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PRESSURE DATA FROM A 64A010 AIRFOIL AT TRANSONIC SPEEDS IN
HEAVY GAS MEDIA OF RATIO OF SPECIFIC HWEATS FROM 1.67 to 1.12
By Anthony R. Gross and Frank W. Steinle, Jr.

Bmes 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 x 108 to 6 x 106,

Analysis of test results shows good 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 Tess than satisfactory, improvement in agreement.
Data obtained in 2ir and in an argon-Freon 12 gas mixture designed to
have a v = 1.4 sow 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
resuits extrapolated to flight Reynolds number. These differences have
been largely attributed to deficiencies in the scaling of the viscous
boundary Tayer 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



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

Whereas static aerodynamic data obtained in Freon 12 at subcritical
conditions has been shown to be aerodynamically reiiable, there is reason
to believe that at transonic speeds the deviation of the ratio of specific
heats (y) from that of air (v = 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. HWake drag characteristic: and pressure distributions have been
determined for the model for angles of attack froem -1 to 12 degrees over
a range of chord-based Reynolds numbers from 2 x 10% to 6 x 106.

Presented herein are the results of this jnvestigation 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.

o Plot
Symbol Symbo1 Definition
c airfoil chord, m
Cp cb drag coefficient, drag per unit span/qc
Cogg, = o) COCLO drag coefficient at zero 1ift coefficient
C CL 1ift coefficient, 1ift per unit span/qc
Cp. CLALFA derivative of Tift coefficient with respect
o to alpha at zero 1ift coefficient
Cm CLM pitching moment coefficient, pitching moment
per unit span/qc?
- Pl -~ P
Cp CP pressure coefficient, ——



K transonic similarity scaling factor

M MACH freestream Mach number

Ma Mach number in air

Mg air-equivalent Mach number, from applicaticn
of the transonic similarity rule

p ‘ static pressure, N/m?

q freestream dynamic pressure, N/m?

Rn/c RN Reynolds number based on chord, million

X coordinate measured paraliel to airfoil
chord, m

t maximum airfoil thickness, m

o ALPHA angle of attack, deg

¥ - GAMMA specific heat ratio

T airfoil thickness ratio, t/c

Subscripts

1 local
@ freestream
2 heavy gas medium

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
motors. The test section has variable-permeability, 21% open porous-
slotted walls with a surrounding pienum chamber and suction provided by
both a 2.365 and 11.815 meter3 per second (5,000 and 25,000 cubic feet
per minute) compressor. A flexible-wall nozzle is located upstream of
the test section.



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 availabie in air is approximately 26.25
X 108/meter (8 x 108 per foot) al 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 programmabie 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 mixiure properties.

MODEL DESCRIPTION

The model tested in this investigation was a NACA 64A010 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 Tower surface. Airfoil ordinates and orifice Tocations are
tabulated in table 1. An instailation 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 transitica 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) numinal diameter glass beads placed on the
upper and lower surfaces at the 6.1 percent 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 accumplished 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 Cp = 0 at zero angle of attack.



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. WWake 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 1.3 mm (0.050 inch) and
stat;c pressure readings every 25.4 mm (7.0 inch) across the wake of the
model.

DATA REBUCTION

In addition to the customary stagnation femperature 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 irom 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 preciude the use of the normal ideil gas
model for the computation of flow parameters. The van der Waals 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 modei surface and momentum rake measurements in the normal manner for
two-dimensional airfoils. Pressure integrations were performed using the
trapezoidal ruie.

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 faor
tr%nsonic similarity in the heavy gas are determined from the following
relation:

2 2
“I_:_EEE“ = L Mtg z
/3 2/3
(2.4 M) v, + 1) g



The pressure coefficient Cpyg (Cp obtained at Mis, 72) is then scaled to
the reference Cp condition in air in accordance with

Cp = KCPtS 2 1/
+1) M 3
where K = [(;24 Ml tSJ

* £33

Values of Mgs, and the corresponding values of v, for several values of
Yo and M, are 1isted in tabie 3.

Based on transducer performance and on the estimated accuracy in
mixture composition (1%) the precision of the data is estimated to be
within
.03 Cp
Mo *= .009 )

I+

.0064
.06°

=<
23

=+

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, vy varied somewhat from the
respective 1.67 and 1,12 values. Tabuiated in table i is a tist, by
data set and Mach number, of ths computed 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 ihe 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-1ifting 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 siight differences in boundary
layer development and/or 1ift.

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 Mach rumber .838. With this in mind, an
examination of the variation of drag with Mach number (figure 15) would
lead one to expect Cp to be at Teast .003 higher in argon than in air.



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 Tigure 11 appear as if Mach number.829 in argon is
the air equivalent Mach number .832. This would require ¥ 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 1ikely possibility is wall interference effects altering
the pressure distribution. Some inference to this possibility can be
drawn from the variation of 1ift-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-Tine reaching the tunnel boundary and
therefore changing its character. Obviousily, such & postulation wili
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 ditferences are primarily 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 availabie in figure 13a which supports this contention.

As can be seen, the general agreement of the air and Freon 12 re-
suits 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 aiv at closely sim-
ilar test conditions (example, figure 14) shows generaily good agreement.

CONCLUDING REMARKS

A NACA 64A010 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 miilion in air, argon, Freon
12, and 8 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-
sibitity 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. 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 Tayer calcuiations to account for differences in
dispiacement thickness producing different effective airfoil thickness.
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TABLE 1. - MODEL GEOMETRY

AIRFOIL ORDINATES STATIC PRESSURE ORIFICE LOCATIONS
Station
Station Ordinate Upper Lower
0 0 0.0 j
.5 .804 1.0 2.5
.75 .969 2.3 5.1
1.25 1.225 5.0 7.5
2.5 1.688 7.4 10.1
5.0 2.327 9.9 15.0
7.5 2.805 14.9 20.0
10 3.199 19.8 25.2
15 3.813 24.9 30.0
20 4,272 30.0 35.1
25 4.606 34.9 40.1
30 4.837 39.9 45.0
35 4,968 44 .9 50.1
40 4.995 49.9 55.0
45 4.894 54.9 60.1
50 4.684 59.9 65.0
55 4.388 65.0 70.1
60 4.021 70.0 75.0
65 3.597 74.9 80.0
70 3.127 79.9 85.0
75 2.623 84.9 89.9
80 2.103 90.0 94.5
85 1.582 93.2
90 1.062 100.0
95 .541
100 .021

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

(Airfoil dimensions are given in percent of airfoil chord)



0l

Gamma (Nominal)

Reynolds Number x 106

Mach Number range

Angle of Attack range,
degrees

TABLE 2. - MATRIX OF TEST CONDITIONS

Air Argon

1.4 1.67

2.0, 2.5, 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 w12 -1 to 12

Freon i2
V.12
3.0, 6.0

0.6 to 0.85
-1 to 12

Argon-Freon 12

1.4
2.0, 3.0

0.6 to 0.85
0 and 2



1. 125

1.300

1.500

1.667

TABLE 3. AIR EQUIVALENT TRANSONIC SIMILARITY VALUES
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.986
.983
975
.970
.966
.995
995
.991
.989
.989
.004
.008
.007
.009
.012
.012
.017
.019
.025
.031
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TABLE 4. - INDEX OF DATA FIGURES

