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SUMMARY

This report covers the completed work performed on NASA
Contract No. NAS1-9752 dated Pebruary 19, 1870 up to September
20, 1971, on the design, development and delivery of a miniature
hydrogen-fueled gas turbine engine. The engine was to be sized
to approximate a scaled-down 1lift engine such as the Teledyne
CAE Model 376. As a result, the engine design emerged as a 445N~
(100 I1b.)=thrust engine flowing 0.86 kg (1.9 1lbs.) air/sec. A
d-siage compressor was designed at a 4.0 to 1 pressure ratio for
the above conditions. The compressor tip diameter was 9.14 cm
{3.60 in.). To improve overall engine performance another com-
pressor with a 4.75 to 1 pressure ratio at the same tip diameter
was designed. A matching turbine for each conmpressor was also
designed. The turbine tip diameter was 10.16 cm (4.0 in.). A
combustion chamber was designed, built, and tested for this
engine, A preliminary d951gn of the mechanical rotating parts
also was completed and is discussed in thls report. Three ex-~
haust nozzle designs are presented.




INTRODUCTION

Bvaluation of a propulsion system on an aircraft is a diffi-~
cult and expensive task. BScaled~down propulsion simulators have
proven to be extremely useful in obtaining aercdynamic inter~
acting characteristic. of the aircraft and its engines. The pre-
sent simulation technigues reguire the use of externally supplied
high pressure air or nitrogen to power either turbine driven
compressors simulating fan jet engines, or ejector powered jet
engine simulatcrs. These f£low simulators fail to simulate both
inlet and exit conditions at the same time. A scaled-down gas
turbine could do this. Development of scaled-down gas turbine
engines has been limited by the inability to proporition the com-
bustion section to the small scale required. The design of the
engine described in this report is based on the use of hydrogen
as a fuei, a fuel which has a burning rate fast enough to allow
small scaled-down combustion systems, which are proportional to
the compressor and turbine and the overall length. This report
follows an earlier report (ref. 1) describing the developrent of
a small annular hydrogen-fueled combustor.

The present report covers the design of a gas turbine englne
with a 9.14 om~(3.60 in.)-~compressor diameter and a turbine dia-
meter of 10.16 cm (4.00 in.). The overall length is 17.46 cm
(6.875 in.). ({Bee fig. 1}

The aerodynamics are completely defined for both the com-
pressor and turbine. The results of the burner development and
the preliminary mechanical design of the rotating parts are pre-
sented herein.

SYMBOLS
‘a distance of maximum camber point from leading edge of
blade sectlon mean line measured along chord line, cm (in.)
a blade cross section area, cm?® (in.?)
AR ‘aspect. ratic (defined in table 1)
A,  local blade-to-blade stream tube passage area measured in a
plane normal to the axial directionm, em® (in.?)
b ' axmal ﬂlstance between inlet and outlet calculation planes
. for a blade row, cm (in.} (see fig. 4 and table 1)
e 1fb1&de75ectiénvchbrdLlength;“cm'{in-'
lvcn - nozzle alschqrge coefflclent, (actual mass f£low)/{ideal mass

- flow for correqpcndlng nczzle pressure ratio)




Cp specific heat at constant pressure, Joules/kg®°C (Btu/lb°F)

Crp nozzle thrust coeffieient; (actual thrust for actual mass
flow) / (ideal thrust for the same mass f£low)
dn product of bearing bore diameter in millimeters and rpm
dg blade throat dimension, cm (in.)
D diffusion parameter (see eguations 1 and 2)
£ natural frequency, hertz
g gravitational acceleration, 981 cm/sec?® (32.2 ft/sec?) '
modulus of rigidity, kg/cm® (1b/in.?%)
Ah total enthalpy drop, Joules/kg {Btu/lb)
AH lower heating valve of hydrogen (H2); 1.1993 x 10%Joules/kg
{51,574 Btu/lb)
i incidence angle, angle between entrance relative flow
direction and tangent to blade section mean line at
leading edge centex, degrees ;
J'..SS suction surface incidence angle, angle between entrance
relative flow direction and tangent to blade section suction
surface gt leading edge, degrees
Is polar moment of inertia about the torsion center taken to
' coincide with the point of maximum thickness along the blade
chord, cm® {in.*)
J conversion factor, 1.00m N/Joule 778.16 £t 1lb/Btu é
L blade length, cm (in. ) '
m mass, kg (lb)
My emplrlcal factor in devmation angle predlctlen, eguations g
7. and 8 S .
n :otatmonal speed, rpm
N _”nnmpgxaog;hlad%ﬁﬁin;xbtor_or"statbr oW ;
P umit ptessure,'N/cma (lb/inaz :
o
AR _:unlt pressure dlfFerentlal across crlflce plate, .also

"”pxessure drop across combustor, N/cm? (lbfln.a)
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radius measured from compressor rotational axis, cm (in.)

velocity relative to turbine hucket, m/sec (ft/sec]

reaction (fraction of stage ideal enthalpy drop occurring
across the turbine rotor)

material unit stress at blade root, kg/cm? (1b/in.?)
blade spacing, em (in.)

blade thickness, cm (in.)}

temperature differential acrcss burner, °C(°F)
temperature ratio defined by equation 24
pitch wheel speed, m/sec (ft/sec)

velocity, m/sec (ft/sec)

blade weight, kg (1b)

axial projection of blade chord, cm (in.)

air flow, kg/sec (lb/sec)

excess air flow, kg/sec (lb/secg)

fuel flow, kg/sec (lb/sec)

chordwise coordinate of blade, cm {in.)

distance from axis of rotation to blade center of gravity,
em (in.)

blade length coordinate, em (in.)

Zweifel nuwber defined by equations 26 and 27

n@zzle légving air angle méasuréd from tangential, degrees
rate of blade twiSt, deg/cm {deg/in.)

merldlonal plane flow direction angle measured from axial
dlrectlon, degrees :

‘bucket relatlve alr angle measured from tangentlal, degrees

'turn;ng angle, degrees o
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€ angle between meridional component of velocity and axial
direction, degrees (angles outward from axial direction
are positive)
Ng combustion efficiency
Eps circumferentially-averaged total-pressure loss coefficient
due to profile and secondary losses
Wge circumferentially~averaged total-pressure loss coefficient
due to shock wave losses
[P combined circumferentially—-averaged total-pressure loss
coafficient
p gas mass per unit volume, kg/m® (lb/ft }: also used for
material density in eguation 13, kg/cm® (1b/in.?)
Y specific heat ratio
8 angulay displacement, degrees
g solidity, ratio of blade section chord 1ength to spacing
between blades at trailing edge
T blade setting angle, angie between blade section chord line
and axial direction, deyrees
é deviation angle, angle between blade section chord line and
axial direction, degrees
Subscripts
a air
adj adjustment
avyg average
b hending
br = blade reot
c.g. center of gravity
. ea excess aix
£ fuel



P

in blade row inlst calculation station

is isegtropic corresponding to stage total-to-static pressure
ratio

m meridional plane

o] blade tip

out blade row outlet calculation station

Ps profile and secondairy '

R rotor

s static

sh shock

ss supersonic; also used for suction surface

5 ‘stator

t tip i

T total

TB total a: bucket

8 circumferential

1 nozzle entrance station

-2 nozzle exit station

3 - ‘bucket entrance station

b bucket exit station

Superscripts o

o eritical (condition associated with Mach number = 1.0)

" pelative to rotating blade row

.
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DISCUSSION

The miniature jet engine design shown in figure 1 has been
derived using a computer program to explore the effect on perfor-
mance of independent variation of system parameters. The analy-
sis indicates that by using a S+stage compressor an engine with
an overall length of 17.46 cm (6.875 in.) and a diameter of
11.43 ecm (4.50 in.) can be designed to produce 51IN (115 1lbs) of
thrust at 77,986 rpm. The design considerations explored for the
compressor, combusLor, and turbine components of the engine are
discussed in the following subsections.

BEARING SYSTEM

The bearings selected for this engine were 1l2-mm bore by
28-mm outside diameter angular contact outer race, AISI 440C
stainless steel races with bronze retainers. The design speed of
78,000 rpm resulted in a dn of 936000. The texrm dn refers to
the bore diameter in millimeters times the rotational speed in
rpm, a measure of inner race velocity. The overspeed reguired for
311°K (100°F) wind tunnel operation was 81,000 rpm which results
in a dn of 97200. Angular bearings are limited to a dn about
1,500,000 (ref. 2). The azxial load on the shaft thrust bearing
will have to be limited to about 133N (30 1lbs) to obtain 100 hours
of bearing life. Bearing axial load can be controlled by proper
location of compressor and turbine interstage seals. A study of
bearing thrust at intermediate speeds has not yet been made.

DRIVE SHAFT DYNAMIC ANALYSIS

The complete drive shaft and bearings have been analyzed for
forced response and critical speeds. The first attempt in the
d331gn was to create a shaft system which would always run below
its first critical speed. Due to the requirements of the engine
design it became impossible to design a shaft with a critical
speed above the design speed of 81,000 xrpm.

: The shaft as shown in Ffigure 1 was input to a critical speed
computer program (ref. 3) with no bearing spring mounts. For this
case 875,900 N/cm (5004000 lbs/in.} radial bearing spring rate was
‘used in the computer program.' The results of this caivulation are
plotted in figure 2. BAs can be seen, the shaft runs through sev-
eral resonance polnts and critical speeds. The overall require-

‘ments of the engine design did not allow much room to change the

 _shaft geometry; therefore it was decided to create a soft shaft

memmting system.whlch would allow the shaft to pass through the
system critical speed at a low rypm. The energy level of a shaft

of this small size would not cause serious problems at a low shaft.
'speed. Thérefore the effective bzaring spring rate was. changad to 7

17,510 N/cm (10,000 lbsfln,) by mountlng the bearings in radial

¥
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springs. The resonance and critical speeds came down well below
the running range of the engine. (See fig. 2). It is expected

that the engine will never operate in the 20,000 rpm range, but

only pass through on start up and shut down.

ROTOR TEMPERATURES

The calculated temperature distribution in the rotating com-
ponents was determined with the use of a computer program based on
reference 4, The program computes steady-state temperatures in
axisymmetric volume elements or nodes. These nodes need not be
equal in cross section. The program will take into account con-
tact resistance at the interface between nodes and will also
account for material properties that vary from node to node.

Gas temperatures £from the cycle analysis were used for the
boundary condition temperatures at the design point conditions.
The results of the program showing temperatures throughout the
rotating system are shown in figure 3.




COMPRESSOR AERODYNAMIC DESIGN

Aerodynamic design of the compressor for the miniature gas
turbine engine was based on a somewhat more flexible set of
initial conditions than those found in a typical axial-flow
compressor design problem. The following subsections review
specific requirements encountered in this unusual application,
identify the design methods used, describe the design process
in some detail and evaluate the recommended configuration., The
entire section may be useful in pointing out future small-scale
turbomachinery research and development reguirements.

Design Point Operating Conditions

During the preliminary phase of the design study supported
by NASA Contract NAS 1-9752, a number of important compressor
design point operating parameters were not firmly specified.
This permitted a significant amount of freedom in investigation
of the relationship between aerodynamic, aeromechanical, and
manufacturing limits. The following recommended overall con-
figuration and operating parameters are considered to represent
a good compromise based on these limits and upon recognition
that some experimental data needed to support compressor design
in the sige range required in this program are not available.

Working fluid Air

Compressor inlet total pressure 10.131 N/cm? (14.696 1lbs/in?)
Compressor inlet total temperature 2.88°K (518.7°R)

Flow rate 8.864 kg/sec {1.905 lbni/sec)
Rotational speed 77,986 rpm
Overall total/total ambient pressure ratio 4,66

Overali total/total ambient adiabatic 0.853

efficienoy (estimated)
Number of stages 5
'~Rotor'tip diaﬁeter {constant throudhout) 9.14 om (3.60 in.)
‘Firsﬁtroﬁof iﬁlat hubétQQtip diameter ratio 0.586
: Rbtorééib épééd:   R 373.4 m/sec (1225 fit/sec)

Compressor unit axial length 7.98 cm (3.14 in.)




A 4-stage compressor ccnhnfiguration was also studied. The
design of this alternative compressor was continued through the
definition of a satisfactory aerodynamic configuration. No
detailed meridional plane computations werxre made and no blading
was defined. The "Configuration Selection" subsectinn discusses
the evaluation of the 4~stage alternative and the basis for the
eventual decision to recommend a 5-stage axial-flow com.ressor.

General Design System Considerations

Aerodynamic design of an axial-flow compressor unit ordi-
narily includes four phases. The first phase involves consid-
eration of design parameter choices which affect the overall
dimensions and required rotational speed of the unit. In this
preliminary design phase, guantities such as average axial inlet
‘Mach number, hub-to-tip diameter ratio, and approximate blade
row aerodynamic loading are varied in order to attain acceptable
values for overall unit geometry. Consideration of a reasonable
number of combinations of input variables in such a study re-
gquires a computer-based evaluation method. For the current
design, all configuration selection studies were made using a
computer program developed for NASA and described in vreferences
5 and 6. Minor program alterations were necessary to adapt the
program to the IBM 360/65 computing system used. This phase of
the study is described in the "Configuration Selection"” subsec-
tion.

In the compressor design process second phase, the merid-
ional plane wvelocity and property distributions are determined
at selected stations in the compressor unit. Prinecipal calcu-
lation stations in the present design were located in the axial
gaps between blade rows. (See fig. 4.) Inner and outer casing
boundary coordinates were specified and the radial equilibrium
condition was used in an iterative process with the continuity
requirement (conservation of mass) to calculate radial distribu-
tions at each calculation station., A detailed description of
the assumed flow model and of program input parameter selection
is contained in the "Determination of Meridional Plane Velocity
and Property Distributions” subsection. A second computer pro-
gram developed for NASA and reported in reference 7 was used.
Program alterations were made to adapt the program to the IBM
360/65 system and to provide added output information for blade
selection.

In the third phase of compressor design, appropriate blade
section geometries are selected for all blade rows. This proce-
dure reguires an inner iteration in which useable combinations
of blade section geometric variables {for example, the location
and numerical value of blads maximum thickness and the blade
camber line shape) and setting angle are determined for. K estimated
section incidence and deviation angle values on several approx-
%mate conical stream surfaces for each blade row. The inner
iteration is cowbined with an outer iteration involving the

10
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meridional plane calculation program to select for each stream
surface a single set of section geometric variables with accept-
able estimated losses and blade passage area distributioms.
The accepted blade sections for each row are then stacked with
respect to a designated axis to form a £final blade geometry and
coordinate wvalues are determined for manufacturing purposes.
The primary computer program utilized in the blade specification
process was reported in reference 8 with local modifications
again reguired. This phase of the design is the subject of the
"Determination of Blade Section and Row Gecmetries" subsection.
A fourth design step would include prediction of the com-
pressor unit performance for a range of flow rates and engine
rotational speeds. No performance map estimates were made during

* this investigation.

Configuration Selection

This subsection summarizes the analysis of alternate com-
pressor unit options. Alternatives based on four stages were
considered first, but design review led to the final selection
0f a 5~-stage compressor. Much of the basic reasoning leading to
definition of the configuration is common to both the 4- and
S-stage versions; the selection process is reviewed in a chrono-
logical oxrder.

The primary design requirement for the miniature gas tur-
hine engine compressor, differentiating the current design pro-
blem from that for typical multistage axial-flow compressors,.was
the compressor-tip diameter. From the initiation of the study,
this value was limited to a maximum of 9.14 com (3.60 in.).
Manufacturing and assembly consideraticns suggested a constant
tip diameter throughout the bladed section of the compressor flow
passage. Because of these conditions, a number of secondary
design problems existed. These included unanswered aerodynamic
questions such as: the possible effects of low Reynolds numbexrs
on component performance, and mechanical or Fabrication aspects,
such as an inability to utilize desired blade thickness/chord
ratios and leading and trailing edge dimensions. These consid-
erations are discussed in presenting the recommended design.,

In addition to the fizxed compressor rotor tip diameter of
.14 cm {3.60 in.), the initially propcsed engine geometry and
cycle specifications prepared for the NAS1-9752 program included

- a design point flow rate of 0.848 kg/sec (1.87 lbm/sec) at NABA

standard sea level inlet conditions and an overall compressor

. total pressure ratio of 4.0, An allowable compressor bladed

passage axial length (from the first rotor leading edge to the’
trailing edge of the last statox) of approximately 5.8 cm (2.3 in.)
was indicated." :

As a first step in configuration selection, a 4-stage axial-
flow compressor was studied. The resulting reguirement for a
mean stage pressure ratio greater than 1.4 suggested that super-
sonic rotor relative Mach numbers would be necessary at some

1l
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radial locations in some or all of the stages. From both aero~
dynamic and manufacturing points of view, it appeared that inlet
guide vanes would not be desirable; they were, therefore, not
considered as a design alterpative. Under these conditions, it
was realized that to achieve the desired stage pressure ratio
levels without exceeding blade element aerodynamic loading limits,
the highest feasible rotational speeds should be used. At the
same time, bearing selection and shaft design criteria indicated
that this rotational speed should not exceed about 85,000 rpn.
As a result, all 4-stage configuration selection trials used a
rotor tip speed of 396 m/sec {1300 ft/sec) corresponding to
82,760 rpm.

To obtain levels of rotor relative Mach number consistent
with the reguired mean stage pressure ratios, the first row inlet
axial Mach number component was maintained at an average level
of about 0.6 for all configuration selection studies. For the
axial inlet flows assumed, this produced mechanically acceptable
hub-to~tip diameter ratios and a range of rotor relative inlet
flow angles along the span that was appropriate to the operating
requirements of the compressor unit. Each stator in the com-
pressor was assumed in initial trials to return the flow tc the
axial direction for all radii at the inlet to the following stage.
Because no apparent aerodynamic limitations resulted from this
assumption, this condition was retained in all configuration
trials and for the subsequent meridional plane distribution cal-
culations.

To reach even the most prellmlnary conclusions regarding
conflguratlon acceptability, it is necessary to assume approx-
imate values for individual blade row geometric parameters such
as chord length, aspect ratio, number of blades and solidity.
Tentative values were selected on the basis of experience, and
in the case of the present design, were affected by the unique
requirements deriving from small size. Table 1 shows the values
used in the 4-stage configuration that was considered most sat-
isfactory. Although higher blade row aspect ratios were invest-
igated, it was decided that the maximum first rotor row aspect
ratio should not substantially exceed 2.0 if a reguirement for
part-span vibration damping devices was to bé avoided. Lower
aspeet ratios were also favored to give the maximum approprlate
blade chord lengths (limited by proposed overall compressor unit
length), so that fabriecation would be feasible, Reynolds number
values would be increased and adegquate stall-free compressor

" gperating range would be attained. The chord length for the

first rotor was set at 0.76 cm (0.30 in.) to obtain the approx-
imate desired aspect ratio level. 21l other blade row chord
lengths were set at 0.64 om (0.25 in.). This combination of
choices led to acceptable overall unit lengths after allowance
for a reasonable axial gap between rows.

In reference 9 Benser summarizes NASA data relative to
solidity effects on transonic rotor performance and presents a

12



tentative analysis and conclusions on the selidity choice problem.
In the present study, the number of blades selected for each row
was based on maintenance of a reasonable solidity level in each
row with some consideration given to choice of numwbers that would
not create a pattern of wakes likely to force blade vibration in
the following rows. For the rotor rows, solidities were set some-
what higher than in the stators because of higher relative Mach
number levels at the tip sections.

In the canfiguration selection program used, a primary inde-~
pendent variable is the level of blade element asrodynamic loading.
The criterion used is the Lieblein diffusion parameter D described
in references 10 and 11. Maximum permissible values are assigned
for the rotor tip and the stator hub; attainable stage performance
is estimated for velocity distributions which do not exceed these
valugs. Closely related to the aerodynamic loading criterion in
estimating attainable stage performance is the pattern of axial
velocity variation through the individual blade rows in the com-
pressor. When inlet axial velocity components are high as in the
present design, a factor in specification of axial velccity ratios
is the need to reach an acceptable level of velocity entering the
combustion section of the engine. In all configuration studies
described here, the axial velocity ratios were established so as
to effect a reduction in each stage. The resulting compressor exit
values of axial velocity were on the order of 167.6 m/sec
(550 ft/sec) (M=0.40)

“ Analysis of possible 4~-stage compressor configurations showed
that an acceptable wnit could be designed for an overall total pres-
sure ratio of about 4.75. ‘The design called for mixed supersonic
and subsonic relative velocities along the span of all rotors
(transonic stages). A complete list of the independent input var-
iables used for the candidate 4-stage compressor alternatiwve is
given in appendix A. Corresponding overall operating and perfor-
mance parameters for the 4-stage compressor are summarized below:

Working £luid Air

Compressor inlet total pressure 10.131 N/cm?{14.696 lbs/in.?)

Compressor inlet total 288.2°K (518.7°R)
temperature

Flow rate 0.85 kg/sec (1.87 lbm/sec)

Rotational speed 82,760 rpm

Overall total/total pressure ratio 4.75 (approximate)

Nunber of stages | 4

Table continued on next page.
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Rotor tip diameter (constant 9.14 cm (3.60 in.)
through unit)

First rotor inlet hub-to-tip 0.591
diameter ratio

Rotor tip speed 3%6 m/sec (1300 ft/sec)

Compressor unit axial length 6.12 cm (2.41 in.)

Paralle] studies of the complete engine cycle indicated that the
possible increase in design point COmMpressor total pressure ratio
from 4.0 to 4.75 would materially aid in achievement of desired
engine thrust. It was, therefore, decided to base subsequent con-
flguratlon studies on this increased pressure ratio. An important
factor in evaluating this change should be clearly understood.

The configuration seleection program uses as input estimated values
of rotor and stage efficlency which are believed to be consistent
with the other characteristics of the stages under evaluation.
Because these efficiencies are estimates and because they affect
the calculated pressure ratios, it is incorrect to place any great
emphasis on predicted overall efficiency or pressure ratio from the
configuration selection program. It will be shown in later sub~-
sections that where more realistic evaluation is made of spanwise
and stage wise variations in blade section losses, the design point
performance calculated does not match these preliminary values.

As mentioned earlier, design reviews of the proposed engine
and compressor led to a decision to consider a second compressor
configuration alternative. Principal specification changes were a
reduced rotational speed and addition of a fifth stage while main-
taining a unit overall total pressure ratio on the order of 4.75.
‘Contributing to the decision were advantages which could be realized
through lowered compressor and turbine blade stresses and reduced
compressor aerodynamic blade loading.

Approximate S5-stage blade row geometric parameters are given
in table 1 for comparison with those used in the 4-stage alter-—
native. Appendix A also includes 5-stage independent input
variables. It may be noted that values for numerous design vari-
ables and limits are common to both 4~ and 5-stage compressors.
The basis for selection of the wvariables has been discussed above.
The indicated overall operating and performance parameters for the
S-Stage compressor are:



Working fluid Air

Compressor inlet total pressure 10.131 N/cm? (14.696 lbs/in.?2)

Compressor inlet total 288.2°K {518.7°R)
temperature

Flow rate 0.863 kg/sec {(1.903 lbm/sec)

Rotational speed 77,986 rpm

Overall total/total pressure ratio 4.75 (approximate)

Number of stages 5

Rotor tip diameter (constant 9.14 cm (3.60 in.}
through unit)

First rotor inlet hub-to-tip 0.591
diameter ratio

Rotor tip speed 373.4 m/sec {1225 ft/sec)

Compressor unit axial length 7.98 cm (3.14 in.)

It should be noted that these values are from the configu~
ration selection program and are not the recommended f£inal com-
pressor design point parameters. The latter are based on the
meridional plane program solution and are given in the "Design
Point Operating Conditions" subsection. The flow raite increase
from the value.given previously for the 4-stage compressor resulted
from NASA inlet shape analysis described under the "Definition of
Compressor Flow Passage Shape" subsection.

An important output of the configuration selection program is
dimensional information which permits the determination of a tenta-
tive compressor unit meridional plane flow passage. This is
essential input to the meridional plane program described in the
following section.

Determination of Meridional Plane
Velocity and Property Distributions
Computation of design point meridional plane velocity and
property distributions was based on a flow model in common current

use for design and analysis of axial~flow compressors for alrcraft
propulsion systems. Background for the model was established in
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reference 10; a computer program based on application of the model
to compressor design is described in reference 7. The model assumes
steady, axisymmetric and compressible perfect gas flow along stream
surfaces which are traceable through the compressor by computation
of stream surface location in designated radial planes. 1In the
computer program of reference 7 the designated radial planes must
be located in the axial gaps between blade rows and in the annular
passage upstream and downstream from the compressor. Only one cal-
culation plane is permitted in each inter-row axial gap. Figure 4
shows a meridional plane cross—section of the recommanded 5-stage
compressor configuration flow path and serves as a reference for
the location and identification of calculation planes. Although
figure 4 was drawn to approximate scale, blade section projections
were somewhat distorted.

At each calculation plane, an iterative process using the
radial equilibrium equation and the mass-flow continuity condition
i1s the basis for computation of radial distributions of velocities
and properties. The radial equilibrium calculation accounts for
the effects of stream surface slope and curvature by fitting an
approximate curve to computed stream surface locations during the
iterative solution process. Cumulative effects of upstream shock
losses and combined profile and secondary losses are included in
the computation process at each calculation plane.* BAn approxi-
mate additional allowance for end~wall (hub and tip) boundary
layers is also included by incorporating effective area or blockage
factors in the mass-flow continuity calculations. Specific program
utilization and input requirements are discussed in the following
subsections.

Definition of compressor flow passage shape.-The meridional
plane computer program requires input of flow passage coordinates
for five calculation planes located upstream from the first rotor,
‘for one calculation plane in each of the axial gaps between adja-
cent blade rows and for one station at the exit of the final
stator row. In addition, passage area ratios are reguired for
three calculation planes in the annular passage downstream f£rom
the bladed section of the compressor unit.

Cocrdinates for the bladed section of the flow passage were
based on wvalues computed during the configuration selection phase

*The computer program fits an approximate distribution curve
to estimated profile and secondary loss parameter values for only
three radial locations in each calculation plane. These locations
are at 10, 50 and 90 per cent of the actual passage height Ffrom the
hub. wvUtilization of the limited number of defining stations reduces
the validity of the solution, especially in the end-wall regions.
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of the design process. The computer program for configuration
selection determines axial distances between calculation planes

and corresponding radius values for hub and tip casing coordinates.
The reference plane for axial coordinates was the entrance calcula-
tion plane for the first rotor blade row. This plane is approxi-
mately 0.140 cm (0.055 in.) upstream from the intersection of the
leading edge with the hub contour without allowance for a blade
root fillet. The axial locations of the remaining calculation
planes in the bladed section of the compressor were calculated in
the configuration selection program from specified blade row aspect
ratios as defined in table 1. The actual location of each blade
row with respect to its upstream calculation plane was fixed in the
specification process by location of the stacking axis for blade
sections. This is discussed in the "Determination of Blade Section
and Row Geometries" subsection.

An inlet passage geometry representative of VIOL engine appli-
cations was proposed by NASA. NASA's Lewis Research Center staff
supplied suggested inlet coordinates and estimated compressor first
blade row inlet velpcity and property distributions. Appendix B
includes tabulated values from the NASA calculations.

One important result of the NASA inlet study was a revised
compressor desigh point flow rate. The original passage coordi-
nates to which the NASA inlet was scaled were based on configura-
tion selection program runs using equal mass~flow blockage factors
of 0,99 at hub and tip with a radially constant first rotor inlet
veloctly of 197 m/sec (646 fi/seg). NASA experience suggested that
for a rapidly convergent inlet the effective total first blade row
inlet blockage factor would be greater than 0.99%5. It was, there-
fore, decided to maintain the compressor bladed section coordinates
and tc use zero blockage for the compressor inlet calculations.

For approximately the same mean radius flow conditions in the up-
stream annulus, this led to a compressor unit flow rate of 0.864 kg/
sec (1.905 lbm/sec¢). This value is basig to the plots of appendix

‘B and to all the calculations reported in the fopllowing sections.

Flow passage coordinates were obtained from 4x-scale plot of
puter wall casing (shroud) and inner wall (hub) radii against axial
position. Plotted values were obtained from NASA inlet section
recompmendations as in appendix B, from the configuration selection
computatlcns for the bladed passage, and from layouts of the trans-
ition between the compressor discharge and the combustion section
of the engine. Values were read from curves faired through the
plotted values and are given in table 2, for the recommended
S-gtage configuration. WNote that the values do not agree with
values tabulated for the first two stations as input to the meri-
dional plane computer program. This is a result of a progranm
requirement that stream surface slope should be 0° at the first
and last calculation plane. Note also that two sets of values are
given. The first set was read from the flow passage plot and used
as meridional plane program input for several design iterations.

It became apparent (through computation of AZ/AZ* ratios. as
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described in the "Determination of Blade Section and Row Geo-
metries"” section} that unacceptable blade-to blade passage areas
were likely to result from this initial flow path contour. There-
fore, the hub contour through the first two stages of the com~
pressor was modified as shown in the right~hand column of table 2
so that generally lower axial velocity component levels would be
obtained in the flow passages.

Computation of calculation plane velocity distributions.-
Organization of the meridional plane program is such that values
of blade row aerodynamic limits are independent input variables.
Stage and overall total pressure ratios are dependent output
values. The magnitude of losses varies with the local veloeity
distributions determined in the meridional plane program as well
as with blade geometry-related variables which come from the blade
selection phase of design. Achievement of an acceptable meridional
plane solution for the desired overall total pressure ratio is,
therefore, a complex process involving iterative use of both meri-
dional plane and blade selection programs and procedures.

In this design study, a total of 12 iterations in the meri-
dional program solution were needed to establish a rmcommended
configuration. In these iterations, the flow passage coordinates
were varied only once as indicated in table 2 and a number of other

input quantities were held constant.
variable was the pattern of rotor tip
distribution through the five stages.

The principal controlled
aerodynamic blade loading
The limit used was the dif-

fusion parameter D originally derived for two-dimensional, low-
speed plane cascade flows by Lieblein in reference l1ll. Because the
parameter has been utilized in numerous investigations as a design
limit and data correlation parameter for annular cascade flows with
both stationary and rotating blade rows, several variant-defining
equations have resulted, especially through attempts to include
¢ffects of rotating reference frame and changes in stream surface
radius. As programed in reference 7, the diffusion parameter for
rotor blade elements is:

T 9 1

_ v out VG in~ Ve out 1)
3 T

R v in ZGVin
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"
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and for stator blade elements is:

S v. T 20V, (2)
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In each case the solidity used is calculated from

¢= 2“5 (3)
av

N

In these forms the equations are not consistent with current
practice used in compressor data correlation {see refs 12 and 13).
The major differences are in the use of V'g ;, - V'g ., in the
third term of D and in not accounting for stream surface radius
change in the third term of either Dy or Dg. The values of D

used in data correlation are frequeatly not clearly defined in
reports of experimental work. There are, therefore, probably minor
deviations from consistency in reporting results. These factors
lead to some difficulty in fixing numerical limits for Dy and

Dg. For this reason the basis for calculation used here is clearly
defined, even though the definition may be open to guestion in view
of the loss data correlations used.

Although meridional plane program computations were made using
seven stream surfaces, the radial distribution of loss was obtained
from estimated combined profile and secondary loss parameters com-~
puted for only three spanwise locations as mentioned previously.
The computer program of reference 7 permits the utilization of
different loss correlation tables for each of the three locations.
In all cases, however, the tabulated losses must be based on plots
of a total-pressure loss coefficient parameter as a function of D
where:

o _cosB

Total-pressure loss coefficient parameter = _RS - out

.Defining equations are given in reference 7. In the current

design figures 5 and 6 were used for rotor blade rows and stator
blade rows, respectively.¥* Although these figures were used to
prepare the input tables for the recommended configuration, other
loss curves were used in early meridional plane program trials.
Some additional aspects of the loss correlation selection problem
are discussed in the "Evaluation of Recommended Aerodynamic Design"
subsection. BShock losses were computed in the meridional plane
program for all blade elements which operate with entrance relative
Mach numbers above 1.0. The loss coefficient was computed using a

*The total-pressure loss parameter is defined in a relative
sense for each blade row. For rotor rows, the angle 8,, becomes
the relative exit angle B'_ .. and loss coefficient § is the
%ircumferentially—averaged rélative total-pressure loss coefflecient

ps'. .
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model and eqguation first developed in reference 14. Reference 7
discusses the introduction of the shock loss calculation into the
meridional plane program. It should be noted that the three-point
profile loss parameter fit was used to estimate the value of the
parameter
?Qscossout (egq. 4)
20

for the 0, 10, 30, 50, 70, 90, and 100 percent of flow stream sur-
faces. PFor each stream surface, then, the values of B p and

w,, were calculated. These values were added to get the total
1BSs coefficient

&
i
£1
R
1

ps sh (5)

The total-pressure loss coefficient wny was then used to determine
the estimated loss in average relative total pressure for each
stream surface.

The meridional plane computer program output for the recom=-
mended 5-stage axial-~flow compressor configuration is reproduced
in appendix D. The numerical output is generally self-explanatory
and most quantities are clearly defined in reference 7. A few
comments, however, are in order.

The reference 7 program has two available options for input;
in this design study, Modification 1 only was employed. This
option requires specification of the passage cocrdinates, and these
coordinates ar¢ not altered by the progiam during a design run.

The input also requires specification of the variation (gradient
not magnitude) of total pressure along the radius in the calcula~
tion planes downstream from each rotor. In this design, the total
‘pressure was maintained at a constant value in each of these planes.
In each stator exit ¢alculation plane, tangential (whirl) welocity
components were required to be zero. Solidity variation was based
on the number of blades for each row and a constant aerodynamic
chord length along the span of each blade as given in table 1 for
the 5-stage configuration.

Mass flow blockage factors for the calculation planes used and
identified in figure 4 are given in the computer ouwtput of appendix
C, In computing the axial velocity in each calculation plane, the
effective area of the passage is reduced by changing the input hub
and tip wall coordinates to effective values which allow for the
fractional area blockage specified. The computed stage and overall
total pressure ratios were essentially fixed by setting the allow-
able rotor tip diffusion parameter D_. Limiting values for four
other variables were established to insure that experienced~based
limits of acceptability were not exceeded. The values used are
listed as stage input parameters in appendix C. Inspection of the
output shows that none of the limits other than D, was approached
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in the recommended design configuration.

For each meridional plane program trial, it is necessary to
specify the ratio of supersonic to total fluid turning angle as a
function of radius for each blade row. Obviously, this variation
is not known in the design process until after specific blade sec-
tion geometries are known. It is this feature of the design pro-~
cess which makes iteration between meridional plane calculations
and blade section geometry selection necessary. For the first few
iterations on solution of the meridional plane distribution problem,
the ratio of supersonic to total turning was set at 0 for all blade
sections. This permitted adjustment of maximum rotor tip diffusion
parameter for the various stages to reach the desired overall total-
pressure ratio. The remaining trials were then devoted to succes-
sive improvement of agreement between supersonic to total turning
ratios input to the meridional plane program and the values calcu-
lated for the blade section geometries determined in the blade
selection process. These ratios have an important effect on the
magnitude of shock loss for the blade sections having supersonic
relative inlet wvelocities. The variations used in the recommended
design meridional plane computer output are shown in figure 7.
There was no supersonic turning in any stator row.

Determination of Blade Section and Row Geometries

The blade determination phase of the compressor design process
involves specification of rotor and stator row geometries such that
the fluid velocity distributions computed in the meridional plane
solution will be attained. At the same time, the blade geometries
must give acceptable total-pressure losses and blade-to-blade
(intrablade) flow passage areas which do not produce choking. To
simplify the coordinate determination process, it was decided to
use only two blade section profile types. These were the double~

.circular-arc (DCA) profile and the multiple-circular-arc (MCA)

profile, which are described in considerable detail in references
13 and 15. DCA geometryy was specified for all stator blade sections
and for rotor blade sections at which acceptable shock loss levels
could be maintained. MCA section geometries were required for sub-
stantial fractions of the blade height in the first three rotors.
The meridional plane velocity and property distribution pro-
gram determines the flow conditions only in caleculation planes that
are perpendicular to the axis of the compressor and located in the
axial gaps between rows. In this design study, the calculation
planes were located in the configuration selection process. For
blade spec¢ification purposes, it was necessary to locate each blade
row within the available axial distance between calculation planes
by positioning of the section stacking axis. This was done for the
individual rows so that the point of intersection of the leading
edge of the meridional plane projection of the blade row and the
hub contour would be from 0.051 to 0.188 cm (0.020 to 0.070 in.)
downstream from the inlet calculation station for that row.
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Table 3 gives the axial location assigned for all blade rows with
the reference plane location as given in table 2 and on figure 4 .
All stacking axes were assumed to be radial lines (perpendicular
to and passing through the compressor rotational axis).

The steps in specification of blade row geometries were as
follows:

l. Radial distributions of velocity components and relative
flow angle were computed for the calculation planes immediately
upstream and downstream from each blade row.

2. For blade section selection and coordinate computation,
the flow was assumed to occur along conical surfaces connecting
radial stations in the upstream and downstream calculation planes
located 0, 10, 30, 50, 70, 90 and 100 percent of the total passage
flow from the effective outer passage wall as shown in figure 8
for the first stage.

3. Geometric properties to be used in computing blade section
coordinates for each conical blade selection surface were speci-
fied. These properties were in some cases fixed on the basis of
best aerodynamic characteristics and in other cases on the basis
of mechanical or fabrication limitations. Examples of the latter
category are the blade section maximum thickness, the leading-and
trailing-edge radii, and the section aerodynamic chord length.

4. A trial value of incidence angle measured from a line
tangent to the blade section suction surface at the leading edge
was selected for each conical selection surface.

5. Using an iterative calculation process, values of fluid
deviation angle, blade section camber and blade setting angle were
computed.

6. Blade section coordinates were calculated for the un=-
wrapped conical surface.

7. Blade-to-~blade channel areas were computed for stream
tubes in each blade row to obtain local values of A4 jA {the
critical area ratio for passage choking margin).

In computing the blade section geometries, welocities and
£luid properties were adjusted from the calculation planes to radii
corresponding to the axial location of the lsading and trailing
edyes of the blades using an assumption of constant angular momen-
tum along a conical surface.

The number of blades used for each blade row was that given in
table 1 for the 5-stage configuration. Section geometric pro-
perty values for the various blade selection surfaces in each blade
row are listed in table 4. .
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For first iterative trials, suction-surface incidence angles
ware set at 0° for all conical selection surfaces in each row.
Values werxe adjusted in subsequent trials to aid in reaching
acceptable Ay/A,* ratios. This process of adjustment also involved
changes in locatlon of maximum thickness and in ratio of super-
sonic suction surface turning to total turning. Final recommended
suction surface incidence angles for the first rotor are plotted
in figure 2. For all other blade rows, the suction surface inci-
dence was set at 0° for all blade sections as shown in table 4,

Deviation angles were computed from Carter's rule modified by
an experience-based adjustment given as a function of radius. The
resulting deviation angle equation was:

(88 - i) m \/__%
C a

§ = = + 8aqd; (6}
1 - m -
c Vo

for double-circular-arc (DCA) profile

m, = 0.219 + 0.0008916 T + 0.000027085 T2 (7)

for multiple-circular-arc (MCA) profile

m, = (0.219 + 0.0008916 T+ 0.000027085 T2) (2 a/c)®

B =2.175 - 0.035525 T + 0.00019168 7?2 {9)

The values of the increment d95 used for each row are shown in
-figure 10. Total deviation angles estimated for each blade row
are given in figure 11. The values of 6395 used were taken from
a correlation first published in reference £3 This correlation
was selected because it represents a rather comprehensive analysis
of experimental data from several compressor configurations. These
deviation angles, as well as the incidence angles, are measured and
located in the conical surfaces corresponding to the various stream
surfaces, not on plane surfaces parallel to the compressor rota-
tional axis, Values of 659y and &8 are also given in table 4.
Blade-to-blade passage areas A,/A,* for each blade row were
computed by a method similar to the one described in reference 13.
Experimental results reviewed in references 9 and 12 have demcn-
strated that this ratio should be coantrolled in order to avoid
choking of the blade channels and to insure a reasonable range of
operation. Figure 12 shows the minimum A,/3,* ratic as a
funection of passage height for each rotor and stator row. It is
believed that in each row acceptable conditions exist. Consider-
able difficulty was experienced in obtaining adeguate A,/A,*
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margin in the first three rotor rows because of the need to main-
tain minimum blade~thickness/chord-length ratio and leading-edge
radii for fabrication and mechanical reasons. As noted previously,
it was necessary to modify the hub contour in the first two stages
(see table 2} to reach acceptable A,/A,* levels in these stages.

For blade mechanical design and fabrication, it is desirable
to compute coordinates for blade sections cut by planes parallel
to the compressor axis. A computer program described by Crouse,
Janetzke and Schwirian in reference 8 was used for this purpose.
Plane section coordinates, blade setting angles, and section pro-
perties were calculated for eight radial locations for each blade
row. Figure 13 shows the lccations of sections specified for an
example rotor geometry. Appendix D contains detailed nomenclature
and figures defining the geometrical quantities in the fabrication
coordinate results as well as tabulated geometry for all blade rows
in the recommended 5-stage compressor configuration. All blade
rows have a radial stacking axis and the stacking point for each
section is its center of gravity.

Evaluation of Recommended Aerodynamic Design
For convenience, the recommended overall compressor unit con-
figuration and operating parameters for the miniature gas turbine
engine are repeated below:
Working f£luid Aiy

Compressor inlet total pressure  10.131 N/cm®(14.696 lbs/in.)

Compressor inlet total temperature 288.2°K (518.7°R)

Flow rate 0.863 kg/sec (1L.905 lbm/sec)
Rotational speed 77,9886 rpm

Overall total/total pressure ratio 4,66

Overall total/total adiabatic 0.853

efficiency {estimated)
Number of stages 5

Rotor tip diameter {constant throughout) 2.14 cm (3.60 in.)

FPirst rotor inlet hub~to~tip diameter 0.586

ratio '
Rotor tip speed 373.4 m/sec (1225 ft/sec)
Compressor unit axial length 7.98 cm (3.14 in.)

o
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The estimated unit overall total-pressure ratio is a mass-
average value based on cal:ulated total-pressure distribution for
the station at the fifth-stage stator exit. It should also be
observed that for design point calculations no loss in total
pressure was assumed through the engine inlet. The unit's overall
adiabatic efficiency was computed in the meridional plane solution
program. Its validity depends principally on the profile and
secondary loss parameter correlations designated as meridional
plane program input on the shock loss estimation model used and on
the accuracy of dewiation angle estimates. These and other aspects
of the compressor design method and results are the subject of this
subsection.

Figure 14 compares first rotor inlet meridional velocity
components and relntive fluid angles from the inlet passage poten-
tial flow solutici supplied by NASA with the meridional plane
distribution program solution obtained for the recommended 5-stage
compressor. This comparison is essential because the inlet passage
solution does not reflect any effect of the presence of the com-
pressor bladed section and because the meridional plane solution
input does not reflect the true shape of the inlet. Agreement
between the two estimated distributions is important because of the
significance of alignment of the first rotor blade sections with
the relative inlet flow.

Examination of first rotor entrance calculation plane values
in appendix C, (station number 5, see fig. £) shows a relative Mach
number of about 1.31 at the tip section, decreasing to about 0.%0
at the hub. The transition to subsonic relative flow occurs at
about 63 percent of the passage height from the tip. The entrance
Mach number and relative flow angle distributions are consistent
with adequate stage performance as demonstrated by recent experi-
mental investigations at much larger scale [above 76 cm (30-in.)
tip diameter] (references 12 and 16). Rotor and stator blade
section aerodynamic loading as indicated by diffusion parameter

distributions is conservative. Maximum stator entrance Mach number

occurs at the hub section and is about 0.65. PFull-scale stage
experiénce would indicate that estimated rotor and stage mass~
average adiabatic efficiencies of 0.88 and 0.86 are reasonable.

Inspection of first stage blade row section characteristics
given in figure 12 shows that minimum A,/A.* ratios are on the
order of 1.04 for the rotor and 1.13 for the stator. These ratios
together with the low section aerodynamic loadings (Dgr and Dg)
mentioned previocusly would help to provide satisfactory stage
operating range and compressor starting characteristics in the
single~shaft miniature gas turbine engine.

All of the remaining stages, when compared on the basis of
similar standards {(that is, relative Mach number, section aerody-
namic loading and blade~to~blade critical passage area ratios) have
similar characteristics. All except stage five exhibit mixed
Supersonic-subsonic relative rotor flows (transonic stages). There

is a tendency toward increased maximum rotor relative flow angle
with increasing stage number, and this angle reaches 65° at the
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fifth rotor tip. Stator diffusion parameters and maximum inlet
Mach numbers are low throughout the compressor so that double-
circular-arc blade section geometries should provide good perfor-
mance. The computed distribution of axial Mach number component
at the fifth stator exit is shown in figure 15. This distribution
is of significance in terms of its influence on combustion chamber
performance.

Primary sources of uncertainty in the design point calcula-
tions lie in the estimation of blade section total-pressure losses
and deviation angles and in the estimation of annulus hub and tip
effective area ratios (blockage factors) for each calculation
plane. Maximum errors in loss may be expected to occur in the
estimate of combined profile and secondary loss parameter for
individual blade sections. The extremely small passage and blade
section dimensions required in this application have not been
duplicated in any known transonic axial-flow compressor prior to
this study; there is no satisfactory way to make a reasonable
engineering estimate of the deterioration in compressor perfor-
mance due to low Reynolds number and scale effects.

The smallest multistage axial~flow compressor known to have
been built to research standards and to have been tested in an
adequate facility was described in references 17, 18, and 19. This
6~stage unit had a tip diameter of 9.4 cm (3.7 in.) and was designed
for g pressure ratio of 2.36 at an eguivalent flow rate of 0.69
kg/sec (1.52 1lbm/sec) in argon. The compressor had subsonic rela-
tive Mach numbers in all rows, and as a result, used blade section
geometries with considerably greater maximum thicknesses and edge
dimensions than were indicated for the present design. In the test
program, the pressure ratio was substantially greater than the
design values at design flow and rotational speed. The peak effi-
ciency at the design rotational speed was 0.755 as compared to a
design value of 0.825. No detailed interstage measurements were
made, but analysis of the results led to a conclusion that over-
.compensation for the effect of Reynolds number on deviation angle
and use of low estimated effective area ratios (blockage Ffactor)
in design could have contributed to the measured discrepancies in
performance. The blade-chord Reynolds numbers in the design of the
reference 17 compressor reached a maximum in the first rotor at
about 100,000, while stator values remained in the range 60,000 to
70,000. Minimum aerodynamic blade section chord was 1.27 om
(.50 in.). Passage effective area ratios varied £from 0.961 at the
first rotor entrance to 0.925 at the sixth stator exit. In the
recommended 5-stage configuration, rotor tip blade chord Reynolds
anumbers were in the range 190,000 ( first stage) to 280,000 (fifth
stage). Blockage factors were discussed previously.

Some additional effects of Reynolds number as contrasted to
geometric scale redaction on plane cascade and multistage axial
flow compressor performance were given in references 20-22. It is
shwon that for a pure Reynolds number reduction, values less than
about 200,000 lead to substantial increases in total-pressure loss
parameter and reduction in blade section turning (increased devia-
tion angle).
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In selection of deviation angle values, loss parameter corre—
lations, and blockage factors, consideration was given to the
limited related data reviewed above. It was decided that there has
been an inclination to overcompensate for these effects in numerous
cases o0f transonic compressor design (ref. 23). Furthermore, the
very limited data on very small turbomachinery seem to indicate
that carefully constructed small-size configurations are net sub-
ject to as serious detericration in performance as anticipated. It
was decided, therefore, that no special allowance would be made for
the effects of Reyholds number of geometric scale on deviation angle,
loss correlations or bloc¢kage factors. All of these design method
input variables were estimated t¢ have numerical values typical of
those used in full-scale transonic compressor design.

In the case of loss parameter correlation curves ohly, some
alternate choices were used in trial meridional plane program
solutions. The general results obtained may be of interest in
evaluating the final result. The combined profile and secondary
loss parameter estimatipn curves used for the majority of the
studies of design alternatives were those shown in figures 3 and
6 . These curves are slight modifications of those given in ref-
erence 12 for rotors and 13 for stators. The absolute values of
the loss parameter and the pattern of increase with diffusion para-
meter led to reasonable values of blade section, row and overall
performance. A second trial set of combined profile and secondary
loss correlation cyrves for rotor sections was taken from figure 33
of referehice 13 The shock loss model was not changed for this
trial. The trend in results produced by this change in rotor loss
correlation alone is typified by an estimated unit overall adia-
batic efficiency of 0.950. This value, together with intermediate
results, such as rotor and stage efficiency values; appeared to be
unrealistic.

A second type of alternate solution was obtained by using loss
correlaticn input tables hased on doubling the loss parameter
values at a giwven D level shown in figures 5 and 6. The purpose
of this trial was to identify some of the velocity diagram and
overall performance changes that would result if a substantial
Reynolds number effect were to cccur. The results showed a signi-
ficant reduction in both estimated overall pressure ratio and
efficiency (for similar blade section aerodynamic loading). For
example, efficiency was rediiced by abeout 10 percent.

- These results, while not based on comprehénsive studies, show
rather conclusively that experiments defining Reynolds numbey and
geometric scale effects are required for accurate design of minia-
ture turbomachinery units. They also show that in all ranges of
scale and Reynolds numbker, the design correlations used for losses
and end-wall (blockage factor) effects are extremely important and
in need of better definition.

In the meridional plane distribution program, attention should
be called again to the method for loss parameter determination in
the case of combined profile and secondary losses. The three-point
fitting technique does not seem to be consistent with the general
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quality of the program flow model. Further experiments should be
scheduled to provide a more well-defined loss parameter profile at
each calculation plane.

Blade-section geometry recommendations might be improved by
additional investigation of incidence angle distribution choice and
of the estimation of deviation angle. Only a limited number of
incidence alternatives were considered in this study. In the devi-
ation angle calculations, experienced-based corrections to Carter's
rule such as the 6,34 of figure 10 are common in design. Most
of these corrections are, however, based on insufficient and wholly
empirical information. No valid data are available for adjustment
in the case of transonic stages a2t low Reynolds number,

Some unigque geometric requirements were a major influence in
blade selection for the recommended axial-flow compressor design.
Ordinarily, for the relative Mach number levels computed for the
rotor blade rows in the present design, maximum section thickness/
chord ratios near the tip would be specified in the range 0.025 to
0.040. Similarly blade section leading-edge and trailing edge
radii would be set at the lowest possible levels. 1In this design
case, fabrication capabilities suggested that no blade section
minimum thickness should be less than .038 cm (0.015 in.). Both
fabrication and maintainability requirements indicated that min-
imum leading-and trailing-edge radii of .008 cm (0.003 in.) might
be specified. To remain within these limits, blade section deter~-
mination was based on maximum thickness values given in table 4
and on leading-and trailing-edge radii also given in table 4.
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COMPRESSOR BLADE FLUTTER ANALYSIS

The analysis of compressor blading for self-excited aero-
elastic instability is generally conducted on two bases:

1. Classical cascade flutter (attached flow) at the design
point or other condition of maximum velocity of airflow relative
to the blades.

2. Stall flutter (separated flow) of the first few stages,
generally assumed to occur at about 70 per cent corrected speed.

The first category has not generally proved to be troublesome in
practice; furthermore, the analytical tools to deseribe the non-
steady aerodynamics are just now becoming available and are not yet
widely programed for digital computation. The present analysis was,
therefore, confined to the stall flutter regime.

When the flow stalls and unstalls periodically during each
cycle of vibratory blade displacement the prediction of aerodynamic
reactions, and hence aercelastic instability, cannot be treated
wholly analytically; a semi-empirical method is regquired. Ideally,
an experimentally determined flutter boundary is determined from
tests on similar blading, and the analytically predicted incidence,
relative airspeed and natural frequency of the blade being analyzed
are compared with the boundary over a range of operating conditions.

Stall Flutter Analysis

In the absence of experimentally determined flutter boundaries
for radically new type compressor blade sections (that is, the
miniature compressor under the present contract) and/or the unavail-
ablility of such data for proprietary reasons, the instability
boundary to be avoided is usually contracted into a single value of.
the reduced freguency parameter which must be exceeded for safety.
Although the criterion then has the merit of extreme simplicity and
reliability, it may suffer in some instances from excessive conser-
vatism. The blade satisfying the criterion may have a very large
stability margin and may, therefore, actually be thicker or have a
larger chotrd than is in fack necessary. Be that as it may, in the
absence of the experimental data noted above, and without off-design
incidences and relative velocities, the single parameter method is
all that is possible.

Under these circumstances, the stall flutter criterion is

' 2ﬂfbc/v > 0.33 (10)

2wf, c/V > 1.60 (11)
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in order to avoid dangerous vibration. In these inequalities, ¢
is the blade chord; Vv 1is the relative velocity at the tip of a
cantilever blade; and f is the natural frequency in hertz wit
subscripts denoting bending or torsion. Although flutter, if it
occurs, appears in the neighborhood of 70 percent speed, the fre-
quency parameter is still calculated at design speed because this
is the manner in which the correlation was originally obtained.

Parameter Values

From computer printouts of the predicted aerodynamic con-
ditions at design, it was possible to determine the relative inlet
airspeed, V, at the rotor tips.

N4

—

Rotor #1 428 m/sec (1404 ft/sec)

Rotor #2 921 m/sec (1381 ft/sec)

The stators were not analyzed initially because of the lower air-
speeds (circa) 213 m/sec (700 ft/sec) and greater degree of blade
fixity.

The chords for the first two rotor blades were taken from a
summary of the principal dimensions and checked, for the first
rotor, against a computer printout of first rotor and stator blade
section properties.

c

Rotor #1 0.76 em (0.30 in.)

Rotor #2 0.64 cm (0.25 in.)

The natural freguencies of the rotor blades were not available,
although an experimental program to determine the frequencies of
over-size models was planned. By scaling the frequencies to proto-
type dimensions, an excellent estimate of blade freguencies could
have been obtained. Initially, therefore, some exceedingly crude
estimates of blade natural frequencies were cobtained by scaling
the frequencies of known blades using only inverse blade length
as the parameter. The simplistic nature of this estimate may be
appreciated by noting that chord, taper ratio, camber, thickness,
twist, stagger, and rotation all have an effect on the frequency.

Nevertheless, as a first cut these frequencies were predicted,
including the rotational stiffening.

£

Rotor #1 3,000 hz (bending)
12,800 hz (torsion)
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£
Rotor $#2 4,000 hz (bending)

18,750 hz (torsion)

The corresponding fregquency parameters could then be computed as:
2wfa/V
Rotor #1 0.34 (bending)
1.43 (torsion)
Rotor #2 0.38 (bending)

1.78 (torsion)

Of these values, only the first rotor in torsion appears to be
unsafe. (See equations 10 and 11)

Frequency Calculation

The confidence in the results of the previous calculation were
very low, stemming from the gross uncertainty in the frequencies.
While awaiting better frequency estimates from analysis (computing
programs being procurad) and from experimental determinations, it
was decided to refine the frequency estimate for the first rotor
blade in torsion. This was based on a number of considerations.

l. The prediction was just barely unsafe.

2. Transonic stages have tended in the past toward the tor-
sional mode in flutter.

3. Centrifugal stiffening is most effective in bending,
tending to keep the freguency high despite poor area taper char-
acteristics.

4. The rearward peint of maxzimum thickness along the chord,
and the increasing chord toward the tip, indicated a possibly much
lower torsional freguency than had been estimated.

Conseguently, taking the blade element structural data from the :
computer printout, a hand calculation was made of the torsional B
natural freguency of the first rotor blade. -

The Rayleigh method was used assuming a torsional mode shape
given by:
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6 = 0, sin (wz/2L} {12)

and resulting in a frequency expression of the following form:

2nf, = /{r/6)GL/ L3I (13)
where
L = IhF, cos?(nz/21)dz (14)
g = % 1, sin? (1z/2L)dz (15)
F, = FIl+ {czaﬁ/tavg)2/241 (16)
P o= I§ &% ax (17)

and p is material demsity, ¢ is chord, t is thickness, ¢f is rate
of blade twist, z is length coordinate and x is the chordwise
coordinate. The length of the blade is L, G is the modulus of
rigidity and I, is the polar moment of inertia about the torsion
center taken tg coincide with the point of maximum thickness along
the chord.

A correction for differential bending had a negligible effect
and was omitted from the final calculation. The slopes of were
obtained at a number of spanwise stations by numerical integration
and the spanwise integrals I and J were obtained graphically.

By the means descyibed above the torsional frequency was
predicted to be:

#1 Rotor 6810 hz (torsion)

which is slightly more than half of the first crude estimate of the

value. The centrifugal stiffening effect, omitted here, is known
to be small for the first torsional mode. This is also compensated
by the fact that the Rayleigh method is known to predict freguencies
that are slightly too large. Hence, the degree of confidence in

the result is guite high.

The first rotor blade as presently designed (TDA 010 TRIAL 1)
will probably flutter in torsion. 2 similar conclusion concerning
the second rotor cannot be drawn at present owing to the lack of
definitive data. Howevey, the stability margin is likely +o be
minimal if not negative. Bending stall flutter is probably absent
in both rotors, but should be checked.

More accurate frequency parameters should be obtained to
finally assess the stability margins of the first rotor in bending
and the sécond rotor in bending and torsion.
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The first rotor blade must be redesigned to increase its fre-
guency parameter in torsion; a doubling of the frequency times
chord product is required. This may be attained by changing the
material to beryllium or by increasing the chord and thickness.

Alternatively, the frequency may be raised by adding a tip or
part-span shroud.

COMPRESSOR MECHANICAIL DESIGN

The last four rotors of the compressor have been designed to
be bolted together with tie bolts and are piloted in such a manner
as to cause the pilot fits to become tighter as the rotational

speed increases. Each rotor is made separately to facilitate
manufacturing.

Blade Stresses

The mechanical design of the compressor rotors was facilitated

by the use of a disk stress analysis computer program based on an
HACA report. (See ref. 24). The stresses shown in figure 16 are

for a wheel made of 17-4PH stainless steel, a hardenable stainless,

AMS 5643. Using 17-4PH in the H~-900 condition of heat treat with
a yield strength of 127,540 N/cm® (185,000 lbs/in.2?) the margins
are adequate.

The centrifugal blade stress at the blade root is calculated
as follows:

s =V 2% n?
br g 60 ycg (18)

a

The blade root stresses for each compressor stage are:

Root Stress

Stage N/cm? {(1bs/in.?2)
1 34,384 {49,875)
2 26,800  (38,875)
3 22,457 (32,575)
4 17,528 (25,425)
5 14,512 (21,050)
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COMBUSTOR

The combustor development program was a continuation of the
work done in reference 1. The required AT across the burner for
the miniature engine was 978°K (1300°F) at a pressure of 48.1 N/cm®
(4.75 atmospheres). The test burner was designed and built for
eventual use in the gas turbine engine.

Test Installation

The air supply for thls program was compressed and stored in
storage tanks at 2068 N/em? (3000 1lbs/in.?). To simulate the heat
of compression, the burner used in reference 25 was put in the line
in front of the test burner. This pre-burner used hydroger: as a
fuel and served to heat the test burner inlet air to approximately
494°K (430°F). Air flow was measured in the air line by use of an
orifice plate. Air flow rates have been corrected to include
hydrogen burned in heating the inlet air by the following equation:

We = AT{Cp)aix (Waiy)
AH

(19)

The hydrogen was stored in a truck trailer at 1724 N/cm?

(2500 1lbs/in.?). The burner section was mounted horizontally in
a test cell, which was open at both ends for ventilation. Remote
controls for operating the test were located in the control room;
figure 17 shows the general layout of the test setup.

Instrumentation

Airflow rates were measured by a square-edged orifice in-
stalled according to ASME specifications. The AP across the
orifice plate was read on a mercury "U" tube manometer. Temp-
eratures for the flow calculations and for the combustion chamber
inlet were measured with iron-constantan thermocouples and xead on
a Honeywell multi-~channel dial type instrument. Combustor exit air
total temperakture was measured with Chromel-Alumel ceramic insu-
lated thexmocouples on a recording chart type "Honeywell-Brown
Electronik" instrument.

Hydrogen flow was measured with a Fisher & Porter flowralor
meter. Inlet air total pressure was measured with a three-tube
equal—-anhular area rake and read on standard Bourdon tube~type
gages. Combustor exit total pressure was measured at five points
around the annular nozzle with total pressure probes.
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Calculations

The characteristics of the combustor were calculated as
follows and the results are presented in Table 5.

Combustion efficiency ne was defined as the ratio of actual
temperature rise to theoretical temperature rise

AT (actual)

AT (theoretical)
\ AH
Where AT (theoretical) = (21)
(mCP)HZO + (mCP)N2 + (mCP)MR
and the values for (m) are obtained from the chemical equation
(22)
H, + 1/2 0, + 1/2 (3.76) N, + Wg, + H,0 + 1/2(3.76)N, + Wga
{1y = (8) + {26.34) +(92.41)% =+ (9) + (26.34) +(92.41)
*hased on air fuel ratio = 126.74
Excess alr Wea‘is calculated as follows:
i Wy {actual) _ 5 (#heo) (23a)
ea Wg (actual) Wg (theo)
Wa (actual) lbs.-air _
= - ~ 34,33 A = 126.74~34.33 (23b)
Wf (actual) 1lbs.~fuel
= 92.41 kg(lbs) excess air/kg(lbs) fuel (23c)

Combustor pressure loss AP/P was defined as the drop in total
pressure from inlet to exit of the combustor divided by the inlet
{to the burner) total pressure. The texrm ATVR is calculated as

Follaws: (24)

_ {max. local comb. outlet temp.) - (aver. comb. inlet temp.)

{aver. gomb. ocutlet temp.) - (aver. comb. inlet temp.)
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Test Procedure

The procedure for operation of the burner test was as follows:

1. Inlet air pressure adjusted to about 0.7 or 1.4 N/cm?
1 or 2 lbs/in.?}.

2. Ignitor turned on.
3. Vernier fuel flow valve opened.

4. When temperature jumped to 589°K (600°F) to 700°K
8OU°F), air flow valve was gradually opened to full open position;
'ne spark plug was shut off, and at the same time the main fuel
-alve was opened at a rate sufficient to prevent temperatures over
+367°K (2000°FR).

5. The fuel flow, combustor air inlet pressure, and inlet
aly temperature were adjusted to desired conditions.

6. Data recorded.

7. To shut down, the fuel valve and then the alir valve
were turned off.

Combustor Results

An annular combustor was designed and built for use in the
miniature gas turbine engine. The design was based on that of the
combustor reported on in reference 1. Figure 18 shows a cross-
sectional view of the liner and housing used in the development
program. One major difference in this burner is the height of the
turbine nozzle which was 1.778 cm (0.700 in.}. The burner reported
on in reference 1 had a height of 0.838 cm (0.330 in.).

The difference in turbine nozzle height presented a new temp-
erature distribution problem; radial temperature variations were
considerable. Therefore, after discovering the poor radial temp-
erature profile, the development program was concentrated on ob-
taining an even radial temperature profile at the turbine nozzle.

Combustor test runs 1 through 22 were made with total temp-
erature rakes arranged to determine circumferential temperature
distributions. Twelve thermocouples circumferentially spaced on
the centerline of the annulus were used on these initial runs. The
results indicated greater than 100 percent combustion efficiency.
This was caused by measuring temperature on the annulus centerline
which was much hotter than the inner and outer extremes of the
annulus. , Therefore, from run 23 on, a rake assembly containing
seven rakes of five thermocouples each was used to obtain a radial
temperature profile at seven circumferential locations. Figures 19
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thru 23 show the various combustor liners tested. These results
are presented in table 5. The combustion efficiency as shown in
table 5 is low. This could be due to poor combustion, but it is
more likely due to improper temperature sampling of turbine nozzle
temperature. It is recommenaed that in future developmental work
& greater number of thermocouples be used to establish that all the
fuel is burned.

The first real improvement in ATVR was made with the changes
shown for runs 30, 31, and 32 in fig. 22. A new liner was installed
with open area near the fuel nozzle. A deflector was also added in
an effort to mechanically mix the hot and cold air streams. Since
more than one change had been made between runs 29 and 30, runs 33
and 34 were made with the deflector removed. No real difference
was noted in the burner performance in runs 33 and 34. In an
attempt to further reduce the value of ATVR, run 35 (fig. 23)
incorporated a new fuel nozzle with smaller orifices to increase
the velocity of the fuel for better mixing. This design was
improved by replacing the deflector in run 36 (fig. 23).

Testing was stopped after run 36. This run had the best per-
formance of the program, but as can be seen in table 5 the average
exit temperature of 1097°K (1515°F) required for design point per-
Formance was not reached; the limiting factor still being the
local hot spots. Hot spots cause loss of turbine performance due
to off design conditions as well as burning of the nozzle and
turbine., Further development work must be done to reduce the ATVR
factor to near unity to enable the eventual engine to operate suc-
cessfully.

TURBINE AERODYNAMIC DESIGN

Rerodynamic designs for two turbines for the NASA miniature

.gas turbine engine are presented. The initial design was for a

rotational speed of 82,500 rpm. Later, for reasons presented
elsewhere in this report, it was decided to reduce the rotational
speed to 78,000 rpm. The turbine was then redesigned to this
lower speed while retaining the same inlet flow conditions andéd
power output as the initial design. This resulted in a somewhat
higher stage loading for the final design and conseguently a lower
predicted efficiency.

The required inlet flow conditions and output energy were
specified for both turbines by the engine cycle selection and are
as follows:

Inlet total temperature, °K {(R°) 1217 (2190)
Inlet total pressure, N/cm® (lb/in.?} 40.88 (59.30)
Inlet mass flow, kg/sec (1lb/sec) 0.86 (1.9Q)
Output energy, J/{kg) (BTU/1b) 2.08 x 10° (29.50)
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The rotational speed was required to be 82,500 rpm for the initial
design and 78,000 rpm for the final design. These speeds were as
high as possible consistent with the degree of mechanical risk
intended for each design.

A maximum tip diameter of 10.16 cm (4.00 in.) was imposed on
the turbine in order to keep th: overall engine diameter within
its objectives. A single-stage turbine was required to meet over-—
all engine length objectives.

Although a specific objective for the efficiency of the
turbine was not set, it was desired to have the maximum efficiency
consistent with the above requirements so as to maximize the
engine's thrust output. Table 6 presents a summary of the signi~
ficant design point parameters for each turbine.

Design Approach
General Considerations

Stage loading. - The stage loading parameter (gJAh/20%) is
very important in determining the maximum efficiency potential
from any turbine stage. For this design, however, the stage load-
ing parameter has been determined within very narrow limits by the
design requirements placed on rotational speed, tip diameter, and
ocutput energy. The resulting stage loadings are relatively high
for a single-stage turbine, being 0.854 and 0.970 for the initial
and final designs, respectively. Because of these high loadings,
then we must expect and accept efficiencies which may be rather
on the low side. A correlation of turbine efficiency versus
stage loading has been made which substantiates this.

Another result to be expected from high stage loading is a
relatively large residual swirl in the exhaust flow. This residual
swirl velocity is partially responsible for the loss of efficiency
and may make it desirable to use straightening vanes in the turbine
. exhaust stream.

" Axial velocities. - Several factors were considered in the
choice of the turbine exit axial velocity. First, as the axial
velocity increases, the required flow area decreases and the hub
diameter may be allowed to increase. This then increases the
average wheel speed, lowers the stage loading, and should result
in higher efficiency. This also results in shorter buckets and
lower bucket centrifugal stresses. The shorter buckets should also
make them easier to machine from a solid wheel.

The exit axial velocity cannot be increased indefinitely,
however, whithout other sacrifices. With increased axial velocity,
‘the exhaust nozzle losses will probably increase., More impoxrtant
than that, however, is the loss of margin in the turbine to
operate effectively at increased pressure ratios in the event that
either the turbine or compressor performance is less than predicted.
With an exit Mach number of 0.5, the turbine would have enough
margin for up to approximately 20 percent decrease in either
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conpressor or turbine efficiency. With an exit Mach number of 0.6,
this margin decreases to approximately 12 percent. Based on this,
it was decided to keep the exit Mach number under Q.5.

Selection of axial velocities at other stations in the turbine
is considerably less critical, since they will vary much less with
pressure ratio and will not limit turbine energy output. Generally,
velocities should progressively increase through the turbine and
result in a smooth flow path geometry.

Root reaction and exit swirl.- For a free vortex design, the
designer may choose one additional parameter to define the velocity
diagrams. This can be root reaction or exit swirl angle. These
are related such that an increase in one results in an increase in
the other. Reaction is the Fraction of stage ideal enthalpy drop
occurring across the rotor and may be expressed in terms of pres-

sures as:
vy - 1 y - 1
Y Y
Psg - Pgy
Y -1 Y - 1

Y "'PS'*Y

The significance of reaction is that a positive value indicates a
static pressure drop across the turbine rotor and a negative value
indicates a pressure rise. Most past experience indicates that a
modexately positive root reaction is desirable to insure smooth
flow thrnugh the rotor. Also, positive reaction tends to lower
the rotor inlet Mach numbers and should result in a turbine with a
.higher efficiency over a broader operating range than one designed
with zero or negative root reaction.

Since the requirements for this turbine result in a quite high
stage loading, a rather high exit swirl angle must be accepted.
The only other alternative would be to design with rather high
negative values of root reaction. It was felt that the best com-
promise would be to design to the minimum root reaction needed to
insure a static pressure drop at the turbine rotor root and accept
the known losses due to exit swirl.

Nozzle and bucket soliditv.- Solidities for nozzles and buckets
were selected primarily to give optimum aercdynamic performance,
The criteria used was the Zweifel blade loading parameter (1)
defined for compressible three-dimensional flow as:
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7 : 2V2 cos  az
144(W/S)(PT! - PS2)(l/p1V1 + 1/p2V2 sin qa)

]

{26}

for nozzles and,

2(R, cos B] ; + R, cos B} )

144(W/S) (Bpy - Pg,) (/b R, sin B, + 1/p,R_sin B])

(27)
for buckets.

Zweiffel's original paper,reference 26,recommends a value for
Z of 0.8 as being optimum for aerodynamic performance. This seems
to work gquite well for buckets, and the buckets for these turbines
have 2 equal to 0.8 at all sections.

This was not done for the nozzles, however, since a value of
0.8 seems to result in solidities too low for high pressure ratio
nozzles. Also, a radially constant value of Z regquired a higher
nozzle solidity at the tip than at the hub, which is usually dif-
ficult to achieve in most designs. For the nozzles, then, the
approach was to set Z at about 0.6 at the tip and let the hub and
pitch values fall out as they would with a reasonable reduction
in axial width from tip to hub. This resulted in hub loading
values in the vicinity of 0.4 for the nozzles.

