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WIND-TUNNEL TESTS OF AN NACA 23021 AIRFOIL EQUrPPED WITH
A SLOTTED EXTENSIBLE AND A PLAIN EXTENSIBLE FLAP

3y Thomas A, Harris and Robert S. Swanson
- SUMMARY

An investigation has been made in the. FACA 7- by lo-
foot wind tunnel of a large—-chord HACA 23021 airfoil
equipped with two arrangements of a completely extended
l5-percent-chord extensidble flap. One of the flaps had a
faired juncture, without a gap; the other was provided
wlith a slot between the trailing edge of the airfoll and
the nose of the flap. Complete aesrodynamic section char-
acteristics are presented for the various flap deflsesctions
for bYoth flap arrangements in the complstely extended po—"' _
sition. Tee o

. Tahe results showed that the vasic airfoil gave ths
lowest profile~drag coefficients over the low 1lift range,
the airfoil with the plain extensivle flap zave the lowest
profile-drag coefficients over the moderate 1ift range,
and the airfoil with the slotted extensible flap g£ave the
lowest profile-drag coefficients over the high lift range.
The airfoil with the slotted extensible flap had the samse
maximum lift at a flap deflection of 259 as the airfoil
with the plain extensible flap had at o Tlap deflection
of 60°. The results of comparisons of the alirfoil pitching-
moment coefficients obtained with the two types of flap
are dependent upon the basis chosen for comphrison.

INTRODUCTION
t

The National Advisory Commi%ttee for Aeronautics nns
undertaken an extensive investigation of various wing-
flap combinations %to furnish information applicable to the
aerodynamic design of hizh-1ift devices for 1mproving the
safety and the performance of airplanes. Two characteris—
tics of high-1if%{ devices considered desiradle are nigh
1lift with variable drag for landinpg and aigh 1ift with low


http://www.abbottaerospace.com/technical-library

2 . NACA Technical Noie Yo, 782

drag for take-off znd diritial climb. Other desirable
aerodynamic features are: 0o increase in draog with the
flap neutral; small change in pitching rmoment with flap
deflection; low forces requlred +to aperate the flap;
and frocdom from possible hazard due to icing.

As part of an invostigation o6f a balancecd split
flap, tests have been made of an WACA 27021 cirfoil
equipped witk two arrangements of.s 0,15c choerd cxten-. .
sible flap. The arrangements woere tested only in the
completely cextended condition, One of the extensible
fleps has a slot and is tho compliiely extended Fowler
flap; the other arrangement khas no slot and is somewhat
similax to the new Zap type of flap.

MODEL

The basic airfoil wag dbuils to the NACLA 23021 pro-
file apnd has & chord of 3 fcet and: a span of 7 feot; the
section ordirates are given in reference l. The 18-~ .
perceat—chord flap used was built to the Clark Y profile.
The flap was attached to the airfoll by specilal hinges
permitting & wide variation in the location and the de-
flection of the flap with respect to %he airfoil. A sec~
tion view of the 2irfoll with the slotted extensldble
flap is shown in figure 1, The nose of the flap was lo-
cated 1.5 percent of the airfoil c¢hord below the trailling
edge of the airfoll for all flap déflections. The airfoll
with the plain extensgible rflap is ghown in figure 2. For
this installation the nose point of the flap was located
from the conditions that it be below the trailling edge
of the airfoil and thaet tahec upper Surface of thoe flap beo
approximately targent to the exitended upper surface of
the airfoil. 'The airfoil-flap junction was sealecd and -~
smoothly faired with modeling clay on both upper and lower
surfaces. The flap deflections for both arrangencnts
werc measured with respect to the airfoil chord linec.

TESTS AND RESTULTE

The models werc mounted "in theo.closed test section
of tihc NACA 7- by 10-foo% wind tundel -(refercnce 2) so
that tlhey completely spanned the Jét except for small
clsarances at cach ‘end, The noin airfoll was rigidly
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attached to the balance frams by torgue tubes, which ex~-
tended through the upper and the lower dcundaries of the
tunnel. Tre angle of attack of the modzsl was set from
outside %he tunnel by rotating tho torgue tubes with a
calibrated drive. Since approximately twoe-dinenslonal
flow is obtoined with this type of installation, the soc-
tion chnracieristics of the nodel under test con be de-
torminede ' '

All the teste were made at a dynamic pressure of
16.37 pounds per square foot, which-corresponds to a ve-
locity of about 80 miles per hour under stahdard atnos-—
pheric conditions and to ar aTerage test Reynolds number
of about 2,130,000, 3Becaurse of thne wind-tunael furdu-—
lence, the affective Reynclds number was appraximately
3,500,000, TFor all tests, the Reynolds nucber is dasced
on the chord of the airfioil witk the flap retr~cited and
on o turbuleace factor of 1.6 for the tmunzncl. For each
arrengenent of wing and flap, tests were mads through an
angle—of-attack range fron -6° to the stall.

The test results are gilven in standard sectioan non-—
dineasional coefficicent form corrscted as explained in
referencc 2.

cy scction 1lift coefficient (i/gc)

cd, scction profile-drag coefficieat (dg/qe)

scction pitching—moment coefficient zbout the
aorodyunanic center of the plain airfoil

<m(a.c.)0>

qc?®

1 saetion lift

a4 section profile drag.
a.ca) section pitciaing noment
L e L) o -
st 1l rz
dynanic pressure (Epvﬂ)
c caord of basic airfoil with flap retracted
and
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Qg arngle of attack for infinite aspoct ratio

8¢ flap defléction with respsct to alrfoil chord
line

Tho various meastrenents nade in the tests are be-—
lieved to be accurate within the following liniss:

- - - %0.0006

e e e e = = =~ %0.10 : -
Q',o +0.1 cd'O(Cl;‘ioO)

*0.C02

3

clr:::.x 2. O)

c - - - - %0, B mim = = = o= = = £0,3°
8 (a.e.), C.003 £

Ca - - = = = #0.0003 Flap_position - — ~ £0,002¢

o corrections have becn applied to the data for the
flap hinge fittings. The relastive rerits of the various
arrangenents are probably inappreciably affected because e
the same hinge-fittings were used throughont thae tests. -

The results of the tests are presented as aerodynanic
scctlion characteristics in Ffiguresd to 6.

