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NOTATION

Area of section

Lift coefficient

Maximum camber of section
Total head (p, + qq)

Moment of inertia about the xo—axis

Moment of inertia about the y,-axis

Section length

Bending moment about X, -axis

Bending moment about yg,-axis

Vapor pressure of the fluid

Static pressure in free stream
Static pressure at a point on the body
Dynamic pressure (1/2 fV2)

Pressure coefficient

Pressure coefficient at inception of
cavitation

Maximum thickness of section
Free stream velocity

Perturbation velocity resulting from the
thickness distribution

Perturbation velocity resulting from the
mean line distribution

Perturbation velocity resulting from the
angle of attack



NOTATIONS (Cont'd.)

Abscissa measured from the leading edge

parallel to

Abscissa measured from the centroid parallel
to the nose-

Abscissa of

~through the

Abscissa of
through the

Abscissa of

the nose-tail line

tail line

nose with reference to axis
centroid

tail with reference to axis
centroid

point of maximum thickness

with reference to axis through the

centroid

Ordinate measured from the centroid

Ordinate of
through the

Ordinate of
through the

Ordinate of

nose with reference to axis
centroid

back with reference to axis
centroid

point of maximum thickness

with reference to axis through the

centroid

Density of the fluid

Cavitation number of the section
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ABSTRACT

The section moduli for the TMB EPH, NACA 16,
654 and 66 TMB modified sections are given in this
report along with incipient cavitation curves for
the NACA 16, 65A, 0000-1.10 4%0/1.575 sections with
a = 1.0 and 0.8 mean lines and the NACA 66 TMB

modified section with an a = 0.8 mean line.
INTRODUCTION

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
(1) the area of the section, (2) the position of
the center of gravity and (3) the moments of
inertia. In this report these provnerties 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 TMB EPH, NACA 16, NACA 65A and
NACA 66 TMB modified sections. Table 1 gives the
half-ordinates for the sections investigated when
the camber is zero and the thickness ratio is 0.10,

The basic equations involved in calculating
the geometric coefficients for a coordinate system

as shown in Figure 1 gives:

for the area A= S gdyodxo‘,

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

to the nose-tail line and through the centroid

2
IxO = S g yb dyodxo ,
and for the moment of inertia about the vertical
axis (¥,) through the centroid and perpendicular

to the nose-tail line

2
Iyo = S S X dy,dx,

2.



Table 1

Half-ordinates for Various Sections

(per ?ent.ﬁ )

Half Ordinates

(per cent £)

. 0,000

EPH 16 65A 66 TMB Mod
0 0 0 0 0
1.25 1.188 1.077 |1.183 1.155
2.5 1.668 1.504 |1.623 1.530
5.0 2.325 2.091 |2.182 2.095
7.5 2.834 2.527 |2.650 2., 540
10.0 3.186 2.881 |3.040 2.920
20.0 4,204 3.887 |k4.127 4,002
30.0 4,750 L9514 | 4. 742 4,637
40.0 4,083 | 4.879 |k4.995 4,952
45,0 %.997 4.970 |4.983 5.000
| 50.0 4. olk6 5,000 |L4.863 i, 962
g 60.0 Mo647 | 4.862 |4.304 4,653
70.0 | 1+.085 4,391 | 3.432 4,035
80.0 | 3.260 | 3.499 |2.352 3.110
90.0 1 2.170 é 2.098 |1.188 1.877
95.0 . 1.480 E 1.179 | 0.604 1,143
100.0 | 0.100 |0.021 0.333

|




Xo is the abscissa measured from the
centroid parallel to the nose-tail line
y is the ordinate measured from the
° centroid

These basic equations have 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 TMB EPH sec-
tion and for the NACA 16 and 65A sections may be
found in Reference 1. For the NACA 66 TMB modified
section, the equations solved may be found in
Reference 2.

The equations for finding the stresses at
different points on the section arel*:

YV _My x M
Stress at leading edge = - 1l "o _ 1Yo (1)

Stress at trailing edge = - (2)

Stress on back at point of maximum thickness

y M M
- - 3% _ xg Yo
I T (3)
Xo Yo
e

——— . i T

*References are listed on page 10



As shown in Figure 1, the abscissas X1s X

and x3 and the ordinates yj, ¥y,, 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 My =~ and My, are bending moments about the

X, and y, axis. Also, it should be noted that in

o
the aque 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 O to 0.05 and for
the thickness ratio (t/.£) from 0.02 to 0.20 where £
is the section chord. The results were combined to
form non-dimensional coefficients in the form of
yo ’63 and .}..{%_’éi and are tabulated in Appendix Ao

y
X0 o
The section area (A) is also tabulated in 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 = 1.0 or

0.8 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 by,@3 and the units of the stress

will depend upon the unit of,é’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
data3’u’5’ for the NACA 16, 65A and four digit
series -1.10 40/1.575 with a = 1.0 and 0.8 mean
lines and the NACA 66 TMB modified section with an
a = 0:8 mean line,all operating at shock-free entry.
With these diagrams it is possible to obtain the
maximum thickness ratio that the section can have
and still be free from cavitation. These diagrams

also include the effect of the camber ratio (f/xg o



The cavitation number can be expressed in terms
of the pressure coefficient on the body. Reference (3)

describes the pressure coefficient (S) at any point

on the body as

Hy = -
S:—QE*‘E—]‘ = _I.).(.)q 1 + 1 (%)
(0] O

where

H, is the total head (p, + q,)

