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In desqning a Corner m a two-diiiensional duct It is 
possible, by the insertion of an aerofoil, to mdntain the same constant 
velocity on the outer and zoner walls. It is, however, necessary to 
shape these walls to suit the conditions. Tho present paper gives a 
m&hod whereby the aerofoil and walls can be designed. Two examples 
are given. 

List of Symbols 

z = x + iy, the complex variable in the pwsical plane. 

91 0 = modulus and emplxtude of velocity vector. 

w = g+4. 

# = streem function. 

t = velocity potential. 

my n = +interval from leading edge to tr&ling edge along 
the aerofoil, upper and lower surfaces respectively. 

b = central value of a variable in a diamond, less mean 
of corner values. 

E = side of square in w-plane, 

r q a-Lstance 3n physical plane neafllred perpendicular to 
ar 

a stream line. Hence -- = sin 8. 
ax 

a, b = numer~calmultipliers. 

1.0 Dcsm of a Right-angled Bend vrith Constant Velocities at the %.lls 

The rapid changes in velocit;y at an ordinary right-anyled bend 
in a chvlnel Llust inevitably produce disturbed conditions. For 
two-dxTensional flow of a perfect fluid, it is posslblo, by inserting a 
suitable aerofoil at the corner and re-shapin;! the walls, to keep the 
velocities at the walls constant. An infYnito number of shapes CM be 
designed; two are given in thx3 paper. The shape of the Ilore prodsing 
of the two is shcvm .$I. 'Fjl&ke 1. Aerofoid and bcmndarxes of the 
corner are-so 'dezi@ed that the ~%Uowirig oonditions'nill provail:- 

(a)/ 
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(a) Constant velocity (unity) along the outer and inner 
walls AED and BCI: respcctlvely. 

(b) Constant velcmty (> 1) along ICH. 

(c) Constant velocity (< 1) along LJ. 

(d) Zero velocity at the smgulanty G, rising nonotonically 
to the requmzd values at I< and L (see Table 5 (1)). 

(e) The axis of symetxy, WED, will lie at 45" to the straight. 

The present paper deals only mth the symmetrical case when 
the leading and trailing halves of the aerofoil are dentlcal. 

2.0 The Field of log q-' 

When log q-l m the w-plane 1s exadned, it is seen that 
the required values and thezr locatIon are as follows (see Fig. 2.1):- 

Location 

alo% 23D 

II BCX 

II Im 

I, LJ 

at sz.n&darity G. 

Log q-1 
/ 

Zero 

! 
Zero 

a 

b 

-CC? 

2.1 Add;Ltmn of Three Fields.- The required log q-l field 
inboated III Fig. 2.1 llay be obtamed by the addtion of mltiples of 
three separate fields. Three fields, A, B and C are mticated on 
h&s. 2.2, 2.3, and 24, respectively; field B 1s field A inverted. 
The final field 1s the sum (a x field A + b x field B + field C). 
It is obviously perrfissible to zmke this ad&bon since each of the 
fields A, B and C represents a solution of 

v2 log q-1 = 0 

with the swe boundaries. 

2.2 $ -mtervals.- It mst be noted that, smce there is lift on 
the aerofoil, the mmbcr of &ntorvals along the top is ddferent fror.~ 
the nmber s.long the botta.1. It is, however, Interest- to note that 
the Xutta-Joukowsky relatmn between lift and czoulatmn does not 
appl 
WT. 

smce the whole flow 1s be- turned thrcmgh a defimte angle 

2.3 Squanm Fields.- Field A can be "squared" and finally 
detenxned; field B i.moa-Lately follows. Eeld C, which has a 
singdarity requires special treatimnt, described U-I Appendix I. 

-I The log q values used on the nose are even in Table 5 (i). 
Reid C can be detemined finally for these chosen boundary conditions. 

