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NOTATION

Vector velocity

Density

Density at stagnation point

F?ee stream density

Free stream static pressure

Static pressure

Velocity Potential

Velocity in compressible fluid

Free stream velocity in compressible fluid
Velocity in incompressible fluld

Free sgstream velocity in incompressible fluid
Pressure coefficient for compressible fluid
Pressure coefficient for incompressible fluid
Mach's Number

Critical Mach's Number

Ratio of specific heats — CP/CV = 1.405 for
air.

Radius vector in the complex plane
Angle in the complex plane
Complex coordinate

Complex coordinate

Circulation
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Lift Coefficient
Chord of airfoil

Half distance between aingular points in complex
: plans

Velocity in complex plane

 Angle from wind axis in the complex § plane



INTRODUCTION

A

The general problem of aerodynamics is the determin-
ation of the forces and moments imposed on a stationary body lim-
méfsedvin a moving fluid. The problem is soluble if a mathema-
tical dalculationrof the velocity distribution throughout the
vfluid can be made. The application of certain restrictions facil-
1tates the calculation. Without great loss of usefulness we may
restrict the motion to a steady, uniform, and rectilinear flow
from infinity. With considerable loss of usefulness but with tre-
mendous simplification in calculation we may add the further re-
strictions that the fluid be non-viscous and incompressible.
Upon these assumptions the problem may be solved by utilizing
two physical relationships, namely, the equations of motion and

continuity. Expressed in vector notation these equations are:

(1) g-vq= ~£ Equation of Motion
(2) V-,of =0 Equation of Continuity.

Since ﬁe have assumed ankincompressible fluid, p 1s constant

aﬁd may be eliminated from equation (2). Thus (2) reduces to

an equation for velocity only. We can solve it for velocity,

substitute 1in (1) and obtain the pressure. Knowledge of the pres-

sure distribution enables us to calculate forces and moments.
Unfortunately for a fluid of variable density, i.e.

a compressible fluid, we do not obtain a seperation of variables.

However we have an additional physical relationship, the equation

of state. Expressed mathematically the equation of state is:

-1 -
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 Using equations (1), (2), énd (3) to eliminate p and A~ we
can obtain an equation involving é’ only. The equation will
bé'non;linear and difficult of solution. Tschapligin'has shown
that the equation can be linearized in two dimensions by using
the magnitude of the velocity and its inclination to a chosen
axis as indeppndent variables. By this method Tschapligin ob-
tained a general solution in the hodograph plane, but there 1s
difficulty in adapting it to the boundary conditions of practi-
cally important physical problems. |

As a result of the difficulties in obtaining an exact
solution of the equation there have been many attempts to obtain
approximate solutions. Probably the most widely used approxima-
tion is that given by Glauertland Prandtl. By neglecting the
disturbance velocities in comparison with the free-gstream velo-
city they were able to obtain a linear differential equation for

the velocity potential-

N R A

(4) ("— )ax" METh MY

This equation leads to the conclusion that the pressure coef-
ficient in_a compressible fluid 1s equal to the pressure coef-
ficient at the corresponding point of an incompressible fluid
divided by ‘\//-7%5 . Due to its s.implicity this relationship
has been widely used in practical applications. However the
assumptions made by Glauert hold for very slender bodies only,

and even then not in the vicinity of stagnation points. Hence

a better approximation is desirable.



v

iA”meEhéd of‘éuccessive approximations uéingvthe exact
equation was déveloped by Janzen’ and Raleigh. The method is
tedious and the convergence very slow 1f the local velocity of
sound‘is apbroaohed. A mechanical method to carry out this
process of appfoximation using an electricsal analogy was de-
vised bj Taylorf and he obtained failr asgreement with some high
speed tests made by Stanton. However Taylor's method requires
elaborate technique and accurate equipment, and becomes non-con-
vergent as thé local velocity of sound is approached.

Demtchenko® and Busemannz using Tschapligint's method and
approximating linearly to the adiabatic pressure density curve,
using the tangent at the state corresponding to the stagnation
point, obtained an approximate solution.

Recently Tsien?has extended Demtchenko's and Busemann's
theory using the tangent to the adiasbatic pressure density curve
at the polnt corresponding to the state of the gas in the undis-
turbed parallel flow,

The purpose of the present investigation 1s to test the
accuracy of Tsien's approximation by applying it to the potential
flow about the 4412 airfoil, and comparing the results with the
experimental values determined by Stack’in the 24 inch high speed
tunﬁel of the N.A.C.A. Certain comparisons, including Glauert's
linearized theory, are also included.

