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Summa. v

The pressure distribution over the surfaces of 8 wing of triasngulsr
plan f'orm with apex angle lesg than the Mech sngle e2nd of simple wedge
section 61" thick hes been measured in the 11 inch sguere supersonic tunnel,
The 1ntegrate6 force coefficients have been compared with calculstions based
on the linearised equetion for thin flsot delte wings, It is found thet
while the 1ift coefficients sre in close sgreement, the induced dreg
coefficients sre consldersbly greeter thsn those celoulated, As might be
expected the agreement is much better if the term associated with the
oraurrence of infinite suction on the leading edge is excluded,for the
pressures close to the leeding edge could not be explored due to the small
thickness,

At zero incidence the pressure drag on the sides of the wing is somewhat
higher than thot calculated for the front hslf of a dismond sheped asrofoil
of gimilar apex and section angle, The difference is stiributed to lack of
uniformity in the approaching flow ond to flow in the boundary leyer ot the
wing root.

An estimete of skin frioction drag indicates thst the contribution from
this causc is about double the pressure drag on the sidss at zero incidencs.

Introducticn

The experiments to be deseribed were instituted moinly to provide
preliminary dato which could be used subsequently to comprre with similer
measurements over wings of other shopes. The model used wes not designed
initizlly for the present purpose ond its congtruction imposed limits on
the position of the pressure holes which rendersd the messuremcnis somewhat
unsuiteble for comperdson with the results of calculstion.

Degoription of Model

The model (span L!/8", root chord 101/8") was approximstely trianguler
n glan form, the leasding znd trailing edges being inclined ot ocngles of
203° and 74° to the wind direction respectively (FPig.,1.) The Moch sngle of
the incident flow wes shout 24°, so thot the leading edge fell inside the
Mech cone from the apex,

The model was open 2% the rear, its surfeces belng mede of two stesl
plotes inclined to one another ot a constant sngle which were soldered
togather nlong the leading edge ond finished mife sharp, thus the sections
parallel to the wind direction were trienguler.

Degeription of Teats

The model was bolted to 2 brass turntable which was mounted on the
tunnel with its surfece flush with the inside, A small clecrance was left
between the root chord of the model and the side, so thot it could be
rotated while the tunnel wos running, A slot cut in the turnioble commumi-
coted with the inside of the model so thot air could be bled out of the
renr of the model if required,
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A number of pressure holes were drilled through the model surfaces ot
the points marked in Fig, 1 and connected with steel tubes soldered %o the
inside. The tubes were led through the side of the turnteble through a
vecuum tight gland, each being connected to the column of a mercury multi-
tube msnometer,

Throughout the tests the pressure and temperature at inlet to the
tunnel was maintained constang, the Reynolds number (HEJ based on the
maximum chord being 0,9l x 109, v

The zero incidence position was determined by turning the model until the
pressure at a2 hole in the upper surface wag equal to the mean of the
pressures at holes symmetrically situated with it on the lower surfaoce.

Since the model was symmetrical the pressures on a single surface at
equal positive and negative incidences could be used to give the pressures
on the two surfaces.

Prelininary Tunnel Exploration

Before making measurements on the model, the pitot end stestie pressure
distributions were determined in the empty tumnel in planes 3" ebove and
below the position occupied by the model (Fig,2). The presence of pressure
gradients moy be expected to distort the pressure distribution over the
rmodel,elthough in the cese of the 1ift component the errors on each surface
may tend to cenrel., No account has been taken of the non-uniformity in
the flow in the eveluetion of the forces, the Masch nwhber and pressure
being assumed equal to the mesn vezlues approasching the wing,

Recent messurements of pitot snd static pressures in the boundery
layer on the tunnel wall in the empty tunnel showed that the velocity began
to fall away from the mein stream veslue 2t 2bout 0,6" from the well, the
digplacement thickness being 0,12" nesr the position occupied by the leeding
edge of the nodel, No measurements of pressure and velocity heve been taken
near the wall with the model in position and the force coefficients have been
based on the pressure distrivution over the outer 79% of the spen. The
direct effect of boundary layer on the coefficients heve not therefore been
included,

Results of Tesc§

The pressure distributions over the model surfrees for incidences of
0, 23°, 5°, 74° and 10° zre shown in Fig, 3 where the results are plotted
as isobers, It will be noticed that in general the pressures tend fo
incresse or decresse towards the leading edge, according to whether the
slope of the surface is positive or negetive, (The slope is token as
positive when the surface is inclined towards the stream, e¢.g., the lower
surface),

The force coefficients and centre of pressure positions derived from
the pressure integrations over the upper and lower surfaces are given in
Table 1, The tabuleted coefficients are defined in the usuwsl W%y .84, the
drag coefficient is evaluated from D = aﬁ(P - pg)dS; Cp, = Tou%s where

S d1s the plen arez of the wing; pg,p end U being the nean pressure,

density ond velocity of the epproaching stream snd p,dS ere the pressure and
directed erea of the surface in the drag direction respectively.

