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SECTION I
 

SUMMARY
 

A design technology study was performed to identify a high speed, multi­
stage, variable geometry fan configuration capable of achieving a wide flow
 
range modulation with near optimum efficiency at the important operating

conditions. 
 The initial phase of this study involved defining fan operating
 
requirements and conducting a parametric screening study of several fan con­
figurations. In order to 
achieve the fan requirements that were identified,
 
a front block fan with 3.17 design pressure ratio and a rear block single­
stage, core-driven fan of a 1.48 design pressure ratio 
are required. A
 
parametric screening study of the front and 
rear block fan configurations
 
was conducted in which the influence of major fan design features on weight

and efficiency was determined. 
Key design parameters were varied systematically
 
to determine an optimized fan design. 
Two-stage and three-stage fans were
 
.considered for the front block fan. 
 A single-stage rear block fan was studied.
 
It 
was assumed that composite blade technology advancements would permit use
 
of composite blading.
 

The selected front block fan has a design point inlet specific flow rate
2
of 205 kg/sec m (42 lbm/sec ft2) operating at a corrected tip speed of
 
467 m/sec (1532 ft/sec). The fan flowpath is characterized by a nearly con­
stant tip diameter and a large increase in hub radius through the first rotor
 
with an inlet radius ratio of 0.40 and a design exit Mach number of 0.48.
 
The rear block fan configuration is a single stage rotor driven by a high
 
pressure rotor shaft. 2
The design point inlet specific flow is 187.9 kg/sec m

(38.5 lbm/sec ft2 ) with a pressure ratio of 1.48. This front and rear block
 
fan configuration offered the best combination of fan efficiency, engine

weight and turbine performance.
 

Variable geometry concepts were evaluated by investigating the effect of
 
the level and the radial distribution of the swirl ahead of the front fan
 
rotors on key aerodynamic parameters at the aerodynamic design point and at
 
the supersonic cruise condition. An articulated inlet guide vane was selected,
 
imparting no swirl at the fan design point.
 

A detailed aerodynamic design of both the front and the rear block fans
 
and their interconnecting ducts was performed at their respective design point

conditions. Blade and vane airfoil coordinates were defined and 
a preliminary
 
mechanical design analysis was made to 
assure mechanical feasibility. Perfor­
mance maps were generated for each fan block covering a wide range of flow
 
modulation. Velocity distributions were calculated at the 
extremes of the
 
bypass ratio swings.
 



SECTION II
 

INTRODUCTION
 

Under NASA-sponsored Supersonic Cruise Airplane Research (SCAR) studies,
 
the General Electric Company has shown that the double bypass, variable
 
cycle engine concept is a viable propulsion system for an advanced supersonic
 
transport aircraft. These studies have shown that appreciable gains in
 
cycle efficiency and reductions in fuel consumption can be achieved by use of
 
high pressure ratio cycles combined with features which allow variation of the
 
cycle characteristics to provide near-optimum performance in each significant
 
regime of the flight spectrum. The studies have also shown that an attractive
 
variable cycle engine (VCE) can be developed if fan technology can be extended
 
to provide a suitable variable-bypass-ratio fan. The fan requirements include
 
a high unit flow capacity at takeoff with a moderate efficiency penalty to
 
permit an optimum trade-off between takeoff fan efficiency and nacelle size.
 
An effective variable-bypass-ratio system requires that the fan stages be
 
separated into two blocks with a bypass-flow splitter between the blocks. In
 
the selected arrangement, the rear block fan rotor is part-of the core spool
 
in a dual-rotor engine.
 

A design technology study was conducted under NASA Contract NAS3-20041
 
aimed at identifying the most suitable fan configuration. The front and
 
rear block fan configurations were selected from a parametric screening study
 
and were each examined in a detailed aerodynamic design. A preliminary
 
mechanical design analysis was conducted to assure a feasible and structurally­
sound mechanical arrangement. Performance map predictions were calculated for
 
each fan block. The results of this study are described in this report.
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SECTION III
 

AERODYNAMIC STUDIES
 

A. Engine System Studies
 

Cycle Definition
 

The fan design requirements were defined at 
the outset of the present
study consistent with current General Electric Advanced Supersonic Technology
(AST) engine studies. 
 A flow size of 382.4 kg/sec (843 ibm/sec) at takeoff
was adopted as 
a likely size for the ultimate engine. 
The fan cycle require­ments 
for both the front and rear fan blocks at several important operating
conditions are given in Table I. 
The key operating conditions are supersonic

cruise, subsonic cruise, takeoff and hold.
 

The takeoff condition sets 
the airflow size and hence, the diameter of
the front block fan,. A high airflow is desired at takeoff to reduce jet noise.
Since this is the front block sizing point, a fairly high specific flow rate
is desirable to minimize the fan diameter. 
 Some sacrifice in efficiency is
acceptable here to achieve the high specific 
flow since a relatively small
percent of the total mission fuel is used during takeoff. The primary aerody­namic design point of the front block fan was selected at the condition of
2.8% less flow than at takeo'ff with an airflow of 372 kg/sec (820 ibm/sec)
and a design pressure ratio of 3.17. 
 The maximum physical speed of the front
block is 108.6% of the aerodynamic design speed which occurs at 
takeoff on
a hot day. Table I shows that a substantial part of the 
front block airflow
bypasses the rear block at takeoff and therefore, it is necessary to close
the. rear block inlet guide vanes 
(IGV2) in order to reduce the rear block
pumping capacity at the-relatively high core spool corrected speed.
 

It is anticipated that the aircraft inlet would be sized for the super­sonic' cruise'airflow to minimize spillage drag. 
 Auxiliary inlet doors would
be used at 
takeoff to permit passing the desired flow at this condition.
During the climb/acceleration and supersonic cruise phases of the mission,
it is desirable to maintiji- a high engine specific thrust. 
 In order to
accomplish this, the front block flow is reduced by closing the inlet guide
vanes 
(IGV) and the outer bypass stream is closed off forcing all of the
airflow through the rear fan block. 
This is the 
sizing condition for the
rear block fan. The corrected flow into the rear block is 139.7 kg/sec

(308.0 lbm/sec) 
at a design pressure ratio of 1.48.
 

At Supersonic cruise and other high specific 
thrust operating conditions
it is desirable to close off the outer bypass stream and force all the air
through the rear block. 
This requires a relatively high front block pressure
ratio at the supersonic cruise airflow. 
The physical speed is kept 
at a
maximum (approximately 100 percent) 
to maximize pressure ratio capability

and the IGV is closed to match the corrected airflow. For the 
supersonic
cruise conditions, as shown in Table I, the front block corrected speed is
78.7 percent and the IGVs are'closed 39 degrees.
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Table I. AST Front and Rear Block Fan Performance Parameters;
 

AST Front Block Fan Performance Parameters 

Pct Outer 
Corr. Corr. Bypass 

Operating Conditions Speed Flow P/P Ratio 

Front Block Design 100 820 3.17 0.550 

Takeoff 105 843 3.20 0.647 

Hold 81 492 1;90 0.537 

Supersonic Cruise 79 472 1.80 0.041 

Subsonic Cruise 93 671 2.60 0.552 

AST Rear Block Fan Performance Parameters 

Pct Inner 
Corr. Corr. Bypass 

Operating Condition Speed Flow P.P Ratio 

Rear Block Design 100 308 1.48 0.340 

Takeoff 94 200 1.18 0.087 

Hold 88 190 1.15 0.160 

Supersonic Cruise 90 281 1.33 0.513 

Subsonic Cruise 93 199 1.17 0.093 

4 



When diverting to an alternate airfield or for holding patterns, thevariable bypass features of the engine allow operation at subsonic speeds

and intermediate power settings 
with relatively high bypass ratios (see TableI), 
which improves the propulsive efficiency. 
The front fan block operates

around 90 percent corrected speed with the IGV closed somewhat. 
At this

condition, the fan efficiency should be near 
its peak value.
 

Stall Margin Requirements
 

A stability margin study was conducted to define the front and 
rear
block stall margin requirements. 
 Stackups were performed at SLS takeoff,

0.3 Mo00 K altitude rotation, 0.5 Mo/15K hold, 0.95 Mo/35K subsonic

cruise and 2.32 Mo/53.5K supersonic cruise flight conditions.? For this
study, the front block distortion sensitivity and distortion transfer charac­
teristics were assumed to be similar to those of General Electric's YJIOl fan,
while the rear block characteristics were assumed to be similar 
to the NASA

Task II Stage with IGV/stator schedules of 0°/0* and 40"/8 °
 .
 

The objective of the stability stackup was to 
insure that the installed

fan stall 
line is higher than the engine operating requirements at all flight

conditions. The approach to 
obtaining the stackup called for establishing

the limiting stability rating points by identifying all the destabilizing

influences and then summing the items to define the required margin. 
The

destabilizing influences can be separated into external and internal categories

The external destabilizing influences are 
those that are attributable to the
distortion (nonuniformity) of the inlet flow field. 
 The internal destabilizing

influences are 
those that are attributable to items such as 
quality variations,

deterioration, thermal 
or power transients, control tracking (steady-state and

transient) and installation bleed/power extraction. 
Summing the stall margins

required for external and internal destabilizing influences determines the
minimum separation between the 
fan stall and nominal performance operating

lines. 
 An itemized tabulation of the stability stackup margins are 
shown
in Table Ila and lib for both the 
front and the rear block fans. The primary

operating conditions which set the required design point stall margins

are 
the hold (front block fan) and takeoff (rear block fan) points. 
 The
 

- amount of stall margin required at the important operating points is shown
schematically on the typical front and rear block fan performance maps in 
Figures I and 2, respectively.
 

The required stall margin at 
the design point of the front block fan is
approximately 20 percent based on 
an extrapolation of the required low speed

stall line. To assure meeting the engine rquirements, a stall margin of
22 percent was used to 
determine the required fan corrected tip speed. 
 In

order to achieve the required stall margin on the 
rear block fan at all
 
operating conditions, a value of 22 percent was 
assumed.
 

Noise Considerations
 

A brief and limited acoustical study was conducted early in the program

to determine whether or not 
fan noise was a problem to be addressed in the
design phase of the fan. 
 The results of the 
study showed that at takeoff
 

5 
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Table lla. AST Front Block Fan Stability Margin Stack-Up.
 

Operating Condition A Stall Margin at Constant Airflow (%)
 

Deterior- Quality & Distor­
ation Control Transients tion Total
 

Takeoff 1.5 3.0 2.0 6.5 13.0 

Hold' 2.0 4.0 4.0 7.1 17.1 

Subsonic Cruise 1.5 3.0 3.0 3.2 10-.7 

Supersonic Cruise 2.0 4.0 4.0 5.6 15.6 

Table II b. AST Rear Block Fan Stability Margin Stack-Up.
 

Operating Condition A Stall Margin at Constant Flow (%)
 

Deterior- Quality &. Distor­
ation Control Transients tion Total
 

Takeoff 1.0 3.0 1.0 7.3- 12.3 

Hold 1.0 3.0 1.0 6.1 11.1 

Subsonic Cruise 1.0 3.0 1.0 4.3 9.3
 

Supersonic Cruise 1.5 2.0 1.0 4.1 8.6
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the jet noise predominates and the fan noise is insignificant. At the ap­
proach point, fan noise would be predominant if no inlet suppression were
 
used. The 
use of a hybrid inlet (a variable geometry inlet which has a
 
throat Mach number of about 0.80 combined with acoustic panels on the duct
 
walls) will reduce the noise to acceptable levels. It was therefore con­
cluded that no 
special fan design features need be included for acoustic
 
reasons.
 

B. Parametric Screening Studies
 

Parameters and Range of Parameters Studied
 

A series of preliminary designs were carried out 
for both the front and
 
rear block fans to determine the optimum combination of design parameters for
 
-each fan block. Both two-
 and three-stage front block fans were investigated.

Only single-stage fans were investigated for the rear block because of its low
 
design pressure ratio.
 

A nominal two-stage front block configuration was defined which had the
 
following characteristics:
 

Inlet Radius Ratio 
 0.438

2
Flow/Annulus Area, kg/sec m (Ibm/sec ft2) 
 210 (43)


Exit Mach Number 
 0.48
 
Rotor Inlet Swirl Angle, degrees 5
 
Rotor Aspect Ratio (average) 
 1.6
 
Stator Aspect Ratio (average) 
 -2.6
 
Rotor Pitchline Solidity (average) 
 1.7
 
Stator Pitchline Solidity (average) 
 2.0
 
Flowpath Shape 
 Tapered Casing
 

The flowpath for this nominal configuration is shown in Figure 3.
 

The corrected tip speed required to achieve 22 percent stall margin and

fan efficiency potential were calculated for this nominal configuration. Each
 
of the above parameters (except 
for flowpath shape) were individually varied
 
to both a higher and lower value than the nominal case. The required tip

speed and efficiency potential were 
calculated for each configuration.

Preliminary weight estimates were made for many of the configurations. In
 
addition, estimates-were made of fhe low pressureturbine efficiency, weight,

and cooling flow requirements. 
 The combined effect of the fan efficiency and
 
weight, and the turbine efficiency, weight and cooling flow requirements were
 
used to obtain a differential aircraft range through the use of derivatives.
 

A similar approach was followed for the three-stage front block fans,.
 
except that two nominal flowpath shapes were investigated; one, with a con­
stant pitch diameter and the other with a near-constant tip diameter.
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The nominal three-stage fan configurations employed higher aspect ratio
 
blading and it was assumed that they would require rotor tip shrouds for ade­
quate aero-mechanical stability. The integral tip shrouded fanblades were
 
assumed to be titanium for the estimted weight calculations. The flowpaths
 
for the two nominal three-stage fans are showr in Figures 4 and 5.
 

Table III lists the parameters investigated and the range of variables
 
for the three nominal front block fan configurations.
 

Table IV lists the parameters and range of variables considered for the 
rear block fan configuration. The overall engine configuration places many
 
more constraints On the core-driven fan stage than on the front block. Since
 
it is driven from the high-pressure core spool, its RPM must be compatible
 
with achieving the required core compressor pressure ratio and stall margin
 
in a relatively few number of stages. Furthermore, the high pressure turbine
 
efficiency, weight, stress levels, and cooling flow requirements must be
 
considered.
 

The inlet specific flow of the rear block should be such that no large
 
diffusion or accelerations are required between the front and the rear fan
 
blocks. Similarly, its exit Mach number must be compatible with the core
 
compressor inlet conditions. Considering these constraints, the design para­
meters were investigated over a smaller range than for the front block.
 

Efficiency Prediction and Stall Correlation Model
 

Preliminary design studies of advanced fans and compressors at the
 
General Electric Company rely on a computerized procedure, identified as
 
the Compressor Unification Study, to estimate both efficiency potential and
 
stall pressure ratio potential. This model was the principal tool used in
 
selecting the front and rear block fan configurations. The efficiency predic­
tion model is intended to indicate the potential peak efficiency of a well­
designed compressor. It is intended to account for all known sources of loss
 
except for those due to off-design operation, blading unsuited for the aero­
dynamic environment or poor hardware quality. The potential peak efficiency
 
at the design point is dependent upon the magnitude of loss from four sources:
 
(1) end-wall boundary layer and end-wall region secondary flows and leakage
 
flows; (2) blade surface profile drag; (3) blade passage shocks; and (4) part­
span shrouds. These losses are correlated with aspect ratio, solidity, stagger,
 
tip clearance, blade row axial spacing, and aerodynamic loading level. Blade
 
surface profile losses are related to suction surface diffusion, blade maximum
 
thickness and trailing edge thickness, Reynolds number, surface finish, Mach
 
number and streamtube contraction. The shock loss model relates passage shock
 
losses to inlet Mach number and relates leading edge bow shock losses to Mach
 
number and edge thickness. The model for part-span shroud losses is based on
 
measured shroud drag coefficients.
 

A detailed description of this efficiency model and some comparisons
 
showing the capability of the model to predict efficiency is given in Referr
 
ence I.
 



Table -II.. Front Block Fan Nominal Design and Range ot Parameters.
 

Two Stage Three Stage Three Stage

Tapered Casing* NCT* CP*
 

Nominal High Low Nominal High Low Nominal High Low
 

Flow/Annulus 

kg/sec m2 210 215 205 210 215 205 210 215 205 

(Ibm/sec ft2 ) 43 44 42 43 44 42 43 44 42 

Inlet Radius Ratio 0.438 0.50 0.38 
 0.438 0.50 0.38 0.438 0.50 0.38
 

Exit Mach Number 0.48 0.55 0.45 0.48 0.55 0.45 0.48 0.55 0.45
 

Swirl Angle (deg.) 5 20 0 5 20 0 5 
 20 0
 

Aspect Ratio
 

Rotor Avg 
 1.6 1.8 1.2 3.0 3.5 2.0 3.0 3.5 2.0
 

Stator Avg 2.6 2.8 2.0 3.2 3.5 2.5 3.2 3.5 2.5 

Solidity (Pitchline) 

Rotor Avg 1.7 1.5 1.80
1.9 1.65 1.50 1.65 1.80 1.50
 

Stator Avg 2.0 2.2 1.8 1.80 
 2.00 1.60 1.80 2.00 1.60
 

Tapered - Tapered Casing Flowpath
 

* NCT - Near-Constant Tip Flowpath 

* CP - Constant Pitch Flowpath 



Table IV. Rear Block Single Stage Fan Nominal Design 
Parameters and Range of Parameters. 

Parameter Nominal High Low 

Flow/Unit Annulus Area 188(38.5) 195(40) 175(36) 

-kg/sec m 2 (ibm/sec ft2 ) 

Inlet Radius Ratio 0.65 0.70 0.60 

Exit Mach Number 0.52 0.55 0.45 

Swirl Angle-degrees 00 20 ° 00 

Aspect Ratio (Rotor Average) 1.5 2.0 1.2 

Solidity (Rotor Average) 1.66 1.90 1.40 
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The stall pressure ratio prediction model relies upon two basic groups
of background data. 
 The first group of data describes hemeasured -stall
pressure rise capabilities of a large number of low speed repeating stages
covering 
a wide range of stage geometries. 
 These data have been expressed
in the form of a pressure rise coefficient, which is related by a correlation
to stage geometry parameters such as 
aspect ratio and solidity. The second
collection of background data is from high speed multispeed compressors.
These data 
are presented in the form of a ratio, called effectivity, of 
an
individual stage pressure rise coefficient measured at design speed stall
 
to that predicted by data correlation.
 

In applying the stall prediction model to 
a new design, certain features
of its stage geometry and an appropriate value of effectivity are specified,
and the correlation is used 
to deduce the 
pressure rise coefficient for each
stage. 
 Other input quantities are the distributions of axial velocity and­stator exit flow angle at 
the design speed stall point, the airflow, pitchline
radii and an estimated wheel speed. 
 The computer program calculates the stage
pressure ratios, stacks the stages to give an overall pressure ratio, and
adjusts the 
speed until the desired overall pressure ratio is obtained. Hub
and tip radii consistent with these results and other quantities of interest
 
are then calculated.
 

Weight Estimates and Low Pressure Turbine Considerations
 

As part of the parametric screening study to define the optimum low pres­sure system for the AST engine, the total full-size fan weight was estimated
for several of the 
two- and three-stage fan configurations.
 

Several assumptions were made that will affect the 
rotor absolute weight,
but should still result in acceptable relative weights. 
 Some of the pertinent

assumptions are:
 

* 
 Life required is 20000 start/stop cycles
 

o Minimum blade tm/c = 0.025
 

* 
 Blade root Stress Concentration Factor, Kt 
= 2.0
 

Blade dovetail orientation angle 150
= 


a 
 Disk width = 0.85 x projected blade chord
 

* Disk temperature constant @ 200" F
 

* Disk bore radius: 15 cm on Stages 1 and 2; 
20 cm on Stage 3
 

Actual weight estimation was done by predicting a design, based 
on given
data and past experience, then processing the design parameters through a
series of preliminary design computer programs. 
 These programs all have pro­visions to adjust key parameters in the design until 
an acceptable compromise
design is arrived at which meets the design criteria. In this case, programs
which handle the blade airfoil, blade and disk dovetail and non-rigid disk as
 
individual components were used.
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The cantilevered rotor blades for the two-stage fans were assumed to.be
 
made of 1985 state-of-the-art boron/aluminum material. The three-stage fan
 
blades were assumed to be titanium (Ti 6-4) with integral tip shrouds. The
 
stator vanes were also assumed to be titanium (Ti 6-4). Other rotor and
 
static component part -materials would be- 1985 state-of-the-art nickel and
 
titanium alloy materials. The items covered in the rotor weight estimat'e
 
indlude the blades, disks, shaft, spacers and other miscellaneous parts.
 
The stator weight includes the vanes, casing, lever arms, shroud, and inlet
 
guide vane ring, shroud, frame and centerbody. The nominal two stage fan
 
rotor weight was estimated to be 446.8 Kg (985 lb) and the stator weight
 
was estimated at 423.7 Kg (934 lb) for a total fan weight of 870.5 Kg
 
(1919 .1b) or for the nominal constant pitch fan 899.0 Kg (1982 lb).
 

Further evaluation of -the low pressure system for the variable cycle
 
AST engine was made by estimating the low pressure turbine weights, effici­
encies, and cooling flows. A preliminary mechanical layout of the turbine
 
components for the AST engine was done and is shown in Figure 6. The flowpath
 
for the various turbines studied remained essentially unchanged so that the
 
low pressure turbine (LPT) weight and cooling flow changes are due primarily
 
to changes in-RPM and the number of blades. Of these two variables, RPM has
 
the largest effect. Stator variations were-found to have a negligible effect
 
on cooling/weight sensitivities as did variations in turbine casings for the
 
small flowpath-changes.
 

Each turbine was analyzed by the following procedure:
 

i1 	 Sizing the tip shroud to adequately span the distance between
 
adjacent blades.
 

2. 	 Applying the shroud load to the airfoil and sizing the blade
 
taper to minimize blade stress (up to an area ratio limit of 2.0).
 

3. 	 Analyzing and sizing the disk to provide satisfactory steady-state
 
-life and. overspeed.margin.
 

4. 	 Cooling flows are sized by considering the stress in each blade
 
and the allowable metal temperatures required to give equivalent
 
life.in each design.
 

Figure 7 shows the trends of weight, cooling flow and LPT efficiency as a
 
function of RPM. Since the range of RPM covered by the data from eight fan
 
configurations covers the range of RPM for all fan configurations, the weights,
 
cooling flows and efficiencies were noted for all the various two- and -three­
stage'fan configurations. The nominal, full-size engine, LPT weight is 591.9,
 
Kg (1305 lb) which includes the shaft (i4.3 Kg), the stator7(37.9K-_-Tand ­

the LPT rotor (149.7 Kg). Only the LPT rotor weight changes with RPM for the
 
various fan configurations. The nominal stage 1 turbine bucket cooling flow
 
is 4.2 percent of the total inlet flow.
 

The combined effect of the fan weight and efficiency and the turbine
 
weight, efficiency and cooling flow were considered in the selection of the
 
optimized low pressure system for the AST engine.
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Results of Front Block Fan Parametric Screening Studies
 

A summary of the aerodynamic design data from the front block fan 
screening studies is given in Tables V and VI. Table V presents a comparison
 
of the efficiencies, speeds, approximate lengths and inlet tip diameters for
 
the various two stage configurations. Tables VIa and VIb present the same
 
data for the three stage, near-constant-tip (NCT) and three stage, constant
 
pitch (CP) fan configurations, respectively. Since the bulk of the fuel is
 
burned at the supersonic cruise operating condition, it is intended to favor
 
the lower corrected speed operation during the detailed design of the rotor
 
and stator airfoils. This would introduce some compromise to the efficiency
 
at the aerodynamic design point. Therefore, the efficiencies listed are one
 
point lower than those calculated by the efficiency potential model. It
 
should be noted that the high Reynolds number associated with the large size
 
of these fans has a beneficial effect on the calculated efficiency.
 

The corrected speeds listed in the Tables V and VI result from the stall
 
prediction model assuming 22 percent stall margin above the 3.17 operating line
 
pressure ratio. All fans are sized for a design corrected flow of 372 kg/sec
 
(820 lb/sec).
 

The results of varying aspect ratio (Figures 8 and 9 for the two-stage
 
and three-stage fans, respectively) show an increase in efficiency as the
 
aspect ratio is reduced from the nominal case value. The reduced aspect ratio
 
permits a lower tip speed for the same stall margin, which results in lower 
Mach numbers and lower shock losses. The higher blade chord Reynolds number 
of the low aspect ratio blades also contributes to reduced profile losses.
 
Thejeis an increase in the end-wall losses, but not of suffic'ient magnitude
 
to offset the reduction in profile and shock losses. An additional small gain
 
occurs as a result of the assumption that the blade root tm/c could be somewhat
 
lower for the lower aspect ratio cases. This, however, comes at the expense
 
of'a sizeable length increase and consequently, as will be shown later, a
 
sizeable increase in fan weight.
 

The solidity variation results are shown in Figures 10 and 11, for the
 
two- and three-stage fans, respectively. For the two-stage fan, a small gain
 
in efficiency results from increasing the solidity from the nominal case
 
Changing the solidity had essentially no effect on the efficiency of the three
 
stage fans.
 

The effects of varying flow per unit annulus area, shown in Figures 12
 
and 13, indicate that the lower level of inlet specific flow is beneficial
 
from a fan efficiency standpoint. The fan exit Mach number was held constant
 
as the inlet specific flow was varied so that by dropping the inlet Mach
 
number (specific flow) less diffusion across the fan is required. Two addi­
tional considerations also contribute to the improved efficiency. First, 
the average blade Mach number is reduced and, secondly, the lower flow coef­
ficient leads to higher staggered blading which reduces the end-wall losses
 
as a result of increased passage aspect ratio.*
 

*Passage aspect ratio is defined as 
the blade height divided by the pitchline
 
staggered spacing between blades.
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Table V. 'AST Front Block Fan Screening Study, Summary of Two Stage Fan Aerodynamic Design Data.
 

Two-Stage Fans Tapered Casing Flowpath 

Corrected Length Inlet Tip 
Adiabatic Tip Speed Speed RI Inlet To Diameter 
Efficiency m/sec (fps) rpm S2 Exit, m (in.) m (in.) 

Nominal 0.858 493 (1619) 5641 0.60 (23.6) 1.67 (65.78) 

Low Aspect Ratio (Rotor/Stator Avg. = 1.2/2.0) 0.864 471 (1546) 5387 0.78 (30.8) 1.67 (65.78) 

High Aspect Ratio (Rotor/Stator Avg. = 1..8/2.9) 0.852 503 (1651) 5753 0.54 (21.2) 1.67 (65.78) 

Low Solidity (Rotor/Stator Avg. = 1.5/1.8) 0.855 500 (1642) 5721 0.59 (23.4) 1.67 (65.78) 

High Solidity (Rotor/Stator Avg., 1.9/2.2) 0.860 490 (1607) 5599 0.60 (23.6) 1.67 (65.78) 

Low Flow/Annulus Area [205 (42)] 0.862 496 (1627) 5603 0.60 (23.6) 1.69 (66.55) 

High Flow/Annulus Area [215 (44)] 0.855 491 (1611) 5678 0.60 (23.6) 1.65 (65.02) 

Low Inlet Radius Ratio 0.38 (rr.exit = 0.755) 0.865 479 (1571) 5632 0.62 (24.6) 1.62 (63.93) 

High Inlet Radius Ratio 0.50 (r/r exit = 0.755) 0.850 508 (1668) 5598 0.57 (22.4) 1.73 (68.28) 

Low Inlet Radius Ratio 0.38 (r/r exit = 0.746) 0.863 487 (1598) 5729 0.63 (24.8) 1.62 (63.93) 

High Inlet Radius Ratio 0.50 (r/r exit = 0.767) 0.854 496 (1627) 5461 0.56 (22.2) 1.73 (68.28) 

Low Exit Mach No. (0.45) 0.856 501 (1645) 5732 0.60 (23.6) 1.67 (65.78) 

High Exit Mach No. (0.55) 0.859 469 (1538) 5359 0.59 (23.2) 1.67 (65.78) 

IGV/Sl Exit Swirl = 00 0.846 494 (1620) 5645 0.59 (23.2) 1.67 (65.78) 

IGV/S1 Exit Swirl = 100 0.866 496 (1627) 5669 0.61 (23.9) 1.67 (65.78) 

IGV/Sl Exit Swirl = 15 ° 0.870 500 (1642) 5721 0.62 (24.3) 1.67 (65.78) 

IGV/S1 Exit Swirl = 200 0.870 507 (1664) 5798 0.63 (24.7) 1.67 (65.78) 



Table VI. 
 AST Front Block Fan Screening Study Summary of Three-Stage Fan Aerodynamic Design Data.
 

a. Three-Stage Fans - Near-Constant Tip Flowpath 

Configuration 
Adiabatic 
Efficiency 

Tip Speed
m/sec (fps) 

Corrected 
Speed 
rpm 

Length 
RI Inlet To 

S3 Exit, m (in.) 

Inlet Tip 
Diameter 
m (in.) 

Nominal 0.872 420 (1378) 4801 0.66 (25.8) 1.67 (65.78) 
Low Aspect Ratio (Rotor/Stator Avg. = 2.0/2.5) 0.884 392 (1285) 4477 0.85 (33.6) 1.67 (65.78) 
High Aspect Ratio (Rotor/Stator Avg. = 3.5/3/5) 0.865 429 (1408) 4906 0.60 (23.6) 1.67 (65.78) 
Low Solidity (Rotor/Stator Avg. = 1.5/1.6) 0.873 427 (1400) 4878 0.65 (25.7) 1.67 (65.78) 
High Solidity (Rotor/Stator Avg. 1.8/2.0) 0.870 415 (1360) 4739 0.66 (25.9) 1.67 (65.78) 
Low Flow./Annulus Area [205 (42)] 0.875 424 (1390) 4787 0.65 (25.7) 1.69 (66.55) 
High Flow/Annulus Area [215 (44)] 0.863 420 (1378) 4857 0.65 (25.7) 1.65 (65.02) 
Low Inlet Radius Ratio (0.38) 0.873 417 (1368) 4904 0.68 (26.7) 1.62 (63.93) 
High Inlet Radius Ratio (0.50) 0.866 436 (1432) 4807 0.63 (24.9) 1.73 (68.28) 
'Low Exit Mach No. (0.45) 0.871 432 (1416) 4934 0.67 (26.2) 1.67 (65.78) 
High Exit Mach No. (0.55) 0.872 399 (1310) 4564 0.65 (25.4) 1.67 (65.78) 
IGV/Sl/S2 Exit Swirl = 00 0.861 421 (1382) 4815 0.65 (25.6) 1.67 (65.78) 
IGV/S1/S2 Exit Swirl = 10 ° 0.880 420 (1380) 4808 0.66 (26.1) 1.67 (65.78) 
IGV/Sl/S2 Exit Swirl = 15" 0.881 423 (1387) 4833 0.67 (26.3) 1.67 (65.78) 
IGV/Sl/S2 Exit Swirl = 200 0.862 427 (1402) 4885 0.68 (26.6) 1.67 (65.78) 



Table VI. AST Front Block Fan Screening Study, Summary of Three-Stage Fan Aerodynamic Design Data. (Concluded) 

b. 'Three-Stage Fans - Constant Pitch Flowpath
 

Corrected Length Inlet Tip
 
Adiabatic Tip Speed Speed RI Inlet To Diameter
 

Configuration Efficiency m/sec (fps) rpm S3 Exit, m (in.) m (in.)
 

Nominal 0.856 485 (1592) 5547 0.70 (27.4) 1.67 (65.78) 

Low Aspect Ratio (Rotor/Stator Avg. = 2.0/2.5) 0.868 458 (1501) 5230 0.90 (35.6) 1.67 (65.78) 

High Aspect Ratio (Rotor/Stator Avg. = 3.5/3.5) 0.850 496 (1627) 5669 0.63 (24.9) 1.67 (65.78) 

Low Solidity (Rotor/Stator Avg. = 1.5/1.6) 0.854 496 (1627) 5669 0.69 (27.2) 1.67 (65.78) 

High Solidity (Rotor/Stator Avg. = 1.8/2.0) 0.855 479 (1570) 5470 0.70 (27.5) 1.67 (65.78) 

Low Flow/Annulus Area [205 (42)] 0.860 485 (1590) 5476 0.69 (27.3) 1.69 (66.55) 

High Flow/Annulus Area [.215 (44)] 0.850 485 (1592) 5611 0.70 (27.4) 1.65 (65.02) 

Low Inlet Radius Ratio (0.38) 0.852 504 (1655) 5933 0.73 (28.9) 1.62 (63.93) 

High Inlet Radius Ratio (0.50) 0.858 468 (1536) 5156 0.65 (25.7) 1.73 (68.28) 

Low Exit Mach No. (0.45) 0.854 494 (1620) 5645 0.70 (27.6) 1.67 (65.78) 

High Exit Mach No. (0.55) 0.860 465 (1527) 5321 0.69 (27.1) 1.67 (65.78) 

IGV/S1/S2 Exit Swirl = 0* 0.843 485 (1592) 5547 0.69 (27.1) 1.67 (65.78) 

IGV/S1/S2 Exit Swirl = 100 0.865 488 (1600) 5575 0.70 (27.6) 1.67 (65.78) 

ICV/S1/S2 Exit Swirl = 150 0.871 491 (1611) 5613 0.71 (27.9) 1.67 (65.78) 

IGV/SlI/S2 Exit Swirl = 200 0.872 498 (1635) 5697 0.71 (28.1) 1.67 (65.78)
 



The effects of the radius ratio variations on fan efficiency and tip
speed are shown in Figures 14 and 15. 
 For the two stage fan configurations

where the inlet radius ratios were varied, the inlet-to-exit flowpath shapes

were specified in two different manners. 
 The first method (open symbols on
Figure 14) held the exit radii constant and moved the inlet radii about the
nominal values. This resulted in a flowpath that had a steeper hub slope for
the low (0.38) radius ratio and a shallower hub slope for the high (0.50)

radius ratio case. 
 The second method (shaded symbols on Figure 14) kept the
hub and tip slopes approximately the 
same and moved the inlet and exit flowpath

dimensions. 
Here, the ratio of the exit hub radius to the inlet tip radius
 was held constant. 
 The first method of flowpath variation was employed 
on the
three stage near-constant-tip fans and the second method was used when varying

radius ratio on the three stage constant pitch fans.
 

Figure 14 shows the two-stage fan results for both methods of flowpath
variation. 
The low radius ratio 
case where the exit radii are the 
as the nominal case 
same
 

shows the lowest required tip speed and, also, a correspond­
ingly higher efficiency potential. The steeper hub slope causes a greater

change in the average radii 
across a blade row, especially through the first
rotor, thereby producing a centrifugal effect 
on the work input of the stage.

The net result is a lower tip speed and only a slightly lower RPM since

the diameter has been reduced. 
 The overall length is slightly longer than
the nominal 
case since the blade heights are larger. The increased efficiency

is primarily due to 
a cascade efficiency improvement resulting from the
lower tip speed 
and lower rotor Mach numbers. The variation of inlet and exit
radius ratios coming from the second method shows the same trends of efficiency

and tip speed, but to a lesser extent. 
 The lower inlet and exit radius ratio
 case appears beneficial from the standpoint of engine size and 
core transition

duct severity. Although there is 
a modest increase in fan length, this is
compensated for by a lesser amount of radius change in the transition duct and
 
thus, a shorter duct length.
 

The three-stage fan results 
from varying inlet radius ratio are 
listed

in Tables VIa and VIb and shown graphically in Figure 15. 
 The near-constant
tip flowpath 
fan shows little gain from the lower inlet radius ratio in both
efficiendy and reduced tip speed. 
 In this case,.the hub slope is not as 
steep
as for the two-stage fan since the overall fan length is greater. 
 For near­constant tip flowpaths, the high inlet radius ratio is 
less attractive since

the 
engine diameter is increased and efficiency is poorer due to the larger

required tip speed.
 

The three-stage constant pitch flowpath fans show a reversed trend

of efficiency and tip speed relative to 
the other fan configurations. Here,
the higher radius ratio fan requires less tip speed and has a greater efficiency

potential since the higher pitchline radius means a higher average blade speed.
The magnitude of the efficiency change over 
the range of radius ratios studied
 
is not significant.
 

The results of varying the exit Mach number 
are shown in Figures 16 and
17 and indicate only a slight advantage in choosing a higher design exit Mach

number. Furthermore, the higher exit Mach number will necessitate larger
diffusion rates to 
the tear block fan and result in higher duct losses.
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Stator exit swirl angle variations were evaluated for the three fan
 
configurations and the results are shown in Figures 18 and 19. The trends
 
show a distinct increase in efficiency with swirl angle increases up to 20
 
degrees. The additional swirl (lower reaction) is applied at each rotor inlet
 
station and the model assumes it to be radially -constant. The corrected tip
 
speed is lightly higher for the higher swirl cases and there are small in­
creases in overall length. For the high swirl angle cases, the last 
stator
 
row loadings become extremely high. This suggests a design with less swirl
 
would be more acceptable. Furthermore, large degrees of rotor inlet swirl
 
and a large radial variation would present a more severe radial mismatch
 
problem at off-design conditions. This facet of the design will be discussed
 
in more detail in Section III C.
 

In general, the results of the front block fan screening study show
 
that the best efficiencies calculated by the model occur for the lower tip
 
speed fans, fans with large through-blade radius changes, fans with lower
 
through-flow Mach numbers, and also for fans with large degrees of stator exit
 
swirl. The three-stage (NCT) fan appears distinctly better, at least from an
 
efficiency standpoint (+ 1.4 points), than the other nominal fan configura­
tions. Other considerations of the total low pressure system will be dis­
cussed in the expanded screening study.
 

Expanded Screening Study
 

It became apparent from the initial screening study that, in general, 
there was a net gain in the low pressure system ( including the front block 
fan- and the 1P turbine) for two-stage fan-configurations Which had low design 
RPM's. Lower fan design tip speeds generally resulted in improved fan effici­
ency and an overall improved low pressure system, provided the fan blade 
 -
aspect ratios were not too low. Reducing the aspect ratio from the nominal
 
case, however, resulted in a significant weight increase in the fan which
 
offset the fan- efficiency gain and the weight reduction in the LP turbine.
 
Lowering the RPM caused a small penalty in turbine, efficiency, but this was
 
more than offset by the lower turbine cooling flow requirements. Primarily as
 
a result of this trend, the screening study was expanded to include two-stage
 
fan configurations with constant -tip diameter flowpaths.
 

The constant tip designs provided a larger increase in hub radius through
 
the first stage rotor and an increased blade speed of the second stage relative
 
to the first. These features permitted achieving the required stall margin
 
with lower first stage design tip speeds and with reduced RPM.
 

It was previously noted that decreasing the inlet specific flow'was
 
beneficial to the fan efficiency. This, however, would increase the diameter
 
and, hence, the frontal area if.the inlet radius ratio remained at the
 
nom'inal value." By decreasing the inlet radius ratio as the specific flow is
 
reduced,- the tip diameter can be held essentially the same as the nominal
 
case.
 

Three two-stage, constant-tip configurations were investigated as part of 
the additional screening study work. The first configuration maintained the ­
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nominal values of inlet radius ratio (0.438) and inlet specific flow of
 
2
210 kg/sec m (43 lbm/sec ft2) but utilized a constant-tip diameter flow­

path. The second configuration reduced the inlet specific flow to 205
 
kg/sec m 2 (42 Ibm/sec ft2) and the inlet radius ratio to 0.40. The fan
 
diameter for this case is 165.81 cm (65.28 in.) compared to the nominal
 
case value of 167.07 cm (65.78 in.). The third fan configuration further
 

2

reduced inlet radius ratio and specific flow to 0.35 and 195.3 kg/sec m


(40 Ibm/sec ft2), respectively. The constant tip diameter for this case
 
is 166.23 cm (65.45 in.). Other design parameters, with the exception of
 
the first rotor inlet swirl, were kept the same as the nominal configura­
tion. Zero degrees of preswirl were specified for these cases instead of
 
the nominal five degrees to help minimize the radial mismatch which occurs
 
when the inlet guide vane is closed from the design setting. The selection
 
of the design swirl angle will be discussed in more detail in a later sec­
tion. Flowpath sketches of the three constant-tip configurations are shown
 
in Figures 20, 21 and 22.
 

The more promising fan configurations of the front block fan screening
 
study, including the constant tip configurations, were evaluated in terms of
 
fan and low pressure turbine weights, efficiencies and LPT cooling flows,and
 
their net effect on the aircraft range. Table VII presents a summary of low
 
pressure system data for each of the fans. The delta efficiencies, weights,
 
cooling flows and range are shown relative to the nominal two-stage fan. For
 
comparison, all three of the nominal fan configurations were included in this
 
summary along with the two-stage tapered casing types where aspect ratio,
 
radius ratio and swirl variations occur.
 

The data shown in Table VII indicates that the constant tip fans gener­
ally run at lower tip speeds, are lighter weight in both the fan and the tur­

bine, and have better fan efficiency. The low aspect ratio fans, although
 
attractive from a fan efficiency standpoint, are extremely heavy and have a
 
net disadvantage in aircraft range. The low inlet radius ratio case shows.up
 
as fairly attractive relative to the nominal fan but the tapered casing flow­
path does not have the additional stage 2 blade speed provided by the constant­
tip type fans and therefore is not as attractive. The high stator exit swirl
 
case has a high fan efficiency but requires a higher RPM, has higher exit­
stator aerodynamic loadings, has a weight penalty, and would present more
 
severe radial mismatch problems at off-design conditions. The net effect is
 
only slightly better than the nominal case.
 

The three-stage fan information presented in Table VII shows the near­
constant-tip (NCT) fan to have a positive effect on the overall aircraft range
 
where the constant-pitch (CP) fan shows a distinctly negative effect. The
 
biggest difference between the two fans is the fan efficiency (2:6 points).
 
However, the NCT fan's higher efficiency potential, essentially due to its
 
lower speed, is largely negated by the lower LPT efficiency. The required
 
cooling flow and turbine weight are less. Only the low radius ratio, constant
 
tip, two-stage configurations show better aircraft range than the three-stage
 
NCT fan. Although no attempt was made to determine the cost of the various
 
fan configurations, the three-stage, high aspect ratio fans have almost twice
 
as many airfoils as the two-stage constant-tip fans, and are probably more
 
expensive.
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Table VII. Summary of Low Pressure System Data from Refined Front Blocking Fan Screening Study.
 

Corrected corrected A Fan A 1.2 A 1.2 
Inlet Tip Speed Speed A Fan A LPT Weight Weight Cooling A Aircraft 

Configuration Radius Ratio ./sec (fps) rpm Eff*Z Eff, X kg (Ibs) kg (Ibs) Flow, % Rang % 

Two-Stage Tapered Casing Fans 

- Nominal 0.438 493 (1619) 5641 0 0 0 0 0 0 

- Low Aspect Ratio 0.438 471 (1546) 5387 + 0.6 - 0.4 +158 (+349) - 5.4 (-12) - 0.3 - 0.38 

- High Aspect RaLio 0.438 503 (1651) 5753 - 0.6 + 0.1 - 47 (-104) + 0.9 (+ 2) + 0.2 + 0.13 

- Low Inlet Radius Ratio (Exit r/r - 0.755) 0.380 479 (1571) 5632 + 0.7 0 - 12 (- 27) - 1.4 (3) 0 + 0.24 

- High Inlet Radius Ratio (Exit r/r - 0.755) 0.500 508 (1668) 5598 - 0.8 - 0.1 + 30 (+ 65) - 2.3 (-5) - 0.1 - 0.21 

- High Swirl (20") 0.438 507 (1664) 5798 + 1.2 + 0.2 + 22 (+ 48) + 1.8 (+ 4) + 0.3 + 0.09 

Three-Stage Fans 

- Nominal Near-Constant Tip 0.438 420 (1378) 4801 + 1.4 - 1.3 + 29 (+ 64) - 19.0 ( 42) - 0.7 + 0.28 

- Nominal Constant Pitch 0.438 485 (1592) 5547 - 1.2 - 0.4 + 29 (+ 63) - 0.9 (- 2) - 0.1 - 0.36 

Two-Stage Constant Tip Fans 

- Case 1 0.438 467 (1533) 5341 + 0.2 -0.5 - 20 (-45) - 6.8 (-15) - 0.3 + 0.20 

- Case 2 .0.400 463 (1520) 5336 + 0.9 + 0.5 - 44 (- 97) - 7.3 ( 16) - 0.4 + 0.48 

- Case 3 0.350 454 (1489) 5214 + 1.9 - 0.6 - 76 (-168) - 9.5 (-21) - 0.4 + 0.79 



In summary, the evaluation of the various fan configurations in terms

of the total low pressure system leads to the conclusion that the two-stage,

constant-tip fans are distinctly more attractive.
 

Results of Rear Block Fan Parametric Screening Study
 

The rear block fan parametric screening study was conducted for a nominal

single stage fan as 
shown in Figure 23. The results of the parametric investi­
gation are listed in Table VIII and displayed graphically in Figures 24-29.
 
The trends are generally similar to those 
seen in the front block screening

study. Aspect ratio and solidity variations reflect only a change in the
 
rotor level since the stage, as currently conceived, does not employ a stator
 
vane row immediately downstream of the core-driven fan rotor. 
 Instead, the
 
core 
inlet guide vane will serve as the- stator for the core flow portion and a
 
fixed vane row in the inner bypass duct will remove the swirl in the outer
 
portion. The nominal 
fan rotor is assumed to have titanium blades and no
 
shrouds. The fan efficiency and tip speed results plotted in Figures 24-29
 
show that the low aspect ratio and the high IGV exit swirl cases have the best
 
efficiency potential. The variations in rotor solidity and stage exit Mach

number were of little consequence to the stage performance. The level of flow
 
per unit annulus area is restricted by the amount of diffusion required

between the front and the 
rear block fans and between the rear block fan and
 
the core. 
The inlet radius ratio was also somewhat constrained due to the
 
size of the core compressor and the minimum length desired between the over­
hung core-driven rear block rotor and the core compressor rotor.
 