The investigation divides itself into two parts: first
the determination of the potential flow about the 4412‘ airfoil,

and second the application of Tsien's correction to this flow

-3 -
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 aﬁd thé'résu1tant COmparison with experimental results and

4 : o v

- Glauert's theory. The potential flow is calculated by the method
of Karmanmand‘Trefftz. The details of this calculation are given

in the Appendix.



* APPLICATION OF TSIEN'S CORRECTION

As has béen stated in the introduction,Tsien's method
is to use Ts;hapligin's transformation and the linear approxim-
ation of the}aaiabatic pressure deﬁsity relationship at the
point corresponding to the state of the gas in the undisturbed
‘ parallei flow, Based upon this approximation Tsien obtained the
following relationship between density and velocity:

’ 2
@ [F] = (%]
Making use of this relationship Tsien found a point transfor-
mation between the hodograph plane for an incompressible fluid
and that for a compressible fluid. Another transformation was
then found between the hodograph plane of the compressible fluid
and the physical plane of the compressible fluid.

The general procedure of using the transformations is
to start with the hodograph of incompressible flow about the
body being investigated, transform to the hodograph of the com-
pressible flow, thence to the physical plane of the compressible
flow. This 1atter transformation involves a correction factor
whose magnitude is dependent on the Mach Number. This correction
facéor is required dﬁe to the fact that the incompressible
flow about any given body transforms into the compressible flow
 about a body of slightly different form. However Karman has
found that for cbmparatively thin profiles this correction to the
form of the body may be neglected. Upon this basis the following
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relstionships between compressible and incompressible flow are
I . X .

derived:

S wld

(6) = = ‘w. ’_A[,W,/'M ]z where = [,.,. _\/./—:7%’._)3]2
=[]’
I-A['WVM]l .

Equation (7)'gives the correction to be applied to the pressure

(7) P =(1+A)

coefficient of the incompressible fiew obtained by the Karman
Trefftz method. Equation (7) may be written in terms of pres-

sure coefficients:

1+ A P,
(8) P T i=-A | + \NR
1 —=A

Equation (6) is used later to derive a relationship
between the pressure coefficient for incompressible flow and
critical Mach Number, the critical Mach Number being defined
as that at which the local velocity of sound is attained.

_ It was found convenient to plot a curve of A  vs. M
(Fig. 1) end curves of P vs. A for certain specific Mach
Numbers (Fig. 2). Using the former curve, A can be found for
any arbitrary Mach Number, and using the latter the relationship
between P and P, can be found by using the curve correspond-
ing to the desired Mach Number.

Corrections to the potential flow are made at three
angles of attack, and at medium and high Maéh Numbers, these

being chosen to correspond to certain high speed experimental

-6 -
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tests ;'e'pérj;ed%in‘N.A.C.A. Report No. 646. Theoretical and
expériﬁental pressure‘distributions about the 4412 airfoil are
given in Figu?es 3 to 11 inclusive. Figures 3, 4, and 5 per-
taih to an angle of attack of -2° 3 Figures 6, 7, and 8 to
an angle of attack of ~0°%u5’ ; Figures 9, 10, and 11 to
an angle of attack of + !°52.5'

.In order to obtain a comparison between experimental
values of préssure coefficients and those predicted by Tsien's
correction, wﬁich would be entirely divorced from any possible
discrepancies 1in the potential flow, curves are plotted giving
the calculated maximum negative pressure coefficient vs. Mach
number. These curves are obtained by applying Tsien's correc-
tion to the experimental pressure coefficient at zero Mach Number,
the latter pressure coefficient being obtained by extrapolating
curves of maximum negative pressure coefficient vs. Mach Number
glven in N.A.C.A. Report No. 646. Figures 12 and 13 give these
curves for upper and lower surfaces, respectively. Curves of
experimental values and curves calculated using the correction

gilven by the Glauert theory are also included.



