSION E<N>rU<N> 
DELT=0.05 
SVDEL=DELT 

1 CONTINUE 
DO 30 I=l,35 

ZEST=F OF C<E,u,N,ArAc,c,A,D> 
SUttl=O.O 
SUtt2=0.0 
SUtt3=0.0 
DO 10 Y.=1,N 

SUttl=SUH1t<E<K>*E<K>-A-B*<AFAC*U<K>>**C>**2 
ROOT=A+B*<AFACCU<K>>**C 
IF<ROOT.LT.O.>ROOT=l.EJO 
SUM2=SUtt2t<E<K>-SQRT<ROOT>>**2 
ROOT=<E<K>:E<K>-A>IB 
IF<ROOT.LT.O.>ROOT=1.C30 
SUtt3=SUtt3+<U<K>-ROOT**<1./C)/AFAC>**2 

10 CONTINUE 
DEV1=SQRT<SUM1/FLOAT<N>> 
DEV2=SORT<SUM2/rLOATCtt>> 
DEVJ=SQRT<SUttJ/FLOATCN>> 
WRITE<LU•110)C,A,D1ZECT,DCV2,DCV3 
IF<I.EQ.1>GO TO 20 

DELT=-ZEST*SDELT/CZCCT-CZCCT> 
AI•EL=ABS C DEL T > 
IF<ADEL.LT.0.001>GO TO 40 
IFCADEL.GT.SVDEL>DELT=SVDEL*DELT/ADEL 

20 CONTINUE 
C=C+DELT 
SZEST=ZEST 
SDELT=DELT 

30 CONTINUE 
40 CONTINUE 

WRITE< LU, 120> 
IF<NOYESCLU>>bo,40,so 

SO CONTINUE 
WRITECLU,1JO> 
READ<Lu,:nc 
GO TO 1 

60 CONTINUE 
RETURN 

110 FORMAT<i<zx,r10.S>) 
120 FORMAT<•WISH TO ENTER NEW E~TIHATE FOR C 1 -•> 
130 FORHAT<·ENTER ESTIMATE roR VEL. cxr. c -·> 

END 
C********************************************************************* FUNCTION F OF C<E,u,N,ArAc,c,A,D> 

DIMENSION E<N>•U<N> 
FN=FLOAT<N> 
Tl=O.O 
T2=0.0 
T3=0.0 
T4=0.0 
DO 1 I=l,N 

Ul=<U<I>*AFAC>t*C 
T 1 =T1 +E <I) *E <I> 
T2=T2+U1 
TJ=T3tECI>*E<I>*U1 
T4=T4tU1*U1 

1 CONTINUE 
B=CT1*T2/Ftt-T3)/(T2*T2/FN-T4) 
A=<T1-B*T2>/rN 
T5=0.0 
DO 2 I=1rN 

Ul=U<I>*AFAC . 
TS=TS•<U1**C>*ALOGCU1>SCECI>tE<I>-A-DtU1**C> 

:? CONTINUE 
F OF C=TS 
RETURN 
END 
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0176 
0177 
017S 
0179 
01$0 
0181 
01e2 
0183 
0184 
0185 0196 
0187 
0188 
0189 

C********************************************t**************~********* SUBROUTINE OUTVL<LUrE,UtN•AFAC,AtBrC) 
DIMENSION E<N>,U<tt> WRITE<LUr 100> 
DO 10 I=l•N UCAL=<<E<I>*ECI>-A>IB>**<1.0/C)/AFAC 

ERR=<UCAL-U<I>>*100.0/UCI> 
WRlTE<LUr110>E<I>rU<l>,UCALtERR 

10 CONTI HUE RETURN 
100 FORMAT<•voLTAGE VELOCITY VELOCITY ERROR•/ 

f 11x•ACTUAL CALCULATED <:>•/) 
110 FORHAT<F7.3r3XrF7.2r5XrF7.2•2X,FS.1> 

END 
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0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0""5 

C****************************************************tttttt:******~*** SUBROUTINE CLANG<IcH,u,LU> 
COMMON A<J>,BCJ),CCJ),fKCJ>,TEMP,PRES,UHIN,UMAX,ANGMN<J>,ANGHXCJ>, 

t SUPC3)1AMPC3) 
DIMENSION ICH<3>,VANGC25,J>,E<25,J>,ERHSC3>1EMttC3),ANGC3>'VANG1C3) 
WRITE<Lu,1oo><ICH<I>,1=1,3) 
N=O 
I•O 10 I=1,3 

:~NGMN (I) =360. 0 
ANGMXCI)=-360.0 

10 CONTINUE 
20 CONTINUE 

N'=N+1 
WR IT E <LU, 11 0) 
READ<LU,t>CANG<I>,I=1,J> 

IFCANG<1>.LE.360.0>GO TO 30 
N=N-2 
GO TO 20 

30 CONTINUE 
IFCN.E0.1>GO TO 45 

DO 40 I:=l13 
ANGMN<I>=AMINlCANGHNCI>1VANGCN 1,I)) 
ANGMX<I>=AHAX1CANGMXCI>,VANGCtt-1,I>> 

40 CONTINUC 
45 CONTINUE 

IFCANG<l>.E0.360.0>GO TO 70 
CALL FANG<ANG,VANG1> 
DO 50 I=l13 

VANG<N,I>=VANGl<I> 
50 CONTINUE: 

CALL DATIN<ICH,EMN,ERMS,LU> 
DO 60 I=1,3 

E<H1I)=EMN<I>IAMP<I>+SUPCI> 
60 CONTINUE: 

WRITE<Lu,12o><VANGlCI>,I=l,J),(EMN<I>1ERHS<I>,1=1,J> 
GO TO 2C1 0220 70 CONTINUE 

rt'.''?? N=N-1 
DO SO I=1'3 

WRITECLU11ZO>ICHCI),U 
READCLU,:Jc>FK<I> 
WRITE<LU,140) 
CALL FTAt!G <LU, E ( 1, I>' VANG< 1, I> dl' U' AC I>' C <I>' B <I>' FK <I>> 
CALL OUTAG<LU1ECl1I>1VANGCl1I),N,U1A<I>1D<I>1C<I>,rK<I>> 

6228 
0229 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
02H 
0242 
0243 
0244 

80 CONTINUE 
81 WRITE<LU1150) 

IFCNOYESCLU>>9018l192 
92 COHTINUE 

02~5 85 
0246 86 
0247 
0248 90 
0249 
0250 100 
0251 
0252 
l\':"t:;""J'. 
6251 110 
'.)255 l':'f'\ 
0256 130 
0:57 
0258 
0259 140 
02.SO 150 
0261 1£.0 
0262 170 
02.!·3 180 
02~4 190 
02l5 

WRITECLU, 160> 
READ< LU' t >rt~ ( 1) 
WRITECLU'170) 
DO SS I=l13 n: ( I >=Ft<:< 1 > 

ZEST=F OF K<EC11I>,VANGCl1I)1N1U1ACI),CCI>,FKCI>1BCI>> 
WRITECLU1lEO>A<I>1DCI),CCI)1FK<I>,ZCST 
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0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
028'5 
0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
029'5 
0296 
0297 
0299 
0299 
0300 
0301 
0302 
0303 
0304 
030'5 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
031'5 
0316 
0317 
0318 
031'? 
0320 

C********************************************************************* SUBROUTINE FTANG<LU,E,ANG'N'U'A'C'B,FK> 
DIMENSION E<N>•ANG<N> 
CONST=J.14159/180. 
DELT=0.02 
SVDEL=DELT 

1 CONTitlUE 
DO 30 I=1,3'5 

ZEST=F OF K<E,ANG'N'U'A'C,FK•B> 
SL'M1=0.0 
SUM2=0.0 
SUM3=0.0 
DO 10 K=1,N 

Z=ANG<K>*CONST 
Y=<E<K>*E<K>-A>IU**C 
X=SORT<COS<Z>*t2t<FK*SIN<Z>>*C2> 
SUM1=SUM1+<Y-9*X**C>**2 
ROOT=B*<U*X>**CtA 
IF<ROOT.LT.O.>ROOT=1.EJO 
SUM2=SUM2+<E<K>-SORT<ROOT>>**~ 
ROOT=<E<K>*E<K>-A>/9 
IF<ROOT.LT.O.>GO TO 5 
UEFF=ROOT*t<1./C) 
IF<UEFF.GT.U>GO TO 5 

ARG=SORT<<1.-<UEFF/U>*t2>1<1.-FK*FK>> 
ANGLE=ATAN<ARG/SORT<1.-ARG*ARG>> 
SUM3=SUM3+<Z-ANGLE>**2 
GO TO 10 

5 CONTINUE 
SUM3=1.E:30 

10 CONTINUE 
DEV1=SORT<SUM1/FLOAT<N>> 
DEV2=SQRT<SUH2/FLOAT<N>> 
DEV3=SORT<SUM3/FLOAT(N))/CONST 
WRITE<LU,110>FK,9,ZEST,DEV1,DEV2•DEV3 
IF<I.E0.1>GO TO 20 
DELT=-ZESTtSDELTl<ZEST-SZEST> 
ADEL=ABS<DELT> 
IF<ADEL.LT.0.0002>GO TO 40 
IF<ADEL.GT.SVDEL>DELT=SVDEL*DELT/ADEL 

20 CONTINUE 
FK=FK+DELT 
SZEST=ZEST 
SDELT=DELT 30 CONTINUE 

40 CONTINUC: 
WRITE<LU, 120) 
IF<NOYES<LU>>60,40,50 

50 CONTINUE 
WRITE<LU1130> 
REAI•<LU,*>FK 
GO TO 1 

60 CONTINUE 
RETUF::N 

110 FORMAT<6<JX,F10.5>> 
0321 120 
rt"J:?? 130 0323 

FORMAT<•WISH TO ENTER NEW ESTIMATE FORK - ? 
FORMAT<•ENTER ESTIMATE FOR YAW FACTOR K -
END 

-·> -. ) 
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0324 C********************************************************t*~**-********-0325 FUNCTION F OF KCE1ANG1N,U1A1C,FK1B) 
0326 DIMENSION ECtt>,ANGCtt> 
0327 T1=0.0 
0328 T2=0.0 
0329 T3=0.0 
0330 T4=0.0 
0331 DO 1 I=1,N 
0332 Z=ANG<I>*3.141S9/1EO. 
0333 Y=<E<I>*E<I>-A>IU**C 
0334 X=COSCZ>tCOECZ>tFK*FK*SIN<Z>*CIN<Z> 
0335 T1=T1+Y*X**<Cl2.0) 
0336 T2=T2+X*tC 
0337 T3=T3+SIN<Z>*SIN<Z>*X**<C-1.0> 0338 T4=T4+Y*SIN<Z>*SIN<Z>*X**<C/2.0· 1) 
0339 1 CONTINUE 
0340 B=T1/T2 0341 F OF K=B*T3-T4 
0342 RETURN 
0343 END 
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0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
035~ 
0357 
03SS 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
036S 

0369 
0370 
0371 
0372 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0390 
0391 
0382 
0393 
0384 
0395 
0386 
0387 
0388 
0389 
0390 
0391 
0"'1'.Q"' 0393 
0394 

0!9'5 
0396 
n~o7 o39a 
0399 
0400 
0401 
0402 
0403 
0404 
0405 
0406 
010? 
0409 

C********************************************************************* 
SU~ROUTINE OUTAGCLU1E,VANGrN•UrAtB,CrFK> 
DIMENSION ECN>•VANG<N> 
CONST=lS0.013.14159 
WRITE<LU1100> 
DO 10 I=lrN 

ROOT=<E<I>*E<I>-A>IB 
IF<ROOT.LT.O.>ROOT=1.E30 
UEFF=ROOT**<l.O/C) 
IF<UEFF.LE.U>GO TO 1 

ANG=1.E30 
ERR=1.E30 
GO TO 5 

1 CONTINUE 
ARG=SORT<<1.0-<UEFFIU>**2>1<1.0-FKtFK>> 
ANG=ATANCARG/SQRTC1.0-ARG*ARG>>tCONST 
ERR=ANG-VANG<I> 

5 CONTINUE 
WRITECLU•110>E<I>•VANG<I>rANGrERR 

10 CONTINUE 
RETURN 

100 FORMAT<•VOLTAGE ANGLE ANGLE ERROR•/ 
t 11x•ACTUAL CALCULATED <DEG)•/) 

110 FORMAT<F7.3r3X1F7.2.sx.F7.2t2X1FS.l) 
EHI• 

C********************************************************************* SUBROUTINE FANG<ANGrVANG> 
DIMENSION ANG(3),VANG(J),AC313>1B<3•3> 
CONST=3.14159/1SO.O 
X=O.O*CONST 
Y=3S.26*CONST 
Z=-45.0*CONST 
CALL TRXYZ<A•XrY•Z> 
X=ANG<l>*CONST Y=ANG<2>*CONST 
Z=ANGC3>*CONST 
CALL TRXYZ<B.x,y,z) 

C•••••••••••••••••••••••••••••••••••••••NOTE THAT THE TRANSPOSE OF 'A' C IS USED IN THE rOLLOWING MATRICC 
C MULT. TO CHANGE THE DIRECTION 
C OF THE TRANSFORMATION THAT FORMCD 
C 'A'. 

DO 2 .. t=1, 3 
SUM=O.O 
DO 1 I=113 

SUH=SUH+B<l•l>*A<J,I> 
1 CONTINUE 

VANG<J>=ATAN<SUH/SQRT<1.0-SUH*SlH1>>1CONST 
2 CONTINUE 

RETURN 
ENit 

Ct*'****************************************************************** SUBROUTINE TRXYZ<Arx,y,z) 
DIMENSION A<J,3) 
AC1,1>=COS<Y>*COS<Z> 
A<1•2>=COS<X>*SIN<Z>tSIN<X>*SIN<Y>*COS<Z> AC1r3)=SIN<X>*SINCZ>-COSCX>*SINCY>*COS<Z> A<2•1>=-COS<Y>*SIN<Z> 
A<2r2>=-SIN<X>*SIN<Y>*SIN<Z>tCOS<X>*COS<Z> 
A<2•3>=SIN<X>tCOS<Z>+COSCX>tSitt<Y>tSINCZ) 
AC3r1>=SIN<Y> 
AC312>=-SIN<X>*COS<Y> 
AC3,3>=COSCX>*COS<Y> 
RETUF:N 
END 
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0409 
0410 
0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
0420 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
0429 
0429 
0430 
0431 
0432 
0433 
0434 
0435 
0436 
0437 
0438 
0439 
0440 
0441 
0442 
0443 

·0444 
0445 
04H 
0447 
0448 
0449 
0450 
0451 
0452 
0453 
0454 
0455 
0456 
0457 
04SS 
0459 
0460 
0461 
0462 
0463 
0464 
0465 
0466 
0467 
0468 
0469 
0470 
0471 
0472 
0473 
0474 
0475 
0476 
0477 
0478 
0479 
0480 
0481 
0482 
0183 

C********************************************************************* SUBROUTINE DATIN<ICH,E,RMS,LU> 
DIMENSION NAMP<3>,ISIZE<2>,IPAR<S>tIDCE<144),ttAttr<S>tICH<z>, 

+ E<3>,RHS<3> 
DATA NAMP1NAMF /2HDA12HTA,2H 12HSC1~HRA,2HTC1:HDttt16/ 
IF<LU.NE.1.AND.LU.NE.26>CALL NAMITCLU•NAMP> 
IRATE=100 
NSAM=2S6 
ISIZE<1>~<NSAM/12B>t3t1 
CALL PURGE<IDCB1IERR,NAMFtNAMFC4>,NAMF<S>> 
CALL CREATCIDCBtIERR1NAMFtISIZE11,NAMr<4>1NAttr<S)) 

IF<IERR.LT.O>GO TO 1000 
CALL CLOSE<IDCB> 
CALL OPEN<IDCBrIERR,NAMF,1tNAHFC4>rNAHF<S>> 

IF<IERR.LT.O>GO TO 1000 
CALL EXECC23,NAHP,ICH<1>tICHC3)1IRATEtNSAMrO,NAHF,5) 

CALL RMF'AR < I f'AR) 
IF<IPAR<1>.LT.O>GO TO 1010 

WRITE<LU,100) 
CALL POSNT<IDCB,IERR,1r1) 

IF<IERR.LT.O>GO TO 1000 
CALL VOLTS<IDCB,ErRMS,LU> 
CALL CLOSE< I I•CI: > CALL PURGE<IDCB,IERRrNAHFtNAHF<4>,NAHFCS>> 
RETURN 

