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ROTOR REDESIGN FOR A HIGHLY LOADED 1800 FT/SEC 
TIP SPEED FAN 

III. LASER DOPPLER VELOCIMETER REPORT 

BY 

W.B. Harvey, D.E. Hobbs, D. Lee, M.C. Williams and K.F. Williams 

PRATT & WHITNEY AIRCRAFT GROUP 

1.0 SUMMARY 

A highly loaded, 550 m/sec (1800 ft/sec) tip speed, test fan stage was 
designed, built, and tested by Pratt & Whitney Aircraft under NASA contract 
NAS3-20591. The stage was first tested using conventional instrumentation, 
followed by a test employing laser Doppler ve10cimeter (LDV) techniques. This 
report provides the results of the LDV test, the results of the conventional 
instrumentation test having been reported earlier. 

The objective of the LDV test was to provide detailed mapping of the upstream, 
intrablade, and downstream f1owfie1ds of the rotor. Intrablade LDV 
measurements of velocity and flow a~gle were obtained along four streamlines 
passing through the leading edge at 45%, 69%, 85%, and 95% span measured from 
hub to tip. The data were acquired at: ll) 100% of design speed, peak 
efficiency, (2) 100% speed, near surge, and (3) 95% speed, peak efficiency. 
Spanwise traverse data at 100% speed, peak efficiency were also obtained at 
three axial stations located at the inlet instrumentation plane, the rotor 
leading edge plane, and the rotor trailing edge plane. 

Analyses of the data indicated that most passages were characterized by a 
strong leading edge shock at the design pOint. The shock moved forward with 
increasing strength near surge and at part speeds. In all cases the f10wfield 
behind the shock was of a complex mixed subsonic and supersonic form. In a few 
passages at the design point, the flow was different from the flow in the 
other passages. The flow in these passages may be nearly shock free or contain 
multiple shocks of the sort found in some duct flows. At offdesign points, the 
flow in these passages was closer to that in the others. 

2.0 INTRODUCTION 

An increased understanding of the f1owfie1d within blade passages is required 
to improve currently available methods for designing aircraft engine 
fan/compressor blades. These advances would result in increased fan/compressor 
efficiency. 

Three-dimensional flow calculation procedures have in recent years become 
available for analysis of a mixed subsonic and supersonic f10wfield within a 
transonic rotor. Validating these computational techniques and developing them 



into advanced design procedures requires experimental data obtained within 
blade passages, data that can be acquired by means of laser Doppler 
velocimeter (LDV) techniques. 

To satisfy this need, intrablade LOV measurements were made as part of the 
NASA contract NAS3-2059l, in which Pratt & Whitney Aircraft designed, built, 
and tested a highly loaded, 550 m/sec (1800 ft/sec) tip speed, test fan stage. 
This fan, a revised version of an earlier model and designed using a quasi 
three-dimensional procedure, was first tested using conventional 
instrumentation, followed by the LDV measurements, providing the opportunity 
for comparing the results of intrapassage measurements with flowfield 
calculations. The details of the design are presented in reference 1, and the 
standard aerodynamic performance results in reference 2. The results of the 
LDV measuremets are the subject of this report. 

3.0 APPARATUS 

3. 1 FAN STAGE 

The NAS3-2059l, 550 m/sec fan stage (Figures 1 and 2) is a single-stage, 
axial-flow fan without inlet guide vanes. The stage design parameters are 
summarized in Table I. 

TABLE I 

DESIGN PARAMETERS 

Corrected Speed, rpM 
Rotor Tip Speed, m/sec (ft/sec) 
Corrected Flow, kg/sec (lbm/sec) 
Corrected Weight Flow Per Unit Annulus 

Area, kg/m2-sec (lbm/ft2-sec) 
Rotor Total Pressure Ratio 
Stage Total Pressure Ratio 
Rotor Adiabatic Efficiency 
Stage Adiabatic Efficiency 
Tip Diameter, meters (in.) 
Hub/Tip Ratio at Rotor Inlet 
Rotor Tip Solidity 
Rotor Aspect Ratio (average span/axial chord at hub) 
Stator Hub Solidity 
Stator Aspect Ratio (average span/axial chord at hub) 
Stage Average Exit Flow Angle, degrees 
Number of Rotor Blades 
Number of Stator Vanes 

2 

12464 
550 (1800) 

78.8 (l73.8) 

188.9 (38.7) 
2.34 
2.28 
0.868 
0.838 
0.8409 (33. 108) 
0.50 
1.635 
2.87 
2.204 
2.22 
o 

38 
60 



The fan blade (Figure 3) consists of a standard two-part multiple-circular-arc 
section from the hub to 20 percent span and a four-part, multiple-circular-arc 
section from 34 percent span to the tip. The region between 20 and 34 percent 
span provides a smooth transition from the standard multiple-circular-arc 
section to the four-part section. Details of the rotor design are given in 
re ference 1. 

3.2 TEST FACILITY 

The test program was conducted in the facility shown in Figure 4. This 
facility was equipped with a synchronous motor and gearbox to provide speed 
range capability. The inlet air flowed through a flat-plate orifice and 
through an inlet plenum to provide a uniform total pressure and temperature 
profile to the test rig. The air flowed from the rig into a toroidal 
collector, through a set of valves that provided coarse and fine discharge 
pressure adjustment for the test compressor, and then through exhausters. 

Seeding apparatus, consisting of.a screen supported by twelve struts, between 
the plenum and the rotor (Figure 1) provided particles for LDV viewing. The 
screen, consisting of a square mesh of 0.635 cm (0.25 in.) diameter tubes with 
3.81 cm (1.5 in.) pitch, caused a radially nonuniform total pressure loss of 
about three percent. The organic oil liquid droplet seed particles were 
injected through a portion of the screen which could be rotated 
circu~ferentia11y to permit alignment of the seeded flow with-the LDV 
measurement volume. 

4.0 LASER VELOCIMETER INSTRUMENTATION 

4. 1 OVERALL SYSTEM DESCRIPTION 

Laser noppler velocimetry permits the velocity of air to be measured without 
introducing aerodynamic blockage. The measurements are obtained at the 
intersection of two nearly parallel laser beams, the laser providing 
monochromatic light that produces interference fringes at the intersection of 
the two beams. The light that is scattered by the particles passing through 
the fringes is detected. The fluid velocity can be calculated from the Doppler 
shift of the reflected light, the particles being small enough--l.6 microns 
(6.3 X 10-7 in. )--to closely follow the flow. The instrument measures the 
component of velocity in the plane perpendicular to the bisector of the two 
beams. It is capable of measuring flow velocities from about 1 to 5000 m/sec 
with an uncertainty of less than one percent. 

The laser and optics were mounted adjacent to the rig on a numerically 
controlled Bridgeport milling machine, which provided remote control traverse 
capability in three directions. Two optically flat, circular quartz windows, 
each 7.62 cm (3.0 in.) in diameter and 0.95 cm (0.375 in.) thick, afforded 
optical access to the rotor and flowfie1ds. The windows, which could occupy 
any two of three available ports at a time, provided excellent coverage of the 
upstream and intrablade flows but permitted viewing to only ten percent of 
chord downstream of the trailing edge. Both windows were equipped with window 
washing capabilities, using acetone, methanol, and distilled water that could 
be actuated from the control room. 

3 



4.2 LDV OPTICAL HEAD AND TRAVERSE SYSTEM 

The LDV optical package consisted of a single component fringe system with 
remotely controlled fringe rotation capability. Two collection lenses with 
focal lengths of 19.1 cm (7.5 in.) and 31.75 cm (12.5 in.) were used for 
access to various areas of flow. A simplified drawing of the system is 
presented in Figure 5, and a photograph is presented in Figure 6. The optical 
configuration is described in detail in reference 3. 

4.3 DATA ACQUISITION AND PROCESSING SYSTEM 

Data acquisition and processing was accomplished by the computer-controlled 
system shown in Figures 7 and 8. The computer provided the means of recording 
the flow velocities and corresponding angular assignments over the entire 
circumference of the fan at particular axial and radial 10cations--angu1ar 
assignment is the circumferential measurement location relative to a fixed 
reference point on the shaft. A shaft angle encoder provided.1000 angular 
assignment locations per revolution. All LDV velocity data and corresponding 
angular assignment data were recorded on magnetic tape at the end of each data 
acquisition. 

Prior to acquisition of data, the LDV coordinate system was 'aligned with the 
fan rotor axial center line. Optical correction factors were calculated for 
each window orientation in order to ensure proper location of the measurement 
volume within the rig. 

5.0 PROCEDURES 

5. 1 TEST PROCEDURE 

5.1.1 Shakedown Tests 

A shakedown test was conducted to verify the mechanical integrity of the rig 
when operating with the LDV seeding equipment and to assess any impact of the 
seeding grid on rig performance. The fan was accelerated to 50, 70, 80, 95, 
and 100 percent of design speed along the wide open operating line. Steady 
state data were acquired at each speed. Rotor and stator vibratory stresses 
and rig vibration levels were recorded. Strain gage signals from the rotor 
were transmitted to the recording equipment by means of telemetry. 

5.1.2 LDV Performance Tests 

Overall and blade element performance data were taken over a range of flows 
between wide open throttle and stall at 95 and 100 percent of design speed. 
These data were compared with the performance results obtained without the 
seeding grid. A one percent reduction in rotor efficiency was identified, 
which has been attributed to the seeding grid which caused a radially 
nonuniform total pressure loss of 2.9 to 3.5 percent. There was no change in 
surge margin. 
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LDV data were acquired at three conditions: 100% speed peak efficiency, 100% 
speed near surge, and 95% speed peak efficiency. In order to monitor rig . 
operation, fixed instrumentation and radial (stator) wake rake traverses were 
taken between LDV data acquisitions. 

5.2 DATA REDUCTION PROCEDURE 

All LDV data were reduced to single-component, absolute-frame, circumferential 
velocity profiles for each axial and radial measurement location. A sample 
data set is shown in Figure 9. The profiles were produced by collation of the 
raw velocity data into probability densities for each of the 1000 angular 
locations (clicks). The average velocity for each location was plotted at the 
bottom, while the total number of measurements making up each velocity was 
displayed at the top. The top profile was useful in determining whether a 
sufficient number of measurements was used to make the average velocity 
statistically meaningful. The center graph (Figure 9) shows the standard 
deviation of the data divided by its mean velocity. This ratio is usually 
closely related to the turbulence of the flow. Tabulations of the number of 
measurements (hits), standard deviation over mean (S/A), and average velocity 
for each of the 1000 angular locations were produced in matrix form. An 
example of a velocity matrix is shown in Figure 10. 

The individual probability densities for some of the angular locations were 
examined to investigate the possibility of bimodal velocity distributons in 
regions of flow where average values did not conform to expectations. More 
detailed evaluations of data in specific passages of interest were obtained by 
displaying all velocity measurements from a passage in a graphical form called 
a "carpet plot". This reduction procedure displays velocity histograms of up 
to 40 sequential angular locations. The mean of each location is displayed by 
the "X" on each graph (see Figure 11). When a more detailed examination and 
possible ref~nement was required, a histogram of the velocity component 
distribution for a single angular location was obtained (see Figure 12). It 
was possible to remove noise, questionable data points, and the weaker of two 
modes in bimodal distributions such as occurred in the vicinity of shocks. 

5.3 DATA ANALYSIS PROCEDURE 

The laser Doppler velocimeter provides absolute frame velocity components that 
have to be vectorially combined to determine the resultant flow velocity as 
shown in Figure 13. All data were taken with the laser pointing horizontally 
along a radius of the rig so that the plane of the measurements was a 
tangential-axial plane of the fan. The interference fringe orientation angles, . 
ZETAl and ZETA2, were the angles that the measured velocity components Cl and 
C2 made with the tangential. The resultant velocity V is the vector whose tip 
lies at the intersection of the normals to Cl and C2, as shown in Figure 13. 
The axial and tangential components of velocity (Vz and Vv) have to be 
calculated from the measured components Cl and C2. Referrlng to Figure 13 

Cl = Vz sin ZETAl + Vu cos ZETAl 

C2 = Vz sin ZETA2 +·V U cos ZETA2 

5 



Which are solved simultaneously to give 

v - Cl cos ZETA2 - C2 cos ZETAl 
Z - sin (ZETAl - ZETA2) 

V - C2 sin ZETAl - Cl sin ZETA2 
U - sin (zETAl - ZETA2) 

The LOV system measures velocity components in the plane perpendicular to the 
bisector of the twin laser beams. Any component parallel to the beams (i.e., 
any radial component) has to be inferred. An aerodynamic throughflow 
calculation procedure defines the local cone angle PHI, which allows the 
computation of the radial component by 

VR = Vz tan PHI 

The largest absolute value of tan PHI, 0.33, occurs at 95% span. 

Since holding the inlet temperature constant is not possible, these results 
are corrected to standard day conditions--viz: VZ, VU, and VR are 
divided by the square root of the ratio of the upstream absolute frame 
stagntion temperature to its standard day value, 288.2K (518.7°R). The 
relative Mach number, I~I, is then found from the relative flow velocity, VI 

(VI)2 = (U - Vu)2 + VZ
2 + vR

2 

(VI )2/('Y R TI) 
(M 1)2 = gas T 

1 - 'Y - 1) (VI )2/('Y R T') 2 gas T 

Where the corrected wheel speed, U, at the radius of the measurement has been 
corrected in the same way as the velocity components discussed above. TIT is 
the standard day stagnation temperature in the relative frame where uniform 
rothalpy is assumed. 

U2 
rothalpy = constant = Cp(T 'T) -~ 

The static temperature is computed from 

6 



So that the absolute Mach number can be found from 

The relative flow angle BETA PRIME is given by 

U V 
BETA PRIME = arcsin ( Vi U) 

and the conventional absolute flow angle BETA, by 

BETA = arcsin (VU/V) 

The measured velocity components, fringe orientation angles, corrected axial 
velocity, the relative and absolute flow angles, and Mach numbers are 
tabulated in Appendix D. The BETA in the appendix is the flow angle in the 
measurement plane which is tangent to a cylinder as sho~n in Figure 13. It 
differs slightly (less than 1.5 degrees) from the conventional BETA, which can 
be estimated from the tabulated BETA and PHI angles. The tabulated BETA PRIME, 
which includes the radial component, is defined above. 

5.4 TEST CONDITIONS AND DATA DESCRIPTION 

Laser Doppler velocimeter data were acquired at the three test conditions 
defined in Figure 14: (1) the 100% speed peak efficiency point, (2) the 100% 
speed near surge point, and (3) the 95% speed peak efficiency point. 

Two types of LDV data were acquired. The first type, gapwise data, comprising 
most of the sets, consists of detailed velocities at 1000 positions covering 
the enti re circumference of the rotor. The second type, spanwi se data, 
consists of spanwise traverses at three axial stations. For these fixed radial 
and axial positions, data from all around the rotor were combined and an 
overall average calculated. The data aquisition stations are shown in Figure 
15. 

Data were not taken at all of these locations for each performance point. The 
exact locations and operating conditions for which detailed LDV data were 
acquired are defined in Table II together with the number of velocity 
components measured at each point. Three components of velocity were measured 
in many cases. The purpose was to have at least two components reasonably well 
aligned with the flow whenever large air angle variations occurred. This is 
discussed in the next section. 
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TABLE I I 

AXIAL AND SPAN LOCATIONS FOR LDV DATA 
Operating Conditions 

Axial 100% Spead, Peak Eff. 100% Speed, Near Surge 95% Speed, Peak Eff. 

Locati on . % Span, Hub to Tip % Span, Hub to Tip % Span, Hub to Tip 
(x/bx) 95 85 69 45 95 85 45 95 85 45 

-0.3 2 2 WL WL 2 2 WL 2 2 WL 
-0.2 2 2 2 WL WL WL 
-0. 1 2 2 2 2 2 2 2 2 
0 2 2 2 2 2 2 2 
O. 13 3* 2 3 3+ 2 2 3 3 
0.26 3+ 2 3 3+ 3 3 3 3+ 3 3 
0.39 3 2 3 SB 3+ 3 SB 3 3 S8 
0.52 3 3 SB SB 3 3 SB 3+ 3 SB 
0.65 3 3 S8 S8 S8 S8 
0.78 2 3 S8 S8 2 2 S8 2 3 S8 
0.91 2 3 SB SB SB S8 
1.0 2 2 3 2 
1.1 3 3 3 WL 2 2 WL 2 2 WL 

Notes: 2 Two velocity components are available 
3 Three components are available, making 3 pairs 

3+ 
possible 
Three components are available, selecting which 
to use was difficult because of noise 

SB Shroud blocked the view 
HL Window limited view 

Data not taken 
* Data actually at x/bx = 0.18 

The detailed velocity measurements across a typical rotor gap were used to 
define the Mach number and air angle in both the absolute and relative 
reference frames and are tabulated in Appendix D. The blade element data for 
these three test conditions produced from conventional instrumentation are 
given in Appendix C. 

5.5 SELECTION OF LASER FRINGE ORIENTATIONS 

In laser velocimetry the probability that a given particle passing through the 
measurement volume will produce a vali-d velocity signal depends on the angle 
between the normal to the fringe system and the velocity vector of the 
particle. The nature of this dependence is determined by the optical and 
electronic design of the instrument. Generally, the probability of a valid 
measurement is near unity until the angle between these two vectors exceeds 45 
degrees. The effect of this angular dependence on the computation of mean 
velocities is called angle biasing. 

8 



At axial stations for which the flow angle in the absolute frame varies little 
across the gap, it is ordinarily easy to select two laser fringe orientations 
that give results having negligible bias. Much of the present data is of this 
kind. At axial stations where the absolute angle changes radically, such as 
across shocks and in wakes, more than two fringe orientations should be used. 
This was done (see Table II) for some of the data presented here. In most of 
these cases, the velocity was substantially the same when computed from any 
t\'10 of the three measured components, indicating little angle biasing. 

Figures 16 and 17 illustrate the data interpretation procedure. Figure 16, 
which shows some results at 85% span, indicates no significant angle biasing, 
the three pairings giving nearly identical results. The rule adopted in this 
analysis \'Ias to choose the pair of components derived from the fringe normal 
orientations closest to the flow direction. In this example there is a shock 
at about 65% gap that causes a rapid change in the absolute flow angle, BETA. 
Below 68% gap, BETA is greater than 30°, and the ZETA = 105° (corresponding to 
BETA = -15°) component has been excluded hecause its direction lies farthest 
from the flow direction. Above 68% gap, the ZETA = 15° component was ignored 
for the same reason. Notice that even with this large angle change, the angle 
bias effects on the misaligned component are quite small, implying that low 
turbulence levels are present both upstream and downstream of the shock. 

This rule was also applied to the data shown in Figure 17 where the three 
pairings give significantly different results at some gap locations. The 
difference in relative Mach number is as much as 0.2 near the shock at midgap, 
indicating that proper fringe orientations are important. 

Of the 76 data points defined in Table II, three components were available for 
analysis in 35 cases. The analyses in twenty-eight of these data sets were 
straightforward. The remaining six data sets included data taken from regions 
of the window that contained significant levels of contaminents. The resulting 
IInoise ll in the data sets made analysis of these locations somewhat more 
problematical. The contaminents on the window appeared to be liquids (probably 
seed) slung radially outward by the blading and moved forward by flow 
recirculation at the blade tip. A circumferential beading of this liquid 
occurred at approximately 26% chord and was clearly visible in closed circuit 
television images of the window. Unfortunately, as a consequence, the flow 
occurring at 95% span, 26% chord was somewhat masked. However, the data from 
these somewhat questionable points have been included. Also, it was necessary 
in one case to take data at 18% chord instead of 13%. 

5.6 FLOW PERIODICITY 

Although data were taken for all the 38 rotor passages, it was impractical to 
show the flow through every passage and unreasonable to combine passages to 
provide some sort of average, in view of the variations observed from passage 
to passage. Instead, the flowfield of passage 1, originally believed to be 
typical, was evaluated. 

SuhseQuent detailed consideration of the periodicity lead to the analysis of 
two additional full passages at 85% span. Figure 18 shows the Mach number 
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variation across the gap at 26% chord for all three passages at the 100% 
speed, peak efficiency point. Passages 1 and 15 are close to the extremes of 
the data. Passage 31 data, lying between these, is more typical of the 
majority of passages in the rotor. The dissimilarities among passages are 
smaller at the other operating conditions. These passages were chosen to show 
the range of flowfields present. 

6.0 DISCUSSION OF RESULTS 

6.1 MACH NUMBER PROFILES AND FLOWFIELD INTERPRETATION 

Figures 19 to 35 show the constant Mach number contours for passage 1, 
originally thought typical, and the gapwise Mach number profiles from which 
the contours were derived. Each gapwise figure depicts the flow at a series of 
axial positions for a single span location and operating condition. These data 
are tabulated in Appendix D. Gapwise positions were based upon the running 
blade geometry as calculated in the design process. Contours are given for 95% 
and 85% span at all three operating conditions and for 69% span at the 100% 
speed, peak efficiency point. The 45% span results, shown in Figures 33 to 35, 
are not presented as Mach number contours because of insufficient data. The 
points shown on the individual Mach number contours correspond to points 
interpolated from the Mach number profiles. 

6.1.1 Eighty-Five Percent Span, One Hundred Percent Speed, Peak Efficiency 

The constant Mach number contour plot for the flow at 85% span for the 100% 
speed, peak efficiency point is shown in Figure 19, which was derived from the 
gapwise profiles given in Figure 20. The points shown on the contour plot were 
linearly interpolated from the gapwise profiles. A shock appears at x/b of 
0.13, 0.26, and 0.39 in Figure 20. It shows up as a rapid change in Mach 
number, which is recognized in the flowfield diagram by the close spacing of 
the contours. This shock is fairly distinct and nearly normal to the flow. The 
falloff in Mach number near the pressure side at x/b of 0.78 and 0.91 is 
evidence of a boundary layer at these locations. This low momentum fluid from 
the pressure side boundary layer made up a surprisingly large portion of the 
total viscous loss. The wakes on either side of the passage are clearly 
visible at x/b of 1.1. 

The results at x/b of -0.3 and 0.52 were not used in constructing the Mach 
number contours. The results at x/b of -0.3 would have produced implausibly 
sharp bends in the contours. The unusual results at x/b of 0.52 are discussed 
in Appendix E. 

6.1.2 Eighty-Five Percent Span, Ninety-Five Percent Speed, Peak Efficiency 

Figures 21 and 22 show the Mach number results at the 85% span, 95% speed, 
peak efficiency point. There was a nearly normal shock across the front of the 
passage which was stronger than that seen at 100% speed because of the two 
degree higher incidence angle at 95% speed. 
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6.1.3 Eighty-Five Percent Span, One Hundred Percent Spead, Near Surge 

Fi qures 23 and 24 present Mach number data at the 85% span, 100% speed, near 
surge point. The shock was nea~ly normal and moved forward with increased 
strength and somewhat smeared at 39% cord. The boundary layers are clearly in 
evidence in the figures. As in the above case, the data behaved erratically at 
x/b of 0.13. Because of the anomalies, which were probably caused by window 
contamination, these data were not used. 

6.1.4 Ninety-Five Percent Span, One Hundred Percent Speed, Peak Efficiency 

The flowfield at 95% span for the 100% speed, peak efficiency point is shown 
in Figures 25 and 26. Mach number behaved quite erratically at x/b of 0.18 and 
0.26, and in these and some other instances it was necessary to smooth out the 
results. This was required at 95% span but not at 85%. The revised Mach number 
vs. percent gap relation was then used to plot the points on the flowfield 
diagrams; an example is shown in Figure 26b. 

Evidence of a shock appears at x/b of 0.18, 0.26, and 0.39 in Figure 26. The 
considerable falloff in Mach number near the blade surfaces further back in 
the passage is evidence of large boundary layers. The inferred blade surface 
velocity profiles indicate a reacceleration of the flow on the suction surface 
which is accompanied by a thinning of the boundary layer while the pressure 
surface shows a flow deceleration. It is doubtful that these boundary layers 
can be explained by two-dimensional considerations alone. The very thick 
region of low Mach number flow on the pressure side is probably due to the 
rotor scraping off the inlet endwal1 boundary layer. The pressure side 
boundary 1 ayer reaches a maximum thickness at x/b of 0.65. A compari son of the 
Mach number profiles at x/b of 1.0 and 1.1 {Figure 26e} indicates that the 
low momentum wake fluid observed at 95% span arrived predominantly from the 
pressure surface. The low momentum flow on the suction side behind the shock 
may indicate shock-boundary layer interaction. The low momentum wake fluid 
from the suction surface was less than would be expected. The suction side 
boundary layer at x/b of 0.52 and 0.65 (near the shock) was much larger than 
that seen downstream, indicating that the low momentum fluid downstream of the 
shock boundary layer interaction may have moved radially away from the region 
in which it was produced. 

These results at 95% span may be misleading because of the complicated nature 
of the flowfie1d. The curved region of high Mach number gradient may be 
interpreted as an S-shaped shock. But a part of this shock is nearly parallel 
to the flow, an implausible situation. This problem has not been resolved, and 
the reader is warned that these unusual "shock" patterns may not be what they 
seem. 

6.1.5 Ninety-Five Percent Span, Ninety-Five Percent Speed, Peak Efficiency 

Figures 27 and 28 show the results at 95% span for the 95% speed, peak 
effi ci ency poi nt. Fi gure 27 shows some simi 1 ari'ty to Fi gure 25. What appears 
to be a shock moving across the passage can be seen. The f10wfie1d diagram, 
Fi gure 27, shows an S-shaped II shock" • 
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Comparison of Figure 27 with Figure 25 indicates that the forward shock was 
stronger at 95% speed than at the 100% speed, peak efficiency point. The 
pressure side boundary layer downstream of the x/b of 0.52 location agai n 
seems to contain a large momentum deficit. 

6.1.6 Ninety-Five Percent Span, One Hundred Percent Speed, Near Surge 

The 95% span data at the near surge point (Figures 29 and 30) show a very 
strong but more smeared shock structure that moved forward relative to its 
position at peak efficiency. 

6.1.7 Sixty-Nine Percent Span, One Hundred Percent Speed, Peak Efficiency 

The Mach number results at the 69% span, 100% speed, peak efficiency point are 
shown in Figures 31 and 32. There was a large region where data could not be 
taken because of the partspan shroud. The downstream flow contained some of 
the shroud wake. The shocks, nearly normal and originating at the leading 
edge, were similar to those at 85% span. There was a compression-expansion 
region extending upstream from the leading edge, like that found at 85% span 
for the same performance point. 

6.1.8 Forty-Five Percent Span 

Figures 33, 34, and 35 show the limited quantity of Mach number results 
obtained at the three operating conditions for 45% span. 

6.1.9 Calculated Flowfields 

The calculated Mach number contours in Figures 36 and 37 represent the design 
intent flowfield at 95% and 85% span. These flowfields are more characteristic 
of a maximum flow operating condition than the peak efficiency flowfields in 
Figures 19 and 29. The importance of secondary flows at 95% span is evident 
from a comparison of the figures. The major difference between design intent 
and the LDV results at 85% span lies in the shock structures. The design 
intent figures show a weak oblique forward shock and a shock at the rear of 
the passage. The data show a single, nearly normal forward shock, which 
implies a greater shock loss than the design intent. Since the performance of 
the rotor was lower than the design intent, as shown in Figure 15, this 
difference was not surprising. 

6.2 PERIODICITY 

Figures 38 through 43 show the Mach number results for passages 15 and 31 at 
85% span for all three operating conditions. Notice that these passages for 
the 95% and 100% speed, near surge points are very similar to passage 1. In 
each case there is a shock forward of the leading edge of the blade; however, 
at the 10~h speed, peak efficiecy point, passage 15 is markedly different from 
the others. The flow decelerates gradually, apparently without a shock. 
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Two possible explanations are: 

1) Since flows near Mach 1 are very sensitive to area change, there may have 
been a shock induced change in the displacement thickness of the boundary 
1 ayer on the bl ade that was 1 arge enough to reacce1 erate the f10\'l to 
supersonic speed. This would have permitted another shock to form, causing 
another increase in blockage and another reacce1eration. This type of 
behavior has been observed in internal flows (ref. 4). The inability of 
seed particles to closely follow the flow through shocks could make a 
multiple shock structure of this sort appear as a gradual Mach number 
decl i nee 

2) Another possibility is that the flow in passage 15 was shock free. In this 
case, the absence of shock loss should have given a higher Mach number at 
the back of the passage. While the Mach number for passage 15 at x/b of 
1.0 was slightly higher than in the other passages, the difference was not 
great enough to be convincing evidence. 

It is fairly certain that the passage 15 Mach contours are not just the 
smeared out resu1 ts one wou1 d expect from usi ng LOV in an unsteady f1 O\~. If 
the flow had been unsteady with, say, a shock jumping from one place to 
another, the histograms would show bimodality. Their failure to do so 
indicates that the flow was not unsteady. 

6.3 WAKES 

Figures 44 through 50 show the relative Mach number results for the wakes at 
95% and 85% span for all three operating conditions and for 69% span for the 
lOmb speed, peak efficiency point. The wakes are defined at x/b of 1.1. Six 
adjacent wakes are shown, and an inspection of the wakes indicates that the 
six are representative of the full set. 

The wakes for the 95% span, 100% speed, peak efficiency point are shown in 
Figure 44. Assuming a constant gapwise static pressure, the total pressure 
loss due to viscosity was computed to be approximately six percent with 
significant variation among the wakes. The relative Mach number gradient 
between wakes with a peak near the suction surface can also be observed in 
Fi gures 45 and 4_6, which shO\'1 the wakes at 95% span for the 95% speed and the 
100% speed, near surge conditions. At both of these points, the losses 
indicated by the wakes appear to be less than those indicated by the 100% 
speed peak efficiency wakes. The data from the near surge point were much less 
smooth over the entire gap than at the peak efficiency conditions. 

The 85% span wakes at 100% speed, peak efficiency appear in Figure 47. These 
wakes indicate a boundary layer total pressure loss of approximately 3.6%, 
which is much less than observed at 95% span. The variation in magnitude 
between wakes is also noticeably less than at 95% span. The Mach number 
profile is nearly flat between the wakes. Figures 48 and 49 show the 85% span 
wakes at the 95% speed, and near surge conditions. The magnitude of these 
wakes appears to be similar to that at the 100% speed, peak efficiency 
condition, but the Mach number gradient between wakes, observed at 95% span, 
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can also be seen here. As a result, definition of the wake edges and the 
ca 1 cu1 ati on 0 f the wake loss a re more di ffi cul t than for the 100 percent 
speed, peak efficiecy point (Figure 47) .• 

The 69% span wakes at the 100% speed, peak efficiency point, presented in 
Figure 50, are within the influence of the shroud wake and are extremely 
nonperiodic. And the edges of the airfoil wakes are unclear. 

6.4 SPANWISE TRAVERSES 

Figures 51, 52, and 53 show the LOV spanwise traverse data at the instrumenta
tion plane one chord ahead of the rotor, at the rotor leading edge, and at the 
rotor trailing edge. These data are compared with calculated flow properties 
obtained from the standard data reduction procedure described in reference 2. 
The calculations were made with the LOV seeding grid inlet total pressure 
profile. 

The LOV measured values of Mach number and angle ahead of the rotor are in 
agreement with the calculated values up to the extremity of the measurement at 
20% span. 

The measured relative Mach number behind the rotor was higher than thp. 
calculated relative Mach number, and the measured absolute exit air angle was 
lower than the calculated value. This discrepancy has not been resolved. It 
should be recognized, however, that the LOV spanwise data were particle 
averages rather than mass averages. A portion of the particles in the viscous 
region of the flo,,", was eliminated from the sample by trailing edge 
interference, and there was a nonuniform seed particle distribution that could 
have further biased the meassurements. The combination of these two effects 
resfllted in some places ~/here the particle rate was only about ten percent of 
the peak rate. 

The maximum discrepancy in Figure 53 occurs at 85% span. At this position the 
blade element data calculation indicated that the rotor recovery was 0.806 at 
the 100% speed, peak efficiency point. The recovery deduced from the LDV 
measurements by combining the loss appropriate to the passage shock with the 
deduced mixed-out wake loss (at 1.1 chord) was 0.869, a significantly higher 
val ue of recovery. The measured Mach number of 1.02 vias al so greater than the 
calculated blade element Mach number, which is consistent with recove~j bein~ 
greater than the calculated value. The LOV result suggests that the loss at 
the rotor trailing edge was actually smaller than deduced from data taken at 
the conventional stator exit location. This calls into question the 
assumptions made concerning what happens to the losses between the rotor 
trailing edge and the usual instrumentation station. Further study of this 
wake mixing problem is called for. 

7.0 CONCLUSIONS 

1. The laser Ooppler velocimeter demonstrated an ability to obtain high 
quality measurements of velocities and flow angles through a rotating 
blade roVl. 
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2. Comprehensive intrablade data were obtained at sections outboard of the 
shroud. Inboard of the shroud, the data were limited by the presence of 
the shroud. 

3. The rotor wakes were clearly defined and were amenable to qualitative 
analysis except where the shroud wake was also present. The laser Doppler 
velocimeter proved to be a nonintrusive method to measure fan performance 
close behind the rotor. The deduced rotor wake plus shock losses, however, 
were significantly smaller than those computed from the conventional 
instrumentation plane at the stator exit. Further studies of the wake 
mixing problem are required. 

4. Neither the measured shock structure nor the wakes were periodic from 
blade to blade. The magnitude of this nonperiodicity was such that a mean 
passage analysis constructed from several blade passages would have 
introduced significant artificial shock smearing and thus would not have 
been representative of the flow. 

5. The individual blade passage measurements were of sufficient quality for 
use in verifying numerical solutions. It is, however, fundamental to the 
numerical calculation that the flow be periodic from blade to blade. The 
nonperiodicity, therefore, makes such verification debatable. Further work 
is required to determine the cause of this nonperiodicity. 

6. The rotor flowfield for most passages was characterized by a strong 
leading edge shock at the design point. The shock moved forward with 
increasing strength near surge and at part speed. In all cases the flO\~ 
behind the shock was of a complex mixed subsonic and supersonic form. 

7. The flow in a few passages at the design point was different from the flow 
in the other passages. The flow in these passages may be nearly shock free 
or contain multiple shocks of the sort found in some duct flows. At other 
operating points, the flow in these passages was similar to the others. 

8. Angle biasing occurred in high turbulence regions and near shocks. The 
need to carefully select fringe orientations to eliminate or minimize this 
effect was demonstrated. 

9. The laser Doppler velocimeter particle seed apparatus upstream of the 
rotor proved to be intrusive. An inlet radial total pressure distortion 
was introduced which affected the rotor performance. Comparison of test 
data with design intent was inconclusive for this reason. 

10. Secondary flow close to the rotor endwall contaminated a small region of 
the window. This contamination, probably seed material, could not be 
removed while the rig was running. Data from this region contained 
significant levels of scatter that could not be eliminated. 
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Figure 3 Redesigned 1800 Ft/Sec Tip Speed Fan Blade 
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A 

b, bx, B 

BETA, ~ 

APPENDIX A 

SYI4BOLS AND ABBREVIATIONS 

a re a - m2 (f t 2 ) 

blade axial chord - cm (in.) 

absolute air angle, arcsin(VU/V) - degrees 

BETA, measurement plane - absolute air angle, arctan(VU/VZ) - degrees 

BETA PRIME, 

Cl , C2 

Cp 

D 

im 

iss 

M 

MI 

Ps 

PT 

PHI 

Rgas 

r 

TS 

TT 

TIT 

U 

V 

VI 

~I relative air angle, arcsin[(U - VU)/V1J - degrees 

velocity components measured by LDV - m/sec (ft/sec) 

specific heat at constanst pressure for air - ~2/se22-K 
(ft l

- /sec _OR) 

diffusion factor 

incident angle, angle between inlet air direction and line 
tangent to blade mean camber line at leading edge - degrees 

incident angle, angle between inlet air direction and line 
tangent to blade suction surface at leading edge - degrees 

absolute Mach number 

re 1 ati ve r~ach number 

static pressure - N/m2 (lbf/ft2) 

total pressure - N/m2 (lbf/ft2) 

cone angle of the flow, arctan(VR/VZ) - degrees 

gas constant for air - m2/sec2-K (ft2/sec2~OR) 

radius of rig - m (ft) 

static temperature - K (OR) 

total temperature - K (OR) 

stagnation temperature relative frame, varies with radius 
- K (OR) 

tangential velocity of rotor blade - m/sec (ft/sec) 

velocity in the absolute frame - m/sec (ft/sec) 

velocity in the relative frame - m/sec (ft/sec) 
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x 

ZETA, ZETA1, 
ZETA2 

(3* 

l' 

{j 

(J 

(J' 

SUBSCRIPTS 

RLE 

RTE 

SLE 

STE 

90 

APPENDIX A (Cont'd) 

radial flow velocity - m/sec (ft/sec) 

tangential flow velocity - m/sec (ft/sec) 

axial flow velocity - m/sec (ft/sec) 

tangential velocity - m/sec (ft/sec) 

mass flow rate - kg/sec (lbm/sec) 

axial distance from blade leading edge - cm (in.) 

fringe orientation angles measured from tangential - degrees 
(see Figure 13) 

blade metal, angle measured from axial - degrees 

ratio of specific heats for air 

ratio of total pressure to standard pressure 

deviation angle - degrees 

efficiency 

'ratio of total temperature to standard temperature 

solidity 

total pressure loss coefficient (see Appendix B, eq. e) 

ro~or leading edge 

rotor tailing edge 

stator leading edge 

stator trailing edge 



APPENDIX B 

PERFORMANCE PARAMETERS 

a) Relative Total Temperature 

TI T [1 + 'Y - 1 (MI )2] T , RL E = S , RL E 2 RL E 

[ 
U~TE - U~LE J 

T'T,RTE = T'T,RLE + 2C
p 

b) Incidence angle based on mean camber line 

Incidence angle based on suction surface metal angle 

. -' * , s s - {3 RL E - {3 s s , RL E 

iss = {3SLE - (3*ss,SLE 

c) Deviation angle 

r/ = {3' RTE - (3* RTE 

d) Diffusion factor 

V'RTE 
D = 1 - + 

v'RLE 

VSTE 
D = 1 - + VSLE 

rRTEVeRTE - rRLEVeRLE 
{rRTE + rRLE)uV'RLE 

rSLEVeSLE - rSTEVeSTE 
(rSLE + rSTt) VSLE 

(rotor) IN 

(rotor) OUT 

( rotor) 

( statot) 

( rotor) 

(stator) 

( rotor) 

( stator) 

(rotor) 

(stator) 
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APPEND! X B 

PERFORMANCE PARAMETERS (Contld) 

e) Loss coefficient 

I T , RT E 'Y - , P I 
P T RLE I' - T,RTE [ 

TI j 'Y 

, T, RLE 
~ =------~~~~~~----------P'T,RLE - PS,RLE 

w= 
P T , SL E - P T , ST E 
PT ,SLE - PS,SLE 

f) Loss parameter 

wcos~STE 
2<T 

g) Polytropic efficiency 

11 = 
P 

11 = 
P 

92 

P 
'Y - 1 1 T, RTE n 

P 
'Y - 1 1 nT, STE 

'Y PT, RLE 
T 1 n T ,STE 
T T ,RLE 

(rotor) 

(stator) 

(rotor) 

( stator) 

( rotor) 

(stage) 



APPENDIX B 

PERFORMANCE PARAMETERS (Cont'd) 

h) Adiabatic Efficiency 

f:T• RTE 1 'Y; 1 _ 1 

11 - T,RLE j 
ad - r T T ,RTE ] _ 1 

L TT,RLE 

l' - 1 

[ :T. STE 1 'Y _ 1 
11 - T, RLE j 
ad - [ T T, STE 1 _ 1 

T T, RLE J 
i} Surge margin 

SM = (PT.STE/PT.RLE\ 
WvolS ~Stal1 

( rotor) 

(stage) 

Reference or 
operating point 

- 1 
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APPENDIX C 

OVERALL AND BLADE ELEMEMT PERFORMANCE TABULATIOI~S 

100 Percent Design Speed, Peak Efficiency - Rotor Performance 
100 Percent Design Speed, Peak Efficiency - Stator Performance 

95 Percent Design Speed, Peak Efficiency - Rotor Performance 
95 Percent Design Speed, Peak Efficiency - Stator Performance 

100 Percent Design Speed, Near Surge - Rotor Perforraance 
100 Percent Design Speed, Near Surge - Stator Perfonnance 
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APPENDIX C (cont'd) 

Symbol Identification 

Symbols appearing in the tables are defined as follows: 

-1 

-2 

SL 

V 

VM 

VO 

U 

RHOVM 

EPSI 

B 

M 

I NCS 

INCM 

DEV 

TURN 

D FAC 

m£GA-B TOTAL 

LOSS-P TOTAL 

P02/POl 

T02/TOl 

%EFF-A TOTAL 

condition at the airfoil leading edge. 

condition at the airfoil trailing edge. 

streamline number 

velocity 

meridional velocity 

tangential velocity (Ve) 

tangential velocity of rotor blade 

product of density and meridional velocity 

cone angle of the flow (PHI) 

air angle measured from axial (BETA) 

Mach number 

incident angle referenced from suction surface (is) 

incident angle referenced from mean camber line (im) 

deviation angle (6' 

turning angle (B'-l minus B'-2, see footnote below) 

diffusion factor (see Appendix B) 

total pressure loss coefficient (w, see Appendix B) 

loss parameter (see Appendix B) 

ratio of total pressures at trailing and leading edges 

ratio of total temperatures at trailing and leading edges 

rotor adiabatic efficiency, percent (see Appendix B) 

Prime symbols indicate a quantity in the rotating frame. Nonprimed symbols 
indicate the stationary frame. 
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%EFF-P TOTAL 

PO/PO STAGE 

TO/TO STAGE 

%EFF-A TOT-STG 

%EFF-P TOT-STG 

PCT TE SPAN 

NCORR INLET 

WCORR INLET 

WC1/Al 

Symbol Identification (Cont'd) 

rotor polytropic efficiency, percent (see Appendix B) . 
ratio of total pressures at stator trailing edge and rotor 
1 eadi ng edge 

ratio of total temperatures at stator trailing edge and 
rotor leading edge 

stage adiabatic efficiency (see Appendix B) 

stage polytropic efficiency (see Appendix B) 

percent span at trailing edge measured from hub to tip 

corrected rotor angular velocity (viz, actual RPM divided 
by the square root of upstream TT over 288.2K) 

corrected flow (viz, actual mass flow divided by the square 
root of upstream TT over 288.2K) 

corrected flow per unit area at rotor leading edge 

Spanwise mass averages for a few of these quantities are given at the bottom 
of th e ta b 1 e s • 
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SL V-l V-2 YM-l Vr'1-2 VO-l VO-2 U-1 U-2 Y'-l Y'-2 VOI-l YO'-2 RHOVM-l RHOVM-2 
FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LBM/FT2SEC lBM/FT2SEC 

1 387.0 1031.9 387.0 583.0 0.0 851.4 939.3 1090.5 1015.9 630.1 -939.3 -239.1 21.29 46.93 
2 454.5 1003.8 454.5 603.8 0.0 801.9 999.5 1121.6 1097.9 683.2 -999.5 -319.7 24.79 49.39 
3 514.3 959.1 514.3 597.8 0.0 750.0 1058.3 1152.7 1176.6 720.8-1058.3 -402.7 27.75 49.40 
4 609.1 845.7 609.1 526.6 0.0 661.71212.81246.11357.2 786.7-1212.8 -584.4 31.84 43.85 
5 633.2 786.9 633.2 491.0 0.0 614.9 1384.8 1370.6 1522.7 901.2-1384.8 -755.7 32.64 40.82 
6 637.5 768.6 637.5 474.8 0.0 604.3 1462.3 1432.8 1595.3 954.9-1462.3 -828.5 32.87 39.40 
7 638.5 771.0 638.5 487.8 0.0 597.1 1499.2 1464.0 1629.5 994.7-1499.2 -866.9 32.95 40.62 
8 637.2 775.7 637.2 499.1 0.0 593.8 1536.0 1495.1 1662.9 1030.2-1536.0 -901.2 32.96 41.69 
9 624.4 769.2 624.4 485.4 0.0 596.7 1643.5 1588.5 1758.2 1104.2-1643.5 -991.8 32.69 40.58 

10 609.6 761.6 609.6 452.9 0.0 612.3 1677.1 1619.6 1784.5 1104.4-1677.1-1007.3 31.99 37.62 
11 589.6 750.8 589.6 418.3 0.0 623.51709.21650.71808.01109.2-1709.2-1027.3 30.95 34.58 

WCl/A1 HC1/A1 T02/T01 P02lPOl '.tEFF-A %EFF-P 
lBtVSEC KG/SEC ROTOR ROTOR 

SQFT SQM 
38.73 188.99 1.3062 2.2486 85.09 86.67 

EPSI-l EPSI-2 PCT TE 
DEGREE DEGREE SPAN 
27.372 29.1240.0500 
21.816 25.204 0.1000 
16.893 21.1450.1500 

5.714 10.476 0.3000 
-4.347 0.540 0.5000 
-7.911 -3.807 0.6000 
-9.548 -5.961 0.6500 

-11.309 -8.0830.7000 
-16.204 -14.433 0.8500 
-17.481 -16.343 0.9000 
-18.294 -18.021 0.9500 



AIRFOIL AERODYNAMIC Slf1HARY PRINT 

100 PERCENT DESIGN SPEED, PEAK EFFICIHICY (STATOR PERFORMANCE) RUN NO 114 SPEED CODE 10 POINT NO 14 

SL V-1 Y-2 VM-l VM-2 VO-1 YO-2 RHOVM-1 RHOVM-2 EPSI -1 EPSJ-2 
M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC KG/~'2 SEC I<G/M2 SEC RADIAN RADIAN 

1 324.2 253.1 201.6 253.1 254.0 0.0 253.40 342.93 0.4707 0.0807 
2 315.1 250.2 203.8 250.2 240.3 0.0 260.98 346.64 0.4207 0.0681 
3 301.5 241.2 200.6 241.2 225.1 0.0 259.77 339.89 0.3618 0.0585 
4 269.2 209.9 180.7 209.9 199.5 0.0 235.36 300.32 0.2075 0.0305 
5 251.5 192.9 168.2 192.9 186.9 0.0 219.00 274.60 0.0496 -0.0086 
6 246.5 188.6 163.4 188.6 184.5 0.0 212.30 266.17 -0.0288 -0.0279 
7 247.9 192.0 167.6 192.0 182.6 0.0 218.38 270.71 -0.0658 -0.0371 
8 249.9 197.5 171.2 197.5 182.1 0.0 223.48 277 .89 -0.0987 -0.0468 
9 251.3 204.8 170.9 204.8 184.3 0.0 221.80 282.06 -0.1984 -0.0745 

10 251.3 205.2 164.7 205.2 189.8 0.0 211.52 278.05 -0.2293 -0.0848 
11 250.6 205.3 158.7 205.3 193.9 0.0 202.15 273.82 -0.2677 -0.0951 

SL 8-1 B-2 H-1 H-2 ItJCS INCH DEY TURN D-FAe OHEGA-B lOSS-P P02/ PO/PO TO/TO '.tEFF-A 'tEFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl STAGE STAGE TOT-STG TOT-STG 

. 1 53.7 0.0 0.9307 0.7033 -0.78 2.18 13.86 53.67 0.3934 0.1982 0.0457 0.9152 2.3925 1.3192 88.66 89.96 
2 51.4 0.0 0.9040 0.6976 -0.98 2.14 11.97 51.44 0.3767 0.1555 0.0364 0.9363 2.3746 1.3087 90.79 91.83 
3 49.6 0.0 0.8638 0.6735 -2.21 1.16 10.84 49.57 0.3709 0.1096 0.0262 0.9580 2.3245 1.2969 91.77 92.68 
4 48.2 0.0 0.7644 0.5829 -4.75 -0.50 10.00 48.23 0.4028 0.0476 0.0120 0.9848 2.1923 1.2842 88.48 89.67 
5 48.0 0.0 0.7069 0.5313 -5.93 -0.57 10.07 48.04 0.4324 0.0331 0.0089 0.9907 2.1352 1.2912 83.13 84.82 
6 48.5 0.0 0.6892 0.5172 -5.34 0.40 10.10 48.46 0.4440 0.0470 0.0131 0.9872 2.1089 1.2990 79.47 81 .49 
7 47.5 0.0 0.6927 0.5265 -6.32 -0.45 10.15 47.47 0.4356 0.0566 0.0160 0.9845 2.1180 1.3015 79.32 81.36 
8 46.8 0.0 0.6976 0.5415 -7.00 -1.01 10.26 46.80 0.4205 0.0525 0.0151 0.9854 2.1342 1.3062 78.98 81.08 
9 47.4 0.0 0.6958 0.5582 -8.51 -2.29 12.36 47.42 0.4068 0.0752 0.0225 0.9792 2.1299 1.3264 73.88 76.47 

10 49.4 0.0 0.6914 0.5560 -8.84 -2.60 13.78 49.41 0.4149 0.0926 0.0281 0.9747 2.1282 1.3412 70.58 73.50 
11 51.2 0.0 0.6858 0.5535 -12.41 -6.27 16.43 51.21 0.4215 0.1101 0.0338 0.9703 2.1348 1.3545 68.22 71.38 

Sl V-I V-2 VM-l VM-2 VO-l VO-2 RHOVM-l RHOVM-2 PCT TE EPSI -1 EPSI-2 
FT/SEe FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LBWFT2SEC lBM/FT2SEC SPAN DEGREE DEGREE 

1 1063.8 830.3 661.3 830.3 833.3 0.0 51.90 70.24 0.0430 26.969 4.626 
2 1033.8 820.9 668.6 820.9 788.5 0.0 53.45 71.00 0.0901 24.106 3.901 
3 989.3 791.3 658.2 791.3 738.5 0.0 53.20 69.61 0.1410 20.729 3.351 
4 883.2 688.7 593.0 688.7 654.5 0.0 48.20 61.51 0.2989 11.891 1.747 
5 825.0 632.8 551.9 632.8 613.2 0.0 44.85 56.24 0.5086 2.843 -0.494 
6 808.6 618.7 536.2 618.7 605.3 0.0 43.48 54.51 0.6103 -1.652 -1.599 
7 813.3 629.9 549.9 629.9 599.2 0.0 44.73 55.44 0.6598 -3.769 -2.128 
8 820.1 648.0 561.8 648.0 597.4 0.0 45.77 56.92 0.7107 -5.653 -2.684 
9 824.6 672.0 560.7 672.0 604.7 0.0 45.'L: 57.77 0.8620 -11.366 -4.266 

10 824.5 673.2 540.3 673.2 622.8 0.0 43.32 56.95 0.9101 -13.138 -4.859 
11 822.3 673.6 520.8 673.6 636.3 0.0 41.40 56.08 0.9571 -15.340 -5.447 

NCORR WCORR WCORR TO/l0 P02/POl pOIPO 'tEFF-A 'tEFf-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 

RPM LBt1/SEC KG/SEC 
12459.20 172.70 78.32 1.3062 0.9736 2.1893 81.95 83.81 

\0 
\0 
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AIRFOIL AERODYNAMIC s~mRY PRINT 

95 PERCENT DESIGN SPEED, PEN< EFFICIENCY (ROTOR PERFORHANCE) RUN rm 117 SPEED CODE 95 POINT NO 17 

Sl V-l V-2 VM-1 VM-2 VO-1 VO-2 U-l U-2 V'-l V'-2 YO' -1 YO'-2 RHOVM-1 RHOVM-2 EPSI -1 EPSI-2 
M/SEC M/SEC M/SEC WSEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEt M/SEC KG/M2 SEC KG/M2 SEC RADIAN RADIAn 

1 105.4 300.1 105.4 172.0 0.0 245.9 272.5 316.4 292.2 185.9 -272.5 -70.5 95.93 220.01 0.4704 0.5029 
2 126.1 292.7 126.1 180.7 0.0 230.2 290.0 325.4 316.2 204.2 -290.0 -95.2 114.11 234.70 0.3727 0.4321 
3 144.2 281.2 144.2 181.2 0.0 215.0 307.0 334.5 339.2 217.0 -307.0 -119.4 129.34 237.43 0.2863 0.3625 
4 170.7 250.1 170.7 159.5 0.0 192.6 351.9 361.6391.1 232.4 -351.9 -168.9 149.56 208.47 0.0877 0.1782 
5 174.9 232.1 174.9 144.4 0.0 181.6 401.8 397.7 438.2 259.9 -401.8 -216.0 152.08 186.23 -0.0849 0.0066 
6 175.4 228.6 175.4 139.8 0.0 180.8 424.3 415.7 459.1 273.3 -424.3 -234.9 152.83 179.25 -0.1419 -0.0680 
7 175.4 229.9 175.4 144.7 0.0 178.7 435.0 424.8 469.0 285.5 -435.0 -246.1 153.04 186.17 -0.1682 -0.1051 
8 174.9 231.0 17 4.9 147.1 0.0 178.1 445.6 433.8 478.7 295.0 -445.6 -255.7 152.92 189.55 -0.1966 -0.1418 
9 171.3 225.1 171.3 140.8 0.0 17 5.6 476.9 460.9 506.7 318.1 -476.9 -285.2 151.39 181.80 -0.2724 -0.2490 

10 167.6 222.3 167.6 130.8 0.0 179.7 486.6 469.9 514.6 318.3 -486.6 -290.2 148.43 167.91 -0.2898 -0.2802 
11 161.2 218.7 161.2 121.0 0.0 182.2 495.9 478.9 521.4 320.4 -495.9 -296.7 142.77 154.71 .-0.2992 -0.3071 

Sl B-1 B-2 B ;_1 B'-2 M-1 M-2 M '-1 M'-2 1.,CS INCM DEY TURN D FAe OMEGA-B lOSS-P P02/ '.tEFF-A '.tEFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl TOTAL TOTAL 

1 0.0 54.6 68.19 21.95 0.3233 0.8607 0.8963 0.5332 3.11 7.20 10.00 46.24 0.5661 0.0067 0.0013 2.4127 99.68 99.72 
2 0.0 51.7 65.84 27.64 0.3887 0.8405 0.9745 0.5865 2.11 5.83 9.86 38.20 0.5403 -0.0014 -0.0003 2.3511 100.07 100.06 
3 0.0 49.9 64.29 33.40 0.4463 0.8071 1.0502 0.6229 1.85 5.24 9.95 30.89 0.5298 0.0139 0.0027 2.2629 99.03 99.13 
4 0.0 50.5 63.96 46.78 0.5328 0.7109 1.2207 0.6605 2.05 4.34 10.98 17.17 0.5465 0.1103 0.0201 2.0778 90.45 91.38 
5 0.0 51.4 66.51 56.18 0.5466 0.6524 1.3696 0.7306 2.34 4.19 10.61 10.33 0.5314 0.1853 0.0305 1.9921 81.68 83.35 
6 0.0 52.1 67.53 59.04 0.5482 0.6388 1.4351 0.7640 2.40 4.13 8.75 8.50 0.5246 0.2206 0.0348 1.9766 77.50 79.53 
7 0.0 50.7 68.01 59.290.5483 0.6422 1.4661 0.7975 2.57 4.25 6.91 8.72 0.5084 0.2171 0.0345 1.9886 77.52 79.56 
8 0.0 50.1 68.52 59.79 0.5465 0.6441 1.4962 0.8226 3.00 4.56 6.20 8.73 0.4989 0.2215 0.0350 1.9992 76.80 78.93 
9 0.0 50.9 70.09 63.38 0.5347 0.6230 1.5817 0.8803 2.95 4.37 4.91 6.70 0.4795 0.2510 0.0357 1.9898 72.74 75.22 

10 0.0 53.5 70.79 65.42 0.5225 0.6113 1.6046 0.8754 2.68 4.06 4.89 5.37 0.4883 0.2806 0.0366 1.9905 69.78 72.52 
11 0.0 56.1 71.75 67.590.5016 0.59821.62250.8764 2.71 4.04 4.98 4.16 0.4911 0.2980 0.0353 2.0037 68.23 71.14 

Sl V-l V-2 VM-1 VM-2 VO-1 VO-2 U-1 U-2 Y'-l Y'-2 VO'-l VO'-2 RHOVM-l RHOVM-2 
FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC lBtVFT2SEC lBM/FT2SEC 

1 345.8 984.5 345.8 564.3 0.0 806.8 894.1 1038.1 958.6 609.8 -894.1 -231.3 19.65 45.06 
2 413.8 960.3 413.8 592.9 0.0 755.4 951.4 1067.7 1037.5 670.1 -951.4 -312.3 23.37 48.07 
3 473.0 922.6 473.0 594.5 0.0 705.5 1007.4 1097.3 1112.9 712.1-1007.4 -391.9 26.49 48.63 
4 560.1 820.5 560.1 523.4 0.0 631.9 1154.5 1186.3 1283.2 762.4-1154.5 -554.3 30.63 42.70 
5 573.8 761.4 573.8 473.9 0.0 595.9 1318.3 1304.7 1437.7 852.6-1318.3 -708.8 31.15 38.14 
6 575.4 749.9 575.4 458.6 0.0 593.3 1392.1 1364.0 1506.3 896.8-1392.1 -770.7 31.30 36.71 
7 575.5 754.3 575.5 474.8 0.0 586.21427.11393.61538.8 936.7-1427.1 -807.4 ·31.34 38.13 
8 573.7 757.8 573.7 482.6 0.0 584.3 1462.1 1423.2 1570.7 967.9-1462.1 -838.9 31.32 38.82 
9 562.0 738.7 562.0 462.1 0.0 576.31564.61512.11662.41043.7-1564.6 -935.9 31.01 37.23 

10 549.8 729.3 549.8 429.3 0.0 589.6 1596.5 1541.8 1688.5 1044.5-1596.5 -952.2 30.40 34.39 
11 529.0 717.6 529.0 396.8 0.0 597.8 1627.0 1571.4 1710.9 1051.3-1627.0 -973.6 29.24 31.69 

WC1/Al WC1/A1 T02/TOl P02/POl ~EFF-A %EFF-P 
lBM/SEC KGISEC ROTOR ROTOR 

SQFT SQH 
35.91 17 5.24 1. 2789 2.0802 83.47 fl5.07 

EPSI-l EPSI-2 PCT TE 
DEGREE DEGREE SPAN 
26.950 28.815 0.0500 
21.354 24.758 0.1000 
16.402 20.7700.1500 
5.024 10.210 0.3000 

-4.865 0.37.8 0.5000 
-8.129 -3.896 0.6000 
-9.640 -6.023 0.6500 

-11.262 -8.125 0.7000 
-15.608 -14.269 0.8500 
-16.606 -16.056 0.9000 
-17.140 -17.598 0.9500 



AIRFOIL AERODYNAMIC SUf1MARY PRINT 

95 PERCENT DESIGN SPEED, PEAK EFFICIENCY (STATOR PERFORMAOCE) RUN UO 117 SPEED CODE 95 POINT NO 17 

SL V-l V-2 . VM-1 VM-2 VO-1 VO-2 RHOVM-1 RHOVM-2 EPSI -1 EPSI-2 
M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC KG/M2 SEC KG/M2 SEC RADIAN RADIAN 

1 310.0 250.0 195.5 250.0 240.6 0.0 243.89 326.16 0.4680 0.0827 
2 301.9 249.0 199.7 249.0 226.3 0.0 253.67 333.00 0.4172 0.0714 
3 290.3 241.0 198.6 241.0 211.7 0.0 254.78 328.15 0.3623 0.0621 
4 261.1 209.7 178.6 209.7 190.5 0.0 228.24 289.27 0.2187 0.0348 
5 243.3 189.6 162.4 189.6 181 .1 0.0 205.05 259.65 0.0628 -0.0047 
6 240.3 186.7 158.0 186.7 181.1 0.0 198.22 253.24 -0.0184 -0.0250 
7 242.2 190.4 162.9 190.4 179.2 0.0 204.89 258.13 -0.0565 -0.0350 
8 243.9 195.0 165.6 195.0 179.1 0.0 208.33 263.67 -0.0910 -0.0453 
9 241.3 196.0 163.1 196.0 177.9 0.0 204.41 259.86 -0.1964 -0.0742 

10 240.6 194.8 156.5 194.8 182.7 0.0 194.47 254.45 -0.2297 -0.0846 
11 239.4 193.1 150.9 193.1 185.9 0.0 186.15 248.43 -0.2701 -0.0947 

SL B-1 B-2 M-1 M-2 INCS INCM DEV TURN D-FAC 0~1EGA-B LOSS-P P02/ PO/PO TO/TO %EFF-A 'lEFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl STAGE STAGE TOT-STG TOT-STG 

1 53.0 0.0 0.8937 0.7018 -1.46 1.50 13.86 52.99 0.3658 0.2157 0.0497 0.9128 2.1992 1.2865 88.17 89.39 
. 2 50.3 0.0 0.8707 0.7020 -2.15 0.98 11.97 50.27 0.3436 0.1627 0.0381 0.9367 2.1958 1.2756 91.46 92.35 

3 48.1 0.0 0.8368 0.6805 -3.66 -0.29 10.84 48.12 0.3373 0.1184 0.0283 0.9566 2.1571 1.2648 92.77 93.50 
4 47.3 0.0 0.7457 0.5874 -5.66 -1.41 10.00 47.32 0.3771 0.0571 0.0144 0.9824 2.0375 1. 2572 87.70 88.87 
5 48.2 0.0 0.6869 0.5256 -5.81 -0.45 10.07 48.16 0.4214 0.0300 0.0081 0.9919 1.9739 1.2677 80.14 . 81.93 
6 48.9 0.0 0.6745 0.5147 -4.91 0.83 10.10 48.89 0.4344 0.0412 0.0115 0.9892 1.9557 1.2779 76.02 78.15 
7 47.7 0.0 0.6795 0.5250 -6.05 -0.18 10.15 47.74 0.4249 0.0452 0.0128 0.9880 1.9660 1.2804 75.99 78.14 
8 47.3 0.0 0.6833 0.5375 -6.53 -0.54 10.26 47.27 0.4129 0.0412 0.0118 0.9889 1.9779 1.2854 75.39 77.61 
9 47.7 0.00.6715 0.5372 -8.19 -1.97 12.36 47.74 0.4111 0.0743 0.0222 0.9806 1.9512 1.2987 70.45 73.06 

10 49.8 0.0 0.6657 0.5313 -8.49 -2.25 13.78 49.76 0.4230 0.0980 0.0297 0.9748 1.9403 1.3115 66.94 69.83 
11 51.5 0.0 0.6594 0.5239 -12.15 -6.01 16.43 51.47 0.4353 0.1279 0.0392 0.9676 1.9392 1.3222 64.65 67.74 

Sl V-1 V-2 VM-1 VM-2 VO-1 VO-2 RHOVM-1 RHOVM-2 PCT TE EPSI -1 EPSI-2 
FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LBM/FT2SEC lBM/FT2SEC SPAU DEGREE DEGREE 

1 1017.1 820.4 641.4 820.4 789.4 0.0 49.95 66.80 0.0430 26.815 4.740 
2 990.4 817.1 655.4 817.1 742.6 0.0 51.95 68.20 0.0901 23.905 4.091 
3 952.5 790.8 651.7 790.8 694.6 0.0 52.18 67.21 0.1410 20.756 3.556 
4 856.8 688.1 586.1 688.1 625.0 0.0 46.75 59.25 0.2989 12.528 1.996 
5 798.2 622.2 532.9 622.2 594.2 0.0 42.00 53.18 0.5086 3.601 -0.268 
6 788.5 612.5 518.3 612.5 594.2 0.0 40.60 51.87 0.6103 -1.056 -1.433 
7 794.6 624.7 534.3 624.7 588.1 0.0 41.96 52.87 0.6598 -3.239 -2.003 
8 800.2 639.9 543.2 639.9 587.6 0.0 42.67 54.00 0.7107 -5.212 -2.597 
9 791.7 643.0 535.0 643.0 583.6 0.0 41.87 53.22 0.8620 -11.250 -4.249 

