 PROPELLER AND CAVITATION

~"HANGZHOU CHINA

. : S . Lo . o e i




' Udifferences

:1ON $OOL-FOR GCREW PROPELLERS PERFORMANCES
77 7.1 IN NON-AXIRL FLOW :

;" GASSELLA,; M. MANDARINO. 5. MAURO,

- 8. XIRANDA, A. SCAMRRDELLA

-

..EDIPRRTIHENTO DI INGEGNERIA NAVALE
UNIVERSITA' DEGLI STUDI “FEDERICO II" DI MAPOLI
VIA CLAUDIO 21, 80125 NAPOLI (ITALY)

ABSTRACT

At first the  paper describes . the
experimental’ methodology utilized for the
screw ppopellers“tested'ih inclined flow at
the Naval Engineering Department of - tha
University "Federico.II" of Naples. Ty

} Then . the.paper g{yés,:é 'mathematica;
nodel, obtained. by means of -the regréssioh

analysis on the experimental data, in order

to evaluate the characteristic "of’'a screw
propeller. acting. in non-axial £low -from
that one, in axial flow. = . o

tusing a

the cinematic parameters and the shaft
inclination angle of the screw propeller.

An experimental validation of the
mathematical model has been carried out by
sample of screw propellers

" different from -those ones used for the
model generation.’

‘At the end an ‘experimental validation

of . the mathematical model has - also - been
carried out by using -a sample .of screw
propellers having different geometrical
characteristics from' those ones used for
the model generation. :

INTRODUCTION

A regression analysis has been carried
out on the ‘experimental results of a sample
of screw propellers tested in non-axial
flow. .

At first the paper briefly describes
the experimental ‘methodology -utilized for
the screw propellers’ tested 'with .the shaft
‘{nciination angle of 0¢,:5%;.10%, 15°¢, 20°.

.. Then, ' by:. means. of ' ‘thé ‘"~ regression

adglysisw}of;wthe-Jexperimental:_dataﬁ'fthg:

“.papery.gives a‘rmathematical} model, of: the”

. between - :.thel.’ -hydrodynamic' .

ggfiiciqnt373r§1ativg, to .the -
re Py

{£ferendds ‘have beén expressed
£ the geometrical parameters,

[T

Maval

The Tresults &so obtained are very
reliable and therefore provides the naval
designer with a very useful calculation
tool for the cholce of a screw propeller
acting “in non-axial flow, the open water
eharacteristic 'of the screw propeller in
axial flow being already given. :

THE EXPERIMENTAL METHODOLOGY

A sistematic experimental study has
been carried out at the towing tank of the
Engineering Department of the
University "Federico II" of Naples, by
testing 21 B-Wageningen screw propellers.

The relative experimental methodology
has been based on the following principles:

- It is necessary to  avoid all the
phenomena depending on, . kinematie
parameters, which are different from the

advance coefficients. Therefore, the screvw
axis draught is experimentally arranged to
avoid . surface waves generation
(indipendence from the Froud number) and

the pumber of revolutions has been selected

in order to.assure both the absence of
cavitation phenomena and the existence of a
hydrodynamic turbolent flow {indipendence
from 'the cavitation index and the Reynolds
nunbex} .

- It is necessary to neglect all the forces
acting on the boss, -both the viscous -drag
forces (such as those generated in the
shaft line bearings) and the gravitational




{like weight and buoyancy, UTILIZATION OF THE EXPERIMENTAL RESULTS
trasferable - within a Froud type law of
} therefore we have been assumed
“the following ' expression for the

hydrodynanic Ee action operating on the The K(J} fu?ct‘ions'utilizab]_e in the
.- propeller blades fs]: screw propeller’s design are normally

prop (8): referred to the axfal flow conditions,
’ while the actual work conditions of a ship
screw propeller are generally those ones of

= _ m) . —fs{m} {m} non-axial flow. Therefore it would be ver

Ze= Ztot '[E‘:Ot (5;5‘3 *Zg ) (zst +Zg )] useful -for the marine designer to know thg
{1} following furictions'f: o

being: ) aK(s,7,0) = _K(Is,fidl - K(S,‘Q"..'JJ" (3)

Ee = the hydrodynanic action due only to In this'way it ssi 13:—‘??‘ obtain
2 the propellers blades; for any Isq_r._jé_w p‘r_qpel er:: K-functions

(m) :

Z - == 15, .e BEAty 1 to the
Etot: tot total ?ction on the propeller ‘ tal’: functions obtained by open
and the boss respectively; water tests in axialif]

