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SUMMARY

™is report is the firsc of a series of studies to
investigate the effectiveness of spanwise blowing on the
aerodynamic characteristics of low aspect ratio wings and
bodies, The model used in this investigation was an un=~
tapered half-wing of aspect ratio 1.39; 500 sweep back, and

mounted on a reflection plate,

The test was conducted at a Reynolds number of

1,39 x 106 based on the streamwise chorde

& The work described in this report was conducted as &
partial requirement for the Diploma of the College of

Aecronauticse
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Broadly speaking thc main effects of spanwise blowing
are to increase the wing effective aspect ratio and to increase

the loading towerds the wing tips.

It is found that with CU = 0,138 (the momentum
discharge rate coefficient) the maximum 1ift cocfficient is
increased by 36 per cent, Other effects of tip blowing are
(1) the 1lift coefficient is increased at all incidences,
(ii) the drag cocfficient is reduced at a given 1ift coeff-
icient, and (iii) the aerodynamic centre is moved aft and
varies 1little with incidence up to CL = 0s7s In addition
the stalling angle is increased as well as the angle of

incidence at which leading edge separation first occurs.

It is concluded that tip blowing has an application
to aircraft with low aspect ratio wings for the purpose. of
improving stability and control, particularly at low flying
speeds,
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1« Introduction

Recent studies on the ocrodynamic characteristics
of low aspect ratio swept and uﬁswept wings have showm the
relatively large importance of the tip vortices, especially
when leading edge separation of the boundary layer occurs.
This is contrary to their effect on wings of large =aspect
ratio where the prescnce of the tip vortex plays only a minor
role in the determination of such qualities as the wing
loading and acrodynemic centre position, If, then, large
changes in the size and position of the tip vortices, shed
from a low aspect ratio wing, could be made by some external
control, it follows that lerge changes in the acrodynamic

characteristics of such wings would resuli,

The prescnt investigation is concerned with one
such type of external control of the tip vortices, in the
form of air cjection from the wing tip in a spanwise direction.
The work rcported below is of an exploratory nature to under-
stand this type of flow and to determine the order of magnitude

of the effects involved, How far this method is successful
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in modifying such aercdynomic choracteristics as the effective
aspect ratio, the wing loading, the maximum 1ift coefficient,

and the aerodynomic centre position will be discussed below,

It should be noted that this form of air ejection
is essentially different from that investigated in the jet
flap or wing trailing edge blowing (2), ond air ejection over
flaps (1). m the latter cases their overall effects can be
related to increases in the wing effective camber and chord,
When applied to wings of finite aspect ratio they represent
reductions in the wing effective aspect ratio, The gains
resulting from trailing edge blowing or air ejection over
Tlaps are of great practical value for wings of large aspect
ratio, but their effectiveness decreases with reduction in
wing aspect ratic, In the casc of air ejection in a spenwise
direction it is crudely the wing span which is artificially
increased which thus leads to an effective increase in
aspect ratio, and may therefore be attractive for wings of
low, rather than high, aspect ratio, Since it is reasonsble
to expect that the effects of all three methods of air
ejection will prove complementary it is possible that prac-
tical cases will arise where all three methods will be

utilised,

Attention is drawm to the fact that although air
ejection in a spanwise direction is not primarily one of
boundary layer control, its influence on the size and position
of the tip vortex results in large changes in the boundary
layer flow, Thus a large pert of this exploratory study is

concerned with the changes in the boundary loyer flow,

The model used for this preliminory investigation
is an untapered swept wing (A = 500) of aspect ratio 1.39
with streamwisc tips. Air was ejected in a spanwise direction
from a slot of length 45 per cent of the tip chord, Only +the

low speed cheracteristics of the wing were studied and the
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Reynolds number, based on the strecawise chord, was 1,39 x 107,

2e Description of apparatus

2ste Wind tunnel

The wind tunnel used wos the College of Aeronoutics
No, 2 tunnel. This is an open jet closed return tunnel with

a circular working section of 3.5 ft. diameter,

2.2, lodel

The model tested woas a half-wing mounted on a
reflection plates The wing was untapered, snd hod o sweepback
angle of 50°,  The aspect ratio (including the reflected half)
was 1e439s  The aerofoll section, in o direction normal to the
leading edge, wos 12 per cent thick, elliptic nosed, with a
noxdimua thickness at 30 per cent chord ond smoothly faired to
the trailing-edges The model was suspended from o '"Werden!
type 6-component balance which was used 4o measure the acro=

dynamic forces and moments,

Photographs and dimensioned dlagrams of the nodel
are given in figse. 1 to 4e  The blowing slot (shown in fig. 2)
is 0,005ine wide and 10,5in, long, extending from 11,7 per cent
to 5664 per cent of the tip chord, Compressed air wes supplied
to the model by flexible pipes, and was ducted through the
reflection plate and then inside the wing in a spanwise direc=
tione A pressure topping between the two supply pipes
enabled the static pressure (jet stagnation pressure) in the

slot settling cheorber to be mensured,

Small diameter pressure tubes were let into one
surface of the model at 15 spamnise stations. These tubes
were led away from the wing through the reflection plate to
prevent them from interfering vith the flow ncar the model,

The tubes were connected to a bank of manomoebers. The free
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stream static pressure in the wind tunncl working section was s
for all practicel purposes, atmospheric., The wind speed in
the working sectlon wes set with the aid of a vertical type
Chattock gauge connected to a static hole in the wind tunnel

settling charber,
2.3 The 'cone'

In order to determine qualitatively local flow
directions, a paper cone (1/kdn. diameter x 1/kin. long) was
attached to a piece of cotton, and suspended from a traversing
rode The free length of cotton was variable. For conven=
ience the paper cone will be referred to in this report as

the 'cone!,

3s Test procedure

The wind speed used for all tests was 11049 f‘t/sec.,
corresponding to a Reynolds number, based on wing stresmwise
chord, of 1,39 x 106.

3:1s DBalance measurements

The 1lift, drag and pitching moment were first
measured for the wing with no tip~blowing (i.e. Cp = 0),
These force and moment measurements were then repeated with
C = 0.138!&, the investigation ranging from an incidence of
-6° to beyond the positive stall in each case, The initial
investigation was conducted with 30 increments of incidence,

but subsequent measurements were token at staller increments

# For the definition of Cp s The momentum discharge rate
coefficient, used throughout this report see Appendix I and

figure 5,
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over certain ranges in order to esteblish the precise veriation

of CL’ CM and CD with incidence,

In this preliminary investigotion the variation of
the acrodyncmic forces with CH was not fully studicd.
However, in order to gain some idea of the effects of C“,
balance readings were taken for o wide range of CH for

certain selected values of incidence.

It was necessary to determine the contribution of
the pressure in the supply pipes to the overall forces and
moments measured by the balance, For this purpose, the air
supply was shut of'f by means of valves attoched to the supply
pipes close to the reflection plate, and wind-off tests were
conducted with pressure in the supply pipes but with no mass
flow, When the results of these tests were compared with
wind~of'f recults with no pressure in the supply pipes, it was
found that the effects of the pressure reaction on the measured

forces and moments were negligible,

362, Pressure distributions

The layout of the pressure tubes enabled the measure=-
ment of the static prescure on the model surface to be taken
at any spanwise station between the root and 0.922 s, for each
of the following chordwise positionss 0.0 cy, 0,025 ¢, 0,05 c,
0,075 cy 0610 cy 0415 c©, 0,20 cy 0425 c5 0630 ¢y 040 ¢, 0,50 ¢y
060 ¢, 0.70 ¢y 0,80 ¢ and 0,90 co

Chordwise pressure distributions were obtained at
04125 5, 0.250 8, 0.375 s, 0500 s, 0,625 s, 0.750 s, 0.813 s,
0.875 & and 0.922 s for a wide range of incidence, for the

cases C =0 and C = 0,138,
" " 5°

3e3e¢ Surface flow visualisation

Flow visualisation close to the wing surface was
obtained using the titanium dioxide technique (5). The

technique consists of spraying the surface with a suspension
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of finely divided titanium dioxide in paraffin. The wind
tunnel was quickly set to the required speed, and the liguid
£ilm moved over the surface leaving traces of the white
titanium dioxide along the streamlines in the boundery layer
close to the surface, When the paraffin had evaporated, the
tunnel was stopped and the pattern established on the wing

surface was photographed.,

3-4; General flow visualisation

The 'cone'! described in §2,3 was used to determine
qualitatively the flow direction near the wing surface and in
the wake, When placed in a vortex the cone rotated, and
could be used to locate the position of the core, the
direction of rotation, end the approximate size and shape of

the vortexs

e Results

hel. Balance measurements

The force and moment coefficients are plotted in
figse 6 to 12, No attempt has been made to correct these
results for wind tunnel interference, and therefore the angle
of attack quoted is the geometric angle of attack, Qns 28
neasured on the wind tunnel balance., Also, the drag of the
rig has not been subtracted from the total measured drag since
the tare drag was large and therefore accurate values of
absolute drag could not be obtained, However the drag data
can be used to obtain the increments in drag coused by tip
blowing. The effects of the rig on CL and CM were found

to be relatively small.

In addition to wind tunnel interference corrections
to the measured angle of attack there were corrections for a
balance datum error as well as for streanm malaligrment,

Application of these latter corrections gave CL =0 at a=0
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for the case of zero blow, but not for the case with blow, In view of
this unexpleined change in no-l1ift angle with tip blowing, the
incidences quoted throughout this report are not corrected and are
those actually recorded on the wind tumnel balance,

4,2 Pressure distributions

The chordwise pressurce distributions are plotted for some of the
engles of attack, and spamvise stotions investisrated (figs.13-to 30)
and recorded in tables 4 to 36. The upper surface . isobars
are plotted for some angles of attack (figs.31 to 43)

The 1ift, pitching moment ond spenvise loading obtained from
integrations of the pressure distributions are plotted in Tigs. L4 0.
L7,

L4e3 Tlow visualisation

Photographs of the wing surface flow using the titanium digxide method
are shown in figs.48 to 57, The flow directions near the wing surface
obtained from the 'cone' tcsts are given in figs. 58 to 6.

Lol Principal resuits (Balance measurcments)

Cu =0 Cu = 0,138
Nkmjﬂpm'lift Clmax 0.9 1.28
coefficient
Lift slope ac, _ _
curve <§qlh>0 = 0.1 1. {8rad ! 2.1 2rad 1
(48 T,
G/
a¢
(—5-51>G - 0.7] 2.29raa”" 2,60r=d”"
L, )7L
G
Incidence at (aG)C 30.3° 3640°
Gﬁmax Tmax
Lerodynemic (h)C; = 0 136 328
centre pogition -
behind leading | (h, )cI = 0.7 NSV 0319
edge of M.A.Ce N
Measured drag C .190 »180
.. - D
coefficient 0
(including tare)

The gradients of the 1ift curves are quoted at GI = 0¢1 instead of
CL = 0 gince the 1ift curve slope for Cu: »138 changes rapidly

between GL = 0 and CL = 8.1
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Leb5e Accuracy of results

The accuracies stated below are only approxinates

Le5e1s Balance measurements

The balance was sensitive to small changes of lozad,
and could be read with sufficient accuracy to enable CL ’
CM’ and CD to be measured to within 0,001. IHowever, small
errors were introduced by the distortion of the semi-flexiblc
pipes (described in 82,2) when the balance turntsble was
rotated. Carec was taken to re-adjust the pipes every time
the turntable was moved, to reduce these loads to a minimum.
A rough assessment of the errors introduced showed that the
final results were accurate within the following limits

+ o005 for C

L
+ 005 for CD
+ «010 for CM.

At large angles of attack, violent buffetting of the
model was experienced, moking accurate readings impossible,
This buffetting occurred at angles of attack greater than
25° ror C, = 0, and greater than 30° for G, = 04138, Tt
was found that in this ‘buffet resion' the above tolerances
should be increased to

+ 010 for ¢

+ 2010 for C

==

+ 020 for CI’ s

lw]

e

The incidence of the model could be set to + 0.1%

Lebe2s Pressure distributions

The manometer could be read with sufficient accuracy
to enable the pressure coefficient, Cp’ to be calculated to
within 005, '

However, for large suctions ( NOP greater than

about 1¢5) the pressures were unsteady, and could only be



obtained to an accuracy of sbout 5 per cent of their total

value,

The 1ift distributions were obtained by integrating
the compounent of force normal to the wing chord, and multiplying
the result by cos G The chordwise component of force was
neglected. It was estimated that this omission would lead to
errors in the integrated values of CL of not more than 3 per
cent,

CM was calculated about the quarter chord point of
the M.A.Ce in order to be consistent with the balance measure-
ments. The pitching moment obtained from integrating the

moment of the chordwise component of force was neglected,

Le5.3s Flow visualisation

In meking assessments of the results obtained using
the titanium dioxide technique it should be noted that the
model was mounted with the wing pointing vertically dowmwards,

so that gravitational effects probably cannot be ignox'ed.*_

When the surface flow photographs were taken for the
upper surface of the wing at aj = 12° (both for CEJ- =0 and
C“ = 0,138) the wing surt'ace was not smooth and the surface
irregularities may have interfered with the flow, affecting
boundary layer transition and/or separation, This fact should
be considered when comparisons are made between the results
at this and other incidences for which the model surface had
been suiltebly modified,

In using the titanium dioxide technique the inter-
pretation of the flow patterns was considersbly aided by
watching the actual movement of the liquid while the pattern
was forming,.