10 789.3 639.3 513.6 639.3 599.3 0.0 39.83 52.11 0.9101 -13.162 -4.850 
11 785.6 633.4 495.0 633.4 610.0 0.0 38.12 50.88 0.9571 -15.473 -5.428 

HCORR WCORR WCORR TO/TO P02/P01 PO/PO %EFF-A %EFF-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 

RPM LBr1/SEC KG/SEC 
11831.10 160.00 72.56 1.2789 0.9735 2.0251 80.09 81.95 

o 



0 
N AIRFOIL AERODYNAMIC SUMMARY PRINT 

100 PERCEtn DESIGN SPEED, NEAR SURGE (ROTOR PERFORMANCE) RUN NO 118 SPEED CODE 10 POINT NO 6 

Sl V-l V-2 VM-1 VM-2 YO-1 YO-2 U-1 U-2 Y'-l Y'-2 YO'-l YO'-2 RHOVM-1 RHOVM-2 EPSI -1 EPSI-2 
M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC M/SEC H/SEC KG/M2 SEC KG/M2 SEC RADIAtJ RADIAN 

1 110.0 319.0 110.0 164.6 0.0 273.2 289.8 336.4 309.9 176.3 -289.8 -63.2 97.36 210.34 0.4734 0.5042 
2 130.8 314.2 130.8 175.9 0.0 260.3 308.3 346.0 334.9 195.7 -308.3 -85.7 115.05 229.39 0.3763 0.4340 
3 149.1 299.9 149.1 174.6 0.0 243.9 326.5 355.6 358.9 207. 3 -326. 5 -111. 7 129.92 230.62 0.2915 0.3620 
4 177.1 269.1 177.1 154.0 0.0 220.7 374.1 384.4 414.0 224.8 -374.1 -163.7 150.28 206.16 0.0999 0.1799 
5 184.6 255.5 184.6 146.5 0.0 209.4 427.2 422.8 465.4 258.8 -427.2 -213.4 154.56 197.00 -0.0768 0.0091 
6 185.7 254.6 185.7 144.8 0.0 209.4 451.1 442.0 487.8 274.0 -451.1 -232.6 155.64 194.57 -0.1434 -0.0668 
7 185.7 256.6 185.7 147.4 0.0 210.0 462.5 451.6 498.4 283.0 -462.5 -241.6 155.86 198.37 -0.1746 -0.1050 
8 185.0 256.5 185.0 145.7 0.0 211.1 473.8 461.2 508.7 289.5 -473.8 -250.1 155.70 195.99 -0.2057 -0.1429 
9 181.6 254.0 181.6 136.8 0.0 214.1 507.0 490.0 538.6 308.0 -507.0 -276.0 154.47 183.92 -0.2805 -0.2519 

10 177.3 253.1 177.3 132.0 0.0 216.0 517.4 499.6 546.9 312.9 -517.4 -283.7 151.02 177 .54 -0.2998 -0.2840 
11 171.1 250.4 171.1 125.5 0.0 216.7 527.3 509.2 554.3 318.3 -527.3 -292.5 145.69 168.89 -0.3155 -0.3132 

Sl B-1 B-2 B '-1 B'-2 M-1 M-2 M '-1 M'-2 INCS IHCM DEY TURN DFJIf. or~EGA-B lOSS-P P02/ ~EFF-A ~EFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl TOTAL TOTAL 

1 0.0 58.5 68.58 20.68 0.3343 0.8951 0.9420 0.4947 3.50 7.59 8.74 47.90 0.6379 0.0966 0.0191 2.6293 95.67 96.22 

~ 0.0 55.8 66.39 25.87 0.3996 0.8821 1.0228 0.5494 2.67 6.38 8.08 40.53 0.6081 0.0730 0.0146 2.5957 96.16 96.64 
0.0 54.4 64.94 32.62 0.4574 0.8408 1.1012 0.5811 2.50 5.89 9.17 32.32 0.5981 0.0838 0.0165 2.4885 94.85 95.46 

4 0.0 55.2 64.53 46.89 0.5483 0.7465 1.2812 0.6234 2.63 4.91 11.09 17.64 0.6055 0.1460 0.0266 2.3194 88.54 89.81 
5 0.0 55.0 66.65 55.48 0.5727 0.7010 1.44400.7101 2.48 4.33 9.92 11.17 0.5769 0.1872 0.0314 2.2871 83.26 85.08 
6 0.0 55.1 67.63 57.89 0.5764 0.6940 1.5144 0.7469 2.49· 4.22 7.60 9.73 0.5685 0.2171 0.0353 2.2932 79.94 82.12 
7 0.0 54.7 68.12 58.35 0.5764 0.6977 1.5471 0.7695 2.67 4.35 5.97 9.77 0.5616 0.2260 0.0369 2.3127 78.89 81.20 
8 0.0 55.1 68.65 59.48 0.5742 0.6949 1.5787 0.7841 3.13 4.69 5.88 9.18 0.5595 0.2418 0.0386 2.3197 77.17 79.68 
9 0.0 57.1 70.18 63.32 0.5630 0.6801 1.66940.8246 3.03 4.46 4.84 6.86 0.5513 0.2880 0.0410 2.3334 72.20 75.26 

10 0.0 58.2 70.93 64.74 0.5489 0.6747 1.6928 0.8339 2.82 4.20 4.22 6.18 0.5492 0.3004 0.0402 2.3558 71.07 74.29 
11 0.0 59.7 71.87 66.59 0.5285 0.6645 1.7122 0.8447 2.83 4.16 3.97 5.29 0.5445 0.3071 0.0379 2.3819 70.50 73.83 

Sl V-1 V-2 VM-1 VM-2 VO-1 VO-2 U-1 U-2 V'-l V'-2 VO'-l VO'-2 RHOVM-l RHOVM-2 
FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC lBf1/FT2SEC lBM/FT2SEC 

1 360.9 1046.6 360.9 539.9 0.0 896.5 950.71103.8 1016.9 578.4 -950.7 -207.2 19.94 43.08 
2 429.3 1030.8 429.3 577.2 0.0 854.1 1011.61135.3 1098.9 642.0-1011.6 -281.2 23.56 46.98 
3 489.1 984.1 489.1 572.9 0.0 000.21071.21166.81177.5 680.1-1071.2 -366.6 26.61 47.23 
4 581.2 883.1 581.2 505.4 0.0 724.2 1227.61261.3 1358.2 737.5-1227.6 -537.1 30.78 42.22 
5 605.5 838.4 605.5 480.5 0.0 687.11401.71387.31526.9 849.2-1401.7 -700.2 31.65 40.35 
6 609.2 835.3 609.2 475.0 0.0 687.01480.1 1450.3 1600.6 899.0-1480.1 -763.2 31.88 39.85 
7 609.3 841.9 609.3 483.7 0.0 689.21517.41481.81635.2 928.5-1517.4 -792.6 31.92 40.63 
8 607.1 841.6 607.1 478.1 0.0 692.71554.71513.3 1669.0 949.7-1554.7 -820.6 .31.89 40.14 
9 595.9 833.5 595.9 448.7 0.0 702.4 1663.51607.8 1767.0 1010.5-1663.5 -905.5 31.64 37.67 

10 581.8 830.5 581.8 433.2 0.0 708.7 1697.51639.3 1794.5 1026.5-1697.5 -930.7 30.93 36.36 
11 561.4 821.6 561.4 411.7 0.0 711.0 1730.01670.8 1818.8 1044.4-1730.0 -959.8 29.84 34.59 

WC1/Al WC1/Al T02/TOl P02/POl '.tEFF-A '.tEFF-P 
LBM/SEC KG/SEC ROTOR ROTOR 

SQFT SQM 
37.13 181.18 1.3389 2.3658 82.24 84.24 

EPSI-l EPSI-2 PCT TE 
DEGREE DEGREE SPAN 
27.126 28.891 0.0500 
21.562 24.865 0.1000 
16.702 20.742 0.1500 
5.722 10.306 0.3000 

-4.400 0.522 0.5000 
-8.216 -3.825 0.6000 

-10.006 -6.018 0.6500 
-11.785 -8.189 0.7000 
-16.069 -14.434 0.8500 
-17.177 -16.272 0.9000 
-18.078 -17.947 0.9500 



AIRFOIL AERODYNAMIC SUHf1ARY PRINT 

100 PERCENT DESIGN SPEED, NEAR SURGE (STATOR PERFORMANCE) RUN NO 118 SPEED CODE 10 POINT NO 6 

SL V-1 V-2 VM-l VM-2 YO-1 VO-2 RHOVM-l RHOVM-2 EPSI -1 EPSI-2 
M/SEC M/SEC M/SEC M/SEC M/SEC WSEC KG/M2 SEC KG/M2 SEC RADIAN RADIAN 

1 326.6 221.8 187.4 221.8 267.4 0.0 235.00 322.31 0.4632 0.0828 
2 321.2 220.4 194.3 220.4 255.8 0.0 248.92 325.76 0.4113 0.0712 
3 307.1 211.3 191.4 211.3 240.1 0.0 248.56 316.58 0.3515 0.0633 
4 278.1 187.8 172.3 187.8 218.3 0.0 226.30 284.24 0.2030 0.0380 
5 265.0 17 5.1 163.1 175.1 208.9 0.0 215.27 263.12 0.0543 0.0012 
6 264.7 176.2 161.5 176.2 209.8 0.0 212.81 262.28 -0.0170 -0.0177 
7 267.3 180.7 164.3 180.7 210.9 0.0 216.61 268.04 -0.0507 -0.0273 
8 268.0 184.5 163.5 184.5 212.4 0.0 215.03 272.04 -0.0834 -0.0377 
9 268.8 192.4 158.8 192.4 216.9 0.0 207.71 277 .21 -0.1965 -0.0696 

10 269.9 195.0 156.9 195.0 219.6 0.0 204.44 278.12 -0.2314 -0.0812 
11 269.4 198.2 154.0 198.2 221.1 0.0 200.06 279.86 -0.2699 -0.0932 

Sl B-1 B-2 M-l M-2 ItlCS INCM DEY TURN D-FAC OMEGA-B LOSS-P P02! PO/PO TO/TO %EFF-A %EFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL POl STAGE STAGE TOT-STG TOT-STG 

1 56.9 0.0 0.9200 0.5983 2.46 5.41 13.86 56.91 0.5035 0.1642 0.0378 0.9309 2.4455 1.3320 87.61 89.06 
2 54.4 0.0 0.9050 0.5963 1.94 5.06 11.97 54.35 0.4926 0.1496 0.0351 0.9387 2.4260 1.3242 88.81 90.10 

'3 52.6 0.0 0.8636 0.5726 0.80 4.17 10.84 52.58 0.4920 0.1110 0.0265 0.9575 2.3731 1.3129 89.45 90.64 
4 52.1 0.0 0.7743 0.5066 -0.89 3.36 10.00 52.09 0.5202 0.0463 0.0117 0.9849 2.2833 1.3071 86.57 88.03 
5 52.1 0.0 0.7295 0.4685 -1.92 3.44 10.07 52.06 0.5517 0.0537 0.0145 0.9840 2.2498 1.3204 81.33 83.31 
6 52.4 0.0 0.7243 0.4689 -1.40 4.34 10.10 52.40 0.5555 0.0682 0.0190 0.9799 2.2468 1.3343 77.80 80.15 
7 52.1 0.0 0.7297 0.4801 -1. 73 4.14 10.15 52.06 0.5468 0.0737 0.0209 0.9780 2.2599 1.3418 76.68 79.17 
8 52.4 0.0 0.7291 0.4888 -1.39 4.61 10.26 52.42 0.5397 0.0739 0.0212 0.9780 2.2680 1.3505 75.13 77.79 
9 54.0 0.0 0.7236 0.5055 -1.91 4.31 12.36 54.03 0.5278 0.0936 0.0280 0.9724 2.2685 1.3780 69.68 72.92 

10 54.8 0.0 0.7235 0.5107 -3.45 2.80 13.78 54.81 0.5262 0.1085 0.0329 0.9681 2.2789 1.3890 68.12 71.54 
11 55.7 0.0 0.7197 0.5177 -7.97 -1.83 16.43 55.66 0.5195 0.1127 0.0346 0.9671 2.3034 1.3985 67.46 70.99 

Sl V-1 V-2 VM-l VM-2 VO-1 VO-2 RHOVM-1 RHOVM-2 PCTTE EPSI -1 EPSI-2 
FT/SEC FT/SEC FT/SEC FT/SEC FT/S[C FT/SEC lBM/FT2SEC LBM/FT2SEC SPAN DEGREE DEGREE 

1 1071.5 727.6 614.9 727.6 877.5 0.0 48.13 66.01 0.0430 26.542 4.747 
2 1053.9 723.2 637.5 723.2 839.2 0.0 50.98 66.72 0.0901 23.564 4.078 
3 1007.4 693.3 628.1 693.3 787.7 0.0 50.91 64.84 0.1410 20.142 3.626 
4 912.5 616.1 565.4 616.1 716.3 0.0 46.35 58.21 0.2989 11.628 2.179 
5 869.4 574.6 535.0 574.6 685.3 0.0 44.09 53.89 0.5086 3.112 0.067 
6 868.5 578.1 529.8 578.1 688.2 0.0 43.58 53.72 0.6103 -0.972 -1.015 
7 877.1 593.0 539.2 593.0 691.8 0.0 44.36 54.90 0.6598 -2.905 -1.563 
8 879.3 605.2 536.3 605.2 696.8 0.0 44.04 55.72 0.7107 -4.779 -2.159 
9 882.1 631.1 521.1 631.1 711.7 0.0 42.54 56.77 0.8620 -11. 257 -3.991 

10 885.4 639.9 514.6 639.9 720.5 0.0 41.87 56.96 0.9101 -13.261 -4.652 
11 883.9 650.3 505.1 650.3 725.3 0.0 40.97 57.32 0.9571 -15.463 -5.337 

NCORR WCORR WCORR TO/TO P02!POl PO/PO 'tE FF-A %EFF-P 
INLET INLET ItlLET STAGE STAGE STAGE STAGE 

RPM LBH/SEC KG/SEC 
12454.60 165.60 75.10 1.3389 0.9715 2.2983 79.14 81 .41 

0 
w 



This Page Intentionally left Blank 



APPENDIX D 

LASER DOPPLER VELOC H1ETER DATA

MEASURED FLOWFIELD TABULATIONS 

Appendix D presents the LDV data in tabular fo~. The f1owfie1d data are 
presented first, in the order given below. Within f1owfie1ds the data appear 
in streamwise order with one chord location per table. The spanwise traverse 
results are provided next, one per table. 

95% Span 
95% Span 
95% Span 
85% Span 
85% Span 
85% Span 
69% Span 
45% Span 
45% Span 
45% Span 
85% Span 
85% Span 
85% Span 
85% Span 
85% Span 
85% Span 

100% Speed 
95% Speed 

100% Speed 
100% Speed 

95% Speed 
100% Speed 
100% Speed 
100% Speed 

95% Speed 
100% Speed 
100% Speed 

95% Speed 
100% Speed 
100% Speed 

95% Speed 
100% Speed 

Pea k Effi ci ency 
Peak Eff; ci ency 
Near Surge 
Peak Effi c;ency 
Peak Effi ci ency 
Near Surge 
Peak Effi-ciency 
Peak Efficiency 
Peak Effi ci ency 
Near Surge 
Peak Effi ci ency 
Peak Efficiency 
Near Surge 
Pe ak Effi ci ency 
Peak Eff; ci ency 
Near Surge 

Passage No. 1 
Passage No. 1 
Passage No. 1 
Pa ssage No. 1 
Passage No. 1 
Pa ssage No. 1 
Passage No. 1 
Passage No. 1 
Passage No. 1 
Passage No. 1 
Passage No. 15 
Passage No. 15 
Passage No. 15 
Passage No. 31 
Passage No. 31 
Passage No. 31 

Spanwise Traverse at Instrumentation Plane 
Spanwise Traverse at Leading Edge Plane 
Spanwise Traverse at Trailing Edge Plane 

100% Speed 
100% Speed 
100% Speed 

Peak Efficiency 
Peak Effi ci ency 
Peak Effi ci ency 

DEFINITION OF ANGLES 

The angles appearing in the tables are BETA, which is shown in Figure 13 as 
IImeasurement plane BETA" and defined by 

BETA = arctan (VU/VZ) 

and BETA PRIt1E which includes the radial component and is given by 

(U - VU) 
BET APR I ME = arcs; n V i 
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APPENDIX 0 (Cont') 

LASER DOPPLER VELOC IMETER DATA 
0 

95% SPAN 10m SPEED PEAK EFF X/B = -.3 PASSAGE NO.1 0-

STO DAY RPM = 12470.4, RADIUS = 41.420 CM, PHI = -18.3 DEG, STD DAY TTREL = 433. DEG K, UPSTREAt·1 HABS = 276. DEG K 
16.307 IN 780. DEG R 496. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRH1E RElATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS OEG tlACH NO DEG tlACII NO 

PRES SURE SlOE 
0.7 97. 317. 135. 99. 324. 45. 14l. 464. 0.6 0.446 74.6 1.676 
4.5 95. 312. 135. 97. 319. 45. 139. 456. 0.6 0.439 74.8 1.673 
8.3 98. 323. 135. 97. 319. 45. 141. 464. -0.4 0.447 74.6 1.687 

12.1 97. 317. 135. 97. 317. 45. 140. 458. -0.0 0.441 .74.8 1.681 
15.9 97. 318. 135. 97. 318. 45. 140. 460. -0.0 0.443 74.7 1.681 
19.7 96. 315. 135. 98. 320. 45. 140. 459. 0.5 0.442 74.7 1.676 
23.5 103. 337. 135. 100. 327. 45. 146. 480. -0.9 0.464 74.2 1.700 
27.3 111. 363. 135. 102. 336. 45. 154. 505. -2.2 0.492 73.5 1.728 
31.1 110. 362. 135. 104. 340. 45. 155. 508. -1.8 0.493 73.4 1.724 
34.9 111. 363. 135. 102. 335. 45. 154. 505. -2.3 0.491 73.5 1.728 
38..7 111. 364. 135. 102. 334. 45. 154. 505. -2.5 0.491 73.5 1.730 
42.5 110. 362. 135. 103. 338. 45. 154. 506. -2.0 0.492 73.4 1.725 
46.3 109. 358. 135. 101. 331. 45 •. 152. 498. -2.2 0.484 73.7 1.724 
50.1 109. 356. 135. 101. 333. 45. 152. 498. -1.9 0.484 73.7 1.720 
53.9 109. 359. 135. 100. 329. 45. 152. 497. -2.5 0.484 73.7 1.727 
57.7 108. 354. 135. 100. 328. 45. 150. 493. -2.2 0.479 73.8 1.721 
61.5 107. 352. 135. 10l. 331. 45. 151. 494. -1.8 0.479 73.8 1.716 
65.3 109. 358. 135. 100. 329. 45. 151. 497. -2.4 0.483 73.8 1.726 
69.1 109. 359. 135. 102. 334. 45. 153. 501. -2.1 0.487 73.6 1. 724 
72.9 114. 375. 135. 105. 344. 45. 158. 520. -2.5 0.507 73.1 1.738 
76.7 118. 387. 135. 107. 351. 45. 163. 534. -2.8 0.522 72.7 1.750 
80.5 117 • 383. 135. 106. 349. 45. 161. 529. -2.7 0.517 12.8 1.746 
84.3 117 • 384. 135. 109. 356. 45. 163. 535. -2.2 0.522 72.6 1. 742 
88.1 114. 375. 135. 107. 350. 45. 160. 524. -2.0 0.511 12.9 1.734 
91.9 115. 376. 135. 104. 340. 45. 158. 518. -2.9 0.506 73.2 1.742 
95.7 110. 361. 135. 104. 341. 45. 155. 508. -1.6 0.493 73.4 1.721 

SUCTIOtJ SIDE 

-.... 



........ 

o 
-..l 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRES SURE SIDE 
3.1 108. 
6.9 107. 

10.7 108. 
14.5 104. 
lB.3 104. 
22.1 101. 
25.9 101. 
29.7 101. 
33.5 101. 
37.3 103. 
41, 1 102. 
44.9 96. 
48.7 95. 
52.5 96. 
56.3 108. 
60.1 113. 
63.9 112. 
67.7 112. 
71.5 110. 
75.3 110. 
79.1 110. 
82.9 108. 
86.7 109. 
90.5 107. 
94.3 107. 
98.1 110. 

SUCTION SIDE 

JlPPEtlDlX D (Cont'd) 

LASER DOP PUR VELOC mETER DATA 

95% SPAN 10m SPEED PEAK EFF X/B = -.2 PASSAGE NO.1 

RADIUS = 41.283 CM, PHI = -18.3 DEG, STD DAY TTREL = 433. DEG K. 
16.253 IN 779. DEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA 
FPS DEG r1PS FPS DEG ~IPS FPS DEG 

353. 135. 107. 350. 45. 154. 505. -0.2 
351. 135. 107. 351- 45. 154. 505. -0.0 
355. 135. 107. 351. 45. 155. 507. -0.3 
340. 135. 108. 353. 45. 152. 498. 1.1 
340. 135. 106. 347. 45. 151- 494. 0.6 
330. 135. 104. 341. 45. 147. 482. 0.9 
330. 135. 103. 339. 45. 147. 48l. 0.8 
331. 135. 102. 334. 45. 146. 478. 0.3 
333. 135. 100. 329. 45. 145. 476. -0.3 
338. 135. 102. 336. 45. 148. 484. -0.2 
336. 135. 101- 331. 45. 146. 479. -0.4 
315. 135. 97. 317. 45. 138. 454. 0.2 
311. 135. 95. 312. 45. 136. 448. 0.1 
316. 135. 97. 317. 45. 139. 455. 0.1 
355. 135. 102. 335. 45. 151- 496. -1.7 
370. 135. 106. 347. 45. 157. 515. -1.8 
366. 135. 105. 346. 45. 156. 512. -1.6 
366. 135. 105. 345. 45. 156. 511. -1. 7 
361. 135. 104. 341- 45. 154. 505. -1.6 
361. 135. 104. 341. 45. 154. 505. -1.6 
362. 135. 104. 340. 45. 154. 505. -1.8 
355. 135. 102. 336. 45. 151. 497. -1.6 
358. 135. 104. 342. 45. 153. 503. -1.3 
351. 135. 104. 341. 45. 152. 497. -O.B 
351. 135. 105. 344. 45. 152. 500. -0.6 
362. 135. 105. 343. 45. 154. 507. -1.5 

UPSTREAM TTABS = 279. DEG K 
502. DEG R 

ABSOLUTE BETA PRIME RELATIVE 
'tACH NO DEG '·1ACH flO 

0.488 73.3 1.697 
0.487 73.3 1.694 
0.491 73.2 1.699 
0.480 73.4 1.678 
0.476 73.6 1.682 
0.464 73.9 1.673 
0.463 74.0 1.675 
0.460 74.1 1.679 
0.459 74.2 1.685 
0.467 73.9 1.687 
0.462 74.1 1.68!l 
0.437 74.9 1.671 
0.430 75.1 1.669 
0.437 74.8 1.672 
0.481 73.7 1.710 
0.501 73.1 1.721 
0.497 73.2 1.717 
0.496 73.2 1.717 
0.490 73.4 1.714 
0.490 73.4 1. 714~ 
0.490 73.4 1.716 
0.4B1 73.6 1.709 
0.488 73.4 1.709 
0.481 73.6 1.700 
0.483 73.5 1.698 
0.492 73.3 1.713 



APPENDIX 0 (Contld) 

LASER DOPPLER VElOCmETER DATA 
...... 
0 95% SPAN 100% SPEED PEAK EFF X/S = -.1 PASSAGE NO. 00 

STD DAY RPM = 12470.4, RADIUS = 41. 143 Ct-" PHI = -18.3 DEG, STD DAY TTREL = 432. OEG K, UPSTREM1 TTABS = 280. DEG K 16.198 IN 777. OEG R 504. OEG R 

PERCENT GAP C1 Cl ZETA1 C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS OEG MPS FPS nEG nps FPS DEG HACH NO OEG flACII tlO 

PRESSURE SIDE 
1.7 111. 363. 135. 106. 348. 45. 155. 510. -1.2 0.495 73.1 1.706 
5.5 110. 362. 135. 107. 351. 45. 156. 511. -0.9 0.496 73.1 1.703 
9.3 112. 366. 135. 107. 350. 45. 157. 514. -1.3 0.498 73.0 1.709 

13.1 111. 363. 135. 107. 350. 45. 156. 511. -1.0 0.496 73.1 1.705 
16.9 109. 359. 135. 108. 355. 45. 156. 512. -0.3 0.496 73.0 1 .6% 
20.7 110. 361. 135. 108. 353. 45. 156. 512. -0.6 0.496 73.0 1.700 
24.5 108. 354. 135. lOB. 355. 45. 155. 509. 0.1 0.491 73.1 1.689 
2B.3 lOB. 355. 135. 107. 352. 45. 155. 507. -0.2 0.490 73.2 1.693 
32.1 109. 359. 135. 109. 357. 45. 157. 514. -0.2 0.497 73.0 1.695 
35.9 109. 359. 135. 111- 365. 45. 158. 519. 0.5 0.502 72.7 1.689 
39.7 110. 360. 135. 111. 364. 45. 158. 519. 0.3 0.502 72.7 1.691 
43.5 109. 357. 135. lOB. 353. 45. 155. 509. -0.3 0.493 73.1 1.695 
47.3 107. 351- 135. 109. 359. 45. 155. 509. 0.6 0.491 73.0 1.683 
51.1 106. 34B. 135. lOB. 354. 45. 153. 504. 0.5 0.486 73.2 1.682 
54.9 107. 350. 135. 108. 353. 45. 154. 504. 0.2 0.487 73.2 1.686 
5B.7 107. 351. 135. 111. 365. 45. 157. 514. 1.1 0.495 12.B 1.679 
62.5 115. 376. 135. 110. 361. 45. 161- 529. -1.2 0.514 72.6 1.714 
66.3 119. 392. 135. 109. 359. 45. 164. 539. -2.5 0.526 12.4 1. 737 
70.1 109. 359. 135. 108. 353. 45. 156. 511. -0.5 0.494 73.1 1.697 
73.9 96. 316. 135. 102. 334. 45. 142. 466. 1.6 0.447 74.3 1.655 
77.7 88. 290. 135. 100. 327. 45. 135. 443. 3.4 0.423 75.0 1.627 
81.5 92. 302. 135. 98. 320. 45. 136. 446. 1.7 0.427 75.0 1.647 
85.3 111. 365. 135. 106. 347. 45. 156. 511. -1.4 0.496 73.1 1.709 
89.1 114. 373. 135. 106. 348. 45. 158. 517. -2.0 0.503 73.0 1.719 
92.9 114. 373. 135. 107. 351. 45. 15B. 519. -1. 7 0.505 72.9 1.717 
96.7 112. 367. 135. lOB. 354. 45. 158. 517. -1.0 0.502 12.9 1.707 

SUCTIOtI SI DE 

..... ~"1.r""'''''' 



....... 
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STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
8.0 112. 

11.8 111. 
15.6 114. 
19.4 115. 
23.2 113. 
27.0 111. 
30.8 111. 
34.6 112. 
38.4 115. 
42.2 114. 
46.0 109. 
49.8 115. 
53.6 116. 
57.4 113. 
61.2 118. 
65.0 119. 
68.8 115. 
72.6 116. 
76.4 111. 
80.2 112. 
84.0 116. 
87.8 124. 
91.6 127. 
95.4 115. 

SUCTIOt, SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

95% SPAN 10m SPEED PEAK EFF X/B = 0.0 PASSAGE NO. 

RADIUS = 41.006 CM. PHI = -18.3 DEG, STD DAY TTREL = 431. DEG K, 
16.144 IN 775. DEG R 

C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA 
FPS DEG MPS FPS DEG MPS FPS DEG 

369. 135. 108. 355. 45. 158. 518. -1.1 
364. 135. 106. 349. 45. 156. 510. -1.2 
373. 135. 107. 350. 45. 158. 518. -1.8 
376. 135. 106. 349. 45. 158. 519. -2.1 
370. 135. 107. 351- 45. 157. 516. -1.5 
364. 135. 108. 353. 45. 156. 513. -0.9 
365. 135. 109. 357. 45. 158. 517. -0.6 
369. 135. 112. 368. 45. 161. 528. -0.1 
376. 135. 111. 365. 45. 162. 531. -0.9 
375. 135. 116. 381. 45. 165. 541. 0.5 
357. 135. 118. 388. 45. 163. 533. 2.4 
378. 135. 119. 390. 45. 168. 550. 0.9 
381. 135. 121. 397. 45. 170. 557. 1.2 
371. 135. 126. 412. 45. 171. 561. 3.0 
386. 135. 125. 409. 45. 173. 569. 1.7 
392. 135. 123. 402. 45. 173. 568. 0.7 
378. 135. 124. 407. 45. 171- 562. 2.1 
381. 135. 125. 410. 45. 173. 566. 2.1 
363. 135. 125. 410. 45. 169. 553. 3.5 
369. 135. 124. 406. 45. 169. 555. 2.7 
379. 135. 126. 415. 45. 173. 568. 2.6 
408. 135. 129. 422. 45. 181. 594. 1.0 
418. 135. 129. 424. 45. 184. 603. 0.4 
376. 135. 130. 425. 45. 175. 573. 3.5 

UPSTREAM TTABS = 281. DEG K 
506. DEG R 

ABSOLUTE BETA PRIME RElATIVE 
MACH NO DEG r1ACH tlO 

0.503 12.8 1.704 
0.495 73.1 1.701 
0.504 12.9 1.713 
0.506 12.9 1.717 
0.502 12.9 1.70B 
0.498 73.0 1.699 
0.501 12.8 1.697 
0.511 12.5 1.695 
0.515 12.4 1.707 
0.524 72.0 1.695 
0.514 72.1 1.667 
0.532 71.7 1.693 
0.539 71.4 1.692 
0.541 71.1 1.670 
0.551 71.0 1.692 
0.552 71.1 1.704 
0.543 71.2 1.682 
0.548 71.0 1.684 
0.533 71.3 1.661 
0.535 71.3 1.671 
0.549 70.9 1.679 
0.578 70.3 1.713 
0.588 70.1 1.726 
0.553 70.7 1.668 

-



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCmETER DATA 

0 95% SPAN 10m SPEED PEAK EFF X/B = .18 PASSAGE NO. 

STO DAY RPM = 12470.4, RADIUS = 40.825 CM, PHI = -18.3 DEG. STD DAY TTREL = 429. DEG K. UPSTREAM TTABS = 281. nEG K 16.073 IN 773. DEG R 505. nEG R 

PERCEtlT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE MPS FPS DEG MPS FPS DEG MPS FPS DEG nACH NO DEG HAC II NO 
PRESSURE SIDE 

10.4 191. 627. 60. 194. 637. 15. 125. 412. 53.6 0.570 70.0 1.023 14.4 193. 632. 60. 184. 604. 15. 135. 442. 49.4 0.565 69.3 1.074 18.4 166. 543. 60. 188. 617. 15. 94. 310. 61.3 0.523 74.6 0.985 22.4 174. 570. 60. 22l. 726. 15. 82. 269. 68.7 0.586 75.0 0.863 26.4 168. 550. 60. 173. 569. 15. 108. 354. 54.8 0.507 73.4 1.056 30.4 167. 547. 60. 144. 473. 15. 128. 418. 42.6 0.486 72.1 1.193 38.4 135. 443. 105. 144. 472. 60. 150. 493. 11.9 0.471 12.5 1.536 42.4 137. 451. 105. 141- 463. 60. 151. 495. 9.3 0.473 72.6 1.565 46.4 164. 538. 105. 144. 472. 60. 171. 561. -1.5 0.547 71.5 1.123 50.5 168. 551. 105. 150. 493. 60. 176. 578. -0.1 0.563 70.8 1.713 54".5 152. 500. 105. 147. 481. 60. 164. 537. 4.8 0.515 71.6 1.630 58.5 157. 514. 105. 147. 481- 60. 167. 547. 2.9 0.527 71.5 1.658 62.5 174. 572. 105. 153. 503. 60. 182. 597. -1.3 0.584 70.4 1.740 66.5 150. 491. 105. 164. 537. 60. 168. 551. 13.7 0.529 70.2 1.524 
70.5 155. 510. 105. 184. 604. 60. 180. 590. 19.0 0.573 68.1 1.460 
74.5 192. 631- 105. 175. 573. 60. 203. 665. 0.9 0.652 68.1 1.745 
78.5 176. 577. 105. 174. 571. 60. 191. 625. 6.8 0.603 68.5 1.637 
82.5 169. 554. 105. 183. 602. 60. 189. 620. 13.2 0.597 67.8 1.544 
86.5 150. 493. 105. 150. 491. 60. 163. 535. 7.2 0.513 71.5 1.600 90.5 188. 616. 105. 153. 501. 60. 191. 627. -6.5 0.632 70.0 1.840 94.5 167. 548. 105. 158. 520. 60. 178. 586. 3.9 0.565 70.2 1.661 SUCTION SIDE 

-.t -



APPENOI X 0 (Cont I d) 

LASER DOPPLER VELOC mETER DATA 

95't SPAN 10m SPEED PEAK EFF X/B = .26 PASSAGE NO. 

STD DAY RPM = 12470.4, RADIUS = 40.64B CM. PHI = -lB.3 OEG, STD DAY TTREL = 42B. DEG K, UPSTREN1 TTABS = 281. DEG K 
16.003 H! 771. OEG R 505. OEG R 

PERCEtn GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIr1E RELATIVE. 
MPS FPS DEG MPS FPS DEG ~'PS FPS OEG ~IACH NO OEG tlJ\CU NO 

PRESSURE SIDE 
6.1 111. 363. 105. 229. 750. 60. 164. 538. 47.5 0.662 63.8 1.042 

10.2 119. 392. 105. 236. 774. 60. 173. 568. 45.8 0.680 62.6 1.059 
14.2 124. 408. 105. 250. 819. 60. 182. 596. 46.5 0.719 60.6 1.036 
18.3 130. 427. 105. 261. 85"5. 60. 190. 623. 46.4 0.749 58.9 1.027 
22.4 127. 417. 105. 267. 877. 60. 190. 624. 48.1 0.770 57.8 0.992 
26.5 126. 412. 105. 273. 895. 60. 191. 627. 49.2 0.787 56.9 0.969 
30.6 120. 395. 105. 276. 904. 60. 188. 618. 50.9 0.798 56.4 0.938 
34.6 119. 389. 105. 268. 879. 60. 184. 605. 50.5 0.776 57.7 0.952 
38.7 118. 386. 105. 264. 867. 60. 182. 598. 50.3 0.766 58.3 0.959 
42.8 138. 454. 105. 252. 827. 60. 193. 632. 42.6 0.723 60.1 1.094 
46 •. 9 161. 527. 105. 242. 794. 60. 205. 672. 33.5 0.703 61.4 1.241 
50.9 175. 574. 105. 223. 732. 60. 208. 683. 23.8 0.675 63.5 1.394 
55.0 200. 655. 105. 222. 729. 60. 225. 740. 14.9 0.718 63.2 1.546 
59.1 179. 588. 105. 221. 726. 60. 211. 691- 21. 7 0.678 63.6 1.427 
63.2 210. 688. 105. 215. 706. 60. 230. 755. 9.3 0.734 63.8 1.644 
67.3 188. 616. 105. 214. 701. 60. 214. 701. 16.4 0.680 64.3 1.511 
71.3 188. 616. 105. 209. 685. 60. 212. 696. 14.8 0.673 64.8 1.534 
75.4 193. 632. 105. 202. 664. 60. 213. 699. 10.9 0.676 65.4 1. 595 
79.5 207. 678. 105. 199. 654. 60. 222. 728. 5.0 0.711 65.4 1.704 
83.6 187. 612. 105. 192. 629. 60. 205. 672. 9.4 0.648 66.5 1.609 
87.6 192. 629. 105. 188. 616. 60. 207. 679. 6.1 0.659 66.8 1.663 
91.7 176. 578. 105. 183. 602. 60. 194. 638. 10.3 0.614 67.6 1.584 
95.8 187. 614. 105. 180. 589. 60. 20l. 659. 4.6 0.639 67.7 1.676 
99.9 183. 602. 105. 180. 592. 60. 198. 651. 6.3 0.629 67.7 1.647 

SUCTION SIDE 

...... -



APPENDIX D (Cont'd) 

- LASER DOPPLER VElOCIMETER DATA -IV 
95% SPAN 10O'}; SPEED PEAK EFF XIS = .39 PASSAGE rIO. 

STD DAY RPM = 12470.4, RADIUS = 40.467 cr~, PUI = -18.3 DEG, STD DAY TTREL = 427. DEG K, UPSTREAM TTABS = 281. nEG K 15.932 IN 769. DEG R 505. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
5.3 256. 841. 60. 250. 821. 15. 176. 576. 50.8 0.745 59.4 0.954 
9.5 264. 865. 60. 247. 809. 15. 188. 618. 47.9 0.760 58.2 0.995 13.8 273. 896. 60. 239. 783. 15. 207. 679. 43.3 0.782 56.8 1.066 

18.0 289. 947. 60. 237. 778. 15. 230. 754. 39.2 0.828 54.7 1.131 22.2 302. 991- 60. 236. 774. 15. 249. 817. 36.0 0.871 53.0 1. 191 
26.5 305. 1000. 60. 237. 777. 15. 252. 828. 35.6 0.880 52.6 1.198 30.7 308. 1010. 60. 246. 808. 15. 250. 819. 37.5 0.885 52.0 1.163 
34.9 308. 1009. 60. 262. 858. 15. 238. 782. 41.5 0.879 51.7 1.0B7 
39.2 299. 98l. 60. 255. 836. 15. 231- 759. 41.6 0.855 53.0 1.086 
43.4 323. 1061. 60. 251. 823. 15. 268. 879. 35.5 0.935 50.1 1.206 
47..7 275. 903. 60. 240. 786. 15. 209. 687. 43.0 0.788 56.5 1.069 
51.9 264. 866. 60. 224. 734. 15. 205. 673. 41.2 0.757 58.2 1.104 56.1 251- 824. 60. 206. 677. 15. 200. 656. 39.2 0.722 60.1 1.143 
60.4 240. 789. 60. 193. 634. 15. 194. 638. 37.8 0.693 61.5 1.171 
64.6 231. 758. 60. 188. 618. 15. 185. 607. 38.7 0.666 62.9 1.162 
73.1 196. 643. 105. 187. 612. 60. 210. 688. 4.1 0.670 66.7 1.692 
77.3 208. 682. 105. 189. 620. 60. 219. 719. 0.9 0.709 66.3 1.762 
81.6 205. 674. 105. 183. 601. 60. 215. 706. -0.4 0.699 66.8 1.777 
85.8 200. 657. 105. 180. 590. 60. 210. 690. 0.1 0.680 67.3 1.758 
90.1 197. 645. 105. 177. 580. 60. 206. 677. 0.2 0.666 67.6 1.749 
94.3 192. 629 •. 105. 176. 577. 60. 203. 665. 1.6 0.650 67.8 1.720 
98.5 184. 603. 105. 176. 579. 60. 197. 647. 4.7 0.627 67.9 1.663 

SUCTION SIDE 

..... 



APPEtJDI X D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

95% SPAN 10m SPEED PEAK EFF X/B = .52 PASSAGE NO. 

STo DAY RPM = 12470.4. RADIUS = 40.287 eM, PHI = -18.3 DEG, STO DAY TTREL = 426. OEG K, UPSTREJIJ~ HABS = 281. DEG K 
15.861 IN 766. nEG R 505. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRHlE RELATIVE 
MPS FPS DEG MPS FPS DEG HPS FPS DEG ~1ACH tJO OEG MAC II NO 

PRESSURE SIDE 
0.9 237. 777. 60. 264. 866. 15. 139. 455. 60.0 0.724 63.0 0.829 
5.4 243. 798. 60. 273. 897. 15. 141. 462. 60.5 0.746 61.8 0.808 
9.8 255. 838. 60. 265. 868. 15. 164. 538. 54.9 0.756 59.4 0.883 

14.2 266. 874. 60. 259. 851- 15. 183. 600. 50.7 0.774 57.5 0.942 
18.6 272. 891. 60. 245. 804. 15. 200. 657. 45.4 0.780 56.8 1.026 
23.1 279. 915. 60. 222. 727. 15. 227. 746. 37.0 0.804 56.0 1.167 
27.5 287. 94l. 60. 209. 685. 15. 247. 812. 31.7 0.840 55.1 1.265 
31.9 292. 958. 60. 210. 688. 15. 254. 833. 30.9 0.858 54.4 1.282 
36.3 286. 939. 60. 208. 68l. 15. 247. 812. 31.5 0.838 55.2 1.269 
40.8 283. 930. 60. 212. 696. 15. 240. 789. 33.3 0.825 55.5 1.234 
45.2 281. 921- 60. 212. 695. 15. 237. 777. 33.8 0.815 55.8 1.224 
49.6 273. 897. 60. 212. 695. 15. 227. 744. 35.5 0.791 56.8 1.195 
54.0 268. 878. 60. 208. 684. 15. 22l. 725. 35.8 0.773 57.6 1.190 
58.5 258. 848. 60. 201. 660. 15. 214. 70l. 35.7 0.747 58.8 1.192 
62.9 247. 812. 60. 194. 635. 15. 204. 669. 36.0 0.715 60.4 1.190 
67.3 240. 788. 60. 187. 612. 15. 199. 652. 35.6 0.695 61.4 1.200 
71. 7 230. 755. 60. 175. 574. 15. 193. 634. 34.3 0.668 62.7 1.223 
76.2 215. 704. 60. 158. 519. 15. 184. 603. 32.4 0.627 64.7 1.256 
80.6 202. 663. 60. 148. 486. 15. 174. 570. 32.1 0.592 66.3 1.266 
85.0 190. 622. 60. 143. 469. 15. 160. 525. 33.8 0.554 68.1 1.252 
89.4 178. 585. 60. 159. 523. 15. 133. 435. 44.8 0.521 70.5 1.135 
93.9 176. 517. 60. 209. 686. 15. 94. 307. 64.3 0.568 73.4 0.903 
98.3 193. 634. 60. 242. 794. 15. 94. 309. 67.6 0.641 71.6 0.806 

SUCTION SlOE 

..... 
w 

.... 
."~r..,.· 



JlPPEtIDIX D ((ont'd) 

LASER DOPPLER VElOC mETER DATA 
~ 

95% SPAN 10m SPEED PEAK Err X/B = .65 PASSAGE NO. 

STD DAY RPM = 12470.4, RADIUS = 40.107 CM, PHI = -18.3 DEG, STD DAY TTREl = 424. DEG K, UPSTREAM TTABS = 281. DEG K 
15.790 IN 764. OEG R 505. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACU NO DEG t1ACH NO 

PRES SURE SIDE 
1.8 227. 744. 60. 296. 971. 15. 102. 334. 70.2 0.765 66.0 0.665 
6.2 226. 740. 60. 272. 893. 15. 117. 385. 65.2 0.723 65.4 0.758 

10.6 224. 735. 60. 250. 82l. 15. 13l. 429. 60.1 0.689 65.1 0.846 
15.0 220. 723. 60. 224. 736. 15. 144. 474. 53.7 0.654 65.1 0.949 
19.4 222. 729. 60. 226. 741- 15. 146. 478. 53.6 0.659 64.8 0.947 
23.8 226. 741. 60. 216. 708. 15. 158. 518. 49.4 0.659 63.9 1.004 
28.2 237. 778. 60. 208. 68l. 15. 180. 589. 43.4 0.683 61.9 1.079 
32.6 244. 802. 60. 199. 654. 15. 196. 642. 38.7 0.704 60.7 1.145 
37.0 251- 823. 60. 184. 603. 15. 216. 707. 32.1 0.733 59.7 1.248 
41.4 254. 832. 60. 185. 608. 15. 218. 716. 31.9 0.741 59.3 1.251 
45:7 255. 835. 60. 191- 628. 15. 215. 706. 33.6 0.740 59.2 1.223 
50.1 257. 844. 60. 198. 650. 15. 214. 703. 35.1 0.745 58.9 1.198 
54.5 257. 844. 60. 202. 664. 15. 211. 693. 36.4 0.743 58.9 1.176 
58.9 255. 836. 60. 206. 675. 15. 205. 674. 38.1 0.734 59.2 1.151 
63.3 254. 832. 60. 202. 662. 15. 206. 677. 37.1 0.732 59.4 1.166 
67.7 247. 811. 60. 201- 660. 15. 198. 650. 38.6 0.712 60.3 1.146 
72.1 246. 807. 60. 197. 647. 15. 199. 654. 37.6 0.709 60.5 1.161 
76.5 239. 785. 60. 188. 616. 15. 197. 645. 36.3 0.692 61.4 1.185 
80.9 236. 774. 60. 176. 577. 15. 20l. 658. 33.1 0.687 61.7 1.234 
85.3 232. 761. 60. 175. 574. 15. 196. 642. 33.8 0.675 62.3 1.224 
89.7 231- 757. 60. 185. 606. 15. 187. 614. 37.5 0.667 62.6 1.170 
94.1 237. 777. 60. 223. 733. 15. 168. 550. 48.5 0.688 62.1 1.004 
98.5 246. 807. 60. 289. 949. 15. 133. 437. 63.5 0.772 61.3 0.745 

SUCT ION SIDE 

---' 
.,... .. 



APPENDIX D (Cont'd) 

LASER DOPPLER VElOC mETER DATA 

95% SPAN 100~ SPEED PEAK EFF X/B = .78 PASSAGE NO.1 

STD DAY RPM = 12470.4, RADIUS = 39.929 CM. PHI = -18.3 DEG, STD DAY TTREL = 423. DEG K, UPSTREAM TTABS = 281. DEG K 
15.720 IN 762. DEG R 505. DEG R 

PERCENT GAP Cl C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS [)EG MPS FPS DEG ttACH NO DEG t1J\CH NO 

PRESSURE SIDE 
11.3 128. 421. 90. 254. 834. O. 130. 427. 63.2 0.747 62.6 0.761 
15.5 140. 460. 90. 205. 674. O. 142. 466. 55.7 0.671 64.5 0.909 
19.7 147. 483. 90. 183. 600. O. 149. 490. 51.2 0.644 64.9 0.983 
23.9 150. 492. 90. 173. 567. o. 152. 499. 49.1 0.632 65.2 1.016 
28.2 153. 50l. 90. 164. 538. O. 155. 508. 47.0 0.623 65.4 1.046 
32.4 156. 511. 90. 160. 526. o. 158. 518. 45.8 0.624 65.1 1.062 
36.6 159. 523. 90. 159. 521. o. 162. 530. 44.9 0.630 64.7 1.072 
40.8 163. 536. 90. 163. 535. o. 166. 543. 44.9 0.645 63.9 1.065 
45.0 163. 535. 90. 166. 544. O. 165. 542. 45.5 0.649 63,8 1.056 
49.3 168. 551. 90. 166. 546. O. 170. 558. 44.7 0.661 63.1 1.062 
53~5 173. 566. 90. 170. 558. o. 175. 574. 44.6 0.677 62.2 1.059 
57.7 177. 580. 90. 166. 545, o. 179. 588. 43.2 0.681 61.9 1.078 
61.9 187. 612. 90. 156. 511. o. 189. 620. 39.9 0.690 61.3 1.125 
66.1 194. 637. 90. 149. 490. o. 197. 646. 37.6 0.701 60.7 1.158 
70.4 198. 650. 90. 151. 494. 0, 201. 659. 37.2 0.713 60.2 1.162 
74.6 198. 651. 90. 151. 494. o. 201. 660. 37.2 0.713 60.1 1.162 
78.8 202. 662. 90. 148. 484. O. 204. 67l. 36.2 0.719 59.9 1.178 
83.0 209. 686. 90. 139. 457. O. 212. 695. 33.7 0.729 59.6 1.217 
87.2 210. 690. 90. 139. 457. o. 213. 699. 33.5 0.733 59.4 1.220 
91.5 209. 687. 90. 148. 486. O. 212. 696. 35.3 0.740 59.0 1.191 

SUCTION SIDE 

..... 
Vt ....... 



APPENDIX D (Cont'd) 
..-
..-
0\ LASER DOPPLER VElOC H1ETER DATA 

951, SPAN 1001, SPEED PEAK EFF XIB = .91 PASSAGE tJO. 

STD DAY RPM = 12470.4, RADIUS = 39.748 CM, Pin = -18.3 DEG. STO DAY TTREL = 422. DEG K. UPSTREAM TTABS = 281. DEG K 
15.649 IN 760. DEG R 505. OEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG HACH NO 

PRESSURE SIDE 
11.5 132. 432. 90. 251. 824. O. 133. 438. 62.3 0.747 62.0 0.769 
15.5 139. 456. 90. 234. 769. O. 141- 462. 59.3 0.725 62.2 0.823 
19.5 147. 481. 90. 210. 688. O. 149. 487. 55.0 0.691 63.0 0.901 
23.5 149. 489. 90. 194. 638. o. 151- 496. 52.5 0.668 63.7 0.947 
27.5 148. 485. 90. 183. 601. O. 150. 492. 51.1 0.646 64.7 0.978 
31.5 143. 470. 90. 183. 599. o. 145. 476. 51.9 0.636 65.4 0.973 
35.5 141. 461. 90. 183. 599. o. 142. 467. 52.4 0.630 65.8 0.969 
39.5 139. 457. 90. 185. 606. o. 141. 463. 53.0 0.632 65.9 0.961 
43.5 139. 457. 90. 186. 611. O. 141- 463. 53.2 0.635 65.8 0.957 
41.5 143. 468. 90. 184. 604. O. 145. 474. 52.2 0.637 65.4 0.968 
51.5 146. 479. 90. 184. 605. O. 148. 485. 51.6 0.644 64.9 0.971 
55.5 150. 493. 90. 183. 600. o. 152. 500. 50.6 0.650 64.3 0.982 
59.5 154. 506. 90. 179. 588. O. 156. 513. 49.3 0.652 64.0 0.9913 
63.5 159. 522. 90. 175. 574. O. 161- 529. 47.7 0.655 63.6 1.018 
67.5 163. 536. 90. 176. 578. O. 166. 543. 47.2 0.666 62.9 1.021 
71.5 166. 546. 90. 174. 571. O. 169. 553. 46.3 0.670 62.6 1.032 
75.5 172. 563. 90. 172. 563. O. 174. 571. 45.0 0.677 62.0 1.048 
79.5 178. 585. 90. 161. 529. o. 181. 593. 42.1 0.678 61.8 1.090 
83.5 186. 610. 90. 152. 500. o. 188. 618. 39.3 0.684 61.4 1.129 
87.5 196. 644. 90. 151. 494. O. 199. 653. 37.5 0.708 60.2 1.153 
91.5 200. 656. 90. 158. 518. O. 203. 665. 38.3 0.727 59.3 1.138 

sucnOJ' SIDE 

....... ...... 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95~ SPAN 100~ SPEED PEAK EFF XIS = 1.0 PASSAGE NO.1 

STD DAY RPM = 12470.4, RADIUS = 39.624 CM, PHI = -18.3 DEG, STD DAY TTREL = 421. DEG K. UPSTREAM TTABS = 281. DEG K 
15.600 IN 758. OEG R 505. DEG R 

PERCENT GAP Cl C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRmE RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG ~'ACH NO DEG nACH NO 

PRESSURE SIDE 
9.7 113. 371- 90. 265. 87l. O. 115. 376. 66.9 0.752 64.1 0.704 

13.5 134. 439. 90. 255. 835. O. 136. 445. 62.3 0.757 61.2 0.761 -
17.3 144. 472. 90. 224. 734. O. 146. 478. 57.3 0.713 62.2 0.856 
21.1 148. 485. 90. 211. 693. O. 150. 492. 55.0 0.697 62.5 0.896 
24.9 155. 509. 90. 194. 637. O. 157. 516. 51.4 0.680 62.7 0.954 
28.7 155. 507. 90. 186. 610. O. 157. 514. 50.3 0.664 63.4 0.976 
32.5 150. 491. 90. 183. 599. O. 152. 498. 50.7 0.649 64.3 0.979 
36.3 143. 468. 90. 185. 608. O. 145. 474. 52.4 0.640 65.2 0.961 
40.1 142. 465. 90. 186. 610. O. 144. 471. 52.7 0.639 65.3 0.958 
43.9 139. 457. 90. 187. 612. O. 141- 463. 53.3 0.636 65.6 0.953 
47.7 142. 466. 90. 185. 607. O. 144. 472. 52.5 0.638 65.3 0.961 
51.5 140. 459. 90. 184. 603. O. 142. 465. 52.7 0.632 65.7 0.961 
55.3 144. 473. 90. 181- 595. O. 146. 479. 51.5 0.636 65.2 0.974 
59.1 142. 465. 90. 180. 590. O. 144. 471. 51.8 0.628 65.7 0.975 
62.9 149. 488. 90. 180. 591. O. 151- 495. 50.5 0.643 64.6 0.985 
66.7 147. 482. 90. 179. 588. O. 149. 488. 50.7 0.637 65.0 0.985 
70.5 153. 503. 90. 174. 571. O. 155. 510. 48.6 0.642 64.4 1.009 
74.3 156. 513. 90. 172. 563. O. 158. 520. 47.7 0.644 64.1 1.021 
78.1 166. 545. 90. 166. 545. O. 168. 552. 45.0 0.657 63.1 1.052 
81.9 159. 523. 90. 158. 517. O. 162. 530. 44.7 0.629 64.6 1.067 
85.7 163. 534. 90. 168. 552. O. 165. 541. 45.9 0.653 63.4 1.040 
89.5 172. 565. 90. 171. 562. O. 175. 573. 44.8 0.679 61.9 1.047 
93.3 175. 573. 90. 181- 595. O. 177. 58l. 46.1 0.700 60.8 1.022 

SUCTION SlOE 

-.l 

...... -



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC IMETER DATA 

- 95% SPAN 100% SPEED PEAK EFF X/B = 1.1 PASSAGE NO. 1 -00 
STD DAY RPM = 12470.4, RADIUS = 39.487 eM, PHI = -18.3 DEG, STD DAY TTREL = 421. DEG K, UPSTREAM TTABS = 281. DEG K 15.546 IN 757. DEG R 505. DE.G R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRUIE RElATIVE 
14PS FPS DEG ~IPS FPS nEG MPS FPS nEG ~'ACU NO DEG HACH NO 

PRESSURE SIDE 
1.4 215. 704. 60. 266. 874. O. 95. 312. 70.6 0.732 67.8 0.674 
5.2 221. 726. 60. 289. 948. O. 90. 295. 72.9 0.776 67.0 0.611 9.0 228. 748. 60. 277. 909. O. 105. 343. 69.6 0.765 64.8 0.658 

12.8 235. 772. 60. 26l. 856. O. 123. 403. 65.1 0.752 62.8 0.722 
16.6 235. 770. 60. 239. 7R4. O. 135. 442. 60.9 0.725 62.6 0.796 
20.4 232. 761. 60. 223. 732. O. 141- 462. 58.1 0.704 62.9 0.846 
24.2 231. 759. 60. 203. 666. O. 152. 499. 53.6 0.685 62.7 0.917 
28.0 233. 763. 60. 193. 634. O. 159. 522. 50.9 0.682 62.3 0.955 
31.8 232. 762. 60. 180. 591. O. 166. 546. 47.7 0.675 62.2 1.004 
35.6 232. 760. 60. 179. 588. O. 166. 545. 47.5 0.673 62.3 1.006 
39.4 228. 747. 60. 182. 596. O. 160. 525. 49.0 0.664 63.0 0.990 
43.2 223. 730. 60. 184. 605. O. 152. 500. 50.8 0.654 64.0 0.970 
47.0 219. 720. 60. 184. 604. O. 149. 489. 51.4 0.646 64.5 0.966 
50.8 218. 716. 60. 182. 596. O. 149. 489. 51.0 0.642 64.7 0.973 
54.6 216. 710. 60. 180. 590. O. 148. 486. 50.9 0.637 64.9 0.977 
58.4 215. 707. 60. 178. 583. O. 148. 486. 50.5 0.633 65.1 0.984 
62.2 216. 709. 60. 177. 581. O. 149. 490. 50.2 0.635 64.9 0.987 
66.0 216. 710. 60. 176. 579. O. 150. 492. 50.0 0.635 64.9 0.990 
69.8 217. 712. 60. 175. 575. O. 151. 497. 49.6 0.636 64.7 0.995 
73.6 220. 721. 60. 172. 563. O. 157. 514. 48.0 0.641 64.2 1.014 
77.4 218. 716. 60. 165. 542. O. 159. 521- 46.5 0.634 64.4 1.036 
81.2 218. 715. 60. 164. 538. O. 159. 522. 46.3 0.633 64.4 1.040 
85.0 219. 720. 60. 165. 540. O. 161. 527. 46.1 0.637 64.1 1.040 
88.8 225. 737. 60. 173. 566. O. 162. 531. 47.2 0.653 63.4 1.019 
92.6 226. 741- 60. 193. 632. O. 152. 497. 52.2 0.666 63.5 0.946 
96.4 232. 761. 60. 203. 667. O. 152. 500. 53.5 0.687 62.6 0.917 

SUCTION SIDE 

..... .\: ... ..:'1:: .•• 



APPEHDIX D (Cont' d) 

LASER DOPPLER VELOCINETER DATA 

95% SPAN 95% SPEED PEAK EFF X/B = -.3 PASSAGE NO. 

STD DAY RPM = 11846.9, RADIUS = 41.420 CM, PHI = -18.3 DEG, STD DAY TTREL = 419. DEG K, UPSTREN~ TTABS = 270. DEG K 
16.307 IN 755. DEG R 486. DEG R 

PERCENT GAP C1 Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG t4PS FPS DEG MPS FPS DEG HACH NO DEG ~'ACH NO 

PRESSURE SIDE 
1.5 84. 276. 135. 87. 287. 45. 125. 411. 1.1 0.393 75.5 1.573 
5.3 82. 270. 135. 86. 283. 45. 123. 404. 1.3 0.386 75.8 1.569 
9.1 78. 257. 135. 84. 277. 45. 119. 390. 2.1 0.372 76.2 1.557 

12.9 76. 248. 135. 82. 268. 45. 115. 377. 2.2 0.359 76.6 1.553 
16.7 73. 239. 135. 83. 272. 45. 114. 373. 3.7 0.355 76.7 1.539 
20.5 68. 224. 135. 81- 267. 45. 109. 359. 5.0 0.341 77.1 1.525 
24.3 73. 240. 135. 82. 269. 45. 113. 372. 3.3 0.354 76.8 1.543 
28.1 77. 252. 135. 85. 278. 45. 118. 387. 2.8 0.369 76.3 1.551 
31.9 89. 292. 135. 91- 299. 45. 132. 432. 0.7 0.414 74.9 1.585 
35.7 103. 339. 135. 96. 315. 45. 146. 478. -2.1 0.463 73.5 1.633 
39.5 106. 349. 135. 96. 315. 45. 148. 485. -2.9 0.472 73.4 1.646 
43.3 10l. 333. 135. 97. 319. 45. 145. 476. -1.2 0.460 73.5 1.623 
47.1 10l. 333. 135. 94. 310. 45. 143. 470. -2.0 0.455 73.8 1.629 
50.9 99. 326. 135. 94. 310. 45. 142. 465. -1.4 0.449 73.9 1.620 
54.7 97. 317. 135. 94. 308. 45. 139. 457. -0.8 0.440 74.1 1.610 
58.5 99. 326. 135. 94. 308. 45. 141. 463. -1.6 0.448 74.0 1.621 
62.3 92. 303. 135. 93. 305. 45. 135. 444. 0.2 0.427 74.5 1.594 
66.1 96. 314. 135. 92. 303. 45. 137. 451- -1.0 0.434 74.3 1.609 
69.9 94. 309. 135. 92. 302. 45. 136. 446. -0.7 0.430 74.5 1.604 
73.7 93. 305. 135. 91- 298. 45. 134. 440. -0.7 0.424 74.7 1.601 
17.5 94. 309. 135. 92. 303. 45. 136. 447. -0.6 0.430 74.4 1.603 
81.3 92. 301- 135. 91- 298. 45. 133. 438. -0.3 0.421 74.7 1.596 
85.1 92. 301. 135. 92. 301. 45. 134. 440. -0.0 0.422 74.6 1.594 
88.9 91. 298. 135. 92. 303. 45. 134. 439. 0.5 0.421 74.6 1.589 
92.7 90. 296. 135. 93. 305. 45. 134. 439. 0.9 0.421 74.6 1.585 
96.5 91. 300. 135. 92. 301. 45. 134. 439. 0.1 0.422 74.7 1.593 

SUCTION SIDE 

--\0 



N 
0 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOClMETER DATA 

95% SPAN 95% SPEED PEAK EFF X/S = -.1 PASSAGE NO. 

STD DAY RPM = 11846.9, RADIUS = 41.143 eM, PHI = -18.3 DEG, STD DAY TTREL = 418. DEG K, UPSTREAM TTABS = 270. DEG K 
16.198 IN 752. DEG R 486. DEG R 

PERCENT GAP Cl C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG t<1PS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
2.4 104. 340. 135. 95. 312. 45. 145. 476. -2.5 0.462 73.5 1.626 
6.2 98. 323. 135. 92. 303. 45. 139. 457. -1.8 0.442 74.1 1.611 

10.0 102. 335. 135. 94. 307. 45. 143. 469. -2.5 0.455 73.8 1.623 
13.8 96. 316. 135. 94. 310. 45. 139. 457. -0.5 0.440 74.0 1.597 
17 .6 92. 302. 135. 92. 302. 45. 134. 441- -0.0 0.424 74.5 1.585 
21.4 . 88. 289. 135. 95. 313. 45. 134. 440. 2.3 0.421 74.4 1.561 
25.2 89. 291- 135. 96. 315. 45. 135. 443. 2.3 0.424 74.3 1.562 
29.0 89. 292. 135. 99. 324. 45. 137. 450. 3.0 0.430 74.0 1.558 
32.8 87. 284. 135. 96. 316. 45. 134. 438. 3.1 0.419 74.4 1.553 
36.6 91. 299. 135. 100. 328. 45. 140. 458. 2.0 0.438 73.7 1.564 
40.4 88. 289. 135. 99. 324. 45. 136. 448. 3.3 0.428 74.0 1.554 
44.2 92. 303. 135. 10l. 333. 45. 142. 465. 2.7 0.445 73.5 1.565 
48.0 94. 307. 135. 100. 329. 45. 142. 465. 2.0 0.445 73.6 1.573 
51.8 98. 320. 135. 10l. 333. 45. 145. 477. 1.1 0.458 73.2 1.587 
55.6 95. 31l. 135. 101. 33l. 45. 143. 469. 1.8 0.450 73.4 1.577 
59.4 1UO. 327. 135. 100. 327. 45. 146. 478. -0.0 0.460 73.3 1.600 
63.2 98. 322. 135. 95. 313. 45. 141- 464. -0.8 0.447 73.8 1.602 
67.0 82. 269. 135. 93. 304. 45. 128. 419. 3.5 0.399 75.0 1.543 
70.8 65. 213. 135. 88. 290. 45. 112. 367. 8.7 0.349 76.6 1.487 
74.6 59. 194. 135. 85. 280. 45. 106. 346. 10.3 0.330 77.2 1.472 
78.4 80. 261. 135. 88. 289. 45. 122. 402. 2.9 0.383 75.6 1.544 
82.2 92. 30l. 135. 98. 320. 45. 138. 454 •. 1.8 0.435 73.9 1.571 
86.0 107. 351. 135. 98. 322. 45. 150. 492. -2.5 0.478 73.0 1.634 
89.8 104. 342. 135. 97. 317. 45. 147. 481- -2.2 0.467 73.3 1.625 
93.6 105. 345. 135. 95. 311. 45. 146. 479. -3.0 0.466 73.5 1.633 
97.4 104. 340. 135. 97. 318. 45. 147. 481- -1.9 0.466 73.3 1.622 

SUCTION SIDE 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95% SPAN 95% SPEED PEAK EFF X/B = 0.0 PASSAGE NO. 

