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SUMMARY

Hot-wire measurements have been made in the boundary layer, the separated region,
and the near wake for flow past a NACA 4412 airfoil at maximum lift, The Reynolds - -
pumber based on chord was 1,500,000, Special care was taken to achieve a two- ’
dimensional mean flow. The main instrumentation was a flying hot wire; thatis, a
hot-wire probe mounted on the end of a rofating arm. The probe velocity was
sufficiently high to avoid rectification of the hot-wire signal by keeping the relative
flow direction always within a range of + 30 degrees to the probe axis. A digital
computer was used to control synchronized sampling and storage of hot-wire data at
closely spaced points along the probe arc. Data were obtained at several thousand.
locations in the flow field. These data include intermitiency, two components of mean
velocity, and mean values for three double, four triple, and five quadruple products
of two velocity fluctuations. No information was obtained about the third (spanwise)
velocity component,

Smoothing and interpolating routines are used fo determine intermitiency, two
coroponents of mean velocity, and mean values of three double, four triple, and five
quadruple products of two velocity fluctuations on a fine rectangular mesh aligned
with the airfoil chord. The data are presented in contour plots, in three-dimensional
plots, and in tabular form. The format used to store the experimental data in digital
form is described and a computer program which illustrates how this data can be
accessed is presented. -



TABLE OF CONTENTS

Sections . Page
Summa.ry.'....‘ﬁo.,.",,.....,.......‘.o...,...f.\o‘.. “1
ListofSymbolé...................,........c.. 2

1.0 INTRODUCTION o « 0 s 0 ¢ ¢+ « ¢ ¢ 0 2 ¢ 0 e evvesosenss '4-

2.0  APPARATUS AND INSTRUMENTATION w.ece a2 s va s o oso e

2,1 Flying HOt Wir€ o« o« o s s v 6 s o ¢ s s ¢ 6 s s s s o s s s essse 4

2,2 WIind TUNNEl .o « o« o s o s o s 6 ¢ 2 6 060 osssecessoess .5

2.3 Airfoll Model w'e o s s s s e ecce e assssscnnnoss | 5.

3.0 EXPERIMENTAL MEASUREMENTS . ¢ o o o0 s 000 c¢o0seon 5

3.1 TestOonditioﬁs.....,-...................... 5

3.2 | Surface Pressure MeasurementS , « « » « ¢ ¢ ¢ s o 0o s ¢ 0 00 5

3.3  Flying-Hot-Wire Measurements , . G e o s et seaesneen 6

3.3.1 Raw Data 6

3.3.2 Processed Data .,.._p.-.. ..... .. ...-........,. 7

4,0 PRESENTATIONOF RESULTS ¢ ¢ 0 s 0 e easnsaseosseoe 8
Reierences ...;......................... 9

Appendix 1 - Partial lisﬁngofo.'o::eséc_;aData e e eae e A

Appendix 2 - Description of Disk Files ceeceseeracasaanas



Symbol

X, IY

Qref

Uref

LIST OF SYMBOLS

Definifion
Airfoil chord
Indices referring fo processed data mesh

Reference dynamic pressure measured by roof-mounted
pitot-static tube

Reference velocity measured by roof-mounted pitot-static
tube :

Radius of roto'r ]

Reynolds number based on chord, qpef - c/u
Velocity compohents in (%,¥y) coordinates
Velocity components in (‘:E;jr.)‘coordinates
Position of rotor hub in (hi:,u_';;) coordinates -
Coordinates normal and parallel fo chord
Coordinates normal a;ld parallel to fre.e stream
Airfoil angle of attack

Infermittency

stantansous flow ang,;le relative to hot-wire probe axis
Anguiar position of rotor

Kinematic coefficient of viscosity

Angular velocity of rotor

Ensemble average



_Superscripts Definition
Quantity measured in (%, y) coordinates

Fluctuating component

Subscripts
n Frame number--refers to position of data point along
hot-wire path ;
1,2 Arm mimber



Lo

2,0
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STRUCTURE OF THE TURBULENT SEPARATED FLOW
AROUND A STALLED AIRFOIL

by
Alan J, Wadcock
Beam Engineering, Inc.
INTRODUCTION

Development of methods for caleulating turbulent ﬂé\{rs ig limited by a scarcity -
of accurate measurements, The measurements presented in this report

.describe in considerable defail the trailing-edge separation process on an air-

foil operating near maximum lift, and also document the relaxation process in
the near wake to a distance of about one chord length downstream of the trailing
edge. .

None of the experimenters who provided material for the Stanford contest (see
Coles and Hirst 1968) attempted measurements beyond separation. The primary
reason was.that the best instrument available at the fime (the conventional hot- -
wire probe) has limited directional response and rectifies the velocity signal in
regions of intermittently reversed flow. )

The nearest equivalent to the experiment reported here is the recent work by
Seetharam and Wentz (1977). The two experiments may seem at first to be

“very similar, Both deal with flow past an airfoil at high angle of attack at

about the same Mach number and Reynolds number. Both include data in the
wake fo about one chord length downstream of the trailing edge. Both airfoils
had an aspect ratio of order two and were mounted between plane parallel side

.walls in a compound test section. However, the two experiments are completely

different in attack and execution. Seetharam and Wentz used only pressure
instrumentation and it is difficult to estimate the reliability of their data. In
particular, our experience has been that it is not easy to establish a satisfactory
flow, Our flow was highly three-dimensional in the absence of effective flow
control, and was grossly unsteady at angles of incidence beyond the angle for
maximum lift,

APPARATUS AND INSTRUMEN TA TION

Flying Hot Wire

The experimental technigque developed for the present study utilizes hot wires
mounted on the ends of a whirling arm.. Rectification of the hot-wire signal and
probe interference effects, both of which are caused by flow reversal, are

-4 -



2.2

2.3 7

3.0

3.1

3.2

‘Test Conditions

eliminated by biasing the velocity of the flow encountered by the hot-wire probe.
In practice, the tip.speed of the rotor is made large enough so that the direction
of the relative flow at the probe (2 standard commercial X-array) is always
within the useful range of + 30 degrees to the probe axis, The flying-hot-wire
technique is discussed at length in a separate report on instrumentation (Coles,
Cantwell, and Wadcock 1977).

