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(3) Reason'for Inquiry.- Ths problem has arisen in conpection with ' 
tests m the N.P.L. Y' x 7' tunnel on s pw%wing with aileron, reporteii~by 
Hallday and the present author (1945). 

("'1 Ran&e of Invcstigatlon.- This note shows quite generally the method 
of estimating the mterferencc In the form of.an upwash an@e a1a;~p~~tof ;;z pl~l 
folln of a part+lng due to the system of Magcs correspondxng to sny given 
distrlbutfon of lsft, As an dlustration the calculations for the Y' x 7' 
octagonal tunnel hsvc been tobuletcd. 
5 (a), 5 (b), 5 (0); 

The upwash functions are given in Tables 
rind the upnash angle may bo obtained by substltutln& these 

functions and paramctors detcrmlned by the distrsbution of lift into cquaGson 
(20) of F&. 

Cc) Conclusions.- It is discovered that cm octagons1 tunnel produces 
consrderably~~-u=h than a rectangular tunnel near the wall where the part- 
vrlng 1s mounted, nut that the difference 1s loss marked 1~1 the centre of the 
tunnel. It IS csncluded that the interference of cocncr fdlets can be ignored 
39 far as pal-t-wing tests on arlerons XC concerned, but that lt becomes 
opprocldble If the condltlons near the raot scctlon of the part-wing are uder 
~nvcstlgaticm. \ 

It LL~ found that the chordwlse varlatlon of upwash angle IS 
practlcallyhnear, and that for all purposes of rntcrference correction llnearlty 
rnzy be azsuned. The totaluplvash angle along any chord may thcn,bs represented 
3s a local und'3rm lncldunco together vrlth a superposed curvature of flow, which 
focrlrtatc an accurate cstunatlon of the wind-tunnel mnterfcronce. 

(4 Further Devclopments.- This note forms part of an lnV%3t~gstiOn c' 
the necossory prcccss In or&r to detcrmlnc tunnel intcrforencc Xcurstoly. 
The method of applrcotlon ~~111 be publlshcd in a later report. 
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1. Introduction 

Swanson and Toll2 (1943) have made a comprehensive investigation of 
methods of determining the interference on a half-wing mounted symmetrically on 
one wall of a rectangular tunnel. This is equivalent to the rnterf'erence on a 
complete wing placed symmetrically in a tunnel of the same height and twice the 
width. The fundamental problem concerning tunnel interference is to detezmine 
the upwash velocity induced by the restricting influence of the tunnel walls. 
For this purpose the disturbance to a uniform free stream due to a wing supporting 
a given distribution of lift may be replaced to any dealred degree of accuracy 
by a combination of horseshoe vortices; each horseshoe vortex consists of two 
semi-mnfinite trading vortices parallel to the stream, join& by a bound vortex 
of equal strength perpendicular to them. At the walls of a closed rectangular 
tunnel the boundary condition of zero norms1 velocity may be satisfied identicalIy 
by superposing for each horseshoe vortex a doubly infinite set of images. The 
upwash velocities due to each eet of images may be calculated at any point of 
the plan form, The upwash velocity is usually considered in two parts, firstly 
that induced at points along the line of the bound vortex, and secondly its 
variation in the direction of the undisturbed stream. 

An octagonal tunnel is formed by adding four lslsceles triangular 
fillets to the co'mers of a rectangular tunnel (Fig. 1). At infinity in the 
wake the boundary conditions along the fillets ark satisfied sp 
the method of vortex squares, 3 

roximately by 
<which was first used by Batchelor (1942). The 

complete system of imsges of a single horseshoe vortex in an octagonal tunnel, 
shown in Fig. 2, is used to caloulate the induced upwash velocity along the 
bound vortex. 

The chordwise variation in -ash velocity can only be determined 
exactly for rectangular tunnels. The upwash induced at the bound vortex in 
an octagonal tunnel is obtained by adding a small correcting term due to the 
vortex squares to its value in the rectangular tunnel formed by removing the 
fillets. It is reasonable, therefore, to treat the &&wise variation of 
upwash velocity by introducing a similar correction in the same ratio. 

2. Notation 

b twice breadth of tunnel. 

h height of tunnel. 

a length of each isosceles fillet. 

V velocity in undisturbed stream. 

0 chord of wing, measured in the direction of V. 
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semi-span of-wing. 

distance along chord, measured from leading edge 
of centre section. 

dmtance along mmg span, measured from the 
centre section. 

equation of curve through mid-chord points. 

&stance along a fdlet, measured from one end. 
‘ 

cLrculatlon round any wing section. 

strength of a horseshoe vortex of semi-span 
t = ob. 

upnash velocity at a distance y = qb from centre 
se&son and a dlstancegb downstream of bound vortex. 

upwash velocity at bound vortex due to horseshoe 
vortex (K,G) in a rectangular tunnel. 

additions1 upmash ve1oclt.y at bound vortex due 
to f1lleJcs. 

w, + w : upwash velocity at bcuni vortex in an 
octag&al tunnel. 

increnont to wj at a &stance b< downstream of 
bound vortex m a rectangular tinnel 

increment to w3 at a &St-once b5 downstream of 
bound vortex sn an octagonal tunnel, 

3. Horseshoe vWtex r_eprosentstlon of a grvcn distrsbutlon cf lift. 

Cnns36er n system of axes Mith orLgm at the leadsng edge of the 
centre section of the wing, the x - axis being m the drrcction of the 
undssturbed flow and the Y-CIXXS along the span. Let x = R(y) repreSent a 
curve passing through all the mldchcrd points, then the chord c(y) 1s 
sufflcscnt to dcf'lne the plan form of the wsng. 

