IHE COLLEGE OF AERRONAUTICS

= =

Q

=i

&

=1

b

L.J;_EL

e T .

f
[

=

[

Pressure and Boundary Layer Measurcrments

on a Tapered Swept Wing in Flight
o by -

D, Hyde, M.S¢.(Eng.), D.1.0., A.C.G.I.

(Preparcd under Ministry of Aviation Contract
No. 6/Aircraft/14002/C,B.6(c),)

Pressure snd bpoundary layer weasurements were made in £light on a
full scale swept halfwring mounted as a dorsal fin on the mid fuselage
of en Avro Lancaster aircraf't, A Reynolds Nunber range of 0.88 x 108
to 1,86 x 10® per foot was available, The tapered wing had a semi-span
ofo‘l 02,5 ins, and an aspect ratio of 2,87; the quarter chord sweep was
40~ and the symmetrical section was RAL 102, of 8% thickness/chord ratio
along wind,

Comprehensive static Pressure :'O-'zoasurements viere rccorded over a
nominal incidence range of 0 to 107, At mid semi-gpen and zero incidence,
the measwred chordirise pressure distribution compared well with theory.

The non~dimensional chordwise and spanwise loadings were in close agrcement
with Kuchemann's predictions, but the experimental 1ift curve slope was
6% greater than the theoretical value,

Trom the boundary layer rcsults the positions of the transition
fronts were deduced, Iio laminar flowv was obtained on either surface at
tl-c%e highest Reynolds nmurber of 1.86 x 10° ver foot, or at incidences of
6~ and greater st all test Reynolds nuabers.

The sccondary f£low Reynolds number corrcsponding bo the onset of
sweep instability was found to be in the range 80 < Il < 133; Owen's
predicted eritical wvalue is 125,
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1. Intro

The work describzd in this report constitutes a continuation of
the programme of flight testing on swept wings which is being carried out
in the Department of Flight at the College of Acronautics, Hxperiments
on a 45 swept back wing of clliptical cross~-section have been made by
Burrows (Itef, 1), These were folloyed by some check tests, using a
V-scotion trailing cdge fitted to the same wing (Ref. 2), with the
object of verifying that the conclusions of Burrows woxk would still be
applicable to wings of conventional secction, However, these checks were
of limited extent and, consequently, the present prosraime was established,

The test acrofeil emmployed was a Folland Midge production wing of
aspect ratio 2.87, mounted, as in the previous tests, as a dorsal fin
on the mid-fuselage of an Avro Lancaster Mark 7 aircraft, A boundary
loyer fence was located 17.5 ins, above the fuselage top skin., This
fenice helped to isolate the test secction from the effects of the fuselage
boundary layer and the wake generated along the top of the fuselage by
the airceraft's cockpit,

The test programme was restricted to a comprehensive investigation
of tiic static pregsure distribution on the wing, over a nominal incidence
range of 0 to 107, and to gualitative boundary layer measurements,

To obtain the boundary layer data, a tiro dimensional technique using
fixed combs attached to the aerofoil surface was enployed,

The acrodynamic loads on the wing were also to have been measured
using an A,C, strain gauge system, but the method was abendoned due to
difficulties arising from the imperfect adhesion of the gauges to the
beryllium copper surfaces of the leoading links atbached to the spar post

R L
exueisian,

Flight tests were stoarted in March 1959 and completed by the folloving
June, a total of 145 hours being flown. The static pressure measurcrents
were completed in 4 flying hours and the boundary layer tests in 6% hours;
calibration work and equipment faults accounted Tor the remaining time,

1

2. Experimental Bquinuount and Technique

2.1, The Aircraft
P A S

The test vehicle was the Lancaster Mk, 7, PA 47, used in the
previous scries of flight tests (Refs. 1 and 2),

2.2, [Ihe Test Wing

The only major change in the test wing installation from the previous
arrangement was the addition of an electrically operated wing incidence
actuator., This was controlled by the pilot for safety reasons, final
incidence adjustments being made manually by the observer if nccessary.



Limit switches '_r.vrc.-vcnt'sg. the actuator from over-riding the maximam
incidence range of = 107,

The test scetion was a standurd Folland Midge half wing, the semi-
span being 102,5 ins, measurcd above the boundary layer fence, the root
chord 92,9 ins, at the fence and the projected tivp chord 50,0 ins. This
gave an aspect ratio of 2,87 for the whole wing, The section along wind
was an &% thick RAR 102, with a quarter chord sweep of 40 ., Figure 1
illustrates the geometry of the boundary layer fence in relation to the
wing, showing that it is approximately two aerofoil thiclmesses wide on
earh gide of the test wing,

lost of the flush pressure plotting holes were fitted without the
removal of the wing skin, Tach pressure tap consisted of two mating
comonents, The female part was introduced, with the pressurc lead
attached, from inside the wing and the male part extexnally through a
countersunk location hole in the skin, the two being commected by sof't
iron wire, Finally, the components were screwed together, the wire weas
removed to reveal the static pressurc hole, and the male part of the
comnecter was made flush with the surrounding skin,

The wing was then preparced, the surface finish being polished black
cellulose lacquer, It was noted that, although the scotion was nominally
RAG 102, 'Ilats' could be detected on the surface corresponding to the
front and rear spar datum positions.

23 Instrumentation

The menometer, comera installation and sideslip indication system
arc described in detail in Ref's., 1 and 2.

On the 50-tube manometcr bank there were two datums, and a U-tube
f'or use in the pressure error correction tests, As the manomcter had 46
vecant tubes and 128 pressure plotting holes were available, & 'change-
over block! system was incorporated, This system consited of a fixed
pressure pad equipped with a quick-release lock which was connected
via 46 scparate tubes to the manometer 3 three other interchangeable pads
wvith the samc number of protruding tubes on each were cownled to the
toppings in the test wing, Thus, w to 46 pressures could be recorded
at cne instont and the next group quickly registered on the manometer by
unlocking wnd removing the first pad, and then locking into position the
second pressure block, A short pericd ensued when the f£luid levels in
the manomcter stabilised, but the total 'chunge-over! time was reduced
to about five seconds with practice. Both water and carbon tetrachloride
were uscd as manonmetric fluids, depending on the magnitude of the pressures
being measured,




The boundary loyer investigation was restricted to an arca between
5% and 4Go local chord and awey from the extreme wing tip, Consequently
the two dimensional tecl mlouo employed previously was uscd, as the deviation
of the strcamlines from the freestream dircction in this arca was small
(see for example, Ref, 3). The 13-tube combs and 3—tube "transition
indicators" are fully described in Ref, 4.

With a 2w to using in=-flight chemical tringition indiecation methods,
a G.8,4.P, 16 mm, cine camera was mounted on top of the port wing tip of
the aircraft, Good quality photographic reccords of the test wing were
obtained using a camera sveced of 32 frames per second, desmite wing tip
vibration,

5. Ihe Tests Performed
5.1, Eressure Error Correction

The pressure crror correction to the Lancasterts pitot.-static system
was established using the trailing static method in conjunction with a
venturi pitot mounted on a boom nrotruding from the starboard side of the
aireraf ‘t‘ s nose. The trailing static was controlled from the door in the
rear fuselage, and it remainced steady up to a spced of 160 knots.
Pregsure error correction curves for Launcaster PA 47L are illusirated in
Fig, 2,

The pilots A.S.I, wos also calibrated in the laborotory and found to
have an instrument error of one knot or less over the range of test speeds,
Then processing the flight test data, the pressure crror and instrument
error cn the A,S8,I, were both token into account.

