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S.,mHtary.-Approximate formulae for the interference on an aerofoil
in a rectangular wind tunnel have been known and used for se veral years.
),Ion- accurate formulae have been developed by Terazawa and Roeenhead,
but t heir results are given in very complicated lorna wh ich are unsuitable
fo r n umerical comp utation. In this paper Roeenbead'e formulae are reduced
to a more conve nient fo rm and nu merical results are derived (or squa re and
Duplex wind tunnels. The corre ction to t he ap proximate formula is
comparatively unimport ant for a squa re tunnel, but import an t fur a Duplex
tunnel.

1. Introduction.-Fonnulae for the interfere nce on the character
istics of an aerofoil in a wind tunnel of rectangular section. based
on the author' s approximate theo ry (Ref. 1), have been known
and used for several years. More recently attempts have been made
to increase the accuracy of these formulae by a closer analys is of
the problem. Terazawa (Ref. 2) has deve loped th e analysis
rigorously for an aerofoil with constant circulation across its span
and has determined the mean value of th e induced velocity
experienced by the aerofoil. Rosenh ea d (Ref. 3) has repeated
Terazawa's analysis for uniform loading, obtaining th e same result
but in a very different mathematical form, and he has also developed
the corresponding analysis for an aerofcil with elliptic distribution
of lift across th e span. These au th ors have not deduced general
numerical values from their formulae, and indeed Rosenhead's
formulae are not sui table for numerical computation unless the
span of th e acrofoil is only a small fraction of th e width of the
tunnel. In this paper the formulae given by Teraza wa and
Rosenhead are examined and recast into a form suitable for direct
numerical computation, and the numerical results are derived for
the two shapes of practical interest, the square and the rectangle
whose width is double its height .

• R.A.E. Report December, 1931.



2. Umfonn IOtldiHg.-ut v be the upward normal induced
velocity. due to the constraint of the tunnel walls, at any point of
tile aerofoil, and let-

" L S
V = '1 C f! \ OJ = 'I C kL (I)

where C is the area of the tunnel section , S the area of the aerofoil ,
and kL its lift coefficient.

(2)

TIle formula of the approximate theory, as USl-'<1 a t present .
represents solely the value of v at the centre of the tunnel and is
derived from the assumption of an aerofoil of very small span.
This formula maybe expressed as--

I ~ ~ P'I'l
•• = A t 12 + 2,',~ , 1 +'1')

whe~

A~ hlb } (3)

•

(4)}
Thus 1 is the ratio of height to breadth of the tunnel. and the two
important practical values are :-

Square A= 1 q ~ 0-00187

Duplex A- I q ~ 0- 043'21

It is then found that '10 has the same value 0 -274 for both tu nnels.

Teraza wa calcu lated tile value of v at any point of the acrofoil .
on th e ass umption of u niform loading, and deduced the mean value
across the span. Aft er a sligh t a lgebraic adjustments his result
may be expressed in the form-

- A [I M
'J =- 2n(1s og sin nd

+ i: (_)... log 1 - 2q" ellS 2no + q," ) (5)
..-1 ( I -If)S

where (1 is the ratio of the span of th e ucrofoil to the width of the
tunnel,or-

(6)

(7)

Rosenhcnd, attacking the same problem on rather different
lines, obtained a result which is indeed identical with Terazawa 's
but is expressed in a wry different fonn as follows :_

A ec f, CO)"
ij "'2(1 D~0 (2n +l ) l "2 ..

• Te raeawa's q is the square root of q as used by Rosenhead and t hrougbout
this paper,



f: ~ Q..+ r (")""
" -,.,(2, + 1)12

2
Q.=-(Zm + 1} I P. + ( - )· ( 2;'I)" uR.

n
~

p. = ~ p-I la +l ),..