Acursory look at the core compressor design for the AST engine was
 
necessary since the rear block fan RPM would have to be compatible with the
 
speed required by the core. A preliminary design study was conducted using a
 
5-stage compressor operating at Two
the cycle design pressure ratio of 4.44.

flowpaths were evaluated and are compared in Figure 23 along with the nominal
 
rear block fan flowpath- One has a constant-hub radius, the other a.slight

hub convergence'.- The constant-hub radius flowpath configuration would require

a core design physical speed of approximately 7690 RPM. The modified hub

flowpath compressor would require about 4% less speed (7366-RPM) which would 
ultimately mean .a lighter weight high pressure turbine. 
For this reason, it
 
was desirable to choose a rear block fan configuration close to the lower RPM
 
value. The selected- rear block fan has a physical RPM of 7225, giving a cor­
rected tip speed of 413 m/sec (1355 ft/sec).
 

C. 
 Study of Variable Geometry Concepts for Optimum Off-Design Performance
 

An investigation of the effect of the level and the radial distribution of
 
swirl ahead of the front fan rotors on key aerodynamic parameters was carried
 
out at the aerodynamic design point and at the supersonic cruise condition.
These studies were conducted to assist in the selection of the design swirl
 
and also to provide information on the location and type of variable geometry

that is desirable from an aerodynamic standpoint.
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Table VIII. AST Rear Block Fan Screening Study, Summary of Core-Driven
 
Fan Stage Aerodynamic Design Data.
 

Configuration 


Nominal 

Low Aspect Ratio (ARR = 1.2) 

High Aspect Ratio (ARR = 2.0) 

Low Solidity (Rotor Sol. = 1.4) 

High Solidity (Rotor Sol. = 1.9) 

Low Flow/Annulus Area [175.8 (36)] 

High Flow/Annulus Area [195.3 (40)] 

Low Inlet Radius Ratio (0.60) 

High Inlet Radius Ratio (0.70) 

Low Exit Mach No. (0.45) 

High Exit Mach No. (0.55) 

IGV Exit Swirl = 8* 

IGV Exit Swirl = 12' 

IGV Exit Swirl = 200 

Corrected Physical 
Adiabatic Tip Speed Speed 
Efficiency m/sec (fps) rpm 

01.860 413 (1355) 7225 

0.873 394 (1294) 6900 

0.836 439 (1439) 7673 

0.858 418 (1370) 7305 

0.861 406 (1331) 7097 

0.854 436 (1431) 7378 

0.858 402 (1320) 7174 

0.864 417 (1368) 7679 

0.859 406 (1332) 6674 

0.857 422 (1383) 7374 

0.863 405 (1328) 7081 

0.875 418 (1370) 7305 

0.880 422 (1386) 7390 

0.882 445 (1459) 7779 

Rotor Tip
 
Diameter
 
m (in.)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.32 (52.1)
 

1.25 (49.4)
 

1.22 (47.9)
 

1.36 (53.6)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 

1.28 (50.4)
 



For the variable cycle engine, flow modulation through the use of vari­
able geometry inlet guide vanes (IGV) is required to achieve the best compro­
mise of design and off-design aerodynamic performance. At off-design condi­
tions, the IGV's are closed from the design angle settings and introduce a
 
radial gradient of streamline axial velocities and therefore create an un­
desirable incidence angle distribution on the downstream rotor. The study
 
was intended to identify the type and location of variable geometry which
 
would significantly alleviate this radial mismatch of the flow.
 

The variable stagger stator, which is widely used and relatively simple, 
served as a bench mark for evaluating the aerodynamic desirability, mechanical 
complexity and reliability of other forms of variable geometry. Off-design 
calculations were made using stator exit flow angles and stator leading edge
 
metal angles which would result from the use of variable stagger stators. The
 
resulting incidence angles and aerodynamic loadings served as a basis for com­
parison with the other variable geometry concepts investigated.
 

Some of the other variable geometry concepts which were considered in this
 
screening study are: (1) Tandem cascades, including flap-type guide vanes and
 
stators 
to achieve the effect of variable camber, and (2) configurations which
 
achieve some radial variation of effective closure by having 
a radial variation
 
of solidity of the movable portion, and (3) a circumferentially-leaned inlet
 
guide vane.
 

Off-Design Analysis Model
 

The Axisymmetric Data Analysis program (ADA) is the analysis version
 
of General Electric's primary aerodynamic tool, the Circumferential Average
 
Flow Determination (CAFD) program. A numerical solution of the exact radial
 
equilibrium equation, continuity equation, and energy equation is found which 
yields circumferentially-averaged velocity and thermodynamic property distribu­
tions throughout the annulus. The total-pressure loss coefficients and
 
deviation angles can either be obtained by an optional correlation built into
 
the program or be separately specified.
 

The built-in correlation which varies the design values of loss coeffi­
cient and deviation angle with incidence angle, Mach number and aerodynamic
 
loading was used for evaluating variable geometry swirl distributions at off­
design conditions. The efficiency prediction model of the Compressor Uni­
fication"Study (CUS) was also employed to help select the endwall boundary
 
layer displacement thickness, which is 
an input to ADA, and also served as
 
a check on the loss coefficients bbtained from the cascade option of ADA.
 

Variable Geometry Concepts Study
 

Axisymmetric Data Analysis (ADA) program calculations were made-at the
 
design point and at the supersonic cruise condition of the front block fan
 
for several different levels and radial distributions of design swirl. The
 
supersonic cruise condition is a representative off-design case where the
 
corrected speed is 79 percent of the aerodynamic design speed. The inlet
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guide vanes are closed approximately 39 degrees at this condition to match
 

the inlet requirements and to obtain good stall margin. The off-design swirl
 

level was varied radially to evaluate the radial shift in incidence angle and
 

aerodynamic loading. The nominal two stage fan with an inlet radius ratio
 

of 0.438 and a tapered casing flowpath was used as the basic fan configuration
 

for most of the off-design calculations.
 

As one means of evaluating the off-design incidence angle distributions,
 
the flow angle leaving the IGV is increased from the design by the same
 

amount at all radii, simulating the use of a conventional variable stagger
 

guide vane. Cases where the amount of flow angle closure varied radially at
 
the off-design condition were also studied. A combined strut and flap type
 
inlet guide vane with a fixed leading edge portion (strut) and a variable
 
trailing edge portion (flap) of varying chord lengths were used to simulate
 
these flow angles.
 

An inlet guide vane configuration that was leaned in the circumferential
 
direction was investigated in an attempt to reduce the large rotor tip inci­
dence angles at the supersonic cruise condition. The IGV was envisioned as a
 
strut/flap type configuration that imparted no swirl at the design condition.
 
At the supersonic cruise condition, the flap was closed to effect about 40
 
degrees of pre-swirl at the pitchline. The flap tapered off to zero chord at
 
the outer diameter, and added no swirl to the flow in either the closed or
 
nominal position. The hub swirl was 10 degrees in the closed position. The
 
pressure side of the closed vane was leaned downward 40 degrees at the mean
 
radius so that a radially inward blade force was directed on the flow.
 
Relative to a radial vane, the leaned vane will tend to increase the static
 
pressure in the hub region and decrease it at the tip. The reduced static
 
pressure in the outer portion of the flowpath will increase the meridional
 
Mach number and tend to reduce the tip incidence angle.
 

Results of Off-Design Analysis
 

The off-design analysis program (ADA) was run for the nominal Lwu-stage
 
fan with three different levels of rotor 1 inlet design swirl. The design
 

swirl distributions included: (1) a radially constant zero degrees, (2)
 
a linear variation from 10 degrees of preswirl at the tip to 10 degrees
 
of counterswirl at the hub, and (3) a linear variation with 10 degrees of
 
counterswirl at the tip to 10 degrees of pre-swirl at the hub. Other more
 

radical distributions of swirl were studied but did not show a positive gain
 
in alleviating the off-design incidence angle problem. The design point
 
parameters of inlet Mach number and diffusion factor are shown in Figure
 

30 and 31 for rotor one and stator one, respectively. Each of these design
 
swirl distributions was run at the supersonic cruise off-design speed. In
 
order to match the supersonic cruise airflow required by the cycle, the inlet
 

guide vanes had to be closed approximately 38 degrees. The off-design inci­
dence angles and diffusion factors for the design zero degrees swirl case are
 
shown relative to the design values in Figures 32 and 33 for the first rotor
 
and stator, respectively. The data shown represent three radial distributions
 
of IGV turning angle, presupposing an IGV configuration which had some radial
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variation of solidity. Each radial distribution is identified by a symbol

representing a different radial variation of turning angle. 
At the O.D.,

all three types show approximately 10 degrees of rotor I incidence or a 7
degrees shift 
from the design point. 
 If the flow angle leaving the IGV is

increased from the design by the same amount at 
all radii (as is approxi­
mately done for a conventional variable stagger guide vane), the hub

cidence angle gets smaller than design and moves toward choke. 

in-

Less


closure of the IGV at 
the hub than at the pitch helps to keep the hub in­
cidence angle nearer to the design value. 
The configuration which produces
more IGV turning at the tip and less at the hub relative to the pitch results
in the least incidence angle swing on stator one. 
 The first rotor D-factors
 
are less than design when the guide vanes are closed and stator one D-factors
 
shift from design largely in the pitch region.
 

The off-design rotor incidence angles were also calculated for other
design IGV swirl angle distributions, including the linear distribution of 10
degrees pre-swirl at 
the tip to 10 degrees counterswirl at the hub. The re­
sulting off-design incidence angles on the first rotor at the supersonic

cruise speed condition are shown in Figure 34. 
Three radial variations of IGV

closure were investigated. 
The large positive incidence angle swing from
design at 
the tip is still prevalent and no 
indication of a significant reduc­
tion in the radial mis-match problem is apparent. Figure 35 shows the rotor
incidence angle comparison between design and supersonic cruise when the fan
is designed for an 
IGV swirl distribution that has 10 degrees counterswirl at

the tip, 0 degrees at the pitch and 10 degrees pre-swirl at the hub. This design
combination has the favorable effect of reducing the rotor tip incidence angle at
the cruise condition by approximately two degrees. However, 
this improvement is
at the expense of an increase of approximately 0.10 rotor tip relative Mach number
at the design condition, which would have an adverse effect on the high speed

efficiency. 
It was judged that the reduction in high speed efficiency made the

choise of this combination undesirable.
 

The effect of the circumferential lean added to 
the IGV hub was insigni­
ficant in reducing the off-design rotor 1 tip incidence angle.
 

Summary of Off-Design Swirl Investigation
 

" No swirl distribution was 
found that had a marked effect on lowering

the rotor incidence angle at the supersonic cruise condition with
 
the IGV closed.
 

* 
 The design swirl distribution which had 
10 degrees counterswirl at

the tip, 0 degrees at 
the pitch, and 10 degrees preswirl at the hub

had the lowest calculated tip incidence angle at 
the supersonic

cruise condition, but also had a higher rotor tip relative Mach number
 
at the design condition which would have an adverse effect on the
 
high speed efficiency. 
Because of the latter, this combination was
 
judged undesirable.
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* 	 Comparisons of the low inlet radius ratio designs with the 0.438
 
nominal case indicated that there was not any significant difference
 
in the off-design incidence angle at the rotor tip but the low
 

radius ratio fans had a more negative incidence angle (hence, less
 
favorable) at the hub.
 

* 	 Circumferential lean added to the IGV at the I.D. had no significant
 
effect on reducing the rotor tip incidence angle.
 

D. 	 Recommended Fan Configuration
 

The 0.35 and 0.40 inlet radius ratio, constant-tip fans gave the best
 

aircraft range and would probably be less expensive than the three-stage fans.
 
While these low radius ratio designs had a somewhat larger radial gradient
 
of rotor incidence angle at the supersonic cruise condition than the nominal
 

fan, it is believed that the superior design point efficiency favored a radius
 
ratio lower than 0.438. However, there was concern that the 0.35 inlet radius
 
ratio configuration might involve mechanical design constraints that were not
 
revealed in the very preliminary study used to determine the fan weight.
 
Therefore, the 0.40 inlet radius ratio configuration was believed to be the
 
best all around choice considering the design point performance, the off-desigr
 
operation, and the degree of mechanical design risk.
 

The fan configuration recommended for the AST variable cycle engine as a
 
result of this study program consists of a two-stage front block fan and a
 
single stage rear block driven by the high pressure turbine. The flowpath of
 
both fan blocks, the interconnecting duct and a portion of the bypass duct is
 
shown in Figure 36. The important aerodynamic design parameters are:
 

Recommended Fan Configuration
 

Aerodynamic Design Point Parameters.
 

Parameter 	 Front Block Rear Block
 

No. of Stages 	 2 1
 

Corrected Flow, Kg/sec (ibm/sec) 	 372.0 (820) 139.7 (308)
 

2
Flow 	per Annulus Area, Kg/sec m (ibm/sec ft2 ) 205.0 (42.0) 187.9 (38.5)
 

Inlet Radius Ratio 	 0.40 0.65
 

Corrected Tip Speed, m/sec (ft/sec) 	 467 (1532) 413 (1355)
 

Total-Pressure Ratio 	 3.17 1.48
 

Adiabatic Efficiency Objective 	 0.865 0.860
 

Stall Margin Objective % 	 22 22
 

Exit Mach No. 	 0.48 0.52
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The front block fan flowpath has a constant tip diameter of 165.8 cm
 
(65.3 in.) through the first stage and 
a slight casing taper (2.50 slope)

through the second stage to help reduce the large radius drop in the transi­
tion duct to the rear block. 
The inlet guide vane (IGV) configuration is

the variable camber type with a fixed leading edge portion and a variable
 
trailing edge flap. At the aerodynamic design point, the guide vane imparts
 
no swirl at 
the rotor leading edge. The off-design calculations indicated
 
some advantage for using a lower IGV flap solidity at 
the hub so that less
 
flow-turning is accomplished at the I.D. when the IGV is closed from the
 
design setting. However, this is contrary to 
some test experience within the

General Electric Company. Consequently, the selected IGV flap solidity will

result in approximately a constant radial distribution of swirl when closed
 
from the design setting. The first stage stator vane will be 
a conventional,

variable stagger type stator. 
 The design swirl ahead of rotor 2 will be a

radially constant 5 degrees. At off-design, the stator will be closed a max­
imum of 
20 degrees to help the off-design performance. Stator 2 will be a

circumferentially-leaned vane 
fixed at both ends with the trailiig edge

angles designed to turn the flow back to the axial direction.
 

The rear block fan will also employ a variable camber type inlet guide
 
vane with no swirl ahead of the core-driven rotor at the design point.
 

The recommended fan configuration was selected primarily from the results
of the parametric screening studies. 
 The constant-tip flowpath fans provided

for the best low pressure system, utilizing the attractive features of low

speed, low inlet radius ratio and low inlet 
specific flow. The only issue to

be decided was how low the inlet radius ratio should be. 
 Based on the variable
 
geometry study at off-design conditions, the very low radius ratios did not

show good off-design performance because of a more severe radially mismatch of

the flow. 
An inlet radius ratio of 0.40 was chosen. The rear block fan was
 
limited somewhat by the restrictions imposed upon it by the high pressure (HP)

system. 
The primary concern was choosing a stage which would be compatible in
speed with the HP compressor and be positioned to avoid large flowpath slopes
 
and curvatures.
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SECTION IV
 

AERODYNAMIC DESIGN
 

A. Design Calculation Procedure
 

The General Electric Circumferential Average Flow Determination (CAFD)

computer program was used to determine the circumferential-average flow
 
properties for the front and rear block fans at their respective aerodynamic

design points. The CAFD calculation procedure is outlined in Reference 2.
 
In addition to calculation stations at the blade row edges and in the ducts
 
upstream and downstream of the fan blocks, calculation stations interior to
 
the rotor and stator blades were included to improve the overall accuracy of
 
the solution by taking into 
account the effects of blade thickness blockage,
 
lean angle and energy (rV0 ) addition on the streamline slopes and curvatures.
 
The'intra-blade calculation stations also aid in the determination of the
 
rotor blade meanline shapes.
 

The chordwise energy addition assumed for the front block rotors is linear
 
from leading to trailing edge for the tip streamline. For the streamlines
 
where the inlet relative Mach number is sonic 
or less -than sonic, a chordwise
 
rV distribution approximating the first quarter cycle of a sine wave was
 
assumed. 
 The radial variation is linear from the tip streamline to the loca­
tion where the quarter sine wave is used. The selection of the linear work
 
ifiput distribution in the tip region is generally consistent with measured
 
static pressure data from other high Mach number rotor blade tip sections.
 
The quarter sine wave distribution was assumed for all the streamlines of the
 
rear block fan.
 

In applying the CAFD procedure to these fan designs, an effective area
 
coefficient that accounts for the displacement thickness of the wall boundary

layer and the wakes from the upstream blade rows was used. Values of effective
 
area coefficients were selected from past experience and from the values in­
dicated by the Compressor Unification Study. A radially constant value was
 
used in the axial space between blade rows and varied linearly from leading to
 
trailing edge through the blades. Upstream of the front block fan, a value
 
of 0.985 was assumed. At the inlet 
to the first rotor, the coefficient is
 
0.975 and is then reduced to 0.950 at 
the front block exit. For the rear
 
block fan design point, the effective area coefficients were assumed to vary

from-0.945 at the guide vane inlet, to 0.940 at 
the rotor inlet and 0.93 at
 
the rotor exit.
 

The axisymmetric flow calculation for the front block fan included
 
stations far upstream and and also, downstream in the outer bypass duct and
 
the transition duct to the rear block fan. 
Fourteen (14) streamlines including
 
a double, splitter-stagnation streamline were used for the design calculation.
 
The rear block design point calculation included stations from the front block
 
fan exit through the core compressor first stage and also through the inner
 
bypass duct. 
An inlet profile of total pressure and total temperature were
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used at the initial calculation station simulating the front block exit condi­
tions at the rear block design point. To represent the flow through the 
rear

block, eleven (11) streamlines, including a double streamline for the inner
 
flow splitter, were used.
 

A list of the axisymmetric flow calculation results for the front and
 
rear block fan design points is included in Appendix B.
 

B. Flowpath
 

The front block fan inlet hub/tip radius of 6.46 and the nlet specific2
flow rate of 205 kg/sec m (42 lbm/sec ft2) were selected to minimize
 
the required fan size and nacelle diameter. The tip flowpath contour through

the first stage is a constant diameter of 165.81 cm (65.28 in.) in the full
 
AST engine size of 376.95 kg/sec (820 Ibm/sec). A large increase in the

hub radius across the first rotor enhances the pressure rise capability of
the fan at a moderate level of inlet corrected tip speed, 467 m/sec (1532

ft/sec). The flowpath for both the front and 
rear block fans and the bypass,

and transition ducts is shown in Figure 35.
 

The flow is split downstream of the front block and at the 
front block

fan design point 
 35.5 percent of the total flow is bypassed through the
outer duct. The remaining flow passes through the 
rear block fan operating

off-design at a high corrected speed with the inlet guide vanes (IGV2)

closed approximately 45 degrees. 
 The flowpath of the transition duct under­
goes a considerable change in hub radius from the exit of the front block to
the inlet of the rear block fan rotor where the hub/tip radius ratio 'is

0.65. 
 A slight increase in hub radius is made through the core-driven rotor
 
to 
a cylindrical hub section just ahead of the core compressor. 
The flow
 
is split again downstream of the 
rear block fan with 93.5 percent passing
 
through the core compressor.
 

At the aerodynamic design point of the 
rear block fan, the front fan is
low-flowed and nearly the entire amount of inlet flow is directed into the
 rear block. 
The rear block fan and duct flowpaths are shown in greater detail
in Figure 37. For calculation purposes, it was assumed that 2 percent of the

inlet flow was bypassed through the outer duct. 
 The remaining flow of 139.7

kg/sec (308 ibm/sec) represents the maximum flow that passes through the rear

block fan anytime during the AST engine cycle. 
 The flow is split downstream
 
of the fan such that 25 percent is bypassed through the inner duct and 75
 
percent is passed through the core. 
At the aerodynamic design point, the
 
specific flow rate is 188 kg/sec m2 
(38.5 ibm/sec ft2). The design pressure

ratio is 1.48 at a corrected tip speed of 413 m/sec (1355 ft/sec). 
 The
maximum physical speed of this stage is 518.2 m/sec (1700 ft/sec) occurring
 
at the supersonic cruise condition.
 

The flowpath coordinates of the front and 
rear block fans, the bypass

ducts and the connecting transition duct are tabulated in Appendix A. The

selection of the design parameters for each fan is discussed below.
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C. Design Parameters
 

1. Front Block Fan
 

The radial variation of design total-pressure ratio at the exit of
 
the front block fan rotors is shown in Figure 38. The total-pressure leaving
 
the hub of the first rotor was specified to be about 5 percent higher than
 
the tip value to increase the meridional velocity entering the second stage
 
and hence reduce the hub loading of that stage. Past experience with fans
 
of this type indicates that this is the region which usually initiates stall
 
at the higher corrected speeds. The profile is radially constant behind
 
the second rotor to minimize the radial gradient of total pressure into
 
the rear block fan. The adiabatic efficiency profiles at the'stage exit
 
stations are shown in Figure 39..
 

The total-pressure loss coefficients for the front block rotors and
 
stators are shown in Figure 40. The values in the pitchline region are
 
consistent with the free stream profile losses calculated by the efficiency
 
model used in the screening studies and reported in Reference 1. The end-wall
 
loss coefficients shown in Figure 40 are comparable to other, recently-tested,
 
high Mach number fan designs. The rather large loss coefficient at the hub
 
of the first rotor was assumed because of the concern for the higher than
 
normal through-flow velocity in the hub region where the blade blockage is the
 
greatest.
 

The design rotor and stator inlet Mach numbers and diffusion factors
 
resulting from the design point axisymmetric flow calculation are shown in
 
Figures 41 and 42. The calculation procedure was carried out with the rotor
 
inlet design swirl levels of zero degrees at rotor 1 and 5 degrees at rotor 2
 
inlet, both being constant values from tip to hub. Figure 41 shows the first
 
rotor inlet tip Mach number at a level of 1.64 and remaining greater than sonic
 
for the outer 85 percent flow region. The second rotor has Mach numbers
 
greater than 1.0 over the entire span. The stator inlet Mach numbers, also
 
shown in Figure 41, indicate a rather high value (0.97) at the first stator
 
inlet. The level of Mach number shown for stator 2 reflects a considerable
 
reduction due to the addition of circumferential lean in the hub region.
 
The discussion of stator 2 lean will be taken up in the Airfoil Design
 
Section.
 

The design point diffusion factors are shown in Figure 42. The first
 
stage rotor is slightly more heavily-loaded over most of the span than the
 
second stage, with the loading dropping off rapidly at the hub due to the
 
high local flowpath curvatures. The highest loading on stator I occurs in
 
the hub region where the inlet Mach numbers are the largest. Over most of
 
the stator ,span however, the loadings are moderate at levels less than 0-.40. 
The second stage stator loadings are slightly larger than stage I since the 
vanes turn the flow back to the axial direction whereas stator 1 leaves a 
radially constant 5 degrees of swirl.
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2. Rear Block Fan
 

The total-pressure ratio and adiabatic efficiency profiles for the rear
block fan at its design point 
are shown in Figure 43. The tip total-pressure

for this stage is also specified lower than the average so that the pressure 
of the bypassed flow is kept to a minimum and can be matched with the outer
 
duct pressure more easily. 
Also, to achieve a high specific thrust, the core
 
flow is supercharged to a greater degree by having 
a higher than average hub
 
total-pressure. The average stage total-pressure ratio 
at design is 1.48 at
 
an adiabatic efficiency of 86 percent.
 

At the aerodynamic design corrected inlet flow of 139.7 kg/sec (308

ibm/sec), the velocity diagrams were calculated using the CAFD program. 
The
 
design point inlet relative Mach numbers, loss coefficients and diffusion
 
factors are shown in Figure 44.
 

D. Airfoil Design
 

Rotors
 

The front block fan rotor blade airfoil sections were specifically

tailored for each streamline section. In the outer portion of the blades,
 
where the inlet mach numbers are supersonic, the airfoils were shaped in an
 
attempt to minimize shock losses. 
 In the hub region where the relative Mach
 
numbers are approximately 1.00 or less, airfoils similar to 
a double-circular
 
arc were used. The design relative Mach numbers introduced in the previous

section are shown in Figure 41. 
 The design of the rotor blade sections was
 
performed along axisymmetric stream surfaces with the surfaces viewed along
 
a radial blade axis using the General Electric Streamsurface Blade Section
 
program.
 

The rotor blade incidence angles are shown in Figure 45. 
With supersonic
 
relative Mach numbers, the blade inlet region sets the 
amount of flow the

cascade can pass, provided the throat area is not limiting. The blade suction
 
surface upstream of the Mach wave which intersects the leading edge of the
 
adjacent blade was offset a small 
amount from the "free-flow" streamline
 
to 
account for the effects of leading edge thickness, bow wave losses and
 
boundary layer build-up. The "free-flow" streamline is the direction of the
 
flow if there were no disturbances or blade forces. Figure 46 shows the
 
location of the free flow streamline for a rotor I streamline airfoil section
 
near the tip. 
 Figure 47 shows the rotor I streamline airfoil section near the
 
hub. Other information on Figures 46 and 47 will be discussed later. 
 After
 
establishing the suction surface of the 
airfoil for the outer portion of the
 
blades in this mannet, relatively little freedom remains for the incidence
 
angle selection. The incidence angles in the extreme hub region were selected
 
large inough to permit sufficient passage throat areas.
 

The trailing edge angles were established by calculating Carter's Rule
 
deviation angles using the camber of 
an equivalent two-dimensional cascade
 
and applying an adjustment factor derived from past experience. The rotor
 
deviation angles are shown in Figure 45 
(including adjustment), along with the
 
empirical adjustments to Carter's Rule which were utilized.
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The passage throat areas were set such that the effective throat-to­
capture area ratio exceeded the critical area ratio by approximately 6 per­
cent at all streamlines after allowances for losses of a normal shock at 
the upstream Mach number. The throat areas represent a compromise of the 
desire to have a small throat for the best design point efficiency but suffi­
ciently large to permit good off-design performance. The throat-to- ­

capture area ratios for each rotor streamline are shown in Figure 48. 

- For operation with an oblique leading edge shock, the ratio of the 
contraction from the cascade mouth to the throat (see Figures 46 and 47 
for mouth and throat locations) must not exceed the critical contraction 
ratio including normal shock losses at the mouth Mach number. The amount by 
which the passage area exceeds the limiting contraction ratio is referred to 
as starting margin. The calculated internal contraction ratios and margins 
for each rotor streamline are plotted versus mouth Mach number in Figure 49. 

The airfoil shape for each streamline section is dependent upon the
 
chordwise thickness distribution and meanline blade angles. For the front
 
block fan rotors, the maximum thickness-to-chord (Tm/c) ratios and their
 
radial distributions are primarily dependent upon mechanicdl and aero­
mechanical considerations. The rotor blade chord and tm/c distributions
 
are shown in Figure 50. Briefly, the Tm/c for both rotor tip sections is
 
0.025 and at the hub is 0.090 for rotor 1 and 0.070 for rotor 2. The loca­
tion of the maximum chordwise thickness for both rotors was specified at
 
60 percent at the tip. The maximum thickness location moves forward at
 
lower radii until the hub streamline is reached where it occurs at 48 per­
cent chord. The thickness varies from leading edge to the point of maximum
 
thickness for all streamlines according to a quarter sine wave distribution
 
and then reverses the distribution from the maximum thickness point to the
 
trailing edge.
 

The throat-to-exit area ratio parameter was used as a guide in deter­
mining the passage area distribution in the trailing edge region. Assuming
 
that ionic velocity exists at the passage throat, -then the increase in- area
 
from the throat to the passage exit (see Figures 46 and 47) should be com­
patible with the diffusibn required to reduce the relative Mach number from
 
1.00 to the value calculated by the axisymmetric flow solution at the passage
 
exit. The front block fan rotors were designed intentionally to have smaller
 
throat-to-exit area ratios than the diffusion rate would require so that ade­
quate blade camber would exist. The values of the throat-to-exit area ratios
 
are shown in Figure 48 plotted versus the exit Mach number.
 

The meanline blade angles are a result of the axisymmetric calculated
 
flow angles and the specified angles of departure from the flow direction.
 
The ineidence and deviation angles are the departure angles at the leading
 
and trailing edges, respectively. Between the two edge values, the depar­
ture angles were specified for each streamline considering the throat margins,
 
internal contraction ratios, suction surface Mach numbers and throat-to-exit
 
area ratios. In the outer portion of the blade where shocks are present in
 
the cascade, slightly negative departure angles can result. In the inner
 
portion, where the Mach numbers are subsonic or only slightly supersonic, the
 
fl6w'is assumed to follow a path of near-perfect guidance with the airfoil
 
shape so departure angles near zero were used as a design guideline.
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The rear block fan rotor blade design was conducted in a similar manner
 
to the front block rotors. The airfoils were specifically shaped for each of
 
the ten (10) streamlines using the Streansurface Blade Section (SBS) program.
 
The tip and hub streamline airfoil sections generated by the SBS program are
 
shown in Figures 51 and 52. The -incidence angles for the supersonic inlet Mach
 
number streamlines were selected after establishing the suction surface of
 
the airfoil relative to the "free-flow" streamline, as was described earlier.
 
The hub incidence angles were chosen compatible with the required throat mar­
gins. The deviation angles were calculated from Carter's Rule using the cam­
ber of an equivalent two-dimensional cascade with an empirical adjustment.
 
The incidence, deviation and adjustment angles are plotted versus streamfunc­
tion in Figure 53.
 

The rear block fan airfoil sections were defined on streamlines by speci­
fying the thickness and blade angle along the meanline of the streamsurface.
 
The maximum thickness-to-chord ratio varied linearly from 0.025 at the tip to
 
0.070 at the hub as shown in Figure 54. The thickness was applied to each
 
streamline from leading to trailing edge according to the first quarter cycle

of the sine wave. The blade angles resulted from the difference between the
 
calculated flow angles and the departure angles. The departure angles are
 
compatible with the considerations of throat margin, internal contraction
 
ratio, suction surface Mach number and throat-to-exit area ratios. The throat
 
margins were specified at approximately 5 percent for all streamlines.
 
Figures 55 an& 56 show the throaC margins and area ratio parameters for each
 
streamline-.
 

The manufacturing section coordinates for the front block and 
rear block
 
rotor blades are tabulated in Appendix C. Five sections from tip to hub are
 
listed for the front block rotor and three sections for the rear block rotor.
 

Stators
 

The first stage stator vane sections are double circular-arc airfoils.
 
The stage 2 vanes are NACA 65-series thickness distributions on circular-arc'
 
meanlines. The stage 2 vanes were leaned circumferentially with the pressure
 
side down to reduce the stator hub exit Mach number. Both vane rows have
 
moderate levels of aspect ratio (2.6 on stage 1 and 1.9 on stage 2) and
 
have pitchline solidities of 2.0. A correlation of the NASA low speed
 
cascade.data was used as a guide in selecting vane incidence angles at
 
design. The stage 1 incidence angles were set identical 
to the low speed
 
data values and provided throat margins of approximately 10 percent at the
 
outer dimeter (0.D.) decreasing to 4 percent at the inner diameter (I.D..).
 
Stator 2 incidence angles were set less than a degree more negative than the
 
NASA data since ample throat margins of 14 percent at the O.D. and 9 percent
 
at the I.D. were calculated. The deviation angles were obtained from Carter's
 
Rule as described for the rotors; however, no empirical adjustment was made
 
for either vane row. The incidence and deviation angles for both stators are
 
shown in Figure 57.
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The Streamsurface Blade Section (SBS) program was employed for the stator
 
vane design as well as for the rotors. Figures 58-61 show the tip and hub
 
streamline sections for stator I and'stator 2. The passage area distribution
 
is shown as well as the throat, mouth and exit locations. The vane maximum
 
thickness-to-chord ratios and chord distributions for both stators are shown
 
in Figure 62.
 

While the circumferential lean of stator 2 was primarily used to lower
 
the stator hub exit Mach number and hence reduce the amount of diffusion re­
quired in the downstream duct, there was also a beneficial reduction in the
 
Mach number entering the stator. The downward radial force on the flow im­
posed by the leaned vane increases the static pressure and thereby, reduces
 
the Mach number. The amount of lean selected for the final vane configura­
tion varied from 0 degrees at the tip to 25 degrees at the hub. No lean was
 
specified at the O.D. to avoid an undesirable acute angle between the vane
 
suction surface and the casing flowpath. The lean affected the level of Mach
 
numbers at the tip and hub streamlines for both the second stage rotor and
 
stator. Although there is no lean locally at the tip, the radial gradient of
 
lean produces a slight increase in the tip Mach numbers. In the hub region,
 
however,.the absolute Mach number at the leading edge of stator 2 was.reduced
 
from 0.82-to 0.74. The effect on the stator aerodynamic loadings is minimal
 
at the tip and causes only a slight increase in the hub region.
 

Stator vane airfoil manufacturing sections were defined on flat plane
 
surfaces'stacked on a radial vane axis through the 50 percent meanline chord
 
location. The manufacturing section coordinates for four sections at the tip,
 
near tip, pitch and hub for both stators are listed in Appendix C.
 

Inlet Guide Vanes
 

The inlet guide vane configurations for both fan blocks employ variable
 
camber geometry with the leading edge portion (strut) fixed and the trailing
 
edge portion (flap) variable. The blading setting or design point for each
 
IGV was chosen at a condition for which the flap is closed 5 degrees relative
 
to its position at the aerodynamic design points. It was felt that designing
 
the IGV at this condition would provide a more nearly optimum IGV airfoil over
 
the anticipated range of operation.
 

The inlet guide vane meanlines were made continuous as though the fixed
 
strut and flap portions were a single airfoil. At the vane design setting
 
point, the section meanlines are close approximations of the A4K6 mean­
line.*
 

The thickness distribution over the first 70 percent of the strut chord
 
was scaled to correspond to the first 35 percent of the chord of a NACA 63­
series thickness distribution, while the remaining 30 percent of strut chord
 
was held at a constant thickness. The flaps employ the NACA 0010 basic thick­
ness distribution. The manufacturing section airfoil coordinates for both fan
 
inlet guide vanes, specified separately as strut and flap sections, are listed
 
in Appendix C.
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SECTION V
 

PRELIMINARY MECHANICAL DESIGN
 

A. 	 Rotor Design
 

Preliminary design of the front block fan rotor was conducted to achieve
 
a mechanical configuration meeting the typical engine hardware objectives of
 
high reliability, durability, safety, ease of maintenance and ease of assembly.
 
These objectives insure the mechanical integrity and operational life of the
 
rotor. Design techniques and procedures were concentrated on the following
 
goals to achieve the above objectives.
 

* 	 Assure the absence of low integral order first flexural and first
 
torsional-resonances in the high speed range.
 

* 	 A minimum first flexural frequency margin of 15 percent with
 
respect to two/rev excitation at maximum operating speed.
 

" 	 Assure the absence of responsive airfoil panel.mode resonances
 
with known or anticipated sources of excitation, such as airfoil
 
row passing frequency, two/rev inlet distortion, struts, probes,
 
rotating stalls, etc., in the operating speed range.
 

* 	 Avoid prohibitive levels of self-excited airfoil vibration of an
 
aeromechanical nature (in the unstalled operating range); specifi­
cally, instability vibration and separated flow vibration.
 

* 	 Insure the critical regions of the airfoil and supporting rotating
 
structure have adequate strength to withstand normal operating and
 
stall induced stresses.
 

* 	 Blade airfoil foreign object impact tolerance.
 

4000 hours operating life
 
50000 cycles low cycle fatigue life
 
107 cycles high cycle fatigue life'
 

* 	 122 percent burst speed margin over maximum operating speed.
 

Consideration of these goals during the rotor preliminary design strongly
 
influences design parameters, such as airfoil span-wise chord and tm/c distri­
butions, the support pattern of the rotating structure under the airfoil, and
 
airfoil attachment to the rotating supporting structure. The rotor mechanical
 
design point was the hot day, takeoff condition of 5841 physical rpm (108.9 per­
cent of the aerodynamic design point) which results in a blade tip speed of
 
508.5 m/sec (1668 ft/sec).
 

35 



The preliminary design of the front block, two stage fan rotor meeting
 
the above goals is shown in Figure 63 with the material specified. The design
 
is mounted off a forward thrust ball bearing. The blades are constructed out
 
of 5.6 mil diameter boron/ll00 aluminum composite. The rotor structure is manu­
factured from beta forged Ti 17.
 

In the initial preliminary design phase, both boron/aluminum and titanium
 
blade designs were considered. The titanium designs did not meet the first
 
flex frequency margin over 2 per rev excitation and were flexurally unstable.
 
The long, flexible blade shank resulting from the high hub flowpath angle and
 
blade airfoil geometry was the main cause of the titanium designs' deficiencies.
 
The long, flexible shank did not pose a problem to the boron/aluminum composite
 
with its higher strength-to-weight ratio. Workable titanium designs would in­
volve either a part-span shroud, increased tm/c distribution, or an integral
 
blade and disk configuration (blisk). The first two were unacceptable from an
 
aerodynamic viewpoint. The latter was unacceptable from its reduced maintain­
ability standpoint not having individually replaceable blades and krom its
 
increased manufacturing difficulty resulting from the physical size of the
 
first stage rotor.
 

The airfoils stress, deflection, and vibration analyses were accomplished
 
through the use of the General Electric computer program, TWISTED BLADE (TWBL),
 
which models the airfoil as a tapered, twisted, cambered, cantilevered beam
 
undergoing coupled torsion-bending deformation. Several iterations involving
 
chord and tm/c spanwise distributions and shank thickness were conducted to
 
achieve a reasonable balance between aerodynamic and mechanical design require­
ments.
 

A summary of the selected blades' geometry is presented in Table IX.
 
Figures 64 and 65 are the Campbell Diagrams for the stage 1 and stage 2 blade
 
designs, respectively. Stage 1 has a 16 percent first flex frequency margin
 
over 2 per rev excitation. Stage 2 has a 16 percent first flex frequency mar­
gin over 3 per rev excitation. Both stages have a possible first torsion
 
frequency resonance with the 16 per rev excitation of the inlet guide vanes 
near idle speed. This may dictate a change in the number of inlet guide vanes 
which has only tentatively been set at 16 or produce minor airfoil geometry 
changes. Stability plots for the stage I and 2 blades are presented in Figures 
66 and 67. Both blade designs are stable in the unstalled operating range. 

Blade/disk dovetails for stage 1 and 2 are of different configurations.
 
Stage I dovetail is of the keyhole design which allows the blade to rotate
 
tangentially in the dovetail slot during foreign object impact thus absorbing
 
energy which might otherwise damage the blade. Stage 2 has a conventional dove­
tail design with 550 pressure face angles and an orientation angle of 20" which
 
Tiakes the transition from the moderately staggered root airfoil section to the
 
shank easier.
 

As can be seen from Figure 63, the stage 1 disk is a ring configuration.
 
This design results from the low first stage inlet radius ratio and long blade
 
shank to accommodate the high hub flowpath angle. Stage 2 is a conventional
 
T-disk design. Wherever possible, disks and shafts are integrally joined by
 
inertia welding to minimize material envelopes and eliminate heavy, multi­
flange bolt joints.
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Table IX. Fan Blade Geometry Summary.
 

Stage 1 Stage 2
 

Number of Blades 
 28 42
 

L.E. Tip Diameter cm (in.) 
 165.81 (65.28) 165.58 (65.1-9)
 

T.E. Tip Diameter cm (in.) 165.81 (65.28) 164.77 (64.87)
 

L.E. Hub Diameter cm (in.) 66.32 (26.11) 
 111.56 (43.92)
 

'T.E. Hub Diameter 
 cm (in.) 98.27 (38.69) 122.15-(48.09)
 

Inlet Radius Ratio 
 0.400 0.674
 
Aspect Ratio (Pitch) 1.63' 1.41
 

Airfoil Type 
 Arbitrary Arbitrary
 

Chord, Root cm (in.) 
 25.24 (9.94) 17.00 (6.69)
 

Tip cm (in.) 27.99 (11.02) 17.46 (6.87)
 

Solidity, Root 
 2.500 1.953
 

Tip 1.504 1.406
 

Tm/c, Root-
 0'.088 0.069
 

Tip 0.025 0.025
 

Camber, Root 
 98.860 47.000
 

Tip 
 ° 
-0.03 5.68'
 

Stagger, Root °
3.140 36.18
 

°
Tip 61.150 62.09
 
Dovetail 
 Keyhole Single Tang
 

Shroud 
 None None
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The rotor structure design is based on relating operating stresses and
 
temperatures to require fatigue, creep and rupture life for -3a material
 
properties.
 

Stress Analysis was accomplished using General Electric's "CLASS-MASS"
 
computer program which analyzes shells of revolution for either axisymmetric
 
or non-axisymmetric loading. Resultant rotor structure stress and assumed
 
temperatures for 5841 rpm are shown in Figure 68.
 

B. Structure Design
 

The major portion of the stators and structures design effort was concen­
trated on the stator 1 and 2 preliminary frequency and stress analysis. 'Vane
 
analysis was accomplished using the General Electric twisted blade program.
 
In terms of vibration, it is impractical to keep all vane frequencies out of
 
the operating range with this high speed fan design. Therefore, the frequen­
cies remaining in the operating range are those which are typically hard to
 
excite as.opposed to the first fundamental modes.
 

The frequency analysis of the original aero design vane coordinates with 
an average 0.068 tm/c for both stator 1 and stator 2 resulted in the vanes 
having a two-stripe-r e-n6y moech6Fwd -i -7Ththe fan operating 
range.' The Campbell diagrams for these stators are shown in Figures 69 and 70.
 
Based on previous engine test data, the two-stripe mode-is a very detrimen­
tal and easily excitable mode of vibration. Therefore, it is imperative that
 
this mode of vibration be driven out of the operating range on new engine vane
 
designs. Based on empirical equations derived from previous engine test data,
 
a recommended parameter for these vanes required that thickness be increased
 
75% on stator 1 and 44% on stator 2. These large increases in airfoil thick­
nesses are undesirable from an aerodynimic design viewpoint because of the
 
high airflow velocities associated with this fan.
 

Analysis was then conducted on various airfoil configurations in an at­
tempt to minimize the additional thickness increases yet still ensure mechani-.
 
cal integrity in terms of airfoil vibration. The configuration chosen which
 
is most suitable for the aero design vane configuration and the mechanical
 
requirements is a hollow vane design. Both stator 1 and stator 2 were ana­
lyzed using an approximate wall thickness of 0.060 in. with solid leading and
 
trailing edges and solid base sections. The material chosen for the vanes is
 
titanium (Ti) 6-4.
 

The resulting vane frequencies are displayed in Figures 71 and 72. For
 
both vanes the two-stripe mode is out of the operating range. These configura­
tions essentially meet the original aerodynamic requirements for pitchline
 
maximum thicknesses of 0.932 cm (0.367 in.) for stator I and 0.665 cm (0.262
 
in.)'for stator 2. As seen in the Campbell diagram for stator 1, the second
 
flex and second torsional modes are in the operating range at the rotor I
 
excitation crossover points. These rotor 1 crossover points are the prime
 
source of stator vane excitation and it is desirable, but not necessary,
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to keep all frequencies out of this operating range. 
 Based on previous ex­
perience, these two frequencies are difficult 
to excite and should present

little if no vibratory problems. The other stator I frequency in the opera­
tifig range is the third torsional mode which would be excited by the rotor 2
 
crossover. 
 This mode is also difficult to excite and the rotor 2 excitation
 
force should be minimal since it is downstream of stator 1. For stator 2,

the prime source of excitation is the rotor 2 crossovers. The frequency in
 
this range is the third torsional mode which requires a high driving force
 
to cause excitation. Since this mode is in the operating range, the point

of crossover should be kept 
at as low a fan speed as possible. No problems
 
are anticipated with either the stator 
1 or stator 2 configurations.
 

Steady state stress results are shown in Figures 73 and 74 for the stator
 
1 and stator 2, respectively. The stresses 
are a resultant of aerodynamic

loading at 100% aero design speed. 
 The maximum stress on the stator 1 is 6 ksi
 
at the hub section and on the stator 2, 7 ksi, also at the hub section. The

Goodman diagram for the stators is 
shown in Figure 75. Both stators have
 
roughly 43 ksi allowable alternating stress for the design load steady state
 
stresses. If unexpected vibration problems are encountered, the stators will
 
have good margin in terms of allowable alternating stress for the material
 
selected for the design. 
The torsional stabilities for the stators are shown
 
in Figure 76. No stability margin problems are anticipated with these stator
 
configurations.
 

Although all above data is preliminary-design oriented, no problems 
are
 
expected with this stator configuration in terms of airfoil vibration and
 
stress.
 

C. Scale Model Test Rig Design
 

Preliminary design of the scaled front block fan rotor was conducted to

achieve the same objectives and goals established for the full scale fan rotor
 
preliminary design. Attainment of these objectives and goals would allow

aeromechanically and mechanically trouble-free aerodynamic component testing

to be accomplished. Difficulties arose in meeting these objectives and goals,

especially frequency margin over 2 per rev 
and stability margin while dupli­
cating the boron-aluminum blading's aerodynamic design using a current state­
of-the-art blading alloy, titanium (Ti) 6-4. 
 The switch to Ti 6-4 was made
 
to'avoid costly boron-aluminum blade manufacturing process development for a
 
component test fan rotor. 
 Stage 1 in Ti 6-4 requires an integral blade and­
disk design (blisk) with its increased stiffness to-meet the frequency margins.

