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SITULARY 

The similarity of the differential equations of the transonic flow 
of a gas in two dimensions and of the flow of shallow' water led to the 
choice of the latter as on ex-perimental method, to de-Lzaine t e pr8ssure 
aiEltribution, lift and drag on wedges with total angles of 10 , 15 and 
20 . The -wedges were to7od through shallow water and the wave pattern was 
determined by the measurement of water depth using a photo.Taphic technique. 
The results have beens  compared with theory and with wind tunnel experiments. 
For the 10 and 15 wedges the trends for a range of angles of incidenno 
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 are also 
similar to those obtained by other workers in a wind tunael. 

Based on an experimental thesis submi--,ted in partiL,1 fulfilment of the 
requirements for the Diploma of The College of Aeronautics. The thesis 
was edited end the final 2.--eport prepared by 1.7r. 3.1L.Tayler. 
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c 	Wedge chord length 
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Vertical distance on model side between water surface 
and apparent bottom of model 
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i. Introduction 

The similarity between the differential equations of the transonic 
flow of a gas in two dimensions and for the flow of s7lalloN.  water has led 
to the investigation of the latter as a cheap alternativ),) .,,to transonic 
wind tunnels. The original suggestion came from Jouguetkli (1920) and 
mirth work has been dono in this connection since about 1940. 

The work of a number of other investigators has boon drawii upon to 
decide the following conditions for this experimental prograrme 

Single wedge sections have been used, as the front halves of diamond 
suctions, on the assumption that the sonic line leaves 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 pressure gradient on the front wedge. Hence boundary 
layer, and therefore Reynolds number, effects will be small and 
boundary layer separations will be avoided. Furthermore, much 
theoretical and experimental data are available for vedge sections, 
single and double. 

(ii) A depth of one quarter inch is used on the basis of the papers of 

Laitone(2)(3) t►rejars(4.) and others, to the effect that this depth 
gives the best approximation of the group velocity-  to the vnvo 

velocity, which, in turn, tends to the value (gdoc) independent of 

wave length, except for very small capillary waves, where d 

is the undisturbed water depth. 

(iii) The model size of 6 inch9htord,vns chosen to generate waves of the 
longest convenient lengthk2A5) for the tank which was 1. feet vide. 

(iv) The effect of bottom clearance between model and. tank has been kept 
to a minimum consistent with the free moveRent of the carriage and 
was chocked by tests on the 20 wedge at 7 incidence. 

The present programme follows various exploratory investigations 
carried out over the last few ye s, by stMuts at the College of 

sk Aeronautics, on aerofoil shapes and wedge r") (7)(8)  . This report aims 
to give a systematic account of the apparatus, test technique, reduction 
of results, and the overall accuracy of the College of Aeronautics 
alTaratus and method, together with a comparison with theor:: and with 
other existing experimental results. 

The final results for we es of total nose angle 100, 150  and 20°  
include the variation of the lift and drag coefficients with angle of 
incidence and with mach Number, plotted in the generalized transonic 
forms of these quantities. 



Errors of the order of 100% on the smallest quantities are possible 
with this apparatus, although the integrated results 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 
de7ertures from the best curves through the experimental points were 
rejected. 

The analogy on, which the experimental work was based has the 
drawback that a gas having y = 2.0 is implied by the hydro4rnamic 
equations. The change to y = 1.4 can be carried out by applying 
von Doenhoffts nethod developed for Freon-12, but, perhaps, more accurately 
by the use of transonic similarity forms. 

2, ITyslraulic  Analog 

The water analogy on which this investigation Is based can be 
briefly described as follows. The full form of the ecuations for the 
transonic nor.- of a gas are intractable and the usual aosumption is 
made that there are only small perturbations of velocity from the free 
stream value. 

Neglecting terms higher than the second order, the potential 
eqpation of motion reduces to 

(I - M2  ) 	+ 	+ 	= Moo2  ,cac 	yy 	zz 

o 	o 	) 
y xy 	z XZ 

where 0 is the perturbation velocity potential; the subscripts refer to 
differentiation with respect to x, y, z; Vt.,  is the free stream air velocity; 

and M is the free stream Mach number. When0,0,0 are small 00 x y Z 

M. compared with V. and M. << I 7  this equation (I) reduces to the 
Prandtl-Glauert equation 

(1 	Aim) 
°;CC 45yy + 95ZZ = 

	
(2) 

IT 	and (1 -11:) arc of a 

similar order of magnitude, so the first non-linear term of equation (1) 
mast be retained to give 

m 2 

Olx 	Oyy 	Ozz  = re: ( y+ i) sbx  sb:= 	(3) 

an equation which is tractable at M. = 1. 

Y 1 
95x ( yy °zz)  

(1) 

This, however, is not sufficiently accurate for transonic flow 
analysis. As Mi. tends to unity M. ( Y + I) s6  



Von Karman(9) 3_,* ---itroducedt 9.,transonic simi 
here 	used since by Kaplan I ') and Spreiterk 
by the latter, using the form of eq.(3) as here 

ter -.7arc.,2 ,1eter, called 
The form proposed 

derived, 

•co 

1
/42  ( y + 1)( 

t
ic) co 

has been found to give the best correlation between theor,-; and existing 
experinnntal data and has received vridespread support since its inception. 
Here t is the semi-thickness of the wedge at the shoulder and. c is the 
wedge chord length. 

Kaplan(i a) 
vrrites as follows : 

"If a series of bodies having the same distribution function 
g( xic) for the slope but different thickness ratios ( t/c) 
are placed in flows of different freestream Liach Numbers LL  and 
different values of y, such that the parany.,,ter F,„.(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 flaw". 

Vie now look at the direct hydraulic analogy which forms the basis 
of the experimental_ work described in this paper. The diagrams (a) 
and (b) are for a two dimensional gas flow and for a heavy inviscid 
liquid. 

( 4-) 

1 I / 
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(a) xy-plane for a two- 	 (b) xz-plane for a heavy inviscid 
liquid dimensional gas flow 



The equations for two-dimensional isentraoic flaw of a gas are 

a „ a 
v'u-) 3y (  av) 	= 0  

au au 
u ax+ ay at 

av av 
U ax + V + -Ft  

It can be shown(6)03) that tLe equations for long surface waves 
in shallow heavy inviscid liquid, over a plane horizontal bottom, 
bounded by vertical walls, and in -Which vertical accelerations and 
surface tension are negligible, are 

a 	(u 	ba-5, ( vf d) 	•a-a 	= 0 

	

au' 	du` 1 

ax U 	+ V . 2  f + , 	oy 

' 

	

1 Ovf 	8 / v 
u --j;, + -v- —y,  + 

au' 	a 
dt 	

rx• gd) 

zhia 	a 
-67 
	( gd) 

(6) 

The two sets of equations (5) and (6) represent the sae type of 
flaw, provided that there is simultaneous correspondence between 

d and P; gd and a2; Y and 2. 

Furthermore, for long waves in shallawwater„ where d is the undisturbed 

depth, Wave group velocity 	Wave velocity 4  

There is, then, a correspondence between 

V 
(g4. 

 

and 

 

where Mc., is the free stream liTach nunber. 

Laitone(2) has shorn that, with a judicious choice of-rater depth 
(about 4  inch), this analogy is still applicable when the wavelength 
is as small as one inch. 

- 	1 a 
a

2 	

(5) 

7:7 b-Yr (a  ) 



We have, then the following table of corresponding quantities 
on which the hydraulic analogy to the isentrepic flow of a gas is based :- 

Isentropie Gas Flow 	Long Waves in Shallow '.later 

po  

2  

a 

2 
a 
) 

ca 

a 	
(gdrj 

The above analysis makes two assumctions which are, in Tractice, 
quite justified, 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 effects in the fluid, which elfocts 
occur in the present experiments only in the boundary layer of the model 
and are known to be small. There is the additional restriction that y 
is assumed to have the value 2 which differs from that of most gases, 
air being 1.4. 

3. Apparatus.  

Photographs of the apparatus are given 3n Figs. i and 2 This 
consisted of arrangements for towing the wedge-shaped models in a water 
table, 4 feet ivide and 6 feet long with a slate bottom that was checked 
to be horizontal to within 0.001 inch along the centre lino before 
the commencemcnt of this series of torts. The deDth of water used 
throughout the tcsp,ya 0.25 inch; this has boon show:1 to be; the 
optimum by Laitone0A3), and others. At each fillin a calculated 
voluno of water was dispensed from two marked buckets. It vas consistently 
found that the' 'water depth obtained by this method was always 0.25 inch 
to within the degree of accuracy of the photographic depth measuring 
technique (see Appendix 3). 
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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, tie latter enabling 
clearance adjustments to be evade. The carriage was activated through a 
chain drive by an A.0 electric motor, and its speed adjusted by varying 
the brush positions within the motcr. The incidence of the model was 
set by the angular positioning of the central spigot whilst the side 
of the model was aligned, by moans of a three-foot straight edge, with 
marks scribed on the table; this enabled the incidence to be set to 
+ 

1  
1 

0 
—degree. 

In the depth measuring technique a photograph was taken of the model 
in the course of its passage through the water, by a ca:aera moving with 
the model and an analysis of the agparent depth of the model bottom below 
a scribed datum line was made at selected chordwise stations. The camera, 
a Voigtlander Vito 35 mm. fitted with a supplementary lens, was mounted 
on a platform an an extension of the model carriage in one of the 
alternative positions shown in Pig. 1, it being necessary always to 
ensure that the film and the model surface being photographed were 
parallel 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 4.70 inches from tank bottom to 
centre of camera lens without any significant loss of accuracy. 

The fiL-n used in the early stages of this work was Pan. ..Y., but it 
was found that the improved grain properties of Pan.P enabled the 
Projected film to be analysed more easily and that the lower emulsion 
s2eed presented no difficulty. Ylith an illumination of 9 x 275 watt 
Photolita bulbs at approximately 5 feet, and using 	film, an 
exposure of 1/50th second at f8 gave good results and was used for most 
of the tests. 

