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SUMMARY

The range of application of a conformal transformation, initislly
given by Merchant and Collar and developed by the author, is explored.
Results of practical value are obtained in which the pressure distribution
around certaxn profiles with a rounded trailing edge is computed. The
theory i1s used as a check on the accuracy of approximate methods of solution
due to Garrick, Howell, Martensen and Schlichting.

Replaces L.R.C.26 168,



1. Introduction

In an carlier naper ! the author has given an cxnosition
of a notential flow theory, due to lerchant and Collar "2, for
the analytical determination of the outlet anglc from a cascade
of nreviously defined acrofoilS., The gshane of these acrofoils
is derived by conformal {transformation from thc filo~ vast a
series of ovalps. It vas denonstrated that thi. theory cculd be
extended to give o I rnula for the dressure dictribution over the
blade »rofile without further assunptions or awproximationsy the
analysic vas gubcecuently »rogramaed for a dipital computer,
giving the outlet angle and pressurce distribution foi the given
nrofile in cascade to 2n accuracy of ceven dccimal places.

These exacet calculations vere neriorned for a cascade
of cusned lerchant and Collar aerofolils; approxinate noteantial
£lowv methods rere then uscd to calculate the nircosure dis-
tribution and outlet angle for thin cascade ~ad a comparison
vrith resvcet to the cxact solution mas thereby obtained. It
vas found that fo:r the given cascade confisguration the Garrick
method “ a2s developed by Hall %, gave cxcellent agreement with
the Icrchant and Collar analysis; the Schlichting ‘57 pethod was
0.7° in error for the cutlet ansle ~nd gave a misvlaccd suction
peak on the zserofoil; and that difficulty *ras encountered in

N .- 7
using the Uartensen -’ '°

iethed with such a thin trailing edge.
Hotwithstanding the wuccecs of the early on-lycis, it as
obvious that blaces i1rath cusned trailing cuges can not be used
in nractice. An attem»t ras therefore wade to obtain a wider
range of profiles vith rounded tr=2ilin, e¢,es, similar to those
used in cuirent indugtrial practice for compre.sor wlades. It
was aluo decirable that some inez chould e Jormcd of the range
of avplication of the rerchant and Collar anzlysic aad in this

paner an attenpt is made to ansver this latter cuestion.
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5. Derivation of -refilesp with a counded trailing edre

= Zene

In the »Hrevious paner 2 cascade of aerofoils in the z
niane 'as derived from the coniormal transformation
- A
z = N coi0 - 1pino cosh 1(sechyco%}) (1)

apnlied to a series of ovals in the 1 »plane
: 1.4 1
cosh?2 (n+m*) = cos2(n+n®) eintffloina(nint) (2)

n+nt
“‘here
1l =m+ in coordinates in the plane of the ovals
z = X + 1y cosrdinates in the cascade nlane
B length of basic oval major axis
pt lensth of offset ovel najor axis
1= m*+in' coordinates of ceatre of the offset oval
o stasger angle of the aerofoils in cascade
A=1 + zinp?Bcoth 1

Y= B + »inh ®?Bcoth B

The ovals oFf ecuation (2) vere offset with resvect to
basic ovals

I 2R 4
cosh 2m = cos2n + *ﬂglg§§§§9¥2} (3)

and viere gnaced ""ith a vperiod ® slong the n axis.

The particular case "rau conuideves in vhich n* and n' vere
chosen such that the tyo ovals intersected at one sinpularity of
the transfornation snd such that the larger (B*) oval eaclosed
the other singularity. The trangfornation of the flowr about
the ovalg into the f£lov chout the serofoils in the z »lane - as
thus confornal evevy~wnere and a cagcade ofl nrofils -vith cusped
traiiing edaes 7as derived, az in Pig. 1.

This case may be re_arded as a liniting caze of the shortest
iistance; between the BT oval and onc singularity, tending to
zero. it the other liait the larger (B*) oval is coneeniric with
the B oval, thus inplying 11 = n? + in* = 0, Uson transformation

to the z »nlane 2 caoscade of srmmeteical uncaabered aerofoils
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tthich tend towards an ellintic whane 1z owtainced; as 1n Tig.2.