Basic Data

Pressure Distributions, Cp vs. x/c
Air
Argon

Freon 12
Argon-Freon 12

Section Coefficients, C , Cp, Cp vs. a
Air
Argon

Freon 12
Argon-Freon 1¢

Comparison Data

Pressure Distribution, Cp vs. x/c

Air vs. argon

Air vs. Freon 12

Air vs. Freon 12
a. Transonic Similarity Mach Number
b. Transonic Similarity Rule

Air vs. argon-Freon 12

Summary Comparisons, Cp, CL, vs. M

Air vs, argon vs. Freon 12 vs. argon-Freon 12

12

Figure

oo W

owooN

11
12
13

14

13



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 1.56

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 0.60 1.38
0.817 1.38

0.822 1.39

0.851 1.39

24 0.593 )
0.801 1.1

0.807 1.10

0.843 1.13

25 0.59 1.72
0.618 a8
0.786 Tre®

0.808 1l

0.813 1.12

0.824 1502

0.851 T:1e

0.895 1.12

26 0.823 1.12

13
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Test section configuration: 0.6Im x 0.61m (2 ft x 2 ft)
Adjustable baffled slots, floor and ceiling.
Motorized, rotating thick glass discs for full span model mounting.

Schlieren capability.
Mach number range: 0.6 to 0.95 in two-dimensional configuration (continuously variable).
Reynolds number range: Approxima“ely 0.5 x 105 to 4 x 106 based on 15.2 c¢cm (6 in.) chord (pressure variable).

Figure 1. - NASA Ames Two -by Two-Foot Transonic Yind Tunnel Circuit and Snecifications.
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CcP

AIR AIRFOIL UPPER SURFACE (RLAAO1LD
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AIR AIRFOIL UPPER SURFACE
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cP

AIR AIRFOIL UPPER SURFACE (RLAADL)
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cP
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GP

AIR AIRFAIL UPPER SURFACE
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cP

AIR AIRFOIL UPPER SURFACE (RLAAQ2)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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CP

AIR AIRFOIL UPPER SURFACE (RLAAO2)

SYMBAL  ALPHA Y MACH PARAMETRIC VALUES
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cP
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D rbedo

LRLAADZ)

AIR AIRFOIL UPPER SURFACE
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cP

AIR AIRFOIL UPPER SURFACE {RLAADZ?

SYMBEL  ALPHA Y MACH PARAMETRIC VALUES
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AIR AIRFOIL UPPER SURFACE (RLAAOZ)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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AIR AIRFOIL UPPER SURFACE (RLAADR)

SYMBOL ALPHA Y MACH PARAMETRIC VALUES
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CP

. AIR AIRFOIL UPPER SURFACE (RLAADZ2)
SYMBOL  ALPHA MACH PARAMETRIC VALUES
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cP

AIR AIRFOIL UPPER SURFACE (RLAADZ)
PARAMETRIC VALUES

SYMBOL. ALPHA Y MACH
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AlR AIRFQO!IL UPPER SURFACE (RLAAQB)
SYMBOL  ALPHA ¥ MACH PARAMETRIC VALLES
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AIR AIRFOIL UPPER SURFACE (RLAADCB)
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AIR ATRFOIL UPPER SURFACE (RLAADOB)

SYMBOL ALPHA Y MACH PARAMETRIC VALUES
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AIR AIRFOIL UPPER SURFACE (RLAAQS)

SYMBOL  ALPHA Y MACH PARAMETRIL VALLES
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AlIR
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AIR AIRFOIL LOWER SURFACE (RLABO1)
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AIR AIRFOIL LOWER SURFACE

SYMBOL  ALPHA Y MACH
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AIR

SYMBOL  ALPHA
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CP

AIR AIRFOIL LOWER SURFACE (RLABO1)
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cP

(RLABO!)

AIR AIRFOIL LOWER SURFACE
SYMBOL. ALPHA Y MACH PARAMETRILC VALUES
O 3.241 000 .936 RN 2.000
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AlIR AIRFBIL LOWER SURFACE (RLAROZ]
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AIR AIRFOIL LOWER SURFACE ' (RLABO2)

SYMBOL  ALPHA Y HACH PARAMETRIC VALUES
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cP

AIR

SIMEDL  ALPHA Y MACH,

AIRFOIL LOWER SURFACE

(RLABO2)

PARAMETRIC VALUES
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cP

AIR AIRFOIL LOWER SURFACE (RLABD2)

SYMBOL  ALPRA ki MACH PARAMETRIC VALLES
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AIR AIRFOIL LOWER SURFACE (RLABOZ)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
~.526 000D .798 RN 2.500
=-.273
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AIR AIRFOIL LOWER SURFACE (RLABO2)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
O 2.383 000 .798 RN 2.500
O 4.117
< 5,956
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SYMBOL  ALFHA Y MACH
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cP

AIR AIRFOIL LOWER SURFACE (RLABO2)
SYMBOL, ALPHA ¥ MACH PARAMETRIC VALUES
e) 3.502 .00 .900 RN 2.500
O 4,390
o 5.181
A 7.693
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FIG. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN AIR
PAGE 893




CP

SYMBOL  ALPHA
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CP

AIR AIRFOIL LOWER SURFACE (RLLABOZ2)

SYMEGL  ALPHA Y MACH PARAMETRIC VALLES
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AIR AIRFOIL LOWER SURFACE

SYMBOL  ALPHA Y MACH
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CP

AIR AIRFOIL LOWER SURFACE (RLABO3)
SYMBOL,  ALPHA Y MALH PARAMETRIC VALLES
O 3.083 000 .399 RN 3.000
O 4,581 '
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A 7.688
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cP

AIR

SYMBOL  ALPHA Y
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AIR AIRFOIL LOWER SURFACE (RLABO33
PARAMETRIC VALUES

SYMBOL ALPHA Y MACH
O 2.812 000 .B02 RN 3.000
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AIR  AIRFOIL LOWER SURFACE
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CP

AIR AIRFOIL LOWER SURFACE (RLLABO31}

SYMBOL  ALPHA ¥ MACH PARAMETRIC VALUES
O 2.590 .000 .699 RN 3.000
a 3.729
O 5.301
Ay 7.364
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cP

AIR AIRFOIL LOWER SURFACE

SYMBOL  ALPHA Y MACH
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AIR AIRFOIL LOWER SURFACE (RLABO32

SYMBOL  ALPHA Y MACH PARAMETRIC VALLES
O 2.381 .000 B80S RN 3.000
a 4,161
$ 5.968
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cp

AIR AIRFOIL LOWER SURFACE (RLABO3)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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cP

AIR AIRFOIL LOWER SURFACE (RLABO3)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
O 2.585 .000 .823 RN J.000
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AIR AIRFOIL LOWER SURFACE (RLABO3}

L SMBOL  ALPHA Y MACH PARAMETRIC VALUES
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cP

b et 1 s e e

AIR AIRFOIL LOWER SURFACE

SYMBOL  ALPHA Y MACH
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AWy ¢ g 4 4 o

cP

AIR AIRFOIL LOWER SURFACE (RLABO3)
SYMEOL ALPHA ¥ . MACH PARAMETRIC VALUES
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AIR AIRFOIL LOWER SURFACE (RLABO3)
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CP

AIR AIRFOIL LOWER SURFACE (RLABOD4)
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AIR AIRFOIL LOWER SURFACE (RLABO4)