The fan rotor maintainability decrease using the blisk is acceptable 
 for a
 
fan rotor component test. A conventional blade and disk design was achieved
 
on stage 2. Figure 77 is a cross section of the fan rot6r in the scaled test
 
rig. Figures 78 through 81 are the Campbell- and stability diagrams of the
 
stage 1 and 2 airfoils, respectively.
 

The scale model stators 1 and 2 Campbell diagrams are shown in Figures

82 and 83. The frequencies are arrived at by assuming that the scaled stators
 
would have corresponding scaled flexibilities of the full size stators. 
 If
 
the scaled stators could not be made hollow, other mechanical methods, such
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as unidirectional stiffening patches, would be employed to adjust the fre­
quency response of the stators. The aerodynamic stator configuration of the
 
full size stator would not be changed by utilizing stiffening methods in the
 
scared vehicle. The torsional stabilities are shown in Figure 84. More de­
tailed analysis-of the scaled stator vanes wfll be performed during.the final
 
mechanical design phase.
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SECTION VI
 

PERFORMANCE ANALYSIS
 

A. Off-Design Calculation Procedure
 

Performance map predictions were generated for the front block and rear
block fans using a bladerow, pitchline calculation procedure. The procedure
uses as 
input the design point average velocity diagram information for each
blade 
row along with the inlet flow and applies an incidence angle-loss co­efficient correlation to predict the off-design performance. The total loss
coefficient is 
a summation of the losses attributed to off-design incidence
angles, shock and Mach number effects and the two dimensional cascade diffu­sion. Inlet guide vanes 
are treated separately with the loss coefficient

being a function of the amount of cascade turning. 
The procedure solves the
continuity and energy equations and then stacks the performance of each blade
 row to give an overall fan performance. 
Performance data calculations were
specified at several points along the speedline from near stall to near
choke. Speedlines at 
60, 70, 80, 85, 90, 95, 
100 and 105 percent of design

speed were selected to adequately define the performance map.
 

B. 
 Flowpath Mach Number Distribution
 

The AST fan flowpath wall contours, as reflected in the fan cross­sections (Figures 36 and 37), 
were chosen after careful study of the duct Mach
number distributions. The circumferential-average flow calculations were
carried out at cycle conditions which included the extremes of bypass flow
operation. The 
front block fan design point was selected at a flow and speed
slightly less than the take-off condition. 
At this cycle point, a substantial
part of the front block airflow (35.5%) bypasses the rear block fan and hence,
it is necessary to close the rear block inlet guide vanes 
(IGV2) to reduce its
pumping capacity at the relatively high core corrected speed. 
 The meridional
Mach numbers along the flowpath wall for the design point of the front block
fan are shown in Figure 85 plotted versus the axial stations of the fan cross­section, as shown. 
 The Mach number distributions are labeled, referring to
 
the numbered flowpath contours.
 

The design point of the rear block fan corresponds to a high engine
specific thrust condition such as the climb/acceleration and supersonic cruise
phases of the mission. 
 This point was chosen to represent the other extreme

of bypass operation where no 
flow passes through the outer bypass duct. 
 At
this condition, the front block airflow is reduced by closing the front block,
inlet guide vanes (IGVI) 
and the outer bypass duct thus forcing all of the air­flow through the rear block fan. 
 Here, the outer bypass ratio is virtually
zero (0.005) and the inner bypass ratio is 0.340. 
The inlet total fan flow
is 312 kg/sec (687 lbm/sec); the rear block corrected airflow is 139.7 kg/sec
(308 lbm/sec). 
 The meridional Mach number distribution, along the flowpath
walls, at this condition is shown in Figure 86. 
 The outer duct Mach number
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is approximately zero as nearly all the flow enters the rear block fan. A
 
small amount of flow in the outer bypass duct was necessary for an accurate,
 
numerical solution to the circumferential-average flow calculation. Part of
 
the rear block flow is then bypassed out the inner duct with the remaining
 
flow satisfying the core corrected speed-flow requirements.
 

C. Front Block Fan Maps
 

The predicted performance maps for the front block fan are shown in Fig­
ures 87 and 88. The maps represent two differenct speed-flow relationships
 
which are compared in Figure 89. The predicted performance with the inlet
 
guide vane (IGV) and stator I fixed at their design settings is shown in Fig­
ure 87. 'The variable stator performance is shown in Figure 88. The IGV and
 
Stator 1 settings shown in Figure 90 as a function of speed were selected to
 
match the AST engine cycle data provided at the beginning of this program.
 

The stall line at design speed is consistent with the 20 percent margin
 
required by the stability margin stack-up. At part speed, the-stall line
 
occurring with the variable stator schedule is consistent with test exper­
ience of fans with well-matched stages. The predicted stall lines on the two
 
maps differ significantly at part speed conditions where the influence of the
 
closed guide vane relieves the loading on the first stage and delays the
 
point of stall. At 55 percent design flow, the variable geometry-map indi­

cates an increase of approximately 14 percentage points in stall margin.
 

The peak efficiency on the map is also affected by the stator schedule
 
and shows that a higher efficiency potential can be achieved when the stages
 
are optimally-matched at their peak performance.
 

D. Rear Block Fan Maps
 

Performance maps were generated for the rear block fan with the inlet
 
guide vane fixed at its design setting and also closed 15, 30 and 45 degrees
 
from design. The design IGV setting performance map is shown in Figure 91.
 
The maps where the IGV is closed the same amount at all speeds is shown in
 
Figures 92-94.
 

The stall line with the IGV at the design setting takes into account
 
the 'requirements of the stability margin stack-up at all speeds. At 100
 
percent corrected speed, the stall margin is 22 percent.
 

The efficiency contours on the maps in Figures 92-94 reflect the addi­

tional losses encountered when the IGV is closed a marked amount from design.
 
For the closed-down IGV operating conditions, such as take-off and subsonic
 
cruise, the fan rotor is aerodynamically unloaded and the stall margin is
 
increased.
 

42 



SECTION VII
 

CONCLUSIONS AND RECOMMENDATIONS
 

The parametric screening study effort identified a number of factors
 
leading to a near optimum AST fan configuration. The factors which show a
 
higher fan efficiency potential are:
 

1. 	 Lower tip speeds resulting in lower Mach numbers and lower
 
shock losses.
 

2. 	 Lower inlet specific flow rates which reduce the through-flow
 
Mach numbers.
 

3. 	 Low inlet radius ratios providing a larger increase in radius
 
across the first rotor hub.
 

4. 	 The constant tip flowpath designs provided a larger increase in
 
hub radius through the first rotor and an increased blade speed
 
of the second stage relative to the first. These features per­
mitted achieving the required stall margin with lower first stage

design tip speeds and with reduced RPM.
 

The impact of the low pressure turbine and engine weight considerations
 
led to the following conclusions:
 

1. 	 The lower rpm cases showed lower LP turbine efficiencies,-but also
 
indicated less cooling flow required and lower LPT weight.
 

2. 	 The lowest fan blading aspect ratio case indicated a considerable
 
increase in fan weight.
 

3. 	 The lower radius ratio cases with constant tip flowpaths showed
 
a trend of improved fan efficiency, reduced weight and subse­
quently an increased engine aircraft range.
 

A two-stage constant tip, front block fan with an inlet radius ratio of
 
0.40 and an inlet specific flow rate of 205 kg/sec m2 (42 ibm/sec ft2 ) was
 
identified from the screening study and recommended for further development.
 

The detailed aerodynamic design of this front block fan as 
well as a
 
single stage rear block fan was carried out in the full engine size. A pre­
liminary mechanical design of the front block fan was also carried out. 
 The
 
mechanical design analysis identified the first 
stage rotor of the scaled
 
component fan as 
a titanium BLISK (integral blade and disk) configuration.
 
The full size fan would have boron-aluminum blading and hollow titanium
 
stator vanes.
 

It is recommended that a follow-on program be conducted for the detailed
 
mechanical design, assembly and rig test of a scale model of the front block fan.
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APPENDIX A
 

FAN FLOWPATH COORDINATES
 

. u *o 45 
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Radius Radius 

Outer Inner 


84,836 0 

84.836 18.857 

84.788 24.602 

84.384 26.937 

83.977 27.91 


.83.505 29.141 

83.035 30.752 

82.906 33.162 

82.906 .34.714 

82.906 36.213 

82.906 37.767 

82.906 39.411 

82.906' 41.115 

82.906 42.837 

82.906 44.534 

82.906 46.17 

82.906 47.711 

82.906 49.139 

82.906 50.391 

82.906 51.171 

82.906 51.976 

82.906 52.804 

82.906 53.619 

82.906 54.399 

82.784 55.781 

82.735 56.264 

82.69 56.744 

82.644 57.272 

82.601 57.798 

82.56 58.334 

82.52 58,898 


APPENDIX A.
 

AST FRONT AND REAR BLOCK FAN
 

FLOWPATH COORDINATES (CENTIMETERS)
 

Axial Dist4 

Outer 


-88.9 

-50.8 

-38.11 

-25.989 

-17.793 

r 9.624 

- 2.070 

.6.579 

7.948 

9.317 


10.686 

12.055 

13.424 

14.793 

16.162 

17.531 

18.90 

20.269 

26.965 

29.53 

32.095 

34.661 

37.226 

39.792 

44.097 

44-922 

45.748, 

46.573 

47.399 

48.224 

49.05 


Axial Dist. 

Inner 


-88.9
 
-50.8
 
-30.254
 
-17.782
 
-13.459
 
- 8.893
 
- 4.559
 

0 

2.619
 
5.235
 
7.849
 

10.465
 
13.081
 
15.70
 
18.316
 
20.932
 
23.548
 
26.165 

28.9 

30.691
 
32.482
 
34.272
 
36.065
 
37.856 

41,456 

42.824
 
44.186
 
45.545
 
48.265
 
48.265
 
49.627
 

Station
 
Description
 

Rotor 1 L.E.
 

Rotor 1 I.E.
 
Stator 1 L.E.
 

Stator 1 T.E.
 
Rotor 2 L.E.
 



Radius Radius Axial Dist. Axial Dist. Station 
Outer Inner Outer Inner Description 

82.484 59.472 49.182 50.985 
82.448 60.061 50.701 52.347 
82.413 60.665 51.526 53.708 
82.38 61.267 52.352 55.067 Rotor 2 T.E. 
82.266 61.770 55.578 56.416 Stator 2 L.E. 
82.202 62.260 57.569 58.072 
82.139 62.624 59.560 59.728 
82,075 62.865 61,552 61.382 
82.004 62.964 63.541 63.038 
81.912 62,997 65.532 64.694 Stator 2 T.E. 
81.694 62.588 68,58 68.58 
80.963 61.308 73.66 73.66 
80.091 59.24 78.74 78.74 
80.091 56.482 83.82 83.82 
73.182 52.134 91.44 91.44 
70.16 49.362 96.52 96.52 
68.583 47.335 100.33 100.33 IGV2 Strut L.E. 
67,485 45.712 103,505 103.505 
66,515 45.832 106.68 106.68 
65.606 42.931 109,982 109.982 
64.320 
63.607 

41.976 
41.686 

115.301 
118.816 

113.543 
117.858 

IV2 Flap T.E. 
Core Driven Fan L.E. 

63.348 41.905 120.305 119.85 
63.119 42.263 121.951 121.841 
62,926 42.682 123,284 123.833 
62,776, 43.076 124.772 125.824 
62.677 43.383 126.71 127.815 Core Driven Fan T.E. 
63.388 43.561 134.62 134.62 
58.169 43.561 f41.1 141.778 IGV L.E. 
57.125 43.561 146.558 145.928 IGV T.E. 
56.878 43.561 148.333 147.323 Ri L.E. 
56.385 43.823 152,781 153.957 RI T.E. 
65.202 
67.61 

60.688 
63.109 

139.819 
144.490 

141.074 
145.687 

Inner Bypass Duct 

71.598 66,098 151.089 152,613 
81.136 75.024 90.223 91.45 Outer Bypass Duct 
82.316 75.613 93.271 94,242 
82,857 75,618 99.66 99.06 
83,124 74.61 116,84 116.84 
82,794 73.066 149.86 149.86 



APPENDIX A.
 

AST FRONT AND REAR BLOCK FAN
 

FLOWPATH COORDINATES (INCHES) 

Radius Radius Axial Dist. Axial Dist. Station 
Outer Inner Outer' Inner Description 

33.40 0.00 -35.0 -35.0 
33.40 7.424 -20.0 -20.0 
33.381 9.686 -15.004 -11.911 IGV Strut L.E. 
33.222 10.605 -10.323 - T.001 
33.062 10.988 - 7.005 - 5.299 
32.876 11.473 - 3.789 - 3.501 
32.691 12.107 - 0.815 - 1.795 IGV Flap T.E. 
32.64 13.056 2.59 0.00 Rotor I L.E. 
32.64 13.667 3.129 1.031 
32.64 14.257 3.668 2.061 
32.64 14.869 4.207 3.090 
32.64 15.516 4.746 4.120 
32.64- 16.187 5.285 5.150 
32.'64 16.865 5.824 6.181 
32.6V 17.533 6.363 7.211 
32.64 18.177 6.902 8.241 
32.64 18.784 7.441 9.271 
32.64 19.346 7.980 10.301 Rotor 1 T.E. 
32.64 19.839 10.616 11.378 Stator 1 L.E. 
32.64 20.146 11.626 12.083 
32.64 20.463 12.636 12.788 
32.64 20.789 13.646 13.493 
32.64 21.111 14.656 14.199, 
32.64 21.417 15.666 14.904 Stator 1 T.E. 
32.592 21.961 17.361 16.325 Rotor 2 L.E. 
32.573 22.151 17.686 16.860 
32.555 22.346 18.011 17.396 
32.537 22.548 18.336 17.931 
32.52 22.755 18.661 18.467 
32.504 22.966 18.986 19.002 
32.488 23.188 19.311 19.538 
32.474 23.414 19.363 20.073 



Radius Radius Axial Dist. Axial Dist. Station 

Outer Inner Outer Inner Description 

32.46 23.646' 19.961 20.609 
32.446 23.884 20.286 21.145 
32.433 24,121 20.611 21.680 Rotor 2 T.E. 
32.388 24.319 21.881 22.211 Stator 2 L.E. 

32.363 24.512 22.665 22,863 
32.338 24.655 23.449 23.515 
32.313 24.750 24.233 24.166 

32.285 24.789 25.016 24.818 
32.249 24.802 25.80 25.47 Stator 2 T.E. 
32.163 24.641 27.0 27.0 

31.875 24.137 29.0 29.0 

31.532 23.323 31.0 31.0 
31.532 22.237 33.0 33.0 
28.812 20.525 36.0 36.0 

27.622 19.434 38.0 38.0 

27.001 18.636 39.5 39.5 IGV2 Strut L.E. 
26.569 17.997 40.75 40.75 

26.187 18.044 42.0 42.0 
25.829 16.902 43.3 43.3 
25.323 16.526 45.394 44.702 IGV2 Flap T.E. 

25.042 16.412 46.778 46.401 Core Driven Fan L.E. 

24.94 16.498 47.364 47.185 
24.85 16.639 47.951 47.969 
24.774 16.804 48.537 48.753 
24.715 16.959 49.123 49.537 
24.676 17.080 49.710 50.321 Core Driven Fan T.E. 

24.956 17.150 53.0 53.0 

22.901 17.150 55.551 55.818 Core IGV L.E. 
22.49 17.150 57.7 57.452 Core IGV I.E. 
22.393 17.150 58.399 58.001 Core RI L.E. 
22.199 17.261 60.150 60.613 Core RI T.E. 
25.67 23.893 55.047 55.541 
25.618 24.846 56.886 57.357 Inner Bypass Duct 

28.188 26.023 59.484 60.084 
32.136 29.537 35.521 36.004 
32.408 29.769 36.721 37.103 
32,621 29.771 39.0 39.0 Outer Bypass Duct 
32.726 29.374 46.0 46.0 

32.596 28.766 59.0 59.0 



APPENDIX B 1
 

CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION 

FOR FRONT BLOCK FAN DESIGN POINT 
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NOMENCLATURE FOR APPENDIX B
 

PCT IMM Percent Immersion from O.D. 

RADIUS Inlet and Exit Radii ­ cm(in.) 

MERID ANGLE Inlet and Exit Slope - degrees 

STREAM FUNCT Inlet and Exit Streamline Percent Flow from O.D. 

ABS ANGLE Inlet and Exit Absolute Air Angle degrees 

REL ANGLE Inlet and Exit Relative Air Angle -degrees 

ABS VEL Inlet and Exit Absolute Velocity m/sec *(ft/sec) 

REL VEL Inlet and Exit Relative Velocity - m/sec (ft/sec) 

MERID VEL Inlet and Exit Meridional Velocity- m/sec (ft/sec) 

TANG VEL Inlet and Exit Tangential Velocity ­ m/sec (ft/sec) 

BLADE SPEED Inlet and Exit Blade Speed ­ m/sec (ft/sec) 

ABS MACH NO Inlet and Exit Absolute Mach Number 

REL MACH NO Inlet and Exit Relative Mach Number 

AXIAL VEL R Inlet and Exit Axial Velocity Ratio - Exit/Inlet 

CH' Static Pressure-Rise Coefficient 

ACC PT RATIO Accumulative Total Pressure Ratio 

ACC TT RATIO Accumulative Total Temperature Ratio 

EFFICIENCY ADIA Accumulative Adiabatic Efficiency 

EFFICIENCY POLY Accumulative Polytropic Efficiency 

RBAR Average Radius - cm (in.) 

INC Incidence Angle ­ degrees 

DEV (C-R) Carter's Rule Deviation Angle - degrees-

XFACT Empirical Adjustment Factor- degrees 

TMC Max Thickness-To-Chord Ratio 

CAM Camber Angle - degrees 

STGR Stagger Angle ­ degrees 

TURN Turning Angle - degrees, 

D-FACT Diffusion Factor 

SOL Solidity 

LOSS COEFF Total-Pressure Loss Coefficient 

INLET CORR Fan Inlet Corrected Weight Flow' kg/sec - (ibm/sec) 

PRESS RATIO - Accumulative Average Total-Pressure Ratio 

TEMP RATIO Accumulative Average Total Temperature Ratio 

ADIA EFF Accumulative Average Adiabatic Efficiency 

INLET CORR RPM Fan Inlet Corrected Revolutions per Minute 
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BLADE ROW PRINTOUT (WeTRIC) 

IGVF 

PCT 'RADIUS MERID ANGLE STREAM FUNCT ASS ANGLE REL ANGLE
 
IMM IN OUT IN OUT IN OUT IN OUT [it OUT 
0. 84.384 83.035 -2.6 -3.6 0. 0. 0. 0. 
3.5 82.317 81.303 -2.0 -1.6 0.050 0.050 0. 0.
 
6.9 80.250 79.553 -[.4 -0.9 0.100 0.100 0. 0.
 
14.0 76.066 75.958 -0.4 0.6 0.200 0.200 0. 0.
 
21.4 71.767 72.206 0.7 2.1 0.300 0.300 0. 0.
 
25.5 69.329 70.060 1.4 3.0 0.355 0.355 0. 0.
 
25.5 69.329 70.060 1.4 3.0 0.355 0.355 0. 0.
 
29.1 67.283 68.252 1.9 3.8 0.400 0.400 0. 0.
 
37.3 62.513 64.018 3.2 5.7 0.500 0.500 0. 0.
 
46.2 57.346 59.409 4.7 8.0 0.600 0.600 0. 0.
 
56.1 51.635 54.276 6.4 10.8 0.700 0.700 0. 0.
 
73.9 41.424 44.955 9.4 16.1 0.850 0.850 0. 0.
 
89.6 32.597 36.552 11.3 21.7 0.950 0.950 0. 0.
 
100.0 26.937 30.752 12.3 23.8 1.000 1.000 0. 0.
 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
 
Imm IN OUT IN OUT IN OUT IN OUT IN oUT
 
0. 162.1 227.7 162.1 227.7 0. 0.
 
3.5 166.2 229.8 166.2 229.8 0. 0.
 
6.9 169.7 229.8 169.7 229.8 0. 0.
 

14.0 174.8 229.4 174.8 229.4 0. 0.
 
21.4 178.5 228.6 178.5 228.6 0. 0.
 
25.5 179.8 227.8 179.8 227.8 0. 0.
 
25.5 179.8 227.8 179.8 227.8 0. 0.
 
29.3 180.4 226.8 180.4 226.8 0. 0.
 
37.3 180.3 223.0 180.3 223.0 0. 0.
 
46.2 179.1 217.7 179.1 217.7 0. 0.
 
56.1 176.9 209.8 176.9 209.8 0.- 0.
 
73.9 170.2 192.8 170.2 192.8 0. 0.
 
89.6 :62.9 169.0 162.9 169.0 0. 0.
 
100.0 157.4 146.4' 157.4 146.4 0. 0.
 

PCT ABS MACH NO REL MACH NO AXIAL CH' ACC PT ACC TY EFFICIENCY
 
INN IN OUT IN OUT VEL R RATIO RATIO ADIA POLY 
0. 0.487 0.701 1.403 -3.072 0.9827 1.0000
 
3.5 0.500 0.708 1.383 -0.983 0.9869 1.0000
 
6.9 0.511 0.708 1.354 -0.895 0.9884 1.0000
 
14.0 0.528 0.707 1.312 -0.770 0.9901 1.0000
 
21.4 0.539 0.704 J.280 -0.684 0.9908 1.000
 
25.5 0.543 0.703 1.266 -0.646 0.9913 1.0000
 
25.5 0.543 0.701 1.266 -0.646 0.9913 1.0000
 
29.1 0.545 0.698 1.255 -0.620 0.9918 1.0000
 
37.3 0.545 0.685 1.233 -0.568 0.9919 1.0000
 
46.2 0.541 0.667 1.208 -0.513 0.0924 1.0000
 
56.1 0.534 0.641 1.173 -0.443 0.9928 1.0000
 
73.9 0.513 0.585 1.103 -0.317 0.9936 1.0000
 
89.6 0.490 0.509 0.983 -0.119 0.9929 1.0000
 
100.0 0.472 0.438 0.871 0.085 0.9922 1.0000
 

RBAR INC DEV X-FACT CAM STGR TURN D-FACT SOL LOSS
 
(INPUT (C-R) COEFF
 

83.7J0 0., 0. 0. 0. 0. 0. -0.405 0.728 0.115
 
81.810 0. 0. 0. 0. 0. 0.' -0.383 0.742 0.083
 
79.901 0. 0. 0. 0. 0. 0. -0.354 0.756 0.071
 
76.012 0. 0. 0. 0. 0. 0. -0.312 0.782 0.057
 
71.986 0. 0. 0. 0. 0. 0. -0.281 0.814 0.151
 
69.695 0. 0. 0. 0. 0'. 0. -0.267 0.830 0.042
 
69.695 0. 0. 0. 0. 0. 0. -0.267 0.830 0.048
 
67.767 0. 0. 0. 0. 0. 0. -0.257' 0.843 0.045
 
63.265 0. 0. 0. 0. 0. 0. -0.237 0.877 0.044
 
58.377 0. 0. 0. 0. 0. 0. -0.215 0.909 0.042
 
52.956 0. 0. 0. 0. 0. 0. -0.186 0.947 0.041
 
43.190 0. 0. 0 0. 1.016 0.039
0. 0. 0. -0.133 
34.574 0. 0. 0. 0. 0. 0. -0.038 1.078 0.047
 
28.844 0. 0. 0. 0. 0. 0. 0.070 1.120 0.05,
 

INLET CORP PRESS TEMP ADIA INLET CORR 
WTFLOd RATIO RATIO) EFF RPM 
371.83 0.9914 3.00 5378.5
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BLADE RON PRINTOJT (ENGLISH)
 

IGVF
 

PCT RADIUS MENID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
 
IMM IN OUT IN OUT IN OUT IN OUT IN OUT
 
0. 33.222 32.691 -2.6 -3.6 0. 0. 0. 0.
 
3.5 32.408 32.009 -2.0 -1.6 0.050 0.050 0. 0.
 
6.9 31.594 31.320 -1.4 -0.9 0.100 0.100 0. 0.
 
14.0 29.947 29.905 -0.4 0.6 0.200 0.200 0. 0.
 
21.4 28.255 28.428 0.7 2.1 0.300 0.300 0. 0. 
25.5 27.295 27.583 1.4 3.0 0.355 0.355 0. 0. 
25.5 27.295 27.583 1.4 3.0 0.355 0.355 0. 0. 
29.1 26.489 26.871 1.9 3.8 0.400 0.400 0. 0. 
37.3 24.611 25.204 3.2 5.7 0.500 0.500 0. 0.
 
46.2 22.577 23.389 4.7 8.0 0.600 0.600 0. 0. 
56.1 20.329 21.368 6.4 10.8 0.700 0.700 0. 0. 
73.9 16.309 17.699 9.4 16.3 0.850 0.850 0. 0. 
89.6 12.833 14.391 11.3 21.7 0.950 0.950 0. 0.
 
300.0 10.605 12.107 12.3 23.8 1.000 1.000 0. 0.
 

PCT ABS VEL REL VEL MENID VEL TANG VEL BLADE SPEED
 
IMM IN OUT IN OUT IN OUT IN OUT IN OUT

0. 531.9 747.1 531.9 747.1 0. 0.
 
3.5 545.4 754.1 545.4 754.1 0. 0.
 
6.9 556.7 753.8 556.7 753.8 0. 0.
 
14.0 573.6 752.7 573.6 752.7 0. 0.
 
21.4 585.6 749.9 585.6 749.9 0. 0.
 
25.5 589.8 747.4 589.8 747.4 0. 0. 
25.5 589.8 747.4 589.8 747.4 0. 0. 
29.3 591.7 744.1 591.7 744.1 0. 0. 
37.3 591.4 731.6 591.4 731.6 0. 0. 
46.2 587.7 714.3 587.7 714.3 0. 0. 
56.1 580.3 688.4 580.3 688.4 0. 0. 
73.9 558.5 632.6 558.5 632.6 0. 0. 
89.6 534.4 554.5 534.4 554.5 0. 0.

100.0 516.4 480.3 516.4 480.3 0. 0. 

PCT ABS MACH NO REL MACH N) AXIAL CH ACC PT ACC .Xr EFFICIENCY 
[MM IN (JUT IN OUT VEL R RATIO RATIO ADIA POLY 
0. 0.487 0.701 1.403 -1.072 0.9827 1.0000 
3.5 0.500 0.708 1.383 -0.983 0.9869 3.0000
 
6.9 0.511 1
0.708 3.354 -0.895 0.9884 1.0000
 

14.0 0.528 0.707 1.312 -0.770 0.9901 1.0000
 
21.4 0.539 0.704 1.280 -0.684 0.9908 1.0000
 
25.5 0.543 0.701 1.266 -0.646 0.9933 1.0000
 
25.5 0.543 0.701 1.266 -0.646 0.9913 1.0000
 
29.1 0.545 0.698 1.255 -0.620 0.9918 1.0000
 
37.3 0.545 0.685 1.233 -0.568 0.9919 1.0000 ) 
46.2 0.541 0.667 1.208 -0.513 0.9924 1.0000

56.1 0.534 0.641 1.173 -0.443 0.9928 1.0000
 
73.9 0.513 0.585 1.103 -0.317 0.9936 3.0000
 
89.6 0.490 0.509 0.983 -0.119 0.9929 1.0000
 
100.0 0.472 0.438 0.871 0.085 0.9922 1.0000
 

REAR INC DEV X-FACT CAM STGR TURN D-FACT SOL LOSS
 
(INPUT (C-R)- COEFF
32.956 0. 0. 0. 0. 0. 0. -0.405 0.728 0.115 

32.209 0. 0. 0. 0. 0. 0. --0.383 0.742 0.083 
31.457 0. 0. 0. 0. 0. 0. -0.354 0.756 0.071 
29.926 0. 0. 0. 0. 0. 0. -0.312 0.782 0.057 
28.341 0. 0. 0. 0. 0. 0. -0.281 0.814 0.051 
27.439 0. 0. 0. 0. 0. 0. -0.267 0.830 0.048 
27.439 0. 0. 0. 0. 0. 0. -0.267 0.830 0.048 
26.680 0. 0. 0. 0. 0. 0. -0.257 0.843 0.045 
24.908 0. 0. 0. 0. 0. 0. -0.237 0.877 0.044
 
22.983 0. 0. 0. 0. 0. 0. -0.215 0.909 0.042
 
20.849 0. 0. 0. 0. 0. 0. -0.186 0.947 0.041
 
17.004 0. 0. 0. 0. 0. 0. -0.133 1.016 0.039

13.612 0. 0. 0. 0. 0. 0. -0.038 1.078 0.047

11.356 0. 0. 0. 0. 0. 0. 0.070 1.120 0.055
 

INLEr CORR PRESS TEMP ADIA INLET CORR
 
VITFLOHI RATIO RATIO EFF RPM
 

0.9914 1.0000 5378.5
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BLADE ROil PRINTOUT 	 CMETRIC) 

PCT RADIUS MERID ANGLE STREAM FUNCT ASS ANGLE REL ANGLE
 
IAM IN oUT IN OUT IN OUT IN OlUT -IN OUT
 
O. 82:906 B2.906 0. 0. 0. 0. 0. 49.1 62.1 63.0 
3.9 81.236 81'.318 O. 0.7 0.050 0.050 0. 46.6 61.2 61.6 
7.8 79.555 70.779 0.5 1.5 0.100 0.100 0. 45.0 60.4 60.4
 
15.5 76.128 76.760 1.7 3.3 0.200 0.200 0. 43.1 58.8 58.1 
23.3 72.575 73.758 3.4 5.0 0.300 0.300 0. 42.1 57.3 55.7
 
'27.7 70.552 72.092 4.6 5.9 0.355 0.355 0. 42.0 56.5 54.2
 
27.7 70.552 72.092 4.6 5.9 0.355 0.355 0. 42.0 56.5 54.2
 
31.4 68.852 70.710 5.6 6.7 0.400 0.400 0. 42.2 55.9 52.9 
40.0 64.883 67.545 7.9 8.6 0.500 0.500 0. 43.2 54.9 49.7 
49.1 60.575 64.268 10.5 10.9 0.600 0.600 0. 44.7 54.1 44.6 
58.8 55.782 60.897 13.5 13.6 0.700 0.700 0. 46.3 53.2 38.4
 
76.0 46.969 55.370 19.9 18.6 0.850 0.850 0. 49.2 52.7 25.4 
90.5 38.945 51.296 25.4 23.4 0.950 0.950 0. 51.2 51,9 13.2 
100.0 33.162 49.140 31.9 26.7 1.000 2.00 0. 51.7 54.5 6.2
 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
 
IMM IN OUT IN OUT IN OUT -IN O(r IN (ur
 
0. 246.8 228.6 528.1 330.0 246.8 149.6 0. 172.9 467.0 467.0
 
3.9 251.6 229.5 522.2 331.1 251.6 157.6 0. 166.8 457.5 458.0
 
7.8 254.7 230.5 515.4 329.4 254.7 162.9 0. 263.1 448.1 449.3
 

15.5 259.6 233.1 501.2 322.1 259.6 170.5 - 0. 159.0 428.8 432.3 
23.3 263.0 236.7 486.1 311.7 263.0 176.0 0. 158.2 408.8 415.4
 
27.7 263.9 239.4 477.0 304.2 263.9 178.5 0. 159.7 397.4 406.0
 
27.7 263.9 239.4 477.0 304.2 263.9 178.5 0. 159.7 397.4 406.0
 
31.4 263.6 242.2 468.9 297.1 263.6 -180.1 0. 161.9 387.8 398.3 
40.0 259.2 247.9 448.0 278.9 259.2 181.6 0. 168.8 365.4 380.4
 
49.1 251.2 260.3 423.7 259.7 251.2 186.7 0. 281.4 341.2 362.0
 
58.8 241.6 273.6 396.3 242.2 241.6 191.9 0. 195.1 314.2 342.9
 
76.0 214.7 299.2 340.7 221.0 214.7 201.5 0. 221.1 264.5 311.9 
90.5 190.6 323.1 290.6 217.6 190.6 212.7 0. 243.2 219.4 288.9
 

200.0 157.3 340.6 244.2 226.8 157.3 225.8 0. 255.0 186.8 276.8 

PCT ABS MACH NO REL MACH NO AXIAL CH- ACC PT AOC T EFFICIENCY 
IMm IN OUT IN OUT VEL R RATIO RATIO ADIA POLY 
0. 0.766 0.616 1.640 0.890 0.606 0.496 1.9703 1.2788 0.767 0.788
 
3.9 0.783 0.623 1.625 0.898 0.626 0.504 1.9574 1.2640 0.802 0.819
 
7.8 0.794 0.629 1.607 0.898 0.640 0.512 1.9467 1.2532 0.828 0.844
 

15.5 0.811 0.641 1.566 0.885 0.656 0.529 1.9313 1.2376 0.871 0.883
 
23.3 0.823 0.654 1.522 0.861 0.668 0.546 1.9210 1.2272 0.903 0.912
 
27.7 0.826 0.663 1.494 0.843 0.675 0.555 1.9188 1.2241 0.914 0.922
 
27.7 0.826 0.663 1.494 0.843 0.675 0.555 1.9188 2.2241 0.914 0.922
 
31.4 0.826 0.672 1.461 0.824 0.682 0.562 1.9194 1.2229 0.919 0.926
 
40.0 0.810 0.690 1.400. 0.776 0.609 0.574 1.9176 1.2220 0.922 0.929
 
49.1 0.782 0.726 1;318- 0.724 0.742 0.578 1.9397 1.2270 0.919 0.926
 
58.8 0.748 0.766 1.228 0.678 0.794 0.569 1.9548 1.2312 0.914 0.921
 
76.0 0.657 0.844 1.043 0.624' 0.946 0.491 1.9809 1.2384 0.905 0.914
 
90.5 0.578 0.921 0.882 0.620 1.134 0.317 2.0021 .1.2428 0.904 0.913
 
200.0 0.472 0.979 0.133 0.652 1.51t -0.025 2.0122 1.2440 0.907 0.916
 

RBAR INC DEV X-FACT i.0 CAMA SfGR TUaa D-FACI SOL LOSS
 
(INpUf (C-R) . COFF,
 

82.906 3.00 3.72 0.20 0.0250 -0.17 59.23 -0.89- 0.484 1.50) (). V3 
82.277 3.14 3.63 0.25 0.0253 0.12 58.00 -0.38 0.471 1.521 0.163 
79.667 3.20 3.7P 0.40 0.02,9 ).61 56.89 0.'12 0.464 1.,41 0. 2W 
76.444 3.52 3.-10 0.ls J.2714 I. )I 54.19 0./3 U.43- 1.:5M . I )O 
73.167 3.:'8 1. V I .00 .. 0104 2.27 2.2/ I.j7 0.460 I .,? 0.073 
71.322 4.20 4.64 2.10 0.0133 2. 71 50.94 2.26 0.464 I.o57 ').065 
71.322 -1.2) 4.o4 1.00'0.0333 2.II . Y4 2.26 0.464 1.ob7 ).Oo 
69.71i 	 4.47 4. 1P 1.10 0.0370 3.14 '19.7,1 3.01' 0.470 I.oP). 0.11,
 

&a2. 1.42 :3.40 1.30 0.009t 40.4) . .
5.20) .... .4.4 1.), 
AA42 6.03 6.64 1. /0 0.0'I 2'). 1 4.' .. 0.50) 2.o2) O.0 
b:.23 6.3P q. 111 4.,) .,,71- I. ' 2., I .+f0 0.b-2 .9'4 ..O14 
51.170 0.68 12.11 2.('0"7;4 12.',, 2?.n4 21.'. 0.513 2.1 -1 0. ' 
4,. 221 ",." I.) 41. oll. .'). I 8.'9 1).44k 2.4! 1 0.11514.61 	 4).0" 

-. 1.20 o.'J 0.74041.152 .:)' 2672 I .)7 0 2.44-41.30 0. V17 2.o41 

r.fLJr Coi!H P1: - I--P ADIA INEO 0(3rd? 
,, 'Lt., jWA11) PA1 lo :4 .P4 
31.} I..'.-1r11 1.2V16 . 5J 11.n 
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BLADE R(JN PRINTOUT (ENGLISH) 

RI
 

PCT RADIUS MERID ANGLE STREAM FUNiCT ABS ANGLE REL ANGLE
 
INN IN OU T IN OUT IN OUT IN OUT IN OUT
 
0. 32.640 32.640 0. 0. 0. 0. 0. 49.1 62.1 63.0 
3.9 31.982 32.015 0.1 0.7 0.050 0.050 0. 46.6 61.2 61.6
 
7.8 31.321 31.409 .0.5 1.5 0.100 0.100 0. 45.0 60.4 60.4
 

15.5 29.971 30.221 1.7 3.3 0.200 0.20n 0. 43.1 58.8 58.1
 
23.3 28.573 29.038 3.4 5.0 0.300 0.300 0. 42.1 57.3 55.7
 
27.7 27.776 28.383 4.6 5.9 0.355 0.355 0. 42.0 56.5 54.2
 
27.7 27.776 28.383 4.6 5.9 0.355 0.355 0. 42.0 56.5 54.2
 
31.4 27.107 27.838 5.6 6.7 0.400 0.400 0. 42.2 55.9 52.9
 
40.0 25.544 26.593 7.9 8.6 0.500 0.500 0. 43.2 54.9 49.7
 
49.3 23.848 25.302 10.5 10.9 0.600 0.600 0. 44.7 54.1 44.6
 
58.8 ,21.962 23.971 13.5 33.6 0.700 0.700 0. 46.3 53.2 38.4
 
:76.0 18.492 21.799 19.9 18.6 0.850 0.850 0. 49.2 52.7 25.4
 
90.5 15.333 20.195 25.4 23.4 0.950 0.950 0. 51.2 51.9 13.2
 
100.0 13.056 19.346 31.9 26.7 1.000 3.000 0. 51.7 54.5 6.2
 

PCT ABS VEL REL VEL MERID VEL TANG VEL BL.DE SPEED
 
IMM IN OUT IN OUT IN {OUT IN OUT IN OUT 
0. 809.6 750.1 1732.8 1082.6 809.6 490.9 0. 567.1 1532.0 1532.0
 
3.9 825.4 753.0 1713.1 I206.3 825.4 517.1 0. 547.3 1501.1 1502.7
 

7.8 835.5 756.2 1690.9 1080.7 835.5 534.5 0. 535.0 1470.1 1474.2
 
15.5 851.7 764.8 1644.5 1056.9 851.7 559.3 0. 521.6 2406.7 1428.4
 

23.3 863.0 776.5 3594.8 1022.7 863.0 577.6 0. 519.0 1342.1 1363.0
 
27.7 865.8 785.6 1565.0 998.1 865.8 585.5 0. -523.8 1303.7 1332.2
 
27.7 865.8 785.6 1565.0 998.1 865.8 585.5 0. 523.8 1303.7 1332.2
 
31.4 865.0 794.5 1538.5 974.8 865.0 590.8 0. 531.3 1272.3 1306.6
 
40.0 850.4 823.4 1469.9 915.0 850.4* 595.8 0. 553.7 1199.0 1249.2
 
49.3 824.0 853.9 1389.9 852.1 824.0 612.4 0. 595.2 1119.3 187.6
 
58.8 792.5 897.6 1300.2 794.7 792.5 629.4 0. 640.0 1030.8 1125.1
 
76.0 704.3 981.5 117.7 725.0 704.3 661.0 0. 725.5 867.9 2023.2
 
90.5 625.2 1059.9 953.3 713.9 625.2 697.9 0. 797.7 719.7 947.9
 
300.0 515.9 117.5 803.1 744.2 515.9 740.7 0. 836.7 612.8 908.0
 

PCT ABS MACH NO REL MACH NO AXIAL CX" ACC PT ACC IT EFFICIENCY
 
IT, IN OUT IN OUT VEL A RATIO RATIO ADIA POLY
 
0. 0.766 0.616 1.640 0.890 0.606 0.496 1.9703 1.2788 0.767 0.788
 
3.9 0.783 0.623 1.625 0.898 0.62o 0.504 1.0574 1.2640 0.802 0.830
 
7.8 0.794 0.629 1.607 0.898 0.640 0.512 1.9467 1.2532 0.828 0.844
 

15.5 0.813 0.641 1.566 0.885 0.656 0.529 1.9313 1.2376 0.871 0.883
 
23.3 0.823 0.654 1.522 0.861 0.668 0.546 1.9210 1.2272 0.903 0.912
 

27.7 0.826 0.663 1.494 0.843 0.675 0.555 1.9188 1.2241 0.914 0.922
 
27.7 0.826 0.663 3.494 0.843 0.675 0.555 1.9188 1.2241 0.914 0.922
 
31.4 0.826 0.672 .1.468 0.824 0.682 0.562 1.9194 1.2229 0.919 0.926
 
40.0 0.810 0.690 1.400 0.776 0.699 0.574 1.9176 1.2220 0.922 0.929
 
49.1 0.782 0.726 1.318 0.724 0.742 0.578 1.9397 1.2270 0.919 0.926
 
58.8 0.748 0.766 1.228 0.678 0.794 0.569 1.9548 1.2312 0.914 0.921
 
76.0 0.657 0.844 1.043 0.624 0.946 0.491 1.9809 1.2384 0.905 0.914
 
90.5 0.578 0.921 0.882- 0.620 1.134 0.317 2.0021 ..2428 0.904 0.913
 

4. 6 20 0.W73-.S, c.4 t)r- L 1 Cz2 022 1 Z44t 0 91 

RBAR INC DEV X-FAC" fitC CAM 5I1GN TURNl O-FACf SOL LOSS 
(IsIpJL (C-R) COEFF 

32.640 3.0') 3.72 0.20 0.0250 -0:27 59.23 -0.89 0.484 1.bO0 0.195
 
31.999 3.14 3.63 0.2, 0.0c5

3 
0.32 58.00 -0.3. 0.471 i.,23 0.163
 

31.365 3.20 3.7R 0.40 ').:)259 O.43 ,6.b9 0.12 0.464 3.541 0.139 
4
 

f0.06 3.52 3.-0 0.4,. 0.'274 1. 31 54.79 J.73 0.453 l.- 20.100 
-


28.P)6 3. 3 4.5t 1.!X) 1).i3O.; 2.2? 52.27 I.,7 0.460 I.o28 0.073 
28.019 4.20 4.54 1.') U. J333 2.,"1 59.94 2.26 0.464 1.o27 0.065 
2".079 4.21 4.64 1. v 0. )-33 2.1l 50.94 2.20 0.464 1.657 0.045 
27.473 4.47 4..! I . I') 0).01-7) 3.441 49.73 3.03 9.410 .oP2. 0.064,! 
26.049 ,.42 3.40 I.3, 0.1109t 5.) 4o.39 5.22 O.4RA 1.745 0.061 

42.99 Q.54 0.508 2.$ 2 (1.071 
22.9611 ,.3? .7 2 :1.O Q).0 

1 
127.22 .2- I4.,iQ" 0.12 

_ 
.9'4 0.019 

241.5757.04, o.5j I.!*) )!)A47 I0I.33 

20. 1 .2 6.l! 1.I I. 1') :.',794 2.61- 2).,4 2/.23 O..I, 2. 1-m 0. I10 
17. 16, .4? 14.oI0 3.70 .-.. 47.q) ',.39 34.11 0.44d 2.414 0.17, 
16.11 . 6.72 1.It, ). V-Y) "0.0"l 1).44 4,.30 0.307 2.04-1 0.210 

('ILI_: (0 ! rI . I: -Ap ,I)fA IN[-I * C011U 
li. 1 I.12 2.2)56 .491-. tb,:. 
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BLADE ROW PRINTOUT (METRIC) 

SI 

POT RADIUS MERID ANGLE STREAM FUNCr ABS ANGLE REL ANGLE
 
IN OUTIM'M IN oUT IN OUT IN our IN OUT 

0. 0. 46.4 5.0-0. 82.906 82.906 0. 0. 
4.5 81.430 81.640 1.3 0.1 0.050 0.050 44.2 5.0 
8.9 79.985 80.374 2.2 0.9 0.100 0.100 42.8 5.0 
17.8 77.121 77.828 3.7 2.7 0.200 0.200 41.2 5.0
 
26.7 74.247 75.247 4.9 4.8 0.300 0.300 40.3 5.0 

6.0 0.355 0.355 40.2 5.0
31.7 72.647 73.806 5.6 

31.7 72.647 73.806 5.6 o.0 0.355 0.355 40.2 5.0. 
35.9 71.322'72.613 6.2 7.0 0.400 0.400 40.4 5.0.
 
