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The similarity of the differcntial equations of the transonic flow
of a gas in two dimensions and of the flow of shallow watcr led to the
choice of the latter as an experimental method to detcrmine the prgssure
digtribution, 1ift and dreg on wedges with total angles of 107, 15~ and
20 The wedges were towed through shallow water and the wave pattern was
determined by the measurcment of water depth using a photographic technique,
The results have bgen compared with theory and with wind tunnel experiments.
For the 10° and 15° wedges the trends for a range of angles of incidence
agree with the predictions from transonic small disturbance theory, whereas
those for the largest wedge of 10 semi-angle indicate that this angle is
too large to expect satisfactory experimental results., The trends arc also
similar to those obtained by other workers in a wind tunnel.

Based on an experimental thesis submitted in particl fulfilment of the
requirements for the Diploma of The College of Acroncutics, The thesis
was edited and the final report prepared by i, J.i . Nayler,
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LIST OF SOEOLS

Speed of sound

Wedge chord length

Pressure drog coefficient

Lif't coefficient

Pressure coefficient = (QL ~ pU)/Jg DMV:

inerease in pressure cocfficient due to incidence
Stagnation pressure cocefficient

Lower surfacc prigsure coefficient = (pL o Pm) /= ﬁmV;

(py = P20, Vo,

il

Upper surface pressurc cocfficient
Local water depth at model surface
Undisturbed watcr depth

Local Mach Nuubcer in air

Local "vater Mach Numbexr", i,e, when y = 2
Freestrcam "water Mach Number'

Frecstrcam Mach Nwiber

Freestream Mach Number when a clear distinetion is necded

that y=1.4

Local pressure

Liocal pressurc on lower surface

Local pressurc on upner surface

Trooolroor prussore

Stognation pressure

Scmi-thickness of wedge scction at the shoulder
Carriage spced, or model spced

Freestrecam air vcloecity

VWedge chordwise co-ordinate

Vertical distance on model side between water surface
and apparent bottom of model
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o Wedge angle of incidence

Y Ratio of the specific heats

£ Transonic similarity parameter (sec below)
S Wedge semi-angle, approx, equal to t/c

P Perturbation velocity potential

P, Frcestream air density

Generalized cocflficients in Transonic similarity form
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1.  Introduction

The similarity between the differcntial cquations of the transonic
flow of a gas in two dimensions ond for the flow of ghinllow watcr has lcd
to the investigation of the latter as a cheap altcrnative ’co transonic
wind tunnels, The original suggestion came from J O'L‘[_,‘U.DJG( (1920) and
muich work has been donc in this connection since about 1940,

The work of a number of other investigators has been dravm upon to
decide the following conditions for this experimental orograrme -

(i) Single wedge sections have been used, as the front halves of diamond
scetions, on the assunption that the sonic line leawves the surface
of the latter at the shoulder, so that conditions in front of and
behind the shoulder can be taken as independent, there being moreover
a favourable precssure gradicnt on the front wedge. IHence boundary
layer, and therefore Reynolds numbcr, cffects will be small and
boundary layer scparations will be avoided. 1tur'bhc,rnoro, nuch
theorctical and experimental data are available for wedge sections,
single and double,

(ii) A depth of' onc quorter ineh is used on the basis of the papers of

Laitone"* 2)(3) s We gcrs(;"') and others, to the effcct that this depth
gives the best approximation of the group velooit;-1to the wave

velocity, which, in turn, tends to the value (gdm).{‘f independent of
wave length, cxcept for very small capillary waves, viierc d
iz the undisturbed water depth,

(iii) The model size of 6 inch hs;:(d was chosen to generate wvaves of the
longest conwenient length ) for the tank vhich was 4 feet wide.,

(iv) The effect of bottom clearance between model and tanlk has been kept
to a minimum consistent with ﬂol(.. free movenLn‘b of the corriage and
was checked by tests on the 20 wedge at 7 incidencec,

The present progromme follows various crnloratory investigotions
carried out over the last few years, by S'ttl’(i 6 ? Lﬁt the College of
Acronautics, on acrofoil shapes and wedges (8) This report aims
to give a systematic account of the apparatus, test tuclmiq_m,, rcduction
of results, and the overall accuracy of the College of Acronautics
avparatus and method, together with a comparison with theory and with
other existing cxperimental results,
The final results for wedges of total nosc angle “[OO 150 and 20°
include the variation of the 1lift and drag cocfficients xr.L’m angle of
ineidence and with .Iach Number, plotted in the generalized tronsonic
forms of thesc quantities,



Errors of the order of 100% on the smallest quantities arc possible
with this apparatus, although the integrated recsults do not appear to
have been greatly in error, The question of experimental error is dealt
with in Appendix 3, A number of readings which showed considerable
departures from the best curves through the experimental points were
rejected,

The analogy on which the experimental work was based has the
draviback that a gas having v = 2,0 is implied by the hydrodymamic
equations. The change to y = 1,4 can be carried out by avplying
von Doenhoff!s method developed for Freon-12, but, perhans, more accurately
by the use of transonic similarity forms,

2,  lydroulic Analogy

The water analogy on which tiiis investigetion is based can be
briefly described as follows, The full form of the equations for the
transonic flow of a gas are intractable and the usual assumwtion is
made that there are only small perturbations of wvelocity from the frece
strcam value,

Neglecting terms higher than the sccond order, the »notential
equation of motion rcduces to

5 ; . 1 1zl
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where ¢ is the perturbation veloeity potential; the subseripts refer to
differentiation with rcsveet to x, ¥y, 2; V_ is the free stream air velocity;
and M_ is the free stream llach number, When qﬁx, qﬁy 3 ¢z are small

compared with V,, and M., << 1, this equation (1) roduces %o the
Prondtl-Glauert equation

(1-3,) 9 +0 +9, =0 (2)

This, however, is not sufficiently accurate for transonic flow
2 : y : H 2
analysis, As M tends to unity M2 (VY + 1) qu
Ve
similar order of magnitude, so the {irst non-lincar term of equation (1)

must be retained to give )
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an equation which is twactable at M =1,



Von Karman(g) :‘mtroduced.( ?O ransonic s:T,naiE.ﬁ'j.mr »ararcter, called
here &_, used since by Kaplan and Spreiter . The form proposed
by the lattcr, using the form of eq.(3) as here derived,

M; - 1
& = e & (%)

[Tffo (y+ 1)(t/c)T

has been found to give the best correlation betieen theory ond cxisting
experimental data and has received widespread support since its incepticn,
Here t is the semi-thickness of the wedge at the shonlder and ¢ is the
wedge chord length,

Ka.plan“O) writes as follows :

"If a serics of bodies having the same distribution function

g(x/c) for the slopc, but different thickness ratios (¥/c),

are placed in flows of different freestream liach Numbers }, and
different values of Yy, such that the paramcter & (as defined above)
remains constant, then the flow patterns are similar in the sense
that the same function f(x/c, y/c) describes the flow",

Vie now loock at the dircet hydraulic analogy vwhich forms the basis
of the experimental work describod in this peper, Tho diagrams (a)
and (b) arc for a two dimensional gos flow and for a heavy inviscid
liquid,
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(a) xy-planc for a two- (b) xz-plane Tor a heavy inviscid

dimensional gas flow liquid



The equations for two-dimensional isentrovic flow of a gas are

a d op

'é‘;[‘ (,‘.‘u) + ay (p'\«') + 3% = 0
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8v ov 9v _ 1 9p _ 1.9 (.2
uﬁé';'c+v'5-§_+ﬁ5%—mb=~ayu-y_1§-3;(a)

b1
It can be shm'm(é)(13 ) that the equations for long surface waves

in shallow heavy invisecid liquid, over a plane horizontal bottom,
bounded by vertical walls, and in which vertical accelerations and
surface tension are ncgligible, are

5} d od.
T (u‘a) * 55 (v’ d) +5p S 0
ou’ ou’ au’ a
wam + v g v w o= oy (s9) (6)
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The two sets of equations (5) and (6) represent the sane type of
flow, provided that there is simultaneous correspondence betwcen

dandpP; gd and az; Y and 2.
Purthermore, for long waves in shallow water, thleﬁ.w is the undisturbed

depth, Wave group velocity » Wave velocity * (gdo)Z

There is, then, a correspondence between

v "

2
(gd. )
vhere M, is the free strcaim Mach nurber,
: 2 " S— .
Laltone( ) has shovn that, vith a judicious choice of watcr denth

(abog‘t % inch), this analogy is still applicable vhe:n the wavelength
is as small as one inch,



We have, then the following table of correspeonding quantitics
on which the hydraulic analogy to the isentropic flow of a gas is based :=

Isentropic Gas Flow Long Waves in Shallow Yater
P d.
i 4.
TOO d'C:O

2
2. <Q;>
Pw d
a2 gd
H r--:-—-r-‘L}_t.ql
a o
(ga)*

The above analysis mokes tvo assumptions which are, in rractice,
quite Jjustified, namely, that vertical accelerations in the water can be
neglected and that surface tension is negligible, The analogy can also
not be extended to deal with viscous effeets in the fluid, which eifccts
ocecur in the present experiments only in the boundaxry layer of the model
and are lmown to be small, There 1s the additional restriction that vy
is assumed to have the wvalue 2 which differs from ti:at of most gases,
air being 1 .4

3. Apparatus

Photographs of the apparatus arc given in IMigs, 1 and 2. This
consisted of arrangements for towing the wedge—shaped models in a water
table, 4 feet wide and 6 feet long with a slate bottom that was checked
to be horizontal to within 0,001 inch along the centre line before
the commencement of thils scrics of tests, The depth of water used
throughout the tcszps vas 0,25 inchj; this has been shovm {o be the
optirmum by Laitone 2)t 3§ , and others, At each filling a calculated
volure of water was dispensed from two marked buckets, It was consistently
found that the water depth obtained by this method wias always 0.25 inch
to within the degrec of accuracy of the photographic depth measuring
technique (sce Appendix 3).



