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FOREWORD

This report was prepared by the Aircraft Engine.Group of the General
Electric Company, Cincinnati, Ohio, to document the results of a design
study performed to identify a high speed, multistage, variable geometry
fan configuration most suited for the double bypass, variable cycle
engine. Mr. L. Joseph Herrig, NASA-Lewis Research Center, Fluid System
Components Division, was Project Manager.

The authors wish to acknowledge the valuable contributions made to this
program by various supporting organizations within the General Electric
Company. In particular, appreciation is extended to Mr. R. G. Giffin, TII
for his continuous support in identifying the variable cycle engine
requirements, and to Mr. F. W. Teagarden and the many contributors in

his .organization for their efforts in performing the preliminary mechanical
design and associated studies.
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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 screeuning study of several fan con-
figurations. 1In 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 fromt 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
of 205 kg/sec m? (42 1bm/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. The design point inlet specific flow is 187.9 kg/sec m?
(38.5 1bm/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 fromnt Ffan
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.



SECTION III

AERODYNAMIC STUDIES

A. Eungine 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 1bm/sec) at takeoff
was adopted as a likely size for the ultimate engine. The fdn cycle require-
ments 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 §£EEEE§ aerody-
namic design point of the front block fan was selected at the condition of
2.8% less flow than at takeoff with an airflow of 372 kg/sec (820 lbm/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 (IGV2Z) 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 super-
sonic’ 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 maintain” 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 1bm/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 airfiow. The physical speed is kept at a
maximum (approximately 100 percent) to maximize pressure ratio capability
and the IGYV is closed to match the corrected airflow. For the supersonic
cruise conditions, as shown in Table I, the front block corrected speed is
/8.7 percent and the IGVs are closed 39 degrees,



Table I. AST Front and Rear Block Fan Performance Parameters:

AST Front Block Fan Performance Parameters

Pet 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

. Bubsonic 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 19§ 1.17 0.093



When diverting to an alternate airfield or for holding patterns, the
variable bypass .features of the engine allow operation at subsonic speeds
and intermediate power settings with relatively high bypass ratios (see Table
I), 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 M,/0 K altitude rotatiom, 0.5 M,/15K hold, 0.95 M,/35K subsonic
cruise and 2.32 M, /53.5K supersonic cruise flight conditioms.  For this
study, the front block distortion sensitivity and distortion transfer charac-—
teristics were assumed to be similar to those of General Electric's YJ101 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 ITa and IIb 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 1 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
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Table I1Ia.

Operating Condition

A Stall Margin at Constant Airflow (%)

AST Front Block Fan Stability Margin Stack-Up.

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 IT b. AST Rear Block Fan Stability Margin Stack-Up.
Operating Condition A Stall Margin at Constant Flow (7)
Deterior-  Quality & . Distor-
ation Control Transients tion Total
Takeoff 1.0 3.0 1.0 7.3 - 1z2.3
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



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 iplet (a variable geometry inlet which has a
throat Mach number of about (.80 combined with acoustic panels on the duct
walls) will reduce the noise to acceptable levels. It was therefore cou-
cluded that no special fan design features need be imcluded 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
Flow/Annulus Area, kg/sec m? (lbm/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 sbove 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. 1In
addition, estimates -were made of the low pressure -turbine efficiency, weight,
and cooling flow requirements. The combined effect of the fan efficiency aad
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.



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 fan blades were
assumed to be titanium for the estimted weight calculations. The flowpaths
for the two nominal three—stage fans are shown in Figures & and 5.

Table III lists the parameters investigated and the range of variables
for the three unominal 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 comnstraints o6n 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 frout block.

Efficiency Prediction and Stall Correlation Model

Preliminary design studies of advanced fans and compressors at the
General Electric Company rely on a2 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 configuratioms. The efficiency predic—
tion model is intended to indicate the potential peak efficiency of a well~
de51gned 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 detalled description of this efficiency model and some comparlsons
showing the capability of the model to predict efficiency is given in Refer-—
ence 1.



Table III. Front Block Fan Nominal Design and Range ot Parameters,

Two Stage Three Stage Three Stage
Tapered Casing¥ NCT* CP*
Nominal High Low Nominal High lLow Nominal High Low

Flow/Annulus

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

(1bm/sec £r2) 43 44 42 43 b4 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 N

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 1.9 1. 1.65 1.80 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 - Tﬁpered Casing Flowpath

* NCT = Near—Constant Tip Flowpath

* op — Constant Pitch Flowpath
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Table IV. Rear Block Single Stage Fan Nominal Design

Parameters

Parameter

Flow/Unit Annulus Area

~kg/sec w2 (Ibm/sec fr?)
Inlet Radius Ratio

Exit Mach Number

Swi?l Angle~degrees

Aspect Ratio (Rotor Average)

Solidity (Rotor Average)

and Range of Parameters.

Nominal High Low
188(38.5) 195(40) 175(36)
0.65 0.76 0.60
0.52 0.55 0.45
0° 20° 0°
1.5 2.0 1.2
1.66 1.90 1.40



The stall pressure ratio prediction model relies upon two basic groups
of background data. The first group of data describes the measured stail -
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 and-
stator 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 pres-—
sure 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: S

. Life required is 20000 start/stop cycles

° Minimum blade tm/c = 0.025

° Blade root Stress Concentration Factor, Ky = 2.0
@ Blade dovetail orientation angle = 15°

® Disk width = 0.85 x projected blade chord

° Disk temperature constant @ 200° §

] 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 pro—-
visions 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.

Lt



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 comﬁdnept part ‘materials would be 1985 state—of-the=art nickel and
titanium alloy materials. The items covered in the rotor weight estimate
include 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 1b) and the stator weight
was estimated at 423.7 Kg (934 1b) for a total fan weight of 870.5 Kg
(1919 .1b) or for the nominal constant pitch fan 899.0 Kg (1982 1b).

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 semsitivities as did variations in turbine casings for the
small flowpath -changes.

Each turbine was analyzed by the following procedure:

1 Sizing the tip shroud to adequately span the distance between
ad jacent 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 satlsfactory steady—state
llfe 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 de51gn.

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,
coollng flows and efficiencies were noted for all the various two- and -three-
stage fan configurations. The nominal , full-size engine, LPT weight is 591.%
Kg (1305 1b) which includes the shaft (‘104 3 Rg), the stator (337.9 Kgj, and
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.

12



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 kgfsec
(820 1b/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.
Thete is an increase in the end-wall losses, but not of sufficient 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 dspect 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 fams, respectively. TFor 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.

13
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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 Rl Inlet To Diameter
Efficiency m/sec (£fps) Tpm 52 Exit, m (in.) m (in.)
Nominal , 5.858 493 (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 (r/r.exit = 0.755) 0.865 479 (1571) 5632 0.62 (24.6) 1.62 (63.93)
High Inlet Radius Ratio 0.50 (x/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 (x/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 = 0° 0.846 494 (1620) 5645 0.59 (23.2) 1.67 (65.78)
IGV/S1 Exit Swirl = 10° 0.866 496 (1627) 5669 0.61 (23.9) 1.67 (65.78)
IGV/81 Exit Swirl = 15° 0.870 500 (1642) 5721 0.62 (24.3) 1.67 (65.78)
I16V/S]l Exit Swirl = 20° 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
Corrected Length Inlet Tip

Adiabatic Tip Speed Speed Rl Inlet To Diameter
Configuration Efficiency m/sec (fps) rpm 83 Exit, m {(in.) 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 RaFio (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/82 Exit Swirl = 0° 0.861 421 (1382) 4815 0.65 (25.6) 1.67 (65.78)
IGV/S1/82 Exit Swirl = 10° 0.880 420 (1380) 4808 0.66 (26.1) 1.67 (65.78)
1GV/81/82 Exit Swirl = 15° 0.881 423 (1387) 4833 0.67 (26.3) 1.67 (65.78)
IGV/S1/82 Exit Swirl = 20° 0.862 427 (1402) 4885 .0.68 (26.6) 1.67 (65.78)

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

b, ' Three—Stage Fans ~ Constant Pitch Flowpath

Configuration

Nominal

Low Aspect Ratio (Rotor/Stator Avg. = 2,0/2.5)
High Aspect Ratio (Rotor/Stator Avg. = 3.5/3.5)
Low Solidity (Rotor/Stator Avg. = 1.5/1.6)
High Solidity (Rotor/Stator Avg. = 1.8/2.0)
Low Flow/Annulus Area [205 (42)]

High Flow/Annulus Area [215 (44)]

Low Inlet Radius Ratio (0.38)

High Inlet Radius Ratio (0.50)

Low Exit Mach No. (0.45)

High Exit Mach No. (D.55)

IGV/S1/82 Exit Swirl = 0°

IGV/S1/82 Exit Swirl = 10°
IGV/81/82 Exit Swirl = 15°
IGV/S1/S2 Exit Swirl = 20°

Corrected Length Inlet Tip
Adiabatic Tip Speed Speed Rl Inlet To Diameter
Efficiency m/sec (£ps) rpm S3 Exit, m (in.) m (in.)
0.856 485 (1592) 5547 0.70 (27.4) 1.67 (65.78)
0.868 458 (1501) 5230 0.90 (35.6) 1.67 (65.78)
0.850 496 (1627) 5669 0.63 (24.9) 1.67 (65.78)
0.854 496 (1627) 5669 0.69 (27.2) 1.67 (65.78)
0.855 479 (1570) 5470 0.70 (27.5) 1.67 (65.78)
0.860 485 (1590) 5476 0.69 (27.3) 1.69 (66.55)
0.850 485 (1592) 5611 0.70 (27.4) 1.65 (65.02)
0.852 504 (1655) 5933 0.73 (28.9) 1.62 (63.93)
0.858 468 (1536) 5156 0.65 (25.7) 1.73 (68.28)
0.854 494 (1620) 5645 0.70 (27.6) 1.67 (65.78)
0.860 465 (1527) 5321 0.69 (27.1) 1.67 (65,78}
0.843 485 (1592) 5547 0.69 (27.1) 1.67 (65.78)
0.865 488 (1600) 5575 0.70 (27.6) 1.67 (65.78)
0.871 491 (1611) 5613 0.71 (27.9) 1.67 (65.78)
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. TFor 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 Ffirst method (open symbols on
Figure 14) held the exit radii constant and moved the inlet radii #bout 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 same
as the nominal case shows the lowest required tip speed and, alse, 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 tranmsition 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
efficiency 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 near-
constant 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 rear 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 i5 lightly higher for the higher swirl cases and there are small in-
creases in overall lemgth. 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 LP turbine) for two-stage fan.configurations which had low design
RPM's. ILower 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 w1th constant tip diameter flowpaths.

The constant tip designs provided a 1arger increase in hub radius through
the first stage rotor and an increased blade speed of the second stage relative
to the first. These features permltted achieving the required stall margin
Wlth 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
nominal 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
210 kg/sec m? (43 lbm/sec ft2) but utilized a constant-tip diameter E£low-
path. The second configuration reduced the inlet specific flow to 205
kg/sec m2 (42 lbm/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
reduced inlet radius ratio and specific flow to 0.35 and 195.3 kg/sec mZ
(40 lbm/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 1s 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 variatioms 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 ratic 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 Séreening Study.

. Corrected Correctad A Fan 4 LPT A LPT .
Inlet Tip Speed Speed 4 Fan A LPT Weight Weight Cooling A Aircraft

Configuration Radius Ratic m/zec (£pa) rpm Eff. ¥ Eff, X kg (1bs) kg (1bsa) Flow, ¥ Range, %
Two=-Stage Tapered Casing Fans .

~ Nominal 0.438 493 (15619} 5641 0 0 0 0 0 0

- Low Aspect Ratioe 0.438 471 (1546} 5387 + 0.6 - 0.4 +158 (+349) - 5.4 (-12) - 0.3 ~ 0,38
- High Aspact Ratio 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 (-2 =143 0 +0.24
- High lnltet Radivs Ratio (Exit r/r = C.755) 0.500 508 (1668) 5593 - 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 Fang

- Nominal Near-Constant Tip 0.438 420 (1378) ° 4801 + 1.4 -1,3 + 28 (+ 64) = 19.0 (- 42) - 0.7 + 0.28
- Nominal Constant Piteh 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) =03 40,20
- Case 2 . 0.400 463 (1520) 53356 + 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 thosé 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.

A dursory look at the core compressor design for the AST engine was
necessary since the réar 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 the cycle design pressure ratio of 4.44. Two
flowpaths were evaluated and are compared in Figure 23 along with the nominal
rear block fan flowpath: One has a coastant-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 reasonm, 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.

Corrected Physical Rotor Tip

Adiabatic Tip Speed Speed Diameter
Configuration Efficiency m/sec (£fps) rpm m (in.)
Nominal 0., 860 413 (1355) 7225 1.28 (50.4)
Low Aspect Ratio (ARR = 1.2) 0.873 394 (1294) 6900 1.28 (50.4)
High Aspect Ratio (ARR = 2.0) 0.836 439 (1439) 7673 1.28 (50.4)
Low Solidity (Rotor Sol. = 1.4) 0.858 418 (1370) 7305 1.28 (50.4)
High Solidity (Rotor Sol. = 1.9) 0.861 406 (1331) 7097 1.28 (50.4)
Low Flow/Annulus Area [175.8 (36)] 0.854 436 (1431) 7378 1.32 (52.1)
High Flow/Annulus Area [195.3 (40)] 0.858 402 (1320) 7174 1.25 (49.4)
Low Inlet Radius Ratio (0.60) 0.864 417 (1368) 7679 1.22 (47.9)
High Inlet Radius Ratio (0.70) 0.859 406 (1332) 6674 1.36 (53.6)
Low Exit Mach No. (0.45) 0.857 422 (1383) 7374 1.28 (50.4)
High Exit Mach No. (0.55) 0.863 405 (1328) 7081 1.28 (50.4)
IGV Exit Swirl = 8° 0.875 418 (1370) 7305 1.28 (50.4)
IGV Exit Swirl = 12° 0.880 422 (1386) 7390 1.28 (50.4)
IGV Exit Swirl = 20° 0.882 445 (1459) 7779 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 portiom, 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 eadwall boundary
layer displacement thickness, which is an input to ADA, and also served as
a check on the loss coefficients obtained 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 choxd 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 zbout 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 iwu—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 ome 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 0.D.,

all three types show approximately 10 degrees of rotor 1 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 gaide vane), the hub in-
cidence angle gets smaller than design and moves toward choke. 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 piteh results
in the least incidence angle swing on stator ome. 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 IEV 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.

o 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 supersomic
cruise condition, but also had a higher rotor tip relative Mach npumber
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 (.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 éngine 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 GConfiguration

Aerodynamic Design Point Parameters.

Parameter Front Block Rear Block
No. of Stages 2 1
Corrected Flow, Kg/sec (Llbm/sec) 372.0 (820) 139.7 (308)
Flow per Annulus Area, Kg/sec m2 (lbm/sec £ft2) 205.0 (42.0) 187.9 (38.5)
Inlet Radius Ratio . 0.40 0.65
Corrected Tip Speed, m/séc (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 (2.5° 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 (IGY) 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
Genmeral Electric Company. Consequently, the selected IGV flap solidity will
result in approximately a comstant 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 trailing 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 desigrn 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 GCalculation 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 statioms at the blade row edges and in the ducts
upstream and downsiream of the fan blocks, calculation statious 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 (rVp) 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
rVg 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
input 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 {l4) streamlines including
a double, splitter-stagnation streamline were used for the design calculation.
The rear black 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 fromt block fan inlet hub/tip radius of 0.40 and the inlet spocific -
flow rate of 205 kg/sec m? (42 1bm/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 1bm/sec). A large inecrease 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 frout and rear block faas 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 “ig
0.65. A slight increase in hub radius is made through the core-driven rotoer
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 aznd 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 wa$ assumed that 2 percent of the
inlet flow was bypassed through the outer duct. The remaining flow of 139.7
kg/sec (308 1bm/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 m? (38.5 1lbm/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 1 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 1 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 froat 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 1l streamline airfoil section
near the tip. Figure 47 shows the rotor 1 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 manmei, relatively little freedom remains for the incidence
angle selection. The incidence angles in the extreme hub region were selected
large enough 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 ad justment 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 poiat 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 coatraction
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 intermal 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. TFor 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 sonic 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 diffusion 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 incidence 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 comsidering the throat margins,
interaal 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
flow'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 Streamsurface Blade Section (SBS) program.
The tip and hub streamline airfoil sections generated by the S$BS 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 and 56 show the throat margins and area ratio parameters for each
streamline.,

The manufacturing section coordinates for the fromt block and rear block
rotor blades are tabulated in Appendix C. Five sections from tip to hub are
listed for the froat 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 inmer 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 0.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 1 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 O degrees at the tip to 25 degrees at the hub. No lean was
specified at the 0.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 portiom (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 ant1c1pated 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 AzKg 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 achievg
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 operatiomal 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 distortiom, 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 eritical 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 eyecles 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 spanwise 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).
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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/1100 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 ip-
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 from 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
desigus, 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 1 and 2 blades are presented in Figures
66 and 67. Both blade designs are stable in the umstalled operating range.

Blade/disk dovetails for stage 1 and 2 are of different configuratioms.
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 55° pressure face angles and an orientation angle of 20° which
makes 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 comventional
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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Number of Blades

L.E. Tip Diameter
T.E. Tip Diameter
L.E. Hub Diameter
‘T.E. Hub Diameter

Inlet Radius Ratio

Aspect Ratio (Pitch)

Airfoil Type
Chord, Root
Tip
Solidity{ Root
Tip
Tm/c, Root-
Tip
Camber, Root
Tip
Stagger, Root
. Tip
ﬁovetail

7 Shroud

Table IX.

cn (in.
em (in.
em (in.

enm {in,

- em (in.

cm (in.

A R N

Stage 1

Fan Blade Geometry Summary.

Stage 2

28
165.81 (65.28)
165.81 (65.28)
66.32 (26.11)
98.27 (38.69)
0.400
1.63
Arbitrary
25.24  (9.94)
27.99 (11.02)
2.500
1.504
0.088
0.025
98.86°
~0.03°
3.14°
61.15°
Keyhole

None

42
165.58 (65.19)
164.77 (64.87)
111.56 (43.92)
122,15-(48.09)
0.674
1.41
Arbitrary
17.00 (6.69)
17.46 (6.87)
1.953
1.406
0.069
0.025
47.00°
5.68°
36.18°
62.09°
Single Tang

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 -36 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 fundémental 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 frequency mode (chordwise bending) in the 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 mnew 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 447% on stator 2. These large increases in airfoil thick-
nesses are undesirable from an aerodyndmic design viewpoint because of the
high airflow velocities associated with this fan.

Ana1y31s was then conducted on various airfoil configurations in an at-
tempt to minimize the additionmal thickness increases yet still ensure mechani-e
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 resultlng vane frequenc1es are displayed in Figures 71 and 72. For
both vanes the two-stripe mode is out of the operating range. These conflgura-
tions essentially meet the original aerodynamlc requirements for pitchline
maximum thicknesses of 0.932 cm (0.367 in.) for stator 1 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 1
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 1 frequency in the opera-
ting 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. 1If 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. WNo 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 fronmt 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 mzintainability 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 sectiom of the fan rotér 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 siize stator would not be changed by utilizing stiffening methods in the
scaled vehicle. The torsional stabilities are shown in Figure 84. More de-
taileéd analysis of the scaled stator vanes will 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 co-
efficient 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 diffu-
sion. 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, 83, 90, 95, 100 and 105 percent of design
speed were sclected to adequately define the performance map.

B. Flowpath Mach Number Distribution

The AST fan flowpath wall contours, as reflected in the fan cross— .
sections (Figures 36 and 37), were chosen after careful study of the duct Mach
number distributions. The circumferential-average flow calculations were
carfied 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 cross-
sectionm, 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 (IGV1) and the ourer bypass duct thus forcing all of the air-
flow 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 1bm/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 vanme (IGV) and stator 1 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.
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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:

i. 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 piovided 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 aireraft 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 mZ (42 lbm/sec ft2) was
identified from the screening study and recommended for Ffurther 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) configuratiom.

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

ZGaONIn ESSE SLATIR HOY RMAG,
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Radius
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836
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82,
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906"
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906
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906
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56
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Radius
Inner

0
18,857
24,602
26,937
27.91
29,141

+30.752

33.162

. 34.714

36,213
37.767
39.411
41.115
42,837
44.534
46.17

47.711
49.139
50.391
51.171

51.976 .

52,804
53,619
54.399
55,781
56,264
56. 744
57,272
57.798
58,334
58,898

APPENDIX A.

AST FRONT AND REAR BLOCK FAN

FLOWPATH COORDINATES

Axial Dist;
Quter

-88.9
-50.8
-38.11
-25,989
~17.793
19,624
-12,070
.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

(CENTIMETERS)

Axial Dist,
aner

-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 T.E.
Stator 1 I.E.

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

82,484
82,448
82.413
82,38
82.266
82.202
82.139
82.075
82,004
81.912
81.694
80.963
80.091
80.091
73.182
70.16
68.583
67.485
66,515
65.606
64,320
63.607
63.348
63,119
62,926
62,776,
62,677
63.388
58,169
57,125
56.878
56.385
65.202
67.61
71.598
81,136
82.316
82,857
83,124
82.794

Radius
Inner

59,472
60.061
60.665
61.267
61.770
62.260
62.624
62.865
62.964
62,997
62, 588
61.308
59,24

56,482
52.134
49,362
47,335
45,712
45,832
42,931
41,976
41.686
41,905
42,263
42.682
43.076
43.383
43,561
43,561
43,561
43,561
43,823
60.688
63.109
66.098
75.024
75.613
75.618
74.61

73.066

Axigl Dist,
Quter

49,182
50.701
51.526
52,352
55.578
57.569
59,560
61,552
63,541
65,532
68,58
73.66
78.74
83,82
91.44
96,52
100.33
103. 505
106,68
109,982
115,301
118.816
120,305
121,951
123.284
124,772
126,71
134.62
T41.1
146,558
148.333
152,781
139.819
144,490
151.089
90,223
93,271
99,06
116.84
149.86

Axial Dist.
Inner

50,985
52,347
53,708
55.067
56.416
58,072
59,728
61.382
63.038
64.694
68. 58
73,66
78.74
83.82
91.44
96. 52
100,33
103, 505
106,68
109,982
113,543
117,858
119.85
121,841
123,833
125,824
127,815
134,62
141,778
145.928
147,323
153,957
141,074
145, 687
152,613
91,45
94,242
99.06
116. 84
149,86

Station
Description

Rotor 2 T.E,
Stator 2 L.E.

Stator 2 T.E,

IGv2 Strut L.E.

IGV2 Flap T.E.
Core Driven Fan L.E.

Core Driven Fan T.E.

IGV L.E.

IGV T.E,

Rl L.E.

RL T.E.

Inner Bypass Duct

Outer Bypass Duct
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Radius
Cuter

33.40
33.40
33.381
33.222
33.062
32,876
32,691
32.64
32,64
32.64
32,64
32.64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,64
32,592
32,573
32.555
32,537
32,52
32,504
32,488
32.474

Radius
Inner

0.00

7.424

9.686
10.605

10,988

11.473
12,107
13.056
13.667
14.257
14,869
15.516
16.187
16.865
17.533
18,177
18.784
19,346
19,839
20,146
20.463
20,789
21,111
21.417
21,961
22,151
22,346
22,548
22,755
22,966
23.188
23,414

APPENDIX A.

AST FRONT AND REAR BLOCK FAN
FLOWPATH COORDINATES (INCHES)

Axial Dist.
Outer -

-35.0
~20,0
-15.004
-10,323
- 7.005
- 3.789
- 0.815
2,59
3,129
3,668
4,207
4,746
5,285
5.824
6.363
6,902
7,441
7.980
10.616
11.626
12.636
13.646
14,656
15,666
17.361
17.686
18,011
18.336
18,661
18,986
19,311
19,363

Axial Dist.
, Inner

-35.0
-20.0
11,911
- 7,001
- 5,299
- 3,501
~ 1,795
0.00
1.031
2.061
3.090
4.120
5.150
6.181
7.211
8.241
9.271
10. 301
11.378
12.083
12.788
13.493
14,199 .
14,904
16,325
16.860
17,396
17,931
18.467
19,002
19,538
20.073

Station

Description

IGV Strut L.E,.

IGV Flap T.E.
Rotor 1 L.E.

Rotor 1 T,E,
Stator 1 L.E.

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

32.:46

32,446
32,433
32.388
32.363
32.338
32,313
32,285
32,249
32.163
31.875
31.532
31.532
28,812
27.622
27.001
26,569
26,187
25,829
25,323
25,042
24,94

24,85 .

24,774
24.715
24,676
24,956
22,901
22,49

22,393
22,199
25,67

25,618
28,188
32.136
32,408
32,621
32,726
32,596

Radius
Inner

23,646°

23.884
24,121
24,319
24,512
24,655
24,750
24,789
24,802
24.641
24,137
23,323
22,237
20.525
19. 434
18. 636
17.997
18.044
16.902
16.526
16,412
16.498
16,639
16. 804
16.959
17.080
17.150
17,150
17.150
17.150
17.261
23.893
24, 846
26,023
29,537
29,769
29,771
29,374
28.766

Axial Dist.
Quter

19.961
20,286
20.611
21,881
22,665
23,449
24,233
25,016
25,80
27.0
29.0
31.0
33.0
36.0
38.0
39.5
40.75
42,0
43.3
45.39%4
46,778
47.364
47,951
48,537
49,123
49.710
53.0
55,551
57.7
58.399
60.150
55.047
56.886
59,484
35.521
36.721
39.0
46.0
59.0

Axial Dist.
Inner

20,609
21.145
21.680
22,211
22,863
23.515
24,166
24,818
25.47
27.0
29,0
31.0
33.0
36.0
38.0
39.5
40,75
42,0
43.3
44,702
46.401
47.185
47.969
48,753
49,537
50,321
53.0
55,818
57.452
58.001
60,613
55.541
57.357
60.084
36.004
37.103
39.0
46,0
59.0

Station
Description

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

Stator 2 T.E,

16V2

IGv2
Core

Core

Core
Core
Core
Core

Strut L.E.

Flap T.E.
Driven Fan L.E.

Driven Fan T.E.

IGV L.E.
IGV T.E.
Rl L.E.
Rl T.E.

Inner Bypass Duct

Quter Bypass Duct
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APPENDIX B 1

CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION
FOR FRONT BLOCK FAN DESIGN POINT



PCT IMM
RADIUS

MERID ANGLE
STREAM FUNCT
ABS ANGLE
REL ANGLE
ABS VEI

REL VEL
MERID VEL
TANG VEL
BLADE SPEED
ABS MACH NO
REL MACH NO
AXIAL VEL R
cq'

ACC PT RATIO
ACC TT RATIO
EFFICIENCY ADIA
EFFICIENCY POLY
RBAR

e

DEV (C-R)
XFACT

TMC

CAM

STGR

TURN

D-FACT

SoL

LOSS COEFF
INLET CORR
PRESS RATIO
TEMP RATIO
ADIA EFF
INLET CORR RPM

NOMENCLATURE FOR APPENDIX B

Percent Immersion from Q.D. .

Inlet and Exit Radii ~ cm(in.)

Inlet and Exit Slope ~ degrees
Inlet and Exit Streamline Percent Flow from 0.D.
Inlet and Exit Absolute Air Angle ~ degrees
Inlet and Exit Relative Air Angle ~ degrees
Inlet and Exit Absolute Velocity ~ m/sec fft/sec)
Inlet and Exit Relative Velocity ~ m/sec (ft/sec)
Inlet and Exit Meridional Velocity .~ m/sec (ft/sec)
Inlet and Exit Tangential Velocity ~ m/sec (ft/sec)
Blade Speed ~ m/sec (ft/sec)

Absolute Mach Number

Inlet and Exit
Inlet and Exit
Inlet and Exit Relative Mach Number
Inlet and Exit Axial Velocity Ratio ~ Exit/Inlet
Static Pressure-Rise Coefficient

Accumulative Total Pressure Ratio

Accumulative Total Temperature Ratio
Accumulative Adiabatic Efficiency

Accumulative Polytropic Efficiency

Average Radius ~ cm (in.)

Incidence Angle - degrees

Carter's Rule Deviation Angle -~ degrees

Empirical Adjustment Factor ~ degrees

Max Thickness~To~Chord Ratio

Camber Angle - degrees

Stagger Angle -~ degrees

Turning Angle - degrees

Diffusion Factor

Sclidity

Total-Pressure Loss Coefficient

Fan Inlet Corrected Weight Flow ~ kg/sec (lbm/sec)
Accumulative Average Total-Pressure Ratio
Accumulative Average Total Temperature Ratio
Accumulative Average Adiabatic Efficiency

Fan Inlet Corrected Revolutions per Minute

51
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PCT
144
C.
3.5
6.9
i4.0
21.4
25.5
25.5

BLADE ROw PRINTOUT

IGVF
“RADIUS MERID ANGLE STRHEAM FUNCT
IN auT IN ouT IN ouT
B84.384 B3.035 -2.6 -3.6 0. 0.
82,317 81,303 =-2,0 -1,6 0,050 0,050
801,250 79.553 ~i.4 -0.9 0.100 0.100
75.066 75.958 -0.4 0.6 0.200 0.200
7t.767 72.206 0.7 2.1 0.300 0.300
69,329 70.060 1.4 3.0 0.355 0.3%
69,329 70.060 1.4 3.0 0.3%5 0,355
67.283 68.252 1.9 3.8 0.400 0.400
62.513 64.018 3.2 5.7 0.500 0.500
57.346 59,409 4.7 8.0 0.600 Q.600
51.635 54,276 6.4 10.8 0,700 0,700
41.424 44,955 9.4 16, 0.850 0.850
32.597 36.552 11.3 21.7 0.950 0,950
26.937 30.752 12.3 23.8 1.000 {1.000
ABS VEL REL VEL MERID VEL
IN outT IN ouT N 0OuT
162.1 227.7 162.1 227.7
166.2 229.8 166.2 229.8
169.7 229.8 169,7 229.8
174.8 229.4 74,8 229.4
178.5 228.6 178.5 228.6
179.8 227.8 179,8 227.8
179.8 227.8 179.8 227.8
180.4 226.8 180.4 226.8
180.3 223.0 180.3 223.0
179,81 217.7 179.1 217.7
176.9 209.8 176.9 209.8
170.2 192.8 170.2 192.8
162.9 169.0 162.9 169.0
157.4 i46.4 157.4 146.4
ABS MACH NO REL MACH N{} AXIAL CH
IN ouT IN auT VEL R
0.487 0.701 1.403 ~1,072
0.500 0.708 1,383 -0.983
0.511 0.708 1.354 -0.895
0.528 0.707 1.312 -0.770
0.53¢% 0.704 1.280 ~0.684
0.543 0.701} 1.266 —0.646
0.543 0,70t 1.266 -0.646
0.545 0,698 1.255 -0.620
0.545 0,685 }.233 ~0.568
0.541 0.667 1,208 ~0,.513
0.534 0.641] 1.173 -0,443
D.5I3 0.585 1.103 -0,317
0.490 0.509 0.983 -0,119
0.472 0.438 0.871 0,085
INC DEV X=FACT CAM
(INPUT (C-R) .
Q, 0. o. 0. 0.
0. a. Q. a. 0.
Q. . 0. Q. 0.
0. o. o. 0. 0.
0. Q. 0. 0. 0.
0. 0. Q. 0. 0.
0. O. 0. C. o.
0. 0. G. 0. 0.
0. 0. o, 0. 0.
0. 0. Q. 0. 0.
0. 0. Q. o, 0,
0. 0. 0. C. . 0.
0. Q. 0. 0. , O,
0. a. 0. Q. 0.
INLET CORR  PRESS TEMP ADIA
HTFLOA RATIO - RATIO EEF
371.83 G, 9914 1,0C00 .