45.3 68.293 69.898 7.7 9.3 0.500 0.500 41.3 5.0
 
55.1 65.136 67.069 9.6 11.7 0.600 0.600 42.6 5.0 
65.3 61.833 64.151 11.8 14.3 0.700 0.700 - 44.2 5.0
 
81.7 56.467 59.500 16.7 18.2 0.850 0.850 46.9 5.0
 

5.0
93.6 '52.514 56.167 21.2 20.9 0.950 0.950 49.0 

100.0 50.391 54.399 23.4 22.7 1.000 1.000 49.7 5.0
 

PCT ABS VEL REL VEL MERIO VEL TANG VEL BLADE SPEED 
114M IN oUT IN OUT IN OUT IN . OUT IN OUT 

0. 238.8- 184.5 164.7 183.8 172.9 16.1
 
4.5 239.0 185.3 171.4 184.6 166.6 16.2
 

8.9 239.3 186.7 175.5 286.0 162.6 16.3
 
17.8 .240.8 189.6 181.4 188.9 158.3 16.5
 
26.7 243.5 192.2 385.9 191.4 157.2 16.7
 
31.7 245.9 193.8 188.1 193.1 158.4 16.8
 
31.7 245.9 193.8 188.1 193.1 158.4 16.8
 
35.9 248.5 195.2 189.7 194.5 160.5 16.9
 
45.3 254.2 196.4 191.8' 195.6 166.9 16.9 
55.1 266.3 202.2 197.2 201.5 179.0 17.3
 
65.3 278.7 205.7 201.9 205.0 192.1 17.4
 
81.7 302.9 212.5 211.5 Z1.7 216.8 17.6
 
93.6 325.0 219.3 221.8 218.6 237.5 17.9
 
200.0 338.4 222.2 229.5 221.4 248.7 17.9
 

PCT ABS MACH NO REL MACH NO AXIAL CH' ACC PT AOC Tr EFFICIENCY 
IDm IN OUT IN OUT VEL R RATIO RATIO ADIA POLY 
0. 0.646 0.491 1.115 0.323 1.9261 1.2788 0.739 0.762
 
4.5 0.651 0.496 1.078 0.326 1.9169 1.2640 0.774 0.794
 
8.9 0.655 0.503 1.060 0.324 1.9093 1.2532 0.802 0.819
 
17.8 0.663 0.514 1.042 0.326 1.9004 1.2376 0.848 0.861
 
26.7 0.674 0.524 1.030 0.333 1.8951 1.2272 0.883 0.893
 
31.7 0.683 0.529 1.026 0.339 1.8948 1.2241 0.895 0.904
 
31.7 0.683 0.529 1.026 0.339 1.8948 1.2241 0.895 0.904
 
35.9 0.691 0.533 1.024 0.346 1.8967 1.2229 0.901 0.909
 
45.3 0.709 0.537 1.016 0.372 1.8971 1.2220 0.905 0.913
 
55.1 0.744 0.553 1.014 0.393 1.9178 1.2270 0.902 0.910
 
65.3 0.782 0.562 1.005 0.424 1.9300 1.2312 0.894 0.904
 
81.7 0.856 0.580 0.993 0.467 1.9419 1.2384 0.877 0.888
 
93.6 0.927 0.599 0.988 0.483 2.9350 1.2428 0.855 0.868
 
100.0 0.972 0.607 0.970 0.490 1.9184 1.2440 0.839 0.853
 

RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOL LOSS 
(INPUT (C-Pl) COEFF 

82.906 0.35 8.82 0. 0.1000 49.85 21.10 41.38 0.400 1.900 0.092 
81.535 0.60 8.22 0. 0.0990 46.82 20.19 39.20 0.389 1.911 0.084
 

80.179 0.90 7.80 0. 0.0975 44.74 19.57 37.84 0.378 2.922 0.077
 

77.475 1.25 7.28 0. 0.0952 42.28 18.81 36.15 0.363 1.943 0.063 
74.747 2.55 6.97 0. 0.0921 40.73 18.39 35.31 0.356 1.964 0.051
 
73.227 1.70 6.90 0. 0.0902 40.45 18.3235,,25 0.356 1.975 0.047
 
73.227 1.70 6.90 0. 0.0902 40.45 I ,3.S25 0.356 1.975 0.047 
71.967 1.80 6.90 0. 0.0883 40.50 18.'35 35242 0.358 1.985 0.043
 
69.091 2.80 7.06 0. 0;0841 '4T.56 I1.72 36.29 0.373 2.005 0.038
 
66.103 2.80 7.32 0. 0.0807 43.15 19.25 37.63 0.388 2.025 0.037
 
62.992 1.80 7.65 0. 0.0755 45.03 19.87 39.28 0.412 2.045 0.038
 
57.984 2.80 8.23 0. 0.0664 48.37 20.96 41.'94 0.452 2.074 0.052
 

54.340 1.60 9.70 0. 0.0575 51.07 2L.8,-43.97 0.480 2.093 0.079 
52.395 2.20 8.99 0. 0.0543 52.64 -22.32 44.74 0.499 2.102 0.203
 

INLITF CORR PRESS TEMP ADIA INLET 00RhrFLoql PATIO) RATIO ', EFF * RPM 
371.L3 1.9153 1.2356 0.867 5378.5
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BLADE ROW PRINTOUT (ENGLISH) 

SI
 

PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE 
IMM IN OUT IN OUT IN Our IN OUT IN OUT
0. 32.640 32.640 0. 0. 0. 0. 46.4 5.0 
4.5 32.059 32.142 1.3 0.1 0.050 0.050 44.2 5.0
 
8.9 31.490 31.643 2.2 0.9 0.100 0.100 42.8 5.0 

17.8 30.363 30.641 3.7 2.7 0.200 0.200 41.2 5.0 
26.7 29.231 29.625 4.9 4.8 0.300 0.300 40.3 5.0
 
31.7 28.601 29.057 5.6 6.0 0.355 0.355 40.2 5.0 
31.7 28.601 29.057 5.6 6.0 0.355 0.355 40.2 5.0
 
35.9 28.079 28.588 6.2 7.0 0.400 0.400 40.4 5.0 
45.3 26.8R7 27.515 7.7 9.3 0.500 0.500 43.3 5.0
 
55.1 25.644 26.405 9.6 11.7 0.600 0.600 42.6 5.0
 
65.3 24.344 25.256 11.8 14.3 0.700 0.700 44.2 5.0
 
81.7 22.231 23.425 36.7 18.2 0.850 0.850 46.9 5.0
 
93.6 20.675 22.113 21.2 20.9 0.950 0.950 49.0 5.0
 

300.0 39.839 21.417 23.4 22.7 1.000 1.000 49.7 5.0 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED 
IMM IN OUT IN OUT IN OUT IN OUT - IN- OUT
0. 783.4 605.2 540.5 602.9 567.3 52.7 
4.5 784.1 608.0 562.2 605.7 546.6 53.0
 
8.9 785.3 612.7 575.9 610.4 533.6 53.4
 
17.8 789.9 622.0 595.2 619.6. 519.2 54.2
 
26.7 798.7 630.5 610.0 628.3 515.6 54.8 
31.7 806.8 625.8 617.0 633.4 519.8 55.1
 
31.7 806.8 635.8 617.0 633.4 519.8 55.1
 
35.9 815.3 640.6 622.4 638.1 526.7 55.4
 
45.3 834.1 644.2 629.2' 641.9 547.7 55.4 
55.1 873.7 663.4 646.9 661.0 587.2 56.6
 
65.3 914.2 674.8 662.3 672.4 630.2 57.0
 

.81.7 993.8 697.0 693.9 694.7 711.4 57.7 
93.6 1066.2 719.6 727.7 717.2 779.2 58.6 

100.0 3330.2 728.9 752.8 726.5 815.9 58.6 

PCT ABS MACH NO REL MACH NO AXIAL CH ACC PT ACC IT EFFICIENCY
 
IMM IN OUT IN OUT VEL R RATIO RATIO ADIA POLY
 
0. 0.646 0.491 1.115 0.323 1.9261 1.2788 0.739 0.762
 
4.5 0.651 0.496 1.078 0.326 1.9169 1.2640 0.774 0.794

8.9 0.655 0.503 1.060 0.324 1.9093 1.2532 0.802 0.319 
17.8 0.663 0.514 1.042 0.326 1.9004 1.2376 0.848 0.861
 
26.7 0.674 0.524 1.030 0.333 1.8951 1.2272 0.883 0;893

31.7 0.683 0.529 1.026 0.339 1.8948 1.2241 0.895 0.904
 
31.7 0.633 0.529 1.026 0.339 1.8948 1.2241 0.895 0.904
 
35.9 0.691 0.533 1.024 0.346 1.8967 1.2229 0.901 0.909
 
45.3 0.709 0.537 1.016 0.372 1.8971 1.2220 0.905 0.913 
55.1 0.744 0.553 1.014 0.393 1.9178 1.2270 0.902 0.910 
65.3 0.782 0.562 1.005 0.424 1.9300 1.2312 0.894 0.904
 
81.7 0.856 0.580 0.993 0.467 1.9419 1.2384 0.877 0.888
 
93.6 0.927 0.599 0.988 0.483 1.9350 1.2428 0.855 0.868
 
100.0 0.972 0.607 0.970 0.490 1.9184 1.2440 0.839 0.853
 

RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOL LOSS 
(INPUT (C-R) COEFF 

32.640 0.35 8.82 0. 0.1000 41.85 21.10 41.38 0.400 1.900 0.092
 
32.100 0.60 8.22 0. 0.0990 46.82 20.19 39.20 0.389 1.911 0.084 
31.567 0.90 7.80 0. 0.0975 44.74 19.57 37.84 0.378 1.922 0.077
 
30.502 1.25 7.28 0. 0.0951 42.18 18.831 36.15 0.363 t.943 0.062 
29.428 1.55 6.97 0. 0.0923 40.73 18.39 35.31 0.356 1.964 0.05 
28.829 1.70 6.90 O. 0.0902 40.45 18.32 35.25 0.356 1.975 0.047 
28.829 1.70 " 6.90 0. 0.0902 40.45 18.32 35.25 0.356 3.975 0.047 
28.334 1.80 6.90 0. 0.0883 40.50 18.35 35.41 0.358 1.985 0.043

27.201 1.80 7.06 0. 0.0841 41.56 18.72 36.29 0.373 2.005 0.038 
26.025 1.80 7.32 0. 0.0807 43.15 19.25 37.63 0.388 2.025 0.037 
24.800 1.80 7.65 0. 0.0755 45.03 19.87 39.18 0.412 2.045 0.038 
22.828 3.80 8.23 0. 0.0664 48.37 20.96 41.94 0.452 2.074 0.052
 
21.394 1.60 8.70 0. 0.057b 51.07 21.83 43.97 0.480 2.093 0.079 
20.623 1.10 8.99 0. 0.0543 52.64 22.32 44.74 0.499 2.302-0.103 

INLET CORR PRESS TEMP ADIA INLET CORR 
HTFLW RATIO RATIO. EFF RPM 

1.9153 1.2-356 0':867 5378.5 

dGWNAI QuU , 
57 



BLADE ROWPRINTOUT (METRIC) 

R2
 

PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
 
1MM IN - oUT IN OUT IN OUT IN OUT IN 0UT 
0. 82.784 82.381 -3.4 -2.2 0. 0. 4.7 48.4 66.4 60.2
 
4.7 81.586 81.308 -1.8 -3.4 0.050 0.050 4.7 46.7 65.9 59.5 
9.4 80.389 80.263 -0.6 -0.4 0.100 0.100 4.6 45.4 65.3 58.8 

18.6 77.987 78.222 1.6 1.9 0.200 0.200 4.6 43.4 64.2 57.6 
27.8 75.557 76.219 4.0 4.2 0.300 0.300 4.6 42-.4 63.1 56.3 
32.9 74.201 75.J22 5.3 5.5 0.355 0.355 4.6 42.2 62.5 55.4 
32.9 74.201 75.122 5.3 5.5 0.355 0.355 4.6 42.2 62.5 55.4
 
37.1 73.080 74.221 6.5 6.6 0.400 0.400 4.6 42.2 62.0 54.6
 
46.7 70.522 72.195 9.3 8.9 0.500 0.500 4.6 42.4 61.1 52.7
 
56.4 67.871 70.143 13.7 11.2 0.600 0.600 4.6 42.1 59.7 50.4
 
66.5 65.115 68.054 14.3 13.6 0.700 0.700 4.6 42.8 58.6 47.8
 
82.5 60.691 64.777 17.9 17.4 0.850 0.850 4.7 44.5 57.0 43.0
 
94.0 57.476 62.477 19.6 20.5 0.950 0.950 4.8 46.3 55.9 38.7 
100.0 55.781 61.268 19.2 22.3 3.000 1.000 4.7 47.3 54.6 35.6
 

PCT ABS VEL BEL VEL MERID VEL TANG VEL BLADE SPEED
 
VAN IN OUT IN OUT IN OUT IN OUT IN (JUT 
0. 198.0 243.6 491.5 325.2 197.4 161.9 16.1 J82.0 466.3 464.0
 
4.7 199.2 242.2 485.8 327.2 198.6 166.3 16.2 176.1 459.5 458.0
 
9.4 201.4 241.3 480.5 327.6 200.7 169.5 16.3 171.7 452.8 452.1
 

18.6 205.2 240.5 469.7 326.0 204.6 174.6 16.5 165.3 439.3 440.6
 
27.8 208.5 241.4 458.7 321.0 207.9 178.5 16.6 162.5 425.6 429.3
 
32.9 210.5 242.9 452.8 316.8 209.9 180.4 16.7 162.7 417.9 423.1
 
32.9 210.5 242.9 452.8 316.8 209.9 180.4 16.7 162.7 417.9 423.1
 
37.1 212.3 244.6 448.0 312.7 211.6 181.8 16.8 163.6 411.6 418.0 
46.7 213.4 249.2 435.9 302.8 212.7 '185.1 16.7 166.9 397.2 406.6
 
56.4 218.6 254.9 425.3 295.6 217.9 190.6 17.1 169.2 382.3 395.3 
66.5 223.1 261.5 413.3 285.1 220.4 194.5 17.1 174.8 366.8 383.3 
82.5 223.9 273.8 392.8 267.4 221.2 199.8 17.3 187.2 341.8 364.8 
94.0 221.1 284.7 377.3 254.2 220.4 203.4 17.5 199.3 323.7 351.9
 
300.0 224.3 293.7 371.5 248.9 223.4 207.6 17.4 207.8 314.2 345.1
 

PCT ABS MACH NO REL MACH NO AXIAL CI ACC PT ACE TT EFFICIENCY 
Imm IN OUT IN (UT VEL R RATIO RATIO ADrA POLY 
0. 0.520 0.598 1.313 0.798 0.822 0.441 3.2922 1.5424 0.745 0.783
 
4.7 0.536 0.600 1.306 0.810 0.838 0.444 3.2707 1.5150 0.780 0.813
 
9.4 0.544 0.601 1.298 0.816 0.844 0.449 3.2528 1.4942 0.808 0.837
 
18.6 0.559 0.606 1.279 0.821 0.854 0.458 3.2262 1.4628 0.857 0.878
 
27.8 0.571 0.613 1.256 0.815 0.'359 0.465 3.2065 1.4425 0.89! 0.907
 
32.9 0.578 0.618 1.242 0.807 0.859 0.468 3.1990 1.4366 0.901 0.915
 
32.9 0.578 0.618 1.242 0.807 0.859 0.468 3.1990 1.4366 0.901 0.915 
37.1 0.583 0.624 1.230 0.797 0.859 0.470 3.1955 1.4342 0.905 0.919
 

46.7 0.586 0.637 1.195 0.774 0.870 0.474 3.1941 1.4323 0.908 0.922'
 
56.4 0.600 0.652 1.168 0.756 0.876 0.470 3.1941 1.4342 0.904 0.918
 
66.5 0.607 0.669 1.134 0.729 0.885 0.464 3.1943 1.4398 0.893 0.909 
82.5 0.607 0.700 1.075 0.684 0.905 0.446 3.1941 1.4526 0.867 0.887
 
94.0 0.604 0.728 1.030 0.650 0.918 0.430 3.1941 1.4641 0.846 0.868
 
300.0 0.612 0.751 1.015 0.636 0.910 0.423 3.1941 1.4713 0.833 0.857
 

ROAR--"'-INC ....DEV -X-FACT--- TMC ----- CAN- STGR -TURN- -ACT -- SOL LOSS 
COEFF(INPUT (C-R) 


82.583 3.00 3.42 0. 0.0253 6.63 60.05 6.22 0.459 1.390 0.181 
81.&47 3.00 2.90 -0.30 0.0264 6.32 59.72 6.42 0.444 1.40? 0.154 
80.326 3.10 2.39 -0.60 0.0276 5.75 59.33 6.46 0.433 1.412 0.130
 
78.105 3.40 1.68 -1.00 0.0301 4.85 58,3' 6.57 0,416 1.444 0.09? 

6.83 n.407 1.9t 
, 

0.06.75.888 3.90 1.57 -1.00 0.0326 4.50 56.96 
74.662 4.20 1.60 -0.98 0.0339 4.47 56.05 7.07 0.407 1.525 0.065 

4.47 56.05 7.07 0.407 1.575 0.065
74.662 4.70 1.60 -0.98 0.0139 

1.55; 0.06573.651 - 4.50 1.66 -0.95 0.0351 4.49 55.22 7.34 0.409 

71.358 5.75 2.20 -0.60 0.0382 5.38 53.15 8.43 0.413 1.6?0 0.065 
69.007 6.00 2.73 -0.25 0.0419 6.06 50.68 9.33 0.413 1.694 0.070
 
66.585 6.60 - 3.63 0.20 0.0460 7.80 48.07 10.77 0.421 1.772 0.09 

62.734 7.40 5.58 1.10 0.0539 12.22 43.52 14.04 0.438 1.388 0.129 
59.976 7.80 7.16 1.65 0.0612 16.54 39.80 17.18 0.455 1.966 0.162 
58.525 8.00 8.13 . 2.00 0.0657 19.15 37.01 19.0 0.465 2.006 0.177 

INLET CORn PRESS TEMP ADIA INLET CORR 
.. ... WTFLOW . RATIO. RATIO-- .- FF -- RPM .... 

371.83 3.2107 1.4546 0.868 5378.5
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BLADE ROW PRINTOUT (ENGLISH) 

R2
 

0

CT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE 
 REL ANGLE


IMM IN (UT IN OUT IN (UT IN OUT IN (OIT0. 32.592 32.433 -3.4 -2.2 0. 0. 4.7 48.4 66.4 60.1 
4.7 32.120 32.011 -3.8 -1.4 0.050 0.050 4.7 46.7 65.9 59.5
9.4 31.649 31.,99 -0.6 -0.4 0.100 0.100 4.6 45.4 65.3 58.8
18.6 30.703 30.796 1.6 1.9 
 0.200 0.200 4.6 43.4 64.2 57.6
27.8 29.747 30.007 4.0 4.2 0.300 0.300 4.6 42.4 63.1 56.3 
32.9 29.213 29.576 5.3 5.5 
0.355 0.355 4.6 42.2 62.5 55.4
32.9 29.213 29.576 
 5.3 5.5 0.355 0.355 4.6 42.2 62.5 
 55.4
37.; 
 28.772 29.221 6.5 6.6 0.400 0.400 4.6 42.2 62.0 54.6

46.7 27.765 28.423 9.1 8.9 0.500 0.500 4.6 42.4 61.1 52.756.4 
26.721 27.615 11.7 11.2 0.600 0.600 4.6 42.1 59.7 50.466.5 25.636 26.793 14.3 
 13.6 0.700 0.700 4.6 42.8 58.6 47.8
 
82.5 23.894 25.503 17.9 17.4 
0.850 0.850 4.7 44.5 57.0 43.0
94.0 22.628 24.597 19.6 20.5 0.950 0.950 4.8 46.3 55.9 38.7
100.0 21.961 24.121 19.2 22.3 1.000 1.000 4.7 47.3 54.6 35.6
 

PCT ABS VEL REL VsL MERID VEL TANG VEL BLADE SPEED
 
IM IN OUT IN OUT IN oUT 
 IN OUT IN OUT
0. 649.7 799.3 1612.6 1066.8 
647.5 531.3 52.8 597.2 1529.8 1522.3
 
4.7 653.7 794.8 1593.8 1073.6 651.5 
545.6 53.0 577.9 1507.6 1502.5
9.4 660.7 791.5 1576.3 1074.7 658.6 
556.0 53.4 563.4 1485.5 1483.2
 

18.6 673.3 788.9 1540.9 1069.5 
 671.1 572.9 54.0 542.4 1441.1 I445.5
27.8 684.2 792.1 1505.1 1053.2 
 682.0 585.8 54.5 533.2 1396.2 1408.4
 
32.9 690.7 797.0 1485.5 1039.5 
 698.5 591.9 54.8 533.7 1371.2 1388.2
32.9 690.7 797.0 1485.5 1039.5 688.5 591.9 54.8 
533.7 1371.2 1383.2

37.1 696.4 802.5 1469.7 1025.8 694.2 
 596.4 55.1 536.9 1350.4 1371.5
46.7 700.1 817.6 1430.1 993.6 698.0 54.9
"607.1 547.6 1303.2 1334.1
56.4 717.1 836.2 1395.3 969.7 714.9 625.4 
 55.9 555.1 1254.2 1296.2
 
66.5 725.4 858.0 1356.0 935.4 723.2 638.1 56.2 
 573.6 1203.3 1257.6

82.5 727.9 898.2 1288.7 877.2 725.7 
 655.5 56.6 614.0 1121.5 1197.0
 
94.0 725.2 934.2 1237.9 834.1 723.0 
 667.2 57.3 653.9 1062.1 1154.5
 
100.0 735.3 963.7 1218.7 816.5 733.1 681.1 
 57.2 681.8 1030.8 1132.2
 

PCT ABS MACH NO REL MACH NO AXIAL CH- ACC PT ACC IT EFFICIENCYImm IN OUT IN OUT VEL R RATIO RATIO ADIA POLY 
0. 0.529 0.598 1.313 0.798 0.821 0.441 3.2922 1.5424 0.745 0.783
 
4.7 0.536 0.600 1.306 0.810 0.838 0.444 3.2707 1.5150 
 0.780 0.813
9.4 0.544 0.601 1.298 0.816 0.844 0.449 3.2528 1.4942 
 0.808 0.837
 
18.6 0.559 0.606 
 1.279 0.821 0.854 0.458 3.2262 1.4Y8 0.857 0.87827.8 0.571 0.613 1.256 0.815 0.859 0.465 3.2065 1.4425 0.891 0.907

32.9 0.578 0.618 1.242 0.907 0.859 0.468 3.1990 1,4366 
 0.901 0.935
 
32.9 0.578 0.613 1.242 
 0.807 0.859 0.468 3.1990 1.4366 0.901 0.915

37.1 0.583 0.624 1.230 0.797 0.859 
 0.470 3.1955 1.4342 0.905 0.919
46.7 0.586 0.637 1.19R 0.774 0.870 0.474 3.1941 -1.4323 0.908 0.922
 
56.4 0.600 0.652 1.168 0.756 0.876 0.470 3.1941 1.4342 0.904 0.918

66.5 0.607 
0.669 1.134 0.729 0.885 0.464 3.1941 3.4398 0.893 0.909

82.5 0.607 0.700 1.075 0.694 0.905 0.446 3.1941 1.4526 0.867 0.887

94.0 
 0.604 0.728 1.030 0.oSO 0.918 0.430 3.1941 1.4641 0.846 0.868

300.0 0.612 
0.751 1.015 0.636 0.910 0.423 3.1941 1.4713 0.833 0.857
 
RBAR INC DEV X-FACT TMC CAM STGR TURN b-FACT SOL tOSS
 

(INPUT (C-R) 
 COErF

32.513 . 3-00 3.42 0. 0.0253 6.63 60.05 6.22 0.1.59._.1.399 0.1j' 
32.066 3.00 2.90 -0.30 0.0264 - 6.32 S9.72 6.4? 0.444 1.4n2 0.154
 
31.624 3.10 2.39 -0.60 0.0276 
 5.75 59.33 6.46 0.433 1.412 0.13
30.750 3.40 1.68 -1.00 0.0301 4.85 58.37 6.57 0.416 1.44 
 O.q2

29.877 3.90 1.57 -1.00 0.0326 4.50 
56.06 6.83 0.407 1.494 0.069
29.194 4.20 1.60 -0.98 0.0339 
 4.47 56.05 7.07 0.407 1.525 0.065

29.394 4.70 1.60 -0.08 0.0339 4.47 56.05 7.07 0.407 1.575 0.065 
28.996 4.50 1.66 -0.95 0.0351 4.49 55.22 
 7.34 0.409 1.553 0.165
28.004 5.25 2.20 -0.60 0.0382 5.38 53.15 8.43 0.413 1.620 0.065
27.162 6.00 2.73 -0.25 0.0419 6.0'6 50.68 9.33 0.413 1.694 0.070 
26.214 6.60 -- 3.63 0.20 0.0460 - 7.8C 48.07 10.77 0.421 1.772 0.0P8 
24.69E 7.40 5.58 1.10 0.0539 12.22 43.52 14.04 0.438 1.888 0.179
 
Z3.613 7.80 7.16 1.65 0.0612 16.54 
 39.80 17.18 0.455 1.966 0.1d2 
23.041 8.00 - 8.13 -- 2.00 0.0657--19.15 37.01 19.02 0.465 2.006 0.177 
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' BLADE R0N PRINTOUT (METRIC) 

.2 NACA 65 FOIL 

ASS ANGLE REL ANGLE
PCT RADIUS MERID ANGLE STREAM FUNCT 

J M IN OUT IN - OUT IN OUT IN OUT IN OUT 
0. 82.265 81.912 -1.9 -3.1 0. 0. 46.5 0. 
5.0 81.252 80.974 -0.7 -3.5 0.050 0.050 44.7 0. 
9.8 80.263 80.044 0.2 -3.8 0.100 0.10 43.5 0. 

19.4 78.324 78.202 1.9 -4.3 0.200 0.200 41.6 0. 
28.9 76.409 76.373 3.6 -4.3 0.300 0.300 40.6 0. 
34.1 75.355 75.369 4.5 -4.4 0.355 0.355 40.4 0. 
34.1 75.355 75.369 4.5 -4.4 0.355 0.355 40.4 0. 
38.4 74.488 74.547 5.2 -4.4 0.400 0.400 40.5 0. 
48.1 72.533 72.707 7.1 -4.5 0.500 0.500 40.7 0. 

57.8 70.533 70.845 9.3 -4.4 0.600 0.600 40.6 0. 
67.8 68.494 68.951 11.2 -4.2 0.700 0.700 41.3 0.
 

-3.5 0.850 0.850 43.1 0.
83.4 65.274 66.033 14.7 

94.3 62.982 64.025 17.5 -2.4 0.950 0.950 45.2 0. 

300.0 61.771 62.996 18.6 -1.7 1.000 1.000 . 46.8 0. 

PCT ASS VEL REL VEL MERID VEL TANG VEL BLADE SPEED 
ITW IN OUT IN OUT IN ouT IN OUT IN OUT 
0. 251.5 176.5 173.3 176.5 182.3 0.
 

5.0 250.4 177.1 177.8 177.1 176.3 0. 
9.8 249.5 178.5 181.0 178.5 17r.7- 0. 
19.4 248.6 181.2 185.8 181.2 165.1 0.
 

184.1 162,.l 0.28.9 249.2 184.1 189.2 

34.1 250.4 185.9 190.8 385.9 162.2 0.
 
34.1 250.4 385.9 190.8 185.9 162.2 0.
 
38.4 251.8 187.4 1919 187.4 163.1 0. 
48.1 255.7 190.6 194.4 190.6 166.1 0. 
57.8 260.4 193.6 393.7 193.6 168.3 0. 
.67.8 266.2 196.8 201.7 196.8 173.7 0. 
83.4 276.7 202.3 205.1 202.3 385.7 0. 
94.3 285.4 206.9 205.9 206.9 197.7 0. 

100.0 290.0 209.8 204.0 209.8 206;1 0. 

PCT ASS MACH NO REL MACH NO AXIAL CW" ACC PT ACC fT EFFICIENCY
 
IM IN GOT IN OUT VEL R RATIO RATIO ADIA POLY
 

0.433 3.2297 1.5424 0.771
0. 0.618 0.426 1.017 0.731 

5.0 0.621 '0.431 0.994 0.43J 3.2125 1.5150 0.766 0.800
 
9.8 0.623 0.438 0.984 0.426 3.2004 1.4942 0.795 0.826 
39.4 0.623 0.450 0.973 0.47 3.1823 1.4628 0.845 0.868 
28.9 0.634- 0.461 0.972 0.411 3.1696 1.4425 0.880 0.898
 

0.974 0.410 3.1651 1.4366 0.891 0.907
34.1 0.639 0.466 

0.639 0.466 0.974 0.410 3.1651 1.4366 0.891 0.907
34.1 


38.4 0.644 0.470 0.977 0.411 3.1635 1.4342 0.895 0.911
 

48.3 0.655 0.479 0.985 0.413 3.1650 1.4323 0.900 0.915
 
57.8 0.667 0.487 0.984 0.416 3.1644 1.4342 0.896 0.911
 
67.8 0.682 0.494 0-992 0.420 3.1609 1.4398 0.883 0.900
 

83.4 0.708 0.506 1.018 0.420 3.J456 1.4526 0.854 0.875
 

94.3 0.730 0.516 3.053 0.408 3.1191 1.4641 0.825 0.851
 
300.0 0.741 0.523 1.085 0.392 3.0973 1.4713 0.807 0.835
 

RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOL LOSS 
(INPUT (C-R) COEFF 

82.089 "-0.60 9.96 0. 0.0800 57;02 18.55 46.46 0.489 1.909 0.084
 

81.113 -0.45 9.47 0. 0.0785 54.67 17.86 44.75 0.476 1.919 0.078 
80.154 -0.30 9.10 0. 0.0771 52.90 17.35 43.50 0.463 3.930 0.070 

78.263 0. 8.54 0. 0.0744 50.18 16.5 41.64 0.442 3.950 0.058E
 
0.0717 48.53 16.08 40.64 Q.

4
26 3.970 0.049
76.391 0.30 8.19 0. 


75.362 0.40 8.10 0. 0.0704 48.14 15.98 40.45 0.421 1.981 0.044
 
75.362 0.40 8.30 0.. 0.0704 48.14" 35.98 40.45 0.421 3.981 0.044
 
74.517 0.50 8.06 0. 0.0694 48.03 15.96 40.47 0.419 1.990 0.041
 
72.620 0.60 8.05 0. 0.0673 48.38 16.04 40.74 0.416 2.010 0.036
 
70.692 0.70 7.95 0. 0.06n4 47.87 15.98 40.62 0.415 2.030 0.036
 

68.722 0.78 8.04 0. '0.0634 43.54 16.23 41.28 0.419 2.050 0.039
 

65.653 0.88 8.36 0. 0.0600 50.59 36.94 43.12 0.429 2.081 0.054
 

63.b03 0.96 1.76 0. 0.0569 53.00 17.74 45.20 0.439 2.103 0.079
 

62.384 1.00 9.11 0. 0.0553 54.93 18.36 46.83 0.443 2.12 0.099 

INLET CORR PRESS TEMP ADIA INLET CORR 
WTFLOI RATIO RATIO EFF yPM 
371.R3 3.1674 1.4546 0.856 5378.5
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BLADE R0N PRINTOUT 	 (ENGLISH) 

52 NACA 65 FOIL 

UEL ANGLE
PCT RADIUS 	 MERID ANGLE STREAM FUNCT ABS ANGLE 
OUT IN OUT IN our

INA IN OUT 	 IN OUT IN 
-1.9 -3.1 0. 0. 46.5 0.0. 32.388 32.249 


5.0 31.989 31.879 -0.7 -3.5 0.050 0.050 44.7 0. 
0.8 31.600 31.513 	 0.2 -3.8 0.100 O.I0 43.5 0. 

19.4 30.836 30.788 1.9 -4.1 0.200 0.200 41.6 0. 
28.9 30.082 30.068 3.6 -4.3 0.300 0.300 40.6 0. 
34.1 29.667 29.673 4.5 -4.4 0.355 0.355 40.4 0.
 

29.667 29.673 4.5 -4.4 0.355 0.355 40.4 0.34.1 
38.4 29.326 29.349 5.2 -4.4 0.400 0.400 40.5 0. 

40.7 0.48.1 28.556 28.625 7.1 -4.5 0.500 0.500 
57.8 27.771 27.892 9.1 -4.4 0.600 0.600 40.6 0. 
67.8 26.966 27146 	 |1.2 -4.2 0.700 0.700 41.3 0. 
83.4 25.698 25.007 	 14.7 -3.5 0.850 0.850 43.1 0. 
94.3 24.796 25.206 	 17.5 -2.4 0.950 0.950 45.2 0. 

100.0 24.319 24.802 18.6 -1.7 1.000 .(00 46.8 0. 

ABS VEL REL VEL MRID VEL TANG VEL BLADE SPEED
PCT 
OUT IN OUT IN OUT IN OUTImm IN OUT IN 

0.0. 825.2 578.9 568.6 578.9 598.1 
5.0 821.4 581.1 583.4 581.1 578.3 0. 
9.8 818.5 585.6 593.8 585.6 563.4 0. 
19.4 815.5 594.3 609.7 594.3 541.6 0. 
28.9 817.6 604.1 620.9 604.1 531.9 0.
 
34.1 821.5 609.8 626.0 609.8 532.0 0.
 

34.1 821.5 609.8 626,0 609.8 532.0 0.
 
0.38.4 826.3 614.7 629.7 614.7 535.0 


48.1 839.0 625.4 637.8- 625.4 545.0 0.
 

57.8 854.2 635.2 6519$ 635.2 552.0 0. 
67.8 873.3 645.5 661.8 645.5 569.9 0. 
83.4 907.8 663.7 672.9 663.1 609.3 0.
 
94.3 936.4 678.7 675.4 678.7 648.6 0. 

688.5 669.4 688.5 676.2 0.100.0 951.5 

PCT ABS MACH NO 	 REL MACH NO) AXIAL C" ACC PT ACE TT EFFICIENCY 
IN OUT VEL R RATIO RATIO ADIA POLYEMIl IN OUT 

0. 0.618 0.426 1.017 0.433 3.2207 1.5424 0.731 0.771
 
0.994 0.431 3.2125 1.5150 0,766 0.800
5.0 0.621 0.431 


9.8 0.623 0.438 0.984 0,426 3.2004 1.4942 0.795 0.826
 

0.973 .0.417 -3.1823 1.4628 0.845 0.86819.4 0.623 0.450 

28.9 0.634 0.46! 0.972 0.411 3.1696 3.4425 0.880 0.898
 

0.466 0.974 0.410 3.1651 1.4366 0.891 0.907
34.1 0.639 

0.466 0.974 0.410 3.1651 1.4366 0,89 0.90734.J 0.639 


3.1635 1.4342 	 0.911
38.4 0.644 0.470 0.977 0.41T 0.895 

0.413 3.1650 1.4323 0.900 0.91548.1 0.655 0.479 0.985 

0.911
57.8 0.667 0.487 0.984 0.416 3.|644 1.4342 0.896 
0.420 3.1609 1.4398 0.883 0.900
67.8 0.682 0,494 0.992 


1.018 0.420 3.1456 1.4521 0.854 0.87583.4 0.708 0.506 
94.3 0.730 0.516 1.053 0.408 3.1191 1.4641 0.825 0.851
 

0.523 1.085 0.392 3.0973 1.4713 0.807 0.835100.0 0.741 

S0L LOSSPBAR INC DEV 	 X-FACT TMC CAM STGR TURN D-FACT 
C00FF(INPUT (C-R) 

0.489 1.909 0.08432.318 -0.60 9.96 0. 0.0800 57'02 18.55 46.46 
31.934 -0.45 9.47 0. 0.0785 54.67 17.86 44.75 0.476 1.919 0.078
 

31.556 -0.30 0.10 0. 0.0771 52.90 17.35 43.50 0.463 1.930 0.070 

30.812 0. 8,54 0. 0.0744 50.18 16.55 41.64 0.442 1.950 0.058
 
0.426 1.970 0.04930.075 0.30 8.19 0. 0.0717 48.53 16.08 40.64 
0.421 0.044


29.670 0.40 8.10 0. 0.0704 48,14 15.98 40.45 1.981 
15.98 A0.45 0.42 3.981 0.04429.670 0.40 8.10 0. 0.0704 48.14 

29.337 0.50 8.06 0. 0.0694 48.03 15.96 40.47 0.419 1.990 0.041 
0.416 2.010 0.036
28.590 0.60 8.05 0. 0.0673 48.18 16.04 40.74 

27.831 0.70 7.95 0. 0.0654 47.87 15.98 40.62 0.415 2.030 0.036
 

27.056 0.78 8.04 0. 0.0634 48.54 16.23 43.28 0.419 2.050 0.039 
0. 0.0600 50.50 16.94 43.2 0.429 2.033 0.054

25.848 0.88 8.36 

17.74 45.20 0.439 2.103 0.079
25.001 0.96 8.76 0. 0.0569 53.00 


24.560 3.00 9.33 0. 0.0553 54.93 18.36 46.83 0.443 2.112 0.099 

INLET CORR PRESS TEMP ADIA INLET CORR 
NTFLOI RATIO RATIO EFF 1PM 

3.1674 1.4546 0.856 5378.5
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APPENDIX B 2
 

CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION 

FOR REAR BLOCK FAN DESIGN POINT
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BLADE ROW PRINTOUT 
 (METRIC) 

IGV2 

PCT 
IMM 

0. 
6.7 

15.2 
20.1 
20.1 

28.4 
42.4 
62.8 
80.0 
92.9 
100.0 

RADIUS 
IN OUT 

68.582 64.320 
67.121 62.868 
65.256 61.022 
64.171 59.949 
64.171 59.949 

62.359 58.152 
59.304 55.099 
54.913 50.599 
51.311 46.712 
48.710 43.694 
47.334 41.977 

MERID 
IN 

-20.3 
-20.8 
-21.0 
-21.2 
-21.2 

-21.4 
-21.9 
-23.1 
-24.7 
-26.4 
-27.6 

ANGLE 

OUT 
-12.4 
-12.1 
-11.8 
-11.6 
-11.6 

-11.3 
-10.8 
-10.1 
-9.8 
-9.9 
-10.6 

STREAM 
IN 

0. 
0.082 
0.184 
0.242 
0.242 

0.337 
0.490 
0.694 
0.847 
0.949 
1.000 

FUNCT 

OUT 
0. 
0.082 
0.184 
0.242 
0.242 

0.337 
0.490 
0.694 
0.847 
0.949 
1.000 

ABS ANGLE 
IN OUT 
0. 0. 
0. 0. 
U. 0. 
0. 0. 
0. 0. 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

RPEL 
IN 

ANGLE 

OUT 

PCT 
IMM 

0. 
6.7 

15.2 
20.1 
20.1 
28.4 
42.4 
62.8 
80.0-
92.9 

100.0 

ABS 
IN 

258.3 
252.9 
247.0 
244.6 
244.6 
241.2 
237.1 
232.5 
236.5 
231.2 
232.4 

VEL 

OUT 
273.2 
269.2 
263.2 
259.8 
259.8 
254.1 
243.6 
223.9 
202.5 
182.6 
170.0 

REL VEL 
IN OUT 

MERID 
IN 

258.3 
252.9 
247.0 
244.6 
244.6 
241.2 
237.1 
232.5 
230.5 
231.2 
232.4 

VEL 

OUT 
273.2 
269.2 
263.2 
259.8 
259.8 
254.1 
243.6 
223.9 
202.5 
182.6 
170.0 

TANG 
IN 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

VEL 

OUT 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

BLADE 
IN 

SPEED 

OUT 

PCT 
IMM 

0. 
6.7 

15.2 
20.1 
20.1 
28.4 
42.4 
62.8 
80.0 
92.9 

100.0 

ABS MACH NO 
IN OUT 

0.665 0.707 
0.656 0.702 
0.645 0.691 
0.640 0.684 
0.640 0.684 
0.632 0.669 
0.620 0.639 
0.606 0.582 
0.598 0.521 
0.595 0.464 
0.596 0.42-9 

REL MACH NO 
IN OUT 

AXIAL CH' ACC PT ACC TT 
VEL R RATIO RATIO 
1.102 -0.167 0.9850 1.0000 
1.113 -0.183 0.9850 1.0000 
1.117 -0.186 0.9850 1.0000 
1.116 -0.181 0.9850 1.0000 
1.116 -0.181 0.9850 1.0000 
1.109 -0.163 0.9850 1.0000 
1.088 -0.111 0.9850 1.0000 
1.031 0.013 0.9850 1.0000 
0.953 0.167 0.9850 1.0000 
0.869 0.314 0.9850 1.0000 
0.811 0.402 0.9850 1.0000 

EFFICIENCY 
ADIA POLY 

RBAR 

66.451 
64.995 
63.13c 
62.060 
62.06C 
60.255 
57.202 
52.756 
49.011 
46.202 
44.656 

INC DEV 
(INPUT (C-R) 
0. 0. 
o. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

X-FACT 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

TMC 

0.0806 
0.0785 
0.0759 
0.0745 
0.0745 
0.0721 
0.0682 
0.0625 
0.0578 
0.0539 
0.0518 

CAM-

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

STGR 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

TURN 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

D-FACT 

-0.058 
-0.064 
-0.065 
-0.062 
-0.062 
-0.053 
-0.027 
0.037 
0.122 
0.210 
0.269 

SOL LOSS 

COEFF 
1.000 0.059 
1.000 0.060 
1.000 0.061 
1.000 0.062 
1.000 0.062 
1.000 0.064 
1.000 0.066 
1.000 0.068 
1.000 0.070 
1.000 0.071 
1.000 0.070 

INLET CORR PRESS 
 TEMP 
 ADIA INLET CORR

WTFLOW RATIO 
 RATIO EFF 
 RPM

139.72 0.9854 6161 .5 

. 63 



BLADE ROW PRINTOUT (ENGLISH)
 

IGV2 

PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE 
IN -OUTIMM IN OUT IN OUT IN OUT IN OUT 


0. 27.001 25.323 -20.3 -12.4 0. 0. "0. 0. 
6.7 26.426 24.751 -20.18 -12.1 0.082 0.082 0. 0.
 

15,2 25.691 24.024 -21.0 -11.8 0.184 0.184 0. 0.
 
20.1 25.264 23.602 -21.2 -11.6 0.242 0.242 0. 0. 

20.1 25.264 23.602 -21.2 -11.6 0.242 0.242 0. 0. 
28.4 24.551 22.894 -21.4 -11.3 0.337 0.337 0. 0. 
42.4 23.348 21.693, -21.9 -10.8 0.490 0.490 0. 0. 

0.62.8 21.619 19.921 -23.1 -10.1 0.694 0.694 0. 
80.0 20.201 18.391 -24.7 -9.8 0.847 0.847 0. 0. 
92.9 19.177 17.202 -26.4 -9.9 0.949 0.949 0. 0. 
100.0 18.636 16.526 -27.6 -10.6 1.000 1.000 0. 0.
 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
 

IMM IN OUT IN OUT IN OUT IN OUT IN OUT
 

0. 847.5 896.3 847.5 896.3 0. 0. 
6.7 829.7 883.1 829.7 883.1 0. 0. 

15.2 810.4 863.4 810.4 863.4 0. 0. 
20.1 802.4 852.4 802.4 852.4 0. 0. 
20.1 802.4 852.4 802.4 852.4 0. 0. 

28.4 791.5 833.8 791.5 833.8 0. 0. 
42.4 777.9 799.2 777.9 799.2 0. 0. 
62.8 762.7 734.6 762.7 734.6 0. 0. 
80.0 756.3 664.2 756.3 664.2 0. 0. 
92.9 758.6 599.0 758.6 599.0 0. 0. 
100.0 762.6 557.8 762.6 557.8 0. 0. 