STD DAY RPM = 11846.9, RADIUS = 41.006 CM, PHI = -18.3 DEG, STD DAY TTREL = 417. DEG K, UPSTREAM TTABS = 270. DEG K 
16.144 IN 751. DEG R 486. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIf.tE RELATIVE 
MrS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SlUE 
5.0 100. 329. 135. 94. 308. 45. 142. 465. -1.9 0.450 73.8 1.609 
8.8 98. 321- 135. 89. 292. 45. 136. 448. -2.7 0.433 74.4 1.610 

12.6 97. 318. 135. 85. 280. 45. 133. 437. -3.6 0.423 74.8 1.614 
16.4 98. 323. 135. 92. 302. 45. 139. 457. -1.9 0.441 74.1 1.605 
20.2 98. 321. 135. 87. 285. 45. 135. 443. -3.4 0.429 74.6 1.615 
24.0 96. 315. 135. 87. 287. 45. 134. 440. -2.7 0.425 74.7 1.606 
27.8 96. 315. 135. 89. 292. 45. 135. 443. -2.2 0.428 74.5 1.602 
31.6 91. 299. 135. 99. 324. 45. 139. 455. 2.3 0.436 73.8 1.561 
35.4 96. 314. 135. 94. 308. 45. 138. 454. -0.6 0.437 74.0 1.590 
39.2 97. 319. 135. 100. 329. 45. 144. 473. 0.9 0.455 73.3 1.582 
43.0 96. 314. 135. 107. 351. 45. 148. 486. 3.2 0.465 72.7 1.562 
46.8 98. 320. 135. 107. 350. 45. 149. 489. 2.6 0.469 72.6 1.570 
50.6 99. 324. 135. 110. 361. 45. 153. 500. 3.1 0.480 72.2 1.568 
54.4 96. 314. 135. 115. 377. 45. 154. 505. 5.2 0.483 71.9 1.546 
58.2 96. 315. 135. 115. 377. 45. 154. 506. 5.1 0.484 71.8 1.547 
62.0 104. 342. 135. 115. 378. 45. 160. 526. 2.9 0.506 71.4 1.581 
65.8 104. 342. 135. 111. 363. 45. 157. 515. 1.7 0.496 71.8 1.590 
69.6 103. 337. 135. 116. 381- 45. 160. 525. 3.5 0.504 71.3 1.572 
73.4 102. 334. 135. 115. 377. 45. 158. 519. 3.5 0.499 71.5 1.571 
77 .2 105. 346. 135. 119. 391. 45. 164. 538. 3.5 0.518 70.9 1.578 
81.0 101. 330. 135. 117. 384. 45. 159. 522. .. 4.3 0.500 71.4 1.562 
84.8 98. 323. 135. 120. 395. 45. 160. 525. 5.7 0.502 71.1 1.546 
88.6 109. 359. 135. 119. 389. 45. 167. 546. 2.3 0.527 70.7 1.596 
92.4 87. 285. 135. 119. 389. 45. 150. 492. 8.8 0.470 72.0 1.503 

SUCTION SIDE 

N 
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APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95$ SPAN 95$ SPEED PEAK EFF X/B = .13 PASSAGE NO. 

STD DAY RPM = 11846.9, RADIUS = 40.825 CM, PHI = -18.3 DEG, STD DAY TTREL = 416. DEG K. UPSTREAM TTABS = 270. DEG K 
16.073 IN 749. DEG R 486. DEG R 

PERCENT GAP C1 Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
7.8 151. 496. 60. 140. 459. 15. 111. 365. 47.2 0.457 73.2 1.101 

11.8 170. 559. 60. 157. 516. 15. 126. 412. 47.0 0.512 70.4 1.070 
15.8 149. 489. 60. 165. 540. 15. 90. 296. 59.3 0.478 75.0 0.980 
19.7 122. 399. 60. 166. 544. 15. 5l. 166. 72.9 0.455 81.2 0.917 
23.7 113. 372. 60. 111. 365. 15. 79. 258. 51.2 0.353 78.5 1.146 
27.7 116. 382. 60. 92. 302. 15. 97. 318. 36.7 0.351 76.7 1.249 
31.6 119. 391. 6U. 74. 243. 15. 114. 374. 23.1 0.371 75.3 1.353 
35.6 121. 397. 60. 75. 246. 15. 116. 381. 22.9 0.376 75.U 1.353 
39.6 129. 422. 60. 91. 297. 15. 115. 379. 29.7 0.390 74.6 1.291 
43.5 130. 427. 60. 79. 258. 15. 126. 414. 21.7 0.407 73.8 1.360 
47.5 142. 465. 6U. 97. 318. 15. 129. 424. 28.1 0.431 72.7 1.295 
51.5 141. 463. 60. 78. 257. 15. 142. 466. 17.9 0.451 72.0 1.397 
55.4 144. 474. 60. 82. 270. 15. 144. 472. 19.0 0.458 71. 7 1.385 
59.4 143. 468. 60. 84. 275. 15. 140. 460. 20.4 0.449 72.0 1.37U 
63.4 158. 519. 60. 89. 291. 15. 158. 520. 18.3 0.504 69.8 1.394 
67.3 160. 524. 60. 83. 273. 15. 165. 540. 15.3 0.520 69.4 1.432 
71.3 166. 543. 60. 74. 242. 15. 180. 590. 9.7 0.566 68.3 1.512 
83.2 130. 427. 60. 63. 206. 15. 138. 452. 12.4 0.432 73.0 1.452 

SUCTION SIDE 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95~ SPAN 95~ SPEED PEAK EFF X/B = .26 PASSAGE NO.1 

STD DAY RPM = 11846.9, RADIUS = 40.648 CM, PHI = -18.3 OEG, STD DAY TTREl = 415. DEG K, UPSTREAM TTABS = 267. DEG K 
16.003 IN 747. DEG R 480. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS OEG MACH NO DEG HACU NO 

PRESSURE SlOE 
6.9 165. 540. 105. 231. 757. 60. 209. 685. 29.5 0.700 60.3 1.246 

11.0 155. 507. 105. 247. 812. 60. 208. 682. 36.7 0.736 58.0 1.132 
15.1 168. 550. 105. 268. 880. 60. 225. 739. 36.6 0.797 54.8 1.131 
19.1 173. 568. 105. 265. 868. 60. 228. 748. 34.3 0.790 55.5 1.171 
23.2 159. 521. 105. 260. 853. 60. 216. 708. 37.8 0.771 56.0 1.112 
27.3 165. 540. 105. 256. 841. 60. 219. 717. 35.3 0.764 56.7 1.154 
43.6 147. 481. 105. 224. 734. 60. 193. 633. 34.2 0.669 61.4 1.176 
47.7 174. 570. 105. 226. 740. 60. 214. 70l. 24.9 0.699 61.0 1.317 
51.8 204. 669. 105. 216. 709. 60. 232. 762. 11.5 0.741 61.9 1.542 
55.8 225. 739. 105. 209. 687. 60. 245. 805. 2.5 0.799 62.4 1.723 
59.9 221. 726. 105. 205. 671. 60. 240. 789. 2.1 0.783 62.9 1. 719 
64~0 213. 700. 105. 209. 685. 60. 236. 775. 6.0 0.760 62.6 1.641 
68.1 219. 718. 105. 201. 661. 60. 238. 779. 1.8 0.773 63.3 1.718 
72.1 207. 679. 105. 196. 644. 60. 227. 144. 3.8 0.130 64.0 1.660 
76.2 206. 677. 105. 187. 614. 60. 223. 731. 0.8 0.723 64.9 1.704 
80.3 200. 656. 105. 182. 598. 60. 216. 110. 1.1 0.699 65.5 1.685 
84.4 190. 622. 105. 182. 598. 60. 209. 685. 4.8 0.666 65.1 1.613 
88.5 182. 596. 105. 178. 583. 60. 201. 660. 6.0 0.639 66.3 1.583 
92.5 183. 599. 105. 178. 583. 

SUCTION SIDE 
60. 202. 662. 5.6 0.642 66.3 1.589 
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APPENDIX D (Cont'd) 

LASER DOPPLER VElOCmETER DATA 
IV 
~ 

95~ SPAN 95~ SPEED PEAK EFF X/B = .39 PASSAGE NO.1 

STD DAY RPM = 11846.9, RADIUS = 40.467 CM, PHI = -18.3 DEG, STD DAY TTREl = 1!~: Bt~ ~. UPSTREAM TTABS = ~&~: Bt~ ~ 15.932 IN 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG t1ACH NO DEG I1ACH NO 

PRESSURE SIDE 
6.1 226. 742. 60. 214. 702. 15. 164. 537. 48.7 0.677 61.4 0.961 

10.4 238. 781. 60. 202. 662. 15. 189. 621- 41.2 0.704 59.3 1.061 14.6 247. 809. 60. 192. 630. 15. 209. 684. 35.8 0.733 58.0 1.142 
18.8 265. 869. 60. 195. 641. 15. 232. 761- 32.5 0.794 55.4 1.198 
23.1 259. 849. 60. 204. 668. 15. 217. 713. 36.4 0.768 56.2 1.130 
27.3 266. 874. 60. 206. 677. 15. 226. 742. 35.5 0.792 55.1 1.146 
31.6 262. 861. 60. 213. 700. 15. 215. 707. 38.5 0.776 55.5 1.095 
35.8 259. 851. 60. 218. 716. 15. 207. 681. 40.8 0.766 55.9 1.059 
40.0 253. 831. 60. 211. 692. 15. 204. 670. 40.1 0.749 56.9 1.072 
44.3 244. 799. 60. 224. 735. 15. 181- 593. 46.7 0.723 58.4 0.973 
48.5 230. 753. 60. 198. 651. 15. 180. 590. 42.6 0.680 60.7 1.047 
52.8 220. 721. 60. 185. 607. 15. 176. 576. 40.8 0.651 62.2 1.079 
57.0 208. 684. 60. 166. 545. 15. 174. 570. 37.2 0.620 63.7 1.136 
65.5 143. 468. 105. 192. 629. 60. 177. 582. 27.0 0.586 65.6 1.276 
69.7 151. 494. 105. 188. 616. 60. 182. 596. 22.4 0.587 65.9 1.338 
73.9 168. 551. 105. 170. 559. 60. 188. 616. 8.5 0.593 67.3 1.524 
78.2 185. 607. 105. 169. 555. 60. 200. 656. 1.3 0.641 67.1 1.644 
82.4 184. 605. 105. 167. 548. 60. 199. 652. 0.7 0.638 67.3 1.651 
66.7 183. 600. 105. 165. 540. 60. 197. 645. 0.3 0.632 67.5 1.654 
90.9 180. 589. 105. 163. 534. 60. 193. 635. 0.8 0.620 67.8 1.641 
95.1 178. 585. 105. 159. 521. 60. 191. 627. -0.5 0.614 68.2 1.654 

SUCTION SIDE 

......... ~r,':!.'" 
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STD DAY RPM = 11846.9, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
1.8 215. 
6.2 217. 

10.7 217 • 
15.1 217 • 
19.5 216. 
23.9 230. 
28.4 234. 
32.8 234. 
31.2 234. 
41.6 231. 
46.1 239. 
50'.5 228. 
54.9 227. 
59.3 220. 
63.8 218. 
68.2 204. 
72.6 195. 
77.0 188. 
81.5 177. 
85.9 171. 
90.3 176. 
94.7 186. 

SUCTION SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95~ SPAN 95~ SPEED PEAK EFF X/B = .52 PASSAGE NO.1 

RADIUS = 40.287 CM. PHI = -18.3 DEG, STD DAY TTREL = 413. DEG K, 
15.861 IN 743. DEG R 

C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA 
FPS DEG MPS FPS DEG MPS FPS DEG 

705. 60. 205. 674. 15. 154. 505. 49.4 
712. 60. 213. 699. 15. 151. 496. 51.2 
711- 60. 195. 640. 15. 164. 538. 45.3 
712. 60. 186. 609. 15. 171. 562. 41.8 
710. 60. 163. 536. 15. 187. 613. 33.9 
753. 60. 157. 515. 15. 210. 689. 28.1 
769. 60. 166. 545. 15. 210. 690. 30.1 
769. 60. 170. 559. 15. 207. 680. 31.6 
769. 60. 176. 576. 15. 203. 667. 33.4 
758. 60. 187. 612. 15. 191. 625. 38.1 
785. 60. 190. 623. 15. . 200. 655. 37.0 
747. 60. 189. 621. 15. 184. 603. 40.0 
744. 60. 187. 613. 15. 184. 605. 39.4 
723. 60. 179. 586. 15. 181. 595. 38.3 
714. 60. 175. 574. 15. 180. 591- 37.8 
668. 60. 167. 548. 15. 166. 545. 39.1 
639. 60. 152. 499. 15. 164. 539. 36.0 
617. 60. 141. 461. 15. 163. 536. 33.2 
582. 60. 137. 451. 15. 151- 494. 35.5 
561. 60. 137. 451. 15. 141. 464. 37.8 
517. 60. 156. 511. 15. 135. 443. 44.2 
611. 60. 215. 704. 15. 107. 349. 62.2 

UPSTREAM TTABS = 268. DEG K 
482. DEG R 

ABSOLUTE BETA PRIME RElATIVE 
r~ACH NO DEG UACH NO 

0.646 63.2 0.959 
0.656 62.9 0.931 
0.645 62.7 1.015 
0.644 62.5 1.062 
0.647 62.3 1.173 
0.699 60.3 1.257 
0.708 59.6 1.226 
0.705 59.6 1.204 
0.701 59.6 1.176 
0.685 60.2 1.107 
0.710 58.9 1.120 
0.675 60.8 1.081 
0.672 60.9 1.090 
0.654 61.8 1.109 
0.647 62.2 1.117 
0.605 64.4 1.109 
0.581 65.5 1.156 
0.564 66.3 1.193 
0.531 68.0 1.174 
0.511 69.1 1.154 
0.527 68.9 1.077 
0.605 69.4 0.834 

-



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

tv 95% SPAN 95% SPEED PEAK EFF X/B = .78 PASSAGE NO.1 
0\ 

STD DAY RPM = 11846.9, RADIUS = 39.929 CM, PHI = -18.3 DEG, STD DAY TTREL = 411. DEG K, UPSTREAM TTABS = 268. DEG K 
15.720 IN 739. DEG R 483. DEG R 

PERCENT GAP C1 Cl ZETA1 C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACU NO DEG t1ACH tlO 

PRESSURE SIDE 
3.7 123. 403. 90. 190. 625. O. 127. 418. 57.2 0.630 65.8 0.862 
7.9 121. 398. 90. 190. 625. O. 126. 412. 57.5 0.627 66.0 0.860 

12.1 130. 426. 90. 180. 592. O. 135. 441- 54.3 0.623 65.3 0.901 
16.3 132. 433. 90. 170. 558. O. 137. 449. 52.2 0.607 65.7 0.934 
20.6 133. 436. 90. 163. 535. O. 138. 452. 50.8 0.596 66.0 0.957 
24.8 133. 435. 90. 158. 518. O. 137. 451. 50.0 0.586 66.4 0.972 
29.0 134. 440. 90. 155. 510. O. 139. 456. 49.2 0.585 66.3 0.981 
33.2 134. 440. 90. 150. 493. O. 139. 456. 48.3 0.576 66.7 0.997 
37.4 138. 452. 90. 150. 493. O. 143. 468. 47.5 0.584 66.1 1.002 
41.7 141- 462. 90. 148. 485. O. 146. 479. 46.4 0.587 65.8 1.014 
45.9 144. 473. 90. 150. 493. O. 149. 490. 46.2 0.598 65.1 1.012 
50.1 148. 486. 90. 151. 496. O. 154. 504. 45.6 0.609 64.5 1.015 
54.3 153. 50l. 90. 151. 495. O. 158. 519. 44.7 0.619 63.8 1.023 
58.5 157. 516. 90. 144. 472. O. 163. 535. 42.4 0.619 63.6 1.052 
62.8 168. 551. 90. 137. 448. O. 174. 571. 39.1 0.635 62.6 1.092 
67.0 178. 583. 90. 132. 433. O. 184. 604. 36.6 0.654 61.6 1.123 
71.2 180. 592. 90. 134. 439. O. 187. 613. 36.6 0.664 61.1 1.123 
75.4 182. 597. 90. 131. 430. O. 189. 619. 35.8 0.664 61.1 1.134 
79.6 187. 614. 90. 127. 416. O. 194. 636. 34.1 0.673 60.7 1.157 
83.9 186. 610. 90. 126. 415. O. 193. 632. 34.2 0.670 60.9 1.156 
88.1 187. 612. 90. 135. 443. O. 193. 634. 35.9 0.682 60.2 1.130 
92.3 183. 602. 90. 152. 500. O. 190. 624. 39.7 0.696 59.3 1.071 

SUCTION SIDE 

....... 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC I METER DATA 

95% SPAN 95% SPEED PEAK EFF X/B = 1.1 PASSAGE NO. 1 

SID DAY RPM = 11846.9, RADIUS = 39.487 CM, PHI = -18.3 DEG, STD DAY TTREL = 408. DEG K, UPSTREAM TTABS = 269. DEG K 
15.546 IN 734. DEG R 484. DEG R 

PERCENT GAP Cl C1 ZETA1 C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS DEG MPS Frs DEG ~'ACH NO DEG IlACIt NO 

PRESSURE SIDE 
2.1 215. 704. 60. 240. 787. O. 113. 371- 65.5 0.713 63.7 0.697 
5.9 215. 704. 60. 242. 794. O. 112. 367. 65.9 0.716 63.0 0.690 
9.7 219. 717. 60. 235. 770. O. 121- 397. 63.5 0.712 62.7 0.721 

13.5 213. 700. 60. 217. 713. O. 125. 411- 60.9 0.682 63.5 0.774 
17 .3 212. 695. 60. 199. 653. O. 134. 440. 56.9 0.659 63.5 0.837 
21.1 212. 696. 60. 190. 622. O. 140. 460. 54.4 0.651 63.3 0.872 
24.9 215. 705. 60. 182. 596. O. 148. 487. 51. 7 0.652 62.6 0.906 
28.7 213. 698. 60. 174. 572. O. 150. 492. 50.2 0.642 62.9 0.930 
32.5 205. 671. 60. 167. 547. O. 145. 475. 50.0 0.618 64.3 0.944 
36.3 201- 661. 60. 164. 538. O. 143. 469. 49.9 0.609 64.8 0.949 
4Q.l 202. 663. 60. 165. 541. O. 143. 469. 50.0 0.611 64.7 0.947 
43.9 200. 655. 60. 165. 540. O. 140. 460. 50.5 0.605 65.2 0.944 
47.7 198. 651. 60. 166. 543. O. 138. 454. 51.1 0.603 65.4 0.938 
51.5 197. 647. 60. 163. 534. O. 138. 454. 50.6 0.598 65.6 0.947 
55.3 197. 647. 60. 160. 526. O. 140. 459. 49.9 0.596 65.5 0.956 
59.1 198. 650. 60. 161. 529. O. 140. 461. 49.9 0.599 65.4 0.954 
62.9 198. 650. 60. 159. 521. O. 142. 466. 49.2 0.598 65.3 0.964 
66.7 199. 654. 60. 158. 519. O. 144. 472. 48.7 0.600 65.1 0.968 
70.5 200. 656. 60. 158. 517. O. 145. 475. 48.4 0.602 65.0 0.971 
74.3 199. 654. 60. 152. 500. O. 147. 483. 47.0 0.598 65.0 0.990 
78.1 200. 657. 60. 148. 485. O. 151- 495. 45.4 0.598 64.7 1.010 
81.9 204. 670. 60. 148. 487. O. 155. 510. 44.7 0.609 64.0 1.015 
85.7 209. 686. 60. 158. 520. O. 155. 509. 46.6 0.625 63.4 0.984 
89.5 215. 705. 60. 164. 537. O. 159. 522. 46.8 0.642 62.4 0.974 
93.3 213. 699. 60. 187. 613. O. 143. 469. 53.5 0.651 63.1 0.883 
97.1 218. 714. 60. 203. 665. O. 139. 456. 56.5 0.675 62.4 0.833 

SUCTION SIDE 

-N 
-..l 

.......... -



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA -tv 95lSPAN 100l SPEED NEAR SURGE XIB = -.3 PASSAGE NO. 1 00 

STO DAY Rpr~ = 12470.4. RADIUS = 41.420 eM. PIH = -18.3 DEG, STD DAY TTREl = 434. DEG K. UPSTREAM TTAnS = 273. DEG K 
16.307 IN 781. DEG R 492. nEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS DEG MPS FPS DEG UPS FPS DEG MACH NO DEG . MACH NO 

PRESSURE SIDE 
1.5 84. 277. 135. 89. 293. 45. 126. 414. 1.6 0.395 76.1 1.646 
5.3 84. 274. 135. 91. 297. 45. 126. 415. 2.3 0.396 76.0 1.640 
9.1 83. 271. 135. 88. 290. 45. 124. 407. 1.9 0.389 76.3 1.641 

12.9 81- 266. 135. 87. 285. 45. 122. 400. 2.0 0.382 76.5 1.639 
16.7 79. 258. 135. 87. 286. 45. 120. 395. 2.9 0.376 76.7 1.628 
20.5 77. 253. 135. 87. 287. 45. 120. 392. 3.6 0.373 76.7 1.621 
24.3 77. 254. 135. 89. 291- 45. 121. 396. 3.9 0.376 76.6 1.620 
28.1 78. 256. 135. 88. 289. 45. 121. 396. 3.5 0.377 76.6 1.624 
31.9 87. 287. 135. 90. 296. 45. 129. 423. 0.9 0.405 75.8 1.657 
35.7 98. 320. 135. 96. 314. 45~ 140. 460. -0.5 0.443 74.8 1.686 
39.·5 97. 319. 135. 97. 317. 45. 141. 462. -0.2 0.444 74.7 1.682 
43.3 98. 321. 135. 95. 313. 45. 140. 460. -0.7 0.444 74.8 1.688 
47.1 98. 320. 135. 96. 316. 45. 141. 462. -0.4 0.445 74.7 1.684 
50.9 97. 318. 135. 94. 310. 45. 139. 456. -0.7 0.439 74.9 1.686 
54.7 96. 315. 135. 93. 305. 45. 137. 450. -0.9 0.434 75.1 1.686 
58.5 96. 314. 135. 94. 309. 45. 138. 452. -0.5 0.435 75.0 1.682 
62.3 94. 310. 135. 94. 307. 45. 137. 448. -0.3 0.431 75.1 1.678 
66.1 95. 312. 135. 94. 309. 45. 137. 451. -0.3 0.434 75.0 1.679 
69.9 93. 305. 135. 94. 310. 45. 136. 447. 0.5 0.429 75.1 1.669 
73.7 92. 302. 135. 92. 302. 45. 134. 439. -0.0 0.421 75.4 1.671 
77.5 92. 303. 135. 93. 305. 45. 135. 441- 0.2 0.424 ·75.3 1.670 
81.3 92. 303. 135. 92. 303. 45. 134. 440. -0.0 0.422 75.4 1.672 
85.1 92. 301- 135. 93. 306. 45. 134. 441- 0.5 0.423 75.3 1.667 
88.9 91. 298. 135. 92. 303. 45. 133. 436. 0.5 0.418 75.5 1.666 
92.7 93. 304. 135. 93. 306. 45. 135. 443. 0.2 0.425 75.3 1.671 
96.5 91. 299. 135. 92. 303. 45. 133. 437. 0.4 0.419 75.4 1.667 

SUCTIOtI SIDE 

........i 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95~ SPAN 100'1 SPEED NEAR SURGE XIB = -.1 PASSAGE NO. 1 

STD DAY RPM = 12470.4. RADIUS = 41.143 eM. PHI = -18.3 DEG. STO DAY TTREL = 432. OEG K. UPSTREAM TTAnS = 271. DEG K 
16.198 IN 777. OEG R 498. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 lET Jf.2 VI--CORRECTEO BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG HPS FPS DEG t<1ACH NO DEG t-1ACH NO 

PRESSURE SIDE 
2.4 10l. 333. 135. 95. 311. 45. 143. 469. -2.0 0.455 74.5 1.696 
6.2 105. 344. 135. 94. 310. 45. 145. 417. -3.0 0.463 74.3 1.711 

10.0 105. 346. 135. 94. 307. 45. 145. 476. -3.4 0.463 74.4 1. 716 
13.8 97. 317. 135. 91. 300. 45. 137. 450. -1.6 0.434 75.1 1.683 
17.6 96. 315. 135. 92. 303. 45. 137. 45t. -1.1 0.434 75.0 1.678 
21.4 96. 314. 135. 91. 299. 45. 136. 447. -1.4 0.431 75.1 1.680 
25.2 89. 293. 135. 92. 302. 45. 132. 434. 0.9 0.416 75.4 1.651 
29.0 89. 293. 135. 95. 312. 45. 134, 441. 1.8 0.422 75.1 1.644 
32.8 85. 278. 135. 94. 309. 45. 130. 428. 3.0 0.409 75.5 1.621 
36.6 87. 287. 135. 93. J06. 45. 132. 432. 1.8 0.414 75.4 1.641 
40.4 a7. 287. 135. 97. 317. 45. 134. 440. 2.8 0.421 75.1 1.633 
44.2 95. 313. 135. 96. 316. 45. 140. 459. 0.3 0.441 74.7 1.666 
48.0 102. 334. 135. 97. 318. 45. 145. 415. -l. tl 0.460 74.2 1.692 
51.8 103. 337. 135. 99. 325. 45. 147. 483. -1.0 0.467 74.0 1.691 
55.6 100. 327. 135. 100. 328. 45. 146. 478. 0.1 0.460 74.1 1.676 
59.4 106. 347. 135. 98. 323. 45. 149. 488. -2.1 0.474 73.9 1.706 
63.2 100. 328. 135. 95. 311. 45. 142. 466. -1.5 0.450 74.5 1.690 
67.0 91. 299. 135. 88. 290. 45. 131. 429. -0.9 0.413 75.7 1.667 
10.8 78. 256. 135. 86. 283. 45. 120. 393. 2.9 0.374 76.6 1.619 
74.6 73. 239. 135. 86. 283. 45. 116. 381. 4.8 0.J62 77.0 1.598 
18.4 84. 276. 135. 87. 284. 45. 124. 408. 0.8 0.391 76.2 1.643 
82.2 82. 268. 135. 96. 314. 45. 129. 424. 4.5 0.404 75.5 1.611 
86.0 100. 328. 135. 94. 308. 45. 141. 464. -1.8 0.448 74.6 1.692 
89.8 101. 332. 135. 92. 303. 45. 141. 463. -2.6 0.449 14.7 1. 701 
93.6 100. 329. 135. 93. 305. 45. 141. 462. -2.2 0.447 14.1 1.695 
91.4 104. 341. 135. 93. 304. 45. 143. 470. -3.3 0.451 74.5 1.112 

SUCTION SIDE 

-tv 
\0 

...... awrAl'1 •• ; 



APPENDIX D (Cont'd) 

LASER DOPPLER YELOCIMETER DATA - 95't SPAN 10m SPEED NEAR SURGE x/a = 0.0 PASSAGE NO. 1 w 
0 

STD DAY RPM = 12470.4. RADIUS = 41.006 CM, PHI = -18.3 OEG. STO DAY TTREL = 431. OEG K. UPSTREAM TTABS = 292. OEG K 
16.144 IN 776. DEG R 525. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 YZ--CORRECTED BETA ABSOLUTE BETA PRmE RElATIVE 
MPS FPS DEG t~PS FPS DEG t~PS FPS OEG MACH NO OEG MAC I! NO 

PRESSURE SlOE 
8.8 109. 356. 135. 120. 394. 45. 161. 527. 2.9 0.507 72.2 1.656 

12.6 95. 312. 135. 99. 326. 45. 137. 448. 1.3 0.430 74.9 1.646 
16.4 101. 330. 135. 96. 314. 45. 138. 453. -1.4 0.437 74.9 1.676 
20.2 99. 324. 135. 89. 291- 45. 132. 432. -3.1 0.418 75.7 1.685 
24.0 109. 357. 135. 98. 32l. 45. 145. 477. -3.0 0.463 74.3 1.705 
27.8 98. 323. 135. 101- 333. 45. 141. 461. 0.9 0.443 74.5 1.655 
31.6 98. 320. 135. 88. 290. 45. 131. 429. -2.8 0.414 75.7 1.681 
35.4 102. 334. 135. 10l. 330. 45. 142. 467. -0.3 0.449 74.4 1.670 
39.2 94. 309. 135. 104. 340. 45. 139. 456. 2.7 0.436 74.5 1.633 
43.0 97. 318. 135. 113. 370. 45. 147. 484. 4.3 0.462 73.5 1.624 
46~8 98. 321. 135. 109. 359. 45. 146. 478. 3.2 0.457 73.8 1.635 
50.6 101. 331. 135. 111. 363. 45. 149. 488. 2.6 0.468 13.5 1.645 
54.4 106. 348. 135. 112. 367. 45. 153. 503. 1.5 0.483 73.1 1.663 
58.2 102. 336. 135. 116. 379. 45. 153. 503. 3.4 0.482 73.0 1.640 
62.0 104. 340. 135. 126. 414. 45. 162. 530. 5.6 0.507 71.9 1.624 
65.8 94. 309. 135. 133. 435. 45. 159. 523. 9.6 0.500 71. 7 1.573 
69.6 98. 320. 135. 127. 417. 45. 158. 518. 7.5 0.495 12.1 1.597 
73.4 95. 313. 135. 126. 414. 45. 156. 511. 7.9 0.488 72.3 1.591 
77.2 97. 319. 135. 123. 404. 45. 155. 508. 6.7 0.485 12.5 1.604 
81.0 90. 294. 135. 119. 391- 45. 147. 481. 8.1 0.459 73.3 1.582 

sueT lOti SIDE 

........... ...' 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95$ SPAN 10m SPEED NEAR SURGE X/B = .13 PASSAGE NO. 1 

STD DAY RPM = 12470.4. RADIUS = 40.825 CM. PH I = -1 8.3 DE G , STD OA Y TTREl = 429. DEG K, UPSTREAM TTABS = 292. nEG K 
16.073 IN 773. DEG R 525. OEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
r~ps FPS DEG MPS FPS DEG MPS FPS DEG t1ACH NO DEG MACH NO 

PRESSURE SIDE 
3.9 214. 701- 60. 220. 723. 15. 135. 444. 54.6 0.625 67.4 0.974 
7.8 233. 766. 60. 239. 784. 15. 149. 489. 54.1 0.677 64.4 0.949 

11.8 238. 780. 60. 253. 83l. 15. 145. 475. 56.9 0.699 63.9 0.900 
15.8 230. 753. 60. 306. 1003. 15. 97. 317. 71.5 0.769 67.4 0.665 
19.7 214. 703. 60. 235. 770. 15. 126. 413. 58.8 0.641 67.8 0.914 
23.7 194. 637. 60. 221. 725. 15. 108. 355. 61.4 0.596 71.2 0.921 
27.7 183. 602. 60. 190. 622. 15. 116. 380. 54.8 0.542 71. 7 1.031 
31.6 173. 568. 60. 172. 564. 15. 114. 375. 52.0 0.507 72.7 1.084 
35.6 178. 585. 60. 152. 500. 15. 135. 443. 41.8 0.509 71.0 1.190 
39.6 184. 604. 60. 135. 444. 15. 155. 508. 32.3 0.529 69.5 1.293 
43.5 189. 620. 60. 138. 453. 15. 160. 523. 31.9 0.543 68.8 1.294 
47.5 209. 685. 60. 141. 463. 15. 184. 605. 27.5 0.608 66.1 1.344 
51.5 207. 679. 60. 137. 450. 15. 185. 606. 26.4 0.606 66.2 1.359 
55.4 218. 716. 60. 134. 441. 15. 202. 662. 22.7 0.652 64.7 1.415 
59.4 222. 727. 60. 130. 425. 15. 210. 688. 20.2 0.672 64.1 1.456 
67.3 146. 480. 135. 226. 741- 60. 240. 786. 8.1 0.768 63.2 1.687 
71.3 142. 466. 135. 226. 742. 60. 238. 780. 9.1 0.760 63.2 1.666 
75.3 141. 461. 135. 216. 708. 60. 229. 752. 7.9 0.733 64.3 1.673 
79.2 141- 463. 135. 204. 669. 60. 221- 725. 5.8 0.707 65.5 1.695 
83.2 140. 460. 135. 198. 650. 60. 216. 710. 5.1 0.692 66.1 1.700 
87.2 137. 449. 135. 195. 639. 60. 212. 696. 5.3 0.677 66.5 1.689 
91.1 137. 451. 135. 193. 632. 60. 211. 692. 4.8 0.673 66.7 1.696 

. SUCTION SIDE 

-w 

....... -



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC IMETER DATA - 951 SPAN w 10m SPEED NEAR SURGE X/B '" .26 PASSAGE tW. 1 N 

STO DAY RPM = 12470.4, RADIUS = 40.648 eM. PH I = -1 8. 3 DE G • STD DAY TTREl = 428. OEG K. UPSTREAM TTABS = 292. PEG K 
16.003 IN 771. DEG R 525. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ --COR RECTE 0 BETA ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS DEG r~ps FPS DEG ~1PS FPS DEG f1ACH NO DEG t~CU tlO 

PRESSURE SlOE 
6.9 250. 819. 60. 249. 818. 15. 164. 537. 52.4 0.717 61.5 0.947 

11.0 280. 919. 60. 248. 813. 15. 206. 676. 44.1 0.787 56.7 1.055 
15.1 317. 1039. 60. 259. 851- 15. 248. 813. 39.0 0.890 51. 7 1.139 
19.1 312. 1023. 60. 269. 881. 15. 235. 770. 42.3 0.874 52.1 1.076 
23.2 313. 1027. 60. 280. 919. 15. 228. 749. 44.9 0.877 51.6 1.027 
27.3 323. 1059. 60. 294. 964. 15. 232. 760. 46.0 0.905 50.0 1.003 
31.4 314. 1029. 60. 337. 1105. 15. 189. 621- 57.4 0.912 49.7 0.787 
35.4 310. 1018. 60. 307. 1007. 15. 206. 674. 51.7 0.881 51.3 0.899 
39.5 310. 1017. 60. 306. 1003. 15. 206. 676. 51.5 0.879 51.4 0.904 
43.6 305. 1000. 60.' 283. 930. 15. 215. 704. 47.5 0.857 52.7 0.982 
47 ~7 284. 931. 60. 286. 937. 15. 185. 606. 52.9 0.812 55.8 0.899 
51.8 276. 907. 60. 272. 894. 15. 184. 603. 51.5 0.788 57.1 0.932 
55.8 218. 715. 105. 258. 846. 60. 247. 810. 19.0 0.794 59.7 1.498 
59.9 245. 804. 105. 251. 824. 60. 264. 865. 9.2 0.851 60.4 1.701 
64.0 241. 792. 105. 238. 782. 60. 256. 841- 6.6 0.830 61. 7 1.738 
68.1 245. 805. 105. 235. 172. 60. 258. 847. 4.6 0.840 61.9 1.781 
72.1 244. 799. 105. 232. 762. 60. 256. 839. 4.2 0.832 62.3 1.784 
76.2 246. 806. 105. 223. 731. 60. 254. 832. 0.8 0.836 63.1 1.850 
80.3 230. 755. 105. 211. 692. 60. 238. 782. 1.5 0.178 64.4 1.800 
84.4 219. 718. 105. 202. 662. 60. 227. 745. 1.9 0.736 65.4 1.768 
88.5 212. 694. 105. 193. 634. 60. 219. 718. 1.3 0.708 66.3 1.763 
92.5 208. 681. 105. 184. 604. 60. 213. 698. -0.7 0.692 67.2 1.785 
96.6 205. 672. 105. 180. 590. 60. 209. 687. -1.4 0.681 67.6 1.790 

SUCTION SlOE 

- ........ 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

95% SPAN, 100$ SPEED, NEAR SURGE, XIB = .39 PASSAGE NO. 1 

STO DAY RPM = 12470.4, RADIUS = 40.467 CM, PHI = -18.3 DEG, STO DAY TTREL = 427. nEG K, UPSTREru~ TTABS = 292. DEG K 
15.932 IN 769. DEG R 525. nEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRInE RELATIVE 
MPS FPS DEG f.1PS FPS DEG r.,ps FPS DEG HACH NO DEG flACII UO 

PRESSURE SlOE 
6.1 236. 774. 60. 227. 744. 15. 161- 528. 49.8 0.674 63.4 1.000 

10.4 254. 832. 60. 236. 775. 15. 178. 585. 47.6 0.718 60.6 1.014 
14.6 221. 724. 60. 196. 642. 15. 162. 532. 44.3 0.625 65.3 1.097 
18.8 232. 761. 60. 198. 649. 15. 176. 517. 41.6 0.655 63.5 1.123 
23.1 237. 778. 60. 208. 682. 15. 176. 577. 43.5 0.670 62.9 1.091 
27.3 230. 755. 60. 212. 695. 15. 164. 537. 46.8 0.653 64.1 1.051 
31.6 249. 816. 60. 217. 112. 15. 185. 608. 43.2 0.701 61.2 1.086 
35.8 237. 776. 60. 215. 704. 15. 170. 559. 45.8 0.670 63.1 1.058 
40.0 229. 751- 60. 210. 690. 15. 163. 535. 46.7 0.650 64.2 1.054 
44.3 221. 725. 60. 199. 653. 15. 160. 525. 45.3 0.627 65.3 1.082 
48.5 201. 660. 60. 211. 691. 15. 125. 410. 55.7 0.594 69.1 0.973 
52.8 209. 685. 60. 203. 666. 15. 141. 462. 50.6 0.602 67.5 1.028 
57.0 196. 644. 60. 192. 629. 15. 132. 432. 50.9 0.568 69.3 1.044 
61.2 203. 666. 60. 171 ~ 561. 15. 155. 510. 40.8 0.576 67.4 1.161 
65.5 187. 613. 60. 158. 519. 15. 143. 468. 41.2 0.532 69.6 1.175 
69.7 185. 606. 60. 140. 458. 15. 153. 501. 33.9 0.529 69.3 1.261 
73.9 155. 508. 105. 180. 589. 60. 174. 571- 17.6 0.553 68.8 1.464 
78.2 170. 557. 105. 176. 579. 60. 184. 602. 10.2 0.578 68.7 1.568 
82.4 180. 590. 105. 171- 560. 60. 188. 618. 3.9 0.598 68.9 1.662 
86.7 187. 614. 105. 173. 569. 60. 195. . 639. 2.3 0.621 68.5 1.695 
90.9 196. 642. 105. 176. 577. 60. 202. 661- 0.2 0.649 68.1 1.740 

SUCTION SIDE 

-w 
w 

~ JIIx-~"'t 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCmETER DATA - 95% SPAN Vol 10m SPEED NEAR SURGE X/B = .52 PASSAGE NO. 1 ~ 

STD DAY RPM = 12470.4. RADIUS = 40.287 CM. PJII = - 18.3 DE G • STD DAY TTREL = 426. nEG K, UPSTREAM TTABS = 292. nEG K 
15.861 IN 767. OEG R 525. DEG R 

PERCENT GAP Cl C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS OEG MPS FPS nEG t~PS FPS OEG MACH NO DEG r~CH NO 

PRESSURE SIDE 
1.8 206. 682. 60. 240. 787. 15. 114. 373. 62.3 0.640 68.9 0.860 
6.2 229. 750. 60. 232. 760. 15. 146. 484. 53.4 0.663 64.6 0.952 

10.7 228. 747. 60. 226. 742. 15. 150. 493. 52.0 0.657 64.6 0.973 
15.1 230. 753. 60. 209. 687. 15. 164. 540. 46.2 0.651 64.0 1.055 
19.5 232. 760. 60. 203. 665. 15. 172. 565. 43.4 0.655 63.5 1.093 
23.9 239. 785. 60. 202. 662. 15. . 183. 601. 40.9 0.675 62.3 1.122 
28.4 250. 819. 60. 200. 657. 15. 198. 650. 37.7 0.705 60.8 1.165 
32.8 246. 806. 60. 208. 683. 15. 187. 614. 41.2 0.693 61.4 1.113 
37.2 250. 820. 60. 199. 653. 15. 199. 654. 37.2 0.707 60.7 1.172 
41.6 253. 829. 60. 201. 661. 15. 201. 661. 37.3 0.714 60.3 1.170 
46 .. 1 236. 774. 60. 213. 700. 15. 170. 559. 45.6 0.668 63.0 1.057 
50.5 249. 816. 60. 208. 682. 15. 192. 629. 40.3 0.701 61.0 1.125 
54.9 242. 794. 60. 212. 697. 15. 179. 586. 43.6 0.683 62.0 1.081 
59.3 221. 726. 60. 194. 636. 15. 164. 539. 43.4 0.627 65.0 1.102 
63.8 210. 689. 60. 185. 606. 15. 155. 508. 43.9 0.596 66.6 1.108 
68.2 214. 703. 60. 163. 535. 15. 176. 579. 34.4 0.611 65.4 1.231 
12.6 198. 648. 60. 157. 515. 15. 158. 518. 37.1 0.562 67.8 1.207 
77.0 192. 631. 60. 151. 496. 15. 155. 508. 36.4 0.548 68.4 1.220 
81.5 189. 620. 60. 148. 485. 15. 153. SOL 36.1 0.539 66.8 1.227 
85.9 198. 650. 60. 170. 558. 15. 149. 490. 42.1 0.563 68.1 1.145 
90.3 211. 691. 60. 193. 632. 15. 151. 494. 46.4 0.600 66.7 1.075 

SOCTION SIDE 

........ -
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STD DAY RPU = 12470.4, 

PERCENT GAP C1 
,..,S 

PRESSURE SIDE 
3.7 225. 
7.9 228. 

12.1 229. 
16.3 228. 
20.6 226. 
24.8 220. 
29.0 222. 
33.2 215. 
37.4 215. 
41.7 218. 
45.9 2?1. 
50.1 226. 
54.3 226. 
58.5 232. 
62.8 221. 
67.0 233. 
71.2 232. 
75.4 235. 
79.6 242. 
83.9 243. 
88.1 246. 
92.3 262. 

SUCTION SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCI~~TER DATA 

95% SPAN 100% SPEED NEAR SURGE X/B = .78 PASSAGE NO. 1 

RADIUS = 39.929 Cr1, PHI = -18.3 DEG, STD DAY TTREL = 423. DEG K, UPSTREAM TTABS = 292. DEG K 
15.720 IN 762. DEG R 525. DEG R 

C1 ZETA 1 C2 C2 ZETA 2 V7--CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
FPS DEG UPS FPS DEG UPS FPS DEG t1ACH NO DEG fmCH NO 

739. 60. 272. 893. O. 102. 336. 69.3 0.739 66.8 0.693 
747. 60. 273. 895. O. 105. 344. 68.9 0.743 66.2 0.695 
752. 60. 235. 772. O. 128. 420. 61.3 0.697 64.9 0.820 
749. 60. 213. 700. O. 140 •. 458. . 56.6 0.674 64.6 0.895 
740. 60. 205. 674. O. 141. 463. 55.4 0.662 64.9 0.918 
722. 60. 198. 650. O. 139. 456. 54.8 0.645 65.7 0.936 
727. 60. 196. 643. O. 142. 465. 53.9 0.646 65.4 0.946 
707. 60. 193. 632. O. 137. 449. 54.5 0.631 66.4 0.948 
707. 60. 193. 632. O. 137. 449. 54.5 0.631 66.4 0.948 
716. 60. 193. 632. O. 140. 459. 53.8 0.637 65.9 0.952 
726. 60. 195. 640. O. 142. 466. 53.8 0.645 65.5 0.948 
741. 60. 191. 627. O. 150. 491. 51.8 0.652 64.6 0.970 
742. 60. 195. 639. O. 148. 485. 52.6 0.655 64.6 0.957 
762. 60. 187. 612. O. 160. 523. 49.3 0.664 63.4 0.998 
726. 60. 186. 610. O. 147. 483. 51.4 0.639 65.3 0.982 
766. 60. 191. 626. O. 158. 520. 50.1 0.669 63.3 0.984 
760. 60. 166. 546. O. 170. 559. 44.2 0.656 63.2 1.072 
770. 60. 169. 553. O. 173. 56G. 44.1 0.665 62.8 1.069 
794. 60. 161. 527. O. 186. 609. 40.7 0.684 61.6 1.114 
798. 60. 170. 557. O. 182. 596. 42.9 0.687 61.5 1.081 
808. 60. 180. 590. O. 179. 589. 44.9 0.697 61 ;1 1.048 
861. 60. 198. 649. O. 188. 616. 46.3 0.742 58.7 1.012 
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APPENDIX D (Cont'd) 

LASER DOPPLER VELOCH1ETER DATA 

95% SPAN 100% SPEED NEAR SURGE XIB = 1. 1 PASSAGE NO. 1 

STO DAY RPU = 12470.4, RADIUS = 39.487 cn, PHI = -18.3 OEG, STO DAY TTREL = 421. DEG K, UPSTREMf HABS = 292. DEG K 
15.546 IN 757. DEG R 525. DEG R 

PERCENT GAP C1 Cl ZETA 1 C2 C2 ZETA2 VZ --CORRECTED BETA ABSOLUTE BETA PRIt1E RELATIVE 
,..,S FPS DEG t1PS FPS DEG MPS FPS DEG nACH NO DEG MACH NO 

PRESSURE SIDE 
2.1 213. 698. 60. 282. 924. O. 83. 271. 73.6 0.741 69.7 0.635 
5.9 225. 737. 60. 283. 930. O. 95. 312. 71.3 0.757 66.8 0.644 
9.7 227. 746. 60. 274. 899. O. 104. 340. 69.2 0.746 65.8 0.678 

13.5 224. 734. 60. 256. 840. o. 110. 360. 66.7 0.716 66.1 0.731 
17.3 220. 722. 60. 238. 782. o. 116. 380. 64.0 0.687 66.4 0.784 
21.1 215. 707. 60. 234. 767. O. 113. 371. 64.0 0.674 67.2 0.793 
24.9 217. 712. 60. 223. 731. O. 121. 398. 61.3 0.664 66.5 0.833 
28.7 201. 659. 60. 217. 711. O. 106. 348. 63.8 0.630 69.6 0.832 
32.5 211. 691. 60. 199. 654. O. 127. 418. 57.3 0.628 . 67.1 0.905 
36.3 208. 68l. 60. 203. 665. O. 122. 400. 58.8 0.625 67.8 0.889 
40.1 189. 620. 60. 220. 722. O. 91. 297. 67.5 0.617 72.2 0.807 
43.9 198. 650. 60. 191. 627. o. 118. 386. 58.2 0.596 69.2 0.916 
47.7 198. 651. 60. 194. 636. O. 116. 382. 58.8 0.600 69.2 0.907 
51.5 211. 691. 60. 20l. 658. O. 127. 415. 57.6 0.629 57.1 0.900 
55.3 208. 682. 60. 212. 695. O. 117. 384. 60.9 0.636 68.0 0.857 
59.1 197. 647. 60. 205. 671. O. 109. 358. 61.8 0.609 69.8 0.869 
62.9 196. 644. 60. 212. 695. O. 104. 340. 63.8 0.617 70.3 0.843 
66.7 195. 639. 60. 190. 623. O. 115. 376. 58.7 0.589 69.7 0.916 
70.5 208. 68l. 60. 190. 623. O. 129. 424. 55.6 0.614 67.4 0.934 
74.3 199. 652. 60. 183. 601. O. 123. 403. 56.0 0.590 68.8 0.945 
78.1 205. 671. 60. 184. 604. O. 129. 424. 54.8 0.603 67.8 0.950 
81.9 206. 676. 60. 188. 616. O. 129. 422. 55.4 0.609 67.6 0.939 
85.7 195. 640. 60. 20l. 661. O. 108. 355. 61.6 0.602 70.1 0.876 
89.5 196. 644. 60. 177. 581. O. 124. 406. 54.9 0.580 69.0 0.964 
93.3 190. 622. 60. 239. 784. O. 80. 264. 71.3 0.647 73.1 0.746 
97.1 196. 644. 60: 213. 700. O. 103. 337. 64.1 0.619 70.4 0.837 

SUCTION SIDE 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED PEAK EFF X/B = -.3 PASSAGE NO. 1 

STD DAY RPM = 12470.4, RADIUS = 39.306 CM, PHI = -14.6 DEG, STD DAY TTREL = 419. DEG K, UPSTREAM TTABS = 271. DEG K 
15.475 IN 754. OEG R 487. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS OEG MPS FPS OEG ~IACH NO DEG l-\ACH NO 

PRESSURE SIDE 
0.4 135. 443. 135. 133. 436. 45. 196. 641. -0.5 0.617 68.6 1.690 
4.2 132. 433. 135. 132. 434. 45. 193. 633. U.l 0.607 68.~ 1.677 
8.0 126. 413. 135. 129. 424. 45. 186. 611. 0.8 0.584 69.4 1.656 

11.8 122. 399. 135. 126. 415. 45. 181. 594. 1.1 0.566 69.8 1.642 
15.6 116. 380. 135. 125. 409. 45. 175. 576. 2.1 0.546 70.3 1.621 
19.4 110. 361. 135. 120. 394. 45. 168. 55l. 2.5 0.521 71.1 1.605 
23.2 103. 337. 135. 116. 382. 45. 160. 525. 3.6 0.494 71.B 1.582 
27.0 98. 323. 135. 113. 371. 45. 154. 506. 4.0 0.476 72.4 1.571 
30.8 99. 324. 135. 112. 368. 45. 154. 5U5. 3.6 0.475 72.5 1.574 
34.6 105. 346. 135. 114. 373. 45. 160. 525. 2.2 0.496 72.0 1.599 
38.4 12l. 397. 135. 121. 396. 45. 176. 579. -0.1 0.552 70.5 1.651 
42.2 128. 420. 135. 125. 409. 45. 184. 605. -O.B 0.580 69.7 1.674 
46.0 128. 419. 135. 126. 413. 45. 185. 607. -0.4 0.582 69.6 1.671 
49.8 128. 419. 135. 126. 413. 45. 185. 607. -0.4 0.582 69.6 1.671 
53.6 129. 422. 135. 125. 411. 45. 185. 60B. -0.8 0.583 69.6 1.676 
57.4 131. 431. 135. 127. 416. 45. 188. 618. -1.0 U.594 69.4 1.685 
61.2 134. 440. 135. 129. 422. 45. 192. 629. -1.2 U.606 69.0 1.694 
65.0 138. 452. 135. 130. 428. 45. 196. 642. -1.6 0.621 68.7 1.707 
68.8 141. 461. 135. 131. 431. 45. 198. 651. -1.9 0.631 68.5 1.718 
72.6 141. 462. 135. 131. 431. 45. 199. 652. -2.0 0.632 68.5 1.720 
76.4 141. 463. 135. 133. 436. 45. 200. 656. -1. 7 U.635 68.3 1.718 
80.2 140. 458. 135. 134. 438. 45. 199. 654. -1.3 0.632 68.3 1. 710 
84.0 138. 453. 135. 131. 431. 45. 197. 645. -1.4 0.623 61:L6 1.7U7 
87.8 136. 446. 135. 130. 427. 45. 194. 637. -1.2 0.614 68.8 1.700 
91.6 134. 439. 135. 130. 426. 45. 192. 631. -0.9 0.608 68.9 1.69U 
95.4 131. 431. 135. 127. 41"8. 45. 189. 620. -0.9 0.596 69.3 1.b84 

.99.2 128. 421. 135. 127. 416. 45. 1~6. 611. -0.3 U.585 69.5 1.671 
SUCTION SIDE 

-W 
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VELOCHlETER 

85% SPAN SPEED PEAK EFF XIB = -.2 PASSAGE 

STD = 12470 RADIUS = 39.179 IV"" l;CU, STD TTREL = 418. DEG K, UPSTREM1 HABS = 271. 
15.425 753. DEG R 487. DEG 

PERCENT C1 Cl . ZETAl C2 ,.." l,L ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRWE REl..ATIVE 
r1PS FPS DEG tIPS FPS DEG tiPS FPS DEG Mi\CH NO DEG 

PRESSURE SIDE 
2.5 143. 470. 135. 135. 442. 45. 203. 666. - .8 0.645 68.0 .119 
6.3 138. 453. 135. 132. 434. 45. 197. 647. -1.2 0.625 68.4 .700 

10.1 136. 445. 135. 130. 426. 45. 194. 636. -1.2 .613 68.8 .693 
13.9 127. 135. 127. 45 186. 609. -0. 0.583 69.5 .662 
17 .7 i22. 400. 135. 125. 409. 45. 180. 590. ·0.6 0.563 70.0 1.642 
21.5 13. 372. 135. 121. 397. 45. 171. 561. 0.532 70.1 1.612 
25.3 105. 344. 135. 18. 38? 45. 163. 533. 3 0.503 .5 1.582 
29. 96. 315. 135. 1 375. . 153. 504. 5 .0 0.473 72.3 .553 
32.9 88. 290. 135. 111 • 363. 45. 145. 477. 6 0.446 73. .530 
36.7 83. 272. 135 109. 356. 458. 7.6 0.429 73.7 1.513 

89. 291. 135. no. 362. 145. 477. .2 73.2 .532 
44.3 w. 360. 135. 118. 386 166. 544. 0.515 71.3 .603 

408. 135. 124. 181. 595. -0. 0.568 69.9 
51.9 124. 135. 124. . -0.0 0$567 .9 
55.7 125. . 135. 408. 45. 598. -0.2 .572 
59.5 129. 423. 135. 126. 45. . -0.6 0.586 69.5 
63.3 33. 135. 45. 623. -1.3 69.2 

138. 135. 129. 195. 639. -1.8 0.618 
135. 13L -2.4 0.634 
135. 132. 45. 203. 665. -2~ 0.647 

78.5 135. 133. 437. 45. 669. -2 0.652 
82.3 135. 45. 203. 667 ~ -2. 0.648 68.0 
86. 471. 1~t-

1.50Q 45. 203. 665. =1.9 .645 58. 
89.9 4G5. 35. 438. 4;;:: ,.,;. 201. -1.7 0.638 68.2 
93.7 142. 135. 132. 433. 45. 200. 656. -2. 0.636 68.3 
97.5 139. 457. 135. ' . 131. 429. 45. 197. -1.8 .625 68.5 

SUCTION SIDE 
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STO nAY RPM:: 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
0.8 134. 
4.6 134. 
8.4 137. 

12.2 144. 
16.0 148. 
19.8 151. 
23.6 149. 
27.4 148. 
31.2 144. 
35.0 142. 
38.8 141-
42.6 138. 
46.4 133. 
50.2 128. 
54.0 122. 
57.8 116. 
61.6 105. 
65.4 98. 
69.2 97. 
73.0 103. 
76.8 126. 
80.6 130. 
84.4 132. 
88.2 133. 
92.0 136. 
95.8 139. 
99.6 143. 

SUCTION SIDE 

APPE~nIX [) (Cont'rl) 

LASF:R DOPPLER VELOCIt1ETER OATA 

85% SPAN lam SPEED PEAK HF XIS:: -.1 PASSAGE NO. 1 

RADIUS = 39.050 CM, PH I ". - 14.6 DE G, STO nAY TTPIL :: 417. nEG K, urSTREAH TT I\BS :: 274. OEG K 
15.374 IN 751. DEG R 493. OEG R 

C1 ZETA1 C2 C2 7ETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRHlE RELATIVE 
FPS nEG MPS rrs nEG f.1PS FPS nEG MACH NO OEG t1J\CH NO 

439. 135. 137. 451- 45. 197. 6<16. 0.8 0.619 68.2 1.664 
439. 135. 140. 458. 45. 198. 65l. 1.2 0.623 67.9 1.660 
451- 135. 141- 461. 45. 202. 661- 0.6 0.636 67.7 1.675 
472. 135. 143. 470. 45. 208. 683. -0.1 0.660 67.1 1.699 
484. 135. 144. 471. 45. 21l. 693. -0.8 0.672 67.0 1.716 
496. 135. 143. 470. 45. 214. 701- -1.5 0.682 66.8 1.734 
490. 135. 143. 468. 45. 212. 695. -1.3 0.675 67.0 1.726 
485. 135. 143. 468. 45. 21l. 691. -1.0 0.671 67.0 1.719 
472. 135. 141. 464. 45. 207. 679. -0.5 0.656 67.3 1.703 
466. 135. 139. 456. 45. 204. 669. -0.6 0.646 67.6 1.699 
461. 135. 139. 457. 45. 203. 666. -0.2 0.642 67.7 1.691 
452. 135. 137. 448. 45. 199. 653. -0.3 0.629 68.1 1.684 
436. 135. 135. 442. 45. 194. 637. 0.4 0.611 68.5 1.665 
421. 135. 133. 437. 45. 190. 622. 1.1 0.595 68.8 1.647 
401. 135. 130. 427. 45. 183. 60l. 1.8 0.572 69.4 1.627 
381. 135. 127. 416. 45. 176. 578. 2.5 0.548 70.1 1.607 
346. 135. 122. 400. 45. 165. 541- 4.1 0.510 71.1 1.571 
322. 135. 119. 391- 45. 158. 517. 5.5 0.486 71.8 1.547 
317. 135. 117. 384. 45. 155. 508. 5.5 0.477 72.1 1.545 
337. 135. 118. 388. 45. 160. 526. 4.0 0.495 71.6 1.567 
412. 135. 125. 410. 45. 182. 596. -0.1 0.570 69.8 1. t 51 
428. 135. 130. 427. 45. 189. 620. -0.1 0.594 69.1 1.663 
432. 135. 131- 430. 45. 191. 625. -0.1 0.600 68.9 1.666 
437. 135. 131. 430. 45. 192. 629. -0.5 0.604 68.8 1.673 
447. 135. 132. 433. 45. 195. 638. -0.9 0.615 68.6 1.685 
455. 135. 134. 438. 45. 197. 648. -1.1 0.625 68.3 1.694 
470. 135. 135. 442. 45~ 202. 661- -1.8 0.641 68.0 1.712 

-.--.. 



APPENDIX 0 (Cont'rl) 

LASER ~OPPLER VELOC IMETER I1/\TA 

~ 
85~ SPAN 10m SPEED PEAK EFF X/B = 0.0 PASSAGE NO. 1 

0 
Sl 0 0/\ Y RPM = 1 2470.4, RADIUS = 38.923 CM, PH I = - 14 .6 DE G, STO DAY TTREL = 417. DEG K, UPSTREAM HAAS -= 274. OEG K 

15.324 IN 750. OEG R 493. OEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--f.ORRECTEO BETA I\BSOLUTE BETA PRH1E RELATIVE 
MPS FPS OEG f.1PS FPS nEG f1PS FPS OEG f~ACH NO OEG HACH NO 

PRESSURE SIDE 
3.1 119. 389. 135. 143. 470. 45. 190. 623. 5.4 0.590 68.2 1.581 
6.9 138. 454. 135. 140. 458. 45. 202. 661. 0.3 0.636 67.7 1.675 

10.7 141. 464. 135. 140. 460. 45. 204. 670. -0.2 0.646 67.5 1.688 
14.5 141. 464. 135. 141. 462. 45. 205. 672. -0.1 0.648 67.4 1.687 
18.3 142. 465. 135. 141. 462. 45. 205. 672. -0.2 0.649 67.4 1.688 
22.1 140. 459. 135. 142. 465. 45. 204. 670. 0.4 0.645 67.4 1.678 
25.9 140. 459. 135. 143. 469. 45. 205. 673. 0.6 0.648 67.3 1.676 
29.7 140. 459. 135. 144. 473. 45. 206. 676. 0.9 0.650 67.1 1.674 
33.5 142. 467. 135. 145. 476. 45. 208. 684. 0.5 0.659 67.0 1.683 
37.3 145. 477. 135. 146. 479. 45. 211- 693. 0.1 0.670 66.7 1.696 
41.1 148. 487. 135. 145. 477. 45. 213. 699. -0.6 0.678 66.7 1.711 
44.9 156. 511. 135. 145. 477. 45. 218. 717. -2.0 0.700 66.4 1.746 
48.7 156. 513. 135. 146. 479. 45. 219. 720. -2.0 0.703 66.3 1.748 
52.5 157. 514. 135. 145. 477. 45. 219. 719. -2.1 0.703 66.3 1.750 
56.3 155. 508. 135. 145. 476. 45. 218. 714. -1.9 0.697 66.4 1. 742 
60.1 154. 506. 135. 145. 475. 45. 217. 712. -1.8 0.694 66.5 1.740 
63.9 153. SOL 135. 145. 476. 45. 216. 709. -1.5 0.690 66.5 1. 732 
67.7 153. 501. 135. 144. 472. 45. 215. 706. -1. 7 0.688 66.6 1.734 
71. 5 150. 493. 135. 143. 470. 45. 213. 698. -1.4 0.679 66.8 1.724 
75.3 148. 487. 135. 144. 472. 45. 212. 696. -0.9 0.675 66.8 1.714 
79.1 145. 476. 135. 145. 477. 45. 211. 691- 0.1 0.668 66.8 1.695 
82.9 143. 469. 135. 144. 472. 45. 208. 683. 0.2 0.658 67.1 1.688 
86.7 139. 456. 135. 143. 469. 45. 204. 671. 0.8 0.645 67.3 1.672 
90.5 135. 442. 135. 143. 469. 45. 201. 661. 1.7 0.633 67.5 1.652 
94.3 124. 407. 135. 145. 476. 45. 195. 640. 4.5 0.608 67.8 1.602 

SIJCTION SIDE 

........ --



APPENDIX I) (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

851; SPAN 10m SPEED PEAK EFF XIB = .13 PASSAGE NO.1 

STO DAY RPt1 '" 12470.4. RADIUS '" 38.755 CM. PH I '" - 14 . 6 DE G • STO DAY TTREl = 416. DEG K. UPSTREAM TTABS = 274. OEG K 
15.258 Itl 748. DEG R 493. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS OEG Hrs FPS DEG MPS Frs nEG HACH NO OEG MACH NO 

PRESSURE SlOE 
13.0 129. 423. 105. 213. 699. 60. 174. 569. 38.2 0.617 64.1 1.125 
17.0 130. 426. 105. 217. 711. 60. 176. 576. 38.7 0.628 63.6 1.116 
20.9 138. 454. 105. 203. 666. 60. 177 • 579. 32.1 0.594 65.2 1.213 
24.9 164. 538. 105. 176. 576. 60. 185. 606. 12.2 0.572 67.7 1.478 
28.9 174. 572. 105. 165. 542. 60. 188. 618. 3.8 0.587 68.5 1.596 
32.8 176. 579. 105. 167. 547. 60. 191. 625. 3.6 0.594 68.3 1.602 
36.8 180. 591. 105. 168. 552. 60. 194. 636. 2.8 0.606 68.0 1.618 
40.7 183. 600. 105. 171- 562. 60. 197. 646. 3.0 0.616 67.7 1.620 
44.7 187. 612. 105. 175. 573. 60. 201- 659. 3.0 0.629 67.3 1.626 
48.7 193. 633. 105. 176. 579. 60. 206. 676. 1.4 0.650 67.0 1.660 
52.6 196. 642. 105. 180. 591. 60. 210. 688. 1.8 0.660 66.6 1.659 
56.6 200. 657. 105. 183. 602. 60. 214. 703. 1.5 0.677 66.2 1.673 
60.5 202. 662. 105. 185. 607. 60. 216. 708. 1.5 0.682 66.0 1.675 
64.5 205. 672. 105. 186. 611. 60. 218. 717. 1.0 0.693 65.8 1.690 
68.4 209. 685. 105. 188. 618. 60. 222. 729. 0.4 0.707 65.5 1.706 
72.4 210. 689. 105. 188. 617. 60. 223. 731. -0.1 0.711 65.5 1.717 
76.4 208. 683. 105. 188. 617. 60. 222. 727. 0.5 0.705 65.6 1.704 
80.3 211. 692. 105. 187. 612. 60. 223. 732. -0.9 0.713 65.7 1.732 
84.3 208. 683. 105. 188. 618. 60. 222. 727. 0.6 0.705 65.5 1.702 
88.2 208. 683. 105. 188. 616. 60. 221. 727. 0.4 0.704 65.6 1.705 
92.2 205. 672. 105. 187. 615. 60. 219. 718. 1.4 0.693 65.7 1.683 
96.2 204. 669. 105. 191. 627. 60. 220. 721. 3.0 0.692 65.3 1.658 

SUCTION SIDE 

~ 

---- -. 



