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NOTATION

A Area of  sect ion

%J Lift coefficient

f Maximum camber of section

*cl Total head (po + qo)

I
x0

Moment of inertia about the x,-axis

1YCl
Noment  of inertia about the yo-axis

4 Section length

*x Bending moment about xo-axis
0

%0 Bending moment about y,-axis

pv Vapor pressure of the fluid

P O Static pressure in free stream

Pl Static pressure at a point on the body

qo Dynamic pressure (l/2 P
V2)

S Pressure coefficient

Scrjt  Pressure coefficient at inception of
cavitation

t Haximum  thickness oz' section

V Free stream velocity

V Perturbation velocity resulting from the
thickness distribution

clv Perturbation velocity resulting from the
mean line distribution

A% Perturbation velocity resulting from the
angle of attack

v



NOTATIONS  (Cont’d.)

X

x0

x1

x2

x3

YO

Yl

Y2

y3

P
6

Abscissa  measured  from  the leading  edge
parallel  to the nose-tail line

Abscissa  measured  from  the centroid  parallel
to the nose-tail line

Abscissa  of nose with  reference  to axis
through the centroid

Abscissa  of tail with  reference  to axis
through the centroid

Abscissa  of point of maximum  thickness
with  reference  to axis through  the
centroid

Ordinate  measured  from  the centroid

Ordinate  of nose with  reference  to axis
through the centroid

Ordinate  of back with  reference  to axis
through the centroid

Ordinate  of point of maximum  thickness
with  reference  to axis through  the
centroid

Density  of the fluid

Cavitation number  of the section



The section moduli  for the TMB EPH, NACA 16,

65A  and 66 TM3 modified sections are given in this

report along with incipient cavitation curves for

the NACA 16, 6SA, 0000-1.10  40/1.575  sections with

a = la0 and 0.8 mean lines and the NACA 66 TMB

modified section with an a = 0.8 mean line,

INTRODUCTION

ABSTRACT

In obtaining the maximum stress in a propeller

blade or a hydrofoil it is necessary to know the

section modulus. The geometric properties usually

calculated in determining the section modulus are

(lj  the area of the section, (2) the position of

the center of gravity and (3) the moments of

inertia. In this report these properties have

been combined into coefficients for a number of

sections which have different camber ratios

and thickness ratios,

The cavitation number at which cavitation first

begins on the section is known as the incipient

cavitation number, This value is derived theoret-

ically by assuming that cavitation begins at the

point of minimum pressure on the section. Incipient



cavitation diagrams have been prepared for a

number of NACA sections operating at shock free

entry. From these diagrams it is possible to

determine the section chord length which is

necessary to prevent cavitation.

GEOMETRIC COEFFICIENTS

The geometric properties were programmed

and computed on the Burroughs E-102 electronic

computer for the TME3  EPH, NACA  16, NACA 65A and

N&CA  66 TMB modified sections0  Table 1 gives the

half-ordinates for the sections investigated when

the camber is zero and the thickness ratio is O,lO,

The basic equations involved in calculating

the geometric coefficients for a coordinate system

as shown in Figure 1 gives:

r P
for the area

for the moment of inertia about an axis (xo) parallel

to the nose-tail line and through the centroid

I z
X s s Y,2dYodxo )

0
and for the moment of inertia about the vertical

axi? (y,)  through the centroid and perpendicular

to the nose-tail line

I =
YO

ss xo28y,dx,  y

-2-



Table 1

Half -ordinates for Various Eections

(per tent  $1

0

1 . 2 5

2*5

5.0

7.5
10.0

2o:o

30.0

40.0

45.0

5oxl

60,o

70.0

80.0

90.0

95.0

ioo,o

Half Ordinates (per cent A>
-_-4--I----c -

EPK 16
- - ---.-

0 0

id88 I.077

1,668 1,504
2.2-t.IL I 2,091

2.!334 2.527

3.186 2.881

4 , 2 0 4 3.887

4,750 4.514

4.983 4.879

4.997 4.970

4,046 5,000

4*647 4.862

4.085 4.391

3.260 3.499

2.170 2.op8

1.480 10179

0,000 0.100.

-3-

--

5A

0

1.183

1,623

2.182

2.650

3.040

4,127

4,742

4.995

4.983

4.863

4.304

3 A72

2,352
1,188

0.604

0.021

i
--66 TMB ModL - - W - . -

0

1,155
1.530

2,095

2.$0

2.920

' 4,002

4,637

4,952

5.000

4.962

k653

4.035

3,110

1.877

10143

0,333



X0 is the abscissa measured from the
centroid parallel to the nose-tail line

Y is the ordinate  measured from  the
0 centroid

These ba!clc equatlonz  hat.re  been simplified by

numerical integration  and it is this simplified

form  which was used in the computations for this

report. The equations solved for the TE3 EPH sec-

tion and for the NACA  16 and 65A  sections may be

found in Reference 1. For the NACA 66 TM3 modified

section, the equations solved may be found in

Reference 2.

The equations for finding the stresses at

different points I*on the section are :

(1)

G?

(3)

yl%O xl"yoStress at leading edge = - .- _ ~

YM2 xo
xM

Stress at trailing edge = - 2 4'0

I -lYox0

Stress on back at point of maximum thickness

YM XM
= - 3 xo .  . 3 yo

I
X0 IYO

-. .-  -  “._

*References gre listed on page 10



As shown in Figure 1, the abscissas xl, x2,

and x3 and the ordinates yl, y2, and y3 are used

to denote the abscissas and ordinates of the leading

edge, trailing edge, and point of maximum back or-

dinate, respectively, when the center of the coordi-

nate system is at the centroid of the section. The

moments Qo and My0 are bending moments about the

xo and yo axis, Also, it should be noted that in

the above  equations a positive stress denotes ten-

sion and a negative stress denotes compression,

The numerical values for the geometric proper-

ties for the four sections were computed for values

of the camber ratio (f/A)  from 0 to 0005  and for

the thickness ratio (t/,4?)  from 0.02 to 0.20 where ,&

is the section chord. The results were combined to

form non-dimensional coefficients in the form of
3

Yo A-
3

I
and xoR

IY,
and are tabulated in Appendix A.

x0

The section area (A) is also tabulated +n Appendix A,

It should be noted that these values are practically

independent of the shape of the camber line and

depend only on the magnitude of the camber ratio.