ABS

ANGLE
IN ouT
0. 0.
G. Q.
0. a.
[1)8 0.
0. 0.
0. 0.
0. o.
Q. Q.
0. Q.
0. 0.
o. Q.
0. 0.
0. 0.
0. 0.
TANG VEL
IN (11123
0. 0.
0. Q.
O. 0.
0. C.
0. 0.
0. 0.
0. 0.
GC. 0.
0. 0.
0. 0.
O.. 0.
G. 0.
0. 0.
0. 0.
ACC PT ACC TT
RATI(Q RATIO
0.9827 1.0000
0,936%9 1.0000
0.9884 11,0009
0,9%01 1.0000
0.9908 1.0000
0.9913 [.0000
0.9913 1.0000
0.9918 1.0000
0.9919 1.4000
0,9%924 {,0000
0.,9928 1.0000
0.9236 1.0000
0.9929 |.0000
0.9922 1.G000

0. 0,405
0.  -0.383
0. ~0.354
0. =0.312
0. =0.281
0. -0.267
0. -0.267
0. -0.257
0. ~0.237
0. -0.215
0. ~0.186
0. -0,133
0. -0.0%
0. 0,070
INLET CORR
=Py
5378.5

STGR TURN D-FACT

(METRIC)

REL ANGLE
In our

BLADE SPEED
I out

EFFICIENCY
ADTA PoLY

o

}

SoL LoSS °
CUEFF
0.728 0.115
0.742 0,023
0.756 0.07}
0.782 0.057
0.814 0.751
0.830 (.043
0.830 0.048
0.843 0.045
0.877 0.044
0.909 0.0N42
0.947 0.041
1.016 0.039
1.073 0,047
1,120 0.052



PCT
THM
[+18
3.5
6.9
i4,0
21.4
25.5
25.5
2%.1
37.3
46,2
56. 1
73.9
892.6
100.0

PCT
MM
0.
3.5
6.9
14.0
21,4
25.5

4.0
23.4
25.5
25,5
29.1
37.3
46.2
56.1
3.9
89,6
100.0

RBAR

32,956
32.209
31 .457
29,926
28. 341
27.439
27.439
26.680
24,908
22.983
20,849
17.004
13.612
I .356

BLADE ROW PRINTCUT

STGR TURN D-FACT

IGVF
RADIUS MERID ANGLE STREAM FUNCT
IN ouT IN ouT IN ouT
33.222 32.691 =2.6 =3.6 0. Q.
32.408 32.009 «2.0 -1.6 0.050 0.050
31.594 31,320 -1.4 =0.9 0,100 0,100
29,947 290,905 ~0.4 0.6 0.200 0,200
28.255 28.428 0.7 2.1 0.300 0.300
27.295 27,583 1.4 3.0 0.355 0,355
27.295 27.583 l.4 3.0 0.35% 0,355
26.489 26.871 1.9 3.8 0.400 0,400
24.611 25,204 3.2 5.7 0,500 0,500
22.577 23,389 4.7 8.0 0,500 0,600
20.329 21.368 6.4 10.8 0Q.700 0.700
16,309 17.699 9.4 16.1 0.850 0.850
12.833 14.391 1.3  21.7 0.950 0.950
10,605 12,107 12,3  23.8 1.000 1.0Q0
ABS VEL REL VEL MERID VEL
IN out IN ouT IN QUT
531.9 747.1 531.9 747.1
545.4 754,1 545.4 754,1
556.7 753.8 556.7 753.8
573.6 752.7 573.6 752.7
585.6 749,%9 585.6 749.9
589.8 747.4 589.8 747.4
589.8 747.4 589.8 747.4
521.7 744.1} 591.7 744.1
591.4 731.6 591.4 731.6
587.7 714.3 587.7 T714.3
580.3 688.4 580.3 688.4
558.5 632.6 558.5 632.6
534.4 554.5 534.4 ©554.5
516.4 480.3 516.4 480.3
ABS MACH NO  REL MACH NiO AXTAL CH”
IN auT IN ouT  VEL R
0.487 0.70! 1.403 ~1{.072
0.500 0.708 1.383 -0.983
0.511 0,708 1.354 ~0.895
0.528 0.707 1.312 -0.770
0.539 0.704 1.280 -0.684
0.543 0.701 1.266 =0,.646
0,543 0,701 1.266 -0,646
0.545 0.4698 1.255 ~0.620
0.545 0.685 1.233 ~0.568
0.541 0,667 1.208 =0.513
0.534 0.641 1.173 -0, 443
0.513 0.585 1.103 =-0,317
0,490 0,509 G.983 -0,1i9
0,472 0,438 0.87t 0,085
INC DEV  X-FACT CAM
(INPUT (C-R)- -
Q. 0. 0. 0. Q.
0. 0. 0. 0. 0.
0. 0. 0. Q. 0.
0. . 0. 0. 0.
Q. 0. 0. C. 0.
C. C. C. 0. 0,
0. 0. Q. 0. 0.
0. 0. 0. 0. 0.
0. Q. 0. 0. 0.
0. Q. Q. 0. Q.
0. 0. 0. 0. 0.
0. 0, 0. 0. 0.
0. 0. 0. 0. a.
0. 0. 0. 0. 0.
INLET CORR  PRESS TEMP ADIA
WTFLOKW RATIO RATIO EFF
Q.9%14 1.0000

(ENGLISH}

ABS ANGLE
IN ouT
0. 0.
0. 0.
Q. 0.
0. 0.
0. 0.
Q. [+18
O 0.
0. 0.
0. 0.
0. Q.
0. 0.
0. 0.
0. G.
0. 0.
TANG VEL
IN ouT
Q. O.
0. 0.
0. 0.
0. 0.
0. a.
C. s 18
0. 0.
GC. a.
. a.
0. 0.
0. 0.
Q. Q.
Q. 0.
0. C.
ACC PT ACC IT
RATIO RATIO
0.9827 1.0000
0.986%9 1.0000
0.%884 11,0000
0.9901 t,0000
0.9908 1.0000
0.9913 1.0000
0.9913 1.0000
0.9918 1.0000
0.9919 1.0000
0.9924 1.000Q
0.9928 1.0G00
0.9936 1.0000
0.9929 1.0000
0.9922 1.0000

0. _-0.405
0. ~-0.383
0. -0.354
0. -0.312
0. =0.28l
0, -0.267
0. -0.267
0. -0.257
0. -0.237
0. -0.215
9. -0.186
9., -0.133
0. -0.038
0.  0.070
INLET CORR
REM
5378.5

REL ANGLE

N

T

BLADE SPEED

IN

QUT

EFFICIENCY

ADIA

SOL LOSS

0,728
0.742
0,756
0.782
0.814
0.830
0.830
0.843
0.877
0,909
0.947
1.0146
1.078
1.120

POLY

COEFF
0.11%
0.083
0.071
0.057
.051
0. 048

w

4

0.048 .

0,045
0.044
0.942
0.041

0.03v °

0.047
0.05%

53
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BLADE ROW PRINTOUT

C(HETRIC)

R]
PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
TMi IN oyt I ouT N ouT IN ouT -IH [¢lixy
. B2 /906 B2.906 0. 0. 0. d. Q. 49. 1 6241 63.0
3,9 81.235 B1.318 [+ 9] 0,7 0,050 0,050 0. 46,6 Gl.2 61,6
7.8 79.5585 70.779 0.5 1.5 ¢.100 0,100 0. 45.0 0.4 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 T72.575 73.758 3.4 5,0 0,300 0,300 0. 42.1 57.3 55.7
T27.7 70.552 72.092 4.6 .9 0,355 0.355 0. 42.0 56,5 54.2
27.7 T70.552 72.092 4.6 5.9 0.355 0,355 0. 42.0 56.5 54.2
3l.4 o68.852 70.710 5.6 6.7 0,400 0,400 a. 42.2 55.9 52.9
40.0 64.883 57,545 7.9 8.6 0.500 0.500 0. 43.2 54.9 49.7
49,1 60.575 64,268 0.5 1¢.9 0.600 0,600 0. 44,7 54.1 44,6
58.8 55.782 60.8%7 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 51.2%6 25.4 23.4 0D.950 0,950 0. 51.2 51,9 3.2
100.0 33.162 49,140 31.9 26.7 1.000 1.000 0. 51.7 54.5 6.2
PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
TMH IN out IN auT IN ouT IN . OUT IN ouT
G. 2456.8 228.6 528.1 330.0 246.8 149.6 0. 172.9 467,0 467.0
3.9 251.6 229.5 522.2 331,01 251.6 157.6 . 166.8 457.5 458.0
7.8 254,.7 230.5 515.4 329.4 254.7 162.9 Q. 163.1 448.1 449.3
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. 156.2 408.8 415.4
27.7 263.9 239.4 4TI.Q 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
3.4 263.6 242.2 468.9 297.1 263.6 ~180.1 0. 16i.9 337.8 398.3
40.0 259.2 247.9 448.0 278.9 259.2 18!.6 0. 168.8 365.4 380.4
49,1 251.,2 260,33 423,7 259,77 251.2 186.7 0. 1Bi.4 341.,2 362.0
58.8 241.6 273.6 396.3 242.2 241.6 191.9 0. §95.1  314,2 342.¢%
76.0 214.7 299.2 340.7 221.0 214,7 201.5 0. 22l.1 264.5 311.9
90.5 190.6 323,1 290.6 217.6 190.6 212,7 [+8 243.2 219.4 288.9
100.0 157.3 340.6 244.2 226.8 157.3 225.8 0. 255.0 18B6.8 276.8
PCT ABS MACH NO  REL MACH NO AXIAL CHs ACC PT ACC TT  EFFICIENCY
INK ity ouT IH out VEL R RATIO RATI[O 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 0.502 0,819
7.8 0.794 0,629 1.607 0.898 0.640 0.512 [.9467 1.2532 (0.828 0,844
15.5 0.811 -0.641F 1.566 0.8B85 0,656 0.529 1.9313 1,23756 0.871 0.833
23.3 0.823 0.654 1.522 0.861 0.668 0.546 1.9210 1.2272 Q.903 0.912
27.7 0.826 0.663 1.494 0.B43 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 1.2241 0.914 0,922
31.4  0.826 0.4872 1,463 0,824 0.682 0,562 1.9194 1,2229 0.919 0.926
40.0 0.810 Q.6%90 1.400- 0.776 0.699 0.574 1.9176 1.2220 0.922 0.929
49,1 0,782 0,726 1.31B 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 0.56%9 1.9548 1.2312 0.9i4 0.921
76.0 0.657 0.A44 1,043 0.624° 0,946 0,495 1.9809 1.2384 0.905 0.914
€0.5 0.578 0.921 0.882 0.620 1,134 0,317 2.0021 1.2428 0.904 05,913
10Q.0 0,472 0.979 0.733 0.652 1.50t -0.025 2.0122 1.2440 0.907 0.916
L -

RBAR NG DEV X-FACT [HG CAd SIGR TU4:l D-FACT Sal Loss
(THPUT (G-} . COSFF,

82,906 3.00 3.72 0.20 0,029 =0.17 59.23 ~0.39" 1.434  1.50) 0,1v3
81.277 2,14 .63 025 0.0253 0,11 38.00 -D.38  0.471  1.521 0,163
12,6067 3.20 3.7 0.4 3.0250 2.81 56,89 0.1 Q454 1.4t 0.1%%
76,444 3.52 T3 Oudw 0214 1.3 84,719 0,77 0.432 {.3582 2.1
73.167 3. #4 1out .00 J.0%W4 227 32,210 1.7 .44)  j.0622 0,073
71.322 4.20  4.464 1.00 0.0233 2.7 50,94 2.26 .44 1,657 1,045
T1.322 4.2 4,04 1430 N,0333% 2ol Fp¥4 2,260 0.454 PoobT 0.000
a9, 731 G.AT 4,.%R 1.10 0.0770 3.4 AR T3 0 303 9,47 1.ofR2 0,062
CptEEE D42 5,40 1230 D000 5,200 46,80 5.2 0.4%3 1.4 O.oaR
X420 T A 664 1,10 00417 19017 4209 2,51 N,B0R 1,920 0,073
54,37 5,32 N, T4 Qend) L1 T1- L7, Fa,21 1,430 D.b32 | yad 3,00
H1.17) a,68 12.11 S VTR s 2road A2y 005150 2,048 0,130
45,121 Ba0Y 14,41 1o 20 L0290 A st 02,32 8,04 0,440 3 014 D, 1N
41,1451 EREL 7 R F P 1,10 V0500 o3 12,44-44,30 0,107 2,647 Q. 7w

[ALEE ol FRESS - e ANRTA THLETD Gt
s FLahe HALTH PALTO [ e
a4 1 asratedl 1.23136 Je 3N 3.9


http:2.44-41.30

BLADE RON PRINTOUT (ENGLISH)
R
PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
MM IN (T IN outT 0] OuT o v OUT IH OUT
0. 32.640 32,640 0. 0. O 0. Q. 49.1 62.1 63.0
3.9 31.982 32.015 0.1 0,7 06,050 0.050 0. 48,6 6.2 61.6
7.8 31.32F 3t.409 0.9 1.5 0,130 0,100 0. 45,0 &0.4 60.4
15.5 29,971 30.221 1.7 3.3 0.200 0.200 0. 43.1 58.8 SA8.1
23.3 28.573 29.038 3.4 5.0 0.360 0,300 Q. 42.1 57.3 55.7
27.7 27.776 28,383 4.6 5.9 0.355 0,35% 0. 42,0 56.5 54.2
27.7 27.716 28.383 4.6 5.9 0.355 0,355 Q. 42.0 56.5 54.2
31.4 27.107 27.838 5.6 6,7 0.400 0.400 0. 42,2 55,92 52,9
40.0 25.544 26.593 7.9 8,6 0,500 0.500 0. 43,2 54,9 49,7
49,1 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 13.6 0.700 0.700 0. 46.3 53.2 " 3B.4
76.0 18.492 21.799 19.9 t8.46 0.850 0.850 0. 49.2 82.7 25.4
90.5 15,333 20.195 25.4 23.4 0.950 0,950 . 51.2 5.9 13.2
100.0 13.056 19.346 31,9 26,7 1,000 1,000 0. 51.7 54.5 6.2
PCT ABS VEL REL VEL HERID VEL TANG VEL BLADE SPEED
THM IN ouT IN ouT IN auT IN ouT N OUT
Q. 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 ITi3.t 10B6,3 825.4 517T.1 Q. 547.3 1501.1 1502.7
7.8 B835.5 7T56.2 1690.92 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 0559.3 0. 521.6 1406.7 1418.4
23.3 863.0 776.5 1594.8 1022.7 863.0 577.6 Q. 519,0 1341.1 1363.0
27.7 B65.R TBS.A 1965.0 998.1 865.8 585.5 0. .523.8 1303.7 1332.2
27.7 865,88 785.6 [565.0 998.1 8565.8 586.5 o. 523.8 1303.7 1332.2
31 .4 B865,0 794.,5 1538.,5 974,8 865.0 590.8 0. 531.3 1272.3 1306.56
40,0 B50.4 813.4 1469.9 915,0 850.4 595.8 0. 553.7 1199.0 1248,2
49.1 B24,0 853.%9 1389.9 852,1 824.0 612.4 0. 595,2 1119.3 HIBT7.6
58.8 792.5 B97.6 1300,2 794,7 792.5 629.4 0. &640.0 I030.8 112%.1
76.0 T04.3 981.,5 1117.7 725.0 704.3 661.0 [o 28 725.5 B67.9 1023,2
90,5 625.2 1059.9 953.3 T13.9 625.2 697.9 0. 797.7 T19.7 947.9
100.0 516.9 1117.5 BOl.1 744.1 515.9 740.7 a. 836.7 612.8 908.0
PCT ABS MACH N0 REL MACH NO AXTAL CH” ACC PT AQC TT  EFFICIENCY
T MM IN ouT IN oUT VEL R RATIO RATIO ADTA  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 0.620 0,504 1.9574 1.2640 0.302 0.819
7.8 0.794 0.629 1.607 0.B98 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 0.87! 0.883
23.3 0.823 0.654 1.522 0.861 D.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 {.2241 0.914 0.922
3.4 0.826 0.672 .1.468 0.824 0.682 0,562 1,9194 11,2229 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 0.92!
T56.0 0.657 0.844 1.043 0.624 0.946 0.491 1.9809 1.2384 0.905 0.914 .
£0,5 0.578 0.921 0.882—0.620 1.134 0.317 2.002! 1.2428 0.904 0.913
1Oe.6 Cuoall U 31 L 73s & oGie 1Sl & €2 26122V 2448 C.KT O 516
REA [HC NEY  x=-FACT rc CAu S1GiH  Tuhkn O=FACS SO0 LOSS
CrARdl {C-R) . COEFF
32.640 3.0 3.72 0.20 9.0250 =-0.17 59.23 ~0.89 0,484 1.b00 0.195
31,999 3.14 3.63 0.22 0.053 0.1 53,00 =-0.38 0.471 1.22t 0.163
31.349 3,20 3,78 0,40 1,259 0.5 06,89 0.72 0.4464  1,54] Q.13
wLODE 3.h2 1.80 Ouds 920274 1.3 54,79 0,73 N.4B3 heom2 G,100
28,8146 3.ua 4. b VoI¥) 73, 3304 2.27 52,27 1,07 U.460 1.028 0,073
2u.07Y 4.20 1,94 1.7 0.2333 2,71 W).wd 2,26 0,464 1.no5d 0,060
27,0179 4,2 A, 51 T ¥y &, 13333 2.H1 B.wd 2,20 N.484  1.657 0.049
27.473 d.47 Al 1177 2,037} 3,44 49,73 303 0,470 1.6R2 0).0A2
24,049 342 3.40 1.3 0,080 5,20 40,39 5,22 0,483 1,745 0,061
24,575 [T ¥ “4 474 1.5 0,044 10,13 42,99 9,54 0,508 1.122 0,073
73,940 N30 oYY LTI RO 17,220 31,23 111,407 0,222 1,924 0,07
EI R LI P S DT 287 22,448 21,25 Ouonlo 2.146 001
17.744 [ T 1o bl 47040 22,739 3.4 0,448 20414 0,175
1G.2 1 S 18012 T 00 O, %) 50,07 12,44 44,30 0.307 2,643 0,270
LSy Coly e is 15 ap ADTA [HLEE CORR
ST g SALED [N e
210,45 1.wa-it SR EUTS VoA Vi85

556
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BLADE ROW PRINTOUT

(METRIC)

s1
PCT RADIUS MERID ANGLE STREAM FUNCT  ABS ANGLE REL ANGLE
MY IN ouT N ouT IN out N ouT IN ouT
0. 82.506 82.906 © O, 0. 0. 0. 46.4 5.0
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
31.7 72.647 73.806 5.6 6,0 0.355 0.355 40.2 5.0
31,7 72.647 73.806 5.6 c.0 ©.355 0,355 40.2 5.0.
3.9 71.322°72.613 6.2 7.0 0.400 0.400 40.4  5,0.
45.3 6B.203 69.898 7.7 9.3 0.500 0,500 41.3 5.0
55.1 65,136 67.060 9.6 11,7 0.600 0.600 42.6 5.0
&5.3 61.813 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
93.6 *52.514 562167 21,2 20.9 0.950 0.950 49.0 5.0
100.0 50,393 54.399 23.4 22.7 1.000 1.000 49.7 5.0
pcT ABS VEL REL VEL MERID VEL TANG VEL  BLADE SPEED
TH4 N OUFT N T IN OUT  IN . OU N 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 (86.7 175.5 186.0 162.6 16.3
17.8 ,240.B 1B9.6 i61.4 188.9 158.3 16.5
26.7 243.5 192.2 185, 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 2015 179.0 17.3
£5.3 278.7 205.7 201.6 205.0 192.1 17.4
81.7 302.9 212.5 211.5 211.7 216.8 17.6
93.6 325.0 219.3 221.8 218.6 237.5 17.9
100,0  338.4 222.2 229.5 221.4 248.7 7.9
PCT ABS MACH NO  REL MACH No AXIAL CH’ ACC PT ACC TT  EFFICIENCY
IMM IN ouT IN out VEL R RATID RATIO ADIA POLY
0. 0.646 0.491 1.115 0.323 1.9261 [,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 ),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 .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 0.705 0.537 1.016 0.372 1.8971 1.2220 0.905 0.913
55,1 0.744 0.553 1.014 0.393 [.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
23.6 0.927 0,599 0.988 0,483 1.9350 §.2428 0.855 0.868
100.0 0.972 0.607 0.970 0.490 1,918d4 1.2440 0.839 0.853
RBAR ING DEV X~FACT TMC  CAM  STGR TURN D-FACT SOL LOSS
(INPUT (C-R) - . COEFF
82.906 0,35 5.82 0, 0.1000 49,85 21.10 41.38 0.400 1.900 0.092
81.535 0.60 8.22 O, 0,0990 46.82 20.19 39.20 0.389 [.911 0.084
80,179  0.90 7.80 0. 0,0975 44,74 19.57 37.84 0.378 1.922 0.077
77.475  1.25 _7.28 0. 0,0951 42.18 18.81 36.15 0.363 1,943 0.062
74.747 1,55 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 18,32 35,25 0.356 1.975 0.047
73.227 1.0 6.90 0. 0.0902 40.45 I18%32M6,25 0.356 [.975 0.047
71,867  1.80 6.90 0. 0.0883 _40.50 18:35 35.41 0.358 1,985 0,043
69,091 .80 7.06 0. ~0:0841 "41,56 [A.72 36,29 0.373 2.005 0,038
. 86,103 1.80 T.32 a. 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 39.18 0,412 2,045 0,038
57.984 F.AO B.23 0,  0.0664 48,37 20.96 41.94 0,452 2,074 0.052
54,340 (.60 R.70 0, 0.057% 51,07 2L.B83™3.97 0.430 2.093 0.079
52,395  1.10  B.99 0. 0.0543 52.64.22732 44.74 0.499 2,102 0,103
INLET CORR  PilEsSs TEMp ADIA  INLET CORR
WIFLOW PATIO RATIO ' EFF’ RPN
3TE.83  1.v153  1.2386 0.867 5378.5


http:2L.8,-43.97

BLADE ROW PRINTOUT

(ENGLISH)

s
pCcT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL AMNGLE
My N outT IN ouT iN Our IN oyT IN OuT
Q. 32.640 32.640 0. G. [+ 8 0. 45,4 5.0
4.5 32.05v 32,142 1.3 0.1 0.050 0,050 44.2 5.0
8.9 31.49%0 31,643 2.2 0.9 0,100 0©0.100 42.8 5.0
17.8 30,363 30.641 3.7 2.7 0.200 0,200 4].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 4.0 0.355 0,355 a0.2 5.0
35.9 28.079 28,588 6.2 7.0 0.400 0.400 40.4 5.0
45.3 26.887 217,515 7.7 9.3 0.500 0,500 4i.3 5.0
B5.1 25.644 26.405 2.6 1.7 0,600 0.600 42.6 5.0
65,3 24.344 25.256 1.8 4.3 0.700 0.700 44,2 5.0
Bi.T 22.231 23.425 6.7 IR,2 0.850 0.850 46,9 5.0
23.6 20.675 22,13 21.2 20,9 0.950 0.950 49,0 5.0
100.0 19.839 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
44 N oyT IN out IN ouT IN ouT - IN. T
Q. 783.4 605.2 540.5 602.9 567.1 52.7
4,5 T84.1 &08.0 562,2 605.7 546.6 53.0
8.9 785.1 612,7 575,9 610.4 533.6 53.4
17.8 789.9 422.0 595,2 619.6. 519.2 54,2
26.7 798.7 630.5 610.0 628.1 515.6 54.8
3t.7 B06.8 635.8 617,0 633.4 519.8 55,1
3.7 B06.8 635.8 617,0 633.4 519.8 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 5B47.7 55,4
55.1 873.7 663.4 646.% 661.0 587.2 56.6
55,3 Q14,2 674.8 662,3 672.4 630.2 57.0
8i.7 993.8 697.0 693.9 694.7 7T11.4 57.7
93.6 1066.2 T19.6 727.7 M7.2 T719.2 58.6
100.0 1110.2 728.9 752.8 726.5 815.9 58.6
PCT ABS MACH NOo  REL MACH N0 AXTAL CH/ ACC PT ACC 1T EFEICIENCY
MM IN ouT IN OUT  VEL R RATIO RATIO ADIA POLY
0. 0.646 0,491 F.115 0.323 1.9261 1.2788 0.739 0.762
4.5  0.651 0.496 F.OT8 00326 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 1042 0,326 1.9004 1.2376 0.848 0,861
26.7 0,674 0,524 1.030 0,333 1.8951 1.2272 0.863 0,393
31.7 0.683 0.529 1.026 0,339 1.8948 |.2241 0.895 0.%04
31.7 0.683 0.529 1.026 0,339 1.8948 |.2241 0.895 0.904
35.9 0.6%1 0,513 1.024 0,346 1.8967 1.2229 0,901 0.%09
45.3 g.709% 0,537 1.016 0.372 1.897]1 1.2220 0.905 0.913
5.1 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 0Q.59% 0.988 0.483 1.9350 1.2428 0.855 0.868
[00.0 0,972 0,607 0,970 0.490 1.9184 {.2440 0,839 0.853
RBAR INC DEV X-FACT TMC CAM STGR TURN D-FACT SOl L0SS
(INPUT (C-R) - - COEFF
32.640 0.35 8.82 o. 0.1000 49,85 21.10 41,38 0,400 1.900 0.092
32.100 0.60 8.22 0. 0.0990 44.82 20,19 39.20 0.380 (.911 0.084
31,567 Q.90 7.80 0. 0.0975 44,74 19.57 37.84 0,378 1,922 0.077
30.502 .25 7.28 C. 0.0951 42.18 18.81 36.15 0,363 1,943 0,062
29,428 1.55 6. 97 0. 0.0921 40.73 18.39 35.31 0.356 1.964 0.05]
28.829 1.70 5.90 0. 0.0902 40.45 18.32 35.25 0.3%56 1.975 0.047
28.8929 1.70 * 6.90 0. 0.0902 40.45 18.32 35.25 0.356 1.975 0,047
28,334 1.80 6.90 0. 0.0883 40,50 18.3% 35.41 0,358 1.985 0,043
27.201 1.80  7.06 0. 0,0841 41.56 14,72 36.29 0.373 2.00% 0.038
26.025 1.80 7.32 O. 0.0807 43.15 19.25 37.63 0.388 2.025 0,037
24.800 1.80 7.65 0. 0.07%5 4%.03 19.87 39.18 0,412 2.04% 0.038
22.828 I .80 8.23 0. 0.0664 48,37 20.96 41.94 0.452 2,074 0.052
21,394 |+ 60 BR.70 G, 0.0575 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 34,74 0,499 2.102.0.103
INLET CoRH  PRESS TEMP ADIA  INLET CORR
HTFLON RATIO RATIO .. EFF RPM
1.9153 1.23%6 ;1 0:B57 5378.5

ORGINAL PR
oF POOR QU

GE AP

ALITY:
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S
+

N
COUNLE]~OODGL -

S‘OGD&Lﬂ&tthUhJ“
SERBRSUBL NG o

oZd
=
CES

4.7
9.4
18,6
27.8
32.9
32.9
37.1
46,7
§56.4
66.5
82.5
94.0
100.0

. RBAR —

82.583
81,447
50,328
78.105
75.R48
TL. 662
th.b62
73.651
71,358
69,907
65,585
62,734
59.97¢
58.525

RrR2
RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
IN . auT IN ouT N ouT IN outT IN outT
82.784 82,381 =3.4 =2.2 0. 0. 4,7 48.4 66.4 60,1}
81,586 81.308 ~1.8 -1,4 0,050 0.050 4.7 46.7 65.9 59.5
80.389 80.263 ~0,6 -0.,4 0.100 0.100 4.6 45.4 65.3 58.8
77.987 78.222 1,6 1.9 0.200 0.200 4.6 43.4 64,2 57.6
75.557 76.219 4,0 4,2 0.300 0,300 4.6 42,4 63.1 56.3
74.201 75.122 5.3 5.5 0.35% 0.355 4,6 42.2 62.5 55.4
T4.201 75.122 5.3 5.5 0.355 0,355 4.6 42,2 62.5 55.4
73.0%0 74.221 6.5 6.6 0.400 0.400 4.6 42,2 62,0 54,6
70.522 712.195 9.1 8.9 0.500 0.508 4,6 42.4 61,1 52.7
67.871 T0.143 tH.7 11.2 0.600 0.600 4.6 42.1 59.7 50.4
65,415 68.054 14,3 13.6 0,700 0,700 4.6 42.8 58.6 47.8
60.691 64,777 17.9  17.4 0.850 0,850 4,7 44,5 S7.0 43.0
57.476 62.477 19.6 20,5 0.950 0,950 4.8 46,3 55.9 38.7
55,781 61,268 19.2 22.3 1,000 1.000 4.7 47.3 54.6 35.6
ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
IN ouT N ouT I ouT IN ouT in outT
198.0 243.6 491.5 325.2 197.4 161,99 16.1 182.0 466.3 464.0
199,20 242.2 485.8 327.2 i98.6 166.3 16.2 176.1 459.5% 458.0
20t.4 241.3 480.5% 327.6 200.7 169.5 6.3 171,7 452,8 452.1
205.2 240.5 469.7 326.0 204.6 174.6 16,5 185,3 439.3 440.6
208.5 24t.4 458.7 321.0 207.9 178.5 16.6 162.5 425.6 429.3
210.5 242.9 452.8 316.8 209.9 180.4 16.7 162.7 417.9 423.1
210.5 242.9 452.8 316.8 20%9.9 180.4 16.7 162,7 417.9 423.1
212.3 244.6 448.0 312.7 2i1.6 I1B1.8 16.8 163.6 411.6 4iR.0
213.4 249.2 435,9 302.8 212.7 "185,1 16,7 166,92 397.2 406.6
218.6 254.9 425.3 295.6 217.9 190.6 17.1 169.2 382.3 395.1
221.1 261.5 413.3 285.1 220.4 194,5 17,1 174.8 366.8 2383.3
225.9 273.8 392.8 267.4 221.2 1v9.8 17.3 181.2 341.58 364.8
221.1 284.7 377.3 254.2 220.4 203.4 17.% 199.3 323.7 351,9
224.1 293.7 371.5 248.9 223.4 207.6 17.4 207.8 314,2 345.1
ABS MACH N0  REL MACH NO AXIAL  CHf ACC PT ACC TT  EFFICIENCY
N outT IN oUT  VEL R RATIO RATID ADIA  POLY
0.529 0.598 1.313 6.798 0,821 0.441 3,2922 |.5424 0,745 0.783
0.836 0.600 1.306 0,810 0.338 0,444 3.2707 1.5150 0.780 0.813
0.544 0,601 1,298 0.816 0.844 0,449 3.2528 1.4942 0.808 0.837
0.55¢ 0.606 1.27¢ 0.821 0.354 0.458 3.2262 T.4628 0.857 0,878
0.571 0.613 1.256 0.815 0,859 0.465 3,2065 1,4425 0,891 0.%07
0.578 0.618 1.242 0.807 0.859 0.468 3.1990 1.4366 0,901 0.915
0.578 0,615 1.242 0,807 0.859 0.468 3.1990 1.4366 0.901 0.915
0.583 0.624 1,230 0.797 0,859 0,470 3.1955 1.4342 0.905 0.919
0.586 0.637 1,198 0.774 0.870 0,474 3.t941 1.4323 0,908 0.922°
0.600 0,652 1.168 0.756 0.876 0,470 3.1941 1.4342 0.904 0.918
0.607 0,469 {.134 0,729 0,885 0,464 3.1941 1.4398 0.893 0.909
0.607 0.700 1.075 0,684 0.905 0.446 3.1941 1.4526 0.867 0.887
0.604 0,728 1.030 0.650 0.918 0.430 3.1941 1.4641 0,846 0.868
0.612 0.751 1.015 0,636 0.910 0.423 3.1941 1.47i3 0.833 0.857
2o-IHE eeon -DEV ~ X=FACT-— THC ——CAM.— STGR -TURN- D=FACLT -- SOL LOSS
(INPUT ({-R) CREFF
3.00 3,42 0. 0.0253  6.63 60,05 6,22 D.4E59 1,399 5,131
3.00 2.90 —0.30 0.0284 6,32 59.72 6,42 0.4&s4 1,407 D154
3,10 2,39 -0,60 0.0276 5.75 59.33 6,&6 0,633 1,412 0,130
3.40 1.48 -1.00 C.03Q1 4,85 5B.37 6.57 0,416 1,404 0,007
3490 1,57 =1.00 0.0326 4.50 56.96 6.83 0,407 1.49L 0,059
4,20 1,60 -D,98 0,0339 &.6? 54,05 7,07 0,407 1,525 0,045
4.70 1,60 ~0,98 0.0339 4,47 S£.05 7.07 0,407 1,575 0,065
4,50 1.66 =-0.95 0,0351 L.49 55,22 7,34 0.409 1.55% 0.045
5.75 2.20 -0.60 0.0382 5.38 53,15 8.43 0,413 1.420 0.0%55
6.00 2.73  =0,25 0,0419 4.06 S0.68 9.33 D.413 1,694 0.070
6260 - 3,63 0,20 G.0460 7.80 4£8.07 10.77 0.42%1 1,772 0.08R
7.40 5.58 1,10 0,053% 12.22 43,52 14,04 0.638 1.9%8 0.129
7.80 7.186  1.465 0.0612 16.54 39.80 17.18 (Q.455 1.966 0,162
8.00 B.13 . 2.00 0.0657 " 19.15 37,01 19.02 0.465 2.006 0.177
INLET CORR  PRESS TEMP ADTA  INLET CORR
ame WTFLOW . RATID . RATIO. ... EFF ~- RPM ———— e —
371.83 3.2107 1.4546 0.848 537R.5

BLADE ROW PRINTOUT

(HETRIC)
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29.3%94
28,996
28,004
27.168
26,214
26,692
23.613
23. 041