A given distrlbut-Lon of lift 1s adequately dcflned If the 
clrculatlon r(y) and the chcrd~se distance l(y), c(y) from the 
leading edge to 
vilng span - s 

;hc ceqtro of pressure are known at all scctmns along the 
Y -' 9. At ccmparatlvely large &stances from the surface 

of the wing, the dlsturbnnco to a uniform free stream due to the given 
dlstrlbutlon of lsft 1s approxrmately cqusvalcnt to the flo?? arzslng from a 

dut) 
distribution of horseshoe vortlcsty of strcnLth - ---per unit length, 

at 
of scml-span t and with bound vortlcl'cy at the posstion 

. . ? 
x = R(t) 

1. I( 
If the same wzng supports this given distribution of lift in a 

closed wind-tunnel, the flow arising from thebrseshoc vortices would produce 
a flow of air across the walls of the tunnel, thus violating the boundary 

conditions/ 
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conditions; and it remains to determine the change in the flow at the surface 
of the wing, that is necessary to restore the boundary conditions due to horseshoe 
vortices of different spans. 

4. Upwash velocity along the bound vortex induoed by an octagonal tunnel. 

In a previous repor& (1943)~ the author has estimated the 
correotion due tn triangular corner fillets to the mean upwash along the span 
of a wing placed symmetrically in the 9' x 7' tunnel. The corresponding 
problem here IS to determine the distribution of upwash on a wing placed 
synrmetrically in an 18' x 7' tunnel with central fillets in addition to those 
at the corners (Fig. 1). The scalene fillets are again replaced by isosceles 
fillets of equal area. 

As explained in Ref. 4. the wing and its image system for a 
rectangular tunnel would produce a flow of air aoross the fillets. For 
uniformly loaded wings of span not exceeding 7/g of the breadth of the 
uquivalent 18' x 7' tuMe1 the distribution of velocity V4 into the tunnel 
normal to any corner fillet is almost linear with distance along the fillet. 
If a is the length of the fillet and r is the distance from one end of the 
fillet, by writing 

where X G = 2 F) -V, (at r = $1 , . . . . . ...(I) 

the greatest error in the values of VI at the ends of the fillet is of the 
order 2%. 

The method used by Batohelor3 to cancel these normal components 
of velocity and at the same trmc to maintain the rectangular boundaries as 
streamlines is to superpose on the image system for tho rectangular tunnel 
a distribution of vorticity k par unit length around the doubly infinite 
set of squares in Fig. 2. If k is given by 

k =Ka(r - a) 

along each side of each square, and acts in the senses indicated in Fig. 2, 
the vortioity produces an almost linear distribution of normal velocity V2 
across each ssde. To calculate V2, it is only necessary to consider the 
contribution of that square, to which the particular side belongs, as the 
additional components amount to a negligible 1% of that. Approximately 

0.961~ 
v2 = 2 ----- a(r - +a) . . . . . ...(2) 

It 

Hence by equating (V, + V2) to sero. 

xG ;t C.96Ka2 = 0 . . . . . ...(3) 

Consider the aparoximation implicit in (3) in the particular case 
3b 

of auniformly loaded wing I-with circulation r and of span --, where - 
G 

b m the tunnel breadth = 18ft. In Table 1 are tabulated the calculated 

values/ 
____________________------------------- 
* This is a a-ore oonvenicnt deflrntion tha1 that used in Ref. L; 
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values of 
2bv,J?- 

---F--- (f 
mm (4) and (5)) along the central fillet AR and the 

oorner fillet CD (see Fig.1) From these values G is known from (1) *and 
K is determined for each fillet from (3). From Table 2 of Ref.3 the values of 

2bV2&- 
------ are obtained and are alse given in Table 1. InFig. 3 the -es of 

r 

/- 
- 2b+6- 2bV/2 

- -I---- ------- 
* 

and the linear substitute - ------ --- are 
r r r 

ormpared, 

taking r ='O at A and C. When st 1s taken into consideration that the 
additional upwashes due to the fillets arc usually less than 52 of the upwashes 
due to the image system for the rectnngular tunnel, it will be accepted that 
the agreement in Fig.3 justifies the use of (3). 

A non-unifoimlyloaded wing may be represented by a combination of 
horseshoe vortices of different spans. In Ref.4 it was thought, that G was 
practically independent of the span of a horseshoe vortex; and throughout G 
was given its value for a small wing. Hoqever thx assumption will apparently 
lead to serious error, whenever the section of the tunnel is much different 

from quareP\= G'b'2 --;--- has been calculated (f,mm (6)) for ffintral and 

corner fillets of length a =,JiTfL) in the ?a' x 7' tunnel, and it is 
given in Table 2 for different spans 2ub. 

lb.1 General F~nnuloc - 

From Ref. 3 p.8, assuming a uniform distribution of lift 

where along the central fillet AR (using coordinates 0' 

X-S YtX-s J; 

II - dos271 m2 1 

. . . . . ...(4) , 

x Y in Fig. 2) ' 