For the range of camber ratios investigated the

results hold for a circular arc, NACA a = 1,O or

O,8 mean line,



With these coefficients it is a rather easy

operation to compute an approximate value for the

stresses in a section by using Equations (1)to  (3).

It must be noted that the geometric coefficients

must be divided byA3 and the units of the stress

will depend upon the unit of 1 and the bending moments.

INCIPIENT CAVITATION DIAGRAMS

The incipient cavitation number is used to

determine when a hydrofoil section should be free

from cavitation. This value is theoretically

derived by assuming that cavitation begins at the

point of minimum pressure on the section. Diagrams

have been prepared using results derived from NACA

data3t4,5* for the NACA 16, 65A and four digit

series -1.10 &O/1.575  with a = 1,O  and 0-8  mean

lines  and the NACA 66 TMB  modified section with an

a = G,8  mean line,all  operating at shock-free entry,

With these diagrams it is possible to obtain the

maximum thickness ratlo  that the section can have

and still be free from cavitation. These diagrams

also include the effect of the camber ratio (f/j )*



The cavitation number can be exPressed  in terms

of the pressure coefficient on the body0 Reference (3)

describes the pressure coefficient (S) at arLy point

on the body as

where

s = --z!?A  = -Ho PO

e0
- p1 + 1

qo
(4)

K, is the total head (p.  -e q,)

p, is the static pressure in the free stream

p1 Is the static pre ssure at a point on the body

q. is the dynamic pressure (1/2pV2)

V is the velocity of the free stream

p is the density of the fluid

The cavitation number at which the section is

operating is given by

POcr =* - P,
l/2  v2

(5)
P

where pv  is the vapor pressure of the fluid.

If it is assumed that cavitation occurs at any

point on a body when P1 = p, then S = S,rit  and

the cavitation number is

CT = %-it  -l (6)

From Reference 3, S has been derived in terms

of increments of velocity ratios

s = (if + 7 f “;I” I2 (7)

-?-



where

f is the local velocity ratjo  resulting

from the thickness distribution

q is the change in velocity ratio resulting

from the mean line distribution

+3
v

is the change in velocity ratio

resulting from the angle of attack

Figure 2 shows a pressure distribution (1 - Sj

on the MACA 16-512  section as calculated from

Equation (7). From this plot it can be seen that

cavitation will first occur at 0,55 of the section

length and at 1 - S,,it  = - OoGO

The incipient cavitation charts were derived

by using the critical cavitation number of the

various sections* To facilitate the plotting and

the use of the diagrams the results were plotted in

cL-eterms of the coefficient -tl 0 These charts are for

*Vashock free entry in which case -v is zero, The

angle of attack may be taken into consideration using

the method shown fn Reference 3.

Calculations were performed for the NACA 16,

65A  and 0000-1.10 40/1,575  sections with NACA a = 1,O

and 0,s mean lines and the NACA 66 TM3 modified

sectionwith  an a = O-8 mean line and the results are plotted

in Figures 3 to 9 and given in Appendix B,

-8-



CONCLUSIONS

This report gives the geometric coefficients

which are necessary to calculate the stresses in a

propeller blade or hydrofoil, These have been

computed and compiled in table form for the TMB

EPII,  NACA 16, 6SA  and 66 TMB modified sections, By

substituting  the,re  values in Eouati0n.c (1 )  t o  (3),

stresses in a section may be found with a minimum

of work.

The cavitation number of a section must be

determined to give the best cavitation characterfs-

tics for the design, This report gives the

theoretically derived incipient cavitation charts

for the NACA 16, 65A, 0000-1.10 401’1,575  and 66

TMB modified sectionso
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APPENDIX A

Metric Coefficients for TM3 EPH,

16,  65A  a n d  66 TM8 klod.ified  S e c t i o n s



Tsble  2 - Geometric  Coefficients for THP EPH Section
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544
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1988
14Sl
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8592
745
6612
596

0 . 0 2 .OlbQ

i:Z .0298  .0447
i:; .0746  .0596

a:14
.a95
.lQ44

0.16 .I193
9.10 .1342
0.20 .1492

0.02 .014!?

0:00 22
.O298
.Q44?
SO596

0.10 .0746
0 . 1 2
0.14 :::::
a.16 .t193
0.16
0.20 ;$f

3209
1795
1144

597.5
298.7
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149.3
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995
8 5.3
74.6
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4la4

:g:
1046

zlz7"
5.9 7
523
4.6 4
4.1  8

~791
579
442
319
282

f/l  l 0.02
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1798
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446
352
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%1998
3004
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795
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285
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1677

0.02 no149
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Table 3 - Geometric Coefficients for NACA 16 Section
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.0441
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0.16
0.18
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E
.0x47
-0294

I:ZJ
a:12
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0.020.04 :::;f:
0.06 x)441
t-2 .0588
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Ji-736
.oee3

0.14 .1030
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0:12  0' 10

.0442  .ose9

.0736
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0.16 .1179
0.18
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0.02 .0147
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~*~
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1764
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649
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3cs?
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Table 4 - Geosetric Coefficients for NACA 65-A Section
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