(8)

(9)

(10)

:0 4p" +1 rr
R. "", ~

p ool I + tf'
Both expressions (5) and (7) for the value of ;'j are highly complex

and inconvenient for numerical computation, but Rcscnhead's
formulae can be reduced without difficulty to a more convenient
fonn. Aft('T substituting the expression for Ita and collecting the
coefficient of qIa. we obtain-

A ~ (").. • .Q
-- ~- ~ .4 .. _ _ 2 .._ o (Z" + I } ! (Z", 2n + l}1

A " ,cQ~"c-"n.-.-- :E ~ ..- 2._ u {2",+ 2) 1

• (2," +2) 1
:E =2"+ 1

•• • (2. + 1) 1(2," - 2. + I ) !
Now-

X> P a:!m + ' :'1' (1
1:: " = log -,--

... _ 0 tIS + 1 Sin ;'I' a
and-

X> R... (2"'t (J )im +I ~ 4 q" <D (2.n" P (J)"" +I
~ (-)" - ~ ~ (-)" T,2--'i-'<""

m oolj (2111 + 2) 1 r -1P ( 1 + ql'),,, _ O (2m+ 2) !
en -I ql;l

- ,~, P( I + q' ) ( I - co, 2n P")

= i: RpqP (~in 7l P(1)'
r -l l +q" P

Hence finally-c.
_ }. n a '" pqro (Sin:rt pa)'
I} = .,.-s log -,-- + 2"1 ). :E 1- + ' "-sn a Sinner p .. 1 q Xr~

and this fonn is suitable for direct numerical calculation with
any value of (l owing to the rapid convergence of the terms of tilt'
series. When (I tends to zero. this formula gives the value '70 of
equation (2) as derived from the approxima te analysis.

• ColT\"ctinll an obvious misprint in the- index of 2 ."1 in equatjons (3) and
(5) on page 143 of Rceenhcad's papt'f, which l(iVf"S (2,. + I) instead of
(2 ,. + 2 ,. + I).
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3. EUiptic loading.-Rosenhead has also developed the analysis
on the assumption of elliptic distribution of lift across the span of
the aerofoil. and his results may be summarised as follows. At
any point y of the span-

A 00 ID Cy)D
'1 =20 .~o(2nl) b

where-

(IZ)

(13)

Writing-
y = s sin ~ .

the mean value of fl. weighted according to the lift distribution
across the span. is

7j=~f. '1 '1cosl"'drp
" ,

_ ZA f" ~ _l"'--- C~)D (sin +).. (005+)' d +
x a II " _ 0 ( 2'1 ) 1 2

= :~ [Z ..~ 0 (2" '; 1) I (;y" (sin t/J lta+l d rp

A eo l,. CG)'"
= 2a.~, n l ( "+ I ) 1 4"

In order to reduce this result to a more convenient Conn it is
convenient to consider separately the parts of ij due to the coefficients
Pill and R.... Substituting for J2rJ, and collecting the coefficient of
a ila , the first part of ';j bccomes-e-

_ A ~ l' CG)'" ~ (Z",+ 1 ) 1
'11 =Znm _o III 4" "_u,,l(tl + 1) 1 (m '1)1 (111 -1'+ 1) 1

and after summation with respect to tI we obtain-

_ A ~ (2m + 1) 1(2 m + 2 ) 1 p CO)'"
fiJ """2.n:

ID
_ om l (m + 1) I (m + I ) I (m + 2 ) 1 • 4" (14)

The series in this expression is a function of 0 only and converges
with reasonable rapidity. The result may be expressed as-

". ~ A F(G) (15)

ami numerical values of F(o) are given in the accompanying table.
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TABLE I.
I'alu( s of F (a).

F lO') a F(O')

0 0 ·2618 O'S 0 ·2llO
0 ,' 0 ·2624 0·6 0 ·290
0·2 0 ·2645 0 ·7 0 ·3001
0 ·3 0-2679 0 ·8 0 ·325
0,' 0 ·2730 0 ·9 0 ·358

Turning next to the second part of Ij, involving the coefficients
Rm, it is best to start with the expressions for ij and liD as integrals.
Collecting the coefficient of 0'2cn, we obtain-

iiz = 8),J" J~/2 ~ (_)m H. (1t 0' )2m
n 0 0 m . O

m (sin O)tm-b + Z ( sin ¢)b. +1

X •~. (2. + 1)1 (2m 2. + 1) 1dOd '"

4l J'.S··2 <1,) R. (x a )tIao
= 3t 0 ••~o ( - ). ( 2m + 2 )!

X {( sin 0 + sin"' )" + 2 - (sin 8 _ sin "')" + t}

sinO sin~J8drJ..