- - - - -  = _-- - -_-- - - -_ 5 __-_-c------  
ml = b 

bd-  bP- 

XYS Y+Xt5 2 A-- x+T+s a fi -..--- = ---------- G m2= b -_uI-- 
bF bF 

Y - Zh Y-x-(%+@@+ :-x-(h&b- 
n = --em- = = _-v--w--..- 

b hp- bF- 

where Z is an integer. 
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It IS simple to show that along the corner fillet CD (ussng 
coordrnates 0" XY) 

r c-3 
v; = -m-m-- c (-1)X 

I 

sm2 71 m, + ssnh2 ?I n sml 71 m2 + sinh27z n 
-----_--------------- .- ----__- ..---,...-..-------- 

2 jfi 1=-"2 
1 

ccs 2 z n + cos2z ml cosh2n n I cos2 ;[ m2 1 
. . . . . ...(5) 

It follows that V, (s = s,) = Vi S = +pJ - 3) 
Now if VIC: USC the approxunstion that VI 1s a lsncar functson 

of r and let 

------ = ^F [~,(t r = $)- .:(at r = f J] . . . . . ...(6) 

It fOllc\"!S from (1) that 

I- J&& 
VI = ----' 

b d-2 i 1 

SYnslarly for ccrncr fillets A> is defined such that 

Hono,2 by mesns of (2) and (3), 

and K’ = + 
Id? /‘, : 1 

__-__-- -mm - 
0.96a2b d?! ! 

. . . . . ...(7) 

'#l.tll a non-uniform dlstrsbutlon of lift, correcpoilding to a 
wrlr?blc cuculatlon r (t) , 

for cintral fd1d.s K = + --___- em_- 

. . . . . ...(7)' 

for 0crr;er fillets K' = + ---m-o- 

where t = crb 1s used snstend of s m the expressions for rnj and m2, so 

the horseshoe vortex strength per-unit length, 

depend on 6. 

The/ 



The upwash arising from the usage systems for a rectangular tunnel 
of dlmenslons b x h may be calculated as in Ref. 5, p.3. At a pout y = Ilb 
along the bound. vortex the upwash due to a alngle horseshoe v~rtexof. strength K IS 

r 

c-on 
m-T + c m-ll -C 

- ---Ic------- 
(m -?I- c)~ +(I$ )* 

-7- 

xb 
. . . . . . . . (8) 

oosec h --- h (m - 11 +T) - coscc,h -F (m - q - r) 

03 
Defoe a(p) = 1 + z-t c 

x b 
ooseo h Y- (m - p) 

P h lw-c-3 h 

. . . . . . . . (9) 

thm 
4 %bvi 1 -------- = Q(c+q) + Q(u-qI) 

K 
. . ...)... (10) 

As in Ref. 4, p.5, for a smgle horseshoe vortex, the upwash due 
to the fillets may be calculated from the sw~s 

. . . . . . . . (11 

where/ 
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where Si = S~h Bi 

‘Ti = tatlh % 

Each term m tk sunmatron mcludes-the contributmn of one column 
of squares. 

Let i = 0 represent the central column of swares (contaming b 
18, 5, 2, 11 etc m Fig. 2) and i = + 1 represent the comer columns of squares 
(contaming 19, 6, 1, 10 etc. and 17, i;, 3, 12 etc. respectively) and so on. 

3 (ib + afi) %r) 
Then Bi = -------w- + ----- 

2h h 

when i is even (for central fillets) IQ is of opposite sign to K and when i 
is odd (for corner fdlets) Ki is of the same sign as K. 

So,from (11.) and. the relatsons 

%K .A 
Ki = - -------e-w 

0.96a2bfl 
hhen i is oven, 

Tci ./c 
ZaI h ---------- 

0.96a2b$ 
when i is odd 

bw2 CJ 
-- = c 
0.092~ i=i3 

wi-'~-, x (Si, Ti) 

. . . . . ...(7) 

. . . . . . ..(12) 

I  

-/here .A . 7 .A when 

L = -!y. 

i is even 

when i 1s odd 

'Ehon the upwash at .s position y = bn on the bound vortex mduoed 
'sy an octagonal turn& due to a srngle horseshoe vortex of strength K and 
seni-span t = bc, IS WI + w2, 
rozpectlvely; 

where w, and w2 are given by (IO) and. (12) 

i.e. 

‘3 
+ 0.092 c , 

i = -m c 
;-+-'hi x (Sit Ti) 

11 

..,.....(lj) 

vhere Q ,i?and x are defined in (V), (6) and (11) respectively. 

Smoe the serlcs (11) does not converge rapidly, when 1 = 0 and 
?1 is small or when i = - 1 and n is nearly I, ' 
examine the convergence of the expresslon for % 

rs,~;jy; fobi my;~aLy to 

altermtivc series considered in the &per&.x. 

4.q 
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I+2 :1esu1t3 for N.P.L. 9' x 7' -tunnel. 

For the 9' x 7' tunnel it 1: necessary to oubstltute the values , 
w. 

b = 18i't, h = 7ft. and a = ilbjt. values of -z( oi' ilu~ns~ons f'~.');nxn 
K 

(13) are gven III Table l+(b) ior dllforant values ol o- andn . i'hcee Lay - 
w 

be compared i,xth cor?espono.mg values oi -1 m table l+(a) iron (IO), UI whuzh 
K 

8 the ef'ieot 01 the Ylllets 1s not snoluded. klthoqh the l'lllets are oLI secondary 
1wportnnce, rt IS moesLa;-;~ to include them ciiect m or&r to calculate 
acouraiol~~ the wmd-tunnel mterfercuco. 

w3 ,?or oonven~encc of agpllcrtlon the values 0;' -- are also given 
K 

in 'Pablo :(a) l'~r Integral values 0;' ~6~- and 36rl, at exact ~l:~ples O: hall' 
a Toot r‘lO‘4 the turlue1 walls. 