1000 CONTINUE 
WRITE<LU,110>IERR 
GO TO 1020 

1010 CONTINUE 
WRITE<LU,120>IPAR<1> 

1020 CONTINUE: 
CALL CLOSE< HICIO 
CALL PURGE<IDCBrIERRrNAMF,NAMf<4>rNAHf<S>> 
WRITE< LU '130 > 
STOP 

100 FORMAT<•-•) 
110 FORHAT<•FILE MANAGER ERROR •13• IN SUBROUTINE DATIN•> 
120 FORMAT<•DATA PROGRAM ERROR NO. 1 13 1 CCE DATA PROGRAM ERROR CODC•> 
130 FORMAT<•RUN COMPLETE 1 > 

END 
C********************************************************************* SUBROUTINE VOLTS<IDCBtEtRMSrLU> 

DIMENSION IDCBC144),II:UFC76B>•E<3>~RHS<Z>•SUM<3> 
CALL READF<IDCB,IERRrIBUF,768) 

IFCIERR.LT.O>GO TO 1000 
DO 1 I=1•3 

SUH<I>=o.o 
1 CONTINUE 

DO 3 1=1'76813 
DO 2 J=l•J 

SUH<J>=SUM<J>+fLOAT<I~UF<IiJ·l)) 
2 CONTINUE 
3 CONTINUE 

DO 4 1=1'3 
E<I>=SUH<I)/256.0 

4 CONTINUE 
DO 5 1=113 

SUl'l<I>=O.O 
5 CONTINUE 

DO 7 I=l•76S•3 
DO 6 J::::1,3 

X=FLOAT<IBUF<I+J-1>) 
SUM<J>=SUH<J>+<X-E<J>>*<X-CCJ)) 

6 CONTINUE 
7 COHTINUE 

DO 8 I=lr3 
RMS<I>=SQRTCSUMCI)/256.0)/3275.2 
E<I>=E:<I>/3275.~ 

8 CONTINUE 
RETURN 

1000 CONTI HUE 
WRITECLU,100>IERR 
STOP 

100 FORMATC 1 FMGR ERROR •15• IN VOLTS•> 
EHD 
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0484 
0485 
0486 
0487 
04BB 
0489 
0490 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 
0500 
0501 
0502 
0503 
0504 
0505 
0506 
0507 
osoa 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 

C********************************************************************* SUBROUTINE WRCALCLU> 
COMMON AC3),BCJ),C<J>,FK<3>•TEHP,PRES,UHIN,UHAX•ANGHHC3>,ANGHXC3>, 

t SUP(J),AMP<3> 
DIMENSION IDCB<144>,IBUFC1S>,CALC9),NAMCS>,ISIZ<2> 
EQUIVALENCE <ISUFCl>•CALCl>> 
DATA NAM,ISIZ /2HVEr2HLC,2HAL•2HDN•lo•1•1B/ 
CALL CREATCIDCD,IERR,NAH.1s1z,2,NAM(4),NAHC5)) 

IF<IERR.GE.O>GO TO 1 
IFCIERR.NE.-2>GO TO 1000 
CALL OPENCIDCB,IERR,NAM,o,NAM<4>1NAMC5>> 

IF<IERR.LT.O>GO TO 1000 
1 CONTINUE 

DO 2 1=113 
CALC1>=A<I> 
CAL<2>=B<I> 
CALC3>=C<I> 
CALC4>=FKCI) 
CALCS>=TEMP 
CALC6>=UtUN 
CAL<7>=UHAX 
CAL<e>=SUP<I> 
CAL< 9) =AMP< I> 
CALL WRITF<IDCD,IERR,IDUF,10) 

IF<IERR.LT.O>GO TO 1000 
2 CONTINUE 

CALL CLOSE<IDCB> 
RETURN 

1000 CONTINUE 
WRITE<LU,lOO>IERR 
STOP 

100 FORHAT<•FMGR ERROR •15• IN WRCAL•> 
END 
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0001 
0002 
0003 
0004 
000'.5 
0006 
0007 ooos 
0009 
0010 
0011 
0012 
0013 
0014 
001'5 
0016 
0017 
OOH? 
0019 
0020 
0021 
002: 
0023 
0024 
002'.5 
0026 
0027 
002£ 
0029 
0030 
0031 
00 7

"' 0033 
00'3··~ 
003'5 
0036 
00:!7 oo:rn 

rTN4,L 
PROGRAM DATJDC3tOO> c 

C**DESIGHED TO BE UCED WITH THE TCI 12?~ JD HOT FILH PROBE. 
Ct*IT USES THE RCDUCTION TECHttIOUCO DECCRIDCD Itt TC! TD C TO ODTAIH 
C**THE u,v,w TIME SERIES. c 

1 

4 

7 

110 
1'30 
140 
150 

COMMON /WK/ IPARC5> 
DIMENSION POSC6>,A<3•3> 
CALL RHPAR<IPAR> 
LU=IPAR<1> 
IF<LU.LT.l>LU=l 
CALL LUtR<LU) 
CALL IHPUTClFSTrIRATE,ttSAHrN3EG1SLrIAXIC,LU> 
COtlTHJUE 

CALL FILES<NSAHrNSEG,LU> 
CALL SETUP<Pos,A,IAXIG,LU) 
WRITE< LIJ, 110 > 
IFCttOYCSCLU>>512,4 
CONTINUE 
CALL DATIN<IFST,IRATErNSAMrNSEG,LU> 

IF<IFDRK<DM>.LT.O>GO TO 5 
WF:ITECLUr130) 
CALL COHVT<ttCAttrNCCG1roc,A,CLtLU> 
CALL REDUC<NSAtt•NSEQ,SLrLU> 
CALL SAVIT<IRATE,ttCAtt,NCEG,:L,PO~,LU> 
CALL F IttFO<HSAM•lRATE,ttSEG,SL,LU> 
CONTrnUE 
CALL PURGCttSAM,NSEG,LU> 
WRITE<LU, 140) 
IFCttOYES<LU>>716r1 

CONT INLlE 
WRITE< LU ,.1 SO) 
FORMP1T (•READY·-'? 
FORHAT<•*****DATA RECORD ODTAittCD•::~t•//) 
FORHATc•wANT TO RUN AGAIN-? FORMATC•RUN COMPLCTt•> 
END 
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0039 
0040 
0041 
0'.>-12 
0043 
OO·H 
0045 
0046 
0047 
OO·~S 

0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
006S 
0069 
0070 
0071 
0072 
0073 
007-4 
0075 
0076 
0077 
0078 
0079 

C********************************************************************* SUBROUTINE INPUTCIFST,IRATE,NSAM,ttSEG,GL1lAXIS,LU> 
1 CONTINUE 

3 

100 
110 

120 
130 
140 

WRITECLU, 100) 
READCLUtt>IFST,IRATE,NSAM,NSEG,QPTEHP 
NSAM=C<NSAM~127>Jl28>t128 
RATE=RATE1CIRATE> 
NCHAN=3 
ILST=IFST+NCHAN-1 
TIME=FLOATCNSEG>*FLOATCNSAM)/RATC 
WRITE<LU,110>NSAH,NSEG,RATE1TIHE1IFST1NCHAN10PTEMP 
CONTHWE 
WRITECLU1120> 
IFCNOYESCLU>)l,213 

CONTINUE 
WRITE<LU,130) 
READCLU1140>IAXIS 
CALL VELCL<IFST10PTEMP1CL,LU> 
RETURN 
FORMATc•ENTER CHAN 1, RATE, 
FORMAT<•tto. OF SAMPLES= 

SAMPLES• SEGMENTS, •Is/ 
TEMP.·- _ •) 

+ •tto. OF SEGMENTS= + •sAMPLE RATE= + •TIME DURATION= 
1 •FIRST CHANNEL= + •No. CHANNELS= + •OPERATION TCMr.= 

FORMAT<•EttTRIES OK-? 

•1s/ 
•r7 .. ~/ 

•ro.2/ 
•I~/ 
'1" , 

•rs.1/'> 
FORMAT<·TYPE or AXIS CRCCT. OR CYLINDCR>-
FORMAT<A2> 
END 
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0080 
0081 
0082 
0083 
00$4 
ooas 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
011$ 
0119 
0120 
0121 
0122 
0123 
0124 
0125 

C********************************************************************* SUBROUTINE VELCL<IFST,OPTEMP,SL1LU> 

10 
20 
30 

40 eo 

100 
110 
120 

COMMON /CAL/ A<3>,DC3),CC3),RK,T<2>,F<z>,uHIN,uHAX,cuP<3>,AHr<3> 
COMMON /FIL/ IDCBC144>,IDUHC4S2> 
COMMON /WK/ IDUFC10> 
DIMENSION NAME<5> 
EQUIVALENCE <IBUF<l>rA1>,<IBUF(3),B1>,<IBUF<5>rC1),(IBUF<7>'RKl>• + <IBUF(9),CLTEH1),(JDUFC11>,UHIN1),(1DUF<13>,UMAX1>, + <IBUF<1S>rSUP1),CIBUF<17>1AHP1> 
DATA NAME /2HVE,zHLC,2HAL,ZHDN,1l/ 
CALL OPENCIDCB•IERR,NAttErO,NAME<4>,NAHE<5>> 

CALL ERRORCLU,IERR,2HVE,IDCD,0,1> 
DO 10 IC=1,3 

CALL READF<IDCD,ICRR,IDUF> 
CALL ERRORCLU,IERR,2HVE,IDCD•0•1> 

ACIC>=Al 
BCIC>=Bl 
CCIC>=Cl 
RK=RK1 
CLTEHP=CLTEH1 
UMIN=UttIN1 
UMAX=UMAXl 
SUP<IC>==SUP1 
AHP<IC>=AHP1 

CON.TINUE 
WRITE<LU,100> 
IF<NOYES<LU>>so,20,30 
WRITE<LU,110> 
DO 40 IC=l13 

ICH==ICtIF'!::T-1 
WRITECLU,120>ICH,A<IC>,BCIC>•C<IC>,RK,CLTEMP,UttIN,UHAX 

,sur<IC)JAHP<IC) 
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0126 
0127 
0128 
012'1 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
013S 
0139 
0140 
0141 
0142 
0143 
0144 
01·15 
0146 
0147 
01 ·18 
0149 
01'50 
0151 
0152 
0153 
0154 
0155 
015~ 
0157 
0158 
01'59 
0160 
0161 

0162 
OBJ 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0179 
0179 
0180 
0181 
0192 
0183 
0184 
OlSS 
0186 
0107 
01aa 
0199 
0190 
0191 
0192 
01$'3 
0194 
019'5 
0196 
0197 
0198 
0199 o:oo 
0201 

C'*****************************************************************'** SUBROUTINE TAP.LE COMMON /CAL/ A(J),B(3),C(J),RK.T<2),F(2),UMIN,uMAX,suPc3>,AMP<J) 
COMMON /TAB/ CALIDC101,J>,CSLPCC3),ClCPT<3>,NC PTC 

C DATA ALPHA 10.00392/ 
DATA PI 13.14159/ 
F < 1 > =2. +RK*RI<: 
F<2>=1.-RK*Rt~ 
TFAC=•l • 0 

C TFAC=SORT<1./(1.tALPHA*CTC1>-T<2))/0.S>> 
C AFACMN=SQRT<CDSCPI/2.>*t2iCRKSSIN<PI/2.>>**2> 

AFACMN=RK 
C AFACMX=SQRTCCOS<0.0>**2+<RK*SIN<O.O>>t*2> 

AFACMX=1.0 
DO 2 J=l,J 

ERMIN=SDRT<TFAC*<A<J>+B<J>*<UMIN*AFACMN>**C<J))) 
EHIN=CERHIN-SUP<J>>•AttPCJ) 
IF<EMIN.LT+-10.0>EMIN=-10.0 
ERMAX=SORT<TFAC*<A<J>lDCJ>*<UHAXtAFACMX>**CCJ))) 
EMAX=<ERMAX-SUP<J>>*AMP<J> 
IF<EMAX.GT.10.0>EMAX=10.0 
DEL E=<EMAX-EMIN)/FLOAT<NC PTS-1> 
E=EMIN-DEL C 
POW=2+0/CCJ> 
DO 1 I=11NC PTS 

E=E+ItEL E 
ER=E/AMP<J>tSUPCJ) 
CALIB<I,J>=<<ER*ER/TFAC-A<J>>IB<J>>**POW 

1 CONTINUE 
CMIN=EMINt327S. 2 
CMAX=EMAY.t327S.2 
CSLPECJ>=FLOAT<HC PTS-1)/CCHAX-CHIH> 
CICPT<J>=-CSLPE*CMINt1.0 

:? CONTINUE 
RETURN 
EN It 

C********************************************************************* SUBROUTINE FILES<NSAMrNSEG,LU> 
COMMON /FIL/ IDCD<144>,NAME<S>•IDCDDC144tJ),NAHD<S,3) COMMON /WK/ ISIZE<2> 

1 CONTINUE 
WRITECLU1100> 
CALL GNAMECLU,NAMD<1,1>rNAMD<4•1>1NAMDCS,1>,1> 
NAMD<111>=2HUU 
NAMD<2•2>=NAMD(2,1> 
NAMDC2,3>=NAMDC21l) 
NAMD<3•2>=NAMDCJ,1> 
NAMD<3•3>=NAMD<311> 
NAMDC412>=NAMD<4•1> 
NAMDC4,3)=NAMDC41l) 
NAMD<S,2>=NAMD<5rl> 
NAMDCS13>=NAHD<S,1> 
ISIZE<1>=CNSAM/12S>*NSEG+1 
DO 2 I=1,3 

IFCI.EQ.3.AND.NSEG.LT.J>ISIZECl>=<NSAM/120>*3+1 
CALL CREAT<IDCDD<l•I>,IERR,NAttDCl,I>,ISIZE,1,ttAMD<4,I>, + NAMDCS1l)) 

IF<IERR.LT.O>GO TO 1000 
2 CONTINUE 

CALL CLOSE<IDCDD<1,3>> 
CALL OPENCIDCBDC11J),IERR,NAHDC1,J),1,NAHDC4,J>,NAttDCS,J>> 

IF<IERR.LT.O>GO TO 1000 
ISIZE<1>=<NSAtt/123>*3*NSEGt1 
CALL PURGECIDCF,IERR,ttAME,ttAHE<4>1NAHE<S>> 
CALL CREATCIDCB1IERR1NAttE,ISIZE•l1NAME<4>,ttAHE<S>> 

IFCIERR.LT.O>GO TO 1000 
RETURN 

1000 CONTINUE 
CALL ERROR<LU,IERR,2HFI1IDCB,1,o> 
WRITECLU, 110) 

1-010 IF<NOYESCLU>>102011010r1 
1020 CONTIUL'C. 

STOP 1000 
100 FORMATL1 •rtnER DATA FILE Nr~Hf::- •) 
110 FORMAT<1•w1sH TO RE-ENTCR NAHR- =·~ 

El'II! 
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0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 

C********************************************************************* SUBROUTINE SETUP<POSrCrIAXISrLU> c 
C**CALCULATES THE DIRECTION COSINE TENSOR •ccJ,J)• FOR THE COORDINATE c TRANSFORMATION FROM 1294 3D PROBES SENSOR COORDINATES TO THOSE or THE c DESIRED TUNNEL COORDINATES ·IAXIS·=2HRE FOR RECTANGULAR SYSTEMr 
C •IAXIS•=2HCY FOR CYLINDERICAL SYSTEM. c Posc1,2,3> ARE THE LOCATIONS OF THE PROBE IN THE TUNNEL COORDINATES 
C x, Y & Z RESPECTIVELY. WHEN A CONVERSION IS MADE fROM RECTANGULAR 
C TO CYLINERICAL COORDINATES• X REMAINS THE SAHE AND POS<2&3> ARE 
C CHANGED FROM THE INPUTED y, Z VALUES TO R, THETA VALUCS. 
C FOR THE CYLINDERICAL SYSTEM, WHEN LOOKING DOWN <tTO-> THE POSITIVE 
C X AXIS THE THETA COMPONENT IS POSITIVE IN THE COUNTERCLOCKWISE SEN~E. 
C POSC4,5&6> ARE THE ROTATIONAL ANGLES ABOUT THE x, Y : Z AXIS OF THE 
C PRO~E SUPPORT COORDINATES FROM AN INITIAL ALIGNMENT WITH THE TUNNEL . 
C COORDINATES RESPECTIVELY. THE ROTATIONAL SEQUENCE MUST BE IN THE ORDER' 
C ABOUT z, THEN y, THEN X SINCE PROBE COORDINATES WILL NO LONGER ~E ALIGN 
C WITH TUNNEL COORDINATES AFTER THE FIRST ROTATION. THE SENSE OF THE : 
C ROTATION IS: LOOKING DOWN <+TO-> THE PO~ITIVE AXIS OF THE PROtE 
C COORDINATE SYSTEM THE OTHER TWO AXIS ARE ROTATED IN A CLOCKWISE 
C**DIRECTION RESULTS IN A POSITIVE ANGLE. c 

COMMON /WK/ AC3,J>,B<3r3) 
DIMENSION POS(6),C(3,z> 
DATA PI /3.14159/ 
CONST=PI/180.0 

C•••••••••••••••••••••••••••••••••••••••FIND TRANSFORMATION TENSOR •A• FO~ 
C PROBE TO OENOOR CONVERSION. 