PCT ABS MACH NO REL MACH NO AXIAL CH' ACC PT ACC TT EFFICIENCY
 

IMM IN OUT IN OUT VEL R RATIO RATIO ADIA POLY
 
0. 0.665 0.707 1.102 -0.167 0.9850 1.0000 
6.7 0.656 0.702 1.113 -0.183 0.9850 1.0000
 

15.2 0.645 0.691 1.117 -0.186 0.9850 1.0000 
20.1 0.640 -0-684 1.116 -0.181 0.9850 1.0000 
20.1 0.640 0,684 1.116 -0.181 0.9850 1.0000 
28.4 0.632 0.669 1.109 -0.163 0.9850 1.0000 
42.4 0.620 0.639 1.088 -0.111 0.9850 1.0000 
62.8 0,-606 0.582 1.031 0.013 0.'9850 1.0000 
80.0 0.598 0.521 0.953 0.167 0.9850 1.0000 
92.9 0.595 0.464 0.869 0.314 0.9850 1.0000 

100.0 0.596 0.429 0.811 0.402 0.9850 1.0000 

RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOL LOSS
 
(INPUT (C-R) COEFF
 

26.162 0. 0. 0. 0.0806 0. 0. 0. -0.058 1.000 0.059 

25.588 0. 0. 0. 0.0785 0. 0. 0. -0.064 1.000 0.060 
24.858 0. 0. 0.. 0.0759, 0, 0. 0. '-0.065 1.000 0.061 
24.433 0. 0. 0, 0.0745 0. 0. 0. -0.062 1.000 0.062 
24.433 0. 0. 0. 0.0745 0. 0. 0. -0.062- 1.000 0.062 
23.723 0. 0. 0. 0.0721 0. 0. 0. -0,053 1.000 0.064 
22.52C 0. 0. o. 0.0682 0. C. 0. -0.027 1.000 0.066 
20.770 0. 0. 0. 0.0625 0. 0. 0. 0.037 1.000 0.068 
19.296 0. 0. 0. 0.0578 0. 0. 0. 0.122 1.000 0.070 

18.1.90 - 0.- 0. 0. 0.0539 0. 0. 0. 0.210 1.000 0.071 
17.581 0. 0. 0. 0.0518 0. 0. 0. 0.269 1.000 0.070 

INLET CORR PRESS TEMP ADIA INLET CORR 
WTFLOW RAT I'O RAO EFF RPM 
308.03 0.9854 6161.5 
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BLADE ROAW PRINTOUT (METRIC)
 

CDFS 

PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
 
IMM IN OUT IN OUT IN OUT IN OUT IN OUT
 
0. 63.601 62.676 -10.4 -2.8 0. 0. 0. 31.9 -59.4 59.5
 

0 0 8 2  7.0 62.171 61.238 -9.8 -3.4 0.082 e Z. 31.1 59.3 58.0 
15.7 66.352 59.477 -8.9 -3.6 0.184 0.184 0. 30.7 59.1 5'7.1 
20.7 59.294 58.471 -8.4 -3.3 0.242 0.242 0. 30.6 59.0 56.6 
20.7 59.294 58.471 -8.4 -3.3 0.242 0.242 0. 30.6 59.0 56.6 
29.0 57.525 56.807 -7.6 -2.8 0.337 0.337 0. 30.9 58.8 55.9 
43.1 54.520 54.015 -6.0 -2.0 0,.490 0.490 0. 32.2 58.4 54.0 
63.4 50.108 50.047 -3.5 0.1 0.694 0.694 0. 34.1 58.3 49.6 
80.3 46.314 46.865 -0.8 2.8 0.847 0.847 0. 35.5 58.9 44.7 
93.0 43.367 44.592 1.7 5.4 0.949 0.949 0. 37.6 60.0 39.8 

100.0 41.688 43.384 3.5 7.2 1.000 1.000 0. 39.2 60.9 36.3 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
 
IMM IN OUT IN OUT IN OUT IN OUT IN OUT
 
0. 282.9 241.3 561.3 402.9 288.9 204.9 0. 127.4 481.2 474.-2 
7.0 283.7 246.2 549.3 397.1 283.7 211.0 0. 126.9 470.4 463.3 

15.7 276.9 244.9 534.0 387.3 276.9 210.6 0. 125..0 456.6 450.0
 
20.7 272.9 243.9 525.1 381.4 272.9 210.1 0. 124.0 448.6 442.4
 
20.7 272.9 243.9 5,25.1 381.4 272.9 210.1 0. 124.0 448,.6 442.4 
29.0 266.4 241.8 510.3 369.7 266.4 207.6 0, 123.9 435.2 421.8
 
43.1 254.9 241 .1. 484.9 346.5 254.9 203.9 0. 128.6 412.5 408.7 
63.4 234.5 247.0 445.8 315.5 234.5 204.6 0. 138.4 379.1 378.7
 
80.3 211.8 256.0 409.4 293.1 211.8 208.5 0. 148.6 350.4 354.6
 
93.0 189.8 266.,2 379.0 274.6 189.8 211.3 0. 162.0 328.1 337.4
 
100.0 175.8 274.6 361.1 264.0 175.8 213.4 0. 172.9 315.4 328.2
 

PCT ABS MACH NO REL MACH NO AXIAL CH' ACC PT ACC TT EFFICIENCY
 
IMM IN OUT IN OUT VEL R RATIO RATIO ADIA POLY
 
0. 0.752 0.575 1.460 0.960 0.720 0.393 1.4167 1.1449 0.712 0,726
 
7.0 0.744 0.593 1.440 0.957 0.753- 0.404 1.4465 1.1436 0.765 0.77-7
 

15.7 0.731 0.597 1.410 0.943 0.769 0.416 1.4612 1.1401 0.808 0.818
 
20.7 0.721 0.596 1.388 0.932 0.777 0.422 1.4651 1.1374 0.830 0.839
 
20.7 0.721 0.596 1.388 0.932 0.777 0.422 1.4651 1.1374 0.830 0.839
 
29.0 0.704 0.593 1.349 0.907 0.785 0.435 1.4695 1.1340 0.858 0.866
 
43.1 0.671 0.592 1.276 0.850 0.804 0.452 1.4725 1.1322 0.875 0.882
 
63.4 0.612 0.606 1.163 0.774 0.874 0.459 1.4732 1.1312 0.882 0.889
 
80.3 0.546 0.627 1.056 0.718 0.983 0.433 1.4634 1.1306 0.870 0.877
 
93.0 0.483 0.648 0.965 0.668 1.109 0.375 1.4457 1.1334 0-822 0.831
 
100.0 0.444 0.667 0.913 0.641 1.206 0.321 1.4379 1.1375 0.785 0.795 

RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOL LOSS
 
(INPUT (C-R) COEFF
 

63.139 2.00 2.55 0. 0.0300 0.53 57.17 -0.02 0.369 1.294 0.151 
61.704 2.25 2.44 0. 0.0317 1.51 56.27 1.32 0.362 1.348 0.121 
59.914 2.55 2.28 0. 0.0351 1.70 55.67 1.98 0.356 1.435 0.095 
58.883 2.72 2.20 0. 0.0372 1.81 55.34 2.33 0.352 1.487 0.081
 
58.883 2.72 2.20 0. 0.0372 1.81 55.34 2.33 0.352 1.487 0.081
 
57.166 3.01 2.12 0. 0.0406 1.99 54.74 2.88 0.352 1.574 0.065
 
54.268 3.47 2.69 0.35 0.0462 3.68 53.11 4.46 0.364 1.680 0.057 
50.072 4.09 4.17 1.15 0.0544 8.81 49.81 8.73 0.380 1.756 0.058 
46.590 4.54 5.26 1.50 0.0612 14.88 46.88 14.16 0.385 1.815 0.076 
43.980 4.85 6.47 1.72 0.0664 21.76 44.23 20.14 0.391 1.873 0.132
 
42.536 5.00 7.68 2.00 0.0700 27.32 42.25 24.64 0.398 1.900 Oi87 

INLET CORR PRESS TEMP ADIA INLET CORR
 
WTFLOW RATIO RATIO EFF,.. RPM
 
139.72 1.4635 1.1340 0.848 , .6161.5 
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BLADE ROW PRINTOUT (ENGLISH)
 

CDFS 

PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE 

IMM IN OUT IN - OUT IN OUT IN OiUT IN OUT 
0. 25.040 24.676 -10.4 -2.8 0. 0. 0. 31.9 59.4 59.5 
7.0 24.477 24.109 -9.8 -3.4 0.082 0.082 0. 31.1 59.3 58.0 

15.7 23.761 23.416 -8.9 -3.6 0.184 0.184 0. 30.7 59.1 57.1
 
20.7 23.344 23.020 -8.4 -3.3 0.242 0.242 0. 30.6 59.0 56.6
 
20.7 23.344 23.020 -8.4 -3.3 0.242 0.242 0. 30.6 59.0 56.6
 
29.0 22.648 22.365 -7.6 -2.8 0.337 0.337 0. 30.9 58.8 55.9
 
43.1 21.465 21.266 -6.0 -2.0 0.490 0.490 0. 32.2 58.4 54.0
 
63.4 19.728 19.704 -3.5 0.1 0.694 0.694 0. 34.1 58.3 49.6
 
80.3 18.234 18.451 -0.8 2.8 0.847 0.847 0. 35.5 58.9 44.7
 

93.0 17.074 17.556 1.7 5.4 0.949 0.949 0. 37.6 60.0 39.8
 
100.0 16.412 17.080 3.5 7.2 1.000 1.000 0. 39.2 60.9 36.3
 

PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
 
IMM IN OUT IN OUT IN OUT IN OUT IN OUT
 

0. 948.0 791.6 1841.5 1321.7 948.0 672.4 0. 417.9 1578.7 1555.8
 
7.0 .930.9 807.7 1802.2 1302.9 930.9 692.2 0. 416.2 1543.2 1520.1 

15.7 908.4 803.6 1751.9 1270.6 908.4 691.1 0. 410.2 1498.1 1476.3 
20.7 895.3 800.3 1722.7 1251.4 895.3 689.2 0. 406.8 14171.8 1451.4 
20.7 895.3 800.3 1722.7 1251.4 895.3 689.2 0. 406.8 1471.8 1451.4 
29.0 874.0 793.2 1674.1 1212.9 874.0 681.1 0. 406.5 1427.9 1410.1 
43.1 836.4 790.9 1590.9 1136.7 836.4 669.0 0. 421.8 1353.3 1340.8 
63.4 769.3 810.5 1462.5 1035.2 769.3 671.2 0. 454.2 1243.8 1242.3 
80.3 694.8 839.9 1343.3 961.6 694.8 684.1 0. 487.4 1149.6 1163.3
 

93.0 622.7 873.4 1243.6 900.9 622.7 693.2 0. 531.4 1076.5 1106.9 
100.0 576.7 901.1 1184.6 866.0 576.7 700.1 0. 567.2 1034.8 1076.9
 

PCT ABS MACH NO REL MACH NO AXIAL CH4 ACC PT ACC TT EFFICIENCY
 
IMM IN OUT IN OUT VEL R RATIO RATIO ADIA POLY
 
0. 0.752 0.575 1.460 0.960 0.720 0.393 1.4167 1.1449 0.712 0.726
 
7.0 0.744 0.593 1.440 0.957 0.753 0.404 1.4465 1.1436 0.765 0.777 

15.7 0.731 0.597 1.410 0.943 0.769 0.416 1.4612 1.1401 0.808 0.818
 
20.7 0.721 0.596 1.388 0.932 0.777 0.422 1.4651 1.1374 0.830 0.839
 

20.7 0.721 0.596 1.388 0.932 0.777 0.422 1.4651 1.1374 0.830 0.839 
29.0 0.704 0.593 1.349 0.907 0.785 0.435 1.4695 1.1340 0.858 0.866
 
43.1 0.671 0.592 1.276 0.850 0.804 0.452 1.4725 1.1322 0.875 0.882
 
63.4 0.612 0.606 1.163 0.774 0.874 0.459 1.4732 1.1312 0.882 0.889
 
80.3 0.'546 0.627 1.056 0.718 0.983 0.433 1.4634 1.1306 0.870 0.877 
93.0 0.483 0.648 0.965 0.668 1.109 0.375 1.4457 1.1334 0.822 0.831 
100.0 0.444 0.667 0.913 0.641 1.206 0.321 1.4379 1.1375 0.785 0.795
 

INC DEV X-FACT TMC CAM STGR TURN 0-FACT SOL LOSS
 
(INPUT (C-R) 


RBAR 
 COEFF 

24.858 2.00 2.55 0. 0.0300 0.53 57.17 -0.02 0.369 1.294 0.151 
24.293 2.25 2.44 0. 0.0317 1.51 56.27 1.32 0.362 1.348 0.121 

23.588 2.55 2.28 0. 0.0351 1.70 55.67 1.98 0.356 1.435 0.095 

23.182 2.72 2.20 0. 0.0372 1.81 55.34 2.33 0.352 1.487 0.081 
23.182 2.72 2.20 0. 0.0372 1.81 55.34 2.33 0.352 1'.487 0.081 

54.74 2.88 0.352 1.574 0.06522.506 3.01 2.12 - 0. 0.0406 1.99 
21.365 3.47 2.69 0.35 0.0462 3.6,8 53.11 4.46 0.364 1.680 0.057 
19.716 4.09 4.17 1.15 0.0544 8.81 49.81 8.73 0.380 1.756 0.058 

18.342 4.54 5.26 1.50 0.0612 14.88 46.88 14.16 0.385 1.815 0.076 
0.13217.315 4.85 6.47 1.72 0.0664 21.76 44.23 20.14 0.391 1.873 

16.746 5.00 7.68 2.00 0.0700, 27.32 42.25 24.64 0.398 1.900 0.187 

INLET CORR PRESS TEMP ADIA INLET CORR 
WTFLOW RATIO RATIO EFF RPM 
308.03 1.4635 1.1340 O.84,8 6161.5 
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APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION
 

COORDINATES
 

1. Front Block Fan Rotor I
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AST FRON, BLOCK FAN 
ROTOR I 

A A 

At 

TI 

~4 \ 

Oil 

Hitlihilti 



.rc
 

AST FI#(I.'TYWOCX FA& III (TArFl .14jIt TAIL. r. G. )2/If/7Y 

57 A( I I . 9%I1VR NA PI -

frC'C SYSTL" l.111b Z 13.71210 R o jIj 0. FTA& 0. 

SLCTIUN NO' I Sr(TIN AA OHil fl.Qosb 

-EAILIkE I NPUT OATA 

PT ALPHA ZETA* THICX&?.ES IIPSILCN 

t

I *obo @qpI fl.l39l$ tP.7t13I 
2 -,$o.o7 2 60 131 0.1t.1 12.0393 

... 02065 t0.3t. - ;091.0 1214 

0 7 o.°o 0. sponn 9.ss041 
S -. b 7 7 63".1 O3A77A $ R71.l-O 

6 .t34 be.o q 0.05it5 7.4 qi I 
7 .3.15183 60.6b7 0.52Mbo .qqqO 
a -2.33726 61.1)?0 0,8366 -. 51033 

. U.5E0 2. 61O83S 0.I8OG.T3l22 
to A..bQ8S9 ".922 0,.66663 I .JbsAQ 
it 0.1?268 0, 0LP 51463,46A t4 
1a .94-324 O0 - 7.80S906320 .ti8 
13 1.76110 62.6h,4 0. 851 *1.7005 

14 2.70 61.802 0,60Q1S -. 4.95$0I 

60.q13 .SPRO
is 3.3A265 0 - 6.43 .5 
1t 4 IA420 60.020 0.48461 -7.8b2?2 
17 U,07760 60.020 0.377?5 *0.25qqQ 

to S.7212 60,7t5 1 .25033 -. 10.b6n . 
19 6.0702 61080 0'.13823 -oI.61 0 . 

*SURFACE CfOPrINAlES hI7* 0VI0IN4 AT SECTION AXIS 

UPP-R Lr.whFR 
PT OTC ALPHA lUPSILO% ALPHA IUPSILON" 

1 0.011097 -.6°a5q 12.76131 -S.177 - P.76131 
2 ft.oo" .,.00822 *67"197 b.04~l i?.7e22A 
3 O.O0Q7 .7.Ol 127 4 -6.a3QS 1.73o60 
4J 0.I00O7 -7.n0149 1P.65962 .t.00592 12,71 194 
5 0.00097 *6.976qn 72.S9130 .6.81143 1?.65S06 
6 0.0137 -6.704l5 12.51152 -6.e126 12.9S693 

O7 !Q571 
8 0.00630 -6.73"a l?.ll%5 -6.58353 12.20756 
9 0.0076q -I.77939 11.51577 -o.23221 1.a200 

to 0.0O0O2 -6.1030 Ij.l70 *S.8p1i ll.g8?26 
It O.002 .5.7P81 10.2160 -5.53'0 10.0640 
12 0.011" -5.btl75 0,720l79 -S.17,75 oA881 
0I 0.01283 n,13312 9q6 0,31144 

7 0.001 -. l?.4lA7 -6.7 7?5 12.oO6oS 

Q5.1-d1i .O.8 
7
 

j4 0.01 P A.hplll A.5372 a.4 qqs 9.73320 
IS 0.101517 .O*01Rb 7.0l1h -.. 13073 -. 15253 
It O.06,q .0.113Q2 7.22540 -3.7124b 7.452q3 
17 0.01.773 .3.72707 6.0o655 - ,037l-I6.75096 
is 0.0i1"a .3,3l99 -. 78C 7 -. 878.71 -,07lQ 
19 0.0i95 -P.99061 5,223 .2.063:6 5.3340 
20 0.02003 .. ti1"5 4.13185 -2.00AS2 4.61750 

1 0.02891 ?2.17062 1.59707 .1.63470 3.A9024 
q
2 0.02p5 -,7793u P.85071 1.22i3 -3.l074 

23 0.02126 -1.3-6Q3 P.n882S -0.81o03 . P.38081 
4 O.O 382 01,30943 *0.3q9b 1.41291 

25 0.02027 -0,91775 -,U71 0 .1O7Q19 07.68190 
6 0.O2Ol -4.2032 .6.28991 0.01507 0.,T178I 

27 0.0287 nh.?0lOq -1,0674 0.8O001 .7psAS 
25 0.0a41 o.0012 -10.1'01 l.2?lqu -I.SP657 
21) 0.02090 l.00349 .h616 - .b2077 -P.18065 
30 0.O?0oa 1.0971 .3.4820(l 2.0?27b -1,16599 
31 0.02,l 1.61400 - 2511.7IQ 2.417?3 .. t0UO72 
32 0.0213? 1 .21263 T .5.0iQ 2.R,1624 -l.70325 

O33 0.q22 P,8P7 7500 3006?1 .9,05205 
%0 0.02019 3.C6777 -6.07506 3.S9i5i ..i,Oqol 
35 0.01,4A 3.apqI5 -7,16573 3,9 433 .&.91857 

36.0. ('il 3.91273 .7,fihh7h 0.3Jaqb .7.6,1197 

37 0.0ISW 0.31801 .qq58hl '.7?18 -.. 3b3q7 
38 n.0:372 0.761,06 -0.?7lj 5.10003 .. pb5, 

39 0,01147 9.I's'Jl -.. 06q611 5.0llq Q.AI15A 

(JO 0,00-01 .?~ .l,,b6hO6 5.84P29 .ln.SQ?5I 
4(1 0,007un S.08677 11.p535u 6.lss'io -u.,is'qa 
U2 0ognO'~a 6.11040 -11,78315q 6.4;701 .11,7100o 

LE P0) nlI194ll (I --R LTI A[LH * 6 .Q 8 br UPStIrDt I .711.03& 
TE PAU) O.f7?II tE -rg' AT ALPt& 6.37249 LUrSILc.. -I i.7,7.il 
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* PC
 
A3T F0ONT LOCX PA. RI (STArKFD ON 7 TAPL. C. Gfl0/l8/7
 

STAGF I, RJ)1CR N5 W$ 
COORD SYSTE RIGIN 7 11.71219 A pR MU 0, ETA 0,
 

SECTION NO 2 
 SECTTCN RR 
 RHO 73,60
 

PEANLINE INPIUT DATA' 

P7 ALPHA ZFTA. THICKNESS 
 UPSILN
 

I -8.0l09 Ss. Rg 0.,16122 11.j.199
. 7.70465 55.0;3 0.20.,Iq .bASft
3 9b.1?73! 94.201 0.20282 4.5Q3420 0.14452 53.77q" 0.37713 
 B.51999
 
5 -5.3So7o 
 S3.Q05 0A.C5?Q 7..J444 
6 **A4g 54.$43 ?6.2310 
7 53.bP24 S6,Oss.... 8 -2.56Sb 	 0.6210 d.84100 

5 96.32Q 0,0972 3,3qgsQ -. Soq05 5.515 0.74249 
 1.96729
 
10 .OolO?72 q4.146 0,7740 O;SaqbO
 

II 0:3oo-05 
 52.86$
I? 1.31774 51.955 0,79h?* '0.7236A0.7435g - 01.9875613 2.2q280 Sl,13j O.7617 
 3.277 
. . 3.26561 
 SI2.0 9 0,70g7 -0uT6715 292
14 4 50,97t. O62963
3an sozQm 0.?ATS04.76 -5.0 76P
 

16 5.2091t 51.004 
 0.53014 -6.825eb.7 6.17709 
 51.072 
 0.41442 -A.02248IS 7 . 115 51.?Q2 0.27,b -Q.21CA419 7.d072 S1.594 0.17705 -10.22265 

SURFACE CrRCINATES 1ITH OPIGIN AT SECTION AXIS
 

p-AP 
 UPPER L'%PFR 

" APSILOI UPSILONALPHA 

£ 0.00609 8.q00109 11,21?q -8.O9Oq it.?4I99 . 0.0060 
 -. O39 11.21010 -8.0650 
 .

3 0.00609 -A.10232 11.179f7 o.8.2831 ,3013"
.1

4 ­ 00069 -RO~oUO 11.12136 ­ 7.97092 11.19462
 

O.00609 -. 53o3
6 	 11.04745 -7.922;7 
 ti.t3707
0.00609 -9.00374 
 10.95816 
 -7, 0529 11.05954
7 0.00600 -7.93oe0 
 16.85285 -7.780Qi l0.9600b
8 - 0.00777 -7,775u08 10.60qQ 
 -7.0sI 1n.720890.009u '.7.392u2 

1 0.01109 -7.00907 q,05330
10 
9 	 10.025i1 -7.18658 l.IT186 

-6.76eill 
 9.62739
1I 0.01?72 -6.625L6 
 9.08061 :6.3501s %o8"52
I? 0.01031 -6,2018 A.34034 -S;l2Sj4io P.59 .3 0.01S56 -5.S773 7.76068 *5.51qo S.02089
1 0.01737 	 5,'47363 7020082 
 5,0Q741 7.08370
 
15 0.01?82 -S,)844~ 
 6.h4982 .4.68001 606400516 0.02047 -0.6 83017 o.n203 -. 1625 

5.95052 o4.17925 6.273565.55t1 .3.b67919
to 0.02106 -1.70274 0.93736 .3. 0 0.A793 
19 0.02U77 -3.23713 
 3.8008B -2.t66 
 'J.17662
20 0.0s2q "2.7098 3.A7765 .2.10093 
 3.06362 .... 21 0.0257 .9.2933 .3Slo5 -1.b9967 
 P.75668
22 0.027 -I.s2S12 1.63778 -1.21097 
 7.00153
 

0.02957 -- 3qQ 0.39 0.724592424 0.02063 	 0*o7l3 1.3fligAO.26021 -0.200355 0.205 -A.30248 -n.40107 0.24212 
0.1lFS6 
0,0F0
26 0.02074 	 0.o805 
 .q1qqs 0.72309 -0.56027
27 0,02078 	 0.57t03 
 -1.67700 
 1.2a202 -1.18q82
2...8 0.02*5* 
 f0 
dh8 ?.P9580 1.67068 
 I*06 6
2930 0.020150.02A46 2.031911.5h260 -2.0039-3.503ju 2.150582.N '.2.01870 
 A7L
dR IN L PG.I-FA,0 z76 ... 0|.0,1639R 2 -4.0o533It 0.02154 	 0200533 -3.n6276-13,57 OOF OO OUAT2.5?326 3.09726 	 POOR )t,

33 0.02soz 	 3.0160R -0.68990 3.56630 4:,21T37
 
3.51212 -5.251 
 03278 -4.8Q234
34 0.02145 0.00944 
 -.5.0027
35 	 .93 9'aS
0.0 rc9 a.50A61 
 6.02?59 O".96011 6.0567
36 0.01976 	 'yO00sb 
 -7.60002 
 5.02107 -6.6690
37 0.0176R 5A51210 . -7.576b5 5.8o04j .7.pT0g38 0.OiS47 	 6.0160Q 
 -. 1,5324 6.33101 -7,8924


39 0.01315 
 6.52105 *R.7?050 6.79511 A93t00 0.01070 	 7.026e 
 "q.30731 " 7.25138 -0.127j
01 000A09 7, 004 "9.79127?42 0.00661 	 7.63090 -9.64617
7.813a3 .lO.?1095
C3 0.00601 	 7.058 7Aspil -I0.49617
-IO.pulln 7*97505 
 niloO
 
0 0.00601 
 7.9072 -I0. 2PR5 
 7.9'4072 10.2?2l5 

LE PAD 0.0n210 CF 4
TF-AT AIPMA -8.07798 UISTL 
 IIN l.'?Q
 

U SILON 'l0.ISoI
 
IE PAD 0.0O4, CENT;R AT ALPIA 7.A329 0
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AST FRO4l1 oLI1CFAN Ri (STACEO CTN /tTAPL. C. G.)4/18/77 

.. 


.
 

STAr~r 1, MOTVIR NHR ?i 

COORO SYSTLU OR!I'0 Z 13.7121 R 0, 14l 0, ETA 0. 

SECTION NO 3 SLCTTLIN CC RHO -6O.Q0AO-


VEA'LIN INPH!T 0ATA 

PT ALP4A ZETA. THICKNESS UPS1LON
 

i .0*opjoo sool 0.19618 0.Ss70? 
2 .6.q70p9 09.3hO 0.0000 8.S3lo 
S .8.0b365 46.105 0.s5lsz 7.7Apg4 

a -7.tIAOS 47.7ge 0173635 6.77131 
S .a.2?377 a080o0 O.Q42 3 S.7qol2 
S .. 10704 4b.436 1.15101 4.5Q808 

7 0.06528 u7.704 1.3123b 3.3310t
 
8 *2.q22l 45.S4 1.51711 2,12?2o
 
q .I.7bSA7 4I.96I 1.63519 1.0208S 

10 .0.60550 20.01q 1.70470 0.02256 
11 0,56718 38.5sb 1.72009 -0.q3735 
12 1.74882 3O.Pp4 1.09319 .1.h5205 
13 2,90.10q 35.202 1I50312 -2.q1950 
14 4.10064 33.b25 1.4q336 -3.54237 

IS S.35001 32.124 1.?6810 -4.3p27 
16 6.57163 30.506 1.04231 .5.06970 
17 7.80330 28.754 0.782nS -5.77101 
1l8 9.0"550 27.081 0409449 o,.0300 
19 iolOsOgq2 5.722 0.23005 .6.99a13
 

.. SURFACE COORDINATES kITH ORIGIN AT SECTION AXIS
 

UPPER LQwER 
PT T/C - ALPHA UPSILON ALPHA UPSILON 

I 0.00772 q".4102 9.357q2 - -9,42102 .q.3Sq? 

2 "0.00772 .,q43uq2 ".1250 .9.39080 0,3663O 
3 
0 

0.00772 
0.00772 

Q.43070 
Q.4071

7 0,p78o8
q9,05qb 

-q.34164
.9.2777 

9,35334 
q.179q 

5 0.00772 -9.3626b 9.12244 -9.14bl q.25006 
6 0.0077 q.29635 9.01A04 .9.10783 Q.175qq 
7 0.00772 -q.20935 A.99542 .9.00104 9.06Q96 
a 0.01231 q.65213 8.67036 .8.81440 A.Wg30t 
9 0.01692 -P.6069q 8.n775q -8.20 1 A.1I670 

10 0.02150 .8.16138 7,00812 -7.75010 T.A52S 
--..1 0.02h03 -7.71539 6.00695 -7.22457 7,35080 

12 0.03045 -7.20915 6,13n37 -6.6S28 6.P5016 

IS 0.03474 -6.22d7 S.754U9 :6:16640 6.306T 
1 0,038A -6.37509 5.17837 -0.o3P00 q374i1 
IS 0.0u?82 -S.?S2 4.9q506 -5,11205 5.32736 
16 . 0.04726 .5,,3A313 3.O0227 -4.48411 a.6906 
17 0.05135 -4.933q5 .o000 -3,A6266- 4.4M052 
1$ 0.05904 -4.27b64 2.S2606 -3.24935 3.47667 

. 0.058932 -3.71001 1.86633 -2.64535 p.A985q 
20 0.0615 -3.1336b 1.?3873 -2.oiln8 2.35067 
21 
22 

0.0634Q 
0.0bq30 

-p.55275 
-l.9 909 

0.5.01 
0.0 7S 

-1.46I16" 
-0.87439 

i,.3q7I 
1.3s5o0 

23 
20 

0.00666 
0.06706 

-l.3Q48 
-o,7

0 
76

7 -0.02q76 
-0.93350 

"0.2P078 
0.2500 -

O.A63q1
0.18u0o 

5 
26 

0.06772 
0.00746 

-0.20615 
0.39061 

-I.02qo 
.I.Aq

0 
q 

0,874SO 
1.a001 

-n.08025 
.0.54070 

27 -0,066,7 0.90171 -P.3a)35 2.01790 n.02q5 
28 0.06939 1*59665 :2;77505 2.SP368 .1.4371? 
29 0.06bbl 2.2077 - =3,12804 3.lU6I3 -I.A7373 
30 
31 

0.06137 
0.05A67 

2.81563 
3.n2869 

.3.58494 

.3.qb17 
3.7n5g0
4.2h346 

-230333 
-?.726t. 

32 0.0556 4.00365 -4,3250'1 0.810I0 -3.1442? 
33 
34 
35 

0.0s205 
0.0gA16 
0.04390 

",66049 
9.278q7 
5.89Q07 

-U.671 "l3782 
-5.002p5 5,92507 
-5.32949 - 6.47S59 

-3.95615 
-3.Q6233 
.4.36214 

36 
37 

0.039Q0
O.0i459 

6.52038 
7.1U202 

-. h2O2 
-5.90612 

7.02491 
7.57390 

-a75a7e 
-S.14006 

38 0.02q53 7,76394 -6,17721 8. 1230 -9.51Plo 

39
40 

0.02426 
0.01A80 

8.38475 
0.00500 

.6.a335
-6,67796 

8.672U2
9.22200 

.. ABPO0 

.2,2l9 

at 
42 

0.0101 
O.O0q0 

0.52lpb
9.9?393 

-h.6710q
.7,01Oq 

Q.69jo5
10.00015 

-6.SQP77 
.6.1764P 

a3 
04 

0.00val 
0.004a4 

10.01096 
10.90902 

-7, 1700 
*6.qaRl3 

I0o~uqq
l0.0 942 

.-. 04626 

.6.q813 

SLE RAO 
TE RAO 

0.03166 
0.13399 

CE)TEQ
CF-±TEO 

AT ALPHA 
AT ALPHA 

.9,oqo
9.06878 

bPlL0. 
UPSILCN-

9.133! s 
.6.PP03 
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AST MINT 1I(ICK FAN 0 (STACKFD LN ?ETAI'L. r, G,)11/I8/77 

ST$AE I. nTCR NO 2a 

COORD SYSTLM n4lTMN 7 1I.?1219 i .. HU " . ETA 0. 

SECTION NO 4 SErTIUN D RHO SO.P0o 

VEANLINF IPIrU DATA 

PT ALPHA ZETA. THICKNESS OPSILCt 

£ .10.6$T02 07.21 0.?22S3' 7.8108 
2 

6 
7 
8 

0 
It 
I2 
13 
14 
Is 
46 
17 
18 
19 

.l.lSF2 
3 -ql?3I0 

.-. 07pj 
S 7.OqQ0q

.5.0307 
*tJ.6?S77 
-3.310SO 

-* QO5 
-. oO, 
0.bs5qo 
2.020p 0 
3.0036 
4.8140q 
b.2*1868 
7:713Q0 
q.21744

10.767d5 
12.10o77 

07.270 
us.sij 
44.3;0 
43,4t7
01.320 
37.573 
3 .J1 J 

31.370 
28.20 
"2J.770 
20.951 
Io1.ta 
1.70, 
6,4?3
0.003 
.6.329 

-.1.496 
-19.511 

.3Cb7b 
0.b2207 
0.F7918 
1.?.. 
I.eoO 
4 5F8I 
1.767q4 

1.Mot 
"I 355 

l,95767 
1.q0771 
I,801tO 

-719 
1,43765
1.l7SO8 
0075o7 
0.50350 
0.25790 

- . 

7.2.36 
.qa

5.17bl0 
.173A7

3.109&9 
2.05156 
1.113h1 

0.267t4 
-0.a9o75 
.1.170no 
-1.74650 
-?.oi70 
-2..6537 
-2.eFs1 
-2.Q3422 

?.879q7 

-2.22508 

SURFACE CtrORrINATES KITH ORIGIN At SECTIC IS­

-- PT --AC ALPHA 
IJPPER 

UPSILON 
LV'FR 
ALPHA IPS LON 

I 0O05 
.... 0.0005 

3 0.0095. 
a O,0OOA 
5 0,00R0%
6 O.OO9 
7 0.0005 
8 0.01507 
9 0.02112 

10 0.02703 
it 0.03?7A 
12 0.03A31 
13 0.0J35 
10 0.04A60 
i5 0.05331 
16 0.0595a 
17 0.06327 
18 0.00743 
19 0.07098 
20 0.07387 
24 0.07611 
22 0.077h9 
23 0.07P63 
24 0.07A9.SA33 
25 0,0708 
26 0,0778A 
27 0.07655 
28 0.07070 
29 0.07235 
30 ,00bQS0 
31 0.0bslA 
32 0.0624033 0.52­

330000 
34 0.56 
35 0.0o059 
36 0.0.3Z8 
37 0.03771 
38 .0.33193 
39 0.02h03 
40 0.0?012 
at 0.01523 
02 0.01n37 
h3 0.0137 
40 0.01037 

-10.&3702 
-Ie.&5 13" 
-lO.6a,03 
-in.T6173 
.10 dao0 
.IA.:iPb3O 
-10.3pa?5 
.I.*0C 

-9.bP92l 
-9,17t3 
-RA..qa 

.l.p26na 

.7.59P73 
-7.06895 

.E'.51058 
.R739q 

-q.20007 
U.S31?6 

-3.65659 
-3.17458 
-?.48659 
-I.7Q218 
.l.00qq6 

0.3PE36 
1.0fJ3gs 
1.7o32 
2.ap351 

3.20730 
3.41216 
tI.tstbS 
q.3P032 
6,102s0 
.P2216 
7.53q?0 
A,25159
8.5616 
657l 

Io.3715 
11(3202 
11.59433 
1?.43102 
l?.c742 
I.I,1677 

7.8b08 
7.7886 
7,72514 
7.6071 
7.54910 
7.a32bb 
7.9588 
7,06336 
6.a0h07 
5.7bA25 
S',41.a88 
4.S3A13 
3.03Q3 
3.35?us 

.78418 
2.1?369 
1.50*01 
A8.0S30 
0,00US 

-o.n9157 
-n.05584 
*0.96q24 
-1.39117 
-1.76-2? 
?.09990 
.397qg 

-?.66634 
.2.0oqu 

-3,I0nQ 
- 0.pb9q 

-3.39P22-
-3,08435 
-. 53-9A 
-3.9S'88 
3,33100Q 
3,472?07

-3.37031 
-.*3.?2ql2 
.3,r'p6 0 
2.01P62 
-2%.9535 
-?.0156 
-?.34427 
-2.2208 

-10.63702 
-tO,60138 
-l0.5as7l 
*10.47!25 
-I0.37Q0? 
-40,27079 
-10.10373 
.9.93o6 
.9*31nn 
8.bq?30 
-8.0704 
.7.4?6 5 
-e6.89117 
46.240o 

-5,6454 " 
-.. 379l 
-4,239 0 
-3.S0838 
.?.bIU3 
-2,17801 
-1.50217 
-0.83195 
*0.16o86 

0.4"076 
1.1013q 
1.70000 
2.43669 
3.09013 
3.72060 
.36073 

5.n0007 
5.60102 
6*??o?3 
6.92S49, 
7.576A3 
8,22957
8,88A03 
9.555 0 
10,22739 
10.q075 
11.40p3 
ll.3007 
12.63141 
12.10677 

.8o608 
7.42720 
7.PIU77 
7.7770R 
7,71066 
-7.29520 
7,51077 

- 7.31800 
6,76559 
6.2091 
9.72665 
5.221014 
4.72330 
4.23601 

.16607 
3.?362l 
2,74731 
2.29146 
1.46167 
1.45163 
1.06016 
n.68681 
0.3326? 

-n.00196 
-. 31660 
-n6II36 
-A.18658 
-14211 -

-t.I771i 
- .51L 

-I7.ASI93 
.I,523x'1
.,*,038 de' 

s??P3 

P,23265A 
;?39h20

3.
2 

3520 
.., 4 5q 

.p.o10s 
2.13031 

-2,23364 
-?0334? 
-p.J',37 
-?.?2508 

iNA 
PIOOR 

.9 
i 

FAE ?'b 
QUALIT6, 

LF PAD A,0n751 tr"-TrF AT ALPHA -10.61 03 UPsIlON 7.70841
TE PAD 0.14?53 Cf$'TEI? 4 ALPHA 11.97223 UPSTLCk "?.?7211 
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AST f! NT HLCICK FAa, RI (TACFD O iN ?F'APL. C. V.)4/18/77 

STA1(,L t. R TrR %H 2$ 

COORO SYStLA p0t01N ? I t.712lq R 0. pip A, ETA 0. 

5LcTION NO 5- SECTION EF RHO U3.18oa 

IEA'LINE INPUT DATA
 

PT ALPHA ZETA. THICx6ISS UPSTLON 

I *il.8assi 08.207 0.2ab0 s.8Q0Q9 
-l.312i 7 4'.Sal 0.3$soo 6.paphl 
.i.21301 4b.240 " 0.neq9 5.Oqbs0

.,117U8 04 .509 0.43R,40 ;9600qo 
5 -4.0?po0 02.0in l~l15 2.90800 

-O,;7AI2 3e.136 I,44473 1.01s6 
7 .5,Q'1678 33.S3b lGo~5I2 0,91401 
8 .4.02b13 2.127 I.S79n2 0,950O
0 -2.b4821 ".246 2.(2443 .. 630 

10 .1.18547 I8.486 2.11693 -1.178a7 
It o.26013 II.Q37 2,IJ"S6 -. Aq
1a 1.7q432 fSb3 2,I7?S -1.60060 
13 -3.2so09 .3,55 2.Cq0q0a .. 815uu 
10 4.8005 =12,lhQ 1.o2066 .1.60148 
IS o.5057t -?0.859 l,553 I.1I314a 
l6 8.23307 .2q.32b .22 o 4 -n.36q27 
? 100559 :37.167 0,8625" 0.721010
18 il.QA l -03.913 0,09747 2,0q553 
IQ 13.7037q .a8.7?a 0.21343 3.78375 

SURFACE CrOqOIkATES WITH ORIG1 AT SECTION AXIS 

------P7 Tic ALPHA 
LPPER 

UPSILON 
LOVFR 
ALPHA uPSILON 

1 
--­2...

3 
4 

0.0039 
0,0oq3
O.OOq30
0.00030 

.I.8418 
-1.,23a
-1t

j
I.55A 

-I1.?q7 

6.84090 
e.O179 
6.74? 
6.65731 

.lItR0 l 
-11,80708
.11.76bb6 
-11,b6590 

6*po09q 
6,P5302
6,83945
64qq 5 

5 
6 

0.00030 
0,0003 

.11.7674 
-1.6A35

4 6A 5092 
6.02370 

-tI.S6elB 
.11.0078 

4.73042 
h.632 7 

I 01o.q3Q ol1.57341 6,27473 -11.31136 6.50823 
0.0160 -11o3597 5.94326 -11.039 6.P7313 

9 0.022b" -10.77 8t q.?0742 .10,3 679 5.64808 
. 0 0.02A97 Io.IQO?9 O.52301 :9:66289 5*0 340 
II " 0.03;05 q.60774 3.81982 .8,97395 c.6156 

12 0.04066 o.Gi302 3.14101 -8.29119 3.O549 
13 
14 

0.0l3.q 
0.05162 

-. ".Ius 
.7.7gq07 

2.4q07 
I.A7922 

- .7.61619 
-6.9Q95 

3.38lqS 
P.A9593 

15 
lb 

0.05653 
0.06 4 

-7.18018 
"6.4 05 

1,20110 
0.65?67 

6.29160 
-5.5115P 

?20sq 
1,96171 

t7 
18 

0.060A6 
0.07100 

-. b6571 
-o.SQ6l3 

0.07208 
O.0b152 

*4:.'nou 
3,97672 

t.61973 
1.11715 

19 0.074 .0.o11835 -..077 -3.22153 0.75162 
20 
21 
22 

0.07769 
0.08013 
O.0s1-03 

-3.33016 
*2.53100 
.1.72a07 

-1.18a89 
-t.77329 
-2.1cb6l 

-2.J767T 
.1.7Q202 
-1.019q8 

0.42283 
n.l3200 

-0.12028 
23 
24 

0.08307 
0.n8351 

-n.90076 
.0.q7)0 

-2.367 :7 
-,.OSRI 

.0 307?1 
0.39700 

-4.3316 
.O.5D31 

25
26 
27 
28 

0.08s3
0.08 40 
0.08073 
0.07830 

. 

0.76372
l.60444 
,46J7

1.2psI 

-2.76181
"2.5187 
.2.A795 
?.P243l 

- I.U0b
1.74652 
2.07747 
3.l717 

-n.64359
.0.7305 
.n.79507 
-. 81271 

29 
30 

0.07S14 
0.07130 

4.11709 
4,.4172 

-2.7065h
-".52t10 

3.87190
405A114 .078-Ro 

-0.723A 

. . 
32
33 
34 

Ob0t680 
-0.i]6186
o,05847 
0.05076 

5.7S3Ab 
4.5q25l
7.31786 
A 11104 

-2.27010 
.1.957',4
-I,SR6h3 
- ollbn7 

5.3nj1a 
6.03030
6,7A303 
7,5 373 

.n.61069 
*n.45170
-0,20356 

.0% 93 

35
36 
37 
38 

0.00057
0.03A9 
0,03207 
"0.02717 

. .A7276
9,6234h 
10,365u2 
11.10856 

0.68157
-o.153I1 
0.4Io37 
I.A3635 

8.3tn'8
9.00723 
9.8827 
1O.011 

0.129a5 
0.6q'29 
1.l200 
1. 964Q 

039 
M0 
" I 
u2 

0.02lh, 
0.16l 
.01?30 
0.00A29 

1:P.16 
12.58792 
13.17375 
13.7040Q 

1,70345 
2.?Sa40 
3.0sqI1
3. S625 

ll.app0 
? ,1170 
12,95h3b 
13.5DP75 

2.1362 
P.7351 
3,P891 
3,79IS9 

03 0.00P20 A.27148 13,69826 13.1,2267 I.AIlp| 
04 0.O02q 13.70379 3.78375 13',70379 X.7837S 

LE RAO 0.04076 CFKTFQ AT ALPHA -11.81869 UPILON - .,P 056
 
T RID .(Q.11310 ChT1I AT ALPA 13.62? UPSILGN 1.70551
 



APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION
 

COORDINATES
 

2. Front Block Fan Rotor 2
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AST FRONT BLOCK FAN ROTOR 2
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STAGE 2. ROTORr f.4 '3 

SECTION NO I SECTION AA ROD a?.S500
 

fEAVLINE OATA
 

PT ALPHA ZETA- THICKESS UPSILnN
 

I .412931 
 a3.564 0.gbbs 8"10362
 
2 .3.q530 63.383 0. 10QA7 7.7-0S19
 
3 ..3.51682 3.009 O.1q|t 6oqIbUI

0 .3,10704 62,755 0,?0146 A"177U4 . .-.6 so 62,815 O,?4a87 5,37991
 
6 .2.240 3,522 0. 8ogu 4.nIRAI
 
7 .1.7005 64.674 0.33315 3,0A679

8 .1.2357 65.062 0,17055 
 ? 3Q0A7 
o .. qaiz 65.3A3 0.00070 1131103

10 .. 026251 6U,230 0.02286 0.25390 
B205it 0.23257 0360 .2%7398 

12 0.72o00 60.600 
 0>4a15 .5264663 ,21990 59.580 0.4Sq3 .2.543&7
 
1 1.71164 59.086 0.400Uo
93,33107
 
. . - 2.20178 58.724 0.36487 -4.Ioo3s 
16 2.69007 58,3S7 0.30s02 ...9075
 
17 3.17030 S8.033 0.23508 5723
 
18 3,65989 57,860 
 0Q15 5Ag .6,4802

19 4.06129 
 57.793 0.08675 -7.11707
 

SURFACE COORDINATES ITH ORIGIN AT SEcTIn AXIS 

UPPER 
 LOFR­
PT-U- T/c ALPHA "PSILOh - - ALPHA UPAILON
 

. 0.00098 .12?Q31 8.10362 .4.t2911 8.19362
 
2 0.0009 -. 13656 " 8,28S07 - -J.11813 ,1292
3 0.00490 e4.139609 8,16971 u.10321 .18692
 . O oo4R -. I31 8.12478 .0.08S0 8.l7231
5. 0.004 -. 1112 R,11360 o'6al5 8.W718
 
6 0.0049A .4.11808 8.07500 U.041p0 A.11421
 
7 0.0049A -a.10033 9.030O0 -*.01615 8.n7232

8 ""0.0ougR .4,07635 7.9792l 
 3.89o ""A.02179
 
9 0.00e33 .3.97370 7.75924 
 -3.8739 7.08049
 

10 0.00T67 .3,77926 7.34666 .3.6600 - 7.00672
 
1- 0.00400 .3.,6q "6.q3ti -3. 534 i,00840
12 0.01031 -3.3I907 6.53166 -3.230s 6.6134q

13 0.01160 -. 3.10511 6.12287 
 -3.01586 - .2-059 

. . 0.01)86 "-.00010 5.7?576 
 S2.8n03 - S.A2812

15 0.01409 .2.800g1 532282 .2.58700 5,a3065

16- 0.01S28 2.60996 0,9q70q 2.37293 5.03839

17 0,01A64 -P.37u6 
 4.,2590 -2,11590 4.55489
 
Is 0.01704 .. 3*92P55
13908 .1,950c3 a.A5869
19 0.01gba 
 -. "0439 3.8 0602 *l.A036q 1.5.Jq3620 0.020n6 *I,6Obb 
 2:87950 -1,38598 3,02771
21 0:02128 .1,43095 ?.34261 .1,0935 P.962q
22 0.02220 .1.10299 179uo .0.80118 1,05P9a

23 0.02301 .0,953o0 1.25627 
 -0. qo 1.4227A
 
24 0.02171 
 0.7121b 0.72n52 '0,33873 0.009Q825 0,02 29 .0.46991 0.17h7 *0.08053 0,30o0q26 0,02075 .0,22640 .0.30770 O.15P17 
 -0.11546
27 0.02 0q 0.01252 :0.79030 0,00515 .o.S0324
 
28 o.o2s3l 0,26390 -1.26191 0.s50gs *.65283

2q 0.02sao 0.S10s .7108 
 o.950 3 -149665
 
30 0.02933 0,75901 .l2.1720 1.13971 .,02780

-- 0i I.006bO.02sO -,57053 2>822q 2.15047
 
32 0.0206 1,279 -2,95087 1.62310 -:.1848

33 0.02360 
 1.5100) .3 3q045 ,86?02 -3,1$37134 0,02PU9 1.7643? .3.7900A 2,001s *3,S7?R
 
35 0,0211 .?020a3 0, 19971 2.330,6 a.00897
36 0.01q6 t12780 .0.50601 2.6A13 °.oaIOsl
 
37 0.01777 2.53740 *0.98A36 2.80037 -*,92637

38 0.01%60 2.7q7A9 
 -5,37705 3.,013112 *5.23280
 
39 0.01067 3 .09SI .5,76303 3.26113 o5.3777
 
go 0.01101 3.3203 :6,14639. 3,0on5 -6.04113
 
4t 0.00005 3.5P517 -A,521?8 3.1105 -6.14366
 
02 0.00703 
 i.80fle -t.a""o2 
 3900?6b -6.7702
U3 0,00o90 39908 -7.1209? 4,47h66 .7,t7I640 0.00QQ09 4.0)50 -7.1291 d0.o173 7,107S58

5 0.00090 0,0612q
4 ;7;13747 4.061?9 -7,,1747
t On STAGGFk CA"HF
 

l7,3HjB 
 61, 807 5.614 - dII*A~p-~J 
AREA s.u76890 SURFACE ARC tI4G7. 1480PR47 O? P0 r 4 I' 

SCnl ALP., rv4r.. UP9ilECT InI C0. .0.00299 0.noitj QUALfrt 
STRL[AIJsFACL SECT"'. C.G. 
 0.01279 .0,01781
 
1LA!O A S 
 0. O,

S1c7h.1tIA13 (uApJ 8I 0. 0.
 