The models, each of 6 inches chord, were made of wood with a thin 
coating of white enamel paint. As can be seen in rig. 3 (and others) 
a thin horizontal line is scribed near the top of cachmode-: and the 
chordwise stations are sini;arlyomarked.0  The three riodels used wore 
single wedge sections of 10 15 and 20 included angle. The model 
leading edges were made as sharp as the use of wood allowed, and the 
painting of the surfaces rounded off any initial bluntness to an 
indefinite radius. The loading edge thicknesses were measured with a 
micrometry gauge and found to be 

0.020 inch for the 20° wedge 

0.012 inch tt 	15°  wedge 

and 	0.005 inch 	10
o 

wedge,  

and this limitation on "sharp leading edge" must be borne in mind when 
assessing the results. 

- 6 
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The speed of the carriage driven through chains and sprocket 
wheels was recorded during each run by a revolution counting tachometer 
(see Fig. I). 

*. 	Test Prat .dam 

After mounting the model on the carriage, the angle of incidence 
vas set andthe bottom clearance was adjusted to the appropriate value 
(0.010 inch in the main tests) by means of the vertical adjusting screws. 
From the photographs such as loig. 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 measurement 
from the projected photograph A still phorograph was taken at the 
start of a series of runs to provide a periodical check of the water 
depth of a quarter of an inch. 

Bomolburg
(16) and. Er3rant(1 7) have drawn attention to the difficulties 

arising from dust on the water surface, the latter having overcome the 
Problem by mechanical surface swooping, whereas the fon-aer finally 
adopted kerosene as the working fluid. Water was retained for the 
experiments described in this report, and great care was continually 
exercised to reduce the effect of dust contananation to a minilnum; 
moreover:  no given filling of water was ever used for longer than one 
hour, whilst at each quarter hour the water surface wus opt 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 positions in the 
electric motor. The chain wheel by which the brush positions were 
adjusted ( see Pig. 1) did not lend itself to accurate calibration; 
thus each test run was carried out at a speed whish was only approximately 
known until the reading of the tachometer was taken. This meant in 
particular that, without extending the tests to a wry large number of 
runs for each setting of the models, it was not possible to ensure that 
the upper and lower surfaces of a model at a given incidence were 
photographed at the identical set of g  Mach Nwiibers, thus necessitating 
the plots such as Fig. 4 for the 15 wedge. However:  with a given 
estimated speed setting, the model was phpkographed in its run at the 
optimum position as determined by Wilimer °):  and the tachometer reading 
taken, from which the true carriage speed and Mach Nu fiber were derived. 

After the development of the film, on 4:;;Ath ono of which some 36 runs 
were recorded, it was projected onto a screen of white drawing paper 
to give a magnification of 5 x model full sisal  the magnification being 
kept constant so that its factor could be incorporated in the reduction 
formulae. From the projected iLL..ge of each run the values of the 
a7narent depth of the model bottom below the datum line were measured 
at the eleven marked chor&,rise stations and subseriuently analysed. 



5. Results  

(1) The effect of bottom clearance on the integral of the -orossure 

coefficient 	1  f 
910  d (Z) (see Aypendix 1) is depicted in Pig. 5, from 

c 

which it can be seen that, over the coll)loto incidence range of the tests, 
there is no decisive trend. As a result of this it :.as considered that 
no extrapolation to zero clearance was necessary in the subsequentvork. 

(2) Figs. 6 and 7 give typical results for the Ceneralized Drag 
Coefficients plotted against the Transonic Similrity Parz.ulleter for constant 
values of the Generalized Angle of Incidence, The best curves through 
those and similar plots fox other values of a arc collected together 
in Pig,  8. 

(3) Figs. 9 to 11 give the Generalized Lift Coefficients plotted 
against the Transonic similarityIThz.-Lunctur for constant values of the 
Generalized Angle of Illcidence. The best curves through those plots 
are collected together in Fig. 12. 

(if ) Fig. 13 shows the variation of Lift Curve Slope at Zero Incidence 
in Generalized Form with the Transonic Similarity Paramoter, together 
with the curve given by Transonic Small Disturbance Theory. 

(5) Fig. 14 gives the Generalised Pressure Coefficient distribution 
along the chordline at Zero Incidence. 

(6) Fig. 15 gives the Generalized Pressure Coefficient distribution 
along the chordlino due to Incidence. 

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

6. Discussion 

6.1. Effects of bottom clearance 

. 	1h) In view of the work of Weijors( 	on the effect of bottom clearance 
using a static model, the main test programme vas proceded by a similar 
investigation for our case with a moving model. Since the integral of 

the 	 0) tires 	j C.,d - is the basis of all subceouont calculations it c ' 

was considered a suitable criterion for this test. Further, duo to the 
precsure difference induced across the model by incidence, it was thought 
that the effect of clearance would be most marked at ]..:ailma incidence. 



The results for the 20o  wod 0 at 7o incidence =d zero incidence, 
as „lotted in Fig. 5, show no decisive trend on which ax.L extrapolation 
to zero islearance could be based. A convenient 17terlthiz clearance of 
0.010 iiich was, therefore, -.1,e.isy.otea, for the remainder of the progranvae, 

6.2. The 	results 

The generalized lift curve slo-pes (see Fig, 13) 9 j -rfor substaiitially 
from the theoretical curve of Trrnsonic theory. 7:ot only aid the extlerimntal 
points markedly lower than theory predicts, but there is also no tendency 
for the values to increase with increase of Mach Lumber. 

The results for the 200  wedge differ most widely from the theoretical 
curve, but tend to increase with the transonic 	 parameter. 
The results for the other two wedges show a reasonable agreement for 
'values of the transonic similarity parameter less tlaa G.6,  

Upon exarrinat;on of Figs. 9 to 11 it is again aaparent that the 
results for the 20 gyred„ e: depart most widely fror-! the Lean. 

6.3,  

T80 zero incidence generalized drag coefficie-.-A results for the 100  
and 15 wedges agreed  wellwith the curve for transonic theory (see Fig. 6) 
but those for the 20 wedge are all somewhat high, caatrary to the 

findings of ViTillmc.,,r . The effect of incidence 	drag is shown in 
Fig. 8, end it is noteworthy that the curves for CD  against yefl  for 
increasing values of have precisely the scum shape as that for zero 
incidence given by theory and that they accord well with it, The -Doak 
values for drag, it will be noted, occur at preessive-ly lower values 
of transonic similarity paraaetcr as the generalized incidence increases. 

the present time there are no published results show5..-ag the variation 
of the generalized drag curve with incidence with wLich to compare 
these curves, :::sad, regardIng these curves it must be renembered that 
they are derived from rather scattered evidence such as Fig. 7. 

The wind tunnel study of Iiiepmann and Bryson('-'20 is of considerable 
interest in relation to Fig. 8. Their results given in Pig. 14. of the 
above reference hwe been moaned for plotting in Fig. 16 for CD  against 

over a range for the latter variable 
together with the theoretical curves for 
theories. Over the range of the College 
to just past Mach 1, the agreement in. 
good. The results for linear theory are 
higher Mach numbers shuvirLig a trend over 
the College experiments - of the same na 
theory. 

from -1.0 to nearly 3.0, 
shock expansion and linear 
of Aeronautics expori.ients up 
nd with the for.er theory is 
also given in Fig. 16 for the 
that range maiul. beyond 

tare as that for shock expansion 



— 10 — 

6.4. pe_gener.:Jizedsseesure distributions 

The zero incidence generalized pressure distribrtua„ as plotted 
in Fig. 14, shows the same gonerj shape as the theoretical cum s 
given by Oincenti and Wagonerk19)and Guderloy and Yosilihnra( 2ui 
Careful study of the experimental points shows that , at a given 
chordwise station increases with transonic similarity )nz-n3L,ter, 
but not to the extent predicted. This, no doubt, explains the discrepancy 
between the experimental and theoretical values of (75) at the 

approach of shock attachment. 

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

pressure distribution for e  = 0.74. obtained by Fledderniann and Stancil 
using a sirdlar ap2aratus to the one under discussion but ffleasuring 
water depth by moans 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 theoretical, although, 
broadly speaking, a closer approximation in magnitude is achieved 
compared with thsi present investigation. 

( 21 ) 

The distribution of the loading per unit angle of incidence over 
the chord is shown in generalized form in Fig. 15. Also included in 
this figure are curves given by transonic small disturbance theory as 

calculated by Vincenti and Wagoner(22) and Guderloy and 7Coshihara(23) 

for particular values of the similarity parameter. Only cinnlltative 
agreement with the theoretical curves can be claimed for the experimental 

(ipoints, in that the values of ACio 	are high at the loading edge and 

In assessing the results shovn in Fig. 15 it should be I:orne in 
mind that, due to the large possible errors of this apparatus (see 
Appendix 3), the pressure distributions for the higher angles of incidence 
for each maze vvro chosen for reduction in the hope of minimising their 
possible effects. 

-V- 
low at the shoulder, and are of the same order around mid-chord; the 
experimental points tend to be law at the leading ease and high at the 
trailing edge. It is possible to detect a tendency for the local values 

( AG.? of 	.1-- to increase with co  (as predicted by the theory) but with 

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



6.5. General 

Because of the method of measurement no depth re::_dinr_s could be 
Obtained near the nose and shoulder of the wedges; the extort of both 
those regions is of the order of 10r0 of the chord, alt.augh at the 
higher Mach Numbers and angles of incidence up to 20;0 of the chord at 
the leading edge may be affected. Thus, in order to obtain 

fial)  d(3)Cg  it was necessary to assure that 
0 

(a) The stagnation pressure coefficient was that given by theory 
(see Fig. 17), and that the stagnation point was at the 
leading edge. 

(b) A leading edge separation bubble was produced on the upper 
surfaces of the wedges at incidence, and that when no clear 
indication was given 	the readings, the D:oessure coefficient 
was taken as constant from the leading eke to the first 
reliable value. 

(c) There is always a Mach Number of unity at the shoulder. 

