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SUMMARY

Veluos of 1ift, drag and pitching moment ceoofficients are given
for a modol of the H.P. 100 delta wing with sharp leading edges and with
a body attaiched, over a range of Reynolds numbcrs from 1 X {0°% to 12 X 106
and at inciccrees up to 42%. Photographs of the tracces of an oil/tltanlum
cexrde maxturo, on the surface, indicating flow dircetions, are included.
The results skow no appreciadlo scale effect,

Introduetion

A larger model of the H.P. 100 wing, with a suitable body
attached, had already been tested to a Reynolds numbver of 0,9 % 10° in
the Handley Page wind tunnel. Samalar tosis to a high Roymolds number
wore rade in the Compressed Arr Tunnel with corresponding vicual tosts,
in an attempt to link any scale offects with flow patterns, The
wncidenee range covered was 457 gtarting from a small ncgative value.

The Model

The waing plan was =z delta wath 70 lecading edge swoepback. The
section was biconvex, gonerated by circular ares and having a maxlmum
thickness of 4% of the local chord. The wing was set along the centre-
lire of a body of fiacncess ratio 20.7 as shown in Fig. 1.

Conzaderations of tumncl blockage at the highest incidence and
of the wind forces on tho model led to the span being limited to 18",
The maxamen 1att and érag forces exporienced were 300 1b and 360 1b
rcepectavely.

The wing wss formed of sclected plywood bonded to a substantanl
gtecoel core and phenoglazed. The body was of wooden constructlion.

The Need for Speecial Support Arrangements

Nodels i1n the Compressed Avr Tunnel are gencrally supported from
above, by bro streamlined rods, pin jointed to the wings, with a third
streamlined rod, pin jeanted to the fuselage, farther as®crn. The third
rod can be driven up and down for change of incidence and its posiiion
relative to the main support 18 largely detormined by the incidenco range
tc be covercd. In most models the front supports can be placed in regions
of substantial wing thickncss, abt tho same tame positioning the rear rod
s0 that 1t never comes under compression {which would load to incidence
changes from buckling of the rod). In the case of the H.P. 300 model 1t
was clear that the wing was too thin to permit adequately spaced front
supports and, in any case, tho soverc sweepback would have placed those
supports so far astern that buckling of the rear support would have becn
inevitablce., Morsover such make-shift expedienits as were pessible to
overcome this dafficulty would have resulted in undesirably large
w1ng/support interferonce and this would have thrown doubt on any

conclusiong drawn {rom the work.
The /
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The Support Arrangcment Used

The support arrangemont deviced is shown in Fig. 2, A pair
of overhcad front members, attached to the balance and similar to those
normally used, though shorter, supported a horizontsl beam, into she
centre of which a swepthack strut was fixed, An inclined ti1c bar, from
the centre of the beam direct to the balance framework, took most of tho
resuliant loading on the strut. This roduced tho displacoment of the
model under load to reszsonable proportions, with a corrcsponding roduction
n tno magnitude of the corrections from this cause., The degign problcwm
was then ruduced largely to one of ensuring that the ping anchoring the
beam at each end, and those holding tho strut to the beam could wathstand
the shear forces araising froa the scrsion loads cn the beam. There
remained stringont requircments of manufacture, particularly in [itting
these pins, so that no backlash was proscnt.

The ragifity in yaw and rol. common Yo the nornal throe point
suspension having boen romoved, adequatc componsation was obtained by
making the Jowoer crnd of the sirut in the form of a flat tongus of
substantial surfacoe avea, fitting closcly into a slot machined i1n the
central stecl core of the modcl. The checks of the tonguc were of
phesphor bronzz. Inailially a steel to steel bearing had scized up,
probably duc tc meolecular adhesion between the simalar faces. Graphite
grease was used a8 a lubracant and the modified bearing bohaved porfectliy.

