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NATIONAL ADVTSORf COMMITT“E FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

CHARTS FOR DETERMINING JET-BOUNDARY CORRECTIONS FOR
COMPLETE MCDELS IN 7- BY 10-FOOT CLOSED
RECTANGULAR WIND TUNNELS

By Clarence I,. Gillis, Edward C. Polhamus
and Joseph IL,. Gray, Jr.

SUMMARY

Numerlcal values of the jet-boundary cnrrecflons to
the anple of attack and the induced- drng,/g»illnv—moment
and yawing-moment coefficients have been ulated for
complete airplane or wing models in 7- 10-foot closed
rectangular wind tunnels. Variaticnsoinaspect ratio,
taper ratio, wing area, wing span, L pan, alleron span,
and vertical location of the w1nb 1n/\ke tunnel were
included in the OOWputdth”S. The HHMerPal values of the
corrections were obtalned by a raphlcul integration pro-
cess that permitted the use of Lhe actual spsn loading and
spenwise variation of upwash VP}Q~»ﬁJ. The corrections
are gilven in equatiocns containing’correction factors that
are presented in the form oﬁ essily used charts.

The results showed thavy he wing area was the most
important variable, as has\noually been assumed in previous
calculations. When the cor ‘ections were based on wing area,
the effect of most of the other variables was negligible,

A comparison of the cérrections Tor tunnels of several dif-
ferent shapes showed that, for geometrically similar wings
having the same ratig of wing area to tunnel cross-sectional
area, the correctiocns Wwere very nearly the same as those

for 7- by 1l0-foot ct angular tuﬂnels. Correction factors
and equations are\‘/bsented fer determining corrections to the
pitchlng-moment/* sfficient, downwash angle, and wake or
slipstream 1oc§t on, These correction factors account for
wing span, ta;I\Iength and vertical location of the wing

and tail in the tunnel. TPFirst-order effects of compressi-
bility on th _Jjet-boundary corrections are included 1n the
charts.
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INTRODUCTICN

Calculations of the jet-boundary corrections for
complete models previcusly have involved some sumptlom
to simplify the computations. In calculating the upwa s
veloclty and subsequently the corrections, the snan lQ
distribution has usually been considered uniform or
elliptical. 1In addition, in many cases the upwash, vef001ty
across the wing s»nan has been assumed to he consta\ .
purpcse of this investigation was to calculate th
boundary corrections ss accurately as possible by\
the actual span load and upwash- ve1001ty distriby
w1nﬁs of various plan forms and to cbtain caaf §/from wblch

tunnels may be ea81]y determlned for
sizes and configurations.

The formilas and methods for calcu

vertica1 ve1001tv induced bJ the ﬁ\
include the effects of the induced”
caused by the constriction effect
blocking corrections. The g“aob/ca] integratlon pDrocess

of reference % was used herein (o, calculate the corrections.
Jet-boundary corrections werelcomputed for the ansle of
attack and for the induced-drag, rolling-moment, and induced-
yawing-momsnt coefficients., n preparing the correction
charts, the effects of someg of the plan-form variables were
considered to be noglig*ble. In order to justify this prc-
cedure, an examination was made of the probable accuracy

of the corrections oressntea.

tors given in reference 2 for use
sorrections to the pltching-moment coef-
ficient,. downwash‘ gle, and wake or slinstream location
covered only a sme range of model locations. (Calculations
of these correc: ’@% factors have therefore been made for

a greater rangé~of wing and tall locations abcove or below
the tunnel center line; the results are presented 1in a form
slightly ulf/erent from trat used in reference 2.

The correction
in the equations fqr
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model are given in reference i. By use of the results
of reference li, some eguations were derived for approxi-

" mating the effect of yaw.on the various ccrrections.

SYMBOLS

1ift coefficient
drag coefficient

vawing-moment coefficient

pitching-moment coefficlent
¢

correction to the pitching-moment &%Eﬁt

N
NS

rolling-moment coefficient

wing span

flap span
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S wing area

6 jet-boundary correction factor <L§g fv!), aileron
deflection when used with subscript a

it angle of stabilizer setting

Ae correction tc downwash angle

OCm ‘o .

37 stabilizer effectivensss, change of

= coefficient per dezree change in

setting

s vortex semispan

N

d distance of 1lifting line abhove or below horizontal
center line of tunnel, Leet ya

Az! correction tc vertical dlsn*acem

3lipstream

Subscripts:

1.7, Jifting line

S.Co streamline curvature
w wing

f flap

a aileron

fifting line of wing
behind lifting line

g

av
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The axes used herein are wind axes; the X-axlis 1s
parallel to the relative wind and the Z-2xis is in the

plane of symmetry of the model and perpendicular. to the

relative wind.