Wind Tunnel

Figure 1 shows the flying-hot-wire apparatus and the airfoil model in the GALCIT
10-foot diameter wind tunnel. The horizontal traversing mechanism below the
tunnel is a lathe'bed and carriage. It has a horizonial range of 110-cm and a
resolution of 0. 01 cm. The vertical traverse is a milling-machine slide. It has

a range of 36 inches and a resolution of 0. 001 inch. TFigure 2 shows the false wall
locations and the position of the roof-mounted pitot-static tube which measures 2
reference dynamic pressure Qpef. This dynamic pressure Qpef and the associated
velocity gpef ave used as reference quantities for nondimensionalization of
measured pressures and velocities, respectively, throughout this report.

Airfoil Model

The NACA 4412 airxfoil is defined analytically by formulas published by Jacobs,
ward and Pinkerton (1933), by Abbott and von Doenhoff (1949), and others,
Wadcock (1978) details the measurements used to define the location of the upper
surface of the model including the small but measurable departures from the
analytical shape.. The real wall position is documented in Table 1.

EXPERIMENTAL MEASUREMENTS

I

The standaxrd ope"rating conditions were as follows: -

!

o = 13,87 degrees
Qpef =27.13 m/sec

v =0.1604 cm?/sec

c =90.12 cm

Res = 1,523,000

Surface Pressure!Measurements
i

Figure 3 shows th?e surface pressure distribution around the airfoil for the test
conditions listed in Section 3.1. This data is also listed in Table 2. Blockage
corrections have not been applied. Details concerning the flow control required
to obtain the exc;eilent spanwise two-dimensionalily illustrated by the pressure
data shown in Figure 3 can be found in Wadcock (1978).

Ly

._‘5 _



3.3

3.8.1

Flying-Hot-Wire Measurements
Haw Dala

Stored hot-wire data are identified by file (i, e., rotor hub position), by frame
{i. e. , position along the cireular path taken by the hot wire) and by probe (since

two X-arrays were mounted on the arm, one at each end of the rotor). The

probe angular position for frame n, measured in degrees from the vertieal, is
denoted by 4 in Tigure 4.

by =9y +§-§é~ (-1
where
$4 = - 82, 82 degrees
The radii of the two arms were as fOlIowsi:
Ry =75, ?48.cm
Ry =75.684 em

where the subscripts identify the arm. From Figure 4 the probe position &,¥)
in traverse coovdinates is

it
e
t
b
1
fuin
v
&

The probe position in airfoil coordinates (x,y) follows from
x=20.86 +X cosa +¥sin o .
¥y=96.59 +Xsinoe~yeos «

There are 85 data files, all of which are listed in sequence in Table 3,7 Of these,
76 are distinct. The others (marked by parentheses in the fable} are duplicales,
mostly benchmark (calibration) files.

The usable portion of each arc begins at frame 35 (to avold wake interference
from passage of the previous arm through the flow) and ends at frame 120 (to
avoid large relative flow angles). Each file consists of 2048 revolutions. The
inversion process thus vielded a populafion of 2048 samples for each frame (i.e.,
each probe position, ¢,» n =35 to 120) and each probe. Orly the mean velocity
vector and the double, triple, and quadruple products of fluctuations were saved.

-§ -



- 3.3.2

The results are preserved in funnel coordinates (X,F) on 14, 620 punched cards
as "Raw Data’, A few of the cards for the last benchmark file are listed in
Table 4 to show the format, The cards may be read with the aid of Table 6,
which interprets one card quantitatively. All velocities are normalized with
Gref (the velocily measured by the roof-mounted pitot-static tube; see Figure 2),
and all velocity components are resolved in tinnel coordinates; i.e., as W, ¥ in
the notation of Figure 4.

Processed Data

The "vaw data described above is defined at points which are closely spaced
from the point of view of an experimenter but which might be considered sparce

~and awkwardly placed from the point of view of a numerical analyst. Further

processing was therefore performed in order to redefine the data on a rectan-
gular grid which is sufficiently fine to satisfy the analyst without driving the
data beyond their real accuracy. The rectangular grid used for the processed
data is aligned with the airfoil chord. The method of interpolation and smooth-

ing is detailed by Wadcock (1978).

The mesh size is 1 cm in the chordwise direction and 0.2 cm in the eross-flow
direction. Integer grid indices for the mesh, IX and IV, are related o the
coordinates x and v of Figure 4 by

IX =1 + (x ~ 6, 86)
¥ =1 + 57 +12.41)
where x and ¥ ave in cenfimeters, IX ranges from 1 to 175 and TY from 1 to 298,

The outiine of the corresponding rectangle, 174 cm by 59 em is shown super-
posed on the airfoil and on the probe arcs in Figure 5,

"The final results are available on punched cards, in which form they are identi-

fied as ""Processed Data', Al velocities are normalized with g,.o¢ (as for 'raw
data") and all velocity components are now resolved in airfoil coordinates; i.e.,
as u, v in the notation of Figure 4. A few of the cards are listed in Table 5, and
interprefed in Table 6, to show the format.

A zero on the punched card for any variable represents a true zero value; the
"no data" condifion is represented by filling the field of the variable with nines
(i, e., i the variable TU fzkes the value 99999 then there is no data for <ud/{Uras)
at that mesh point),

The prc;cesseé data consists of 29, 195 punched cards. In order fo make the data
more readily accessible, disk files have also been created for both the raw data
and the processed data on the Ames IBM 360 computer.



4.0

!
PRESENTATION OF RESULTS
Contour plots of‘thg final processed data are presenied in Figures 6 through 10
for the intermittency, mean velocity componenis u, v and products of their

fluctuations.

A more detailed picture of the flow.structure is revealed by the three-dimensional

. plots shown in Figures 11 through 15, Three-dimensional views are provided for

the intermitiency, both mean veloeily components and ail three Reynolds stresses, -
Where necessary, iwo views of the same variable are presented.