The significonce of the relationchip betieen the dicisnce in

2

arest »woint of the

B

the 1 plane fiom the singularity to the

(

nosc or tail in

Q

Br oval an. ithe radius of cusvature of th
the z planc thus beccomes anharent.,

The s euncral @eve 15 interneciate betcen the t'0 extremes
gdencionced above. s lon, as both sinsgularities in the 1 plane
are enclnsed by the B oval, any »osition of 1* will give a

ransfornation ~hich is conformal,., It is thus vogsible, by
correct selecetinn ¢l the normal distaance in the 1 nlane wetireen
the sinsularity and the bvasic ovel, to obcain any value of radius
of curvature at the nose or tail in the z »nlane, {rom zero to a
high »ogitive value.

By a "trial and error' alternation of the variables g, m?
and n? it is »ossible tw aprroximetc to practical compressor
cascade H»roiiles, “thich hove rounded leoding an. trailing ed.es.

=n aid toc the conver_cace of the itceracive Hroce.s is

given by a knoledie of the position of naximus thichness in

/

* . o -2 ~ - - "
the cuoned icrchant and Collear wrolfile ol refl. 1. (At 25.» of the

oA

chora lensth) aae the Laovlec,e thet £»¢ the ovals in a con-
centric confizuration the »ocition of che meoxioun thickneoss 1s

at 50 churd. ith these extremes fixeld any ceuired nosition of
maxinwa chickncess can pe obtained by »n apnroki.acte intc.-molation
on a lineor Lasig for 1% = m* + 1n?t,

The Hvocedure .or calculation of the »Hressure distribution
and outlet =ngle for a profilce -rith a rounded trailing edge follows
that of section 320f Ref.l. Vith this nev tynpe ol profile,
hovever, thcre 1o an additional comnlicetion. I'or profiles vith

a cusmed trailing cd_e the selection of the wnosition o

rear

¥

stagnation roint, and hence the outlet augle;, followed auto-

matically {rom the Kutta coauition, vhich aveided infinite
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velocities at the trsiling edge by w»lacing the rear stagnation
noint at the transformation sinpularity, on the wmoint of the
cusn. Unfortunately this conditicn does not annly to notential
flo=s —hich have singularity, and +hich do not tend to give
rise to infinite vclocitieo on »rofiles. The Rutta condition
cannot; therefore, be applied to the usual type of comprecsor

-

cascace »nroTile vwhich has a rounded treiling edgue.

The author knovs of no altern-tive condition vhich can be
analied to the vnotential flow eoround a cascade of acrofoils with
rounded trailin, edses. Ag far as iu knom, 2all previous
investigators have either:-

a) replaced the aerofoil by an ecuivalent one —ith a
cusn at the trailing edge, thus facilitating use of the Xutta
eondition (e.,. the schlichting sethod).

) placed the stagnation point either st the intevsection
of the pvoofile with the line connecting the trailiing ccpes of
each aerofoil in the cascade or at the rear end of the camber linec.

¢) poecilied the outlet angle as "ell as the inlet angle
(e.g. the : artensen method).

Heurteux et o1 '8 had mentioned, in private conmunications
to the author, the large extent of variation in cutlet ansle sthen
the rear stagnation »oint had bhcen a2llocated differing nmositions
on vhe trailing ecyge. The suthor rag avle to confirm the validity
of this effect as is denonstrated in Pigs 7 and 8 thich give
the variation of outlet angle vith the nosition of the staguation
noint for a tynical compregsor cascade profile., oduch results as
these, »redictin; a large variation in outlet angle for a o nmnp-
aratively small alteration in the position of the stagnation
noint, emnhasize the fact that the poteuntial flow around a

conventional aerofoil in cascade iu not cowpletely “determined®

by spnecification of the cascade configuration ané the inlet
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angle but that the »nosition of the rear o-tagnation voint is a
further variable.

Tizure 6 shows that the effect of the nosition of the
rear stagnation ooint upon the »ressure distrivution for a
comnressor cascede »rofile is alcLo lsrie. A cuolitative
exnlanation of this cifecet is Jiven in Aspendix A.

