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FOREWORD

(U) This Interim Technical Status Report (Contractor ’s Reference No. PWA 3967) was
prepared by Pratt & Whitney Aircra ft , Division of United Aircraft Corporation , East
Hartford . Connecticut , as the fift h Semiannual Report under United States Air Force
Contract F336 1 5-68-C-I 208, Project No. 3066, Task No. 306606. This report was sub-
mit ted by the Contractor on 30 June 1 970, and covers the report period from 1 January
1970 to 30 June 1970.

(U) The findings and conclusions of this report are not deemed as final by the Contrac-
tor. They are subject to verification or revision in the Final Report to be published
upon the completion of this Contract.

(U) The Air Force Program Monitor is Mr. Wayne Tall . APTC, Air Force Aero Propul-
sion Laboratory , Wrigh t -Patterson Air Force Base , Ohio, 45433.

(U) This report contains no Classified information extracted from other Classified
documents.

( U) Publication of this report does not constitute Air Force approval of the report ’s
findings or conclusions. It is published only for the exchange and stimulation of ideas.

j  Wayne Tall
Project Engineer
Air Force Acro Propulsion Laboratory
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UNCLASSIFIED ABSTRACT - -

(U) A comprehensive , four-phase , three-year program is in pro-
gress to investigate methods of improving the performance of
fan-d rive turbines. The goals of this program are to develop tur-
bine design procedures and aerodynam ic techniques for efficient ,
high work , low pressure turbines.

(U) The firs t phase effort of definin g the preliminary turbine
• design has been completed and the results were reported (Re-

ference I) . The second phase consisted of an experimental
evaluation which included establishment of both two-dimen-
sional loss levels and three-dimensional flow behavior for the
baseline air foils, and for airfoils utiliz ing various boundary layer
control methods. The design of the baseline cascade packs was
reported in Reference 2 , and the annular cascade performance
of the baseline airfoils was reported in Reference 3. The an-
nular cascade results of the baseline airfoil boundary layer con-
trol methods were reported in Reference 4.

• 
- (U) -The results of the plane-cascade , two-dimensional , base-

line investigation , the decreased-solidity annular-c ascade air-
foil test results , and the Phase Ill boundary layer control
optimization and off-design evaluation are presented in this
report.

(The reverse of this page is blank)
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SECTION 1

INTRODUCTION

(U) Future mission studies show that the bypass turbofan engine , which has seen increased
use in military aircraft applications , will continue to be of primary interest. Characteristic
of this type of engine is an increase in fuel economy with increased bypass ratio. In turn ,
high bypass ratio engin es req uire high er fa n power , which must be provided by the fan-drive
or low-pressure turbine. This increased turbine power requirement must be met without a
turbine efficiency penalty.

(U) Design analysis and optimization studies of aircraft jet engines involve a trade between
component efficiencies and engine size and weight. The efficiency of a turbine is the result
of optimi zation studies based on trade -offs between turbine diameter. rotati onal speed , num-
ber of stages and air foil loadi ng. The fa n d rive t ur bi ne design is const rai n ed by fur ther re-
quirements. The rotational speed of the turbine must be limited in order that the fan tip
Mach number does not exceed the limit for acceptable losses. At high by-pass ratios , where
large r fan diameters are required , this proble m is further aggravated. Applying conventional
aerody namics at fix ed rotat io nal speed , increased work can only be realized by further in-
creases in the number of stages and/or the turbine diameter. Reduction of the turbine dia-
meter or solidity results in a lighter turbine , but with a sacrifice in efficiency due to losses
associated with increased loading. Considerable gains can be realized by an engine if the
size and weight reduction can be made with no loss in efficiency. Therefore , current turbine
technology must be improved in order to provide the desired level of perform ance for future
turbofan engines. -

(U) The objective of the work done under this contract is to analyze and test concepts
which will increase the low pressure turbine loading while maintaining or increasing the tur-
bine efficiency levels. The goals of this program are to develop turbine aerodynamic tech-
niques and design procedures for efficient , high work , low-pressure turbines by means of
analytic al stud.~s and cascade testi ng, and to demonstrate the effectiveness of the techniques
by designing ar. ’! testing a two-stage turbine that meets or exceeds the contract stage work
and efficiency goals (See Section II).

(U) The total program is being conducted in four phases over a three year period , which
commenced on I January 1968. Phase I defined the basic turbine design and an analysis o
promising increased loading concepts was completed. The results of the Phase 1 study were
reported- -in Rekrence-I. Ph ses-U.a-nd. lU~ onsis o(.experi-m ent.al testing to.yeziIy and
extend the turbine aerodynamic techniques and design procedures for high loading levels.
The design det~.ils of the baseline cascade test airfoils for both the annular segment and
plane cascade h g  were reported in Reference 2. The results of the annular cascade testing c’~
the four baselir.e airfoils were reported in Reference 3. The annular cascade results of the
baseline airfoil boundary layer control methods were reported in Reference 4. The results i.’f
the plane-cascade two-dimensional baseline investigation , the decreased-solidity annular
cascade airfoil t~~t results, and also the Phase Ill boundary layer control optimization and
off-design evaluation are presented in this Report. Phase IV , consisting of the design and test
of a two-stage ~emonstrator turbine , is currently in progress.
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( (U) Work on tne Contract during this report period proceeded to the conclusion of Phase
II , including plane cascade tests of the baseline airfoils and annular segment cascade test of
medium solidity airfoils. Phase 111 testing of the boundary layer control optimization and
their off-design evaluation was also completed.
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SECTION II

. BACKGROUND

(U) The High Stage Loading Low Pressure Turbine Contract consists of four phases. The
testing and data analysis required in the first thre e phases of this Contract have been com-
pleted. Work on the Contract is currently proceeding in Phase IV.

(U) The results of the Phase I analysis are described in Reference 1. The objective of the
Phase I study was to select a prelimina ry turbine design that is capable of meeting the per-
for-iiance requirements of this Contract (See Table I).

TABLE I

TURBINE DESIGN PARAMETERS

Numbe r of Stages 2
Average Load Coefficient , CLII 2.2
First Blade Tip Wheel Speed 1000 fps
First Blade Inlet Hub-Tip Diameter Ratio
Exit Swirl Angle - Without Exit Guide Vanes 1~ 2O0
Exit Swirl Angle - With Exit Guide Vanes 00
Turbine Inlet Temperature 1450° F
Airflow - — - ~‘50 lbs/sec
Average Stage Efficiency CON FIDENIt A - - 

91%
Life 10 ,000 hrs

(U) As part of Phase I , the analyses included the consideration of flowpath , reaction level,
load coefficient level and variations in work distribution for which velocity triangles were
generated. Furthermore , preliminary airfoil contours were defined for the same velocity
tri angles t thre e levels of reaction , and three levels of solidity for the resulting stages.

(U) Based on the Phase I study, and after additional airfoil refinement , the medium-i ‘a~’tion -

norm ai-sc ’;dity airfoil turbine design was selected for the Phase II and Il l evaluation. Phase
II consist~d of two- and three-dimensional experimental evaluation of the four baseline air-
foils , inve~tigation of promising end-wall boundary layer control techniques and evalu stion
of the bas ~line airfoils at a 15 percent higher Zweifel loading coefficient. The results ~~ the
two-dtfiw~5ional. e~aluatio~ al!e p w.seated..in..thAs.Re.po~t. The.parti4 results of . the irn-dium
solidity e~ aluat ion were presented in Reference 4, and are concluded in this Report. The
results of the three-dimensional baseline airfoil evaluation were presented in Reference 3.

(U) The second vane was chosen for the end wall loss study by the process of elimina ’ion.
The first stage vane and blade inside diameter and wall extensions indicated that separ.3tion
occurred close enough to the test cascade to influence probe readings near this wall in ‘uture
tests if it r , ..ved upstream. The short second stage blade chord could have made the fa~rica~

• tion of e n L  wall boundary layer control techniques more difficult . The second vane , therefore,
was the vchicle for four boundary layer control techniques, including the use of flow fence

A . 
DOWNG ~~ ADIO A~~I VIAl INYIRVALIS

D U C L A I S I P ~~ID Ap i l l  I I  VIA*S.
DOD DIU 1.100 II
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( 
and incre~ised surface roughness , local airfoil recontouring , end wall contouring, and local
airfoil recambering. The results of these evaluations (published in Reference 4) indicated
that within the limited range of investigation of each technique , local recambe ring was the
most effective.

(U) Local recambering was further pursued during Phase III evaluations , where three ad-
ditio nal recambered design s were investigated. These were evaluated at both design and
off-design conditions and the results of these tests are reported herein.

I -
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SECTION 111

TWO-DIMENSIONAL DESIGN VERIF ICATION (TASK h a )

RFP OBJECTIVE

(U) Provide an experimental verification of two-dimensional design characteristics.

2. TASK OBJECTIVE

(U) The purpose of this Task was to conduct plane cascade tests in order to verity
the aerody namic concepts applied to the turbin e design during the Phase I Program ,
and to establish the two-dimensional loss levels for the chosen turbine airfoil profiles
at design conditions.

( U) The plane cascade tests served two equally important purposes. Firs t , the mea-
sured profile losses were compared with those contained in the existing design pro-
cedures in order to verify their accuracy. Secondly, the total pressure and flow angle

t 
profiles at the ex it plane indicated whether or not the surface boundary layer had
separated. Each airfoil was designed so that such two-dimensional separation should
not have occurred , and these tests constituted a verification of the entire airfoil section
design procedure .

3. CASCADE PACK AND FACILITY DESIGN

(U) A summary of the pertinent design parameters for the airfoils tested in the plane
4 - cascade rig is shown in Table II. The six airfoil sections which were investigated . r ~

the rvean section of each airfoil row and the second vane and second blade root s ~.-
tions. The cascade packs consisted of straigh t airfoils having the contours of their res-
pective baseline airfoil designs. These airfoil sections were shown in Reference 2, Sec-
tion 1 1. In this same report , the airfoil coordinates , scale factors, and locations o
airfoil static pressure taps were also presented. In addition , the method of assemi ly
of tht . test packs and locations of the exit static taps on each test pack were also sire-
sented.
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TABLE II

M EDIUM-REACTION NORMAL-SOLIDITY AIRFOIL SUMMARY

First_Stage_Vane No. of Foils Exit Mach No. ~ P/Q Design Max. Surface Mach No.

Root 62 0.949 0.313 1.150
~/4 Root 0.891 0.244 1.036
Mean 0.852 0.213 0.966
¼ Tip 0.820 0.195 0.918
Tip 0.770 0.192 0.859

First Stage Blade

Root 116 0.890 0.279 1.058
‘/4 Root 0.849 0.296 1.020
Mean 0.788 0.33 1 0.968
‘/~ Tip 0.738 0.294 0.883
Tip 0.730 0.236 0.840

Second Stage Vane

Root 80 1.003 0.337 1.230
~/4 Root 0.920 0.277 1.094
Mean - 0.870 0.227 0.999
1/4 Tip 0.821 0.196 0.928
Tip 0.765 0.203 0.865

Second Stage Blade

Root 126 0.944 0.408 1.233
¼ Root 0.922 0.324 1.136
Mean 0.904 0.263 1.067
¼ Tip 0.897 0.236 u~4ç~~ssl~~ p 1.040
Tip 0.892 0.224 

- 1.025

(U) The di sign of the plane cascade is shown schematically in Figu re 1. The test sec-
tion had a iariable inlet and exit flow path in order that all six cascades could be eval-
uated using basically the same hardware . The variable geometry rig design permitted
each cascade to be tested at its respective design incidence angle. One change was mad~
to the rig(previously shown in Reference 2 , Figure I S) after the initial rig checkout nw
was made. This included the addition of turning vanes in the inlet channel , since, as
initially designed , there was a small flow distortion at the inlet to the test cascade pack.
The proble-n was corrected by this change.
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Figure 1 Schematic of Revised Plane Cascade Rig

(U) During the testing, both inlet and exit pressures were independently controlled ,
as well as the inlet temperature level , allowing the correct simulation of inlet and exit
Mach numbers , and Reynolds number. The cascade pa ck tota l pressure and exit flow
angle profiles were measured. Local and gapwise integrated loss coefficients were cal-
culated for the test channels.

4. D1SCI. SSION

(U) A comparison of the loss coefficient data for the four plane cascade mean sections
with the midspan values measured in the four normal solidity part annular cascade i~
preser.ted in Table ill .  In addition , a comparison of these data with losses predicted
by two different methods is shown. One of the predicted values was calculated us ng
a mod,fied Ainley and Mathieson correlation based on global airfoil design parame’~.rs.
The other prediction was calculated using fully turbulent boundary layer charactetis-
tics computed by the Airfoil Boundary Layer neck , whichutilized the~predivted-air~
foil surface static pressure distributions. The airfoil static pressure distributions w~re
calcul;~ted by the Airfoil Pressure Distribution Program. It can be seen from this cum-
parisoi (Table III )  that the plane cascade loss levels are consistent with the midspad
values from the annular segment cascade , and both are consistently below either oi’ the *

predicted values for each airfoil. This is probably due to an extended region of laminar
bound~’ry resulting from low cascade inlet turbulence levels. The screen results upI1.~Id
this ju .gement but may not yet reproduce the loss levels that will be obtained in th ’
rotatir.g machine.
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TABLE III

MEASURED PLANE C ASCADE LOSS COMPARISON WITH
MEASURED MIDSPAN ANNULAR CASCADE LOSS AND
PREDICTED LOSS AT DESIGN REYNOLDS NUMBERS

Loss Coefficient Loss Coefficient
___________ _____________ Measured i .~ 2 Predicted , i .~ 2

Fully
Turbulent

Midspan Exit Mach Plane Annular Global Boundary
Section Number Cascade Cascade Correlation Layer

First Vane 0.852 0.025 0.017 0.03 1 0.03 1
0.023*

First Blade 0.788 0.025 0.027 0 036 0.049

Second Vane 0.870 0.024 0.02 1 0.036 0.034
0 028*

Second Blade 0.904 0.023 0.028 0.030 0.040

k *With inlet turbulence screen.
(U) Table IV shows the measured loss levels for the four midspan sections as compared
wit h the predicted loss levels using the Airfoil Boundary Layer Deck. In the boundary

( layer calculations previously mentioned (Table I l l), fully turbulent flow was assumed
and transition was predicted internally by the program. For the values shown in Table
IV , transition was fixed at the last minimum pressure. The excellent agreement shown
here, in the three cases out of four that converged without separating, makes it appear
that the selected transition point is correct. Additional proof is offered by the data.

TABLE IV
MEASURED PLANE CASCADE LOSSES COMPARED TO

PREDICTED VALUES USING THE BOUNDARY LAYER DECK
~“iTH TRANSITION ASSUMED AT THE SECOND MINIMUM

PRESSURE

Measured Predicted
Midspan Loss C~~fflci.at - La~ Coefficient
Section l~~’ l-~’

First Vane 0.025 0.025

First Blade 0.025 0.026

Second Vane 0.024 0.022

Second Blade 0.023 Separation
( - 

UNCiMSSfflED Indicated
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(U) The complete set of loss and measured exit flow angle data at various Reynolds
numbers is presented as a function of Mach number in Figures 2 through 13. The lack
of variation of the loss coefficient with Reynolds number at constant Mach number
indicates that the transition point was stationary during the tests. The loss coefficient
curves indicate a strong transonic drag rise on each airfoil section.
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Figure 2 Variation of Loss Coefficient With Exi t Mach Number - First Vane Mean
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• (U) Figures 14 through 39 show the measured and predicted airfoi l surface pressure
distribu tion s. The four midspan sections performed as ex pected in the vicin ity of the

t design point. The two root sections. howev er, show a transonic drag rise before the
design point is reached. in view of this , all of the six sections were reevaluated at their
respective design points. The pressure distributions that would have been predicted
using the new Transonic Pressure Dist~ibu tion Deck, which is being used in the final
con tract turbine design , are shown for the six airfoils in Figure s 16 , 20, 24, 29, 34 ~nd
37. In these figures . the p ressure distri butio n s predicted by the transonic pressure is-
tr ib ution deck and shown for the four mean ~cctio ns, namely figure s 16. 20, 24 anI~ 29
are in good agreement with both the data an t}.e original Airfoil Pressure Distribution
Program. However , for the two root sections. there is a large disparity between the
original and the new predictions: the latter being considerably closer to the data. The
root sections have low reaction levels and higl 4 exit Mach numbe rs. The Transonic
Pressure Distribution Program has been showr~ to be very effective when used to pry-
dict mixed-flow problems of thisna~ure.- Tbe ptiacipai chaJ~gfis that the new progr~m
predicts are : less loading in the forward porthn of the airfoil and higher loading (over-
acceleration) in the rearward portion of the fc ~l. The result of this is a shock , a condi-
tion necessary to gel the over-accelerated flow up to the operating back-pressure, ~ hich
stands off of the trailing edge of both airfoils. (‘he measured pressure distributions in-
dicate this by the very sharp pressure rises sho vn between 90 and 100 percent chord for
both root sections. Using the Transonic Presst ~e Distribution Deck , then , airfoils may be
designed to avoid this problem. The final design will utilize this advanced design te~!1-
nique.
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( U) The second blade root section shows a higher pro file loss than the combined pro-
file and secondary loss in the blade root sectio n of th e part annu lar cascade test , but
interaction between the complex mechanisms occurring in this area are sufficiently corn- -

plicated that no fi rm conclusion may be drawn with respect to the result.

5. SUMMARY

(U) The midspan section loss coefficients for the first vane , first blade, second vane
and second blade measu red in the plane cascade were con siste n t with the mean values
measured in the annular segment cascade.

(U) The airfoil root sections which will be designed for the demonstrator two-stage
turbine will not have the shock problems exhibited by the tested preliminary airfoil
root sections . The new Transonic Airfoil Pressure Distribution Program will be used
to design the demonstrator turbine airfoils , which proved to be more accurate for pie-
dicting pressure distributions on transonic airfoils.

(U) The objectives of this task were met , since these test resu lts verified the validity of
the aerodynamic design procedures that were used to predic t the airfoil sur face pres-
~‘ire distributions and airfoil boundary layer characteristics.

6. TEST PROCEDURE

(U) The plane cascade tests of the medium-reaction normal-solidity airfoils were per-
r formed in the Wiligoos Laboratory at East Hartford on X-2 13 stand. The six sections

that were tested were the mean sections of the first vane, fi rst blade, second vane, and
second blade and the root sections of the second vane and second blade. These perfor-
mance tests required the use of various combinations of compressors and exhausters,
and utilized the heat of compression of th e compressors to obtain various combinations
of Mach numbers and Reynolds numbers it the cascade exit. Test conditions were al-
ways chosen so as to prevent the condens~1L1on of atmospheric water vapor.

(U) ror each of the six plane sections a thirteen point test program was run. The test
pros-ram was made to center about the design values of Mach number and Reynolds
nun- ber , which are listed in Table V. The thirteen point test program is graphically
port ayed in Figure 40. At each point the inlet wail, exit wall, and airfoil surface sta-
tic pressure taps were read and a banjo-type probe was used to survey the exit plane
for ~.ir angle and total pressure. Thà proct~dure listed below was used for these tests:

• The cascade pack was installed on the stand and all of the fixed instrumenta-
tion was connected

• The traversing probe was installed at the exit plane of the cascade pack and
was correctly located with respe’-L to the instrumented airfoil

• The total pressure transducers f ’r  the traversing probe and the data recording

( equipment were calibrated

PAGE NO. 2t 1

A L . 

UNCLASS IF!ED -



UNCL ASSIFI ED
PRATT £ WHITNEY AIRCRAFT

- - • The laboratory compressors and cxhaustcrs which were required for the test
were started and allowed to run until steady operating conditions were
reached, which took abou t two hours

• Preceeding the test , the valves upst ream of th e cascade rig were closed and -

the exhausters were used to reduce the exit pressure to an arbitrary low
value; in this mann er any fau lty static pressur e taps we re discovered

• 

- In turn , each of the thirteen test points were set and a complete set of data
was recorded TABLE V

DESIGN MACH NUMBERS AND
REYNOLDS NUMBERS FOR THE SIX

PLANE CASCADE SECTIONS

Section Mach Numbe r Reynolds number

First vane mean 0.852 4.38 x l0~

First blade mean 0.788 2.26 x l0~

Second vane root 1.003 2.86 x I

Second vane mean 0.870 2.85 x 10~(
Second blade root 0.944 1.76 x

Second blade mean 0.904 UP1C*~~~~~~~~~ 1.52 x i05

REYNOLDS NUMBER
DESIGN REYNOLDS NUMBEN

DI SI GU MACH ~IUMBE~

~~~~~ 

~~UIGN ~IYN OLDS NUMSS~

POIN4~

:H~ i~’_----~~0.NI 0Th  ISO I.~6 110
DESIGN MACH NUMSE~

Figure 40 Plane Cascade Test Program
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SECTION iV

MEDIUM SOLIDITY AIRFOI L EVALUATION (TASK lid)

OBJEcTIVE

( U) The initial objective of Task lid was to investigate two additional boundary layer
con trol methods, other tha n the two methods that were to be investigated under Task
lie, on two diffe rent airfoils. Since the performance of the four baseline airfoils was 

-

very similar (Refe rence 3). Task tic was modified so that four boundary layer control
methods were applied only to the second vane (Refe rence 4, Section IV ),  elim inating the -

need for Task lId as originally conceived. By mutual agreement between Pra tt & Whitney
Airc raft and the Air Force , the work substituted for the original Task lid was the evalua-
tio n of the perfo rmance of lower-solidity /high er-load-coefficient airfoils designed for
the same velocity triang les as the baseline airfoils of Task lib. The performance of the
first va ne and first blade lower-solidity airfoils was reported in Reference 4 , and the
second va ne and second blade results , as well as a su mmary for all four airfoils investi-
gated , are presented in this Section.

2. TASK OBJECTIVE

( U) Each of the four medium solidity airfoils were evaluated in an annular segment
cascade exactly as in Task lib (Reference 3). The data has been analyzed and the
task objectives were met by the following steps:

• Measurement of all important aerodynamic properties at the cascade inlet
and exit planes

• Reconstruction of the entire exit plane loss distribution

• Reconstruction of the entire exit p ar.e flow pattern

• Measurement of the airfoil surface static pressure distributions at three radial
locations

• Carefu l analysis of all data and visu al clues

3. AIRFOI L SECTION AND FACILITY DESIGN

(U) The medium-reaction , medium-solidity airfoils were designed to the same turbine
veloci ty d agrams as the normal solidity airfoils. These diagrams were presented in
Referenc. 1. A summary of the pertinent design values , the airfoil elevations, gaging
dist ribution , airfoil sectio ns, predicted surface pressure distributions , and airfoil radius
of curvature distributions for each of the louT medium-solidity airfoils was presented
at five spanwise locations in Reference 3. The tour airfoils are the firs t and second
vanes, anu the first and second blades. The fa ’.’rication coordinates of each airfoil were
also tabulated in Reference 3, including the ai:t oil angles , airfoil areas, axial chords and

( uncovered turnings.
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F - (U) The details of the test section design , locatio n of static pressure taps and the method
( of installatio n , details of the traversing probes and their calibration , location of the

travers ing planes , and probe corrections for pitch angl e were presented in Reference 4.
- The axial location dimensions for the traversing planes and end wall static pressure taps -

were omitted in Reference 4. The following list gives the locations for planes M-M ,
N-N . 0-0, and P-P shown in Reference 4, Figures 142 and 144.

• Plane M-M is located 1.00 inch axially upstream of the test vane tip section
or test blade root section leading edge

• Plane N-N is located 0.788 inch axially downstream from plane M-M

• Plane 0-0 is located 0.185 inch axially downstream of the test airfoil trailing
edge at the mean section C-C

• Plane P-P is located 0.625 inch axially downstream of the test airfoil trailing
edge at the mean section C-C

4. DISCUSSION

(U) The partial results of this task have been reported in Reference 4, since at the time
of publication of that report the performan ce of the medium solidity second vane and
second blade had not been evaluated. This work has now been completed and will be
reported herein. In addition , a comparison of the performance of the nominal and
medium solidities will also be made.

I’
( U) As previously reported (Refe rence 4) th e inlet guide vanes for the second vane and
second blade did not produce the correct inlet angle to their respective test airfoils.
This deficiency was substantially improved by a reworking of these guide vanes and the
new results are shown in Figures 41 and 42. The associated inlet total pressure span-
wise pressure loss distribut ions are shown in Figu res 43 and 44. The inlet total pres-
sure loss contours from which these were obtained a~e shown in Figures 45 and 46.

(
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Figure 41 Inlet Guide Vane Spanwise Exi t Angle Distribution , Second Vane , Medium

Solidity Cascade - Midspan Exi t Test Airfoil Mach No. = 0.820 -
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Figure 42 Inlet Guide Vane Spanwise Exi t An~1c Distribution , Second Blade , Medium
Solidity Cascade - Midspan Exi t Test / irfoil Mach No. = 0.940
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Figure 45 Inlet Guide Vane Spanwise Pressure L.oss Distribution , Second Van e, Medium

Solidity Cascade, Midspan Exit Test Airfoil Mach No. = 0.820
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(U) The second vane data indicates th at the airfo ls are separated over the majority of
the span. The contour plot of loss (A1~~) ( Figure 47) shows distinct wakes only near

Po

the root region and the spanwise flow-weighted average values of and l4i2 shown in
Po

Figures 48 and 49 are very high over most of the span. The low l~~2 values shown at
the root and tip are partially due to the method of accountin g for the spanwise inlet
total pressure profile. The low total pressure fluid at the end walls of the inlet plane,
assumed to remain at the same percent of the span. is actuall y convected radially in-
ward to the quarter root and quarter tip regions of the exit plane. There fore , a more
meaningfu l average loss is found by flow-weighting the loss from the root-to-mean and
mean-to-tip sections. These second vane averages arc 0.085 and 0.234 , respectively.
The measured spanwise flow-weighted exit gas angle (Figure 50) and the exit gas angle
contours (Fi gure 51 ) for the second vane show higher than predicted values particularly
towa rd the ti p section and the spanwise flow-weighted exit Mach number distribution
shown in Figure 52 is lower than predicted. Both of these effects can be traced to air-
foil boundary layer separation.

( U) The measured and predicted airfoil static pressure distributions are shown in
Figure s 53, 54 and 55 for the second vane root , mean and tip sections. The mean sec-
tion test values show good agreement with predictions. The pressures in the throat-to-
t railing-edge appear to be lower than predicted. This is likely due to the fact that the
predictions of the Airfoil Pressure Distribution Program are inaccurate when extrapolated
into the transonic flow regime. The tip section also shows good agreement except near
the leadi ng edge due to positive incidence at this section. The root is unloaded relative
to the prediction due to the static pressure conditions at the exit plane. This situation
was aiscussed in detail in Reference 3.

(U) The second blade data indicates that the airfoil s are performing well from the root
to the mean section and that the airfoils arc sepa ated from the mean to the tip section.
The contour plot of i~Po/Po in Figure 56, and the ~pan wise loss dist ribu tion in Figure
57 clearly ~h~w destinct wakes and low losses from the root to the mean section. The
spanwise fow weighted values of i ø 2 shown in Figure 58 are also low from the root
to the mea ~ and increasingl y higher from the mein to the tip section. The spanwise
Mach num er distributions (Figure 59) and calculated values of spanwise flow coeffi-
cient indic. ted that separation occurre d in the ti -~ region of this airfoil . The plots of
exit gas ani le contours (Figure 60) and spanwise (Tow-weigh ted exit gas angle (Figure
61) did nor support tiTe possibthty of conip1r1~ separation, however; implying perhaps
that reattac hment took place.

(
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( U) The measured and predict ed airf oil  P~CSSUTC distributions are shown in Figures
62 , 63 and 64. From the data available it may be concluded that the mean section was
perfo rming as predicted. Although one data point agrees with prediction , the in let
angle profile gives evidence that the tip sect ’on was operating at positive incidence of -

at least 10 degrees and , there fore , the actual pressure distribution would show lower
suction side values of 

~~~~ 
than predicted near the leading edge. The root section is

unloaded relative to the prediction for the usual reasons.