5.2, Zest Wing Zoro Incidence Sctting

In order to find the acrodmamic zero incidence setting, three pairs
of static tubes were positioned at 15% loecal chord on opposite surfaces
of the wing at the spamvise stations B, D and G (sce Tig, 1). These were
comnccted to the menomceter and the aircraft was flowm at wvarious sideslip
settings, at each of the thvee test speeds,

I'rom a plot of the differential pressure in each pair of static tubces
against the sideslip indicator recading, the aerodynamdic "zero" incidence
setting was read off as that corresponding to zero differential pressure.
The datum was found to be slightly different at each of the three test

goceds, However, this technique was apparently :Lnﬁu,o""«'tc as the
CI - o plot (F:Lg., 8) indicoted a no-lift angle of incidence of -0, 3

; o
thus, all incidences are nominal and subject to a correction of a = -0,37.
?

Th_g required datum could be consistently rcproduced in flight to
within = 4~ of sideslip, which con be considered as the maxcimum repeatebility
crror for the wing incidence setting.



3.3. Static Pressurc Distribution

The static pressure and boundary layer measurements were carried
out at an altitude of 10,000 ft. and speceds of 90, 114.0 and 190 knots,
corresponding to nominal Reynolds numbers of 0,88, 1,37 and 1,86 x 10°
per foot (altimeter pressure crror and non-s‘tandard temerature
corrcctions not applied).

As the bores of the pressure tubes werc easily blocked by water,
cloud flying, or even passing through cloud on the climb, was strictly
avoided, This particularly applied to the tests described in section 3.4,
owing to the extremely small diameter of the boundaxry layer combs,

Comprehensive static pressurc distributions on the wing were rccorded
over an incidence range of O to 10, in 2 increments., IEight spanwise
stations werc availeble, with sixtecen chordwise pressure tappings at each
station, The teppings were all located on one surface, lower surface
distributions being obtained by using the appropriate negative incidence,

urencnts

e

3.4, Boundary Layer Meas

Using thrce 13-tube combs and four 3-~tube combs, alternately spaced,
boundary laycr meesurcments were recorded at seven sparisce stations
(Pig. 10) Five flights werc made vith the combs located along J+O’3,

3006, 20%, 10% and 5% locsl chord lines.,

On the first flight the combs were positioned at 40% local chord,
and on subsequent flights they were moved progressively nearcr the leading
edge, This obviated the possibility of the surface finish deteriorating
forward of the combs, due to the repeated removal of the sellotape
fixing straps when repositioning the combs and pressure leads after each
flight, The wing was cleaned and polished with a chamois leather and soft
cloth just prior to each test,

b, The Reduction of Results

k. Method

In previous work of a similar nature (Refs. 1, 2), thc analysis of
the flight test date was a long and tedious task. The tendency for
unprocesscd experimental records to accumulate was alleviated in the
present tests by the use of a Benson-Lehnoer Oscar E data reduction system,

The manometer film rccords werc projected on to the screen of the
Oscaxr E and, after the scales had been suitably set, pressure coefficients
were calculated directly and typed out by a coupled I,B.1I. electric
typevriter, For conversion of the information from pressurc coefficient
form to force coefficients, it was reconverted into a punched data tape
for input to a Ferranti 'Mercury' digital computer. However, it should be



noted that this additional procoss was only nccessary beeause no punching
faeility wos linked to the bDenson=lLchner decimal converter at the time

the expurinwnts were conducted; thus, the rcadout process of the film
records on the Benson-Lehner equiviment could produce a nunched tape output
immediately available for input into a high speed digital computer.

To obtain a list of pressure coefficient values in tabulatsd form from
the basic film record of the H0-tube manometer took approximately five
dnutes, including the time token in setting the appropriate secales,

In addition to a saving in time, this data reduction process also minimised
the possibility of mistakes in read—out and calculation,

k.2, Zrrors

The 'intermal' crror in the Benson-Lehner systen resulted in a
mexirum error in pressure coefficicent of ,001, In '1ddi‘|:.ion, an error
arose due to the imperfect alignment on the pro,}f.c tion screen of the
cursor line with the manometric £luid level, This optical crror could be
limdted to - ,003 inches, as the definition on the £ilm records was good,
the resultoent error in GD being dependent on the magnification of the film

and the absolute value orf CD. However, the screen on Oscar & was large

(12 inches by 25 inches) . ond this was uscd to full advantage when projecting
the £iln records,

Consecquently, it is thought that errors duc to monomcter vibrations
end response, together with slight instabilities in the test conditions
nredorine tul over those due to t}m read=out of the filn records, and
that the maximua overall orvor was of the order of = 0,05 inches of
momometric fluid,

5+ Discussion of results snd Camparisons with Theory

o

5.1. Etotic Prossure Meosurcrents

5.1.1. GChordwise prossurve distribution ond loading

ITo definite trend vith Reynolds number could be established from
the pressurce distribution curves; as the shif't of the curves at different
Reymnolds nusibers for a given :mm.dcncc and gpanwise station was wvery small,
and as the chordwise loading curves under these condibions were virtually
identical, it wus considered in order to use the average values of pressure
cocfiicient over the test Reynolds number renge (sce I'ig, Y

The flow conditions existing ncar mid scmi-span on a swept back wing
of finite aspeet ratioc arc similor to those on a sheared wing of infinite
snan, provided that the aspcct ratio is not extremely small, As the
aspeet ratio of the test wing was 2.87 it was considered that root and +tip
cfi'cets at mid semi-span would still be negligible, and that the experimecntal



chordwise pressure distribution at the id semi-spon ...:'b vtion could be
rpared with thut predicted by Teber's method (Ref, 5), The distribution
7o also caloulated using the Goldstein Approximotion IIT (Refs, 6, 7) as
l‘LI‘thCI' check,

0

.

)

Prom Fig, 4 it is evident that the theoretical resulis are in good
agreement with the oxperimental values at zero incidence, the latter being
slightly more negoiive around the mid-chord region., Recent tunnel tests
ard caleulations have indicated thot the static pressure ficld above the
mi detipper fusclooe of the Lancaster to be virtually ambient; the results
o0 the charactecistics of the flow field in this vieinity, quoted in
Ref, 8, are sthject to an intcrfcrence correction causcd by the substantial
nature of the rressure plotbing mast. Thus, it would appear that the
localised (1'.“' ‘tion of the pressure distribution from the theoretical
_-.“‘.':;.,..L.‘LJ_OTI wer Aue to slight vrofile differences of the test wing from a
true RAE 10;. secetion and to small local verturbations of pressure in the
field, The appearance of 'flats' on the wing surfoce, as noted in scetion

~

2.2, also indicaced small profile inaccuracies.

The develorwnt of the chordvwise pressure distribution with incidence
wes »ozral (Fio, 3). There was evidence of SLP&I‘M'L:LO;]. at the higher

inclicnces ncar the tip, and the resultant increagse of 1ift at the rear
of ‘nose sectic ns can be scen in iMig. 8, which illustrates the distribution
of local 1lifs.

lNo tendency for a forward movement of the peak pressure near. the tip
could be detected. This effect, which is undesirable at high sopceds, was
Preswrbly ot:v:.“tgd by the curved leading edge ncar the tip, which substonticlly
ura....g;ltunt.d the isobars in that region (Ref, 9).

The non-dimensional chordwise loodings cre plotted in Mig, 5, which
indicates closc cgreement, at the mid semlespan station, betiwen the
cxperimental results and theoretical values based on Kuchenamnt's technique

(Ref. 10).