The model was moved through the water by means of a cantilever
carriage, running on accurately aligned rails, to which it was attached
by means of a central spigot and two vertical studs, the latter enabling
clearance adjustments to be made. The carriapge was activated through a
chain drive by an A.C electric motor, and its spced adjusted by varying
the brush positions within the motor, The incidence of the model was
set by the angular positioning of the central spigot whilst the side
of thc model was aligned, by means of a thrce-foot straisht edge, vwith
marks seribed on the table; this cnabled the incidence to be set to

+ 1. _
-6 degree,

In the depth measuring teclmique a photograph vias taken of the model
in the course of its passage through the water, by & camera moving with
the model and an analysis of the apparcnt depth of tiie model bottom below
a scribed datum line was made at selected chordwise stations, The camera,
a Voigtlander Vito 35 mm, fitted with a supplementory lens, was mounted
on a platform on an extension of the model carriage in onc of the
altcrnative positions shom in Fig., 1, it being neccessary alwmys to
ensurc that the film and the model surface being photographed were
poarellel in the horizontal plane. In practice, it was found possible
to use unique values of the horizontal distance from model side to camera
of 13,6 inches and vertical distance of L.,70 inches from tank bottom to
centre of camera lens without any significant loss of accuracy.

The film used in the early stages of this work imas Pan X, but it
was found that the inproved grain properties of Pan,l' enabled the
nrojected film to be analysed more casily and that the lower emulsion
sneed presented no difficulty., With an illumination of 9 x 275 watt
Photolita bulbs at approximately 5 feet, and using Pan,I' £ilm, an
exposure of 1/50th sccond at £8 gave good results and vas used for most
of the tests. '

The models, cach of 6 inches chord, were made of wood vith a thin
coating of white enamel paint, As can be scen in Ffig. 3 (ond others)
a thin horizontal linc is scribed ncar the top of cach model and the
chordwise stations are si;‘ml%arlyonﬁrlccd. The threce models used were
single wedge sections of 10, 15~ and 20  included engle., The model
leading edges were made as shorp as the use of wood allowed, and the
painting of' the surfaces rounded off any initial bluntness to an
indefinite radius, The lcading cdge thicknesscs were rwasured with a
micrometer gauge and found to be

0,020 inch for the 20° wedge
Q.02 inch ™ L 5O wedge
end 0,005 inch " " 10° wedge,

and this limjtation on "sharp leading edge" must be borne in mind when
ass6ssing the results.
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The speed of the carriage driven through chains and sprocket
wheels was recorded during eacii run by a revolution counting tachomcter
(sce Fig, 1),

4. Test Procedure

Aftcer mounting the model on the carriage, thc angle of incidence
was set andthe bottom clearance was adjusted to the avoropriate walue
(0.010 inch in the main tests) by means of the vertical adjusting screws.
I'rom the photogrophs such as I'ig, 3 the amount of the camera tilt was
obtained and was found to be invariant with respect to model, incidence,
and camera position, within the limits of the accuracy of measurcment
from the projectcd photograph. A still phorograph was talxn at the
start of a series of runs to provide a periodical check of the watur
depth of a quorter of an inch,

Bomo'_].'k:)u:c'g(.1 6) and J'JI'ya:a.‘l:(J| ) have dravm attention to the difficulties
arising from dust on the water surface, the lattcr having overcome the
problem by mechanical surface sweeping, whereas the fomer finally
adonted kerosene as the working fluid, Watcr was retainced for the
experiments desceribed in this report, and great care was continually
exercised to reduce the cffect of dust contamination to a minimum;
moreover, no given filling of watcr was ever usced Tor longer than one
hour, whilst at each quarter hour the water surface vas swept by a
three~foot metal straight edge.

One of the weaknesses of the apparatus used was the method of speed
regulation which was by the adjustment of the brush nositions in the
electric motor, The chain wheel by which the brush positions were
adjusted (sce Fig., 1) did not lend itself to accurate calibration;
thus cach tcst run was carricd out at a speed whish was only approximately
knovm until the reading of the tachometer was taken, This meant in
particular that, vithout extending the tests to a wery loarge number of
runs for each setting of the models, it was not possible to ensure that
the upper and lower surfaccs of a model at a given incidence were
photographed at the identical sct of Mach Nunbers, thus necessitating
the plots such as Fig, 4 for the 15 wedge., However, with a given
estimated spced setting, the model was phf)éccj)graphed in its run at the
optimum position as determined by Willmer\®/, and the tachometer rcading
taken, from which the true carriage speed and Mach Nudber were derived.

After the development of the film, on ccoeh one of which somc 36 runs
were recorded, it was projected onto a sercen of vhite dyawing paper
to give a magnification of b x model full size, the mognification being
kept constant so that its factor could be incorporated in the reduction
fommlaec, From the projected incge of ecach run the valucs of the
apparent depth of the model bottom below the datum line wire measurced
at the eleven marked chordiise stations and subsecquently analysed,



5. Results

(1) The effcct of botton clearznce on the integral of the nressure

e

1
R % " . - e -
cocfficicnt } GP d (-3) (sce Appendix 1) is depicted in Pig, 5, from

o}

which it can be scen that, owr the complcte incidence ronge of the tests,
there is no deeisive trend, As o rcsult of this it was considocred that
no extrapolation to zero clearance was ncccssary in the subscequent work,

(2) Pigs, 6 and 7 give typical results for the Generalized Drag
Cocfficients plotted against the Transonic Similarity Parameter for constant
valucs of the Generalized Angle of Incidence,, The best curves through
these and similar plots for other values of a are collected togcther

in T'ig, 8.

(3) Figs. 9 to 11 give the Gencralized Tift Cocfficicnts plotted

against the Transonic Similarity Doramcter for constent values of the
Generalized Anplc of Tucidence, The best curves throvgh these plots
are collected together in Fig. 12.

(4) Tig. 13 shows the variation of Lift Curve Slope at Zero Incidence
in Generalized Form with the Transonic Sindloarity Paramcter, together
with the curve given by Transonic Small Disturbance Theory,

(5) Fig. 14 gives the Generalizcd Pressure Cocfficicrnt distribution
along the chordline at Zero Incidence,

(6) Mg, 15 gives the Generalized Pressure Coefficiont digtribution
along the chordlinc due to Incidence,

(7) The overall accuracy of the apparatus is analysed in the figures
of Table 6 and in Avpendix 3,

6. Discussion

6.1, Effocts of bottom clerrance
iries ik I (12
In vicw of the work of We:1.;)@1:':-_,k ) on the effect of bottom clearance
using & static model, the main test programme was preceded by a similor
investigation for our cose with a moving model, Since the integral of
il

X ; . " . .
the pressure _f C.d (L:‘) is the basis of all subsequent calculations it
B ]

o
was considered a suitable criterion for this test, Further, due to the
precsure difference induccd across the model by incidence, it was thought
that the effect of clearance would be mogt morked at nosxinmra incidence,
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The results for the 20° vicdge at ?0 incidence end zcro incidence,
as vlotted in Fig. 5, show no decisive trend on whiel: en extrapolation
to zero elearancc could be bascd. A convenient worlizing clearance of
0,010 inch was, therefore, adopted for the remainder of the prograrme,

6.2, The lift rosults

The generalized 1ift curve sloves (sce Fig, 13) differ substontiolly
from the theorctical curve of Trizmsonic theory. ITot only arce the cxperimcntal
points markedly lower than theory predicts, but there is also no tendency
for the values to incrcase with increase of Mach ITumbcer,

The results for the 20° wedge differ most widely from thce theorctical
curve, but tend to incrcase with the transonic similiwity persscter,
The results for the other two wedges show o reasornable apreerent for
volues of the transonic similoarity perameter less than 0.6,

Upon cxaminatjon of IFigs, 9 to 11 it is agein apparent that the
results for the 20 wedge depart most widely from the ucan,

6.5. Ihe droy results

iy 5 I 0
The zero incidence generalized drag coefficicnt resuvlts for the 10
ond 157 wedges agree well with the curve for transonic theory (sce Fig. 6),
but those for the 20~ wedge arc all somewhat high, contrary to the

findings of Willxmr(a) . The effcet of incidence gn drag is showm in
Fig, 8, and it is noteworthy that the curves for acainst £, for
incrcasing valucs of @ have preeisely the sane shepe as that for zero
incidence given by theory and that they accord well with it. The pcak
velues for drag, it will be noted, occur =zt progressively lowcr valucs
of transonic similarity parsrcter as the generalized ineidence increases,
At the prosent tine there are no published results showing the variation
of the generalized drag curve with incidence with wiidch to cormere
these curves, and, regarding these curves it rmst be rermerbered that
they arc derived from rather scatbered evidence such as Fig. 7.