The validity of these assumptions is doubtful, but they are essential 
in the absence of information about flow conditions in the region of the 
base of single wedge sections. From the majority of Op values derived 

it would appear that the full theoretical stagnation yeessure coefficient 
is not developed, possibly due to the water slope near the leading edge. 
The theoretical stagantion pressure is assumed to be correct so that, in 
general, the experimental values must be too low, which would help to 
explain the deficiencies in the final results. The low values nay 
be due to the effect of water surface slope, as suggested in Appendix 3, 
as the water surface is certainly depressed along the side of the model 
and has to regain the value do°  in all directions, in ?articular, laterally, 
albeit slowly for M.o„, of the order unity. 

The presence of a leading edEe separation bui)ble on the upper 
surface of the wedges at incidence is well shown by lag. 10, and appears 
to cover about 10% of the chord. 

The most doubtful assuylption is (c) above. Donhan*Carter and Butler(7) 
have discussed this at some length and conclude, as we have found, that 
the true sonic point moves forward on the upper surface with increasing 
incidence and Mach Ember, but there is no definite information regar ng 
the actual shoulder and base pressures. Vincenti, Dugan ans3.Phelps(14 
also confirm this forward movement of the sonic point for diamond sections. 
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The most important errors in this work arise from the technique of 
depth measurement (see Appendix 3). Even assuming an horizontal water 
surface at the point through which the camera views the model bottom, 
interpretation errors can give rise to pressure coefficient errors of 
up to 0.2; taking a constant error inClo  of 0.1 the resulting errors in 

CL  and CIDI  can approach 10 of the calculated values (see Table 6). 
As there is some lateral water surface slope at the side of the model, 
the errors may be even greater (see Appendix 3). An alternative method 
of depth measurement is essential if the existing apparatus is to be 
used for more accurate experiments. The writers have been advised that 
no film exists with a finer grain and yet with sufficient emulsion speed 
for this type of work; it would appear that the only possible 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 
reading accuracy. Two methods of depth measurement using vortices 
probes, due to Laitone and Nielson(15) and. Fleddermann and StancilL21), 
are alternatives; the accuracies of their methods is unknown to the 
mriters. 

Bryant(5) has suggested that, in order to establish a complete 
affinity between the model wedge and the prototype, account should be 
taken of the presumed boundary layer development. It is possible to 
approximate to the effect of the boundary layer on the model in the 
water by carrying out a laminar flow calculation for the displacement 
thickness at the shoulder, and assuming a linear boulelary layer growth 
from the loading edge. I i appreciated that this is only very approximate; 
however, following Bryant08), it is found that, atlI = 1, the bound;ry 
layer has the effect of increasing the wedge semi-angle by about 0.5 
It should prove worth while introducing this boundary layer modification 
into the analysis of further experiments, but it has not boon done in 
this investigation. 

Some photographs have been selected from the numerous teat runs. 
Fig. 19 with the model at rest, illustrates the difficulty of obtaining 
a uniform meniscus, particularly at the leading and trailing edges and 
the application of a thin film of weak detergent solution to the model 
surface before each run gave some improvement. Fig. 20 shows the 
impossibility of obtaining results near the leading edge, both because 
of the bow wave effect on the photography and because of the probable 
breakdown of the analogy due to the appreciable vertical accelerations 
of the water particles. Capillary waves ahead of the bow wave are also 
clearly visible. Figs. 3 and 18 show the characteristics depression of 
the water at the trailing edge which precludes the taking of any readings 
at the shoulder of the medge. 

Although the possibility of large errors has been shown to exist, 
there is evidence from the final curves that the effect an the results 
has boon kept within reasonable limits by the extensive range of tests 
and the effective smoothing of the readings, such as in i'ig. 4. 
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The value of the results rests on the success or failure of the various 
smoothing operations. 

7. Conclusions 

(1) Given an accurate depth measuring technique the hydraulic analogy 
provides a useful method of obtaining data in transonic gas dynamics 
at low cost, particularly in proble,ps of unsteady flaw, provided 
shock waves are absent. 

(2) The College of Aeronautics apparatus, in its =esent form, is not 
recommended for the continuance of serious research work, although 
it would still be useful for routine studen experiments, and for 
demonstration purposes. The following modifications to the apparatus 
would, however, make it suitable for further research work :- 

( i) The provision of a system of probes for dellth measurement 
to replace the present photographic method. 

(ii) The provision of an accurate speed control. 

(iii) The stiffening of the model mounting. 

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

(3) Within the degree of accuracy of those experiments it is concluded 
that .- 

(i) The generalized results for the 10°  and 15°  wedges follow 

although the absolute values at incidence tend to be low and 
the trends predicted by transonic small disturbance theory, 

agree with the trends obtained by other workers in wind 
'tunnel tests. 

(ii) The results for the 20°  wedge indicate that a semi-nose angle 
of 10 is too large for the application either of transonic 
small disturbance theory or of the hydraulic analogy, as might 
be expected at high lift coefficients. 
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ILPFTITDM 1 

REDUCTIOU OF RASIMTS 

The water depths d and do, and the vertical distance D between the 
model bottom and model datum were calculated from .1mown data and from 
measurements of the photographic film. A chart was prepared for 
determining local values of Mw. (y = 2) from local depth ratios and 

free stream M 	and another for determining local pressure coefficients wa, 
from local Mach numbers and freestream Mach numbers in nil' ("Y = 1 ./1-) • 
The realtionship between local water Mach number 11.cr  and local air Mach 

number Ma for the variation of thickness/chord ratio with the freestream 
Mach number Max, (y = 1 .z.) was plotted. Tables were then constructed 

for the three wedges of 100, 150 and. 20o as shown in the sample tables 

for the 150 
we ,e. Thus the integral of the pressure Treasured along the 

wedge was obtained in Table 1. Fig. 17 gives the variation of stagnation 
-orossure coefficient with freestream Mach number, The results of the 
calculation of transonic similarity parameter factors are given in Table 2. 
These last lead to the calculation of lift and drag and thus to the 

F.J 

parameters CD0  and OL0  again shern in tabulated for in Table 3 for the 

15e wedge. Typical results of CD for this wedge angle are given in 

Table L. and in Figs. 6 and 7 for all three wedge angles at zero incidence 

and at a = 0.1 to show the experimental scatter; the faired curves in 
Fig. 8 are for the complete range of angle. Figs. 9 — 12 give the 
results for the generalised lift coefficient 0L  plotted against the 

transonic similarity parameter c. The calculations of the lift slope 

lead to Fig. 13, where a comparison is made with theory. The values of 

CPu(L) 
0  the zero incidence chordwise generalised pressure coefficient 

distribution along the chord are calculated in Table 8 for the wedge of 15e
and. are compared with theory in Fig. 124. for a range of values of the 
-eara-reter c. This is followed by the chordw-ise lift distribution in 

Fig. 15 



Yw+1  
Y 

+-- M2  2 	1,V 
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1TFEDIX 2 

(1) CONVERSION OF '1714.L41 /111CH NiT14-tURSI TO TIIE CORT-cgrOlagiG  11 IR WOE NUIC31aSt 

(2) VARIATION OF THICKNESS FLCTOR.  WITH. jillqH  WA-7M. 

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

where suffixes Wand a refer to water and air respectively. 

Substitute yw  = 2 	ya = 1 .4 whence 

3 
2 + 1,1

2 
VI 

2 
Myr 	''''''''j--' "- ''. ( Ma,  (

5 + 1.12 - 3  

-----) 

&Dere both sides and invert, whence 

1 12 (2 + mv 
3 	

[ 5  + m:16  = 	 (2) 
M2  1 2  w 	 a 

(2) 	Equating corresponding values of f or air and water 

14 2 
aco 

2 

1 3  

M 2 
w0'7 

y„ 

1 
At.1•04. 	-.F... 1 

14;07123 + 1)('-e)a 	a  M2  co • 



The maximum value of the thickness factor in the range 00 < M 41.25 co 
is 1.025 so this factor was not included in the calculations. 
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H2  - 1 2  
2 

1412 	1 
Vko 

( Ya.I1 	

L1 --

. 
y a  + 1 

Maw 

2 

1.25 

1.25 f(Ma.) 

using the relation between Maw  and Vico  in equation (2) above. 

It is not possible to evaluate f(Ma) between the values of Mac,;=,  0.95 

and M = 1.05 owing to the rapid changes in (2). The functions arc 

too complicated to carry out a limiting process by de l'Hopitalls rule 
around Maw  = 1 so values have been interpolated. 



- 20 - 

TVLF:2•B IF?TAT ACCURACY 
4- 	 a 

Error may arise in this experiment from r. of the 

(1) measurement of carriage speed 

(2) incidence setting 

(3) bottom clearance 

(z) camera position relative to model 

(5) vertical alignment of the model 

(6) inaccuracy of carriage track and/or non horizontal tank-bottom 

(7) reading errors 

(8) incorrect assumptions of the depth measuring technique. 

(1) lifeasurementofcaryieed 

It was found that the tachometer gave lower readings for the sarn 
power setting when the carriage was engaged than when the chain was 
running freely. Furthermore, the tachometer needed a longer time to 
register than the actual runs 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 'water Mach nuriberl. 

(2) Incidence settitz 

The method of incidence sotting had an accuracy of id with the 
method used. 

( 3 ) Bottom clearance 

Several different bottom clearances wore tried with the 200  77o 0 

at several incidences and no decisive trend was discovered (see Fig. 7) . 
It was therefore concluded that no small departures from the setting 
0.01 in. used throughout the main body of the tests had any effect. 

( 4) Camera2psition relative to model 

It was found that variation in camera position over the restricted 
range necessary gave only very small percentage differences in the 
constants used in the depth measurement. 
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( 5) Vertical  ?lizmnnt  of the model 

It was found difficult to assure that the bottom clearance was the 
same at both sides of the model. This part of the aTyearatus could 
definitely be made more rigid as even when the correct adjustment had 
been made there was still a fair amount of spring. 