# In refe 5 it is shown that the changes in surface flow
patterns arising from differences in wing attitude (i.c.

horizontal or tip downwards) are small,
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5e Discussion

5e1e Balance measurements

5elels Lift

The Cp ~a, curve (figs 6) for the wing with
Cu = 0 1is characteristic of that for a swept-back wing of

low aspect ratio, dCL/da is small at low C and

oA ’

increases suddenly with 'bhg formation of the 1e§ding edge
vortexs The stalling angle of 300 is also typical for
this type of planform, but the Clmax of 0,94 is on the low
side and can only be accounted for by the relatively low
Reynolds number of these tests,

By using the tip jet at Cp = o138, CImax is
increased to 1.28, an improvement of 36 per cent on the no-

blowing cases The stalling incidence is increased to 360.

The use of blowing also increases dCL/dch (per
radian) from 1,78 to 2,12 at CL = O¢ly and from 2,29 to 2,60 at
CL = O0s7¢ These increases in 1ift curve slope with tip blowing
can be interpreted as an increase in wing effective aspect ratio,
The 'kink' at which the change of gradient occurs is delayed
from 15° to 18°, indicatirg that a delay in the leading edge

separation has occurred,

The value of dCL/ daG for the wing without blowing
is very close™ to that given by the formula of Pohlhamus

(refo L)

©p 2l

da ~ L2
2 + GOSAJ—J}T—-— + L
' cosT A

For A = 500 and A = 1,39, this gives a value of
dCL/c'la = 1493 per radian,

# The measurced result of dCL/c'laG = 1,78 is not corrected
for wind tunnel interference, It is probable that when
these effects are allowed for the experimental value will

exceed that given by Pohlhamus,
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Fig, 6 also shows that, with blowing, there is a
narked increasc of dCI/GaG in the region of Un = Q, This
region has been investigated more closely (fig, 7), and shows

that dOI/HaG reaches a value of chout 7.0 per radian,”

Fige 8 shows the variation of CL with C  at
a, = 10°, 20°, and 30°  The curves for a, = 10° and 20°
are very similor in shape and indicate that dCI/ﬁCH is |
approxinately constant for valuszs of C  less than zbout O¢l.
The characteristics for Qn = 300 arc slightly different.
It was found that at small values of O“ (less than about (Ok)
the wing was nearly stalled, whilst larger values of CH
delayed the stalls This would account for the relatively

large values of dCI/HCH at small values of G“.

The variation of C with C has not been
Imax 7]

investigated,

501 .29 Dl"af_-';'

As stated above the values of CD have not been
corrected for tare drag, Fige 9 shows that, at a given angle
of attack, GD is slightly larger for CM = o138 than for
C“ = Os  This increment is partly due to the induced drag

resulting from the incresase in CL'

Fig, 10" indicates that for a given CIF the drag
is apprecilably less at C“ = o138 than it is at CH = O The
rcduction in drag is perticulerly large at large angles of
attacks These data can be explained in terms of an increase
in effective aspect ratio and a rcduction i: prosile drag as

a result of tip blowing,

& These valucs of GL were obtained by increasing incidence
from negative valucs, Tests were not made under conditions of

decreasing incidence, No simple explanation for the change in
no~-1ift angle could be found,

2
D and CL at small

incidences is partly the result of a variation in tare drag with
incidence,

® The non-linear relationship between C
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Bele3s Pitching nmoment

Fig. 11 shows that for C = 0, the aerodynamic
centre of the wing is well forward (ho = °136) of the quarter
MeheCe point, TFor values of CL greater than 0,3, the aero-
dynemic centre moves aft, and at CL = 0a7, hb = 0u31h, This

shape of the Cﬁfv OIJ curve 1is characteristic of that for a

low aspect ratio, highly swept type of planforme

It is seen from fig, 11 that at CH = o138 the
movenent of the aerodynamic centre with incrcase in incidence
is much smaller thon for the basic wing. The centre of
pressure of the wing with blowing is also further aft than for

the basic wing for most of the C. range, The aft movenmcnt of

the aerodynamic centre with tip %iowing at small incidences
arises from the increase in loading at the tipss  Although
a similar effect takes place at larger angles of incidence,
there is in this range of incidence an increase in loading
towards the leading edge. Thus the two effects tend to cancel
each other and although the centrc of pressure noves af't the
aerodynenic centre remains approximately stationary. The
unusual shape of the OM w~ CI; curve for C = 0,138 ncar
g = 0O is associated with the non-linear 1lift characteristics
in this region,

The variation of QM with CH at constant angles of

incidence is glven in fig. 12,

The scatter of points about the curves in fig., 1

are within the limits of accuracy stated in She5.1.

5626 FPressure distributions

lost of the comments in this section refer to the
pressure distribution on the upper surface of the wing. The
pressure distribution on the lower surface is only slightly
affected by the tip blowing,

The Cp ~ ey (fig. bh) and Cy ~ Cp (fig. 45)
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curves, integrated from the pressure distributions, agrce quite
closely with the curves obtained by force measuremcnts. There
is some 'scatter' of the integrated values but in general the
accuracy of the results is within the limits suggested in

Blra5e2s

5!2.10 Bagic Wing, CIJ- = 0

At low angles of attack the highest suction peak
occurs near the leading edge of the tip. This is shown most
cleerly in the iscber disgrem for a, = 6° (fige 31)e Fige 32
shows that, at 120, the tip vortex increases the suction all
along the upper surface of the tip, Fige. 33 shows that at
150 a leading edge boundary layer scparation commences about
midspan and extends to the wing tip. The separated vortex
sheet rolls up and incrcasecs in gize and intensity towards the
wing tip, sincc it is being fed contimuously by the separation
of the outboard flow at the leading edge., The rolled up
vortex sheet has the form of an expanding 'bubble! and boundary
layer reattachment occurs dowmstream of it, The extent of the
"bubble'! is indicated roushly from the portion of those iscbars
lying approximately normel to the wing leading edge, or from
the extent of the nearly constant vressure distribution at each
chordwise station. The centre, or core of the rolled up
vortex sheet arising from the leading edgc separation forms
the core of the trailing vortex. The rolled up vortex sheet
and its degeneration into the trailing vortex is referred to
by Black (ref, 5) as a vortex of ram's horn type. Fige. 33
shows that at U = 150 the part span leading edge boundary
layer separation has just commenced, This is in agreement
with the balance measurements which also indicatc the formation
of the part span vortex at an incidence of shout 150. The
increase in the 1ift loading, arising from the presence of the
part span vortex, is due mainly to the attaimment of a region

of high negative pressurc over the area coverced by the vortex,
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Ls the angle of attack is incressed (figs. 34 and 35)
the extent of the vortex is increased and it gredually noves
inboard. At EOO incidence (fig. 36) the 'bubble' is spreading
out rapidly, and is affecting most of the upper surface., Figs.
63 and 6L show that after the stall, an almost uniforn dis-

. . . o]
tribution of pressure exists on the upper surface at Cn = 367

The spamwise 1ift distribution (fig. 46) obtained by
integrating the pressures on tne surface at Gy = 6° and Gy = 120,
are approximately of the form predicted by linear theory,

o : 40 .
o= 157 and Gg = 187, the

leading edge separation increcases the proportion of the 1ift

except ncar the wing tip. At a

on the outboard parts of the wing. As the angle of attack is
increased further and the vortex moves ilnboord, the maxinum
lozal 1ift coefficient CL also moves inboard, so that at

Gy = 270, the peek value %? C occurs at avbout 0.35s. The
stall occurs first at the tip and then moves inboard towerds the
roote Lt ay = 33° (i.e. beyond the stall) there is a consid-
erable loss of 1ift over the whole wing except at the root,

which has not yet stalled,

562025 Wing with blowing, Cu = 138

The effect of blowing from the tip is to produce
numerically larger values of pressure coefficient on both the
upper wing surface and the lower wing surface at all angles of
attacks In general the iscbars in the 'with blowing' case
tend to be slightly straighter and more ncarly parallel to the

wing leading cdge than in the 'no blowing' case.

Fig. 39 shows that at 18° the leading edge separation
is only just commencing. This again is in agreement with the
balance measurenents, which indicate that the separation begins
at a higher angle of attack for CH = 0138 than for C“ = O,
The rolled up vortex, when formed, lies nearer the leading edge

of the wing , end only extends aft to about 0.3c at the tip.
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This indicetes that the vortex is entrained by the tip-jet.
At engles of attack epproaching the stell, boundoery layer
scparation exists ovor most of the surfoce and at Gy = 37.50
(fig., 30), the pressure distribution over the upper surface

of the wing is alnost uniform,

The spanwisce 1ift distributions (fig. 47) show that

for a, = 12C, C is almost constant across the span, This

'rectagﬁular' distribution indicates that a pressure difference
is meintained across the tip jet. At larger angles of attack
{fron ay = 18Y 4o an = 240) the formation of the part-span
vortex couses the peok valucs of GL to occur ncar the tip,
ag in the 'mo-blowing' case, For c-nglg'lcs of attack greater than

30°, the 1ift at the tip diminishes, ond the poak C; is at

the wing root, whilst the wing tip loses considerable lifth,

It is clear that the tip-jet not only delays the
tip-stall by entraining the leading edge vortex but increasecs
the 1ift across the whole spon end in particular, large
inerenents occur neer the tip. It is intercsting to note that
the increase of 1ift due to tip~blowing is maintained cven

after the wing has stalled,

5e3e Tlow visualisaotion

fis the titaniun dioxide flow visualisation tcchnique
and the cone technique yield similor informstion, the two

methods arc discussed concurrently in this section,

Both techniques give relisble and repeatoble
information, and both methods clearly indic.te the position
of the leading edge scparation and the vortex of ram's horn
type, The conc technique also shows the positions of the
troiling vortex outboard and dowmstream of the wing (figs.

58 to 64),
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5e3als Basic wing, CH =0

Fig. 48 shows that there is a small spanwise movement
of the boundary layer surfacc flow on the wing upper surfece.
This novement outwards is more noticeable nesr the troiling

edge of the wing, and increcscs as « is increascd (scec

figs 50)s This figure also shows thgf the boundery loyer is
being swept off the wing upper surface at the tip, The cone
technique (fig. 59) shows that the boundary laycr only flows
from the lower to the upper surface ncar the lending edge of
the tip. Further aft, the tip vortex grows and induces flow

off both the upper and lower surfaces,

Figs. 60 and 52 show the presence of the leading
edge separation and the part span vortex at Gy = 18°,  The
vortex is represented on the photograph as small, fine strecks
on the wing surface approximately perpendiculer to the free
stream direction. The surface flow is seen to sweep forward
near the leading edge of the tip, o phenomenon which is more

obvious in figs, 54 ond 56, This type of flow, discussed in

the centre of the vortex is well clear of the wing surfaoce.

A characteristic of the flow pattern for O = 21°
(fige 54 ) is a diagonal, dark streck starting forward of mid
chord and curving down towords the trailing tip. This is
assoclated with the reattachment of the boundary layer down-
stream of the separation bubble, This reattached flow is
trapped between the 'bubble' and the boundary loyer flow

irboard and results in a region of relatively high shear stress,

Figs, 61 and 56 show that the "bubble! extends over
a large portion of the wing upper surface, At angles of
attack beyond the stall, the boundary loyer seporation

diffuscs over the whole surface,

On the lower surface, the flow patterns at all angles
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of attack are substonticlly the swmne as shown in fige 53 The
flow near the leading edge (particulorly near the stagnation
point) has a noticecble spenwise component, while ncar the
troiling edge the flow takes up a roughly strecmwise dircection.
A small region of boundary layer separation close to the
leading edge was also detected on the lower surface at the
junction between the wing and the reflection plate. It is
assumed that this region only influences the pressure distrib-
ution near the root leading edge, and probebly does not affect

the overall forces or pressure distributions further ocutboards

5e3¢2s Wing with blowing, CH = 138

At small engles of attack (before the part span
vortex forms) there is o greater spanwise component of flow
in the boundery loyer then for C“ = Qg This coan be seen by
comparing fig. 48 with fige 49, ond fig. 50 with fige 51, The
cone technique indicates that the blowing has very little
effect outside the boundery layer (figs. 59 and 62) except
near the tip. It is clear that the troiling vortex is
entrained by the tip-jet and moved in a sponwise dircction

away from the wing.

The photograph of boundury layer surface flow for
Ay = 18° (fige 53) shows that the 'bubble' only extends aft to
about O.3c at the tip, The rest of the pattern indicates

a large spanwise component of velocity necor the surfaces

The remaining flow visuelisation dioagrams and photo-
grophs show that the 'bubble' moves slowly inboard as the angle
of attack is increesed further. Fig. 64 shows that when the
wing is at stalling angle (560) the trailing vortex is still
entrained by the tip jete As an is incrcased beyond the
stall, it is impossible for the conc to define the cxtent of vortex
the rar's horn type due to the general unsteadincss of the

entire flow.



The titenium dioxide flow pattern for Cu = 0,
G = 6° (fige 48) shows that near the leading cdge a marked
change occurs at about mid span, between the flow over the
inboard half of the wing end that further outboard, It is
proboble that this indicates the type of boundery loyer
instability which at higher incidences produces the leading
edge separation, Pipge 49 shows that at Gn = 602 with tip
blowing, this change in flow nrar the leading cdge outboard
of mid span does not occur., The significance of thesc flow

changes must be left for further investigotion.