The wind tunncl study of Licpmann and I’)I'yson(")'") is of consgiderable
intcrest in rclation to Fig, 8, Their results given in FMig, 14 of the
sbove refercnce have been meaned for plotting in I'ig, 16 for @D against

Ew over a ronge for the latter variable from -1.,0 to neaxly 3.0,
together with the theoretical curves for shock expeansion and lincar
theories, Over the renge of the College of Acronautics experiments up
to just past Mach 1, the agreement in trend with the forer theory is
good, The rosulits for lincar thcory cre also given in Fig, 16 for the
higher }ach numbers showing a trend over that range - mainly beyond

the College experiments = of the same noture as that for shock expansion
theory.



6.k, Ihe genernlized prossure distributions

The zcro inecidence generalized pressure distribublion, as plotted
in Fig. 1 shows the same gepeyal shape as the theorctical cupves

S L] - iE & ?1 j P e
given by Cincenti and Wagoncer and Guderley ond ch}:ﬂlera( <U,

Carcful study of the experimental points shows thot 'dz, at a given

chordirise station incrcases with tromsonic similerity seraucter,
but not to the extent predicted, This, no doubt, cxplains the discrepancy

between the experimental and theoretical valucs of (%"G) at the
aa

anproach of shock attachment.,

Also given in Fig. 14 is an cxpcrimental curve of generalized

pressure distribution for £ = 0,74 obtained by Fledderiwoomn and S'tencil( 21)

el
using & similer apnarstus to the one under discussion but measuring
watcr depth by mecans of surface contact probes., This curve is included
for the purposes of comparison = it will be noticed that the form of
pressure variation departs significantly from the theorctical, although,
broadly speaking, a closcr approximation in magnitude is achieved
comparcd with thsi present investigation,

The distribution of the loading per unit angle of incidence over
the chord is showm in peneralized form in Fig, 15, Alsce incliuded in
this figure are curves given by transonic small disturbance theory as

calculated by Vincenti and 'v'fagOner( 22) and Guderley and ¥ osh:ih:mra( 23)
for particular values of the siimilarity porameter, Only gqualitative
agrecement with the theoretical curves can be claimed foxr the experimental
woints, in that the values of ACP are high at the leading edge and

o

low at the shoulder, ond arc of the same order around mdd-chord; the

cxperimental points tend to be low at the lecading edge and high at the

trailing cdge., It is possible to detect a tendency for the local valucs
AC,

of’ ‘-&é' to inercase with £ (as predicted by the theory) but with

insufficient consistency to enable a set of experimental curves to be
dyevm.

in assessing the resvlts shovn in Fig. 15 it shouvld be horme in
mind that, due to the large possible errors of this apporatus (sce
Arpendix 3), the pressurc distributicns for the higher angles of incidence
for cach wedge werc chosen for reduction in the hope of minimising their
possible effects, '
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6.5, General

Becausc of the nmethod of mecasurcment no depth recdings could be
obtained near the nosc and shoulder of the wedges; the extert of both
these regions is of the order of 10% of the chord, altlough at the
higher Mach Numbcrs and angles of incidence up to 20‘0 of the chord ot
the leading cdge ney be affected, Thus, in order to obtain

fGP d(-ﬂ) it was necessary to assume that :-

(a) The stagnation pressure cocfiicient was that given by theory
(sce Fig, 17), and that the stagnation point wes at the
leading cdge.

(b) A leading cdge scporation bubble was produced on the upper
surfaces of the wedges at incidence, and that when no cleor
indication was given in the readings, the mressire cocfficient
was token as constant from the lecading edgo to the first
recliable value,

(¢) There is always 2 Moch Number of unity at the shoulder,

The validity of these assunpticns is doubtful, bub they are esscntial
in the absence of information about flow conditions in the region of the
base of single wedge scetions, From the majority of GP values derived

gXa)

it would appecr that the full theorctical stagnation pressure coefficient
is not developed, possibly due to the water slope necx the leading cdge,
The theoretical stagantion pressurc is cssumed to be corrcet so that, in
general, the experimental values must be too low, which vould help to
explein the deficiencies in the final results., The low values roy well

be due to the effcct of watcr surrface slope, as surgested in Appendix 3,
ag the water surfoce is certeinly depressed along the side of the model
and has to regain the value 4 in all directioms, in »articular, laterally,

albeit slowly for M_ of the order unity,

=

The presence of a leading cdge scparation bubble on the upper
surface of the wecdges at incidence is well shovm by IMig. 18, and appcars
to cover about 10% of the chord,

The most doubtful asswsption is (¢) cbove, TonhaCorter and "Qutln;r(?)
hawve discussed this at some length and conclude, as Ve hve fomd, thet
the true sonic point moves forward on the upper surface with increasing
incidence and Mach Nunber, but there is no definite inflormetion regprdi
the actual shoulder and base pressures, Vincenti, Dugen and Phelps 1
also confirm this forward movement of the sonic point for diamond scetions,



The most important errors in this work arise from the technique of
depth measurcment (sce Appendix 3). Even assuming an horizontal water
surface at the point through which the camera vicws the model bottom,
interpretation errors can give rise to pressurc cocfficicnt errors of
up to 0,2; taking a constant error in CP of 0,1 the resulting errors in

CI. and CD can approach 100% of the calculated valucs (sce Table 6),

As thore is some lateral watcr surface slope at the side of the model,
the crrors may be even greater (sce Appendix 3), An alternative method
of depth measurement is essential if the existing opparatus is to be
used for more accurate experiments, The writers have been adviscd that
no film exists with a finer groin and yet with sufficient crmlsion specd
for this tyoe of work; it would appear that the only possiblc means of
improving the existing technique is the use of a larger camera, implying,
of course, a larger initial photographic image, This would improve the
recading accuracy, Two methods of,depth measurcment using vcrticaiL
probes, due to Laitone and Nielson(ﬁs} and Fleddermonn and Stancil 21),
are alternatives; the accuracics of their methods is unknowm to the
writers,

Bryant(5) has suggested that, in order to cstablish a complete
affinity betwecen the model wedge and the prototype, account should be
token of the presumcd boundary layer development, It is possible to
approximate to the effect of the bowmdary laycer on the model in the
water by carrying out a laminor flow calculation for the displacement
thickness at the shoulder, and assuming a linear boundayy laycr growth
from the leading cdge. I? is appreciated that this is only very approximate;
however, following Bryant 18?, it is found that, at M = 1, the boundary
layer has the effect of incrcasing the wedge semi-angle by about 0,57,
It should prove worth while introducing this boundoxy laycr modification
into the analysis of further experiments, but it has not been done in
this investigation,

Some photogrophs have been sclected from the numcrous test runs.,
Fig, 19 with thc model at rcst, illustrates the difficulty of obtaining
a uniform meniscus, particularly at the leading and trailing cdges and
the application of a thin film of weak detergent solution to the model
surface before cach run gave some improvement., Fig, 20 shows the
irmossibility of obtaining results ncar the leading edge, both because
of the bow wave effect on the photogrophy and because of the probable
breakdown of the anelogy due to the appreciable vertical acceleraticns
of the water particles, Capillary waves ahcad of the bow wave arec also
clearly visible, PFigs. 3 and 18 show thc characteristics depression of
the water at the trailing edge which precludes the taking of any readings
at the shoulder of the wedge.

Although the possibility of large errors has been shown to cxist,
there is evidence from the final curves that the effect on the results
has been kept within rcasonablce limits by the extensive range of tests
and the effective smoothing of the rcadings, such as in fMig. 4.
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The value of the resulits rests on the success or faillure of the voarious
smoothing opcrations,

7. Conclusions

(1) Given an accurate depth mecsuring technique the hydroulic analogy
provides a useful method of obtaining data in transonic gos dynamics
at low cost, particularly in problems of wnsteady flow, provided
shock waves arc absent,

(2) The College of Acronoutics apparatus, in its oresent form, is not
recommended for the continuance of scrious rescarch work, although
it would still be useful for routine studen cxperiments, and for
demonstration purposcs. The following modificaticns to the apparatus
would, however, make it suitable for further rescarch wrork :-

(i) The provision of a system of probes for depth rmcasurcment
to replace the prescnt photographic method.

