MEDDELANDEN
FRAN

STATENS SKEPPSPROVNINGSANSTALT

(PUBLICATIONS OF THE SWEDISH STATE SHIPBUILDING EXPERIMENTAL TANK)
Nr 60 GOTEBORG o 1967

THE SSPA STANDARD PROPELLER
FAMILY
OPEN WATER CHARACTERISTICS

BY

HANS LINDGREN AND E. BJARNE

SCANDlNAVlAN UNIVERSITY BOOKS
' AKADEMIFSRLAGET-CUMPERTS - GOTEBORG .




SCANDINAVIAN UNIVERSITY BOOKS

".\Denmdrk:'.ﬁtmc‘AAj.D, Copenhagen .

- Notway : UNIVERSITETSFORLAGET, Oslo, Bergen-
Sweden: AKADEMIFORLAGET-GUMPERTS, Géteborg

SVENSKA BOEFORLAGET/Norstedts—Bonniers, Stockholm

PRINTED: IN. SWEDEN BY .
ELANDEBS BOKTBYGKEBI AKTIEBOLAG GUTEBOB.G 1967




F

Summary

A fam_lly of 3, 4, 5 and 6-bladed conventional merchant ship
propellers of simple geometrical shape is presented. Propeller char-
acteristics oObtained from open water tests are given. The results
from’ each propeller group are presented on the base of J, K;/J* and

Q/J5 The ranges covered by experiments correspond to:

Number of | Pitch ) Blade area
blades . . ratios : ratios
3 0.55-0.75 0.45
4 0.65-1.15 0.47, 0.53, 0.60
5 0.65-1.15 0.60
6 0.75 ) 0.60

1. Introduction

The SSPA standard propeller family has been developed primarily
to be used in connection with preliminary project studies and
systematic model tests. At present it consists of about 100 propeller
models with. different blade numbers Z; diameters D, pitch ratios P/D
and blade area ratios A,/4,. The dimensions have been chosen so
that for every normal merchant ship project, it is possible to find
at least one suitable propeller model. For the preliminary deter-
mination of wake and thrust deduction factors, studies of the optimum
propeller diameter and influence of the number of blades, this propeller
family is very useful.

All the propeller models have been tested in the towing tank as
well as in the cavitation tunnel and the test program comprises:

Open water tests

Cavitation tests in homogeneous flow

Cavitation tests in different wake distributions

In the present report, the geometric characteristics of the propellers
as well as the results of the open water tests are presented.
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2. Symbols and Units

A, = ,pfoi)eller disc area (=Trfz)
A, = developed blade area

Cp = drag coefficient

Cpmin = minimum drag coefficient

!

. = lift coefficient

c = bladé section chord length
D = propeller diameter
Dy = hub diameter
14
J = advance number (= 4 )
Dn

X

¢ = torque coefficient (= 9 )

X

. T
r = thrust coefficient (=pD4n2)

n = rate of revolution

P = propeller pitch (mean value = 0.9794 P, )
P_.x = maximal propeller pitch

Q = propeller torque

R = propeller radius (=D/2)

R, = Reynolds number. For propellers R,,,=%VV§+(O.75an)2
r = blade section radius

8 = blade section thickness

T = propeller thrust

V, = propeller speed of advance

Z = number of blades

o = profile angle of attack

1, = propeller open efficiency

p = mass density of water

v — kinematic viscosity

Dimensionless coefficients and ratios are used throughout.




3. The Propelier Family

The geometry of the propellers is defined in Appendix I. The
outline of the propeller blades is illustrated in Fig. 3 and the profile -
shape in Fig. 4. Dimensions and profile ordinates are given in Tables
1 and 2.

The radial thickness distribution is almost linear and the thlck-
ness diameter ratio, s;/D is about 0.05.

The hub diameter was kept constant within a group of propellers
with different diameters. This means that the hub-diameter ratio
Dy/D varies within the ranges 0.15<Dy/D<0.20. This variation
does not significantly influence the test results. '

4. Tests and Method for Fairing the Test Results

The propellers were tested in the towing tank over the range
0-100 per cent slip. The rate of revolutlons was kept constant; whilst
the speed V, was varied.
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The method for fairing the test results follows the scheme outlined
in ref. [I). All the material was analysed in accordance with the
principles published by Lerbs [2]. For each propeller, lift and drag
coefficients for the equivalent profile were calculated. Within each
group of propellers, common lift and drag curves were determined
by the aid of the least square method. In Fig. 2, the primary test
spots -converted to lift and drag coefficients for the 4.47 propeller
group are presented. The faired mean curves used for the further
calculations are also given. The pitch ratio seems not to have any
significant influence on the results within the range tested.

Starting from the lift and drag curves obtained as above, faired
J, K;, K, and 7n,-curves could be calculated for arbitrary pitch
ratios. No corrections for Reynolds’ number effects have been in-
troduced. The minimum drag values and Reynolds’ numbers for
the different propeller groups are given in the table below:

Type of propeller B, Doin
3.45 4.99 10° 0.0074
4.47 3.93 10° 0.0086
4.53 " 4.68 108 10.0076
4.60 5.41 108 ' 0.0078
5.60 4.00 105 0.0088
6.60 3.63 105 0.0103

All the analysis and fairing of the test material has been carried
out on an electronic computer of the type FACIT EDB 3. The prin-
ciples have also been discussed in ref. [3]. .

5. Presentation of the Test Results

All the test results, faired and partly extrapolated as :'oﬁtlihed
above, are presented in the diagrams in Appendix IT. The presentation
is quite dimensionless and the same parameters are adopted as in

~ref. [1].

1 ’fhe numbers within brackets refer to the list.of references in Section 7.




..

~ For each group of 3, 4 and 5-bladed propellers three kinds of
diagrams are given. In these diagrams the curves have been based on
K, K
J, = and =2
Jt Js
respectively.
The well-known Taylor variables B, and B, are related to the
abovementioned variables by the-equations

005541N1F ]/ ]/P—C ]/KQ
B.= N # 42 VA— Vs

where N = number of revolutions in r/min
P = power in HP (HP=176 kpm/séc), fresh water
S = thrust in lbs, fresh water
V , = speed of advance in knots
The factors C, and C, can be obtained from the table below.

c .o,
Fresh water (o= 102.0 kp sec/m?) 13.19 33.08
Salt water (p=104.5 kp sec?/m?) | 13386 33.48

For the time being only one 6-bladed propeller belonging to the
family has been tested. Complete diagrams have therefore not been
worked out. Preliminary curves representing 6-bladed propellers with
optimum diameters have, however, been détermined with the method
described in Section 4. These curves are given in Fig. 20 together
with the corresponding curves for 4 and 5-bladed propeller with

A /A 5=0.60.
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Appendix I
Propeller Geometry
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Appendix II
Open Water Diagrams
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"20. Curves.representing propellers with optimum diameter, 4 pl4o="0.80.
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