
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



00
coz
cm

x

r
acn
az

S

"-I- 6ftw
w

4

NASA TECHNICAL
	

NASA TM X-62,468

MEMORANDUM

PRESSURE DATA FROM A 64AOIO AIRFOIL AT TRANSONIC SPEEDS IN

HEAVY GAS MEDIA OF RATIO OF SPECIFIC HEATS FROM 1.67 to 1.12

(NASA — TM--X-62468)	 PRESSURE DATA FROM A	 N76-10064

64AO10 AIRFOIL AT TRANSONIC SPEEDS IN HEAVY
GAS MEDIA OF RATIO OF SPECIFIC HEATS FROM
1.67 TO 1.12 (NASA)	 290 p HC $8.75 CSCL 01A	 uncl.as

G3/02 394314

Anthony R. Gross and Frank W. Steinle, Jr.

Ames Research Center
Moffett Field, California 94035	 ^^ 1	

S 6'1;,

August 1975

Ngs^sC^^F
C-1NA!/r F̂9Cj	c,

BRgN

	

can_	 ^► c..



1. Report Na, 2. Government Accession No. 3.	 Re:cipienr's Cartnlug No.

NASA TM X-62,468 =
4. Title and Subtitle

PRESSURE DATA FROM A 64A01 D AIRFOIL AT
5, Report Date 

August 1975
TRANSONIC SPEEDS IN HEAVY GAS MEDIA OF RATIO OF 6. Performing Organization Code
SPECIFIC HEATS FROM 1.67 TO 1.12

7. Author(s) S. Performing Organization Report No.

Anthony R. Gross A 6225
Frank W. Steinle, Jr. 10. Work Unit No.

5m—n6-429. Performing Organization Name and Address

Ames Research Center 11. Contract or Grant No.

Moffett Field, California	 94035
13. Type of Report and Period Covered

Technical Memorandum12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D. C.	 20546

15. SuPOementary Notes

15. Abstract	
ABSTRACT

A NACA 64AD10 pressure-instrumented airfoil has been tested at
transonic speeds over a range of angle of attack from -1 	 to 12 degrees
at various Reynolds numbers ranging from 2 to 6 million in air, argon,
Freon 12 and a mixture of argon and Freon 12 having a ratio of specific
heats corresponding to air.

Good agreement of results is obtained for conditions where compressi-
bility is not significant and for the air and comparable argon-Freon 12
mixture.	 Comparison of heavy gas results with air, when adjusted for
transonic similarity, show improved, but less than desired agreement.

17. Key Words (Suggested by Authorls)) 18, Distribution Statement

Aerodynamics Unclassified - llnlimited

Airfoil
Pressure Distribution STAR Category - 02
Transonic Similarity

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22.	 Price'

Unclassified. Unclassified 289 $8.75

'For sate by the National Technical information Service, Springfield, Virginia 22151

J1



n

A	

CONTENTS

I

Page

	

SUMMARY .......................................................... 	 1

	

INTRODUCTION .....................................................
	 1

	

NOMENCLAIURE .....................................................
	 2

	

TEST FACILITY ....................................................
	 3

	

MODEL DESCRIPTION .................. .............................
	 4

TESTING AND PROCEDURE	 .....................
	 4

	

DATA REDUCTION ...................................................
	 5

	

RESULTS AND DISCUSSION ...........................................
	 6

CONCLUDING REMARKS	 .................	 7

	

REFERENCES ....................................................... 	 8
TABLES

1. MODEL GEOMETRY .........................................
	 9

2. MATRIX OF TEST CONDITIONS ..............................
	 10

3. AIR EQUIVALENT TRANSONIC SIMILARITY VALUES .............
	 11

4. INDEX OF DATA FIGURES ..................................
	 12

5. TESTED VALUES OF THE RATIO OF SPECIFIC HEATS ........... 13

FIGURES

1. NASA AMES TWO-BY TWO-FOOT TRANSONIC WIND
TUNNEL CIRCUIT AND SPECIFICATIONS ......................

2. MODEL INSTALLATION PHOTOGRAPH ..........................	 15

3. DATA................................................... 	 16



_±	 I	 1^ __ l_	 I	 I	 I

PRESSURE DATA FROM A 64A010 AIRFOIL. AT TRANSONIC SPEEDS IN

HEAVY GAS MEDIA OF RATIO OF SPECIFIC HEATS FROM 1.67 to 1.12

By Anthony R. Gross and Frank W. Steinle, Jr.

Ames Research Center

SUMMARY

A wind tunnel investigation has been performed at Mach numbers from
0.6 to 0.9 to determine the wake drag characteristics and pressure dis-
tributions of a NACA 64A010 airfoil in air and in heavy gas test media
with ratio of specific heats (y) from 1.67 to 1.12. The model was tested
at angles of attack from -1 to 12 degrees over a range of chord-based
Reynolds numbers from 2 x10 6 to 6 x 106.

Analysis of test results shows qood agreement between data derived
in air and data derived in heavy gases up to the Mach number at which com-
pressibility effects become important in air. Above this Mach number
agreement is encouraging but not completely resolved. Application of
established theory for transonic similarity to the heavy gas results pro-
duces significant, but less than satisfactory, improvement in agreement.
Data obtained in air and in an argon--Freon 12 ga y, mixture designed to
have a y = 1.4 s'iow generally good agreement throughout the Mach number
range of investigation.

INTRODUCTION

Within the past decade, severe problems (both technical and economic)
have been encountered in predicting the aerodynamic characteristics of
modern, high subsonic and transonic speed aircraft from wind tunnel test
results extrapolated to flight Reynolds number. These differences have
been largely attributed to deficiencies in the scaling of the viscous
boundary layer on the wind tunnel models and uncertainties of modeling
the behavior of the shock-boundary layer interaction as the "Reynolds
number gap" between tunnel and flight is widened. Recently, considerable
effort has been expended towards developing increased high Reynolds num-
ber test capability. Included in these efforts are new test techniques,
improved wall-interference computations, construction of new test facili-
ties, and the use of heavy gases in existing facilities.

The modification of existing facilities to use heavy gases, such as
Freon 12, in place of air has the attraction of increasing the Reynolds
number about three--fold at half the drive power for a given Mach number

y.
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and total pressure. For example, this would produce a potential increase
in Reynolds number per meter of from 26.25 million to 78.75 million at a
Mach number of 0.9 in the Ames Research Center's 2- by 2-Foot Transonic

r
Wind Tunnel.

Whereas static aerodynamic data obtained in Freon 12 at subcritical
conditions has been shown to be aerodynamically reliable, there is reason
to believe that at transonic speeds the deviation of the ratio of specific
heats (y) from that of air (y = 1.12 and 1.4, respectively) results in an
adverse effect on data reliability (reference 1). In order to investigate
this assumption, a NACA 64A010 airfoil model has been tested at transonic
speeds at Mach numbers from 0.6 to 0.9 in heavy gas media of y from 1.67
to 1.12. Wake drag characteristics and pressure distributions have been
determined for the model for angles of attack from -1 to 12 degrees over
a range of chord-based Reynolds numbers from 2 x 10 6 to 6 x 106.

Presented herein are the results of this investigation with a mini-
mum of analysis.

NOMENCLATURE

Because of the limitations in the computer notation system for plot-
ting the data, conventional aerodynamic symbols have been replaced by
plot symbols in the data figures as noted below.

Plot
Symbo l 	Symbol	 Definition

c	 airfoil chord, m

CD	CD	 drag coefficient, drag per unit span/qc

CD(CL ` 0) CDCLO	 drag coefficient at zero lift coefficient

CL	CL	 lift coefficient, lift per unit span/qc

CL	CLALFA	 derivative of lift coefficient with respect
a	 to alpha at zero lift coefficient

Cm	 CLM	 pitching moment coefficient, pitching moment
per unit span /qc2

Cp	 CP	 pressure coefficient, pl - P.

2



K	 transonic similarity scaling factor

`	 M	 MACH	 freestream Mach number

Ma	 Mach number in air

E-

Mts	 air-equivalent Mach number, from applicatirn
of the transonic similarity rule

p	 static Fressure, N /m2

q	 freestream dynamic pressure, N /m2

'	 Rn/c	 RN	 Reynolds number based on chord, million

x	 coordinate measured parallel to airfoil
chord, m

t	 maximum airfoil thickness, m

`	 a	 ALPHA	 angle of attack, deg

Y	 GAMMA	 specific heat ratio

airfoil thickness ratio, t/c

Subscripts

1	 local
E

m	 freestream

2	 heavy gas medium

r
TEST FACILITY

The Ames 2- by 2--Foot Transonic Wind Tunnel is of the closed--return,
variable-density type with a 0.61-meter (2-foot) square test section
(figure 1). The tunnel drive system is composed of a two-stage axial-
flow compressor driven by four 1000-horsepower water-cooled induction
orators. The test section has variable--permeability, 21% open porous-
slotted walls with a surrounding plenum chamber and suction provided by
both a 2.365 and 11.815 meter 3 per second (5,000 and 25,000 cubic feet
per minute) compressor. A flexible-wall nozzle is located upstream of
the test section.

3
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Continuous variation of the test section Mach number from 0 to 1.4
is provided through control of the main drive compressor speed and adjust-
ment of both the flexible nozzle walls and the floor-tu-ceiling angle.
The tunnel stagnation pressure range is variable from 1/3 to 3 atmospheres
absolute. Maximum Reynolds number available in air is approximately 26.25
x 10.6/meter (8 A 10 6 per foot) at a test section Mach number of 0.9.

This facility has undergone several modifications to permit two-
dimensional testing and for this investigation, to permit testing in gas
media other than air. These modifications include the addition of motor-
ized, rotating, thick-glass, model supporting side windows mounted in
unventilated, plane side walls, the incorporating of a programmable wake
survey rake system, and the addition of a heavy gas system. The heavy
gas system includes provisions for separating the heavy gas from the main
axial fan and motor bearing lubrication system, for heavy gas supply and
venting, and for measuring gas mixture properties.

MODEL DESCRIPTION

The model tested in this investigation was a NACA 64AO10 airfoil
which spanned the test section. The .1524 meter (6-inch) chord model was
instrumented with 24 pressure orifices on the upper surface and 22 ori-
fices on the lower surface. Airfoil ordinates and orifice locations are
tabulated in table 1. An installation photograph of the model and the
wake survey rake is shown in figure 2.

TESTING AND PROCEDURE

Air, argon, Freon 12, and a mixture of argon and Freon 12 were used
as the various test media to provide for y values of 1.4, 1.67, 1.12 and
1.4, respectively. The matrix of test conditions is presented in table 2.
Test conditions spanned sub-critical, critical and super-critical Mach
numbers for the airfoil.

Boundary layer transitioi to turbulent conditions on the model was
artifically induced through the use of 0.254 mm (0.01 inch) wide strips
of 0.104 mm (0.0041 inch) nominal diameter glass beads placed on the
upper and lower.surfaces at the 6.1 perce pt chord station. Bead diameter
was selected in accordance with the recommendations of reference 2. Tran-
sition strip effectiveness was verified through the sublimation technique.

Angle of attack variation was accomplished by rotating the windows
in the test section side walls to which the model was attached. The
model was aligned with the flow to produce CL = 0 at zero angle of attack.
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Three 24-port scanning valves were used to measure the model surface
pressures and three 48-port scanning valves were used to measure the
total and static pressures in the wake. Wake total and static pressures
were sensed through the use of an 82-tube traversing rake which was pro-
grammed to provide total pressure readings every I.3 mm (0.050 inch) and
static pressure readings every-25.4 mm (1.0 inch) across the wake of the
model.

DATA REDUCTION

In addition to the customary stagnation temperature and pressure
and the test-section static pressure measurements, the determination of
the test gas composition which is necessary for calculatior of the wind
tunnel flow parameters requires measurement of total gas density, air
content (determined by oxygen content) and water vapor content. Addi-
tional instrumentation was developed for these nonstandard measurements.

The wind tunnel test mixture composition is determined from direct
measurements of air and water vapor fractions and computed fractions of
argon and Freon 12. These computations are based on the total gas den-
sity measurement, adjusted for air and water vapor, and the virial form
of the equation of state for argon and Freon 12. Estimated accuracy is

± 1.0%.

Significant real-gas effects associated with the use of Freon 12
as a wind tunnel test medium preclude the use of the normal ide7,1 gas
model for the computation of flow parameters. The van der Waal, gas
model was chosen instead to model the non-ideal gas properties for the
calculation of flow parameters.

Section aerodynamic force and moment coefficients are obtained from
the model surface and momentum rake measurements in the normal manner for
two-dimensional airfoils. Pressure integrations were performed using the
trapezoidal rule.

The two--dimensional transonic similarity rule of vo. Karman, in a
form due to Spreiter (ref. 3), has been used to compare test results
obtained in Freon 12 with those obtained in air. For the present case of
an airfoil tested in air and in a heavy gas medium, the Mach numbers for
transonic similarity in the heavy gas are determined from the following
relation:

I - Ma	 1 - Mts

`	 (2.4 
Mai %3	

[(Y2	 1) Mts1 I3

.i

5



The pressure coefficient Cp ts (Cp obtained at Mts, Y2) is then scaled to

the reference Cp condition in air in accordance with
i

Y

Cp = K Cpts	
(Y2 +l) Mts 1/3

where K =
2.4 Ma

Values of Mts, and the corresponding values of 11, for several values of
Y2 and Ma are listed in table 3.