ROT X=O.O*CONST 
ROT Y=35.26*CONST 
ROT Z=-45.0*CONST 
CALL TRXYZCA,ROT x,ROT Y,ROT Z> 

C•••••••••·•••••••••••••••••••••••••••••TAKE TRANSPOSE OF 'A' TO FIND C SENSOR TO PRODE CONVEROION. 
DO 20 I=1•2 

DO 10 J=I+1,3 
SAVE=A<I,J> 
A<I,J>=ACJ,I> 
A(J,I>~SAVE 

10 CONTINUE 
20 CONTINUE 
C•••••••••••••••••••••••••••••••••••••••FIND TRANSFORMATION TENOOR •B• FOF C PRODE TO TUNNEL CONVERSION. 

WRITE<LU,100> 
READCLU,*)POS 
ROT X=POS<4>*CONST 
ROT Y=POS<S>*CONST 
ROT Z=POS<6>tCONST 
CALL TRXYZ<~•ROT X•ROT Y,ROT Z> 

C•••••••••••••••••••••••••••••••••••••••CALCULATE TOTAL TRANSFORMATION TEt C •c• FOR OEN~OR TO TUNNEL CONVERSIC 
CALL TMULTCA•B,C> 
IF<IAXIS.NE.2HCY>RETURN 

C•••••••••••••••••••••••••••••••••••••••CONVERT FROM RECT. COOR. TO CYL. 
C COOR. DY CALCULATING THE TRAN~. 
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0257 
02'58 
02'59 
0260 
0261 
0262 
0263 
0261 
026'5 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
028·~ 
0285 
0286 
0297 
02S8 
0289 

0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0290 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 

0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
t'317 
0313 
0319 
0320 
0321 

c c c c 

21 

23 

24 

2S 

30 
40 

100 

Y=POS<2> 
Z-=POS<3> 
IF<Y.EQ.o.o.AND.Z.GE.O.O>GO TO 21 

CONTINUE 
THETA=PI/2.0 
GO TO 25 

GO TO 22 

cotnrnur 
IF<Y.ED.o.o.AND.Z.LT.O.O>GO TO 23 

GO TO 24 CONTINUE 
THETA=-PI/2.0 
GO TO 25 

CONTINUE 
THETA=ATAN<ZIY> 
IF<Y.LT.O.O>THETA=THETAirI 

CONTINUE 
POS<2>=SQRT<YtY+Z*Z> 
POS<3>=THETA/CONST 
DO 40 I=1,3 

DO JO J=l,J 
A<I,J>=C<I,J> 

CONTINUE 
CONTINUE 
CALL TRXYZ<B.THETA,o.,o.> 
CALL TttULT<A,B,C> 
RETURN 

TEN~OR 'A' roR THE ROTATIOtt ADOUT 
THE X AXI: <THETA~ATAN<ZIY>> THAT 
IC NECECSARY. THCN RCCALCULATC 
'C' TO INCLUDE THI: LA:T TRANS. 

FORMAT<•ENTER x, y, z, ROT X• ROT y, ROTZ 
END 

-. ) 
C********************************************************************* SUBROUTINE TRXYZ<ArX•YrZ> c 
C FINDS THE CARTESIAN COORDINATE TRANSFORMATION TENSOR FOR ROTATIONS 
C ABOUT X AXIS, THEN Y AXISr THEN Z AXIS. POOITIVE ROTATION IS 
C COUNTERCLOCKWISE WHEN LOOKING FROM t TO - ON THE AXIS. c 

DIMENSION AC3r3) 
A(1,1>=COS<Y>*COS<Z> 
A<1r2>=COSCX>*SIN<Z>~SIN<X>*SIN<Y>*COS<Z> 
A<1•3>=SIN<X>tSIN<Z>-COSCX>*SIN<Y>*COS<Z> 
A<2r1>=-COS<Y>*SIN<Z> 
A<2•2>=-SIN<X>tSIN<Y>tSIN<Z>+COS<X>*COS<Z> 
A<2r3>=SIN<X>*COS<Z>tCOS<X>*SIN<Y>*SIN<Z> 
A(3,1>=SHHY> 
A<J,2>=-SIN<X>*COS<Y> 
A<3,3>=COS<X>*COS<Y> 
RETURN 
END 

C********************************************************************* SUBROUTINE TMULT<A•BrC) 
DIMENSION A<3,J>,B<3r3>rC(3r3> 
DO 30 I=1r3 

DO 20 J=1,3 
C<IrJ>=O.O 
DO 10 K=1,3 . 

C(I,J>=C(I,J>+B<I•K>*A<KrJ) 
10 CONTINUE 
20 CONTINUE 
30 COtlTINLIE 

RETURN 
END 
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0322 
0323 
0'?24 
0325 
0326 
0327 
032f? 
0329 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
0337 
033B 
0339 
0340 
0341 

0342 
0343 
0344 
0345 
0346 
0347 
034B 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 

C***************************************************************t.***** SUBROUTINE DATINCIFSTrIRATE,NSAH,ttSEG,LU> 
COMMON /FIL/ IDCBC144>rNAHE<5>1IDCDD<144,3),NAHD(S,J> 
COMMON /WK/ IPAR<S> 
DIMENSION NAHPC3) 
DATA NAHP /2HDAr2HTA,2H I 
IFCLU.NE.1.AND+LU.NE.26>CALL NAHITCLU,NAHP> 
IP""O 
IFCIRATE.GT.3125>IP=1 
ILST=IFST+2 
DO 1 ISEG=1,NSEG 

CALL EXEC<23,NAttP,IFSTrILST,IRATErNSAH•IPrNAHDC1rJ>,S> 
CALL RMPAR<If'AF:> 
CALL ERROR<LUrIERRr2HDArIDCBr1r1> 

CALL FILLCIDCB,IDCDDCl1Z>rNSAN,I~EG,LU) 
1 CONTINUE 

CALL POSNTCIDCB,IEF:F:r1,1> 
CALL POSNTCIDCBD<1,J)rIERF:,1,1> 
RE TU RH 
END 

C********************************************************************* SUBROUTINE FILLCIDCBrlDCBDrNSAH,ISEG•LU) 
COMMON /WK/ I~UFC128) 
DIMENSION IDCBC144),IDCBDC144> 
IBLKS=<NSAH/12S>t3 
IPOS=<ISEG-1>*IBLKS 
DO 1 IREC=1,IBLKS 

CALL READF<IDCBD,IERR,IBUF,12S,LEN,IREC> 
CALL ERROR<LU,IERR,2HFL,IDCD,1,1> 

JREC=IPOS+IREC 
CALL WRITFCIDCB,I[RR,IDur,1~0,JRCC> 

CALL ERROR<LUrIERR,2HFLrIDCD,111> 
1 CONTINUE 

RETURN 
END 
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0357 
0358 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
0369 
0370 
0371 
0372 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0380 
0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
0403 
0404 
0405 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
0420 
0421 
0422 
0423 
0424 
0425 
0·,26 
0427 
0428 
0429 
0430 

C****************************************************************** SUBROUTINE CONVT<NSAM,NSEG,POS,A,sL,LU> 
COMMON /FIL/ IDCB<144),NAME<S>,IDCBD<144,3),ttAMD<S•3> 
COMMON /VAL/ V(J),IDUM(36),NERR<3> 
COMMON /WK/ IBUF<384),IBUFDC12S,3>rSUH<3>,JERR<3> 
DIMENSION POS(6),A(3,3) 
DO 10 I=1•3 

JERR<I>=O 
NERR<I>=O 
SUM<I>=o.o 

10 CONTINUE 
NBLKS=<NSAM/128>*NSEG 
DO S I=1,NBLKS 

CALL READF<IDCB,IERR,IBUf,384> 
CALL ERROR<LU1IERR,2HCO,IDCB,111) 

IPOS=-2 
DO 3 J=l1120 

IPOS=IPOS+3 
CALL UVWCIBUFCIPOS>1V1VTOT,JERR,LU> 
CALL CHECK<V1VTOT1NERR> 
CALL TCOOR<V,A> 
DO 1 K=1r3 

IBUFD(J,K>=IFIX<V<K>IOL> 
SUM<K>=SUM<K>+V<K> 

1 CONTINUE 
3 CONTINUE 

DO 4 K=1'3 
CALL WRITF<IDCBD<11K>,IERR,IBUFD<l,K),l23> 

CALL ERROR<LU,ICRR,2HCO,IDCB,1,1> 
4 CONTINUE 
5 CONTINUE 

DO 6 K=113 
V<K>=SUM<K>l<12S.O*FLOAT<NBLKS>> 

6 CONTINUE 
CALL OUTl<NAMD,POs,v,sL,JERR,NERR,LU> 
CALL PURGE<IDCBrIERR,NAttE,NAME<4>,ttAHE<S>> 
RETURN 
END 

C********************************************************************* SUBROUTINE UVW<IAD.v,vTOT1JERR1LU> 
COMMON /CAL/ A<3>•B<3>,C<3>1RK,T<2>,F<2>,Uttitt,UMAX,SUP<3>,AMP<3> 
COMMON /TAB/ CALIB<101,3),C£LPE<J>1CICPT<J>1NC rTs 
DIMENSION IAD<J>,V<3>1JERR<J>,VEFF2<3> 
SUM=O.O 
DO 10 I=l13 

BIN=FLOAT<IAD<I>>*CSLPE<I>tCICPT<I> 
N =I F I X < £~HO 
IF<N.GE.1>GO TO 2 

JERR<l>=JERR<l>tl 
BIN=l.O 
N=l 
GO TO 4 

2 CONTINUE 
IF<N.LE.100>GO TO 4 

JERR<2>=JERR<2>t1 
BIN=101.0 
N=100 

4 CONTINUE 
DEL=<CALIB<N+1,I>-CALIB(N,I>>*<BIN-FLOAT<N>> 
VEFF2<I>=CALIB<N1I>+DEL 
SUM=SUM+vEFF2<I> 

10 CONTINUE IJTQT2=SUM/F ( 1) 
DO 30 I=1•3 

TEMPX=VTOT2-VEFF2<I> 
IF<TEHPX.GE.O.O>GO TO 20 

TEMF·X=O. 0 
JERRC3>=JERR<3>f1 

20 CONTINUE 
V<I>=SQRT<TEMPX/fC~)) 

30 CONTINUE 
VTOT:=SQRT < VTOT2 > 
RETURN 
EN It 
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0431 
0432 
0433 
0434 
0435 
0436 
0437 
0438 
0439 
0440 

0441 
0442 
0443 
0444 
044S 
0446 
0447 
0448 
0449 
04:50 
0451 
0452 
0453 
04:54 

04SS 
04S6 
04'7 
04:58 
04:59 
0460 
0461 
0462 
0463 
0464 0465 0466 
0467 
0468 
046' 
04'0 
0471 
047~ 
047;s 
0474 
0475 
0476 0477 0478 
0479 
0480 
0481 
'.H82 
0483 
0484 
0495 0486 

.· 0487 0488,. 
0489 

C*****'*************'************************************************* SUBROUTINE CHECK<V•VTOT,HERR> 
DIHENSION V<3>•NERR<3> 
DATA SIN10•SIN80 /0.1736,0.9848/ 
DO 1 1•1•3 X•V<I>/VTOT 

IF<X.LT.SIN10.0R.X.GT.SINSO>NERR<I>=NERR<I>t1 1 CONTINUE · 
RETURN END 

C********************************************************************* SUBROUTINE TCOOR<V•A> 
DIHENSION V<3>•A<3•3>1VTUN<3> DO 2 I=t.3 

VTUN<I>•O.O 
DO 1 J•113 

VTUN<I>•VTUN<I>+A<I•J>*V<J> 1 CONTINUE 
2 CONTINUE 

DO 3 I=1•3 V<I>•VTUNCI> 
3 CONTINUE 

RETURN 
END 

C********************************************************************* SUBROUTINE OUT1<NAHD•POS1V•SL1JERR,NERR1LU> 

1 

2 

100 

COHHON /WK/ ANGLE<3> 
DIMENSION NAMD<5•3>•POS<6>•V<3>•JERR<3>tNERR<3> 
WRITE<LU1100) 
110 1 J=1•3 
WRITE<LU1110><NAHD<I•J>•I=1•3>1<POS<l>1I•1•6>1V<J>•SL VTOT•SQRT<V<1>tV<1>+V<2>•V<2>+V<3>tV<3>> 
URITE<LUt120>VTOT 
DO 2 I•1•3 ANOLE<I>•ATAN<V<I>ISQRT<<VTOT-V<I>>•<VTOTtV<I>>>> 

ANGLE<I>•90.0-ANGLC<I>*1B0.0/3.141S~ 
CONTINUE 
WRITE<LU•130><ANGLE<I>•I•1t3> 
IF<JERR<1>.NE.O>WRITE<LU1140>JERR<1> 
IF<JERR<2>.NE.O>WRITE<LU•14S>JERR<2> 
IF<JERR<J>.NE.O>WRITE<LU,1SO>JERR<3> 
IF<NERR<1>.NE.o.oR.NERR<2>.NE.O.OR.NERRC3).N£.0) + WRITE<LU•160><NERR<l>•I•113) 
RETURN 
FORMAT<• FILE LINEAR POSITION ROTATIONAL POCITION<DEG>• + • HEAN VEL. CONVCRSION •1• NAHE + • x y z 

v y ~ • 
CONSTANT·> • 

110 FORHAT<3A2.:SX•6<F?.2>•4X.F7.2.zx.a11.4> 120 FORHATC/•MEAN TOTAL VELOCITY ••F7.1> 
130 FORHAT<•HEAN COHP.ANGLES • •F6.t• FRO" X AXI&•/ + • •F6.1• FROH ! AXIS•/ + • •r6.t• FRO" ~ AXJ:•/) 

FORMAT</•! Ill LOWER CAL. RANGE WAS EXCEEDED •Is• TIMES !f!!t•/) 
FORMAT</•! !!! UPPER CAL. RANGE WAS EXCEEDED •Is• TI"ES t!!tt•/) 
FORMAT</•! !ti CALCULATIONAL ERROR OCCURED •15• TIHC~ !fttt•/) FORMAT</•t ! VELOCITY VECTOR 1 EXCEEDED DIR. LI"ITS r15• TI"Es• 

t /•t ! VELOCITY VECTOR 2 EXCEEDCD DIR. LIMITS •15• TIHc:• 
+ /•t I VELOCITY VECTOR 3 EXCEEDED DIR. LIMIT~ •15• TlHES•) 

END 
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0490 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0499 
0499 
0500 
0501 
0502 
0503 
0504 
0505 
0506 
0507 
0508 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
0518 
0519 
oc:~n 

6521 
0522 
O c:"~"l' .., ... ~ 
0524 
0525 
0526 

0527 
0528 
0529 
0530 
0531 
0532 
0533 
0534 
0535 
0536 
0537 
0538 
0539 
0540 
0541 
0542 
0543 
0544 
0545 

C********************************************************************* SUP.ROUTINE REDUC<NSAM,NSEG,SL,LU> 
COMMON /FIL/ IDCBC144),NAMEC5>,IDCBDC144,3),NAMDCS,3> 
COMMON /VAL/ VMNCJ),VMOMT<J,3),VSTRSCJ),VMIN<J>,VMAX(3),NERR<3> 
COMMON /WK/ IEUFDC12s,3),uc12s,3>,cvttNC3) 
DO 1 I=l,3 

CALL POSNT<IDCBDC1,1>,IERR,1,1> 
CALL ERRORCLU,IERR,2HRE,IDCD,111) 

CVMN<I>=VMNC!)/SL 
VMINC I>=1.E30 
VMAX<I>::::-1.E30 

1 co~nINUE 
NBLKS=<NSAM/12S>*NSEG 
DO 4 I=11NP.U~S 

DO 3 J=1,3 
CALL READFCIDCDD<1•J>,IERR,IBUFD<1,J),12S> 

CALL ERROR<LU,IERR12HRE1IDCB,1,1> 
DO 2 K=l,128 

VCK1J>=FLOATCIDUFDCK,J)) 
VMIN<J>=AMIN1<VMINCJ),~(K,J)) 
VMAX<J>=AMAX1CVMAXCJ),VCK,J>> 

2 CONTINUE 
CALL MOttETCV<1,J),CVttNCJ),VMOttT<1,J>,I> 

3 CONTINUE 
CALL STRES<V1CVttN,VSTRS,I> 

4 CONTINUE 
I1Q 5 I=1,3 

VMOMTC2,I>=VMOMT<21I>l<VHOHTC1,I>**1•S> 
VMOMT(3,I>=VMOMTC3,I)/(VMOMT<1,I)*VMOMTC11!)) 
VMOMTC1,I>=Sl*SQRT<VHOMT(1,I>> 
VSTRSCI)=VSTRSC!)tSLtCL 
VMIN<I>=VMIN<I>*SL 
VMAX<I>=VMAX<I>*-SL 