(ii) The provision of an asccurate speed control,
(iii) The stiffening of the model mounting,

(iv) The provision of o drain in a remote corner of the water table
to allow the use of alternative working fluids, such as keroscne,

(3) Within the degrce of accuracy of these experinents it is coneluded
that :-

(i) The gencralized rcsults for the 10° end ‘!50 wedges follow
the trends predicted by tronsonic small disturbance theory,
although the absolute values at incidence tend to be low and
agrece with the trends obtaincd by other workers in wind
‘tumnel tests.

(ii) The rgsults for the 20° wedge indicate that a semi-nose angle
of 107 is too largc for the application cither of transonic
small disturboance theory or of the hydraulic analogy, as might
be expected at high 1ift coefficients.
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APPRDIX 1,

i =

REDUCTION OF RASULES

The water depths d and d, and the vertical distance D betwcen the
model bottom and model datum were calculated from kmown data and from
measurements of the photographic film, A chart was prevared for
determining local values of M (y = 2) from local depth ratios and
free stream MW and another for determining local pregsure coefficients

from local Mach nunbers and frecstream Mach numbers in air (Y = 1 .14-) ;
The realtionship between local water Mach number P,*LW and local air lMach

numbex Ma for the variation of thickness/chord ratio with the freestream
Mach number M__ (y = 1.4) was plotted., Tables were then constructed
for the three wedges of 100 ’ 150 and 20° as shovm in the sample tables

for the 150 wedge., Thus the integral of the pressurce measurcd along the
wedge was obtained in Table 1, Fig. 17 gives the variation of stagnation
pressure cocfficient with freestrear lMach number, The results of the
calculation of transonic similarity vparameter factors are given in Table 2,
These last lead to the calculation of 1lift and drag and thus to the
parameters EDO and LQ‘:L s again shown in tabulated form in Table 3 for the

'150 wedge, Typical results of ED for this wedge angle are given in

Table 4 and in Figs, 6 and 7 for all threc wedge angles at zero incidence

and at @ = 0,1 to show the experimental scatter; the faired curves in
Fig. 8 are for thc complete range of angle, Figs., 9 = 12 give the
results for the generalised 1ift cocificient C. plotted aguinst the

transonic similarity paramster §&_. The calculations of the 1if't slope
lead to Fig, 13, wherc a comparison is made with theoxy. The values of
CP s the zero incidence chordwise generalised pressure cocfficient

u(L)
distribution along the chord are calculated in Table 8 for the wedge of '150
and arc compared with theory in Fig. 14 for a range of wvalues of the
varameter £ . This is followed by the chordwise 1if't distribution in

Fig, 15



(1) CONVERSION OF 'WATER MACH NUMBERS! TO T CORREOOMDIIG 'ATR MACH NUMBERS'

(2) VARIATION OF THICKNESS FACTOR WITH MACH NUMEFR

(1) For streamline-similarity, that is for the ratic of strcam tube
axcas to be the same in both water and air at corresponding points it
is shown by von Doenhoff (N.A.C.A, T.N,3000) that

R L e ] y_~1 - —
M e s = M sl st
w Yiu ¥ 1 ya+'1 (1)
— .ﬂ..é -

vhere suffixes w and a rcfer to water and air respeotively,
Substitute VW = 2 Va = 1.4 whence

2 e 2= 3
i: Mw) . a W (i: M@)
M 73 = Ta N6

Square both sides and invert, whence

Jre o o]’ [ @

M2 M
w a

(2) Equating corresponding values of § for air and water
22

2 2
M2 -1 MZ -
e B e o .ﬂ_nmn,m,..t, 2
(y + 1)) ) O + () 3

{.3.&00 GTW
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using the relation between M, —~ and M in equation (2) above,

It is not possible to evaluate f(Mam) between the wvalues of Mamz 0.95

and M, = 1.05 owing to the rapid changes in (2). The functions arc
[='s]

too complicated to carry ocut a limiting process by de 1l'Hopital's rule
around Ma_m = 1 so values have been interpolated.

The maximum value of the thickness factor in the range 0.9 < M <1.25
is 1,025 so this factor was not included in the caloulations,



ITPRIDIX 3

[P S )

DTRIVENTAT, ACCURACY
S o e Bkt bt

cE

Error may arise in this experiment from any of the following :-

(1) measurement of carriage speed

(2) incidence setting

(3) bottom clearance

(4) camcra position relative to model

(5) vertical alignment of the model

(6) inaccuracy of carriage track and/or non-horizcital tenk-bottom

(7) reading errors

(8) dincorrcet assumptions of the depth measuring teclmique.
(1) HMensurement of carrisge spoed

It was found that the tachometer gave lower readings for the same
power setting when the carriage was engaged than when the chain was
ruming frecely, Furthermore, the techometer needed a longer time to
register than the actual runsz allowed. Bearing in mind these facts,
the repeatability gave an error of up to three in the tachometer r,p.m.
which corresponds to an error of 0,01 in the 'watcr Mach nunber!,
(2) ZIncidence setting

+ 1°

The method of incidence sctting had an accurocy of - 56 with the
method used,
(3) EBottom clearance

. 3, L3 - O

Several different bottom clearances werce tricd with the 207 wedge
at several incidences and no decisive trend was discovered (sce Fig, 7).
It wag therefore concluded that no small departures from the sctting
0.01 in, uscd throughout the main body of the tests had any effect,
(4) Camera position relative to model

It was found that varistion in camera position over the restricted
range ncecessary gove only very small percentage differences in the
constants used in the dépth measurcment,



- -

(5) Vertical alignment of the model

It was found difficult to assurc that the bottom clearance was the
same at both sides of the model. This port of the apparatus could
definitely bc made more rigid as even when the correct adjustment hod
been made there was still a fair amount of spring,

6) Inaccuracy of carriage track and/or non-horizontal tank-bottom
e - j == - = = B e iy

The tank-bottom had been checked as being hordzontal to within
0,001% along the centre linec, but an exhaustive checl: of bottom, drive
rails, ctc, was not made,

(7) Reading errors

It was found that the crror in the reading of height on the bx
full size scrcen picture was - 0,02, whether the reading wes repeated
by the same or cnother person, Six cases were trecated covering the
usable range and at extreme Mach numbcrs, The whole caleculation was
carried through to the end-results of CL and C, and is tobulated in

Table 6, Do

(8) The photographic depth measuring technique rclied explicitly on
the water surfaoce being horizontal at the point of incidence. No
attempt has herctofore been made to assess the possible error in this
assumtion, The crror variation for deviations of © from zoro is
tabulated below., It may be shown that lateral pressure recovery is
extrciely slow and that the water-slope should be correspondingly low.
This is a point which could bear cxperimental investigption,

© 0 5] 10 yits
d 0,273 0.239 0.214 0,195
% ERROR 0 12.5 2 6 28,6
Cp 0.240 0,145 ~0,370
at Mw:O.95
4Gy 0 0.385 0,610

% IRROR 0 161 51,
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TARILE 1 (a)

] qad
o

aa_
a/a,
&/,
&/a.
Vi
d/de
d/d
a/a,

&/a_

q/du
d4/d .
4/d .

5/&-

a/a,,
d/d,
&/a..
a/a
&/a .
¥a,
a/4,,
&/

d/dw

0,86
-0.27
1-£
0,63
1.36
0,65
1.29
0.55
1.29
0.62
1.25
0,61
1.48
0.58
1.25
0,66

0.74
1.2
0.58
1.28
0,59
1.4
0.3
1.13

0.27
1.20
0.39

0.4
1.1
0.50
1.20

0.53
1.18
0.k
1.29
0.59
1.35
0,66
1.5
0,61
1.25
0.66
1.30
.51
1.26
0.48
1.23
0.45
1.20

0.8

40

0.9%
=0.67
1.57
0.64
1.35
0.62
1.29
0.55
1.26
0.5k
1.2
0.58
1.18
0.58
1.25
0.66
1.26
0.67
1.22
0,52

0.54
1Ak
0.3
1.3

0.27
1,19
0.36
1.24
0.4
1.29
0.46
1.20

0,53
1.18
0.hd
1.26
0.53
1,3

0.58
1.37
0.64

1.25
0,66
1,26
0.43
1.25
0.47
1.22
043
1.18
0.42

20

0,95
=0,04
1.36
0,60
1.3
0.56
1.26
0.49
1.25
0.53
1,22
0,52
1,18
0,58
1..25
0,61
1.24
0.61
1.18
0.y
1.24
0.49
1,42
0.30
1,43