BLADE ROW PRINTOUT (ENGLISH)
R2

RADIVS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE

N outT In ouT iN oautT I ouT N ouT
32.592 32.433 =3.4 =-2.2 0. 0. 4.7 48,4 66.4 0.1
32.120 32.011 -1.8 =-l.4 0,050 0.05%0 4.7 46,7  65.9 59.5
31.649 31,599 -0.6 -0.4 0,100 0.100 4,6 45.4 65.3 58.8
30,703 30,795 1.6 .9 0,200 0,200 4.6 43.4 84.2 57.6
29,747 30.007 4.0 4,2 0.300 0,300 4.6 42.4 631 56.3
29.213 29.576 5.3 5.5 0.35% 0.355 4.6 42.2 62.5 55.4
29.213 29,576 5.3 5.5 0,355 0,3%% 4.6 42,2 82,5 55.4

28,772 29.221 4,5 6.6 0.400 0,400 4,8 42,2 62.0 54,6 -

27.765 28,423 9.1 8.9 0.500 0,500 4.6 42.4 6l.t 52.7
26,721 27.615 1.7 1.2 0.60C 0.600 4,6 42,1 59.7 50.4
25.636 26.733 14,3 13.6 0.700 0.700 4.6 42.8 58.6 47.8
23.R894 25,503 17.9 17.4 0.850 0,850 4.7 44,5 57.0 43.0
22.628 24,597 19.6 20,5 0.950 0.950 4.8 46.3 55.9 38.7
21.9461 24,121 19.2 22.3 1.900 1.000 4.7 47.3 54,6 35.6
ABS VEL REL VEL HERID VEL TANG VEL BLADE SPEED

IN ouT IN ouT IN OUT N ouT IN ouT
649.7 T99.3 1612.6 1066.8 647.5 6531.3 52.8 597.2 1529.8 1522.3
653.7 794.8 1593.8 1073.6 651.5 545.6 53.0 577.9 1507.6 1502.5
660.7 791.5 1576.3 1074.7 658.6 556.0 53.4 563.4 [485.5 1483.2
673.3 788,92 1540.9 1069,.85 671.1 572.9 54,0 542.4 l441.1 1445.5
684.2 792.1 1505,1 1053.2 6B2.0 585.8 54.5 533.2 1396.2 1408.4
690.7 T797.0 14B5.5 1019.5 688.5 59{.0 54,8 533.7 1371,2 1388.2
690.7 T797.0 1485.5 1039.5 683.5 591.9 54.8 533.7 137.2 1388.2
696.4 802.5 1459.7 1025.8 694.2 596.4 55.1 536.9 §350.4 1371.5
700.1 B17.6 1430.1 993.6 698.0 “607.1 54.9 547.6 1303.2 1334.1
717.1 836.2 1395.3 ©69,7 714.% 625.4 55.9 555.1 1254,2 1296.2
7256.4 858.0 1356,0 ©35.4 723.2 638.1 56.2 573.6 1203.3 1257.6
727.9 898.2 1283.7 B77.2 725.7 655.5 56.6 614.0 1121.5 1197.0
725.2 934.2 1237.9 834.1 723.0 667.2 57.3 653.9 1062.1 1154,5
735.3 9483.7 1218.7 816.5 733.1 681.1 57.2 681.8 1030.8 1132,2

ABS MACH MO REL MACH NO AXIAL CH” ACC PT ACC TT EFFICIENCY
I out IN OUT  YEL R RATIO RATIO ADIA  POLY
0.529 0.598 1.313 6.798 0.821 0,44} 3.2922 1,5424 0.745 0.7823
0.536 0.800 1,306 0.8!10 0.838 0,444 3.2707 1.5150 0.780 0.813
0.544 0.601 1,298 0.816 0.844 0,449 3.2523 1,4942 0.808 0.837

0.559 0,506 1.279 0,821 0.854 0,458 3.2262 1.4Y8 0,857 0.878
0.571 0.613 1.256 0,815 0.859 0.465 3.2065 1.4425 0,891 0.907
0.578 0.618 1.242 0.807 0.859 0.468 3.1990 1,4366 0.901 U.91%
0.578 0.618 1.242 0,807 0.859¢ 0.468 3.1990 [.4366 0.901 0.215
0.583 C.624 1,230 0.797 0.859 0,470 3.1955 1.4342 0.905 0.919
0.586 0C.637 1.19R 0.774 0.870 0.474 3.1941 1.,4323 0.908 0,922
0,600 0.652 1.168 0.756 0,876 (.470 3.194) 1.4342 0.904 0.918
0.607 0,669 1.124 0.729 0.885 0,464 3.1941 1,4398 0.893 0.90%
0.607 0.700 1,075 0.694 0.905 0.446 3.1941 1.4526 0.867 0.837
0.604 0.728 1.030 0.050 0.918 0.430 3.194] 1.4641 0.846 0,863
0.612 0,751 1.015 0.636 C.910 0.423 3.1941 1.47i3 0.833 O0.E57
INC DEY X~FACT THC CAM STGR TURN D~FACT SOL  LOSS
CINPUT (C-R) COEFF

- 3.00 3,82 0. D.0253  4.63 60,05 6,22 0,459_1.39% 0.151
3.00 2.90 =0.30 0.0248& - 6,32 59,72 6.47 0,644 1,402 0,154

. .39 -0.60 0.0276 5.75 59.33 6.46 0,433 1,612 0,130
;,lg $.28 -?.00 0.0301 4,85 5B.37 6.57 0.416 1.440 D092
3.90 - 1.57 -1.00 0.032¢6 L4.50 56496 6,83 0,407 1,496 0,069
4,20 1.640 =-0.98 0.033% 4,47 56,05 7,07 0407 1.525 0.045
4,70 1,60 =0.98 0.033% 4,47 56.0% 7.07 0.407 1,575 0.045
4,50 - 1,46 -D.95 0.0351 4,49 $5.22 7.34 0.409 1,553 0.945
5.25 2,20 -0.60 0.8382 S5.38 $3.15 B.43 0.413 1,620 D.G&5
£,00 2,73 ~0.25 0.0419  6,0% 50,68 9.33 0.413 1.49% 0.07)
6.60 - 3.63 - 0,20 0.0460 - 7,80 42,07 10,77 0.421 1,772 0.0F%
T 40 5.58 1.10 0.0539 12,22 43,52 14.04 0,438 1.888 0,179
7.80 7.16 1465 0.0612 16,54 39.80 17,18 0.455 TF.966 0,162
8.00 - 8,13 --2,00 0,0657--19.15 37.01 19,02 0,465 2.006 0,177

59
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* BLADE ROW PRINTOUT

(METRIC)

52 NACA 65 FOIL
PCT RADIUS MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
THM IN ouT IN - ouT iN our IN ouT IN ouT
0. 82.265 B81.912 -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 B0.044 0.2 -3.8 0,100 0,100 43,5 0.
19.4 78.324 78.202 1,9 —4.1 0.200 0,200 41.6 0.
28.9 76.409 16,373 3.6 -4.3 0,300 0.300 40.6 0.
34.1 75.355 T75.369 4,5 -4.4 0,355 0,355 40.4 0.
34.1 75.355 75.369 4.5 -4,4 0.355 0.3% 40.4 C.
38.4 T74.488 74,547 5.2 =4,4 0,400 0.400 40.5 C.
48.1 72.533 72.707 Tat -4,5 0.500 0.500 40,7 0.
§7.8 70.538 70.845 9.1 =-4.4 0,600 0.600 40.6 O.
47.8 68.494 68,951 1£,2 —-4.2 0.700 0.700 41.3 0.
83.4 65.274 66.033 14,7 =3.5 0.850 0.850 43.1 0.
94.3 62.982 64,025 17.5 =2.4 0.950 0.950 45,2 0.
100.0 631,771 62.994 18.6 =1.7 1.000 1.000 46,8 0.
PCT ABS VEL REL VEL MERID VEL TANG VEL BLADE SPEED
T4 IN ouT IN out IN ouT IN ouT IN QuT
0. 251.5 176.5 173.3 176.5 182.3 0.
5.0 250.4 177.1 177.8 §77.1 176.3 0.
2.8 249.5 178.5 181.0 178.5 ({71.7- 0.
19.4 248.6 181.2 185.8 §81.2 165.1 0.
28.9 249.2 184.1 189.2 184,01 182.1 0.
34.1 250.4 185.9 190.82 185.,9 162.2 0.
34.10 250.4 1B5.9 190.8 185.9 162.2 .
38.4 251.8 187.4 191.9 187.4 163.1 0.
48.1 255.7 190.6 i94.4 190.6 166.1 Q.
57.8 260.4 193.6 1989.7 193.,6 14B.3 0.
67.8  266.2 196.8 201.7 196.8 173.7 0.
83.4 276.7 202.3 205.1 202.3 185.7 0.
94,32 285.4 206.9 205.9 206.9 197.7 o.
100.0 250.0 209.8 204.0 209.8 206.1 0.
PCT ABS MACH HO  REL MACH N AXTAL CH, ACC PT ACC TT  EFFICIENCY
MM N OuT IN QouT VYEL R RATIN RATIO ADIA POLY
Q. 0.618 0.426 1.017 0.433 3.2297 1.5424 0.731 0.771
5.0 0.621 ' 0.431 0,994 0.431 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
19,4 0.628 0.450 0.973 0.417 3.1823 1.4628 0.845 0.868
28.9 0.633 0,461 0.972 0.411 3.1696 1,.4425 0,880 0.898
34.1 0,639 0.466 0,974 0,410 3.1651 1,4366 0.891 0.907
34,1 0.639 0.466 0.974 0.410 31651 1,4366 0.891 0.907
3B.4 0.644 0.470 0,977 0.417 3.1635 1.4342 0.895 0.911
48.1 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 0,914
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 3.1456 1.4526 0.854 0.875
©4,.3 0.730 0,516 1.053 0.408 3.1191 1.464%f 0.825 0.851
§00.0 0.741 0,523 1.085 0.392 3.0973 1,4713 0.807 0.83%
RBAR INC DEV X-FACT THMC CAM STGR TURN BD-FACT SOL LOSS
_CINPUT (C-R) COEFF
82,080 "~0.60 9.96 0. 0.0800 57.02 18,55 46.46 0.48%7 1.909 0.084
8t.113 =~0,45 9,47 0. 00,0785 54.67 17.86 44,75 0.476 1.919 0.078
80.154 -0.30 2,10 0. 0,0771 52.90 17.35 43.50 0.4463 1.930 0.070
78,263 . 8.54 0., 10,0744 50.18 14.b5 41.64 0.442 },950 0.058
76.391 0.30 8.9 0. 0,077 48.53 16.08 40.64 0.426 _1.970 0.049
75.362 0.40 8,10 0., 00,0704 48.14 15,98 40.45 0.421 1.981 0.044
75.362 0.40 8.10 0, 0,0704 48.14- 15,98 40.45 0,421 1,981 0.044
T4.517 0.50 B.06 0. 0.,0694 48,03 15.96 40.47 0.419 1,990 0.041
72,620 0.0 8.0 Q. 0.0673 48,18 16,04 40,74 0.416 2.010 0.036
70,692 0.70 7.95 0. 0.0694 47.87 15.98 40,62 0.415 2,030 0.036
68.722 0.78 8.04 0, -0.0634 48,54 16.23 41.28 0,419 2.050 0.039
465,653 0.88 8,36 0. 0.0600 50.59 16.94 43.12 0.429 2.081 0.054
63.503 0,96 3.76 0. 0.0569 53,00 17,74 45.20 0.439 2.103 0.079
62.3R4 1.00  9.11 0. 0.0553 %4.93 18.36 46.83 0,443 2.112 Q.09?
INLET CORR PRESS TEMP ADIA INLET CORR
WTFLOW RATIO RATIO EFF RPM
37t.83 3.1674 1.4546 0.856 5378.5



5%
pcT RADIUS
THM N out
0. 32,388 32.249
5.0 31.989 31.879
0.8 31,500 31.513
19,4 30.836 30,788
28.% 30.082 30.06é8
3.1 29.667 29,573
34,1 29,647 29,673
38.4 29.326 29.349
48, 28,556 28.4625
57.8 27.771 27,892
67.8 28,966 27,146
B3.4 25,698 25,907
94,3 24.7046 25.206
00,0 24.319 24.802
PET ASS VEL
M N ouT
0. 835,2 578.%9
5.0 821.4 881.1
.8 #{B.3 565.6
192.4 B1S.5 594.3
28.9 817.6 404,10
34,4 B21.5 ¢09.8
4.1 821.5 &09.8
38.4 B826.3 6i4.7
48.1 83I0.0 625.4
£7.8  B54.2 635.2
£7.8 873.3 &45.5
83.4 $07.8 663.7
94.3  936.4 678,717
100.0 95}.5 688.5
PCT ABS MACH N
18K IN PuT
0. 0.418  0.426
5.0 0.621 0.431
¢.8 0,623 (.438
19.4 0,628 0.450
2B.% 0.634  G.461
32,1 0.539 0.466
34.1 G.63% 0.466
i8.4 0,844 0.470Q
48.1 0,655 D.479
57.8 0,667 0.487
&7.8 0,482 0.494
83.4 $,708 0,506
94,3 0.730 0.516
100.0  D.78F D.523
RBAR INC DEV
(INPUT {C~R2}
32,318 ~0.80 9.96
35,934 ~0.45 $.47
31,856 ~0.30 9,10
30812 0. 8,54
30,075 Q.30 8.9
20,670 0.40 R,.I10
29.670 0.40  B.10
29,337 Q.50 8,046
28.590 G, 60 3.0%
27.831 0.7¢  7.95
27.056 0,78 8.04
25.848 0.88  8.36
25.0M .96 8.76
24.560 .00 .01
THLET CURR
WTFLOK

BLADE ROW PREHTOUT
NACA 65 FOIL

{ENGLESH)

MERID ANGLE STREAM FUNCT ABS ANGLE REL ANGLE
N ouT I ouT IN outT IN aut
1.9 =3.1 O 0. 46.5 O
~0,7  «3.5 0.0%0 0.050 A4.7 0.
0.2  =3.8 0,100 0.100 43.5 0.
1.9 =41 0200 0,200 41.6 0.
3.6  «4,.3 0.300 0.300 40.6 0.
4,5 =d.4 0.355 0.358 40.4 O
4,5 4.4 0.355 0,355 40.4 0.
5,2 ~4.4 D400 G400 40.5 Q.
7.1 ~3.5 0,500 0.900 40,7 Q.
.1  =4.4 0.600 0.600 40.6 0
11,2 =4,2 0.700 0,700 41.3 [+
14.7 -3.5 0.850 O0.850 43,1 0.
17.5 ~2.4 0.950 0.950 45.2 0.
18.6 =1.7 1.000 1.0  46.8 Q.
REL VEL MERID VEL TANG VEL 3 ADE SPEED
IN OutT it out IN auT N our
BEB, & 578.9 59B.1 R
583.4 5B81.1 578.3 0.
93,8 BSRS.6 563.4 0.
09.7 594.3 541.6 e
620,9 604.1 B31.9 0.
626.0 609.8 532.0 0.
626.0 &0%.8 332.0 0.
29,7 &I4.7 535.0 G
637.8 625.4 545.0 0.
651,8 635,2 552.0 O.
661.8 645.5 559,90 0.
672.9 663.7 609.3 O
675.4 STE.T  648.5 0.
£69.4 68B.5 676.2 O
REL MACH NO AXIAL CH” ACC PT ACC TT  EFFICIERCY
1K OB  VEL R RaTIO RATID ADIA  PUOLY
1.017 0,433 3.2207 1.5424 Q.730 Q. 77}
0.994 0,431 3,225 1.5150 0.7¢66 0O.800
0,984 0,426 32,2004 1,4042 0.795% (.826
0.973 .0.417 3,1823 1.4628 0.845 0(.868
0.972 D.Al1 31606 §1.4425 0,880 0.598
0.974 0,410 3.1651 1.4366 0.891 0,907
0.974 0,410 3.165) 1.4366 OC.8%1 0.907
0.977 ©.41% 3.143% 1.4342 0.89% (.91
0,085 0.413 3.1650 1.4323 0.900 (.915
0,084 D,415 3,1644 §.4342 ©.896 0.911
09.992 0.420 3.1609 1.4398 0,833 0,700
1.018 0,420 3.1456 1.45286 0.554 DH.675
1,053 0.408 3.1t91 1.4641 0.825 0.851
1,085 0,392 3.0973 1.4713 0.807 D.835
¥-FACT  THC CAK STGR TURN D~FACT  SoL LoSS
COERF
0. 0.0800 57.02 18.55 46.46 0.489 [.909 0.084
0. D.0785 34.67 17.B6 45,75 0.476 1.919 0.078
0. Q.077L 52,90 17.35 43,50 0,463 1.930 0.07C
A, D.0744 50.I8 16,55 41.64 0,442 1.950 D.05€
g,  0.0717 43.52 15,08 40.84 0,426 1.970 Q.04€
0, ©0.0704 48,14 15.98 40.45 0.42] 1.981 0.044
0.  0.0704 A8.14 I5.98 40,45 .42} 1.98] 0.044
0. 0.0694 48.03 15,96 40.47 C.419 1,990 0.041
0. 00673 48,08 16.06 40.74 0,418 2,010 0.036
0. 0.06654 47.87 15.98 40,62 0.415 2.030 0.036
0. 0.0633 48.54 16,23 41.28 0.419 2.090 0.039
0. 0.0600 50,59 14.94 43,12 0.4290 2,081 0.054
0. 0.0560 53.00 17.74 45,20 0.439 2.103 0.079
0. D.0053 94,537 i5.35 46,83 0.443 2,112 0.099
PRESS TEMP ADIA  INLET CORR
RATIO RATIO EFF RPN
3,1674 1 4546 0. 856 5378.%
(S sz W
PAYUE
QUAMTE

MAL
%"f;eeg
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APPENDIX B 2

CIRCUMFERENTIAL - AVERAGE FLOW SOLUTION
FOR REAR BLOCK FAN DESIGN POINT



16v2
PCY RADIUS
M8 IN ouT
0.  68.582 64.320
6.7 67.121 62.868
15.2  65.256 61.022
2001 64.171 59.949
20.1  64.171 59,949
28.4 62,359 58,152
42,4 S9,.304 55.099
62.8" 540913 50.599
80.0 S1.311 46.712
92.9 48,710 43.694
100.0 47.334 41,977
PCT ABS VEL
IMm IN ouT
0. 258.3 273.2
6.7  252.9 269,2
15.2  247.0 263.2
20.1  244.6 259.8
20.1  244.6 259.8
2B.4 24722 254 .1
42,4 237.1 243.6
62.8  232.5 223.9
80.0° 23C.5 202.5
92.9 231.2 182.6
100.0  232.4 170.0
PCT ABS MACH NO
IMK IN ouT
0. 0.665 0.707
6.7  0.656 0.702
15.2  0.645 " 0.691
20,1  0.640 0.684
20.1  0.640 0.684
2804 0.632 0,669
42.4  0.620 0.639
62.8 0,606 0.582
80,0  0.598 0.521
92,9  0.595 0.464
100.0 0,59 0.429
RBAR INC DEV
(INPUT (C-R)
66,451 0. 0.
64.995 0. 0.
63,136 o. 0.
62,060  O. 0.
62.06C O 0.
57.202 0. a.
52,756 0. 0.
49.011 0O, 0.
46.202 0. 0.
44,656 0. 0.
INLET CORR
UTFLOW
139.72

BLADE ROW PRINTOUT (METRICY
MERID ANGLE STREAM FUNCT ABS ANGLE REL A
IN ouT IN ouT IN ourt IN

=20.3 -12.4 0. a. T 0. 0.
-20.8 =-12.1 0,082 0,082 0. 0.
-21,0 -11.8 0.184 0.184 0. 0.
=21.2 =11.6 0.242 0,242 0. 0.
~21.2 =11.6 04242 0,242 0. 0.
=21.4 ~-11.3 0.337 0.337 0. 0.
~21.9% =10.8 0.490 0,490 0. 0.
=23.1 -10.1 0C.694 0,654 0. 0.
-24,7 =9.8 0.847 0.847 0. 0.
~26.4 =-9.9 0.949 0,949 0. 0.
=27.6 ~-10.6 1.000 1.000 0. 0.
REL VEL MERID VEL' TANG VEL BLADE S
IN ouTt IN ouT IN out IN
258.3 273.2 0. 0.
252.9 269.2 0. 0.
267.0 263.2 O. O.
2bb.6 259.8 O. 0.
244, 6  259.8 0. 0.
241.2 254 .1 0. . 0.
237.1  243.6 0. G.
232.5 223.9 0. 0.
230.5 202.5 0. C.
2371.2 182.6 0. 0.
232.4 170.0 0. 0.
REL MACH NO AXIAL CH*' ACC PT ACC TTY EFFICI
IN our VEL R RATIO RATIO ADIA
1.102 ~0.167 0.9850 1.0000
1,113 -0.183 0.9850 1.0000
1.117 -D,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 D.9850 1.00C0
0.869 0.314 0.985C 1.0000
0.811 0.402 0.9850 1.0000
X=FACT T™mc CAM: STGR TURN D-FACT SOL
0. 0.0806 D, a, . -0.058 1.000D
0. 0.0785 Oa U. 0. -0.064 1.000
0. 0.0759 0. 0. 0. -0.065 1,000
0. 0.0745 O. 0. 0. -G.062 1,000
0. 0.0745 0. 0. (18 -0.062 1.000
0. 0.0721 0. 0. D. -0.053 1,000
0. 0.0682 0. 0. 0. -0.027 1.0600
0. 0.0625 G. 0. 0. 0.037 1.080
0. 0.0578 0. 0. 0. D.122 1.000
0. 0.053¢9 0. 0. 0, 0.21G 1.000
0. 0.0518 0. 0. 0. 0.269 1,000
PRESS TEMP AD IA INLET CORR
RATIO RATIO EFF RPM
0.9854 ) 6161.5
Lo W
sy b

NGLE
cuT

PEED
ouT

ENCY
POLY

L0SS
COEFF
0,059
0.060
0.061
0.062
0.062
0.064
0.066
0.068
0.070
0,071
0.070



PCY
I1MM

6.7
15.2
20.1
20.1
28,4
42,4
62,8
80,0
92.9

100.0

PCT
IMM

6.7
15.2
20.1
20.1
28.4
L2.4
62.8
80.0
92.9

100.0

PCT
MmN

6.7
15.2
20,1
20.1
28.4
42.4
62.8
80.0

. 92.9
100.0

RBAR

26,162
25.588
24.858
24.433
24,433
23,7232
22.52C
20.77¢C
19,296
18.190
17.581

84
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IGv2
RADIUS
N ouT
27.001 25,323
26,426 24,751
25.691 24,024
25.264 23,602
25.264 23.602
24,551 22.894
23,348 21.693
21.619 19.921
20.201 18.391
19,177 17.202
18,636 16.526
_ ABS VEL
IN ouT
847.5 89643
82%.7 883.1
B10.4 863.4
802.4 B852.4
BDZ.4 852.4
791.5 833.8
777.9 799.2
762.7 73446
756.3 664.2
_ 758.6 599.0
762.6 557.8
ABS MACH NO
IN ouy
0.665 0.707
0.656 0,702
0.645 0,691
- 0.640 0,684
N.640 0,684
D.632 0,669
0.620 0.639
0.¢06 0.582
0.598 0.521
0.595 0.464
0.596 0,429
INC DEV
{INPUT (C-RJ
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. a.
0. 0.
0.- 0.
0. 0.
INLET CORR
WTELOW
2.03

BLADE ROW PRINTOUT

MERID

N
-20.3
-20.%8
~21.0
-21.2
-21.2
-21.4
-21.9
-23.1
~24,7
-26.4
'2716

REL V
IN

REL MACH NO

IN

X=FACT

0.
0..
0..
0-‘
0.
0‘
0.
0.
0.
0.
0.

PRESS
RATIO
0.9854

ANGLE STREAM
ouT IN
~12.4 ‘00
-12.1 0.082
-11.8 0,184
-11.6 0.242
-11.6 Da.242
-11.3 0.337
-10.8 0.490
-10.1 0.6%94
~9.8 0.847
=-9.9 0.949
-10.6 1.000
EL MERID
ouT IN
847.5
829.7
810.4
802.4
802.4
791.5
7T77.9
762.7
756.3
758.6
762.6
AXIAL
ouT VEL R
1.102
1.113
1.117
1.116
1.116
1. 109
1.088
1.031
0.953
0.869
0.811
™ cAM
0.0806 0.
0.0785 O.
0.0759. 0.
0.0745 0.
0.0745 0.
0.0721 0.
‘0.0682 0.
00,0625 0.
0.0578 0.
0.0539 0.
0.0518 0.
TEMP
RATLO:, -

boogel
.

}

(ENGLISH)

FUNCT ABS ANGLE
ouT IN ouT
0. " Da 0.
0.08z2 0. 0.
0.184 0. Ne
N.242 0. 0.
0.242 0. 0.
0.337 0. 0.
D490 0. C.
0.694 0Da 0.
3.847 Oa 0.
D.949 0. O.
1.000 Oe 0.
VEL TANG VEL
ouT IN ouT
8%96.3 0. 0.
383 .1 0. 0.
863 .4 0. 0.
852.4 0. 0.
852 .4 0. 0.
833.8 0. 0.
799.2 (138 0.
734 .6 0. 0.
664 4,2 0. Q.
599.0 0a 0.
557 .8 0. T Oa
CH* ACC PT ACC TT
RATIO RATIO,
-0, 167 0.,9850 1.0000
-0.183 0.9850 1.0000
-0.186 0,.,9850 1.0000
-0.181 0,.9850 1.0000°
-0.181 0.9850 1.0000
-0,163 0.9850 1.0000
-0.111%1 0.9850 1.0000
0.013 0.9850 1.,0000
D.167 0.9850 1.0000
0.314 0.9850 1.0000
0.402 0.9850 11,0000
STGR TURN D-FACT
0. 0. ~0.058
0- 0. ”0-064
0. 0. -0.,065
0. 0. -01062
0. a. -0.062-
0. 0. -0.053
0. 0. -0.027
0. 0. 0.037
0. Da 0.122
0. Da. 0.210
0. 0. 0.269
ADIA INLET CORR
EFF RPM
6161.5

REL ANGLE

IN

OUT

BLADE SPEED

IN

ouT

EFFICIENCY

ADIA

SoL

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

POLY

LOSS
COEFF
0.059
0.060
0.061
0.062
0.062
0.064
0.066
0.068
0.070
p.071
0.070



100.0

PCT
IMM

7.0
15.7
20.7
20.7
29.0
43,1
63.4
80.3
93.0

100.0

RBAR

63,139
61.704
59.914
58.883
58.883
57.166
54,268
50.078
46,590
43,980
£2.536

CDFS

RADIUS
IN ouT

63,601 62.676
62.171 61.238
60,352 59.477
59.294 58.471
59.294 58,471
57.525 564807
54,520 54.015
50.108 50,047
46.314 46.865
43,367 44,592
41.688 43.384

ABS VEL
N ouT
288.9 241.3
283.7 246.2
276.9 244.9
272.9 243.9
272.9 243.9
266.4 241.8
254.9  241.1,
23445 24740
211.8  256.0
189.8 266.2
175.8 27446

ABS MACH NO
IN ourT
0.752 0.575
0.744 0.593
0.731 0.597
0.721 0.596
0.721 0.596
0.7046 0,593
0.671 0.592
0.¢612 0.606
0.546 0,627
0.48% 0.648
0.444 0.667

INC DEV

C(INPUT (C=R)
2.00 2,55,
2.25 2.44
2.55 2.28
2.72 2.20
2.72 2.20
3.01 2,12
3.47 2.69
4.09 4,17

4,54 5.26
4.85 6.47
5.00 7468

INLET CORR
WTFLOW
139,72

BLADE ROW
MERID ANGLE
IN ouT

-10.4 ~-Z2.8
-9.8 -3.4
~B.%" =3,6
~B.4 -3.3
-8.4 -3.3
=726 ~2.8
-6,0 -2.0
-3.5 0.1
‘0-8 2.8

1.7 54
3.5 T2
REL VEL
IN ouT

561.3 40249

549,33 397.1
534,0 387.3

525.1 381.4

52%.1 381.4

S10.3 369.7

484,9 346.5

445.8 315.5

409.4 293.1
379.0 2T4.6
361.1 264.0
REL MACH NO
IN our
T«460 0.960
1.440 0,957
1.410 0.943

1.388 0.932
1.388 0.932
1.349  0.907
1.276 0.850

1.163 0.774
1.056 0.718
0.965 0.668

0.913 0.641
X—FACT TMC

0. 0.0300
0. 0.0317
0. 06.0351
0. 0.0372
0. 0.0372
0. 0.0406

0.35 0.0462
1.15 0.0544
1250 0.0612
1.72 0.0664

2.00 0.0700
PRESS TEM
RATIQ RAT

1.4635 Ta13

PRINTOU

" STREAM

IN
0.
0.082
0.184
0.242
0.242
0.337
0..490
0.6%94
0.847
0.949
1,000

MERID

IN
288.9
283.7
276,9
272.9
272.9
260644
254.9
234.5
211.8
189.8
175.8

AX IAL
VEL R
0. 720
0.753
0. 769
0.777
0.777
0.785
0.804
0.874
0,983
1.10%9
1,206

CAM

0.53
T.51
1.70C
1.81
1.81
1.99
3.68
8.81
14,83
21.76
27.32

P
10
40

T {
FUNCT ABS ANGLE
ouY IN our
O. ‘0O 31.9
UQUSZ O 31.1
0.184 0. 0.7
B.242 (18 20.6
g.242 0. 30.6
0,337 0. 30.9
0,490 0. 32.°2
0.694 0. 341
0.847 0. 35.5
0.949 0. 37.6
1.000 D 39,2
VEL TANG VEL
ouTy IN QuT
204 .9 0. 127.4
211.0 0. 12649
210.6 0. 125.0
210.1 0. 124.0
210.1 0. 124,0
207.6 O 123, 9
203.9 Oa 128.6
2n4,.6 (18 138.4
20845 0. 148, 6
211.3 0. 162.0
213.4 0, 172.9
cH? ACC PT ACC TT
RATIO RATIO
D.393 1.,4167 1,1449
0.4604 1.44465 1,14%4
Du416 14672 1,1401
0,422 1.465%1 1.1374
D422 1.4651 1.1374
D.435 1.4695 1,1340
0.452 1.4725 1.1322
0.459 1.,4732 1.,13172
0,433 1.4634 1.1306
0.375 1.4457 1,1334
0.321 1.4379 1.1375
"STGR TURN D=FACT
57,17 =0,02 0,369
S6.27 1.32 0.362
55.67 1.98 0.354
53.34 2.33 0.352
55334 2.33 0.352
S4,74 2.B8 0.352
53.11 4,46 0.364
49,81 8.73 04L3R80
46,88 14,16 0,385
44,23 20,14 (0,391
42,25 24,64 0.398
ADIA° INLET CORR
EFF, :_. . RPM

0.848 - _6161.5

GRGINAL PACE 15
OF. PCOR QUALITY:

METRIC)
REL ANGLE
IN ouT

5944 59.5
59.3 58,0
59.1  57.1
56.0 5646
59.0 5646
58.8  55.9

58,4 5440
58.3  49.6
58.9  44.7
60.0 39,8

60.9 36.3

BLADE SPEED
IN ouT
481.2 474,72
470,46 463,3
£56.6 4504.0
448.6 G424
448.6. G424
435.2 429.8
412.5 408,7

379.1 378.7

350.4 354.6

328.1 337.4
315.4 328.2

EFFICIENCY
ADIA  POLY
N.712 0,726
0.765 0.777
0.808 0,818
0.830 0.839
0.830 0.839
0.858 0.866"
0.875 0.882
0.882 0.889
0.870 0.877
0.822 0.831
0.785 0,795

SOL  LOSS
) COEFF
1.294 D.151
1.348 0.121
1.435 0,095
1.487 0,081
1.487 0.081
1.574 0,065
1.680 0.057
1,756 0.058
1.815 0.076
1.873 0,132
1.900 0,187
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o

RADIU

IN
25.040
24 477
23.761
234344
234344
224648
21.465
19..728
184234
17.074
16.412

2
2
2
2
2
2
2
1
1
1
1

. ABS
IN

v

- 948.0

.930.9
908.4
895.3
895.3
874.0
836.4
765.3
694.8
622.7
576.7

ABS MA

IN
0.752
0.764
0.731
0.721
0.721
0.704
g.612
0.546
0. 483
D.444

INC
{INPU
2.00
2425
2.55
2a72
2.72
3. 01
3.47
4,09
454
4,85
5.00

INLET
WTF

308

CDFS

s
ouT

4,676
4,109
3.416
3.020
3.020
2.365
1.266
9.704
8.451
7.556
7.080

EL
ouT
791.6
807.7
803.6
800.3
800.3
793.2
790.9
810.5
839.9
873.4
901.1

1
1
1
1
1
7
1
1
1
1
1

CH NO
ouT
0.575
0.593
0.597
0.596
0.596
0.593
0.592
0.606
0.627
0.648
0.667

DEV

T (¢-R)
2.55
2.44
2.28
2.20
2.20
2«12
2.69
5,17

5.26

.47
7T.68

CORR
LOW
-03

BLA

MER ID
IN -
-10.4
-9.8
-8.9
-8.4
-8.4
-7.6
-6.0
-3.5
-0.8
1.7
3.5

REL
N

B41.5
802.2
751.9
722.7
722.7
6741
590.9
46245
343.3
243.6
184.6

1
1
i
1
1
1
1

REL MA
IN
1.460
1.440
T.410
1.388
1.388
1349
1.276
1.163
1.056
0.965
0.913

X=FACT

0.
0.
0.
0.
0.