>. __ C~OAV~L~~ varlatlou oi' lwuced upwash. 

In order to obtzln a general eqresslon ior the mcrease ln upwaxh 
ve1001ty mduced :jt pomts downstrea~.~ oL the bound vortex, the method and 
mtatlon ol BroumJ (1939) ~11 be used. ii'he additional qwash veloolty at 
(x, Y, 21, a c~~si~3ncc x downs-mein of the bound vortex, due to a horseshoe 
vortex oil strcnLbhIi and span 2s wth 11s oentre at (0, y, I 2,) IS 

Kx 

K 

1 1 
Aw!, = - -- 

Y- Yl + s 
w.l-------_ 

471 x2,(, - z,)* 
+ --_-________-__--__--- 

(Y - y, + s)2+(, - e,)* 1 c 

_-----------__--_-- $ 
x2+(y - y,+“)*+(z - z )*l 

’ .I 

( 

: 1 Y -y,-s 
- -___--________ + ----...---..---------- ----------- 

x2 b (2 - 21) 
2 

) (Y - Yi’ 4* +(z - “,12 p 4Y - Yl -s)*+(ja 

Ima~mc ~1 WUI~ plooed qmw~otrxally in a tunnel oi' breadth b and 
ml@ 11, anti put :: =b<, y = bq, z = bg s *= bc and ' 

211 
yh, = -i 'i'llon ihc mcrcment iio the upwash velocity iuo to the una,ges ol' i;he 
given hm-seshoc voi-to;, sn G reFta,lgular tunnel ol durensronr, b x 11 IS 

(-1)" Aw' 

whure y, talcs iLhc values of y, + mb = b(qq + ln) 

z, 'cakes the values sq ,+ nh = b 
. 

11 and n a:c posltlve or negatrve u&gem &cluding 

md1co tcs cha-c (m,n) takes all posslblo 

exoepi; (0,Oj. 

T)Uctm:, <= & = VI = 0, lt follow that m the plane of a 
horseshoe vortex placed ::ymiletrloally sn ihe tunnel, 

7 
KL; 

(’ 

t 
w; = - --..- c”r 

4* -.A) (-IIn 
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it is accurate enough to put 
n is large enough 1 ml > hi or InI > N, say, 

Gn( ri -m+u) -Gn( q-m-u) = % 
c 

G,( tl - m Y 4) - G& ri - m 4) 

In prxtlce M and N may be taken as small integers . 

(e.g. I$ = 1, N = 2) and w\ may be evaluated conveniently by mean8 of the 
approx-t:on 

where (gl = - t;;-($j (-‘I)n2uic,( q-m+&) - 

03 
and C C 03 indrcates that pairs (m,n) such that 1 ml ( M and 

. . . . . . . . (14) 

.G,(ri-m-h) I 
I n I < N are omitted. 

As rl++ 9 G,(V) --A 2 I- -_---_- 

Hence it is easLly shown that 

* $\ 
n=-N 2 

= - w-m m--m ~080~ h m-e- - C s--w 
c 
Gn \ 

. . . . . . ..(15) 

Throughout the computations for the 9' x 7' tunnel,it was found 
nb%m 

that the extreme varlatlon of -------- with 5 and r) was only 2%. So if the 
Ku 5 upwash xncrement 1s required to no 

sufficient to put 5 = rl = 
greater accuracy than 0.2$, it is quite 

0 rnside the brackets in (15) and to take 
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7tbR* 2, 2 2 N 
me---- = -- 

G-5 3h2 
+ ------I + 8(2M + 1) c 

(2M + 1) -. : 
n= I 

I . . . . . . ..(16) 

For a rectangular tunnel, therefore, the upwash velocity at eny 
p,clnt on the plan form of the w~,ng due to .s single horseshoo vortex of strength 
L and semz,-span bc 1s 

"1 + w; 

vjhere w, is defined in (IO), w\ in (14) and Q is given by either (15) or (16) 

Tho chordwlse varlatlon inupwssh velocity can only be detennlned 
exactly for rectangular tunnels. The upwash velocity w3 induced at the bound 
vortex in an octagonal tunnel 1s obtained in (13) by adding the small quantity 
~2 to the value WI for the rootangular tunnel formed by removing the fillets. 
it 1s reasonable to take the chordwlse variation ln upmash velocity for sn 
octagonal tunnel to be 

WJ = w; + $3 

where wh w2 
-- = -- 

W\ "1 

Thcs the upwash velocity at a spanwlse posltlon y = b?J and et 
a &dance bt; downstream of the bound vortex becomes 

/ w; 
w = -11 + -- 

\ 
'El , ) 

. . . . . . ..(17) 

uhere wl, v 
3 

and w\ are given In (IO), (13) and (14) respectively. 