The 'cone' technique has been used to study the
development of the tip vortex with tip blowing at small engles
of incidence. At zero englc of attack vortices of opposite
sign are formed above end below the jets 4Lt a small angle
of attack the upper vortex increases ropidly in size and
intensity whereas the lower vortex gets smaller and eventually,
at a still larger incidence, disappcars completely.  The
upper vortex, at these small angles of incidence, is notebly
stronger than the trailing vortex at the same incidence without
blowing. The rapid growth of these vortices at small
incidences, their induced downwosh and consequent 1ift incre-
ments, may account for the large values of 1ift curve slope

at small incidences,

Bele Surmary of cxperimental results
5-1{-010 Llft

At small angles of incidence tip blowing results in
an increase in the 1ift curve slope due to en increase in the
wing effective aspect ratio. The loading is increased
towards the wing tip. Tip blowing delays the incidence at
which leading cdge separation ocours and also delays the wing

stall, The moaximum 1ift coefficient is increased,
5elba2y Drag

At a given C. the drag is reduced by tip blowing

L
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partly as a result of the increased effective cspect ratio,
thercby reducing the induced drag, and partly by a reduction

in profile drag,

S5ele3s Pitching nonent

At small angles of incidence tip blowing produces an
af't movement in the position of the acrodynemic centre os a
result of the increased loading towards the tipse At higher
incidences the cffcet of increased tip loading is cancelled
approximately by increased loading towards the leading edge,
but the resulting movement of +the acrodynanic centre due to

change of incidence is less than for the unblown wing.

5ebe Effects of chonges of parameters

Tentative suggestions crc made as to the effect of
the variation of certain parameters on the 1lift, drag and

moment characteristics,.

5:5.1e C
=)
Although below the stall CL varies roughly linearly
dc
with CM there is an indication that aaé

U Gy = const,
decreascs for values of OM in excess of 0,1, This is con-
sistent with experiments on blowing over flaps (ref. 1) which
indicatc that there is a value of Cp above which no further
improvement is obtained, 4 further result is that, with tip

blowing, the aerodynarxic centre moves aft with increcosing Cpa

5¢5.2s Slot length, slot position, and shape of wing tip

As CM is proportional to the length of +the blowing
slot, it may be expected that the slot length will affect the
wing charscteristics in roughly the sane way as does C“.
However, this ignorss the effect of slot position, It might
be conjectured that over certain parts of the incidence range a

more forward or a more rearword slot would give more favourable
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aerodynonic characteristics than those obtained fronm the slot
used in these tests, In addition a chonge in the tip
geonetry, slot shape, jet dircetivity, cnd placing the blowing
slot close to the wing upper surface might all show greaoter
gaing than those obtained so far, However all these sugges~

tions must be the subject for further investigotion.
5+5e3. Sweepback

Since with increase In lecading edge swecepback the
lecading cdge scparation will occur further inboard and at
lower angles of incidence, and the acrodynamic characteristics
beecome more dependent on the trailing vortex, it appecars thot
gparvise blowing may well prove more cffective for such wings
than for wings of rclatively small sweepback.  Although the
form of spanwisc blowing used in these cxperiments hos been
performed by blowing from the streamwise tip it is assuned
that equal or more powerful effects will be experienced on
wings of large leading edge sweepback by blowing from the

leading cdge,

5ebslte  Aspect ratio

Since, apart from modifications to the flow over the
wing, the main eoffcct of tip blowing is one of increasing the
wing cffective aspect roatio, it is rcasoneble to expect that
tip blowing is morc effective for wings of smell, rather than
large, aspect ratio, However, since stobilisation of the
flow over the tips results from tip blowing it follows that
this method might have epplication in the improvement of the
stalling characteristics of swept or unswept wings of any

aspect ratio,

5ebeb5e Reynolds number and Mach nuiber

Kuchenann (ref, 3) states that Reynolds nwiber
cannot affect the general character of the vortex pattcerns

described, although it will greatly affect the change-over
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from one type of flow to cnother and the shope ond stability
of the rolled up vortex shect., Tt should be noted that the
Reynolds nurber of this experiment (1.39 x 106) is very low
compared with that of full scale aircraft and it must be
expected thot the results obtained so for may be the subject
of large Reynolds nurber effects,

-

Refercnce 3 also suggests that the principal featurcs
of the vortex pattern over the wing will exist for all Hech
muwibers up to the critical speed, Tn the present expcrimenté
it should be noted that the tip blowing causcs greater velocities
near the wing thon at C“ = 0, This suggests that the critical

lach number will become smaller as C“ is increasced,

The effectivencss of tip blowing at high subsonic
and supersonic speeds must remain the subject of future detailed

investigations.,

5¢6e Possible uses of tip blowing

5¢bele Anti-stall device

in obvious use of tip~blowing is to reduce landing
speceds,  The increase of CL | cbtained by tip blowing in
this experiment is 36 per cen%?xwhich could no doubt be
improved upon by using higher blowing cocfficients. This gain
in CL is the more important since it is not accompanied
by a 1§%§e nose down pitching moment, experienced with conven-
tional blown or unblovm flaps., One disadvantage of tip
blowing, as indeed with 2ll other forms of blowing, 1s that

power must be supplied to maintain the 1ift.

5e6ecs Drag reduction

Pig. 21 shows that, for a given CL the drag will
be reducced by means of tip blowing.  However this gain is
small except at large values of CL' In moking assessments
of the overall effectiveness of tip blowing the power required

for blowing must be considered,



566036 Interal control

Aircraft with wings of very low ocspect ratio arc
extremely difficult to control at low speeds (i.c. ot high.CL)o
It ﬁppears possible that a substitute for alleron control may
be obtoined by blowing differentially from the tips. TFor an
aircraft with low aspect ratio wings travelling ot low BeleSe
the power requirements should not be excessive, Lt higher
specds and with larger aspect ratio, the lateral control

problem is less likely to arisc,

506sle  Longitudinal control

On a highly swept wing, the application of tip
blowing causes both the wing centre of pressure and the wing
aerodynomic centre to move further oft, These offccts
respectively couse a nose down piltching moment ond en increcse
of static longitudinal stobility. This mey be particulsrly
useful when applied to a delta winged aircraft with no
horizontal tailplane, IHowever, the aft movement of the
aerodynanic centre with incidence is less for the blown than
for the unblown wing. Thus in the case of an alreralt with a

horizontal teilplone less trimming will be required,

In experimental investigetion of the aerodynamic
characteristics of a low aspect ratio 50° sweptback wing
when air, in the form of o thin sheet, is blown out from
the wing tips in a spanwise direction has shown that at a
momentum discherge rate coefficient, Cp = 0,138,

(a) CL is increased by 36 per cente

mox
(b) The stalling angle is increased.

(c) The incidence at which leading edge seporation over
part of the span commences is increased,

(a) CL is increased at 211 angles of attack,

(e) GD is reduced for a given value of CLo
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(f) At smell angles of attack the acrodynanic centre
is moved aft, and varies little with incidence

up to C, = 0e7s

These results can be explained approximately in terms of an
increase in the wing effective aspect ratio and an increase
in the loading towards the wing tips, Lpplications of tip
blowing to improve CL s the longitudinal and lateral
stability, and the corttl characteristics of on aircraf't

having wings of low aspect ratio are briefly discusseds
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Blowing coeffidients for corpregsible slot flows

When defining a blowing coefficient, it is necessary
to define a standord reference crea, For work involving a
spanwise slot, the refercnce area is token as the area corres-
ponding tc the spamwise extent of the slot. Clearly, for a
chordwise slot, this assumption is unsuitable. No attempt
is made in this paper to define a suitable area which would
enable C  to be representative for all planform shopes,
For the scke of expediency, the stondard referecnce ares is

taken as the gross wing arca of the model S,

Thus, the momentum discharge rate coefficient

- !y ~
C = T ——— eeoeuanneooo(l)

4 2
H —Epm Uoo S

and mass discharge rate coefficient

C = mt
Q —————_—
Peo Ug S

oooooeseooon(ll)

wherc V 1s the velocity obtained in an isentropic

expansion from the stagnation pressure to the freestrean

Pp
pressure p., e« Lt is possible to express CM and Cq in
€

terms of the pressure ratio Pg/Peoﬁ CQ and CU are

plotted ageinst p_/p, in figs 10,



TABIE 1
UPEER SURFACE PRESSURE  CORFRICIANTS
G, =0, m=.921
Ei\%i‘ o | 6 | 2] 51 181 ol 27| 0| 3 36 |
90 b4 o0l |=a285 | =279 =o168] ~2160] =414G] =4168] =.20L | =.300|=.198
B0 |4+4015 1=0131] =e360) =387 | =e300] =4270] =4263] =42621 =u292|=,308
70 [ =4007 |=¢300| =4668] =o460| =oL38] =a372] ~4373 —.258 [0} =412
60 |=1029{=u168| =u588] =oh90| =u5LB| =ub97] =ol67] =obk53| =uhb7]=oL70
5O | =u066]=01k6| o550 | =oli38] =o511] =e519] =o50K =504 | =o511]=4506
BO | =y080]me153] =o375 | ~oh7h| =a504] =.541] =u548] ~.555! =.576|-,530
30 =105 =131 ] =o235] =.2851 =oB504] =oeb11} =o511] =510 =4534) =448
25 | 212500321 =515 | =4563| =621] =u642] ~o6500 =679 ~.715{ =501
20 | =2199|=2300] =o500| =u578] =o6lhk! =u724] <2737 -.766| =.825- 566
15 =, 066] =058 | =g059 1 =o058] =4534] =,051] =.022] =,022] -,022}+,015
10 o155 = 3L =5881 «,678] =.760] =840 =840, =.840f ~,810]=,500
7.5 | =0221{=a307] =2735] =0790| =847 =0927| =u91ly =.890] =,818|-.493
5 | =e566]=s875[=1409 | =a912| =¢9h1|=1,015] =,985] =.950| =u847|=4515
2.5 | 40021] =o 131 | =e 945 | ~1.298] =989] ~1 404 1,043 «1,010] ~, 945 ~,649
0 m.zzqi~.7oo!~1l351} -.954 ~,965§~1.015‘~°§94! 961 | ~}883{~.54ﬁ

Note

in tebles 1 to 36 the third decimal place is not accurate,
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TARIB 2

TOWER SURFACE

PRESSURE  COEFFTICTENTS

C, =0, m= .921
AN o | { § i ;
Zé\\ 0 6 12 15 18 2 1 27 1 30 33§ 36
90 {+.04k4t O -.036 -0044 = 036 | =5032 1 =3036] ~,051] ~,073{=,073
80 | +¢015=4051 | =,080 | =4080 | =066 | =076 | =o075] =080 | =,005}=,102
70 | ~,007{=,066 «.124' =¢109 ] =102 | =c099 | =09k | =o095 i =q4102{=,109
60 | =029 14109 | =175 | =182 =168 | =171 | =o153 | =153} =o153]=2163
50 | =0066[=4102 | =4277 | =4139 1 =4139 | 0113 =209k § =4109] ~,080|=,095
LO | =,080{=o095 | =¢262 | =,1091 ~,117 | -,083 ~a058' ~s058| ~c036|-,043
30 | =s103]=s080 | =4219 | =066} =,066 | =o068 | =051 | =,0ll| =,036!=,007
25 | =42501=0168 | =4175 | =o168] =o175 | <0157 | =a139 | «1139 | =.005 -,095
20 | =199 ~e1L46 | =o153 | =4131{ =4131 | =e113 | =4087 | =,073] ~.058i-,058
15 | =00661=4022 | =029 | =4021 | =4036 | +,085 | =4058 1 =,066| =,073{=.036
10 | =4155{=-,058 0 +5036 1 +aOlh | +4092 | +0094 | +4117 | +4117{++139
765 =e221]=4066 | +.029 1 440511 4,066 | +.099 | +,09L ! +,117 | +o12L} +.156
5 =566 =248 | =412l ] =080} =,058 | ~,051 | =,007 +5007 | +,0221+,051
i
2.5 | +,021 +,161§ +.269§ +e268 | +0254 | +,226 | +,20L +o176% ++1621+,198
0 -y 224 +0087£ +02331 442331 5248 | 20209 (4,168 $0146§ +0117] %2160




TABIE 3
UPERR _SURFACE _PRESSURE _COEFFICIENTS
C, =0, m=.805
an" 0 6 12 15 18 2 27 30 331 36
90  [+4063] =e071| =2275] =4275] =282 =4289| =4319] =338 | ~a345|=e25L
80 [+.042] O =¢352] =4395) =ob16] «4395| =o405| «e395 | =4395) 4346
70 {4021 0 | =a324 ~oU65| =u543] =515 =u511| =472 | =.080| - 42
60 | =0028|~s057{ =u360] =4529] =4720} =u655| =4625] «u564 | -u542) 4486
50 | =e0L2|=o06L] =247l =4515] =726 =4720] =,675| =,628 | =4600{ =529
4O [~ 085 =e11h| =4240] =¢592] =740} =o705] =4666{ =,642 | =,635]=,508
30 |=a13h]=o11h| =4296] =4600] =,726] =.733] =4716| =4705 | =.720]-.600
25 |=e155]=e227| =4352] =o621] =o734| =~4790| =4780} =.775 | =+796|~.621
20 |=o18L|=4270] =aLO9] =ob66L| =e761| =e85L4] =u859| =485L | =.831]=4571
15 [ =e191|=a298] =oli71] =4726] =4825] =¢930| «4945| =915 | =4831|=4529
10 | =e211| =48] =¢521] ~o868| =4910] =e995| =2986] =495 | =4825|=4508
765 | =e197|=alliO] =4775] =a916| =o9k5[=1,030]=1,010| =¢966 | =4825]~,508
5 | =e197|=4582]=1,080]=1,010 |=1,000] =1,070| =1.036| =4980 | =48L46]=.500
245 | =e148]|=710] =14630] =1,080] =14042| =1 ,108] =1,070| 1,008 | =+852|=+515
O | 44360} =e319] =16761] 1290 | =14215| =12 140| =16085{=14016 | ~a860}=4515




TABIE

IOVER SURFACK  FPRESSURE CORT FICIENTS

v
~, ° f ‘ i i
&) o {6 12 15 L 18 2l 27 30 331 36
J":") h
90 [+,0631 O 0 ~o01h = 014 =4028] =,028{ =o056] ~4056] 4021
80 14o042)=g01h| =01h | =¢O1h| =,01ki O 0 - 01l 0 {4,007