1.0
DESIGN SUCTION SIDE

— DES I GN PRESSURE SIDE

0 SUCTION SIDE

0.9 — — —

/
/

GB

1’ 
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

‘S

0,7

Ui

~~~~~ 0_6 _

;

0.5

0.4

I 
tJI’4C1..ASSIFIED

O.3~~ Ix 
-

PERCENT OF AXIAL CI.CRD -

Figure 62 Static-to-Total Pressure Ratio Versus Percent Axial Chord , Second Blade ,
Medium Solidity, Root Section
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Figure 63 Static-to-Total pressure Ratio Versus Percent Axial Chord , Second Blade,
Medium Solidity, Mean Section 
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Figure 64 Static-to-Total Pressure Ratio Ver~us Percent Axial Chord, Second Blade ,

( Medium Solidity, Tip Section
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(U) A complete summary of the loss data taken on medium solidity airfoils for the
various midspan Mach numbers and Reynolds numbers is shown in Table VI.

TABLE VI

SUMMARY OF TASK lt d DATA - MEDIUM SOLIDITY AIRFOILS

Midspan __________________ 
Flow Weighted Averages

Midspan Midspan Test Midnpan RooI To Mean Mean To Tip Oveiall
Turb,ne Test Reynolds No. Test Tes~ Tcsj~ Tess

Airfoil DesIgn M, M, 1ksign l. . 14 14 4

Fusl Vane 0.852 0.837 4 .38 sl0~ 0.031 0.051 0.050 0.051
0.739 438 x 105 0.035 0.054 0.055 0.054
0.941 4.38 xl0~ 0.031 0.040 0.044 0.042

___________________ 0.827 6.56 x I 0~ 0.040 0.072 0.059 0.065

~t , 0.814 2. 19 0.047 0.079 0.068 0.073
0.880 3~~ s l0 ~ 0.026 — — —

First Blade 0.788 0,774 ‘2. h xl0~ 0.114 0.200 0.125 0, 159
0.671 226 .nl0~ 0.120 0.191 0.145 0.167
0.867 2 .26x l0 ~ 0.041 0.148 0.114 0.129

Second V,n~ 0.870 0.818 ‘2. 91 xI0~ 0.123 0.085 0.214 0.157
0.732 2.95 sI0~ 0.136 0.078 0.210 0.152
0.915 2.95 xI0~ 0.121 0.86 0.202 0.150

Second Blade 0.904 0,935 l.S2 x10~ 0.033 0.042 
— 

0.092 0.070
0.839 I 52 xl0~ 0.033 0.037 0.103 0.075
1 .000 I 5 2 s I 0 ~ 0.046 0.058 0.093 0.078

5. SUMMARY

(U) A comparison of the performance if  the normal and medium solidity airfoils is in-
cluded in this Section.

(U) The basic objective of Task lid was to evaluate the performance of cascades of lower
solidity and higher load coefficient designed for similar aerodynamic inlet and exit con-
di ’ions as the baseline normal solidity airfoils. With the completion of the medium
soidity performance evaluation , a comt arison of the performance of these two designs
cai~ be made. A summary of the measuied and predicted loss coefficients for the normal
and medium solidity designs at the turb ine design point M~ach number and Reynolds num-
be’ is shown in Table VII . Based on thi s loss data and on the exit gas angle distributions
rei’crted previously, it can be concludeci that the norm al solidity designs are sufficiently
sur~rior to the medium solidity designs when compared under annular segment cascade
conditions to justify their choice in the final turbine design.
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TABLE VII

SUMMARY OF DESIGN POINT i~~ 2 LOSS COEFFICIENTS FOR
NORMAL AND MEDIUM SOLIDITY AIRFOILS

M d i  ~n 
____________

T ibine Dns 69 ~~~
“
~~~i~ ted F . ,  R oot To Mean Mean To Tip OneenO

Mid ipon E~~i F, , I I y lanbi loni A nOin A.oo~n _____________

Too bonnd.r~ L ynn l i t  T o t  Too

No,ma Soldtty 0.054 00 17 0.031 0.029 0.035 0.034
fico Vane 0.013° 0.032°

Medo.n Sobdty 0.854 003 1 0.035 0.051 0.050 0O5~F eti V a ne

Nonnial So ldfly 0.780 9.0266 0.049 0.0368 0.0433 0.040
Fail Blade 

_______________ __________

Medium SoIdit) 0.160 0. 11 4 0043 0.100 O I l S  0.159
Foil Blade

Noemal Solidity 0 869 0021 0.034 0.0275 0.0325 0.030
Sccond Vane 0028 ’ 0034

Unduim Solid ity 0.869 0 . 133 0.034 0085 0.2 14 0.157
S.~ond V.,. 

____________

Non,tal Solidity 0.904 0028 0.040 0.0322 0.0438 0.038
Secend Blade

MeBu m Solidity 0.904 0.033 0 046 0.042 0.092 0.070
Second Blade

Inlil Seneen Intallad 
_______________ _______ _______________ ______________ ________

(U) However , due to the transitional nature of the airfoil , evidenced by the very low
profile losses of the normal solidity airfoils and the apparent importance of the effec-
tive free stream turbulence level shown by the inlet screen tests, it is not possible to
make a definite conclusion concerning the relative performance of these designs in a
rotating turbine. If the effective free stream turbulence level in the rotating turbine
is sufficiently high to move the boundar5’ layer transition further toward the airfoil
le~.di ng edge on the suction side , it is ex;jected that the profile losses on the normal
solidity airfoils will approach the higher fully turbulent boundary layer predictions.

r the medium solidity airfoils, this change in boundary layer tran sition could actual-
ly improve the performance , since a more turbulent boundary layer would have greater
resistance to separation.

(U, It is recommended that the tests of the medium solidity airfoils are repeated under
conditions for which the boundary layer is certain to be turbu lent. Experience shows
th~lt the surest way to achieve this goal i; by use of a suction surface trip wire . Such
tes°s would not only be especially informative for this specific program , but would be
of .i~erest to all aerodynamic programs.
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- SECTION VC BOUNDARY LAYER CONTROL OPTIMIZATION (TASK Il l a)

1. OBJECflVE

(U) Determine the optimum geometry for the selected boundary layer control method.

2. TASK OBJECTIVE

(U) Three geometrical variations of the selected boundary layer control scheme were
evaluated in an annular segment cascade on the second vane baseline airfoil. The pur-
pose of these tests was to further investigate techniques for reducing end-wall losses.
The selected scheme was local airfoil recambering, since after an experimental evalua-
tion o f ( l )  local recontouring (2) local recamber ing (3) end-wall contouring and (4)
use of flow fences and application of increased surface roughness (Reference 4, Section
V), this method proved to be most promising to diminish the end-wall losses.

(U) Each airfoil design was separately tested at the design incidence angle and Reynolds
number and three Mach numbers near the design point. Exit surveys were made
over the entire central passage containing the test airfoil in order to obtain loss coeffi-
cients and exit angle deviations. During these tests, oil and graphite flow visualization
techniques were used to observe flow patterns on the airfoils.

(U) The task objectives were met and the geometry for the locally recambered airfoil( which had the lowest end-wall losses was determined by:

• Reconstruction of the entire exit plane loss distribution for each scheme

• Reconstruction of the entire exit plane flow pattern for each scheme

(U) Analysis of this exit plane data revealec3 the high and low loss regions in the passages
and t ie  merits of each scheme were determi.~ed.

3. CASC~ DE AIRFOIL DESIGN

(U) T,iree geometrical vari ttions of local recambering were applied to the second vane
baselire airfoil . The design exit angle distril utions are shown in Figure 65 for the three
variations referrc4 to. as- A~ B. sn4.C. - The. t.etal gr e4..spaawise woj k...was maintained ,
constant at the baseline value for each recantber ing design. Included for comparison
(Figuri’ 65) are the exit gas angle distribut ious for the original baseline airfoil and the
first io~ a! recambering (Task 11 c). The airftiil elevations of recambering designs A, B
and C rre presented in Figures 66, 67 and 68. The airfoil sections are presented in
Figures 69 through 91 , and the corresponding predicted airfoil surface pressure dis-
tnbutic ots, convergence and radius of curvature are presented in Figures 92 through
106. The fabrication coordinates for each of the sections for these three airfoils are

t (
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tabulated in the Appendix. For recamberi ng design A they appear in Tables VIII
through XV , for rccamher ing design B in Tables XVI through XX Il l and for recambering
design C in Tables XXIV through XXXI . Such additional airfoil information as airfoil
angles , gaging distance , airfoil area , axial chord , and uncovered turning is also tabulated
therein.

_ _ _  

I I
I BASELINE DESIGN

FIRST RECAMBE RED DESIGN

40 — DESIGN A

I I
~ 

O’~ DESIGN C

I
I

~~~~~~32 _ __ _  _ __ _

(

24 _ _  _ _

~~~~~~~~~~~~~~~~~~~

20 -_- -

UN C l~ASSlFlED

16
14 16 18 20 fl 24

- DIAMETER — INCHES
Figi~re 65 Second Vane Recambering i)esign Comparison
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(
NOTE . ACTUAL AIRFOIL SHOULD BE EXTENDED TO R 11.94 5 (TIP EXTENDED SECTION. K—K)
AND R-7.0” (ROOT EXTENDED SI~CTION . J-J ) . THE X AND Y DEFINING COORDINATES FOR THE
TIP AND ROOT EXTENDED SECTIONS ARE THE SAME AS SECTIONS GG AND FF RESPECTIVELY.

TIP EXTENDED SECTI ONSECT. K -K _______

k.—o.9o8” _
~

‘
~‘j 

11 .945” R

11.41 ” R TIP SECTION HH

2” R11.0 10.86” RFILLET SECTION EE

10.46” R ‘h TIP SECTION 00

0.194”

1 11.445 ” RT IPDEFINING SECTION GG

9.4725” H MEAN SECTION CC
~ 

/

8.4863” R V~ ROOT SECTI ON 88

I I t
SECT. 

7.00”R ° 3 2
~~~ j 750”R RCI’.,T SECTION FF

ROOT EXTENDED SECTION UNCt ~AS5(FI E 0

Figure 66 Elevation and Section Location of Second Vane , Recambering Design A

(
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[
‘p

NOTE : CONSTANT SECTION EXISTS BETWEEN R-11.445 (TIP DEFINING
SECTION) AND H~ 1 1.945 (TIP EXTENDED SECTION) CONSTANT
SECTION EXISTS BETWEEN R~ 7.5 (HOOT SECTION) AND R 7.0
(ROOT EXTENDED SECTION).

TIP EXTENDED SECTION
SECT. K-K L__ _ 

o.9o8e
~___øj wSts”R

11.445” A TIP DEFINING SECTION GG
11.41 ” R TIP SECTION HH

U
11.02 H 10.86RFILLET SECTION EE

10.46” A V. TIP SECTION OD

-~~- 
~
- 0.194”

( 9.4725” A MEAN SECTION CC

8.4863” R ‘I. ROOT SECTION B8

43$

I I 1’ ‘ 

7.65” R POOT FILLETSECT ION AA
7.00”R r ° ~

2 
~~~

‘°
~ 7.50” H ROOT SECTION FF

SECT. JJ — — ~~— —
ROOT EXTENDED SECTION

Figure 67 Elevation and Section Location of Second Vane, Recambering Design B
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NOTE: CONSTANT SECTION EXISTS BETWEEN R~ 11. 44S (TIP DEFINING
SECTION ) AND R=1 1 .945 (TIP EXTENDED SECTION ). CONSTANT
SECTION EXISTS BETWEEN 11-7.5 (ROOT SECTION ) AND R 7.0
(ROOT EXTENDED SECTION).

TIP EXTENDED SECTION
SECT. K-K

0.908” 11 .945” R

t
-

~~~~ 1 14 1 ” R TIPSECTION HH

10.86~’R FILLET SECTION EE

10.46” A ‘I. TIP SECTION DO

-0- 0- 0.194”

( 9.4725” A MEAN SECTION CC

8.4863” R ‘4 I- 001 SECTION 88

I ,, I f 7 33” R ROOT FILLET SECTION AA

7.00”Rr°8 3  ~
0-j 7.50” A ROOT SECTI ON FF

SECT JJ — —
ROOT EXTENDED SECTION

Figure 68 Elevation and Section Location of Second Vane , Recambering Design C
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+0.64 -
p 1

HOT DIMENSIONS

NUMBER OF FOILS 80.00
DIAMETER 15.3000 IN.

________ __________ 
GAGIN G 0.3240 IN.

+0.24 PITCH 0.6008 IN.
AXIAL WIDTH 0.8357 IN.
BLADE INLET ANGLE 37.73 DEG.
GAS INLET ANGLE 38.00 DEG.
BLADE EXIT ANGLE 33.83 DEG.
GASEXIT ANGLE 33.70 DEG.

(.3 GAGING ANGLE 32.63 DEG.
UNCOVERED TURNING 17.54 DEG.
PRINCIPAL AXIS -24.29 DEG.
L. E RADIUS 0.0179IN.
T .E. RAOIUS 0.OIOOIN

- ‘ METALAREA 0.1008IN~
I— X y

.0.56 OC.G. 0.4107 .0 3436
-0.2 +0.2 .0.6 +1.0 DRADIAL REF. 0.4132 .0.3347

GAGE 0.5788 -0 3650
AXIAL COORDINATE ‘ INCHES

Figure 69 Recambering Design A, Second Vane , Root Fillet Section (AA)

( +0.6 - - - -- - -

HOT DIMENSIONS

NUMBER OF FOILS 80.00
DIAMETER 16.9726 IN.
GAGING 0.2969 IN.
PITCH 0.6665 IN.

+0.2 — -

~~~~

- —

~~~~ 

-
j AX IA L WIDTH 0.8565 IN.

UI BI.ADE INLET ANGLE 42.10 DEG
GAS INLET A NGLE 42.10 DEG —

Z BLADE EXIT ANGLE 26.45 DEG
0 GASEXITANGLE 26.45 DEG

~3AGING ANGLE 26.45 DEG
UNCOVERED TURNING 18.49 DEG

-0.2 PRINCIPAL AXIS .32.56 DEG
/ LE.RAOIUS 0.0200 IN.

F 7 T. E. RADIUS 0.0100 IN.

~~~~~~~~~~~~~~~~~ 

i i~~~~

’

~~ 
~~ 

METAI~ 

~~~~~

-01 _________ N ~~ C. ~ 0.3939 .0.3812__________ — 

+06 0 RADIAL REF . 0.4132 .0.334 70.2 +0.2 GAGE 0.5831 .0.4044
AXIAL COORDINATE INCHES

Figure 70 Recambering Design A, Second Vane , 1/4 Root Section (BB)
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40.4 

~~~~~~~~~ 
HOT DIMENSIONS

UI NUMBER OF FOILS 80.00
I
U DIAMET ER 18.9450 IN.

PITCH 0.7440 IN.
UI 

__________ _________ __________ 
AXIAL WIDTH 0.8810 IN.

I— 0.C BLADE INLET ANGL E 50.50 DEG
Z GAS INLET ANGLE 50.50 DEG
O BLADE EXIT ANGLE 22.50 DEG

GAS EXIT ANGLE 22.50 DEG

~~~~~~~~~~~~~ GAGING 0.2895 IN. -

8 GAGING ANGLE 22.90 DEG
U UNCOVERED TURNING 18.39 DEG
-I PRINCIPAL AXIS -40.29 DEG

-0.4 L. E. RADIUS 0.0225 IN.F
T..E. RAOIUS 0.0100 IN.z

UI META L AREA 0.1 178 IN?CD
X Y

I-~ OC . G. 0.3686 -0.3981
ORADIAL REF . 0.4132 -0.3347

____________ ____________ ____________ 
GAGE 0.5185 .0.4297

-0.4 0.0 +0.4 +0.8

AXIAL COORDINATE INCHES

Figure 71 Recambering Design A, Second Vane, Mean Section (CC)

- (  +0~4 — — - —— HOT DIMENSIONS

NUMBER OF FOILS 80.00
UI

5 
DIAMETER 20.9176 IN.
GAGING 0.8223 IN.
PITCH 0.8214 IN.
AXIAL WIDTH 0.9055 IN.

~ 0.0 - BLADE INLET ANGLE 57.40 DEG
4 GASINLET ANGLE 57.40 DEG

BLADE EXIT ANGLE 22.75 DEG
GAS EXIT ANGLE 22.75 OEG
GAGIN G ANGLE 23.10 DEG§ UNCOVERED TURNING 18.36 DEG

< 0.4 —_____ ________ ________________ _________ ___________ LE. RADIUS 0.0250 IN.
T. E. RADIUS 0.0100 IN
METAL AR EA 0.1190 IN ?

I PRINICPAL AXIS -44 .14 DEG

X Y
O C. G. 0.3340 .0.3648

____________ ____________ ___________ 
0 RA DIAL REF. 0.4132 .0.3347.0.8 —

.04 0.0 +0.4 40.8 GAGE 0.4646 .0.3958

AXIAL COORDINATE INCHE$

Figure 72 Recambering Design A, Second Vane, 1/4 Tip Section (DD)

.A.( NO.68

j  

- UNCLASSIFIED
— - - . —- . - .——.—— ——.—. -



UNCLASSI I- IED

p 
+0.4 - HOT DIMENSIONS

U) 

. 

NUMBER OF FOILS 80.00
UI
I DIAMETER 21.7200 IN.
U GAGING 0.3519 IN. . -

PITCH 0.8529 IN.
AXIAL WIDT H 0.9155 IN.

~ 0.0 BLADE INLET ANGL E 59.76 G
GAS INLET ANGLE 59.90 DEG
BLADE EXIT ANGLE 24.14 DEGa GAS EXIT ANGLE 24.05 DEG

8 GAGING ANGLE 24.37 DEG

—/
/ UNCOVERED TURNING 17.22 DEGU

-a PRINCIPAL AXIS .44.92 DEG
-04 L .E.RAO IUS 0.0260 IN.

I- T.E. RADIUS 0.0100 IN.z
METAL AREA 0.1220 -IN?UI

CD
X Vz

.0.8 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 RADIAL REF 0.4132 -0.3347

4 OC. 0. ‘ 0.3059 -0.3455I-

GAGE 0.4306 .0.3745

-0.4 0.0 +0.4 +0.8

AXIAL COORDINATE ~ INCHES

Figure 73 Recambe ring Design A, Second Vane , Fillet Section (EE)

+0.4 HOT DIMENSiONS

U)
UI DIAMETE R 22.8200 IN.
I GAGING 0.4060 IN.U

NUMBER OF FOILS 80.00

Z PITCH 0.8961 IN.
AXIAL WIDTH 0.9291 IN.

w 0.0 — — _______—— BLADE IN LET ANGLE 62.72 DEG
GAS INLET ANGL E 62.75 DEG

z BLADE EXIT ANGLE 27.32 DEGa GAS EXIT ANGLE 27.30 DEG
GAGING ANGLE 26.94 DEG8 UNCOVERED TURNING 12.84 DEGU PRINCIPAL AXIS -45.64 DEG

4 .0.4 — L E.. RADIUS 0.0274 IN.
F T. E. RADIUS 0.0100 IN.z M8~iA4L A1 €A G$9?f IN?..

UNCL~ASSI~tEC’~ 0 C. G. 02515 .0.3179
-a., ____________ I - 0 RADIAL REF. 0.4132 .0.3347

0.4 0.0 +0.4 +0.8 GAGE 0.3681 -0.3444

AXIAL COORD INATE INCHES
— —

Figure 74 Recambering Design A, Secc ~d Vane, Tip Section (HH)
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4- 0.4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ I-lOT OIMENSIONS

( / NUMBER OF FOILS 80.00
UI DIAMETER 22.8900 IN.
I GAGIN G 0.4098 IN.Uz PITCH 0.8989 IN.

AXIAL WIDTH 0.9300 IN.
______ 

BLADE INLET ANGLE 62.90 DEGUI 0.0 — — —
GAS INLETANGL E 62.90 DEG

4 BLAD E EXIT ANGLE 27.57 DEG
GASEX ITAN GLE 27.57 DEG
GAGIN G ANGLE 27.12 DEG

8 UNCOVERED TURNING 12.47 DEG
0 o PRINCIPAL AXIS -45.68 DEGU L. E. RADiUS 0.0275 IN.
4 .0.4 — -— —- -- 

I.E. RADIUS 0.0100 IN. -

F META L AR EA 0.1319 IN~UI
CD
2

4 - X V
I- 

_ _____ 0 C. G. 0.2475 -0.3161

-0.E _____________________________

_____________ 0 RADIAL REF. 0.4132 -0.3347

-0.4 0.0 +0.4 +0.8 GAG E 0.36 33 -0.3431

AXIAL COORDINATE INCHES

Figure 75 Recambering Design A, Second Vane , Tip Defining Section (GG)

( +0.24, HOT DIMENSIONS

NUMBER OF FOILS 80.00
UI
I DIAMETE R 15.0000 IN.

PITCH 0.5890 IN-
AX IAL WI DTH 0.8320 IN.

U GAGIN G 0.3552 IN.

w -0.16 BLADE INLETANGLE 37.33 DEGI-
GAS INLET ANGLE 37.33 DEG4
BLADE EXIT ANGLE 39.00 DEGa2 

UNCOVERED TURNING 10.65 DEG

_______ __________ \ 

GASEXIT ANGL E 39.00 DEG
GAGING ANGLE 37.08 DEG§ 

______  _________  _________-0.56 — 
________ ____________ ___________ 

PRINCIPAL AXIS -17.1 1 DEG
I.E. RADIUS 0.0200 IN.
I.E. RADIUS 0.0100 IN.

2 METAL AREA 0.0817 IN2
UI
CD
2
4

X V
UNCL~4~t~~ E~~ OC. G. - 0.3924 -0.3113

.0.76 — — C RADIAL REF . 0.3924 0.3113
-0.2 + 0.2 + 0.6 +1.0 GAGE 0.5738 -0.3312

AXIAL COORDINATE INCHES

FIgure 76 Recambering Design B, Second Vane, Root Section (FF)
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UNCLAS ~ IFIED

+0.52 —-—-- -——-- -—--———-— HOT DIMENSIONS

- - NUMBER OF FOILS 80.00U)
UI DIAMETER 15.30001N.
I GAGING 0.3432 IN.Uz PITCH 0.6008 IN. -

AXIAL WI DTH 0.8357 IN.
W +Q.12 —________ ___________ BLADE INLET ANGLE 37.73 DEC

4 GAS IN LET ANGLE 38.00 DEC
BLADE EXIT ANGLE 36.51 DEC2

~
7 GASEXIT ANGLE 35.60 DEGa

GAGING ANGLE 34.83 DEC
UNCOVERED TURNING 12.02 DEC

- 
PRINCIPAL AXIS .19.37 DEC

_________ 
LE.RADIUS 0.0204 IN.4 -0.28 T. E. RADIUS 0.0100 IN
METAL AREA 0.0880 (N2

8

I-
O C. C. 0.3938 .03225

___________ ____________ 
O RADIAL REF . 0.3924 .0.3113 -

.0.6 8 _______________ _______________ _______________

.0.2 +0.2 +0.6 GAGE 0.5720 -0.3448

AXIAL COORDINATE ~~INCHES

Figure 77 Recambering Design B, Second Vane , Root Fillet Section (AA)

( 
+0.2 —_________ ___________ ___________ HOT DIMENSIONS

NUMBER OF FOILS 80.00

UI
I GAGING 0.2953 IN.
U
2 PITCH 0.6665 IN.

AXIAL WIDTH 0.8565 IN.

U) 
~~~~~~~~~~ DIAMETER 16.9726 IN.

_______ ____________ — BLADE INLET ANGLE 42.10 DEC
&ii -0.2 GASINLET ANGL E 42.10 DEG

BLADE EXIT ANGL E 26.35 DEC
GAS EXIT ANGLE 26.35 DEC

_____ __________ N 

UNCOVEREOTURNING 15.10 DEG
GAGING ANGLE 26.30 DIG

I~~~~~~~ z
_ _

PRINCIPAL AXIS .30.14 DEC
_______ _____________ _____________ 

L. E. RADIUS 0.0225 IN.
< .0.1 T.E. RAOIUS 0.0100 IN

METAL AREA 0.1100 IN~
UI

X V
- ~ 0 C. G. 0.3802 -0.3847

~~~$$~S*FJIE D RADIAL REF. 0.3924 -0.3113
-1.0 GAGE 0.5532 -0.4068

-0.2 40.2 +0.6 +1.0

AXIAL COORDINATE ~ INCHES
I

t Figure 78 Recambering Design B, second Vane, 1/4 Root Section (BB)
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+0.4 - ---—-—---— --- —.-—- ---—- - - - -— -  -—- —  .~~ DT DIMENSIONS

U) 
- 

1 
NUMBER OF FOILS 80.00

UI DIAMETER 18.9450 IN.I Io GAGING 0.2763 IN.
2 PITCH 0.7440 IN.

AXIAL WIDTH 0.8810 IN.

0.0 — -  4 - ~~ BLADE INLET ANGLE 50.50 DEC

4 I 
GASINLETANGLE 50.50 DEC

z BLA DEEXIT ANGLE 21.40 DIG
a GAS EXIT ANGLE 21.40 DEG

GAGING ANGLE 21 .80 DEC0
O UNCOVERED TURNING 13.72 DEC
o 0 PRINCIPAL A X I S  .39.91 DEC
..J 1. I. RADIUS 0.0250 IN.4 -0.4 ----—-—----- — ________

F o T. I. RADIUS 0.0100 IN
METAL AREA 0.1138 IN2

UI
CD
z X V
4 I 0 C. G. 0.3454 -0.4429I 

-

_ _ _ _ _ _0 RADIAL REF. 0.3924 -0.3113

.0.8 ___________________________________ GAGE 0.5188 -0.4440
.0.2 +0.2 +0.6 +1.0

t

AXIAL COORDINATE ~~INCHES

Figure 79 Recambenng Design B, Second Vane , Mean Section (CC)

( 
____________ ____________ _________ HOT DIMENSIONS+0.4 —__________

NUMBER OF FOILS 80.00
DIAMETER 20.9176 IN.UI

Uz PITCH 0.8214 IN.
AXIAL WIDTH 0.9055 IN.

_______ 
BLADE INLETANGLE 57.40 DEG

UI 
~~ 

— _________ ______-—-——- -_________ —.
GASINL ETANGLE 57.40 DEC

I 

/
1/  

GAGING 0.8077 IN.

BLADE EXIT ANGLE 21.65 DEC2
a GAS EXIT ANGLE 21.65 DIG

GA GING ANGLE 22.00 DEG

§ UNCOVERED TURNING 13.71 DEG
PRINCIPAL AXIS -44.72 DEG

UI 

T. I. RADIUS 0.0100 IN
L. I. RADIUS 0.0275 IN.

-0 4 — -
METAL AREA 0.1183 IN?2

X V
4 OC. G. 0.3085 -0.4201I.-

C RADIAL REF. 0.3924 -0.3113
GAGE 0.4621 -0.4255.0.8 _____________ ____________________________

-GAO 0.0 +0.4 +0.8
AXIAL COORDINATE ~~

- INCHES

Figurc 80 Recambering Design B, Second Vane , 1/4 Tip Section (DD)
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U NCLASS IF! ED

40.4 —- -—— —.-------—— HOT DIMENSIONS

( NUMBER OF FOILS 80.00
Mi DIAMETER 21.7200 IN.
C.) GAGING 0.3521 IN.

PITCH 0.8529 IN.
AXIAL WIDTH 0.9155 IN.

Mi 0.0 —________ --~ — BLADE INLET ANGLE 59.76 DEG
GAS INLET ANGLE 59.90 DEGz BLADE EXIT ANGLE 24.60 DEG0 GASEX ITANGLE 25.10 DEG

o I GAGING ANGLE 24.33 DEGo UNCOVERED TURNING 13.46 DEGC)
PRINCIPAL AXIS -45.03 DEG

< -0.4 — -- -
~~~~~~~ — — —--— L. E. RADIUS 0 0295 IN

I T. E. RADIUS 0.0100 INz
0.1167 IN2Mi METAL AREA

z x VI-. 
___________ OC. G. 0 28M -0.3740
__________ 

ORADIA L REF. 0.3924 -0.3113

( -0.~ _____________ I GAGE 04210 -0.3877
-0.4 0.0 +0.4 +0.8

AXIAL COORDINATE ~~INCHES

Figure 81 Recambering Design B, Second Vane , Fillet Section (EE)

( ~~ HOT DIMENSIONS

Lu DIAMETER 22.8200 IN.
GAGING 0.4598 IN.
PITCH 0.8961 IN-
AXIAL WIDTH 0.9291 IN.