The suppert gear was well shiclded from the wind with stream-—
lined guardc down to thke level indacated in Fig. 2,

Dagplacement of Model

In asgombling the support gear zt 1o posaeible to arrange for
the axng of the main bearung support to coincide with ihe pitching moment
axzis of tne balance, I, on loazding in a wind, the rodel position chonges,
1t is necessary to corrcet ihe balaznce moment roadings to the new position
of the model bearing and alse to correct the incidence 1n the light of the
relative movements of tle bearing axes of the front and roar suprerts. The
rear support rod wall swirg in an arc gtruck from i1ts upper pivot, as
compelled by the fixcd opocaing between the two bearings in the model.

Tho loading alsc causes az swing of the model in an arc conlred
roughly in the lhorizontal beam so that I:ft and drag loadinge cach produce
toth horizental and vertienl deflecticns at the front support boewring.

On this account, horizontal and veriical loadings werc applied,
in turn, to the front support strut at the bearing posation and dial
gauges wero uged to measure the resulting horazontal and vertical
deflcctiong,

As would be cxpected, 1t was found that combined horizontal and
vertical loazdo produced defleetions whick were simple additions of those
obtained by scparate horizontal and vertical loadang.

The standard of craftsmanship 1n the manufacturce and fitting of
the model and suvport gear was excellent and z2s a result only ncgligible
backlash wag checuntered on loazding and uniocading the suvpr»t, Thus in
spite of appreciable doflestions an actual running conditzons, corrgctions
for these deflections weore applied with confidencc. Tho moximun shifts
oncounterced under running counditions amounted to almost 0.2 1n.
horizontally and C.05 in. vertically, whach resulted in a maxanun
corrccetiion on Cm of ncarly 0.07 and on 1ncidoncc of O.7°.

Inltlal/



Inztial Difficultics

During the first fow tests the main suppert bearing gave
trouble, as mentioned earlicr, and oventually Jammed altogether. This
rrolonged the running bame and although the wing tips had started as
Papor-thin points, by the time the haighest Reymolds number tests were
attempted, onc of the tipe had slightly deteriorated and a scvere
osgillabion developed near the stall, % 18 probable lthat the slaght
asymmetry betweon the wing tips gove risce to phase and magnitude changes
betweon the vortices from cach wing and the resulting instantancous
forces might well have produced rolling and yawing moments large cnough
to account for the ocscillation exporicneced. The intact wing tip was
trammed wilh a pair of scissors to correspond with the damage tip and
although the oscillation was grcatly reduced, 1t wng still not possible
to procced to the highost inecidoncce at the hasghest R.HE.

4 slight roduction of R cnabled a fatisfactory run te be
completed and, xn vicw of the insignificant scale effcect between any
rogults obiained up to that stage, 1t was not considcred neoessary 1o
rcpair the wing tips 1h order to completc the highest run.

Patchinge Moront Axes

The tests an the Handley Page wand tunncl werc undertaken with
rcferonce to 3 prtehing moment axis on the model contrcline and 0.8403 ¢
Trom the trailing cdge, the position being shown in Fig. 1 zs the
apcerfied centre of gravaty linc. Ia tho present tests compression 1n the
rear support could only be avoided by uwsing a primary prtching morent axis
further upstream, on the centreline hut 1.0305 ¢ from the trailing edge.
In addition ito prescnting results relative to this latter axas, moments
have alsc beon converted to the preferred axis.

Regults

Table 1 shows the wvalucs of the various ceefficients oblained in
the teots at four Ruynolds numbers, from 1 X 106 to 12 x 106, undertaken
at pressurcs of 2 to 25 atmospheres approximately. The incidence and
moment coefficient valucs have been correzted for the displaccoment of the
model wnder load as moentioned carlicr. An cstisate was made of the drag
of the cxpescd portion of the front support, (thaﬁ of the rear support
rod being known). Thr tetal corrcetion wag s5mgll znd was uged an
conputing the valucs of Cp. No atteompt was made to measurc the
wnterference beiween the supports and body, €ince the provision of a
dunmy model would have taken too long and, 1n any casc, only comparative
results were cglled for. The values of O and Cm  at zero incidence
show that the wnterfoerence was small and qualitatively as cxpected = the
loss of pressure behind the supports producing a small noegative 11ft and
positive pitching moment ~ 2t being reomoumbered that positive 11ft acts
dowawards i1n the Compressed Air Tunncl,

The Graphs

The results are plotted an Fige. 3 to 8. It will bo scen that
scalc effocts on CL and Cp nowhoro cxocoed 2.5% of the maximum valuos, and
are gonorally much less, the offect on Cm being correspondingly smali.

