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WIAD-TUNEEL INVESTIGATION OF THE LIFT CHARACTERISTICS
OF AN NACA 27-212 AIRFOIL EQUiPPED WITH TWO TYPES OF FLAP

By Robert S. Swanson and Marvin J, Schuldenfreil
SUMMARY -

in investigation has been made in the TACA 7= by 10«
foot wind tunnel of a large chard NACA 27-212 airfoil o
with a 20-percent-chord split flap and with two arrange=-
ments of a 25.66~percent~chord slotted flap to determine
the section 1ift characteristics -ag affectcd by flap de-
flection for the split flap and as affected by flap de~
flection, flap position, and slot shape for the slotted
flap, For the two arrangeménts of the slotted flap, the
flap positions for maximum section 1lift are given, Com=-
parable data on the NACA 23012 alrf011 equipped with sim-
ilar flaps are also given,

On the basis of maximum secticn 1ift. coefficient,
the slotted flap with an easy slot entry was slightly
better than either the split flap or the slotted flap
with a sharp slot entry. With both types of flap the de-
erease in the angle of attack, for maximum section Lliftd
coefficicnt, with flap deflection is large for the NACA
27-212 airfoil as compared with the NACA 23012 airfoil,
Also with both flaps, the maximum section 1ift coefficient
obtained with flaps is much lower for the NACA 27-212 air-
foil than for the NACA 23012 airfoil.

INTRODUGTION

The National Advisory Committece for Aeronautics has
-been conducting an cxtoensive investigation of wing-flap
combinations to furnish dnformation applicable to the
acrodynanic and the structural design of high-1ift. devices
~for . improving the safety and the performance of airplanes,
. For take-off and initial climdb a wing-flap combination
..capablc of prqducing moderately high 1ift with low drag
is desirable, dbut for landing a device prdducing high 1ift
with o variable drag is probably preferable, Other im=~
‘portant features are: no increase in drag with the flap
neutral; small change in pitching moment with flap deflec~



tlon, low operatlon forces, and freedom from p0331b1e ic=
ing hagzards. :

‘The investigation up.to -the present time has been on
conventional airfoils of various thicknesses from 12 to
30 percent. (See references 1 to 6.,) From these tests it
was found that for a moderately thick airfoil very little
improvement in the wing~flap combination was obtained if
the split-flap chord. was grecater than 20 percent (refer-
ence 1) and the slotted- -flap chord was greater than 25 per-
cent (refercnces 2 to B).

Although the split flap cannot meet some of the re-
gquirements, its simplicity makes it one of the most widely
used types of flap. The slotted flaps are apparently cap-
able of meeting more of the specifications than any other
type of flap tested by the WACA. :

The present paper gives the results of an investiga=-
tion of the lift characteristics of a laminar-flow airfoil
(¥ACA 27-212), equipped with a 20-perccnt-chord split flap
and with two arranbemontv~ f.a 2b.66~percent=chord slottcd
flaps-

MODELS
Plain‘Airfoil

Thb basic alrf01l was bullt of laminated mahogany to
the NACA 27-212 profile and has a chord of 3 feet and a
span of 7 fect; the ordinates for the section are given in
table I. The trailing-cdge portion of the airfoil is
easily removable so that the model can be quickly altered
for tests of various flap arrangements.

Alrf01l wzth Spllt Flap

,mne simple split flap used was a ?0~percent chord
flap built of straight plywood and did not conform to the
airfoil profile., The flap was arranged for setting at de-
flections from 00 to 759 in 15° increments. The flap dew
flection 8¢ is measured along the arc between the trail-
ing edge of the airfoil and the tralllng edge of the flap,
as:shown in figure 1, : “



Slotted~Flap Arrangements and Slot Shapes

The flap and the. slot shapes were built of laminated
mahogany. The slotted floap used in the present investigo-
tion was made comparable with flap 1 of reference 2 and
had o 25.66=percent chord. The flap is designated flap 1,
and the ordinates are given in table II.