Based on transducer performance and on the estimated accuracy in
mixture composition (1%) the precision of the data is estimated to be
within

Y ± . 03	 Cp	 .0064

M"' ± .009	 a	 .06°

RESULTS AND DISCUSSION

A complete index to the data figures is given in table 4. Because
the argon/Freon 12 test gas media was contaminated during tunnel opera-
tion by significantly varying amounts of air, Y varied somewhat from the
respective 1.67 and 1.12 values. Tabulated in table 5 is a list, by
data set and Mach number, of the competed values of Y corresponding to
the plotted test results. Basic pressure and section coefficient data
are presented in figures 3 through 10. In the following discussion
attention is centered primarily on the comparison data presented in fig-
ures 11 through 14 and the summary comparisons given in figure 15.

As shown in figures 11 and 12, at subcritical Mach numbers the
agreement between pressure distribution data for the non-lifting condition
acquired in air and corresponding data from the heavy gas media is quite
good. However, some differences in the pressure distribution over the
aft portion of the airfoil are evidenced between data derived in air and
argon. These differences may be due to slight differences in boundary
layer development and/or lift.

The comparison of air and argon data in figure 11 at the super-
critical Mach numbers .832 and .829, respectively, shows very good agree-
ment. On the basis of transonic similarity this agreement is somewhat
perplexing since, from table 3, the argon data would be expected to be
very similar to air data at Macro number .838. With this in mind, an
examination of the variation of drag with Mach number (figure 15) would
lead one to expect CD to be at least .003 higher in argon than in air.

i
3
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However, comparison of the drag measurements reveals considerably less
than .003. The reason for this discrepancy has yet to be determined.
The pressure data in figure 11 appear as if Mach number.829 in argon is
the air equivalent Mach number .832. This would require r to be of the
order 1.5 as compared with the measured value, 1.616. It is felt that
such a difference is outside the range of experimental error. An alter-
nate and more likely possibility is wall interference effects altering
the pressure distribution. Some inference to this possibility can be
drawn from the variation of lift-curve slope with Mach number, presented
in figure 15. lift-curve slope peaks near Mach number .82 and rapidly
falls off with increasing Mach number to near zero. This abrupt change,
in part, may be due to the sonic-line reaching the tunnel boundary and
therefore changing its character. Obviously, such a postulation will
require further verification before it can be accepted and therefore the
above discrepancy between air and argon remains unresolved.

The comparison in figure 12 of air and Freon 12 data at Mach numbers
.820 and .823, respectively, shows considerable differences. It is in-
ferred that these differences are primaril l due to y effects. Because
data in Freon 12 were not obtained at the transonic similarity Mach
number for air at Mach number .820, it is not possible to verify Y effects
on a direct basis. However, at Mach numbers . 832 and .843 for air and
Freon 12, respectively, a comparison on the basis of transonic similarity
is available i n figure 13a which supports this contention.

As can be seen, the general agreement of the air and Freon 12 re-
sults on an as-run basis at transonic similarity Mach number conditions
is considerably improved. Further adjusting the test results to account
for the full effects of transonic similarity is seen in figure 13b to
afford only slight improvement.

The comparison of data obtained in air and in an argon - Freon 12 mix-
ture having a ratio of specific heats equal to that of ail- at closely sim-
ilar test conditions (example, figure 14) shows generally good agreement.

CONCLUDING REMARKS

A NACA 64AOIO pressure-instrumented airfoil has been tested at tran-
sonic speeds over a range of angle of attack from -1 to 12 degrees at
various Reynolds numbers ranging from 2 to 6 million in air, argon, Freon
12, and a mixture of argon and Freon 12 having a ratio of specific heats
corresponding to air.

Good agreement of results is obtained for conditions where compres-
sibility is not significant and for the air and comparable argon-Freon 12
mixture. Comparison of heavy gas results with air, when adjusted for

7
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transonic similarity, show improved, but less than desired agreement. It
is anticipated that further improvements in heavy gas-air agreement will
be realized through the use of numerical transonic computations coupled
with suitable boundary layer calculations to account for differences in
displacement thickness producing different effective airfoil thickness.
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TABLE 1. - MODEL GEOMETRY

AIRFOIL ORDINATES

Station	 Ordinate

0 0
.5 .804
.75 .969

1.25 1.225
2.5 1.688
5.0 2.327
7.5 2.805

10 3.199
15 3.813
20 4.272
25 4.606
30 4.837
35 4.968
40 4.995
45 4.894
50 4.684
55 4.388
60 4.021
65 3.597
70 3.127
75 2.623
80 2.103
85 1.582
90 1.062
95 .541

100 .021

STATIC PRESSURE ORIFICE LOCATIONS

Station

Upper	 Lcwer

	

0.0
	

1.2

	

1.0
	

2.5

	

2.3
	

5.1

	

5.0
	

7.5

	

7.4
	

10.1

	

9.9
	

15.0

	

14.9
	

20.0

	

19.8
	

25.2

	

24.9
	

30.0

	

30.0
	

35.1

	

34.9
	

40.1

	

39.9
	

45.0

	

44.9
	

50.1

	

49.9
	

55.0

	

54.9
	

60.1

	

59.9
	

65.0

	

65.0
	

70.1

	

70.0
	

75.0

	

74.9
	

80.0

	

79.9
	

85.0

	

84.9
	

89.9

	

90.0
	

94.5
93.2

100.0

L.E. radius: 0.687 percent chord
T.E. radius: 0.023 percent chord

(Airfoil dimensions are given in percent of airfoil chord)
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TABLE 2. - MATRIX OF TEST CONDITIONS

Gas Medium

Gamma (Nominal)

Reynolds Number x 106

Mach Number range

Angle of Attack range,
degrees

Air	 Argon

1.4	 1.67

2.0, 2.5 5 3.0,	 2.0, 3.0, 4.0
3.45, 3.75, 4.0

0.6 to 0.9	 0.6 to 0.85

-1 to 12	 -1 to 12

Freon 12	 Argon-Freon 12

1.12	 1.4

3.0, 6.0	 2.0, 3.0

0.6 to 0.85	 0.6 to 0.85

-1 to 12	 0 and 2

J

CD

1

0
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TABLE 3. AIR EQUIVALENT TRANSONIC SIMILARITY VALUES

Y 2 Ma

1.125 0.5

0.6

0.7

0.8

0.9

1.300 0.5

0.6

0.7

0.8

0.9

1.500 0.5

0.6

0.7

0.8

0.9

1.667 0.5

0.6

0.7

0.8

0.9

K 10,4-S

.986 0.5203

.983 0.6196

.975 0.7172

.970 0.8129

.966 0.9072

.995 0.5071

.995 0.6069

.991 0.7061

.989 0.8046

.989 0.9026

1.004 0.4932

1.008 0.5935

1.007 0.6941

1.009 0.7955

1.012 0.8975

1.012 0.4825

1.017 0.5827

1.019 0.6847

1.025 0.7882

1.031 0.8934
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TABLE 4. - INDEX OF DATA FIGURES

Basic Data

Figure

Pressure Distributions, Cp vs. x/c

Air
	

3

Argon
	

4

Freon 12
	

5

Argon-Freon 12
	

6

Section Coefficients, CL , C D , Cm vs, a

Air
	

7

Argon
	

8

Freon 12
	

9

Argon-Freon 1
	

10

Comparison Data

Pressure Distribution, C  vs. x/c

Air vs. argon
	

11

Air vs. Freon 12
	

12

Air vs. Freon 12
	

13

a. Transonic Similarity Mach Number
b. Transonic Similarity Rule

Air vs. argon-Freon 12
	

14

Summary Comparisons, CD, CL., 	 M

Air vs. argon vs. Freon 12 vs. argon-Freon 12
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TABLE 5. TESTED VALUES OF THE RATIO OF SPECIFIC HEATS

DATASET MACH GAMMA

14 0.598 1.58
0.610 1.62
0.816 1.55
0.823 1.54

0.839 1.55
0.844 1.55
0.868 1.54
0.874 1.56

15 0.603 1.62
0.785 1.67
0.820 1.57
0.829 1.62
0.877 1.55

16 0.608 1.63
0.865 1.61

22 0.602 1.43
0.802 1.39
0.820 1.40
0.852 1.39

23 0.602 1.38
0.817 1.38
0.822 1.39
0.851 1.39

24 0.593 1.11
0.801 1.11
0.807 1-10
0.843 1.13

25 0.599 1.12
0.618 1.12

0.786 1.12
0.808 1.12
0.313 1.12
0.824 1.12
0.851 1.12
0.895 1.12

26 0.823 1.12

13
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Test section configuration

Mach number range:

Reynolds number range:

i

0.61m x 0.61m (2 ft x 2 ft)
Adjustable baffled slots, floor and ceiling.
Motorized, rotating thick glass discs for full span model mounting.	 t
Schlieren capability.

0.6 to 0.95 in two-dimensional configuration (continuously variable).

Approxima'ely 0.5 x 10 6 to 4 x 10 6 based on 15.2 cm (6 in.) chord (pressure variable).

Figure 1. - NASA Ames Two -by Two-Foot Transonic blind Tunnel Circuit and Snecificatcions.
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AIR AIRFOIL UPPER SURFACE (RL^101)

SYMBOL.	 ALPHA	 Y

Q	 -.809	 .000

MACH

.299 RN

PARAMETRIC

2.000

VALUES

q 	 -.420

O	 .003
D .436

.905

1.648

1 .5

1.

.5

^

0'
1

.5- ^-
I

k

-1 .0

u	 -1.5

-2.0

'	 -2.5

-3.0

-3.5

-4.0

-4.5
.2 .3 .4 .5 .6 .7 .8 .9 1.00	 .1

X/C

FIG.	 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIRFOIL UPPER SURFACE	 [RLAAO!)

PARAII rNiC VALUES
RN	 2.000

AIR

51 M8[7L ALPHA	 Y	 MACH
Q 3.275	 .000	 .299

q 4.890
0 6.534
D 8.31-1

t^l 10.190
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AIR

SYMBOL ALPHA	 Y	 MACH
Q -.649	 .000	 .599
q -.321
O .016

.363

.730
(] 1.406

1.5

I.

AIRFOIL UPPER SURFACE
	

(RLAAOI)

PARAMETRIC VALUES
RN	 2.000

-1.

U

-2.

-2.

.5

0,

.5

.0

5

f

1

0

5

0

5

0

5
.i	 .4	 i	 .4	 .'	 .b

X/C

BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIRFOIL UPPER SURFACE

Y	 MACH

.000	 .599

AIR

S) ME10L ALPHA

Q 2.748

q 4.127

0 5.570
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	FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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1

1.

.5

5

0

5

0

S

0

5 —

0

5

CL
r,

—I.

—1^

—2.

—2.

—3.

—3..

—4.
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AIR	 AIRFOIL UPPER SURFACE	 (RLAA04)

	5YM90L ALPHA	 Y	 MACH	 PARAMETRIC VALUES

O	 -.527	 DW	 .611	 RN	 3.450
q -.222
0 .084

.327
546

q 1.134

1.

1.

4

{, a -I.

-2.

-2.

-3.

-3.

-4. ]1--

-4.
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X/0

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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Alit	 AIRFOIL UPPER SURFACE	 (RLAA04)

SYMEA L ALP14A	 Y	 MACH	 PARAME TR I C VALUES

0	 2.471	 .000	 .811	 RN	 3.450

q 	 4.215

O	 5.962

1.

1.

-1.

(L
U	 -1.

-2. Q

-2. 5

-3.Q

-3.

-4.

-4. 5

5

Q

5	 !	 ^

0 ^	 I	 i

5	 r-

^

I	 I	 I	 i	 7



AIR

SYMBOL ALPHA	 y	 MACH

C) -.991	 .000	 .902
q -.538
0 -.035

.458

.922
q 1.887

I.

i.

AIRFOIL UPPER SURFACE

PARAMETRIC VALUFS

kN	 3.450

a-
u

-2.

-2.

-3.

-3.

-4.

-4.
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i
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!i 	I
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I.

I.
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U

-2.1

-2 . `.

-3.(

-3.'

-4.(

-4.!

AIR

	

SIMBOL ALPHA	 Y	 MACH

Q	 3.432	 .000	 .902

q 	 k 976

AIRFOIL UPPER SURFACE (Rt_AAU4 J

;'ARAMETR!C VALUES

RN	 ;.45C

0

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL UPPER SURFACE

	

e,namL xLp*x	 ,	 MACH	 pinAllsrn|c vxLucs
0	 -'nso	 .000	 .sss	 nw	 3.*50
U	 -'590
0	 '099
/^6	 .+4r

	

.913	 ------
L^	 1.szn

1.^

lO

-

-.T'^

!	 '

1.01^

u -l.

-2.
`

-2.

!	 `

-3.-3.	
-------

-4.'

-4.5_-____



AIR	 AIRFOIL. UPPER SURFACE
	

C R;_ AAM

	

SYM90L ALPHA	 Y	 MACH
	

'ARAMETRIC VALUES

Q	 3.175	 .000	 .936
	

RN	 3.450

q 	 9.775

i	 I	 i

i

a

I

I

I	 F

I 1

I

II 	 1

i	 !	 E	 a

^ E
`

E I	 I	 1	 i	 ^	 7

4

I	 ^

i

1.

—1.

ILu	
--1 .

—2. 0

—2. 5

—3.

—3.
5

—4 .

—4.

	

0	 .1	 .2	 .3	 .4	 .5	 .o
X/C

.7	 .8	 .9	 1 .0

	FIG. 3	 BASIC BATA, PRESSURE DISTRIBITIONS I N AIR
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SYMBOL

AIR	 AIRFOIL UPPER SURFACE	 [RLA804]

w'P*.	 y	 MACH	 p^o^mc`R\c v^L.ucs
-.asa	 ,own	 .958	 mv	 3.450
-.`='

CL
u

1.^

1.[

^^^

C

_.5

-1.[

-1.5

-2.[

_2.5

-3,[

-3.5

-4.0

-4.5
.\	 .Z	 .3	 .4	 .5	 .8	 .7	 ,8	 .9	 0

X/C

FIG. 3	 BASIC DATA, PR EESSURE DISTRIBUTIONS IN AIR
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-2.