There 18 a marked concavity in the curve of 1ift against incidenca,
(Flg. 3), over the working range up to a point of inflexion at about 239,
(1, =~ 1.0), and Clegy, would appcar to be about 1.26,

Thas concavity, (incrcasc of slope with increasing incidence)
has boon 3ucountbd for theoretically, 1n torms of the part span vortex
sheots, by Klichomann (Ref. 1)e  Wath very haighly swopt wings, tho
vortoex shooty cxist Trom the lowecst incideonces and continually increasing
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extra lift, on this account, 1¢ evident over mozst of the working range.
In less swept wings, the part-span vortex sheeis develop and begin to
move inboard at an appreciable incidence and the concavity of the 11ft
curve only appears above this value.

Fig. 4 18 the graph of Cp against o and emphasizes the
large values of Cp obtained at the higher incidences, In Fig. 5, Cp
has been plotted against (2, and despite the fact that a small part of
the 1aft and drag 1s due to the body, the range of incidence over which
CD wvaries linearly wath Cr2 is noteworthy. Departure from linearity
of this graph also occurs st about 23°, the incidence at which the peint
of 1nflexion appeared on the lift curve.

Pig. 6 shows the varizlior of Cm witk a by direct measuroment
using the arbitrary pitch axis of the mndel, and Fig. 7 shows the curve
computed for the preferred axis through the specified centre of gravity.
The completely dafferent character of these two graphs for a modsst change
of axis positicn means that only where sudden changes of moment occur on
both curves for the same incidencs can a radical chaage of flow pattern be
expectead.

In Fig. 6 de/ﬁa 15 highly negative over the major working
Tango (1argely Jue to the moment axais chosen), whereas in Fag, T there ia
a change from asiightly negative value of dCm/de Telow about 10° o a
large pcsitive value rrom 10° to the stall. In Fig. 6 ithe departure from
linearity rear 25% corresponds with a pronounced reduction in the 1ift
slope in Fig. 3, but at the smame incidence i1h ¥Fig. 7, eather there is no
corresponding feature, or else it 1s masked by the general steepness of
the curve in that region., Also, the sudden change of slope 1n Fig. T at
about 9° does not appear in Fig., 6. Tkis rapid change of slope (referred
to the specafred centre of gravity) would seem to be due ‘o the summation
of separate small c¢ffects of 11ft and drag and not from a drastic change
in the flow pattern at this incidence. Fig. 8 shows the corresponding
graph of Cum againat C1.

Comparison with Previouc Results

Ref. 2 includes graphs of testz 1n the Handley Page wind=tunnel,
of 7 £t X 5 £t closed working section (compared with the 6 £t circular open
jet C.A.T. scctlon), on a model whaich was larger than that used in the

C.4.T. tests. Up to about 209 the C.A.T. and Handley Page curves are very
gimrlar in character, but at higher incidences the latter resulte show lilt
coefficrents up to 20% higher 1han those given in this report. Thas
difference might be attributable to a blockage effect at high incidonces

in the Handley Page tosts.

Flow Visusglisation

In their tests (Ref. 2), Messrs, Handley Page used an
011/f1tan1um oxade mixture for surface filow visual testz., To help
interpret these surface pattorns, they also set up a lattice of wires
carrying sireamers abouve the model 1n the tunncl., A simplafied skeich
of the flow patterns in the outhoard resion as shown by the streamers,
is compared with the corresponding tyv-cal surface flow pattern in
Fiz. 9. The shortcomings of these suriace flow patterns as clues 1o
the complete fiow pattoern sre obvious.

