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NOTATI ON

Area of section

Lift coefficient

Maxi mum canber of section
Total head (po + qg)
Mnent of inertia about the X, -axis

Moment of inertia about the yy-axis

Section length

Bending nonment about  xo-axis
Bendi ng nonent about y,-axis

Vapor pressure of the fluid

Static pressure in free stream

Static pressure at a point on the body

Dynanic  pressure (1/2 /’ Vg)
Pressure coefficient

ressure coefficient at inception of
cavitation

Maximum t hi ckness of section
Free stream velocity

Perturbation wvelocity resulting from
t hi ckness distribution

Perturbation velocity resulting from
nmean line distribution

Perturbation velocity resulting from
angle of attack
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NOTATIONS (Cont'd.)

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

Abscissa measured from the centroid parallel
t0o 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

Crdinate 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 nunber of the section
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ABSTRACT

The section moduli for the TMB EPH NACA 16,
654and €66TMB nodified sections are given in this
report along wth incipient cavitation curves for
t he NACA 16, 654, 0000-1.10 40/1.575 sections with
a = 1.0 and 0.8 nean lines and the NACA é6 TMB

nmodified section with an a = 0.8 nean |line,
| NTRODUCT! ON

In obtaining the nmaximum stress in a propeller
blade or a hydrofoil it is necessary to know the
section nodulus. The geonetric properties usually
calculated in determning the section nodulus are
(1) the area of the section, (2) the position of
the center of gravity and (3) the noments of
inertia. In this report these properties have
been conmbined into coefficients for a nunber of
sections which have different canber ratios
and thickness ratios,

The cavitation nunber at which cavitation first
begins on the section is known as the incipient
cavitation nunber, This value is derived theoret-
ically by assumng that cavitation begins at the

point of mninum 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 654 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:

¢ o
for the area A= 5 deodxo,

for the moment of inertia about an axis (xo0) parallel

to the nose-tail 1ine and through the centroid

2
IXO - S S yo dyodxo )
and for the moment of inertia about the vertical
axis (yo) through the centroid and perpendicular
to the nose-tail line
_ 2
Iyo = S\ X dy, 9%,

-2



Hal f

Table 1

-ordinates for Vari ous Sections

Hal f Ordinates (percent .£)

(per )c(ent £)

2.5
5.0
7.5
10.0
20.0
30.0
40.0
45.0
50.0
60.0
70.0
80.0
90.0
95.0
100.0

EPH 16 : 654 ] g:é_rw_lvpd__

0 0 0 0
1.188 1.077 | 1.183 1.155%
1,668 1,504 |1,623 1.530
2.32% 2,091 |2.182 2,095
2.834 2.527 | 2.650 2,540
3.186 2.881 |3.040 2. 920
4,204 3.887 | 4,127 4,002
L.750 4.514 | 4,742 4,637
4. 983 4,879 [4.995 4,952
4,997 4,970 |4.983 5. 000
4, ol6 5,000 |4.863 4. 962
L, 647 4,862 |4.304 L.653
4. 085 40391 | 3.422 4.035
3. 260 3.499 | 2.3%2 3,110
2.170 2.098 |1.188 1.877
1. 480 1.179 | 0.604 1.143
0, 000 0.100. |0.021 0.333




where

Xo is the abscissa neasured from the
centroid parallel to the nose-tail line

Y i's the ordinate neasured from the

° centroid

These harciceguations have been sinplified by
nunerical integration and it is this sinplified
form Which was wused in the conputations for this
report. The equations solved for the TM3 EPH sec-
tion and for the NACA 16 and 65A sections nay be
found in Reference 1. For the NACA 66 TM3 nodified
section, the equations solved may be found in
Reference 2.