’ i
Appendix 1 prowlides a partial listing of the processed data at selected x-siations.
i
Appendix 2 provides all the information necessary to access either the raw data
or the processed data files and an examp}.e iz given on how fo produce one of the
above three~dimensional figures, g
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Figure 8§ . BSurface-pressure distribution at 14 degrees angle
of incidence, with flow guides in optimuwmn position {(Run 87},
Solid symbols: data at rnidspan. Open symbols: data at £-
and F-span.
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(X,Y) Define position‘of rotor hub, i.e., displacement of traverse system
from its origin, with ¥ increasing upwaxd, :

&;¥) Give probe position in same sysiem; corresponding velocity components -
- are (i, Vi . .

(£,¥) Define probe position relative to leading edge of airfoil. Axes are
normal and parallel o the airfoil choxrd; corresponding velocity
components are {1, V). ’
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TABLE 1

LOCATION OF MODEL SURFACE

= p:4 v
cm cnl
50 55. 86 7,102
51 56, 86 6,966
52 57.88 6. 826
53 58,86 6. 682
54 59,86 . 6,535
55 60. 86 6. 384
56 61.86 6,228
57 62, 86 6,068
58 63.86 5.905
59 64, 86 5. 737
80 65. 86 5. 565
81 66.86 5,390
62 67. 86 5,211
63 68,86 5, 028
64 69. 86 4,842
85 70. 86 4. 652
66 71.86 4,458
67 72,86 4,258
68 73.86 4,052
69 74,86 " 3,843
70 75,86 3,629
71 76,86 3.410
72 77.86 3,185
73 78. 86 2,958 .
74 79.886 2.726
75 80, 86 2,490
76 81,86 2,250
77 82,86 2,005
78 83,886 1. 757
79 84,86 1,503
80 85,86 1,249
81 86.86 0.990
82 87.86 0,728
83 88,886 0. 460
84 89.86 0, 188
T, E, 90, 12 -

Note: Model chord, ¢ =90.12 cm

waCEDING PAGE BLANK NOT Fiifez

g TG PAGE BLANK NOT FilKEZ



TABLE 2

SURFACE-PRESSURE DISTRIBUTION AT MIDSPAN

100 x/¢ 100 v/¢ Cp 160 =x/¢c 100 y/e Cp
100. 00 -0. 02 -0.352 59,71 8,18 .  -0.702
99, 14. -0.13 -0.259 62.83 7,77 - -0.630
91.18 - -0.20 -0. 022 65,90 7.33. -0.574
81.87 -0.35 0. 089 69. 13 6.84 *
76. 47 ~0.47 0. 126 71,98 6.37 -0.493
65.96 -0.78 0. 187 74,27 5,97 2
58. 76 ~1.04 0,234 78.93 ° 5.09 -0, 444
51,66 -1.33 0.280 83,77 4,10 %
44.56 -1.65 0.321 88.78 2.99 -0.407
37.64 - -1.90 0.367 93, 07 1.95 -0.408
30,64 -2.23 0.419 95. 09 1. 44 -0.406
21,08 ~2.41 0,451 97, 41 0.83 - 0,402
23.94 ~2.56 0.478 98. 56 0.52 -0.397
20,74 ~2.70 0.509 . 100, 00 -0.02 -0.353
15, 96 -2.86 0.572 .
12.80 -2.90 0. 637
8.10 -2.78 0. 789 - .
5. 06 -2.49 0.921 s Intermittent leak in .
2.83 -2, 04 0.990 - : ‘
0.82 -1, 16 0. 168 pressure-scanning valve
-0.03 0.31 -6.209
1.45 2.62 -5,121
2.96 3.%7 -3.680
4.89 4,68 -3.409
7.52 5.77 ~3.078
10. 09 6.63 ~2.770
12.83 7.38 -2.559
15.24 7. 94 -2.423
- 18.32 8.53 ~2.237
21,45 9. 00 -2. 096
24,82 9.39 ~1.949
28.27 9. 66 -1.819
31,89 9. 83 -1.680
35, 08 9,88 -1.556
38.99 9. 84 -1.395
42,51 9. 69 -1.254
46, 02 9,49 ~1.133
49,41 9.24 ~1.017
52. 97 8. 92 ~0.898

56,63 8.54 -0.792



! o
SUMMARY OF TAPE FILES FOR MAIN EXPERIMENTS

TABLE 3

File Time

No.

(ol BuS Ny RS RN NN FLIS o o

(min)

0

10
22
29
39
47
54

. 63
70
79
87
94
105
113
148
" 155
162
-169
176
182
189

195

201
209
216
224
230
236
243
249
260
267
273
280
286
292
302
310
317
323
330
336
343
350

i
|

(cm)

75
100
80
81
82
83
84
85
86
87
88
89
100
90
91

92

93

94 -

95
96
.97
98
99
100
100
100

100,

100
100
100
100

100 -

100
100
100
100
100
100
100:
100,
100!
100
100
100

Y
(in.)

16.
23,
17,
17.
117.
17.
17.
17,
17,
17,
17,
17.
23,
17.
17,
17.
17.
17,
17,
17,

.17,

17.
17.
17.
23,
22
21,
20,
19.
18,
17.
16,
i5,
14,
13.
1z,
23.
11.
10.
9.
8.
11.
12.
13,

016
000
084
084
084
084
084
084
084
084
084
084
0006
084
084
084
084
084

084 -

084
084
084
084
084
000
ey
000
060
0G0
000
000
000
000
000
000
000
000
000
000
000
000
500
500
500

First
frame

79
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
© 40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

Remarks

Benchmark

Ber;.cbma.rk

Benchmark

Benchmark



TABLE 8 {continued)

File Time X ¥ First
No, {min} (cm} {in,} frame Rermmarks

45 356 100 14,500 40
46 364 100 15,500 40
47 38 100  16.500 40
48 388 100 ~ 17.500 40
49 395 100  18.500 40
50 403 100  19.500 - 40
{51y 412 100 23,000 40 Benchmark