(6) Inaccuracy  of  carriA.21:117. aneVor  non-horizontal tankbottom 

The tank-bottom had been checked as being horizontal to -within 
0.001u along the centre line, but an exhaustive check of bottom, drive 
rails, etc. vas not made. 

(7) Readillg_prrors 

It was found that the error in the reading of height on the 5x 
full sine screen picture was - 0.02", whether the roadjne' was repeated 
by the same or another person. Six oases were treated covering the 
usable range and at extreme Mach numbers. The whole calculation was 
carried through to the end-results of CL  and CD and is tabninted in 
Table 6, 	 o  

(C) The photographic depth measuring technique relied eraicitly on 
the water surface being horizontal at the point of incidence. No 
attempt has heretofore boon made to assess the possible error in this 
assuyption. The error variation for deviations of e from zero is 
tabulated belog. It maybe shown that lateral pressure recovery is 
extremely slog and that the water-slope should be correspondingly low. 
This is a point which could boar experimental investigation. 

0 5 10 15 

a 0.273 0.239 0.2121. 0.1 95 

IruIROR 0 12.5 21.6 28.6 

9P 
at M 	=0.95 wco 

491.) 

0.240 

0 

-0.145 

0.385 

-0.370 

00610 

=CR 0 161 25L. 
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Timm 7 (Al 
01, LISTRIBUlaorr 

j 
0 

02  a 	Y.  
20")  Wes, 

% 0  5 10 20 30 40 50 60 70 80 90 95 
INCIDEEE 'UM OR 
(LaUlinrs) 	Imp 	Q0,. 

suppAcx 

44a. 0.86 0.94 0.95 0.98 1.01 1 .00 0.98 0.96 0,94 0.90 0,90 0 - 0.96 

9i _0.27  ..0.07 _0.04 -0.02 0.11 0.00 -0.04 4.02 .0.07 -0.15 -0.15 A .. -0.046 (20 71tou.) 

Bid ,_ 1.38 1.37 1.36 1.31 1.29 1.26 1.26 L25 1.24 1.24. 1.14 0 {, 1 .22 

9? 0.63 o.61 0.60 0.52 0.47 0.41 0.41  0.40 0.38 0.38 0.22 A . 	0.390 

o/d. 1.36 1.35 1.31  1.28 1.26 1.24 1.23 1.22 1.19 1.16 1.10 0 - 1.17 

9P 0.65 0.62 0.56 0.49 0.46 0.43 0.40 0.38 0.32 0.27 0.19 A = 	0.370 

did. 1.29 1.29 1.26 1.25 1.24 1.22 1.20 1.19 1.14 1,1 3 1.07 0 - 1.12 

9P 0.55 0.55 0.49 0.4-7 0.46 0.40 0.37 0.35 0.24 0.23 0.14 A 0.347 

a/a . 1.29 1.26 1.25 i.23 1.20 1.49 1 .1 7 1.14 1.12 1.09 1.01 0 - 1.05 

9P 0.62 0.54. 053 0.46 0.39 0.38 0.32 0.27 0.22 0,15 0.02 A = 	0.304. 

Va.. 1.25 1.24 1.22 1.19 1.16 1.14 1.14 1.12 1.09 1.04 1.01 0 - 1 .00 

9P 0.61 0.58 0.52 0.46 0.36 0.33 0.33 0.28 0.21 0,08 0.02 A. = 	0.27; 

s/a _ i .18 1.18 1.18 1.16 1.14 1.14 1.12 1.08 i .04 1.02 0.97 0 _ 0.96 

9P 0.58 0.58 0.58 0.53 0.45 0.45 0.40 0.29 0.20 0.14 -0,02 A = 	0.380 

44. 1 .25 1.25 1.23 1.19 1.17 1 .1 4 1.13 1.133 1,04. 1.02 0.98 1 L 1.21 

Op  0.66 0.66 0.61 0.52 0.47 0.38 0.35 0.19 0.10 0.06 -0.05 A = 	0.415 

6/a, 1.29 1.26 1 .24. 1.20 1.19 1 ,17 1 .14 1.13 1.10 1.03 0,98 1 L 1 .15 

9P 0.71 o.67 0.61 0.48 0.46 0,41 0.34. 0.30 0.23 0.05 -0.07 A = 	0.392 

461.., 1.24 1.22 1.18 1.16 1.16 1.13 1.13 1.12 1.10 1.06 1.00 1 L 1.00 

14 0.50 0.52 0.44 0.36 0.33 0.30 0.30 0.28 0.24 0.13 0.00 A = 	0.294 

5/8, 1.28 1.26 1.24 1.24 1.23 1.20 1 .1 9 1.16 1 .1 3 1 .1 2 1.06 1 L 1.09 

9p 0.99 0.54 0.49 0.49 0.47 0.40 0.37 0.32 0.25 0.23 0.10 A = 	0.352 

41a. 1.14 1.17. 1.12 1.10 1.10 1 .1 0 1 .06 1.04. 1.03 1.02 0.98 1 li 0.97 

Op  0.36 0.36 0.30 0.27 0.27 0.27 0.16 0,11 0.07 0.05 -0.04 A = 	0.200 

did. 1 .13 1.13 1,1 3 1.13 1.12 1.10 1.10 1.06 1 .04 1.02 1.00 1 11 1.00 

op 0.27 0.27 0.27 0.27 0.26 0.23 0.23 0.12 0.07 0.03 0.00 A 0.231 

a/a . 1.20 1.19 1 .18 1.16 1,16 1.13 1 .12 1 .12 1 .10 1 .06 1 .02 1 U 1 .08 

ap 0.39 0.36 0.35 0.32 0.32 0.25 0.22 0.22 0.18 0,11 0.03 A = 	0.280 

5/a 1.24 1.24- 1.24 1.24 1.22 1.20 1.20 1.18 1.14 1.12 1.08 1 u 1.17 

0.41 0.41 0.41 0.41 0.38 0.34 0.34. 0.30 0.23 0.20 0.15 A - 	0.326 

aid., 

op 

1.31 
0.50 

1.29 
0.46 

1.26 
40.40 

1.25 

0.39 

1.25 
0.39 

1.25 

0.39 

1.25 

0.39 
1.24 

0.37 

1.24 

0.37 

1.22 

0.33 

1.14 

0.22 

1 

A 

U 

. 	0.352 

1.23 

dIa 1.20 1.20 1.20 1.14 1.14 1.14 1.12 1.09 1.07 1.03 1.01 2 L 0.96 

op 
aid 

0.53 
LAB 

0.53 
1.18 

0.53 
1.23 

0.36 

1.1 6 

0.36 

1.16 
0.36 
1.16 

0.31 
1.12 

0.22 

1.10 

0.18 
1.08 

0.07 
1.03 

0.0e 

1.01 

A 
2 

= 	0.297 
L 1.00 

Op 0.44 0.44 0.38 0.36 0.36 0.36 0.28 0.24 0.19 0.05 0.02 A = 	0.318 

a/6. 1.29 1.26 1.25 1.24 1.22 1.22 1,1 9 i .16 1.1 3 1.08 1.02 2 L 1.09 

Op  

a/a. 

0.59 
1.35 

0.53 
1.31 

0.51 
1.30 

0.48 

1.25 

0.43 
1.25 

0.43 
1.25 

0.38 

1.23 

0.3i 

1.18 

0.25 

1.1 7 

0.15 
1.14 

0.05 

1.08 

A 

2 
= 	0.372 

L 1.15 

op 
0.66 0,58 0.55 o.46 0.46 0.46 0.41 0.31 0.30 0.25 0.15 A = 	0.414 

6fd 1.37 1.37 1.34 1.31 1.30 1.28 1.26 1.24 1.23 1.22 1.16 2 L 1.21 

Op  0.61 0.61 0.55 0.52 0.50 0.46 0.43 0.38 0.37 0.34 0.25 A = 	0.449 

a/a 1.25 1 .25 1 .23 1 .19 1,17 1.14 1.13 1.08 1.04 1.02 0.98 2 13 1.25 

Op 
0.66 0,66 0,61 0.52 0.47 0.38 0.35 0.19 0.10 0.06 .41,..05 A = 	0.415 

a/a - 1.30 1.26 1.26 1.24 1.23 1.22 1.17 1.17 1.14 1,13 1.07 2 U 1.20 

Up 0.51 0.43 0.43 0.40 0.37 0,36 0.28 0.28 0.24 0.23 0.11 A . 	0.291 

1 .26 1.25 1.23 1.20 1.19 1.18 1.17 1.14 1.09 1.10 1.03 2 U 1.13 

Op 0.48 0.47 0.4.2 0.37 0.35 0.33 0.30 0.24 0.17 0.19 0.05 A 0.266 

1.23 1.22 1.20 1 .16 1.17 i .16 1.13 1.12 1 ,10 1.07 1.01 2 U 1.08 

Op 0.45 0.43 0.40 0.36 0.33 0.32 0.24 0.23 0.18 0.14 0.02 A = 	0.240 

1.2o 1,18 1.16 1.13 1.13 1.09 1 .09 1.06  1.02  0.98 0.96 2 U 0.99 

Op 0.48 0.42 0.37 0.30 0.30 0.21 0.21 0.14 0.03 -0.06 -0.10 A . 	0.205 
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TAIJ-E 1 	(a) 
0v  DISTNIMUTICU 

A m 	Cr 	d (!) 

200  RTIKZ 

5 10 20 30 40 50 do 70 Su 90 95 
Immo= UPPER OR 
(DBMIE620 	LAMER U. 

1.20 1.17 1 .14 1.13 1.12 1 .10 1 .09 1.07 1,03 4.01 0.98 2 	
SUPPACE 

V 0.94 

0.54 0.47 0.38 0.35 0.32 0.26 0.23 0.17 0.08 0.02 -0.05 A 	= 	0.155 

1.40 1.38 1.35 1.34 1.31 1 .30 1 .25 1.24 i .24 1.20 1 .16 3 	L 1 .18 

0.72 0.69 0.63 0.62 0.55 0,54 0.44. 0.43 0.43 0.35 0.27 A 	= 	0.4.75 

1,34 1.32 1.30 1.28 1.26 1.25 1.24 1.20 1.17 1.13 1.09 3 	L 1.12 

0,66 0.62 0.58 0.53 0.49 0.47 0.44 0.37 0.30 0.23 0.17 A 	= 	0.431 

1.25 1.25 1.24 1.24 1.24 1.22 1.22 1.14 1,12 1.04 1.03 3 	L l .04. 

