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Swalary and Gonclusiong

Burface pressurc measurc.cnts and flow phobtopreovhs have becon
token for o 60 thick two=dimensional symuctrical doublc wedge ot angles
of incidence between 0° and 8°. The free-strean ilach number was 1.57,
and the Reynelds numbor based on chord 0.8 x 109

Although the results cre in general in sprecement with exaot
theory, discrepancies occur at midechord where the cxponsgion is obscrved
to be nmorc gradusl than would be expected in the abscnce of the boundary
layer, and close to the trailing odie vhere scparation veccurs when the
cerof'oil is ot incideneces Shock waves werc cbserved at thoe nosc and
toil under condations for vhach cxpansions alone vould be expeotedes
Tiaot ot the noge iz attributed to the faet that the lenading edge was
not gharp bub 0.004" thick, and that of the bail may arise becausc the
toil is blunt or berause the {lov geparates from the other surfacc of
the acroloils

1o  Descraption of the Apparatus and Technique

The aerofoil is sghown in Fige.le It wod conotructed from mild
steel and supported ag shoun in Pige2 by tongucs fitted to slots cut
in the plass side walls o the tunnel., Dight 0" dianetcr pressure
holecs were provided at the posibions shown, ond were connectud to a
wanometer by leads passing out of the tunnel through the suprorting
tongucss  Incadenec was adgusted by robeting the glasswalls vhich
were fitted in turntables, In order to obtvain the preabest possaible
raaber of pressure rcadangs, tests were made st cgual positive and
negebive angles of incidence wilh the acroforl both in its ususl position,
and reversed so that the traalaing odge bocame the leading edpe.

Tocpler schlicren photogieaphs were token yith en optical
system bascd on two 9" diamctar, 97 fourl length sphericsl mirrors,
and direct shadow photographs vere obtalned by uwsing one of thesc
mlrrors to produce a parallel lasht beams ALL photugraphs were tokon witn
an ex.oswe of about 1 microsccond. The tests were made an the
g" x 3" induccd Llou viaind tunnel.
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2« Results

The measured pressurc digbribubions nre plotted in Fipa3
against position along the chord of the ncrofoile The static
pressures p hove becn expressed non-dimensionally by dividing by
the totel hcad Hy of the undisturbed strean. Schlicren and dircct
shadow photographs+t of the flow arc reproduccd in I1gse. 5 = 9, and the
1if'% cocfficients obtained fro.n the measurcd pressure distrabutions by
integration are plotted against inecidencc in Fipe1Qe

3e  Dascussion and Comparison with Theory

Ixcept 1n regirons close to the mid-chord and to the tail, 1t
18 scen in Iige3 that the wecsurcd pressure 1s, as predicted by theory,
approxitnetely constont along each of the four faces of the acrofoil.
These constant values™ are compared in Fig.d with values calculated
by exact theory, ond show reasonable agrecnent. The discropancics may
be due to errors in the profiling of the nodel, or to a slight crror
in the deterrunation of the Mach number of the frce streams. They may
also arise from changes in the thickness of the boundary layer
particularly in the strongly lavourable presswrc gradicnt at mad-chorde

VWave angles measured from the photosraphs arce comparcd in
Toble I with those calculated by exact theory. Because of variations
acreas the span of the aerofoil, and the interaction of the waves wath
the boundary layers on tne side walls of the tunnel, the imeges of the
waves arc in many cases diffusec, and angle ncasurcient is diffaculte
For this reason the tabulated values arc considered tc be accurate
to within about £ 1° only. Withan these limits there sccms to be fair
o reement between the measured and coleoulnted values.

*The weak compression waves in the tunnel stream vhich strike the upper
surface of the aeroforl at about 0.3 chiord arose Jroi an excrescence
rregsent on one side of the nozzlce This wvas rcenoved before the
pregsure distribution on the aercfoil wag measurcd.

++In cases where the pressurc risce towards the rcar of the upper
surface, the value at 0.6 chord (i.ce chead of the pressure risc
has becn uscd 1n the comperison.
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Al angles arc measured ia degrees from the chord lince
The linc running along tac span of the aerofeil at ind-chord is herc termed the "ridgc"e

Calculated values arce doenoted brf
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In the photographs (Figse 5 (a) & (b)) for o = 0° the flow
appears to adhere to the surface back to the trniling edgce, but for
larger angles of incidence the boundary leyer seems to thicken or
scparate on the upper surfacc upsiream of the tail. This produces the
rise of pressure silovn at the reac of the upper surfacc for the
o = 4% 6° and 8° pressure distrabutions plotted in Fige3s At o = 2°
there 1s evidence from Fig. 6 (a) that separation or thickening begins
at about 0«95 chord, but very little pressurc rigc seeuws to cceur at
this point (sec Dige 3)e At o = 4° (Frg. 7{(a)) the region of
separated floyw appears to have moved forvard to 0.9 chord, and the
neasured pressure at 0,95 chord is scen 1n Fuig. 3 to have risen above
that over the forvard part of the scoond face of the upper surface.
Further increase ol' incidence couses the separetion point and the
beginming of the prossure risc to move further upstreanm as shown in
Figse 8(2) & 9(2) and Figs 3. The theoretical strengths (static pressure
rat10s across) the shock waves at the rear off the upper surfacc are
1220, 1232, 147, 1.65 and 1.8, at anpgles off incidence of
0%, 2° 4°, 6° and 8° rcspectaively. The pressures weasured at the tail
of the acrofoil at o = 8° should be regardcd with suspircion because
it was not possible to move the broakdovn shock in the tunncl far
behand the model, and the flow at the ta.ll nay have been indluenced by
the interaction of this shock sath the wakce und boundary layers.