PREDICTION OF CRITICAL MACH NUMBER

The prediction of critical Mach Number from low speed
pressure distribution tests is of great importance. Prior to
thé development of Tsien's compressibility correction this was
usually done'by using a curve based upon Glauert's linearized
theory. Thls theory resulted in general in the prediction of a
higher critical Mach Number than was shown by experimental high
speed tésts. For this reason it is considered desirable to de-
velop a curve of critical Mach Number vs. low speed pressure
coefficient from Tsien's theory.

| Starting with Bernoulli's equation for a compressible

fluid:

t

w* v
(@) ¥ +vF

~
3

and using the relationship Q = 753 we can oObtain the

following equation:

wr 2 2at
(10) T3 = " &0y FT T vay et

Now if w = a, M will be the critical Mach Number, which we
will denote by /"lc , and —:—;- will be the critical velocity

ratlo, which we will denote by [E;J .
'~

We may thus express the relationship:
[

(11) ['.::J [r'-i-l (Hl)M‘]z

Equation (6) may be put in the form:
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(1—-FR]*
AP,

R CIy

(12) W@ T
K 1 ~A

Equating (11) and (12), a relationship between M. and A
is obtained. This relationship may be put in a form suitable
for calculation by letting (- FR = x? and

-1 - 2 Ji -
[l"*l (r+1) 0M* - A

Using this notation and simplifying we obtain a quadratic equa-

tion in x:
(13) AMx®2 4+ (1=A)x —=A =0

The procedure for the solution of this equation is to assume a
value of M, take r for air = 1.405,_ and calculate A, Find A
for the assumed value of M from Fig 1. Substitution of wvalues
of A and A 1in (13) permits the solution for x, and hence

for P . The values calculated are:

M P,
35 -3.878
~20 -2.659
250 -1.465
160 -0.823
"70 -0.445
-80 -0.211
-90 -0.087
1.0 - 0.0

The curve is plotted in Fig. 14. Also plotted are the curve
based on Glauert's theory, and experimental points for various

profiles.

- 9 -



- DISCUSSION

The;agreement between the calculated and experimental
pressure distributions given in Figures 3 to 11 is in some re-
spects very good and in other respects not very good. The gen-
eral agreement on the upper surface is quite satisfactory, al-
though there is an indication that Tsien's correction underes-
timateS'sligﬁfly the maximum negative pressure., However this

discrepancy is not bornme out on the M, vs. curve,

® max
and may be due to variations between the theoretical and exper-
imental low speed flows. The theoretical pressure distributions
have been checked against experimental pressure at low Mach
Numbers given in N.A.C.A. Report No. 646. The agreement appeared
to be excellent,but great accuracy in comparison could not be
obtained due to the small scale of the figures in the Report.
The comparisons in Figures 3 to 11 suffer for the same reason.
One noteworthy feature of the experimental values for
the upper surface 1is that near the leading edge the pressure
coefficients do not show much increase with Mach Number, and in
some cases show a decrease. This behavior is contradictory to
both the Tsien and Glavert theories, each of which predicts an
increase in pressure coefficient, whether positive or negative,
with increase in Mach Number. Simple reasoning from the varia-
tion in density leads to the expectation of the behavior pre-
dicted by theory. It appears possible that some undetermined

tunnel wall effects may have distorted the experimental results.,

On the lower surfaceé the disagreement is very marked

- 10 -



v

faéithéfMaéh”Nuébe: 1s increased. The experimental data shows
. a shiff in'the‘pressure‘coefficient in a hegative direction with
increase in Méch Number. This shift is approximately constant
over the entire chord of the airfoil. This shift is unexplained
by theory and contradicts the conclusions of reasoning from simple
physicai;considerations.

Filgures 12 and 13 are curves of maximum negatlive pres-
sure’doefficiént vs. Mach Number for the upper and lower surfaces
respectively;b Curves of Tslen's and Glauert's theories are
plotted, together with the experimental curve. The aggreement
between Tsien's theory and experiment on the upper surface is
clearly shown. The disagreement between experiment and both
theories on the lower surface 1s also clearly shown. It would
appear logical to expect all the curves to have a horizontal
tangent at M = 0, The fact that the experimental curve does not
have such a tangent introduces doubt as to the validity of the
experimental results.

Two sources of possible error in the experimental re-
sults may be suggested. The firét is blocking effect due to
the relative dimensions of the tunnel and model; the tunnel is
of 24 inch diameter and the model of 5 inch chord. The second
is measurement'of velocity and reference pressure base., Inas-
much as the details of the method of measuring these quantities
is unknown to the author it is impossible to speculate as to
possible sources of error, |

Some error in the theoretical results 1s to be



e

veX§éétédvduq tdxthe‘negiect of small variations in the transformed
: profilée. The calculation of the magnitude of this error is very

cOmplicated’a#d is beyond the-sc0pe of the present investigation.