RESULTS

Use of Charts

The methods used herein for calculating the jet-/
boundery correcticns have been set forth in detall ip
references 2 to . The correcticns to the angle of ! &;tack
and the induced~-drag, rolling-moment, and yawing- QO@nt
coefficients were computed for a w1de range of qu&l
dimensions. The ranges of model dimensions are ,as)follows:

Aspect ratio . . . . . .
Wing span, feet . . . .

o & o @
L]
.

Taver ratio .. . . . . 1.006
Wing area, square feet . 10.7
Flap-span reatio, bf/b'b' . . 1.00
Alleron-sman ratio, a . 1.00

b/2
In making the calculations, the( §h§bret1cal span load
distributions for angle-of-attack ﬁnsnges snd aileron and flap

deflections were used for the w1ng§ considered. The span
load dlstrlbutlons were taken from r@ferences 5 and h.

was ce lcalated as in referencey iﬁ of the theoretlcal span

loading. I

The corrected value of /the angle of attack is given
( \ (Aa
Im/s, =00 \&C1

by
frpan ¢ 3
a=ap+ (2~ cosV)s i(-s-ézj (1)

l:
t
my
-t

+ (Aa
SCL/s.c.

-y

Di)( j s )
—_—t e +
L 2/ L 5a=oo SCZCL/ m(‘ /0 “Oo

(2)
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ACD AC
where the values of ——_% g D1
SCyCr,

from figure 2. The corrncted rolling-moment coefflclent
may be found from the equation

0y = Gy + (-1. 5+25coow)s<‘wz>

are those obtained

A
The values of _EL are those indicated in figure

correction to the yawing-moment coefficient de
the aileron deflected when the model is yawed T
deflected aileron is on the leading wing, the Q@rrected
yawing-moment coefficient is N

ACn.

c. =¢ + (=0.3 + 1.3 cos ¥)&f —221
T Pm 561

Op = Cp_+ (b3 - 3.3

In equations (L4} and (5)
given in figure 1.

ibility effects on these correc-
tions, as calculsted- 1n ‘eference 7, have been sccounted
for 1P figures 1 and> 5\: The streamline-curvature correc-
tion to 1lift was der;g/d in reference 2 in three ways:

as a correcticn to &thée 1lift coefficient, as a correction
to the sangle of atxaék and as correctlons to both 1lift
coefficient and éh@le of attack. The entire streamline-
curvature corre 7bn i1s applied herein to the angle of
attack.

FPirst-order comnre”

Although\¢he correcticns were calculated for a wide
range of model dimensions, the results presented in
figures 1 4o |l are for only a few dimensions. As will be
shown later, the effects of the other variables were very
small an,\could be neglected. The calculations are for a
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range of *1.0 foot in the vertical distance of the wing

- from the center line of the tunnel. Distances greater
"than 1 foot from the -center line should be avoided in

mounting the model in the tunnel because of the large
increase in the corrections for greater distances.

The effects of yaw on the various correctlons are
included in equations (1) to (5) and were determined fro
the cslculations cf reference that were made for one \\

model. The variation of the corrections with angle of )
yaw 18 assumed to be epproximately the same for e¢l/models.

The corrections in figures 3 and L may be useévto
correct the rolling-moment and yawing-moment coeleélents
produced by the dlh?drdl effect of a yawed w1ngA< )8y use
of thls procednre the measured deta are correntéd for the
unsyrmetrical upwash end 1ift distribution cau ed by
dihedral by assuming that these effects are milar to
those prodvced by aileron deflection. The rolling—noment
coefficiont produced by a yawed wing °houké not be used
in the corrsctions tc the angle of attack< id induced- -drag
coefricient because the effecfs on the and right wings
will tend to cancel esch other.

For corrections to the angle-of tack and the
induced-drag, rolling-moment, and Jaw ng-moment coef-
ficlenhs of models that do rnot come ’Atth the range of
plqu Torm voriables considered herein, the upwash-velocity
curves of figure 5 and equationsg similar to those of
reference % may be used for the g¢alculations.