0.55 0.55 0.53 0.53 0.53 0.48 0.48 0.31 0.26 0.07 0.06 A 	= 	0.381 

1.24 1.24 1.22 1.19 1.18 1.14 1.1 3 1.09 1 .08 1.04 1.00 3 	L 0.98 

0.59 0.59 0.54 0.46 0.43 0.32 0.30 0.19 0,17 0.07 0400 A 	= 	0.336 

1 .14 1 414 1 .13 1 .13 1.12 1 .10 1.09 1 .04. 1.01 1.01 0.97 3 	U 0.98 

0.35 0.35 0.32 0.32 0,30 0.25 0.21 0.10 0.02 0.02 -0.07 A 	= 	0.148 

1.14 1.14 1.14 1.12 1.12 1 .10 1.07 1.09 0.98 1.03 1.0i 3 	U 1.00 

0.33 0.33 0.33 0.28 0.28 0.24 0.21 0.14 0.07 0.03 -0.05 A 	0,165 

1.17 1.17 1.16 1.14 1.14 1.12 1.12 1.10 1.06 1.03 1.0o 3 	U 1 .03 

0.35 0.35 0.33 0.29 0.29 0.24 0,24. 0.19 0.11 0.04 0.00 A 	0.171 

1 .1 9 1.19 1.18 1.17 1.16 1.13 1.13 1.10 1.08 1.06 1.01 3 	U 1.12 

0.35 0.35 0.34 0.30 0.29 0.24 0.24 0.18 0.14 0.10 0.03 A 	=• 	0.226 

1.25 1.25 1.25 1 .24 1.23 1.20 1.19 1 .1 6 1 .1 3 1 .10 1,10 3 	U 1.18 

0.42 0.42 0,42 0.39 0.38 0.33 0.30 0.27 0.22 0.18 0.18 A 	= 	0.155 

4.26 1.26 i .25 1.23 1 .23 4 .19 1 .17 1 .14 i .13 1.12 1.09 3 	U 1.23 

0.42 0.42 0.40 0.36 0,36 0.34 0.27 0.23 0.21 0.19 0.15 A 	0.283 

1 .25 1.24. 1 .23 1 .20 1.1 9 1 .14. 1 .13 1 412 1.10 1.07 1.04 4 	T. 0.95 

0.03 0.66 0.65 0.56 0.54 0.40 0.36 0.34 0.27 0.22 0.13 A 	= 	0.350 

1.29 1.26 1 .26 1.24 1.22 1.16 1 .14. 1.1 3 1.10 1 .06 1 .02 4 	L 0.99 

0.70 0.65 U.65 0.60 0.53 0.37 0.32 0.30 0.23 0.12 0.03 A 	= 	0.388 

1 .35 1.34 1.29 1.28 1.25 1.24 1 .22 1.1 9 1.18 1.14 1.09 4 	L 1 .04 

0.78 0.76 o.66 0.62 0.55 0.51 0.46 0.39 0.38 0.29 0.14 A 	= 	0.429 

1  .36 
0.71 

1  .35 
0.70 

1.34 
0.68 

1 .31 
0.61 

1.28 
0,53 

1.26 
0.50 

1.25 
0.47 

1.24 

0.46 

1.23 

0.42 

1.17 

0.30  

1 .12 

0.23 

4 	L 
A 	= 	0.473 

1 ,12 

1 .45 
0.78 

1 .4.1 
0.70 

1 .42 
0.72 

1 .A8 
0.65 

1.36 
0.60 

1.34 

0.57 

1.32 

0.54 

1.28 
0.47 

1.26 
2.43 

1.23 
0.37 

1.19 
0.31 

4 	L 
A 	= 	0.554 

1 .21 

1.47 1.47 1.46 1.43 1.42 1.38 1.36 1.32 1.28 1.25 1.22 4 	L 1,24 

0.75 0.75 0.74 0.69 0.67 0.60 0.55 0.51 0.43 0.38 0.34. A 

1.19 1.18 1.19 1.17 1.14 1 .14 1 .13 1.12 1.07 1 .03 1.01 4 	U 1.18 

0,32 0.30 0.32 0.29 0.23 0.23 0.22 0.20 0.12 0.05 0.02 A 	= 	0.186 

1.25 1.20 1.20 1.20 1.18 1.14 1,14 1.13 1.09 1.06 4.03 4 	U 1,23 

0.39 0.32 0.32 0.32 0,27 0.22 0.22 0.21 0,15 0.08 0.04 A 	= 	0.233 

1,47 1.16 1,18 1.1B 1.16 1.13 1.13 1.13 1.05 1.04. 1.02 4 	u 1.12 

0.30 0.29 0.34 0.34 0.29 0.23 0.23 0.23 0.14 0.08 0.03 A 	= 	0.177 

1 ,10 1.14. F .14 1.14 1.1 2 1.12 1.08 1 .06 1.02 1 .00 1 .00 
4 	15  

1-D6  

0.19 0.27 0.27 0.27 0.21 0.21 0.14 0.10 0.03 0.00 0,00 A 	= 	0.1:  23 

1.08 1.13 1 .10 1 .10 1 ,10 1 .08 1 .04 1.02 0.98 0.97 0.95 4 	U 1.01 

0.16 0.29 0.24 0.24- 0.24 0.16 0.08 0,05 -0.05 -0.07 -0.11 A 	= 	0.102 

1 .09 1 .09 1 ,08 1 ,os 1 .o8 1 .04. 1 .04 1 ,02 1.00 0.98 0.94. 4 	0 0.98 

0.23 0.23 0.19 0.19 0.19 0,17 0.17 0.05 0.00 -0.05 -0.13 A 	= 	0.085 

1.57 

0.91 

1.54 

0.85 

1,50 

0.76 

1.46 

0.71 

1.45 

0.70 

1.45 

0.70 

1.41 
0.63 

1.40 

0.62 

1 .36 

0.56 

1 .29 

0.44 

1,28 

0.42 

5 	L 
A 	. 	0.574_ 

1.26 

1.46 1.46 1.43 1.38 1.57 1.34 1.31 1.29 1.25 1 .23 1.19 5 	L 1.19  

0.82 0.82 0.77 0.67 0.64. 0,59 0.53 0,48 0.42 0.37 0.31 A 	= 	0.587 

1,38 1.38 1.36 1.32 1.29 1.26 1.25 1.23 1.20 1.14 1.10 5 	L 1.10 

0.78 0.78 0.73 0.65 0.57 0.50 0.1+7 0.44 0.38 0.26 0.16 A 	= 	0.514 

1.31 1.28 1.26 1.25 1.25 1.22 1.48 1.14 1 .13 1 .03 1  .07 5 	2 1 .00 

0.74 0.69 0.63 0.59 0.59 0,50 0.4_2 0.51 0.29 0.17 0.15 A 	= 	0.435 

c 

d/ci- 

GP 
did.. 

CT, 
c1/41... 

cp 

8/8.. 

OP 
aid 
cp  
8,/a .,, 
C_ r 
Va - 

Cp 

avid - 

ap 
4,48 . 

°ID, 
aid . 

a  P 
ala - 

cp 
81,1  ., 

cp 
did .. 

01, 
did .. 

al, 
did a, 

Cr 
ava ,., 

CP 
aid .., 

CP 
i/a-.. 

CP 
4i8., 

cp 
Va.. 

CV 
did. 

CP 
Vd- 

CP 
did. 
OP 

 
Atti- 

Op 
4i8.. 
Op  

4/k 

Op 
4A. 

CP 



10 THOU. BOTTOM CLEARANCE 

TABLE 1 ( a) 

DISTRIBUTION 
A 	1 	Qcx-n  20.  =Gm, 

% 0 5 10 20 30  41) 50 60 70 Sc) 90 95 INCIDENCE UPPER OR 
(IBS) LOP m  a,. 

aINEPACE 
4/4. 1.32 1.31 1.30 1.25 1.24 1.23 1.22 1.19 1.17 1.13 1.09 5 	L 	0.98 
Cp 0.85 0.75 0.72 0.64 0.60 0.57 0.54 0,46 0.41 0.30 0.21 A 	= 0.422 
d/d. i.10 1.10 1.12 1.12 1.13 1,13 1.12 1.10 1.08 1.07 1.03 5 	.11 	1.25 

Cp  0.15 0.15 0.17 0.17 0.18 0.18 0.17 0.15 0.11 0.10 0.03 A 	= 	0.158 

8/4. 1.08 1.09 1.13 1.13 1.13 1.13 1.12 1.10 1.08 1,06 1.03 5 	U 	1.15 

Cp  0.15 0.18 0.24 0.24 0.24 0.24 0.23 0.18 0.15 0.11 0.05 A 	= 	0.136 
d/d. 1.02 1.10 1.12 1.10 1.08 1.07 1.07 1.04 1.03 1.00 0.98 5 	P 	1.09 
Cp  0.02 0.18 0.22 0.18 0.14 0.13 0.13 0.08 0.05 0.00 -0.04 A 	= 	0.102 

did.. 1.00 1.06 1.08 1,08 1.07 1.06 1.03 1.03 1.02 0.97 0.96 5 	U 	1.02 

Cp  0.00 0.13 0.18 0.18 0.14 0.13 0.06 0,06 0.05 -0.07 -0.08 A 	= 0.054 

4/8. 1.60 1.54 1.52 1.50 1,46 1.43 1.42 1.38 1.35 1.29 1.23 6 	L 	1.26 

cp  0,98 0.86 0.84 0.78 0.72 0.68 0.65 0.59 0.54 0.46 0.35 A 	= 	0.615 

4/4. 1.53 1.52 1.50 1.46 1.42 1.37 1.34 1.30 1.28 1.23 1.17 6 	L 	1.21 

Op  0.93 0.92 0.87 0.80 0.73 0.63 0.57 0.50 0.47 0.44 0,28 A 	0.637 

4A. 1.41 1.38 1.36 1.36 1.31 1.28 1.25 1.23 1.18 1.13 1.08 6 	L 	1.08 

Cp  0.85 0.81 0.77 0.77 0.65 0.56 0.50 0.46 0.39 0.26 0.18 A 	= 	0.602 

4/d. 1.47 1.L7 1.47 1.43 1.36 1.35 1.32 1.29 1.25 1.23 1.19 6 	L 	1.13 
Op  0.90 0.90 0.90 0.83 0.67 0.64 0.59 0.53 0.45 0.42 0.33 A 	= 	0.550 

