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TECHNICAL NOTE NO. 1077

JET-BOUNDARY AND PLAN-FORM CORRECTIONS FOR
PARTTAL-SPAN MODELS WITH REFLECTION PLANE,
END PLATE, OR NO END PLATE IN A
CLOSED CIRCULAR WIND TUNKEL

By James C. Sivells and Owen J. Deters
SUMMARY

A method 1s presented for determining the jet-boundary
and plan-form corrections necessary for application to
test ‘data for a partial-span model wlth a reflection
vlane, an end nlate, or no end plate in a closed circular
wind tunnel. Examples are worked out for a oartial-span
model with each of the three end conditions in the
Laengley 19-foot pressure tunnel and the corrections are
applied to measured values of 1ift, drag, pitching-
moment, rolling-moment, and yawing-moment coefficlents.

A oomparison of the corrected serodynamic characteristies
for all three end conditions indicates that good agreemsnt
is obtained with flaps neutral st values of 1ift coeffi-
cient below the stall and that somewhat less satisfactory
agreement is obtained in the region of maximum 11ft coef-
ficient or with flaps deflected. Except for the correc-
tions to the rolling-moment coefficient, the jet-boundary
corrections were somewhat smaller for the reflection-
vlane condltion than for either of the other end condi-
tions because the induced upwash angle was the lewest;
also, the plan-form corrections for this end condltion
were considerably smaller because the wing 1ift distri-
bution was the least altered as compsred with.that for

a complete wing. From every consideration, the use of

a reflection plane gave the best results for tests of a
partlal-span model. -

TNTRODUCTION

Because of the demand for greater load-carrying
capacity, the size of bomber and transport alrplanes is
being steadily increased. 1In order to test models of
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these airplanes in exlisting wind tunnels at Reynolds

numbers ‘as large as possible, greater use is being made >
of semispan or vartlel-span models. The use of such

models effsctlvely increases the Reynolds number at

which tests can be made to two or more times the test

Reynolds number for complete-span models. Such models

are used to best advantage to determine the aercdynsmic
characteristics of wings, flaos, lateral-contrel devices,

and duots.

In many orevious tests of partial-span models, wind-
tunnel corrections to the test data have been neglected
entirely. 1In some instances, however, these corrections
may amount to &s much as 20 percent of the uncorrected
valus and therefore severy effort should be made to
determine and avvly the corrections. TDavison and
Posenheed (reference 1) develoved a method for determining
the Jet-boundary corrections to the angle of attack and
arag of semisvan models with a reflection plane in an
oven~jet vircular wind tunnel. Kondo (reference 2) by
a different method also determined these corrections
for open and oslosed circular wlind tunnels. FSwanson and
Toll (reference 3) determined these and several other
corrections for models in & closed rectangulsr wind
tunnel.

The purposse of the presant report 1s to give a
method for determining the jet-boundary and plan-form
corrections to be applied to wind~tunnel data for
nartial-span models with a reflection plene, an end
nlate, or no end plate in & clossd circular wind tunnel.
For the Jet~boundary corrections the methods of refer-
ence 3 are falrly closely followed in many respects
after the basic methods of determining the Jjet=boundary-
induced unwash angle have been established. In order
to determine the jet-boundary-induced upwash angle for
the reflection-clane condition, the method of refer-
ence 1 is revised to apply to a closed circular wind
tunnel and extended so that corrections to rolling and
yawing moments may be obtained. The Jot-boundary-
induced upwash angle for the conditions with an end
plate and no end plate 1s determined by the usual
methods for closed circular wind tunnels. The plan- _
Torm corrections described hereln are those which must
be applied to vartial-~span-wing data in order that the | %
completely corrected data be apnlicable to complete- _ _
span wings.
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The corrections derived herein have besen aphlied to
the data from tests in the Langley 19-foot pressure
tunniel of a partial-span model with each of the three
tyoes of end condlition: reflection plane, end pilatse,
and no end plats. Tncluded for purposes of comparison
are rolling-moment data from tests of a complete-span
nodel of the same alrplane. A comparison of other sero-
dynemic characteristics with those of the complste-span
model is not given bhecause the model configurations were
not comparable.

COEFFICIENTS AND SYMBOLS
The coefficients and symbols used herein are defined

as follows:

c

uncorrected 1lift coefficilent (Measured lift}

red drsagz
gs

c

p  uncorrected drag coefficient <Measu
u

O

uncorrected pltching-moment coefficient

(Feasured pitching moment
qecl

Cy rolling~-~oment coefficlent corrented for asqwmatry
u only

(Méasured rolling moment - (Measured rolling_mom.ent)6 =0 )

a(2s)b -
8 yawlng-moment coefficient corrected for asymmetry
Pu only
<Neasured yewing moment - (Measured yawing momept)5a==oo>
q(28)b

GL 11ft coefficlent; no corrections applied (?r->

Ch drag coefficlient completely corrected /CD + AC ID



(}Cnp) plan-form correction to yawing-moment coeffi-
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Om  Pltching-moment coefficlent corrected for plan
form . (cmu + ACp

C1 corrected rolling-moment coefficilient for semispan

e model with reflectlion plsane

OZ rolling~-moment coefficlent completely corrected

Cn vawlng-moment coefficient—completely corrected
<cnu + AGn>

where

qQ dynamic nressure <%W2>

mass desnsity of alr

v alrspeed

3 model wing area

c! mean aerodynamic chord of couplete wing

b twice model span

ACD complete drag-coefficient correctlion (ACDj + LCD;)

AGDj Jet=boundary correction to drag coefficient

AGDp plan-form correction to drag coefficient

AGmp plan-form correction to pitching-moment coefficlent

AG, complete correction to yawing-moment coefficlent
(Bon), * (ong), = (00), = (o) )

(écnn> plan~form correction to yawing-moment coeffi-

1 clent due to end condition

clent due to asvect ratio, taper ratio, and
ratio of alleron span to wing span
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(ACni> )
@Cni) 5

(40ny)

and

3

vawing-moment-coefficient correction due to
reflection nlane

vyawing-moment-coefficient correction due to
boundary-induced aileron upwash and wing
loading

yawing-moment-coefficient correction due to

boundary-induced wing upwash and alleron
loading '

induced vertical veloclty; positive upward

Induced lateral veloclity; vositive toward
wing tip

circulation

radius of clrcular jet

section 1lift coefficient
section chord
mean geometric cholrd

longltudinal coordinats or comnlex ooordinate
used in transformation - 7

lateral coordinsate

lateral coordinate, fractlon of model span
&
vertlcal coordinste

jet-boundary correction to induced angle of
attack

streamline-~curvature correction to angle of
attack :

plan-form correction to angle of attack
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complete correction to sngle of attack
<Aaj + Aas.c. + Aaq)

angle of attack for infinite sspect ratio
uncorrected angle of attack '
corrected angle of attack (ay + Aaj

Induced angle of attack

section lift-curve slope per radian (57.3a,)

uncorrected lift-curve slope per radian

(57.3ay)
corrected lift-curve slope per radian (57.3a)

de
section lift-curve slope per degree <EEL>
ghals!

d
uncorrected lift-curve slops per degree <§gﬁ9

ac
corrected lift-curve slove per degree ( L

aspect ratio

taper ratlo; ratio of tip chord to—rocot chord

edge-velocity correction factor Semiperimeter)
Span
induced~drag correction factor (reference L)

distance from reference point %o aerodynamic
center - -

factor used to determine x,, ,, ~(reference L)
angle of sweepback of quartsr-thord line

Jjet- bougdary correction to rolling-moment coeffi-
cien

nlan-form correction to rolling-moment coefflcilent

!

X[
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AC, complete correction to rolling-moment coefficient
AG, one-~half rolling-moment-coefficlent correction
r due to reflection plane
Gzﬁ rate of change of rolling-moment coefficlent
C
wlith aileron deflection é—l
564
a
64 glleron deflection
k rate of change of section angle of attack with
da “ '
alileron deflection 2
36,
7
K factor used to determine induced yawing-moment
coefficient (reference 5)
g complex coordinate in transformed plane
n latersal coordinate in transformed plane
vertical coordinate in transformed plane
- ~lh
h semiheight of reflection plane or end plate
d distance of reflectlon plane or end plate from
center line of tunnel ) ’ '
e distence of wing tip from center line
8 spenwise location of trailing vortex
o spanwlse location of trallling vortex in
transformed plane
7 veloclity notential function
¥ stream function
il factor used tc determine lift-curve slope

(reference L)
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R Reynolds number (pve!/u)
i " coefficlent of viscosity
M Mach number (V/Vg)

\r speed of sound in alr
Subscrinta:

i induced

3 jet boundary -

ja] plan form

KA model

2M wing of twlce model svan
W completa wing

e end plate

S8.C. streamline curvature

u qncorrected

All plicking-moment coefficlents, measured or cor-
rected, are about the quarter-chord point of the mean
aerodynamic chord of the complete wing. Corrected
rolling-moment and yawling-moment coefficlents are about
the projection of thls point 1ln the plane of symmetry of
the complete-wing, although these moments were measured
sbout the projection of this point in the pnlane st the
root end of the model parallel to the plane of symmetry.

DERTIVATION OF CORRECTIONS

The corrections to be appllied to data from tests of
partial-spen models are of two types: Jet boundary and
plan form. The Jjet~boundary corrections ars due to the
influence of the tunnel wall on the induced velocltles,
whilch in turn affect the asrodynamic characteristics of
the model. The msain factors contributing to the Jet-
boundary corrections are the shave of the tunnel wall

Y
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and the size of the model relative to the tunnel. The
geometric characteristics of the model also contribute
to the corrections. The vlan-form corrections may be
divided into two parts. The first pert is due to dif-
ferences in the span loading of a complete wing and

that of the model with a reflection plane, end plate, or
no end plate. The second part 1s due to differences in
aspect ratio, taper retio, and the ratio of alleron spean
to wing span if the model span is less than the semispan
of the complste wing.