70 14,021 1=,021 <0028] ~,021 1 = 014} O | 4,007 | +,014{ +,028}+.024
60  [=o028]=0561 =,056] =5056| ~,042] =,023] =4007 ] O | +.021}+,007
50 [=eOh2[=113| =063 =4063 | =4050! =,014| +,007 | +.021! +,056 +.049]
LO [ =e0851=5098| =4070] =4063 1 =042} +,007] +.,028 +,056 +0085{ +4077
30 |=e13hi=ea113| =070} =4056 =4035] +:028] +,056 | +,084] +o113] +,119
25 [=e1551=s113 | =s0L49| =4028] =o01ki +4056] +5091 | +4120] +.155|+0161
20 [ =e18L{=a113] ~4028] O | +,028] +,099] +.014 | +¢169] +.197|+210
15 | =e1911=008h| +,021] +.070| +,099| +a176] +o219 | +.246] +.275|+,207
1o ~0211 [= 063 | +.084f +o141] +a177] +0254] 44282 | #3171 +.336]+.343

7e5 | =o197 [=2028 | +e155] +2219) +4256] +.320] +.3521 +4388] +.308]+,L00

5 | =e197|+4063 ] +4254] +,303| +u740] +o374] +.388 | +,4021 +,388]+.392

2.5 | = 148146070 +4352] +0360] +o369] +a32L] +.296 | +.268] +e240}+,273

O | +0360{=4070]=14155]=1,808|=1,32 |=1,325! 1,20 | =,109]~1,018!-,621




UFFER _SURFACE
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TABIE 5

PRLESSURE  CORFFICTENTS

C, =0, m= .82
N 6 1 12 15 18 oL | 27 30 33 | 36
Jo .
90 1 +e063] +o042} =4071f =o247] -4296] =,381 =o451| =olOh | =oL37| ~e296
80 | +4021) 44014] =s06L| =u332] =olh3| ~u515] =u574] =u564 | -.508] - 402
70 14,007 0 | 4,056 ~346] -.522] -.620] =.656] ~.620| ~u550] ~.165
60 | =1035]=e050| =,084] -.416] <.684| =.790] =.781] ~.720 | —.614)=.515
50 | =u0h2|=078] =4113| =4370] =4720) =,860{ =.832] =2775 | =2690] - 564
40 J=at13|=a1h2] =200 -.480] <.910! -.ou5| =.866] =805 | -.754] - 560
50 |=u156] 1206 =.289] -.606| -2950]~1.000] =2930| =.881 | =818 -2600
25 | =e184]~0262] ~,352| -.726] ~,965 ~i0021 -;960 =¢930 | ~.818}-,578
20 {=0196|=0305| =ul30| <oB7C| =297 =1,042]~1,000] =,971 | =+825|~u557
15 |=e213] ~a354] =4529|=1.010|~1.000 =12063 11,036 {14010 | =,8U5] 2503
10 [=o213 = k0| =4710]~14164{ =1,070] 1,130 |1,080|~1,035 | ~.860}-.536

1705 [~o191] =ukB2] =,825]=14179] =1.108] 14140 |=1,100|~1.056 | =.873|-.557

15 | ;.1?7 ~e589) ~+995! =1,280 -f.%&b‘-d.188 ~141301=1,071 | =.873| =529
a5'nﬂ%.4wo—hm6-1J%~4£d34;m2wuwonmqm - o889 = o543
0 +°34i = 0270} =1,560] =14 332] =1 6331 |1 4250 |1 4160{=1,086 | =o889] = o543




TABIE 6
IOVER _SUKFACE PRESSURE  GOEFRICTENTS
C“ =0 mn = .812

N | 0 6 12 15 g 24 27 30 33 | 36

90 [+4063{+4028] +6014| O | =.007| =01k | «o028] =,049] =,08)}-,042
80 [+6021{=3007] =o007 | =4014| =4007] O | 4,007 O | =014 ©

70 1+0007{=,021] =021 | =o014| =4007} +,028} 4,028 +,042} +,028]+,028
60 | ~e035|=o0LI| 4035 ! =035 ~o01L} +,021 ] +,035 | +,049| +.063]+.056
50 {=a0L42}=,08l} =,042 -0042 =014} +c035 1 +,0561 +,084] +,098{+.,098
4O 1=e113) 40911 =o0L9 | =o0U2{ =o007! +s049 | +4077 | 42113 +o134+.134
30 [=e156]=a098] ~4035 | =o01k| +,021] +.,098 F+a 130t #0176 +0197 140271
25 |=a18Lf=0105] =021 | 4,007 | +,049] 4134 ] +.169 ] +.211 1 +.239]4.253
20 [=a198{=a091} +,014] +,056 +GO§8 +0190 ) +:239) +.268] +.,296!+,310
15 [=e213{=e063] +.077| +e134| +o190] +,2821 +,32L v+9366 +03881+439
10 [=e213] =007 | +a162] +2261 +4289( +4375 | +oL408] +ok36] +.4501+.450
(5 [ =177 +6021) +a211| +0282] +o345] +ol15 | +ohld| +o458] +ol651+0472
5 jme77 +e113] #0303) 403521 +0401] +oldidi| +oL51] +obB51] 4ol o458
205 | =e106| 40240 +.367| +.366] +ch08] +0380] +0352| 40317 4,282 +.324
0 [ +e3l1] +0056]=16185} 1,970 =16705=13701=10285] =1 1561 ~1,056 - ,676




TABIE 7
UPEER _SURPACE PRESSURE  COEFFICIENTS
C“ =0, m=.750

é?ca 0 6 12 15 18 | 2l | 27 30 35 | 36
90 [ +e0561+4091] =o014f =o13h| o169 =e360] =4h65| =.530| =4458]=,353
80  |+e014|+4056 ~,035{ =,191] =.247] =480 4.593 =061 = Bhlyfm4li5
70 |+e014f+.035] -,042 ‘-.191 ~e25h} =4556| =o676] =o685 =4614{=,503
60 |-.028]-,021 —;084 =25k | =247 =73k ~o825] =796 =u677 |=u5kh
50 |=e056]=4056] =4120| =4296 -;515 4.874 =945 =875 4761 |=a606
4O 1=e140{=a120] =4189 =4388] =4755|=1.056|=1.036] =4930| =4819{=,600
30 [=e1821~4217| =4315] =564 |=14042{=14200|~1.108]1,015 | =4875]=+600
25 |=e196]=4259} =,378 -;662 “16120 {14220 =141401=1,043 | =o889{=4585
20  [=e217|=e308| =olb69| =4B810[=1:208{~14250]=14158|=1.071] =895 |=4571
15 [=e210|~ o357 ~ab74| =o9h5|=14212[=1,255]~14162]=1,092 | =490k}~ 4564
10 [ =e210] =W bdA] =735 [~16100]=1 4254 {=16275]=14200]-1¢114 =s 90k 1~a557
7e5 |=e182]=oL06] =4805 1=14150{=1,261 {=14290{~1¢220|=14130 | =490 |~,571
5 = 175]=e567| =0966]=14304] 14332 |=14340{=1 4249|1150 | =4916 |=o56L
265 | =133} =4630]=1423k |~14540]=14390{=10575]=16278]=1.162 | =492L =571
0 +6350] =6301| ~1,886 |=1,635 ~1.664 =1eL101=14282]1,158 | =4924 =564
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LOWER SURPALCE

PRESSURE  CORFFICIRENTS

C“ =0, mn=,750
Y ‘ - '
/L:C\ 0 6 12 15 18’ 2k 27 30 33 36
90 1++0561+.052] +,028] +,021] +,021] 0 | ~,007] -.0n2 - 077{ =042
80 1+e0Ml4.014) O | +,007| +.007] +.014] +,021 =.007] o0 0
70 1401400014 O | +,021] +,028] +.042] +,056 +e056] +,056] 4,049
60 [=028[=0035] =4021] =.007 ++007| +,0421 +,070] +.077} +,091|+,077
50 |=4056{=4056] -.035| =014 o© +e056 +.08L] +,098] +,129) 4129
O |=e140[=4085] =,035! =,007| +,028] +,008 +6134] +a155] +4183!+,183
30 [=0182|~0098] =,021] 4.021] +.056| +.148] +.190] +.215 +e25L] 4,561
25 |=+196{=4091| +,007| +,056] +,098] +.198| +.240 +0275 1 +0310] +4324
20 [ =4217]=,070 +;649 +.'1o5 +o162) +4261] 42310 +,346| +0381] 4381
15 1=0210/-u0h9| +2113] +0190] +.200| +4353] +.395] +ob16] woi51] st
10 }=4210{+,028] +,205| +,282] +,333 +oli38] +o4721 +,486]1 +.515} +,522
765 | =2182{ 44063 +42611 +.338] +,395} +o 721 o494 +.501] +.522] 44529
5 | =et75 4e 13k +0332{+3,950] +ob37| +ohB0| +ohB7 | +.486] +.480! 449k
265 [=a1331+.240] +,388] +.402| +o416] +.370] 1,324 | +.300] +.260 +4303
O | +,350} 4,049 —1.228'-1.995 =1e550] =10601 | =14462 | =1,291 [~1,158] =, 734
|




...57...

IABIE O

UPEER _SURFACE PRESSURE CCEFFICIENTS

3

N o : ) ’ :
‘25 . 0 6 12 15 18 2k 27 30 331 36

90 1+.049|+.042) O | =,015| =,028] ~,0k2| =u374{ =u5k3] =.536]=.395
80  |+0021] +4007] =o¢035] =o08L =.092{ ~,155] =529 =,684f =,649]-,L00
70 |=4035|=,007] ~=,071 -;120 me113] =0226] = 6h2] =,763] -,713] ~.522
60 [=,056] =404} =o106] =o1L47] =¢142] =4331] =4761] =¢8G66] =,790] =456l
50 | =40921=,0851 «o147} =41901 =4226] =500 =,960]=1,016] =,895] =579
LO  f=o1l7] =169 =~o261| =.332] =olOL! =o9L5[=1,198]=1¢134] =,945|=,592
30 ‘~.169 =e226] =0353! = 480 =,867}-1,226 —15365 =14190] = ,966]=.585
25  [=e183] =268 =ol16] =o642]~14205!=1¢L405]=1:3901=14240]=1,000]-.585
20 {=31971=e296] =oL87] =.868{=1oL481{=1:439|=16398|=1,240]=1,016]=4579
15 | =e212]=4k02] = o635} =1,252]=1,780{=1,502]=1,426]=1,278{~1,030| =579
10 [ =e218|=oliB0| =819 =14670]=14934{=14530]=1,L452 | =1,30k{=1.058{=,585
705 | =e20k| = kU] =490} =178} =1 .890]=1 4520 =1 o7 |=1 4 320| =1 ,058| = 4579
5 [ =e2l0]«s6L9] =14205]=1a861}~16954]=16573| =1e490 =1 4334} =1,058! = 4600
2e5 | +0014|=726] =16729] =16850] 1,905 | =14589| =16510{=14348| =1 4064] = +600
O | +6325]=4620]=2,66 | =2,28 | =2,06 {=1,638{=1:530]=14354!=1,058{=¢592




3G

IABIE 10
IOUFER, _SURF/ACE PRESSURE  CORFFICIENTS
C, =0, m=.625

: ao | :.

;?é\n 0 6 12 15 18 2 27 30 33 1 36

90 1+e049]+,0287 +.028] +,0281 +,028! +.01L4 0 =014} =,063}-,084
80 [+e021]=4042| =oa028] = 01L| =4014] O | +,021] +,014} +,021}~,021
70 [=s035}=o056] =4028] =4007} =¢007| +,028] +,049} +.,063] +4078]+.035
60 1 =o056]=,063] =,021 O | +e014] +.063} +.084] +.098] +o13L+,091
50  [=40921~40971]| =4028} +o014] +e028] +.091| +a127{ +¢155| +2183]+4169
LO  1=a147]=e091] =o01h| +40211 +4056] +e134] +6183] =212 +.254] +,240
30 [=e169[=e08h! =0021{ +4071} +e113] +:212] +22681 +4310] +43461 44346
25 | =e183|=60780 ]| +e01h| +,063] +o113] +e212] +02471 +.2821 +,303;+.303
20 [=01971=e056] +4098] +4176] +42261 +.346] +.402] +,L37] +o472]+.465
15 [=e212]=a028] +e148| +e226] +,289) +o4091 +o4541 +.494] +¢529]+,522
10 }=e218]+.028) +42261 +.310| +4373| +e480] +.515] +543] +e564] +.557
Te5 | =o20L]+6071] +6282] +4360] +6423] +6508] +.529] +¢550| +e564t +4+557
5 | =e240]+s071] +¢319| +o366] +oe423] +o4661 +o4651 +,4591 +.459] +.L65
265 [+e01h}+0226] +4381] +6381] +4395] +e331] +a282] +.254 +.23204,275
0 ] +0325]46091]«151841=2410 |=1,970{=2,075{+1960] «1,680]~1.420!«,819