Since no condition has ween Giscovered ~hich gives a
unicue solution to the potential flovw around a cascade, the cuest
f2r such 2 econuition *r2ll be »ostponed until the effcet of vigeocgod
on the [lov 1g considered. In this oarcr the aunthor uvill confine
the invescisation to obuainin, outlet ansles =3¢ nressurc dis-
tribucions for cle-orly stated and arbitrarily selcected noaitions
of rcezv stasnation noint. This nroceduvre, "thilst introducing a
further variabley vill wrovide the maxisum ancunt of inforaation
vhen,; —ith the introducticn of thce concent of viscous floir, an
attenpt is mace to mogitulate a fiov condition in a wanner similar
to that suzgcsted vy Preston in Ref. 13.

It should e euhasized thot the auther i not rejecting
the Rutta condition, but is recognising the fact that it does not
opHly in the geancral case of motential flor nast a2 casgcade or

isolated aerofoil.
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L. Tne scone anu limitations of the theory

An attemnt wao next .azde to deterwine the range of operation
of the nrcviously :iven thers « It ic cuite obvious at the outset
that many limitaticne wrevent the uwe ol the thecery as a con-

ventional notenti oo faethod’. The natuire of these limit-

[
I._J
l,-

otions i discusscd in this section.
i)  Spage-chond ratio

Variation in ltuz ¢ .ace-cheord vatio of the cascade 1is
obtained from the analysic by vaviation »f the niwe of the
ovals in the 1 »nlane. A foriwla connecting S/c and B for flat
nlate cascades ig given by lFerchant ane Collar but this only
sives an a mroxinate idea of the range for conventional aero-
fcils. In practical cawes ¢ civen value of S/c can only be
obtained bv a “trial and evror’ specilication of B. This

-

Process can ve nade

) ).

to econverse ruite racicly co a recuired

o

swace--chord ratio on a disital conwuter.

For B « *® the 1 nlane ovals tend tO MHecomce circles an

(&)

the snace/chord rvatio teads to infinity. Values of B around
0.72% ,ive space-chord ratios cof avnooxainately unity. As B
tends to an infinite value the ovalg fictten considerahly and
the vpace-chord ratio becomes very wnall,

Thus for all practicable conprestor cnscaces, variation of
S/c is achieved ruite cinply »y a corresnonding variotioa in B
ii) Camver

Thevre seems to be no means in the analysic for variation
in shapc of tnc camber line, "hich, ac far ac can He deterained,
must be ~lmdut o circular arc. This it vory convenient for aero-
foils of the "N.G.T.E.” 'C’ scrics of ninfile wnr,es vhich ore
mainly intenced for uze ' ith a circular are camber line., Atternts
have bheen made to match profiles vith conic cauber lines but no

suceees has been achieved.,
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Detcrwination of tne camber an,lec of the z »lane Hrofiles
can be ovbtaincd »y mezsureient, oz alteranatively could he
obtained anaiytically by cifierentiation ol the ccuvatioas for
the 1 vnlane ovals orior ©o troasforaation. Ingpectlon of Mig. 15.
(in conjunction ith Aopencix B), will indicate the raage of cam-
ber obtainable, which varics with the ctasger 2. thickness of
the Hrofi1le. The hypothetical consive.ations of Fig. 15. incdicate
that 2 reeoonable range of camher is available Tor nost »Hrofile
conTigurations, rangins {rom nezative valucs to high »~ositive
values, (1n the conventional scnce for cormressor cascadcs ),
incecd, ce tyne nrolfileg have beea obiained {rom the anslycis
Tor uo to 70° comber ane in ecertain cascos 2 camber 2n0le of
over 100° has heen obhtained. It will e scen, therefore, that
a large rance cf comber angles may be studicd olthourh the
interdenecadence in the analysis of camnei, nogition of maximun
thickneoo; maxainun thickacus snd stasger must be considercd.