5.1.2. Spamvise loading

The speonwise distribution of local 1ift coefficient throughout the
incidence range investigoated is shown in Fig. 6. After gradually increasing
ran the velue at the centre-scetion, CL rcached a maxirmum between the non-

dimensional sponwise positions 7 = 0,6 and n = 0,7 and then decrecsed;

however, an increase in GL neay the tip, due to the formation of the

. i 5% o
tip—vortex, becaic prominent at an incidence of 8,

The spamwdse load distribution was caleulated using Kuchemann's
method (Ref. 10), which gives the 1ift at small incidences only as it is
based en lincar theory. By treating the tip-vortex as am effcctive
endplate (Ref, 11), the influence of this vortex, which is responsible for



the non-linear effccts, wus cstimted, According to . Mangler, the height
of the tip-vortex is givean by

B o2 %
" N
% 2" X

where ¢, is the tip chord (in the present caleulations the projected tip
L :

chord was used),

Together with the experimcental values, the theoretical spanwise
londings are plotted in Fig, 7. The non-dimensional plot exhibits very
close agrecement between experiment and theory, the experimental loading
being very slightly less at the centre and slightly greater at the tip
than the theory predicts, These slight discrepancies were reduced when
the tip-vortex effect was considered, However, the dimcnsioral loading
curve indicated that, in general, the experimcntal points are greatcr then
the theoretical values., The tip-vortex effect agnin tended to bring the
two curves into closer agreement, but it is almost certain that the
difference woes not due solely to an underestimation of this eifect, as
it would have to be approximately three times as strong to make the two
loadings identical.

5..3. Querall serodynavdie charsctoristics,

From Fig, 8 the initial over:ll 1ift curve slope was found to be
3.1k, compared with the value of 2,97 given by Kuchemann!s method, The
inercased mognitude of the experimental spon-wise loading (IMig, 7) ’
and the result:nt increase in the 1lift curve slope, could be due to the
following effects ;

(1) the finitc size of the end-vlate might not produce complete
reflection; the dowmmsh from the imnge wing would then be
reduced, resulting in an incrcase in 1ift coefficient on the half
wing compared vith the coamplete wing.,

(ii) the body effcet of the aircraft's fuseloge would tend to increase
the 1ift on the wing

Hovever, those effects would cause an inercase in the 1ift near the centre
of' the wing, whereas the most significant difference beticen experiment
and theory occurred well wmway from the centre, as illusvrated in Fig, 7.
Thus, it is possible that clthough FKuchemann's method nrcdicts the non-
divcnsional chordwise and spanwise loadings accurately, the absolute value
of the 1lift curve slope might be less than the experimentel velue when
considering swept acrofoils of small aspeet ratio thot also have a large
toper ratio,
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The sparmdse variation of the cerodynamic centre position is showm in
Mg, 9, from which the measured values of 1’1/'0 arc seen teo be in good
agreement with theory, There wos the usual tendency for the acrodynamic
centre to move forwerds in going from the centre of the wing to the tip,
but a marked backward shift of the experimental positions near the tip was
cauged by the tip-vortex effcct,

5.2. Boundary Loyer Measurcments

e e
5.2.1. Trongition fronts

As the boundory layer readings werc obtained by a fixed comb two
dimensional method, and as the results exhibited the usual trends - nomely
hicker boundary laoyers on the upper surface and a gradual thickening
along the trailing edge towards the tip - only the transition data wa
considered in detail.

The transition fronts were talken to correspond to the end of the
transition region, and were deduced from the rate of growth of the boundary
loyer and the total head rise indicated by the combs when passing from a
lominar to a turbulent zone, There transition was 1ll-deifined by these
teciniques, shape porsmetors were calculated and transition taken to
correspond to the point where the shape paremeter attained a uniform value
corresponding to the turbulent state.

The locoticn of the trensition fronts ot incidence increments of 2°
is indicated in Table 8 and Fig. 10, No laminer flow occurred at the
highest test Reymolds number of 1,86 x 10° per foot or at incidences of 6
and greater at all speeds, The flow appeared to be most steble at zero
incldence, about fwice as much lemincy flow occurring ot R, = 0,88 x 108

ver foot as at Re =1.37 x 10° per foot, On the lowcr surface the transition

fronts moved rapidly towerds the leading edge with increcsing incidence,
especially at the hipgher Renolds number where tronsition wos forward of
5% local chord ot 6 incidence,

On the upper surface the tronsition front also moves forward with
increasing incidence, but, at the higher Reynolds nwibcy, this movemcnt
is less rapid than on the lower surfoce., Thus, the formation of a suction
peak and the rusultant primory instebility appear to mask the increase
in sweep stability, compored with the zero incidence case, which was
predicted by Owen and Randall (Rof. 12) at small valves of lift coefficient
for an acrofoil of similor section but of 106 thickness/chord ratio,

However, it should be noted that slight *flatg! which could be
detected on the wing surface corrcsponded to the spoxr positions, The
front spar datwn was located at 25% local chord and the rear spar datum
was well af't of this - hence results where tronsition occurred aft of 25%
local chord should be treated with reserve,



5.2.2, Seoondary Reynolds myben
Fron Owen and Rendall's calculations (Iig, 5 of Ref, 13), for the

test scetion enmloyed, the sccondary flow Reynolds number hes o mescimum
given by :

0,035

ng
l
i

TTote that the thickness/chord ratio normal to the leading edge and the
holf=-chord swecp werc uscd for this estination,

Let e i 1
='='_i_-=*=' ey 0055
ot

Rcrit

vhere R gk is the moxdimun Reynolds number for which the boundary layer

neay 'tnu leading edge is stable, As the secondery flow instability
nrecedes trensition, an upper limit on N may be placed as no laminar flow
occurred at the test Re of 1.86 x 10° per foot, Thus, by substitution

in the above equation, N < 133, Also by considering the maximum extent
of laminar {low at zero inecidence and the lowest Reymolds number, the less
rigorous condition that N > 80 may be deduced by auswnﬁng that secondory
flow instability has not yet occurred under these circumstonces,

Hence, 80 <N < 133

Owen's criterion for the onsct of sccondary flow instability is X
approximately equal to 125, which is in the ronge estimated cbowve by a
small mergin,

6. Conclusions

Oompl\;hu'Lsivc static pressure mecsurments on a full scale swept and
topered wing were rccorded over a uo'ﬁq 21 incidence Tonge off 0" to 10
at Reynolds numbers between 0,88 x 10° and 1.86 x 10° por foot., At m_..d
scmi=-spon ond zero incidence, the measurced chordwisc vressure distribution
corpared fovourably with that given by Weber's nx..‘cho& (m.f 5) and also
the third Coldstein approximation (Ref, 6),

The non=dimensional chordwise and spanwisce loadings were in close
agreement with Kuchemann's predictions, but the experimental 1ift curve
slope was 6% greater than the theorctical value.



