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A Study on the Hydrofoil Section Shapes in Consideration of Viscous
Effects for Marine Propeller Blades

S. Y. Kim

Abstract

The author has presented a new appoach to design hydrofoil section shapes in consider-
ation of viscous for marine propeller blades. In suction sides of propeller blades, the
pressure distribution on hydrofoil sections in non-caviating flow should be examined before
the study of cavitation characteristics. Generally, the calculation results for hydrofoil
conformal mapping method by which neglect viscous effects do not agree with experimental
ones. Moreover, another papers reported that laminer separation bubble and transition
played an important role on the caviation inception. From these considerations, it is very
important to study the viscoous effects of the hydrofoil sections, especially the mechanism
separation bubble and the apparent thickness of hydrofoil section. Therefore, the new
design method of hydrofoil sections in consideration of viscous effects in comparison to the
airfoil section should be studied.

In designing the new hydrofoil section shapes, based on Eppler theory, the author tried
to give the peak negative pressure in leading edge region for NACA airfoil in considera-
tion of viscous effects without turbulent boundary layer separation as mush as possible.

The design method was verified from the fact that the boundary characteristics was
improved and the lifts of new hydrofoils were slightly in creased in comparison to these of
NACA 16-012 symmetrical, NACA 4412 non-symmetrical airfoils.
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Appendix 1

.Y

Regression analysis for NACA 16-012 and modified profile
a) Yi,=4.518+1.53944-11. 633217, 5743

b) Yir=11.428x1/2 (. 997x — 6. 34742

©) Y;,=0.769+18.048x—11.7274% -6, 928%3

d) Y;;=12.56x12 -2, 1832x — 6. 388x2

Regression analysis for NACA 4412 and modified profile
a) Yi=8.515+10. 887x — 19. 54442+ (. 16373

b) Yiru=21.383x1/2+2, 1888%x —27. 820x2

¢) Y= —15.078x1/2+17. 358% + 10. 89842

d) Y =3.735+4. 6725+ 0.968x2—2, 11143

e) Y.r=19.206x—23. 962

f) Y,u=2.536+7.420x — 8. 6999x% — 1, 23643

2) Yi,.=8.066+13.212x —22. 83843

h) Yir.=20.758%1/2+ 3, 13x — 28, 72542

1) Y= 14, 9665172416, 532 + 19. 4642

i) Yia= —3.482+3.396%+ 3. 16322 — 3. 219x3

k) Y,.r=19.253x — 24. 37322

1) Yeu=2.371+8.023% - 9. 5212 — ., 87243

Appendix 2

Table 1. NACA 16-012 Hydrofoil Coordinates

NUMBER OF SEGMENTS ON WING (NW)=36
COORDINATES OF END POINTS ON FOIL

~

.1000000D + 01,
. 9000000D + 00,
. 7000000D + 00,
. 5000000D -+ 00,
. 3000000D + 00,
. 1500000D + 00,
. 7500000D — 01,
(. 2500000D - 01,
(. 7000000D — 02,
(. 0000000D -+ 00,
(. 7000000D — 02,
(. 2500000D — 01,
(. 7500000D — 01,
(. 1500000D + 00,
(. 3000000D + 00,
(. 5000000D + 00,
(. 7000000D -+ 00,
(. 9000000D + 00,
(. 1000000D + 01,

AN SN N S

. 1200000D - 02)
. 2517000D— 01)
. 5269000D ~ 01)
. 6000000D — 01)
. 5417000D - 01)
. 4135000D ~ 01)
. 3032000D - 01)
. 1805000D~ 01)
. 9500000D ~ 02)
. 0000000D + 00)
. 9500000D -- 02)
. 1805000D — 01)
. 3032000D — 01)
. 4135000D - 01)
. 5417000D - 01)
. 6000000D — 01)
. 5269000D — 01)
.2517000D ~ 01)
. 1200000D ~ 02)