ili)gosition of maxinun thiclknegss

The 1osicion of mexaimum thickneos 1. to 2 certain extent
at the usccs' disyosal althoush, like the camber, it is cdependent
on the othcr veriables, cswrecially the radii of lecading and
trailing, cuscu. It annears that che »nosition of maximum thick-
ness nay be varicd from arcund 2%~ of the chord to 500 oi more,
a range ithich shoul~ cover any lilzely rcecuivcments.
iv) Value of maximur ti

Yo+
1cKnueass
ez 3 eeal

t A C s .
The value of “/c, is influenced by variation of the ratio
1 1
P /B. For a value B /B = 1 a cascade of flat vlates is gencrated

1 t
in the = plane; as B /B increases, so does /e, and ony practicable

bladec thicknese may be easily obtaincd.

s

ins, snd trailing edge radlil

e

[6)}

v) Ileca

(o8]

Ao outline 1n A»Hoendix A a gsuvatonticl variation in thesc

radii from scro to 2 high finite value is obtainable. Cnce more
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the variables must be otudied in congunction vith others.
vi) Stasger
A1l of the srevious variaslies, “rith the excention of °/c
and t/c are deoeadent on the stascer ansle , thrournh the wos-

o

itioning of the 1 9la.c singularitics, howsever there is no
gnecizl limitaticn to the value of stagger itocelf, vwhich should
be specified by the user.

vii)Inlet An.le

There ic no limit on che inlet angic. .rezsure distributions
cnd outlet angles have been oObtained for very large vanges of
incidence.

viii) Profilc shang

Cther than by adjustment of the nrevicugly-menticned
parameterc there is no control of nrofile shape.

It w11l therefore be seen that the main limitations on the
Verchant and Collar sanlyvsis ve:-

a) the chane of the carmber line, which nuoct aporoxamate
to a circular arc.

b) the interdependence of the pooition of maximum thickncuc
leadin_ and trailing cugce radiil, ané cawuber angle, jiving oiff-
iculty in varying one —ithout the cthers,.

If it rere nnt for theve limitatations the canalysis
vould be canable of bakin, its olace 15 2 potential Tlosr ‘method®
and would have the advantoge over all kno n asethods of comnlete
accuracy. 3ecause of these linitntions, hovreve., ito molication
ig confined to the role of an exact standard for checking the
accuracy ©of mnre gencral approximate methods, or altcernativelyw,
cf Ceriving profilec fer vvhich the aercdynamic »arancters can

eagily be connuted.
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5. The use of a 10CL/»0C50 »rofilc for conarisons

In sectinon 3 a method -rag _iven for cstablishing a
I'erchant anc Collar blace rofile with a rounded trailing
edge. In this section the anelysis i1s used ©o obtain an
asproximation to a tyonical cnmnressor cascade vrofile. The
nrofile chogen was a 10CL/30C50 section set at a stasger of
36° with a space~choré ratio of unity.

It was found thot Lollowing the nrocedure of section 3
ana aspendix ° only three itcrations ere necessary to give
the acreeuent rith the ctandard Cl formx shorm in Tig. L. The

xi

O]

4]

v has been uwasnified in order to reveal any vnrofile
discrenancies ond tne maximun (ilfercace het een the 10CL4/30C50
section and the "'erchant and Collar approsch to it is 0.003

of the chord leansth. Since the wiffercnce 1s .08t marked at
the trailins euge, 2 magnified view of the trailing edge has
a2lso been incluced (Fi,. 7): in this region, althouzh the
ordinates are <till accursate to within 0.3% of the chord, the
radius of curvature is only LO0kx of the given CL trailing cdge
radius,

Having established a wrofile srhich vas similar to blade
nrofilesused in incustrial aomlications, the suthor vas ahle to
nroceed tovards a comparison of the results of several well-
knovn motential {lcw methods iith the analytical result. In
orader to elemincte one variabhle for the -uryose of the com-
parison, thc nosition of the rcar stapgnation »oint 1ras celected
at the cnd of the cawber line, the coordinetes of this nosition
veing (1,0) in the z(x,y) olane. TFor the uscd inlet angle of
51° this resulted in an outlet angle given by tan g = 0,535971L
according to the analysius. The selection of thigs stagnation »noint
nosition was eantirely arbitrary.

