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Abstract

iMtar continued theorstical anc experimontal stucies extending over the last
elght years a procedure has been developed permitbing the determination of
the interaction between shlp bull, propeller, and duct, 1if any, from rela-
tivaly short neasurementa tzken during qussisteady propulsion tests, i. =.
gt small geviations fram the service enonditions. This systems fdertifleztion
procedure basec on 2 few necessary ard carsfully sslected =sxioms, 1. 2,
conventions, may be the only meaalngful, s . 2. for partially inktegrated
gucts, arnd/or may be the only practieal, as e. g. for full scale ships in
cperation.

The lesalbllity ol this proeedure has been proven in model tasts uaing the
standard measuring techilques available and has been finally ceveloped for
routine applieations in towing tanks and circulating tunnels., After the
previcus fundamentzl work only tre problems of relizhls reasirements of the
scceleration and extrapolations to the equivalenl slales of vanlshing thrust
and vanishing advance ratlo had remained tc b2 sclved. Wicre possibls paral-
lel evaluaticn of the measurenents aceording to the tradi-icnal proosdure ia
performed, as shown in the results of the model Lests reported.

A5 expected the procedure provides much broader, more reliable, and more
relevant informaticn, even if the traditlonal provedure Cails, and ik can be
performed Faster and more cheaply ss compared to the tracitional technique
bas=ad on propulsicn tests at steady oconditions and requiring extra hull
towing and propellsr open water testa, although these may provide ralher
meaningless results as e. g. open water tests with wake-adapted propellers.

Az leng as only few results are available judging the model results and
predieting full seale performance remaln of course major problems. One pos-
sible and Iln some casas, e. £. of ducted propellars, necessary step towards
Eetter aimulation ef the Flow arcund the ship, boundary layer sucblon sb Lie
modal, has been suceessfully tested in a preceding project. The neceasity of
turbulence stlmulation at the propeller i= belng investizated.

hot. anly for research into the spale effects, the present knowledge of which
is based on very scarce data, It 1= Imperztive that the new techrilgque be
tosted and utilized on beard of full scale szaips as scon as possibls, 1t may
then he used for research inte and monitoring of the daily operatlon, e. g.
detemminailon of effects of loading, weter way, weather ccnditicns, and
fouling on all relevant efficiencies and factors of merit,

In view of 1us lar-reachinz Impact on all aspects of perfornance analysis
and prediction it 1s heped that the community concerned will consider and
teat the procedure proposed and explore its potential, maybe under the
guspleles of the ITIC Powerlng Performance Committee 2s has been the case 50
years age with Horn's proposal, an early forecurner of the present work,
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1 Inbroduction

Traditionally propilsion tests with ship modelas ars performed at steady
conditions., After the phese of model acceleration by the towing carriage the
model ig ra2lezsed and its speed 18 adjusted to the conatant carriage speed.
hfter steady conditions have been eatablished the model apeed, frequency of
shaf. revalution, propeller thrusb, #nd propel ler torque are being maasured,
Fer a detalled analyais of the propulalye performance additional towing
testa with the 1’1 alene and opsn wabter feats with the propeller alone have
tc be performed.

For many Frull-propsller conligurations thila traditional procecurs 1a quite
inadequats due to the cifterent Plow conditions in propulsion, towing, and
open water teste, The treditioral procedure may be even impossible, as e. g.
fer full scale anlps. Consequently a procsdure 15 In urgent need peomltting
adequate propulsion smalysle in any case under service conditlons at moedel
as well as rull seéle.

& procedure taylored Lo suibt exactly the problem outlined has beern developed
ort the basis of scws of axioms, principles, or conventlons, 1. e. three
ccherent and adequate mathematical models of hull-propeller interaction,
namely the equivalert conditions of vanishing displacement wake, vanlshing
total wake, and vanlshing thrust [Schmiechen 1984, 1985). The data neces-
sary are peopeller thrust and torque 3z well as the necessary towing foroe
at a given constant speed for varlious frequencles ol ashart revolutlon, 1. &.
overload tests according to the Beltish method.