5.1 Recults for N.P.L. 3' x 7' tunnel. 

7 
For the 9' Y 7' tunne'l It is necessary to subst$l;uto b = left. 

m-d A.= - in (14) in order to determmc w;, Values of "1 (of dimensions 
K 9 

(ft.)-') are given in Tsblu 

lft. and. 2ft. downstream of 

practically linear with 5, 

5(b) for different values of /&dr) at points 

the bound vortex. WA It ~111 be noted that -- is 

and that it 1s accurate enough to assume a linear 
Wx 

rfnrdwlse varlstlon of upwesh. By estimst~ng -L for the apprqrlatc 
"1 

values of 5 and q, approxmte values of 

. -I- (of dmensions (ft.)-2) = 5. . 2 , -1 
K b< K vi1 b< 

have been tabulated In Table 5(c) a& are convcnI.ent for us0 ln (17). 
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6. Method of calculetlon of total induced upwash angle 

I  From 8 3, a given distribution of lift is approximately equivalent 
aT (t) 

to a dlstrlbutlon of horseshoe vorticlty of strength - ------ per unit 
at 

length, of semr-span t and pith bound vortloity nt the posltlon 
I -I 

x = C(t) 
4 l(t) -4) c(t) 

From 8 !L,, 

6, 9) = 

c 4 
the upwaah velocity at the posrtlon 
l- 1 

R + (1 - $)c , Y 
ar 

&ue to one element of horseshoe vortrcity - --- 6t is 

c3 

+o.G92 c (~1)~ 
i= a 

- '-Ai X (Si, 1 Ti) t . . . . . . ..(13) 
J 

where K = - --- 6t, 
at 

and "/. 'are defined m (g), (6) and (11) respectively. 

From § 5, equation (17), the upwash velocity at any position 
(x,y) due to the element of horseshoe vortlcity 1s 

bw = 6w3 1 -4 

c i 
+ -- ,& 

ml 
3 

\ 

I 
f (-l)n 'Gn (11 - 
1 

m + U) -G,(n -m-u) 

--- 
Q(u +11) + Q(u -$----- 

L .;......?18) 

where 6~3 is given in (13) above, 

x-R-(2-&)= 
5 = --------we- --- , 

b 



G, (ri) = + 

G is given by either (15) or (16) sn 
m= -M n= -N 

m, n ) takes all possible pairs of mtegral values such that 
< M, In/ 6 N except (0,O). 

In practice M and N may be taken as small integers 
(e.g. M = 1, N t 2). 8 6W 

w = So -- at 

0 6t 

. . . . . . . . (19) . 

m3 . where w rz -- 
K 

The total induced upwash angle is easily evaluated by dividing 
the rangc of integration into about 10 arbitrary mtervals 
b = t, <t < tl, tl <tdtz, . . . . . . tg 4 t < tjO = s, and by summing 

. . . . . . . . (20) 

WhoI- r(t) - r(t,j) - I- ct,> 
\ 

N-v-- denotes ------------------ 
v . v 

.i^ 
and WY denotes a mean value of W in the integral t,d< t< t,, for which 
It is usu&l:~- good enough to substitute t = $ (t,, + tr). However for the 

, 

last interval tg \< t ( t,O = s, r(t) is of the form k 
Si: 

and. it is eas'ily shown that it is preferable to substitute 

t = t9 + 2, _m---- 
3 

in order to obtam the beat mean value. \ 
The/ 



- 11, - 

w 
The process of evaluation of the integral (19) for - is 

v 

"1 
t 

(a)to tabulate the funoticns -- , "2 ,"_: for suitable values of 
K K K 

t = bc, y = bq . These quantities of dimensions 
t I 

ft)-') for the N.P.L. 
9’ x 7’ tunnel are given in Tables 4 a), (b) and 5 a), (b): 

(a) to cbmse t1, t2, . . . . ty SC that the mean values a (tr,, + tr) 

for 1 < r < 9, ; ttg +'2s) correspond to the values of ba for which the 

functions have been tabulated, 

(c) to evaluate (20) for suitable values of y = br], remembering that 

w; -- de$ends on b 5 = x - R(t) - 1 t(t) - & J o(t) 
K 

the R.P.L. 9' x 7' tunnel, 
5(c) . ' 

w may be determined directly 

7. Conclusions 

as in ($8). For 

from Tables 5(a), 

It isdiscove~red that an octagonal tunnel produces considerably 
more upwash than a rectangular tunnel near the wall, where the part-wing is 
mounted, but that the difference is less marked in the centre of the tunnel. 
Although the influence of the triangular fillets on the distribution of lift 
near the root of the part-wing is appreciable, the overall effect on the 
total rolling moment due to an aileron deflection is trivial. This has 
already been demonstrated in Ref. 1, Fig. 8. It. is concluded that the 
interference of corner fillets can be ignored as far as pert-wmg'tests on 
ailerons are concerned, but that it becomes appreciable if the conditions 
near the root section arc under investigation. 

It is found that the chordwise variation of upwnsh angle is 
practically linear, and that for all purposes of interference correction linear-it: 
may be assumed. The total upwash angle along any chord may then bo represented 
as a local uniform incidence together with a.superposed curvature of flow, which 
facilitate an accurate estimation of the wind tunnel interference. 
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L. 

:J 
5. 

Sirce the series (II)-does not convergo rapidly -iihen I, = 0 and 
77 LS small or vth,:n F = -1 and ;J IS nearly 3, st ms co.mderrd necessary 
to examme the convergence of the expression forX(S, T) by means of an 
alternative calculation. 