The equations for finding the stresses at

different points on the section aré™

Y My x M
Stress at |eading edge = - 97__,.__1_5’_3 (1)
¢XO lyo
Vo My x M,
Stress at trailing edge = - 270 270 (2)
IXO ]yO
Stress on back at point of maximum thickness
y M x M
.. 3% 3%V
Xo Yo
ST

PR TR "

*References are listed on page 10



As shown in Figure 1, the abscissas «xl, X5,
and xy and the ordinates y;, yp, and y, are used

to denote the abscissas and ordinates of the |eading
edge, trailing edge, and point of naxinum back or-
di nate, respectively, when the center of the coordi-

nate systemis at the centroid of the section. Ths

moment s M‘Xo and My, are bending nonents about the
X, and yo axis, Aso, it shoud be noted that in
the above equations a positive stress denotes ten-
sion and a negative stress denotes conpression,

The nunerical values for the geometric proper-
ties for the four sections were conputed for values
of the camber ratio (£/.£) from0 to 0.05 and for
the thickness ratio (t/.£) from 0.02 to 0.20 where ,5
I's the section chord. The results were conbined to
form non-dinensional coefficients in the form of
ylo—fand ’?_’53 andare tabulated in Appendix A

X

o Yo
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 canber line and
depend only on the nagnitude of the canber ratio.
For the range of canber ratios investigated the
results hold for a circular arc, NACA a = 1.0 or

0.8 nmean line,




W th 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.@g’ and the units of the stress

W | | depend upon the unit of Z 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
data?”h’g’ 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/Z )o



The cavitation number can be expressed in terms
of the pressure coefficient on the body. Reference (3)
describes the pressure coefficient (S) at ary point

on the body as

S_E{R_“ﬂzf9°p1+1 (%)
- Co 4o
where
H, is the total head (p, + qg)

Py Is the static pressure in the free stream

pq Is the static pressure at a point on the body
q is the dynamic pressure (1/2/0V2)

V is the velocity of the free stream

/o is the density of the fluid

The cavitation number at which the section is
operating is given by

- po * pv

1/2/0v2

where Py is the vapor pressure of the fluid.

o (5)

If it is assumed that cavitation occurs at any

point on a body when p; = p, then § = Sorit and

the cavitation number is
O = 8.yt -1 (6)

From Reference 3, S has been derived in terms

of increments of velocity ratios
_ ¥ AV AV, (2
5=yt F T F) (7)

7=



wher e
% is the local velocity ratio resulting

from the thickness distribution

£

Is the change in wvelocity ratio resulting

from the nean line distribution

a is the change in velocity ratio

resulting from the angle of attack

Figure 2 shows a pressure distribution (1 - 8}
on the MCA 16-512 section as calculated from
Equation (7). From this plot it can be seen that
cavitation wll first occur at ©0.55 of the section

length and at 1 = Sap3¢ = = 0.60

The incipient cavitation charts were derived
by wusing the critical cavitation nunber of the
various sections, To facilitate the plotting and
the wuse of the diagrans the results were plotted in
C L
t

terns of the coefficient . These charts are for

shock free entry in which case A—-%ﬂ is zero, The
angle of attack may be taken into consideration using
the nmethod shown in Reference 3.

Calculations were performed for the NACA 16,
654 and 0000-1.10 40/1.575 sections with NACA a = 1.0

and 0.8 nean lines and the NACA 66 TMB nodified

section with an a = 0.8 nean line and the results are plotted
in Figures 3 to o 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 TVB
FPH, NACA 16, 654 and 66 TMB modified sections, By
substituting these values in Rouations (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, 654, 0000-1.10 40/1.575 and 66
TMB modified sections.
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Table 2 - Geometric Coefficients for THB EpH Section