Applying and measuring towing foreoea and adjusting sbeady conditlons at
model as well as full scale may be difflieult Ir not practically imposzible,
In towing tanks the applieation of towing forces Introduces unnsceasary
disturbances  Ionlo the systens under Investigablon, whille ab full scale
ships under service conditions towlng forees canrot be realized,

Censequently it nas been proposed to replace steoady testing 5y quaslisteady
testing at small guasisteady, but else arblbirary varlalions of the Creguen-
oy of skaft revolution around lts service condltion. In this case the iner-
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tial lorees replsce the external towlng Torces. In principle this technlque
has been tested successfully some time agoe with a set-up devcloped fer a
differsnt purpose (Schmischen, |964).

AL this state of affairs the goal of the present project was to develop a
technique for routine application in towing tanks amd in eirculating tun-
nels, wiere the problems are scmewhat dilferent &3 wlll be discussed in due
pourse. In order to save testing time and money and stick to steady testing
ab the =zame time the orilginal ldea was Lo usge Lhe cunlrol phase after pe-
lease of the model Por data zequlsition only. In view of the range and qua-
lity of data this ldea was given up Iln lavour of quasisteady oscillatory
changes of tne freguency of propeller revolutions.

After the pregeding fundamental experimental and theorstical davelopmerts
which have been carefully documentsd ard discusssd (s. B, References) only
two problems remained to be solved, which had not besn addressed thoroaghly
before. The first problem was tne reliable measurement of model accelera-
Llons in the range of less than & 1/100 g with a simple techrnigque. The
secomd problem wes the meanlngful, practical extrapoletion to the stabes of
vanishing thrust and vanishing advance ratin, reapectively.

The plan of Ehis raport is to deseribe the test technique, the model tests,
and, last but not least, the test results evaluated according to the ra—
Lional proeedurs propaed and according ko the traditional procedure for
conparison. Theories will be presented only as Par as necessary to link up
With the basin reference in Erglish (Schmiechen, 1984). The paper will eon-
clude with an outlook on future projects and prospects.

Iz ia of historical (ntecest that as early as 1937 at the 4th ITTC in Berlin
menber organisationa mparted experience with an early forercnner of the
present method proposed by Horn and Dickmann (Weitbeecht, 1937). The sests
had been carried out folloWing a recommendation of tke 3rd [TIC in Paris
1235. The present work is the result of a new atiempt to solve the old prob
lem in the spirit of Horn using more powerful tools of pallosophy than
available in the early daya of ship thecry.
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2. Test techrigque and data acquisitien

The znalysis of the propulsion performance of a ship model In a towing tank
ls besed on

I = Viae o

.
sampled sets of meaaured values of the carriage speed Vi, the fraguency of
propellar revolutions Ni, the propeller thrust Ty. the propeller torque Opy,
maybe towirg Forces Fi, and the model displacement Sy relatlve to the car-

riage.

Differenzistion of the displacement result= in values of the relative model
opeed Vi' ard Purther diffsrertiaticn in values of the relstive modsl =ccele-
ratlon J"LT. If the zmall cgeillations of the carrlage speed at the tezts are
of highar frequercies than the charnges of the relative mocel speed causod by
the quasisieady changes of the [frequency of revolutions the total model

speer i3
vy - VF vy

and the total towilng lorce L&
=B = wA .