UPPER  SURFACE PRESSURE COEFFICTIENTS

TABLE 11

C, =0, m= o500
-

ank 0 6 12 15 18 2l 27 30 33 | 36

90 {40014 +0028] +o042] +,014} =028} =.056] =,070| =ol27] —e54 |=e433
80 0 O | =aOtl] =q021] =o056| =o08L| =4270] =o526] =,654{=4555
70 | =o042{=s056] =~g056] =,08L| =o112] =168] =,0142| =710} =.767|=4583
60 | =e070|=6099] =o113] ~o140] #o192| =~o277f =o626] =.910] ~o876{-.611
5O | =e128]=e156] =4185] =o220) =o277| =okb5] =29241=1,080] =,936{-.625
4O | =e140]=0199] =e2561 =o284f =u355] =a75ki=102061=1,220] =a995|=0625
30 | =e185|=e270| =0362] =438k =ol55]=143651=1.550{-10380}=1s010}~e640
25 | =e1851 42991 = L26] ~oih8| =¢526}=1:6781=14690]=1436)=14010]=.640
20 | =0199|=e327] =e505] =¢511] =o725{~14975}=1:790 1463 |~1,02L|=4640
15 | =0192]=0390] =e611| =o654]|=1.536|-2.22 [~1,835 144921 ,02L |- o640]
10 | =0230] =oi55| =e782|=1a392{ =223 [=24375{=1e850{=16535}=1.038}~46L0
765 | ~e1851=el97| =a853|=10920{=24345]=2,32 {=1:850]=16535|=1,038]=o640
5 - 230] =654 ~1e16L]=2436 [=2.36 {=2,32 [=14890]~1:550|=1.038}=:640
205 | =a156} =4 753} =10560{=2,33 [=2433 |=24376{=1.950{ 14590 |=1.038]~4640
0 +0355] =oli831=2,53 [=2484 [=2.585]=2,43 1=1,975]=1a609{=1.038(~.625




w0

LILBIE 12
LOVER _SURFACE PRESSURE CORFFIGIENTS
G, =05 m= 4500
N . !
j%é\\ 0 6 12 15 18 2l 27 30 33 i 36
90 | +e0Thi+eO1h | +401L 1} +,028 ] +,014] +.028] +,028] +,007] ~,028{~,078
80 0 O | +:014] +,028] +,028] +40561 +.056] +,064! +,056]+,021
70 | =,0L2i~,0421 ~,028 0 +e0071 +o084] +.071] +4085] +4099!+,071
60 | =a070{=a0561 =014 | +¢01k] +0028] +,084! +,112] +o142] +.1561+4156
50 | »e128{=6078 =014} +c028{ +c0561 +¢142| +4170} +o199! +.228! 4,242
4O | =o140{=e078] O | 4,056} +,099} +,199| +¢242] +.204] +43131+.327
30 [ =e185]=e071] +e0L2] +4112] 41561 +628l] +0327] +4370] +el12|+0ll1
25 | =¢1851=e057 ] +e084| +e149] +4213] 44341 ] +4365] +6362] +.3641+,426
20 | =~21991=e050] +4112] +4199] +e256} +6398] +o L7 ] +e483] +.526 +e547
15 1 =e1921=4036 | +e1681 +4256) +0327 ) +o455] +e5111 #5471 +4583! +,611
10 | =a2301+40281 +.242] +4327] +.398! +6519{ +.569 +a59b +05961 4,625
765 1 =o185]+o07h| +6313] +e38h +o455] +u5471 +4569] +,590) +4596}+.625
15 | =e230] 4t h] +.327] +4398] +.048] +.498| +.505] +.511] +.497)4.50d
265 | =o156]+0220| +o38U) +ol405| +4398] +4313] #.277( +e256] +e235!+a3L1
O | +0355[++106[=14190] =2418 [ =239 [=3,02 |=2,73 |[=2,09 |=1,605!=,810




R

IABIE 15
UPPER _SURTACE PRESSURE COEFTICTENTS
C, =05 m= 375

t?\fo 0 6 12 15 18 2l 27 i 30 33 i 36

£C _

90 | +e01h4}+4021] +,035| = 007| =4035| =,070] =o120| =,282] =.56L{=4529
80 | =e01h]=s007] =o007! =a0LO| =¢08L4i =427 =183} =a395| =+G76]=e571
70 | =e0351=9040] =o063| =a091] =~o134] =197 =4268| =4550 =4790] =600
60 | =0070|=6098] =o13h) =o162] =o204| =42303] =olld] =o790] =.901|=o61L
50 | =e125{=01l43} =190] =3233] =a268| =oL02| =4655|=1,014] =4985]=.628
LO | =e1hBl=al197] =e268} =o3171 =¢369! =4521| =49581=1,425L4]=1.030]=.642
30 | =e176]=02L7] =o359] =olA6] =oldili} =46l [=1.410]=14711=1.070] =663
25 | =9190|=e296] =ok29] =¢500 =e56k] =4825]=14733|=1.608 =1,085{-.663
50 | =e20k{=e338] =6515| =e600| =,705 {=1,112|=2,014}=14708{=1112] =663
15 | =e1971=ok02] =o61k| =o705| =a980|=2,05 [=2¢312{=1a790]~14130| =4663
10 | =o197|=ol71] =o783| =.895[=1,6581~3.25 |=2,54 |~14832{=14150]~s663
7o5 | we169]=0485] =o810]=1,009|=2,095 {=3e43 [=2e5k {=14832|=14155) =e663
5 | =e162{=591] =2993| =16630] =290 {=34815 =256k} =1,860|=14155{ =+ 663
2,5 | =odld | =711 ] =1 6ki63] =246 | =3,050]=3.7851=2,60 {=14875[=1.155] =670
O | +4388]=23381-2,131] =3.110| =347 1=34985{=279 |=1:930{=14155} =+670




TABIE 1k
LOWER _SURFACE PRESSURE CORFFICTENTS
o, =0, = 375
N T | |
%C 0 6 12 15 18 2l 27 30 33 | 36
90 {+s01L1=s0L9] +.007) +4028! +,028] +,042| +o042| +,049| +¢014|=c071
80 |=eO14{=-s084}{ O 44035 +40421 +,071] +,084{ +.093] +.084]+.035
70 | =0351=0091| +601h] +e042] +.,063] +o1051 +4126] +,1481 ++155}+.127
60 | =o070}=a098] +,007 +.oaé +6078] +oll] +0169] +.1981 +.218]+4212
50 | =e125]=4105]| +4014] +,056] +.098] +.190] +4232] +,268] ++296{+4+310
40 | ~elhBl=e105] +4028] +.08k| +o1h1{ +e2U6] +:289] +4345] +e381{+4395
30 §=e176{=a091} +o071] +o13h4i +e204] +4338] +o308] +e4381 +o4801+.500
25 | =4190|=s070] +e091] +¢169] +4240] +4380] +.L37] +.404} +.529]+,550
20§ =o20Llme056] 441271 44213 +e2821 +o430{ +.L486| +.536] +.578}+.592
15 | =e1971=0035] +e176] +e260! +,345] +o486] +:529] 45791 +a620)+,641
10 | =6197]+6028] +0240) +o334] +e408| +o5431 +e591] +.635] +46491+,670
765 | =6169 |+e084} +4310] +43951 +.458] +4571 #0006 +o6LA | +:6L9[+,676
5 =o162 {401l | +0360] +o430] +o480] 40536] +oBL3| +a5571 +e557+.6006
25 | =1l [+620L) +4388) +,409] +.3881 +.275] +020L4i +.218] +.226]+,360
0 +9388| 46105 [~14042|=1,900{~2:55 [=ks33 |=ko30 [=2,0861{=1.960]~.860




i T

IABIE 10
UPEER _SURFACE _ PRESSURE _COZFRICTIENTS
C, =0, m=.250
™0 i
7 f;ﬁ 0 6 12 15 18 2 27 30 33| 36
90 1=y007! O | =401h} =e035| =4056] =o070] =4120] ~,226] =,606}-,565
80 |-e0211~,028} =oOL9 | =o077 | =o113] =11 ] =o169} =c359| =o734i=e593
70 [=e056]=0077] o113 | =e148] =a197| =o25k| =e310] =o507] =4831]=.607
60  |=0098]=a127 | =e176| =220 =275 =o366| =ol37] =o676) =.9161=,621
50 |~elld =176 =240 { =6296| =359 | =o508] =a578] =e87L}=1,000}~4635
LO }=u1551=4233] =032 =388] =44591 =o676) = 760{=1,170}=1.0581~,649
30 |-.183}=4296] «ol09 | =4500] ~o585] =¢874] =0986}=14521|=1,100]=,656
25 | =e1831=0310] =oki52| =e550| ~¢649} =4965 {=14150 =1 46761 =14114| =656
20 [=61971=6352| =522} «o627 | =o75h{=1e070[=10396|=1¢830{=1,130{=4656
15 | =a183] =359 =a56L] =ob6I8| =a846|=1,200{=147L7 |=2,085]=1s14l}{=673
10 {=e183|=eli52) =705 | =4880 {=140701=14L438{=2,539|=2,325|=1.151]=+673
765 1=01691=ali79| =o775 | =0980 |=1,220{=1 4640 [=3,100{=2 150 |=14158 =673
5 1=e155! =543 | =895 [=1,170 |=1,500{=2,037 [=3.790|=2.450|=11581=4673
2,5 | ~o105] =620 |=1,228 =1 ,600 |=2,085 |~2,878 | =Lek7 |=2,465]=1.158|=673
O | +ek37|++007 [=16170|=2405 |=34120(=5,87 [=6,380|=2,980{~1,158 - 673!




Ly

TABIL 16
IOWER _ SURFACE  PRESSURE COLFRTCITNTS
CH =0, m= ,250

E%tgi 0 6 12 15 18 | 2l 27 | 30 33 1 36
90 {=e007 i=s007 | +6014] +4035 | +40L9| =076 +4077 | +.065 | +,049i~,070
B0 |=o021]~e028 | +401h| +o049 | +.0701 441201 +.127 § +4134] +.120]+,070
70 [=e056{me0L2 | +6021 1 +o0LO | 400841 +elh4d 1 +6162 | +4190| +.197 +.183
60  (=e098i=e0LO | +4021] +,063 | +4105] +.163 +'.2'19 +ol2lli} +,2751+.282
50 J=olll {=o063 | +,028| +.08k | +o143] +6233] +:275 ] +4317 | +e352+4366
BO | =o155 |=e077 | #0042} 4,001 | 441761 +4289| +4338] +4388| +ab37|+,451
30 | =e183 =e0635 | 4,077 | +e148| 462261 +4360 +o4231 +ei73| +e530 |+ o544
25  [=e1831mo0L9 | 44091 | 40183 | +a2681 +o4021 +o473] +e5311 +6535144592
20 {=6197 16035 | +e141 1 +0226 ] +4310] +oh591 +e5311 +4585] +o6L1 j+,648
15 1 =o183 40007 | 401971 +e282 { +4367 1 +652L| +45021 +66L3 ] +268L1+,698
10 1 =183 1+a042 | +0261 1 #4346 1 #4371 +4571] +e629 ] +46771 +27201+,75k
705 |=a169[+0091 | +43101 +4395 | +4h73] +o578] #4615 +.656] +,6981+,720
5 | =e155 +a1kB| 46366 +olihilii +0508| +a557] #0557 +e585] +.629]+.684
245 | =105 44226 | 40423 +okb5]| +o486] +0308] +o310] +6592! +0395 +n522;
O | +oli37| 44120 =o945|=1731[=24765 5,40 [=7:22 {=7.08 |~2479 |~=0360]
E
|




TABIE 17
UPEER SURFACE PRESSURE  CORFFICTENTS
Cu =0, m= ,125

?yca 0 6 12 15 1 18 2h | 27 30 | 33 36
/o ;

90 [=e014}=a021 | =4028 | = OLY | =056 | =4077 | =0120| =,226| =,620]-.635
80 1=c0L2]=.070] 4091 | ~120§ =, 13h| =4183] =.266| =4359| ~a719]=4662
10 1=e091=0127 | =162 =,205| =233 =,303| =o401 | =,535| ~,874|-.676
60 [=e105{=e155] =212 =,261 | =,296 ~e395| =e5211 =4690| =n959 4683
50 1=l =e212 ] =275 =0331) =381 =4500] =e650] =o846 [=1,015|~.603
HO' =e162|=4275 [ =.360] = o430] =o507 | =4649] =818 |~1,030 ~1.085]-.690
30 |=e1761=4296 =409 | =186 =578 ~,768| =a910 =1 4441 | =1 1141 -+690
25 1=e1691=4296] =o437 | ~.529 =,635] =,053 -.986J-1.227 =118k [=¢690
20 {=e169|=032L ] =ol79| =578 =690 =4951 =141k |=1,362 |=1.240|=.697
15 |=e1h8i=a32L) =507 =4€06] =o761 |=1.042 |-1.347 {=1,438 |-1.269 |-, 704
100 =el1}=03811 ~a592] = 734 =.868 |=1,212|~1,628]-2,03 {~1,340]~.718
oD |=e13L1=4395]| =o6L9| =4810] =,993 [=14369 =16075 {=2e4 [=1,381 =718
5 [=eiB5[=ekb5] =860 =1,064 ~1:290 {1,728 |=1,980{~3,03 |~1,425|-,723
205 [=e0701=0h93 102401 =14262[=1,550 [=2,170|=2,53 [=3,48 [=1,439]-,723
O [+el3014+,091] =7751=10472{=2,256[=4e20 [=5,40 |=6,16 |=1.45%|-,761




JOWER _SURWACH PRESSURE

Lo

COETRFTCTENT

[a]
[

G, =05 m= 4125

o ad | |
VAN 120 50 18} 2k 27 30} 33 36
90 =014l 0 ! 4,021) +,042 +a049! +008k| +o105] +4105{ +,091f =407k
80 |a0h2|=4021 | +2007] +.042] +4063] +0127] +.155] +4183] +a183] 42141
70 F.091{-0s9] 0 | +.0n2 +6070] 40155 +e197| +0233] +o254! +,240
60  1=e1051=4056 | +o01h} +4063] +,098] +4212] +,2611 +¢303{ +e32L] +4317
50 |=e1l11=0063 | +.0201 +,084] +o141] +02611 +432h) +437h] +4395] +.423