However it is to be expected that the effect of neglecting the

sméll variations in profile would be greatest near the leading

edge, since this region is very sensitive to even small changes

in profile.,

In ?ig. 14 the agreement between Tsien's theory and the
experimental airfoil points is very good. One of the lower sur-
faceé points is quite a distance from the curve, but for reasons
already stated too much credence 1is not placed on the experimen-
tal values for the lower surface. The agreement between Tsient's
theory and the experimental points for circular and elliptic
cylinders varies from fair to poor. It 1s believed that this 1s
largely due to Reynolds Number effect.

It is concluded from the present investigation that
Tsien's compressibility correction results in a much closer approx-
imation to reality than Glauert's. The exact determination of
the accuracy of the Tsilen correction must wait upon comparison

with further experimental tests.

- 12 -



+© APPENDIX

DEVELOPMENT oF THEORETICAL INCOMPRESSIBLE FLOW

The development of the incompressible flow about the
4412 airfoll is made using a method of conformal transformation
developed by Karmaen and Trefftz. The theory of the method is
clearly presented in the appropriate reference. Only the actual
mechanics of carrying out thé transformation will be presented

here.

: 8,
P \ A

We start with the physical plane containing the airfoil,

deslgnated as the 2z plane. By using the transformation:

- 13 =
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" z-kKkb [ _ E b
(14) z2 +Kb Z,+6b
we transform to the 1z, plane. In equation (14) K 1is deter-
mined by the relationship A =2 -‘%%- » Where T 1is the
trailing edge angle in radians. For the actual calculation of
the transformation it was found convenient to express equation

(14) in polar coordinates:

% of-Bse (e -e
(15) ("’]Kc‘( " ) = Zre :

&

T,

The airfoil was then laid out on the =z plane to a convenient
scale. One singular point was taken at the tralling edge and
the other singular point on the least radius of curvature of the
leading edge at a point midway between the leading edge and the
center of curvature. Thls method of selection of the forward
singular point has been suggested by Theodorsen. The position
of the singular points in the 2z plane haVing been determined,
the radius vectors r; and ir;, and the tangents of the angles
g' and 63' were determined for selected points by physical

measurement. The trailing edge angle ¢ was then calculated
and found to be 18.24o = 0.319 radiens. Then from K = 2 - %% s

K was found to be 1.899., Then from (15) were calculated:

] ! ' [}
oo f._] G 6-6, = 2 _%
— — ] (4 ;
2, T, K
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"fo;Jtﬁe pciﬁts*pfeviéusly se-
 lected.

Now in the 2z, plane,
for any selected point we have
a triangle with the ratio of two
sides and the included angle

known. We must completely de-

termine the triangle from this
knowledge. In the sketch the

problem is to calculate the angles A and B. We proceed thus:

Let % =g /80" -(e-8)=C
22
_ sn B
thenm R = A

eand A = C -« B

sin A = 8in(C - B) = sin C cos B - cos C sin B

sin B

Substituting sin A = R

we obtain

gin B = R(sin C cos B - cos C sin B)

ten B = R sin C
I+ Recos C
tan A = tan[/&o'—-(é’,-ea)“l’]

Hence A and B are determined.
A convenient base between singular points was next

laid off in the 2z, plane and from these singular points A

- 15 -
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 aﬁd‘fE  ﬁére la}d out'graphically from their tangents. The in-
‘ tersection of the lines defining A and B determined the point
z, -corresponding to the selected point in the 3z plane. This
process was carried out for several points on the upper and lower
surfaces of the airfoil. As may be seen from Fig. 16, the result-
ing curve in the 2z, plane 1s approximately circular., The area
of this figure was measured using a planimeter and the radius of
a circle of eéual area calculated. This circle was drawn on a
seperate sheet of paper, representing the § plane. Then by
superposition of the circle sheet on the 2z, plane the position
of the center of the circle to give equal areas inside and out-
side the figure in the 2z, plesne was found. The center was then
transferred to the 2z, plane and became the origin of coordinates
for a 3z, plane. The relation between 1z, and 2z, is given by
z, + D=2z , where D 1is a constant complex number, giving
the position of the origin in the 2z, plane relative to the ori-
gin in the =z, plane,

Having located the origin in the 2z, plane an ortho-
gonal set of axes was introduced, one axis passing through the
origin and the trailing edge singular point. The § plane

was then superimposed upon the z, plane with origins colnciding.