Nozzle and bucket number.~ After selection of solidities for
the nozzles and buckets, the selection of their number will deter-
mine their spacing, axial widths and aspect ratios. Two primary
factors governed the choice of nozzle and bucket numbers in these
‘designs. First, the fewer blades in any blade row, the greater
the axial width for a given solidity. This increases the overall:
length of the engine and weight of the turbine rotor. Thus, for
ninimum length and rotor weight a high number of nozzles and buckets
is desired. Second, the more blades there are, the more difficult
it becomes to machine them out of a solid wheel, both because of
their increased number and because their decreased spacing reguires
smaller diameter cutters. It was felt that minimum spacing between
hlades could be 0.254 cm (0.10 in.) for the nozzles and 0.40 cm
(0.16 in.) for the buckets. This then effectively determined the
maximum number of blades in each row.

Turbine performance is also affected by the selection of blade
numbers because of the effects on blade aspect ratios and Reynold's
numbers. These two factors tend to oppose each other, however, and
their net effect was considered to be small over the range of blade
numbers considered practical.
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Velocity Diagram and Fluid Property Calculations

The design of this turbine was based on the assumption of
"free vortex" flow at the entrance and exit to each blade view.
This assumption implies:

1. Radially constant axial velocity, total pressure, and
total temperature at each station.

2. Tangential gas velocity varies inversely proportional to
radius at each station.

In addition, it was assumed that the working fluid was a perfect
gas with the specific heat ratio and gas constant evaluated at
the average of the inlet total and exit static temeratures.

2 time--sharing computer program was written to solve the
continuity and energy eguations based on the above assumptions.
This program then calculated velocity diagrams and gas properties
at hub, pitch and tip radii. A number of lvading and performance
parameters were also calculated. Appendix E presents this program
in detail. It is realized that much more sophisticated methods of
turbine analysis are available, which remove many of the restric-
tions of the free vortex approach; but the time and expense of
developing such a computer program was not considered warranted.

Blading Profile Design

After establishing blading numbers, solidities, and velocity
diagrams at hub, pitch and tip, the blade profile sections were
laid out. Fox the initial design, these sections were developed
on the conical surfaces corresponding to the hub, pitch and tip
stream surfaces. For the final design, it was decided that it
would be more convenient to develop the sections on cylindrical
surfaces whose radii corresponded to the hub, pitch and tip radii
at the nozzle and bucket trailing edge stations.

Throat areas for the blading were calegculated by applying a
flow goefficient to the ideal areas calculated from ideal relative
total pressures and downstream static pressures. The flow coef-
ficients used were 0.965 for nozzles and 0.94 for buckets. These
are both about 1 percent smaller than would be used for a larger
size turbine because of the relatively low Reynglds number foxr this
turbine. These flow coefficients were not applied in addition to
the 0.95 flow coefficient on annulus area but represent the net
flow coefficients for the blading throat areas.

Physical blade exit angles were set by subtracting a deviation
angle from the calculated velocity diagram angle and making the
suction surface at the trialing-edge tangent to this angle. The
deviation angles used were 1° for the nozzles and 2° for the
buckets. Since the nozzle root velocity was supersonic, a small
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additional deviation angle was added at this section to account
for the supersonic expansion downstream of the throat. This
amounted to about 0.5°.

Another angle of considerable importance in turbine blading
design is the "unguided turning angle." This is defined as the
angle between the tangent to the suction surface at the throat
and the exit velocity diagram angle. The "“unguided turning angle®
then is a measure of the turning required of the uncovered portion
of the trailing suction surface. For nozzles, this angle was kept
under 7°; for buckets, this angle was kept under 10°.

At the bucket root sectionr, the suction surface leading edge
was set tangent to the incoming air angle. In the final design,
where the sections were developed on c¢ylindrical surfaces, the
bucket leading edge of the root section was outside of the actual
flowpath. The equivalent leading-edge air angle for this section
was obtained by extrapolation of the calculated velocity diagram
angles to this radius. Leading-edge angles for all other sections
were set by eye and resulted in slightly negative incidence angles
relative to the section mean lines.

Turbine Design Details

Figure 24 shows the flowpath details for the initial and
final designs respectively. Tables 7 and 8 are the computer
printouts for the initial and final designs respectively. These
printouts give the details of the velocity diagrams, fluid pro-
perties, and various loading and performance parameters.

FPigures 25 through 28 show the blading profiles. Tables §
and 10 list some of the important blade profile parameters. Tables
11 and 12 list coordinates of the turbine blade profiles.

TURBINE MECHANICAL DESIGN

The turbine disk has been designed for minimum weight and
stress. It will be of integral construction (that is, buckets
investment cast integral with the wheel). The tentative material
is MAR-M alloy 246 produced by Martin Marietta. This material was
chosen for its high temperature strength characteristics.

The disk stresses were calculated using the equations and
methods described in reference 24. The method is essentially a
finite difference solution of the equilibrium and compatibility
equations for elastic stresses in a symmetrical disk. Account can
be taken of point to point variations in disk thickness; temper-
ature, elastic modulus, coefficient of thermal expansion, material
density and in Poisson's ratio. The most recent summary of stresses
(including thermal effects) are listed in table 13.

The bucket temperature is expected to be 10937°K (1515°F) which
is the temperature used for the disk rim temperature. The disk
temperature distribution calculations were described in the
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"Bearing System" subsection of this report.

The bucket root stress due to centrifugal effects is
43, 430 N/em® (63,000 lbs/in.?). The stress is calculated using
equation 18. The airfoil shape produces a relatively stiff bucket,
however, vibrational analysis should be done prior to release of
the turbine rotor to manufacturing.

EXHAUST NOZZLE
The basic flow parameters were obtained from a computer run
of the program described in appendix E. The following c¢onditions
were used a basis for the exhaust nozzle design:

Velocity at turbine exit 340 m/sec¢ (117 ft/sec)

Airflow 0.86 kg/sec (1.9 lbs/sec)
Total temperature 1050°K (1890°R)
Static temperature 989°K (1780°R)

Total pressure 19.87 N/cm? (28.82 1bs/in.?)
Turbine exit area 52.84 cm® (8.19 in.?)
Ratio of specific heats 1.312

It was desired to keep the total length of the engine as short
as possible, preferably within 19.3 cm (7.6 in.). Three types of
nozzle configurations were considered: conventional plug, concave
base, and short plug. As seen in figure 29, minimum length can be
.attained only with the concave base on the short plug. The esti-
mates of discharge coefficient Cp and thrust coefficient Cp
shown in table 14 were based on information in references 27 and 28.

The concave base appears to afford the best compromise between
length and thrust coefficient; however, there is some question
regarding the stability of this type of nozzle. Since changing
nozzle configurations would be relatively simple and inexpensive,
it is recommended that all three types shown in figure 29 be tested.
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APPENDIX A

CONFIGURATION SELECTION

PROGRAM INPUT AND OUPUT DATA EXAMPLES

Appendix A includes tables A-l and A-2 which list
independent input variables to the configuration selection
program for the candidate 4~ and 5-stage axial-flow com-
pressor designs. As an example of the configuration selection
program output, the computer output for the S-stage compressor
is also shown on pages 47 to 57.



TABLE A=1.- CONFIGURATION SELECTION PROGRAM INPUT FOR 4~5TAGE CANDICATE COMPRESSOR

Variable Value
Assigned

Working fluid constant pressure specific heat joules/{kg) (°R} [btu/{lbm}{°F)] .. 1805 (0.240}
Working fiuid molecular welght kg/kg mole (lbhm/lb Mole) ..vvevcveecinsvonseass, 28.97 (28.97)
Working £luld Specific haat ratio seesesnassysseiorevrnssncrrsrisossnnnsvavnnrsrasnsss L1.AD
Comprossor inlet total tamperature °K (PR} «.cessvsvecosrenavanrannsassrnneeenss 288 (51B.7)
Compressor inlet total absolute pressure H/cm’ {Ibs/in.¥) toviieissesessree. 10,131 (14,696)
Minimum acceptable compressor total pressure Yatio tssssecsrnccvrsvarsonarssonarsriess 4.75
Fipot rotor inlet tip radius om {iRMe) seececcesnnsvarvsnsnsrsosascsacnncnssssnaes 4,57 (1.80)
First rotor inlet blade tip speed m/sSec (££/98C) .ssssvanrrovrnonssranssssrscesss 396 {1300)
Firat rotor inlet hub~to-tip radius ratio ...ovseeses-ve Cvmatbsesnataresandsrannan ere 0.591
Pirgt rotor inlet tip akial veloeity component m/sec (FE/S6C) su.ecvivrcearsaresss 107 (646}

Husher of stream surfaces prescribed for computation +esccescesrssvenssssssassvsnmracsns 1Ll

Stage
Stage Variable
1 2 3 4
Roter polytropic efficiency 0,86 0.86 0.686 @.86
Stage polytropic efficiency 0.82 .83 g.83 0.83
Haximum rotor tip diffusion 0.35 0.42 0,45 0.45
paremeter
Maxinum stator hub diffusion 0.60 0.60 Q.60 0.60
paramater
Haxdmum gtator hub Mach number 0.50 0,90 0.90 0.90
Exit/inlat axial velocity ratio 0.930 0.920 4.917 §.912
rotor tip
Exit/inlet axial velocity ratio i.040 1.042 1.045 1.047
stator tip
Tangential velocity stator exit o b} 0 ]
(all radii) m/aec ([ft/sec) ‘
Rgtor inlet mass flow bleockage ¢.99/0.399 0,96/0.98 0.97/0,97 0.97/0.97
factor tip/hub 3
Rotor exit mass flow blockage 0.99/0.98 0.97,0,97 0.97/0.9% 0.97/0,97
factor tip/hub
Stator exit mass flow blockage 0.98/0.98 0.97/0,97 0.97/0.57 0.97/0,97
factor tip/hub
Rotor tip solidity 1,300 1.040 0.995 0.952 :
Stator hub solidity 1.700 T 1.s20 1.390 1.305 :
Rotox blade row aspect ratio 2.000 1.700 1.368 1.117
Statoxr blade row ampect ratio 1.800 1.500 1.235 1.017 f
Allowable passage convergence 0740 0/40 0/40 8740 ?
{ramp) angle :
rotor tip/rotor hub deg/deg
Allowzble passage convergence 0/40 0/40 0/40 074G }
{raop) angle ‘ . :
stator tip/stator-hub deg/deg p
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TABLE A~2.- CONFIGURATION SELECTION FROGRAM INPUT FOR S5-STAGE CANDIDATE COMPRESSOK

Variable Valua
Assigned

Working fluid constant pressure specific heat joules/(kq) (°K} [btu/{lbm) (*F}] 1085 (0.240)
Working £luid molecular weight kg/kg mole (lbm/1b mole) ......vvivisnevevas... 28,97 (28.97)

Working £luid specific heat ratio ...ovvvvianesrenens e eREaay Wt erereasetaraaacnnae . 1l.40
Comprepsor inlat total temperature (°K) ...ceveiiincesnsaas rerana revsaasnerssaels 288 (518.7)
Compressor inlet total abhsolute presaure N/cm? (1b/in.?) ..ii.vvan- ersaaann 10.131 (14.696)

Minimum acceptable coMpressor total PressSure TALID -cisvreasvessasoreiansssisnsssreess 4,75
Firat rotor inlet tip radius cm {in.) «ceee-vransen Wressatirresanar araas tersess  4.57 (1.B0)

Pirst rotor inlet blade tip speed m/56C (ft/S€C) suraresriatressassvrensas-narass 373 {1225)

First rotor inlet hub-to-tip radius ratio .veeesvreceracsvencsnnanss L 1 ) §
Firat rotor inlet tip axial velocity component m/se@ (fE/SEC) ..evivcraranecevas .. 197 (6486}
Number of stream surfaces prescribed for computation ....sveriscaseveaces [ evsrsner 1l
Stage
Stage Variable
i 2 3 4 5
Rotor polytropic efficlency 0.86 n.85 0.86 0.86 0.86
Stage polytropic efficiency .82 0.83 ¢.83 0.83 .83
Maximum rotor tip diffusion 0.35 0.40 0.39 0.37 0.35
paramater
Maximum stator hub diffusion 0.60 0.60 .60 0.60 0.50
parameter
Maximum stator hub Mach number 0.%0 0.90 0.90 .90 0.590
Bxit/inlet axial velocity ratio 0,930 0,928 0.934 0,940 0,956
rotor tip
Exit/inlet axial velocity ratio 1.042 1.043 1.037 1.028 1.020
atator tip
Tangential velocity exit 0 0 2} [} /]
{all radii} m/sec (ft/sec)
Rotor inlet mass flow blockage 0,998/0,99810.98/0.98 0,98/0.98 0.98/6.98 0.28/0.38
factoy tip/hub
Rotor exit mass f£low blockage 0.989,0.99 |0.58/0.98 { 0.98/0.98 ; 0.98/0.98 | 0.58/D.98
factor tip/hub
Stator exit mass flow blockage 0.58/0.96 j0.98/0.98 | 0.98/0.98 | 0.28/0.98 | 0.98/0.93
factor tip/hub
Rotor tip solidity 1,300 1.040 0.995 0.952 0.507
Stator hub splidity 1.600 1.440 L.320 1.220 1.150
Rotor blade xow aspsct ratio 2.000 1.700 1,368 1,117 0.934
Stator blade row aspect ratio 1.800 1.500 1,235 1.017 0.900
Allowable passage convergence 0740 040 D/40 0/40 /40
(ramp) angle
rotor tip/rotor hub deg/deg
Alliowahle passage convergence 0/40 0/40 0/40 0740 0/40
~  {ramp) angle
stator tip/stator hubp deg/deg
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COHPRESSOR DES IGN EXAMPLE TH-012

F*4——kkk PARAHRETRIC STUDY OF ADVAMCED HULTISTAGE AXTAL-FLOW COMPRESSIRS #¥&- %%k

€% ROTODR INLET INPUT DAT A *&k

NI, RAD. NUHBER 5Ps HEAT HDL, WT. RATIOQ OF IN. TOT. TEHP, IN. TOT. PR. NASS AVG. TOT.
"STATIONS STAGES tarusiLe-R)) I KOLES} Sp. HEAT ({DEG. R} (PSI) PR. RATIO
11 & 0.2500 28.9 700 1.4000 518.7000 L4.56960 4.,7500
TIP RADIUS TIP HWHEEL SPEED HUB ¥Q FIP AXTAL VEL. f1P BLOCKAGE  HUB BLOCKAGE
{1RCHES? IFI/SEC) RADIUS RATIO (FT/SEC) FACTOR FACTOR
1.8000 1225.0000 D.5910 646.0030 $.9980 0.7930

COEFFICIENTS IN TANGENTIAL VELOCITY EQUATION
8 < D £
0.0 0.0 Cc.0 G.0

FERRFHETEFRRRRAIAERCERAELAEERIHEERBVERSIRBERSRSRFREECRIIVEVHEIACELITHEITH I QIR O FCRSTOR kAR IRISTEGBICRE B 2R BB IEBRLE TR



87

AXIAL VEL.
RATIO

0.2300
HAX ROTOR
DIF. FACTOR
0.3500

ARIAL
VELOCITY
RATIO
1.0520
HAZ. STATOR
DIF. FACTOR

0.6000

OYERALL
HASS AVE.
PR. RATIO

1.4802
ROTOR TIP
g4AD. 1-0
{IHGHES}

1.8000

POLYTROPIC
EFFICIENCY

0.85600
MIN AEL. FLOW
ANGLE REATOR HUB
{DEGREES}

0.0

TOVAL
POLYTROPIC
EFFICIENCY

0.8200

HAX HUB TMLEY
HACH HUHBER

0.9400

SOLEDITY
AT TIP

1.3000

SOLIDITY
AT HUB

1.5000

FED— B W= FEE

GVERALL OVERALL
HASS AVE. MaS5 AVE.
TEHP. RATIO EFFECIENCY
l.14€4 0.8098
ROTOR HUB ROTOR TP
RAQ. 1I-G RED: 2-G
fINCHES) TINCHES}
1.0638 1.8090
ROIOR TiP
RANP . ANGLE
{DEGREES)
0.0

EnrakEs 5 T A G E

DA T A *REseaes

STAGE NO. 1

s#& ROTOR INPUT DATA #%%

ASPECT
RATIO

2.0000

Tip
BLOCKAGE
FACTOR

0.9903

HuB
BLGCKAGE
FACTOR

0.9%00

HAX ANGLE
HUB TAPER
{DEGREES}

40.000

MAX ANGLE
TIP TAPER
(DEGREFS)

D.0

COEFFICIENTS IN TANGENTIAL VELOCIFY EQUATICN

0.0

se¥ STATOR IHPUT DAYA @s

ASPECT
RATIO

1.8000

STAGE BDUTPUT

MASS FLOW [LB/SEC) =

MASS AVE.
PRESSURE
RATIG

1.4802
ROTOR HUB
RAD, 2-G
(THCHES)

1.1965

ROTER HUB
RAHA ANGAE
{DEGREESS

19.8201

TipP
BLOCRAGE
FACTZR

0.9800

c

B.0

HuBg
BLOCHAGE
FACTGR

0.9800

D

0.0

HAX ANGLE
HUB TAPER
{DEGREES)

0. 3000

E

0.0

Max ANGLE
TIP TAPER
(DEGREES)

4.0

CBEFFICIENTS IN YANGENTIAL VELOCITY EQUATIGH

8
0.0

DAT A
1.903
HASS AVE,
TEMPERATURE
RATIOD
L.i464
STATOR Tip
RAD. 3-G
{INLHES}
1.8000
STATOA TiP
RAMP ANGLE
{DEGREES)

0.0

c
alu

ED B f R G BN

RASS AVE .
EFFICIENCY

0.1098
STATOR HuB
RAD. 3-6
{ INCHES)
1.2539
STATGR Hus
RARD ANBLE
{DEGREES)

80400

D
c.0

ROTOR
ASPECT
RATTO

2.0000
RITOR PROJ.
} BNGTH
{ cHCHESE

0.3681

£
0.0

STATOR
ASPECY
RATID

L.8000
STATOR PROJ.
LENGTH
{INRCHES)

0.32353



¥dk——thomibt ROTOR INLET OUTPUT DATA #36-—3t-sss

RADILS WHEEL AXIaL TANGENT. ABS . REL - ABS. REL « TATAL TOTAL REL. ABS.
5TAa  -E SPEER VEL .o YEL. VEL. VEL . AIR ANG. AIR ANG. TYEHP. PRESS. MACH MACH LOSS
M. 1IN) (FT7SECY IFT/SEC) (FT/SEC) (FY/SECY {FT/SECY  {DEG) {DEG? {DEG A} {Psl} NO. NOe COEFF
L 1.799 1224.202 &45.000 0.0 646,000 1384.189 0.0 62.180¢ 518.700 1%.698 1.284 0.%99 0.ip2
2 1.726 1174.314% &46.000 0.0 646.000 1340.271 0.0 61.184 51E.700 14,696 l.243 0,599 0.107
3 1.652 1124.426 &£%46.000 0.0 646.000 1296.783 0.0 60,122 518.7C0 14.696 1.203 0.599 O0.l112
4  1.579 1074.537 &%6.000 0.0 646.000 L253.771 0.0 58. 9856 518,700 14,696 1-163 0.59% 0.117
5 1.50& 1024.649 £96.000 0.0 646.000 1211.208 0.0 57.770 51B.700 14.696 11223 0.599 0.123
6 la432 974.761 E464000 0.0 646,000 2169.3%0 0.0 58.466 518.700 144596 1.08& 0.599 Q0.:30
7 1.359 924,873 6&46.000 0.0 645.000 1128.142 0.0 55.067 518.700 14,695 1.046 0.%99 0.136
8 1.28¢ 874,984 £56.000 0.0 646,000 1087.5618 0.0 53,562 518.700 14,696 1.009 0.599 0.144
9 1.212 825.096 ¢€4b6.000 0.0 546,000 1047.902 0.0 51,941 518.790 14.696 0.972 0.599 0.152
10 1l.139 TI5.208 £456.000 0.0 6%6.000 1009.090 (0.0 50.195 5184700 14.696 0.936 0.599 0.161
11 1.086 725320 ¢&4%.000 0.0 646000 971.290 0.0 46,310 518,700 14.696 0.90L 0.599 0.171
BeF-—SHe—ddt RO TOR EXIT DUTPUT OAT A &hte—fp——pon
- RADE LS WHEEL ARTAL TANGENT. A8S. REL » A8S. REL . TOTAL TOTAL ROTYOR  REL. ABS.
STA -E SPEEQ VEle YEL. VEL. VEL. AIR ANG. AIR ANG. TEHMP, PRESS. OIF. HACH NACH LOSS
Hle. TIN} {FT/SECT {FT#SEC) [FTFSECY (FT/SECY {FT/SEC) {DEG) (DEG) {DEG R) iesl} FACTOR NO. NO. FURC
i L7985 1221.576 GUO0.TR0 373.487 T07.410 1039.322 31.868 54.686 59%.655 22.17% 0.353 0.902 0.614% 0.023
2 1.736 11814362 600.780 386,201 714420+ 996.603 32.73% 52.927 59%.655 22.1T4 D.3B61 0.865 0.620 0.02%
3 1.537 1141.148  €00.780 399.810 721555 9U54.211 33.6%3 50.979 594.455 22174 0.369 D829 0.627 0.025
4. Lla6lB 1100.935 600,780 4l4.4léd T29.8456 912.275 34.598 40.811 594,655 22,174 0.378 0.793 0.635 0.025
S 1.55% 1060.72%F €00.7U0 #20.i25 738.381 8T70.959 235.501 46.387 59%.655 22,174 0.3B7 0.738 0.643 ©.028
6 1,500 1020.507 &00.780 44T.075 74B.37% B30.519 35.655 43,5666 59% 4655 224174 0.357 Q0.724 0.653 0.029
T 14440 G80.293 600.780 4554415 759.966 791.225 3I7.764 #0.597 594,655 22,174 0.407 0,590 0.663 0.031
8 1.381 940.079 &00.780 40%.324 7T72.319 753.485 38.932 37.124 594 .655 22.174 0D.%17 0.658 0.675 0.033
9 L.322 899.865 &00.780 S507.012 V86.129 T1T.B23 #0.162 353.181 $94.655 22.174 05427 0.628 0.588 0.034
0  1.263 B5%5.852 £00.TEQ 530.730 BOL.630 63%.928 41.457 28.700 59%.655 22.174 0.535 0.601 0.703 0.036
11 1.20% 819.4380 6GD0.780 556.775 B819.107 655.68%9 #2.823 23.615 594 .655 22.17% 0.540 0.576 0.720 0.038
PPttty 5 T AR TOR EX!IT QUTPUT DAT A #s0--t3—bbd
RADIUS AXIAL TANGENTa. aBS. ABS. STATOR AXIAL ABS.
STa -E VEL. VEL. VELa AR ANG. LO5S OIF. HACH HACH LOSS
&3« {IH} (FT/SECY (FTISEC) (FV/SEC) 10EG) CGEFF FACTOR NO. NO.  FURC
i 1.791 626.01L2 0.0 6264012 0.0 8.086F 0.355 0.539 0.539 0.739
2  1.737 $26.013 0.0 626,013 G.0 0.083 0.3562 0.539 0.539 0.037
"3 1.58% €264013 0.9 626.083 0.9 0.081 0,389 G,.%39 0,539 ©.035
& 1.&31 626,033 G0 626.013 0.0 0.080 0.37 0,539 0.539 0.033
5  1.537 £26.013 Ga0 626,013 B.0 0.078 0.385 0,539 0.%39 0,031
& 1.52% 620013 G.0 &26.013 0.0 0.076 04393 0.53%2 " 0,539 0.029
7 1.271 &25.013 0.0 626.013 0.0 0,074 0.%03 0.539 0.539 0.023
8 la%l? 226,013 0. 0 626,013 0.0 0.072 0.513 0§.539 0.539 0.026
9 l.36% 6260013 Q.0 6264013 9.0 VOTE 0.5425 0.539 D.539 D.02%
0 1.313 £2464013 0.0 526,013 0.0 0.067 D0.%35 0.539 0.539 0.022
131 1.257 626.013 0.0 626.013 0.0 0.055 0.5%9 0.539 0.533 0D.020

o=
0




05

AXIAL VEL.
RAT IO

0+2280
MAY. ROTOR
DIF. FACTOR

0=4000

AXIAL
VELDCITY
RATID
1.0430

HAXa STATOR

DIF. FALTOR

0.6000

OYERALL
HASS AVE.
PR. RATIO

241872
ROTOR TIP
RAD. 1"6
{INCHES)

1.:80C0

POLYTRUPEIC SOLIDITY
EFFICTENCY AT JIP
0. 8600 1.04%00
KIN REL. FLOMW
ANGLE ROTOR HUB
(DEGREES)
G.G
TOTAL
POLYTROPIC SOLIDIYY
EFFICTERCY AT Hun
0.8300 1.4%00

HAX HUB INLET
HACH KUMBER

0.5060
MR R R G
OVERALL OVERALL
HR3S AVE. HASS AVE.
TEHP. RATIO EFFICTENCY
l.3030 D.8052
ROTOR HUB ROYOR TIP
RAD. 1~G ArD. 2-G
LINCHES) { THCHES)
1.2439 1.8000
ROTOR TIP
RAKP ANGLE
1DEGREES}
0.0

whosaests S T A G E

D AT A EGERERES

STAGE WNO. 2

¢t ROTOR INPUT DATA <&d

ASPECT
RATIO

1.7000

TIP
BLOCKAGE
FACTOR

0.9800

HUB
BLOCKAGE
FACTAR

0.3800

HAX ANGLE
HUB TARER
LDEGREES}

40.000

MAX ANGLE
TIP TAPER
i DEGREES T

0.0

COEFFICIENTS [N TANGENTIAL VELOCITY EQUATION

8
0.0

sx¢ STATOR INPUT DATA ®2e

ASPECT
RATIO

1.5000

STAGE OUTPUY

HASS FLOR {LBSSEC) =

HASS AVE.
PRESSURE
RATIO

L4506
ROTOR HUB
RAD. 2~G
LINCHES)

13347

ROTDR HUB
RAMP ANGLE
IDEGREES)

15.5222

TP
BLOCKAGE
FACTOR

9.9800

<
0.C

HUB
BLOLKAGE
FACTOR

0.9800

D
G

MAX ANGLE
HIIB TAPER
{DEGREES)

0. 0000

E

0.0

MAX ANGLE
TIiP TAPER
[DEGREES )

0.0

COEFFICIENTS IN TANGENTIAL VELOCITY EQUATION

;]

0.0

AT A
1.903
MASS AVE.
TEHPERATLRE
RATEO
1l.1385
STATOR TP
RAD. 3G
LINCHES]
1.8000
STATOR TIP
RAMP ANGLE
EDEGREES)

0.0

C
o‘o

A O Fmn S W

HASS AVE.
EEFICIENCY

D.8208
STYATOR HUB
RAD, 3-G
t INCHESY
1. 3799
STATOR HUB
AANP ANGLE
TDEGREES)

8.2753

o]

0.0

RGTOR
ASPECTY
RaTig

1.7000
RITOR PRODJ.
LENGVH
CINCHES])

0.3271

E

0.0

STATOR
ASPECT
RATID

1.5000
STATOR PROJ.
LENGTH
{INCHES)

C.3102



s

Ff—=AFm¥p R O T OGR T NLET JUTPUT DATA wx3-—si-—tso

RADILS HHEEL AXIAL TANGENT. ABS. REL. ABS., REL. TOTAL TRTAL REL ABS.
STA -E SPEED VEL . VEL. VEL . VEL. AIR ANG. ATR ANG. TEMP, PRFSS. HAaCH MACH LOSS
NO.  {IND {FT/SECY LFY/SEC) [FT/SEC) TFT/SET) (FT/SECY  (DeO) IDEG} LOF5 R} tPs1i NO. NO. rOFFF
1 1.791 1218B.583 826.012 G.0 626.012 1369.%75 0.0 62, 829 594,655 21.754 1.179  0.53% J.106
2 L.737 1182.300 ¢206.013 0.0 626.013 1337.A04 0.0 62,099 594 .6%5 ?1.754 L.151 0.539 0.1089
3 Le684 1146.016 626.013 0.0 626,013 1305.859 0.0 b1, 194 594,655 21.T5% t.124 0.539 0.113
4 L.63F 1109.733 £26.013 0.9 626.013 1274.125 0.0 60.512 594 .6%5 21,754 1.096 0.539 0.117
5 1577 1073.450 625.013 0.2 526.013 1242.652 0.0 99. 750 594 .655 21.754 [.089 (0.539 0.121
6 1.524 1D037.167 &26.013 8.0 626,013 1211.447 0.0 58.836 594.655 21.754 1.642 0.%39 0.l126
T 1.47! 1000.883 &626.013 0.0 625,013 1180.532 0.0 57.974 594 .655 21.754 1.0l6 0.539 0.130
-] 1oal¥ 944%4.600 626.D13 0.0 626.013 1169.4932 0.0 57.017 594 .655 21.754 0.9%0 0.539 3.115
] l.3E4 928.316 £26.013 0.0 B256.013 1119.671 0.0 56.00&6 594 .85% 21.75% 0.963 D.539 0.l4}
10 1.311 892.033 £26.013 0.0 626.013 1089.777 0.9 54,939 594 . 655 21.754 0.938 0,939 0.147
1l 1.2517 B55.750 £26.013 Q.0 626,013 1060.287 0.0 %3.8113 594 .655 2L.754 0.912 0.3%39 0.153
*kt--Fs--m¥¢ R O T OR E X I T QUTPUT DATA SEs—-kk-_%as
RARIUS HHEEL AXTAL TANGENT. ABS. REL » ABS. REL. TOTAL TOTAL ROTO REL . ABS.
5th -E SPEED VEL. VEL. VEL. VEL. AIR ANG. ATR ANG. TFHP, PRESS. DIF. MACH HACH LDSS
NO. (IN) (FT/SECY {FT/SEC) (FT/SECHE (FT/SECYH (FT/SEC) (NEG) tNEG) IDEG R} {PSI) FACTOR ND. NO. FUNC
1 1.792 121%.472 530.939 400.118 7T05.397 1004.406 34,557 54.063 5675.886 31.982 0.406 0.813 D.571 0.029
2 L.747 11B9.103 580.937 410.337 Tll.241 9T1.577 35,235 53,278 675.AAL 11,982 0O.4%14 0.787 0.5%% 0.030
3 1.703 1158.732 4%80.940 421.092 Ti7.502 <938.938 35.936 51.777 675.886 31.982 0.422 O0.741 0.582 0.032
4 1.658 1128.363 S580.940 432.420 T24.212 906.542 36.662 50.146 675.086 31.982 0.431 0.736 0.548 0.033
5 1.613 1097.997 580940 444,386 T3il.417 874.466 37.414% 4B.369 675.0488 31,982 0.440 0.T10 0.59% 0.034
6 1.565 1067.623 GBD.940 457.027 T39.165 B42.803 38.192 4b.426 &T5.086 3L.982 0.6450 0.685 N.601 0.036
7 1.526 1037.252 3580.937 470,409 747.511 B8li.665 30.998 44,296 675.886 11.982 0.460 J.660 D.608 0.037
[} L.480 1006.883 560,937 484.997 756.520 T7H1.198 39.834 41.957 575.886 31.982 0.469 0.636 0O.6l6 0.039
9 La% 35 IT6.512 580.940 499.669 T66.263 TS1.5797 40.699 39,380 675.886 31.982 0.4719 0.812 0.62% 0,041
10 1le350 946.143 EB0.937 515.707 7T76.015 123.023 &E.596 36.536 675.886 31.982 0.489 0.5%0 0.63% 0.043
1 l.3486 915.772 SB0.937 532.810 7TBA.273 695.00B 42.526 33,393 675, ARG 311.982 0.499 0.568 0,644 0.0u%
Epg——t—ptt S T AT OR € XIT OUTPUT DAT A #*s¢-cdb—_3as
RADIUS AXTAL  TANGENT. ARS. ABS. STATOR AX 1AL ABS.
S5TA -E YEL. VEL. VEL o AR ANG. L7553 DIF. HACH MACH LO5S
H0. [N} [FT/SEC) (FY/SEL) (FT/SEC) {NEG) COEFF FACTIR NO. NO. FUNC
i L.793 605. 919 0.0 505.919 2.0 0,067 0.399 0.4%87 0.4%87 0,031
2 1.752 605.917 G0 G05. 917 0.0 G.066 0.80¢ Q.47 D0.58T 0,030
3 laT}2 605.919 0.0 &605.919 0.0 0.065 0.410 0.487 D.687 0.328
& 1-672 £05. 919 g.0 695,919 0.0 0.06% 0.%l6 D.497 0.4837 0.027
5 l.531 605,219 0.0 605. 919 0.0 0.963 0.022 0.487 0.487 23.026
] 1.591 605. 219 0.0 605,919 3.0 0.062 0.%29 0.48T 0.487 0.025
7 1.551 £35.917 0.9 605,917 3.0 0.060 0.4% 0.487 0.487 D,0824
8 1.510 605.917 Da0 605.917 0.0 0.059 0.%42 0.487 0.487 0,023
9 L=%4¥0 &05. 919 0.0 505.919 a.0 0.058 0.450 0Q.48F 0.487 2.021
19 L4330 605,917 T.0 605. M7 0.0 0.5 0.458 0.487 0.487 0.020
It 1. 340 605,917 0.2 6U5.917 0.0 0.055 0.466 0.487 0.48T J.019



[ 921
[ 8]

ANIAL VEL.
RATIO

0.93450
HAX RDTCR
DIF. FACTOR

0.3900

AXIAL
VELOCITY
RATIO
l.037C
HAX. S5TATOR
DIF. FACTOR

0.6000

OVERALL
HASS AVE.
PR. RATIO

2.2392
ROTOR TIP
RAD. 1-G
(INCHES)

1.8000

POLYTROPIC SOLIOITY
EFFICIENCY AT TIP
0.8600 0. 9950
MIN REL. FLOW
ANGLE RCTOR HUB
{DEGREES)
0.0
TOTAL
POLYTROPIC SOLIDITY
EFFICIERCY AT HUB
0.8300 L.3200

BAX HUB TNLET
HACH NUMBER

0.9000
ELTERY T e e T
OYERALL OVERALL
HASS AVE MASS AVE.
TEHP. RATIO EFFICIENCY
1.%2518 0.7985%
ROTOR HUS ROTOR TIP
RAD. 1-G RaD. 2-G
(INCHES) I INCHES}
1.3759 1. 8000
ROTOR TIP
RAHP ARGLE
(DEGREFS)
0.0

wekdbdts § T A G E

N AT A *sEktkis

STAGE N3. 3

sés ROTAR INPUT DATA **5

ASPELT
RATIO

l.3680

Tte
BLOCKAGE
FACTOR

0.9002

HUB
dLOCKAGF
FACTOR

0. 9800

MAX ANGLF
HUB T8 PER
[DEGREES)

%0.000

MAX ANGLE
TIP TAPER
{DEGRFES)

0.0

CDEFFICIENTS IN TANGENTIAL VELJICITY EQUATION

q

0.0

skt STATOR INPUT DATA #»s

ASPECT
RATIO

1.2350

STAGE DUTPUT

HASS FLOW [LB/5EC) =

MASS AVE.
PRESSURE
RATIO

1.3609
ROTOR HUB
RAB. 2-G
[ INCHES)

1.4348

ROTOR HUB
RAMP ANGLE
[DEGREES)

0. 1559

TP
BLOYZKAGE
FaCTOR

J. 9800

C

0.0

HUB
BLOCKAGE
FACTOR

0.9300

+]

0.0

MAX ANGLE
HUR TAPER
{ DEGREES)

40,0000

E

0.0

HAX ANGLE
TIP TAPER
(DEGREFS)

0.0

COEFFICIENTS IN TANGENTTAL VELOCITY EQUATION

B

0.0

GATA
1.903
HA4LS AVE.
TEMPERATURE
RATIOD
l.l14i
STATOR TIP
RAD. 3~-0
(INCHES)
1.B8000
STATOR TP
RAHP ANGLE
{DEGREES)

0.0

[

0.0

(L X E EEE L L)

HASS AVE.
EFFICIENCY

0.8223
STATOR HUB
RAD. 3-G
1 INCHES)
L.4622
STATOR HUB
RAMP ANGLE
[DEGREES)

5.2931

n

0.9

"OTOR
ASPELT
RATID

1.3680
ROTOR PROJ.
LENGTH
[ INCHE S5}

0.3071

=

0.c

STATOR
ASPECT
RATIO

1.2350
S5TATOR PROJ.
LENGTH
(T NCHFS}

B.2957



€S

¥kbe—pk—adkx R O T OR | NLET 0OOT PUT DAT A *kd——kito— 3%k

RADIUS WHEEL AXIAL TANGENT.  ABS. REL . aBS5. REL . T0TaL TOTAL REL.  ABS.
STA  -E SPEED VEL . VEL. VEL. VEL. AIR ANG. AR ANG. TFHP, PRESS, waACH  MACH LOSS
NO.  (INM} IFT/SEC) {FTSSEC) (FT/ZSECH (FT/SECY (FT/SECY {AEGH {06} [DFG R} tps) NO. NO. COEFF
1 1.793 1219.938 ©05.919 0.0 605.919 1362.123 0.0 63,587 675.386  31.555 1.094 0.487 0.098
2 1.752 1192.5C7 &05.917 0.0 605.917 1337.610 0.0 £3.065 ©675.886  31.55% 1.074 0.487 0.100
3 l.712 1165.071 6C5.919 0.0 605.919 1313.217 0.0 52.522 675.686  31.555 1.055 0.487 0.103
4 1,672 1137.646 605.919 0.0 605.919 1288.543 0.0 61.960 675.886  31.555 1.035 0.487 0.106
5  1.631 1110.216 €05.919 0.0 505.919 [264.797 0.0 61,376 6£75.886  31.55% 1.016 0.487 0.109
5 1.59! 1082.785 605.919 0.0 605.919 1240. 190 0.0 60.769 675.886  31.555 0.996 0.487 0.112
7 1.551 1055.355 &05.917 0.0 605.917 }216.924 D.0 60.130 675.686  31.555 0.977 0.487 0.115
B 1.510 1027,924 &05.917 0.0 605,917 1193.213 0.0 59,482 675.886 31,555 0.958 0.487 0.118
7  1.570 ID00.49% 605.919 0.2 605.919 1169.667 0.0 5B.800 675.886  31.555 0.939 0.%287 0.122
10 1.430 973,063 605.917 0.0 605.917 1126.291 0.0 58.090 675.886  31.555 0.921 0.487 0.125
11  1.390 945.633 4&05.517 0.0 605.917 1123.100 0.0 57.350 675.886  31.55% 0.902 @.a87 0.129
rho x--%38 R O T 0R E X1 ¥ DUTPUT DAT A *8- to——uts
RADILS WHEEL AXIAL TANGENT.  ABS. REL . ABS. REL . TOTAL TQTAL  ROTG®  REL.  A4BS.
STA  ~E SPEED VEL. VEL. VEL. VEL. AIR ANG. AIR ANG. TEHP, PRESS. DiF. MACH  MACH LOSS

HO. (IN) IFT/SEC) (FT/SEC) {FT#SECE (FT/SEC) (FI/S5ECT (DEG) {DEG} {DEG R} [PSI} FACYOR NO. RO. FURC

L 1.793 1220.52% 505928 3T9.6562 601.482 1313,570 33.856 S&.0586 T53.031 43.688 0.395 0.774 D320 J.027
2 1e758 1196.677 365.927 387.228 685.725 087.664 34.381 55.061 793.011 43,688 0.407 0.7% 0.524 0.028
3 1.723 1172.830 9565.931L 395,101 090.205 96l.B42 34.9¢f 53.958 753.031 43,688 0.409 0.73% 0.527 0.029
4 1.688 1148.983 565.928 403.302 694.929 936,17 35.475 52.R80% 753.031 43.688 0,416 0.T1S ©0.531 0.03¢C
] 1.693 112%5.13% 565,928 411,850 699.925 910523 36.045 51.971 753.031 43,688 0.426 0.69 0.%35 0.031
6 1.618 [101.288 9555.931 420.768 05.212 885%5.091 36,8631 50.253 T53.031 43.6B8 0.%32 0.677 0.539 0.032
7 1.583 I077.441 565.927 430.0B1 710.80% 859.853 37.233 48.840 753.031 23,588 0D.%40 [.658 0.545% 0.033
] 1.948 1052.594 565.927 439,815 T16.736 934,853 37,853 47.322 753.031 43,688 0.449 0.839 0.54% Q.03
9 Le513  1029,747 565.%31 450.001 723.034 B810.174% 138.490 45.691 753.031 43.6BB  0.457 0.620 0.554 0.035
10 1.472 1005.899 565.92T %660.569 729.719 765.543 39.146 43.933 753.031 %3.6B8 O.%66 0.602 D0.559 0.037
1 1.441 982,652 §565.927 4aTL.8%5 T36.H832 Tel.94 39.820 42.035 753,011 43.6H8 0.%75 0.584 D0.565% 0.D3R
wok-—#e-—%4% S T 4 T DR E XIT OUT PUT DAT A sxk-—sr——oxe
fADIUS AXIAL TANGENT. 485. 485. STATOR AXIAL ABS.
5TA ~E VEL. VEL. VEL. AIR ANG. LSS DIF, HACH MACH LOSS
NG. 1) {FTSSEC) (FY/SECT (FT/SEL) {DEG) COEFF  FALTOR NO, NO. FUNC
i 1.794 586.867 D.0 586.067 0.0 0.067 0.39% D.445 0.44%5 0.031
-2 1.761 586.886% 0.0 586.860 D.C 0.066 0.403 0.445 D.445% 0.030
3 1.729 586.871 0.0 566.871 0.0 0.065 0407 0.445 0.%55 0.030
& 1.69T £66.86E 0.0 506.868 0.0 0,367 0.411 D.&%5 OC.%45 0.029
El l.686% 586, 668 a.a 586.868 0.0 0.064% 0.415 0.4%5 0,445 0.028
[} 1.632 586.87L 0.0 586.871 0.0 0.063 0.423 0.445 0.%45 0.027
7 1.599 56b. 856 0.0 586,866 0.0 D.362 D.4%25 D.445 {.445 0.028
a 1.567 506. 866 [ 4} 586. BOG 0.0 0.061 0.430 0.445 0.445 0.D25
9 £.535 585.871 0.0 5686.871 4.0 0.060 0.435% 0.%45 D.425 0.02%
10 i.502 Eds. 865 G.0 586,866 4.0 2.059 O.440 0.4%% D.555 0.023
il 1.470 S04 866 .0 S0b. 466 0.0 0.0580 0.446 0.445 D.445 0.022



errsesee S T AGE D AT A soarsees

STAGE NQ. &

#xx ROTOR INPUT DATA #&x

TP HUR MAX ANGLE MAX ANGLE
AXIAL VEL. POLYTRCPIC SOLIDITY ASPECT BL OCKAGE BLOCKALF HUB TAPER TI® TAPER
RATIO EFFICIENCY AT TIP TATIO FaCTnr FACTOR {DEGREFS) {DEGREES)
0.9400 0.8600 0.9520 1.t170 0.9920 9.9800 £0.000 0.0
HIN REL. FLOW COEFFICIENTS IN TANGENTTIAL VELOCITY EQUATION
MAX ROYGR = ANGLE ROIOR HUB
OIF. FACTOR (DEGREES) a c n £
0.3700 0.0 0.0 Q.0 0.2 0.0
286 STATOR INPUT DATA *%2
AXIAL TOTAL Tip HUB MNAX ANGLE HAX ANGLE
VELOCITY POLYTROPIC SoLIbITY ASPECT BLOCKAGE BLOCKAGE HUB TAPER TIP TAPER
RAT IO EFF ICIENCY AT HUB RATIO FACTOR FACTOR {DEGREES) [DEGREES }
1.0280 0.83C0 1.2200 1.0170 0.9800 0.3800 40. 0000 0.0
CIEFFICTENYS IN FANGENTIAL VELODCITY EQUATION
HAX. STATOR HAX HMUB INLET
OIF. FACTOR HACH NUMBER B [ D E
D.6000 0.90C0 0.0 0.0 0.0 0.0
$e3--wx——468 S T AGE DUTPUT DAT A #8s--08-_-6se
HASS FLOW (LB/SEC) =  1.903
OVERALL DVERALL DVERALL HASS AVE. MASS AVE. ROTOR STATOR
HASS AVE. MASS AVE. HASS AVE. PRESSURE TEMPERATURFE MASS AVE. ASPECT ASPECT
PR. RATIO TEMP. RATID EFFICIENCY RATID RATIO EFFICIENCY RATI] RATID
3.8225 1.5892 0,.7923 1.3005% 1. 0947 Q.8236 t.1170 1.0170
RATOR TIP ROTGR HUB ADYOR TP ROFOR HuB STATOR TI? STATOR HUB ROTCR PROJ. STATOR PRI,
RAD. 1+G RAD. 1-G RAD. 2-G RAd. 2-G RAD, 3-G RAD. 3-G LENGYH LENGTH
[INCHES) (INCHES) { INCHES) {INCHES) {INCHES) 1 INCHES) { INCHE §) { 1NCHES)
1.8000 1.3622 1.8000 1.4976 1. 8000 L5146 0.3024 3.2974
ROTOR TP ROTOR HLB STATOR TiP STATOR HUB
RARP ANGLE RAMP AMNGLE RAMS* ANGLFE RAHP ANGLF
{0EGREES) {NEGREES) IDEGREES ) [DEGREES)
0.0 6.56673 0.0 3,.2756



5%

$btmdee—tts R OTOR [ NLET QUTPUT DATA See-—kt——2ks

RADIUS HHEEL AXTAL TANGENT. ABS. REL » ABS. REL. orTaL TOTAL REL. ABS.
STA ~-E SPEED VEL » VEL« VEL. YEL. AR ANG. AIR ANG. TEHP. PRES S5 HACH BACH L OSS
NO. (EN) [FT/SECY [FY/SECY (FT/SECY (FT/SEC) IFTV/SEC) [(DEG) IDEG) (OEG R) {PFST} NO. NO. COEFF
i l.794 1220.826 £586.867 0.0 586.067 1354.558 0.0 G644 326 153.031 43.195 1.027 0.445 {.089
2 1.76]1 1198.766 5BhH.B6S 6.0 586,466 1334,708 0.0 53,915 753.031 43,195 1.012 0,545 0.091
3 1.729 1116.706 586.87) [ ] 586.871 1314.933 0.0 63.4913 753.031 43.195 0.997 0.445 0.093
& 1.6%7 1ll5h.£46 ESE6.BRS 0.0 586.B68 1295.228 0.0 63.057 753.031 43.195 0.982 0,445 0.095
5 l.664 1132,.587 586.868 0.0 586,068 12%5.603 0.0 62,608 753,031 43,195 0.967 0.%45 0.097
& 1.632 1110.527 585,871 .0 586.871 1256.0658 0.0 62,145 753.031 43.195 D.952 D.4465 0.099
T 1.559 10B0.46T7 £B86.866 0.0 506.8566 1236.594 0.0 61.668 753.031 43,195 D.937 D.445 0.101
8 1.567 LOGGL4DT %86.866 0.0 58b6.866 L217.223 0.0 61.175 753,031 43,195 0.923 0.%4%5 0.104
9 1.535  1044.347 SB6.871 0.0 5864871 1197.547 .0 0. 6686 753.031 43,195 0.908 0,445 D.106
10 l.502 1022.287 5S86.B66 0.0 586.866 1178, 761 a.4a 60.141 753.031 43.19% G.8%93 0.445 0Qa.l09
11 l.47TC '1000.228 £B6.866 0.0 586.066 L159.5683 0.0 59,598 793.031 43.195 0.8719 0.445 0.L12
sip——kn——mtk R O T OR E XTI T OUTPUT DAT A Febk=adt——kEs
RADILS WHEEL AXTAL TANGENT. ABSe REL . ABS. REL. TOTAL TOTAL ROTOR REL. ABS.
5TA  ~E SPEED VEL. VEL. VEL. VEL. AIR ANG. AIR ANG. TEMP, PRESS. OIF, MACH MACH LOSS
i~ TIN) {FTJSEC) {FTSSECY (FT/SECH {FT/SEC) (FT/SEC]  (DEG) {DEG1 {OEG R} {tPsSI) FACTDR NOD. NO. FUNC
1 1.794 1221.223 551.655 350.630 653.655 L030.65T 32.%40 S57.639 824.317 Sh.TLL Q0.3T4 0.749 0.475 0.025
2  le765 12014470 551.653 356.394 656.763 1009.194 32.86% 56.864 B24.317 56.711 04380 0.733 0.477 0.026
] 1.736 1181.T17 E51.658 362.352 660.020 987.768 33,299 56.049 B24.317 56.711 0.386 0.7T18 0.480 0.0256
% 1laTCT 116L.963 551.656 368.511 663.419 966.38C 33.743 55.191 B24.317 56.TI1 0.392 0.702 0.482 0.927
5 le678 1142.210 E£51.656 3T4.885 666.980 945.006 30,199 54,288 B24.317 S6.711 0.399 0.687 0.48% 0,028
& 1.6%9 1122.457 S51.661 381.%482 670.715 923.782 3I4.866% 53.332 824.318 56.7T11 D.40% D.67T2 O.488 Q.028
7 L.620 L10Z.70% 550.6%3 38B8.315 674.6I8 902.591 35.147 52.325 B24.317 56,711 D.%12 D0.657 0.491 0.029
ki 1.591 1082.951 £51.656 395.398 678.722 BALl.505 35.631 51,258 824.317 56.711 D.419 0.641 0,495 0.030
9 L.562 10634198 551.6681 402.745 6B83.032 B60.539 36.132 50,129 824.318 56.71)1 0.%26 0.626 0.497 0.931
10 1.533 1043.444 551.658 410,369 638T.551 839.707 36.645 48.93] B24.317 S56.T11 G.43% 0.611 0.501 0.932
11 1.564 1023.5691 S5l.656 418.287 692.307 6B19.046 37.171 &7.660 826.317 56.711 O.44l 0.597 0.504 0.033
htk—kk—tk® § T AT OR EXT1T QUTPUT DAT A #EF—cfk-—sss
RADT LS AXIAL TARGENT. ABS. ABS. STATOR AxIaL ABS.
STA ~£ VEL. VEL . VEL. AIR ANG. Loss DiF. HALH HACH 1058
NO. TN} IFY/SEC) (FT/SEC) (FT/SEC) IDEG) CQEFF FACTOR NG. NO. FUNC
1 1.795 a67.101 2.0 567.101 0.0 0.066 9.393 0.410 0.410 ©.032
F4 1767 567.09% 0.0 567.099 0.0 0.065 0.395 0.416 0.410 0.031
3 1.74C SaT.10% 0.0 C6T. 104 0.0 0.065 0.399 0.4i0 0.410 0.05i
- l.7T13 567101 2.0 567.10L J.0 G.06% 0.403 0.410 D0.518 0.030
5 15685 5674 LM 0.0 5&6T.101 0.0 0.06% 0.405 0.410 0.%10 0,029
& 1.6%8 5&67.107 .0 567.107 0.0 0063 0.%02 0.410 0.413 9.0286
T  1l.630 567« 087 0.0 567.099 0.0 0.062 0.4131 0.410 0.410 0,028
38 .&03 567.101 0.0 5674101 0.0 D082 D4lT D.%10 0.41C 0,027
9 1s576 567107 3.0 567.107 D0 O.8561 0,420 0.4iD 0.410 0.0246
10 1548 S67T.101 0.4 S67.101 0.0 (060 D0.42% 0.410 0.410 0.025
iL 1.521 567.101 0.0 567.L01 0.0 0.05% 0.%28 0.410 0.%10 0.024



98

AXIAL YEL.
RATIO

0.9560
HAX Q0TOR
DIF. FACTCR

0.3500

AXLAL
VELOCITY

RaATID

1.6200
HAX. STATOR
DIF. FACTCR

0.6000

GVERALL
HASS AVE,
PR. RATIO

4.7812
ROTOR Ti8
RAD. 16
{INCHES)

1.8000

POLYTROPIC SOLIOITY
EFFICIENCY AT TIP
0. 8500 0.9070
HIN REL. FLOW
ANGLE ROTOR HUB
{DEGREES ]
0.0
TGTAL
FOLYTROPIC SOLIDETY
EFFICIENCY AT HUB
0. 8300 1.1500

MAX HUB INLET
HACH NUHKBER

0.9GCC0O

Y T

OVERALL OVERALL
MASS AVE. MASS AVE.
TEMP. RATID EFFIGIENCY

laT7185 0.7860
ROTGR HUp ROTOR TIP
RAD. 1-G RAD. 2-G
TINEHES) { INCHES }

1.514% 1.8000
ROTOR TIP

RAMP ANGLE

[DEGREES]

0.0

Hxxkdr¥t 5 T A G F

DAT A #Feexs

S5TAGE NO. 5

ke ROTOR

ASPECT
RATIO

0.9340

INPUT DATA *3%

[ 4
BLOCKAGE
FACTOR

0.9800

HUB
BLECKAGE
FaCYar

0.9800

MAX ANGLE
HyB TAPER
{OEGREES)

% 0. 000

HAX ANGLE
TIP TAPER
(DEGREES)

0.0

COEFFICIENTS IN TANGENTIAL VELOCTTY EQUAYION

B

6.0

&ar STATOR INRUT BATA enx

ASPECT
RATIO

0.9000

STAGE DUTPUT DATA

KMASRS FLONW (LB/SEC) =

MASS AVE.
PRESSURE
RATIO

1.2%08
ROTOR HUB
R&D. 2-G
{INCHES)

1.5420

ROT0R HUR
REMP ANGLE
t{DEGREES]

5.1298

IIp
BLOCKAGE
FACTER

0.9800

C

0.0

HuB
BLOCKAGE
FACTOR

0.9800

2]

0.0

R&X ANGLE
HUR TAPER
[DEGREES)

4%0. 0000

E

0.0

MAX ANGLE
TIP TAHPER
IDEGREES)?

0.0

COEFFICIENTS IN TANGENTIAL VELOCITY EQUATION

a

0.0

1.903
HASS AVE.
TEMPERATURE
RAYID
1.0801
STATOR TP
RA9. 3G
tINCHES)
t.8G00
STATOR TP
RAMP ANGLE
{OEGREES }

f.z

c

0.0

ES A TR J T 1 2 ]

MASS AVE.
EFFICIENCY

0.8245
SYATOR HUB
RAD. 3-G
{ {HCHES)
1.552&
STATOR Hua
RAHMP ANGLE
{DEGREES?

2.1185

]

0.0

ROYOR
ASPECT
RAT IO

0.9340
RDTOR PROJ.
LENGTH
T INCHESE

0.3056

€

0.0

STATOR
ASPECT
AATYIO

@.9000
STATOR PROJ.
LENGTH
{TNCHES?

0.2867
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o e

5ra
ND .

5TA
KO-

5TA
ND.

Ll =

-

[T TR Ry

=0 00N P e

O DR e O e

-

RADILS
-E
[IN}

1.79%
1.767
1.740
1.713
1.685
1L.658
1.63C
l.503
1.578
1.548
1.521

RADIUS
-E
LIN)

L.195
L.?72
l.748¢C
1.721
l.665&
l.671
1.647
l.b22
1.5917
l.572
1.548

RADIUS

-E
(SLY]

1.795
1.772
1.7%8
1.724
i.700
1-677
1ab53
1.629
1.5105
1.582
1.558

WHEEL
SPEED
[FT/SECH

1221417
1202. 114
118%.132
1165.489
1146.846
1128.204
110%.561
1090.9148
1072.276
1052.56313
1034 .990

HHEEL
SPEED
(FT/3EC)

1221.735
1204.803
1168.031
1171.179
1154.327
1137.475
1120.623
1103.77L
1085.919
1070.067
1053.215

EHE o o= &

AXTAL TAMGENT.
VEL » VEL «
(FT/SECY [FT/SECY

567,101 0
567.099 0
567.104 [¢]
[+]
0
aQ

Cooooc

567,101
56T. 101
567.107
567.099 a.0
567. 101 0.0
567.107 0.0
£67.101 0.0
Sa7.101 0.0

ERE—— ke =k

AXTAL TANGENT.
VEL. VEL.
(FT/5ECY (FT/SEC)

542,148 324.566
542,166 329,105
542.151 333.774
£42.148 33B.576
54Z2.148 343.3519
542.154 348,609
S42.146 353,851
€42.148 359.253
£42.154 266023
592.148 37C.569
C42.548 376,490

RGFOR

ABS.
VEL.
IFT/SECH

567.101
567,099
567. 104
567,101
567.101
567.107
567.099
567.101
S67.107
S6T.101
5af.101

ROTOR
ABS,

VEL.
{FTsSEC)

1 HNLE

REL -
VEL.
{FT/SEC)

1346.648
1329. 759
1312.924
1296.133
1279. 396
1262. 115
1246.082
L229.512
L?213.005
1196, 5%4
1180.172

ExILy
REL

YEL.
LFT/SECY

&3L.876 104B8.2%3
634.218 1030.003
636.657 1011.772

639.186
64l .B18
64h.56]1
647. 405
650.375
G5t.473
654,691
660,057

993.554
975. 363
957.204
939.074
220.994
G2, %8
884.998
867,104

stk set ST ATOR € X1

AXIAL TANGENT.
VEL. VEL.

{FT/SEC) {FT/SECY
552.99% 0.0
552.988 0.0
552.99% 0.0
£52.3%1 0.0
552.991 0.0
552. 996 8.0
H%2.984 0.0
£52.991 0.0
532.99 0.0

5524991 £.9
552.9%1 4.0

485.
VEL.
{FT/SECH

552.991
552,968
552 .99%
552.991
552.991
552.995
552.79688
552.991
552.994
552.99¢%
S52.99%

T OUFPUT PATA
ABS. REL. Tara
AIR ANG. AIR ANG. TEMP,
{DEG! fREG)  (DEG R}
0.0 65.095  82%.317
0.0 64.756  825.317
0.0 4,609  B824.31T
0.0 44.053  B24.317
0.0 63.688  B24.317
0.0 83.311 824,318
0.0 62.920  B26.317
0.0 62.533 824,317
0.0 62.126 BP4.318
3.0 61.709 824.317
0.0 51,280 B24.317
QUTPUT DATA
&85, REL. 1OTAL
AIR ANG. A3 ANG. TFERP.
{DEG) IDFGY  [DEG R}
-10.908 58.B56 B90.332
31.260 58,2681  890.332
31.618 5T.599 B890.332
31.985 $6.930 890,332
32,359 56,231  B90.332
32,741 55,50t B90.333
13,132 5%4.738  B890.332
33.530 53.938 890,332
33,437 53,100 890.333
35,353 52.22¢ A90.3132
36,778 51.300  B90.332

F gutTePuT

ABS.
AIR ANG.
(DEGI

4 2 & % oA 3B

n

oSO UoQDoOoO

oootoooRo o0

Kkl e kTS

TQVAL
PRESS.
[PSI)

56.175
56.175
S6.175
56.17%
S6.173
Sh.175
56,175
56,175
S56.175
56,175
56.175

TOTAL
PRESS.
{Pr5L}

70.8139
T0.835
TD.835
70.83%
12.83%
70.835
10.935
T0.835
70.835
70.835
70.835

HATA @od_-dk-—

LOss
COEFF

0.065
0.064
0.064
0.043
0.063
0.062
D.062
0.061
0.061
0.060
0.059

*8& JVERALL PRESSURE RATID LINMET HAS DBEEM REACHFD ~- GO TO NEW DATA

EHE-— RR——FEE

ROTOR
OFF.
FACTOR

0.354%
0.3%9
0-363
0.368
0.37%
0.379
0.38%
0.3%0
0.39
0402
0.408

k¥

STATQR
BiF.
FACTOR

0.3483
0.385
0.388
0.390
0.393
0.3%5
0.398
PR ) |
Q& 0%
0.%07
0.410

Rkw

REL .
MACH
NG,

o.973
0.961
0.948
0.938
0.924
0.912
0. 900
0.B88
0.876
0. 864
42.853

REL.
MACH
NO .

0. 730
a.718
0.705
0.693
0.46R0
D.668
0.65%9
0.64%3
0.630
0.618
b.&05%

AxIAL
BACH
N .

0,384
0. 384
0.384
0.384
0.285
0. 384
Ga 384
0.384
0.38%
0.384
0.384%

ABRS.
WACH
NO.

0.410
0.4%1G
04410
0.4%L0
0.%10
0.%10
0.410
0.410
0.%410
N.410
0.412

AhBS.
MACH
NET,

0. %40
0. 4%2
0.5%%
0. 4548
0.%4%8
0.4%%
D.452
0.454
D456
0,458
0.461

ADS.
HACH
NO.

0.38%
0.384
0.384
0.38%
(3. 38%
0. 3385
0. 384
0.38%
0. 334
0.38%
0.384

LOsS
CNEFF

0.081
0.5633
0.085
a.088
0.088
0.090
0.091
0.093
¢.095
o.097
0.09%

1058
FUNC

0.023
G.024
0.024
B.02%
G.025
0.026
3.026
Q.027
0.028
0.028B
D.029

L0SS
FUuL

G.033
B.032
0.031
0.031
D.330
0.029
g.0r%
D028
9.027
0.027
£2.026



APPENDIX B

COMPRESSOR INLET GEOMETRY AND VELOCITY DISTRIBUTIONS

Appendix B contains information defining the compressor
(engine) inlet shape for the miniature gas turbine engine.
This material was furnished by NASA Lewis Research Center
staff.

Calculations were made for standard conditions and no
inlet area blockage. Total flow rate was 0.864 kg/sec.
{1.905 lbm/sec.} The ratio of bellmouth axial depth to dia-
meter at the rotor inlet was set at 0.2, and the bellmouth
was designed to give a relatively constant velocity on the
shroud (tip) wall in the vicinity of the rotor inlet for the
static case (no crossflow). It should be noted that the NASA
calculations do not account for effects due to the rotor on
the upstream flow.

Coordinates are given in table 2. These coordinates were
interpolated from NASA results as replotted for the overall
inlet-compressor f£low path design. Rotor inlet calculation
plane wvelocity distributions are listed in table B-~1. Pigure
B-1 shows computed shroud and hub surface velocities for
potential flow in the inlet as a function of surface distance
from the rotor inlet plane.

58



TABIE B-1l. PREDICTED ROTOR INLET PLANE VELOCITY PROFILE FROM
NASA INIET BELLMOUTH POTENTIAL FLOW SOLUTION

Radius,
cm
{in.)

Meridional
velocity,
m/sec
(ft/sec)

Axial velocity
component,
m/sec

(ft/sec)

Meridional plane
flow angle, € ,
deg

2.700 (1.063)
2,845 (1.120)
3.002 (1.182)}
3.160 (1.244)
3.317 (1.306)
3.475 (1.368)
3.632 (1.430)
3.790 (1.492)
3.947 (1.554})
4.105 (1.616)
4.262 {(1.678)
4,420 (1.740)
4.572 (1.800)

193.7 (635.4)
182.2 (630.7)
190.5 (625.0)
190.6 (625.3)
191.8 (629.2)
193.7 (635.6)
196.2 (643.8)
199.2 (653.4)
202.4 (664.0)
205.8 (875.1})
209.3 (686.6)
212.7 (697.8)
214.3 (703.1}

177.0 (580.6)
180.7 (592.7)
182.8 (599.6)
185.5 (608.5)
188.5 (618.58)
191.7 (629.1)
195.1 (640.1)
198.6 (651.5)
202.,1 (663.1)
205.7 (674.9)
209.3 (636.6)
212.7 (697.8)

214.3 (703.1)

+23.97
+20.00
+16.39
+13.31
+10.61
8.25
6.17
4_37
2.83
1.56
0.58
0.08
0.47

b+ + +
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M/SEC

SURFACE VELOCITY,

300

250 ~
o
=
SHROUD (TIP) SR
M ’
200 P sl e
150 ) //
_ // MM,/’ HUB
100 / s
/ ROTOR LEADING EDGE
50,;«‘5/ / hY
azx#f”r,' N
0
-3.0 -2.5 -2.0 -1.5 ~1.,0 -.5 .5 1.

SURFACE DISTANCE, CM

Figure B-1, - BEstimated inlet bellmouth surface velocity
variation from NASA potential flow soclution.



APPENDIX C

MERIDIONAL PLANE COMPUTER PROGRAM OUTPRUT

Appendix C presents complete meridional plane velocity and
property distribution program output for the recommended 5-stage
axial-flow compressor unit.
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NASA MINIATURE GT® COMPRESSOR T0A-013

Fkdkmemd Tk ADVANCED RULTISTAGE AXIAL-FLOW COMPRESSOR ##8——wxita
*4orgx ANALYSIS AT DESIGN CONDIVIDNS *e—s

==l NP UT DAT A-—em

THE MACHINE IS TO HAVE ND MORE THAN 5 STAGES A TOTAL PRESSURE RATIO OF 4.750 IS DESIRED
CALCULATIONS ARE YO BE PERFURMED AT 7 STREAMLINES THE INLET TOTAL PRESSURE iS5 14.70 LBS/5Q IN.
THE INLET MASS FLON RATE IS 1.90 LB/SEC THE INLET TOTAL TEMPERATURE IS 518.69 DEG. R
MDLECULAR HEIGHY DF THE FLUID IS5 28.97 THE TIP SPFED 15 1225.0 FT./3EC.

AXTAL VELOCITY TOLERANCE IS 0.0100 THE LOADING LTHIT TOLERANCE IS 0.0100

THE EFFICIENCY TOLERANCE IS C.O100 THE CONTEINUITY TOLERANCE 1S 0.0005

THE FRACTION OF THE TOTAL HASS FLOW BETHEEN THE HUB AND THE J-TH STREAMLINE IS.

0.0 0.1G0 C.300 CL.5G60 C.70C 0.907 1,000

THE INLET GUIDE VANE LOSS COEFFICIENTS FOR THE 7 STREAMLINES ARE (FROM HUB TO TIP)
¢.0 .0 a.L 0.C 0.0 0.0 Oa

THE [NLET GUIDE VANE EXTT TANGENTIAL VELOCITY IS SPECIFIEC BY
A = 0.0 8 = 0.0 L= D0 D= C.0 F = Q.0

THE SPECIFIC HEAT POLYNDMIAL IS IN THE FOLLOWING FORM

CP = N,23T47E 00 + Q.21962E-04*T + —0.8TTSLE~DT5Te%2 + Q0.12991E-D9*TH#3 + -0,TBNS6E-13%T+%4 « 0,15C43E-16%Tews5

THE RATIO OF THE AREAS OF THE LAST 3 STAT{ONS TO THE ARE& OF THE LAST STATOR EXIT ARE 1.0815%. 1.i829. 1.3429 .



£9

—==~FLOW PATH DESCRIPTEION——~

STATION AXTAL HUB HUB BLCCKAGE TIP TIP BLOCKAGE
NO. COBRDINATE RADIUS FACTOR RADIUS FACTOR
t{INa. ] (INg] (TN}
1 C.C 0. 3CC 1.C0N 24300 1.050
2 0.250 0.399 1.C00 2.210 1.000
3 0. 409 0.599 l.C0N 1.920 1.000
4 Ca 720 0. 896 1.C00 1820 1.0C0
5 1.000 1.055 0,598 1. 800 C. 998
& l.3568 1l.166 Q. 5917 1.800 0.990
7 1.703 1.256 G. 780 1.800 0.980
B 2.031 1335 D580 1.800 0,980
9 2341 1.400 0.587 1.8060 04980
10 2a848 le440 0.980 l.800 G980
11 24344 14470 C. 980 1.800 0.980
12 3,248 1496 C.980 1.800 0.980
13 3543 1.517 0.581) l.800 2.980
14 e 849 1.538 0.980 1.80G D« 980
15 4el36 le556 G. 989 1. 800 D4980
1& 4a262 0.0 c.20) 0.0 0. 980
v 4387 0.0 0. 700} G.0 G.980
13 %eb36 .0 0.983 0.0 0.980



¥9

wsss LOSS DATA SET NUHBER 1 sees

D=-FACTOR AT 10 PERCENT AT 50 PERCENT AT 9C PERGCENT [{OF BLADE HEIGHY FROH
THE GEOMETRIC HUB. }
N.0 0.0121 (.0040 0.6G121
o0.1eC 0,0145 0.0055 Ca0l4Yy
0.150 0.6155 0.0061 D.C155
0.200 G.C165 0.0070 D.016%
0.250 g.C180 0.0080 0.0180
0.3G0 0.0196 0.0090 B.01%6
C.35C 0.0220 0.0100 g.D220
0. 400 D.0249 0.0113 0.C249
0.4%50 0.0279 G.01%0 0.0279
Ga500 0.0310 0.016% 0.0310
0. 550 0.0350 0.0205 0.,0360
0. 600 0.0425 0.0257 0.0425
G450 0.0507 0.0323 0.05G7
0,700 D.0600 0.0400 g.c600
8,750 0.0705 0.0480 0.0705
G. 80C C. 0823 0.0572 0.0823
0.850 . 0951 0.0671 0.,0951
0,200 0.1090 0.0779 0.10%6
Q0,950 0.1235 00,0890 041235

l.000 0.139D 0, 1005 0.1390



g9

save LOSS DATA SET NUHBER 2 see.