W 0.0 BLADE INLET ANGLE 62.72 DEG
4 GASINLET ANGLE 62.75 DEG

BLADE EXIT ANGLE 31.97 DEG

U) 

/

2 NUMBER OF FOILS 80.00

0 GAS EXIT ANGLE 32.20 DEG
GAGING ANGLE 30.87 DEG§
PRINCIPAL AXIS -44.94 DEG-I

________ — .— L E. RADIUS 0.0299 IN.~ .4 

UNCOVER ED TURNING 10.93 DEG

T. E. RADIUS 0.0100 IN.z METAL AREA 0.1087 IN?‘UC,z x V4
I-

UHCLI~5~~~JED 
0 C. 0. 0.2401 -0.2759
0 RADIAL REF. 0.3924 0.3113

.0.8 
_______ _____________________ GAGE 0.3379 .0.2955

0.4 0.0 +0.4 +0.8

AXIAL COORDINATE INCHES

Figure 82 Recambering Design B, Second ‘lane, Tip Section (HH)
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UNCLASSIFIED

HOT DIMENSIONS
40.4

C., NUMBER OF FOILS 80.00w
I DIAMETER 22.8900 IN.

___

C., GAGING 0.4687 IN.z
PITCH 0.8989 INs

_____ ______ 
AX IAL WIDTH 0.9300 IN.

Ui 0.fl —-- —_____

BLADE INLET ANGLE 62.90 DEG
GAS INLET ANGLE 62.90 DESz BLADE EXIT ANGLE 32.57 DEGa GAS EXIT ANGLE 32.57 DES
GAGING ANGLE 31.43 DES8 UNCOVERED TIJRNING 10.58 DESC.,
PRINCIPAL AXIS -44.96 DES-J

4 -0.4 L E. RADIUS 0.0300 IN.
T.E. RAOIUS 0.0100 IN.z
METAL AREA 0.1079 IN.2Ui

C,

0 C. 5. 0.2365 -0.2683
U RADIAL REF. 0.3924 .0.3113

-0.4 0.0 +0.4 +0.8 GAGE 0.3312 .0.2881

AXIAL COORDINATE INCHES

Figure 83 Recambcring Design B, Second Vane , Tip Defining Section (GG)

~; ( 
_ _ _ _ _+0.41 HOT DIMENSIONS

NUMBEROF FOILS 80.00
Ui DIAMETER 15.0000 IN.x
O GAGING 0.3860 IN.

PITCH 0.5890 IN.

_______ _______ ______ —J AXIAL WIDTH 0.8320 IN.
Ui +0.04 —______ _______— _____ — BLADE INLETANGLE 37.33 DES

z BLADE EXIT ANGLE 44.00 OEG,,
,~ GAS INLET ANGLE 37.33 DES

0 GAS EXIT ANGLE 44.00 DES
GAGING ANGLE 40.94 DES8 UNCOVERED TURNING 12.06 DES

-l
L. E. RADIUS 00200 IN.

~~~~-0 36

~~~~~ 
PRINCIPAL AXIS .16.36 DES

T. E. RADIUS 0.0100 IN.,-z METAL AREA 0.0931 IN2
Ui
C,z X V4
I— OC. S. . 0.3919 .0.2891

tj NC L~A SS~~IEt) 0 RA DIAL REF. 0.3919 .0.2891
-0.76 ___________ 

_______________________ GAGE 0.5732 .0.2910
0.2 +0.2 +0.6 +1.0

AXIAL COORDINATE INCHES

Figure 84 Recambering Design C, S~ .ond Vane, Root Section (FF)
( )
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UNCLASSIFI ED

+0.52 —..- - . HOT DIMENSIONS
UNCL ASSIcIED NUMBER OF FOILS 80.00

DIAMETER 15.3000 IN.
Ui
I GAGING 0.3659 IN.
a PITCH 0.6008 IN.

AXIAL WIDTH 0.8357 IN.
____________ _____________ _____________ 

BLADE INLET ANGLE 37.73 DEGUi +0.12
GAS INLET ANGLE 38.00 DES
BLADE EXIT ANGLE 40.32 DES

GAGING ANGL E 31.51 DEG
O 

I 

GASEXIT ANGLE 39.50 DES

8 UNCOVERED TURNING 13.58 DEG
PRINCIPAL AXIS -17.91 DEGU
L. E.RADIUS 0.0204 IN.
T. E. RADIUS 0.0100 IN.
METAL AREA 0.0948 IN2z

< .0.28 .

~~~~~~~~~~~~~~~~~ 
0 RADIAL REF. 0.3919 .0.2691

Ui
C, X V
4 0 ~ 5 0.3932 -0.2887I-

GAGE 0.5704 .0.3154
.069 _____________ _____________ _____________

.0.2 +0.2 +0.6 +1.0

AXIAL COORDINATE - INCHES

Figure 85 Recambering Design C, Second Vane, Root Fillet Section (AA)

( +0.4~ HOT DIMENSIONS

NUMBER OF FOILS 80.00
Ui DIAMETE R 16.9726 IN.

GAGING 0.2911 IN.
PITCH 0.6665 IN.
AXIAL WI DTH 0.8565 IN.

I.-
4 GAS INLETANGLE 42.10 DEGz BLADE EXIT ANGLE 25.95 DESa GAS EXIT ANGLE 25.95 DEG

UI +004 

I 

— BLADE INLET ANGLE 42.10 DES

8 GAGING ANGLE 25.90 DEG
UNCOVERED TURNING t at a DES0
PRINCIPAL AXIS .27.28 DES-J

L. E. RADIUS 0.0225 IN.
T. E. RADIUS 0.0100 IN.z METAL AREA 0.1053 1PL2UI

4 .0.36 

N 

0 RADIAL REF. 0.3919 .0.2691

z X V
OC. 5. 0.3893 .0.3661

___________ ___________ _________ GAGE 0 5504 -0.4057-0.76 ______________ ______________ ____________

-0.2 +0.2 40.5

AXIAL COORDINAT E INCHES

Figure 86 Recambenng Design C, Second Vane, 1/4 Root Section (BB)
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HOT DIMENSIONS40.~ 
——_____ — -— ________

Ui DIAMETER 18.9450 IN.I
U GAGING 0.2620 IN.

PITCH 0.7440 IN.
AXIAL WIDT H 0.8810 IN.

UI 
___________ ___________ ___________ BLADE INLET ANGLE 50.50 DES

U) ~~~~~ NUMBER OF FOILS 80.00

~0.2 
0 / GAS INLETANGLE 50.504z BLADE EXIT ANGLE 20.10 DESa GASEXIT ANGLE 20.10 DES

GAGING ANGLE 20.62 DES0
0

4.6 

UNCOVERED TURNING 18.18 DESU PRINCIPAL AXIS ~35.89 DEG-J
4 

_________ __________ ___________________ ___________ __________ 
L.E.RAD IUS 0.0250 IN.

I— ~~~~~~~~~~ T. E. RADIUS 0.0100 IN.
METALAREA 0.1192 IN2

2
4 X V

0 C. G. 0.3649 .0.4037
~~~ 

0 REF. 0.3919 .0.2691
~~~~~~~~~~~~~ ~~~~~ GAGE 0.5362 4.4434

.0.2 +0.2 +0.6 +1.0

AXIA L COORDINA TE INCHES

Figure 87 Recambe ring Design C, Second Vane , Mean Section (CC)

( HOT DIMENSIONS

U) NUMBER OF FOILS 80.00
UI

O GAGING 0.2969 IN.
PITCH 0.8214 IN.
AXIAL WIDTH 0.9055 IN.

UI ____________ ____________ _____ - BLADE INLET ANGLE 57.40 DESI-
4 GAS INLET ANGLE 57.40 DEG
Z BLADE EXIT ANGLE 20.60 DES
0 GASEX IT ANGLE 20.60 DES

~~~~~~~~~~~~~ DIAMETE R 20.9176 IN.

GAGING ANGLE 21.19 DEG8 UNCOVERED TURNING 17.80 DESU -RINCIPAL AXIS .40.47 DES

T. E. RADIUS 0.0100 IN.
4 .o~4 L E. RADIUS 0.0275 IN.

2 METAL AREA 0.1236 IN?

X V
IJNCLASS1~~ EO OC. G. 0.3240 .0.3762

.0.8 _______ — — 
.
. 0 RADIAL REF. 0.3919 4.2691

.0.4 0.0 +0.4 +03 GAGE 0.4789 .0.4194

AXIAL COORDINATE INCHES

Figure Sb Recambenng Design C, Secorn Vane, 1/4 Tip Section (DD)
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UNCLASSIFIED

+0.4 .- - -—— HOT DIMENSIONS

NUMBER OF FOILS 80.00
DIAMETER 21.7200 IN.
GAGING 0.3579 IN.
PITCH 0.8529 IN.
AXIAL WIDTH 0.9155 IN.

U,
BLADE INLET ANGLE 59.76 DESI-. 0.0 — _____

4 GAS INLET ANGLE 59.90 DEG2 BLADE EXIT ANGLE 25.14 DESa GASEX IT ANGLE 24.65 DES
0 GAGING ANGLE 24.81 DES
8 UNCOVERED TURNING 17.11 DES

PRINCIPAL AX IS -40.62 DES-J
4 ____ __________

L. E.RADIUS 0.0285 IN.0.4 _  _ _

T.E.RADIUS 0.0100 IN2
METAL AREA 0.1167 IN?UI

C,
2

X V
0 C. 5. 0.2956 .0.3218
0 RADIAL REF. 0.3919 .0.2691

4.8 SAGE 0.4308 .0.3645
.0.4 0.0 +0.4 40.8

AXIAL COORDINATE INCHES

Figure 89 Recambering Design C, Second Vane , Fillet Section (EE)

I
HOT DIMENSIONS

NUMBER OF FOILS 80.00
DIAMETER 22.8200 IN.a GAGING 0.5111 IN.
PITCH 0.8961 IN.
AXIAL WIDTH 0.9291 IN.UI

I— 0.0 BLADE INLET ANGLE 62.72 DES

y
~ 4 GASINLETANGLE 62.75 DES2

BLADE EXIT ANGLE 36.63 DESa
GAS EXIT ANGLE 36.55 DES

8 GAGING ANGLE 34.77 DES
UNCOVERED TURNING 10.09 DESU

-I PRINCIPAL AXIS 40.99 DES
~ 04 L 6. RADIUS 0.0299 IN.

t 6. RA DIUS 0.0100 IN.2
UI META L AREA 0.0965 IN~C,
2

X V
0 C. 5. 0.2328 .0.2084

________ 

UNCL4S**1~~ 0 RADIAL REF. 0.3919 .0.2691
.0.8 —_________ — GAGE 0.3212 .0.2364

4.4 0.0 +0.4 +0.8

AXIAL COORDINATE INCHES

Figure 90 Recam berrng Design C, Sec,nd Vane, Tip Section (HH)
( )
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p.

+0.4 -—-—---— — HOT DIMENSIONS

U) NUMBER OF FOILS 80.00
DIAMETER 22.8900 IN.

C., GAGUJG 

~=AXIAL WIDTH 0.9300 IN.
U~ 0.0 —-—— - BLADE INLET ANGLE 62.90 DES

/ GAS INLET ANGLE 62.90 DES
2 / BLADE EXIT ANGLE 37.57 DES
O / J GAS EXIT ANGLE 37.57 DEG

GAGING ANGLE 35.61 DES
C UNCOVERED TURNING 9.15 DES

C.) -.‘ / PRINCIPAL AXIS 41.10 DES
( 44 . ~/

‘ N, L. E. RADIUS 0.0300 IN.
N, T. E. RADIUS 0.0100 IN.

2 METAL AREA 0.0947 IN?
C,

X V
I— _____________ 0 C. G. 0.2272 .0.2003

C RADIAL REF. 0.3919 .0.2691
.0.8 GAGE 0.3107 4.2283

.0.4 0.0 +0.4 ‘0.8

AXIAL COORDINATE -INCHES

Figure 91 Recambering Design C, Second Vane , Tip Defining Section (GG)
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1.0 — ______ ______

~~~~ 0.6 _ _ _  _ _  _ _ _  -__ _ _ _

~~~~~~1.2 (
1.0 _ _ _ _ _  

_ __ _

2.6 _ _  _ _

_________ _________ ______ 

IJ!N1~M9L~
0.2 0.4 0~6 0.8 1.0

PERCENT OF AXI.~L CHORD

( Figure 92 Recambe~ ng Design A Second Vane, Root Secfion
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1.0 _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.4 

~~~~~~~ :

I _ __ __ __ _

2.0 - 

7
L=

UNCLAS S IFIEP.
0.0 . —

0.0 0.2 0.4 0.6 0.8 1.0

PERCENT OF AX iAL CHORD

Figure 93 Recambering Design A, S.~cond Vane, 1/4 Root Section
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10 
_____________

08

0.6

F - 0.2391

- 0.898

F N

10 / _ _ _  _ _ _  _ _ _  _ _ _

0.8 —

4.0 —________ _____________ _____________

~~~~~~~ 2.0 _ _  _ _  _  _ _  _ _

__________ UNCL’~ASSIFj’~D
00

00 0.2 0.4 06 08 1.0

PERCENT OF AXIAL CHORD

FIgure 94 Recambering Design A , Second Vane, Mean Section
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-

1 C 
~~~~~~~~~~~ —

- 

0 P_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.6__  _

~~
‘0DES 

- 0.3878

- 0.826

0.4 ____________ _____________ ____________ ____________ ____________

2.6 ______________ ______________ _______. _____________ _________—

1.8 _  _  _

l.C _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

0:

0 

U~~~~~~~ S~FI 0

PERCENT OF AXIAL CHO RD

Figu.~e 95 Recambenng Design A, Second Vane, 1/4 Tip Section
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10 ~~~~ — —____ _ _ _ _ _  ____—

~~~~~~08~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~

0 6  —~~~~~~~~ - _____

- 0 3015

- 0.756

0.4 1 ____________ ____________ ____________ ____________

I C —’ _ _  _ _

B. C

_ _ _  /~_ _ _ _ _ _  ______ — 

~~~~~~~~~~~~~~~~~~~~~
U$Ct~A~$I~ 1~ D

00 ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ —_______ I
0.0 0.2 0.4 0.8 0.8 1.0

PERCENT OF AXIAL CHORD

( 
Figure 96 Recambering Design A. Second Vane, Tip Section
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__________ L __________ __________

I?_
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_ _ _  _ _ _
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PERCENT OF AXIAL CHORD

Figure 97 Recambering Design B, Second Vane , Root Section
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1.0 —

~~P/0D 0.3634

04 

M
EXIT - 0.942

2.0

rfl~~~~~~~~~~~~~~~~~~~~~~~~~
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or —
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I
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PERCENT OF AXIAL CHOR&

Figure 98 Recambering Design B, Second Vane, 1/4 Root Section
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1.0 —_______ ___________ 
—

:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ _

0.4 

~~~~~~~~ 
:

2.6 - ______________

I.E
____

I _  
_ _ _

0.2 _ _ _-__ _ _ _  _ _ _

8.G

UN Ct~~S~IFfr D

0.2 0.4 0.5 0.8 1.0

PERCENT (IF AXIAL CHORD

Figure 99 Recambcring Design B, Second Vane , Mean Section
(
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0.6 _  _

- 0.2837

04 

MEXIT 0.832

:8
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0.2
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p _~~. ONC*MSSIFIED

Co  
___________ 
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0.0 0.2 04 0.6 08 1.0

PERCENT OF AX IAL CHORD

Figure 100 Recatnbenng Design B, Se~und Vane, 1/4 Tip Section
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10 
.

~~ ‘°DES 
- 0.2830

• 0.747

04 _______________________ ___________ ___________ ___________

2.0

_ -_  _
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(U) 1~xcept for the test airfoils , th e cascade rig used in this Task Wa s identical to the
one used to evaluat e the fi rst recanibered se’;ond vane airfoil (Task II c). This was the
normal solidity , annular  segment , cascade rig described in detail in Reference 2. The
inlet guide vanes used in testing the three local recambering designs were the redesigned
inlet guide vanes described in Reference 4 , Section IV , si n ce t he inlet angles o f the
three reca mbered airfoils were identical to both the baseline and the first rccambered
designs. In keeping with the Task II c evaluations , inlet bou ndary layer bleed slots
were also used during these tests. ~1he boundary layer slots were cut i nto the inlet
guide va ne pack inside diameter and outside diameter walls , and were 0.094 and 0.047
inches wide , respectivel y . The in let screen of Task lie was also in the cascade in order
to generate a more realistic turbulence intensit y level.

4. DISCUSSION

( U) The performance data at the exit Mach number nearest the design value (0.869)
are presented for each of the three recambering designs. For each geometrical variation ,
the pressur e loss contour s , the exit gas angle contours , spanwise pressure loss distribu-
tions . spanwise loss coefficient distributions , spanwise exit gas angle distributions and
spanwise exit Mach number distributions are shown. These plots are found in Figure 107
through 11 2 for recambering design A at an exit midspan Mach number of 0.846. Data
were also take n at ex it m idspan M ach num bers of 0.787 and 0.97 2. Similar plots are
found for recambering design B in Figures 113 through 118 at an exit midspan Mach
number of 0.85 6, and for recambering design C at an exit midspan Mach number of 0.862
in Figures 119 through 1 24. Data were also taken at exit midspan Mach numbers of

P 

0.799 and 0.995 for design B, and at 0.800 and 1 .008 for design C.
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(U) The spanwisc loss coe fficient distribution for recambering design A is shown in
( Figure 125. For comparison , the loss coe ff icient distributions are included b r  the

second vane baseline airfoil and for the base line airfoil after the fi rs t recambering was
applied . The peak loss near the inside diameter of design A agreed well with that for
the fi rst recambered test, but the int egratc~ midspan-to-root loss coefficient increased
fro m 0.029 to 0.036. The midspa n-to -tip integrated loss decreased from 0.038 for the
fi rst recambcring to 0.035 for design A , retlecti ng the effect of opening the ti p exit
a ngle by approxi mat ely 10 dc~rces. The overall integrated loss coefficient indicated a
slight i ncrease (0.036) as compared to that for the fi rst recambering (0.033). Losses
at the midspan were close to the loss levels for the baseline airfoil

0)4  

I ~~i I ~ I
NEW IGVS WITH BOUNDARY LAY ER BL.EED & INLET SCREEN INSTALLED

BASELIN E MIOSPAN EX ITM 2 O 86O 
— ________ _______0)2  

0 
- 

F I RST REC AMB ER I NG M IOSPAN EXIT M 2 0.880

0 RECAMBERING DESIGN A MIDSPAN EXIT M2 0837

0)0

UH~~~*SSIIC1~~D

0 ID ~O 30 40 IS SO JO So so

PEHCETIT OF I5~ OIAL SPAN -

Figure 125 Spanwise Flow Weighted Loss Cot fficient Distribution — Recambering
Design A
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~~~ ( U) As noted above , the diff ere nces between the measured loss value s of these airfoils
arc very small. Therefore , the loss values th at  are quoted are int egrated flow-weighted
val ues. si nce it is difficult to eva luate the di fferences by observing the spanwise loss
dist ributions. The quoted values are the midspan desi~’n exit Mach number ,  arrived at
by extrapolation of plotted test data. These values will be compiled in Table XXX II
in the Summary .

• ( U) The spanwise loss coefficient distrib ution for recarnberin g design B is shown in
Figure 1 26 for compari sion with the baseline and first recamberin g. Although the
root exit ang le was increased by appro xim ately 8.5 degrees from the baseline airfoil de-
sign , the peak loss at the root was ide ntical to the baseline value. The integrated mid-
span -to-root loss coefficients were also essentially the same , since the loss coefficie nt
for the baseline toil was 0.03 5, while for design B it was 0.031. This compare s to 0.036
for desig n A and 0.029 for the first recambered airfoil. The design B exit tip angle was
increased by about 1 0 degrees above t h a t  for the b aseline value. Again. the peak and
integrated losses fo r design B were almost ident ical to the baseline airfoi l . The integra t ed
midspan -t 0-tip loss coefficie n t for the baseli ne ai rfoil was 0.035, while fo r design B it
was 0.033. This compares to 0.035 and 0.038 for design A and the firs t recambered
ai r foil , respectively .

( U) A similar comparison of loss coefficients is made for recambering design C in Figure
1 27. For this design , the root exit angle was increased approximatel y 13.5 degrees and
the tip exit angle was increased by approximate l y I S degrees over the baseli n e airfoil angles.
The root losses for design C were almost identical to design B. and slightly greater than the
baseline airfoil value. The tip losses were lower (0.034) than both the baseline (0.035)
and design A (0.03 5) and higher than design B (0.033), with the peak shifti ng closer to
the wall. Design C had the highest overall loss coefficient (0.038) when compared to the
baseline (0.035), design A (0.0350) and desi gn B (0.032). The midspan loss for design C
was greater than the baseline airfoil design .

(U) The measured exit gas angles agreed well ~ ith the airfoil design angles for thre e re-
cambering changes. These are presented in Figures 128 , 129 and 130. Althou gh the

• inlet flo~’ .~ngles were not completely de fined by mapping the test channel (only a single
radial tra vi.rse was made), the ex i t angle measu remen ts i ndicate t ha t t he airfoils were
t urn ing the flow to the desi red val ue.
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~~ 

Design A exhibited a few degrees of und crturning at the tip. The same order of ma~~i-
t ude of un d er t urn in g was observed for the base line test in the same region (Refe rence
4) . This under tur n ing disappears for designs B aiid C, indicat ing that better control of
flow was obtained in the tip section.

( U) There was very small effect of Mach number variation on loss coefficient for the
recamber cd airfoils. This is seen in Figure 13 1.  None of the airfoils exhibi ted a transonic
drag rise ove r the Mach number range tested. The Reynolds number was not held con-

• slant during these t cst~, and any var i atio n of loss may be partly a t t r ibuted to the fact
that Reynolds number increase d with Mach number in t h e  annula r  segment cascade . The
plane cascade tests of the baseli ne airfoil sections (Section l i i ) ,  where Reynolds number
could be controlled idependently of Mach number , indicated that there was only a
small ef fect of Reynolds number on loss within the range of that investigation.

ALL DA rA AT ZERO NOMINAL INCIDENCEo RECAM 8ERING DESIGN A
o RECAM BE R ING DESIGN B
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( U) As was done in the previous tasks , a mixture of oil and graphite was i aintcd on the
( airfoils in order to provide addit io n al  informatio n about the behavior of the flow in these

rec ambered airfoil cascades. Photographs of the resulting patterns were taken and arc
shown i n Figure s 132 and 133 for recambering design A , in Figure s 134 and 135 for design
B. and in Figures 1 36 and 137 for design C. These patterns indicate that the flow remained
attached on the airfoils and end-walls. Cross-flow pattern s can be seen from these photo-
graphs at the walls , but no separation on these walls in the vicinity of the airfoils was de-
tec ted .
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Figure 132 Oil and Graphite Flow Patterns , Second Vane Recamberrng Design A, Mach
No. 0.846 (FE9S 157)
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Figure 133 Oil and Graphite Flow Patterns , Second Vane Reca mbering Design A , Mach
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Figure 134 Oil and Graphite Flow Patterns , Second Vane Recambering Design B, Mach

( 
No. = 0.856 (FE9393 1)
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No. = 0.856 (FE 93939)
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Figure 136 Oil and Graphite Flow Patterns , Second Vane Recambering Design~C, Mach
No. = O.862 (FE95 165)
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Figure 137 Oil and Graphite Flow Patterns , Second Vane Recambering Design C, Mach
No. 0.862 (FE95 166)

5. SUMMARY

( U) Results of the second vane recambering test evaluation at zero incidence and at
nominal design exit Mach number are tabulated in Table XXX II.  Durin g these tests ,
t hree levels (approximately 5 , 10 and 15 degrees) of local uncambering at the end-walls
were investigated. With such large changes ii local airfoil geometry , the end -wall losses
could ~ot be substantially reduced. The 10 iiegree uncambered cascade (Design B) had
a sligh ’ly lower overall loss than the 5 and I degree uncambered cascades (Designs A
and C. -e~pcclively) . The root end loss was the lowest for recambering design B with
small diffe rences in tip end loss for the three recambered designs. Midspan profile losses
increased as expected with an increasing amount of midspan overcambering applied in
each of the three cascades to maintain const ant overall work . The exit flow angles for
recamb ering designs A, B and C behaved in a predictable manner , indicating that such
uncam bering can be a pote n tially use fu l techn iq ue. f or improving entrance flow conditions
for the following row of airfoils.

(U) This Task lila information will be applied in the demonstrator turbine design
(Phase IV) . aata shows that the overall loss coefficient for the same overall work was
only slightly affected by a large redistribution of turnin g. Furthermore , the data in-
dicates tha t a ~1ight reduction of end-wall loss results from a small amount of the type
of recamberi r~ that was investigated. As a result , I.e final design studies (Phase IV) will
atte mpt to gai n some adva n tage from th e di rect ar ~.! indirect benefits of such recamber-
ing. The ind,rect benefits include better f l -w con rol and better spanwise distribution.
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TABLE XXX iI

COMPARISON OF LOSS COEFFICIENTS FOR SECOND VANE RECAMBERING
CORRECTED TO 1)ESIGN POINT MACI! NUMBER = 0.869

ZERO INCIDENCE

MEASURED LOSS COEFF ICIENT , i~~2

Airfoil Midspan-To-Root Midspan-To-Tip Overall

Baseline 0.035 0.035 0.035
First Recambering 0.029 0.038 0.033
Rccainbering Design A 0.036 0.035 0.036
Recambering Design B 0.03 1 0.033 0.032
Recamber ing Design C 0.044 0.034 0.038

___________________  _______________  __________ —

6. TEST PR OCEDURE

( U) The test procedure emp loyed during this task was identical to that of the Task II b
baseli ne evaluation. This procedure was desciibed in complete detail in Refe rence 3.

( )
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SECTION VI

OFF-DESIGN EVALUATION (TASK l l lb  AND Ili c )

1. RFP OBJEC~IVE

(U) Determine the effect of off-design operation on the aerodynamic performance of
the selected airfoil geometries havin g the optimu m boundar y control method applied.

2. TASK OBJECTIVE

(U) The purpose of these tasks was to evaluate off-design performance of the airfo il
geometries which showed optimum end-wall losses during the Task l i l a investigation.
These cascades were tested at three Mach numbers , including the design point , and at
positive and negative incidence ang les. The incidence angle was varied by changing the
inlet guide vane geometry . Exit flow survey data were obtained and local and integrated
losses and flow angle deviation were evaluated. This data will provide the basis for the
ai rfoil loss system which will be integrated with the turbine design system.

3. CASCADE PACK DESIGN

(U) New turning vane assemblies were fabricated for the off-design evaluations. Initially,
it was decided to test at ±1 0 degree incidence. However , in order to build the ± 1 0 de-
gree incidence inlet guide vane , a new inlet belimouth would have to have been fabricated.
The largest negative incidence guide vane which could have been fabricat ed within the
second vane be llmouth limitations was -6 degrees. This , there fore , was the negative
incidence at which the tests were run. There was no problem in attainin g the + 10
degrees incidence inlet guide vanes fo r the be lirnouth design on hand.

4. DISCUSSION

( U) Four airfoils were tested at incidence angles of +10 degrees and -6 degrees. These
airfoih included the second vane bas .ii ne ai~ foil , the second vane with first recarnber-
ing. re ;a~nbering design A. and recambering design C. The results of these off-design
tests s~ ill be discussed in the same order, an~ later tabulated in the Summary (Table
XXX II I).