For the sake of simplicity, not only in deriving
the corrections but also in applying them to data, the
11ft due to flavs i1s not separated herein from the 1lift
of the nlain wing as in reference 3 which derives _
separate corrections for each part of the 1lift. Instead,
the total 1lift is considered and the alteration of ths
span loading due to flaps is neglected. This neglect
introduces a slight error in the results but is believed
to be warrented by the resulting simplification. Several
other corrections are also neglected when the magnitude
of the corrections is within the limlts of eaccurscy of
the measurements. -

The derivation of nearly all of the corrections
begins with the spanwlse 1ift distribution of the wing.
In order to simplify the computations, the 1ift distribu-
tion for a 1ift coafficient of 1.0 is used. The 1lift
distributions used herein were determined by lifting-
line theory. For straight tagered wings, the tables of
additional 1ift L, in reference li are nrobably the .

most readily available source of information for tke
present purpose,.

The distribution of the jet-boundary-induced upwash
eangle along the span must then be determined. This
angle, in radiens, is the ratio of the induced vertical
veloclty to the stream velocity. Tor a particular type
of tunnel, tables may be devised that give the boundary-
induced vertical velocity at any point in the tunnel duse
to a vortex of unit circulation placed at any point in
the tunnel. The model generally is located close to the
horizontal center line of the tumnnsel; consequently, the
induced-vertical-velocity distribution along this center
line only needs to be computed. The 1lift distribution
is broken into several stens and each increment 1s
multiplied by the proper value of induced verticel
velocity per unit clrculation to obtain an increment
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of induced vertical velocity. The summatlon at sach
svsnwlse polnt of these increments due to all the
imege vortices 1s the induced vertical velocity at
theat vwoint.

The 1nduced upwash angle per unit 1lift coefficient
at each point In & circular tunnel is exoressed as

e cCsC
w c wY A
Vo, T or o (1)
UL L

where wr/T' is the induced vertical velocity ver unit
circulation for a tunnel of unlt redius.

Angle of attack.~ The jet-boundary correction to
the induced angle of attack is defined In referoence 1l as

ra, = = /¥ 41
J L4V

but the 1lift I of a partial-span model may be expressed
as

1
b C-LC
L = c~—~ —— ?
q > JF = dy
0
~b
= qc-é.CL -

and

dL = qczcg dy!

After substitution and rearrangement, the induced angle
of atteck is, in radians,

|
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or, in degrees,

1
Aoy = 57.5CI‘JP w_ El; ay!

The correction for streamline curvature must be &added
to the jet-boundary correction to the induced sngle of
attack. The streamline-curvature correction, as used
herein, 1s applied entirely to the angle of attack instead
of nartly to the angle of attack and partly to the 1ift
coefficient as in reference 3. This procedure simplifies
the computations of the data, and any differences in the
rasults obtained by the two methods are well within the
experimental accuraecy. The magnitude of the curvature
is obtained from reference 6 in which derivations are
made for a circular tunnel and for a 1.l:1:1 elliptical
tunnel. The derivation for the cilrycular tunnel nroduces
a nondimensional constant, proportional to the curvature,
which in terms of this report is

w
1 3¢

L -2y )
7o Y5p
CL 2r

A gimilar constant for the elliptical tunnel 1s derived
on the basis of the tunnel width but, when converted to
the basis of the tunnel helght, becomes identical with
that for the circular tunnel. This fact indicates that .
this constant is a function of the tunnel height smnd is
relatively indenendent of the tunnel width. Since only
the width of 2 circular tunnel 1s affected by the intro-~
duction of a reflectlon plane, for the purpose of this
report it 1s essumed that the constasnt derlived in refer-
ence 6 aspplies whether or not the reflection plane is
used.
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The curvature of the streamlines 1s practically
constaent alcng the wing chord. The streamline-curvature
correctlion for the wing may be dsterwmined from the 4dif-
ference between the Iinduced upwash sngle at the quarter-
chord point where the 1lifting line is assumed %o be
located and the induced upwash angle at the three-quarter-
chord point where the tangent to the streamline 1ls the
zero=11ft line. This differencs in the angles is

W
VA w1 dVCL 0.75¢ - 0.250
VL) .. VoL B gE 2r

tee VCL 2r

1.05-% 2
2r VCL

This angle must be added to the 1nduced angle at the
1l1fting line so that the complete correction to the
anzle of attack due to the jet boundary is

1
Aas + Aa = 57.3(C 1 +1.05% i dy!
3 SeC. VT VCL ‘Yo7 CLE
0
or approximately
1
= c,C
= L L 1
Aaj + Adg o 0= 57.5GL G_+ 1.052r> . Vor CLE dy (2)

This approximation and the assumptions made for the use

of the constent of reference 6 are. sufficiently accurate
for the present purpcse, since the streamlline-curvature

correction is only a small fraction of the complete cor-
rection to the angle of attack.

w
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Although the gresastest accuracy would theoretically
be obtained 1f the 1lift distribution of the model in the
tunnel were used, the free-air 1ift distribution zives
a result that is well within the sccuracy of either
experiment or the lifting-line theory. TI the tunnel
1ift distribution 1is desired, an arproximate result
may be obtained from the free-air dlstribution by the
equation .

cy'c cyeC
Cz‘az CZE%+m<l+ 1,05
L L

ci°
2r> VCL CLc

(3)

where the primed values refer to the tunnel distribution
and the unprimed valuesrefer to the free-alr distribution.
This equation welghts the induced upwash angle according
to the 1lift distributlon and would be exact 1f the

quantity (i + 1-055; ¥ were constant along the span,

VCr, -
For the conditions usually encountered in a wlnd tunnel,
a very close approximstion is obtained by using this
equation. This egquation way be used for a partial-span
model with or without an end plate, for which cases
other methods, such as the influence lines of reference a

as used in reference %, are not appliceble. -

The plan-form correction to the asngle of attack 1s
the correction to the slope of the 1ift curve necssssary
because of differences in aspect ratio between the model
and the complete wing; that 1is,

Aa’p: -l—"-—l->CL ) (}-l-)

S

where the model or wing lift-curve slope 1is

) )
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and corresponding values of E and A are used. This
equation was developed for an elliptic wing in refer-
ence 7 but 1ls used herein for other plan forms because
it has been shown to glve good results even for the model
with no end plate. For the model with an end plate,
neither E nor A 'ls known and the 1lift-curve slope 1is
obtained by use of the lifting-line theory, as is shown
later,

The complete correction to the angle of attack is
ha = pay + A+ AG _ (6)

Drag coefflclent.~ The Jet-boundary correction to
the drag coefficient involves the same integral as that
for the angle of attack before the streamline—uurvature
correction 18 added; that 1s,

1 .
csC
ACp, =‘CL2 Jr H_ I gy (7)
J 0 VCL CLC

The nlan~form correctiocn to the drag coefflclent is
that due to the difference in the induced drag of the
complete wing and the model; it may be expressed as

ACHp = C - C (8)
Dp Dy W Dy M
For the reflection-plane conditlion
1
aCy = < L. 0;° (9)
P TAyly  Thoyloy

where u 1s obtalned from reférence L. For the other
end conditions cDi may be obtalned from lifting-line
M

theory.
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The completse correction to the drag coefficlent is

ACD = AGDJ_. + -A_GDD (12)

Pitching-moment coefficlent.~ The correction to the

piltching-moment coefficlent is entirely due to plan form
since the effects of streamline curvature may be neglected
when the wing alone (no tail) is involved. The vlan-~form
corraction is & function of the sweep af the wing and
would be zero for zero sweep. The correction 1s the
ratio of the difference between the chardwise locatlions

of the serodynamic center of the model and that of the
complete wing to the chord upon which the pitching-

moment coefficient is based; that 1s, '

3a.c.M = Xa.c.W
ot GL

AC, = (11)

P

Both Xa.c.y

point and are considered positive in the direction of
the air stream. These dlstances way be obtained by the
following equations:

and Xg o must be measured from the same

¥a.c. = Zﬂg-tan A+ cdnstant (12)
b 1
c4C : - :
= 5 tan A/ CZE:“ y' dy' + Constant (13)
o °1 .

The value of the constant is the distance bstween a
chosen reference point and the guarter-~chord point of
the rcot chord. For a model and reflection plane, the
value of H may be obtained from reference 4. For the
other end conditions, the integration (equation (13})
must be performed to obtain H.
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Alleron distributions.~ In order to determine the
correctlons to be applied to the rolling-moment and
yawing-moment cosfficients, two additional distrlbu-
tions are necessary: the 1ift distribution due to
alleron deflection and the induced-upwash-angle distri-
butlion due to this 1lift distribution. The aileron 1ift
distribution for a complete wing may be determined from
lifting~-line theory or by use of the influence lines of
reference 7. Thils distribution wust be altered to account
for the effects of the reflectlon plane or other end con-
dition. 4 reflection vnlane "reflects" the dlistribution
over the model so thet the model distribution is the
same &s would be obtained for a complete wing with both
allerons deflected in the same direction. The distribu-
tion for-a model with a reflection plane therefore is
obtained by adding the increment due to the "image" wirg
to the distribution of the "real" wing (reference 3). _
For a wing with or without an end plate, such a reflec-
tlion 1s not present and the aileron lift—distribution
must be obtalned directly from lifting-line theory.

After the shape of the aileron 1ift distribution 1s
determined, for.convenience the ordinates are multi-
plied by a constant that makes the moment of the area
equal to l if the sbsclssas are in fractions of the
model spen. This operatlon converts the ordinates to

c,c
the load coefficient El: and the rolling-moment coef-
ZC

ficient to unity.