5 CONTINUE 
CALL OUT2CVMOMT,VSTRS,VMIN,VHAX,LU> 
RETUF:N 
EN It 

C********************************************************************* SUFROUTINE MOMETCV1VMN,VMOttT,N> 
DIMENSION VC128),VMOMTC3) 
SUM1=0.0 
SUM2=0.0 
SUM3=0.0 
WIGHT=t.O/FLOATCN> 
DO 1 1=1,128 

X=V<I>-VMN 
XX=X*X 

SUM1=SUH1+XX 
SUM2=SUM2tXX*X 
SUM3=SUM3+XX*XX 

1 CONTINUE 
VMOMTCl>=VMOMT<1>tC1.-WIDHT>+SUM1*WIGHT/12S.O 
VMOMT<2>=VMOMTC2>*<1.-WIGHT>+SUM21WIGHT/12S.O 
VMOMTC3>=VMOMT<3>*<1.-WIGHT>+SUM3*WIGHT/120.0 RETURN 
END 
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0546 
0547 
0548 
0549 
{)5"'j{) os51 
05~2 
0553 
r-rc;c:: ·1 
0555 
0556 
0557 
f"IC"c:'C'.\ 

05'5'9 
0560 
0561 
0562 
0563 
05t .. ~ 
0565 

0566 
0567 
0568 
0569 
1)570 
()571 
!) c..~-,...., 

6573 
~~,57 ·1 
0575 
\~576 
0577 
057!:' 
0579 
')590 
;~.~g 
·533 
:· =·? ·~ 

C********************************************************************* SUBROUTINE STRES<VELrVMN~VSTRS,N> 
DIMENSION VELC12813),VMNC3>,VSTRS<3> 
SUM1=0.0 
SUM2=0.0 
SUM3=0.0 
WIGHT=l.O/FLOATCN> 
DO 1 I:-::1,i;:s 

U=VEL<I,1>-VMN<l> 
V=VELCI12>-VMN<2> 
W=VELCI,3>-VMNC3> 
SUM 1::=SUM1+U*W 
SUM2=SUM2tU:t.'J 
SUM3=SUM3·f-V:+'.!J 

CONTINUE 
VSTRS<1>=VSTRS<1>*C1.-WIGHT>+SUM1*WIGHT/12S.O 
VSTRSC~>=VSTRSC2>*<1.-WIGHT>+SUM2*WIGHT/12C.O 
VSTRSCJ>=VSTRSC3>*<1.-WIOHT>+SUM3tWIOHT/128.0 
RETURN 
END 

C********************************************************************t SUBROUTINE OUT2CVMOMT1USTRS1VMIN,VMAX,LU> 
DIMENSION VMOMTC313),VSTRS<3>1VHINC3>1VHAXCZ> 
tJFUTECLU, 100) 
WRITECLU1102><VMINCI),!=1,J> 
WRITECLU,104><VMAXCI>,I=113) 
WRITE(LU,110><VMOMT(1,I>1I=l1Z> 
WR!TE<LUrl:O><<VMOMT(I,J),Jct,J),I=2•3> 
WRITE(LU,130><VSTRSCI),I 1,3) 
F:ETUF:N 

lOC• FOPMATt·'.'.'".'y•u•9x• 11 1 ?Y. 1 1J•) 
102 FO~MAT~7~~ 1 MI~. ~E~ciCIT~= 1 3CFS.312X>> 
104 FORMAT<2X"MAX. VELOCITY= "Z<FB.3.~X>> 
110 FORMAT<2X"RMS VELOCITY= •3crs.3,2X)) 
120 FORMAT<2X'SKEWNESS 1 3<Fr.z,2X)/ 

t 2~'FLATNESS •J<FS.3,2X)) 
1 :? 0 r o F: MA r ' . ' 2 2 x • u 1 .. 1 • ex • u .,, • :~ )~ • 1,n,1 • / 

!· ~ :< • F: E Y • Sr: E ~:l :: • 3 < F 8 , 5 , 2 :: ) ) nm 
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osss 
0586 
0587 
0588 
0589 
0590 
0591 
0592 
059! 
0594 
0595 
0596 
0597 
0598 
0599 
0600 
0601 
0602 
0603 
0604 
0605 
0606 
0607 
0608 
0609 
0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
0618 
0619 
0620 
0621 
0622 
0623 
0624 
0625 

0626 
0627 
0628 
Ot·29 
0630 
0631 
0632 
0633 
0634 
0635 
0636 
0637 
0638 
0639 
0640 
0641 
0642 
0643 
0644 

C********************************************************************* SUBROUTINE SAVIT<IRATErNSAMrNSEGrSLrPQS,LU> 
COMMON /FIL/ IDUM<581),NAMD<S,3> 
COMMON /CAL/ A<3>rB<3>,C<J),RK,T<2>,F<2>,UMIN,UMAX,SUP<3>rAHP<3> 
COMMON /VAL/ VMN<3>,VMOHT<3,3),VSTRS<3>,VMIN<3>,VMAX<3>,NERR<3> 
COMMON /WK/ IBUF<102>,IB2C18>,IB3<24> 
DIMENSION POS<6>,POS1C6),A1<3>,IB1<15),IB4C45>,NAM<5> 
EQUIVALENCE CIB1<1>,NAHD<1,1)),(lB2<1>rRATE>,<IB2<3>,ttSAM1>, + <IB2<4>,NSEG1),(IB2(5),SL1>,<IB2<7>rPOS1<1>>1 

t <IB3Cl>,A1<1>>,<IB4<1>rVMN<1>> 
DATA NAM /2HVA,2HLU,2HES,2HDN,16/ 

10 WRITE<LUrlOO> 
IF<NOYES<LU>>7r10,11 

11 CONTINUE 
RATE=RATEl<IRATE> 
NSAl11=NSAM 
NSEGl=NSEG 
SL1=SL 
DO 1 I=l,6 

POS1<I>=POS<I> 
1 CONTINUE 

DO 3 I=lr15 
I BUF < I ) ::: II: 1 < I) 

3 CONTINUE 
DO 4 I=l,18 

J=It15 
IBUF ( J > = IE:2 <I) 

4 CONTINUE 
DO 5 I=l,24 

J=I+33 
IBUF<J>=II:3<I> 

5 CONTINUE 
DO 6 I=1,45 

J=H57 
rnur < J >=IM< I> 

6 CONTINUE 
CALL WREC<IBur,102,NAM,LU> 

7 CONTINUE 
RETURN 

100 FORMAT(/•WISH TO SAVE RESULTS ON FILE VALUES:DN:16 -? -•> 
END 

C********************************************************************* SUBROUTINE F INFO<NSAMrIRATE,NSEG,sL,LU> 
COMMON /FIL/ IDCBC144)rNAME<5>,IDCBD<144r3),NAMD<S,J> 
COMMON /VAL/ VMN<3>,VMOMT<3,3),VSTRS<J>,VHIN<3>,VMAX<3>,NERR<J> 
COMMON /WK/ IBUF<128> 
EQUIVALENCE <IDUF<1>rNSM>,<IDUF<2>,RATE),(lBUF<4>,IELOC>l 

t <IBUF<S>,RMN>r<IBUF<7>,RMS>,<IBUF<9>,SLPE> 
NSM=NSAM 
RATE=RATE1<IRATE> 
IBLOC=<NSAM/12B>*NSEG 
SLPE=1.0/SL 
[10 10 I==l, ;3 

RMN=IJMN<I> 
RMS='JMOMT < 1, I> 
CALL WRITF<IDCBD~1,I>,IERR,IBUF,12C,<IBLOC~1>> 

CALL ERROR<LU,IERRr2HF JIDCB,1.0> 
10 CONTINUE 

RETURN 
END 

110 



0645 
0646 
0617 
0648 
0649 
0650 
0651 
0652 
0653 
0654 
0655 
0656 
0657 
0658 
0659 
n~60 o6ci 
0662 
0663 
0664 

0665 
0666 
0667 
0668 
0669 
0670 
0671 
0672 
0673 
0674 
0675 
0676 
0677 
0678 
0679 
0690 
Oc81 
0682 
0683 
0684 
0685 
0686 
0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 
0698 
0699 

C********************************************************************* SUBROUTINE WREC<IB,N,NAM,LU> 
COMMON /WK/ ISAV<200>1IDCD<144),!£IZ<2>PIE1C10) 
DIMENSION IB<N>,NAH<5> 
ISIZ<1>~24 
ISIZ<2>=N 
CALL OPEN<IDCB,IERR,NAM,2,NAM<4>,NAMC5>> 

IF<IERR.E0.-6>CALL CREAT<IDCE,IERR,NAM,ISiz,3,NAMC4>,NAMC5>> 
CALL ERRORCLU,IERR,2HWR,IDCB,1,1> 

10 CONTINUE 
CALL READFCIDCB,IERR,IB1,10,LEN> 

CALL ERROR<LU,IERR,2HWR,IDCE,1,1> 
IF<LEN.NE.-l>GO TO 10 
CALL POSNTCIDCB,IERR,-1) 

CALL ERROR<LU,IERR,2HWR,IDCB,1,1> 
CALL WRITFCIDCE,IERR,IB,N> 

CALL ERROR<LU,IERR,2HWR,IDCD,1,1> 
CALL CLOSECIDCB) 
RETURN 
END 

C********************************************************************* SUBROUTINE PURGCNSAM,NSEG,LU> 
COMMON /FIL/ IDUMC149>,IDCBDC144,3),NAMDC5,3) 
COMMON /WK/ IBC10> 
DIMENSION NAM<5> 
DATA NAM,N /2HTR,2HAN,2HSF,2HDN,16,10/ 
ITRUN=O 
IFCNSEG.LT.J>ITRUN~<3-NSEG>t<NSAM/12S> 
IANSW=2HNO 

10 WRITECLU,100) 
IF<NOYES<LU>>30,10,20 

20 CONTINUE 
IANSW=2HYE 

30 CONTINUE 
DO 50 I~1,3 

CALL CLOSE<IDCBDCl,I>> 
IF<IAHSW.C0.2HYE>GO TO 40 

CALL CODE 
WRITE<IB,110><NAMD<J,I),J=1,5> 
CALL WRECCIB,N,NAH,LU> 
IFCI.NC.3>GO TO 50 

CALL OPEN<IDCBD,IERR,NAMDC1,J),0,NAHDC4,3),NAMDC5r3>> 
CALL ERROR<LU,IERR,ZHPU,IDCD,o,o> 

CALL CLOSECIDCBD,IERR,ITRUN> 
CALL ERROR<LU,ICRR,~Hru,IDCD,o,o> 

GO TO 50 
40 CONTINUE 

CALL PUROECIDCDD<1,I>,IERR,NANDC1,I),NAHDC4'I>,NAHD<5,I>> 
50 CONTINUE 

IFCIANSW.E0.2HYE>WRITE<LU,120>C<NAHDCI,J>,I=1,J>,J=1,J> 
RETURN 

100 FORMAT<•WISH TO PURGE DATA FILES-? _•) 
110 FORMAT<•:pu,•3A2°: 0 I5":"I3> 
120 FORMATC/"PUROED FILES ARE "3<4X,3A2)/) 

END 
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0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 
0709 
0710 
0711 
0712 

0713 
0714 
0715 0716 
0717 
0718 
0719 

C********************************************************************* SUBROUTINE ERROR<LU,IERR,LOC,IDCB,IPUR1ISTOP> 
DIMENSION IDCB<144) 
IF<IERR.GE.O>RETURN 
CALL CLOSE ( IDCP.) 
IF<LOC.NE.2HDA>WRITE<LU1100>IERR,LOC 
IF<LOC.EQ.2HDA>WRITE<LU•110>ICRR,LOC 
IF<IPUR.ED.l>CALL PURG<0•3•LU> 
IF<ISTOP.EG.l>STOP 1111 
RETURN 

100 FORMAT<• FMGR ERROR •15• IN •A2> 
110 FORMAT<• DATA PROGRAM ERROR •15• IH •A2> 

ENI• 

C********************************************************************* FUNCTION RATEl<IRATE> 
IP==O 
IF<IRATE.GT.312S>IP=1 
RATE1=FLOAT<312S*<IP+1>>1FLOAT<312S*<IP+1>/IRATE> RETURN 
ENI• 
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rAOE 0001 FTN. 11!50 ~M rRI,, ~s OCT., 1~85 

c 
C~'t.DESIGt!ED TO :E:E U!:ED Wirn THE T':I 1:'74 :rn HOT rILH rROE:E. 
CttACOUIRES DATA ONLY c 

!HME~!~ICHI If'AIHS> ~POS(6) 
CALL F:Mf'AR (I PAR) 
LU=IPAFn 1) 
IF'<LU.LT.l>LU=:l 
CALL LI DER< LU) 
CALL IHPUTCIFSTtIRATE,NSAH,NSEG,OPTEHP,LU> 
cotnrnur 

CALL FILES<NSAH,ttSEQ,LU> 
WRITE<LU,100) 
RE1'iD (LU'·~) PO::: 

2 WRITE<LU,110) 
IFO!OYCS<LU) )5,2,4 
COiHINUE 
cnLL DATINCIFST,IRATE,NSAM,NSEG,LU> 

IFCifBRK<DM>.LT.O>GO TO '5 
1.JRITEO:L•J, 1'30) 
CALL F INFOCNCAH,JRATE,N~[G,ro~,oPTEMP,LU) 

5 CONTINUE 
C1'\LL r·ur~G ( LLI) 

6 ~RITECLU~140) 
If<NOYES<LU>>7'6'1 

'.'." COMTitWE 
l>.llU T~ < Llh 150) 

100 FORHATC"EHTER x, y, z, ROT x, ROT y, ROTZ 
110 FORMAT<"READY-? 
1~0 FORMAT<"*****DATA RECORD OBTAINED*****"> 
140 FORMAT<"WANT TO RUN AGAIN-? 
150 FORMATC"RUN COMPLETE"> 

EtW 
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')067 
0068 
()06S' 
0070 
<)071 
0072 
007"! 
0074 
0075 
0076 
00?"! 
0078 no-•o 
0080 
nr.c-1 
,~,()<:;? 