D-FACTOR AT 10 PERCENT AT 50 PERCENT AT 30 PERCENT (OF BLADE HEIGHT FROH
THE GEOMETRIL HUB. |}
G.0 0.0060 0.0C&0 N.0080
0,100 0400465 0. 0065 G.0085
£.150 0.0072 0.0069 G.0088
G200 0.0075 0.0C73 0.0C92
Ca.250 C.CrB1 0.0075 0.010C
Ga300 0.0090 0.0082 0.0112
0a350 C.0099 0. 0092 D.0125
0. 400 0.0G110 0.0098 D.0L140
0.45C 0.Cl23 Q.0110 0.0160
Q500 00140 G.0122 0.018%
L4550 0.0155 0.0139 0.,0218
Cs600 0.0185 0.0157 0.0261
Ge£50 0.0220 0,0180 0.0328
0. 760 G.027C 00210 0. 0450
Ce750 00325 Q.024%0 C.0560C
D.800 G.0350 0.0280 0.0750
0s 850 0.0450 0.0315 C.092¢
02200 0,0520 0,0355 0.11C0
0.550 D.0590 0.0400 G.1280
1.100G 0, Ga6C 0.0445 0.1480

ERROR HUMBER &

THE DESIRED PRESSURE RATIO £OULD NOT BF MET (WARNING ONLY?
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====STATION NUMBER 1 «==-

Sele STREAHLINE ABS. HACH AB85. VEL,. AXTAL VEL. RADIAL VEL. STREAMLINE STREAHLINE FLGW ANGLE

NO. RADIUS [IN.) NUHBER {FT/5EC) (FT/SEC) (FT/SELC) SLOPE (DEGS! CURVATURE (CEGREES Y
171N,

7 2430006 0,201 224404 224404 0.0 L.0 0.0 0.0

5 2e1B4C ¢e.2C1 224404 22%4 G4 0.0 0.0 0.0 0.C

5 1.9313 ¥. 201 22404 22ha 4 o0 C.0 0.0 0.0

% le6401 D.2C1 224404 224404 0.0 g.0 0.0 Ca0

3 1.2845 D.2C1 224,04 224,04 0.0 0.0 0.0 G.0

2 07810 C.201 224404 22440C% 0.0 0.0 0.0 0.0

1 03009 G201 224,04 22b.L5 el Ca0 0.0 0.0

SeLo STREAMLINE TOTAL PRES. TOTAL TEMP. FRAC PASS. HT

ND. RADIUS {INe! (LB/SQ INe| (DEGREES} FROK TIP

7 243000 14.70 518459 0.000

6 241840 1470 518.69 0.058

5 19313 14470 518,69 0. 184

4 lo 6401 l4a70 518469 0. 330

3 1,2845 1470 518469 0.508

e 0.T810 14,70 518469 0. 759

1 0.3000 1z.70 518.69 1.000

«n=uSTATION NUMBER 2 =w=-

Sebe STREAMLINE ABS. HACH ABSe VEL. AXIAL VEL. RADIAL VEL. STREAMLINE STREAMLINE FLOW ANGLE
H0. RADIUS {IN.} NUNBER {FT/SEC) {FT/5E0) (FT/SECH SLOPE [DEGSH CURVATURE {DEGREES)
171N,
7 242100 Da122 135,70 9844 -93,5213 -43.53 -2. 99780 0.0
2] 2.0087 0.213 236497 178484 -155.4576 -41.00 =0.96192 0.0
5 l.7253 01296 327.52 275.26 ~177.4918 ~32.8% 141755 0.0
a4 1.4709 Bo 3524 358,50 336.20 ~12445709 ~20432 3.G1872 0.0
3 1.217% Ge 314 34773 347427 «1l7«T7465 ~2.93 2.86087 0.G
2 0.845% 0s246 272498 256428 T4 0086 20.14 1.20684 C.0
1 0.3900 O.116 128.88 10435 T5.659¢ 35, 94 2. 58264 0.0
SeLe STREAMLINE TOTAL PRES. TOTAL TEWP. FRAC PASS., HT
HOy RADIUS {INel) [LB/SQ INe) {DEGREES} FROK TiP
T 2.2100 14, 7C 518469 0.000
& 2.0087 14,70 518469 Ou 11l
5 1.7253 15,70 518469 0268
4 1-%789 14.7C 51Ba69 Qo402
3 1.2179 15,70 518.56% 0s 545
2 Qs 8554 14.70 518.69 G« 750
1 Ga3500 14T Bl8.69 1.06C



L9

==~=STATION NUMBER 3 «=—

Sel+ STREAMLINE ABS. MACH ABSo VEL. AXTAL VELa RADIAL VEL. STPEAMLINE STREAMLINE FLOY ANGLE
ND., RACGIUS (1M} NUNBER (FT/SEC) {FT/SEC) IFT/SEC) SLOPE {DEGS) CURVATURE (DEGREES!
17N,
7 1.9200 0453 495455 3The 48 =~324.5483 =4C.91 3.06882 Ge.C
] 1.8363 00450 492424 429458 ~240+3476 -29.22 2.61378 0.0
5 Lle&734 D.419 459, 89 447450 -106.0178 ~13.28 067770 0.0
% 14920 0373 410498 41067 -15.8172 -2413 ~0. 82793 0.0
3 le264] 0. 327 361.70 358.38 489105 T.85 -1.10138 Cel
2 05277 0.277 307.15 279416 12841115 24,66 ~0e 44668 Col
1 0.,59C0 0,208 231.26 153.69 172.8102 48435 -0+ 50870 0.8
Sels STREAMLINE  TOTAL PRES. TOTAL TEMP., FRAC FASSe MT
NO., RADIUS {IN.} {LB/5Q IN.) (DEGREES) FRUN TIP
7 1.59200 14,70 518409 0,000
6 1.8263 14,7C 518,69 0.063
5 1.6734 14,70 518.69 0,185
4 144920 14.7C 518.69 0.322
3 1a264]1 14.7C 518.69 0.493
2 0.9277 14,76 5168449 0.746
1

0.5900 14,70 518,69 1.000

——=—=STATION NUMBER & —w—

S«Las STREAMLINE ABS. MNACH ABS. VEL. AXIAL VEL. RADIAL VEL. STREAMLINE STREAMLINE FLOW ANGLE
NOs RADIUS (IN.) NUMBER {FT/SEC) (FT/SEC) (FT/SECH SLOPE (DEGS) CURYATURE (DEGREES)
1/1N.
7 1.8200 Oe. 564 610,63 598454 -12G.8849 ~1le%2 0.B82475 C.C
& 1.7570 0.537 58348 576431 -91.2462 -9.G0 Ds 58142 Dal
5 1.6191 0. 499 543467 541,44 -45.1335 -5.18 0.59447 0.0
“ la4622 0.475 518.72 518.68 ~£a5]34 ~he72 057839 C.0
3 1.2800 Qe 457 499,66 496,36 57.2393 6+ 60 0406973 0.0
2 1.5523 0. 438 479463 44T.T1 17z.0618 21.03 ~0.156656 0.0
i 0.,8950 Qe b2% 465443 367.29 285, 3784 37490 079164 N0
Sele STREAMLINE TOTAL PRES. TOTAL TEMP. FRAC PASS. HT
NOe. RADIUS {IN.) (LB/SQ IN.) (BEGREES) FROM TIP
7 1.8200 14.7C 518.569 0.0
& 1.7576 1%, 70 518269 0.068
5 16191 14,70 518469 0. 217
4 1.4622 14,70 518.6% 0.387
3 1,2800 14,70 51669 0. 58%
2 l.C523 15.70 518469 0. 821
1 0. 8950 1&.7C 51859 1.000



89

~=—STATTON NUMDER § -=—-

S5alas STREAMLINE

NO.

HMWhat g

RADIUS (IN.}

1.7988
1.7414
l.6150
1.48465
12335
1.158%
1.C570

Sele STREAMLINE

NO.

(TR RTIIN W

RADTUS {IMa]
1,79488
1.7414%
1.6190
la%B45
1,3335
1.1584
l.0570

ABS. MACH
NUMBER

Gu€39
C.636
Cs 615
Ga6C0
0. 589
C. 588
C.598

TOTAL PRES.

(LB/SQ Ihs)
14,70
14.70
1470
1470
14.70
1470
14.7C

[INLET GUIDE VANE EXIT)

4BS. VEL.
{FT/SEC)

685,59
£77.00
661.35
667234
63€.17
635.24
645,29

TOTAL TEMP.
[DEGREES)
518469
518.69
518+ 569
51B.69
Sl18.56%
518.09
518.469

ITERATION ON LOADING WAS TAKING PLACE

AXIAL VEL.
[FT/SEC)

685%, 5C
6Th B4
61,19
645,10
62Ta%5
508, 79
595,15

REL. VEL.
{FT/SEC)
1403, 29
13644 83
1285.07
1199.87
1108.28
1012.%2
F66. 37

RADIAL VELs
[FT/SECH

=20, 4925
~146,7795

14.5095

53. 8104
105.,0245
1Bl. 3788
247.9636

dHIRL VEL.

[FT/350)
0.G
L.0
C.0
Ca0
a0
T
a0

STSEAMLINE
51L.UPE {DFG)

-2.16
~1.z5
Lo 27
4,79
%53
16-61
ZZ.6C

RELATIVFE
MACH MO,
1.307
1.270
1.193
1.112
l.026
G.o3?
Da89&

STREAML INE
LURVATURE
1/ 1M

c.17869
0.16520
0.12198
Jefi5k36
=0+ 05459
=0+ 26440
~0.51530

REL. FLOW
ANG. [DEG )
60735
60, 262
59,026
574350
54 .96%
5138
48107

FLOW ANGLE
({CEGRFES)
Gal
U.ﬁ
G.C
n.G
CaC
0.0
GID
WHEEL SPEED FRAC PASS.
(FYZSECH FRAGM TIp
1224.195 e 02
1185.690 0.07%
11G1.824 Ou 243
101C, 265 De2h
GCT.501 Gs 626
7884333 CaB61
7194356 0. 997

HT
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*kp-—hx% FINA| FLOW PARAMETERS FOR STAGE NUMBER

***¥ STAGE TANPUT PARAMETERS &x#

] ARk T

—==STATOR==~

RATIC SUPERSONIC SOQLIDITY
TO TOTAL TURNING

0.358018E G1

0.1D00CCE 0L 0.205602E €1

ROTOR TIP D-FACTOR LIMIT C.280C
HUB RELATIVE FLOW ANGLE LIMHIT AT THE RDTOR EXIT C.0
STATOR HUB MACH NUNRBER LINIT [IN) 0« 8500
STATOR HUB O-FACTOR LIMIT G.5500
MAXIMUM TIP TANGENTIAL VELODCITY 5C0.0
==-ROTOR—~
PRESSURE RATID SUPERSCNIC SO0L1DITY HHIRL
PROFILE TO TOTAL TURNING VELDEITY
A Cul Ce0 0.339302E 01 a 0.0 0.0
B 0.100C00E Q1 ¢« 1C0C00DE 01 0.161058E 01 B 0.C
c 0.100000E D1 0.683000F 00 0.0 C 0.0 0.0
[} 0.0 0. 7G5000E 0D Qe 0 D 0.¢C 0.0
E 0.0 -0« 315500 00 0.C E 0.0 0.0
*¥¥ STAGE SCALAR QUANTITIES ®ue
ASPECT GEOMETRIC HUB GEDMETRIC HUB RAMP TIP RAHP AXTAL LENGTH
RATID RADIUS (INe) TIP RAD.{IN.) AMNGLE {(DEGI ANGLE [DEG) (IN.}
=ROTOR=-~- 24024 l.16540 1.8000 16785 0.0 0.3680C
~STATOR- 1.893 l.2560 1.800C 15.038 0.C D.3350
CUNULATIVE

VEL. RATID HUB BLOCKAGE TIP BLOCKAGE MASS AVE. MASS AVE. HASS AVE.

AT THE HEAN FACTOR FACTOR PR, RATIO TEHP. RATIO PR. RATID
~RGTOR—— C.321 0.9900 C.9900 1.4785 141340 1.4786
=5TATOR—~ l.161 0.9800 0.9800 1. 4548 1.1340 l.45648

LOS5 DATA

SET USED
~ROTOR~~ 2
~STATOR~ 1

Ga0
0.0
0.0
HASS FLODW #ASS AVE.
(LB/SEC) ADIABATIC EFF.
1.9050 C.8824
1.9050 C.860C1
CUMULATIVE CUHULATIVE
HASS AVE, HASS AVE.
TERP. RATIO ADIABATIC EFF.
1.1340 C.0824
1.134G C.8601



04

Abmmemkk RO T OR E X | T #homess

Sele STREAMLINE AXIAL VEL. WHIRL VEL. RADIAL VEL. KBS. VEL. ABS, HACH ABS. FLOW REL. FLOY PCT PASSe HT
NO. RADIUS (IN.) ({FT/SEC} (FT/SEC) [FT/5EC) [FT/SEC} NUHBER ANGLE (DEG? ANGLE (DEGS FROM TIP

7 1e7948 5624 559 375.62 —ba b 6T64ET C.5847 33.729 €6437C 0.008

6 1. 7425 5664724 375463 3445 679,915 0.589C 33.526 55.028 0.091

5 1. 6329 572,187 352.10 27.20 &8B. 574 045989 334704 5l.872 Ds262

4 1.,5181 5744209 398,44 56090 701.219 Ce6ll9 344626 47727 Qe&45

3 1. 3921 572,822 427460 93.96 7206.968 0. 6311 364377 4laBh% Daf43

2 1.2516 572.906 465,90 142.54 T52.826 0.6622 38.233 33.126 Ga 865

1 1.1740 575. 708 492427 173 T4 T77.142 D. 6860 39,304 27.025 0987
Sela TOTAL TEMP. TOTAL PRES. ADTABATIC OIFFUSION HHEEL SPEED SOLIDITY AR/S L0OSS COEFF. LOSS PARAM.
NO. - RATID RATIO EFFICIENCY FACTOR (FY/3EC)

7 l. 1472 le.4786 Te 8029 Be 3797 1221.4% 1.302 N« 4758 01321 0.0283

-] 1.1430 la#4786 G, 827C 0,3778 1185, 84 1.343 D.4%873 C.1182 0.0252

5 1,1364 la 4786 Ce BOTO 0.378B6 11E1.9% le438 0.5136 Ca 09567 0.3203

& 1.1321 1.4786 0. 8949 043855 1033,19 1.558 De 5446 C.0802 0.0173

3 1.13C0 14788 029093 043987 F4Te bl 1.717 0.5825 D.0766 0.0166

2 lal274 1.47886 0. 9283 B. 4009 851.77 1.942 0. 6302 Q. COBS DeCLl4T

L 1.2263 Le#47856 0,9366 (4032 199,00 2.097 0.565640 D.G646 0.0137
Ssle TOTAL TEHP. TOTAL PHES,. STATIC TEHP, GSTATIC PRES. SLJPE CURVATURE REL. VEL. REL: MACH
HO» {DEGREES) (LB/SQ IN) {DEGREES| {LB/75Q INo) (DEGAEES) 1/iN, (FT/SEC) NUMBER

T 595,07 2le73 557.00 17.24 =066 -0.00292 1015.8342 C.8781

-] 592.84 21.73 554439 iT. 18 0435 0.01845 988.7512 DeB566

5 58942 Z21. 73 549497 17.05 2072 0.04258 927.7908& 0. 3070

4 587.23 21.73 556231 16487 5.86 QeD%469 857.8176 0.T486

2 S5B6el4 Zl-73 542,88 léaB] 9.32 0. 62695 779.1997 G.6022

2 584. 76 21a73 53759 16419 13.95 -0.,02680 70641038 Cab212

1 584418 21e73 532,91 15.856 L6.79 -0.08492 675.0613 0,5959
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S¢ls STREAMLINE AXIAL VEL. HHIRL VEL. RADTAL VEL. ABS. VEL. ABS5. MACH A@S. FLOW REL. FLOW PCT PASSe HT
NB«. RADIUS (INe) (FT/SEC? {FT/SEC] (FT/SECY {FT/SECH NUMBER ANGLE (DEGI BNGLE {DEG} FROM TiP

T 1. 7907 6534314 0s0 ~2+84 £%53,320 05634 0.0 61l.805 0.017

[ 1.7458 6544414 C.0 9. L9 G544 1T 0.5658 G.C 614149 Gal00

5 l. 6524 655,164 0.0 3544 afib.l121 Ce 5609 Cal 59,739 C.271

& 15541 6534321 G.C 65.58 6564604 05704 0.6 58.168 0.452

2 14488 6464932 Ga.C 100.23 6544651 05892 0.0 S5ea%18 Ca6ht

2 13320 6304289 0.0 139,11 5454457 Ge 5&14 0.0 54.568 G. 858

1 12692 €£12.555 0.0 158,77 632,795 G.5500 0.0 52,773 0.976
SeL. TOTAL TEMP, TOTAL PRES. ADIABAYIC DIFFUSION WHEEL SPEED SoLIBITY AB/S LOSS CDEFF. LOSS PARAM.
ND. RATIO RATED EFFICTENCY FALTOR (FT/SEC}

T 1.0000 Cs9B87 0.7783 02703 1218.70 I.l706 0. 6830 Ge 0548 0.0233

3] l.0000 0.9907 0. BOGG 0. 2659 1188.00 l.209 0.6937 0.0%47 0,0185

g l.00C0 0.9936 048520 0. 2633 11244 58 le283 0.6994 2.0297 0.0116

4 1.0000 0.9948 0. B821 02706 1057,68 1.373 0. 7008 0.0235 0.0086

3 1.400C0 C.992¢9 0.8917 0.2916 985,99 1.485 D.6977 0.0303 0.,0102

2 1.0000 0.9843 C. 8887 N.3321 9nt.17 le632 0. 6985 C. 0615 D.018%

1 l.Co0r 0a9737 0= 8693 0.3693 Bo3.Ta 1.726 0.7003 0.,0976 0.0283
S«La  TOTAL TEHP. TOTAL PRES. STATIC TEHP., STATIC PRES. SLOPE CURVATURE REL. VEL. REL. MACH

NO. (DEGREES) (LE/SQ INGI (NEGREES) (LB/5Q IN.) (DEGREES! 171N, {FT/SECY NUMSER

7 595,07 2le%8 559,56 17.32 =0.2% 0. Cae7T9 1382. 7690 1.1925

6 592.84 21.52 557421 17,33 0.80 G.02686 135643495 l.1722

5 58942 21459 553.61 17.33 3,180 -0.00797 1301, 9844 1.1288

4 587.23 2l. 862 551.36 17.33 573 =0+04226 1244.9192 1.0815

E 586414 21,57 S50.%8 17.32 8,81 -0, 08363 1183.56273 1.G29C

2 584. 76 21,349 550a.1C 17.27 L2e45 ~0+12632 1113,2579 0.9683

1 584.18 21.16 S50.84 17.22 L4453 “Cei3712 107D.7349 . 009306
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**k STAGE INPUT PAPANETERS ¥+

ROTOR TIP D-FACTOR LIMIT (.4%000
HUB8 RELATIVE FLOW ANGLE LIMIT AT THE ROTOR EX1IT 0.C
STATOR HUB MACH NUMBER LIMIT {IN) C.8560
STATOR HUB D-FACTOR LIMIT e 5500
HAXIHUN TIP TANGENTIAL VELOCITY 500.0
-~=ROTOR=-—~ ===STATOR=~~
PRESSURE RATIO SUPERSONIC SOLIDITY WHIRL RATIO SUPERSONIC SOLIDETY
PROFILE TO TOTAL TURNING VELOCITY T TOTAL TURNING
A 0.0 ~0e847800E O1 Oe 3TG5064E 01 A 0.0 0.6 Da463%167E C1
B 0.10C000E 01 04 100000E O1 0.256788E 01 A 0.0 0.100CO0QE D1 0.316184F 01
c 0, 10L0G0E 01 0.943800E 01X 0.0 < Ga0 0.0 0.0
0 C.0 ~0.673104E Q1L 0.0 a 0.0 0.0 0.0
E 0.0 0.297240E 01 0.0 3 G.0 0.0 0.0
**% STAGE SCALAR QUANTEITIES #%=
ASPECT GEOWETRIC HUB  GEOKETRIC HUB RAMP Ti> RAHP AXIAL LENGTH  HASS FLOW MASS AVE.
RATIO RADIUS {INo} TIP RADWITINe) ANGLE (DEG) ANGLE (DEG) {INe} (LB/SEC) ADIABATIC EFF,
“ROVOR~- 14659 1.3350 1.3000 13. 542 C.C 0.3280 1.9050 048920
~STATOR=- 1.500 1.4000 1.8000 11.842 0.0 0.3100 1.,9050 0.8715
CUHULATIVE CUMULATIVE CURULATIVE
VELa. RATIO HUQ DLOCKAGE TIP BLOCKAGE MASS AVE. MA3S AVE. HASS AVE. MASS AVE. MASS AVE.
AT THE MEAW FACTOR FACTOR PRa RATIO TEM?. RATIO PR. RATID TEMP. RATIC ADIABATIC EFF.
~ROTOR—-=  C,.873 9800 N. 9800 1. 4357 11217 Z.1030 1.2720 C.8689
=5FATQR- 1.139 C.2800 09808 1.4244 1.1217 2.G86% 1.272¢ C. 8506
LOSS DATA
S5ET USED
=ROTOR-~- 2

~STAYDR~

1
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SeLlse STREAMLINE  AXIAL VFL. HHIRL VEL. RADIAL VEL. AR5, VELa ARSe MACH ABS. FLOW REL, FLOM PCT PASS. HT
ND. RADIUS (IN.) (FT/7SECH {FT/SEC] {FT/SECH {c1/SECY NUHBER ANGLE {DEG) ANGLE (DEG) FROM TIP
7 1.7919 5704669 383.24 1.91 637,250 05574 33.892 55.698 0.017
6 1, 7717 575, 799 379.01 1C.95 6354527 0.5614 33,349 564691 GelC4
5 1. 6£07 583,452 37824 3N, A8 6IEaN14 0.5792 32.918 524379 N.280
4 le 5847 587.302 288476 53449 T34l G. 5811 33.39? 49,469 G463
3 Te %749 5864560 413,31 7% 19 721.9215 C.5952 344926 45,582 0.656
2 1.3979 581.408 4570, 89 109.14 T+Z.810 Detlss 37.215 40,232 0865
13 143459 5T6e 297 4784117 126,41 756177 0.56270 3B.906 36.700 Ca977

Sels TCOTAL TEMP, TOTAL PRES. ADIABATIC DIFFUSION WHESL SPEED SOLIDITY A%/S LOSS COEFF, LOSS PARAM.
NDo RATID RATIO EFFICTENCY FACTOR tFT/SECY
7 1.1303 J+4386 J, 8375 0. 4004 1219, 48 LaDas Q4738 D.1102 C,N297
-] 1,1265 1.4357 _ 0. 8580 Je3946 119¢.11 1.069 Ba 4842 G 0962 0.0260
5 T1.1211 1,4215 -~ 0. 8890 . 38%9 1132,35 l.126 n.5076 0.07564 C.C207
4 1,185 1.4298 0.9C46 0. 34951 107850 1.192 0.5237 CeLtB4 0.C186
3 l.1191 l.4326 0, 9057 Ba4l25 101735 1.271 0.5626 L0731 c.0201
2 1.1218 Le5450 0. 9080 0. 4374 951.27 1,370 92,5882 00794 0.0221
1 1.1240 l. 54608 0. 92C1 P 4511 N5 94 1l.430 C.5958 D CT44 0.0209

SeLe TITAL TEHP, TOTAL PRES. STATIC TEWP, S5TFATIC PRES. SLQPE CURVATURE REL. VEL, REL. HALH
NG« (DEGREES) {LB/50 IN.! {DEGREES) {18/50 IN.Y  (DEGREES) 1/1R. {FT/SECYH NURBER
7 672. 62 30.91 633407 25.03 s 19 -n.0C08% 1C)2.2874 G.821C
6 667083 3C. 91 628442 2he 6 1.719 C.00403 994.3919 0.8113
5 660.78 3091 620460 24 TY .03 0.0C:20 957.1340 Ca7842
& 656,84 3091 615445 Tha.59 5.21 -0.0]1251 907.4%4846 Ce 7066
3 65596 30.71 612.72 24433 T €9 -0,0241% 845.6860 e 6973
2 655,99 .91 530.09 2%.96 ICet3 -0.06297 TT4. 8684 0, 64C2
! £56. 60 20 91 508.90 23.72 12.37 -0.08727 135.8672 G» 08¢
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Selse STREAMLINE AXIAL VEL. HRIRL VEL. RADIAL VFL. 4RSS, VWFEL. ARS. MACH 4BS. FLOW REL. FLOW PCT PASS. HY
N0, RADIUS (TNe} (FT/SEC) {FT/SEC) [FTFSEC] {FT78EC) NUMBER AKHGLE (DEG! ANGLE (DEG) FRON TIP

4 L.7929 649e FE4 r." 1.71 44565 G,5254 o.0 6la95¢6 0.018

& 1.7578 6510102 Gt 1013 £5%.182 G.52A4 0.0 €1.4%8 0.106

5 1.6862 6524961 Ce® 27.498 655,567 C.5334 . 6D+338 0,284

& 1.€123 453,870 r. 47445 655, 589 C.5309 Cel 59,142 0.469

3 1a F25C 6524622 Ca? 658498 65642068 0.5378 0.t 5T.862 [NT-Y:X

2 1.4524 645.08¢ 0.1 32.79 651,719 Ne5339 0.0 S6.608 0,868

1 14001 626,352 N0 115,41 64,022 C.5778 0.0 564075 0.977
SsLle TOTAL TEHP, TOTAL PRES, ARABATIC NIFFUSTINN WHEEL SPEED SOLIDITY A%/S EO5S COEFF. LOSS PARAH,
Ml PATIO RATIO EFFICIENCY FACYQR [FT/SEC)

4 l.c00c f.9895 L. 8119 0. 3008 1220415 1.132 Le6671 0.0552 C.0244%

5 l.0cr0 0.9915 9, 8368 De2932 119h. 26 141586 0,6745 Do Ca41 C.0191

5 l.0200n 0.4 99%45 0.B8743 Ne 2057 I147,56 1,209 046846 C.G284 CaCll?

& 1.6000 N, 5954 0. 8926 G. 2887 1097,2%5 la269 Q. 6690 0.C224 0.0088

3 1.0a00 ¢.9938 J.88%2 03047 106462 1.339 0. 5867 C.0291 C.0109

2 1.0000 0.9375 0.8753 Q.3367 90H.68 let24 0.6788 0.0557 0.01%6

1 1.0009 0.9809 0.8709 M. 3623 95R, 3R 1.473 0.4718 2.C821 c.0279
S«le TOTAL TEHP, TODTAL PRES. STATIC TENP. STATIC PRES. SLOPE CURVATURE RELe VELe RELe MACH

NO. {DEGREES) {LB/SQ IN.)} (DFGREES) (LR/50 INs) {DEGRFES) 171N, IFT/SECE NUMBER

7 672462 30.58 63767 25. 34 Na16 =Ll 00264 1282,4688 1.1176

] ££T7.83 2C. 64 632,68 25434 C.B9 - 02677 1362.0C71 1.1053

5 5£0.78 M. 72 62535 25.32 Lok =Ce06677 1320.622¢ 1.0779

4 65he 84 WL 76 621.19 25.29 4al5 -Ca 10514 1278.1819 1l.0467

3 655.96 30. 71 626,23 25423 6.4 -0.15089 1233. 6641 1.C110

2 655,99 30.52 620 T4 25414 8.19 -0.2083¢9 1184.157C r.97CC

1 65660 30032 622.09 25,08 Dekl ~(ls 22989 1155.7227 Ce 9457
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#x% STAGE INPUT PARAMETERS »xn#

ROTOR TIP D-FACTAR LIMIT [+ DA o/
HUB RELATIVE FLOW ANGLE LIMIT AT THE ROTOP EXIT [ g
STATOR HUB HACH NUMBER LIKIT (IN} C.R500
STATOR HUB D-FACTOR LIMIT £.5500
HAXTHUN TIP TANGENTIAL VELDCITY 50C.0

-~—STATOR-—

RATIQ SUPERSONIC soLipIvy
TO TOTAL TURNING

De565096E 01

0.100000€ 01 0.421T239E O1

—eROTOR~=—
PRESSURE  RATTO SUPERSONIC  SOLINITY WHIRL
PROFILE  TO TOTAL TURNING VELGCITY
EI -0.92980CE 01 0,471186E 91 A D.& [
8 C(.10000CE €1  0,100000E €1  0.3736848 01 B D.C
€ T.100N00E D1 C.106080E 02 0.0 c no 0.0
o C.r ~0.775300F 01 £.0 0 0.0 DaC
E C.D 0.335400E M1 €0 E 9.0 0.0
%% STAGE SCALAR QUANTITIES =s»
ASPECT GEDHMETRIC HUB  GEOMETRIC HUB RANP TIP RANP  AXIAL LENGTH
RATIO  RADIUS {IHe} TIP RA&Ds[IN.) ANGLE (DEG) ANGLE (DEG! BCN)
-POTOR== 1,303 144480 1.8000 Te423 g.0 0.3070
-$TaTIR~  1.216 1. 4700 1. 8000 5.787 3.0 0.2960
CUMULATIVE

VEL. PATIO HUB BLOCKAGE TIP BLOCKAGE MASS AVE. MASS AVE.  M&SS AVE,

AT THE MEAN  FACTOR FACTOR PR, RATID  TEMP, @ATIO PR. RATID
-AOTDR-~  0.868 n.98CN0 C.9800 1.3912 1.1971 2,8017
~STATOR« 1,069 549800 C.9600 1.3712 1.107} 248609

LOSS DATA

5ET USED
-R0TOR-— 2
“§TATR-~ 1

0.0
0.0
n.u
HASS FLOMW MASS AVE.
(LB/SEC) ADIABATIC EFF.
1.9050 . 8985
1,9050 0.8752
CUNULATIVE CUMULATIVE
HASS AVE., MASS AVE.
YEMP. RATIQ &DIABATIC EFF.
1.4082 0.8622
1.4082 0. B55%
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Sels SYREAHLINE  ARTAL VEL. HHIRL VYEL. RADTAL VEL, 4BS. VEL. ARS. MACH 4BS. FLOW RELs FLDH PCT PASS. HT
‘NO. RADIUS [IN.) {(FT/SELY (FT/SEC) (FT/SEC) tFT/SEC) NUMBER ANGLE (DEGI ANGLE (DEG} FROM TIP
7 1. 79%5 566402 EXLTY: 1.0% 6772549 0. 5193 33.591 56.282 C.018
6 le 7513 SEBaTH2 269422 6021 £78a.112 0.5224 32.99C 554559 0,108
5 1. 6962 574725 365.95 17.3%9 681.567 n,5291 22,475 53,896 0.288
a 16295 577665 IT4.21 2962 688.917 G.5370 32,901 51.790 0s6TG
2 1.5601 577.074 395,17 4280 T00.716 ¢, 5649 34,329 494039 D666
2 1o ABET 5734846 L426e40 57.01 T17.031 Ca5596 254489 A45.44T 0. 870
1 T1+4481 571.070C 465,91 6ia60 727.41b6 0.5674 37.808 43e1%4 0.978
Sele TOTAL TEHP. TOTVAL PRES. ADIABATIC DIFFUSTION HHEFL SPEED SOLIDITY A%/S LOSS COEFFa LASS PARAN.
ND. RATIO RATIO EFFICIENCY FACTOR (FT/SEC)
7 lell2% 1.3848 Da 8607 0. 4002 1220.58 0.2498 Ca4735 00,0901 0.025¢C
& 11795 1.3820 . B778 D.3940 1198, 64 1.C18 0.4815 0.L785 0.0218
5 1. 1657 1,3781 Ca 9014 043896 1154, 35 1.05% D+4990 Ga L6637 G.0L7T
4 141045 1.3768 G« 2090 043965 1108499 1.105 D.5187 C.0606 0,0170
2 1. 1058 1.3789 D.9026& 0.4169 1061.75 14157 0. 5402 G. 06688 0.0195
2 1.1088 1.3877 0.8962 Oe 4460 inil.78 1.218 £ 55956 Ca 0726 D.0229
1 1.1107 l.3970 0. 8995 D 5627 985, 50 142583 05655 D.Ca13 D.023¢
Seles TRTAL TEKP, TOVAL PRES. STATIC TEMP. STATIL PRES. SLOPE CURVATURE REL. VEL. REL. MACH
NQ. {DEGREES] {LB/SQ TN} {DEGREES} (LB/SQ IN.) {DEGREES} 1/1N. (FY/SECY HUMBER
7 THHs21 42435 Ti0.3% 35.25 0.11 -0.,00138 10156475239 L7794
6 T40. 98 42435 TO3.02 35,18 0.563 ~0. 00331 1005, 7007 CeTT49
5 72064 42«35 6924 27 35,01 173 ~0.L15C3 975.8000 D, 7575
4 T25.49 4235 6B6.27 ELTE: 1] 2+95 =0.0330% 935.1223 0.7291
2 12536 42435 684,79 LT fral% -0.05231 882.7122 D. 5889
2 727.35 %2+ 35 584487 34,25 Se87 ~D.LT453 821.5801 Q.8412
1 729,28 4235 68556 34406 6445 =0.09150 T88a 2167 Co6149
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Sela STREAMLINE AXTAL VFL. WHIRL VEL. RADIAL VELa ARS. VEL. ABS. MACH ABS. FLOW REL. FLOW PFCT PASS, HT
NO. RADIUS (IN.} (FT/5EC) (FT/SEC) {FT/SEC) {FT/75FC1 NUHBER ANGLE (DEG) ANGLE (DEG) FROM TIP
T 1. 7040 603.569 a0 0.92 603,577 Bah0602 d.0 632694 C.018
-] 1.7643 Er5.157 €0 L 605,161 Ca 638 2.0 62,252 c.l08
5 le TC&S £064927 ra0 14,90 697,120 0.4687 CaC 62,373 Ge28%
& le6432 6(T.281 M 25,11 607,799 0. 4709 Ca0 61478 G.475
2 1.5757 &4r5,115 fNlar 36,13 6064193 0. 4697 n.r 6L.583 0.668
2 1. 5127 595. 979 0.0 47.78 5574891 04623 0.0 59.853 0,871
1 14773 5864569 r.0 5356 5ee.C0? 0.4546 0.0 59,634 0,978
- Seble TOTAL TENP. TUTAL PRFS, ARFARATIC DIFFUSION HHFEL SPFFED SOLIOTTY A%/S LOSS COEFF. 1055 PARAH.
KD RATIO RATIO EFFICIENCY FACTOR {FT/SEC}
7 1. 0000 e 9897 0. 8320 3.3637 1220.91 1.087 Os 5384 Ce 0515 0.0283
6 1.0000 C.9919 0. 854¢ 0.3537 1200+ 74 1+106 Qet454 D480 0.0217
5 1.0000 Ce 9948 D. 8R40 0,34323 11%9.98 l.147 0. 6548 D.C201 0.0131
4 1.0000 0. 9958 e 8964 e 3454 1118.29 l1.191 D. 56583 0.C227 0.GlC0
2 1.0000 09942 0.8859 0. 3620 1075, 06 1.262 Ca6554 0.0310 0eC125
Z2 1. 007 0.9888 0, 8639 Ne3949 1029.46 1.30% Cale?? D+ CERS N.C227
1 l.0000 0.9834 . 8523 Du 4201 1895.40 1.333 0.6%22 0a 0049 0.0318
Sale TOTAL TEMP, TOGTAL PRES. STATIC TEHP, STATIC PRES. SLOPE CURVATURE REL. VEL. REL. MACH
NOW {DEGREES) (LBI5G TN.) (DEGREES) (LBF5Q iN.) (PEGREES) L/IN, (FT/SECY NUHBER
7 T48a.21 41,91 T18.17 36427 0.09 ~-0,08075 13£1.9553 1.0384
] T40.98 42.01 T10.78 3626 0.51 -0.00987 1344,6245 1.0364%
5 T30. 6% 42a13 700.2e 36.26 la4l =-0,02250 1309.2578 1.0107
4 T25.49 4217 694497 b4 2437 ~0.03195 1272. 7683 C. 9862
3 725.26 4211 695.01 36.22 .42 -0.04186 1234.1887 0.9562
2 727725 41,87 697.82 36.18 4e58 -0.04978 1190.4580 C.9208
1 729.28 4lebs T00e563 Jbe 16 5.22 -0.04898 1165.,229% C.8993

LL

T ST .
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A 0,0 -0.138020€ 02 N 539T03E a1
B 0o 100GOCE €1 0. I00000E 81 Ca46T823E 01
C 0.100000F 01 N 155020F 02 Q.0
0 0.0 -0,118320€ 02 0.0
E .0 0.55710rF C1 0.0
ASPECT GEQMETRIC HUB GEOMETRIC
RATIO RADIUS [i{Ne} TIP RADL{IN.} ANGLE {DEG)
~ADTOR=~ 1,092 1.5960 1.8000
-STATOR=- Lel024 1.5170 1. B800C
VEL. RATIO HUB BLOCKAGE
AT THE MEAN FACTOR FACYOR
~ROTCR--  C.8B87 08,9800 0, 9800
=STATOR- l.066 0.9500 0. 9800
LO5S DATA
SET USED
~ROTQR—— 2

=STATOR~

had—wrks FINAL FLOW PARAMETVERS FOR STAGE NUMBER

ROTOR TIP D-FACTOR LINIT

HUB RELATIVE FLOW ANGLE LiHIT AT THE ROYOP EXIY
STATOR HUB HACH KNUMBER LIHIT (IN)