3.0./ 
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3 .O Solution 

In the final solution there are four unhcwms, nwely a, 
b, n and n. It is permissible to chooseone of these, ssy n, 
arbitrarily. The effect of this cholcc is that the length~dth 
ratio of the lower passaSe is fixed. For this example n has been 
chosen as 4. The other three unknowns are not free and mst be 
found frcn the nathezatical conditions of the problem. 

3.1 Equations.- Two conditions are obtained by equating the 
directions of the tangents at D and !I to +x/4. Tho third 
condition is that the line ?iD mst lie at -7x/4, or that the 
traverse AEXXCBIL mst close. 

The first equation, for the cuter wall, is 

n/4 = -0.4443 - b x O.lgOl - a 
l m l 0  l * (1)  

the nurlerical values bei.nS obtained rcspoctiveljr from field C, 
field B and field A. In each of the fields As B and C, 

a log 8 a0 
-----__-_ = a- , 

w a6 

and 88 cm be obtained for each $-interval slang the boundary being 
consider od. YEcon field C, (FSgg.re 5.1), by thxs neans, A 8 f'rcal end 
to end is -0.4443. likewise the an&e obtLamod frm field B, 
@&yeifil, is -b x O.lgOl. In field A, (Figore 4.1), A f3 f'ror.1 

-2.1645, and, for each internal of l/4 $ at the right 
hand end, 60 = -0.250. At $5=2, the values of lop; q-l have 
becme practicaUy independent of $ , and the curvature is, with 
sufficient accuracy, cons-ta&. Consequently, after 2 units of 6 
rleasured fiord Q = 0, the sn@e turned through would be -2.0 radians. 
The correction to bo applied to the angle turned in a/2 units of # 
is thus (-2.1645 + 2.0). Consequently the an&e turned thrqh by 
the boundary of fiold A is a(+/2 - 0.1645). 

Sirdlarly the second equation, for the an&e turned through 
by the inner wall BCii, is 

n 
+ n/l+ = + 0.4443 +axo.lpol + b - + 0.1645 

( ) 
. .- . . (2) 

2 
-1 When the final log q field has been obtained, the distances 

necessary for the calculation of co-ordinates in the z-plane are easily 
found. We how q and 8 . x, for example, follavrs fr0n 

x = i DOS e/q d $ . 

3.2 Len&h of Fields.- The fields are taken to be infinitely lone 
to the riSht and to the left. Obviously after quite a short distance in 
either Lroction each field will settle down and dll subsequent sections 
will be sensibly identiccal. The solution is valid only if the passages 

are s3fRciently long for this to occur. Over the central portion of 
the band tho assunption IS that the flow in each passage is identical 
with that in a free vortex. 

3.3./ 
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3.3 Numerical j3olution.- With n = 4, equations (1) and (2) 
tonether with the thm mtlon (para. 3.1) give, after a nwber 
of-trials, f'mal values of the constants as follows 

lx = 9.254, 

a = -0.2640, and 

b = o.t808. 

The line frm 11 to D is found to lxe at the reqmred s.ngle 
(-x/4), withn the limits of accuracy used. Tables 1 and 2 show 
the calculatzons for the shape of the boundary walls AED ad BCN. 

4.0 Co-ordinates of H and J 

The co-ordinates of H and J are calculated u.- 

a* 
q = -- , 

ar 

the values for q bell% obtamed fron the fmal log q-' field. 
The distance apart of the strem lmes is 

r 
2 

r = q-1 de. 
*I 

4.2 Aerofoil Bounds.r~es.- The shape of the aerofoxl boun&zi.es 
HG and. JG sre worked out, see Tables 3 and 4, using the values of 
a, b, ~1, n and the co-ordinates of H and J already calculated. 

4.2 Final Shape.- The final shape is shown plotted in Fig. I. 
The posxtion of the stagnatIon pourt is deterrnned by mking s lsr&e 
scale sketch of the closmg lines approaching the nose. The 
integrals alow the top and b&ta surfaces of the aerofoil do not 
result in exactly the sme position for the stagnation point, 
but the "closa error" 1s less than 0.02 of the width of the channel 
and a LIean position is assu;lcd. It is not possible to carry the 
integrals right up to the singularxty, but a consideration of the 
conditions in this neighbourhood on the lines gxvenin Ref. 2, enables 
an estimtc to be mde. 