SYMBOL.  ALPHA Y MACH PARAMETRIC VALULES
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AIR AIRFOIL LOWER SURFACE  RLABO4)
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ATR: AIRFOIL LOWER SURFACE- (RLABO4 .,

SYMBOL  ALPHA® Y. MACH - PARAMETRIC VALLES
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AIR AIRFOIL LOWER SURFACE (RLABD4)
EARAMETRIC VALUES
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cpP

AIR ATRFOIL LOWER SURFACE (RLABD4)
SYMBOL ALPHA A ¢ MACH PARAMETRIC VALLES
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cP

AIR AIRFOIL LOWER SURFACE (RLABOGB)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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cpP
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AIR AIRFOIL LOWER SURFACE (RLABOGB)
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O 6.759 000 .B12 RN 2.000
(] 8.565
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CP

ARGON AIRFOIL UPPER SURFACE
Y MACH

SYMBOL  ALPHA

@] -.942

w
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CP

ARGON AIRFOIL UPPER SURFACE {RLAAL4)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
@] -.945 .00 623 RN 2.000
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cP

ARGBN AIRFOIL UPPER SURFACE {RLAAL4)

SYMBOL  ALPHA ¥ MACH PARKHETRIC VALUES
Q -.556 .DoD .B3s RN 2.000
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CP

ARGON AIRFOIL UPPER SURFACE (RLAA12)
SYMBOL, ALPHA ¥ MACH PARAMETRIC VALUES
O -.958 000 .B44 RN 2.000
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CP

F16.

U

ARGON AIRFOIL UPPER SURFACE (RLAA14)

SYMBOL  ALPHA

FARAMETRIC VALLES
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cP

ARGON AIRFOIL UPPER SURFACE {RLAAL4)

SYMBOL.  ALPHA Y MACH FARAMETRIC VALLES
-.9e8 .0oo .B74 Rht 7.000
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cp

ARGON AIRFOIL UPPER SURFACE [RLAAL1D)

SYMEDL  ALPHA Y MACH PARAMETRIC VALLES
-1 .B54 .000 +Ei10 RN 3.00D
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CP

ARGON AIRFOIL UPPER SURFACE (RLAA13)

SYMEOL  ALPHA Y MACH PARAMETRIC VALUES
1.738 .000 £10 RN 3.000

3.020

4.410

6.554

B8.420
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CP

ARGEN AIRFOIL UPPER SURFACE (RLAA1S)
SYMBOL ~— ALPHA ki MACH PARAMETRIC VALUES
O 129 00D .785 RN 3.000
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PAGE 148




cP

ARGON AIRFOIL UPPER SURFACE

SYMBOL  ALFHA ¥ MACH
0] -1.638 .000 .822
O -1.287

-.897
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CP

ARGOM AIRFOIL UPPER SURFACE (RLAAL13)
PARAMETRIC VALUES

SYMBOL ALPHA Y MAEH
0O -1.819 000 .874 RN 3.000
O -1,458
O -.919
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CP

ARGIN AIRFOIL UPPER SURFACE (RLAA1B)

SYMBEL  ALPHA Y MACH PARAMETRIC VALUES
-1.297 000 .E0¢ RN 3,920
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-.B08
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CP

ARGON AIRFBIL UPPER SURFACE (RLAALB)
PARAMETRIC VALUES

SYMBOL  ALPHA Y MACH
O 1,069 .000 604 RN 3,950
(W 4,487
e} 5.567
A 8,409
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FIG. 4 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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CP

ARGON
SYMBOL  ALPHA Y

~1.,467
-.281
-.618
-.137
.789

P00
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cP

ARGON

SYMBOL  ALPHA ¥ MACH
O -.959 .000 .588
[ .354

AIRFOIL LOWER SURFACE

(RLAB14)

PARAMETRIC VALUES
RN

el
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11 1Ll 1 1.4 1%
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CP

ARGON AIRFOIL LOWER SURFACE (RLAB14)

SYMBOL  ALPHA Y HACH PARAMETRIC VALUES
-1.706 .000 612 RN 2.000
-.250
. 245
1.8i6
3.044
4.535
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cP

ARGON AIRFOIL LOWER SURFACE (RLAB143

SYMBO.  ALPHA Y MACH PARAMETRIC VALLES
0 6.759 000 812 /N 2.000
1] B.585
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cP

A

SYMBEL  ALPHA
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RGAN
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816
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CP

- ARGON AIRFOIL LOWER SURFACE {RLAB141)

SYMBOL  ALPHA Y MACH PARAMETRIC VALLES
0 -, 046 008 823 RN 2,000
0 .152
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CP

{RLAB14)

ARGON AIRFBIL LOWER SURFACE
SYMBOI,  ALPHA Y MACH PARAMETRIC VALLUES
Q -.966 .000 832 RN 2.000
O 148
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CP

1O

1.04
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CP

ARGON AIRFOIL LOWER SURFACE (RLAB143

SYMBOL  ALPHA Y MACH PARAMETRIC VALLES
O -.5B4 .000 868 RN 2.000
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cP

ARGON AIRFBIL LOWER SURFACE

SYMBOL  ALFHA Y MACH
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CP

ARGON AIRFOIL LOWER SURFACE (RLAB1S)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
-1.664 00D .610 RN 2.000
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CcP

ARGON

SYMIRL  ALPHA 4 MACH
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ARGON
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CcrP

ARGON

SYMEOL  ALPHA
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cP

ARGON ATRFBIL LOWER SURFACE

SYMBOL  ALPHA Y MACH
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CcP
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crP

ARGEM.

SYMBOL  ALFHA Y MACH
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CP

ARGON AIRFOIL LOWER SURFACE (RLAB16)

SYMBOL  ALPHA
-1.467
-.981
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. >'?="

11 31

.0 1 %

I
N
n

|
w
[4)]

Y70 10 S I T T T O O O OO O ST I O Ratltd e pa bl gl by 411 8 lap

FI6. 4

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

BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON
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CP

.

FREGN 12 AIRFOIL UPPER SURFACE (RLAAZ4)

Sl ALPHA Y MACH PARAMETRIC VALUES
-1.669 .000 B0 RN 2.900
-~1.308
-.873
-.850
=. 19l
477

1 5[". L LR LECLIL LA TIrFT ¥r1i L ITTT EJ I It O BN e B Bl Trrr Tir} rrl LU T T 11 r¥
L]

oo

W vgrde]

LB ] LI LI LI BLILE

1.

E

I

1l
—
W

1

113

1
N
o

.

