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T t: By use of sur;‘ ace- pres ,igdlstr 'butlons force and
'»ents and ﬂow photographs the effects of variables such as thickness,



- o 1. C g (E)
ectlon normal-force coeff1c1en Jo plower \C).

thickness distribution, leading-edge radius, and camber may be studied independ
With the current interest in advanced transports and V/STOL configurations, the ; o 'p Lp
for this type of information from low subsonic to sonic speeds are evident. From 'pressure coefflc]_ent -;—q—-

late 1950's to 1970 the only two-dimensional airfoil research conducted at Lang I
Research Center was the recent work on tlie supercritical wing section (refs. 1
the Langley 8-foot transonic pressure tunnel. During this time period the smal
dimensional transonic tunnels which existed were dismantled or destroyed.

—VSQ-C,P{Ipper d(zé)

Lot w;idth (see" fig. 4(c)), em (in)-
erage test-section Mach number (average of M; from station -5.1 cm
To provide the capability for test'ing small two-dimensional models at tran to 5.1 cm (-2.0 in. to 2.0 in.)) :
speeds, a design was begun in late 1968 to modify the existing 22-inch transoni ' ' s
(a three-dimensional fac111ty) to a 6- by 19- inch two—d1mens1ona1 tunnel using :
of the ex1st1ng hardware as pos bl Th1s modlflcatlon was ompleted in 197 )
tme testmg 1n the fac111ty began early m 197 1. This fac111ty, de31g ‘ated as the
6~ by 19- 1nch transonlc tunnel isa two- d1mens1ona1 slotted-wall vertlcal w
operatmg on chrect blowdown from a tank farm of dry, compressed alr. , :
conﬁguratlon thls wind tunnel 1s capable of operatlon at Mach numbers from
about 1 1 ‘For th1s Mach number range the Reynolds number based on a 10 2
(4.0-in. ) model chord varles from about 1 5 X 106 to 3 O >< 106

1 Mach number L

-chamber Mach number
.am static pressure (c‘omputedfrom M and pt>
static pressure

fstagnation preSSure , kN/m2 (lb /in2)

o ' dynamic pressure (computed from M and D), KN/ m2 (Ib/ in2)
of attack up to 10 are. presented in the form of typlcal sur;face 11 f w phot e ' IR ~
schlieren flow photographs integrated normal-force and pitching-moment co
and local surface-pressure distributions. The data for the NACA 0012 se
pared with results from other transonic fac111t1es. Some- effects of slotted-w
area ratio and wake survey rake (blockage) are also dlscussed

S

SYMBoLsf :

ds number based on model chord
temperature, K (°R)

«dmal and vertical distances on airfoil and tunnel axes (origin at leading
ge of chord line for airfoil or at center of Wmdow for tunnel), cm (1n )

Values are glven in both SI and U. S Customary Umts. The measur

attack. dec: .
calculations were made in U.S. Customary Units. attack, deg

T I T tack corrected for lift interference, deg
c airfoil chord, 10.2 cm (4.0 in.) ack; corrected | ’

ratio of *sjiottedwalls
¢ section lift coefficient il il
APPARATUS
Cm section moment coefficient about quarter chord, o
' 4 - : oy , © History of Facihty
e (0 250 - -)d(?i) g (b 950 - 2‘-)&(2‘;) f the Langle
0 Plowert ¢/ \¢e ’ C/ NG b 19-1nch transonlc tunnel (f1g l)isa mod1f1cat1on of the Langley

0 pupper ; o
o unnel (flg 2) which was des1gned in 1933 and became operation



trolled air regulating valve were ‘also added at t

‘ation on dry compressed air. In 1970 the octagonai test section was removed and th
, by 19- 1nch transomc test sectlon 1nsta11ed Thus the present facﬂ_?

a supply of dry compressed alr ]
in flgur‘ - 1:ar :

"lls, are shown in f1gure 4(c)
the 15 2- cm-w1de (6—1n) walls and consi

area ratlos of 0.040, 0 12!