5.0 Conclusion 

Once fields A, B and C have been obtained, a variety of 

solutions can be worked out with different values of n . If it is 
cleared to sharpen the nose of the aerofoil, it will. be necessary to 
"square" another field like 0 mth a dif'fercnt distribution of 
velooi-ly at tho nose. The f'ield A (and B) will apply to w design 
of corner with the aerofoil on the central stream line. 

It trill be noted that the final shape is not known until the 
problem LS completed. An earlier solution with a different assumptmn 
for the velocity dzstribution at the nose @ve an aerofoil too thick 
to hzve azy practical application. The results of the calculation, 
mth the assumed velocity distribution, are &o-em in Fig. 3 aml 

Table 5(ii), respectively. 

The/ 



-5- 

The problem beccmes much mere diffxult if an attempt be made 
to incorporate a rcunded leading edge and a sharp trailing edge in the 
aercfoil, as spmetry can no longer be assumed. 

It is not at all certain that the desw given would produce 
the desired result in practxe. There wcdl be a cross flow in the 
boundary layer on the end walls, and in any actual channel the velocity 
distribution in the approacbug fluid will not be unlfcrm. The 
departures from the assumed ccndzticns, together with the growing 
bcundary layer on the wlls and aercfcil, and the break away at the 
trawling edge of tho latter, may produce conditxcns which will prevent 
the scheme from being effe&lve. Nevertheless some of the clzifficul%ics 
cught bc cverconc by an enpirics.1 uodification of' the design. 

This problem was sqgestcd to me by ny father, 
Professor A. Them, and I ~1 indebted to him for gudance thrcughcut 
the work. 

2 A. Tbm 

Title, etc. 

Lbsigning a slot for a given wall 
velcclty . O.U.E.L. 49. 
Current Paper NC. 76. 
December, 1950. 

tieatment of the stagnation point in 
arithmetxal nethods. 
O.U.E.L. Report NC. 53. A.R.C. 14,118. 
my, 1951. (To be published as 
R. & H. 2807.) 
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References 1 and 2 are intended to be used for symmetrical 
fields. In the present problem the field is ultimateb aqynnnetric, 
so that there ~~511 be a different velocity distribution on the top 
and bottom surfaces of the "nose" . In the absence of better 
information It seems advisable, when carryiq out calnilations near 
the stagnation point as desoribed in Raf. 2, to use the mean of the 
values on ths top and bottcnn surfaces. 

Field A 

In field A, Sheet 4, Fig. 4.2, at the stagnation point, 
the value of 0.417 is obtained by takiq the mea of 
(0.250 + 0.370 + 0.549 + & X ? .OOO). This is in agreement with the 
convention used in field C, and rocmended in Ref. 2. 

Field C 

The method used in field c is described in References 1 
and 2. Referring to Sheet 4, FL& 5.2, the innermost sheet of ths 
field, the convention usod is to put the mean of the four surrounding 
points for the value at tho singultity. Each of the surrounding 
points is obtained in the same wsy, except that an appropriate 
A-value is added. For points C and G the A-values were obtained from 
E.g. 5, Ref. 2, where* 

A-values for points F and E were obtained from Par& 2.4, Ref. 2, and 
for seven other points near, A-values were obtained from Table I, 
Ref. 2. 

It should be noted that the values of A are unaffected by 
tho scale or size of the diamonds, and so for sheets 3, 2 and 1, of 
the field, A-values are also applied on lines $ = -2s , 9 = 2s 
and P = je as above. 

