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Susary

This paper gives the results obteined arithoetically for the
wall shape ol sn expandin; passaie with specificd constant wall
velocities, & slot 1s asswicd to withdraw {lund {raa the passac ot
the velocity discontinurty and the shape of the slot cntry is obtaincd,
& cugp develops at the cntrance to the slot and the cffcet on the
remawnder of the ficld of rounding this cusp is considersd in detexl.

1, The 3let waith Cusped Bd - -~ The Basic feld

The problem considered is shown in fi.urc 2 which depicts one
half of o gymmetricel expending pessale havainy én entry velocity of
¢ (2.718) end sn cxit velocity of unity. The hisher velocity (o) s

assuwaed to remain constent alon
which is osswsed to draw ol onu
the passage. On the other side
of the possaege wall the velociby
1.1 licthod
The .acthod uscd was to
The resultan  field when setiled
Sincc symmctry cxists escruss the
wre kno.n no further conditions
cncounsercd was the lar_c aacunt

whielh developed on the dosastresn cdpe of the slot.
subdivided six diaes in this neishbourhood.

this subdavipion 1e lven 1n i

the wall up to and into the slot
ninth of the total fluid entering

of the slob ond olon. the rasminder
1y a_srin congtent oond oqual to unityx.

“gquere® lom 1/q  on the ¢y B srid.
will be rolerred to the Basic ficld.
centre line rad the volues on the walls
wre necessorye  The only difficulty
of dotoll roegurred around thoe cusp

The Ti.ld wos

Une of the shoote showing
he frianl result cobtoined is

(AW

<R

ure 1.

shosn 1n Ffioure 2 which Lives the .all shope cnd spproxiante streadlincs,
saquipotenticls and contours of wvelocity.
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*This published version of the ori,,mal report hos buen lengthened by
eorporating, some materze l froa d.2.C. 12,953 (Rufurvnce 1 of this
report).

X « . -
sn carlicr opproxiaste solution hes bewn given (Refoerence 1)



2a The Glot with Rounded Nose

The cusp which developed in the sclution of the above
uentioned probloam mekes the resulting outline quite uspracticeble.
If we round the nose of the cusp esrbitrerily, the velocitbics on
all the walls will be affceted in en unknown .anncr, S 1t was
decaded to sttaapt to produce e solution which would cuntain a
rounded nosc and would at the saac tlac 2ave the specificd
velocities on the other parts of the walls, The point which waos
previously the cusp in the basic ficld beemaes o stegnotion point,

4 sultable velocity distribution wag sgsun.d noer this point,
actually 1n the renze 0 < A<t . Jutside these Linifts the wall
volocatics arc the saue ns in the basgic ficld, In order t2 cusurc
that the finel shope is rounded end doss not heve o sharp corner

at the stagnation point, the veolocity distribution on the wall in the
Lanediote neighbourhood of this point wes assuacd to appruxtcte t
thet ol the flow in a raight an lc bend, which 1s Jwven by w = k.z© .
spart froa thot, the veloeitics ¢ re arbitrery, care boeang token thet
they run sasothly into the boundiry vilue (g = 1) of the besic
ficld, The actual values uscd cre shon n Pijure 3 and miven in
Table I, Pigurc 3 elso sbious Lhe veloeitics far o rizht enzle bend
and illustrstes the warnner an which the assuned velocitios diverse
Trom these, The amount off roundan; of the nosc 1s, of cource,
controlicd by the asswiod velocaty distributicn cnd is unknosm unbil
the ficld is finally plotted.  .ny other value fur k .aa ht have
been chosen and the feiring of f into the constant veluc (q = 1)
wlght have been wedo 1n ony other oy dosired,

Jith the above agsumptions re arding bhoundary valucs 1t
10 - 3

would be possible to procced to a golution by squarin. on  los 1/q
cperatin; in the ¢, P field but an alturnative sugncsted iiselfl.

/Talle I
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Loble T

Velocity Digiribution along w = 0

1
P loge = P log, -
q q
______ 4_______-_T_____,_-_-_m_“m“_
0 3/8 0.053
1/6, 1.079 7/16 0, 0l
1/32 0.733 1/2 0.033
3/Gi, 0,530 9/16 0,026
1/16 0. 386 5/ 0,020
3/32 0,245 11/16 0.015
1,/4 0,184 3/h 0,011
5/32 | 0,146 | 13/16 0.007
3/10 0,121 7/8 0.004
7/32 0,10t 15/16 0,002
1/1,. 0,090 1 0,000
5/16 0,008

The valucs for g between ¢ =0
and ¢ = 1/16 inclusive arc
1dentacal wath those of the right
ansle bend

As the solution for the bhsioc f1cld was olreody knovn 1t was
found to be much more convenient to operate on the ratio of the
velocitics to those in the basie ficld, Thus we 'squerc' on the velucs
log qB/q, operating, of coursc, 1n the ¢ , ¢ - [iuld, with boundery
valuch which are cverywhuere zero cxcept 1n the ummcdinte neighbourhood
of' the stammntion poink, The {inal valucs arce then obtained by
superlapnsing the volues found oo those of the basle fucld, FThiaz

4B
lo, q = lo, qg = log == wee (1)

q

whero qQy 18 the veleerty in the basie Jicld.