L
(%)
(]

1 .t b

N

VO I I T T T O 0 T S I 0 O I

—4I5—lll! (] FI I Pl Ll T | 13 1) bl i Li L ] '}
0 /1 2 .3 .4 .5 .6 .7 .8 9 1.0
X/C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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CP

FREGON 12 AIRFOIL UPPER SURFACE (RLAAZ4)
SYMBEL  ALPHA Y MACH PARAMETRIC VALUES
8] 1.832 000 601 RN 2,900
(| 3.071
< 4,424
FaX 5.333
N 8,360
1'5 L] LR ) L) P FT 7 LR L Tl LS L LUK T1 101 (e MR ] TEewYh ey I.l-(.—ilil LILEL] L L Tl L) LEE I L llll:
1.0f .
5P |
; ]
: A .._.-q?
|
i i B SR Lt 1 [*1_ ]
' ] —— 1
%z :
-1.5 /éL ]
%! ;
-2.0 / -
-2.51/% ]
v s
-—':3.0 ;y»f :
% ]
-3.5¢% -
-4.,0F ]
—4|5:llll 1.1 1.1 L il L1 L L1 1l.L Ll ALl 1 1.1 R Ll Ll i Ll LL S ) Ll 1] (| 1 [ | Ll ll:
0 .1 .2 .3 o4 .9 .6 7 .8 .9 1.0
X/C
FIG. 5 BASIC DATA,» PRESSURE DISTRIBUTIONS IN FREGN 12
PAGE 1706



CcP

FREON 12 AIRFOIL UPPER SURFACE (RLAA24)
SYMEOL ALPHA Y MACH PARAMETRIC VALLES
O . 148 000 B01 RN 2.800
| 1.314
1-%r§llll AL rr+i 7T LI ) reet LU ] LR ) LI | LIBLIL IR Teny Trri L2 ) L ) LIERELE L LR ] L T ll‘l_li:
1.0 :
l5 . 3
5 ;,,-LJ—'U"'{’
0 )
T [0 V@ﬁ@%@ﬂ( ]
R P~O— = )
—3 o =it
-1.0f
-IIS i
-2.0f L
2.5} .
X ]
—BIG
]
-3.5 ;
-4.0f .
-4.5:9|| g g Ly evafearsg gy el e agdega g bye s b st adgaaadas ety el g sglsgegtasar o bsgerbings .,.l:
0 .1 .2 .3 .4 .5 .6 .7 8 .9 1.0
X/C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGN 12
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CcP

i

FREON 12

SYMBOL  ALPHA Y MACH

-.905 .000 .B01
-.602

~.33)

.138

i.265

2.749

Dzpoo

AIRFOIL UPPER SURFACE

(RLAA24)

RN

PARAMETRIC VALUES

2.800

1-S$|||l T LILBLEJ TV} L B
1,0

LU LI LEE N

LILBENL] L

LELILIL)

LI

LB LELILIL

i LELILEL LBLBLIL

min

Y

P4 1t

L1 L]

S 1 ]

L.
-
-4l5 L Ll LAl il Ll Ll Lt

VI W ]

LA Lt Lol i i

L1l

2 101

i 1.1

L1 L§ [ 1 i i

0 Il I2

.3

.J
X/C

.6

.7

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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cP

FREON 12

SYMBOL  ALPHA Y MACH
QO 4,690 .0oo K=}l
6.431
& 8.14t

AIRFOIL UPPER SURFACE (RLAAZ4}

PARAMETRIC VALUES
RN 2.300

1.5—.'_" T LI ]

viT (oL I IO N O It e S A B B B

TTTTITi 15T

B 2 TS L e LML I A N TN L A I

Gl
{d
X

LML |

~4.0f

—4-5:4|II |’||| 1h 13 s34

N2 T T A O O

Ll-L

Jobo bl tn vy 1p g2 0t ka8, 0 I T [N )

0 .1

.2 .3 .4

S5 .6 o7 .8 .9 1.0

X/C
FIG. 9 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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cP

FREGN 12 AIRFOIL UPPER SURFACE (RLAA243

SYMBOL  ALPHA Y MACH
Q 1.285 .0og 807 RN

PARAMETRIC VALUES
2.900

Ilst?““ r o I O O B BN B R RCINC R ILAR LR BLELL

1.0}

2 1.8 0]

-

_4.5!Ill (O N T N U IO NS W OO0 I U0 W 0 O O 0 N O I 0 O OO0 N T 2 T I O O O 0 T T T T 6 O O 6 0 S O 0 O

0 ! .2 .3 .4 5. 8 .7 .8 .9 1.6
FIG, 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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CP

FREGN 12 AIRFOIL UPPER SURFACE (RLAA24}

SYMECL,  ALPHA Y MACH PARAMETRIC VALUES

8] -.975 R} .B42 RN 2.900
] .09 :

i
[
?
-
1

.
1813
1]
o

Il

N

H
—
[#]]

1
N
U

N . TSN N PO A ) T R R | 114

1
W
)]

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

CP

FREGN 12
¥ MACH

SYMBAL.  AUPHA
-V.670
-1.368
-.879
-.B835
=.343
.361

Dypbollo

000

AIRFBIL UPPER SURFAEE

.55

LELAAZD)

RN

PARAMMETRIC VALLES

8.300

1.5 LRSI

+id LN L ] LR ]

LELILIR] [BLILL

L CETT

LK L L |

1.

.t 5 [ |

S

ke,

]
3
N

1.4,

Ll e

L)

1.1t !

1t 1.1

1
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U S 2 3

T

L1 1L 1L L4l st

1411 Lt 1.1

1Lt 11 . [N 11 1

1.0 01 00 2 k)

Ll it Ll

(AN RN

"4.5.“:: 1101

o
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.3

l4

6D
X/C
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7

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

FREON 12

SYMBOL  ALPHA Y MACH

0o

7O

FIG.

1.708 .000 .585
2,999
4,400
6.348
8.309

AIRFOIL UPPER SURFACE

(ELAAZD3)

RN

PARAMETRIC VALUES

6.300

1.5 IEREELEAEE RAREELELLAEN LA

LR LI UL

DELILLE IR

L L)

LR LI

LR LA

1.0f

h
g

| |

L I S I

% p t

11 1 1

e Tegrntosnn et d 01

R il e 1y

1L it i 1)

T Lt

1121 {0 )

(O 0 I I

0 a0 .2

.3

o4

.9
X/C

.5

.7

9  BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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cpP

FREON 12 AIRFOIL UPPER SURFACE (ELAAZS)
SYMBEL  ALPHA Yy - MACH _ PARAMETRIC VALUES
QO -.911 000 518 RN 6.300
|} 359
O 3.026 -
N 5.2689
MY 8.79t .
1.'5 |BLELLSE IR R LU L20 O B I A R L) LR UL ML LIS LI B LI L) LB FITTHEFTETT TTF LRI L BRI ] LI BLME LRI UL} "'l_ll:
1. .
]
.5 .
b—ob-()——c}___ ¢ A *
1 2 e ! 0 = S il .
.‘Jﬁ i L Sy i 1 ey % b ol 1
HW ]
-1.0 A""Mjix”:dx ]
s 7 V/ / 7]
1.5 i } r__/q / ]
p / ]
L ol :
/4 1
.
~-2.51C .
’ |
-3.0f :
-3.5¢ .
_4 IG : o
R AW ]
“‘4.5‘11_! pill LA Lil? L Ll L L LA 11 LAl L 1L 1. L1t 1441 ll:vl i1 Lol L i 11 11.t J X L L 1 i1 Lis t L% '(
0 ! o2 .3 .4 S .b .7 .B .9 1.0
' X/7C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREOGN 12
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cP

SYMEAL ALPHA Y MACH PARAMETRIC VALUES
0 -.9851 .0oD .788
O .195
LS T T T S LA ALY AN T T T
1- k 4
0&% etz
dyee=s=wegn
-1.0—
-1.5 ]
-2.0f ]
-2.5 .
—3.cf ]
-3.5 ]
- ]
-4.0f 1
._.4-5:“”.7“' T T TR TR I P T P S PP T Y N |“:
0 .1 .2 .3 .4 .5 .6 .9 1.0
X/C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
PAGE 179
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cp