The 1nduced-upwash-angle distribution due to the
alleron 1ift distribution ls obtained in the same manner
as for the wing. The alleron 1i1ft distribution is broken
into several steps, each increment 1s multinlled by the
value of induced veloclty per unit increwent, and the
surmation is made of all the lncrements at each point;
thus,

W c wr ,©1°
L= 2N Mk .
ve, 2rZ_T "0;8 (1)

where wr/IT" 1s the induced vertical velocity per unit
circulation for a tunnel of unlt radius.
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Rolling-moment coefficlent.- The jet-boundary correc-
tion To the rolling-moment coefficlient is the moment of
the increment in the alleron 1ift distribution due to the
induced veloclty; that 1s, ;

1
— 1 w (¢] ¢,C ;
AC = -G _— (l + 1.0 ——) —l: ' ay! - (15)
by L Z’u.‘/; Ve, 727 ot >

The increment in aileron 1ift distribution 1s similar to
the increment in wing 1ift distribution glven as the last
term in equation (3). For this reason, equation (15) is
approximate in the same sense as equation (3). A more
accurate method of determining this correction to the
rolling-moment coefficient could be used for the
reflection-plane condition (see reference 3) but such a
method would not be readily applicaeble for the end-plate
and no-end-plate conditions. In reference % an
aerodynamric~-induction factor J 1is introduced that is
approximately equel to 2 for a semispan or partlial-span
model. TIn equation (15) the three-dimensional 1ift-
cuXve slope m 1s therefore approximately equal to
m : _ cyC

and the wing load coefficient Z_, approximately
A+ J Ctc
accounts for the difference in the loadings of the actual
wing and an elliptic wing. Although these conditions
would not exlst for a complete-span model, eguation (15)
mey be used with sufficient accuracy for & semispan or -
partial-span model. As in the case of the wing, the
tunnel distribution should theoretically be used to
obtain thls correction but, practically, the free-air
distribution may be used. ) R

The plan-form correction to the rolling-moment coef-
ficient is, for convenience, divided into two parts; the
first part corrects for the effect of the end condl-
tion on the aileron 1ift distribution and the second
corrects for the difference in asgect ratio and taper
ratioc of the partial-span model and of the complete wing.

CZIé B -
The first part —e¥ s the ratio of the rolling-moment
CLGN -
L
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coefficient per unit aileron deflection for a full-span
model of twlce the model span to that for the actual
model. For the reflection-plane condition this correc-
tion 1s equal to the reciprocal of the correctlon
240
lp

1+ 3 of reference 3. For the end-plate or no-end-
le

plate condition, this correction may be obtained from
l1ifting-line theory. The second part of the plan-form
correction is reguired only 1if the model is not a true
semispan model and may be obtained from figure 16 of
reference 8. TFor the particular aspect ratioc and taper
ratioc of either a wing of twice wodel span or the com-
plete wing, & value of (,; /k 1= obteined by taking

. 8
the differerce between the values of Cla/k Tfor the

outboard snd inboard ends of the aileron. The desilred
correction is the ratio of the value of CLﬁ/k for the

complete wing to that-for the wing of twice model span.

The .completely corrected value of the rolling-
~moment coefficient 1s

c <E£é>

AC

Zj 12 r k :

G, = Oy <} + j) 2k % (16)
u

¢
Gy, / Cig ls
u m o\
2M

Yawing-woment coefficlent.- The jet-boundary cor-
rections to the yawing-moment coefficlent are derived as
in reference 3 and are due to the interactlon of the
wing and aileron 1lift and induced-upwash-angle distribu-
tions. The equations for the corrections are

C1C 1
L 128 w ©1°

ac = - — —= y'! dy! (17)
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and

1
CrC
vl c-,C
- u w / G g g
= - = v (16)
<§Cni>3 L Jﬂ Ve G5 7
0

The plan-form correction to the yawing-moment coef-
ficient is divided inta two parts in the same manner as
that for the rolling-moment coefficient. The first part,
due to the end condition; may be sxpressed as

"AC = C - C.

= =K
”ZMCchzm + KMCLCLM
¢
i . . lg
:CG -K -+ .
L oy 2M N o, (19)
Som

where

1 .
1 c+-C O‘i CcCsC G.i
Lou=1 J[ c ‘ = C *t 3 L =3 y' day' (20)
o \NIoyx “lom oy~ “Iow

1
. - 1 JP <fzc ay . ¢, o a - (51)
oL )\ T ¢, gc )7 °F
o NIy "l Tlw Iy _

d

and the distributions of the 1lift and induced angle

(in radians) per unit coefficient are identirfied by CL
for the wing and ¢; for the alleron in the denomina- =
tors. For the reflection-plane condition, the correction
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AC Is equal to the correction AC of reference 3.
"p/1 R

For the end-plate or no-end-plate conditions, the lntegra-
tions for KM and KZM must be performed, the value

of Xou being independent of the end c¢ondition.

Tor the second part of the plan-form correctlon,
due to differences in aspect ratio and tsper ratioc between
the complete wing and a wing of twlce model span, values
of XK may be obtained from figure 13 of reference 5.
Interpolation 1s simplified by plotting X for the
inboard end of the alleron against 1/A since such a
plot 1s practically a straight line. If the outboard
end of the alleron 1s some distance from the wing tip,
the value of K must be modified as indicated iIn refer-
ence 5. The equation for this part of the correction 1s

Cng = Cnpy

(A an> ,

=¥, C-C, + K5, CC,
WYLY1 2M L Ty

B c ]
L%>
%3 (: :) (22)
The value of K

oy from equation (20) may differ slightly

from that obtaeined from reference 5 bécause of slight
differences in the methods of computation. TIf this value
does differ, the value from equation (20) should be used
in equation (19) and the value from reference 5 in equa-
tion (22).
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The corplete corrsction to the yawing-moment coef-
flclient is

ACy = (Acnp>l + (ACnp>2 + (Acni')z + <A0n1>3 (23)

CORRECTIONS FOR MODEL WITH REFLECTION PLANE

Determination of Induced Upwash Angle

4 reflection plane used with a partial-span model
in a circular wind tunnel reflects both the model and
the tunnel; therefore the effect is thet of a wing of
twice the model span in a bipolar tunnel (fig. 1).

This reflectlion satisfies the condition theft the stream
function must be constant over that part of the boundary of
8 closed tunnel formed by the reflection plane. In
order to satisfy thls conditlon over the circular-arc
part of the bivolar tunnel., vortices that are. .
images of the vortices inslide the tunnel must be intro—
duced outside the tunnel. The locations af these image
vortices and their effects within the tunnel are well
known for & circular tunnel. This knowledge may be used
to determine their effects within a bipolar tunnel by
transforming the interior of the bivolar tunnel into the
interior of a circular tunnel by means of the conformal
transformation of reference 1.

The transformation may be expressed as

-1 X
r sin #

tan'lg = n tan

where, in the yz plane (bipolar tunnel),

X =3y + iz
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in the 71n{ plane (circular tunnel),

&=m+ i¢

and

Also,

o

I
i
Q
o)
7]
-2

It should be noted that the axes of reference 1 have
been revised to sgres with the standard wind axes used
in figure 1. A point 71 on the n-axls that corre-
sponds to a point 'y on the y-axls may be obtained

by the relation

tan‘ln =n tan" 1 — 3

r sin ¥

Furtherwore, 1f there are vortices of strength II' at
the points y = i3 on the y-axis, there are vortices
of equal strength at the points mn = £0 on the n-axis
where

1 ]

tan"ilo = n tan~t——ZE
r 8in 4

The comvlex notential due to the vortices I' at-
n=1%t0 1is

_ i E -0
v 1y, = 2L 10g £ 20
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The complex potential due to the image wvortices in the
nt plane is

1T - 3
s Ioi
5 + 1‘2 = - 1lo .

] s 3 log, T

The condition that V¥ 1s constent at the boundary of
the jet can be easily seen since |&}=1 at the
bouncdary end V¥, +'¢2 becomes equal to zero. The

complex potentisl due to the original vortices in the
yz plane at y = &s 1s

il’ X -~ 8
+ 1y, = -5 log =——
¢5 5 ow %% i

The comnlex votentliel due to the Jjet boundary 1s the
difference between that in the n{ plane and that in
the yz plane; that is, " )

Q\'+itlf=§2,(l+9’2-p’5+i<ﬂfl+¢r2-1{;5>

The induced vertical veloclty at the y-axls due to the
jet boundary is one-half that due to vortices extending
to infinity in both directions; that is -

=

H
Mo

[

ot
o~

The induced velocity due to WV¥; 1s
dv
w= -1
1 2 a4y
ld‘ylgj_)
2 dn dy

<—%><21T> Tl-o nic)g—;}

1l
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whers

dn _ n(l + n2)
dy
r sin 7é+———=‘12——
\ r2 sinzw

By collecting terms,

T o n(l + n2)

2e P - o sin'Yl+———yé——-

sin‘q

¥ =

The induced veloclty due to wz tg, similarly,

o = 2 2 an
e 2 dn 4y
T o nl+n2)
) 2.2 - 1
2mr nTo sin ~ 1+
sin 1'%

and the induced velocity due to -W5 is

3
Fslm

BT
T -
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The net induced veloclity is ._

It may be noticed that the value cf w according to
the final equations for Wy and w becomes Indeter-

minate of the form o -~ o at the point y =8 or n = 0.
This is the only point at which singulsasrities occur
inside the tunnel. At this point, however, w wmay be
determined in the following manner, tefare the terms

are combined, '

T
“’l*'w5=LF[<n%G n+0> 7 - s y+s>_i

T 1 an\_ LD ¢ 1 _ _1 a4y

ey + & 7 + o &y by \y = s m - o dy

fl

Only the second term of this eguation 1s indetnrminate
and may be writtsen as

--I-'-[m -6} - (3 - a%}]

(y -~ 8)¥(ny - o)

and evaluated at the limit by taking the second deriva-
tive of both the numerator and the denominator; that is,

3\

ny dn
1im EF[('” -9 - 3 - slay) _1_“_
y—s ('Sr - s)("r\' - C) LL SinZ’-Y'l' 82

ndr siln 4 - s
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At the point y = g, therefore,

sin

P/’ 1 1 ol n(l + 0'2)
W = m— e - —
2nr 2 Lo L - 2
T o 1 s
- sin &~ {1 + —
T EY

no sin « - %
2
Z[Einzy + <§> ]
v/ )

The induced velocity may be expressed as

+

where

P = f(y,s,n0)

Tt 18 convenlient to use the nondimensional form

which, for a tunnsl of unit radius, is the 1induced
velocity per unit circulation. Values of wr/T' are
glven in table I and are plotted in figure 2 for a.

reflection-plane location of % = 0,73026. Table II

and figure 3 present values for a reflection-plane
location of % = 0.49781. These values of d/r corre-

spond to 8%.25 inches and 56.75 inches, respectively,
in & tunnel 19 feet in diameter.
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Tllustrative Examplse

An example of the procedure involved in the deter-

mination of the zorrections is worked out herein for a

reflection~-plane locstion of ©%.25 inches from the center
line of the Langley 19-foot oressure tunnel (fig. 1)
and for the model shown in figure 5.