(52} 423 80 17,084 . 40 Repeat of file 3
53 432 79 16, 870 80 Error in tunnel temmperature at
. revolution 1954
54, 441 ~ 78 16, 655 BO
55 453 77 16,441 80
(56) 463 75 16. 016. 79 Repeat of file 1
571 471 73 15, 596 78
58 482 71 15,184 78 -
59 494 69 14,780 i
60 504 67 . 14,381 76 Followed by tunnel shutdown
(61} 550 67 14,381 . 76 Repeat of file 60; discontinuity
for wire L-0 at rev 207,
- parity error in record 253
62 ° 559 65 13,989 15
63 573 63 13,605 75 )
{£&4Y 585 100 23,000 40 Benchmark -
© 65 596 . 61 13,228 74
66 607 59 12. 858 73
- 67 616 57 12,495 T3
68 626 55 12,139 72
69 635 53 11.788 71
70" . 643 51 11,443 70
71 652 49 11.103 70
T2 661 47 10,770 69
73 669 45 10, 443 68
74 677 45 10. 343 68
75 684 45 10.243 - 69
16 690 45 10,143 69
T 77 696 45 10,000 69
78 702 45 9. 850 69
79 715 45 9.700 70
80 T22 45 9.550 T0
81 728 45 9.400 70
82 735 45 9.250 70
83 740 45 9.100 71
B4 747 45 8. 900 71
{85) 758 100 23,000 40 Benchmark



TABLE 4

PARTIAL LISTING OF RAW DATA

g
2)
gl
Mok B Q 54 by - < 0w PR
£ 2 3 BE" S & A~} LA
" BB EEE S8 r g oy
B TE TS o & % 8 2 g B e 8
o8 Bd o o Bgg o B
5E B e 8B 5E o
(o] E—a- - B M=
" E& £
.. s ” s
r \Vas n’a -~ %
12 3 4 5 6 7 - 8 9 10 11 12 13 14 i5 16 17 18 19
85 88 1 10 10030 666 35 ~-11 33° J n 0 n 0 o0 0 0 0
85 89 1 -0 1NL75  B3H 0 W0 =12 R1 N ] Q 0, 0 g n noon
85 00 1 10 1nN375 733 e =17 kb N i 0 n 309 30
85 01 1 19 10626 835 W3 -1 ? N n 5 N n n 2 n 0
85 12 1 30 10913 1133 65 =11 W9 -1 A n 0 ) 0 0 n o0
85 9% 1 206 0 1272 243 1787 =133 321 195 =14 2 -1 1in <82 g9 -2 §
"85 a1 1974 0 -1hAH =717 1948 235 5A% 2715 1 A% 37 11 18 fo1h
85 95 1 2035 0 =9G4 -73% IhE0 545 275 06 e Wy 57 72 %1 2% 21 351
85 .96 1 2040 &) ~h8 =41 2175 1791281 4% 28 6% 77 163 67 82 4i €0
85 17 1 2043 0 1035 -13 3456 1h32175R 187 117 77 27 222 133 35 77101
85 93 1 205 0 2752  GL1 4991 22592520 167 77 24 22 GRA 279181 12F1L45
25 09 1 2947 0 B34G 1453 7262 39052531 =572-273-211-140 1310 550311 171177
35100 1 2016 N 5251 2184 7087 20791544 -2071-808-423-3522 1325 710370 211157
85101 1 1497 0 10387 2690 2445 378 728 -1110-011-239-153 745 273147 - 28 K%
85102 1 513 0 11635 2735 334 121 211 -153 -a1 =52 -7%8 ]10 GN 34 21 167
55103 1 © 39 9 11165 2771 3 -1 81 -26 =7 ~2 =& 13 o1 .1 1
85104 1 11 ¢ 11200 2743 . 29 Tl3 57 ) 0 a1 a n 0 6 N
85105 1 2.0 1127 2722 21 712 56 7 0 0 -1 0 g n n N
35106 1 DN 11322 2697 17 =19 u5 n n 0 n 0 ¢ 9 non
85107 1 oo 11386 2676 15 -9 hh 0 7} n 2 0 0 0 NN
85103 1 D0 11456 2657 15 Sl I | ) 0 f) 0 g n non

_ hod 40
\r1ynd H¥o0d 3
g; qavd NIDRO



60
60
.61
60
GO
60
G0
GO
Gn
60
60
G0
GO
© 6N
60
60
.60
6O
GO
6O
06N
G0
" 60
61

TABLE 5

PARTIAL LISTING OF PROCESSED DATA

o q 2 < 0 W < O H

*F BEF 4 Sa ¥

8 885 o B 8 £d e £ B

— [ e o <

g OE" 6 & 5 E FEE

o] -g B

g " EE i

T A W A e - i A

T2 3 4 ~8.. 6 7 B 9 10 . 131 12 13— 14 15 16 17
g1 99438 G522 2 1Lh63 -238 78 1y -3 1N 5 53 =13 1 =1 0
92 9978 2132 =67 1905 -k08 276 =22 =1 3 =% 107°=25 9 -4 3
93 9992 2732 -149 232G -546 431 ~5% 1 5 =5 1RG -39 17 =7 6
a4 9996 3384 -239 2700 -66H0 Sh1 -3N 5 3 =5 227 -%h 2h -11 0
95 9997 40&5 -315 3023 -752 617 =125 10 =1 =3 284 =68 30 ~14 12
96 9997 4806 -388 3306 -221 673 -167 25 =7 0 334 =78 35 ~15 1k
97 9996 5585 ~hGL 458 -RRR 795 =227 kA =15 4 399 -7 28 =17 15
98 1995 (359 =509 3577 -a84g 71# =310 LR -2% 9 h45 ~-9€ 41 ~19 16
99 10000 7157 =552 3G11 =889 700 =337 7f =34 14 h96=10F 44 ~10 16
a0 14000 8034 -591 3607 -863% G665 ~uh5 85 ~h3d 18 SM-~1nh 472 ~19 15
101 9967 8873 =G36 3350 -80Q GN7 =476 17 =4f 21 70-103 41 -17 13
102 9768 0635 =672 3061 ~708 5%2 =480 1r3 ~47 22 413 «01 36 -15 12
103 9132 10355 =701 257G ~602 453 =hG3 102 =47 23 340 =75 28 =11 0
10h 78G7 10021 -730 2004 ~473% 365 =-h0f 0NN =03 21 272 -A1l 24 -9 7
105 6484 11351 =747 1449 =342 287 =328 83 =36 19 215 =46 18 =7 6
106 .5052 11680 -753 998 =244 21k ~260 G668 =29 15 162 ~34 1k -G 4
107 3655 11892 -723 509 -152 166 -170 &1 =22 12 11k =24 3 -~k 3
168 25G1T 12044 =704 2% -7 131 -105 26 -13 n 74 =15 5 -3 2
109 1559 12008 =682 101 ~-57 107 =56 15 -2 & W3 -3 .3 -2 1
110 891 12143 -655 111 <36 93 =23 % =5 4 28 -k 1 =1 1
111 .77 12177 =610 55 =21 @30 =12 3 -2 3 9 -1 1 9 1
112 206 12198 -585 60 -11 73 -0 I -1 2 1 9 01 n N
113 37 12206 -549 27 -1 63 -1 1 8 2 1 A a ¢ n
114 iny 12212 =519 24 -7 065 ~1 3] 0 1 N n " 19

40 uwood 20

yd TYNIORO

¥
é?é?