. " o . . . . .
At incidence of 6 and above, separation ncer the wing tip, with the
resultant local 1ift incrense, renifested itself in the pressure distribution
curves and caused a reayword shift of the loeal acrodynmamic centre position,

Boundory layer measurements were recorded at 2% $necidence increments
and indicated that no laminer flow existed on either surface at a Reynolds
nuber of 1,86 x 10° per f£got, or at incidences of 6 end greater under
all test conditions., At O incidence the flow appcared to be most steble,
and, in all coses, more laminar flow occurred at en R of 0,88 x 10°
thon at 1,37 x 10% per foot, The forward movement of tronsition with
increasing incidence was, in general, more rapid on the lower surface
than on the upper surface,

The sccondary flow Reynolds number corresponding to the onset of
sveep instability was found to be in the range 80 < N < 133; Owen's
oredicted critical wvalue is 125.
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TABLE

1

leasured Stetic Pressure Distribution

¢, et Station A,‘Q = 01255

X |R=0° | e=2° A = u° o = 6° @ o = 10°

c Coy Coy Cop, Coy Cop, Cpy Cop, Chy Cop Coy .

0 +0G.522 +0.147 | +C.528 -C.322 | +C.428 ~-0.834 f +G.138 -1.555 | =0.1c7 ~2.516 | =C.557
0sC05 | 404017 | =0.573 | +0.131 | =1,075 | +0.40k | =1.493 | 40,503 | -2.326 | +0.546 | =3.191 | +0.530
+«010 -0.030 -0.515 | +0.134 ~0.926 | +C.328 ~1.252 ; +0.L37 =1.870 | +CL.510 -2.457 | +C.530
Ce015 | =0.06L | ~C.U457 | 4C.076 | =0.776 | +0.253 | ~1.011 | 4C.372 | -1.412 | +C.472 | -1.802 | +C.529
G.020 -0.082 =Coblil | +0.0LL -0.726 ! +0.216 ~04931 | +G4+335 -1.273 | +Collly ~1.629 | +C.oll
C«0LO -0.110 -0.382 |=0,020 f -0.596 § +0,127 ; -(.735  +0.235 -0.963 | +0.34L “1,224 | +C.4ls
0.106 -0.153 -Ce326 | =0.065 ; -0.439 | 40,022 | ~L.565 = +0.101 =0.550 | +0,193 -0.769 | +0.272
04150 -0.16L ~C.306 | =0.087 | =0.349 | =0.023 | ~G.L86  +0.041 -0.591 | +0,125 -0.6L5 | +C,191
U200 | -C.231 -G.352 | =0,160 : =0.Lz3 | =0.097 | =0.503 ' =C.034 -0.579 | +C.043 ~0.636 | +L.108
Ue319 ; -0e220 -0s311 | -0,166 i -C.363 | =0.123 ~0,413 | -C.074 -Colsl | -0,016 =0+506 | +C.037
0.410 ;-0.219 ~0.285 | ~0.166 ; ~04325 | =G,131 | =G.37h4 | =0.00L | =G.422 | -0.034 | -0.u38 | +6.0C7
0.505 | =0.lc2 -0.230 | -C.1u3 ; -0.261 | =C.11C -C.302 | =(,061 -C.337 | -0.038 -0.346 | =-0,007
0,594 | =C.140 | =0.174 | =0,105 | ~0.195 | =0.072 | ~0.230 | 0,056 | -0.255 | =0.013 | -0.268 | +c.017
0.685 ! -0.03¢c -0.114 | -0,066 ~Ce137 | -C.0Oul ~0.161 | -0,020 -0,179 | +0.017 -0.192 | +C.CLC
0,80k -0.030 =0.0L7 | ~0.012 -C,055 | +0.002 ~0,078 | +C.016 =0.033 | +C.043 -C,039 | +G.062
0,900 +C.002 -0.014 | +C.010 -0.020 | +C.017 ~(,030 | +0.024 ~0.036 | +0.0Ll =Ge038 | +C.054L




0+ €05

C.010

0.6065
0.700
U. 784

0,910

TABLE 1 - continued

C, at Station B, M= 0.251

o= 0 o « 2° K= 4° o= 6° X = 8° X = 10

Co oy Coy, Coy Yp1, Coy Cpy, Cou Cpp, Cpy Cog,
+0. 540 +0.067 +0.532 ~0. 506 +04 354 -1,179 +0.005 -z 356 -0.602 ~3.3353 -1,214¢
+04136 -..L97 | +0.305 ~1.079 | +U.L90 -1.,603 | +0.553 -2.492 | +0.530 ~3,360 | +0.L458
+0,015 ~0.5%2 | 40,176 ~1.010 | +0.381 =1.417 | +0.490 -2.011 | +0.558 ~2.559 | +0.567
| =U.031 -0,9519 : +0.115% ~-0.920 +0,310 -1.219 +0al36 -1,686 +Ue D33 ~<.161 +C.h76
-0,072 ~{l4 H07 +0, 067 ~0.36L4 | +0,256 -1.116 | +0,382 -1.,546 | +0.495 =1.951 | +u.550
-C.128 -0, -0.,0L14 ~0,685 +0,133 -U, 61 +0.257 -1,153% +0.376 ~1.U433 ! +0.451
-Uel27 ~0e 390 -0.034L ~-L.hH16 . +0,001 -U.607 +UL. U391 -0.037 ! +Le195 ~Ue 930 i +U.270
~Lislac ~Us350 | =0.103 ~UJ45L E -0.023 -0.566 | +0.053 ~0.702 f +0. 141 ~L. 775 ; +L. 216
—Ue2l5 —ue360 | =0.165 ~0.458 i -0.038 -0.552 E ~0.052 ~0.651 | +0.051 ~0.635 | +0.119
“Us210 | =0.308 | -0.151 | ~0.367 | =0.105 | -0.426 | =0.055 | -0.502 | 40.011 | ~C.531 | 40.062
—Uadel -0U.265 : ~(.166 ~0.328 | -0.129 -0, 330 3 —G G -0.h27 i -0.038 ~. ollif [ +0.006
-0.173 -0.221 | -0.130 ~0.253 | =0,101 -0.2295 | ~0.,063 -0.323 | -0.023 | ~0.3Le | +0.012
-U.157 -, 105 -0.101 ~0,1383 -0,079 -U.199 -0.059 -U.232 ; -0.u17 ~Ueell +0 . 00T
-0 061 ; -U. 086 -0,039 ~0.,106 -0,018 -0.129 -U.001 -0.145 ; +(. 030 ~U.157 +0.053
~0.017 | -0.039 -0.003 ~0.055 | +0,014 -0.069 | +0.027 -0.083 | +0,053 ~0e090 | +0.072
+0 4,045 +( o 0% +{}, 052 +0, 024 +0 4062 . +U.015 +0.C69 +06 008 ! +0.085 +L.011 +U.03h