44i. 1.38 1.37 1.35 1.34 1.31 1.25 1.25 1.23 1.18 1.13 1.08 6 	L 	1.02 

Cp 0.90 0.89 0.82 0.77 0.74 0.56 0.56 0.51 0.39 0.28 0.16 A 	= 0.494 

dia. 1.34 1.34 1.32 1.28 1.25 1.24 1.23 1.18 1.14 1.09 1.04 6 	I; 	0.99 

Cp  0.87 0.87 0.81 0,70 0.64 0.60 0.57 0.44 0.33 0.21 0.08 A 	= 	0.470 

did.. 0.87 0.98 1.03 1.03 1.03 1.02 1.01 1.02 1.01 0.98 0.91 6 	U 	0.96 

OP  ..0.30 -0.04 0.07 0.07 0.07 0.05 0.02 0.05 0.02 -0.04 -0.22 A 	= -0.028 

did., 0.88 0.98 1.02 1.02 1.02 1.02 1.02 1.02 1.01 0.98 0.94 6 	U 	0.99 

OR _0.27 _0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.02 -0.05 -0.13 A 	= -0.011 

d/d. 0.90 0.97 1.03 1.04 1.04 1.04 1.04 1.03 1.03 1.01 0.97 6 	U 	1.06 

Cp  -0.20 -0.09 0.04 0.08 0.08 0.08 0.02 0.04 0.04 0.01 -0.09 A 	= 	0.019 

d/d. 0.98 1.01 1.06 1.07 1.06 1.07 1.07 1.06 1.03 1.03 1.01 6 	u 	1.14 

cp  -0.05 0.03 0.11 0.14 0.11 0.14 0.14 0.11 0.05 0.05 0.03 A 	= 	0.077 

Aaw  1,01 1.02 1.06 1.07 1.06 1.07 1.08 1.07 1.04 1.03 1.02 6 	U 	1.21 

Cp  0.02 0.03 0.10 0.10 0,10 0.10 0.10 0.10 0.06 0.04 0.03 A 	= 	0.098 

ala. 1.08 1.04 1.09 1.09 1.10 1.10 1.09 1.09 1.06 1.03 1.02 6 	13 	1.25 

rjr 
0.11 0.11 0.14 0.14. 0.15 0.15 0,14. 0.14 0.08 0.03 0.02 A 	= 	0.118 

d/d. 1.31 1.31 1.26 1.25 1.24 1.23 1.16 1.13 1.10 1.06 1.02 7 	L 	0.95 

Op  0.86 0.86 0.70 0.67 0.65 0.62 0.42 0.33 0.26 0.16 0.04 A 	= 	0.509 

4id. 1.37 1.36 1.36 1.32 1.28 1.26 1.23 1.22 1.19 1.13 1.07 7 	L 	1.01 

Cp 0.92 0.88 0.88 0.80 0.67 0.62 0.53 0.51 0.43 0.29 0.15 A. 	= 	0.559 

did. 1.38 1.40 1.37 1.35 1.30 1.26 1.24 1.22 1.19 1.14 1.10 7 	L 	1.07 

Cp  0.83 0.83 0.80 0.75 0,64 0.54 0.49 0.44 0.37 0.28 0.19 A 	= 	0.563 

d/d. 1.45 1.42 1.40 1.36 1.34 1.31 1.26 1.24 1.22 1.16 1.10 7 	L 	1.13 

Op  
0.87 0.83 0.77 0.71 0.65 0.59 0.48 0.43 0.40 0.29 0.19 A 	= 	0.628 

	

L 	1.21 
4/a. 1.53 1.51 1.5o 1.47 1.43 1.38 1.37 1.34 1.3o 1.22 1.19 7 

A 	= 	0,672 Cp 
 

0.93 0,89 0.87 0.81 0.73 0.65 0.58 0.54 0.50 0.35 0.31 
1. 	1.25 

d/d. 1.58 1.54 1.52 1.48 1.47 1.42 1.37 1.35 1.32 1.25 1.22 7 

Cp  0.97 0.88 0.84 0.76 0.75 0.66 0.58 0.54 0.50 0.39 0.34 A 	= 	0.689 
1.19 

4/4. 0.98 1.00 1.04 1.06 1.06 1.07 1.06 1.03 1.03 1.03 1.01 7 	U 

OP  -0.025 0.00 0.04 0.10 0.10 o.ii 0.10 o.04. 0.04 0.04 0.02 A 	= 	0.059 

4/4. 0.88 0.90 0.98 1.00 1.00 1.00 1.00 0.98 1.00 0.98 0.95 7 	U 	1.13 

Op  -0.21 .0.17 -4.04 0.00 0.00 0.00 0.00 -0.04 0.00 -0.04 _0.09 A 	- -0.125 

Va.- 0.87 0.91 0.97 1.02 1.02 1.02 1.02 1.02 1.01 0.9B 0.95 7 	U 	1.06 

OP  -0.26 -.018 -0.09 0.03 0.03 0.03 0.03 0.03 0.01 -0.05 -0,11 A 	= -0.043 

did. 0.85 0.92 0.98 1.J0 1.01 1.00 1.00 1,00 0.98 0.96 0.93 7 	u 	1.01 

cr  -0.33 -0.18 -0.04 0.00 0.02 0.00 0.00 0.00 -0,04 -0.08 -0.17 A 	= _0.059 



10 T.:CT.'„ 130T2031 1121fiRAICE 

TAME: 1 Po) 

DISIRIBUTION 

A 

15°  

5 10 20 30 40 60 70 80 90 95 

aid_ 1 .16 1.14 1.10 1.10 1.08 1.04 1.00 1.00 1.00 0.92 0,87 

Cp  0.42  0.37 0.26 0.26 3.18 0.11 0,00 0.00 0.00 4%19 -0.30 

4l8 ,, 1,27 1.19 1,16 1.16 1.11 1.10 1.10 1,08 1,08 1.02 0.91 

Op  0.64. 0.43 0.36  0.36 0,24 0.22 0.22 0.17 0.17 0.04 -0,19 

4/8, 1.25 1.23 1.15 1.13 1.11 1.10 1.04 1.04- 1.00 0.97 0.93 

08 0,56 0.48 0.30 0.26 0.21 0,19 0.06 0.06 0,00 -0.08 -0.15 

4/8., 1.28 1.25 1.24 1.19 1.18 1.14 1.11 1.11 1.10 1.08 1.u.4. 

Cp  0.52 0.48 0.41 0,35 0.32 0.26 0.20 0,20 0,19 0.08 0.03 

4(8. 1.38 1.27 1.21 1.19 1.18 1.14 1.13 1.13 1.10 1.08 1.05 

op  0.65 0.45 0.3+ 0.31 0.30 0.23 0.21 0,21 0.17 0.11 0.09 

4/4.„ 1.19 1.15 1.13 1 ,10 1.10 1.06 1.04 1.04 1.02 0.99 0.91 

Vd. 1.24 1,21 1.20 1.16 1,16 1.16 1.12 1.11 1.11 1.05 1.00 

Gp  0.67 0.58 0.55 0.44 0.44 0.44 0.31 0,29 0.29 0.13 0.00 

Va._ 1.25 1.24 1.22 1.19 1.1e. 1.16 1.14 1.13 1.11 1.05 1,00 

Cr  0.64 0.60 0.56 0.46 0.4.5 0.39 0.35 .'.30 0.25 0.10 0.00 

Vd . 1.30 1.29 1.28 1.26 1,35 1.25 1.18 1.10 1.19 1.15 1.09 

Gp  o.69 0.86 0,64 0.61 0.56 0.56 0.40 0.40 0.41 0.32 0.17 

d,/a _ 1.35 1.35 1,51 1.30 1.29 1.27 1.23 1.23 1.23 1.19 1.15 

Op  0,69 0.89 0.61 0.58 0.56 0.51 0.43 0.1:3 0.43 0.37 0.27 

441. 

ap  

1.41 

0.60 

1.39 

0.64 

1.36 

0.59 

1.35 

0.57 

1.33 

0.54 

1.50 

0.49 

1.27 

0.43 

1.27 

0.10 

1.2, 

0.37 

1.23 

0.35 

1.23 

0.35 

cl/cl. 1.28 1.26 1.25 1.21 1.19 1.15 1.14 1.14 1.12 1,05 1.02 

cp  0,69 0,65 0.61 0.50 0.46 0.35 0.33 0.53 0.28 0.10 0.05 

4/8. 0.96 0,97 0.95 0.47 0.96 0.98 0.98 0.98 0,95 0.88 0.88 

cp  -0.08 -0.07 -0.12 -0.07 -0.08 -0.03 -0.03 _0.03 -0.12 -0.27 -0.27 

441. 0.98 0.98 0.98 0.98 0.57 2.97 0.97 6.97 0.98 0,90 0.81 

Op  -0.03 -0.03 -0,03 -0.03 -0.07 -0.07 _0,07 -0.07 -0.03 -0.23 -0.26 

47€1. 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 0.96 0.92 0,90 

Op  0.00 0.00 0,00 0.00 0,00 0.00 _0,07 0.00 -0.o5 -0.16 -0.20 

4/8. 1.0G 1.01 1,01 1.01 1.01 1,00 0.98 1.00 0.98 0.90 0.88 

Cp  0.00 0.02 0.02 0.02 0,02 0.00 -0,04 0.00 -0.04-0.23 -0.23 

4/8. 1.08 1.03 1,02 1 .02 1.02 1.01 0.98 1.00 0.98 0.92 0,90 

op  0.14 0.05 0.03 0.03 0.03 0,01 -0.05 0.00 -0.05 -0.11. -0.19 

8/8- 1.12 1.04 1.00 1.02 1.00 1.00 0.96 0.97 0.97 0.93 0.88  

Cp  0.19 0,07 0.00 0.03 0.00 0.00 _0..)6 -0.04 -0.04 -0.10 -0.17 

rucIDEL.Ter, UPPER OR 121 
(r 	s) Lollar 	a., 

7710E 

O 0.95 

j op  a(i) = 0.432 

O - 	1.01 

J Op  d(C) = o.162 
0 

O - 	1.08 

,x, joo, di,-;) = 0.207 

O - 	1.14 
, 

1 op  a(i) = 0.271 
c. 