(m) RPN - '
zst: Est = static action (corresponding to K‘(sr'_Y:J.) '—'_'J:K_{Sr_o o), (4)
th k . NPT B T .
bogs ;rest level) on the propeller and the In “ofder “ £o' c; P out the functions

) 48K, . being .. ; ‘available the

m erimental | e . c
Eg, Eg = gravitational forces acting on 3:§2§$§'2?%sémpr ve. ko the B

‘ been:. assuned the
the propeller and the boss. folloving hypothe: T et

- The law of similitude, therefore, can < the,s-set’ paraneters coincides with the
: following oneg’ -- Lo

be expressed in the general Fform: '

K=K (s, vJ), ' (2)

where:’

Tsvian

b = shaft inclination angle;

s ="3bpropriate set of geometrical shape.
parameters; e LT

.+ K = propélier c'oeffic_;ient;.

J = advance ceoefficient. onsysare..Indipendent 'from’

- Therefore " is “valid: 'the
I.representation:: -

The sistematic tests on the *21 B~
Wageningen propellers have been carried.out
in axial and non-axial flow by adopting for . N L
I Praner o BN PN reiesn10us from thise hypotheses -that
‘ - : ©oLA . aviumerical:representatio . of the - &K
. The adopted instrumentation ‘mainly “functions -can.. be . obtained’ by & regreéssion
consists 'of a Kempf & Remmers - H29 ~carries ut:jons tha'sexperimental
dynanometer, ' schematized in-fig., 1, which samplei.of- B~Wageningen
‘allows  to know the test wvalues of  the ! LR
revolutions number n and of the following
" quantities: : "

N )]

REGRESSION. ANALYSIS.

Ty = thrust;

- -torlqt.ie;-‘

., The.,' regression.  analysis-. has ‘been
Sis L we . ) © carried .out .by;using:RLSEP ‘routine of the
.vertical force; . - x STAT-LIBRARY - Of; IMSL:Libraries,’

oo onT T o : “on . A MicroVax II-(Digital
: 1

Ui

= mément ‘acting around z as s. LR
loment ‘acting around z akis. _ heif, £01lowing. 1in
‘havanbe_e'n assumeds

'Il'hesé".'__:or'ces‘_‘and.inéménts are sketched: -
in fig._;__‘z.;u_ e Ca C



The dipendent. :Ep:.:ﬁi:'ape'ters are the
variations AK,- ;':ra"a.v_iqil_sly defined, of the
following coéffiq_j_ents_:j{-' o

K, =_
T, ; 3
¥ F”? thrust coefficient;
Ky = —L
¥ pﬂ2 0° torque coefficient;
K, =L |
y  plf vertical force coeffient.
being:

p = water density;

D = propeller, diamét'er;. N
. . T AL o

Mo e ol

n = number of -

' These. '¢oe'ffi%:ieﬁps.'. ‘could’ 'zilsd “be: used
in order .to .  obtain the’ expréssion .of - the
efficiency by: the"-_'f_oll_ow’_.r{? relation: =~ . -

nor TR ———

S (Table.;‘i'I)_;;..

. Do T e
C = five' s wvalues?
(a6, 1a4)3 )

- five viluds o
(.35, .95}5

K

“RefAo,"'spaced. by .15 in

~ five. values' of" 1

A spaced by S* in
(0*,20°].. R

(T PAslfor as'F Ak
‘are concerned’ thelexperifiental values have
been considez‘ed, - T : AR N

As - for:. the regression ' equation we
assumed a -polynomial equation’ of degree m
initially equal to 1 ‘and "then 4increasing
until .the steady. conditions of the mean
squares  for -:the’ residual 1.sources ' of
variation are practically- reached. -

The values, ' so..obtained, for ‘M - were
- equal tb;-tl;;_'e_e': in any . case. s i . L

v

'{hidipenden
ndipendent W
omial ’regréssion:equs

oy ASywith four?
. they number: ofthe- i
> the:polynomial’’ reg
selected:

ariables of

gy ahd Akgy kK

t partameters; .

He have consequently the
construction of an input data matrisx of
{(m+ 4)L
—r——~——— columns.

41 ml
B Ir{ the table II, are reported the
regression coefficient parameters for the
AK-;W. AKQT and AK.Z'{ = KZT polynomials.

EXPERIMENTAL VALIDATION OF THE PROPOSED
FORMULATIONS

=

In order ‘to verify the practical
applicability ofs the so obtained . Ak
espréssions, we have carried out tests, -in
axial and non-axial flow, on a sample of
three stock  scraw propellers, whose
principal geometrical parameters . are

reported in table III.