op d*?’bottom slotted walls arefadjust—

airstream.  From this
; of the 24-1nch hlgh speed




or the tests with the NACA 0012 airfoil section installed in the tunnel, model sur-
yressures, schlieren flow photographs, and surface oil flow photographs were

wed.  For the pressure tests, data were recorded at angles of attack from about OO‘
’ "'m 29 increments over the Mach number range from 0.5 to 1. 15 Schheren flow
aphs were obtained only at angles of attack of OO 4O and ii'»O over a Mach number

rom about 0.7 to 1.1,

i Test- Procedure -

DATA ACQUISITION AND REDUCTION

Orifi'c"e"s"‘ ‘whether on the tunnel wall, ‘model, or survey rake, are. eennected to
stram—gage -—type pressure transducers The output of the transducer 1s |
: The data

S f” 111ty can be varled from about 0 5 to 1 15 The drag coefflcle,
15 "d[by means of a wake survey rake, shown in figure 7. About 70
pltot pressure tubes are located on the rake. The survey rake extends about two model
chords above and below the model and ~1s.t,t1¢9c,ated?.1,25 chords downstream of the traili
edge. Schlieren flow photographs are usually obtained in separate tests with the model:
mounted in glass windows so that the entire flow field is visible. The flow-field photo
,;gr~aphs are recorded on 35-mm motion-picture film and frame rates of about 9, 18, and
36 frames per second are ‘available, - A flashing mercury lamp synchronized with the
camera and with an exposure time of about 4 microseconds is used as the light source
- This system is described in detail in reference 6. = Tests are usually made by varying
.the Mach number from about 1.1 to 0.6 continuously and recording the data. ona 30,48~
(100-ft) roll of film. Individual frames or a sequence. of frames (as shown m ref 8) ¢
then be ,lected to. show the des1red ﬂow condltmns. Py

ide the sectlon nermal-—force pltchmg—moment and
the pitot pressure probes on the wake

Tunnel Empty

‘number dlstrlbutlon of ‘the tunnel was determined from measurements

ion pressure and sidewall’ surface pressures The stagnatlon pressure wa ssure transducers W1th a full scale range of 206 kN/ m absolute (30 psm)

ations: of these ‘1nstruments have shewn the1r output to be 11near and repeat-’




nced beyénd'*statianf;zlfﬁ em (3.97 in.) at the supersonic speeds. Because this.
zat-the longit'udinal station at which the. -slots begin to diverge, it.is probably the
of a rapld expansmn through the slots and could be ehmmated by 1ncreasmg the

results for the NACA 0012 alrfoﬂ sectlon cahbratlon

the. flgures follows: . model presented next. An index

M number dlstrlbutmnn{
; Schheren ﬂow photograph

-an increase.

ally obs " My (‘ -
y observed downstream of station 7 cm (3 in.) and is much mgre Uboundary 1ayer



19-inch transonic tunnel with
tack is'as follows:




,ear the trallmg edge of both
xj«gasons for the difference in shock

e: locatlon of boundary—layer
n would also be subject to effects /of differences in

§ only small, mounts: of, sy
how the agreeme

,ncorreeted data show as good or even r agreement;_tfhana the,:acarrected
shows the expected limits of the theoretic srference corrections but still.
swered the corrections for slotted-wall-tunnel data at high lift coefficients
ansonic Mach numbers. It should also be noted that the agreement between

13



1b~etW'een the data and two theoretical

rence effects are included, good agre
tica.l:pre’s‘Sure dfistributions* 1is also shown. =

il el el Gt e ley Research Center,
Comparlson of Results From 6= by 19+= Inch Transoniec o0 i ‘tmnal Aer, 1] Iﬂs and Space Adnumstratmn
s it Tunnel Wlth Theory How ' Hampton ‘Va.; March 16, 1973.
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Alfred A.: Two-Dimensional Wind-Tunnel Tests of an H-34 Main Rotor Airfoil
ection. TREC Tech. Rep. 60-53 (SER-58304), U.S. Army Transportation Res.

ommand (Fort Eustis, Va.), Sept. 1960.
3 R. C.: Test Cases for Numerical Methods in Two-Dimensional Transonic
ws. AGARD Rep No 575 Nov. 1970.
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| TABLE L~ NACA 0012 ORDINATES

[All dimensions are in percent]
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1.25
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5.0
7.5
10.0
15.0
20.0
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140.0
50.0
60.0

0
1.894
2.615
3.555
4.200
4.683
5.345
5.738
5.941
6.002
5.803
5.294
4.563

1.905
2.704
3.633
4.264
4.756
5.409
5.7179
5.975
6.018
5.845
5.356
4.619

1.929
2.709
3.628
4.246
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- Figure 3.- Enclosure around Langley 24-inch
high-speed tunnel. o

Figure 2.- Concluded.
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gure 5.~ Typical operational characte

stics of the 6- by 19-inch
transonic tunnel.