Corrections to the oltqhiﬂg—moment coefficient, down-
wash ancle, and wake or sln‘\kream location could not be
given in the form of chartg because of the large number of
variables involved, qome‘éﬂwhlch must be determined from
test data. The correct\“ ‘factors in figures 6 to
include a larger rusnge,of dimensions than end are plotted
in a slightly di ff\rq form from the factors in reference.2.
It should be noted that scme of the symbols used herein
are different from, se used in reference 2. TEquations
for calculating CQTP ctions to elevator hinge moments and
ngles are given in reference 2, but
Jare ordinerily small enough to be within
accuracy obtained in measuring the
may thus be neglected.

these correction
he eXperlmenta
quantities
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The equation from reference 2 for the correction to
the pitching-moment coefficient is

(6xC1,)
ACm = - \/(__,_i_._._y_tg (6'[, 1. L}\'V+f ( >57 5

The correction tc the downwash pngle at any point
(reference 2) 1is

(8xC1,) 5
pe = — ML S 57,3

Ffo

This correction to the downwash angle °hould be applied
only to downwash angles that are measurédaby an alr-flow
survey. When average downweash angles & he tall are
determined from stablilizer- effpctlvv\e\ﬁ data by use of
corrected pitching-moment coeffici Wf/ no corrections to
the downwash angles are necessary, §

Cry * OxrCre)

+ b

T ST e

where the s?@scvlpts on the correction factors indicate

«aétors are determined for the WLng and flap tip
soectively. If the values of for the

r the flaop are within 0.03 of eacﬁ other, an

7€ 6, may he used with the total 1ift

coefficient instead of separate values as shown.
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The factor &; , is determined from figure 6 for

—-.-the.following values_of st

Wing or full-span flap 5
Shape A b/2
Rectangular 1.00
Taperéd .50
Tapered .25

Partial-span flap %

be/b > 0.6

be/b < 0.6

The value of dg ~ 1s the height of ‘th

above or below the tunnel center 1iﬁ/%gt the spanwise

station equal to s. The value og/dgf/ is measured from

the position of the flap trailing/sdge for plain or slotted
flaps or a point midway between{ﬁhé/wing end flap trailing

edges for a split flap at the(spenwise statlon equal to s.
The effects of yaw on &7, 1, may be accounted for by use

of the following equation:

1.1, = 91,1, (2 = 08 V) (9)

In order to de termine 8x from figure 7, an effective
height d mnmust be

uged instead of the actual height dg
S

to account for th@i@Ewnward displacement of the tip vortices
behind the wing.. The effective height d for determining
8x can be found from | :

d = d, - 0,050 (10)
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for wings and for flaps having spans greater than 0.6 of
the wing span. For flaps with spans smaller than 0.6 of
the wing span, the effective height 4 1is

The value of x for use with figure 7 and equatlons (10)
and (11) is the distance from the quarter-chord point of

the wing to the three-quearter-chord point of thes 21l for
ACy, and the distance from the quarter-chord po‘ﬁ@7of the

wing to the point in question for A€ and Az! If values
of x smaller than 2.5 feet are required, an- \hterpolation
may be made by using for the values of 8y at ¥ = 0 the
curves of 85,5, in figure 8. TFor values s other than

those given in figure 7, linesr 1nferoolatlon or extra-
polation may be used. In order to qccouﬁm,for the effects
of yaw on 864, the following equatlop shott

GXW

where \Bw—-> shg\‘ Jbe determined from bests of the
isolated horlzomt I tall., ,If these tests have not been

S C
made, an aao;o ;maulon to <\ m) may be found by using

the 1argest/va1ue of QS% obtained from propeller-off

ol
testse, P

iéller—w*ndmilling tests have been used to
C
61:) ,» but the value obtained is subject to
\ /7

sone do&bt because experience has shown that (q/q,) -
may vary from 0.75 to a value greater than 1.00 for

determl
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propeller-windmilling tests; the value of q/qo)

-determined in.this way depends upon the propeller s1ze

and location with resoect to the tall surface. -

The 1ift coefficients OCp to be used in calculating
ACyp should be the trim 1ift coefficients determined from..
a series of tests with different stabilizer settings for

each power condition., TFor each power condition, therefore
the same curve of AC, against ¢, Is used for all sta%x—

lizer or elevetor settings in correcting the tunnel data.
This procedure accounts for the fact that no additi nal
corrections are calculated for the effect of the t’il 1ift
as would be necessary if the 1ift coefficient for the tail-

NN

off condition were used to compute AC,. The corgection

factors for the tall 1ift would be of the saﬁe
magnitude as the factors for the wing 1ift b v
tions would probably be somewhat smaller. $h&% procedure
will make the correcticn to the ULtchlng-m@ment coefficient
most accurate at the trim 1ift coefficlents and only
slightly less accurate at all other 11ft gefficients.