( U) The baseline airfoil performance data at an incidence angle of + 10 degrees are
presen ted for an exit midspan Mach number of 0.835 in Figu res 138 through 143.
Care was taken to choose a passage that was free of inlet guide vane wakes for spanwise
evalualons. As in Refe rence 4, the fo1lowin~ is included whenever “performance data ”
is refen~d to in this Report:

• total pressure loss contour plots
• exit gas angle contour plots
• average spa nwise total pressu re los~ 4istribut ion
• average spanwise loss coefficient d’suibution
• average spanwise exit flow angl e d’stnbution
• average spanwise exit Mach numbe~’ distribution
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(U) The performance data are presented for an incidence ang le of -6 degrees at a mid-
span exit Mach number of 0.865 in Figures 144 through 149. Baseline airfoil comparisons
of the spanwise loss coefficient distribution at + ID degrees incidence with zero incidence
and 6 degrees incidence with zero incidence are shown in Figure s 1 50 and 151 , respec-
tively . The root end-wall losses were greater at the positive incidence, and less at the
negative incidence than the zero incidence values. The tip end-wall losses at the positive
incidence were almost identical at the zero incidence , and again less th an zero incidence
fo r the negative incidence condition. On an overall integrated basis , the positive incidence
loss coe fficient was greater , and the negative i ncidence loss coefficient was less than the
zero incidence value. The measured exit gas angles for positi s e and negative incidence
are shown in Figures 152 and 153. respectively. These results indicate that the measured
angles were , in general , in close agreement with the predicted values as was the case for
previo us tests (Task I ll  a). Oil and graphite flow visualization tests were made on the

• test airfoils at both incidence angles and these are shown in Figures 154 through 157.
These photographs indicate attached flow over the airfoil and end-walls and , as in the
zero incidence case, some radial inflow at the end-walls due to the usual suction surface
cor ner vortex.

(U) Performance data for the second vane first recambered airfoil are shown in Figures
158 through 163 at the positive incidence angle of +10 degrees. Similar data for the
negative incidence of -6 degrees are shown in Figures 164 through 169.
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(U) Comparisons of the spanwise loss coefficient distribution at + 10 degrees incidence
P - with zero degrees incidence , and -6 degrees incidence with zero degrees incidence are

shown in Figures 170 and 171 , respectively. The root end-wall losses were larger for
t he positive incidence and almost identical for the negative incidenc e values when corn-
pared to the zero incidence results. The tip end-wall losses showed very little variation -

for the three incidences that were investigated. On an overall basis , the positive inci-
dence loss coeff icie n t was substan tially la rge r , an d the negative incide nce value was
slightly greater than for the zero incidence condition . The measure d exit gas angles are
shown only for the -6 degree condition (Figu re 172), since probe problems during the
+10 degree test produced erroneous angl e readings . The measured angles , as was the
case for the baseline tests, were in good agreement with the design predicted values.
Oil and graphite flow pattern s are shown in Figures 173 through 176 for both positive
and negative incidence tests. The flow was, as usual , well-behaved.
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( U) Performance data for the second vane recambering design A airfoil are shown in
Figures 177 through 182 at (h e positive incidence angle of 10 degrees- Similar data
for a negative incidence of 6 degrees are shown in Figures 1 83 throu gh I 88. Spanwise
loss coefficient distributions at + I 0 degrees incidence and -6 degrees incidence are corn-
pa red to zero degrees incidence values in Figures 189 and 1 90, respective ly. The root
end-wall losses were larger for positive incidence and showed little difference for the
negative incide nc 2 , when compared to the zero incide nce results . The ti p end-wall losses
were much larger at the positive incidence and slightly lower at the negative incidence ,
whe n compared to the zero incidence condition. Overall , the positive incide nce loss
was greater and the negative incidence less when compared to the zero incidence curve.
The measured exit gas angles are shown in Figu res 191 and 192 for the +10 degrees and
-6 degrees evaluations , respectively. Slight underturnin g is indicated at the tip in both
cases with good agree ment with design predicted values over the rest of the airfoils.

• This was also tru e at the zero incidence test condition (Section V). Oil and graphite
flow patte rns are shown in Figures 193 through 196 for both positive and negative
incidence tests.

(U) The last airfoil subjected to off-design evaluation was the second vane recamber ing
design C. The perfonnance data for this airfoil at +10 degrees incidence are presented
in Figures 197 through 202. The same type of data for the -6 degree incidence is shown
in Figures 203 throu gh 208. Comparisons of the spanwise loss coefficient distributions
at positive incidence and negative incidence are made with zero incidence values in
Figures 209 and 210. respectively. The root end-wall losses were slightly lower at the
+ 10 degrees and -6 degrees incidence than at the zero incidence condition. The positive
incidence tip end-wall loss was greater than , and the negative incidence tip end-wall loss
was about t he same as the zero incidence value. The overall loss coefficient was slightly
higher at the positive incidence , a nd slightly lower at the negative incidence , in com-
pariso n to zero incidence conditions. The measured exit gas angles are shown in Figures
2 11 and 2 1 2. Good agreement was obtained with design values for both positive and
negative incidence ingles. Oil and graphite flow patterns for these tests are shown in

• Figures 213 through 216. Well behaved flow with some end-wall radial shift , is agai n
verified from these patterns.

(Ii) The variation 1 loss coefficient with midspan exit Mach number is shown in
Figures 21 7, 218 and 219 for the second vane first recambered airfoil , recanibering
design A and recambering design C, respectively. The contribution of each end to the
overall loss is show ~~. in order to indicate the effect of incidence on each end-wall un-
cambering. For these same airfoils- , the effect oC incidence on l ss-coef5Licient. is shown.
in Figure 220. It i~. noted that these airfoils were not overly sensitive to incidence , and
that the loss level generally goes up with incidence angle.
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C •ASS NO. 165

U N C L A S S I F i E D
- .  - • • - - ~~~~~~~~~~~ - a- •--~~ - -~~~~~~~~~~~~ - - - • - • -



1~’=
— — 

___

/ A o —AO 5 0 537 PRATT AND WHITNEY AIRCRAFT GROUP EAST HARTFORD COt*i Ft’S 21/5- 

INVESTIGATION OF * HIGHLY LOADED TWO—STAGE FAN—DRIVE TURBINE. V—.ETC (U)
.1114 70 H WELNA. 0 £ DAN.BERS. U H ICISER F33615°66”C420e

UNCLASSIFIED PwA 3fl7 Aflpt. T~ ’fle9~.~ Oj~~5 Pd.

‘UN._N__U!!!!!
_ _

taUrEU !!lifl 
- -NUN! _

I NI!!
_ 

_ _

—
RL MF 0

K 

fl 4 :78



UNCLASSIF IED

‘H

tl,LL ~
1
HL

~\ . 4- \ . I4~I t~ ± •k
+-• . — —-- 

H ~ —-~~~~~ -
.+4 ft ~t\- -+ H \i\ -

~ 
-#~‘j # E ~~7Zi~.4- ±\.. .~ j/t:~ r: : !LtL i;ç±

~~~~~~~~ ....j . .. Js~~~~ ~~ L .
•

~~E E~~~~~~~~
T1i-

~
EXIT GAS ANGLE CONTOURS. DEGREES

Figure 178 ExIt Cii Angle Contours, Second Vane Recambering Design A at +10°
Incideni e. Three Flow Passages. Midspan Exit Mach Number ~ 0.837

t 
(

PASS 1.0 186

11 ~ UNCLASSIFI ED_____ _ 
_ _  



UNCLASSIFI ED

F

__ 
_ j 

_ _  _ _  _ _  _ _  :~

U
I

P
Od/OdV

(•

P*UP4O. 167

I ~~~~~~ 
UNCLASS IF !ED



UN CLASSIFI ED

8

-1-

— I— 
_ _ _  _ _  _ _  _ _  _ _  _ _  

/
/r

8
~~ fl

I — _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _

~~1 ~~

Uo U
/

A
_ _ _  ___ __— ___ _ _ _  _ _ _  _ _ _ _  _ _ _

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

a ,:
~~1

4ø~ 0

_____ _ _ _  2

S N - - 0
d

0 0 d
iN3I3IiJ3O3 $SO1

PAG* NO.168

UNCLASSIFIED



UNCLASS IFIED

& _ __ _  _ _  _ __ __ _

ti ll

—
~~~~

— —
~~

•
�---—-

~~~
0> I 2I o~z

I U)
I—

I C.)
I
I ‘U
I

• 
I

________ ________ ________ o C)

I

I

5’ H

_ _ _  _ _ _  _ _  _ _  

/ 

_ _  

1o
~

j - •

~33UO3~ 319NV SV9 UX3

( 
~o 169

-
_

~~•. •• .L. UNCLASSIFIED



UNCLASSIFIE D

• [
~•~

I > 1 1
I
I

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _ _ _Q  0
‘p

I 2II 0.
1 U)
I I-
0~

—
I C.) ~~~ X

~~I ‘UI 0.

•0
• 

~~~~~~~~~~~~~~~~~~ v a

•~~~
0
2J

I

_ _ _ _  _ _ _ _  _ _ _ _  ~~~~~~~~~~~1 

_ _ _ _  

Cfl~ <

_ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
I9 .~~~

0
• q

— .• 0 0 0 0

~N H3VVII lix]

( 
I

•AOS NO. 170



UNCLA SSIFIE D

_ _ _ _  

- 
:f~~~~~~~~~~~~~~~~ ~~ _ 1_ €~~~~~L~~~~~~~~~~~~~~~~ ,~
~~ ~~~~~ 

I .
- • \ U/.(7 ’~ ~~~ 

. 
~- /~

“/~~ ‘‘it • •  •~

~
±tt

~ 
~:

~
\ I

IJ

ill. •-•+- /AfrA J/ .
- 

I!
I • 

T1~~4J ;1 • .  J~~i ! .

~,

_ j .  
— _:

H ij ~’~1 T 1
~

_ _ _ :  =
___________________ 

E 
~~ — — .1

_____________ —

~~~~~~~~~~~~~~~ ~~~~~

.

~ ~•~~/ :  .
l~

_• 

~~~~ 
.-

— I , 
— F —

:
. • ~. • . . . : / ~~ . .:~~ ~ 

.
• .

• 
~~~~~~~~~

• 
• :~ • : 1 ~ •i_ ....~

._ .. •:.~~~~ ~ ~~~ I
___________ ________ ~~ i.1 ~~~~~ 

.
• ~~PO/PO CONTOURS

Figure 183 Pressure Loss Contours, Second Vane Recambering Design A at .6° Incidence.
Three Mow Passages. Midspan Exit Mach Number 0.869

(

PASU NO.171

j UNCLASS IFIED
- 

••

- • -~~~~~~~•~~~ ..



UNCLA SS IF IED

1~~~~~~~~~~~ 
=~.: ~~~~~~~~~~~~~~~~~~~~~

— — • —4---.- 
~~~~~~~ 

-
~~~~‘ 

— — -.

:L ’:~~~ji:~L: ~~;c~~~
j

~~•
uiT~ ~~~~~~~~~~~~~ ~~~~ t T T

E~~~\~~~~~~j : 
E~~

’�
~~’7~~~~

~~~~~~~~~~~~~~~~~~~~~~ 
T . ~

;. ±~Z7j4 
~±:: J~~~~ , :~7 i77i t~~~77JE ::

-. -
~~~~ 

-- •~~- - M~~~~ 
.g~..- ~~ ‘(11~\ J •  • •

— .~~ I — ~~. ~~ -.~~~~~~~ ...-.k... ...._4__ _ .  __________ —
~ ~

EXIT GAS ANGLE CONTOURS. DEGREES

Figure 184 Exit Gas Angle Contours, Second Vane Recambering Design A at -6 •

1n idence. Three Ftow Passages. Midspan Exit Mach Number ~ 0.869
(

PASt NO. 172

UNCLASSIFIE’)

~



UNCLASSIFIED

C:

4

LI ci

_ _  _ _  _ _  _ _  _ _  _ _  

p

8
:

Od/OdV

(
•

•a
,

.*.I NO. 173

UNCLASS IFIED



UNCLASSIFIED

_ _ _  __— ___ 
_ _

E-J 
ci
C.)
C)

- 
0~’• C) U~~0

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  0
>0

2
Q . 0

0.
U)

c~ Z
‘UC.)

LU0.
“I .—

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  0

C)
0

_ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  0 CJ~~_____ ___— 
. 

_ _ _ _ _  _ _ _ _ _  - 
C.)

~~ 0

_ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _  o

N 2 8 8
0 d 0 0

1N3131ii303 8501

(
PA.. NO. 174

UNCLASS~~IED 
-



UNCLASS IFIED

U)I• i 0.I• A

_ _  _ _  

I 
_- p

I LU~~~~I

_ _ _  _ _ _  _ _ __ _ _  

A 
_ _ _

(
V

1 ’

~3~U~l3O ‘31ONV SV9 11X3

( p

PA.. NO.l75

_ _  

I UNCLASSI FIED 
_ _ _ _ _ _ _



UNCLASSIFIED

_ _ _ _ _  _ u• 
— _ _ _ _ _  _ _ _ _ _  0 0 1 1I z

0
0I w 2

U, 0
2
‘U

0.

t • Z~~
- C.)

_ _ _ _ _  ____- C.,

00

oN H3VW .LIX]

i t
PAO( NO. 176

4 _ _ _  

UNCLASSIFIED 
_ _



• UNCLASSIFIED

-~~~ ~~~~
—.----.-. .‘—.-... uI.

-

N

_ _ _  _ _ _ _  0

w ~ C)

~ c3~U, x X / 2
_ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _. 1 ~~ .- 3>

I U)
ci 0 ~ I —A

/ 1
/

0 >  _ _  _ _ _-

~~~~ 

f _ _ f _ _ _ _

0 ‘ U.
~~ 

~~ /k < x x  ‘i f UN

V > F ~p • I C.)
< .( < _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

I _____.. 0-I U)-
z ~ Z 0.

~ 
$3 $3 -~~

~~~~~~~~~~ I’0 W ‘p
0 0 a U - —

—~~~~ ~~ ~~~~—— • _ _ _ _  t _____I ___ ___ — o
s4~ I C.,

> 0 0 a’
0~~~< < IU C)w w w ci

z ~ _

t(

_

~~ 
_ _ 2

— 
• 

.~~~~

_ _ _ _ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0

1N3131Ifl03 SSO1

PAG( NO. 177

_ _ _ _ _  

UNCLASSIF IF.D
-- - _ _-- - - - . - -• - , - . -.-~-- - 



UNCLASSIFIED

F

_ _ _  _ _  

I

I
I - —-- -~--

----—~— 0 • _ _ _ _ _  —0 1‘p I 
C)N 
0I QIU, X i

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _  
2 

3
...z - _ 

0 <— z —  - 14. 0. —0~ ‘I U)
U, II

~ 
0 ~~

II‘p -

• ~~~~~> II 0- - 
I” U. ~j)- 0  
“0 

0
0 1)‘p x x 2I ‘U— — • I I  

_____  ~~ 
C.~

0 
_ _ _ _  ‘I •~ ~ .~~~ -

• U) U• z z 0.• 
~~~2-J tl1 ci

• )- ‘p ‘p 
‘I’~ 0 0

—~ — 1 :~~
• ‘I:•

~ too 0 0

I IU C.)
~ _ _ _  _ _ _  — — _ _ _  _ _ _

L) ci2 I

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  0 

IL,

1d 8 8 83 6 a 0 0 0

1N313W303 8501

PAO( NO. 178

lI - 

UNCLAS Si F I E D  
_ _ _ _



UNCLASSIFIED

(

_ _  _ _ _ __ __ _  _  

-
-

0

_ _ _  _ _ _  _ _ _  _ _ _  

2
—

~~~~~~~~~
— -0— -—

‘p 00
0 ..J °~

‘( 3 W ~~
2 Z 1 0

~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _ _ _  _ _  _ _  _ _ _ _

• U.

I
• I

~~

_ 
- 1/

_ __ _ _ _ _ _  — 

-

S338930 — 31ONV IJIV IIX3

• PAGe NO.179

UNCLAS SIFIED
.

~

_ _ _ -—• - - — - - • - - - _-

~ 

- - 
~~~
-

~~~~
-- -— - - -

~~~~~ 
--



UNCLASSIFIED

_ _  _ _  _ _  _ _  

I

0

_ _  _ _  _ _  _ _  _ _  _ _  : 
I :

~~
.
~~

_ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _  

z~~ a
o a— —
• 

.J~~~~~~~~~

<
_ _ _ _  _____ —____ _____

9 x Z
I 0w 4 _  I I—• ~~~~~ I 2 .~~~I ‘U )C

z — U, I C.)• 

_ _  

• 
_ _ _  _ _ _  _ _ _  _ _ _

I ~~‘0 a a’
~
,. ~~~~~~~

________  ________  ____ ___.Q___ __
~

___ 9 6—/
/ 0 0 .

~~~~~~~~~~~~~~~~~~~

/

.c v

• 

— _ _

—

~~ 

-

~~~~ 
g ‘~

S33U030 — 31ONV WV [IX]

( I

PAGI NO.180

:. u NCLASSIFIED
I 

_________ 
__________ __________- -  - - ~~~~_ • —



UNCLASSIFIE D

~
..  •~~~~~ - —

~~ 
• 

_ 

~~~~~~~~~~~~ • 
-

(~1
k

I- _ . 4I
• r •

.00• E u• -•. • . •
~~~~~~~

_ ci .• C . )0

CC
>~~
0I$~- C)

-‘ ~~~~~~~~~~~~~~

• .,‘ •

• .“i\ . ~~~~
• . IL. C)

• 1  •
~~

• ‘•
~~~~.

i, . \ • . I

~~~~~~~~~~~~~ 

. ,  

I 

~~~ ci

- ~~~~ 

- 

_ 
.
~~~~~~~~~~~~

- 
—s-- — -

~~
-—

~~
‘

PASS NO.181
. 

UNCLASSIFIED -

- . 
_ _



UNCLASSiFIED

• 
_ 
‘

~~~~

• 0Oo ~

I-, --

• ~~~00

• E u• ci
C.)

• ‘ci-
‘ ci

>

• .

•

0. t

~0

.~!T
4.

¼J r1

• •

— 
• .

~~‘

IL.

~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~ 
_ 

~~~~~~~~ 

( .

PAGe NO.1~~~

_ _ _ _ _ _ _ _  - 

UNCLASSIFIED -



UNCLASSIFIED

- r -

~~~ ~~ ~~~~~
—‘-- 

~~~~~~~~~~

4

- 
‘~ r .4 -

~~~o0
--C --

II
C.) 11
C)

> C . 3
.a
~~~SI-

( I. . 
n

I .
C.,

C)- •

.~~~~~~~

- 

~~~~~~
I 

~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

PASS NO. 183

~~ ~~~~~~~~~ 

UNCLASS IFIED 
-. 

-



UNCLASSIFIED

‘H.  
_ _

- ,,r .P, 
~~~ ~~~~~~~~ 

~~~~~~~~~~ 

• _ 

~~~~~~~~~~~~~

‘ fl
• _ _ 

—

- _ 
• 00

• .

i 
Ho h

CC C)
• > c i

C 0~~~•— C)
~1

H
‘1 I

~Jc i

C 
•

I

1 ~
IL.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~ 
.~~J

4 

( • _ • 
- . 

•

PASS NO. 184

IL - 

UNCLASS IFIED -



UNCLASSIFIED

~~~~~ ‘j f c ; ” \  ~~~~ ~~~~~~~~~~~~~~~~~~h \ \‘~~~~L I i ; 
- —

— 

~~~~ ~ 
~~~~~~~~~~~~~ — 4 —  ._L._. I 

~~~~ 

— — — —
_
~~~~~ L ç - ~

’
~~ ~

:_
~~~~~ti:t:::-

~

:

~ 

- - 

i~~~ \k’~\V ~~~~~~~~~~~~~~~~~~~~~

~1:~
1 

~~~~~~~~~~~~~~~~~~~~~~~~• I -
• . . 4 / J /  j .,

~
,, j

_
~~~J _ _  . ‘tt __L.. ....L L’V ~LL J_1....

— — — 

I 

~~~~~~~~ 
‘
~“c::1’—-- — —

I

I 

(~
I ~~~~~~ ~~

“-  Th ~~ ‘h
• • - . - - . - .~~~~~~ ~• i •  .•~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H —J :-~
: f. 

~~~~~ 

— 
~~~ 4-~! / j - T

-

~ 
—
~~~~~~ i~cU ’  ‘t:::.7~’~~~”x~~/~~I::• r —V • 

• .17 1 ~~

~

. ~~~~~ I - i  - . f 1
~ r~’~ 

. -
~ 

—

— .L 4.4._ • 1 _ _ _ J  ‘ •
~~ —

L~~~
#

— —  _ ‘ 1 1 , — -  — —

,Y ’ ç \f ~: • !
- 

- 

/ if  ~‘12 ~ •V~ 1/ 4 . • j .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

::~~H:H: ~~~~~
•
~~~~~~~~

‘
• ~Z T ~T ‘- - ~

4v .

~~~~ 
:~~h- — — — / .~ ri ~ ~“ ‘$Z 

~~~~ 
-, 

~
:;
~ 
,
~ 

- -

— I~ 
~~~~~~~ ~~ 

- — - -
•~~~~~~~ V I’ F c~~lr ~~~~

- —

- - - - • - .  -

Q1 . ; h  ~~ ~
-
~~ ;- ~~~~~~~~~~~~• ~~ 

-
~ 

.
~_. 

.
— ., .

~~~~~~ • 

~ ~~~~~ ~~~~~~~~~~~~ ~~~~~-i~- - ~-~~ii
~ PO/PO CONTOURS

• FIgure 197 PTessure Loss Contours, Second Vane I~ecambering Design Cat +100

Incidence. Three Flow Passages. Midspan Exit Mach Number ~ 0.858

~ PASI NO. 18$

- UNCLASSIFIED - 
-_—~~~~~~ •- - - _ -• •- •- • _ _ -- .--• - _~ -_ 



UNCLASSIFiED

_ _ _  _ _ _  _ _ _

~~~~~~~~~~~~~~~~~ .~~~~J1
L..• ~~~~~ J .

- - -- ~~~L--- ~~~~~~~~~ 
-y- -~~~~~~~ 

\
~~ 1L~i -  ~~~~~~~~ )

IL.( _

~~‘ \
iI~~~~ j ’ IE~~’~~IT

;~~~~~ : : 1 ~~~~~~ 

~~~~~~~~~~~~~~~~~~ 

— I— — F r — ? — 
• — — r r 

~~~~~~~~

— — — —

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ W 

TAT;:. - I ~~~, •

+ H- .~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~ 
a

,

~~, ~~~

EXIT GAS ANGLE CONTOURS. U~GREES

4
FIgure I98 Exit Gas Anglc Contoun, SecondVa RecamberingDslgnCat +1O’

Incidence. Three Flow Paua~es. Midspan Exi t Mach Number * 0.858 4

PASS NO. 186

~ 

I :T . :. .
.T :.
:. _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

~~~~~~~~~~~~~~~~

~ _



UNCLASSI FIED

___  _

~~—4
_ __ _  -_ _ _ _  g

It

8 8 8
0

d d 6 6 0 0 0

Oa/odv
( _ ) 

•

PASS NO. 187

_ _ _  - ~~~~~~~~~~~~ -



UNCLASSIFIED

8

U

_ __ _  

/ N
> 1 1

2 0~~~~

I-
0 0

‘UI, C.,

/

_______ _______ _______ _______ ______ _______ 0 ci

\
V

° V C‘p 
‘•. ( C C . )I- (_

~ _______ 0— — _ _ _ _ _  _ _ _ _ _  . — 
~~~~~~~ C.)9 1
I
I

8 - — 0
-J
to- •

_____ —___ ___— _____- _____
0
0

___ __- 2

0

iN3I 3 I B3 O3 SSO1 Z~~~I

PAGe No.188

LL 
- 

U~~~LAS~ IFJ~~D 
_



UNCLASSIFIED

I

-_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _

—1--
• 

_  
0 
_  _  _

_  _  _  _  _  

I
H

• /
/

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
C)

)
• 

/

/ ~~~ C)I, t•• U

“ F
_ _ _ _ _  1 . _ _ _ _ _

I
/ I

/

p

• 0

$338030 ‘319NV SVO iIX]

• -

PASS NO.189
. 

UNCLASS IFIED 
— -~~~ -—— — -  • 

. _ _ . _ _ . ._ _ _ _ _ — _ _



UNCLASSIFIED

_

-

_ _ 
_ _ _ _  

I

0 
_ _ _  _ _ _  

1 
_ _ _  _ _ _8

1 2
I - ‘C-1 0.1

_ _ _ _  _ _ _ _  _ _ _ _  _ _  _ _ _ _  _ _ _ _  e 1 -
0 2

I
II ‘LII S.
I I-A C)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
C)  

_ _ _ _ _  _ _ _ _ _• - _ _ _

Ia z
0 Op c i’

U 0

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ____ -____ 

II

C
:

0N H3VW lix]

( _ / 
. 

. 
.

PASS NO. 190

• 

. 

UNCLASS IFIED
- -- -• - -~~~~~~~~~~ -_ -  ~~~~~~~~~~~ --_  - - • --• -- --- _ _ - ._ -_-- - - - - - -_



UNCLASSIFIED

p 
_ _

~~~~~~

- 

_~~~~~~~~~~~~~~ \ i r ~~~~ 
•;
~~ H~~~~ 

-- i--  -

—t— ~~ ~~~~~~~~~~~~ ~~&~~~~
- r ’~

1j
\ - - ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H

L ~~~~ - ~~~~~~~~~~ ~L •
• - -

i~~ ~~~ 
±.--1-~

-
~~~~~~~~~~~~~~~ ~~

j
~ithi ~~4Lt J~ ~~IL ‘:+ LJ~-1 i :::::

• L
L~~~L~4~ L . ( f~~~~~~~~~~~~~ llj!1L

~._L- ‘_ U_ — ~L - - - ~-~ 
_ -•i ii’iI--1~ -

~~
-
~~~

-

~~~~~~~

.  

~~~

---- 

~f ~~~~~ ~Th1i~!if~ 
- --- -±-

~~~~

r / t  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ 

:1’

4 1- ‘ ‘I

~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ PO/PO CONTOURS

Figure 203 Pressure Loss Contours, Second Vane Rec~mbenng Design Cat .60 Incidence.
C 

Three Flow Passages. Midspan Exit Mach Numbe~ 0.879

— PASI NO. 191

- - - -  - 

UNCLASSIFIED 
j 



UNCL .ASS FlED

t— ~~ 
__-t--

~-r- l _ ~-4-==~
--,--I=-=~=

,--_--1------ --—- — -

~

( C~
_•_

~~ ~~~~~~~~~~~~~~~~ ~~•. ~~~~~• ~~~~~~~~~ 
- . ~~~~ 

-—‘ .—

~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

c—f— ;-‘~“

I~~~22 ~~~~~~~~~~~~ ---

~~~~~~~ 
f_ 1\ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•
~~~~~ .,.. ~~~~~~~~~ 

~~\ 
-

~~~ ~~~~~~~ ~~~~
- 

~~~~~ 
-

.

- — - . 
. 

~~~~~~~ - - .  - C!.~~~ / j - . • . ,. - -- ~~
— --

• _-“ .1 .
—— 7- - -- 

~~~~ F 7Z -
-
- 

-/ ‘- ,— ~
-~
r---- ,~ • - ., ..~-wr - - \. ‘— -

~~~ ~~~~~ -— —

“ � ‘ ‘ f -  .1 —
‘ ‘. I - .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~ 

~~~~~~~~

I i I, • “ 
~~~ • I I • -

:~~ / . ,~~~~ \ t. J / ~~~~ ~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~ ~~~~~~~~~~~~~~~~~ - , - 2:-: : 

~I~i-1iT : EL-EE~h: E~EH-~
I

.J~~~~.\1 •j
~

. 

~~
- - .$ t -

~~\ 

- -r. -?~~~- dV?)~y--~ ~~~~~~~~~~~~-

• .,i, - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ ~~
- -

~:

- L2 ~~~~~ 

-

~~ = ~~~~~~ -~
-
~~~~~~~

• EXiT GAS ANGLE CONTOURS,, DEGREES

FIgure 204 Exit Gas Angle Contours, Second Vane R~cambering Design C at 6°
Incidence. Three Flow Passages. Midsp~in Exit Mach Number ~ 0.879

(

• -1
PASS NO. 192

UNCLASSIFIED -

— t— .. . - — — — — _________________________ _____________________ —



UNCLASSI FIED

4:

4 
_ _ _  _ _ _  _ _ _  _ _

_ _ _ _  ____ ____ —I— _ _ _ _  

[ 
2

2
o E0 0.

Cl)

_ _ _ _  _ _ _ _  _ _ _ _  
z 

_ _ _  _ _ _ _  CC

~~~~0~~~~ il)
0 .9
‘p

U)
0.

