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5 DEC. 1979 

The acoustic source strength i.e. the volume velocity of propeller cavitation for six 
single-screw ships are presented, 
Plotting the data in the form of dimensionleee volume velocity and ae a function of the 
cavitationnumber based on the rotation speed and the immersion depth, a certain differ­
entiation can be made with respect to the quality of the propeller, 
For two ships also the transfer of propeller noiee into accoamodation will be dis­
cussed with the aid of the ratio of the sound pressurA in a particular cabin and the 
volume velocity of the propeller, 

INTRODUCTION 

The noiae aboard ships is partly due to the cavitating propeller(•). Especially in the 
aft-end, where in many modern ships the accoamodation is placed the propeller is 
recognized as a major low-frequency sound aource. The Noiae-Rating number in thoae 
spaces is mostly determined by the octave frequency bands of 31 Hz, 63 Hz, 125 Hz, 
The well-known acoustic measures, such as the floating floor, are not very effective 
at those low frequencies, It is for this reason that the ship designer will alwaya 
look ~or a more quiet propeller, Moreover, the tranafer of propeller noise through the 
ship conatruction is difficult to predict, aince a proper separation of source 
strength of the propeller cavitation and the transfer of the noiae is difficult to 
realize. In the first place a good definition of the excitation mechanism due to 
propeller cavitation is needed. The requirements for such a description should be: 
unique and independent of the ship's construction. One of the promising posaibilitiea 
is to represent the propeller cavitation by an equivalent single monopole located near 
the hull in the propeller plane, The physical arguments for chooai!!,8 th!e kind of 
representation have been outlined in a number of publications ( [1_1 ,[2] ),The descrip­
tion comes very cloae to e representation in terms of cavity growth and collapae durius 
a blade rotation. Thie volume variation of the cavity is essentially tha cause of the 
large sound pressures generated in the water near the propeller, which gives rise to 
hull vibrations, These volume variations especially those that are called "sheet 
cavitation", can be theoretically calculated from the wake field inflow .and the 
propeller geometry, and it is rewarding to observe that calculation and experiment• 
concerning the monopole source strength are very close for blade-rate frequencies (3) , 
The source strength of this equivalent monopole can be measured with a technique baaed 
on the acoustic reciprocity principles. We give a short expos4 in the next section. 
With the aid of thia method a number of merchant vessela has been investigated. The~ ........ 
aizes of the propellers and ships covered a wide range, ~ 
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It ia an inter-eating excerciae to compare the source strength of the propeller cavita­
tion for the varioua shipa and to see which variation in source strength can be 
obaerved. A by-product of the present method is the direct measurement of noise trans­
fer fro• the propeller to the accommodation. In this paper we present data for two 
ahips with varioua cabina. 

MEASURING METHOD 

An electro-acoustical transducer such as a loudspeaker ia placed in a cabin, some­
where in the aft-end. The loud1pealter i1 used both as a aource and as a microphone 
(receiver). In the first part of the experiment the ship ia not sailing but is located 
in the harbour. The loudspeaker is then used as a source and with the aid of a number 
of hydrophones placed on the propeller blades, the transfer function, being the ratio 
of the measured aound preaaure underwater p to the input current i of the loud­
apeaker ia determined(• p/i). In the aecond part of the experiment the ship is 
aailina'. The same loudapeaker aa haa been used in the transfer function measurements 
ia nov employed a• a sound receiver. The open circuit voltage e due to the propeller 
noiae ia determined. The principle of reciprocity givea a simple relation for the 
equivalent monopole aource atrength of the propeller cavitation, viz. 

u • !. . 
eq p/i 

(cf. Figure I) 

Flr1t experiment 

Propeller not In oper•l lon 

M1a1"1e I •nd p 

~jiL \ l 
hy4rophono - 'iii P 
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Second experiment 

Propeller In operation 

M111ur1 1 

-l\J§t.: 
~. acoutllcal U tr1n1ducor 

Fi&. I: Teat procedure for determining the volume velocity of propeller cavitation 

?here are quite a few experimental traps like the elimination of undesired background 
noiae in t ransfer function p/i.Moreover, a major difficulty is that the source, i.e. 
the propeller cavitation is not a true point source, but has a finite extent. The . 
centre of the cavitation region is hardly known 10 the placing of the hydrophone beina 
tl)e auumed aource centre, somewhere in the propeller plane is ~ather . a~bit~ary · . It 
alao appears that the quantity p/i underwater taken for one cabin position is qu7t~ 
dependent on the hydrophone position so it i1 useful to take more hydrophone positions 
into account and to average the sound pre1sures underwater. In this way a reasonably 
unique transfer function will be found. 

Another tranpfer funct i on, which ia of importance for the direct comparison of sound. 
transmission to cabins on various 1hipa is the ratio of the sourd presaure in the ca­
bin and the volume velocity of th~ pr~p,ller . ~ia quantity is ~.1ly ~e~endent of th~ 
ahip's con1truction since the excitation mechanism of the hull is. eliminated by t~king 
into account the volume velocity , In this way different ships can be compared with 
reapect to noise transmi ssion through the aft-end from the propeller to the cabin. 
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ACOUSTIC TRIALS 

~ix ainale-acrew ships have been inveatigated. The size of theae ahipa &11d the trial 
apeeda covered a fairly wide variety. The propeller of the coa1ter (no. 5) vaa a 
controllable-pitch propeller, but vaa mainly uaed in a fixed pitch-aatting. It ia in­
teresting that the two coaatara, 4 and 5, ware more or lesa identical ahipa alona the 
propulsion machinery and the propeller were very much different. Table I preaenta 
a aurvey of the main parametera. 

propeller 

len&th dead diameter rpm durine apeed durin1 
a.o. weight in bladea triala triala 

Shi11 Tv11• in meter tonnes meter knota 

I container 225 32825 7,P 5 110 22,5 
2 cargo 82 3500 3, l 4 130/196 8/12 
3 cargo 82,50 3650 3,2 4 19) 12 
4 coaster 65,80 1567 I, 75 4 375 9,5 
5 coaster 65,80 1567 2,IO(cp) 3 296 9,5 
6 oceanographic 90, 15 2800 3,4 6 120/160 12,0/15,5 

veaael 

Tabla I: ahipa uaad for acouatic triala. 