IiPPENnIX 0 (C'1nt'd) 

LASER DOPPLER VEU.x: mETER DATA 

~ 85~ SPAN 10m SPEED PEAK EFF X/B = .26 PASSAGE NO. 1 tv 

STD DAY RPM = 12470.4, RADIUS = 38.590 CM. PIlI " - 14 .6 DE G, STD DAY TTREL " 414. DEG K, UPSTREAM TT~S = 276. OEG K 
15.193 IN 746. DEG R 497. OEG R 

PERCEtH GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRn1E RELATIVE 
MPS FPS DEG r~rs FPS OEG ~'PS FPS DEG HACH NO DEG r-1ACIl NO 

PRESSURE SIDE 
6.8 129. 423. 105. 236. 773. 60. 181- 595. 42.7 0.679 60.9 1.041 

10.9 123. 404. 105. 233. 765. 60. 176. 578. 44.2 0.673 61.3 1.022 
15.0 114. 374. 105. 235. 771- 60. 170. 558. 47.4 0.683 61.1 0.973 
19.0 108. 354. 105. 232. 762. 60. 165. 541. 48.9 0.678 61. 6 0.954 
23.1 104. 342. 105. 227. 744. 60. 160. 525. 49.3 0.663 62.5 0.955 
27.1 106. 349. 105. 224. 735. 60. 161. 527. 48.2 0.654 62.9 0.974 
31.2 113. 371- 105. 214. 703. 60. 162. 531. 44.2 0.621 64.2 1.040 
35.3 163. 535. 105. 194. 636. 60. 190. 624. 19.3 0.598 65.8 1.382 
39.3 170. 557. 105. 180. 591- 60. 190. 623. 11.6 0.589 67.1 1.485 
43.4 171. 562. 105. 168. 551- 60. 187. 612. 6.1 0.578 68.3 1. 555 
47.4 174. 571. 105. 168. 552. 60. 189. 619. 5.2 0.586 68.2 1.571 
51.5 179. 587. 105. 171. 560. 60. 193. 633. 4.2 0.601 67.8 1.590 
55.6 184. 603. 105. 173. 566. 60. 197. 647. 3.1 0.617 67.5 1.612 
59.6 187. 613. 105. 172. 565. 60. 199. 654. 1.9 0.626 67.5 1.634 
63.7 184. 604. 105. 172. 564. 60. 197. 647. 2.8 0.617 67.6 1.617 
67.7 181- 593. 105. 172. 565. 60. 195. 640. 4.2 0.608 67.6 1.594 
71.8 176. 579. 105. 173. 568. 60. 192. 63l. 6.2 0.597 67.7 1.561 
75.9 178. 585. 105. 176. 577 • 60. 195. 638. 6.5 0.604 67.3 1.559 
79.9 181. 595. 105. 176. 577. 60. 197. 646. 5.4 0.613 67.3 1.579 
84.0 185. 608. 105. 179. 588. 60. 201- 659. 5.2 0.626 66.9 1.588 
88.1 202. 663. 105. 186. 609. 60. 215. 707. 1.6 0.681 65.9 1.667 
92.1 203. 666. 105. 189. 621. 60. 217. 713. 2.7 0.685 65.5 1.654 

SUCTION SIDE 

---" 
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STO DAY RPM = 12470.4. 

PERCENT GAP C1 
MPS 

PRESSURE SlOE 
0.7 149. 
4.9 150. 
9.2 152. 

13.4 149. 
17.7 147. 
22.0 140. 
26.2 134. 
30.5 130. 
34.7 129. 
39.0 124. 
43.2 119. 
47.5 112. 
51.8 111-
56.0 101-
60.3 122. 
64.5 169. 
68.8 170. 
73.0 172. 
77.3 171. 
81.6 172. 
85.8 173. 
90.1 174. 
94.3 173. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

851, SPAN 1001, SPEED PEAK EFF XIS'" .39 PASSAGE NO. 1 

RADIUS = 38.423 CH, PH I '" - 14.6 DE G. STD OAY TTREL '" 413. OEG K, UPSTREAM TTABS = 276. OEG K 
15.127 IN 744. OEG R 497. OEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--COR RECTED BETA ABSOLUTE BETA PRWE RELATIVE 
FPS DEG ~'PS Frs DEG MPS FPS OEG ',lI\CH NO OEG MACH NO 

489. 105. 239. 785. 60. 197. 6~7 . 36.8 0.690 60.1 1.122 
491. 105. 238. 781. 60. 197. 6~ 7. 36.3 0.687 60.3 1.130 
498. 105. 238. 782. 60. 199. 652. 35.7 0.689 60.2 1.139 
489. 105. 242. 795. 60. 198. 651. 37.4 0.699 59.7 1.112 
481. 105. 243. 798. 60. 197. 646. 38.4 0.701 59.5 1.096 
460. 105. 242. 793. 60. 192. 629. 40.2 0.696 59.8 1.070 
441. 105. 245. 803. 60. 189. 619. 42.6 0.705 59.3 1.032 
428. 105. 243. 796. 60. 185. 607. 43.5 0.700 59.6 1.020 
422. 105. 241. 792. 60. 183. 60l. 43.8 0.697 59.8 1.016 
406. 105. 235. 770. 60. 177 • 58l. 44.3 0.678 60.9 1.015 
389. 105. 230. 756. 60. 172. 564. 45.2 0.667 61.6 1.005 
366. 105. 225. 738. 60. 165. 540. 46.6 0.654 62.5 0.990 
363. 105. 218. 716. 60. 162. 530. 45.8 0.634 63.6 1.009 
333. 105. 205. 67l. 60. 150. 491. 46.6 0.597 65.7 1.015 
401. 105. 193. 633. 60. 160. 526. 35.9 0.560 66.7 1.160 
556. 105. 173. 567. 60. 187. 614. 8.9 0.579 67.8 1.513 
558. 105. 16B. 550. 60. 186. 609. 6.5 0.575 68.3 1.543 
563. 105. 169. 553. 60. 187. 613. 6.3 0.580 68.1 1.548 
562. 105. 170. 559. 60. 187. 615. 7.1 0.581 6B.0 1.537 
564. 105. 172. 565. 60. 189. 619. 7.6 0.584 67.8 1.531 
566. 105. 175. 573. 60. 190. 623. 8.4 0.589 67.5 1. 523 
510. 105. 177. 582. 60. 192. 629. 8.9 0.595 67.2 1.517 
569. 105. 180. 589. 60. 192. 631- 9.9 0.596 67.0 1.505 

""""""'" 



AP PEtHH X 0 (Co n tId) 

LASER DOPPLER VElOCH1ETER DATA 

85't SPAN 10m; SPEED PEAK EFF X/B :: .52 PASSAGE NO.1 
~ 
~ STO DA Y RPf~ :: 12470.4. RADIUS = 38.257 CM, PH I :: -14. (j OE G, STO nAY TTREL ~ 412. OEG K, UPSTREAr~ TTABS :: 276. OEG K 

15.062 IN 742. DEG R 496. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BET A PRIr~E RELATIVE 
f4PS FPS OEG Mrs Frs nEG MPS FPS OEG MACH NO OEG MACH NO 

PRESSURE SIDE 
27.2 175. 575. 105. 164. 538. 15. 217. 710. 28.1 0.709 59.8 1.252 
31. 7 176. 577. 105. 176. 577. 15. 220. 723. 30.0 0.730 58.6 1. 222 
36.3 174. 571- 105. 168. 552. 15. 216. 710. 29.0 0.713 59.5 1.237 
40.8 172. 563. 105. 170. 558. 15. 215. 704. 29.7 0.710 59.5 1.226 
45.3 171. 561. 105. 163. 535. 15. 212. 696. 28.6 0.697 60.3 1.242 
49.8 170. 557. 105. 161. 528. 15. 210. 690. 28.5 0.690 60.6 1. 245 
54.3 170. 557. 105. 158. 517. 15. 209. 687. 27.9 0.685 60.9 1.254 
58.8 171. 561. 105. 151. 496. 15. 209. 685. 26.5 0.678 61.4 1.275 
63.3 179. 588. 105. 128. 419. 15. 211. 692. 20.5 0.667 62.6 1.364 
67.8 192. 630. 105. 124. 406. 15. 222. 730. ll.8 0.700 61.8 1.412 
72.3 200. 656. 105. 121. 397. 15. 230. 753. 16.2 0.721 61.3 1.444 
76.8 195. 640. 105. 119. 390. 15. 224. 735. 16.4 0.703 61.9 1.436 

SUCTION SlOE 

........... ---



........... 

~ 
Vl 

STO DAY RPM'" 12470.4, 

PERCENT GAP (1 
MPS 

PRESSURE SlOE 
5.1 119. 
9.6 130. 

14.0 137. 
18.5 14l. 
22.9 145. 
27.4 160. 
31.8 168. 
36.3 176. 
40.7 181. 
45.2 183. 
49.6 183. 
54.1 181. 
5H.5 175. 
63.0 168. 
67.4 162. 
71.9 159. 
76.3 159. 
80.8 163. 
85.3 167. 
89.7 163. 

SUCTIml SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC HlETER DATA 

851, SPAN 100')', SPUD PEAK EFF X/B " .65 PASSAGE NO. 1 

RADIUS '" 38.090 m, PH I = -14; 6 DE G. STO DAY TTREL = 411. DEG K. IlPSTREAt1 TTflRS = 273. OEG K 
14.996 IN 740. nEG R 492. DEG R 

(1 ZETAl (2 C2 ZETfI? VZ--CORRECTEO RETA ABSOLUTE RETA PRIME RELATIVE 
FPS DEG Mrs FPS nEG rIPS Frs DEG MflCII NO DEG MACII NO 

391. 105. 218. 716. 60. 169. 553. 42.8 0.635 63.0 1.039 
426. 105. 221- 725. 60. 177 . 5H2. 39.6 0.642 62.4 1.082 
448. 105. 225. 738. 60. lS4. 603. 38.1 0.653 61.8 1.101 
461. 105. 226. 741. 60. 187. 613. 36.9 0.656 61.(; 1.117 
476. 105. 229. 750. 60. 191- 627. 35.8 0.665 61.2 1.130 
525. 105. 231- 757. 60. 203. 666. 31.1 0.678 60.8 1.200 
552. 105. 236. 774. 60. 211- 692. 29.5 0.h!}7 60.1 1.224 
579. 105. 241- 790. 60. 219. 717. 27.9 0.716 59.1 1.250 
595. 105. 242. 793. 60. 223. 730. 26.5 0.723 59.3 1. 273 
602. 105. 251. 825. 60. 228. 747. 28.2 0.747 57.9 1.249 
601. 105. 250. 819. 60. 227. 744. 27.8 0.742 58.2 1.254 
593. 105. 258. 848. 60. 228. 749. 30.6 0.761 56.9 1.209 
575. 105. 263. 863. 60. 226. 742. 33.3 0.768 56.2 1. 165 
551. 105. 263. 863. 60. 221. 724. 35.5 0.764 56.1 1.128 
533. 105. 265. 869. 60. 217. 714. 37.6 0.767 55.8 1.094 
523. 105. 265. 868. 60. 215. 706. 38.4 0.766 55.8 1.080 
523. 105. 254. 833. 60. 211- 693. 36.4 0.737 57.4 1.115 
534. 105. 256. 840. 60. 214. 703. 35.8 0.744 57.1 1.125 
548. 105. 250. 82l. 60. 215. 706. 33.2 0.731 58.0 1.166 
534. 105. 244. 799. 60. 210. 688. 33.1 0.711 59.0 1.168 



rJ'PEHDIX D (Cont'd) 

LASER DOPPLER VElOCIHETER DATil. 

851, SPAN 10m; SPEED PE/\K EFF X/B .78 PASSAGE NO. 1 
+:-
0\ STD DAY RPM = 12470.4, RADIUS = 37.925 CM, PHI = -14.6 DEG, STD DAY TTREL = 410. nEG K, UPSTREAM TTABS = 274. DEG K 

14.931 III 738. DEG R 493. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETII.2 VZ--CORRECTED nET A ABSOLUTE nETA PRIME RELATIVE 
MPS FPS OEG r~rs FPS DEG t1PS FPS DEG MACH NO OEG t·VlCH NO 

PRESSURE SlOE 
O.B 219. 717. 60. 203. 667. 15. 159. 521. 47.5 0.641 63.0 0.970 
5.1 21B. 715. 60. 197. 646. 15. 163. 533. 45.5 0.636 63.0 0.999 
9.3 217. 713. 60. 189. 619. 15. 168. 550. 42.8 0.632 63.0 1.036 

13.6 219. 717. 60. 185. 60B. 15. 172. 564. 41.3 0.635 62.7 1.056 
17.B 219. 717. 60. 184. 605. 15. 172. 566. 40.9 0.635 62.7 1.060 
22.0 221. 724. 60. 185. 608. 15. 175. 573. 40.6 0.640 62.4 1.063 
26.3 224. 736. 60. 188. 617. 15. 178. 584. 40.5 0.651 61.8 1.062 
30.5 228. 749. 60. 193. 632. 15. 180. 591- 40.9 0.662 61.2 1.053 
34.8 230. 753. 60. 197. 647. 15. 179. 586. 42.1 0.666 61.1 1.035 
39.0 233. 763. 60. 199. 652. 15. 182. 596. 41.8 0.674 60.6 1.038 
43.3 235. 772. 60. 195. 640. 15. 188. 61B. 39.8 0.682 60.1 1.066 
47.5 237. 779. 60. 191- 627. 15. 194. 637. 37.9 0.688 59.8 1.093 
51. 7 240. 789. 60. 189. 619. 15. 200. 657. 36.2 0.698 59.3 1-116 
56.0 245. 805. 60. 189. 620. 15. 207. 67B. 35.1 0.714 5B.6 1.132 
60.2 251. 822. 60. 194. 635. 15. 211. 691- 35.3 0.728 57.B 1.129 
64.5 253. 830. 60. 195. 641- 15. 213. 698. 35.3 0.735 57.5 1.129 
68.7 256. 841- 60. 198. 649. 15. 216. 70B. 35.2 0.745 57.0 1.129 
72.9 258. 845. 60. 199. 653. 15. 217. 710. 35.3 0.748 56.8 1.128 
77.2 258. 848. 60. 200. 656. 15. 217. 712. 35.4 0.751 56.7 1.126 
81.4 261. 855. 60. 200. 657. 15. 220. 72l. 35.0 0.758 56.4 1.133 
85.7 263. 863. 60. 197. 647. 15. 226. 740. 33.4 0.768 56.1 1.158 
89.9 265. 869. 60. 200. 657. 15. 226. 741. 34.0 0.772 55.B 1.150 
94.2 264. B67. 60. 205. 674. 15. 221. 726. 35.7 0.767 55.B 1.121 

SUCTION SlOE 

.--.. 



-
~ 
--.) 

SID 0/\ Y RPM = 12470.4, 

PfRCEtlT GAP Cl 
J.lPS 

PRESSURE SlOE 
8.7 222. 

12.7 220. 
16.7 220. 
20.7 222. 
24.7 222. 
28.7 222. 
32.7 22l. 
36.7 221. 
40.7 223. 
44.7 225. 
48.7 226. 
52.7 228. 
56.7 229. 
60.7 230. 
64.7 232. 
68.7 236. 
72.7 238. 
76.7 242. 
80.7 247. 
84.7 253. 
88.7 257. 

SUCTION SlOE 

APPENDIX 0 (Cont'd) 

LASER ooprLER VELCC mETER OAT /\ 

851', SPAN 10m, SPEED PEAK F.:FF x/n = .91 PASSI\GE NO. 1 

RAOIUS = 37.757 CH, PIlI ~ - 14.6 DE G, STO DAY TTREL = 409. DEG K, lJPSTREAN HAAS = 274. OEG K 
14.865 HI 736. OEG R 493. OEG R 

C1 ZETAl C2 C2 ZETAZ VZ--CORRECTEO RETA J\l3S0LUTE RETA PRIr1E RELATI VE 
FPS DEG t,ll'S Frs [lEG HPS FPS OF:G HACH NO OEG t,ll\CII NO 

727. 60. 212. 695. 15. 157. 515. 49.4 0.654 62.4 0.936 
723. 60. 200. 656. 15. 164. 537. 45.8 0.644 62.5 0.987 
723. 60. 197. 646. 15. 166. 545. 44.8 0.643 62.4 1.002 
728. 60. 198. 651. 15. 167. 548. 44.8 0.647 62.2 0.999 
729. 60. 197. 646. 15. 169. 553. 44.2 0.647 62.1 1.008 
729. 60. 200. 655. 15. 167. 546. 45.1 0.648 62.1 0.995 
726. 60. 198. 648. 15. 167. 547. 44.7 0.645 62.3 1.002 
726. 60. 199. 654. 15. 165. 543. 45.3 0.646 62.3 0.993 
730. 60. 199. 652. 15. 168. 550. 44.7 0.649 62.1 1.000 
738. 60. 197. M 7. 15. 172. 565. 43.5 0.654 61. 7 1.015 
743. 60. 192. 631. 15. 178. 583. 41.4 0.657 61.4 1.044 
748. 60. 191. 628. 15. 181. 593. 40.6 0.661 61.1 1.054 
752. 60. 194. 637. 15. 180. 592. 41.2 0.665 60.9 1.044 
756. 60. 198. 6119. 15. 179. 589. 42.1 0.669 60.8 1.031 
762. 60. 201. 658. 15. 180. 590. 42.5 0.674 60.5 1.024 
773. 60. 202. 664. 15. 183. 602. 42.1 0.683 59.9 1.027 
782. 60. 204. 668. 15. 186. 611. 41.8 0.691 59.5 1.030 
793. 60. 206. 676. 15. 189. 621- 41.6 0.700 59.0 1.030 
810. 60. 209. 687. 15. 194. 637. 41.3 0.715 58.1 1.033 
830. 60. 212. 694. 15. 201. 660. 40.3 0.732 57.2 1.0411 
844. 60. 207. 678. 15. 211. 691- 37.7 0.745 56.6 1.0811 



J\P pnHH x 0 (Co n t'd) 

LASER DOPPLER VELOC mETER DATA 

~ 
85't SPJ\N 1007, SPEED PEAK EFF XIB ::= 1.0 PASSJ\GE NO. 1 

00 
STD f)J\ Y RPM ::= 12470.4, RADIUS ::= 37. 6il3 eM. PIlI '" -14.6 IJEG, STD DAY TTREL ~ 408. DEG K, UPSTREAH HJ\BS == 274. OEG K 

14.820 IN 735. OEG R 494. orG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRH1E RELATIVE 
14PS FPS OEG HPS FPS OEG r~ps FPS DEG HACfI NO OEG HACU tlO 

PRESSURE SlOE 
10.1 111- 364. 105. 200. 655. 15. 163. 534. 45.9 0.641 62.5 0.983 
13.9 117 • 385. 105. 195. 640. 15. 168. 551. 44.0 0.643 62.2 1.009 
17.7 124. 407. 105. 194. 636. 15. 174. 572. 42.4 0.653 61.6 1.028 
21.5 122. 400. 105. 195. 639. 15. 172. 565. 43.0 0.650 61.7 1.020 
25.3 124. 407. 105. 195. 6 ill. 15. 175. 573. 42.6 0.656 61.4 1.024 
29.1 122. 401- 105. 195. 64l. 15. 173. 567. 43.0 0.652 61.6 1.020 
32.9 122. 401- 105. 198. 651. 15. lH. 570. 43.4 0.659 61.3 1.012 
36.7 120. 394. 105. 197. 647. 15. 171. 562. 43.7 0.652 61. 7 1.010 
40.5 123. 403. 105. 195. 641. 15. 173. 569. 42.8 0.653 61.6 1.021 
44.3 127. 416. 105. 192. 630. 15. 176. 579. 41.6 0.654 61.5 1.039 
48.1 129. 422. 105. 191. 628. 15. 178. 584. 41.1 0.656 61.3 1.044 
51.9 128. 421. 105. 19l. 626. 15. 178. 583. 41.1 0.654 61.4 1.045 
55.7 132. 433. 105. 190. 625. 15. 181. 594. 40.3 0.661 61.0 1.055 
59.5 133. 435. 105. 193. 633. 15. 182. 598. 40.5 0.667 60.7 1.050 
63.3 134. 440. 105. 192. 631. 15. 184. 603. 40.1 0.669 60.6 1.056 
67.1 133. 435. 105. 197. 646. 15. 183. 602. 41.0 0.675 60.3 1.041 
70.9 135. 442. 105. 200. 656. 15. 186. 611- 41.0 0.685 59.7 1.039 
74.7 134. 439. 105. 202. 663. 15. 186. 610. 41.5 0.688 59.6 1.031 
78.5 132. 433. 105. 204. 669. 15. 185. 606. 42.1 0.688 59.6 1.023 
82.3 132. 433. 105. 203. 667. 15. 185. 605. 42.0 0.687 59.6 1.024 
86.1 132. 432. 105. 205. 671. 15. 185. 606. 42.2 0.689 59.5 1.021 
89.9 136. 445. 105. 208. 683. 15. 189. 622. 41.9 0.704 58.7 1.022 

SUCTIon SIDE 

-~~ 



.~ 

~ 
\0 

STD DAY RPM == 12470.4, 

PERCDIT GAP C1 
MPS 

PRESSURE SlOE 
1.1 222. 
4.9 225. 
8.7 228. 

12.5 228. 
16.3 230. 
20.1 229. 
23.9 228. 
27.7 227. 
31.5 228. 
35.3 226. 
39.1 228. 
42.9 227. 
46.7 227. 
50.5 226. 
54.3 227. 
58.1 228. 
61.9 229. 
65.7 230. 
69.5 229. 
73.3 229. 
77.1 231. 
80.9 234. 
84.7 235. 
88.5 237. 
92.3 240. 
96.1 243. 
99.9 224. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELocmETER nATA 

85~ SPAN 10m SPEED PEAK EFF X/B == 1. 1 PASSAGE NO. 1 
RADIUS = 37.516 CM. PHI == -11.6 DEG. STD DAY TTREL ~ 407. OEG K, UPSTREAH HflBS = 276. OEG K 

14.770 HI 733. DEG R 497. OEG R 

Cl ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRIr1E REU\ rrVE 
FPS OEG NPS FPS DEG MPS Frs OEG I1ACII NO OEG MACH NO 

728. 60. 267. 877. 15. 117. 382. 65.1 0.722 63.2 0.691 
738. 60. 214. 702. 15. 159. 523. 49.0 0.661 61. 7 0.931 
748. 60. 205. 673. 15. 170. 558. 45.2 0.663 61.1 0.982 
749. 60. 202. 662. 15. 173. 567. 44.0 0.662 61.0 0.999 
753. 60. 202. 662. 15. 175. 573. 43.7 0.665 60.8 1.003 
752. 60. 203. 667. 15. 173. 568. 44.3 0.665 60.9 0.995 
748. 60. 203. 666. 15. 172. 563. 44.5 0.662 61.1 0.992 
744. 60. 205. 674. 15. 168. 551- 45.7 0.660 61.3 0.977 
748. 60. 207. 679. 15. 169. 553. 45.8 0.663 61.1 0.974 
743. 60. 206. 677. 15. 167. 548. 46.1 0.660 61.4 0.971 
748. 60. 203. 667. 15. 171- 562. 44.6 0.662 61. 1 0.991 
745. 60. 202. 664. 15. 171- 560. 44.6 0.659 61.3 0.992 
746. 60. 201- 66l. 15. 172. 56tl. 44.2 0.660 61.2 0.997 
741. 60. 201- 660. 15. 170. 557. 44.6 0.656 61.5 0.994 
744. 60. 200. 656. 15. 172. 564. 43.9 0.658 61.3 1.003 
747. 60. 201. 660. 15. 172. 566. 44.0 0.661 61.1 1.000 
752. 60. 204. 669. 15. 173. 566. 44.5 0.665 60.9 0.992 
753. 60. 204. 668. 15. 173. 568. 44.3 0.666 60.9 0.991 
752. 60. 203. 665. 15. 173. 569. 44.1 0.665 60.9 0.9913 
752. 60. 202. 663. 15. 174. 571. 43.9 0.665 60.9 1.001 
758. 60. 202. 663. 15. 176. 579. 43.3 0.669 60.6 1.007 
769. 60. 206. 675. 15. 178. 586. tl3.6 0.679 60.1 1.001 
772. 60. 203. 665. 15. 182. 597. 42.3 0.681 59.9 1.018 
777. 60. 206. 676. 15. 182. 596. 43.0 0.685 59.7 1.0013 
789. 60. 220. 723. 15. 176. 579. 46.5 0.700 59.1 0.953 
796. 60. 247. 810. 15. 160. 526. 53.7 0.723 58.6 0.840 
734. 60. 279. 914. 15. 111. 364. 67.3 0.743 63.0 0.650 



APPENOIX 0 (Cont'd) 

LASER DOPPLER VELOCmETER DATA 

...... fl5'}; SPAN 95% SPEED PEAK EFF XIB = -.3 PASSAGE ~IO. 1 
Vl 
0 

STD DAY RPM = 11846.9, RADIUS = 39.306 CM. PHI = -14.6 DEG. STD DAY TTREL = 407. DEG K. UPSTREAM TTAnS = 273. DEG K 
15.475 IN 732. DEG R 492. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED nET A ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS DEG MPS FPS nEG Mrs Frs nEG MACH NO DEG W\CH NO 

PRESSURE SIDE 
0.4 85. 280. 135. 99. 324. 45. 134. 439. 4.2 0.410 73.9 1.474 
4.2 80. 261. 135. 98. 322. 45. 129. 423. 6.0 0.395 74.3 1.453 
8.0 73. 240. 135. 97. 317. 45. 123. 404. 7.9 0.378 74.9 1.432 

11.8 70. 230. 135. 96. 315. 45. 121. 396. 8.9 0.370 75.1 1.422 
15.6 71. 234. 135. 96. 315. 45. 121. 399. 8.4 0.372 75.0 1.427 
19.4 73. 240. 135. 95. 313. 45. 122. 40l. 7.5 0.375 75.0 1.435 
23.2 80. 263. 135. 98. 323. 45. 130. 425. 5.8 0.397 74.2 1.455 
27.0 91. 299. 135. 101. 332. 45. 140. 458. 3.0 0.430 73.3 1.492 
30.8 110. 362. 135. 106. 349. 45. 157. 516. -1.0 0.490 71. 7 1.558 
34.6 117. 384. 135. 112. 366. 45. 166. 545. -1.4 0.519 70.8 1.576 
38.4 116. 379. 135. 111. 365. 45. 165. 540. -1. 1 0.514 70.9 1.570 
42.2 118. 386. 135. 113. 371. 45. 168. 550. -1.1 0.524 70.6 1.576 
46.0 116. 379. 135. 111. 365. 45. 165. 540. -1. 1 0.514 70.9 1.570 
49.8 116. 382. 135. 111. 363. 45. 165. 541. -1.5 0.516 70.9 1. 575 
53.6 116. 382. 135. 112. 366. 45. 166. 543. -1. 2 0.518 70.8 1.573 
57.4 117. 383. 135. 112. 369. 45. 166. 546. -1.1 0.520 70.7 1.573 
61.2 115. 378. 135. 114. 374. 45. 166. 546. -0.3 0.519 70.6 1.563 
65.0 116. 382. 135. 113. 370. 45. 166. 546. -0.9 0.520 70.7 1.571 
68.8 117. 384. 135. 114. 375. 45. 168. 551. -0.7 0.525 70.5 1.571 
72.6 116. 380. 135. 111. 365. 45. 165. 541. -1.2 0.515 70.9 1.571 
76.4 111. 364. 135. 111. 365. 45. 161- 529. 0.1 0.502 71.1 1.551 
80.2 111. 363. 135. 111. 363. 45. 161- 527. -0.0 0.500 71.2 1.551 
84.0 106. 347. 135. 109. 357. 45. 156. 511. 0.8 0.483 71. 7 1.535 
87.8 10l. 332. 135. 105. 344. 45. 150. 491. 1.0 0.463 72.3 1.524 
91.6 97. 318. 135. 103. 339. 45. 145. 477. 1.8 0.449 72.7 1.510 
95.4 94. 310. 135. 102. 335. 45. 143. 468. 2.2 0.440 73.0 1.503 
99.2 91- 300. 135. 100. 327. 45. 139. 455. 2.5 0.427 73.4 1.496 

SUCTION SIDE 

.-



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85~ SPAN 95~ SPEED PEAK EFF X/B ::: -.1 PASSAGE NO. 1 

STO DAY RPM'" 11846.9, RADIUS'" 39.050 CM, PHI". -14.6 DEG, STD DAY TTREL ". 405. DEG K, UPSTREAM TTABS = 273. DEG K 
15.374 IN 729. DEG R 491. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG r'1J\CH NO 

PRESSURE SIDE 
0.8 132. 433. 135. 128. 420. 45. 189. 620. -0.9 0.595 68.2 1.601 
4.6 132. 433. 135. 128. 420. 45. 189. 620. -0.9 0.595 68.2 1.601 
8.4 133. 437. 135. 130. 428. 45. 192. 629. -0.6 0.604 67.9 1.602 

12.2 136. 446. 135. 131- 430. 45. 194. 637. -1.0 0.613 67.7 1.613 
16.0 137. 450. 135. 132. 432. 45. 195. 641- -1.2 0.618 67.5 1.617 
19.8 145. 475. 135. 134. 439. 45. 202. 664. -2.3 0.645 67.0 1.648 
23.6 151. 497. 135. 135. 442. 45. 208. 682. -3.4 0.667 66.6 1.677 
27.4 151. 494. 135. 134. 441. 45. 207. 680. -3.2 0.664 66.7 1.673 
31.2 155. 509. 135. 134. 441. 45. 210. 690. -4.1 0.678 66.5 1.695 
35.0 157. 515. 135. 135. 4114. 45. 212. 697. -4.2 0.686 66.3 1.702 
38.8 148. 484. 135. 134. 440. 45. 205. 672. -2.7 0.654 66.8 1.660 
42.6 149. 4BB. 135. 134. 441. 45. 206. 675. -2.9 0.658 66.7 1.665 
46.4 144. 471. 135. 130. 428. 45. 199. 653. -2.7 0.634 67.4 1.648 
50.2 130. 425. 135. 130. 428. 45. 189. 620. 0.2 0.593 68.0 1.586 
54.0 119. 392. 135. 126. 413. 45. 178. 585. 1.5 0.556 69.0 1.551 
57.8 110. 362. 135. 123. 403. 45. 169. 556. 3.1 0.525 69.8 1.518 
61.6 94. 307. 135. 120. 393. 45. 155. 509. 7.0 0.477 71.0 1.456 
65.4 79. 259. 135. 116. 380. 45. 142. 464. 10.7 0.436 72.3 1.407 
69.2 64. 211. 135. 112. 366. 45. 128. 419. 15.0 0.396 73.6 1.362 
80.6 109. 357. 135. 122. 399. 45. 167. 549. 3.2 0.519 70.0 1. 514 
84.4 128. 421. 135. 125. 409. 45. 184. 603. -0.8 0.578 68.7 1.591 
88.2 131. 431- 135. 125. 409. 45. 186. 610. -1.5 0.587 68.5 1.604 
92.0 128. 42l. 135. 125. 409. 45. 184. 603. -0.8 0.518 68.7 1.591 
95.8 129. 423. 135. 125. 411. 45. 185. 606. -0.8 0.581 68.6 1. 592 
99.6 127. 416. 135. 125. 410. 45. 183. 600. -0." 0.574 68.7 1.584 

::'IJCTION SIDE 

Vl 

....... 



I\PPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

851. SPAN 951. SPEED PEAK EFF XIB '" 0.0 PASSAGE NO. 1 
til 
tV 

S10 DAY RPM'" 11846.9, RADIUS = 38.923 CM. PH I -= - 14 . 6 OE G. STD DAY TTREL '" 404. DEG K, UPSTREAM TTAnS -= 273. DEG K 
15.324 IN 728. nEG R 491. DEf; R 

PERCENT GAP C1 Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED RETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS OEG r~ps FPS nEG HPS FPS OEG ~'ACH NO DEG 11ACH NO 

PRESSURE SIDE 
6.9 133. 435. 135. 130. 428. 45. 191. 627. -0.5 0.602 67.8 1.594 

10.7 134. 441. 135. 129. 423. 45. 191- 628. -1.2 0.604 67.9 1.605 
14.5 137. 448. 135. 132. 432. 45. 195. 640. -1.0 0.616 67.5 1.609 
18.3 137. 449. 135. 130. 427. 45. 194. 637. -1.4 0.614 67.7 1.613 
22.1 132. 434. 135. 134. 440. 45. 194. 635. 0.4 0.608 67.4 1.586 
25.9 137. 448. 135. 135. 40. 45. 197. 648. -0.3 0.623 67.2 1.603 
29.7 137. 449. 135. 135. 444. 45. 198. 649. -0.3 0.624 67.1 1.604 
33.5 136. 447. 135. 138. 454. 45. 200. 655. 0.4 0.629 66.8 1.596 
37.3 136. 445. 135. 137. 448. 45. 198. 649. 0.2 0.623 67.0 1.597 
41.1 138. 452. 135. 139. 457. 45. 201- 661- 0.3 0.635 66.6 1.601 
44.9 150. 491. 135. 137. 450. 45. 208. 684. -2.5 0.666 66.4 1.659 
48.7 155. 508. 135. 139. 455. 45. 213. 700. -3.2 0.685 66.0 1.680 
52.5 147. 482. 135. 141- 462. 45. 209. 686. -1.2 0.665 66.1 1.640 
56.3 157. 514. 135. 140. 460. 45. ;':16. 708. -3.2 0.694 65.7 1.686 
60.1 146. 478. 135. 142. 467. 45. 209. 687. -0.7 0.664 66.0 1.632 
63.9 151. 496. 135. 142. 466. 45. 213. 699. -1.8 0.680 65.8 1.658 
67.7 149. 489. 135. 144. 472. 45. 213. 698. -1.0 0.678 65.7 1.645 
71.5 143. 468. 135. 140. 460. 45. 206. 674. -0.5 0.651 66.3 1.622 
75.3 137. 450. 135. 142. 466. 45. 203. 666. 1.0 0.639 66.4 1.594 
79.1 134. 441. 135. 151. 496. 45. 208. 68l. 3.4 0.651 65.5 1.567 
82.9 130. 428. 135. 150. 49l. 45. 204. 668. 3.9 0.637 65.8 1.552 
86.7 129. 422. 135. 148. 484. 45. 201- 658. 3.9 0.627 66.2 1.548 
90.5 137. 448. 135. 146. 479. 45. 205. 674. 1.9 0.646 66.0 1.585 
94.3 94. 309. 135. 144. 473. 45. 173. 568. 11.8 0.536 68.2 1.411 
98.1 110. 360. 135. 152. 500. 45. 191- 625. 9.2 0.590 66.5 1.460 

SUCTION SIDE 

......... 



.".---

VI 
W 

SID DAY RPM = 11846.9, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
6.8 221-

10.9 222. 
15.0 219. 
19.0 213. 
23.1 210. 
27 .1 208. 
31.2 200. 
35.3 197. 
39.3 189. 
43.4 178. 
47.4 171. 
51.5 170. 
55.6 169. 
59.6 174. 
63.7 176. 
67.7 174. 
71.8 170. 
75.9 172. 
79.9 173. 
84.0 177 • 
88.1 187. 
92.1 191. 
96.2 198. 

SUCTION SIDE 

85% SPAN 

RADIUS = 38.590 CM. 
15.193 IN 

Cl ZETA' C2 
FPS DEG r1PS 

726. 60. 195. 
728. 60. 195. 
717. 60. 200. 
699. 60. 20l. 
690. 60. 201. 
684. 60. 208. 
656. 60. 213. 
645. 60. 205. 
619. 60. 181. 
583. 60. 173. 
560. 60. 153. 
559. 105. 160. 
556. 105. 163. 
571. 105. 164. 
578. 105. 164. 
572. 105. 16.,. 
559. 105. 166. 
565. 105. 166. 
568. 105. 168. 
582. 105. 172. 
612. 105. 175. 
628. 105. 179. 
650. 105. 180. 

APPENDIX D (Cont'n) 

LASER DOPPLER VHOC IMETER DATA 

95% SPEED PEAK EFF X/B = .26 PASSAGE NO. 1 

PH I = - 1 4 • 6 DE G • STD DAY TTREL = 402. nEG K, UPSTREAM TTABS = 271. DEG K 
724. DEG R 488. DEG R 

C2 ZETA2 VZ--CORRECTED AETA ABSOLUTE BETA PRHlE RElATIVE 
FPS DEG HPS FPS DEG MACH NO DEG f~ACH NO 

639. 15. 170. 557. 43.8 0.649 61.0 0.983 
639. '5. 171. 559. 43.6 D.651 60.9 0.985 
656. 15. 162. 532. 46.4 0.645 61.5 0.949 
659. '5. 154. 504. 48.4 0.633 62.5 0.927 
660. 15. 150. 491. 49.4 0.627 63.1 0.917 
682. 15. 142. 466. 52.3 0.629 63.5 0.881 
700. 15. 126. 414. 57.0 0.620 65.4 0.831 
674. 15. 127 • 417. 55.5 0.605 65.9 0.857 
595. 15. 134. 438. 49.8 0.566 66.7 0.943 
569. 15. 124. 406. 50.8 0.537 68.6 0.948 
502. 15. 129. 423. 45.0 0.507 69.2 1.025 
525. 60. 185. 606. 3.2 0.575 67.8 1.522 
534. 60. 185. 607. 4.7 0.575 67.6 1.503 
538. 60. 189. 619. 3.4 0.588 67.4 1.526 
538. 60. 190. 624. 2.6 0.594 67.3 1. 539 
548. 60. 190. 624. 4.5 0.592 67.0 1.512 
546. 60. 187. 614. 5.9 0.581 67.2 1.490 
545. 60. 188. 618. 5.0 0.585 67.2 1.503 
552. 60. 190. 622. 5.5 0.590 66.9 1.498 
565. 60. 194. 637. 5.5 0.605 66.4 1.506 
575. 60. 202. 663. 3.2 0.633 65.9 1.550 
586. 60. 207. 679. 2.7 0.650 65.5 1.565 
592. 60. 213. 697. 1.1 0.672 65.2 1.600 

-



APPEIJOIX 0 (Cont'd) 

LASER DOPPLER VELOC IHETER DATJ\ 

85% SPAN 95't SPEED PEAK EFF X/B = .39 PASSAGE NO. 1 
VI 
~ 

STD DAY RPM = 11846.9. RADIUS = 38.423 CM, PHI = -14.6 DEG. STO DAY TTREL = 401. DEG K, UPSTREAM TTABS = 271. DEG K 
15.127 IN 722. OEG R 488. DEf; R 

PERCENT GJ\P C1 C1 ZETA1 C2 C2 ZETA? VZ--CORRECTED nETA ABSOLUTE BETA PRIr1E RELATIVE 
MPS FPS DEG ~'PS FPS DEG Mrs FPS DEG t-1ACIl NO OEG ,.,1\(11 I!O 

PRESSURE SIDE 
7.6 226. 743. 60. 167. 547. 15. 197. 648. 32.4 0.668 59.9 1.136 

11.8 224. 735. 60. 170. 558. 15. 192. 628. 34.2 0.659 60.3 1.11 0 
15.9 226. 740. 60. 176. 576. 15. 190. 622. 35.8 0.662 60.0 1.0137 
20.0 224. 734. 60. 179. 586. 15. 185. 607. 37.4 0.655 60.3 1.066 
24.2 227. 746. 60. 185. 608. 15. 185. 607. 38.7 0.665 59.8 1.045 
28.3 227. 745. 60. 189. 620. 15. 182. 597. 40.0 0.664 59.8 1.026 
32.4 228. 749. 60. 192. 630. 15. 182. 596. 40.7 0.668 59.7 1.016 
36.6 224. 736. 60. 195. 640. 15. 174. 570. 42.9 0.658 60.3 0.987 
40.7 218. 714. 60. 192. 631. 15. 166. 546. 44.0 0.640 61.5 0.978 
44.9 214. 703. 60. 191. 628. 15. 162. 532. 44.8 0.631 62.0 0.971 
49.0 211. 691- 60. 191. 628. 15. 157. 515. 45.9 0.622 62.7 0.959 
53.1 209. 685. 60. 187. 613. 15. 158. 518. 44.9 0.615 63.0 0.975 
57.3 197. 645. 60. 188. 618. 15. 140. 458. 49.5 0.588 65.3 0.930 
61.4 187. 615. 60. 176. 576. 15. 136. 446. 48.0 0.559 66.7 0.962 
65.5 178. 583. 60. 166. 544. 15. 129. 424. 47.7 0.531 68.2 0.979 
69.7 165. 540. 60. 151- 495. 15. 122. 400. 46.5 0.492 70.1 1.013 
73.8 119. 391- 105. 155. 507. 60. 145. 476. 24.8 0.468 69.9 1.243 
77.9 139. 455. 105. 151. 496. 60. 158. 519. 13.4 0.490 69.6 1.367 
82.1 148. 484. 105. 155. 509. 60. 166. 545. 11.0 0.513 68.9 1.400 
86.2 157. 514. 105. 162. 530. 60. 175. 575. 9.6 0.542 68.0 1.424 
90.4 163. 535. 105. 166. 545. 60. 182. 596. 8.8 0.562 67.3 1.441 
94.5 162. 532. 105. 166. 546. 60. - 181. 594. 9.3 0.560 67.3 1.434 

SUCTION SIDE 

--i 



._-
..-
VI 
VI 

S10 DAY RP'" = 11846.9. 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
4.7 210. 
9.2 219. 

13.7 221. 
18.2 219. 
22.7 223. 
27.2 223. 
31. 7 226. 
36.3 224. 
40.B 226. 
45.3 232. 
49.8 220. 
54.3 224. 
76.8 201. 
81.3 201. 
85.8 197. 
90.4 193. 
94.9 192. 

SIlCTION SIDE 

851, SPAN 

RADIUS = 38. 257 cr~, 
15.062 IN 

C1 ZETAl C2 
FPS DEG MPS 

688. 60. 153. 
717. 60. 164. 
726. 60. 159. 
720. 60. 162. 
732. 60. 165. 
731- 60. 111. 
742. 60. 171. 
735. 60. 170. 
743. 60. lf13. 
760. 60. 184. 
723. 60. 183. 
736. 60. 185. 
658. 60. 166. 
658. 60. 172. 
645. 60. 160. 
633. 60. 163. 
629. 60. 183. 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

951, SPEED PEAK EFF XIB = .52 PASSAGE NO. 1 

pm = - 14 . 6 OE G , STn DAY TTREL = 401. DEG K, UPSTREM' TTI\I3S ,- :'71. I)[G K 
721. OEG R 488. DEG R 

C2 ZETII..2 VZ--CORRECTED BETA MSOLUTE BETA PRHlE RELATIVE 
Frs OEG MPS Frs DEG t1ACIl NO DEG t-lACH 1m 

502. 15. 184. 603. 31.8 0.620 62.2 1.140 
539. 15. 188. 617. 33.6 0.643 60.9 1.114 
522. 15. 196. 642. 31.0 0.655 60.5 1.151 
533. 15. 191. 625. 32.7 0.647 60.8 1.127 
541- 15. 194. 637. 32.6 0.658 60.2 1.128 
560. 15. 189. 62l. 34.8 0.654 60.3 1.097 
562. 15. 194. 635. 34.1 0.665 59.8 1.106 
559. 15. 191. 628. 34.3 0.659 60.1 1.103 
60l. 15. 185. 608. 38.2 0.663 59.8 1.047 
605. 15. 192. 629. 37.2 0.678 59.0 1.060 
600. 15. 177. 581. 39.8 0.645 60.8 1.028 
606. 15. 181. 595. 39.3 0.656 60.1 1.032 
546. 15. 161. 529. 39.8 0.589 63.9 1.042 
564. 15. 157. 516. 42.0 0.589 64.0 1.015 
524. 15. 160. 526. 38.5 0.577 64.5 1.062 
534. 15. 153. 502. 40.9 0.567 65.2 1.035 
600. 15. 137. 448. 49.2 0.574 65.9 0.935 



APPEHOIX 0 (Cont'd) 

LASER DOPPLER VElOC IHETER DATA 

85h SPAN 951, SPEED PEflK EFF X/B'" .78 PASSAGE NO. 1 
VI 
0\ STD OA Y Rpr~ = 11846.9, RADIUS = 37.925 Cr1, PIlI = - 14 . 6 DE r; • STD DflY TTREL = 398. DEG K, UPSTREAM TTAnS = 271. DEI. K 

14.931 IN 717. DEG R 488. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RElATIVE 
MPS FPS OEG MPS FPS DEG Mrs FPS OEG MACH NO DEG '1ACH NO 

PRESSURE SIDE 
0.8 204. 669. 60. 153. 502. O. 152. 498. 46.1 0.604 63.4 0.950 
5.1 204. 669. 60. 155. 508. O. 15l. 494. 46.7 0.605 63.4 0.943 
9.3 203. 665. 60. 146. 480. o. 154. 506. 44.4 0.598 63.5 0.974 

13.6 203. 667. 60. 144. 474. o. 156. 512. 43.7 0.599 63.4 0.982 
17.8 202. 664. 60. 145. 475. O. 155. 508. 44.0 0.597 63.5 0.979 
22.0 203. 666. 60. 141- 463. o. 158. 517. 42.7 0.598 63.4 0.995 
26.3 202. 664. 60. 138. 453. O. 159. 521. 41.9 0.595 63.4 1.006 
30.5 205. 672. 60. 143. 468. O. 159. 521. 42.8 0.603 63.1 0.992 
34.8 210. 688. 60. 146. 478. O. 163. 535. 42.7 0.617 62.3 0.989 
39.0 213. 698. 60. 147. 482. O. 166. 544. 42.4 0.625 61.8 0.990 
43.3 216. 709. 60. 149. 490. O. 168. 552. 42.4 0.635 61.2 0.987 
47.5 218. 716. 60. 149. 490. O. 171. 561. 42.0 0.641 60.8 0.991 
51. 7 222. 728. 60. 147. 482. o. 177 • 580. 40.6 0.651 60.2 1.008 
56.0 225. 738. 60. 144. 474. O. 182. 596. 39.3 0.659 59.7 1.024 
60.2 228. 747. 60. 140. 460. O. 188. 615. 37.6 0.667 59.3 1.047 
64.5 234. 767. 60. 138. 454. O. 196. 643. 36.1 0.686 58.3 1.067 
68.7 236. 773. 60. 134. 439. O. 201. 659. 34.5 0.693 58.0 1.090 
72.9 239. 783. 60. 134. 438. o. 205. 671. 33.9 0.703 57.6 1.098 
77.2 241. 791. 60. 133. 435. O. 208. 683. 33.3 0.711 57.2 1.108 
81.4 239. 783. 60. 134. 440. O. 204. 670. 34.1 0.702 57.6 1.096 
85.7 241. 791. 60. 134. 440. o. 207. 680. 33.7 0.710 57.2 1.101 
89.9 241. 790. 60. 139. 455. o. 204. 670. 35.0 0.708 57.2 1.082 
94.2 242. 794. 60. 143. 470. O. 203. 665. 36.1 0.710 57.0 1.066 

SUCTION SIDE 

,,--i 



.--I 

V1 
-..J 

S10 DAY RPM = 11846.9, 

PERCENT GAP C1 
r~ps 

PRESSURE SlOE 
1.1 211. 
4.9 211. 
8.7 210. 

12.5 211. 
16.3 212. 
20.1 213. 
23.9 213. 
27.7 211. 
31.5 210. 
35.3 210. 
39.1 210. 
42.9 211. 
46.7 211. 
50.5 210. 
54.3 210. 
58.1 211. 
61.9 212. 
65.7 214. 
69.5 215. 
73.3 215. 
77.1 215. 
80.9 217. 
84.7 219. 
88.5 222. 
92.3 227. 
96.1 223. 
99.9 217. 

SUCTION SIDE 

85~ SPAN 

RADIUS = 37.516 CM, 
14.770 IN 

C1 ZETA1 C2 
FPS DEG ~lPS 

691- 60. 224. 
693. 60. 193. 
690. 60~ 165. 
692. 60. 155. 
697. 60. 156. 
699. 60. 156. 
699. 60. 157. 
693. 60. 158. 
689. 60. 158. 
689. 60. 160. 
689. 60. 161. 
693. 60. 162. 
692. 60. 159. 
690. 60. 155. 
690. 60. 154. 
692. 60. 154. 
697. 60. 155. 
703. 60. 155. 
706. 60. 154. 
705. 60. 154. 
706. 60. 155. 
713. 60. 156. 
717. 60. 160. 
727. 60. 169. 
746. 60. 182. 
733. 60. 218. 
713. 60. 228. 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

95~ SPEED PEAK ErF X/B = 1. 1 PASSAGE NO. 1 

PH I = -14 .6 DE!; , STD DAY TTREl = 396. DEG K, UPSTREAM TTABS = 271. nEG K 
713. DEG R 487. DEG R 

C2 ZETA2 VZ --COR RECTED BETA ABSOLUTE AETA PRIHE RELATIVE 
FPS nEG Mrs FPS DEG t1ACH ~JO DEG HACII NO 

734. O. 118. 386. 63.0 0.685 62.6 0.693 
633. O. 137. 449. 55.5 0.650 62.0 0.803 
54l. O. 152. 500. 48.2 0.627 61.9 0.905 
508. O. 159. 522. 45.1 0.624 61. 7 0.944 
511. O. 160. 526. 45.1 0.628 61.5 0.944 
512. O. 161- 528. 45.0 0.630 61.4 0.944 
516. O. 160. 52€? 45.4 0.630 61.4 0.939 
517. O. 158. 518. 45.9 0.626 61. 7 0.934 
520. O. 156. 511. 46.4 0.623 61.9 0.929 
526. O. 155. 508. 46.9 0.624 61.9 0.922 
529. O. 154. 506. 47.2 0.624 62.0 0.918 
532. O. 155. 509. 47.2 0.628 61. 7 0.917 
522. O. 157. 514. 46.4 0.626 61.8 0.928 
510. O. 158. 518. 45.4 0.623 61.8 0.941 
505. O. 159. 521- 45.0 0.622 61.8 0.947 
506. O. 159. 523. 44.9 0.624 61. 7 0.947 
509. O. 161. 527. 44.9 0.628 61.5 0.946 
507. O. 163. 536. 44.3 0.632 61.1 0.952 
505. O. 165. 540. 44.0 0.635 61.0 0.956 
504. O. 165. 540. 43.9 0.634 61.0 0.957 
507. O. 164. 539. 44.1 0.635 61.0 0.954 
513. O. 166. 544. 44.2 0.641 60.6 0.951 
525. O. 165. 542. 45.0 0.646 60.4 0.939 
554. O. 163. 536. 46.8 0.657 59.9 0.911 
596. O. 163. 534. 49.0 0.678 58.8 0.874 
715. O. 136. 447. 58.8 0.700 59.6 0.736 
749. O. 123. 403. 62.4 0.702 61.1 0.689 



APPENDIX D (Cant' 0) 

L/\SER DOPPLER VELOCH1ETER D/\T/\ 

Vl 85~ SPAN 1001, SPEED NEflR SURGE X/B = -.3 P I\S S!\G E NO. 1 
00 

STD DI\Y RPf.1 = 12470.4, RADIUS = 39.306 CM, PHI = -14.6 DEG, STD DAY TTREL = 419. DEG K, UPSTREM1 TTABS = 275. DEG K 
15.475 IN 754. DEG R 495. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETfl2 vz- -CORRECTED BETA AHSOLUTE RETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG t,lPS FPS DEG rlACH NO DEG '11\CIt NO 

PRESSURE SIDE 
0.4 78. 255. 135. 99. 324. 45. 128. 419. 6.8 0.391 75.2 1.518 
4.2 71. 232. 135. 98. 320. 45. 122. 400. 9.1 0.373 75.7 1.494 
8.0 70. 230. 135. 97. 318. 45. 12l. 397. 9.1 0.371 75.8 1.493 

11.8 62. 203. 135. 96. 314. 45. 114. 374. 12.1 0.351 76.4 1.466 
15.6 60. 198. 135. 95. 313. 45. 113. 370. 12.7 0.347 76.6 1.461 
19.4 64. 211. 135. 96. 316. 45. 116. 381. 11.3 0.357 76.2 1.473 
23.2 67. 220. 135. 99. 324. 45. 120. 394. 10.8 0.369 75.8 1.478 
27.0 83. 272. 135. 104. 340. 45. 135. 443. 6.3 0.414 74.4 1.528 
30.8 94. 307. 135. 113. 37l. 45. 150. 49l. 5.4 0.460 72.8 1.550 
34.6 129. 422. 135. 118. 388. 45. 179. 586. -2.4 0.564 70.5 1.688 
38.4 122. 40l. 135. 118. 387. 45. 174. 570. -1.0 0.545 70.8 1.660 
42.2 122. 399. 135. 118. 386. 45. 173. 568. -0.9 0.543 70.9 1.658 
46.0 120. 394. 135. 116. 382. 45. 171. 562. -0.9 0.536 71.1 1.654 
49.8 122. 401- 135. 117. 383. 45. 173. 567. -1.3 0.543 70.9 1.662 
53.6 123. 405. 135. 116. 380. 45. 173. 568. -1.8 0.545 71.0 1.670 
57.4 121. 396. 135. 115. 378. 45. 171. 560. -1.3 0.536 71.2 1.659 
61.2 123. 403. 135. 115. 378. 45. 172. 565. -1.8 0.542 71.1 1.668 
65.0 119. 389. 135. 113. 371- 45. 168. 550. -1.4 0.525 71.5 1.654 
68.8 116. 379. 135. 111. 365. 45. 164. 539. -1.1 0.513 71.8 1.645 
72.6 114. 373. 135. 112. 366. 45. 163. 535. -0.5 0.509 71.9 1.636 
76.4 110. 360. 135. 109. 359. 45. 159. 520. -0.1 0.494 72.3 1.624 
80.2 104. 342. 135. 106. 349. 45. 152. 500. 0.6 0.473 72.9 1.608 
84.0 98. 323. 135. 105. 343. 45. 147. 482. 1.7 0.454 73.4 1.588 
87.8 96. 315. 135. 102. 334. 45. 143. 470. 1.7 0.442 73.8 1.584 
91.6 93. 306. 135. 99. 326. 45. 139. 457. 1.8 0.430 74.2 1.578 
95.4 89. 292. 135. 98. 323. 45. 136. 445. 2.9 0.417 74.5 1.563 
99.2 85. 280. 135. 98. 323. 45. 133. 436. 4.1 0.409 74.7 1.548 

SUCTION SlOE 

-



,--
Vl 
\0 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
0.8 138. 
4.6 137. 
8.4 142. 

12.2 137. 
16.0 137. 
19.8 149. 
23.6 148. 
27.4 140. 
31.2 134. 
35.0 132. 
38.8 126. 
42.6 122. 
46.4 117 • 
50.2 114. 
54.0 10l. 
57.8 94. 
61.6 86. 
65.4 80. 
69.2 73. 
73.0 72. 
76.8 77. 
80.6 84. 
84.4 129. 
88.2 128. 
92.0 130. 
95.8 130. 
99.6 130. 

SUCTION SlOE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

851; SPAN 10m SPEED NEAR SURGE X/B = -.1 PASSAGE NO. 1 

RADIUS = 39.050 CM, PH I = -14.6 DE G, STD DA Y TTREL = 417. DEG K. UPSTREAM TTABS = 275. DEG K 
15.374 IN 751. DEG R 495. DEG R 

Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED !'lETA J\BSOLUTE BETA PRIME RELATIVE 
FPS nEG r1PS Frs OEG ~1PS FPS OEG MACH NO DEG '·1/\CII NO 

452. 135. 134. 44l. 45. 197. 61\6. -0.7 0.623 68.3 1.687 
450. 135. 137. 450. 45. 199. 651. -0.0 0.627 68.1 1.679 
465. 135. 137. 45l. 45. 202. 663. -0.9 0.6111 67.9 1.6Q9 
449. 135. 139. 455. 45. 199. 654. 0.4 0.629 67.9 1.675 
449. 135. 137. 449. 45. 198. 650. -0.0 0.625 68.1 1.678 
489. 135. 139. 455. 45. 208. 683. -2.1 0.665 67.4 1. 731 
486. 135. 139. 456. 45. 208. 682. -1.8 0.663 67.4 1. 726 
458. 135. 138. 453. 45. 20l. 659. -0.3 0.636 67.9 1.688 
441. 135. 137. 450. 45. 197. 645. 0.6 0.619 68.2 1.667 
434. 135. 137. 451- 45. 195. 64l. 1.1 0.613 68.3 1.656 
415. 135. 137. 448. 45. 190. 625. 2.2 0.595 68.6 1.632 
399. 135. 134. 439. 45. 185. 607. 2.7 0.576 69.1 1.616 
385. 135. 132. 432. 45. 180. 591. 3.3 0.560 69.6 1.602 
374. 135. 130. 427. 45. 177 • 580. 3.8 0.548 69.9 1.591 
332. 135. 127. 418. 45. 165. 543. 6.5 0.510 70.8 1.543 
30B. 135. 126. 414. 45. 159. 523. 8.4 0.491 71.3 1.516 
281. 135. 121. 398. 45. 150. 491- 9.8 0.461 72.3 1.493 
262. 135. 119. 391. 45. 144. 473. 11.2 0.443 72.B 1.475 
241- 135. 116. 380. 45. 137. 450. 12.6 0.422 73.5 1.457 
235. 135. 114. 373. 45. 134. 440. 12.8 0.413 73.9 1.454 
254. 135. 117. 384. 45. 141. 462. 11. 5 0.433 73.2 1.469 
275. 135. 127. 416. 45. 152. 500. 11.5 0.470 71.8 1.475 
422. 135. 130. 425. 45. 187. 613. 0.2 0.587 69.2 1.655 
420. 135. 128. 42l. 45. 186. 609. 0.1 0.583 69.4 1.655 
427. 135. 130. 425. 45. 188. 617. -0.1 0.591 69.2 1.662 
428. 135. 130. 426. 45. 188. 618. -0.1 0.593 69.1 1.663 
428. 135. 130. 428. 45. 189. 620. -0.0 0.594 69.1 1.662 

.~,,~:;o:':-



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC mETER OI\TA 

85~ SPAN 10m SPEED NEAR SURGE X/B =: 0.0 PASSAGE NO. 1 -0\ 
S10 DAY RPn =: 12470.4, RADIUS =: 38.923 m, PHI " -14.6 OEG, STO OI\Y TTREL =: 417. OEG K, UPSTRE~ TTAnS =: 274. OEG K 0 

15.324 IN 750. OEG R 493. DEr; R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BET 1\ ABSOLUTE BETA PRIME RELATIVE 
MPS FPS OEG rws FPS OEG MPS FPS OEG MI\Cll NO OEG HI\CII NO 

PRESSURE SIDE 
6.9 125. 411. 135. 119. 391- 45. 177. 582. -1.4 0.557 70.3 1.656 

10.7 120. 395. 135. 120. 394. 45. 174. 572. -0.1 0.545 70.5 1.633 
14.5 124. 407. 135. 120. 395. 45. 177. 582. -0.9 0.556 70.3 1.648 
18.3 118. 386. 135. 121- 397. 45. 173. 568. 0.8 0.540 70.5 1.619 
22.1 124. 406. 135. 117. 384. 45. 175. 573. -1.6 0.549 70.6 1.654 
25.9 122. 401. 135. 116. 380. 45. 173. 566. -1. 5 0.542 70.8 1.649 
29.7 123. 405. 135. 119. 392. 45. 176. 578. -0.9 0.553 70.4 1.647 
33.5 124. 406. 135. 122. 399. 45. 178. 584. -0.5 0.558 70.2 1.644 
37.3 124. 407. 135. 118. 387. 45. 176. 576. -1.4 0.551 70.5 1.653 
41.1 122. 400. 135. 119. 389. 45. 174. 572. -0.8 0.547 70.6 1.M2 
44.9 122. 400. 135. 119. 391- 45. 175. 574. -0.7 0.548 70.5 1.641 
48.7 118. 387. 135. 119. 389. 45. 172. 563. 0.1 0.536 70.8 1.625 
52.5 123. 405. 135. 119. 392. 45. 176. 578. -0.9 0.553 70.4 1.647 
56.3 115. 376. 135. 124. 406. 45. 173. 567. 2.2 0.537 70.4 1.601 
60.1 111. 365. 135. 122. 399. 45. 169. 554. 2.5 0.524 70.8 1.591 
63.9 114. 373. 135. 119. 390. 45. 169. 553. 1.3 0.525 70.9 1.606 
67.7 107. 352. 135. 123. 403. 45. 167. 548. 3.9 0.516 70.9 1.572 
71.5 110. 361. 135. 126. 414. 45. 171- 562. 3.9 0.531 70.4 1.577 
75.3 106. 349. 135. 127. 418. 45. 170. 556. 5.1 0.524 70.4 1.559 
79.1 100. 327. 135. 128. 419. 45. 165. 541. 7.0 0.508 70.7 1.531 
82.9 98. 320. 135. 129. 422. 45. 164. 538. 7.8 0.505 70.8 1.521 
86.7 91. 298. 135. 141. 462. 45. 168. 551. 12.2 0.519 69.8 1.472 
90.5 86. 282. 135. 148. 485. 45. 170. 556. 14.8 0.526 69.3 1.440 
94.3 72. 237. 135. 146. 480. 45. 159. 520. 18.7 0.496 70.? 1.391 

SUCTION SlOE 

~ .--~..t 



APPENDLX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 10m SPEED HEAR SURGE X/B '" .26 PASSAGE ~1O. 1 

STO DAY RPM = 12470.4, RADIUS = 38.590 eM, PH I '" -14.6 DE G, STD DAY TTQ(L '" 414. DEG K, UPSTREAH TTMS = 275. DEG K 
15.193 IN 746. nEG R 495. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZHA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS OEG HPS Frs DEG Mrs FPS OEG rlACfl NO DEG rW:1l NO 

PRESSURE SlOE 
10.9 238. 780. 60. 213. 700. 15. 178. 584. 45.1 0.688 60.5 1.005 
15.0 235. 772. 60. 215. 704. 15. 174. 570. 46.2 0.683 60.9 0.991 
19.0 232. 762. 60. 220. 723. 15. 165. 542. 48.9 0.679 61.5 0.954 
23.1 229. 752. 60. 223. 732. 15. 159. 522. 50.6 0.675 62.1 0.932 
27.1 224. 734. 60. 226. 742. 15. 149. 489. 53.2 0.667 63.1 0.901 
31.2 219. 717. 60. 230. 753. 15. 139. 458. 55.9 0.661 64.2 0.871 
35.3 211. 693. 60. 232. 762. 15. 127. 417. 59.0 0.653 65.8 0.838 
39.3 205. 671. 60. 222. 728. 15. 125. 411. 58.1 0.630 66.8 0.864 
43.4 194. 636. 60. 189. 621. 15. 134. 440. 50.8 0.576 67.8 0.981 
47.4 182. 598. 60. 172. 565. 15. 130. 427. 48.6 0.539 69.3 1.027 
51.5 175. 575. 105. 173. 568. 60. 192. 629. 6.7 0.595 67.6 1.554 
55.6 181. 595. 105. 173. 566. 60. 196. 643. 4.0 0.611 67.6 1.597 
59.6 186. 610. 105. 175. 574. 60. 200. 657. 3.3 0.626 67.2 1.614 
63.7 187. 613. 105. 177 • 580. 60. 201- 661- 3.7 0.630 67.0 1.611 
67.7 185. 608. 105. 176. 578. 60. 200. 657. 4.0 0.625 67.1 1.604 
71.8 185. 607. 105. 176. 577. 60. 200. 656. 4.0 0.624 67.2 1.603 
75.9 184. 603. 105. 178. 585. 60. 200. 656. 5.4 0.623 66.9 1.583 
79.9 182. 598. 105. 178. 585. 60. 199. 652. 6.0 0.618 67.0 1.573 
84.0 187. 614. 105. 182. 597. 60. 204. 668. 5.6 0.635 66.5 1.586 
88.1 196. 643. 105. 186. 61l. 60. 212. 694. 4.0 0.664 65.9 1.623 
92.1 194. 638. 105. 189. 620. 60. 212. 694. 5.5 0.661 65.7 1.599 
96.2 204. 668. 105. 194. 638. 60. 220. 723. 4.3 0.692 65.0 1.632 

SUCTION SIDE 

0\ 

.--i -



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

8S~ SP Ar~ 10m SPEED NEAR SURGE X/B = .39 PASSAGE NO. 1 

0\ STD DAY RPM = 12470.4. RADIUS = 38.423 CM, PIlI = -14.6 DE G, STD DAY TTREL "" 413. DEG K, UPSTREAM TTABS = 27S. DEG K 
10 lS.127 IN 744. DEG R 49S. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRlf.1E RELATIVE 
r~ps FPS DEG MPS FPS DEG MPS FPS DEG MAUl NO DEG Ml\CII NO 

PRESSURE SIDE 
0.7 240. 787. 60. 207. 678. 15. 186. 610. 42.3 0.693 60.0 1.039 
4.9 236. 773. 60. 204. 670. lS. 182. 596. 42.7 0.681 60.7 1.036 
9.2 243. 797. 60. 202. 664. 1S. 193. 634. 40.1 0.701 59.5 1.070 

13.4 240. 789. 60. 201. 660. 15. 191. 626. 40.4 0.694 59.9 1.068 
17.7 243. 798. 60. 197. 647. 15. 197. 648. 38.3 0.702 59.5 1.097 
22.0 240. 786. 60. 202. 664. 15. 189. 618. 41.0 0.691 60.0 1.059 

26.2 243. 798. 60. 200. 6S7. 15. 195. 640. 39.3 0.702 59.5 1.082 
30.5 241- 792. 60. 204. 669. 15. 190. 623. 41.0 0.696 59.7 1.058 
39.0 239. 784. 60. 215. 704. 15. 179. 587. 45.1 0.692 60.2 0.998 
51.8 213. 700. 60. 193. 633. 15. 159. 521. 45.6 0.621 64.2 1.017 
56.0 202. 663. 60. 192. 629. 15. 144. 472. 48.9 0.595 66.2 0.988 
60.3 201- 661. 60. 186. 610. 15. 147. 483. 47.0 0.590 66.2 1.014 
64.5 188. 617. 60. 177. 582. 15. 135. 442. 48.5 0.555 68.3 1.014 
68.8 170. 557. 60. 147. 483. 15. 13-1. 429. 42.8 0.497 70.5 1.106 
73.0 151- 496. 60. 125. 410. 15. 12l. 397. 39.6 0.443 72.7 1.1M 
77.3 102. 335. 105. 136. 446. 60. 125. 410. 26.4 0.406 73.6 1.301 
81.6 126. 413. 105. 163. 535. 60. 152. 499. 24.8 0.489 70.0 1.305 
85.13 150. 492. 105. 163. 535. 60. 170. 557. 13.3 0.525 69.2 1.442 
90.1 168. 551. 105. 166. 543. 60. 184. 602. 6.5 0.569 68.5 1.540 
94.3 175. 573. 105. 174. 571. 60. 192. 629. 7.3 0.594 67.5 1.540 

SUCTION SIDE 

--..; 



,-..I 

0'\ 
W 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
Mrs 

PRESSURE SIDE 
0.2 227. 
4.7 226. 
9.2 230. 