-2.

-3.

-3.

-4..

-4.

ELU

AIR	 AIRFOIL UPPER SURFACE	 CRLAA06)

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 -.619	 .000	 .600	 RN	 4.009
q 	 -.294
0	 .266
D	 .759
^	 1.430

2.787
1 .5

	

U	 .!	 .L	 ..1	 .4	 .7	 .b	 .V	 .B	 .`3	 1.
X/C

	FIG. B	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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-1.

CLu

--2 .

-2. s

-3.

-3.

-4.0

-4.5

0

5

s

AIR

SSM90L ALPHA	 Y	 MACH

Q 4.1	 2	 .000	 .600

Q 5.54-1

Q 7.523

ln^ 9.469

AIRFOIL UPPER SURFACE
	

LRLAA06

PARAMETRIC VALUES
RN	 4.000

5	 i

5

f

i	 l

^

i

6	 ,1	 .2	 .3	 .4	 .5	 .6	 .7
x/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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-2.

-2.

-3,

-3.

-4,

-4.

0-
U

AIR	 AIRFOIL UPPER SURFACE 	 CRLAA06)

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

- 636	 000	 697	 RN	 4.000U
q -.290
Q .162
Q .370

I] 1.330

I



5

I

n
+

E	 ^
I

I

I 	 I

i

I 	 I 	 E	 J

I

f	 I 	 I 	 I 	 ^	
I
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I	 I	 i

i

I I
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I

I 	

I	 1	 a

3	 I 	 ^	 1	 ^	 I

I

i I	 i

^ I

-1 o	 d	 q	 C	 '7	 o	 n	 n

I,

1.

I

-2.1

-2.!

-3.(

_3.!

-4.(

-4 'r,

AIR

SIMBOL ALPHA	 Y	 MACH
Q 2.640	 .000	 .697
© 3.707

O 5.354
7.431

9.352

AIRFOIL UPPER SURFACE
	

! RLAAOG?

P4PAME T RIC VALUES
RN	 4.020

X/ C
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u	 . I 	 .1	 .3	 .4	 .5	 .6
X/C

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR

SW-80L ALPHA	 Y	 MACH
Q	 -.530	 .000	 Em

q 	 -.257

Q	 .047

.326

;20
q 	 1.175

PARAFti7RIC VALUES
RN	 4.000

.5

.5

Q

5

Q

5

0

5

0
I

5

I ^! ^ I
y

5

I

-1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.

a_u

C RLAA06 3AIR	 AI RF OIL UPPER SURFACE



AIR	 AIRFOIL UPPER SURFACE
	

LRLAA06)

	

Sl'MRX ALPHA	 Y	 MACH
	

PARAhLETRIL VALUES

0	 2.402	 .000	 .800
	

RN	 4.000

1.

-1.

o_U

-2.0

-2.

-3.

-3.

-- 4 . 0

-4.

5

0

5

5

5

0

5

I

i

0

f
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/ 	 .6X/C

	PIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR 	 AIRFOIL UPPER SURFACE

	S)MBOL ALPHA	 Y	 MACH
O	 .091	 .000	 .825
q 	 .572
O	 .926

2.419
4.333

Cs	 5.989

I.

1.

(Rl_AA06)

PARAMETRIC VALUES

RN	 4.000

.7	 .8	 .9	 11.0

-1.

-2.

-2.

-3.

-3..

-4.

-4.
 0	 .1	 .2	 .3	 .4	 .5	 .6

X/C
FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR AIRFOIL UPPER SURFACE (RLAA06)	
_^r

SYMOOL	 ALPHA	 Y MACH PARAMETRIC VALUES

Q	 -.567	 .00D ,828 RN	 4.000
q 	 -.242
0	 .076
A	 .308

1.128

1 .5

I .0

.5

0

- .5

-I.0

^ 1
u

-3.5

-4.5

0	 .i .2	 .3 .4	 .5	 .6 .7	 .8	 .9	 1.0
X/C

FIG.	 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL UPPER SURFACE	 (RLAAC6)

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC YALLES

Q	 2.615	 .000	 .628	 RN	 4.00:0
q 	 4.377
Q	 6.100

—I.

a_
L)	

—1 .

—2.

—2.
5

—3.

—3. 5

—4.

--4 .

5

0

0

5

5

0	 I	 I	 J

2.
5

0.

a

^	 (	 a

^

©	 .1	 .2	 .3	 .4	 .5	 .6	 .7
X/C

SIG. 3	 BASIC DATA PRESSURE DISTRIBUTIONS IN AIR
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-1.
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-2.

-3.

-3.

-4.

-4

a.u

'	 ^	 |

AIR	 AIRFOIL UPPER SURFACE	 [RLKAOS]

	oMBOL ALPHA	 '	 MACH	 PARAMETRIC VALUES

0	 '.G38	 .000	 .851	 mu	 *.000

[]	 -.o|r
0	 .o«5

.s4a
l.

1.

,
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I

^44 i

I

1

i

I

i

I	
^ S

FF^

I

0	 . i	 .2	 .3	 .4	 .5	 .6 .7	 .8 .9	 1 .t7

i.

Z.

_1.

—2.1

—2.'

—3.1

—3.

—4.(

—4.,'

cL
U

AIR	 A I RI = ['Ill UPPER SURFACE
	

L I:LAA06 )

	

S1MBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

O	 2.917	 .000	 .851
	

RN	 4.000
q 	 4.511

X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL  UPPER SURFACE

sym3 L ALPHA	 Y	 MACH

O	 -.994	 .000	 .938

©	 -.536
Q	 .203

t
4

3

E
r

I

I

I
I

i

i

1.

-1.
LL.

-2 - C

-2. 5

-3.

-3.

-4.

-4.

5
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Q	 I	 I

5	 I	 I	 I	 ^	 I
F	 I	 i
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^	
I,	
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Q	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	FIG. 3	 BASIC BATA,' PRESSURE DISTRIBUTIONS IN AIR
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-1.

u	 i

-2.

-2.

-3.

-3.

-4.

-4..

AIR

SYMBOL ALPHA	 Y	 MACH
Q -.809	 .000	 .299
q -.420

.003
© .436

q05
1.648
1.5

AIRFOIL LOWER SURFACE
	

CRLABOI

PARAMETRIC VALUES
RN	 2.00q

X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL LOWER SURFACE	 (RLABOI)

	

SYMEM ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 3.275	 .000	 .295	 RN	 2.000
q 	 4.890
Q	 6.534
Q	 8.314
b	 10.190

1 . 5

1.0

.5

HT-.cJ

EL
i

U

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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(RLABOI)

PARAMETRIC VALUES

RN	 2,000

AIR	 AIRFOIL LOWER SURFACE

	SYMBM ALPHA	 Y	 MACH

Q	 -.649	 .3M	 .599
q 	 -.321

p	 016

b	 .^^0
n	 1.405

1

1

-1

a
v	 -1^

5
r

,5

0

,5- —

.5

0



1.

1.

-2.

-2.

-3.

-3..

-4..

-4.

-1.

a.
u

{RLAB011
PARAMETRIC VALUES

RN	 2.000

AIR	 AIRFOIL LOWER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
0	 2.748	 .0700	 .599
q 	 4.127
0	 5.570
O	 7.611

9.516

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .6	 .9	 1.0
X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS Iii AIR

	PAGE 	 71



AIR

SYM90L ALPHA	 Y	 MACH

0 -.630	 .0w	 .700

q -.295

Q .027
a 377

.596

p 1.338

1 .5

1.0

AIRFOIL LOWER SURFACE
	

CRLA$013

PARAMETRIC VALUES

RN	 2.00fJ

.5

0

.5

a

0

5

0

5

0

5

0

S

-1^

a
L)	 - 1.

-2.

-2.

-3.

-3.

-4.

-4.

	

U	 .1	 .L	 .15	 .4
	 .7	 .8	 .9	 1.0

X/C

	

FIG. 3	 BASIC DATAv PRESSURE DISTRIBUTIONS IN AIR



AIR	 AIRFOIL LOWER SURFACE	 (RLABOI)

SYMI30- ALPHA	 Y	 MACH	 PARAMETRIC VALUES

O	 2.572	 ow	 .700	 RN	 2.000

q 	 3.737
0	 5.310
O	 7.431

5.434

1 .5 

1 .0 AX

0

-.5

-1 .0

u

	

-3.0	 - -

-3.5

-4.0

.8	 . 3	 1.0
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0	 .1	 .2	 .3	 .4	 .5	 .6
X/C

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR

AIR

S1t7ML ALPHA	 Y	 MACH

O -,551	 .000	 .79B

q -.247

Q .041

.331

.616
q 1.M

1.
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-1.

-2.

-2.

-3. o

-3.

- ^4

-4.5
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u

AIRFOIL LOWER SURFACE

PARAMFTRIL- ;""J£5 --b-_• -
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o

I
7

f i	 i 4
y

I	 ^	 y

k	 I 	 ^	

^{{

I	
i	

I	
t	

i

r



AIR	 AI RFO IL LOWER SURFACE	 (RLA8O1)

	SNM130L ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 2.416	 .000	 .798	 RN	 2.000

q 	 4.143

Q	 5.929 f
A	 7.560

9.412

1.

1.

—1.

-2. 0

—2.

—3.

—3

—4.

—4. 5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .°..0
X/C

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR

	

PAGE	 75

_	 ,... e m --	 7:—_. ....	 _	 _

C.
U

5

At

F-T
I

J

f

I

I

1

^
i	 `

5

;

I	 I ^	 f	 I	 4



C RL ABLI IA IR	 AIRFOIL  LOWER SURFACE

PARAMETRIC VALUES
RN	 2.400

	

SYMBOL ALPHA	 Y	 MACH
O	 .037	 .000	 .819
©	 1.134
O	 2.572

4.317
D	 6.nos
q 	 7.630

.5 .

.0 .

5
7 T

0

5

0

5
t

0

5

0
a

-1.

a
U

-2.

-2.

-3.

-3.

-4.

-4.
U	 .4	 .t)	 .Fi	 .7	 .B	 .9	 1 .C7

X / C	 '-`-

FI'G. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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I
J	

i	
,

D

^	 f

5

^	 1	 a	 ^	 t

1

I	 ^	 ^

,

 I	 I	
.

j

1.

1.

a-
L)

A

—1.

—1.

—2 D

—2.
5

—3.

-- 3 .

—4. 0

—4.

5

AIR	 AIRFOIL LOWER SURFACE	 (RLABOI)

	

SNHBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

O	 9.363	 .000	 .1319	 RN 	 2.000

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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C RLAB01 )

PARAMETRIC VALUES

RN	 2.000

LL
u

AIR	 AIRFOIL LOWER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
Q	 .046	 .000	 .830
q 	 1.147
Q	 2.737

4.433
6.095

p	 7.622
1.

1.

.7	 .8	 .9	 1.0

-1.

-I.

-2..

'2.

-3.

-3.

-4.

-4.
0	 .1	 .2	 .3	 .4	 5	 .6

X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL LOWER SURFACE
	

(RLAOOI)

	SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

Q	 9.281	 .000	 .830
	

RN	 2.000



.7	 .8

AIR

SYMBOL ALPHA	 Y	 MACH
o - .653	 .000	 .845
0 .039
0 .706

1.393
b 2.994

4.532

A I Rk'= ©I L LOWER SURFACE
	

CRLABO1J

PARAMETRIC VALLES

RN	 2.000

I .5	 '

i

.	 1.D
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—3.
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—4.
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0
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5

0
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X/C
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PARAMETRIC VALUES
RN	 2.000

AIR	 AIRFOIL LOWER SURFACE

	

S)M130L ALPHA	 Y	 MACH
O	 6.149	 .000	 .845

q 	 7.758

Q	 9.163

I.

1.

-I ,I

[l.
U

-2.1

-2. 5

i -3. 0

F,
^-3 .

^-4 .

-4.
l-

5

0

3

7

I	 1

]
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3

a

I

I
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-1.

-2.

-2.

.4	 5	 .6
X/C .

iSTRIBUTIONS IN AIR

.9	 1.0



5

0
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i

•	 I	 I

f
1	 ^	 I	 I

^	 ^	 I	 4	 I	 {i{

AIR	 AIRFOIL LOWER SURFACE	 ( RLASUI)
i

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES I

Q	 3.470	 ,900	 .902	 RN	 2.000

q 	 4.939
Q	 5.119-
0	 7.601

1,

1.

O-1.

CLU

-2. O

-2. 5

-3.

0
-3,

-4.
O

-4. 5
.2	 .3	 .4	 .5	 .6	 .7	 .8	 .°	 1.i3

+	 X/ C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL LOWER SURFACE 	 CRLABOI]

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 -1.05s	 low	 .936	 RN	 2.OW	 =-..r
q 	 -.527

Q	 .158

.497
,.	 .5301

1.720

1 .5

1 .0

.5

0

.5

.0

5

0

5 ^

0

5

--1

a-u	
--1

-2.

.j	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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AIR	 AIRFOIL LOWER SURFACE	 (RLAB01)

	

SYME30L ALPHA	 Y	 MACH	 PARAMETRIC VALUES
Q	 3.241	 .000	 .935	 RN	 2.000
[]	 4.716

6.201

1.

1.

u	 -1

-2.

-2.

-3.

-3.

-4.

-4.

5

5

Q

5

a

5

0

5

0

5
l

n

U	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

FIG. 3
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AIRF©IL L0WER SURFACEAIR

SYMBDI_ ALPHA	 Y	 MACH

Q -.665	 .000	 .600
q -.327
O .126
A .379
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1.419

a-
u

-1.

-I.
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-2.