This almple filter techrlque can be applled &. g. In the degp water tank of
VW3, while in the shallow water tank low [requency oscillations of the car-
rlage had to be sccounted for in later testa according to the ccmplete equa-

tions of the total speed

f g
Vi =Ny =Ny

and the total force

T
Fi =Fi -m A

wilh Lhe total acceleratlon
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r g
A= Ry + Ay

In the circulating sunnels the equationz to be applied are simply

¥ = v
il

B owit -

The differentiations necessary are simply performed via Fourler analysis
with subsequent syntheals, the nolse belng supprsssed by ignoring orders
heyond tha range of interast. AL the tests reported 200 sebta of samples have
beer taken in about 2 minutes covering about Y4 periocds. Consequently harmo-
nie components up te the 15 order have bteen ccnsidered to bz pelevant. amall
drifts nave boon accounted for scparately. The firet sct of flgures shows
the basic data of 3 randomly chosen Cest run witnout any correction.

In the range ol interest of less than + 1/°000 gz measurement of the accele-
cation cannokt bz performed by an accelerometer on the modzl, Although an
attempt bto keep the accelerometer “ree of the small pitehl motions of the
medel was successful the nolae inbroduced by the model drive did upsst the
measuramert. Finally & simple potentiometer was used to measure the relative
displacement of the model in the range of about + 0.3 m rolative Lte the
carriage end two consecutive differentiations were performed without problem
ag doazribed.

The inertla or mass m of the modzl may be derived from its desplacenent
volume ¥V and the denslity p of the water and the inertial effects of the sur-
rounding water, 1. e.

h
0= pv o+ iy .

In Lhe present study a constant ratio

h
Mg/ PV = 0.05

has hoen used for the model rabios
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/B = H£.584
and
B/T = 3F.917

baged on the idea of an equivalent ellipanid.

To directly measure towing forces acting on a model rigidly connecied o the
garriage by a balance ls Impossible due to carriage control. As already
mertioned the aituatlion 1= different in ciroulating timnels. ITn full se=le
testa the technigue described for teats in towing tanxs can be applied with
out. change. The sclution of the various measuring problems Wil he subject
of & research anc develcpment project funded by the German Federal Minlatry

0" Feaearch amd Technology.
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3 Cata redquoticn and extrapolation

The baslc data odtained In quasi-stesdy propulsion tests as described before
have to be reduced before a performance omalyvais can be undertaken. Sollow-
ing the arguments of the Checry of similarity any quaslisteady state may ne
uniguely deseribesd by

the thrust ratio
KT = T/(pD*N*) = KT (JH+ Tn. Rn)

the Lorgue ralio
F‘QP = ‘:F‘"TPDiH:} = HQP |['L]II--_[| F”- H-[[J

and the foree ratio
Kp = F /Z(pD“N?) = kz (J4, Fp, Ap)

as functlion of Lhe hull #dvance rdilo
-_!H = Vs DN)

the Froude and Lhe Reynolds numbers F; and By respactively.

The thrust, torque, and forca functions k are a complete ceseription of the
quasisteady dynanlecs of the hull-propeller system lo Lhe range |nves|igated
at the avarage Frovde number

Fn = V(g L)W/*

under conaideration. As indicated the dynamie functions k are furthar de-
peniding on the normalisec viscosiby, 1. e. the Reynolds unber

By = VL/v
or the ratic of Reynolda and Froude numbers
r = Ry/Fp = g'/* LYy

ot bthe scale factor
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g = {RHH'F”J'Z.‘” -k Elf:lﬂiu;;-l <
the latter two teing constant For a given model at a given water condition.

Extensive investigations hasve shown that in the present tests the small
deviations of the Froude number from the average had no detectabls explicite
influence an “he dynamic functions. Tn vlew of the amnipresent nolse 15 oan
be safely assumsd thet thls aituation will bte the same ln gensral. Conse-
quently the axiom or convention

K = ks, fn)(IH)
may be atipulated.

1n view of the excellent test condltions in the deep water tank of VdS the
neise in the measurenents wes felt to be somewhat large. Ao the eross corre-
lation of the torgue and lorce ratios wWith the thrust ratio indicate this
noise was due to the reaclutlon of the frequency of revolution beling teo
poor tor the purpose ab hand. Further the torque data of the run selected
ahow that there has been some syatematic problem at higher propeller load-

ings which was not observed at other ©uns.