TABLE 6

CODING OF PUNCHED CARDS (RAW DATA)

F

Card Variable Divide

columns . name Value by To get
1-2 NFILE 85 FILE 85
3-5 NFRAME 97 FRAME 97
6 blank
7 NARM 1 ARM 1
8 blank - T
9-12 NINT 2043 2048 <v>=0.9976 '
13-14 NEPS 0 2048  Fraction of samples with

. !el > 30° B T T

if NEPS > 99, punch 99

15 blank . .
16-20 10 1086 -~ 10* <u>/q__. =0.1086
21-25 v -13 W <¥>/q %0 = -0.0013
26 blank : - re
27-30 gz 3056 108 <u'u'>/{q f}a = (, 03056
31-35 v 1432 u <ulv'>/(qr )7 = 0.01432
'36-39-  IV2 1758 1 <vv'>/(q  *2)® = 0.01758
40 blank Te
41 -45 103 . 187 10°  <u'uw'u'>/(q, )° =0.00187
46-49 U2V 112 " <u'u'v'>/(g o )® = 0.00112
50-53 1gvz 79 n <u‘v'v'>/(qref)3 = 0.00079
54-57 Iv3 g7 0 <v'v''>/(g oc)® = 0.00087
58 blank .
59-62 104 282 10°  <u'utn'u'>/(g ) =0.00282
63-66 U3V 133 n <u'u‘u‘v'>/(qre£)"‘ = 0.00133
67-69 IUZ2V2 96 " <u'u‘v‘v‘>/(qr.ef}4 = 0. 00096
70-73 IUV3 76 L <u‘v'v‘v'>/(qref)‘* =0, 00076
74-76 V4 101 " <v'v'vivi>/(g )¢ = 0.00101
77-80 blank :

CODING OF PUNCHED CARDS (PROCESSED DATA)

1-3 X 80 X = 60
4 blank
5-7 Y 100 Y = 100
8-9 bilank
" 10-14 INT 10000  10%* ¥ =1.0000
15 blank

16-80 as for "Raw Data'! above



APPENDIX 1

PARTIAL LISTING OF PROCESSED DATA

XY cm

GAMMA. Intermittency

U <>/ (Qpof)

v <v>/{dyes)

Uy s / Gpef)®
.oV s/ (e

vV v/ (dren)?

uUy 'y’ >/ (G’

Uuv <u'11;v' >/ (dpep)”

ovv VS (Gl '
. VVY <v'yiy's/ (c;[,:ef)3

Note: All velocity componenls are ‘yesolved normal and paraliel to the
airfoil chord in the {x,y) coordinate system (see Figure 43.

wkf8¥ indicates no data available



100
101
102
103
104
105
106
107
1¢8
109
110

55 86CHM
GAMMA

0. 9999
029692
1.0000
1.0000
1.0n06
1.0000
0.9879
0.8869
0.6867
Da4548
0.2189
0.0888
0.0101

60.86CM
CAMMA

0.9¢97
0. 9984
0.9996
0.99%6
0.9¢98
0.9998
1.0000
1.0000

0.9%59 "

0.9660
0.8923
0. 7548
0.5371
Q.3461
0.1874
0.0847

U

0.4819

N.5812

0.46837
09?931
0.893%
0.5073
1.0876
1.1671
1.22¢0
lazéal
1.2852
1.2961
1.29595

U

0.3555
0.3253
03997
0.4827
0. 5740
D.6643%
0.7573
0.8499
09394
1.0257
1.1075
1.1661
1.2097
1.2336
1.2466
1.2501

v

-. 0438

"~e 0569

—wﬂﬁ?4
~a Q745
~. (801
~20RB39
~«OB&6T

‘-0891,

-a1912
—eG9EQ
- 0906
-~ 0882

e 086"—,! .

v

0.0008
~.0230
“00369
“-0453
~. 0529
"¢O591
—« D544
~e 0ET3
-96?42
-+ 0786
. (}808
- 0831
“-0846
~.DR34
-cQRBg

-00819.

919

0.0157
0.0181
0.0200
Q.0211
0.0206

. 0.0191

0.0157
0.0114
N.N06R

QL0070

0.0011
0.0003
0.0003

uu

0.0120
0.0168
0.0203
0.0232
0.0253
0.0264
040269
0.0262
0.0242
0.0208
0.0158
0.0105
0.0061
0.0030
0.0013
0.0006

Uy

- 3040

- 0049

“a0056
- 20087
-.0055
~ 5 0048
~+0038
~. 0027
rnOOIT
-.0008
-. 0003
—ePQGE
*~ODDI

TV

-“-.0024'

- 0037
-~ 052
'08061
-‘0066
“aGO?O
~-« 0T
~» 0067
- N362
~. 0052
~‘QG4G
L0227
~« 0018
-0010
— 3008

»“'0003

vy

0.0034
0.0046
0.0052
0.0053
0.0050
G. 0044
0.0036
J. 0026
0.0018
0.0011
0. 0007
G.0005
0. 0004

vV

0.0005

a.0027
0. 0042
0.0052
0. 0058
0.0060
00060
0.0057
0.0051
0. 0043
0.0034
0.0025%

0. 0017

0.0012
0. Q008
0. 0007

U

© 0.0000

~0.0000
-0*0902
~0. 0006
~0.0010
~0.0014
~0.0015
~0.0013
-0¢0009
~0.0004
~0.0001

~0,0000

0.0000

WUy

- N.0002

-3.0001
~0.0003
~-0.00035
-0.00608
-0 0012
~0.0018
-0.0022
-0.0027
~0.0028
"GOGGZS
~0.0N20
~0.0013
~0.0006
“900032
~0.0001