- 0a
0.35
1.15
1.50
1.72
2.00

PRESS
RATIO
T.4635

DE ROMW

ANGLE
ouT
~3.4
~-3.6

302.9
270.6
251.4
2514
212.9
1367
035.2
961.6
900.9
866.0

CH NO
ouTt
0.960
0.957
0. 943
0.932
0. 932
0.907
0.850
0.774
0.718
0.668
0. 641

TMC

0.0300
0.0317
0.0351
0.0372
0.0372
0.0406

0.0462

0.0544
0.0612
0.0664

0.0700.

TEM
RAT
113

PRINTOU

STREAM
IN

O.
0.082
0. 184
0.242
0.242
0.337
0. 490
0. 694
0,847
0. 949
1.000

MERID

IN
9438,0
930.5
908.4
895.3
895.3
874.0
836.4
769.3
694,.8
622.7
576.7

AX AL
VEL R
0.720
0. 753
0,769
0.777
G777
0.785
0. 804
0.874
0. 983
1.109
1.206

CAM

0.53
1.51
1.70
1.81
1.81
1.99
3,68
8.81

14.88

21,76

27.32

[
10
40

T
FUNCT ABS
ouT IN
0. « 0.
0.082 0.
0.184 0.
0.242 0.
0.242 Oa
0.337 0.
0.4%0 0.
0.654 0.
0.847 O
0.949 0.
1.000 0.
VEL TANG
outT IN
672 .4 0.
692 .2 0.
691 .1 0.
689 .2 0.
689,2 0.
681 .1 N.
669.0 0.
671.2 0.
684 .1 0.
693 .2 Oa
700.,1 0.
CHY ACC PT
RATIO
0,393 1.4167
0,404 1,4465
0.416 1.4612
0.422 1.4651
0,622 1.4651
0.435 1.4695
0.452 1.4725
0.459 1.4732
0.433 1.46634
0.375 1.4457
0.321 1.4379
STGR TURN
57.17 =0.02
56.27 1.32
55.67 1.98
55.34 2.33
55,34 2.33
54,74 ?2.88
53,11 4,46
49,81 8,73
46.88 14.16

44,23 20.14

42,25 24,64

ADIA
EfF

0.848

INLET
RP
616

CENGLISH)
ANGLE REL ANGLE
out IN ouT
31.9 S%9.4 59,5
31,1 56,3 58,0
30.7 59.1 57.1
30.6 59,0 5646
30.6 59.0 56,6
30.9 58.8 55.9
32.2 58.4 56.0
34,1 58.3 49,6
35.5 58.9 44,7
37.6  60.0  39.8
39,2 60.9  36.3
VEL °~ . BLADE SPEED
ouT IN ouTt
417,.9 1578,.7 1555.8
416,2 1563.2 1520.1
410.2 1498.1 1476.3
406.8 1471,.8 1451,4
406.8 1471.8 1451.4
£06.5 1427.9 1410.1
421.8 1353.3 1340.8
454,.2 1243.8 1242.3
4B7.4 1149.6 1163.3
531.4 1076.5 1106.9
567.2 1034.8 1076.9
ACC TT EFFICIENCY
RATIO ADIA POLY
1.1469 D.712 0.726
1.1436 D0.765 0.777
1.1401 0,808 0.818
1,1374 0.830 0,839
1.1374 0,830 0.839
1.1340 0,858 0.866
1.1322 Q0.875 0.882
1.1312 0.882 0.889
1.1306 0,870 0.877
1.1334 0,822 0.831
1.1375 0.785 0,795
p=FACT  SOL LOSS
COEFF
0.369 1.294 0.151
0.362 1.348 D.121
0.356 T.435 0.095
0.352 1.487 0,081
0.352 1.487 0.081
0.352 1,574 0,065
0.364 1,680 0.057
0.380 1.756 0.058
D.385 1.815 0.076
0.391 1.873 0.132
0.398 1.900 0.187
CORR
M
1.5 .



APPENDIX C

BLADE AND VANE AIRFOIL
MANUFACTURING SECTION
COORDINATES

1, Front Block Fan Rotor 1 -
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(Direction of Rotation)

C*
1 .
LE + U
A
Stagger
%
Bm

g*
Leading Edge
Blade Angle

Stacking Axis (0,0) .

(Axial

68

= Direction
+ Q

|
A g

(100% BlL. Et.)

Coordinate Plane Sections
Constant p

(0% B, HEt.)

{p = 0 on engine centerline

Blade
Axis

P
T

Z.or o

Rotor Blade Coord@nate Orientation
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AST FRO%T

cnere 5YS
13

9
vy

P Y el K
@A AL WD OO N D -

STAnL be

Tew fatkle 70 13,7149

CTIgn MO

ALPHA

-, 29597
-y, 07292
wa 02065
a 302?3
-l 0777
-5, Fnl3a
«3,15183
=2, 33726
wi ,91920
b, 50859
Q,12208
3,32y
i.76110
2574845
3.38265
J,180028
4,97T764
S.7m212
bl TUE

SECT
MEALLIKE
ZETAw

80, QR
[ AT
t0, 302
60,210
N, 320
ol 4y
60,637
81,020
51,835
6d,922
63,469
63,290
[ Y-8 .Y
hi,B02
H0,913
8G, 420
60,820
h0,T15
61,080

e iCn FAr RY LDTACkFU Wi JETant,

RATPR
R 4,
Tus Al
INPUT DATA
THICKAESS

0,13918
0. tTenT
.0l 2u9ny
0, 32009
0_3RITR
U,9571%
2.52%10
6,5R36E
0. 63122
0,66803
0,0R914d
0.6%835
0,.08851]
0,64915
0_.SRIAQ
J,4B%61
0,37725
v, 25033
¢, 13823

azrCa

£, GLYIAZLEITY

NR 28

bt 0

[ FTA o,

whil  BZ2,0058

UPSTLCH

12,761 %1
i2,17353
11.03204
9. REQuY
A T1944
F.dafdlyg
§.99145
2,53u%%
1,0%8n5
1,.40%48
=0,165%480
],80550
=3,01095
EY'-LET I
=g, 33629
=7.8062°2
«3,2999¢0
«1p,6U912
=11,81010

SURFACE COORCINATES hITh QRIGIN AT SECTINN AX1S

UPPF
ALPHA

g 99597
=7 Q0822
7.C104d8
-y, 00149
wp 079869
wh GUA1T
wh R3574
=6, 71824
= 41939
~h,10034
5. 7R1GE
eS.at134
w5, 14127
el ,hPOR]
=il ,499RE
=a,311307
-3, 72707
»3,.31929
=2 ,95661
»2,.56100
=2, 17082
-1,77934
=1.32603
»0,99319
=0,59775
“f,e6832
n, 16298
C.e0012
1.00349
1.4G971
1,A1944
?.21263
P.b4887
3.06777
3,.9°915
3.91273
o, 3154]
a,T6806
§,195041
5.5’02!
g, 627
&, 31094
s.3Ful0
bouolug

R
UPSILON

12.76131
12,7441
12,70A94
12,65862
12,59330
i2,51%%2
12,41R78
12,11R6%
11,51577
12,917at
1n,32164
Q,726%9
c,13312
A, 53872
T.,94265
7.2254)
5,5065%
S.TBR7E
5,06223
4,53385
1,59797
?.85071
2.0nBRAS
1,30943
n,S1a71
-n, 278991
n{ 067G
-1,90041
w2, h¥hhe
1 UR2GY
-y ,25419
aZ,05n%6
*% TRa9%¢
-6,07506
~T,156573
wT AhnTh
wad 58261
~9,27h1S
w0 QLS HE
=12, 66b90
~11,25315¢4
~11,75u%%
=11, Ai%00
sif.,m 1010

n,rpaa CITIZR BT 4l ong «h,%805

eT T/C
1 0,00897
] 0, npu9’
3 0,00u97
4 0,004837
T8 g npa97
] 0,00877
7 0,00037
B 0,00634
9 0,007569
to f D2
3 0.0tr52
12 0,01159
13 0,0125%
14 0,014
15 n,ursy
1& 0,0 649
17 0,01773
18 0,05RAA
19 0,51995
20 0,02093
7?1 0,02181
22 0,02259
23 0,02126
24 0,022
25 n,uga2?
eé 0,02tn1
27 o, naLad
23 0,02675
29 0,02490
30 hLaunt
31 g,02012
32, , 0,02313?
.13 002227
30 0,029
35 0,3154R
36 . 0,175
37 0,01942
38 n.01172
39 0,01147
up 00,0099
41 0,00%vd
u2 [T TR
ul LR
at 0,90a7d
LE RLD
Tt RAD

§,07211  CEMITH AT ayowg 63724

LOnFR
ALPHA

- w6,99507

wh FTa19
-5,98395
wt, 70592
wh,861R7
=t ,B1258
-6, 75725
b, 58153
“0,21221
=5,8R110
=5,%3az74
-4,17%97%
wi A2008
-t , 474995

~4,13073
=3,71208
=3,2%511
a2 BTRRE
-2, 46316
w2, 00852
-1,63474
»1,221R3 -
«9,81003

*, 359598

o,06819
0,41597 -
0,RPnot
1.273%4
1.,02477
2,02270
2.,41723
2.R0824
3,492
3,5k 15
3,90433
4, 34u9y
d4,72308
S5,10003
S UTuaNG
S5,68e29
&,15p10
b UI7NE
b,1n0252
b,0M742

1 UFSTLELA
9 LESTLCH

uegILon

12,7613}
12.762828
12,745086
12,71194
12,6594
12,56693
12.4960%
12,2055k
$1.62200
11,0287
10, 46499°
Q_ngs19
9,31144
R,71320

R,15253

. 7,45293
6,75054
&, DUUET
5.33489
4,61758

3 9024
3, 148714
72,3891
1,41291
n,A1984%
n,n178¢
-0, TASRS
=-1,580657
n2, 18065
~3,1659%
=1,94472
-4,70325
-5, 45245
~h, 19003
.h, 918587
»7,64197
=R, 3pl47
=9, 0RbSY
-G A1158
«10,54751
“i1,1%792
«11,71089
=11, To4PH
=1t ,A1010

12, 1udss
=1t,Ta7a1
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ASY FRONT RLOCK Fa\ R{ (STAMKED DN TEYapL, €, G,yuzst1as?

STAGE 1,

CODRD SYSTEM NRIGIN 7 11,71219

SECTION W0 2

b
-

e bk N
L= X RN . T R P

et e . gt
Lelb R I BT - W

i
|
!

o
-
H

|
|

"LE RAD
TE RAD

ALPHA

=8,0010%9
«7,70465
-H,92733
-, l0452
«5,38670
wd ,4RUEQ
LR FL Y1)
=2,5659y
., 5000%
nd, 02872
0,34ua05
1.31774
Z.291R0
3.26561
4,23821
5.20918
6,17709
7.18115
7.94072

T/t

0,00609
0.00609
0,00609
G,n0609
0,00609
0,00609
0,00609
0,00777
0,00944
0,01109
6,01272
0,.01031
0,01536
0,01737
0,01P82
0,020u47
0,02203
0,02%a6
0,02477
0,02590
0,02897
0,02T45
0,0aR57
0,nz2813
¢,n2952
0,02974
0,02978
0,02959
¢,02915
0,02R86
0,02754
0,0263%
0,n2502
0,02145
0,02109
D.0197A
0.,017648
0,0[547
0.01315
0.01074
N,00469
0, 00651
0,00kt
N.00601

n.n2314
n,0574%

SEC]
MEANLINE
IFTas
55,4R0

55,823
Rd 2014

S3,771v

53,944
54,843
54,065
56,329
55,515
R, 1ts
C 82,884
51,98%
S1,36yg
51,029
50,976
Sl.004
Sl.072
51,292
51,594

UPPE
ALPHA

-8,09109
=R, 10349
-H,10232
=R,080U8
*A,95393
=R, 00374
=7.,930R8
=7,17548
-leqaﬂe
=7,00907
"6,625¢6
-6, 281468
wG ART771
*5067363
=5, 12944
-4,52839
-l k525
»3,70274
»3,23713
=3 ,76H94
*2.29833
=1.,22512
=1.34760
“),87193
=0, 30248
0,0R84%
0.571063
1.05548
1.54289
2493191
2,5°32¢6
3.0166%
1,51212
a,00744
U SnR6%
5,0095%
S,51210
ba0160U
b,58105
T.0P6R%
T .GaR9%
7.31343
78553
T.,u012

CFMTFR- AT 4]

BDICR
® o, M
TCN  BR
INPET DATA
THICKNESS

0, 18322
U, 20009
0,292/2
0,321
(L LY ¥ 1]
0 N 2d
0,6219¢
0,08872
0, 74249
0,77240
0,794
¢, 79559
DeFbul?
0,T0295
0,6293
¢,53014
Pdlagu?
Q28788
0,17108

R
UPSILON

11,24199
1t.21970
11,17917
11,12136
11,08745
t0,95858
In,RS28%
16,60538
1g,02511
q,05334
8,ABRbY
R,32R34
776968
7,70082
b, hu582
5.95852
5.2351¢9
U,53734
3., 80888
I1.07785
2.15195
1.63778
0,93999
fN.26n821
“N,40107
=1,744%S
w1, 671700
w2, 295RY
»2,90394
=3.50xt4
*4,09%3%
“tl, 68199
*S.20d51
“5.R0a27
H, 42759
=7,00002
=7, 57THHET
wp 15724
.p, 72954
«9,310731
Q. T 27
«1n,2109%
win,Far1dy
«10,222R5

PHa »8,07798

CENTFR AT ALPHA 7.74329

L) 8
u o

RHO ?

UPSTLON

11.20199
1t,6R4n01
9,5%934a2
A,51%%q
T.,di4 A
6,23140
4,84100
3,3905%
1,95729
0.5°464)
.0,723b8
~e1,98758
“3.21778
Y uPTh7
=5,.627by
-5,82584
~f,022R8
-Q.zicﬂﬂ
®lp,22289

__ LfwFR
ALOHA
=§,09109
w8 ,065R2
=8,0281%)
77,9709
w7 ,92227
7, AS29
=7,78091
=7 ,00511
-7,186%8
=6,76834
~6,35015
»5,93254
«5,.5149¢
«5,0974]
i, 88901
=4, 17925
=3 . £797%9
=3.18099
=2 48469
*2,1909%
=1,b9947
=-1,21097
“0,72459
-0,240%%
V24212
0,72309
1,20242
1,67068
2. 15458
2,62%78
3,097R2
3.56830
4,03278
4,497%7
4,%58011
5,42107
S.8a0a3
6,33R01

. b,7957)

7.251138
7,6%099
1,.95R11
7.875045
T,94p72

uesTLAN
UPSTLAN

R7PCx

K

ETE o,

3,0000

SURFACE CCORDINATES WITR QPIGIN AT szérzou axyg - 7 T/

UPSILON

_11,24199
11.74561

1t,23013:

11,19462
11,13727
11,0%954
10,%6008
1n,72¢8%
In, 17186
9,42739
9,08952
A,55510
R,02089
T.,98%70
£,94005
b.21356
5.588p6
a4,RE793
N,176862
I.806362
Pe 156468
2.06183
1,381AR
n,T1R54

0,07084

-0,56427
=1,.18%0u2
=1,R0674
wp U1870
LRI
=3,43257
-4, 23737
=G, AG23Y
=5, 4ufty
*h 05672
b A 6HT0
=7.27%01
=7 ,RGPrY
-8, ,50854
=G, 12734
G aU6LT
=10,006¢7
“in,157u9
-10,2228%

1,22292
=10,1504%

ORIGINAL PARGE 18
OF PGOR QUALITY:

71
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AST FRU%T GLICN FAN R1 (STACKED CN JETaPL, €, G.)us1asd?

STAGE t, NOTOR [Ty
COORD SYSTLY ORIGYY 2 1%,71219 H o, My o, ETA O,
SECTION RO 3 SECTIUN ¢ RHO 60,9600
B VEANLINE INPUT DatTa
PY ALPMA ZETAs THICKNESS UPSILON
] -, 02102 S¢,041 0,19418 9,1579?7
F -,9708% 49,344 o, 30000 A 52514
T 3 «b,06365 4E, 198 0,9214%2 7.78p9¢4
q =7, 14805 a7 ,78s 0.73535 6.,77334
S =8,22377 u4f 090 0,94233 5. 75012
] «5,19704 db e 1.15191 4,59808
7 4 06528 47,7% 1.15236 3,3310%
R - w2,9224) 45,{R4 1.58571 2,12250
9 =1,765887 41,961 1,63544 1,.02858
10 «,00550 19,019 1,70470 0,02296
1 0,55718 38,556 1,72099 =g,91735
- 12 1.7udA2 3o, 8R4 1,67119 =1 ,A5205
13 2,94009 35,202 1, 59312 w2,71050
14 g4, 1u0bu 313,625 1.4%3%6 .1,54237
ST s 5,35091 32,124 1,26310 =4,32557
16 6,57163 10,505 1,04231 «5,0097¢
17 7.80330 28,754 0,78205 -5, 77101
o 718 9,.0u550 27,08% 0,49a49 =, 43000
19 10,08902 25,722 0.2399% *56,94813
- SURFACE COORDINATES wITH GRIGIN AT SECTIGN AXIS -
UPPER LORER
TSR T 18 ALPHA UPSILON ALPHA UPSILON
1 0,00772 «0,4p102 9,35792 =9,62102 a,35792
"2 7 Te.00172 .9,33492 T 0,3285%0 =9,389R¢0 T a,36%0
3 0.00772 .q, 43074 Q,278468 8 Xd{b4 9,35334
4q 8,00772 g, 46717 9,709%8 «9,27177 4,11799
T T g 0,00772 «g,36268 9.122¢4 7 »9,1998) 9,25906
& 0,00172 wq, 295635 Q,01R04 =F,107R3 8,17599
T 6.00772 -, 20935 R, R9%42 «5,00104 9,069596
T8 0,01231 g, (5213 8,67938 8, ,81440 A PALNY
9 6,01692 =R, 60699 8,07759 «8 28un1 A 36170
10 0,02150 -A,16138 7.48R12 «7,75410 7.A528R
TN 0,0260% =7.71539 6,90695 »7,22457 7.350R0
12 0,03045 7.,26915 6,33037 =6,65528 6,75016
13 0,03474d g, 82247 §,75499 wb, b0y b,3U6TH
~77 14 0,031R8R ", 37509 5,17837 =5,038%0 S,B3Tal
_._._ 15 0,0u282 5,32582 a,59906 =5,11208 5,3223%
16 . 0,0u4724 w5, 3R313 3,90227 ey, 48411 2,89964
17 0,0513% =y, ,83395 %,20R04 »3,8R266- 4,08052
18 0,05504 i, 27664 2.52608 «3,2491% 3,47h67
19 0,0%5832 -3.71001 1.86633 w2,54535 ?,A9859
F4 0.,06115 «3,13368 1,73873 “2,05108 2.15487
ol 0,06349 2455275 0,65n01 w1, 461%6" 1,A3971
22 0,055%34 »1,96909 n,095875 -0,87119 1,3u%%0
23 0,bubbh =1, 3R4nd -0 02978 «0,2RAT8H n,2639%
L 24 0,06746 =0,79747 -0,93350 0,2958q n,18Bu0
25 0,06772 “h.20615% -f,42090 0,87a%0 -n, 08025
26 0,067db N.39061 o] A9N9Y {4088 -0,54070
_ .. 2 “0,00b07 0,99171 =?,34735 2,01794 «n, 99295
28 0,06539 1,559665 =2,775%05 2,90382 -1,03712
29 0,063b1 2,207 . =3, 1RG04 318813 =-1,A73713
R 0,06137 2,81563 »1,58484 3,7059% =2,30333
31 0,05%067 3.42869 =3,963%17 4,26348 “?. 12681
32 0, 055%6 d,0u3bs -y, 32504 4,81914 -F lulup?
. 33 0,05208 T u,bb0U% -l 67138 S.37292 =3,95h158
34 0,04R16 5,27897 =5, 00265 $,92507 »3,456233
35 fD,0uY9d 5,89907 «5,3190% ‘6 ,47559 wil 36214
3 0,03940 6,52038 5 ,hE032 7,02u91 wg, 75478
" 37 0,n35459 7.1u202 -5,90412 7,5719¢ »5, 10004
18 0,0295% 7.743594 “5,17721 B,1231n¢ 5,51°14
39 0,02426 8,3R475S b, 43435 B, 67242 -5 ABARA
a0 0,01A80 9,00542 “h h7TI G,22500 =4 ,25192
ul o,01afd 9,571 =5, 7109 9,67145 wh,Saf717
42 o,0n%ad 9,32393 «7,01h09 10,0815 ot T17hU2
) a3 0,0p994 10,0109 «7,01700 10,0959 ot Ra626
a4 0,000u4 10,9832 wph Q4R 10,0882 hFUA1Y
T T LE RAD 0,03164 CEMTER AT ApLPHA «9,40069 uPsTILON 9,13185,
TE RAD 0,13399 CFMTER AT 41 Pna F.96878 UPSILUN- =g, Rp9a%

L4 ]



AST FRONT 8LUOCK FAn RY (STACKED U8 TETAPL, €, G YU/1B2TT

sTanE t.

COORD SYSTEY 0ILIN 27 §3,71219

SURFACE CEORMINATES WITH DRIGIN AV SECTICH AXIS ~

SECTTON NGO 4
P ALPHA
t .ti0,63702
2 w10, 118582
3y =2, 12310
] =5,0978¢
5 «7,069%99
[ w5, 90397
T wd 625877
8 =31,33050
-] -2;0|905
18 =(,6%)03s
1 4,05590
12 2.072090
13 3, 40618
14 a, Btaaq
15 6,24R8R
16 7.71380
17 G,21744q
B ¥ 10.76705
19 t2,10077
TTTTUPY T 10
R 0,00R95 -
- e 0,00R95 -
3 0,008%5 | =
o 0,00R9% -
TTTTT s 0,0089% -
3 0,0089% -
7 0.00R9S -
TTTTTR 0,01507 -
9 0.02112
10 0,02703
R § 1 0,03274
12 0.,03831
. 13 0,04359
14 0,0.4860
15 4,05331
16 0,058%54
17 0,06327
R ! 0,06743%
19 0,07098
20 0,07337
2 0,07611
22 0,077869
23 0,07R4%
24 0,07RSS
- 25 0,07Ra8
26 0,07748
27 0,07655
28 0,607470
29 0,0723S
30 0,06950
3 G,06814
12 006249
13 0,05R19
14 8,05157
15 0,04R59
16 O,Nui2A”
37 0,03774
38 L0,03193
39 0,02h03
40 0,0P012
ay 0,01523
a2 N,01037
43 n,01n3Y
ud 0,01037
LE PAD 1 n375%
TE RPED 0,14753

SECTI
VESAL INE
2ETan

68,292
47,2710
45,514
43,314
EEM A
ul, 329
37.513
3d, 184
Il 379
28,28
24,779
29,951
lo,008
11,709
LY r-F
D, un3
=k, 129
«13,456
«19,511

UPPER
ALPHA

fo,e3702
fta, 653
{0.64003
la,4#173%
10, 50440
la, 28630
1o, 38425
la,205R9
*F,6R921
-q,1713
~R,ol%04
=R, 12404
*7,.59%71%
*7.0bRBRS
v-,51058
=5, R73%9
*5, 20807
ny 53026
»3.A5659
w1, 1 TSR
-2, 48659
*{.742148
], 00086
*0,3R343
0.,378%8
t.,003798
1,7a232
2.4P35]
3,20730
3,61218
L,656865
S,3P03e
b, 0250
hat22ub
7.53920
A,pS1a%
ALG581%6
Q,5%471
10,36715
I1,03202
11.55433
17.63192
12,.05762
1216677

CehIre AY aLp
TP TSt AT AP

RNTGR

R,

Un DB

1APIN paTa
THICKNESS

6,22253"
f,3%676
D.622R7
0,f7978
tol20n?
lede100
1. 5884)
1,7619u
1,89051
1,3%355
1,95787
1.90711
1,80410
1,64714
1,43765
1.17R4a8
0, 87597
0,5u350
0.25790

UPSILON

T.Ath0E
T.78184
7.7251¢
T.04T18
T.5494¢0
7.43208
T.29588
7.0633%
6, U0H07
5,76%28
S5.14488
4,53R13
3.9395%
3,357u8
2.18n18
2412369
t,50801
f,935uG
n,004u5
09157
=0 ,R5584
., 05524
-{,39117
={,76n022
=2 09590
*2,3979%
P bob 3
2 9()n9d
=1,16089
=3, P6U9A
=3, I92R2
=3, 4R435
=3,53898
uX, 55248
=1,53%9¢0
=3, 47207
=1,37031
-3,°22912
wl,ndbug
=2 B1PR?
2 ,%9535
=P, 00556
-p 34ngs?
) 22508

KA 10,6120
HA 11.9722

MR g

My oo,

RHID 5

LIPSTLCN

7.81508
Ta2tlnl
6. 19944
S. 17518
4,113A7
3, 10949
2.051%8
1.113481
0,26714
“0,U9675
=1.17000
wi, fanS0
“?.,22170
-2,5A532
=2,8283}
w2 93422
- . =2.87818
2, 02c51
-2,22508

LOvFR N
ALPuA UPSILON
e10,63702 _ l.R1b08
=10,80138 7,82720
=10,5457]1 T.°1477
=10,47825  7,7778R
10,3704 T.71086
«10,27079 7.52520
=-1p,1a373 T,51077
=9,935% “7,31800
-9 ,310u4S 6,769%59
-8,69734 6,24094
=8,0T6rP4 5.72565
«7.46205 5.22104
8, ,35117 a,72330
%6, 204Re B &,23001
-5, 6459 1,.7860Y
-4 ,33791 3,23621
-4,23920 2, 74731
=1,54818 2,29146
-2, 86143 1,85167
=2,178R1 1,45153
~1,50217 1,060016
»(,63195 n,586A81
LA PR LY-1-Y] n,33262
0,4Ra7¢ =n,n0196
1,19139 =n,31b64
1,79949 0161136
2.43469 -h BB&SE
I, 0B013 =g, h8210
3.720%% =-1,37713
&,3H073 -1 ,5910A8
S, 00087 -1.75313;@5 r
S,8U1R2 =l 85523
&,284721 «?,103g4"
T B,928%94 |, e2 2PR3u
7.578R3 % w2 1265R
8,229%7 Tr?a319620
8,BAR92 T 21520
9,55520 ap 4U159
10,22739 =2, 11051
19,%0715 *2,55434
11,482n03 =2,23364
1i, 93947 =7, 13302
12,0374 =2, 14837
t2.10677 =?,P2508
b1 UPsILNN T.TPR1Y
11 UPSTLCS 227211

ETA 0,

0,8000

ORGINAL BAGE In

g

POOR QUALITE

Qyﬁllﬁﬁ

73
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AST FRONT HUOCK PAs RU (STACKRED Gt ZFY4PL, C, G,)0718/77

COORD S¥YS

St

o
-t

C-R- BN RF F-XV 3 VR

s py

~ U S e

g

9

: 40
T
. 12
13
14
15
1e
17
18
-—— 13
20

21

T 2R
23

24

25

26

27

. 8
29

LE RAD
TE RLD

T ORTGIN

ction MO 5.

ALPHA

«t],845R1
wti, 31257
=i, 2350]
-3, 13748
;ﬁ,oaoao
-ty, TRAL2
«5,41678
i, 02613
“2,01021
-f, 18547
D,26913
f.75432
-3,28054
4,8u008
0,.505%78
B,2%307
$0,95549
11,98913
15,70379

SURFACE CCORDINATES wITK QRIGIN AT SECTION a¥]S

e
0,00939 -
0,09939 -
0,.0993¢9 -
D003 -
6,00939 -

- 0,00939 -

0,0093% -
0,01610 -
0,022764 -
0,02R847 -
6,03545
0,04086
0.03439
0,05162
0,0%653
0,0p194
D,06hHTR
0,07t00
0,0740d
0,07769
0,08017%
0,08193%
0,08307
0,N8353
0,0833%7
0,08240
0,08073
0,07830
0,07514
0.071130
0,06kRd

0,N6186

D, N5ANT
0,05076
0,04ui?
0,038
0,032797

0,02717

0,021h2
O.0t841
n,0173%0
0,00R29
0,00829
0,00R29

b,0e0%s
0,113

sTaLL 1,

7 13, 71249

MEARLINE
ZETAn

4g, 29t
47,591
46,240
ad,59g
42,040
3,138
33,5%
29.127
26,246
18,3Rp
11,937

4,563
«3,50%
=12,1h9
20,859
«29,326
«37,167
43,913
wdf 720

UPPER

ALPHA

11,0840541
11,30234
1 ,55539
11,52497
11,76784
11.5R354
11,%73al
11.3597%d
1n,77980
t0.19629
-, 60774
=9,01302
wh, a5
-7,79%71
-7,18018
b, 42085
"5, 046574
wy 89613
wu, 11835
=3.33016
~2,.53100
»1,72097
=N, 90070
o),n73199
0,76372
{6004l
2,49647
31,2853
4,13799
u,ed172
5.,7838¢
6,5%251
T,3178%
A, 11104
R,ET276
9,6234b
in,3n5u2
11,10256
15,870
12,54792
13,17175
13,7049
11,7%478
13,70379

ROTER

R "o,

SECTIUN EF

IAPUT DATSA
THICKAESS

0,2a160
0,345%q¢0
0.,0e89%
0,93Ra9
1.19015
1,44473
1,08512
1_879n2
2.,02443
24118693
2,14954
2,11759
2. coang
1.870068
1,55453
1.220d4
0,862G4
[T %
0.,213u3

UPSELOM

6,84099
& A0YI79
6,T2212
6,h5731
b,.55%092
b, 12379
q,27473
5,99324
],2u702
#,52301
3,R1982
3,14101
2.19097
1,RT522
1,29714
0,b65667
n,07208
=N, 06152
-0 ,94n77
=], 35489
~1.,77329
2.1 0ho1
=2, X8717
w2, 00%A4]
=2,76151
=?.A51RY
=2, RTP95
«p R243t
T2.70R548
-2,52¢10
“2,27019
-] ,9575%4
of GRLAT
{16070
“N,hB157
wn, 15801
N 41637
1.,0363%
1,703145
2.U42540
3,05919
3,R2A52
Y. h9A26
1., 7837h

CEMNTFR AT ALPHA i), R1Rb
CEMTER AT 2 Bpp 13,6224

MH 23

M L]

AL

. ETa 0,

RHO 43, t&00

UPSTI Ok

B.AU099
b PURMY
5,09651
3.9869,
2.90844
1.91 3486
0,9%U81
n,09500
.0, 61350
~1.17827
=1, 58041
| 50040
={. 81500
=1,60148
=1,15%0148
(i, 36927
0,721R1
2.195%3
31,7837

LOWFR
ALPHA

il ,BU5R
«11,80708
w11, ,TUsbs
=11 ,06590
=11,545638
=11,44R78
11,3113
«{1,_,G%5u39
=10,35679
-3 ,66289
-8, 97395
-8,29119
«7, 61610
=h,9u9RS

-5,291h0
5 ,5118%
wd U011
3,97672
«3,2215%
w2, 47674
-], 20202
-1,91998
=0,30721
0,39700
1,0%2s
1.7ReS52
2,07T07
3.17187
3.871%0
4,5R114q
5,in193
&,03630
6,7A393
T.50373
2,3ta78
9,09712%
g,888pP7
10,6841
f1,2RpRQ
EILERT
12,9%n15
E3,50a1%
13, 62787
13,7637¢

7 R EW 1]
& UPSTLGH

) UPSILON

h,AU0G9
b.,R5302
& A3945
6,79905
5,73082
heb3257
&6,50821%
6,27313
S,6u808
5,043385
q,a61%%
3.90549
3,3819S
?.A9593
ERTLLT
1,96171
1,51973
1211738
N, 75162
n, 42283
n, 15200
=0, 12028
-0,13374
«0,50R31
=0, 543%9
wf, 73950
=n, 79597
-, B1271
wh, TBRAG
w, 72230
=N, 610RT
-n , 45t70
=0, 20356
4,015%93
n,32945
n,69829
1,.12090
§,59540
?.13262
2.738%1
1,728914
1,79159
1.R1R64
. TE3TS