(. 9500000D + 00,
(. 8000000D + 00,
(. 6000000D + 00,
(. 4000000D + 00,
(. 2000000D + 00,
(. 1000000D + 00,
(. 5000000D - 01,
(. 1250000D - 01,
(. 3000000D - 02,
(. 3000000D - 02,
(. 1250000D - 01,
(. 5000000D - 01,
(. 1000000D -+ 00,
(. 2000000D - 00,
(. 4000000D + 00,
(. 6000000D + 00,
(. 8000100D — 00,
(. 9500000D -+ 00,

(118)

(Modified profile)
(Modified profile)
(NACA 16-012)
(NACA 16-012)

(Modified profile)
(Modified profile)
(Modified profile)
(Modified profile)
(Modified profile)
(Modified profile)
(NACA 4412)
(NACA 4412)
(NACA 4412)
(NACA 4412)
(NACA 4412)
(NACA 4412)

. 1415000D - 01)
. 4199000D - 01)
. 5835000D — 01)
. 5855000D — 01)
. 4664000D --01)
. 3457000D — 01)
. 2509000D - 01)
. 12920000 - 01)
. 6000000D — 02)
. 6000000D — 02)
. 1292000D - 01)
. 2509000D — 01)
. 3457000D — 01)
. 4664000D— 01)
. 5855000D — 01)
.5835000D — 01)
. 4199000D—01)
. 1415000D — 01)
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(. 1000000D + 01,
(. 9000000D + 00,
(. 7000000D + 00,
¢. 5000000D + 00,
(. 3000000D + 00,
(. 1500000D + 00,
(. 7500000D — 01,
(. 2500000D — 01,
(. 7000000D — 02,
(. 0000000D + 00,
(. 7000000D - 02,
(. 2500000D - 01,
(. 7500000D - 01,
(. 1500000D + 00,
(. 3000000D + 00,
(. 5000000D -+ 00,
(. 7000000D -+ 00,
(. 9000000D + 00,
(. 1000000 + 01,

o

¥y

A

7

—52803000D—01)

2461700D - 01)
1616000D - 02)

Q40706 ol

o
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COORDINATES OF END POINTS ON FOIL
. 1616000D - 02)
. 2462700D - 01)
. 5280300D-01)
. 6000000D - 01)
.5417000D--01)
. 4302000D--01)
. 3022000D-01)
. 1856000D - 01)
. 9500000D - 02)
. 0000000D + 00)

-. 9500000D - 02)

-. 1856000D —01)

.2022000D - 01)

-.4302000D-01)

.5417000D - 01)

. 6000000D - 01)

(. 9500000D -+ 00,
(. 8000000D -- 00,
(. 6000000D + 00,
(. 4000000D + 00,
(. 2000000D + 00,
(. 1000000D + 00,
(. 5000000D - 01,
(. 1250000D - 01,
(. 3000000D - 02,
(. 3000000D — 02,
(. 1250000D — 01,
(. 5000000D — 01,
(. 1000000D + 00,
(. 2000000D ~ 01,
(. 4000000D + 00,
(. 6000000D + 00,
(. 8000000D + 00,
(. 9500000D +- 00,

o] wtwl Pt g AT

Table 2. Modified NACA 16-012 Hydrofoil Coordinates

. 1390800D — 01)
. 4155000D - 01)
. 5880000D — 01)
. 5855000D - 01)
. 4763000D - 01)
. 3337000D-- 01)
. 2540000D — 01)
. 1227000D - 01)
. 6000000D — 04)
. 6000000D — 04)
.1227000D — 01)
. 2540000D — 01)
. 3337000D - 01)
. 4723000D - 01)
. 5850000D — 01)

— 58800000D — 01)

4155000D - 01)
1390800D - 01)

[o3]

ol

Table 2. NACA 4412 Hydrofoil Coordinates

NUMBER OF SEGMENTS WING(NW) =36
COORDINATES OF END POINTS ON FOIL

(. 1000000D -+ 01,
(. 9000000D + 00,
(. 7000000D -+ 00,
(. 5000000D -- 00,
(. 3000000D + €O,
(. 2000000D -+ 0G,
(. 1000000D + 00,
(. 5000000D - 01,
(. 1250000D - 01,
(. 0000000D + 00,
(. 1250000D - 01,
(. 5000000D - 01,
(. 1000000D -+ 00,
(. 2000000D + 00,
(. 3000000D + 00,
(. 5000000D + 00,
(. 7000000D -+ 00,
(. 9000000D -+ 00,
(. 1000000D + 01,