The prossures measured close to the nuddle of the clhiord showv
that the pressure fall in the cxpansion i1s not sudden, as would be
expected in the absencc of the boundery layer. The pressurc begins to
Tall about Ce0% chord ahead of the ridge and, particulocly for the
stronger uxpensions (sce, Tor exarple, the lover surfrcos at o = 6°
and a = 8Y), there 1s evidence that the pressure rvemoins almost constant
at a valuc a lattlic above thal over tae rear face of the aeroforl for a
small distance behind the ridpe. The recason for this is not clear from
the photographs, but 1t nay be assoclated viath a locel separation of the
flows

The photographs taken at angles of ucidence grecter thon
that (3.47°) at Jhach the shock wave would be cxpected to disappear
from the nosc at the upver surlace show thet a weak shock persicts there,
and 18 fcllowed by the expansion redvired to bring the floiv parallel
to the surface. It is thoupht that this shock occurs hocausc the lecading
cdge is nob sharp but 0.,001" thick, end that the flow pattern at the nose
izsiralar to that skctched an Fige 11 (2)e A similar phenomenon has
becn cobserved by Valensi and Prudcn1, +ho 2lso found that under
certain conditions a sceend ghock occurrcd behind the expansion because
of a local separation of the flow as sketched in Fige 11 (b)e This
sceond shock does not appear to be present xin the photographs taken
during thc present tests.

A shock vave occurs beh nd the exponsion at the tail of the
acroyfoll when the incidence 18 such thet an erponsion only is expected.
Thas 18 visible on the lover surfacc in Tgse 7 (a), 8 (2) & 9 (a)
and nay occur because the trailing cdge is blunt, ond the flow pattern
there sinilar to that skelchcd in Fuge 41 (o). It might also srises,
hovever, with a sharp treiling edge (see I'ige 41 {d)) 1f the flow has
scparated fron the upper sucface.
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At low incadence the measured lift coelfficicuts are in good
agreenent (sce Mipe. 10) with those caloulated by the exact theory, buk
at high incidence they f£2ll below the caleuloted volues bocause of the
seperation ot the reac of the upper surfaces

Acknowledgements

The acrofosl was made by xs e Hoywood of the Acrodynomaics
Divaision, NePele, ond G1os Ne Al Bungbead helped with the photography.

R ABNCLE
No.  Author(s) Title, cto.
1. Js Valensi & aone Obscrvoations on Sharp-nosed Proirles ob
. W. Pruden Supersonic Speed (12th iay, 1947 )

(A peper vrescnted at the Sixth Internationsl
Consvess ol Applied llechanics, Sepbs 1946).
Re & 1.0 2482, liay, 1957.

2 Ds We Holder & Observaticng of the Interaction betvween the
Rs Jde North Shock Woaves and Boundary Layers at the
Trailing Edges of Aerofoils in Supersonic Flow.
Currcnt Papcr Nos5H3s Leccmber, 1950,

i)






Fig.1 FIGS

Pressure Holes shown thus 4

e— K, ——

- —

et .
Thickness of leading and
Chord 2 00" Eraiing edges 000"
Max bhuckness o 121" Nose and tail angle =8-93°
Posibions of Pressure Holes ~/c
O 05 015 020 | 0475|0505 | 055 0 85
Decails of bthe Double Wedge
HGa 2
”"“ﬂ /5upporbmg Tongue
W
> 2“ -
Flow . Glass Sude
—_— PN walis

7

””[ﬂ.l‘\ Leads to Manomeker

\Tongue offset to give clear
view of Flow on upper
surface

Details of the Method Ffor Supportmmg the Model




FIG 3

o5

o4

- " i
02 S * XY
W -5

O]

04 -

A

03

oz

(&) o2 0 4 Q6 o8 Fo
Distance from leading edge */c

= B°

e

P/Ho

Tl

0 o2 o A 06 08 10
Discance fromn leading edge :Jc/c_

Pressure distributions on 6°/s double wedge




05

o4

03

0e

| i

Curves from exact theory fronb
ower

pents from measuremenk surfa
b

Rear

lower
Surface

Front
upper

P

/
»\
<

\

\

Rear
upper

o _sirface
K

Comparison between measured and calculated pressures

n

incidence

A

e Jdegrees




E.L@;..;W____&.{?ﬁ
B FIG6
Aol & (b}










F1GS 10
S 11

FiG 10
06
Measured
VYalues x Exact Eheory
o8 <
A
”
’/
;7 04 -
9]
K” Linear
2 T Eheory
v i
v 03 =
e -
u ,
| z<
8 oz
ib}
U
-
Q
o 2 4 ) 8
incidence &« degr‘ees.
Yariation of WEb coefficient wikh Incidence
FI&E 1l
Flow
IR Al
(a) ()
Separation
(» {d.)

Phenomenal ariging_ Ffrom Blunt Leading_and Trailing Edges.

D5 vs0/8/1/R72 K3 10/5/ CL









CP. No. 63
(13,623)
A.R.C. Technical Report

PRINTED AND PUBLISHED BY HIS MAJESTY'S STATIONERY OFFICE
To be purchased from
York House, Kingsway, LONDON, W C 2 429 Oxford Street, r.onpon, w1
PO Box 569, LoNDON, SE |
13a Castle Street, EDINBURGH, 2 1 8t Andrew’s Crescent, CARDIFF
39 King Street, MANCHESTER, 2 Tower Lane, mrisTOL, 1
2 Edmund Street, BIRMINGHAM, 3 80 Chichester Street, BELFAST
or from any Bookseller
195%

Price 28 6d. net

PRINTED JM GRFAT BRITAIN

ps 9608/ K3 /3 $.0 Code No 23-9006-63