13.7 231. 
18.2 233. 
22.7 235. 
27.2 237. 
31. 7 241. 
36.3 237. 
40.8 240. 
45.3 242. 
49.8 237. 
54.3 244. 
58.8 244. 
81.3 212. 
85.8 211. 
90.4 215. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCmETER DATA 

85~ SPAN 10m SPEED NEAR SURGE X/B = .52 PAS SAGE NO. 1 

RADIUS = 38.257 CM, PH I = -14 . 6 DE G, STD DAY TTPEL = 412. DEG K. UPSTREAM HAAS = 275. DEG K 
15.062 IN 742. DEG R 495. DEG R 

C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED nETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG r1Ps Frs DEG HPS FPS DEG r·1ACH NO DEr, ~'ACH NO 

746. 60. 208. 6U2. 15. 167. 550. 46.3 0.662 61.9 0.987 
743. 60. 204. 670. 15. 169. 554. 45.4 0.658 62.0 1.001 
754. 60. 201. 659. 15. 176. 577. 43.3 0.665 61.4 1.028 
759. 60. 193. 634. 15. 184. 602. 40.3 0.6f)R 61.1 1.070 
764. 60. 194. 635. 15. 186. 609. 39.9 0.6/3 60.9 1.074 
770. 60. 198. 650. 15. 185. 606. 41.0 0.678 60.6 1.058 
778. 60. 198. 651. 15. 188. 617. 40.4 0.685 60.2 1.065 
790. 60. 20]. 658. 15. 192. 628. 40.1 0.695 59.7 1.067 
776. 60. 200. 657. 15. 186. 610. 41.2 0.683 60.3 1.054 
788. 60. 205. 671. 15. 188. 616. 41. 5 0.694 59.8 1.0tl6 
793. 60. 211. 692. 15. 185. 608. 43.2 0.699 59.6 1.021 
778. 60. 203. 665. 15. 185. 607. 41.8 0.685 60.3 1.044 
SO~. 60. 198. 651- 15. 197. 647. 38.6 0.704 59.2 1.089 
SOO. 60. 207. 678. 15. 191. 62S. 41.2 0.704 59.2 1.049 
696. 60. 183. 60l. 15. 164. 538. 42.5 0.615 64.1 1.055 
692. 60. 179. 587. 15. 165. 543. 41.3 0.611 64.2 1.072 
704. 60. 196. 643. 15. 158. 519. 46.3 0.626 63.9 1.002 

--



APPENDIX 0 (Cont'd) 

LASER ~OPPLER VELOC mETER DATA 

85% SPAN 10m SPEED NEAR SURGE X/B = .78 PASSAGE NO. 1 

STO DAY RPM = 12470.4, RADIUS = 37.925 CM, PH I = -14.6 DE G , STD DAY TTREL = 410. OEG K, UPSTREAr~ HAAS = 275. OEG K 
0\ 14.931 IN 738. OEG R 4%. OEG R +:>. 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRmE RELATIVE 
,.,PS FPS OEG HPS FPS nEG r~ps FPS OEG MACH NO OEG rlACfl NO 

PRESSURE SlOE 
5.1 216. 708. 60. 206. 677. O. 133. 437. 57.8 0.662 64.2 0.829 
9.3 218. 715. 60. 187. 614. O. 147. 482. 52.5 0.650 63.4 0.902 

13.6 218. 714. 60. 179. 586. O. 152. 498. 50.3 0.643 63.4 0.933 
17.8 219. 717. 60. 176. 576. O. 155. 507. 49.3 0.643 63.2 0.946 
22.0 217. 713. 60. 174. 570. O. 154. 506. 49.1 0.639 63.3 0.951 
26.3 223. 732. 60. 172. 563. O. 162. 532. 47.3 0.652 62.3 0.969 
30.5 223. 730. 60. 173. 568. O. 161. 527. 47.8 0.651 62.4 0.962 
34.8 225. 738. 60. 172. 565. O. 164. 538. 47.0 0.657 62.0 0.970 
39.0 227. 746. 60. 172. 565. O. 167. 548. 46.6 0.663 61.6 0.975 
43.3 230. 756. 60. 175. 574. O. 169. 554. 46.7 0.672 61.1 0.970 
47.5 233. 765. 60. 179. 587. O. 170. 557. 47.2 0.680 60.6 0.%0 
51. 7 238. 781. 60. 176. 578. O. 177 • 582. 45.5 0.692 59.8 0.980 
56.0 231- 757. 60. 173. 569. O. 170. 559. 46.2 0.672 61.0 0.976 
60.2 241. 790. 60. 167. 547. O. 186. 611. 42.5 0.697 59.4 1.022 
64.5 242. 795. 60. 167. 549. O. 188. 615. 42.4 0.701 59.1 1.023 
68.7 244. 800. 60. 163. 534. O. 192. 630. 40.9 0.705 58.9 1.044 
72.9 247. 811. 60. 162. 533. O. 196. 644. 40.3 0.714 58.4 1.052 
77.2 252. 827. 60. 163. 534. O. 202. 662. 39.6 0.728 57.6 1.062 
81.4 256. 840. 60. 168. 552. O. 203. 667. 40.3 0.739 57.0 1.048 
85.7 254. 834. 60. 169. 555. O. 200. 658. 40.8 0.734 57.3 1.041 
89.9 255. 837. 60. 173. 569. O. 199. 653. 41. 7 0.737 57.1 1.026 
94.2 254. 833. 60. 188. 616. O. 189. 621. 45.5 0.736 57.2 0.968 

SUCTION SlOE 

.,...... 



,k_ 

0\ 
VI 

S10 DAY RPM'" 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
2.0 216. 
5.8 219. 
9.6 225. 

13.4 226. 
17 .2 228. 
21.0 228. 
24.8 227. 
28.6 226. 
32.4 227. 
36.2 227. 
40.0 225. 
43.8 225. 
47.6 226. 
51.4 225. 
55.2 224. 
59.0 226. 
62.8 226. 
66.6 229. 
70.4 228. 
74.2 227. 
78.0 227. 
81.8 231. 
85.6 237. 
89.4 233. 
93.2 238. 
97.0 227. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

851, SPAN 1001, SPEED NEAR SURGE X/B '" 1.1 PI\SSAGE NO. 1 

RADIUS'" 37.516 eM, PH I '" - 14.6 DE G, S10 DAY TTREL '" 407. DEG K, UPSTRf~1 TTABS = 275. DEG K 
14.770 IN 733. DEG R 495. DEG R 

C1 ZETAl C2 C2 ZETP.2 VZ--CORPECTEO nET I!. A!3S0:"'UTE BETA PRJr~[ REU\TTVE 
FPS DEG Mrs FPS DEG r~ps FPS DI:G MACH NO OEG MACH Nfl 

710. 60. 2<14. 799. O. 112. 367. 65.8 0.711 64.3 0.691 
718. 60. 223. 733. O. 127. 415. 61.0 0.688 63.4 0.763 
738. 60. 20l. 661. O. 147. 482. 54.6 0.677 61.9 0.851 
743. 60. 193. 633. O. 154. 504. 52.1 0.674 61.5 0.885 
749. 60. 192. 629. O. 157. 514. 51.4 0.677 61.2 0.892 
747. 60. 189. 620. O. 157. 517. 50.9 0.674 61.2 0.901 
746. 60. 188. 618. O. 157. 517. 50.8 0.673 61.3 0.903 
743. 60. 190. 622. O. 156. 511. 51.3 0.671 61.5 0.897 
744. 60. 190. 624. O. 156. 511. 51.4 0.673 61.4 0.895 
745. 60. 190. 625. O. 156. 511- 51.4 0.673 61.4 0.895 
738. 60. 191- 627. O. 153. 502. 52.0 0.669 61.8 0.889 
737. 60. 191. 627. O. 153. 501. 52.0 0.668 61.8 0.888 
742. 60. 187. 614. O. 157. 514. 50.7 0.669 61.5 0.905 
738. 60. 184. 603. O. 157. 516. 50.1 0.664 61. 7 0.916 
736. 60. 179. 586. O. 160. 524. 48.9 0.660 61.8 0.934 
743. 60." 176. 578. O. 164. 537. 47.8 0.664 61.4 0.947 
743. 60. 176. 576. O. 164. 538. 47.6 0.663 61.4 0.949 
750. 60. 177 • 582. O. 165. 543. 47.7 0.669 61.0 0.946 
748. 60. 177 • 582. O. 165. 540. 47.8 0.668 61.1 0.945 
744. 60. 178. 585. O. 163. 534. 48.3 0.665 61.3 0.940 
746. 60. 182. 598. O. 161. 528. 49.2 0.669 61.3 0.926 
758. 60. 190. 623. O. 161. 528. 50.4 0.682 60.6 0.904 
778. 60. 199. 654. O. 162. 533. 51. 5 0.702 59.6 0.881 
765. 60. 213. 699. O. 150. 491. 55.5 0.705 60.4 0.824 
781- 60. 238. 781- O. 141. 462. 60.0 0.739 59.4 0.745 
744. 60. 262. 8S8. O. 113. 372. fi7.0 0.752 62.2 0.647 

.... --.. 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER OATA 

0\ 691, SPAN 100% SPEED PEAK EFF X/B = -.2 PASSAGE NO. 1 
0\ 

STO DAY RPM = 12470.4, RADIUS = 35.687 CM, PHI = -7.4 OEG, STD DAY TTREL = 396. DEG K, UPSTREAM TTARS = 275. OEG K 
14.050 HI 712. DEG R 495. OEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ --COR RECTED BETA ABSOLUTE BETA PRmE RELATIVE 
MPS FPS OEG rws FPS OEG tWS FPS DEG MACH NO OEG t11\Cll tJO 

PRESSURE SlOE 
3.2 127. 418. 135. 130. 426. 45. 186. 611. 0.5 0.569 68.0 1.519 
7.0 123. 403. 135. 127 • 418. 45. 181. 594. 1.0 0.552 68.5 1.504 

10.8 116. 380. 135. 125. 411. 45. 175. 573. 2.2 0.530 69.0 1.479 
14.6 108. 355. 135. 123. 403. 45. 167. 549. 3.6 0.506 69.7 1.453 
18.4 104. 342. 135. 121. 396. 45. 163. 534. 4.2 0.491 70.1 1.441 
22.2 101. 333. 135. 119. 391- 45. 160. 524. 4.6 0.481 70.4 1.433 
26.0 99. 325. 135. 119. 390. 45. 158. 518. 5.2 0.475 70.6 1.424 
29.8 100. 328. 135. 121. 397. 45. 160. 525. 5.4 0.482 70.3 1.424 
33.6 111. 364. 135. 120. '393. 45. 167. 548. 2.2 0.506 69.9 1.469 
37.4 128. 420. 135. 127. 417. 45. 185. 606. -0.2 0.566 68.2 1. 526 
41.2 136. 445. 135. 131- 431. 45. 193. 634. -0.9 0.595 67.4 1. 551 
45.0 135. 444. 135. 132. 433. 45. 193. 635. -0.7 0.595 67.4 1. 548 
48.8 134. 439. 135. 132. 434. 45. 193. 632. -0.3 0.592 67.4 1. 541 
52.6 134. 438. 135. 132. 433. 45. 192. 630. -0.3 0.590 67.5· 1.541 
56.4 133. 435. 135. 132. 432. 45. 191. 628. -0.2 0.587 67.5 1.537 
60.2 131. 431. 135. 132. 434. 45. 191. 626. 0.2 0.585 67.5 1.531 
64.0 132. 433. 135. 132. 432. 45. 191- 626. -0.1 0.586 67.6 1.535 
67.8 132. 433. 135. 132. 432. 45. 19l. 626. -0.1 0.586 67.6 1.535 
71.6 131. 429. 135. 132. 433. 45. 190. 624. 0.3 0.583 67.6 1.529 
75.4 130. 426. 135. 132. 433. 45. 190. 622. 0.5 0.580 67.6 1.525 
79.2 129. 424. 135. 130. 427. 45. 188. 616. 0.2 0.575 67.9 1.526 
83.0 126. 415. 135. 130. 426. 45. 186. 609. 0.7 0.567 68.0 1.515 
86.8 126. 414. 135. 129. 424. 45. 185. 607. 0.7 0.565 68.1 1.515 
90.6 127. 416. 135. 129. 422. 45. 185. 607. 0.4 0.565 68.1 1.518 
94.4 129. 423. 135. 129. 424. 45. 187. 613. 0.1 0.572 68.0 1.526 
98.2 130. 425. 135. 130. 425. 45. 188. 615. -0.0 0.575 67.9 1. 528 

SUCTIOtI SIDE 

........ 



---
0\ 
-...l 

STD [JAY Rpr~ "" 12470.4. 

PERCENT GAP C1 
r1PS 

PRESSURE SIDE 
0.3 139. 
4.1 140. 
7.9 140. 

11. 7 142. 
15.5 145. 
19.3 149. 
23.1 152. 
26.9 153. 
30.7 152. 
34.5 151. 
38.3 146. 
42.1 144. 
45.9 134. 
49.7 128. 
53.5 117. 
57.3 111. 
61.1 104. 
64.9 105. 
68.7 121. 
72.5 132. 
76.3 139. 
80.1 138. 
83.9 138. 
87.7 136. 
91.5 135. 
95.3 136. 
99.1 134. 

SUCTION SIDE 

69'l'; SPAN 

RADIUS = 35.623 nit 
14.025 IN 

C1 ZETAl C2 
FPS OEG f1PS 

455. 135. 139. 
458. 135. 139. 
460. 135. 139. 
466. 135. 141. 
475. 135. 143. 
490. 135. 144. 
499. 135. 146. 
502. 135. 146. 
500. 135. 146. 
494. 135. 146. 
480. 135. 145. 
472. 135. 141-
440. 135. 137. 
420. 135. 132. 
385. 135. 128. 
363. 135. 123. 
342. 135. 122. 
343. 135. 123. 
398. 135. 120. 
434. 135. 129. 
457. 135. 137. 
453. 135. 137. 
454. 135. 137. 
446. 135. 137. 
444. 135. 137. 
446. 135. 136. 
440. 135. 136. 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOC H1ETER DATA 

100% SPEED PEAK EFF X/B =: -.1 PASSAGE NO. 1 

PH I =: -7.11 DEG, STD DAY TTREL =: 396. [JEG K, UPSTREAH HAAS =: 275. DEG K 
712. flEGR 495. DLG R 

C2 ZETA2 VZ--CORRECTEO BETA ARSOLUTE nETA PRINE RELATIVE 
FPS OEG MPS FPS DEG f4/\CH NO DEG HAC II NO 

456. 45. 201- 659. 0.1 0.618 66.4 1.547 
456. 45. 202. 662. -0.1 0.621 66.4 1.551 
457. 45. 202. 664. -0.2 0.623 66.3 1.553 
461- 45. 205. 67l. -0.3 0.631 66.1 1.559 
470. 45. 208. 684. -0.3 0.644 65.7 1.567 
471- 45. 212. 696. -1.1 0.658 65.5 1. 5137 
480. 45. 216. 709. -1. 1 0.671 65.1 1.594 
479. 45. 216. 710. -1.3 0.673 65.1 1. 599 
479. 45. 216. 709. -1. 2 0.672 65.1 1.596 
479. 45. 215. 704. -0.9 0.666 65.2 1.588 
475. 45. 211. 691- -0.3 0.651 65.5 1.571 
464. 45. 207. 678. -0.5 0.638 66.0 1.566 
449. 45. 196. 643. 0.6 0.601 66.9 1.531 
434. 45. 188. 618. 0.9 0.576 67.6 1.514 
420. 45. 178. 583. 2.5 0.539 68.6 1.477 
405. 45. 169. 556. 3.1 0.513 69.5 1.458 
399. 45. 163. 536. 4.4 0.493 70.0 1.436 
404. 45. 165. 54l. 4.7 0.497 69.8 1.435 
394. 45. 175. 573. -0.3 0.533 69.3 1.508 
424. 45. 189. 62l. -0.7 0.581 67.8 1.537 
451. 45. 200. 657. -0.4 0.617 66.6 1.553 
449. 45. 199. 653. -0.3 0.612 66.7 1.548 
449. 45. 199. 654. -0.3 0.613 66.7 1.550 
449. 45. 197. 648. 0.2 0.606 66.8 1.539 
449. 45. 197. 646. 0.3 0.605 66.8 1.537 
445. 45. 197. 645. -0.1 0.604 66.9 1.541 
447. 45. 196. 642. 0.5 0.600 66.9 1.532 

.. ~ :¢' 



APPENOI X n (Cont' d) 

LASER DOPPLER VELOC mETER OAT A 

69't SPAN 100't SPEED PEAK EFF XIB :: 0.0 PASSAGE NO. 1 -0\ STn DAY RPM = 12470.4, RADIUS = 35.560 CM. PHI :: -7.4 DEG. STO DAY TTREL :: 395. nEG K. UPSTREAM TTABS :: 275. nEG K 
00 14.000 IN 711. nH; R 495. £lEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED flETA ABSOLUTE RETA PRIME RELATIVE 
MPS FPS £lEG HPS FPS £lEG MPS Frs nEG MJiCH NO nEG tlACH NO 

PRESSURE SIDE 
1.2 143. 469. 135. 152. 500. 45. 214. 70l. 1.8 0.658 64.8 1.542 
5.0 145. 475. 135. 145. 476. 45. 210. 688. 0.1 0.648 65.5 1.562 
8.8 144. 474. 135. 143. 468. 45. 208. 682. -0.4 0.642 65.8 1.565 

12.6 144. 472. 135. 143. 469. 45. 208. 681. -0.2 0.641 65.8 1.562 
16.4 143. 469. 135. 142. 467. 45. 207. 678. -0.1 0.637 65.9 1.559 
20.2 142. 466. 135. 141. 464. 45. 205. 673. -0.1 0.633 66.0 1.556 
24.0 141. 461. 135. 142. 467. 45. 205. 672. 0.4 0.630 66.0 1.548 
27.8 141. 464. 135. 141. 464. 45. 205. 672. -0.0 0.631 66.0 1. 553 
31.6 142. 465. 135. 142. 465. 45. 205. 673. -0.0 0.633 66.0 1.554 
35.4 141. 463. 135. 141. 463. 45. 204. 670. -0.0 0.630 66.1 1. 553 
39.2 141. 463. 135. 14l. 464. 45. 205. 67l. 0.1 0.630 66.0 1.552 
43.0 142. 466. 135. 141. 464. 45. 205. 673. -0.1 0.633 66.0 1.556 
46.8 141. 462. 135. 142. 466. 45. 205. 672. 0.2 0.631 66.0 1. 550 
50.6 141. 461. 135. 141. 462. 45. 204. 668. 0.1 0.627 66.1 1.550 
54.4 142. 465. 135. 142. 467. 45. 206. 675. 0.1 0.634 65.9 1.553 
58.2 142. 467. 135. 144. 471. 45. 207. 679. 0.2 0.638 65.8 1.554 
62.0 144. 474. 135. 144. 473. 45. 209. 685. -0.1 0.645 65.6 1.562 
65.8 142. 465. 135. 145. 475. 45. 207. 680. 0.6 0.639 65.7 1.549 
69.6 141. 463. 135. 145. 476. 45. 207. 680. 0.8 0.638 65.6 1.546 
73.4 142. 465. 135. 145. 477. 45. 208. 682. 0.7 0.640 65.6 1.548 
77.2 139. 456. 135. 144. 473. 45. 205. 672. 1.0 0.630 65.8 1.538 
81.0 136. 446. 135. 144. 472. 45. 203. 664. 1.6 0.621 66.0 1.526 
84.8 124. 406. 135. 139. 455. 45. 190. 623. 3.3 0.578 67.1 1.483 
88.6 103. 337. 135. 137. 449. 45. 173. 569. 8.1 0.523 68.3 1.402 
92.4 81. 265. 135. 136. 446. 45. 157. 515. 14.3 0.476 69.6 1.321 

SUCTION SIDE 

..-..... 



...... 
0\ 
\0 

sm DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
8.9 200. 

12.9 205. 
16.9 205. 
20.9 193. 
24.9 165. 
28.9 183. 
32.9 186. 
36.9 192. 
40.9 194. 
44.9 197. 
48.9 198. 
52.9 199. 
56.9 198. 
60.9 196. 
64.9 197. 
68.9 195. 
72.9 193. 
76.9 193. 
80.9 190. 
84.9 190. 
88.9 187. 
92.9 185. 
96.9 185. 

SUCTION SIDE 

69% SPAN 

RADIUS = 35.479 eM, 
13.968 IN 

Cl ZETAl C2 
FPS DEG MPS 

655. 60. 220. 
673. 60. 210. 
672. 60. 186. 
632. 60. 171-
542. 105. 180. 
601. 105. 167. 
609. 105. 173. 
631. 105. 175. 
638. 105. 174. 
645. 105. 179. 
648. 105. 179. 
653. 105. 178. 
649. 105. 180. 
644. 105. 178. 
647. 105. 177. 
641. 105. 178. 
633. 105. 180. 
634. 105. 175. 
625. 105. 178. 
624. 105. 174. 
614. 105. 177 • 
607. 105. 174. 
608. 105. 176. 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

10m SPEED PEAK EFF X/B = .13 PASSAGE NO. 1 

PHI = -7.4 DEG, S10 D1\ Y TTREL = 394. DEG K. UPSTREAr-l TTABS = 275. DEG K 
710. DEG R 495. DEG R 

C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRH1E RELATIVE 
FPS DEG ~lPS FPS DEG MACH NO DEG MACH NO 

723. 30. 128. 421- 55.4 0.607 64~9 0.818 
690. 30. 148. 487. 47.7 0.600 63.5 0.910 
611. 30. 173. 566. 34.9 0.590 63.1 1.071 
561. 30. 167. 546. 32.5 0.557 64.8 1.107 
591- 60. 187. 614. 13.5 0.569 65.7 1.346 
549. 60. 195. 641. 1.3 0.598 66.8 1. 516 
566. 60. 199. 653. 2.5 0.608 66.2 1.505 
574. 60. 205. 672. 1.0 0.629 65.8 1.536 
572. 60. 206. 676. -0.0 0.636 65.8 1.553 
586. 60. 209. 686. 0.9 0.644 65.4 1.546 
586. 60. 210. 689. 0.6 0.647 65.3 1.552 
585. 60. 211- 692. -0.1 0.652 65.4 1.563 
590. 60. 211. 691- 0.9 0.649 65.2 1.547 
585. 60. 209. 685. 0.9 0.643 65.4 1.545 
582. 60. 209. 686. 0.2 0.646 65.5 1.556 
583. 60. 208. 682. 1.0 0.640 65.5 1.542 
589. 60. 207. 679. 2.5 0.634 65.3 1.517 
575. 60. 206. 674. 0.8 0.632 65.8 1.541 
583. 60. 204. 671. 2.7 0.626 65.6 1 .511 
57lo 60. 203. 666. 1.4 0.623 65.9 1. 527 
58l. 60. 202. 662. 3.7 0.616 65.7 1.493 
572. 60. 199. 654. 3.4 0.608 66.0 1.493 
578. 60. 200. 657. 4.0 0.610 65.8 1.486 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOClMETER DATA 

6~ SPAN 10O't SPEED PEAK EFF X/B = .26 PASSAGE NO. 1 -.....,J STD DAY RPM = 12470.4, RADIUS = 35.395 eM, PHI = -7.4 DEG • STO DAY TTREL = 394. DEG K. UPSTREAM TTABS = 275. DEG K 
0 13.935 IN 709. DEG R 495. OEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS OEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
9.4 220. 723. 60. 226. 743. 30. 159. 521. 47.9 0.644 60.8 0.887 

13.6 219. 717. 60. 221. 725. 30. 161. 529. 46.2 0.635 61.1 0.913 
17.7 216. 708. 60. 220. 723. 30. 157. 515. 47.2 0.629 61.6 0.901 
21.9 213. 699. 60. 220. 723. 30. 152. 499. 48.6 0.625 62.1 0.886 
26.0 209. 687. 60. 218. 716. 30. 148. 485. 49.4 0.616 62.8 0.880 
30.2 207. 679. 60. 213. 700. 30. 149. 487. 48.3 0.607 63.1 0.898 
34.3 201. 658. 60. 208. 682. 30. 143. 469. 48.8 0.590 64.3 0.899 
38.4 196. 643. 60. 201. 659. 30. 142. 465. 47.6 0.574 65.0 0.920 
42.6 189. 619. 60. lBl. 594. 30. 149. 489. 40.6 0.545 65.8 1.012 
46.7 181. 594. 60. 164. 537. 30. 153. 503. 34.3 0.523 66.6 1.089 
50.9 146. 480. 105. 166. 544. 60. 168. 551- 16.1 0.513 67.7 1.300 
55.0 169. 553. 105. 162. 532. 60. 183. 600. 4.8 0.554 67.6 1.447 
59.2 177. 582. 105. 163. 534. 60. 189. 621. 1.6 0.578 67.3 1.499 
63.3 182. 597. 105. 166. 545. 60. 194. 636. 1.2 0.594 66.9 1.511 
67.4 180. 592. 105. 168. 550. 60. 193. 635. 2.4 0.590 66.8 1.494 
71.6 187. 613. 105. 173. 568. 60. 200. 657. 2.2 0.612 66.1 1.507 
75.7 191. 628. 105. 178. 584. 60. 205. 673. 2.5 0.629 65.5 1.512 
79.9 193. 632. 105. 165. 542. 60. 201. 661. -3.0 0.627 66.8 1.585 
84.0 187. 615. 105. 166. 544. 60. 198. 649. -0.9 0.610 66.8 1.548 
88.2 198. 649. 105. 183. 602. 60. 212. 695. 2.3 0.651 64.8 1.526 
92.3 181. 595. 105. 170. 559. 60. 195. 640. 3.2 0.595 66.4 1.486 
96.5 192. 630. 105. 179. 586. 60. 206. 676. 2.5 0.631 65.4 1.513 

SUCTION SIDE 



APPEUDIX~D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

69% SPAN 100% SPEED PEAK EFF X/B = .39 PASSAGE NO. 1 

STD DAY RPM = 12470.4, RADIUS = 35.314 C11, PHI = -7.4 DEG, STD DAY TTREL = 393. DEG K, UPSTRE~l TTABS = 275. DEG K 
13.903 IN 708. DEG R 495. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRmE REUUIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG !,1ACH NO DEG t·1ACH NO 

PRESSURE SIDE 
5.2 234. 768. 60. 265. 870. 30. 144. 471- 58.1 0.719 57.9 0.720 
9.6 234. 768. 60. 255. 838. 30. 154. 504. 54.2 0.702 58.0 0.779 

13.9 223. 732. 60. 240. 787. 30. 150. 492. 52.7 0.665 60.2 0.815 
18.3 218. 716. 60. 223. 730. 30. 159. 522. 47.1 0.636 61.0 0.899 
22.7 214. 701- 60. 217. 712. 30. 157. 514. 46.7 0.622 61.8 0.909 
27.1 211. 692. 60. 212. 697. 30. 156. 513. 45.8 0.613 62.3 0.924 
31.4 207. 680. 60. 211. 69lo 30. 152. 498. 46.7 0.605 62.9 0.915 

SUCTION SIDE 

......,J 



IiPPENDIX D (Cont'd) 

LASER DOPPLER YELOCIl4ETER DATA 

-....l 69% SPAN 10m SPEED PEAK EFF xIS = 1.0 PASSAGE NO. 1 
tV 

STD DAY RPM = 12470.4. RADIUS = 34.925 a~, PHI = -7.4 DEG, STD DAY TTREL = 391. DEG K, UPSTREAl4 H/\BS = 275. DEG K 
13.750 IN 704. DEG R 495. DEG R 

PERCENT GAP Cl C1 ZETA, C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIr1E RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
1.3 191- 628. 60. 235. 772. O. 87. 286. 70.1 0.670 67.8 0.608 
5.1 183. 601. 60. 239. 783. O. 75. 248. 72.8 0.667 70.2 0.587 
8.9 189. 621. 60. 230. 753. O. 88. 289. 69.4 0.658 68.1 0.624 

12.7 192. 629. 60. 230. 754. O. 91. 298. 68.9 0.661 67.5 0.626 
16.5 181- 594. 60. 228. 749. O. 79. 259. 71.3 0.646 70.3 0.618 
20.3 197. 645. 60. 239. 785. O. 91- 298. 69.6 0.683 66.5 0.601 
24.1 20l. 658. 60. 223. 733. O. 105. 345. 65.3 0.663 65.0 0.660 
27.9 203. 667. 60. 212. 696. O. 115. 377. 62.1 0.651 64.1 0.702 
31. 7 194. 635. 60. 214. 703. O. 102. 335. 65.0 0.639 66.5 0.681 
35.5 179. 587. 60. 198. 651. O. 94. 309. 65.1 0.594 69.4 0.716 
39.3 187. 612. 60. 195. 641. O. 105. 345. 62.3 0.601 67.5 0.736 
43.1 172. 563. 60. 190. 624. O. 90. 297. 65.1 0.571 70.8 0.735 
46.9 180. 589. 60. 188. 615. O. 101- 332. 62.2 0.579 68.8 0.753 
50.7 177. 581. 60. 183. 600. O. 101- 332. 61.6 0.569 69.2 0.767 
54.5 168. 551- 60. 186. 611. O. 88. 290. 65.1 0.560 71.4 0.745 
58.3 169. 554. 60. 194. 637. O. 85. 278. 66.9 0.573 71. 6 0.719 
62.1 193. 633. 60. 206. 676. O. 106. 349. 63.3 0.626 66.4 0.708 
65.9 189. 619. 60. 202. 664. O. 103. 339. 63.5 0.61Ll 67.3 0.715 
69.7 190. 623. 60. 198. 649. O. 108. 353. 62.0 0.610 66.8 0.732 
73.5 181- 594. 60. 204. 668. O. 94. 307. 65.8 0.605 69.1 0.701 
77.3 204. 668. 60. 219. 717. O. 112. 366. 63.5 0.660 64.2 0.681 
81.1 198. 651. 60. 233. 766. O. 97. 317. 68.0 0.676 65.8 0.623 
84.9 191. 628. 60. 238. 780. O. 86. 281. 70.6 0.675 67.9 0.600 
88.7 199. 652. 60. 281. 921. O. 69. 226. 76.5 0.762 67.6 0.471 
92.5 22l. 724. 60. 279. 916. O. 96. 314. 71.5 0.780 60.4 0.506 
96.3 203. 667. 60. 266. 874. O. 83. 272. 73.1 0.739 65.5 0.522 

SUCTION SIDE 
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STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
25.4 140. 
3g.1 159. 
42.3 15l. 
59.2 165. 
63.5 179. 
76.2 223. 
84.6 20l. 
93.1 247. 

SUCTI ON SIDE 

45% SPAN 

RADIUS = 30.701 cr1, 
12.087 IN 

C1 ZETAl C2 
FPS DEG MPS 

458. 105. 200. 
523. 105. 199. 
496. 105. 183. 
541. 105. 162. 
588. 105. 146. 
73l. 105. 155. 
660. 105. 158. 
810. 105. 150. 

APPENDIX D (Cont~d) 

LASER DOPPLER VELOCINETER DATA 

100% SPEED PEAK EFF X/S = .26 PASSAGE NO. 1 

PHI = 4.6 DEG, STD DAY TTREL 367. DEG K, UPSTREAM TTABS = 294. DEG K 
661. DEG R 530. DEG R 

C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

657. 45. 172. 564. 32.2 0.577 59.5 0.963 
654. 45. 188. 616. 25.9 0.601 58.7 1.041 
599. 45. 176. 578. 24.3 0.558 61.2 1.057 
532. 45. 18l. 594. 14.2 0.551 62.9 1.173 
479. 45. 18g. 617. 5.0 0.568 63.9 1.287 
508. 45. 226. 74l. -2.3 0.704 61.1 1.455 
520. 45. 209. 687. 3.4 0.639 61.6 1.341 
491. 45. 244. 7'J9. -8.0 0.790 60.7 1.597 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

..... 45% SPAN 100% SPEED PEAK EFF X/B = 1.0 PASSAGE NO. 1 
-...l 
0\ STD DAY RPM:: 12470.4, RADIUS:: 31.016 CM, PHI :: 4.6 DEG, STD DAY TTREL :: 369. DEG K, UPSTREA~1 TTJ\l3S = 294. DEG K 

12.211 IN 664. DEG R 530. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRHlE RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
2.0 142. 467. 90. 180. 592. O. 141. 462. 51. 7 0.622 58.1 0.729 
5.8 162. 531. 90. 194. 635. O. 160. 525. 50.1 0.683 53.1 0.730 
9.6 168. 550. 90. 194. 637. O. 166. 544. 49.2 0.695 52.0 0.739 

13.4 168. 552. 90. 194. 636. O. 166. 546. 49.0 0.696 51.9 0.741 
17.2 168. 551- 90. 192. 630. O. 166. 545. 48.8 0.692 52.2 0.745 
21.0 166. 544. 90. 189. 621. O. 164. 538. 48.8 0.683 52.9 0.748 
24.8 164. 539. 90. 186. 609. O. 163. 533. 48.5 0.673 53:6 0.754 
28.6 164. 537. 90. 185. 607. O. 162. 531. 48.5 0.671 53.8 0.754 
32.4 165. 541- 90. 184. 604. O. 163. 535. 48.1 0.672 53.7 0.759 
36.2 166. 546. 90. 184. 604. O. 165. 540. 47.9 0.675 53.5 0.761 
40.0 168. 552. 90. 184. 605. O. 166. 546. 47.6 0.679 53.1 0.764 
43.8 170. 557. 90. 183. 599. O. 168. 551- 47. i 0.679 53.1 0.771 
47.6 172. 564. 90. 182. 596. O. 170. 558. 46.6 0.681 52.9 0.777 
51.4 175. 574. 90. 180. 592. O. 173. 568. 45.9 0.686 52.5 0.786 
55.2 176. 578. 90. 182. 597. O. 174. 572. 45.9 0.691 52.2 0.784 
59.0 177. 581. 90. 183. 601. O. 175. 575. 46.0 0.695 51.9 0.783 
62.8 178. 583. 90. 186. 611. O. 176. 577. 46.3 0.701 51.4 0.777 
66.6 179. 587. 90. 187. 615. O. 177. 581. 46.3 0.706 51.0 0.777 
70.4 180. 590. 90. 189. 620. O. 178. 584. 46.4 0.711 50.7 0.775 
74.2 182. 596. 90. 191. 626. O. 180. 590. 46.4 0.718 50.2 0.774 
78.0 186. 609. 90. 191- 626. O. 184. 602. 45.8 0.726 49.6 0.782 
81.8 188. 616. 90. 192. 631. O. 186. 609. 45.7 0.733 49.1 0.783 
85.6 185. 607. 90. 203. 665. O. 183. 600. 47.6 0.745 48.1 0.753 

SUCTION SIDE 



N'PENDIX 0 (Cont'rl) 

LASER DOPPLER VELOC mETER OATJ\ 

451, SPAN 95'}; SPHO PEAK EFF XIB = .13 PASSAGE NO. 1 

STD DA Y Rpr~ = 11846.9, RADIUS = 30.648 01, PIlI = 4.6 DEG, STO DAY TTREL = 360. OEG K, UPSTREAH HARS = 292. OEG K 
12.066 IN 648. DEG R 525. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ --COR RECTE 0 BETA ABSOLUTE BETA PRmE RHI\TIVE 
MPS FPS DEG MPS Frs orG ",PS FPS DEG t~AC H NO DrG 111\CI1 NO 

PRESSURE SIDE 
47.0 117 • 384. 105. 174. 572. 60. 146. 478. 32.9 0.494 62.9 0.912 
51.0 130. 426. 105. 175. 575. 60. 155. 509. 27.3 0.501 62.6 0.969 
55.1 133. 435. 105. 171- 56l. 60. 155. 510. 24.5 0.493 63.3 0.998 

59.1 143. 470. 105. 171- 560. 60. 163. 534. 19.4 0.503 63.2 1.051 
63.2 140. 459. 105. 168. 552. 60. 160. 523. 20.0 0.494 63.6 1.044 

67.2 182. 597. 105. 167. 548. 60. 189. 619. 1.6 0.573 63.2 1.270 

71.2 193. 633. 105. 168. 55l. 60. 197. 645. -2.0 0.604 6.3.0 1.329 
75.3 191. 627. 105. 168. 550. 60. 195. 641. -1.5 0.598 63.0 1.320 

79.3 197. 647. 105. 171. 560. 60. 20l. 658. -2.4 0.618 62.6 1.342 

83.4 189. 619. 105. 167. 547. 60. 193. 634. -1.0 0.591 63.2 1.310 

87.4 181. 595. 105. 167. 547. 60. 188. 617. 1.7 0.571 63.3 1.268 

99.5 179. 586. 105. 166. 545. 60. 186. 610. 2.5 0.563 63.4 1.255 

SUCTION SIDE 

--.) 
--.) 

--



/\PP[tIOIX D (Cont'd) 

LASER OOP PL ER VELOC mETER OAT 1\ 

45% SPAN 951, SPEED PEAK EFF X/B = .?fi PASSAGE NO. 1 
..-
-.) STD DAY RPM = 11846.9, RADIUS := 30.701 CM, PHI = 4.6 DEG, STD DAY TTREL = 361. DEG K. IlPSTREAH HAllS := 292. OEr; K 
00 

12.087 IN 619. DE!, R 525. DEr, R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED RETA ABSOLUTE BETA PRHlE RElATIVE 

MPS FPS DEG MPS FPS DEG rlPS FPS OEG 11ACfI NO DEG NACH NO 

PRESSURE SIDE 
42.3 207. 678. 60. 158. 520. 15. 169. 555. 34.8 0.584 57.2 0.885 
16.6 206. 675. 60. 171. 562. 15. 159. 522. 40.1 0.583 57.2 0.824 
50.8 204. 670. 60. 168. 551- 15. 159. 522. 39.3 0.578 57.5 0.834 

55.0 204. 669. 60. 166. 544. 15. 160. 526. 38.5 0.577 57.6 0.842 
59.2 200. 655. 60. 168. 551. 15. 153. 502. 40.7 0.566 58.3 0.819 
63.5 197. 645. 60. 160. 525. 15. 154. 507. 38.6 0.556 59.0 0.844 
67.7 190. 623. 60. 153. 502. 15. 150. 493. 37.9 0.537 60.2 0.854 

71.9 195. 639. 60. 162. 532. 15. 150. 494. 40.1 0.552 59.3 0.829 
76.2 190. 625. 60. 159. 522. 15. 14 7. 482. 40.3 0.540 60.1 0.829 
80.4 181. 594. 60. 148. 484. 15. 142. 466. 38.7 0.513 61.9 0.851 
84.6 179. 587. 60. 141. 464. 15. 144. 471- 36.7 0.506 62.3 0.873 
88.8 176. 578. 60. 134. 440. 15. 145. 476. 34.4 0.498 62.7 0.898 
93.1 141. 461. 105. 126. 413. 15. 167. 549. 26.9 0.539 60.5 0.976 
97.3 151. 496. 105. 116. 379. 15. 175. 574. 22.4 0.548 60.4 1.027 

SUCT1O., SIDE 

~.) .. ,... 



'-l 
\0 

STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
12.7 193. 
16.9 216. 
21.2 217. 
25.4 214. 
29.6 214. 
33.9 211. 
38.1 210. 
42.3 2013. 
46.6 200. 
50.8 199. 
55.0 188. 
59.2 185. 
63.5 115. 
67.7 171. 
11.9 168. 
16.2 184. 
80.4 182. 
84.6 209. 

SUCTION SIDE 

45~ SPAN 100~ SPEED 

RADIUS = 30.701 CM. 
12.087 IN 

Cl ZETAl C2 
FPS DEG MPS 

633. 60. 208. 
110. 60. 212. 
113. 60. 212. 
101. 60. 211. 
103. 60. 209. 
692. 60. 206. 
688. 60. 204. 
68l. 60. 198. 
656. 60. 185. 
652. 60. 190. 
618. 60. 184. 
601. 60. 178. 
513. 60. 154. 
562. 60. 153. 
551. 105. 112. 
605. 105. 180. 
598. 60. 112. 
687. 105. 196. 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

NEAR SURGE XIB = .26 PASSAGE NO. 1 

PHI = 4.6 DEG, STD DAY TTREL = 368. DEG K. UPSTREAM TTABS = 292. DEG K 
663. DEG R 525. OEG R 

C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG MPS FP~ DEG MACH NO OEG MACH NO 

684. 30. 125. 410. 53.2 0.511 61.8 u.12S 
695. 30. 162. 532. 42.1 0.613 51.1 0.830 
695. 30. 164. 531. 42.3 0.615 51.0 0.835 
693. 30. 158. 518. 43.8 0.606 51.6 0.818 
685. 30. 16l. 529. 42.2 0.606 51.5 0.831 
616. 30. 158. 519. 42.5 0.591 58.2 0.836 
610. 30. 158. 519. 42.2 0.593 58.4 0.840 
650. 30. 160. 526. 40.0 0.585 58.8 0.867 
608. 30. 160. 525. 36.9 0.563 60.2 0.9Ul 
625. 30. 153. 50l. 40.5 0.561 60.5 0.867 
605. 30. 14l. 463. 42.1 0.535 62.4 0.849 
584. 3U. 142. 465. 40.9 0.523 63.0 0.812 
506. 30. 141. 484. 32.0 0.493 64.4 0.971 
502. 30. 143. 469. 33.1 0.484 65.0 U.960 
563. 60. 180. 592. 9.0 0.544 64.1 1.22B 
591- 60. 195. 640. 5.9 0.590 62.8 1.283 
369. 30. 202. 663. 3.5 0.613 62.4 1.324 
643. 60. 218. 117. 2.9 0.668 60.6 1.361 



APPEN01 X D (Cent' d) 

LASER DOPPLER VElOCIMETER DATA 
..... 

85'% SPAN XIS = -.3 00 100% SPEED PEAK EFF PASSAGE NO. 15 
0 

STD DA Y RP~l = 12470.4, RADIUS = 39.306 eM, PHI = -14.6 DEG. STD DAY TTREl = 419. DEG K. UPSTREAM TTABS = 271. DEG K 
15.475 IN 754. nEG R 487. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRmE RELATIVE 
MPS FPS DEG MPS FPS DEG '''PS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
2.0 134. 440. 135. 130. 425. 45. 192. 631- -1.0 0.608 69.0 1.692 
5.8 130. 425. 135. 128. 421. 45. 188. 617. -0.3 0.592 69.3 1.674 
9.6 126. 414. 135. 127. 417. 45. 185. 606. 0.2 0.580 69.6 1.661 

13.4 121- 396. 135. 125. 410. 45. 179. 588. 1.0 0.560 70.0 1.641 
17.2 114. 373. 135. 122. 399. 45. 172. 563. 1.9 0.534 70.7 1.618 
21.0 106. 349. 135. 118. 388. 45. 164. 538. 3.0 0.508 71.4 1.593 
24.8 100. 328. 135. 115. 378. 45. 157. 515. 4.1 0.485 72.1 1.573 
28.6 95. 311. 135. 112. 369. 45. '51- 496. 4.9 0.466 72.7 1.557 
32.4 95. 312. 135. 111. 364. 45. 150. 493. 4.4 0.463 72.8 1.562 
36.2 100. 328. 135. 114. 374. 45. 156. 512. 3.7 0.482 72.2 1.575 
40.0 119. 392. 135. 122. 400. 45. 176. 578. 0.6 0.551 70.4 1.642 
43.8 125. 409. 135. 126. 412. 45. 183. 599. 0.2 0.573 69.8 1.658 
47.6 125. 409. 135. 125. 411. 45. 182. 598. 0.1 0.572 69.8 1.658 
51.4 124. 407. 135. 126. 414. 45. 183. 599. 0.5 0.572 69.8 1.654 
55.2 126. 412. 135. 127. 416. 45. 184. 604. 0.3 0.578 69.6 1.659 
59.0 127. 416. 135. 126. 415. 45. 185. 606. -0.1 0.581 69.6 1.665 
62.8 128. 421- 135. 128. 420. 45. 187. 614. -0.1 0.588 69.4 1.669 
66.6 132. 433. 135. 130. 426. 45. 191- 627. -0.5 0.602 69.0 1.682 
70.4 137. 448. 135. 132. 433. 45. 196. 643. -1.0 0.620 68.6 1.699 
74.2 138. 454. 135. 134. 439. 45. 199. 652. -1.0 0.629 68.3 1.704 
78.0 140. 458. 135. 135. 443. 45. 200. 658. -1.0 0.635 68.2 1.707 
81.8 138. 452. 135. 134. 439. 45. 198. 650. -0.8 0.627 68.4 1. 701 
85.6 135. 444. 135. 132. 434. 45. 195. 641. -0.7 0.617 68.6 1.693 
89.4 134. 441- 135. 131. 430. 45. 194. 636. -0.7 0.612 68.8 1.691 
93.2 132. 434. 135. 130. 428. 45. 192. 629. -0.4 0.604 68.9 1.682 
97.0 129. 423. 135. 128. 421. 45. 188. 616. -0.1 0.590 69.3 1.671 

SUCTION SIDE 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

85% SPAN 100% SPEED PEAK ErF X!B = -.2 PASSAGE NO. 15 

STO DAY RPr" = 12470.4, RADIUS = 39.179 CM, PIlI -= - 14.6 DE G, STO DAY fTREL -= 41B. OEG K, UPSTREAt1 TTABS -= 271. DFG K 
15.425 IN 753. (JEt; R . 487. nEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETAl VZ--CORRECTEO RETA I\l1S0LUTE BETII PlW1E RELIITIVE 
MPS FPS DEG MPS FPS DEG MPS FPS OEG ~'IICH NO DEG ~1I\CH tlO 

PRESSURE SIDE 
0.3 147. 483. 135. 135. 442. 45. 206. 6l5. -2.5 0.657 67.8 1.738 
4.1 144. 472. 135. 134. 438. 45. 202. 664. -2.1 0.645 68.1 1.724 
7.9 142. 465. 135. 133. 435. 45. 200. 657. -1.9 0.636 68.2 1.716 

11.7 135. 442. 135. 129. 423. 45. 192. 63l. -1.3 0.60B 68.9 1.691 
15.5 128. 421. 135. 127. 416. 45. 186. 611. -0.3 0.585 61').4 1.666 
19.3 123. 405. 135. 124. 407. 45. 181- 593. 0.1 0.566 69.9 1.650 
23.1 114. 373. 135. 121. 397. 45. 171. 562. 1.8 0.533 70.7 1.613 
26.9 105. 345. 135. 116. 382. 45. 162. 531- 2.9 0.500 71.6 1.586 
30.7 95. 312. 135. 113. 371- 45. 152. 498. 4.9 0.468 12.5 1.552 
34.5 85. 280. 135. 110. 360. 45. 142. 467. 7.1 0.437 73.4 1.520 
38.3 78. 256. 135. 108. 354. 45. 136. 445. 9.1 0.416 74.0 1.495 
42.1 84. 275. 135. 109. 358. 45. 14l. 462. 7.5 0.432 73.6 1.515 
45.9 116. 380. 135. 119. 391- 45. 171. 563. 0.8 0.535 70.8 1.626 
49.7 122. 401. 135. 124. 406. 45. 180. 589. 0.4 0.562 70.0 1.645 
53.5 122. 399. 135. 123. 405. 45. 179. 587. 0.4 0.559 70.1 1.643 
57.3 122. 399. 135. 124. 407. 45. 179. 588. 0.6 0.561 70.0 1.612 
61.1 12l. 396. 135. 124. 408. 45. 179. 587. 0.9 0.559 70.0 1.637 
64.9 124. 406. 135. 126. 412. 45. 182. 597. 0.4 0.570 69.8 1.648 
68.7 127. 418. 135. 127. 418. 45. 186. 610. -0.0 0.584 69.4 1.661 
72.5 134. 440. 135. 130. 427. 45. 193. 633. -0.9 0.609 68.8 1.685 
76.3 142. 466. 135. 133. 437. 45. 201- 659. -1.8 0.638 68.2 1.716 
80.1 144. 474. 135. 135. 442. 45. 204. 668. -2.0 0.649 67.9 1.725 
83.9 144. 473. 135. 135. 442. 45. 204. 668. -1.9 0.648 67.9 1.723 
87.7 142. 466. 135. 135. 442. 45. 202. 663. -1.5 0.641 68.0 1.713 
91.5 143. 468. 135. 134. 439. 45. 202. 662. -1.8 0.642 68.1 1.718 
95.3 140. 459. 135. 134. 438. 45. 200. 655. -1.3 0.633 68.2 1.706 
99.1 136. 447. 135. 132. 433. 45. 196. 642. -0.9 0.619 68.5 1.692 

SUCTION SIDE 

00 

.-...... --. 



APPENDIX D (Cont'rl) 

LASER DOPPLER VHOC mETER DI\T/\ 

00 85~ SPAN 100% SPEED PEAK EFF X/B '"' -.1 PASSAGE NO. 15 
tv 

STD DAY RPI1 '" 12470.4, RADIUS = 39.050 Ct4. PI! I " - 14 . 6 DE G • STn OAY TTPFl = 417. DEG K, UPSTREAM TTI\BS '" 274. OEG K 
15.374 IN 751. DEG R 493. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 JETA2 VZ--CORRECTEO BETA Al3S0LUTE BETA PRIr1E RELATIVE 
MPS FPS DEG MPS FPS DEG rws FPS DEG MACH NO DEG tlACH NO 

PRESSURE SIDE 
2.4 138. 452. 135. 139. 455. 45. 20l. 658. 0.2 0.633 67.9 1.680 
6.2 139. 456. 135. 139. 456. 45. 202. 661. -0.0 0.637 67.8 1.685 

10.0 140. 460. 135. 141. 463. 45. 204. 669. 0.2 0.645 67.5 1.686 
13.8 144. 474. 135. 142. 467. 45. 208. 683. -0.4 0.660 67.2 1.704 
17.6 150. 492. 135. 143. 468. 45. 212. 696. -1.4 0.677 66.9 1.729 
21.4 154. 505. 135. 145. 476. 45. 217. 712. -1. 7 0.694 66.5 1.743 
2S.2 153. S02. 135. 143. 470. 45. 21S. 70S. -1. 9 0.688 66.8 1. 742 
29.0 151. 495. 135. 142. 465. 4S. 212. 696. -1.8 0.678 67.0 1. 735 
32.8 149. 490. 135. 141. 461. 45. 210;- 690. -1. 7 0.671 67.2 1.730 
36.6 145. 476. 13S. 140. 458. 45. 206. 677. -1.1 0.656 67.5 1.712 
40.4 140. 460. 135. 136. 447. 45. 201- 658. -0.8 0.635 68.0 1.695 
44.2 137. 448. 135. 136. 446. 45. 198. 648. -0.1 0.624 68.2 1.679 
48.0 131. 431. 135. 134. 441. 45. 193. 632. 0.7 0.606 68.6 1.659 
51.8 126. 412. 135. 132. 434. 45. 187. 614. 1.5 0.585 69.1 1.637 
55.6 121. 398. 135. 129. 424. 45. 182. 596. 1.8 0.567 69.6 1.624 
59.4 112. 369. 135. 127. 416. 45. 174. 569. 3.4 0.538 70.3 1.591 
63.2 103. 339. 135. 122. 399. 45. 163. 535. 4.6 0.504 71.3 1.563 
67.0 93. 306. 135. 118. 388. 45. 153. 503. 6.7 0.472 72.1 1.529 
70.8 83. 273. 135. 114. 375. 45. 143. 470. 8.9 0.440 73.1 1.497 
74.6 90. 296. 135. 117 • 384. 45. 150. 493. 7.4 0.462 72.4 1.519 
78.4 123. 402. 135. 126. 415. 45. 181. 593. 0.9 0.565 69.8 1.635 
82.2 127. 418. 135. 130. 428. 45. 187. 614. 0.7 0.586 69.2 1.649 
86.0 128. 419. 135. 130. 428. 45. 187. 614. 0.6 0.587 69.1 1.650 
89.8 129. 422. 135. 131. 429. 45. 188. 617. 0.5 0.591 69.1 1.653 
93.6 130. 426. 135. 131. 431. 45. 189. 622. 0.3 0.595 69.0 1.658 
97.4 132. 434. 135. 133. 437. 45. 193. 632. 0.2 0.606 68.7 1.665 

SUCTION SIDE 

........ --



• .-....t 

00 
w 

STD DAY RPM = 12470.4, 

PERCHH GAP Cl 
MPS 

PRESSURE SIDE 
4.7 141. 
8.5 142. 

12.3 144. 
16.1 145. 
19.9 145. 
23.7 145. 
27.5 144. 
31.3 145. 
35.1 148. 
38.9 153. 
42.7 159. 
46.5 160. 
50.3 158. 
54.1 157. 
57.9 155. 
61.7 154. 
65.5 153. 
69.3 151. 
73.1 148. 
76.9 145. 
80.7 139. 
84.5 133. 
88.3 122. 
92.1 109. 
95.9 89. 

SUCTION SIDE 

85% SPAN 

RADIUS = 38.923 OM, 
15.324 IN 

Cl ZETAl C2 
Frs OEG MPS 

463. 135. 141. 
466. 135. 14l. 
473. 135. 142. 
475. 135. 142. 
475. 135. 144. 
477. 135. 144. 
474. 135. 144. 
476. 135. 145. 
484. 135. 144. 
501. 135. 147. 
521. 135. 147. 
524. 135. 147. 
518. 135. 146. 
514. 135. 145. 
510. 135. 145. 
504. 135. H5. 
502. 135. 145. 
495. 135. 144. 
485. 135. 147. 
476. 135. 145. 
456. 135. 145. 
435. 135. 146. 
400. 135. 146. 
357. 135. 147. 
292. 135. 151-

APPENDIX 0 (Cont'd) 

LASER ~OPPLER VELOCIMETER DATA 

1001', SPEED PEAK EFF x/n = 0.0 PASSAGE NO. 15 

PIlI = - 14.6 DE G, STD OAY TTPEL = 417. DFG K. UPSTREN' HABS = 274. DEG K 
750. O[G R 493. DEG R 

C2 ZETA2 VZ --COR RECTED RETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG t-1PS FPS OFG MACH NO OEG t-1ACII HO 

461. 45. 204. 670. -0.1 0.646 67.5 1.686 
461. 45. 205. 672. -0.3 0.649 67.4 1.690 
465. 45. 207. 680. -0.5 0.658 67.2 1.698 
467. 45. 208. 683. -0.5 0.661 67.1 1.700 
472. 45. 209. 687. -0.2 0.664 67.0 1.697 
473. 45. 210. 689. -0.2 0.666 66.9 1.699 
473. 45. 209. 687. -0.1 0.663 67.0 1.695 
477. 45. 211. 69l. 0.1 0.668 66.8 1.695 
473. 45. 212. 694. -0.7 0.673 66.8 1.709 
482. 45. 217. 713. -1.1 0.694 66.3 1.729 
481- 45. 222. 727. -2.3 0.712 66.1 1.758 
483. 45. 223. 730. -2.3 0.716 66.0 1.762 
479. 45. 220. 723. -2.2 0.708 66.2 1. 755 
475. 45. 219. 717. -2.3 0.702 66.4 1.751 
475. 45. 218. 714. -2.0 0.698 66.4 1.746 
476. 45. 217. 711. -1.6 0.693 66.5 1.736 
477. 45. 216. 710. -1.5 0.692 66.5 1. 733 
472. 45. 214. 70l. -1.4 0.682 66.7 1.725 
482. 45. 214. 701- -0.2 0.679 66.5 1.706 
476. 45. 210. 690. -0.0 0.667 66.8 1.696 
476. 45. 206. 676. 1.2 0.649 67.1 1.668 
479. 45. 202. 663. 2.8 0.633 67.3 1.637 
479. 45. 194. 638. 5.1 0.605 67.8 1.591 
482. 45. 185. 609. 8.5 0.574 68.3 1.534 
494. 45. 174. 570. 14.4 0.539 68.8 1.448 



APPEtlOIX D (Conti eI) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100':l; SPEED PEAK EFF XIS::: .13 PASSAGE NO. 15 

00 STD 0.1\ Y RPM::: 12470.4, RADIUS ::: 38.755 CM. PH I ::: -14.6 DE G, STD DAY TTREL ::: 416. DEG K, UPSTREAM TTABS ::: 274. DEG K ~ 
15.258 IN 748. OEG R 493. DEG R 

PERCENT GAP C1 Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE SET/\ PRmE RELATIVE 
MPS FPS DEG r-IPS FPS nEG MPS FPS OEG MACH NO OEG f1I\CII NO 

PRESSURE SIDE 
14.7 187. 614. 105. 188. 617. 60. 206. 677. 7.8 0.642 65.9 1.562 
18.7 185. 606. 105. 181. 594. 60. 202. 663. 6.1 0.629 66.7 1. 581 
22.6 182. 597. 105. 175. 573. 60. 198. 648. 4.7 0.616 67.4 1.596 
26.6 186. 609. 105. 174. 570. 60. 200. 656. 2.9 0.626 67.4 1.625 
30.5 187. 613. 105. 177 • 581. 60. 202. 663. 3.8 0.632 67.0 1.616 
34.5 191. 626. 105. 179. 586. 60. 205. 674. 2.9 0.644 66.8 1.634 
38.4 193. 633. 105. 180. 590. 60. 207. 68l. 2.6 0.652 66.6 1.642 
42.4 197. 645. 105. 181. 594. 60. 211- 691. 1.8 0.664 66.5 1.661 
46.4 199. 654. 105. 183. 60l. 60. 213. 700. 1.7 0.673 66.2 1.668 
50.3 199. 653. 105. 183. 602. 60. 213. 700. 1.9 0.673 66.2 1.664 
54.3 202. 662. 105. 186. 611. 60. 216. 710. 2.0 0.683 65.9 1.669 
58.2 202. 663. 105. 186. 610. 60. 216. 710. 1.8 0.684 65.9 1.672 
62.2 203. 667. 105. 187. 614. 60. 218. 714. 1.8 0.688 65.7 1.674 
66.2 204. 669. 105. 187. 615. 60. 218. 716. 1.7 0.690 65.7 1.677 
70.1 205. 673. 105. 189. 619. 60. 220. 721- 1.7 0.695 65.6 1.679 
74.1 210. 689. 105. 191. 626. 60. 224. 735. 0.9 0.712 65.3 1.702 
78.0 212. 697. 105. 192. 630. 60. 226. 742. 0.6 0.720 65.1 1.712 
82.0 214. 702. 105. 190. 623. 60. 226. 743. -0.7 0.725 65.3 1.735 
86.0 212. 696. 105. 189. 620. 60. 225. 738. -0.4 0.718 65.4 1.727 
89.9 211. 691. 105. 192. 629. 60. 225. 737. 1.0 0.714 65.2 1. 701 
93.9 206. 676. 105. 196. 642. 60. 223. 73l. 3.9 0.702 64.9 1.648 

SUCTION SIDE 

- .... t"':.,~~ 



•• -..1 

00 
Ul 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SlOE 
8.6 173. 

12.6 173. 
16.7 173. 
20.7 173. 
24.8 174. 
28.9 172. 
32.9 171 • 
37.0 170. 
41.0 170. 
45.1 172. 
49.2 174. 
53.2 180. 
57.3 184. 
61.3 188. 
65.4 191-
69.5 194. 
73.5 196. 
77.6 198. 
81.6 199. 
85.7 204. 
89.8 207. 
93.8 210. 