Final Field 

In the Nnal log l/q field obtained bv addinn the three 
fields together, the final 
obtained in field C alone. 
calculated in this wsq, the change in 
1s not serious in view of the general 
stagnation point. 

will differ- from the vslue 
0, for example, when Q is 
A 1s 0.002. This discrepancy 

difficulty of working near a 

------------------- 
* An error in transcription appears in Ref. 2 where, in Fig. 5 and. on p.5, 
the l/3 was orsitted from the formula for \ . The correct value is 
given here. 

1 I 

/Cable i 
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; 1 -0.2645 In = 9.24 
0.1808 Boundary AED. e= +I n = 4.00 

--------------------_I_I-----------_-----------1----------------------- 

-------*---_---__I_ ------- *e x = 
6 (-)A (-)B (-)C A x a Bxb F'inal 8 f DOS sag ,& ei$ 

0 

:; 
1 .I 

2:: 

1;:: 
20.4 
33.6 

2-i 
124:8 
167.3 
201.9 
22b2 
237.0 
243.8 
247.0 
248.5 
249.5 
250 
250 ,I 

II 
II 
II 

0 1 
:: 1 

1 .I 

2:: 
6.2 I; 

I:,', 20 19 

19.5 4.0 
25.1 54 
28.8 65 
27.8 65 
21.4 54 
13.4 38 

0 
0 
0 
0 
1 
1 

: 
5 
9 

14 

:: 

2 

2; 

z; 

22 
132 
132 
132 
132 
133 
32 

Radians x 1000 

-1 -1 
-1 -2 

:; -4 -8 

:; -22 -13 

-12 -34 
-10 -52 
-26 -78 
-35 -113 
-45 -158 
-48 -206 
-37 -243 
-14 -257 
14 -243 
36 -207 

;z -157 -99 
g -37 

+27 
+92 

132 132 3 

132 132 E 
I33 
32 :5853 

-.250 -1 ,000 
0 .ooo -1 .ooo 

,250 -1 ,001 
.5a -1.002 
.750 -1.004 

1 .ooo -1.007 
1.25~) -1.012 
1.500 -1.021 
1.749 -1.034 
1 .VVY -1.053 
2.247 -1 noa2 
2.494 -1 .I21 
2.739 -1.172 
2.981 -1.232 

:% 
31711 

-1.296 -1.356 
-1.407 

3.957 -1.4& 
4.206 -1 A+71 
~‘~Z 

4:955 

-1.473 -1.480 

-1.450 

5.442 5.911 1: ‘g . 
6.353 -0.931 
6.759 -0.640 
7.124 -0.298 
7.209 -0.213 

Table 2/ 
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Table 2 

b” = = -0.2645 0.1808 9.24 
BolJnaay 

BcM* 
) 

= -1 m n = = 
4.00 

----__-----------_-_____I-----------------____^_I_______I---- 

68 in ??ield I 
-c-------------------------------~ A@ / x = Y = 

6 A 3 C Axa Bxb Final 8 
j 
ifsined.$ 

-p 
2; 

;z 
-2" 

13 
14 
I$ 

-1 
3 

4 
z 

0 

4 
B 
z 

+I 
1 
4 
3 

n/2 2" 

0 

:: 
1 .I 
2.2 

63:: 

1::: 
19.5 
25.1 
28.8 
27.8 
21.4 
13.4 

;I; 

1:3 
1 .o 

.7 
, 0 

0 
.I 
.4 

::‘, 
4.1 

1::; 
20.4 
33.6 
54.3 
84.8 

124.8 
167.3 
201.9 
224.2 
237.0 
243.8 
247.0 
248.5 
249.5 
250 

1 : 0 
1 0 
i -1 0 0 

1; -1 -2 

:; 1; 

tt :: 

2; 1; 

5: 1; 
22 -2 
12 -1 

6 -1 

; O 0 
1 0 
0 0 

1 

5, 

I3 ’ 

5 
80 

121 
178 
250 
331 

:; 