F,AL056
1. 70551



APPENDIX C

BLADE AND VANE ATRFOIL
MANUFACTURING SECTION
COORDINATES

2. Front Block Fam Rotor 2
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AST FRONT BLOCK FAN ROTOR 2

l{%! I n iy u

iy i uam, R
LEQ ;;f'.’ 118 iﬁ“& Q'TE
| ) IHHH!Ht ]"

e
”’ bty Hun I bl mu
Mmﬂ

J" N”i!l 1l
’:‘ f)f!{f';‘” i H L4l ”“H”‘ \‘n;
g
@Wuﬁuﬂ}{ﬂ“iimi‘m N
‘u’ ; ‘ il 1 ul‘\n i
ﬁalJ;, i'nnnu b LT
Ef”t’t’”t"” it €
o i

Gl
) ,, ‘




—_—pr— -

b}
-

ARES 5. 474890

sTAGE 2, ROTOAR (X1 42

UPPER . _ LOWFR _
/¢ T T ALPua " OPSILON T ALPHA
0,00498 =l 1297 B,19362 w1291
0,0049R w1656 7 8,18507 =y, 116813
Ga00498 “ly 13960 a,16AT§ wd {0321
0,00498 =i, 13818 8, lucys wd, 8501
0,004%R LTS AN T A, 111A0 wd, 06415
0.,004%A wi) 11 4AE8 A,075au »d, 04820
0.004%8 w,106633 R,03nu0 wi 315635
“ 0400498 LY S % -1 To1.97TR21 »1,089n02
000433 w3,97170 7.75%20 =3,.875%9
0,00767 «T, 77926 1,38068 =3,660%0
T 0400000 358249 “8,93701 *3,085%4
0,01n31 % 3A097 6,531686 =3,23054
0.01t60 =3,.19511 6, 12827 =3,01586  _
0,01286 " <3,00010 To5,7257s v2,801%4
0.0E409 =2,80481 S.32282 v2,587n0
0.0i528 »2.50956 091799 »2,.312R3
0,01laba w2 ,374%6 g,425%%0 »2.115499
0401794 »3?,11998 3,922%5% «{,R59c3
f.01914 =f,%0439 3,80692 "1, 80349
002026 =fy96200 2,87954 “], 34858
0,02128 =],43¢85 2, 302061 *1,09435
0,02220 =1,19259 1.799up 0, R0§18
0,02301 =0,95300 1,25427 3, ,88930
0,02371 ©0a71216 0,72n52 *0,33873
0.02429 w0, L6990 o, 19187 =0,08053
0,0207% =0,22640 =0, 30779 0,158%7
0,92509 001825 «0,79u434 0,80515
0,0253¢ 0.26399 =1,26391 0.65095
t,02549 0.510u5 =1, 71708 0,89583%
002533 0,75501 w2 lu72y 1,13971
0,02504 1.006%8 -?,57053 1,30229
0402045 125749 -?,98847 1.82310
0,02%60 1550072 =3, 39645 [,86202
0,02249 LaTbul2 =3,794¢R 2,09915
0,02114 202003 w4, i9971 2.33eub
0,01954 242TR2) w0, 59501 2.%6R13
Ge.0l777 253740 -y 98838 Z2.B00%7
001880 2.191789 =5,.37745 3.03112
001367 3,0%951 =5,76343 1,26113
naoltay 3.32°n8 wh, 14619, * 3,u%0n%
B,00005 3458517 wh, 52728 3,11384%
0.00703 1.8047E ~p Biap2 31,9087
0,0%u39 31,5958 -7, 12092 €, aTenb
0400049 4,07307 “7 1077 4,0R173
0,0%a99 Uy0g129 wt, 13707 4,06129
tHAHn STAGGER CAVAER
17,3418 61,487 5L614

8} Pra UpstI Ny
SECTIn" CLG, ul, 00299 0,a01460
STHEA4SURFACE RECTIFY C.G, 0,01279 «0,017a1
HLADE AX[g 0, 0,
STACRYYG ALIS (varjal) 0. n

CONRHD SYSTEM rHInT% 7 af pani19 1 0,

SURFACE COURCINATES wITH QRIGIN AT SECTION AXIS

SECTION ND 1 SECTION A Ru Bp.S500
WE ANL ENE DATA

ALPHA ZET A FHICKKESS UP3ILON
§ «id,12931 83,564 0,08558 B, 19542
2 »3,92530 &3 ,3R3 0,10QA7 7.7A%49
1 «3,51682 63,009 0,1%418 6.9T004
o w3, 10704 b2,755 0,P014d8 a;lrruu
g e, blnSs 62,815 0,7 5,31%9]
6 7 «2,2u%89 83,522 0,2R0u9 4, 48pa1
7 «1,72R95 54,673 0,33345 344719
8 -1,25357 85,062 0,3705% 2,39%7
L -0,75312 85,383 Q.unotu 1,31103
n0,26251 &4, 2306 0.,4228b6 n,2%3548
0,21257 B2,4TY 0. 43%kdd =0,73387
0,720680 60,5690 0,40152 mi,hdbR2
1,21990 59,5489 0,43%438 »2,5n3KT
1,71184d 59,086 0,udAds ®3,331R7
2.20178 &8,724 0,364R7 VYT
2.69007 %R, 357 0,30602 U, 90178
3,17030 48,013 0,23508 =5, 75623
1.65989 57,860 0,1%578 =6, 49842
v a,06129 57,793 0,08875 =7, 137U7T

updrlon

B.19362
f,19026
A,18691
B, 171138
8,14718
A, 114821
8,0723%2

T A,n2179

7.,8084%
7.40672
¥,00840
b,61349
k22059
S.R2812
S, 2346%
5,03839
4,5548%
4,858p9
3,.849%6
3,02771
?.4%629
1 ,95R%4d
},4227R
a,h9498
H,100%
*1,11548
.o.sujau
®1_ 55283
=1 49465
=§,92780
“3,1%047
-z, f4R44
=1,{837
«1,597728
wd, 00897
=i, 61853
] K2637

. »5,23284

=5, 43777
»h,N4113
b, HUIbG
=4.779%2
=T, GTFRSU
=7,107%8
-7, 1%707

SURFACE ARC LENGTH Yy’ aRKAY

R

b5

OF. P0G

- FDS - ) -
PAGE: Iy,

QUAL Ty

77



78

$Tagg T2, ROTOR NR 4R
SECTIun NO 2 SECTION HB RHO 78,7000
it VEANLINE ' DATA
P ALPKA _ IETas THYCKNESS UPSTLAN
1 wli buete 60,343 0,11ta97 7,172%9
? ol 01768 60,159 0,108t2 7,37344
- A | w3, 98915 £9,873 0,P0R810 6,579%¢
4 «3,49829 59,809 #.26R59 S,78623
. «3,03505 60,0086 n,32632 4,9R87¢
T T e -2,52360 40,457 0,38515 0, 09547
7 wi 6301 60,899 0,4a2090 3,097485
8 =1,20031 80,700 0,uB953 2,0R623
T ¢ «0,81574 59,697 0,52629 1,0057¢
10 w0, 26988 57.719 0,55110 0.1A314
14 0, 29p% 55,784 0,56313 =0, 10293
- 12 0, 8padt 55,115 0,56067 -1,528%%
11 1,603217 54,652 0,53925 »7,335487
14 2,00002 54,4006 0,496 =3, 33128
T TR T T 2,Se781 54,33§ 0,40301 =3, 9720R
18 3,13460 54,324 0,37211 “d, T12RA
17 3, 70004 54,303 0,29081 %5, 50165
T Tie T 77T 4 2e52b 54,508 0, 20045 =6,2914A8
1¢ 4, 73u32 TN 0,12113% =6.9%0A2
TERSSSSSTITTUT U SURFACE CODROINATES WITH DRIGIN AT SeEcTron axid — 7
_UPPER LOWER
TTTRITTTTTTWe T 7T ALPHA YPBILON™” T ALPHA T TTTTUREILON T
1 0,00659 v ba612 T.T7725% g, pU612 7.77259
TTUTTTTERTT 0409459 =,65525 7.7006077 " ey 63117 T 7,77436
3 0400459 .=, 05833 T.738564 od 61 05% T.IH578
4 0,00459 =0,55474 TaT0R92 =t 58514 7.74455
T T TR T T 0400659 wd,0d3Ts T T, 606593 - ,55545 "7 T 7,v1622
5 0,00559 vy, 02862 T.516G8 =y4,5222¢ T.eTUIG
1 0,0V5859" =i,59708 7.55751 =t , 08558 T,620594
T BT 0,00459 »,56189 ° 7 7,4397% v, 46508 “TTTT7,5563%9
9 0,00R42 wl8,4753] 7.32631 -4, 34792 7.%9954
10 0,01ln24 wi,25450 5,91132 .l 09970 T7,.,00076
ST e.080205 ug,03355 T g, 439827 “»3,85163 T £,60381
12 0.01383% 381200 b,08472 =3,50376 6,20808
13 p.ols57 w3,5910t G.b7601 *3,3155613 5,81270
T 1 0,01724 e3.36937 5,2653%° T =3, 10875 T §,41665
15 0.01R%0 w3 14745 . 4,85%43 *2,86140 %,01842
—TT e 0402048 .2,92518 4,43517 =2,61489 a,41680
17 0,0272A8 =2 ,05785 3.93792 v2,.31939 a,129%%
18 0402396 v?,3896% _3,43181 =2, 02476 1,615638
"""" 19 0,025%2 »2212041 2.922188 =], ,73148 3, 13R49
20 0,026%3 =i ,BU9RY 2,00073 =1,83%893 2.63A825
21 0,02A20 =1,%7770 1.69021 «f 18830 2.13991
22 De0203) wi,30378 1,39U87 w0 8593 1,60828
23 0,030268 =1,02785 6,90120 =0,%7248 t,.16R80
24 0,05103 =0,75004 0,42358 »0,28742 0,305a6
T 2% 0403463 =0, 4Tpul =-0,03419 «0,p0419 6, 25957
26 b,03204 =y JAQRS wy, 47730 0,2771% -0, 16947
27 0.03227 0,09215 =n,90297 0,%58R7 -0,58742
Tttt za 0.03230 0.37418 wy, 3722 0,839n7 =0},9°719
29 0,03209 0405868 -y, 72798 1.11799 -1 ,40233
10 0,0315¢9 0494239 -2,12271 1,3%9500 =1{,R050A
M ¥ | 0,0303% 1:23871 «2,51759 1,67061 «p,20610
32 0,02981 1.52079 -3, 90834 1,90u%7 3 60605
33 0,02854 1281143 -3,29583 2,21685 -1,00577
A T 0,02794 2410361 =3 68102 2.0879 =1,40593
35 0.,02532 2.39728 wy, 06u5S 2,753%6 =Y A0LER
36 0402339 2.67234" wy LEETY 3.02812 =i, 20878
37 0,02129 2.968190 wy 52827 3,2908% iy, 61154
18 0,01002 3.28547 5 20RTP 3,55%59% -5, 11509
.39 0,01662 3.5R457 ng LRATR2 3, *2017 w5, a1988
&0 0,0lal1 3,B2374 w5,%6R80 4,08un3 =5 ,R2554
4 0401150 LeiP35U mp,3u0us 4,34705 wh, 232082
a2 0,00029 4483372 =g, 6670} ¢,565A89 =6,57303
43, 0,n070% Uabuatd wg,3797 4,751u] h, 46334
au 0,62795 Lebhunt LIPS I LS t,Y6099 rh Q0HT2
-uS 6.0070% g.T3a32 | =4,95082 u,7%4%2 mh,9SNRE
CHOMn STAGGER CAMBFR
17.4%77 97, us8 5 658
AREA  Y,000774 SURFACE ARG LFNGTH 355 074m8
. ALPHE FELS T
SFCTIn% €6, 0,n0618  «0,00K45
STHFAwSURFALE SLLTINN (LG, -G, 0230Y N,02Ubhk
Uy &k 518 0, .
S1acKrHe axTy (Rirgaly 9. o,
CHORG IYFIEM ARIGIN 7 4R, 2u0l% R g,



AST FRONT FAN R2 (STACKED ON Z«PL CG)

_COURD SYSTEM ORIGIN

SECTION MO 3

PT ALPHA
1 «5,11%64
2 ~3,/861%,
3 -4,35720
q -3,B4d15
5 =3,33031
b -2.,77020
7 -2,14902
8 i 5248
G =0,89509%
10 -0,26658
11 D.36669
12 1.00220
13 1.64032
ta 2.20002
15 2,92780
16 3.5668%
__o 17 w212
18 4,85970
19 9, 3996%
PT 77 /¢
1 _ 6,00788
2 0,00788
3- 0,007HE
[} 0,C00788
5 0,00748
[ 0,007RA
7 0,007RB
8  0,0078R
9 0.01017
10 0,C1246
11 0,01472
12 0,0169S
15 ¢,01912
14 0,02124
15 0,02328
16 ¢, 02520 -~
17 0,027e6
i8 0,0295%%
19 0,65142
20 0,033113
21 0,03456%
22 0,035%1
23 0,03605
L] Q0,03774
25 0,03R29
26 0,03R85%
27 0,03Rh?
28 0,03R37
29 0,031784
30 0,03792
11 0,03594
32 0,03460
13 ¢, 0130¢
34 0,03120
is 0,0291A
36 ¢,0269%
37 0,02456
35 D,027202
39 0,01934
uo N, 01654
'] N.013HA
ag N.01125
43 Q,UQATY
a4 0,00R79
49 N.NORTY

L Hah  0,02009
TE RAD  o0,0Bhiue

STacE 2,

7 ar,260)0
SECTI
MEANLINE
IETAs

57.09
57.136
57.260
57.415
57,608
7,747
<7,1%82
55.8%4
53.97b
52,081
51,677
50,769
50,0235
49,412
ug,pay
48,252
47,7117
47,392
+ 47,246

UPPLR
ALPHA

5. 115468
=5.1259%
*5.12830
~S. 17209
5, 10043
=5.08055
=5, 0ud419
~1,99823
-0,92733
-l 68125
-4 ,43507
=~ ,1R2866
=3.90192
=3,.6947&
-3.,4u710
=3.,1%880
=) RIGAS
=2.,59931
~2.296T0
-1,96105
=1.66459
=1,37535
~1,06458
-0,75238
-0, 43387
=N.1236%
0,19338
0.51227
0,832R9
§e15%18
{47904
1.R30u%2
2,17153
2.0599¢
PuTRISH
3.12032
$.145222
3, 7R4R7
1.11806
4,45179
4.70597
EPULE LE
5.¢R8°40
5.338R6
5.39%h%

-

CiMItR AT aL#
CINTEY AT &P

RATOR NE U2
% 0, 40 a,
oN o CC RHO 7
INPUY pata
THICKNESS UPSILON
0.13Th? 7.404491
0,17801 7.05540
0,252%) 6,27233
6,32723 5,47953
0,39a43 .67 708
0,47975 1.78323
0,540%0 ° 2.80450
0,59765 £, 8553
(YT EY] 0.96289
00,0664 0. 81730
0.674874 «0.,09892
0,66371 «1,U8975
o.63274 =2.206075
0,58295 =3.0ted6
0,51627 -31,7%829
00,4350 =1 ,d8733
0,34230 =5.203°3
0.28123 =5.91050
9.15343 =5,49554

UPSILON

74444t
7.42960
7.00278
7.36097
T.31653
7.25799
7.189u9
T11047
6.9%048
6.57370
6,15581
S 73654
S.31628
a,8948%
q4,47234
a,04R75
3,53%%7
3,03089
2.52712
?,03309
1.55336
1.,09133
0, 645u48
0.,°1320
~0,207R6
=0.61989
“].02320
~{,ulTR&
=1.80049
=2,1B838S
-2,.855071
=2,.92382
=3,28%40
=3,h8100"
=3,9927A8
-4,33327
-1,6B049
=5,08753
~5.15013
=5.47919
-hH,ON0HRA
“h PTTT0
-p URUPT
=64.S1+89
LI LAY

HA - 10ua7Y
HA H.3a460)

=5,11568

LOWFR
ALPHA

=5.09775
=5,0724p
-5,04p48
=5, 002686
-4,95979
-4,91210
-4,B85874
-4, 778286
-, 49858
-4,21899
=3,939463
“3. 06060

-=3,3H199

«3,103R¢
-2 ,82pU2
w2 49ais
=2, 1h008
-1,83571
=1,50950
=1, 1”603
-0,Rou3p
=0,54421
=-0,7754%9
0,09192
0,80766
0,72151
1.03354
1,343Ry
1.,65247
1,959%2
2.26497
2.,56RRA
2.,87143
31,1727
3,4728%
3.77147
4,07g14
d,367R8
4,6h506
4, 9hi{R]
S .20R%y
5.,40710
5,825h8
5,39985

uesILrN
UPSTLGN

OIPCG

£TA o0,

1200

.-
SURFACE COCRDINATES WITH.ORIGIN AV SECTION AXIS
F

UPSILON

7. 5aa4q1
7.44764
7,4389¢
7.81777
7,318368
7.33612
7.27495
7.,20072
7.,08712
__B.b9179
&,29500
5.89647
5.39621
5,09429
2,69027
g, 2RaY47
3,7956%

. 3.3073%

2,82458

2.3524%

1,89552

1.454h2

1.02676

0,60904

0,19875
-0,20545
=0,h0381
=-0,39693
=1,385465
=1,77076
-2.15300
-2.53269
-2, G09RY
=31,2Ba%6
-1 . 4%709
=8,027388
=i Y9URA
=t 18977
-5, 12284
w5 dRAKY
-5, 54507
'h.lﬂﬂyf
=h,38034
=-hH,43678
-h, 29551

T 42754

ORGINAL pace
- OF: POOR OUALITY

=h, U 3640
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sTaGE 2, ROTOR NG a2
QECTIUN NO 4 BECTION DD RHO 61,5000
- - MEANL INE DATA
PT ALPHA ZETA® . THICKHESS UASTLON
1 «5,90439 52,455 0,17213 685428
] n5,616870 s2,704 0,22588 b,0a025
- 3 =5, 04023 52,993 0.33360 8.,72009
a =t Usabh9 52,800 0,419%4 LR Y]
1 1 w3 88048 52,128 0,.540u9 o, 1RBYY
TTETT T 8 TT 0 «3,23221 51,120 0.60301 3,38726
] w2, 518655 49,948 0.74p09 ?, 4988}
[} ol,79R08° 48,791 0,81745 1,6%842
e o Lthori30 e7,528 0,87338 0, 84619
10 «0,33805 26,098 0,96u04 0,0h0852
1t 0,40179 wa,6a7 0,90R76 #0,68508
PR ¥ 1,1uR36 83,198 0,"R931 =1, 40002
13 1,90202 al,679 LILELES -2,09405
13 2,66331 40,067 0,7E030 =2,75313%
'Y 3,43290 3E,34% 0,69303 =3, 3A100
16 4,21125 16,479 0,5Rbu% =3,97520
17 4, 99870 34,452 0,611 sd,htuRe
TTTTTTTTiI8 5,79555 32,334 0,32574% =5,058%4
19 6, 4Ab68BT 10,498 0,20325 af, 04610
SURFACE COURDINATES WITh DRIGIN AT SEpTION AXIS
UPPER LOWFR
LA e - 7777 ALPHA UPSILOA  © 7 T apPma T 7T UPSILON
1 0,00086 w8, 90039 6,85028 =5,9003% 6,45428
T TTT27T 0400988 w5, 21412 6,834820 »5, 88199 heREOUZ
3 0,006B8 | «%,91683 6,80042 =5, 84921 6,85239
4 0,0008s g ,9¢5A3 6,753a9 .3, 80677 6,229
T ST ,0008s s 88218 T 6,b941% -5,15547 h,79137
b 0,0098s =5,84800 6,62298 *5,.6%677 6,73695%
7 0,00a8s %, 79027 5,540018 =5,63018 hyhbblb
B T 8,00088 w§,73087 b, 48492 «5,55542 T ok ETITY
b 0,019 =5 bReRL 6,3795% 3, 80340 6,51847
10 0.01652 =5,40098 5,95¢74 =5.17070 _ h,12753
T T pa0le83 =5.11483 5,52609 w4, R3878 5,73425
{2 0402307 =i 62808 5,09819 wld SO6US g,30077
13 0402625 i 505u9 _u,b67217 i, 17557 0,94951
T 0402033 «dy25163 T a,2%a016 =3 BUSTT 4,5624)
(13 D 035229 «} 6150 31,83374 3, %51730 4,1R038
TTTTe T T p,.03R1y w3,07007 3,424a12 »3,19071 31,0557
17 0,03827 «3,31832 2.94229 -2 ,79949 3,36748
18 0.0411Y =2.,%5u08 2.47160 =2,41145 2,93093
U9 0.,04376 w2 B07RU 2.01220 =2,02%42 ?.50695
20 0,049403 _®2424900 1,56u08 “f,60218 2.0%100
21 0,049197 =i 8BTH9 1,12681 =1,26121 1,AB280
T2 0,045 %2161 0,70033 «0,88302 1,28173
23 D.0%a74 -y 15667 0,28824 =0,50789 T 0,A3B717
28 0409159 =0, 785693 -0,1§794 0,13555 n,$0375
2% 0,05293 w0 41009 -0 ,S50893 0.23U49 0,12658
26 009210 -(,0%973 ), BARTTY 0,60270 .0,24%23
27 0,0514% 0433712 -y, 25508 0,95742 w0, 60606
TTt28 0,09121 0,71602 “t,61121 1,331n1 -n,98207
29 0,05%037 |4095A8 =y, 95425 1.59241 =1,3114d1
30 0,04991 1al7967 2, 29023 2,05191 “1,654p2
31 0,09743 1e86021 w2,61305 2,60944 =1,54943
32 0,09554 2425023 .,%2ab66 2,76585 «2, 11889
33 Ba04349 2,03772 =3,22518 3. 120489 -2,6412%
T %4 0,049078 3,00644 -y, 51463 3, a2Tapn 2 ,G5662
k1] 0,03R30 3,81625 «3,79241 1,82670 -}, A6U79
36 G.03500 1,80888 g, 05951 4,178%7 “Y, 50561
37 0.03p29 £4,198p5 wi ,3{%03 4,529u8 «1,8599)7
38 0402898 u,3r954 -g,55917 4, 48000 ol 1 U899
39 0,02650 2.90423 oy, 79227 5, 21083 wt 42352
ag N,0218R 5:37290 «5, 01448 5 shtn3 i, 40441
41 g.01R12 S.764u3 «5,225%0 55,9328 .y ,95738
a2 g.01u%p 609021 a5, 39309 6,22498 -5, 17049
43 0,0ly64 632328 =5 5087 &, 42420 G, 31249
44 0,011610 643911 =g SEFH &, 47103 of, L7245
45 LT b,866RT nG UHA3Y b,666R7 «5,0663¢
) cHnky . BTAGLER rAMBER
1744509 ng,nad 21,980
AREA  11,378515 SURFACE ARG LENGIW 15 37815
ALPHA Ussiry
SECTIn £.6, 0,05%0% «0,8(§7a
Srepbaggesacl sECT1IEY €,G, al},2071% 0,1250¢
By anl Avig . G, o,
STATr pua AXT3 (RADTELY 3, o,
CNOREG SYSTLW ARILIN 7 4g,70019 & a,



AST FRONT FAN R? (STACKFD ON Z=pt £6)
STAGE 2. ROTAR
COORD SYSTEM ORIGIN 7 4R, 20019 R 0,

SECTION RO S SECTION EF

FEANLINE INPUT DATA

- PT ALPHA IETAs THICKKNESS
1 o, 44764 50,672 0.19541

o ? =-a,13913 50,810 0,26529.
3 «5,51084 50,943 0,39%94
u “y BATIL 50,584 0.,53490
_ 5 il 25130 4,608 0,66u48
6 «3,.54388 ad,.u03 0.79045
7 “2,76393 U4b,0691 0.92294
. 8 i, 97621 4u,513 1.026a2
9 *1,1R0n3 42,500 1.10159
10 «0,.377a7 40,403 1,14492
~ 11 0,433560 38,242 1,15607
12 1.25315 360,167 1.13649
i3 2.08173 33,695 1,08547
. 14 2.,920%8 30,803 {00305
15 3. 76905 27.711 n,89319
16 4,63155 24,u40% 0.75487
R ¥ | 5.50734 20,583 6,59127
i8 6,40121 15,929 0,40a03
19 Telb112 11,246 6,2335%

NR a3
My o,

RHO 5

uPslLON

b,.5Tu%9
b, 19782
S.u320]
4,659u9
3,89678

- 3,0R09%
2.277862
1,42121
0,66549
=0,0434%
~g,7080%
*1.3%103
~1.910R2
-2 HUOKD
=2.51650
=3,34077
. =3,70543
-4,0045R
“4,19¢09

"2k

ETA 9,
8,8200

SURFACL COORDINATES WITH ORIGIN AT SECLTION AXIS™ — -~ ~ =

_____ . UPPER
PT T/C ALPHA UPSILON
__F0.01326 b, 44764 6,57099
2 0,01126 5. 46057 b6,05150
3 0,01126 ~4,46053 6,51286
.5 0,01126 6, 4UBHD 6.U5967
S 0,01126 ~6, 41838 6,39275
6 0,01126 =h,37U37 6.31278
I | 0.01126 "6.31465 6421994
8 p.01126 =6,24035 hal1325
9 0,0155R -5,21218 6,07332
.10 o0,01989 ~5,90117 S.h3168
£ 0,02818 ~5.5A9R4 S.1A91¢
12 0,02Ru0 *5,271762 o,7T4725
——. 13 0,03252 -4,94401 4.30R86
14 0,038657 i, 64887 3,ATeUB
.. 15 0,04037 -4.33192 1.25162
1é ¢,06403 -4.91308 3,0354%
17 0,0uR14 ~3.6P171 2,51832
.18 0,05193% =-3,23899 207564
19 0.05535 -2 . RULET t.61862
2¢ 0.05R3T -2, 05051 t.17R4n
- | 0,06095 *2,05060 0,75590
22 0. 00306 «i,. 60744 d.35t102

23 0,0646A3 -1,24107 =0.0359%
_ 24 0,06581 =0,83134 -0,U0675
25 00,0064 ~0,418%50 -0,76124
26 0,06664 ~n.00300 »].089746
.21 0.0563R 0.41486 ] ,42301
28 0,00569 0. 83529 ~1.73125%

29 0.06054 *1,25835 -2,0244]
. 30 0.06297 1.68428 -2.30205
31 0,0609R 2.11267 =2,96315
32 b,05A59 2.54295 =2, 80490
o 33 0,055R2 2974518 ~3.037R2
34 0,05P09 J.uanp3e =3.2409%
3s ¢, 04921 3.AT4837 =3, 43200
34 0,0u%00 a,27127 =31,60742
37 0.0ua129 4. 70089 3,76493
33 0,03691 5.13675 «3,900487
19 D, 03226 5.5607P4 4 D26TY
a0 0,np734 T 5,99937 =-0,13117
gl 0.0272R 6.43088 -d,r1%02
a2 0,01790 fe TPS1O =4, 20703
U3 0,013 7.01915 =4,2909%

a4 0,01%4k T.l04R2 -4, 27331
as n,0§3488 Te1h112 =2, 57009

LOWER
ALPHA

_ =b.4876u

-5,42205
=6,38416
-6,.33072
~0,2747%
=5,20514
-b.12611
»6,03654
b, 00266
=5,63322
“5,26412
-4, 09691
=-4,52907
=4,16378

=31,80028
“3,43469
=1,00753
=2.57973
=2,15557
=1,735416
=1,31R%85
=0,90517
=-{,49502
=0,08823
0,31548
0,716%2
1.51515
1.51124
1.90471
¢.295%1L
2.68344
3,069469
3.USUAS
3.83938
4,22385 .
4,6n747
4,99078
5.375028
9,76048
b, JASu}
6,51097
u,8%670
T 068"
7.14507
T.i0112

LL FAD 0,0811%  CFHTFR AT ALPHA  =b,42781 . UPSILON
TE RAD  0,13042  CENIFR AT ALDHA 7698907 uesILan

UPSILON

6.%57099
6,58304
6,575a4
6,55150
5,51041
b U504
6,37duy
h,28024
G244
5. RU924
S.45347
S.05881
4,66839
5,28826

31.90763
3,53%04
3.107497
2.6H98R
2.2B5%9
1,89541
1.51919
1,15539
n,A0281
0,46039
h,12823
=0a.19451
- ,5084R
=3,R135R
-, 10984
“1,3962%
=1.,67214
=1{,93727
=2 19155
-2, 43580
“P, 7057
=2, AQUQR

=3.10R0A .