Angle of attack.- The wing 1ift distribution is
shown in figure 6 for both free-air end tunnel condi-
tions. The boundary-induced upwash angzle shown In
figure 7, from equation (1), is

=2 Fegs
VCL ar

The jet-boundary éorrection to the angle of attsack,
from equation (2), is

1 o
< > CZC Qo
. ———— -—-—— e ~r
bay + Adg o, = 5T«3C (T + 1. 052 o7, Gp5 O
o
it c,C
w A
The integral J[ dy' (equation (2)) is the
~ CT CLC .

Wt

ares under the curve obtalned by multiplyling the values
of figure & by those of figure 7 and, in this case, has
a numerical value of 0,01542. Therefore,

hay + Aag o = 57.3Cr(1.153)(0.01542)

1

1.019CL
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The uncorrected lift-curve slope obtained experimentally

is

a, = 0.1041

This slope 1s corrected for the jet-boundary effects by

the reletion

I 1 _ 8,C.
2M
so that
- —t = 1,019
2oy  0.1041
and.

Thie slope 1is used
by asubstitution in

gy = 0.0941

to cbtain the two-dimenslonal slope
equation (5) as

a'O
Eom
fom < CP
57 355
]_+_______2=L
Thow
X
0,0001 1.939 .
0

- 57'51_059

T x 10.8L
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from which

8, = 0,1162

This two~dimensional slope 1s used in the same formulsae
to determine the slope for the complete wing of aspect
ratio 11.09, which is

ey = 0.0945

The nlan-form correction 1s then obitained from egua-~
tion (L) as . '

I

1 1
o~ 5y)
N 2M

i

Al I

_ 1 1
- <0-O9h5 0-09h1) ‘L
= -0.0580L

The complete correction for the angle of attack, from
equation (6), is ] '

1l

Aa Ao.i + AQ + AQ

s.c. o)

<

(1.019 - 0.058)0L

}

0.9810L
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which 1s added to the geometric angle of attack of the
model in the tunnel.

Drag coefficient.~ The jet-boundary correction to
the drag coefficlent, from eguation (7), is

1
c,C
I T
VG CLO
0

L

H

ACDJ

1

0.015u20L2

The olan-form correction, from equation (9), is

ACy = Al - — L o2
P \Meytw TRonton

_ < 1 - 1 > 0.2
= L
7 x 11.09 x 0.974 w x 10.8L % 0.976

_ 2
= -o.oooéacL

The complete correction to drag coefficlient, obtained
from equation (10), 1s

ACpH = AC + AC
D Dj _Dp

- (0.015L2 - 0.00062) 0,2

2
O.OIMBCL
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which is added to the uncorrected drag coefficlent.

Piltching-moment coefficient.-~ The value of H
taken from reference ), is 0.202 for both the model and
the complete wing. The location of the serodynamic
center, from equation (12), is

Xg. o, = 2H§-tan A f_Constant

The reference point i1s taken as the 0.25 chord of the
root chord of the complete wing so that for the model

Xg,oq = (2 % 0.202 x 15 x 0.21552) + 0.186

= 1.1491 feet
and for the complete wing

X, . = 2 x 0,202 x 15.862 x 0.21552

1

1.280 feet

The correction to the pitchlng-moment coefficient is
obtained from equation (11) as .

X - X
aocoM a ch'

ACq = o O

_ 1.ho1 - 1;380
3,226

0.03hkLc,
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1077
which 18 added to the uncorrected piltching-moment coef-
fleclent,

Rollling-moment coefflclent.~ The alleron 1ift
distribution is shown in figure 3 for both free-alr and
tunnel conditions.

The boundary-induced upwash angle
shown in flgure 9 is obtained from egquation (1h):

w _ ¢

v, T2l T 53

|
3

The jet-boundary correction to the rolling-moment coef-
ficient, from equation (15), is

1
1 w / : c A
-Zm 21+ 1.0 ——) —— y! dy!
N CLu Ve, \ 52? e Y 7

ACL =

)

1
-5(5.392)<pzu>(o.0605)

1

-0.08160Z
u

The plan~form correction due toc the effect of the reflec-

tion vlsne on the aileron 1lift distribution 1s obtainsed
from filgure 10, which wss taken from reference 3, as

Cyq
Oam 1
C - 24C
ZGN 1+ iy
LTy C
I,
!
1.05h —
= 0,949
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From figure 16 of reference 8, values of GZq/k were

found to be

and

The corrected
from equation

)

i

o.81hcZ
T

Oy
=/ = 0:3%9
v

i3
L]

| CZ
< >
k
2M

0.423

value of the rolling-moment coefflcient

(16) is
C
IA
AG C %)
- L) YOy kK /w
c o 7\
u Ta Z5M __%)
k
2M

¢, (1 - 0.0816) 0.9hg 2222
u

0.1423%

Yawing-moment coefflcient.- The two parts of the

vawing-moment-coefficlent correction due to the Jet
boundary are, from equation (17),

<A0n£>2 =

1
I Vo, o8 Y 9
o "1 °r

_0.05408
i

~0.0135¢1Cy

G0
L1,

I
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and, from equation (18),

1
_ Sy w_ C1°
(*n) =T | Wog
3 0

_ 0.0776
ST A%

= -0.01othcZ
jo 3

The plan~form correctlon due to the reflection plane 1s
obtained from figure 11, which was also taken from
reference %

521G

(ACnp>l ] (Acni>l
gy Oy

low

= -0.0070

In order to determine the plan~form corraection due to

aspect ratio and taper ratio, values of X were found
from filgure 1% of reference 5 to be

K = 0.0?
W 5
and

Koy = 0077
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so that this plan-form correction (equation (22)) is

—

K
2M
LG ) = 010q | Ky + Koy 5
v

ke

.

0.423
CrCy <o .075 + 0.077 = 395>

0.0070;6,

from equation (23), 1is
ACy = <ACn§>l + <A0né>2 + (Acng , + <A0n¥>5

- 50.007ochZ2M-+o.oo7chZ-0.01350Lcl -0.019uchZu
u

It is usually most convenient to express the correc-
tion to the yawing-moment coefficient iIn terms of the

final corrected value of the rolling-moment coefficient;
therefore,
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—
cz€>
k CL
AC, = ~0.0070 B 0.007 ~ 0.0135 —2 . O.Ol9hf25<%§h
C c c
lg 7 l
k
b w —d
0.423 : 1 1
= {~0.0070 +0.007 - 2,01 -0.01 ———10-C
( T 0.%95 [ 35 0.81l ol o.814> L=t
= ~0.041007 0
which is added to the uncorrected yawing-moment cocefficient.

CORRECTIONS FOR NODEL %wITH END PLATE
Determination of Lift Distribution

The 1ift distributions are considerably more diffi-
cult to obtaln for a model with an end plate than for =a

model with a reflectlon plane.
1s described in reference 9.

The method used herein
Tn thls method, the wling

is represented by a 1lifting llne thsgt 1s perpendlicular
to another .1ifting line representing the end plate.

In addlitlon to the vortices tralling from these lifiing
lines, image vortices outside the tunnel are introcduced
to satisfy the condition of constant stream function at-

the Jet boundary.
is shown in figure 12.

The complste tralling-vortex system
According to the Blot-Savart law,

the 1nduced velocities are related to the strength of

the vortices by the following equations, which are
glven in the symbols of this report as



NACA TN No. 1077 37

W\ = &
(v o ay (due to wing)

dy (due to wing images)

Ple

dz (due to end plate)

Lot

Czc
h d{—

~h (yl + d)2 + Z2

dz (ah)

Plot

h d(@z@)
f ¢/, red + yl(za + di

=h rlt 4 2y1r2d + --y12 (za + d2>

(due to end-plate images)

and

1

m
<?%f> —8:-[% + (X i] (25)
¥ © 7y,
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Also
c,C
n d(—1—>
v c /2 1
(ﬁ) = e dz (due to end plate)
z 8 dz Z - 2 :
1 -h 1
c,c 2
_M” a(—.—ﬁ—) =z .,
..é?_ ¢ /2 22 + g2 dz
o a
~h z ru - 2r2<62 + zzi) 2 2
+ zy + d
z2 + d2
(due to end-plate imsages)
4 clc
6"’ e . e} v Zl )
+ = dy (due to wing
-d
c4C
— c
Y y %1
e 5 5 ay (26)
dy 2 r
-4 zq + [— + 4
v
(due to wing images)
and

c,¢C
L) =) (27)
¢ zZ ¢ 2

1 1



NACA TN No. 1077 39

In the last equation, 2mw 1s used as the lift-curve slope
of the end plate for want of a more exact value.

If the free-elr lift distribution 1s desired, the
terms due to the lmage vortices are omitted. The only
nracticable method of solution of these equations 1s
graphical by means of successive approximations. The
evaluation of the integral over the region near y = ¥

may be approximated by means of the expression

dy

c.C c5C c,C
rye7 o(%F) () o(2£)
L[ c 5 1 ay = YitAT _ ¥1-Ay
dy

yp-ay T T -7

where Ay 1s a small spanwise Ilncrement. After the
1ift distribution is obtainsd for some value of the
angle of attack, the distribution may easily be con-
verted for a 1ift coefficient of unity.

Tllustrative Example

An example of the method used in determining the
corrections is given herein for the wmodel shown in
figure 5 to which an end plate is attached (fig. 13).
The 11ft distribution for this model arrangement for both
tunnel and free-air conditions is shown in figure 1L.