0ot'~ 
00~4 
f)f)[l5 
•_)I_>'_?! 
''OE"? 
1)IHH~ 

;_~{.i:::~' 
.')') ?O 
'H)<.=>t 

ggH 

~~-*'*1*''*1**~******************************************************* SUBROUTINE INPUT<IFST,IRATE,NSAH.NZEe,oPTEttP,LU) 
CONTINUE 

WRITE<LU~l00) 
RE~D<LU,t>IFST,IRATE•NSAH,NSEG,QPTEHP 
MSAM=<<NSAMt127)/120>*1~S 
RATE=RATEl<IRATE> 
NCHM·!"'"3 
ILST=IFST•NCHAN-1 
TIHE=FLOAT<NSEG>*FLOAT<NSAM)/RATE 
~RITE<LU,110>NSAH,NSEGrRATE•TIHErIFSTrNCHAN,QPTEHP 
CONTHfUE 
1,IRITE<LUr120) 
If(NQYES(LU>>1,2,J 

CotlTittLIE -
F:ETUfW 

1 ')0 
1:!. 0 

FORMAT<"EMTER CHAN 1, RATEr 
FORMAT<"NO. OF SAMPLES= 

SAHPLESr SEGMENTS 
"15/ 

, TEHF't ·-- •) 
~ "NO. OF ~EOMENTS= 
t "SAMPLE RATE= 
t "TIHE DURATION= 
+ "FIRST CHANNEL= 
i "NO. CHANNELS= 

• TEHf'ERATUr-:E= 
FORMAT<"ENTRIES OK-T 
EtHI 

"15/ • r'"' '"\I •rn:2i' 
•121 
•121 

•r7.1/> _., 

C********************************************************************* SUBROUTINE FILESCNSAMrNSEGrLU> 
COMMON /FIL/ IDCDC144>,NAME<S>rIDCDS<144>rNAMS<S> 
DI~ENSION ISIZE<2> 
COMTINUE 
\•IFUTE<LU, 100) 
CALL GNAME<LUrNAME,NAME<4>,NAMECS>rl) 
ISIZE<1)=CNSAM/12S>tNSEG*J+1 
CALL CREAT<IDC~1IERR,NAME,ISIZE,lrNAME(4),NAHE<S>> 

IF<IERR,LT.O>OO TO 1000 
!SIZE<l>~<HSAM/12E>*J11 
CnLL PURGECIDCBSrIERR,NAHSrNAHS<4>rNAHS<S>> 
C~LL CREAT<IDCDS,IERR1NAHS,ISIZE•lrNAMS<4>,NAHZ<S>> 

IFCIERR,LT.O>OO TO 1000 
CALL CLOSE<IDCDC) 
Cf1LL IJF·Et! (I DCI~S' I ERF:' NAMS' 1 'NAMS ( 4 > 'NAHS < 5 > > 

IF<IERR.LT.O>GO TO 1000 
RETUF:M 

1000 COt!TI tRIE 
CALL ERRORCLU,IERR12HfI,IDCB•lr0) 
t..tRHECLU,110) 

1010 !F(N0YES<LU>>102011010rl 
1020 cmn rnur s TC'F' 1000 
100 FORMnTC/"EttTER DATA FILE NAHR- -•> 
110 FORMATC/"WISH TO RE-ENTER NAttR- -•> 

END 
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0094 
0095 
0096 
0097 
OO~'B 
0099 
<HOO 
0101 
1)102 
0103 
011) ~ 
0105 
OlOt 
0107 
O!OS 
0109 
C•lH· 
0111 

() 13. 2 
0113 
011 '! 
0115 
t) 1!6 
~H17 
011£ 
'.'119 ,., 1 ':)('o 

0121 
0122 
0123 
'):!.2~ 
0125 

C********************************************************************: SUBROUTINE DATINCIFST,IRATE,NSAH,NSEG,LU> 
COMMON /FIL/ IDCB<144),NAHE<5>,IDCDS<144),NAMS<5> 
DIMEMSION NAHPC3>,IPAR<S> 
DATA NAMP /2HDA,2HTA,2H I 
IF<LU.HE.1.AND.LU.NE.26>CALL NAHIT<LU,NAHP> 
If'=O 
IF<IRATE+GT.312S>IP=1 
ILST,,,,IF[.H2 
DO 1 I !JEG=l 't'SEG 

CALL EXEC<23,NAHP,IFST,ILST,IRATE,NSAH,IP,NAMS,5) 
CALL RHPAR<IPAR> 
CALL ERRORCLU,IERR,2HDA,IDCD,1,1> 

CALL fILL<IDCB,IDCDS,NSAH,IC(G,LU> 
1 COMTH!LIE 

CALL PUROECIDCBS,IERR,NAHS,NAHS<4>,NAHS<5>> 
f~ETLIRN 
END 

C********************************************************************* SUBROUTINE FILL<IDCB,IDCBS,NSAH,ISEG,LU> 
DIMENSION IDCB<144>,IDCDS<144),IDUFC128> 
IBLKS=<NSAH/123>*3 
IPOE=CISEG-1>tIDLKS 
DO 1 IREC=1,IBLKS 

CALL READF<IDCBS,IERR,IDUF,12e,LrN,IRCC> 
CALL ERROR<LU,IERR,2HFL,IDCB,1,1> 

. ..IREC=IPOS-t IREC 
CALL WRITF<IDCB,IERR,IBUF,123,JREC> 

CALL ERROR<LU,IERR,2HrL,IDCD,1,1> 
1 corn rnuE 

RETURN 
Et·'l.t 

C****************************************************************** SUBROUTINE F INFOCNSAH,IRATE,NSEG,PQS,QPTEMP,LU> 
COMMON /FIL/ IDCB<144),NAME<5>,IDCDS<144>1NAMSC5> 
DIMENSION IPUFC128),POSC6),POS1<6> 
EQUIVALENCE <IBUF<1>,NSM),<IBUF<2>,RAT(),CIDUF<4>,IDLOC), 

t <IDUFC5),POS1C1>>•<IBUFC17>,0PTEH> 
NSM=NSAM 
RATE=RATEl<IRATE> 
IELUC~<NEAM/128>*NSEG 
Of'TEM::-:OPTEMP 
DO 5 I-==1~6 

PO!: 1 < I ) =POS CI > 
5 CONT rnuE 

Jf:LOC =I P.LOC*3 
CALL WRITF<IDCB,IERR,IBUF,123,(JBLOCtl>> 

CALL ERROR<LU,IERR,2HF •IDCD,1,0> 
10 CONTINUE 

RETURN 
EtlD 
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0145 
0146 
0147 
0149 
01119 
1HSO 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0153 
015c:> 
0160 
i: ll-1 
OH2 
0163 

0164 
0165 
OH:·6 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
017·~ 
(:.175 
0176 
0177 
0173 
0179 
OH'Q 
0131 
t.:•182 
Ole3 
t:itt:M 
01ss. 
0196 
0187 
0188 
0189 

0190 
<H91 
0192 
0193 
0194 
0195 
0196 
1)19? 
(•19B 
0199 
1)200 
~)201 
0:02 
1)203 
02'H 
02'.)5 
0206 
0207 
0203 
0209 

C********************************************************************* SUBROUTINE WREC<IB,N,NAH,LU) 
DIMENSION IDC~C144),ISIZ<2>•ID1<10>,ID<N>,NAH<5> 
ISIZ(1)=24 
ISIZ<2)=N 
CALL OPENCIDCB,IERR,NAH,2,NAH<4>,NAHCS>> 

IF<IERR.E0.-6>CALL CREAT<IDCD,IERR•NAH,ISIZ•3•NAH<4>•NAH<5>> 
CALL ERROR<LU,IERR,2HWR,IDCB•l•1> 

10 CONTINUE 
CALL READFCIDCB,IERR,IBl,10,LEN> 

CALL ERROR<LU,ICRR,2HWR•IDCD•l,1> 
IFCLEN.NE.-l>GO TO 10 
CALL POSNT<IDCD,IERRr-1) 

CALL ERRORCLU,IERR,2HWR,IDCBrlr1> 
CALL WRITFCIDCE,IERR,ID,N> 

~ALL ERROR<LU,IERR,2HWR•IDCBr1r1> 
CALL CLOSE<IDCt:> 
F:ETURN 
EtHt 

C******************************************************************=** SUBROUTINE PURG<LU> 
COMMON /FIL/ IDCD<144),NAHE<5>,IDCDS<144>,ttAHS<5> 
DIMENSION NAH<S>,IBC10) 
DATA NAM'N /2HTR,2HAN•2HSF,2HDtt•16•10/ IANStJ=2HNO 

10 WRITE<LU~100) 
!F<NOYES<LU>>J0,10,20 

:!O CONTINUE 
I1!\NSIJ=2HYE 

30 CONTrnur. 
Ct'1LL CLOSE<IDCB) 
IF<IAtt£W.E0.2HYE>GO TO 40 

Ct:1LL COI•E 
WRITE (II: '110 ><NAME< J), J=l '5 ). 
CALL WRECCIBrtt,NAH,LU> 
GO TO 50 

40 CONTINUE 
CALL PURGE<IDCB,IERR,NAHErNAHE<4>•NAHE<5>> 

SO COMT ItWE 
!F<IANSW.E0.2HYE>WRITECLU1120><NAME<I>•I=1,3> RETURN 

100 FORMAT<•WISH TO PURGE DATA FILE -? -•> 
110 FORHATc•:pu,•3A2•:•Is•:•1J> 
120 FORMATC/•PURGED FILES ARE •JC4Xr3A2)/) 

Etnt 

C********************************************************************* SUBROUTINE ERROR<LU,lERRrLOCrIDCB•IPURrISTOP> 
DIMENSION IDCB<144> 
IF<IERR.GE.O>RETURN 
CALL C\.OSE<IDCB> 
IF<LOC.NE.2HDA)WRITE<LU•lOO>IERRrLOC 
IFCLOC.E0.2HDA)WRITECLUr110>IERR,LOC 
IFCIPUR.EO.l>CALL PURGCLU> JF(ISTOP.EO.t>ETOP 1111 
RETL'f~N 100 FORMAT(• FMGR ERROR •15• IN •A2) 

110 FORMAT<• DATA PROGRAM ERROR •15• IN •A2> 
Ett!I 

C********************************************************************* FUNCTION RATEl(lRATE> 
IF·=O 
IF<IRATE.GT.312S>IP=1 RATE1=FLOAT<3125*<IPt1))/FLOAT<3125*<IP•1>/IRATE> 
RETURN 
ENlt 

FTN4 COHPILER! HP92060-16092 REV. 1901 <731201> 
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,...r...... rTP~·~L 

566~ rROORAH DAT~(3,~0) 
,...~ I\ l': "T 

·~ r~f ~ 
('f\()£0 

006~ 
(H\r,-, 

0008 
1)1)0~' 

0010 
0011 
()f; 1 ".' 
&6i! 
t)(~ 1 ~ 
()() ., e: .5,:.n 
"(' 1. ..... 
;)l) 1 ~ 
t)f):!.? 
0020 
".:"~' :~ 1 
(~1~~2 
()f\?"'I 
i .. )624 
r. ,·,.,.,,c:-
06~~ 
()r,r•"'." 
662i? 
(r('~·? 

,·::· ·.~ :! '~~ 
(_) (\ ·~~ 1 
'~1{~·::~ 
1:1 !~"- ·~ '! 
~~· (~ ·.:: '1 r,n·, r.:i 
:~)1)·~ ~ 

c~ 

·=~tDE'.:I!Jt!E!• TO !'E U~Eit WITH THE T'.:I 1:c;-1 3[1 llOT FILM f'f::OiiE. 
CttIT USES THE REDUCTION TECHNIOUES ItE~CRIDCD IN TSI TD C TO ODTAit! 
C?tTHE u~v,w TIME SERIES. 
c 

COMMON /W~/ IPARC5) 
!:I I t1E~!S I ON POS < ~-) , A< 3, 3) , tMMTF: < 5 > , ti AM CL< 5) , t!AMH:2 < 5) , NMWL < 5) 
Cf.ILL F:MPAP. <I f'AF:) 
L'-'""' rr·r1P ~ 1 > 
ff<L.U,LT,.1)Lll""1 
;_:-,~LL L!BER<LU) 
C 1''LL .C m!tlM < ~lt'\MH:' NAM CL' NAMTR2 'NAM'JL, I AXIS, I CR, I f'UR, LU) 
C~LL VELCLCHAMCL,SL,LU) 
i'C .. ,0 
C Otn I N'.JC 

nc-::t~c~1 
CALL TRFIL(NAMTR,NC,IEHD,LU> 

IFnEt!D.Etl.1)00 TO 7 
i: ALL I MF'l.H ~ F:ATE dlSl'\M dH;EG, f'OS, LU) 
C.''.\LL •:-!LES rnS1'H1' ~ISEG, I CR' LU) 
CALL SETUP'POs~n,1nx1s,LU) 
CALL ~D~~T(HSAM,MSEG,PQS,A,SL,LU) 
CALL REDUC<NSAM,NSEG,£L,LU) 
C.'\LL i'H!GTM ~~!SAM, MSCG, LU) 
CALL SAVIT<RATE,NSAM,NSEG,£L,f'OS,ttAMVL,LU> 
':.: .'':L:.. F ! ~!FO <ti SAM, RATE, trnEG, SL, LU) 
rnLL TRAHS<NAMTR2,IPUR,LU) 
ff~ [ F'UF: I t!E. 0) CALL F'URG (LU) 
C!:l TO 1 

1:?~!TH!UE 
tic::::~~c .. ~. 
•.: i::: IT E ~ L LI ~ 15 0 :0 t~ C 
rORMAT~/·~ui COMPLETE ON •15• RUN£•) 
Et!D 
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C******************************************************************'** ~VPROUTtHE INNAMCNAMTR,NAMCL,NAMTR2,NAMVL,IAXIS,ICRrIPUR,LU> 
DIMENSION NAMTR<5),NAMCLC5),NAMTR2<5>,NAHVLC5) 
\•JRI TE ( LLI ~ 1':·0) 
READ<Lu,11o>IAXIS 1..nnn:<t.u, 170> 
F:EAit< L LI, t )l f'UR 
HRITE<LU,120:0 
C~LL CNAHE<LU,NAHTR,NAHTRC4>,NAHTRC5),1) 
IF<IPUR.ttE.O>GO TO 10 

\~RITE<LU, 130) 
CALL GNAMECLU1NAMTR2,NAMTR2<4>1NAHTR2C5)1l) 

10 CONTil'WE 
t~IUTE<LIJ1140) 
C~LL GNAME<LU1NAHCL,NAHCLC4>1NAHCLC5>r1> 
WRITE<LLl'150) 
C~LL GHAME<LU1NAMVL,NAMUL(4),NAHVLC5)t1> 
l\IRJ.TE<LU~160) 
REi"1D<LU,t>ICR 
F:ETUfW 

100 f0RHnrc·TYPE OF AXIS CRECT. OR CYL.>- _., 
110 FORHAT<A2) 
120 FORMAT(•EHTER TRANSFER FILE NAMR-<IN> _•) 
13~ FORMAT<•EHTER TRANSFER FILE NAHR-COUT> -•> 
140 FORHAT(•EMTER CALIBRATION FILE NAMR- -•> 
150 FORMAT(•ENTER VALUES FILC NAHR- _•) 
1~0 fORMAT<•EttTER CART. NO. FOR u, Vr Wt FILES -•> 
170 FORMAT<•ENTER '0' TO SAVE u, v, w, FILEC _•) 

END 

c•t.t~**************************************************************=** SUBROUTINE TRFIL<NAMTR,HC,IEND,LU> 
COMMON /FIL/ IDCB<144>,NAMEC5> 
COMMON /WK/ IBUF<36),ITEN<10) 
DIMENSIQM NAHTR<S> 
C~LL DPEN(IDCB,IERR1NAMTR,O,NAMTR<4>,NAHTR<S>) 

CALL ERRORCLV,IERR,2HTR> 
cnLL POSNT(IDCBrIERR.NC,1> 
IEND""'O 
ISCR·,.,1 
C~LL READF<IDCB,IERR,IBUf,36,LEN2) 

CALL ERROR<LU,IERR,2HTR> 
LEt!=LEN2*2 
If(IBUf<l>.E0.2Hl!)G0 TO 20 
IF~LEN,LT.1>GO TO 20 
CALL NAMRCITEN1I~Uf,LEN1ISCR) 
IF<NAMR<ITEN,IBUF,LEN,ISCR>>20,10 

10 IF<IP1CO,ITENC4>>.NC.3>GO TO 20 
NAME< 1) ::::ITEl'H 1) 
NAME(2)""ITEN<2> 
Nt'IME ( 3) =ITEi'! C3) 
NAME ( 4) =•0 
IF~IP1C1,ITENC4)).NE.O>NAHE<4>=ITEN<S> 
t!AME~5)::::0 
IF(IP1C2r!TENC4)).EQ.l)NAHE<S>=ITENC6) 
CALL CLOSE<IDCB) 
CALL OPEN<IDCB,IERR,NAHE,O,NAMEC4>,NAHE<S>> 

CALL ERROR<LU,IERR,~HTR) 
RETURN 

20 CONTINUE 
CALL PURGECIDCD,IERR,NAHTR•NAHTR<4>•NAHTRC5)) 
IE:trn·"'1 ;-;:ETUF:N 
t:trn 
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1 1 

11 
1 1 
11 
11 
11 

0 17 
0 13 
0 19 
0 20 
0 ~1 
0 22 
0 23 
0 24 
0 ~·. C" 

0 26 
n ~~ 

~I 0 28 
0 ~D 

n 36 A 31 0 32 
0 ~~ 

0 34 
0 35 
~ 3l 
0 3~ 
0 3~ 
0 !9 
0 ~0 
0 ~1 
0 12 
A ~3 0 41 
0 45 

Cl******************************************************************** FUNCTION IPl<IPR,IWORD> 
JWORD=IWORD/C4ttIPR> 
!Pl=MODCJWORD,4> 
RETURN 
END 

Ct******************************************************************** SUBROUTINE INPUT<RATE,NSAM,NSEG,POS,LU> 

10 

!10 

:OMMON !FIL/ IDCB<144>,NAMEC5>,IDUMC447) 
COMMON !CAL/ DUMC10>,TC2)rDUM1ClO> 
COMMON /WK/ IBC128l 
DIMENSIOM POSC6),POS1(6) 
EOUIVALEl~CE CIBC1),N6AM1),(IB<2>,RATE1>r<IBC4),IBLOC>, + <IB<5>rPOS1<1>>,<IBC17),QPTEMP> 
NBLOC=IDCB<6)/2 
~ALL READF<IDCB,IERR,IB,128,LEN,NBLOC> 