=3,.15004
=3 . 50120
., L7919
~3.R3977
=1,.940A9
-l 0801
wil 931k
=4,1909%

4,5%509]
nﬂ.!leh

81
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APPENMDIX C

BLADE AND VANE AIRFOIL
MANUFACTURING SECTION
COORDINATES

3. Front Block Fan Stator 1



A1 30yd WNIQRIQ

ALTIVNO HOOd 40

£8

FRONT BLOCK FAN STATOR 1

Blade
Axis
Tip SL 1 D+ fD R = 82.9056 em.
C* I *C R = 76.20 cm.
—-———‘_‘_———-—“—’
LE | TE
-—-’-_-_.—_——-—__-— -
B* I ot 4B R = 68.58 cm,
No. Vanes = 72
Aspect Ratio = 2,57
/ Solidity (P/L) = 2,01
A4 /// *A R = 54.61 Cn"l-
Hub SL 12




STAGE 1, sTatoR NE T2 -
SECTIUN NO 1 SECTIUN A& RKHO $u.4100
FEANLINE DATA
__ . P1 ALPHA IETA*  THICKRESS uPStLON
1 i, 78127 24,845 6, 10458 «3. 0313
2 «4,53027 a3, 43] 0,15030 w2’ 19543
- 3 wd, 04858 46,821 0,23873 .2:35312
q «3,5628¢6 18,042 0,32103 w1, 98345
S _  =3,07993 35,211 0.39098 o1 Squnn
a *2,55140 32,224 0,06427 stf24111 T
T =i,87810 29,225 0.52287 =" 90052
& »1,40830 26,434 0,56160 «0f5900%
Tt e -0,84218 23,723 0.57a18 =0t 31088 =
10 -0,27974 20,917 0,57554 =0,10327
1t 0,27872 18,194 0,55681 0,09538
N 12 0,8333¢0 15,398 0.52535 o 25279 T
13 1.3832¢ 12,600 0,48259 T
Rt 1.32860 31800 ¢ha3017 0550819
TTTTT a1 2,46%21 6,992 0.36945 0.557RS
18 3,00498 4,149 0,30364 064023
. 1? 3453590 1,284 0,233164 0,44545
R I 4,08207 wf 653 0,16198 0l 64191 )
19 4,4964% ot 119 0510249 olea212
ST TR CUSURFACE COORDINATES WITH ORIGIN AT SECTIAN Axys
UPPER ___LOwER i
TUSSRYTTTOTYe T 77T 7T ALPHA UPSILON ALPHA yr4ILON
i 0.01ha8 wa, 77208 =3,04251 =4,77208 _ _ =3,9025%
TR U 0401648 T en, 77898 7T ey, 02604 w2, Y60N7 =3, 04693
3 0,01048 wii 178618 -3, 00040 wl Y4052 oy nolau?
a 0,01048 wd, 76319 .2, 96610 =0,71399 303187
TTTTTETT T g,01048 wil, 73933 w2,%92182 U 58075 =3,061097
[ 0s01048 wid 70401 w2,87u1¢8 ., 521%3 =3,98113
b 040i0UR i, 65599 »2,B1737 -d,59512 -2, 04265
TTUTTETT pa0lp4A T el ,598R2 =2,75288 T oeu 498%0 T w2 86180
9 0,01010 v, 30152 »2,52161 gy, 25324 w2 ab208
10 0,02%28 i 161565 »2,29795 =4,0092% w2, 107308
TTTTHE T 0402733 =3,%p61 »?, 08320 a3 76619 =3,29302
12 0,03123 3,71830 =1,8778% «1,52481 =2,12194
13 6,0349% »3.U5065 i b813% -3 2Ba87 =1,9%59%948
TTTT g4 T 0,03R47 326944 ~1,49169 =3,00570 T =1,R0527
15 0.09178 =3,00325 *1,.351u94 w2, AORPQ =1 45886
T 0,04s39 w2, TE901 “1,1119% .2 ,SZURS | 492560
17 0,04862 ep,u9484 =3,92103 =2.20328 *1,33557
18 0,09142 »2,21812 -, Tu170 wl,96334 »f, 18678
TTTTI9 T 04,0517 w] 53945 wn 57355 =], 68094 =1,04530
20 0,09%463 i ,66012 o, U617 =1 40801 *0,9103%
21 0,05499 wi.37503 =-,26921 1,132a4 -n,78142
e 0.05785% ®1,69652 ~0,13248 0,A5829 =N, 45799
23 0,0%1e .0.B1265 =0, 008600 =0,5R509 w0, 53961
24 0,05797 *0,52758 0,11029 »0,11390 =, 42698
- 25 0,0%737 w2063 0,21482 ~0,04319 ~0,%1993
26 60,0544 0, 0UURD 0,31379 0,22705 *n,21878
27 0,05817 0433152 0,40139 0,89699 =, 12139
TTT 28 0,05359 Oeb1842 0,47982 0.7661% =0,03367
29 06.05170 0.90540 0,.54921 1,0%6a4 0,0%046
30 0,04e%1 1419240 n,60969 1,30610 0,1289%
1 ¢.,04778 1,07929 0,h6128 1,587588 0,20t69
32 0,09ad9 1 765R8 9,76405 1,84567 0,26860
3} 0,00147 2405197 0,73817 2,116%2 0,32965
- M 0.03833 2433751 0, 75381 2.38784 6,38479
15 0,03501 74062238 0.78519 2,65943 0,43393
16 0,03158 2:+70658 6,79043 2.93190 0,u7687
17 60,0217 1,19000 6,79158 3,20514 0,51335
18 0,0202% 3,47252 0,7Ra7S 31,4792 0,54313
39 G 02046 3,75un9 9,77008 3,750%8 0,56602
Can Ba01nb4 n,0%a69 n.TuTHA 4,6030u4 0,8AR172
a3 0,011t 84267177 n,723%15 2,26125 0 ,5R906
u2 0,01n28 Q,4u908 0, 70008 q,u4d1ng 0,59105
- 43 0,01n2A U LAlEY 0,58378 U uiTs2 o, 6043
au 0.01néR LY L T E 2, u%64s n,hu212
cHO%n STaGGER CANBFR
9,970t 21,480 48, 7ed
AREL  g.115428 SUHFECE AREC LFHGTK 30, 6RQ76

SeCYIn C.6G,

STRFAMGURFACE SFCYTON €0,

wyLnk txis

StAckThG AXIS (RipTaL)
84 COORD SYSTEM NAIGIN 7 33,37289 R 0,

£ PHA

ups 0N

G, 02633 D, 82163
w0, 27008  =0,%6a31

0,
0.

e,



SECTIUN NO 2

PT _ _ ALPHA

1 «%, 70291
F) «5,4%5283
- 177 Lb,A737%0
'] wli, 29607
5 =3,71%2
T s 3. 08705
7 o Y9BST
[ .1.71130
T e el 02571
19 w0,38852
11 0,3u140
T ta 1,02263
13 1,702234
14 2,38034
U945 T 3,0%638
18 3,73032
17 4,40234
- "Tia 5,071%
19 S,62827

AL =D 00~ U DLW

s e s,

T oY /e

0.01128
o,0l128
0,01128
0,01128
g,01128
0401128
0401128
0.0nl128
0,02330
0,02019
0,03u98
0,0405%6
040495895
0405110
0,023597
0408181
0,05534
0,07073
0,07052
0,07768
0,0801R
0,0919%
0,08307
0,08%48
0,081319
0,08232
0,08p%
0.,078%4
0.,0TalUL
9,07342
0,069%2
0.0689%
0405154
0,0% 70
0409157
0,09609
0,04n33
0,03a32
0,02417
002187
0,00658
0.0'522
D,0122
genfig22
CHOHn

12,0026

T AREL  R,330218

SECTINN €6,

STIE 2T RF ALY SELTION (.G,

BUADE Bx]R
SEACKING axI§

CQOORD 3

CaTAGET T T §TaTOR A 72
$ECTION BR RHQ 68,5800
MEAKLINE DatTA
ZETae  TWICKNESS UPSTLON
18,760 0,13534 =3,08885
37,711 0,20926 =2,84019
35,522 0,354t .2,42919
33,249 0,897 n2,03428
30,958 0.62032 =1,67282 -
28,502 0.74319 “1,31139
25,952 0,85558 =0,957%2
23,503 0,93742 0,60076
21,108 0UGRLTY =0, 35580
18,708 1,00872 =0, 311160
16,310 0,95%463 0,10801 -
13,938 0,94230 0,2RB23
11,580 4,87499 0,44178
9,230 o 7841% 0,56623% .
6,899 b73!5 o,esznu
u, 561 0,54421 0,72993
2.211 0,40683 0,7491% }
0,153 0,25973 0,78159
=2,100 0,130064 0.1T06&1
" BURFACE COORDINATES WITH ORIGIN AT SECTION ax1d4™
UPPER LOWER
ALPHA UPBILON &LPHA uPSTLON
. =%,.73232 =3,10218 »5,73232 w3,10215
w5, 739438 =3,07920 =5, Tin%% *3,11003
=5,73337 =3,04570 =5 ,6%40 «3,10883
w5, 71288 =3,00229 w5, 6%0%] -%,09799
n%,67755 «2,%4978 © w5 40708 =3, 07688
=8, 02580 »p BBR92 =5,5%200 =3, 04524
_*%,56042 =2, 81994 *5,uB572 © =3,00397
5, 47310 T2, T4p01 =5,1%506 © e2,94768
*5,25787 32,5369 »5,090RY =2,38118
=t5,99300 =2, 2GR098 wt ;7B =P, 58352
.t ,72856 2, 05916 y,08703 “2,01505
g 45528 i, BuTb8 =g, 1&77S =2, 25432
wd, 18016 =y 03048 *3,R90%1 »2,10115
-%,91¢29 LIPLEEEL:! LT =1 985508
=3.63659 wt,23a20 =3,30a77 ], A1601
=3.30429 =1,01006 ®2,95080 “],b5680
=2,96929 n,79R4} =2,60353 =1 ,50572
*2,63209 =0,%9919 -a.asaus ni,3461db
»2,292%9 wp, 41189 »1,01568 »1,22302
SPLLTEY i, 2364k *1,57549 =1,0902%
60565 =0,07134 =1,.2¥3968 -,96276
w1,25913 6,07729 =0,90213 0,394
*0,91125 0,21590 =0,5679% ~h,72021
=0,56106 0,34271 *0,23584 =D, 60477
020926 0,45754 0,0%482 -, 49359
014334 0.56068 0,u42429 N, 18659
0,49s57 0,65261 0,75333 0 ,328381
065045 n,73349 1.0R172 -0,18523
1,20U6b 0,80326 1,00978 -n,09096
1.5%875 0,86210 1,7319% -0,00073
1,91253 0,%1039 2.0E6UG 0,08549
2426381 0,%uRLH 2,3954a5 fa16761
2161859 0,%7670 2.72493 60,2057
2.97997 2.99913 3,054AR3 0.3192%
3.322%82 1,00372 3.385%% 0,318792
3,67279 1,00280 3,71788 f,.u%5142
4,025 0,992R0 u aﬁnqg n,50%7
#e36921 0.9102% aﬁsav H.5820%
a,71528 4,947540 Ziad 0, 609%1
$.05991 0,%128d 5 nBQ*a 0,645%0%8
Se34991 0,01800 5.342n8 H,67933%
S.56326 0,8uU7RR 5, 54UR6 0,49703
§,606k8 n,H2558 5, 60019 9,713865
Sa02827 0,77061 S,62R27 0,776061%
. STAGGER rAVBENR
18,424 40,900
SURFAZE ARe LENGTR 24" Tuiys
ALPHA ‘UpatLoN
w0,278h6 w0, 134UR
"0, 223406  =6,12p78
0. [
(RADTALY 0, 9," -
Y3TEM DRIGIN 7 33,37789 K O,

or

?‘ g%tgga

\Id,g«-f J
QUAME
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SYAGE to STATOR NR 12

2
sEcTION HO 3 SECTION (C RHO 78,2000
MEANLINE DAYTA
PY ALPHA ZETA:  THICKHESS UPSILON
1 o, 16830 39,389 0, 15447 3, 31504
? -, AGH29 38,252 0,24452 =3,0A169
- 3 «5,2388t 35,599 0, 42169 =2.61404
a wld 62025 33,49R8 0,590R2 »2, 1R5309
L 1 «d, 00288 11,084 0,7472¢% =1, 79450
=7 e =3, 32308 28,518 0,89958 =1, 40572
] »d,58377 25,919 1,03432 =i, 00007
[ wl BOHB5 23,414 1.137117 0, 68601
—- et g wi 10039 23,978 1,19821 “0.34d5%
10 wl,36BUb 18,551 t.21710 - «0, 11958
11 0,368%0 16,141 §,198436 0,1107a
12 1.10512 13,756 1,1¢6%0 0,30724
t3 {,8u110 11,805 106060 087172
tq 22,5704 9,081 0,954n1 0,60/4%3
- g 3,31094 b, 775 0,81850 0, 74450
16 4,04497 4,875 0,66265 0,77941
19 4,17830 2,175 0,49109 09,8215
= 18 5,51076 «0,123 0.30932 ¢, 81490
19 5,12076 2,034 0,15a18 0,B235a
Tt gURFACE CODRDINATES hITH ORIGIN AT SECTION AXTE
UPPER _ LOWER -
—pYTTTTTYT TYtle T T ALPHA T UPSILON T T ALPHA uPiILON
i 0403194 wb415605 3, 3un37 =6,15605 T, 10637
TR T 8,019 " ehy 16505 -31,31947 =b,13Rp2 »3,15539
3 0,01191 why 16880 «3,28114 b, 10R18 =3,1519¢
4 0401198 ehell61d =%,23089 b, 0bbaD R IIEL
TTTIETTT 60,0149 T whe 00890 «3,16996 - ,01312 =3,31725
& 0.01591 she00016 #3,099{5 »5,04912 =3,78118
7 0,011%1 »5, 96140 »3,01870 -5,57319 =3,23419
—" B 0.,01071 =6, 87519 T «2,92772 =5, TAS58 =3,17954
9 0,0256% w5,65394 w2, Tial8 =5,u5375 «2,97938
10 0,0323% =5436961 w2, 44979 n5,i2363 =2,18%0
Ty T p,03a9% 5, 08334 «2,3944% -4 ,.795u% “3,.60918
12 0,04532 w0, 79469 «1,%uk40 i, 06964 .2, 43798
13 0,09164 450358 .y ,7119% i, 146%0 “2,27576
TT 14 7T 0405735 wd 21065 ], 08550 =3, R2538 2, 12189
S 04006291 o1, ur7 wt 26303 =1 ,806R1 . ,97563
— 16 77 0,00900 X, 55628 =t,02218 =3,12735 = RQRAY
17 0e07al0 .3, 19521 -0,78%963 »2,75108 *],650%0
18 0,07067 w2, 83071 -0,57075 =2,37824 -y, 69930
T e 0,08398 _ wp,48110 =0,36600 «2,00845 “l,35502
20 0.08751 -2,09313 ", 17528 “l.68112 =1,21616
21 0,09 31 =1,72050 0,00159 «1,27642 «],081592
ST 22T 0,09032 »je30uBs 0,l6un? .0,%1412 .0 ,9%211
23 0e09349 w0 P0b6T 0,31194 »0,555510 =0,R263H
24 0,09387 «0,585679 A,.44%90d -0, 19A10 =0,70433
-4 0409152 =0¢20537 0,57082 0,.15784 =0 ,58611
26 0409251 0017743 0,67958 0,51237 =q,47200
27 0,09087 deS6104 0,775A1 0,86611 ), 36213
To28 0,03862 0.Fuulpf T n,85544 1.2194¢ 0, 25620
29 005576 132896 0,93091 1,57287 «n 15308
30 0,0873% 171315 n,99639 t,92543 “n,n5587
"M 0407R34 2409757 1,03794 2.2789% 0,n38%5
32 0,0718% 2+48114 1,07384 2.83212 04128068
33 0,0588% 2:881377 1,09R5] 2.,9874% Oepllbd
1 0,0h139 3420%21 {11252 3,14313 0,29648
15 0,0°754 3,62368 1.11640 3.70021 0.37403
3t 0405130 400535 f.i1014 a,057R8 N, uues?
37 0,04082 043835 1,09187 4,41708 0,51347
18 0,0300% U,75958 1,067740 a,77a34 n,S57471¢
39 6,03107 S,133R7 1,03308 S,104ud 0,63030
40 0,02194 8, 50852 0.99043 5,.%080% 0,798
41 0,01793 Se25567 9,%¢f10 5,81119 0,1156%
u2 0,01189 ba 02699 a,91294 b 00167 0,73%30
Touy 0,01108 6e09hEY 0, 88708 6. 4%213 0,76354
an 0.01189 412076 6,82358 &,12078 ¢ 0,823%A
CHOHR STAGRER CAVHER
12,9657 18,789 at,uv
AREA 10,901278 SURFACE ARC LENGTH 25777740
. Lg Prs upatLns
SFCTIPN €25, w0l5T0en . _n“;k3,
GIUFAuSBEACE SECTION € G, TN S wf, 10100
HLADE Axls X 0, .- 0,
STACRIYG RXIS PRAGTALY o, oo,

COORD BYSTEM nRIGIN 7 33,37789 R 0,



8TAGE t, STateR NR Y2
SECTIUN NO a SECTION DD RHO 83,8088
-~ - MEARLINE DATA
PT ALPHA IETAe THICKRESS UPSILON —
1 et 41560 16,199 0.17279 =a 10801
2 b, 00442 44,783 0,2779% =3, 7R113
=TTy =5, 55234 a1,818 0, u8a069 *3.17612
a «4,81030 18,7490 0.68160 .2,61127
3 w4, 16850 35,6483 0,B6383 =2,104%8
T e T w3, 06284 32,447 1.0377¢ -1,&57%3
1 wd, 52329 29,229 1,19205 »1,20827
) w1,92158 2b,2U2 1,30193 =0,B0428
- 9 w}, 15418 23,300 1,38252 o0 GURSY
10 0, 38458 20,996 1.37219 =0,11845
11 0,38081 17,033 1,3029¢ 0,52748
12 1,1%443 14,802 1.279137 0,35153
13 t,92382 $£2,019 118340 0,5%475
Y] 2,693488 9,280 1,05777 0,6T98e
=T tie T 3, 4e286 6,508 0,90519 0, 78683
16 q,21251 31,804 0,73107 0,857%0
1Y 5,00191 1,162 0,54353 0,890u%
T T 5,77155 wl 335 0,34309 0,8a8790
19 &,81266 «3,772 0,17197 0.8%807
TTTTTTT 7T gURFACE COORDINATES AITH ORIGIN AT SECYION AxI§ T
UPPER LOWER o
TUPY YTV o ALPHA UPSILON TTTALPHAE T ypdILON
1 0,012357 w5, 40013 ~3,12308 «6,40013 __ «a,{2308
T2 7T 0,01p57 wh U356 i 09062 5,17928 =4,130A42
3 0401257 b, 41134 =y, 05065 b, 3615 g, 12539
4 0401257 =4,39282 =3,99178 -6,10117 =4,10619
TTE T g.01257 «5, 35712 =3,91888 T owb 20560 0 wu,07257
6 0,0t257 whe30307 =3,83269 =b,1790% wg 02432
7 06,0257 5423163 w3, T34 w6,.10070 w3, 962U4
TTB . 0,.,05257 whydazad -3, 520358 eSS 995R2 at REO16
9 0,02774 =%, 90508 =3,13212 «5,64310 «3,h1020
10 0,03523 o5, 514RY =2,998%6 *5,29212 _ =3,31577t
TTTILTT T0.04250 w5,32186 -2,674%6 =4, Q4349 =3,12038
12 0404050 »5,02530 =2,36718 ol ,SFIRRG -2, 99821
13 0.0%630 *l,72518 =2,07Tu0R «ll ,2STSG =2, A9078
14 0400272 wyyd2198 =1,79559 «3},0191% -2 u9618
15 n0.00876 .y 11561 =1 ,53099 -3 %8429 -2,%1288
TTTEETTTT "o, 07R4S T #},74358 -y, 23127 w3, t8680 T =2,10628
17 0,089458 w1, 36695 «0,950R1 =2.791%6 -1,01249
_.18 0:05669 “2.984815 =0,68936 -2,00046 vt ,12955
1% 0,0%112 w2 b0151 wg, 4L6d3 2,01941 -y, 55562
20 0,0%009 =2:21302 *0,22153 1,63P01 =1,3R9113
L2l 0.0%737 =1.82180 »0,01405 7 =1,25993 .1,72899
22 0.0%911 =1,42540 0,17593 *0,88543 ={,n7U59
23 o,0%088 =1,02773 0,3uay7 «0,Slus0 -0,92539
F4 0.,0%98> o0 02674 n.50349 -0,18590 wd 18172
s 0,09908 w2412 6,66301 0,22117 g, 68418
26 0,0%76% 0,17977 0.76710 0,%85698 =0,%1267
27 0.09569 ¢.58052 n,87594 0,95192 »0,187140
28 nN,09308 0.,98974 0,96972 t,31640 “0,26739
29 0.08047 1,35%087 1, 02887 1,60098 =0,15318
k1] 005810 1:.79937 1,11330 2.00616 =0,00423
34 0.08178 2203319 1,16827 2,01144 0,0%952
32 0,0746% 2160705 1,20173 2,177187 0,§5767
33 0.07166 3.00956 1,2251S 3,14508 0,2u999
34 0,00593 3441023 1,234693 3.51408 0,131656
3s 0,05931 1.80942 1.,23601 3.68459 Ol ut?28
36 0,4%2934 0,207133 {,7230% 4,75618 LITTS
37 Ge04057 U4y003073 1,19409 #,63077 4,95853
38 0,03954 4,99593 1.16219 5.00716 0,61869
39 0.0323% %, 32695 1,11628 5,354 0.47188
an 0,02u% 5477649 1,05%858 L3S LYY 0,116u%
a3 0. 01RTS 6e0982) 1,00375 &,08548 G, 748678
ua 001751 6¢332R7 0,96003 6,32224 0,1455%
¢y 0.01254 beIBTYST 9,92%46 6,331726 0,99134
L1 0,01251 bed12806 0,55807 b.,u12ab 0,45807
CHORD STaGnER LAMEFR
§347970 21,2q4 48,906 £
AREA  13,114504 SURFACE ARC LENGTH  2BL70%37 G\&?‘\- \?VQ\B;"\"
AL PHA URSTLON é% ?QQ?‘
SECTINM €6, w0,17508 o0, 4TA32 €$€
STREEmY M SCE SECTION €6, =0,y 7395 e uB{ R
4|, A0k axXIS 0, C,
SYACKTYUG XT3 (RADTALY 0, ¢,
CNORD SYSTEY nAIGIN 2 3%,37789 R O,

87
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APPENDIX C

BLADE AND VANE AIRFOIL
MANUFACTURING SECTION
COORDINATES

4, TFront Block Fan Stator 2
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R A&

FRONT BLOCK FAN STATOR 2

Blade
Tip SL 1 Axis
pt ¥ R -82.1182 ca.
No. Vanes
Aspect Ratio
Solidity (P/L)
¢ b= 4kc R = 76.20 cm.
s raptpat ——r——_
1E | 1 1
__'____..——'——* P ————.}
$
B +B R =71.12 ¢cm,
[ -
_,—-"—-—‘—‘-.—_
/-
A L_—-7—-—-" th R =63.50 cm.
/_. ' R |
Hub SL 12° '

tl

94
1.93
2.05
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STAGE 2, STATNR NB 44
SECTION KO 1 SECTION AA RHO 63.5000
- VEANL INE DATA *
Ral ALPHA . ZETA# _ THICKNESS upsILON _
H -l 38194 92,5607 0,02908 1R, 50144
2 wd, U678 02,384 0,08278 18,57335
X i 29456 42,048 0,12539 18,62176
g w§,03160 40,312 0,22648 ta,R5047
_S ., .. =3,bRidG 37,898 0,31365 19,13505 . L
& =3, 24514 34,788 0,38945 19, USR40
7 =2,71734 31,083 0,45158 19 R0o0a0
8 «2,19134. 27,024 0,49249 ?0.09622 |
9 «l 6500 24,434 0,517A/0 20,35323
10 i, 13964 21,419 0,52767 20.57497
1t -0,43838 L 17,457 0,51548 20,828t5 | _ _ .
12 0,43847 12,500 0,46577 71,058698
13 1,31573 7.628 0,38896 21,.21257
14 1,84234 a,758 0,33518 21,271019
15 2.36R97 1.909 0.27R06t 21,30040
16 289583 =03,933 6.22153 21,3037
17 | 3,.42310 =3,768 0,16760 2128881 ____
18 3.95024 -b,584 0.12138 21.,23306
19 4,1259% «7,517 0,1t002 21,211A1
20 4,38938 =8,908 0,098A74 2t . 17dRZ
T TTC T QURFACE COURDINATES WITH ORIGIN AT SECTION AXIS
UPPER LOWER .
=TT orse ALPHA UPSILON ALPHA uPSILON
. 0.00317 -i,38194 18540104 wd,38194 1a,5a1484
0,00317 -4,38597 18,5474% wi 37506 tR,53673
0.00317 ~4,3R529 18,55506 =i, 36855 18,53159
0,00317 wi,38885 18,56406 =-4,35947 18,5321¢
0,00317 -8,38756 18,57439 ~i,3URG3 1A4,53240
0,00317 -1,38432 18,58597 -2,33706 . 18,53459
.. 0,00317 -d,37967 1R,59872 -4,323%2 18,53875
T 0,00317 ~t,37143 18,61265 ~4,30948 18,54486
0,00317 wld 36273 18,62793 =-t,29358 18,55272
0,01371 =i 31658 18,56778 -4, 251858 16,5751%
0.01R41Y i 26228 18,7634} -4,1507% 18,83698
_ _0.02479 =t,10017 18,93776 =3.95801 18,76104
0.02987 -3,90197 19,.10222 -3,769%6 1R,890101
o.03228 «3,77679 19,25973 =3,583568 19,n1225
0403799 -3,b0879 . 19,40927 «3,000R8 _ 19,13031
_0.04255 ~3,35303 19.6192% -3,13031 19,29985
0,08427 =3,09401 19,61423 =2.,86305 19,45892
0,04933% =2.83220 19,99491 _ <2.59858 t9,60R24
0,05180 =2,56835 20,16168 -2,33618 i9,¥a794
0,05379 ~2430313 20,31562 ~2,07490 1q,A7915
_ 0.,05537 -2.03723 20,045R32 =-1,A1472 20,00264
0,05655 =1, 76985 20,59022 =-1.555&2 2n,11%83
0,0573% «-1,50150 20,7113t -1,297R9 20,22761
_ 0.0%762 -1,23254 2n,B2194 =1,04057 en, 33ceu2
0.,05747 -0,95290 20,92262 “n,74392 a2n, 12764
0.,05627 0591206 21.06909 ~0,35764 20,57742
0,05400 “Ns06015 21.189%2 0,06758 20,71182
0,0508% 0.39201 21,28507 0,49255 20,A3057
0.,0969¢ 0. AN3LY 21,35%65%0 n, 1821 20,93343
B.08503 1.29355 T 21,40563 1,34528 21.02049
0.03055 1.56289 21,42515 1,60222 21,06510
0.03556 1,6831R80 21,4373) 1.85958 21,10363
0.03350 2.10010 21,44206 P.11757 21,13578
0,03039 236766 21,,43957 2,317h29 21,16143 7
0.02725 7463039 .23,43012 2.635R4 21,1A052
0.,02a18 2.90027 Xi,d1a28 2.89624 21,19305
B.02116 3.16548 21,39255 3.1573%0 21,1989
0,01A29 3.43018 21,36u85 3.01PA8 21,19777
n.015%9 31,6%9423 21,33131 3.6R111 21,18913
0.01325 31.95770 21,29327 3,94393 211721
0.012%9 0, 00545 21,P7749 H,03140 2116586
B.nlz01 G,1331% 21.,26433 4,11928 21,159721
Ge01154 4.22102 21,75765 4,20h48 21,14791
N.0ln?79 2, 3URQ0 21,2800 4,15111 21,1325
fetln7a u, 37AUY P1.21a%1 4,791 P TLLY
0.1079 4.38938 24, 17052 4,598 21,1 1aBp
CHIRD STAGGER CAVARFSR
9,15R1 16,711 51,519 ~
SREA  3,u63111 SURFACE ARC LENGTH 19,0801%
AL PHA CPaTLnN
SFCTINN €6, ~0:h1198 20,5151%
SIREAUSIREACE SKOTION €£.6, ~0,89767  P0,5°20%%
Fgpapt Axis ' 20, 90k
STALAT M, ALl (WARTALY 0. MEEAR T EIT S

COORD SYSTEM NRIGIA

1 bD,50%12

Roo,

MU 0, ¥fTA «15,0784



éTAGE 2,

STATOR NE 9
SECTIUN NO F SECTION ©R FHO 71,1200
MEANL INE DATA . "
R i | ALPHA _ ZETAx THICKNESS UPSILON_ e
1 =, T18067 a6,488 0,03437 16.55368
H ~4 6R1L3 q0,279 0,10024 18,58558 — e
"""""" 3777 et 62470 39,966 0.15340 18.63300
P wld 34279 18,358 0,27991 18,86299
e .S =3, 96045 Ib,133 0,389h58 1o, 1u929 _
& «3,40%55 33.275 0,4Rs68 19,4761t
T «2,93005 29,867 0,56878 19, 8723R2
... 8 =2 3630 26,640 0,02371 °0,12811 e e
9 =1,7a2714 23,632 0.,65870 20 30a2u
10 -1,23010 20,756 0,67093 20.62541
. _ 1t -0,47514 16,980 0,66242 2088412 _ e
12 0,47 306 12,273 0.00031t ?i.13to09
13 11,42181 7,084 0,5¢144 21,29737
S . 1,99119 . 4,908 9,49307t 21,380%7 | __
s 2.56071 2.186 0,.3557% 21.39511
16 3.13970 0,539 0,27973 21,40335
M7 3,70097 . 3,265 0,20735 231,3840% .. —
18 4,27113 5,979 0,14538 21,33765
19 4,40137 -5,877 0,12998 21.31614
——_20___ 4,Tun0T7 -8,219 0.11491 -21,27870 o
SURFACE COORDINATES WITH ORIGIN AT SECTION AXIS
e e e s UPPER . _ .. LOWER N
PT T/C ALPHA UPSILON ALPHA UesILON
...} __0.00349 -4,71867 18,55366 =u, 71867 . 18,585366 .
2 0400349 =4,72357 18,56148 -4,71171 1R,54758
3 0,00349 -u,72641 18,57100 -4,70274 1R 54328
... 0.00349 ~i,72710 18,56821% -4 9183 1R,54083
s 0.00349 -1,72559% 18,59480 -4,67906 18,54034
b 0,00349 =4,72165 18,.60884 =l , h6IA52 18,54193
T _ 0,00349 i, 71533 18,62u18 -4,p4R28 _ 1R,54565
8 0,00349 =i,70&61 18,60054 =U,63031 1R,55147
9 0.00349 i, 69565 18,65903 =4 61048 18.55924
10 o.0lsb? el 67342 18,62267 -4,57461 18,5747
11 0.02109 =1,59536 18,79248 =4,86337 18,83210
2 __06.,02a51 ~0,42721 18,97524 4,25292 _ _ 18,15507 .
13 0,0344R ~d,25348 19,18716 -0 ,08A04 18,R7678
12 0,03969 ~8.07667 19,351082 =3, 848624 18,99505
15__ __0,04509 =3.89670 _ 19,4b617  «3,687%7 _ _19,110u486 __
16 0,04954 =3.62204 19,6R492 =-3,35438 19,27h96
17 0,05408 =3.343a7 19,8885 -3,06502 19,a3401
18 0,05785 -1,06197 20,07647 -2,77862 19,5R7216
19 0.060%4 =2.17803 20,25129 -2,490648 19,712221
20 0.,00341 =2.49225% 20,41307 -2,71252 19,8545
-3 0.06540 =2,20497 20,56711 «{.,931R% 19,979567 -
22 0,06693 “1+sH832 20.70190 -1,65263 20,09765
23 8,00R00 =1 462653 20.,82964 =-1,37451 20,20908
.28 __ 0,06RSH =§+33573 260,94615 1,09740 20,31477
2% 0.06R4A =1 ,043R9 21,05213 “0,62134 20,41536
26 0,06720 -0,55558 21,20495 =-0,36313 2n,57169
_ 21 0.,00460 0, 365%3 21,32954 0,00379 20,71360
28 0,0b0AR 0.42386 21,42707 0,55015 20,84096
29 0,05419 0.91298 21,49R87 1,007A5 20,95360
30 0.05977 140055 21,54677 1,46679 21,05115 .
L3 0,04725 1.0%224 21,5644 1.74301 21,10221
32 0.04359 1498327 21.57517 2,01989 2114738
} 33 0,03983 2,2735¢ 21,57790  _ 2,2971%2 21,18632
34 0403600 2.56296 21,57320 2.57601 21,718A7
35 0.03214 ?.85148 21,56131 2.R5544 21,24478
. 36 0.02R31 3.13892 21,54?70 3.135A7 21,2R388
37 0.0245R 3,.0825%0 21,51783 Y.atr20 21,27%RA
38 0,02100 3.71127 21,48702 1,699% 21,2°054
19 0.01765 3.9%612 21,45065 31,9R219 21,27737
40 0,01074 a,PRORN 21,4096 4,26558 21,25525
at 0.011371 4,375958 - 21,39%11 4,36015 21,25P99
N &2 T 0,01%19 4,47625 21,5°049 4,a5478 21.,25151 .
43 D.01260 44,5697 21,3659 I,549%% 21.,2u277
gu 0.01t07 B,6%7H7 21,3049 a,.6R157 21,2700
3 0.01167 4.73326 21,32u77 4, 12186 21,23R7%
b nQlga7? n,tepual 21.,71874 G, 7U4kNT 21,2181
cHORp STAGCER . CAMGFR
9.8496 16,062 48,707 A
J““?x‘,y
ARLA  4.71184% 20,87458 :

SECTInN €,6,
SR 2Bl HFACE
HLADE AXIS

SECYION CL6,

GTACMTNG A¥1E (RADTAL)Y

CNORD SYSTEM QRIGTH

! 66.55912

SURFALEL AFC LENLIW

Al PHA

BpsiLOn

-0,6300% U, LAYy
“B, 60208 PO, NPAPS

0.
G

R,

2101042
20, 69869

ooy,

FTA wi6,9/04

91
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STAGE 2. sTarom : NE 94

SECTION NO 3 SECTION CC RHO 78,2000
MEANLINE DATA
P ALPHA ZETAs THTICHNESS . uPsSILON R .
1 wif, 89429 02,274 0,03844 1919444
2 «0,85723 42,070 0,1§505 19,22952
3 «ll, 79878 41,762 g, 17618 19,2R205 *
a -d,50622 40,183 9,32316 19,.53577
. =il 11589 37.%90% 0,455 19,8834 . e -
& 3,62735 315,004 0,56828 20,21441
7 «3,04062 31,549 0,66352 20.560000
; B «2,45306 28,201 0,73007 20,9708
™ -1.86504 25,065 0,77335 21.21290
10 l,27648 22,066 0,79293 21.4R955
. «0,49116 18,093 0,77959 21,7764
12 ¢, 49150 13,083 0,70633 22,05113
13 1, 47482 8,104 0,58760 22,21479
12 2.06518 5,147 0,50314 22,303R0 .
15 2.65574 2,195 041373 22,30157 )
16 3,2u6l6 «0,774 0,32315 22.30920
L 17 3,83894 «3,753 0,23761 22.32550 e
" 18 u,42717 5,722 0.16434 22.27129 B
1% 4,624R81 7,708 0,14563%0 22.24620
. 20 4,92015 «9,168 0,12858 22,20217