#




TA4BLE 1 - continued

Gp at Station C, 'f{ = 0.3765

X A = o° A = 2° X=1° ok . 5° X = g° X= 10

¢ Cp, Cpy, | Cpy Cp, Cpp, Cp, Cpy, Cp, Cpp, Cpy oy,

0 +0.553 +L4230 | +0.471 ~0.313 | +0,138 -0.964 | -0.379 ~2,129 | ~1,188 -3.400 | -2.010
0.005 +0,119 -0.,580 | +0.307 -1.255 | +0,496 -1.888 ; +0.541 ~3,049 | +0.494 -4,081 | +0.372
0.010 -0.017 -0.605 | +0.169 -1.149 | +0.386 -1,402 E +0.494 -2.302 | +0.555 ~3.,004 | +0.542
0,015 -0.051 -0,568 | +0.113 ~-1,037 | +0.323 -1.374 i +0.449 ~1.942 | +0.540 =2.,507 | +C.567
0.020 -C. 096 ~0.569 | +0.063 -0.985 | +0.269 -1.257 | +0.4L01 ~1.780 | +0.510 -2,288 | +0.561
0.025 -0.117 -0.535 | +0.026 U887 | +C.217 =1,127 | +0.346 ~1,566 | +0.467 -2.008 | +0.487
0.075 -0.189 -Col23 | -0,063 ~0.599 | +0.053 -0,788 | +0.152 ~1.021 | +0.267 =1.161 | +C.351
0.130 -0,210 -0.359 | -0.109 ~C.512 | -0,022 -0.6L3 | +0.063 ~-0.803 | +C.159 =0,889 | +(.236
0.215 -0.204 ~0.336 | -0,127 ~0.420 | -0.063 -0.511 | +0.003 ~0,615 | +0.079 -0.668 | +0.145
0.312 -0,210 -0.311 | -0.,150 ~0.377 | -0.100 0,439 | -0,047 ~0.518 | +0.017 -0 548 | +0.071
0.371 -0,201 -0,282 | -0.141 -0.339 | -0.100 -0.386 | =0.057 ~0.455 | -0,002 -0.478 | +0.042
C.4705 |-0.190 -0,251 | -04,143 ~0.287 | -0.107 -0.334 | -v.071 ~-0.365 | -0.,025 -0,388 | +0,009
0.5715 |-0.134 0,167 | =0.096 ~0.195 | -0.071 -0.,225 | -0.045 -0.251 | +0,001 =0.270 | +0.030
0.6915 |[-0.055 -0,083 | -0.033 ~0,102 | -0,013 =0.124 | +0.006 ~Co140 | +0.035 -0.151 | 4C.057
0.800 -0.01Y4 -0.028 0,000 ~0.045 | +0.016 -0.057 | +0.029 ~0.070 | +0,053 ~0.073 | +C.070
0,900 +U.0h2 +0,028 | +0.048 +0,018 | +0.056 +0.012 | +0.064L +0.004 [ +0,080 +0.012 | +0.091




TABEE 1 - continued

c_ at Station D, ”[ = 0.502

x [SA=0° X = 2° K= 1° A= 6° A= g° o= 10°

) Cou Cpy | Cpp Cpy Copp, Cpy | Cpp Cpy CPI: cfu o C_p_L__

0 +0.562 +0.231 | +0.476 ~C.352 | +0,137 -1.053 | =0.394 -2.294 | -1.225 -3,600 | -2.083
0,005 +0,167 ~-0.678 | +0.305 -1.449 | +0.502 -2,185 | +0.528 -3.393 | +0.4LL =4.454 | +0.274
0,010 +0. 054 -0.656 | +0.179 ~-1,269 | +0.408 =3.771 | +0.509 ~2.466 | 40.553 -3.235 | +0.512
0.015 -0.070 -0.695 | +0.067 -1,218 | +0.309 -1.654 | +0.443 -2.356 | +0.530 ~3.009 | +0.549
0.020 -0,086 -0.638 | +0.044 ~1.108 | +0.264 -1.435 | +0.403 =-2.018 | +0.510 -2.569 | +0.549
0.040 -0.128 ~-0.511 | -0,025 -0.822 | +0.157 -1.040 | 40,282 -1.404 | +0.398 -1.752 | +0.467
0.100 -0,187 -0.422 | -0,085 -0.576 | +0.022 -0.746 | +C.116 -0.956 | +0.224 -1.078 | +0.307
0.158 -0.,196 -0.381 | =0.115 -0.494 | -0.031 -0.,605 | +0.0L4L -0.762 | +0.138 -0.841 | +0,210
0.212 0,209 ~Ca353 | -0.129 -0.442 | -0.,061 | -0.531 | +0.00L -0.650. | +0,086 -0.,710 | +0.153
0.310 -0.220 =0.335 | -0,167 -0.401 | -0.113 -0.473 | -0.060 -0.552 | +0,005 -0.587 | +0.063
0.369 -0,218 -0.308 | -0,163 -0.363 | -0.121 -0.411 | -0,073 -0.,489 | -0.013 -0.511 | +0.035
Celi775 | -0.191 04255 | -0.149 -0.294 | -0.117 -0.336 | -0.079 =0.376 | -0.030 -0.394 | +0.002
0.600 -0.115 -0.155 | -0,089 ~0,176 | -0,063 -0.207 | -0.040 ~0.233 0.000 -0.248 | +0.028
04700 -0,051 -0.078 | -0.031 -0.,097 | -0.013 -0.116 | +0.004 -0.131 | +0.036 ~0.140 | +0.055
0.800 -0.020 -0.040 | -0.007 -0.052 | +0.004 -0.064 | +0,012 -0.072 | +0.039 -0.075 | +04051
0.910 +0,033 +0.018 | +0,040 +0.014 | +0.046 +0,010 | +0.051 +0.003 | +0.065 +0.011 | +0.075

|




TABLE 1 - continued

Cp at Station E, ’1: 0.6275

. lals 0° o= 2° A= 1° o(= 6° X - 8°  plag®

2 oy Cpy Cpyp, Cpy Coy, Coy G2 Coy Cpp, Coy Cpp

0 +0.540 40,058 | +0.481 ~0.689 | +0.149 -1.569 | -0.422 -3.1%36 |-1.333 “L b | -2.30c
0.005 +0.115 -0.643 | +0.319 ~1.413 | +0.505 -2.150 | +0.518 -3.421 | +C.U419 “l4e275 | +0.235
8.010 -0.019 -0.661 | +0.186 -1.300 | +0.411 -1.829 | +0.501 ~2.655 | +L.517 ~3.487 | +C.u53
0.015 -0,080 -0.673 | +0.115 -1.228 | +C.3LL4 ~1.677 | +0.L67 -2,386 | +0.,540 -3.077 | +0.535
0.020 -0.136 ~0.657 | +0.054 ~1.153 | +0.283 1,534 | +0.417 2,165 [ +0.512 -2.759 | +C.541
0.040 ~0,170 0,560 | =-0.0LO -0.,891 | +0.151 -1.138 | +C.283 -1.530 | +C.u0L -1.311 | +G.471
0,100 |-0.190 -0.409 | -0.067 ~0.572 | 40,041 ~C.753 | +0.134 ~0,977 | 40.243 ~1,118 | +0.323
0.150 -0.210 -0.388 | -C.110 -0.513 | -C.022 -0.6L0 | +0.063 ~0.,807 | +0.157 ~0s901 | +L.231
0.210 | ~-C.218 -0.360 | -0.136 -0.455 | -C.06L -C.543 | +0.003 ~0.675 | +0.0cb «0,738 | +0.15L
0.3035 | -0.247 -C.351 | -0.177 -C. 417 | -c.121 -Cl 420 | -0.067 -0.574 | +0.002 -0.610 | +C.Lf
0.368 -0.201 -0,282 | =0.143 -0.328 | -C.101 -0.373 | -0.060 -0.LL9 | -C.0C3 -C 1486 | +0.CL3
0.486 -0.150 -0.213 | -C.109 -0.238 | -0.081 -6.255 | -0.053 -0.324 | -0,0C8 ~0.361 | +0.025
04600 -0.109 -0,143 | -u.077 ~0.164 | -C.054 -0.194 | -C.036 -0.219 0.000 -0.235 | +0.,025
0.681 =0.055 -0.077 | -0.030 -0,097 | =-C.015 -0.119 | +0.003 -C.13%3 | +0.030 -0 145 | +0.051
0.800 -0,008 -0.,024 | +0.003 -0.037 | +0.013 -0.048 | +0.021 -0.060 | +0.0LO -C.062 | +C.055
0.900 +0.045 +0.,029 | +0.C51 +0.024 | +C.057 +0.014 | +C.067 +0,006 | +L.076 +0.C10 | +L.088