2
In these planes we have two curves, one a true circle and one an
approximate circle. We wish to obtain a transformation between

these curves. If we let

- 16 -
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 ffifZl[f+fﬁ§d =
‘= R[' +,j(elj]

g, =6 + h(e)

where £, g,‘ and h are small quantities, it has been shown

by Karman that if we let

> (a, .b,, n
log (1+ £) = 2 (—E’;—)/‘?

we have

oo _ ~-(ne
g + ih - = Z(an+‘bﬂ)e
]

or

g = Z a,, cos ne +b, s n6]

“

h = [bn cos n® —Qq, sin "'eJ

od
!
!
The expression for g 1s exactly that of a Fourier series.
Hence if we measure gR for selected polnts and expand g as
a Fourier Series we may determine the coefficients 4, and

b, . The expansion of g 1n a Fourier series was carrled

- out by a numerical system and the following expression obtained:

- 17 =



| {"‘(16) g = 400326 cos 6 + .02538 cos 2O —.00028 cos 3 O
- =o.00147 cos 48 + .,00138 cos 56 —.00027 cos 66
-.00135 sin® + ,00864 sin 26 -.00322 sin 30
<+ .00317 sin 48 =-,00155 sin 56 + ,00178 sin 68

From this we may write:

(17) h = -.00135 cos® + .00864 cos 26 -.00322 cos 36
© + ,00317 cos 48 -,00155 cos 58 + ,00178 cos 66
-.00326 3in © -.02538 sin 28 + ,00027 sin 38
+ .00147 sin 48 -.,00138 sin 56 + .00027s/n 66

and as later we will need il—g- to obtain a relation between
velocities in the 2z and § planes we may differenciate (17),
obtaining:

(18) :LLg = .00135 sin® -,01728 sin 26 + .00966 sin36

-.01268 sin 48 + .00775 sin 58 -.0106835/1768

-.00326 cose -.05076 cos 26
+_.00081 cos 30 + ,00588 cos 48 -.00690 cosse

+ 00162 cos 66

Due to a mistake in the calculations of the coefficients
in the Fourier expansion of g, the axis of reference for that
| expansion makes an angle of 15 clockwise with the axis through
the origin and the singular point at the trailing edge. vThis in
no way affects the validity of the series. However, since for

succeeding computations it is convenient to measure angles from

- 18 -
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de
~17) the origin was shifted to make the measurement of 6 from

_the latter sxis), in plotting curves of g, h, and (Pig.
the axis through the origin and the trailing edge singular point.
| The foregoing calculations furnish a means of trans-

forming the 4412 airfoil into a circle in the § plane. Our
final aim is to find the transformation of velocities between the
two planes; since from velccities 1t is possible to calculate
pressuré by Bernoulli's equation. The theoretical potential
flow about a circular cylinder is known. A transformation of
velocity in the § plane to veloeity in the 2z plane permits
the calculation of pressure distribution in the z plane,

) = 1% ] = 1|5 |laz ¢

Since a transfer of origin only is involved:

dz,

=] =!

It may be readily shown that for points on the circle in the §

plane: ’
L%;{) (94)

and for points on the curve in the z, plane:

Idz,l _ AN
dz n, T,

Hence there exists the following relation between the magnitude

of the velocitlies at the surfaces of the airfoil and circle:

- 19 =
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| db\ A A
(19) v =%(/-9 ‘a(a),t,ﬂ2

Consideration must now be given to . We are inter-
ested only in the velocity on the surface of the circular cylinder,
)

which is tangent to the cylinder. If we call thils velocity 7V,

potential flow theory furnishes the relation:

r

— —— 29—__...__....
v, = —2W s e

v

The value of [* must be determined. This quantity 1is usually
determined by the Kutta - Jowkowéki condition, i.e., that the
velocity at the trailing edge must not be infinite. However,

in a viscous fluid, such as air, the full Kutta - Jowkowski cir-
culation is not generated due to the boundary layer, which
effectively changes the shape of the profile. In general, the
experimental circulation is found to be approximately 0.9 of the
Kutta - Jowkowski circulation. In order to obtain a pressure
distribution about the airfoil which will sgree with the experi-
mentally measured pressure distribution, it 1s necessary to deter-
mine /" such that the 1ift coefficient in the theoretical planse
is the same as that observed experimentally at the particular
angle of attack under consideration. The experimental 1lift
coefficients, determined in the present case by integration of

experimental pressure distributions, for three angles of attack

are;