Inadequate viewing facilities for studying sireamcrs inside the
Compressed Arr Tunnel at preosure, precluded the convenient extension of
this type of test to high Reynolds numbers and only the o1l surface flow
patterns werc recorded, at Reynolds numbers of 2 % 106 and 5 X 106, and
at angles up to the stall, Earlier, wool tufts had becn stuck at suitable
stations on the ving for observations at atmospheric pressure. It was
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soon obvious that the flow dircctions indicated were influenced by the
presence of the tufts and these observations were abandoned. In removing
these tufts, the discoloration of the surface by the acetate base adhesave
became noticeable and these blemishes on the photographs reproduced in
this report should be discounted as the surface was in fact everywhere
quite smooth.

The 011 Technigue

The o0il mixture used for Roynolds numbers in the 1 X 106 to
6 % 108 range was the game ag that nomually used in atmospheric pressure
tummels, Titanium oxade powder was moistened with a few drops of diesel
01l, then a few drops of oleic acrd were added with thorough mixing to
disperse the lumps. Finally more dicsel oil was added and the mixture
stirred until the required consistency was obtained, Depending on the
Reynolds number and incidence of the test 1in hand, the consistency of
the mixture used had to be varied to permit flow due to the shear forces
without undue flow under gravity. For tests at R < 1 X 106 improved
flow was found with a mixturc in whach the diesel o1l was replaced by
ordinary paraffin. Since these tests, replacement of the diesel o1l with
onc of the commercial detergent oils and some fractionated paraffin has
g1ven excellent flow pictures at evon higher Reyneolds numberg, The
amount and particular fraction of paraffin depends on the pressure and
Reynolds number of the test. The aim should be for the paraffin to
evaporate 1a a reasonable running ftime leaving the mixture viscous
enough %0 prevent flow under gravity. The mixture was applied with tlhe
wing surface horizontal, and then air was admitted to the tunnel from
reservoir bottles, the wing set at ancidence, the tummel speed attained
quickly and maintained for a switable time. After stopring the tunnel,
the inecidence was reset to zero and the tunanel exhausted for inspection.

Photography

The copying technique of photography was employed in which two
rhotofloods arse used, each at 45" to the span line and in a planc normal
to the centre~line of the modsel, wath the camera halfway between the
lemps. When the lamps and camera were ready for use the wing was set to
a pre—determined incidence, Just normal to the camera line of view.

L. P, K. Hillman, 4.R.P.8.,, of the Central FPhotographic Section, N.P,L.,
tool the photograrhs. Copies of some of these are included at the end
of ths report.

The Photographs

A photograrh faken at 1.1° incidence showed surface flow
everywherc parallel to the model axis and has therefore not been
mcluded. Leading odge separation beging very early and i1s well
dofined by 4° (Plate 1). The most noticeable feature of the
vhotographs reproduced is the inboard spread of the influence of the
main rolled-up vortex sheets as incidence 18 increased to the stalling
angle. This can be seen from tne movement of theo stagnation line
(F1g. 9) and by regarding the flow direction at the trailing edge in
the plates. 3By the time the stalling angle has beeh reached the
reglon of influence of these vortices appears to have covered the whole
wing. There seems to be no conspicuous change of surface flow
associlated with the reversalsin the Cm curves (Figs. 6, 7 and 8).

Conclusion

The tests confirmed the expactation that there would be no
appreciable scale effect on the force and moment coefficirents over
the range of Reynolds numbsrs 1 X 106 to 12 % 100, The surface

flow/
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flow patterns follow the changes generally associated with highly swept
wings and do not reveal any sudden changes with incidence likely to
account for the particular shape of the piriching moment curves shown in
Fags. 6, 7 and 8.
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TABLE 1