TABLE % - continued

G, at Station F, 4?: 0.753

x| HK=0® | k=2 T e T A=6" | Keg® T 0
¢ Opy Cpy Cpy, Cpy Cop, Cpy Cop, Cpy, Cpp, Lg<CDu Cor,
0 +04549 +0.145 | +0.461 ~Us553 | +0,094 =1.40k | -0.505 -2.910 | ~1.465 -L.412 | -2.408

0.005 +0.038 -0.773 +0.273 =14590 +0.493 ~2.358 +0.531 ~35979 +U 157 -4.498 +0U. 287
0,010 ~0,049 -0,703 +0,160 -1,361 +0.393 =1.904 +0.491 -2.694 +0,518 =3.434 +0. 466
0.015 ~0.080 -0,631 #0311 -1.157 +0.336 =1, BhY +0,453 ~ w275 +0.524 -2,896 +0.52Y
0.020 ~0.156 =04 640 +0.036 -1,163 +0,274 -1.555 +0,.406 -2.147 +0.502 ~2.696 +C.530

0.040 ~0,165 -~0.537 | ~0.022 =-0,865 +0,165 ~1:312 +0,297 ~1.502 +0.417 -1,885 +0.490

0,100 ~0.209 -0.435 ~0,006 -0,598 +0.024 -0, 782 +0,121 -1,012 +0.228 =1,150 +0,314

0.150 ~-0,222 -0.399 -0.120 -0,527 ~0.031 ~0.647 +0.050 -0.818 +0.143 -0.91z2 +0.219

0.200 ~0,23]1 -0.375 =139 ~0.473 -0,070 -0,567 -0.003 ~0.695 +0. 080 -0, 761 +0.150

0.3065 | -0,219 -0.318 | -0.154 ~0,3H82 -0.109 -0.443 | -0,059 ~G.525 +0.005 ~0.563 ( +0,059
0.3675 | -0.208 -0,285 j ~0.149 -0,335 | -0.111 ~0,387 { -0.070 ~0.455 | -0.017 -0 461 +0,028
0.500 -0.146 -0,194 | -0.109 -0.220 | -0.086 ~-0.26L | -0.060 ~U.296 -0.020 ~(0.315 +0.005

0.600 ~0.099 =-0,127 -0.073 ~0,1ul -0.,057 ~-0.,171 -0,041 ~0.186 -0.,007 ~0.208 +0,013

0.6945 | -0.038 ~-0,060 { -0.023 ~0.075 | -0.011 -0.090 | +0.001 ~0,111 | +0.024 ~0.122 | 4+0,039
0.800 -C,007 ~0.021 | +0.001 -0,031 +0.007 ~C. 048 | +0.014 ~0.064 | +0.029 ~0.072 | +0.,03%6
0.900 +0.049 +0,036 +0, 05l +0,027 +0.055 +0,015 +0.,063 +0,002 +0.071 ~0.002 +0.076




0.005
0,010
G.C15
0.020

TAELE 1 - continued

C, at Station G, 4= 0.8785

+0.417
+0.233
+0.101
+0.061
+0. 002
-u,019
-0.076
-0.124
-0.124
-0.141
~0,187
~04096
~0.063
-0.039
-0,006

+U.0L3

D

ol= 1 A6 )AL= X= 10°
Fcpu : Cpp, vt Cpy CFPL cPu EEET—
D352 +0.002 -L.604 -2.40L -1.543 ~3.,665 -2.491
-1.481 | +0.451 +0.507 -3.486 | +0.L69 -L.373 | +0.336
-1.325 | +0.347 +0.462 -2.697 | +U.513 -3.421 | +0.L8k
-1.182 | +0.288 +0.411 -2.232 | +0.488 -2.828 | +C.501
-1.120 | +0.226 +0.359 —-2.06L | +0.460 —2.56L | +0.496
-0.,823 | +0.129 +0.252 -1.486 | +0.366 -1.739 | +0.436
0,573 | +0.029 +0.119 ~0.970 | +0.216 =1,111 | +0.290
=0.473 | -0.049 +0.015 -0.730 | +0.098 -0.812 | +0,157
-0.3%9 | =0.060 -C.014 -0.598 | +0.0L9 -0.662 | +C.101
0,328 | =0.,102 -0.066 -U.469 | -0.018 -0s508 | +0.021
0,310 | -0,163 -0.137 -0.406 | -0.092 ~Colli6 | =0,061
-Ul.192 ~0.090 -L.075 -0.265 -0.043 ~U.297 -0,026
-0.129 { =0.050 ~0,041 -0.192 | -C.0lo -L.223 . 009
-0.,081 { ~0.031 ~C.028 -0.141 | -0.014 04167 | -L.003
~0,033 | -0.,005 -0,011 -0,091 | -0,001 -0.112 | +0.011
+0.013 +u.oﬁo +0,L38 -0.041 { +U.0LO ~0.052 | +0.039




TABLE 1 - continued

t 8 i = 0,96
Cpa tatonﬂ,? 0.9605

d= 00 d % O,__.,., L O(: uO O<= 60 d= GO g 100
Cpy Coy oL Cpy Cor, Cpy Cpg, Cpy Cpy, Cpy Cpp,

+0.156 =0,305 | +0.109 -0,780 | -0.123 -1.513 | -0.51L -2.735 | -1.178 ~L.0c6 [-1.861
-0. 009 =0.427 | +0.056 -0.926 | -0.035 -1.536 [ -0.269 -2.548 | -0.659 ~3.587 [-1.172
-0el93 -0.550 | +0.003 -1.072 | +0.053 -1.559 | ~0.023 -2.361 | -0.219 ~3.148 |[=0.L83
-0.157 | =0.500 | -0.041 -0.887 | +0.020 ~1.330 | -0.033 -1.903 | -0.189 ~2.679 |=(.368
-0.104 ~0.462 i ~04010 ~0.858 | +0.,072 -1,204 | +0.072 -1.772 | +0,008 ~2.406 |-0.109
-U.125 =0,392 } -0.027 -0.629 | +0.041 0,093 | +0.096 -1.327 | +0.009 ~1.470 |+0.055
-0.185 -0.369 | -0.106 -0.509 | -0.050 U649 | =0.016 -0,902 | +0.013 ~1.066 [+C.021
-Ce173 ~0.,31h | -0.107 -0.416 | -0,067 ~0.512 | =0.041 -0.720 | =0,015 0,857 |=0.005
-0.186 -0.302 | -0.,130 ~0.306 | -0.,100 -0.463 | -(,078 -L.638 | =0,054 =0.757 |~U.CLl
-0.229 -0.310 | -0.183 ~0.,370 | -0.176 =0 434 | -0.165 ~0.564 | -0.153 ~0.660  |=-0.153
-0.160 -0.217 | -0.147 | =-0.264 | -0.1h0 ~0.341 | -Q.140 =UJ422 | -CL1h2 ~Le517 | =0,153
-0,115 -U.165 | =0.096 ? -0.209 | -0.,098 -0.291 | -0.109 -0.3688 | -0.109 ~0.469 |-0.122
-0,072 -0.113 | -0,060 i -Ue161 | =0.,060 -0.251 | -0.076 -C.337 | -0.075 ~Celill | =0.0068
-U,029 -0.074 | -0.025 | -0.129 | -0.027 -0.211 | ~0,033 -0.306 | -0.036 -0,408 |-0.,042
-0.010 -0.,052 | -0.011 ; -0.099 | -0.01L -0.177 | =0.009 -0.295 | -0.003 -0.467 |-0.031
+0.029 -0.010 | +0.026 -0.050 | +0.017 -0.132 | +0.005 -Ce274 | +0.006 ~0.432 |[-0.001