C!)
‘p

—a—  
_ _ _ _  _ _ _ _  CC

>

H
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ____ 

H

• 

- 

~~~

-

- 
Od/OdV

() 
. 

-

PASS NO. 193

L _ _ _ _ _ _ _  

UNCLASSIFIED 

- -



UNCLASSIFIED

y ___-__ _ _ __ _ __ _ _  • 8

I

fl
I I_ I

~~~~~~~~~~

- 2

IL’

2 8 8 3 8
0 0 0 0 6 6 6

1N3131U303 $301 ‘~‘P—i

• . .

• PASS NO. 194

- UNCLASSIFIED
——•- - --• — -~~ --~~~~~~~~~~ - • -  - - -  .- - -—-~~~

- •-_



UNCLASSIFIED

I
C ---_-_

_  

1~~~~~~~~~ 

_  _  _  _

_  _  _  

20
C,)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
A I—8 cirI C.) .0

•1 II ‘U0.
- J
- ,_,

~

7
• — - ____ _ _ _ _  _ _ _ _

7 V

F 
__  __ _

• 
—

~ 
~ - S

_

S 311030 ‘319NV SVO LIX] 
-
~

- -

( )
PASS NO. 195

C 

- •-- UNCLASS IFIED



UNCLASSIFIED

_ _  _ _  _ _  
• 

_ _  - 8

ii
-F--- <1’ WAC,

1 8z y0
a
UI

S
U) 

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _  _ _ _ _ _  0— Ui— N C)

-J

>
> 0S., 
~~~lI- 8 g~~~.

0.
Cl)

C.) -~~~~~

S.

Z~~
.‘0 -

c .-—--— g

IA
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  0_ _ _- _ _ _  _ _ _  - r -___

_ _ ___ - O

2
ON lI3VW .11X3

(

PASS NO. 196

UNCLASSIFIED
—— • _______—- - - - -- - • — - -

~~~~~~~~~~ - - —- - — __________________________



UNCLASSIFIE D

(

‘C” • —— — — — — — ———- — - 8
— — a — ~~~ — ~~~ — _ — — a . — — — • — •0

- _
~~~—~~~~~~~~ 8
..J O~~ ii•~ N -—

II— — - ii- x  II U

_ _ _ _  _ _ _  _ _ ___hoJ _ UJ
2 ——- I,

~~ ‘ C ,U ~~~& VQ~ 
-
~ VUI

2 
0 2  0>-.5 > 20 

LI Cl)Ui _ e  I, _I~~~~~O .  V0 r x

_ _ _  _ _ _  _ _ _  
I 

_ _ _  ~~~<1, 0~~~~~
_
<
_
U0 11 ‘L.z z  ‘I, 

~~~I— ~~~~~½ 2

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ~~~~~~~~~~

~I! .0 ~S.m
I- 5 5

IL C) 0S I~ 00  ii —> 
______  ____  ______  ______  _____  _____  0_ _ _ _ _  ___— ii C,

~~ 
.
~~~~~~~~

I I 
_ _ _ _ __ _ _ _  _ _ _  _ _ _ _  _ _ _ _  ____ -____ ____

— iN]13H 1303 $30 1 - -

(

PASS NO. 197

1. 
_ _ _ _ _ _ _ _ _  

UNCLASSIFIED
-- - - - • - -~~~ • - — ~~~~~~~~~~~~~ • - — - - - - - - - -  - - - -  -_ _ _ _ _  _ _ _ _ _



UNCLASSIFIED

H~~~~~~~~~~ 

-

~~~~~~

8

~~ ~ 0 II 
______ 8

2 •1
N N ~..a

~ X /
Ui W I U

_____ ‘p 2 Z _ _______ ______ 1 ______ 0
< N

I

I 2
_ _  _ _ _  — 

/ 

8 H
~~~~

00 1 ,  /
L .J I I —

~
— ~— ~~~>. I <

____  

~ C., — I _ _ _ _ _  _ _ _ _ _  
~~~

I
~~ 

I i— n t..
S ~ 

2

— < <
~. U U
Ui LI ‘p C)
2 

_ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  0C.,

I
I

_ _ _  ___ — —__ ___ -_ _ _  _ _ _  _ _ _

I
0

-_ _ _ _  _ _ _ _  _ _ _  _ _ _ _  ___— 2

— 
—~~~~ ~~~~~~~~~~~~~~ 

——
0

1N3131J1303 $301 
-

PASS NO. 198

- 
_ _ _ _  

~~~UNCLASS IFIED 



UNCLASSIFIED

r 
- 

_ __ __ _

_ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  CC
_ _  I 0- 0

0- 8- • - 0 0 0

I
~ 

( I ~
_ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _  _ _ _ _  8

_ _ _ _ _  _____ —
~~~~
__ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

_ _ _  _ _ _  _ p 
_ _ _  _ _ _

If
-~~~~~~~~~~

_-- 2 2

S338030 — 31ONV WV IIX] -

( )
PASS NO. 199

ii. ~~~~~
-- ---• - --- -

~~~ i _ _



U N C LASSIF IE I)

~~~~~ f
_ _ 

8

_ _

___

~

41
0~ 2

—~~~~~~~~~~~~~ — _ _ _  -~~~~~~ —0- 80 00
I 

1 - —-.
~~~~

‘

<

Z z W  
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  C) _ _ _ _ _ _  0

r — (~ 
U—

0
0 j

/ 

—OF- - 0/ 8

ifi 
_ _ _ _ _  _ _  _ _ _ _  

/ 
_ _ _ _  

H

- x -  2 4

-~~~~~~~~~~~~~ -- -__

C

-- 0

8

$331I93Q —. 31ONV WV IIX3

(
PASS NO. 200

UNCLASSIFIED 
--- -•--~~~~~~~~~-- - -~~~~~~~~~ - -~~~~~• - •  - • -  _ _



UNCLASSIFIED

(
- - - . - - -.- -• • •-., - - -

- &

L
• - - - .

. 
. -

- ~~~~ -

- -
- ___

‘~~~z~~
- -

~~ ~~~

- 

- 

I
~~~~~~~~~~~~~~~~~~~ ~~ 

.

• -
. 1

~~
C •~~~! -~~~- ouJ
C ld~Y, ,. -~~, • -~~~• • ~~~~~~~• • -~~~

‘ - Q
• ~~~~~~~~ ‘~~~~ -‘ -.
• •

I
- I 0 .0

• p 
~~ Uf

• — ¶

I
C - I

t I

.~~~~;

- •  .•

4 - - • - 
- -- (“1

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~.

(

PASS NC- . 201

‘ I UNCLASSIFIEDp
• — .- -- - — —- •• - -- —_- — -_____  • - - -- - - - - - - -——.-



UNCLASSIFIED

(.

- - -- • 
.—. • 41 C• ~2‘ I 0

• -
- - ‘ b0Q~

- jf , ~- ~~~~~~~ b•-
C - .

~
!J oo

C --

.0- 0
- 

~~~II
0 0

I ~
- >

- - 0~~uT •~

• 
- •

- - 1
C •

- •

- - I
I

.~~~~~~~~

(.4

- -
-

• - - • CO• •.-p •.’ - - -•
I

• 
~r i - - - it~~~ffI~~~-#

- 
~~~~~~~~~~~~~~~~ 

—--—- - - .--
~~

--—-- -

PAS5 NO. 202

_ _ _  _ _ _ _ _ _  - 

UNCLASS IFIE 

-



UNCLASSIF i ED

t

• ,
•

C — -
• 4

ri
42

- 
____• •4 -•.4••~ •_

- •

C .0 00

- Cl- ~~~II

• - ‘ 1 0
>4 1
.0•~
0 ~~

- ‘ 1
00 .

I - 0

C)

- .9~~
0 0

.

~~~~~~~~

I •

~L- 
~~~~~~~~~~ 

•

I 
(

PASS NO. 203

____ 
UNCLASSIFIED  

--



UNCLASSIFIED

(

!~•i~’ ~~~~~~ ~~~~~~~~~~~~~~ 
I “ ~~rC1~~ ‘

~~~~~~~~~~

‘ -

~ 

___

- 

- . 

- 

:

- •1 • —•‘

I 4 k

:
I I-

• .0 00

4.3
0

- .- F l
• -

• • - ,- 
- C  ~~~~~~~~~~~~~ - - - -~ 

• 
- . ~~~ 4 •

C ‘ C ’ >4 1
• i~~~I ~~~~~.-I I  o .

~

p •

-- 
C
’.) •~ 

~
)

• 
• 

, i

- 

~1
• ~~~i,

I• 
C’

• 
‘
~~ . •

• ‘
i

-
. 

. .  I . ;

I

I
- 

- 

~tlt~ r. .- -~~~ -~~~~~
- 

~~~~~~~~

PA5S NO. 204

UNCLASSIFI ED
— ——--- ——-- ———---- — -— - — ---—- —4,---— — . - -  --- - -- -.- - -- - -“ - -



UNCLASSIFIE D

INCIDENCE

Q 0 DEGREES

+10

006 ——

0 
_ _  _ _  _ _  _ _0•04

OVERALL 0
0.02

I-
0.06

0
U.

_____ _____ 0 
_ _ _ _ _  _ _ _ _ _  00 00

? o.o2 
_ _ _

0.0 6 
_ _ _ _ _ _  _ _ _ _ _ _  — _ _ _ _ _ _  _ _ _ _ _ _-

0

0 

_  _  _  _004

MIOSPAN TO IO

0•02 _______ — ___________ ___________ ______ —

0.75 0.80 0.85 090 0.95 1.00 1.05

M~DSPAN EXIT MACH NUMBER

Figure 217 Effect i f  Mach Number on I..oss for the First Recambered Airfoil at Various
Inciden~e Angles

(
~)

PASS NO. 205

UNCLASS IFIED
p
_ _ _  — ..--. - - - - - -~~~~~~~~ - - - -- -- - -~~~~~~~~~~ . - - - •~~~ 



UNCLASSIFIED

• 4 L INCIDENCE

0 0 DEGREES

0 +10

006 —0--- - -_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

0

0.04 0o 0 C
0 U

OVERALL

0.02 ____________ ___________ ____________ ____________ ____________ ____________

0.07 —~~~~~~
-

U. MIDSPAN TO 00
U.
U) 

0 
_ _ _  _ _ _  _ _ _  _ _ _

0 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _Cj 0.05

0
0
-J

‘
C’

. 
0 0 C 0

0.06 — ___________ —

0 
0 

MIDSPAN TOlD

0.04 
o 0 

~ 
— 

00 0
0.02 ________ ___________ ___________ ___________ ___________ ___________

0.75 u.80 085 0.90 0.95 1.00 105

MIOSPAN EXIT MACH NUMBER

Figure 218 Effect of Mach Number on Loss for Recambering Design A at Various
* 1n~ dence Angles

• t

• PASS NO. 206
‘

-

UNCLASSIFIED
-- —~~~~- - I.------- •—----—--—- . - •— - • - 

~~~~~~~~~~~~~~~~~~~~~ 
-  - • - - . . -—-



UNCLASS IFIE)

INCIDENCE

o 0 DEGREES

0 +10

0 -6
0.0~ 

-__________ __________ __________ __________

0

0 0 < o  0
0.03 )

OVERALL

0.01

I-
0.06 -

0 MIDSPAN 1000

-
~ 0p 

_ _ _ _  _ __ __ _  _ _

‘C-

I

0.05 - ___________ ___________ ___________ __________

0 
Jo

0.03 

0 0

MIr,spAN TO ID

.UN ~~LI~ASSI1I~tD
0.01 — ___________ -__________ _______ —

075 0.80 0.85 0.90 0.95 100 1.05

MIOSPAN EXIT MACH NIJMBER

Figure 2 19 Effect of Mach Number on Loss for Recambering Design C at Various
Incidence Angles 

-

( ½

• C - PASS NO. 207

- - 

‘.- UNCLASSIFIE~
) 

- -  -



UNCLASS IFIED

A FIRST RECAMEE RING

0 RECAMBE RING DESIGN A

0 RECAMBERING DESIGN B

MIOSPAN EXIT h12 0.869

0.06
OVERALL

0•04 -~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~

_ _
_0.02

0.06
MIDSPAN-TO-T IP

0

I: 
_ _  _ _  _ _  _ _  _ _  _ _

MIDSPAN-TO-ROOT

A
0.04 __-- —8--

jJNCLA5SI~~IED
0.02 _____ — _________ —-12 -8 4 0 +4 +8 +12

INCIDENCE ANGLE . DE(iREES

Figure 220 Effect of Incidence on Loss for the Various Recam bered Second Vane Airfoils.
Midspan Exit Mach Number 0.869

(

PASS NO. 208

UNCLASSIFIED 
-•—— --——————. — - -‘-;r — - - - • -



UNCLASS IFI1~D

• 5. SUMMAR Y

( U) The results of the off-design evaluation of the second vane baseline and recambered
design s are summarized in Table XXX III .  The values shown in th is tab le are those at
the design midspa n exit Mach number of 0.869 and were obtained by interpo lation
from Figures 2 17 through 2 19.

TABLE XXXI I I

SECOND VANE RECAMBERING LOSS COEFFICIENTS
CORRECTED TO DESIGN POINT MACI-I NUMBER = 0.869

Midspan-To-Root Mi dspan-To-Ti p Overall

Incidence , Degrees +10 0 -6 +10 0 -6 +10 0 -6

Baseline 0.039 0.035 0.029 0.035 0.035 0.029 0.038 0.035 0.029

First Recambering 0.047 0.029 0.03 1 0.040 0.038 0.042 0.043 0.033 0.036

Recambering Design A 0.043 0.036 0.034 0.051 0.035 0.03 1 0.048 0.036 0.033

Reca mbering Design B — 0.031 — — 0.033 — — 0.032 —

Recambering Design C 0.038 0.044 0.038 0.042 0.034 0.035 0.040 0.038 0.036

-. _____ _____ _____ _____ _____ _____ — ~UNCi~%5~~~~~~

(U) The follc Ning results are noted:

• For the baseline airfoil , the overall integrated loss level and the integrated loss
coe Ticients at the end-wal l regions have increased for +10 degrees incidence
and decreased for -6 degrees incidence, cc mpared to the zero incidence levels.

• For the first recambered airfoil , the overall integrated losses are higher for
botl. the + t O degrees and -6 degrees incithnce levels , compared to the zero
m cii ~nce kvcls. At the + 10 degrees inch. ence , the integrated losses are higher
thar . the zero incidence condition at both the midspan and end-wall regions.
At -b degree incidence, the losses are re1at~ve1y unchanged over the airfoil span
exce-~t in the tip region , where the -6 degree incidence losses are significantly
highe’.
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• For the airfoil with recanibering design A , integrated losses were significantly
hig her at the +10 degrees incidence level than at zero incidence , and the losses
at the -6 degrees incidence were essentia lly unchanged , compared to the zero
incidence condition.

• For the airfoil with rccambering design C, the overall integrated loss level
was higher at + 10 degrees incidence and lower at -6 degrees incidence , com-
pared to zero incidence. In the root region , the losses at +10 degree incidence
appeared to be slightly less than the zero incidence data. At -6 degrees m ci-
dence, the loss level is significantly below the zero incidence results near the
root.

(U) The following conclusions are drawn from these results:

• The recambered airfoils generally showed an increase in loss coefficient with
incidence (-6 to + 10 degrees) which indicates that the airfoils are close to
their optimum incidence

• None of the airfoils tested were sensitive to angle of attack , and the flow
patterns of the airfoils did not change with incidence angle

• The tested airfoils did not show the transomc drag rise measured in the plane
cascade evaluation (Section III). The difference may be due to the differences

— ~ ( in the turbulence levels of the two test rigs, and the fact that the annular seg-
f ment cascade permits the flow a greater latitude for radial readjustment

• The annular segment cascade is more representative of flow conditions in a
turbine that the plane cascade. Therefore , the transonic drag rise indicated
in the plane cascade is not expected in the turl. inc

• The characteristics of the evaluated airfoils ver Tied the soundness of the cur-
rent turt nc design system

6. TEST PROCEDURE

(U) The test procec.ure employed during this Task was Wentical to that of the Task lib
baseline evaluation. This procedure was described in detail in Reference 3.
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SECTION VII

DESIGN PROCEDURE MANUAL (TASK h id)

RFP OBJECTIVE

(U) Prepare the turbine design procedure manual for the high work turbine .

2. TASK OBJECTIVE

(U) The purpose of this Task is to prepare the Turbine Design Procedure Manual. This
manual will contain detailed information for each computer program listed in the Con-
tract proposa l . This information will contain the following: a flow diagram : a listing
of all input and output items and their deIinit ions~ a list of defi nitions for each term
used in the computer code; a write-up of the pe rtinent equations ; a listing of the computer
code in Fortran IV ; a copy of the computer program decks in Fortran IV : any necessary
te st cases for deck check-out.

(U) The loss relations presently used will be mod ified , if necessa ry, based on the results
of the two- and three-dimensional testing during Phases II and I ll.

3. STATUS

(U) The following decks constitute the proposal design procedure manual:

• Turbine Meanline Design Program
• Turbine Stage Off-Design Program
• Turbine Streamline Analysis Program
• Airfoil Boundary Layer Program
• Aii~oii hi~ssure Distribution Program
• Turbine Airfoil Design and Section Properties Program
• Air ’o~l Curved Line Fairin g Program
• Air Soil Straight Line Fairing Program

These decks hive all been converted to Fortran IV , checked-out on IBM 7094, ~~ de-
livered to the Air Force along with flow diagrams ai id test cases. This was done under
Task He.

(U) Engineeri -ig write-up for the first four decks listed above has been completed. Those
remaining will 5.~ prepared , and a complete set deli”- ’red to the Air Force as required by
this Task . The above decks , with modifications based on recent test results, are presently
being utilized to design the Demonstrator Turbine for Phase lv.

(The reverse of this page is blank)
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TABLE VIII

SECOND VANE CASCADE AIRFOIL . RECAMBERING DESIGN A

Radi us of FF Section = 7.5000 AxIa l Chotd = 0.8320 Actu al Chord = 0.8634
Pitch = 0.5890 No. of FoilS = 80.00

Percent Foil X Foil Y Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 0.0 .0.2880 -0.283) -0.239) -0.283)
0.01 0.0083 -0.30*6 .0.30)6 .0.2479 -0.26*2
0.02 0.0166 .0.3)45 .0.3)45 -0.2561 .0.2657
0.03 0.0250 .0.3269 .0.3269 -0.2655 -0.2673
0.04 0.0333 .0.3387 .0.3387 -0.2743 -0.2743
0.05 0.0416 -0.3500 .0.3500 -0.2825 -0.2825
0.10 0.0832 -0.3989 -0.3989 .0.3)46 -0.3)46
0. 15 0.1248 -0.436* -0.4368 -0.33 53 -0.3353
0.20 0.1664 -0. 4649 -0.4649 .0. 3416 .0.3476
0.25 0,2080 -0.4843 .0.484 3 -0.353) -0.353)
0.30 0.2496 -0.4955 -0.4958 -0.353 * -0.3531
0.35 0.29*2 -0.500 1 -0.500 1 -0.3482 -0.3482
0.40 0.3328 .0.4975 .0.4975 -0.339) -0.339)
0.45 0.3744 .0.4886 .0.4886 .0.3262 .0.3262
0.50 0.4 160 -0.4735 -0.4735 -0.3098 -0.3098
0.55 0.4516 -0.4526 .0.4526 .0.2901 -0.2901
0.60 0.4992 .0.426) -0.426* .0.2673 .0.2673
0.65 0.5408 -0.3939 -0.3939 .0.2416 -0.24*6
0.70 0.5824 .0.3564 0.3564 .0.2130 .0.2 * 30
0.75 0.6240 -0.3)34 -0,3 134 -0.1817 -0.18*7
0.80 0.6656 .0.265 1 -0.2651 .0.1476 .0.1476
0.85 0.1072 -0.2 111 -0 .2 111 .0.1109 -0.1109
0.90 0.7488 4.1514 .0. 1514 -0.0714 -0.07*4
0.95 0.7904 -0.0854 -0.0854 .0.029* -0.029!
0.98 0.8*54 .0.0426 .0.0426 -0.0024 -0.0025
0.99 0.8237 .0.0277 .0.0277 0.0066 -0.000 )
1.00 0.8320 .0.0125 -0.0100 0.0151 .0.0100

Foil L.E.Clr cIe X = 0.0)75 . V • -0.2831 R = 0.0)75
Foil T.E. Cud.  X 0.8220 , Y a -0.0100, R 0.0)00

Foil I.E . Tangency Pt. Suction X = 0.0026 . V 0.2922
Foil L I  .Tangency }‘t P?~ssur~ X a 0.0302 . Y .  -0 .27 ))
Foil T.E . Tangency Pt, S~Ect*on X = 0.8308 , V -0.0)48
Foil I.E . Tangency Pt. P,~ ssur e X 0.8146 . V 0.0032

Foil Nose Point X a 0.0069 . V 0.2692
Foil Tail Point X * 0.827* , V • .0.00)9

Foil As.. • 0.1002

G.glng LAMBDA • 0.3310 , X • 0.5841. Y a 0.3545
Gaging Angie 34~~90

Cen ter of Gravit y X • 0.4132 . V • .0.3347
Radial Reference X a 0.4 132. Y .0.3341

Inlet Angle • 37.330, DELTA BETA I 12.000
Exit Angi. a 3 5 574 , DELTA BETA 2 ~ 14.000
Uncovered Turning • *7.2)2

M m .  Moment o( lneflIa = 0.0004648*
Ma x. Moment of Inertia • 0.004761*)

PsIncIpal Axis Angle v .22.519 
- 

UH C (~A S S I F t € D

( Pitch/Axial Chord •O.7000
Pitch/Actual Chord S 0*533

PASU. NO. 213

tL UNCLASSIFIED 
- -  

_ _



UNCLASSIFIED

TABLE IX

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN A

Radius of AA Section • 7.6500 Axial Chord = 0.8351 Actual Chord 0.8739
Pitch 0.6005 No. of Foils • 80.00

Percent Foil X Foil Y Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 -0.0083 -0.2987 -0.2931 -0.2494 .0.2937
0.0) 0.000 * .0.3)22 -0.3 122 .0.258* .0.2785
0.02 0.0055 -0.328) -0.325 1 -0.2667 -0.2758
0.03 0.0*68 -0.3375 .0.3315 -0.2754 .0.2773
0.04 0.0252 .0.3493 -0.3493 .0.2840 .0.2840
0.05 0.0335 .0.3606 .0.3606 .0.292 * .0.292*
0.10 0.0753 -0.4)01 -0.4)01 .0.3250 -0.3250
0.15 0.1171 -0.4487 .0.4487 -0.3476 -0.3476
0.20 0.1589 -0.4776 4.4776 -0.3620 .0.3620
0.25 0.2007 .0.4979 .0.4919 -0.3696 .0.3696
0.30 0.2425 .0.5102 .0.5*02 .0.3 1*2 -0.37 12
0.35 0.2842 .0.5150 .0.5150 .0.3613 .0.3673
0.40 0.3260 -0.5*25 -0.5 *28 .0.3585 -0.3535
0.45 0.3618 -0.5040 -0.5040 .0.3452 .0 3452
0.50 0.4096 -0.4888 -0.4888 .0.3217 -0.3271
0.55 0.4514 .0,4673 .0.4673 -0.3062 -0.3062
0.60 0.4932 -0.4399 -0.4399 -0.2812 -0.28)2
0.65 0.5350 .0.4064 -04064 .0.2527 -0.2521
0.70 0.5767 -0.3671 .0.3671 .0.2211 .0.22 11
0.75 0.6*85 .0.3219 -0.3219 -0.1863 -0.1863
0.80 0.6603 .0.2708 -0.2708 .0.1487 -0.1487
0.85 0.702) -0,213 5 .02135 -0.1082 -0.1082
0.90 0.7439 -0.1497 .0.1497 .0.0650 -0.0650
0.95 0.7857 .0.0790 .0.0790 .0.0191 .0.0)9*
0.98 0.8107 -0.0328 .0.0325 0.0097 0.009 5
0.99 0.8 191 .0.0)61 -0.0)67 0.0*94 0.0*20
1.00 0.8275 -0.0003 0.0021 0.0292 0.0021

Foil L .E. Circle X = 0.0096, Y = .0.2931 . It 0.0*79
F0II T.E. Cir cle X=0.811S. Y=0 .002 l . 11 = 0.0100

Foil I .E. Tangency Pt. Suction X = -0.0056, V = -0.3030
Foil I .E. Tang ency Pt. Pressure X = 0.0225. V = -0.2812
Foil T.E. Tangency Pt. Sucllo’, X = 0.8264 . V = .0.0024
Foil T.E. Tangency P t . Pres sure X = 0.8099. V 0.0086

Foil Nose Poin t Xa .0 .00I3 . Y=-0.21 95
Foil Tail Point X • 0.8230, V = 0.0*04

Foli Ates =0.1005

Gaging LAMBDA = 0.3240, X • 0.578*, V = -0.3650
Gaging Angle • 32.638

Cent ., of Gravity X .0.4 *07, Y~~ .0.343I~
Radlal Reference X =0 . 4 13 2 , Y -03347

Inlet Angle • 37.732 DELTA BETA I • 12,494
Ex it Angle = 33.834 DELTA BETA 2 * 13 712
Uncovered Turning 17S4 I

M m .  Moment of Inertia • 0 0005*39*
Max . Moment of InertIa .0.00501637

Princ ipal Asia Angie • .24.293 U N C l ~~~~$IF I E D

PItch/Axial Chord • 0.7100

( PItch/Actual COoed • 03876

PASS NO. 214

UNCLASS IFIED
_ - - - ----- —.- 



UNCLASSIFIED

TABLE X

( SECOND VANE CASCADE AIRFOiL. RECAM3ERING DESIGN A

Radius of 13)1 Section • 8.4863 Axial Chord • 0.3565 Actual Chor d = 0.9485
Pitch • 0.666 S No. of Foils • 80.00

Percent Foil X Foil V Foil V Foil Y Foil V
X Suc tion (Circle ) Pre ssure (Circle)

0.0 -0.0543 .0.3745 4.3683 -0.3252 .0.3683
0.0! -0.0458 .0.386 9 .0.3869 -0.3324 .0.3519
0.02 .0.0372 .0.3989 4.3989 .0.3397 4.3485
0.03 .0.0286 .0.4105 .0.4 105 -0.3469 -0.3492
0.04 .0.020* .0.4217 .0.4217 .0.3542 -0.3542
0.05 -0.0115 .0.4325 -0.4325 4.3613 -0.3613
0.10 0.03*3 -0.4804 -0.4804 .0.3933 -0.3933
0.15 0.074* .0.5190 -0.5190 .0.4191 -0.4191
0.20 0.1*70 -0.5488 -0.5488 -0.4383 -0.4383
0.25 0.1598 -0.5701 -0.5701 .0.4 504 -0.4504
0.30 0.2026 -0.5834 -0.5834 .0.4554 -0.4554
0.35 0.2454 .0.5888 -0.5888 -0.4531 -0.4531
0.40 0.2833 .0.5866 .0.5866 -0.4436 -0.4436
0.45 0.3311 -0.5767 .0.5767 .0.4270 .0.4210
0.30 0.3739 .0.5594 -0.5594 -0.4036 .0.4036
0.3 5 0.4167 4.5346 .0.5346 -0.3738 .0.3738
0.60 0.4596 .0.5022 -0.5022 .0.338 ! -0.3381
0.65 0.5024 -0.4621 .0.462* .0.2970 .0.2970
0.70 0.5452 -0.4 141 .0.4*4 1 4.2509 -0.2509
0.75 0.5880 .0.3580 .0.3580 .0.2004 .0.2004
0.80 0.6309 -0.2934 -0.2934 4.1459 -0.1459
0.U 0.6737 4.3191 -0.2 *91 .0.0878 .0.0818
0.90 0.7)65 .0.1360 -0.1360 .0.0266 .0.0266
0.95 0.7593 .0.0409 .0.0409 0.0375 0.0375
0.98 0.7350 0.0226 0.0226 0.0711 0.0767
0.99 0.7936 0.0449 0.0449 0.0905 0.0796
*00 0.8022 0.0679 0.0697 0.1038 0.0697

Foil I.E. Circle X • .0.034 3, Y • .0.3683 , It = 0.0200
Foil T.E. Circle X = 0.7922. V = 0.0697 , It = 0.0100