COrJPD SYiTE'4 rP'rI'l 7 08.?110q II 0, 77 



STAGE '2. ROTOR NR ai2-

SECTIUN NO 2 SECTION 68 RHO 7?.2000 

-­ #EANLINE DATA 

Pi ALPHA ZETA* THICKNESS UPSILON 

1 .4.64612 60.343 O;II097 ?7-729Q 
P .U,417be 60,159 0,14612 If373UA 
3 3.9715 59.873 O.?0AIO 6 57949 
S .3,qqs2 59.0q 0,26859 5,7A6A3 
S 
6 

.3,0355 
2.52360 

60.006 
f0.457 

0.32632 
0.3s515 

0.9A870 
000547 

7 .1. 6303 60.899 0."0200 31097fn 

. 
a 
q 

10 

.I.4003I 

.0.83S74 

.0.26 
9 
88 

60.76b 
s9.bQ7 
57.719 

0.48953 
0.52629 
0.5110 

- O 6PS 
109571 
0.I61t4 

11 0;20ho9 55.980 0.56313 -O;74 93 
- 12 086441 55.115 0.56067 -1r5?816 

it 1.43217 S0.052 0.53925 -?,33507 
10 2.00002 5 ,406 0,09906 -03 .1If 

S15 2.56761 54.331 0,00301 -3.9?288 

16 3.1360 50.324 0.37?31 -o47,2' 
17 3;70060 54:363 0;200I .5,01AS 
IS 
I 

Q.26526 
'47332 

5,506 
5,.68b 

0.205 
0.12313 

.6,12918 
-6 "0 

SURFACE CoDROINATES hITH ORIGIN AT SECTIoN AXI. 

UPPER LOWER 
PT- - -- ALPHA- .UPSILON .. . ALPHA UPAILO " 

1
:2--

0.006590.00659 -
4.a602 

-. 65525 " 
7,77259
7.06U 

.4.646 2 
-. 631 7 

7.77259
7.77436 

3 0.00099 .3065833 1.73864 l.l6 7.76S79 
O 0.00659 .4,69476 7.70692 .4.%9516 1,70655 

0.00659 .0.3l$b 7.66s53 -U.SU5.. 7,7162z 
6 0.00659 -. b462 7.61608 -4.522? 7.67u3q 
7 0.00659. .0.59708 7.55751 .0aS0" 7.62030 
B8 0.0oh59 .0.56189 7.U3979 *0.400o8 7,.S60 
9 

10 
0.O02 
0.012o 

.0,7531 
-. 25so50 

7.32631 
691132 

*37q2 
U0.0990 

7.39954 
7.0076 

I- 0.01205 " .4.03355 6. 827...... 3..85163 - - 6.60381 
1213 0.0183O.O1S -. 812u0.3.59t01 6.086725.67601 -3.60376-3.35613 .. 6.i0806581270 
.. - 0.01726 .3.36q37 5.2653S -3.10875 9.41665 

15 0.01090 .3.14745 o.65301 .2.861A0 5.018 2 
"16 0.02o8 .2.92518 o.43ql7 -2.614A9 Q.61680 
17 0.02?2 .. O785 3.937q2 .2.3q9q o.i2S9 
18 
to 

0.02%96 
0.02s%2 

.p.38966 
-2.12041 

3,031I3 
1'.92186 

-2,Q2476 
-1.731$8 

1.63638 
3.j3R4 

20 0.02e93 -t.80980 '.0O973 -1.43803 7.63825 

--- 21
22 

0.02A20
o.o2o3 

.1.57770 

.1.30378 
1.89021 
i,39a67 

-I.I408f 
.0.85913 -

7.13991 
I.ha878 

23 
2a 

0.03n26 
0.03103 

-1.0785 
.0.

7
500 

O.qol2o 
0.423i5 

.0.5724 

.0.28742 
l,1eR$0 

0.10506 
25 0.03163 .0.47000 -0.03619 -0,000 01,5QS7 
26 O.0S04 O.lp9q5 -0.773T 0.27775 -0.16967 
27 0.03227 o0.025 O.o90pq7 0,55887 OS9742 
28 0.03p30 0.3708 .1.317?2 0.839n7 O.qQ719 
29 O.0309 0.65868 *j,7?P9F 1.11709 -1.40233 
30 
31 

0.03159 
0.03 

5 
3 

09Q3o 
1,21171 

-2.12271 
-P.51759 

1,3950 
1.67061 

-. A050A 
?.p06l0 

32 0.02081 1.52079 -p.90830 1.9Q0a7 .?.60604 
33 0.02s5a 1.81143 .3,29S83 22'1655 *..0577 
34 0.0270 P,10361 .3.68102 P,087tq .40593 
35 0.02532 P.39728 .0.06455 2.7S616 .1.AO68 
36 
37 

0.0213q 
0.0212Q 

2b921 " 
2.96870 

.4469I 
-4.82A27 

3;on4i2 
3 .2q05q 

.0.?087q
*I.6IIS4 

38 
,39 

0.0190? 
0,01662 

3.28617 
3,5PU57 

.5.2097? 

.9.58A72 
3.5QS5
3.'20X 

'.9Ol50q
.5.402 e 

ao 0,Olall 3,88374 -s.96R90 4'06003 .A2 55 
at 0.01150 0.1P350 .6.3905 0.3475 6.P32 ? 
02 0.00929 0.3372 -6.66701 d.56SAq -6,7303 
03 - 0,00715 0.64612 *6.03797 0,7SI01 .6.46334 
du 0,00705 n*bAgOu -6.96101 0,7609q -h.Q67h 

"fl 0.00705 u.73a32 ,q&5n2 0.7401 .f.q302 
CSOI STAfpER CAUBFR 
17.4571 57.u98 5.6s8 

AREA 7,000774 - SURFCE ARC LFkGTk l5:07446 

SFCTIWn C.G. 
ALPHA 

0.00629 
ijpsi I'lI 

.O.qOhas 
S7~fAflHwA E CTrnN C*1 .. 034 4.q?'Jb6 

U2A In1 0. 0. 
STSKch'r. AXIS (|AtIAL) 0. 0. 

78 CrORO IYvSlV ARIclIt 7 ux.?019 P 0, 



."PC. 

AST FRONT FAN R2 (STACKE) ON 7-PL f) 

SIACE 2. ROT1(R N 02,
 

COORD SYSTEM ORIGIN 7 48.240010 Z 0. ViU 0. ETA 0, 

SECTION NO 3 SECTION CC PHO 71.1200 

VEANLINE INPUT DATA 

PT ALPHA ZETA. THICKNrSS UPSILON
 

I -5.1568 57.096 0.137R7 7.441
 
2 -1.'86356 57.136 0.176011 7.09540 
3 -4.3s57? 
 57.26b 0.25283 6.-27233 
0 -3.8 is15 57.415 0.32723 5.47qS3 
S -3.33o31 57.608 - 0.39A843 4.67704
6 -2.77020 57.747 0.07075 3.78323 
7 -2.1n402 7.3S 0.54030 2.80Q50 
a .0Sea 5.814 0.597b5 I.P5934 
9 -0.89693 53.976 0.64020 0.9628q 

10 -0.26658 52.681 0.62d 0.11730
 
I1 0.36bbq 51.677 
 0.0474 -0.bq892
12 1.00220 50.769 0.66371 -1.08q75
t3 1.64032 50.025 0.63274 
 -P.26075
14 2.2f042 49.41a 0.5e205 -3.0lb?6 
Is 2.92?80 o8.sal 0.51607 -3.7829 
£6 3.56685 48.252 0.43500 -4.48733 
17 4.21171 47.717 0.34?30 -5.2032318 4.85970 47.3Q2 0.24123 
 -5.9105o 
Iq 5.39965 * 47.246 0.15343 -6.OqSSO 

SURFACE COORDINATES hITH-ORIGIN AT SECTION AXIS
 

PT "" TC ALPHA 
UPPER 

UPSILON 
-LhFR 
ALPHA UPSILON 

1- 0.00788 -5.11568 7.4 4t- -5.11568 7.44041 
2 
3-
4 

0.00788 
0.00788 
0.00788 

-5.1259a 
-5.12830 
-5o12209 

7.42qUO 
7.0278 
7.30e97 

-5.09775 
-5.07246 
-5.04008 

7.4760 
7.43890 
7.41777 

5 
6 

0.00788 
0.007R 

-5.10b43 
-S.000S5 

7.31653 
7.2S799 

-5.0026b 
-4.95970 

7.38368 
7.33612 

7 
8 

0.00788 
0.0078R 

-S.OU4lq 
-4.qqA23 

7.189049 
7.11047 

-4.1210 
-4.85874 

7.27Q95 
7.20072 

9 
to 

0.01017 
0.01246 

-a.92733 
-4.6812S 

6.99048 
6.7370 

-4.77R26 
-U.49858 

7.08712 
- 6.60170 

11 
12 
13 

0.01472 
0.0169S 
0.0191? 

-4.43507 
-Cl. 0266 
-3.90192 

6.15581 
5.73664 
5.31628 

-4.218q9 
-3.93q63 
-3.6060 

6.pq5oo 
5.99647 
5.09621 

to 
15 

0.02124 
0.02328 

-3.69476 
-3.04710 

4.8q485 
4.47 34 

-­3.38I9q 
-3.10389 

5.09420 
4.69027 

1b 
17 
18 
19 
20 

0.02520 
0.02706 
0.02953 
0.03142 
0.03313 

-3.lqs00 
-2.A9q95 
-2.50931 
-P.2-676 
-I.QQ15 

4.04A75 
3.5357 
3.f03089 
2.52712 
P.03;09 

-2.8262 
-2.494,45 
-2.16448 
-1.83571 
-1.50060 

4.29047 
3.74563 
3.30731 
2.A2058 
2.35205 

21 
22 

0,0306 
0.03591 

-1.60459 
-0.37535 

0.S5336 
I.0qo33 

-1.1A603 
-0.P6036 

1.89552 
1.05062 

23 
24 
25 
26 
27 

0.03"09 
0.03770 
O.0c3p2
0.03859 
0.03816? 

-1.064" 
-0.75238 
-0.43857 
-0.12369 
0.19338 

0.6115"4 
0.21320 
-0.?0786
0.b1989 
-1.02320 

-0.50021 
-0.225u9 
0.0qlq2
0.40766 
0.72151 

1.02h76 
0.60904 
0.19R79 

-0.2OS45 
-0.60381 

28 0.03837 0.51227 -0.U1786 1.0335a -0.9693 
29 
30 

0.0378a 
0.03702 

0.832 9 
1.15>18 

-1. 0 49 
-2.1'8385 

1.343A4 
1.65247 

-1.8565 
-1.77076 

30 
32 
33 
34 
35 
36 

0.03590 
0.03460 
0.03301 
0.0312A 
0.0201A 
0.02696 

1.47904 
0.00u52 
2.13153 
2.05990 
2.7e951 
3.12032 

-2.SS671 
-2.92382 
-3.78s00 
-3.b4100o 
-3."27R 
-4.33927 

l.Q592 
2.26097 
2.568R8 
2.87143 
3.1727z 
3.47295 

-2.15300 
-2.53269 
.40QOq98 
-3. 2 8 6 
-3.670q 
-4.02739 

37 0.02"56 1.'452 2 -4.68099 3.77187 0A.94flR 
36 0.02202 3.78a87 -5.01753 4.070111 -U.75977 
390 
440 

0.01930l
0.01656 
0.01366 

(.11806
4.09179 
4.7n%97 

'5.15013 
-5.7979 
-6.01)688 

4,367P6
4.690O6 
0.96180 

-95.12?814 
-O 

%*S"5S,7 
-I 

'JfOtINAL PA,6EF o th3
F -POOROUAUT-W 

02 
43 
04 

0.01125 
0.(0879
0.00879 

5.WJV,3 
5.28820 
5.33A86 

-A,7777o 
-6.49027 
-6.91"q 

.20Ofl 
5.40710 
5.02568 

-6.100:.) 
-h.38039 
-6.3678 

05 0.00674 5.3991,5 .1%, 5.'3096s -6,0955:4 

Lf RAIO 0.0?20q Cr'.I": AT ALP-hA -5.10"77 IIPSTLrC 7*2754
TL RAI 0,001,6 C(4.714 AT ALPHA 5.3041h) UP5ILOB -6*43600 

79 



STAGE 2, ROTOR NA 42 

SECTION NO 4 SECTION On RHO 63.5000 

- - MEALi.E DATA 

H

PT ALP A ZETA* THICKNESS URSTLO
 

I .5.qO439 52.455 0'17213 6,854P8 
2 .5.61870 R2.704 0.22588 6,UA5 
3 .5.04023 R2.q9q3 0.3360 S 7PoNq
4 .,u4A0Sq 52.800 0.03030 ,9q5112 

S .3.88048 52.126 0.54na9 0,1R89q 
6 .3;23221 51.120 0.60301 3?7h367
 
7 .251055 09,u98 0.700oq 2?49893

" 
S 	 .1.?q08 a8,791 0.81785 1 6C?2 
* 4 .1.07130 47.528 0.87338 84619 

0 	 .0,33605 U6006 0,OuOo 0,06092 
S A.o179 0u647 0.90976 .0 6A508 
-.14936 - 3.198 O;Aoo31 .i;40002 

13 1.90202 0I,679 0.0623 2 0Q05 
14 2.66331 00,067 0.78030 2:7313
 

is 3.43?90 38,34S 0.0~03 -3*3A100 
16 4.21125 36.07q o0.5p60a -3,7540 
17 49870 30, 52 0*.U311 a sla-6 
IS 5.79555 32.331 0,32579 -50S8161q 
 6 46687 10.496 0.20325 -5.4&610 

SU4fACL COUkDINATL hITH ORIGIN AT SECTIn AXIS 

UPPER LO-FR
P--'T. T-- . -UPSILON ALPHA UPSILON
..-..- ALPHA 


1 	 0.00486 .'S.90439 6.850a2 -5,90439 6,AS428 

0.00986 .5.91612 *5-98l"6:83020 	 6.0604212 	 0,00q86 .. 91S3 *S.A097l 6.A52393 6.80042 
- 0.00006 q.,90SA3 0.75309 -5.80677 ,A'q263 

- 50. 0086 .S.8821p 6.69u13 -5.755067- 6.7137 
6 0.00986 .5.8050k 6.62M98 -5.69677 6.73695 
7 0.0086 .5.79O27 6.5401F -5.63036 - A66616 

. .8 - 0.00086 .5.73087 6.40492 -5.5S602 6.7977 
9 0.01119 5.686g2 6.37955 5.S0300 6.ISR7 

10 0.01652 .5 3096 S.QS17u -5.1700 6.12753 
--- -- 0.01983 -5.11483 5.52609 -. 838?6 5.73029 

R? 0.02307 .4.82808 5.09819 .0.50605 .30077 
13 0,02625 .n.5oooo U.67217 -4.17557 Q.Qaq95 

- 14- 0.02o33 -0.25163 a.25016 -3.84577 4.96201 
15 0.03pa2 .3.961;s 3.83174 -3.51730 1.18088 

.1 6 0.03q1l .3.b7007 3.42012 -3.1901P 3.A0557 
17 0.03R27 -3.31832 2.9229 -2.7qq69 1,36368 
18 0.0117 .?.96428 2 07I60 -42*l1as 2.3093 
1. 0.04176 o2.07P0 2.01220 -2.02562 2.50695 
20 0.0OA03 .2.20900 1.56008 -1.64218 2?.AlOb 
21 O.04797 .1.88769 1.12681 .1.261p1 1.8260 
22 0.00955 .1.52,61 0.70n33 .0.88302 1.2A173 
23 0.05 76 -I.15667 0.2850 -0.50769 0.8877 
2a 0.0515 -0.78693 -0.1170q -0.13915 0.50375 
25 0.05201 .0.41409 -0.508q3 0.234&69 0.12658 
26 o.n5plo -0.01973 .0.877q 0.602?0 -0.24323 
27 0.05183 0.33712 .i,2SSOP 0.96762 -0.60606 
28 0.05121 0.71602 -1.61121 1.331nl M00607
 

* Q bA
 
29 0.05a 7 1. P .1.q525 1.0241 -I.;1:1

30 0.0901 1,47967 -?.29m23 2.051! -1.65402
 
32 10.0743 1.8602! .2.61305 2.409 -1.0983 
32 0.04%56 2.25028 -?.92066 2.76185 -?.31489 
33 0.0aOu 2.03772 .322518 3,l20A9 2.60I2 

0

34 0.0 9A 3,0P64Q -1,5103 3.0700 .P.0566? 
35 0.03A30 3.01625 .3.792A1 3.82670 -,P6079 
36 0.03S00 1.8O06b .0.05961 4,17817 -*.551 
37 0.0322 .l9805 -. 31C03 u1529u5 .1.'59o? 
38 0.02AR9 o.5s956 *0,55017 a,80po .4.14uqO
39 0.02s50 4t9Ajp3 -a.79;27 5>Xop3 -U.4l352 
O0 0.02188 5.37290 .5.01460 S.58lo3 0.4.9401 
4l 601912 5.764u3 .5.22554 5.9321A .4,q5736 
02 0.0lo00 6.oqO2l .5.39300 2,2406 =5.I7LOq 
43 0.0160 6.32328 .5006 6.PU?70 -q,1124q 

14 0.01,64 6.3btl -5.51620 6.477n3 -'.1765 
,a5 A.0IIt hQ6&0 7 .5,u6A3q 6.66A7 -S.46639

C.1.4n * STAGrER 'rAwFP 
1701509 a.88 zl±qs 

AREA 11,378515 SJRFACE ARC LENGTH 353,o15 

Al.PpA Upst ON 
SE1db' C.G. 	 0.fl*,S1 .nAI7A
 
STr' r6',rrACL SECTlf" C.G. -0.20715 0.12501 

80 	 COORO SYSTL" r)j~I'tN Z 46.2o09 R a. 



.ZPc* 

AST FRONT FAN R? CSTACKFD ON ?-PL CC) 

COORO SYSTEM VRIGIN 

STAGE P. 

Z 40.2U010 R 

ROTOR 

0, Flu 

NP 

0. 

'e 

ETA 0. 

SECTION NO 5 SFCTION EF RHO 50.200 

MEANLINE INPUT DATA 

PT ALPHA ZETA. THICKNESS UPSILON 

I 
.. 2 

3 
4 
.. 
6 

7 
a 
9 

10|1 
12 
13 
10 
15 
16 

17 
18 
19 

0.44764 
-. 13913 
-5.Slts= 
-4.PA73 
.. 2S130 
.3*543A 
-2.76393 
1.97h2i 
Il.1SO3 

-0.377,170.03360 
1.25315 
2.08173 
2.92036 
3.76*65 
4.63155 
5.50734 
6.40121 
7.16112 

50.672 
50.820 
s0.943 
50.584 
'J.bP8 
4d..03 
4t'.ql 
4Q.b13 
02.500 

aOu0338.2m2 
36.167 
33.695 
30.803 
27.711 
24. a; 
0.593 
15.929 
11.246 

0.195at 
0. ?3?q. 
0.39QQ6 
0.53090 
0.66448 
079,oS 
0.92296 
1.02602 
1.1019 

1.10492
1.15607 
1.1364q 
1.085u7 
1.00305 
0.eq319 
0.75087 
0.5127 
0.40U03 
0.23353 

6.57409 
6.197P2 
S.43201 
4.659uq 
3.89676 

. 3o0A095 
?.2?762 
1.02i?! 
0.66545 

-0.03,19
-0.70805 
-1.3101 
-1.91092 
-2.44060 
-2.91600 
-3.340?7 
-3.705U3 
"00O58 
-4.19009 

SURFACE COOROIHATES WITH ORIGIN AT SELTInt, AXIS­

--

..... 

P " T/C 

I -_ 0.01126 
2 0.01126 
3 0.01126 
4_ 0.011265 0.01126 

6 0.01126 
7 0.01t26 
8 0.01126 
9 0.0155A 

0.01089 
It 0.02418 
12 0.02900 
13 0.0325? 
10 0.0365? 

- i5 0.00037 
16 0.0003 
17 0.Oa4l
18 0.05193 
19 0.05535 
0 0.0537 

21 0.06095 
22 0.0t306 
23 0.0069 
20 0.06S81 
2s 0.Ob66 
26 0.06660 
27 0.06638 
28 O.0o569 
29 0.Ob4St 
30 0.06 97 
31 0.0609A
32 0.05859 

.... 33 0.055 
30 0.052b 
35 0.04921 
36 0.00500 
37 O.Oal2q 
38 0.03611 
39 9.03226 
00 0.073 
'Il 0.0222 
02 0.01790 
03 0.013111 
00 0.01306 
05 0.013116 

A UPPER 

ALPHA UPSILON 

-6.00764 6.574qq
-6.46057 6.S5150 
-6.46053 6.51 86 
-6.4 60 6.US67-6.01836 6.39275 
-6.37437 6.31278 
-6.31-65 t. iqqo 
-6.24035 6.11325 
-6.21218 6.07332 
-9.90117 5.63166 
-S5.S984 5.IlqiO
-5.27762 0.7472S 
-4.96401 0.30886 
-. 64887 3.R76 08 
-4.33102 3.45162 
-".01308 3.03943 
3.6?771 2,5,1832-3.23899 2.073618 

-?.84663 1.61862 
-2.4"51 1.17A4n 
-?.05060 0.

7
S99

0 

-1.6 70 0.35W 
-1.24107 -0.03591 
-0.83130 -0.L0O675 
-0.41850 -0.76124 
-0.0030a -1.09976 
0.41086 -1.12301 
0.if3529 -1.73125 

. 1.25835 -?.02041 
1.6P428 -2.30205 
2.1127 "2.56315 
2M5429S -2.8OqO 
2.q74Sl -3.03?2 
3.40630 -3.2409q 
3.A3837 -3.83?'J? 
-.?7127 -3.6074? 
a.70949 -3.7603 
5.13675 .9000 
5.5n7P0 4.0 679 

" 5,99q37 -Q.13117 
o.43040 -4.F1302 
6.7p5l0 -t 4phA03
7..1q 15 -. ?ln" 
7.10002 ... ?7131 
7.1811? -. jqoq 

-

LOhER 

ALPHA 

-6.4760 
6.?205 

-6.38416 
-6.33a72 
-6.2775 

-b. OSI0 
-b.12611 
-6.03650 
-6.00266 
-5.63322 
-5.26U12 
-4.9Sql 
-4.S2907 
-. 16378 

-3.80078 
-3.43469 

-3.,0753
-2.%7?73 
-2.195R7 
-1.73516 
-1.31P55 
-0.q0517 
-0.4502 
-0.0823 
0.31546 
0.71692 
1.11515 
1.51120 
I.9QO71
2.2Q511 
2.68344 
3.06969 
3.0a5 
3.83935 
.22385 
U.60747 
4.9"078 

5.37500 
5.76008 
6.1057 
6.510q7 
b.85670 
7,0761,K 
7.10%07 

7.11,112 

UPSILON 

6.57499 
6.58306 
6.9754a 
6.s5s5 
6.510d1 

6.4504 
6.37002 
6.?8024 
6.24all 
5.80926 
5,45347 
5.056a1 
4.66839 
0.28026 
3.q0763 
3.53906 

3.107q7
2,68A 
2.285sq 
1.80951 
1.5109q 
1.19539 
0.80261 
0.06039 
0.12P?3 

-0.1945A 
-0.S084A 
-0.41358 
-1.109 0 
-1.39625 
-1.67216 
-I.037?7 
-P.I9IS5 
-2.03580 
-P.67057 
-?.89098 
3.10808 

-. 3200 

-3.0n120 
- -3,67010 

3:83q3 q 
-3,q6080 
-. 038Pll 
-0.09316, 
"a,qnI0q 

OF 

* 1.r 
pAA 
r't e 

LE PAD 0.03113 tFITrFR AT ALP14A -. :0t17Pl ,UPSILON 6.S95q0TE RAU 0.1304? CF',TrP AT ALPHA 7.03'' UPSILON .4:1613h 
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APPENDIX C 

BLADE AND VANE AIRFOIL 

MANUFACTURING SECTION
 

COORDINATES 

3. Front Block Fan Stator 1 

82 



R 

Tip SL 1D 

FRONT BLOCK FAN STATOR 1 

Blade 
Axis 

R = 82.9056 cm. 

C IC R 76.20 cm. 

LE 

4B R = 68.58 cm. 

rrnM 

A4 A R =54.61 

No. Vanes = 72 

Aspect Ratio = 2.57 

Solidity (P/L) = 2'.01 

cmo. 

00 

Hub SL 12 

zZ 



STAGE I. STATOR NR 72 

SECTIUN NO I SECTION AA RHO 94r.6100 

PEANLINE DATA 

PT ALPHA ZETA* THICKNESS UPS1LON
 

1 .4,78127 44.45 0.104S8 .3:013)
.t013
a343I 015050
2 .4.53t27 

- 3 .4.04831 a0821 0.2373 .2.3S312 
a .3.56286 38.042 0.32103 .l;q9365 
s .3.07993 35.211 0.3908 .1259008 
6 .2.59010 32.224 0.46.?7 1l241ti 
7 .1o97810 29.225 0.52287 -0oa9q2 
a .. 00830 26.434 05e1 0 .Os9095 

. 0 .0.84218 23.723 0.5701t .Q.3100s 

to .0.27974 20.977 0.57560 .0,o03?7
It 0,27872 18.194 0.55681 0;09538 
12 0,83330 jS,398 0.5?535 0126279
 
13 1.38324 12.600 0048250 040016 
14 I.q2860 9.800 0.23017 lOot q 
Is..15 2.46921 6.92 0.36985 0.587A8 

3
16 3.00490 4,49 00 0364 O,64003 
1? 3.53590 1.294 0.23364 096A505 
Is 4.06207 .1.653 0.16108 Or663 1 
19 4.4964S .4.119 0.102 49 0.64212
 

SURFACE COORDINATES himT ORIGIN AT-8ETI0N AXIS
 

_-'PT_. ./t- --- ALPHA 
UPPER 

UPSILON --
LOWER 
ALPHA . UPAILON 

1 
-

0.0108 
...-O01648 

.. 77208 
a.77808 "'. 

.3,00251 
3.02600 " 

.0.77208 
41*.76007 

- -. *3.0ao5 
-3,04693 

3 0,0108 .a.7761 -3.006 0 -. 74O052 .1.04347 
4 0.010 8 -0.76319 -.,96610 -4.71390 -3.03167 
5--- 0.01648 .4.73933 .2.92182 .4..68075 -3.01097 
6 0.01048 .a.70o0I .2.87016 .0.60113 -2.98113 
7 0O01048 .. 05609 .2.81737 u.5912 -2.9426S 
-- -. 0

1 
0

4 
8 .a.598s2 -2.75288 -. 4au9i8A4 - ?866 

q 0.0100 .a.31i52 -2.52161 o4.253?u -2.62U08 
to 
I 

0.02128 
0.02731 

.4.16165 

.3.94061 
.2.29795 
.?.08A40 

.0.nOp?3 

.3.76619 
-2.17308 
*2.29302 

12 
13 
14 

0.03123 
0.03o95 
o.o3s~7 

-3.71830 
-3.q065 
.3.2696U 

.j.87786
-t.66131 
-1.

4 
9%69 

-3.52481 
-3,27847 
-3-.00570 

.2.12104 
-1.05948 

-1,8.0527 
is 

__-16 
0.04176 
0.04%39 

.3.04325 

.2.769 I 
.1.3190 
-t.11195 

.2,808)0 
-2.s2aA8 

-lh5886 
-1.49260 

17 0,0'J62 .?.u9q6 -o.q03 .?.243p8 -1.33557 
IS 0,0514? -2,21812 .0.70170 .1.9633 -1,18678 
20 0,05176 .1.93985 g.57355 -1.68q40 -1.04530 
20 
21 

0,09S63 
0,05e

q q  
-1.66012 
-1.37903 

O.U1617 
-0o.2621 

-1.0080l' 
-1132al 

-0.01(39 
-.,78142 

22 0,05785 -1.C9652 .0.1378 .O.R58p; -o.e57q9 
23 0,05A16 .0.61265 -0,0060a -0,58549 -0.13981 
20 0,05797 .0.5758 0.11029 .0.31300 .0,0698 
25 0.0737 .O.2163 0.21682 0.0u319 "0.31993 
26 
27 

0.0,644 
0,05517 

0.00480 
0.33152 

0.31370 
0.40259 

0,22705
0.46q9 

n.21878 
-o.12)3q 

- 28 0.05159 0.61802 0.47982 0.76675 -0.03367 
29 0,05170 0 .905n0 0.54921 1.03640 0.05046 
30 0,04Q53 1.19200 0,60906 1,30610 0.12895 
3- 0,0'78 J.4729 0.hb6128 1.575A8 0.?0169 
32 0,0"039 1.765Sb 0.70405 1.R4597 0.76860 
33 0.0'fll P.05197 0.7317 2,11652 0.32965 
34 0.03A33 2.33751 0.763A1 2.3876 0.18479 
35 0.03501 2.b2238 0.78119 2.65903 0.43393 
36 0.03154 2.90658 0.79043 2*.3190 0.07687 
37 0O274 3'19000 0.79158 3.20514 0.5155 
38 0.02a2 3.47252 0.78075 3,u79?9 0.43Il 
39 0.0204h .75409 0.7740 3.75S38 0.56602 
40 0,01&64 4.03U69 0.74768 4.0300 0.qA172 
1 0.0,106 a.26777 0.72315 lrh6125 4.qR06 

42 
£3 

0,o0o2A
0,0102A 

0.00908 
0.LAIOO 

0.70028 
0.68376 

4.441A2 
a.477S2 

0.59105 
0.60430 

00 0,01024 1,19605 0.64p1? s.g6OS 0.64212 

CHOn S AGCER CUIIFP 
9.ql4 21.680 8.764 

AREA a.115428 SURFACE ARC LFNGTW 80.69076 

tLP-A UPSILON 
SECTInI C.G. .Oo146) .4°.219> 
STRFAuIJPPAcE IFCTIOI C.6. -0.27009 .0.1663J 
li APL 4YIS 0. 0. 
STAcK'G AXIS Ce

4 
11,IAL) 0. 0. 

84 CnORD 5YS'Ei ORIGIN 7 A.%T.89 A 0. 



- STAGE - STATOR iA2 

SECTIUN NO 2 $ECTI70 as AMC e.q8a00 

PEAMLINE DAA
 

.. ALPHA . ZETA* THICKNESS UPSILON
 

1 *S,7o29l 38.7t0 0.,13534 .3;ORq6 
.5.4s283 37,711 020926 .2. Aoq
 

3 .4.87370 35.522 0.35J41 2.4q~

.2 q b
4 07 33.249 O.4Q2b? .2030?S
 

5 .371966 3,956 0.62032 -r fA2 .. .
 
- .3.08708 28.502 0.7139 -I1,31 29"
 
7 .2.39557 25,952 0.s5sS8 .Of9%7c2
 
8 .7130 23,503 0,91742 - .060076


4 98P1 . 1O5 0p Q t 7b O.3 
. . 1 0 2 57 1 


10 .0,34152 18.708 1.00172 .0'111&0
 
i 0.3aIo0 16.310 0.985b3 010001
 
-2 1,02263 13.38 0.94 qo 0 2AP3
 
is 1,70224 11.580 0,87099 Or 44178
 
14 2,3e034 q,23e 0,78al5 0,56623 ..
 
1- 3.S0638 6,899 0.07335 0,6b2q0
 
16 3.73032 U.561 054621 0?qQ3
 
17 l.40Z34 2.211 0,Q0683 0.769 -­

- 58 .0.153 0,7S85.07190 02573 

19 5.62827 -2.140 0.1306 0.7,7061
 

. ..... SURFACE COORDINATES WITH ORIGIN'AT SECTION AXIt" 

UPPER 
 LOWFR
 
PT - - T/c ALPHA UPSILON ALPHA UPSILON
 

I 0.01128 -5.73232 -3.1021S -5,73232 -3.10215
 
-2 0.01128 - -. 73968 =3:07920 .S.710o6 -3.11003
 
3 0.01128 -. 73337 .3.04q70 .5.600P0 -3.10883
 
0 0,0112s -5.71288 3.00229 '5.65431 .3.0.764
 
5 0.01128 - .77S5 2.p04q78 - 5.607Q8 -3.768 
6 0.0112A -S..2680 -P.88992 -5.55200 *3.0452R
 
7 0.01128 -.. 56002 -2*81q .5.0 - .00397
 
8-" 0.01128 "-5.47910 --2,70201 -5.39506 -?.qu705
 
9 0.02130 -9.257$7 -?.53691 .5.090s -2.161tR


10 0.02-10 -4.9920a .2.29498 *Q;7P81l -. q83 2 
-11 O.03o3q6 -. 72a56 -2.0bqt6 -4.487A3 .2.01505 

12 0.0056 -4.45528 .1.847b6 -4.18775 -?.25432, 
1 0.0aS 

9 9 .4.18016 .1,6368 -3,890N -2.10135 
0*o510 I 

IS 0.0bS7 .3,63659 .1.23.20 -3,30077 *t.Al601 
-16 0.06141 -3.30Q29 -1.01006 *2950'R0 -1.65680 

17 0.ob63u .2.96929 *0,7q$ -2.603%3 -1.50572 
18 0.07073 -?.b3209 -0.59q91 -2.25845 .1.36146 

1r4 :.3.qii 
q 

.,3A?4 *I. qOA2 1.Qs5s
 

19 0.07a52 -7.29219 *.41q *o5-1,ql -1.?2302
 
20 0.07768 -1.95031 .0.23646 -1.57969 -1.09023

2! 0,06ni -1.60565 .0.07336 1.238688 -0.96276
 
22 0,0 09 1.25933 0.0772q -0.90213 .0.43960
 
23 0.08307 *0.9125 0.21590 -0.S6793 -0.720?1
 

24 0.08V46 -o.S6106 0.34771 *0,235q6 .0.6077
 
25 0.05119 .0.20926 0.:5756 0.00462 -0.49359
 
26 0.08,32 0.1033 0.56068 0.424q .n,386S9
 
27 0.0090 0.49657 0.65261 0.75333 -o.a8s3'
 
"28 0.07A94 0,6sos 0.73349 1*.0o172 o0.1852
 
29 0.07ua4 h.20O6b 0.80326 1.40978 .A.09096
 
30 0.073Q2 1.55875 0,86210 1,737qb -0.00073
 
31 0.06q92 .91253 0:0039 2.0606 0.08545
u

32 0.0"95 2.26581 0Q A48 2,3qsos 0.16761
 
33 0.06lso 2.615s9 0:97b7n 2.72093 0,p"571
 
3- 0.0

5
s
7
a 2.97097 0o.qq3 3.05Q83 0.31929
 

35 0.05157 1.32252 1.00172 3.3855 0.38792

36 0.OhOq 3.67279 IOpaO 3,717RS 0.05102
 
37 0,0%3l U.02171 oA9?7 U~oS0 l 0.q0o67
 
38 0.03u30 U.36721 0.7d29 4. NkS67 0.6299
139 0.02A17 U.71528 0.00750o o.2 0.60991
 
40 0.02187 S.05991 o.918o 5.0 02 0.85038
 
at 0,016 5.304Q1 0.07*00 5.3028 0,&7933
 
02 0.01122 S,563?6 0.6478F .504)b 0.69703
 
43 0,01122 S.06A6 nfl2SSA 5.6mtg 0.7136S
 
40 0.01122 S.02827 0,77n1l 5.620? O?70b
 

CHO-R STAGC A CAWBFP
 

12.026 18.A24 aO.900 tJ­

&PEA 8,33Q2lb SURFACE ARlCLFNrTH AU 401 rYtVS jp.r 
ALPWA IJPAqtION
srCTln'l c a, .0.?7066 .13300A0
 

S'T",F ",I'~P C -,0.* 346 . 3??74
IFCI&CFSECT1,1 E.G. 
IlLAOt AXIs 0. 0,
 
3rAq'.,0 AXIS (RAOI*L) 0. 0.. -


COORDO 3Y3TEM (iRIGIN Z 33,37789 0 0,
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STAGE I, STATOR NA 72
 

SECTION NO 3 SECTION CC RHNO 76.2000 

"EANLINE DATA 

PT ALPHA ZETA. THICKNESS UPSILON 

: .61;6830 
.S.8829 

3q.389 
j8.252 

0'15447 
0.24452 

:.A31104 
.3.0160 

3 ;5.23881 35o699 0021hq .26.6UP4 
a .4.6?025 33.88 059OS2 :2"195?9 
; ..00208 31084 0.7472 t74q4O 
- .3;32366 28.538 0.89950 -1.40572 
7 .2.58377 25.915 1,03632 *1.?407 
a .1.Ra65 23:414 1.13717 -,6Ab609 
9 .*1 tO39 20. 

q76 1.19821 .0.SA"el 

i0 .0.36R40 I8.SSI 1.21710 GO'l1 n2 

$1 0.36856 16b14a 1,q826 0,11010 
12 1l00512 13.756 i. oo o00r37 

23 1.8alt0 11.005 1.06460 0,47172 
IQ 2.57b 

u 
Q.081 0.0501 060433 

IS 3;31Oq4 6.77S 0.81860 0.7 S0 

16 4,0a97 4.475 0t66265 O*,77q 
17 4.77830 2.175 0109109 0fa 1qb 

IS - 551076 .0.123 0.30932 0814qn 
Iq 6.12076 .2.034 O:5at8 0.8I3o58 

-----SURFACE COORDINATES bITH ORIGIN AT SECTION AXI 

-PT ---- T/C - - ALPHA 
UPPER 

UPSILON.... 
LOWER 
ALPH - UPAILON 

-
1 
-2 

3 
4 
S-
6 
7 

0.01191 
0.01191 
0.01191 
0.01191 
0.0101 
0.01191 
0o01191 

-

.6.15605 
- .6.16505 

-6.1S860 
*6.13tid 
.6.00690 
.6.00036 

S.9&6! q 

-3.30637 
'3.3j987 
.3. 

,2116 
-3.23089 
.3.16gqb 

.09015 
.3.01870 

-67.ISsn5 
-6.,38?2 
.6.10818 
.6.06640 
.6.0330 
5.012 
.5.87319 

.. 0i637 

.3 *ISS39 

.3.1534L 
1.1aluo4 
-3.31725 
*3.pa 18 
:3:13"19 

8 0.01171 .S.87519 - -2.92772 .5.18958 3.l -5 

-

9 
to 
1-
12 
13 

a-

16 

0o020b3 
0033s 
0.030 
o0oqs3 
0.0514A 

575 
0obPqI
0.0600 

.5,65390 
-5,961 
.5.0833q 

.79Q60 
.4.50358 
...2105oS 
i.9W07 

-3.55628 

.2.7118 
P.444lq 

.21949 
1.qao 
*j.71iq 
*2.CJB9S 
.1.200Q 
-1.02?36 

-5.45375 
-5.12363 
9.7q505 

.4.46960 

.4.1U61O 
-3.8Z538 
-3.5061 
-3.1?735 

-PqTq3b 
-2.p8q0o 
nP.6o0l8 
*p24379A 
.?p7576 
-2.i2189 
.1.97563" 

1 0o083 
17 
is 
IQ 
20 
21 
22 
23 
24 
25 

000700 
0,07967 
0.06095 
0.08751 
oo 

9 
p3i 

0,09P32 
0.09;49 
0.0;87 
0.09152 

.i,1452l 
.. 83071 

j0.?,6310 
°2.093I3 
-1.72050 
.j.Sauas 
.o.96 b&6 
.0.58679 
-. 20539 

0.788963 
-o.57075 
.0.3600 
.0.17S31 
0.0059 
o.1t87 
.3I3 a T 

844J00d 
0.57082 

2.75108 
-2.378?4 
-2.00845 
-1,64112 
-1.27642 
.0.91a72 
*0.555 
*O.19s1O 
0157 a 

-1.65030 
.1.0=9q3 
-. 35502 
-1.1616 
-1008192 
*0.qs21t 
.OP.630 
-0.t0033 
-0.8A61I 

26 
27 

0.09p5i 
0.0987 

0.17743 
0.5610a 

0.7q68 
0.77581 

0.51237 
0.86611 

-0.47200 
-0.16213 

28 
29 
30 
31 
32 
33 

0.08A62 
0,0S76 
0.08,13 
0.07R34 
0.07t83 
0.06s83 

0.9488 
1.3289b 
1.71335 
2.09757 
214811| 
2.86377 

n.85q44 
q*930qI 
o09039 
t.03794 
1.07384 
1.0951 

1:21961 
1.57287 
1.925A3 
2.27 9s 
2.3272 
2.98743 

-0.oSb?0 
*A,15I08 
-A0.5S67 
0.n3855 
0.12866 
O.?ID64 

34 0.0339 3.20521 1.11252 3.103%3 0.296M8 

35 
36 

0.05750 
o.0034 

3.62568 
4.00535 

t011640 
1.11010 

3.7A0n? 
0.05788 

0.17403 
0.4A657 

37 
38 
39 
40 
at 
02 
U3 
44 

00'48 
0.03A05 
0,03107 
0.02390 
0.01791 
0.01189 
0,01nq9 
0,01189 

',3R3s 
o.7SqS 
3.13387 
5.5065? 
s.81S67 
&.04&99 
,.096o5 
6.12076 

1.0917 
1.06770 

1.03308 
O.q0I3 
0,quoI 
O.9qui? 
0,

8
870e 

0.92358 

0.ul708 
0.77834 
5.1a140 
s.50bo4 
5.81139 
6104167 
6.49413 
6.t2076 -

0.%1347 
6.57471 
0.63030 
0.A79q8 
A.1i563 
0.7393, 
O.V63S6 
0.82358 

CH0OR STAGGER rAuBFP 
12.9657 18.761 4t.Ur 

AREA 1,90278 SURFACE ARC LUflTP 6>7740 

SFCTIO% C.G. 
t1 P,,* 

.a77o6g . 
UPQTLr' 
- .X 

5TIIPA, Pr 4CL 
HLAOE AXIS
STAC ' r. AXIS 

SECT;(P, C.fl. 
?RAOIAL) 

'". 
0,
0. 

'16 
--

.. 1300 
o. 
0O 

86 COOO SYSTEM O'IGTN Z 33.37789 8 0. 



STAGE 1. 81ATOR NR 12 

SECTION NO a SECTION DO RHO 82.0056
 

•PEAN-LINE - DATA 

PT ALPHA ZET&* THICKNESS UPSILON
 

I .6.41560 Ob.199 O.1727q .4,10801 
2 .t.0942 oU,783 0.27795 .3.7RI13 

- 3 .So234 ql.818 Oa0oob9 .3.17612 
a .0.81030 38.740 0.6810 -2.61127 
S-S .Q.16850 35.S63 0,86283 2,10434 
6 .3.46284 32.447 1.03771 *1.6h3 
7 .2.69Q329 ?,229 IIQ205 -1"2087 
A .1,9?356 26.24? 1,3013 - 8noR 
- .,15418 ?3,360 1.3b?2 -0oaus8 

t0 .0,3845b 20,496 1.37?09 -0.13845 
It 0,36481 07.633 1,3u2 l 0;12768 
12 1I1%443 4,802 1 27417 0 39153 
13 1.92302 12.019 1,1830 0,53476
 
so 2.6934b 9*280 1.0%777 0.67Q6
 

.1S "- 3.46286 6,568 0.90M1 0q7A683 
16 4'.23251 3.864 0.73307 0,8S710 
11 5.00191 1.1b2 05 s3 0 80065 
.. - 5-.77155 .1.535 0,303 309 Org7q 

--19 6.41266 .3.772 0,17197 0.85807 
SURFACE COORDINATES '1TH ORIG1N AT "SECTICN AXY9 

UPPER LOWFR

"-PT .....cTJ - " - ALPHA UPSILON "-LPH UPtILON -

I 0.01?57 .6.40013 .4.12308 -6.40013 __:. 2308 
2 001757 -6.01356 .4.0Q,162 -6.37q28 -, .130A2 
3 
4 

0.01257 
0.01?57 

.-601134 

.. 30282 
.4.05065 
-3.99178 

-6,34615 
-6.30117 

.0.539 
-. ,10619 

0.01257 -6.35712 .3.tR18e -6'.24560--- .,0727 
6 
7 

0,0Ip57
0.01257 

.6.30307 
-6.23163 

-3,83769
-3.73346 

.6.17005 
-6.10070 

.a.92U32 

.1.6204 
6 0.01257 .6.220 .3.62036 *S.99692 N1.A9016 

9 
-0 

0.02778 
0.03s23 

.,osoe 

.5.60d48 
-3.33212 
*2.90656 

-5.64330 
.5.pq2i2 

.3,61020 
*.:3.577| 

It~ '0.04p50 .5.32186 .2.67496 .4.00360 3. 12036 
1 
13 

0.04o5o 
0.05630 

.5.0 530 

.a.72s12 
-2.36718 
-2.070O 

.4.598A0 
-4.257 _ -. 