Angle of attack.- It should be theoretically
possible to obtain the correction to the angle of attack
by teking the difference bstween the angles of attack at
unit 1ift coefficient for the tunnel and free-air con-
ditions. The accuracy involved, however, in obtaining
the 1ift distributions for this end condition generally
is insufficient for the purpose of thls report and, in
addition, such a correction would not include the
streamline~curvature correction. The Jjet-boundary cor-
rection to the angle of sattack from equation (2)
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1
E\ Cow C3c
= WA «OB=— e — dy!
Aaj + Adg o, 57 'CL <l + 1 Q,zzyi[ VCL CLc Y
0)

i8 used; In this cese, w/VC i1s ths upwvash angle
Vo &

along the model sper duwe to the imeges of the wing and
the end plate., This upwash-angle distribution is shown
in flgure 15. For the end-plate condition,

-
34
+
B>
18]
|

57.3C;(1.153)(0.018L5)

i

1.219¢,

Avplying this correction to the experimental value of
lift=curve slopre of 0.0935 results in a 1lift-curve
slope of 0.0839 per degree or [.509 per radian.

The plen-form correctlion is obtained from equa-

tion (L)
Aa — i—_—!’—. sl
1 gy 8y ) L

M

although in this cass ay &and g8, are obtained in a

different manrer from that for the reflection-plane
condltion. The edge~velocity correction factor E
cannot be determined for the model with an end plate;
therefore, lifting-line theory without the ald of this
factor is employed to obtein a., and 8y The sectlon-

o 1
11ft=curve slopve of 0.122, obtalned from tests in two-
dimensional flow, is used. 1In thse solution of equa-
tions (24) through (27) an esngle of attack of 0.2 radian
gave a 11ft coefficient of 1.0L2 for the model in free
alr; therefore,

_1.0L2

E
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The correction factor E 1s not employed in the results
of reference li; these results can therefore be used to
determlne By for the complete wing. The equation

fao

By =
1 o 21:33g
TA

accordingly is used for the complete wing, where f 1is
the factor obtained from reference l.. Then,

_ _0.997 x 0.122
1+ 57.3 % 0.122
™ % 11,09

0.1013

Therefore,

1 1
AQ = - GL
® \0.1013 0.0909

Il

-1.127¢

The complete correctlion to the angle of attack is

ac = (1.219 =~ 1.127)CL

O.OQECL
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Drag coefficient.- The jet-boundary correction to the

drag coefficient, obtained as for the reflection-nlane
condd tion from equation (7), is

1
- w ©1°
AC = C LA e S
D L = ay
3 Ve Crc
_ 2
= OfOIBSCL

For the plan-form correction, the induced drag of the
model 1s obtained by the relatlon

1

. a. ©
CD = CLZ _l'.
Lo . €+ C
M o} I L

Cr, 1s the -self-induced angle of the model
and the end plate in free alr. Then

c

o~

ay!

Q

where ab/

- 2
CD1N = o.ouéécL

The plan-~form correction to the drag coefficlent is
obtained from equation (8) as

Ch, - C
D D
D Ly 1y

H

(0.0295 - o.ouéé)cL2

= -0.0171c,2
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where the value CDi = 00,0295 1is the same as previously
W

used in the case of the reflectlion plane. In additica
to these corrections, there is in this case the induced
drag due to both the jet-bouncdary-induced angle and the
self-induced angle over the span of the end plate. This
correction is a combination jet—boundary and plan-form
correction and may be determined as a single value by
use of

where V/VC is the total induced angle over the span .
of the end plate due to the model, the end plate itselfl,

e .
and all images; Elz is the tunnel 1ift distribution
Lc
over the end plate; and all values ars based upon the
model dimensions so that ACD is based upon the model
e

area. For the example

= 2

The complete correction to the drag cosefficlent is

AG (0.0185 - 0.0171 + 0.0030) 02

D

= o.oohucL2

Pitching-moment coefficient.- The location of the
serodynamic center 1s obtained from equation (13)

— y' dy' + Constant

m
Te}
=
}
(\V Nox
ot
\]
]
e
C%*“*}
}—J
QlO
[ I ()
ol o
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which gives Xa.c " = 1.569 feet from the guarter-chord
L 'l_

voint of the complete-wing root chord. The value

Xg. 0. = 1.380 feet is the same as previously used in

the determination of the correction for the reflectlon-
plane condition. From equation (11),

XgiCen ~ Xa.c.
o = M W g,
. c!

_ 1.569 =~ 1.380
3,226

Cr,

0.05860L

Rolling-moment coefficient.- The alleron 1lift
distribution is obtasined by the same general formulas
a3 the wing 1ift distribution for the model with the
end vlate and is shown in figure 16. The upwash angle
due o the Jet boundary is shown in figure 17. The Jet~-
boundary correction, from equetion (15), is

1

1 w c\ ©i1¢
AC = ~=mC — {1 + 1,060~} ——= y! dy!
LS T JP ve, ( 52r> Cro v
0

-7(4.809) (05 (0.0681)

“u

The plan-form correction dus to the effect of the end-
plate on the alleron 1lift dlstribution was found from
equations (2l) through (27) for the model and from
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conventional lifting-lire theory for the wing of twice
- model span. The resulting ratio is

> =0.956

The plan-form correctlons due to aspect ratio and taper
ratlo are independent of the end condition so that the
corrected value of rolling-moment coefficient from equa-
tion (16) is

/CZ
Acz 15,4 *zr
Cy = T,

_ By 5)
oM
= 0y, (1 - 0.0819)0.956 ——Ezg

= 0.8200,
u

Yawing-moment coefficlent.- The corrections to the
yawling~-moment coefficlient due to the Jjet boundary are,
from equation (17),

1
C1C1,, f W o3°

- Acn> —_ - yf dy'
( 1), N Js Ve, ch
-0.0606L
— e—— C C
I “L Zu

= -0.01520,0,
“u
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and, from equation {18),

o 1
(46ny) L | Vo, 55
5 0

-0.07188
= 22028 gr0y

= -O.OlBOCLCZu

The plan~form correction-due to the end plate 1s found
from equation (19) through (21). From equation (20)

Koy = 0.074L1
and from equation (21)
Ty = 0.0650

The plan~form correction from equation (19) 1is

1
-0.07L1 + 0.0650
L0, ( fud + 0.005 o.95é>

= -0,0061C_¢C
L loy
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The plan-form correction due to aspect ratio and taper

ratio 1is the same as for the model snd reflection o
plane.

The complete correction to the yawlng-moment coef-
ficient, from equation (23), is

80 = (80ny) * (4%mp), ¥ (Mm), * (*Omy),

I
={-0,0061 ——— +0.007 - 0.0152 —2-0.0180 —= | G, C
Cy C1 Cy L=
i)
k
L W -

1"

0.0061 0423 +0.007 - 0.0152 L _0.0180 —2—) .0
. 0.%35 | 0.820 0.820/) L7¥

= -0. oL;ooch'Z
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CORRECTIONS FOR MODEL WITH NO END PLATE
Determination of Induced Upwash Angle .

For & model with no end plate, the determination of
the Jjet-boundary-induced velocity 1is easler then for the
other end conditions. In & closed circular tunnel, if
there 1s a trailing vortex of strength I' at a distance
vy = 8, there 15 an image vortex of strength I’ at a

r

distance y = < The stream function due to the lmage

vortex 1s
T ra
“’“zwl"g( "“;)

and the induced vertlcsl velocity i1s

r 1
w::..,_..._...._.....é. ——_— .
L y - 2
s

Values of the boundary-induced vertical veloclty per
unit circulsetion for a tunnel of unit radius

wr 1

T = - |
¥y . 1
in(E - 2

sre given in table III and plotted in figure 18. These
values are for a counterclockwise vortex in the right-
hand gide of the tunnel and may be used for a clockwise
vortex in the left-hand side of the tunnel by changing
the signs of y and s. For vortices of signs opposite
to these, the sign of the induced velocity must be
changed: that is, the 1nduced veloclty is negative.
These values may be used for any wing 1n a closed
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circular wind tunnel. For a loading symmetrical about

the vertical center line of the tunnel, & further
simplification may be made by adding the induced veloci-
ties for negative values of y to the induced velocities
for positive values of y and by using only the semispan
leoading. '

Tllustrative Example

An example of the procedure involved in the determi-
nation of the corrections is worked out for the model
shown in figure 5 with no end plaete. The 1ift distribu-
tion, obtained from 1lifting-line theory for this model
configuration, 1s shown in figure 19 for both free-salr
and tunnel conditions. The spanwlise distribution of the
boundary-induced upwash angle, which 1s obtained for
this model arrangement from equation (1)

is shown in figure 20.

Angle of attack.- The jet-boundary correction, from
equation (2), 1is

1
— c,c
c w A
a, + Ada = . 1+ 1.05 — —_ —— dy!
A J A S.Co 27 50L <‘ 2 2r> VCL GLc v

1l

57.507(1.153) (0.01979)

1.305C

The uncorrected lift-curve slope obtained experimentally
is _ .

8, = 0.0800
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This slope 1s corrected for the jet-boundary effects by
the relation _

I S S s.c.
&M fu GL
so that
1 1
&y ~ 0.0800 - 1399
and

ay = 0.72L

This value of a 18 used to obtain the two-dimensional
slope from equation (5) as

%o

—

En

7.3 g2
1+ E—LE_EE

1.186
573

0.072L =

1.186
w x 5,423

from which

a_ = 0.113%6
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This value of a, agrees fairly well with the value of
0.1162 obtained for the reflection-plane condition. It
should be noted that the aspect ratio of the model with
no end plate i1s one-healf that of the model with the
reflsction plane asnd the edge-velocity correction factor
1s Increased since the root chord of the model is part
of the perimeter when no end plate is used. The two-
dimensioneal slope 1s used to determine the 8lone for the
complete wing of aspect ratio equal to 11.09 as

0.1136
1.9039

. 0.1136
1+ 213 1039

w X 11.09

"

0.0927

The plan-form correction is then obtained from equation (L)

as
11
A ={— - —)\¢ o
L.
° (ar aM)

1 _ 1 o
0.0927 ¢.072L L

= '-'5 . OlL[.CL

Il
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The complete correctlon for the angle of attack, from
equation (6), is

Ac = AC(.j + Aas_c' + Aap

= (1.305 - B-OIM)CL

—

~1.709Cy,

Dreg coefficlent.~- The jet-boundary correction to
the drag coefficient i1s obtained from equation (7) as

—

0.01979¢,2

The 1nduced-drag coefficient of the model, obtained frow
the coefficients of the Fourler series determined 1in the
solution of the 1ift distribution (reference L), is