Fipure 4 shows one sheet an the Loy (gu/q) f£aold end
Fiurc 5 shows the final wall shope obtaincd, with flow pattern end
velocity contours inscricd epproximstely.

2+1 1lethod of vbtoinwn the Congurate Function

whon woe arc dealans, with soluticng of Leplece's cquation of
the kind dealt with hore, a sreat saving in tine con be offcoted in the
process of dirforontieting across ond intograting along a boundary-.
This will be illustrated for the cssc of zero bowmdsry valucs but the
formula 1s cbviously spplicable $ov a boundary Jith const.nt veluos,
There 15 olso a8 similor cxpression for the gencral cose but in our
experience it ao not so suecceosful. Let the values of the function ¥
on which we cre operating be & , b 5, ¢ and 4 a2lon, the linc ¢y = 1.
Sec Figure &.

i ure 8/



8 b c a g = 1
0 0 . -0 0 $ = O
g - g 2+ 1 g+ 2
FIGURE 8
Then
g

oF a+ 11 + 11c + @

- dg = . o - - O L] LR (2)

0 24,

This is easily proved by writing the volues a ; b, etc. as a Taylor
expsnsion up to and including 4th order terms, using the fact that

V2F = O we oan then obtain the above expressioctl.

2.2 Treatment of a Singularity

During the process of squaring, the log (gp/q) field was
subdivided seven times, but, even so, special trectment was needed for
the innermost shset around the singularity, where the differentacl
equation is not accurately represented by the difference esquation.

Woods® has given a method of getting over the difficuliy of
'squaring' near a stagnation point but in the present instence rether a
different method of procedure was used, The field here wes, in efifect;
at each sgep compored with the flow in a right ongle bend given by
w = ke s Volues of log q for a portion of the latter field are
given in Fig, 6 (with k = 1 ). As it stends this comparisca field
does not 'sguare'; while it satisfies Laplace's equotion it doess nob
satisfy the difference equetion. The mean of four surrounding points
is not equal to the value ot the centres, Thus, calling C the true
value at the centre of a diamond and A1 . A2 y A3 and Ah. tne

surrounding corner vclues, we must write

1
C = =XA4+4A, 010(3)
N

The arithmetical values of A are easily found fram Figure & and are
given in Figure 7. Since we are dealing with logs, chenging k
simply adds a constant amount to log g over the whcle field so that
the velues of A are unaffected by the values of k or in fact by the

scale/
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scsle of the diagram, Any field with a stagnation point on a ‘'straight
angle! will have the same values of A at corresponding points when we
are close to the singularity and in faot there is no reason to suppose
that this will not hold approximately when we get further out in the
field, where the two fields (the actual and the comparison) have begun
to diverge from one another.

There still remeans the difficulty, that the value of log g
ab the stagnation point is -oc0, This difficulty is easily overcome by
the following consideration, We can proceed with the 'squaring' as
soon &s we have found some fainite value for log ¢ at this poant which ocan
be derived from the surrounding values and which will give them again
when they are recalculated from equation (3). For the comparison field
such & valus is zero, because zero is the mean of the four surrounding
values, and, with the values of A shown in Pigure 7, equation (3) agein
gives zero at the four neighbouring points. Thus in the actual field
we write at the stagnation point the mean of the surrounding values and
use this value to recalculote them, The Justification is that the
process works for the coamparison field with any velue of k , and so will
work for the actual field, since the two are identicel near the
singularity, When 'squaring' on log 1/q (or log gp/q) the same
ad justments apply, except that the sign is changed, as the part containing
the singularity stands in the denouinator.

3¢ Conclusions

The velocity distribution assumed near the saingularity is
entirely arbitrary ond the curvature of the nose preoduced is not known
until the solution is completed. The nose is perhaps too much flattened
and & better shape might be obtained by using a sharper and narrower dip
in the velocity curve,

In Faipgure 3 the two profiles are compered. 1t appeurs that
rounding the nose has not had a very serious effect on the gencral wall
shape, the tendenoy being to widen the channel near the slot.

Prosunably on an aerofeil with a similar slot the effect of

rounding the cusp nose would be to reduce the thickness of the scrofoil
locally.

Iist of Symbols

J Velooity Potential
Streamfunction
Velocity

Un Velocisy in Basic Field.
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