The slot shapes were made comparable with the slot

- shopes of reference 4. The shorp-entry slot is designated
shape .o and the easy-entry slot, shape b (fige 2). The
picces forming the slot shapes werc bolted to the main
airfoil in place of the plain trailing cdge, and the flaops
were mountced on the airfoil by mcans of special hinges
that permitted a wide veriation in the location of the
,flap with rcspcect to the slot lip.

TESTS n i

The models were mounted in the closed test section
of the NWACA 7- by 10-foot wind tunnecl (reforcnces 2 and 7)
so thet they completely spanned the jet cxcept for small
clearances at cach cende. The main alrfoil was rigidly at-
tached to the balance frame by torgue tubes, which extonded
through tho upper and the lower boundarics of the tuancl,
The angle of attack of the model was set from outside the
tunnel by rotating the torque tubes with a calibrated
drive. Since approximately two~dimensional flow is ob=-
tained with this type of installation, the section char-
acteristics of the model under test can be determined,

All of the tests, except those performed to detecrmine
the cffect of scale, werc made at a dynamic pressurc of
16.37 pounds per squarc foot, which corresponds to a ve-
locity of about 80 miles per hour under standard atmose—
pheric conditions and to an average test Reynolds numbder
of about 2,190,000, Because of the wind-tunncl turdbulence,
the oeffective Reynolds number was approximately 3,500,000,
For all tests the Reynolds number is Dbased on the chord of
the airfoil with the flap retracted and on a turbulence
factor of 1,6 for thé: tunnel,

Plain Airfoil

The 1ift of the plain airfoil was measured over the
complete angle~of-attack range from ~6° to the stall,



Tests were also made to determine the effect of scale on .
the maximum 1ift coefficient over the range available in ’
the WACA 7~ by 1l0-foot wind tunnel,

Airfoil with Split Flap

The airfoil with the split flap was tested at flap
deflections from 0° to 750 in 15° increments. As in tests
of the plain airfoil, the 1ift was measurcd over thc com-
plete angle-of-attack range from ~6° to the stall. .The
effcct of scale on maximum 1ift cocofficicnt was determinecd
for the 600 flap deflecction. :

Airfoil with Slottcd Flaps .

The airfoil with the slotted flap was tesied with
both slot shapes over a large range of flap positions at
deflections from 0° to 60° in 10° increments. The 1lift
was measured throughout the complete angle-of-attack range
from =6° to the stall for all low flap deflections and at
selected optimum points for high flap deflections. Tests
were made to determine the effect of scale on the maximum
1ift cocfficient for the slotted flap with the casy catry
(slot 1~b) whon deflected 40° and located at the optlmum
.position for maximum 1lift,

RESULTS AND DISCUSSION

The test results arc given in standard section nondi-
mensional coefficient form corrected as explained in ref-
ecrence 2.

ey scction 1ift coefficiecnt: (1/qec)
whoere

1 scetion 1ift
q dynamic pressurc (1/2 pV?)

c chord of basic airfoil w1fh flap fully re=- .
tracted,

and T ; - -



By angle of attack for infinite aspect ratio

o]

S¢ flap deflection

The various measurements made in the tests are be=
lieved to be accurate within the following limits?

o T L R +0.,03
max

Qg = = = = = = = = = = =« = = :tO.1°

6f T T T A -1 I~

Flap position =.= = = = = w = 0,001 ¢

Plain Airfoil

The scction 1ift characteristics of the plain NACA
27-212 alrfoil from the tests in the turbulent 7- by 10~
foot tunncl are given in figure 3. The scction 1ift char-
acteristics of a plain airfoil when determined in the morec
turbulent variable~donsity itunnel (refercnce 8) showed a
maximum 1ift coefficient of about 0.2 less than that ob=-
tained in the 7- by 10~foot wind tunnel at the same cffoc-~
tive Reynolds number. The angle of attack for a given
1ift coefficient is approximately 1/2O less for the model
of the NAGA 27-212 airfoil installed in the variable—deansity
tunnel and tested under three-dimensional flow conditions
but ‘corrected to two-dimensional flow conditions. .