" These propellers have been tested: by

the ' experimental methodology previously
illustrated, and ' by adopting feor' each
‘propeller three . different inclination

angles in the vertical plane: ¢°, 10, 20°.

“For the three above-mentioned screw
propeller we have reported in figures 3, 4
and 5 respectively the experimental results
of Kpp Koy and Kzy, and the Mtheoretical®
curves ;obtained by the relation (4), where
the  AK :values: are ‘given by the regression

polynomial expressiéns.

For these ‘three "propellers we have
also reported in the table IV, V and VI the
ftheoretical" values and the ‘expetrimental.
ones obtained by fairing the experimental
results by 'a ‘polinémyal expressions of
fourth order. ) oo

CONCLUSTON .

'From the figures 3, 4 and 5, and from
the tables IV, V and VI, it follows that

there is. a good agreement between the
theoretical and <the experimental data.
Neverthless, the size of  the sample

utilized for the valjdation is.

too small to -
draw definitive conclusions. :

For this reason at the towing tank of
the Naval.  Engineering Department of Naples

“it is being developed a large programme of

experimental testz on screw propellers of
different geometrical characteristice, ‘

However at present the regression
formulations can be already utilized for
the prevision of the real perfornance of a.
ship screw propeller - in a first stage of
the propeller design.
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TABLE IT
. . : PROPELLER n. 847
Variables Ay Tovakg ToIvhKy Z=3 AclAo = .60 PID = 1.053
, " i - - T T & | Ko | 8Kpyg | Krwe | Kt Krn
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Y (P/D) =.003733. | -.002587 | -5.813266 ;
7S "0 T=.001867 | —1.741612 | - —
Y (Rel/Bo) i g 7 [10K& | 10 10 o | w | w0 | 10
(p/D} * 0 —.060883 |~74.,591691 T K | ARy | Kaw K& | Akgn. | Ko
(Ae/Ao) . . . 0 807 | .807 0 | .07 | 807-1 0 307
33 T=.009093.| .017733 | 12.364963 1 a6 | 748 | 005 | .75t | .752 ] .008 | .734
3 |~1045'10 5] 0. =.002395 T 6z | .682 | .007 | .689 | .693 | .013 | 693
(P/Dy3 | —-0326%8 | —.142903 [-10.916820 2 418 ‘;";2 -ggg -::‘: ggg ‘g‘lzi -5
(Ae/Ao) 235808 o §3.589567 T 293 | 494 | .0l0_| .03 | 514 | 028 | 821
.32y 000924 --OQ_ll-'?,ﬁ ~.179783 .G 304 432 | O1L | 482 | 435 | 033 ] .464
32 (pjo} |. .. 0  } ~-057882 1 12.430025° 7 | .368 | .369 { o1z | .3%0 | .398 | .00 ] .407
J2- FA.) | —.030549 .053727 4. 608635 .3} 3043 306 013 317 340 046 .350
1 @9/ _°’ WPRELE 07 257 | .24L | ot5 | .25z | .281 | .053 } .200
. 2.3 -°°°2°9 | —.084350 10 1 166 | 172 | 018 | .ise | o219 | 061 | .227
i (psny ] ‘-040116 1 | oot t 099 | .021 ) .12 | .51 3 070 | .16%
2 (Re/ho), o
_ (p/o)my: 2. 900021 R
e 2 ] 1.206018 L . 7= A I
{(BfD)2 7 ‘15 S EICTER L] w1 i | e "
) o 'K?-m. Kz K’z, " Kz K" = Experimeatal
i 1 3 | er | e | 4.503 ] 5.393 " vakie,
-44 993483 f .3 | 3.648.1 2.703-]: 8.230 } 10,114 .
-,0457029 4 ] 5.519 | 5.909 | 13.913 ) 14.797 4k = Regression
.5 7,832 { 9.187 | 19.954121.516 Jvalue