jy,:p0d(i) . 0-.272 	

1.20 

O - 	1.00 

5 	L 	0,94 

A . 0.402 

5 	L 	0.98 

1 = 0.438  

5 	L 	1.03 

A = 0.502 

5 	1 	1,13 

A . 0.528 

5 	L 	1.22 

.4 = 0.518 

5 	L 	1.00 

A - 0.469  

5 	p 	0.96 

A 	-0.093 

5 	0 	1.01  

A = -0.080 

5 	U 	1.07 

A = _0,050 

5 	u 	1.12 

A =-0,019 

5 	U 	1.16. 

A . -0.005 

5 	U 	1.23 

A = -0.006 



TARTS 

TRANSCRaG 

VATDES  OF CD  AND al, (9p) 

SBECLARITT PARAMELIR FACTORS 

11+ 

[ 

0.95 

75.02 

37.97 

23.33 

6.56 
5.01  

4.11 

1.00 

77.64 

39.30 

24.15 

6.79 

5.17 

4.27 

1.05 

80.23 

40.61 

24.96 

7.02 

5.35 

4.41 

1.10 

82.73 

41.88 

25.73 

7.23 

5.52 

4.53 

1.15 

85.23 

43.14 

26.51 

7.45 

5,67 

4.68 

1.20 

87.68 

44.38 

27.27 

7.67 

5.85 

4.82 

1,25 

90.10 

45.6o 

26.02 

7.88 

6.00 

4.94 

10°  17RTPA 

15°  REDCE 

20°  PELCM 

io°  WP2X 

15°  mmoz 

2o°  WEDGE 

61" 

CID 

4 
[m:  (0Y: 1)J CL 

 S' 

[10.(y+ 1)Iir (y+ 1)1
% 

ei 01 

r°, 	(=°)- FL  

aPu d(i)  
0 

CD. 

CL 

CD0 
CL  

10 THOU. 

TABLE 3 (a) 

CD  , CL, C
L 0 

M
. 20°  WEDGE, CD  

o 
BOTTOM CLEARANCE 

0.95 1.00 1.05 1.10 1.15 1.20 1.25 TROD:040E 
() 

0.23o 0,263 0,299 0.328 0.355 0.380 0.390 0 

0.080 0.091 0.104 0.114 0.123 0,132 0.136 

1.66 2.20 2.6o 2.93 3.26 3.60 3.81 

0.257 0.292 0.326 0.358 0.390 0 .41 2 0.430 

0.198 0.227 0.260 0.290 0.320 0.341 0.353 

0.080 0,091 0.103 0.113 0.124 0.132 0.137 

0.057 0.065 0.063 0.065 0.067 0.068 0.073 

1.86 2.20 2.57 2.91 3.29 3.60 3.83 

0,23 0.27 0.28 0.29 0.31 0.33 0.36 

0.282 0.32o 0.353 0.386 0.416 0.447 0.470 2 

0.161 0.193 0.223 0.252 0.277 0.300 0.310 

0.081 0.094 0.104 0.115 0.126 0.135 0,141 

0.117 0.122 0.124 0 .1 28 0.133 0.140 0.153 

1.88 2.27 2.60 2.96 3.34 3.68 3.95 

0.48 0.52 0.55 0.58 0.62 0.68 0.76 

0,310 0.350  0.386 0,421 0.452 0,488 0.505 3 

0.127 0.158 0.187 0.213 0.240 0.260 0,268 

0.083 0.096 0 .1 08 0.118 0.128 0.139 0.144 

0.176 0.189 0 .1 91 0.199 0,202 0.217 0.226 

1.93 2.32 2.70 3.04 3.39 3.79 4.03 

0.72 0.81 0,84 0.90 0.95 1.05 1.11 

/ 1 	dki)  
CD 

an. 

d4i)  

OP d(0)
a(i) o

  CD 0 

o 
CL  

0P1, d(i)  

ficp. 
an. 

CD 
0 



10 7000. BOTTOM CLEARANCE 

TABLE 3 (a) 

Zpo, CI, 20Q  WEDGE. Ono, 

Yam  0.95 1.00 1.05 1.1 0 1-20 1,25 

110
FL 
 0() 0.350 0.586 0.425 0.465 0.502 0.537 0.545 

Cuep 

	84i) 0.065 0.098 0.128 0.158 0.182 0.205 0.220 

0 o  0.092 0.104 0.116 0.128 0.140 0.151 0.155 

0.274 0.277 0.285 0.294 0.306 0.317 0.311 

00 
2.14. 2.51 2.90 3.29 3.71 4.12 4.34 

1,13 1.18 1.26 1.33 1.43 1.53 1.54 

0  Cr 	a(i) 0.396 0.440 0.480 0.507 0.553 0.588 0.590  

f ' ap 	a(i) 0.020 0.045 0.073 G.100 0.126 0.150 0.172 

0 	" 
cto  0.104 0.118 0.130 0.140 0.154 0.165 0.168 

CL  0.362 0.380 0.390 0.390 0.408 0.416 0,398 

2.42 2.85 3.25 3.60 4.05 4.50 4.70 
IdDo  o 

i .48 1.62 1.72 1.76 1.91 2.00 1.96  

	

[1 Mr 	i)  o L 
0,440 0.483 0.525 0.568 0.610 0.640 0.628 

r' 	x 
CP.Li  g7)  

.0.028 -0.012 +0,017 0.042 0.070 0.100 0.123 

CD. 0.119 0.132 0.146 0.159 0.173 0.183 0,182 

CL 0.450 0.476 0.487 0.503 0.516 0.515 0.480 

2.78 3.19 3.65 4.10 4.59 5.00 5.10 

1.85 2.03 2.15 2.28 2.42 2.48 2.37 

J. °P.,, 
0.506 0.545 0.584 0.623 0.662 0.690 0.668 

J'0 ; d( ) -0.080 -0.065 -0.037 -0.010 0,015 0.041 0.068 

,, 0.144 0,156 0.169 0.181 0.194 0.204 0.199 

CL  0.564 0.586 0.595 0.605 0.618 0.619 0.571 

ED. 3.36 3.76 4.22 4.66 5.14 5.57 5.57 

rL  2.31 2.50 2.62 2.74 2.89 2.98 2.82 



cp d(i) 
D 

CD 

f: 	d(f;) 

to  ap t, egi) 
CD 

L 

CL 

11. cp, d(a) 

GE, do) 
o u 

Co. 

r
CL 

F•L 

LI% d() 

l'ap
CDo 
CL  

dr,. 

1b1, 8(i)  

f ic, d(!) 

CD.  

CL  

'6 13  

10 moo, B0rmucLEAR0,34oz 

TAATF 3 (b) 

, 
0 	9 

012  a, -m. 150  m2naE, co  

0,95 1.00 1.05 1,10 1.15 1.20 1.25 1:803:02210E 
(DEGRKES) 

0,120 0.170 0.210 0.240 0.258 0.268 0.272 0 

0.031 0.01+5 0.055 0.063 0.068 0.070 0.071 

1.18 1.77 2.23 2.63 2.93 3.11 3.24 

0.198 0.244 0.285 0.317 0.338 0.348 0.342 1 

0.077 0.118 0.158 0.195 0.222 0.238 0.243 

0.038 0.049 0,060 0.069 0.075 0.079 0.078 

0,119 0.124 0.125 0.121 0.115 0.108 0.096 

1.44 1.93 2.43 2.89 3.23 3.50 3.55 

0.59 0.64 0.67 0.67 0.65 0,63 0,58 

0,271 0.320 0.360 0.391 0.411 0,418 0410 2 

0.034 0.075 0.118 0.155 0.181 0.197 0.203 

0.048 0.060 0.070 0.080 0.085 0.088 0.087 

0.233 0.240 0.238 0.231 0.215 0.216 0.202 

1.82 2.36 2.84 3.35 3.66 3.90 3.96 

1.16 1.24, 1.27 1.27 1.22 1.26 1.21 

0.329 0.384 0.430 0.458 0.470 0.466 0.445 3 

-0.006 40.026 0.065 0.105 0.137 0.154 0.160 

0.060 0.072 0.083 0.091 0.097 0.097 0.094 

0.329 0.351 0.357 0.345 0.325 0.304 0.277 

2.28 2.73 3.37 3.81 4.18 4.30 4.28 

1.65 1.82 1.91 1,90 1.84 1,78 1 .66 

0.95 1.00 1.05 1.10 1.15 1.20 1.25 (DEGREEs) 
INCIDEVUE 

0.375 0.430 0.475 0.502 0,510 0.500 0.475 4 

-0.039 -0.026 0.000 0.033 0.065 0.090 0.100 

0.073 0.084 0.095 0.102 0.106 0.105 0.101 

0.406 0.448 0.465 0.459 0.435 0.400 0.365 

2.77 3.30 3.85 4.27 4.57 4.66 4.60 

2.03 2.32 2.49 2.53 2.46 2.34 2.19 

0.420 0.470 0.508 0.530 0.532 0.520 0.502 5 

.41.005 -0.085 -0.062 -0.031 -0.012 -0.002 -0.002 

0.095 0.103 0.110 0.111 0.111 0.110 0.106 

0.495 0.544 0.557 0.548 0.531 0.509 0.491 

3.61 4.05 4.46 4.64 4.79 4.68 4.83 

2.48 2.81 2.98 3.02 3.01 2.97 2.94 



c0 

TAHIB jra 

aaa 	- I.,  4(., Z) 15°  wErGE 

CD0  
0.75 1.50 2.25 3.00 3.75 4.5 

Id. 