Uy

~ 0000
-.0000
00000
0.0001
Q.00032
0.0003

0.0004

0.0003
G. 0002
0.0001
0.0000
0.0000
0.0000

uuy

0. 0000
-~ 0000
- 0000
03,0000
0.0001
0. 0002
00004
0.0005
0.0006
0.0007
0. 0006
G.0005
G.000%
0.0002
0.0060L
0.0000

uvy

0.0000
00001
0.0000
-00001
~.0001
- 0002
- 0002
-~ 0302

- .0001

= +0001
_GOOOD
- 0000
0.0000

uvy

-. 0001
0.0000
0.0000
D.0000
_00000
~. 0001
"00002
- 0002
-~ 0003
-. 0003
“96093
“aOﬂUZ
~. 0002
~2 0001
- 0800
~ o QOO0

vy

~.0000D
-. 0000
-, Q000
0. 0000
n.onot
0.0001
0.0001
D.0001
N. 0001
0. 0000
0.0000
0.0000

\ATAY

00001
~ 0000
"00000
-« 0000
“-OOOO
0. 0000
0.0001

0a.0001

0. 0001
D.00D01
0.0001
0.0001
0.0001
0.0001
0.0000
0. 0000



Iy

111
112
113
114
1135

—IYe —

51
92
a3
G4
g5
1]
ST
98
59
100
101
lo2
103
104
105
1cs
107
108
109
110
111
112
113
114
1158
116

Y GAMMA 3 v
F.59 0.0315 1:2544 =,0795
9.79 0.0113 1.2549 -, 0766
9.99 0.0000 1.2540 -.0719

10,19 0.0000 1.2552 -.0674
10.39 0.0000 1.2561 —~,0640 .
£03 X= 65.86(CM
Y. GAMMA Ui Ve
5.59 00,9548 0.0622 0.0002
5.79 0.%978 0.2132 -.0067
5.99 0.9992 0.2732 ~-,0149
6.19 0.9996 01.3384 ~,.(239
6.39 0.9997 Ce40R5 ~,0315
6.59 0,9%97 0.4806 -,0388
6.79 0.9996 0.55R% —, 0464
£.99 0.9995 0.6359 ~-.0509
7419  1.0000 0. 7157, -, 0852
T«39 1.0000 0.803% ~,0591
7259 0.9967 0.8873 =.(0636
779 0.9768 0.9635 ~.0672
7.99 0.9132°  1,0355 -,0701
B.19 0.7867 1.0921 ~. 0730
B8.39 0.6484 1.1351L —~. 0747
8.59 0D.5052 1.1680 -.0753
8.79 (.3655 1.1892 ~.0723
8.99 0D.2461 1.2044 —-,0704
9,19 0.155¢ 1.2098 ~.0482
2,39 0.0891 1,2143 —-.0655
9.59 0.0477 1.2177 ~.0619
9.79 0.0206 1.2198 -.0585
9.99 0.0037 1.2206 —=,0549
i0.19 0.0L01 1.2212 -.0519
10.39 0.0060 1.2215 —-.0489
10,59 0.0033 1427224 ~,045%6

) UV
.0003 -.0002
0. 0003 —.0001
D.NDGZ2 -.0001
0.0002 ~.0001
0.0002 ~.0001

UU—>-ly ~
0.0146 -.0024
0.0190 ~.0041
0.0233 -.0055
0.0270 =.0066
0.0331 ~-.0082
0.0346 ~.NORT
0.0357 -.0089
0.0361 -.0089
0.0336 —.0081
0.0258 ~.0050
0.0200 —.0047
0.0145 -.0034
0.0100 ~-.0024
0.0060 -.0015

¢ 0.0030 -.0010
00018 ~.0006
0.,0011 -.0004
0.0005 -.0002
0.0004 —-.0001
0.0003 -.0001
0.0002 ~.0001
0.0002 -.0001
0.0002 -.0000

vy

0.0006
0.0005
0.0005
0.0005
D. 0005

R vv'mmmmu:....

0.0008
.0028
0.0043
0.0054
0.0062
00067
0.D070

0.0072°

0.0070
0.0066
0.0061
0.0053
0. 0045
0.0036
0.0Q029
0.0021
0.0017
0.0013
0.0011%

0. 0009 .

0.0008
0. 0007
0.0007
2.00G6

0.0007 .

0.0006

uvy

uuu Uty \A'AY
~3.0000 0.0000 —-,.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0,0000 0.0000 0.0000
0.0000 0.0000 0.0000 D.0000
0.0000 0.0000 C.0000 0.0000
Uy uuv - UVV——u VY ——
0.0001 ~.0000 0.0001 0.0000
~-0.0003 ~.0000 0.0000 -.0000
-0.0006 0.0000 0.0000 ~,00060
=~0.0068 0.0000 0.0000 ~.0000
"=0.0010 0.0001 -.0000 -.0000
~0.00Y7 0.0002 -.0001 0.0000
~0.0023 0.0004 ~.0001 0.0000
-0.0031 00,0006 —-,0002 0.0001
—0.0038 0.0008 —-.0003 0,000}
~0.0044 6'89{38 “DGGDC" 0.0002
-0.0048 0.0010 =.0005 0.0002
=0.0049 0.0010 -.000% 0.0002
~0.0046 0.0010 —-.0005% 0.0007
~0.0041 0.0010 —-.0004 0.0002
~0.0033 0.000R -.0004% 0.D0O2
-0.0025 0.0007 -.0003 0.0001
~0. 0017 0.0004 —-.0002 0.0001
. =0.0010 00,0003 ~-.0001 0.0001
~-0.0006 0,000 ~.0001 ©,0001
=0.00603 0.0001 —.0000 0.0000
=0.0701 0.0000 ~.00N0 0.9000
"0&0000 0»0000 "-OODO OCQOOO
-0.0000 0.00C0 0.0000 0.0000
-0,0000 0.0000 0.0000 0.0000
=0.0000 0.0000 0.0000°0.0000
0.0000 0.0000 0.0000 0,0000



1Y Y
117 10,79
118  10.99
119  11.19
IX= 653 X=
134 ¥
87 4,79
a8 4499
g9 5.19
50 5.39
51 5.59
g2 5.79
93 5.5¢
4 6419
95 6.39
¢6 6459
57 6479
98 6499
59 7.19
100 7.39
101 7+.59
102 7.79
103 7.99
104 8.19
105 8.39
106 8.59
107 8.79
108 8.99
109 9.19
110 9.39
111 9.59
112 S.79
113 9,99

114

10.19.