But from the analysis of the previous section-

eo R %"+1 <Xl 8P rr ( Sin IP X)'
.~o(-)· ( 2'~+ 2)I=p~ , l+ qP p

and hence-

32 l [,' J-''2 ec qP \VIj = ---s-i ~ -I + . -p sin s sln rp s os «
n (J 0 0 p_ I q

where-

W = sinzOxp (J (sin 0 + sin ¢)} - sinl U npa(sin 0 - sin p)l
= sin (n p (J sin 0) sin (n p a sin q,)

A1s<>-

{/2 sin (npasin 0) sin OJ (} = i JI (:r p 11)

where 31 is the Bessel function of the first order, a nd thus the final
expression for 'ij. becomes-

;;, _ 8" l ~ 11- (1, (" Pan' (16)
p_ 1 1 + q"{ n p o 5
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On comparing this result wit h the second part of formula (10),
which gives the value of " for uniform loa ding. it will be noticed
that the only change is to replace sin :r p o by 2 Jl (:I P a). The
series of ii, convcrges rapidly and can be easily evaluated. Numerica l
values of th e required Bessel function are given in the accompa ny ing
table .

TABLE 2.

ValrU's of {]I (:'f a)/;( O')'

a { J1(1IO'l/1JtJ}t a t J II':ro)f:'ftJ}1

0 0·250 0·. 0 ·095
0 ·1 (J'2H 0·7 0 -0f>4
0 ·2 0·2'1:1 0·. ooas
0 ·3 o-a» 0 ·9 0-020
0, ' 0·167 ' ,0 0 ·006
0· 5 0· 130 ' , 2 0·000

The fina l value of ii. due to ellip tic loading. is-

;; ~ H(a) + 2.,}. i; J>_'L 1JJ...1.'!. P a ) ! ' (17)
p_ 1 l + qp( :'l pa

and numerical va lues ca n be derived by assistance of the subsidia ry
tables I and 2.

4. Discussion of rcstlUs.- Thc formulae (10) and (17) C<1.n be used
to derive values of ij for any rectangular wind tunnel. but the only
two shapes of practical interest a t present are the square (;, = I)
and the Duplex (;, = U tunnels. Numerical va lues for these two
tunnels a re give n in Table 3 and are shown graphically in the figure.
The difference bet ween t he values deduced from the assumptions
of uni form and elliptic distributions of lift is not great. but th e-re
is an important difference between th e t wo shapes of tunnel. The
value of 'i increases with the span of the aerofoil in a square tunnel,
the increase being 12 per cent. of the init ial value for a span of
0 ·7 h and elliptic loading, whilstIn a Duplex tunnel the va lue of ij
decreases and reaches a minimum val ue , 33 per cent. below the
initial value, for a span slightly less than 0·8 h.

TIle correcti ons to the acrcdynurnic characteristics of an nerofoil
tested in a wind tunnel, to deduce those which would occu r in Iree
ai r, are ex pressed conveniently as-

S
t> n _ d Cs· kC

}

(18)

~ k[) = ~ C kLI
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and it has been shown in a nother papcr (Ref. 4) th at th e best value
to assign to the coefficient <'i is the weighted " wan value of 'J
calculated on the assum ption of elliptic d ist ribut ion of lift across
the span of the aerofoil . These correct ions a rc small in all pract ical
applications and it usually suffices to know th em with an accuracy
of ± 2Uper cent. On this basis the approxima te value of ~ (O'274)
would suffice in a square tunnel . since the span of th e aerofoil will
not exceed 80 per cent. of th e width of the tunnel . but in a Duplex
tunnel it is necessary to take account of the decrease of the va lue
of 6 revealed by the more detailed analysis. and in all cases the best
course is to take for d the va lue of "ii. at the appropriate value of
2 sib, on the basis of ellip t ic distribution of lift.
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TABLE 3.

Valtus of ij .

b _ 11 . I b _ 211.

2 sib.
Uniform. I Ellipt ic. I Uni form . I Elliptic.

0 0·274 0·27-1 0·27-1 0·27-1
0 ·2 0·276 0 ·275 0 ·25-1 0 ·258
0·' 0 ·2>1-1 0 ·21:11 0 ·2 1-1 0 '2'~

O·S 0 ·292 0 ·286 0 ·197 0·208
0·. 0·305 0·295 0 ·185 0 ·1 94
0·7 O'3:!6 U·307 0 · 181 0 ·1 85
0·. 0 ·3112 0 ·327 0 ·188 0·183
0 ·' 0 ·-135 0 ·359 0 ·219 0 · 189
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