Foil I.E. Tangency Pt. St’ction X • -0,0508 , V = .0.3796
Foil I.E . Tangency Pt. Pressure X ~~-0.02l4 , V = .0.3531
Foil T.E . Tangenc y P t . S. clion X • 0.80*6, V = 0.0663
Foil T.E. Tangency Pt. pi ‘m ire X • 0.7838 , Y • 0.0751

Foil Nose PoInt X • .0.0477, V .0.3535
Foil Tail Paint X = 0.7966. Y a 0.0787

FOlI AteS — 0.1013

Gaging LAMBDA • 0.2969 , X • 0.5531, Y • 4.4044
Gaging AnglS • 26409”

Center of Gravity X • 0.3939, Y — 4.33)2
Radial Reference X • 0.4132 , V • .0.334 7

Inlet Angle • 42.100, DELTA BETA I *5.250 4
Exit Angie — 26.450, DELTA BETA 2 ‘ *2.500
Uacovered Turn ing • 18.492

Mlii . Moment of Inertia • 0.0001 3689 -

Max . Moment of I~ertM = 0.00616781

Prunclp.i AxIs Asgl. • -32.600 U N C L A S S I F I E D

Pitch~AaIeI Chord • 0.7782 F

PIScO/Adual Chord • 0.7027

PASS NO. 215
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UNCLASSIFIED

TABLE XI

SECOND VANE CASCADE AIRFOIL , RECAMBERING DESIGN A

Radius of CC Section • 9.4725 Axial Chord = 0.88)0 Actual Chord 1.0682
Pitch • 0.7440 No. of Foils — 80.00

Percent Foil X Foil Y Foil V Foil V Foil V
X Suction (Circle) Pre ssure (Circle)

0.0 .0.1086 -0.4844 .0.4759 -0.4368 -0.47S9
0.0* -0.0998 -0.4944 -0.4944 -0.4419 .0.4581
0.02 .0.0910 -0.504* .0.504 1 .0.4470 .0.4540
0.03 -0.0822 -0.5135 .0.5*35 -0.4522 -0.4538
0.04 -0.0734 -0.5225 -0.5225 -0.4573 -0.4373
0.0$ -0.0646 -0.5312 .0.53 12 .0.4623 -0.4623
0.10 -0.0205 .0.5694 -0.5694 .0.4846 .0.4846
0.15 0.0235 -0.5994 .0.5994 .0.50*9 -0.50*9
0.20 0.0676 -0.62)8 -0.62*8 -0.5136 -0.5136
0.25 0.1116  -0.6366 .0.6366 -0.5191 .0.5193
0.30 0,1557 -0.6441 -0.6441 -0.5180 -0.5180
0.35 0.1997 .0.6445 -0.6445 -0.5099 -0.5099
0.40 0.2433 -0.6376 -0.6376 -0.4945 -0.4945
0.45 0.2878 -0.6235 -0.6235 -0.4716 -0.4716
0.50 0.3319 -0.60*9 -0.6019 .0.44*3 -0.4413
0.55 0.3759 .0.5727 -0.5727 -0.4037 -0.4037
0.60 0.4200 -0.5356 -0.5356 4.359* -0.3591
0.65 0.4640 -0.4899 -0.4899 -0.3080 -0.3080
0.70 0.5081 .0.4351 -0.4351 4.2509 -0.2509
0.75 0.5521 -0.3703 .0.3703 .01882 .0.1882
0.80 0.5962 -0.2945 -0.2945 .0.1205 -0.1205
0.85 0.6402 .0.206 3 .0.2063 .0.0484 .0.0484
0.90 0.6843 -0.1044 -0.1044 0.0276 0.0276
0.95 0.7283 00 1 3 1  0.0 13 1 0.1072 0.1072
0.98 0.7547 0.09*7 0.09*7 0.1564 0.1559

I’ 0.99 0.7635 0.3195 0.1195 0.1730 0.1593
1.00 0.7724 0.1479 0.1494 0.1 895 0.1494

Foil I.E. Circle X = -0.086*, V = -0.4759, It = 0.0225
Foil T.E. ClrcIe X • 0.7624, V = 0.1494, It = 0.0100

Foil I.E . Tangency Pt. Suction X = .0.1031, V = -0.4908
Foil I.E. Tangency Pt. Pressure X = .0.0148. V = .0.4565
Foil TI. Tangency Pt. Suctk-n X = 0.7719 , Y = 0.1465
Foil T.E. Tangency Pt. Pressure X = 0.7535 . Y = 0.154 1

Foll Noae Polnt X•-0 . l03 5 . V -0.4616
FOII TaII POIM X 0.7662 , Y 0.IS37

FolI Ates 0.1l78

Gaging LAMBDA = 0.2891, Z — 0.51.11, V = 4.4207
Gaging Angle • 22.900

Center of Oraviay x = 0.3s00~. V-s -9.898*
Radial Reference X = 0.4 132 , Y = .0.3347

Inlet Angle = 50.500, DELTA BETA * = 18.500
Exit Angle • 22.500, DELTA BETA 2 - 11.900
Uncovered Tuising • 18.394

Mlii . Moment of Inertia = 0.00078393
Max. Moment of Inertia • 0.00948326

J PrhncIpal AxIs Angts 40.2Sf U NCL.~~S S I F I E D

Pltch~AxIal Chord • 0.8445
Pitch/Actual Chord = 0.696S

PASS NO. 216

UNCLASSIFIED
_ _ _ _  _ _ _  



UNCLASS i FIED

TABLE XII

SECOND VANE CASCADE AIRFOIL, RECAMBI~RING DESIGN A

Ridi us of 1)0 SectIOn = 10.4588 Axial Chord . O.9055 Att ual Chord — * 1773
Pitch — 0.82*4 No. of Foils . 80.00

Petcent Fol X Foil V Foil Y Foil V Foil V
Suction (Circle Pressure (Circle)

0.0 -0.1630 .0.5503 -0.5395 -0.5026 .0.5395
0.0* .0.1539 -0.5588 .0.5588 .0.5063 .0.5203
0.02 -0.1449 .0.561! -0.5671 -0.5099 .0.5 *55
0.03 .0.1351 .0.5748 -0.5748 -0.5 135 .0.5146
0.04 -0.1268 -0.5820 -0.5820 .0.5171 .0.5171
0.05 .0.1117 -0.5887 -0.5887 .0.5205 -0.5205
0.10 -0.0724 .0.6160 -0.6160 -0.5344 -0.5344
0.15 .0.0212 .0.6341 -0.634* -0 5424 -0.5424
0.20 0.0181 .0.6443 .0.6443 -0.5442 .0.5442
025  0.0634 .0.6474 -0.6474 .0.5395 .0.5395
0.30 0.1087 -0.6440 .0.6440 -0.5280 .0.5280
0.35 0.1539 .0.6345 -0.6345 .0.5096 -0.5096
0.40 0.1992 .0.6188 -0.6188 .0.4843 .0.4843
0.45 0.2445 -0.5972 -0.5972 -0.452* .0.4521
0.50 0.2898 .0.5694 -0.5694 -0.4 132 .0.4*32
0.55 0.3350 .0.5352 -0.5352 .0.3679 -0.3679
0.60 0.3803 .0.4940 -0.4940 .0.3164 -0.3164
0.65 0.4256 .0.4451 -0.4451 -0.2592 .0.2592
0.70 0.4709 .0.387* -0.387* .0.1965 -0.1965
0.75 0.516 ! .0.3*84 -0.3184 .0.1289 .0.1289
0.50 0.56*4 .0.2367 4.2367 -0.0567 .0.0567
0.85 0.6067 -0.1408 -0.1408 0.0197 0.0197
0.90 0.6520 .0.0305 4.0305 0.0999 0.0999
0.95 0.6972 0.0929 0.0929 0.1835 0.1835
0.9$ 0.7244 0.1725 0.1725 0.2352 0.2350
0.99 0.1335 0.1998 0.1998 0.2526 0.239*
1.00 0.7425 0.2278 0.2291 0.2700 0.2291

Foil L.E. CIrc ls X 0. l380 y .0.5395 R = 0 .0 2 5 0
Foil T.E. Circle X = 0.732S y = .0.2291 It 0.0100

Foil I .E. Tangency Pt. Suction X = .0.1552 V = .0.5517
Foil I.E . Tengency Pt. Pressure X — -0.1287 V = -0.5163
Foil T.F. . Tangency Pt. Suction X = 0.1420 V • 0.2260
Foil TI . Tangency Pt. Pressure X = 0.7231 V = 0.2338

Foil Nose Point X = -0.1590 Y = -0.5260
Foil Tail Point X = 0.7364 Y = 0.2384

FolI Ate. —0.1190

Gaging LAMBDA = 0.3223 X = 0.4546 V = .0.3958
Gaging Angle 2 3.100

Center of Gravity L- 0.3340, V - 4.3046
Radial Reference = 0.4132 V = .0.3347

Inlet Angle = 37.400 DELTA BETA * = 2 1.750
Exit Angle • 22.750 DELTA BETA 2 = 9.500
Unc overed Turn ing • 8.360

Miii. M oment of Inertia — 0.00062268
Max. Moment of Inertia • 0.01144839

Principal Axle Angle • 44.l4~

Pltch/Axial Chord .0.9012 U N C L A S S I F I E D

• Pitch/Actua l Chard • 0.6917

PASS NO. 217

UNCLASS IFIED
— - - .---—---- — _ _  _ _ _- -• .-- 



UNCLASSIFIED

TABLE XIII
(. SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN A

Rsdius of EE Seclion 10.8600 AxIal Chord - 0.9 1S5 Actual Chord . 1.209 1 . 
•

Pitch 0.8 529 No. of Foils = 80.00

Percent Foil X Foil V Foil V Foil V Foil V
Suction (Circle) Pressure (Circle)

0.0 .0.1851 -0.5548 -0.5431 .0.5068 .0.5431
0.0! -0.1759 -0.5630 -0.5630 -0.5100 -0.5233
0.02 -0.1668 .0.5708 .0.5708 -0.5330 -0.5183
0.03 -0 .157 6 -0.5782 -0.5182 -0.5 161 -0.5172
0.04 -0.3483 .0.5850 -0.5850 .0.5192 .0.5192
0.05 .0.1393 .0.59*4 -0.5914 -0.5222 -0.5222
0.10 .0.0935 .0.6166 .0.6166 -0.5323 -0.5323
0.13 .0.0478 -0.6322 .0.6322 .0.5356 -0.5356
0.20 .0.0020 -0.6395 -0.6395 -0.5320 -0.5320
0.25 0.0438 .0.6393 .0.6393 -0.52 17 -0.52 17
0.30 0.0896 .0.6321 -0.632 ! .0.5048 -0.5048
0.35 0.1353 .0.6 * 84 .0.6 *84 -0.4814 .0.4814
0.40 0.18 11 .0.5983 .0.5983 -0.4516 -0.4516
0.45 0.2269 .0.57*9 .0.5719 -0.4158 .0.4158
0.50 0.2727 .0.5393 -0.5393 -0.3739 .0.3739
0.55 0.3 184 -0.5002 -0.5002 .0.3265 -0.3265
0.60 0.3642 .0.4544 .0.4544 -0.2739 -0.2739
0.65 0.4*00 -0.40*2 .0.4012 .0.2 162 -0.2162
0.70 0.4558 -0.3397 -0.3397 -0.1 538 -0.1538
0.75 0.5015 .0.2685 .0.2685 -0.0871 -0.087 !
0.80 0.5473 -0.1858 .0.1858 -0.0164 .0.0*64
0.85 0.593! .0.0908 -0.0908 0.0581 0.058!
0.90 0.6388 0.0163 0.0163 0.1360 0.1360

- . 0.95 0.6846 0.1339 0.1339 0.2172 0.2172
0.98 0.7*21 0.2086 0.2086 0.2672 0.2671
0.99 0.1212 0.2341 • 0.2341 0.284* 0.2715
1 .00 0.7304 0.2598 0.2616 0.3010 0.2616

Foil I.E. Circle X .0.159* ‘1’ = .0.543! It = 0.0260
Foil T.E .Clrcle X = 0.7204 V = 0.2616 It = 0.0100

Foil I . E. Tangency Pt. Suction X = .0.1164 V -0.5625
Foil LI . Tangency Pt . Pressure X = .0.1507 V = .0.5185
Foil I .E. Tangency Pt. Su :t ion X = 0.1298 V = 0.2582
Foil T.E. Tangency Pt. Pressure X = 0.1116 V = 0.2663

Foil Nose Pount X -0.18l5 Y .0.S300
Foil Tail Point X • 0.1245 Y 0.2101

Foil Area = 0.1220

Gaging LAM BDA = 0.3S19 ~ = 04304 Y = .0.3745
Gaging Angle 24.36 $

Center of Gravity X • 0.3059 Y .0.3435
Radial Reference X = 0.4132 V • .0.3341

Inlet Angle = 59.762 DELTA BETA 1 ‘. 23.012
Exit Angle • 24.140 DELTA BETA 2 ’  8.890
Uncovered Turning — 17.2*6

Miii . Moment of inertia • 0.000349 59
Max. Moment of lnertla = 0.01220553 .

P,l

~

clp.l Axle Angle • 44.91$

( : ::;:~ 
CLfASSl F I E

f 
PASS NO. 218

_ _ _ _  _ _
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UNCLASS IFIID

TABLE XIV

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN A

Radius of HH Section = 11.4100 Axial Chord = 0.929*
Piteh = 0.896* No. of Foils = 80.00 Actu al Chord = 1.2318

Percent Foil X Foil V Foil V Foil V Foil V
X SuctIon (Circle) Pressure (Circle)

0.0 -0.2 154 .0.5379 -0.5251 -0.4895 -0.5251
0.0* -0.206* .0.5457 -0.5457 -0.4920 -0.5045
0.02 -0.1968 -0.5532 -0.5532 -0.4944 -0.4991
0.03 -0.1875 .0.5603 -0.5603 -0.4968 -0.4977
0.04 -0.1782 -0.5670 -0.5670 -0.4993 -0.4993
0.05 .0.1689 -0.5733 -0.5733 -0.50 *4 -0.50 *4
0.10 -0.1225 -0.5987 -0.5987 .0.5056 -0.5056
0.15 .0.0760 -0.6145 -0.6 *45 -0.5007 -0.5007
0.20 -0.0295 -0.62*0 .0.6210 -0.4879 -0.4879
0.25 0.0*69 -0.6187 -0.6*87 -0.4683 -0.4683
0.30 0.0634 -0.6078 -0.6078 -0.4428 -0.4428
0.35 0.1098 .0.5887 -0.5887 -0.4117 -0.4 *17
0.40 0.1563 -0.5616 .0.56*6 -0.3757 -0.3757
0.45 0.2027 -0.5269 -0.5269 -0.3352 -0.3352
0.50 0.2492 -0.4847 .0.4847 -0.2903 -0.2903
0.55 0.2956 -0.4353 -0.4353 -0.2416 -0.2416
0.60 0.3421 -0.3790 -0.3190 -0.1892 -0.1892
0.65 0.3886 -0.3 158 -0.3 158 -0.1334 -0.3334
0.70 0.4350 -0.2460 -0.2460 -0.0742 -0.0742
0.75 0.4815 -0.1696 -0.1696 -0.0 119 -0.0119
0.80 0.5279 -0.0868 -0.0868 0.0533 0.0533
0.85 0.5744 0.0023 0.0023 0.12 14 0.12 14
0.90 0.6208 0.0914 0.0974 0.1923 0.1923
0.95 0.6673 0.1981 0.1981 0.2658 0.2658
0.98 0.6952 02610 0.26*0 0.31 *2 0.3112

( 
0.99 0.7045 0.2824 0.2824 0.3264 0.3160
1.00 0.7138 0.3039 0.3060 0.34*7 0.3060

Foil I.E. Circle X = -0.3880 V = -0.5251 R = 0.0274
Foil T.E. Circle X 0.7038 V = 0.3060 R = 0.0 100

Foil I.E. Tangency Pt. Suction X = -0.205 S Y -0.5462
Foil I. E. Tangency Pt. Pressure X = -0.1809 V -0.4986
Foil T. E. Tangency Pt. Suction X = 0.7 *25 V = -0.302 I
Foil T.E. Tangency Pt. Prrs3ure X = 0.6952 V = 0.3*12

Foil Nose Point X = -0.2 123 V -0.S*2S
Foil Nose Point X = 0.7083 V = 0.3 *49

Foil Area = 0. 131 1

Gaging LAMBDA O.4060 X = 0.3681 V -0.3444
Gagin g Angie = 26.937

Center of Gravity X = 0.25 *5 V = -0.3*79
Radial Reference X - 0.4.L3~. V

Inlet Angle = 62.722 DELTA BETA I = :4.88S
-• Exit Angle = 27.322 DELTA BETA 2 = 8.05 3

U ncovered Turn ing = 12.84 3

M m .  Moment of Inertia = 0.00047562
Ma zi. Moment oflner t la ‘0.0*3*056*

r Principal Axle Angle = 45.64 *

Pitch/Aslel Otord • 0.9643 UN C L A SSf r ~tD
Pitch/Actual Chotd • 0.1240

(
PASI NO. 219

UNCLASSIF IED
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UNCLASSIFIED

- TABLE XV

SECOND VANE CASCADE AIRFOIL, RECAMBER ING DESIGN A

Radius of GG SectIon . 11.4450 Acial Chord 0.9300 Actual Chord = 1.2390
Pitch — 0.8989 No. of Foils a 80.00

Percent Foil X Foil V Foil V Foil Y Foil V
X Suction (Circle) Pressure (Circle)

0.0 -0.2173 -0.5339 .0.5230 -0.4874 -0.5230
0.0* -0.2080 .0.5436 -0.5436 -0.4898 -0.5024
0.02 -0.1987 -0.5512 .0.5512 -0.4922 -0.4970
0.03 -0.1894 .0.5583 .0.5583 -0.4947 -0.4955
0.04 -0.1801 -0.5650 -0.5650 -0.49 11 .0.491*
0.05 .0.1708 .0.57*3 .0.5713 -0.4991 -0.4991
0.10 -0.1243 -0.5969 -0.5969 -0.5029 .0.5029
0.15 -0.0718 .0.6128 .0.6128 -0.4974 -0.4974
0.20 -0.0313 -0.6194 -0.6 194 -0.4840 -0.4840

J 0.25 0.0152 -0.6*70 -0.6170 -0.4638 -0.4638
0.30 0.0617 -0.6059 .0.6059 -0.4376 -0.4376

& 0.35 0.1082 -0.5865 .0.5865 -0.4060 -0.4060
J 0.40 0.3541 -0.S589 -0.5589 -0.3696 -0.3696

0.45 0.2012 -.0.5236 -0.5236 -0.3288 -0.3288
0.50 0.2477 .0.4806 -0.4806 -0.2838 -0.2836
0.55 0.294 2 -0.4305 -0.4305 .0.2351 -0.2353
0.60 0.3407 -0.3733 -0.3733 -0. 1828 -0.1828
0.6 5 0.3872 -0.3094 .0.3094 -0.1271 -0.1271
0.70 0.4331 -0.2389 -0.2389 -0.0683 -0.0683
0.75 0.4802 .0.1621 .0.162 1 -0.0064 .0.0064 -0.80 0.5267 .0.0193 -0.0793 0.0583 0.0583
0.85 0.5132 0.0092 0.0092 0.1259 0.1259
0.90 0.6191 0.103 2 0.1032 0. 196 1 0.1961
0.95 0.6662 0.202 5 0.2025 0.2690 0.2690
0.98 0.694 3 0.264 5 0.264 5 0.3139 0.3139
0.99 0.7034 0.2855 0.2855 0.3291 0.3188
1.00 0.7127 0.3067 0.3088 0.3442 0.3088

Foil L.E. Clrcle X .0.1898 V -0.5230 K = 0.0275
Foil I.E. Circle X = 0.1027 V = 0.3088 It = 0.01 00

Foil I.E. Tan gency Pt. Suction X = -0.2073 Y = -0.5442
Foil I.E. Tangency Pt. Pr:;sure X = .0.1829 V = -0.4964
Foil I.E. Tangency Pt. Suction X = 0.713 9 Y = 0.3048
Foil T.E. Ten grncy Pt . Pr .’uur. X — 0.6942 Y = 0.3141

Foil Nose Point X = -0.2*43 V .05104
Foil Tail Point X = 0.7073 V — 0.3111

Foil Area = 0.1319

Gaging LAMBDA = 0.4098 X 0.3033 - V = -0.3431
Gaging Angle = 27.1 *9

Cente, of Gravlly X 0.2475 V -0.316*
Radial Reference X = 0.4132 V —0.3347

Inlet Angle - 62.900 DELTA BETA * a 25.000
Exit Angle = 27.574 DELTA BETA 2 ‘ 1.000
Uncoveted Tur ning = 12.470

Mlii. Moment of InertIa • 0.0004730 1
Max. Moment of Inertia = 0.01314440

P’tndpal Axle Angle = 45.68*
UNCLASSIFIED

( Pitch/Axial Chord • 0.9665
Pitch/Actual Chord * 0.1255

. J  PASS NO. 220
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uNCLAsSIFIrD

TABLE XVI

SECOND VANE CASCADE AIRFOIL, RECAMBERING DESIGN B

Rsdius of FE Section = 7.5000 Axial Chord = 0.8320
Pitch = 0.5890 No. of Foils = 80.00 Actual Chord = 0.8485

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 0.0 -0.2402 -0.2346 -0.1842 -0.2346
0.01 0.0083 -0.2531 -0.2537 -0.1930 -0.2183
0.02 - 0.0166 .0.2665 -0.2665 -0.20 *8 -0.2148
0.03 0.0250 -0.2788 -0.2188 -0.2 107 -0.2152
0.04 0.0333 .0.2904 -0.2904 -0.2 195 -0.2*96
0.05 0.0436 -0.3014 -0.30*4 -0.2281 -0.228*
0.10 0.0832 -0.3489 .0.3489 -0.2640 -0.2640
0.15 0.1248 -0.3855 -0.3855 -0.2898 -0.2898
0.20 0.1664 -0.4129 -0.4 129 -0.3076 -0.3076
0.25 0.2080 -0.4325 -0.4325 -0.3*81 -0.3187
0.30 0.2496 -0.4449 -0.4449 -0.3241 -0.3241
0.35 0.29*2 -0.4507 -0.4507 -0.3243 -0.3243
0.40 0.3328 -0.4504 -0.4 504 -0.3200 -0.3200
0.45 0.3744 -0.4440 -0.4440 -0.31*4 -0.3*14
0.50 0.4 160 -0.4318 .0.4318 -0.2988 -0.2988
0.55 0.4576 -0.4 138 -0.4 138 -0.2825 -0.2825
0.60 0.4992 -0.3898 -0.3898 -0.2 627 -0.2627
0.65 0.5408 -0.3597 .0.3597 -0.2394 -0.2394
0.10 0.5824 -0.323* -0.3231 -0.2128 .0.2128
0.75 0.6240 -0.2798 -0.2 198 -0.1828 -0.1828
0.80 0.6656 .0.2310 -0.2310 -0.1496 -0.1496
0.85 0.7012 -0.1788 -0 .1788 -0 . 1131 -0.11 3 1
0.90 0.7488 -0.1246 -0.1246 -0.0733 -0.0133
0.95 0.7904 -0.0693 -0.0693 -0.0300 -0.0300
0.98 0.81 54 -0.0357 -0.0357 -0.0024 -0.0025
0.99 0.8237 -0.0245 -0.0245 0.0010 -0.000*
1.00 0.8320 -0.0*33 -0.0100 0.0164 -0.0100

Foil I. F.. Circle X = 0.0200 Y = -0.2 346 R = 0.0200
Foil I. E. Circle X = 0.8220 V = -0.0100 R 0.0*00

Foil I. E. Tangency Pt. Suction X = 0.0029 = -0.2450
Foil L. F. Tangency Pt. Pressure X = 0.0345 Y = -0.2208
Foil T. E. Tangency Pt. Suction X = 0.8300 V = -0.0159
Foil T. E. Tangency Pt. I essure X 0.8145 Y = -0.0034

Foil Nose Point X = 0.0019 V = -0.2 187
Foil Tail Point X = 0.8283 V = -0.0022

Foil Area 0.08*7

Gaging LAMBDA = 0.3552 )( = 0.5738 V = -0.3312
Gaging Angle = 37.08 2

Center of Grav ity X = 0.3924 Y = -0.3131
RadI al Re ference X ~- 0.3924 - V 4).3tr3

Inlet Angie = 37.330 DELTA BETA 1 = 12.000
Exit Angle = 39.000 DELTA BETA 2 = 3.000 -
Uncovered Turning *0.654

M m .  Moment of Inert ia = 0.00038949
Max. Moment of Inert ia — 0.00361611

Prhnclp.I AxM AngIe .l l . l*3
UNCLASSIFIED

Pitch/Axial Chord — 0.1080
Pitch/Actual Chord = 0.6942

I- ,
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UNCLASSIFIED

TABLE XVII

SECOND VANE CASCADE AIRFOIL. RECAMBZRING DESIGN B

Radius of AA Section = 7.6500 Axial Chord o.$351 Actual Chord 0.8609
Pitch = 0.6008 No. of FoiI$ r 80.OO

Percent Foil X Foil V Foil V Foil V Fo8 V
X Section (Circle) Pressure (Circle)

0.0 -0.0083 -0.26 19 .0.2562 .0.2037 .0.2562
0.0* 0.000* -0.2754 .0.2754 -0.2 144 .0.2397
0.02 0.0085 -0.2882 .0.2882 .0.223* .0.2362
0.03 0.0*68 -0.3003 .0.3003 -0.2311 4.2364
0.04 0.0252 -0.3119 .0.3119 .0.2404 .0.2405
0.05 0.0335 -0.3228 .0.3228 .0.2488 .0.2488
0.10 0.0753 -0.3700 .0.3100 .0.2840 -0.2840
0.15 0 .11 7 1 -0.4063 .0.4063 .0.3090 .0.3090
0.20 0.1589 -0.4334 .0.4334 .0.3251 .0.3257
0.25 0.2007 -0.4526 -0.4526 .0.3353 .0.3335
0.30 0.2425 -0.4646 .0.4646 .0.3394 .0.3394
0.35 0.2842 -0.4102 .0.4702 .0.3381 .0.338*
0.40 0.3260 -0.4696 .0.4696 -0.3321 -0.332 1
0.45 0.3678 -0.4630 .0.4630 .0.32*9 -0.32 *9
0.50 0.4096 -0.4507 .0.4507 .0.3078 -0.3078
0.55 0.4514 -0.4325 .0.4325 .0.2900 .0.2900
0.60 0.4932 -0.4083 .0.4083 .0.2681 .0.2687
0.65 0.5350 -0.3777 -0.3717 -0.2440 .0.2440
0.10 0.5767 -0.3402 .0.3402 -0.2160 .0.2*60
0.15 0.6*85 -0.2951 .0.2951 -0.1844 .0.1844 -

0.80 0.6603 -0.2430 .0.2430 .0.1494 -0.1494
0.85 0.7021 -0.1859 -0.1859 .0.1105 -0.1105
0.90 0.1439 -0.1256 -0.1256 -0.0618 .0.0678
0.95 0.7857 -0.0636 -0.0636 .0.0207 -0.0207
0.98 0.8107 -0.0260 -0.0260 0.0098 0.0093
0.99 0.8*91 -0.0*35 -0.0135 0.0202 0.0120
1.00 0.8275 -0.0009 0.0021 0.0306 0.0021

Foil L.E. Circle X 0.0121 . V = -0.2562 R=0.0204
Foil T.E. Circle X 0.8175 V = 0.0021 R 0.0100

Foil I. E. Tangency Pt. Suction X = -0.0052 V -0.2669
Foil I. E. Tangency Pt. Preset cc X = 0.0268 V = -0.242 1
Foil I. E. Tangency Pt. Suction X 0.82 58 V = .0.0035
Foil T. E. Tang ency Pt. Pre ss re X = 0.8097 V — 0.0084