140 [~e162]=a056 | +4042! +,105] +e162] +4296 1 +.37h4| +o430] +eL65! +4OL
30 e176|~e0L2 | +4077] +e155| +6233] +e301] +o4721 +4522] +¢557]+4585
25 |=e169{=a028 1 +4105] 44190} +02608] +ok430| +.5081 +.5711 +4613} +.641
20 o169 |maOlh | +o 14| +02261 +4310] +oh72 ] +e557 | +6627| +.670] +4698
15 =148 1+e021 | +0197] +0282{ 46367 +6536] +e620] +o68Li +.733! +4754
10 |=e 181 [+4070 | +4261] 4352 +oL371 +o592| +e670] +747 | +4790] +.811
765 =e1341+0098 | +2303] +03951 +e4801 +oa61l| +o6771 +o7L0O} +.7901+,818
5 o155 [+4105 | +432%] +o416] +ohOh| +4592] +.6201 +.663| +4719]+.783]
205 |=0070 [+4226 | +oh37] +olOk| +a536] +,522] +o479] +.430| +e405| +.663
O [+el30[+a197 | =¢56Li=10136[=1,919{=3a895{~5411 [~651 1-7.050{=,985




)]

TAFIE 19

s st

UPEER SURFACE PRESSURE COEFFICTENTS

GH = o133, n = 921

N
[62

12 18 21 21 30 33 36 37

P~

90 | +,092] +,092 ;.092 40781 440351 +4014) 4,021 ] =o01L| =o106 1 =414 =.298] -.426
80 | 44078} #4071 | 460711 +e06L] +,021] «=e014] =o078| =e133] =o255] =e3101 =384 ~.418
70 | +4036] #4035 | +a035] +o021] =¢01L] =o056] =o185] =4362| =o540| =o585] =a625{ =,638
60 +e01h] +,007 | =4007 | =o035{ =,092] =4127| =¢369| =e787 |=1.030{=1.06L}=1.015! =.986
50 | =e1701 =4198 | =o247 | =e33h| =o50h] =529 =e97k|=14711 |=1:970{~1,860|=1.525 1,520
4O | =o227] =4270 | =~a352 n;ayé ~a751 |=1,132 =2,072 [~2,250 [+24110 {=14902 |~1.555 | ~14279
30 w2271 =428l | =¢360 | =olkillp] =o616{=1,0882{=2,281|=2,075 |=14630 |~14420}=1164| =,880
25 | =ohhO] =518 | =eb635 | =o781 ] =e9151=2,350]=2,855 |=2,700 i=2,110 |=1,840 |=1.478{=1.179
20 -.575 =653 1 =4790 ] =0310|=10058]=14848]=1,945{=2,075 |=14095 |=14705 {=1e4L0{-1,120
15 =54 96| =540 | =4585 | «4731] =e9C8]=10290 {16350 |=14420 {~1.405 {~1275 |=1120} =4972
10 | 21263] =527 | 0408 | =2518] =.795(~1.220 1,291 14302 |-1,350 |1 4270 |=1,164{=1,080
7.5 | =a320] =o355 | =oki23 | =610 =930 {=10246|=14291 |=14335 [=14342 |=1254 [=14115]=1,015

5 "0340 ”-405 “0522 "0724 “10185 “1-b45 "19428 ‘1-448 ”10A61 ”1939 "10229 ”1a080

2;5 *0056 ‘0049 —3296 _l555 “1;140 “1»72 “1@58 “1.60 -1‘550 "1.50 ‘1.&50 ”10540
O "‘0313 ""0398 "‘t592 "'0900 "107603"‘4=5‘18 ""’1 .LI‘BB ""1.1{-70 "'1 014-61 w .382 “'1.250 "‘45085
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TABIE 20

LOVER SURFACE  FRESSURE  CORFFICIENTS
CH = 138, 1M = 921
\\ © i } {
;?<5\\ 0 1 3 6 12 18 21 2 1 30 33 0 361 37%
[ H i
i ¥
%
90 | +e092{+1aD5 | +s057 | +40L2} +4035 | O | 44035 =035 | +,014 | =,014{ O | -,042
80 | +.078] +eli5 | +o042 1 4,014 0 «a0281 +4071 | =01k | =g042 | =,057 | =,071] =099
70 | +40361 +425 | +,021 | =4021 | =4035 | =4092| =4035 | =092 | = o413 | =, 105 | =o121 -s127
60 | +.014] +.15 | 4,021 | o014 | =035 | <0085 | =o063 | =156 | =226 | =1250 | -, 262 -255
50 §=e170] =290 | =o085 | =085 | =050 | =40351 =;023 | =q057 | =057 | =4057 | =o043 | =, 042
4O 1 =a227[=1635 | =e128 1 =092 | =4020 | +,007 | =4071 | +.02% | +,049 | +,071 | +,085 +.O92‘
30 "9227 "‘1 .05 —50621- ".021 +.O6l{- +.099 +.120 +.’128 +q128 +.128 § +0198 +0218
25 | molh01=2,35 | =206 1 =121 | =,021 | +.028 | +.071 | +.099 +,155 +183 | 44198 1 +.211
20 | =o5751=3.15 | =e263 | =135 { =e085 | =o01h | +4042 | +,078 | +413L | +0176 | +e198 | +.211
15 [ =oli96{=2,55 | =a177 | =071 0 +e071 | #6113 ] +o149 1 4,271 ‘+.2h6 +e270 | +,289
10 | =62631=1,60 | =o099 | 4021 | +4085 | 44135 | +e176 1 +0213 | +4254 | +4275 {44291 | +4303
705 [ =03201=1.90 | =106 | 4028 | +4085 | 40121 | 43148 | +o178 | +6211 | #0226 | +423L | +0240
5 -.3141—0 -1.90 '-Q128 "0021 +.106 +o128 +3162E +o17o +516f)~[- +g.1tj+8 +n12{-2 . '}'.14’]
H ; i
i ;{ T
2.5 | =o056) =o01h| +6077 § +6183 | +,261 | +.233 ~.226§ =212 | 4141 | +o106 | +,090 | +4120
0 "'9313 "1!75 ”0078 "‘0012-!— bt 007 oo 220 o 214? 4-0178 +¢'1 05.‘ +¢OL;.9 ; Y 0231 -*.,11{_1
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CABTE 21

UPETR SURFACE  PRESSURT  CORFPICIINTS

C = ;;1583 T = 1‘875

W
N © 7 ;
Jfé\g 0 1 3 6 12 16 211 2k 30 33 36 1 37%

90 [ +e078 ! +0771 +o078 1 4,071 +,043]| +,028 0 weOU2 | = 176 =02701 = 402 | = 130}

30 [+s057 | +o049 +,042 | +,042 0 =071} =056 =o1271 =,3381 = U551 =,522

70 14028 | #4021 1 +4007 | C | =g057] =o040 =121} =o247) ~,5921 =,7301 =740} «.705!

4 : : ¢

60 [ =e056 | o063 | =o078 | =a113] =0213] =219} 2091 =591 |=1,115
; {

1
—
@
o

£
—
2
e
—_

U1

H
»
&
R~
—

3

50 1=e121 L =13k | o162 | 202261 = 303] = 247! ~,2891 =a7h0 |=1,300 [=1.450 =14276 |=1,114
O {4206 | ~o232 | o275 {=2366] =o55k| =e275| =924 =14521 =1 0685 {=1.620 {1,375 '=1,114]

30 {=a312 1 =a3h5 | =olA6 |, 521| =674 |=12700 2,43 [=20340 1=1,975 =1 (720 {m1 o446 (1,120

25 =355 | =oh02 | =ohl6 [ =o505| = 4736 =2e060 12,73 [=24E0 |=1 4968 i=1,72 ~1.440§—ﬂa120

20 1=eB76 {=olA5 | =507 #0592 =750 {=1,950 {=2,15 [~2,110 «19750§—1c590 =1.375 =1,114

15 (=348 | =308 { =al73 [ =550 | =758 |=14670 |=14665 |=1,630 j=1 4580 i=1,500 =1 4320 =1 .10

H
i

i

. - ¥ i
10 1=333 | =a37h | =olib6 125621 | =489 =14630 14685 j=14635 i=15610 {1,520 |=1,528 =1, 100!

o5 |=a305 | =0300 | =obl6 |=e621 ] =4985 [=1.620 }+1.692 [=1,700 =1 4621 b1 0535 =1 0340 =1 114
i | : ; ‘ f

: ' ; | d
"1 0680 "’"1 072{-0 ;"‘/i O?L}' “”1 0635 g"‘""i §355 1"‘! 0520 ""l a108f

b
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l
Q
N
9
—
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i
@
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]
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.
N
o
(@]
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205 '0234 "0351 "6529 “0916 ~16570 “10705 “1@761 ”15740?”10015§“105285“103285“10ﬂ14
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O 144320 {46251 [+:042 {=,528 12,516 2,070 1,864 1=1,760 ~1o6oo;~105zo§~153202~1;414;
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IADIE 22
LOVER _SURFACE PRESSURE  COEFITCTENTS
C“ = ¢138, 7 = 075

N, O )
*tﬁ; 0 1 3 6 120 18 | 20 an | 30| 331 36 | 372
90 14,078 +4042 | +4057 ] +,0L9 +e0L9] +0210 | +.021| +,0421 +,042] +,028 0 ~ 2035
80 40057 | +0028 | 4,035 | +.042] +,035] 4,014 +.,014] +.028 +6035] +028{ +,01L | =,007
70 [+e028 [ #0021 | #4021 | +0035] +,007] O {+.007] 0 | +.014] +.014] o0 - 014
60 | -0056 | =s0h9 | ~4028] =4021] =,007]| =,007: 0 | =,028 -s007{ O o |-,007
50 1=o121 | =o13h | =4085 | =4O49| =401k +,014 | 4,028] +,028 +o056 1 +o071 | +,08) | +,077
BO' 126206 | =162 | =413 | o071 ~a007| +4035 | +,064] +,078] +o127 | 44155 +e169 | +4176
30 1=e312 1 =211 | =456 | =4098] =0007 | +4056 | +.005] +a121] 44190 | +226 | 44254 | 44250
25 =s355 | =4226 | =4163 | =091 +4007 | +,06k | +,071 +o071 ] +a 141 | 4176} +4190 | +4190
20 =376 | =240 | =170 | =o091 | +,021| +,099 +e156 1 +61991 +0282| +0317 | +0346 | +.353
15 1=e348 1 =0233 | =156 | =4063| +,0631 +4156 | 4,199 4,248 +e3381 +0367 | +e395 | +4401
1O 1=e333 | =233 [ =o1h2 § =e035 | +4119| +4213 | +4256{ +,298} +,57L +e395 1 #1416 | +.416
Teb 1=s305 | =4240 [=,06L | © #0169 | +428h | +4326] +03621 +,360 | +,423 | +.437 | +.430
5 ~e291 | =o176 | +o0L42 | +,08L| 44268 +,348 | +.369 +e390 1 +0409 | +,395 1 +4383 +e 395!
265 |=023kh | =0099 | +018k | +0219 | +:359| +o340 | 4312 | 44280} +0218] 4,162 4,127 | 41121
0 +0320 | 4352 | +428k | =049 |~1,460]=2,36 £2,17 |=2,03 ~1e720 121,592 j=1,510 =1 407
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TABIE 2%

eeneipRssese TERR <Y

UPPER _SURPACE TPRESSURE  CORFFICLENTS

N

G = 01589 ﬂ = Q84

. v ¥ 1 ) 1 b
, i ] H i N H
L A . i - i H P
o T3] 6 180 217 eni 30 33 36 1 37i
Lied , __L : ] é . .
} : { . i ,
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i | o084 =0120] =,242| =,661| =o851] =,O74] =.B40
. !' *
60 =063 | ~o078] =106 «,148 «.218§ w1831 =a140] ~o360! =1,000 14177 1=14092{=1,010
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=133 1w1,209]=1,108
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52

TABIE 2L

4

IOWER _SURF/CE  PRESSURE  CORFTICIENTS

1 3 6 | 12 181 21| 24

R
(WY

+,078
+e 042
+,007
-.063
~¢106
-e212
=275
- 184
=a303
-4296
=e275
-0246
~e226
{155
~e332

+0063 1 +4056] 4,056 +,056] +,0121 +,028] +,0421 +,021
+0021 | +60281 +,028 | +,028! +,028i +,014| +,021] +¢01!