Approximatc methods available —ere.- The varsick® method,
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ceomuter oroprams for which -rere evolved anu run oy Holl%, -
The Lartensen? iethod, commuter vrogians £2r  hich vere
developed by Price and Heurteux®. The Ho'ell® and Schlichting®
methodu; orograns for vthich were develoned by Pollard anc
ordsrorth®,
The nrocedure {or the Martensen aethod wag that the
usersvere supplicd ''1th the caccade configuration and profile
for the analytical a»nproxination to the CL4 (curve B in Pig.b.),
inlet angle and »nsition of rear stasnation point and vere
ascked to commute the vpressure distribution - the results for
vhich are shown in Piz. 10. cowpared vith the analytical regsult.
The computer programs for the Garviclr, Howcll and Schlichting
nethods vere not available to the author at the time of the
conparison; however; these cormputztions had been carried out
previously for s 10CL/30C50 srofile vith the sane cterger of
36°, the same inlct angle of 51° a2 2 slightly different space-
chord ratio of unity (as compare. with 0.92901985). As a result
of the asszunptions immlicit in the schlichting, rethod, the
trailiap ed,c vecenes cusned aad the Xutta con'ition iu avpnlied,
As mentioned Jreviously, the Gisereency bet—cen the 10CL/30C50
srefile aad the ovwinztes of the '‘erchant < Collaxr' tyoe
anproach to thii sras novhere greater than 0.3 of the chorc. The
orevicusly cowmuted results from the Garrick, Hovell and Schlichting
nethods are thus commared directly -rith the results of the
i artensen nethod in Pi_. 10.
Fron an inswnecticon of Pin. 10. it rill be secen that the
Gariick method pives socé 27recrent, onart from one point nearp
the suction peai. The ‘artonsen nethod is seen to give commlete
agreenent avart from a very slisht error at the suction peak. The
Howell methond gives reasonabhle agrecments the waxinua error in

Opbeing of the orcer of 107, The Schlichting nethod in general
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gives a oinilar order of accuracy but misplaces the suction
peak, in an identical fachion to Fip L4 of Ref. 1., and has a

maximum error in Gp of 15%.
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6. Generation and use of a hi hly copbered rofile for
comNAarisons .«

The need for an analytical solution to a hishly cambered
blade arose from doubts as to the apolicability of the Schlichting
nethod at hipgh cambers. In the dchlichiing theory the orofile
is penerated by a source distribution. Ideslly the sources
would Dbeo distributed z2lon, the camber line, but due to the
complexity of the motheuatics involved the svurces are usually
gistributed =2lons the chord linec, (this ¢ifficulty is partially
overcone in lef., 10) As a recult of thig cimvwlification, errors
were thousght to be vpresent in the pecdiction of the performance
of highly cambered »rofiles. The folloin,; comperison 1'as an
attennt to asse.., the ~maognituvdée of these rrors.

Reference should be made to Fi_s. 11 and 16 s-hich dcuonstrate
that it vrag possible to obtain a hiphly canberced »Hrofile from the
analysis. In this instance the stogier vas zern and the space=
chord rstio “tas 0.90036L3% - a fairly tyvnical inpulce ecascade,

It +*ill be noted that Tor a causcade of serc gtagcer both sing-
ularities of the analysis are on the veal axic ia che 1 »nlane,
Tor a nositively cerobered acrofoil ~rith the pogition of nximun

-~

thickness forvard of 50: chord the noint 1 shoulc be -"ithin the
area ABC. For the nprofile to have a large cambery, n' should have
a hith nejative value: for the trailing cdge to be rounded mt
should be within the arc C3 and the »nosition of the centre of the
B! oval betecn the n axls and the are CB 1'ill cetermine how far
back the positicn of maxinun thickness of the =z plane profile
is to be. In this way a suitable wnocition was scleceted at 7 in
the schematic dizgran.