In view of the nolse, which will te larger ln most casss, 8. g. in clrculat-
ing tunnels and at Full scale, and the extrene range of extrapolation it was
found after mueh deliberation and experimentation that the only w2y to ob-
tain & meaningful set of falred propulsion data, were linesr fite to the
runetions

1)
K = kraldy) - Krp + éTH Ju

and
; {1)
fgp = «gr(Kr) - Bgpo * KQPT KT

Again theae linear laws have to be zgroed dpon oz axioms, 1. e. as adequate
principles under the eonditicns glven, and the way of falring may have to be
standardized in additien, . e. agreed upon as well.
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In the prasent case [its have been parlormed according to the procecurs
deseribed In Lhe bLasic relerencs, for numerical reasons after normallsation
of the range of investigation to

] Sx £+,
where
¥ = Wy - Je)

Jyp denoting the certrz and Jpp the radius of the range. The twe linear
functions so obtained may of course be coublned to derlve Lhe linear rela-
tion

£ .
kgp = kgpy - Kgpi <H
betwzen thz torque and the hull advance patio.

"he purpose of the extrapolations will be explzined {r debail in the next
chapter. Tney are certainly not Iintended to predict the performance of the
propeller outside the range of obaervation., Quite to the contrary the pur-
pese 1s o eontinue the tendencles cbeerved In the vielnity of the service
conditicn. As can be agen from the data presented and @a tan be eoncludod by
theoretical arguments a lirear Tit to the force cata [s not adeguate, This
problem will be addressed after the slaboration on the determination of the
total weke anc the varlous perfcrmance parameters of the propeller which can

be evaluatad as soon as the wake is known.
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E. Conclusions

The present study has shosm by way of example that based on the ldeas pro-
motad nicw for elght vears an sdeguate and elffestive systems ldentification
prooedurs for tesiing and analysing tne propulsive performance of ship mo-
dels Iln Lowing vanks and clreulablng btunnels can be derived. As expected the
procedurs providas much brozder, more reliable, and more relevant informa-
Llon, even IC bthe Lraditiongl procedure Cails, amd 1L can be performed
fagter and more cheaply as compared o the traditional technigue bzsad on
propulsion Lesls au steady conditions and regulerlng exabra hull Lowlrg amd
propeller open water Gtests, although these may provide results of rather
duubllul value as =. . Open walaer Lesls with weke-adapled propellers,

The tzchrique of quasiateady testing can be performed with the stardard
measuring techniques avallahle in every btowing tank. And tha technique of
analysis is bsasd on the conceptual frame wor< familiar to every naval ar-
chiteet With hthe addision of only a fed carefully aelected axioms permitting
an analys=is on the basls of only one coherent =set of data obtalned under
aervice poncitions.

Tt iz [mportant to note harse that the axioms are conventions ko he agreed
spon by the parties Inbterestad. The rational method advocatsd ia therefor a
conventional method a3 is the traditional mebhod. The difference 18 that the
axioma of the rational method are explicitely stated and more or leas plau
sible, cocnstltuting cohersnt mathematical models, while the traditipnal
conventions and their implications are hard to grasp.

Is long as only fow reoults arc avallable judging the model eesults and
predietinz full sesle performance rengin of course major prob_ems. Une pos-
sible and in some cases, e. g. of ducted propellers, necessary step towards
better similation of the flow around the ship, btoundsry layer suctlon &t the
modal, has been successfully tested in a preceding project. The recessity of
turbulence stimulation ab the propeller iE belng investigzated.