SURFACE CODRDINATES WITH ORIGIN AT SECTION AXIS

s . UPPER . _ LOWER
PT T/¢C ALPHA UPSILON ALPHA tPSILON
.. Y 00,0037 =i,B9629 19,.19444q =4,89675 19,19444
2 0.00374 =0,90225 19,20327 - 887091 19,18750
3 0.00374 =4,90599 19,21409 ~4 ,R7738 19,18261
.. & 0,00374 =l ,%90741 19,2268¢0 -4,86475 19,17%88
S 0,00374 i, 905638 19,28130 =0,85012 19,17941%
& 0,00374 -4,90279 19,25744 -4 ,83351 19,18134
—— 7 0,00374 -l 89457 19,27516 -4,81529 19,18575
8 0,0037¢ =0 ,88774 19,294u8 ., 79513 19,19259
9 G.,00%74 =U,87h06 19,31553 -4,77293 19,20165
U £ ¢,0172¢ =0,85704 19,35847 -4,73913 19,21648
11 0,02325 -4,77852 19,45949 “d,62133 19,27976
_ 12 003157  =u.60802  19,66193 =d4,3991p 19,41405 .
13 0.03826 =4,43124 19,8530t =u, 18328 19,5483%0
14 0,0dn1t =f,25026 20,03571 =3,97161 19,67076
15 ___ p.04Q09 g, 06535 20,20905 -31,763R6 _ __19,A05]R -
16 0.05529 -3,78276 20,45251 =3,45747 19,98724
17 0.06045% =3.49567 2¢,67882 =3,15558 20,15962
Ll .18 __ 0.06a7S =3.20486 2n,88928 «2,8574¢ 20,32249
19 0.06R30 -2.,91099 21,08468 =2.56229% 20,47632
20 0.07121 =2.b14873 21,26594d =2,p6957 2n, 62148
] | 0,07357 v2.31658 21.,43399 =1,37873 20,75837 R
ez 0,07539 =2,01679 21,.54%915 =1 ,6895% 20,RRTTS
23 0.07662 w1,71544 21,73186 =1,40190 21,0103A
L B8 0,07725 ={.41262 - 21,86723 “{,116874 21.17682
25 0.,07724 =1.108%0 21,%8039 =0,83088 21,23756
26 0.07588 -S4 27.,15088 =, 15830 21,41010
21 0.07298 «0,08848 22,289a8 0,14238 _  21,56790
28 0,06R69 9,42334 22,39728 n,5R8220 e1,71022
2% 0,06332 0.93434 22,4734 1,05244 21,83630
_. .30 0.05711 1.44318 22,52638 1.,525h¢ 21,905%92
31 90,0538 1.74743 22,5486 1.81037 2?7.00357
iz 0, 048459 2,05101 22.55451 2,09578 22,.05U5A8
___ 33 0,0445R 2.35348 22,5540 2,18229 27 ,09R58
34 0.04020 2+054%6 22.,54803 2.67019 22.13562
35 0.0357R 2.9545% 22.53294 2,75919 22.16566
I 1 0.03140 3,25362 s22.51032 - 3,24910 22,18794
37 0,02714 3.85152 22,4803%6 3,54018 22,20173%
33 0.02310 3.8u814 22,443558 3.8%251 22,0696
- 39 0,01029 4,143R9 22,40066 4,19578 22,7203u1
49 0,01593 4,4389% 22,35262 4,519n7 22,18959
LE] 0,0150% 4,93726 22.33%69 4,51772 2P 1R237
A 4z 0,01424 a,63553 22,1185 4,61578 2717363
a3 0,0135AR 4,733R2 27,36126 4,733R1 22,1628
4y n,012%2 dAbahf 22,2173 4,B0655 L 22,14717
a5 0,015%2 .07 P2,.75uU00 4, R5Aa5 22.,157R1
ub 0,0172%2 1,92915 22.202117 4,92015 #2,20217
CHORP STAGREH CAMBFR
10,2668 17,035 51,461
AREA  §,76505D SURFACE ARC LENGTH  21,.4471%
ALPHA urgILON
SLCTint C.6, ) 57695 2103984
STPEAMSHBEACL SECTIOM €,.6, «n, 70927 Pl.e2atn
BLALY AYIZ 0. 21,92050"
STALRT G A28 (RALI21) 0, 31, 0hIAN

COUMHD SYSTEM NRIGIN 7 063,5%%512 ® 9, Py o, FTA »16,0764


http:0.012.11

STAGE 2, sTAatoR  ° MR 94

SECTION KD 4 SECTION DD RuO A2,11A2
MEAMLINE NATA
Pt ALPHA ZETAe THICKNESS UPSILON- - -
i «5,02222 ‘50,917 0,08403 19 95739
- 2 ~4,9/191 50,702 0,14074 20,00670
3 ol 92300 50,360 0,21208 20,07822
q =t 02361 48 039 0,3901% 20,43013
5 «l, 22366 46,130 0,54335, 20.86888 o
& «3,77333 42,561 0,67657 21,15649
7 «3,12297 3R,130 0,79170 21.86976
8 -2,51R94 313,903 0,86993 22,30879 . _
q «l,0{632 30,111 0,92124 22,68631
10 wl,31159 76,580 0.93310 23.,00949
il «0,50460 21,804 0,91392 23.3483%2 o
12 4,50529 - 15,553 0.818677 23,70953
13 1,515% 8,228 0,67026 23,02735
e 14 “2.12330 5,4l 0,56020 2400312 e
1% 2.,73073 1,247 0,486437 24,0402
16 3,.33817 -2,020 0.36125 24,04315
.. 17 %,94355 5,851 0,264A4 23,9977 . ..
1R 4,55210 =9,034 0,18321 23.91749
19 4,75262 -10,8R¢ 0,16361 23,87982
20 5,.05590 -12,722 0,.14419 23,81200 .
SURFACE COURDINATES wITH ORIGEIN AT SECTION AXIS
N N UPPER LOWER _ . B
T PT T/C ALPHA UPSILON ALPHA UPSILON
1 0.,00408 ~5.02222 . 19,95739 ~5,02222 _ 19,957%9
2 0.6000R =5,03122 19, 96695 -5.01106 19,9505¢
3 0. 00udR 5, 03798 19,97914 -4,99779 19,98632
] p,n0a0R -5,048235 19,99382 =g, 98252 19,944956
- 0.00898 -5, 04418 20,01085 -4,96506 19,96657
& 0,00308 -5,04323 20,03006 -4,94679 19,95131
7 0,00898 -5,03937 2n,05133% -d,92668 __ 19,95928
3 0,09a}8 -5,03262 20,074b9 -, 90496 19,97004
g Q,00a08 «5,62329 20,10038 -, 88144 19,98455
10 0,0te77 -5, 00360 2n, 14R16 =0,83928 | 26,011206
11 0402654 wi,93008 20,29298 4 71174 20,10a34
__ 12 0403835 =~4,76072 20,56440 ~4,a7147  _ __20,30618
13 0,04a08 =4,59332 20,82150 -y, 24175 20,50t10
14 0,0%905R i, d}268 21.06603 . owld_ 019206 20,68772
__ 15 0,05697 =4,22603 21,29633 «3,80239_ _ 20,R6477
16 0.0029 =3.90122 21,61737 =3 48291 21,11624
17 0,04R75 =3 650440 21,91635 =3,16900 21,35202
.18 0,073%60 =3,35264 2g,19431 "2.,B6212 | 21,56977
19 0.07753 «3,04981 27,0872 -2.56026 21,77040
20 0.08p79 =2, 74540 22.68172 -2,259998 21,95769
21 0.08354 =2,43893 27,89777 ~1,96176 __ 22.13306
22 0,085u8 =2.12821 23,09639 ~1,b6T80 22,29739
23 0,08633 ~1.81806 23,27548 .1,37706 22,45276
.24 0.0%647 -1l 49B96 23,4372% =1,08768 _  22,59971
25 0408624 ~1.18339 23,5R49¢4 -0, 79REH 22,73175
26 6,0%461 =0.65491 23,79978 -0,31922 22,.95081
27 0.08088 =0,12229 23,97340 0,15597 _ _23,.1462)
28 0,07851 0.01300 24, 10668 0,62R49 23,32049
29 0.00911 0.9a690 24,20102 1,10276 23,47172
30 0.,0019% 147689 24,25943 1.58027 _ 23,%9924
31 0,0573¢ 1.79294 24,2773 1,R6BA6 23 ,66474
32 0,05259 2.107A7 24,28663 2.15862 23,72141
33 0,04777 242038 24,23361 2.4%080 | 23,76%10
34 06,0422 2.72976 24,2789 2.74%611 23,A0%04
15 0.03R12 1.03889 2u,25286 3,00166 23,84155
_ e 0,0314% 3,30913 2a,22311 03,3359 23.AK28S
7. D.02RBu 3.b5728 24,158009 3,63285 23,8674
38 D.021.19 3, 94092 2a,12R19 3,93370 23,A85358
39 B,u2045 U, 2b3hT 24,07165 4,23563% _  23,A5278
o 0.0l6%R - 4,567319 24,00782 4,53640 23,R2720
ai N 01600 U,66LR72 231.9543%40 4. 6VhRY 23.A14h1
uz 0,01514 a, 77003 23,95912 4,73709 _ 23,799%4
a3 0.010n H,A7116 2%.,73429 . 53752 23.7A1PQ
na 06,013%%q 5.0020% 2%,9004% 4,95908 23,75&19
a% N,01%34 5.046451, 23,87113 5.02071 23,76459
uéh Beulxin LPELR L] AL R1200 G, 09500 231,81700
) chitn STaLGEH CAMAFR
19,7701 20,930 h3,868
AREA  7,21R416 SHRFACE ARC LEMGTH ?3.07218R5S
ALPHA UPSILONM
Srerint €6, =0, 83811 37 .RY%900
STREAMSUNFACE SECTINN C.G, =0,91376 P22 R0ARN
BLepd axlg 0, 23 95hAT
FTACKT G Ax]S (NALIAL) 0, 23,06RNT

CHGPG HYITFM GAIRIN 7 60,55517 R0, MU g, FTA «14,07R%
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APPENDIX C

BLADE AND VANE ATIRFOIL
MANUFACTURING SECTION
COORDINATES

5, Front Bleck Fan IGV Strut



Radius ~cm

90

80

70

60

50

30

20

40

AST FRONT BLOCK FAN

IGV
Casing

t }

g S -~ B=83.82 cm
STRUT FLAD
’ } R=63.5 cm
% J R=48.26 cm
f ,/f/? R=30.48 cm
et VR
: pﬁdﬁ .
WA ALY
o
| | | B |
=50 -~ 40 =30 ~20 -10 0

Axial Distance ~cnm

95



96

AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM)

PT. T/¢€ LOWER Z UPPER 2 UPPER R=THETA
i 0.022233 -15,283177 =0,000000 -15,283177 =0.000000
2 0,022233 =15.227117 -0,154043 -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
S 0.046637 «14,519018 =-0,356384 -14,519018 0.356384
) 0,059716 -13,75485% =0,456322 =-13,754859 0.456322
7 0.069609 «12,990700 =0,%31921 =-12,990700 0.531921
8 0.077512 »12,226541 -0,592313 -12,226541 0.5%2313
9 0.083891 ~11,462383 »(,601063 »11,462383 0,641063

10 0,089604 «10,698224 -0.,684719 -10,698224 0,684719

11 0,094332 »9,934065 =t,720845 -9,934065 0,720845

12 0,098393 -3,169906 -0,751878 =9,169906 0,751878

13 0,101687 m8,405747 =0.,777053 -8,405747 0,777053

14 0,104334 - w7 641588 =0,797281 -7.641588 0,797281

15 0.,106424 »6,877430 =0.813252 -6,877430 0.813252

16 0,108067 “6,113271 «1,825603 =6,113271 0,825803

17 0.t10%062 =5,349t12 -0.833407 ~5.349112 0.833407

18 0,109500 «4,584953 -0,B836754 =-4,584953 0.836754

19 0,109500 =3,820794 =0.836754 =3,820794 0,8367594

20 0.,109500 =3.05663% «0,836754 =3.056635 6,836754

21 0.109500 »2.292477 =-0,.8367%4 -2,292477 0,836754

22 0,109500 -1,986813 =0,836754 «],98681%3 0.836754

23 0,109500 -1.833981 -0.,836754 -1,8331981 *0.,836754

24 0,109500 -1,681149 =-0.836754 =1.681149 0,836754

25 0.1095090 -1,528318 =0.836754 -1,.528318 0,834754

26 0.109500 =-1,375486 =0.836754 =1,375486 0.836754

27 0,109500 -1,222654 -0,83675%54 =1,222654 0,836754

28 0.,109500 =0,916991 -0.836754 =0,916991 0,836754

29 0.109500 =0,836703 . =0,836754 »0,836754 - 0,836754

30 0,109500 =-0,278901 -0,623664 =0,278918 0,623680

3 0.,109500 0. =0.0000600 0. =(,000000

LE RADIUS 0.239591 CENTER AT Z =15,043585 ReTHETA «0,000000

TE RADIUS 0,836754 CENTER AT £ ={,836754 ReTHETA =0,000000

CHORD SOLIDITY STAGGER CAMBER
15,.283177 1.276848 0.
AREA CebGa 2 C.,G. R=THETA S.P. 2 3,P, R=THETA

21.574004 =6.866399 0. 15.283177 0,000000

SURFACE ARC LENGTH 31,778

SECTION AA

RADIUS 30.480000

*SAGH

R/R 30,480000

SURFACE COORDINATES WITH ORIGIN AT, -S,P,

LOWER R=THETA

STATOR

0



A3T FRONT BLOCK FAN IGV STRUT SECTIONS (CM)

PT T/C LOWER Z  LOWER ReTHETA  UPPER 7
1 0,023991] =14,255213 m0,000000° ~14,255213 . .«0,000000
2 0,023991] =14,199055 «0,158854 =14,199055 0,158854
3 0.02399] =14,086741 ~0,238290 =14,086741 0,.238290
4 0,001588 =»13,898832 -0,296426 =13,898833 0,296426
5 0,052117 =13 542452 «0,371468 =13,542452 0.371468
b 0,06T176 =12,829691 =0,07880% «12,829691 0,478803
7 0.078576 =12.116931 ~0,560057 =12,116931 0,560057
8 0,087637  =11,404170" ~0,624643 =11,404£70 0,620643
9 L0.095004  =10,691409 =0.,677153 =10,691409 0.677153
10 0.101576 ~9,978649 ~0,723992 ~9,978649 ¢.723992
11 0.107027 =9 265888 =-0,762844 =9,2658848 0.762844
t2 0,111682 -8,553128 -0,7%6025 =8,553128 0,794025
13 0,115466 =7.800387 »0,.822994 7. 880387 0,822994
14 0.118551 =7.127606 -0,840985 =7.,127606 0,844985
15 0,120965 b6 414846 «0,862193 -6, 414846 0.862193
16 0.122833 =5,.702085 =-0,875564 «5,702085 0,875504
17 0,124002 -4, 989324 -0.883837 -4,989324 0,883837
18 0,124500 -4, 276564 =-0,887387 «d,276S64 0,887387
19 0,.124500 «3,563803% =-0,887387 «3,563803 0.887387
20 0,124500 =2,851043 -0,887387 ~2,851043 0.887387
21 0,124500 =2.138282 =-0.887387 =2,138282 0,887387
22 ¢.124500 -1,853178 -~0.8873A7 -1.853178 0,887387
23 0.,124500 l.710626 =0,887387 =1,710626 6.887387
2y 0.,124500 - =1,568073 =0,887387 -1,568073 0,887387
25 0,1245090 -1,425521 ~-0,887387 =-1,425521 0.,887387
26 0.124500 -1,282969 -0,887387 -1,282949 0,887387
27 0.124500 =-1.140417 -0,B87387 “1,140417 0,887387
28 0.124500 -1,013875 ~0.,887387 »i,013902 ¢,887387
29 0,124%00 -0,BB7333 ~0,887387 «(,887387 0.,887387
30 0.,124500 -0.295778 -0,661403 =0,295796 0,661419
31 0.124500 . . “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,
AREA C.G, 2 C.G, R=THETA L 8.PL T S.P, R=THETA
SURFACE ARC LENGTH 29,804

SECTION BB

RADIUS

48,260000

fSAG*

R/R 48,260000

SURFACE COORDINATES WITH ORIGIN AT .5.P.

UPRER R~THETA

STATOR ¢

97
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AST FRONT BLOCK FAN IGV STRUT SECTIONS (CM)

PT, T/C LOWER 2 LOWER R=THETA UPPER 2 UPPER R=THETA
1 0,025239 =13,374101 =0,000000 =13,374101 »0,000000
2 0,025239 -13,318969 =0,160016 =13,318969 0.1600156
3 0,02523%9 ~13,208705 »0,242030 -13,208705 0.242030
4 0,044861 -13,039748 ~0.299990 -13,039748 0.299990
5 0.056615 =12,70539¢6 «0,3785990 -12,705396 0,378590
b 0,073402 =12,036690 «0. 490841 =12.036690 0,49084%
7 - 0,086117 ~11,367985 =0,575868 -11,367985 0,575868
8 0,096182 =10,699280 ~0,603171 =10,699280 0.643171
.9 0.,104414 =10,.030575 =0,6%8219 «10,03057% 0,698219
10 0,111732 =-3,361870 =0,747160 =-9,361870 0.,747160
11 0.117815 -8,693165 =0,787837 =8,693165 0.,787837
12 0.122985 w8, 024U60 =0,822407 =8,028060 0.822407
13 0.127194 =7 4355755 «0,850549 =7,3557%% 0.850549
14 0,130668 =6,687050 ~0,873782 «b,687050 0.873782
15 0.,133366 -5,018345 .=0,891826 =5,018345 0.891826
16 0,135426 =5.349640 w0,905598 »5,349640 0.905598
17 0,136751 -, 680935 =0,914459 =4,680935 0,91445%9
18 0,137300 -4,012230 =0,918132 -4,012230 0.918132
19 0.137300 =3.343525 ~0,918132 «3,343525 0.9t18132
20 0,137300 -2,674820 =0,91R132 = =2,6T74820 0,918132
21 0.137300 =2,006115 =-0,918132 =2,006115 0,918132
22 0,137300 =-1,738633 «0.918132 ~1,7%8633 0.918132
23 0.137300 =-1,604B92 -0,918132 =1,604892 0,918132
24 0.,137300 -1,471151 «0,918132 =1,471151 0.918132
a5 0.137300 =1.337410 -0,918132 -1,337410 0,918132
26 0.137300 «]1,203669 ~0.,918132 ~1,203669 0,918132
27 0,137300 «].069928 =0.91813%2 =-1,069928 0.918132
28 0.137300 - =0,994002 =0,918132 «0,994030 0,918132
29 0.137300 -0,918076 -0.,918132 -0.918132 9.918132
30 0.137300 «0,306025 -0,684318 «0,306044 0,684338
31 0.137300 0. T =0,000000 0. =0,000000
LE RADIUS 0.259784 CENTER AT Z =13,114316 ReTHETA =0,000000
TE RADIUS 0,918132 CENTER AT Z ~0,918132 R=THETA =0,000000
CHORD- SOLIDITY STAGGER CAMBER
13,37410¢ 0,536329 0.
AREA C.G, Z C.G, R=THETA T 8,P, Z 8,P, R=THETA
20,.555887 «6.,007511 0. 13,374101 0.,000000
SURFACE ARC LENGTH 28,093

SECTION CC

RADIUS 63,500000

T *S5AGX

R/R &%3,.500000.

SURFACE COORDINATES WITH ORIGIN AT S,P.

STATOR

0



AST FRONT BLOCK FAN IGV STRUT SECTIONS (cM)

PT. T/¢C LOWER 2  LOWER R=THETA URPER Z UPPER R«THETA
1 0.,0265%7 =12,199284 =0,000000 «12,199284 =0,000000
2 0,026557 =12,146875 -0,15765%8 “12,14687% 0,157658
3 0.026557 =12,002055 -0,241013 =12,042055 0,241013
# 0,04894% =11,894302 =0,298546 =11,89439p2 0.298546
5 0,062378 ~11,589320 -0,380481 «11,589320 0,380481
b 0,081623 =10,979356 =0,497262 «10,979356 0.497262
7 0.,096037 »10,369392 =0,58579¢ »10,369392 0.585790
8 0.1078462 -9, 759428 ~0.655482 =9,759428 0,.655482
9 0.116881 »9,149463 =0,71293¢ =G, 149463 0,712931

10 0.,125218 «8,539499 w0 ,763787 =8 ,519499 0.763787

11 0.132168 =7 ,929535 =0,806168 »7,.929535 0.806164

12 0.138034 «7.319571 ~0,841956 =7.,319571 0,.8419%6

13 0.142820 -6,709606 “0,B871151 =6,70%606 0,871151

14 0.1468%4 b, 099642 =0,895637 .6 ,099642 0,895637
15 0.149922 «5,489678 =0.914473 =S5, 4894678 6,914473
16 0,152238 -4 BT9714 =0,928600 - 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 0,94178%

20 0,154400 2 039857 =0.941785 -2,439857 0.941785

21 0,154400 -1,829893 «0,941785 -1,52989% 0.,94178%

22 0.154400 -] ,.585907 -0,941785 =1 ,.585907 0,94178%

23 0.154400 =-1,463914 -0,943 785 -1.463914 0,94178%

24 0.,154400 =-1,341921 =-0,94178S Tw1,34192] 0.,94178%

25 0,154400 -1 ,219929 =0.941785 =1.219929 0.,941785%

26 0.154400 -], 0979364 =0,941785 =1,097936 0,54178%

27 0,154400 =-0,97594% «0.941785 «(,97594% 0,941785

28 0,154500 -0.,958835 -0,941785 =0,958864 0.,941785

29 0.154400 -0.941727 =0,9417RS =0,941785 0,94178%

30 0.154400 =0,313909 =03,701948 =-0,313928 0,701965

31 0.154400 0. =0,000000 0. =-0,000000

LE RADIUS 0,263337 CENTER AT Z =11,935948 ReTHETA «0,000000

TE RADIUS 0,941785 CENTER AT 7 =0,941785% R=THETA =0,000000

CHORD SOLIDITY STAGGER CAMBER
12,199285 0.370619 0, G.
AREA CoG. Z C.G. R=THETA S.P, Z S.P. R=THETA

19,141828 =5.473087 0. 12.199284 6.000000

SURFACE ARC LENGTH 25.787

SECTION DD

RADIUS 83,820000

*3AG* STATOR

R/R 83,820000

SURFACE COQRDINATES WITH ORIGIN AT “.S.P,

0

99



APPENDIX C

BLADE -AND VANE AIRFOIL
MANUFACTURING SECTION
GOORDINATES

6. Front Block Fan IGV Flap
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AST FRONT BLOCK FAN IGV FLAP

*SAGY

N8 16  SECTION AA RADIUS  30.4807) R/R 30.480000
SURFACE COORDINATES WITH ORIGIN AT S.P.
PT. T/cC LOWER Z  LOWER R-THETA UPPZR Z  UPPER R-THETA
1 0. -0.660400 -0.057777 -7.650400 -0.057777
2 0.041091 -0.471559  =0,314699 -0.519041 0.228033
3 . 0.056715 -0.297431 ~0.403635 -0.352969 0.345658
4 0.077130 0.044564 -0.509370 ~2.064564 0.509370
s 0.091140 0.382858 -0.573000 °  0.277542 0.630777
5 0.101608 0.719107 -0.613242 0.611693 0.728797
-7 0.116008 1.387827 -0.650563 1.253773 0.881673
g 0.124523 2.0531446 ~0.649019 1.919254 04995684
2.  0.128950 2.716104 -0.620476 2.557096 1.082696
13 0.130209 3.377226 -0,570953 - °  3.226774 1.148728
1 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 84537641 1.294714
15 0.061132 9.941320 0.462948 9.87 0680 1.270376
15 0.036977 11.248164 0.738023 11.215436 1.226412
17 0.0265 38 11.770653 0.853181 11.739787 1.203697
18 0.023804 11.900953 0.882793 11.87.3447 1.197196
19 0.021177 12.031516 D.911695 12.007044 1.191405
27 0.018443 12.162016 0.941307 12.140704 1.184904
21 0.015685% 12.292503 0.971069 12274377 1.178253
22 0.010076 12.488314 1.016121 12.47 5036 1.167889
23 0.010075 12.530324 1.042135 12.520926 1.169564
24 0.010976 12.547600 1.097772 12.564:7600 1.097772
LE RADIUS  O.- CENTER AT Z =-0.660400 R-THETA -0.057777
TE RADIUS  0.076929 CENTER AT Z 12,470964 R=THETA  1.091167
CHORD SOLIDITY STAGGER CAMBER
13.258452 1.107690 5,000000
AREA £.6. 2 R-THETA S P, 2 $S.P. R-THETA
15.937597 5.006214 0.437987 .0. 667 400 0.057777
SURFACE ARC LENGTH  27.158
THROAT N, nuy SPACING AT/S
13.213028 9 10 11.969458  0.853257

STATOR

J
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AST FRONT BLOCK FAN IGV FLAP

NB 16 =~ SECTION BB RADIUS  48.26003 . R/R 48.260000
SURFACE COORDINATES WITH ORIGIN AT - S.P.

PT. T/C LOWER Z  LOWER R-THETA UPPER 2 UPPER R-THETA
1 0. ~0.838617 -0.073369 -0.838617 -0.073369
2 D.036357 -0.602288 -0.359924 ~0.655638 0.249870
3 0.050181 -0.382491 -0.457512 ~0.456126 0.3864143
4 0.068244 0.0s50071 -0.572310 -0.05.0071 0.572310
5 0.080640 0.478473 -0.639576 D.350143 0.712945
6 0.089902 0.904577 ~0.680564 1.772656 0.827303
7 D.102543 1.752542 -0.714044 1.631925 1.017522
8 0.110177 2.5964686 -0,703857 2.435014 1.144073
? 0.114394 3.438177 -~0.663334 3.,270757 1.250290

177 . 0.115200 .. 4.277605 -0,599239 4.118562 1.332934

11 0.111636 5.952224 -D.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 0.072515 10,955221 0.345672 10.848812 1.561933

15 0.053493 12.618497 0.651941 12.540003 1.565141

16 0.031910 14,279896 0.979674 14.233071 1.514886

17 0.022604 14.943961 1.116413 14.910792 1.495539
1% n.020185 15.109910 1.151374 15.080291 1.489925

1% 0.M7791 15.275877 1.186126 15.249770 1.484521

29 0.015372 15.441825 1.221088 15.419269 1.478907
21 0.0128462 15.607707 1.256806 15 .,588833 1.472537

22 0.007864 15.874803 1.314366 15.851867 1.462231

23 0.007866 15.916529 1.339463 15.997317 1464762

24 0.037864 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 2 15.859225 R~-THETA 1.387502

CHORD SOLIDITY STAGGER CAMBER
16.836401 D.8883R7 5.000000
AREA €.6. 2 CuGo- R=THETA S.P.- 2 5.P. R-THETA
22.667250 b.336416 0.556364 0.B38617 0.073369
SURFACE ARC LENGTH 34,329
THROAT NL NU SPACING
14.968622 9 10 18.951642 0.895364

h

*SAG*

STATOR

5



AST FRONT BLOCK FAN IGV FLAP

NG
e b
8RR Ut
0 *SAG* “STATOR

NB 16 SECTION €C RADIUS 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. -0.991374 -0.086734 -0.991374 ~0.086734
2 0.03225¢ -0.715555 ~0,384811 -0.771506 0.254710
3 0.044518 -0.457074 ~D.484710 -0,534299 © 0.397976
4 0.060543 0.052512 -0.600210 -0.052512 0.670210
5 0.071540 0.557736 -0.665862 1.433637 0.752596
5 0.079757 1.060550 "~ -0.703955 0.922198 0.877423
7 0.091360. 2.061728 -0.729279 1..923768 1.076215
8 0.097744 3,058899 ~0.708807- 2.889344 1.229211
? 0.101219 4.053286 -0.656522 3.877704 1.350393

1] 0.102202 5.045511 =0.579514 .  4.858227 1.466854

11 . 0.099222 7.025503 ~0.374545 6.853731 1,588820

12 0.090656. 9.000994 ~0.118133 8.843735 1.679344

13 0.078805  10,973463 D.172820 10.836761 1.735326

14 0.064093°  "12.943450 0.422143 12.832270 1.762940

15 0.047003 14.911375 0.835032 14.82 9839 1.765986

15 0.027695% 16.877377 1.199904 16.829333 1.749050
17 0.019387 17.663269 1.351667 17.629639  1.734061
13 0.017241 17.859682 1.390291 17.829775 1.73213¢
17 0.015063 18.056069 1.429223 18.029938 1.727892
23 0.012917 18.252482 1.667847 18.230075 1.723962

21 0.010638 18.448779 1.507792 18.430326 1.718710

22 0.006176 18,781236 1.574087 18.759401 1.712266

23 0.006176 18.820079 1.597736 18.81.1604 1.694609

2% 0.006176 18.836102 1.667945 18.836102 1.667945

LE RADIUS  O. CENTER AT 7 =-0.991374 R-THETA ~0.086734
TE RADIUS  0.D68286 CENTER AT Z 18,768076 R~THETA  1.641993
‘ CHORD SOLIDITY STAGGER CAMBER

19.903214 0.798160 5.000000 0.
AREA CuGe 2 €.Ga R~THETA  S.P.- 2 S.P. R=THETA

28.025800 7.469378 0.653486 0.991 374 0.D858734

SURFACE ARC LENGTH  40.434
THROAT NL NU SPACING AT/S
22.839727 10 11 0.915920

24.936371

0
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AST FRONT BLOCK FAN IGV FLAP

NB

16 - SECTION DD

RADIUS

83.8201)

SURFACE COORDINATES WITH ORIGIN AT S.P.

PT. T/C LOWER Z LOWER R-THETA UPPER 2 UPPER R~THETA
1 0. =1.1%5050 =0.104553 ~1.175050 ~0.104553
2 0.026826 -0.868240 -0.398999 =~D.92 4335 0.242169
3 0.037025 -0.558813 ~0.,494756 ~0.636237 0.390203
6 0.0503 54 0.052647 -0.6D1755 -0.052647 0.601755
5 0.059500 0.659734 -0.658778 0.5355316 0.763331
5 0.066334 1.264404 -0.688171 1.1256%96 0.897278
7 0.075735 2469283 - =0.695965 2.310917 1.114178
! 0.081294 34670146 ~0.657844 3.500154 1.285164
? 0.084184 4.B6B217 -0.587828 4.672183 1.424254

10 0.0850G0 6.064120 -0.493026 5.856380 1.538559

11 0.082340 8.451439 -0.252125 B.279261 1.715871
12 h.075310 10.834189 0.040987 10.676711 1.840972
13 N.065365 13.213891 0.3689472 13.077209 1.931231
14 0.053340 15.591105 0.725338 154480195 1.993047
15 0.038590 17.966997 1.107129 17.885403 2.029469
1% £.022355 2N,339223 1.510252 20,232477 2.044559

17 0.015385 21.287976 1.677190 21.25580:+4 2.344907

13 0.G13500 21.525119 1.719432 21.476681 2.0446486

19 0.311730 21.762174 1.762690 21.73764 6 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 22.635637 2.024746

24 n.004250 22.705950 1.986512 22.735950 T.986512

LE RADIUS 0. CENTER AT Z -1,195050 R=THETA -0.7104&553

TE RADIUS 0.055435 CENTER AT 2 22,650725 R-THETA 1.981685

CHORD SOLIDITY STAGGER CAMBER
23.992298 0.728894 5.0000006 0.
AREA C.Ge Z R=THETA SeP. 2 S.P. R-THETA

33.746803 8.969505 D.784730 1.1950G50 0.104553

SURFACE ARC LENGTH 48,526
THROAT NL Ny SPACING AT/S
30.786%906 10 i 32.916009 0.935317

*SAG*

STATOR

R/R 83.82)2300

J



APPENDIX C

BLADE AND VANE ATRFOIL
MANUFACTURING SECTION
COORDINATES

7. Rear Block Fan Rotor
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R §

REAR BLOCK FAN ROTOR

Blade
Tip SL 1 j Axis
' At f'A R = 62.992 cm
-_h—-_—-_‘_~‘_-‘
"'—-'—ﬂh—_._____
— |
. No. Blades = 40
LE ] TE Aspect Ratio = 1.5l
Solidity (P/L) = 1.66
I a
B* 1LB R = 50.8 cm
C* = ‘+C R = 42.367 cm
Hub SL 10