Foil Nose Point X = -0.0004 V = -0.240*
Foil Tall Point X = 0.8234 V = 0.0102

Foil Area O.0880

Gaging LAMBDA 0.3432 X 0.5720 V — 4.3448
Gaging Angle = 34.829

Center of Gravity X 0.3938 V = .0.3225
Radial Reference X 0.3924 V = .0.3113

Inlet Angie =31.132 DELTA BETA * = 12 .361
Exit Angle 36.513 DELTA BETA 2 • 5.120
Uncovered Turning =12.020

PJln . Moment of Inertia =0.00043744
Max. Moment of Inertia =0.00408222 -

Principal Axis Angle • -19.314
UNCIMSSIFIED( Pitch/Ax ial Chord •0.7*8,

Pitch/Actual Chord •0.6979

PASS NO. 222
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UNCLASSIFIED

TABLE XVIII

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN B

Radios of Oil Section - 8.4863 Axial Chord = 0.8565 Actual Chord = 0.9463
Pitch = 0.6665 No. of Foils = 80.00

Percent Foil X Foil V Foi l V Foil V Foil V
X Section (CIrcle) Pressure (Cir cle)

0.0 -0.0543 -0.3741 -0.3670 .0.3 180 .0.3670
0.01 -0.0458 -0.3863 -0.3863 -0.3254 .0.3493

• 0.02 -0.0372 .0.3981 .0.3981 -0.3321 -0.3452
0.03 .0.0286 -0.4093 -0.4093 .0.3401 -0.3447
0.04 -0.0201 -0.420) .0.4201 -0.3474 -0.3478
0.05 .0.0*15 -0.4304 -0.4304 -0.3547 -0.3547
0.10 0.03*3 -0.4756 -0.4156 -0.3853 .0.3853
0.15 0.074) -0.6*13 -0.5 113 -0.4073 .0.4073
0.20 0.1 170 -0.5385 -0.5385 -0.42*6 .0.4216
0.25 0.1598 -0.5581 .0.558 1 -0.4292 -0.4292
0.30 0.2026 -0.5704 -0.5704 .0.4305 -0.4305
0.35 0.2454 -0.5759 .0.5759 -0.4261 -0.426*
0.40 0.2883 -0.5747 -0.5747 -0.4162 .0.4*62
0.45 0.331* -0.5668 -0.5668 .0.4011 -.0.4011
0.50 0.3739 -0.5520 -0.5520 -0.3809 -0.3809
0.55 0.4 161 -0.5302 -0.5302 .0.3557 -0.3551
0.60 0.4596 -0.5008 -0.5008 .0.3256 -0.3256
0.65 0.5024 -0.4633 .0.4633 -0.2905 -0.2905
0.10 0.5452 -0.4)66 -0.4)66 .0.2504 -0.2504
0.15 0.5880 -0.3393 -0.3593 -0.2052 -0.2052
0.80 0.6309 .0.2904 .0.2904 -0.1546 -0.1546
0.85 0.6737 -0.2109 -0.2*09 .0.0983 .0.0983
0.90 0.1165 -0.1 23 1 .0.123 1 -0.0360 .0.0360
0.95 0.7593 -0.0297 -0.0297 0.0328 0.0328
0.98 0.7850 0.0283 0.0283 0.0774 0.0767
0.99 0.7936 0.0479 0.0479 0.0927 0.0927
1 .00 0.8022 0.0676 0.0697 0.1080 0.0697

Foil L. E. CircIe X = .0.0318 Y .0.3610 R 0.0225
Foil T. E. Circle X = 0.7922 V 0.0697 R = 0.0*00

Foil L. F. Tangency Pt. Suction X = .0.0503 V — -0.3799
Foil L. F. Tangency I’*. Pressure X = -0 .0 172 Y = -0.3499
Foil T. E. Tangency Pt. Suction x = 0.8013 V 0.0657
Foil I. E. Tangency Pt. Pre .sure X = 0.1834 V = 0.0146

Foil Nose Point X .0.0469 V - -0.3503
Foil Tail Point X = 0.7966 V = 0.0787

Foil Area — 0 .1*00

Gag ing LAM BDA = 0.2953 X = 0.3532 Y = -0.4068
Gaging Angle = 26.301

Center of Gravity = 0.3802 V ~ 4.3 47 -

Rudial Reference X a 0.3924 V = 4.311 3

Inlet Angle = 42.100 DELTA BETA * .4.500 -

E*it Angle — 2i’.350 DELTA BETA 2 • 5.800
Uncovered Turning = * 5.099

M m .  M oment of Inerti a = 9.0007272)
Max. Momen t of Inertia = 0.00621873

Princi pal Axle Angle — -30.144

Pi tch /Axia l Chotd = 0.7782 U N C L A S S I f I E D
Pitch /Actual Chord = 0.7043

PASS NO. 223
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UNCLASSIFIED
P t

V TABLE XIX

SECOND VANE CASCADE AIRFOIL, RECAMBERING DESIGN B

Radius of CC Section — 9.4725 Axial Cho rd (~.88l0 Actual Chord 1.0637
Pitch = 0. 7440 No. of Foils = 80.00

Perc ent Foil X Foil V Foil V Foil V Foil Y
X Suction (Circle) Pressure (Cirde)

0.0 .0.1086 .0.4837 -0.474 1 -0.4300 -0.474*
0.01 -0.0998 .0.4935 -0.4935 -0.4353 -0.4550
0.02 -0.0910 -0.5031 -0.5031 .0.4405 -0.4502
0.03 -0.0822 -0. 5126 .0 .5 126 -0.4458 -0.4491
0.04 .0.0734 .0.52*8 -0.52 18 .0.4511 -0.45 13
0.05 .0.0646 -0.5309 -0.5309 -0.4563 -0.4563
0.10 -0.0205 .0.5726 -0.5726 -0.4806 -0.4806
0.15 0.0235 .0.6084 .0.6084 -0.5012 -0.5012
0.20 0.0616 -0.6376 -0.6376 -0.5175 -0.5 175
0.25 0 . 111 6 -0.6599 .0.6599 .0.5290 -0.5290

f 0.30 0. 1557 -0.6146 -0.6746 -0.5348 -0.5348
0.35 0.1997 .0.68*2 -0.68 12 -0.5342 -0.5342
0.40 0.2438 .0.6793 .0.6793 -0.5263 -0.5263
0.45 0.2878 .0.6682 .0.6682 -0.5106 -0.5106
0.50 0.33*9 -0.6475 -0.6475 -0.4863 .0.4863
0.55 0.3759 .0.6168 -0.6168 -0.4532 -0.4532
0.60 0.4200 -0.5757 .0.5151 -0.4 110 -0.41*0
0.65 0.4640 .0.5238 -0.5238 -0.3600 -0.3600
0.70 0.5081 -0.461* .0.4611 -0.3005 -0.3005
0.75 0.552 1 .0.3872 -0.3872 -0.2332 -0.2332
0.80 0 5962 .0.3024 .0.3024 -0. 1587 -0.1587
0.85 0.6402 .0.2065 -0.2065 -0.0778 .0.0778
0.90 0.6843 .0.0996 .0.0996 0.0087 0.0087
0.95 0.7283 0.0186 0.0186 0.1000 0.1000
0.98 0.7341 0.0948 0.0948 0.1568 0.1559
0.99 0.7635 0. 12 1* 0.1211 0.1759 0.1593
1.00 0.7724 0.1478 0.1494 0.1951 0.1494

Foil L. E. Circle X = -0.0836 V = .0.4741 R = 0.0250
Foil T. E. Circle X 0.7624 V 0.1494 R = 0.01 00

Foil L. F. Tangency Pt. Suction X = -0.1023 Y = -0.4908
Foil L. E. Tangency Pt. Pre~aure X -0.0708 V -0.4526
Foil T. F. Tangency Pt Suction X = 0.7719 V = 0.1463
Foil T. E. Tangency Pt. Pressure X = 0.7533 V = 0.1536

Foil Nose Point X = -0.1029 V -0.4582
Foil Tail Point X a 0.7660 V 0.1587

Foil Area 0.113$

Gag ing LAMBDA = 0.2763 X = 0.5 189 V = -0.4440
Gaging Angle = 21.8000 -

Center of Gravity X — 0.3454 V — -0.4429
Radial Reference X. = 0.192~ Y = -0.311.3

Inlet Angle = 50.500 DELTA DETA I — 17.250
Exit Angle - 2 1.400 DELTA BETA 2 = 6.100 -

Uncovered Turning = 13.11$

M m .  Moment of Inertia = 0.00099224
Max. Moment of Inertia = 0.0089300 8

Principal Axle Angie a .39.911

Pitch/AxiuI Chord 0.8445 U N CLA S S U 4ED
PItch /Actual Chord — 0.6981

PASS NO. 224
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UN C LASSIFII~D

TABLE XX

SECOND VANE CASCADE AIRFOIL, RECAMBERING DESIGN B

Radius of DD Section — 10.4588 AxIal Chord = 0.9055
Pitch = 0.8214 No. of Foils = 80.00 Actual Chord 1.1746

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pre ssure (Circle)

0.0 -0.1630 .0.5494 -0.5313 -0.496* -0.5373
0.01 -0.1339 -0.5517 -0.5577 -0.4998 -0.5169
0.02 .0.1449 -0.5659 -0.5659 -0.5036 -0 . 5115
0.03 .0.1358 -0.5139 -0.5739 -0.3074 -0.5098
0.04 -Q. 126$ -0.5817 -0.58*7 -0.5 112 -0.5112
0.05 -0.1177 -0.5892 -0.5892 -0.5 149 .0.5 149
0.10 -0.0124 -0.6234 -0.6234 -0.5311 -0.5317
0.15 -0.0272 -0.6514 -0.6514 -0.5449 -0.3449
0.20 0.0181 -0.6726 -0.6726 -0.5538 -0.5538
0.25 0.0634 -0.6866 -0.6866 -0.5576 -0 5576
0.30 0.1087 .0.6928 -0.692 8 -0 .5555 -0.5 555
0.35 0.1539 -0.6901 -0.6901 -0.5465 -0.5465
0.40 0.1992 .0.6199 -0.6199 -0.5296 -0.5296
0.45 0.2445 -0.6599 -0.6599 -0.504 2 -0.3042
0.50 0.2898 -0.6303 -0.6303 -0. 469 8 -0.4698
0.55 0.3350 -0.5908 -0.5908 .0.4262 -0.4262
0.60 0.3803 -0.5411 -0.54 11 -0.3737 -0.3731
0.65 0.4236 -0.4813 -0.48 13 -0.3129 -0.3129
0.10 0.4709 -0.4111 -0.4 111 .0.2446 -0.2446
0.75 0.5*61 -0.3308 -0.3308 -0.1697 -0.1697
0.80 0.5614 -0.2403 -0.2403 -0.0891 -0.0891
0.85 0.6067 -0.1395 -0.1395 -0.0038 -0.0038
0.90 0.6520 -0.0282 -0.0282 0.0856 0.0856
0.95 0.6972 0.0940 0.0940 0.1783 0.1783

• 0.98 0.1244 0.1721 0.1727 0.2354 0.2330
• 0.99 0.1335 0.1999 0.1999 0.2543 0.2391

1.00 0.7425 0.2276 0.2291 0.2737 0.2291

Foil L. E. Cl~cle X .0.1355 V .0.5313 R = 0.0275
Foil T. F. Circle X — 0.1325 V = 0.2291 R = 0.0100

Foi l L. E. Tangency Pt. Suction X = -0.154) V — -0.5575
Foil L. E. Tangency Pt . Pre ssure X = -0.1249 V — .0.3119
Foil T. F. Tangency Pt. Suc~io~, X = 0.7420 V — 0.2260
Foil T. E. Tangency Pt. Piessure X = 0.12 35 V = 0.2 334

Foil Nose Point X = -0.1586 Y • -0.5223
Foil Tail Point X — 0.7362 V = 0.2384

Foil Ar ea 0.1183

Gag ing LAMBDA a 0.3077 X — 0.4621 Y -0.4225
Gaging Angie a 22.000

Centet of Gravity - 0.3085 V - -0.430 1 , -
RadI~ Referenc e X — 0.3924 V • —0. 3 113

Inlet Angie • 51.400 DELTA BETA 1 = 20.000
Exit Angi. = 21.650 DELTA BETA 2 1.300
Uncovered Tur ning 13.706

M m .  Moment of Inert ia — 0.00085047
Max. Momen t of Inertia = 0.01156296

Principal Axle Angle • 44.723
U N C L A S S I F I E D

PItch/Axial Chord — 0.9012
( Pitch/Actual Chord • 0.6W,

PASS NO. 225

_ _ _ _ _   ~ 
UNCLASSI 

_ _ _



I
UNCLASSIFI E[~

TABLE XXI

(. SECOND VANE CASCADE AIRFOIL, RECAMBE~~ING DESIGN B

Rad ius of FE Section = *0.8600 Ax I al Chord = 0.9 155 Actual Cho d 1.2051
Pitch * 0.8529 No. of Foils = 80.00

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 -0.1851 -0.3527 .0.3396 -0.499 ) .0.5396
0.01 .0.1159 -0.5606 .0.5606 -0.5024 .0.5181
0.02 -0.1668 .0.5683 -0.5683 -0.5057 .0.5130
0.03 .0.1576 .0.5751 .0.5757 .0.5089 .0 .5 111
0.04 .0.1485 .0.5821 .0.5827 .0 .51 22  .0 .5123
0.05 .0.1393 -0.5895 .0.5895 -0.5 154 -0.3 154
0.10 -0.0935 -0.6*19 .0.6179 -0.527 1 -0.5271
0.15 -0.0478 -0.6382 .0.6382 .0.5326 -0.5326
0.20 -0.0020 -0.6508 .0.6508 -0.5325 -0.5325
0.23 0.0438 .0.6557 .0 bc~~1 .0.5268 .0.5268
0.30 0.0896 .0.6527 e”2 -o. s, so  -0 .5 150
0.35 0.1 353 .0.6419 -0.64*9 -0.4971 -0.4971
0.40 0.1811 .0.6231 -0.623 * .0.4 12 1 -0.472)
0.45 0.2269 .0.5960 -0.5960 .0.4402 .0.4402
0.50 0.2727 .0.5607 -0.5607 .0.4008 -0.4008
0.55 0.3184 -0.5*69 -0. 5*69 .0.3540 -0.3540
0.60 0.3642 -0.4646 -0.4646 .0.3003 -0.3003
0.65 0.4100 -0.4037 -0.4037 .0.2402 .0.2402
0.70 0.4558 -0.3343 -0.3343 -0.1744 -0.1744
0.15 0.5015 -0.2566 .0.2566 .0.1037 -0.1031
0.80 0.5473 -0.1103 .0.1703 .0.0287 .0.0287
0.85 0.5931 -0.0757 .0.0757 0.04Q8 0.0498
0.90 0.6388 0.0214 0.0274 0 . 1 3 1 5  0 .1 3 15
0.95 0.6846 0.1391 0.139 1 0 .2 15 1 0.2 157

$ 0.98 0.7121 0.2104 0.2)04 0.2673 0.2671
“ 0.99 0.7212 0.2348 0.234 8 ~ .2847 0.2715

1 .00 0.7304 0.2591 0.26*6 0.3020 0.2616

Foil I.E. Cltcle X — .0.1566 Y -0.5396 R = 0.0285
Foil T.E . Circle X * 0.1204 V = 0.2616 R — 0.0200

Foil L.E. Tan gency Pt. Suction X — .0.1752 Y = -0.5612
Foil L.E. Tan gency Pt. Presiure X — .0.1469 V = -0.5 128
Foil T.E. Tangency Pt . Suction X = 0.1291 V = 0.2580
Foil T.E. Tangency Pt. Pressuie X — 0.71)6 Y = 0.2663

Foil YJose Point X * -0.28 12 Y — -0.3253
Foil Tail Point X — 0.7246 V = 0.2707

Foil Ar.. • 0.1161

Gaging LAMBDA = 0.352 1 ~ • 0.4210 V • -0.3817
Gaging M~~s — 24.380

Center of Gravity X a 0.2854 V - O.374G
Radial Reference X = 0.3924 ~f •.~3~3~~~3

Inlet Angle = 59.762 DELTA BETA 1 21.053
Exit Angle = 24.603 DELTA BETA 2-  7 581
Uncovered Turning • 13.464

Mln . Moment of lnulla — 0.00061387
Ma&. Moment of lnsftia • 0.01185749

Principal Axis Angle • 41.026

Pltch(Axl.l Clsord 0.,3*7 U N C L A S S I F I E D
P15th/Actual Chord • 0.7074

(

PASS NO. 226

_ _  

UNCLA SSIFIED 
_ _ _ _



UNCLASSIFIE~
)

TABLE XXII

( SECOND VANE CASCADE AIRFOIL , RECAMBE RING DESIGN B

Radius of tIM Section — 11.4 100 AxIal Chord = 0.929 I
Pitch ’ 0.896* No. of Foils = 80.00 Actual Chord = 1.2311

Percent Foil X Foil V Foil Y Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 .0.2154 -0.5314 .0.5169 .0.4772 .0.5169
0.01 -0.2061 .0.5387 .0.5386 -0.4798 -0.4953
0.02 -0.1968 -0.5459 .0.5459 .0.4825 -0.4892
0.03 -0.1875 -0.5524 .0.5524 .0.4852 -0.487 1
0.04 .0.1782 -0.5581 .0.558 1 -0 .4879 -0.4879
0.05 .0.1689 .0.5633 .0.5633 .0.490 2 .0 4902
0.10 .0.1225 .0.5807 .0.5807 -0.4 922  .0.4922
0.15 0.0160 .0.5657 -0.5857 .0.48 20 .0.4820
0.20 -0.0295 .0.5806 -0.5806 .0.46 29 .0.4629
0.25 0.0169 .0.3670 .0.5670 .0.437 1 .0.4371
0.30 0.0634 -0.5455 -0.5455 -0.4058 -0. 4058
0.35 0.1098 -0.5113 .0.5173 .0.3700 -0.3700
0.40 0.1563 -0.4827 .0.4827 -0.3301 -0.330 1
0.4S 0.2021 .0.4423 .0.4423 .0.2869 -0.2869
0.50 0.2492 .0.3961 -0.3967 .0.2406 .0.2406
0.55 0.2956 -0.3439 .0.3459 -0.2914 .0.1914
0.60 0.3421 .0.2903 -0.2903 .0.1398 -0.1398
0.65 0.3886 .0.2300 .0.2300 -0.0860 .0.0860
0.70 0.4350 -0.1654 -0.1654 -0.0301 .0.0301
0.75 0.4815 .0.0966 .0.0966 0.0215 0.0215
0.80 0.5279 -0.0237 -0.0237 0.0868 0.0868
0.85 0.5144 0.0528 0.0528 0.1474 0.1474
0.90 0.6208 0.1330 0.1330 0.2095 0.2095
0.95 0.6673 0.2166 0.2166 0.2727 0.2727
0.98 0.6952 0.2684 0.2684 0.3112 0.3112
0.99 0.7045 0.2859 0.2859 0.3241 0.3160
1.00 0.7138 0.3035 0.3060 0.3370 0.3060

Foll L.E. ClrcIe X = .0.1855. V = -0.$169 , R = 0.0299
Foil T.E. Circle X = 0.7038 V • 0.3060 . K = 0.0100

Foil L.E. Tangency PT. Suction X -0.204 1 V — .0.5403
Foil L.E. Tangency PT. Pressure X — -0.1772 Y = -0.4882
Foil T.E. Tangency PT. Suctlon X — 0.7126 V — 0.3013
Foil T.E. Tangen cy Pl. Pressure X = 0.6951 Y = 0.31 *9

Foil Nose Point X ‘.0.2120 V .0.5032
Foil Tail Point X * 0.7091 V — 0.3145

Foil Area 0.1081

Gaging LAMBDA a 0.4598 X — 0.3379 V = -0.2955
Gaging Angle a 30.866

Center of Gravity X- ‘0~2A4L — .O.Z7SP
Radial Reference a 0.3924 V a .0.3113

Inlet Angie ‘62.722 DELTA BETA 1 — 22.4 16
Exit Angie • 31.966 DELTA BETA 2 • 7.975
Uncovered Turning a 10.931

Min. Moment of Ine r tIa 0.00025003
te... Moment of Inertia a 0.01117726

Principal Axis Angle a 44.94 1
U N C C . K I S I F I E D

Pitch/Axial Chord — 0.9648
- - P1MB/Actual Chord • 0.7276

PASS NO. 227

~~

- UNCLASSIFIED

~

-.



UNCLASS IFIEL#

TABLE XXIII

(. SECOND VANE CASCADE AIRFOIL, RECAMBE~UNG DESIGN B

Ra dius of GG Section — 11. 4450 AxIal Chord ‘ 0.9300
Pitch a 0.8989 No. of Foils • 80.00 Actual Chord a 1.2326

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 -0.2113 -0.5289 -0.8144 -0.4747 -0.5144
(1.01 -0.2080 -0.5363 -0.5361 -0.4774 -0.4927
0~02 -0.1987 -0.5434 -0.5434 -0.4800 -0.4867
0.03 .0.1894 -0.5498 -0.5498 -0.4826 -0.4845
0.04 -0.1801 .0.5555 -0.5555 .0.4853 -0.4853
0.05 -0.1708 -0.5606 -0.5606 -0.4876 -0.4876
0.10 .0.1243 -0.5770 -0.5770 -0.4889 -0.4889
0.15 -0.0178 -0.5810 -0.5810 -0.4774 -0.4774
0.20 -0.0313 -0.5146 -0.5746 -0.4569 -0.4569
0.25 0.0152 -0.5594 -0.5594 -0.4295 -0.4295
0.30 0.0617 -0.5366 -0.5366 -0.3967 .0.3967
0.35 0.1082 -0.5070 -0.5070 -0.3595 -0.3595
0.40 0.1547 -0.4713 -0.4713 -0.3186 -0.3186
0.45 0.2012 -0.4299 -0.4299 -0.2745 -0.2745
0.50 0.2477 -0.3835 -0.3835 -0.2277 .0.2277
0.5$ - (1.2942 -0.3322 -0.3322 -0.1785 -0.1785
0.60 0.3401 -0.2763 -0.2763 -0. 1272 .0.1272
0.6$ 0.3812 -0.2162 -0.2162 .0.0140 -0.0740
0.10 0.4337 -0.1521 -0.1521 -0.0190 -0.0190
0.75 0.4802 -0.084 1 .0.0841 0.0375 0.0375
0.80 0.5267 -0.0124 -0.0124 0.0954 0.0954
0.8$ 0.5732 0.0626 0.0626 0.1546 0.1546
0.90 0.6197 0.1409 0.1409 0.215 1 0.2151
0.9$ 0.6662 0.2222 0.2222 0.2766 0.2766
0.9$ 0.694 1 0.2723 0.2723 0.3140 0.3140

-:1 0.99 0.7034 0.2892 0.2892 0.3266 0.3188
1.00 0.7127 0.3088 0.3088 0.3391 0.3088

Foil LE . Circle X —-0.1813 V • -0.5144 R = 0.0100
Foil T. E. Circle X — 0.7027 Y = 0.3088

Foil L. E. Tangency Pt. Suction X — -0.2059 V = -0.5379
Foil L. E. Tangency Pt. Presaure X — -0.1791 V = -0.4856
Foil T. E. Tangency Pt. Sucthn X a 0.7 115 V = 0.304 1
Foil T. E. Tangency Pt. Presaure X • 0.6947 V • 0.3 148

Foil Noes Point X • -0.2140 V — -0.5007
Foil Tall Point X — 0.7081 Y = 0.3113

Foil Ares • 0.1019

- Gaging LAMBDA a 0.4681 X a 0.3312 V ‘0.2881
Gaging Angle = 31.430

Center ofSessity •. V -0t30$3 
Radi al Reference X = 0.3924 V a -0.31*3

Inlet Angle • 62.900 DELTA BETA I • 22.500 -

Exit An gle • 32.5 70 DELTA BETA 2 - 1.000
Uncovered Turning • 10.815

M m .  Moment of Inertia a 0.0002 3066
Max. Moment of InertIa a 0.01108873

Principal Axle Angle - 44.916 U N CLA SSIFI E D

Pitch/Axial Chord • 0 .4645

( 
Pitch/Actual Chord • 0.72~ 2

PASS NO. 228

UNCLASSIFIE D 
--- . — --- -- .- - -~~~ -. _ _



U N C LASSIFIE I)

TABLE XXIV

SECOND VAN E CASCADE AIRFOIL , RECAMBERING DESIGN C

Radius of FF Section = 7.5000 Axial Chord • 0.8320 Actual Chord ~ 0.8432
Pitch 0.5890 No. of Foil, a 80.00

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pre ure (Circle)

0.0 0.0 .0.2161 .0.2*05 .0.1601 .0.2105
0.01 0.0083 -0.2296 .0.2296 .0.1690 -0.1943
0.02 0.0166 -0.2424 .0.2424 -0.1118 .0.1908
0.03 0.0250 -0.2545 -0.2545 -0.1866 -0.191*
0.04 0.0333 .0.2659 .0.2659 -0.1954 .0.1955
0.05 0.0416 -0.2167 -0.2761 -0.2038 .0.2038
0.10 0.0832 .0.3223 .0.3223 .0.2329 .0.2329
0.15 0.1248 .0.3563 -0.3563 .0.2494 .0.2494
0.20 0.1664 -0.3808 -0.3805 -0.2584 -0.2584
0.25 0.2080 -0.3972 -0.3912 .0.2622 -0.2622
0.30 0.2496 -0.4065 -0.4065 -0.2618 -0.2618
0.35 0.2912 -0.4094 -0.4094 -0.2580 -0.2580
0.40 0.3321 .0.4066 .0.4066 .0.2512 -0.2512
0.45 0.3744 -0.3983 .0.3983 -0.24 19 .0.2419
0.50 0.4 160 -0.3849 .0.384 9 -0.2301 -0.230 1
0.55 0.4576 -0.366S -0.3665 -0.2160 -0.2160
0.60 0.4992 -0.3435 .0.3435 .0.1998 -0.1998
0.65 0.5408 .0.3158 .0.3158 -0.1814 .0.1814
0.70 0.5824 -0.2834 .0.2834 .0.1609 -0.1609
0.15 0.6240 -0.2466 -0.2466 .0.1382 .0.1382
0.80 0.6656 -0.2055 .0.2055 -0.1133 .0.1133
0.8$ 0.7012 -0.1609 -0.1609 .0.0860 -0.0860

( 
0.90 0.1488 .0.1131 -0.2137 .0.0562 .0.0562
0.95 0.7904 -0.0644 -0.0644 .0.0236 .0.0236
0.96 0.8154 -0.0340 -0.0340 .0.0025 -0.0025
0.99 0.8231 -0.0238 -0.0238 0.0047 -0.0001
1.00 0.8320 .0.0135 -0.0100 0.0119 -0.0100

Foil L.E. Circle X — 0.0200 V a .0.2105 K 0.0200
Foil T.E.Cltcle X = 0.8220 V • .0.0100 R •0.0l00

Foil I. E. Tan gency Pt. Suction X • 0.0029 V .0.2209
Foil L.L Tan gency Pt. Pressure X • 0.0345 V —0.1968
Foil T.E. Tangency Pt. Suct on X • 0.8298 V — -0.01 63
Foil T.E. Tangency Pt. Pies u~o X • 0.8154 V — -0.0025

Foil Nose Point X — 0.0079 V = -0.1946
Foil Tail Point X • 0.82 89 Y • -0.0028

Foil Ares 0.0931

Gaging LAMBDA - 0.3860 X - 0.5732 V • .0.2910
Gaging Angie = 40.P40.