STATOR HUB D-FACTOR LIMIT

MAXTHUN TIP TANGENTIAL VELOCITY

~~~ROTOR~=—

PRESSURE RATIO SUPERSONIC SOLIDITY

PROFILE TO TOTAL TURNING

1

#kk STAGE TNPUT PARAMETERS #%»

Mo

s3® STAGE SCALAR QUANTITIES o%s

TIP BLOCKAGE HASS AVE.

HHIRL
VELDEITY

4 WhM—mkkH

0.380C
0.0
C.8500
C. 5500
SpC.O
-——STATOR--~
RATIO SUPERSONIC SOLTOITY
TO TOTAL TURNING
0.0 0,637140E D1
0. 100000€ 01 0.513288E 01
n-c CI.IJ
D.0n 0.0
0.0 0.G
AXIAL LENGTH HASS FLOW HASS AVE.
[ENS} (LB/SECH ADIABATIC EFF.
0.3020 1.9050 0.9015
0.297¢ 1.9050 D.8B82¢&
CUHULATIVE CUHULATIVE CUNULATIVE
HASS AVEa HASS AVE. MASS AVE.
PR, RATIO TEXP. RATIO ADIABATIC EFF.
3, 7357 1.5308 0.8574
3.7158 1.5305 C.8532
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Sels STREAHLINE AXIAL VEL. HHIAL YEL. RADIAL VEL. 835, VELa ABS. MACH 485. FLOW RELa FLOW PCT PASSe HT
ND. RADIUS (IN.} [(FT/SEC) [FT/SEC} IFT/5EC) [F */5EC) HUMBER ANGLE (DEG} ANGLE (DEG) FROM TIP

v 1. 7944 525,382 345,49 079 377180 Duhb54 32.835 58560 .018

L] 1. 7665 529,907 336435 4o 14 5364117 CanbT5 31.921 56,056 C.l1C

] 1. 7109 5444899 328452 11.42 4T6.TH r.6719 31.C80 564 893 0.293

4 le 6543 5464723 231.95 19.18 539,905 D.6766 31,249 55,428 Ce 479

3 1. 5958 5464506 345425 2750 547,010 D.4822 32,250 53.548 0.8672

2 1. 5346 562 653 369,05 36e 56 657,261 0. 4890 34. 160 51.155 7.873

1 1. 5027 539.112 385. 25 61.27 563,906 0.4930 35,471 L9.693 0.978
Ssle TOTAL TFHMP, TNTAL PRES. AQTABATIC DIFFUSION WHEEL SPEED SOLIBITY A*[S LO5S COEFF. LOSS PARAH,
NO. RATICG RATY® EFFICIENCY FACTOR {€TFSEC)

7 10927 1.3098 0.8536 0.,2793 12:1.20 0,954 Qe 4598 0. 0878 C.0240

[ 1.n897 13069 Ca B745 0,3696 1202.27 0.969 04557 0.,C739 U-C202

5 1.08862 1.3021 0.9013 D.3614 1164435 1,002 0.4682 0.0576 040157

4 1. 0848 1.3018 0. 9125 N.3653 11c5.681 1.028 Ce4B15 G. G522 D.0143

E] 1.0851 1.3037 0.9145 03,3797 1286.0% 1.078 044944 0.0535 0.0147

2 l.0872 l.3110 0.9117 Q4043 1044441 1.123 0. 5034 0.C597 0.0167

1 1.GBB%G 1.3182 0.5128 Oe%202 10224806 1.148 O« 5049 0,0519 0.0174
Sebe TOTAL TEMP. TOTAL PRES. STATIC TEMP., STATIC PRES. SLOPE CURVATURE REL. VELe REL. HALH

ND. {OEGREES) fLB/SQ TN} (DEGREES) {LB/5Q 1H.) [DEGREES) 1/73iN. {FT/5EC) NUMBER

7 81754 5490 704,23 47436 0.07 -0.00077 102644053 CaT496

& BO7. 47 54,90 TThe25 “Te30 s A 0.00144 1020,4635 0, 7500

5 793,59 56+ 90 760431 4716 La2C -0.001568 997,8215 0. 7399

& 787.03 S54e9C 753,35 47.02 2401 ~D.0101L 96%.1040 B.7i81

E} 78710 54,00 T52.68 464 B0 2.88 -0.02119 920.9866 D« 6863

2 790,81 54490 755429 46e 65 .84 =0.03706 B67.1167 0. 6650

1 73413 54e90 757.50 46453 4438 -0.04958 B35.8347 De62C7
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Sel. STREAMLINE AXTAL VFL. WHIRL VEL, RADYAL VEL. A3f, VL. ARS, MACH 488, FLOW REL. FLOW PCT PASS. HT
NC. RADIUS (IN.} (FT/SEC} {FT/SEC) [FT/SEC) (FT/SECH NUMBER ANGLF {DEG) ANGLE (DEG! FROK TIP

7 1e 7948 57C.823 N.¢ Ba67T 570.833 Qe &l 52 0.0 660951 0.018

& 1. 7689 5T1.671 N.¢ ta 08 5T7T1.£86 D.4185 Tau 64,558 Gol10

E) 1. 7179 572,274 Ca0 10,89 572,297 0.46227 04C 63,903 D.293

4 1. 6642 571,879 D.0 17.99 fY2.162 Cel243 G0 63.198 G480

2 1.6098 569. 805 C.C 25.54 570,377 C.4%229 D.0 &2.4%98 C.672

2 1.5529 562.750 Ceafl 32461 S03.753 C.%168 0.C €l.923 0.873

1 1. 5232 555,732 c.r 37.78 55T.91° 0.2108 0.0 61749 D.578
Sel. TOTAL TEHP. TOTAL PRES. ADITABATIC DIFFUSION HHERL SPFED saLIRITY A%/S LOSS COEFF, LOSS PARAM.
XD RATID RATIO EFFICIENCY FACTOR [E-s5ECH

7 1.0C00 Ce9919 D. 8268 043645 1201445 1.042 C. 5947 C.0591 G.0283

& 1.0000 Ce9937 €. 853) 03514 1203.87 1.058 0.6028 0.0454 C.0D215

5 1.0003 G.9961 0.8873 0.3372 l1r8.52 1.091 0.6125 D.C280 C.0128

& 1.60080 G« 9969 0.9011 0.33560 1132.60 1.127 0.5160 c.022C 0.0C37

3 1.0000 £.9959 0. 8997 Ga 3474 13a5,58 l.167 D.E1456 De.0284 B.0121

4 1.00c0 0.9921 0.8841 03741 1}5¢t.8% 1.211 0. 6075 0.0526 0.0217

1 1.00C0 e 98BS 0.8736 D« 3954 1336460 1.236 0.6015 G 0749 0.0303
Sele TOVAL TEHPa TOTAL PRES. STATIC TEMP. STATIC PRES. SLOPE CURVATURE REL. VEL. RELs BACH

"0, (DEGREES) (LB/3Q 1N} (DEGREES)} ELB/SQ INa) {DHGREES) 171N (FT/SECY NUMBER

7 817.54 S4.46% 79C.61 48439 0.07 -C. 00009 1348+ 2500 0. 9807

& B0T.4%7 5% 55 T80.64 48439 Dedl -G, 00532 1332.71286 0. 9755

5 795459 54,68 Toba67 48.29 1.09 ~0.01%120 1361.1853 09609

) T787.03 S4e T3 T60.11 40.268 1.80 -0.01403 126849158 Ce9410

3 787,10 5467 760,36 %Ba37 2.57 -0.015C4% 1235.1575 £.9158

2 790, 81 ShehT To4h.69 4835 EPLY -0.01193 1197.8113 0. 8857

1 T94.13 G427 168, 6% 48034 3.89 -0,006%59 1176.7813 0. 8679
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PRESSURE
PROFILE

Gﬂr
€. 120000F 2
0.1C0C0A0E ©
CQO
Col

MOOm-

ASPECT
RATIO

~ROTOR—~ 0.925

- STATOR~ Q.12

VEL« RATID
AT TRHE HKEAN

-ROTOR—~ 0,905
~STATOR~ L. 055

LOSS DATA

SET USED
=ROTOR—= 4
-STATOR- 1

Rkge—kds FINAL FLOW PARAMETERS FOR STAGE NUHB

*¥x STAGE INPUT PARAMETERS 23

ROTOR TEP D=-FACTOR LIHIT

HUB RELATIVE FLOW ANGLE LTMIT AT THE ROTDR EXIY
STATOR HUB HACH NUMBER LIWIT (N}

STATOR HUB D-FACTOR LIMIT

HAXIHUR TIP TANGENTIAL VELOCITY

—mmROTOR =

RATID SUPERSORIC SOLIDITY WHI
TO TOTAL TURNING VELD

-C.164520E 02 04598636 01
1 0.100000F Gl 0« 560550E Gl
1 L. 184520€ 02 0.0

-0.143270E 02 Q.0

0.4667T100E D1 C.0

M= P
oROoo0
PR
odoQ

dx% STAGE SCALAR QUANTITIES *#>

GEOMETRIC HuB GEOMETRIC HUB RANP TIP RAMP
RADTUS (TNe] TIP RADL{IN.) ANGLE {DEG) ANGLE (DEG)
la538C 1.800C 3,926 0.C
1.5560 1.8000 34589 0.0
HUUB BLDCKAGE TIP BLOCKAGE MASS AVE. MASS AVE.
FACTOR FACTOR PRe RATED TEHP. RATIO

£.9800 0.980C 1+2587 1.0731
0.9800 c.98CC 142535 1.0731

ER

E bk mkmk

0. 2600
0.0
r.85c0
0. 5500
50G.0
~==STATDR==-
RL RATIO SUPERSONIC SOLIDIYY
civy T3 TOTAL TURNING
0.0 0.70768B1lE 01
0.100000E 01 D.611462E D1
9.0 0.0
2.0 0.0
0.0 0.0
AXIAL LERGTH  MASS FLOW KASS AVE.
{TN.} (LB/SECH ADIABATIC EFF.
0.30560 1,9050 Ce9140
c.28710 1.9050 D.897C
CURULATIVE CUMULATIVE CUMULATIVE
MASS AVE. HASS AVE. HASS AVE.
PRe RATIO TEMPs RATIO ADIABATIC EFF.
he 6770 LeGh24 0.B5%8
4286579 lebb24 C. 8529
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Sele STREAMLINE AXIAL VEL. WHiRL VEL. RADIAL VEL. ABS. VEL. ARBS. MACH 4BS. FLOW RELe FLOW PCT PASS. HT
ND. RAQIUS {INs) ({FT/SEC) {FT/SECI (FT/SECY} [FT/SECH NUMBER ANGLE (DFG) ANGLE (DEG} FROM TIP

k) 1.7951 516,592 219,13 0.58 677,214 Ce263 31.706 £0.215 0.C19

[ 1. 77C9 519,903 INg, (1 3.25 514,814 0.4277 30.725 59.B88" Celll

g 1.7223 523.524 200.(4% 8,77 613,470 Ga4309 29.814 59.C20 Ce296

4 le&732 5254554 301.69 14,71 6l6.167 0. 4349 29.848 57866 t.ags

3 1.6229 52649595 312.26 21.28 612.894 0.4298 30.629 S56e347 DetT6

2 1. 5707 5264 583 331.31 2921 622,823 0.445% 32.137 544425 D.875

1 145437 525.798 343,78 33.76 629,117 Go44 95 33.124 53.297 0.978
SeL. TOTAL TEMP, TOTAL PRES. ADIRBATIC DIFFUSION HHEEL SPEED SOLIDITY A®/S L0OSS COEFF. LOS5S PARAM.
T, RATIO RATIO EFFICIENCY FACTOR (FT/SECE

7 1.0779 1.2622 C. 58561 8.3587 1221.69 0,909 0.4275 0.0742 C.0203

& 1.0754 1.2599 0. BBR2 ALY ] 1275.18 c.922 b.43218 0.0608 0. 06166

5 1.0726 l.256%9 D.9148 0433093 1172.14 0.949 Ca4413 0.0458 Q0124

4 1.0715 1,2559 0. 9254 0.3412 1138.71 0,978 0.4512 €. 0607 0.0111

3 1,0718 1.2572 0. 9262 0. 3521 113%.%% 1.209 04607 0.0421 ¢.011s6

2 140733 1.261% D. 9214 0.371%9 1C68.92 1.0%k% 0.4673 0.0481 0.0134

1 1.0745 12665 0.9217 0.3841 105C 58 HEL 2 0. 4679 0. 0502 0.C141
SeL, TOTAL TEMP. TOTAL PRES. STATIC TEMP. STATIC PRES. SLOPE CURVATURE REL. VEL. RELs MACH

ND. (DOEGREES) {LB/SQ IN.} (DEGREEST (LB/S0 IN.) (DEGREES} 171N, {FT/SEC) NUMBER

T B8Bl.22 68,73 851415 60,72 0.06 ~0.00028 1039.9453 0.7299%

L] 868436 68. 73 838, 5C 604 66 T30 ~0.00047 1036.0598 Ca 7325

5 851,18 68.73 B821.40 6054 0. 36 ~0.C0435% 1017.2141 D.726%

& 843,32 68.73 813,25 80440 1.50 ~0. 009564 988. 4458 0. 7093

3 843.61 6B.73 812,87 60,23 2432 ~0.01398 51,5775 0,.566830

2 848481 68473 817.08 60401 3,17 -0.01720 906.7573 Qeb492

1 853e 26 684 73 820.30 59%.89 3.67 ~0.01025 881.5537 L. £297
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SeLs STREAMLINE AXTAL VEL. HHIAL VEL. QADTAL VEL. 2BS. VEL. ABS, MACH ABS. FLOW REL, FLOW PCT PASS. HMT
NO. RADIUS [INs) (FT/SEC) (FT/5EC) (FT/SEC} (FT/SECY NUMBER ANGLE (DEG) ANGLE (DEG) FROM TIP
T 1,7954 544,790 C.f -0, 08 S54é, 790 C.2811 GaeG £E 970 0.019
& 1.7726 545.263 .0 ~'e68 545,244 C.3843 0.0 55.678 N.112
1 1,7269 547.196 CeD -2.02 547,199 ¢.3895 0.C 65,034 C.299
4 1.6808 5504999 .0 ~2.28 551.C0% 03562 0.0 54,280 0.5489
3 le 6329 5564 736 Car —4a27 S5r.T51 0.32983 0.0 &3,403 G.681
2 1.5858 563,331 .0 —4a 84 563,351 Ga401i9 Gl 624436 G.878
1 1.5613 566.71S J.0 -4.97 SHo. 736 C.4034 e C 61.925 C.978

SeL. TOTAL TEMP. TOTAL PRES. ADIABATIC N1FFUSION WHEEL SPEED SoLIDITY AXSS 10SS COEFF. LOSS PARAM.
NO. RATIG RATIOD EFFICIENCY FACTOR {FT/SECH
7 l.0Ce" Cu9934 Do 84056 0. 3659 12721.9C C.997 0.562¢ r.C569 0.0285
[} l.0000 0.9949 0. 8681 0.3526 129¢.38 1.011 0.570C 0.0432 D.0214
g l.00400 C.5969 D. 9019 0. 3343 1175.28 1,939 B.5787 C.C26] C.0126
4 1.0000 045975 0. 9150 0,325% 1143.88 l.068 0.5827 0.0203 0.0095
3 1.0GCO Ce9968 n,q9128 De3245 1111.94 1,100 0.5832 0.6259 c.C118
2 1,00C0 Ca9943 0.8920 0e.3312 1079.26 1.134 0.58C1 C.CaAS%0 Q.c198
1 l.0002 Ca5922 1, 8902 0.3373 106252 1.153 0.5772 D.C507 D.0263

S«L. TOTAL TEMP. TOVAL PRES. STATIC TEMP, STATIC PRES, SLnpre CURVATURE REL. VEL. REL. HACH
HD. {DEGREES} (LB/SQ INs) {DEGREES) (LassQ INs) (DEGREES) 1/ N {FT/SEC) NUMBER
7 88l.22 68.28 857.02 61.81 =0.C1 -0.,019465 1337.8472 0.9359
4] 868426 6B, 39 844,10 51.81 =D.C7 -0.11766 1323.8871 009330
5 851418 &B.52 B26.7C 61.75 -0.21 -C.32323 1296446197 0.922%

% 43,32 &B. 56 818,48 6166 0. 34 ~0.51488 1269.6721 0. 9082
£l B4R, £1 68, 51 816.25 6l.46 =0.46 -0, 73115 1243,5376 C.8897
2 848481 684 34 822.86 6l.18 ~Na 49 ~Ce 97460 1217.4207 D.8€86
1 853,26 68420 827.01 61.01 -0.50 ~1.1312%9 1204.2163 0. 8571
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kpkemtokt QUTLET FLOW PARAMETERS *km——nii

STA AXTAL GEQMETRIC GEOHETRIC HUE RLOCKAGE TIP BLOCKAGE

ND. COORDINATE HUB RADIUS TIP RADIUS FACTOR FACTOR
(IN.} {TN.) {IN«}

16 4y 282 1.534 l.89C Oa 980 C.980C

7 44307 1.507 1.8C0 C.580 Ce%4C

1R 4e636 1,463 1. 6800C o1 -1: 14 CaGBC

STATION NUMARER 16

Sela STREAMLINE AXTAL VELa WHIRL VEL. RADIAL VEL. ABSe VEL. ABS. MACH TOTAL TEMP. TOTAL PRES.
NQ. RADTUS IN. (FT/SEC) [FT/SEC! (FT/SEC) (FT/SECH NUHBER tDEG.S 2} (LAssSQ IN
7 1a795L 495,927 C.0 ~1.065 405,93 0.3481 #Bl.22 6843
[ 1. 7704 497.214 Q.0 -8.22 +97,28 0.3495 868436 4B.4
g 1.7268 5004262 G.n -22.01 S0C.75 047556 351.18 6865
& 1.6707 5040452 Cel =37.T1 505 86 Ca2610 Bseld.32 68.6
2 1.6197 509,357 0.0 -56.96 512.53 0.3658 843461 &8.5
2 1.5671 512.812 C.C -8l.56 519,32 043697 848481 6Ba2
1 1.5401 513.079 C.q ~97.55 522.27 0.37C% 853,26 E8,.2

STATION NUMBER 17

7 1s 7946 468, 773 0.0 =149 “£68.78 0.3268 881,22 68432
€ 1. 7685 4€E9,805 .0 -Ba72 L60,09 0+3300 868436 68a4
5 1.7159 4684543 0.0 -23,32 h6%e12 0. 3327 85i.18 6845
4 1.6621 463a157 C.0 =38.36 L4bhe ThH 0.3310 843.32 £8.6
? 1+ 6C59 452,361 0.0 -S4.01 455457 0.3262 B843.61 6845
2 Va4 5457 432512 B0 -69.94 438413 0. 3107 B848.81 &6B.3
1 14513¢ 41 7. 484 0.0 ~TTetd 4244 64 0.30D2 BS3.26 6842
STATION HNUMBER 18
7 1.7939 293, 631 0.0 C.C 293.62 0.273C 8p1.22 €8.3
] le 7634 3964609 a0 C.0 396,61 C.2777 8684356 68a4
5 1. 7022 399, 843 .0 0.0 399,84 0.2828 BS1l.18 €845
b 1.6398 4C0.4540 C.a .0 400,44 0.2845 843,32 &840
2 1.5751 397.968 c.n 0.0 197.97 Ne282& 843,61 6845
? 1. 5066 390.258 L0 0.0 190. 26 C.2763 848,81 &8a2

1475 3834386 8.0 C.C A83. 39 Ca.270¢ 653,26 68.2



APPENDIX D

AIRFOIL COORDINATES FOR COMPRESSOR BLADE SECTIONS

Appendix D contains blade fabrication data in the form of
coordinates and geometric properties of airfoils (blade sections)
defined by the intersection of planes, perpendicular to the radial
direction, and compressor blades formed by stacking and fairing
between design blade elements which lie on conical stream surfaces.
Because the computer output in this Appendix resulted from the com-
‘puter program explained in reference 8, the terminology of that
reference is used here. Specifically, in reference 8, the term
"blade-element" refers to the trace formed by the intersection of
a blade and conical stream surface approximation. The term "blade
section" refers to the trace foimed by the intersection of a blade
and a plane section that is perpendicular to a radius drawn from
the machine axis. Note that in other portions of this report, the
term "blade section" is used to refer to conical surface inter-
section traces. The conventional "rotated" coordinate system used
to describe the airfoils involves positioning the coordinates so
that the abscissa (L~axis) is tangent to the radii of the leading
and trailing edges on the pressure side of the blade and the ordi-
nate (H-axis) is tangent to the leading edge radius (see fig. D-1).

A glossary and accompanying illustrations are provided to
define the variables used in presenting the blade fabrication data.
With the exception of £ , the notations used for the variables
shown in fiqures L 1 through D-4 correspond to the Fortran IV words
used for these parameters in the computer output. The variable A&
‘is the conical coordinate system radius and the related subscripts
i, o, and t are used to specify the blade row inlet, outlet, and
transition point values of this variable.
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Unwrapped conical
surface A

RI
AP

Comprassor axis

Figure D~3. - Conical coordinate system for blade-eloment
layout (from Referenc:z 8).

Figure D-4. - Blade-element centerline and surface
nomenclature (from Reference 8).



H - Axis of minimum
% hplary
& moment of mqrhu

Figure D~1l. - Rotated blade section (from Reference 8).

ETA

, Hub stacking .
point

Compressor axis

Figure D-2. -~ Cartesian coordinate system for blade

{from Reference §).
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NOTE ¢

Glossary of Blade Fabrication Data Variables

Same unit length must be used throughout. For this design,
inches were used. All angles must be in degrees.

Input for blade coordinate program

ETA

LAMDA

0):

0op2
TNLMT

RI

RO

TL
-T™M
TO
KIC
Kre
Koc

ZMC

ZTC

Z0C

88

tangential lean angle of stacking line (positive in
direction from pressure surface toward suction
surface, see Figure D-2)

axial lean angle of stacking line (positive in direction
from inlet toward outlet, see Figure D-2)

number of specified radial locations for desired blade
sections (if OP1l = 0.0, program computes blade
sections at radial locations of stacking points
for all blade zlements)

control variable for printing blade-element oukput

tolerance limit for blade~element stacking iteration

radius from machine axis to leading-edge-center of blade
element (see Figure D-3)

radius from machine axis to trailing-edge-center of blade
element (see Figure D-3)

blade-element thickness at leading-edge-center
maximum blade-element thickness

blade-element thickness at trailing-edge-center
blade~element-centerline angle at leading-edge-center
blade-element~centerline angle at transition point
blade-element-centerline angle at trailing-edge-cert*sr

axial distance between hub blade-element leading-edge-
center and blade-element maximum thickness location

axial distance bLetween hub blade-~element leading-edge-
center and blade-element transition location

axial distance between hub blade-~element leading-edge-
center and blade~element trailing-edge-center



R N R RPN
PPN S It

Stacking iteration parameters

TNORML
THECG

CRCG

blade-glement stacking tolerance
stacking point circumferential angle coordinate

stacking point radius as measured in conical coordinate
system

Blade-element angles

ALP
KM

KIC

KTC

Xoc

Xip
KTP
ROP
RIS
KTs

KGCS

blade~element-cone half angle (see fig. D-3)
local angle at maximum thickness location

blade~element-centerline angle at leading-edge-center
(see figs. D-3 and D-4)

blade~element-centerline angle at transition point
(see figs. D-3 and D-4)

blade-element-centerline angle at trailing edge center
(see figs. DP-3 and D-4)

pressuxe surface angle at leading edge
pressure surface angle at transition
pressure surface angle at trailing edge
suction surface angle at leading edge
suction surface angle at transition

suction surface angle at trailing edge

Blade-element curvatures

Cic

coc

centerline rate of turning for inlet segment
centerline rate of turning for outlet segment
pressure surface rate of turning for inlat segment
pressure surface rate of turning for outlet segment
suction surface rate of turning for inlet segment

suction surface rate of turning Ffor outlet segment
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Blade-section coordinates (rotated)

X
GAMMA
TI
L(sp)

I~-BAR

AREA

IMIN

ILLCG

PHLCG

I{(LL)
PHL
™

TO

"H({SP)

H-Bar

BETA
IMAX
IHHCG

I(gH)

90

X-location of blade-section plane (see fig. D-2)

angle between L-axis and Z-axis {see fig. D-1)

Leading-edge thickness

L-location of hub blade-element stacking point

I~location of blade-section center of area (calculated
from L and H coordinates of rotated-blade-section
profile)

blade-section area

minimum moment of inertia about an axis through the
center of area 4

moment of inertia about I~axis translated to the center
of area

product of inertia associated with the L and H axes
translated to the center of area

moment of inertia about the L-axis

product of inertia associated with the L and H axes

maximum thickness

trailing~edge thickness

H-location of hub blade-element stacking point

H~location of blade-section center of area (calculated
from L and H coordinates of rotated-blade-section

profile)

angle between the axis of minimum moment of inertia and
the L-axis {see fig. D-4)

maximmm moment of inertia about an axis through the
center of area

moment of inertia about the H-axis translated to the
center of area

moment of inertia about the H-axis



L{IC)
L (MC)
L (TC)
{0oC)
L{IP)
L (MP)
L {TP)
L(0oPp)
L{IS)
L (MS)
L(TS)
. (08)

L(CG)

H(IC)
H(MC)
H(TC)
H(OC)
H(IP)
H (MP)
H(TP)
H(OP)
H(IS)
H{MS)
H(TS)
H(08)

H(CG)

HP

HS

L-location of leading-edge-center, centerline
Ii-location of maximum thickness point, centerline
L-location of transition point, centerline

L-location of trailing-edge-center, centerline

IL-location as above, pressure surface

IL-locations as above, suction surface

L-location of blade-section center of area (obtained by
rotation and translation of the unrotated-blade-~
section center-of-area coordinate)

H~location of leading-edge-center, centerline

H-location of maximum thickness point, centerline

H-location of transition point, centerline

H-location of trailing-edge-center, centerline

H-locations as above, pressure surface

H-locations as apove, suction surface

H~location of blade-section center of area (obtained by
rotation and translation of the unrotated-blade-
section center-of-area coordinate)

L-distance (see fig. D-1)

H~distance to blade-section pressure surface (see fig.D-1)

H-distance to blade-section suction surface (see £ig.D-1)
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h

FIRST STAGE RCOTOR TOA Ola TRIAL 1
INPUT FOR RLADE

ETA L
G.0 0.0
ELEMENT R1 RO I

1 1.79771  1.79587  0.00630 O
2 1.74165  1.742l6  0.00606 0O
3 1.62271  1.63017  0.00600 0
4 1.49218  1.51044  0.0000G 0
5 1-364532  1.38826  0.00600 O
6 1.17449  1.23545  0.00600 G
7 1.07549  1.15856  0.00630 0
BLADE ELEHENT STACKING PARAMETER=-TNORML = 0
THECG
0.7256B750-01  0.73931850-01  0.774393aD
cRes
-163.,64C0 592.5919 40.23717

QLADE ELEMENT STACKING PARAMETER-~YANNRYL = 0

THECG
0.7255117D-01 0.7392686D~01 0.77671207

CACG
~163, 6400 592.5979 #0.23725

CUDRDINATE PRIGRAM

AMDA Pl
8.00000 L.
™ ™

01590 d. 00040
« 01540 0.00620
01620 0.00600
L0170 0.00500
.01810 0. 00660
.01930 . 0600
. 02000 0.20600

«429D=0¢

=01 0.80615550-01

Ll6.48495

«5410-0%

~21 0.800860490-01

lo.48523

nepe TNL M1
20040 0.0901G
L 319 kTG
so.09sB3 55,0962
55.33702 $3.17501
53.9000% 49,6584
52.05756 45.00659
49. 76778 39.22347
hb.44963 32.46554
44.0552R 2R, 23160

0.82137380-01 Q

G.669173

0.819935650-01 o

840669567

RoC
53.01332
53.11501
50.92836
We.15210
37.64699
25.24736
15.72445

+801928650-0L

%.917TBL

<795 1462D~01

4.9l8328

IMC
U.£1560
0.11883
0.1234]
0.12908
G.13581
0.14208
0.14549

fARe
0.13697
0-10590
0.10129
0.09513
0.08627
0.07349
0.06493

0.753731370-01

3.692332

0.7454304D-01

3.692949

Zoc
0.16757
0.17350
0.18437
0.19956
0.21925
0.24067
0.25179



€6

ELERENT

AN S A

ELEMENT

—~ O U P

ALP
~0.62911
0.16B842
2.31705
5.22808
9.05460
14.213568
L7.64003

CIc
0.14667
0.20814
0.45174%
0.R5254
1.30055
2447955
3.26290

ALADE ELEMENT ANGLES

KM KIC KT
54.78832 56.69383 55.09062
53.16353 55.33702 53.17501
49.99350 53,90065 49.65875
45.3764%% 52.05756 45,00659
38,63213 49.76778 39.22347
29.44271 46.644963 32.44554
22.70205 44.05528 2B.23166
BLADE ELEMENT CURVATURES

cac cip cop

0.35114 0.08821 ~0. 80625
0.00929 G.20680 -1.11969
~0.17025 D50678 -1.27667
=0.13344 1.17215 -1.21132
0.16005 2.12245 -0. 59816
0.63937 3.63607 -0. 40045
1.03032 4.98212 -0.00835

KOC
53.01332
53.11501
50.92838
4b.15219
37.6469%
25.2413%
15.72445

Cls
0.20524
©.2Q87C
0.314460
0.52%67
0.87805
1.33613
1.58059

KIP
55.05974%
93.92616
52.97853
51.07017
50.15069
47.90873
4H.61150

cas
1.549817
1.13804
0.94187
0.94984
1.21530
L.66103
2.036%9

KIP
b4, Jd96UY
51.77970
47.47T89%
42.01267
35.31351
27.55568
22.65753

KNP
58.8617
59.02034
57.02555
52.44019
44.16501
32.006582
22.75830

KIS
58.32731
56+74193
54.80461
52.40565
49.33947
4494650
41.48335

KYS
56.08147
54.57021
51.84309
4B8-00653
43.12906
37.340548
33.73499

KBS
47.18672
47,21015
44.81810
39.85060
31.13082
18.47358

B.77278



¥6

GaMMA
23.5079
™
G.0204
LEICH
J.0029
H{IC)H

. 0,0029

Tl
u.0058

Q. 0062
L{sc)
0.14699
HIMC)
0.0265

LiSP}
0.1607
HIEP)
0.0221
LeTcy
g.0791
HITC)
0.0235

L{-A4AR
0.16Lk4
H=-RBAR
v.0222
L{OC}
0.2825
H{UC}
G.00412

BLADE SECTION CNJRDINATES (ROTATED) AY X

AREA IMIN 1LLCG
0.37%u0~02 0.22450-06 0.2322
RETA 148 THHCG
-1.223 0.16999-04 0.1u98
Lerey LLp} LITR)
0.0039 0.1691 2. 0794
HLIP) HIuP) H{TP)
0.0002 0.0168  0,0139
L HP HS
6.9 0.0029 0,029
U.u029  ~0.0003 0. J060
0.0100 ©.0030 JoSuBT
0.0200 0.0072 0.0122
0.0300 0.01u7 0.0156
0.0400 0.0136 v.olLe?
0.0500 0.0159 0.0216
0.06u0 0.0175 2,243
U.J700 0.0186 V. 02068
0. 080 J.0189 0.0290
340900 0.0189 0.0311
0. 1000 0,0088 3.0328
0.1100 0.0188 10,0343
0.1200 0.0186 3.0354
¢.1300 0.0184 J.0383
9. 1460 D.u18] ¥.0369
0. 1500 0.0178 0.3372
0.1600 0.0173 9.9372
0.1700 0.0167 0.0369
0.1850 0.0161 0-)162
0.1900 0.0153 0.0352
0.2000 0.0144% 2.3439
0.2100 J.0123 0.2322
0.2200 0.3121 0.0301
0.23008 0.9107 e.0ets
0.2490 0.0091 0.0246
0.2500 0.0073 J.0212
0.2600 0.0053 0.0174
0.2700 9.0031 0.0129
©.2800 1.0006 0.0079
0.2825  -0.0001 0.0066
0.2856 0.0031 RYRES

= 1.0755
PHLEG
D-0f -0.3577D-Ue
D=04
L{OP) LLI1S)
v.281l0 3.0J20
HIQP) RUTS)
V. 09001 Je0U57

L)
J.2397n=05
E{HH}

J.11590-03

L (45)
0.1713
H{MS)
0.0368

PHL
0.12220-04

LITS)
0.0791
HETS)
L.0288

Lins]
V-.2834
H(DS}
D.0061

L{CG)
0.1607
HICG)
D.0221



S6

GAMMA
26.9332
T4
0.0200
LIECY
0.002%
HIIC)
0.0029

TI
0.0058

0,u061
L{HC)
0.1730
H{MC)
0.0234

LisP)
0.1619
HiSP)
00195
LITCH
0.0862
HITC)
0.022%

L~RAR
0.16206
H-B8AR
0.0195
L{ac)
0.284%
H{OC)
0.0031

BLADE SFCTION COORDINATES (RATATED) AT X

= 1.1191

AREA IHIN ILLEG PHLCG e PHE
0.3776D-02 0.1888D0-06 0.19620-06 -0.35690~-06 D2.16280-05 0.1160D-04
BETA 1HAX IHHCG T{HH}
-1.187 0.1742D-04 0.1742D-04 0.1172n-p3
LIipi LEKP) LITR} Liar) LIS} LIS} LiTS) LI0S) L{CG)
0.0038 0.1720 0.0863 0.2835 0.0021 0.1740 0.0862 0.2852 0.1619
H{IP) H{MP) HITP) HLOR) HLTS) HIMS) H{TS) H[O5} HICG!
0.0001 0.0135 0.0L67 u.004 0.0057 0.0333 0.0275 0,0060 0.0195
L HP HS
0.0 0.0029 0.0u2e
0.0029 ~0.0002 0.0060
0.0100 0.0026 3.0083
0.0200 ¢.0062 0.0115
0.0300 0.0093 0.0145
0.0400 0.0118 0.0172
0.0500 D.0238 0.0i98 ;
0.0600 0.u0153 0.0222 :
0.0700 0.0163 0.0244% .
0.0800 0.0167 0.02064
4.0900 0,2167 0.0282 !
0. 1400 0.U165 0.0297
0.1100 0.0162 0.0310
0.1200 0.0159 9.0321
0.13u0 0.0155 0.032%
Ja 1400 0.0152 6.3334
0.1500 0.0147 0.02137
0. 1600 0.0142 0.0337
0.1700 0.0136 0.0335
0. 1800 2.0130 0.0329
0.[900 0.0t23 0.0321
0. 2000 0.0115 0.0309
0.2100 0.0106 0.0294
0.2200 ¢.0096 0.0275
0.2300 0.0084 0.0254
0.2400 0.0072 0.0229
0.2500 0.0058 0.0199
0.2600 0.0043 0.0166
0.2700 0.0027 0.0128
0.2800 0.0008 0.0085
0.2844 ~0,000!L 0.0064
0.2875 0.0031 0.0031



96

GARMA
29.5007

0.0197
LiIC)
0.0029
H{IC)
2.0029

Tl
D.0059

0.0061
LIMC)
0.1754
H{MC}
0.0207

LisP}
0.1628
H{SP)
0.0174%
[RQ 1S
¢.0921
HITC)
0.0205

L-BAR
0.1636
H-BAR
0.0174%
Lac)
0.2863
H{DC1}
9.0031

BLADE SECTION CUORDINATES (ROTATED) AT X = 1.1556

APER TMIN 1LLCG PHLCG
0.37580-02 0, 16190-D6 4.1689D-06 -0.3524D-D6&
BETA TMAK THHCG

=1l.144 J. 17820-04 0.1781D-04
LeIre L{AP} L{TP} LinP LeIsi
0.0037 0.1745 2.0929 8.2855 J.0022
H{IP} H{MP) H{TP] HIOP} H{TS)
0.0001 2.0109 0.0t49 0.30uU1 2.0057
L He HS

g.0 0.0029 0.00£9

0.0029 -0.0002 0.0060

t.0100 0.0023 0.008L

0.0290 J.J055 0.0109

0.0390 0.0082 g.0136

0.¢400 0.0L05 0.0l61

0.0500 0.0123 0.018%

0.0800 0.0136 0.0205

0.0700 0.0145 0.0225

0.08490 D.0L4% G.0242

0.0900 0.014%9 0,0258

0.1000 U.0l46 0.0272

0.1100 0.0141 0.0284

0. 1280 0.0137 $.0294

Oel300 0.0132 2.0301

0.1400 0.0127 0.0306

0.1500Q 0.0122 v.0309

0.1&00 g.on7¥ 0.92309

G. 1700 G.0112 0.0307

0.1800 0.01086 0.2302

0.1990 0.0099 U. 0295

0.2000 0.0092 0.0285

0.2100 0.0085 0.0272

6.2200 0.007% 3.025b6

0.2300 0. 0067 0.02317

0.2467 0.0058 0.0215

0.2500 0.0047 0.018Y

0.2600 0.0036 0. 0160

0.2700 0.0023 0.0127

0.2H00 0.0009 0.0049

0.2863 - 0.0000 0.20613

0.2894% 0.0031 0.0031

IfLLY
0.13J10~05
T{HH)
G.1184D-02
L{MS})
0.1763%
HIMS)
0.0304

PHL
0.1032D-04%

LETS}
0.9921
H{TS)
0.0261

LIGs)
0.2871
H{OS)
D.0060

LiCG)
Dalb628
HILG)
0.0174



L6

GAMUA
35.8718
T
0.3189
LIEC)
0.0930
H{1C}
0.0030

T1
0.0060
10
020062
LEHC)
0.1817
HIHC)
0.0144

L{SP)
D.1647
HISP)
0.0125
LITC)
0.10%5
HITC)
0.0161

L-BAR
0.1651
H=BAR
0.0126
L{oC)
0.2914%
H{0C)
0.0031

BLADE SECTION CODRDINATES (ROTATED)

AT X = 1.2553

PHLCG

LIS}
0.0024
HUIS)
2.0059

AREA IHIN ILLCG
0.36670~02 0.1078D-06 Q.11370-06 -0.32860-06
BETA THAX IHHCG
-1.031 0.1836D-0% 0.18360-04
LILIP) Li{Mp) LITP) Liar}
0.0035 0.1809 U.1076 0.2¢09
H{IP) H{NP) H{TP) H{OP}
0.000% 0.0050 0.3099 0.3600
L HP H3

0.0 0.0030 0.0030

0.0030 ~0.000L 0.00&0

0.0100 0.0017 0.2076

0.0200 0.0039 0.0097

0.0300 0.0058 0.0117

0.0400 0.0075 0.0135

8.0500 0.0088 0.0152

0. 0600 0.0097 0.0168

0.0700 0.0104 J.0182

0.0800 0.0107 0.01%5

0.0900 0.0107 0,0207

0.1000 0.0103 6.0217

0.1100 0.0098 D.0226&

0.1200 0.00%91 0.0233

0.1300 0.0083 0.0238

O.1400 0.0075 0.0242

8.1500 0.0068 0.0244

0.1&00 0.0062 0.024%

0. 1700 0.0056 0.0242

0. 1800 0.0050 0.0239

0.1900 0.0045 0.0233

0.2000 0.0040 0.0228

D.2i00 0.0035 0.0217

0.2200 0.0030 0.0205

0.2300 0.0025 0.0L92

G.2400 0.0021 0.0177

0.2500 0.0017 0.0159

0.2600 06,0013 0.0140

0.2700 0.0009 0,0118

0.2800 02,0005 0.0093

(.2900 D.0002 0.0067

0.291% 0.0000 0.0063

0.2945 0.0031 0.0031

L)

0.69700-06 0.7306D-05

[(HH}
0.11830-03
L (M5t
0.1824
H{HS)
0.0237

PHL

LITS)
0.1081
HITS)
0.0224

Liasy
0.2919
HIDS)
0.0061

ERCG)
0.1647
HICG)
Q.0125



86

GAMMA
42,6915
™
0.0172
LLIC)
G.0030

H{IC)

a.0030

TE
0.0050
TO
0.0060
INE (]
0.1891
H{4C)
0.0089

LISP}
B.1655
HI5P)
C.0083
INa19)
0.1291
H{TC]
G.0111

L-84R
D.1661
H-BAR
0.0084
L{oc)
0.2947
H{OC)
0.0039

BLADE SECTION COJIRDINATES (ROTATED) AT X = 1.3915

PHLCG

L{1sy
d.0u026
H{IS)
0.0060

AREA I4IN I[LLCG
0.356u0-02 0.7342D-07 J.77790-07 -u.2B8920-0%6
RETA TMAX THHCG

~-0.8698 0.19060-04 u.1906D0-04
LiIe) LiMP} LITP] LiUP}
3.003% 0.1885 0.1287 0.,2945
H{[P) HiNP) H{TP) HIOR]
0. 0000 -9.8000 J.0041 0.3033
L HP HS

0.0 0.0030 . 3030

0.0030 -0.0000 0,006

0.6100 t.0Gl0 0.0070

8.0200 0.0023% 0.Q08%

0.3300 0.0035 0. 0097

4.0400 0. 0044 Q.0R10

¢.o500 0.0052 D.0121

0.0600 0.0057 0.0131

0.0700 0.006E 0.2146l

0.08400 0.0062 0.0150

0.0900 0.G082 a.0157

041000 0.0060 O.0le%

0.1100 0.0055 0.0170

0.1200 0.0048 ¢.0175

0.1300 0.0040 0.J9179

0. 1400 0.0032 a.0182

¢.1500 0.0023 G.0184

0.1620 0.00156 0.0184

0.1700 0.00G9 0.0183

G.t800 0.0004 0.0181

0.1900 =g.0001! 0.9178

0.2000 -0.0005 ¢.0173

0.2100 ~0.0008 0.0167

0,2200 ~0.001Q u.0L5%

$.2300 -0, 0011 0.0151

0.24%00 ~0.0012 0.0k%l

0.2500 -0.0012 Q.0129

0. 2600 =0.2010 0.0116

0.2700 =-0.0008 de132

0.2800 ~0.0008 0.008s

0.2900 -0.0002 0.0069

0.2947 0.0000 0.0061

J.2978 0.0030 0.90030

foLLt
J3.32710-06
1{HH}
0.11720-03
L{MS)
J-1896
HI{HS)
0.0178

PHL
U.46590-05

Li{IsYy
0.1294
HITS)
0.0179

LiDS}
0.295C
HIGS)
0.0060

Lito)
0. 1055
HICG)
§.0087



66

GAMMA
48.1941
™
0.0169
Lircs
0.0030
HIIC)
0.0030

Tt
0.00640

0.0060
L{HCY

021959
HIKC}Y

G.0053

L{SPY
0.1648
H{SP)
G.0055
LITC)
0.1508
H{TC})
D.0069

L~BAR
0.1655
H-BAR
0.0055
Leocy
0.29%962
HIOC)
0.0030

BLANE SECTION COORDIMATES (RATATED) AT X

AREA IMNIR 1LLCG PHLCG TeeL)
0.34660-02 0.55660-07 0.58210-07 -0,22350-06 0,16430-86 0.2949D-05
AETA LHAX [HHCG I{HH}

~0a 6560 0.19560~0% 0.195T0-04 0.1144D0~03
Li{1pP) LiMp) LATR) LiOP} LLIS} LIHS)
5.0032 0.1956 0.1504 0.2961 8.002B 0,962
H{IP) Hinp) HITP} HIDP) HITS) HIMS)
0.0060 -0.0031  -0.0005 0.0000 0.006C 0.0138
L HP HS

" 0.0 0.0030 0.0030

2.0030 -0.0000 0.0060

0.0100 0.0005 0.0087

0.0200 D.no1l 0.0075

0.0300 0.0016 0.008%

0.0400 0.8021 0.0091

0.0500 0.0024 0. 0099

0.0600 0.0026 0.0105

0.G700 0.0027 0.0L11

0.0800 0.0027 0.0117

0.0500 0.0026 0.01z2

0.1000 0.0023 0.0126

0.1100 0.0020 TED)

0.1200 0.0014 0.0134

0.1300 0.0010 0.0137

0.14090 0.0003 0.013%

0.1500 -0.0005 0.0141

0.1600 -0.0012 020142

0.1700 ~0.0019 0.015%2

0.1860 ~0.0025 0.0151

0.1900 ~0.0029 0.0139

0.2000 -0.0033 0.0136

0.2100 -0,0034% o.0133

0.2200 -0,0035 0.0128

0.2360 ~0.0035 n.0122

0.2600 ~0.0033 0.0115

0.2500 ~0.0D30 0.0106

0.2600 -D.DO26 0.009%

0.2700  ~D.00Z0 0.0090

0.2800 ~0.001% 0.0079

0.2900 -0.0006 0.0068

0.2902 0.6000 0. 0060

0.2992 0.0030 0. 0030

= 1.5277

PHL

LiTS?
0.1511
HITS}
0.01431

Ltos)
0.2962
H{0s)
0.00560

LILGY
0.1648
H{CG}
0.0055



00T

GAMMA
52.0327
TH
UedlE0
LiIC)
0.003¢C
HEIT)
0.0030

i1
0.0060

0« 060
L{MC)
0.2020
HEMC)
0.0038

LL5P)
0.1629
HISP}
0.0041
LITC)
0.1717
H{TC)
0.0044

L—-naRr
0.1636
H-BAR
040041
Loy
0.2966
H{ach
0.0030

ALADE SECTION CCORDINATES {RUTATFDY AT X = 1.0639

AREA LN ILLCG PRLTG
0.33940=-02 0.46560-07 0.47430-37 -J.13lel-00
BETA 1A X 14HCG

-G.3791 0.19940-054 0.15940-04%
Liip} L{RF) LITP} L{ne] Lits)
0.0031 0.2019 0.1710 06.2966 J.Q029
H{IP) HI{MP} HITP} H{1p)y HI{TS)
Q.0008 ~0.9042 ~U.002D UL, 0000 d. 0Ub0
L HP HS

J.0 0.00210 4.0030

0.0030  -0.0000 0. 0060

0.0800 U.00G1 0, 0065

u.0200 D.0003 0.0070

0.0300 0.0304 0.007%

0.0400 0.0005 O. Q0B

0. 0500 0.0005 0.J085

Je 0600 0.0805 0.0089

3.0700 0.0004 0.J0%3

0. 0800 0.0003 J.0097

0.0900 0.0001 0.0101

0.1000 -G.0001 Ja 0108

0.1100 -0.0004 @.0107

0.1200 -0.0007 a.0110

0.1300 -0.0010 g.01L2

V. 1400 -0.43015 0.0114

. 1500 -0.001% 20116

2.1600 -0.0024 0.0117

0.1700 -D.0029 0.01t9

0.1800 -0.0035 0.0119

. 1900 -0.0039 0.0119

d.2000 ~0.0042 g.0118

g.2100 -0.0043 0.0118

0.2200 ~0.0043 0.0113

0.2300 ~0.00%2 0.0109

0,2400 =0.0040 0.0104

0.2500 -0.0036 J.0098

0.2600 ~0.0031 g.0092

0.2700 -0.0024 0.0084%

0.Z800 ~0.0018 0.0074

0.2900 «0.0007 G.0067

0.2966 0.0000 0.0060

0.29% 0.0030 0.0030

TILL}
I 1lda40-0b
{{HH)
J.1107p~03
L{HS)
g.2022
HiMS
0.0119

PHL
0.2143D-05

1L {75}
0.1719
H{TS)
0.0LL9

L{us)
D-2966
HEOsS)
0.0060

L{LG)
0.1829
HWICG}
0.0041



10T

GAHMA
5646431
™
0.0146
LiICY
0.0031
H{IC)
N.8031

Tt
0.0062

0.0050
L{KE)
D.2113
H{ACT)
0.0057

LI5P)
0.15%90
HRISP)
¢.0050
LiTC)
0.2027
HITCS
0.0053

L-BAR
0.1598
H-BAR
0.0050
Leacs
0.2966
H{GC)
0.0030

BLADE SECTION COORDINATFS {HOTATED? AT %

AREA

TMIN

ILLCG

= 1.8500
#HLCG

3.3349D0~02 0.4%251D0-07 0.42730-07 0.65730-07

BETA
0.1877
Liig)
0.0031
HUIP}
0. 0000
L
0.0
J.0031
0.0100
0.02C0
0.0300
0.0400
0.0500
0.0600
0.0700
0.0800
0.0900
2.1000
0.2100
0.1200
0.1300
0.1400
0.1500
01600
0.1700
0.1800
0.1300
0.2000
0.2100
G.2200
0.2300
0.2400
0.2%00
0.2600
0.27060
0.2800
0.2900
0.2966
0.2996

THAX {HHCG
0.20420-04 0.20520-04
L{MP) LITP} Liar)
0.2114 @.,2038 0. 2964
H{RKPT HLTP} H{OM)
-U.0015 ~0.0014 0.9000
HP HS
3.0031 J.0031
G.0000 Je 062
~0.0000 0. 0068
-0.0001 0,0071
-0.0uyl 0.0076
-0.8002 }a 0081
-0.0002 J.0086
-0.0003 . 0091
~0.0004 3.2095
~0.0004 0. 0099
-0.0005 V.0103
-0.0006 0.0106
-0.0006 0.0110
-0.0007 0.0113
~0.0008 0.0L1&
-0.0009 27,0118
-0.0009 0.0121
~0.0010 0.0123
~0.,0011 0.0125
~0.0012 G.a127
~0.00%k2 0.0129
=-0.0014 0.0132
-0.0015 0.013%
-0.001% 0.0L30
-0.0015 0.0127
-0.0014 0.0122
-0.0013 0.3116
-0.0011 d.0107
-0.0009 0. Q09T
~3.0006 0.0085
~0,0002 0.0071
G.0000 0.0060
0.G030 0.0030

Lirs)
2.0031
Hi1S5)
0.0062

Ttepd
0.1279D-06
I{Hd}
3.105906-03
L{HS)
0.2115
HIMS)
0.0131

PHE
0.27650-05

LITSE
0. 2034
HETS)
0.013%

LIJS)
0.2968
H{0S)
0.0060

LICGF
G.15%0
HICG)
0.0650



20t

FIOST STAGF 5TATAR TCA 017 TRIAL 1

TNPUT FNR RLADE CRNANINATF PRICRAM

ETA LAMDA el ae2 T™NLMUT
) 0.0 7.0 /,03000 1.220%00 3.09510
FLEMF Y RT C1e] T T k1] KTC KTr

e BT A RITE T

BLAYE FLEMENT STACKING PARAMETER—-TNDRH] = D.2660-02

THFC G

0.15336100-01 0. 168T095D-01 0.19092420-01 0,217T75210~31 J-25648152-01
[ml o]

-158, 8048 183.1162 29.7174% 14.37160 B.51264%

ALADE FLEMENT STACKING PARAMETFA--TNIRHML = 0,3470-04

THFEG
0.1524%320-01 0.16815710-01 0.19048097-01 0.21759299-01 3.254TLTTO-01

o+
-148.804% 183.1160 79.71723 14.37133 B.512252

«nC

1.79422 1.7912¢ 0.00630 6.02329 3.,93600 26.05325 13,65666 =17,.92971
l.74289 1 76520 ML 00600 0.02900 0.006087 ?6.55521 14.,£2056 ~1%.27392
T+6366T 1-04%9R4 0.006090 D0.02323 0. J0%00 26.655%97 15. 79549 ~-11.55724
1.52326 154204 0.00620 0.02033 0.20600 27.43%64 16.97A6G9 -10.37241
1.40040 1.44051 0,00600 0.02000 0.00632 29.1R716 1r.5123%4 -9. 74786
1.26399 1.32087 0.20600 0.082000 0. 00wl 31.98667 20.26120 ~3.48215
1.188R5 1.25435 0.00:10 3.02320 3.00622 32. 28955 21.01015 -11.02%05

0.30620329-01

5.473328

0.30615350-01

5.46078R

NG
J.£1971
J.11891
J.11803
J. 11691
0.1150%
3.1126%
J.11187

e
0.05°0?
0.06RJ6
0.06564
0.063472
0.06140
0.,05813
0.05585

J.33160730~04

4.45B8956

2.33082240-01

G 408422

730
J.2631°
J.24253
3.24165
0.239%4
0.237%07
7.23784
0.230€3



€0T

FLEHENT

e

=~ NP

FLEMFYT

1

~NrV S W

ALP
~0.6%031

0.54570

3.16945
6.13507
9.60297
13.65813
15,.85480

Cic
3. 12294
?.85976
2.60368
2.66054
2473250
2. R4234
3.02564%

QLANE ELEMFNT ANGLES

KN KIrf KTC
446101 26285025 13.6564%4
6.14175 26.55523 14.62054
7549080 26.655%0 15.79549
8.56408 27249954 16.97849
9.71981 20.18716 18,5124
10.80158 31. 00667 20.26122

10.63370 32.2B955 21.01915
BLADE FLFMENT CURVATURFS

coc cye rng
3.12205 2.26P43 2.2T344
7.85%80 1.99344 1.99033
2.683T4 1.8244R 1.79948
2.66039 1.82604 E.77017
2.753235 1.93433 1.84049
2.084236 2410238 1.94913
3.02575 24323424 2, 14003

KNC
-17.92971
~1%4.27382
=11.5572%
-13.37051

~9.7T4766
~9.48215
=11.0G2433

s
3.89095
1.66526
3.46R51
3.42509
3.46205
3.51746%
3.65367

Are
20.38291
22.0816:
20.2725509
21414357
22.95212
25.02250
76. 15310

ras
2.88590
1.44R74
347390
1.47361
3.54497
3.865304
3.87427

KTP
10.9563%
11.88301
12.73947
14.32430
L5.49292
17,12070
17.77219

KIP
~11.48278
-7.7855%
~5.22563
=3.80657
~3.14687
-2.83453
-4.36169

<is
32.06037
32.79334
32.86A13
33.53856
35.21280
34.34458
38,01503

KTS
16.2498)
17.25P5%
18,55357
19.83159
21.42429
23.28494
24,11927

KNS5
~24.1225%
-2).525R1
=17.865620
-16.71657
~16,12062
-15.89227
~17.43425



1=
L
[

RLANE SECTION COORDINATFS (ROTATFD) AT X = L.1399
GAMMA T LISP) L-BAR ARF A IMIN G PULNG [RIR PHL
16,7673 0.D060 0.1208 0-1210 03670002 03.22920-06 0.22937-06 0.49340~07 J.1803D-05 0.92400=-35
TS 0 Hi5P) H~BAP BETA IMAX PHHCG I{HH}
0.0200 06,0060 0.0206 0.0207 0.2139 0.1310D0-04 0.131069-0¢% 2.66800-04
LeIc) L{MC) LITCY L{oC) L{re) Limp} LETPI Liars Lirs) L{vs]) L1783 LEDS) L
0.0032 0.1206 0.0630 02367 0. 0040 ¢.1205 0.0643 0.2355 J.0020 0.1207 G.0617 3.2379 2.120%
HITCY HIMC) HITC) HIOCY HIIP) HINPY) H{TP) Hi0P) HI1S) HiY5) HITS) HLOS) HICGE
0.0030 0.0267 0.0208 0.0030 0. 00D2 0. 0167 0.0128 0.3002 2.02%8 J.D367 0.0289 2.0058 0.932%36
L HP HS
0.0 0.0030 0.0030
0.,0020 -0.0001 0.0063

0.0050 0.0005 0.0074%
0.0100 0.0018 0.009%
0.0150 0.0031 o.0122
0.0200 0.0044 0.0145
0.0250 0.0456 0.0166
0.0300 0. 0067 0.0186
D.0350 0.0078 0.020%5
0.0400 g.098A 0.0223
0.0450 9.0097 0.0240
0.0500 G.0106 0.025%
0. 0550 0.0114% 0.D271
0.0600 0.0122 0.02B4
0.0630 0.0129 0.0297
0.06700 0.G135 0.0308
0,0750 0.0141 0.0319
0.0800 0.0146 0.0329
0. 0850 0.0151 2.0337
0.0900 B.0155 D+ 03%%
0.0950 0.0158 0.0351
¢.1000 0.0161 D0.03%6
0. 1050 0.0164 0.0363
0.1100 0.0166 0.0363
0.1150 0.0167 0. 0366
0.1200 J3.0167 0.0367
0.1250 0.0167 0.0367
0. 13060 0.01&7 0.0368%
2.1350 0.0t66 3.036%
0. 14500 0.0164 0.0361
0.1450 0.0861 0.0357
G.1500 0.0158 0.0352
G.1550 0.0155 0.0345
0. 1600 G.0151 0.0938
01650 0.0143 0.0329
0.1700 0.0240 0.0320
0.1750 2.0134 G.0209
0. 1800 0.0127 G,0297
0.1850 0,0119 0.0283
0.:900 0.0111 0.0246%
0. 1850 0.0102 0.0252
0.2000 G.0092 0.0236
0.2050 $:0082 0.0217
0.2100 0.G071 0. 0197
D.2150 0.005% 0.0175
0.2200 0.0046 0.0153
G.2250 0.0023 0.0128
0.2300 0.0019 0.0102
0.2350 G.0004 0.0074%
0.2367 -0.0001 0.008%

0.23%96 0.0030 0. 0039




SO0T

GANMA
19,4278
TY

. 0.0209

LIEC)
9.0030
H{IC}
0.0030

T1
0.00&0

0.0060
LIME)
0.1211
AYt)
0.0261

LISP}
0.1212
H{SP)
0.0202
LITC?
0. 0640
HI{TC)
0.0205

L~BAR
0.1215
H-B4AR
0.0202
L(ac}
0.2377
HINC)
g.0030

ALang SECTION TODRDINATFS (ROVATEDY} AT X = 1.222%

ARFA

D.36860-02 0.2239D-D5

‘BETA
0.1793
L{T1P)
0.0040
HUIP)
0.0002
L
0.0
t.0030
0.0050
0.G100
0.0150
0.0200
0.0250
0. 0360
0.0350
0.0400
0.0&50
0.0500
0.0550
O.0600
0.0650
0.0700
0.,0750
D.0800
0.0850
0.6900
0.0950
0.1000
0.1050
G.1100
0.1150
05,1200
D.1250
0.1300
0.1350
0.1400
0.1450
0.1500
0.1550
0.1600
D.1650
0.1700
D.1750
0. 1800
0.1850
0.1900
0.1950
D0.2000
0.2050
0.2100
0.2150
0.2200
0.2250
0.2300
0. 2350
0.2377
8.72407

1414

ILLCG

THAX THHCG
0,13290~-04 0.13290-J%
LIMP} LiTP} Lrae)
0.1210 0.0653 J.23¢6
H{HP ) H{TP) HIaOP)
0.0161 J.012% 3J.2322
HP HS5
0.0030 0.0030
~0.0006! 0.0064
0.000% 0.0073
0.0017 0.0097
0.0030 0.0121
0.0062 0.0143
0.0053 0.0163
. §0ss 2.0%8B3
0.5074 0.0202
0.0084 t.0219
0.0093 0.0236
c.0101 9.0251
D.0109 2.0266
0.0117 0.2279
g.0123 3. 3292
0.0130 0.0303
0.0135 4.0313
G.0140 D.0323
0.0145 0.03231
0.0149 0.0338
0.0152 3.0344
0.0155 0.0350
0.0158 0.035%
0.4159 0.0357
0.0i851 0. 0360
D.0161 0.0361
0.0i81 0. 0361
0.0161 n.,0350
0.01560 .0358
0.0158 0.0355
0.02156 0.0352
0.G153 0.03%7
0.0150 0.0340
0.0t46 D.0333
0.0141 0.0325
0.013% 0.0316
0.0130 0.0305
0.0123 0.029%
0.0116 0.90281
0.0:08 G.0267
0.0100 0.0251
0.0091 0.0235
0.0081 0.0217
0.0070 0.0198
0.0059 0.0177
0.3047 0.0155
2.0034 0.0131
0.0021 0.0108
4.0007 0.9979
~0.8001 J.006%
3.0030 J.7039

PILLG

0.22419-36 D.40900n-27

L{TS}
J.002)
HUIS)
1.04359

TILL?
1. 17330-05
[{HH}
2.677IN-04
L E45)
0.1212
Hius)
0.33561

PHL
C.91020~05

LiTs)
c.0627
HITS)
0.0286

L{0DS)
0.2388
HEaS}
0.00858

LICG)
0.1212
HL LG
0.7202



90T

GAMMA
10.58548
™

D.032060
L(IC)
D.0037
HITCY
0.0030

T
2.0061

0.0060
LiYC}
0.1216
HIMC)
0.025%

L(SP)
0.1217
HISP)
0.0197
iiTC}
0.0650
H{TC)
0.0201

L-RAR
g.1221
H-BAR
0.0197
L{gE}
0.2388
H{QC)
0.0030

ALADE SECTINN CODPOINATFS [0NFATET)

AT X = Lle254%

P4LCG

L{Is)
2.0020

H(IS5)
J.005%9

ARFA IMIN TLLte
0.37049-02 0,2170D-0G6 3.2171h-06 0,37T78D-07
‘BETA THMAX THHLG
0. 1630 0.13500-04 J.1350n~34
Lirey LE4P} LITR) LiGpPe
0.0040 0.1215 3.0653 3.2377
LIRE) HIuR) HITP) Hidp)
$.0002 0.3154 2.211%9 0.0002
L HP HS

0.0 0.0030 0.0030
¢.0030 -0.0001 0.0084
0.0059 0.000% 0.0073
0.0100 0.0017 0.0098
06.0150 0.0028 0.011%9
0.0200 0.0040 0.0140
0.0250 0.0051 0.3161
0.0300 0.0061 0.01A0
0.0350 ¢.0071 0.0198
0.0%00 0.0080 0.0215
0.0450 0.0088 0.0231
G.0500 0.0096 0.0246
0.0550 0.0104% 0.3260
0.0600 0.0L%1 0.0273
0.0650 0.0117 0.029%
0.a700 0.0123 0.029
0.075C 0.0129 0.0307
0.0807 0.0133 0.0316
0.0850 0.0138 0.032%
@.0900 0.0142 .0331
0.0950 0.01%5 0.0337
0.1000 0.0148 0.0342
G.1050 8.0150 D.9347
9.1100 0.0152 0.0350
Q.1150 0.0153 0.0352
0.1200 G.015% 0.0353
0.1250 0.0154 0.0256
0.1300 0.015% 0.0353
0.1350 0.0253 0.0351
0.1400 0.0151 0.0349
0. 1650 0.0149 0.0345%
G.1500 0.0147 0.034D
0.1550 0.0145 0,0335
¢.1300 0.0240 D.0228
0.1650 0.0135 0.0320
01700 0.0131 0.0311
0:1750 0.0125 0..0301
0.E800 0.011% 0.0290
0.15850 0.0113 0.0276
0.1900 0.68105 0.026%
0.15%30 0.0097 0.0250
0.2000 0.0089 G.0234
0.2050 0.0080 0.0217
0.2106 0.2070 0.0198
0.2150 0.0059 0.0478
0.2200 0.004%08 0.0157
0.2250 0.0636 0.0135
9.2300 0.0023 0.5110
0.2350 0.0010 0.0085
G.2388 ~-D.DOOL 0. 006%
2418 0.0030 J.3030

LLLd

J.16530-05 N.FY310P-125

114
J.6869N-04
L{45}
0.1217
H{KS]
0.9354

euL

LI{TS)
J3.0637
H{TS}
0.02r2

LICS}
2.2399
HIOS)
0.3058

LICG}
2.1217
HICGY
2.9197



LOT

Lise)
0.1228
HI{SP)
0.018%
LiTC)
0.06T1
B{TC)
D.0192

ALADE SECTION COURDINATES (XOTATERD)

AREA ITHIN
0.3734D-02 0.1990D-06 0.19900-36
BETA Max
0.69400-01 0,1382N-04 0.1302D-04
Ltip} L{NP) LiTH)
0.0040 0.1227 0.0683
H(IP) HEXP} HITP}
0. 0002 0.0137 0.0:09
L e HS
0.0 0.0031 0.0031
0.0031 -0.0001 0. 0064
.0050 0.0004 D.0072
0.0100 0. 0015 0.009%
0.0150 0.00256 g.0114
0.0200 0.0036 0.0135
0.0250 0. 0046 0.0155
0.0300 0,0055 0.0174
0.9350 0,006% 0.0191
9.0%00 0.0072 0.0207
0.0450 0.00E0 0.0222
0.0500 G.,0087 0.0237
G.0550 0.009% 0. 0250
0, 0400 0.01i00 0.0262
0.C650 0.0106 0.0274
0.0700 6.0111t 0.020%
0.,0T750 0.0i16 0. 0293
0.0800 0.0120 d.0302
0,0850 d.0124 0.0310
0.0900 0.0127 0.011%
0. G950 G.0L30 0.0322
0.1000 0.0132 0.0327
0,1050 0.013% 0.0331
0.1100 G.0136 0.0334
0.1150 0.0137 0.0336
0.1200 0.0137 0.0337
0.1250 0.0137 0.0337
0.1300 0.0137 0.0337
0.1350 0.01356 0.0335
0.1400 0.0135 ¢.0332
0, 1450 0.0132 0.0329
0. 1500 0.0131 0.0325
0.1550 0.01238 2.0319
0.1500 0.0124 0.0313
0.1650 0.0k21 0.0306
0.1700 0.N116 0.0298
0.1750 0.01:% 0.0289
0.1800 0.0106 0.0278
9.18%50 0.0101 0.0267
0.1900 0.00%% 00,0755
9.19%0 0.0088 0.0242
0.2000 0.0080 n.9227
0.2050 a.0073 0.0212
0.2100 0.0064 0.019%
0.21%0 0.005% 0.0179
J.2200 0.00456 . 0159
0.2259 0.0936 0.0137
02300 0.0026 9.9118
D.2350 0.09215 . 0095
1.2400 7.3373 0.107]
. 2416 -0.08001 0.9063%
0.24456 0.20130 n. 0030

1. 23367

PHLCZG
2.15500-07

LTS}
9.0021
HLES)
0.0060

TILLY
J.16T6N-05
TtH4)
J.73310-04
L{MS)
0.1229
H{45)
0.0337



80T

RAHMA
9.4408
T
0.9200
LUIC)
0.0031
H{IC)
0.0031

TI
0.D0&2
70
0.0060
L{MC}
0.1239
HIHC)
0.0231

Lisp?
. 1239
H{5P)
0.0180
L{TC)
0.0588
H{TC)
0.01%0

L-RaR
C.1243
H-BAR
0.0180
Lingy
0.2444%
H{gC}
0.0030

BLANE SFELTION CODRDINATES {RPOTATEN) AT X = l.4525

AREA IMIN ILLTG PALTG [NIRN)
0.37830-02 0.19690~06 D0.1969P~76 =7,2893N-0% D.1420¢N=-DS
RETA THAX 14475 1{H1]

~C.11670-01 J.14600-04 0.14400-34 0.7291D+~04
Lere) LEMP} LiTPS Li=P} Lirsy L{4s)
0.0040 0.1239 0.07G0 0.2634% 0.0022 0.1240
HI{TP) HikP} H{TP? H{OP) HETSE 145}
0.0001 0.0131 0.0105 . 0002 3.0060 0.0321
L HP H5

6.0 0.0031 0.0031

0.0031 -0.0000 0.00564

0.0050 0.3003 4.0072

0.0100 . 00L4 0.0093

0.0150 0.0024 0.0114%

0.0200 0.0034 0.0134

0.0250 0.0043 0.0153

0.0300 0.0052 0.0t71

0.0350 0.0060 2.0i88

0.0400 0.0068 0.0203

0.0450 0.0075 0.021R

0.0500 0.0082 0.2232

0.0550 0.0089 0.0245

0.0600 0.0095 0.0257

0.,0650 G.0100 0.0268

0.0700 0.0105 0.0278

0.0750 0.0110 0.0268

0,0800 0.0114 0.0296

0.0850 0.0118 0.0303

0.0900 nDs0k21 0.0310

0.0950 0.0124% 0.0316

D.1060 0.0126 0.3320

0.1050 0.0128 0.0324

0.1100 0.0129 §.0327

0.1150 0.0130 0.0330

0.1200 0.01131 0.0331

0.1250 0.0131 0.0331

0.1300 0.0132 0.0331

0.1350 0.0130 0.0329

0.1400 0.0129 g.3327

2. 1450 o.a127 6.3324

0.1500 0.0125 9.0320

g.1550 0.0123 1.2315

0.1600 0.0120 0.n309

0.1650 0.011&6 0.6302

0.1700 0.0112 0.0295

0.1750 0.0108 0.9286

D.1800 2.0103 D.0Z27%6

D.1850 0.0098 7.7266

g.190¢C 06.0092 0.3254

J.1950 0.0986 J.0242

0.2000 7.0079 3.0229

. 2050 0.0072 w.N2l%

D.2100 .0065 0.01%%

0.2150 0.0057 0.9192

0.2200 020048 0.0165

0.2250 0.0039 0. 34E

0,2300 0.0030 0.012%

0.2350 0.2020 J.0t0%

3.2400 0.3099 2.9082

N.2444 ~0.000 }.7006 3

3.26TH 0037319 .30

PHL
0.9457D-05

L{TS)
0,05676
HITS)
0.0274

L135)
J.2654
qU5S)
0.0058

L{csl
3.1239
H{C3}
3.23180



BLADE SECTION COGRDINATES (ROTATED]I AT X = 15684

GAHHA T - Lises L-34R ARTA ININ ILLCG PHLCG T{LL) PHL
n.i3202 D, D062 Da1246 0. 1247 L043B04D~D2  0.194TU~Db6 0,1947T0=05 J.T291D-08 2.15109-05 0.848%0D-05
™ T HIZP) H=BAR BETA THaY I4HCG [EE L
0.0200 Q0060 g.0179 0.0179 0.29020~01 0. 14590-D4 0.1459D0-04 3.73TTO~04
L{IC) L{NC} LiTC) L{oc) Liip) LINP) L{TP} L{oP) L{is? LINS) LiITS) LIDS) L{CG)
0.0031 0.1246 0.0703 0.2461 G.0051 0.1245 0.0716 02451 2.0022 0.124& 0.0691 0.2470 0,1248
HEICH H{MC] HITLY H{ocy H{IP} H{dp3 HITPR} Hioer} H{IS) H{®5}) Hi{TS) H{25) HILH)
0.0031 0.022% ~ 00190 0.0030 D.0001 0. 012% 0.02105 0.0002 0,0051 0.0329 0.0275 9.0858 J.2179
L He HS
0.8 0.0031 0.0031

0.0031 -0.0000 0.0D65

0.0050 0. 0903 0.0072

0.0100 0.0013 0.0093

0,015¢ 0.0023 0.0114

0.0200 0.0033 g.0133

0.0250 0.0052 G.0152

2.0300 0.0051 0.0170

0.4350 0.0059 0.0187

0.4400 0.0067 G.0202

00450 0.007% 0.0217

0.050G0 2.008L 0.022L

0.0550 0.0087 0.024%

0. 0600 0.0093 0.0256

0.0650 Q.4098 G.0267

0.0700 0.0103 0.0277

0, 0750 0.0108 0. 0285

3.0800 0.01%2 0.2294

0.0850 0.0116 0.0302

0.0900 -0.0119 0.03038

0.0950 d.0122 0.0314

0.1000 0.0:24 0.5319

0.1050 0.012% 0.0323

0.2100 d.9128 0.0326

g.1150 0.0129 0.03238

0.1200 0.0429 D.06329

0.1250 0.01259 0.8329

0.1300 a.012% 0:6329

£.1350 0.2129 0.0324

G,.1400 0.0127 0.0326

0,1550 D.D126 D.0323

0.1502 0.0124 0.0319

0.1550 0.0121 0.G31%

0.1600 2.0119 0.,0308

0.1650 0.Q115 {.0302

0.1700 0.0112 D.0294

0.1750 0.0107 0.5286

0.lH00 0.0103 0,0277

0.1856 0.0093 0.0266

0. 1900 0.00%2 D.0255

0.1950 0.0086 0.0243

2.2000 0.0080 0.0230

0.20350 0.0073 0.0Z21%

r ¢,2100 0.0066 0.0201
) D.2150 o.0058 0.018s

0.2200 0.0050 2.0169
0.2250 0.00%L 9.0151
0.2300 0.0032 0.9132
0.2350 0.0022 G.0t11
0.2400 00012 0. 7098
0.2450 0.9002 J. 0068
Q0.2461 -0.400G 0.0063
0.249 0.2030 9.0030

69T



0TT

BLADE SECTION COORDINATES [ROYATEDE AT X = 1.6842

GHRHA TI L{5P) L-BAR ARER ININ TLLCG PHLLG Ll PHL
T304 0.0063 0.1249 G.1250 0.38220~02 0.20119-06 0.20110-06 J.48780-08 2J,1472D-05 05,087170-05

™ Ta . HiSM H=BAR "BETA 44X {4HLG fins}
0:5200 0,0060: 0.018% 0.0182 0.15170-01 Q.14780~056 0.14780-04 A.74510-0%

LTICY - Liscy LivE) Lia) tiim) LiMP] LETR) L{ge) LIS} LI4S) LTSl 1+.005) L{CE
0:003Y 0.1250 0.0726 0.24T0 . 0041 8,1250 0.0738 3.2463 J.0022 0.1250 0.0713 0.2479 0.1249
-HIT6L. HIHC) HI¥CY HIOL) H{TP}) H{4P) AH1TM H10P} HITS] HIME} HE{TS? 2Os) HI{LG)
0.0031 00234 G.0397 00036 0.0D002 0.0E34 0.0111 0.3002 0.0061 0.033% 0.028% 2.3358 9.3i82

) L HP HS

D.0 0.0021 0a0031

0.0031 -0.,0000 0.0063
0.0050 0.0003 0.0073
0.0106 0.001% 0.0093
0.0150 0<0024% 0.0115%
4.0200 C. 0034 0.0135
0.0250 0.0043 0.,0154
0.0300 0.0052 G.0172
0.0350 00,0051 0.018%
0-=0400 0.006%9 w0205
£ 0450 0.0076 0.0220
0.0500 00084 90235
0.0550 040050 0.3247
0.0500 G.009& D 0259
0.0650 00102 0.0271
D.0T00 0.0187 G.0281
D.0750 0.0112 Ga 0290
Q.0810 T.0115 0.0299
0.0850 0.0120 0. 0305
0.0900 Q.0123 08,0313
0.0950 0.01235 0.031%
4. 1000 N.012% 4.0323
D.1650 0.G131 G.0327
0.1100 0.0132 9.0330
0.1150 0.0134 0.0332
0.1200 0.013% 0.033%
3+1250 J.D13% 0.0334
D.1300 0.0134 0.0334
0.1350 0.0132 0.0333
0.1400 0.0132 0.033D
0.1450 0.0131 0.06327
0.1500 2.0129 0.G323
0. 1550 0.0126 29,0219
D.1£00 ‘G.0123 0.0313
G.1650 §.0120 4.0306
0.1700 D.0116 0.029%
0.1750 g.0112 0.0291
0.1800 0.0107 0.023}
0.1850 0.0102 0.0271
0.1900 0.0096 0.0260
01950 0.Go%0 0.0258
0. 2000 0.0084 0.0235
0.2050 0.0077 G.0221
0.2100 0.0089 0.0206
0.2150 0.02061 0.0190
D.2200 0.0053 G.0173
D.2250 9.00%4 0.0155
0.2300 0.0035 2.0136
3.2350 0, 0025 Na G116
0.2400 D.Q0L% 0.009%%
(. 2450 0.000% 2.9072
V2570 -0.0001 0.9063
0.2500 0.0330 4. 0035




T D e o e

=2
=
[

HAMMA

- 4a1389

0.0200
LtIE)

040032

HUYCY
D.0032

Tt
2.0063

0.0050
LAME)

“0.1251

H{NC)

‘B.0275

LISF)
0.1249
H{5P)
0.0212
LITe?
0.0739
HiTC)
D.0233

B I

L—-BAR
0.12%0
H-BAP

'0.0213

Ltoc)
0.2%70
A(DC}
0.0030

BLADE SECTTON COORDGINATES 4ROTATED) AT X =  1.68200
A

PHLLG

LIS
0.0020
HUISY
0.0051

REA IMIN ILLCG
0.38540~02 0.25270-06 0.25270-06 0,.1826D-97
BETA THAR THHLG
0.70790-01 0.15030-04 9.15030-04
LyIP) LIKP) LiTP L10P}
0.0043 0.1251 D.075% 0.2559
Hi{IPY HIYP) H{TP) H{DP)
0,0002 0.0175 0.0146 0.0002
L Hp HS
0.0 0.0032 0.0032
0.0032 ~0.0001 0.0067
6.0050 D.000% 0.0075
‘a.0100 0.0017 0. 04099
0.0150 0.003%3 0.0123
020200 0.0042 0.0147
0.0250 0.0056 G.8169
0.0300 0.005% 0.0150
0.0350 0.0079 0-0209
0.0400 0.0089 0.0228
0~0450 0.0099 0:0265
00500 0.0103 CaG281
0+0550 0.0117 0.G2T8
0.04600 t.0125 0:0290
0.0650 $.0152 0. 0302