2 = 2
o _ CL nAn

D - ——

iM TTAM =1 A12

612

1.09L6
v % 5,123

= 0.06l3¢,°

1077
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where A, 1s the first coefficlent and .A  the nth

coefficient of the Fourier series. The induced-drag
coefficient of the complete wing has been previously
determined herein to be

op, = 0.0295¢,2
W

The plan-form correction, obtained from equation (8),
is

ACp =0
D Dy

-C
p D1y

w
= (0.0295 ~ 0.0643)c, %
= =0.03480.° o

The complete correctlon to the drag coefficient, from
equation (10), is '

Do

ACH = AcDj + AC
= (0.0198 - o.oauB)GL2

2
-0.01500,

Pitching-moment coefficient.- The location of the
aerodynamic center is obtained from equation (13)

o

=3 tan A El; y! ay! + Constant

Zg.C.
M O CLC
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which gives x, , = 1.682 feet from the quarter-chord
L] 'M

volnt of the complete-wing root chord. The value

Xa,c,yy = 1:380 feet was previously used in the determi-

nation of the correction for the reflection-plane condi=-

tlon. The plan-form correction to the piltching-moment

coefficient is obtained from equation (1l1l) as

}:a- G.M - Xau C¢w
AC = CL

L ot

_1.682 - 1.380 .
- 3,226 L

= o.og;écL

Rolling-moment coefficient.- The aileron 1lift dis-
tribution for the model with no end plate is shown in
figure 21 for both free-sir and tunnel conditions. The
boundary-induced upwash asngle shown in figure 22 is
obtained from squation (lh%

w c wr C1¢

——— T

Ve, 2r r GZE

The jet=boundary correction, from egquation (15), is

1
-1 w c\ ¢3¢
=mC — (1 + 1.05 5=} —= y' dy!
J Iy, Jg Ve, <‘ 525) Crc ey

-ﬁ(u.lu9)<bzu>(0-079h)

ACy

= -0.082hczu
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The plen-form correction due to the effect of no end
plate on the aileron 1ift dlstrﬂbutlon was found frcm

lifting~line theory to be

The plan-form correction due to aspect ratio and teper
ratioc is the same as for the other end conditions;
hence, the rolling—moment coefficient for the complete
wing, from equation (16), is

= ¢y (1 - 0.0824) 0.974 ——izg

= 0.85507,11 o -

Yawing-moment cosfficlient.- The jet-boundary cor-
rections to the yawing-mwoment coefficltent are obtained
from equation (17) as
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1

( ni)a bod) "% oe 7Y

_ 0,066k

= -0.01663chu
and, from equation (18),

1
G.C
(b ) = b w 212 g
n'l 3 )4- 0 VGL Czc

- .0:090k
N L 1u

= -o.ozzéch

by

The plan-form correction due to no end plate is found
from equations (19) through (21). From equation (20)

Koy = 0,074h1

From sequation (21)

Ky = 0.0711



74sCA TN No. 1077

From equation (19)

(A cnp> .

57

c.C ~K... + K
L Loy 21T M G
Soum

0.0, (-o.o7u1+o.o711 l)
2M .

0.97h

The plan-form correction due to aspsect ratio and taper
ratio is the seme as for the other end conditions so
that the complete corrsction to the yawling-moment coef-
ficient, from equation (23), is

(40np) * (80mp), * (20my), * (0ny),

AC

0.42

<—0.00ll 0.%95

-o.oullc.LcZ

CZ . c
- 66 —2 _0.0226 —2|0.0
+ 0.007 - 0.01 , . o Cr0y
W d
+ 0.007 - 0,0166 — L - 0.,0226 1 \¢ c
0.835 0835/ LT
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APPLICATION TO TEST DATA
Model and Tests

The tests were conducted in the Langley 19-foot
pressure tunnel for the partisl-span tapered wing model
shown 1n figure 5. The model represented oli.6 vercent
of the ftrue semlispan. The aspect ratios of the wing of
twice model span and the complete wing were 10.8l. and
11.09, respectively. The taper ratios of the model and
comnlete wing were 02.26 and 0.25, respectively. The
model was equipped with a full-span duplex-flap arrange-
ment. The inboard slotted flap, the outboard balanced
split flap, and the alleron were of constant chord and
approximately 24, 20, end 15 percent, respectively, of
the average wing chord over thelr portions of the wing
span. The aileron was provided with a completely sealed
internal aerodynamic balance.

The reflection-plane arrangement 1s shown in fig-
ures l; and 23. The reflection plane was fastened to
the tunnel st its top and bottom end extended beyond
and behind the model as shown. The gap between the model
end the reflection plane was automatically maintalined
at 0.09 £0.03 inch, by a telescoplng section in the end
of the model. The end-plate srrangement ls shown in
figures 13 and 2L, The end plate was elliptical in plan
form and was rigidly flxed to the model. For the wing
with no end plate, the model was tested as shown in
figure 25.

The tests were cogducted at a Reynolds number of

approximately 8.9 % 10° and at a Nach number of 0.17.
The angle~of-attack range was from ~1;° through maximum
11ft and the aileron deflectlon range was *20°,

The tests were made for three flap arrangements:
flaps neutral and partisl-span and full-span flaps
deflected. The alleron tests were made at two angles
of attack for sach flap arrangement and end condition.

Uncorrected Characterlstics

The uncorrected aerodynamic characteristics of the
tapered-wing model for the three flap arrangements and
the three end conditions are presented in figure 26 in
terms of the uncorrected nondimensional coefficients.
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Drag.- The uncorrected drag characteristics are
presented in figure 26(a). The drag coefficient at
zero 1lift coefficient 1s increased slightly for the
model with no end plate and to a greater extent for the
model with the end plate. These increases in drag coef-
ficient are due to the abrupt tip form of the model with
no end plate and to the drag of the end plate. The dif-
ferences between the drag coefficlents increase with
1lift coefficient because of the differences in the self-
induced and the jst-boundary-induced drag for the three
end conditions.

Lift.~- The uncorrected 1ift characteristics are
presented in figure 26(b). The slope of the 1ift curve
is decreassed for the model with the end plate and wlith
no end plate because of changes in thie effective aspect
ratio. The maximum-lift-cosefflicient values for the
three end conditions are reduced similsrly because of
the changes in the stalling characteristics. The angle
of zero 1ift is slightly affected with the flaps neutral.

Pitching moment.- The uncorrected pitching-moment
characteristics are presented in figure 26(0\ The slope
of the pitching-moment curve becomes more negative for
the model with the end plate and still more negative for
the model with no end plate. There is no change in the
viltching-moment coefficlent at zero 1lift with the flaps
neutral.

Aileron.- The uncorrected rolling-voment and yawing-
moment characteristics are presented in figures 27 to 29.
The change in the rolling-moment snd yawing-moment char-
acteristics for the three end conditions is small. There
is no consistent relationship between the characteristics
for the various angles of attack and flap arrangemwents.

sorrected Characterlstics

The corrected aerodynamic characteristics are pre-
sented in figure 30. The values of_ the corrections
applied to the uncorrected coefficlents are given in _
table IV. The absolute values of the data for partial-
span models have gcertain limltations which are lnherent
in the test conditions and procedure. The determination
of the effects of the tare and lnterference of the model
support system was impractical for the model described
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herein. The gap between the model and the reflectlion
plane was kept to a practical minimua but may have intro-
duced some slight errors in the data vhich could not be
determined. TFor the end-plate and no-end-plate condi-
tions the stalling characteristics were affected in a
menner unsusceptible of correction.

Drag.- Anplication of the drag~coefficient correc-
tions brings the characteristics (fig. 30(a)}) into good
agreement, with the flaps neutral. The main difference
remaining is due to the drag of the end plate and
to the tip drag for the model with no end plate. With
partial-spen and full-span flaps deflected, the agree-
ment is not so good as with flaps neutral, although the
corrected characteristics are in much better agreement
than the uncorrected cnes. The remaining dilscrepancies
for these flap arrangements are due to differences 1in
profile drag and induced drag not included in the cor-
rections. The plan-form correction to the drag coeffi-
cient is lowest for the reflection-plane condition and
it 1is therefors believed that this condition is
the most representative of the complete wing. Thils
fact is & point in favor of the use of a reflection
plane rather than the other end conditions.

Iift.~ The corrected 1lift characteristics are pre-
sented in figure 30(b). wWith the flaps neutral, the
agreement of the characteristics for the three end con-
ditions is very good below maximum 1ift. Contributing
to the good agreement may have been the fact that no
extremely low aspect ratio was involved even for the
model with no end plate. The slight change in the angle
of gero 1lift displaces the curves for the model with
the end plste and with no end plate. The differences
at and near maximum 1lift are due to alterations of the
11ft distribution for which corrections cannot be applied.
with the partial-span and full-span flaps, the agreement
of the charecteristics for the three end condlitions 1s
not so good because of the change in the effectlveness
of the inboard flso. The effectiveness of the outboard
flap is approximately the same for all three end condi-
tiong., The greater maximum 1lift coefficlent obtained
with the reflection plane is snother point in favor of
the use of the reflection plane since the load distribu-
tion is most nearly that of a complete wing.



Pitching moment.- The corrected pitching-moment
characteristics (fig. 30(c)) indicate only falr agree-
ment for the three end conditions. The relative order
of the curves for the three end conditions 1s reversed
by the corrections. Thils reversal may be due to the
effect of the sweepback on the 1ift distribution, which
was not taken into account in the corrections. In any
case, the differences between the characteristics are
attributed to inaccuraclies in the determination of the
1ift distributions and, since the 1ift distribution is
least altered by the reflection plane, 1t is believed
that the piltching-moment characteristics for the
reflection-plane condition are the most nearly accurate.

Alleron.- The corrected rolling-moment and yawing-
moment characteristics are presented in figures 31 )
to 3%3. The genersal relstionship between the character-
istics for the three erd conditions is unchanged. The
inconsistent relationship between the uncorrected char-
acteristics for the three end conditions precludes any
consistent relationship of the corrected character-
istics. At the low angles of attack and with the flaps
neutral, the characteristics for the three end condi-
tions agree very well whereas, st the other angles of
attack and with the flaps deflected, the characteristics
agree slightly better in some cases and worse in other
cases than the corresponding uncorrected characteristics.

