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The following discusaion concerns the corrections due to lilt
effect¥® in tunnel tests of an aerofoil in two-dimensional flow. The
circulatiron round the aerof'oil is usually reprcsented by & bound vortex
at the centre of pressure, the influence of the btoundaries of the working
gection being deduced from the induced field of the appropriate system
of images. The chordwise variation of the upwash (i.e. the transverse
componert of the induced velocity) gives rise to an effective curvature
of flow, which produces an effective change of acrofoil camber (acrodynamic
camber) combined with an effective change of ancidcnce corresponding to the
upwash at mid-chord. These are discussed separately below, and several
alternntive forms for the corrcctions in a closed-throat tunnel are set
out in Yables 1-5.

Aerodynamic Camber.

In practice the correction due to aerodynemic camber 18 converted
to an equivalent change in 1ift, pitching moment, etc. (Table 1). It is
therefore necessory to know the values of the camber derivatives
3CLOYy , 30nfey, ctc. It is usually assumed thot these may be token %o
be the same as the theoretical Yalues for a parabolic arc, or preferably
(to allow for boundery-layer effects) those given by the semi-cmpirical
relations suggested in Ref.1, namely

a' :9-0}2'. :'.14.7(21 .

oy 2
and
m' =:Q£EE = - = 2
\ oy a1T
wnere a4 denotes 3C./da and e its theoretical value., These

equations are probasbly sufficiently accurate ai low incidence, but an the
nerghbourhood of the stall they are no longer applacable becesuse on physical
grounds the effect of aerodynamic camber would be cxpected to remain finite
and positive whereas a, becomes zero and then negative. Presumably the value
of @Cé/b in the neighbourhood of the stall lies between A4n and O,

and 3§ n/g between - ® and 0O; in Table 2 valucs of 4AR and =~u=m

have been tssumed where A and p lie hetween Q and 1o If A and g  were

taken/

* The further constraint due to wake blockage is also likely to beconme
considcrable an the neighbourhood of the stall.
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taken to be 0.5, the uncortainty in the correction when c¢/h = 0.4 would
be + 1.6% on 1ift and 3 0.004c cn the position of the centre of pressure.

Hence it world be desirable to obtain experimental values of
the comber derivutives at the stall, particularly for &Cr/d y.  These
data might possibly be estimated from tests of famrlios of aerofoils with
varying amounts of parcbolic cambor (with maximum cambur at mid-chord),
but as the rcsults would depoend cn the evaluation of small diffferences
it is doubtful whethor sufficicent accurzey would remain. I would sccm
preferable to make direct deturminations, either on o vhirling arm or in
a two-dimensional cuvrved-flow tunnel, o possibility which is oexcmined in
Ref.2. The tests should cover a range of Reynolds number.

Correction. duc to Upwash at Mid-chord.

This corrcction to incidence 1s basically straightforward.
If, hovever, it is convertud to an equivalont change in 1lift at consiant
(tunnel) incidence {Tables 3 and 4), in thc neighbourhood of the stall
it is particularly important to use a value of 3Cp/ da oppropriate to
the incidence considercd, and not to use the thoeoreticual voluc of 27
por radien., Purther, corresponding corrcctions should be applicd to
Crs Cps cte., a3 well.®  This upwash has no effect on the volue of

max*

Conclusions and Recomaondations.

(1) Experimental values of the camber derivatives are ncoded
for the cvaluation of the tunncl intorference duc to lift cffect,

porticularly 0C;/ 3y at meximum lift, A range of Reynolds number
should bc covcrod.

(2) Vhen applying the interferenco corrections it is essontial
to distinguish betweei the correction due to serodynamic cember and that
due to the vpuwash induccd ot mad-chord. The basic forw of the
corrections is sct out an Table 1,

(3) Until cxperimental values of the camber derivatives are
available there is little one can do except to use the semi-empirical
values LAT for 3C/ 0y end -pm for 0C/0Y. The reculting
corrections are given in Table 2, In the absence of further information
a velue of 1/2 is suggested for N and | at the stall.

(4) If the incidunce correction due to mid-chord upwash is
converted to an equivalent change of 1if% at constant incidence
(Table 3 or Table 4) 3t is important to use a value of GCI/ oy
appropriate to the particular incidencc being considered, end not the
thaoretical value of 27 which at best is only applicable at low incidence
(Table 5). Moreover, corresponding corrcctions should also be applied
to Cy» Op, c¢tc: thesc have been included in Tables 3 and 4%

Corrections/
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*
This method of applying the incidence correction, however, is not
recommended near the stall,



Corrections due %o Lift Effect:
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Rectangular Closed~ihroat Tunnel

(Two=-dimensional Flow).

Table 1 - Basic Form of the Corrections.

Correction

For aerodynamic camber

For mad-chord upwash

To o (radians)

EACMCRELS

T0 0 - {8\ o 39 0
19 \h a-y
To Gy, ~ X (9_ G AT 0
192 h 3y
To ¢ - (9.) G, & | +X (2 2 (Cr. + 4C.)C
D 152 \h 8y 96{u} VLT L
Table 2 - Values asswing 395-= LAt and Cm . s
oy dy
Correectliaun For acrodynamic camber Yor mid=-chord upwash
! daans ) 0 n (c)? (C; + 4G )
1o o (radians +z & L+ 4G
2 2
o 0 -2 fc 0
1o G Kh,)(h, ¢
< 2
m s E C 0
o cm * 152 (h) L ’
- ® f0)2 &0 LR cC C
"o Cp AU o7 | +9§—(h (Cr, + 1Cnly,
Table 3 - Equivalent Corrcctions at Constant Incidence (Cf. Table 1)

Correction

For aercdynsmic camber

+ For mid-chord upwash

To o {redians)
To (’L
To Cy

To CD

0 (0)
RO i et
R ACIRE A R
-l | B el B)

Table 4/
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Table 4 - Equvalent Corrections at Constant Incaidence Whenf-j--(:‘-:"'--l = 4ax
and L8 = un (C{. Table 2)

oy
Correction Por acrodyninmic camber For mid-chord upwash
To a (redizns) 0 (0)
oo CEE e HE e
To Cp - '1%; (%)2 o . _;% (_I_GI)Z (Cr, + ucm)%%m
0 p - & e gy @ 10a){0u-3%)

Table 5 - Constant-incidence corrections at low incadence (onlg)assuming

gg& = L%, %%m = —'n, %g% = 2% andﬁygm = 0¥
Correction For sercdynamic camber and for mid-chord upwash
To o {radians} (0)
To Cy, -—%EE (%)2 (€, + 2Cm)
10 Cp +55 (%}2 G,
To Cp - {%g (95)2 n ‘%%’-‘ +§g(§)2 (Cp, + ucm)(cL - 2—%]3)

A1l the above corrections asre to be added in order to convert the tumnel
measurenents to free-air values. The symbols ¢, h and Cp Genote
respectavely acrofoil chord, tunnel height and acrofoil pitching moment
coefficient about quarter-chord.
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