U.0700 0039 0.031%
0. 0750 Do0145 0.0325
0.0800 0.0151 0.0334%
0-D850 0.0156 0,0343
0.0900 V0160 0.035D
0.0950 00864 0.0357
0.1000 0.01538 B.0353
001050 G.0170 Q.0347
0.11G0 0.01%2 0,037}
Gall50 Q0174 T-0373
e 1!20!3 0:0375 Q. 0315
0:1250 L0175 0.0375
0.1300 0.01T5 0.0375
0.1350 B.Pi7% 2.0373
G.14%00 0.9173 0.9271
0+1%50 00171 8.03568
0.1500 0.0168 0.1363
0.1550 .Ba01E5 0.0358
G.15600 ' D.0154% 0.G351
D.1650 0.0157 D.034%
0.2700 0.0152 0.71336
0.1750 C.Cl4T 0.032%
4.1B00 0.01%1 0.031&
0.1850 G.0134% 0,030
0.1900 0.0127 0.02%1
0.1950 0.0119 0.0278
0.2000 0.0110 0.02583
0.2050 0.0101 0.0257
2.2100 0.0091 G.0230
02150 0.0083 0.0212
0.2200 0.0070 0.0192
0.2250 0.0058 00171
0.2300 0. 00KD 0. 0149
0.2350 0.0033 0.0126
0.2400 4.001% d.0i01
G.2450 0.0005 0. 0075
LA £1] =G.0001 J.006%
0, 2500 0.0030 3.0930

Tl

3.19940-05 0,13260-D%

TEHHY
0.75240-04%
L(M5)
0.1250
HEHS]

pHL,

LI7¥5)
0.0725
HITS)
¢.0320

LOS)
0.2582

¥{05)
0.0058

LicG}
0.1259
H{CS)
2:.0212



?f]:r‘

SECOND STAGE ROTOR  TPA 013 TRIAL &

INPUT FOR OLABE COORDIRATE PROGRAH

ETA LAKDA arl
0.0 0.0 8400000 1.
ELEMENT RI RO TI ™ T0
1 1.79107 1.79155 0. 00600 0.0:510 0. 00600
Z 1.74735 1.74995 0.00600 0.01550 0,00600
3 1.65T19 12656493 G.00500 D.01640 0.00600
L3 1.56241 LeS7877 000600 0.01730 0.-00500
5 1+45987 1.48280 0.00600 001820 0.00600
& 1.354T721 1.38370 0.00600 0.01930 D.00600
T 1.23500 1.33004 0.00600 0.01990 0. 00600

BLADE ELENENT STACRING PARAMETER-~TNORML = 0.360D-02

THELG -

0. 5908472D-0 0.59535970-01 0.50627900-01 0.61258420-01
cRCG

517.6186 95.11731 31. 49697 16.90411

BLADE ELEMENT STACKING PARAMETER--TNORMI = 0.5420-04

THECG
3.59079540-01 D.59544280-01  0.6D68259D0-01 0.61361750+01

CRCG
517.5186 95.11735 31.49707 16£.90438

arz TH
00000  0.40

KIC
57.49324
56415332
54622431
52012855
49.089918
47.68186
456.49703

0.612523%

10.57338

O 6L42480

10,373%

LHT
010

KTC
54,39508
5392462
52.17586
49.06357
4%a 47362
39.42934
36.43433

b-01 0.611078%D-01

D-01

®OC
51le53688
51.86047
50.4T7458
46464851
40417464
31.63407
25.48911

T.025738

0.61218400~01

T.0265%0

ZHE
0.08098
. 08135
0.08188
0.08263
0.08391
0.08678
0.98981

ZTC
0.21117
0.10976
0.10637
Q10247
0.09714
0.08942
0.08445

0.60550290~01

5.737323

0.60493320~G1

5.73B361

0c
0.13870
0.14140
Da14769
G.15722
0.17027
0.18428
0.192&0



€IT

~ELEHENT
. 1

-t o N

GLEHENT

de v Eune

ALP

‘Na19828
1.05341
3.02317
5.32715
0.00004
LX.20048
13416224

cic

De26475
020303
B 30105
0.32992
G.e565501

“le34%10

151543

HLADE ELERENT ANGLES

Ki RIC KTC
55.13939  5T.40324 54.39508
5448978  66.15332  53,92462
52.63894 54.22431 52.17586
49,6641B0 52.12855  49.06357
45.1884% 49.89918  44.47362
99,658L2  47.68186  39.42934
35.84305 46249703  36.43483
BLADE GLEMENT CURVATURES

cac cIp coe

105185 —0.16296 ~1.76873
0.68679 —~0.26141 =1.51528
0.44852 -0.34855 =Ll.G6461
0.51431 =0.32022 -D.60412
075101 ~0011292 —0.16%¢3
1.14407  0.2670%F  0.23870
1.51530  0.6134%  0.57373

KOG
51463688
51.85047
50.47458
56.6%851
406 1464
81.63407
25.18911

CIs
0.568956
0.66507
- Qe T4595
0.9T440
141083
1.99209
2.376%3

Kip
53.82796
52.34890
42.906T5
47.22950
4%«37125
41.51980
40, 10344

CAS
3.79542
284872
1.94282
1.61701
1.65209
2.01901
2.41331

RTP
55.6T742
55421545
53.43608
50.28170
45430266
39.60527
36.06397

Xop
60.30945
5977048
57447722
53.03717
46427013
37.98818
31.84426

K1s
60.S684%
52.94360
58.53342
57.00942
55.38819
5376367
52.77656

KTS
53.11636
52463556
50.91819
4T.92971
43465052
39.25570
36.79874

KOs
43406302
44.01015
4350656
40.29534
34,12933
25.,36259
18.65257



I

‘GAMNA
34.5485
™
fi020L
Leici
0-0030-
H{ICH
0.0630

TE
00060
o
0.00062
LIHC)
041223
H{HC}

0.0185

L i TR T e e R s e et

L{SP)
0.1233
H{5P}
0.0146
LLTC)
0,1123
HITCY
0.0180

L-BAR
G,1235
H=BAR
0.01456
LFOCY
0.2415
H{OC}
¢,0031

BLADE SECTION COGRDINATES (ROTAVED) AT X = 1.2850

AREA TAIN ILLCG PHLEG 1Ly
0,37000-02 0+14800~06 0.14860-96 0.88979-07 0.9605D-06 0.6776D-05
BETA THAX BHHCG E{HH)
0.3776 Uel3850-04 0.13650-04 0.7013D~-04
L41P) L{NP) LETR) Liomr) 2118} LS}
0.0035  0.1222  0.E123  ¢a2406  0.00235  0.122%
H{IP) HERR] HiTP) Hi{0P} H{IS? H{MS)
0.0000  0.0086  0.5084%  0.000F  0.005¢  0.0285
L HP HS

0.0 0.0036  0.003h

0.0030 =0.0600  Q.QD&L

0.0050  0,0002  9.0068

0,0100  G.0008  0.0085

0.6150  0.001%  0.0L0}

0.0200  0.0020  0.0117

0.0250  B.0025  0.0132

0.03080  0.0031  0.0146

0.0350  D.0034  0.0160

0.0400 00040  0.0173

0.0450  0.0045  0.0185

G.0580  0.0049  0.0196

0.0550  0.005%  0.0207

0.8600  G.0058  ©0.0217

G.0650  0.0061 040227

9.0780  0.0065  0.0235

0.0750  0.0068  0.D243

0.0800  0.0073  0.0251

0.0850  0.007%  0.0257

0.0900  0,0076  0.0263

0.0950  0.0079  0.0269

0.1060  §.0081  0.0273

0.1050 06,0082  0.0277

0.1100  0.008%  0.0280

0.1150  0.0085  0.0282

0.1200  0.0086  0.0284

0.1250  ©0.0084  0.0285

0.1300  0.8G87  0.0285

0.1350  0.0087  0.0285

0.1400  0.0086  0.0283

8.1450  0.0086  0.0261

0.1500  0.9085  0.0278

0.1550  0.0083  0.0274

0.1800  '0.0082  0.0270

0.1650  0.0080  0.0264

0.1700  0.0077  0.0258

0.1750  0.0075  0.0251

0.1800  0,0072  0.0243

01850  D0.0068  0.023%

4.1900  6.006%4  0.0225

0.1950  0.0060  uv.dZ14

0.2000  0.0056  0.0202

0.2050  0.005%  (.0190

0.2100  0.0045  0.017%

0.2150  0.6039  0.01&1

0.2200  0.0033  0.0146

0.2250  0,0026  0.0129

0.2306  0.0018  0.01l1l

0.2350  G.O0FEl  0,0092

0.2400  0,0002  0.9071

0.2415 09000  0,0065

0:2446  B.0031L  0.08031

]

PHL

L{TS)
Dal126
H{TS)
00281

Lios)
D.2423
Hi0S5}
0.0051

LICG}
0.1233
HICG)
0.0146



=
s
tn

GANMA:

36,1155
TH
9.0199
L{IC}
0.0040
HEIG)
0.0050

Tl
0.0059

0.6062
.14
0.1226

HIKCY

00170

LI5P}
D.1238
HUSP}
0.013%
L{TC
0.1163
HITC]
0.0169

L—BAR

041238

H~BAR
0.0135
LE0C)
042421
HIOG)
0.0031

BLADE SECTIDN COORDINATES (ROTATED) AY X =
REA IRIN

1.3067

PHL

L{FS}
001165
HI{¥S2
0.0287

L{os)
0.2429
HIQS)
0.006%

ILLECG PHLCE T(LL)

D 3570D-02 0.13%00-06 ©.1344D~06 0.7433D-07 0.8006D-06 0Cu6193D-05
* BETA THAX IHHCG 1{HH]
0.3162 0.13600~0% 0.13600-0% 0.569800-04%
LIIP} LtHP) LITP} LioPr) L{IS) L{HS)
0.0035 0.1225 0.1160 0. 2514 0.0025 0.1228
HIT®) HIKP} HITP} HIOP) HITS) H{#S)
0. 0000 Q.0072 0.0071 0.0001 0.0059 0.0268
L HP HS

0.0 0.0030 0.0030

0.,0030 ~0.0000 0.00&0

0.00650 0.0302 0.0067

0.0100 0.0007 0.0083

0.0150 0.0012 . 0098

0.0200 0.00L5 0.0112

9.0250 0.0021 0.012&

00,0300 D.0025% 0.01%0

0.0350 0.0030 0.0152

G.0%00 0.0034 0. 0164

0.0450G 0.0037 0.0176

G. 0500 ¢.0042 0.0186

G,.0550 0.0045 0.01%9&

0.0600 0.0048 D.032086

0.0850 D.00%1 U.0215

0.,0700 0.0054% 0.0223

0.0750 0.0057 0.0230

0. 0800 0.0059 0.0237

g.0850 0.0062 0.0243

D.0900 0.0064 D.0249

0. 0950 G.0066 0.0254

0.1000 0.0067 0.0258

0.1050 0.0069 0.,0221

0.1100 0.0070 0.026%

0.1150 0,0071 0.0268

0.1200 0.0072 U.0268

0. k250 0.49072 0. 0269

0. 1300 0.0072 ¢.02569

041350 0.00%2 0.0268

0.1400 0.0072 0.0267

0. 1450 0007} 0.0265

01500 0.0071 0.0262

0.1550 0.00569 0.0259

0.1600 0.0068 0.025%

0.1650 0.0066 0.0249

0.1700 0.0065 0. 0244

D.1750 D.0062 G. 0237

0.1800 0. 0060 0.0230

0.1850 0.0057 0.0222

0.1900 0.0054 0.0213

0.1950 0.0050 0.0203

0.2000 0.00%7 0.0192

0.2050 0.0042 J.0180

0.2100 0.0038 0.0168

D.2150 0.0933 0.0154

0.2200 0.0028 0.014D

0.2250 B.0022 0.0125

D.2300 G.0016 0.0108

0.2350 b.o0t0 G.0091

0.2400 0.0003 0.0072

0.2421 -0.0000 0.006%

0.2452 0.0031 2.0031

LICGE
0.1234
HICG}
0.013%



9TT

L K : BLADE SECTION COORDINATES (RDTATED) ATV X = 1.3300
K . ‘GAMMA TI Lser L-BAR AREA 1IN ILLEG PHLCG ImLL) PHL
' 377116 0. 0059 0.1239 041240 0.36410~02 0.12100-06 0.12130~06 0.59570-07 0.6719D-06 0.5614D-05
TH TO. HISP) H=~BAR 8ETA IMAX 1HHCG T{HH)
026197 0.00461 0.0123 0.0123 0.2532 0.13600-04 0013505-0% 0.69630~04
L{IC) LiMCy Li%C} £.{oc) LLIPk L{MP) L(TPI Ltom LLISY LIM5) LiTsi L{05) LICG)
0.0930 0.1228 0.1206 0. 2428 0.0034 0.1227 0.1202 0.2422 G.0025 v.1230 0.1209 0.2435 0.1239
HLICY H{HC) HETCY H{OC] H{IP) HIHPY HLTP) HIOP} HLTIS? HIHS) HETS) H{05) HICGH
00030 0.0154% 0.0155 0.0031 0.0000 0.0057 0.0057 0.JD01 0.0059 0.0252 0.0251 0.0080 2.0123
L HP HS
0.0 0,0030 0.0030

4.0030 -0.0000 0,0080
0.0050 g.0002 8.0066
0.0100 G.0006 0.008L
0.0150 0.000% 0.0095
0.0200 0.0013 d.0103
¢.0250 ¢.001T 0.0121
0.0300 0.0020 0.0L33
0.0350 0.0024% 0.0145
0.0400 Q.0027 0.0158
0.0430 0.0030 0. 0187
0.0500 ¢.0033 0.0176
0.0550 0.0036 0.0186
0.05800 0.0038 0.0319%
0.0650 0.00%1 a.0202
0.0700 0.0043 0.0210
G.0750 0.00%5 0.0217
0.0800 0.8047 0.0223
0.0550 0.0049 0.0229
0.0900 06051 0.0234
0.£950 ¢.0052 0.,0238
0.1000 0.0054 0.0242
0. 1050 0.0055 0.0245
0.1100 4.0056 9.0248
G.1150 0.0057 0.9250
0.1200 0.0057 0.0251
0.1250 0.0057 0.0252
0. 1300 0.0058 0.0252
0.1350 0.06058 ¢.0251
0.1400 0.0058 0.0250
0. 1450 G.0057 0.0248
0.1500 0.0056 0.0246
0.155D 0.0056 0.0243
8.1600 4.0055 0.0239
0.1650 0.0053 0.0234%
D.1700 0.0052 0.0229
8.1750 0.0050 0.0223
0.1800 D.0048 t.0216
0.1850 0.0045 0. 0209
9.1900 0.0043 0.0201
0. 1950 D0.004l1 0.0192
: 0.2000 0.0038 0.0182
0.2050 0.003% G.0iT1
G.2100 0.0031 G. 0260
0.2150 G.0027 0.0148
0.2200 0.0023 0.0135
0.2250 0.0018 0.0121
0.2300 0.0014 0.010&
0.2350 0.0009 0.0090
0.2400 0.0003 0.0073

0.242¢C -06.0000 0.0063
U.2459 D.0031 0.0031




A 2

LTT

GAMHA
42.1233
™
0.0189
Liig}

- 0.0030

HITEC)
0.0030

T
0.0059

0.0062
L{XC)
Tui247
AIHAC)
0.011%

L{sP)
0.1248
HE{SP)
0.0032
LETC)
Do134%1
HITCY
0.0115

L-BAR
Ca1251
H=BAR
0.0093
Leot)
0.2448
HEOG)
0.0031

ALADE SECTION COORDINATES [ROYATED) AT X = 1.4054
AREA HIN

ILLC6 PHLCG

{
0.35530-02 0.9170D-07 0.91T40-07 0.24020-07

BETA
0.1022
LIP3
0.0033
HIIP)
0.06000
L
0.0
0.0030
. 0050
0.0100
0,050
G.0200
0.0250
0.0300
0.0350
0.0400
0.0450
¢.0500
0.0550
0.0600
0.0650
0.0700
0.0750
0.0800
0.0650
0.0900
0.0950
0. 1000
0.1050
0.1100
O.1150
0.1200C
0.1250
G 1300
0.1350
0.1400
0.1450
G.1500
0.1550
G.1600
0.1650
0.1700
0.1750
O.1800
0.1850
0.1900
0.1950
0.2000
0.2030
0.2100
0.215¢
0.2200
0.2250
0.2300
0.2350
Ue2400

0a.2448
0a 2479

THAX THHEG
0.13550-0% 0.1355D-0%

L{HP} LITR) LEOP} L{I1s)
0.1246  0.1337  0.2443  0.0026
HIEP) HITP) HIQP) HUIS)
0.6021  0.0021  0.0000  0.0059
HP HS

0.0030  0.0030

6.0000  0.0060

0.0001  0.0065

0.0002  0.0075

0.0003  0.0087

0.0005  0.0097

0.0006  0,0107

0.0067  0.0117

0.0009  G.0126

0.0010  0.0134%

0.0011  0.0142

0.0012  .0150

0.0013  0.0157

0.0014  0.016%

0,015  0.0170

0.0016  0.0176

0.0016  0.0181

0.0017  G.0186

0.0018  0,0190

0.0618  0.019%

0.0019  0.0198

0.0019  0.0201

0.0020  0.0203

0.0020  0.0205

0,002  0,0207

0.002L  0.0208

0.0021L  0.0208

0.0021  0.0208

0.0021  0.0208

©.0021  0.0207

¢.0021  0.0205

c.0021  0.0203

0.0020  0.0201

6.0020  0.0198

0.0020  0.019%

0.001%  0.0190

0.0018  0.018s

0.0018  0.0180

0.0017  0.0175

6.0316  B.0168

0.0015  0.0162

0.0814  0.0154

0.0013  0.0146

0.0012  0.0338

0.0010  0.0129

0.0639  0.0119

0.0007  0.0109

0.0006  0.0098

0.0004  0,0087

0.3002  0.0075

0.0000  0.0063

0.0031  0.0031

f{eL?

0.3965D0-06 0.41330~05

T{HH)
0.568960-0%
L{HS)
0.1249
H{KS)
0.0208

PHL

L7s}
0. 1345
H{TS}
0.0208

L{OS)
0.2453
H{OS5)
0.0061

LGy
01246

HICG}
0.00%2



Erf;r'.

GAMMA

. &5T.0538

. TH
0.0179
L{rc

‘0.0030

H{IC)
0.0030

O U PR P S

0.0060

. Da00&L

L{HC

‘D.1298

H{MC)
3.0080

L (5P}
0.1261
CHUSP)
0.0067
LivC)
0.1523
HITC]
0.0079

L-BAR
0.1261
H=BAR
0.0067
L1ac]
0.2462
H{0C}
0.0030

BLADE SECTION COORDINATES (ROTATED) AT X = 1,504l
AREA EHLN ILLCG PHLCE
0.34120~02 (.70510-07 0.70940-07 0.19780-07
BETA IMAX THHCG
0.B618D0-01 0.13220-04 0.13220-04
LUIP} LEHP) L(TPY Liom LUiss
£.0032  0.1297  0.1519  0.2450  0.0028
HIIP) HIHP] HITP) HIOB) HIIS)
0.0000 -0.0010 -0.0010  0.08000  0.0060
L HP HS
0.0 0.0030  0.0030
0.0030  0.0000  0.0060
0.0050 -0,0000  0.0083
0.0100 -0,0001  0.0071
0.0150 =-0.0002  0.0079
0.0200 —0.0002  0.0067
0.0250 =-0.0003  0.009%
0.0300 -0.0004  0.0101
0.0350 <0.0004  0.0107
0.0400 -0.0005  0.0113
0.0450 -~0,0005  0.0Li9
0.0500 ~0.0006  0.0125
0.0550 -0.0005  0.013C
0.0600 -0,0007  0.0I35
0.0650 =-0.0007  0.013%
0.0700 -0.0007  0.0l4%
0.075¢ =0.0008  0.0147
0.0800 -0.0008  0.0151
6.0850 -0.0008  0.0154
€.0900 -0.0009  0.0157
0.095¢ ~-0,0009  0.0160
0.1060 -0.0009  0.0162
0.1050 -0.000%  0.0164
0.1100 -0.0009  0.0186
0.1150 =0.0000  0.0167
§.1200 -0.0010  0.0168
0.1250 —G.0010  0.014B
0.1300 ~-0,0010  0.0168
0.1350 -0.0019  0,0168
0.1400 -0.0710  0.01&8
0.1450 -0.0010  0.01a7
0.1500 -0.00l0  0.Blab
0.1550 =0.0010 0.0165
0.1600 ~0.0010  0,0L63
0.1650 -0.0009  0.0180
0.1700 -0.0009  0.0158
0.1750 ~0.000%  0.0155
0.1800  ~0.000¢ 0.0151
0.1850 -0.0008  0.0147
0.1900 =0.0008  0.0L42
0.1950 ~-0.0007  0,0137
0.2000 ~0.0007  0.0132
0.2050 -0.0006  0.0126
0.2100 =-0.0006  9.0120
0.2150 -0.0005  0.0113
0.2200 -0,000%  0.0L06
0.2250 -0.0004  0.0098
0.2300 ~0.0003  0.2090
0.2350 -0.0002  0.0082
0.2400 -0.0001 0.0073
0.2450 -0,0000  0.006%
0.2462 0.0000  @.0061
0.2493  D,0030  0.0030

T}

PHL

J.222TN~056 0.28890-05

LTHAY
0.6T470-0%
L{KS)
0.1299
HIMS)
0.0168

LITS)
0.1528
H{TS)
0.0165

1£0S)
0.2465
H{85)
0.0061

itCG)
0.1261
HICG}
0.0067



6TT

BLADE SECTION COORDIMATES {ROTATED} AT X = L.6027

GA¥HA T1 L{sP} L-84ag AREA IHIN ILLCS PELLG (L) PHL
51.0508 0.0060 0.1276 0.1276 0.32980-02 0.592300~07 0.5%300-07 0.96730-08 0.13830-06 0.20630-05
™ 0 HISP) H=-BAR BETA IBAX THHCG I{HH)
“0.0LT0 0.0060 D.0049 0.0049 0.5275D~01 0.13020-04 0.13020-04 0. &E572D-0%
LiICi LINC) LITC} L{ac) LiiP) Liup) L1TP) Lior} L{I5} LG L{TS) L{05} LICG?
D:0030 D.13565 0.170% 0.24569 0.0031 01364 0.1701 0.2487 0.0029 0.1366 0:17086 0.2470 0.1276
HUIC) H{NC] HITCS HIOC) HIIP) H{HP) HITRI H{OP) HIIS) HI{A4S) HITS) H{OS) H{CG}
0.0030 ‘G.0056 0.005% 0.0030 0.0000 -0.9029 ~0.0029 0.0000 0.C060 0.0140 0.0134 0.0060 0.0049
L HP HS
0.0 0.0030 0.0030

G.0020 0.Q300 0.0060
4.8050¢ ~G.0Q001 0.0062
0.0180 «0.0003 0.0068
2.0150  -0.0005% G.00T4
0.0200 -0.0007 0.0079
0.0250 -D.0008 D.D0B4
0.0300 ~0.0010 0.0089
0.0350 ~0.0Bl2 R.0094%
0.040 ~C.0D13 . 0099
0.0450 ~0.0015 0.0103
0.0500 ~0.0016 0. 0107
0.0550 ~0.Q018 G.0111
0.0600 =-6.0019 0.0114
0.0650 ~6.0020 0.0117
0.0700 -0.0021 0.0121
0.0750 -0.0022 0.0123
0.0800 -0.0023 3.03126
0.0850 ~0.0024 0.0128
0.0900 -G.0025 G.0131
0.0950 ~0.00256 0.0133
0.1000 -~G.0027 0.013%
0.1050 -0.0027 0.013%
0.1100 -0.0028 0.0137
0.1150 -0.0028 68,0138
U.1200 -0.0029 0.0139
0.1250 ~0.0029 0.0140D
0.1300  -D0.0029 0.01%0
0.1350 ~0.0029 40,0140
0.1400 ~0.0030 L0140
0.1450 -0.0030 0. 0140
0.1500 ~0.003C 2.0129
0.1550 -0.0029 0.0138
0.1600 -0.Q02%9 0.0137
0.1650 -0.0029 0.0135
90,1700 -0.0029 0.0135
0.,1750 ~0.0028 0.0133
0.1800 -0.0027 D.0131
0.1850 -0.0027 0.0128
0.1900 ~0.0025 G0.0125
0.1950 ~0.0024 0.0121
0.2000 ~0.0023 0.0118
0.2050 -0.0021 Q.03
¢.2i00 -~0.0019% d.0108
0.215¢ -0.0017 2.0103
0.2200 -0.0045 $.0098
0.2250  ~-3.0013 ,0092
0.2300 ~0.001D 0. DOB5
0.2350 -0.0007 G.0078
0.2400 ~0.000% 0.0071
0.2450 ~0.0001 3.0063
0.2406%9 0. Q0Q@0 0.0050
0.249% 0.0030 0. 0030



02T
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BLADE SECTION COORDINATES (ROTATSD? AT X = 1.7014
GAHMA TI L{SP} L—-BAR AREA THIN ILLCG PHLCG TeLLs PHL
53.6753 0.0060 0.1290 0. 1230 0.31670-02 0.50870-07 0.50880-07 0.1100D-07 0.10900~08 0.17620~05
™ T0 HI5P) H-BAR BETA THAX THHRCG BtHH)
0.0160 0.0050 0.0043 0.0043 D.49530~-0F 0.1278D-04 0.12780-04% 0.6550D-04
L{IGY L{ME) LITLy Lot} LETP} LixP} L{TP} LioPh L{IS) L{HS) Li{753 Ligs] LI{CG?
0.0030 0.1429 0.1870 0.26469 0.0031 0.1428 0.1868 0.2468 G.0029 01429 0.1871 0.2471 0.1290
HUICY. Hi{NHCS HITC) H{OC) HIEP) HI{*P} HITR) HioP) H{I%) HINS) HITS) HIDS} HICG)
00030 0.0047 Q. 0045 0.0030 0,000 —0.0033 -0.0031 0.0000 3.00560 0.0127 0.0119 0.0060 0.0043
L HP HS
0.0 0.0030 G.0030
0.0030 0.0000 0.0050
0.0050 ~0.00601 0.0082
0.0100 -0.0003 0.00567
0.028¢ ~-G.0007 0.0076
0.0250 -0.000% 0.0080
0.0300 ~0.0911 4.0084
0.0250 -0,0013 3. 0088
0.0400 ~0.001% Q.009E
0.0450 ~0.00i6 0.0095
0.0500 -D.0018 a.0098
0.0556  ~0.0019 0.0101
0.0500 =0.0020 0.0104%
0.0650 ~0.0022 0.0107
G.0700 -0.0023 0.0109
0.075¢  -0.0024 0.01L2
0.0800 ~0.0025 0.0114
0.0850 -0.0026 0.0114
0.0900 -0.0027 0.0118
0.0%50 ~0.00238 0.0120
0.1000 =G.0029 C.0121
0.1050 -0.0030 0.0122
0.1100 -0.0031 G.0123
0.1150 ~0.0031 0.012%
0.1200 +0.,0032 G.0125
G.1250 -0.0032 0.0126
0.1300 -0.0032 0.0126
0.1350 ~0.0033 0.0127
0.1400 ~0.0033 0.0127
0.3450 ~-0.0033 0.0127
0,1500 -0.0033 0.0126
0.1550 ~0.0033 0.01286
0.1600 ~0.0033 0.0125
D. 1650 ~0.0033 0.0125
0.1700 -0.0032 0.0124
0. 1750 ~0. 0032 0.0123
0.1800 -0.0031 0.0122
B.1850 ~0.0031 a.0L2¢
0.1%00 ~0.0030 0.D118
0.1950 ~0.0029 D.0116
0.2000 -0.0028 0.0113
G.2050 -0.0026 G.0i10
0.2100 ~0.0024 0.010&
0.2150 ~(.0022 0.0102
G.2200 -0.0819 0.0097
02250 =D.001L7 0.0091
0.2300 =-0.0013 0.0085
0.2250 =0.0010 0.0078
G.2400 -0.0006 6.0071
.2450 =-0.0002  0.0063
Ou 2469 0.0300 0.0060
0.249% 0.0030 0.0030



BLADE SECTION COORDINATES ([ROFVATED) AT X = 1.8500

GAHMA I LisP) L-BAR AREA IMin ILLEG PHLLG TeLe) PHL
5642845 0.0060 01311 0-1312 0.29770-02 0.4246D-07 ©.4255D-07 0.33490-07 0.1282D0-0¢ ©.21300-05
T TO HISP) H~BAR BETA THAX IHHCG TLHH)
0.0145 0.0662 G.0053 0.005% 0.1543 0.1£580-04 0.12480-04 0.6377D0-0%
- LUIC) LEHC) LT} Liac) LiIP) L{MP} LITP) LIaey LEISS L{HS} LITS) LIGS) LICG)
0.0038 0.1528 0.2106 02467 a, 0032 0.1523 0.2105 0.2463 3.0029 041529 0.2110 0.2471 0.1311
H{EC) HTHC) HITLS H{OC) LIST N HUHP) HIiTP} H{OP) HITS) H{HS) H{TS}? HIOS? HICG?
0.0030 0.0060 0. 0051 0.0031 0.0000 ~0.0012 -0.0015 30000 0.0060 J.0134 G.0113 0.0062 0.0053
L HP HS
0.0 0.0030 G. 0030

0.0030 G.0000 0.0060
0."050 -0.0000 0. 0062
0.ui0n =0.0001 0.0067
0.6750 -0.0001 0.0072
0.0200  ~0.0002 d.0077
0.4250 -0.0002 0.0081
G.0300 ~0.0003 G. 0086
0.0350 ~0.0003 0.0090
0.0400  -0.0004 0.0094
C.0450 =0.0004 0.0097
0.0500 ~0.0005 0.010)
0.0550 ~0.0005 0.0104
0.0600 -0,00D6 c.0107
0.0650 ~0.0006 0.0110
2,0700 ~0C.0006 0.0133
) 0.0750 =0.0007 0.0116
0.0800 -4.0007 0.0118
i 0.0850 -0.0008 0.0121
0.0900 =-0.0008 0.0123
0.0950 =-p.0008 0.0125
0.1000 -0.0009 0.0126
0,1050¢ -0.0009 0.0128
0.1100 =~0.0010 0.0129
0.1150 -0.0010 0.0130
9.1200 -0.00)0 Q.0131
0.1250 -0.0011 D.0132
0.1300  ~D.0OL1} Q0.0133
0.1350 =-0.0011 0.0133
0.1400 ~0.00E1 0.0134%4
0.1450 -0.0012 G.0134
0.1500 =0.0012 0.013%
0.1550 ~0.0012 0.0133
0.l600 ~0.001% N.a133
U.1650 ~0.0013 0.0132
0.17T00 ~0.0013 0.0132
- 0.1750 ~0.0013 0.0131
0.1860 ~D.0013 0.0130

0.,1850 =0.0013 6.0128

0.1900 ~0.4Q014 0.0127

0.1950 -D.0014% 0.0126

U.2000 ~0.001%5 Da0125

9.2050 -0,.0015 0.0122

J.2100 -0.0015 r.0120

0.2150 ~0.0014 0.0116

0.2200  ~0.0013% 2.90111

st 0.225¢ =-0.0012 0.0105
SN 0.2300 -0,.0010 0.U098
= U.2350 ~0.0007 1.0089
7. 2400 -0.3004 t-8u79

Uedbhy  ~0.U001 D.00&68

Ve 26t IL G.0063

Quve9R ve0T331 0.40031




S

SFCONN STAGF STATOR  TDA 013 TAIAL 1

INPUT FOR BLADE COOHOTHATE PROGRAM

ETA LAMDA orl

0.0 0.0 8.00000 1.
ELEMENT RI B 71 ™ ™
1 1.79199 1.7927F  0.00606 0.01500 0. 00500

1.75253 1.75719 0.G0600 0.01500 0. 05600
1.6T157 -1«6B439 0.00600 0.01500 ¢.0D600
1.,58784 1.60918 0.00600 D.02500 0.00600
1.49951 1.53032 0.00600 0.01500 0.00&00
La40449 1.4461% 0,00600 001500 000600
1:35356 1.40143 0.30600 0.05500 0. 00500

~NoUmPrwh

ﬁtﬁGE ELEHENT STACKING PARAHETER-~THORHL = 0.258D-02

THFLG ~

0.1688264D~D1  0,1817978D-01  0.1972948D-01 0.21635500-01
CRCG

‘55842586 85%.08737 31.61251 18.05225

BLADE ELENENT STACKING PARANMETER~~THNORMI = $.2520-0%

THECG-
V. 1679488001 0.1B119800-01 0.1956415D-01 0.2159¢319D0-01

LRUG
- £58. 2584 89. 09716 3l.81228 18.05197

ap2 TN
00003d 333

KIT
29441312
28. 83672
26437373
28.81639
30.31814
32.T3I74
34.24772

042454007

11.80936

0.2453T44

11.32900

LT
310

KTo
13.75952
14.7248%
15.71224
Lb.620886
17.83850
19.31727
19.88286

n-01 0.28480010-01

9-01 ¢.28453743~-01

KOC
~18,86491
=15.,03947
=12.20247
~10.99613
-10.%43B4%46
-13.63383
~12.28780

1,181975

8. 181577

NC
C.11907
D.11824
0.21754
D l1674
0.11541
0.11350
B.11265

Te
D.0755%
DaDT%%7
0.07181
0.069RY
0.06494
Q.06815
G.06737

7. 3038619001

5.888782

Je 3028944001

6.88B431

iGC
0.24294
0.2%21%
0.2%120
0.24008
D.23832
N.23560
J3.23467




BLADE ELEMENT ANGLES
ELEMFNT ALP KH RicC ' XTC Kot Xie KTP Xae KIs KTS K05

1 0.18396 527402 29.41312 13.75952 ~18.86791 25.30204 22.27817 =14.75371 33.38189 15.19165 =-22,83691
2 1.%2845 6.8980F  28.83672 14. 72484 -15.03947  24.71307 13,21471 -10.892756 32.8299% 16.18720 -19.05515
-3 3.04246 8.0B536  28.37373 1571224 =~12.20247 24425377 14.11440 ~8.02389 32. 346336 17.26298 -16.25858
‘ B 5.07950 B.%2018 28.81839 16.62886 -10.99515 24.TH1L7 14,97500 =6.79753 32.77894 18423470 -15.074l6
8 7236871 9.93808 30.32614 17.83850 -10.43846 26.28640 1617789 ~b. 226158 34.22872 19.44963 ~14.52937
€ 10.02877 11.0353¢  32,TOG74  19.31727 -10.63083 2B.73587 17.672309 ~6.40%19 36.5%444% 20.90999 ~-14.72687
7 11.52951 10.97961 35.24772 19,882856 -12.28780 30.33348 IB.23289 -8.06331 3B.03466 21.47671 -16.37297
BLADE ELENENT CURVATURES
ELEMFHT Tic coc cIp coe CIS CAS
| i 3.3525% 3.35234 2283840 2.83552 3.82365 5.82401
| 2 3.06289 3.0625T 2.53318 2,527 3.55071 3+55492
3 20 8%259 2284251 2309562 2.27415 3.33600 3.35083
: & 2579145 2.79124% 2.2659% 2.23803 3.27956 3430433
: 5 2:85561 2.B54%6 2434364 2.30149 3.32867 3.36690
' & 3002644 . 302658 2.53750 2.47900 3.47806 3.53147
! ' T 3.2385% 3.23828 2.T6983 2.70048 3.656889 3.73098
\

»

AN

|
]
|

BT 1N B oo o TAR A 2 ARG T e e TN e mss matged VR e | e s e .. -



ALATE SECTINN CONRDINATES (PATATHNE A% X = 1.3936¢

‘ﬁiiI'

oy 71 Lisey L~3aR ARFA TN LLCG o4L"H TiLLy PHY
10,0097 0.00ED 063227 D.1229 0a 2953002 0.1889N=0¢ DLIRZIN=DL D427  1.15922-0% O, 7957D-05

T4 k) HISP) H-RAR BETA I4ax {4HEG TtH)

.3150 0,0060 0.0217 0.0218 0.2307 0.11680-04 0.11680-24 e £6290-~04

L{Ig} LEMC) LITC) L{ocy Leel L{RP) IRR LY Lgumy L{1s) L{4s) LETS) LiD8) Lif3)
0.0030 01226 0.0758 0.2415 0. 0042 D.12286 0.0769 3.240% J.0G19 Dal1226 09,0747 0.2427 Gel227
THTLC) Heury HITrY HIDT) MITP) HiNP) H{TP} 43P} HITS}) H{HS) H{TS} H{0S) HICG)
D.0030 ¢.0288 0.0246 0.0030 0. 30Nn2 2.0213 0.0179 0.3913 N.09%R 7,234 n,0313 1.0057 3.221%

. L HP HS
Q.0 0,0020 0.003¢

0.0030 ~0.0002 0.206%
0.0050 0.6005 0.7073
D.01G0 D.bp22 9.9094
4.0150 G.00%% 0.0121
0.0200 Q.0054 G.01%3
0,0250 ¢. 0069 0.7164
0. 0300 0.0083 0.01%3
0,0350 0.0096 0.0202
0.0400 0.0109 0.0220
0.0450 g.0i21 0.0236
0.0500 0.0832 0.0251
0.0550 0.01%2 D.02056
0.0500 2.0152 B.3279
0.0650 D.0161 0.0291
0.0700 0.01569 0.0303
a.0750 0.0177 0.9313
0.0800 0.058% 0.9323
G. 0850 9.0190 0,0331
0.0900 0.0195 0.0338
0.0%50 0,0200 0.0345
2.1000 0.020% 0.41350
Q.1050 6.0207 0.0355
0.1100 0.020% 0.0358
0.1150 0.0211 0.0361
0.1200 0.0212 0.02362
01250 a.0213 0:0363
0.1300 0.,0213 20362
D.1350 0.021) 0.0381
0. 4400 0.02148 . 0358
0.1450 0.0207 0.0358
0. 1500 0.3204 0.0350
0.1550 0.0200 8.0345
0. 1600 0.0199% 0.0338
0.1650 0.9189 32,9331
0.1700 0.0183 0.0322
0.1750 0.0176 0.01312
0.1800 0.3168 4.0301
¢.1850 0.0159 £.0209
N 0.1500 0.0149 0.0275
0.1950 0.0139 0.02561
0.2000 0.0128 Q. 0246
0.2050 0.0115 0.0229
0.2100 0.0102 0.0211
0.2150 8.0088 C.0191
0.2200 G.0073 T.0LTL
2. 2250 0.0957 D.0t%8
0.2300 D.Gas1 0.9125
0.2350 4.0023 8.90%9
%.2400 0. 000% 2.7972
0.2415 ~0.930°2 0.0B64
02685 2.0034 0,00%0




=
- b
(871

T
0.00£1
T0
0.0Ds0
L{4c)
0.1229
HIME)
0.0280

LisP)
d.i229
H{SP)
g.0212
T
0.9740
H{Tr)
0.0239

L-8ap
01232
H=-R4R
0.0212
L%y
0.2421
HIRC}
0.0929

ARFA

BETA
0.2210
Li1PY
0.0041
HLTPS
0,0002
L
0.0
0.0030
0.0050
0.0100
0.0150
0.0200
0.0250
0.0300
0.0350
0.0400
0.04%50
0,0500
0.06550
0.0600
D.0550
0.0700
0.0750
£.0800
0.0850
0.0900
0.0950
0.1000
0.1030
G.1100
0.1150
0.1200
0.1250
0.1300
0.1350
0. 1400
0.1450
D.1500
B8.1550
0.1500
2.1650
0.1700
0.1750
0. 1800
0.1850
0..1900
0.1950
0.2009
0.2050
0.2100
0.2150
0.2200
0. 2250
0.2300
0,2350
0, 2400
0.7421
0.2451

ITHIN

0., 1173D-06
L(MP]
0.1228
HRE)
0.0205

AP
6.0030

-3.0002

0.0805
0.0021
04,0037
0.0052
0.0066
0.0079
0.6092
0.010%
0.0116
0.0126
0.0136
0.0146
0.015%
0.0162
0.0170
0,017
¢.0182
0.0137
0.01%2
0.0196
0.0199
0.0201
0.0203
0.0204
0.,0205
0.0205
0.0204
0.020:2
0.0199
0.0196
0.0192
0.0188
0.0282
¢.0174
0.0170
0.01562
0.015%4
0.01%4%
0.0134
0.0124
0.0112
6.0099
0.0686
0.0372
9.005T
0.0241
0.002%
0.0006

~0.0702

0.0030

ALANE SECTIAIN CONRDINATES (RNTATEA} AT

ILLes

0.29560-02 G.1780D-0&6 Q.1782N-3¢
A

L{TE)
0.07TTH
H{TP)
3.0172
H%
0.0030
0.006%
0.0073
0.0096
0.011S
049140
0.0160
0. 0180
0.0198
0.0215
0.6231
0.02556
0.0260
0.0273
0.0285
0.0296
0.03086
0.0315
0.0323
0.,0331
0.0337
0.0342
0.0347
0.0350
0.0353
D.0354
0.0355
0.035¢
0.0353
0.8350
0.0347
9.0243
0.0337
0.G331
0.032%
0.0315
0.8306
0.0295
0.0284
0.0271
0. 0257
0.0242
0.0226
0.8208
0.018%
0.3169
D.0148
0.0t25
0.0101
0.007%
0.006%
0.4030

0.1173D~04



92T

RLAGF SFCTINN COORDEINATES (“OTATIN} 4T X = 1.4014
GAEAN T LI5PY L-far ARES IMIN TLLES PHLG 1L PHL
10,9255 Da.C361 0.1231 7.1275 0.29617=02 0.16877=06 J.16A87-0F £,39610-07 4.14150-05 0,75640-)%
T T Hise) H=PAT " arta IHAX THHT G Ti--}
0.9150 0.0062 0.020% 0.0205 0. 1938 0.11820-04 0.11820-04 3.57000~04
LLTD L{ucy LErey Lo} el L{ur} LiYP} LtP) LITS) L{S) LTSy LI0S) L(TG)
0.0030 Q..1231 0.0763 042427 0.0041 1231 0.0773 3.2415 3.00n20 0.1232 0.0753 0.243% 3.1231
Hre HE4E] HE{TRY HIICE H{TIP} H{HP} HITP) ER I H H{IS) HENS} HETS) H{I5) 4(rs
D.N030 0.0270 0.0231 0.0330 0.0002 3.0195 0.015% u. 3002 0.005% 0. 0345 0.0298 3.0057 2.3205
t HP HS
3.0 0.04320 0.0030

0.0030 ~0.000L 0.006%
0.0050 0.0005 0.0072
0.0l00 9.0020 0.0095
0.0150 0.0035 0.0117
0.0200 0.0049 0.0137
3.0250 0.0063 0.0157
0.0300 0.007& 0.9175
0.0350 0.0088 2.0193
¢. 0400 0,009% 0.020%
D.0450 0.0110 0.0225
0.0500 G.0120 G.0239
0.0550 0.0130 G. 0253
0.060D 0.0139 0.0268
0.0650 00147 0.0217
00700 0.015% 0.0288
D.0750 0.0162 0.0298
0.0800 G.nNls68 0.0307
D.0850 0.0173 0.0315
0. 0500 -0.0178 0.0322
0.0950 0.0183 0.0328
0. 1000 0.0M86 0.3333
0.1050 0.0190 0.0337
0. 1100 0.0192 02.0341
0.1250 0.019% 0.0343
0.,1200 '0.019% 0.03245
0.1250 0.01%5 0.0345
0.1300 0.0195 0.0345
0.1350 0.01%4% 0.034%%
D.1400 0.0193 5.3341
0. 1450 0.0191 0.0335
0.1500 0.0188 0.0334
0.1550 0.0184 0.0322
0,1600 - 0.0130 0.0323
0.1650 0.0175 0.9316
2.1700 G.0169 0.0308
0.1750 0.0163 0.0299
0. 1800 0.0156 0.0280
0.1850 0.0148 0.0278
041900 0.0139 0.0265
9.1950 0.0130 0.0252
0 2080 0.0119 0.0238
0.2050 d.0t08 D.0222
0-.21090 0.0097 0.2205
0.2150 J.008% c.01ar
0.2200 00,0071 0.0168
0.2250 0.06586 Q0147
0.2300 0.00%1 0.9126
0.2350 0.0025 l.0102
9. 2400 0. 0008 1, 0077
Na242T ~0.0242 MR A
0. 2657 $4.3732 k. 1939




LET

GAMAA
10.525%
™
J.0150
LtIc)
0.0031
HIIC]
59,0031

T1
2.0061
T8
0.8380
L{ur)
0.123R
H{NCY
£.02%50

Lise)
D.1238
HISP)
0.0l9p0
L(TC}
0.0764
HITO)
0.0216

L—RAR
Gel1743
H=34R
0.0190
L{acs
0. 2442
H{3C)
0.0430

ALADE SECTION TAORDINATES {&TATED) AT X = L4615

ARFA TYIN TLLPG
D.2975D-02 0.1500M-06 J.15707-06
BETA TMBRY IHHEG
0.1638N-02 0.1203D-08 J.1203N-D4
L{IP) LiMPY LiTOd Lrge)
0.0041 0.1238 0.0773 7.2631
HITP) HIMF) 4{ TP} H{nvy
0.0007 0.,2175 J.014° 0.J002
L HP HS
0.0 0.,0031 0.0031
0.0031 -0.0901 0.006%
0.0050 0.0096 D.0072
0.010D 0.0019 0.0093
0.0150 0.0032 0.0113
0.0200 0.0045 0.0132
0.0250 0.0057 0.0151
0.0300 00069 0.0168
0.0350 9.0080 0.018%
9.0%00 0.0070 0.0200
0.0450 ¢.0100 20.021%
0.0500 0.0104 9.0228
0.0550 0.0118 0.9241
0.0600 0.0126 0.0252
0.0650 0.0133 0.0263
0.0700 0.0140 0.0273
0.0750 0.014%6 0.0282
0.0800 0.0152 0.3290
D.0850 0.0157 0.0258
00960 0.0161 0,030%
0.0950 0.0165 0.0310
0.1000 0.0168 0.0314%
0.1050 9.0171 D.0318
6.1100 0.0173 0.0321
0.1150 0.017% 0.0323
@.1200 0.0175 0.0325
0.1250 0.0175 0.,0325
0.1300 0.0175 ¢.0325
0.1350 0.011% 0.0323
Do 1200 0.0L72 0.0321
0.1450 0.0170 0.0318
0.1500 D.0168 7.0314
0.4550 0.RL6% G.D209
0.1600 -2.0150 9,0304
0. 1650 0.0158 0.0297
0.1700 G.015% 0.02%90
01750 00145 0.0281
0.1300 0.0L39 0.0272
0.1850 0.0132 0.0262
0.1905 0.G124 0.0252
0.1950 0.0116 0.923%
0.2000 0.0107 0.0225
0.2050 0.00%7 0.0211
0.2100 0.0087 0.0196
0.2150 ¢.0076 D.0180
0.2200 0.30565 0.0162
0.22350 . 2052 0.01%4%
0.2300 0.3039 0.0125%
1.2350 0.0326 0.91046
N, 2400 0.0G11 0.00R?
0.2467 -0.3991 1.J06%
n,24712 0,9033 3. 0020

PHL"G
3.72350-4%

L(Is)
28,0020
H{I5)
2.0059

T(LL?
Y. 122€A-N6
{443
2.50320-0%
L{4s)
0. 1229
HMS)
3.2325

PHL
0.70330-05

L{T5)
0. 0755
H{TS)
0.0283

L(DS)
G. 2453
H{™S]
02058

L{ER}
D.123F
H{C3)
J.0123



BLT.

TEMMA
245571
9.0150

ey

g.0031
HELCY .

- 0.:0033

1
00061

0.0060
LEMED
0:12464
HIMCY
D.0741

LISP)
D.1243
HESP)
040184
LTC)

Cu 0764

HETC)
U.0209

OLADE SECTION COORDINATFS (ROTATEN) AT X =  1.5461
L~BAR LREA IMIN ILLEG BefLnf e PHL
04,1245 0.2980D-G2 0.14D10~06 0.1%010-06 Da76210-08 0.1152N-05 0.6Pf%40-05
H~BAR RETS 144X t9HLE i IE TS
n,0184% 0.36560-01 Q.120AD-04 (.12080~2¢ 0.582%0-04%
Lne) Lirey L{4py Lerm Loy LETS) L1us) 117s)
0.2456 0.0041 0.1244% 0.0773 Ge 2665 5.0021 0.126% 0.075%
HINC) HEIPY HE¥PY HETPY H{np) HETSY) HIMS5) HETS)
0.0330 D.0802 0.016% 0.0141 D.2002 2.0040 0.03148 0.0276
L HP H5

0.0 0.0031 80,0031

0.0031 -0.0001 0.006%

0.005G 0.0CGD% 0.0071

0.0100 0.0018 0.00%1

0.0150 0.0030 G.0111

00200 Q.0043 0.4130

6. 0250 0.0054 0, 0148

0.0300 0.0086 0.015%

0.0350 0.0076° G.0180

0.9500 0.0086 0. D15

00450 0.0895 B.0209

0.0504 0.079% a.0223

0.0550 C.0142 0.0235

0.0600 G.0120 0. 0245

Q. 0650 D.OLEY 0. 0257

2.0700 0.0133 0.0264

0.0750 0.013% 0.0275

0.0800 0.G14%% 0. 0223

0.0850 0.0:349 0.0290

J.0900 0.01323 0.02%4

0. 0950 0.0857 0.0307

0.1000 4.0160 0.0306

0.1050 6.01862 0.06310

0.1200 0.0184& 0.0313

02150 0.01565 0.0315

0.1200 €. 0166 0.03i6

0.1250 0.01566 6,036

G.1300 G066 0.0818

0.1350 00165 00,0315

0.14060 B.01ER 02.0313

041559 G.B162 0.0310

D.1500 0.0159 0.0305

0.1550 0.0i55 0.9301

0, 1609 D.0852 0.0296

0. 165G 0.0148 0.0290

a.1700 0.6143 08.0282

06,1750 0,013E 0,027

0.1800 0.0132 0.0266

0.,1850 0.9128 .0856

0.1900 .08 [0 L]

08,1950 0.0111 0.023%

0.2000 0.01G62 G.0221

0.2050 Q.002% 0. 0268

0.2100 0.0084 0.0193

0.2150 0.007% D.0278

0.2200 D.00563 0.01&2

D.2250 0.0652 0,045

. 2300 0.00B40 0.0126

0.2350 0.8027 9, 9207

0. 2400 0.001% 0.9087

0.2450 0,0009 0. U065

D.2456  ~0.000) 0.006%

5. 2486 2.5030 G.0030

11353
0.2465
H{DS)
o.0050

L{03Y
2.1253
Hir3)
720184



6¢T

TI
0.0D61

6.0050
L(%E)
0.1248
HIMC)
G. 0241

L{5P)
0.1256
HiGP}
0.0184
LITC)
040773
HETC)
0.0210

L-BAR
0. 1248
H=BAR
0.0184
L{aty
0.2464
HIOC)

0.0030

BLADE SE6CTION COORDINATES (ROTATED) AT X = 1.820%

ARER IMIN ILLCG PHLCG
0,29920-02 0.1407D~06 0.1407D-06 0.2900D0~D4

BETA IMaN IHHCG

0.13770-01 0.12220-04 O0.1221D-04%

LI L (¥P) (TP) Li{or) LITS)
0.0G41 0.1248 0.0782 V2454 J.0021

H{TP) Hi{#Hd ) HETP}) 1(0P) H{TSY
G.0002 0.0166 0.0142 0.0002 0.0060
L HP HES
0.0 0.0031 (¢.0031

0.0031 -0.080%  0.0064
0,0050  0.0004  Q.00TH
0.0100  0.0017 0,009
0.0150  0.0030  0.B111
0.0200  0.0043  0.0130
0.0250 0.005% 0.01%8
0.0300  0.0085  0.0155
0.035¢  0.0076  0.0181
0.0400  0.0086  0.0196
0.0450  0.0095  0.0210
0.0508  0.0104  0.0223
0,0850  0.0112  0.0235
0.0600  G.0120  0.024s
0.0650  0.0127  0,0257
0.0700  0.0133  0.0266
0.0750  08.0139  0.0275
0.0800  U.D1%%  0.0283
0.0850  0.01%3  0.0250
8.0900  D0.0153  0.0296
0.0952  0.0157  0.0302
0.1000  0.0160  0.0306
0.1050  0.0162  0.0310
0.1108  0,0165  0.0313
8.1150  0.0165  0.0315
@.1200 0.0166  0.0316
0.1250  ©.0166  0.0316
0,130  0.0166  0.0316
0.1350  0.0165  0.0315
0.1400  0.016%  0.0313
0.1450  0.0162  0.0310
0.1500 08,0159  0.0306
0.1550  .0156  0.0301
0.1600  0.GI52  0.0296
0.2650 0.G148 0.02%90
0.1700  0.014%  0.0283
0.1750  ©.0138  0.0275
¢.1800  0.0132  0.026%
0.1850  9.0126  0.0256
0.1900  9.0119  0.0246
01950  0.01i1  0.4234
0.2000  0.0103  0.0222
0.2050  G.009%  0.0209
0.2100  0.0085  D0.0195
0.2150  0.0075  0.0180
0.,2200  0.0064  0.016%
0,2250  0.0053  D0,0147
0.2300  0.0042  0.0129
0.2350  0.0025  0.0110
0.2400  0.0016  0.0090
0.2450  0.0003  0.0069
0.2466 =0,0061  0.0063
0.2494 0.0030 0.0030

TiLL}
2.1155D-05
T(HR)
0.58R3D-00
LiMs)
D.1248
H{KS)
0.0216

PHL
0.6879D-05

LETS)
0.0764%
H{TS}
0.0277

L(OS})
02674
H{0%)
0.005R

LICS)
0.1248
HIT G}
0.318%



0T

GAMYA
7.8841

040150
LL1C)
0.0Q03)
HIIT)

D.0031

Tl

0.0062

0.0060
LINC)
0.1250
HINC)
0.0250

L{5SP)
0.1248
H{SP)
0.0190
L{TCi
0.07597
HITC)
0.6G220

L~BAR
0.1250
H-BAR
0.0190
L{0C)
0.2570
HLIC)
60030

BLADE SECTION COORDINATES {ROTATED) AT X = 1.7154

AREA M TLLEG PHLLG TtLL) PHL
0.30030-02 0,14960-06 0,14960-06 D.15300-10 2J.12370-05 0.7145D-05
BETA IMAX THHLG {(HH)
0.74320~04 0.12330-0% 0.12330-04 0.59250=04
e L{NP) L{TP} Lior) LUES) TIMS} L{TS} L{235) LICE)
0.0041 0.1250 0.0H806 0.2459 9.0020 0.1250 0.07RE 0.2480 0.1268
Hi{IP} HIUP} H{TP) HIGP) HUIS} H{HS) HiT5) H{B5} H{C5)
0.0002 0.0:75 0.0152 0.0002 2.0060 0.0325 0,028% 0.0058 0.01%0
L Hp HS

0.0 0.0031 0.0031

0.0032 ~0,0001 0. 0064

0.0050 0.0004 0.0072

T.01040 0.00k8 0.0093

0.0150 G.0032 0.0113

0.0200 0.0045 0.0133

0.0250 0.0057 ¢.06151

0.0300 2.0069 0.0159

0.0350 0.G6080 0.0185

0.0400 0.G090 0.0200

Q.0450 00100 0.0215

0.06500 0.3109 0.0228

0.0550 0.0118 0.0241

0.05690 0.0126& 0.0253

0.0650 0.0133 0.0264

0.0700 0.01%0 0.0273

0.0750 0.014% G.0282

0.0600 0.0152 . 0291

0.0850 0.0156 0. 0298

0.0900 ‘0.0161 020304

0.0950 0.0165 0.0310

0.1000 0,058 0.0355

0.14050 0,0179 0.0318

0.1100 0.0172 0.0321

0.1150 G.0174 G«0323

0.1200 0.0175 0.0324

0.1250 0.0175 06.0325

0.1300 0.0175 0.0324

D.1350 0.0174 0.0323

D.1400 0.0172 0.0321

0.1450 0.0170 0.0319

0.1500 0.0167 0.0314

0.1550 0.0164 0.0310

0.1600 " 0.0160 0.0304

D.1650 0.0156 0.0298

G.1700 0.0151 0.,0290

0.1750 0.0146 0.0D282

0.1800 0.013%9 0.0273

0.1850 0.0133 G.0263

0.1900 0.0125 0.0253

0.1950 0.0117 0.0241

02000 0.0109 D.0228

0.2050 0.0100 0.0215

0.21030 0.0090 0.0200

0.2150 0.0080 0.0185

0.2200 0.00569 0.0168

0.2250 0.0057 0.0151

0.2300 0.0065 0.0133

0.2350 0.0032 0.0113

0.2400 0.0019 0.0093

0. 2450 0.0005 0.6071

04.2479 -0.0001 0.0063

0.2500 0.0030 0.0030



TeET

GAMMA
4.90%
™
0.0150
LE{IC)
0.9931
HEICH
0.0031

T
0.0062
TQ
©.0060
L{4C)
0.1251
HLHC)
0.0295

LISP}
0.1249
H{SP)
T.0223
LiTC)
0. 0811
HITC)
0.0262

L-BAR
0.1250
H~BAR
0.0223
L16C}
0.2471
HIGC )
0.0020

ALADE SECTTON COORDINATES {ROTATED} AT X = i.A009
€A

PHLLG

L11S}
2.G01°
HITIS}
0.0050

Tk}

[{4H}
0.6608D-04%
LINS}
0.1251
HIHS}
0.0370

THIN 1LLCG

0.30330-02 0.2016D-06 0.20160-06 0.87030-39 3,17100-05
BETA 1A THHCG
0.40290-01 0.1256D-0% 0.12580-04
LeIee Ltup) L4TP) Lior}
0.006%  0.125F  0.0822  0.2459
H{IPY HENP) ALTP) HIOR}
0.0003  0,0220  0.0193 040003
L HP HS

0.0 0.0031  0.003%

0.0031 -0.0002  D.0066

0.0050  0.0005  0.0075°

0.0100  0.0022  0.0098

0.0150  ©.0039  0.0123

0.0200  0.0056  O.Dl4b

©.0250  0.00%1  0.0167

0.03G0.  0.0086  0.0188

0.0350  0.0160  0.0207

Ba0400  0.0113  0.0225

0.0450  0.0125  0,0242

0.0500  0.0137  0.0250

0.0550  D.01%8  0.0273

0,0600  0.0158  0.0286

0.0650  0.0167  0.0299

0.0700  0.0176  0.0310

000750  0.0183  0.0321

0.0800  0.019C  0.0330

0,0850  0.0197  0.0339

0.0900  0.0202  0.034%

0.0958  0.0207  0.0352

0.1000  0.0213  0.0358

0.1050  0.0214  0.0362

0,1100  0.0217  0.0366

0,150  0.0219  0.0368

0,1200  0.0220  ©.,0370

€.,1250  0.0220  0.0370

0,1360  0.0220  D.Q370

0.1350  0.0219  0.0358

0.1600  0.0217  0.0386

0.1450  0.021%  0.0363

0.1500  0.0311  0.0358

0.1580  0.0207  0.0353

0.1600  -0.0203  D.D3&7

0.1650  0.019F  0.G339

0.1700  0.0191  0.0331

0.1750  D.0184  0.0322

0.1800  0.0176  O0.031t

0.1850  0.0168  0.0300

0.1900  0.0159  0.0287

0-1950  0.0149  0.0274

0.2000  0.0138  6,0259

0.2050  0.0127  D.024%

0,2100  0.0115  0.0227

0.2150  0.0102  0.020%

0.2200  0.0088  0.5190

0.2250  0.0073  0.0169

0.2306  0.0057  0.0148

0.2350  0.0041  0.0125

0.2600  0.002%4  0.0L0L

0.2450  0.0006  0.0075

0.2471  =0.0002  0.0064

0.2501  0.0030  0.0030

PHL
0.B46TD~D5

LeTS)
0.0801
H{TS}
0.0330

Ltos}
0.2486
4135}
2.0057

LICG)
31249
HICG?
J.0223



et

THIRD STAGE ROTOR

TDA 013 TRIAL 1

INPUT FOR BLADE CODRDINATE PRGGRAM

ETA LAHDA gpi orz2 THLMYT
0.0 0.0 8.00000 1.00000 0.00010

ELEMENT  RI ‘RO I ™ To RIC RTC

1 : 1.79305 1.79333 0. 00600 0.81510 0.00600 57.80185 54 54604

2 . 1.75872 1.76031 0.00600 0.01550 0. 00600 56.83131 S4uhb24T

3 1.48887 1.69354% 0.00600 0.015640 0.00800 55.19451 53,27586

% 1.51655 162517 0005600 0. 08740 0. 00600 §53.43480 50.64553

5 1.54086 1q55423 0.80600 0.01830 0. 00600 S51.60610 46.70112

& 1.4600% Lefi7042 0.20608 0.01940 .00600 49,89&6T 42 .3780%

T 1.416908. Le%40RE 0.00500 001950 0.00600 49.13332 39.63453
ELRUE¥ELEHEHT STACKING PARAMETER--TNORMI = 0.297D=D2
THECE

0.59500720-01 0.59839050-01 0.6050432D-01 G.60700420-01 0.&602335600-01 0

CREG

B77.8983 153.709% S2.06144% 28,91 T68 18.93525
BLADE ELEHENY STACKING PARAMETER=-THORMI = 0.457D-04%
THECG

B.5952T510~-01 0.59853400-01 D.605386908-01 0. 60766000-01 0.560336900~01 1]

CRES

B77.6983 153.70%95 52.06151 2B.91784% 18.93450

Kac
52.D3183
52.49231
51.9029%
49.00518
%3.82327
37.48985
32.49073

«59988840-01

13.36974

-60175280-01

13.3704%0

ZHE
0.08009
0.07978
0.07939
0.07992
0.08032
0.08310
0.08580

i7cC

0.11570¢
00 114%%
0.11193
0.10959
010655
0.10190
0.095692

0.5960732D-01

11.54691

0.59719150-01

11.34772

Zoc
¢.13708
0.13885%
D,14368
0.15176
016205
D.17527
0.18311




EET

ELEMENT

~o WP

ELEMENT-

~oup W

ALP
0.11703
0465589
1.86162
3.21329
4.687T3
6430959
7.23013

£ic
0.26463
0220384
0.17478

0.27279
0.52387

088608
1.18687

BLADE ELEMENT ANGLES

KH KiC KT
55.59015 57.80185 5%.64604
55.164%9 56.83131 54. 66247
53.824%4% 55.19461  53.27586
51.38380 5343480 50, 64553
HT.064%% 51l.60610 456.70112
43.69182 49.89467  42.37B04
40481242 49.13332 39.63453
BLADE ELERENT CURVATURES

cot Cip cop

127410 -0.16357 —3.05816
D-83689  -0.26297 ~2.43201
D.45819 -0.37996 ~1,57896
043700 -0.38792 ~-0.93517
002357  —0.2652T7 ~0.34407
0.88595 -0.00829 ~0.02984
1.186859 0.26388 C.24139

Xac
52.02183
52.49231
51.902%1
49.,00618
43.82327
37.48985
32.49073

cls
0.689%1
0.66819
0.72706
0.92849
1.30079
1.75676
2.07612

KIP
54422439
53.01634%
50.84603
4B.%46834
45.97291
43.63403
42.65069

CAS
S«45678
4.03409
Zeb69%%
1.79243
1.57337
1.77728
2.09753

kP
56,172066
56.07009
55.01610
52,4318
48.45213
43.70402
4G, 553%6

KNP
62.44516
61.79988
59.75368
55.94258
50.0384%1
43,86810
39.10884%

KIS
6L.3691%
60.63799
5%. 53540
£8.38520
5720645
56409005
55.52291

KTS
53.12374
52.95836
51.53840
4B.086530
46 ,9605%
%1.05595
38,72882

KOS
41.76016
43426926
44,09224
%2.10212
37.65311
31L.17812
25.96777



f~
<t
o

GAMMA
40.0059
™
0,.0200
LIy
0.0030
HEIC)
00030

TI
0.0060

0,0062
L{YC)
0.1240
HIMC]
0.0142

L{5P)
041249
H{SP}
0.G113
LETC)
0.1387
HITC)
0.0140

L~BAR
0.1249
H=BAR
0.0114%
L{oo)
0.2452
H{oc)
0.0031

BLADE SECTION COORDINATES (ROTATED) AY X = 1.4170

AREA ININ ILLCG PHLCG 10LL)
0.37520-02 0.1207D-06 0.12080-06 0.3880D0-07 9D.60660-06
BETA THAX THHCG 1{HH)
01579 0.1420D-04 0.1420D-04 8.72T00-04
LiIr} LIHP LITR} Ltop} L{IS) L (M5}
0.003% 0.1240 0.1384 042446 0.0026 0.1240
Hires H{MP) HL{TP) H{OP} RIS} HE{MS )
0.0000 0.0042 0.0042 0.0001 0.0050 0.0242
L HP HS

0.0 0.0038 0.0030

0.0030 o.0000 0.0061

0. 0050 0.00601 0.0067

0.0100 0.0004 0.0080

0.0150 0.0007 0.0094

0,0200 0.0010 0.0107

0.0250 0.0013 0.0119

0.0300 0.0015 0.9131

0.0350 c.00L8 0.0142

O.0400 0.00206 0.0152

0.0450 G.0022 0.0162

0.0500 0.0024 0.017%

0.0550 0. 0027 0.0180

0-0600 0.0028 0.0188

0.0650 0.0030 0.0196

0.0700 0.0032 0.0203

0.0750 0.003% 0.0209

J.Q800 0.0035 0.0215

0.0850 0.0036 0.0221

0.3900 0.0038 0.0225%

D.0950 0.0039 0.0229

0.1000 0.0040 3.0233

0.1050 0.004% 0.0236

01190 0.0041 0.0238

0.1150 0.0042 0.0240

0.1200 0.0042 G.0241

0.1250 0.0043 B 1242

0.1300 40043 L.282

0.1350 0.0043 0.0241

0.1400 0.0042 a.0240

0.1450 0.0042 0.6238

0.1500 0.0042 0.0236

0.1550 0.0041 0.0233

0.1600 0.0040 0.0229

0. 1650 0.0039 0.0225

0.1700 0.0038 0.0220

0.1750 0.0037 0.0214

0.1800 0.0035 0.0208

¢.1850 0.003% 0,0201

C.l900 0.0032 0.019%

0.1950 0.0030 0.0186

0.2000 0.0028 0.0177

0.2050 0.0026 0.0167

0.2100 0.0023 0.0157

0.2150 0.0020 0.014%6

0.2200 D.0018 0.0134

0.2250 0.0014 0.0122

0.2300 0.0011 0.0108

d.2350 0.00G8 0.0095

0.2400 0.0004 0.0089

0.2450 0.0000 0.0064

0.2452 0.0000 0.0084

0.2483 0.0031 0.0031

PHL

0.53700-05

LITs)
0.1392
HITS)
0.0240

Lios)
0.2458
H{OS)
0.0062

L{CG}
0.1249
HICGH
0.0113



SET

BLADE SECTION COORDINATES {ROTATED) AT X = lL.4282

GAKMA TI LisP) L-BAR AREA HIN ILLCG PHLLG FE (NN | PHL
40. 8707 0.0060 0.1249 0,1249 0.37290~02 0.1144D-06 0.k144D0-86 0.32950~0T7 wv.54590~08 0.5041D0-05

™ TO H{SP) H~BAR 8ETA X THHCG TIHH)

Q.0199 0.0061 0.0107 G6.0108 0. 1348 0.14120-04 0.14120-04 0.72260~-04

L{EGE L(HC) L{TC) Lrac) LM Liup) LL{Tel Ligry Lers) LINS) LLTS) L(osy LICG!
Q.0030 D.1241 0.1411 0.2454% 0.0034% 0.12440 0.1406 0.2449 C-0026 0.1241 G.1415 0.2459 0.1249

HETC) HLMC) H{TC) H(ac) H{IP) H{MP HITP) Higet HIIS5}F | HO#S8) TS HI0S) H{CG}
0.0030 0.013% 0.0133 0.0031 0.0000 0.0035 0.0035 0.0000 2.0060  ~"$.0233 0.D231 0.0061 0.0107

L Hp HS i
0.0 0.0030 0.0030

0.0030 0.0000 0.0062
0.0050 0.0001 0. 00656
0.0100 0.0003 0.0079
0.G150 0.0006 0.0092
0.0200 0.0008 0.0104
0.0250 0.0010 0-0116
0.0300 0.00i2 0.0:27
0.0350 0.0014 0.0138
0.0400 0.0016 0.01%8
0. 0450 0.0018 0.0157
0.4500 0.0020 0.016&
0.8550 G.0022 00174
0.Q600 0.0023 0.0182
0.0650 0.0025 0.0189
0.0700 9.0026 0.01956
0.0750 0.0028 0.0202
D.0800 0.0029 0.0208
0.0850 0.0034 0.0213
0.0%00 0,0031 0.0217
0.0950 D.0032 0.0221
0.1000 0.0033 0.0225
0.14050 0.0033 0.0227
0.1100 0.0034 0.0220
G.1150 0.0034 0.0231
0.1200 0.0035 0.0232
0.1250 0.0035 0.0233
0.1300 0.0035 0.0233
¢.1350 G.0035 0.0232
G.1400 0.0035 0.0231
0.1450 ¢.0035 0. 0229
0.1500 0.0034 0.0227
2.1550 0.003% 0.022%
0.1600 0.0033 0.0221
0.1650 0.0032 0.0217
0.1700 0.0031 D.0212
0.1750 0.0030 0.0206
0.1800 0.0029 0.0201
0.1850 0.0028 0.0194
0.1900 0.0026 g.0187
0.1950 0.0025 0.0179
0.2000 0.0023 0.0171
Q.2050 g.0021 Qs 0161
4.2100 0.0012 0.0152
G.2150 G.0017 0.0141
0.2200 0.0014 0.0130
0.2250 0.0012 0.0118
J.2300 0.0009 0.0106
0.2350 0.0004 0.0093
§.2400 0.0003 0.0079
0.2450 0.0000 0.0064 ~
0.2454 0.0000 0.0063
0.2485 0.0031 3.06031



9€ET

GAHMA

fl.T654

™
0.0198

L{IC)
0.0030

H{IC)
0-0030

T
6.0060
Ta
0.0061
(RET
01241
H{HL)
0.0125

LEse)
0.i24%
H{SP}
0,0101
Lirel
0.1436
HITC}
9.012%

L-BAR
0.1249
H~+BAR
0,0101
L{ac)
0.2456
HIQC)
0.9631

BLADE SECTION COORDINATES (RUTATED) AT X = L.4402

AREA IHIN ILLCG PHLEG TELL:
0.37060~02 0.1082D=06 0.10820~06 0.,28520-07 0.48730-06 0.47090-05
BETA THAX THHCG T{HH)
0.1172 0.14060-0% Q.)4060-04 0.71850-04%
Liie} L{¥pP) L{To) Ligr} Lirs LINMS)
0.0034 0. 1240 0. 1432 0.2451 0.0026 0.1241
HUIP) H{ &P} HITP) H{OP} HIIS) HIMS)
8.0000 0.0027 0.0027 0.0000 0.0Q05% D.0224
L He HS

0.0 0.0030 0.0030

0.0030 0.0000 0.0060

0.0050 0.0001 0.0066

0.0100 0.0003 0.Q078

0.0150 0.0004 0.0090

0.0200 0.0006 D.0L02

0.0250 0.0008 0.0:23

0.0300 0.0009 0.01e4

0.0350 0.0011 0.0134

0.0400 #.0013 0.0143

0.0450 0.0014 0.0852

0.0500 0.0015 0.0160

0.0550 0.0017 D.01&8

0.06G0 0.0013 0.0176

0.04&50 0.0019 2.0183

0.0700 0.0020 0.0189

0.0750 0.0021 D.0195

0.0830 0.0022 00200

0.0850 0.G0235 0.0205

¢.0900 0.0024 0.0209

0.0950 0.0025 0.0213

g.10040 0.0025 0.0216

G- 10350 0.0026 0.0218

0.1100 0.0026 0.0221

0.1150 0.0027 0.0222 -

Oel200 0.0027 0.0223

0.1250 0.0027 0.0224

0.1300 0.8027 0.022%

0.1350 0.0027 0.0223

0. 1400 0.8027 D.0222

0.1450 0.0027 4.0220

0.1500 0.0026 0.0218

0.1550 0.0026 0.0215

0.15600 0.0026 0.0212

0.1650 0.0025 0.0208

0.1700 0.002% 0.0204

0.1750 0.0023 a.0198

0.1800 0.0023 0.0192 !

0.16850 0.0022 4.0187

0.1900 0.0020 0.0t80

0.1950 0.Q019 0.0172

0.2000 N.0018 D.01l64 !

0.2050 0.00146 0.01i5%

0.2100 0.0015 0.0147

G.2150 4.0013 0.0137

D.2200 0.0011 0.012&6

0.2250 06.0009 0.0115

0.2300 0.0007 0.0103

U.2350 0.0005 0.0091

0.2400 0.0003 0.0078

0.2450 g.0000 U.006%

0.2456 0.0000 0.0062

0.2487 0.0031 0.0031

PHL

L(TS)
0.1440
H{TS)
0.0221

L{os)
0.246%
H{DS}
0.0061

LICG)
0.1249
HE{CG)
0.0101



BLADE SECTION COORDINATES (ROTATED] AT X = 1.5026

GAHMA TI LISP) L—BAR AREA LHIN fLLCG PHLLG [SERE ] PHL
45.6210 0.0060 Gel252 0.1252 0.35750-02 0,.850%0-07 Q.85i00-07 0.14020-07 0.29380-06 0.34350~0%

TH TC H{SP) H-BAR BETA THAY [HHCG TLHH)
0.0189 0.0062 a.0076 0.0076 0.58940-01 0.13720-04 0.13720-04 s 69BO0~0%

LiIe) L{MC) LITC} LLocy Ltrm Litap} L{TP} L{op) LIIS) L{H5) LITS) L{O3} LiCGH
0.0030 0.1251 0.1565 0.2462 0.0032 0.1251 [PRET-T] 0.2458 0.5027 0. 1252 D.1569 D.2465 0.1252

HIIC) BIKC) HITEC) H{BL§ HI1P} HIKP) HITP) HiOP) HI 15} HINS) HI{TS) HLOS) HICG)
0.0030 Q.0092 0.008%9 0.0031 0.0000 -0.0002 -U.0002 0,0000 0.0060 0.0186 0.0179 0.0062 0.0076

L HP HS
0.0 0.0030 0.90030

0.0030  0,0000  0.0060
0.0050  0.0000  0.0064
0.0100 -0.0000  ©0.007T4
0.0150 ~D.0000  0.0083
0.0200 -0.0001 0.0092
0.0250 ~0,000f  0.0101
0.0300 -0.0001 0.0109
6.0350 -0.0001 0.0117
0,0400 ~0.0001 0.0124
0.0450  ~0.0G01 0.0231
0.0500 -~0.000L  0.0138
0.0550 -0.0002  0.0%4%
0.0600 ~0.0002 D.0150
0.0650 ~0.0002  0.0155
8.0700 ~0.0002  0.0160
0.0750 =0.0002  0.D164
0.0802  ~3.0002  0.0lsd
0.0850 -0.0002  0,0172
8.0900 -0.0002 0.0175
0.0950 -0.0002  0.0178
0.1000 ~0.0002  0.0181
0.105¢ ~0.0002  0.0183
0.1100 -0.0002  0.01684
0.1150 =-0.0002  0,0185
0.1200 -0,0002  0.0L86
0.1250 ~0.0002  0,0186
0.1366 -0,8002  0.0186
0.1350 -0.0002  0.0l86
0.1400 ~-0.0002  0.0485
0.1450 ~0.0002  0.0184
0.1500 ~0.0062  0.0182
0.1550 ~0.0002 0.0180
0.1600 -0.0002  0.B81%7
0.1650 -0.0002  0.017%
D.1700  -0.0002  0.017)
0.1750 -0.0001 0.0167
0.1800 -0.0001  0.0163
0.1850 -0-0001 0.0158
0.1900 -0.0001  0.0153
9.1950 -0.0001 0. 0147
0.2000 -0.0001 0,014
0.2050 -0.0001  0,013%
: . 0,2100 ~0.0001  0,0127
- : 0.2150 ~0.0000  0.0120
: 0.2200 ~0.0000  0.0112
9.2250 ~0.0000  0.0103

- 0.2300 ~0.000¢  0.009%
€.2350 -0.0000  0.0085

0.2400  0.0000  0.0075

0.2450  0.0000  0.0065

0.2462 0.0000  0.0063

0.2493  0.0031 0.0031

LET

R s

PR



GAMHMA
- 49.5809

™ .

o.0580

L{T1C)
0.0030
H{IC}

0.0020

T

0.0060

0
U.0060
LIsCy
0.1302
HIHC)
0.0056

L{sP)
0.1265
H{SP)
0.0057
LITC}
0.2721
HITC)
0. 0062

L=BAA
0.1265
H-BAR
0.0057
L(aC)
0.2660
HIOE)
0.0030

BLAOE SECTION COD?D[NATES (ROTATED) AT X = 145770
HIN

AREA fLLCG PHLCG
0.34480~02 0.69860-07 0.6986D-07 0.57270-08
BETA IMAK IHHLG
0.24560-01 0.13430-0%4 0013430-04
L{IP) L{HP) LITP) Lé0P) LLISE
0.0031 0.1301 0.1718 G.2466 J.0028
HLIP) HIRP} HITP) H{OP) H{IS)
0.0000 —0.40024 -0.0022 c. G000 2.0060
L Hpe HS
0.0 0.0030 0.0030
0.0030 0.0000 0.0060
0.0850 -0.0001 0.0063
0.0100 -0.00Q2 Q.0070
0.0150 -0.0004% 0.0077
0.0200 -0.0005 0.0084
0.0250 ~0.0007 0.0090
0.0300 -0.0008 0.0096
0.0250 =0.0010 0.4102
0.0400 -0D.00L1 05,0108
0.0450 -0.0012 0.0113
0.0500 ~0.0013 0.0118
0.0550 -G.0015 0.0122
0.0600 -0.0016 0.0127
0.0650 -0.0017 0.013¢
0.0700 =1.0018 0.013%
0.0750 ~0.0018 0.0138
0.8600 ~0.0019 0.014%
¢.0850 -0.0020 0.014%
0. 0900 ~0.0021 0.014%6
0.0350 ~0.0021 0.0148
0.10060 -0.0022 0.0150
0.1050 -0.0022 0.0152
0.1100 ~0.0023 0.0153
0.1150 ~0.0023 0.0154
0.1200 =-0.0023 0.0155
0.1250 ~0.0024 0.0155
0.£300 ~0.0024 0.0155
0.1350 -0.0024 0.0155
01400 ~0.0024 0.0155
0.1450 ~-0,0024 0. 0154
01500 ~0.0024 0.0153
D.1550 =0.0624% 0.0152
0.160¢ ~0.0023 0.0150
0.1650 ~0.0023 0.0148
0.1700 -0,0023 0.0146
0.1750 -0.0022 0.01%3
0.31800 -0.0021 0.0150
0:1850 -0.0021 0.0137
0.1900 -0.0020 0.0133
0.1950 -0.0019 0.0129
0.2000 ~0.0017 0.0124
0.2050 ~0.0016 0.0119
0.2100 -0.0015 0.,011%
0.2150 -0.0013 0.0108
0.2200 -0.06011 0.0102
0.2250 ~0.0010 0.0095
0.2300 ~-0.0008 0.0688
0.2350 ~0.0005 0.0080
0.2400 -0.0003 0.0072
0.2%50 -0.000% 0.0064
0.2468 0.-0000 G.0061

0.2498 0.0030

0.0030

L)
0. 1808D-06
[{HH
0.68620-04
L{MS)
0.1303
HEMS)
0.0155

PHL
0.2480D~05

LITS)
0.1724
HITS)
0.0345

LIDS)
02470
HlO5)
0.0060

L{CG?
0.1265
HILG)
0.0057



65T

GAMHNA
52, T4 2%
TH-
0.0170
L{IC)
0.0830
HETT)
0.3030

TI
0.0060

0.0060
L{NC}
0.1365
HINCE
0.0049

LISP)
¢.1280
HISPT
0.0044
LITC)
0.1671
HtTC)
0.0045

L~BAR
G.1280
H-BAR
0.004%
L{oc)
0.2459
HL{OCS
0.0G30

Lios)
D.2670
H{Os}

0.00560

BLADE SECTION COORDINATES TROTATER) AT X = l.6513 ’

AREA IHIN ELLCG PHLECG FILL) PH
0.33180-02 0.59400~07 0.5940D<07 0.22690-08 0.12470-06 0.188?0‘05
BETA IHAX THHCG I {HH}
0.99090-02 0.13:8D0-04 0.13L8D-04 0.6759D0-04
LEIp} LinP} Lire) L{gr) LLIS) LiHS} Ltirs)
0.0031 0.136% 0.1849 0.2468 G. 0029 0.1365 0.1872
H{IP) H{HPY HITP) HIOP) H{IS) HIHS] H{TS!
0.000060 ~0.0036 -0.0032 0.0000 0.0060 0.0134% 0.0122
L HP HS

0.0 0,0030 0,0030

¢.0030 0. 0000 0.00&0

g0.0050 —-0.2001 0.0062

0.0100 -0.0003 0.0068

0.0150 -0.0006 0.0073

0.0200 -0.0008 0.0078

0.0250 ~0.0010 0.0083

0.0300 -0.0012 G.0087

0.035¢ ~0.0034 0.,0092

0.0400 -0.0016 0. 0096

0,0450 -0.0018 0.41Q0

0.0500 -0.0020 0.0104%

6.0550 ~0.0021 0.0107

0.05006 ~0.0023 0.0110

0.0650 -0.0024 0.0113

0.0700 -0,002& 0.011e

0.0750 -0.0027 0.011%

0.0800 -0.0028 0.0121

0.0850 -0.0622 0.0124

0.0900 =0.0030 b.0126

0.0950 -0.0031 0.0127

G.1008 -0.003Z 0.0129

0.1050 ~0.0033 0.0130

0.1130 ~3.003% 0.0131

0.1150 ~0.003% 0.0132

©.1200 -p.0035 0.0133