.7.,9821 
PlAqo78 

_14
Is 

0.0bP7 
0.0006 

.4,42198
mo.1561 

S0.07S" .3.7035s 

.j,79559
-t.530oq 
-1.231?7 

-. 1993
.3.580?9 
-3.1664 -

-2.o0618
-2.11285 
-P.10626 

17 0.08145; .1.35605 .0.95083 -2.793%6 I1.PI249 

1. 
20 

00468Mq 
0.09112 
0.09069 

.20.8615 
-2.601,1
°2.2130 

.0.68036 
044643 

.0.2153 

-2,066 
-2.01961 
1,63PAI 

-t.12955 
-I.55562 
t1.3IRl3 

-. 
21 

2 
23 

0.09737 
0.090l1 
O.009A8 

-1.82180 
.142640 
.1.02173 

.0.0105 
O,17gq3 
0.30817 

-1.25993 
.0.88563 
-0.51060 

I.P8q 
.0,t7409 

0.q2s30 
24 
25 

0.096)
0.09900 

-0,b2674 
-0.22412 

0.5030 
0.64301 

-0.0 590 
0.22117 

-0.78172 
.a0ut 

26 
27 
28 

0,097bq 
0.09S69 
0,09308 

0.17977 
0.58052 
0.08974 

0.76710 
0,87sqa 
0.q6072 

0,S8648 
095lq

2 

1.31640 

-0,R1267 
0.IR714 

.0.26739 
2q 
30 

0.0oA7 
0.08e10 

1.30087 
1,79937 

I1.0467 
1.11330 

1.60q6 
2.04616 

0.15318 
.0.c4a23 

31 0.08178 2.20339 1,16a27 2,41194 0,05952 
32 0.07696 2.60705 1,20173 2,777A7 0,15767 
33 
34 

0.07166 
0.0603 

3.00956 
301023 

1.22s75 
2.23693 

3,04546 
3.1408 

O6puqq9 
0.13656 

35 0.05081 3,80942 1.2360f 3.6809 0.41?aA 
36 
37 

0.Q5334 
0,04017 

4.20733 
4.0303 

1.22305 
129A009 

40,618 
4.6307 

0.00146 
0.5053 

36 
39 

0,03q9 
0.03P33 

4.90503 
9,3605 

1,16219 
1,11628 

5.0716 
5,3A5Ra 

0.61869 
0.67186 

40 0.0206 5.77600 1.,0qa6 9.76640 0.12645 
02 0,08I75 6.Oqpl 1.00375 6,n0a96 0.7?5 
02 0,01,51 6.33 7 0,96003 6,322?4 0,16955 
a3 0.01Z51 4.3677 0q2946 6,381,6 01236 
04 0.01,51 6.41266 P5807 6.1?66 0.45807 

al24?
13.7Q0 a,.87
 
'1I.601 aXIS 0. 0, 
6 0CK114 AXIS oRACTALI 0. 0,
 

CHORD SYSt RTIGIN 2 33,377f9 R 0,87
 



APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION 

COORDINATES 

4. Front Block Fan Stator 2
 

88 



FRONT BLOCK FAN STATOR 2
 

Blade 

Tip SL I Axis 

R D D R = 82,1182 cm. 

No. Vanes = 94
 

Aspect Ratio = 1.93
 

Solidity (P/L) = 2.05
 

C C R = 76.20 cm. 

LE TE
 

B B R = 71.12 cm. 

A --- ' A R =63.50 cm. 

Hub SL 12
 

OD 

-z 



- -

STAGE 2. STATTR NB 94
 

SECTION NO 1 SECTION AA RHO 63.5000
 

PT 


1 

2 

3 

4 

5 

6 

7 

8 

9 

20 

1I 

l-

'3 

14 

I5 

16 

17 

1£ 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


35 

36 

37 

38 


3q 

00 

91 

"2 

43 

4a 

45
46 


90 COUR) 

-EANLINE DATA
 

pT ALPHA ZETA- - THICKNESS - UPSILON ... . 

0.02908 18.51114A
 
.4,3407a a2.384 0.08F78 18.5 35
 

-3 *4.29q'16 42.046 0.12539 is.621pb
 
O .9.03160 q0.312 0.22698 18.*80uT
 

f .4.3814 92.607 

S - .30AI44 37,898 - 0.31365 19,1;505 . 

6 . 3.24314 39,788 0o38945 1q.41810 
7 .2.71734 31.083 0.± 58 lo.Ro0 
8 .2.19134. 27,o2z 0,4249 20.09622 ­

9 .1.66946 2U.434 0.51780 20.353?3
 

10 .,13964 21.41q 0.52767 20.57Uq7
 
it .0.13838 17.4S7 0,51548 20.82215-------­
12 0.438a7 12.500 0.46577 P1.09698
 
13 1,31573 7,628 0.3889b 21.212q7
 
14 1.84234 a.758 0,33518 21,27019
 
15 2.368Q7 1.909 0.278sb 21.30040
 
16 2.89583 o.0933 0.22153 ?1.30371
 

17 3.42310 -3.768 0.16760 21,2I141
 
Is 3,95024 .6,584 0.12138 21.23306
 
£9 4.1?2qs .7.517 0.11002 21.21114
 
20 Q.38938 -8.908 O.Oq8n4 21.17482
 
. SURFACE COORDINATES WITH ORIGIN AT SECTION AXIS
 

UPPER LOER 
.TC ALPHA UPSILON ALPHA UPSILON 

0.00317 -4.38l94 18.541 44 ..I.38±94 18.5a48 
0.00317 .4.38597 18.54749 -4.37606 
 I8.53673 

0.00317 .4.38829 18.55506 -4.31b8s5 18.9315 
q 

0.00317 -a.38885 18.56406 -4.39997 18.53210 

0.00317 .4.38756 18.5703q -4,3uS93 18.53240 
0.00317 -4,38432 18.58597 -0.33706 . 18,33459 
0.00317 .37907 18.59872 -9.32392 I±.93875 

0.00317 .37183 18.61265 -Q,30q948 18,4486 
0.003t7 -4.36273 18,62793 -4.29396 18.35 7? 
0.01371 -. 3365 18.66778 -4.251A8 18.57915 

0.01841 -9.2b228 18.7o341 -4.15075 18.63698 
0.02470 -4.10117 18.93776 -3.95801 18.76'09 
0.0297 -3.9017 19.10222 -3o769q6 I.8iq403 
0.03428 -3.77679 19.25973 -3,58368 19.01225 
0.0379Q -3.60879 19.40q27 -3.100A4 19,13031 
0.04255 -3.35303 19.6lq29 -3.13031 19o.qq%5 
0.04627 -3.09401 19.81U23 -2.86305 19.45892 
0.0'933 -2.83220 29.990ql 2. 9A58 lq.60A2u 
0.051n0 -2.56835 20.16±66 -2.33616 19.47911 
0.0537q -. 30333 20.31q62 -2.070q0 Iq9.7019 
0.03537 -2.03723 20.45932 - -1.8i72 20.00264 
0.05695 -1.7698S 20.59022 -1.55582 20.11A63 
0,05731 -1.50150 120.71131 -lp29789 20.2762 
0.05762 -1.2325 " 20.82199 -I.0'1057 20.33042 
0,05747 -0.96290 20.92262 60.78392 20,12764 
0.05627 -0.51206 21.06909 -0.35764 20.57742 
0.05,100 -0.06015 21.1"062 0,067'8 20.71182 
0.05083 0.39201 21,28507 0.40255 20.83057 
0.04691 O.R1349 21.35650 0.9±82i 20.q3343 
0.04"13 1.2q355 21.90563 1.30528 21.0209Q 
0.03o5s 1.56289 121.42%15 1.60222 2t.06s10 
0.03656 1.83180 ,2I.'3731 1.85998 21.10363 
0.03350 2.10010 21.447(06 ?,11797 21013S78
 
0.03030 2.367166 21.."3957 2.376)9 21.1614 ­

0.027 5 -?.63439 21.43012 2.63S34 21.18052 
0.02416 2.90027 2"j,0i0?P 2.8qb6? 21.19105 
0.02116 3.65s98 21.39255 3.15730 21.lqpq3 
0.01A29 - 3.93018 21.36u85 3.4IPR8 21.19777 

0.01559 3.69923 21,33131 3.6pi11 21.1,913
 
0.01125 3.q5770 1.29327 3. 14M 21.11271
 

UpO? 21.?7q89 21.16596
9.04545 ".03160 

0.01p01 4.1331" 2L..26633 Q.IIqA 21.157?1
 
0,01154 4.22102 21.?S?65 U.0688 21.14711
 
O.0lo7g A.3oS00 21.23?0" U.M3il 21.13?5l
 
0. o20 79 0.37A"O 2 1 .? I."1 a.;b7q ?l.lJThpj

0.1107q 4.38938 21.17512 4 8938 ?I.7'S?
 

CNIUO STAGGER CAUI1FP 
q.1581 16.711 1.SlI' 

iREA 1.463111 SURFACE ARC LENGTH 1q.08075 

Al 'HA Cr;,3 IL.
 
SFCTII1'A C.. ..0;6lI67 211.912
 
9TIP'rA SrTION C.G, ?0.Y013.IPfAC[ -0.%976 

SIA(81 it. A J: eU1.I,; } O. P * 

3YYTfll WI"T,11 7 hO,55SI? R U. mU 0. FTA -16.078 



STAGE 2. STA1OA KR 94 

SECTION NO P SECTION [IS RHO 71.I200
 

MEANLINE DATA
 

PT 	 - ALPHA ZETA. IHICkNESS UPSILON-....- " 

I 	 .4.71H67 40.488 0,03437 18.55366 
2 	 4.4611113 4O.70 0.10024 18.5558 ...
 
3 4.6247 30.066 O.53O 1P.63309
 

a .4.34?79 38.358 0,27qqi 18.86209
 
5 .3.96h6,5 36.133 0,38966 10.14929
 
6 .3aOQSS5 33.27S O.496b8 19.47bil
 
7 .2.93005 29.867 0.56878 19.83A2
 
8 	 .2.363sq 26.6b 0.o23

7
1 P.811 ...
 

9 -1.70714 23.b32 0.65870 20.3040
 
to -1.23010 20.756 0.674Q3 20.6?544
 
11 .0.47314" 16.Q80 0.1,6?42 208'8RI2 ____
 
12 0.473ob 12.275 0.tO08I ?1.13109
 
13 -1.2181 7.04 0.50104 21.2q737
 
10 1.9gllq 0.q08 0.43071 21.36017
 
1 2.56071 2.186 0.35575 21.3q571
 
16 3.13070 -0.539 0.27q73 21.a0319
 
17 3.700Q7 -3.2b5 0.20735 21.83840 -.. ..
 
18 4.27113 -5.979 0.14536 21.33765


3
19 4.4o 7 -6.877 0.12qg8 21.31614 
20 	 . 4.74h47 -8.219 0.1191 -21.2787U. .. . .
 

SURFACE COORDINATES WITH ORIGIN AT SECTION AXIS
 

UPPER . . LONER
 
.PT .. T/C ALPHA UPSILON - ALPHA UPSILON -...
 

.	 I 0.003,9 -4.71867 18,553b6 -0.71A67 - 1R.55366 
2 0.0034q -a.72357 18.56148 -4.71171 1R.SJ758 
3 0.00'J -0.726al 1.57100 -4.70274 I.S4328 
4 0.0034Q -4.72710 18.58215 -I.6ql3 14.91083
 
5 0.0034q -0.72595 18.5g'8o -0.67906 18.50034
 
6 0.00349 -4.72165 18.6088q -4.66352 18.54193
 ....7_0.00349 -4.7TS33 18.b2nig -0,64928 IR.5S5.
 

8 0.0034q -4.7066i 18.60n86 -4.63031 16.55147 . 
q 0.00309 .4.69565 18.65903 -4.61040 t8.S3521
 

IO_.0 0.0196? -4.67302 I1.69267 .4.7461 18,57471
 
it o.o210q -. 5Q536 18.79248 -4.463l7 18.63210
 
12 	 0.02A5I -1.12721 18.q7524 -4,25292 . 16,7507 ....
 
I 0.03411 -d.25348 19.14716 -I.00RO 10.A7678
 
14 0.03Q69 -4.07667 19.31082 -3.84624 18.q505
 
is 0.04409 -3.89674 19.46617 .3.64757 -- 19,11046
 
16 0.04954 -3.62204 19.68492 -3.35436 10.?7q6
 
17 0.050R -3.34307 19.88$ 5 -3.06502 10.03401
 
.. 	 0.05786 -3.06197 20,07667 -2.77862 1.58216 ..
t 

t1 O.ObOa ,?.77803 20.2512q -2.oqafi IQ.72221
 
P0 0.06;91 -2.49225 20.a1307 -2.212S2 19.'5a2
 
21 0.06540 -2.20497 20.56i11 -1.93189 1gq7967
 
22 0.06693 -lI1632 20.74190 -I.6263 20.0q765
 
?3 0.0b00 - .6?653 20.82960 -t.37451 20.20qOS
2 0.06R54 -1.33573 2.Q4635 -1.09740 20.31U77 ­

25 0.06A48 -1.0*3A9 21.05213 -0.821 4 20.41536 
26 0.06720 -. 55558 21.20495 -0.3 133 20.57160 

- 227 .0.b0469 .0.06398 21.32954 0.08379 20.71360 
28 O.060A8 0.023A6 21.U2707 0.S01'S 20.84096,
 
29 0.05h1l 0.91298 21.49887 .o07A5 2n.59360
 
30 0.05077 1.0055 21.94677 1.46679 21.A5119
 
31 0.04725 1.69220 21.56484 1.7Q301 21.10221 
32 0.04359q 1.9327 21.57%17 2.01989 2t.14736 
33 0.03"'s 2.27330 21.57790 2,2752 21.18632 ­
30 0.03600 2.5629b 21.,7320 2.57601 22.21817 
35 0.03)1a 2.85144 21.56131 2.85544 21.2a078 
36 0.02A31 3.138q2 21.54770 3.13587 21.63A6 
37 0.02,15A 3.02550 21.51783 3.41720 21.27RP 
38 0.02100 3.71127 21.48702 3,6q34 21.2P0S0 
3q 0.01769 3.9 632 21.05065 3.98219 21.27737 
40 0.01474 0.28O4 2I.0t961 4.265S8 2l.2hq2s
41 0.Ol19t 4.37558 - 21,395I1 4.36015 21 .?Pq9 
A2 0.01119 U.470PS 21,;P8a9 4.05070 21.2%151
 
43 0.01phO 0.,6497 21. l0h"9 11.5"16 2t.?,?77
 
4" 0.611h7 n0767 21 .30'iI6 0.6A157 2l.??2,"0
 
05 0.01167 4.7332b 21.32077 0.72186 21.23P7%
 
06 n.01167 ,..7u'a7 e1.?7870 4.70fl 7 ?I.?11
 

CA1ORD 	 sTAGGrcF CA'IIFr
 
9.8qqf. 	 16.062 118.707 

AREA 	 4.711849 SURFACL APC LFNGIP ?0.4745!! - KF0 9. 
SECrTIril C.(. -0.6onq P51lf . 

'1Tff MIIIOF ACI 
ILAOE AXIS 

3fETIll. C,G,. -0.6112n 
0. 

204 e P'2 
21.01s0? 

IrACKJr. AXIS (RADIAL) 0, 20. ?96q 

CrIORD SYST[M ORIGTN I 60.5551 PRVlO, 0, ETA .16.9114 91 



STAGE 2. STATOR NH 94 

SECTION NO 3 SECTION CC RHO 76.2000
 

PEANLINE DATA
 

PT ALPHA ZETA* THICKNESS UPSILON . 

I .4.6q625 42.274 0.03840 19.IQ444
 
. . 2 .0.857?3 42,070 0.s1505 lQ.22952


3 -4.7QU78 al.7b2 0.17618 19.28205
 
4 .4.50622 40.183 0.32316 10.51577
 
5 -41.1589 37.qbo 0.451,14 19.8R316
 
6 .3.6?735 35.0a4 0.56b28 20.214I 
7 .3.04062 31.549 0.66352 20.60006 
a .2.45306 28.201 0.73007 20,9 7Ph 
9 .1.86504 25.065 0.77335 21.2A200 

10 .1.27648 22.066 0.79?q3 2.48955 
it .0.40116 18.09. 0.77959 21.77648
t2 0.49150 13.083 0.70633 22.05113 
13 1.47462 8.10a 0.58700 22.23070 

20 2.06518 5.147 0.50314 2.30380 -­
is 2.65574 2.195 0.41373 22.34197
 
16 3.2646b .0.774 0.32315 2?.319?0
 
17 3 83694 -3.753 0.23761 22.32550 ......
 
18 4.q2777 -6.722 0.16434 22.27129
 
19 4.b2481 .7.704 0.14630 22.24620 

- 20 - 4.92015 .9.168 0.12858 22.20217 

SURFACE COORDINATES WITH ORIGIN AT SECTION AXIS
 

UPPER - LOWER 
PT . Tc ALPHA UPSILON ALPHA UPSILON 

1 0.00374 -4.89625 19.19444 .-4.89605 19.19444 
2 000374 -4.90225 19.20327 -4.88701 19.18750 
3 0.00374 -4.q0599 19.21409 -4.87738 19.18261 
4 0.00374 -4.907ui 19.22680 -4.86475 19.17988 
5 0.00374 .8.90638 10.24130 -4.85012 19.17941
6 0.00374 -4.90279 19.25744 -4.83361 29.18134 
7 0.00374 -4.89657 10.27516 -4.81S29 lq.I8575
8 0.00374 -4.8774 19.290u6 -4.7qq13 19.10259 
9 0.00374 -4.876a6 19.31553 -4.77293 2q.20165

-0 0.01721 -4.85704 1q.348,47 -4.73913 19.21680 
it 0.02325 -4.7,78S2 1.a5040 -4.62131 19.27976 
12 .... 0.03157 -4.60802 19.66293 -4.39916 19.41405 
13 0.03826 -4.43124 19.85301 -4.183?8 19.5830 
14 0.04412 -4.25076 20.03571 -3.Q7-161 lq.67P76 
k5 0.04909 -4.06535 20.20905 -3.76386 _19.R051 ­

1b 0.05s29 -3.78276 20.45?51 -3.45747 19.98724 
17 0.06045 -3.49567 20.67R82 -3.15558 20.15962 
_1_ 0.06075 -3.20486 20.88q28 -2.89740 20.32249 

19 0.06830 -2.91099 21.08468 -2.56229 20.47632 
20 0.07121 -2.61473 21.26594 "2.?69 7 20.62148 

21 0.07357 -2.31658 21.43395 -1.97R73 20.75837 
22 0.07939 -2.01679 21.58915 -1 .Oq53 20.A6775 
23 0.07662 -1.71544 21.73186 -1.40190 21.0103A 
24 0.07725 -1.41262" 21.86223 -1.11974 1.1P682 
25 0.07724 -1.10650 21.Q8039 -0.6308 21.23756 
26 0.07588 -0.59q 4 2?.15n88 -0.35830 21.41010 
27 0.07?29 -0.08848 22.?8948 0.I2238 21.56790 
28 O.O66q 0.4233"1 22.39728 0.582?0 21.71022 
29 0.06332 0.93q34 22.4754A 1.052" 21.83630 
30 0.05711 1.44318 22.52638 1.52564 21.94S92 
31 0.05;00 1.70743 22.54886 1.81037 22.00357 
32 0.04889 2.05101 22.55451 2.09578 22.05458 
33 0.04458 2.35308 22.55540 2.3A229 22.09858 
34 0.04020 2.65456 22.54803 2.67019 2?.13562 
35 0.03978 2.95as5 22.532') 2.qSqlq 22.16566
 
36 0.03140 3.25362 ,?2.51032- 3.24910 22.18794 
37 0.02716 3.55152 22.48036 3.54018 2?.20173 
38 0.02310 3.8481 22.411358 3.802S1 22.?0696 
39 0.010 9 U.14389 22.110066 4.1?578 22.40341 
40 0.015"9 4.4 99 22.35?62 4.1lq7 2P.18059 
41 0.01505 0.537?6 22.33569 4.51772 22.1A27 
42 0.012.11 4.63553 22.1153 .,61578 27.17363 
U3 0.01358 4.73382 22.30126 4.71131 2.1612R 
4 0.0175 4.81,688 2?2.7737 4.855 - 22.1471? 
45 0.0125? 11.0?7 22.25400 4,18%5 2 .157A1 
06 0.01?5? a.92015 22.20217 4.90215 22.20217 

CHOUR) STAGCER CA*'BFP
 
10.2668 17,035 51.401
 

AREA 5.7650538 SURFACE ARC L~tJr1H 21.44711 

ALPHA I'PILON 
3ECT 111 C.G. 	 -0.1.705 ?l.1 l l2 
STREAS.lFACL SECTION C.. -.0,709q7 p2.4020 

92 	 ELAGI Y11 0. ?l.qz0 V. 
9TALC. Ir. Ai5S IPAS55 1 0. ii .Q T-.7 

COURDI Sf5TL' OPII 1 	 69,55512 R 0, l 0. rFT -16.0784 

http:0.012.11


STAGE 2. STATOR -NR 0
 

SECTIIN NO 4 SECTION DO RHO RP.IIR? 

PFANLINE DATA
 

PT ALPHA ZETA- THICKNESS UPSILON' 

..5.0222 "S0.917 0.08403 1q.qs730 
2 .4, |IQI S0.702 OI07A 20.00670 
3 .41.QP300 50.3bt 0.212018 20.078?2 
a -11.o2161 i6.o39 0.3901' 20.43013 
5 *' 2?366 U6,130 0.54335. 20.8e8FI . ..... 
6. .3.7?333 02.561 0.67657 21,35649

7 -3.122q7 3A.1;0 0:79170 21.86976 
8 -. 5104 33.003 0,86903 22.30870 
9 -I.lb32 30.111 0.q2124 22?.863l 

10 .l.31159 26.5hO 0.93310 23.00949 
II .0.5046o 2l.8 09139? 23.36832 ..... 
12 0.50529 15.553 0.81677 23.70953 
11 lSSqb q.22R. 0.670"6 23.02735 
14 2.1?330 5..l 0.56020 24.00312 
Is 2.73073 1.747 0.06037 24.04021 
16 3.33817 -2.026 0.36125 ?4.04315
 
17 - 3,Q4355 -5,8%1 0.26481 23.99717
 
A 4.59210 -90.34 0.18321 23.9170q
 

10 4;752.2 -o.681 0.163b1 23.87982
 
.... 20._. 5.05590 -12.72? 0.14 1 23.81200 

SURFACE COORDINATES MITH ORIGIN AT SECTION AXIS 

UPPER LOWER -

PT T/C ALPHA UPSILON ALPHA UPSILON 

1 0.00408 -5.02222 . 19.05739 -5.02222. 1Q.95739 
2 0.00o0 -5.03122 19.96bq5 -5.01106 19.95050 
3 0.0040A .0379F 19.97ql4 -4.9977q 1q.q963? 
a .O0aflnR -9.04236 1q.gq382 --. q.825? 1.90406 
5 0.0040 .5.0.o18 20.01085 -4.96546 IQ.9o657 
6 0.0040A -5.00323 20.03006 -4.94679 19.9513t 
7 0.00008 -,.03Q37 20.05133 -4.92669 19.95028 
8 0.00O 8 -5,03262 20.074b69 -4.9006 19.70Q4 
9 0.0040f8 -5.02329 20.10038 -t4.88144 1.98455 

10 0.01O77 -5.00360 2n.14816 -. 83928 . 20.41206 
It 0.02654 -0.93008 20.29298 -o.71120 20.t0A34 
12 0.03635 -4.76o72 2O.56040 -4.471,7 20.30618 
13 O.q008 .4.59332 20.8 150 -4.24175 20.50110 
14 0.05o" -4.41268 21.06603 . -4.0192b 20.68772 
15 0.0507 -0.22643 21.29633 -3.80239 20. 6477 
6 O.Ob2q4 -3.q122 21.61737 -3.462Q1 21.t1162 
t7 0.06A75 -3.05044 21.91635 -3.16q00 1.35202 
-18 0.07340 -3.35260 22.19031 -2.8621 -- 21,S6 77 
19 0.07753 -3.00aI 2?.0487? -2.56026 21.7700 
20 0.08o7Q -2.7U540 12.68172 -2.5qq8 21.957h9 
21 0.08394 -?.41393 22.8q777 -1.96176 - 22.13306 
22 0.080,6 ?.l2l 23.Oq639 -1.b670 22.29q739 
23 0.08633 -1.81406 3.27S08 -1.37726 22.45276720 0.0664 -o.~4q$6 23.03725 -1,08768 - - 22.5"71 
25 0.08624 -1.18339 23.58096 -0.79S36 22.73775 
26 0.09461 -0.65491 a3.79078 -0.31q22 ?.9q081
27 0.08n08 -o.1222q 23.97340 0.19597 - - 23.14620 
28 0.07951 0.01300 24.10668 0.628,19 23.32089 
29 0.06ql 0.90690 2a.20102 1.10236 23.47172 
30 0.001q 1.47685 2a.25943 1.58027 _ 23.59924 
31 0.05734 I.79294 24.27A73 I 68m 23.66714 
32 0.05259 2.107A7 24.28663 2.15862 '23.72141 
33 0.04777 2.U2038 20.28361 2.45080 23.76910 
34 0.0"?92 2.72976 24.27189 2.74611 23.A004 
35 0.03812 3.03889 24.25586 3.011166 23.84155 
36 0.03341 3.3jq33 2G.22311 - 33359q1 23.6285 
37- 0.02U 3.69726 24.1800P 3.63265 23.86976 
38 0.02q 3.A092 20.1281q 3.93370 3.36536 
39 Q.02045 4.26367 24,07165 4.23563 _ 23,AS?76 
0 0.0160A - 4.5673q 20.0072 4.53660 23.321 0 

02 0.01600 0.66872 21.94430 0.6l684 2.811"1 
42 0.01 14 4.77003 23.95972 4.737t9 ?3.79954 
43 O.o" ..1 4.A71ib 23.93429 4.8;792 23.7 0

!9 
4 0.01.1. 9.020"3 2i.qnO43 4.9bq8 23.75619 
45 .U01A3 5.01,451, 21.87113 5.,0207 21.164S9 

CH(i"n STAG1GR CAPRFR 
10.7901 20.q30 63.866 

AREA 7.218416 StJRFACE APC LENGTH 53.02185 

ALPHA IJP1i ON 
SFLTIfi', C.G. -O.83311 ??.$%9?0 
ST14F klIf, ACE 9FCTINf C.G6 -0.q376 ?°A06"'n 
11131114/Is 0. 2.ih 
3TAC(KI'.(. AXIS (AtI A1 0i. ?3.,6n,7 

CII9O '.YITf'4 r,1IIlf6 7 60.S5'|I F1 0. MU 0. FIA -16,0794 



APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION
 

COORDINATES
 

5. Front Block Fan IGV Strut
 

94 



AST FRONT BLOCK FAN
 

90-. IGV 
Casing
 

80 

____---------...............-R-83.82 cm 

70 - STRUT FLAP 

60 

"50 
R--48.26cm 

40 

30 
- R=30.48 cm 

20 -1 

II I I! 
-50 -40 -30 -20 -10 0
 

Axial -Distance , cm 

95 



0 AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM) *SAG* STATOR 


SECTION AA RADIUS 30.480000 R/R 30.480000
 

SURFACE COORDINATES WITH -ORIGIN AT.-S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
 

1 0.022233 -15.283177 -0.000000 -15.283177 -0.000000
 
2 0.022233 -15.227117 -0.154013 -15.227117 0.154013
 
3 0.022233 -15.114998 -0.228701 -15,114998 0.228701
 
4 0.037511 -14.901097 -0.286643 -14.901097 0.286643
 
5 0.046637 -14.519018 -0.356384 -14.519018 0.356384
 
6 0.059716 -13.754859- -0.456322 -13,754859 0.456322
 
7 0.069609 -12.990700 -0.531921 -12.990700 0.531921
 
8 0.077512 -12.226541 -0.592313 -12.226541 0.592313
 
9 0.083891 -11.462383 -0.641063 -11.462383 0.641063
 

10 0.089604 -10.698224 -0.684719 -1,0.698224 0.684719
 
1t1 0.094332 -9.934065 -0.720845 -9.934065 0.720845
 
12 0.098393 -9J69Q06 -0.751878 -9.169906 0.751878
 
13 0.101687 -8.405747 -0.777053 -8.405747 0.777053
 
14 0.104334 --7.641588 -0.797281 -7.641588 0.797281
 
15 0.106424 -6.877430 -0.813252 -6,877430 0.813252
 
16 0.108067 -6.113271 -0.825803 -6.113271 0.825803
 
17 0.109062 -5.349t12 -0.833407 -5.349112 0.833407
 
18 0.109500 -4.584953 -0.836754 -4,584953 0.836754
 
19 0.109500 -3.820794 -0.836754 -3.820794 0.836754
 
20 0.109500 -3.056635 -0.836754 -3.056635 0.836754
 
21 0.109500 -2.292477 -0.836794 -2.292477 0.836754
 
22 0.109500 -1.986813 -0.836754 -1.986813 0.836754
 
23 0.109500 -1.833981 -0.836754 -1.833981 0.836754
 
24 0.109500 -1.681149 -0.836754 -1.681149 0.836754
 
25 0.109500 -1.528318 -0.836754 -1.528318 0.836754
 
26 0.109500 -1.375486 -0.836754 -1.375486 0.836754
 
27 0.109500 -1.222654 -0.836754 -1.222654 0.836754
 
28 0.109500 -0.916991 -0.836754 -0.916991 0.836754
 
29 0.109so0 -0.836703 -0.836754 -0.836754- 0.8367S4
 
30 0.109500 -0.278901 -0.623664 -0.278918 0.623680
 
31 0.10500 0. -0.000000 0. -0.000000
 

LE RADIUS 0.239591 CENTER AT Z -15.043585 R-THETA -0.000000
 

TE RADIUS 0.836754 CENTER AT Z -0,836754 R-THETA -0.000000
 

CHORD SOLIDITY STAGGER CAMBER
 

15.283177 1.276848 0. 0.
 

AREA C.G. Z C.G; R-THETA S.P. Z SP. R-THETA
 

21.574004 -6.866399 0. 15.283177' 0.000000
 

SURFACE ARC LENGTH - 31.778
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C &ST'FRONT BLOCK FAN IGV STRUT SECTIONS 
(CM) *SAG* STATOR 


SECTION B8 RADIUS 48.260000 R/R 48.260000
 

SURFACE COORDINATES WITH ORIG'IN AT .P,
 

PT. TIC LOWER Z LOWER R-THETA UPPER 2 UPPER R-THETA
 

A 0.023991 -14.255213 .-0.000000" -14.255213 -- 0.000000
 
2 0.023991 " -14.199055 -0.158854 -14.199055 0.158854
 
3 0.023991 -14.086741 -0.238290 -14.086741 0.2 8290
 
4 0.041588 -13.898832 -0.296426 -13.898832 0.296426
 
5 0.052117 -13.542452 -0.371468 -13.542452 0.371468
 
6 0.067176 -12.829691 -0.478803 -12.829691 0.478803
 
7 0.078576 
 -12.116931 -0.560057 -12.116931 0.560057
 
8 0.087637 -11.404170" -0.624643 -11.404170 0.624643

9 .0.095004 -10.691409 -0.677153 -10.691409 0.671153
 

20 0.101576 
 -9.978649 -0.723992 -9,978649 0.723992
11 0.107027 
 -9.265888 -0.76284 -9.265888 0.762844
 
12 0.111682 -8.553128 -0.796025 -8.95-3126 0.796025
13 0.115466 -7.840367 -0.822994 -7.840367 0.822994
 
14 0.118551 - -7.127606 -0.844985 -7.127606 
 0.844985
 
15 0.120965 -6.414846 -0.862193 -6.414846 0.86 193

16 0.122833 -5.702085 -0.875504 -5.702085 0.875504
 
27 0.124002 
 -4.989324 -0.883837 -4.989324 0.883837
 
18 0.124500 -4.276S64 -0.887387 -4.276564 0.887387
 
19 0.124500 
 -3.563803 -0.887387 -3.563803 0.867387
 
20 0.124500 -2.851043 -0.887387 -2.851043 0.887387
 
21 0.124500 -2.138282 -0.887387 -2.138282 0.887387
 
22 0.124500 -1.853178 -0.887387 -1.853178 0.887387
 
23 0.124500 -1.710626 -0.887387 -1.710626 0.887387
 
24 0.124500 -1.568073 -0,887387 -1.568073 0.887387
 
25 0.124500 -1.425521 -0.887387 -1.425521 0.887387
 
26 0,124500 -1.282969 -0.887387 -1.282969 0,887387

7 0.124500 -1.140417 -0.887387 -1.140417 0.887387
 
28 0.124500 -1.01387S -0.887387 -1.013902 0.887387
 
29 0.124500 -0.687333 -0.887367 -0.8873B7 0.887387
 
30 0.124500 -0.295778 -0.661403 -0.295796 0.661419
 
31 0.124500 
 0. -0.000000 . 0. -0.000000
 
LE RADIUS 0.252757 CENTER AT Z -14.002456 - R-THETA -0.000000 
TE RADIUS 0.887387 CENTER AT Z -0.887387 R-THETA --0.000000
 

CHORD SOLIDITY STAGGER, CAMBER
 

14.255213 0.752189 
 0. 0.
 

AREA C.G. Z -C.G. R-THETA S.P 
Z" S.P. R-THETA
 

21.252029 -6.403911 
 0. 14.255213 0.000000
 

SURFACE ARC LENGTH 29.804
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AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM) "*SAG* STATOR 0'
 

SECTION CC RADIUS 63.500000 R/R 63.500000-


SURFACE COORDINATES WITH ORIGIN AT -S.P.
 

PT. T/C LOWER Z LOWER R4;THETA UPPER Z UPPER R-TH9TA
 

1 0.025239 -13.374101 -0.000000 -13.374101 -0.000000
 

2 0.025239 -13.318969 -0.160016 -13.318969 0.160016
 
3 0.025239 -13.208705 -0.242030 -13.208705 0.242030
 

4 0.044861 -13.039748 -0.299990 -13.039748 0.299990
 
5 0.056615 -12.705396 -0.378590 -12.705396 0,378590
 
6 0.073402 -12g036690 -0.490841 -12.036690 0.90841
 

7 0.086117 -11.367985 -0.575868 -11.367985 0.575868
 

8 0.096182 -10.6Q9280 -0.643171 -10,699280 0.643171
 

.9 0.104414 -10.030575 -0.698219 -10,030575 0.698219
 
10 0.111732 -9.361870 -0.747160 -9.361870 0.747160
 
11 0.117815 -8.693165 -0.787837 -8.693J65 0.787837
 
12 0.122985 -8.024460 -0.822407 -8.024460 0.822407
 

13 0.127.194 -7.355755 -0.850549 -7.355755 0.850549
 
14 0.130668 -6.687050 -0.873782 -6.687050 0.873782
 

15 0.133366 -6.018345 .-0.891826 -6.018345 0.891826
 
16 0.135426 -5.349640 -0.905598 -5.349640 0.905598
 
17 0.136751 -4.680935 -0.q14459 -4.680935 0,914459
 

18 0.137300 -4.012230 -0,918132 -4.012230 0.918132
 

19 0.137300 -3.343525 -0.918132 -3.343525 0.918132
 

20 0.137300 -2.674820 -0.91A132 -2.674820 0.918132
 
21 0.137-300 -2.006115 -0.918132 -2.006115 0.918132
 
22 0.137300 -1.738633 -0.918132 -1.738633 0.918132
 
23 0.137300 -1.604892 -0.918132 -1.604892 0.918132
 
24 0.137300 -1.471151 -0.918132 -1.471151 0.918132
 

25 0.137300 -1.337410 -0.918132 -1.337410 0.918132
 

26 0.137300 -1;203669 -0.918132 -1.203669 0.918132
 
27 0.137300 -1.069928 -0.918132 -1.069928 0.918132­

28 0.137300 -- 0.994002 -0.918132 -0.994030 0.918132
 
29 0.137300 -0.928076 -0.918132 -0.918132 0.918132
 

30 0.137300 -0.306025 -0.684318 -0.306044 0.684335
 
31 0.137300 0. -0,000000 O. -0.000000
 

LE RADIUS 0.259784 CENTER AT Z -13.1t4316 R-THETA -0.000000
 
TE RADIUS 0.918132 CENTER AT Z -0.918132 R-THETA -0.000000
 

CHORD" SOLIDITY STAGGER CAMBER
 

13.374101 0.5363Z9 0. 0.
 

AREA C.G. Z C.G, R-THETA S.P. Z S.P. R-THETA
 

20.555887 -6.007511 0. 13.374101 0.000000
 

SURFACE ARC LENGTH 28.093
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0 
AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM) 
 *SAG* STATOR 


SECTION DO RADIUS 83.820000 R/R 83.820000
 

SURFACE COORDINATES WITH ORIGIN AT ".P
 

PT. T/C 
 LOWER Z LOWER R-THETA 
 UPPER Z UPPER R-THETA
 

1 0.026557 -12.199284 -0.000000 -12.199284 
 -0.000000

2 0.026557 -12.146875 
 -0.157658 -12.146875 0.157658
3 0.026557 -12.042055 
 -0.241013 -12.042055 0.241013
 
4 0.048945 -11.894302 
 -0.298546 -11.894302 0.298546
5 0.062378 -11.589320 -0.380481 
 -11.589320 0.380481
6 0.081S23 -10.979356 -0.497262 -10.979356 0.497262

7 0.09bo37 -10.369392 -0.565790 
 -10.369392 0.585790
 
8 0.107462 -9.759428 -0.655482 
 -9.759428 0.655482

9 0.116881 -9.149463 -0.712931 -9.149463 0.712931
to 0.125218 -8.539499 -0.763787 -8.539499 
 0.763787


11 0.132166 -7.929535 -0.806168 -7.929535 0.806168
12 0.138034 -7.319571 -0.841956 -7.319571 
 0.841956
 
13 0.142820 -6.709606 -0.871151 -6.709606 
 0.871151
14 0.146834 -6.099642 -0,8 95b37 -6.099642 0.895637
 
Is 0.149922 -5.489678 -0.914473 -5.489678 
 0.914473
16 0.152238 -4.879714 -0.928600 -4.879714 
 0.928600

17 0.153782 -4.269750 -0.938018 -4.269750 0.938018
18 0.154400 -3.659785 -0.941785 -3.659785 
 0.941785

19 0.154400 -3.049821 
 -0.941785 -3.049821 0.941785
 
20 0.154400 -2.439857 -0.941785 
 -2.439857 0.941785

21 0.154400 -1.829893 -0.941785 -1.829893 0.941785
 
22 0.154400 -1.585907 -0.941785 -1.585907 0.941785
23 0.154400 -1.463914 -0.941785 -1.463914 0.941785
 
24 0.154400 -1.341921 
 -0.941785 "2.341921 0.941785

25 0.154400 -1.219929 -0.941785 -1.219929 
 0.941785
26 0.154400 -1.097936 
 -0.941785 -1.097936 0.941785

27 0.154400 -0.975943 -0.941785 -0.975943 0.941785
28 0.154400 -0.958835 -0.941785 -0.958864 0.941785

29 0.154400 -0.941727 -0.941785 -0.941785 0.941785
30 0.154400 -0.313909 -0.701948 
 -0.313928 0.701965
 
31 0.154400 0. 
 -0.000000 0. 
 -0.000000
 

LE RADIUS 0.263337 CENTER AT Z -11.935948 R-THETA -0.000000
TE RADIUS 0.941785 CENTER AT Z -0.941785 R-THETA -0.000000
 

CHORD SOLIDITY 
 STAGGER CAMBER
 

12.199285 0.370619 
 0, 0.
 

AREA C.G. Z C.G. R-THETA S.P, Z S.P. R-THETA
 

19.141828 -5.479087 
 0. 12.199284 0.000000
 

SURFACE ARC LENGTH 
 25.787
 

99 



APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION
 

COORDINATES
 

6. Front Block Fan IGV Flap
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AST FRONT BLOCK FAN IGV FLAP *SAGt STATOR 3 

NB 16 SECTION AA RADIUS 30.4803 RIR 30.483000 

SURFACE COORDINATES WITH ORIGIN AT S.P. 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA 

1 0. -0.660400 -0.057777 -3.650400 -0.057777 
2 0.041091 -0.471559 -0.314699 -0.519041 0.228033
 
3 0.056715 -0.297431 -0.403435 -0.362969 0.345658

4 0.077130 0.044564 -0.509370 -3.044564 0.50,9370
 
5 0.091140 0.382858 -0.573000 '0.277542 0.630777
6 0.101608 0.719107 -0.613242 0.601693 0.728797
7 0.116008 1.387827 -0.650563 1.253773 0.881673 
9 0.124523 2.053146 -0.649019 1.939254 0.995684 
9. 0.128950 2.716104 -0.620476 2.557096 1.082696
 
13 0.130200 3-377226 -0.570953 3.226774 1.148728
 
11 0.126195 4.695713 -0.428956 4.549887 1.237841
12 0.115714 6.010457 -0.244177, 5.876743 1.284172
 
13 0.100837 7.322661 -0.030376 7.206139 1.301480
 
14 0.082315 8.632759 0.207501 
 8.537641 1.294714
 
15 0.061132 9.941320 0.462948 
 9.870680 1.270376
 
16 0.036977 11.248164 0.738023 11.235436 
 1.226412
 
17 0.026538 0.853181
11.770453 11.739787 1.203697
 
18 0.023804 11.900953 0.882793 11.87,3447 1.197196
 
19 0.021177 12.031516 0.911695 12.037044 1.191405
 
2) 0.018443 12.162016 0.941307 12.140704 1.184904
 
21 0.015686 12.292503 0.971069 12.274377 1.178253
 
2? 0.010076 12.488314 1.016121 12.475036 
 1.167889
 
23 0.010076 12.530324 1.042135 12.520926 1.149564
 
24 0.010976 12.547600 1.097772 12.5417600 1.097772
 
LE RADIUS 0.- CENTER AT Z -0.660400 R-THETA -0.057777 

TE RADIUS 0.076929 CENTER AT Z 12.470964 R-THETA 1.091367
 

CHORD SOLIDITY STAGGER CAMBER
 

13.258452 1.107690 
 5.000000 0.
 

AREA C.G. Z C.G. R-THETA S.P. Z S.P. R-THETA
 

15.937597 5.006214 0.437987 
 -0.663400 0.057777
 

SURFACE ARC LENGTH 27.158
 

THROAT NL NU SPACING AT/S
 

13.213028 9 11.969458
10 0.853257
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AST 	FRONT BLOCK FAN IGV FLAP *SAG* STATOR 

%B 16 SECTION BB RADIUS 48.2600) . RIR 48.260000 

SURFACE COORDINATES WITH ORIGIN AT' S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA 

1 0. -0.838617 -0.073369 -0.838617 -0.073369 
2 0.036357 -0.602288 -0.359924 -0.655638 0.249870 
3 0.050181 -0.382491 -0.457512 -0.456126 0.384143 
4 0.068244 0.050071 -0.572310 -0.050071 0.572310 
5 
6 

0.080640 
0.089902 

0.478473 
0.904577 

-0.639576 
-0.680564 

0.360143 
3.772656 

0.712945 
0.827303 

7 0.102643 1.752542 -0.714044 1.6)1925 1.037522 
8 0.110177 2.596686 -0.703857 2.435014 1.144073 
9 0.114394 3.438177, -0.663334 3.270757 1.250290 

19 . 0.1152,0. 4.277605 -0.599239 4.1)8562 1.332934 

11 0.111636 5.952224 -0.422615 5.788410 1.449787 
12 0.102278 7.622591 -0.197392 7.472510 1.518041 
13 0.089010 9.290089 0.060615 9.159478 1.553512 
14 0.072516 10.955221 0.345672 10.848812 1.561933 
15 0.053493 12.618497 0.651941 12.540003 1.549141 
16 0.031910 14.279896 0.979674 14.233071 1.514886 
17 0.022604 14.943961 1.116413 14.910792 1.495539 
18 0.020185 15.109910 1.151374 15.030291 1.489925 
19 0.017791 15.275877 1.186126 15.249770 1.484521 
20 0.015372 1'5.441825 1.221088 15.419269 1.478907 
21 0.012862 15.607707 1.256806 15.588833 1.472537 
22 0.007864 15.874803 1.314366 15.851867 1.462231 
23 0.007864 15.916529 1.339463 15.937317 1.444762 
24 0.007864 15.933717 1.394019 15.933717 1.394019 

LE RADIUS 0. CENTER AT Z -0.838617 R-THETA -0.073369 
TE RADIUS 0.074776 CENTER AT Z 15.859225 R-THETA 1.387502 

CHORD SOLIDITY STAGGER CAMBER 

16.836401 0.888387 5.000000 0. 

AREA C.G. Z C.G.- R--THETA S.P. Z S.P. R-THETA 

22.667250 6.336416 0.554364 0.839617 0.073369 

SURFACE ARC LENGTH 34.329
 

THROAT NL NU SPACING AT/S
 

16.968622 9 10 18.951642 0.895364
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AiT FRONT BLOCK FAN IGV FLAP 
 *SAG* STATOR 0
 

NB 16 SECTION 
CC RADIUS 63.50000 R/R 63.500000
 

SURFACE COORDINATES WITH ORIGIN AT 
"S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER 2 
 UPPER R-THETA
 

1 0.- -0.991374 -0.086734 -0.991374 -0.086734
2 0.032254 -0.715555 -0.384811 -0.771506 0-2547103 0.044518 -0.457074 -0.484710 -0.534299 0.397976
 
4 0.060543 
 0.052512 -0.600210 -0.052512 0.630210
5 0.071540 0.557736 -0.665862 3.433637 
 0.752596

6 0.079757 1.060550 -0.703955 0.922198 0;877423

7 0.091260 2.061728 -0.729279 1.933768 1-076215

8 0.097744 
 3.058899 -0.708807- 2.889344 
 1.229211
9 0.101219 4.053286 -0.656522 3.877704 
 1.350393
13 Z-..102203 5.045511 ,0.579514 4.858227 
 1.446854
 

11 0.099022 7.025503 -0.374545 6.853731 1.588820

12 0.090656. 
 9.000994 -0.118133 
 8.843735 1.679344
13 0.078805 10.973463 0.17282n 
 10.836761 1.735326

14 0.064093 12.943450 
 0.492143 12.832270 1.762940
15 0.047003 14.911375 
 0.835032 14.8?9839 1.765986
16 0.027696 16.877377 1.199904 16.829333 1.74905017 0.019387 17.663269 1.351667 17.629639 1.736061

13 0.017241 17.859682 
 1.390291 17.829775 1.732131
17 0.015063 18.056069 1.429223 18.029938 1.727892

2) 0.012917 18.252482 1.467847 18.230075 1.723962

21 0.010638 18.448779 1.507792 
 18.430326 1.718710
2? 0.006176 18.781236 
 1.574987 18.769401 1.710266
23 0.006176 18.820079 1.597736 18.81,1604 1.694609

24 0.006176 18.836102 1.647945 
 18.936102 1.647945
 

LE RADIUS 0. CENTER AT Z -0.991374 R-THETA -0.086734

TE RADIUS 0.068286 
 CENTER AT Z 18.768076 
 R-THETA 1.641993
 

CHORD SOLIDITY 
 STAGGER 
 CAMBER
 

19.903214 0.798160 
 5.000000 0.
 