Upon asplication »f the conformal transformation to the con-
Tiguration of ovels thuu deoeribed a c2scade of aerofoils with

a wroximately 70° camber iras generated, as chom in Fig. 11,
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The procedure for the comparison wag oimilar to that of
gection 5. The rear stagnation woint wau arbitrarily selected
at the point (1,0) in the % »lane. The profile coordinates
1ere cupplied to the users who ere asked to run their com-
puter »nrograms for 4= +35% and a, = =35°,

l.ethods avnilable for the comvarisnn were:- The l'artensen
method, as developed by “Price and Heurteux®. The Schlichting
nethod, as develoned by 'Levis??, and indenendently the Schlichting
method as developed by -Chauvin and Breuselmanst®,

Once more, in the Martensen method the trailing edge was
treated in its corcect roundec form; the pocition of the rear
stagnation point was selected by spnecifying the corrcct value of
outlet an/le in the commuter data. In the Schlichting method the
trailing edge became cusped anc the Kutta condition vias anplied.
The results, as shown in Mgs. 12 2and 13, indicate that for such
a cascade the Martencsen method is the most accurate, although a
considerable scatter is »drcoent.

The Schlichting method, as develoned independently by Lewis
and Chauvin, gives curprisingly so0d agreement 1ith the analysis
under vhat one viould expect to be the least favoursble conditions

for such a theory.
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7. Diccucsion =nd Soaclusions

4 e - a2 3o

The analycsis hoc been extended to ;[ ive cascode aerofoils
of nracticz2l gipsnificance vhilot rcetalaning, the strict accuracy
of the ori_inal lierchant on¢ Collar theorr., & »rofile cimilar
to the otandard 10C4/30C50 nrofile -'as nrozuced 25 an eéxamnle
of this _encralisation and 3 comparative survey of severzl
amroximate notential flow rmethods vas carried out. Results
indicated that for thic practicable comnressor cascace nrofile tne
artencen methou rave recults of hi_h accuracy; the results {or
the Garrick, Schlichtin, an. Howell methodo suszgested that for
thic type of nrofile -nd cagcale confi.uration a reascnable accuracy
vas attainable and that theoe nethods coulc be used for ‘engin-
eering' apnlicaticns "ith confidence.

A5 a result of the need for a comparicon 'rith highly cambered
blade nrofiles such 2 nrofile vag ontained frcm the analysis 2ad
a further comnarat.ve curvey ag made. The Fartencen methed
nroduced occurate recults, althcu.h 2 uli ht secatter -vas »recent.
The results of the Schlichting method susgeuvted that the ner-
fornanece of this method at higch canher need not be ag noor asg had
hitherto been cusnhected and that rewults of engineering accuracy
could be obtained even at high camber.

The ronge of anplication of the theory has becen discusced
and the three limitstions to this range vere found to bes-
i) the profile muxzt have a circulay are camber line.
ii) Interdenencence of coumber and orofile fera makes selection

of 2 particular Hrofile difficult.
i1i) lack of control of blale form, other than throurh these

interdenencent vaciablec.

Avart from these limitations a culck umethod of deriving

the nrofile forr was siven ans the attoinnent of a vice ronge of

cascades vas Iound tc te cuite noscible,
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No unicue solution was found within potential flow theory
to the problem of the loecation of the rear stagnation noint;

The position wao arbitrarily specified in all computations.
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Appencix A

Potential flow ncar the rear stagazation svint

In wrder to obtain a2 qualitative understancing of the
pressure distribution in Fig. 6; 1t 18 necesgary to show the
conditions in an exagpeinted fashion in Fig. 14,

Fig. 14(a) sho''s the ctagnation point located at the extreme
rear of the aerofoil. Since the flo~ Jd2es not obtain very high
velocities anyhere, the cuction surf-ce pressure rises swmoothly
to the stagaation noint, ot cxactly % = 1. . 8Since the npath of
a particle tiravellin, 2long the »ressurc surface towards the
stasnation »oint rould follov gimilar curvatures, the velocity
attained is nimilcr and the pressurc distribution apnroaches
the stagnation point in 2 similar vay.