CALL ERROR<LU,IERR,2HIP> 
cnLL PDSNTCIDCB,IERR,1,1> 
DD 10 I=l,6 

POSCI>=POSl(l) 
CONTINUE 
T<2>=0PTEMP 
NSAM=NSAMt 
~ATE~RATE1 
NSEG=lBLOC/CNSAM/12E> 
T1ME=FLOAT<HSEG>tFLOATCNSAM>IRATE 
WR!TE<LUrllO>NSAM,NSEG,RATE,TIME,OPTEMP 
RETUR~ 

~ORMnT<!!'.'***************************************************• 
~ 1 •No. OF SAMPLES= •15; 
~ 

+ + 
END 

·Mo. OF SEGMENTS= •rs; 
•sAMPLE RATE= •F7.2/ 
"TIME DURATION= •FS.2/ 
•OPERATION TEMP.= •F5.1/) 
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C********************************************************************* SUBROUTINE VELCL<NAttCL,SL,LU> 

J. ~I 

110 

COMMON /CAL/ AC3>,B<J>,CC3),RK,T<2>•F<2>,UMIN,UMAX,SUP<3>,AMPC3> 
COMMON /FIL! IDCB<144) 
COMMON /WK/ IBUFC18> 
DIMEt!SION NAMCL<5) 
EQUIVALENCE <IBUF<l>•Al>•<IBUF(3),Bl>•<IBUF<5>,Cl>•<IBUFC7>•RK1>• 

t <IBUF<9>1CLTEHl>•<IBUFC11>•UMIN1),(lBUFC13>1UHAXl>1 + <IBUFC1S>~SUP1>1<IBUFC17),AMP1> 
CALL OPENCIDCB,IERR,NAMCL,o,ttAHCLC4>•NAMCL<5>> 

CALL ERROR<LU,IERR12HVE> 
DO l<:t IC=1~3 

CALL READF<IDCB,IERR,IBUF> 
CALL ERROR<LU,IERR,2HVE> 

A< IC) "'A 1 
E: ~IC> =l: 1 
r1r1~~::c1 

~:~>Rh • 
CLTEtlF'=Cl TEH1 
L'MIN=UMINl 
IJMA~<=UMAX 1 
SUP< IO=SUF'1 
t1MF'~ :CC>,,,AMPl 

'.: l)~IT I~·' UE 
':• •:;; I TE '. L LI ' 11 0 ) 
!:I 0 .-p_\ I r.,.,, 1 .' 3 

WRITE<LU,120>IC,ACIC>,BCIC>•C<IC>,RK,CLTEMP,UHIN,UMAX 
.suP<IC),AMPCIC> 
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0186 
0187 
01es 
Olf~t"> 

0190 
01?1 
01?2 
01?3 
0194 
0195 
0196 ')197 
0198 
019~ 
·:<200 
1)201 "" () "') 0203 
1'1?<'14 020s 
0206 
0207 
0208 
0209 
()?1 () 

o2ii 
021::? 
021'3 
0214 
021 '5 
0216 
0217 
021E' 
0219 
""'")0 0221 

C********************************************************************* su:BF:OUT INE TABLE 
COMMON /CAL/ A<J>,B<3>,C<3>,RK,TC2>,F<2>,UMIN,UMAX,SUPCJ),AMPC3> 
COMMON /TAB/ CALIB<101,J),CSLPEC3)1CICPTC3),NC PTS 

C DATA ALPHA /0.00392/ 
DATA PI /3.14159/ 
F ( 1) =2 .+F:j(~ *RK 
F C~) =1,. -Rl\tRK 
TF'ACe1.0 

C TFAC=SQRTC1./(1,+ALPHA*<T<1>-TC2))/0.5)) 
C AFACMN=EORTCCOSCPI/2.>**2+<RK*SINCPI/~.>>t•2> 

1'\FACMN=f':K 
C AFACMX=SORT<COS(0,0>**2+<RK*SIN<O.O>>t*2> 

AFACMX::l.O 
l)O 2 J=1'3 

ERMIN=SQRT<TFAC*<ACJ>+B<J>*<UMIN*AFACMN>**C<J>>> 
EMIM=CERMIN-SUP<J>>*AMP<J> 
IF<EMIN.LT.-10.0>EMIN=-10.o 
ERMAX=SORT<TFACt<A<J>+B<J>•<UMAX*AFACMX>**CCJ))) 
EMAX=~ERMAX-SUP<J>>•AMP<J> 
IF(EMAX.GT.10.0>EMAX=lO.O 
DEL E=<EMAX-EMIN>IFLOAT<NC PTS-1) 
E==EMIN-DEL E 
Pm~-=2.0/C(J) 
D 0 1 I ,..,, 1 d~ C PT S 

E=-EHtEL E 
ER=E/AMP<J>+SUP<J> 
CALID(I,J>=<<ER*ER/TFAC-A<J>>IB<J>>**POW 

1 CONTINUE 
CMIM=EMINt3275.2 
CHAX=EMAX*3275.2 CSLPECJ>=FLOAT<NC PTS-1)/CCMAX-CHIN> 
CICPT<J>=-CSLPE*CMINtl.O 

2 CONTINUE 
F:ETLIF:N 
C::ND 

C********************************************************************* SUBROUTINE FILES<NSAM,NSEG,ICR,LU) 
COMMON /FIL/ IDCBC144>,NAMEC5),JDCBD<144,3),NAMDCS,z> 
COMMON /WK/ ISIZE<2> 
NAMD<2,1>=NAMEC2> 
NAMD(2,2>=NAME<2> 
NAMD<2,3>=NAMEC2> 
NnMD<3~1>=NAME<3> 
NAMDC3r:>=NAHE(3) 
NnMD<J,J>=NAME<J> 
NAMD<4~1>=NAMEC4) 
NAMDC412)=NAMEC47-
NAMDC4,J>=NAME<4> 
M1':\MD~S,l>'='ICR 
NflMD < ::-;, 2) =I CR 
t!f!IMD~S~3>=ICR 
ISIZE<l>=<NSAM/128>*NSEG+1 DO '.~ I::-113 

CALL CREAT<IDCDDC1tl),IERR,NAMD(1tl),JSIZEt1,NAMD<4tI>, + NAMDC5,J)) 
CALL ERROR<LU,IERR,2HFI> 

CALL CLOSE<IDCED<l,l)) 
CALL OPEN<IDC~D~1,1>,IERR,NAMD<1,I>,11NAMD<4,I>,NAMDCS~I>> 

CALL ERROR<LU,IERR,zHrI) 
2 CONTINUE 

RETURN 
ENI• 
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C**-******************************************************************* SUBROUTINE SETUP<Pos,c,IAXIS,LU> c 
CttCALCULATES THE DIRECTION COSINE TENSOR •c<3rJ>• FOR THE COORDINATE 
C TRANSFORMATION FROM 1294 3D PRO~ES SENSOR COORDINATES TO THOSE OF TH[ c DESIRED TUNNEL COORDINATES ·IAX1s·=2HRE FOR RECTANGULAR SYSTEMr c ·1Ax1s·~2HCY FOR CYLINDERICAL SYSTEM. 
C PD~(l,2~1) ARE THE LOCATIONS OF THE PROBE IN THE TUNNEL COORDINATES 
C x, Y t Z RESPECTIVELY. WHEN A CONVERSION IS MADE FROM RECTANGULAR 
C TO CYLIHERICAL COORDINATES, X REMAINS THE SAME AND POS<2&J> ARE 
C CHM!t7ED FROM THE INPLITE-rt Y' Z VALUES TO R, THETA VALUE£. 
C fOR THE CYLINDERICAL SYSTEHr WHEN LOOKING DOWN <•TO-) THE POSITIVE 
C X AXIS THE THETA COMPONENT IS POSITIVE IN THE COUNTERCLOCKWISE SENSE. 
C POS~4r5i6> ARE THE ROTATIONAL ANGLES ABOUT THE x, Y & Z AXIS OF THE 
C PROBE SUPPORT COORDINATES FROM AN INITIAL ALIGNMENT WITH THE TUNNEL 
C COQRDIM~TES RESPECTIVELY. THE ROTATIONAL SEQUENCE MUST BE IN THE ORDER 
t A9DUT z, THEN y, THEtt X SINCE PROBE COORDINATES WILL NO LONGER DE ALIGttED 
C WITH TUMHEL COORDINATES AFTER THE FIRST ROTATION. THE SENSE OF THE 
C ROTATION IS: LOOKING DOWN <+TO-) THE POSITIVE AXIS OF THE PRODE 
C C00RDINnTE SYSTEM THE OTHER TWO AXIS ARE ROTATED IN A CLOCKWISE 
C~*DIRECTION RESULTS IN A POSITIVE ANGLE. c 

COMMON /~K/ A<J,3),B(J,J) 
DIMENSION PDS<6>~ccz,3> 
[I /'q ;~ F' I ,.' 3 ' 1 4 1 5 9 / 
CONS T=·F· I/ H~O. 0 

~ . ,, .. , ..... ,, ,,, •.. •·••••·•••••••·••FIND TRANSFORMATION TENSOR •A• FOR 
~·. PROBE TO SENSOR CONVERSION. 

F:!H ~~=O. O*CONST 
ROT Y~35.26tCONST 
ROT z~-45.0*CONST 
CALL TRXYZ<A,ROT x,ROT y,ROT Z) 

C .•• ,, •·••••••••••••••••••••••••••••••••TAKE TRANSPOSE OF 'A' TO FIND 1: SENSOR TO PROBE CONVERSION. 
DO :o J~l{~ J=I+lt3 

SAVE:::A(J,J) 
1~(!,J)==A(J,J) 
A ( ,_1, I) =SAVE: 

10 CONTINUE 
20 CONTINUE 
C. ••••••••·, •. , •••••••••••••••••••••••••FIND TRANSFORMATION TENSOR •B• FOR 

. C PROrE TO TUNNEL CONVERSION. 
ROT X=POS<4>*CONST 
ROT Y=POSC5>*CONST 
ROT :=POS<6>SCONST 
CALL TRXYZ<B,ROT x,RQT y,ROT Z> 

C., .• ••••••.••·•••••••••••••••••••••••••CALCULATE TOTAL TRANSFORMATION TENSO 
C •c• FOR SENSOR TO TUNNEL CONVERSION. 

CALL TMULT<A,B,C) 
IFCIAXIS.HE.2HCY)RETURN 

C, , , , , . , •• , •• , , • , , • • ••... , .• , . , •. , • •. • ••• CONVERT FROM RECT. COOR. TO CYL • 
C COOR, EY CALCULATING THE TRANS. 
C TENSOR 'A' FOR THE ROTATION ABOUT 
C THE X AXIS <THETA=ATAN<ZIY>> THAT 
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0304 c 
0305 c 
0:!0~· 
030"! 
0308 
030'? 
0310 21 
0311 
1)312 
0'313 22 
1)314 
03:!.5 
031.: 23 
0·317 
031~ 
0315' 24 
0320 
0321 
0322 25 ri·7 ,,.., 
6321 
0325 26 
0326 
t)"1?"7 
oz2e 27 
0329 
0330 
0331 
(l33::? 
0333 
03:H 30 
0335 40 
033b 
0:!37 
0·7·1·~ 

o3'39 

Y=POS(2) 
::=F'OS(3) 
IF<Y.Ea.o.o.AND.Z.EO.O.O>GO TO 21 

CONTIMLIE 
THETA=O.O 
GO TO 27 

GO TO 22 

CONTitWE 
IF<Y.EQ.O.O.AND.Z.GT.O.O>GO TO 23 

GO TO 24 
CONTINUE 
THET;i=f'I/2.0 
GO TO :27 

CONTINUE 
!F~Y.Ea.o.O.AND.Z.LT.0.0)00 TO 25 

GO TO 26 
CONTWUE 
THEH1=-F'I /2. 0 
GO TO 27 

CONTINUE 
THETA=ATAN<Z/Y) 
IF<Y.LT.o.o>THETA=THETA+PI 

CONTINUE 
POS(2)=SORT<YtY+ZtZ> 
POS<3>=THETA/CONST 
DO 40 I,,.,1~3 

DO 30 J::::t,:~ 
A<I,J>=C<I,J> 

CtlMTitWE 
CONTINUE 
CALL TRXYZ(B,THETA,o.,o.) 
C~LL TMULT(A,a,c> 
F:E TUFW nm 

IS NECESSARY. THEN RECALCULATE 
'C' TO INCLUDE THIS LAST TRANS. 

0340 
1)341 
0342 
1)343 
0344 
1)345 
0'!46 
0347 
C•348 
03 4':1 
0350 
0351 
03~52 
0353 
03~:4 
0355 
0356 
0357 
t:•!Se 

C********************************************************************* SUBROUTINE TRXYZ(A,x,y,z) 
c 
C FIMDS THE CARTESIAN COORDINATE TRANSFORMATION TENSOR FOR ROTATIONS 
C A~OUT X AXIS, THEN Y AXIS, THEN Z AXIS. POSITIVE ROTATION IS 
C COUNTERCLOCKWISE WHEN LOOKING FROM + TO - ON THE AXIS. c 

DIMENSION A(J,3) 
AC11l>=COS<Y>*COS<Z> 
AC1~2>=COSCX>*SIN<Z>+SINCX>*SINCY>*COS<Z> 
AC1,3>=SIN<X>tSIN<Z>-COSCX>*SINCY>*COS<Z> 
~C21l)r-COSCY>tSIN(Z) 
A<212>=-SINCX>*SINCY>*EINCZ)+COS<X>*COS<Z> 
AC2,3J=SINCX)*COS<Z>+COS<X>*SIN<Y>*SIN<Z> 
A(3,1)==SIN(Y) 
AC312>=-SIN<X>*CDS<Y> 
A(3,3>=COS<X>«COS<YJ 
RETIJF:N 
END 

123 



n~~o 

6~~6 
r7t1 
6i~2 
0363 
0364 
~36~ 
036~ 
0367 
036g 
036? 
0370 
0371 

0372 
0~73 
0374 
0J75 
0376 
0377 
0378 
nJ70 
0380 
0381 
0,8~ 

0j3j 
038~ 
0325 
03Dl 
;.~~~ 
~~§§ 
03?0 
039! 
0392 
03?3 
OJ?~ 
03~5 
03?6 
03?7 
03?8 
n~~n o4oo 
0101 
0402 
0~03 
0104 
0~05 
0406 
0407 
0108 
0109 

C********************************************************************* SUBROUTINE TMULTcn,s,c> 
DIMENSION ACJ,3),BC3,J),C(3,3) 
DO 30 I~1,3 

DO 20 J=1,3 
C<I,J>=O.O 

·oo 10 K=li3 
C<I,J>=C<I,J>+B<I,K>*A<K,J> 

10 CONTINUE 
~0 CONTINUE 
30 CONTINUE 

RETURN 
END 

C********************************************************************* SUBROUTINE CONVT<NSAM.NSEG,Pos,A.sL.LU> 
COMMON /FIL/ IDCBC144),NAMEC5),JDCBD(144,3),NAMD<5•3> 
COMMON /VAL/ V<3>,IDUM<36>,NERR<3> ' 
COMMON /WK/ IBUFC3E4),JBUFD<1:e,3>,SUM<3>,JERR<3> 
DIMENSION POS(6),ACJ,J> 
DO 10 I=113 

JERP.<I>=O 
NERR<I>~O 
SUH<I>~o.o 

10 CONTINUE 
NBLKS~<MSAM/128>*NSEG 
DD 5 I=l,NBLKS 

CALL READFCIDCB,IERR,IBUF,384> 
CALL ERROR<LU,IERR,2HCO> 

IPOS=-2 
DO 3 J=l,128 

IPOS=IPOS+3 
CALL UVW<IBUF<IP0£),v,vror,JERR.LU> 
CALL CHECK<V,VTOTrNERR> 
CALL TCOOR<V•A> 
DO 1 K=1~3 

IBUFDCJ,K>=IFIX<V<K>IEL> 
SUM<K>=SUM<K>+V<K> 

1 CONTINUE 
3 SONTINUE 

DO 4 K=1,3 
CALL WRITF<IDCBD<lrK>,IERR,IBUFD<l•K>,128> 

CALL ERROR<LU•IERR,2HCO> 
4 CONTINUE 
5 CONTINUE 

DO 6 K=l13 
~<K>=SUM<K>l<12S.O*FLOAT<NBLKS>> 

6 CONTI NU[ 
CALL OUTl<NAMD,Pos.v.sL,JERR,NERR.LU> 
CALL PURGE<IDCB1IERR,NAME,NAME<4>,NAME<S>> 
RETURN 
END 
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0410 
0411 
0112 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
f\6.~rt 