- (x,/xtona
/i fp arn o (ry/ty 12 (ry/1g )12 - ugn,a)l” (xg/1y )13
- (’2”10“
/i =0
0.02 . 9 ap 27658 5359 5965 42017
002 -0u4 ap 6964 %79 2982 2103
0,08 0447 on 3095 1785 1988 1402
0.10 . 05986 QD 1741 1339 14%1 1051
0.12 ag 1114 1071 1183 ad1
vean 0895 o0 7773 89.3 15,4 701
0,14 L1044 00 568 765 882 &01
0.16 .1193 ao 435 669 4.8 525
0.18 1342 an T4 595 662 A57
0.20 1492 je1e] 278 533 596 420
f/l -~ 0.0
0.02 0149 180430 27148 53642 597.5 4184
0.04 . 0%98 g '?d 723% 266. 1 298. 7 2082
9,06 0447 a023 3209 1787 1991 1394
L0596 3429 1795 1340 149.3 1046
0.10 L0748 1769 1144 1072 119 836
12 .0895% 1029 791 893 9 697
0% Joaa 651 579 268 353 59 7
9.16 L1183 4357 442 6 70 746 523
8' %8 JA342 308 349 995 663 464
. Jagz 235 282 5138 597 418
| 71 OSE
0.02 0149 233380 20375 5379 599. 9 4(1):'.35
0.04 0298 45511 6812 2689 2999 2Q87
0.06 L0447 149 3167 1793 1999 1391
0.10 0597 657. 1798 1344 1499 1043
3443 1158 1075 1199 835
0.12 ,0895 2018 98 8956 989 695
0.14 045 1282 585 768 85.7 596
0.16 1194 865 446 672 749 321
0.18 1343 6114 352 59.7 6656 63
0.20 1493 44 ch4 s %7 599 417
fl « 0.03
o, 0149 220289 14598 5407 603.7 4179
0,23 .0298 55867 6019 2703 3018 2089
0.06 0448 201 69 3004 1802 2012 1393
0,08 0597 9240 1755 1351 1509 104 4
0.10 L0747 4941 1140 1081 1207 835
a.1? 0896 2932 795 9 1006 696
0.14 1046 1875 584 77.2 862 597
0.16 .1195 271 447 6 7.5 754 ?26%
0.18 (1345 901 352 600 670 .
h. 20 L1494 661 285 540 60.3 417
0,02 £/ - 0,04
0.04 L0149 1933643 10780 544, 6 6087 4196
593 a7 5153 2723 3043 2098
0.06 2355.4 2770 1818 2029 1398
0.08 04:059 ! 11313 1677 1341 1521 1049
o,;g 0749 6213 1110 1089 1217 839
0.1 L0898 3744 782 947 101. 4 699
g.kg .1048 2417 578 77.8 869 599
1 L1198 1648 A4y 76..0 524
0.18 1348 1174 351 605 676 4. 66
0.20 .1498 865 204 544 60 B A19
£/1=0.05
0.02 0150 167929 0302 5494 614.7 4222
0,04 58885 4368 2747 3073 2111
0,06 L0450 25390 2508 1841 204.9 1407
0.08 0601 127956 1577 1373 153.6 1055
.10 0751 72135 1067 1038 122.9 444
0.12 0501 4438 762 915 102.4 703
0.14 .1051 2896 567 784 878 603
1202 1930 437 686 76.8 527
0.16 1352 1425 347 610 68.3 &9
020 1502 10 54 281 549 614 422
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Table 3 = Geometric Coefficients for NACA 16 Section

~(31/r,°)£5
ang (Far1y 213 (ry1y 083
= (g 33 ° °
0
/i =0
ac 28068 5791
00 7017 2825
o0 3118 1930
o0 1754 1447
oL 1122 1158
o0 779 965
Q0 572 827
o0 438 723
o0 346 643
Qo 280 57.9
f/tw 0.01
180013 27905 57’5
26182 7368 2897
80041 3257 193
34 20 1819 144p
1764 1158 1159
1026 800 965
£ 49 586 827
435 447 724
307 352 643
225 285 579
1/l w 0.02
232763 21242 5813
45391 70.03 2906
149 3237 193.7
6541 1832 1453
3454 1171 116.2
2013 811 968
1279 593 830
B62 452 726
608 356 645
445 288 581
f/t = 0.03
2197Q? 15382 5u4, 3
30118 S089 Gory
28%145 1796 1460
4928 1163 1168
2924 810 97.3
1874 594 e3.4
1268 4 54 730
898 358 649
6 60 289 584
f/1 = 0.04
152850 114 52 5886
592 31 5373 2943
23492 2862 1962
31283 1724 147.3
6197 1137 117.7
373. 4 800 981
€413 589 84.0
16 44 452 735
1172 357 554
362 289 588
f1 « 0.05
167486 8878 5937
58729 4580 2968
25323 2604 1979
12763 1627 148.4
721.7 1097 {187
4426 781 989
28 88 580 848
1985 446 742
1422 354 659
1051 287 593
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Table 4 « Geometric Coefficients for NACA 65- A Secti on