G.27
1.8
0.35
1,24
Q.
1.26
0.40
1,20

0.53
1.23
0.38
1,25
0.51

1.30
0.55
1.3,
0.55
1:23
0.61

1,26
0.43
125
0.42
1,20
0.0
1.16
0.37

0,98
0,02
1.3
Q.52
1,28
0.49
1.25
04T
1.23
0.46
1.19
0.46
1.16
0.53
1.19
0.52
1.20
0.48
1,16
0.36
1.2h
0,49
110
0,27
1,13

0.27
1,16
0,32
1.24
0.4

1.25
0.39
144
0,36
1,46
0,36
1.24
0.48

1.25
0.46
1.3

0,52
1,19
0,52
1.2
0,40
1.20
0,37
1,18
0.36
1.13
0,30

Lo

1.0
0.11
1.29
0.47
1.26
0.6
1.2k
0.46
1.20
0.39
1.16
0.36
1.4
0.45
1,17
047
1.19
C.L6
1.16
0.33
1.23
0.47
1.10
0.27
1.12

0.26
1,16
0.32
1.22
0.38
1.25
0.39
1,14

0.36
1,16
0.36
1.22
0.43
1.25
0.6
1.30
0.50
1,47
0.47
1.23
0.37
1.19
0,35
137
0,33
1,13
0.30

1.00
0.00
1.26
a4
1.2
0.43
1.22
0.40
1.18
0.38
1.14
0.33
i.14
Q45
1.44
0.38
1.17
0.4

1.3
0.30
1.20
0.40
1.10
0.27
1.10

0,23
1,13
0.25
1,20
0.3k
1.25
0.39
1.14

0.36
1.16
0,36
1,22
0.43
1.25
0.46
1,28
0.46
1.1k
0,38
1.82
0.36
1,18
0.33
1,16
0.32
1.09
0.21

60

0.98
.04
1.26
Q.4
1.23
0.40
1.20
0.37
147
0.32
144
0.33
1.12
O.L0
1.3
0.3
1.1
0.3
1A%
0.30
1.9
0.5
1.06
.16
1.10

0,23
1.12
0.22
1.20
0,34
1.25
0.39
112

0.3
142
0,28
1,19
0.38
1.23
0.4
1.26
0 .Jn-j
143
0.35
147
0,28
LT
0.30
1,13
0.2,
1.09
0.21

0.96
0,02
1.25
0.0
1.22
0,38
1.19
0.35
1.1%
0.27
t.e
0.28
1.08
0.29
1.08
0.19
1.13
0.30
142
0.28
1.16
0.32
1.0
o4
1,06

0.2
1.2
0.22
1.8
0.30
1.2k
0.37
1.02

0.22

1,40
0.2
1,16
0.51

1.18
0.3

124
0.38
1,08
0,19
147
0.28
1,14
0.2
1.2
0.23
1.06
0,1k

0.9,
0,07
i.24
0.38
119
0,32
114
0,24
142
0.22
1.9
0.2
1.0,
0.20
1,04

A0
23
A0
2
A3
25

0D & o = e 4

0.97
1.0L

0.07
1,10
0.18
1.4
0.23
1.2
0.37
1.07

0,18
1,08
0,19
113
0.25
1.7
0,30
1.23
0,37
1.04
0.10
1.1%
0.24
1.09
0.17
1.10
0,18
1.02
0,03

90

0.90
0,15
1.2%
0.38
1.16
0,27
1.13
0.23
1.05
0.15

-'-G-‘C)_""_O:“D_"‘_
N

0,03
1.06
RE]
142
0,20
1.22
0.33
1,03

0,07
1.03
0.05
1,08
0.15
1.4
0,25
1,22
0,34
1,02
0.06
1.43%
0.23
1,10
0,19
1.07
0.4
0.98
=0,06

95

0.90
0,15
1.4
0.2
1,10
0.19
1.07
0.4
1.0
0,02
1.0
0,02
0.97
-0,02
0.98
-5.05
0,98
=0,07
1.00
0.00
1,06
0.10
0,98
0,08
1.00

0,00
1,02
0,03
1,08
0.15
1.1k
0,22
1.0

0,02
1.0%
0,02
1.02
0,05
1.08
0.15
1.16
0.25
0.8
~0,05
1,07
0,11
1.03
0,05
1,01
0,02
0,96
=0,10

INCIDENCE TFFER OR

(DEGHRES) 1(WER
S

- @
; o Pk O F O = O F O
.ﬁg...»p.;}-.hh—-nh-npgp

[T e e

[
P S S O I S R L T I

-0.046

0.3%0

0.370

0.231

0.280

0,326

0,352

0,297

0.:8

0.372

Q.44

0.449

0.445

0.291

0.266

0.240

0.205

(=0

Yo

0.96
THOU. }
1.22

1.47

112

1,00
0.96
1.2
1.15

1.00

0.97

1.00

1.15
1,21
1.25
1,20
1.13
1,08

0.99



Al
TABLE 1 (&) A -f % ﬁ(i)
10 THOU, BOTTOM CLEARANCE 20° WEDGE, Cp DISTRIBUTICN o

%o 5 10 20 30 40 50 60 70 80 90 95 m m OR X, _
df/de 1,20 447 1L 1,43 taz 1,40 1,09 1,07 1,03 1.; 0,98 2 SUSFM 0.94
Cp 0.5 047 0,38 0.35 0.32 0,26 0,23 0.17 0,08 0,02 0,05 A = 0.155
/de 100 4.3 435 135 1.5 1.30 1.25 1.2, 1.2 1.20 1.16 3 L 1,18
Cp 0.72 0.69 0.63 0,62 0.55 0.5k Oulde 043 0.43 0.35 0.27 A = 0475
4/d . 1.3 1,32 1.30 1,28 1.26 1,25  1.24 1.20 147 1.3 1.09 3 L 1.12
G 0.66 062 0,58 0.53  0.49 0.47 Ok 0,37 0.30  0.23 0.17 A = 0.4H
&/d o 1.25 1.25 1.2 1.2 1.2k 1,22 .22 1.4 142 104 1,03 3 L 1.0k
G 0.55  0.55  0.53 0.53  0.53 0.48 0.8 0.3  0.26 0,07 0.06 A = 0,381
a/d 1.2 1.2 1,22 1.19 1,18 1,10 1,13 1,09 1,08 1.04 1,00 3 L 0.98
G, 0.59 0,59 0.5 o046 043 0% 0.3 049 0,7 0.07 0,00 A = 0,33
/4 & Pk 1AL 1.13 1.93 1,12 1,10 1,09 1,04 1,01 1.01 0.97 3 U 0,98
G 0.3 0,35 0,32 0.32  0.30 0.25 0.21 0.0 0,02 0.02 =007 A = 0,148
/4 = {15 TR T T IR T 1,08 g 1.40. 1,09 1,07 1.03 1.0 0,98 5 u 1.00
[+ 0.3% 0.33 0.33 0.28  0.28 0.2,  0.21 0.4 0.07 0,03 0,05 A = 0,165
a/da 1,47 147 1.6 1.4 144 142 A2 1.0 1,06 1,03 1.00 3 u 1,03
o4 0,35 0.35  0.33 0.29  0.29 0,24 0.2k 0.19 0.1 0.0k 0,00 A = 07
a/a 1,49 1.19 1.18 147 1.6 143 143 1.40 1,08 1,06 1,01 3 u 1,12
o 0.35  0.35 0.3k 0,30 0.29 o.2,  0.2L 0.48 0L 0,40 0,03 A = 0,226
44 {i85 405 1.25 1.2 1.23 1.20 1.19 1,46 1,43 1.0 1.10 3 U 1,18
Gy 042 042 0.2 0.3 0,38 0.33 0.30 0.27 0.2 0.8 0,18 A = 0,55
a/d . 1.26 1,26 1.25 1.23  1.23 1,19 1.7 o DT B o T o [ 1,00 3 U 1,23
G 0.42 0.2  0.40 0,36 0.36 0.30 0.27 0,25 0.21 0.19 0.15 A = 0,283
a/a 1.25 1.2 1.23 1.20 1,49 A5 a3 142 140 1.07 1.0 L L 0.95
o 0.08 0,66 0,65 0.56 0.54 0.40 0.36 0.3  0.27 0.22 0.13 A = 0,350
a/a 1,29 1.26 1,26 1.24 1.22 1.6 1.14 15 1.10 1,06 1.02 i L 0,99
o 0,70 0.65  0.55 0.60 0,53 0.37 0.32 0,30 0.23 0.2 0,03 4 = 0,388
a/a . 1.35 1.3 1.29 1,28 1,25 s MG 149 1.8 1.4 1,09 N 1, 1.04
Cp 0,78 0.76  0.66 0.62  0.55 0.51 0.46 0.39 0,38 0,29 0.1k A = 0.429
a/a o 1.36 0 1.3 1.3 1.3 1.28 1.26 1.25 Kook A.85 AT 142 I L 418
a, 0.71 0,70 0.68 0.61 0,53 0.50 047 0.6 042 0,30 0.23 A = 0.473
a/d . 1.45 1.4 1.42 1,38 1.36 1.5 1.32 1.28 1.26 1.23 1.49 L L 1.21
G 0,78 Q.0 Q.72 0.65 0,60 0.57  0.54 047 043 037 0.3 A = 0,554
a/d . 147 47 146 143 1.42 1.38 1.36 1.32 1.28 1.25 1,22 L L 1.24
o 0,75 0.75 0.7h 0,69 0,67 0.60 0,55 0.5 0.43 0.38 0,34 A =
&/de 1,49 1.18 1.9 1.17 1.4 1,44 1,13 1.2 1.07 1.03 1.0 L u 1.18
Gy 0.32 0,30 0.32 0,29 0,23 0.25 0,22 0,20 042 005 a.02 & = 0.186
3/de 1,25 1,20 1.20 1,20 1.8 AL 144 1.43 1.09 1,06 1.03 L U 1,23
oy 0,39 0.32 0,32 0.32 0,27 0.22  0.22 o.21 0,45  0.08 0.0k A = 0,233
/30 1,47 1.6 1.8 1.18 1.16 143 143 1.3 1.08 1.04 1,02 & U 4. 42
G 0.30 0.29 0.3 0.3  0.29 0.23  0.23 0,23 0,4 0,08 0.03 A = 0477
a/d,, 1,10 114 1.4k 1.14 3 B ) [ 1 1,08 1.06 1.02 1.00 1.00 L u 1.06
CP 0.19 0.27 0,27 0.27 0.21 0,21 0.14 0.10 0.03 0.00 0,00 A = 0443
a/d. 1.08 1.43 1.0 1,40 1,10 1,08 1,0k 1.02 0,98  0.97 0.95 L u 1.01
o 0.16 0.29 0.24 0.2  0.24 0.16 0,08 0,05 0,05 -0.07 =0.11 4 = 0,102
&/de 1,09 1,09 1,08 1,08 1,08 1.0 1,04 1,02 1,00 0.98 0,94 by U 0,98
Gy 0.23 0.23 0.49 049 0.9 047 047 0,05 0,00 =0,05 =013 A = 0,085
8/de 1.57  1.55 1,50 1.5 145 145 1 1,40 1.3 1.29 1,28 5 L 1.26
Cp 0.9 0,85 0.76 0.7 0.70 0,70 0,63 .62 0.56 0.4l 0.42 A = 0,574
&/, 16 16 143 1,38 1.5 1.3 1.3 1.29 1.25 1.23 1.19 5 L 1.19
G 0,82 0,82 0.77 0.67 0.64 0,59 0.53 048 0.42 0.37 0,35 A = 0.587
4/4,. 1,38 1,38 1,3 132 1.29 1,26 1.25 1,23 1.20 1.4k 1.10 5 L 1.10
G 0,78  0.78  0.73 0.65  0.57 0,50  0.47 0.k 038 0.26 0.18 4 = 0514
e, 1.3 1.28 0 1.26 1.85 128 $.22 A8 1,44 143 1,08 1.07 5 L 1.00
Cp 0.7, 0,69 0.63 0.59 0.59 0,50 0,42 0.3 0,29 0,17 0.15 A = 0A35
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ﬂ-fo % a3