0.1250 -0.0035 D.01332

0.1300 -0.0035 0.0134

0.1350 =0.0035 0.0134

G. 1400 -0.0036 0.0134

0.1450 -0.0026 0.G133

0.2500 ~-0.0036 0.0133

0.1550 ~0.0036 0.0132

0.1600 =0.0035 0.0131

0.1650 ~0.00835 0.0130

0.1700 =-D.0D034 0.0128

0.1750 -0.0034 0.0127

0.1800 =0.0033 0.0125

0.1850 -0.0032 0.0123

0.1900 -G.0032 0.06121

0.1950 ~0.0030 0.0118

0.2000 -G.0029 0.0115

B.2050 -0.0027 0.0111

0.2100 ~0.0025 0.0107

0.2150 -0.0023 0.0102

Q«2200 -0.0020 0.0097

0.2250 ~0.06G17 0.0091

0.2300 -0.0013 0.0085

0.2350 -0.0010 0.0078

0.2400 -0.030856 2.007]

0.2450 -0.0002 0.6063

De2%69 00,0001 0.0060

0. 249% 0.0030 . 0030

LiTG)
0.1280
HILE)
2.0044



v

GAMMA
54,7031
TH
0.0159
L{Ic
- 0.0030
H{IC)
0.0030

TI
0.0060

00060
L(Hc}
0.1426
HIHE)
0.0046

PO S Y PRy ST

LiSP)Y
0.1295
HISP)
0.0042
LI{TC)
0.2003
H(TC)
0.00%2

L-BAR
0.1295
H~BAR
0.0042
L(ac)
0. 2468
H{DC)
0.0030

BLADE SECTION COORDINATES (ROTATED) AT X = 1.7257
AREA IMIN ILLLG PHLCEG L) PHL
0.31790-02 0.5108D-07 0.%1090-07 0.84830-08 0.10680-06 0.1732D0-05
BETA ITHAX IHHLG T{HH)
0.37800-01 0.12910-04 0.12910-04 0.466220~-04
Leres L{NP] LiTP} LIOP) LLIS) L{M5) L{FS?
0.0031 0.1426 t.2001 0.2567 G.0029 0.1427 0.2005
H{IP) HIMP) H{T#2) H{OP} HE15) HIHS] HITS)
0. 0000 ~0.0034% -0.0030 0.0000 0.0060 0.0125 0.0113
L HP HS
0.0 0.0030 0.0030
0.0030 0.0000 0.9060
D.0050 =0.0001 0. 0062
0.0100 =-0.,0003 0.0067
0.01%50 -£2.0005 0.0071
d.0200 ~0.0807 0.0075
0.0250 -0.0009 0. 0080
0.0300 ~0.00L1 0.0083
0.0350 -0.0013 0.0087
0.0400 -0.0013 0.40091
040450 =0.0016 0.0094
0.0500 ~F.0018 0.0097
0.0550 ~{.00206 0.0100
0.0600 -D.0e21 0.0:103
0.0650 -0.0022 0.0100
0.0700 -0.0024 0. 01408
0.0750 -0.0025 0.01 1L
0.0800 -0.0026 0.0113
0.,0850 =-0.0027 0.0115
00900 -0 .0028 0.0t17
0.0950 -0.0029 g.0118
0.1000 -6.0030 0.0120
0. 1050 ~Q.0031 0.0121
G.1100 ~0.0032 0.0122
04,1150 -0.0032 0.0123
0.1200 ~0.0433 0.0124
0.1250 =-0.0033 O.0124
Q.1300 ~0.0034 0.0125
0.1350 -0.0034% 0.0125
0.1400 -0.0034 0,0125
0.1450 =0.0034 0.0125
0.1500 ~0.003% 0.012%
G.1550 ~-0.003% R.0124
D.1600 ~0.0034% 0.0124
0.1650 ~0.003% G.0123
0.1700 -0.0033 0.0122
0.1750 -0.0033 0.0121
¢.1800 -0.0033 0.0120
0.1850 ~0.0032 0.0L18
Q0.1900 ~0.0031 D.0117
0.1950 =0.0031 0.0LE5
0.2000 -0.0030 0.0113
0.2050 -0.0029 0.0111
0.2100 -0.2027 0.0108
0.2150 =0.0025 0.010%
0.2200 ~0.0022 0.3099
0.2250 ~0.0019 0. 0093
0.2300 -0.00L% 0.0087
0.2350 ~0.0012 0.0080
0.2400 =0.0007 0.0072
0.2450 =-0.004G2 0. 0064
0.2408 0.0003 0+ 0060
0.2498 0.0030 2.0030

L{gs)
0.2469

H{OS)
0.0060

L{CGS
0.1295
HICG]
0.0042



BLADE SECTION COORDINATES {ROTATED) AT X = 1-8500

.- GAMHA U TI LEiSP} L~<BAR AREA IHIN ILLGG PHLCG TeLL) PHL
56.6042 - 0.0080 0.1319 G.1320 0.29740~02 0.4217TB-07 Q.42270-07 0.35480-07 Q2.13100-05 0.21800-05
™ 70 HiSP} H~BAR BETA IHAX IHHCG I{HH)
J.0144% D.0064 0.0054 0.08055 01619 0.12500-04% 0.1260D-D% 0-64460D-04
L LLEC L{MCE LITC): L(acy LEIPY LiMP} LITP] Liorm LIS L{Ms) LTS8} L{0s) LICG)
00030 0.1551 02202 Q. 2466 0.0032 0.1542 0.2199 0.24860 3.0028 0.15%2 0.2205 0.2471 0.1319
HILIC) ‘HINE) HITC) H{OC} HIIP) H{MP) H{TR) H{OP! H{1S} H{MS] HITS] H{Os) HICG)
" 0.0030 0.0661 0.0050 0.0032 0.0000 -0.0020 -0.0015 0.0000 9.0060 0.0134 0.01k% D.0064 G.0054
L HP HS
0.0 ¢.0030 0.4030

0.0030 0.0000 0. 0050
0.0050 —0.0000 0.0062
0.0100 -0,.0000 0.0067
BT : 0.0:50 =0.0001 0.0072
LT e o 0.0200 ~0.0001 0.00F7
L s . 0.6250 —0.0001 0.0081
0.,0300 -0<0002 0.0088
0.0350 ~-0.0002 0.0090
0.0400 ~0.0003 0.009¢%
0.0450  ~0,0003 0.0098
0.0500 ~0,0003 0.0101
0.0550 ~0.000% 0.0105
0.0600 +0.0004 0.0108
0.0650 ~0.0004 0,0111
0.0700 -0.0D85 0.011%
0.Q750  ~0.0005 0.0116
0.0800 —0.0005 0.0119
0.0850 -~0.0006 0.0121
Q.0900 -0.0006 0.0123
0.0950  ~0.0007 0.0125
0.1000 -0.0007 0.0127
0.1050 ~0.,0007 0.0128
0,1100 ~-0.0068 0.0130
0.1150 ~0.0008 0.0131
0.1200 -p.000D8 0.0132
0.1250 -0.,0009 0.0133
0.1360 ‘0.0009 3-0133
0.1350 ~0.0009 2.0134
0.1400  -0.0010 0.0134%
0.1450 —D.0010 0.0134
0.1500 ~0.00i0 0.0134
0.1550 ~0.0010 0.0134
0.1600 ~0.0011 0.0134
0.1450 ~0.0011 0.0433
0.1700  ~D.001} 0.0132
| 0.1750 ~0.0012 0.0131
| E ‘ 0.1800 ~0.0012 0.0130
. 0.1850  ~0.0012 0.0129
| : 0.1900 -0.0012 v.0L27
0.1950  —~0.0013 0.0126
0.2060 -0.0013 0.0124%
0.2050 0. 0084 2.04123
0.2100 -0.0015 0,0121
0.2150 ~G.201l% g-0119
4.2200 -0.00%% 0.0115
0.2250 =0.001% 0.0110
2.2360  ~0.0012 0.0104
¥.2350 -0 .0009 0. 0095
V.2400 9,000% 0. 0084
. %84%0 2.0000 .23070
W ThbE 2.0002 3. 0066
y - -an 0.0032 0.0032

P11



T

THIRD STAGE STATOR  TDA 013 TRIAL 1
TNPUT FOR BLADE COBRDINATF PROGRAM

.BLADEEELEHENT STACKING PARAMETER--~TNORHMI = 0,219D-02

THEGG, .

0.16732530~01' 0.17915780-01 0.19218560-01 ©0.20787820-01
CRCG

1089.927 168.84563 60.88316 35,456506

BLADE-ELEMENT STACKING PARAHETER--TNORM1 = 0.1200-0%

THECG
0.1664%280-01 0.17B4778D0-01 0.19146620-01 0.20730270-01

£RCE _
1089.927 168.8461 60, 88295 35.46484

ETA LAMDA arl ap2 ™
0.0 0.0 8.00000 1.08000 0.09
ELEMENT RI RO T ™ o KIT
1. 1.79355 1.79395 0.00600 0.01500 0.00600 29.34397
2 1.7615% 1.76407 0.00600 0.01500 0.00600 28.71264%
3 L.69495 1.70370 0.00500 0.0153) 0.00500 28.17272
& l.63080 1.564193 0.00600 0.01500 0.00600 28.58821
5 . 1.56197 1.57783 0.00500 0.01500 0.00600 20.31567
6 1.,48920 1.51017 0.00600 0.01500 0.00600 32.19996
T 1.45090 L.47450 0.00600 0.01500 2.00600 33,.57477

d.2320872

23.81055

0.2316979

23.81031

LMT
J10

KTZ
13.20974%
14.15553
15.0748%
15.B6409
16.89135
18.05611
18.38527

n-01 0.26305413-01

D-01 0.26242629-01

Kac
-19.10126
=-15,24591
-12.36032
-11,24875
-10,721688
~10.96432
=-12.565321

17.k4925

17.14903

2ur
6.11919
2.11838
0.11781
0.11726
0.11636
0.11519
7211489

ZTC
0.07778
0.D7689
0. 07466
0.07339
D.07334
807365
0.0735D

0.27612710-~01

14.86951

0.27494950~01

14.86935

zaor
0.24305
0.26232
2.241561
0.24098
0.24005
0.23892
0.23880



EVI

FLEMENT

L

BN ) m'ép_wﬁ

- ELEYENT

-

AW

ALP

0.09429
0.59819
1.40029
2wB4 441
3.78002
5.01600

" B.654507

c1c
3.356249
3.06736
2.83911
2.79243
2.85278
3.01461
3,21779

ALADE ELEMENT ANGLES

KM KIC KTC
5213141 29.34397 13.20974
6473452 28.7T1264% 14415553
T-920518 2B.17272 15.07484
8.669563 28.5A821 15.86409
Q65655 30.01567 16.89135

10.51818 32.19996 18.05811
10.46248 33.5T477 18.,38507
BLADF ELEMENT CUAVAYURES

cac cip cop
3436270 2.84704 2.84682
3.06770 2.53609 2.53407
2.83890 2.29984 2229217
2.79209 2.25497 2424195
2.85263 2.32301 2430410
3.01484 2.497T99 2447317

2.71441 2.68612

3.21724

KQC
-19.10126
=-15.24591
-12.36032
~11.24875
-10.72188
=10.96432
-12.65021

cis
3.83273
3.55651
3.33910
3.29150
3.34394
3.49178
3.67862

KiP
25.23407
24.5823%
24.03995
24.46811
25.91881
28.13532
29.53858

CAS
3.83336
3.55%902
3434575
3.30281
3.36097
3. 51442
3.7040%

KTe
11.89375
12.72751
13.57474
14.32973
15.3774%
16.58815
16.92310

ROP
-14.,98942
=11.10413

-8.19315
-7.07026
~6.53812
-6,78183
~8.47884

KIS
23.31119
32.71197
32.18429
32.58956°F
33.99234
36.13900
37.47816

KTS
14.569%%
15.53834
L4.53088
17.3%%05
1R. 34045
19.42203
19.79816

KDSs
-23.07254
~19.25655
-15.43535
-15.30692
~14.78274
-15.01728
~16.568392

..,._,_.v



9T

) ALADE SECTION CONRPINATES ([(ROTATED} AT Xx - 1.4509

GAMMA TT L{5P) L-9aR ARFA ININ LLCG PHLECG teLLd PHL
10.2803 0.0061 0.1244% 0.1246 0.30070-02 0.1870D-06 O0.1A71N-06 0.205%60-07 DJ.15890-05 N.21160-05

™ : T3 HIS5PY H-84R BETA THAX THHELG 1¢443

0.0159 0.0060 0.0215 0.D216 0.1251 0.12300-04 0.1230Nn=-94 0.59000~0%

L{IC) LiMC) LiTC} L{oC} L{iP) L{vP} Lire) Ltam LiIs) L(MS) (TS} L{as} LICSY
0.0020 0.124% 0.0819 0.2457 0.0042 0.1244 0.0827 0.2445 J.0019 0.1244 0.0808 0.2470 041244

HEIC) HIHE) HITC) H(OC} H{EPY H{MP) H{TP} 4{0ne) Hils¥ H{HSY HITS) $LCs) HICG)
0.0030 0.0285 0.0253 0.0030 0.0002 c.0210 0.0184 0.0007 0.0058 0,0360 0.0321 2.3057 7.0215

L HP HS
0.0 0.0030 0.0030

0.4030 -0.0002 00064
0.0059 0.0005 0.0073
0.G1060 0.0022 0. 0098
0.8150 0.0038 0.0121
0.0200 0.0053 0.0142
0.0250 0.0068 0,0163
0.0300 0.0082 0.0183
0,.0350 0.0095 0.0201
0.0400 0.0107 0.0218
0.0450 0.0119 0.0235 '
0.0500 0.0130 0.06250
8.0550 0.0140 0.0264
0.0600 0.0150 0.0277
0.0650 0.,015%8 0, 0269
0.0700 0.0167 0.0301
0.0750 0.0174 0.0311
a,0800 0.0181 0.0320Q
0.0850 0.0187 9.0328
0,0900 D.0192 O. 0336
0.0950 0.0:97 0.0342
0.1000 0.0291 7.3367
0.1050 0.0204 0.0352
0.1100 0.02056 0.0355
0.1150 4.0208 0.0358
0.1200 0.0209 D.0359
8.1250 0.0210 0.0360
0.1300 0,0210 0.0360
0,1350 0.0209 7.0358
0.1400 0.0207 0.0356
G.1450 Q.0205 0.0353
0.1500 0.0202 0N34S
0.1550 2.0194 0.0344
0.1600 0.0194 0.0338
0.1650 00,0189 0. 0330
0.1700 0.0183 0.8322
0.1750 0.0176 0.0313
0.180D 0.01469 0.0303
G, 1850 0.0161 0.0292
0. 1900 0.0152 0.0280
0.1950 0.0142 0. 0256
0.20C0 0.0132 2.0252
0,2050 0.0120 0. 0234
0.2100 0.0108 G.0220
0.2150 0.0098 J.0202
G, 2200 0.0082 0.01%83
0.2250 0.0067 J.0162
0.2300 0.0052 0. 3141
0.2350 G.003¢ 0.Q118
2.2400 0.001° 0.009%
0.2450 0.0001 U. 90648
0. 2457 ~-0.0002 0. 0064
0.2487 00,0330 N.0030




SPT

GAMMA -

103440
T™

70,0150 -

LLIC]

. 0.0G30

H{TTY
0.0030

TI
0,0061
TO

© 0.0060
TR
Dal24%

HIMEC}

0.0280

L{sm
0.124%4
"H{SP)

- 0.0212

LITC)

0.0813

R{TCI

0.0248

L~BAR
0.1246
H-BAR
0.0212
L{acC}
0.2458
H{DC]
0.0030

BLADE SFCYION QORDINATES [RATATED) AT X =
PHLCG
0.26180-07 3.1534D-05 0.79730-05

BREA

IHIN

ILLCG

0.3005D0~02 0.1B120-06 0.1812

' BETA
0.1239
LlIey
0.004/2
HUIPY
0.0002
L
040
0.0030
0.C050
0.0100
0.0150
0.£200
0.0250
0.0300
0.0350
0.0400
0.0450
¢.0500
0.0550
0.0600
0.0650
0.0700
G.0750
0.0800
0.0Q850
09,0900
0.0950
0.1000
0.1050
0.1100
0.13150
0.1200
0.1250
0.1300
0.1350
0.1400
0.1450
0.1500
0.1550
0.1600
0.1650
0.1700
G.1750
0.1B00
0,1850
0.1900
0.1950
0.2000
¢.2050
0.2100
0.2150
0.2200
0.2250
0.2300
0.2350
0.2400
0.2450
0.2458
£.2498

0-a6

Max IHMCG
0.1229D-04 0.1229N-04
L{HP} LETP) L (OP)
Da 1244 0.0827 Y2446
HUHP} H{TP) H{DP}
0.0205 0.0179 0.0002
HP HS
0.0430 0.0030
~0.0002 0.006%
0.0005 0.0073
0.0021 0.0097
D.0037 0.0119
0.0052 0.0141
D.0066 D.0161
0.0080 0.0:180
0.0092 0.0198
0.0104 0.0215
040116 0.0231
0.0127 0.0246
0.0137 0.0260
0.0146 0.9273
0.0154 0.0245
0.0162 0.02956
0.0170 0.0306
D.0176 ¢,0315
0.0182 0.0324
.0.0187 0.0331
D.0192 0.90337
0.0196 0.0342
0.0199 0.0347
0.0201 0.0350
0.0203 0.0353
G.0204 0. 0354
0.0205 0.0355
0.0205 0.0355
0.0204 0.0353
0.0202 ¢.0351
0.0200 0.0348
D.0197 C. 0304
0.0193 0.0339
-0.0189 0.0233
0.G184 0.0326
0.0178 0.0318
0.0172 0. 0309
0.6165 0.0299
0.0157 0.0288
0.01%8 0.0276
0.0139 0.0263
0.0128 0.024%
D.0118 0.0233
0.0106 0.0217
0.0093 2.0199
0.06B0 0.0180
0.00566 0.0161
0.0051 0.0122
0.0035 0.0117
0.0019 0.0092
0.0001% 0.006R
~0.0p02 G.0064
a.0030 0.0030

le 4624

LETS)
J.0019
HIT1S}
J.0058

Lyl

T(HH]
1.58970-04
L{M8)
0.1264%
H{HS)
0.0355

PHL

LITS)
0.0808
HITS)
0.0317

L{0s}
0.2470
H(OS)
0.0057

LICG)
9. 1244
HEICG)
0.0212



e
"m.

SLANF SFCTION COORDINATES (PIAFATFDY AT X = L4745

- GAMMA TI L{SP} L-RAR AREA 1Ad g Lres PALRG TeLL) PHL
10,3998 0.0061 04 1244 0.1247 0.3002N-02 0.17450-06 O.174A7=1% J.2867N=D7 J.1475005 0.7219D~085

™ T0 H{SP) H-BAP BETA r4ax 1947 G FCHHD

440150 0.0060 0.0208 0.0208 D.135% 0. 12270-04 (.12277-34 3. 5894N-04

L{IC) L[MC) L{TC] [ R qaloy] Lo} LIMP) LITP) Line) LLIs) L{vs) LITS) L(DS) LtCsH
D.0030 0a1244 0.0818 02659 0.0042 0.1244 0.0827 0. 2447 0.0019 0.12%% 0.0898 0.2470 Dal244

H(IC) HIMC) HITC) H{oc} HIIP) HIMP) H{TP} HENPY HITS) HEHS) HITS) HIDS) H{CR]
0.0090 0.0274% 0.02%3 0.0030 0.0002 0. 0199 0.0174 2,302 J.0958 0.3%49 0.0312 0.0058 2.2208

L Hp HS
0.0 0.0030 0.0030

0.0030  ~0.0002 0.006%
0,0050 0.0005% 0.0073
0.0100 0.0031 0.00%5
0.0150 0.0036 G.0119
0.0200 0.0050 0,0139
0.0250 0.0064% 0.0159
0.0300 0.0077 0.0178
0.0350 0.0090 0.G195
0.0400 0.0101 6.3212
2.0450 0.0112 0.0228
0. 0500 0.0123 0.0242
0,05350 0.0133 0.0256
a,0600 0.0152 0.6249
0. 0650 0.0150 0.0281
0.6700 0.0L58 0.0291
0.0750 0.0165 ¢. 0361
0.0800 0.0171 0.0310
0.0850 0.0177 0.0318
0.0900 0.0182 0.0325
0.0950 04.0186 0.0331
0,1000 ©0.0190 0.0337
G.1050 0.0193 0.0341
0.1100 0.0196 0.0344
0,1150 0.0198 0.0347
0,1200 0.0199 0.0348
0.12%50 0.0199 0.0349
0.1300 D.5199 0.0349
0.1350 0.0198 D.0348
0.1400 0.0197 0.0346
D,1450 0.0195 0.0323
0.1500 0.0192 0.0339
D.1550 0.0188 0.03%4%
0. 1600 0.0184 0.0328
0.1650 0.0179 0.0321
0.1700 0.0174 0.03113
0.1750 0.0167 0.0304
0.1800 0.0160 0.0295
0.18590 0.0153 0.0284%4
0.1900 0.0144 0.0272
0.1950 0.0:35 0.0259
0.2000 0.0125 0.0245
0.2050 0.0115% 0. 0230
¢.2100 0.0103 0.0214%
0,2150 Q.0091 0.0197
0.2200 0.0078 0.0179
0.2250 0.0065 0.0159
0.2300 0.0050 0.0138
0.2350 0.0035 0.0116
242407 9.0019 6.0093
M. 2451 0.0001 0.0068
%e?459  ~0.0002 G. 2054
0.2489 0.0030 0.30%17




LYT

AL LS S L e

GAMMA
10.1737
™
0.0150
LL{IC)
0.0030
HITC)
0.0030

7T
0.0061

0.0060
LIHC)
0.1247
H{MC)
D.0252

LiSF)
0.1246
H{5P}
0.0192
Live)
0.0812
HITC)
0.0224

L=RAR
0.1249
H=-RAR
G.0192
Li{oc)
D.2464
H{DCY
#.0030

BLADF SECTION COORDINATES {ROTATED) AT X

AREA IHMTN ILLCG
0.2997D=-02 0.15130-06 9,15137-06
"RETA [HAX IHHCG
0.43%46N~01 0.12250-04 0.12250-34

LiTP) LivP) LiT2y LipP)
D.0041 0.1247 0.0821 0.2453

H{IP) H{wP) H{TP) H{NR]
0.0002 N.0177 3.0155 6.0002
L Hp HS

0.0 0.0030 0.0030
0.0030¢ -0.0201 0.0063
0.0050 0.0005 0.0072
0.0100 0.0019 0.0093
0.0150 0.0D32 0.0114%
0.0200 0.0045 0.0133
0.0250 0.0058 0.0152
0.0300 0.0070 0.016%9
0.0350 0.0081 p.0188
0.0%00 0.0091 0.0201
0.0450 0.01901 0.0216 *
0.0500 0.0110 0.02?2%
0.0550 0.0119 0.0242
0.0600 0.0127 0.025%
0.0650 D0.0134 0.0265%
0.0700 0.0t41 0.0275
0.0750 0.0147 0.0284
0.020N 0.0153 0.0292
0.0850 0.0158 0.0299
0.0500 0.0163 6.03066
0.0950 0.G166 0.0312
0.1000 0.0170 0.0316
0.1050 0.0172 0,0320
0.1100 0.0175 0.0323
0.1150 0.D0176 0.032%
0.1z200 0.0i77 0.0327
0,1250 0.0177 0.0327
0, 1300 0.0177 0,037
0.1350 G.0176 0.03%¢c
01400 0.0GL75 U.0324
0.1450 0.0173 0.0321
0.1500 0.0170 0.0317
0.1550 0.0167 0.0312
0.15600 0.0163 0.0307
0.1650 0.0159 ¢.0300
0.1700 2.0154 0.0293
0.1750 0.0148 0.0285%
nD.1800 0.0142 0.027%76
0,.1850 0.0135 0.0266
0.1900 g.oL27 0.8255
0.1950 0.0119 0.0243
0.2000 0.0111 0.0230
0.2050 0.0101 0.0216
0.2100 0.0091 0.0202
0.2150 0.0081 0.0184
0.2200 0.0069 g.0169
0.2250 0.0087 0.0151
0.2300 0.0045 0.0132
0.2350 0.003?2 0.0113
0.2400 D.COLR 0.00°1
L2450 0,9091 ", J06
De2464  -0.000} 0.0063
0.749% 0.3030 9.0030

= 1.5300
PHLTG
3.9175n=-0"

LiTst
J.0020
LERRY!
0.0059

T{LL}
3.125R0-05
T(HH]
J.5857D-04
L{M5)
0.1247
H{MS)
0.0327

PHL

0.71990-05

LITS) Ltog)
0.3833 0.2475
HITS) H{OS)
0.0293 0.0058

LICG)
G.1246
HICG)
0.0192



8¥T

GAMA
9.2101
T4

0.015%

Lo
0.0030

HIC)
©0.0030

TI

- 0.3361

T

" 0.0069

LiNC)

C0.1249

HEqr)
0.0243

LSk}
0.1247
HISP)

- 0.0185

LITO)
0.0803
HITC)
0.0215

L=RAR
0.1250
H=RAR
0.01856
Liar)
0.2467
HI0C}
0.0330

BLADE SEFTTON CAIRDINATESG (2ATATrA) AT X e 1.5975

AREA TMIN TLLLG PIAL" G
0.2997N=02 0.14260-06 0.14260~06 0.35450-38
QETA TvaX THH™ G

0.167A0-01 0.12260-04 0Q.1226P-34%
L{1e) LiuPj L{TP} tiem LIEs
0.0041 0.1249 3.0111 e2457 J.0020
H{I®) H{MP] HITP} H{NP) HLIS)
0.0002 0.0168 0.0147 0.2002 1.0059
L “p HY

0.0 0.0030 J. 3030

¢.0030 -0.0001 0.0063

. 8050 0.000% 0. 0071

0.0100 0.0018 0.0092

0.0150 0.0031 0.0112

0.0200 0. 0043 0.0131

0.0250 0,.0055 0.0149

20,0300 0.09560 0.0166

0.0350 00077 0.01R2

0.0400 0.0087 0. 0197

0.0450 0.00846 0,0211

0.0500 0.0105 G.0224

0.0550 0.0113 0.3236&

0. 0600 0.0121 3.0248

0.0650 0.0128 0.0258

0.0700 0.0134 0.0268

0.0750 0.0140 0.0277

¢.0800 0.0146 0.0285

0.0850 0.0150 0. 0292

0.0900 0. 0155 0.0298

0.0950 0.1158 0.0303

0,.1000 0.0161 0.0308

0. 1050 0.016% 0.0312

0.1100 0.01686 0.0315

0.1150 0.01&67 3.0317

0.1200 0.0168 0.0318

0.1250 0.0168 0.0(318

0.1300 0.0168 0.0318

0.1350 0.0167 4.0317

0.1400 0.0166 0.0315

0. 1450 0.0l44 0.D312

G.1500 0.0161 ¢. D308

0.1550 0.0158 Q.9304

0.1600 0.0155 0, 0298

G.1650 0.0150 0.9292

0.1700 0. 0144 0.,0285

0.1750 0.0140 0.0277

0.1800 0.0134 0.0268

0.1850 0.0128 0.0259

0. 1900 0.0121 0.0248

8.19%90 0.0113 Q.0237

N.2000 0.0195 0.0224

0,2050 0.0096 0.G211

0.2100 a.0087 0.0197

0.2150 0.0077 n.0182

0.2200 0.0066 0.0166

0.2250 0.00%55 D.0144

n.2300 0.0043 0.0831

C.2350 0.,0031 9.0111

0.2401 0.0017 0.00%1

N.2450 0.0004 0.0071

2.2457  -0,0001 0.0063%

N.2497 D.0930 0.0070

TiLL)
T11750=0%
IRL L}
,5906"-"1
L{vEsy
0.1249
HEus}
0.0318

PHY

1.69550-25

LTS}
N.07%
H{TS)
0.02€%

LIGS)
0.2677
HEIS)
3.7254%

LIrs)
2,13267
«“{rsy
J.3195



67T

AL s AT T T

- GAYYA
8.388¢
™

0.0150
Leice
09,0030
HITC)

0.0030

TI LisP)
0.0%61 0.1248
TO Hise)
0.0062 0.0185
LIuc) L{TCS
0.1250 0.0805
H{4C} HITC}
0.0243 0.0215

[T SR T R S

L-BAR
0.1250
H-RAR
0.0185
Lioe)
042469
HLOC}
0.0030

RLADE S CTION COORDINATFS (ROTATEN} AT ¥

= 1.64620

ARFA IHIN f PALLS Ty pHL
0.29990-02 0.14200-06 0,14200-06 D.74560-00 7.1146%0-05 0,68430-05
PETA TMAX 11HH)
0.35211-02 0.1229D-04 0.1229D-04 9.59170-04
L{IP) L{uP) LITP} LISy LivsH L{TS) L(as) LICR)
0.0041 0.1250  0.0813 3.0020  0.1250  0,0796  0.2479  0.1248
HLIP) HIMP) HITP) HELS) HIHS), H{TS) HIOS) H{CB)
0.0002  0.0168  0.01%6 2.0059  0.0318 C.0283 0.0058 2.0185
L HP HS

0.0 0.0030  0.0030

0,0030 ~2,0001 = 0.0063

0.0050 0.0004  0.0071

0.0100  0.0018  0.0092

0-0150  0.0031 0.0112

0.0200 p.0043  0.0131

0.0250  0.0055  0.014%

0-0300  0.0066 0.0165

0.0350  0.0077 0. 0181

0.0400  0.0086  0.019%

G.0650  0.0096 0.0210

0.0500  D.0105  0.022%

0.0550  0.0113  0,0236

0.0600  0,6120 0.0247

0.0650  0.0127  0.0258

0.,0700  0.0134  0.0267

0.0750  0.0140  0.0276

0.0800  0.014% 0.028%

0.0850  0.0150  0.0291

0.0900  0,0154  0.0297

0.0950  0.0158 0.0303

0.1000  0.0161 0.0307

0.1050  0.0l63  0.03i%

0.1100° ©.0165  0.031%

0.1150  0.01&5  0.0316

0.1200  0.0167 0.0317

0.1250  0.0L68 0.0318

0.1300  @.0167  0.03t7

0.1350  0.0146 0.0316

0.,1400  0.0165 0.0314

0.1450  0.0163  9.0311

0.1500  0.0161 0.0307

0.1550  0.0157  0.0303

0.1600  0.0154  0.0297

0.1650  0.0150 0.0291

0.1700  0.0145 0.028%

0.1750  0.6140  0.0276

0.1800  0.0134 0.0267

0.1850 06,0127  0.0258

6.1900  0.0126  9.0247

0.1950  0.0113 0.0236

0.2000 0.0104  0.0224

0.2050 0.009 0.0211

0. 2100 0. 0086 0.0197

0.2150  0.0076 0.0182

0.2200 0.0066 0.0166

0.2250 0.0055 0.0149

0.2300 0.0043 0,0131

0.2350 0.0031 0.0112

0.2400 0.0018 0. 2092

0.2450 0.2004 0.9071

0.2469 -0.0001 9.0063

0.2499 0.0030  9.0030




0ST

EAMYA
T. 6696

0.0150
Lire)
0.0031
HIIC)
3.3031

TI
0.0061

0.0060
L{MC)
0.1250
H{4C)
0.0251

L{sm
0,1249
HI{SP)
0.0191
L{vC)
0.0823
H{TC}
0.0225

L=RAR
0.1251
H-RAR
0.0191
L(oc)
0.2671
H{NC)
0.0030

[

ALANE SECTION COORDINATES [ROTATED) AT X = 1.7325
ARFA IMIN ILLCS PAL7G
0.3005D-02 0.15100-06 0Q.15100-3% -D2,1%2350-0#
RFTA THAX ITHRTG
-0.70660-02 {.12350-04 U0.12350-34
Ltiim LINP) LITP) LiCP) LLIS)
0.0041 0.,1250 0.0831 0.2460 1. 0020
Hi{1P) H{MPY HI{TP} HIOP} H{TS)
0.0002 0.0176 0.015n 0.0002 2.0059
L HP HS
0.0 0.0031 J.0031
0.0031 ~0,0001 0. 0064
0.0050 0.3004 0.0072
0.0100 0.0019 0.0093
0.0150 0.0032 0.0114
0.0200 0.0045 0.0133
0.0250 0.0058 ‘hols2
0.0300 0.CG070 0.016%9
0.035" 0.0081 2.0106
0, 0400 0.0091 0.0201
0.0450 0.0101 0.0216
0.0500 0.0110 0.0230
0.0550 0.0119 0,0242
0.0600 0.0127 0. 0254
0.0650 0.0134 0.0265
0.0700 0.0141 0.0275
0.0750 0.0147 0.0284
0.0800 0.0153 0.0292
0.0850 0.01538 0. 0299
0.0200 0.0182 0.0306
0. 0950 0.0156 0.0311
C.1000 0.0169 0.0316
0.1050 0.0172 0.0320
0.1100 0.0174 0.0323
0.1150 0.0175 0.0325
0.1200 0.0176 0.0326
0.1250 0.0176 0.032340
01300 0.0176 0.0326
0.1350 ¢4.0175 0.0325
D.1400 0.0474 0.0323
D.1%50 2.0172 0.0320
0.1500 0.016% 0.0316
0.1550 0.01a6 0.031i
0.1600 ‘0.0162 0.0305
0.1650 0.0157 0.0299
0.1700 0.0152 0.0292
0.1750 0.0147 0.0284
0.1800 0.01i4%1 0.0275
0.1850 0.013% 0,0265
0.1900 0.0127 0.0254
0.1950 0.01t9 Q.3242
0.2000 0.01l10 0.2230
0.2050 ¢.o101 0.0216
0.2100 0.0091 D.0201
0.2150 0.0081 0.0186
0.2200 0.0070 0.0170
0.2250 0.00538 0.4152
0.2300 0.0046 0.0134
0.2350 0.0033 0. 0114
0.2490 d.0019 0. 0094
J.7450 0.L00s J.0072
3.2471 -0.0091 2.0063
0.2501 0.0030 J.0030

fLL)
9.12520-05
[{a4]
3. 5935n-04
L{us)
04125d
HIMS)
0.0326

OHL
TeT19AN=-05

L{TS)
0.0814
HITE)
0G.029%

LIDS)
0.2481
H{OS)
0.2058

LIC3)
N.1249
Hies)
2.90191




J~
(8]
=

GAYMA
4. TTEL
‘TS

'0,.0150

R
0.,0031

HIER)
4.3031

TI
D.0052

0.0060
_LIME)
B.1251
HE4C T
0.0297

LISP}
0.1250
H{SP)
0.0224
L{TC}
0.0833
HITC)
0.0266

L-BAR
0.1251
H=BAR
0.0224
Lo
0.2471
H(2CH
0.0030

BLADE SECTION FAQRDINATFS (ROTATFR} AT X

AnFA TMIN TLLCG
0.30340-02 2,2030n=-06 0.2030M-06
ARTA Tuax THHCG
9,2034N-01 0.12590-04 0.1259D-04
LE{IP) Li4py Li1D) L10R)
0.0043 D.1251 1. 0843 0.245%9
HIIP)} H{ME) H1TP) Hi{nP)
0.0003 20,0222 3.0197 0.9003
[ HP HS
0.0 0.0031 0.0031
0.0031 -0.0002 0.0065
0.0050 0.9905 0.0074
C.0100 0.0023 0.0099
0.0150 0.0040 0.0124
0. 0200 0.0057 0.0147
0.0250 0.0072 0.0168
0.0300 0.0087 0.0189
0.0350 0.0101 0. 0208
0.0500 0.8114 0.0226
0.0450 0.0127 0.0243
0.0500 0.01308 0. 0259
0.0550 90,0149 0.027%
0. 0400 0.0159 0.0288
0.0650 0.0168 0.0300
¢.0700 0.0177 0.0312
0.0750 0.0185 a.0322
0.0800 0.0192 0.0332
0.0850 0.0198 0.0340
0.0900 0.0203 0.0347
0.,0950 0.0208 0.03354
0.1000 0.0212 0.0359
0-105Q 0.0216 0.0364
0.1100 0.0218 0.0367
0.1150 0.0220 0. 0370
0.1200 G.0221 0.037)
0D.1250 o0.0222 0.0372
0. 1308 0.0221 0. 037}
0.1350 0.0220 0.0370
0. 1400 0.0218 0.0367
0. 1450 g.0216 0.0354
0.1500 0.0213 0.03%9
0.1550 0.0209 0.035%
0.1600 " 0.0204 0.0348
0.1650 0.0194 0.0340
0.1700 0.0192 0.0332
0.1750 0.0185 0.0323
0.1800 0.01L78 0.0312
0.1850 2.0169 0.0301
0.1900 0.0160 0.0288
0.1950 0.0150 0.0275
. 2000 0.0139 0.0263
0.2050 g.0128 0.024%4%4
0.2100 0.0115 0.0228
0.2150 0.0102 0.0210
0.2200 0.0088 0.0190
0.2250 Q.0073 0.0L70
0.2300 0.0058 0.0148
0.2350 7.004) 0.0125
0.2400 0.0024 n.J101
0.2450 0.3906 J 0275
3.2471 -0.0a02 0.006%
0.2501 0.9030 J. 20130

= [.RJ00
PHL "G
0.4395N-n8

LI15)
J.0018
HEIS)
0. 0059

T(LLY
J«17270-05
It
J.60050-04
LEws)
0. 1251
HIMG)
0.0372

L
0.9513D~0%

LTS}
0.0823
H{TS)
0.0336

L(OS)
0.2484
HE0S)
0.0087

LIEG)
0,1250
1G]
2.0224



A

FJURTH“STAGE ROTOR  TDA 013 TRIAL 1

INPUT FOR BLADE COORDINATE PRNOGRAH

ETA LAMDA 0P1
0.0 0.0 8.00G600 l.
ELEMENT R RO TI ™ TG

S LaT9411 1.79431 0.00500 0.01510 0.00600
1.76498 1.76598 0.00600 0.01550 0. 00500
l. 70623 1.70911 0.00600 0.01650 0.00600
Le6%613 1.65133 D0.00500 0.01740 0.00600
l.58372 1.59179 0.00600 0.01840 0.00600
1.51182 1.52950 0.00600 0.01340 0.00&00
1.43296 1.,49705 0.00600 G.019%0 0.00600

(T NI Ay

BLADE ELEMENT STACKING PARAMETER——TNORML = 0,217D-02

THECG = .
0.574B1750-01  0.5821433D-01  0.59591560-01 0.6059138D-01
CRUG
1198.712 236.0680 80.59832 45,05247

BLADE ELEMENT STACKING PARAMETER--TNORM1 = 0.3160-04

THECG
0.5746024D-01  0.58206430-D1  0,59618220~01  0.6065340D-01
CRCG
1198.712 2360680 a0. 59636 45.05259

0-01 0.6187453D-01

op2 THLNT
aoo000 0.00010
KIr KTC
59.06125 55.00982
58. 25804 55.65104
56.808974 55.65155
55.58059 53.68471
54.25700 50.43173
53.11800 %6 .56819
52.58758 44,31573
0.6123356
29. 75568

0.61331640-01

294 75591

KGc
54.56485
55.31500
55.43325
53.22476
49.17241
44231691
4#0.18176

21.00700

0.56201894D-01

21.00738

Mg

0. 06481
0.06554%
0.06731
0.06998
0.07339
0.07680
0.07913

ITc
0.11969
0,11791
0.11521
0.11364
0.11205
0.10931
0.10769

0.61796990-01

17.80365

0.46195991D~01

17.80424

z0C
0.13362
0.13371
0.13590
0.14200
0.15103
0.16063
0.16780




€8T

ELEMENT

A BN R

‘ELEMENT
B |

O

ALP.
008576
0.42850
1.21403

. 2.09722

3.05858
4415887
4.79981

[ ¢
G.32139

0.2104L

C.10413

0.158%2

0.36342
0.52858%
D.BR528

BLADE ELEMENT ANGLES

Kt KIC RTC
56481295 59.06125 55.00982
56.78654 58.25804 55.65104
56.161%9 56.8897%  55.65155
54.%40271 55.58059 53.568471
51.71478 54.25706 50.43173
4B.TIT52  53.11800 45.95819
46,3B542 52.58758  44.31573
BLADE ELEMENT CURVATURES

coc cie copP

0432147 ~0.29001 ~0.29528
0.21054 —0.42T49 =0.43321
6.10417 —0.59985 ~0.561316
- OD.1684% —0.H9531 -0.612850
0.363%1 ~0.46723 —0.48650
0.62867 ~D.26812 =0.28912
i 0.88521 ~0.04289 ~D.046483

Kac
54. 56485
55.31500
55443325
53.22476
49.17241
4443169)
40. 18176

c1s
0.92775
Q.B4481
0.30584
0,92858
1.18553
1.50845
1.78797

KIP
54.70624%4
53.79766
51.956384
50.23750
48. 44862
46484527
46.08516

CAS
0.93633
0.85297
0.82510
G.94751
1.20461
1.52905
186206

KTP
58.43759
59.09172
59.09882
56.93897
53.3601&
49.45972
46.48385

KOP
58.845673
59.78%91
&0.38676
S8.61513
55.04839
50.567837
46.78589

KI&
&3.32160
62,70832
61.80765
60.91304
60204201
5934612
59.01977

RTS
51.59380
52.21815
52.21603
50.43708
47.51528
44449527 -
42.17107

KOS
50.29327
50.85108
50.47552
47. 84032
43.32031
38,00265
33.65881



GAHMA-

45,9513 -

T
0.0200
L{LIC)
0.0030
HiICI

. 0.0030

[

TI
‘0.0061
10
0.0062
Li4c}
0.1245
HuC)
0.0110

VT B R E

LE5P])
0.1253
H{SP)
0.0089

S LEIC)

0.1633

- HETC}
0.0102

L~RAR
0.1252
H-BAR
0.0690
Ligel
042463
H{ac
0.0031

BLADE SECTEON CUODRDINATES (RDTATED} AT X = 1.4830

AREA M1 FHLECG
0.37600~-02 0.10500-06 0.10500-06 0.13620-07
BETA IHAX
0.54910-01 0.1431D-04 Q.1431D-04
LUig) LEMP) LiTP} Lwae} Lii1s)
0. 0033 D.1245 0.1628 0.2459 D.0028
‘H{IP) HIHP} HITP) H{DOP) H{I5)
0.0000 0.0010 D.0009 0.0000 0.0061
L HP HS

0.0 0.0030 0.0030

0.0034 0.0004 0.0061

0.0050 0.0000 0.0066

0.0100 0.0401 0.0077

0.0150 0.0002 .0088

0.0200 0.0002 0. 0099

0.0250 0.0003 0.0109

0.0300 0, 0004 0.0119

0.0350 0.0004 g.0128

0.0400 2.0005 0.0137

0.0450 0. 0005 0.0145

0.0500 0.0006 0.0153

D. 0550 0.0006 0.0L60

0.0500 0.0007 0.0166

0.0650 0.0007 0.0173

0.0700 d.qo008 0.0178

0.0750 0.0008 0.0184

0.0800 0.0008 0.0189

0.0850 0. 0009 0.0193

0.0900 G.0009 0.0197

0.0950 0.0009 0.0200

G.1000 0.0010 0.0203

¢.1050 0.0010 0.0205

0.1100 0.0010 0.0207

0.1150 0.0010 0.0208

0.1200 0.0010¢ 0.020%9

0.1250 0.00L0 0.0210

0.1200 0.0010 0.4210

0,1350 0.0810 0.020%

0.1400 0.00i0 A.0208

O.1450 0.00%0 0.0206

0.1500 0.0010 0.0204%

0.1550 0.0010 0.0202

0.1500 0.001L0 0.0198

0.1650 0.0Gu9 0.0195

0.1700 0.0009 0.0191

0.1750 0.0009 0.0186

0.1800 0.0008 0.0181

0.1850 o.0o008 0.0175

0. 1900 0.0007 0.0169

0.1950 G.0007 0.0la2

0.2000 0.0006 0.015%

0.2050 0.0006 0.0148

0.2100 0.0005 0.0139

0.2150 0.0005 0.0130

G.2200 0.0004 0.0121

0.2250 0.0003 0.0111

0.2300 ¢.0003 2. 0801

0.2350 0.0002 J. 0090

0,200 0. 0001 0.0078

0.2%50 0.3000 0.a666

D.2463 0.0000 £. 0063

0. 2494 0.0031 0.0031

T(LL}
D.40730-08
I{HH)
0.73230-04
L{HS)
041246
H{MSE
0.0210

PHL

0« 423540~05

£{TS)
0.1639
HETS)
0.0196

1108}
0.246T
H{aS)
0.0061

LICG)
0.1253

H{CG)
0.0089



ot
tn
‘Ln

GANHA
466739
™
0.0199
L6
0.0030
H{1C)
60030

I

¥I
0.00&0

0.0061
LIME)
0.1246
HFNC)
040105

L{5P)
0.1252
HI5P)
0.0086
LITC)
0s164B
HITCY
0.0097

L—-BAR
0,1252
H-BAR
¢.0086
Lioc)
222464
wioe)
08.4051

BLABE SECTION COORGINATES (ROTATED] AT % =
ILLEG

IMI

1.4898

PHLCG

AREA PHL
0.27420-02 0.1018D-06 0.10180-06 ©.10740~07 3.3780D-06 0.4036D-05

BETA TMAX
0.4351D-01 (.14250-0% 0.14250-0%
LLIP) LiNP} L{TP}
0.0U33 D.1245 0.15643
HLTP) HIHP} HITE)
0.0000 0.0006 0.0005
L HP HS
0.0 0.0030 4.0030
D.0030 0.0000 0.0061
D.0050 0.0000 0.0065
0,0100 0.0001 C.0074
0.0150 0.0601 0.0087
0.0200 0.0001 0.0097
0.0250 0.0001 0.01067
0.0300 0.0002 0.0L16
0.0350 0.0002 0.0125
0.0400 D.0002 0.013%
0.0450 3.0003 0.9142
8.0500 ¢.0003 G.0149
0.0550 0.0003 0.015%6
0.0600 3.0004 0.0163
0.0650 0.000% 0.016%
0.0700 0.0004 0.017%
0.0750 0.0004 0.,017%
0.0800 8.G005 0.018%
0.0850 t.0005 0.0l68
0.0%00 ¢.0005 0.0192
2.0950 Q. 0005 D.0195
0.1000 Q.000% d.0198
0.1650 0.0006 0.0200
0.1100 0.0004 0.0202
0.1150 0.0006 0.0203
0.1200 9.0006 20204
0.12%50 0.0005 0.0204
0.1300 0.5006 0.0204
.1350 0.00086 0.0204
0. L400 .3008 0.0202
041450 Q.0006 g.0201
0.1500 ¢.0006 0.019%
0.1550 0.0008 0.0196
T.1600 0.0005 T.0193
D.1650 0.0005 0. 0190
0.1760 0.0005 0.0186
0.1750 0.0005 0.0181
0.1800 0.0005 0.0176
0.1R50 0.00084 0.0171
B.1900 0.0004 0.0165
0.1950 0.000% 0.0158
0.2000 0.0003 0.0152
0.2050 0.0003 0.01l4%
0.2100 0.0003 0.0136
0.2150 0.00063 0.0128
0.2200 0.0002 ¢.0118
0.2250 0.0002 d0.0109
0.2300 0.0001 0.00%99
0.2350 3.0001 0.0088
0.24%00 0.J00% 0. 0077
G.2450 0.00060 0.0065
0.246% 0.9000 0.00462
0. 2595 0.0031 0.0031

L1IS)
.6027
HIIS)
Q.0060

BILL)
TEHHY
0.72880-0%
L{HS) LTS} LIoS) L{CB]
0.1246 0. 1654 0.2468 0.1252
HIMS52 H{TSY H{ 05!} HLCG)
D.0204 00190 0.0061 D.0086




95T

e e £ v e am e e

GAHHA

47.0154
0.0198
LEICI
0.6030
HEIC)

. 0.0030"

TL: .
0.0060

" D«0061

L{NC)
0.1246
HIHUC)
0.0160

L{SP}
0.1252
HUSF)
0.0082

CLITC}

0.,16556
HITC)
0.0092

L-BAR
0.1252
H-BAR
0.0082
LIOC]
0.2465
H(oc)
0.0030

.ELADE SECTION COORDINATES (RDTATED) AT X =
AREA IHIN

1.4970
PHLCG

0.3724D0-02 D.9848H-07 0.9848D-07 0.9216D-08

BETA INAX [HHCG
0.37450-01 0.14200~04 0.14200-04
NS LIHP} L{TP} Leor) LIS}
0.0033 0.1246 0.1660C 0.24%62 0.0027
H{IP) R(MP) HITP) HIOP) HIIS)
0.0000 0.0001 0.0061 0.4G000 0.0060
L HP HS
8.0 0.0030 0.0030
0.0030 0.0000 0.0061
0.0050 g.0c00 0.0065
0.0180 0.0000 0.007%
0.0150 0.0000 0.Q086
0.0200 0.0000 0.0096
0.0250 3.0000 0.0105
0.0300 0.0000 0.0114
0.0350 0.0000 0.0123
0. 0400 0.0000 0.0131
0.0450 0.0000 0.0138
0.0500 a.aceo 0.0146
0.0550 0.0000 0.0152
0.0600 ¢.0000 0.0159
0.0650 0.0000 0.0164
0.0700 0.0000 0.0170
0.0750 0.0001 0.0175
0.3800Q 0.0001 0.0179
0.0850 0.0002 0.0183
0.0900¢ 0.9001 G.018%
0.0950 G.0001 0.0190
0.1000 0.000) 0.0192
0.105C 0.0001 0.0194
0.1100 0.0001 0.0196
0.1150 0.0001 0.0197
0.1200 c.0001 0.0198
0.1250 0.0001 0.0198
0.1300 0.0001 0.0198
0.1350 0.0001 0.0198
0.1400 0.0001 = 0.0197
0.2450 0.0001 0.0195
0.1500 0.0001 0.0193
0.1550 0.0001 4.01%1
0.1600 0.0001 0.0188
0.1650 0.0001 0.0185
0.1700 0.0001 0.0181
0.1750 0.0001 0.0176
0.1800 0.0001 0.0172
0.1B50 0.0001 0.0166
0.1900 0.000% a.0l61
2.1350 0.000L 0.0154
d.2000 0.9000 0.0148
0.2050 0.0000 0.0148%
0.2100 0.00090 0.0133
0.2150 0.0000 0.0125
0.2200 3.0000 0.0LL&
0.2250 0.0000 0.0107
0.2300 0.0000 G.0097
0.2350 0.0000 0.0087
0.2400 0.0000 0.0076
0. 2450 0.0000 0.0065
0.2465 0.0000 0.0062
0.2495 0.0030 0.0030

L) PHL
0.34870-06 0.38310-05
1{HH}

0.72570-04
L(HS) LETS)
0.1246 DL.16TL
HINS5) HITS]
0.0198 0.0183

L{Ds)
0.2469
H{0S)
0.0061

LIEG)
0.1252
HICG)
0.3082



ST

GAHMA
50,1660
™

0.0190

LUICK

G.0030

H(IC)
0.0030

TI
0.0060

0.0060
L{¥C)
0.1248
H{HC)
0.0071

Lism)
0.1252
HiSP}
0. 0060
L{TC)
0.1787
HITC)
0.0063

L-BAR
0.1251
H-BAR
0.0060
L{oc)
0e 2468
H{OC)
0.0030

BLADE SECTION CODRDINATES (ROTATED)

AT X =

1.5519

AREA IMNIN PHLCG
0.3589D0~02 0.80580-07 @.8058D-07 ~0.26400-08
BETA TMAX

~0.11040-~01 O0.13780~04 0.13780-04
L{EP) LiMP) L{ve) LLopy L{Is)
0.0032 0.1247 0.1783 0. 24066 0.0028
RLIP) H{HP} H{TP} H{CP) LIS KT
(. 6000 -0.0024 —0.0020 0.0000 0.0050
L HP HS

0.0 0.0030 0.0030

0.0030 0.0000 0.0060

0.0050 ~0.0001 0.066%

0.0i00 -0.0002 0.0072

040150 =0.000% 0. 0080

0.0200 -0.0005 0.0088

0.0250 -0.0008 0.0095

0.0300 -0.0009 0.0102

0.0350 -0.0011 0.0108

0.0400 ~0.0012 G.0D115

0.0450 =0.0013 0.0120

0.0500 ~0.001% 0.0126

0.0550 -0.001& 0.0131

0.0600 ~0,0017 0.01386

0.0650 ~0.00618 3.0140

0.0700 -0.0019 0.014%

0.0750 -0.0019 0.0148

0.0300 -0.0020 0.0151

T.0850 -0.0021 0.0154

0.0900 ~0.0021 0.0157

0.0950 -0.0022 0.0159

0.1000 -0.0022 0.8161

0.1050¢ -0.0023 0.0153

0.1100 -0.0023 0.0164

0.1150 ~0.0023 0.0165

0.1200 ~0.0024 0.0165

0.1250 ~0.0024 0.0186

0.1300 -0.0024 0.0165

0.1350 =0.0024 0, 01465

0.1400 -0.0023 0.0164%

0.1450 ~0.9023 D.0163

0.1500 ~0.0023 0.0161

0.1550 =0.0023 0.0159

0.1600 =0.0022 0.0157

0.1650 ~0.0022 0.0154

0-.1700 -0.0021 U.0151

0.1750 -0.0020 0.0148

0.1800 -0.001%9 0.0144%

0.1850 -0.0019 0.0140

0. 1900 -0.0018 0.0i30

0.1950 =0.0017 0.013%

0.2000 -0.0015 0.0126

0.2050 ~0.0014% g.0121

0.2100 =0.0013 0.0115

0.2150 ~0.0011 0.0109

0.2200 ~0.0010 0.0102

J.2250 ~{¢.0008 J.0095

0.2300 -0.00086 d. 00848

0.2350 -D.0005 G.00B0

0.2400 ~-d.0003 0.0072

0.2450 -0.0001 0. 006%

0.246R8 0.0000 0.0061

0.2498 2.0030 0.0030

TIEL)
0.21170-08
I{HH)
0.69980-04
LIHS)
D.1248
H{HS}
0.0166

PHL

0.27120~05

LITS}
D.1790
HI{TS)
0.0145

L10s)
0.2470
H{0S)
0.0060

LICG)
0.1252
HIEG)
0.0060



85T

BLADE SECTION COORDINATES (ROTATED) AT X = 1.613%9

GAHMA TI Lisey L~BAR AREA IMIN TLLCG PHLLG TILL} PHL
53.1048 0.0060 0.1251 0.1251 0.3426D-02 0.5685D-07 0.56850-07 -0.79380-08 0Q.1385D-06 0.1953D-05
T TH 10 HisSP) H-BAR BETA TMAX I[HHCLG FOHH)
0.0180 0.0060 0.0048 0.0046 -0.34370~01 0.13300-04 (.1330D-04 0.66950~04
L{IC} -LIHC) L{TC} [R]n) L{IP} L(HP) LITP} L{aer} Leis) LiMs) L{T5} L{0s} LICG)
0.0030 0.1249 0.1919 0.24T0 0.0031 0.1248 0.1916 0.2469 0.0029 0.12499 0.1921 0.2471 0.1251
‘HLIC) -HIHC} H{TC} H{o) H{TP) Hi{HPj HITPY H{OPR) HIIS) H{MS) HITS) H{0S) HICG)
0.0030 0.0051 00045 0.0030 0.0000 -0.0038 ~0.0028 0.0000 0.0060 D.0141 0.0116 0.0060 0.0046
L HP HS
0.0 0.0030 0.0030

0.0030 0.0000 0.0060
0.0050 ~0.0001 0.0063
0.0100 -0Q.0004 0.0089
G.0150 ~0.0007 0.0075
0.0200 -3.0010 D.0081
0.0250 ~-D.0012 0.0087
G.0300 -0.0015 0.0092
0.0350 -0.0017 0.0097
0.0400 ~-0.0019 0.0102
0.0450 -0.0021 0.0107
0.0500 ~0.0023 0.0:11
0.0550 ~0.0025 0.0115
0.0600 -0.0027 0.0118
0.0650 -0.0028 0.0122
0.0700 ~0.0830 0.0125
0.0750 -0.0031 0.0128
0.0800 -0.0033 0.0130
0.0850 -0.0034% 0.0133
0.0%00 —0.0035 0.0135
0.095¢ -~0.00386 0.013%8
D.1000 -0.0036 0.0138
0.1050 -0,0037 0.0139
0.1100¢ ~0.0038 G.0140
0.1150 -0.0038 0,014t
0.1200 -0.0038 0.0141
0.1250 -0.0038 0.0141
0.1300 ~0.0038 0.0141
0.1350 =0.0038 0.0140
0.1400 -0.0038 0.0140
0.1450 ~3.0038 0.0139
0.1500 -0.8037 6.0137
D.1550 ~0.0037 0.0136
0.18G0 -0.0036 0.0134
0.1650 -0.0035 0.4132
0.1700 ~0.003% 0.0130
0.1750 ~0.0033 0.0127
G.1B00 -0.003% 0.0124
0.1850 -0.0030 0.0121
0.1900 ~0.0028 J.0118
0.1950 -0.0027 0.011%
0.2000 ~0.0025 0.0110
0.2050 -0.0023 0.0106
0.2100 -0.0021% 0.0101
0.2150 -D.0018 0.0097
0.2200 ~.0016 0.0092
0.2250 -0,8013 2.0086
0.2200 -0.0011 2.0081
0.2350 -0.0008 0.0075
0.2400 ~-0.000% 0.0069
0.2450 -0.0001 0.0063
0.2470 0.0000 0.3060
0.2500 G.0030 0.0030




6ST

BLADE SECTION COOROINATES (ROYATED) AT X = 1.6760

- GAMBA TI LISP) L-BAR AREA ININ ILLCG PHLLG IfLL) PHL
554491 0.6060 0.1251 ¢.1251 0.32690~02 0.567L0-07 0.5671D-07 ~0.65630-08 0.10090-06 $.14970-05

TH 70 HISP) H~BAR BETA EMax THHCG 1JHH}

0.0170 - 0.0060 0.0037 0.0037  ~-0.2945D0-01 0.1283D0-04 0.1283D0-04 0.563968D0~04%

LI LINcy L{TC) Lioci LiIp) LIKP} LiTe} LicP} LI5) LIHS) L{TS} L{0%) LICG)
0.0030 G.1249 042047 0.2470 0.0030 0.1249 0.2045 D.2470 0.0030 0.1250 0.2048 0+2471 0.1251
.. H{IG} H{KC} HITC) H{OC} HLIP) H{HP} HITPY HIOP} H{I5) H{M5} HITS] HLOS) H{CG)
0.0030 0-.0039 0.0035 0.0030 0.0000 -0.0046 -0.0027 ¢.0000 J-0060 0.012% 0.0096 0.0060 0.0037

L HP HS
0.0 0.0030 0.0030

0.0030 2.0000 0. 0060
0.0050 -0.0001 0.00&2
0.0100 -0.0005 0.0067
0.0150 -0.0008 G.0072
0.0200 -0.0012 0. 0077
0.0250 ~0.00L5 0.0081
0.0300 -0.0018 0.0086
0.0358 -0.0020 0.0090
0.0400 -0.0023 0.0093
0.0450  -D.0026 0. 0097
0.0500 ~0.0028 0.0100
0.0550 ~0.0030 G.0103
0.0600 -0.0032 D.0104
0.05650 ~0.0034% 0.0109
0.0700 -0.0D36 0.0112
0.0750 -0.0038 0,014
0.0800 ~0.0039 0.0L16
0.0850 ~0.0040 s.0118
0.0900 ~0.0042 0.0119
0.0950 -0.0043 b.0l121
0. 1000 “0.00564 0.0122
0.1050 ~0.00%% ¢.0123
0.1100 -0.0045 0.0123
0.1150 ~0.0045 0.0124
0.1200 ~0.0040 0.0124
0.1250 ~0.0046 0.0L24
0.1300 ~0.0046 0.0124
0.1350 -~0.00456 0.0124
0.1400 -0.0045 0.0123
0.1450  -D.0045 0.0122
0.1500 =0.004%% 0.0121
0.1550 -0.0043 0.0120
0.1600 -0.0042 0.011%
0.1650 =0.00%1 0.0117
0.1700 ~0.0040 0.0115
0.1750 -0.0039 0.0113
0.1800 -0.0037 0.0111
0.1850 ~0.0035 0.0108
J.1900 «0.06033 8.0106
0.1950 -0.0031 U.3103
0.2000 ~0.0029 0.0100
0.2050 -0.9027 0. 00956
0.2100 -0.002% 0.0093
0.2150 -0.0021 0.0089
0.2200 ~D.D01% 0.0085
0.2250 ~0.0016 0.0081
0.2300 -0.0012 0.3078
0.2350 -0.0009 0.qQ072
0.2400 -0.0005 0.0067
0.2450 -0.0002 0.0062
0.2470 0.0000 0.0060
0.2500 0.0030 0.0030



09T

. GAMHA TI
56. 6055 0.0060
™ TO
D.2159 0.0060
L{IC} L{4C)
0.0030: 0.1250
HUIC) H(HC)

0.0030 0.0041

L{5P}
0.1230
HI{SP)
0.0038
L(TC)
0.215%
HITL)
0.0035

L-BAR
0.1250
H~BAR
0.0038
Leac)
0. 2470
H(OC}
0.0030

BLADE SECTION COORDINATES (ROTATED] AT X =  1.7380

AREA IMIN ILLce PHLCG [iLe)
0.30970-02 0.47660-07 0.4766D-07 ~0.17330-08 0,92490~07 0.1471D-05
BETA THAX IHHCG 1(HH)

-0.79560-02 0.12310-04 &.12310-04 0.60720~04
L{te} LIKP) LiTP) L(DP} Leisy L{HS)
0.0031 0.1250 D.2152 0.2469 0.0029 0.1250
(P} H{#MP) HITP) H{OP) HIIS) HI{MS}
0.0000 =-G.0039 -0.0018 0.0000 0.0060 0.0121
L HP HS

0.0 0.0030 0.0030

0.0030 0.0000 0.0060

0.005¢ -0.6001 0. 0062

0.0100 -0.0004 0.0067

0.015¢  -0.0007 0.0072

0.0200 =-0.0010 0.0078

0.0250 -0.0012 0.0080

0.0300 ~0.0015 0.0084

0.0350 ~0.0017 0.0088

0.0400 -0.0020 0.0091

0.0450 ~-0.0022 0.0095

0.0500 -0.0024 0.0098

0.0550 -0.0026 0.0101

0.0600 -0.0028 0.0104

0.0650 -0.0029 0.0106

0.0700 ~0.0031 0.0108

0.0750 -0.0032 0.0111

0.0800 -D.0033 0.0122

0.0850 -0.0034 0.0114

0.0900 ~-0.0035 0.0116

0.0950 -0.0036 0.0LL7

0.1000 -0.0037 0.0118

0.1050 ~0.0038 0.0119

0.1160 -p.d038 0.0120

0.1150 -0.0039 0.0129

0.1200 -0.0039 0.0120

0.1250 -0.0029 0.0121

0.1300 -0.003% 0.0120

0.1350 ~0.0039 0.0120

0.1400  -0.0038 0.0120

0.1450 -0.0038 0.011%

0.1500 ~0.0037 0.0118

0.1550 -0.0037 0.0817

0.1600 -0.0035 0.0116

D.1650 ~0.0035 0.0114

0.1700  -0.0034 0.01:2

0.1750 ~0.0032 g.0]}0

0.1860 -0.0031 0.0)48

0.1850 -0.0029 0.0 a

0.1900  ~0.0028 Ref Hs

0.1950 -0.0026 e

0.2000 -~0.0024 qgg ﬁé

0.2050 -0.0022 4. (pas

¢.2100 -0.0020 0,408}

0.2150 -0.0018 0.4088

0.2200 -0.0015 0.008%

0.2250 =0.0013 0. 0080

0.2300 ~-0.0310 0.0076

0.2350 -0.0007 0.007t

0.2400  ~0.000% 0.0067

0.2450 ~0.3061 0.0062

0.2470 G.0000 0.0060

0.2506 ¢.0030 0.0630

PoL

L{T5}
0.2154%
H{TS5}
0.0087

L1051}
0.2470

H{GQS)
0.0060

LICG}
0.1250
H{CG)
0.0038
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GAHMMA
56,8011

T4
0.0143
. LLEC)
0.0030

HUIC)
0.00320

L{SP]
0.1248
HI{SP)
0.0060
LITC)
0.2304%
H{TC)
0.0044

L-0AR
0.1249
H=BAR
0.0060
LioC}
0.2468
H{0C}
0.0030

BLADE SECTION CODRDIMATES {[ROTATED) AT X = 1.8300

AREA {HIN ILLLG PHLCG
0.2834D-02 0.38990-07 {.39000-07 Q.7898D-08
BETA IHAX IHHCG *
0.39390-0% 0.11530~04 0.11530-04

LIIP) Linp) LITP) LIDP) LLES)
0.0032 0.1249 0.2296 0.2465 J.0028
HIIP) HiNP) HITPY HIOP} HEIS)

0.0000 ~0.0001 0.0001 0.0000 0.0060
L Hp HS
0.0 06,0030 0.0030
0.0030 0.00a20 0.0a060
0.0050 C.0000 0.0063
0.01g0 -0.0000 0. 0069
0.0150 ~0.0000 0. 0076
0.0200 ~0.000D D.00B1
0.0250 =-0.000)1 t.0087
¢.0300 -0.0001 0.0092
0.0350 -0.0001 0.0097
d4.0400 ~0.0001 u.0l02
0.0450 -0.0001 0.0107
0.0500 ~0.0001 g.011:
0.0550 ~-0,0001 0.0115
G.0600 -0.0001 0.0119
0.0650 -0,0001 ©.0122
0.0700 -0.000% 0.0125
0.0750  -0.8001 0.Q128
0.0800 -0.0001 0.0131
0.0850 ~0.0001 0.0133
¢.0300 ~0.0001 4.0135
0.,0950 -D.0001 0. 0137
0.1900 -0.0001 G.0139
0. 1050 -0.0001 0.0140
0.1100 ~0.0001 0.G141
0.1150 -0.0001 0.0142
0.1200 ~0.Q001 0.0G142
¢.1250 ~(.,0001 0.0142
0.1300 -0.0001 0.0142
d.1350 -.0001 0.0142
0.1400 ~D.00D1 D.0341
D. 1450 -0.0001 G.0140
0.1500 ~0.0000 $,0139
0.1550 ~0.0000 N.U138
0.1600 -0.0000 0.0138
0.1650 -0.000D D.0134
0.1700 0.0000 0.0132
0.1750 0. 0000 0.0129
0. 1840 0.0000 0.0126
0.1850¢ 8.0300 0.0123
0.1900 0.0009 2.012%
0.1950 0.00Q21 G.0116
0.2000 0.0001 D.0112
0.2050 0.0041 0.0108
0.2100 0.0001 0.0103
0.2150 0.0001 D. 0093
0.2200 0.0001 0.0093
0.2250 0.0001 0.0088
d.2300 G.0001 J. 0082
0.2350 G.0009 0.0076
0.2400 0. 0000 U. Qa7

V. 245D 2.0000 050063

0.2468 0.0000 8.04061

0.2498 0.0030 3. 0030

0. 14030~06 0.2124D~05

LICG)
0.1248
HECG)
0.0060
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FAYRTH STAGE STATOR

in
~
m

LN PURTTY Ve ]

FNT RI
1.794%6
1.76682
1.T1145
1.65519
1.59715
1.53639
1.50465

-TDA 013 TolAt 1
TNPUT FOR RLADE LOORDINATE PROGRAY

FTa LANDA 0oPl oez2 TNLHT
0.0 G.0 8.00000 1.000040 0.00010
ap TI TH TO KIC KTC KOC

1.79574 0-00600 0.01500 0.00600 28.60080 12.52B49 -19.14386
1.TGBT3 3.00600 G.01500 0.00600 27.67434 13.4270% =-15.10704
1. 71646 0.00600 0.0G1500 0.00600 26.81306 14.23254 =-12.19628
1.66329 0.00630 0,01500 0.06600 26.97414 14.854354 -1l1.03742
1.60850 G.00600 0.01500 0.00600 27.97256 15.668¢5 ~-10.45036
1.55117 0.00600 0.01500 0.00&600 29.89693 16.59985 =10.58272
1.52121 D.00600 0.01500 0. 06600 31.243263 16,8207 =-12.41355

HLADE ELEMFNT STACKING PARAMETSR——-TNORML = 0.202Dh-02

THECG
0,16102470-01

CRCG
1558.481

0.1 7063 74D-01

224.4570

0.17977890-01

82.78856

0.1%171770-01

49.49574%

BLADE ELEMENT STACKING PARAMETER-~TNORM1 = 0.596D-05

THECG

0416016930-01

racs
1558.481

0.1699780D-01

224,%56%

0.17308370-01

B2.78838

0.19114180-01

49.49554

2.20993570-01 a

3%4.05072

0.20947270-01 1]

34.05050

«2350016D-01

25.1245%

«23435320-01

25.124386

IHr
3.11945
0.1187%
0.11831
0.11792
0.1172%
0.11642
J.11623

Z7C
0.07890
0.07768
0.07517
0.07391
0.07383
0.07471
0.37505

0.24540919-01

21.98781

D.2442%9110~01

21.98768

r
0.24316
0.2%251
2.26195
J.24150
0. 24087
0.24011
024013

RS



€91

FLEMENT

~ O Y N e

ELEYFNY

LIS E TR U

ALP
0.06598
0.45125
1.1362%
1.92100
2.69783
3.52241

. 3.54502

€Ic
3.31786
2.98%59
2.73673
2466952
2469655
2.84237
3.04786

RLADF SLEMENT BNGLFS

L] KIC KTC

4. 72609 28.60080 12.52849
6.28306 27.6T434 13, 4270%
7.3087% 26.81306 14.20054
Ta96860 2697414 14, 84354
B.THb52 27.97256 15. 64845
9.60743 29.8%693 16.59985
414501 A.24263 16, 82074
BLADE ELEHMENT CURVATURES

€oc cir copP
3.31770 2.79%14 2. T983T
2« 98984 2.45373 2.45186
2.73702 2.19071 2.18552
2.66948 2412328 2.114086
2.%59654 2.15%480 2141538
2.84260 2.31059 229357
3.04721 2.52838 2.50%10

K0T
~19.14988
~15.1070%
-12.19628
~11.03742
-10.44036
-10.68272
-12.41355

CIs

«TIYITS
3.48412
32245448
3.17834
3.20122
3,33553
3.526T1

KIP
24.48487
23.53&03
22.656610
22.83%20
23. 84665
25.79441
27.16314%

CAS
3.79162
3,.48633
3.24981
3.18695
3.21336
3.35154
3.54433

RTO
11.1489%
12.01379
12.70248
13.3)781
14.12518
i5.13298
15.376%6

Rp
~15.03355
-10.95900

~8.02409
~6.85515
-6.25359
-6.49901
-B8.265192

Xis
32.57571
31.68473
30, 84266
30.99952
31.,98373
33.87945
35.19438

K¥S
13.860%0
14.7966B
15.65618
16.33680
17.12913
18.02346
i8.21936

KOS
~23.12533
=-19.12701
~15.25247
~15.10437
~14.51363
~1%.763%%
~16.4543%



9T

GAHNA
549718
™
0.0150
t{1C}
0,003
HITLCY

- 0.003P

Ti
0,00%9

0.0055
L{MC]
0.1222
4HC )
D.0518

LLSP)
0. 1235
H(SP}
0.0375
LITE)
0.0881
H{TC)
0.0472

L-8AR
0.123¢
H-BAR
0.0381
Lenc)
0. 24548
H1aC}
¢.0028

RLADE SECTION CODRDINATES (ROTATFD} AT X

AREA ININ ILLCG
0.3131D0-02 0.563090~06 0.63100~-06
" BETA IMax {44CG
Be1B62 0.1333D-04 0.13337-24

Lrpd L{HP} L™ L{OP)
0.0052 0.1222 0.0898 0. 2426

H{IP) H{HP) H{TP} Hior)
0.00:0 0.0444 0.04056 0.001I1
L HP HS
6.0 0.0020 ¢.0020
0.0030 -0.0007 0. 0069
0.0050 0.0008 4.0088
0.0100 0.08045 0.0132
0.0150 0.0079 0.6174
0.0200 0.0112 0.0214%
0.0250 0.0144% 0.0251
0.0300 0.0173 0.0285
0.0350 0.0201 0.0319
0.0400 0.0228 0.0350
0.0450 0.0252 0.0378
0. 0500 8.0276 0. 0405
0.0550 0.0297 0.0430
0. 0600 9.0317 0.0453
0.0650 0.0336 0.0474
0.0700 0.0353 0.0493
a,0750 0.0369 0.05L1
0.0800 0.0383 0.0527
0.0850 0.039&6 0.0541
0.0900 0.0407 0.0553
0.0%50 0.0417 0.0564
0.1000 0.0425 0.0573
¢.1050 0.0432 0.0581
0.1100 0.0437 0.0586
0.1150 0.0441 0.0591
0.1200 0.0443 0.0593
0.1250 0. 0444 0.059%
0.1300 00444 0.0593
0.1350 0.6442 0.05%1
0.1400 0.0439 0.0%587
0.1%50 0.0434 0.0581
0.1500 0.0428 0.0574%
¢.1550 0.0420 0.0565
0.1600 - 0,D%10 0.0554
0.1650 0.0399 0.0542
0.1700 0.0387 0.0527
0.1750 0.0373 g.0511
0.1300 0.0357 0.0493
0.1850 0.0340 0.0473
0.1900 0.0321 0. 0452
0.1950 0.0300 0.0428
0.2000 0.0277 0.0402
0.20%0 0.0253 0.0374
0.2100 0.0227 0.0344
0,2190 0.0199 0.0312
0.2200 0.0170 0.0277
0.2250 0.0138 0.0240
0. 2300 0.J105 0.0200
0.2350 0.0069 0.0158
0.2400 0.0031 0.0113
0.2448 -0.0007 0.0066
0.247e 0.0028 0.002R

= 1.0546
PHLES
0.41270~07

L{ES)
7.0008
HIIS)
2,0050

TILL)
J.5189N0-05
1 {HHD
2.61i8N-04%
LINS}
0.1221
HIMS)
0.059%

PHL
J0.14010-D4

Li{TS)
0.0064
HUTS)
0.0545

L{s)
0.26T0
H{IS)
0,304%

Lecs)
J.1235
H{C3)
0.J375



PLADE SECTION COORDINATES {ROTATED) AT X = 1.5127

GANMA TI L{sP) L—-RAR AREA IMTN ILLCG PHLLG T{LL) PHL

B.2916 0.0060 0.1246 0.1248 0.3004D-02 0.16590-06 0.16600-06 0.21R4D-07 3,13930-05 0.7602D0-05

- T™ T0 HUSP) H-BAR  'BETA IMAX 14HCG TIHH)

0.0150 0.0060 0.0202 0.0202 0.1030 0.12310-04 0.12310-J4 3.59130=04
~LLTeY L{MC) L{TCY L(gC) L{ir} L{4P} Lirm LIOP) LIS} LIRS) LITS) L{2s) LLC3)
0.0030 041247 0.0824 0.246% 0.0041 0.1247 0.0833 0.2452 0.0019 0.1246 0.0815 0.2475 J.1248

HLIC) HINC) HITE} H{QL} HIIP} HUHP} HITP) H{OP} | H{IS) H{KS} HITS} H{3J5) HILG)
G.0030 0.0266 0.0237 0.0030 0.0002 0.0291 0.01568 0.0002 0.0058 0.0341 0.0306 0.9058 0.0202

L HP HS
0.0 0.0030 0.0030

0.0030 ~0.0001  0.0063
0.0050  0.0005 0.0072
0.0100 0.0020  0.0095
0.0150 0.0035 0.0116 -
0.0200 0.00%8 0.0137
0.0250 0.D062 0.0156
040300 0.0074  0.017%
0.0350  0.0086 0.0192
0.0400 0.0097  0.0208
0.0450  0.0108 0.0223
0.0500  0.0L18 0.0237
0.0550  0.0127  0.0251
0.0600  D.013& 0.06263
0.0650  D.0l%% 0.0275
0.0700  0.0151 0.0285
0.0750  0.0158 0.0295
0.0800  0.0l64% 0.0303
6.0850  0.0170 0.0311
0.0500 0.017T5  0.0318
0.0950 0,017T9  0.032%
0.1000  0.0182  0.0329
0.1050,  0.0185 0.0333
0.1100° 0.0188  0.0337
0.1150  0.0!90 0.0339
0.1200  0.0191 0.0340
0.1250 0.0191 0.03%1
6.1300 0.0191 0.0341
0.1350 0.0190 0. 0340
0.1400 0.0189  0.0337
0. L1450 0.0187  0.0334
6. 1500 0.0184  0.0331
0.1550 0.0180  0.0326
0.1600 90,0176  0.0320
0.1650  0.0172 0.0313
0.1700  0.0166  ©6.0306
0.1750  0.0160  G.0297
0.1806  0.015%  0.0288
0.1850  0.0148 0.0277
0.1900  0.0138 0.0266
0.1950  0.0130  0.0254
0.2000 0.0120 0.0240
0.2050  0.0110 0.0226
0.2100 0.0099 0.0210
0.2150 0.0088  0.013%
0.2200 0.0076 0.0176
0.2250 0.0063 0.0157
0.2300 0.0049 0.0137
042350 0.003% 0.0116
0.2500 0.0019 0.009%
0.2450 0.0003 0.0070
0.2466 -0.0002 0-90563
0.249%  0.0030 0.00390

S9T




99T

GAMYA
9.3510

™
0.0150
LIId
2.0030

H{IC)
0.0030

Tl
0.,00460

0.0960

Li4c)
0.1247
H{MC)
0.0261

LL{SP)
0.1246
HISP)
0.019%
L{TC}
0.0823
H{TC)
0.0232

L~AAR
Q.124%
H=RAR
0.01%99
L (0C)
0. 2464
HOaC )
0.0030

ALANE SECTION COORDINATES {ROTATED} AT X

ARFA 4N TLLCG
0.30027-02 0.16060h-06 0.1606N-0¢
RETA I%ax THHCG
0.1142 0.1229D0-0% 0,12290-34
tire) IR 1) L{TP} Lior}
0.0041 01247 0.0832 2.2453
H{T1P} H{Xp) HITP} H{OP)
0.0002 0.0l86 G.01&3 0.0002
L HP HS
‘0.0 0.0030 0.0030
0.0030 -0.0001 0.0063
0.0050 0.0065 0.0072
0.0100 0.0019 0.0094
0.0150 0.0034 0.9115
0.0200 0.0047 0.0135
0.0250 0.0060 0.015%
0.0300 0.0072 0.0172
0.0350 0.0084 0.018%9
0.0400 0.0095 0.0205
0.0450 0.0105 0.0220
0.0500 0.0115 0.0234
0.0550 0.0124 0.0247
0.0600 D.0132 0.0259
0.0650 0.0150 0.0271
0.0700 0.0147 0.0281
0.0750 0.015% 0.0290
0.0800 0.01i50 0.0299
0.0850 0.01635 0.0307
0.09%00 0.0L70 0.0313
0.0950 0.0174% 0.0319
0.1000 0.0178 0.0324
0. 1050 0.0181 0.0328
0.1100 0.0183 0.0332
0.:150 0.0185 0.033%
0.1200 0.0186 0.0336
0.1250 0.0186 0.03236
0.1300 0.0186 0.033&6
0.135C 0.0185 0.0335
0.1400 0.0184 0.0333
D.1450 0.0182 0.0330
0. 1500 0.017%9 0.0326
0.1550 0.0176 0.0321
0.1600 0.0172 0.0216
0.1650 0.0168 0.0309
0.1700 0.0163 0.0302
D.1750 0.0157 0.029%
0.1800 0.0150 0.028%
0.1350 0.0143 0.0274
0.1980 0.0135 0.02&3
0.1950 0.0127 0.0251
0.2000 0.0118 0.0237
0.2050 8.0108 0,0223
0.2100 0.0097 0.02038
0.2150 0.0086 0.0192
0.2200 0.0074 0.0174
0.2250 0.0061 0.0156
0.2300 0.004%8 0.0136
0.2350 0.0034 0.0115
3, 2500 0.0019 0.0093
0.2450 0.0003 0.0070
G.2464 ~0.0001 0.0063
0.2496 J2.0030 0.0030

= 1.5212
PHLTG
0.2418%9=07

L{IS}
J.0019
H(TS)
J.0058

RN}
3. 13450-95
T4}
J. 5209004
LIMS)
D.1247
H{U45)
G.0336

PHL
0.74700-05

LiTsy
0.081%
H{TS)
0.0301

Lins)
0.2475
HU{OS)
3.2358

Lirs)
J.1246
H{CSG)
J.D10e



LI S
0L8961T
TO
0.0060
LIHC)
0.1248
H{HC)
0.G23%

=~
‘h
~]

At HELEREE N

LiseP)
0.1247
H{5P}

0.07T82

LITC}
0.0812
HITC)
0.0213

L-84R
0.1250
H~BAR
0.01B3
t{oc)
0.2567
H{oC)
0.0030

ALAGE SFCTINN COORDINATES lRDTATfOI AF X

ARER, EMIN ILLCG
0.29940-02 0.13869-06 0.1386P-08
BETA TMax THHC G
0.32070-01 0,12249-04 (.12240=-04
LT LiMP} LITP) LigPt
0.0040 0.1249 D.0B20 0.2457
s#iiel H{MP) HITP} H{OP)
0.0002 0.0164% 9.0164 0.3202
L HP HS
0.0 0,0030 0.0030
0.0030 ~0.0001 0.0063
0.0050 0.,000% 0.0071
0.0100 6.0018 0.0091
0.0150 0.0030 0.011t
0.0200 0.0042 0.0129
0.0250 0.0054 0.01a7
0.0300 0.0064 0.0164%
0.0350 0.0075 0.0179
0.0400 0.0084 0.0194
040450 0.009% 0.0208
0.0500 0.0102 0.0221
0. D550 0.0110 0.0233
0.0600 0.0118 0. 0244
0.0650 0.0125 0.0255
0.0700 0.0131 0.0264%
0.0750 0.0137 0.0273
0.0800 0.0142 0.028¢
D.0850 0.0147 0.0288
0.0900 0.0151 0.029%
0.0950 0.0154 0.0299
0.1000 D.0L57 0.030%
0.1050 0.0160 0.0308
o.11dc 0.0152 0.0310
0.1150 D.G153 0.6313
0.1200 0.0164 0.031%
g.1250 0.0164 0.03k%
0.1300 [N+ T 0.0314
0.1350 0.01583 0.0313
0.1400 0.0162 0.0311
0.1450 0.01460 0.0308
g.1500 0.0158 0.0304
60,1550 0.0155 0.0300
0.1600 0.0151 0.0295
0.1650 0.0147 0.0289
G.1700 0,0142 0.0282
0.1750 0.0137 0.0274
0.1800 0.0131 - 0.0265
0.1850 0.0125 0.0256
0.1960 0.0118 0.0245
0.1950 0.0111 0.023%
0.2000 0.0103 0.0222
0.2050 0.00% 0.0209
0.2100 0.0085 0.0195
0.2150 0.007% 0.0180
0,2200 0.0065 0.0164
0.2250 0.0054 0.0147
0.2300 0.60%2 D.0129
0.2350 0.0030 0.0111
0.2400 0.0017 0.0091
0.2450 0.0004 0,007G