In the notation of Fig. 6 of Fef. 4, the velocity due te the 
vortlclty ruunii square 4 IS gzven by 

4ll 
(v+1u) = - laz, + 2a2( l+l) + eo( 1-1) (z. -- a.,-ra)log, 

a( l+i) 
""" 

i 1 
I - ----- 

K "0 

“0 - 18 
+(I e I) (z. - a)(zo - ia)log, """"""", . . . . . . . . (21) 

z* - a 

Combine thils with the volacsty due to squanl. vrhxch is of 
opposite sign ok is given by a suinlar equation replacing . 

h 

At a point along the bound vortex 

“0 = ~(1 +i) +q(-i -i) 

Cl = ~(1 + 1) - q(l - i) 

where P = &(afi+b - 2brl) 

It folloks from (21) and a sinnlar equationthat due -to squares 
4 and 1, 

4% . 
--- (v + iu) = (1 - i) [ - 8aq - 4 {p(p - a) - $1 $ 
K 

-2(2B - aq)logGR+4(2P9-a9)+j 

-{~P(P-a) - 2q2+,2j loges3 .i......(22) 

whore/ 



iP(P '2 2 -a)+¶ 1 + (w)2 
R = "u_--""-"---""" 

(P2 + q2)2 

2ap - a2 
telr,.+ = "'"""'"'"';"""""' 

2IP(P - a) + s21 

2P2 - 2ap + 2q2 + ** + 2aq 
s = """"-""cI""""~"~~ 

2P2 - 2ap + 2q2 + a2 - 2aq 

4% WC 4% 4n 
Then "1-1"" z "-" (v - 4 s (1 + i) -- (v. + iu) 

K K K 

= 2 [- 8aq - 4 {P(P - a) - s2j 0 - 42pq - aq)lo& R 

+ q2Pq - "4) 4J - I2P(P - a) -2q2 + 2 I loge si = 2B, say. . . . . . . ..(23) 

Hence the upwsh arising from the double infinity of squares is 
grven by 

c3 c3 4% d-ii- 
c c """"""""" 

IS -h-n= I K 
. 

where p = --= i2 {ad?-2bfl +(2m-l)b] 

9 = d-+ (2n - 1) h 

a(kb + adj ZbV 
.-. An alternative form for'%(S, T), when 8 = ---------- 

2h 
+ ---- 

h 

20- Lx 
is """" 

a2 
c C-1) n "'B (see (II)) 

n = 1 . . . . . . ..(24) 

Where/ 
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where p = ---(a YQ-+ 2bq +kb) 

9 w.k (2n - 1)h. 
-25 

For the contra1 filletsk is even and for the corner ones k 1s odd. 

For the values of 1 for w&h the series (11) converges too 
slowly, lt IS accurate enough to take 

2v.F4 
X(S, T) = *' -,s- -;, 

-"--1- I 
n z 3 (2n - I)3 

. . . . . . ..(25) 

Values ofX(S, T) when b = 18, h q 7; B = 6oalculoted from 
(25) arc com~red m Table 3(a) with the values bbtained from (11). When 
i = 0, approciablc errors ~~11 arue due to &~e slow convergence of (Il),when 

1 
rl L -, and it is necessary to WCS the alte???&tive fonrmla (25). The flull 

a 
values of X(S~ I';-) arc tabulated completel~~n Table' j(b). 

$ 

A 

B 
-- 

/ l/8 i 

l/4 , -0.170 

3/8 

1/2 j-0.016 

5/8 j 

3/4 0.162 

7/a 

1 / 0.364 
._--1__--1 

+0.226 

+0.182 

+0.098 

0 

-0.098 

-0.182 

-0.226 

-0.1~49 
.--F---e, -- 

e 

D 

me --  

I 
I 

I 

L. 
I 
I 

i. 

r 
a. 
a 

.I- 
0 

V3 

l/4 

w 

l/2 

5/a 

3/4 

7/a 

1 
.---. 

-r 

1 1 

-- 

- - - I -  

2bV, X6- 
------w 

r 
-----_- 
-2.225 

-0.954 

+0.149 

1.022 

1.659 
------ 

-a----, 
2bV2 d? 
------- 

r 
.--------- 

0.883 

I.344 

I.079 

0.583 

0 

-0.583 

-1.079 

-1.344 

-0.883 
------ 

- Table 2/ 



------_-----------------, 
32cr : Central fillets Corner fillets 

I .A ' /T ----- -+---,,,,, 

: 

j -------o,;;;; ---- 

I 

it 

1k.5687 1 0.14756 
I.93392 

I 1.97585 I 
0.23279 

2 1 
1.79843 i 
1.52868 

I 1.2L77L 7 
a o.yjjki 

0.59801 
0.77670 
0.99320 
1.24774 
1.52868 
I.79043 
1.97585 
I.93392 
I.55687 
0.85922 

- la-- 

Tablo 2. 

Values of-&i = /\ , when i is even 
:\ ' z-1 i, when i is odd 

9 
10 

’ 11 
12 o.jj236 j 

0.23279 
I O.j4756 

0.07151 j 

w ------------I--------- 

32.~1 ! 
1 

x from 
equation (II) 
.-----------m----v -:- 

I 

I 

w-r-l----. 

0 
I 

: 
4 

2 

i 
9 

10 
11 
12 

I 
I 
I 

-. 