%o 5
&, 1.32
GP 0.83
é/a, 1.10
G 0.15
é/a_ 1.08
G 0.15
a/a, 1.02
% 0,02
¥a_ .00
G 0,00
a/d. 1.60
g 0.98
a/a, 1.53
G 0.93
4/de 1.4
G 0.85
d/d- 1.47
% 0.90
a/a_ 1,38
G 0.50
a/a, 1.3
G 0.87
&/d o 0.87
% ~0.30
d/d. 0,88
G -0.27
é/a_ 0,90
G 0,20
a/a_ 0,98
GP 0,05
a/a_ 1,01
o 0.02
a/a_ 1,08
% 0.4
a/a_ 1.3
G 0,86
a/a, 1.57

0.92
o 1
Cp 0.83
a/d_ 1.45
a, 0.87
a/a,_ 1.53
Cp 0.93
a/d, 1.58
[+ 0.97
a/d. 0,58
o 0,025
g, 0.88
Op =0,21
/e 0.87
Ce =0,26
a/d_ 0.85

% .33

10

1.5
0.75
1.10
0.15
1,09
0.18
1.10
0,18
1,06
0,13
1.54
0.86
1.52
0.92
1.38
0.81
1.47
0.90

1.57
0.89
1.3
0.87
0.98
=0,04
0,98
0,05

0.97
0,09
1.01
0.03
i.02
0.03
1.04
0,41
1.3
0,86
1.36
0.B8
1.40
0,83
1.42
0.83
1.54
0,89
1.54
0.88
1,00
0,00
0.90
0,47
0.9

=08
0,92
-C,18

20

1.30
o.72
142
0.17
1.13
0.2,
1,42
0.22
1.08
0,18
1.52

0,84
1.50

0,87

1.36
0,77

1.47
0.90

1.35
0.82
1.32
0,81
1.03
0,07
1.02
©.03
1.03
0,04
1.06
0.14
1,06
0,10
1.09
0.4
1.26
9,70
1,36
0,88
1.37
0.80
1,40
.77
1.50
0.87
152
0.8,
1.04
0,04
0.98
=004
0.97

=0.09

0.98
=0.04

30

1.25
0.6
1.12
0.17
1.13
0,24
1,10
0.18
1,08
0,18
1.50
0,75

0,80
1.36
0.77
1.43
0,83

1,34
0.77
1,28
0,70
1.03
G.07
1.02
0.03

0,08

1.07
0.1k
1.07
0,10

1.09

(VRN
1.25

0,67
1.32
0.80
1.35
0.75
1.36
o.M

1.47
0.9

1.48
0.76
1.06
a.10
1,00
0,00
1.02
0,03
1,00
0,00

Lo

1.24
0.60
1.3
0,18
1.43
0.24
1.08
[V TN
1.07
014
1,46
o.72
1.42
0.73
1.3
0,65
1.36
0,67

1.3
0.7k
1.25
0.64
1.03
0.07
1.02
0,03

1.04
0,08
1.06
0.1

1,06
0,10
1.10
0.45
1.24
0,65
1,28
0,67
1.30
0.6k
1.3,
0,65
1.43
0.73
147
0.75
1.06
0,10
1,00
0,00
1,02

0,03
1.1
0,02

50

1.23
0.57
113
0.18
143
0.24
1.07
0.13
1,06
0,13
1.43

0,68

1.57
0.63

1.28

0.56

1.35

0.64

1.25
0.56
i .24
0.60
1.02
0,05
1.02
0,03
1.04
0.08
1.07
014
1.07
0,10
1,40
0.145
1.23
0,62
1.26
0,62
1.26
0.54
.3
0.59
1.38
0,65
1.42
0.66
1,07
0,11
1,00
0,00
1.02

0,03
1.00
0,00

€0

1.22
0.54
1,42
0.17
1,12
0,23
1.07
0,43
1,03
0,06
1,42
0.65
1234
0.57
1.25
0.50
1.32
0.59

1.25
0.56
1.23
0.57
1.00

0,02
1,02
0.03
1.04
0.08
1.07
0.14
1.08
0.10
1.09
a4k
1.16
0.42
1.23
0.53
1.2,
0.493
1,26
0.48
1.5
0.58
1.37
0,58
1,06
0.10
1,00
0.00
1,02

0.03
1.00
0.00

70

1.19
046
1.10
0,15
1.10
0,18
1.0
0,08
1,03
0,06
1,38
0.59
1.30
0.50
1,23
0.46
1.29
0.53

1.23
0.51
1.18
0Lk
1.02
0.05
i.02
0403
1.0
0,04
1,06
0,11
1.07
o0
1.09
Q.14
1.3
0,33
1,22
0,51
1.22
0.l
1.24
043
1.3
0,54
1.35
0.54
1.03
0,0
0,98
=004
1.02

0,03
1,00
0,00

8o 90
147 1.3
0.4 0.30
1.08 1,07
0.1 0.10
1.08 4,06
0,15 0,11
1.03 1,00
0.05 0,00
1.02 0,97
0,05 0,07
1.35 1.29
0.5  0.46
g 1.23
047  Oubk
1,18 1,13
0.39 0.26
1.25 1.23
0.45 0.42
1.18 1.13
0.39 0.28
1.14 1.09
0,33 0.2
1.0 0,98
0,02 =0,04
1.0 0,98
0,02 -0,05
1,08  1.01
0.04 0.01
1,03 1.03
0,05 0.05
1.0 1,03
0.06 0,04
1.06 1.03
0,08 Q.03
1,40 1,06
0.26 0,16
1.19 1:43
0.43 0.29
119 1.14
0.37 0,28
1.22 1.16
0,40 0,29
1.30 1,22
0.50 0,35
1.32 $.25
0.50 0,39
1.03 1.03
0,00 0,04
1,00 0,98
0,00 =0.04
1.01 0,98
0,01 =0.05
0,98 0.9
0,04 0,08