0.2467  ~0.0001 0.0063
0.2497 0.0030 0.0030

= 1.573?
PHL" G
0.57750~98

L(IS)
3.0020
HIIS)
1.0059

T{LL)
J.1138n-~05
[i14}
J.5899D~D%
LIMS)
0.1248
HIXS)
0.0314

PHL
0.468430~35

t{TS}
0.0803
HITS)
0.0281

L{0s)
J.24T7
Hiasy
0.0058

LICHi
J.1247
H{CG)
0.2182




89T

AREA IMIN
0.29930-02 (.1324D0-06 0.13243-0¢
" BETA 1HAX
0.79691-02 0.12240-04 0.1224N-34

LIIP) Levm) LI¥P}
0.00450 0.1249 0.0810

H{TP) H{HP} H{TP)
0.0002 0.0158 0.0137
L tHP HS
0.0 0.0030 0.0030

0.0030 =~0.0001 0.0063
0.0050 0.0004% 0.0071
0.0100 0.0017 0.00%91
0.015¢ 0.0029 D.0110
D.0200 0.0041 0.0128
0.0250 0.G052 0.0145
0.0300 0.0062 D.0lal
0.0350 0.0072 0.6176
0.0400 0.00831 0.0191
0.0450 0.0090 0.0204
0.0500 0.00%8 0.0217
0.0550 0.0106 0.0229
0. 0500 0.0113 0.0240
0.05650 o0.0120 0.0250
0,0720 0.0126 B.0259
0.0750 0.0131 0.0268
0.0800 0.0136 0.0275
0.0850 0.0141 0.0282
0.0900 0.0145 0.0288
0.0950 0.0148 0.0293
0.1000 0.0151 0.0298
0.1050 0.0153 0.0301
0.1100 0.0155 0.0304
0.1150 0.0157 0.0306
0.1200 0.0157 0.0307
0.1250 0.0158 0.0308
0.1300 0.0157 0.6307
0.1350 0.0157 0.0306
0.1400 D.0155 D.0304
0.1450 0.0153 0.06301
0.1500 0.0151 0.0298
0.15%0 0.0148 0.0293
0.1300 - 0.0145 0.0288
0.1650 0.0141 0.0282
0.1700 0.0136 0.0275
0.1750 0.0131 0.0268
o.1800 0.0126 0.0259
8.1850 D.0120 0.0250
0.19%00 0.0113 0.6240
0.1950 0.0%06 0.0229
0.2000 0.0D98 D.0217
.2050 0.0090 0.0205
c.2100 0.0081 0.0191
0.2150 00072 0.0177
0.2200 0.0062 D.0E61
0.2250 0.005% 0.0145
0.2300 2. 00%0 0.0128
0.2350 0.0029 0.0109
0.2500 0.G017 59,0095
0.2450 0.0004 2.05070
0.2469 -0.0001 0.G062
0,2499 0.0030 0,3030

BLADF SECTINN CODCDINATFS (COTATED)
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AL 49 SECTINN COORPMINATES (v 1l ATFD) AT ¢ = l1.0851

GAMMA T L{SP} L-RAR AREA [HIN LLrs oqLnG [fLL) eHL
TeT1l42 4.0061 0.124R 0.1250 0.29950=02 D.13360-086 LI736N=3r =0,40680=-90 ). 10990-05 i, 66C10~C5
™ T HISP) H=-BAP RETA FMAX [HHre, [(HH)
0.0150 0.60692 0.0178 0.0179 -0.2348D-02 0.12260-04 0.1226.-34 2. 59070~04%
LI LINC) L{TC} LLoC} L{IP} LI4P) LiTPy LGP} LUIS: LT4S} LITS) Li{ns! LiE5)
0.0030 0.1250 0.0B0OS 0.2470 0.0040 041250 0.0813 0.2460 2.002% 0.1250 0.0797 0.2479 2.1248
HIIC H{MC) HI{TC) H{nCt HTIP] HIMP) HITP} HINP) HLES) HEMS) H[TS) H{OS} H{Cstk
0,3630 0,0234 0.0207 0.0030 0.0002 0.0159 0.0139 0, 0002 0.005% 0,0309 0.0276 0.0068 7.0t78
L Hp 4g
0.0 0.0030 0.0030

0.0030 -0.0001 D.0063

0.0050 0.00D4% 0.0071

6.0100 0.0017 0.0091

0.0150 0.0029 0.0110

0.0200 0.6041 0,0128

0.0250 0.0052 0.0145

0. 0300 0.00463 0.0162

0.0350 0.0073 0.0177 A
0.0400 0.0082 0.0192 Peen
0.0450 0.Q0%1 0.0205 .
0.0500 0.0099 0.0218
0.0550 0.0107 0.0229
0.0600 0.0114% 0,024}
0.0650 0.0121 0.0251
0.0700 0.0127 0.026D
0.0750 0.0132 0.0263 -
0.8800 0.0127 0.0276 R
0.0850 0.0142 0.0263

0.0900 0.0146 0.0289

0.0950 0.0149 0.029%

t. 1000 0.0152 0.0299

0.16G50 0.0155 0.0302 5
0.1100 0.0155 0.0305 " :
D.1150 0.0158 0.0307 Lo
0.1200 0.0159 0.0208 LT
0.1250 0.0159 0.0309 .
0. 1300 0.0159 0.0308

0.1350 0.0158 0.0307

0.1400 0.0156 0.0305

0.1450 0.0155 0.0302

0.1500 0.0152 0.0299

0.1550 0.0149 0.02%4

G.1600 0.1 456 0.0289

0.1650 0.014%2 0.0283

0.1700 0.0137 0.0276

01750 Ga0132 0.0269

0.1B800 D.gl127 0.0260

0. 1850 0.0121 0.0251

0.1900 0.0114 0.0241

2.1950 0.0107 0.0230

0.2000 0.0099 0.0218

0.2050 ¢.00%91 0.0205

0.2100 0.6082 £.0192

0.2150 6.0072 0.0177

0.2200 0.0062 D.2162

0.2250 0.0052 0.0145

0.2300 0.0041 0.0128

0.2250 0.0029 0.7119

0.2400 0.0017 0. 0091

0.2450 0.9004 0.3071

0.2470  -0.0001 0.0062

0.,2500 0.0030 0.0030




0LT

BLARDE SECTION COJRDINATES (ROTATED) AT X = 1.7426

F Ay TI L{SP} L-2de AREA IHIN ILLCG PHLEG 1{LLY PHL
741355 0.0261 0.124% 0. 1250 0.3001N-02 0.14360-06 0.14360-36 -2.269340-08B 2.11840-0% 0.56983M=06
™. TO HISP) H-BAR BETA THAX i-4MCG 1§84}
0.0150 0.0060 0.0186 0.0188 ~0.12260-01 D0.12310-04 0.123110-04 0.59230-04
L{IC} L) L{Tc) L{OoC) LeIel LixP} L{TP} L{oP} LI15) Li4S) LITS) LUI3S) L{C3)
0.9030 0.1250 0.0826 0.2471 0 2041 041250 0.083% 0.2460 J.0020 0 1250 0.0817 0.2481 0.1249
HITCH HINE) HITC) H(ac) BtIp) HiKP) HITP) HIOP) HLTSY H{45] HITS) H{NS) HI{TG)
2.0030 0.0244 0.0219 0.0030 0. 0002 0.0159 0.0153 U.0002 9.0059 0.031% 0.0288 0.0058 ¢.0186
L HP HS
.0 G.G030 0.0039

0,0030 -0.0001 0, 0053
0.0a50 0.0004% 0.0071
0,0100 0.00138 0.0092
0.0150 0.0031 g.0112
0. 0200 G.0044 0.0131
0.0250 0.0056 0.0149
0.0309 8.0067 0.01686
Q. 0350 0.0077 0.,0182
0.04%00 0.0087 0.0198
0.0450 0.0097 0.0212
0.0500 G.G106 0.0225
0.0550 0.0114% 0.0237
0.0600 0.0122 0.0249
0.0650 0.0129 0.0259
0.0700 0.0135 0.0249
0.0750 0.0141 0.0278
0.0000 0.01%7 0.0286
£.0850 0.0151 0.0293
0.0%00 0.0156 0.0299
0.0950 0.0159 0.0304
0.1000 0.0162 0.030%
0.1050 0.0165 0.0312
D.1100 0.0167 0.0315
0.1150 0.0168 0.0317
0.1200 0.0169 0.0319
0.1250 0.0169 0.0319
0.1300 0.,0169 0.0219
0.1350 0.0168 0.0317
0.1400 0.0167 0.0315
0. 1450 0.0j65 0.0312
0.1500 0.0162 0.0309
0.15%50 0.0159 0,030%4
0.1600 ‘0.0155 0. 0299
0.1650 0.0151 0.0292
0.1700 0.0146 0.0285
0.1750 0.0141 2.06277
0.1800 0.0135 0.0269
0.1850 0.0128 0.0259
0. 1900 g.0221 0.0248
0.1950 0.0114 0.90237
0.2000 0.0105 0.0225
0.2050 0.0097 0.0211
0.2100 0.0087 0.0137
0.2150 0.0077 0.0182
0.2200 0.0067 0.0166
0.2250 0.005%5 0.0149
0.2300 0.004% 0.0131
0.2350 G.0031 D.0112
0.2400 0.2018 0.0093

2+2450 0.9005 0.0072
G.24%71 ~0.3001 G.0063
0.2502 0.9030 0.0030




—
=~
=

GAMMA
43974

0.0150 .

LIIC)
0.0031
HIIC)
0.0031

TT
0.02361

0.00560
LIMC)
0.1250
HIMC]
0.0293

LISk}
0.1249
H{ 5P}
0.0221
L(vc)
0.00843
H{TC)
0.0265

L=04R
0.1250
H-BAR
0,0222
tace
0.2471
H{gC?}
0.0030

BLANF SEFTION COIRDINATES [ROTATED) AT X = 1,730

ARFA IYIN ILLFG PLEG
0.37317-02 0.19870=06 J.1987N-1& 0.3056N-19
8zTA IHAX {HHCG
0.14170-01 0.12560~04 0.1256M~04
LeIm L{RP} LETP) Li2P] Lirs)
0.0043 0.1250  0.0852 0.2458 0.0018
H{IP} HIMP) HITP) HLODY HELS)
0.0003  ©B.0218 0.0195 0.3003 2 .0059
L Hp S

0.0 0.0031 0.0031

0.0031 -0.0932 0.0065

0.0050  0.0005 0.0074

0.0100  0.0023 0.0099

0.0150  0.0040  0.0123

0.0200  0.0056 0.0146

D.0250  0.0071 0.01567

0.0300  G.0086 0.0188

0.0350 0.0100 0.0207

0.0%00  0.0113 0.0225

0.0450  0.0125 0.0242

0.0500  0.0136 0.0257

0.0550 0.0157 0.0272

0.0600  0.0157 0.06285

2.0650  0.0166 0.0298

0.0700  0.0174 0.0309

0.0750  0.0182 0.0319

0.0800 0.0189 0.0329

0.0850  0.0195 5.0337

©.0900  0.0201 0.0344

0.0950  0.0205 0.035%

0.1008  0.0209 0.0356

0.1050 0.0212 0.0351

0.1100 0.0215 0.0364

0.1150  0.0217  0.0386

0.1200  0.0218 0.0368

0.1250  0.0218 0.0368

0.1300  0.0218 0.03%8

0.1350  0.0217  0.0386

0.1200  0.0215 0.D346

0.1450 0.0213 0.0361

0.1500  0.0209  0.0356

0.1550  0.0205 0.0351

0.1600  0.020% 0.0345

6.1650  0.0195  0.0337

0.1700  9.0189  0.0329

0.1750 0.0182 0.0320

0.1800  0.0175 0.0316

0.1850  0.0167 0.0298

0.1900 G.0157 0.0286

0.1950  0.0148 0-0272

0.2000 0.0137 2.0258

0.2050  0.0126 0.0242

0.2100  0.0113 0.0226

0.2150  0.0100 0.0208

0.2200  0.0087  0.0189

0.2250  0.0072 2.0168

0.2300  0.6057  0.0147

0.2350  D.DD4I 0.0124

0.2400  0.0024 0.0100

U450  D.7038 2.00175

0.7471  -9.0702 0.006%

0.2501 0.0030  0.0030

TiLL)
J.146910-05
TiHH)
1.59950-04
Li4s)
0.1250
H{MS]
0.2368

PHL
J.R4110-05

LITS)
0.0833
H{TS)
0.0334

Lasi
0.2483
H{D5}
0.0057

LICG)
0.124%
HICGI
0.0221



LT

FIFTH STAGE ROTOR TDA 013 7TRIAL 1

INPUT FOR BLADE CODRDINATE PROGRAM

ETA LAHDA arl
0.0 0.0 8. 00000 1.
ELEHENT ‘RE RO T ™ Ta

1.79488 1.79503 0.040600 0.01510 0.00600
L.76951 1.77031 0.00500 0.01560 8.00600
1.71857 1.72079 0..00600 0.01650 0.006G0
1l.66675 1.67068 0.00500 0.01740 0.00600
1.61332 1.619358 0.00600 0. 01840 0.00600
L.55T42 L.56616 0.00800 0.01940 4. 00600
1.52814 1.53871 4.0060:0 0.01920 0.00600

NP W

BLADE ELEHENT STACKING PARAMETER-—TNORMI = Q.1860-02

THECG

0.58372830~01 0.59091800-01 0.6043048D-01 0.6137045D-01
CRLG

15264549 281.2879 99. AISIBT 56, T5B9H

BLADE ELEHERT STACKING PARAMETER--TNORH1 = 0.3160-064

THECG
0.583487T4D-01 0.59062870-01 0.60450600-01 0.51431060-01

LRLG

1526.549 281.23879 99.39990 56.76908

ez TN
00000 0.00

KIC
&3.28104%
59.59997
58.47200
57.34792
56.18737
55.16607
54.63611

0.6195924

38.03061

J.6205684

38.03080

LHT
010

KTC
56.82%15
57.70611
58.11604
56,35299
53.20063
49.85208
4T.14507

n-01 0.62561300-01

o-01 0.62692430-01

KoC
56.6B711
57.60474%
5B.08456
56.21389
52.58140
4B8.33571
4% . 60679

26.99563

26.99593

ZHC
0.06215
0.06266
0.06397
0.06631
0.06943
0.07256
0.07481

ZTC
0,12253
0.12050
0.11782
0.11703
0.11672
0.11539
0.11477

0.£2465010-01

22.93366

0.6261561D-01

22.93413

Z0C
D.12757
0.12714
0.12830
0.13364
0.14199
0.15083
0.15775



ELT

ELENENT
1

-~ O AN W

‘ELEMENT

R R0 LRV

ALP
0.06737
0.36052
0299130
1.68443
2443579
3.31436
3.833236

cIc
0.25704%

0.14269-

0.02771
0.08110
025785
0.48821
0.71648

BLADE ELEHENT ANGLES

KH KIC KTC
5848454  &0.2E184 56.82515
58.60236 59.59997 5T7.70561L
58.2782% 58.47200 58.11604%
56.78094 57.34792 56.35299
5438446 56.18737 53.20062
51.75097 55.16607 49.85208
49.62073 54463611 47.14507
BLADE ELEMENT CURVATURES

cac cie cop

0.25696 ~0.354T1 -0.33808
0+14255 -0.501%96 ~0.52185
0.02770 -0.67639 -0,59226
0.08110 -0.58286 -0.71025
0.25780 ~0.57344 —D.60142
0.48817 —0.41011 -D.43762
0.71653 =-0.21460 ~0.24130

ROC
5668711
5760474
58. 0B456
56.21389
52.58140
48.3357L
44, 60479

Cis
0.86474%
0.78492
0.73092
0.84332
1.08313
1.37333
l.62682

KipP
56.00591
55.09239
53.54461
52.00241
50.3748%
%0.88627
48.12316

CAS
0.86183
0.01328
0.76802
0.87551
1.11078
1.400462
1.65306

KTP
60.T7255
61.75491
62.24180
&0.38542
57.01392
53.34045
50.35785

KoP

* 60.95449

62.12686
63.03095
61.60746
58.46210
5%.70151
51.21311

#i5
&64.54594
64.10051
63.39510
62.8687T76
&1.98338
51.40967
61.09201

KTS
52.808867
53.6636%
53.99408
52.32500
49,39827
#6.383%6
43.96049

K0S
5292413
53.08343
53.11846
50.81776
46.T1T46
4#2.00638
38,.05403



VLT

BLADE SECTION CODRDINATES [ROTATEDY AT X = 1.5281
GAMMA TI L{SP) L—BAR AREA THIN ILLEG PHLLG LYY PHL
49.311% 0.0061 Ja 1252 0.1252 0.37600-02 0.9928D-07 0.99280-07 0.29110-08 0.32850-0&8 0.36790-D5
™= 0 Ri{sPJ H~BAR BETA THAX IHHCG FiHRH)
0.0200 0.0062 0.0078 0.0078 0.1173D-01 U0.14320-04 0Q.14320-u4 0.73270-04
LIIC) LM LITC] L{oC} L{IPt LIMP) LiTP) L1ar) LTISY L(NnS) L{TS} L105) L{CG}
00030 d=1246 0.1830 0.2465 0.0032 0.1246 0.1825 0.2461 3J.0028 0.1247 0.1836 0.2568 0.1252
HIIC) HIHC) HITC) H{OC) HIIP) H{BP) HTe H{0P) HILS) HIMS) HITS) H[DS5} HICG}
0.0030 0.009% 0.0079 0.0031 0.0000 -{3.0005 ~0.0005 V. 0000 0.0061 0.019% 0.0164 Q.0062 0.0078
L HP HS
0.9 0.0030 0. G030

0.0030  0.0000  0.0061
0.0050 -0.0000  0.0065
0.0100 -0.0001  0.0075
0.0150 -0.000L  0.0085
0.0200 -0.0001  D.00S5
0.0250 -0.0002  0.0102
0.0300 -0.0002  0.0113
0.0350 -0.0002  0.0121
0.0400 -0.0003  0.0129
0.0450 -0.0003  0.0136
0.0500 -~D.0003  D.0143
0.0550 =0.0003  0.0150
0.0600 ~G.000%4  0.,015%
G.0650  -~0.0004  0.0162
0.0700 -0.0004  D.0le7
0.075¢ ~0.0004  D.0LT1
0.0800 -0.0004  0.0175
0.0850 -0.0005  0.0180
0.0900 -0.0D05  D.0183
9.0950  -0.000%  0.018a
N.1000  -0.0005  0.0188
0.1050 -0.0005  0.0150
0.1108 -0.0005  0.0192
0.1150 ~G.0005  0.0193
6.1200 ~0.0005  0.019%
0.1250 -0.0005  0.0194
0.1300 -D.0005  0.019%
0.1350 -0.0005  0.0193
0.1400 -0.0005  0.0192
0.1450 ~0.0005  0.0191
0.1500 ~0.0005  0.J189
0.1550  -0.000%  0.3187
€.1600 -0.0005  0.010%
0.1650 -0.0085  0.0180
0.1708 -0.0005  0.0177
0.1750  ~0.0005  0.0172
0.1500 ~-0.0005  0,0148
0.1850 —0.J005  U.0163
0.1900  ~0.000%  0,0157
0.1950  -0.0004 . 0.0151
0.2000 -0.0004  0.0145
0.2050 ~0.000%  0.0138
0.2100 -6.00063  0.0130
0.2150 ~-0.0003  0.0123
0.2200 -~0.0003  0.011%
0.2250 -d.0002  0.0105
0.2300 ~0.0002  0.0095
u.2350  -0.0001  G.00B6
0.2500  -0.0001  0.007s
Ted450 D000 G.Jubb
0.2465  0.U000  0.2062
J.2693  0.0031 3.0031




SLT

GANMA
49.7463

0.0199
.L{IC}
0.0030

HIIC}
2.0030

T
0.00561

0.0061
L{MC}
0.1247
HIHCS
0.0091

L{SP)
0.1252
H{SP)
0.0075
LTC}
0.1844
H(TC?
0.0076

L-BAR
6.1252
H-BAR
0.0075
L{gC)
0.2456
HIOC}
0.0031

BLADE SECTION COORDINATES (ROTATED) AT X =

1.5333

AREA ININ ILLCG PHLCG HLL)
0.37430-02 0.9684D-07 0.9684D-07 0.6974D-09 J.30790-06
BETA IMAX THHCG TtHH]
0.2821D0-02 0.14260-04 Q.14260-04 0.7294D=04
Lipl LiHP) L{TP} L{ORI L{IS) LIHS)
0.0032 0,1246 0.183%9 0.2463 0.0028 0.1247
HUIP) HINHP} HITP) H{OP) H{IS) HIHS)
0.0000 -3.0009 -0.0007 0.0000 0.0061 0.0190
L HP HS

0.0 0.0030 0.0030

0.0030 0.0000 0.0061

0.0050 -0.0000 0.0065

0.0100 ~0.0001 0.0075

0.0150 -0.,0002 0.0084

0.0200 -0.0002 0.0094

0.0250 -0.0003 0.0103

0.0300 -0.0003 0.0111

0.0350 -0.000%4 0.0119

0.0400 ~0.0004 G.0127

0.0450 ~0.0005 0.013%

0.0500 ~-0.0005 0.0141

0.0550 -0.0006 0.0147

0.0800 -0.000&6 0.0153

2.0650¢ -0.0006 0.0158

0.0700 ~0.0007 D.0163

0.0750 -0.0007 0.0168

0.0800 -0.0007 0.0172

G.0850 -0.0008 0.D176

0.090¢ -0.0008 0.0179

0.0950 -0.0003 0.0182

0.1000 =-0.000B 0.01B4%

d.1050 -0.0008 0.0l 86

0.1100 ~-0.0008 0.0188

0.1150 ~0.0009 7.0189

0.1200 -0.0009 0.0190

0.125¢ -0.0009 G.01%0

0.1300 -0.000% 0.0190

8.1350 ~0.0009 0.0189

0.1400 -D.0D0% 0.01i848

0. 1450 ~0.0009 0.0187

0.1500 ~0.0609 0.0185

0.1550 -0.0009 0.0182

0.1600 ~0.0008 0.0179

0.1650 ~0.0008 0.0176

0.17300 -0.0008 0.0173

0.1750 ~0.0008 0.G169

0.1800 -0.0008 0.016%

0.1B50 ~0.0007 G.0159

0.1900 -0.0007 0.0154%

0.1950 -0.0007 0.0148

0.2000 -0.0006 0.0142

0.2050 -0.0006 0.4135

0.2100 ~0.0005 0.0128

0.2130 -0.0005 0.0120

0.2200 ~0.0004% 0.011z2

0.2250 ~3.00G3 0.010%

0.2300 -0.0003 0.0095

0.2350 -0.0002 0.0085

0.2400 -.0001 0.0075

3.24%50 =0.00J0 0.0065

0.2566 0.0000 0.0062

0.2498 0.0031 0.0031

PHE

0.3520D-05

LITS)
0.1850
H{TS)
0.0159

L{DS)
0.2469
HI0S)
G.0061

t{CG)
0.1252
HICG)
0.0075



SLT

BLADE SECTION CODROINATES {ROTATED) AY X = 1.5387
GAHMA Ti L{SP} L-BAR AREA IHIN 1LLCG PHLCG {LLl PHL
50.1922 0.0050 0.1252 0.2252 0.3728D-02 0.9441LD-0T7 Q.94410-07 -0.55320~-09 0.2870D-06 0.33550-05
™ T0 HISP) H-BAR BETA THAX {HHCG T {HH
0.0198 0.0061 0.0072 0.0072 ~0.22450-02 0.1421D-04 0.16210-04 0.72670~-04
LIIC) L{HE) Livel [N (el ] LiIpPy LINPI LiTe) L{oP) LUES) LIHS) LITS) L{0s) LICG"
0.003D 0.1247 0.1859 0.26466 G.0032 0.1246 0.1854 D.2464 0.0028 0.1247 0.l865 0.2469 D.1252
HIIC) H{HC] HITC} H{acC} HIIP) HIKP) H{TP) HIORm) R{IS? H{HS) HITS)} HIO5) HLCG)
0.0030 0.0086 0.0072 7.00340 0. 0000 -0.0012 -D.0010 0.0000 0.0080 0.0185 0.015% 0.0061 0.0072
L HP HS
0.0 0.G030 0.0030

0.0030 0.0000 0.0061
0.0050 ~0.0000 0.0064%
G.0100 =-0,0001 0.0074
0.0150 -0.0002 0.0084%
0.0200 -0.0003 0.0092
0.0250 -0.0004 0.0101
0.0300 ~0.0005 0.0109
0.0350 -0.0006 0.0117
0.0400 —0.0006 D.0124
0.0450 =0.0007 0.0131
0.0500 -0.0008 0.0138
0.0550 ~0.0008 0.014%4
C. Q600 -0.0009 0.0149
000650 -0.0009 3.0155
0.0700 ~3.0010 0.0160
0.0750 =-0.0010 0.0164%
0.0800 ~0.0011 0.0168
0.0850 ~0.0011 0.0172
0.0900 -0.00e1 0.0175
0.0950 ~0.0012 0.0177
0.1000 -0.0012 0.0180
0.1050 ~0.0012 0.0182
0.1100 ~0.0012 0.0183
0.1150 -0.0612 0.0184
d.1200 -0.0022 0.0185
0.1250 ~0.0012 0.0185
0.1300 ~0.0013 0.0185%
8.1350 =0.0013 0.0184
0.1400 -0.0012 D.0183
0.1450 ~0.0012 0.o0182
0.1500 -0.0012 0.0180
0.1550 ~0.0012 0.0178
0.1600 ~0.00tL2 0.0175
0.165Q ~0.0012 G.0372
0.1700 -~0.0011 0.0169
0.1750 =0.0011 0.0165
0.1800 ~0.0011 0.0160
0.1850 -0.0010 0.0155
0.1900 -0.0010 0.0150
0.195¢0 -0.0009 0.0145
0.2000 ~0.0009 0.013%
0.2059 -0.0008 0.0i32
0.2100 ~0.0007 0.0125%
0.2150 =-0.0007 D.0118
0.2200 ~0.0006 0.0010
0.2250 -0.000% 0.0102
0.2300 ~0.000% 0.0093
0.2350 -0.0003 G.0084
d. 2400 =~D. 0002 0.0075
0.2650 -0.0004G 0.0065
D.2406 0.0000 G.1061
O.24097 0.0030 0.0030




=
~1
~]

GARMA
52.081%

0.0189
L{IC)
D.0032
HIIC)
0.0028

TI
0.0060

D.0061
LIHCE
0.1248
HI{HC]
0.0061

Li{SP)
0.1252
HISP)
0.0053
LITCY
0.1980
HITC)
0.0049

L~BAR
0.L251
H-BAR
0.0053
Lioc}
0.2468
H{OC)
0.0030

BLADE SECTION COORDINATES (ROTATED} AT X

1,586

PHLCG

LiIS)
0.0029
HIIS)
0.0060

AREA IHIN ILLCG
0.35860~02 0.78590-07 0.78590-(7 -0.6304D-D8
BETA THAX THHCG
~0.26370=0F Q.153F770-04 0.13770-04
LiIed Li{np) LITP) LICP)
0.0031 0u1248 0.1976 0.2466
H{IP} Hi{HP} HITP) H{OP)
0.0600 -0.0034% ~-0.0023 D.0000
i HP HS
0.0 99,0030 0.0030
0.0030 06,0000 0.0060
0.0050 -0.0001 0.0063
0.0100 -G.0004 0.0071
0.0150 -0.0006 0.0078
0.0200 -0.0008 0.0085
4.0250 -0.0011 0.0092
0.0300 ~(.0013 0.0098
0.0350 ~0.0015 0.0104
0.0400 ~G.0017 0.01069
0.0450 -0.0019 G.0115
0.0500 -0.0021 0.0120
0.0550 ~-0.0022 0.0124
0.0600 ~0.0024 0.0129
0.0650 -0.0025 0.0133
0.0700 -0.0027 0.0136
0.0750 ~0.0028 0.0140
0.0800 -G.0029 0.0143
0.0850 -0.0030 0.0145
0.0900 -C.0031 G.0148
6.0950 ~-0.0032 0.0150
0. 1300 -0.0032 0.0151
0.1050 ~0.0033 D.0153
«1100 ~0.0033 0.0154%
D.1150 -0.003% ¢.0155
0.1200 =0.0034% 0.0155
G.1250 ~0.0034 0.0155
0.1300 ~0.0034 0.0155
0.1350 -0.0034 0.0155
0. 1400 -0.003%4 0.0154%
0.1450 ~0.0033 0.0153
0.1500 -0.0033 0.0151
0.1550 -0.3032 0.0149
Q15600 ~0.0032 0.0147
0.1650 -0.0031 0.0145
0.1700 -0.0030 8.0142
G.1750 ~0.0029 0.0139
0.18900 ~0.0028 0.0136
¢.1850 ~0.0027 0.0132
0.1900 -d.0025 0.0128
0.1950 ~0.0024 Q.0124
0.2000 ~0.0022 G.0119
0.2050 -0.0020 0.011%
0.2300 -0.0018 0.0209
08,2150 -0.0016 0.0183
0.2200 ~0.001% 0.0098
0.2250 -0.0012 0.0091
0.2300 ~0.0009 0.0085
0.2350 -0.00017 0.0078
0.2400 ~0.000% 0.3071
Ge 2450 ~0.00a1 3.0063
0.2468 0.0000 0.00561
0.?2498 0.0030 0.0030

HLL)

0.17820-06 ©0.23590-05

T{HH)
0.69920-04
LIHS}
0. 1248
H{HS)
0.0155

PHL

Livs)
0.1983
H{TS}
0.0121

L(Os}
0.2469
H{OS§
0.0060

LICGY
0.1252
HICG}
0.0053



8LT

BLADF SECTION LUJURDINATES (ROTATED: AT X = L.640U
GAMMA ¥l L(SP) L-BAR ARERA [HIN ILLCo PHLLG 1Lyt PHL
55.7117 0.0060 D.1251 0.1251 0.34210-07 0.55930-07 0.65930-0F -0.1047D-07 0.11970-0¢& Q.L16F 105
™ 70 H{SP) H-BAR BETA THAX THHCG TEHH)
‘0.0179 0.0250 0.0040 0.0040 ~0.45370-01 0.1328D-04 0.1328D-04 V. 66830-u4
L) LEMCT L{TC} 10ac} LiEP) L{MP] LiTP) 11ae LIS LTMS5} LIT3) LIns) LICG)
0.0030 0.1249 0.2105 0.2470 0.90031 0.1248 0,2103 J.24869 Je0029 0.1249 0.2107 D.24T0C 0.i251
HOICY H{MC) HITC) H{OC) Hirel H{MP } H{TP) HIAP) H{15}) HIMS) HITS) HIDSI HICG)
0.0030 0.0043 0.00356 0.0030 4. 3000 -0.JU4b -0.002» - 0.0002 .60 0.0133 0.3096 0.,0060 0.0040
L HP H5
3.9 d0.0030 0.0030
v.J330 0.J000 U. 0060
0.0G50 ~0.0001 0.0062

0,0100 -0.0005 ¢.0068
0.0150 -0.0008 0.0074
0.0200 ~0.0D12 0.0079
0.0250 -0.0015 0.008%
0.0300 ~0.0018 0.00569
J.0350  =0.0021 0.009%
0.04200 -0.0023 0.0098
0.0450 -0.,0026 0.0102
0.0560 ~0.0078 6.0106
0.0550 -0.0G7% 2.0L0%
0.0600 -0.0033 0.0113
0.0650 =-0.003% J-0116
0.0700 -0.0036 2.0119
0.0750 -0.0038 0.0121
0.0800 -0.0039 0.0123
0.0850 ~0.0041 0.0125
0.0900 ~0.0042 0.0127
0.0950 =0.0043 0.0129
0.1000 -0.00%4 0.0130
0.1050 -D.0045 0.0131
0.1100  ~0.00%5 0.0132
0.1150 -0.00%6 0.0132
0.1200  -0.00456 0.0133
0.1250 ~0.0046 0.0133
0.1300 ~D.D0%& 0.0133
0.1350  ~0.0046 0.0132
0.1400 -0.0046 6.0131
0.1450 ~0.0046 0.0131
0.1500 ~0.0045 0.0129
0.1550  ~0.0044 0.0128
0.1600 =D.0043 0.0126
0.1850 -0.00%2 0.012%
0.1700 -0.0041 0.0122
8.1750 =0.00%0 0.0120
0.1800 -0.0038 0.01L7
0.1850 ~D.003& 0.0115
J.1900 -0.0034 0.0111
0.1950 =Q.0032 0.0108
0.2000 -0.0030 0.0i05
0.2056 ~0.0028 0.0101
0.2100 -0.0625 0.0097
0.215¢ ~0.0822 J.0093
0.2200 -9.0019 0.0088
0.2250 ~0.00L6 2.0083
0.2300 -0.0013 0.0079
0.2350 -0.0009 9.0073
0.2400 =-3.0006 0.3068
0.26450  ~0.0002 0.0082
0.2470 01,0000 5.0060
0. 2600 7.9030 0. 0u30

B P L e - : ) .



BLADE SECTION COODRDIMATES {RITATED) AT X = 1.6934

GAHHA TI L{sp} L-BAR AREA IHIR ILLEG PHLCG TiLL) PHL
Bat409 0.0060 0.1250 0.1250 0.32630-02 0.5621D-07 0.56210-07 -D.67320-08 0,89790-07 0.1302D0-05
™ 0 H{SP) H-BAR BETA THAX [RHCG L {HH)
0.0170 0.00&60 0.0032 0.0032 ~0.302560-01 0.12810-04 0.1281D-0% 0.63020-04
LIIC) L{3C) L{TC) L{ach L{IP} Linp L{TP} LIOP} LIIS) L{H5) L{T5]} L{DS) LELG)
0.0030 0.+1249" 0.2224 0.2470 0.0030 0.1249 0.2222 0.2470 3.0030 0. 1249 0.222% Q2470 0.1250
HI{IC} H{HNC) HITC) H{DL) Hiim HIMP ] HITP) HIEP) H{IS}) H{N5} H{TS) R{OS} HICG)
G.0030 0.0033 Q.0031 0.0030 0.0000 -0.0052 -0.0019 0.0000 - 0.0060 0.0118 n.oos1 0.0060 0.0032
L HP HS
0.0 0.0030 Q0.0030

0.0030 0.0000 0.0060
0.0050 -0.0002 0.00562
0.01040  -0.0006 0.0067
0.0150 -0.0009 0.0071
0.0200 ~-D.0013 0.0075
0.0250 =-0.0017 0.0079
9.0300 =-0.0020 0.0083
0.0350 -0.0023 0.0087
0.0400 -0.0026 0.Q0%0
0.0450 -0.0029 0. 0093
0.0500 -~0.0032 0.0096
0.0550 ~0.002% 0.0099
0.0600 —0.0037 0.0102
440650 —0.0039 0.0104
03.0700 -D.0041 C.0106
0.0750 -0.0043 0.G108
0.0800 ~D.0D0%% 0.0110
0.,0850 -0.0046 D.0i12
G.0900 -0.0047 0.0113
0.0950 ~-0,0048 0.Cll%
0.1000 =0.0049 D.0115
G.1050 ~0.0050 0.0116
0.1109 ~0.0051 0.0117
0.1150 -0.0051 0.0117
0.1200 ~G.0052 G.0118
0.1250 -0.0052 G.0118
0.1300 -0.0052 0.0118
0.1350 -0.G052 0.0117
D.1400 ~D.005: 0.0117
G.1%550 -G.0051 0.G116
0.1500 -0.0050 0.0115
0.1550 ~D.0049 0.0114%
0.1600 -0.0048 Q.0113
0.1650 -Q.0047 0.0111
02700 —0.0045 0.0109
0.1750 -0.004% 0.03108
0.1800 -0.0042 0.0105
0.1850 —0.0040 0.0103
0.1900 -0.0038 0.0101
0.1950 ~0.0035 d.0098
0.2000 -0.0033 040095
0.2050 ~0,0035D 0.0092
0.2100 -0.0027 0.0083
0.2150 -0.0024 J.0085
00,2200 ~0.002% 0.0082
0.2250 —-0.0018 0.0079
0.2300 =B.00L14 0.007%
0.2350 ~0.0010 0.0071
0.2400 ~0.00058 0.0066

D.2450 ~0.6002 0, 3062
9.2470 0.0000 0.0060
G. 2500 G.0030 G.0030

[
~J
\D
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08T

RLADE SECTION COORDINATES (ROTATED} AT X = le 7467
GAMHA 134 L{5P} L-RAR AREA IHIN ILLCG PHLLG ILL) PHL
58.5501 0.0060 0.1250 3.1250 0.31100-02 0.48190-07 0.4812D0-07 -0.2169D0-0% 0.8476D-07 0.1333D-05
™ 70 H{SP) H-BAR BETA ITMAX IHHCG I (HH)
0.0160 0.0060 0.0034 0.0034 -0.1011D-02 0.12340-04 0.12340-0% 0.60920-04%
LIIC) Lixc) LE{TC} Lioc) LiIP} L{MP) LiTP} L{OP) LUIS) Li{ms) LITS) Li{OS) LICG)
0.0030 0.1249 0.2316 0.2469 0.0030 0.1249 0.2315 0.2469 J.0030 0.1249 0.2316 Q.2470 0.1250
HIIC) H{HC] HITC} H(OC) HITIP) H{MP} HITP) HIOP} H{IS? HIHMS) HITS) H{D3) H{CG)
0.0030 0.0036 0.0p32 0.0030 0.0000 -0.0044 -0.0010 0.0000 0.0060 0.0116 0.0073 0.0060 0.0034
L HP HS
0.0 0.0020 0. 0030

0.0030 0.0000 0.0060
2.0050 ~0.0001 0.0062
0.0100 -0.0005 0.0066
0.0150 -0.0008 0.0071
0.0200 -0.0011 0.0075
0.0250 -0.001% 0.0078
0.0300 -0.0017 0.0082
0.0350 ~0.0020 0.0086
0.0400 ~0.0023 0.0089
0.0450 -0.0025 0.00%92
0. 0500 -0.0027 0.0095
0.0550 -0.0030 0.49098
0.0600 -8,0032 0.0100
0.0650 ~0.0033 0.0r02
0.0700 ~0.0035 0.0105
0.0750 -0.0037 0.0107
0.0800 ~0.0038 0.0108
0.0850 =0.0040 0.0110
0.0%00 -0.0041 0,011}
0.0950 -0.0042 0.0113
0.1000 ~0.0043 0.0l14
0.1050 ~0.0043 0.0114%
0.1100 ~0.0044 0.0115
0.1150 ~0.0044% 0.0116
0.1200 ~0.00%4 D.01156
0.1250 -0.0044 0.0116
0.1300 ~0.0044 0.01e
0.1350 -0.0044 0.011é
0.1400 -0.0044 C.0115
0.1450 -0.0043 0.0114
D.1500 ~0.0043 0.0114
0.1550 ~0.0042 2,0113
0.1600 ~0.0041 G.0111
0.1650 ~0.0040 0.0!10
D.1700 ~0.0038 g.0lo08
0.1750 ~0.0037 g.0107
0.1800 -0.0035 0.0105
0.1850 -0.0034 0.0102
0.1900 ~0.0032 0.0100
0.1950 ~0.0030 0.0098
0.2000 ~0.0027 0.0095
0.2050 ~{.0025 0.0092
0,200 ~0.40023 0.008%
0.2150 ~0.0020 0.0086
J. 2200 ~0.u017? 0.0082
06.2250 -0.001% 0.0078
J.2300 ~0.0011 0.0075
0.2350 -0.0008 g.0071
D.2400 -0.0005 G. 004686

J.2450 =0.0001 D.0U62
Ve 24869 0.00G0 U 0360
0.2499 0. 0030 0. 0030




BLADE SECTION COORDINATES (ROTATED) AT X = 1.8500

. GAMMA TE LEsP) L-BAR AREA IHIN ILLCG PHLLG L) PHL
58.1075 0.0060 0.1248 01248 0.27B0D0-02 0.356580-07 0.36590-07 0.14970~07 0.13420-06 0.2072D-05
™ Ta HI5P] H-BAR BETA IMAX I14HCG T{HH)
0.0140 0.0062 0.0059 0.0059 0.75680-01 0.1137D-04 0.1137D-04 0.5470D-04
LIIC] L{HC} L{TC} Leoc) Liie} LIHP) LirTe) LicP) L{ES) L{H5) LITS) LICS} L{CG}
0.0030 0.1249 0.2546 0. 2566 0.0032 0.1249 0.2433 D.2462 J.0028 0. 1249 042642 0.2469 Ge.l248
HIIC) H{MC) HITC) HioC) H{IP) H{MP) H{TP) HIGP} HUIS) H{M5) H{TS) H{0S} HICG)
G. 0030 0.0070 0.0038 0.0031 0. 0000 ~0.0000 0.0000 0.9000 0.0060 0.0140 0.0065 0.0082 0.0059
L HP HE
0.0 0.0030 U.003u

0.0030 0.0000 3.0080
0.0050 0.0000 0.0063
0.0100 ~0.,0000 0.0069
' 0.0150 ~0,0000 0.0075
0.0200 -0.0000 0.0081
0.0250 -0.0001 0. 06686
0.0300 -0,0001 0.0091L
0.0350 -0.0001 0.0096
0.0400 ~-D.0001 0.0101
0.0450 -0.0001 0.0105
0.0500 -0.0001 0.0109
0.0550 -Q.0001 0.0113
0.0600 ~-0.0001 0.0117
0.0650 -0.0001 0.0120
0.0700 -0.0001 0.0123
0.0750 -0.0801 0.0126
0.0800 ~-0.0001 0.0128
0.0850 ~0.0001 0.0131
0.0900 -0.0001 0.0133
D0.0950 -0.0001 0.0135
0.1000 ~0.0001 0.0136
0.1050 -0.0001 0.0137
0.1100 -0,0000 0.0138
0.1150 -0.0000 0.0139
g.1200 -0.0000 0.0140
G.1250 -0,0000 0.0140
0.1300 G.0000 0.0140
0.1350 0.0000 0.0140
0.1400 0.0000 0.0139
0.1450 0.0001 0.0138
0.1500 0.0001 0.0137
0.1550 0.000¢ 0.0136
0.1&00 0.000} U.013%
0.1650 0.9001 0.0132
0.1700 0.0001 D.0130
0.1750 0.0002 0.0128
G.1800 0.0002 0.0125
0.1850 0.4a602 0.0122
0.1900 0.0302 0.0119
0.1950 0.0002 0.0115
0.2000 0.0002 0.0111
J.2050 0.0002 0.0107
0.2100 0.0002 0.01a3
0.2150 0.0002 2.00%8
0.2200 0.0002 0.0093
0.2250 0.0902 0.0088
0.2300 8. 7001 J.u0b2
G.?235%) 0.3001 2.0077
J.2400 0.J001 0.0071
B.2450 0. 0uud [T Y TR
PPLT.YY 0.0000 veJUE2
Te T aud3l VAU BES |

=
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Z8T

FIFTH STAGE STATAR THA D13 TRYAL 1
INPUT FOR BLADF COORDINATF PR(AGRAY

ETA LAMDA Pl qe2 TNLHT
0.0 0.0 8.00300 1.29000 0.32012
ELFMENT L3 | RO TI TH T0 KI1Z KT™

KacC

1 1.79516 L. 79542 0.00600 0.01500 0.00600 27.53%34 11.81336 ~19,03476
2 1.77101 1.77250 0.00620 D0.01500 0.00600 26.53067 12.67378 -14.99925
3 L.72269 1.72658 0.00600 '0.01500 0.00600 25.59240 13,3795 -12.062567
4 L.67380 1.6A020 0.00600 0.01500 0. 00600 25.60732 13.94992 -13.82813
5 1.62373 1.63300 0.00600 0.01500 0.00600 26436644 14.60014 -10.26357
& 1.57168 1.58459 0.00500 0.021500 0.00600 27.86034 15.32577 =11.47625
7

BLADE ELFEMENT STACKING PARAMFTRR—-—-TNOPM] = (Q.191N-032

THFCG
0.1527506D-01 J.156125620-01 0.1688763N-01 0.1786464D-01 0.193046560--01
CRCG
1679.631 288.5730 107.3873 63.38217 42242301

BLADF ELEMENT STACKING PARAMETER-~TNORMI = 0.905D-05

THECG
0.1519424D-01 0.156062810-01 0.1682252D-01 0,1780956D-01 0.19257319-01
CRCG

1679.631 288.5738 107.3871 63.38199 . 42.42282

1.54509 1.55984 0.00600 0.01500 0.00600 28.79939 15.39065 -12.08%30

0.21205422-01

29.93774

0.21137010-01

29.93757

IMc
D.l11976
J.1190%
0.11871
3.11839
0.11792
0.11728
0.11725

Irr
0,07948
0.0781A
0.37573
0.07453
0.07448
0.07530
0.07541

0.2177787N-01

25.39833

J.2165832D~01

25,39820

zor
0.24325
0.2%256R
0.24219
3.24181
0.24134
0.24078
0,24088




€8T

ELEMENT

1
2
3
4
5
&
7

ELEMENT

1
2
3
&
5
&
T

ALP
0.06124%
0.35178
0.a2019
1.51610
2.19968
3.,02166
3.50406

cic
3.24135
2.9070%
2.64520
2.5635%
2.5T649
2.569222
2.B5356

SLADF ELEMFNT ANGLFS

KM KIC KTC
425314 2T.53934 11.81396
5.TE666 26.53067 12.67378
6.764088 25.59240 13.38795
T-38919 25.60732 13.94992
A.05142 26.366%4 14.60014
B.£9234% 27.R6004 15.325%7
8.35748 28.79939 15.39065

BLADE ELEMENT CURVATURFES

cot cie cap
3424159 2.71782 2.71792
2.90687 2.36579 2436641
2464619 2.09852 2.09042
2,56329 2.01059 2.00312
2.5T660 2.02698 2.01623
2.69226 2.15071 2.13622
2. 86373 2.33238 2431550

xor
=19.03475
-14.99825
-12.0636T
~-10.82813
=10. 26357
~1G.4T625
=~12.08430

CIs
3.72079
3.40779
3.160564%
3.08032
3.0R995
3.19565%
3.35585

kie
23.41549
22.38214%
21.43363
21.45284
22.22391
23.73701
24.69681

CAS
3.72118
3.40874
3.16432
3.08676
3,19206
3,20995
3.37161

KTe
10.44227
11.26565
11.89633
12.42092

13.0802%"

13.35296
1%.92612

Kne
-14.91295
-10.84360

~7.88618
—5+643069
~6.07152
~6+28509
-7.90131

KIS
AL.52514
30.5544%4
29.63727
29.65165
30.39873
31.86865
32.7T8107

KTS
13.13984%
14.03955
14.83873
15.43832
16.0794%
16.75745
16.81166

KOS
~23.02150
-19.02812
~16.12685
~14.90460
~1%.34404
=14.55101
~16.14387



8T

SAMMS
8.1417

p.0150
L)

. 0.0030

H{IC)
0.0030

T1
0.0D60

0.0060
LIMC)
0.1247
H{%C]
D.0256

LISPY
0.1247
HISP)
0.01%94
LITC)
0.0820
H(TC}
0.0227

L-RAR
0.1248
H-RAR
02.0195
L(oc)
0.2464
HIDC)
0.0230

ALANE SENTION COORNINATES (RATATEN) AT X
1

AREA

MIN

ees

0.29980+02 0.15470~06 0.1547
"BETA IMAX I1HHEG
0.9228D-01 0.1226D~04 0.1226
L{IP) INLCED] LITP)
0.0041 0.1247 0.082°
HE1P} H{YP} HITEY
0.0002 0.0181 0.01548
L HP HS
0.0 0.0030 0.0030
0.0030 -0.0001 0.9063
0.0050 0.0005 12,0072
0.0100 0.0019 0. 0093
0.0150 0.0633 0.G114
0.0200 0.0046 0.0134
0.0250 0.0058 0.0152
0.0300 0.0970 0.0170
0.0350 0.0081 0.0187
0. 0400 0.0092 0.0202
0.0450 0.0102 0.0217
0.0500 0.0%kt1 0.0231
0.0550 0.0120 0. 0244
0.0600 0.0128 0.0256
0.0650 0.0136 0.0267
g.0700 0.0143 0.0277
0.0750 9.0149 0.0286
0.0500 0.0155 0.02%4%
D.0BS0 0.0140 0.0362
0.0900 0.0165% 0.0308
0.0950 0.0169 0.0314
0.1000 0.0172 0.0319
0.1050 0.017% 0.0323
o.t100 0.0178 0.0326
0.1150 0.0179 0.032%
0,1200 0.0180 0.0330
0.1250 0.0181 0.0331
0.1300 D.0180 0.0330
0.1350 o0.0180 0.0329
0.1400 0.0178 0.0327
0.1450 0,0178 0.032¢
0.1560 0.0174 0.0320
0.1550 0.0171 0.0316
0.1600 0.0167 3.2310
0. 1650 0.0162 0.0304%
0.1700 09,0157 0.0297
0.1750 0.0152 D.0288
0.1800 0.0145 0.0279
0.1850 0.0138 0.08269
0.1900 0.0131 0.0258
0.1950 0.0123 0.0246
0.2000 0,0144 0.0233
0.2050 0.010% 0.0219
0.2100 0.009% 0.0204
0.2150 0.0083 0.0188
0.2200 0.0071 0.0171
0.2250 0.0059 0.0153
0.2300 0.0046 G.0134
0.2350 0.0032 0.0114%4
T.2400 0.0018 0.0092
0. 2650 8.0003 0.0069
0.2464 -0.0001 3.9062
0.2594 0.0030 0.0030

3-06

=24
Liorl

D.2453
H{CP)

5.0002

0.19500-07

L(1s)
J.0020
H{TS}
0.0459

TiLL} PHL
3.1290D-05 G.7302Ph~05
I (HY
2.589RD-04
L{HSY LITS) L(os}
0.1246 0.0811 0,2475
H{MS) HITS) H{NL}

0.0331 0.029% 3.2358

Li{rg)
0.1247
HELG}
J.0194%



SLADE SECTION CROADINATFS {QITATFD) AT X = 1.5523

GARMA 7T L{5P} L=-RAR AREA IHIN ILLCG PHLIG L) PHL
8.2513 0.03649 Qal246 0.1248 0.2996D-02 0.1509N0-06 0.15099-06 N.19210-07 J.1254N-05 0.71950-05
™ 10 HisR) H-2AR 'RETA THAX T4HLG Ii44)
0.0150 0.0060 0.0192 0.0192 Q.91010=-01 0.12250-04 0.12250-04 1.5R95N-04
LLIC) L{HC} LIt L{ocy LiIp} L{uP) LITDy L{DP) LUIS) L{MS5} L17S} LIOS} LicG)
&.00320 0.1247 0.0R2% 0.246% 0.0041 G-L247 0.0829 J.2453 1.0020 01247 0.0311 0.2475 0.1246
H{IC) H{4C) HI{TC) HIOC) HUTPY H{MP} BLTP) HIGP) HUIS) HMS) H{TS] Hi0S) H(C5}
0.0030 0.0252 0.0224 0.0030 0.0002 0. 0177 0.0155 0.0002 . 0059 0.0327 0.0293 J. 0058 J.jl02
L HP HS
0.0 G.0030 0. 0030

0.0030 -8.0001 0.0063
0.0050 0.0005 0.0072
0.0160 0.0019 0.0093
0.0150 0.0032 9.0113
0.0200 0.0045 0.0133
0.0250 0.0057 0.0151
0.0300 0.006% d.0168
0.0350 0.Q0BGO 0.0185
0.0400 0.0090 2.0200
0.0450 0.0100 0.0215
0.0500 0.0109 8.0228
0.0550 0.0118 0.0241
0. 0600 0.0126 0.0253
0.0650 0.0133 0.0284
0.0700 0.0140 0.0274
0.0750 D.0L46 0, 0283
0.0800 0.0152 0.0291
0.0B50 0.0157 ¢.0298
0.0%900 Q.0162 0.0305
0.0950 0.0166 0.0311
0.1000 0.0169 0.0315
0.105%0 0.0172 0.0319
0.1100 0.017% 0.0323
0.1150 0.,08175 0.0325
0.1200 0.0176 0.0326
0.1250 0.0177 0.03227
D.1300 0.0177 0.0327
0.1350 0.0176 0.0325%
0. 1400 0.0175 0.0323
0. 120 0.0173 0.0321
0.1500 0.017TQ 0.0317
0.1550 0.0L67 0.0312
0.1600 0.0163 0.0307
0.15650 0.0159 8.4300
0.1700 0.0154% 0. 0293
0.1750 0.0148 0.0285
0.1800 0.0142 0.0276
0.1850 04,0135 0.0266
0.1900 ¢.0128 0.G25%
0.1950 0.0120 0.0243
0.2000 0.0111 G.0231
0.2050 0.0102 G.0217
0.2100 0.0092 0.0202
0.2130 0.0081 0.0185
0.2200 0.0070 0.0169
0.2250 0.0058 0.0152
0.2300 0.004% 0.0133
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APPENDIX E

TIME~SHARING COMPUTER PROGRAM FOR THE

DESIGN OF FREE VORTEX TURBINES

SUMMARY

Appendix E describes a time sharing computer program named
"TURBINE" which was written to aid in the design calculations for
free vortex, axial flow turbines. Any gas for which the specific
heat ratio and gas constant are known may be used for the working
fluid. The program will analyze any number of stages or spools.
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BETAl
BETAZ2

CF

DELBET
DP

DwW
D(I,J)
EFB
EFF
EFN
ESD
ETAT

ETAS

ETAA

FAX BUC
FAX NOEZ
FTAN BUC

FTAN NOZ

NOMENCLATURE*FPOR COMPUTER FROGRAM "TURBINE"

flow angle measured from tangential, dey
bucket entrance angle, deg

bucket exit angle, deg

flow coefficient applied to annulus area at all stations

in a stage.

bucket turning angle, deg

inner stage total pressure loss, fraction.
inner stage flow loss, fraction.

diameter at station I, streamline J, in.
bucket efficiency at pitch line.

stage total to total efficiency.

nozzle efficiency at pitch line.

stage energy or enthalpy drop, Btu/lb
overall total to total efficiency.
overall total to static efficiency.
overall total to axial total efficiency.
axial air load on buckets, lbs

axial air load on nozzles, 1lbs

tangential air load on buckets, lbs

tangential air load on nozzles, 1bs

* This nomenclature is used in the program input and output
does not apply Lo the program listing.

but
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GAMA

LOAD
MF
MR1
MR2

NDO-NOZ

NDO-BUC

NS

Pax

PEX

PSEX
PI

PO

PS

P4
PTB

RCHO

RG

RDM

Rl

specific heat ratio, stage average.

station number, (see fig E~1)

streamline number, 1 = hub, 2 = pitch, 3 = tip.
loading coefficient, (0.50)(32.17)(778.26) (ESD)/(U2)?.
stage exit axial Mach number.

bucket inlet relative Mach number.

bucket exit relative Mach number.

summation of effective nozzle throat dimensions on
indicated streamline, in.

summation of effective bucket throat dimensions on
indicated streamline, in.

number of stages.

turbine exit total pressure assuming recovery of axial
component of leaving velocity, psia.

turbine exit total pressure assuming full recovery of
leaving velocity, psia.

turbine exit static pressure at pitch line, psia.
stage inlet total pressure, psia.

turbine inlet total pressure, psia.

static pressure, psia.

stage exit total pressure, psia.

total pressure relative to bucket leading edge, psia.

radius times tangential velocity at turbine inlet,
(ft/seec) (in.).

gas constant of working fluid, £t/°R.
stage rotational speed, rpm.
reaction, (root wvalue in input data).

gas velocity relative to bucket leading edge, ft/sec




R2
TEX

TF

TI
TO
TS
TTB
T4
Ul

U2

<

WD
WO
ZWEIN

- ZWEIB

gas velocity relative to bucket trailing edge, ft/sec
turbine exit total temperature, °R.

test factor or vector diagram efficiency; applied to
vector diagram energy to get actual stage output energy.

stage inlet total temperature, °R.
turbine inlet total temperature, °R.
static temperature, °“R.

total temperature relative to bucket leading edge, °R.
stage exit total temperature, °R.
bucket leading edge velocity, fit/sec
bucket trailing edge velocity, ft/sec
gas velocity, fit/sec

tangential component of V, ft/sec
axial component of V, ft/sec

stage mass flow rate, lbs/sec

turbine inlet mass flow rate, 1lbs/sec
nozzle Zweifel loading parameter.

bucket Zweifel loading parameter.
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GENERAL DESCRIPTION

"PTURBINE" performs a simple, straight forward design calcula-
tion of the velocity diagrams in a multistage axial flow turbine.
Also calculated are the pressures a4 temperatures throughout the
turbine and a number of other useful design parameters. Input to
the program consists of turbine inlet gas conditions, required
energy extraction, thermodynamic properties of the working £luid,
turbine flow path dimensions from preliminary design calculations,
and certain optional items which are left to the discretion of the
designer.

Basic assumptions in the calculation are that free vortex flow
exists in the space between each blade row and that a constant
average value of specific heat ratio may be assumed for each stage.
Continuity, angular monentum, and energy relationships are satis-
fied at the leading edge and trailing edge of each blade row.

This program was conceived as a-useful, time-saving design
tool and is simple enough to be used in preliminary design studies
where a large number of turbine configurations may be examined at
low cost. It may also be used as a detail design tool in cases
where the assumption of free vortex flow is adeguate or the use of
more sophisticated design procedures is not warranted. The program
has the flexibility of being able to handle any number of stages
and any working fluid that may be assumed to have a fixed gas con-~
stant and a constant specific heat ratio through each stage. Also
the rpm may differ for each stage, permitting the analysis of multi-
spoocl turbines.

The program was not intended to be used in the off-design mode
or to predict turbine efficiency, although stage and overall effi-
ciencies are calculated using blade row efficiencies and other loss
factors supplied by the designer. Detail design of blade sections
is beyond the capability of this program although it does calculate
most of the needed parameters such as inlet and exit flow angles.
.Zweifel loading parameters, air loads, and blade throat areas.

TURBINE is written in the Fortran language for the G. E, Mark
II time-sharing system. The program listing is given in appendix
E-~A,

THEORY

Figure E-~1 defines the stations at which calculations are made
for each stage. BAn outline of the calculation logic appears in
figure E-2. After reading in the general and stage input data, the
first calculation step is to initialize the stage inlet conditions.
For the frist stage, the inlet conditions are set equal to the
given turbine inlet conditions. For subseguent stages, the inlet
conditions are set equal to the exit conditions of the previous
stage unless DW or DP have non-zero values. In this case, the flow
and total pressure will be reduced by the fractional amount equal
to DW and DP respectively. Thus, DW and DP may be used to account
for inner stage leakage and total pressure losses.
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CENTERLINE

Figure E-1. - Definition of calculation stations.
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[Preliminafy Operations ]

Lgead General Input | AJ
A
-{ Read Stage I?put j

Initialize Stage Input

, 1 '
fPreliminary Stage Calc.
|

| calc. Station 3 Flow =

I ' .
{ Is Error <.005 2 L 0o .l adjust V& (3)
yes

Lgalc. Stage Energy —1

I
{ Is Error <.002 ? 4}_~Jyl447Adjust PO/PS (4} [

yes

-

| Complete Stage Calc. |
1

|Print Stage Data 4 1
' L

ncL!F:i_nal Stage? ]

yes

| Calc. Overall Performance |

| Print Overall Performance |

Egd

Figure E-~2. - Program logic diagram
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Next, the program makes preliminary calculations for various
constants, annulus areas, pitch line diameters, wheel speeds, and
initial estimates of stage pressure ratio and axial velocity at
station 3.

Using this first estimate of stage pressure ratio and an ap-
proximate eguation relating the nozzle pitch line pressure ratio
to the bucket root reaction, the pitch line static pressure at
station 3 is calculated. A free vortex flow field is then assumed
at station 3 and the mass flow computed based on the first estimate
of axial velocity at this station. This axial wvelocity is then
adjusted and the mass flow recomputed until continuity is satisfied
at station 3. The calculation then shifts to station 4, at the
bucket exit, where continuity is satisfied and the stage energy
output calculated. This energy output is then compared to the
required wvalue, and, if they are not equal, an adjustment is made
to the stage pressure ratio. The iteration then continues until
both continuity and stage energy requirements are satisfied.

After the iterations on continuity and energy are converged
the program completes the calculation of the remaining stage para-
meters, including the velocity vectors at stations 1 and 2, bucket
relative conditicns, loading parameters, blade loads, efficiency,
etc. Output for the stage is then printed. If another stage
follows, the program returns, reads in new stage data, and proceeds
as before.

After the final stage, the program calculates overall tempera-
ture and pressure ratios and an average specific heat ratio. Over-
all aervodynamic efficiencies are then calculated from these quanti-
ties; three efficiencies are calculated. The first is based on full
-recovery of the leaving velocity and is usually called the "impact
efficiency" or the “"total to toal efficiency;" it is this efficiency
which is also calculated for each stage. The second efficiency in
the output is the "total to static efficiency” which charges the
turbine with all the leaving veloecity as a loss. The third effi-
ciency calculated assumes recovery of the axial component of leaving
velocity and charges the turbine with the swirl component as a loss.

PROGRAM INPUT

Input data for TURBINE is in a separate data file which must
be set up and named prior te running the main program. Input to
TURBINE then consists of only the name of the data file and is
input when the program asks ‘or it after the RUN command is given.
The name of the data file is arbitrary and several input data files
may be stored at the same time.

Input must be stored in the data files accoxding to the fol-
lowing formats

Line 1 PO, TO, WO, NS, RG, RCUG

Line 2 D(1,3), D(2,3), D{z,3), D(4,3)
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Ak g i - i

Line 3 p(1,1), p(2,1), D(3,1), D{4,l)
Line 4 ESD, TF, EFN, EFB, EFF, MF
Line 5§ RX, RPM, GAMA, CF, DW, DP

EBach line of data must be preceded by a line number as in any
Fortran program. The first line contains general data and is
input only once. Lines 2 through 5 contain stage data and must
be repeated for each stage. The input values of EFF and MF serve
only initial estimates and will be recalculated by the program.
The value of RX is satisfied only approximately by the program and
the exact values calculated are printed out for each stage. A
sample input data file is shown in appendix E-B.

PROGRAM OUTPUT

A sample printout is given in the appendix E-C and is largely
self explanatory. The first block of data gives the static pre-
sure, static temperature, and velocity vector information at hub,
pitch, and tip diameters for station 1. The effective annuius area
is also given for this station. This same output is then repeated
for stations 2, 3, and 4. The next two blocks of data primarily
give gas ccuditions and velocity wector information relative to the
bucket on hub, pitch, and tip streamlines. Also given are several
loading parameters and nozzle and bucket throat dimensions.

The next two lines of data give the stage input data plus the
stage inlet and outlet temperatures and pressures. Note that the
input estimates of efficiency and axial Mach number have been re-
placed with the calculated values. The next line of data under
BLADE LOADS, gives the total aercdynamic loads on the nozzle and
buckets in the axial and tangential directions. These loads are

the total due to momentum changes and static pressure differences.

The foregoing output is repeated for each stage. Following
the output for the last stage is a block of output entitled
"OVERALL PERFORMANCE" giving the turbine inlet conditions, overall
temperature and pressure ratios; the three overall efficiencies and
the average specific heat ratio for the turbine,
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APPENDIX E-A

COMPUTER "TURBINE" PROGRAM LISTING

FILENAME IDF

REAL D(4,131,A048),U3C),U4(3),VACA) V4235
ViIJLA23Y:R1(3),R2(3)»REUCAIST(AI>P(AITS5C453),
PSCA23)sTTRI3ISPTB(3)sRHACAL3)HPHISAC3)
DTN(3):ALP(4,3)sBETAI(3),BETAR{]3)

REAL MRI(II.MRAC3ILDBET(32,NDAC3),BDa¢3)
REAL L9ADC3I»MF:RAXC3ISZN(3),2ZR(3)

ALPHA ANY
PRINT."NAME OF TURBINE"3INPUT ANV
PRINT,"NAME 3F INPUT DATA FILE"; INPUT,IDF
K=t

EID=0

SUMG=0Q

FARMAT (V)

READ (IDFsINILN,PO,T0,W0OLNSsRG,RCHOD

READ CIDFs1NILN,CDCIsD)s1I=1,4)

READ C(IDF»I1NYLNSC(DCE210s1I%154)

READ C(IDF:10LN-ESD-TFsEFYEFBLEFF.MF
READ CINF,1DILNSRXsRPM2G.CF-DW,DP

IF {xX=1330,30,20
TC1)=TR3PCIY=PNWD=WOSIRCUC I I=RCUD
G323 T2 50
TCEI=TC4I3PC1I=PCAI={1=-DP)
WD=WD*C1=DWIRECUCIIZRCUICA)
G0 T2 50

PRELIMINARY STAGE CALCULATIENS

G1=(G-1)/G
G2=1/61

CP=GR4RG/TTR+26
C1=22432, 1 T405%7 78 264CP

€2=32.17 405#GSRE

PI=3.14159

DD 50 I=1,4
DCI-2)=CDlIs134DC1a3)35/8
ACII=CFHPI%CD{153)¢2-DCT,1)12)/4
CONT INUE

UP=PI*RPM/720

DB 70 J=1,3

U3 CII=UPHD ¢ 340 5USL I SUPRD (4, 1)
CONT INUE

SPR=CC1+(G=1)/2%MF 12)/CI~ESD/EFF/CP/TC1))) 162
VAC33=MF#CCRECT( 1) ~ESDACPI3 7.5
TSO=. 15

CONTINUITY AND ENERGY BALANCE ITERATIONS

PS{A4:-2)=P(1)/5PRIPHISA=(PE(4223/PC12)2G]
PHIS3(2)=1=(1=~PHIS4)4 {1 ~RXI#CTSQ+(D(3213/D(322) 3421 /(T58+]1)
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325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
ann
405
410
415
420
425
430
435
440
445
450
455
460
465
470
415
4R0
435
490
495
500
505
510C
5156
52nC
525
530
515
540
545
55n
555
560
562
545
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APPENDIX E-a&. - Continued

DTNCR2I=EFN%T(1)»(1-PHIS3¢2))
V(3,2)=(CIHMDTNC2) )25
VUE3:,2)=2(V(322)92=YA(3)12)7.5

DB 100 J=1,3.2

VU3, =VHC3,2)%D(322) /D 2,00
VE3,J3=(VUIC3,J5224VA(3) 122 1.5
DTN{JI=V(3.,J)r2/Ct
PHIS3CJI=PHISIC2IxCTC1I-DTNCIII/ZCTC1)-DTNL2)3

1 NOCANT INUE

DB 110 J=1.3
TSC3,J)=TC1Y=DTN(D
PS(3,J)=P(1)}xPHISI(JIrG2
RHBC320)=144%P5(3,J)/RG/TS(3:0)

110C@NT INUE

RHBA= « 24 (RHBC( 3, 1 }+RHB(T23) ) ++ 6::RHE(3,2)
HWC=RHEA®XVA(3I*A(3) /1449

ERR=(WC~WD)I /WD

IF ¢ABSCERR)+LT..005369 T8 120
VAC(I)I=VA(I ) +WD/WC
TSO=CVAC(3II/VU(3,15d22

@ Te 90

120RIC(2)I=CVAC3) 12+ C(Vul3,2)-U3(22302) 1.5

TTBC(2I=TS(3,2)+R1(2)I*2/C])
PTBCR2)=PSC(3,2)#(TTRC(23/TS(3,2)) G2
PHIB=(PS5¢4,2)/PTB(2) )¢5
DTB=EFB#TTB(2)*(1-PHIB)
R2(23=C(C1%DTB)?.5
TS(4,2)=TTR(2)~-DTB
RHOC4,2)=144%PS¢ 4,2)/RG/TS5C4,2)
VACAY=UD#*144/RHI{4,2)/AC4}
RUZ=(RZC2I12-VACAIt2}t.5
VUC4,2)=RU2-U04(2)
ESC=TF#C(D(3s21%VU(I,23+DCH,2I50U(4,2) Y«RPM*PI%CP/360/C1
ERR=(ESC-ESD)/ESD

IF (ABSCERR)Y«LT..002} GO TG 130
SPR=(1«(1~5PRt(~G1))2ESD/ESCY* (-G2)
6% TO 80

STARE CBMPLETISN

130VC4,2)=CVUCA, 21 2+VACAI 12315

TCAI=TSC(A,2)+VL452)22/C1)
PCAY=PSCA2IR(TLAI/TSCA,2)Y2 0552

D3 14N J=1,3,2

V(A JI=YUCR2)4DCQ2 R D4 0D

VA, J1=sCUUC4. ) 124VALAIT23 1.5
TSCA,1)=TCAY-VCAsJI)12/CH
PSCa:.1)=PCAKCTSCA-JI/TCA Y2
RH3(4,,1)=1492PS5CA2 J)/RG/TSCA» )
RICJI=CVACS3I 24 (WUC3s 1) ~UBC.J2)¥2) 1.5



570
575
580
$8%
586
590
593
594
595
596
597
600C
6058
610C
615
620
625
&30
635
640
645
650
655
460
865
670
875
680
685
690
£9S
696
697
595C
8990
700
705
710
715
720
725
730
735
TAnD
745
746
748
749
750
755

APPENDIX E~A. - “ontinued

TTBCIY=TS(A. D +RILII12/C1H
PTBCUYPS(3,JI%(TTBLII/TS(32J)3+062
R2LIIZ(VACSI P2+ CVULA, JY+UALS) 3123 1,5

140CONTINULE

TLAY=TL13-ESD/CP

RCUCAI=D(4,2)%VUICA2) /2

MFRUALA) 7EC2%TSC422)) 1.5
EFF=(1=-TCAY/T{13)/C1-CPCAX/PCL1D)?G1)
RCUCII=D{3,2)%YUCI2)/23RCUC2Y=RCUL3)
PCRIsPSCa,2I%ELTCI)/TS5C2,23 62
P(2)=P(3i3TC(2}=T{))

CONTINUITY AT STATI@NS 1 AND 2

DB 160 1=1.2
VACII=VAC(])
DG 150 J=1,3
YUCTI» J)=2%RCUCT)I /DT - J)
{50CeNTINUE
DO 155 J=1,3
VEI s JI=CVACT) 124VUCTI 0202025
TECLaII=TCIISY (T JIT2/0E
PSiXaJI=PCEIECTSCIL I /TCENIER
RHACI» ) =143PSCI5 JI/TSCILJ3/REG
155CONT INUE
RHBA= 2% CRHBCI» 13 +RHGCI> 3 )+ 6%RHABCY2)
WC=RHBARVACII*AL2) /1 44
ERR=(WC~-WD}/UD
IF CABSIERRILT.«005) GO T8 160
VACI)=UAC I ) DAUE
Ga@ T8 150
180CONTINUE
G2 TG 200

PRINT STATEMENYS
T99PRINT-STAGE NUMBER *,K

PRINT 900
PRINT," DIAMETER PS TS v vu
& vz ALP*
PRINT." CINY CPSIAY (R (FP5) CFPS)
ELFP3) (DEG)I"
PRINT 900

D& 800 I=l,4

PRINTS' STATION™,1

PRINT 910,(DCIsJd3sPSEEsd3sTSCLaIIp VT3 VUCTL IS VACTILALPIES Y
&a2J=13)

PRINT 900

PRINT»" ","EFFECTIVE AREA ="sACI}
S00PRINT 900

PRINT."SL BETAI BETA2 T8 FTB Rl R2 ‘Ut
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204

760
765
770
775
30
785
790
795
300
03
219
815
816
/20
825
30
231
R3S
gaAN
]45
350
A5S
]60
R&65
g0
375
880
BTS
290
R95
900
ans
910
915
220
10000
1005C
1010C
1315
1020
1021
1022
1025
1na2¢é
1027
1028
1030
1N35
1036
1037

APPENDIX E-A. ~ Continued

ayz"
be 810 J=1.3

S10PRINT 9205J:BETALCJISBETA2(IIaTTRC(IDILPTB(I 2RICIILREC( SIS

EU3CIYAl4Cd)
PRINT 900

PRINTS"SL MR1 MR2 L9AD RX DELBET NDO=NZ NDO-BK ZHWIEN

EZWIERY
D@ 820 J=1,3

S20PRINT 93N, JaMRICII o MR2(.IIoLIADCII S RAXCIISDBET (Y NDBCI) S

¢ RD&CJY> ZNCL) s ZB L)

PRINT 9nn

PRINT," EFF EFN EFB TF
) np MF*

PRINT 94N,EFFsEFNsEFBsTFsCF,DW.DPsMF

PRINT 900

PRINT" ESD RPM WD T1
& P4 GAMA'

PRINT 95C,ESDsSRPMWELTC1),TCAYPE1)4PCA)Y, 0
PRINT 900

PRINT."BLADE LOADS"™

PRINT," FAX NOZ FTAN G2 FAX BuUC
PRINT960,F7N,FTNLFZR,FTR

PRINT 900

EAD=EGD+ESD} SUMG=SUMG+ESD*#G2 K=K+
IF(K=NSIR0,20,500

SOOFOARMATCIH )

S10FARMATSIH F14¢3:F1Ne2,4F2415F%¢2)
S2OFARMATCIH T222FT+e2sFTe1sFB4a2:4F741)
I3O0FTRMAT(IH I2:4F6¢32FT7«2,8F73,2F643)
GANFARMATCIH FT+327F%.3)
OXMFIRMATLIH FO.2,5F3a0sFFe352FBel,2FRB2,FB44)
EAFIRMAT(IH F12.2,3F11:2)

970FORMATCIH Fi12.2sF221,F10635F9.3,F10.1)
IBOFBRMATC(IH F11.353F92.3)

990F3IRMATC(IH F10.3,2FB35F11442

AUXILIARY CALCULATIONS

20008 210 J=1,3
‘DB 205 I=1.4
IFCUUCTSJ)217-2G1587

17CONTINUE

ALPCEs 2=1RO/PI*ATANCYACII AVUCILJ) )
G@ TE 205

201ALPCY2J)=90.00
G® T8 205

20SCONTINUE _
RETA1L ) =1B0/PIsATANCVACSIZCVUC3, Y ~U3C 30 )
IFC(BETALCJ) }206.: 207 5207

2N6BETALCI)=1R0+8ETAL (J?

CF

pw

T4 PE

FTAN BUC"




10383
1040
1045
1050
1055
1060
106%
1670
107 1
1075
1076
1080
1085
1990