SOURCE STRENGTH OF VARIOUS PROPELLIRS 

The volume velocitiea determined by Kq. I have bean analyaad in narrow frequency 
banda ~"d after that recalculated to 1/3-octava-banda, The frequency ran&• waa 
20-250 Hz. Unfortunately the lower aide of the frequency renga could not be extended 
to blade-rate frequenciea of 10-20 Hz, beceuae the transducer vaa not atrong enough 
to generate obaervabla aound preaaurea underwater. For tvo ahipa (5 and 6) ve praaent 
data in figure 2 and 3 
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Pia. 2: VolU111e velocity aa a function of 
frequency for ahip 5 
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Fi&. 3: Volume velocity •• a function of 
frequency for ahip 6, speed: 
15,5 knota 

Tae volUIDS valocitiea have been determinad from a number of apacea on main and poop 
deck. Aa can be expected from the measuring method there ia some variatioa in the 
aourca atrenath determined from the various cabin• on one ahip, although theoretical!¥ 
the aame volume velocity for any poaition in the ahip ahould be found, The average 
praaeata certainly a good picture of the acouatic aource atrangth of the propeller 
cavitation. 
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For the coa•ter with the cp-propeller the maxilDUID of the volume velocity liea at 
3.10-2 m3/ s in the 1/3-octave band of 63 Hz. _2 3 For the oceanographic vessel thia maximum is lower, viz. 10 m /s, although 
the speed and the propeller/ahip ai&e is higher than for the coaster, This might in­
dicate a criterium for the quality of the propeller with respect to cavitation, 
Actually, the propeller of the oceanographic vessel was made according to a special 
design with an elaborated hydrodynamic testing progranae, In order to facilitate a 
proper comparison between various propellers it appears useful to correct for different 
rotation speeds and diameter&. By dividi~g the volume velocities averaged over a fre­
quency-band of 20-260 Hz by the factor D N (D-diameter, N•rotation s~eed,rev./s) the 
volume velocity is converted to a dimensionless number. The factor D indicates that 
the cavity volume ia proportional to a cubic dimension of the propeller size, which 
seems reasonable ! the larger the propeller,the larger the cavity volumea. The rotation 
speed indicates how many times per aecon!a cavity will be generated. Another parameter 
which is characteriatic for the cavi~ation is the so-called cavitation-number 

0 n • Patm - Pv + pgh 

l l\:water)(wND) 
2 

where h • tip immersion depth, Patm • static preasure Pv • vapour pressure 
This number indicates a measure of the maximum susceptibility of the outer sections of 
a propeller blade to form back sheet cavitation. For every ship the dimensionless 
volume velocity and the cavitation number have been calculated and plotted in one 
figure. (cf. fig, 4) cU> a.u • 
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Fig. 4: Dimensionless volume velocity of aix ships as a function of cavitation number 

It is tempting to draw a line through the eight points. The assumed line divides the 
picture into two regions: the lower region could indicate the propeller which are 
better than the average while the upper part indicates rather bad propelleI& This 
agrees with the practical experience in those ships. The oceanographic vessel is 
considered very good, while the container ship was known for its excessive vibrations . 
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A parameter which seems of much importance is the wake non-uniformity parameter as 
~as b~en ~efined by Fitzsimmo?s I~] in his evaluation of acceptable excitation forces 
~n ships in dependence of cavita!ion number and wakefield. We have no information 
about the w~ke non-uniformity of the present ships, but a better insight into this 
parameter might lead to a better understanding why certain propellers fall in a 
specific region. 

SOUND TRANSMISSION 

For the two ships {5 and 6) we have also determined the quantity < p> /< u > for the 
1/3-octav~ frequenc~ band~ between 2?-250 Hz, where <p> is the rooc-mean-square sound 
pressure in a certain cabin and <U> is the r.m.s. volume velocity of the propeller i n 
1(3-octave frequency bands, This quantity indicates a transfer function, in which 
higter values means more sound transmission. The results for the oceanographic vessel 
(fi~. 5) Kre about 10 ah lower (thus better) than for the coaster (fig, 6). 

I 10dB 

16 31.5 63 125 250 Hz 

- frtquency 

Fig. 5: Transfer function <p>/<U> for 
ship 5 • 

I 10 dB 

16 31.5 63 125 250 Hz 

- frequency 

Fig, 61 Transfer function <p> / <U> for 
ahip 6, 

'Chi1 is ~emarkoble 1ince the di1tance1 from cabin to propeller are rather aqual. In 
general it appears that the position of the cabin relative to the propeller is not 
very relevant.for on~ shi~ but only t~e distance matters. Compare in figure 5 the re­
sults.for cabin 3 which lies a deck higher than cabins on I and 2 which are located 
more in front of the propeller, The two cabins on the oceanographic vessel give trana­
fer functions which are rather equal since they are on the some deck • 

CONCLUSION 
I. The use of dimens~o?less ~olume vel~city for the acoustic source strength of pro­
~ellers appears promising, since experimental data for six propellers can be arranged 
in such a way that a differentiation can be made with respect to the quality of the 
propeller, 
2. The proper separation of source strength and sound transmission by the above des­
cribed reciprocity technique can lead to a better understand ing of the sound transmis­
sion of propeller noise through the stern. 
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