- 20 -
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-]

-2 0.28
-0°15" : 0.45
+1°52.5 0.67

| ~° 2
Potential theory gives L =/~ W = = wCc,

and [ = 2rRvy

V., = C
These relations give ¥ ‘R -

2kb(1 + e)

In the present type of transformation C
and R = b(l +u), where e and u are small quantities,
For the case of the 4412 airfoll it is found that e = 0077

and u = .0866., Substitution for R, C, e, and u 1in the ex-

pression for u;r yvields: ~,/1;F = 0.289Wc,
Hence Vg = — W[Z sin % + 0.289@]

Substituting in (19) the velocity transformation becomes:

| _g - dh]zizs

By using Bernoulli's equation a dimensionless pressure coefficient

of the form (P "‘/{)/pwz may be derived from (20):
' z
L2
| - —g-dh )2l
(21) P = 1 - [(2 sine+0289C )1 -9 -5 Zn, ]

To use (21) we go back to our originally selected points
on the airfoll and their transformed positions in the =z, plane,

measure r’', L, T, & 1, and compute the ratio r rz/r, r, , being

- 2] -



v’céra'e‘ful totéke *-ihto éccount the difference, if any, ‘in the scale
‘of the drawings. ' Then for each point measure the angle 6, in
the 2z, plane., From Fig. 17 obtain the corresponding values of
g, | h, eand :‘%1 * « Using the relation 6 = g,-h obtain € ,
which is: the angle in the § plane corresponding to 6, in the

22 . plane. Thils angle is measured from the axis through the
origin ‘and’the. trailing edge singular point. However the angle
¥ in the expression for P must be measured from a wind axis
through the origin. Hence to obtain ¥ from €& it 1s necessary
to subtract < , « , and 8 (see sketch, page /3 ). The angles
- o, and A are constant and their sum in the case of the 4412
airfoll is 4.7

| The above data is all that 1s required for the calcula-

tion of pressure coefficients. The calculation is carried out
for three angles of attack in this investigation. The results
are plotted in Figures 3, 6, and 9.

- 22 -



LISCUSSTON

The pressure distribution derived theoretically agrees
very well with the experimental curves. Towever, in the neigh-
borhood of the leading edge the theoretical points show consider-

able scattzr. This scatter 1s belizved to be due to the sensi-

ot
%Jo
<

ity of the method to small srrors in measurement of angles in
this reglion. 1t was found that 0.1 error in @ for points

near the leading edge would account for the scatter, nfortun-
ately there are many opportunities for inaccuracies in the deter-
mination of ¥ . There are three graphlical layout and measurs
operations, in addition to many numerical calculations. Also
contributing to errors in ® 1is the series expansion of h, which
does not converge rapidly. The effect of srrors in g and g%i
appear mich legs important in the neighborhood of the leading
edge that similar errors in n.

In order to obtain smooth curves for pressure distri-

butions corrected for compressibility, the theoretical incom-

2

pressible pressure coefficlient points were used to construct

&O
2

a faired curve, Polints from this curve were corrected for com-
pressibilityrand compared with experimental results.

The value of [ vged in the determination of theore-
tical veloclity corrssponds to an experimental 1ift cosefficient.
The value was in all cases less than that determined by the

Kutta - Jowkowski condition. As a result an infinite velocity,

8
o
W\
i



‘aﬁd'ﬁence anvinfiﬁite’negative pressure, theoretically occurs at
“the trailing edge. To avoid this condition, and yet keep
commensurate with the experimental 1ift, Pinkerton, in N.A.C.A.
Repbrt No. 563, has given a method of deforming the airfoil near
the trailing edge to move the trailing edge up to a point where
the Kutta - Jowkowskil circulation will agree with the experimental
11ft. However, Betz'has shown that the velocity may be allowed
to become infinite at the tralling edge without affecting the
pressure distribution except In the immediate proximity. Betz!'
procedure was followed in this investigation and excellent agree-
ment with experiment was obtained as far back as 0.9C, which

was the farthest aft point calculated. The pressure distribution
over the front 0.9C is believed to be of the greatest interest
for the application of Tsien's correction, and comparison with

experiment.
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