TABLE 2

Measured Loading Distribution

Acp at Station A, "z = 0.1255

x o« = 2° oK = 4° o = 6° & = 8° « = 10°

0 -0.381 -0,750 -1,032 -1,368 -1.959
0,005 ~0.764 -1.479 -1,996 ~2.876 =3.721
0.010 -0.649 -1.254 -1.689 -2.380 -3.027
0.015 -0.533 -1,029 -1.383 -1,88L ~2.331
0.020 -0.485 -0.942 -1,266 -1.717 -2.143
0.040 -0.362 -0.725 -0.970 ~-1.307 -1.6L2
0.100 -0.261 -0.461 -0.666 -0.8083 -1.061
0.150 -0.219 -0.366 -0.527 -0.716 -0.836
0.200 -0.192 -0.326 ~0.,L469 -0.642 ~U. 746
0.319 -0.145 -0.240 -0.339 -0.468 =0.5043
0.410 -0.119 -0.194 -0.294 -0.388 -0.445
0.505 -0.087 -0.151 -0.221 -0.299 -0.341
0.594 ~0.069 -0,119 -0.174 -0.242 -0.285
0.685 -0.048 -0.096 -0,141 -0.196 -0.232
0.804 -0.035 -0.057 -0.094 -0.136 -0,161
0,900 ~0.,024 ~0.,037 -0.054 -0.077 -0.092




TABLE 2 = continued

Ac at Station B,% = 0.251

x o = 2° of = 4° K = 6° K = 8° A = 10

c

0 -0.U445 -0.860 -1.184 -1.756 -2.175
0.005 ~0.802 -1,569 -2.156 -3.030 -3.815
0.010 ~0,708 -1.391 -1.907 -2.609 -3.126
0.015 -0.634 -1.230 -1.655 -1,219 -2.737
0,020 -0.574 =1.120 -1.498 -2,041 -2.501
0,040 -0.430 -0.823 -1.118 -1.529 -1.889
0.100 ~0.296 -0.517 -0.758 -1.032 -1.200
04140 ~0.247 ~0.431 ~0.61Y ~0.8U43 -0.991
0.194 -0,215 ~0.360 -0.520 -0.702 -0.014
0.3085 -0.157 -0.262 -0.371 -0.513 -0.4593
0.4175 ~0,119 -0.199 -0.289 -0.389 -0.452
0,512 -0,091 ~0.152 -0.232 -0.300 -0,.354
0.6065 -0.06L4 ~0.104 -0.140 -0.215 -0.251
0.700 -0,047 -0.088 -0.128 -0.175 ~0.210
0.78L -0.036 -0.069 -0.096 -0.136 -0.161
0.910 -0,020 -0.038 -0.054 -0.077 -0, 084




TABLE 2 - continued
Acp at Station C, 7 = 0.3765

x « = 2° K = 4° « = 6° o =8 | =10°

[+]

0 -0.241 -0.451 -0.585 -0.941 -1.390
0.005 -0,.887 =1, 751 -2.429 =3.543 ~L.453
0.010 -0.774 -1.537 -2.096 -2.857 -3.546
0.015 -0,681 -1.360 ~1.823 -2.482 ~-3.074
0,020 -0.632 -1.254 -1.658 -2.290 -2.849
0.025 -0.561 -1.104 -1.473 -2.033 ~2.495
0.075 -0.360 -0.652 -0.340 -1.288 -1.512
0.130 -0,280 -0.490 =0, 706 ~0.962 -1.12
0,215 -0.209 ~04.357 -0.51L -0.694 -(.813
0.312 -0.161 -0.277 -0.392 -04535 -0.619
0.371 -0.141 -0.239 -0.331 =~Coli53 -04520
0.4705 ~0,108 -0.,180 -0.263 =04340 -0.397
0.5715 -0.071 ~0.124 -0,180 ~0,252 -0.300
0.6915 -0.050 -0.089 -0,130 -0.175 -0,208
0.800 -0.028 -0,061 -0,086 -0.123 -0.143
0.900 -0,020 -0,038 -0.052 -0.076 -0.079




TABLE 2 - continued

Acp at Station D, 4 = 0.502

% X = 20 A = LLO & = §° °<‘ g° °<= 100
0 -0.245 -0.489 -0.659 -1.069 -1.517

0.005 -0,983 -1.951 -2.713 -3.837 -4.728

0,010 -0,835 -1.677 -4..280 ~3,019 =3.747

0.015 -0.762 -1.527 -2.097 -2,886 ~3.558

0.020 -0,682 ~1:372 -1.838 -2.528 ~-3.118

04040 -0.486 ~0.979 -1,322 -1.802 -2,219

0.100 -0.337 -0.598 -0,862 -1,180 -1.385

0.158 -0,266 -0.463 -0.649 -0,900 -1,051

0.212 -0.224 -0.381 -0.535 -0.736 ~0,863

0.310 -0.168 -0,288 =Gell3 =-0.557 -0.650

0.369 -0.145 -0.242 -0.338 ~0.476 -0,546

0.4775 -0.106 -0.177 -0.257 -0.3u46 -0.396

0,600 -0.066 -0,113 -0,167 -0.233 -0.276

0.700 ~0.047 -0 084 -0.120 ~0,167 ~0.195

04800 -0.033 ~0.056 -0,076 -0.111 -(.126

B 0.910 -0,022 -0.032 -U.041 -0.062 -0, 06k




TABLE 2 - continued

4ﬁcp at Station E, % = 0.6275

x o = 2° (=l® | Kat® | Aap® K= 10°

c

0 -0.423 -0.838 -1.147 -1.803 -2.144
0.005 -0.962 -1.913 -2.668 -3.8L0 -4.510
0,010 -UeBL7 -1.711 -24,330 -3.172 ~3.940
0.015 -0.788 -1.572 -2.1044 -2.926 -3.,612
U.020 -0.711 -1.436 -1.,951 -2.677 -3.300
0.04L0 -0.520 -1l.042 -1.421 -1.934L -2.382
0.100 -04342 -0.613 -0.887 ~-1.,220 -1l.441
Uel50 -0.278 -0.491 -0.,703 -0.964 -1.132
0,210 -0.224 -04391 -0.546 ~0.,761 -0.892
0.3035 ~0. 174 -Ce296 -0.423 -(.576 -0.670
0.368 -0.139 -0.227 -0.313 ~0J4l46 -04529
0.486 -0.104 -0.157 -0.202 -0.316 -0.386
0,600 -0.066 -0.110 -0.158 -0.219 -0.260
0.681 -0.047 -0.082 -0.,122 -0.166 -0.196
0.800 -0.027 -0.050 -0.069 -0.100 -04117
0.900 -0.022 -0.033 -0.053 -0.070 -0.078