642i 
042~ 
0423 
(L'\24 
042S 
0~2~ 
~427 
0428 
0·1129 
0430 
~,431 
0~".?2 
0433 
0434 
0-~35 
~~436 
0437 
0438 
0439 
OHO 
0441 
0442 
0443 
0144 
0445 

0446 
0447 
0448 
0449 
0450 
0451 
0'152 
0453 
045'1 
0455 

C********************************************************************* SUBROUTINE UVW<IAD,u,vToT,JERR,LU) 
COMMON /CAL/ A<J),B(J),C(J),RK,TC2),f(2),UMIN,uHAX,sUPC3),AMP<3> 
COMMON /TAB/ CALIB<lOl,J),CSLPECJ),ClCPTC3),NC PTS 
DIMENSION IADCJ>,UCJ),JERRCJ),UEFF2<3> 
SUM:::o.o 
!tO 10 I::o1'3 DIN=FLOATCIADCI>>SCSLPE<I>+CICPT<I> 

N:::IFIX <BitO 
IFCN.GE.1>00 TO 2 

JERRC1>=J[RRC1>+1 
BHt=l. 0 
N=l 
GO TO 4 

2 COttTINUE 
If"<tl.LE.lOO>GO TO 4 

JERRC2>=JERRC2>tl DIN=101+0 N-=100 
4 CONTI HUE 

DEL=<CALIBCN+l,I>-CALIBCNrI>>*<BIN-FLOATCN>> 
VEFF2<I>=CALIB<tt,I>1DEL 
SUM=SUtHUEFF2 <I> 

10 CONTINUE 
1}TDT2.,.SUM/F < 1) 
ItO 30 I=l, 3 

TEMPX=VTOT2-VEFF2CI> 
IF<TEMPX.GE.O.O>GO TO 20 

TEMPX=O.O 
JERR<3>=JERRC3>+1 

20 CONTINUE 
V<I>=SQRTCTEHPX/FC2>> 

30 CONTINUE 
1JTOT-=SGRT ( VTOT2 > RETLtf::N 
EN!:t 

C********************************************************************* SUDROUTINE CHECK(U,VTQT,NERR> 
DIMENSION VCJ),NERRC3) 
DATA SIN10rSIN80 /0.1736,0.9848/ 
ItO 1 I=1,3 X=-'·' (I> /VTOT 

IF<X.LT.SIN10.0R.X.GT.SINSO>NERR<I>=NERR<I>+1 
1 CONTINUE 

F:ETURN 
EtHt 

C********************************************************************* SUBROUTINE TCOOR<V~A> 
DIMENSION V(J),A(3,3),VTUNC3). 
DO 2 I=1~3 

IJTLIN( I) =O .o 
DO 1 J-=1'3 

VTUN<I>=VTUNCI>tACI,J>*V<J> 
1 CONTINUE 
2 CONTINUE 

!tO J I =l '3 
'JC I >=VTUtH I) 

Z CONTINUE 
f::t:TURN 
Ef'.![1 
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0470 
0471 
t)472 
0473 
0474 
0475 

. tL'\'?S'" 
(t.~77 

0·179 
0475' 
OHO 
0481 
0482 
04E3 
049,~ 

.04£5 
O•HJ6 
0487 
0489 
0489 
M90 
0491 
t'l<1.Q., 
;:,.493 
0·194 

.0495 
0496 
0497 
0498 
0499 
0500 
0501 
0502 
0503' 
050·1 

C********************************************************************* SUBROUTINE OUTl<NAMD,PQS,v,sL,JCRR,NERR,LU) 

1 -

2 

100 

110 
120 
130 

140 
145 
150 
160 

COMMON .'\1Jt\/ ANGLE< 3) 
DIMENSION NAMDC5,J>,POSC6),V<3>tJERRC3>,NERRC3> 
WRITE<LU, 100) 
[10 l J:::: 1 ~ 3 
WR1TE<LU,110><NAMD<I,J>,I=1,3),(POS<I>,I=1~6)rV<J>,SL . 
UTOT=SGRT<VC1>*V<1>+V<Z>*V<2>+V<3>*V<J>> 
WRITE<LU,120)VTOT 
I•O 2 I= 11 3 

ANGLE<I>=ATAN<V<I>ISORT<CVTOT-VCI>>*<VTOT+V<I>>>> 
ANBLE<I>=~O.O-ANGLE<I>*lS0.0/3.14159 

CONTINUE 
WRITECLU,130)CANGLE<I>,I=1,3> 
IF<JERR(1).NE.O>WRITECLU,140)JERRC1) 
IFCJERR<2>.NE.O>WRITECLU,145>JERR<:> 
IF< .IEF:RO >•NE. OHJRITE <LU' 150) JERR< 3 > . 
IFCNERR<1>.NE.O.OR.NERR<2>.NE.o.oR.NERR<3>.NE.O> 

t WRITE<LU,160>CNERR<I>,I=1•3> . 
F:ETurm 
FORMAT(• FILE LINEAR POSITION ROTATIONAL POSITION<DEG) 1 

t • HEAN VEL. CONVERSION 1
/

1 NAME 
t • x y ! 
FORMATC3A2,5x,6<F7.2),4x,r7.~,3x,G11.4) 
FORMAT<l"MEAN TOTAL VELOCITY =•F7.1) 

x y z • 
CONSTAHT"> 

FORMATC•MEAtt COMP.ANGLES = •F6.l 1 fROM X AXIS"/ + • 1 F~.1· FROM Y .. AXIS 1
/ + 1 F6.1• FROM ~ AXIS•/) 

FORMATC/ 1 !! LOWER CAL. RANGE WAS EXCEEDED •15• TIMES ! !!!!"/) 
FDRMATC/ 1 ! ! UPPER CAL. RANGE WAS EXCEEDCD 1 I5 1 TIMES !!!! !•/) 
FOHMAT< / 1 ! ! CALCllLATI otlAL ERROR OCCUREI• • I5 1 TIMES ! ! ! ! ! •I) 
FORMAT(/" VELOCITY VECTOR 1 EXCEEDCD DIR. LIMITS 1 I5 1 TIMES 1 

t 11 VELOCITY VECTOR 2 EXCEEDED DIR. LIMITS 1 I5 1 TIMES" + / 1 VELOCITY VECTOR 3 EXCEEDED lHR. LitUTS 1 15 1 TIMES"> 
Etrn 
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05<.'5 
1)506 
0507 
05•:•8 
(',o:::r-,q osiO 
1)511 
<)512 
0513 
0514 
0515 
()516 
0517 
0518 
051'? 
0520 
1)521. t:•s:: 
0523 
05'.H 
05:5 r .. c;,, t.. 
0527 
052E 
0529 
0530 
(.'531 
1)532 
05!3 
')5;! ·l 
05:5 
'·)~;:: 6 ,..,.. -.r "? 

,35'39 
0539 
05·10 
•)541 

0542 
0543 
05·~4 
0545 
05'16 
05-17 
0548 
0549 
•)55<.' 
(•551 
l)~j5~ 
1.)~~:~: "s ~s , 
1)55'5 
C•S56 
0'~·. : .. ~ ~' 
:~ ~ .. ~5 ~~ 
·'·,~·c:;o 

65fo 

C**************t****************************************************** SUBROUTINE REDUCCNSAM,NSEG,sL,LU> 
COMMON /FIL/ IDCBC144),NAME<5>,IDCDD<144,3),NAHD<S•3> 
COMMON /VAL/ VMNC3>,VMOMT<3•3>,VSTRS(3),VHIN<3>,VHAX<3>,NERR<3> 
COMMON /WK/ IBUFD<128,3),V(128,3),CUHNC3) 
DO 1 I=1•3 

CALL POSNT<IDCBD<1,1>,IERR,1,1> 
C~LL ERRORCLU,IERR,2HRE> 

CVHNCI>=VHN(l)/SL 
VMIN(J)=1.E30 
1H1AX(I)=-1.E30 

1 CONT HILIE 
NBU:s·,,, r t!S1~M/l:'.3) *NSEG 
[tQ 4 !=1.tHlLKS 

DO 3 .1="1•3 
CALL READF<IDCBD<l•J>,IERR,IBUFD<l•J>,128> 

CALL ERROR<LU,IERR,2HRE> 
DO 2 K=!,128 

V<K,J>=FLOAT<IDUFDCK,J)) 
VMIN<J>=AHINlCVMIN<J),V(K,J>> 
VHAX(J)=AHAXl<VMAXCJ),V(K,J)) 

2 CONTINUE 
CALL HOMETCVC1,J),CVMN<J>,VHOHT<1,J),I) 

'3 COMTHIUE 
CALL STREscv,cVMN,VSTRS•I> 

4 CONTINUE 
[l(I 5 I==l~3 

9MOHT<2•I>=VMOMT(2,I>l<VMOMT<1,I>**1•5> 
VMOHT<3,I>=VHOHTC3,I)/CVHOHT<1,I>*VHOHT<1,I>> 
~MOMT<1,I>=SL*SQRTCVMOMTC1,I>> 
VSTRS<I>=VSTRS<I>*SL*SL 
VMit! ( ! ) =VMHH I> tSL 
VMAX<I>=VMA~<l>*SL 

5 CONTINUE 
C~LL OUT2CVMDMT,VSTRS,VMIN,VMAX,LU> 
f-:ETUl'W 
END 

C********************************************************************* SUBROUTINE MOMET(V,VMN,VMOMT•N> 
DIMENSION V(128),UMOHT<3> 
SUM!-::1).0 
l:LIM2=0. C• 
~3UM3='0, 0 
WIGHT=1,0/FLOATCN> 
!.•O 1 I::-:1 '123 

:t. ""'..' < I ) -VMN 
xx·=Y:lf.:( 

SLIMl ""~UHl+XX 
SIJM2-:::SUM2+XX*X SUM'! ""Sl.lti3tXX*XX 
::·!:HIT I OlJE 
~MOMT(1>=VMOMT<1>t<1.-WIGHT>+SUM1*WIGHT/128.0 
~MOMT<2>=VMOMT<2>tC1.-WIGHT>tSUM2*WIGHT/12E.O 
~MOMT(3)=VMOMT<3>*<1.-WIGHT>+SUM3*WIGHT/128.0 
l~:E TUF:tl 
EM[t 
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0561 
0562 
0563 
0564 
0565 
0566 
0567 
0568 
056'? 
0570 
0571 
057:? 
0573 
0574 
0575 
0576 
0577 
0579' 
OC::"'4? OSSO 
0581 
0582 
0583 
0584 
0585 
05:?6 
051?? 
0589 
0589 
0590 
0591 
0592 
0593 
05?4 
0595 
051?6 
0597 
0598 
0599 

0600 
0601 
0602 
0603 
0604 
1)605 
0606 
0607 
0608 
0609 
0610 

C********************************************************************* SUBROUTINE STRESCVEL,VMNtVSTRS,N> 
DIMENSION VEL<12S,J>,VMNCJ>,VSTRSC3) 
SUM1=0.0 
SLIM2=0.0 
SUM3=o.o 
WIGHT=l.O/FLOAT<N> 
DO 1 I=1t128 

U=VEL<I11>-VHN<l> 
V=VELCit2>-VHN<2> 
W=VELCI,3>-VMNC3) 
SUM1!-=SUtH+Ll*W 
SUM2=SUM2tU*V 
SUH3=SUH3+V*W 

1 CONTitWE 
VSTRSC1>~VSTRS<1>*<1.-WIGHT>+SUH1*WIGHT/123.0 
~STRS<2>=VSTRS<2>*Cl.-WIGHT>+SUH2*WIGHT/12e.o 
'JSTRS<3>=VSTRS<3>*<1.-WIGHT>+SUH3*WIGHT/128.0 
RETURtl 
EN It 

C********************************************************************* SUBROUTINE OUT2<VMOHT,VSTRS,VHIN,VHAX,LU> 
DIMENSION VMOMTC313>,VSTRS<3>,VHIN<3>•VHAX<3> \mITE<LU,100> 
WRITE<LU,102><VHIN<I>,I=1•3> 
~RITE<LU,104><VHAXCI>,I=1•3> 
WR!TE<Lu,11o><VHOMTC1,1>,I=l·3> 
WRITE<LU,120><<VMOHT<I,J>,J=1t3>rI=213> 
WRITE<LU1130>CVSTRS<I>,I=1•3> 
RETURN 

100 FORMAT<22x·u·~x·v•9x•w•> 
102 FORMATC/2X.MIN. VELOCITY= •3cFa.3,2x>> 
104 FORMAT<2x·MAX. VELOCITY= •J<Fe.3,2X)) 
110 FORMAT<2x·RMS VELOCITY = •J<Fs.3,2X>> 
120 FORMATC2x·sKEWNESS •3cFe.3,2x>1 + 2x·FLATNESS = •JcFa.3,2X>> 
130 FORMAT~122x•uw·ex·uv•ex•vw•1 

+ 2x·REY. STRESS •3cFa.5,2x>> 
EN It 

C********************************************************************* SUBROUTINE ANGTMCNSAH,NSEG,LU> COMMON /VAL/ IDUMC45)rAGHIN<3>,AGHAX(3),AHN<3>•AHOHT<3r3> 
COMMON /FIL/ IDUH1<SB1>,NAHDC5r3> 
DIMENSION IB<36>,NAHP<3> 
EQUIVALENCE <IP.<1>,AGMIN<l>> 
DATA NAMP /2HAN,2HGT,2HM I CALL EXEC<23,NAHP~NSAM,NSEG,LUtID,IDrNAHDr15) 
CALL EXEC<14,1,IP.•36) 
RETURN 
EtHt 
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C********************************************************************* SUBROUTINE SAVIT<RATE,NSAM,NSEG,SL,POS,NAMVL,LU> 
COMMON /FIL/ IDUMC5S1>,NAMD<5,3) 
COMMON /VAL/ VMNCJ>,VMOHT(J,J)rVSTRS<J>,VMIN<3>rVMAXC3>,NERRC3) + ,AGMIN<3>,AGMAXC3),AMN<3>,AMOHT<3,3) 
COMMON .'WK/ H:UFC114hIB2<18) 
DIMENSION POS<6>,PDS1<6),IE1<1S),IE4Cel>,NAMVLCS> 
EQUIVALENCE <IB1<1>,NAMDC1,1)),(lB2C1>,RATE1),(lB2C3>,NSAM1), + CIE2<4>,NSEG1>,CIB2CS>,SL1),(lE2(7),p0Sl<l>>, + <IP.4C1>,VMNC1>> 
P.ATEl=RATE 
MS1~M1 :::NSAM 
NSEG 1 '-=NSEO 
SL1='3L 
DO 1 !=1,6 

POSlCI)=POSCI) 
1 CONTI t!llf. rt0 !. r~.,,1,15 

I!HJF <I ) ::: I B 1 (I> 
?. CONTINUE 

DO 1 I=ldS 
Je Ii 15 
H:LIF<J>=IB2<I> 

·~ CONT I ULIE 
! 10 !i I=1'81 

J=I+33 
IBLIF(J>=IB4<I> 

l- C.ONTitWE 
CALL WRECCIBUF,114•NAMVLrLU> 

7 CONTINUE 
f~l::TURN 
ENI• 

C********************************************************************* SUBROUTINE F INFO<NSAM,RATE,NSEG,sL,LU> 
COMMOH /FIL/ IDCBC144),NAME<5>,IDCBDC144,J>,NAHDCS,3> 
COMMON /VAL! VMNC3),VMOMT(3,J),VSTRS<J>,VMINC3>,VMAX<3>,NERRC3) 
COMMON /WK/ IEUFC12B> 
EOUI~ALENCE CIBUFC1)~NSM)1CIBUF<2>,RATE1>,<IBUFC4),JBLOC), 

t CIEUF<S>,RHN>,<IDUF<7>,RMS),(JDUFC9),SLPE> 
NSM=NSt".\M 
F:r1TE1 ""f.:ATE 
IBLOC:CHSAM/128)*NSEG 
SLPE=l.O/SL 
DO 10 I·:: 1 d 

RMN=VMN<I> 
F:M'.3 T: 1)MOMT ~ 1, I) 
CALL WRITF<IDCDDC1,1>,IERR,IBUF,12s,c1BLOCtl)) 

CALL ERROR<LU,IERR12HF > 
10 S(.lMTINUE 

F:ETURN 
~= r! D 
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0662 
0663 
0664 
0!-65 
0666 
0667 
0668 
0669 
0670 
0671 
0672 
0673 
0674 
0675 
I)!:· 7~. 
0677 
0678 
067t;' 
0680 
f)t;.81 

rr '· ~., oz,93 ot.s4 
0685 
0686 
0687 
0688 
Ot-89 
0690 
0611 
0692 
0693 
06~4 
0695 