Teble 1/
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Table 1. FormoTocPflolents and Centres of Presgure Positions

Over Sides of Model

- . “""! - e """{"“""““"‘"‘” - B T e e e e
Incidence .o é 230 : 5o 7ie ' 400
S U S S S
s : : { ¢ ! |
Drag Coefficient (cﬂs) ©,0022  ,0045 ¢ .Ot42 + ,0289 ' ,0508 |
s H H ' ;
Lift Coefficicnt (*:) 0 b L0579 L0 L2074 . .279
* ! : ; ;
Lateral Force Coaffinient (Cy) 036 036 ' .028 023 017 |
i ' : ‘ ! H
Lift/Drag .0 12.9 140.3 " 7.2 5,5 j
Perpendicular Distance from
centre of pressurc to Leading 0. 31 0.275  0.26 0.27 0, 29
Bdge asz fraction of span
(31/8M).
Perpendicular Distence from
centre of pressure to 0. 76 0.79 0.7 0,76 0.75

Trailing Edge as Fraction
of span (31/8"),

* P .
Lateral Force positive when directed towsrds the voot,

I4 is evident Prom the #eble that the 1ift/drsg ratio rises steeply to &
nmeximum at sbout 25° incidense and then falls more slowly. These retiostogether
with the 1ift and drag coefficients are plotted in Fig, L.

At zero incidcnce the centre of pressure was ebout 3%% of the span behind
the oentroid of the surfaces (30 and 80/h of the spen from the leading and
trailing edges respeotively).

During the tests the pressure inside the wing (corresponding to the
pressure (p,) at the base of the nodel) wes measured. The ratio of this pressure
to the mean static pressure in the free stream is given in the following fable,
together with the overall pressure drag coefficient.

Table 2, Base Pressure and Total Pressure Drag Coefficient (cb)

- -~ - - - = - - mm e L e o el W SN ARALRRHEAAR R M = R e e L e e e e e

¥

Incidence 0o - 2i i 5o ; 3° . 400 ;

Ce e e o A FUU S SO
Ratio of base to | 0.L3 " 0,39 | 0,37 ;0,36 ,0.33 |
statls pressure. | : t . ; g

i : [ i .

Baage Dra.g i . 0088 i . 0095 i N 0097 i . 0100 ; . 01 OLI- ;
Coefficient(Cpy) i ! , | ;
) i 1 ! i

Prasaure Drag f f ! f : ;
Coefficient . .oM0 | Lot0 ;L0239 | 0389 0612
(GDS + C-D-b) f! } : i :
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It is evident thet at zero incidence the drag due %o the suction at the
base is four times the pressure dreg over the sides of the model, However,
although the base drag incresses with incidence, the increase is much less
rapid than thet over the sides, the contributions being approximetely the same
at an incidence of sbout L°.

It may be of interest to mention thet during one test, air was led into
the inside of the nodel through the furntable sufficient to reise the internal
pressure to 2% times the static pressure. Up to this value, with the model at
zero incidence, ‘ue pressures at the last row of holes (situated 0,17"
upstream of the trailing edge) were not sensibly affected,

7. Discussion

In Ref, 1, ne pressure distribution for a wing of 3diamond shsped plan
form of double wodge section (semi angle B ) at zero ineidence has been
derived from the iineariged theory for wings of smell thickness-chord ratio,
The calculated pressure distribution o er the front part of such a wing, for
the sane ratio of apecx to Mach angle g the model, has been compared with the
measured distribation (Fig, 5). While the pressures sre of the same order as
those predicted oy the theory, the shspe of the isobars iz quite different,
and the measured drag coefficient for *he sides of the model (.0022) is
considerably pgresier than thet calculavwed (,0016), This difference is mainly
al-ributed to lack of uniformity in the flow approsching the model and possibly
{0 secondary causes due to the flow in the boundary layer at the wing root,