SUCTION SIDE 

851, SPAN 

RADIUS = 38.590 CM, 
15.193 IN 

C1 ZETAl C2 
FPS DEG ~'PS 

566. 105. 226. 
569. 105. 219. 
568. 105. 212. 
569. 105. 209. 
570. 105. 196. 
564. 105. 187. 
561. 105. 177 • 
558. 105. 167. 
559. 105. 167. 
565. 105. 169. 
571. 105. 171. 
590. 105. 173. 
603. 105. 176. 
618. 105. 178. 
626. 105. 18l. 
636. 105. 181-
642. 105. 184. 
650. 105. 187. 
654. 105. 189. 
669. 105. 187. 
679. 105. 195. 
689. 105. 197. 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

100')', SPEED PEAK ErF XIB = .26 PASSAGE NO. 15 

PH I = - 14. G OE!1, STO DAY T1PEL = 414. DEG K, UPSTREAM TTABS = 276. OEG K 
746. !)If; R 497. OEG R 

C2 ZETA2 VZ--CORRECTED RET Ii J\RSOLUT£ RETA PRII1E RELATIVE 
Frs OEG riPS FPS OEG W\Cll NO nEG HI\CH NO 

742. 60. 209. 686. 25.5 0.675 61.9 1.299 
720. 60. 207. 680. 23.3 0.662 62.7 1.331 
694. 60. 204. 670. 21. 1 0.646 63.6 1.363 
685. 60. 203. 667. 20.1 0.641 63.9 1.376 
642. 60. 199. 652. 15.7 0.620 65.4 1.436 
612. 60. 194. 636. 13.1 0.602 66.4 1.467 
582. 60. 190. 623. 10.0 0.588 67.4 1.506 
549. 60. 185. 608. 6.4 0.575 68.4 1.550 
549. 60. 186. 609. 6.3 0.575 68.4 1.552 
555. 60. 188. 616. 6.3 0.582 68.1 1.554 
560. 60. 190. 622. 6.2 0.588 67.9 1.558 
568. 60. 195. 639. 4.9 0.606 67.6 1. 583 
576. 60. 198. 651- 4.3 0.619 67.2 1.596 
584. 60. 203. 665. 3.6 0.634 66.9 1.614 
593. 60. 205. 674. 3.8 0.643 66.6 1.616 
593. 60. 208. 681. 2.7 0.652 66.5 1.636 
604. 60. 210. 690. 3.3 0.660 66.2 1.631 
612. 60. 213. 698. 3.3 0.669 65.9 1.635 
621. 60. 215. 705. 3.9 0.674 65.6 1.62c) 
612. 60. 217. 712. 1.4 0.687 65.8 1.674 
640. 60. 222. 730. 3.4 0.701 64.9 1.650 
646. 60. 225. 739. 3.1 0.712 64.7 1.662 

... .,.~. 



APPENDIX n (Cont'd) 

LI\SER DOPPLER VELOC !HETER OAT A 

851. SPAN 1001; SPEEO PEAK EFF XIS" .39 PASSAGE tlO. 15 

00 STD DAY Rpr~ = 12470.4, RADIUS = 38.423 CM, PH I '" - 14.6 DE G • STD DAY TTREL '" 413. DEG K, lJPSTREAH TTJ\BS '" 276. OEG K 0\ 
15.127 IN 744. DEG R 497. OEG R 

PERCEtn GAP C1 Cl ZETAl C2 C2 ZETA,2 VZ--CORRECTEO I3ETA ABSOLUTE BETA PRH1E RELATIVE 
MPS FPS OEG NPS Frs DEG Mrs FPS DEG MACH NO OEG f1ACH NO 

PRESSURE SIDE 
6.7 153. 501. 105. 238. 780. 60. 199. 654. 35.2 0.688 60.3 1.146 

11.0 154. 505. 105. 237. 776. 60. 200. 655. 34.6 0.685 60.5 1.157 
15.2 157. 515. 105. 236. 775. 60. 202. 662. 33.4 0.686 60.5 1.173 
19.5 168. 552. 105. 236. 775. 60. 210. 689. 29.6 0.693 60.5 1. 232 
23.8 188. 618. 105. 239. 785. 60. 226. 740. 23.5 0.722 60.0 1.331 
28.0 192. 630. 105. 236. 775. 60. 227. 745. 21.5 0.722 60.4 1.364 
32.3 192. 630. 105. 233. 765. 60. 226. 74l. 20.7 0.716 60.7 1.376 
36.5 190. 623. 105. 228. 748. 60. 222. 730. 19.9 0.703 61.4 1.385 
40.8 189. 620. 105. 217. 713. 60. 218. 714. 17.1 0.683 62.6 1.425 
45.0 186. 610. 105. 198. 649. 60. 208. 683. 11.8 0.648 64.8 1.495 
49.3 182. 597. 105. 178. 584. 60. 198. 650. 6.0 0.616 67.0 1.566 
53.6 178. 584. 105. 172. 564. 60. 193. 633. 5.1 0.600 67.6 1.572 
57.8 177. 580. 105. 170. 557. 60. 191- 627. 4.7 0.595 67.9 1.575 
62.1 176. 577. 105. 169. 554. 60. 190. 624. 4.7 0.592 68.0 1.573 
66.3 176. 576. 105. 172. 563. 60. 191. 627. 5.9 0.593 67.7 1.557 
70.6 175. 573. 105. 170. 559. 60. 190. 623. 5.8 0.590 67.9 1.558 
74.8 175. 574. 105. 173. 568. 60. 191. 627 • 6.8 0.593 67.6 1.546 
79.1 176. 579. 105. 174. 572. 60. 193. 632. 6.7 0.598 67.4 1.549 
83.4 176. 578. 105. 176. 577. 60. 193. 633. 7.4 0.599 67.3 1.540 
87.6 176. 579. 105. 178. 585. 60. 194. 637. 8.2 0.602 67.0 1.530 
91.9 175. 575. 105. 18l. 595. 60. 194. 638. 9.9 0.603 66.8 1.507 

SUCTION SlOE 

.--i 



----

00 
-J 

STD DAY RPM == 12470.4, 

PERCENT GAP C1 
MPS 

PRES SURE SlOE 
24.6 176. 
29.1 176. 
33.6 174. 
38.1 172. 
42.7 171. 
47.2 170. 
51. 7 170. 
56.2 171. 
60.7 180. 
65.2 192. 
69.7 200. 

SUCTION SlOE 

85'}; SPAN 

RADIUS = 38.257 CM, 
15.062 IN 

C1 ZETA1 C2 
FPS DEG MPS 

576. 105. 164. 
578. 105. 176. 
572. 105. 169. 
564. 105. 170. 
562. 105. 163. 
558. 105. 161-
558. 105. 158. 
562. 105. 151-
589. 105. 128. 
631. 105. 124. 
657. 105. 121. 

APPENOIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

100% SPEED PEAK EFF XIB == .52 PASSAGE ~IO. 15 

PHI = -14.6 DEG, STD DAY TTREL = 412. OEG K. UPSTREAM TTABS = 276. DEG K 
742. DEG R 496. OEG R 

C2 lET 1\2 VZ--CORRECTED BETA /l.BSOLUTE BETA PRIr1E RELATIVE 
FPS DEG ,MPS FPS DEG ',1ACtl ti~ OEG l'l/1.CII tiD 

539. 15. 217. 712. 28.1 0.710 59.7 1.252 
578. 15. 221. 724. 30.0 0.731 58.5 1.222 
553. 15. 217. 711. 29.0 0.714 59.4 1. 237 
559. 15. 215. 705. 29.7 0.711 59.5 1.226 
536. 15. 212. 697. 28.6 0.698 60.2 1.242 
529. 15. 211- 691. 28.5 0.691 60.5 1.245 
518. 15. 210. 688. 27.9 0.686 60.8 1.254 
497. 15. 209. 687. 26.5 0.679 61.3 1.274 
420. 15. 211. 693. 20.5 0.668 62.6 1.364 
407. 15. 223. 731. 17.8 0.701 61. 7 1 .412 
398. 15. 230. 754. 16.2 0.722 61.2 1 .444 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

00 
85~ SPAN 100% SPEED PEAK EFF X/I3 '" .65 PASSAGE NO. 15 

00 
STD DAY RPM = 12470.4, RADIUS = 38.090 CM, PHI := -14.6 DEG, STO DJ\Y TTRH = 411. OEG K, UPSTREJIJ~ HABS := 273. OEG K 

14.996 IN 740. DEG R 492. OEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZHA2 VZ--CORRECTED RETA ABSOLUTE BETA PRHlE RELATIVE 
MPS FPS DEG MPS FPS DEG t1PS FPS OEG t~ACH NO (}EG r,J\clI NO 

PRESSURE SIDE 
7.0 136. 445. 105. 22l. 725. 60. 182. 596. 37.5 0.642 62.4 1.110 

11.4 151. 495. 105. 223. 733. 60. 194. 635. 32.6 0.654 61.9 1.179 
15.9 161. 528. 105. 222. 729. 60. 20G. 657. 28.6 0.658 61.9 1.237 
20.3 169. 553. 105. 224. 735. 60. 207. 678. 26.3 0.670 61.6 1.271 
24.8 171. 56l. 105. 227. 746. 60. 210. 688. 26.4 0.680 61.2 1.271 
29.3 172. 565. 105. 233. 764. 60. 213. 697. 27.4 0.693 60.4 1.257 
33.7 173. 568. 105. 236. 775. 60. 214. 704. 27.9 0.702 60.0 1. 249 
38.2 176. 576. 105. 240. 789. 60. 218. 715. 28.1 0.714 59.4 1.246 
42.6 179. 587. 105. 244. 801. 60. 222. 727. 27.9 0.726 58.9 1.251 
47.1 184. 605. 105. 250. 819. 60. 228. 747. 27.4 0.744 58.2 1.260 
51. 5 188. 618. 105. 255. 837. 60. 233. 763. 27.5 0.760 57.4 1.262 
56.0 190. 624. 105. 256. 839. 60. 234. 768. 27.0 0.764 57.4 1.270 
60.4 192. 629. 105. 253. 831. 60. 234. 769. 26.0 0.760 57.7 1.287 
64.9 192. 63l. 105. 251- 822. 60. 234. 767. 25.1 0.755 58.1 1.301 
69.3 188. 617. 105. 248. 813. 60. 230. 754. 25.8 0.744 58.4 1.287 
73.8 184. 604. 105. 243. 798. 60. 225 •. 738. 26.0 0.729 59.0 1.283 
78.2 178. 584. 105. 234. 767. 60. 217. 712. 25.6 0.702 60.3 1.285 
82.7 173. 566. 105. 210. 689. 60. 204. 670. 20.8 0.646 63.3 1.351 
87.1 165. 540. 105. 200. 655. 60. 195. 638. 20.6 0.615 64.7 1.350 

SUCTION SIDE 

, ........ 



.-

00 
\0 

STD DAY RPM = 12470.4. 

PERCENT GAP Cl 
14PS 

PRESSURE SIDE 
2.6 217. 
6.9 217 • 

11.1 217. 
15.4 218. 
19.6 218. 
23.8 219. 
28.1 223. 
32.3 226. 
36.6 229. 
40.8 230. 
45.0 233. 
49.3 242. 
53.5 246. 
57.8 252. 
62.0 256. 
66.2 262. 
70.5 266. 
74.7 266. 
79.0 265. 
83.2 262. 
87.5 259. 
91.7 257. 

SUCTION SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC mETER nATA 

85% SPAN 10m SPEED PEI\K EFF x/n = .78 PASSAGE NO. 15 

RADIUS = 37.925 CM. PI! I = -14.6 DE G, Sf 0 DAY TTREL = 410. DEG K. UPSTREA~' TTN3S = 274. OEG K 
14.931 IN 73R. DEG R 493. OEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTEO BETA AnSOLUTE BETA PRmE RELATIVE 
FPS OEG MPS FPS OEG ~'PS FPS DEG MACH NO DEG r·1ACII NO 

713. 60. 254. 834. 15. 120. 394. 63.2 0.696 64.3 0.742 
712. 60. 211- 691. 15. 151. 496. 50.4 0.643 63.4 0.932 
711. 60. 184. 605. 15. 170. 557. 41.5 0.630 63.0 1.054 
714. 60. 180. 589. 15. 175. 573. 39.5 0.632 62.8 1.081 
716. 60. 177. 581. 15. 177. 582. 38.4 0.634 62.7 1.095 
720. 60. 180. 589. 15. 177. 582. 38.9 0.637 62.5 1.088 
730. 60. 181. 594. 15. 180. 592. 38.6 0.646 62.0 1.090 
743. 60. 184. 604. 15. 184. 603. 38.5 0.657 61.4 1.089 
751. 60. 180. 589. 15. 191. 625. 36.2 0.665 61.0 1.120 
756. 60. 169. 553. 15. 20l. 658. 32.0 0.675 60.7 1.182 
765. 60. 157. 516. 15. 213. 698. 27.4 0.694 60.3 1.252 
793. 60. 163. 535. 15. 220. 723. 27.4 0.720 59.1 1.254 
808. 60. 168. 551- 15. 223. 733. 28.0 0.732 58.5 1.246 
826. 60. 173. 567. 15. 227. 746. 28.3 0.747 57.8 1.242 
840. 60. 118. 584. 15. 230. 753. 29.0 0.758 57.2 1.231 
858. 60. 183. 599. 15. 234. 768. 29.3 0.773 56.4 1.229 
874. 60. 187. 615. 15. 237. 779. 29.7 0.787 55.7 1.223 
872. 60. 190. 623. 15. 235. 770. 30.6 0.782 55.8 1.207 
870. 60. 193. 632. 15. 232. 761. 31.6 0.778 55.8 1.190 
860. 60. 186. 611. 15. 232. 762. 30.3 0.772 56.3 1. 212 
851. 60. 187. 615. 15. 227. 746. 31.3 0.762 56.6 1.194 
843. 60. 190. 623. 15. 222. 729. 32.6 0.751 57.0 1.172 

-



APPENDIX D (Cont'd) 

LASER DOPPLER VElOCIMETER DATA 

85% SPAN 100~ SPEED PEAK EFF X/S '" • 91 PASSAGE NO. 15 
\0 
0 STO DAY RP,,, ::: 12470.4, RADIUS = 37.757 CM, PHI::: -14.6 DEG. STD DAY TTREL = 409. DEG K, UPSTREAM TTABS = 274. DEG K 

14.865 IN 736. DEG R 493. DEG R 

PERCENT GAP C1 Cl ZETAl C2 C2 ZETA2 VI --COR RECTED AETA ABSOLUTE AETA PRIME RELATIVE 
MPS FPS DEG r~ps FrS DEG ~lPS FPS DEG HACH NO DEG MACH ~JO 

PRESSURE SIDE 
6.4 221. 725. 60. 215. 706. 15. 154. 504. 50.7 0.655 62.6 0.919 

10.4 219. 718. 60. 196. 644. 15. 164. 539. 45.0 0.639 62.7 1.000 
14.4 219. 720. 60. 193. 634. 15. 167. 549. 43.8 0.639 62.5 1.016 
18.4 220. 723. 60. 191- 62R. 15. 170. 558. 42.9 0.641 62.4 1.028 
22.4 222. 727. 60. 189. 62l. 15. 173. 568. 41.8 0.644 62.1 1.042 
26.4 222. 728. 60. 187. 613. 15. 175. 575. 40.8 0.644 62.1 1.055 
30.4 222. 729. 60. 185. 608. 15. 177. 580. 40.2 0.645 62.0 1.064 
34.4 223. 730. 60. 185. 607. 15. 178. 583. 40.0 0.646 61.9 1.066 
38.4 224. 734. 60. 182. 596. 15. 182. 596. 38.4 0.650 61. 7 1.087 
42.4 225. 738. 60. 180. 590. 15. 185. 606. 37.4 0.653 61.5 1.100 
46.4 226. 742. 60. 182. 597. 15. 185. 607. 37.8 0.657 61.3 1.094 
50.4 228. 747. 60. 188. 616. 15. 183. 600. 39.4 0.661 61.1 1.070 
54.4 228. 749. 60. 192. 631. 15. 180. 592. 40.8 0.662 61.1 1.050 
58.4 229. 751. 60. 191. 626. 15. 182. 598. 40.1 0.664 61.0 1.060 
62.4 230. 753. 60. 183. 602. 15. 189. 618. 37.4 0.666 60.8 1.098 
66.4 234. 769. 60. 175. 573. 15. 202. 662. 33.1 0.685 60.0 1.160 
70.4 243. 798. 60. 180. 590. 15. 210. 690. 32.6 0.712 58.8 1.167 
74.4 250. 819. 60. 188. 617. 15. 213. 700. 33.7 0.728 57.8 1.149 
78.4 258. 847. 60. 197. 645. 15. 219. 719. 34.4 0.752 56.6 1.138 
82.4 264. 866. 60. 202. 663. 15. 223. 733. 34.7 0.768 55.7 1.133 
86.4 269. 88l. 60. 205. 673. 15. 227. 746. 34.6 0.782 55.0 1.135 
90.4 271. 890. 60. 208. 683. 15. 229. 752. 34.9 0.789 54.6 1.130 

SIJCTION SIDE 

~ 



APPEN!1IX D (Cont'rl) 

LI\SER OOPPLER VELOC mETER D ..... T ..... 

851; SPMl 100% SPEEn PEAK EFF X/B: 1.0 PI\SSAGE NO. 15 

STn DAY RPM = 12470.4, RADIUS = 37.613 m, PHI = -14.6 nEG, STn O ..... Y TTREL = 408. OEG K, UPSTREI\t-1 HI\BS = 274. OEG K 
14.820 IN 735. nEG R 494. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEn BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS nEG r~ps Frs nEG HPS FPS DEG MI\CH NO nEG HI\CH NO 

PRESSURE SlOE 
11.7 115. 376. 105. 205. 672. 15. 168. 550. 45.8 0.659 61.5 0.979 
15.5 123. 402. 105. 197. 645. 15. 173. 569. 43.1 0.655 61.5 1.017 
19.3 123. 405. 105. 194. 635. 15. 174. 569. 42.5 0.651 61. 7 1.027 
23.1 126. 413. 105. 192. 631. 15. 176. 576. 41.8 0.653 61.5 1.036 
26.9 123. 403. 105. 191. 628. 15. 172. 565. 42.3 0.645 62.0 1.031 
30.7 126. 413. 105. 185. 607. 15. 174. 570. 40.8 0.638 62.3 1.054 
34.5 130. 428. 105. 185. 606. 15. 178. 584. 39.8 0.646 61.8 1.065 
38.3 129. 422. 105. 185. 608. 15. 176. 579. 40.2 0.644 62.0 1.060 
42.1 133. 436. 105. 186. 611. 15. 181. 594. 39.5 0.654 61.4 1.068 
45.9 135. 443. 105. 187. 614. 15. 183. 601. 39.2 0.660 61.0 1.070 
49.7 134. 441- 105. 186. 611. 15. 182. 599. 39.2 0.657 61.2 1.071 
53.5 141. 461- 105. 182. 597. 15. 187. 615. 37.3 0.662 61.0 1.097 
57.3 141- 463. 105. 182. 598. 15. 188. 617. 37.3 0.663 60.9 1.098 
61.1 136. 446. 105. 186. 610. 15. 184. 603. 38.8 0.660 61.1 1.076 
64.9 140. 459. 105. 186. 609. 15. 188. 616. 38.0 0.667 60.7 1.086 
68.7 140. 460. 105. 189. 621. 15. 189. 620. 38.5 0.675 60.2 1.078 
72.5 141- 462. 105. 183. 600. 15. 188. 616. 37.4 0.664 60.8 1.095 
76.3 145. 476. 105. 186. 609. 15. 193. 633. 37.0 0.678 60.1 1.099 
80.1 143. 468. 105. 194. 636. 15. 193. 632. 38.7 0.689 59.5 1.073 
83.9 139. 456. 105. 203. 665. 15. 191. 628. 40.6 0.699 58.9 1.043 
87.7 137. 448. 105. 206. 677. 15. 190. 623. 41.5 0.702 58.8 1.028 
91.5 130. 425. 105. 213. 699. 15. 185. 606. 43.7 0.703 58.8 0.996 

SUCTION SIDE 

\0 

- .... Ii< 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

\0 85't SPAN 10m SPEED PEAK EFF X/B = 1. 1 PASSAGE NO. 15 
IV 

STD nAY RPM = 12470.4, RADIUS = 37.516 CH, PH I = -14.6 DE G, STO DAY TTREL = 407. OEG K, UPSTREAM TTI\BS = 276. DEG K 
14.770 IN 733. DEG R 497. DEG R 

PERCEUT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS !lEG MPS FPS DEG MI\CI! NO OEG Hl\CH NO 

PRESSURE SIDE 
2.7 225. 738. 60. 267. 876. 15. 12l. 397. 64.2 0.724 62.5 0.701 
6.5 227. 745. 60. 244. 799. 15. 141. 462. 57.3 0.693 61. 7 0.807 

10.3 231. 757. 60. 207. 678. 15. 173. 567. 44.9 0.670 60.7 0.981 
14.1 230. 754. 60. 201. 658. 15. 176. 577. 43.2 0.666 60.8 1.010 
17.9 230. 753. 60. 200. 657. 15. 176. 576. 43.2 0.665 60.8 ".010 
21. 7 229. 7 51. 60. 198. 6'l9. 15. 177 • 579. 42.5 0.663 60.9 1.020 
25.5 227. 744. 60. 196. 61l3. 15. 175. 574. 42.5 0.657 61.3 1.021 
29.3 226. 741. 60. 194. 636. 15. 175. 575. 42.1 0.654 61.4 1.029 
33.1 226. 742. 60. 194. 636. 15. 176. 576. 42.0 0.655 61.3 1.030 
36.9 226. 742. 60. 193. 633. 15. 176. 578. 41.7 0.655 61.3 1.034 
40.7 227. 746. 60. 191- 628. 15. 179. 587. 40.8 0.658 61.1 1.046 
44.5 227. 746. 60. 192. 630. 15. 179. 586. 41.0 0.658 61.1 1.043 
4B.3 228. 749. 60. 193. 634. 15. 179. 587. 41.1 0.660 61.0 1.040 
52.1 229. 750. 60. 191. 627. 15. 181. 594. 40.3 0.661 60.9 1.051 
55.9 229. 751. 60. 192. 629. 15. 181. 594. 40.5 0.662 60.9 1.049 
59.7 230. 753. 60. 194. 636. 15. 180. 591. 41.0 0.664 60.8 1.041 
63.5 230. 756. 60. 194. 638. 15. 181. 594. 41.0 0.666 60.7 1.041 
67.3 231- 757. 60. 196. 643. 15. 180. 592. 41.4 0.667 60.6 1.035 
71.1 230. 754. 60. 191- 627. 15. 183. 599. 40.0 0.665 60.7 1.055 
74.9 232. 761. 60. 194. 635. 15. 184. 603. 40.2 0.671 60.4 1.051 
78.7 236. 775. 60. 202. 664. 15. 183. 602. 42.0 0.683 59.7 1.023 
82.5 238. 782. 60. 206. 675. 15. 184. 604. 42.4 0.689 59.4 1.014 
86.3 241. 79l. 60. 209. 686. 15. 185. 608. 42.8 0.697 59.0 1.008 
90.1 245. 805. 60. 214. 703. 15. 188. 616. 43.2 0.710 58.3 0.998 
93.9 254. 834. 60. 226. 740. 15. 192. 629. 44.3 0.735 56.8 0.976 
97.7 241. 791. 60. 271. 888. 15. 141. 462. 60.4 0.749 58.9 0.734 

SUCTIOtl SIDE 

# 

......... 



----

...... 
\0 
W 

STD DAY RPM = 11846.9, 

PERCENT GAP C1 
~1PS 

PRESSURE SIDE 
2.0 85. 
5.8 78. 
9.6 74. 

13.4 69. 
17.2 67. 
21.0 70. 
24.8 18. 
28.6 94. 
32.4 114. 
36.2 118. 
40.0 116. 
43.8 114. 
47.6 114. 
51.4 113. 
55.2 112. 
59.0 115. 
62.8 115. 
66.6 115. 
70.4 112. 
74.2 113. 
78.0 111. 
81.8 109. 
85.6 106. 
89.4 100. 
93.2 97. 
97.0 93. 

SUCTION SIDE 

851, SPAN 

RADIUS = 39.306 CM, 
15.475 IN 

C1 ZETA1 C2 
FPS OEG MPS 

280. 135. 98. 
257. 135. 97. 
243. 135. 97. 
226. 135. 95. 
221. 135. 94. 
230. 135. 96. 
256. 135. 98. 
308. 135. 104. 
375. 135. 109. 
387. 135. 112. 
379. 135. 11l. 
373. 135. 112. 
373. 135. 112. 
370. 135. 112. 
366. 135. 112. 
377. 135. 113. 
377. 135. 113. 
377. 135. 113. 
368. 135. 114. 
372. 135. 113. 
363. 135. 114. 
356. 135. 112. 
348. 135. 109. 
328. 135. 106. 
318. 135. 104. 
304. 135. 102. 

JlPPENOIX D (Cont'd) 

LASER DOPPLER VELOCHlETER OI\TA 

95~ SPEED PEI\K EFF X/B = -.3 PASSAGE NO.15 

PHI = -14.6 OEr" STD DAY TTREL = 407. DEG K. UPSTREA~' HABS := 273. DEG K 
732. DEG R tlfJ2. O[G R 

C2 ZETA2 VZ - -COR RECTE D BETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG t~PS FPS DEI, t11\CH NO DEG tlJ1.Cfl NO 

322. 45. 133. 437. 4.0 0.409 73.9 1.475 
317. 45. 127. 417. 6.0 0.389 74.5 1.452 
317. 45. 124. 407. 7.5 0.380 74.8 1.436 
312. 45. 119. 391. 9.1 0.365 75.3 1.420 
310. 45. 118. 386. 9.5 0.360 75.5 1.416 
315. 45. 121- 396. 8.9 0.370 75.1 1.422 
321. 45. 128. 419. 6.4 0.391 14.4 1.448 
340. 45. 143. 470. 2.8 0.442 72.9 1.497 
356. 45. 162. 531. -1.5 0.506 71.2 1.571 
368. 45. 167 •. 548. -1.4 0.523 70.7 1.579 
365. 45. 165. 540. -1.1 0.514 70.9 1.570 
367. 45. 164. 537. -0.5 0.511 70.9 1.561 
368. 45. 164. 538. -0.4 0.511 70.9 1.561 
368. 45. 163. 536. -0.2 0.509 70.9 1.557 
369. 45. 163. 534. 0.2 0.506 71.0 1.551 
370. 45. 165. 542. -0.5 0.516 70.8 1.565 
372. 45. 166. 544. -0.4 0.517 70.7 1.563 
370. 45. 165. 542. -0.5 0.516 70.8 1.565 
374. 45. 164. 539. 0.5 0.511 70.8 1.551 
370. 45. 164. 539. -0.2 0.512 70.8 1.558 
373. 45. 163. 534. 0.8 0.506 70.9 1.545 
369. 45. 160. 526. 1.0 0.498 71.1 1.539 
356. 45. 156. 511. 0.7 0.483 71.7 1.536 
347. 45. 149 •. 490. 1.6 0.462 72.3 1.517 
341. 45. 146. 478. 2.0 0.450 72.7 1.509 
334. 45. 14l. 463. 2.7 0.435 73.1 1.496 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER OATA 

..- 851, SPAN 95'1, SPEED PEAK EFF X/B=-.l PASSAGE NO. 15 \0 
+:>. 

STU DAY RPM = 11846.9, RADIUS = 39.050 a~. PHI = -14.6 OEG, STO DAY TTREL = 405. nEG K, UPSTREAM TTABS = 273. DEG K 
15.374 IN 729. OEG R 491. OEG R 

PERCENT GAP Cl C1 ZETAl C2 C2 ZETA2 VZ --COR RECTE 0 BETA ABSOLUTE BETA PRIt1E RElATIVE 
MPS FPS OEG MPS FPS OEG MPS FPS OEG MACH NO OEG MACH NO 

PRESSURE SlOE 
2.4 134. 440. 135. 130. 428. 45. 192. 631. -0.8 0.606 67.8 1.606 
6.2 133. 437. 135. 131. 429. 45. 192. 629. -0.5 0.604 67.8 1.601 

10.0 136. 445. 135. 131. 429. 45. 194. 635. -1.0 0.611 67.7 1.612 
13.8 13B. 453. 135. 132. 434. 45. 196. 645. -1.2 0.622 67.4 1.620 
17.6 143. 468. 135. 133. 435. 45. 200. 656. -2.1 0.636 67.2 1.640 
21.4 150. 492. 135. 135. 443. 45. 207. 6BO. -3.0 0.663 66.6 1.669 
25.2 159. 521. 135. 135. 444. 45. 214. 701. -4.6 0.691 66.2 1.710 
29.0 156. 512. 135. 134. 440. 45. 211. 692. -4.3 0.6BO 66.5 1.700 
32.8 155. SOB. 135. 136. 445. 45. 211. 693. -3.B 0.679 66.4 1.691 
36.6 153. 501. 135. 134. 43B. 45. 208. 682. -3.8 0.669 66.7 1.685 
40.4 153. 502. 135. 134. 438. 45. 208. 683. -3.9 0.670 66.7 1.686 
44.2 147. 482. 135. 135. 442. 45. 205. 672. -2.5 0.653 66.8 1.656 
48.0 140. 458. 135. 131. 430. 45. 197. 645. -1.8 0.624 67.5 1.629 
51.8 126. 415. 135. 130. 425. 45. 186. 610. 0.7 0.583 68.3 1. 574 
55.6 116. 379. 135. 127. 418. 45. 177 • 579. 2.8 0.549 69.0 1.531 
59.4 106. 348. 135. 123. 404. 45. 167. 547. 4.3 0.515 70.0 1.500 
63.2 87. 286. 135. 119. 389. 45. 150. 491. 8.7 0.460 71.5 1.434 
67.0 79. 258. 135. 114. 375. 45. 140. 460. 10.5 0.431 72.5 1.409 
7B.4 86. 283. 135. 117. 385. 45. 148. 485. 8.7 0.455 71. 7 1.432 
82.2 112. 366. 135. 127. 416. 45. 173. 56B. 3.7 0.537 69.3 1.516 
86.0 127. 418. 135. 124. 40B. 45. 183. 600. -0.7 0.575 68.8 1.587 
89.8 127. 418. 135. 124. 407. 45. 183. 600. -0.8 0.574 68.8 1.588 
93.6 127. 416. 135. 125. 409. 45. 183. 600. -0.5 0.574 68.8 1.584 
97.4 126. 412. 135. 126. 412. 45. 183. 599. -0.0 0.572 68.7 1.577 

SUCTION SIDE 

".--.11 



.-.. 

\0 
Vl 

STD 0./\ Y RPM = 11846.9, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
4.7 138. 
8.5 139. 

12.3 134. 
16.1 134. 
19.9 138. 
23.7 137. 
27.5 138. 
31.3 138. 
35.1 141. 
38.9 140. 
42.7 147. 
46.5 158. 
50.3 155. 
54.1 158. 
57.9 151. 
61. 7 151. 
65.5 149. 
69.3 145. 
73.1 149. 
76.9 147. 
80.7 146. 
84.5 122. 
88.3 134. 
92.1 136. 
95.9 125. 
99.7 104. 

SllCTIOn SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85~ SPAN 951, SPEED PEI\K EFF X/B = 0.0 PASSA(;E tlo. 15 

RADIUS = 38.923 eM. PI! I = - 14.6 O[ G • STD OAY TTREL = 404. nEG K, UPSTREJ\r~ TTMS = 273. OEG K 
15.324 HI 7?JL nEG R 4'J1. OEG R 

C1 ZET A1 C2 C? ZET.~2 VZ--CORRECTED nETA J\RSOLUTE RETA PRIr1E RFI.ATIVE 
FPS DEG rlPS FPS [)EG tws FPS [)EG r1ACH NO DEG fll\CIl 110 

452. 135. 130. 428. 45. 195. 640. -1.6 0.617 67.6 1.617 
457. 135. 136. 446. 45. 200. 6S6. -0.7 0.632 66.9 1.614 
440. 135. 135. 442. 45. 195. 611l. 0.1 0.615 67.3 1.593 
440. 135. 136. 445. 45. 196. 643. 0.3 0.617 67.2 1.591 
453. 135. 136. 447. 45. 199. 654. -0.4 0.629 67.0 1.608 
448. 135. 137. 450. 45. 199. 653. 0.1 0.627 66.9 1.600 
453. 135. 136. 447. 45. 199. 654. -0.4 0.629 67.0 1.608 
453. 135. 137. 449. 45. 200. 656. -0.3 0.631 66.9 1.607 
464. 135. 138. 452. 45. 203. 666. -0.8 0.642 66.6 1.620 
459. 135. 138. 453. 45. 202. 663. -0.4 0.639 66.7 1.613 
481. 135. 14l. 462. 45. 209. 685. -1.2 0.664 66.1 1.639 
518. 135. 137. 448. 45. 214. 702. -4.1 0.691 66.1 1.699 
50S. 135. 139. 457. 45. 214. 701. -3.0 0.686 65.9 1.679 
519. 135. 139. 455. 45. 216. 708. -3.8 0.696 65.S 1.696 
495. 135. 140. 459. 45. 211- 693. -2.2 0.675 66.0 1.660 
495. 135. 140. 459. 45. 211. 693. -2.2 0.675 66.0 1.660 
488. 135. 139. 456. 45. 209. 686. -1.9 0.667 66.2 1.652 
476. 135. 140. 460. 45. 207. 680. -1.0 0.658 66.2 1.633 
488. 135. 148. 484. 45. 215. 706. -0.2 0.684 65.3 1.637 
482. 135. H8. 485. 45. 214. 703. 0.2 0.679 65.3 1.628 
478. 135. 149. 488. 45. 214. 702. 0.6 0.678 65.3 1. 621 
400. 135. 149. 489. 45. 197. 646. 5.7 0.613 66.3 1.516 
440. 135. 144. 473. 45. 202. 664. 2.1 0.635 66.3 1.577 
446. 135. 143. 469. 45. 203. 665. 1.4 0.637 66.3 1. 587 
409. 135. 132. 434. 45. 187. 613. 1.7 0.5H3 68.0 1.556 
341. 135. 124. 408. 45. 166. 544. 5.1 0.512 69.9 1.484 



APPENOIX D (Cont'd) 

LASER DOPPLER VELOCWETER DATA 

\0 85'1 SPAN 95% SPEED PEAK EFF XIB = .26 PASSAGE NO. 15 
0\ 

STO DAY RPM = 11846.9, RADIUS = 38.590 CM, PHI = -14.6 OEG, STO D~Y TTREL = 402. DEG K. UPSTREAM TTABS = 271. DEG K 
15.193 IN 724. OEG R 488. DEG R 

PERCEtlT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRIHE RELATIVE 
MPS FPS OEG r~ps FPS DEG Mrs FPS DEG MACH NO OEG I,'''CH NO 

PRESSURE SIDE 
8.6 218. 716. 60. 191. 626. 15. 168. 552. 43.3 0.640 61.5 0.991 

12.6 217. 711. 60. 190. 622. 15. 167. 548. 43.3 0.636 61.8 0.992 
16.7 215. 705. 60. 197. 645. 15. 159. 523. 46.4 0.634 62.2 0.953 
20.7 214. 703. 60. 20l. 660. 15. 155. 509. 48.1 0.636 62.3 0.930 
24.8 209. 685. 60. 20]. 658. 15. 148. 485. 49.7 0.623 63.3 0.915 
28.9 208. 681. 60. 20l. 658. 15. 146. 479. 50.1 0.621 63.6 0.911 
32.9 202. 663. 60. 193. 632. 15. 144. 473. 49.2 0.603 64.5 0.931 
37.0 197. 647. 60. 185. 606. 15. 143. 469. 48.0 0.587 65.2 0.953 
41.0 189. 620. 60. 165. 540. 15. 146. 480. 43.0 0.557 66.2 1.023 
45.1 168. 550. 60. 111. 364. 15. 155. 509. 26.3 0.505 68.2 1.228 
49.2 169. 554. 105. 159. 522. 60. 183. 60l. 3.4 0.570 68.0 1.517 
53.2 170. 558. 105. 161. 529. 60. 185. 606. 3.8 0.575 67.7 1.514 
57.3 173. 568. 105. 164. 539. 60. 188. 617. 3.9 0.586 67.3 1.518 
61.3 174. 571. 105. 166. 543. 60. 189. 621. 4.0 0.590 67.2 1.518 
65.4 180. 591. 105. 168. 552. 60. 195. 639. 2.8 0.609 66.8 1.543 
69.5 181. 593. 105. 170. 559. 60. 196. 643. 3.4 0.613 66.5 1.537 
73.5 184. 604. 105. 173. 568. 60. 200. 655. 3.3 0.624 66.2 1.545 
77.6 188. 616. 105. 175. 574. 60. 203. 666. 2.6 0.636 65.9 1.559 
81.6 190. 623. 105. 179. 587. 60. 206. 676. 3.4 0.646 65.5 1.553 
85.7 195. 641- 105. 180. 589. 60. 210. 690. 1.7 0.663 65.3 1.586 
89.8 198. 648. 105. 182. 598. 60. 213. 698. 2.0 0.671 65.0 1.587 
93.8 205. 673. 105. 185. 607. 60. 219. 720. 0.4 0.697 64.6 1.624 

SUCTIDtI SIDE 

--~ 



",..,..j 

\0 
-....) 

STD DAY RPM = 11846.9, 

PERCENT GAP C1 
Mrs 

PRESSURE SIDE 
5.2 219. 
9.4 219. 

13.5 220. 
17.6 222. 
21.8 223. 
25.9 225. 
30.0 221-
34.2 222. 
38.3 221-
42.5 220. 
46.6 220. 
59.0 187. 
63.1 186. 
67.3 125. 
71.4 148. 
75.6 160. 
79.7 161. 
83.8 164. 
88.0 161. 
92.1 169. 

SUCTIOtI SIDE 

APPENDIX D (Cant'd) 

LASER DOPPLER VELOCIMETER DATA 

851, SPAN 951, SPEED PEAK EFF X/B = .39 PASSAGE NO. 15 

RADIUS = 38.423 CM, PHI = -14.6 OEG, STO DAY TTREL :: 401. OEG K. UPSTREAM HAnS:: 271. DEG K 
15.127 IN 722. OEG R 488. DEG R 

C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIr1E RHATIVr: 
FPS DEG MPS Frs DEG t-lPS FPS DEG MI\CH NO D[G r11\Cfl NO 

717. 60. 1(;6. 543. 15. 187. 614. 34.1 0.643 61.1 1.113 
719. 60. 166. 544. 15. 188. 616. 34.0 0.M5 61.0 1.114 
721. 60. 167. 547. 15. 188. 617. 34.2 0.646 60.9 1.111 
729. 60. 172. 564. 15. 188. 616. 35.4 0.652 60.6 1.094 
731. 60. 175. 575. 15. 186. 610. 36.4 0.653 60.5 1.079 
738. 60. 181. 593. 15. 185. 607. 37.8 0.659 60.2 1.059 
726. 60. 182. 598. 15. 179. 587. 39.4 0.648 60.8 1.039 
729. 60. 183. 599. 15. 180. 590. 39.2 0.650 60.6 1.041 
725. 60. 186. 610. 15. 176. 576. 40.8 0.647 60.8 1.020 
722. 60. 187. 615. 15. 173. 568. 41.6 0.645 61.0 1.009 
723. 60. 192. 630. 15. 170. 559. 43.1 0.647 61.0 0.988 
615. 60. 182. 598. 15. 131- 430. 50.6 0.565 66.9 0.931 
609. 60. 173. 568. 15. 135. 444. 47.7 0.554 66.9 0.968 
410. 105. 177. 580. 60. 158. 518. 30.0 0.526 67.1 1.179 
484. 105. 160. 525. 60. 168. 551- 13.1 0.520 68.4 1.377 
526. 105. 162. 530. 60. 178. 583. 8.0 0.550 67.9 1.447 
528. 105. 164. 537. 60. 179. 588. 8.7 0.554 67.6 1.440 
539. 105. 165. 542. 60. 182. 597. 7.9 0.564 67.4 1.453 
528. 105. 167. 548. 60. 180. 592. 10.1 0.558 67.3 1.424 
555. 105. 170. 558. 60. 188. 615. 7.9 0.581 66.7 1.459 

!,<,'" , 



J\PPENrJIX D (Cont'd) 

LASER DOPPLER VELOC mETER OAT1\ 
...... 
\0 
00 

851, SPAN 951, SPEED PEAK EFF X/B '" .52 PASSAGE NO. 15 

STD DAY RPM'" 11846.9, RADIUS'" 38.257 CM, PH I '" - 14 . 6 DE G , STD DAY TTPEL '" 401. DEG K, UPSTREAH TTABS '" 271. DEG K 
15.062 IN 721. DEG R 488. OEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTEn BETA ABSOLUTE BETA PRmE RELATIVE 
MPS FPS DEG MPS Frs OEG Mrs Frs OEG MACH NO DEG MACH tlO 

PRESSURE SIDE 
6.6 213. 700. 60. 148. 484. 15. 193. 633. 28.7 0.636 61.6 1.182 

11. 1 215. 706. 60. 14 7. 482. 15. 196. 643. 28.0 0.643 61.3 1 .192 
15.6 216. 710. 60. 149. 488. 15. 196. 644. 28.4 0.646 61.2 1.187 
20.1 219. 720. 60. 152. 500. 15. 198. 649. 29.0 0.654 60.7 1.179 
24.6 222. 729. 60. 155. 503. 15. 200. 656. 29.2 0.662 60.3 1.177 
29.1 225. 738. 60. 162. 530. 15. 199. 653. 30.9 0.666 60.0 1.152 
38.1 232. 760. 60. 171- 562. 15. 20l. 661. 32.6 0.683 59.0 1.126 
42.7 233. 765. 60. 174. 572. 15. 20l. 660. 33.3 0.687 58.7 1.116 
47.2 229. 752. 60. 176. 579. 15. 194. 637. 35.1 0.673 59.3 1.091 
51.7 226. 740. 60. 180. 590. 15. 187. 612. 37.3 0.661 59.9 1.061 
56.2 225. 737. 60. 187. 614. 15. 180. 590. 40.1 0.657 60.1 1.022 
60.7 222. 728. 60. 177 • 582. 15. 183. 601. 37.4 0.650 60.5 1.060 
65.2 216. 710. 60. 180. 592. 15. 173. 568. 40.2 0.634 61.4 1.026 
78.7 208. 684. 60. 162. 532. 15. 175. 575. 35.7 0.612 62.5 1.0ilq 
83.2 198. 650. 60. 155. 510. 15. 166. 544. 36.3 0.582 64.1 1.088 
87.7 192. 630. 60. 151- 496. 15. 160. 526. 36.5 0.564 65.1 1.089 
92.3 183. 600. 60. 140. 460. 15. 155. 510. 34.8 0.539 66.4 1.115 

SUCTION SIDE 

.,--aj 



--
\0 
\0 

STD DAY RPM = 11846.9, 

PERCENT GAP C1 
I1PS 

PRESSURE SIDE 
2.6 203. 
6.9 203. 

11. 1 201. 
15.4 202. 
19.6 201. 
23.8 203. 
28.1 204. 
32.3 204. 
36.6 20B. 
40.8 210. 
45.0 211. 
49.3 215. 
53.5 218. 
57.8 223. 
62.0 229. 
66.2 234. 
70.5 239. 
74.7 242. 
79.0 241. 
83.2 243. 
87.5 242. 
91.7 246. 

SUCTION SIDE 

I\PPENf)IX 0 (Cont'd) 

LASER DOPPLER VElOC mETER DI\TA 

B5~ SPAN 95~ SPEED PEAK EFF XIB = .78 PASSAGE NO. 15 

RADIUS = 37.925 eM, PHI = -14.6 DEG, STD DAY TTREL = 398. DEG K, UPSTREAM HAAS = 271. DEG K 
14.931 IN 71 7. DFG R 488. DEG R 

C1 ZETAl C2 C2 ZETA2 VI--CORRECTED BETA ABSOLUTE BETA PRmE RELATIVE 
FPS DEG MPS FPS OEG t1PS FPS DEG ~'ACH NO DEG MACH NO 

666. 60. 1B1- 593. O. 134. 440. 54.3 0.620 64.0 0.845 
665. 60. 162. 530. O. 145. 476. 48.9 0.605 63.7 0.916 
661. 60. 152. 498. O. 149. 490. 46.3 0.597 63.B 0.951 
664. 60. 148. 486. O. 153. SOL 45.0 0.598 63.6 0.966 
661. 60. 147. 481. O. 153. SOL 44.7 0.595 63.7 0.971 
665. 60. 143. 469. O. 156. 512. 43.3 0.597 63.5 0.987 
668. 60. 141. 463. O. 158. 520. 42.6 0.599 63.3 0.996 
669. 60. 141. 464. O. 159. 520. 42.6 0.600 63.2 0.995 
682. 60. 142. 467. O. 163. 534. 42.0 0.611 62.6 0.999 
690. 60. 142. 466. O. 166. 544. 41.4 0.618 62.1 1.005 
693. 60. 141- 461. O. 168. 551- 40.8 0.620 62.0 1.012 
705. 60. 139. 457. O. 173. 567. 39.7 0.630 61.3 1.024 
714. 60. 136. 447. O. 178. 584. 3B.3 0.638 60.9 1.042 
733. 60. 130. 427. O. 189. 618. 35.4 0.656 59.9 1.079 
751. 60. 127. 418. O. 197. 645. 33.7 0.674 59.1 1.102 
767. 60. 129. 422. O. 202. 662. 33.3 0.689 58.3 1.108 
783. 60. 128. 419. O. 208. 683. 32.3 0.705 57.6 1.122 
793. 60. 128. 420. O. 212. 694. 32.0 0.715 57.1 1.128 
791. 60. 125. 410. O. 213. 69B. 31.2 0.715 57.3 1.140 
797. 60. 124. 408. O. 215. 706. 30.8 0.721 57.0 1.147 
794. 60. 126. 414. O. 213. 699. 31.4 0.717 57.1 1.137 
B06. 60. 132. 432. O. 214. 702. 32.4 0.726 56.5 1.122 

-, 



flPPEtJDIX n (Cont'd) 

LASER DOPPLER VELOCIMETER nATA 

851, SPAN 951, SPEED PEAK EFF X/B :: 1. 1 PASSAGE NO. 15 
N 
0 STO OA Y RPM :: 11846.9, RADIUS :: 37.516 CM, PH I :: - 14 . 6 DE G , STO DAY TTREL :: 396. OEG K. UPSTREAM TTABS = 271. OEG K 0 

14.770 IN 713. OE.G R 487. OEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ArlSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS Frs OEG Mrs FPS DEG MACH NO OEG MACH NO 

PRESSURE SlOE 
2.7 216. 709. 60. 228. 747. O. 122. 400. 62.6 0.699 61.3 0.689 
6.5 215. 706. 60. 197. 645. O. 139. 457. 55.5 0.662 61.3 0.797 

10.3 213. 700. 60. 169. 55G. O. 153. 503. 48.8 0.637 61.4 0.893 
14.1 213. 700. 60. 163. 536. O. 157. 515. 47.1 0.634 61.4 0.916 
17.9 215. 704. 60. 163. 535. O. 159. 520. 46.7 0.637 61.1 0.920 
21. 7 215. 706. 60. 163. 536. O. 159. 522. 46.7 0.638 61.0 0.920 
25.5 215. 704. 60. 162. 533. O. 159. 521. 46.5 0.636 61.1 0.922 
29.3 213. 698. 60. 159. 523. O. 159. 520. 46.1 0.630 61.4 0.930 
33.1 212. 695. 60. 158. 520. O. 158. 518. 46.0 0.628 61.6 0.932 
36.9 211. 692. 60. 157. 515. O. 158. 518. 45.7 0.625 61. 7 0.936 
40.7 211. 693. 60. 157. 515. O. 158. 519. 45.7 0.625 61. 7 0.937 
44.5 212. 694. 60. 157. 514. O. 159. 521. 45.5 0.626 61.6 0.938 
48.3 211. 692. 60. 156. 512. O. 158. 520. 45.5 0.624 61. 7 0.940 
52.1 211. 691. 60. 156. 511. O. 158. 519. 45.5 0.623 61.8 0.940 
55.9 210. 690. 60. 155. 509. O. 158. 519. 45.3 0.622 61.8 0.942 
59.7 211. 693. 60. 155. 507. O. 160. 574. 45.0 0.625 61. 7 0.946 
63.5 213. 700. 60. 158. 517. O. 160. 526. 45.4 0.631 61.3 0.938 
67.3 215. 704. 60. 158. 520. O. 161- 529. 45.4 0.635 61.1 0.937 
71.1 215. 707. 60. 160. 525. O. 161. 530. 45.6 0.638 60.9 0.933 
74.9 217. 712. 60. 160. 525. O. 163. 536. 45.3 0.642 60.7 0.936 
78.7 216. 709. 60. 159. 522. O. 163. 534. 45.3 0.639 60.8 0.938 
82.5 218. 716. 60. 158. 517. O. 166. 545. 44.4 0.644 60.4 0.948 
86.3 220. 721. 60. 158. 518. O. 168. 551- 44.2 0.648 60.2 0.950 
90.1 222. 727. 60. 163. 535. O •. 167. 548. 45.2 0.655 59.9 0.933 
93.9 226. 740. 60. 182. 597. O. 160. 526. 49.5 0.674 59.2 0.870 
97.7 219. 718. 60. 223. 731. O. 128. 420. 60.9 0.698 60.7 0.710 

SUCTION SIDE 

-III -....... 



-...II 

tv o 

SID nAY RPM'" 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SlOE 
2.0 73. 
5.8 69. 
9.6 67. 

13.4 61. 
17.2 68. 
21.0 64. 
24.8 88. 
28.6 92. 
32.4 116. 
36.2 123. 
40.0 123. 
43.8 123. 
47.6 123. 
51.4 118. 
55.2 121. 
59.0 122. 
62.8 123. 
66.6 123. 
70.4 122. 
74.2 117. 
78.0 114. 
81.8 110. 
85.6 103. 
89.4 96. 
93.2 92. 
97.0 86. 

SUCTIotJ SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC It·1ETER DATA 

85% SPAlJ 10m SPEED NEAR SURGE XiS'" -.3 PASSAGE NO. 15 

RADIUS", 39.306 CM, PH I '" - 14 • 6 DE G , STO DAY TTREL = 419. nEG K, UPSTREAM TTA!3S = 275. OEG K 
15.475 IN 754. OEG R 495. OEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--COPRECTEO BETA J\f3S0LUTE BETA PRIm: RElATIVE 
FPS OEG Mrs FPS DEG Mrs FPS OEG ~ll\r.H NO OEG MACH tlO 

239. 135. 97. 317. 45. 123. 402. 8.0 0.376 75.7 1.504 
228. 135. 94. 310. 45. 119. 389. 8.7 0.364 76.1 1.496 
220. 135. 94. 307. 45. 116. 38l. 9.4 0.356 76.3 1.489 
201. 135. 93. 305. 45. 112. 366. 11.6 0.343 76.8 1.469 
222. 135. 93. 306. 45. 116. 382. 9.0 0.357 76.3 1.492 
209. 135. 95. 31l. 45. 115. 376. 11.1 0.352 76.4 1.474 
290. 135. 97. 319. 45. 134. 441. 2.7 0.413 74.7 1.563 
301- 135. 105. 343. 45. 142. 466. 3.7 0.437 73.8 1.561 
38l. 135. 116. 382. 45. 168. 552. 0.1 0.525 71.3 1.637 
404. 135. 113. 372. 45. 171. 562. -2.4 0.539 71.2 1.673 
404. 135. 116. 379. 45. 173. 567. -1.8 0.543 71.0 1.669 
403. 135. 116. 379. 45. 173. 566. -1.8 0.542 71.0 1.668 
405. 135. 115. 376. 45. 172. 565. -2.1 0.542 71.1 1.672 
386. 135. 113. 370. 45. 167. 547. -1.2 0.522 71.6 1.651 
397. 135. 113. 372. 45. 170. 557. -1.9 0.533 71.3 1.664 
399. 135. 113. 372. 45. 170. 558. -2.0 0.535 71.3 1.667 
403. 135. 112. 368. 45. 170. 558. -2.6 0.536 71.4 1.675 
403. 135. 112. 366. 45. 170. 557. -2.8 0.535 71.4 1.676 
399. 135. 109. 359. 45. 167. 549. -3.0 0.527 71. 7 1.675 
384. 135. 109. 357. 45. 163. 536. -2.1 0.513 72.0 1.657 
374. 135. 107. 352. 45. 160. 526. -1.7 0.501 72.3 1.647 
361- 135. 105. 344. 45. 156. 510. -1.4 0.485 72.7 1.635 
337. 135. 103. 337. 45. 149. 488. -0.0 0.461 73.3 1.609 
315. 135. 100. 329. 45. 142. 466. 1.2 0.439 73.9 1.587 
303. 135. 98. 321. 45. 138. 452. 1.7 0.425 74.4 1. 578 
283. 135. 97. 318. 45. 133. 435. 3.3 0.407 74.8 1.555 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER OI\TA 

tv 
85't SPAN 10m SPEED NEAR SlIRGE X/B :: -.1 PASSAGE NO. 15 

0 
tv STD 0" Y RPM'" 12470.4, RADIUS = 39.050 CM, PH I :: - 14 . 6 DE G , STD OAY TTREl :: 417. OEG K, UPSTREAM TTABS :: 275. DEG K 

15.374 IN 751. DEG R 495. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED RETA I\RSOLlJTE BETA PRHlE RELATIVE 
MPS FPS OEG ~lPS FPS OEG NPS FPS OEG ',1ACH NO DEG t1A01 NO 

PRFSSURE SlOE 
2.4 138. 453. 135. 133. 437. 45. 196. 6<14. -1.0 0.621 68.4 1.691 
6.2 137. 449. 135. 135. 444. 45. 197. 646. -0.3 0.622 68.3 1.681 

10.0 141. 464. 135. 135. 444. 45. 200. 657. -1.3 0.636 68.1 1.702 
13.8 152. 499. 135. 139. 456. 45. 211. 691. -2.6 0.675 67.3 1. 745 
17.6 150. 491. 135. 138. 454. 45. 208. 684. -2.2 0.666 67.4 1. 735 
21.4 145. 477. 135. 136. 447. 45. 204. 669. -1.9 0.649 67.8 1. 719 
25.2 145. 476. 135. 136. 446. 45. 203. 667. -1.9 0.648 67.9 1.718 
29.0 142. 466. 135. 137. 448. 45. 202. 662. -1.1 0.640 67.9 1.702 
32.8 134. 440. 135. 136. 446. 45. 195. 641. 0.4 0.615 68.3 1.667 
36.6 133. 436. 135. 132. 433. 45. 192. 629. -0.2 0.604 68.8 1.670 
40.4 133. 437. 135. 135. 444. 45. 194. 638. 0.5 0.612 68.4 1.665 
44.2 127. 417. 135. 131. 430. 45. 187. 613. 0.9 0.586 69.2 1.646 
48.0 123. 403. 135. 129. 423. 45. 182. 598. 1.4 0.569 69.6 1.631 
51.8 113. 372. 135. 128. 419. 45. 175. 573. 3.4 0.542 70.2 1. 593 
55.6 106. 347. 135. 125. 411- 45. 167. 549. 4.8 0.517 70.8 1.566 
59.4 97. 319. 135. 123. 403. 45. 159. 523. 6.6 0.491 71.5 1.536 
63.2 89. 292. 135. 118. 386. 45. 150. 491. 7.9 0.460 72.5 1.513 
67.0 77. 251. 135. 115. 378. 45. 139. 455. 11.4 0.427 73.4 1.470 
70.8 73. 239. 135. 111. 365. 45. 133. 437. 11.8 0.410 74.1 1.464 
74.6 77. 251. 135. 112. 369. 45. 137. 449. 10.8 0.421 73.7 1.475 
78.4 87. 284. 135. 116. 380. 45. 146. 481. 8.2 0.450 72.8 1.507 
82.2 116. 380. 135. 129. 422. 45. 177 • 58l. 3.0 0.550 69.9 1.601 
86.0 131. 431- 135. 127. 418. 45. 187. 615. -0.9 0.590 69.3 1.672 
89.8 133. 435. 135. 128. 419. 45. 188. 618. -1.1 0.594 69.2 1.676 
93.6 130. 428. 135. 128. 420. 45. 187. 614. -0.5 0.589 69.3 1.666 
97.4 129. 423. 135. 128. 421. 45. 186. 61l. -0.1 0.585 69.3 1.659 

SUCTIOU SlOE 

, ....... 



--
to 
o 
w 

STn DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
0.9 106. 
4.7 121. 
8.5 124. 

12.3 124. 
16.1 126. 
19.9 128. 
23.7 127. 
27.5 124. 
31.3 131. 
35.1 128. 
38.9 126. 
42.7 127. 
46.5 121. 
50.3 122. 
54.1 117. 
57.9 115. 
61. 7 112. 
65.5 120. 
69.3 111. 
73.1 108. 
76.9 105. 
80.7 100. 
84.5 94. 
88.3 90. 
92.1 84. 

SlICTION SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC HlETER 01\ r /\ 

851 SPAN 1001, SPEED NEAR SURGE XIB = 0.0 PASSI\GE NO. 15 

RADIUS = 38.923 CM, PHI = - 14. 6 DE G, STD DI\Y TTREL = 417. nEG K. UPSTREAM TTABS = 274. DEG K 
15.324 IN 750. DEI. R 493. DEG R 

Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED RHA ABSOLUTE BETA PRmE RELI\TIVE 
FPS DEG MPS Frs DEG MPS FPS DEG MACH NO DEG W\CH tlO 

347. 135. 128. 420. 45. 170. 556. 5.4 0.524 70.4 1.555 
397. 135. 119. 389. 45. 17t1. 570. -0.6 0.544 70.6 1.639 
407. 135. 123. 402. 45. 179. 587. -0.4 0.561 70.1 1.644 
408. 135. 122. 399. 45. 178. 585. -0.6 0.560 70.1 1.647 
415. 135. 123. 403. 45. 181. 593. -0.8 0.568 69.9 1.654 
420. 135. 117. 384. 45. 178. 583. -2.6 0.561 70.4 1.672 
416. 135. 118. 388. 45. 178. 583. -2.0 0.560 70.4 1.665 
408. 135. 121. 396. 45. 178. 583. -0.9 0.558 70.2 1.649 
430. 135. 115. 376. 45. 178. 585. -3.8 0.565 70.5 1.691 
419. 135. 116. 381- 45. 177 • 580. -2.7 0.558 70.5 1.673 
412. 135. 111. 365. 45. 172. 564. -3.5 0.543 71.1 1.674 
418. 135. 117. 383. 45. 177 • 58l. -2.5 0.559 70.5 1.670 
397. 135. 115. 377. 45. 171- 561- -1.5 0.537 71.0 1.646 
400. 135. 117 • 383. 45. 173. 568. -1.2 0.543 70.7 1.646 
383. 135. 115. 378. 45. 168. 552. -0.4 0.525 71.2 1.627 
378. 135. 117 • 384. 45. 168. 553. 0.5 0.525 71.1 1.617 
367. 135. 116. 379. 45. 165. 541. 0.9 0.513 71.4 1.606 
394. 135. 121. 397. 45. 175. 574. 0.2 0.546 70.4 1.630 
364. 135. 116. 381- 45. 165. 540. 1.3 0.512 71.4 1.600 
354. 135. 124. 408. 45. 168. 553. 4.1 0.521 70.7 1.571 
346. 135. 123. 404. 45. 166. 544. 4.4 0.512 70.9 1.564 
328. 135. 133. 436. 45. 169. 554. 8.0 0.521 70.2 1.523 
309. 135. 136. 447. 45. 167. 548. 10.3 0.515 70.1 1.493 
294. 135. 149. 489. 45. 173. 568. 14.0 0.536 69.0 1.453 
276. 135. 150. 492. 45. 170. 557. 15.7 0.527 69.1 1.430 

-..,.. .. 



J\PPEtlDfX 0 (Cnnt'd) 

LI\SER f)OPPLER VEtOC WETER OATI\ 

85% SPAN lam SpeED 
N 

IIEflR SURGE X/R = .26 PJ\SSJ\GE NO. 15 

0 
~ SlO OAY RPM = 12470.4, RADIUS = 38.590 CM, PI! I ,., - 1 t1. 6 DE r" STO DI\Y TTREL = 414. OEG K. UPSTREI\r1 TTfI11S = ?75. DEG l( 

15.193 HI 746. OEG R 49:5. DEr, R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZHI\2 VZ--CORRECTED nETA J\nSOLlITE £lETA PRItlE RELJ\TIVE 
MPS FPS DEG MPS FPS DEG MPS Frs DEG MACH NO DEG '11\CII NO 

PRESSURE SIDE 
12.6 235. 772. 60. 208. 682. 15. 179. 586. 44.0 0.681 60.9 1.022 
16.7 235. 772. 60. 213. 698. 15. 175. 574. 45.6 0.682 60.9 0.999 
20.7 233. 765. 60. 219. 720. 15. 167. 549. 48.3 0.681 61.3 0.961 
24.8 230. 755. 60. 221. 725. 15. 162. 531- 49.7 0.675 61.9 0.9-14 
28.9 228. 748. 60. 218. 714. 15. 161. 5{,9. 49.3 0.668 62.2 0.953 
32.9 222. 727. 60. 213. 699. 15. 156. 511. 49.8 0.651 63.3 0.954 
37.0 216. 709. 60. 205. 672. 15. 154. 505. 48.8 0.634 64.1 0.975 
41.0 164. 539. 105. 179. 587. 60. 186. 610. 13.4 0.577 67.3 1.453 
45.1 181- 594. 105. 171. 560. 60. 195. 640. 3.4 0.609 67.7 1.604 
49.2 186. 611. 105. 171- 561- 60. 199. 652. 1.6 0.624 67.6 1.637 
53.2 187. 614. 105. 172. 565. 60. 200. 656. 1.8 0.628 67.5 1.637 
57.3 189. 619. 105. 175. 573. 60. 202. 663. 2.2 0.634 67.2 1.634 
61.3 189. 621- 105. 177. 581. 60. 203. 667. 2.9 0.637 66.9 1.625 
65.4 193. 633. 105. 179. 587. 60. 207. 678. 2.3 0.650 66.7 1.640 
69.5 194. 635. 105. 181. 594. 60. 20n. 682. 2.9 0.653 66.5 1.633 
73.5 196. 644. 105. 183. 602. 60. 211- 692. 2.8 0.663 66.2 1.639 
77.6 199. 652. 105. 187. 613. 60. 214. 702. 3.2 0.672 65.8 1.638 
81.6 202. 662. 105. 189. 619. 60. 217. 711- 2.9 0.683 65.6 1.649 
85.7 204. 670. 105. 192. 629. 60. 220. 72l. 3.1 0.692 65.2 1.650 
89.8 207. 679. 105. 194. 637. 60. 223. 730. 3.1 0.702 64.9 1.656 
93.8 211. 693. 105. 197. 646. 60. 227. 744. 2.7 0.717 64.6 1.671 

SUCTION SlOE 

~ 



-....i 

t-.) 
o 
Ut 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
6.7 237. 

11.0 239. 
15.2 239. 
19.5 241. 
23.8 243. 
28.0 241. 
32.3 242. 
36.5 235. 
40.8 240. 
62.1 187. 
66.3 174. 
70.6 172. 
74.8 175. 
79.1 173. 
83.4 172. 
87.6 176. 
91.9 175. 
96.1 173. 