-3.
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f

(RLAB02)
PARAMETRIC VALUES

RN	 2.500

AIR	 AIRFOIL LOWER SURFACE

	SYN35L ALPHA	 Y	 MACH
O	 2.776	 .000	 .600
q 	 4.119
d	 5.536

7.542
9.521



VV	
a•	 . 

A / C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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q 3.731
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O 7.359
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(RLAB02)

PARAMETRIC VALUES
RN	 2.500
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SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES
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-4.0
i

-4.5	 j

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .9	 1.0
X/C

	

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR	 j

PhGE	 90
F	

^
P,

^a
Y	

l	 l	 Y



AIR	 AIRFOIL LOWER SURFACE 	 (RLAB02)

	

SYMBOL ALPHA	 y	 MACH	 PARAMETRIC VALUES0	 2.383	 .000	 .798	 RN	 2.509
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AIR

SYMBEL. ALP MA	 Y	 MACH

O -1.015	 DM	 .900
q -.540
Q -.032
L^ .510

(] ; ego

AIRFOIL LOWER SURFACE
	

(RLAB02)

PARAFE-TRiC VALUES

RN	 2.500

1^.

-I.

aU

-2.

-2.
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PARAMETRIC VALUES
RN	 2.500

AI RFOIL LOWER SURFACE

r	 .

AIR

SYMBOL ALPHA	 Y	 MACH

0 3.502	 .000	 .900

q 4.990
Q 6.1131
A 7.693

5

I

'5

I

5

fi	 1

,

^
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SYM3& ALPHA	 y	 MACH
0 -1.1303	 ow	 .941
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CRLAB02)

PARAMETRIC VALUES
RN	 2.500

AIRFOIL LOWER SURFACE

4.5
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PARAMETRIC VALUES

RN	 2.500
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SYMBOL ALPHA	 Y	 MACH
Q	 1.709	 .000	 .941
q 	 3.198
Q	 4.768
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1 .5T

AIR

SYMBOL ALPHA	 Y	 MACH

Q -.745	 .000	 .399
q -.360
Q .166
D .378
© .783
f] 1.559

.1	 .2	 .3	 .4	 .S	 .6	 .7	 .8	 .9	 1.0
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AIR	 AIRFOIL LOWER SURFACE

	

SYMBOL.. ALPHA	 Y	 MACH
O	 3.093	 .000	 .399
q 	 4.591
Q	 6.160
D	 7.6B8
L.	 9.735

[RLAB03)
PARAMETRIC VALUES

RN	 3.0010
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PARAMETRIC VALUES
RN	 3.000

AIRFOIL LONER SURFACEAIR

SYMBOL ALPHA	 Y	 MACH

0 -.663	 .000	 .602

q -.315

0 1164
D .373

.765
I1 1.447

--2.0

--2.5

-3.0
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SYMBOL ALPHA	 Y	 MACH
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Q	 5.555
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PARAMETRIC VALUES

RN	 ;3.000

1
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(RLAB033
PARAMETRIC VALUES

RN	 3.000

AIR	 AIRFOIL LOWER SURFACE
	SYMBOL ALPHA	 Y	 MACH

0	 2.590	 .000	 .699
q 	 3.729
0	 5.301
Q	 7.364

9.488



AIR AIRFOIL LOWER SURFACE ERLAB03?

SYMBOL	 ALPHA	 Y MACH PARAMETRIC VALUES E
Q	 -.551	 .000 .805 RN	 3.000

q 	 -.22E
Q	 .064

.356
,30 0

1.194

1 .5

1 .0
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I
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PARAMETRIC VALUES

RN	 3.000

AIR	 AIRFOIL LOWER SURFACE

	SYMBOL ALPHA	 Y	 MACH

O	 2.381	 .000	 .805

q 	 4.161
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D	 7.531

9.141
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q E.108
1.5

1.Q

X/C

FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR



E

AIR

SYMBOL ALPHA	 Y	 MACH

O 2.585	 .000	 .823
q 4.288
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D 7.790
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SYMBOL ALPHA	 Y	 MACH
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I.

.5	 .9	 .7	 .8	 .9	 1.0
X/C

JTIONS IN AIR

AIR

SYMEM ALPHA	 Y	 :MACH

Q -.985	 :000	 :9+11

-	 ^] -:506

Q .220

© .504
:. S49

1.691

AIRFOIL LOWER SURFACE	 CRLABO33

PARAMETRIC VALUES

-RN	 3.D00
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AIR	 AIRFOIL LOWER SURFACE 	 (RLAB03)

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES
0	 3.195	 .1300	 .941	 RN	 3.000	 i
©	 4.792

1.5

1.0
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AIR	 AIRFOIL LOWER SURFACE

	SYMBOL ALPHA	 Y	 MACH

Q	 —.624	 .000	 .601

Q	 .023

r^l	 .745

Ci	 1.417

( RLABC4 )
PARAMETRIC VALUES

Rio	 3.450

F	

1.

-1.
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u	 -1.
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PARAMETRIC VALUES
RN	 3.450

AIR	 AIRFOIL LOWER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
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9.117
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SYMBOL ALPHA	 Y	 MACH

O -.527	 .006	 .811
q -.2x2
Q .OB4

.327
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AIRFOIL  LOWER SURFACE CRLAB04)

PA114METRIL VACUA

RN	 3.x}56



AIR

	

StMSM ALPHA	 Y	 MACH
O	 2.471	 1000	 .811
q 	 4.215
J	 5.962

I

AIRFOIL LOWER SURFACE	 (RLAB04)
t

PARAMETRIC VALUES
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1 .0
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AIRFOIL LOWER SURFACE	 CRLA604)

	

SYMBOL ALPHA	 Y	 MACH
	 PARAMETRIC VALUES
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AIR	 A l-RFO'l L LOWER SURFACE	 C RLA8041

	

SYMBOL' ALPHA	 Y	 MACH	 PARAMETRIC VALUES
0	 -.565	 .000	 .936	 RN	 3.450
q 	 .590
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d	 .447
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AIR	 AIRFOIL LOWER SURFACE
	 (RLA804)

SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

0	 3.175	 .000	 .936
	

RN	 3.450

q 	 4.775
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5

0 -

5
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0
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0
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5
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ERLABO4]

PARAMETRIC VALUES
RN	 3.450

r;

AIR	 'AIRFOIL LOWER SURFACE

	

SlleI L ALPHA	 Y	 14ACH
0	 -.856	 .000	 .958
q 	 -.447
Q	 -.008

1 .5

1 .©

.5

0

-1,f3
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-2.0
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AIR	 AIRFOIL  LOWER SURFACE	 C RL ABOG )

	

ALPHA	 Y	 MACH	 PARAMETRIC VALUES

	

— .619	 .000	 .600	 RN	 4.000
—.294

.266

.759
1.130
2.787
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U

L!
0
a
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u

AIR	 AIRFOIL LOWER SURFACE 	 f RLABOG]

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

Q	 4.112	 .000	 .600	 RN	 4.000	 ^..-

q 	 5.544

Q	 7.523

9.469
F

1 .5''
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.S,

0
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0
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PARAMETRIC VALUES
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AIR	 AIRFOIL LOWER SURFACE

SYMSM ALM-W	 Y	 MACH

Q 2.6407	 .000'	 .697-*

q 3.707'

Q 5:354'
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AIR	 AIRFOIL LOWER SURFACE 	 (RLA806)

	SYM60L ALPM	 Y	 MACH	 PARAMETRIC VALUES

0	 -.530	 .000	 B00	 PN	 4.000

0	 —.257
.047

L1	 .326
I^	 .520
p	 1.175

1 n 5

1 .0

.5

0
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u

—2.0

—2.5

—3.0

—3.

—4.0-
i
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5
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5

0
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u

AIR	 AIRFOIL LOWER SURFACE
	

[RLA806)

SYMRM ALPHA	 Y	 MACH
	

PARAMETRIC VAt.UF'S

Q	 2.402	 .000	 .800
	

RN	 4.000

^J

0

5

Q

5

S
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1 .5

1.0

F

AIR

SYMBOL ALPHA	 Y	 MACH
Q .091	 .000	 .829
q .572
0 .926

2.419
4.333

Q 5.989

AIRFOIL LOWER SURFACE
	

(RLA806)

PARAMETRIC VALUES
RN	 4.000



-2.

-2,

-3.

-3.

-4.

-4.

-1.

D_
V

f.

AIR	 AIRF©LL LOWER SURFACE	 CRLAR06?

SYMBOL. ALPH A	Y	 MACH	 PARAMETRIC VALUES
0	 -.567	 .om	 .628-	 RN	 4.000
q 	 -.242
Q	 .076
A	 .309

[.)	 1.128
1.5

1 .0

u	 .1	 b	 .'/	 .b	 .y	 1.0
X/C
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SYMBOL
0
©
Q

AIR

ALPHA
2.615
4.277
6.!^0

1.S

Y	 MACH

.000	 .828

AIRFOIL LOWER SURFACE CRLABOS)

RN
°ARAMETRIC

4.000
VALUES

'

I.0

.5

0
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-1 .0

-2.0

-2.5

-3.0

-3.5

-4 -Of -

-4.5



.............
ATR	 AFRFO+IL LOWER SURFACE	 CRLAB063

	

SYMBOL ALPHA,	 Y	 MACH	 PARAMETRIC VALLES

0	 -.638	 .000	 .851	 RN	 4.000

q 	 -..3.12
0	 .045
D	 .330

.548
1.162,

1 . S

1 .0

t

5 .

0

^^	 1
5

0

5

0

5

0
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AIR	 AIRFOIL LOWER SURFACE	 (RLABOG)

	SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

Q	 2.917	 .000	 .551	 RN	 4.000

q 	 4.511

1 .5

1.0

0

—.5

—1 ,0

a
u

r

—4 .D

—4.5
.7	 .B	 .9	 1.0



CRLABOG)

PARAMETRIC VALVES

RN	 4.000

AIR	 AIRFOIL LOWER SURFACE

SYMBOL ALPHA	 Y	 MACH

Q	 -.994	 .000	 .938

q 	 -.536
Q	 .203

1 .^

.5

0

-.5

-1 .0

u	 -1.5

-3.5

-4.0

-4.5
0	 .1	 .2	 .3	 .4	 5	 .6	 .7	 .8	 .9	 1.0

X/C

	FIG. 3	 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
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ARGON	 AIRFOIL UPPER SURFACE	 CRLAA14l

	

SVMBOL ALPHA	 Y	 MACH	 DARAMETR[C VALUES
Q	 -.959	 .000	 .598	 RN	 2.000
q 	 .354

UL
U

u	 . 1	 .L	 .1	 .4	 .5	 .0
X/C

FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON

1.

-1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.

	

.9	 1.0
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1.

1.

-1.

-1.

-2.

-2.

-3.

-3.

-4.

—4.

o-
U

	

ARGON	 A TRFM L. ZIPPER SURFACE	 CRLAA 14 l

	

SIMSOL `ALPHA	 Y	 MACH	 PARAMETRIC NALLIES

Q	 -1.706	 .000	 ..612	 RN	 2.000
©	 -.250
Q	 .445

1.816
3. 1'44

f1	 a.59;;

u	 .1	 .L	 . i	 .4	 .5	 .6	 .7	 .B	 .9	 1.0
X/C

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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ARGON
	

AIRFOIL UPPER SURFACE
	

CRLAAI4]

SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

O	 6.759	 .000	 .612
	

RN	 2.000

©	 9.565

1.5

1.0f

.5

0

-.5

-1 .b

Q	 r

^	 1.5

--2.0

-2.5

I
E

-4.0

	

U	 .4	 .^D	 .b
K/C

	

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON



. 	 .	 _

[RLAA14)

PARAMETRIC VALUES

RN	 2.000

	

ARGON	 AIRFOIL UPPER SURFACE

	

SNM80L ALPHA	 Y	 MACH

0	 -.942	 .000	 .816

q 	 .136

f
t

.5

1.0

.o

0

-.5--

^y	

-190

4.

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

FIG. 4 BASIC DAM PRESSURE DISTRIBUTIONS IN ARGON



	

ARGON	 AIRFOIL UPPER SURFACE
	

[RLAAI4l

	SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

Q	 -.946	 .000	 .623
	

RN	 2.000

q 	 .152

1 .5

I.O

.5

.5

--I.^

a
u	 -I.5

--3.0

-3.5

-4.0

-4.5



ARGON	 AIRFOIL UPPER SURFACE
	

(RLAA14)

	

SYMBOL. ,ALPHA	 Y	 MACH
	

PARAMETR 1 C VALUES

Q	 —.968	 .000	 .839
	

RN	 2.000

q 	 .L48

1 .5

1.0

a

.5

Q

-1.01
a

-2.Q

--2.5

--3.0

-3.S

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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0-
u

	

AIRFOIL UPPER SURFACE	 [RLAA14)

PARAMETRIC VALUES

RN	 2.000

1
i

.5

I^

. 0
I

.5

i

0

.5

.0

	

.5	 .

.0

	

.5	 ^-

.0

.5

.0

	

.5	 1 L 11 1 1W

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	FIG, 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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ARGON

	

SIMRL ALPHA	 Y	 MACH

0	 -.95R	 .000	 .844

©	 .269

1

1

_i

-i

_2

-2

--3

_3

-4

_4



(RLAA14)

PARAMETRIC VALUES

Rte	 2.000

	

ARGON	 AIRFOIL UPPER SURFACE

	

SYMBDL ALPHA	 Y	 MACH

Q	 —.964	 .OW	 .868

q 	 .527

1.5:

1.0

.5

FT
u	

-1 .5

-2.0

-3.0t

-4.0

-4.5.11-L.L-L-Lu	 I L,.t.t Lt I I JIIL^IILI U11121111 .........