1100
1105
1110
1113
1199
1200C
1205¢
12100
1215
1220
1225
1230
1235
1240
1245
1250
1255
1500
1505
1510
1515
1520
1525
1535
1540
1545
1550
1560

APPENDIX E-A. - Concluded

RO7TCANTINUE

BETAZ2(J)=150/PI%ATANCVACAR/CYUCA, 124040 J)))
MRICJI=RICIIZLCR%TS(3aJi) a5

MRACJI=SRZLII/(CE24TS5C(4,09).5
LBADCJI=CI4ESD/4/CR/7(U4CJ) 22
RAXCII=1=C1={PSC3.0)/PC13)rGlI/C1=EPSCALJIZP(LI G
DBET(J)=180~BETAI1 (J)Y-BETAZ2(J)
ZNCIIS2%VUCT>JY4VUC22 00 ) Z(PLLI~PSC2. 003/ C1 /RHECL, I3 /VACLY
+1/RHB(2,JIAVACRY)I/144/32.17405

ZBCJY=2%(VUL32 ) +VUCA I I/ (PTBCII-PS(4,J))/C1/RHB(32J)/VAL3Y
+1/RNOCA, I3 /VALAY I F1A4/3241T72405
NDGCJI=PI%D{2, JYXEFN? 53 SINCPI®*ALP(2,J) /1803

AP (JI=PI*D 4, JIFXEFBT « BRSIN(PI#BETAR(J /1BQ)

210CONTINUE

FIN=WD* (RCUC 1) +RCUC23 I kA/C(D(1,2)+D(2,2)3/32:17405
FTR=WDXESD*TT78.26/ (U3 (22+UA(2) 3%2
FIN=C(PS{122)~PS5S(2,2) }%A(2)+WD*(VALLI=-VA(2)1/32.17405
FZB=C(PS{3,2)=PS(4,2)3%ACAI+WDRCVACII~VACA) ) /32.17405
GO Te 799

@VERALL PERFORMANCE

500AVGG=SUMG/EAD

TOTX=TO/T(4)

POPX=PO/P{4)

POPSX=PO/PS(4:2)
ROPAX=POPSR/ (1 +(G~1}/25MFt2) G2
G3=CAVGG~1)/7AVGG
ETAT=C1-1/TOTXI/ L1~ (PUPXIT(~(G3))
ETAS={1~1/TOTX}/CI=-CPOPSX)t(~G3)}
ETAASCL«1/TOTXIZ (1 ~CPOPAX) T (~G3))
PRINT»"3VERALL PERFORMANCE"

PRINT 900
PRINT.™ 0 TO Wo RG RCuUO™
PRINT9T702P0>T0»H0s» RGs RCUD

PRINT 90G0Q
PRINT»" TO/TEX PO/PEX PO/PSEX POJPAR™
PRINT9802TOTXsPOPXs POPSXsPOPAX

PRINT 200
PRINT. ’ ETAT ETAS ETAA AUG GAMA'
PRINT990,ETAT>ETASSETAA»AVGE

STAPZEND
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APPENDIX E-B

SAMPLE INPUT DATA FILE

NASAT?H 11716772

11N 258 610 53 2 53-,3 0O

120 14750 1750 1,753 1.7580
130 1570 1570 1580 1510
140 35 «893 295 RS o5 +2

150 176 BS5000 1412 .95 0 0
160 14750 1750 1750 1750
170 1500 1.330 1320 1.192
1971 2325 4873 +95 «85 «8 5
196 12 8S0O00 1.412 .95 N 0
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GLD TURBINEDR

READY
RUN

TURBINES

11221EST

APPENDIX E-C

SAMPLE PROGRAM PRINTOUT

11716772

NAME OF TURBINE? 778 PERFORMANCE PRINTOUT

NAME

STAGE NUMBER

DIAMETER

CIND

STATIGN
1570
1.660
1750

EFFECTIVE AREA

STATIGN
157G
1660
1750

EFFECTIVRE AREA

STATIGN
1.560
1.5655
1750

EFFECTIVE AREA

STATIGN
: 14510
1630
14750

i

BF TNPUT DATA FILE7INASA77S

PS TS
(PSIA) (R)

1
255.20 6081
255 .20 40Re1
255.20 608.1!
4.458B589E~01

2
8597 AS0.0
95.94 4560
10701 4797
4.,4588589E~01

3
8517 4488
@6 «BR 4659
107 .58 4804
4.6923966E=01

4
62.08 4240
6287 425.5
6350 42608

v
(FPS)

i51.0
151.0
I51.0

13715
1308.9
12377

13767
1301.3
1234.2

486.9
46746
451.5

vu
(FPS)

0o
Oe
Go

1337.4
1264.9
1199.8

1346.0
1268.7
1199.8

3602
333.7
310.8

VZ
{FPS)

1510
i51.0
151.0

3339
3035
303.9

28942
289.2
289.2

3275
3275
3875

ALP
(DEG)

90«00
20.00
90.00

12.80
1351
14.82

12.13
12.84
1355

42428
44447
46.50
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EFFECTIVE AREA = S5.8377025E-01
3. BETA1 BETA2 TTB PTB R1 R2 ut u2
1 20.65 19.59 506.0 128.50 820.1 976.8B 578.6 56040
O 23.82 19.24 5095 13164 T15.9 993:.8 613+8 604.5
3 27.7T0 18.84 S5i13+.3 135.02 622.1 1014.2 649.0 6490
SL.  MR1 MR2 LBAD RX DELBET NDG=NZ NDO@-BK ZWIEN  ZWIE
1 0787 02964 1397 D188 13976 1065 14467 0275 0.767
2 0674 04579 14199 0ue264 13693 1.188 1.556 0.290 0.729
3 0577 0+998 14040 04329 1233.46 12316 1+637 0.304 0.685
EFF EFN EFB TF CF DY DP
0.792 0,950 0.850 D.893 0950  O» O» 0.
ESD RPN Wb TI T4 PL P4
35.00 85000, 0530  610.0 460.9 258400 7279
BLADE LGADS
. "FAX N@zZ FTAN N@Z FAX BUC FTAN BUC
. 68.05 20.84 19.23 23.70
STAGE NUMBER 2
DTAMETER PS TS v VU vz
CINY (PSIA) CR) (FRS) (FPS) (FPS
STATION 1
1.500 62.42 A40.7 487 .95 362.6 32568
1.625 63.23 442.3 46701 334.7 325.8
1.750 63.87 443+ 6 4503 3108 325.8
EFFECTIVE AREA =  6.0622B49E«01
STATIGN 2
1.330 25.66 34403 117G.5 1123.3 388.9
1540 33.32 3716 1024.4 970.1 - 328.9
1+750 39.20° 389.7 914.% 85357 328.9
EFFECTIVE AREA = 9.6519070E~01
STATIGN 3
1.320 25,32 343.0 117741 1131.8 323.2
1.535 33.85 371.4 1025.% 9733 323.2
1750 39231 3900 912.9 85347 323.2
EFFECTIVE AREA = 9.8496310E~01
STAT LGN 4 ,
10192 2043 3327 44848 253.4 3704
1471 20.83 3345 42345 205.3 370.4
1750 21.05 33546 4087 172+6
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B

MF
323

GAMA
1.4120

ALP

p) (DEG)

41«94
44.23
4a.35

1638
18«73
21.07

1594
18637
2074

5563
&1.00
8502




USED

EFFECTIVE AREA = 1.2248700E+NN

S BETA1 BETAZ TTB PTH R1 R2 U1 ua
1 26.72 28«04 387.0 3828 719.0 7T8BB.-N A48%9.6 442.1
2 38.66 26.26 3%4.2 40.78 S517.4 837.3 569.3 545.6
3 57.66 24.27 402.4 4378 382.6 901.3 64%9.0 649.0
SL  MR1 MR2 L2AD R¥ DELBET ND@-NZ ND3-BK ZWIEN ZWIEB
1 0.7T89 0.8B78 1.489 0144 [25.24 1.144 {+623 0588 1.054
2 0.54%6 09230 0978 0.332 115.08 1.514 1.B85 0.696 0.884
3 0:394 1000 0691 0-458 9807 1.926 2.083 0784 D.714
EFF EFN EFB TF CF D4 pp M
1.784 3950 0850 0873 0.950 O. s G412
ESD RPM WD TI Ta Pl P4 GAMA
23.25 A5000, 0.530 460.9 361.8 72479 24.27 11,4120
BLADE LBADS
FAX NaZ FTaN N@zZ FAX RBUC FTAN BUC
28.82 21.21 l4.44 1720
BVERALL PERFURMANCE
PO TO Wo RG RCUO
258.00 §18.0 N.530 53,300 s
TH/TEX PO/PEX PO/PSEX PO/PAX
1.6B6 {0.431 i2.388 11.014
ETAT ETAS ETAA AVG GAMA
0.815 D.782 0.5803 14120

PROGRAM STOP AT 13560

« 73 UNITS

209



REFERENCES

Burnett, Mackenzie: Development of a Hydrogen-Burning Annular
Combustor for use in a Miniature Gas Turbine Engine. NASA
CR66362,1969.

McKee, Lewis W.: Ultra High Speed Ball Bearings. Reprint from
Missle Design and Development, Aug. 1960.

Structural Dynamics Research Corp.: SPIN (Static and Dynawic
Analysis of Beams)

Russell, Terrence E.; Allen, Gorden P.; Ludwig, Lawrence P.;
and Johnson, Robert L.: Gas Turbine Face Seal Thermal
Deformation and Computer Program for Calculation of Axisym~
metric Temperature Field. NASA TN D-5605, 1969.

Miller, M. L.; and Bryans, A. C.: Parametric Study of Advanced
Multistage Axial~Flow Compressors. NASA CR-797, 1967.

Bryans, A. C.; and Miller, M. L.: Computer Program for Design
of Multistage Axial-Flow Compressors. NASA CR-54530, 1967.%

Creveling, H. F.; and Carmody, R. H.: Axial Flow Compressor .
Design Computer Programs Incorporating Full Radial Equilibrium.
Part IT - Radial Distribution of Total Pressure and Flow Path
or Axial Velocity Ratio Specified (Program III). NASA
CR-54531, 1968.*

Crouse, James E.; Janetzke, David C.; and Schwirian, Richard E.:
A Computer Program for Composing Compressor Blading from
Simulated Circular-Arc BElements on Conical Surfaces. NASA
™™ D-5437, 1960.%

*Computer Programs for Axial-flow Compressor Design.
Identifying Numbers: M69-10345 and LEW-10765

*Computer Program for Designing Compressor Blades.
Identifying Numbers: M70-10057 and LEW-11059

The above programs and their supporting documents are available

to domestic (U.S.A.) users by purchase from:

210

Computer Software Management and Information Center
Barrow Hall

University of Georgia

Athens, Georgia 30601



100

11l.

iz.

13-

14,

15.

le.

17.

18.

19.

Bengexr, William A.: Transonic Compressor Technology Advance=-
ments. Paper presented at the International Symposium on the
Fluid Mechanics and Design of Turbomachinery, Pennsylvania
State University, University Park, Pennsylvania, August 30-
September 3, 1970.

Johnsenr, ILrving A.; and Bullock, Robert 0., eds.: Aerodynamic
Design of Axial-Flow Compressors. NASA SP~36, 1965.

Lieblein, Seymour; Schwenk, Francis C.; and Broderick; Robert
L.: Diffusion Factor for Estimating Losses and leltlng Blade
Loadings in Awxial-Flow~-Compressor-Blade Elements. NACA
RM B53p01, 1953.

Gostelow, J. P.; Krabacher, K. W.; and Smith, L. H., Jr.:
Performance of High Mach Number Compressor Rotor Blading.
NASA CR-1256, 1968.

Monsarrat, N. T.; Keenan, M. J.; and Tramm, P. C.: Design
Report Single-Stage Evaluation of Highly-Loaded High-Mach-
Number Compressor Stages. NASA CR-72562, 1969.

Miller, Geneviever 7.; Lewis, George W., Jr,; and Hartmann,
Melvin J.: Shock Lesses in Transonic Compressor Blade Rows,
Journal of Engineering for Power, Trans. ASME, vol. 83,
Series A, pp. 235-242, 1961.

Seyler, D. R.; and Smith, L. H., Jr.: Single Stage Experimental
Evaluation of High Mach Nuwber Compressor Rotor Blading, Part
I, Design of Rotor Blading. NASA CR-54581, 1967.

Kech,; C. C.:; Bilwakesh, K. R.; and Doyle, V. L.: Evaluation of
Range and Distortion Tolerance for High Mach Number Transonic
Fan Stages, Task I Stage Final Report, Volume I. NASA CR-
72806, 1971.

Cohen, R.; Gilroy, W. k.; and Marchant, R. D.: Final Report=~
Compressor Reseaxrch Package for Research and Development of
High Performance Axial-Flow Turbomachinery. NASA CR-54884,
19%67.

Bolan, P.; Cohen, R.; and Gilroy, W. K.: Research and Develop=-
ment of High-Performance Axial-¥low Turbomachinery. Volume I-
Design of Turbine Compressor. NASA CR~-800, 1968,

Tysl, Hdward R.: neldelberg, Lawrence J.; and Weigel, Carli:

Overall Performance in Argon of a 3.7-Inch Sik-Stage Axial-
Flow Compressor. N&SA TM X~2154, 1871.

211

e b A LA L L s et tem e+ e e



AR Tl

|
A
k)
.
8]
!
!
i

20. Bullock, R. O.: BAnalysis of Reynolds Number and Scale Effect
on Performance of Turbomachinery, Journal of Engineering for
Power, Trans. ASME, vol. 86, Series 1\, pp. 247-256, 1964.

21. Schlichting; H.; and Das, A.: On the Influence of Turbulence
Level on the Aerodynamic Losses of Turbomachines. In: Dzung,
Lang S., ed. Flow Research on Blading. Amsterdam. Elsevier
Publishing Company, 1970. pp. 243-274.

22. Heidelberg, Lawrence J.; and Ball, Calvin L.: Effect of
Reynolds Number on Overall Performance of a 3.7-Inch Diameter
Six-Stage Axiai-Flow Compressor. NASA TN D-6628, 1972.

23. Kovach, Karl; and Sandercock, Donald M.: Experimental Investi-
gation of a Five-Stage Axial-Flow Research Compressor with
Transonic Rotors in All Stages, III - Interstage Data and

Individual Stage Performance Characteristics. NACA RM E56G24,
1956.

24, Manson, S. S.: Determination of Elastic Stresses in Gas~-
Turbine Disks. NASA Report No. 871. NACA, 18947.

25. Burnett, Mackenzie: Development of a Propane Burning Annular
Combustor for use in a Miniature Gas Turbine Engine. (NASA
Contract NAS1-7261), by Tech Development, Inc., 1970.

26. Zweifel, O.: The Spacing of Turbo-Machine Blading Expecially
with Large Angular Deflection. The Brown Boveri Review,
Dacember 1945, pp. 436-444.

27. Baker, Von E; Johnson, Richard A.:; Brasket, Richard G.; and
Lamb, Owen P.: Experimental Results with Lift Engine Exhaust

Nozzles. 2American Institute of Asronauvtics and Astronautics,
Paper No. 65-574, 1965,

28. Hentfield, J. A. C.: Nozzles for Jet-Lift V/STOL Aircraft.
Paper presented at AIAA Second Propulsion Joint Specialist
Conference, Coloradc Springs, Colo, 1967,

212



TABLE 1.~ CONFIGURATION SELECTION PROGRAM BLADE ROW GEOMETRY

Rotor Number stator | Stator
Chord Rotor Rotor of Chord Hub Stateor
Stage | Number of Length Tip aspect | Stator Length BSolidity Aspect
Rotor Blades Solidity Ratio Blades Ratio
em {in.} cm {(in.)
Four=Stage Configuration
1 49 0.76 (.30} 1.300 2.000 57 0.64 (.25} 1.700 1.800
2 47 64 (.258) 1.048 1.700 55 .64 (.25) 1.520 1.500
3 45 .64 (.25) 0.995 1,368 53 .64 (.25) 1.080 1.235
4 43 .64 {.25) 0,952 1.117 51 .64 {.25) 1.30% 1.017
Five~Stage Configuration
1 49 0.76 (.30) 1.300 2,000 53 0.64 (.25) 1.60 1.8¢00
2 47 .64 (.25) 1.040 1.700 51 .64 (.25) 1.44 1.500
3 45 .64 (,25) 0.985 1,368 49 .64 (.25) 1.32 1.235
4 43 54 (.25} G6.952 1.117 47 .64 {.25) 1.22 1.017
5 41 64 (.25) 0.087 0.934 45 64 (.25) 1.1i5 0.500
Note 1 Hote 2 Note 3 Note 4 Note §
Note 1 Chord length is constant along blade span.
2 Rotor aspect patio is defined in the configuration selection program as
{r, .. -5 ;.)
t,in h,in
ARG = mmt 2R, (see fig. 4.)
by
3 Chord length is constant along blade gpan.
4 Stator hub solidity estimated from eguation o = ———
27, out
+
where T, out is first approximation of stator hub radius at stator outlat
station: Th,oue = 3.38, 3.67, 3.B5, 3.98 om (1.332, 1,443, 1.517, 1.566 in.)
for 4-stage compressor and 3,35, 3.58, 3.75, 3.89, 3.96 cm (1.32, 1.41, 1.48,
1.53, 1.56 in.) for S5-stage compressor.
5 Stator aspect ratio is defined in the configuration selection program as

{rxg,ip =

bg

ARy =

T, inlg

_—

{See fig. 4.)
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TABLE 2,

GAS TURBINE ENGINE (see fig. 4)

COMPRESSOR INLET AND PASSAGE COORDINATES FOR MINIATURE

- .254 (- .100}
0.0 { 0.0 )

0.935 ( 0.368)
1.786 ( 0.703)
2.619 ( 1.031)
3.408 { 1.341)
4,186 { 1.648)
4.938 ( 1.,944)
5.705 ( 2.2486)
6.459 ( 2.543)
7.236 ( 2.,849)
7.965 ( 3.136)

4.572 (1.800)
4.572 (1.800)
4.572 (1.800)
4.572 (1.800)
4.572 (1.800)
4,572 (1.800)
4,572 (1.800)
4.572 (1.800)
4.572 (1.800)
4,572 (1.800)
4,572 (1.800)
4.572 (1.800)

2.581 .016)
2.680 (1.055)
3.018 (1.188)
3.254 (1.281)
3.429 (1.350)
3.556 (1.400)
3.658 (1.440)
3.734 (1.470)
3.800 {1.496)
3.853 (1.517)
3.907 (1.538)
3.952 (1.556)

Axiala Shroud Initialb Finalb
coordinate, {tip) radius, hub radius, hub radius,
cm {in.) cm {in.) cm {in.) cm {in.)
-1.829 (-~ .720) 6.350 (2.500) 0.0 (0 ) 0.0 (0 }
-1.829 (-~ .720) 5.588 (2.200) 508 ¢ 200) .508 { .200)
-1.778 (- .700) 5.156 (2.030) .889 ( .350) .B89 ( .350)
-1.524 (- ,600) 4.877 (1.920) 1.499 ( .5%90) 1.49%9 ( .590)
-1.270 (- .500) 4,750 (1.870) 1.842 ( .725) 1.842 ( .725)
-1.016 (- ,400) 4.674 (1.840) 2.083 { .820) 2.083 ( .820)
- .762 (- .300) 4.623 (1.820) 2.276 { .896) 2.276 ( .88%6)
- .508 (- .200) 4.597 (1.810) 2,436 { .959) 2.436 ( .959)

(1

2.581 (1.016)
2.680 (1.055)
2.962 (1.166)
3.190 (1.256)
2.321 (1.335)
3.556 (1.400)
3.658 (1.440)
3.734 (1.470)
3,800 (1.496)
3.853 (1.517)
3.907 (1.538)
3.952 (1.556)

@70 obtain corresponding axial coordinates in Appendix C

program output, add 1.0 to these values.

Only positive values

are permitted in the meridional plane program coordinate input.

Drne two sets of hub radius values given are discussed in
the subsection Definition of Compressor Flow Passage Shape. The
final hub radius values are those for the recommended design and
these should be used in preparation of fabrication drawings.
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TABLE 3.- AXTAL LOCATIONS OF BLADE ROW STACKING AXES

¥l

Blade row

Axial distance from first rotor inlet

calculation plane (station 35)

cm (in.)
First stage rotor 0.497 (0.18955)
First stage stator 1.353 {0.5327)
Second stage rotor 2.193 (0.8633)
Second stage stator 3.004 (1.1826)
Third stage rotor 3.788 (1.4912)
Third stage stator 4,553 {1.7925)
Fourth stage rotor 5.314 (2.0923)
Fourth stage stator 6.074 (2.3914)
Fifth stage rotor 6.841 (2.6931)
Fifth stage stator 7.594 {2.9898)
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TABLE 4.- BLADE SECTION GEOMETRIC PROPERTIES WITH ASSIGHER INCIDENCE ANGLES AND ESTIMATED DEVIATICN ANGIES FOR
TOHICAL APPROXIMATE STREAM SURPACES

Radius Radius Haximum Location of | Location of Chord solidity| igg éadj L
ta tio thickness maximom maximur length
leadingy trailing thicknoso cpmbier au
edye edge an fraetion | fractlon of
- eepter .y - center ' " of chord _chord
cmiin.) emtin.) cmiin,) cm{in,) deg | deg| deg

4.5662 (1.7977) [ 4.5616 (1.7959) | 0.0361 (0.0L50}

(0,30} 1.3p2¢ |z2.00 | }.32] 3.73
]

4.4227 (1.74163 b 4, 4252 #1,7422) +0391 ( ,0154) { .30) 1.3430 (2.232 10,80 2.96
4.1217 {1.6227) ) 4.1407 1.5303}) L0411 { L0162} { .20} 1.43p4 2,97 |0,10] 2.03
First ph.79hs (1.49221 | Y4364 1.5184) ~0434 ( .0171) { .30 1.5583 |3.70 {o.30] 2,58
rotor [1.4171 {1.3453§ 4 ..w060 -1.3903) L0460 [ .01B1) { .30} 1.7166 |4.5% | 1.59] 4.87
2.9832 (1.1745) | 1.138: (1,2358) L0490 ( .0191} { .30} 1.9415 }5.45 }a.15| 4.73
2.7318 {1.0753) | 2.%3%2 .1.}55%}) »0508 { .0200) { .30 2.0872 |5.99 {5,31]10.93
94,5573 {1.7942) | 4.549% 11.7913) L0508 ¢ ,0200) { .25) 1.1760
4,4270 {1,7429) | ». 4328 .3.7452) L0538 ( .0200} { .25} 1.2008
. 4,1507 {l.adbh) | «.1905 {1.6498) « 0508 {- ,0200) {..25) Y.2831
Firat. [3.8ew2 {1,%2330 13,4345 (L.5490} .n508 (- .0200} { .25) 1.3724
stator (3,5%7u \1.4004) 7§ 3.0589 .1,4405) .06c8 ( .0200) { .25) 1.4842
3,2106 {1.2640) | +.3542 (1.13206} L0508 { .0200) { .25} 1,634
2.0198 (1.188%) | 3.1B59 {1.2543) { .0508 ( .0200) r.2%) 1,458
4.5494 {1.7911) | 4.5507 (1.7916) L0384 ¢ L0450 { .25) 1.0440
. . 4.4384 i1, 74741 | 4.44947 {1.7490) L0384 { ,0155) {.2% 1.0695
L . [4+2093 (L.6572) | 4.2291 (1. 6650) | ..041% { .0164) { .25} 1,3258
Sgeond | 3.9677 {1,5621) | 4.0051 ([1.5768} L0428 ( ,0173) { .25} 1.1%16
rotor  |3.708B) {l.4599} | 3.7682 (1,4B1B) L0462 | .0182) { .25} 1,2706
34219 41.,3422) .} 3.5246 1.3837) JO490 5 ,0193) (.25} 1.3696
3.2630 (L.28%03 13,3782 (1.3300) L0505 ..0199) { .25} 1.4303

4.45907 {1.7920) | 4.5537 il.7928) (6381 { .0150)
fAcanal (1.7521). ] 4.4630 (),75715 1 L0381 { 0150} {
. 3.2459 (1.6716) § 4.2784: {1.6B44) | ,03B1 ( .01%0)
second {4.C° 3¢ {].5878) { 4.0074 (1.6092) L0381 ( .0150)
stator (4.8087 (1,4995) | 3.B870 -(1.5303} L0381 [ L0150)
3 574 01.4045) | 3.673) (1.4462) | 0381 -{ ,0150}
243181 1).,3536) | 3.5596 {1.4014) : 17,9150}

PR
»
n
il .
[
H
N
o
L]
w

) LSbde {1.7930) | 4.5550 (1.7933) e dBLY {..25) .| 0.9960
C T T4wdeT) {007387) | 4.4712 0 (1,7603) .. 8155] { +251] L0171
S 4.2898 (1.6HB9) | 4.3015 {1.6935) 0164) { .25} | 1.08582
Taird [4.1002 (1.6166) | 4. 1200 (1.6252} 0174) { .28) | 1.1041
rotor  13.913% [1.5408).) 3,9477 {1.5542) .0183) { .25) | 1.1564
C{3.7084 '(104600) | 3.I577 (1.4794) .0184) { .25) | 1.2176
3.8992 (1.4170) | 2.65B1 (1.4402) 2199} { .25) ) l.2527
4,5555 (1. 7935) | 4.5668 (1:7940) . D150} t { c25)] '1.0870
Lo 4veraz) 1178150 {4, 4808 (1. 764L) J0150) { .25} | l.10861
4.3104 (1.6970) { 4.327¢ (1.7837) 0150) { .25) | 1.1467
Third [4,1422 (1,6308) | 4.1704 {1.6419) L0150}, .25} [ L.1215
atatoz 2139678 (1,5620). ) 4.0076 (1.5778) .0150] {.25)] 1.2420
. 3.7826 .{1.4892) | 3.6359 [1:5102) D150} t .25)) 1.3001
36853 (1.4509) | 2,7452 (1.4743) . 0150} { .25) | 1.3330
4.5770 11.7942) | 46575 (1.7943)° L0151) {.25)| 0.9540
. 4.4831 {1.7650) { 4.5856: (1. 7660) .0155) {.25) | 0.9695
. 4.3337 (1.7062) | 4.3410 (1,709)) .0165) { .25 | 1,0023
. Fourth [4.1BIL (1.6461)-| 4,1943 (1.6513) L0174) 4 ¥25) ] L.h3mz
W7o rabor. 4:0226 .(1.5837) 4.0432 ‘(1.5918) | .n184) { .25) |- 1.0780
- - 348552 {1.5278) | 3.0845 (1,5205) +0244) 4.5 | 11234
3.7660 (1.4830)°| 3.B026 (1.4971). .0189) { .25) |- 1.148E
14,5580 - (1.7945){ 4.5585 (1.7947) . ¢150) t +25) | 1.0420
14,4877 (1.7668) | 4.4925 (1.75687 L0150) 1 - {.25) | 1.0578
{3.3470 (1.7114) |- 4. 3599 11.7165) |- . .. 50150 |. 1 ..25) [""1i0510
- Feurth ‘|4.2042 (1.§552} | 4.2248- {1.,6633). L6150} P4 W25} | 11,1270
T otitar 15,0569 (L. 5972} {4.,0855 - (L:5085) | 10250} { .25} | 1.1567
' ©713.9025 {Y.5354) 13,9400 {1.5512} +0150) { .25)3-.1,2113
3.0217 {1,5046) | 3.8638  {1.5212) +0150} 2 :25) | 102360
4.5590" (1, 7949) | 4.5593{1. 7050 0151 { .25) 1 '0.90%0
‘ 4.4945 (1.7695) | 4.4266 [1,7703} | L0156 L {.-25).(..0.9219
[ 4.3652 (17186} | 4,3708 -[1,7208) |- +1165 4 (. 25).] . 0.8488
BAELh. [402337-(1, 6B6B) | 42436 (L6707) |- .0 <0174 4 {.25) |0,9778
o pator 14,0970 {1i6133) | 4.2133 (1060941 1 -0L84} { ..258) {.1.0085
e ‘43,9558 {1.5574) [ 3.974), {1.56e2 +0194) £ 2257 | -l.0447
3.8814 [1.5281} |'3.9085 (1,5337)— - «1198) ' (:.25). | - 1.@640
3. 5598 (1.7952) { 4.5609 {1.7954] 4 .250{ 0.9970. |
4.5022 {1.9725) | .0350 TS 21,0102 .
44385671, 7266) | +0150 L 1.0378 -
42677 () ,6802) T { 1.0673 . I .
4,3478- {1,6330)° | -0150 - (28] -1,0982 | ,60 ]| 2,30510,26) - -
f 4.0249 11.5848). 7. 0150 | t..25) | 3.1341 o Lan§ 2.24 (10,48 ) =
3.922£: (1,5451) | 2,919 £1,5598}" CA0AS0T°F 4.4 [
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TABLE S.- COMBUSTOR CHARACTERISTICS

nun | Pres. | nis pige | Ar/Puel | 202 Ei | mheorer. | combustion | e | sese Inlet Veloeity | yoiooge,:
Atn. kg/sec | 1bs/sec orF op °F Percent aec ft/sec

23 | 4.587 | 0.833 (1.837) 154 433 1331 1647 73,9 2.06 | N.A. 148.0 ‘ (489) 45.4 {149}
24 | 4.964 . 868 {1.916) 166 427 1161 1586 63.3 2.20 | W.a. 142.6 (468) 43.6 (143)
25 | 4.860 .87 (1.921) 209 408 1924 1347 65.6 2.06 | N.A. 142.6 {468) 14.5 (146)
26 | 4.513 . 851 (1.877) 236 427 1096 1260 80.3 2.31 | H.A. 153.6 | (504) 47.2 {155)

- 27 4.923 -810 {2.007) 237 417 1109 1245 83.6 2.36 N.A. 149.0 (489) 44.8 {147}
28 | 4.573 . 806 (1.777) 195 412 1171 1406 76.2 1.92 | N.A. 141.4 {464} 42.7 (140)
49 5.259 .885 {1.952} 189 428 1167 1451 72.1 2.03 N.A. 137.2 (450} 41.5 {136)
30 | 4.597 .892 (1.967) 303 208 887 1067 72.9 1.€4 | N.A. 154,8 | {508) 48.2 {158)
31 4.840 .B58 {1.692) 184 426 1299 1466 75.2 1.77 { N.A. 144.2 473) 43.3 {142)
32 | 5.060 . 886 {1.953) 173 415 1302 1508 8l.1 1.53 | N.2A. 130.8 | {462) 40.5 (133)
3z ‘ 4.945 .B83 (1.546) 174 407 1288 1498 81.0 1.863 N.A. 142.9 {466) 43.3 (142)
34 | 4.938 .367 {1.911} 1568 416 1296 1537 78.4 1.66 | 0.83 141.4 {464} 43,0 (141)
35 | 4.934 .878 (1.936) 167 420 1221 1563 70.0 1.88 { 0.97 143.9 (472} 43.0 (141)
36 | 5.368 . B30 {1.830) L34 268 1324 1652 76.3 1.582 0.167 136.9 {449) 30.2 { 99)

*Includes hydrogen added and burned to heat to desired temperature.
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TABLE 6.~ TURBINE DESIGN PARAMETERS
{see figure &)
Initial Final
Inlet Total Temperature, °K{(°R) ......... 1217(2190)}) 1217(2120)
Inlet Total Iressure, N/cm®(lbs/in.?)  40.88(59.36) 40.88(59.30)
Inlet Gas Flow, kg/sec(lbs/sec) ....c.00.. 0.86(1.20) PD.86(1.90)
Output Lnergy, J/kg(Btu/lb) .... 208.2x10°%(89.50) 208.2x103(89.50)
Output POWEYr, NOYSCPOWEYL cteeesuncocrsncsneonscs 240 240
Exhaust Static Pressure, N/em? (16/in.2) 16.70{(24.23) 15.88(23.03)

Exhaust Total Pressure, N/cm?(16/in.?) 19.89(28.85) 19.49(¢(28.27)

Rcetational Speed, DM ..veene.. sccsasasseses 82,500 78,000
EXLt Axial Mach Number ........ cesvseesansa . 0.487 0.498
Tip Diameter, cm{in.} ......... vero e 10.16{(4.00) 10.16(4.00)
Inlet Radius Ratio ..... teesosssveronan erees 0.655 0.655 ‘
Exit Radius Ratio eeere..n. Phsenew serereenss 0,590 0.577
Total to Static Pressure Ratic «-c-s0-0n R 2.45 2.58
Total to Total Pressure Ratio +sr-seeccvaenn 2.06 2.10
Pitch Wneel Speed, U, m/sec(ft/sec) ««««» - . 349(1145)  327(1074)
Stage Velocity Ratio, Uf/Vig sorrrenrvereeees 0.457 0.419
Stage Loading Pavameter, gJAR/U? ... ........ 0.854 0.970
Estimated Adiabatic Efficiency ««ssssavsees- 0.850 0.807
Root Reaction s.c..evecceacconccesonnvacsanse 0.102 0.129
Mean Swirl Angle, G8g .eecoeosveornscsnocssnes 21 28
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TABLE 7.- COMPUTER PRINT-OUT FOR "MITIAL TURBINE DESIGN¥

DIAMETER PS5 ' TS v i ve ALP

CIN) CPSIAY L LFPS) (FPS) (FPSY)  (DEG)
STATIGN ]
2.620 S6.71 Zle6." 5871 De 5871 90.00
3-310 56073 8!66-5 587-! 0- 5870] 90‘00
44000 56471 216608 5871 0. 5871 90.00
EFFECTIVE AREA =  A.8163235E+00
_ STATION 2
2.500 06.35 1815.1 2362.3 2222.3 £01.0 19.82
3.250 35.67 19506 1857.8 1709.5 GOI-C_ 25.11
4.000 41,08 2017.3 - 1603+4  13%5.0 T01.0 29.97
EFFECTIVE AREA =  7+2747A&4E+00
STATIGN 3
2.500 26.35  1815.1 2362,3 2222.3 B01.0 19.82
3.250 35.67 1950+6  1BB7.B  1709.5 B01.0 25441
4.000 41.08 20173  1603.4 13K9.0 BB +0 29,97
EFFECTIVE AREA = . 7.2747444E+00
STATION A .
2.350 23.78  1783.1 11166 51104 992,7 §2:74
3-180 24.22 17910 10687 3?9’5 992.7 6% 08
&« 1300 24,43 1794.5 103745 30t.7 998.7 73.09
EFFECTIVE AREA =  7.7TS52409SE+00
si. RETAl BETAZ TTB  .PTB R1 RE ul uz

1 31.20 36+11 19757 3764 15461 1684.5 B99.9 Ka3.5
2 5603 33.07 2013.2 AD24 9558 18190 11697 1144.7
3 93Jes4 29468 E06006H A4,92 BU2.6 2004.5 1439.9 1439.9

SL MRO: MRE2 LAAD RX DELBET NDS8«NZ NDG~BK EZWIEN ZWIEB
1 02753 00828 1+.552 04102 1269 2.609 4.259 0,504 1.381
2 0+454 0+E92 0+555 02408 PY0.8% 4.245 54314 045613 (002
A 0371 0«982 0.%40 0580 56.68 64151 52065 D682 Q689

EFF EFN EF8 T . GF DH Dp MF
. 0873 0«960 0.950 Q.922 0.950 Qe Qo GoaB7
. !
ESD RFM Wh T T4 PI P4 GAMA

89,50 82500, 14900 2190.0 15E§.9 59430 2885 1.3120
BLADE LBADS
FAX NAZ  FTAN NOZ  FAX BUC  FTAN BUG
140.45 100.03 77467 114235
BVERALL PERFORMANCE ;

PO 76 WG RG RCUO
57.30 2130.0 12500 55.010 Ge

TG/TEX PO/PEX PO/PSEX  POD/PAX ) :
iel59 2,055 Se 44T ‘2s101 ;

ETAT  ETAS  ETAA  AVG GAMA
0873 0.717 0,850 . 123120

*Por definition of syabols see NOMENCLATURE FOR COMPUTER !
PROGRAM "TURBINE“_ln Appendlx B. .
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TABLE 8.-

COMPUTER PRINT-OUT

FOR

FINAL TURBINE DESIGN¥*

DIAMETER PS T8 v vu vz ALP
<IN (PS1A) (R) (FPS) {FPS) (FPS) (DEG)
STAT1ION 1
2.620 56.71 2166.9 S87.0 0. 587.0 90.00
3.310 S56.71 2166.9 587.0 O S87.0 90.00
4.000 S6.71 2166.9 587.0 0. S87.0 90.00
EFFECTIVE AREA = 6+8163235E+00
STATION 2
2.460 25.46 1800.5 2407.8 2273.9 T791.9 19.20
3.230 35.33 1946.4 1904.3 17318 T791.9 24.57
4.000 41.00 2016.5 1607.1 1398.4 791.9 29.52
EFFECTIVE AREA = 7 «4227760E+0D
STATIGN 3
P.460 25.46 1800.5 2407 .8 2273.9 791.9 !?.20
3.230 35.33 1946.4 1904.3 1731.8 791.9 24.57
4.N0N 41.00n 2016.5 16071 139% . a 791.9 29.52
EFFECTIVE AREA = T .4227760E+00
STATIGN 4
2.311 22.11 1753.8 1254.0 T42.6 1010.5 53.69
3.155 23.03 1771.0 1147.56 543.9 10105 61.71
4.0N0 23.44 1778.5 1097.8 429.1 1010.5 66.99
EFFECTIVE AREA = 7.9531826E+00
SL BETAl BETAZ2 TTB PTB R1 R2 Ul u2
1 28.86 33.46 19%1.3 38.07 1640.5 1832.9 B837.2 786.5
2 5138 31.99 2015.4 40.90 1013.5 1907.5 1099.3 1073.9
3 ®m7.32 29.44 2(5K.7 44.73 T92.8 2055.9 13614 1361.4
SL MR1 MR2 LBAD RX DELBET ND®-NZ NDO~BK ZWIEN ZW1EB
1 D802 0908 1.811 0.129 117.68 2.490 3.901 0.492 1.272
2 Ned&TT 04941 0.972 (0.423 S$6.63 a.134 5¢119 N.606 0.988

3 0366 1.012 0.6N5 0.576 63.24 6.067 6.020 0.679 0.707

EFF EFN FFA TF CF DW DP MF
0.851 0960 0950 0.900 0D.950 0. 0. 0.498
ESD RPM WD T1 T4 Pl Pa GAMA
89.50 7R000. 1.900 2190.0 1888.9 59.30 28.27 1.3120
BLADE LQADS
FAX NOZ FTAN N@7 FAX BUC FTAN BUC
146459 101.02 R4.90 121.79
GVERALL PERF@RMANCE
PO T0 wo RG RCUO
59.30 2190.0 1.990 $5.010 0.
TO/TEX PO/PEX  PO/PSEX PO/PAX
1.15¢9 2.097 2.575 2.194
ETAT ETAS ETAA  AVG GAMA
0.851 0.683 0.807 1.3120

*For definition of symbols see NOMENCLATURE FOR COMPUTER
PROGRAM "TURBINE" in Appendix E.
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TABLE 9.~ NOZZLE DESIGMN PARAMETERS

Hub Pitch Tip
Initial Design: (24 nozzles)
Diameter, cm(in.) 6.35(2.50) 8.26(3.25) 10.16(4.00)
W, cm(in.) 1.016 (0.400) 1.232(0.485) 1.473(0.580)
a, deg 19.82 25.11 29.97
dg, cm(in.) 0.265(0.104) 0.448(0.176) 0.652(0.257)
Z 0.422 0.538 0.615
Unguided turning, deg 1.7 6.8 3.9

Final Design: (24 nozzles)

Diameter, cm(in.) 6.25(2.46) 8.20(3.23) 10.16(4.00)
W, cm(in.) 1.016(0.400) 1.245(0.490) 1.473(0.580)
o, deg 19.20 24.57 29.52
d,, cm(in.) 0.254(0.100) 0.431(0.170) 0.632(0.249)
Z 0.396 0.523 - 0.614
Unguided turning, deg 5.4 5.0 $.2
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TABLE 10.- BUCKET DESIGN PARAMETERS

Hub

Initial Design: (27 buckets)

Diameter, cm(in.) 5.99(2.36)
W, cm(in.) 1.240(.488)
B,, deg 31.2

B2, deg 36,11

d,, cm(in.) 0.409(.161)
Z 0.800

Unguided turning, deg 9.5

Final Design: (24 buckets)

Diameter, cm(in.) 5+87(2.31)

W, cm(in.) 1.262(.497)
Bi1, deg 26.0
B, deg 33.46
d,, cm{in.) 0.417(.164)
Z 0.800

Unguided turning, deg 9.0

222

Pitch

8.08(3.18)
1.189(.468)
56.0
33.07
0.513(.202)
0.800
8.6

8.00(3.15)
1.280(.504)
48.6
31.99
0.546(.215)
0.800

8.0

Tip

10.16(4.00)
1.019(.401)
93.6
29.68
0.587(.231)
0.800
9.1

10.16(4.00)
1.173(.462)
87.3

29.44

0.645(.254)

0.800
6.6



TABLE 1l.- TURBINE BLADE SECTIONS

4-Stage Engine (Initial Design)

Buckets Nozzles
Chord Lower Upper Chord Lower Upper
Station Ordinate Ordinate Station Ordinate Ordinate
om l {in.) cm [ (in.) cm r {in.) cm l (in.) cm | (in.) cm T (in.)
Root Section Root Section
0.015 (0.006) 6.015 (0.006) Center of L.E. radius 0.069 {0.027) 0.922 (0.363) Center of L.E. radius
.023 ( .009) - - 0.058 (0.023% .079 (.031) .848 ( .334) 1,013 (0.399)
074 (.029) .056 ( .022) <142 ( .056) .130 ( .051) .833 (.328) 1.036 ( .408)
124 ( .049) .107 ( .042) .221 (.087M .180 { .071) .818 ( .322) 1.957 ( .416)
.175 ( .069) -150 { .059) -297 t.1n .231 ( .081) 798 ( .314) 1,069 ( .421)
.226 ( .089) .188 ( .074) -363 (.14 .282 (.11 177 ¢ .306) 1.077 ( .424)
277 ( .109) -218 ( .086) -417 { .164) .333 { .131) -752 ( .296) 1,077 (.42¢)
.328 (.129) -246 (.097) . 462 ( -182) 384 ( .151) -726 ( .286) 150z ( .422)
.378 [ .149) -269% ( .106) .500 ( .197) 434 (.17 .696 { .274) 1.062 ( .418)
. 429 { .169) -287 (.113) .528 (.208) . 485 (.190) 661 { .261) 1.046 ( .412)
. 480 ( .189) . 302 { .119) .551 (.217 536 { .211) .625 ( .246) 1.019 ( .401)
531 ( .209) .312 {.123) .564 ( .222) .587 (.231) .582 ( .229) .983 ( .387}
582 ( .229) .17 ( .125) .571 ( .22%) .638 { .251) .536 (.211) .938 ( .368)
632 ( .249) .17 ( .125) 57 ( .228) .688 (.27M) 482 ( .190) .B64 ( .340)
.683 ( .269) 315 ( .124) 564 ( .222) . 739 { .291) 422 { .166) 748 ( .295)
L7134 ( .289) . 307 (.121) . 549 ( .216) (.31 +383 { .139) .602 (.237)
.785 ( .309) .297 (.117) .528 ( .208) ( .331) 274 { .108) . 455 {.179
.8136 ( .329) .282 {.111) .458 ( .196) ( .351) 180 ( .071) .305 { .120)
.886 ( .349) .262 ( .103) 460 ( .181) (.371) 074 ( .029) «159 .062)
. 937 ( .369) .236 ( .093) 411 ( .162) ( .387) .010 ( .004) Center of T.E. radius
.988 { .389) .208 ( .082) .358 ( -141) ( .391) ! Total chord length
1.03% ( .409) 173 ( .068) 295 ( .116) L.E. radius = 0.07lcm (0.028 in.)
1.090 {.429) .132 ( .052) .229 ( .090) T.E. radius = 0.010cm (0.004 in,.)
1.140 ( .449) .086 (.034) <163 ( .084)
1,191 { .469) .030 (.012) .089 ( .035) Pitch Section
1.227 ( .483) .015 ( .006) Center of T.E. radius
1.242 ( .489) Total chord length 0.071 (0.028) 1.003 (0.395) Center of L.E. radius
L.E. radius = 0.015cm (0.006 in.) 066 { .028) .930 ( .366) 1.090 (0.429)
T.E. radius = 0.015cm (0.006 in.) +11? { .046) -914 ( .360) 1.118 ( .440)
.168 ( 066} .899 ( .354) 1.138 ( .448)
Pitch Section 218 { .Q08s%) .B84 ( .348) 1,153 ( .454)
.269 ( .86%9 ( .342) 1.163 { -458)
0.015 (0.006) 0.648 (0.255) Center of L.E. radius .320 (. .BS1 ( .335) 1.168 ( .460)
.020 ( .o08) .632 ( .249) .678 (0.267) 7l ( .833 ( .328) 1.166 ( .459)
071 { .028) 645 ( .254) 724 ( .285) .422 { 811 ( .320) 1.161 (.457)
.122 ( .048) .658 ( .259) .157 ( .298) 472 (. .790 ( .311) 1.148 ( .452)
.173 ( .068) . 665 ( .262) .785 ( .309) .523 ( . 767 { .307) 1.130 ( .445)
.224 ( .088) 671 ( .264) . 805 «.n .574 ( 742 ( .292) 1.107 ( .436)
274 { .108) .673 ( .265) . 820 (.32)) .625 (. 714 ( .281) 1.077 ( .424)
.325 ( .128) -673 ( .265) .82e ! .326) 676 {. .683 ( .269) 1.039 ( -409)
.37% ( .148) .668 ( .263) .831 (.32 .726 (. .650 ( .256) .991 (.3%0)
. 427 { .168) . 660 ( .260) . 825 ( .325) + 137 . .615 ( .242) 932 ( .367)
.478 ( .188) .648 ( .255) 815 (.321) .B828 (. .571 ( .225) .859 (.338)
528 ( .208) .630 { .248) . 800 { .315) .879 ( .526 {.207) 172 { .304)
579 ( .228) -607 { .239) L1717 { .306) .930 [ 472 ( .18€6) .676 ( .266)
«630 ( .248) +379 ( .228) . 747 ( .294) .930 (. 411 ( .162) .569 ( .224)
.681 ( .268) 546 ( .215) . 709 ( .279) 1.031 . L343 ( .135) . 460 ( .181)
.732 ( .288) .508 ( .200) .663 ( .261) 1.082 ( 264 ( .104) . 348 (.137)
.782 ( .308) . 465 ( .183) .607 ( .239) 1.133 ( .173 ( .068) .236 ( .083)
.833 ( .328) . 417 ( .164) 549 ( .216) 1.184 ( 069 (.027) J122 ( .048)
.884 ( .J48) .38t ( .150) . 483 ( .190) 1.224 ( .010 ( .004) Center of T.E. radius
.935 ( .368) . 305 ( .120) .411 ( .162) 1.234 { .486) ‘ Total chord length
. 986 ( .388) 244 ( .096) .338 ( .133) L.E. radius = 0.07lcm (0.028 in,)
1.036 ( .408) .178 { .070) +259 { .102) T.E. radius = 0.010cm (0.004 in,)
1.087 | ( -428) 109 | ( .043) -180 | ¢ 071)
1.138 { .448) .038 ( .015) .097 ( .028) Tip Section
1.173 ( .462) .015 ( .006) Center of T.E. radius
1.188 ( .460) Total chord length 0.071 (0.028) 1.173 (0.462) Center of L.E. radius
L.E. radius = 0.015cm (0.906 in.) .053 ( .021) 1.102 ( .434) 1.260 (0.496)
T.E. radius = 0.015cm (0.006 in.) .104 ( .041) 1.085 ( .427) 1.280 ( .504)
.155 { .061) 1.067 ( .420) 1.303 ( .513)
Tip Section .206 ( .081) 1.049 ( .413) 1.321 ( .520)
.257 { .101) 1.031 ( .406) 1.331 ( .524)
0.020 (0.0086) 1.021 (0.402) Center of L.E. radius .307 (.12 1.011 { .398) 1.339 ( .527)
.061 ( .024) -991 ( .3%0) 1.046 (0.412) .358 ( .141) .991 { .390) 1.341 ( .528)
112 ( .044 .973 { .383) 1.049 ( .413) . 463 ( .181) .945 ( .372) 1.331 ( .524)
+163 ( .064 . 950 ( .374) 1.049 ( .41 s11 ( July .922 ( .363) 1.318 ( .519)
+213 { .o84 .927 ( .365) 1.041 ( -410) .561 { .221) .894 ( .352) 1.300 ( .512)
+264 ( 104 . 899 ( .354) 1.026 ( .404) 612 { .241) .869 ( .342) 1,278 ( .502)
«315 124 . 866 ( .341) 1,006 ( .396) 663 ( .261) .838 { .330) 1.245 ( .490)
« 366 144 . 828 ( .326) .980 ( .386) .714 ( .281) .808 ( .318) 1.209 ( .47%)
.417 .164 .85 ( .309) .945 ( .372) -765  .301) .775 ( .308) 1.161 ( .457)
<467 .184 739 { .291) .502 ( .355) .815 ( .321) .739 ( .291) 1.105 ( .435)
.518 .204 . 686 ( .270) .848 ( .334) .866 ( .341) .704 € .277) 1.041 ( .410)
.569 ( .224 .630 ( .248) .787 ( .310) .917 ( .361) .663 ( +261) .968 ( .381)
.620 244 - 566 (.223) 714 ( .281) .968 ( .381) .620 (.244) .B86 [ .349)
.671 264 . 498 ( .196) -635 { .250) 1.019% ( .401) -574 ( .226) . 800 [ .315)
.721 .284 . 427 ( .168) «549 ( .216) 1.069 ( .421) +526 ( .207) T4 ( .281)
.172 <304 .353 ( .139) .462 ( .182) 1.120 ( .441) .472 ( .186) .625 ( -246)
.823 . 324 274 ( .108) 371 ( .146) 1.171 i .46 414 ( .163) .538 (.212)
874 <344 .198 { .078) .284 ( .112) 1.222 ( .481) .353 ( .139) .450 (.17
.925 +364) «119 ( .047) <196 ( .0717) 1.273 ( .501) .284 (.112) +363 ( .143)
.975 ( .384) 041 { .016) 107 ( .042) 1.323 t .521) 213 ( .084) 277 .109)
1.001 ( .3%4) .015 ( .006) Center of T.E. radius 1.374 ( .541) .138 { .053) .188 { .0749)
1.026 ( .404) Total chord length 1.425 ( .561) .053 ( .021) .102 ( .040)
L.E. radius = 0.020cm (0.008 in.) 1,466 ( .577) .010 ( .004) Center of T.E. radius
T.E, radius = 0.015cm (0.006 in.) 1.476 { .581) ! Tgtal chord length
L.E. vradias = 0.07lcm (0.028 in.)
T.E. radius = 0.010cm (0.004 in.)
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TABLE 12.-

S5-Stage Engine

TURBINE

BLADE SLCTIONS

(Final Design)

Suckets Noizles
Chord Lower 1, Upper Chord Lower Upper
Station Ordinate Ordinate Station Ordinate Ordinate
S s—— e ee—— — -
cm cn 1 (an.) cr T {an.) cm [ (sn,) cm r {an.)
Root Section Rpot Section
0.01% (3.006) 0.01% (0.00€) Center of L.E. radius 6.071 (0.028) (0.356) Center of L.E. radius
-051 {0200 .03¢ t .0l | C.124 (0.049) L0135 1 .012) (.33 0.96) (c.379)
=102 { .040; . 104 t .04l | .229 v .090) 0s1 { .020) .329)
15¢ { .G60) L1613 ( .064) . 328 € .139 102 { .040) t.322)
%) « .080) .21) T LA (.164) 152 ( .060) (.3
454 L, oo 259 ¢ .12 I -493 (.194) 20} ( .080) ¢ .312)
Jos L1200 30¢ «.118) .599 ( .220) <354 ( .i0Q) ( .306)
L35 {.140) 113 t .13 .81% [ .242) . 30% t.120) ( .299)
- 406 ¢ .189) del ot L 1e2) 660 { .260) . 356 (. 1400 (.29
L4577 | .180) e 1ot L1sh | .69) t.27)) .40 ¢ .160) «.2082
sul { .<00) 404 | { .159) | L1721 (.284) 57 «.180) t.273)
5u9 [ L. 220) 417 | ( .164) 739 .29 .508 | ( .200) t .262)
8l L .240) @7 f L168) . 749 (.295 .5%9 | ( .220) (.249)
66U [ .260) 4 IS 2 152 { .2986) -610 t .240) (.23%
e 81 ( .280) 434 | (17D .747 ¢ .2%4) -680 t.260) € .219)
Toe £ 30w LEN LI & 1) -734  .289) 1l ( .280) ( .200)
.Bl3 V. daul 424 ¢ .16n | Y ) (.281) 762 . 3007 t.179)
. 864 (. éu) -4l a1k L6813 (.2€9) 813 ( .320) .15
S914 J t . 360) 19t t.156) 1 Lel8 { - 251) .864 t .40} L2
o | { leoo) e 1 i I | 1368 | (368 [ loe) 173 1 Joee
‘ " ) . < 5 ) . 3 % p .
1.067 .42V} ITE T S ¥ 1 1) .44 (B kA2 | 1.0 « .396) { .004) Center of T.E. radius
1.118 (. 440 -aN2 l {.1eM L3178 1 (. 1a9) F 1.016 t .400) ? length
i:tg ( .460) L221 j + .087) J'.H‘ .19 | L.E, tadius = 0.07lcm (0,028 an,)
( .480) <157 ) .Q62) Ldda L .087) | T.E. racdius = C.01Ccm (0.004 an.)
1.247 L. 491 147 ( .058) Cunter of T.L. radiys
1.262 {497 Tetal cnord lengtn Pitch Section
L.L., radius = 0.0l5cr (0.006 in.
T.t. radius - 0.0lSer (0.006 in.) l 0071 | .02 | 1.057 | (0.416) center of L.E. radius
— ; 025 ( .010) 1.001) ¢ .39%) 1.112 (n.438)
Piten Section | .esy t .020) - « .389) 1.13%
| .076 i .030) .980 € .386) 1.153
G.01% I 10.006) 0.594 ’ 10.234) Center of L.L. radius | 127 « ,0%0) 963 1 .379) 1.178
.51 | ¢ ,020) . 589 .23 0.665 10,.262) | ¢ .070) 950 ¢ .374) 1.199
L102 ¢ ( .040) .60 ( .240) .71e ( .282) l ¢ .090) 932 t .367) 1.211
15 ( .080) .627 {247 L84 ¢ .100) ¢ 110 914 ¢ .360) 1.221
6y 1o L080) 640 .35 L7980 i J to.130) 897 € .35)) 1.224
4 1100 .65) t .97 | . 128) | 1 .150) 676 . 1485) 1.221
Sdus 120 . 660 ( .4L0) NS TN | t.170) 853 t.336 1.216
23 ) L 140) L0663 t.261) IS i t.190) .83 t.n2n 1.206
-406 ( 160 .665 ( ST L} H ( -805 «.un 1.188
La57 | l10) 663 | 1 RIS | ( 777 | ¢ .308) 1.160
508 ( .200} -85 ¢ I L 1Y) ! I 744 (.29 1.130
259 1 .220) L645 € .254) .34 i (R 1 ( .280} 1.089
610 { .240} -630 | ( .2482 t .)3i. I (I 673 ( .265) 1.041
-660  .460) 612 t.241) (.330) ] 630 {.248) .980
=711 { .280) .589 .23 [ Y 1) { L5804 {.230) .904
L62 « .300) . 559 i .220) {t .304) ( -5)3 .21 <812
.813 t .320) .526 {.207) ( .2I83) 1 .470 { .185) «J11
864 ( .340) 488 {192 t .262) 427 ( .164) 596
914 (. 360) -442 (.174) (.216) i .34 .137) -482
. 965 ( .380) .33 € .154) (.200) [ .267 { .108) «360
1.0186 { .400) .135 . 132) .17 « ;;: { .:;g: 2;:
1.067 { .420) .274 | .108} [ .146) ( . (. .1
1.128 (. 440} 208 { .082) ¢ e (s .010 ( .004) Center of T.E. radius
1.1e8 ( .4860) 135 1 .053) t .00y { . 490) Total chord lenoth
1.419 . 480) 056 {.022) [ .048) L.E. radius = 0.071lcm (0.028 in,)
1.262 ( .497) .01% { -006) Center of T.C. radius T.E. radius « 0.010cm (0.004 in.)
1.278 (.503) Total chord length
L.E. radius = 0.015¢cm (0.006 in.) Tip Section
T.E. radiup = 0.01%cm (0.006 in.)
(0.026) (0.460) Center of L.E. radius
Tip Section 0155 [ .436) 14 (0,487)
.020) .63 { .491)
(0.473) Center of L.E. radius 040) «.42%) ( .502)
( .463) 1.229 (0.484) .0:3) : :}:; : .:}::
( .459) { .080) . "
( .452) 1 .100} ( .400) (.521)
[ .447) { 120 ( .396) { .524)
{ .440) ( J140) (. 388) { .526)
( .432) ( .160) (.39 ( .529)
(.423 . .180) t .370) (.522)
I .4an ( .200) ( .381) ( .518)
( .400) { .220) ( .351) {.511)
( .384) { +240) t.340) ( .s03)
1 .366) ¢ -260) {.30) (.491)
{.34%) ( .280) ( .319) ( .478)
(.2 ( . 300) ( .306) ( .462)
(.397 ( .355) +320) (.293) { .444)
( .270) ( .340) (.278) { .421)
( .242) ( .294) .360) [ .26)) { .395)
(.211) { .261) . 3801 { .246) { .366)
( .180) ( .226) -400) { .229) ( .334)
{ .149) ( .191) .420) { .210) ( .301)
(.11 ( -156) -400) ( .190) ( .265)
( .08%) (.119) -460) ( .167) ( .227)
( «052) ( .083) - 480) ( .142) {.190)
t .019) { .048) .500) (.17 ( .153)
3 td‘ i:“) Center of T.E. radius ;i:; : .:::: : .:;::
Total cho . . .
L.E. radius = 0,020cm I(‘g.OOI in.) .560) ( .025) .107 ( .042)
T.E. radius = 0.015cm (0.006 in.) .:::: A ( .DOI:"M&! »f T.E. radius
. Total chord len
L.E. redius = 0.071lcm (:.0“ in.}
T.E. radius = 0.010cm (0.004 in.)




RADIUS
INCH

<060
«072
«NR4
«096
.120
« 187
«250
2312
'375
«500
+593
«656
«718
«TR1
«R847
<906
« 968
1031
1.093
1356
102]8

NG »

R2TATTING

THICK
INCH

«S500
«500
«S500
«500
«5NN
«500
« 500
«500
414
421
«390
«250
«250
.275
«296
«312
« 343
«375
<406
«437
+ 484

RHO

«305
. 305
«305
« 305
« 305
« 308
«305
« 305
« 305
«305
«305
«305

"« 305

« 305
»«305
« 305
« 305
« 305
« 305
¢ 305

OF BUCKETS 24
WEIGHT OF BUCKETS 0.01
RADIAL DISTANCE TG C«G.

TABLE 13

PAIS MADULUS

RAT. ELASTIC

«330 24800000.
«330 24800000,
+330 24800000.
«33N0 24800000.
«330  2a4k1NNNNN,
«330 24800000,
«330 248N00000.
«330 24800000,
«330 24800000,
«330 25000000
«330 25000000.
«330 24500000+
«330 24200000.
+330 24100000.
«330 23900000
«330 23800000.
<330 23600000.
«330 23400000.
«330 23400000.
«330 23200000.
+330 23000000.

1625

DISK

STRESS
TURBINE WHEEL
77986 R P M

COEF .
THER.

aF
EX

«00000R3
+00N0NK3
+ 0000083
.NN00083
«NN0NORK3
«0N00N0R3
« 0000083
«00N00R3
«0000083
«0000083
«+ 0000083
«0000084
«000008S
«0000085
- N0000RE
«N0000RS
«0000087
«00NN08H
s 000N0OB7T
«0000088
«0000088

DELTA
TEMP.

1113.
1113.
1113,
1113.
1113,
1113,
1113.
1113,
1099.
10614
105R.
1185,
1217.
1251,
1282.
1313.
1343.
1371.
1397,
1422.
1445.

S-RAD
PSI

57990,
S7850.
57806
57756
57639
57167
56553+
55782.
65956
626T74.
66014,
98457
92143,
78063.
67255,
58560.
48267,
39045.
31039,

7966,
18193.

S-TAN
PSI

57890,
57874.
57852
S7826,
57759
57483«
S71ié6.
56653,
63105
70642,
T70874.
52741«
47779«
39535.
32333.
24824,
16566

7279.

2940,
=48800¢
"'9109.
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TABLE 14.- EXHAUST NOZZLE PARAMETERS

Inner exit diameter, cm(in.)

Quter exit diameter, cm(in.)
Exit area, cm?(in.?)
Disciharge coefficient, Cp
Thrust coefficient, Cqp

Thrust, N(lbs)

226

Plug
Nozzle

4.83(1.90)
7.01(2.76)
20.45(3.17)
0.956
0.97

495.1(111.3)

Concave Base Short Plug
Nozzle Nozzle

4,75(1.87) 5.16(2.03)

7.01(2.76) 7.29(2.87)

20.84(3.23) 20.84(3.23)

0.94 0.94

0.96 0.90

489.7(110.1)

459.0(103.2)



10.795 CM
(4.250 IN.)
DIA

9.144 CM

DIA

T (3.600 IN.)

11.430 CM

(4.500 1IN,
DIA
10.16 CM

(4.00 IN.) |

DIA

5T
J

1

7.

Led

7,
\§
NN
ATRFLOW
17.462 CM
(6.875 IN.)
21.184 CM
(8.340 IN.)
Figure 1. - Miniature gas turbine encine assembly.
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RELATIVE DISPLACEMENT X 10°

28
24
20
16
WITH BEARING
/_SPRING MOUNTS
12
8
4
NO BEARING
SPRING MOUNTS
————— - = )
AV
-
0 20 40 60 80 100 120

FREQUENCY X 10°*
RPM

Figure 2. - Shaft deflection at turbine
wheel with and without bearing

radial spring mounts.
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Figure 3. - Temperature distribution of rotating parts at design conditions.
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CALCULATION
PLANE

-:

mec—median

—— REFERENCE PLANE, AXIAL
COORDINATES IN TABLE 2

Figure 4. - Meridional plane section of flow passage for S-staae

axial-flow compressor unit showing calculation planes and
axial reference plane location.
(Blade profiles are distorted and should not be scaled.)
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TOTAL PRESSURE LOSS PARAMETER,

.16

14

.12

.10

.08

.06

.04
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v

/

1
PERCENT
PASSAGE

HEIGHT FROM
GEOMETRIC
HUB
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1

0.10 0.20 0.30 0.40 0.50 0.60 o.

ROTOR DIFFUSION PARAMETER,

70 0.80 0.90 1.00

Dr

Figure 5. - Rotor blade section loss correlation used
for recommended 5-stage compressor unit.
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TOTAL-PRESSURE LOS5 PARAMETER, ®ps S°SPout
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!

PERCENT
PASSAGE HEIGHT

FROM GEOMETRIC
HUB

10 AND 9§

/

L
e

|
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m——

0.10 0.20 0.30 0.40 0.50 0.60 0.70 p.80 0.90
STATOR DIFFUSION PARAMETER, Dg

Figure 6. - Stator blade section loss correlation
used for recommended 5-stage compressor unit

(see ref. 13).
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FIRST STAGE ROTOR
1.5
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Figure 7. - Radial variation of ratio of supersonic
to total turning angle.
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% m—
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—
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APPROXIMATI ON |
FOR ROTOR L

| -
NG

CALCULATION
PLANE

\

o COMPUTED STREAM
SURFACE LOCATIONS
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Figure 8. - Stream surface approximations for typical
compressor stage as used in

blade selection process.
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1 X4

SUCTION SURFACE INCIDENCE ANGLE, Igg,DEGREES
N

0 10 20 30 40 50 60 70 80 90 100
PERCENT PASSAGE HEIGHT FROM HUB

Figure 9. - First-stage rotor suction surface incidence angle variation.
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(a) Rotor blade row

Figure 10. - Empirical adjustment used in computation of deviation angles.

(see ref.

13)
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(b) Stator blade row

Figure 10. - Concluded.
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FIRST STAGE ROTOR
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2
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\\\QECOND STAGE ROTOR
7
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a

8,
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THIRD STAGE RQTOR
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e
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(a) Rotor blade rows

Figure l1ll. - Distribution of computed deviation angles.
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(b) Stator blade rows

Figure 11. - Concluded.
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(a) Rotor blade~to-blade stream tubes

Figure 12. - Computed critical area ratios.
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(b) Stator blade-to-blade stream tubes

Figure 12. - Concluded.
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SECTION 8 (RCTORS)
——————————— —t e ——— 0.177 C¥ (0.050 IN.)
BREVOND OUTER CASING

Section 8 (Staters)
I outer casing

Section 7

— £9 percent passags haight
Projection of " from hub along stacking

blade image axis
in meridional
plane ——

_____ J_______q__-__..__ Seciion €
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from hub slong stacking
aris

Section 5

. —— ——— — — — — — - | — — w— o — — —

40 percent passage haight
frolm hub along stecking
axis

leading sdga center

Ficure 13. - Location ¢f planes used in scecification

of blade manufacturing coordinates.
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Figure 14. - First blade row inlet calculation plane velocity

distributions from NASA inlet bellmouth potential
flow solution and meridional plane program.
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Figure 15. - Computed Mach number distribution at

exit calculation plane, fifth stator.
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Figure 16. - Compressor disk stress at 78,000 rpm.
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BURNER PRE-BURNER
./ﬂ
ORIFICE PLATE AIR
REMCTE
CONTROLLED
VALVE
\\‘ o HYDROGEN
PRESS
REG
HYDROGEN
STORAGE
VERNIER VALVE
AIR
PRESS | FLOW STORAGE
REC VALVE VALV METER TARK
Figure 17. - Combustor development test set-up
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Figure 18. - Combustion chamber assembly.




.231 CM (.091 IN.) DIA .203 CM (.080 IN.) DIA

2 ROWS OF 100 HOLES EACH /—-5 ROWS QOF 100 HOLES EACH
.064 CM (.025 IN.) DIA ;l

_98 HOLES

.04b CM
¢.018 IN.)HDIA
54 HOLES

L046 CM

(.018 in,HDTA

36 HOLES

.198 ¢M (.078 IN.) DIA
2 ROWS OF 80 HOLES EACH

.168 CM (.066 IN.) DIA — f>
5 ROWS OF 80 HOLES EAC ¢
CENTERLINE

RUN 23

ATVR 2.06

.249 CM (.098 IN.) DIA E
7 ROWS OF 60 HOLFS tacH \ :

1

.249 cM (.098 IN.) [1A
7 ROWS OF 60 HOLES EACH \(>

CENTERLINE

RUN 24

ATVR 2.20

Figure 19. - Combustion liner configurations.
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a=l='='='=']'('

DEFLECTOR
CENTERLINE
RUN 25 26
ATVR 2.06 2.31

ADDED DEFLECTOR
TO REAR OF LINER
IN ADDITION TO

FWD DEFLECTOR

CENTERLINE

RUN 27

ATVR 2.36

Figure 20. - Combustion liner configurations.
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DEFLECTOR

FWD PART OF
LINER

CENTERLINE

RUN 28

ATVR 1.92

DEFLECTOR REPLACED
IN FRONT FACING
OPPOSITE DIRECTION
AS PREVIOUSLY

CENTERLINE _ _
RUN 29
ATVR 2.03
Figure 21. - Combusticn liner configuratiens.
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635 CM (.25 IN.) DIA 35
@ . .351 CM (.138 IN.) DIA
1 ROW OF 31 HOLES (3 ROWS OF 60 HOLES EACH

.635 CM (.25 IN.) DIA |
1 ROW OF 30 HOLES /
.249 CM (..098 IN.) DIA

3 ROWS OF 60 HOLES EACH

CENTERLINE
RUN 30 31 32
ATVR 1.64 1.77 1,51

REMOVED DEFLECTOR
RING

CENTERLINE
RUN 33 34
ATVR 1.63 1.66
Figure 22. - Combustion liner configurations.
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053 CM
¢.021 IN,ODPIA
sS4 HOLES

.053 CM
(.021 IN,)PIA
36 HOLES

CENTERLINE

RUN L

ATVR 1.88

i

REPLACED
DEFLECTOR|
RING

CENTERLINE

RUN 36

ATVR 1.52

Figure 23. - Combustion liner configurations.
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(a) 4-stage

_— B
\_—/

(b) 5-stage

Figure 24. - Flow path compressor and combuetor.
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ORDINATES

|

TIP SECTION

PITCH SECTION

\)OT SECTION

.

#————== CHORD STATION

Figure 25. - Turbine nozzle contours for

initial engine desiogn.



TIP SECTION

PITCH SECTION

ROOT SECTION

Figure 26. - Turbine bucket contours for

initial engine design.
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ROOT SECTION

\\
\\
(j// TIP SECTION
PITCH SECTION

Figure 27. - Turbine nozzle contours for
final engine design.
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TIP SECTION

PITCH SECTION

,/f*—--\\\\ ROOT SECTION

Figure 28. - Turbine bucket contours for
final engine design.
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CONVENTIONAL PLUG

rt\\’wz CONCAVE BASE PLUG

SHORT PLUG

Figure 29. - Nozzle configurations.
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