SUCTION SIDE 

APPENDIX n (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85~ SPAN 10m SPEED NEAR SURGE xIS '" .39 PASSAGE NO. 15 

RADIUS = 38.423 CM, PIlI '" - 14. 6 OE G. STO DAY TTREL '" 413. DEG K, UPSTREAH TTr.RS = 275. DEG K 
15.127 IN 744. OEG R 495. OEG R 

C1 ZETAl C2 C2 ZETA2 VZ--COR RECTE D BETA ABSOLUTE BETA PRHlE RELATIVE 
FPS DEG HPS FI'S OEG t1PS FPS nEG r4ACH NO OEG r,r.CH tW 

778. 60. 179. 586. 15. 202. 664. 33.7 0.689 60.3 1.169 
785. 60. 179. 587. 15. 205. 673. 33.3 0.696 60.0 1.175 
784. 60. 184. 604. 15. 201. 659. 35.1 0.693 60.1 1.147 
790. 60. 194. 637. 15. 196. 644. 38.0 0.695 59.8 1.103 
797. 60. 194. 638. 15. 199. 653. 37.5 0.702 59.5 1.110 
790. 60. 200. 656. 15. 192. 630. 39.9 0.695 59.8 1.075 
794. 60. 202. 664. 15. 192. 630. 40.4 0.698 59.7 1.067 
170. 60. 205. 673. 15. 180. 590. 43.3 0.679 60.8 1.029 
789. 60. 206. 677. 15. 187. 613. 42.0 0.694 59.9 1.043 
614. 60. 157. 515. 15. 148. 486. 40.5 0.544 67.8 1.110 
572. 105. 174. 571- 60. 191- 628. 7.4 0.594 67.5 1.538 
563. 105. 168. 552. 60. 187. 614. 6.1 0.581 68.1 1.550 
573. 105. 170. 559. 60. 190. 624. 5.8 0.591 67.8 1.558 
569. 105. 172. 565. 60. 190. 624. 7.0 0.589 67.7 1.541 
564. 105. 173. 568. 60. 189. 621- 8.0 0.587 67.6 1.527 
578. 105. 174. 571. 60. 193. 632. 6.7 0.598 67.4 1.550 
575. 105. 176. 578. 60. 193. 633. 7.9 0.598 67.2 1.533 
567. 105. 178. 583. 60. 192. 629. 9.4 0.594 67.1 1.510 

-



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIt~ETER DATA 

N 85~ SPAN 10m SPEED 
0 

NEAR SURGE X/B = .52 PASSAGE NO. 15 
0\ 

SID DAY RPf~ = 12470.4, RADIUS = 38.257 OM, PHI = -14.6 DEG, STD DAY TTREL = 412. DEG K, UPSTREI\M HABS = 275. DEr. K 
15.062 IN 742. DEG R 495. DEG R 

PERCEtIT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRmE RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG ~'ACII NO DEG r,.n.CH NO 

PRESSURE SIDE 
6.6 225. 739. 60. 198. 651. 15. 171. 562. 43.8 0.653 62.2 1.025 

11. 1 228. 747. 60. 185. 606. 15. 185. 606. 38.4 0.658 61.6 1.100 
15.6 229. 750. 60. 184. 605. 15. 186. 61l. 30.0 0.661 61.5 1 .1 O~ 
20.1 235. 770. 60. 185. 606. 15. 194. 638. 36.11 0.679 60.6 1.1211-
24.6 235. 770. 60. 181. 595. 15. 197. 646. 35.3 0.6AO 60.5 1.141 
29.1 238. 782. 60. 183. 602. 15. 200. 658. 35.1 0.691 60.0 1.144 
33.6 240. 787. 60. 184. 604. 15. 202. 663. 34.9 0.696 59.8 1.146 
38.1 239. 785. 60. 189. 619. 15. 198. 650. 36.6 0.692 59.9 1.121 
42.7 244. 799. 60. 194. 635. 15. 200. 658. 37.1 0.704 59.3 1.112 
47.2 245. 803. 60. 188. 617. 15. 206. 676. 35.0 0.710 59.1 1.144 
51. 7 245. 803. 60. 200. 655. 15. 198. 649. 38.7 0.707 59.1 1.086 
56.2 237. 776. 60. 204. 670. 15. 183. 600. 42.5 0.684 60.4 1.035 
60.7 243. 797. 60. 203. 667. 15. 193. 632. 40.4 0.701 59.4 1.062 
65.2 245. 805. 60. 205. 673. 15. 195. 639. 40.3 0.708 59.0 1.061 
69.7 235. 770. 60. 202. 664. 15. 182. 596. 42.4 0.679 60.6 1.037 
78.7 214. 701. 60. 172. 564. 15. 174. 572. 37.8 0.619 63.7 1.116 
83.2 206. 675. 60. 162. 533. 15. 170. 558. 36.7 0.597 64.8 1.137 
87.7 189. 619. 60. 152. 500. 15. 154. 504. 38.1 0.548 67.3 1.132 
92.3 175. 573. 60. 148. 484. 15. 137. 451. 41.0 0.510 69.5 1.114 

SUCTION SIDE 

--e 



tv 
o 
-.l 

STO DAY RPM == 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
2.6 217. 
6.9 216. 

11.1 218. 
15.4 216. 
19.6 217. 
23.8 217. 
28.1 220. 
32.3 223. 
36.6 224. 
40.8 227. 
45.0 228. 
49.3 231. 
53.5 237. 
57.8 237. 
62.0 243. 
66.2 247. 
70.5 244. 
74.7 248. 
79.0 252. 
83.2 251. 
87.5 253. 
91. 7 258. 

SUCTION SIDE 

APPENDIX D {Cont'd) 

LASER DOPPLER VElOCIMETER DATA 

851, SPAN 10m SPEED NEAR SURGE X/B == .78 PASSAGE NO. 15 

RADIUS == 37.925 CM, PHI = -14.6 DEG, STO DAY TTREL == 410. DEG K. UPSTREAr4 TTABS = 275. DEG K 
14.931 IN 738. DEG R 495. DEG R 

C1 ZETA 1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRHlE RELATIVE 
FPS DEG MPS FPS DEG t4PS FPS DEG MACH NO DEG t1ACH NO 

713. 60. 210. 688. o. 133. 436. 58.2 0.669 63.9 0.820 
708. 60. 199. 652. o. 138. 452. 55.9 0.655 64.0 0.857 
714. 60. 182. 597. O. 150. 491- 51.2 0.645 63.4 0.921 
709. 60. 179. 588. O. 150. 491- 50.8 0.640 63.6 0.928 
711. 60. 176. 578. O. 152. 499. 49.9 0.639 63.5 0.941 
712. 60. 172. 563. O. 155. 509. 48.6 0.637 63.4 0.958 
722. 60. 173. 568. O. 158. 518. 48.3 0.646 62.9 0.958 
730. 60. 169. 555. O. 163. 535. 46.7 0.650 62.4 0.977 
734. 60. 166. 543. n 167. 547. 45.5 0.651 62.1 0.994 v. 

745. 60. 166. 543. O. 171. 560. 44.8 0.660 61.6 1.000 
749. 60. 165. 540. O. 173. 566. 44.3 0.663 61.4 1.006 
759. 60. 167. 549. O. 175. 573. 44.5 0.672 60.9 1.001 
778. 60. 165. 541. O. 183. 600. 42.7 0.686 59.9 1.022 
776. 60. 169. 553. O. 180. 590. 43.8 0.685 60.0 1.006 
798. 60. 168. 551- O. 188. 618. 42.4 0.703 59.0 1.022 
811. 60. 174. 570. O. 190. 622. 43.2 0.715 58.3 1.008 
800. 60. 171. 560. o. 187. 615. 43.0 0.705 58.9 1.013 
813. 60. 167. 549. O. 194. 637. 41.4 0.716 58.3 1.034 
827. 60. 160. 526. O. 203. 667. 38.9 0.728 57.6 1.071 
823. 60. 158. 519. O. 203. 666. 38.6 0.725 57.8 1.077 
831. 60. 151. 497. O. 210. 689. 36.5 0.733 57.5 1.110 
847. 60. 155. 508. O. 214. 70l. 36.6 0.747 56.8 1.107 
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APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED NEAR SURGE x/s = 1.1 PASSAGE NO. 15 

STD DAY RPM = 12470.4, RADIUS = 37.516 CM, PHI = -14.6 DEG, STD DAY TTREL = 407. DEG K, UPSTREAM TTABS = 275. DEG K 
14.770 IN 733. DEG R 495. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG ~IPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
3.6 217. 712. 60. 253. 83l. o. 107. 350. 67.6 0.726 64.4 0.659 
7.4 222. 729. 60. 226. 740. O. 129. 424. 60.7 0.697 62.7 0.761 

11.2 226. 741. 60. 199. 653. O. 149. 490. 53.8 0.677 61.7 0.861 
15.0 227. 744. 60. 194. 638. O. 153. 502. 52.4 0.676 61.5 0.880 
18.8 228. 747. 60. 195. 639. O. 154. 505. 52.3 0.678 61.3 0.880 
22.6 229. 752. 60. 194. 637. O. 156. 512. 51.8 0.681 61.0 0.885 
26.4 228. 748. 60. 192. 630. O. 156. 512. 51.6 0.677 61.2 0.891 
30.2 228. 748. 60. 190. 625. O. 157. 515. 51.2 0.675 61.2 0.896 
34.0 227. 744. 60. 188. 618. O. 157. 514. 50.9 0.671 61.4 0.902 
37.8 226. 742. 60. 186. 610. o. 157. 517. 50.4 0.668 61.5 0.910 
41.6 226. 740. 60. 186. 611. O. 157. 514. 50.6 0.667 61.6 0.908 
45.4 225. 738. 60. 183. 60l. O. 158. 517. 50.0 0.664 61. 7 0.918 
49.2 225. 739. 60. 183. 600. O. 158. 519. 49.8 0.664 61.6 0.92U 
53.0 226. 741. 60. 182. 598. O. 159. 522. 49.5 0.665 61.5 0.923 
56.8 225. 739. 60. 183. 599. O. 158. 519. 49.7 0.664 61.6 0.921 
60.6 227. 745. 60. 185. 606. O. 159. 522. 49.9 0.670 61.3 0.916 
64.4 228. 747. 60. 186. 611. O. 159. 522. 50.2 0.672 61.2 0.912 
68.2 229. 75l. 60. 189. 619. O. 159. 522. 50.5 0.676 61.0 0.905 
72.0 229. 750. 6U. 192. 629. o. 157. 515. 51.4 0.678 61.1 0.893 
75.8 229. 751. 60. 191. 626. O. 158. 518. 51.1 0.678 61.0 0.897 
79.6 231. 757. 60. 190. 625. O. 160. 525. 50.6 0.682 60.7 0.901 
83.4 232. 762. 60. 187. 615. o. 164. 537. 49.5 0.683 60.4 0.916 
87.2 232. 761. 6U. 187. 614. o. 164. 537. 49.5 0.683 60.5 U.916 
91.0 235. 770. 60. 197. 645. O. 16l. 529. 51.3 0.695 60.0 0.886 
94.8 239. 785. 60. 199. 654. o. 165. 541. 51.0 0.707 59.2 0.885 
98.6 230. 753. 60. 253. 829. o. 122. 400. 64.8 0.744 61.4 0.681 

SUCTION SIDE 
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STD OAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
2.2 130. 
6.0 127. 
9.8 123. 

13.6 120. 
17.4 115. 
21.2 110. 
25.0 107. 
28.8 106. 
32.6 112. 
36.4 123. 
40.2 135. 
44.0 135. 
47.8 135. 
51.6 136. 
55.4 138. 
59.2 139. 
63.0 142. 
66.8 144. 
70.6 145. 
74.4 151. 
78.2 157. 
82.0 160. 
85.8 159. 
89.6 155. 
93.4 153. 
97.2 148. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

85% SPAN 10m SPEED PEAK EFF xis = -.3 PASSAGE NO. 31 

RAOIUS = 39.306 CM, PH I = - 14 . 6 DE G. STD DAY TTPEL = 419. OEG K, UPSTREAH TTABS = 271. OEG K 
15.475 IN 751l. DEG R 4R7. DEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRH1E RElATIVE 
FPS DEG MPS FPS DEG MPS FPS DEG r1ACIl NO DEG HACH NO 

426. 135. 132. 432. 45. 19l. 626. 0.4 0.600 68.9 1.669 
417. 135. 131. 429. 45. 188. 617. 0.8 0.590 69.2 1.658 
403. 135. 129. 422. 45. 184. 602. 1.3 0.574 69.6 1.643 
393. 135. 125. 411. 45. 179. 587. 1.3 0.558 70.1 1.637 
378. 135. 124. 407. 45. 175. 573. 2.1 0.543 70.4 1.619 
361. 135. 121. 398. 45. 169. 554. 2.8 0.524 70.9 1.603 
350. 135. 118. 388. 45. 164. 539. 2.9 0.508 71.4 1.595 
348. 135. 118. 386. 45. 163. 536. 3.0 0.506 71.5 1.593 
368. 135. 120. 393. 45. 169. 555. 1.9 0.526 71.0 1.615 
404. 135. 126. 414. 45. 182. 597. 0.7 0.570 69.8 1.650 
442. 135. 13l. 431. 45. 194. 637. -0.7 0.613 68.7 1.692 
444. 135. 132. 434. 45. 195. 641. -0.7 0.617 68.6 1.693 
444. 135. 133. 437. 45. 196. 643. -0.5 0.619 68.5 1.691 
445. 135. 134. 441. 45. 197. 647. -0.3 0.622 68.4 1.690 
453. 135. 134. 440. 45. 199. 652. ··0.8 0.629 68.3 1.702 
457. 135. 136. 445. 45. 201. 658. -0.8 0.635 68.1 1.704 
465. 135. 137. 451- 45. 204. 668. -0.9 0.646 67.8 1.712 
471. 135. 139. 457. 45. 206. 677. -0.9 0.656 67.6 1.717 
476. 135. 142. 467. 45. 210. 688. -0.5 0.666 67.2 1.719 
496. 135. 147. 481- 45. 217. 713. -0.9 0.694 66.5 1.740 
516. 135. 149. 489. 45. 224. 733. -1. 5 0.718 66.0 1.765 
524. 135. 151. 496. 45. 227. 744. -1.6 0.730 65.7 1. 773 
522. 135. 150. 493. 45. 226. 741. -1.6 0.726 65.8 1.772 
508. 135. 146. 480. 45. 220. 721. -1.6 0.704 66.4 1.758 
501. 135. 144. 471. 45. 216. 709. -1.8 0.692 66.8 1.753 
485. 135. 139. 457. 45. 210. 687. -1.7 0.669 67.4 1.738 

lI/wIt~i:~~ 



APPENDIX D (Cont'd) 

N LASER DOPPLER VELOCIMETER PATA ..... 
0 

85'1 SPAN 10m; SPEED PEAK EFF X/S " -.2 PASSAGE NO. 31 

SID DAY RPM = 12470.4, RADIUS = 39.179 eM, PH I = -14.6 DE G , SiD DAY TTREL = 418. DEG K, UPSTREAM TTAns = 271. OEGK 
15.425 IN 753. OEG R 487. OEG R 

PERCENT GAP C1 Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIHE RELATIVE 
MrS FPS DEG MPS Frs DEG MPS Frs OEG MACH NO DEG ~'ACfl NO 

PRESSURE SlOE 
0.5 141. 462. 135. 133. 437. 45. 200. 656. -1.6 0.635 68.2 1.710 
4.3 138. 453. 135. 132. 434. 45. 197. 647. -1. 2 0.625 68.4 1.700 
8.1 134. 440. 135. 13l. 430. 45. 194. 635. -0.7 0.611 68.7 1.6R4 

11.9 129. 422. 135. 129. 422. 45. 188. 616. -0.0 0.590 69.2 1.664 
15.7 122. 401. 135. 126. 414. 45. 181 • 595. 0.9 0.567 69.8 1.640 
19.5 115. 378. 135. 123. 405. 45. 174. 571. 2.0 0.542 70.4 1.615 
23.3 108. 355. 135. 121. 396. 45. 167. 548. 3.1 0.517 71.0 1.591 
27.1 100. 328. 135. 117 • 385. 45. 159. 520. 4.6 0.489 71.8 1.563 
30.9 94. 310. 135. 114. 375. 45. 152. 500. 5.4 0.469 72.4 1.547 
34.7 91. 299. 135. 113. 372. 45. 149. 490. 6.2 0.459 72.7 1.535 
38.5 98. 322. 135. 116. 381. 45. 156. 513. 4.8 0.482 72.0 1.558 
42.3 122. 401. 135. 124. 407. 45. 180. 590. 0.4 0.562 70.0 1.644 
46.1 130. 428. 135. 130. 428. 45. 190. 625. -0.0 0.599 69.0 1.668 
49.9 132. 434. 135. 131. 429. 45. 192. 630. -0.3 0.605 68.9 1.676 
53.7 131. 430. 135. 131. 431. 45. 192. 628. 0.1 0.602 68.8 1.669 
57.5 132. 433. 135. 132. 433. 45. 193. 632. -0.0 0.606 68.7 1.672 
61.3 135. 443. 135. 134. 438. 45. 196. 643. -0.3 0.618 68.5 1.683 
65.1 138. 453. 135. 135. 443. 45. 199. 654. -0.6 0.630 68.2 1.694 
68.9 144. 472. 135. 138. 452. 45. 206. 674. -1.2 0.653 67.6 1.716 
72.7 149. 489. 135. 141. 463. 45. 212. 695. -1.6 0.676 67.1 1.734 
76.5 155. 509. 135. 145. 476. 45. 219. 719. -1.9 0.703 66.4 1.756 
80.3 161. 529. 135. 148. 487. 45. 226. 74l. -2.4 0.729 65.9 1.780 
84.1 162. 530. 135. 148. 487. 45. 226. 742. -2.4 0.730 65.8 1.782 
87.9 162. 530. 135. 148. 484. 45. 226. 740. -2.6 0.728 65.9 1.783 
91. 7 158. 520. 135. 146. 479. 45. 222. 729. -2.4 0.715 66.2 1.771 
95.5 158. 518. 135. 143. 470. 45. 220. 721. -2.8 0.708 66.5 1. 773 
99.3 157. 515. 135. 141. 463. 45. 218. 714. -3.0 0.701 66.8 1.773 

sueT ION SlOE 

-



JlJlPEIJOIX 0 (Cont'd) 

LASER DOPPLER VELOCmETER D/\T/\ 

85'}; SPAN lOUt SPEEO PE/\K EFF X/B = -.1 PASSAGE NO. 31 

STO O/\Y RPM"" 12470.4. RADIUS"" 39.050 OM, PH I = - 14 .6 DE G • STD DAY TTREL = 417. DEG K, UPSTREAr1 HABS = 274. DEG K 
15.374 IN 751. DEG R 493. OEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED [lETA ABSOLUTE RETA PRIME RELATIVE 
MPS FPS DEG MPS FPS nEG r1PS FPS OEG M/\CH NO DEG H/\CIl NO 

PRESSURE SIDE 
2.6 130. 426. 135. 134. 439. 45. 191. 627. 0.9 0.600 68.7 1.653 
6.4 131- 429. 135. 135. 444. 45. 193. 633. 1.0 0.606 68.5 1.654 

10.2 133. 436. 135. 136. 445. 45. 195. 639. 0.6 0.613 68.4 1.663 
14.0 134. 441. 135. 137. 449. 45. 197. 646. 0.5 0.620 68.2 1.668 
17.8 138. 454. 135. 137. 450. 45. 200. 656. -0.3 0.632 68.0 1.685 
21.6 141. 462. 135. 138. 452. 45. 202. 663. -0.6 0.640 67.8 1.695 
25.4 140. 460. 135. 137. 448. 45. 201- 659. -0.8 0.636 68.0 1.695 
29.2 138. 454. 135. 137. 449. 45. 200. 655. -0.3 0.631 68.0 1.686 
33.0 136. 447. 135. 138. 452. 45. 199. 652. 0.3 0.627 68.0 1.674 
36.8 136. 446. 135. 137. 451. 45. 198. 651. 0.3 0.625 68.1 1.674 
40.6 133. 437. 135. 137. 448. 45. 196. 642. 0.7 0.615 68.3 1.663 
44.4 131. 429. 135. 137. 448. 45. 194. 636. 1.2 0.609 68.4 1.652 
48.2 129. 422. 135. 134. 440. 45. 19l. 625. 1.2 0.597 68.7 1.647 
52.0 125. 410. 135. 134. 438. 45. 187. 615. 1.9 0.586 69.0 1.632 
55.8 119. 391. 135. 130. 426. 45. 181. 593. 2.5 0.563 69.6 1.614 
59.6 114. 375. 135. 127. 416. 45. 175. 574. 3.0 0.543 70.2 1.599 
63.4 109. 356. 135. 123. 405. 45. 168. 552. 3.7 0.521 70.8 1.581 
67.2 105. 345. 135. 122. 399. 45. 164. 540. 4.2 0.509 71.2 1.571 
71.0 105. 346. 135. 123. 402. 45. 165. 543. 4.3 0.511 71.0 1.570 
74.8 126. 415. 135. 129. 423. 45. 185. 608. 0.5 0.581 69.4 1.648 
78.6 138. 452. 135. 137. 449. 45. 199. 653. -0.2 0.629 68.0 1.683 
82.4 139. 456~ 135. 138. 453. 45. 201- 659. -0.2 0.635 67.9 1.686 
86.2 140. 460. 135. 138. 454. 45. 202. 663. -0.4 0.639 67.8 1.691 
90.0 141. 463. 135. 140. 458. 45. 204. 668. -0.3 0.645 67.6 1.693 
93.8 142. 465. 135. 141- 462. 45. 205. 672. -0.2 0.649 67.5 1.694 
97.6 143. 469. 135. 141- 464. 45. 206. 677. -0.3 0.654 67.4 1.698 

SUCTION SIDE 
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APPENDIX 0 (Cont'd) 

LASER DOPPLER VEtOC mETER DATA 

85% SPAN 1001. SPEED PEAK EFF XIB = 0.0 Pll.SSAGE NO. 31 
IV 

STD OAY RPr" = 12470.4, RADIUS = 38.923 CM, PHI '" -14.6 nEG, STD DAY TTREL = 417. nEG K, UPSTREAf1 TT A/3S '" 271. OEG K 
IV 15.324 IN 750. OEr, R 493. OEG R 

PERCEtIT GAP Cl C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRI11E RELATIVE 
MPS FPS OEG MPS FPS OEG HPS FPS nEG t1AO! NO OEG 111\[11 NO 

PRESSURE SIDE 
1.1 134. 438. 135. 135. 444. 45. 195. 640. 0.4 0.613 68.3 1.661 
4.9 134. 438. 135. 137. 450. 45. 196. 644. 0.8 0.617 68.1 1.658 
8.7 136. 445. 135. 138. 453. 45. 199. 651. 0.5 0.625 68.0 1.665 

12.5 135. 442. 135. 138. 453. 45. 198. 649. 0.7 0.623 68.0 1.661 
16.3 136. 446. 135. 139. 457. 45. 200. 655. 0.7 0.629 67.8 1.665 
20.1 137. 449. 135. 140. 460. 45. 20l. 659. 0.7 0.633 67.7 1.667 
23.9 137. 451. 135. 139. 456. 45. 20l. 658. 0.3 0.632 67.8 1.672 
27.7 138. 453. 135. 140. 459. 45. 202. 661. 0.4 0.636 67.7 1.673 
31. 5 139. 456. 135. 141. 462. 45. 203. 666. 0.4 0.640 67.5 1.676 
35.3 141. 462. 135. 141. 462. 45. 204. 670. -0.0 0.646 67.4 1.684 
39.1 142. 467. 135. 141. 461- 45. 205. 673. -0.4 0.650 67.4 1.692 
42.9 147. 481. 135. 142. 465. 45. 209. 686. -1.0 0.665 67.1 1.709 
46.7 150. 493. 135. 141. 464. 45. 212. 694. -1.7 0.675 67.0 1.727 
50.5 148. 485. 135. 142. 466. 45. 210. 690. -1.1 0.669 67.0 1.714 
54.3 146. 479. 135. 141. 461. 45. 208. 682. -1.1 0.661 67.3 1.709 
58.1 144. 473. 135. 141. 464. 45. 207. 680. -0.6 0.657 67.2 1.698 
61.9 142. 465. 135. 143. 470. 45. 207. 678. 0.3 0.653 67.2 1.684 
65.7 142. 465. 135. 142. 467. 45. 206. 676. 0.1 0.652 67.3 1.685 
69.5 140. 460. 135. 143. 468. 45. 205. 673. 0.5 0.648 67.3 1.678 
73.3 138. 452. 135. 143. 469. 45. 204. 668. 1.1 0.641 67.4 1.666 
77 .1 137. 448. 135. 143. 468. 45. 203. 664. 1.3 0.637 67.4 1.661 
80.9 136. 445. 135. 143. 468. 45. 202. 662. 1.4 0.635 67.5 1. 657 
84.7 132. 434. 135. 143. 470. 45. 200. 656. 2.3 0.627 67.6 1. 641 
88.5 128. 420. 135. 142. 466. 45. 196. 643. 3.0 0.612 67.9 1.624 
92.3 121. 396. 135. 142. 467. 45. 191. 626. 4.7 0.593 68.2 1.592 
96.1 109. 359. 135. 143. 469. 45. 183. 60l. 7.6 0.566 68.7 1. 543 

StJCTIOII SIDE 
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APPENDIX 0 (Cont'rI) 

LI\SER nOPPLER VELOC mETER OflTA 

85'1 SPAN lorn; SPHD PE ,~K Err X/B = .13 PASSAGE NO. 31 

STD DAY RPM = 12470.4, RADIUS = 38.755 CM, PH I = - 14 .6 DE G, STO DAY TTREL = 416. DEG K, UPSTREAr~ HAAS =: 274. DEG K 
15.258 IN 748. nEG R 493. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZET fI2 VZ--CORRECTED RETA ABSOLUTE RnA PRIflE RELATIVE 
MPS FPS OEG r·IPs ITS nEG ~1PS Frs DEG t1ACfl NO DEG 11M:!! NO 

PRESSURE SlOE 
10.9 178. 585. 105. 190. 625. 60. 201. 659. 12.1 0.624 65.9 1.494 
14.9 179. 586. 105. 182. 596. 60. 198. 649. 8.7 0.614 66.8 1.539 
18.9 181. 594. 105. 169. 554. flO. 195. 639. 2.7 0.609 68.0 1.620 
22.8 182. 598. 105. 169. 555. 60. 196. 642. 2.4 0.613 67.9 1.627 
26.8 184. 603. 105. 170. 559. 60. 197. 647. 2.3 0.618 67.8 1.631 
30.7 186. 610. 105. 172. 565. 60. 200. 655. 2.2 0.626 67.5 1.635 
34.7 188. 618. 105. 173. 567. 60. 202. 661- 1.6 0.633 67.4 1.649 
38.7 191. 626. 105. 174. 571. 60. 204. 668. 1.2 0.642 67.2 1.659 
42.6 193. 633. 105. 176. 577. 60. 206. 676. 1.1 0.649 67.0 1.663 
46.6 195. 640. 105. 178. 583. 60. 208. 683. 1.1 0.657 66.8 1.668 
50.5 196. 642. 105. 179. 588. 60. 209. 686. 1.4 0.660 66.7 1.664 
54.5 198. 651. 105. 181. 593. 60. 212. 695. 1.1 0.669 66.5 1.675 
58.4 199. 653. 105. 181. 595. 60. 212. 697. 1.1 0.672 66.4 1.676 
62.4 20l. 660. 105. 182. 598. 60. 214. 703. 0.7 0.679 66.3 1.686 
66.4 204. 668. 105. 184. 603. 60. 217. 711. 0.5 0.688 66.1 1.695 
70.3 206. 676. 105. 184. 604. 60. 219. 717. -0.2 0.696 66.0 1.710 
74.3 205. 671. 105. 184. 605. 60. 218. 714. 0.4 0.691 66.0 1.698 
78.2 205. 671. 105. 184. 603. 60. 217. 713. 0.2 0.691 66.0 1.701 
82.2 204. 669. 105. 185. 607. 60. 217. 713. 0.8 0.689 65.9 1.690 
86.2 202. 663. 105. 185. 607. 60. 216. 709. 1.4 0.683 66.0 1.677 
90.1 20l. 658. 105. 186. 609. 60. 215. 706. 2.2 0.679 65.9 1.664 
94.1 194. 638. 105. 186. 610. 60. 211. 692. 4.4 0.660 66.0 1.621 
98.0 193. 634. 105. 187. 613. 60. 210. 690. 5.2 0.658 66.0 1.608 

SUCTION SIDE 
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N'PEtIfHX D (Cont'd) 

LASER OOPPU:R VELOCHlETER DATA 

tv 
851, SPAN 10m; SPEED PEAK EFF x/n = .26 PASSAGE NO. 31 

.+:>. STO DA Y Rpr~ ::: 12470.4. RADIUS = 38.590 eM. PHI = -14.6 nEG. STD DAY TTREL = 414. OEG K. UPSTREAM TTARS = 276. DEG K 
15.193 IN 746. DEG R 4'H.OEGR 

PERcnn GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRInE RELATIVE 
MPS FPS OEG Mrs FPS OEG NPS Frs OEG HI\CH NO OEG r~I\CIl rlO 

PRESSURE SIDE 
8.8 122. 400. 105. 234. 768. 60. 176. 576. 44.8 0.677 61.2 1.013 

12.8 120. 395. 105. 235. 771- 60. 175. 574. 45.4 0.680 61.1 1.003 
16.9 120. 394. 105. 228. 747. 60. 172. 564. 44.3 0.658 62.2 1.026 
21.0 123. 402. 105. 225. 738. 60. 173. 566. 42.9 0.650 62.5 1.047 
25.0 130. 428. 105. 206. 676. 60. 171 • 562. 36.0 0.597 65.0 1.155 
29.1 168. 550. 105. 185. 606. 60. 190. 624. 14.2 0.591 66.7 1.450 
33.1 166. 546. 105. 164. 537. 60. 181. 595. 6.4 0.562 68.8 1.546 
37.2 167. 547. 105. 161. 529. 60. 181. 593. 5.2 0.560 69.0 1.560 
41.3 168. 551- 105. 163. 536. 60. 182. 598. 5.6 0.565 68.8 1.557 
45.3 170. 557. 105. 165. 542. 60. 184. 605. 5.6 0.572 68.6 1.559 
49.4 172. 565. 105. 165. 542. 60. 186. 611. 4.6 0.578 68.5 1.575 
53.4 174. 572. 105. 167. 548. 60. 188. 618. 4.5 0.586 68.3 1.579 
57.5 177. 581. 105. 169. 555. 60. 191. 627. 4.3 0.595 68.0 1.586 
61.6 181. 593. 105. 171. 561. 60. 195. 638. 3.7 0.607 67.8 1.600 
65.6 183. 601. 105. 176. 576. 60. 198. 650. 4.6 0.617 67.3 1.592 
69.7 187. 612. 105. 176. 578. 60. 20l. 658. 3.6 0.627 67.1 1.611 
73.7 189. 621. 105. 178. 583. 60. 203. 667. 3.1 0.636 66.9 1.622 
77.8 192. 631. 105. 181. 595. 60. 207. 678. 3.4 0.648 66.5 1.623 
81.9 195. 640. 105. 183. 602. 60. 210. 687. 3.3 0.658 66.2 1.630 
85.9 198. 650. 105. 184. 603. 60. 212. 695. 2.3 0.667 66.2 1.649 
90.0 202. 664. 105. 188. 616. 60. 216. 710. 2.3 0.683 65.7 1.657 
94.0 205. 672. 105. 193. 633. 60. 220. 722. 3.4 0.693 65.1 1.647 
98.1 207. 680. 105. 195. 639. 60. 223. 730. 3.2 0.702 64.9 1.654 

SUCTION SIDE 

,-&111 



,--' 

tv 

VI 

STO DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
2.7 159. 
7.0 163. 

11.2 161-
15.5 157. 
19.7 153. 
24.0 146. 
28.2 140. 
32.5 133. 
36.8 127. 
41.0 123. 
45.3 120. 
49.5 135. 
53.8 173. 
58.0 173. 
62.3 172. 
66.6 171-
70.8 171-
75.1 172. 
79.3 172. 
83.6 172. 
87.8 172. 
92.1 172. 
96.4 172. 

SUCTION SIDE 

JI.PPEW)IX 0 (Cont'd) 

LASER DOPPLER VELOC HlETER Of\[ r.. 

85~ SPAN 10m, SPEED PEAK EFF X/B = .39 PASSAGE NO. 31 

RAOIUS = 38.423 CM, PH I = - 14 . 6 DE G , STO OAY TTREL = 413. OEG K, UPSTREAM TTABS = 276. OEG K 
15.127 IN 7M. nEG R 497. DEG R 

Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED RET A MSOI UTE UETA PRH1E RElATIVE 
FPS DEG t~PS FPS DEG tWS Frs DEG I1J\CH NO nEG HACH NO 

523. 105. 243. 796. 60. 206. 675. 34.1 0.703 59.6 1.163 
534. 105. 244. 802. 60. 209. 686. 33.3 0.709 59.3 1.174 
527. 105. 246. B06. 60. 208. 682. 34.3 0.711 59.2 1.158 
514. 105. 246. 808. 60. 205. 673. 35.7 0.711 59.1 1.136 
501. 105. 247. 81l. 60. 203. 665. 37.2 0.713 5B.9 1.113 
479. 105. 247. B12. 60. 198. 650. 39.4 0.712 5B.9 1.079 
459. 105. 243. 797. 60. 192. 630. 40.5 0.699 59.6 1.065 
435. 105. 244. 799. 60. 187. 613. 43.0 0.702 59.5 1.027 
416. 105. 234. 769. 60. 179. 588. 43.2 0.676 60.9 1.030 
402. 105. 23l. 75B. 60. 175. 574. 44.0 0.668 61.5 1.021 
395. 105. 220. 723. 60. 169. 556. 42.8 0.637 63.1 1.048 
444. 105. 20l. 659. 60. 173. 567. 32.7 0.585 65.4 1.196 
568. 105. 166. 546. 60. 187. 614. 4.8 0.582 68.3 1.568 
568. 105. 165. 542. 60. 187. 613. 4.3 0.581 68.4 1. 575 
564. 105. 166. 544. 60. 186. 611. 5.0 0.578 68.4 1.564 
562. 105. 166. 545. 60. 186. 610. 5.4 0.577 68.4 1.558 
561. 105. 168. 550. 60. 186. 61l. 6.1 0.577 68.2 1.548 
563. 105. 167. 547. 60. 186. 61l. 5.5 0.578 68.3 1. 557 
563. 105. 169. 556. 60. 187. 615. 6.6 0.581 68.0 1.543 
565. 105. 171. 562. 60. 188. 618. 7.1 0.584 67.8 1.538 
565. 105. 173. 566. 60. 189. 620. 7.6 0.585 67.7 1.532 
563. 105. 176. 579. 60. 190. 623. 9.4 0.588 67.3 1.508 
563. 105. 179. 588. 60. 191. 627. 10.5 0.592 67.1 1.495 

-" 



APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC HlETER DATA 

tv 85'1, SPAN 1001, SPEED PEAK EFF X/B = .52 .PASSAGE NO. 31 
....-
0\ STD DAY RPM = 12470.4, RADIUS = 38.257 01, PH I = - 14 • 6 DE G , STO OAY TTRH = 412. OEG K, UPSTREJ\r~ TTJ\BS = 276. DEG K 

15.062 IN 742. nEG R 496. DEG R 

PERCENT GAP Cl Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIf1E RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS OEG MACH NO DEG MAC II NO 

PRESSURE SlOE 
33.9 175. 575. 105. 166. 546. 15. 217. 712. 28.5 0.713 59.5 1.245 
38.4 176. 577. 105. 176. 576. 15. 220. 722. 30.0 0.730 58.6 1.223 
42.9 174. 57lo 105. 172. 565. 15. 217. 714. 29.7 0.719 59.1 1.227 
47.4 172. 563. 105. 172. 564. 15. 215. 705. 30.1 0.713 59.4 1.221 
51. 9 171. 561. 105. 166. 546. 15. 213. 699. 29.2 0.702 60.0 1.233 
56.4 170. 557. 105. 162. 532. 15. 211. 691. 28.7 0.692 60.5 1.241 
60.9 170. 557. 105. 159. 521. 15. 210. 688. 28.1 0.687 60.8 1.250 
65.4 171- 561. 105. 153. 503. 15. 209. 687. 26.9 0.681 61.2 1.269 
69.9 179. 588. 105. 138. 452. 15. 213. 700. 22.5 0.680 61.8 1.335 
74.5 192. 630. 105. 124. 408. 15. 223. 730. 17.9 0.700 61. 7 1.411 
79.0 200. 656. 105. 124. 406. 15. 230. 755. 16.8 0.724 61.1 1.436 

SUCTION SIDE 

-... 



"-> 

'-l 

STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
2.8 lU7. 
7.2 129. 

11.7 142. 
16.1 149. 
20.6 161. 
25.0 170. 
29.5 178. 
33.9 182. 
38.4 194. 

4r8 197. 
4 .3 197. 

56:3 19t 
60.6 188. 
65.1 18~. 
69.0 173. 
74.0 163. 
78.5 163. 
82.9 169. 
87.4 163. 
91.8 155. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN lUO% SPEED PEAK EFF XIS = .65 PASSAGE tW. 31 

RADIUS = 38.090 CM, PHI = -14.6 DEG, STD DAY TTREL = 411. DEG K, UPSTREAM TTASS = 273. DEG K 
14.996 IN 740. DEG R 492. DEG R 

Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUT::: BETA PRIME RELATIVE 
FPS DEG fv1PS FPS DEG MPS FPS DEG HACH NO DEG tvlACH NO 

352. 105. 217. 711 • 60. 159. 523. 46.7 0.635 63.4 U.98ts 
424. 105. 219. 719. 60. 176. 578. 39.4 0.636 62.7 1.085 
467. lOS. 223. 732. 6U. 11:>7. 614. 35.6 0.649 62.0 1.136 
488. 105. 225. 737. 60. 192. 63l. 33.6 0.656 61.7 1.164 
529. 105. 226. 74l. 60. 202. 663. 29.4 0.667 61.4 1.225 
557. 105. 228. 747. 6U. 209. 685. 26.9 0.679 61.1 1.264 
584. 105. 231. 7S8. 60. 216. 709. 24.9 U.696 60.7 1.296 
596. 105. 240. 788. 60. 222. 729. 26.0 0.720 59.5 1.281 
636. 105. 247. 812. 60. 234. 767. 23.9 U.751 58.5 1.321 
646. 105. 259. 849. 60. 240. 788. 25.6 0.778 57.0 1.296 
645. 105. 263. 864. 60. 242. 793. 26.8 0.71:>8 56.4 1.277 

gff9: 10? ~f,o.- 854. 60. 241. 791. 25.8 0.71:32 56.8 1.294 
10 . 889. 60. 243. 797. 29.1 0.803 55.2 1.239 

618. 105. 273. 895. 60. 239. 785. 31.3 0.8U2 54.9 1.2Ul 
597. 105. 275. 903. 60. 236. 773. 33.7 0.I:3U3 54.4 1.1 S9 
569. 105. 270. 886. 6U. 227. 746. 35.2 u.785 S5.' 1.133 
536. 105. 252. 827. 6U. 213. 70U. 34.8 U.734 57.7 1.141 
535. 105. 238. 781. 60. 208. 682. 31.8 0.698 59.8 1.189 
553. 105. 232. 761. 60. 210. 688. 28.4 0.688 00.6 1.241 
535. 105. 210. 689. 60. 197. 647. 24.4 U.633 63.4 1.297 
508. lOS. 190. 62~. 60. 184. 603. 21.2 0.581 66.U 1.338 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 10m SPEED PEAK EFF XIB = .78 PASSAGE NO. 31 

tv 
STD DAY RPM = 12470.4, RADIUS = 37.925 CM, PHI = -14.6 DEG, STD DAY TTREL = 410. DEG K, UPSTREN1 TTABS = 274. DEG K 

00 14.931 IN 738. DEG R 493. DEG R 

PERCENT GAP Cl Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRINE RELATlVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG HACH NO 

PRESSURE SIDE 
2.9 219. 720. 60. 213. 700. 15. 153. 50l. 50.6 0.650 63.0 0.927 
7.1 219. 717. 60. 187. 613. 15. 171- 560. 41.8 0.635 62.8 1.049 

11.3 218. 716. 60. 183. 599. 15. 173. 569. 40.4 0.634 62.8 1.068 
15.6 219. 719. 60. 175. 574. 15. 180. 591. 37.4 0.637 62.5 1.109 
19.8 219. 719. 60. 172. 565. 15. 182. 598. 36.4 0.637 62.5 1.123 
24.1 221. 726. 60. 174. 571. 15. 184. 603. 36.4 0.643 62.2 1.121 
28.3 224. 736. 60. 177. 582. 15. 186. 609. 36.7 0.652 61. 7 1.115 
32.5 227. 745. 60. 181. 595. 15. 187. 612. 37.4 0.659 61.3 1.105 
36.8 229. 752. 60. 182. 597. 15. 189. 621- 37.0 0.665 61.0 1.109 
41.0 231. 757. 60. 178. 583. 15. 194. 638. 35.1 0.671 60.7 1.136 
45.3 233. 765. 60. 175. 574. 15. 200. 656. 33.5 0.680 60.4 1.159 
49.5 236. 774. 60. 174. 571. 15. 204. 670. 32.5 0.690 60.0 1.174 
53.7 242. 793. 60. 179. 588. 15. 209. 685. 32.8 0.706 59.1 1.169 
58.0 246. 807. 60. 183. 599. 15. 212. 696. 32.8 0.719 58.5 1.168 
62.2 252. 827. 60. 188. 617. 15. 217. 711. 33.2 0.736 57.6 1.163 
66.5 257. 842. 60. 192. 631. 15. 220. 722. 33.4 0.749 57.0 1.158 
70.7 261. 856. 60. 196. 642. 15. 224. 734. 33.5 0.761 56.4 1.158 
75.0 262. 861. 60. 202. 664. 15. 221. 725. 35.2 0.763 56.1 1.129 
79.2 267. 875. 60. 205. 674. 15. 225. 737. 35.1 0.775 55.5 1.131 
83.4 269. 881. 60. 208. 68l. 15. 226. 741. 35.3 0.780 55.2 1.127 
87.7 268. 878. 60. 201- 661. 15. 229. 751. 33.7 0.780 55.4 1.154 
91.9 270. 887. 60. 201. 659. 15. 233. 765. 32.9 0.790 55.0 1.168 
96.2 275. 903. 60. 208. 681. 15. 235. 771- 33.8 0.803 54.3 1.154 

SUCTION SIDE 



N 

\0 

STD DAY RPM = 12470.4. 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
6.6 221-

10.6 220. 
14.6 222. 
18.6 223. 
22.6 222. 
26.6 223. 
30.6 222. 
34.6 222. 
38.6 223. 
42.6 225. 
46.6 226. 
50.6 229. 
54.6 229. 
58.6 230. 
62.6 231-
66.6 233. 
70.6 239. 
74.6 244. 
78.6 248. 
82.6 255. 
86.6 260. 
90.6 265. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85$ SPAN 10m SPEED PEAK EFF XIB = .91 PASSAGE NO. 31 

RADIUS = 37.757 eM, PH I = - 14. 6 DE G • STD DAY TTREL = 409. DEG K, UPSTREAM TTABS = 274. DEG K 
14.865 IN 736. DEG R 493. DEG R 

Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRU1E RELATIVE 
FPS DEG MPS FPS DEG MPS FPS DEG MACH NO OEG MACH NO 

726. 60. 207. 679. 15. 160. 525. 47.9 0.650 62.4 0.958 
722. 60. 193. 633. 15. 168. 553. 43.5 0.641 62.4 1.020 
727. 60. 191- 628. 15. 172. 563. 42.5 0.644 62.2 1.032 
730. 60. 190. 623. 15. 174. 571. 41.7 0.646 62.0 1.042 
728. 60. 187. 615. 15. 175. 574. 41.0 0.644 62.1 1.052 
731. 60. 183. 601. 15. 179. 588. 39.2 0.647 61.9 1.076 
727. 60. 182. 598. 15. 178. 585. 39.3 0.643 62.1 1.076 
729. 60. 182. 598. 15. 179. 588. 39.1 0.645 62.0 1.079 
732. 60. 180. 592. 15. 182. 596. 38.2 0.648 61.8 1.091 
737. 60. 179. 586. 15. 185. 608. 37.1 0.653 61.5 1.105 
743. 60. 183. 60l. 15. 184. 605. 38.2 0.657 61.3 1.089 
750. 60. 188. 617. 15. 184. 603. 39.3 0.663 61.0 1.072 
751. 60. 194. 638. 15. 180. 590. 41.4 0.664 61.0 1.042 
755. 60. 198. 648. 15. 179. 588. 42.1 0.668 60.8 1.031 
757. 60. 198. 648. 15. 180. 591- 41.9 0.670 60.7 1.033 
766. 60. 196. 643. 15. 185. 607. 40.6 0.677 60.3 1.050 
785. 60. 197. 647. 15. 192. 631- 39.4 0.693 59.3 1.065 
801. 60. 204. 670. 15. 194. 636. 40.4 0.707 58.6 1.048 
815. 60. 210. 689. 15. 196. 642. 41.1 0.719 57.9 1.035 
836. 60. 214. 703. 15. 202. 661. 40.7 0.737 56.9 1.038 
853. 60. 213. 700. 15. 210. 687. 39.1 0.753 56.1 1.061 
869. 60. 207. 678. 15. 221. 726. 35.9 0.769 55.5 1.113 



N 
N 
0 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED PEAK EFF x/a = loU PASSAGE NO. jl 

STD DAY RPM = 12470.4, RADIUS = 37.643 eM, PHI = -14.6 DEG, STD DAY TTREL = 408. DEG K, UPSTREAM TTABS = 274. DEG K 
14.820 IN 735. DEG R 494. DEG R 

PERCENT GAP Cl Cl ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
t<lPS FPS DEG MPS FPS DEG NPS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
8.1 114. 374. 105. 2U6. 677. 15. 168. 550. 46.1 0.661 61.4 0.974 

11. 9 115. 376. 105. 196. 643. 15. 165. 543. 44.7 U.640 62.5 1.000 
15.7 124. 407. 100. 190. 622. 15. 173. 568. 41.~ 0.644 62.0 1.U38 
19.5 126. 412. 105. 187. 613. 15. 174. 570. 41.1 U.641 62.1 1.048 
23.3 129. 424. 105. 187. 615. 15. 17H. 583. 40.4 0.649 61. 7 1.U56 
27.1 129. 423. lU5. 184. 6U4. 15. 176. 579. 4U.O 0.642 62.0 1.063 
3U.9 127. 418. 1U5. 187. 612. 15. 176. 576. 4U.7 0.644 62.U 1.U04 
34.7 130. 425. 105. 186. 610. 15. 178. 582. 4U.1 U.647 61.8 1.U60 
38.5 135. 442. 105. 184. 604. 15. 182. 598. 38.0 0.654 61.4 1.077 
42.3 135. 444. 105. 184. 605. 15. 183. 60U. 38.7 0.656 61.3 1.078 
46.1 136. 446. 105. 183. 602. 15. 183. 6Ulo 3H.5 0.655 61.3 1.082 
4j.9 136. 447. 105. 185. 608. 15. 184. 604. 38.7 0.659 61.1 1.07b 
5 .7 139. 457. 105. 187. 613. F 187. 615. 38.3 0.668 60.6 1.U82 ;,). 

57.5 139. 455. 1 U5. 187. 614. 15. 187. 613. 38.5 0.668 6U.6 1.079 
61.3 14U. 458. 105. 191. 626. 15. 189. 619. 38.8 U.677 60.1 1.U73 
65.1 137. 450. 105. 194. 635. 15. 187. 614. 3Y.7 0.677 6U.1 1.060 
68.9 137. 448. 105. 197. 645. 15. 187. 614. 4U.2 0.682 59.9 1.051 
72.7 137. 450. 105. 199. 653. 15. 189. 619. 40.4 0.688 59.5 1.047 
76.5 135. 442. 105. 202. 663. 15. 187. 613. 41.3 0.6~W 59.5 1.034 
80.3 136. 446. 105. 205. 674. 15. 189. 620. 41.5 0.699 58.9 1.029 
84.1 136. 445. 105. 2U9. 685. 15. 190. 622. 42.0 0.7U5 58.6 1.020 
87.9 130. 426. 105. 211. 692. 15. 184. 605. 43.4 0.699 59.0 1.001 
91. 7 134. 438. 105. 210. 689. 15. 188. 616. 42.6 0.704 58.7 1.012 
95.5 134. 439. 105. 215. 704. 15. 189. 621. 43.1 0.714 58.1 1.003 

SUCTION SIDE 



... --

t,-,) 
IJ 

STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
~'PS 

PRESSURE SIDE 
2.9 228. 
6.7 229. 

10.5 230. 
14.3 230. 
18.1 230. 
21.9 229. 
25.7 227. 
29.5 227. 
33.3 229. 
37.1 229. 
40.9 229. 
44.7 229. 
48.5 228. 
52.3 228. 
56.1 229. 
59.9 230. 
63.7 230. 
67.5 231. 
71.3 231-
75.1 233. 
78.9 235. 
82.7 237. 
86.5 237. 
90.3 240. 
94.1 242. 
97.9 244. 

SUCTION SIDE 

APPENDIX D (Cant'rl) 

LASER DOPPLER VELOC !METER DATA 

851, SPAN 10m, SPEED PEAK EFF X!B '"" 1.1 PASSAGE NO. 31 

RADIUS = 37.516 CH, PH I '" - 14 . 6 DE G, STD DAY TTREL '" 407. DEG K, UPSTREAl'1 TTJ\BS '" 276. DEG K 
14.770 IN 733. OEG R 497. DEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED RETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG MPS FPS OEG t~PS FPS DEG r~I\CH NO DEG t1I\CH NO 

748. 60. 234. 767. 15. 149. 490. 54.2 0.684 61.4 0.852 
751. 60. 221- 724. 15. 160. 525. 50.0 0.674 61.1 0.913 
755. 60. 207. 679. 15. 172. 563. 45.2 0.669 60.8 0.981 
755. 60. 201- 658. 15. 176. 578. 43.1 0.667 60.7 1.011 
754. 60. 197. M5. 15. 179. 586. 41.8 0.665 60.8 1.029 
750. 60. 194. 638. 15. 179. 586. 41.5 0.661 60.9 1.035 
746. 60. 192. 629. 15. 179. 587. 40.9 0.658 61.1 1.044 
745. 60. 191. 627. 15. 179. 587. 40.8 0.657 61.2 1.046 
750. 60. 192. 629. 15. 181- 592. 40.5 0.661 60.9 1.048 
751. 60. 193. 633. 15. 180. 591. 40.9 0.662 60.9 1.043 
751. 60. 194. 635. 15. 180. 589. 41.1 0.662 60.9 1.040 
750. 60. 195. 640. 15. 178. 584. 41.7 0.662 61.0 1.032 
748. 60. 197. 645. 15. 176. 578. 42.4 0.660 61.1 1.023 
747. 60. 198. 649. 15. 175. 574. 42.9 0.660 61.1 1.016 
750. 60. 200. 656. 15. 175. 573. 43.3 0.663 61.0 1.009 
755. 60. 202. 663. 15. 175. 575. 43.6 0.667 60.7 1.004 
755. 60. 203. 665. 15. 175. 573. 43.8 0.667 60.7 1.001 
757. 60. 204. 668. 15. 175. 574. 43.9 0.669 60.7 0.999 
757. 60. 205. 67l. 15. 174. 572. 44.2 0.669 60.7 0.994 
764. 60. 208. 682. 15. 175. 574. 44.7 0.676 60.3 0.986 
772. 60. 213. 698. 15. 175. 573. 45.6 0.684 59.9 0.971 
778. 60. 215. 707. 15. 175. 575. 45.9 0.689 59.6 0.964 
779. 60. 214. 703. 15. 177 • 579. 45.4 0.690 59.6 0.971 
786. 60. 210. 688. 15. 183. 600. 43.4 0.693 59.2 1.000 
794. 60. 215. 704. 15. 183. 599. 44.2 0.701 58.8 0.985 
80l. 60. 236. 773. 15. 171- 559. 50.0 0.717 58.4 0.896 

-, 



APrFNDIX 0 (Cont'd) 

LASFR OOPPLER VELOr: HlEHR DATA 

t-..l 85~ SPAN 95~t SPEED 
t"} 

PEAK EFF X IB ,., -.3 P AS SAGE rIO. 31 
t"} 

STD DAY RPM = 11846.9, RADIUS = 39.306 CM. P III = -14. 6 m: G , STD DAY TTPEL = 407. OEG K, IJPSTREJ\H TTARS ". 273. DEG K 
15.475 IN 732. nEr; R 4Q(. OEG R 

PERCENT GJ\P Cl Cl ZETAl C2 C2 ZETI\;:> VZ- -CORRECTED flETA I\R SOLUTE RETA PRmE RELATIVE 
Mrs FPS DEG ,1rs Frs DEG f"PS Frs DFG rlJ\C H NO OEG W\CH NO 

PRESSURE SIDE 
2.2 88. 288. 135. 99. 324. 45. 135. 444. 3.4 0.416 73.7 1.484 
6.0 85. 278. 135. 99. 326. 45. 134. 439. 4.5 0.410 73.9 1.470 
9.8 80. 262. 135. 98. 323. 45. 129. 425. 6.0 0.397 74.2 1.454 

13.6 84. 277. 135. 100. 328. 45. 134. 43Q. 4.8 0.411 73.8 1.468 
17.4 83. 273. 135. 10l- 333. 45. 134. 440. 5.7 0.411 73.7 1.460 
21.2 90. 296. 135. 104. 340. 45. 141. 462. 4.0 0.433 73.1 1.483 
25.0 103. 339. 135. 109. 356. 45. 154. 505. 1.4 0.476 71.8 1.525 
28.8 119. 390. 135. 114. 374. 45. 169. 555. -1.2 0.529 70.4 1.579 
32.6 126. 415. 135. 119. 390. 45. 178. 584. -1.8 0.560 69.5 1.602 
36.4 128. 420. 135. 118. 386. 45. 178. 585. -2.4 0.562 69.6 1.611 
40.2 129. 422. 135. 117. 384. 45. 178. 585. -2.7 0.563 69.6 1.615 
44.0 127. 418. 135. 119. 390. 45. 179. 587. -2.0 0.563 69.5 1.606 
47.8 127. 418. 135. 118. 388. 45. 178. 585. -2.1 0.562 69.6 1.607 
51.6 128. 419. 135. 119. 389. 45. 179. 587. -2.1 0.563 69.5 1.608 
55.4 129. 424. 135. 122. 399. 45. 182. 598. -1. 7 0.574 69.1 1.609 
59.2 133. 435. 135. 118. 388. 45. 182. 598. -3.3 0.577 69.3 1.630 
63.0 132. 434. 135. 120. 394. 45. 183. 60l. -2.8 0.580 69.1 1.625 
66.8 129. 423. 135. 117 • 384. 45. 179. 586. -2.8 0.564 69.6 1.616 
70.6 127. 417. 135. 117. 384. 45. 177 • 582. -2.4 0.559 69.7 1.608 
74.4 123. 405. 135. 115. 378. 45. 173. 568. -2.0 0.545 70.1 1.596 
78.2 121. 397. 135. 113. 371- 45. 170. 558. -1.9 0.533 70.4 1.590 
82.0 116. 379. 135. 111- 363. 45. 164. 539. -1.2 0.513 70.9 1.571 
85.8 112. 367. 135. 109. 358. 45. 160. 526. -0.7 0.500 71.3 1.559 
89.6 109. 359. 135. 105. 345. 45. 156. 511. -1.1 0.485 71.8 1.557 
93.4 100. 327. 135. 104. 342. 45. 148. 486. 1.3 0.458 72.5 1.519 
97.2 92. 303. 135. 102. 336. 45. 141. 464. 3.0 0.435 73.1 1.494 

SIlCTION SIDE 

.. ,,....J 



... -
tv 
t-J 
VJ 

STD nAY RPM = 11846.9, 

PERCENT GAP C1 
r~ps 

PRESSURE SIDE 
2.6 131-
6.4 13l. 

10.2 131-
14.0 132. 
17.8 133. 
21.6 137. 
25.4 139. 
29.2 143. 
33.0 143. 
36.8 139. 
40.6 135. 
44.4 135. 
48.2 134. 
52.0 123. 
55.8 114. 
59.6 107. 
63.4 93. 
67.2 76. 
71.0 67. 
74.8 82. 
82.4 129. 
86.2 136. 
90.0 135. 
93.8 135. 
97.6 134. 

SUeT ION SlOE 

I\PPDlDIX 0 (Cont'tI) 

LASER nOPPLER VELOC mETER OAT" 

85% SPAN 951, SPEED PEJ\K FTF XIS '" -.1 PI\SSI\GE un. 31 

RADIUS = 39.050 U1, PIlI '"' -14.6 nEG, STn DAY TTREL '"' 405. DEG K. 
15.374 HI 729. nr::(; R 

C1 ZETA1 C2 (2 ZETA2 VZ- -CORRECTED BETA 
FPS DEG ~IPS FPS DEG ~IPS FPS OEG 

430. 135. 125. 41l. 45. 186. 611. -1.3 
431. 135. 126. 413. 45. 187. 613. -1.2 
429. 135. 126. 412. 45. 186. 61l. -1. 2 
433. 135. 126. 412. 45. 187. 614. -1.4 
435. 135. 127. 417. 45. 189. 619. -1.2 
448. 135. 127 . 418. 45. 192. 62g. -2.0 
455. 135. 129. 422. 45. 194. 637. -2.2 
470. 135. 128. 419. 45. 197. 646. -3.3 
470. 135. 128. 419. 45. 197. 646. -3.3 
455. 135. 128. 420. 45. 194. 636. -2.3 
443. 135. 128. 420. 45. 191. 627. -1. 5 
442. 135. 128. 421. 45. 191. 627. -1.4 
439. 135. 129. 423. 45. 191. 626. -1.1 
403. 135. 127. 418. 45. 182. 597. 1.0 
374. 135. 126. 413. 45. 174. 572. 2.8 
351. 135. 123. 404. 45. 167. 549. 4.0 
304. 135. po. 393. 45. 154. 507. 7.3 
249. 135. 116. 380. 45. 139. 457. l1.S 
221- 135. 112. 368. 45. 130. 42S. 14.0 
269. 135. 112. 367. 45. 141. 462. 8.S 
424. 135. 125. 41l. 45. 185. 607. -0.9 
446. 135. 130. 427. 45. 193. 634. -1.2 
442. 135. 129. 424. 45. 192. 629. -1.2 
442. 135. 130. 428. 45. 193. 632. -0.9 
439. 135. 130. 428. 45. 192. 630. -0.7 

1)PSTRENI HAns"" 273. nEG K 
1~1l. [lE r; n 

ABSOLUTE BETA PRHlE RELATIVE 
tll\CII NO OEG II/\CII tlO 

0.587 68.5 1.602 
0.589 68.4 1.602 
0.587 68.5 1.600 
0.590 68.4 1.605 
0.595 68.2 1.605 
0.607 68.0 1.622 
0.616 67.8 1.629 
0.6213 67.7 1.652 
0.628 67.7 1.652 
0.615 67.9 1.630 
0.604 68.0 1.614 
0.604 68.0 1.612 
0.602 68.0 1.607 
0.568 68.7 1.562 
0.541 69.3 1.528 
0.517 69.9 1.504 
0.475 71.1 1.453 
0.429 72.5 1.396 
0.403 73.4 1.371 
0.433 72.5 1.427 
0.582 68.6 1.594 
0.611 67.8 1 .614 
0.606 67.9 1.610 
0.608 67.8 1.60S 
0.606 67.8 1.604 



/lPPEtHH X 0 (Cant' d) 

LASER DOPPLER VELOC I METER DATA 

t--> 85~ SPMJ 951, SPEED PC AK EFF X/B = 0.0 PASSAGE NO. 31 
N 
~ 

STO nAY RPM = 11846.9. RADIUS = 38.923 CM, PHr = -H.6 OEG, STD DAY TTREL '" 404. DEG K, UPSTREAM TTARS = 273. DEG K 
15.324 IN 728. DEG R 491. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 vz- -CO~RECTED RETA An SOLUTE BETA PRU1E RFiATIVE 
MPS FPS DEG MPS Frs OEG HPS FPS nEG fW:H NO DEG '1/\CII tin 

PRESSURE SIDE 
8.7 135. 442. 135. 128. 420. 45. 191. 626. -1.5 0.603 68.0 1.608 

12.5 133. 436. 135. 129. 424. 45. 191. 625. -0.8 0.600 67.9 1.597 
16.3 133. 436. 135. 131- 429. 45. 192. 629. -0.5 0.603 67.8 1.595 
20.1 134. 441. 135. 130. 428. 45. 193. 632. -0.9 0.607 67.7 1.602 
23.9 134. 439. 135. 133. 435. 45. 194. 635. -0.3 0.610 67.5 1.595 
27.7 135. 442. 135. 132. 433. 45. 194. 636. -0.6 0.611 67.6 1.600 
31.5 135. 443. 135. 133. 435. 45. 194. 638. -0.5 0.613 67.5 1.601 
35.3 137. 448. 135. 132. 432. 45. 195. 640. -1.0 0.616 67.5 1.609 
39.1 138. 454. 135. 134. 439. 45. 198. 649. -1.0 0.625 67.2 1.614 
42.9 137. 448. 135. 134. 438. 45. 196. 644. -0.6 0.619 67.3 1.606 
46.7 140. 459. 135. 135. 443. 45. 200. 656. -1.0 0.632 67.0 1.618 
50.5 146. 479. 135. 135. 442. 45. 204. 669. -2.3 0.650 66.8 1.646 
54.3 148. 486. 135. 133. 435. 45. 204. 669. -3.2 0.652 66.9 1.660 
58.1 144. 472. 135. 135. 443. 45. 203. 665. -1.8 0.644 66.8 1.636 
61.9 140. 459. 135. 135. 443. 45. 200. 656. -1.0 0.632 67.0 1.618 
65.7 135. 443. 135. 135. 442. 45. 196. 6'1-3. -0.1 0.618 67.3 1.597 
69.5 128. 419. 135. 138. 453. 45. 193. 634. 2.2 0.604 67.2 1.559 
73.3 136. 445. 135. 140. 460. 45. 200. 658. 0.9 0.631 66.6 1.590 
77 .1 134. 441. 135. 141. 463. 45. 200. 657. 1.4 0.629 66.6 1.583 
80.9 124. 406. 135. 145. 475. 45. 195. 640. 4.5 0.608 66.7 1.531 
84.7 128. 421. 135. 146. 478. 45. 199. 653. 3.6 0.622 66.4 1.549 
88.5 110. 362. 135. 145. 476. 45. 186. 609. 7.7 0.575 67.3 1.475 
92.3 105. 345. 135. 145. 475. 45. 182. 596. 9.0 0.562 67.5 1.454 
99.9 93. 304. 135. 1'14. 471. 45. 172. 563. 12.2 0.531 68.3 1.406 

SUCTION SIDE 

.--...; 



IV 
IV 
Vi 

STD DAY RP/Wl = 11846.9, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
8.8 224. 

12.8 221. 
16.9 215. 
21.0 216. 
25.0 212. 
29.1 206. 
33.1 198. 
37.2 191. 
41.3 186. 
45.3 173. 
49.4 152. 
53.4 169. 
57.5 169. 
61.6 173. 
65.6 173. 
69.7 177 • 
73.7 179. 

M:~ 182. 
183. 

85.9 187. 
90.0 190. 
94.0 190. 
98.1 187. 