=e007 | #6014 1 +40141 +,0141 +,028] +,029] +,021% +,014

"‘.071 "’3028 "9028 O '}'0028

-e113 | =084 ~,049 0 +o0421 +.056¢ +,0711 +,090
=190 1 =413 1 ~,071 o) +6063! +.00L] +.106] +,155

=o2L0 | =g 1Al =08L| +0007] +4099! +o135! +,1621 +.247

=626 | =g 1481 =e071 | +.056] 41621 +,205! +,247 +5 332
=o2L7 | =e13h | «0L2 | +o1061 +,240! +4282] 443251 +.416
=e226 | =o099] +4021 | +a190] +¢324] +.366] +.402] +.486
~e218 1 «4091 | +e0L9 | 402401 +,366} +o402] +,430] +.472

"9162 ""QOJIZ}- +.127 +032L’+ +.l1‘—23 '11'0437 +Q)+7)O +e)+59

+6352 | +a296 | =4021 =142 [=3,035|=2.60 | =2,38 |~1,98

b 4,035 +.021] +,042

.268 ""'1)-]-8 ".O8LI- +c021 +a120 +n155 +0197 +029O

$071 ] =e099 { =251 +:395! +4381] +,352] +4296{ +,233

+,021]

+¢027%

+,056
+4127
+6190
+0232
+2331
+o 57k
+olplidy
++501
+o 494
rolidl

"1 g?8
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TABIE 25
ULTER  SURFLCE  STATIC  PRESSUMNN COEFFICIENTS
C, = 138, 1= 750

0 1 3 6 121 18] 21| ex!i 30{ 331 36 37%
90 - |+4063 | +,063 | +4049 | +o049 | +4007| +a01L} +,007] we028] =.228] = 4361 =.634 =.591
80 [+6007 | +s01L| O | ~o0lk| =4063] =o042] =4007| =e113| =4394| =ob63h) ~o768] =,705
70 {=0021 | ~o0llh | =4035 | =o056 | =a135] =o071] =o08L] =4127| =o564] =¢810] =894 =a852
60 =408l | =008l | =a095 | =e15h| =261] =o113] =o091{ =4198] =48L45|=1,070 {=1,035] =,852
50 [m=e13L {=e143 | =190 | =o240 | =o353] =148} =,078] =4310{~14150 |=14302 {1212 {=1413
B 1~e226 | =218 | =247 | =o32h | =ol2h| =,275] =,282] =4832|=14660{=1:612]=14345|~1.179
30 | =275 | =290 | =a331 | =ol16 ] =o522 = 889]=14636]{=2,0801=2e12 |=1,830 =146 }=1,220
25 | =e282 1 =4296 | =4360 | =oh37 | =564 1=14200{=2,175{=2 4490 |2 4125 {=1,820 {=1 1465 {=1230
20 [=4282 | =,296 | =338 | =ab59 | 0621 |=1,640]=2,50 [=2.7651=2,0001=1,775 |=1.465[=1.234
15 =275 |=e296 | =0388 | =187 | =4712[=1.930{~2,385]~2,60 |-1.940}=14731 |=1s45 1=14230
10 | =e261 [=4303 | =olid§ | =558 | =861 [=2,095 |=2.215]=24315 {=1,950]=1,750 {1465 {=1 423k
765 [=4233 12,282 | =409 | =¢550 | =497 {24045 |«2413 [«2,20 {=2,00 |=1,782{=1,492[=1.250
5 =226 | =296 | =aliB1 | =649 |=1.170} =214 [=2.13 |{=242251=2,038]=1,790 |=1+492|=1,250
2,5 | =a191 [=e268 | =487 | =939 |1 L5 [=2,20 1=2,06 |=2,165[-2,015{=1,782]{=1,500}=1,250
0. [ 46339 [+0296 | 44916 | =oli5 2,284 1=2,55 1=2,38 [=2,145[=1.973|=1.760}~1.492{=1.23L




IOVER SUPRACE STATIC FRESSURE  CORFFICTENTS
C, =138, m = .750

N, ol | ' .

‘zca 0 1 3 6 12 18 21 2l 30 33 36 1 374
90 40063 | +6063 | +4056 | 4,049 | +,042 +e042§ +.028] +,035] +.035] +,014] =,021 -s 049
80 [+4007 | +4021 | +4021 | 4,021 | +.014] +,028| +,021]| +,021 +40351 +4035 | +.021{ +,014
70 1=e021 1 44007 | +4021 | =4007 | +4021 +,042| +,042| +.049] +.071 +4063 | +,071| +,071
60 [=408lL | =40U2 | =02 | =035 | +,007| +,042] +,042 +e003| +4098] +4105| +.120| +,127
50 {=a13k §,190 =0038 | =4071 | =007 | +e0kO| +4063] +,08k] +4135] +.162 +e1761 +.197
HO  1=2226 | =018 | =013 | =e0711 44007 | +.078] +,098! +.1011 4,212 +0225 | +,268| +4296
50 {=e275 1 =a197 | =6 148 | =091 | +o014| +,108| +,148] +.20L +e289] +e317 1 +4352 | +,380
25 1=e202 | = 20h | =148 | =o08L| 44035 +o141| +,190] +.232 +o3L51 #3753 +,408 ] +,L37
20 =282 | =20 | =014t | =i056 | +.078] +.197] +,240| +4303 | +.395 +o430 | +4465 +eh9hy
15 |=e275 | =420k | =0127 | =028 | 4,007 | +.268] +.331| +.300| +.479| +.500| +.528 | +.550!
B0 1=0261 [ =0176 | =08L | +4035 | 44225 | +,366] +,409] +o458] +.528 +eDL3 | +4556 | +.570
5 |=0233 | =162 | =0072 | 44056 | +254| +.408! +obdil] +.486] +.521] +.528| +.528 | +.550
5 |me220 | =o13h | <0007 [ 418 | +.305 | +olhd] +.465] +.400] +.479] +.465 +ol58 | +o465)
2.5 ‘-.191 =+056 | +a091 | +4253 | +,395] +,352 +23301 02961 +.183] +a134] +e106 ] 44113
O 146339 { +4359 | +4296 | =4035 (=1 451 [=3,115|=2,26 |=2,25 [=2,16 |=1,965 =1e7h |=1.620




.-1)5,..

IABIL 27
UIEPR _SURFACE FHESSURE COEFFICTENTS
CM = o138, m = 625
5 ‘ z

,ZOTx o | 1 3 6 12 18 2 24 | 30 530 36 | 37%

90 | +6028 | 440351 4,021 | #0021 | = 01h4] =.035] +,007] =.028] =.162] =381 -.663| =.663

80 |=1035 | =035 | ~a049 | =,056 ~.085| =.105| =.063] =.098. =.310| =.578] =.845| -.866

70 | =e063 | =e070| =¢098] =4120| =4155| =4176] =91} =¢127| =oh02{ =4733] =e959] =490

60 1=o113 | =e113 | mo1h8 | =0176 | =0226| =0240} =105 =,162] =529 ~4930|=1,062 |-1.091

50 |matld | =o148] =o197 | =0226 | =0275| =.310| =o143] =183 =¢80k{~1.2L0{~14331 [=1.231

BO | =a226 | =0226 | =268 =o310 | =4380 =o4B8| =4246] =4352|=1.510|=1810{=1,522=1,290

30 |=.226 2226 | =0268 =331 | ~ub37| =u57 ~.5é7 -o86 |-2.100{-2.03 |-1.580/-1,298

25 1=u183 [ =o162 | =a296 | o287 | =465 | =u599 | =922 [=14635~2.L7 0] =217 |=14650=1.320
120 [=e246 | =e261 | =a338 ] =0395 | =2578| =oB860 [=14810=2,455]=2,565~24128}~1,608 |-1.502

15 |=1240 | =a268 | =366 | =ol79 | =o711 |=14150 [=2,715 | =3.170]~24665|=2,1268|=1.635 14320

10 | o250k | =269 | =ol09 | 0591 | =0915 =1 0615 |=3,265 |3 041 |~24665|=2,128|=1,650 |=1,320

745 1 =020 | 4289 | =023 | =0599 |=1007 |=1,90 |=2.955{=3,03 |=2458 |=24128|=1466k=1,326

5 =289 | w0346 | = o9l | =0698 |=16440|=2429 {=2,90 {=3,03 [=2.665|=24160 1692 {=1 4326

2.5 | =a169 | =25k | =ok51 | =o733 [-1ol5 =253 [=2.7h [=3.062[=2.58 | =241k |=1.708{=1,526

0 $0296 | =0226] =o0L2 | =¢620[=3,080]=343L [=2,90 |=2,91 {=2,51 | =216 |~1,715 -14326




LOVWER SURFACE PRESSURE CORFFICIENTS

56

IABLE 20

G, = +130, m = 4625

;53“ 0 1 3 6 12 18 21 2l 30 33 36 | 37%

90 | +40281 =501 | +4028 | +4028| +,028| +4035| +.028] +,042 | +.028 | +.021 -.007| =.028
80 | =035 f =4085 | =4035 | =,028| ~,021 0 =007 | +e014 | +,035 | +,049] +,042} +,035
70 | =e063 | =a113 | =4056 | =40h2| =401l | +,014] +,021| 4,042 +e077 [+4091] +4105] +4105
60 |=et13 | =211 | =.085 | =4056] =4007 | +,042] +4056 +0085 | +4135 | +4155] +4183] +,183
50 [=etl | =othB | =413 | =4070| =014 | +4063| +,085] 4,127 | +418h | +.242 +e247] +4255
HO 1=a226 1 =218 | =y 1l1 | =4098] 0 | 4,085| 4,127 4,170 +.254 +0289] +4324f +,352
30 |=4226 | =u211 | o181 | =0070| o042 ] +.108 +o1971 #4261 1 44352 | +.388] +,437] +o451
25 | ~e183 | =e218 | =141 | =4056] +,070 +‘.19‘7 +o2h 7 +o317 | +ol16 | +.458] +.486] +,006
20 [=e2B6 | =o211 [ o127 | =4028| +4113 | +,240] +,310] +,381 | +.479 +0515| +4550] +4564
15 ]=e2h0 | =021 § 24121 | =021 +,162} 4,310] +.380| +4437 | +e536 | +e564] +.600 +e614
10 | =425h | =420k | =4098 | +,028| +2240 | +4380] 4410 tohOh § +e56k | +0585] +,607] +4614
75 [ =e2h0 | =0183 | =a056 | +,071{ +.287 | +o116] +ok72] +,522 | +4550 | +4557 +o564) +456L
5 ~e289 | =211 | =4070 | +.,078] +.301 +.3>9l>:~ +oli37) weldidi | +4416 | 4,395 +,388] +,388
205 | =e169 | =4085 | +4070 | +4233] +4380 +e317] +317) +.254 | +4098 | +.049 +,042] +,035
O [ +6296 | 44360 | 40331 | +4049 [=1 4324 [=3,610{=2,65 =2e901 426836 2,51 [=2,10 |=1,85




..5"7,,,

T4BIE 29

UFPEER SURFLCE  PRESSURE  COEXFICIENTS

CH = 01389 'n = .500

+014 | 4,007 O 0 | +e071! =,070] =021} =,035] =4113 —.303 - 606
=021 | =4028 | «4035] =(OL2| =o0L6] =¢120| =4063 | =~oB846| =,162] =4360| =,705]
=s08L | =o091 | =4105: =a420} = 13h] =226 =4127| =o155] =4268] =4522] =487
~o105 | 6120 | =o1LA | ~4169: =197 =u310| =o205] =2211] =23088] =754 =111
=069 | =e155 | =e190] ~o218] =o275] =oli22| =e289 =4275] =o578]=1,120] ~1 41

=190 | =o20L 1 =¢215| ~a268] =4338] =4528] =a383] =4360{ =4695!=14164 =14640
=621 | =2226 | =a253] =332L1 =olB7] =661 =.529| =o496]=1,729]~2,310!=1,8%2
~0226 | =a2h5 | =u303] =4352] ~aB500! =¢740| =45851 = 4557 [=24265[=24545] =1,890
=e226 | =o253 | =4331] =4387 | =e570] =¢8330| =oG1h| =,016{~2,8981=2,715]=1,920
=e226 | 4253 | =345 =Bl ~o602] =393 [=1,0001=24115[=3035 [=2,7L0f~1,920
=6226 | o275 | =6387| =057k =a8521=1,250 {=2098 [=Le26 [=3,69 [=2,7401 1,945
=021 | =0268 | =387 =a521 | =4921{=1,365[=3,70 |=leb5 [=3.76 {=2,715}~1.960
=e219 | ~4303 | =o3hl| =4705 [=14290]=16960 [=3683 [=Lolb [=3.56 |=2,732{=1.97L
=176 | =4268 | =a371] =a830{=1.520!-2,

[N

O U
U

=3a63 {=3:96 | =352 [=2,750!~1,974
b =397 [=3e85 [=3.38 [-2,740]~1,97L

i

] t

+a359 | =e3L5 | +o035] =o591(=2,78 | =6,




IOWER  SURWACE

56

FRESSURE ~ COEFEICIENTS

C, =138, m = (500
a° i

25 0 1 3 6 12 18 29 1 2L 3%

90 [+.014| =071] 0 O | +.007 | +,035| +.014] +,028 +2007
80 1=4021 | =o098| =e01h| =4014| +01L | +,049] +,042] +.063 +4092
70 [ =e08h| =o141 | =071 | =4056] =e01h | +4035| +4035] +.063 +4162
60 | =e105] =169 | =c098] =071 0 +60561 +4071] +.113 +9240
50 | =e169 | =e211| =4120] =o005 | +,007 | +,078) e113| +,162 +0 52
LO | =s190 | =4226 | =o4ld 1 =y005 | 4401k | 40127 | 4162} 4,226 +eli23
30 [ =e211 | =o226 | =141 | =073 +4056 | +4190] +4240] +4303 +e515
25 1226 =4232 =il | = 070 +,005 | +.226] +,282| +4360 +eb71
20 | =e226| =a226 | =413k} =056 +a127 | 44275 +.338] +eli16 +4621
15 | =e226| =020h | =o112] =oO01h) +,1761 +4346! +,300] +o479 +2 664
10 [ =226 =190 | =.00k| +,035| +o247 | +.401] +o465] +4529 +9656
765 [ =211 | =0162| =049 | +,085| 44303 +.44L +.5oo +¢550 +0613
5 =219 =e169] ~eOh2| +4113| +4338] +ol30] +oL65! +4480 oLyl
205 [ =a176 | 4098 | =o0L9| +4218| 4.395| +o546] +o31kl +.2L7 ++021
0 +e359 | +eb409| +6353] +e0711=1,312]=3,72 143,565(~3,06 =2e235