;g 

691 
738 
784 

I 
-.250 ’ 
0.000 / 

.250 

.500 
l 750 

1 .ooo : 
1.250 
1.500 
t.750 
1.999 
2.247 / 
2.493 / 
2.735 : 
2.972 / 
3.201 j 

1 .ooo 
1 .ooo 
1 .OOl 
1.002 
1.004 
1.007 
1.012 
1.021 
1 .oy+ 
I.053 
1.0&Q+ 
I.120 
1.190 
1.271 
I.370 
1.486 
1.614 
1.754 
1.904 
2.063 
2.231 
2&l8 

---------------~---____- -------------- 

Table i/ 



= -0.2640 
; = 0.1808 

m = 9.254 
n = 4.000 

68 in Field A0 x = 
-----___-_----------_____I_________ Log I/? 

Y = 

Q e 1 1 1 
,(-)A B C 'Axa Bxb Final O.i64 

Log - -cos e -Sill0 
9 q 4 

0 
l/32 
l/I6 
3/32 
l/8 
5/32 
3P6 
7/32 
l/4 
5P6 
3/8 

p 
5/a 

,3/4 

l/4 
j/2 
3/4 

2 
l/4 
j/2 
3/4 

3 
l/4 
l/2 
3/4 

4 
l/4 
l/2 

127 
96 
78 

6”: 
55 

101 
91 
83 
78 

747 
139 
266 
257 
253 
252 
251 
250 

II 
I, 
II 
I, 
" 
II 
I, 
I, 
II 

32 

-12.53 
-1 0114 
-908 
-815 
-747 
-693 

1;;: 
-502 
-447 

::;; 
-261 
-469 

-93 
-21 

50 
117 
183 
249 
315 
381 
447 
5'13 

z;; 
711 

:z 

0.773 
0.386 
0.248 
0.180 
0.136 
0.106 
0.085 
0.066 
0.039 
0.017 
0.004 
0 .ooo 

I, 
I! 
I, 
II 
It 
!I 
$1 
II 
II 
I, 
u 
II 
I, 
tt 
II 
II 
11 

0.509 
0.122 

-0.016 
-0.084 
-0.128 
-0.158 
-0.179 
-0.198 
-0.225 
-0.247 
-0.260 
-0.264 I! 

#I 
,I 
It 
15 
!! 
1, 
!I 
II 
0 
11 
I, 
II 
,I 
II 
II 
II 

0.354 

:-2: 
0:603 
0.627 
0.644 
0.656 
0.675 
0.685 
0.696 
0.707 
0.729 
0.742 
0.758 
0.765 
0.768 
0.767 
o-764 
0.755 
0.745 
0.73 
0.713 
0.693 
0.669 
0.640 
0.614 
0.583 
0.548 
0.545 

3.417 
3.428 

:$2: . 

::g 
3.520 
3.541 

;% 
3:669 
3.713 
3.804 
3.897 
4.0% 
4.277 
4.469 
4.661 
4.852 
5.041 
5.227 
5.409 

6.3& 

-1.075 
-0.850 
-0.725 
-0.640 
-0.580 
-0.534 
-0.493 
-0.428 
-0.376 
-0.333 
-0.299 
-0.243 
-0.198 
-0.129 
-0.071 
-0.016 
0.036 
0.090 
O.llj.0 
0.190 
0.238 
0.286 
0.332 
0.377 
o&20 
o&61 
0.501 
0.538 
0.545 

-0.202 
-0.236 
-0.263 
-0.2% 
-0.306 
-0 $4 
-0.341 
-0.356 
-0.383 
-o.1.@6 
-0.427 i 
-0.446 ’ 
-0.476 
-0.501 
4.533 
-0.551 
-0.555 
-0.546 
-0.5a 
-0.489 
-0.442 
-0.383 
-0.311 
-0.228 
-0.134 
-0.029 

0.086 
0.211 
0.346 
0.415 

1.627 Fatians x 1000 I, 4, 
C-----------_-------r-----------------------------------------_-------u-------------------------------______- 