Not only lor research into the scale effects, the present knowlecpe of which
is based on vary scaroe data, [t le imperstive that the new techrigue be
tested and utilized on beard of full scale snlps as scon as possible, 1t may

10
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then eventually be used for research inte and monitoring of the dally ope-
ration, e. g. determination of effects of loacding, watsr way, weather ocondi-
tions, and Coullng o all relevant efficlencies and facteora of merit. As haz
been mentiened a project to this affeot Ffunded by the German Ministry of

Research and Technology is well under way.

In view of its far reaching impact on all aspects of performance analyais
and predietion it f= hoped that the communlty concerned will conslider and
test the procedure propogsed and explcre its potertial, maybe under the
auspicies of the ITTC Powering Performance Commitiee as has been Lie case 5O
yeara ago with Forn's proposal, an early forerunner of the present work.

It is important that the normative aspect of the whole procedure proposed be
fully uncerstood and appreciated. Furlher, standardisation of procsdures for
measurement and analysis will have to be sgreed upon. This is absclutely
mardabory In view of the measurement noise and the sensitivity of the ana-

Lysis.

The present repcrt is a preliminary version of the final report on a project
administered by the Forschungszentrum des Deutschen Schiffbous in Hemburg.
Furding carived from the European Hecovery Program 2nd made available by the
Senator flr Wirtachaft und Arbsit in Berlin Is gratefully acknowledpgec,

The impact cf the pressnt work and its uncerlying phi’csophy on the design
of propellers has not been mentionsc In this report. Work has been done o
chis ficle (Schmiechsn and Zahou, 1937) zlong the lines indiested 'r a spe-
pulative reconstruzsicn of the problem (Schmlechen, 1983).

11
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q. Notation

The aymbolz of concepts introduced in the sectlons indicatsd correspend as
far as possible to the ITIC Standard Symbols 1976, but have a slighcly dif-
ferent meaning, which may nnt he infarred from the names o the concepts,
but only from the formal contexts and the cperationzl interpretaticna deve
loped in preceding publications, the basie relference in particualar, and the
present report. 5. also Appendix 7.2

= | Quantiti=as

Symbol Secklon Hams
A 2 zocaleration
B i breadth of medel
Cg 5 ferce coefficient
CR i resistance coefflelient
3 diamcter of propeller
10 efficlencies, ractors of merit

explanatiana &, 10
definitiona s. Schmiecher, 1084

) foroe
Fy 3 Froude nunber
Jy 3 hull advance rablo
dp 4 propeller advance ratio
K 3 dynanle Cunctlions
Kg 3 feree ratio
Er1, i lost power ralio
Epp i propellar power ratio
EqL 4 lusl bLorgue rabio
Kgp 3 torgque ratio
Eg 5 resistance ratio
Fop 3 thruat ratio
L 2 lengkbh of modsl
Lpp L& length of model
ri 4 ness, inertia

n 2 numbar of samples
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N ey frequency, allea number, of revolutions
H 5 rezistance
Rn 3 Reymolds nupber
a8 3 gogls Tactor
S e relative shift
I 2 draugnt of mnodel
Ty [1¥ draugnt aft
Ip [ draugit forward
W i total wake Fraction
WE 5 energy., aliaa frirctional, wake fracticn
Y 3 kinematlic viscoaity
[ Fa density
W 5 woke -atic
¥ 2 displacerent valums

besiz, carr [age
foras

current sample

power, propeller

s

3

Z

i lcea
3

3 torgie
2

e T = A - FO o

relallve

-
=
il
L

' rational
t k10 Lradl Licnal
tQ 4,10 torque identity
tT 4.1 Lhrust ldentity
2 towing
2 3 Lhirust
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VW3 SERLIN MOOEL 3IASIN
NUASISTATIONAERE PROPULSION
YIASISIEADY PROPULSION
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Vins

AERLIN
JIASLISTAT IDONAERE

MODEL BASIN

PROPULSTON

QUASISTEADY PRIPULSION

DATIM = BaN9I90UND
MJD, NO,.= 2491.00
PROP .NOD, = 1340.00
TESP.ND .= .00
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