ARE A C.G. Z C.G. R-THETA S.P.- Z S.P. R-THETA 

28.025800 7.469378 
 0.653486 0.-991"374 0.086734
 

SURFACE ARC LENGTH 
 40.434 

THROAT NL NU SPACING AT/S
 

22.839727 10 11 24.936371 
 0.915920
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AST FRONT BLOCK FAN IGV FLAP *SAG* STATOR 3
 

'4B 16 - SECTION DD RADIUS 83-820)3 R/R 83.823300 

SURFACE COORDINATES WITH ORIGIN AT S.P.
 

PT. TIC LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
 

1 0. -1.195050 -0.104553 -1.195050 -0.104553 
? 0.026826 -0.868240 -0.398999 -D.924335 0.242169 
3 0.037026 -0.558813 -0.494756 -0.636237 0.390203 
4 0.050354 0.052647 -0.601755 -0.052647 0.601755 
5 0.059500 0.659734 -0.658778 0.535316 0.763331 
6 0.066334 1.264404 -0.688171 1.125696 0.897278
 
7 0.075735 2.469283 -0.695965 2.310917 1.114178
 
9 0.081294 3.670146 -0.657844 3.500154 1.285164
 
9 0.084184 4.868217 -0.587828 4.692183 1.424254
 

10 0.085000 6.064120 -0.493026 5.886380 1.538559
 

11 0.082340 8.451439 -0.252125 8.279261 1.715871
 
12 0.075310 10.834189 0.040987 10.676711 1.840972
 
13 0.065365 13.213891 0.368942 13.077209 1.931231
 
14 0.053340 15.591105 0.725338 15.480195 1.993047
 
15 0.038593 17.966097 1.107129 17.885403 2.029469
 
16 0.022355 20.339223 1.510252 20.292477 2.044559
 
17 0.015385 21.287976 1.677190 21.25580,4 2.044907
 
13 0.013600 21.525119 1.719432 21.496681 2.044486
 
19 0.311730 21.762174 1.762690 21.737646 2.043049
 
29 0.009945 21.999318 1.804933 21.978522 2.042628
 
21 0.007990 22.236284 1.849207 22.219576 2.040176
 
22 0.004250 22.660248 1.927074 22.650620 2.037121
 
23 0.n04250 22.692585 1.945341 22.6S5637 2.024746
 
24 0.004250 22.705950 1.986512 22.735950 1.986512
 
LE RADIUS 0. CENTER AT Z -1.195050 R-THETA -0.104553
 

TE RADIUS 0.055435 CENTER AT Z 22.650725 R-THETA 1.981685
 

CHORD SOLIDITY STAGGER CAMBER
 

23.992298 0.728894 5.000000 0.
 

AREA C.G. Z C.G. R-THETA S.P. Z S.P. R-THETA
 

33.746803 8.969505 0.784730 1.195050 0.104553 

SURFACE ARC LENGTH 48.526 

THROAT NL MU SPACING AT/S
 

30.786906 10 11 32.916009 0.935317
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105 



REAR BLOCK FAN ROTOR
 

R Blade 
Tip SL 1-- Axis 

A IA R 62.992 cm 

No. Blades = 40 

LE TE Aspect Ratio = 1.51 

Solidity (P/L) = 1.66 

B B R 50.8 cm 

C R = 42.367 cm 

Hub SL 10 

OZ
 



STAGE 4. ROTOR Nfl '40 

SECTION NO I SECTION A& RR0 62.Q0q0 

YEANLINE .- A1A. 

PT ALPHA ZETA* THICkNESS UPSILON 

I 
2 

$ 
6 
p 

-
q 

10
I 

.3.74o8b 

.3.5S007 

.3.1$339 

.2.80760 

.2.0322S 

.2.01951 

.i.5699t 

.1.12078 
:0.67257 
.0.22517 
0.22119 

;7,859 
57.t0 6 

Sb,00I 
55.352 
55.441 
56.248 
57,50 

58.682 
50,20b 
s8,a97 
S8,097 

0.06501 
0.002a2 
0;l0770 
0 2006705 
0.24975 
0,20846 
0.3u327 

0.37706
0.40l?7
0."'i 9 
0.41 06 

S 740O0 
5 8513 
.l91618 

3,82411 
3F217h0 
2t5p7q7 

11605 , 2 3a,3l11 
0.417%7 

...... 

12 
13 
1
Is 
16 
- ? 
18 
19 

0 6e672 
1.11079 
1.55357 
1.9oS07 
2.04259 
2.829 
3.31158 
3.b7455 

57.263 
56,859 
S6,898
57.166 

570697 
57,697 
57,:901 
58.078 

39796 
0.372U7 
0.33684 
0.2903 

0.23926 
t18069 

0.11822 
0.06472 

,1 l 
It80550 

:2 OA335
3l30 

-3,8078 

4,53968 
-5.23283 
o5,E1311 

...... 

SURFACE COOROINATES "ITH ORIGIN AT SECTInN -AXIS 

-- PT .......T/C ALPHA 
UPPER 

UPSILON . 
LOAER 
ALPHA ­. tlPILd.... 

--

1 0.00072 
2 -0.00472 

3 0.00Oa72 
A 0.00a7Z 
5 0.00072 
6 0.0002 
7 0.0 4

7 
2 

8 " 0.00672 
0 0.0070 

10 0.0106 
I - 0.01258 
12 0.01o45 
-13 0.01&26 

10 0.OIJo 
is 0.01085 
16 0.0215t 
I o.02123 

lb 0:0.47A 
19 0.02614 
20 0.0273? 
21 0.02A30 
22 0.2006 
23 0.02061 
20 0.0093 
25 0,On03o 
?6 0.02q90 
27 0.0o5s 
2. 0o02A9q 
29 0.02A21 
30 0.0723 
31 0.0hOdO 
32 0,0208 
33 0,021 
34 0.02043 

.3,76P66 
*3.75220 
3.79262 

.3.7 73h 
-3.73581 
-3.71757 
.3.69301 
.3.60Mo9 
.3.02577 
3.o25109 
-3.07616 
-2.90102 
-P.72966 
-2.55008 
-2.37028 
-2.16208 
t.I51i3 

.1.73eo3 
-1.52473 
-. 30

0 
87 

.1.0936b 
*o.87587 

p.Ob5tb3 
-0.43s29 
-0.21252 
0.01166 
6.23716 
0,463P2 
0.6153 
0.920l 
1.140b 
1.3008 
1.61143 
1,84370 

978020 
S:7171 'I 
5.75526 
5.73qO
s,7o1a 
5.b6632 
5.62210 
9.4b358 
5.17134 
4,88535 
,60oa48 
4.32719 
017q 

3,77678 
3.50067 
3.16569 
2.62U18 
2.07512 
2.11838 
j.

7 5a 
s 

1.31 
1.0008 
0.63u32 
0.26071 
-0.10A03 
-0.47036 
0.p&?77 

-s,17454 
-i.5i790 
:1.85627 
.?. 264 
-P.5 2s 
? .8 630 
-3.?0105 

-3.768R6 5.0020 
3 13366 - S.t8128 
.3.72189 S.77456 
-3,.0311 5.t597t 
*3 66004 - 5.13632-­
.3.tCslO 5S,0

0 
16 

-3.62707 .6bm5 
-3.52245...... S1306 
-3.325A! 5.3736 
-3.12901 d.06738 
2.Q53?7 -. .t30230 
-2.73715 .0.04022 

-*2si317918 

.2.34614 3.01745 

.2.150A8 - .6S330 
l.9l689 3.3305 " 

-I.As3d6 ?.0qqI3 
-1,458A7 - ,65 
1.21029 ?.A0869 

.0.0pa86 t.95038 
"0778 1,8079 
*0.93?pq 1.22160 
-0.10b05. 0.14312 
-0.023t 0.47317 
0.1021 0.107U6 
0,36131 -0.?5318 
0.8110 .O,&0647 
0.7q073 0.q5ql3 
1,01710 ".1ob20 
2.23397 -l,A511 
l0U90 *j.qq648
160bahO -P.34267 
I.A~&53 .2,60002 

-476o3 ,-2.IA
1 
3
0 

35 
36 
37 
38 
39 
d0 

0.OoSo 
0.01759 
0.01S40 
0.01laq 
0.01101 
0.000O7 

P.07692 
2.3090 

-2,5040h 
.79093 

3.01675 
3.29201 

- tsqiA 
.3,670q0 
4.22070 
11. b;2? 

-Ii.qO67 
.9.25167 

2.30362 
2,5140 " 
2.12590 
2.q3545 
3.10002 
3.15000 

.3.3qOq 
1:14907 

.0.10628 
-D.06531 
.0,A25A3 

.5.18810 
Oil 
02 
03 
004 

0.000,0 
0.0-J474 
0.00470 
0.0O.70 

CN~fln 
13.7053 

30101900 
3.62800 
3,647q4 
1,7455 

*9 S406 
.9.801140 
.s.817o5 
-5.41111 

STAGCER 
57.37) 

3.,?A06 -. 9170 
3;h.5W5 *5.1787 
3.iA01 " -S.79066 
3,674%5 -5.1311 

CArBER 
.0.158 

AREA 1.062378 - SURFACE AQr Lr'.lIP "27'60361 

3FCTI,'J CO.,
S P;A,,ur6(.SLCtIgO?. 

HLAf I 
SIAL'(I-r AXIS (RAP.jAL) 

,. 

LP A 

.OoA0j6 
f 

0,t 
o. 

hrqTlC 

0.0219? 

6, 

CnU'I0 SYSTEM o$'IC.TN I 12?,90226 R 0, 107 



STAGE 4. ROTOR No UO 

RHO S0.6006SEcTIUN NO a SECTION R8 

- EANLINE DATA 

PT ALPHA- ZETA. THIZCKNESS UPSTLON 

1-	 .- 38259 s6.253 0,Iobu .4t174 
2 .a.2Rs23 95.210 0.16727 StIS 

3 .3.7034 -3.451 0.26145 U.47796
3 840716* 3.,2s98 52 310 035229 

5 .2,8
0
934 51.9 0,43700 3o370 

6 .2.31J357 5:.835 0.52ti3 2,b76bn 
IQaahq 

a .1.23077 51.357 
, .1-77235 91.721 0.60011 

0,66134 1'3069o 
.O0.8697 50.516 070332 0 b745to .0.1720 Q.O83 0,7?oSS -0OC44l 

a7.37 0.72032 "C,61106 

7 2 0.93554 us,864 0.70?64 :1 IR7 
13 1.47653 

It 0.39426 

45054 066035 *I.7I42 
14 2.0168b qo,895 0.59899 .2.27099 
is - 2:55632 a5.090 0.52077 -42'R063 
16 3 ,Oq44 45.371 Oae8 .3,3q70 

17 3p63 0Q bo.603 0,32538 3 849OR 

"- 4.10810 4s818 0?21511 4,110867t8 

19 .61355 
 46.005 0.12056 -4.90858 

SURFACE COORDINATES %[Tn ORIGIN AT SECTION AY.. 

UPPER LO-FR 
. PT- - T/r . ALPHA UPSILON. ALPHA -UPAILON" 

I 0.00Q73 .. 3e25 
9 

5.03120 -4.3a2s - 5.43124 

.041 	 S.41061o-2 a.,3q2d7 	 -4.363U2 S.4340 
3 0.00A73 -4.3268 5.38446 -U.33539 5.02288 
4 0.0073 -.. 38225 5.34143 .4.?qj6 5.%702 

--- O--- .4.3600C -0.p5632 5.355860.00A73 	 5.28630 

6 	 0.00a73 -. 32534 5.219s -.. 20678 5.?qo5 
7 	 O.00sA3 .U.27893 5.1408b .0.lUq09 5.2722 

0.0121 .4.2263q 5.05026 .q.oF807 9.19 83 
9 0,01bo -. 02W03 4.72120 -3.80553 48h.655 

10 0.01Ia .3.6130 a,.39770 -3.60271 0.55351 
-- - O.02746 .3.60509 u.08293 -3.36045 4.261 4 
12 0.02S73 -3.3755 3.77498 -3.11e99 9,9q06i 
13 0.02A84 -3.1P922 3.4715A -2,87711 3,tI524 
l4 

9 
3 	 3.17107--	 1 0.031 . ,98o0 - .2.63608 3.08108 

15 o.030? -2.7710 p.8720.-q .2.39568 3.16t 
-l6 O.03pOR .2.51861 2.51468 -2.10814 2.3717 

17 OO4tO .2.26073 2.15171 -1.822?46 2.50686 
18 0.0' 77 -2.00914 1,80Q52 -1,%38>7 ?.7629 
19 0.04617 -. 75166 1.45270 -1.255q9 1.0b02 
20 0.04A23 1,q209 1.10405 -0,97579 1.5b6b 
21 0.04~o -1.23013 0,759o6 *0.6qT77 1.1q001

9

22 olost2q .o. 65JJ8 0.42008 .0.027A6 4.W67S 
23 O.Ob?27 .0.6Q815 0.08q12 -0.15042 0.5579q
24 0.05?ds -0.u28?4 -0.23317 0.1190 APa047 
25 0.05105 -o.Is57 .O.54528 0.3866Q -0.n6135 

26 	 0.05?96 0.11873 .0.54661 0-65200 .0.35618 
7 	 12368166 Oqlslq *.47tO 2o.39Stl.351| -.-I, 0 .919 .0,6U41727 	 0,05P28 

28 0.nb31 0.672h7 -1.41680 1.17760 -0.2729 

29 0.0407 o. 9 SPb .j,68R35 1,43878 -1.20737 
30 0.04R26 1.23074 -1,95334 1.69906 -.l6u620 

31 	 0.00621 1.51120 ..21373 l;95838 -1.76531 
32 	 0.04352 1.70273 -P,7116 2.21662 -?.A4572 
33 0.04i1? 2.07542 -P.72700 2.7369 -R.W2225 

- 34 0.031A3 2,35938 oP.98222 2,72051 -2.61321 
35 0.03450 P.64459 .3,23748 2.08a0b -P.QO074 
36 0.0310l 2.9310b .1.49304 3.21716 .3.9106 
37 0.0277P 3.21864 .3o7b890 3'.4sq5 -. ,oA261 
38 	 0.020$6 3.50716 .o00S24 3.70479 -1.77646
 
39 O.01q h 3.70&63 -. ,26703 3,QQIq -,j,07l9 
"0 0.01576 0.O6?8 -a.5i446 a.2pl2) t*.68q9 
uI 0.01p2q o.32815 .0.73062 Ua,L9jS -aei 
42 0,O-6O 0.525?3 ... 9 

1n32 4.61AI5 -',-2016 
43 0.008RO o,5548 4.*q2h7b 0.63397 .a.tlbO 
44. 	 0.00pbO a,61355 -n.9OR58 4.61355 a-,q0ssR 

CHOUn STAGGF4 CAUBFP 
8 7


13.705b 4 ,q	 1O.Imq 

APEA 6005326 SURFACE ARC LFJG$ l,7601AS 

ALPIA UPSI LON 
SECTIn'I CA. .0.01107h .o.0o2q6
5RIfAVII.PAC SECTION,C.i. 0. A. 

IhLAVt AXIS 	 0. a,
57ACKIt AXI3 0GIAL) 0. 0. 

108 	 cripw SY.STC.A nRI2GI! 7 222.5a02 8 F~, o. 



sTAGE 4. ROTOR No 0 

SECTIUN NO 3 SECTION CC RHO 0;.3612 

-EANLINE DATA 

PT ALPHA ZETA. THICKNESS UPSILON
 

I 	 . .669 8 7303, 0.15s79 53 2s
 
.4.42418 56.424 0.21722 4.966iq
 

3 .3.93160 %4.bl2 0.3327 424099
 
4 .3.43770 S3.131 0.4575 3T5734!
 
5 .2,qm279 52.100 0956A85 2 Q59
 
. .2.3Q722 so.89 0.670b2 2,21876
 
7 .1.800o7 08,975 0.78271 I5?S02
 
8 .1.20267 ob,541 0.86j22 086768
 
" .0.e02l 43,935 oq292 0,26264
 
to .0,00158 41.bll OQ0I 0O02
 
It O.Oii 3q.571 0.9R18 - 0.810?2
 
12 120600 37.632 0,3hoO -1'2934
 
1$ V.81189 35,092 0.88677 .1.7u3gq
 
14 2.4968 33,070 0811 08 -2;15qA2

Is 3;0?886 30,486 0.7!!1" 4 2.51814
 
16 3.63850 27.929 0,58o3 -2:88089
 
17 .24906 25.556 0,4502 -3'1 220
 
I* Q.86029 23.352. 0.2q733 -3. 7209
 
19 5,37082 21.602 0.16311 .3'6p528
 

SURFACE COORDINATES 'ITH ORIGIN IT-SFCT!nN AX!A-- ... 

UPPER LOFR
 
PT TIC ..... ALPHA .... UPSILON AALPHA UPAILI
 

O 

S 0.0i5 .4.0353 - 5.32097 --.. a?71 - 5.1&51

3 0.01154 .4.b84AS 5.28155 -4.60825 S.330'
 
a 0.01154 .a.67273 5.22505 -a,5$bbq 5.?96:
 

--- 5 0.010u .,64569 5 5541 4,506P6 5.Vj1' 

1 0.01154 .ubqq8 5.3052 -4.66q98 3.42! 

6 	 0.011O5 -.4b0208 5.01620 *Q04007 5.167 
7 	 0.01154 -0.5SoI7 0.95982 .4,36913 5.472
8 	 0.0leR .4.50190 4 89780 4327Q7 9.61812 8
9 	 0.0 0 1 .4.25370 4.50752 4 l,05217 4.866 

to 	 0.0239 -4.05660 4.12A95 .3,777?3 4.127i
 
s- 0.02489 .3.82863 3.76165 -3.50317 ­q	 4.000112 -	 0.OuJ28 .3,599go 3.003 9 -3.22985 3.882! 

13 0.03A53 .3,37032 3.09000 '.2.957a0 - .3704
 
l- 0,04pb .3.13971 - 2.7 

O
0 " .2.685Q7 3.A6
 

15 0.0ug" 7.90762 2.37317 22,71601
 .
16 0.05084 .?.b2h57 1.77 40.09i2
 
17 0O5b8a -2.34251 |.59177 t.1776?3 2. 08,
 
Is 0.05A45 -2.05926 i2lqS2 .l46l03. 1.138'
 

019.06165 -1.76U59 1.8612b .109q6 1.421f
 
20 	 0.0ba4 -1.47032 0.51812 -0.o9to 1.1183 
2 	 0.06671 -1.17305 0.19100 -O,35qo 0.A281 
.2 0.06855 -0.87334 -0.1132 -0.'23317 0, U91
 
23 0,06009 .0.57i77 0.0,%t 0.067I Od7QC
 
24 -0.07n76 0,2b699 *0.069q .0,369;6489

25 	 0.0713 0.03928 0.otqSS0 0.66196 0.230C 
26 	 0.07n8 0.3473b 1.22180, Oq9q9 3 .n.5Qt(
27 	 0.07031 0.bq791 -I.4676 1.2q?3 .".1234
 
28 0.o60Ia O.q69p -1,70A73 1,93A37 -.,q60i

29 0.06748 1,28406 .3.9281 1.82617
Q 	 -1.191
30 0.06S33 1.6010 -2.13552 2.11163 ".1415s
 
31 0.06271 1. 2006 :2.33S05 2,39507 .l.A31
 
32 0.05060 2,23q7g P.52?38 2.6782q .1.46i
33 0.0561u 2.56069 P.764788 2.qs973 -P.n531
 
34 0.05223 2.68266 
 . 86142 3:7?000 *2.P535

35 0,04790 1.20480 -3,01?65 3,52092 *2.0476
 
36 0.04129 3.52',9 .3.15236 3.80177 "P.A365
 
37 0.03A31 1.64795 -3.28176 4,88226 -2.A06
 
38 0.01i0 0,16916 .3.40 42 .363qo *?,qgQ6
 
34 0,0e755 4.99003 :.351160 4,64N07 3.1730

"0 	 0.02186 4.81015 .3.61?06 0,9?7;" 3),301
03 - 0.01700 9.07W92 .3,"A39 .16367 31.0763
 
42 0,01p08 5,26125 *3,73q42 5,310'Iu -1,S700

43 0,01204 932046 -1,73576 5.37074 -3.6195
 
00 	 0.01208 5,37082 .3,68528 5.37002 -1,685
 

CHO o STA GER CA -PR
 

15 025 	 uI.qv X50
 

AREA 9,110730 SIO ARAC 	LFNGTH 276E66
 

AL$'346 UPS!, ON .a~ oa~ 
SFCIln', CG. 
 0"067i? .0,0.2784

5705 A-,51IPFACE SECTIONI C .G. 0. 	 60& 
hLAt 	AIS 0,
51ACKING U I3 (If10 T l 0. 0 "
 

cOo 	SYStL'4 OnTGIN 1 l22,9128 R Q. 109 



APPENDIX C 

BLADE AND VANE AIRFOIL 

MANUFACTURING SECTION
 

COORDINATES 

8. Rear Block Fan IGV Strut
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0 REAR BLOCK FAN IGV STRUT SECTIONS (CM) *SAG* STATOR 


SECTION AA RADIUS -48.260000 R/R 48.260000
 

SURFACE COORDINATES WITH ORIGIN AT S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA 

1 0.017530 -6.350000 -0,,00000 -6.350000 -0.000000 
2 0.017530 -6.331632 -0.048808 -6.331632 0.048808 
3 0.017530 -6.294895 -0.071570 -6.294895 0-.071570 
4 0.02q867 -6.191250 -0.094828 -6.191250 0.094828 
5 0.037242 -6.032500 -0.118242 -6.032500 0.118242 
6 0.047802 -5.715000 -0.151770 -5.7t5000 0.151770 
7 0.055792 -5.397500 -0.177140 -5.397900 0.177140 
8 0.062163 -5.080000 -0.197368 -5.080000 0.197368 
9 0.067320 -4.762500 -0.213741 -4.762500 0.213741 

10 
11 

0.071931 
0.075750 

-4.445000 
-4.127500 

-0.2283R2 
-0,2405n8 

-4.445000 
-4.127500 

0.228382 
0.240508 

12 0.079024 -3.810000 -0.250901 -3.810000 0.250901 
13 
14 

0.081682 
0.083829 

-3.4q2500 
-3.175000 

-0.259339 
-0.266156 

-3.492500 
-3.175000 

0.259339 
0.266156 

15 0.085518 -2.857500 -0.271521 -2.857500 0.27t521 
16 0.086838 -2.540000 -0.275712 -2.540000 0.2757t2 
17 0.087648 -2.222500 -0.278282 -2.222500 0.278282 
18 0.088000 -1.905000 -0.279400 -1.905000 0.279400 
19 0.088000 -1.5B7500 -0.279400 -1.587500 0.279400 
20 0.088000 -1.27n000 -0.279400 -Y.270000 0.279400 
21 
22 
23 

0.088000 
0.088000 
0.088000 

-0.952500 
-0.825500 
-0.762000 

-0.279400 
-0.279400 
-0.279400 

-0.952500 
-0.825500 
-0.762000 

0,279400 
0.279400 
0.279400 

24 
25 

0.088000 
0.088000 

-0.698500 
-0.635000 

-0.279400 
-0.279400 

-0.698500 
-0.635000 

0.27q400 
0.279400 

26 - 0.088000 -0.571500 -0.279400 -0.571500 0.279400 
27 0.088000 -0.508000 -0.279400 -0.508000 0.279400 
28 0088000 -0.381000 -0.279400 -0.381000 0.279400 
29 0.088000 -0.279332 -0.279400 -0.279400 0.279400 
30 0.068000 -0.093111 -0.208232 -0.093133 0.'08252 
31 0.088000 0. -0.000000 0. -0.000000 

LE RADIUS 0.074029 CENTER AT Z -6.275971 R-THETA -0.000000
 
TE RADIUS 0.27q400 CFNTER AT Z -0.279400 R-THETA -0.000000
 

CHORD SOLIDITY STAGGER CAMBER
 

6.350000 0.753893 0. 
 0.
 

AREA C.G. 7 C.G. R-THETA S.P. Z S.P. R-THETA
 

.2.999059 -2.843799 0. 
 6.350000 0.000000 

SjRFACE ARC LENGTH 13,095 
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0 REAR BLOCK FAN IGV STRUT SECTIONS (CM) *SAG* STATOR 


SECTION BB RADIUS 55.880000 R/R 55.880000
 

SURFACE COORDINATES WITH ORIGIN AT S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA 

1 0.018900 -6.350000 -0.000000 -6.350000 -0.000000 
2 0.018900 -6.330280 -0.053728 -6.330280 0.053728 
3 " 0.018900 -6.290840 -0.079541 -6.290840 0.079541 
4 0.033100 -6.191250 -0.105Oq3 -6.191250 0.105093 
5 0.041600 -6.032500 -0.13?080 -6.032500 0.132080 
6 0.053750 -5.715000 -0.170656 -5.715000 0.170656 
7 0.062950 -5.397500 -0.199866 -5.397500 0.199866 
8 0.070250 -5.080000 -0.223044 -5.080000 0.223044 
9 0.076200 -4.762500 -0.241935 -4.762500 0.241935 

10 0.081500 -4.445000 -0.258763 -4.445000 0.258763 
11 0.085900 -4.127500 -0.272733 -4.127500 0.272733 
12 0.089650 -3.810000 -0.284639 -3.810000 0.284639 
13 0.092700 -3.492500 -0.294323 -3.492500 0.294323 
14 0.095200 -3.175000 -0.302260 -3.175000 0.302260 
15 0.097150 -2.857500 -0.308451 -2.857500 0.308451 
16 0.098650 -2.540000 -0.313214 -2.540000 0.313214 
17 0.099600 -2.222500 -0.316230 -2.222500 0.316230 
18 0.100000 -1.905000 -0.317500 -1.905000 0.317500 
19 0.100000 -1.587500 -0.317500 -1.587500 0.317500 
2O 0.100000 -1.270000 -0.317500 -1.270000 0.317500 
21 0.100000 -0.992500 -0.317500 -0.952500 0.317500 
22 0.100000 -0.825500 -0.317500 -0.825500 0.317500 
23 0.100000 -0.762000 -0.317500 -0.762000 0.317500 
24 0.100000 -0.698500 -0.317500 -0.6q8500 0.317500 
25 0.100000 -0.635000 -0.317500 -0.635000 0.317500 
26 0.100000 -0.971500 -0.317500 -0.571500 0.317500 
27 0.100000 -0.508000 -0.317500 -0.508000 0.317S00 
28 0.100000 -0.381000 -0.317500 -0.381000 0.317500 
29 0.100000 -0.317423 -0.317500 -0.317500 0.317S00 
30 0.100000 -0.105807 -0.236627 -0.105833 0.236651 
31 0.100000 0. -0.000000 0. -0.000000 

LE RADIUS 0.083052 CENTER AT Z -6.266949 R-THETA -0.000000
 
TE RADIUS 0.317500 CENTER AT Z -0.317500 R-THETA -0.000000
 

CHORD SOLIDITY STAGGER CAMBER
 

6.350000 0.651080 0. 0.
 

AREA C.G. Z C.G. RTHETA S.P. Z S;P. R-THETA
 

3.395317 -2.842575 0. 6.350000 0.000000
 

SURFACE ARC LENGTH 13.151
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REAR BLOCK FAN IGV STRUT SECTIONS (CM)- *SAG* STATOR- 0
 

SECTION CC RADIUS 63.500000 R/R 63.500000
 

SURFACE COORDINATES WITH ORIGIN AT S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
 

1 0.020026 -6.350000 -0.000000 -6.350000 -0.000000
 
2 0.020026 -6.329222 -0.058096 -6.329222 0,058096
 
3 0.020026 -6.287664 -0.086804 -6.287664 0.086804
 
4 0.036131 -6.191250 -0.114717 -6.191250 0.114717
 
s 0.045786 -6.032500 -0.145369 -6.032500 0.145369 
6 0.059562 -5.715000 -0.189108 -5.715000 0.189108 
7 0.070000 -5.397500 -0.222250 -5.3q7500 0.222250 
8 0.078243 -5.080000 -0.248422 -5.080000 0.248422 
9 0.085008 -4.762500 -0.269900 -4.762500 0.269900 

10 0.091011 -4.445000 -0.288961 -4.445000 0.288961 
11 0.096006 -4.127500 -0.304820 -4.127500 0.304820 
12 0.100240 -3.810000 -0.318262 -3.810000 0.318262 
13 0.103690 -3.492500 -0.329214 -3.4q2500 0.329214 
14 0.106557 -3.175000 -0.336318 -3.175000 0.338318 
15 0.108774 -2.857500 -0.345359 -2.857500 0,345354 
'16 0.110454 -2.540000 -0.350693 -2.540000 0.350693 
17 0.111552 -2.222500 -0.354178 -2.222500 0.354178 
18 0.112000 -i.9o000 -0.355600 -1.905000 0.355600 
19 0.112000 -1.587500 -0.355600 -1.587500 0.355600 
20 0.112000 -1.270000 -0.355600 -1.270000 0.355600 
RI 0.112000 -0.952500 -0.355600 -0.952500 0.355600 
22 0.112000 -0.825500 -0.355600 - -0.825500 0.355600 
23 0.112000 -0.762000 -0.355600 -0.762000 0.355600 
24 0.112000 -0.698500 -0.355600 -0,698500 0.355600 
25 0.112000 -0.635000 -0.355600 -0.635000 0.355600 
26 0.112000 -0.571500 -0.355600 -0.571500 0.355600 
27 0.112000 -0.508000 -0.355600 -0.508000 0.355600
 
28 0.112000 -0.3o1000 -0.355600 -0.381000 0.355600
 
29 0.112000 -0.355513 -0.355600 -0.355600 0.355600
 
30 0.112000 -0.118504 -0.265023 -0.118533 0.265049
 
31 0.112000 0. -0.000000 0. -0.000000
 

LE RADIUS 0.091606 CENTER AT Z -6.258395 R-THETA -0.000000
 
TE RADIUS 0.355600 CENTER AT Z -0.355600 R-THETA -0.000000
 

CHORD SOLIDITY STAGGER CAMBER
 

6.350000 0.572q58 0. D.
 

AREA C.G. Z CG. R-THETA SP, Z S.P. R-THETA
 

3,788554 -2.841342 0. 6.350000 0.000000
 

SURFACE ARC LaNGTH 13.207
 

QR7iGINAL PAcE I' 
OF POOR QUALiy4 

113 



APPENDIX C
 

BLADE AND VANE AIRFOIL
 

MANUFACTURING SECTION
 

COORDINATES
 

9. Rear Block Fan IGV Flap
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AST REAR BLOCK FAN IGV FLAP SECTIONS (CM) *SAG* STATOR 3 

NB 36 SECTION AA RADIUS 48.26000 R/R 48.260000 

SURFACE COORDINATES WITH ORIGIN AT' S.P. 

PT. TIC LOWER Z 

1 0. -0.370515 
2 0.035663 -0.266326 
3 0.049223 -0.169302 
4 0.066941 0.021700 
5 0.079100 0.210898 
6 0.088185 0.399101 

7 0.100683 0.773667 
8 0.108073 1.146578 

9 0.111915 1.518339 
10 0.113000 1.889205 
11 0.109517 2.629107 
12 0.100389 3.367178 
13 0.087439 4.104C10 
14 0.071326 4.839817 
15 0.052839 5.574854 
16 0.031798 6.309064 
17 0.022713 6.602531 
18 0.020340 6.675865 
19 0.018035 6.749221 
20 0.015662 6.822554 
21 0.013244 6.895874 
22 0.008362 7.012079 
23 0.008362 7.031702 
24 n.008362 7.039787 

LOWER R-THETA 


-0.032416 

-0.156448 

-0.198586 

-0.248027 

-0.276869 

-0.294324 


-0.308214 

-0.303180 


-0.284999 

-0.256603 
-0.178867 ­

-0.080214 
0.032598 

0.157134 

0.290462 

0.433252 

0.492847 

0.508123 
0.523147 
0.538422 

0.553865 

0.578491 

0.590271 

0.615901 


UPPER Z UPPER R-THETA 

-0.370515 -0.032416 
-0.289447 0.107824 
-0.201214 0.166170 
-0.021700 0.248027 
0.159617 0.3092'85 
0.341929 0.359155 
0.708393 0.437877 
1.076512 0.497675 

1.445782 0.544326 
1.815946 0.580761 
2.558105 0.632689 
3.302094 0.663700 
4.047322 0.680551 
4.793575 0.685678 
5.540598 0.682014 
6.288449 0.668887 
6.587806 0.661157 
6.662678 0.658848 
6.737528 0.656790 
6.812401 0.654481 
6.887288 0.652004 
7.006003 0.647941 
7.027374 0.639747 
7.039787 0.615901 

LE RADIUS 0. CENTER AT Z -0.370515 R-THETA -0.032416 

TE RADIUS 0.035116 CENTER AT Z 7.004804 R-THETA 0.612845 

CHORD SOLIDITY STAGGER CAMBER 

7.438608 0.883135 5.000000 0. 

AREA C. G. Z C.G. R-THETA S. P. Z S.P. R-THETA 

4.348912 2.805355 0.245437 0.370515 0.032416 

SURFACE ARC LENGTH 15.161 

THROAT NL NU SPACING AT/S 

7.563049 9 10 8.422952 0.897910 
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0 AST REAR BLOCK FAN IGV 'FLAP SECTIONS (CM) *SAG* STATOR 


NB 36 SECTION BB RADIUS 55.88000 RIR 55.880000
 

SURFACE COORDINATES WITH ORIGIN AT, S.P.
 

PT. TIC LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
 

1 0. -0.399237 -0.034929 -0.399237 -0.034929
 

2 0.035663 -0.286971 -0.168576 -0.311884 0.116183
 
3 0.049223 -0.182426 -0.213980 -0.216811 0.179051
 
4 0.066941 0.023382 -0.267254 -0.023382 0.267254
 

5 0.079100 0.227247 -0.298332 0.171990 0.333261
 

6 0.088185 0.430039 -0.317139 0.368435 0.386997
 
7 0.100683 0.833642 -0.332106 0.763307 0.471821
 
8 0.108073 1.235460 -0.326682 1.159963 0.536254
 

9 0.111915 1.636039 -0.307092 1.557858 0.586522
 
10 0.113000 2.035655 -0.276494 1.956716 0.625781
 

11 0.109497 2.832906 -0.192652 2.756414 0.681654
 

12 0.100288 3.628163 .-'0.086027 3.558105 0.714743
 
13 0.087236 4.422079 0.035937 4.361138 0.732494 
14 0.071021 5.214889 0.170533 5.165276 0.737613
 

15 0.052263 6.006811 0.315279 5.970302 0.732582
 
16 0.031019 6.797865 0.469951 6.776197 0.717625
 
17 0.C21866 7.114058 0.534436 7.098783 0.709G26
 

18 0.019493 7.193077 0.550895 7.179460 0.706538
 
19 0.017119 7.272095. 0.567355 7.260136 0.704050
 
20 0.014747 7.351114 0.583815 7.340812 0.701562 
21 0.012260 7.430093 0.600725 7.421528 0.698622 

22 0.007345 7.559303 0.628342 7.553570 0.693873 
23 0.007345 7.577859 0.639444 7.573772 0.686161 

24 0.007345 7.585505 0.663645 7.585505 0.663645 

LE RADIUS 0. CENTER AT Z -0.399237 R-THETA -0.034929 
TE PADIUS 0.033127 CENTER AT Z 7.552504 R-THETA 0.660763 

CHORD SOLIDITY STAGGER CAMBER
 

8.015243 0.821832 5.000000 0.
 

AREA C.G. Z C.G. R-THETA S.P. Z S.P. R-THETA 

5.033438 3.012988 0.263602 0.399237 0.034929 

SURFACE ARC LENGTH 16.332 

THROAT NL NU SPACING AT/S
 

8.824229 10 11 9.752892 0.904781
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AST REAR BLOCK FAN IGV- FLAP SECTIONS (CM) *SAG* STATOR 0
 

NB 36 SECTION CC RADIUS 63.50000 R/R 63.500000
 

SURFACE COORDINATES WITH ORIGIN AT" S.P.
 

PT. T/C LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
 

1 0. -0.427959 -0.037442 -0.427959 -0.037442 
2 0.035663 -0.307617 -0.180703 -0.334322 0.124541 
3 0.049223 -0.195550 -0.229374 -0.232409 0.191933 
4 0.066941 0.025064 -0.286481 -0.025064 0.286481 
5 0.0791C0 0.243596 -0.319795 0.184363 0.357236 
6 0.088185 0.460977 -0.339955 0.394941 0.414838 
7 0.100683 0.893616 -0.355999 0.818221 0.505765 
8 0.108073 1.324342 -0.350184 1.243413 0.574834 

9 0.111915 1.753739 -0.329185 1.669934 0.628718
 
10 0.113000 2.182105 -0.296386 2.097487 0.670802
 
11 0.109477 3.036704 -0.206424 2.954724 0.730606
 
12 0.100186 3.889143 -0.091780- 3.814121 0.765728
 
13 0.087033 4.740137 0.039393 4.674964 0.784321
 
14 0.070715 5.589946 0.184107 5.536992 0.789373
 
15 0.051686 6.438739 0.340428 6.400035 0.782819
 
16 0.030239 7.286627 0.507097 
 7.263984 0.765916
 
17 0.021018 7.625542 7.609803
0.576511 0.756408
 
18 0.018645 7.710246 0.594155 7.696284 0.753741
 
19 0.016204 7.794924 0.612089 7.782789 0.750784
 
20 0.013831 7.879627 0.629733 7.869270 0.748117
 
21 0.011277 7.964262 0.648150 
 7.955818 0.744676
 
22 0.006328 8.107034 0.678889 8.101757 0.739206
 
23 0.006328 8.124164 0.689092 8.120398 0.732132
 
24 0.006328, 8.131224 0.711390 
 8.131224 0.711390
 

LE RADIUS 0. CENTER AT Z -0.427959 R-THETA -0.037442
 
TE RADIUS 0.030482 
 CENTER AT Z 8.100858 R-THETA 0.708738
 

CHORD SOLIDITY STAGGER CAMBER
 

8.591878 0.775242 
 5.000000 0.
 

AREA C.G. Z C.G. R-THETA S.P. Z S.P. R-THETA
 

5.765492 3.219131 0.281637 
 0.427959 0.037442
 

SURFACE ARC LENGTH 17.502
 

THROAT NL NU SPACING AT/S
 

10.085477 10 11.082831
11 0.910009
 

4dRiGINAL PAd-E 
DF POOR QUALFL41 
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APPENDIX D 

LIST OF SYMBOLS AND NOMENCLATURE 
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APPENDIX D 

LIST OF SYMBOLS AND NOMENCLATURE 

Symbol Description Units 

A Area 2 m 
2 

or cm 

C Specific Heat at Constant Pressure calorie per
gram degree C 

C Blade Chord cm 

CH' Static Pressure-Rise Coefficient: 

C'=c2g O~T 5 r i Q2 (V4 

CP Constant Pitch 

D or Diffusion Factor: 

D-Factor Drotor = 1 - (V'2/V') + (r2 Ve2 - r1 Ve)/(2 r a V'1 ) 

Dstator = i ­ (V2 /V1 ) + (r1 Vol - r2 Ve2)/(2 r a Vl) 

d Diameter m 

i Incidence Angle degrees 

HP High Pressure 

IGV Inlet Guide Vane 

I.D. Inner Diameter 

K Stress Concentration Factor 

LP Low Pressure 

M Mach Number 

N Engine Speed rpm 

NB Number of Blades 

Nv Number of Vanes 

NCT Near Constant Tip 
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V 

Symbol 


O.D. 


P, p 


PT 


q 


R or' r 


rpm 


Ri, R2 


r 


S1, S2 


SL 


Stall Margin(%) 


Ti 


T 


t 


U 


W 


Z 


LIST OF SYMBOLS AND NOMENCLATURE (Continued)
 

Description Units
 

Outer Diameter 

Static Pressure Newton/m2 

Total Pressure Newton/m2 

Dynamic Pressure (Total Pressure - Static Newton/m2 

Pressure, Incompressible) 

Radius* cm 

Revolutions per Minute 

Rotor 1, Rotor 2, Respectively 

Mean Radius em 

Stator 1, Stator 2, Respectively 

Streamline 

(P/P - (P/ifl 
SW ) stall \-W/operating line 100 

YP) operating line 

Titanium
 

Temperature K
 

Thickness (Blade) cm
 

Rotor Speed m/sec
 

Velocity m/sec
 

Airflow kg/sec
 

Axial Distance cm
 

Flow Angle degrees
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LIST OF SYMBOLS AND NOMENCLATURE (Continued) 

Symbol Description Units 

Y 

6 

Specific Heat Ratio 

Pressure Correction (P /1.0133 x 105 N/m
2) 

60 

8 

X 

P 

Deviation Angle 

Temperature Correction (TT1/288.15 K) 

Effective Area Coefficient: 

Aeffective/Aphysical 

Air Density 

degrees 

kg/m3 

aSolidity 

Percent Flow Streamfunction 

ii 

Slope of Meridional Streamline 

Efficiency 

degrees 

wTotal Pressure Loss Coefficient: 

Rotor w pt _ pT T2id T2 

pT - PS 
PTI PS 

Stator = T T 

PT1 -Ps1 

Subscripts 


ad Adiabatic 


id Ideal 


poly Polytropic
 

m Meridional Direction
 

T Total
 

S Static
 

1 Inlet
 

2 Exit 


Superscripts
 

Relative to Rotor
 

Degrees
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Subscripts
 

1 

2 


Sta 


I 

m or max 

r 

S or s 

T 


TH 


Z 

E 
~o= 


0 


LIST OF SYMBOLS AND NOMENCLATURE (Concluded)
 

Leading Edge
 

Trailing Edge
 

Blade Row Exit Station
 

Cascade Inlet Capture
 

Maximum
 

Radial
 

Static Condition
 

Total
 

Throat
 

Axial Direction
 

Tangential Direction
 

Free Stream
 

Total or Stagnation Conditions
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Figure 1. Stall Margin Requirements for a Typical AST Front Block Performance Map.
 



1.8I
 

Design Point 

0l Rotation 

L Subsonic Cruise 

0 Hold 

- . 

040Supersonic Cruise . 

41 Required Stall Margin 
t 

1.6 0) Takeoff 

Above Operating Points
 
; 1.4 ' 

P 
100% Design
 

USpeed
 

rI
0 

1.2 g---l
0
700
 

06
 

6
50O
40 


1.0 
20 40 60 80 100 120
 

Percent Design Corrected Airflow
 

Figure 2. 'Stall Margin Requirements for a Typical AST Rear Block Performance Map.
 

L­
to 



0)35 

30 
80 

25 
69 

IGV RI Si R2 S2 

M E 50 

15 - 40 -4 

30 

10 

5 

2 0 , 
50 -40 

I 
-30 

I1 
-20 

1 
-10 

1 
0 

1 1 
10 20 

centimeters 

1 
30 

1 
40 

1 
50 

1 
60 

1 
70 80 

I 

-20 
I 

-15 
I 

-10 
I 

-5 
I I I 

0 5 10 
.inches 

Axial Distance, Z 

I 

15 
I 

20 
I 

25. 
4 

30 

F f'te3. Front Block Fan Screening Study - Two-Stage Tapered Casing Nominal Fan Design Flowpath. 



100 

35
 

30 75 

25 -I1 GV PS 
2I GV RI SI R2 S2 R3 5 

oa:20 - EO 

CC 

15 

10 25 

5 

o I I I I I 

-50 -25 0 25 50 75 100 
centimeters 

-20 -15 -10 -5 0 5 10 15 20 25 30 35 
inches 

Axial Distance, Z 

Figure 4. Front Block Fan Screening Study -Three-Stage Near Constant Tip Fan Design Flowpath.
 



H 

t-3 100 

35 

30 75
 

25
 

I GV R1 Sg R22 R39S 
. R ' 2 0E 5 

15 

10 25 

5 

0 
-50 -25 0 25 50 75 100 

centimeters 

I I I I I I I I 1I I I 

-20 -15 -10 -5 0 5 10 15 20 25 30 35 
inches 

Axial Distance, Z 

Figure 5. Front Block Fan Screening Study 7Three-Stage Constant Pitch Nominal Fan Design Flowpathj 



Figure 6. AST Turbine Components Mechanical Layout.
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Figure 8. 	Front Block Fan Parametric Screening Results - Two Stage - Effect of Aspect 
Ratio Variation. 
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Figure 32. 0°
Front Block Fan Rotor 1 Off-Design Parameters - Design IGV Swirl = Constant. 
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