U	 . 1	 .2	 .3	 .4	 .5	 .b
X/C

F' T G. A	 BACTC flAT k DRF_SS HDr nTSTRTDIITTAMC TM ADCMM

!	 .8	 .^j	 1 .0



	

ARGON	 AIRFOIL UPPER SURFACE
	

CRLAA14)

	

SYMBM- ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

0	 -.966	 .000	 .674
	

RN	 7.000

0	 .661

x

1.5

1.0

.5

0

-.5

--1 .0

a

-^,5

--3.0

-3.5

-4.0

--4.5



a
U

	AR60N	 AIRFOIL 'UPPER SURFACE	 [RLAA15)

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

Q	 -I.GG4	 :00[l	 ;61'n	 RN	 3.000

[{	 -1.335
Q	 -.854

-.627
-.273

p	 .358
1.5

1

.5

0

5

0

5

0

5

0.

5

5

	

ID	 .1	 .2	 .3	 .4	 .5	 .6	 ,7	 ,8	 .9	 1.0
X/C

FIG. 4 BASIC DATAP PRESSURE DISTRIBUTIONS IN ARGON

--1 .

-1,

-2.

-2,

--3

-3.

-4.

-4.
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5YMSCL ALPHA	 Y	 MACH
Q 1.739	 .0m	 .610
q 3.020
Q 4.410
D 6.554

8.420

AIRFOIL UPPER SURFACEARGON

c^

1.5

1.0t iTl	 I	 I	 I

1

Q

5
I

0

5

0

5

	

U	 .1	 .1	 .3	 .4	 .5	 .b	 .7	 .8	 .9	 1.0
X/C

—1.

—2.

—2.

—3.

—3.

—4.

—4.

	

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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r

	ARGON	 AIRFOIL UPPER SURFACE	 CRLAAI5^

51'MBt7i_ ACPkA	 Y	 MACH
	

pARAMEIRIC VALUES

Q	 -1.638	 .000	 .222	 RN	 3.000

-1.267
Q	 -.997

1.

1.

-1.

LL
U

-2.

-2,

-3.

-3.

-4.

-4.	 „I,.L41, t I ,I,,1.I..,
7	 _A	 _9	 1 _n

FIG, 4 BASIC DATA PRESSURE DISTRIBUTIONS IN ARGON
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ARSON	 AIRFOIL UPPER SURFACE	 (RLAA15)	 ~'^ ^-

SYMI301_ ALPHA	 y	 MACH	 PARAMETRIC VALUES

O	 -1.819	 .om	 .874	 RN	 3.000

q 	 -1.458
Q	 -.919

)

7

l

i

i

I

r

0	 .1	 .2	 .3	 .4	 .5	 .6 .7	 .8 .9	 1.0

1 .i

1

1L
U

-2.(

-2.!

-3.(

-3.;

-4.(

-4.E

X/C

FIG. 4	 BASIC DATAP PRESSURE DISTRIBUTIONS IN ARGON
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AR63N	 AIRFOIL UPPER SURFACE

SYMOOL. ALPHA	 Y	 MACH
0	 -1.297	 .CW	 .644 It

q 	 -.826
0	 -.6a8

-.266
.417

1.744

CRLAAI6]

PARAMETRIC VALUES
RN	 3.950

1.5

1.0

0

_.5

u

-2.0

-2.5

-3.0

-3.5

-4.5
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

xrc

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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C RL_AA 16 3

PARAMETRIC VALUES

RN	 3.550

	

ARGON	 AIRFOIL  !UPPER SW FACE

	

SYMIK L ALPHA	 Y	 MACH

Q	 3.059	 .000	 .604
q 	 4.497
0	 6.557
0	 9.409

1.5

1.0.

.5

s
0- i

-1.0

u	 -1.S	 KAIW	 I	 I	 I	 I	 I I

-2.0

-2.5

-3.0

-3.5

-4.0

--4.5
0	 ,1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON



SYMBOL ALPHA	 Y	 MACH

0 -1.467 	 .000	 .861
q --.581
G -.618

-.137

CRLAAIG?

PARAMETRIC VALLES

RN	 3.950

AIRFOIL UPPER SURFACEARC70N

i.5

1.0

.S1.I;IIiI11I1I11 U,I	 I^,I^,I.IT,.I...]

Qu
-1

-2

-2

-3.

-3.

-4

-4

	

0	 .i	 .2	 .3	 .4	 .5	 .5
X/C

	PIG. 4	 BASIC DATAv PRESSURE DISTRIBUTIONS IN ARGON



1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.

LL
u

CRLA314)
PARAMETRIC VALUES

RN	 2.000



.Y	 .8	 .9	 1 .0
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ARGON	 AIRFOIL LOWER SURFACE	 CRLABI4)
	SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALVES

O	 -1.706	 .000	 .612	 RN	 2.000
-	 q 	 -.250

Q	 .445
a	 1.616
b	 3.144

4.595
1.5

1 .0

.5

- .rJ

-3.

-4 .0

-4.5



1.

	ARGON	 AIRFOIL LOWER SURFACE	 (RLAB14)

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALlJf5

Q	 6.759	 .000	 .612	 RN	 2.000
©	 8.585

1 .5_	 E

1.

.5

tj0

-1 .Q

Q	 1
u

-2.5-'

-3.0

-4. Q

-4.S 

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .5	 1.0
X/C

FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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ARGON	 AIRFOIL LOWER SURFACE
	 (RLAB14)

	

S?MBC4. ALPHA	 Y	 MACH
	

PARAMETRIC VALUES
0	 -.942	 .000	 B16

	
RCN	 2.000

.136

1 .5

1.0

.5

0

-.5

IL
U

-2.0

2 . rJ

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

FIG. 4 BASIC DATA PRESSURE DISTRIBUTIONS IN ARGON

	PAGE 	 155



'ARGON	 AIRFOIL LOWER SURFACE	 CRLAB143

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

Q	 -.846	 .1000	 .823	 RN	 2.000

q 	 .152

1.5

1.a

.5

a

-.5

-1 .0

E
U	 -1 ..)

-2.0

-2.5

-3.a

-3.5

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 ,8	 .9	 1.0
X/C

	

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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ARGON	 AIRFOIL LOWER SURFACE
	

[RLAB141

	

SYMEXX ALPHA	 Y	 MACH
	 PARAMETRIC VALUES

0	 -.566	 .000	 .839
	

RN	 2.0013

[I	 .148

1.0

. 5J ,

0

a.
U

-2.0

-2.5

-3.5

-4.0

-4.5'

	

0	 .1	 .2	 .3	 .4	 .5	 .G	 .7	 _s	 _g	 1_n



CRLABI4)

PARAMETR I C VALLES
RN	 2.D0Q

	

ARGON	 AIRFOIL LOWER SURFACE

	

SYMSQL ALPHA	 Y	 MACH
Q	 -.958	 .ow	 .844
q 	 .269

1.

1.

Q..
u

-1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.
U	 .1	 .2	 .3	 .4	 .5	 .6

X/C
FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON

.7	 .8	 .9	 1.0
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SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 -.984	 .0m	 .868	 RN	 2.000

q 	 .527

ST..,1., 	 1,,,,f.. 	 ,1„	 ,I,,,,I„	 .I	 ,	 ,	 ,I„	 .I..	 ^I,,,,^.,	 .l.111I. It ,I,,,,I,,,,1,.„fT,I	 ,I
0	 .1	 .2	 .3	 .4	 .5	 ,6	 .7	 .8	 .9	 1.0

EL
U

X/C

FIG. 4 BASIC DATA PRESSURE DISTRIBUTIONS IN ARGON

1.

1.

-I.

-1.

-2,

-2.

-3.

-3.

-4.

-4.

	

ARGON	 AIRFOIL LOWER SURFACE	 CRLABI4;



ARGON!	 AIRFOIL LOWER SURFACE	 CRLA914)

	

SYMBOL ALPHA	 Y	 MACH PARAMETRIC VALUES

0	 -.968	 .000	 .874	 RN	 2.000
q 	 .661

1 .5

1 .0

.5

0

-1 .0

a

-2.0

-2.5

-3.0

-3.5

--4.0

-4.5
I

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

FIG. 4	 BASIC DATAo PRESSURE DISTRIBUTIONS IN ARGON
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ARGON	 AIRFOIL LOWER SURFACE

	SYMBOL ALPHA	 Y	 MACH
Q	 -1.664	 .DOD	 .610
q 	 -1.335
Q	 -.854

-.627
-.373

p	 .399

CRLA815]

PARAMETRIC VALUES

RN	 3.000

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7
x/C

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON

.8	 .9	 1.0
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1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.

a_U



ARGON	 AIRFOIL LOWER SURFACE
	

CRLABI5]

	

SWML ALPHA	 T	 MACH
	

PARAMETRIC VALUES

d	 1.739	 .000	 .610
	

RN	 3.000

q 	 3.020

4.410
C^	 8.554
L^	 6.420

.5--

0

-.5

- 1 .0

!3.u

-2.0

-3.0

-3.5

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON

	

WAGE	 162



PAGE	 163

I

	ARGON	 AIRFOIL LOWER SURFACE 	 [RLAB15)

	

SYMSCL ALPHA	 Y	 MACH
	 PARNMETR 1 C 'dALUES

Q	 .129	 .000	 .705
	 RN	 3.000

4

1 .5

.5

—1.0

-°2.0

c3_
U

—2.5

--3.5

—4X

--4.5
G	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0



CRLASI5]

PARAMETRIC VALUES
RN	 x.000

	ARGON	 AIRFOIL LOWER SURFACE

	

SYM60L ALPHA	 Y	 MACH
Q	 -1.638	 .000	 .822
q 	 -1.267
Q	 -.897

IL
u

1.

1

.5

0

.5

-2.

-2.5

-3.0

-4.0

0	 1	 2	 3	 5

	

.	 .4	 .6	 .1	 .0	 .9	 t .0	 - -.
X/C

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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CRLAB15)

PARAMETRIC VALUES

RN	 3.000

	

ARGON	 AIRFOIL LOWER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
Q	 -1.819	 .000	 .874
q 	 -1.459
Q	 -.919

1.5

1.0

	

. 5	I

	

C)
	

r

-.5

-1.[)

a

-2.q

-3.0

-3.5

-4.0-

-4.5

	

u	 .1	 .2	 .:3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	

FIG, 4	 BASIC DATA ► PRESSURE DISTRIBUTIONS IN ARGON
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F.

ARGON	 AIRFO IL LOWER SURFACE

	

SYMBCL ALPHA	 Y	 MACH

-1.257-	 .000:	 .604

q 	 -.1326

Q	 BOB,

L^	 -.266
d	 .417

f1	 1 _ 744

BLABIG)

PARAMETRIC VALUES	 =

RN	 3.550-	 '-

1 .5

1.0

a	 .5

0

u 1.5

—2,0

—2.5

—3.

—4.5
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

FIG, 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON



ARGON

SYMBOL ALPHA	 Y	 MACH
0 3.069	 .ow	 .604
q 4.467
Q 6.567
d 8.409

	

AIRFOIL LOWER SURFACE	 CRLAB163

PARAMETRIC VALUES
RN	 3.950

1 .5

1.0

.S

Q.
-1 .5

	

--2.0	 --	 -

-2.5

-3,0

-3.5

-4.0

-4.5
U	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

	

FIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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ARGON	 AIRFOIL. LOWER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
0	 -1.467	 .OQO	 .861
q 	 -.981
Q	 -.618
L1	 -.137

.7B9

CRLABI6)	 T.

PARAMETRIC VALUES
RN	 3.9513

5

C}

V. I
Q

5

G

rJ

0

5

0

5

0

5

—1.

ct
U	 —i.

—2.

—2.

—3.

—4.

—4.
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .6	 .9	 1.0

X/C

PIG. 4	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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FREON 12

SYrcR;L ALPHA	 Y	 MACH
0 -I.669	 .000	 .601
q -1.306
Q -.$73
Q -.550

-.I91
.477

3

CRLAA24l

PARAMETRIC VALUES
RN	 2.500

AIRFOIL UPPER SURFACE
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FREON 12	 AIRFOIL UPPER SURFACE	 CRLAA24]

	

SYMBQL ALPHA	 Y	 MACH	 PARAMETRIC VALUES
O	 1.832	 .0m	 .601	 RN	 2.900

q 	 3.071
0	 4.424
D	 6.333

8.360

	1 .57	 r

1.0.

-1.0

a
-1.5

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
xic

FIG. 5 BASIC DATA PRESSURE DISTRIBUTIONS IN FREON 12
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	FREON 12	 AIRFOIL UPPER SURFACE
	

CRLAA24)

	

SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALLES

Q	 .149	 .000	 .801
	

RN	 2.900
q 	 1.314

1.

1.0

.5 .

0

-.5

-1.0

Q.	 a

-1 .5

-2.0

-2.5

-3.0

-3.5

-4.0

-4.5

	

0	 .1	 .1	 .3	 .4	 .5	 .6	 .7
x/c

	

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12

.8	 .s	 1.13
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CRLAA24)
PARAMETRIC VALUES

RN	 2.900

	

F'REON 12	 AIRFOIL UPPER SURFACE

	

SYMBOL ALPHA	 Y	 MACH

O	 -.905	 .000	 .801
q 	 -.602

.138
1.365
2.749
1.

11

Q_
V

-1.

-1.

-2.

-2.

-3.

-3.

-4.

-4.

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7
X/C

	

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12

.8	 .5	 1.0
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CRL.AA24 )

PARAMETRIC VALUES

RN	 2.900

	FREON 12	 AIRFOIL_ UPPER SURFACE

	

SYMBOL ALPHA	 Y	 MACH
0	 4.690	 .000	 .801
q 	 6.431
Q	 8.141

I I I	 -T...

r

1 .5

1 .0

(L
U

0

5

-1. 0

5

-2. 0

-2. 5

-3. 0

-3. 5

-4.. 0

-4- 5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

	

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON I2
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:.	 FRE©N 12	 AIRFOIL UPPER SURFACE

	

SYMBOL ALPFV1	 Y	 MACH

0	 1.285	 .000	 .807

CRLAA243
PARAMETRIC VALUES

RN	 2.900

4

1.