GAMMA

0.000¢&
0.0002
0.0000

70.86CH
GAMMA

0.9943
0.9970
0.9578
09985
0.9%91
0.9¢ 94
0.9995
1.0000
1.0900
1.0000
1.0000
0.9982
0.9911
0.9743
0.9505
0.B388
0.8093
0.6938
0.5756
Oi&éﬁé
0.3573
0.2731
N.1S50

0,1358"°

0. 0939

§.0685"°

0.0470
J.025]

i

142230

1.2233
1.2243

U

. 0550
051268
B.18620,
0.2076
0.2661
0.3233
.3B804
0.4549
G.5177
0.5789
0.6400
0.7220
G. 7833
2.8571
Cu %204
0.9873
1.0387
1.0797
l.1159
1.1431
1.1630
l.174%
1.1846
1.19206
1.1938
1-19%8

1.1969

11977

A

-y 14 19
~ o DML 2C
~o 04 14

A

040241
0.0069
0.0006
—«0055
—96125
“m0206
“092?3
“qOBgT
~« 0349
~. 0415
—00448
-~ 0477
_u04%7

- 0501

'uGSlO
~+ 0803
- 0477
—« Q455
“noqu
-00442

- 0426 -

TOGQQ?
-« 0295
-»037?
-00362
-« 03343
-.0330
-08319

uy uy .
0#0002 “QOROI
G.Oﬁﬁz “nﬂﬁal
0.0002 ~.0001

1314 Uy
D.0149 ~.0034%
0.0210 ~.0048
0.0251 ~,.0059
0.0291 ~-.0070
0.,0327 -, 0080
0.0361 ~-.008R
0.0386 -.00095
0.0425 ~,0101
00447 =, 0107
00,0466 ~.0112
D.0462 ~.0111
0.0459 -.0106
0.045% —-,0N099
0.0431 -.0090

040423 -.0082
0.0386 ~-.0072
0.0330 -.0061
0.0274 ~.0050
0.0208 ~.0039
0.0147 —a.Q0029
0.0093 -.0020
0.0061 -,0013
0.0034 —=.0009

_0.0025 ~.0005
0.00183 -~.0004%

< Q.00 —, 0003
000012 “aOOOZ

- o 002

0.0010

vy

N .O0Ne
0. (NAE
Q.NNN4

vV

00017
0.0034
0.0048
0. 0060
0.0069
0.0076
0. 0079

0.0081 .

e DOR3
0.0086
0.0084
0.0081
0.007s
0. 0069
0.0063
0.0007
0. 0049
L0043
0. 0036
D.0029
0.0023

0.0019

0.0015
0.0013
0.0011

Ou00LT .

0.0010
C.0010

uuy

“«0.0000
=-0.0000

HUY

0.0002
”0.9001
~-0.0002
-Q.,0005
-0.0008
-0.0012
-0.0018
~0.0024
-0.0034
~0.004%4
-0.0056
-0.0064
—000074
~0.,0085
”000100
—~0.0109

C =0.0113

~0.0006
-0.0078
~0,0059
-0-0041
“9»932?
=0.0014

—6-0012‘

~0.0009
~0. 0007
-(. 0005
”QCQOOS

uuy - UvyY
0.0000
0.0000
0.0000

0.0000
0.0000
0, 0000

uuy LAY

0L.0000-0L.0000
~.00N0 0.0001
-.0000 0,0001
“tOOOO OQQOOI
0.0000 0.0000
0.0001 0.0000
0.0002 -.0001
0.0003 -,0001
0.0005% ~.0003
0.0008 -.0004
0.00LL -.0005
0. 0014 -.0007
D.0016 —-.0008
0.00L7 ~.0009
0.0019 -.0009
¢.0019 ~,0009
0.0017 -.0008

0.0016 —-.0008
0.0013 -.0007
0.0010 -.0005
0.0007 —-.0004
0.000% -, 0003
0.0003 ~.0002
0.6002 -.0001
0.0002 ~.0001
0.0001 =.0001
0.0001 ~.0N01
0.0001 —-.0001

VAR

0.0000
0.3200
0. 0000

Vvy
-oGﬁQO
-.0001
“00001
-.0001
~. 0001
“50001
-, 0000
0.0000
0.0001
0,000
n. o002
0. 0003
0.0003
0.0003
0. 0003
0, 0003
0.0003
0.0003
0.0003
0. 0002
o.0002
0.0001
0.0001
0.0001
0.0001
G.0001)
0. 0007
(. 0000



I¥

115
116
117
118
119
120
121
iz2
123
124

iX
Iy

a2
83
&4
85
86
87
213]
89
20
51
G2
g3
- G4
a5
g6
97
98
59
100
101
102

Y

10.39
1059
10.79
19.99
11.19
11.39
11.59
11.79
11.99
12,19

. 703 X=

Y

3.79
3.99
4519
ﬁv3g
4559
4,79
4099
5.19
5.39
5.59
50 ?9
5.99
6. 19
“6.39
6459
baT9
699
.{. 19
7.39
7.59
179

GAMMA

0.,0226
0.0143
0.0090
00064
0.0041
0.0031
0.0022
10,0012
0.0004
0.0001

75.86CM
GAMMA

0.9858
0.9912
0.9941
0.9958
0.9970
0.9279
0.9%83
0.9%88
0.9992
0.9993
09G4
0.9997
1. 0000
1.0000
1.0000
0.9982
0.9955
098320
D.98592
0.,9190
J.8621

u

1.1984
1.1990
1.1996
1.1999
1.2002
1.2002
1.2001
1.2002
1.2004
1.2005

9

0.0011

D.0318

0.0582
0.0773
N.1112
0.1471.
01856
0.2311

0.2758

0.3258

043760

0.4365
04548
0.5519
0.6088
0.6681
0.7271
0.7882
0.8479
0.9020
0.9536

Y

“»Oaﬁs
~.0291
—-. 0282
=0D271
~. 0262
“06251
“90240

~0Z228

“ﬁGZEB
- 0209

v

G.0396
0.0297
0.0232
0.0169
0.0112
0.0089
0.0008
- 0040
-.0001
_-0139
—-3182
-00228
-~ 269
=«030%
~a0331
“:9351
"e0356
“nOB&B
-!9363
“-0359
=~ 0356