Csntsr of Gesvlty X 0.3919 Y a .0.2691
Radial Reference X • 0.39 19 V • -0.2691

giget Angle • 31.330, DELTA BETA I - 12.00

Exit Angle a 44.000 DELTA BETA 2 • *0.000
Uncovered Turning • 12.056

BIn. Moment ot lnertli a O.0003351$
M.x. Momenl of inerth 0.0040l353

Principal Axis An gle .16.359 UN C CA S S I F I E D

( PltchlActud chord a 0.1080 . 
-

Pitch/Actual Chord • 0.6988

PASI NO. 229

- ~~~~~~~~~~~~~~~. ~~~~~~
. 

UNCLA SSIF IED 
- _ _ _ _ _



UNCL A SSIFIED

j . TABLE XXV 
e

SECOND VANE CASCADE AIRFOIL. RECAMBERINI~ DESIGN C

Radius of AA Section • 7.6500 A xial Chord — 0.8357
Pitch — 0.6008 No. of Foils — 80.00 Actual Chord - 0.85 29

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 -0.0083 .0.2314 -0.2256 -0 .1751 -0.2256
0.01 0.0001 -0.2448 .0.2448 -0.1838 -0.209 2
0.02 0.0085 -0.2576 -0.2576 -0.1925 -0.2056
0.03 0.0161 -0.2697 .0.2697 .0.201 1 -0.2058
0.04 0.0252 -0.2812 -0 .2812 -0.2098 -0.2100
0.05 0.0335 -0.292 1 -0 .292 1 -0 .2 18 1 -0 .2 181
0.10 0.0153 -0.3391 -0.339 1 -0.249 1 -0.2491
0.15 0.1171 -0.3750 -0.3750 -0.2692 -0.2692
0.20 0.1589 -0.4016 .0.40 16 -0.282 1 -0.282 1
0.25 0.200 1 -0.4202 -0.4202 .0.2894 -0.2894
0.30 0.2425 -0.43 15 -0.43 15 -0.29 19 -0.29 19
0.35 0.2842 -0.4363 -0.4363 -0 .290 1 -0.290 1
0.40 0.3260 0.4349 .0.4349 -0.2843 .0.2843
0.45 0.3678 .0.4278 .0.4278 -0.2748 -0.2748
0.50 0.4096 -0.4150 -0.4 150 -0.26 19 .0.2619
0.55 0.4514 -0.3968 -0.3968 -0 .2458 -0.2458
0.60 0.4932 -0.3733 -0.3733 -0.2266 .0.2266
0.6$ 0.5350 -0.3443 -0.3443 -0.2047 -0.204 ?
0.70 0.5161 -0.3099 -0.3099 -0.1800 -0.1800
0.75 0.6185 -0.2698 -0.2698 -0.1526 -0.1526
0.80 0.6603 -0.2241 -0.224 1 - 0 . 12 2 5  -0.1225
0.85 0.7021 -0.1735 -0.1735 -0.0896 .0.0896
0.90 0.7439 -0.1187 -0.1187 -0.0539 -0.0539
0.95 0.7851 -0.0609 -0.0609 .0.0152 -0.0152
0.98 0.1101 .0.0252 -0.0252 0.0096 O.O09S~
0.99 0.8191 -0.0132 -0.0 132 0.0 181 0.0120
1.00 0.8275 -0.0011 0.002 1 0.0265 0.0021

Foil I.. E. CItcIe X • 0.0121 V -0.2256 K — 0.0204
Foil T. 1. Circle X • 0.8 175 V — 0.002 I ft • 0.0100

Foil I.. E. Tangency Pt. Suction X - -0.0052 V = -0.2363
Foil L. E. Tangency Pt. Pressure X = 0.0268 V = .0.2115
Foil T. E. Tangency Pt. Suction X 0.8256 V — .0.0031
Foil T. E. Tangency Pt. Pressure X = 0.8104 V = 0.0092

Foil Nose Poin t X • -0.0004 V = .0.2095
Foil Tail Point X • 0.82 39 Y 0.0091

Foil Area = 0.0948

Gaging LAMBDA a 0.3659 X a 0.5704 V a .0.3$S4
Gaging Angle • 31.5 11 -

Cant., .I G,axit.t- X — 0.3932 . V a 4.2S~~
Radial Reference X • 0.3919 Y •-0.2691

Inlet Angle • 31.732 DELTA BETA 1 a 12.324
Exit Angle — 40.324 DELTA BETA 2 — 9.92 I
Uncovered Turning • 13.580

Mitt . Moment of Ine r tia • 0.0004l24~
Max. Momen t of Inertia • 0.0t1430317

Principal Axis Angle • -11.910 - 
-

Pitch/A~lal Chord a 0.7*89 
- 

-

PUc h/Actual Chord = 0.1044 .
. 1  

-

PASS NO. 230

- - -  -- 

~ CLA SSIFIED



UNCLASSIFI ED

p TABLE XXVI

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN C

Radius of 813 Section — 8.4863 Ax Ial Chord * 0.8565
PI tch • 0.6665 No. of Foils ~ 80.00 Actual Chord a 0.92 16

Pircen t FoII X Foll Y Foll Y Foll Y FollY
X SuctIon (Circle) Pressure (Cirde)

0.0 -0.0543 -0.3164 .0.3093 -0.2604 .0.3093
0.01 .0.0458 -0.3286 .0.3286 -0.2617 .0.2917
0.02 .0.0372 -0.3406 .0.3406 -0.2751 -0.2875
0.03 .0.0286 -0.3521 .0.3521 .0.2824 .0.2811
0.04 -0.0201 .0.3633 .0.3633 .0.2898 .0.290 1
0.05 .0.0115 -0.3741 -0.3141 -0.2971 .0.2911
0.10 0.0313 .0.4232 -0.4232 .0.3311 .0.3311
0.1$ 0.0141 -0.464 1 -0.4641 .0.3605 -0.3605
0.20 0.1170 .0.4972 -0.4972 -0.384 7 .0.3841
0.25 0.1598 -0.5230 .0.5230 .0.4031 .0.4031
0.30 0.2026 .0.5416 .0.5416 -0.4 1 55 -0.4155
0.35 0.2454 .0.5530 .0.5530 -0.4212 .0.4212
0.40 0.2813 .0.5573 -0.5573 .0.4199 .0.4199
0.45 0.33 11 -0.5544 .0.5544 .0.4115 .0.4115
0.50 - 

0.3739 -0.5442 .0.5442 -0.3957 -0.3957
0.55 0.4167 -0.5264 .0.5264 -0.3127 -0.3727
0.60 0.4596 .0.5006 .0.5006 -0.3425 -0.3425
0.65 0.5024 .0.4661 .0.4661 .0.3056 -0.3056
0.70 0.5452 -0.4224 .0.4224 .0.2622 -0.2622
0.15 0.5880 .0.3684 .0.3684 -0.2128 .0.2128

• 0.80 0.6309 .0.3030 .0.3030 -0.1579 -0.1579
0.85 0.6731 -0.2259 -0.2259 -0.0981 -0.0981

7 0.90 0.7165 -0.1374 .0.1374 -0.0338 -0.0338
0.95 0.7593 -0.0390 .0.0390 0.0346 0.0346
0.9$ 0.7850 0.0242 0.0242 0.0773 0.0167
0.99 0.7936 0.0459 0.0459 0.0917 0.0796
1.00 0.8022 0.0678 0.0697 0.1061 0.0697

Foil L.E. ClrcIe X • .O.0318 Y • -0.3093 ft = 0.0225
Foil T.E. Circle X = 0.792 2 V — 0.069 7 K 0.0 100

Foil I.. E. Tangency Pt. Suction X = .0.0503 V — -0.3222
Foil I.. E. Tangency Pt . Pressure X — -0.0172 V — .0.2923
Foil T. E. Tangency Pt. Suctiun x = 0.8015 V • 0.0661
Foil T. E. Tangency Pt. Press-tee x — 0.1836 V — 0.0748

Poll Noes PoInt X • .0.0469 V • -0.2926
Foil Tail Point X • 0.7965 V — 0.07 87

Foil Area = 0.1053

Gaging LAMBDA O.29 1l X • 0.5594 ‘( a .Ø4 Q 57

Gaging Angie a 2 5.900

Center of Grav ity X — 0.3892 y • -o.,~~ i -

Radial Referenc e X a 0.3919 V a -0.2691

inlet Angle • 42.100 DELTA BETA I a 1-1.5 00
Exit Angle • 25.950 DELTA BETA 2 = 1 500
Uncovered Turning • 18.181

Mitt. Moment of Inert ia • 0.0008965 S
Max. Mom ent ofln ert ia • O.006l1501 - 

-

Principal Axis Angie • -21.28$ 
_________________

Pitch /Axial Chord • 0.7182 
. 

-
‘

V 
Pitch/Actual Chord • 0.7232

PAGt r~o. 231.
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TABLE XXV II

( SECOND VANE CASCADE AIRFOIL RECAMBERING DESIGN C

Radius of CC Section = 9.4725 AxIal Chord = 0.8810
Pitch = 0.1440 No. of FoIls a 80.00 Actual Chord a 1.0247 - 

-

Pe rcent Foil X Foil V Foil V Foil Y Foil V
X Suction (Circ le) Pre ssure (Circle)

0.0 .0.1086 .0.4100 .0.4005 .0.3565 .0.4003
0.0 1 .0.0998 .0.4199 .0.4199 .0.3618 .0.3814
0.02 .0.0910 -0.4296 .0.4296 .0.3610 .0.3766
0.03 .0.0822 -0.4391 -0.4391 -0.3722 .0.3755
0.04 -0.0734 -0.4484 .0.4484 -0.3775 .0.3717
0.05 .0.064 6 .0.4575 .0.4575 .0.3821 .0.3827
0.10 -0.0205 -0.5000 .0.5000 -0 .4071 -0.4077
0. 15 0.0235 .0.5371 -0.5371 .0.4305 .0.430S
0.20 0.0676 -0 5681 .0.5687 -0.4506 .0.4506
0.25 0.1116 -0.5943 .0.5943 -0.4614 .0.4674
0.30 0.1557 -0.6136 .0.6136 -0.4800 -0.4800
0.35 0.1991 -0.6263 -0.6263 .0.4876 .0.4876
0.40 0.2438 .0.6320 .0.6320 -0.4889 .0.4889
0.45 0.2878 -0.6301 .0.6301 .0.4828 .0.4828
0.50 0.3319 -0.6200 -0.6200 -0.4618 .0.4678
0.55 0.3759 -0.6011 .0.6011 -0.4428 .0.4428
0.60 0.4200 .0.5726 -0.5726 -0.4071 .0.4011
0.65 0.4640 .0.5335 .0.5335 -0.3605 -0.3605
0.10 0.5081 .0.4821 .0.4827 .0.3034 .0.3034
0.75 0.5521 -0 .4181 .0.4181 -0.2368 -0.2368
0.80 0.5962 -0.3400 .0.3400 -0.1620 -0.1620
0.85 0.6402 -0.2448 -0.2448 -0.080 1 -0.0801
0.90 0.684 3 .0.1320 .0.1320 0.0074 0.0074
0.95 0.7283 -0.0010 -0.0010 0.0996 0.0996
0.98 0.754? 0.0863 0.0863 0.1568 0.1559

( 0.99 0.7635 0.1168 0.1168 0.1760 0.1393
1.00 0.7724 0.1480 0.1494 0.1953 0.1494

Foil L .E. Circle X = -0.0836 V = .0.4005 K = 0.0250
Foil T.E.Clrcle X a 0.1624 V = 0.1494 R • 0.0 100

Fo 1IL.E . Tsngency Pt.Suctlon X .0.l023 Y -0.417l
Foil L. E. Tangency Pt . Prebsure X = .0.0709 V — -0.3790
Foil T. F. Ta ngency Pt . Suction X = 0.7720 V — 0.1467
Foil T. F. Tangency Pt. Pr~ssure X = 0.7533 V = 0.1536

Foil Nos. Point X • .0.1029 Y • -0.3846
Foil Tall Point X • 0.1658 V — 0.1588

Foil Ate. a 0.1192

Gaging LAMBDA - 0.2620 X 0.1362 V a -0.4434
Gaging Anji. a 20.e2~

Center of Grs.ity X a 0.3649 7 = -0.403?
Radial Refere nce X — 0.3919 V — .0.2691

Inlet Angle = 50.500 DELTA BETA I • 17.500
ExIt AngIe = 20.100 DELTA BETA 2 =  9.000
Uncovered TurnIng • 18.11$
Mm Moment of Inertia • 0.00126226
Max. Moment of Inert Ia • .00876554

Principal Axis Angle a -35.89 &

Pitch /Axial Chord • 0.8445 U NC4~~tSS F ~~Pitch/Actu al Chord a 0.1261 I

(
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TABLE XXV III

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN C

Radius of DD Section = 10.4588 Axial Chord = 0.9055
Pt t ch 0.8214 No. of Fo 1s 80.00 Actual Chord 1.1117

Percent FoIl X Foil V Foil V Foil V Foil V
x Suctio n (Circle) Pressure (Circle)

0.0 -0.1630 -0.4600 -0.4479 -0.4067 .0.4479
0 0 %  -0.1539 -0.4683 -0.4683 .0.4 104 -0.4215
0.02 .0.1449 -0.4765 -0.4165 -0.4142 .0.422 1
0.03 .0.1358 -0.4845 -0.4845 -0.4180 -0.4204
0.04 -0.1268 -0.4924 -0.4924 .0.4211 -0.4218
0.05 -0.1177 .0.5000 -0.5000 -0.4255 -0.4255
0.10 -0.0724 -0.5350 -0.5350 -0.443! -0.4431
0.15 -0.0272 -0.5646 -0.5646 -0.4583 -0.4585
0.20 0.0181 .0.5886 -0.5886 -0.471% .0.4711
0.25 0.0634 -0.6067 .0.6067 -0.4804 -0.4804
0.30 0.1057 -0.6187 .0.6187 .0.4854 -0.4854
0.35 0.1 539 -0.624 1 -0.6241 -0.4851 -0.4851
0.40 0.1992 -0.6325 -0.6225 .0.4783 -0.4785
0.45 0.2445 -0.5134 -0.6134 -0.4642 -0.4642
0.50 0.2898 .0.5963 -0.5961 .0.4409 .0.4409
0.55 0.3350 -0.5704 -0.5704 -0.4076 -0.4076
0.60 0.3803 -0.5349 -0.5 349 -0.3639 .0.3639
0.65 0.4256 -0.4889 -0.4889 -0.3097 -0.3097
0.70 0.4709 -0.43 11 -0.4311 .0.2459 -0.2459
0.15 0.5161 -0.3599 -0.3599 -0.1735 -0.1735
0.80 0.5614 -0.2738 .0.2738 -0.0938 -0.0938
0.85 0.6067 -0.1717 -0.1117 -0.0081 -0.0081
0.90 0.6520 -0.0335 -0.0535 0.0826 0.0826
0.95 0.6972 0.0801 0.0801 0.177 1 0.1771
0.98 0.7244 0.1611 0.1611 0.2354 0.2350
0.99 0.1335 0.197 1 0.1971 0.2550 0.2391
1.00 0.7425 0.2277 0.229 1 0.2746 0.2291

Foil L.E. CIrcle X = -0.1355 Y — -0.4479 p. = 0.0275
Foil T.E. Circle X = 0.7325 V = 0.2291 R = 0.0100

- - Foil L.E. Tangency Pt. SuctIon X = .0.154 1 V —0.468 1
Foil L.E . Tang cncy Pt. Preuure X -0.1249 Y -0.4225
Foil T.E. Tangency Pt . Suction X — 0.1421 V 0.2263
Foil T.E . Tangency P1. ?reuure X a 0.1234 V = -0.2333

Foil Nose Point X • - 0 . l 5 86  Va.0.433 1
Foil Tall Point X •  0.7360 V 0.2385

Foil Area a 0.1236

Gaging LAMBDA a 0.2969 Z~~ 0.4789 V - -0.4 194

Gag*ngAngle • 21.190

Center of Gravity X • 0.3240 V • -0.3162
Rad ial Reference Z — 0.3919 V -0.2691

Inlet Angle • 57.400 DELTA BETA I = 20.000
Exit Angle • 20.600 DELTA BETA 2 • 8.400 

-

Uncovered Turning • 17.802

M m .  Moment of Inertia a 0.00110931
Max. Moment of InertIa = 0.01076076

Principal Axis MgI. • 40.470

PItchIAxlal Chord • 0.9012 U N C L AS StFIE D

Pitch/Actual Chord = 0.7343
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TABLE XX IX

SECOND VANE CASCADE AIRFOIL RECAMBEt~ING DESIGN C

Radius of FE Section — 10.8600 AxIal Chord = 0.9 155 Actual Chord — 1.1438
Pitch • 0.8529 No. of Foils . 80.00

Percent FoUX Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 4.1851 -0.4552 -0.4422 -0.4016 -0.4422
0.01 -0.1759 -0.4631 -0.463 1 -0.4049 .0.4212
0.02 -0.1668 -0.4709 -0.4709 .0.4082 .0.4155
0.03 .0.1576 -0.4783 .0.4183 .0.4114 -0.4131
004 .0.1485 .0.4854 .0.4854 .0.4347 -0.4148
0.05 .0.1393 -0.4923 .0.4923 .0.4180 -0.4180
0.10 .0.0935 -0.5219 .0.5219 -0.4315 .0.4315
0.15 -0.0418 -0.5442 -0.5442 -0.4406 -0.4406
0.20 -0.0020 -0.5598 -0.5598 -0.4452 -0.4452
0.25 0.0438 -0.5686 .0.5686 -0.4453 -0.4453
0.30 0.0896 .0.5708 .0.5708 .0.4405 .0.4405
0.35 0.1353 -0.5664 -0.5664 .0.4 304 -0.4304
0.40 0.1811 -0.5554 .0.5554 .0.4144 -0.4144
0.4 5 0.2269 4.5375 -0.5375 .0.391 1 -0.3911
0.50 0.2121 -0.5123 .0.5123 -0.3619 .0.3619
0.35 0.3184 -0.4798 .0.4798 .0.3242 -0.3242
0.60 0.3641 -0.4392 .0.4392 -0.2784 .0.2184
0.65 0.4100 -0.3900 .0.3900 -0.2248 -0.2248
0.70 0.4558 -0.3312 -0.3312 .0.164 0 -0.1640
0.75 0.5015 -0.2619 -0.2619 .0.0968 .0.0968
0.80 0.5473 -0.1809 -0.1809 -0.0244 .0.0244
0.8$ 0.3931 -0.0876 -0.0876 0.0525 0.0525
0.90 0.6388 -0.0176 .0.0116 0.1329 0.1329
0.9$ 0.6846 0.1338 0.1338 0.21 63 0.2163
0.98 0.1121 0.2083 0.2083 0.2674 0.2671

( 0.99 0.7212 0.2338 0.2338 0.2846 0.2715
1.00 0.7304 0.2597 0.26 16 0.30 18 0.2616

Foil L.F. Cir ci. X .0.1566 V -0.4422 R = 0.0285
Foil T.E.Circle X • 0.7204 V = 0.2616 R = 0.0100

Foil L.E. Tan gency Pt . Suction X — -0.1152 V • -0.4638
Foil L.E. Tangency Pt. Pressure X -0.1469 V -0.4353
Foil T.E. Tangency Pt. Suction X = 0.7297 V ~ 0.2580
Foil T.E. Tangency Pt. Pressure X — 0.7117 V = 0.2664

FoIl Nose Point X • .0.1812 7 = .0.4278
Foil Tall Point X 0.1246 V a 0.2706

Foil Area 
- 

0.1161

Gaging LAMBDA - 0.3579 X • 0.4308 V • .0.3643
Gaging Angle • 24.810

Cents, of Gmvlsy - OtZ9$6~ V - -0.3~ 3Z
Ra dial P.afer ,nce X • 0.3919 V • -0.2691

Inlet Angle • 59.762 DELTA BETA I • 2 1.993
Exit Angle • 25.&4 1, DELTA aETA -z • 3.203
Uncovere d Turni ng — 17.109

Miss . Momen t of Inertia - 0.00013264
Mis. Moment of Inertia a 0.01057891

Principal Axis Angle * 40.621 - -

~~

Pi tch/Axial Chord — 0.93*1
Pitch/Actual Chord • 0.1451

PAO ~ ~o. 234
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TABLE XXX -

P 

- 

.- SECOND VANE CASCADE AIRFOIL, RECAMBERING DESIGN C

Radius of NH Section = 11.4100 AxIal Chor d • 0.9291
Pitch = 0.896L No. of Foil, a 80.00 Actual Chord a 1.1616

Percent Foil X Foil V Foil V Foil V Foil V
X Suction (Circle) Pressure (Circle)

0.0 .0.2154 -0.4210 -0.4066 -0.3668 -0.4066
0.01 -0.2061 .0.4282 -0.4282 .0.3695 -0.3849
0.02 -0.1968 .0.4355 -0.4355 .0.3722 -0.3789
0.03 -0.1875 -0.4421 .0.4421 -0.3748 -0.3767
0.04 -0.1752 -0.4480 -0.4480 .0.3175 .0.3716
0.05 -0.1689 -0.4535 - 4.4535 -0.3800 -0.3800
0.10 -0.1225 .0.4725 .0.4725 -0.3859 -0.3859
0.15 -0.0760 -0.4796 -0.4796 -0.3811 4.3817
0.20 -0.0295 .0.4167 -0.4767 -0.3686 -0.3686
0.25 0.0169 -0.4651 -0.4651 .0.34*1 .0.3481
0.30 0.0634 -0.4459 -0.4459 -0.3215 -0.3215
0.3$ 0.1098 .0.420 1 .0.4201 .0.2900 -0.2900
0.40 0.1563 -0.3884 -0.3884 -0.2545 -0.2545
0.45 0.2027 -0.3514 -0.3514 -0.2 154 .0.2154
0.50 0.2492 -0.3095 -0.3095 .0.1737 -0.1137
0.55 0.2956 -0.2634 -0.2634 .0.1295 .0.1295
0.60 0.3421 -0.2133 -0.2133 .0.0833 -0.0833
0.65 0.3886 -D.1S95 -0.1595 -0.0351 -0.0351
0.10 0.4350 -0.1021 -0.1021 0.0t4~ 0.0145
0.7$ 0.4815 -0.04*5 -0.0415 0.0655 0.0655
0.80 0.5279 0.0221 0.0221 0.1175 0.1115
0.85 0.5744 0.0887 0.0881 0.1705 0.1705
0.90 0.6208 0.1579 0.1579 0.2241 0.2241
0.95 0.6613 0.2295 0.2295 0.2185 0.2785
0.98 0.6952 0.2734 0.2734 0.3114 0.3114
0.99 0.7045 0.2882 0.2882 0.3224 0.3*60
1.00 0.7*38 0.3031 0.3060 0.3334 0.3060

Foil L. E. Circle X = .0.1855 7 -0.4066 p. = 0.0299
Foil 1. E. Circle X = 0.7036 7 — 0.3060 R = 0.0100

p
Foil L. E. Tangency Pt. Suction X — .0.2041 7 • -0.4300
Foil L. E. Tangt.ncy Pt. Pressure X • -0.1772 7 • -0.3778
Foil 1. E. Tangelicy Pt . Suction X 0.7 122 V a 0.3006
Foil T. E. Tangency Pt. PrI -%sure X 0.6962 7 — 0.3 125

Foil Nose Point X — -0.2120 V — .0.3929
Foil Tall Poin t X * 0.7097 Y • 0.3140

Foil Area a 0.0965

Ga ging LAMBDA • 0.5111 X • 0.3212 7 • -0.2364
Gaging Angle • 34.771 -

Center of Gravity X • 0.2 328 7 • -0.2084
Radial Reference X — 0.3919- 7

In let MgI. — 62.722 DELTA BETA I • 22.408 -

Exit Angle - 36.630 DELTA BETA 2 • 8.009 -

Uncovered Turning • 10.092

Miss. Moment of Inertia a 0.00020983
Ma x. Moment of InertIa a 0.00895742

Principal Axis Angle a 40.993 -

Pitch/Axial Chord • 0.9645 L. . -

Pitch/Actua l Chord • 0.7715
/
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TABLE XXX I

SECOND VANE CASCADE AIRFOIL. RECAMBERING DESIGN C

Radius of GG Section • 11.4450 Ax Ial Chord — 0.9300 Actual Chord 1.162 1 -

Pi tch a 0.8939 No. ot Foils = $0.00

Percent Foil X Foil V Foil V Foil V Foil Y
X Suction (Circle) Preuure (Circle)

0.0 .0.2 173 .0.4177 -0.4032 -0.3635 -0.4032
0.01 -0.2080 .0.4250 .0.4249 .0.3661 -0.3814
0.02 -0.1987 -0.4322 -0.4322 -0.3681 -0.3754
0.03 .0.1894 -0.4387 .0.4387 .0.3714 -0.3732
0.04 -0.1801 .0.4446 .0.4446 -0.3140 -0.3740
0.05 .0.1108 .0.4499 .0.4499 -0.3765 .0.3165
0.10 -0.1243 -0.4681 .0.4681 .0.3818 -0.3818
0.15 -0.0178 .0.4740 -0.4740 .0.3166 .0.3766
0.20 -0.0313 -0.4691 .0.4697 .0.3621 -0.3621
0.25 0.0152 -0.4565 .0.4565 .0.3399 -0.3399
0.30 0.0617 .0.4356 -0.4356 .0.3117 -0.3117
0.35 0.1082 .0.4081 .0.4081 .0.2785 -0.2185
0.40 0.1 541 .0.3748 -0.3148 4.2414 -0.2414
0.45 0.2012 -0.3363 -0.3363 .0.2012 -0.2012
0.50 0.2411 .0.2932 .0.2932 .0.1585 -0.1585
0.55 0.2942 -0.2460 .0.2460 -0.1139 -0.1139
0.60 0.3407 -0.1951 -0.1951 -0.0677 -0.0671
0.65 0.3872 .0.1410 -0.1410 -0.0201 -0.0201
0.70 0.4331 .0.0838 .0.0838 0.0285 0.0285
0.75 0.4802 .0.0241 -0.0241 0.0781 0.0781
0.80 0.5267 0.0381 0.038* 0.1284 0.1284
0.85 0.5732 0.1024 0.1024 0.1793 0.1793
0.90 0.6191 0.1685 0.1685 0.2309 0.2309
0.95 0.6662 0.2364 0.2364 0.2828 0.2828
0.98 0.694 1 0.2179 0.2779 0.3142 0.3142
0.99 0.7034 0.2918 0.29 18 0.3247 0.3188
1.00 0.1121 0.3058 0.3088 0.3352 0.3088

Foil L.E. Circle X .0.1873 Y = -0.4032 p. = 0.0300
Foil T.E. Circle X • 0.7021 V = 0.3088 R = 0.0100

Foil L.E. Tangency Pt. SuctIon X a .0.2059 7 • -0.4267
Foil L.E. Ta ngency Pt. Pres sure X a -0.1 791 V = .0.3743
Foil T.E. Tangency Pt. Suction X = 0.1110 V • 0.3033
Foil T.E. Tangency Pt. Pr essure X = 0.6952 7a  0.3155

FoII Noe. Point X=-0 .2 l40  Y•-0.3 895
Foil Tail Point X a 0.1088 Y — 0.3 168

Foil Area 0.0941

Gaging LAMBDA a 0.5234 X a 0.3107 Y a -0.22*3

Gaging Angle 35410

Centst of Gravity 31 • 0.323~3 V • 4.2003
Radial Rafer.nce X — 0.39 19 7 • 4.269*

inlet Angle • 62.900 DELTA BETS I • 22.500
Exit Angle • 30.570 DELTA BEl/, 2 - 8.000
Uncovered Turning • 9.150

1dm . Moment of Inertia — 0.00018734
Max. Moment of Inerti, a 0.008184*5

PrIncipal Axis =4 1.099

Pitch/Axial Chord • 3.9665 
UNC L A S S I F I E D

Pitch/Actual Chard • 0.7135
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(U) A comprehensive , four-p hase. three-year program is in progress to investigate methods of improving the performance of
fan -drive turbines. The goals of this program are to develop turbine design procedures and aerodynamic techniques for
efli~ie nt , high work , low pressure turbines.

(U) The first phase effort of defutiing the pr~1iminary turbine design has been ~.np1eted and tile results were reported (Re.
ference I). The second phase con ~i~ ed of an experimental evaluation which included establishmen t of both two-d imensiona

• loss levels and three-dimensional 1 o .v beha~ior for the baseline airfoils , and for airfoils uti lizing var ious boundary layer con-
trol methods . The design of the b isel ine c~scade packs was reported in Refer- -rIce 2 , and the annular cascade performance
of the baseline airfoils was r epor tt d in Reference 3. The annular cascade rest its of the basel ine airfoil boundary layer con-
trol methods were reported in Ret ~iance 4.

(U) The results of thep~ano~iasca des tAv~n4imenalonaI 4.ba eiiwe t.ig~tioa.. the. dtcr4ased~soJ~ .ity .anou1ar-caacade airfoil
test result s, and the Phase Ill boui.dary layer control optimization and off-detign evaluation are presented in this report.
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