DISCUSSIOI

I% shouwld be rencmbered thot the flaps werse tested
only in the completely cxtended condition, Extending the
flap for either flap arrangencnt incrcascd the wing chord,
and, sincce the 1lift coefficients arc bagsod on the wing
chord with the flap retracted, the slope of the 1lift curve
and the nmaxinun 1llft coefficlent were consideradbly incrcasod,
(Sec figs., 3 and 4,) A conparison o6f the slopes of tho
1ift curves gilven 1n figures 3 and 4 shows that for flap
deflcctions less than 25° the slopses are greater for the
airfoil with the slotted extensible flap than for the air-
foil with the plain extensible flap; probadbly because the
slotted extensible flap is unstallsd for the low deflec-
tions. Por deflections greater than 25°, the slopes of
the 1ift curvaes are about the same for both airfoil~flap
arrangements, In general, thorc is less change in the -
angle of attack for maximum 1lift with changes in flap do-~
flectlon for the slotted eoxtonsidble flap arrangomsnt than .
for the plain cxtensible flap arrangemént. - e
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The plain extensible flap must. tel deflected approxi-
mately twice as much as the slotted extensiblie flap to
give tie same maximum 1ift. coefficient. As' shown in fig-
ure 5, this fact is $true for only slotted extensible flap
deflections less-than 25°, bui, since almost the same max-
imum 1lift coefficient is obtained for a. 35° deflection of
the slotted extensible flap As for a:60° deflection of the
plain extensible flap, there would be no-need to use
higher slotted extensible flap deflections: for take-off. -
Increased drag may be desired, however, for landing and
higher flap dcflections may be used for the landlng con-
dition.

A comparison of the optimum arrangements of the two
types of flap, from considerations of low profile drag at
a given 11ft coefficient, is made in figure 6., This fig-
ure shows that the tasic airfoil haes the lowest profile
drag for 1lift coefficienis less than 0.8. For 1ift coef-
ficlients between 0.8 and 1.4, the alrfoil with the plain
extensible flap deflected.lO0® has the lowest profile drage.
It should be noted that the airfoil with the plain exten-
gsible flap deflected Q0° might have had somewhat lower
profile-~drag characteristics if 1% had becn possidble o
falr the lower surface to a better profile. For 1lifst
coefficients greater than 1.4, the sirfoll with the slot-
ted extensibdle flap has the lower profile drag, providsd
1t is not deflected more than 25°.

A comparison of the pitching-momoat coefficients
corresponding to the eanvelope polars of figure 6 shows
that the airfoil wit: the plair extensible flzp has lower
pitching-moment .coefficients than the airfoil with the
slotted extensible £lam. It should be remembered, how~
ever, that this comparison is made solely on the basis of
low proifile drag for take-~-off and no account is taken of
the added safety factor afforded by the slotted extensible
flap, which would be operating at & lower perconuage of
tae maximum 1ift coefficient. _ S

The pitching-moment coefficients of the two arrange-—
ments may also be compared at such flap deflections that
cack arrangement has the same maximum L1ift cocfficient,
and therefore the take-off 1lift coefficient will be tnp
same percentage of the maximun 1lif%t coefficient for each
wing~flap arrangencnt, In this case the sloitod extén~—
sible flap has tho lower pitching-nocment coefficients.
Probably an even more critical criterion for a comparison
of pitching~noment coefficients is the landing conditiomn.
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For this condition, however, both flaps would probably

be deflecited full downward and thd would have very nearly
equal pitching-monent cocfficients. ther effecectsg, such
as stability and bolance chonges duo to power, the span
of the flaps, the characteristics of tite tail, nnd, in
general, all of the other factors conneccted with the irn-
dividual design of c¢ach airplane, would have toc be con-
gsidered in nmcoking a valid conparison of the pitching-
nonent cocfficients obtainod with different wing-flap
combinaotions,

COJICLUDING REMARKS

The basic airfoil gave the lowest profile<drag coef~
ficleats over the low 1ift =rarge, the airfoill with tae
plain extensible flap gave the lowest profllc-drag coof-
ficionts over the moderate 1ift rarnge, and the airfoll .
with the slotted cxtensible flap gave tho lowest profile—~
drag cocfficients over the high 1ift range. The ecirfoil
with the slotted extenslble flap had the same nmaxipun 1ift
at—o flap deflection of 25° asg the' airfoil with the plain
extensible flap had at a flap deflection of 60°, The re-~
cults of comparisons of the airfoil pltching-nonent coef= -
ficicnts obtained witkh the two types of flap are dopemndent
upon ‘the bosis choson for comparison. ' ‘

Langley Memorial Aeronautical Laboratory,
Tatlonal Advisory Conmittec for Acronautics,
Langley Field, Va., Octobar 1, 1940.
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Ohord line

Figs. 1,8.

Figure 1.~ 8eotion of NACA 33021 airfoll
with & 0.15c slotted extensible

flap (Olark Y section).
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Figure 3.~ Beotion of NACA 3Z031 airfoil
with 0.15¢0 plain extaansible
flap (Olark Y section).
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