TABLE 2 - continued

4&09 at Station F, 7 = 0.753

x X = 2° = 1}° K= 6° o = 8° o = 10°

0 ~0.316 -0.647 ~0.899 -1.445 -2,004
0.005 ~1.046 ~2,083 ~2,889 -4.,036 -4.785
0,010 ~0.863 -1.754 ~2.395 -3.212 -3.960
0.015 -0,742 -1.493 -2.007 -2.799 -3.420
0.020 ~0.676 -1.437 ~1.961 -2.649 ~3.226
0,040 -0.515 -1.030 ~1.409 -1,919 -2.375
0.100 -0.349 -0.622 ~0.903 -1.240 -1.464
0.150 -0.279 -0.496 ~0.697 -0.961 -1.131
0.200 ~0,236 -0.403 ~0.564 ~Q77H -0,911
0.3065 ~0,164 -0.273 ~-0.384 -0.530 -0.622
0.3675 -0,136 -0.224 ~0.317 -C.L38 -C.509
0.500 ~0.085 -0,13Y ~0.204 -0.276 -0.320
0.600 -0.054 -0.087 ~0.130 ~0.179 -0,221
0.6945 ~0,037 -0,064 ~0.091 ~0.135 -0,161
0,800 ~0,022 -0.038 ~0.062 -0.093 -0.108
0.900 ~0.018 -=0,028 ~0.048 -0.069 -0.078




TABLE 2 - continued

AC_ at Station G, 7 = 0.8785

2 o= 2° = ° o= 6° A = 8° K= 10°

0 -0,179 -0.354 -0.485 -0.861 -1,174
0.005 -0.969 ~1.932 ~2.741 -3.955 -4.709
0.010 -0.842 -1,672 -2.298 -3.210 -3.905
0,015 -0.724 -1.470 ~1.979 -2.720 -3.329
0.020 -0,652 -1.346 -1.842 ~2.52} ~3.060
0,040 -0.524 -0.952 -1.348 -1.852 -2,175
0.087 -0.334 -0.602 -0.863 -1,186 -1.401
04150 -0.241 ~0.42h ~0.600 -0,828 -0.969
0.200 -0,192 -0.331 -0.471 -0.647 -0.763
0.300 -0.133 -0.226 ~0.326 -0.451 -0.529
0.400 -0,097 -0.147 -0,228 -0.314 -0.385
0.505 -0,073 -0.102 -0.155 -0,222 -0.,271
0.581 ~0.044 -0.079 -0.119 -0.174 -0.214
0.682 -0.026 -0.050 -0.084 -0,127 -0.164
0.7905 -0,016 -0.028 -0.052 -0.090 ~0.123
0.900 -0,019 -0.027 -0.051 -0.081

-0.091



TABLE U4

Measured Local Lift Coefficients and Aerodynamic Centre Positions.

G

L

X° [5.1255 0.251 6.3765 0.502 1 2275 0.753 0.5785 0.9605
2 0.125 0.135 0.142 0.149 0.15¢ 0.145 0.126 0,111
N 0.221 0.240 0.256 0.268 0.270 0.261 0.223 0.198
6 0.314 0.340 0.361 0.386 04377 0.370 0.323 0.297
8 0.429 0.462 0.496 0.519 0.528 0.512 0.455 0.L453
10 0.513 0.552 0.587 0.618 0.631 0.611 04544 0.572

h/¢

=<° [o.1755 0.251 5.3765 0,502 7 06725 0.753 | 0.878%5 0.9605
2 04269 04257 0.249 0.2U47 0.239 0.227 0.214 0.271
i 0,261 0 .251 0.24l 0.235 0.225 04213 0.201 0.275
6 0,269 0.254 0.247 0.231 0.227 0.219 0.212 0.304
8 0.271 0.258 0.247 0.239 04229 0.222 0.219 0.323

10 0.266 0.252 0.243 0.234 0.227 0.219 0.222 0.344




TABLE 5

Coefficients of Total Lift from Pressure lMeasurements

o< g

2 0.134
L O.204k4
6 0.343
8 0.L74L
10 0.565

PTABLE 6

Chordwise Loading (Mid semi-span)

(a2) ™ perimental

= AD
x e
£ _ L _ S
o{=2" |£=04 [H-6
0 1.64 1.83 173
0.005 6.60 7..28 7.03
0.010 5.61 6.26 11.09
0.015 5.12 5.70 5.4l
0.020 L.58 Bl 2 L.76
0.040 327 3.65 3.43
0.100 2.26 2423 2.2k
0.158 1.79 1.73 1.58
0. 212 1,50 1.42 1.39
0.310 dod¥ 1,07 1.07
0.369 0.97 0.90 0.88
0.4775 | 0.71 0.66 0.67
0.600 0.l 0.42 0.43
0.700 0.32 0s31 0.31
0.800 0.22 0.21 0.20
0.910 0.15 0.12 01l

(b) Theoretical

% = Cp
Cy,
0 - =
0.005 9.78
0.010 6.77
0.015 5.46
0.020 L.68
¢.050 2.84
0.100 1.92
0.200 1.25
0.300 0.54L
0.400 0.75
0.500 0.60
0.600 .49
0.700 0.39
0.800 0.29
0.900 0.19
1.000 0




TABLE 7

Spanwise Loading

(a) Experimental

C.c / = —
4? dGL L GLc
de = 20 ok= 4° kw B°
0.1255 2.84 1.14 1,12 1.12
0.251 3.07 l.16 Izl% 1.14
0.3765 327 i 5 1 1.12 1.13
0.502 3.4l i ik § 1,10 1e.12
0.6275 3.47 1.04 1.02 1,02
0.753 e 0.92 0.91 0.92
0.8785 2.90 0.73 0,71 D13
0.9605 2.61 0.56 0.55 0.58
(b) Theoretieal
CL/ G.c [
A L Cye
q? Linear With tip- Linear With tip-
vortex vortex
Theory effect Theory effect
0 2.73 2.74 1.20 1.18
0.1951 3.00 3.01 1.20 1.78
0.3827 3.18 b, i) 1.18 1.13
0.5556 3.24 St 1.05 1.04
0.7071 3.18 525 0.84L 0494
0.8315 2.90 3.01 0,78 0.80
0.9239 2,33 2457 0.59 0.63
0.9808 1.61 2,22 032 O.44
1.0000 4] 2.18 0 0.30




TABLE 8

Location of the Transition Fronts

PND CF TRANSITION REGION AS A PERCENTACGE

OF THE

LCCAL CHORD

1.57 % 106 J Tt

SPANWISE R, = 0.88 x 10° / tt, R, =
STATION ‘7 o= o° A = 2° oL = 1,° &= 0° % = o =
U.S. U.S. L.S. U.S. UaS. Ul L.8s U.S.

A 0.1255 38 23 21 13 18 20 5 {5
B 0.251 19 12 16 10 < 7 8 {5 5
C 0.3765 20 23 20 15 13 16 10 11
D 0,502 L5 29 u2 20 19 22 16 16
B 0.6275 50 30 33 17 26 20 16 10
F 0.753 L6 28 L 10 26 18 5 5
G 0.8785 33 29 29 12 21 20 {5 12
H 0.9605 - - - - - - - -
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FIG. 3b. STATIC PRESSURE DISTRIBUTION FOR Ry = O-88x 10° - 1-86x10° PER FT.

STATION B - m-= O- 25|



09

o8

07

o6

0-5 /e

o4

03

/"-/ID‘, |

o2

7
/¢

o / / \ Ny
|||||I||I||I.llll||l-
I S-S A TR S S T

:

+0- 4
+0-6

FIG. 3c. STATIC PRESSURE DISTRIBUTION FOR Reg=O - 88 x 10°- 1 86x D6PER ET
STATION C -m=0-3765
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FIG. 10. LOCATION OF TRANSITION FRONTS.