Filrst-orcer compressibility effep\ﬁ on the correctlions
to the pitching-moment coefficient,”’downwash angle, and

wake or slipstream location may be; vounted for by multi-

During the analysis the calculations, corrections
for closed-throat tunnels/ of circu]sr elllptlcal octagonal,

compared. It was found fhat for geometrically similar
wings having the N atio of wing area to tunnel Cross-
sectionsal ares, @

of those for 7-
figures 1 to L werbe. )
With this procedure’, the effects of most of the other
variables were \‘gligible end only the most important of
these effects are indicated in figures 1 to L.

An examipatlon was made of the inaccursacies involved
in the correction Tsctors in figures 1 to li and the
results ar“ shown in figures 9 and 10. The abscissas 1in
figures 9 and 10 are the values of the corrections from
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the curves of figures 1 to l}, snd the ordinates are the

calculated values of the corrections. The lines indicate
zero error; the vertical distances between the points and
the lines represent the ineccurscies caused by neglecting
the effects of some of the plan-form varisbles on the
corrections presented in figures 1 to L.

For the condltlons assumed in the preparatlon o,/ﬁ
figure 9 (CT = 1.0; C, = 0. 03) the meximum error ;n%the

engle-of-attack correction will be 0.05° and the maximum
error in the correction to the induced- drag coeff“c1ent
will be 0.0008. From figure 10 the maximum errprg’ in the
induced-yawing-moment coefficisent and rolling{me@nt coef-
ficlent are 0.0001% and 0.0002, respectively 211 these
errors are about the same as or are smaller egn the usual
experimental errors for complete-model tests.

mponent of

Some calculations were made of the o
\ by slleron

induced-drag-ccefficient correction caus

AC .
Dg. The total dr g7coefficient correc-
SCy . (

tion due to this component 1is onlv\’bput 0.0003% and may be
neglected. Computations of the cqmpmnent of induced-
yawing-moment coefficient due to 1léron deflection alone

¢, 2
which is also negligible.

O///,
d

deflection alone

indicated a maximum valu y,; ACn; of about -0.0001,

~ the downwash angle, and
<‘catlon "need be computed, a sample

effectiveness out -0.0%0. By using this value with

a wing having e : »’of 10 squere feect and a span of

8 feet and by siming for simplicity that éL = 1.0,
NS o

equations (6) t ) become

). 215 lkéxCL)w+f = (6Z.Z.CL}w+f}

be = 8.2 (04Cp)yer
and

X
Az' = 0.143¢, /ﬁ 6, dx
Y oyr.mE,
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The order of magnitude of the corractions for this case

. will then be

ACpm = 0.020C

where AC, 1s equlvalent to 8 2-percent shift in neutral
point in the direction of instabilitys

Ae = 1.6hCL
where Ae¢ 1is in degrees; and

where Az' 1s in feet. An accuracy of #
of these corrections would be within the e,
accuracy usually obtained. This degre\“éf accuracy requires
that both &, and the difference 5y7 61 ;. be accurate
within about 10.03%3. Except for unusu@imcases in which the
wing is located at large distances from the tunnel center
line, a change of 2 or 3 inches 1n”/he tall length or in

the vertical location of the w1ng /r tail in the tunnel
will have a negligible effect om‘;ﬁe corrections, In
addition, an error of 10 percem in determining the q/qO

ratio will not cause eyoe351vegerrors in the final correc-
tion. '

percent in any
Xperimental

or wing models in 7\/by 10-foot closed rectangular wind
tunnels. Varlatxﬁns of aspect rstio, taper ratio, wing
spen, wing area, Flap span, alleron span, and vertical
location of the\wing in the tunnel were con51dered. First-
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determining the corrections to the pitching-moment coef-
ficient, downwash angle, and wake or slipstresm location
were determined from a previocus report and ere presented
along with some sdditional velues of the correction factors
that include a larger range of model dimensions., The
correction factors account for wing span, tail length, and
vertical locetion of the wing and tail in the tunnel.

An enalysis of the calculated corrections showe éktﬁab

\
N—/

A
AN\

1. When the corrections were based on wing @,éa, the
effect of most of the cther verlisbles wes small fd,Was in
many cases within the exverimental accurscy of “he “tunnel
measurenments.

2. For geometrically similer wings hay ng the same
ratio of wing srea to tunnel cross- sectﬂon./ Area, the
corrections for tunnesls of seversal ilffereﬁt shapes were
within %15 percent of those for 7- by 10 foot tunnels

TL.angley Memorial Aeronautical Taborabory
Mational Advisory Committee fbr\Aeronautlcs
Langley Pield, Va.
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Fig. 7b ' NACA ARR No. L5G31
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Fig. 8 NACA ARR No. L5G31
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