7



ATAGE [ ROTOR Af &0
SECTIUN NO 1 SECTION &k RHD 62,9920
MEANLINE T DATA .
L ALPHA 2ETA% THICRHESS vestLeN
f «3.7008b 57,859 0, 06501 5,78020
2 »3,55907 57,198 0,09232 5,4RS13 -
" 3 =3,1833% So,004 0,1e778 4p91618
P =2,80768 55,352 0,20048 U, 3670%
s «2,4322% 55,441 L 0,2u878 82000 0 __
""" 6 «2,01951 55,248 0,29808 1.217s0
? wl, 5865%] 57,540 0,3u327 2,5?2197
[ wt, 12078 58,482 0.3779% 1,68552 e
o 9 «0,67257 59,206 0,40127 1,06919
10 =0,22517 58,8971 0,41259 0,311
1% 0,22119 58,097 0,41108 .0,41757 Lo
T 12 0,66672 57,263 0,39756 -1,12128
13 1,11879 56,859 9,.37247 =1,80550
14 1,55357 54,898 0,33584 -2,483%5
T T g 1.995%87 57,168 0, 29193 ~3,16392
18 2,43559 57,4960 0,23926 *3,8a978
17 2.8742¢% 47,697 0.18069 0, 53948 e
T T 48 3.31158 57,901 0.11822 =5, 23283
19 3,.67455 58,078 0.06472 -5.8131)
TTTTTTTT T BURFACE COORDINATES wlTH ORIGIN AT SECTINN AX1S
yPPER LORER_ _ o
TTTRY CUTTYTUIe ALPHA URSILON 7 7 TTawPma T T T upsiLON
1 0,00572 w3, 7U6Rb 5.76020 <3, 78686 ___s,.¥mope
TTT 2 T 0,00472 »3.75220 5., 77147 23, 73666 5.18128
3 0400072 *3. 75262 5,75526 =31,72189 5,77456
q 0.00a72 3. 78736 S.7319% =3,70311  5,95971
T 5T 0,00872 =3,73581 5.70188 [ =3 68094 5,73832
[ 0,00aT2 «3, 71757 G5.b6532 -3 65574 S.T0416
1 b ouva?2 *3,69361 5.62210 *3,62707  6,66351
TTTETT 0400872 *3,50019 5.45358 3,52245 77 5,51369
9 0.00a70 w3, 02517 5.17134 »3,32541 5.23738
19 D.01lnba =}, 25109 4,88%35 =3, 12%01 d,an738
T T 04012558 «3,07616 u,60048 =2,93337 7777 T g,t0230
12 0,0i445 =2.%90102 u,32749 -2,713715 .B,a4022
13 0401826 =2¢72548 4,05179 =2,54163__ _ Db,17918
T o1a T T p.0lrde «2,55008 3,77478 -2,345614 3.9174S
15 0anlans “2,37428 3,50067 «2,150R8 1,65330
16 0,02152 2216298 3. 16569 *1,91689 1,33055
17 0402423 =1.95113 2.82u18 1, 60306 2,0091%
18 0,02u7A »1,73803 2.,47912 i, &5nAY 2. 45851
L [ ETSY 1452473 2. 1ER38 -1,21929 ?.%0883
20 0.02732 1530987 1.7344% ), 9RARS t,95034
21 0402830 #1,003886 1,38219 =0,75978 1,58079
- Oed2a0s w)y 67547 1,00987 .0,53229 {.21089
23 0,0296% *0 65403 a,b3a32 “0,10645, 0.,24312
24 0,0<099% =, 831529 04,2607 -0 07231 0,567317
-1 Ge05003 021252 “0,10R03 6,14021 0,107u6
eb 0,029% 001166 =0 47016 0,36131 =0,25318
27 0402055 ne23T186 =n, E2577 0,53110 0,806847
T 28 8,02R79 Ned63R2 -f, 17454 0,79973 *0,9%5913%
29 0.02rR21 0.69153 ~1,%1754 fp01710 =t.30620
30 0.0£723 0292014 =-1,85627 1.73397 =t,45141
3 0402800 faladne .2, i%25k 1,0u874 “{,995u8
32 0,020b8 138008 =p,52822 1,6ban0 "2,34287
33 0s02313% 166143 2 Bhalp 1,876%3 82, 69092
34 De02143 184374 =3,20145 2,098t »3,80139
k13 D.0105a 2207892 =3,5397R 2,303A) -3,19009
36 0enlrSe 231090 =3,87049 2,51482 sy, 7a%07
37 0,01i549 . 2+585h0 =y, 22070 2,125%0 wl, 10628
38 0,01%29 2.78p93 .t 6127 2,93545 i 46531
39 6,01101 3.01675 o, F0874 3,10492 en,A25A3
a0 0.00r067 3,2529% -5, 25167 3,31%a04 5, 1AB19
u} 0,00470 L IREELT 5, 34056 3,%PR08 “§, 49170
a2 Qe0¥s?n 362000 =5, 80149 368505 «5,.16707
a3 0400070 3, 0U798 5 BLT0% 3. 69978 =5 ¥908h
G4 6.0%070 3.67455 ~5.8r311 31,6Tans =5.A1311
CHORY STAGGER CAVBER
13,7053 57,373 w0,158
AREA  3,942378 . SURFALE RRC LESGIF " a7lsa1d? -
ALPRS (EA R (W
ECTEM C,G, wC,0PR2Y 0,02197
STREAwI P LCL SELTION C.6, [ o,
BLani avig e, 6,
SYALXyur, AXTH (RADTALY G, o,
Cound 8YSTEX akJGTH I 122,5ut26 R o,
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atice 4, RrOTOR NB 40

sEctiun vO0 2 SECTION 8B RHOQ * 50,8000
NEANLINE DATA
PT ALPHA- LETAS THICKNESS UPSTLON
1 -, 18259 86,153 0,11964 EYCESET
? wd, 15823 55,214 0,1672T 5 1nZ2AY
3 «3,70934 53,45] 0,26145 u, 4T758
. a3, 26958 52,310 9,35229 3,847
5 ENIA 51,913 9,u43700 3,30748
. & «2,31357 %1,835 0,52183 2, 67600
] wl, 77235 51,721 0,60011 1,%8869
3 «1,23077 81,357 0,66134 1, 30690
i 9 w0, 88697 50,516 0,703%2 0, 83745
10 wB,18720 43,083 0,7245% =0,00441
1t 0,39426 7,372 0,724%2 =c,bt106
t2 0,93554 us5,864 0,70264 i, 1R277
13 1,47653 u5,054 0,66035 =1,731422
1a 2,0t6Be g 895 0,5%R9% «2.27059
A Y S 2,55632 u5,099 0,52077 =2, Ba%h3
14 3,00494 45,37} 0 u2R4B =3,35270
17 3,63204 45,003 0,32538 =X,86908
- 18 4, 16810 45,818 0,21511 wi, Hu84?
19 4,41355 46,005 0,5205¢6 =4,90858
———m—=m=s s qURFALCE COORGINATES WIth DRIGIN AT SpeTIion Axr$ ~— 7~
UPPER LOWFR i
CTUTRYT T YT T T CBLPHAC UPSBILOM 770 TALPHA T T TUPSILON
1 0400873 i, 32259 5,43124 -4,38289 s 43124
T2 T g,00873 wi,3%2a7 ° 5, 41461 ~u,36382 ~ 77 5,43809
3 04,0UATS vl 30268 §,384u8 -4, 33539 S,42288
4 0,00873 w, 38225 5,3u143 =4,299%8 5,%9742
TTTTETTT 0,00873 v, 3b004 5,28630 =u,256%2 7 5,35%8%
] 0,0087% U 32534 5,21954 -, 20678 §,729905
7 0,00R73 ~u,27RR3 5,14068 ., 19979 5,7:2722
TTUURTT O getl22d vt 22639 5, 05826 eq, pRBE7 77 5,15983
9 0y0i508 4,62003 g, 72120 Y, /U553 ¢, RUR5S
i 10 o,0lcln «3.85304 4,39770 -3 60271 4,55351
TTTHITT T 0402286 - w3,00549 4,08293 7 e3_.36045° 7 4,2691¢
12 0,02573 =3,3675% 3,77u98 «3,11859 1,.949061
13 0,02r89 w3, 16922 3,47154 =2,87711  _ 3.,1152¢
T8 T 0.03193 =2,98048 o3 17107 =2.63608 3,48108
15 0,03u82 =2 77104 2.87209 . *2,39568 1,16681
“TTye 0403R0R »2,51861 ° 2.51468 =2 1088 2.A3717
17 0e04107 »2,26073 2.15071 i 82246 ?.50886
.18 D,04%77 »2.00914 1,804%2 =t,53827 2.17629
19 0.04817 175164 1.45270 -1,25599 t,RUB02
20 Ga09R23 = 49209 1.10405 »0,97579 1.51686
21 0,04970 =fy23013 n,759u6 =0,4%3727 1,19001
T 227 0.05t29 i) F6GUA n.42048 =0, 227856 n,apTUS
23 0.05727 =0¢bIBIS n,08912 =p,1%042 0,55079
24 0,0%285 ), l2BpU -0,28317 0,it9un n,20097
25 0,0%%35 ey 15587 en,5a528 0,38684 °  =p,086135
26 0,09076 0411873 -, Buast 0,65%200 “h,19618
27 0,09224 oe39%11 i, 11881 0,91519 =0,60417
28 0409131 0,67267 i, U1680 1.17760 "n,92729
29 0,08277 0.9512¢6 -] B5A15 1,a43878 =y, 30737
30 0.04A28 1.23074 -1,95334 1,65906 .1,48620
31 0.69n21 1231120 -2,21373 1,95818 ], 76511
32 0,008382 179273 -2, 07116 2.21662 »2,04572
33 0,04112 2.07%5a2 w2 12700 2,47389 2, 12R25
T34 6,03813 24359318 -n,98222 2,129%1 “p, 61321
35 0403089 ? 466459 “},237u8 2,08408 90074
36 G.03044 2493100 -1, 49104 31,2378 »1,19062
37 002772 3,21864 w3, TURQY 31,4Ra55 1, 48261
38 0,02%8% 350718 g, 0052U 1,7447%9 Y, 77648
39 0,0le8s 1.70543 i 26203 3.a%(29 =, 07194
40 0,01576 4,0Rp28 i, 51908 a,p2u1p4 .y, 16RQ
al 0,01229 Ge32R1T -y,73d62 a,at915 sy h{TUL
42 0,0Vakn u.52523 wa, 91032 T U,6181% -0, 22074
43 0,00a80 uy56598 wa, 92678 0,633%7 eu, 98150
a4, D,00RED UeB1355 -y, S0R5E 6,H1355 =8, 90R5A
CHOYN BTAGHFR CAVBFPR
13,7056 uB.al3 to,l149
IHER  £,905326 SURFACE ARC LFMGTH  237.80145
ALPH HPSTLON
SECTINY L5, =0.00076  =0,00296
SIREApSUHEACE SEGTION C,.0, ¢, o,
BLAGE AL1% 0, o,
STACKTHG AYIS (REGTALY 0. o
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SECTIUN NO 3 SECTION ¢C
) VEANLINE DATA
pY ALPHA ZET AN THICKNESS UPSTLON
y o, 65996 57,30%, 0,15579 5342582
2 el 42418 56,624 0,21722 4.96819
T 3 =3,93160 Su,0612 0,33027 4, 20899
[ %3 43770 53,134 0,05754 3, 57341
5 w2, 90279 52,104 0,38835 2,92999
-7 'S «2,.39722 46,889 0,67962 2,21874
7 1, B0O0BT u8,97s 0,78271¢ 1,52802
] =1,20267 a6,54] 0.Bb422 0,84768
" 9 =0,60291 43,935 0,92192 0,26264
10 . e0,00158 at . bl 0,95u01 =), 293”2
11 0,b0141 39,571 0,959|8 . =0,B1022
- 12 1,20600 17,632 0,93600 -1, 20344
13 1,81189 35,492 0,88877 =1,7u3q9
14 2.01968 33,070 0,81108 .2,159n2
- T3 3,07846 30,486 0,7112¢ «2,5%814
16 3,6385%0 27,5929 0,5899)% =2,88089
17 4,24906 259,556 0,45042 «3,102189
T 18 4,86029 23,352, 0.29733 =3,.472R9
19 5,3ro82 21,602 0. 56311 3. 6R528
- SURFACE COURDINATES wWITH ORIGIN a1 SFCTInN axi§
UPPER LOWFR
TPT T We TTOTTT OALPHA T T TuPSILON BLPHA T T ybdrLt
1 0,01154 wi 66998 5,30952 i =g, 66998 5, 342!
T 0,01150a " may hB383 T 5432097 77 Cag,pou71 5, 105!
3 0,01150 wi,bB4RS 5,2815S vl (0825 5.3130°
4 0,01154 =ldy,67273 5,.22505 =H,8561469 5,296
TTTTTR T T g,0145¢ i, 08569 T 5,1524a1 T e, 50626 5, a1
b 0.01450 ~4.b0288 5. 06020 T TLY S5.167
7 6,01154 -i,50517 u,95%82 36913 5,072]
T8 0.01p18 -y 30998 4,89788 Teld, 32707 5, 018¢
q 0,02081 -, 25370 4,507152 of 0%217 d,864]
10 0,92539 -,05660 4,12R95 ° «3,77723 4,327
7714 T 0.02989 =3.825463 3.761865 =3,%50%17 T 77 4,500}
12 0,03u28 =%,59999 3,80%99 a3, 372945 Y6820
§3 0,03R53 *3,37032 3,05404 -2,957%40 T 3708
T 14 0,0376% =3.13971 7 7 2,71069 - «2,88587 T 3.as01
15 pup4pue 290782 2.37317 =2,81601 2. 7631
16 0,05064 .2,82657 1,97679 3, 0962 2,4107
17 0405484 =2,3u251 1,59177 17633 2,068¢
.18 0405885 -240552¢6 1,21952 =1,86103, t,738¢
19 0,00165 o 76U59 n,86126 1,149 1,421
20 felbadn e yl7p32 0,31812 w0, AL{T 1,182
el 0,086T1 =1+1730% 0,1%140 =0,%3590 0,828
—e2 0400855 «p, 87334 «p,11932 0 ,231417 0,549
23 D,0%9%) “h,57127 wp,41%4a 0,067 0,779¢
24 0407076 =0y 2E699 *0,69694 . 0,36518 0,197
. 25 L0731 0403928 -h, 98554 0,66156 -n, 734t
2t 0407098 6y3a7%0 “t, 22180, 0,99%5403 ., a8t
2T 0407031 0:057%1 1,96676 1.244723 it , 123
T 28 0,06a1a 0.98981 =1,70a73 1,53417 -1 ,960:
29 0.00748 128040 =y .92381 1.82617 .j 1912
30 005533 1.001a4 =2,135%2 2.11143 =1,4015%
R 1 Q405271 192006 =2,31595 2}3?5{17 »f{ R3H1
32 0,05064 2423979 w2 52238 2.67819 Ty
33 G,0%41d 2056089 =2,69788 2,45973 .3,0531
T34 0,0%223 2.88266 2, 86142 3,240%0 2,293%
35 0,047%a 1,20480 «3,01265 3,52052 e2.0076
36 040%129 31,92849 a3, 157236 1,30177 ) h36S
- 7 H,05r31 1,8479S =1,28176 4,08228 =2 ,5206
k1 0,03v03 ek b -y, 4O1U2 U, 36350 .?,999%
39 4,0¢755 4489003 *1,51160 a,na807 -3, 1734
T oad 0,02186 481915 ai,b1706 492121 3y, 3410
a1 0.01700 5,075%2 »3,08R%9 5, 163h7 “1,0763
4z 0.01708 S+E€6]70 -3 73942 5, %%044 -1,5700
43 De0ip0R 5,320u6 *3,73578 S.37074 “1,A155
4u 0.0i208 5, 37982 3y ,6B%28 $.370R2 1,685
CHOHp 8TLLGER CAVAER
13,5025 al, 95" 15194
AREA  9,110736 SURFACE AKC EENGTH Qz%sﬁuﬁz ) ‘.
ALPRE UPATION Q&}*’.'
SFCrIn% €,6, 0"04”;” oft, 02704 g‘;& @
STRE LuSURFACE SECTION €.G, o ol e ?00
BLAGL Avlg o, 0, i 0“
STACRING 2418 ¢REpTaLY 0. a, ¥ \

COORE SYSTEM ARTGIN 7 122 54128 R O

sTAGE =~ 4,

ROTOR

NR a9

KO 05,3512

L]
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APPENDIX C

BLADE AND VANE AIRFOIL
MANUFACTURING SECTION
COORDINATES

8. Rear Block Fan IGV Strut
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REAR BLOCK FAN ISV STRUT SECTIGNS (CM)

*SAGH

STATOR

SECTION 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 ~0,000000 “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 0,029867 *6,191250 -0,094828 =6,191250 0,094828
5 0.037242 =6,032500 ~0.118242 ~6,032500 0.118242
& ¢.047802 . =8,.715000 =0,1591770" =5,715000 0,151770
7 0.055792 »5,397500 =0,177140 «5 397500 0,177140
a 0.062163 «5.080000 =0,19734&8 -5,080000 0.197368
9 0.067320 -4.762500 -0,213741 -4,762500 0,213741
10 0.,071931 =0, 445000 -0,2283R2 -4,485000 0.228382

11 0,075750 -4 ,127500 ~0,240508 w4 ,127500 0,240508
12 0.,079024 =3,810000 -0,250901 ~3,810000 0,250901
13 0,081682 «3,492500 -0,259339 =3,492500 0.259339
14 0,083829 «3,175000 =0,266156 =3,175000 0.266156
15 0,085518 »2,857500 =0.271521 ~2.857500 0.271521
16 0,086818 ~2,540000 -0,275712 »2,540000 0,275712
17 0.087648 -2,222500 ~0,278282 «2,222500 0,278282
18 0,088000 =i ,905000Q «0.,279400 =1,905000 0.,279400
19 0,0B8000 «1.587500 =0,279400 -1,587500 0,279400

20 0,0880090 =1.270000 =0,279400 -1,270000 0.,279400

21 0.,088000 -0.952500 “0,279400 =0,952500 0,279400

22 0,088000 «0,825500 =0,279400 =0,825500 0.279400

23 0,088000 =0,762000 "0.279400 =0,762000 0,279400

24 1.088000 -0,698500 -0,279400 -0,698500 0,275400

25 ¢,088000 =0.635000 =0 ,279400 -),635000 0.275400

26 - 0,088000 =0,571500 =0,279400 «0,5715900 6.279400

27 0,088000 =0,5080040 =-04279400 =0,9508000 0.,279400

28 0,088000 ~0,.381000 ~0,279400 -0,381000 0,275400

29 0,088000 ), 2793372 «0,279400 «(,279400 0,279400

K1 0,088000 -0,093111 -0,208232 «0,093133 0,208252

2t ¢,088000 0. =0.000000 g, «0,000000

LE RADIUS  0,074029 CENTER AT 2 =6,275971 R=THETA =0,000000
TE RADIUS 0,279400 CENTER AT 2 =0,279400 R=THETA «0,000000

CHORD SOLIDITY STAGGER CAMBER
6.350000 0.753893 e, 0.
AREA t.6. 7 L,G. ReTHETA S.P.,} 8.P, R=THETA

.2.999059 ~2.843799 0. 6,350000 05000000

SURFACE ARC LENGTH 13,095 b
i3
i
A LT
ﬁaﬁﬁﬁ ${¢JUA
oF

0
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REAR BLOCK FAN IGV STRUT SECTIONS (LM}

112

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 =4 ,330280 0,053728
3 ° 0,018900 =6,290840 «0, 07954} =6,290840 0,079541
1 0,033100 “5,191250 «0,105093 =6,191250 0,105093
5 0,041600 ~6,032500 =0,132080 -5,032500 0,132080
6 0,053750 w5 ,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 °  =S,080000 0.223044
9 0,076200 -l , 762500 ), 2041935 -4,762500 0,201935

10 0.081500 -l 445000 =0,258763 -, 445000 - 0,258763

11 0,085900 =-4,127500 «0,272733 =4,127500 0,273733

12 0.089650 =3,.810000 -0,284639 «3,B810000 0,284639
13 0,092700 =3,492500 =-0.294323 =3,492500 0.,294323°

14 0.095200 «3,175000 ~0,302260 =3,1750600 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 w2,222500 0.,316230

18 0.100009 -1,905000 =0,317500 *1.905000 0,117500

19 0,100000 -1,587500 -0,317500 =1.,587500 0.317500

20 0,100000 »1.270000 =0,387500 «1,270000 0.317500

21 0.100000 «(,952500 ~0,317500 -0,952500 0,317500

22 0,100000 -0,.825500 =0.317500 =0,825500 0.317500

23 6,100000 =0,762000 =0 ,317500 -0,762000 0,317500

24 0.100000 -0,638500 =0,317500 -},5698500 0,317500

25 0.,100000 =0 ,635000 -0,317500 =0,635000 « 0,317500

26 0.100000 =0,571500 «0,317500 =0,571500 0,317500

27 6,100000 =0.508000 «0,317500 -0,508000 0,317500

28 0.100000 ~0.,381000 -0.,317500 -0,381000 0,317560

30 0,100000 =0,105807 -0,236627 -0,105833 0,.236651

31 0.100000 0, -0,000000 o, «0,000000

LE RADIUS 0,083052 CENTER AT Z «5,266949 ReTHETA ~0,000000

TE RADIUS 0,317500 CENTER AT Z «=0,317500 R=THETA =0,000000

CHORD SOLIDITY STAGGER CAMBER
6.330000 0,651089 0, 0.
AREA C.G, Z ReTHETA 5.P, Z S,P., R=THETA
3,395317 =2,.842575% 6,350000 0,000000
SURFACE ARC LENGTH 13,151

SECTION BB

RADIUS S5.880000

*SAG*

R/R 55.,880000

SURFACE COORDINATES WITH ORIGIN AT - S.P,.

STATOR

0



REAR BLOCK FAN IGV STRUT SECTIONS (CM)-

PT, T/C LOWER 2 LOWER R=THETA UPPER Z UPPER R=-THETA
1 0.020026 *6,.350000 =0,000000 =6,550000 =0,000000
2 0,020026 =-5,329222 w0,058096 =6,329222 0,058096
3 0.020026 «6,287664 -0,086804 =5,287664 0,086804
4 0,036131  =6,191250  =0,114717  =6,191250 0,114717
5 0.045786 =5,032500 ~0.145369 -6,032500 0.,145369
6 0.059562 =5,715000 ~0,189108 «5,715000 0.189108
7 0,070000  =5,397500  =0,222250  =5,397500 0.222250
8 0,078243 =5.080000 -0,.248422 =5,080000 0,248422
9 0,0B5008  =4,762500  =0,269900  4,762500 0.269900

j0 0.091011 =4, 445000 =0,288961 =4,44%000 0.288961

11 0,096006 =4,127500 =0,3048290 -4,1275¢0 0,.%04820

i2 0,100240 =3.810000 =0.318262 =3,810000 0,318262

13 0.103690 =3, 492500 =-0,329214 ~3.492500 0.329214

14 0,106557 ~3.175000 -0,338318 *3,173000 0.338318

15 0.,108774 =2.857500 -0,345359 «?2,857500 0,345359

‘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 =1.905000 =0.355600 =1.905000 0.355600

19 0,112000 =1,587500 =0,355600 =1.,587500 0.355600

20 0.,112900 =1,270000 «(,355600 =1.270000 0.,3%5600

21 0,112000 =0,952500 =0,355600 -0,952500 ¢,.355600

22 0,112000 =0,82550¢ =0,355600 -0,825500 0,355690

23 0,112000 =0,762000 =0.335600 =0,762000 0,355600

24 0,112000 =0.698500 =0,355600 -0,698500 0.3558600

25 0.112000 =0,635000 -0,355600 =-0,635000 0.355600

26 0.,112000 =(,571500 =0,355600 =0,571500 0.355600

27 0.112000 =0.508600 =0.355600 =0,508000 0.355600

28 0.,112000 -3,381000 =-0.355600 =0,381000 0,355600

29 N.112000 =(,355513 =0,355600 =-0,355600 0,355600

30 0,1120090 =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 =0,355%600 ReTHETA =0,000000

CHORD SOLIDITY STAGGER CAMBER
6,350000 0.572958 0.
AREA c.6., 2 C.G, R=THETA S.P. 2 S.P, R«THETA
3.788554 «2,841342 6,.350000 0.000000
SURFACE ARC LENGTH 13,207
CRIGINAL pigr 1
CF Poo = By
R QUALITgE

SECTION cC

RADTIUS 63,500000

*SAG*

R/R 63,500000

SURFACE COORDINATES WITH ORIGIN AT S.P.

STATOR - 0
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APPENDIX €

BLADE AND VANE AIRFOIL
MANUFACTURING SECTION
COORDINATES

9. Rear Block Fan 1IGV Flap
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AST REAR BLOCK FAN 1GV FLAP SECTIONS (CMD)

NB 36 SECTION AA RADIUS 48.,26000 R/R 43.260000
SURFACE COORDINATES WITH ORIGIN AT S.Pa
PT. T/C LOWER Z LOWER R—THETA UPPER Z UPPER R-THETA
1 0. -0,370515 -0.032416 -0, 370515 -0.032416
2 0.035663 ~-0.266326 ~0.156448 -0,289447 0.,107824
3 0,049223 -0.169302 -0.128586 =-0.201214 0.166170
&4 0.066941 0.021700 -0.,248027 -0.021700 0.248027
5 0.0792130 0.210898 -0.276869 0.159617 0.309285
6 0,088185 0.399101 -D.294324 0,34192¢ 0.359155
7 0.100683 0.773667 -0.308214 0.708393 0.437877
8 0.108073 1146578 ~0.303180 1.0?6512 0.497675
9 0.111915 1.518339 -0.284999 1.445782 0.544326
10 0.113000 1889205 ~0,256603 1.815946 0,580761
11 0.109517 2.629107 -0.178867 2.558105 0.632689
12 t. 100389 3.367178 -0.080214 3. 302094 0.663700
13 0.087439 4.104010 0.032598 4,047322 0.68055%1
14 0.071326 4,839817 0.157134 L.793575 0.685678
15 0.052839 5.574854 0.290462 5.540598 G.682014
16 0.031798 6.309064 0.433257 6.288449 0.668887
17 0.022713 6.602531 0.492847 6.587806 0.661157
18 0.020340 64675865 0.508123 6. 662678 0.658843
19 0.018035 6749221 0.523147 6.,737528 0.656790
20 0. 015662 6.822554 0.538422 6. 812401 D.654481
21 0.013244 6.895874 0,553865 6.887288 0.652004
22 0,0068352 7.012079 D.578491 7.006003 0.647941
23 0.008362 7.031702 0.590271 7027374 0.639747
24 H.008362 7.039787 0.6159%901 7.039787 0.615901
LE RADIUS 0. CENTER AT Z -0,370515 R-THETA =0.032416
TE RADIUS 0.035116 CENTER AT 2 7.0043804 R=-THETA 0.612845
CHORD SOLIDITY STAGGER CAMBER
7.438608 0.883135 5.,000000 0.
AREA CeG. 2 R-THETA S.P. 12 S.P. R-THETA
4,348912 2.805355 0.245437 0.370515 0.032416
SURFACE ARC LENGTH 15161
THROAT NL Ny SPACING AT/S
Ta563049 Q 10 8.422952 0.89791Q0

*SAGK

STATOR

J

115



116

AST REAR BLOCK FAN IGV FLAP SECTIONS (CM) *SAG* STATOR
NB - 36 SECTION BB RADIUS 55.83000 R/R 55.880000 .
SURFACE COORDINA}ES WITH ORIGIN AT . S.Pa
PT. T/¢ LOWER Z LOWER R-THETA UPPER Z UPPER R-THETA
1 Q. -0.399237 m0.034929 ~0.399237 -0.034929
2 D.035663 -0,286971 -B.168576 -0, 311884 0.116183
3 0.049223 - =0,182426 -0.213980 -0,216811 0.179051
4 .066941 0.023382 -~0,267254 -0,023382 0.267254
5 0.079100 Q.727247 -0.298332 N.171990 0,333261
6 0.088185 0.430039 -0.31713¢9 0.3%68435 0.386997
7 0.100683 0.833642 -0.332106 0,763307 0D.,471821
8 0.108073 1.235460 -0.326682 ) 1.1599463 0D.536254
9 0.111915 1.636039 -0,.307092 1.557858 0.586522
10 0.113000 2.035655 ~0.276494 1.956716 0.625781
1 0,109497 2832906 -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 D.732494
14 0.071021 S.214 889 0.170533 5.165276 0.737613
15 0.052263 6.,006811 0.315279 5.970302 0.732582
16 0.03101¢9 6.797 865 0.469951 b, 776197 0.,7172625
i7 0.G218646 7.114058 0.534436 7.098783 0.709026
18 0.019493 7.193077 0.550895 7.179460 0,706538
19 0.017119 7272095 0.567355 7260136 0.,704050
20 0,014747 7351114 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 C.693873
23 0,007345 7.577859 D.639444 7.973772 0.686161
24 0.007345 7.585505 0.663645 7.585505 0.663645
LE RADIUS a. CENTER AT 7 =0.399237 R-THETA -0.034929
TE PADIUS £.033127 CENTER AT Z 7.552504 R~THETA 0.660763
CHORD SOLIDITY STAGGER CAMBER
8.015243 D.821832 5.000000 0.
AREA C.G, 2 C.Ga R-THETA S.P, 2 SeP. R-THETA
5,033438 3.0129388 0.263602 0.399237 0,034929
SURFACE ARC LENGTH 16,332
THROAT NL NU SPACING AT/S
B.824229 10 11 F.752892 0.904781

0



ORIGINAL PAGE T8
OF. POOR QUALITYs

AST REAR BLOCK FAN IGV FLAP SECTIONS (CM) *SAG+* STATOR
NB 36 SECTION CC RADIUS 63,50000 R/R 63.500000
SURFACE COORDINATES WITH ORIGIN AT ™ §.P.

PT. T/C LOWER Z LOWER R-THETA UPPER 2° 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 D.049223 -0.195550 ~0,229374 -0.232509 0.191933
4 0.066941 - 0.025064 -0.286487 ~0,025064 0.286481
5 0.079100 0.243596 ~-0.319795 0.184363 0.357236
6 0.088185 D.460977 -0.339955 0.394941 " 0.,414838
7 0,10068%3 0.8938616 =0.355999 0.818221 0.505765
8 0., 108073 Ta324342 -0.350184 1.243413 0.5748%4
9 0.111915 1.753739% ~0.329185 T.669934 0.628718

10 0.113000 2.182105 ~0.296386 2.097487 0. 670802

11 0.109477 3.036704 ~0,206424 2.954724 0.,73060¢

12 0.100186 3.889143 -0.091730- 3.814121 D.765728

13 0.087033 4.740137 0.039393 L, 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 7263984 0.765916

17 0.021018 7.625542 0.576511 7.609803 0.756408

18 0,018645 7.710246 0.594155 7.696284 B.753741

19 0.016204 ?.7904924 0.612089 7.782789 0,750784

20 0,013831 7.879627 0.629733 7.869270 0.748117

21 0.011277 7.964262 D.648150 7.955818 0.744676

22 0.006328 8.107034 0.678889 B.101757 0.73920¢

23 0.006328 8.124164 0.689092 8,120398 0.732132

2¢ 0.005328, 8.131224 0.711350 8.131224 0.711390

LE RADIUS 0. CENTER AT 2 —=0,427959 R=THETA =-0,037442

TE RADIUS 0.030482 CENTER AT 2 8.100858 R=THETA 0.708738

CHORD SOLIDITY . STAGGER CAMBER
8.591878 0,.775242 5,000000Q 0.
ARE4 CaGe Z CuGs R-THETA S.P. Z S.P. R-THETA
§.765492 3.21913% 0.281637 0.427959 0.037442
SURFACE ARC LENGTH 17.502
THROAT NL NU SPACING AT/S
10,085477 10 11 11.082831 0.910009

1]
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APPENDIX D

LIST OF SYMBOLS AND NOMENCLATURE

118



Symbol

cu'

CP
D or

D-Factor

HP
LGV

L.D,

Lp

APPENDIX D

LIST OF SYMBOLS AND NOMENCLATURE

Description

Area

Specific Heat at Constant Pressure

Blade Chord

Units

2
m- or cm

calorie per

gram degree c

cm

Static Pressure-Rise Coefficient:

|'= .
CH {Zg Cp Tsl [

Constant Pitch

Diffusion Factor:

1l

rotor

It

Dstator
Diameter
Incidence Angle
High Pressure
Inlet Guide Vane

Tnner Diameter

Stress Concentration Factor

Low Pressura
Mach Number
Engine Speed
Number of Blades
Number of Vanes

Near Constant Tip

ﬁP Y
S]’
S2

o] (o - Ulz)} (!

1- (V'ZIV'l) + (r2 Vg, - Vel)/(Z r oV

1

2

m

degrees

ante T
- e, PR

rpm

st W

mpL PRER T
%?%?ew Qu,m%

ry Vo) /(2 T 0 V)
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Symbol
0.D.
Pap
Prp

q
Rorr
rpm
R1, R2
T

81, s2
SL

Stall Margin(¥%)

Ti

120

LIST OF SYMBOLS AND NOMENCLATURE (Continued)

Description
Quter Diameter

Static Pressure

Total Pressure

Dynamic Pressure (Total Pressure - Static

Pressure, Indompressible)
Radius

Revolutions per Minute

Rotor 1, Rotor é, Respectively
Mean Radius

Stator 1, Stator 2, Respectively

Streamline
() . O)
W W . .-
stall operating line
(P/P)
o operating line

Titanium

Temperature

Thickness (Blade)
ﬁotor Speed
Veloceity

Airflow

Axial Distance

Flow Angle

x 100

Units

Newton/mz
Newton/m2

Newton/m2

cm

LCTR

K

cm

‘m/sec

m/sec
kg/sec
cm

degrees



LIST OF SYMBOLS AND NOMENCILATURE (Contiqued)

Symbol Description Units
Y Specific Héﬁt Ratio
6 Pressure Correction (PT/1.0133 x 105 N/mz)
8° Deviation Angle degrees
] Temperature Correction (TT1/288.15 K)
A Effective Area Coefficient:

Aeffective/Aphysical
p Air Density kg/m3
c Solidity
U Percent Flow Streamfunction
b Slope of Meridional Streamline degrees
n Efficiency
® Total Pressure Loss Coefficient:

5 = P! '
Rotor w PTZid - PT2
P%l - PS1
Stator w = PTl - PTZ
T 7Ty

Subscripts Superscripts
ad Adiabatic ! iﬁelative to Rotor
id Ideal ';egrees
poly Polytropic
m Meridional Direction
T Total
S Static
1 Inlet
2 Exit 1al



LIST OF SYMBOLS AND NOMENCLATURE (Concluded)

Subscripts

1 Leading Edge

2 Trailing Edgé

Sta Blade Row Exit Station
I Cascade Inlet Capture
m Or max Maximum

r : Radial

S or s Static Condition

T Total

TH Throat

Z Axial Direction

<] Tangential Direction
=0 Free Stream

0 Total or Stagnation Conditions

122
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Figure 1. Stall Maréin Requirements for a Typical AST Front Block Performance Map.
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