27




SR
S
S
SRR
'\“."" W

i
o

o

Lo
s
S

A e

e

e

o
i

2
Z

o
o
=

i

v

i

o

o
-

5

SR
o

.

n
f%@a

S

e

o
e

S
&

5
e




e
SR
G

i

Figure 8.~ Concluded.

e

S

i
S
A \.:n

e
S
o

&

S
s

«.@g‘%

o

o

n

o

e

abinitasnaan
i i

S
=
S
=

S
e

et
A

s
i
g
e o § 2
- s
e R L
i ‘3"’;"':3‘,;“.2‘







"062°0 =0 "Adwa [auun] ‘[9UUN] JTUOSURI} YOUL-61 q-9 4
Coce=®enmsA@

6 4d gao Sge s

=0 .ﬁm&,m Eczmﬁ,;wgg otuosuey
~1J91 UO UOTINQLIISIP 19

' vouoooj popy

OOOI L4060 @ ada [T P

3




osurI] youl-6

S X S % S
”. : : : S
: : : ; e
2 Sty 3 < i
e

cmzouoawunQQ‘

PUOCIL 00O CAOBS 4




S

K

e

o

e
o

-

o
S

e

P

s

S
R
S

R
B
S %"‘ :

i

A
s

oos
Cae
S

i
i
i
=

-

o

Sl
e

e

a
oy =




41

1c8s

T S P e
I nERam A AN LA AR NN N RL D aaNs TND, i e a s R s oAb Tus sRAR SRS A EUN E SR AAR: @ asaainhs: saasstaanaradasatets IREREREA AR Pt Ta neana

e e s e R E

TR e e e e e Y

pd e S e e R ? ERERNSEES] dEREREREER RSN R LN

ent
rodynamic characterist

i

ic

io on ae

EEEsLEE S s e :

a-rat

force coeff

R L e N P e e e e e e S e e

al

en are

L L ey e e T el e e S e, o0 G
s S e I B TR
L S SR o
Shait et S e R e

(a) Nor
of the NACA 0012 airfoil section.

o

e R nasaniseranaion tosNaaasasseatuanal
SR e T e e e e e e e

frb R G R S b e e e R e R e e R e 2 Rasssaaaazse

R e ! SRR e e L e s e e e ] ERZIAAZITRNL

Figure 16.- Effects of wall op

: Cani G
: %&.w.w 28

G

o SRR Sossriimanand SN S
- ﬁmﬁw«ﬁ@? ﬁ%@ m@ﬁ?&uﬁa‘%ﬁgé S w@%%& & S .‘,w,.”é.“' K,.ﬁfﬁwﬁxfﬁw
SRR e SR % f#‘m: S X SR SR
I A T e S SN e%za.%;e.fwn
R & 2 S RN SR SR

"POPNIOUOY - g eandrg
s9'0 =1 (9

o

S
o
o

.

3 mw? L SU :

S o : 5

e 2 Semi Sk
5

oLy

40



. -2.0 o
v : o 0.040
0 o 0.040 46“8\__“‘“ o 125
=10 50: i o 125 ’ r& LGy sonic ¢ .250
: ¢ 250
| i -1,2 2
’ a,degr
i L10.5 ~°
O o ol i\‘,
a=8.5 | Cp-.4 ;\{s\%
™ I ﬁj i ™ ‘_@h‘é }\
0
85 W
0 ; i 4
2=6.5° Il ]é
cm T l ‘87 I
M=0.56
65 L2
O L ﬁfig
Q "4'.5 ~] e I.Z
.| 4.5 - .
—° R AT A
AT
Siace Hoi C \—“'/\""'Cr“é L:_"{ak—:j&k:é"t_—
0 o> & o P-4 i1 MEAM)QHHﬁT—_—(HHR
i i = % i
2. 0] e
— > _] : ‘Cp,sonic
Y
; bl s i
1,54 .8
M=1.0l
_,14
' .5 .6 7 .8 .9 Il 1,2 25 A .2 .3 .4 .5 .6 7 .8 .9 1.0
M x/c
(b) Pitching-moment coefficient. (@) o=4.5°

Figure 17.- Effects of wall open area ratio on pressure distributions
over the NACA 0012 airfoil section.