FRECON 12
SYMBOL ALPHA ¥ MACH
-.986 .0oo .808
| B4

AIRFGIL UPPER SURFACE

{ELAA2S)

PARAMETRIC VALUES
RN 6.300

..ﬂ—|.u TT LR Ea] T T 1T E
JL,-{PE-—U
—a T 7 3
ol | 10—t :
}_—{}Hﬁh‘“f;:iizigi:i?”( :
-1.5 :
-2.0 _
-2.5¢
5ol j
- f
—4.0;
"4.5:|||| ||||.r||| T TN TN T Y T T , s " e ‘:
0 .1 .2 .3 .4 .5 .6 7 8 9 1.0
| X/C

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

FREGN 12 AIRFOIL UPPER SURFACE CELAAZS)

SYMEQL  ALPHA Y MACH PARAMETRIC VALUES
-1.236 .0aa .B08 RN €.300
-.878
105
t.196
2.815
4.685

1 SIIII Fdl LILLEJ LIE LI LRI LU llllIlllIIllll TTTT LU L F4TV 10481 LELBLI| LELILIR] LI | LILLIL LIELIL] LI LILEER]
» m

U oo
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b et
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A P
-1 o= I e
T
-1.5¢
-2.0 |
-2.5 -
-3.0 :
-3.5 ]
-4 ,0F f
-4.5:“” AN ENE NI IR NN NN RS RN AN NN FE TS AR IR A A SR ET S TR TN SR EN NNl YRR FNE S S TN
0 .1 .2 .3 V4 5 .B .7 .8 .9 1.0

X/C

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

FREGN 12 AIRFOIL UPPER SURFACE
S\MBOL ~ ALPHA Y MACH
N 5.400 .0oo 808
B} B.195 '

(ELAA2S)

PARAMETRIC VALUES
RN £,300

I-S-II!I TTes L ) LI LI LR AL ] 1

TLTT |||||sr

|||||ll |I.|ljaodl’-l-l-l4— -i-—t-‘l—T—B—th—
i
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i

1.0{—

Pt ot
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RN WENE NN

Ly o g s e Ly gy

o d 00 2 .3

.4

oD
X/C

.6

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGN 12
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cP

FREON 12 AIRFOIL UPPER SURFACE (ELAAZS3)
SYMBOL  ALPHA ¥ MACH PARAMETRIC VALUES
O - 966 ,000 .824 RN &.300
O .105
& 1.125
A 2.903
N 7.942
1.:éilll I ERLELARE] LELELIE] TETE LIRLBLEL) riv FLlLT3IreTT TTri [ L] LILEE L) LI T Ve ETTrIT LI LBL L Til-
1. ]
N I i I B St I
{E{; :MCV\C W e ity O SN
R ‘E ]
— 17
'b“f74;Eh1&_,g/ i
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¥ E
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"'4.5':'v|| sarp Lo v e Ve o b v e b v b8 oo ae s oot vy eabprtaleosndasrslogaedarestaaaaloras e ool ogaalyes |1:
0 .1 W2 .3 4 ) .8 .7 .8 .9 1.0
' X/C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREGN 12
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CP

FREON 12 AIRFBIL UPPER SURFACE (RLAAZD)

SYMEOL, ALPHA ¥ MACH PARAMETRIC VALLES
Q -.994 .0o0 +851 RN 6.300
3 .063

|
—
411

]
N
o

|
[
A

-4.5III|OOIII|II||DQ 1t r de v g n bora o bl vy vl s bl oty |t||'|}|| TN T T I R, R O illlll!llltl-l
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FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGN 12
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cP

FREON 12 AIRFOGIL UPPER SURFACE (ELAAZ2S)]

SYMOAUL  ALPHA Y MACH PARAMETRIC VALLES

0 ~1.103 .000 895 RN 6.300
0 844

l silrl TITI[TETNFRITI[ATUE L S T et i B A N ) TTTIJTTFT TT]TTT 2 L N L BN L LR I |
- p

— ¥ 1
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0 o1 2 .3 o4 .3 .6 7 .8 9 1.0
X/C

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGN 12
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CP

FREGN 12 AIRFOIL LBWER SURFACE (RLABZ24)

STMBQF ALPHA Y MACH PARAMETRIF. VALUES

-1.669 .0co 801 2] 2,900

-1.306 o N

-.873

-.B30

T
477

1 5|I|| LILALEL yirT L) LB EILLEE) LU LELICLS TV 1T LRLRLEL) TTFT T LI LIL)
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o .1 2 .3 -4 ] .6 7 .8 .9 1.0
X/C

F16. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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cpP

FREON 12

SYMBBL  ALPHA Y MACH
1.832 000 B0}
3.071

4.424

6.333

8.360

rdr-Zeinle)

AIRFOIL LOWER SURFACE

(RLAB24)

RN

PARAMETRIC VALUES

2.9040

¥Fri RN ERE] LR vy
1.5

L DA 3

LI ]

L3t ]
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LN IR L}
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L e ]
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BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGM 12
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CP

FREON 12

SYMBOL  ALPHA ¥
O 148
0 1.314

MACH

.0oc .801

AIRFOIL LOWER SURFACE

(RL.AB24)

KN

PARAMETRIC VALUES
2.900

TTIT I T e YT T3 FT T 0T

1.5}

L3 T I T N I N ML L R

LI 2 I I

bt
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BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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FREGN t2 AIRFOIL LOWER SURFACE (RLAB24)

SYMBCL  ALPHA Y MACH PARAMETRIC VALUES
~.905 ,000 .80l RN 2.900
-.602
-.331
.138
I.7285

2.749
LILBLEL LBLILELI Trw LILRLIL Frei FTTT TTTT FETy 17T lll_rlllll

. 1.5 (LB ELE Tl FiTF LB L il | Illi‘llll A

_ 1.0 .
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1]

i\ 1t
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i N 3 Y ]

11 t

-4.0
_415rlll Lttt L. L1 ] lolodl Ll | NN L it .t Loltnd Lt t Ll it jofi i it ii A i i1 i it L il ki id it.d 1 Li 1

0 .1 .2 .3 o4 5. 6 .7 .8 g 1.0
FIG., 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREGN 12

_PAGE 189




cP

FREON 12 ' AIRFOIL LOWER SURFACE (RLAB24)

SYMBOL  ALPHA ¥ MACH
0 4,680 .000 801
O 6.431
& a.141

RN

PARAMETRIC VALLES

2.800

1

gS S 2

i e :

x T e g .

“1.0f :

. ]

-2.0 1

~2.5t :

‘3-US

-3.5} :

f

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

B X/C

FIG. S BASIC DATAs PRESSURE DISTRIBUTIONS IN FREGN 12
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cP

FREGN 12 AIRFOIL LOWER SURFACE (RLAB24)

SYMBOL ALPHA Y MACH PARAMETRIC VALLES
(@ 1.285 .oon 807 . RN 2.500

1.5-’|ll i LILBLIR] T LU L) Lint | LILIR N LELL LI ] LI LI i B

%)

w

1
—
42}

|
N
w

L 1

|
W
o

FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREGN 12
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CP

SYMBOL.

O

FREON 12
ALPHA ] MACH

T =975 .000 .B42

"4-5 ale it Leafsperfrgasdaaeefss

FIG.