In Fig. 14(b) the stagnaticn point is well up on the suction
surf~ce. Consccuently; 2 fluid particle trivelling along this
gsurface 1is soon decelerated to anproach the stognation condition
before the cnd of the chnrd. On the other hand; the pressure
surface route entails a2 path of high curvature ~nd an ascocirted
high velocity (vthich would be infinite in the limitaing case of
a cusped trailing edge). After negotistion of this region of
hish curvature, a ro9vid aeceleration wvould bring the particle to
the stoonation »neoint. The upper and lovier surface pressure dis-
tributione interseet somewvhat upstre-m of the stagnation point
position.

Fi,. 1b(c) sho7s the stagnatinn point on the pressure
surface. Such configurations have possible par:llels in 'jet flap
vork', In this cage it is the oressure surface which zives low
velocities =nd on early stagnation point. The suction surfoce
velocity reaches high velues in the region of high curvature.

As 1n the case of the pressurc surface velocity of Fig 14(b),

deceleration to the stasnation velncity is then rapad.
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This ecxaggerated flow mouel should ex .lin the nressure

distribution »f Pig.6 and. Hrovide a runlitative picture of the

notential flovwv conditions at the trailing edice for use vhen the

effeet of viscownity io considered in a further peper.



Apnendix B

The significonce of oval positions in the 1 plane

Fig

L=

1> shows tne ovels in the 1 plane which ‘rere used to

obtain an ap»rcximetion to the 10CL/30C50 profile: In order

tc give 2 opnacc-chord ratio of nearly unity, B is given a value

of 0.725. The singularities in the transformation for a stagger

of 36° are calculated as in Ref.l. A»nnwendix B and are indicated.
It then becomes necewsary to postulate a value of B -vhich

vould give the recuired volue of t/c. Thig ic arrived at by a

' process ona vas apound 10% higher than B for

'trial and erronr
a value nf ?/c = 0.1, Jith the sclected values of 3 and B! and
the nogition of the two oingularitics fixed by the stagcer, it
ig deiirable to atterpt to »redict the range of possible values
of camber, nosition of maximum thickncss and leading and trailing
edge radii. To Go this, the z2uthor used the follmring nrocedure.
Firstly an arc of radiuc B is struck off from each singularity,
ap shown in the fijurc. For the transformation to be cecnformal
the centre of thc Bi oval, 1* = m' + in', zay bc chosen anyvhere
within the area common to these arces, i.,¢. the area L,F;G,C.
In order that the correct leadinyg and trailing edge radiil

may be obtaineld, puints P,Q, are selected at -nall distances away
from the singularity point, unon the norasl from the B oval at the
singularities. The distanccs of points 2 and -+, from their re.ject-
ive singularities are 2gain scleetew by experience, bein, 297T0X-
imately »nroportional tn the recuircu radius of curvature. From
P.g, arcg of radius Bi are struck, ag chovn dotted in Fig. 13.
The area D, i, Hy B is common to thece arcs and the centre of
the offset oval may be placed snywhere vithin this area and satisfy
all condition: imposed. Thus in the exanple of Ref.l., vhich had

-

n cusp at the trailing edge, 1* yas chosen to lie on the arc G, C, B

vetween C and FB. This ensured that the p* oval passed throush the
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singularity ®, ;iving 2 cusn at the tr=iling edge, and alc
gave ample radius of curvature -t the leading edge.

The only Turther variables needinz specification are the
camber nd the »Hogition of maximum thicknesc., Incorsoration of
these varisbles is now 2 simple nrocess. If 1% is sclected near
to D, a highly cambered srofile *ill result; if near to 3, the
camber will be lovr and the position of naxinum thickness will Dbe
well forward.

This schematic diagram a »mroach has nroved useful in obtaining
the previously mentioncd approximation to a CL »rofile and many

other profiles vrith o large ronge of comber ~nd stagier. As a

4

further illustratvion, the schemztic diazram of the 1 plane con-

figuration for a hipshly cambcred nrofile is chowm in Tig.l16.

D 37266/1/Wt.60 K4 5/65 R & CL



FIGS.I—3
Series of ovals ttansforms to cascade of aerofoils.
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