The difference and inconsistent relationship
between the characteristlies are due in part to experi-
mental inaccuracy and to the pronounced vibration of
the model with the end plate and with no end plate.

Comparison of Aileron Effectliveness for
Partial- and Complete-Span Models

The comparison of the rolling-moment character-
istics determined for the vartial-span model with a
reflection plans and for a complete-span model 1s pre-._
sented in figuves 34 and 35. With the flaps neutral
(fig. 3L), the general agreement of the aileron effec-
tiveness is gooa, except at the high anglps of attack
at which some differences exist. Wwith the full-span
flaps deflected (fig. 35), the agreement is good at the
low sngle of attack and rather poor at the high angle
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of attack. The loss 1n effectiveness at the high angle

of attack for the complete~span model is due to & change .
in the flow over the alleron as evidenced by a complete

change in the stalling characteristics of the complete-

span model. The changs 1In the stalling characterlstics

1s due in part to the decreased Reynolds number and to

some difference in the models.

CONCLUDING REMARKS

A methed is presented for determining the jet-
boundary and vlan-form corrections to be applied to test
data for a partlal-spen model wlth a reflection plane,
an end plate, or no end plate in a closed circular wind
tunnel. These corrections have been applied to the
measured values of 1lift, drag, pltching-moment, rolling-
moment, and yawlng-moment coefficients obtalned from
tegts In the Langley 19-foot vressure tunnel of a partial-
span model with each of the three end conditions.

Mith the exception of the corrections to the rolling- .
moment coefficient, the Jet«boundsry corrections were
somewhat smaller for the reflection-nlane condition than
for eithsr of the other end conditlions because the .
induced upwesh angle was smaller. For all corrsctions
depending upon the wing 1lift distribution, the plan-form
corrections were conslderably smaller for the reflection-
nlane condition because the 1lift distributlon waes more
nearly like that of a complete wing. Any errors in
determining the 1i1ft distribution were therefore mini-
mized and the corrected values of the data were the most
representative of the complete wing.

From all these conslderations, it was found that a
reflection plane should be used wherever possible for
tests of partial-span models. If it is necessary, from
other consliderations, to use an end plate or no end
plate, 1t 1s vossible by the methods described herein to
determine sultable corrections to be appilled in order to
obtaln reasonable results, particularly with flaps
neutral and below maximum 1l1ift.

Langley Memorial Aeronauticsal Laboratory .
National Advisory Cominittee for aseronautics
Lengley Fleld, Va., February L, 1946
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TABLE IV.~- CORRECTIONS APPLIRD TO UNCORRECTED COEFFICIENTS OF REPRESERTATIVE
MOIEYL, FOR THREE END CONDITIONS
Eeflaction plane End pleate No end pl
Correction = ”
cot boundsryj Plan Iform § Tetal | Jet boundary Plan form j Total jJet boundaryi{Pian form

ACp/Cr2 .015); -.0006 | .01L8| .0185 8.,0141 { .ookd .0198 -.0z}8
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b -
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Fig. 2 NACA TN No. 1077
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Fig. 10 o _ NACA TN No. 1077
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Fig. 18 o o - NACA TN No. 1077
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&
20 ) // i \\ Fullspan r7apes
RNt Beecyon e
/8 / LT NG e o fe
/‘ 4 . .
/ _ _ rartial~sparn r/ops
/6 ¥ N Rerection pha
y . 4 — L0 plore
3 / J / / <+— No end pva/=
S .8 ARN
*s / y ] LAt 2
U /2 y 7 ‘
\g VW74, . }’; Ve X Flaops reutro/
\G 0 / / ‘// i4 / +/ :\\\—c:_—_/\‘—,lex;:{ec;‘/o)g plane
S / /y}/f/ — AR \—v—/vo é/ov/g,o/ofe
37 % 7 ///’; '
6 Y+ e -
ANy
i
< J/i/
L T
0]
. e s o

4 O 4 8B /2 /6 20

Angle of @rlack, CC,, okg
(B)LifF choracterishes .

lfigure 26 ~Continued.



NACA TN No. 1077 Fig. 26¢c

O

ac
L
20 /'
| AT
/ 3
& A /#- ol
/6 ' .
[ 7)'; o l -
14 : -
= & # 1l 1r/
NP LT
N SR
3 PRy
N2, i i
N ('3 F.
S JIN N ~
S 8 L/ /-span 17a0s
S /[4 [ %:—_?eﬂecz/‘/o;? Y=l
X 5 i 8/ | NN 0 rore
N # / \\\\\ Lorrval-soakr 17aps
y %/ 7 // \\\——0— Ro=flection plarne
: w { N &0 plare
No &7ad ploje
m Fraps nevrael
< \\\t—:ge;;/ec//jgﬂ prare
;Px_,_ e
13

NATIONAL ADVISORY
MAMITIEE FOR JERONAUDCS

= _
O < = =3 <« I =0
Arcting-morment coelficrent, Gy,
©) Pitctung-moment characteristics .

Figure 26 .—Corcluded.



\ !

Fig. 27a,b . ‘ NACA TN No. 1077

3J
& 0? 03 .
\.\ \\ - %i
Y § o2 =
NN e /
N X 4~
S S o :
2 ‘ -~
8 § l‘”ux A
N O s - —
3 3 - ‘ :
N = ol rzeflect varne
-0/ 8 -~ —o— Refleclion ||
3 § ) AR T e |
N | lar
Q -
NN Vi - H
>Q\ %Q -03 s . *mﬂm‘m
/6 R -8 o A 8 e 6 o0 &
- - Arkron oefiection, &5 , deg
(@) =207

>y -
R N
O G s
R O
§ § 47 b
S O oz ) =
N Q G s |2
R N 2T

U A
Q Q9 0/ T
Q O (n
\E N %
N il -
Y R o = o Bertecyop emna |
N g\ o —— No érxr/ plor ||
§ $ -7 .
>§ Q 4

X -.03257 o

2 O -2 B8 -4 0 4L 8 [ 6 20 24
Allerarr aefreciior, &, deg

] (b) C&=/3/°
Froure27 ~The urcorrected arleron charocteristcs al the foperedwirig mode! Hr ree
end conditiors. Flaps neutral ; Ra&8.9x /0% M=~O/7.



b ]

NACA TN No. 1077

Fig. 28a,b

&

3
NG
SN QO N
35; S * G . i
R O ¢ g
“‘@ ‘4§ o7 E _
- t .
< 7 = 7
Q -\\ ‘< i
§ *s O ] ﬁ - "/ ¢ il Bl T )
S ® _ -
S - P —o— Ref/ecrion z/one
o/ : BES
3 s 7 s
§ g =02 g " |
Q NATY
X Qo 03 G

. V6 /R 8 4 O £ 8 /2 /6 20 &4
Alferan olec/i?, &y , oy

<20 B R -8
Alterarr okrfecrrorn, o, oty

S o) QC=32°
N .
N
NS
3 § * G B i g
NI N T
K N LA
S O
8 3 & e
AN
\ .
QQ) é O o L J . e
N _
Q -0/ o Sr/ecrion o/ ore
28 7 AR
m §
) § * / |
= z
b Q L mmx
X  -g3¥ i

£ 0 < 8 /R /6 20 A

) x=/1.7°

Froure 28 ~The uncorrecfed ovleror choracteriskes of the tapered-wing rmode! for three _
end corditons. Partial-span Hops; R=8.9 x 1 0% M~0.17.



Fig. 29a,b NACA TN No. 1077

N
w«w O
[N N
$ R a . £
IN - T
‘&% %,' cu /’V
¥R o }//
§ N s ,
- X § 0 BN s e ¢
Q ¢ N iy
§ §' Ld ol gef/ecflm ore
..O/ —= o Lo i
S R PEdiEN A e |
g g‘ -0 A
N N
Q o
X  -gg¥ ealf

b

3 : - —
RO /6 R -8 -4 O £ 8 /R /6 26 34
Arteron deflecrian, bg , deg

@ =542
3
$ & @
W
S 8 o ]
3 S G
] X ~ g S
) § O/ - % =~ T
8 L—U % ) =
".s *g OE _\"u 0__.-:/*/ : ;. a a
U s LY
N - 7 - — .
§ g -0/ - e g%%;gg plare 1
N - Nao end plore }__
§‘ S -0 ' '
=
T N P B
O 1~ NI Foxeonagcs
X .oz

20 /6 /e 8 A 0o < 8 /2 /B 20 A
, Arterorn aerlection, o, oy

) X=//9"
Figure 9 ~T he uncorrected arleron characteristics of the tapered.wing model kr three
end conditions. Full-~span flops ; R~8.9x /0° s M~Q]7.



NACA TN No. 1077 . Fig. 30a

ez

. | i/"" u
<O // %%/iwr T
b’/ o -
/8 . f —
7 a»
| /R rrrson
0 7,\ S
AN e

/o // '\%-Noe/'?a?pia;& N

S -. =
~ / A/"F
N /2 ey st _
§ /; v /% / X Porrrals50ar7 Feps
NRAY g/ j! : \\\Q—o— Reffecion plerne
. ; ——— £ nd plare

% // / ,/ / N—-<— No énda plare

8
s
S, Wk

i /ﬁ
T2 TN .
ér\\\\ bl Flops rearra/
2 oL \\ o—Rerection plrore
. +—Enad plrore .
v— No erd plo/e
°
> % CoMITEE o Arbncd

O 04 08 /2 /6 <20 P .2_6’ SR
Lrag coe/Ficrern?, Cp

@Drag characteristes.
Frgure 30-The correcled aerodynarnic characteristcs of the tapered-

wing modlel for three Flap orrangements and 7hree end condliiors.
P=3.9 x/0°% M=a0] 7.