Qa5

AIRFOIL LOWER SURFACE

{RLABZ242

PARAMETRIC VALLES
RN 2,900

T T

1.5_lllf1lflllill TTITTLTF

1.0f

on

-
i

1113 1.8 3.2

™T

LI D It |

i1

Litt

0 .1 o2

I3

4

o BASIC DATA, PRESSURE BISTRIBUTIONS IN FREON 12
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CcP

FREON 12 AIRFOIL. LOWER SURFACE (ELAB23)

SYFBOL  ALPHA Y MACH PARAMETRIC VALUES
-1.670 000 2585 RN 6.300
-1.388
~.579
~.B3S5
-,343
w361

l b|||| FTiiT LI M LIRIEIL) LIS ey LML TiTi LI L) Tt LML ML ] I1TTT LML) L B LI Ll ] LI LI | v LR
(] o E
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0 .1 o2 .3 o4 D .6 .7 .8 .9 1.0
XeC

F16. 5 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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CcP

FREBN 12

SYMBOL  ALPHA Y MACH

1.708 000
2.598
4,400
6.348
B8.309

[rgrlel (@]

S95

AIRFBIL LOWER SURFACE

' (ELAB25)
PARAMMETRIC VALUES

RN

6.300

LI L

LU L AR ]

1.5-."' LN LU BB

LU LI

L] LI

LB L) LR ML ]

LELLE )

Tirid
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BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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CP

FREON 12

SYMBBL  ALPHA Y
=911

359
3.026
6.289
8.2

oo

MACH

lm

818

AIRFGIL LOWER SURFACE

(ELAB25)

RN

PARAMETRIC VALUES
6,300

1.5:—!!!

LR LB

LI

LN L L) L)

LN L LN R L
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L] LU
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X/C
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FI6. 5 BASIC DATA, PRESSURE DISTRIBUTIBNS IN FREON 12
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cP

FREGN 12 AIRFOIL LOWER SURFACE (ELAB233

SYMBCL  ALPHA Y MACH
8] -.961 000 788 RN

O 195

PARAMETRIC VALLUES
6.300

o 3]
nnéslgt'msnn

?/-ﬁ,u

j
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[

I
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1.4 1.t (AR SN A |
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T L)
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0 /1 2 .3 4 S, 8 7.8 5 1.0
FI6. 3 BASIC DATA, PRESSURE DISTRIBUTIONS IN FREON 12
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cP

FREGN 12 AIRFOIL LOWER SURFACE (ELABZ23)
PARAMETRIC VALUES

SYMBOL  ALPHA Y HMACH
E% -.9686 .00o .08 RN 6.300
164
1.5 | L] TiFT CELBLIL L L LB ) T4 L) TUE b L S FEb UL LI (L ITTrRITFTFEY] LELL LLELEL L LUBLBLIL Illl:
t.0f .
i ]
5 ]
-l ] -
3% [Kh 5
0 B
¢ ] }==£}=£EF;#$,‘{ ]
=f )“‘f}-<i::jngf}‘*{}-{}——£ == ]

-1.5¢ ]
2.0 :
2.5 f
-3.0 - f
3.5 :
4.0 ]

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

. X/C
FIG. 5 BASIC DATA, PRESSURE DISTRIBUTIGNS IN FREON 12
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cP

FREGN 12 AIRFOIL LOWER SURFACE (ELAB25)

SYMBOL  ALPHA ¥ MACH PARAMETRIC VALLES
O -1.235 .00o .808 RN 6.300
0 -.678
¢ 105
A 1.196
[aN
()

LU ] LR B LI LA ) LI ] ERLILIL] LI ) LIRLE LN LI LR LR I LLLIE] Ty LR TETVT7TTT LELELEL)

|

i
— ' ]
P~ NHH% : 1

8:::3 3 s By D P 5
: <g—g :
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FREON 12 AIRFQIL LOWER SURFACE (ELABZ25)
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FREON 12 AIRFGIL LOWER SURFACE {ELAB253)
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FREGN 12 AIRFOIL LOWER SURFACE (ELAB23)

SYMBOL  ALPHA Y MACH
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CcpP

ARGON-FREON 12 AIRFOIL UPPER SURFACE {RLAAZ22Z)
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cP

ARGON-FREON 12 AIRFOIL UPPER SURFACE {RLAAZ2)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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ARGON-FREGN 12 AIRFGIL UPPER SURFACE (RLAAZZ)

ALPHA Y MACH PARAMETRIC VALUES
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ARGON-FREGN 12 AIRFOIL UPPER SURFACE (RLAA22)

SYMBOL  ALPHA Y MACH PARAMETRIC VALUES
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ARGON~FREGN 12 AIRFOIL JPPER SURFACE (RLAAZ3)

SYMBOL  ALPHA Y MAEH PARAMETRIT VALLES
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ARGOM~FREGN 12 AIRFOIL UPPER SURFACE (RLAAZ3)

SYMBOL.  ALPHA
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ARGON-FREGN 12 AIRFOIL UPPER SURFACE (RLAAZ3)

SYMBOL  ALPHA ¥ MACH PARAMETRIC VALUES
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SYMSOL
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CcpP

ARGON-FREGN 12 AIRFOIL LOWER SURFACE (RLAB22)

SYMBAL  ALPHA ' MACH PARAMETRIC VALUES
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CcP

ARGON-FREON 12 AIRFZIL LOWER SURFACE (RLAB22)
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cP

ARGON~FREON 12 AIRFGIL LOWER SURFACE (RLAB22)
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PAGE 214



SYMBAL  ALPHA Y MACH
O -.827 00D .602
418

CP
'

- Fl6G.

o

"
o

.
[@)]

ARGON-FREON 12 AIRFOIL LOWER SURFACE LRILAB23}

© PARAMETRIC VALLES

RN

;:?3’9
S
7
I
]
L
)i
”%
1

[
)

i

w

C
!

.5|||l VI PRI N O 2 OO O OO O I O TN Y O T T OO ) IO N )

0 .1 2 .3 .4 kgc .Br . :7
6 BASIC DATA, PRESSURE DISTRIBUTIONS IN ARGON-FREGN 12

PAGE

1.0

215



cp

A

SYMEOL  ALPHA
6] -.898 .000 817 RN

O

- FIG.

[ ]
[#5]

w

RGON-FREGN 12 AIRFOIL LOWER SURFACE (RLAB23)

Y MACH

.183

3.050

PARAMETRIC VALUES

(/)

w

U

6

o] .1 .2 .3 4 ) .6 7

X7C
BASIC DATA,» PRESSURE DISTRIBUTIGNS I ARGGN-FREON 12

PAGE

1.0

216



P

SYMBGL  ALPHA Y MACH
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ARGON-FREON 12 AIRFOIL LOWER SURFACE (RLAB23)
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cL

LIFT COEFFICIENT,
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DRAG COEFFICIENT.CD
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DRAL COEFFICIENT.,CD
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CLM

PITCHING MOMENT COEFFICIENT,

AIR (NLADOZ2)
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LIFT COEFFICIENT,
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AIR ~ [NLAOD4}
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PITCHING MOMENT COEFFICIENT. CLM

AIR

SYMBOL. ~ MACH
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CcL

LIFT COEFFICIENT,

AIR

SYMBOL  MACH
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DRAG COEFFICIENT,.CD

AIR (NLADOS)

SYMBOL  MACH PARAMETRIC VALLES
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CLM

PITCHING MOMENT COEFFICIENT.