1.0

•5

0

-.5

-1 .0

Li

--2 . D

-2.5

-3.0

-3.5

-4.0

-4.5
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

FIG. 5	 BASIC DATA PRESSURE DISTRIBUTIONS  Iii FREON 12
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FREON 12	 AIRFOIL UPPER SURFACE	 IRLAA24)

	

SY1480L ALPHA	 Y	 MACH	 PARAMETRIC VALUES
Q	 -.975	 .000	 .642	 RN	 2.900
q 	 .095

1.5

1.

o

-.5

-1 .0

d
u	 -1.5

P

-2.0-

-2.5

-4.0

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FRFON 12
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FREON 12	 AIRFOIL UPPER SURFACE	 CELAA25)

	

SYMEM ALP14A	 Y	 MACH	 PARAMETRIC VALLES
0	 -I.670	 .000	 .595	 RN	 6.300
q 	 -1.366
0	 -.879

-.6:35

.361

-2

-2,

_3

_3.

-4.

-4.
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0

d
U

i

X/C
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FREON 12

SYMBOL ALPHA	 Y	 MACH

O 1.709	 .0m	 .595

q 2.959

4.400
O 6.348
L^ 8.309

1 .5

1 .0

AIRFOIL UPPER SURFACE
	

(ELAA-25)

PARAMETRIC VALUES

RN	 6.300

a
u

ql

0

5

0

5

G

5.

0

-1.

-1.

-2.

-2.

-3

-3.

-4.

-4 5

	

0	 .1	 .2	 .3	 .4	 .5.	 .6	 .7	 .8	 09	 1.0

	FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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FREON 12	 AIRFOIL UPPER SURFACE
	

( E.L.AA25 )

	SYMBEL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES
Q	 -.911	 .000	 .618

	
RN	 6.30D

.0	 .359

Q.	 3.026..
L1	 6.289

E3.ni

1 .5

14

.5

ri.5

-1.0

a.
-1 .5

E	 -2.0
i

j
-2.5

j
-3.0

L
--4.5

	

0	 ,1	 .2	 .3	 .4	 .5	 .6	 .7	 .B	 .9	 1.0
K/C

FIG. 5 BASIC DATAP PRESSURE DISTRIBUTIONS IN EREON 12



1.

-1.

1z
L)	 --1 .

-2.

-2.

	

FREON 12	 AIRFOIL UPPER SURFACE	 (ELAA25)

	

5YMS13L ALPHA	 Y	 MACH	 PARAMETRIC VALUES
Q	 -.551	 .000	 .7e6	 RN	 S.300
q 	 .195



CELAA251

PARAMETRIC VALLFES
RN	 6.300

U

F

p:

	FREON 12
	

AIRFOIL UPPER SURFACE

	

SWSC L ALPHA	 Y	 MACH

Q	 -.986	 .000	 .ecla
q 	 :164

1.5'

I
1.

. 5.

0

—1 .0

-3.5

—4.0

—4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C
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FREON 12	 AIRFOIL UPPER SURFACE
	SYMBOL ALPHA	 Y	 MACH

Q	 -1 .236	 .a(]0	 .808
q 	 -.878
O	 .105
A	 1.196

2.c315
q 	 4.685

1ELAA25)

PARAMETRIC VALUES
RN	 6.300

C

5

0

5'

0

S

0

5

0

5

0

5
.b	 .y	 1
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FREON 12	 AIRFOIL UPPER SURFACE
	

CELAAL53

	S)M9QL ALPHA-	Y	 MACH
	

PARAMETRIC VALUES
0	 6.4613	 .600	 BOB

	
RN	 6,30D

I :	 0	 8.196

	1.5	 _

1 .0

.5

i

	

0
	 1

-.5,

-1.0

-1 .5

-2.0

-2.s

-3..0

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .i	 .8	 .9	 1.0
X/C
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I.

1.

0

-1

-1.

-2.

-2. 5

-3. 0

-3.

-4.

-4 .

5

0

5

Q
u

	

FREON 12	 AIRFOIL UPPER SURFACE
	

(ELAA25]

S) M1301. ALPHA	 Y	 MACH
	

PARAMETRIC VALLFES

0	 -1994	 .000	 .851
	

RN	 6.300

q 	 .063

5

5	 -	 ^

,

{

5

0

I

^	 ^	 I -i

I
C	 .1	 .2	 .3	 .4	 .5	 ,6	 .7

X/C

FIG. 5 BASIC DATA, PRESSURE D ISTRIBUTIONS I N FREON 12

.8	 .9	 1.0
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,	 r
I

	F,REON 12	 AIRFOIL UPPER SURFACE
	

CELAA251
c

	

SIMPGL ALPHA	 r'	 MACH
	

PARAMETRIC VALUES

0	 -1.103	 .000	 .895
	

RN	 6.301)	 -

q 	 .844	
i

I

l
1.5

1.0

.5-i

a
I
q	 '

,

1.a

1.5

2.0-

2.5

3.0-

3.5



	

FREON 12	 AIRFOI L LOWER SURFACE	 (RL AB24 1

	

SYMBOL ALPHA	 Y	 MACH	 PANAPIETRIC VALUES

0 '	 -1.669	 .000	 .601	 RN	 2.9130
q 	 -1.306

O	 -.B73
A	 -.650
L	 -.191
(1	 _477

1 .5

1 .0

.5 -
r

0

	

-.5	 -

-1.01

^	 1.5

f	 -2.5	 I	
F

i
E

--3.5

-4.0

-	 -

	

0 	 .1	 .2	 .3	 ,4	 .5	 .6	 .7	 .8	 .9	 1.Q
X/C

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FRFOi^ 12
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f

	

FREON 12	 AIRFOIL. LOWER SURFACE	 ( R L AB24)

	

SYM86L ALPHA	 Y	 MACH	 PARAMETRIC VALUES

O	 1.832	 .ow	 Xu l 	 RN	 2.900
q 	 3.071	 j---^-
Q	 4.424

6.333

i

1.5

1. Ak0-

.5

0

-.5

-1 .0

EL

`.	 -2.0

I
-2.5

1

-3.5

-4,0-

-4.5

	

0	 .1	 .2	 .3	 .4	 5	 .6	 .7	 .8	 .9	 1.0	 r
-	 X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREY 12
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Q

5

1,

1. 0

-I. 
O

--1 .

-2. 0

-2. 5

--3 .0

-3.

-4. 0

-4. 5

0_
U

	

FREON 12
	

AIRFOIL LOWER SURFACE
	

CRLAB24?

	

SYMBOL ALPHA	 y	 MACH
	

PARAMETRIC VALUES

Q	 .198	 1000	 .601
	

KM	 2.900

q 	 1.319

I

5

-"4747!
1

I

a

I

1	 I	 4

1

I	 I	 !	 I	 ^	 I	 ^

^	 I

I	 I	 ^	 f

1
r

I
I

^	 I	 ^
I

	

0	 .I	 .2	 .3	 .4	 5	 .6	 .7
X/C

	FIG. 5	 BASIC BATA, PRESSURE DISTRIBUTIONS IN 	 FREON 12

.^	 .!	 .0
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SYMBOL ALPHA	 Y
Q --.905	 .000
q -.602
Q -.331
D .138
D 1.?65
D 2.749

s
AIRFOIL LOWER SURFACE	 (RLAB24)FREON 12

MACH	 PARAMETRIC VALUES	 9
.801	 RAJ	 2.900

1.5

110. .

.5

0

`	 — 5

Q



5	 '

i

2

S

3

1

l

0	 .l	 .2	 .3	 .4	 .5	 .9 .7	 _e 9	 t .0
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FREON 12	 AIRFOIL LOWER SURFACE
	

[RLAB24l.

	

SYMBOL ALPHA,	 Y	 MACH
	 PARAMETOIC VALUES

O	 1.285	 .000	 .807
	

RN	 2.900

1 .5

1.0.

.5

Q

5

0

	

cq;LL	 I

i

	.1 	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

p
-1

a
U



] ^ I

I

0

] =	 f

]
^II

° I

I
^ I

] I
f ^

^ I

4

1

I #	 I	 ^

^ I	 a

I

L.L I

k

-

I

,	

I	 I

0	 .I F2	 .3	 f4	 .5	 .6 .7	 .9 .g 	 ? . q

I.

I.

-1

a-
u

—2.I

-2.!.

—3,f

—3.'

—4.(

—4.`

	

FREON 12	 AIRFOIL LOWER SURFACE	 tRLAQ24)

	

SYMBOL ALPHA	 Y	 MACH	 PARAPLTRIC VALUES

Q	 -.975	 .000	 .842	 RN	 2.900

q 	 .095

X/G

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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e.
F_

CELA025)
PARAMETRIC VALUES

RN	 6.300

AIRFOIL LOWER SURFACE

1	 1

FREON 12
SYM130L ALPHA	 Y	 MACH

Q -1.670	 .ow	 .595
q -1.366
Q --.879

-.635
b -.343

.361

E

IL
6.3

-2.

.0
x,rc

PRESSURE DISTRIBUTIONS IN EREON 12



1 .0

U	 .1	 .1	 .3	 .4	 .5	 .6	 .%
X/C

FIG.. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12

.6	 .9	 1.0

PAGE	 194

.	 0

j,L

a-

-i,

--2 .

-2.

-3.

-3.

-4.

-4.

CELAB25)	
^r

PARAMETRIC VALUES

RN	 6.300

i
1 .5



FREON 12
SYMBCCL ALPHA	 Y	 MACH

0 -.911	 .000	 .S18
q .359
0 3.026
d 6.289

8.'291

AIRFOIL LOWER SURFACE
	

(ELAB25)
PARAMETRIC VALLDES

RN	 6.300

1 .5	 '

1.0

--1 .

a
U	 -1

-2.

-2.

-3.

-3.

-4.

i
0

5
0	 .1	 .2	 .3	 .4	 .5	 .5	 .7	 .8	 .9	 1.0

X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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CELAB25)
PARAMETRIC VALUES

RN	 6.300

1 .5

1.0

a
U	 -1.5

-2.0

-2.5.

-0.5

-4.0.

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.1
X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREBN 12
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FREON 12	 AIRFOIL LOITER SURFACE
	

EELAB25]

	SYMBOL: ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

0	 -.586	 .000	 BOB
	

RN	 6.300

q 	 .I6k

1.

—1.

c>_

—2.

^S

,5

0

5

0

5

0



FREON 12

SYME3CL ALP14A	 Y	 MACH

0 -1.236	 .000	 .808
q -.87B
Q .105
!.^ t.196

2,915
q 4.685

1.5

AIRFOIL LOWER SURFACE
	

CELAB25]

PARAMETRIC VALUES
RN	 6.300

.5

0

.5

.3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C

3SURE DISTRIBUTIONS IN FREON 12



1

1

S 

.fl

.5

0

5

0

5t-
0

5

0

5

0

5	 ".
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .B	 .9	 1.0

-1.

a
u	 -1.

--2

-2.

-3.

-3.

-4.

-4.

X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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t
	

}

FREON 12
SYMBOL ALPHA	 Y	 ARCH

O -.966	 .000	 .624
q .105
O 1.125
d 2.909

7.942

1 .5

1.

AIRFOIL L0WER SURFACE
	

C ELAB253
PARAMETRIC VALUES

RN	 6.300

.5

D

.5

0

5

5

o

5

D

5
0	 ,1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

-1.

CLv	 -1,

-2.

-2.

-3,

-3.

-4..

-4.



l

	

FREON 12	 AIRFOIL LOWER SURFACE	 EELAB25)

	

SYM80L ALPHA	 Y	 MACH	 PARAMETRIC VALL3ES
Q	 -.994	 .000	 .851	 RN	 6.300
q 	 .063

1.

1.

t:

-1.

Lzu	 -1

-2.

-2.

-3

-3.

-4.

-4.

0

5

0

Q

5

5

Q

5

0

5

5

0	 .

Q	 .1	 .2	 .3	 .4	 .5	 .6	 .7



AIRFOIL  LOWER SURFACE	 C ELA825

PARAMETRIC VALUES

RN	 5.300

CA

^t

I:fp

f

r

3

I

1

i
0	 .l	 .2	 .3	 .4	 .5	 .t-) .7	 .8 .9	 I _C

1.

1.

0.
U

-2.1

-2.'

-3.(

-3.1

-4.(

r i
f	 .

X/C

FIG. 5	 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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CL
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I

ARGON--FREON 12 AIRFOIL UPPER SURFACE 	 (RLAA22)

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALLES

0	 -.914	 .000	 .602	 RN	 2.050

q 	 •397	 LL

J! 1, ._e I . ,, 1	 4, p	 I I I r 0 1 1 1, I 1 I I_f _1 1 r_I_ F_I_7_L11 L11 , I I 1 0 4 L1 1 1 1	 , 1, e_i_LI_I_!_e . 1 i ' , 0 1 . t I, 1, i I I I I I , . 1_,_i_^^ I I 	 ^ 1

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1,0

1.

--1 ,

-2.

-2.

-3.

-3.

-4.

— 4—



3

3

I
3

i

1 =

I
r1

i

i
I

0	 .I	 .2	 .3	 .4	 .5	 .6 .7	 .8 .9	 1.0

d
cs

-2.1

_2.!

-3.!

-3.!

-4.(

-4.'