SUCTION SIDE 

APPENDIX U (Cont'd) 

LASER DOPPLER VELOCllwlETER DATA 

85% SPAN 95% SPEED PEAK EFF X/B = .26 PASSAGE NO. 31 

RADIUS = 38.590 CM, PHI = -14.6 DEG, STD DAY TTREL = 402. DEG K, UPSTREAM TTA~S = 271. DEG K 
15.193 IN 724. DEG R 488. DEG R 

C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG HACK NO 

736. 60. 200. 656. 15. 170. 558. 44.6 0.659 60.5 0.968 
726. 60. 205. 672. 15. 162. 533. 47.2 0.654 61.1 0.935 
705. 60. 20l. 660. 15. 156. 512. 47.9 0.637 62.2 0.932 
709. 60. 206. 677. 15. 154. 505. 4~.3 0.643 62.1 0.912 
696. 60. 203. 665. 15. 151. 495. 49.4 0.632 62.7 0.916 
675. 60. 210. 689. 15. 137. 448. 53.9 0.626 64.1 0.863 
650. 60. 214. 70l. 15. 123. 404. 57.7 0.618 65.8 0.825 
626. 60. 205. 672. 15. 119. 392. 57.4 0.595 67.1 0.843 
610. 60. 19l. 627. 15. 123. 402. 54.4 0.570 67.6 0.891 
566. 60. 160. 525. 15. 126. 414. 47.3 0.515 69.1 0.996 
500. 105. 16l. 529. 60. 172. 564. 11.4 0.532 68.2 1.405 
555. 105. 155. 508. 60. 182. 596. 1.4 0.568 68.4 1.541 
553. 105. 158. 517. 60. 182. 598. 2.9 0.568 68.1 1.523 
569. 105. 160. 525. 60. 187. 613. 2.0 0.584 67.8 1.542 
568. 105. 163. 534. 60. 188. 616. 3.2 0.585 67.5 1.526 
582. 105. 166. 543. 60. 192. 629. 2.7 0.599 67.1 1.540 
587. 105. 168. 55lo 60. 194. 636. 3.1 U.605 66.8 1.537 
596. 105. 170. 559. 60. 197. 645. 3.1 0.615 66.5 1.543 
602. 105. 173. 567. 60. 199. 653. 3.4 0.622 66.2 1.S42 
615. 105. 175. 57S. 60. 203. 665. 2.9 0.636 6S.9 1.556 
624. 105. 178. 583. 60. 206. 675. 2.8 0.646 65.6 1.561 
624. 105. 180. 59l. 60. 207. 678. 3.7 0.647 65.3 1.549 
615. 105. 182. 598. 60. 205. 674. 5.6 U.641 65.2 1.52"1 



APPENDIX D (Cont'd) 

LASER DOPPLER VELOC mETER DATA 

N 85% SPAN 95% SPEED PEAK EFF X/B = .39 PASSAGE NO. 31 
N 
0\ STD DAY RPM = 11846.9. RADIUS = 38.423 CM, PHI = -14.6 DEG, STD DAY TTREL = 401. DEG K, UPSTREAM TTABS = 271. DEG K 

15.127 IN 722. DEG R 488. DEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
MPS FPS DEG MPS FPS DEG MPS FPS DEG MACH NO DEG t·1ACH NO 

PRESSURE SIDE 
5.4 226. 741. 60. 176. 577. 15. 190. 623. 35.8 0.663 60.0 1.087 
9.6 227. 744. 60. 183. 599. 15. 186. 611. 37.9 0.664 59.9 1.057 

13.7 224. 735. 60. 184. 604. 15. 181. 595. 39.2 0.656 60.3 1.039 
17.8 225. 739. 60. 187. 612. 15. 181. 595. 39.7 0.659 60.1 1.032 
22.0 227. 745. 60. 187. 613. 15. 184. 602. 39.3 0.664 59.8 1.037 
26.1 228. 748. 60. 189. 619. 15. 184. 602. 39.7 0.667 59.7 1.031 
30.3 231. 757. 60. 188. 616. 15. 188. 617. 38.6 0.675 59.3 1.045 
34.4 221. 724. 60. 189. 619. 15. 173. 568. 41.8 0.647 60.9 1.006 
38.5 219. 720. 60. 194. 638. 15. 167. 549. 44.2 0.645 61.2 0.974 
42.7 221. 724. 60. 196. 644. 15. 168. 550. 44.5 0.649 61.0 0.969 
46.8 217. 712. 60. 195. 641- 15. 163. 535. 45.3 0.639 61.6 0.961 
50.9 212. 696. 60. 194. 637. 15. 157. 516. 46.4 0.627 62.5 0.951 
55.1 201 • 660. 60. 193. 632. 15. 143. 469. 49.5 0.601 64.5 0.924 
59.2 190. 623. 60. 185. 607. 15. 133. 435. 50.7 0.51'-. 66.5 0.925 
63.4 180. 592. 60. 177. 582. 15. 125. 409. 51.3 0.546 68.1 0.933 
67.5 169. 556. 60. 155. 510. 15. 125. 411. 46.6 0.506 69.4 1.005 
71.6 167. 549. 60. 130. 425. 15. 141- 463. 35.4 0.494 68.8 1.125 
75.8 157. 514. 60. 91. 300. 15. 154. 505. 20.1 0.486 69.3 1.293 
79.9 158. 519. 105. 159. 523. 60. 175. 576. 8.0 0.543 68.1 1.444 
84.0 159. 521. 105. 160. 525. 60. 176. 578. 8.0 0.545 68.1 1.445 
88.2 159. 522. 105. 162. 531- 60. 177. 58l. 8.7 0.548 67.9 1.438 
92.3 160. 526. 105. 163. 534. 60. 178. 585. 8.5 0.552 67.7 1.441 
96.5 161- 528. 105. 167. 547. 60. 180. 591- 9.9 0.558 67.3 1.425 

SUCTIotl SIDE 



........ 

tv 
tv 
-...l 

sro OAY RPM = 11846.9, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
2.3 212. 
6.8 218. 

11.3 214. 
20.4 224. 
24.9 223. 
29.4 225. 
38.4 232. 
42.9 230. 
47.4 227. 
51.9 234. 
56.4 230. 
60.9 227. 
83.5 204. 
88.0 185. 
92.5 179. 
97.0 178. 

SUCTION SIDE 

J\PPFJIDI X 0 (Cant I d) 

LASER DOPPLER VELOC mETER OATA 

851, SPAN 95'1 SPEED PEAK EFF X /B '" .52 PIiSSIiGE NO. 31 

RADIUS '" 38.257 CM, PHI = -14.6 nEG, STO DAY TTREL = 401. DEG K, 
15.062 IN 721. DEl, R 

C1 ZETAl C2 C2 1ET,'\2 vz- -CORRECTED BETA 
FPS OEG r~ps Frs nEG 1·1PS FPS DEG 

697. 60. 165. 542. 15. 179. 586. 35.7 
716. 60. 155. 510. 15. 194. 637. 30.4 
702. 60. 160. 525. 15. 185. 606. 33.3 
735. 60. 170. 559. 1 !). 191. 628. 31\.3 
731- 60. 171- 561- 15. 189. 621- 3'l.9 
737. 60. 173. 567. 15. 190. 625. 35.0 
762. 60. 182. 597. 15. 194. 638. 36.2 
754. 60. 184. 603. 15. 190. 622. 37.5 
746. 60. 193. 633. 15. 180. 589. 41.3 
767. 60. 187. 614. 15. 193. 633. 37.5 
753. 60. 192. 630. 15. 183. 60l. 40.4 
744. 60. 186. 610. 15. 184. 603. 39.1 
668. 60. 177 • 582. 15. 157. 516. 43.1 
607. 60. 164. 539. 15. 14l. 162. 44.3 
586. 60. 149. 489. 15. 143. 469. 40.2 
583. 60. 163. 536. 15. 131. 430. 46.7 

UPSTREM-1 TTM"lS = 271. DEG K 
488. nEG R 

ABSOLUTE BETA PRHlE RELATIVE 
l·ll\CI1 tlO DEG rll\CH NO 

0.624 61.9 1.088 
0.647 60.9 1.15Q 
0.630 61.6 1.119 
0.659 60.1 1.103 
0.654 60.3 1.095 
0.660 60.0 1.093 
0.681 58.9 1.074 
0.673 59.2 1.056 
0.666 59.6 1.003 
0.681 58.6 1.054 
0.671 59.3 1.015 
0.663 59.7 1.035 
0.599 63.6 0.998 
0.547 66.7 1.003 
0.526 67.4 1.057 
0.529 68.0 0.985 



APPENDIX 0 (Cont'rl) 

LI\SER DOPPLER VELOC H1ETER nATA 

t..,) 85~ SPI\N 95~ SPEED PEAK EFF X/n = .78 PASSI\GE UO. 31 
10 
00 

STO OI\Y RPM = 11846.9. RADIUS = 37.925 m, PIlI = -14.6 OEG, STO DAY TTREL = 398. DEG K, llPSTREI\M TTABS = 271. DEG K 
14.931 IN 717. nEG R 488. DEG R 

PERCENT GAP C1 C1 ZETAl C2 C2 ZETA2 VZ- -CORRECTED RETA I\HSOLUTE BETA PRIME RELATIVE 
MPS FPS OEG MPS FPS DEG ~lPS FPS DEG MACH NO DEG f1I\CH NO 

PRESSURE SlOE 
2.9 208. 682. 60. 170. 558. O. 146. 480. 50.2 0.623 62.9 0.892 
7.1 205. 672. 60. 159. 522. O. 149. 489. 47.7 0.609 63.3 0.928 

11.3 205. 672. 60. 151. 495. O. 154. 505. 45.3 0.605 63.2 0.960 
15.6 204. 669. 60. 149. 489. O. 154. 505. 44.9 0.602 63.3 0.965 
19.8 201 • 661. 60. 145. 476. O. 153. 504. 44.3 0.595 63.7 0.976 
24.1 201. 661. 60. 143. 469. O. 155. 508. 43.6 0.594 63.7 0.985 
28.3 203. 667. 60. 143. 470. O. 157. 514. 43.3 0.599 63.4 0.987 
32.5 208. . 682. 60. 142. 467. O. 163. 534 . 42.0 0.611 62.6 0.999 
36.8 209. 685. 60. 141. 463. O. 165. 540. 41.5 0.613 62.4 1.005 
4].0 "214. 701. 60. 140. 459. O. 171. 56l. 40.1 0.627 61.5 1.019 
45.3 214. 703. 60. 141. 461. O. 171. 562. 40.2 0.629 61.5 1.018 
49.5 219. 718. 60. 140. 458. O. 177 • 582. 39.0 0.642 60.7 1.031 
53.7 221. 724. 60. 139. 457. O. 180. 590. 38.6 0.647 60.4 1.036 
58.0 226. 743. 60. 137. 450. O. 188. 617. 37.0 0.664 59.5 1.056 
62.2 232. 762. 60. 134. 440. O. 197. 645. 35.1 0.683 58.5 1.081 
66.5 235. 770. 60. 137. 448. O. 198. 650. 35.4 0.689 58.2 1.077 
70.7 238. 780. 60. 139. 455. O. 200. 658. 35.5 0.698 57.7 1.075 
75.0 242. 794. 60. 138. 452. O. 206. 676. 34.6 0.712 57.0 1.088 
79.2 242. 795. 60. 142. 467. O. 204. 668. 35.8 0.711 57.0 1.070 
83.4 241. 790. 60. 140. 459. O. 203. 667. 35.3 0.707 57.2 1.077 

SUCTIon SIDE 

~ -----



,,, .. , .. ,j 

tV 
tV 
\0 

STO nAY RPM == 11846.9, 

Pr:PCENT GJ\l' (1 
MPS 

PRESSURE SIDE 
2.9 206. 
6.7 211. 

10.5 211. 
14.3 212. 
18.1 214. 
21.9 214. 
25.7 213. 
29.5 211-
33.3 211. 
37.1 211. 
40.9 212. 
44.7 211. 
48.5 210. 
52.3 210. 
56.1 209. 
59.9 212. 
63.7 215. 
67.5 217. 
71.3 216. 
75.1 217 • 
78.9 218. 
82.7 218. 
86.5 220. 
90.3 221. 
94.1 224. 
97.9 222. 

SUCTION SIDE 

APPENDIX 0 (Cont'd) 

LASER DOPPLER VELOC Ir~ETER DATA 

8 51, SPAI~ 95% SPEED PEJ\K EFF X /B == 1.1 PASSAGE NO. 31 

RADIUS == 37.516 CM, 
14.770 m 

PlH "" -H.6 DEG, STO DAY TTHEL == 396. OEG K, 
713. [)!:.G R 

C1 ZETAl C? (2 IETA2 Yl- -CORREC TEO nUl' 
FPS DEG MPS FPS DEG MPS FPS DEG 

617. 60. 220. 723. O. 115. 376. 63.3 
692. 60. 185. 607. O. 14l. 463. 53.5 
693. 60. 166. 543. O. 153. 502. 48.1 
697. 60. 163. 534. O. 156. 512. 47.1 
703. 60. 161. 529. O. 159. 523. 46.3 
703. 60. 160. 526. O. 160. 524. 46.0 
700. 60. 159. 521. O. 160. 524. 45.8 
692. 60. 158. 518. O. 157. 516. 46.0 
693. 60. 156. 512. O. 159. 521. 45.4 
693. 60. 155. 509. O. 159. 523. 45.2 
695. 60. 157. 514. O. 159. 522. 45.5 
693. 60. 155. 510. O. 159. 522. 45.2 
690. 60. 155. 509. O. 158. 519. 45.3 
689. 60. 154. 504. O. 159. 521- 45.0 
686. 60. 152. 498. O. 159. 521- 44.6 
694. 60. 153. SOL O. 16l. 529. 44.4 
705. 60. 155. 509. O. 164. 537. 44.4 
711. 60. 158. 517. O. 164. 539. 44.7 
709. 60. 158. 520. O. 163. 535. 45.1 
711. 60. 160. 524. O. 163. 535. 45.3 
715. 60. 161. 527. O. 164. 538. 45.3 
715. 60. 159. 522. O. 165. 54l. 44.9 
721- 60. 158. 520. O. 167. 549. 44.3 
724. 60. 162. 531. O. 167. 546. 45.1 
735. 60. 173. 568. O. 164. 537. 47.5 
727. 60. 196. 644. O. 147. 483. 54.0 

UPSTRENM TTABS == 271. OEG K 
487. nEG R 

ABSOLIITE BETA PRU1E RE tAT I VE 
W\CI1 NO OEG tlACl1 NO 

0.673 63.5 0.698 
0.643 62.0 0.831 
0.&30 61.8 0.904 
0.631 61.5 0.917 
0.635 61.2 0.926 
0.635 61.2 0.930 
0.632 61.3 0.931 
0.625 61.8 0.933 
0.625 61. 7 0.9/10 
0.625 61. 7 0.944 
0.627 61.6 0.939 
0.625 61.7 0.943 
0.622 61.8 0.942 
0.621 61.9 0.947 
0.618 62.0 0.953 
0.625 61.6 0.954 
0.634 61.0 0.951 
0.640 60.7 0.945 
0.639 60.8 0.940 
0.641 60.7 0.937 
0.644 60.5 0.935 
0.644 60.5 0.941 
0.648 60.2 0.947 
0.652 60.0 0.936 
0.665 59.4 0.900 
0.675 60.0 0.809 

"''''.'J':' 



ftjJrOJl)TX D (Cont'rl) 

LASER DOPPLER VELOCH1ETER nl\TA 

tv 851, SPMJ 100~ SPEED NEI\R surGE x /(1 = -.3 PASSAGE 110. 31 w 
0 

STU DAY RPM = 12470.4. RAOIUS = 39.304 CH, PIlI = -14.6 DEG, srD nAY TTREL = 419. DEG K. UPSTREAM HAI3S -= 275. DEG K 
15.474 IN 754. OEG R 1195. OEG R 

PERCENT GAP C1 C1 ZETA1 C2 C2 IE TA2 VZ- -COP-RECTED RETA AflSOLUTE BETA PRInF RELATIVE 
MPS FPS nEG MPS FPS DEG HPS FPS OEG t-1ACH NO DEG 11ACII 110 

PRESSlIRE SIDE 
2.2 77. 251 • 135. 98. 322. 45. 126. 415. 7.1 0.387 75.3 1.515 
6.0 70. 231. 135. 98. 3Z1. 45. 122. 400. 9.3 0.373 75.7 1.492 
9.8 65. 214. 135. 96. 315. 45. 117 • 383. 10.8 0.358 76.2 1.477 

13.6 67. 220. 135. 97. 319. 45. 119. 390. 10.4 0.365 76.0 1.481 
17.4 69. 227. 135. 99. 324. 45. 122. 399. 10.0 0.373 75.7 1.486 
21.2 77. 253. 135. 99. 326. 45. 128. 419. 7.2 0.391 75.1 1 .514 
25.0 75. 245. 135. 100. 328. 45. 126. 415. 8.2 0.387 75.2 1.501 
28.8 80. 261. 135. 109. 356. 45. 136. 447. 8.8 0.418 74.1 1.504 
32.6 110. 360. 135. 116. 380. 45. 163. 536. 1.5 0.507 71.7 1.610 
36.4 132. 434. 135. 121- 397. 45. 183. 602. -2.5 0.580 70.0 1.698 
40.2 135. 443. 135. 125. 409. 45. 188. 617. -2.3 0.596 69.5 1.703 
44.0 137. 451. 135. 125. 410. 45. 190. 623. -2.7 0.603 69.4 1.714 
47.8 138. 452. 135. 124. 407. 45. 190. 622. -3.0 0.603 69.5 1.717 
51.6 137. 451- 135. 121. 396. 45. 187. 613. -3.7 0.595 69.8 1.722 
55.4 130. 428. 135. 121. 396. 45. 182. 596. -2.2 0.574 70.1 1.691 
59.2 128. 419. 135. 119. 391. 45. 179. 586. -2.0 0.564 70.4 1.681 
63.0 128. 421. 135. 118. 388. 45. 178. 586. -2.3 0.563 70.5 1.686 
66.8 127. 416. 135. 117. 384. 45. 177 • 579. -2.3 0.557 70.7 1.682 
70.6 124. 407. 135. 114. 375. 45. 173. 566. -2.3 0.543 71.1 1.675 
74.4 119. 391- 135. 115. 376. 45. 169. 555. -1.1 0.530 71.3. 1.653 
78.2 115. 376. 135. 111- 364. 45. 163. 536. -0.9 0.510 71.9 1.641 
82.0 109. 356. 135. 109. 356. 45. 157. 515. -0.0 0.489 72.5 1.621 
85.8 108. 355. 135. 106. 349. 45. 155. 510. -0.5 0.484 72.7 1.624 
89.6 99. 325. 135. 105. 343. 45. 147. 484. 1.5 0.456 73.4 1.590 
93.4 94. 309. 135. 103. 338. 45. 143. 468. 2.6 0.440 73.8 1.574 
97.2 85. 280. 135. 10l. 331. 45. 135. 442. 4.8 0.414 74.5 1.543 

SUCTION SlOE 

......... 



N 
W 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SIDE 
2.6 133. 
6.4 134. 

10.2 134. 
14.0 135. 
17.8 133. 
21.6 137. 
25.4 135. 
29.2 129. 
33.0 132. 
36.8 125. 
40.6 124. 
44.4 119. 
48.2 118. 
52.0 105. 
55.8 102. 
59.6 94. 
63.4 84. 
67.2 76. 
71.0 79. 
74.8 73. 
78.6 90. 
82.4 124. 
86.2 131. 
90.0 142. 
93.8 141. 
97.6 144. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED NEAR SURGE XIB = -.1 

RADIUS = 39.050 CM, PHI = -14.6 DEG, STD DAY TTREL = 
15.374 IN 

C1 ZETAl C2 C2 ZETA2 VZ--CORRECTED 
FPS DEG MPS FPS DEG MPS FPS 

437. 135. 130. 421;. 45. 191. 626. 
438. 135. 13l. 429. 45. 191. 628. 
440. 135. 131. 431. 45. 192. 630. 
444. 135. 133. 437. 45. 194. 638. 
437. 135. 133. 435. 45. 192. 631. 
449. 135. 132. 434. 45. 195. 639. 
444. 135. 132. 434. 4k .J. 194. 636. 
423. 135. 134. 440. 45. 190. 625. 
432. 135. 133. 436. 45. 192. 628. 
41l. 135. 134. 441. 45. 188. 617. 
4U7. 135. 134. 440. 45. 187. 613. 
390. 135. 132. 432. 45. 181. 595. 
386. 135. 132. 432. 45. 180. 592. 
345. 135. 130. 426. 45. 170. 558. 
335. 135. 128. 42U. 45. 167. 546. 
310. 135. 125. 411. 45. 159. 522. 
275. 135. 123. 402. 45. 149. 490. 
248. 135. 119. 392. 45. 141. 463. 
260. 135. 118. 387. 45. 143. 468. 
240. 135. 118. 386. 45. 138. 453. 
296. 135. 122. 399. 45. 153. 5U3. 
406. 135. 130. 428. 45. 184. 604. 
429. 135. 134. 441. 45. 192. 630. 
467. 135. 137. 450. 45. 202. 664. 
464. 135. 135. 443. 45. 200. 657. 
474. 135. 137. 449. 45. 204. 668. 

PASSAGE NO. 31 

417. OEG K, UPSTREAIvl TTABS = 275. DEG K 
751. DEG R 495. OEG R 

BETA ABSOLUTE BETA PRIME RELATIVE 
DEG MACH NO DEG MACH NO 

-0.6 0.602 68.9 1.674 
-0.6 0.603 6cs.9 1.675 
-0.6 0.606 68.8 1.676 
-0.5 0.613 68.6 1.678 
-().1 0.606 68.7 1.67u 
-1.0 0.616 68,6 1.61;7 
-0.7 0.612 60.7 1.680 
1.1 0.597 68.l:S 1.64S 
U.3 U.6U2 68.8 1.662 
2.0 0.588 68.9 1.631 
2.2 0.5S4 69.U 1.620 
2.9 0.565 69.5 1.609 
3.2 0.561 69.5 1.603 
6.0 0.526 70.3 1.554 
6.4 0.514 70.7 1.54b 
8.U 0.490 71.4 1.52U 

lU.6 0.460 72.2 1.483 
12.7 0.435 73.0 1.458 
11.1 0.439 73.0 1.475 
13.1 0.426 73.4 1.452 
8.4 U.472 72.0 1.510 
1.5 0.575 69.4 1.632 
0.8 0.603 68.6 1.655 

-1.1 0.642 67.9 1.703 
-1.3 0.635 68.1 1.703 
-1.6 0.648 67.8 1. 713 



APPEND! X D (Cont' d) 

LASER DOPPLER VELOCH1ETER DATA 

85% SPAN 100% SPEED NEAR SURGE X/S = 0.0 PASSAGE NO. 31 
tv 
w 

STD DAY RP~' "" 12470.4, RADIUS = 38.923 CM, PHI = -14.6 DEG, STD DAY TTREL = 417. DEG K. UPSTREAM TTABS = 274. DEG K tv 
15.324 IN 750. DEG R 493. DEG R 

PERCENT GAP Cl Cl ZETAl C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRH1E RELATIVE 
!·1PS FPS DEG MPS FPS DEG f4PS FPS DEG MACH NO DEG MACH NO 

PRESSURE SIDE 
8.7 119. 390. 135. 116. 379. 45. 170. 558. -0.8 0.532 71.0 1.635 

12.5 121- 396. 135. 116. 382. 45. 172. 564. -1.0 0.539 70.8 1.642 
16.3 122. 401. 135. 119. 392. 45. 175. 575. -0.7 0.549 70.5 1.642 
20.1 119. 392. 135. 115. 377. 45. 170. 558. -1.1 0.532 71.0 1.639 
23.9 120. 395. 135. 120. 395. 45. 175. 573. -0.0 0.546 70.5 1.632 
27.7 117 • 384. 135. 116. 38l. 45. 169. 555. -0.2 0.528 71.1 1.626 
31.5 122. 400. 135. 123. 402. 45. 177. 582. 0.1 0.555 70.2 1.635 
35.3 123. 404. 135. 122. 399. 45. 178. 582. -0.4 0.556 70.2 1.642 
39.1 122. 399. 135. 119. 391. 45. 175. 573. -0.6 0.547 70.5 1.640 
42.9 124. 407. 135. 119. 392. 45. 177. 580. -1.1 0.554 70.4 1.650 
46.7 120. 394. 135. 114. 373. 45. 170. 556. -1.6 0.532 71.1 1.645 
50.5 117. 383. 135. 119. 392. 45. 171. 562. 0.7 0.534 70.7 .618 
54.3 112. 369. 135. 122. 399. 45. 170. 557. 2.2 0.527 70.7 1.596 
58.1 110. 362. 135. 120. 393. 45. 167. 548. 2.4 0.518 71.0 1.590 
61.9 113. 370. 135. 12l. 396. 45. 169. 556. 1.9 0.526 70.8 1.599 
65.7 111. 364. 135. 121. 398. 45. 168. 553. 2.6 0.523 70.8 1.590 
69.5 111- 363. 135. 123. 402. 45. 169. 555. 2.9 0.524 70.7 1.586 
73.3 107. 350. 135. 125. 410. 45. 168. 551. 4.5 0.519 70.7 1.565 
17.1 105. 345. 135. 123. 403. 45. 165. 543. 4.4 0.511 71.0 1.563 
80.9 102. 335. 135. 128. 421- 45. 167. 548. 6.5 0.516 70.6 1.540 
84.7 99. 326. 135. 126. 414. 45. 164. 537. 6.8 0.504 70.9 1.533 
88.5 89. 293. 135. 132. 432. 45. 160. 526. 10.9 0.494 70.9 1.482 
92.3 87. 286. 135. 140. 459. 45. 165. 540. 13.1 0.509 70.1 1.459 
96.1 77. 252. 135. 148. 487. 45. 163. 536. 17 .6 0.510 69.7 1.404 

SUCTION SIDE 



t--.) 
w 
w 

STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
8.8 241. 

12.8 238. 
16.9 237. 
21.0 233. 
25.0 229. 
29.1 222. 
33.1 218. 
37.2 210. 
41.3 202. 
45.3 142. 
49.4 172. 
53.4 179. 
57.5 182. 
61.6 186. 
65.6 187. 
69.7 189. 
73.7 191-
77.8 193. 
81.9 194. 
85.9 197. 
90.0 196. 
94.0 200. 
98.1 203. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED NEAR SURGE X/B = .26 PASSAGE NO. 31 

RADIUS = 38.590 CM, PHI = -14.6 DEG, STD DAY TTREL = 414. DEG K. UPSTREAM TTABS = 275. DEG K 
15.193 IN 746. DEG R 495. DEG R 

Cl ZETAl C2 C2 ZETA2 VZ- -CORRECTED BETA ABSOLUTE BETA PRH<1E RELATIVE 
FPS DEG MPS FPS DEG r~ps FPS DEG MACH NO DEG t1ACH NO 

791. 60. 221. 726. 15. 177. 58l. 46.6 0.700 60.0 0.979 
780. 60. 224. 734. 15. 171- 559. 48.3 0.693 60.6 0.956 
776. 60. 223. 730. 15. 170. 557. 48.3 0.690 60.8 0.958 
763. 60. 226. 742. 15. 161- 530. 50.6 0.684 61.5 0.928 
750. 60. 228. 747. 15. 155. 508. 52.2 0.677 62.3 0.909 
728. 60. 229. 751. 15. 145. 474. 54.7 0.666 63.5 0.883 
715. 60. 219. 717. 15. 147. 481- 52.7 0.648 64.1 0.918 
689. 60. 221- 726. 15. 133. 43S. 56.1 0.637 65.7 0.882 
663. 60. 210. 689. 15. 131- 428. 55.2 0.61 i 66.9 0.910 
466. 105. 190. 623. 60. 174. 571- 26.7 0.565 66.7 1.281 
564. 105. 170. 559. 60. 188. 618. 6.9 0.584 68.0 1.547 
587. 105. 167. 549. 60. 192. 631- 2.9 0.600 68.1 1.608 
597. 105. 171. 562. 60. 196. 643. 3.3 0.612 67.7 1.607 
609. 105. 172. 564. 60. 199. 652. 2.2 0.623 67.5 1.628 
615. 105. 175. 574. 60. 201. 660. 2.7 0.631 67.2 1.624 
619. 105. 176. 579. 60. 203. 665. 2.9 0.635 67.0 1.625 
628. 105. 179. 58S. 60. 206. 675. 3.0 0.645 66.7 1.629 
633. 105. 182. 596. 60. 20S. 682. 3.3 0.651 66.4 1.626 
638. 105. 184. 604. 60. 210. 688. 3.7 0.658 66.2 1.624 
646. 105. 187. 612. 60. 212. 697. 3.8 0.667 65.9 1.627 
642. 105. 190. 624. 60. 213. 699. 5.5 0.666 65.5 1.600 
656. 105. 192. 630. 60. 217. 711. 4.7 0.680 65.3 1.619 
666. 105. 196. 642. 60. 220. 723. 5.0 0.691 64.9 1.621 



N 
W 
..j:::. 

STD DAY RPM = 12470.4, 

PERCENT GAP Cl 
MPS 

PRESSURE SIDE 
2.7 237. 
7.0 243. 

11.2 239. 
15.5 245. 
19.7 244. 
24.0 243. 
28.2 243. 
32.5 240. 
36.8 239. 
41.0 236. 
45.3 234. 
58.0 214. 
62.3 189. 
66.6 183. 
70.8 167. 
75.1 117. 
79.3 163. 
83.6 165. 
87.8 166. 
92.1 169. 
96.4 171. 

SUCTION SIDE 

APPENDIX D (Cont'd) 

LASER DOPPLER VELOCIMETER DATA 

85% SPAN 100% SPEED NEAR SURGE X/B = .39 PASSAGE NO. 31 

RADIUS = 38.423 CM, PHI = -14.6 DEG, STD DAY TTREL = 413. DEG K, UPSTREAM TTABS = 275. DEG K 
15.127 IN 744. DEG R 495. DEG R 

C1 ZETA1 C2 C2 ZETA2 VZ--CORRECTED BETA ABSOLUTE BETA PRIME RELATIVE 
FPS DEG MPS FPS DEG NPS FPS [JEG MACH NO DEG MACH NO 

779. 60. 198. 65l. 15. 188. 61B. 40.3 0.685 60.3 1.071 
797. 60. 200. 655. 15. 195. 640. 39.2 0.701 59.5 1.0B4 
785. 60. 204. 668. 15. Hl7. 614. 41.5 0.691 60.1 1.052 
803. 60. 206. 675. 15. 193. 634. 40.7 U.706 59.2 1.061 
80l. 60. 206. 676. 15. 192. 631. 41.0 0.704 59.3 1.U57 
796. 60. 209. 686. 15. 188. 617. 42.3 0.700 59.6 1.037 
797. 60. 205. 673. 15. 191. 627. 41.0 0.701 59.5 1.057 
787. 60. 212. 695. 15. 182. 597. 44.0 0.694 60.0 1.014 
783. 60. 209. 687. 15. 182. 598. 43.S 0.690 6U.2 1.022 
773. 60. 215. 705. 15. 174. 571. 46.2 0.684 60.7 0.986 
769. 60. 219. 719. 15. 169. 555. 47.9 0.684 6l.0 U.962 
702. 60. 20B. 684. 15. 148. 487. 50.7 0.632 64.5 0.947 
621. 60. 187. 612. 15. 130. 4~5. 51.5 0.565 68.4 0.975 
599. 60. 17l. 560. 15. 132. 432. 47.9 u.539 69.1 1.030 
549. 60. 143. 468. 15. 13l. 429. 41.6 0.489 70.7 1 .122 
385. 105. 159. 521. 60. 144. 474. 27.4 0.472 70.7 1.278 
536. 105. 164. 539. 60. 180. 59U. 7.Y 0.556 68.7 1.518 
542. 105. 167. 548. 60. 182. 598. 8.3 0.563 68.4 1 .516 
544. 105. 17U. 557. 60. 184. 602. !:I. 1 0.568 68.1 1.506 
554. 105. 173. 566. 60. 187. 613. Y.O 0.579 67.8 1.511 
562. 105. 176. 576. 60. 190. 623. 9.2 U.51:l8 67.4 1 .511 



......., 

N 
W 
V1 

STD DAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRES SURE SIDE 
2.3 224. 
6.8 227. 

11.3 229. 
15.8 233. 
20.4 232. 
24.9 239. 
2Q.4 242. 
33.9 242. 
38.4 243. 
42.9 244. 
47.4 245. 
51.9 243. 
56.4 239. 
60.9 237. 
65.4 242. 
88.0 205. 
92.5 196. 

SIJCTION SlO£ 

I\PPF.HDI X 0 (Cont I d) 

LI\SER DOPPLER VELOCmETFR DI\TA 

85~ SPI\U 10m SPEED NE/\R SURGE X/B = .52 PI\SSAGE NO. 31 

RADIUS = 38.257 CM, PHI'"' -14.6 DFG. STU DI\Y TTREL = 412. DEG K. UPSTREAM TTABS = 275. DEG K 
15.062 Hl 742. DEG R 495. DEG R 

C1 ZETA1 C2 C2 ZETI\2 VZ--CORRECTEO BET/\ All SOLUTE BETA PRH1E RELATIVE 
FPS DEG MPS Frs OEG tlrs FPS OEG fl/\CH tlO OEG HI\CII NO 

734. 60. 21l. 692. 15. 160. 525. 48.4 0.655 62.6 0.961 
744. 60. 198. 649. 15. 174. 57lo 43.2 0.657 61.9 1.033 
752. 60. 196. 643. 15. 179. 586. 41.8 0.663 61.5 1.050 
766. 60. 197. 647. 15. 184. 603. 41.0 0.675 60.8 1.058 
762. 60. 198. 651. 15. 181. 594. 41.8 0.671 61.0 1.048 
783. 60. 195. 640. 15. 193. 632. 38.9 0.689 60.0 1.087 
793. 60. 201- 660. 15. 192. 63l. 40.0 0.698 59.5 1.068 
793. 60. 201. 660. 15. 192. 631. 40.0 0.698 59.5 1.068 
797. 60. 204. 669. 15. 192. 630. 40.6 0.701 59.4 1.059 
801. 60. 205. 673. 15. 193. 633. 40.7 0.705 59.2 1.057 
805. 60. 202. 664. 15. 197. 645. 39.5 0.708 59.0 1.075 
798. 60. 202. 663. 15. 194. 636. 39.9 0.702 59.3 1.069 
784. 60. 204. 669. 15. 187. 612. 41. 7 0.690 60.0 1.045 
779. 60. 203. 666. 15. 185. 607. 41.8 0.686 60.2 1.044 
793. 60. 20l. 659. 15. 193. 632. 39.9 0.698 59.5 1.069 
673. 60. 170. 558. 15. 164. 537. 39.8 0.595 65.0 1.097 
642. 60. 169. 553. 15. 152. 497. 42.3 0.569 66.6 1.074 

.........,.,. 



APPENDIX D (Cant'd) 

LASER DOPPLER VELOCH1ETr:R DI\TI\ 

IV 
85% SPAt/ 100% SPEED w NEAR SURGE X/R :: .78 PASSAGE NO. 31 

0\ 
STD DAY RPM ~ 12470.4, RADIUS:: 37.925 CM, PHI :: -14.6 DEG, STD DAY TTREL :: 410. DEG K, UPSTREAM TTARS =- 275. DEG K 

14.931 IN 738. DEG R 495. DEG R 

PERCEtJT GAP C1 C1 ZETAl C2 C2 ZETA2 Vl- -COP-RECTED BETA ABSOLUTE RETA prm[ RELATIVE 
MPS FPS DEG ~1PS FPS nEG t"I'S FPS DEG WJ:Jl NO OEG 111'1(11 tlO 

PRESSURE SIDE 
2.9 220. 721. 60. 205. 671. O. 139. 456. 56.4 0.668 63.3 0.Ril2 
7.1 219. 720. 60. 192. 630. O. 146. 479. 53.4 0.657 63.2 0.887 

11.3 217. 711. 60. 183. 60l. O. 148. 485. 51. 7 0.644 63.6 0.915 
15.6 217. 712. 60. 181. 594. O. 150. 491. 51.1 0.643 63.5 0.923 
19.8 218. 715. 60. 177. 582. O. 153. 50l. 49.9 0.643 63.3 0.938 
24.1 220. 723. 60. 176. 577. O. 157. 514. 49.0 0.648 62.8 0.918 
28.3 223. 730. 60. 174. 572. O. 160. 525. 48.1 0.652 62.4 0.958 
32.5 225. 737. 60. 174. 570. O. 163. 534. 47.5 0.657 62.1 0.964 
36.8 223. 733. 60. 17l. 561. O. 163. 535. 47.0 0.653 62.3 0.972 
41.0 226. 743. 60. 167. 548. O. 169. 554. 45.3 0.659 61. 7 0.993 
45.3 226. 740. 60. 168. 550. O. 168. ~50. 45.7 0.657 61.9 0.989 
49.5 234. 769. 60. 168. 552. O. 178. 583. 44.1 0.680 60.4 1.003 
53.7 238. 781. 60. 169. 556. O. 181. 595. 43.7 0.690 59.8 1.006 
58.0 241. 790. 60. 172. 564. O. 183. 600. 43.9 0.697 59.4 1.002 
62.2 246. 806. 60. 172. 564. O. 189. 619. 43.0 0.711 58.6 1.012 
66.5 247. 809. 60. 170. 557. O. 191- 627. 42.3 0.713 58.4 1.022 
70.7 250. 82l. 60. 172. 565. O. 194. 637. 42.3 0.723 57.9 1.020 
75.0 255. 835. 60. 172. 563. O. 199. 654. 41.4 0.735 57.2 1.032 
79.2 265. 87l. 60. 163. 534. O. 218. 714. 37.4 0.767 55.6 1.092 

SUCTION SIDE 

........ 



"""' ... 

tv 
W 
--l 

S1D OAY RPM = 12470.4, 

PERCENT GAP C1 
MPS 

PRESSURE SlOE 
0.0 221. 
3.8 215. 
7.6 222. 

11.4 223. 
15.2 225. 
19.0 226~ 
22.8 226. 
26.6 226. 
30.4 227. 
34.2 229. 
38.0 227. 
41.8 226. 
45.6 225. 
49.4 225. 
53.2 226. 
57.0 227. 
60.8 229. 
64.6 229. 
68.4 231. 
72.2 230. 
76.0 228. 
79.8 229. 
83.6 231-
87.4 232. 
91.2 231-
95.0 233. 
98.8 237. 

SUCTION SlOE 

ftPPENDIX n (Conl'd) 

LASER DOPPLER VELOCHlETER DATA 

85,}; SPAN 100,}; SPEED HEAR SURGE X/Ii:l.1 PASSAr.E NO. 31 

RADIUS = 37.516 CM, Pill = -14.6 OEG. STD nAY TTREL = 407. DEG K, UPSTREA,., nABS'" 275. OEG K 
14.770 IN 733. OEG R 495. OEG R 

C1 ZETAl C2 C2 ZETA2 VZ--CORRECTEO BETA ABSOLUTE BETA PRH1E RELATIVE 
FPS OEG MPS FPS OEG ~'rs Frs OEG HACH NO OEG f1ACIl NO 

726. 60. 257. 842. O. 110. 361. 67.3 0.737 63.4 0.651\ 
706. 60. 234. 768. O. 116. 381. 64.2 0.696 64.4 0.721 
728. 60. 210. 688. O. 138. 454. 57.2 0.679 62.6 0.816 
733. 60. 191- 645. O. 11\8. 1\85. 53.7 0.670 62.1 0.866 
737. 60. 194. 638. O. 151. 494. 52.9 0.671 61.9 0.876 
740. 60. 194. 635. O. 152. 499. 52.5 0.672 61. 7 0.881 
743. 60. 193. 634. O. 153. 504. 52.2 0.674 61.5 0.884 
743. 60. 192. 630. O. 154. 506. 51.9 0.673 61. 5 0.888 
745. 60. 192. 630. O. 155. 508. 51.8 0.674 61.4 0.889 
750. 60. 191. 626. O. 157. 517. 51.1 0.677 61.1 0.896 
745. 60. 188. 616. O. 157. 517. 50.7 0.672 61.3 0.905 
741. 60. 187. 614. O. 156. 513. 50.8 0.668 61.6 0.905 
737. 60. 185. 608. O. 156. 512. 50.6 0.664 61.8 0.909 
737. 60. 185. 60B. O. 156. 512. 50.6 0.664 61.8 0.909 
742. 60. 185. 606. O. 158. 519. 50.1 0.668 61. 5 0.914 
746. 60. 187. 614. O. 158. 519. 50.5 0.672 61.3 0.908 
751. 60. 187. 612. O. 160. 526. 50.0 0.675 61.0 0.913 
752. 60. 187. 613. O. 161. 527. 50.0 0.676 61.0 0.912 
758. 60. 187. 613. O. 163. 534. 49.6 0.680 60.6 0.916 
755. 60. 185. 60B. O. 162. 533. 49.4 0.677 60.8 0.920 
748. 60. 183. 600. O. 16l. 530. 49.2 0.671 61.1 0.925 
750. 60. 182. 596. O. 163. 534. 48.8 0.672 61.0 0.930 
759. 60. 183. 601. O. 165. 542. 48.6 0.679 60.6 0.930 
761. 60. 188. 616. O. 163. 535. 49.7 0.6B3 60.5 0.914 
759. 60. 197. 646. O. 157. 515. 52.1 0.687 60.6 0.879 
765. 60. 212. 697. O. 150. 492. 55.4 0.704 60.4 0.B26 
776. 60. 246. 806. O. 134. 441. 61. 9 0.746 59.8 0.716 



N'PEtIDIX 0 (Cont'd) 

LASER DOPPLER VELOCHlEfFR lRI\VFRSE fiT HJSmUr1F:1ITflT10f1 f'LMIF 

1001, SPEED PI: AI< UFI C I ElleY 
IV 
V-J 
00 

STD OJ\ Y RPM = 12470.4, INNER RADIUS = 18.119 CM. OllfER RADIIIS = 44.319 OT. urSTRE/IJT Hl\ns ..,. 289. on; K 
7.134 IN 17.'149 III 520. OEG R 

PERCENT RADIUS RJI.OIUS Cl C1 ZETAl C2 C7 ZETI\2 PHI STO DI\Y TTREL 
SPMI eM IN MPS Frs DrG r1PS FPS DEG nEG [lEG K OEG R 

95.0 43.010 16.933 90. 295. 135. 88. 290. 45. -15.3 445. 80l. 
flO.O 41.699 16.417 95. 312. 135. 95. 311. 45. -13.8 436. 7RS. 
85.0 40.389 15.901 98. 321. 135. 99. 324. 45. -12.2 427. 768. 
no.O 39.080 15.386 10l. 330. 135. 103. 338. 45. -10.8 418. 752. 
75.0 37.770 14.870 104. 340. 135. lOS. 344. 4S. -9.3 409. 736. 
70.0 36.459 14.354 102. 33S. 135. 104. 340. 45. -7.9 40l. 771. 
65.0 35.149 13.838 104. 340. 135. 105. 345. 45. -6.1 393. 707. 
60.0 33.840 13.323 105. 34[,. 135. 107. 350. 45. -4.5 384. 692. 
50.0 31.219 12.291 106. 34R. 1]'>. 109. 3S8. 4S. -1.0 370. 666. 
45.0 29.908 11. 775 106. 349. 13S. 108. 353. 45. 0.8 363. 654. 
40.0 28.600 11.260 106. 347. 135. 107. 350. 45. 2.5 357. 643. 
35.0 27.290 10.744 104. 342. 135. 104. 342. 45. 4.3 352. 633. 
30.0 25.979 10.228 101. 333. 135. 100. 328. 45. 6.0 346. 622. 
25.0 24.668 9.712 10l. 33l. 135. 98. 321. 45. 7.6 340. 612. 
20.0 23.360 9.197 97. 318. 135. 94. 310. 45. 9.4 335. 603. 

PERCENT VZ--CORRECTED BETA ABSOLUTE BETA PRIt1E RElATIVE 
SPAN MPS FPS OEG MI\CH NO DEG tTACH NO 

95.0 126. 413. -0.5 0.390 76.9 1.726 
90.0 134. 440. -0.1 0.413 75.8 1.679 
85.0 139. 456. 0.3 0.425 74.9 1.631 
80.0 144. 472. 0.7 0.438 73.9 1.583 
75.0 147. 483. 0.3 0.447 73.1 1.542 
70.0 145. 477. 0.4 0.'139 72.8 1.489 
65.0 147. 484. 0.4 0.444 72.1 1.442 
60.0 150. 492. 0.3 0.451 71.2 1.398 
50.0 152. 499. 0.8 0.456 69.5 1.299 
45.0 151. 496. 0.3 0.'154 68.8 1.254 
40.0 150. 492. 0.2 0.450 68.1 1.205 
35.0 147. 483. -0.0 0.442 67.5 1.155 
30.0 142. 467. -0.4 0.428 67.2 1.105 
25.0 140. 460. -0.9 0.424 66.4 1.059 
20.0 13S. 444. -0.7 0.409 65.9 1.004 

--..... 



.. ....-.t 

N 
W 
1..0 

STO DAY RPM = 12470.4, 

PERCENT RADIUS 
SPAN eM 

95.0 41.006 
90.0 39.964 
85.0 38.923 
80.0 37.882 
75.0 36.840 
70.0 35.799 
65.0 34.757 
60.0 33.716 
55.0 32.675 
50.0 31.633 
40.0 29.550 

PERCENT 
SPAN 

95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 
60.0 
55.0 
50.0 
40.0 

APPEUDIX 0 (ront'rl) 

LASER DOPPLER VEtOC mETER TRAVERSE AT LEI\[)H!G EDGE PLMIF 

100"', SPEEO PEAK EFFICIENCY 

INNER RADIUS = 21.219 CM, OUTER RAOIUS = 42.047 CM, 
8.354 IN 16.554 HI 

RADIUS C1 C1 ZET'" C2 C2 
IN MPS FPS DEI, nps FPS 

16.144 113. 370. 135. 110. 360. 
15.734 126. 415. 135. 130. 425. 
15.324 131- 430. 135. 133. 435. 
14.914 133. 437. 135. 137. 450. 
14.504 135. 443. 135. 142. 465. 
14.094 134. 439. 135. 138. 453. 
13.684 134. 439. 135. 137. 448. 
13.274 130. 427. 135. 134. 44l. 
12.864 130. 426. 135. 134. 44l. 
12.454 131. 431. 135. 130. 428. 
11.634 137. 448. 135. 13l. 430. 

VZ--CORRECTED RETA ABSOLUTE BETA PRIHE 
MPS FPS DEG t1ACII NO OEG 

157. 516. -0.8 0.494 73.0 
18l. 593. 0.7 0.568 70.1 
186. 611. 0.3 0.581 69.3 
191. 626. 0.8 0.592 68.4 
195. 641. 1.4 0.601 67.4 
192. 630. 0.9 0.589 67.4 
191. 626. 0.6 0.583 67.0 
187. 613. 0.9 0.567 66.8 
187. 612. 1.0 0.566 66.2 
185. 607. -0.2 0.561 65.9 
189. 620. -1.2 0.579 64.0 

UPSTREM~ TTI\RS = 71\9. OEG K 
520. DEI, R 

ZETI\2 PIlI STO nAY nRrL 
nEG DEG OEG K nu; I( 

45. -16.5 431- 776. 
45. -15.5 424. 763. 
45. -13.6 417. 750. 
45. -11.8 410. 738. 
45. -9.5 403. 726. 
45. -7.8 396. 713. 
45. -5.9 390. 70t. 
45. -3.8 384. 6fJl. 
45. -1. 5 378. 680. 
45. 0.5 372. 670. 
45. 6.0 362. 652. 

RELATIVE 
MACH NO 

1.695 
1.672 
1.645 
1.605 
1.564 
1.528 
1.491 
,. .441 
1.402 
1.376 
1.320 



I\PI'ENOIX D (Cont'd) 

LASER DOPPLER VELOC HlETER TRAVERSE AT TRAILING EIlGE rl.AlIE 

100';; SPEED PEAK EfrrCIEtlCY 
N 
.+:>. 
0 

STD DAY RPM = 12470.4, INNER RADIUS = 25.639 CM, OUTER RADIUS = 40.703 CM, UPSTREAI' TTMS '" 289. OEr. K 
1O.0Q4 IN 16.025 IN 520. DrG R 

PERCENT RADIUS RADIUS C1 C1 ZETA1 C2 C2 ZETA2 PHI STD DAY TTREL 
SPAN CM IN nrs FPS OEG t,rs FPS orG OEG DEG K OEG R 

95.0 39.949 15.728 175. 573. 75. 210. 688. 15. -17 .R 423. 767. 
90.0 39.197 15.432 193. 632. 75. 207. 680. 15. -15.8 419. 754. 
85.0 38.443 15.135 206. 675. 75. 204. 669. 15. -13.8 413. 744. 
80.0 37.691 14.B39 212. 694. 75. 209. 687. 15. -12.0 409. 736. 
75.0 36.937 14.542 213. 700. 75. 719. 719. 15. -9.9 404. 727. 
70.0 36.185 14.246 213. (joa. 75. 217. 711. 15. -7.9 399. 718. 
65.0 35.430 13.949 20l. 659. 75. 205. 674. 15. -6.0 394. 709. 
60.0 34.679 13.653 184. 604. 75. 218. 714. 15. -3.8 389. 701. 
55.0 33.924 13.356 204. 668. 75. 232. 761. 15. -1. 5 385. 693. 
50.0 33.172 13.060 209. 687. 7,:). 222. 729. 15. 0.5 381- 685. 
45.0 32.418 12.763 209. 685. 75. 221. 726. 15. 2.8 377. 678. 
40.0 31.664 12.466 20B. 684. 75. 223. 730. 15. 5.2 372. 670. 
35.0 30.912 12.170 209. 685. 75. 223. 732. 15. 7.8 368. 663. 
30.0 30.157 11. 873 253. 829. 45. 187. 612. O. 10.5 365. 657. 

PERCENT VZ--CORRECTED BETA ABSOLUTE BETA PRmE RELATIVE 
SPAN r1PS FPS DEI. MACH NO OEG t1ACfl NO 

95.0 132. 433. 54.0 0.604 67.B 0.971 
90.0 153. 501. 48.6 0.627 64.9 0.998 
85.0 168. 552. 44.6 0.647 62.7 1.021 
80.0 173. 568. 44.5 0.663 61.2 0.992 
75.0 172. 565. 46.3 0.677 59.9 0.939 
70.0 172. 565. 45.9 0.673 59.4 0.925 
65.0 162. 533. 46.1 0.638 60.9 0.913 
60.0 140. 460. 53.2 0.630 62.1 0.807 
55.0 15B. 517. 51.4 0.681 57.3 0.786 
50.0 167. 548. 47.9 0.678 56.1 0.814 
45.0 167. 546. 47.9 0.618 55.1 0.795 
40.0 166. 544. 48.2 0.682 53.8 0.772 
35.0 166. 545. 48.3 0.687 52.4 0.753 
30.0 171. 560. 47.5 0.701 50.1 0.744 

----



APPENDIX E 

POSSIBLE FLOW INSTABILITY 

At one time during the LDV evaluation of the 100% speed, peak efficiency 
point, an unusual velocity pattern was recorded for passages 1 and 31. At 0.52 
chord, 85% span, both the 60° and the 105° LDV measurements indicated a 
strongly bimodal velocity distribution in these passages while gap 15 
maintained a single, well behaved flow vector that aligned well with data 
obtained at both upstream and downstream locations. The data from gaps 1 and 
31 have been carefully examined and it is believed that the data suggest a 
strong oscillatory flow in these passages. A check of the remaining passages 
indicated this phenomenon existed in varying degrees in ninety percent of the 
passages. 

The possibility that the bimodality was in fact produced by noise has been 
examined and, although it cannot be completely ruled out, the evidence 
strongly suggests the data is real since: (1) the passages are not uniformly 
affected, (2) the condition does not occur at any other locations during 
runninq at 100% speed, peak efficiency, nor (3) does it appear again at the 
same location for the offdesign portions of the test program. Assuming then 
that the data sets were indicative of real flow variations, what oscillation 
would be indicated? 

An exact determination of the secondary flow direction is difficult to 
ascertain because the instrument orientations used to optimize the readings 
for the expected flow directions may have been less than optimum for flow 
components occurring 30 degrees or more from the expected directions. Given 
these limitations, an analysis of the data was attempted and it has been 
tentatively concluded that in the absolute reference frame, the flow 
oscillated from the usual flow direction toward the direction of wheel 
rotation. At the angular location chosen for analysis, number 40, one 
resultant, 240 m/sec (780 ft/sec), was 56° from the tangential direction. The 
flow spent approximately thirty percent of the time at this condition--this 
direction and amplitude is consistent with upstream and downstream data 
sets--and spent the remainder of the time at 135 m/sec (440 ft/sec), flowing 
2n° to 30° from tangential. This condition persists for 3/4 of the blade gap, 
see Figure 54. The carpet plot of the data from the 60° fringe orientation for 
passage 1 clearly shows the region of bimodality in question. A similar plot 
of gap 15 has been included in Figure 54 for comparison. 
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APPENDIX F 

BLADE COORDINATES 

Blade cross-section coordinates, representing calculated running geo~etry for 
959; and 85% span, are presented below in extended line fonn. Coordinates are 
in centimeters. Applicable aerodyna~ic infonnation appears in Appendix C. 

95% S~an 
Leading Edge: (O.OOOO, 0.0000) 
Leading Edge Radius = 41.006Ocn 

Pressure Surface - Axial Coordinates 
0.0000 0.2205 0.4427 0.6668 
1.5784 1. 81 05 2.0450 2.2812 
3.2482 3.4950 3.7437 3.9942 

Pressure Surface - Tangential Coordinates 
-0.0462 0.4348 0.9114 1.3823 
3.2195 3.6853 4.1580 4.6383 
6.61 90 7.1153 7.6076 8.0955 

Suction Surface - Axial Coordinates 
0.0000 O. 2212 0.4445 0.6703 
1 . 5951 1.8331 2.0744 2.3178 
3.2936 3.5377 3. 7818 4.0264 

Suction Surface - Tangential Coordinates 
O. 0561 O. 6091 1. 1552 1. 6927 
3.8316 4.3998 4.9893 5.5585 
7.4392 7.8372 8.2169 8.5827 

859; Span 
Leading Edge: (0.0000, 0.0000) 
Leading Edge Radius = 39.6l3lcm 

Pressure Surface - Axial Coordinates 
0.0000 0.2248 0.4506 0.6777 
1.5972 1.8303 2.0650 2.3015 
3.2647 3.5085 3.7536 4.0000 

Prsssure Surface - Tangential Coordinates 
-0.0437 0.4089 0.8539 1.2893 
2.9616 3.3975 3.8481 4.3177 
6.2489 6.7158 7.1750 7.6274 

Suction Surface - Axial Coordinates 
0.0000 0.2253 0.45~ 0.6805 
1.6093 1.8473 2.0884 2.3312 
3.3000 3.5413 3.7823 4.0236 

Suction Surface - Tangential Coordinates 
0.0533 0.5745 1.0846 1.5801 
3.5469 4.1036 4.7026 5.2809 
7.0668 7.4252 7.7648 8.0919 

Trailing Edge: (4.7577, 9.5626) 
Cone Angle = -18.3 Degrees 

0.8920 1 .1194 1 .3480 
2.5197 2.7602 3.0033 
4.2461 4.4996 4.7544 

1 .8461 2.3040 2.7600 
5.1262 5.6198 6. 1196 
8.5776 9.0515 9.5184 

0.8981 1. 1278 1.3602 
2.5616 2.8054 3.0495 
4.2710 4.5156 4.7605 

2.2207 2.7462 3.2812 
6.0810 6.5646 7.0162 
8.9350 9.2735 9.5997 

Trailing Edge: (4.7470, 8.9835) 
Cone Angle = -14.58 Degrees 

0.9060 1. 1351 1 .3655 
2.5400 2.7800 3.02H3 
4.2471 4.4953 4.7445 

1. 7140 2. 1265 2.5390 
4.8019 5.2880 5. 7727 
8.0711 8.5077 8.9413 

0.9101 1. 1412 1.3741 
2.5740 2.8164 3.0584 
4.2652 4.5070 4.7490 

2.0584 2.5329 3.0256 
5.7996 6.2611 6.6810 
8.4089 8. 7175 9.0193 

243 



This Page Intentionally left Blank 



DISTRIBUTION LIST 

1. NASA-Lewis Research Center 
21000 Brookpark Road 
Cleveland, OH 44135 
Attn: 

Report Control Office 
Technical Utilization Office 
Library 
Fluid Mechanics & Acoustics Div. 
Fan & Compressor Branch 
C. L . Ball 
T. F. Gelder 
L. Rei d 
W. A. Rostafinski 
D. M. Sandercock 
Acquisition Division 
N. T. Musi a 1 
vi. R. Bri tsch 
R. D. Hager 
C. L. Ciepluch 
J. W. Schaefer 

MS 5-5 
MS 7-3 
MS 60-3 
MS 5-3 
MS 5-9 
MS 5-9 
MS 5-9 
~lS 5-9 
MS 5-9 
MS 5-9 
MS bOO-30S 
MS 500-318 
MS 30l-L 
MS 301-2 
MS 301-4 
tvlS 301-4 

2. NASA Scientific and Technical Information Facility 
P.O. Bo x 87 5 7 
Baltimore/Washington International Airport 
";aryland 21~40 
Attn: Accessioning Dept. 

3. NASA Headquarters 
Washington, D.C. 20546 
Attn: RTP-bIG. Banerian 

4. NASA-Langley Research Center 
Hampton, VA 23665 
Attn: S. J. Morris 

L. Hase 1 

5. U.S. Army Research & Technology Laboratories 
Director Applied Technology Laboratory 
Fort Eustis, VA 23604 
Attn: DAVDL-EU-TA, J. White 

~1S 249B 
MS 407 

1 
1 

1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

245 



6. Headqua rters 
Wright-Patterson AFB, OH 45433 
Attn: E. E. Bailey, AFAPL/DO 

R. P. Carmichael, ASD/XRHI 
S. Kobelak, AFAPL/TBP 
A. J. Wennerstrom, AFAPL/TBX 
M. A. Stibich, AFAPL/TBC 

7. Naval Air Systems Command 
NASAIR/52022 
Technical Support Branch 
Washington, D. C. 20362 
Attn: R. A. Retta 

8. U.S. Navy Ship/Engineering Center 
Code 6141 
Washington, D. C. 20362 
Attn: G. L. Graves 

9. Naval Air Propul sion Test Center 
Trenton, NJ 08628 
Attn: V. Labosky 

J. Pichtelberger 
P. Pi scopo 

10. Pratt & Whitney Aircraft 
Government Products Division 
P. O. Box 2691 
West Palm Beach, FL 33402 
Attn: W. R. Alley 

J. Brent 
R. E. Da vi s 
J. A. Fl i gg 
B. A. Jones 
R. W. Rockenbach 
H. D. Stetson 

11. Pratt & Whitney Aircraft 
400 Main Street 
East Hartford, CT 06108 
Attn: T. J. Gillespie 

246 

N. T. Monsarrat 
R. E. Pallatine 
A. W. Stubner 
H . D. Wei ng old 
D. J. Hopwood 
W. M. Foley (UTRC) 
Lib r a ry ( C PD ) 
Library (UTRC) 

PE-7 
PE-7 
PE-42 

E2H 
E2H 
E2H 
E2H 
E2H 
E2H 

1 
1 
1 
1 
1 

, 
1 , 
1 , 
1 
1 
1 
1 



12. Detroit Diesel Allison Division, GMC 
Department 8894, Plant 8 
P. O. Box 894 
Indianapolis, IN 46206 
Attn: R. F. Al verson U-28 

J. L. Dettner U-28 
R. L. Jay W-16 
G. E. Hol brook T-22 
P. Tramn U-27 
Library 5-5 

13. Northern Research and Engineering 
219 Yassa r 5tree t 
Cambri dge, l,tA 02139 
Attn: K. Ginwala 1 

14. General Electric Company 
Flight Propulsion Division 
Cincinnati, OH 45215 
Attn: J. F. K1approth K-221 1 

C. C. Koch H-43 1 
J. W. ~lcBri de E-198 1 
Marl en Mi 11 er K-69 1 
D. E. Pa rker H-lf3 1 
D. Pri nc e H-48 , 
L. H. Smith H-43 1 
J. B. Taylor J-40 1 
J. S. Ke i th H-4 1 
D. C. \~i sl er H-4 , 
Technical Informatiofi Center N-32 1 

15. General El ectri c Compa ny 
lOOu Western Avenue 
Lyn n, tvlA 01 91 () 
Attn: D. P. Edkins ~1. D. 24048 1 

F. F. Ell ri ch M.D. 24505 1 
L. H. Ki n9 M.D. 240G 1 
R. E. Neitzel M.D. 24502 1 

16. Curtiss-Wright Corporation 
Wright Aeronautical 
Wood-Ridge, NJ 07075 
Attn: R. Co 1 e 

5. Lombardo 

17. AiResearch Manufacturing Company 
P.O. Box 5217 
Phoenix, AZ 8501 0 
Attn: J. Dodge 1 

G. L. Perrone 1 
D. Seyler 1 
J. Swi tzer 1 

247 



18. AiResearch Manufacturing Company 
2525 West 190th Street 
Torrance, CA 90509 
Attn: R. Carmody 

R. Jackson 
L. W. Pearson 
Library 

19. Union Carbide Corporation 
Nuclear Division 
Oak Ridge Gaseous Diffusion Plant 
P.O. Box P 
Oak Ridge, TN 37830 
Attn: J. L. Petty, K140l 

20. AVCO Corporation 
Lycoming Division 
550 South Mai n Street 
Stratford, CT 06497 
Attn: L. Kuintzle 

Library 

21. Teledyne, CAE 
1330 Laskey Road 
Toledo, OH 43612 
Attn: El i H. Benstein 

Howard C. Walch 

22. Solar 
2200 Pacific Highway 
San Diego, CA 92138 
Attn: P. A. Pitt 

J. Wa tk ins 

23. Goodyear Atomi c Corporati on 
Box 628 
Pi k eton, OH 45661 
Attn: C. O. Langebrake 

24. Hamilton Standard Division of 
United Technologies Corporation 
Windsor Locks, CT 06096 
Attn: Mr. C. Rohrback, Chief, 

Aerodynamics & Hydrodynamics 

25. Westinghouse Electric Corporation 
Combustion Turbine System Division 
Lester, PA 19113 
Attn: S. M. DeCorso 

248 

~1S 385 

A-5 
C-5 

MS lA-3-6 

MS A703 

1 
1 
1 
1 



26. Williams Research Corporation 
P. O. Box 95 
Walled Lake, MI 48088 
Attn: J. Ric hard Joy 1 

R. A. Ho r n, Jr. 1 

27. Eaton Research Center 
P. O. Box 76[; 
Southfield, MI 48037 
Attn: Li brari an 

28. Chrysler Corporation 
Research Offi ce 
Department 9510 
P. O. Box 1118 
Detroit, MI 48288 
Attn: Ronald Pampreen C n,l S 41 8 - 37 -1 8 

29. Ell i ot t Compa ny 
Jeannette, PA 15644 
Attn: J 0 h n W. S c h 1 i rf 

Vice President of Engineering 

30. Ca terp i 11 a r Tractor Company 
Research Dept. Technical Center, Bldg. F 
Peoria, IL 61625 
Attn: J. vJiggins 

3l. B~IAD 
Boeing Aerospace Co. 
P. O. Box 3999 
Seattle, WA 98124 
Attn: A. D. ~Jel1 iver MS 41 -52 

32. Douglas Aircraft Company 
3855 Lakewood Blvd. 
Long Beach, CA 90801 
At tr.: Dr. Albert C. ~unson, 3557 

33. Lockheed Missile and Space Company 
P. O. Box 504 
Sunnyvale, CA 94088 
Attn: Techni cal Information Center 

Dept. 52-50, Bldg. 106 

34. California Institute of Technology 
Pasadena, CA 91125 
Attn: Professor Duncan Rannie 205-45 1 

Dr. F ran k Ma rb 1 e 205-45 1 

249 



35. Iowa State University of Science and Technology 
Me s , I A 5001 0 
Attn: Professor G. K. Serovy 

Dept. of Mech. Engrg. 

36. Massachusetts Institute of Technology 
Cambridge, MA 02139 
Attn: Dr. J. McCune 

37. University of Notre Dame 
Notre Dame, IN 46556 
Attn: Engineering Library 

38. Penn State University 
Department of Aerospace Engineeri ng 
233 Hammond Building 
University Park, FA 16802 
Attn: Prof. B. Lakshminarayana 

39. Texas A&M University 
Department of ~Iechanical Engineering 
College Station, TX 77843 
At tn: Dr. t,jeherwan P. Boyce 

40. University of Tennessee Space Institute 
Tullahoma, TN 37388 
Attn: Dr. M. Kurosaka 

Dr. J. Caruthers 

41. University of Delaware 
Newark, DE 19711 
Attn: Prof. Barry Seidel 

Dept. of Mech. & Aero. Engrg. 

42. Naval Postgraduate School 
Monterey, CA 93940 
Attn: R. P. Shreeve, Director 

Turbopropulsion Laboratory 

250 

1 
1 



End of Document 