Po is the static pressure in the free stream

py is the static pressure at a point on the body
q, is the dynamic pressure (1/2/9V2)

V 1is the velocity of the free stream

f> is the density of the fluid'

The cavitation number at which the section is

operating is given by

o =20 Py
> (5)
1/2/av
where Py is the vapor pressure of the fluid. ¢

If it 1s assumed that cavitation occurs at any

i bd h = =
point on a bhody when Py o then S' scrit and
the cavitation number is
o =5 =1 (6)

crit

From Reference 3, S has been derived in terms

of increments of velocity ratios
T LAY 4 AV, (2,
V T eusmm— )

5= (§=z 7 (7)

==



where

% is the local velocity ratjo resu;ting
from the thickness distribution
éé% is the change in velocity ratio resulting
from the mean line distribution
,ﬁ%g is the change in velocity ratio

resulting from the angle of attack

Figure 2 shows a pressure distribution (1 - S)
on the NACA 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 - Sgpit = = 0.6.

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 werevplotted in

C; L
terms of the coefficient ~L= « These charts are for

t
shock free entry in which case'e%ﬂ is zero. The
angle of attack may be taken into consideration using
the method shown in Reference 3.

Calculations were performed for the NACA 16,
65A and 0000-1.10 hd/lu575 sections with NACA a = 1.0

and 0.8 mean lines and the NACA 66 TMB modified

section with an a = 0.8 mean line and the results are rlotted

1

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
FPH, NACA 16, 65A and 66 TMB modified sections. By
substituting these values in Eouations (1) to (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 characteris-
tics for the design. This report gives the
theoretically derived incipient cavitation charts
for the NACA 16, 65, 0000-1.10 40/1.575 and 66
TMB modified sections.



REFERENCES

Morgan, W. B., "An Approximate Method of
Obtaining Stress in a Propeller Blade,"
DTMB Report No. 919, October 1954.

Eckhardt, M. K, and Morgan, W. B., "A
Propeller Design Method," Transactions
of The Society of Naval Architects and
Marine Engineers, 19595,

Abbott, I. H., et. al., "Summary of
Airfoil Data," NACA Report No. 824, 1945,

Loftin, Lawrence, K., Jr., "Theoretical
and Experimental Deta for a Number of
NACA oA-Series Airfoil Sections,™ NACA
Report No., 903, 1948, ‘

Berggren, Robert E. and Graham, Donald J.,
wpffects of Leading-Edge Fadius and Maximum
Thickness-Chord Ratio on the Variation with
Mach Number of the Aerodynamic Characteristics
of Several Thin NACA Airfoil Sections,"

NACA Technical Note 3172, 1954,

-10=~



Yo
/‘"‘_ Myo
—d ‘3
/ 13 \+Mxo
%o Yo ce y | %o
. B I "____Nose - Tail
x2 X ] Line

1Yo

Figure 1 - Coordinate System for a Sectlion

' _Suction Side_

Pressure Side \
1 -8 0 :

v

1ol ,
0 0.2 0.4 0.6 0.8 1.0
x/1L
Figure 2 - Pressure Distribution on NACA 16-512 Section

«11-



APPENDIX A

Geometric Coefficients for TMB EPH,
NACA 16, 654 and 66 TMB Modified Sections
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167929
588 85
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£/1 = 0.03

14598
6019
300 4
1755
1140

795
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352
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£/ =0.04
10780
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Table 3 - Geometric Coefficients for NACA 18 Section

-(5'1/1,{0)1a
and (ysrx,o)ia (‘1/1yd”3 - (x/ly) 3 (xg/1y 113
- (3115 )3 °
0
f/‘ - o
gg 28068 5791 617.9 -1939
7017 2835 3089 — 969
o0 3118 1930 2059 - 646
100 1754 1447 1544 - 484
ool 1122 1158 1235 - 387"
00 779 965 1029 - 323
00 572 827 882 - 277
8ﬁ 438 723 77.2 — 242
346 643 686 - 215
0o 280 579 617 -~ 193
£/t = 0.01
180013 " 27905 5795 6189 —1972
26182 7368 2897 309,4 — 986
8004 3257 1931 2063 — 657
3420 1819 1448 154.7 — 493
1764 1158 1159 1237 — 394
1026 800 965 1031 — 328
6 49, 586 827 88.4. — 281
436 447 724 773 — 246
37 352 643 687 - 219
225 285 579 61,8 — 197
1/l = 0.02 .
232763 21242 5813 621.5 —2011
45391 7003 2906 310.7 —1005
14922 3237 1937 2071 - 670
6561 1832 1453 1553 - 502
3434 1171 1162 1243 — 402
2013 811 968 103,5 - 335
1279 593 83p 887 — 287
862 452 726 77.6 - 251
609 356 645 69.0 - 223
445 288 581 621 — 201
£/t = 0.03
219707 15382 5843 625.4 —2054
55719 6235 2921 3127 —-1027
20116 3089 1947 2084 - 684
9216 1796 1460 1563 - 513
4928 1163 1168 1250 — 4310
2924 810 973 1042 — 342
1874 594 834 89.3 — 293
1268 454 730 781 - 256
898 358 649 69.4 - 228
660 289 584 62,5 — 205
£/t = 0.04
192850 11452 5886 630.6 —-2101
59231 5373 2943 3153 —-1050
23492 2862 1962 210.2 - 700
11283 1724 1471 1576 — 525
6197 1137 1177 1261 - 420
734 800 981 1051 - 350
2411 589 840 90,0 -~ 300
16 4.4 452 735 78.8 - 262
1171 357 654 70.0 - 233
862 289 588 63.0 — 210
/1 = 0.05
167486 8878 5937 6368 —2153
58729 4580 2968 3184 —1076
25323 2604 1979 2122 - 717
12763 1627 1484 1592 - 538
7217 1097 1187 1273 — 430
4426 781 989 1061 - 358
2888 580 848 90,9 — 507
1985 446 742 79.6 - 269
1422 354 659 70.7 - 239
1054 287 593 63.6 — 215
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Table 4 - Geometric Coefficients for NACA 65-A Section