‘6--.4_,5‘.‘9_09.- "6 | 10.846 | [2.612 1 25.283 | 26.346 .
IR ~ 7| 13.4087)16.258 | 29.433 § 31.360 K= Koe + 8K
] ;,.004223 1 5.673346% 8 16,557 | 20,198 | 32.547 1 35.634 :
- e 9 119.916124.508 | 35:371 | 38.240
.- +103101 -} 50.583
;¥103101 - -50-59 -53‘7' 1.0, |23.500 | 29.261 | 39.260 | 43.254
- 1.1, | 27.351 | 34.53L | 42.315 | 46.750
-.003155_.,.- 1. 162117_ ‘ -
~.00282 _ ~55376T | 2.956938
‘ - TABLE V
‘o ) PROPELLER p. 1472
5 o Z = & Ac/Ao m 436 P/D = 884
'y ot I . et .
' i [ ¥ -
'.I.‘BBI;B III . J Ky e AK.,-,,. K‘r:r Kne | Ay | Ko
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20w ] 0 10 10
. AK‘Q:&- 'KQw- “J.r AKQ,,. KQ'»‘
0=l 4327 w62} o .4327
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T A o . .
Kf. Ky K" o Experimental
3 5,166 | 7.560 valuo
4§ 4.061 ] 3771 12.009] 11.655 .
S| 6721 | 6.521 { 16.048 | 15.755] &% = Regression
6 | 9.492 | 9.386 | 20.368 | 19.935 valus
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& | 16.470 | 15.758 | 30.967 | 28.627] K = Ko» + &K
9| i9.413] 20.002 ] 35'6857] 33.638
TABLE VI
PROPELLER . 464
Z =4 AcfAo= .45 PID =1.216
T K'I?o' x‘;:o- ] AK:m. K K’r'm- AKT,,. - Krye
0 4942 ] 4946 F 0 1 4942 | 4932 0 L4942
1 4804 | 4228 | 0041 | 4848 | .4840 | .0047 | .4851
.2 1 .4561 | 4508 | .0042 § 4603 | .A517 | L0070 | 4611
- .3 4244 | 4308 | 0043 | 4287 | 4343 ] 0100 4344
4 .3881 1 3957 | 0048 1 3929 | 403471 .0134 | 4015
5 123491 1 .3576 | 0057 | L3548 3705 1 .0174 | .3665
. .6 3089 | 3181 | 0068 | 3157 | .3364 | .0218 | .3307
- 7 .2684 | 3782 | .0080 | .2764 | .3018 1 0286 | .2950
.8 22278 | 2383 |-.0094 | ,23727] 2668 | .0317 | .2595
.9 ige8 | 1984 | 0105 | .1977 | 2914 | 0371 | 2239
L0 | 445 | 1577 ] 0124 § 569 | 195t | o421} 1872
I.h ] .0994 | .1150 | .0140 | 1134 | .1571 | 0484 | .1475 |
1.2 | 0395 | 0684 0153 ] 0649 :1162, 0543 1039 .
) 10K | 10 o T 8 ] 1o .0,
o x&r AKQW ‘KQtu ’ &10" AKQ',Q- ‘KQN‘
0 1 .8379 ) 3377 |. © .8379 | 8397 0 .1 .8379
17 | 8059 | .8078 | 0085 | .3144 | .8098 | .0082 | 814l
2 ) 7645 1 7679 | o093 [7ms | 32 | o129 7674
23 | 7168 § 7214 | .0099-| 7267 | 1319 | 0176 |..7344
4] 6652 | .6706.1 .0105 | .6757 | 6874 | .0225 | 6877
S 6114 | '.6176 § 0010 | 6226 | 6405 | 0277 | .6391
£ 5562 | 5632 ¢ 0117 | 5679 | .5920 | .0332 | .5894.
] 4997 | 5077} 0027 | 51241 5420 | L0392 ). .5389-
8 | 4412 | 4508 | 0139 { 4551 | 4903 | .0458 | .4870
9 1 3793 ] 3911 | o156 { 3949 | 4363 | .0530 | .4323
1.0~ 13138 | 3268 | .ot72 | 3297 | 3788 | .0640 | .3728
1.1 ) 2357 1-.2557 | L0208 .3565 | 3163 1 .0699 | .3056
1.2 | 1474 ] 1726 | 0245 | 1719 | 2470 | 0799 2273
: et w T e el '
; K LK, | KRG Kz’ |+ K" .= Esperimeatal
' = ) o 16.700.) 6536 _ value
'3.958.] :4.009 |12.402] 12.802 ] -
1-6.883, | 1.154: [ 19:348 | 19,264 | - Ak * Regression .
{osez] 10435 | - value
+ 113,602 [ 13997 1 “
27215 17645 |
zuss 2L.4L:
26025 26.26¢ |,
) 31100 ) 3029 T
36.514 |-36.868 |

43. téa

43.05% }

!"ig 3
PROPELLER scnau 847  r= 2"

f Fiz, 4
PROPELLER SCREU {472 7= 2¢'

FITIPITE PWN

ek,

—dnd ik

s
PROF‘ELLER SCREU 464