4.14717 
-0.09573 
-0.02968 
+o.olaoi 
to.04167 
t0.04836 
+0.04603 
to.o4oo5 
+0.03321 
+0.02681 
+0.02131 
tO.01678 

m----------w--w 

Table 3(a) 

.-- 

.I . r 

--------- 
?: from ’ . 

equntlon (25) 
_____--_-- ----- ---, 

-0.17983 
-0.15171 
-o.oa75a 
-0.02353 
+%02018 , 
+0.0418~ 
to.04799 
+0.04570 
+0.03978 
to.oj306 
+0.02672 
+0.02125 
+0.01672 

----------I--- 

\ 

Table j(bj/ 



0 
1 

: 
4 

2 
7 
a 
9 

10 
11 

--a----- 
i=-2 

^-------- 
0.00011 
0.0001~ 
0.00018 
0.0002~ 
0.c0030 
0. ocojg 
0.000~0 
o.oco64 
o.oOoa3 
0.00106 
0.001:7 
0.00176 
0.00227 
o.oozg2 
0.00376 
0.03484 

m-c-_--_- 
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j(b\ Table 

Values of x( Sir Ti) 

----------, 
i=-I 

---^--..--- 
0.00622 
0.00799 
0.01025 
0.01314 
0.01675 
0.02125 
0.02672 
0.03306 
0.03978 
0.04570 
0.04799 
0.04181 

+o.ozola 
-0.02353 
-0.08750 
-0.15171 
1--------- 

-------------------1 

I q 01 i-+1 
------+----- 

-0.17983 j 0.00622 
-0.15171 / 0.00484 i: 
-0.08758 1 0.00376 
-0.02353 ! 0.00292 
+o.o2ma j 0.00227 

0.04181 0.00176 
0.047gy 1 0.00137 
0.04570 ( 0.00106 
0.03978 : 0.00083 
0.03306 1 0.00064 
0.02672 i 0.00050 
0.02125 / 0.00039 

.0.01675 0.00030 
0.01314 / 0.00023 
0.01025 ; 0.00018 
0.00799 j 0.00014 

,----------~---------- -- 

--------. 
i=+2 

--- ---- --. 
0.00011 
0. ooooy 
0.00007 
0.00005 
0.00004 
0.00003 
0.00002 
0.00002 
0.00001 
0. co001 
0.00001 
0.00001 
0.00001 
0.00000 
0.00000 
0.00000 

----_---. 

Table 4(av 



$1.01084 0.01065 0.01011 
0.01278 0.01259 0.01203 
0.01435 0.01416 '1.01362 
0.01554 0.01537 0.01488 

k 
D 

0.01640 0.01626 ?.>1584 I 

Table 4(b)/ 



Interferenccp on a Half i:im.g in the X.P.L. 9' x 7’ Fmxl. 

Ty) "1 "'2 
-- = -- + -- 

-K K K 
= Cl.CC&2lC (?sg + C.CCl~lll(~~~K)( of dunensions ft.-') vslues of : 

__-_ -_-_-__---__-- ---- - ------------ --_----i---------__-_ ------ ------~_-___-_--_-_ - --__._--._ -..._____________ _ 
2c jz,= 0 / l/16 1 l/S i j/16 i I/& i 5’16 i 3/a j7/16 jl/z j 9/‘16 f 5,‘8 j 1:/16 I i 

-. 
. 

-1 

I 

34 r ,3/46 ! 7/8 [ -_--__-_---_-____-________u 
-0.0c004 -o.ooooy;-o.ooocg : 
-0.00002 -0.00011~-0.00012 ; 
-0.00m4~-0.00001:-0.00003 ' 
0.0004 ~+0.0002S~+0.00023 ! 
0.00107 o.ooo79/ 0.00072 
0.00193 

i 
, 

0.00467! O.00311~ 

0.00158' 0.00150 
0.00271/ 0.00264 
o.colf25/ 0.00423 

0.00664/ 0.00628t 0.00638 
j 
' 

o.ocyo8 
0.01202, 

o.oo6sy; 0.00924 
0.01219,~ 0.01301 

0.01.5561 0.01634, 0.01800 
0.01978' 
0.024941 

0.02160' 0.02476 
0.02845; 0.03430 l 

------------A-- .: 

Table 5(a)/ 



Interference at the Bound Vortex on D Half-v;mg Xtl the N.P.L. 9' X 7' l!UltEl. 
"3 

values of A- at exact multiples of ha1 I* a foot from the tunnel walls (Distance from the wall is 18~ or 18n ft.) 

- - - - - - - -WY---- -  

6.5 i 7.0 / 7.5 
_-_-_---i-_-_----L--,------- 
-0.00001 j -0.00006 i - 0, oocwj 
-0.00002 !-0.00008 /- O.OOW2 
0.00015 !-o.ooooo /- 0.00008 
0.00043 ;tO.o0021 i+ 0.00010 
0.00088! 0.00058j 0.00043 
0.0c153j 0.0011~6, 0.00097 

7) 

0.00871 f 
0.01110 j 

0.00834 0.00828 / 
o.n1093 O.Oljl3. ( 

0.01385! O.Of405 
0.01702, 

j 
0.02068~ 0.01777j 0.02226 J 1 

I 
- -__-- O.Oy i 

Table 5(bj/ 



- 23 - 

5(b) Table 

Interference on a half wwg an a rectangular 9' x 7' !P.mnel. 

Values of +/K (of dimensaons ft.-') at points 
I' and 2' downstream of bound vortex, 

j 2.5 

I  ::; 
1 

4.0 

65:: 
6.5 
7.0 
7.5 

.-- 
-1 .f - 

-i. 