ARGON--FREON 12 AIRFOIL  UPPER SURFACE

	

SYMBOL ALPHA	 Y	 MACH

0	 -.905	 .000	 .802

Q	 .193

l

X/C

FIG. -6	 BASIC DATAs PRESSURE DISTRIBUTIONS IN ARGON--FREON 12
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0_
u

-1

-1

-2

-2

-3

-3

-4

-4
.6

ARGON--FREON 12 AIRFOIL UPPER SURFACE	 CRLAA22)

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	 -.952	 .000	 .820	 RN	 2.050

q 	 .168

1 .5

I.

.5

0.,

.5

.0 'J^

.5

.0

.5

.0

.5
7

.0

.5
0	 .1	 .2	 .3	 .4	 .5	 .6	 .7

X/C

6	 BASIC QATAP PRESSURE DISTRIBUTIONS IN ARGON-F'REON 12
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ARGON-FREON 12 AIRFOIL UPPER SURFACE	 CRLAA22)

`	 S)M83L ALPHA	 v	 MACH	 PARAMETRIC VALUES

Q	 -.969	 .000	 .852	 RN	 2.050
q 	 .326

1 .5

1.0

0

-.5

[i.
u	 --1 .5

-2.0

--2.5

i

-3.0

-3.

-4.0-
	

.... LJ ........ l_­ 111

	

0	 .1	 .2	 .3	 .4	 ,5	 .6	 .7	 ,8	 .9	 1.0
X/C

FIG. 6	 BASIC BATA, PRESSURE DISTRIBUTIONS IN ARGON-FRECN 12
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,

I1Ir

1

^

f

I
I

^

....	 ...	 all	 lizil '' I	 11

I

i?

IE

If

E^

F

I

7
i-,

3

f	 .

7ARGON -FREON i 2 AIRFOIL UrrtK SUKr ACE	 C Rf_f-%F%

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

D	 -.827	 .000	 .602	 RN	 3.050

q 	 .4I6

1.

i.

a

-l. o

U -1. 5

2.-

-2

-3.
p

-3. 5

k -4.

-4. 5

r3

S

a

5

a

s



1

0

-1 .0

-2.0

-2.5

-4.0

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
k/C

	

FIG. 6	 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12
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CRLAA23]

PARAMETRIC VALUES

RN	 3,050

4

i,

0

5

f

Z

5	 t"	
i

:i

0.	 i^

0	 .1	 .2	 .3	 .6	 .7	 .S	 .9	 1.0

FIG.



i

I:	

ARGON-FREON 12 AIRFOIL UPPER SURFACE	 CRLAA23],

	

SYM94L ALPHA	 Y	 MACE	 PARAMETRIC VALUES

	

-.949	 .000	 .851	 RN	 3.050	 I

^.	 Q	 .342

1 .5

1 .0

l	 0

f

	

-1.0	 j

u	 - 1 .5

-2.0

-2.5

i

-3.5 - i

-4.0

-4.5

	

0	 .1	 .2	 .3	 5	 .6	 .7	 .8	 .9	 1.0
XJC

FIG G BASIC DATAP PRESSURE DISTRIBUTIONS IN ARGON-FREON 12
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ARGON—FREON 12 AIRFOIL LOWER SURFACE
	

CRLAB227

	

SYMBOL ALPHA	 Y	 MACH
	

PARAMETRIC VALUES

0	 -.914	 .000	 .602
	

RN	 2.050

q 	 .397

1 .5

1.0.

I
5

Q

—1 .0

c^
u

—2.0

—2.5
.i

--3.0

—3.5

—4.0

—4.5

	

0	 .I	 .2	 .3	 ,4	 .5	 .6	 .7	 .8	 .°	 1.0

	FIG. 6	 BASIC DATA, RRESSURE.DISTRIBUTICNS IN ARGON-EREON 12
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ARGON-FREON 12 AIRFOIL LONER SURFACE 	 CRLA8221

	

SYMEM ALPHA	 y	 MACH	 PARAFETRIC VALUES

Q	 -.905	 .000	 .802	 RN	 2.050

q 	 .I93

1.

1.

-1.

d

-2.

-2.

-3.(. 0

-3.

-4.

-4.

5

5

0

5

X/C

FIG. 6 BASIC DATAo PRESSURE DISTRIBUTIONS IN ARGON-FREON 12
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ARGON-FREON 12 AIRFOIL_ LOWER SURFACE	 C RL_AB221

	

SYMBOL ALPHA	 Y	 MACH	 PARAMETRIC VALUES

Q	 -.S52	 .000	 .820	 RN	 2.050

q 	 .168	 0

.5

r0

5

0

5

0

5

0.

5

0

5
	6 	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0

X/C

FIG. 6 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12
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1

1

r

-1.

-1.

-2.

-2.

-3.

-3.

-4.
-4,

it
L-^
i



1 .5

1 .0

.5

0

.5
Izzi

v	 -1.5
7

P -2.0

-2. 5

-3:a

-3.5

-4.5

	

0	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
X/C
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ARGON—FREON 12 AIRFOIL LOWER SURFACE 	 LRLAB23)

	

SYMBOL ALPHA	 Y	 MACH	 ^ PARAMETRIC VALUES
0	 -.827	 .000	 .602	 RN	 3.050
q 	 .416

1.5

1.01

.5

—.5

— 1 .0

cL

—2.0

--2.5

--3.0	 T

—3.5

I t	 . . . . 	. . . .

	

.^j	 1 .0

IEL

k
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ARGON-FREON 12 AIRFOIL LOWER SURFACE 	 CRLA623]

	

SYM90L ALPHA	 Y	 MACH	 PARAMETRIC VALUES

0	
-.898	 .000	 .817	 RN	 3.050

.183

I .5

1.0-

.5

0

-.5

-1 .0

u

-2.0

-	 1
--3.0

-3.5

-4.0

-4.5	 4

	0 	 .1	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 1.0
K/C

IC DATAP PRESSURE 0IS RIBUTI0NS IN ARGON-FREON 12
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r_

ARGON-FREON 12 AIRFOIL LOWER SURFACE

	

S!MBOL ALPHA	 Y	 MACH
Q	 -1.009	 .000	 .822
©	 .127

r

(RLAB23)
PARAMETRIC VALUES

RN	 3.050

-1 .0
a:.
U

-2.a

-2.5-'I

-3.5- : i.I.
I

--4.5	 if



CRLAB23)

PARAMETRIC VALISES

RN	 3.050

.fl

Si

5

0

1

1

-1,

CL
U	 -1,

-2.

r

.1	 ,2	 .3	 .4	 .5	 .8	 .7	 .8	 .9	 1.n
X!C

BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREON 12
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AIR

SYMB[L MACH	 PARAMETR I C ti + LLUES
Q .299	 RN	 2.000
q .999
Q .700
d .79B

any

U

LL•
F--

z
LLJ
1-4
V

U

F-
LL

J

f

f

1-E--



l'

f:	 AIR	 (NL.A001 )

SYMBOL MACH	 PARAMETRIC VALUES
Q	 .299	 RN	 2.000
q 	 .589
Q	 .700

.798
d	 .845

.902

.50

	

.45	 -

.40

.35

DU
^-	 .30
zw

LL	 .25
LLwDV
^	 .20

D
.15

.10

.05

a

	

I	 L
-1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10



1

(NLA001)

PARAMETRIC VALUES

2.000

AIR

SYM813L MACH
Q .299	 RN

q .599
Q .700
D .798

.345
p .902

.08

.07

.06

.05J
U

.04
z

.03
U

^	 .02
ui
0U	 .O1
Z ^

E7

"Ilk
U	 -.01
z I N\N

-.02-02

°-	 - .03
n NK



r.

PARAMETRIC VALUES
2.500

CNLA002]AIR

SYMC L MACH
0 .600	 RN
q .700
4 .79B

J
V'
r

wM
uH
LL
LL	 n
w
Q
U

F--
L.	 n

J

-1	 0	 1	 2	 3	 4	 5	 E	 7	 8	 9	 1n
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AIR	 (NLA002)

SYMBOL MACH	 RARAMETPI C VALUES
0	 .500 RN	 2.500
©	 .700

.798

.50

a45

,40-

.35

0
U

Z	 .30

tia
V

U.	 .25
u-



U
r
z
Ld

U

LL
LL
Ld
0
U

I—
z
Ld
E
r^

in

6	 7	 8
IEGREES

e

.08

.07

.06

.05
i

.04

.03

.02

.01

0

N I

.O1

9	 10

AIR

SYMBM MACH
.600	 RN
.700

PARAMETRIC VALUES

2.500



AIR
SYMBOL MACH	 PARAMETRIC VALUES

Q .399	 RN	 3.000
q G02
Q .699

.805

(NLA003)

1

r
z
LLI

uM
LL
IL
Ld
a
L)

LL

7-E-

ANGLE OF ATTACK. ALPHA, DEGREES
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is

(NLA003)

1	 0	 1	 2	 3	 4	 5	 6	 7	 R	 9	 ]n

1

1.

7+—

J
U

r
z
LU

U

LL
LL	 .
LU
0
L)

LL	 •

J

ANGLE OF ATTACK, ALPHA, DEGREES

FIG, 7	 BASIC DATAt SECTION COEFFICIENTS IN AIR



AIR

SYMBOL MACH
0 .399	 RN
© .602
Q .699
A .605

AARAMETR I C VALUES

3.000

u
E=
zw
U

LL
LL
w
a
c.^

0

.50-:1

.45

.40-:^.

.35

.30-
: O

.25

.20

.15

.10

n^

0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10



r	 •	 w

t

i

`; t

AIR	 CNLA003?

	

SYMBM MACH	 PARAMETRIC VALUES

O	 .823	 RN	 3.000
q 	 .832
Q	 .902

.50

.45

.40

.35

F—	 .30

Lei!

c^
LL	 .25
LL
w
0U
(D

.20

.15

.10

E	 .05
E:

^.

— 1 	 0	 12	 3	 4	 5	 6	 7	 $	 9	 1Q

FIG. 7 BASIC DATA SECTION COEFFICIENTS IN AIR



J
LJ

F-
2
Ldw
U
LL
LL
w0

i	 U

1-'
z
Ld

y-

0

c

f	 z

E	
U
h

d

s t ^	 [

AIR	 CNLA0031	 I

SYMBOL ' MAC -3	 PARAMETRIC VALUES

0	 .399 RN	 3.000
q 	 .602
0	 .699
0	 ,805

.0

.Q

.0

.0

.0

.0

.0

.0

. Q

—.0

-.0
-.0

-.0

-.0

5

i

2

4

I
u

3

I

ANGLE OF ATTACK, ALPHA. DEGREES
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U

H
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W
1-,
U

LL
LL .
Ld
v
L)

z
0
c^
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Q
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AIR

SYMSeL MACH	 PARAMETRIC VALUES

0 .601	 RN	 3.150

m .701
Q .Bit
A .902

I

f
CNLA004D
	

i

I
^

1

J
V

F--
Z
W_

Ll

LL
LLW
0
u
!--
LL



CNLA004]AIR

SYMSCL MACH	 PARAMETRIC VALUES
Q	 .601	 RN	 3.450
p	 .701
Q	 .911

.902

	

.45f
	 r

A

.35

0
u

2
	 .30

Ld

.LL	 ,25
Lt-
1d

U
ED
	 .20

4
1f

.15

y '10- .

.05

0
--1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10
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J
u

e
1--
z
w

Lt-
LL

LEI

u

r-

z

w
m

E3
z

zM
L3

0-

AIR
SYMBOL MACH

0 .601	 RN
q .701
Q .8I1

.902

(NLA0043
PARAMETRIC VALUES

3.450

08

07- d

06

05 v

04

03

02

01

0

01

02

03

04

05

'36
--1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10



AIR

SYMBOL MACH
Q .600	 RN
q .697
Q .SOO
A .829
© .35!
© .932

(NLA006)
PARAMETRIC VALUES

4.000

FIB. 7	 BASIC BATA ► SECTION COEFFICIENTS IN AIR
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4

ENLA0067

PARAMETRIC VALUES
4.00©

AIR

SYMEOL MACH
0 .600	 RN
q .697
0 .8003
d .828
© .851
© .938

.50

.4

.40

.35

n
U ol

.30
W
U
LL	 .25
LL
w
O
U

.20

a;
n

i

i
.I5

.1

.0

0
-t 100 1 2 3 4 5 6	 7 8 9

FIG. 7	 BASIC O.ATA, SECTION COEFFICIENTS IN AIR
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x

AIR

SYMBOL MACH

Q .600	 RN

q .697
Q .BDO

D .828

.351

D, .938

CNLA0061
PARAMETRIC VALUES

4.000

.08

. 0"I

.06

.0

L)

.0^
rz
M	 .03
u
LLLL	 .02--
u	
.01^

IN

F--
z

zH
L	 - .02r

-.04-

-.05

-.a6
- 1	 0	 1	 2	 3	 4	 S	 5	 7	 8	 9	 :a

ANGLE OF ATTACK, ALPHA. DEGREES
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rb

1 -1-

IE

i -I-

r

R

(NLAO14)
PARAMETRIC VALUES

2.000

Ju
rz
wM
L:

LL

LL
Ld

U

I--

LLMJ

R^



ARGON

SYN30L MACH
Q .840	 RN

q .844

Q .868
d .973

CNLA014

PARAMETRIC VALUES
2.000

J
U

F-
Z
W

U

LL
LL
W
D
U

1--
L4.

J

TE—

1-&-

1-&-

-1	 0	 1	 2	 3	 4
	

6	 7	 8	 9	 10

FIG. 8	 BASIC DATA, SECTION COEFFICIENTS IN ARGON
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4•	 fir.	 ^ ....