)

0. 0007
0.0005
(.0004%
0.00073
0.0003
0.0002
n.0002
0. 0002
0.0602

0.,0002

uy

0.0142
0.0182

D.0216°

O-O?@q
0.0280
0.0314
00349
0.0391
0.0434
0.0478
0.0%523
0.0568
0.0608
0.0643
0.0673
0. 0689
0.068%
0.0670
0.0636
0.0553
0.0494

Uy

~. 0001
-« 0000
-.0000
0. 0000
0.0000
3.0000
0.0000
0.0000
0,.0000
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0.0025 -.0007
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0.0020 ~,0007
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0.001L7 -.00086
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0.9823
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0.0114%
0.0111
1.0108
0.0105
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APPENDIX 2

DESCRIPTION OF DISK FILES

Disk files bave been created on the Ames IBM 360/67 computer fo store both the raw
data (file name HWDATA, RAW) and the processed data (file name HWDATA, PROCSD)
in the same format as stored on the punched cards.

- Users may access these data sets by use of the command SHARE, i.e.,

SHARE HWDATA, RAW, FSALEQ, HWDATA, RAW
SHARE HWDATA, PROCSD, FSALEO, HWDATA.PROCSD

The cornmand SHARE needs fo be issued only once for a given daia set,

A simple example shows how fo access the processed data for<u>.

Example:

An intermediate step in the production of the 3-D plot of <u> was fo create a disk file
containing that velocity component alone. The following shows how the deck should
be arranged for a 400 second normal priority batch job that is to be charged o job
order T1234.

LOGON USERID, JOB1, *N400, T1234 JOHN DOE, STOP 7, 6684
ERASE SOURCE. FINDU; FIN FINDU
_ DIMENSION IDATA(17), IU (175, 296), IBRUFF(175)
PROCESSED DATA IS STORED IN THE FOLLOWING ORDER
IX, I¥, IGAMMA, XU, IV, TUU, IOV, IVV, . . v.v , IVVVV
WHERE IX AND 7Y ARE MESH LOCATIONS, IGAMMA IS THE
INTERMITTENCY,JU AND IV ARE THE MEAN VELOCITY
COMPONENTS, ETC. ,ALL SCALED BY A SUITABLE FACTCR
(SEE TABLE 6).
50 CONTINUE
READ (10, 101, END=100) (IDATA(T), I=L, 17, 1)
IX=IDATA(L)
TY=fDATA (2)
(K, IV)=IDATA{) -
GO.TQ 50
100 CONTINUE
101 FORMAT (I3, IX, 13, 2X, 15, IX, 215, 1X, 14, 15, 14, IX,
& 15,314, 1X, 214, I3, 14, 13)
C OUTPUT PARTIAL LISTING OF DATA EVERY 10CM IN X,
WRITE (8, 1)
1 TORMAT (‘1)
DO 150 IY=1,296,1
WRITE (8,201) IY, ([U(IX, 1Y), IX=10, 170, 10}

sReNeReRs NG



150 CONTINUE
201  FORMAT (1X, I3, 2%, 17(15, 2X))
C CREATE DISK FILE.
DO 300 1Y=1,296,1
DO 250 %=1, 175, 1
TBUFF(IX)=IU(IX, TY)
250 CONTINUE
WRITE (20) IBUFF
300 CONTINUE
END FILE 20
STOP
END
ERASE SOURCE, FINDU
DDEF DDNAME=FT107001, DSORG=VS, DSNAME=HWDATA, PROCSD
DDEF DDNAME=FT20F001, D SORG=VS, DSNAME=U
CALL FINDU
PRINT DSNAME=U, PRTSP=EDIT, ERASE=Y
LOGOFF

The above disk file was then used to create the three-dimensional plot shown in Figure
9. The following program illustrates how fc obtain the above mentioned plot ona
Tektronix 4014-1 {ferminal:

AMES DISSPLA

JBLB TEXLIB1

JBLB SYSULIB.

FIN PLOTU,Y

DDEF FT20F001, VS, T
CALL PLOTU

where PLOTU is the simple program:

. DIMENSION IBUFF(175), U{175, 296), IWORK{1000)
C INPUT DATA FROM DISK FILE,
DO 600 1Y=1,296,1
READ (20) IBUFF
DO 600 IX=1,175,1
C TEST FOR NO-DATA CONDITION.
1P (IBUFF(IX). EQ. 99999) IBUFF(IX)=0
C SCALE DATA---SEE TABLE 6,
U(IX, IY)=IBUFF(IX)/10000. 0
600 CONTINUE
C INITIALIZE DISSPLA---DEFINE PLOTTING DEVICE
CALL TEKTRN (120)
CALL BGNPL (1)
C REQUEST INTEGER STEP LABELS ON AXES



CALL INTAXS
CALL TITL3D ('X-COMPONENT OF VELOCITY',23, 8. 0, 10, 5)
C DEFINE OBSERVER VIEWPOINT.
CALL VUABS (-700,0, -100. 0, 1000. 0)
C DEFINE WORKBOX---DRAW FRAME ROUND WORKBOX.
C DRAW AND LABEL AXES
CALL AXES3D (X', 2,'i¥',2,'U%, 1,174,0,59.0,100.0)
CALL GRAF3D (1.0, 20.0,175.0, 1,0, 100.0,296.0,0.0,0.2, 1. 4)
CALL BOX3D

C DRAW SURFACE DEFINED BY MATRIX U.
CALI, SURMAT (11 4,175 205, 206, TWORK)

MAT (U, 4,175,2
CALIL ENDPL (-1)

STOP

END

- All the subroutines referred to in the above program are (features of the DISSPLA
(Display Integrated Sofiware System and Plotting LAnguage) graphics goftware package.