AIR {NLAOOS?

SYMBOL  MACH PARAMETRIC VALUES
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LIFT COEFFICIENT,

ARGON (NLAOL141

SYMBEOL  MACH PARAMETRIC VALUES
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LIFT CBEFFICIENT,

ARGON

SYMBOL  MACH
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DRAG COEFFICIENT.CD

ARGON (NLAO14)
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DRAG COEFFICIENT.CD

ARGON (NLAO14)

SYMBOL  MACH PARAMETRIC VALLES
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CLM

PITCHING MOMENT COEFFICIENT.,

.,
O
Q
A

FIG.

"ARGON

SYMBOL  MACH

.S58
B12
815
823

PARAMETRIC VALUES

RN 2,

oo

(NLAO14}

.08

UENEY RRLEAY AR

THITIVEST S

TV TP TR FTTEINERTU R A 00AT

U LA AL T B R i ALt

LILRRJ

LELALE LEAR

(A NERRILEYL)

.07

) bl bt t b g ¢ 3 1 ¢ ¢ g byosr )

T 3L L B | ] 1108 L1t

.06

TiTT TF 11 L ] LB L] TTUF T T1iF1 LEF BRI LR L B L L LRI} LR I | LELLER] LI

AR EREENENR S ARN)

A0 Lt ] e Ll

st d la b byetatedgy

KN R0 0T T 0 5 5 I ) 1

AR

£yl L1 L1 i

-
Lt t L

8

-1 0

1

2 3 4
ANGLE OF ATTACK,

2 6 7
ALPHA, DEGREES

BASIC DATA, SECTION COEFFICIENTS IN ARGON

3

PAGE

10

241



PITCHING MOMENT COEFFICIENT, CLM

ARGON (NLAD14)

SYMBOL MACH PARAMETRIC VALUES
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ARGON (NLAO13]

SYMBOL  MACH PARAMETRIC VALUES
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DRAG COEFFICIENT.CD

ARGON (Ni_AO15)

SYMBOL  MACH PARAMETRIC VALLES
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ARGON

SYFE0L  MACH
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LIFT COEFFICIENT,
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pies Lo o feiardan by ls il npat oy loget o tendsyeplogaplgyralsges (AN E RN FERWNY L
¥

PAGE 246



DRAG COEFFICIENT.CD

ARGON {NLAO1B)

SYM3OL  MACH PARAMETRIC VALUES
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PITCHING MOMENT CBEFFICIENT,

ARGON (NLAC16)

SYMBOL  MACH PARAMETRIC VALUES
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FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN ARGON
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LIFT COEFFICIENT.

FREON 12

PARAMETRIC VALUES
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FIG. 8 BASIC DATA, SECTION COEFFICIENTS IN FREON 12
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e i e R PP PP

DRAG COEFFICIENT.CD

FREGN 12 (NLAD24)
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FIG. 9 BASIC DATA, SECTION COEFFICIENTS IN FREGN 12
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CLM

PITCHING MBMENT COEFFICIENT,

¢
i

FREOGN 12 (NLAO24)

SYMBOL. MACH PARAMETRIC VALUES
0 602 RN 2.800

O 801
O 802
PN 842

.08 :ll—l_l LE LK I EEME LERER t‘!‘l’. LR AN EELE L NE) LBLE AL [N NERLEER) [ IR EEE LEER] Fel e Uit L L) LKL} [ K] xR LA RR] T0k LE R llll:

,07% ]

06+ ]
n

IOS- .

.04 .

.03 : ]

v ™~ .

/ RoN ]

.01 : \\\ .

SO > \ ]

TTF 1 LB LELELIR] LRI LU LB LU LR R LIt et 3 L B

_ \ N N 3
001 \\ o
\\\ faN o N\ ]
) Y T R AN ]
-104 N D i
-.03 \\\ /' i
\&/ ﬂ
-.04 ]
-.05 .
“.06 L1 LAl Ll L 111 Ll Lidll Ll Lidd LAl 100l INER) PR ] IR LibLl ISR ERENEE] Lt 1) Ll LiLx 1001 Liad LEty LLL] lllI:
-1 0 1 2 3 4 5 6 7 8 9 10

ANGLE OF ATTACK, ALPHA., DEGREES
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SY 1B, MACH PARAMETRIC VALUES
() 585 RN 6.300
| .68
O .786
o-:¥|l| TFIVITSTIQYTITO(RITYpraesaruogt TELY Taidpined a1 N EEEE 'E;—'—;-‘:s'tl.; ] " '
'y=] 1~ T -
: /1 ]
- v 3
2E A s
i = 4 E
3 [/ :
of /};f’ E
: v :
4t o .
/l
3 f¢>,// ;
v i
JAE ;
OF ;
E— ;
-115 > =
3 E
-.2§|||| prartac oo fagendaea by g by topan dorvabregader g toapsfoeralarsalranstss (AR EEERANEENE AR NANNERE IR NS ANERN] |lu§
-1 8] 1 2 3 4 7 8 9 10

3 6
ANGLE OF ATTACK, ALPHA., DEGREES

FIG. 8 BASIC DATA. SECTION COEFFICIENTS IN FREON 12
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-FREON 12
SYMBOL.  MACH
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CLM

PITCHING MOMENT COEFFICIENT,

FREON 12 CNLAD233

SYMBOL  MACH PARAMETRIC VALUES
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LIFT COEFFICIENT,

ARGON-FREON 12
PARAMETRIC VALUES
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DRAG COEFFICIENT.CD

ARGON-FREGN 12 (NLAD221
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FIG. 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FRECON 12
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PITCHING MOMENT COEFFICIENT,

ARGON-FREON 12 (NLADZ22)
SYMBOL  MACH PARAMETRIC VALUES
(®) .B03 RN 2.050
O .803
< .820
A .852

08 LERE] IR EEEEE N EEEE N NN S R AN R LN RN R R L N AN RN R R Y L EE L N LR R LN R NN L Illl-
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FIG, 10 BASIC DATA, SECTION COEFFICIENTS IN ARGON-FREGN 12
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LIFT CORFFICIENT.