0	 i

ARGON	 (NLAO14)

SYMBOL MACH	 PARAMETRIC VALUES
0 .598	 RN	 2.000
q .612
Q .815

.923

.50'-'

.45

.40

.35	 7z
0U

.30-
z
w
W

LL .25
LL
w
0
U

.20--
ED

I

Or
O

.15

101



ARGON

SYMBOL MACH
Q .84U	 RN

q .844

a .EW
.873

PARAMETRIC VALL ES

2.000

^	 s

1

.50

.45

.4D

.35

U
a

z	
.30

M
U

.25
LL
1.►_10
U

.2D

c0̂
.15

.1D

.05

liltD
— 1	 D	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

ANGLE OF ATTACK, ALPHA. DEGREES
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.ARGON	 CNLA0147

SYMBOL MACH	 PARAMETRIC VALUES

0 .558	 RN	 2.000
q .612
Q .815
D .823

.08"'

.0/

.06

.05
J
U

.Og
F
Z
Ld .03
u
UL .02

.01



ARGON

SYMBOL MACH	 PARAMETRIC VALUES
Q .840	 RN	 2.000
q .844

p .868

.873

CNLA014)

.08

.07

.06

.05

.04

.03-d

,02
I

,01
i

0

.a1

.02

.03

.04

.05

,06
--1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

ANGLE OF ATTACK, ALPHA, DEGREES
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PAGE	 242

.

U

r
2
w -
U

tij
0u
FZ
Lu

E

z
U
f-

CL

^	 A

,t

4

s

i



ARGON

SY"30- MACH
.610	 RN

q .822
Q .830

.874

}k^

1

i

l

PARAMETRIC VALUES

3.000

CNLA015]

r.	
1-1.

J
V

rZ
U

LL
LL
L!J0
U
r
LL

ANGLE OF ATTACK. ALPHA. DEGREES
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ARGON

SYMBOL MACH	 PARAMETRIC VALUES

Q Gl0	 RN	 3.000
q .822

Q 830

.874

CNLAO15)

U

ti
z
w

U
r-^

LL
LLw
V

c^

.5p

.45

.40

.35

.30

.25

.20

.i5

.05
0

0
-1	 U	 1	 1	 j	 4	 a	 b	 I	 tj	 J	 1u

ANGLE OF ATTACK, ALPHA, DEGREES
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F

(NLA015)ARGON

SY11-350L MACH	 PARAMETRIC VALUES

0 .610	 RN	 3.000
q .822
Q .830
0 .974

.08"!

.07

.06
3

.05-'

c.^

.04

z

.03
U

L!.
LL	 .oz
uj

u.01 ° I Ic I p

LLJ o

—.01 ON
z
_	 --.o2

°-	 — .03
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fW

U
LL
L̀s_
r0
U

Lt
H

ARGON

SYMBOL MACH	 PARAMETRIC VALUES

Q	 ,604	 RN	 3.950
q 	 .861

1-E--

CNLA0161

1

i

1i

.,i

^i

i

I^

7-F-

1

1-[--

-1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 It
ANGLE OF ATTACK, ALPHA, DEGREES
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ARGON
	

(NLAO16)

SYM913L MACH	 PARAMETRIC VALUES
O	 .604	 RN	 3.550

q 	 .661

.50

.45

.4G

.35

U

N- .30-
Z
W

U

u-	 .25
LL
v

.20

i
.15

.10

.05
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ANGLE OF ATTACK, ALPHA, DEGREES
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ARGON	 (NLA016)

SYM130L MACH	 PARAMETRIC VALUES

Q	 X04	 Rid	 3.950

q 	 .861

.Q8

.Q^

.06

.05

U

	

s	 .04
1.,.
Z

Lu

	

^	 .03
u

LL

	

LL	. Q 2
Lu

	

L)	 .01

Z
Q

	

CD	 --.nl
z

U - .02-
r

—.04

—.05-

—.06
— 1	 0	 1	 2	 G	 4	 5	 6	 7	 8	 9	 10

ANGLE OF ATTACK, ALPHAo DEGREES
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s,

FREON 12

SYMBOL MACH	 PARAMETRIC VALUES
0 .602	 RN	 2.900
q .601
O .902

.042

u

fiz
Ld

u

LL

.Lij
0
t,Y

r
LL

1-E—



FREON 12	 [ NL A024

syme . MUCH	 PARAMETRIC VALLES

Q	 .602 RN	 2.900

q 	 .801
Q	 .802

.842

.50

.40

.35

u

^-	 .30
z
w
U
LL	 .25
W
W
D
U
q 	 .20
4

.15

,10

,05
of

	... 	 ...
-1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

ANGLE OF ATTACKv ALPHA, DEGREES

FIG. 9 BASIC DATA, SECTION COEFFICIENTS IN FREON 12
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FREON 12
	

C NLA025 ]

SYlBOL MACH	 PARAMETRIC VALUES

O	 .595	 Rid	 6.300
q 	 .618

O	 .786

0

JU
Ii
z
Ld
r-^U
LL
LL
Ld0u
LL

J

1--

- t 	 a	 1	 2	 4	 5	 5	 7	 S	 9	 10
ANGLE OF ATTACK. ALPHA, [DEGREES

FIG. 9	 BASIC DATA, SECTION COEFFICIENTS IN FREON 12
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TREON 12	 [NLR025)

SYMBOL MACH	 PARAMETRIC VALUES

O .555	 RN	 6.300
q .618
Q .786

.5D

.4S

.40

.35

C3
U

w

z
.30

w
U

LL
Ld

U

.20
ED

CL'

G

,15

.10



E NLA025 3
PARAMETRIC VALUES

6.300

FREON 12
SYVBC L MACH

0 .595	 RN
q .616
Q .786

.0s

.07

.06

.OS

.04

.03

.02

.01

0- -

^.01

-.o2-

.03

-.04

v

z
Lr!
U
r-.
LL
LL
W
Q
U

z
Ld

a

0
z

z
U



r

J
V

H
z
W

U
ra

LL
Ls..
L LI
D
U

I-
LL
^—s

ARGON-FREON 12	 (NLA022)

SYMBOL MACH	 PARAMETRIC VALUES

0	 .603	 RN	 2.€150
q 	 .BO3
Q	 .820
D	 .852

7-1 —

If-_

a

a
9

t

i

i

i

x

i

1

a

I-F__

-I 1	 2	 3	 4	 5	 6	 7	 e	 9	 l o

FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREON 12
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1"

ARGON-FREON 12

SYMB13L MACH	 PARAMETRIC VALUES

Q 603	 RN	 2.050

q .803
Q .820
o .852

C NLA022 )

0
U

F:
Z
W

U

L
LL
GIJ
0
U

C7
4
Ir



U

F-

z
LEIM
U
M

LL

LL
LW
0

U

F-

z
Ld

tD

z

U
F-

a

.08.	 i

.07

.00

.05'

.04-

.03

.02-i
f

.01-

-.01

- .02	
;

-.03
3

.O4

-.05-

-.06
-1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10



CNLAQ23)

1_F_

ARGON-FRFON 12

SYMBOL MACH	 PARAMETRIC VALUES
Q .602	 RN	 3.050
q .818
Q 822

7-[--

1_F_

-1	 0	 1	 2	 3	 4
	

6	 '7	 8	 9	 10

FIG, 10 BASIC DATA SECTION COEFFICIENTS IN ARGON-FREON 12



ARGON—FREON 12 CNi_AO231

U

f—
z
4i!

V
LL
>L

0
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LID

SYMECL MACH 	 PARAMETRIC VALUES

0 .602	 RN	 3.050

El less
0 .822
A .851

	

.50	 '

.45

I

.40

.35

E
s

.30

.25

.20

	

e15	 K	 ^^
E

.10

	

^	 t
E
E

i
1

.05

0 oil ±L
—i	 q 	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

ANGLE CAF ATTACK, ALPHA, DEGREES

FIG. 10 BASIC DATAP SECTION COEFFICIENTS IN ARGON-FREON 12
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ARGON--FREON 12	 ( NLA023 )

	SYMEM MACH	 PARAMETRIC VALUES
0	 .600 RN	 3.050
El	 .818
Q	 .622
D	 ,851	 l

.0871-

.07

.06

.05
u

.04
Z

.03
U
N
L	 .02
W
u	 .01
z
LU o

W	 -.O1z
H
T
W	 -.02

EL —.03-

—.04-

 .... .... LJ	 _LLLLLLLj.L I I I I I I I 1 1111a06
-1	 0	 1	 2	 3	 4	 5	 6	 7	 8	 9

	
10

ANGLE OF ATTACK, ALPHA, DEGREES

FIG. iu" BASIC DATA SECTION COEFFICIENTS IN ARGON-FREON 12
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DATA SET SYMBOL CONFIGURA)• ION DESCRIPTION RN MACH

(BLA503) AIR	 AIRFOIL UPPER SURFACE 3.000 .602
1BLASIS3 AR60N	 AIRFOIL UPPER SURFACE 3.000 .603
( OLA603 ) AIR	 AIRFOIL LOWER SURFACE 3.000 .602
1OLA6151 ARGON	 AIRFOIL LOWER SURFACE 3.000 .603

6

'Y

2

O

f

0

i

I
i

i

f

t

d

f^

1

1.

V



DATA SET SYMBOL CONFIGURATION DESCRIPTION
(8LA803) AIR AIRFOIL UPPER SURFACE
(SLA8I51 ARGON AIRFOIL UPPER SURFACE
(OLA8031 AIR AIRFOIL LOWER SURFACE
IOLA8I51 ARGON AIRFOIL LOWER SURFACE

RN	 MACH
3.010	 .832
3.0a'')D 	 .829
3.000	 .832
3.000	 .829

1
i

IL
u

r

F

F

X/C

•	 FIG. 11	 COMPARISON DATAP PRESSURE DISTRIBUTIONS AIR US. ARGON
MACH =	 .830 ALPHA =	 .000 Y	 -	 .000	 PAGE	 262
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DATA SET SYMBOL CONFIGURATION DESCRIPTION RN MACH
(61-AS031
(BLAS24)

AIR	 AIRFOIL UPPER SURFACE
FREON 12	 AIRFOIL UPPER SURFACE

3.000
2 .900

.602

.593
1ULAS031 AIR	 AIRFO IL LOWER SURFACE 3.000 .602
(DLAA241 FREON 12	 AIRFOIL LOWER SURFACE 2 .900 .593

l.2
7-1 114F

1.^

.4

u	 2

C

'4-

e



RATA SET SYMBOL C&%F IGURATIC-w CIESCRIPTION RN MACH
{ 8LAS23) AIR	 AIRFOIL  LPPER SURFACE 3.00 .820
I8LAS26) FREO+! 12	 AIRFOIL LIPPER SURFACE 2.850 .623
(OLAS23) AIR	 AIRFOIL LOWER SURFACE 3.000 .820
CDLA8261 FREON 12	 AIRFOIL LOWER SURFACE 2.850 .623

1.0

.8

.6

• .4

t3_
u ,2

0

-.2

-.6

-.B

0 .2	 .4 .6	 .8	 1.0
X/C

FIG. 12 COMPARISON DATA, PRESSURE DISTRIBUTIONS AIR VS. FREON 12
MACH	 = .820	 ALPHA =	 .000	 Y =	 .000 PAGE	 264
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u

P
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DATA SET SYMEM CONFIGURATION IE SCRIPTION
C13LAS033	 AIR	 AIRFOIL LIPPER SURFACE
C8LA8431	 FREON 12	 AIRFOIL UPPER SURFACE
COLAS031	 AIR	 AIRFOIL LOWER SURFACE
CIILA843}	 FREON 12	 AIRFOIL LOWER SURFACE

RN	 MACH
3.000	 .832
2.500	 .843
3.000	 .832
2.900	 .843



DATA SET SYh50L	 CONFIGURATION
I8LA8831	 AIR
ICLAA24I	 FREON 12
(D-A803)	 AIR
ICLA9241	 FREON 12

1.

.s

V	 2

Aw

-.a

DESCRIPTION
AIRFOIL UPPER SURFACE
AIRFOIL UPPER SURFACE
AIRFOIL LOWER SURFACE
AIRFOIL LOWER SURFACE

M:
x..)00
2.500
3.000
2.900

MACH
.832
.843
.832
.843
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DATA SET SYMBOL COW IGURATION DESCRIPTION RN MACH
(CLAA01) AIR AIRFOIL UPPER SURFACE 2.000 .800
(CLAA221 ARGON-FREON 12 AIRFOIL UPPER SURFACE 2.050 .802
(CLAB01) AIR AIRFOIL LOWER SURFACE 2.000 .800
(CLA822I ARGON-FREON 12 AIRFOIL LOWER SURFACE 2.050 .802

I ,0

.8

.6

.4

0-
L)	 .2

-	 0

-.2

-.6

-.8

	

0	 .2	 .4	 .6	 .8	 1 .i1



.301

.27'

,251

.22!

.201

.17'

.151

. 12'

.10(

.07`.

.05(E

.02`.

—.02!

M
LL
J
Q
J
C.?

DATA SET SYMBOL COW ISURATION 13ESCRIPTION	 RN
I FLA003 1AIR	 3.000
ICLA015I	 ARGON	 3.000
IMLA0241	 FREON 12	 2.900
(CLAD23) i ARGON-FREON 12	 3.050

s

O

}

3

If

}

Ep

}

I

i

.40 .45 .50	 .55	 .60	 .65	 .70	 .75	 .8q 	 .85	 .90
MACH NUMBER

FIG. 15	 SUMMARY COMPARISONSP AIR US. ARGON VS. FREON 12 VS. ARGON-FREON 12
PAGE 	 2-E, 8
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DATA SET SY"X)L CDNF I "AT ION DESCRIPTION 	 Rig
t FLA003 I	 AIR	 3.000
I CLAWS)	 AR613N	 3.000
( WLA024 )	 FREON 12	 2.900
( CLA023 7	 ARGON-FREON 12	 3.050