Airfoil with Split Flap

The section 1ift characteristics of the alrfoil
cquipped with a split flap are given for cach flap deflecc-
tion in figure 4. Tho maxinum section 1ift coofficient
detormined in the variable-density tunncl (reference 8)
for an NACA 27-212 airfoil with o split flap deflected 60°
was -gbout 0417 less than that obtained in the 7- by 10~ foot
wind tunncl at the .same effective Reynolds number. The
angle. of attack for a givenm lift coofficient is approxi-
mately 1° less for the modél tested in the varioble~density
tunncl.

.The decrcase in the angle of attack, for the: mlemuﬁ
scctlon lift coefficicnt, with flap deflection is large
comparcd with that of the NACA 23012 airfoil (refcrence 1)



and nay be of importance in the casce of stalling with
partisl-gpan flaps.

Airfoill with Slotted Flap 7

Determination of optimum positions for maxinun 1ift.-
The data prosented in this section are the results of the
maxinum=-1ift investigation of both slot shapes in which the
flap, at a given deflection, was located at various points
over a considerable area with respect to the slot 1lip of
the main airfoil, The data are presented as contours of
the position of the nose point of the flap relative to the
slot lip for a given 1lift coefficient. The nose point of
the flap is defined as the point of tangency of a line
drawn perpcndicular to the airfoil chord and tangent to
the lecading-cdge arc of the flap when neutral, as shown in
figure 2.

- Tho complete maximum-1ift data for slotted flaps l-a
and 1-b decflceted 109, 200, 309, 400, 50O, and 600 are
given in figurcs B and 6. An inspecction of these figurecs
shows that the contours closed only for the 400 flap de-
flection for flap l-a {sharp entry) and for the 20°, 400,
and 600 flap deflections for flap 1~b (casy cntry). For
the small deflcetions, the position for maximum 1ift coefw-
ficicnt is not very critical and only a sufficicent number
of positions were taoken to cover -any practical path along
which the flap is likcly to be operated. As for the split
flap, thc decrease in angle of attack for maximum section
1ift cocefficient with flap deflection is large compared
with that of the NACA 23012 alrf011.

It may also hc notod that thv ‘optimum gap between the
airfoil and the flap tends, in general, to decrcase as the
flap doeflcection increascs.

From these contours, it should be possible for the
designer to choose¢ the best path for the flap to follow
from o consideration of maximum 1ift coefficient alone..
If, because of structural considerations, it is impossibdle
to use the best aerodynamic path, the loss caused by using
a compromise path can be readily evaluated.

Section 1lift characteristics of selected optimum
arrangemnents.= The sectlon 1ift characteristics of secleccted
optimum arrangcments of slotted flaps l-a and 1l=Db are given




in figures 7 and 8. The optimum arrangements-were chosen
from considerations of maximum lift coefficient. alone.
Additional data are.included for arrangements that are
aerodynamically less desirable in.order to allow for devi-
ations in the flap path to simplify the construction., A
table included in each figure shows the nose position of
the flap for the various déeflections, and these positions
are plotted on the diagram. The path hercinafter referrcd
to as the "sclected optimum path" is shown by the broken
line through the points and is an assumed compromise be=
tween acrodynamic and structural considerations. The 1ift
~characteristics shown in-these figures are typicalj com-.
plete data for other positions of the various flaps at the
several flap deflectlons are avallable upon request. o

A comparlson of thc two slotted~flap arrangements and
the split flap, as lift-increasing devices on an NACA
27-212 airfoil, is shown in figure.9, where increments of
maximum 1ift coefficients with respect to the plain air-
foil are plotted against flap deflection.. The slotted
flaps are moved along the selected optimum path.. Note
that there is only a small gain in the maximum 1ift coef=
flclent w1th deflections greater than 400

Although slotted lap l-b is the better flap for all
flap deflections, the split flap is -almost as satisfactory
as a lift-increasing device and is mechanically simpler to
construct and operate. For this reason the split flap
seems to be the best compromise from the standpoint of
structural and of lift-increasing considerations.