-----_-__-v---- - - -e------w-.  

ft. downatresn 
1811 

I  
1 

= 0 ;I80 = 2.5 1 187 z4.5 

SC- 
I/ 

_-----_m 

0.0023&.:, 
O.CO36lj 
0.004124 

0.005721 
0.005826 
0.005911 
0.005933 

--w-e-, 
0.001650 
0.002705 
0.003200 
0.003662 
0.004085 
0.004797 
0.005336 
O.OC5552 
0.005742 
o.ooy315 

I 

I 
0.004J.Q9 
0.00679g 

; 0.003112 
~0.005099 

0.007765 \ 0.006031 
0.008576 jo.006900 
0.009uc2 iO.007697 
0.010201 '0.009041 
0.010787 0.01006C 
O.ClO987 0.01047C 
0.011148 0.010831 
0.0;1286 IO.011164 

------J----a-. 

.--------_- 
“o’“ogv9~ 

0:001818 
0.002221 
0.002651 
0.003555 

EE$ti 
0:005349 
0.005794 

Ft. downstream 

0.001510 

"0%:;;:: 
0.004197 
0.005005 
0.006708 
0.008428 
0.009265 
0.010101 
0.010947 

-_---------- 

----- 

I& = 6.C 
-------- 
0.000397 
0.000782 
0.001036 
0.001340 
0.001700 
0.002596 
0.003731 
0;0043y2 
0.005126 
0,005956 

$W5; 

0:001966 
0.002542 
0.003223 
0.004919 
0.097064 
0.0083%8 

E%?z . 
.-----I 

---- 

18~~ = 7.0 

0.000266 
0.000553 
0.000756 
0.001014 
0.001337 
0.002222 

:: Eg::, 
0.005417 
0.006723 

0.000507 
0.001053 
0.001l+J+1 
0.001932 
0.002545 
0.004225 
0.006681 
0.008289 
0.010237 
0.012651 

------..----I 

Table 5(c)/ 
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5(c) Table 

Estmated chordmse varmtmn of upwash velocity due to mterference 
on a half-wing m the N.P.L. 9’ x 7’ Tunnel. 

w’ 
VOlUCS of -2 Imens~ons ( ft.)‘2) 

K 
* ;Z;: (of d 

= “3 w; 1 
-- x - . --- 
“I K b; 

where b .: 1s thk distance downstream of the bound vortex a&l 
b = 18 ft. 

r----------------‘---’ 

jl8a 1 1811= 0 1 18~) = 2.5 
‘7’ 

'7 
I 
/ 

io.5 I 0.001068 
/ 1.0 j 0.002056 
il.5 i 

2.0 
,2.5 

i 

::; 

/ 

! 
14.0 I 
,4.> I 

I 
;:; j 

. I 

;:z 1 
7.5 1 

A. 

o.oozyjo 
0.003658 
0.004238 
o.ooL+7og 
0.005088 
0.005g30 
0.005605 
0.005780 
0.005y15 
0.006028 
0.006~l~j 
0.00h1',8 
0.006205 

_-__-- ----. L---- 

------_-__ 
E%$ . 
0.0015g0 
0.002132 
0.002668 
0.003188 
0.003677 
0.004130 
0.004512 
O.OOL8gl 
0.0051gj 
0.005465 
0.005697 
0.005900 
0.006074 .---------. 

I 
.i. 

L _ 

Tj8r = 4.5 
---v---m 

0.000181 
0.000390 
0.000643 
0.000962 
0.001345 
0.001762 
0;002212 
0.002688 

'0.004172 
0.004659 
0.005135 
0.005586 
0.006024 

. - 
T 
-1. 

-----^w----~ 

180 z. 6.0 
,- ------ WWL..W, 

';.gg;" 

0:000294 
0.000474 
0.000711 
0.001002 
0.001350 
0.001750 
0.002200 
0.002712 
0.003283 
0.003910 
0.004595 
0.005348 
0.006185 

.------_---- 

-i 

J- 

---m--.----e-. 

18q= 7.0 
------------. 

0.000435 
0.000681 
0.000972 
0.001319 
0.001736 
0.002237 
0.002844 
0.003581 
o.oolJ+61 
0.005532 
0.006869 

- --------I 

“The values m brackets were obtamed by extrapolation, .smce the values of 

w3 I -- could not bo dotermmed easily. 
WI 

PI. 



In presenting the following note as an A.R.C. Current Paper 
it is necessary to explain that the basic method of treating the boundary 
condltlons at the wall of an octqonal wind tunnel is due to Batohelor 
(Ref.31, and that Ref.4 is a generalizatlon of Ref.3 used to compute 
the interference on complzte wings placed symmetrically in the N.P.L. 
9 ft. x 7 ft. and I3 ft. x 9 ft. wnd tunnels. 

The chordwIse varlntlon of upwash is not included In Ref.4 
and the mean correctzons to Incidence and drag based on an elliptic 
dlstrlbution of lift are gown in the form 

6s 2 
(qJ = ; ; CL ’ 

whore C is the scctlonal L~ea of the tunnel and S IS the area of the 
plan form of the wang. 

To give m idea of the numerwcl slgnifrcanoc of corner 
fillets, Figs. 6 rind 7 of Ref.4 arireproduoed here as Flg.4. FOX- 

both tunnels 6 is compared with 
tunnel of aria hb and with 

6R for the corresponding rectangulu 

C 

whore C = hb - a', 

It 1s racommondod thnt, for wings of moderate span 
2s < 0.6b, it is accurztte enough to trike 

6 hb + C 
__ = -__- -- 

6R 2hb 

rind that the same ratlo should be used for the ohordwse variation of 
upwash. 

The follonlng note 1s an extension of the same basic nzthod 
to the problem of a pert-{ring mounted symmetrically on one wall of, ~7 
octegonjl tunnel. 
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