- /g )18
t/i ares ano (7g/1, 113 3
¢ - (,2“'0”3 SRS (’x/l,,o)l - (12/1,0)15 (,3”’“”3
fll =0
4 Qo 32243 6411 7941 67073
225 ﬁ% 9 0p 8%6 8 3205 397.0 3351
0.08 D404 op 358 2137 2647 223 4
0,10 D538 oo 2015 1602 1985 1675
0.12 o0 1289 1282 1588 1340
eem .ogog o0 S?,E 103.12.35 i32.3; 1147
014 94 (o] o) 957
0.16 go77 on 503 801 %E}Z a37
6), 53 J212 oo 398 712 882 T4 4
. 1347 00 522 641 794 670
£/1s0.01
0.02 8134 211015 30577 6415 7954 6677
0. 04, D269 3069. 1 8249 3207 397.7 3338
0.06 D404 93 728 3676 2138 2641 2225
0. 08 ' 40 Q9 2062 1603 1988 1669
8.16 HE73 206. 6 1316 1283 159.0 1335
0.12 LY-[X:] 1203 911 1069 132.5 1112
0.14 0e4e3 761 666 915 113.6 953
0.18 so77 511 510 801 99, a3 4
Ja212 380 402 712 88. 3 741
0.20 1347 263 325 641 795 667
£/1 = 0.02
0.02 0134 272850 22491 54T4 7987 6675
D269 “§3208 7673 321.7 399.3 3337
0.04 0404 17491 3596 214.4 266.2 2225
0.08 0539 7661 2051 1608 1996 1660
0.10 D674 4025 1318 1285 159.7 1335
0.12 DBOY 2360 915 1073 1331 1112
0.14 D943 1499 671 919 1141 953
0.16 078 1011 513 804 99.8 aza
0.18 4213 714 404 714 88.7 741
0.20 J348 523 327 643 798 657
#/1= 0.03
0.02 0134 237546 15866 6467 803. 6 6694
0.04 0269 6531. 5 6706 3233 4071 8 3347
0.06 D404 23580 3384 2185 267.8 2231
0.08 D53y 10803 1969 1615 200.9 1673
0.10 LETA STT. 7 1296 1293 160.7 1338
0,12 D809 3428 907 1077 133.9 1115
0.14 D944 2193 667 923 114.6 956
0.16 1079 14856 53} 808 100. 4 836
0.18 Ja21 4 10 53 4 718 8az2 743
0.20 A349 713 327 5456 80.3 665
f/l « 0.04
0.02 0135 226063 11572 6514 810.3 5135
0.04 o270 694 31 5687 3257 4051 3367
0.06 0405 27537 3096 217.1 §70.1 2245
0,08 D541 13226 1888 1628 02.5 1683
0.10 D676 264 12 56 1302 162.0 1247
0.12 hal1 431.7 ggg 1085 1350 1122
0.14 D946 %82‘? 930 11587 962
1082 2, 506 814 1012 841
0.18 1217 1322 400 723 904 748
0.20 1352 1011 323 6% 81.0 £773
£/ = 0.05
0.02 0135 1963130 8824 6573 8182 6794
0.04 D271 68843 4781 3285 4091 3397
0.06 D407 29683 2784 219.0 2727 D26 4
0.08 P542 14960 1765 1642 2045 1698
0.18 0678 8460 1202 1314 1636 1358
0.12 DB14 5189 861 109.5 136.3 1132
0.14 o949 32385 543 9138 1168 870
0,16 1085 2325 496 821 102.2 849
p.18 1221 1667 395 730 90.9 754
0.20 1357 1232 321 657 B81.8 679
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Table 5 » Geometric Coefficients for NACA 66 (TMB Kodified) Section
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2%

133.4
026
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479

236059
59865
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9951
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11 39
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ffls 0
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018
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f/1 =0.01
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/7] =0,02
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472
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