Bffect of Scale on the Maximum Lift Coefficient

The effect of scale on the maximum 1ift coefficient of
the plain airfoil, of the airfoil with split flap deflected
600, and of the airfoil with slotted flap l=b located at
its optimum position for 40° deflection is shown in figure
10 along with some results from the variable-density tunnecl
(reference 8). The differcnce between the results of the
two tunnels at the same effective Reynolds number is unex-
plained but has been previously noted for other airfoils,

Ingpection of the curves shows that the increment
of maximum secction 1lift coefficient is not constant with
the effcctive Reynolds number but decreases slightly as
the Reynolds number increascs. The break in the curve
for the plain airfoil at the effective Reynolds number



2,630,000 is apparently due to a change in air flow in
the maximum 1ift region, which allows the airfoil to go
to a higher angle of attack without stalllng at the
hléher Paynolds numbers.,

Comnarlson with the’ NACA 23012 Alrf01l

Filgure 11 shows that a much higher maximum section
lift COCfIWClunt is obtainable with the NACA 23012 air-’
-foil (refercnces 1 and 2) cquipped with split and slotted
fiaps %Than with the NACA 27~212 airfoil equipped with sim~-
-ilar flaps., It must be remembered, however, that the max-
imum 1ift is but one of the scveral factors involved in
the final selecction of an airfoil for a given airplanec.

'COﬁCLUDING‘REMARKS . -

On tho basis of mawlmum sectlon 1ift coefficient,
the slotted flap with an casy slot entry was 5lightly.
better than cither the split flap or the slotted flap
with a sharp slot eatry. For both types of flap the de-
creasc in angle of dttack for maximum scetion 1lift with
flap deflection is large on the NACA 27-212 airfoil as
comparcd with the NACA 23012 airfoil, In addition, the
maximum scction 1lift obtained with flaps on the NACA
27-212 airfoill 'is much lower than that obtained with
flaps on the NACA 23012 airfoil,

Langley Numorlal Aeronautical Laboratory,
' National Advisory Committee for Aeronautlcs,
: Lannlev Fleld Va.-
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(Stations

Ordinates for NACA 27-212 Airfoil
and ordinates in percent of airfoil cho

o

MABLE 1

SN

i e RIS

Station | Upper surface| Lower surface
0 0 0
1025 1.4:5 —l.lO
2.5 2002 "‘1-51
5.0 2-86 "2.05
7eb - 3,50 ~2.42

10 4,01 -2.72
15 4,85 -3.21
20 5,50 ~3.58
25 6,02 -3.88
30 6,47 -4,12
35 6.82 -4,32
40 7.08 -4, 47
45 7o 24 ~4 0 B7
50 7.35 -4,61
55 7.35 -4, 64
60 7.26 -4,60
65 7.04 -4, 47
70 6,72 -4,25
75 6.20 ~-3.98
80 5.48 ~3.58
85 4.39 -2,83
20 %.00 ~-1,94
95 1.46 - .95
97.5 .70 ~ +45
100 .08 - .08
L.B. radius: 0.70. Blope of radius

through end of chord: 0.12.

rd)

e, :‘(

10



11
TABLE 1I1I

Ordinates for Slotted Flap 1
(Stations and ordinates in percent of airfoil chord)

Station Upper surface . Lowar surface
0 ~-1l.24 ~1l.24
« 67 .76 , ~2.. 50
1039 1079 "’3.06
2.78 3.01 «3.58
4417 3.83 ~3., 64
5. 67 4,44 ~3.52
6495 4.76 ~3439
Be 33 4.82 ~3.22
10.86% 4.39 -2,.83
15,67 3.00 ~1.94
20,67 1.46 - .95
23,17 .70 - 45
25.66 .08 - .08

Center of L.E,., arc

8.92 "l.g‘l'




MACA

Fig, 1,2

Figure 1.- Section of NACA 27-212 airfoil with

split flap.
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Figure 2.- Sections of NACA 27-212 airfoil with
two arrangements of slotted flap 1.
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Figure 3.~ Section 1ift characteristiocs of the NACA 37-213 plain airfoil.
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HACH Fig. 5 a,b
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HaCA Fig. 5 ¢c,d
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Fig. 6 a,b
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