ARGON-FREGN 12 (NLADZ3)

SWBOL  MACH
8) .602
818
.822
.B51

o0

PARAMETRIC VALLES
RN 3.050
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DRAG COEFFICIENT.CD

ARGON-FREON 12 (NLAOZ23)

SYMBOL.  MACH PARAVETRIC VALUES
Q 602 RN 3.050
| .818
L] 822
Fiy 851
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<43

.40

(R L N RN AR NN AR RN AR A LN LA R
LAt Lk b el R Iyt g d el b e d p Rt i1 et i 1aiAt gty ot

TITS

N
=

o

TETTTITUIT O 1TvrIt

.10

L]
IR AN AR IR SRR NI RN AR

Ll

.05

MARNENN]

o
LRI

ol - g .
(RA WA K] IR AERE . JARKAREER] } |||| RN RN AN AN AN A RN AN AN A RS NN R FENE N RN AW A RN EXE N AW

-1 0 1 g 10

ANzﬁLE ﬁl::'3 ATTM?K- ALSHA- DEGREES7
FI6. 10 BASIC DATA, SECTIGN COEFFICIENTS IN ARGON-FREON 12
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CLM

PITCHING MOMENT COEFFICIENT.,

ARGON-FREON 12 (NLADOZ23)

SYMBOL  MACH PARAMETRIC VALUES
602 RN 3.050

818

622

,851

>OL0
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PAGE 260



OATA SET SYMBOL.  CONFIGURATION DESCRIPTION RN MACH

(BLAEG3 ) AIR AIRFOIL UPPER SURFACE 3.000 .602
(BLABIS) ARGEN AIRFOIL UPPER SURFACE 3.000 .603
(DLAB0O3 ) AIR AIRFDIL LBOWER SURFACE 3.000 .602
(DLAB!S) ARGON AIRFAIL LOWER SURFACE 3.000 .603

[TT ¥ 1 LELELIL] LRI LEL ] LILEL ] LELIE L LI LS Ty LRI ] TFTTEHIT RN LB LI I § LR ] LELECIL LU LEN LILIEIL] LELILEL) LILNE N |

1.2

oTTT YT

1.0

LI e MR N R )

.4

CP
il

patawpalep g denppias gt bpaontogelepaatagaglerselogny

.2'.

Y

lllli TVIR]T

ot

-.2

-.4

|
O

tigedsetn Rap v laanadraeebodasta boedonnntynyrlors Ll

EEWNKI Lll. .l LA Ll LAl L L b L Lt il Ll Ll it JL ik i L 8 1 0 i b1 d Ll il L1 Ly 1Ll Ll 4.l L it I Lt 2.l A

0 o2 4 .6 .8 1.
X/C

FIG, 11 COMPARISON DATA, PRESSURE DISTRIBUTIONS AIR VS. ARGON
MACH = .80 ALPHA =  .000 Y = .000 PAGE 261
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DATA SET SYMBAL.  CONF[GURATION DESCRIPTEION RN MACH

[ ELAB03) AlR AIRFOIL. UPPER SURFACE 3.030 .832
(Bl.ABIS } ARGON ARFOIL UPPER SURFACE 3.000 .829
(DLABD3 ) AR AIRFOIL LOWER SURFACE 3.0040 .832
(DLABES ) ARGBN AIRFOIL LBVER SURFACE 3,000 .829
L2220 I S o I T Tt R | lul‘rl'iollll-ll Rt o R - L B B L RN AU U SRR LRI UL
1 -‘D ;
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F16. 11 COMPARISON DATA, PRESSURE DISTRIBUTIONS AIR VS. ARGON
CMACH = .830 ALPHA = .000 Y = .000 PAGE 26
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DATA SET SYMBOL  CONFIGURATION DESERIPTION RN MACH
{ BLABO3 ) AIR AIRFOIL UPPER SURFACE 3.000 602
[BLAB24 ) FREGN 12 AIRFBIL UPPER SURFACE 2.900 583
{ DLABE3) AIR AIRFOIL LOVER SURFACE 3,000 602
{ DLAAZ4 ) % FREON 12 AIRFBIL LOWER SURFACE 2.900 .533
1.2 ;
1.0f
.8k g
; 3
6E E
E ]
.4 :
a. s
o t2 L N ;
0t 5 i
- -2‘; O - f 5
=4 ; P :
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F1G. 12 COMPARISON DATA, PRESSURE DISTRIBUTIGNS AIR VS. FREGN 12

MACH = .600 ALPHA = 000 Y = .000 PAGE 263

e SR A - . . N




PATA SET SYMBGEL CON IGURAT ION DESCRIPT 1ON BN MACH

{BLAG23 ) AR AIRFOIL UPPER SURFACE 2.000 WBz0
{BLABZE ) FREDN 12 AIRFOIL LFPER SURFACE 2.830 .B23
({DLABZ23) AR AIRFOIL LOVER SURFACE 3.000 820
{DLAB2E ) % FREDN 12 AIRFOIL LOWER SURFACE 2.850 ,B823
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FI6. 12 COMPARISON DATA, PRESSURE DISTRIBUTIONS AIR VS. FRECGN 12
MACH = 820  ALPHA = 000 Y = .000 PAGE 264



DATA SET SYMBOL  COWNF IGURATION DESCRIPTION RN MACH
fBLABD3) AIR AIRFOIL UPPER SURFACE 3.000 832
{BLAG43) FREON 12 AIRFOIL UPPER SURFACE 2.200 243
[{DLABO3) AIR AIRFGIL LBVYER SURFACE 3.000 .B832
[DOLAB431) FREON 12 AIRFOIL LOYER SURFACE 2.800 .B43
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FIG, 13A COMPARISON DATA. AIR VS. FREON 12 (TRANSONIC SIMILARITY MACH NUMBER)
MACH =  .830 ALPHA =  .000 Y = .000 PAGE 265
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DATA SET SYrS0L CONF IGURATION DESCRIPTION Rin MACH
{BLABDI) AIR AIRFOIL UPPER SURFACE Z.J00 832
{CLAAZ4) FREGN 12 AIRFQIL UPPER SURFACE 2.800 843
(0L AB03) IR AIRFOIL LLOWVER SURFACE 3.000 832
{ CLABZ4 ) % FRECN 12 AIRFOIL LOVER SURFACE 2.200 843
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FIG. 13B COMPARISON DATA. AIR VS. FREGN 12 (TRANSONIC SIMILARITY RULE)
MACH = .830 ALPHA = .000 Y = .000 PAGE 266
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PDATA SET SYMBOL CEN-' IGURATIDON DESCRIPTION RN ‘MACH
[CLAADL ) AIRFOIL UPPER SURFACE 2.000 800
(CLAAZZ) ARBON-FREBN 12 MRFBIL UPPER SURFACE 2.050 .B02
(CLABGL ) AIRFOIL LOWER SURFACE 2.000 .800
{CLABZ22) % ARG{’.N—FREGN 12 AIRFOIL LBWER SURFACE 2.0%0 802
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.8F g
.B}F :
.41 -
of :
3 3
- _2 ; =
- : N
a 7 k
0-2 (4 5
E A5t b E
—.2 - } g i
; S : i
-.4f 3
oy 14 /i ?
0 .2 4 .6 .8 1.0
- X/C
FIG, 14 COMPARISON DATA, PRESSUD'“ NISTRIBUTIONS AIR VS. ARGON-FREGN12
“ACH = .800 ALPHA = .000 = .000 PAGE 267
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OATA SET SYMBOL
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CONF IGURATION DESTRIPTION

AlR

ARGEN

FREGN 12
ARGON-FREGN 12 -

LN LSRN N [ SLELI

red

(el

1600

rrrr

“TT

]

TTTE VY

riry

~TTY

L)

LKl

LB )

L]

e 4

LIN T S

LI

T T T T

T

LIN!

L]

T

¥

P ma

LI I A I I |
fvn
S

h
b= 4

T F

TOETR S RUSC T N U0 TN O I AT O W T N O T T P AR )

ELb )

Lkl

PN R

pr b bl

(N

AN t.4 1 1 L} P B | I | | S T . W S | 111 ILIlIIILlJ.‘IJJ!

.40 .45 .30

SUMMARY COMPARISONS, AIR VS. ARGON VS.

.95

.60

.65

MACH NUMBER

.70

FREON 12 VS, ARGON-FREON 12

l75

.80

.85

PAGE

.90

269