It is of some interest to use the base pressure measurementis to compare
the drag coefficlent of the delin shaped wing with thet of dismond plan form,
Thus taking the sbove calculeted figure for the drag coefficient and adding
the drag contribution from the bese, a ralue (,010L) is obtained which is only
17% higher then that for e dismond aerofoil of the same angle of sweep back
~nd thickness/chord ratio, %Thus it might be said thet the advantage of
siceamlining ig elmost wholely offset by the reduction of nose angle,
Expressions for the 1lift end induced drsg coefficients for a thin flat delts
wing with apex sent engle less than the Mach angle sre given in References 2
and 3, They are

SR ten ¥
% = —-—E—:-T-—--- skrsvsansa (.ﬂ)

1
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2
1 tan v
and C -1 - G E YR YRR 2)
Dy L ian y tanc M4 2L (

where f = incidence (radisns)

serdl apex angle

[
i

Mach angle

h~

and E' - forplete alliptie integra? I ..o cecond kind *o modulus
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In the expression (2) for the induced dreg, defines as the dwag associated
with 1if{, the first fterm on the right hand side represents the resyliant of
the pressures over the surfaces in the drag direstion, The.sscond negative tem
is due to the ocourrense of infinite suctions on the leeding edge, For the
present model the two %terms beconme

ODi = [.61 —,11] CL2 = ,50 CLE

For comperison, the difference of the measured dreg over the sides of
the model 2nd that a% zero incldence has been plotted sgainst the square of
the left coefficient - (Fig, 6), The plotted points lie spproximately on the
straight line GDi = 0,62 GLQ.

The sgreement of the experimentel results with the theoretical velues
when the second term is excluded is striking, The presence of high suctions
at the leading edges would not be revealed in the present tests since the
pressure holes could not be positioned closer then £ to the leading edge,

In the experiments, no mecsurements of the drag due to skin friction
were made. An indication of the coniribution from this fector is given by
recent boundary layer measurements on the tunnel wall, These were mede at
a Reynolde number of about 2 x 10P and gave a friction coefficient (Cf) ahout
.0023, Taking this value as applicable to the present model, the friction
drag coeffinient is ,00L6, i.s., sbout twice the pressure drag on the sides of
the model at zero incidence, Making o similer allowance at other incidences
the drag coefficients and 1ift/drag ratios are given in the following table,

Table 3. Dreg Coefficients and Lift/Drag Ratios Por Model

e L U Whbnd e bk s ki e, s A P L e wp— oo -
i s v —— - ombararma-petrd S e L et A P -
[} -

H 1 1 i

¢ Incidenne y o 0° 1 230 5 T 100
T S SO Oy S
, { | 5 ! : 5
| Dreg Ooeffiotent | i f : ;
for Sides of Model | ,0068 ! 0091 | .0188 ! .0335 . .056h
i f | ! ;
Total Drag | ! ' § i
Qoefficient L L0156 | L0186 | L0285 | ,ou35 | L0658
(including base § ; | i !
suction). ; | i i ;
| % ! ] ; ;
Lift/Drag (Sides | o | 64 | 7.8 L 6.2 L 5.0
of Model) % | i | e
i ' 3 1
‘ ! ;
Lift/Dreg (Total) | O § 31 15,2 L L8 | 2

8, Conclusion

The pressure distributions over the sides of the model differ considerably
from those which would be expected from the linsarised theory giving a higher
drag at gero incidence than the caleulated value. These disorepancies may be
attributed to lack of uniformity in the flow approaching the model and to
seoondary causes due to the flow in the boundary layer at the wing root.

While the 1ift coefficients agree clogely with those calculated for the
flat delta wing, the measured induced drag coefficients sre somewhat higher,
However , the theoretical expression for the latter includes a term associated
with the presence of infinite suctions on the leading edge, In the tesis,
because of the small thickness, the pressures close to the leading edge could
not be messured and if the theoretical term just referred to is excluded much
better agreement 1y obteained.

The/
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The overall pressure drag on the model at zero incidence is-sbout™7%
higher then ¥re caleculsted "relue for a dlamond shaped aerofoil of the same
apex angle and trlolmess/chord ratio,

Measurements of skin friction on the sides of the tunnel indicate that
the dreg from this cause is considerable, being about fwice the pressure
drag on the sides of the model at zerc incldence,
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Fig 2, Pressure and Mach Number DisCribution in Empty Tunnel
at Position oOccupied by Model
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| | FiG.3
Fig.3. Pressure Distribution over Sides of Model
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Fig . 4.
Fig 4. Lift and Orag toefFiciznts over Sides of Model.
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Fig. 8.
Fig.s. variation of induced Draq with LiFt.
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