TLOLE 3%

UPFLR  SURIFACE  PRESSURE  CORFIICITNTS

CP« = o138, m = 375

1 3 6 12 18 2l 21 30

o
et
WX
=
N
<7
o,

~s021 | =oO1h | =021 | =,028] =o021] =077} =,028{ =o134] =,105] =,226] =o525] =,775
=s042 | =4035 | =40L9 | =a070! =4070] =e149] =4098! =4212] =,190] =,296] =.649] =.972
~4063 | =4063 | =409 | =o113] =127} =oe218] =4169] =4278] =275 =~a396| =4316{=14130
=105 | =o105 | =o 1l { =162 =21971 ~0296] ~a275| =o367] =ok02{ ~o578[=14130|=14243
=169 | =e155 | =o169 | =o20Li =o25Li =o373] =o301| =olb5] =4529] =790(=14451 {1,340
=183 | =197 | =o20k | =o261| ~,3311 =oh721 «.507| =¢571] ~6901=1,200{=14690{=1,398
=0 197 | =226 | =o2BL | =o303) =oh09| =e575] =ab3h] =o705] =¢895{=14935|=1930]=1,400
=221 | =a233 | =2299 ] =¢345| = 486! = 705 = 761] =¢818]=14120] 2,50 [=2,060]=1,415
~a226 | = 2L7 | o317 | =e395] =oH64| =831} =i901| = 97k|=1,445! 2,93 1-2,10 [=1.430
=218 =247 | =a338 | =uliB1| =o661;=1,021§=1,179[=~102L31=26235[=34255 |=2414 |=1.430
=226 | 4267 | =o367 | =4529) =¢839=15275i=10831|~1s591|~Lka58 [ =3,41 [=2:155|=1,L30
=o197 | =e233 | =352 | =o522]1 =o8L46|=15390]=2,51 [=1.758{=5:06 {=3e5k |=2e155]=1a423
“o183 | =027 | =o388 | =obl4A|=1e042 =1,712] ~lish] [=2027 |~5683 | =343525{=2,170}=1.423
=e162 | =240} =oli23 | =a775] 14340~

+o 374 | +a331 | #0134 =ol02| =229 |=a95 §=5eTh [=ho81 [=5oBh | =342 {=2.215]-1:423

w1095 {=3413 (=572 | =3u3h |=24177({=1.423

N
°

3
-~J
wn

n.b. Columng 24 and 24 are in reverse order,



.
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TABIE 32
LOWER SURTACT  PUESSURE  COEIWICTENTS
g = #1308, m= 375

N\ °

%) 0 ’ 3 6 12 18 21 2k | 30 33 36 | 3%

4O

90 | =,021 | =021 0 =o007 | +4007 | +.0281 +,035] +40L2| 4,056 +,056] +.,0421 +.,0L2
80 | =o0h2 | =a0k2| =s01h | =4021 | +4007 | +40L49| +0063] +,077] +4113] 4113} +4127] +,127
70 1 =4063 | =063 | =40k | =4Uk2 | +.014| +.077] +.098] +.120] +,176| +.191] +.212] 4,212
60 | =105 | =o126] =,070 | =e056 | +.01L | +.084| +,120] +.155| +.226] +.246] +.282] +.296
50 1 =169 | =e149| =o091 | =e070 | +,028] +4113| +4155] +.204] +,296] +¢32L) +.366] +.367
BO [ =e183 | =6176} =o105 | =070 | +4035 | +.149] +4204] +¢261 | +a374! +.509] 4,151 +.479
30 1=e197 | =e190| =113 | =o056 | +4070{ +4212] 442751 +o345] +.473] +.508] +.56L +:576
25 1=e211 1 =a197 | =113 | =o0L9 | +0098| +4240] +43171 +4388! +o515| +557] +.606| +,620
20 [=4226 | =o197 | =o113 | =e035 | +2127 | +4282] +.359| +.430] +.564] +.606] +.655] +.662
15 =218 | =4190 | =098 0 +e 176 +4338] 4,416 +.486] +,606] +o641] +.690] +4693
10 1=4226 | =176 | =q077 | #4035 | +0240 | +2402] +.472) +,536 +,628] +4655] +e684]| +.691
7o5 1=e197 | =141 | =0028 | +4098 | +.310| +4451] +4507] +o564! +.606] +,627] +.648] +.662
5 =183 | =113 0 +o 19 | +0360] +.458] +4486] +o514| +.620] +.L66] +o.479 +0493
265 | =e162 | =o077 | #4056 | 44212 | +4381] +.468] +,296] +,218] -,002| =.098| ~.08.! -,028
O §+e37h 1 4402 | +2366 | +5098 | =6965]=3.16 [=3,858]=leBl 1=6,00 |=5,1L |=3,52 1-2,76
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TABLE 33

UDPPER SURF/CE FPRESSURE CORFPICTENTS

C, = +138, m = .250

ﬁé.ao 0 1 3 6 2| | e 24 36 %
43\ 3 30 33 3 57z
90 1=s021| =027 =40L2 | =4035] =,056] =o063] =,063] ~o077! =¢120] =169 =¢310] =748
80 [=e042] =s0L2] =4070| =4070] =4098] =~4120] =4127] ~¢148! =4197] =.268] = L51] =.930
70 | =077 =s08L| =313 | =120 =¢162] =204} =,219] =247} ~,317] =.409| =.606}=1,085
60 |-a120| =113 | =o1hB| =0162] =0219] =.282] =2303] =2345| =ob38] =0550] =.860|-1+200
50 {=e148j =o176] =a183 | =0212] =289 =o374! =o409| =,458] =,586] ~4719|=14185{=1,326
4O {=o176] «e190| =226 | =0268] =,367| =olkiB6] =oBLh3] =u6131 =4818] =.916]=1,592]{~1.382
30 [=e190] =u218| =275 | =¢317 | =ob52]| =,599]| =,720| =,840{~1,130{=1,228]=1,975}=1425
25  {=e197| =225 =4289 | =4338] =486 =.670] =,818[{=1,010|=1 4548 [=1.L68|~2.119} 14439
20 =197 | =232 =o303 | =374 ~a557 ~~.755 ~2930{=1s235 |=1,670|=1e975{ =229 |=1.L53
15 1=4183] =a2181 =317 | =¢367] =4592| = ¢854 ]=16050]=1¢390{=2,052 |=2,85 | =240 |=14L53
10 [=e183] =4232 ] =338 =41466 -.74b =1 40641 =142761=1,600[=2,296|=3,862] =250 |=1.453
To5 |=e162 | =218 =o324 | =500] =811 |=14191 | =110 =14778 (=246 |=Lke73 | =2.54 |=1.453
B =ethB| =o211 | =u345 | =u571| =,938{~1.425|-1,720|~2,098|-2.70 |-5.26 |-2.54 |~1.153
265 =105 =183 | =e359 | =655 [=1a 141 1=1,770[=2,20 {=2,710]=3,40 [=6,09 | =2,555{=1.453]
O [+e438] +ol16| 44310 | =o014]=1,2281=3,20 [=le58 |=6418 [=9,75 {=8eL9 | =26k |~1,453
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TABIE 3

LOWER  SURTACE PRESSURE  GOEFRICTRNTS

G, = +138, m= .250

an 0 1 3 6 12 18 | 21 | 2. 30 33 36 1 37k

90 | =2021 1 =s028 | =o007 | =o01h| O | 4.035| +,049] +,056| +.098] +.070! +,098 +0056
80 | =e0h2 | =042 | =,028 | =,028| +401k| 4063 +,08L] +,105] +4162| +o155 Fe1971 +4155
70 | =e077 | =o08k | =070 | =oOL9 | +,01L| +,084| +4105| +413k| +.212] +.226] +.268] 4,251
€0 1=e120 | =4127 | =4091 | o063 | +4021] +u113] +u1l4] +4176] +4275] 42310 +03521 +.338
20 1= thB 1 = AhB | =105 | =0070 | +4035| +4148] ~u183] +4233| +.352] +03951 +ol37| 4437
HO [ =a176 | =169 | =127 | = 070 | +,049] +e176] +.226] +,275 +o409| +,4b5 ] +.522] +,.522
30 | =190} =e183 | =0127 | =063 | +.070| +.226] +4282] +.359| +.49h| +.564] +4620] +.613
25 | =e197 1 =a183 | 4120 | =,056 | +.098] +.260| +432L] +.401] +.550] +.6131 +.676] +.662
20 | =197 | =o 176 | =a113 | ~3035 | +413h] +a303] +.366! +ald +0599] +4662] 4,705 +,705
15 ] =183 | =e155 | =08k | +4007 | +4196] +4359] +ak30) +.494] +.608] +.705 +a 7401 +.747
WO [ e85 =o 148 | ~a070 | 44042 | 4,255 +.b16| +ah871 +.550] +.662] 4,712] +740| +.747
7eb | =a162 | =0120 | =028 | 4,08k +,310]| +.,458] +.507 +eB571 +,606] +,634] +,676] +,683
O e8| =a08h] +001L | 437155 | +437h] +4501] +e528] +e5571 +.500] +o479! 40522 +.550
2051 =+105 | =e035 | +a08k | +4226] +4430] +o479] +al37] +.529] +u1L1] +,028] +.098] +.169
O 1 +el38 | +e437 | +4380 | 40113 ] =.986[=2,815!=0,07 —5;62 =920 | =10,66|w6.79 [~3,95




o Fem

ZLBIE 35
UPFER _ SURFACE _FROUSSURE  COEFFICIENTS
Cp = 2138, mn = .125

~— |
?& 0 1 3 6 12 18 21 ol 30 33 36 374
90 |=o0L2 | =,042| =4042] =4056] =,063] =,063] =,08L] =¢098] =11} =4183] =.380! ~,945
80 | =08k | =056 =a091] =u113] =a13L{ =o155] =o183] =4211] =,282] =¢324] ~,536{=1,086
70 =14 | =otht ] =148 =169 =0212] =u254] =u297] =2331] =ol37] =e500| =.732| =1,227
60 1=¢155 | =e1551 =o169) =0197] =0261] =o310] =0366] =ili16] wo56h] =o6LO] =o915]=1431
50 |=e176 | =e183| =a197| =a247| =2a317] =0395] - 65| =.529] =, 7051 =,83%9]=1.130} =1.395
GO [=a190 | =o212} =42L0] =4303] =~e395] =o51hf =4599] =.676] =48811=1.112] =1 L465| =1.L36
30 1=e212 | =0219 ] =4264 | =4331] = Lhh] =,585] ~ 7051 =o701] =»965|=1.248]=1,732] =1.465
25 | =e20L | =212 ] =4268] =o331| =a4b5] =u63Lf =771] =e881{=1.00 }=1,310]=1,873]~1,480
20 1=a197 | =212 =268 =345 | =o507| =o690] =o831] =a986|=1.028{=1,352]=24158]=1,492
15 =169 | =0197 | =o261 | ~u345| =e528| =¢7h6]| =o902]=1,100{=1 4214 =1 ,338] =2.455] =1 509
10 {=o162 | =197 | =427k | =oh02] =,6201 -4B87|=14058]=14269|=1,896|=2,100] =24845| ~1 530
7e5 {=e155 | =e190 | =a27k| =ol16]| =4676] =2993]=~14200]=14401{~2,200{~2,860}~2,96 | =1,550
5 =169 | 20226 | =033h | =oLB6] =0902]=1,290|=14530{=1,756|~2:410}=3,181} ~3.38 | ~1.56}
205 |=a08L | =4155 | =o282 | =a521 |=1,0l1| 1,550 | =14896 |=2422 |=2,920-3:34 | =30521|=1,578
0 +0L09 | +0395 | +0310 | +5063] =816 m2,261 1=30201 |=tio 325 | =6,8L [=8eh0 | =4o52 | =1,661
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TABIR 3

LOVER SURFACE TRESSURE  CORFFICIRNIS

Ou = o138, 1 = +125

=e0h2] = Oh2 | =028 0021 O | +,049] +,070] +,08L! +,127| +e113] 4,127
=e08h) =o077 | =0063 | =042} O | +,070] +.098] +,127} +.197} +.214] +.200
melll ] =o127 1 =0098| =4070] O | 4,077 +e120] +4162] +,255{ +.282] +.317
=e105] =e13h | =e098 1 =4070) + 01 +4113] +.162 +.219] +.324| +.352 +e394.
=o176) =0162 | =0120 1 =o070] +,028] +o141] +4197) +.268] +.367] +.423) o065
=e1901 =185 | =a13L | =s070] +4035| +4169| +4233] +4303] +4437] +4493 +a550
o212 | =4183 | =127 | =o056 | 4,077| +4226] +.296] +.380 +e5291 +o578] +463k
=020k | =176 | =o120 | =40k2 | +o113| +4268 +435! +.430] +.578] +.634] +.676
o197 | =o169 | <2098 | =a021| +.148| +.303| +4367| +o479] +,620] +.683| +.733
=2169 | =o1ht | =070 | 4,014 o197 +a373] +eiB1| +.5361 +4676] +.733] +,790
=162 | =127 [ =qOLI | +4056| +4255] 4,437 +e507] +e5921 +.719] +4761] +.818
=o155 1 =105 1 =021 | 44091 | +4296| +.479] +.550i +.620 +o /191 +.740F +4783
=069 | =0120 | =o028 | +,098] 44317 +.493| +.550] +.592| +.627 +6620] +.63L
=084 | =,028 | +,08L | +,226 +'."i'r130 +05291 +6538] +0522( 44304 +,296] +.183

+e409 | +a416 | 44373 | 40183 | =, 564 =190k} -2,85 '—5,993 =668 [=3.71 {~10,05




COMPRESSED
AR SUPPLY

BLOWING
SLOT

FiG. 2. SECTIONAL DIAGRAM OF WING TIP
SHOWING THE ARRAGEMENT OF BLOWING
SLOT, COMPRESSED AIR SUPPLY, AND STATIC HOLE.



FIG. 3. VIEW OF WING SURFACE

FIG. 4 WING AND ENDPLATE MOUNTED IN TUNNEL WORKING SECTION
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FIG. 51. LIQUID FILM PATTERN @, = 12°, C, = +138 (upper surface)
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FIG. 62. FLOW DIRECTIONS (CONE TECHNIQUE) FIG.63. FLOW DIRECTIONS (CONE TECHNIQUE)
«g=I12° C1s=138 UPPER SURFACE. =g =2i; Cp="138, UPPER SURFACE.

FIG, 64. FLOW DIRECTIONS (CONE TECHNIQUE)
=g=36 Cp=138. UPPER SURFACE.