0.95 1.37 1.62 1.93 2.29 2.72 3.20 -0.23 

1.00 1.87 2.08 2.38 2.74 3.17 3.65 0.00 

1.05 2.37 2.62 2.97 3.36 3.74 4.13 0.21 

1.10 2.80 3.10 3.47 3.84 4.17 4.46 0.40 

1.15 3.13 3.43 3.8o 4.19 4.49 4.69 0.58 

1.20 3.39 3.70 4.01 4.30 4.57 4.77 0.74 

1.25 3.47 3.75 4.04 4.30 4.53 4.72 0.90 

a L 
° a 0.75 1 .50 2.25 3.00 3.75 4.5 

0.95 0.44 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 1.45 1.91 2.34 2.73 0.21 

1.10 0.49 0.97 1.45 1.92 2.37 2.79 0.40 

1.15 0.46 0.92 1.37 1.84 2.29 2.73 0.58 

1.20 0.44 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 

t 10,00 5.00 3.33 2.50 2.00 1.67 
ua 

0.1 0.2 0.3 0.4 0.5 o.6 

2ABLI3 k<b)   

°D 	and 91, o  "' 	a(E, a) 20°  max   

aDo  

0.95 

1.00 

1.05 

1.10 

1.15 

1.20 

1.25 

1111, 

0.95 

1.00 

1.05 

1.10 

1.15 

1.20 

1.25 

t 
a 

.0 

a 

1.00 

1.86 

2.2o 

2.57 

2.91 

3.29 

3.60 

3.83 

1.00 

0.23 

0.27 

0.28 

0.29 

0.31 

0.33 

0.36 

10.00 

0,1 

2.00 

1.88 

2.27 

2.60 

2.96 

3.34 

3.68 

3.95 

2.00 

0.48 

0.52 

0.55 

0.58 

0.62 

0.68 

0.76 

5.00 

0.2 

3.00 

1.93 

2.32 

2.70 

3.04 

3.39 

3.79 

4.03 

3.00 

0.72 

0.81 

0.84 

0.90 

0.95 

1.05 

1.11 

3.33 

0.3 

4.00 

2,14 

2.51 

2.90 

3.29 

3.71 

4.12 

4.34 

4.00 

1,13 

1.18 

1,26 

1.33 

1.43 

1,53 

1.54 

2.50 

0.4 

5.00 

2.42 

2,85 

3.25 

3.60  

4.05 

4.50 

4.70 

5.00 

1.48 

1,62 

1.72 

1.76 

1.91 

2.00 

1.96 

2.00 

0.5 

6.00 

2.78 

3.19 

3.65 

4.10 

4.59 

5.00 

5.10 

6.00 

1.85 

2.03 

2.15 

2.28 

2.42  

2.48 

2.37 

1.67 

0.6 

7.00 

3.36 

3.76 

4.22 

4.66 

5.14 

5.57 

5.57 

7.00  

2.31 

2.50 

2.62 

2.74 

2.89 

2.98 

2.82 

1.43 

0.7 

E.. 
-0.18 

0.00 

0.17 

0.33 

0.48 

0.61 

0.74 

-0.18 

0.00 

0.17 

0.33 

0.48 

0.61 

0.74 



TABLE 5 

0...„ 	FOR 2ERO IM MO= 

94  o 	5 	10 	20 	30 	40 	50 	60 	70 	8o 	90 	95 	IL 	C 	WEDGE 

2.10 
3.32 
3.03 
2.95 
3.79 
2.34 

1.85 
2.24 
2.59 
2.69 
2.61 
1.79 

1.30 
1.87 
1.59 
2.30 
1 .99 
1.51 

	

1.30 	0.90 	0.54 	0.00 	0,00 

	

1.87 	1.25 	1.15 	1.15 	0.87 

	

1.40 	1.11 	1.02 	0.34. 	0.34. 

	

1.94 	1.78 	1.44. 	1.13 	1.13 

	

1.80 	1 .73 	1.31 	1.23 	1.15 

	

1.24 	1.16 	0.69 	0.42 	0.42 

TABLE 6 

	

0.00 	-0.93 	-1.50 

	

0.87 	0.18 	-0.97 

	

0.00 	-0.43 	-0,82 

	

1.05 	0.19 	0.45 

	

1.01 	0.66 	0.49 

	

0.24 	-0.17 	-1.08 

ERROR OF 0.02" 

	

0.95 	-0.22 

	

1.01 	0.04. 

	

1.06 	0.24 

	

1.14 	0.56 

	

1.20 	0.74 

	

1.00 	0.00 

15°  
15°  
15°  
15°  
15°  
15°  

ERRORS IN RESULTS DUS TO INITIAL READZNG 

OP RON 

IIW., 

Mar 
 

V 
d 

Va. 

IIw 
Ma 

CP 
h' + 6 h' 

a 	+ Ad 
a + 6d 

1 

0.94 

0,95 

3.20 
0.316 

1.261. 

0.525 

0.550 

0.72 

3.18 

0.322 

1.325 

0.400 

0.425 

0.930 

0.210 

2 

0.94 

0.95 

3.42 
0.24.9 

1.000 

0.940 

0.950 

0.00 

3.40 

0.255 

1.050 

0.868 

0.880 

0.125 

0.125 

NITNEER C 3 	4 	5 

0.94 	1.29 	1.29 

0.95 	1.25 	1,25 

3.52 	2.94 	3.20 
0.218 	0.395 	0.316 

0.872 	1.580 	1 .264 

0.988 	0.568 	0.950 

0.990 	0.590 	0.960 

-0.07 	+0.96 	0,395 

5.50 	2.92 	3.18 

0.224. 	0.401 	0.322 

0.922 	1.650 	1,325 

1 .065 	0.460 	0.885 

1.060 	0.490 	0.900 

-0.185 	1.100 	0.485 

0.115 	0.140 	0.090 

6 

1.29 

1.25 

3.40 
0.255 

1.020 

1.265 

1.23 

0.025 

3.38 

0.461 

1.075 

1.188 

1.160 

0.115 

0.090 

ASE 

20°  IMIGE 
7°  INCIDENCE 
0
0
°  =GE 1

0 =ma ce 

CASE 
20°  WEDGE 
7°  IWIET2CE 

10°  WEDGE 
1°  INCIDENCE 

A Crt  o 

0.034. 

0.017 

CI. 

0.196 

0.200 

aD 
°BIN 

0.144 

0.016 

%TN 

0.564 

0.109 

1.0q.CTIRLE 
 ERRCE 

24 

100 

POSSIBLE 
% ERROR 

35 

184 

4.- a d. 
Ew  + AM A  

U 	+ dIda  

cr  + acr  

A Cp  

imam an error in Cp  of 0.10 whence f1  A ap d(!)  

We then have the following oases, shown on the right 
hand side. 

0.1 	 = 3.42 	= 0.249 

	

+ Ah'. 3.44. 	am  -at= 0.24-3 



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. 3. 15°  WEDGE a = 0°, CLEARANCE 0.010", M = 0.98 
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FIG. 4. VARIATION OF THE INTEGRATED PRESSURE DISTRIOJTION 

WITH FREESTREAM MACH NUMBER. 15°  WEDGE 
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FIG. 5. THE EFFECT OF BOTTOM CLEARANCE. 20°  WEDGE 
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FIG & THE DRAG COEFFICIENTS OF SINGLE WEDGE SECTIONS IN TRANSONIC SIMILARITY FORM 
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FIG. 9. GENERALISED LIFT COEFFICIENT VERSUS TRANSONIC SIMILARITY PARAMETER FOR oe - =0.1 

Cti 
BEST CURVE THROUGH EXPERIMENTAL POINTS 

.1 w t 
MI 

o • II 

x le WEDGE 
• 139  WEDGE 
• 2e WEDGE 

1 
-04 	-0.2 	0 	02 	OA 	06 

	
041 
	

1.0 
	

12 

S., 

ric.to. GENVALIZED LIFT COEFFICIENT VERSUS TRANSONIC SIMLARITY PARAMETER FOR 7r .02 



0.2 04 0.6 0-13 10 12 

-6L 
THESE 

EXPERIMENTAL 

CURVES APE 

POINTS 

THE BEST 

AS TRANSCRIBED 

I
I 

CURVES THROUGH 

FROM FIGS. 
THE 

9-11 

a=0.3 

a =0.2 

437=0.1 
If 

—0.4 	—0.2 	0 	0.2 	0.4 	0.6 	OS 	1-0 	1.2 

g., 

FIG.II. GENERALIZED LIFT COEFFICIENT VERSUS TRANSONIC SIMILARITY PARAMETER FOR .;:e = 0-3 
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THEORY 0 S., = 0.92 	SEE REF. 19 

42) goo  = 0 	SEE REF 20 

® 	0.74 	SEE REF 21 
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nG.13. THE LIFT CURVE SLOPE AT ZERO INCIDENCE IN TRANSONIC SIMILARITY FORM 

FIG- 14. THE ZERO INCIDENCE CHORDWISE GENERALISED 
PRESSURE COEFFICIENT DISTRIBUTION 

FIG.15. CHORDWISE LIFT DISTRIBUTION IN 

TRANSONIC SIMILARITY FORM 
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FIG. 17. VARIATION OF THE STAGNATION PRESSURE COEFFICIENT 

WITH FREESTREAM MACH NUMBER 



FIG. 18. 20°  WEDGE, a = 5°, UPPER SURFACE, 
CLEARANCE 0.010", M = 1.09 

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

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