95

1.09
0.24
1,03
0,03
1.03
0.05
0.98

=0.04
0.96

=0,08
1.23
0,35
117
0,28
1,08
0,18
1,19
0.33

1,08
0.16
1.04
0,08
0.9

0,22
0,94

-0.13
0,97

-0.09
1.01
0.03
1.02
0,03
1,02
0.02
1,02
0,04
1.07
0.15
1.0
0.19
1.10
0.19
1.49
0.3
1.22
0,34
1,01
0.02
0.95

=0.09
0,95

0,11

0.93
=047

THCITENCE UFFER OR

(DECREES) LOWER

ool O o e U= R W oW,

o o
o B N A NN E AN A NN OO AR OO0 O

SURFACE
L

0.422
.U

0.158
T
0.136
0.102
0,05k
0.615
0.637

0.602

0.550

0,43
0.470
-0,028
0,011
0,019
0,077
0.098
0,118
0.509
0.559
0,563
0.628
0,672
0.689
0.059

~0,125

-0.043

-0,059

¥,
0.98
1.25

1.15

1.3

.21

1.25

1.19
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b ] o a)

0.19

10

1.4
0.37
$:19
0.43

1.23

1.39
0.6
1,26
0.65
0.97
=0,07
0,98
=0.03
1.00
Q.00
1.01
Q.02
1.03

0,05

0.07

0,6
1.3

0.61

60

TO

1.00
.00
1,08

0.17

0,06
1.11

0.20

0.00
0.97
=000

80

1.00
a.0C

1.08

=0.04
0,98
=0.05
0.97
=0, 04

90

0.92
=0.19
1,02
0.04
0.97
0,08
1.08
0.08
1.08

0,23
.92
=014
0.33

=2.10

0,00
1.00
0.00
1.09
0.17
1,45

=013
0,88

=0,17

DClDECE UFFPER OR
(DEGRLES) LOWER

SURFACE
o] =
|
J o ad) =043
o
Q —
1
o
joc.P e.(c = 0,162
4] =
)1
( X _
Jloc? d(c) = 0,207
Q el
I‘ %
{ e
J.0(:D d{;) = 0,21
Q -
| 3 %
J'oc‘"’ a(;) = 0,272
0 =
5 L
A o= 0402
5 L
4 = 0438
5 T
4 = 0.502
5 1
A = 0,528
5 1
L = 0,518
5 L
L= 0.4BY
5 v
A = 0,083
5 U
4 = -0,080
5 U
A = -0,050
5 U
A = =0D,M0M9
5 U
4 = -0,005
5 ]
A = 0,008

1.0

1.4

1,00

0.9

0,98

1.03

1,13

1.22

0.96

g

1.97

1.23



T4BIE 2
vumsowanmch.(af)

TRANSONIC SIMITARTTY Pgm Pm&
M 0,95 1,00 1,05 1.10 1.15 1.20 1.25
o
¥ (e 1) ¥ 75.02 T77.64 80,23 82.73 85.23 87.68 90,10 10° e 5 w (e )
— 37.97 39.30 40,60 11.88 13,k 4438 45,60 15° WEDGE « | S
23,33 2415 24,96 25,73 26,51 27.27 28,02 20° WEDGE
6.56 6.79 7.02 7.23 7.45 7.67 7.88 10° WEDGE
2 b
(xi0e 0] [ 501 547 535 552 5.67 5.8 6,00 1shwmas g [xoe 0T}
0¥ bl k27 bad 453 468 L.B2 L9k 20° WEDGE of
TAELE 3 !a]
10 THOU, BOTTOM CLEARANGE 20° WEDGE, Cp , G , Cp, Of ~ ¥,
o (=]
l.. 0,95 1.00 1.05 1.10 1.15 1.20 1.25 m
1
f % &3) 0,230 0,263 0.299 0.328 0.355 0.380 0,390 0
-]
En 0,080 0,09 0,408 0.114 0.123 0,132 0.136
6D 1.86 2,20 2,60 2,93 3,26 3,60 3.8
a
1
f g &Z) 0.257 0.292 0.326 0.358 0.390 0,442 0.430 1
Pl T
j" (R u(-z) 0,158 0.227 0,260 0.290 0.320 0.3l 0,353
u
]
CR 0,080 0.091 0,103 0.113 0.12k% 0.132 0.137
o
o, 0,057 0,063 0,063 0.065 0,067 0,068 0.073
'69 1.86 2,20 2.57 2.9 3,29 3,60 3.83
~ 0
a, 0.23 0,27 0.28 0.29 0.3 0.33 0.36
1
f g as 0,282 0.320 0,353 0,386 0.146 0.L47 0.470 2
o "L
['qp a3 0.161 0.193 0,223 0,252 0.277 0,300 0.310
u
° GD 0.084 0,094 0.104 0.115 0,126 0.135 0,144
o
GL 0,117 0,122 o124 0,128 0,133 0,140 0,153
a, 1,88 2.27 2,60 2.9 3,34 3.68 3.95
o
‘u'b 0.48 0,52 0.55 0.58 0.62 0.68 0.76
f ‘o, & 0.310 0,350 0.386 0.2t 0.452 0.488 0.505 3
L
o
f‘al, a® 0,127 0,158 0.187 0,213 0.240 0,260 0,268
u
° o, 0,083 0,096 0,108 0,118 0,128 0.139 0,144
o 0.176 0.189 0.494 0.499 0.202 0.217 0.226
a, 1.93 2,32 2,70 3.0k 3.39 3.79 4,03
~
q, 0.72 0.81 0,84 0.90 0.95 1.05 1.1



40 THOU, BOTTOM CLEARANCE 20° WEDGE, Gy , & , ¢, & ~ M,

lﬂ
'[o‘c‘PL d{%)
ro, a¥)
o cDo
%
%,
G,
fo % @
f Y % «%)
CDO
Oy
o
(¢}

L
[o «®
[ ‘o a®

o CDG
G,
&,
&
| o a3
G AZ)

0,95
0.350

0,065

0,092
0.274
244

143

0,396

0,020

0,104
0.362
2.42
1.48

0,440

=0,028
0.119

0.450

1.85

0.506

=0.080
0.4k
0.564
3.36
2,3

0.386

0,098

0,104
0.277
2.51

1.18

0,440

0,045

0,118

0,380
2.85
1.62

0.483

0,012

0.132

0.476
3.19
2,03

0.545

2,065
0,156
0,586
3.76
2.50

1.05

0.425

0.128

0.116
0.285
2.90
1.26

0.480

0,073

0.130
0.390
3.25
1.72

0.525

+0,M7

0146

0.487
3.65
2,15

0.584

=0,037
0,169
0.595
k.22
2.62

0.465

0.158

0,128
0.29%
3.29
1.33

0.507

0,100

0.140
0.390
3.60
1.76

0.568

0.042
0.159

0.503
A0

2.28

0.623

-0.010
0.181
0.605
4.66
2.74

0.502

0.182

0440
0.306
3.7
1.43

0.553

0.126

0.154

0.408
1.05
1.9

0,610

0.070
0.173

0.516
L.59

2.42

0.662

0,015
0.19%
0.618
514
2,89

1.20
0.537

0.205

0.151
0.37
L2
1.53

0.588

0.150

0,165
0.416
L.50
2.00

0.640

0.100

0.183

0.690

0,041
0,204
0,619
5.57
2,98

1.25

0.545

0.220
0.155
0,311
b3l

0.5590

0,172

0,168

0,398
L.70

0.628

0,123
0,182

0.480
5.10

2,37

0.668

0.068
0.199
0.5M
5.57
2.82

NG IDENCE
{ DEGREES)
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TABIE 3 (b)