Figure 16.- Concluded.

42

43



-28 -
o 0.040
—2.4 R a 125
m & 250
-2.0 g\%
e %‘—"“ N ECp,sonic
el % —
I~
Cp —.8 T
- 3
> gl
-4 %
;\
T
0 }/E e 7 Jos JQ_EL_W’ 1__;3__53 %
4 @/m
/ IM=0.56
.8 é
8? == LNJ\
NS ~3 %
A =
Cp 0 | /T %,sonic /,/g.CjHij}_—c Eﬁ?f\\
P
.4 /ﬁy
8 //3
' §/ M=1.01
1.20. .2 3 4 5 6 s 5 o
X/c
() @ =10.5°.

44

Figure 17.- Concluded.

Figure 18.~ Effects of
of the NACA 0012 airfoil section,

M

Normal-force coefficient.

: O Without rokeld
| O With rake’ ade
-8
jirt
: 6
a
&
=
la 83j
; 60' 38 27
a 4°% i
a=2°" Ll
i 'Q‘
a=0"
5 .8 .9 1.0 I

ake survey rake on aerodynamic characteristics

45




46

o Without rake

G Without rake

O With rake

o With rake
T
e
B -~

.

s
¢
4

T
T
Vs

T
v
s

O~

g

.
4ht

[1]

T Cp,sonic

-6

(b) Pitching-moment coefficient.

Figure 18.- Concluded.

1.0

5
x/c

@ a=4°

Figure 19.- Effects of wake survey rake on pressure distributions over
the NACA 0012 airfoil section.




O Without rake]
0 With rake

 Figure 19.- Concluded.

o
S

e
;}:
S

s

S

S
R

i

a

SR

Vi

e

o s

i
Tty

-

%

A
S

RN







53

"0g 9aIn3rg
W ‘0=

‘pepnouo)d
_ G601 =

W0IT=N oy =0

woom»mvud
mo.ﬂ, =N ,mow =0

o ananas o

e e ;?Am.am@,&d L
S et T

i R

T —
S

SR
R

G

=z

e




O 6-byl9-inch transonic tunnel
o ATA  h
O 4-by19-inch semiOpen}(’ref’io)'

Figure 21.- Comparison of aerodynamic characteristics of the NACA 0012 s 0) Bitching -moment coefficient, .. .

airfoil section obtained in the 6~ by 19-inch transonic tunnel with data
from other facilities.

Figure 21.- Concluded.

55




O 6-byl9-inchTT  M=0.817

o ATA M=0.814

O  B8-byl9-inchTT M'=Q.8!4
.8 ATA ~ M=0.810

o ATA © M=0.915

O 6-byl9-inchTT  M=0.9l2
O ATA : M=0.915

0o 1 2 3 4 5 e 7
' ' f x/c‘, :

2 3. 4 5 6 7 .8 .9
X/c

@ a= 0°.

Figure 22.- Comparison of surface-pressure distributions over the NACA 0012 ai

section obtained in the 6- by 19-inch transonic tunnel with unpublished data fro
the Langley airfoil test apparatus.

b)) a= 29.
Figure 22.- Continued:
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Figure 22.- Continued.

M=0.940
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Figure 22.~ Concluded.
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l Figure 23.- Comparison of corrected and uncorrected normal-force coefficients for
the NACA 0012 airfoil section from the 6~ by 19-inch transonic tunnel with data
from closed-throat tunnels.

61



~1.6
a,deg ac,deg M
o 2.0 1.4 0.623
Py - o 3.0 2.0 623
' a4, —_— 2.0 630 {theory,ref.13)
~
8‘|'£)OOO (\
- L O\El\. ;
: e
4 r ~ 8 )
—. 4 30 :
F ) g 4 & \EH‘ s
: ,

% o 7({“/( P N
S T
ofF

l M=0.62
I
1.2
-1.2
a.,deg M
o) o 079
-.8 0 .720 (theory,ref.13)}
_a 8/8A | @\rﬁ? 1

e, ol -

p \l\g j
4] \
.8

: M=0.72
1.2 :
0 N .2 .3 .4 .5 .6 e .8 .9 1.0
X/c

Figure 24.- Compa?ison of surface-pressure distributions over the NACA 0012
airfoil section from the 6- by 19-inch transonic tunnel with theoretical values

from reference 13.
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