AT, Test Hesults

H.P.100 C
' t
P = 25,2 ATNOS |
pve = 357.0 1b/sq ft '
Vv = 79.8 :E'.p.sé {

R = 12.22 x 10
— .. e
o L Cp CM Cu(c.q).
-3.0 -o..02 0.0098 0. 0286 0.0091
-1,6 =0,056 0.0062 0.0178 0.0072!
+1.15 +0.022 0,C043 =0,001y 00.0028;
3,85 0,111 0.0092 ~0.0218 ~O0. 0007,
6.5 0,212 0.0231 ~0.0431 ~0,0026
9.1 0,315 0.0485 ~0,0650 -0, ooqul
11,7  0.428 0.083% ~0,0858 —0,00291
el 0,547 0,131 =0, 1065 +0,000
16.8  0.668 0,192 ~0,1275 0©.0048
19,735 0,790 0.262 =0.1471 0.0115,
21.9 0,909 C.3,8 ~0,1651 00,0209
2445 1,020 0,445 -0.1822 0.0299)
27.0  1.122 0,536 ~0.19156 0.04L63:
{29.6 1,195 0.650 ~0.1%4 0,0648
132025 1,236 0.753 ~0.2057 0.0705!
P = 23.85 ATMCS j
eVe = 312.2 1b/sq £t .
v = T75.2 f.p.s, !

R = 10.85 x 106
a Cy, Cp Cu Cr(c. G)i
~3,0 .~0,098 0.0098 0.028% 0.0092.
1127 0,438 0.,0B25 ~0.0857 ~0.0019|
21.95 0.924 C.7%BL  -0.1685 Q. 0199;
£9,7 1,202 0.647 -0,1962 0,0645]
32,3 1,248 0.757 =0,2077 C.0705]
33.65 1.256 0,804 -0.2137 0.071qj
5.0  1.256 0.8,3 -0.2165 ©,0731
136,35  1.229 0.876 =-0.2108 0.0770°
137,75 1.197 0,902 -0.2107 0.0754 !
419 1,083 0,946 -0.2185 0.0562 ]

- —— e

|

5

P = L.65 ATMOS
oVe = 634 1b/sq £t
V = 764 f.p.g.
R = 2,25 x10
a C1, Cp CM
-%,0 =0,101 0,0108 0 027g
11.8 043k 0.0873 -0,089%,
22,1 0,926 0.358 -0.16%9
28,9  1.216 0.668 -0.2138
31.25 1.226 0,719 -0,2085
32,6 1.24 0.767 ~0.2135
33,95 1,255 0,812 =0,2155
35.35  1.237 0.845 -0.2158
36,75 1.205 0,868 -0.2925
38,15 1.200 0,909 =0,2172
2.4 1,055 0,938 ~0.2385
a Po= 1.91 ATHOS
f pV2 = 25.0 1b/sq £t
! V = 746 £f.p.8.
R = 0.924 X 106
;G C1, CD CN
, =30 —0.103 0, 0125 ©0.0289
{-1.6 =0,060 0,0093 0.0180
1.15 +0,020 0.0071 =0.0021
. 3.85 0,111 0.0138 ~-0,0231
I 6.5 0,215 0.0272 -0,0447
. 9,15 0,327 0.0857 -0,06%,
11475 Ouih3 0.0936 =0,0907
Pap.l 0,562 0,143 -0.1128
£ 16.95 0.681 0.200 =0,1302
19.55 0.805 0.271 -0.150%
(22,1 0.923 0.361 =C. 1704
24,7  1.050 0.L58 -0,1889
[26,0  1.110 0,511 ~0.1947
|27.3  1.153 0.56L -0.1972
' 28.6 1,190 0.624 -0,2068
[ 29,95 1.225 0,676 -0.2184
,39.3 1,250 0.726 ~0.2222
532.65 1.255 0,770 --0.2167
L0 1,268 0.81L  ~0.2208
P25, 1.252 0,837 =0.2152
T 76.75  1.221 0.861 =0,2178
1 38,2 1.188 0.898 -0.2187
25 1,046 04923 ~0. 2462

i A o i — 4 TS

Cm(c a)

00083
~0.0051
0.0193
0.0506
0.0625
0. 0654
0.0706
0.0706
0,0707
0. 0709

0.0298

Ge{c.c)

0.,0092
0, 0065
0.0017
-0, 0018
~0, 0035
~0,0063%
-0,00L5
-0,0025
+3., 0050
0.0113
0. 0186
0.0295
0,038%
0.0L73
0.0490
0,0,83
0.0537
0, 0640
0,0668
0.0711
0,0676

b e e s i = e ne

0.0655 .

0.0201
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Plate 2.
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