Fig. 30b - _ : NACA TN No. 1077
AaZ

FlUll-50007 Ho0S
20 | N Rerlection plre
o A oL 0 plofe
© N T>—No énc p/aze
/8 .
y Porria/-soarn faps
/6 T .
D ARN S N
}47 // «— No end plare

/4 / 5/ e

: / r o]
/2 I %

0 AT 4

Flaps rweuira/

AN o—- Fief/ection plane
— Epa orarte
v No ernda p/a’e

T coct?rerent, C
6]
N
\i\\v%

J¢
o 7 . ,
L, 4 I o
T4 0 4 8 /2 /6 2
Angle of alfocKk, OC, oy
(b) L.if+ characterishcs -
Figure 30 —Continued.




NACA TN

Lift coelficient, ¢,

No.

22

R0

/8

/6

:\&

N
N

/0

1077

Fig. 30c

v

ﬁ_f
!

4o

C
R
L

-

1 el
T

Fz///—s,oan f/aps

1
|
1
) ’I :‘k\ Reflectron plane

H }\—>— I/_\q/g%//?a/’c,?o%/e

- Poria/-soan 7720s.
NN Rearvecron phrne

— fos/are
J§ —— No énd/ plote

Flaps redrra/

lo— e//ectron prare
+—LEnd/ plale

Ne— No end plare

o

NATIONAL ADMSORY

CpMM FOR NAUTK}S

O

=/ 2 3 -4 =5 =6

A 7c/ung~momen’ coeffickrn?, Crm
(© Fitthing-moment characterisics.

Frgure 30 ~Concluded.



Fig. 3la,b NACA TN No.
N
O v
\\ K) .03
S N e
¥ g
S 3 =
S 3 N
S ] o/ N T
N N L )
S Q : A e T
N E ; /"-'A u —o— Feflectron- plone
) —— No end p/lare
NS | //
N S -02 .
23 L i
Rzt | R
20 /6 /2 -8 <4 o £ 8 L /6 R M
Arlerarn oflecriorn, &y , oty
(@) X =4.67
R
S
W o4a 03
s 8
3 S §
5 8 * G T
. ¢ =
S § o/ - - >%
*S N e N i o
3 § O o= y/n/' Se -
§ g sl ' Rerlection p/
Y § o 2 oo
g, S, I —o— ‘No end plare
Y Q - -
N == :
Q Q TIONALL ADwesORY
Q ..03 COMMIFTEE FOR ACAOMUTICE
RO B R -8 -4 o 4 8 [

Averon olrfeciior, 8y, cbg

' (b)) C=/3./7"
Figure3/~The carrected arleron characteristcs of the fapered-mrg model £r Hiree end
conaltons. Flaps reutral ; R=8.9x/0% M=O/7.

/6 RO 24

1077



NACA TN No. 1077 Fig. 32a,b

: &
E\ E '03. -
] ' .
5 g .02 _ . -
S - G -
/
X QO DN\
Y 8 Re/4
8 17
L
E. g Or el W o
N 4 .
Q O . : — Rer/ecr/an 7=
. -0/ - i _40‘:
§ E’ . : -N/;de’gé’o,g/am
X R -po : :
g % ae J . ]
> Q¥ : el o

20 46 2 -8 4 O 4 '8 KRB /S 20 2
Aferor oelftection , &4, deg

(@} r=3.2%
LR
N 03 :
N A ~
NI )
S § o
N G i
N
X ¥ o _
S 8 <, £ =
N NN
DN \'E o 2 e 1
E § T
N
Y R -or A : o Refleciran plore
'g» §\ ?ﬁ/ —o— ‘/E\/Zdéan/é’? ,’g?ai&
N _ P e
§ § 02 /7 : L l
S & .
X O =] - |
X =03 - - Et% i

Arleron deflection, Sy, deg

b)) OC=/1.7°?
Figure 3R ~The correcifed oileron characteristics of the tapered-wing mode! for
' three end conditions. Partal-span flaps; R~8.9x/0% M=0./7,

20 6 2 -8 -2 O <2 8 12 Jo 20 24



Fig. 33a,b - o NACA TN No. 1077

S G o3 -
woN
§ 3 .02 ,
§ & 1G i
SR N
3 3§ o :
Q L\ Cn\ - -
‘g 16 o LN o e * =
] . - o
3 S -or : ol o kel e
§ N o~ . d I o i’o e/'.;o’,o/afb
3 _\g -.02?: = ‘ J
BN
N _
Q N\ -03 wma%

20 /6 42 -8 & O £ 8 12 /6 0 2
' Arlererr oerfecriorn, Sq, deg
(a) X=54°

IN)
&

R

o i B\j:i: ]
. . - o]
l L =7 o Rerfection pof
-0/ e o~ Rerfection plane
S

I’B*

|
|
"3
!

»a

1

ool | _

3" e | . ol e s

20 /6 2 -8 ~ o 4 8 2 66 20 2
Arlerorr deflectrorn, Eq, &g

b) 0c=//9°
Figure 33 .- The corrected aileron characteristics of the fapered-mwing model for fhree
end conditions. Fullspan flaps ; R~8.9x/0% M=0.17.

Yawing-rmoment coefficrent, Cn
Rolling-rmoment coefficrent, C,
A




NACA TN No. 1077 . Fig. 34a,Dd

Xy
,Ex .03
1
N
§ ~O2 - —
’ L
8 o BE
— .
S o+ | ,
§ -0/ }— ' - (fe/"/;é?"mpa orne)
. v
g -02 i %107’?(’?0@700@/
S =
Ny NN

-03
<=0 16 e 8 « o < 8 R /B 20 &4

Arlerorn derfection, &, oeg-

@ C=0.°
Sy
w03
N
\g O2
3 g
Nz =
™~
3 0 :
§ Pz ] 10 moge/

—o— r a«s,oaﬂ e,

§ -0/ 4 Ra 667‘/6\;1/8@/76
Sy o —
R P el A
3 -
T 5k 1T T T el

20 46 2 -8 -4 O £ 8 /12 /6 20 24 .
Arlerorr  aerfection, &y, deg

(b) Q=462
Fioure 34.~Comparison of the aileron effectveness of the parfatkspan fapered.wing made/
and the complefe-spar model. Flaps neuiral, M=0./7. o




Fig. 34c,d NACA TN No. 1077
Oy .
\\ '03
g .
o~
S OR -
%o ' S
S w0/ TP
S
S ©
E fy 110{-S, rroae/

S 187 e Ao, ) .
R o T T
' ]
S oF > Gpeiers prodel
N —
[T 1 et
TR0 46 R 8 4 O £ 8 [ /6 20 A4
Arteron aerlecrion, &y, deg '
&) X=89°
g\ 03
3
S R NP
= -
E o/ =
b ! ﬂ%/ -
\ -3
% 0 - }/'
S - = e T
N 0/ K Re8.9X 70
Q o b=l I R a4 daaid
$ o o ﬁ’
S L] b
R0 -6 R 8 4 0 £ 8 R B 20 2

Arterorn Qeflectiorn , &y , aeg

@) a&=/3./°
Frgure 34— Concluded.



NACA TN No. 1077 Fig. 35a,b

R - g
3
S 02 T . ——
~ J s
S T T
8’ .0/ -
\l\ . "
§ o) T P ._ P
. —— Parrra/-sparn rmoce/
§ -0/ : . : . %if/ecf/m plene)
N = T Lo- odk,
S -02 %0:77 )}305 /
N =
S [T ] b |
20 V6 2 B8 -4 o 4 8 /2 6 20 4
Arlerorn  oeflectrorn , &, , oty .
(@ OC=/.7°
& 03
\‘\
g o2 :
N o
S T
S Ko/4 e
k) = 1
N
O
g | . —o— 7/, /—s,oan rriocke/
§ -0/ gfkcgm/gc/’_me)
N " BpEE s
AN 81
< .p3 [T T T bl

20 46 42 -8 4 O £ 8 /2 6 20 &
' Arteron daerlecrion, &, okg

b) =54
Fgureds— C?Jmpar/.:an of the arleron effectveness of the parkal-span taperedwing mode/ ard

the complefe -span rmodel. Fullspan flaps deflected , AM=O./ 7.



Fig. 36¢c : - NACA TN No. 1077

o .
o .03
N
Y
Q o2 .
N
D
8 o/ olg«/,—w:'J S A
‘IS =
§ 7 di;/ Pariial maae/
|~ . —o— Lariia/-s0ar
5 R
S -0 2k T BRFL.87
S
03 [T T ktek] |

=20 V6 R -8 -4 o 4 8 e B 0
Ateron dbffeciian, &, dbg
(c) C=8.7°
Frgure 35-Concluded.



TITLE: Jet-Boundary and Plan-Form Corrections for Partial-Sgan Models with Reflectton |-y L= 1223

Plane, End Plate, or no End Plate {n a2 Closed Circular Wind Tunnel i
AUTHOR(S): Slvells, James C.; Deters, Owen, J, 000, 400KT KO
ORIGINATING AGENCY: Langley Memorlal Aerorauttcal Lab., Langley Fleld, Va. ¥-1077
PUBLISHED BY: Natlonal Advisory Committee for Aeronautlcs, Washlngton, D. C. | PGS ACCRCY
oan s0C QAR covarTey r wouaoe augTIAROMS
__Jup' 46 Upclass. U.S. English I 108 | 45 00§, tables, diagrs, graphs

ABSTRACT:

A method Is presented for determining the jet-boundary and plan-form correctlons
necessary for test data for a partial-span model with o reflecting plane, an end plate,
or no end plate in a clused clreular wind tunnel, Correctlons are applied to measured
values of 1ift, drag, pltching-moment, rolling-moment, and yawing-moment coefflclents,
A comparlson Indlcates that good agreement 1s obtained with flaps neutrul ot values of
11ft coefficlent below stalling and less at maximum lift, or with flaps deflected,

DISTRIBUTION: SPECIAL, All reguests for gnplgs must be addressed to; Publishing Agency
DIVISION: W urnels SUBJECT HEADINGS: wind tunnel data - Correction (99111.5)

SECTION: Dala Evaluxtion and Reduction () - | /1nd tunnels - Boundary effect (99110.3); Alrplanes - Wind
| tunnel testing (084886.5)

ATl SHEET NO.. !
Alr Oocumeonty Divislon. Intelligence Department AR TECH \%l INDIX WrightPattarsen Al: Ferce Dote
' Ale Materiol Com.nand Seyren, Ohle