Table 4/ 



= -0.2640 
Tab3 l+ 

: = 
m = 9.254 

o.leoa Bcmn-GJ q= 0 n = 4.000 
----_r---___-------__-----_-_-_-______IC____I____I__ ---_-_-------------------------1------1_---- 

tie in mela 1 
x = x = Y = Y = 

0 --------------------_________i &I 
Log - 

8 9 ' Log - ?. 00s e P 
P 

- 00s ea.$ . 00s 8a.d 1 1 -tie -sine 1 -sin 12. sin em eafi 
(-)A B (-)c AXZI ;Bxb E'inal -0.181 P P 9 1 .9 9 1 Is 9 

-------r----------------------------i---------------------------------------+------------------------------- .--------------------------------------+------------------------------- 
0 

l/32 
i/l6 4a 
3/2 2 

/ I a 

$32 IO 
j/4 14 
5/16 10 

: 
55 

101 ii ;1 
10 
ia 

i: 38 32 : 16 15 
78 26 1 14 

147 37 2 27 
139 23 2 ’ 25 
266 2 

’ 257 ‘; 1 fit 

253 0 252 z 0 3 

-130 
-81 
-48 
-31 
-22 
-la 
-27 
-19 
-15 
-11 

-a 

;i; 

K 
42 

0.995 
0.865 
0.784 
0.736 
0.705 
0.683 
0.665 
0.638 
0.619 
0.604 
0.593 
0.585 
0.589 
0.618 
0.658 
0.699 
0.741 

0.773 
0.386 
0.2@ 
0.180 
0.136 
0.106 
0.085 
0.066 
0.039 
0.017 
0.004 
0 .ooo 

,I 
I, 
II 
II 
11 

0.954 
g.56; 

. 
0.361 
0.317 
0.287 
0.266 
0.247 
0 220 
0.198 
0.185 
o.daq 

I, 
11 
II 
II 
11 

0.962 

xl’; . 
1.019 
1.016 
1.012 
1.008 
1.000 
0 -995 
0.99’ 
0.993 
1 .ooo 
0.996 
0.976 
0.948 
0.917 

3.514 

3.703 

;*;;i 
31858 
3.920 
3.902 
4.107 

I.480 
. I.170 

1.015 
0.922 
0.863 
0.824 

0.790 0.742 

iz 
0 1670 
0.662 
0.667 
0.684 
0.733 
0.772 

0.112 
0.158 
0.394 
0.226 
0.255 
0.282 
0.308 
0.333 
0.379 
0.423 ’ 
0.465 0’ 
0.507 I 
0.590 
0.673 
0.44 
1.027 
1.220 

251 
. . . -. ;ditis $“,ooo* 

45 
.44 

0.785 0.084 5.163 0.808 I .422 
_. _ . :: :: 0.016 5.374 0.W I.633 
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Voloci* distribution alow p = 0 

-------_------------________I____I______---------- 

(i) (ii) 

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

0 log - 1 0 log !. 
9 P 

--------------------I--------I---------~--------- 

0 0 

q/64 I.079 l/16 0.733 

l/32 00733 j/8 0.3% 

3/64 0.531 3/16 0.245 

l/I6 0.386 f/4 0.180 

3/32 0 248 5P 6 0.136 

l/8 0.180 3/8 0.106 

5/32 0.136 7/l 6 0.095 

3P6 0.106 l/2 0.066 

7/32 0.085 5/8 0.035 

l/4 0.066 3/4 0.014 

5h6 0.039 1 0 -000 

3/o 0.017 

7/l6 0.004 

q/2 0.000 

The values for g m Table 5 (i), f'rom 0 = 0 

to 0 = l/l6 inclusive are calculated fern q = e& 

winch gives the velocity along the boundaries of a 

.~ri&ht;-m&ed bend. Tho values 1~1 (ii) fkan 6 = 0 
p ~'8 _, 

"to $ = l/8 aremcdlcdated frcm 

AA 
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