. 1300000D — 02)
. 2710000D - 01)
. 6690000D — 01)
. 9190000D - 01)
. 9760000D — 01)
. 8800000D - 01)
. 6590000D ~ 01)

. 4730000D - 01)

. 2440000D - 01)
. 0000000D + 00)
. 1430000D - 01)
. 2490000D - 01)
. 2860000D — 01)
. 2740000D — 01)
. 2260000D — 01)
. 1400000D ~ 01)
. 6500000D — 02)
. 2200000D — 02)
. 1300000D — 02)

(. 9500000D + 00,
(. 8000000D + 00,
(. 6000000D -+ 00,
(. 4000000D + 00,
(. 2500000D + 00,
(. 1500000D + 00,
(. 7500000D — 01,
(. 2500000D — 01,
(. 7900000D — 02,
(. 7900000D — 02,
(. 2500000D — 01,
(. 7500000D — 01,
(. 1300000D -+ 00,
(. 2500000D + 00,
(. 4000000D + 00,
(. 6000000D + 00,
(. 8000000D + 00,
(. 9500000D + 00,
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. 1470000D ~ 01)
. 4890000D ~ 01)
. 8140000D - 01)
. 9800000D ~ 01)

. 941000D - 01)
. 789000D - 01)
. 576000D — 01)
. 339000D ~ 01)
. 136800D — 01)
. 109400D-- 01)
.195000D - 01)
. 274000D - 01)
. 288000D — 01)

—. 250000D — 01)

. 180000D — 01)
. 100000D - 01)
. 390000D - 02)
. 160000D - 02)
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(1. 000000D + 01,
(. 9000000D + 00,
(. 7000000D + 00,
(. 5000000D + 00,
(. 3000000D + 00,
(. 2000000D + 00,
(. 1000000D + 00,
(. 5000000D — 01,
(. 1250000D — 01,
(. 0000000D + 00,
(. 1250000D - 01,
¢. 5000000D 01,
(. 0000000D + 00,
(. 2000000D + 00,
(. 3000000D + 00,
(. 5000000D + 00,
(. 7000000D + 00,
(. 9000000D + 00,
(. 1000000D + 01,

BRI 2, 125 W2, 1983

COORDINATES OF END POINTS ON
. 1231000D - 02)
. 2703300D— 01)
. 6716700D - 00,
.9194200D — 01)
. 9750200D — 01)
.8773100D--01)
. 6587900D — 01)
. 4706500D — 01,
. 2298900D—01)
. 0000000D + 00)
. 1446700D — 01)
. 2456000D — 01)
. 2903000D— 01)
. 2761000D — 01)
. 2276600D - 01)
. 1376300D ~01)
. 6519000D — 02)
. 2048000D - 02)
. 1100000D + 02)

FOIL

(. 9500000D + 00,
(. 8000000D + 00,
(. 6000000D - 00,
(. 4000000D + 00,
(. 2500000D + 00,
(. 1500000D + 00,
(. 7500000D — 01,
(. 7500000D — 01,
(. 75000000 — 02,
(. 7500000D ~ 02,
(. 2500000D -- 01,
(. 7500000D — 01,
(. 1500000D + 00,
(. 2500000D — 01,
(. 4000000D + 00,
(. 6000000D + 00,
(. 8000000D + 00,
(. 9500000D + 00,
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Table 4. Modified NACA 4412 Hydrofoil Coordinates

. 1460900D -+ 01)
. 4901500D ~ 01)
. 8147900D — 01)
. 9854000D — 01)
. 9385300D ~ 01)
. 7869300D — 01)
. 5748900D —01)
. 3303500D — 01)
. 1751900D - 01)
. 1154600D - 01)
. 1922900D ~ 01)
. 2745800D — 01)
. 2999000D — 01)
. 2517300D — 01)

—18108000D —01)

9858000D ~ 02)
3874000D — 02)
1482000D — 02)