10 THOU. BOTICM CLEARANGE 15° WEDGE, Gp , O, , Cp, O ~ X
-] o

' M, 0.95 1,00 1.05 1.10 1.45 1,20 1.25 fgg%“‘z?;
fo g d(f) 0.120 0.170 0.210 0,240 0,258 0.268 0.272 0
"cD 0,031 0,045 0.055 0.063 0,068 0.070 0,071
E"o 1.18 1.77 2.23 2.63 2.93 3.1 3,24
f'cPL o= 0.198 0.2u4 0.285 0.317 0.338 0.38 0.32 1
o
f; cpu a(lc‘) 0,077 0.118 0.158 0.195 0.222 0.238 0.243
GDO 0.038 0.049 0,060 0.069 0.075 0,079 0.078
c, 0.119 0.124 0,125 0121 0,115 0,108 0.096
EDO 1.4k 1.93 2.43 2.89 3.23 3.50 3.55
g 0.59 0.64 0.67 0.67 0.65 0.63 0.58
[; GPL aZ 0.271 0.320 0.360 0.391 0.411 0,418 0.410 2
! 8 0.034 0.075 0.118 0.155 0.181 0.197 0.203
cDo 0.048 0.080 0.070 0.080 0.085 0.088 0.087
o, 0.233 0.240 0.238 0.23 0.215 0.216 0.202
'5,,0 1,82 2.3 2.8 3.3 3.66 3.90 3.96
GL 1186 1.24 1.27 127 1.22 1.26 1.21
[GPL a{%‘) 0,329 0.384 0.430 0.458 0.470 0.1466 0.415 3
EGPu a%) -0.006 +0.026 0,065 0.105 0.137 0.154 0.160
cDo 0,060 0,072 0,083 0,091 0,097 0,097 0,09k
q, 0.329 0.351 0.357 0.345 0.325 0,304 0.277
‘EDO 2,28 2,73 3.37 3.81 L.,18 4,30 4,28
EL 1,65 1.82 1.9 1.90 1.8, 1,78 1.66
X, 0.95 1,00 1.05 1.10 1.15 1.20 1.25 m
f ‘GPL a(%) 0,375 0.430 0.475 0,502 0.510 0.500 0.475 4
f“? a%) ~0.039 -0.026 0.000 0.033 0,065 0,090 0,100
u
cho 0.073 0.08) 0,095 0.102 0,106 0.105 0.104
G, 0,406 0.L48 0.465 0,459 0.435 0.400 0.365
g, 2.77 3.30 3.85 4.27 4.57 L,66 k.60
‘é; 2,03 2.32 2.49 2.53 2,46 2.34 2.19
f 'GP a(f) 0,420 0,570 0,508 0.530 0,532 0.520 0,502 5
.
foupu d.(%) 0,085 -0,085 -0,062 -0.0%1 -0,012 -0,002 -0,002
GDO 0,085 0.103 0,410 0.1 0111 0.110 0.106
c, 0.495 0.544 0.557 0.548 0.531 0.509 0.491
ﬁno 3.61 L.05 L6 L6k L.79 4,88 4.83
T 2.48 2,81 2,98 3,02 3.00 2,97 2,94



TABLE 4 (a)
G, and G ~u, «&_, &) 15° WEGE

cr’a « 0,75 1.50 2.25 3.00 3.75 4.5
u .
0.95 1.37 1.62 1.93 2,29 2.72 3.20 -0.23
1.00 1.87 2.08 2.38 2.7% 347 3.65 0.00
1.05 2,37 2.62 2.97 3,36 3.7k L3 0,21
1.10 2.80 3.10 347 3.84 .17 k.6 0.40
115 3.13 3.3 3.80 4.19 L 43 4,69 0.58
1,20 3.39 3.70 L.01 L.30 L.57 477 0.7h
1.25 3.7 3.75 [ e 4.30 4.53 .72 0.90
g, a° 0.75 1.50 2,25 3.00 3.75 4.5
'S I
0,95 0.4 0.87 1.27 1.65 2.00 2,30 -0,23
1.00 0.48 0.93 1,38 1.81 2,22 2.58 0.00
1,05 0.49 0.97 1.5 1.4 2.34 2,73 0.21
1.10 0.49 0.97 1.45 1.92 2,37 2.79 0.40
1.5 046 0.92 1.37 1.84 2.29 2,73 0.58
1.20 0.4k 0,88 1.32 1,76 2.21 2,65 0.74
1.25 0.40 0.81 1.22 1.63 2.05 2.52 0.90
= 10,00 5.00 3.33 2.50 2.00 1.67
o 0.1 0.2 0.3 0.1 0.5 0.6
TABLE 4 (b)

G, wmaQ ~w,alE, ) 20° vEDGE
[+]

g, ° 1.00 2,00 3.00 1,00 5.00 6.00 7.00

“ .
0.95 1.86 1,88 1.93 2.14 2.42 2.78 3.3 -0,18
1.00 2.20 2.27 2,32 2.51 2.85 349 3.76 0.00
1.05 2.57 2,60 2.70 2.90 3.25 3.65 L,22 0.17
1,10 2.9 2,96 3,04 3.29 3.60 k.10 .66 0.33
1.5 3.29 3.34 3.39 3.7 4.05 4.59 5.14 0.48
1.20 3.60 3.68 3.79 L2 14.50 5.00 5.57 0.61
1.25 3.83 3.95 L.,03 4,3 .70 5.10 5.57 0.7k
T, «° 1.00 2,00 3,00 4,00 5.00 6.00 7.00

u E,
o.‘;s 0.23 0.48 0.72 143 1.48 1.85 2.5 -0.18
1.00 0.27 0.52 0.81 1.18 1.62 2,03 2,50 0.00
1.05 0.28 0.55 0.84 1.26 1.72 2,15 2.62 0.17
1.10 0.29 0.58 0.90 1.33 1.76 2,28 2,7k 0.33
1.15 0.3 0.62 0,95 1.43 1.51 2.42 2.89 0.48
1.20 0.33 0,68 1.05 1.53 2,00 2.8 2,98 0.61
1,25 0.36 0.76 1.1 1.5k 1.96 2,37 2,82 0.7
':"‘ 10,00 5,00 3.33 2,50 2,00 1.67 1.3

0.1 0.2 0.3 0.4 0.5 0.6 0.7



ZTABLE 5

GP FOR ZERD THCIDENCE =~ E
u(L) =
%o 5 10 20 30 40 50 60 70 8o 90 95 M £, WEDGE
240 1.85 4,30 1,30 0,90 0,54 0,00  ©0.00 0.00 -0,95 1,50  0.95 0,22 15°
3.32 2.2k 1.87 1.87  1.25 145 1.5 0.87 0.87 048 0.97 1.0 0.0 15°
3,05 2.59  1.59 1,40 1.1 1,02 0.3 0.3 0,00 -0.43 0,82 1,06 0.24 15°
2,95 2.69 2.30 1,94 1.78 144 143 143  1.06 0.9 0.45 1.1k 0.56 15°
3.79 2.61 1.99 1.80 1.73 1.3 1.23 1.15 1.01 0,66 Q.49 1.20 0,74 15°
2.3 1,79 1.5 1.2, 1.16 0.69  0.42 o042 0.2, -047 1,08 1,00  0.00 15°
TAELE &
MERE&MSDIENMMMMOPO|O2“
NUMEER A POSSIELE
g 1 2 3 5 3 CASE "'nn "'nulmq S B
¥ 0.94 0.94 0.94 1.29 1.29 1.29 207 WEDGE 0,034 0144 2
- 7° INCIDENCE
10° WEDGE
L 0.95 0.95 0.95 1.25 1.25 1,25 s T 0.016 100
b4 3,20 3.42 3.52 2.9 3.20 3.40
a 0.316  0.249  0.218 0,385 0.6  0.255 CASE % . ;"%m
20° WEDGE
a/a, 1.264 1,000 0.872 1.580 1,264 1,020 7° ICIDENGE 0,196 0.564 35
102 WEDGE
M 0.525 0,940 0,988 0,568 0,950 1.265 1" INCIDENCE 0.200 Q.109 184
M, 0.550 0.950 0.990 0.590 0.960 1.23
c 0.72 0.00 -0.07 +0.96 0.395 0,025
h' +ah' 3.18 3,40 5.50 2.92 3,18 3,38
a +4d 0,322 0.255 0.2z 0.4 0.322 0.464
a +4hd
m—a‘. 1.325 1.050 0.922 1.650 1.325 1.075
H AN 0.400 0.868 1,065 0.460 0.885 1.188
l{a + alla 0,425 0,R80 1.060 0,490 0,900 1.160
GP + l\GP 0,930 0,125 0,185 1.100 0.485 0,115
86, 0.210 0.125 0.115 0.140 0.090 0.090
Assums an ezTor in G, of 0.10 whenoe f'acPa{l;) & Pk, n = 3.2 dn= 0.249
o h' +Ah'= 344 4 -84 = 0.243

We then have the following cases, shown en the right
hand side,



FIG. 1. GENERAL VIEW OF APPARATUS SHOWING
DRIVE MECHANISM

FIG. 2. GENERAL VIEW OF APPARATUS SHOWING MODEL
MOUNTING AND CAMERA PLATFORM
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FIG. 18. 20° WEDGE, a - 5° UPPER SURFACE,
CLEARANCE 0.010", M_ = 1.09

FIG. 19. 20° WEDGE, a - °, CLEARANCE 0.018", STILL

FIG. 20. 20° WEDGE, a - 3° UPPER SURFACE,
CLEARANCE 0.010", M_ = 1.28