- (yillxo)lg
Area and (¥g/1, V1B x 3 - 3
! - (/15 )13 # % AL (xa/1y )L (xg/1y )12
£/L =0
o134 Qo 32243 6411 7941 6703
0269 [e]0) 8060 3205 397.0 3351
D40 4 00 3582 2137 2647 223 4
0538 00 2015 1602 1985 1675
D673 00 1289 1282 1588 1340
0808 00 89% 1068 132.3 1147
p943 00 658 915 113.4 957
31077 00 503 8a1 99.2 837
1212 o0 398 712 882 74 4
1347 00 322 641 79.4 &70
£/l =« 0.01
0134 211015 30577 6415 7954 6677
0269 30691 8249 3207 3972.7 3338
D40 4 9379 3676 2138 2651 2225
0538 4009 2062 1603 198.8 1669
D673 2068 1316 1283 159.0 1335
£808 1203 911 1069 132.5 1112
P94l 764 668 916 113.6 953
1077 511 510 801 99.4 83 4.
212 360 402 712 88.3 741
1347 263 325 641 79.5 667
£/l = 0.02
o134 272830 22491 6434 798.7 6675
0269 53208 7673 3217 399.3 3337
040 4 17491 3596 2144 2662 2225
0539 7691 2051 1608 199.6 1668’
D674 4025 1318 1286 159.7 133 5
0809 2360 915 1072 1331 1122
0943 1499 671 919 1141 953
J078 1011 513 804 99.8 83 4
1213 7 1.4 404 714 88.7 741,
A348 523 327 643 798 667
/L =0.03
0134 257546 15866 6467 ,803.6 6694
0269 65315 6706 3233 4018 3347
D40 4 23580 3384 2155 267.8 2231
0539 10803 1989 16156 200.9 1673
0674 S777 1296 1293 160.7 1338
0809 3428 907 1077 1339 1115
0944 2193 667 923 114.8 956
3079 1486 511 808 1004 836
d21 4 1053 404 718 892 743
1349 773 327 646 80.3 669
- f/L=0.04
H135 226063 11572 6514 8103 6735
0270 694 31 5687 3257 4051 3367
0405 27537 3096 2171 2701 22A 5
0541 13226 1888 1628 202.5 1683
0676 7264 1256 1302 1620 1347
0811 A377 888 1085 1350 1122
0946 2826 658 930 115.7 962
4082 1927 506 814 101.2 841
1217 1372 400 723 90,0 748
1352 101a 325 651 81.0 673
£/1 = 0.05
0135 196330 8824 6571 8182 6794
0271 68843 4781 3285 409.1 3397
0407 29683 2784 2190 2727 226 4
D542 14960 1765 1642 204.5 1698
0H678 8460 1202 1314 163,6 1358
D814 5189 861 1095 136.3 1132
D949 3386 643 938 116.8 970
1085 2326 496 821 102.2 849
A221 1667 395 730 90.9 754
1357 1232 321 657 81.8 679
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- (71/I,b)13
and
- (y2/1,0)13

193410
28130
8597
36 7.4
1896
1103

250086
48768
16032
70 49
3689
2163
1324

926
654
479

236059
59865
21613

9901
5295

709

2072Q3
636 A8
2521739
12123
6638
4012
25 0.
1766
1258
926

179951
63099
27207
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7754
4755
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21132
1528
11 30

(Yg/lxo) 13

 f/1=0
29479
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1179
818
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460
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f/l = 0.01

28631
7640
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1209
837
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468
369
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£/l = 0,02

21436
7185
3344
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844
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472
372
301

£/1 = 0,03

15330
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840
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472
372
301
£/1 = 0.04
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5421
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1769
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468
370
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APPENDIX B
Incipient Cavitation Curves for NACA 16,

654, 0000-1,10 40/1.575 and 66 TMB
Modified Sections
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