0704 
0705 
0706 
0707 
0708 
0709 
0710 
0711 
0?1::? 
0713 
0714 
O?:tS 

Ct.****'*************************************************************** SUBROUTINE WREC<IJ,N,NAH,LU) 
COMMON /WK/ ISAV<200>,IDCB<144>•ISIZC2>•IB1C10) 
DIMENSION IB<1>,NAH<5> 
ISIZ<1>=24 
ISIZC2)'-"'N 
CALL OPEN<IDCB,IERR,NAtt,2,NAH<4>,ttAHCS>> 

IF<IERR.EQ.-6)CALL CREATCIDCB,IERR,NAH,ISIZ•3•NAHC4>•NAHC5>> 
CALL ERRORCLU,IERR,2HWR> 

10 CONTINUE CALL READFCIDCB,IERR~IBl,10,LEN> 
CALL ERROR<LU,IERR,2HWR) 

IF<LEN.ttE.-l>GO TO 10 
CALL POSNTCIDCB,IERR,-1) 

CALL ERROR<LU,IERR,2HWR> 
CALL WRITf(IDCD,ICRR,IB,tt> 

CALL CRROR<LU,IERR,2HWR) 
CtiLL CLOSE:< IIICI: > 
RETLIF:N 
DIII 

Ct.'******.t.************************************************************ SUBROUTINE TRANS<NAHTR2,IPUR,LU> 
COMMOH /FIL/ IDCBC144>•NAME<S>,IDCBDC144•3>•NAMDC5,J) 
DIMENSION NAMTR2<S>,ID<10) 
DO 10 I=1,3 

CALL CLOSE<IDCDD<l•I>> 
IF<IPUR.ttE.O>GO TD 10 

CALL CODE 
WRITE<ID,lOO><NAHD<J,I),J=l•S> 
CALL WREC<1r.,10,NAHTR21LU> 

C****************************************************************•*••• SUBROUTINE ERROR<LU1IERR,LDC> • ••• 
COHMOtl /FIL/ II•CI:(144>,NAHE<S>•IDCI:D<144P3),ttAHD<5,J) IFCIERR.GE.O>RETURN 
CALL CLDSE<IDCJ;:) 
DO 10 I:::1,3 

CALL CLOSE<IDCBD<l•I>> 10 CONTINUE 
WRITE<LU,100>I£RR1LOC 
STOP 1111 

100 FORMAT(• FMGR ERROR •15• IN •A2> 
END 
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0001 
f.)002 
0003 
000·1 
0005 
0006 
000? 
0009 
0009 
0010 
0011 
0012 
001:! 
0011 
O<H5 
1)016 
0017 
001B 
0019 
0020 
0021 

10 CQtlTINUE 
CALL ~NGLE<NSAHrNSEG,IDCBrAHNrAHOHTrAGHINrAGHAXrLU> 
I10 20 I=1,3 

CALL CLOSE<IDCB<1•I>> 
20 CONT INUC: 

CALL EXEC<14r2,IBr36) 
EtHI 
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0022 
0023 
0024 
'0()25 
002{;. 
0(•27 
0029 
0029 
0030 
0031 
0032 
0033 ooz.i 
0035 
0036 
00"!7 oo::rn 
00::!9 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
(104? 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
Ol)SS 
0059 
0060 
0061 
00~:? 
0063 
0064 
0065 
006~ 

... (H)6:)' .. 
OO~B 
0069 
0070 
0071 
0072 
0073 
007-~ 
0075 
0076 

C********************************************************************* SUBROUTIHE ANGLE<NSAM,NSEG,IDCD,AttNrAHOHTrAGHIN,AGHAX,LU> 
DIMENSION AHNCJ>,AMOHT<3,J>,AGMIH<J>,AGHAXCJ>,IDCB<144,3), + I~<12e,3>,v<12s,3),SUH(J) 
DATA PI~,CON /1.5700,57.2?2/ 
NBLKS•CHSAH/123)*NSEG 
DO 5 J,.,1'3 

SUM<J>=O.O 
AGHitH J) =1. E30 
1"\GMflX < J) = -1 • E30 

5 CONTINUE 
ItO 35 I=l rNBLKS 

DO 1S J=l,J 
CALL READF<IDCB<lrJ)rIERR,IB<11J>•120rLEH•I> 

CALL ERROR<LU,IERRr2HAN> 
DO 10 K=1r123 

VCK,J>=FLOATCID<K,J).) 
10 CONTINUE 
15 CONTINUE 

DO 30 K=l,128 
SUMT=O.O 
DO 20 J=t.3 

~UHT=SUHTtV<K•J>*V<K•J> 
20 CONTINUE 

VT=SQRT<SUHT> 
DO 2'5 J=1,3 

AGR=VCK,J>ISORT<CVT-V(K,J>>*<VTSVCK,J))). 
ANG=PI2-ATANCAGR> 
SUH<J>=SUH<J>tANG 
AGHIN<J>=AttINl<AGHINCJ>•ANG> 
AGHAX<J>=AHAXl<AGHAX<J>rANG> 

C IBCKrJ>=IFIX<ANG*CON*100.0> 
25 CONTINUE 
30 CONTINUE 
35 CONTINUE 

DO 40 J~1'J 
AHN(J)=SUMCJ)/CFLOAT<NBLKS>*128.0> 

40 CONTINUE 
!'O 80 I=1,tfBLKS 

DO 55 J=1•3 
CALL READFCIDCBC1,J>rIERR,IICl,J>•120•LEN•I> 

CALL ERROR<LU,IERR,2HAN> 
DO SO K=1r12S 

V<K,J>=FLOAT<ID<K,J>> 
50 CONTINUE 
55- - - - - - - CONTrnUE 

DO 70 K=1r12S 
SUHT=O.O 
DO 60 J=1,3 

6UHT=SUHTtVCK,J>*VCK,J> 
60 CONTI HUE 

VT=SllRT<SUHT> 
DO 65 J=1,3 

AGR=VCKrJ)/SDRTCCVT-V(K,J>>*<VTIVCK,J>>> 
ANG=PI2-ATAN<AGR> 

PAGE 0003 ANGLE 12:03 PH FRI., 25 OCT., 1~05 

1) ( t::, J) =AMG 
CONTINUE: 

CONTINUE 
DO 75 J=l13 

CALL MOHET<VC1,J>,AHHCJ),AHOHTC1,J),l) 
CONTrnUE 

CONTINUE 
I•O SS J=l,3 

AGNIN<J>=AGHIN<J>*CON 
AGHAX<J>~AGHAXCJ>*CON 
AMH<J)=AHN<J>itOtt 
AHOHT(2,J>~AHOHTC2,J>J<AHOHT<1,J>**1·S> 
AHOttTC3,J)=AMOHT<J,J)/CAHOHT<1,J>**2> 
AHOMTC1,J>•SQRTCAHOHTC1,J>>*CON 

CONTINUE 
C~LL OUTJ<AGHitttAGHAX,AHtt,AHOHT,LU> 
RETUF!N 
HID 
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00~,5 
0096 
0097 
(H)99 
00<;;:'9 
0100 
0101 
0102 
0103 
0104 
010~5 
010-6 
1)107 
01oe 0109 
(•1 H• 
i).t 11 
OU.2 
0113 

OlH 
0115 
01H 
0117 
0118 
0119 
0120 
0121 
01:.:::2 
r.1 ·:-":l' 

-0124 
~H::S 

~~i ~~ 
012'.? 
i)l::?? 
013(• 

1)131 
0132 
1)1:!3 
0134 
01'35 
0136 
OLP 

C*****'*************************************************************** SUBROUTINE MOMETCV,VMN,VMOMT,N> 
I•IMENSIOtl 'JC 120) ,VMOMT<3) 
SUMl:O.O 
SUM'.:?::=O. 0 
'3UM~:-=O. 0 
WIGHT=l.O/FLOATCN> 
[10 1 1=1,128 

a=~~~ I) -tJMN 
,.X-·.,*X 

£UM1 =SUMl+XX SUM2:::SUM:?+XXtX 
SLIM3 ::::SUH3t XXlt.XX 

1 COWfINUE VMOMT<l>=VMOHT<1>*<1.-WIGHT>+SUM1*WIGHT/12S.O 
VMOMT<2>=VHOMT<2>*<1.-WIGHT>tEUM2SWIGHT/12C.O 
~MOMT<3>=VMOMT<3>*<1.-WIGHT>+SUM3*WIGHT/12S.O 
RETURN 
EMI1 

C********************************************************************* SUBROUTINE OUTJCAGMIN,AGHAX,AHNtAHOHT,LU> 
DIMENSION AGMINC3),AGMAXC3>,AMNC3>,AHOMTC3,3> 
!..iRITE(LU,100) 
WRITE<Lu,11o><AGHIN<I>1I=1,:> 
NRITECLUr120><AGMAX<I>1I=l13> 
WRITE<LU,130><AMN(l),I~1,3) 
WRITE<LU~140><<AHOHT<I,J),J=l,3),I=1•3> 
RETUfa-1 

100 FQRMATC/"ANGLES FROM AXIS'6X'1'9X"2'9X•J•/) 
110 · FDRMATC2X'MIN, ANGLE= '3CFB.J,2X)) 
1:0 FCRMAT~~X'HAX. ANGLE= '3CFS.J,2X>> 
1!0 FORMATC2X'MEAN ANGLE= •3cra.J,2X>> 
110 FORMATC~X'RMS ANGLE= '3<FS.J,2X)/ + 2~'SKEWNESS "3CFC.3,2X)/ + 2X'FLATNESS "3CF3.3,2X>> 

ENI1 

C********************************************************************* SUBROUTINE ERRORCLU,IERR,LOCJ 
IF<IERR.GE.O>RETURH 
WRIT[CLU,lOO>IERR 
F:E TURN 100 FORMATC"FMGR ERROR •15• IN SON PROGRAM ANOTM'> 
ENit 
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t;:•OOl 
0002 
0003 1)004 

·ooos 
0006 
0007 
1.)1.)1)9 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
001 {:, 
0017 
1)013 
0019 
0020 
0021 
0022 oo:n 

FTN4,L 
C~******~************************************************************* PROGRAM PRT3<3,00) c 
C WRITTEN DY DAVE NEFF TO OUTPUT RECULT~ FROH u,v,w VELOCITY INFO. 
C OBTAINED FROM PROGRAM DAT2 ON THE LINE PRINTER IN RtPORT FORMAT. c 

DIMENSION IDCB<144>•IPAR<S>•NAHE<J>,IORDER<200> 
CALL Rl1f'AR<IPAR> LU=IF':!\R( 1) 
IF<LU.LT.l>LU=l 
Ci'\L!.. LI BER (LU) 
Wf::I TE < LU, 1 ) 
CALL GNAME<LU,ttAHE,ISEC,ICR,1> 
CALL OPEN<IDCB,IERR,NAttE,o,ISEC,~CR> 

IFCIERR.LT.O>CALL ERR<IERR,1> 
CALL SORT<IDC~,IORDER,LAST) 
CALL OUT<IDCB,IORDER,LAST1LU> 
CALL CLOSE CrDCI: > 
HR!TE<LUr5i 

1 FORMAT<•ENTER RESULTS FILE NAttE:SEC:CR- _•) 
5 FORMAT<•RUN COMPLETE•> 

END 
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0024 
0025 
0026 
0027 
0028 
('029 
0030 
0031 
1)032 
1)1)33 
003·1 
1)035 
0036 
f'I()~.., 

003£ 
0039 
0040 
0041 
0012 
0043 
004~ 
0045 
004!. 
0047 
1)048 
f'.:11)49 
(rf)50 
0051 
0~):52 
1)1)'53 
'.:•O~H 
~'1)'55 
00'56 
0057 
0058 
0059 
0060 
0061 

2 
1)062 3 
0063 
1)064 5 
0065 
'2":.>66 
0067 
t'll)!8" --100 
o~:i~-9 
1'11)'"'..' () 
oo:::ii 
00?2 
00?3 
0071\ 
{)()'7t:; 

0676 
'.'0'77 
i::·078 

110 

+ 
t 
-~ 

CALL 
It~-::') 

CONTINUE 
ItO 3 1'>=1, 1£. 

H:'=U: ~1 
IF<IK.OT.LAST>GO TO 5 
IF<K.E0.1>WRITE<27,100) 
CALL POSNT<IDCB,IERR,IORDER<IK>,1> 

IF<IERR.LT+O>CALL ERR<IERR,10) 
CALL READF<IDCB,IERR,IP,114,LEN> 

IF<IERR+LT.O)CALL ERR<IERR,~) 
VTHM=SORT<UHNC1>1VHNC1>tVHN<2>*VHN<2>tVMN<3>*VHN<3>> 
no ::: I=1,3 

~ERR<I>=lOO.OtFLOAT<NERR<I>>l<FLOAT<NSAH>*FLOAT<N~EG>> 
ANGCI>=ATAN<VMN<I>ISQRT<<VTMN-VMNCI>>*<VTMNlVHN<I>>>> 
ANG<I>=90.0-ANG<I>*1S0.0/3.14159 
WRITE<27,110><NAMD(J,I),J=l,J>,ILAD2<I>'POS<I>'AERR<I>, 

VMN<I>,ANO<I>,VMINCI),VMAX<I>,cVMOMT(J,I),J=l,3), 
ILA~l<I>,USTRS<I>,AMN<I>,AGMINCI),AGMAX<I>, 
<AMOMTCJ,I),J~l,3) 

CCHHINUE 
!4RITE<27,120) 

CONTINUE 
'30 TO 1 
COtHINUE 
\,!FU TE < 2 7 ~ 1 :! 0 ) 
CALL LURoco,27,1) 
RE T Ll f::t! 
FOF:MAT< ·---FILE. AXIS POSITION LIMITS . -----·----------• 

+ "VELOCITY INFORMATION--------------------- ------• + •ANGLE INFORMATION----------------•/ 
t • NAME.16X"EXCEEDED MEAN ANGLE MIN. MAX. 
t SKEW- FLAT- REYNOLDS MEAN MIN. 
~ •RMS SKEW- fLAT •; MAX. 
t 22x•c%> TIME VEL. FROM VEL. VEL. VEL. NEcs• + • NESS STRESS ANGLE ANGLE ANGLE ANGLE NCCC" + NESS"/) 
FORM~T<1X~3A2,2x,A2,2x,ro.3,1x,r7.J,1X,F6.2,1x,F6.1,1x,r6.2,1x, + F6.2,1x,F6.3,1x,rs.2,1x,r6.2,1x,A2,1x,r7.4,1x,ri.1,1x, 

Pt:GE 0003 OUT 12:06 PM FRI., 25 OCT., 1705 

f)f'I"'!~ 

0680 
~~'.'B 1 
0022 
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0083 
008·4 
0085 
OOS6 
0087 
0098 
0099 
0090 oon 
0092 
0093 
0094 
0095 
0096 
0097 
009e 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 

Ct******************************************************************** SUBROUTINE SORT<IDCB,IORDER,LAST> 
DIMENSION IDC~<144>,IORDERC200>,ID<J>,HUHC200> I"l'O 

10 CONTINUE 
I!';I+ 1 
CALL READF<IDCB,IERR,IB,JrLEN> 

IF<IERR.LT.O>CALL ERR<IERR,11> 
IF<LEN.E0.-1>GO TO 20 N1=<IE<3>*256)/256-4S 
N2= IP< 3 > /256- 48 
NJ=<IP.<2>*256)/256-48 NUH<I>=N3*100tN2*10+N1 

GO TO 10 
20 CONT!tlUE N=I-1 K=l DO 40 I=b 1000-

IFLAG=O 
DO 30 J=l•N 

IFCHUt1<J>.NE.<I-1>>GO TO 30 
IORDER<K>=J 
IFLAG=1 

30 CONTINUE 
IF<IFLAO.NE.O>K=K+1 

40 CONTI NLIE LAST-::lf:-1 RETURN . 
Et![• 

FTN4 COMPILERt HP?2060-16092 REV. 1901- <7S1201) 

** NO WARNINGS ** NO ERRORS ** PROGRAM = 003i.? 

PAGE 0005 FTN. 12:06 PH FRI., 25 OCT., 1785 

COt1t10H = 00000 

0112 C**~****************************************************************** 0113 SUBROUTINE ERR<IERR,LOC> 
0114 WRITE<l,1>IERR,LOC 
011 S STOP 
0116 1 FORMATC•FttGR ERROR •13• AT LOCATION •I3> 
0117 END 

FTN4 COMPILER: HP92060-16092 REV. 1701 <781201> 

t9 NO WARNINGS ** NO ERRORS ** PROGRAM = 00037 COl1HOH = 00000 
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