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Preface

The basis of the 'rational' full scale ship powgerformance prediction based on model
tests to be developed are ‘rational' procedure®okl testing and of evaluating the model
powering performance. Such procedures based omstaady propulsion tests with ship
models have been described and demonstrated &asiblé using VWS ship model 2491.0
and propeller model 1340 in the final report VWSi8& Nr. 1105/88 on the project and in
the preliminary report:

Schmiechen, M.: Wake and Thrust Deduction from @staady Ship Model Propulsion
Tests Alone. VWS Report No. 1100/87. Published arasion of a visit to Korean and
Japanese ship research institutes and the 18th & RGbe in October 1987 and in
commemoration of the 4th ITTC at Berlin in May 1937

The essential parts of this report, including bptiyn and the contours of stem and stern,

will constitute the first appendix of the papereyhare to be found on the website of the
author as well. Warning: the file is large, nedrliyB!
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The subject of this document is to re-re-evaluadesample model data in that report based
on the insight and experience gained over thefiftesin years and during the months of
April and May 2008. In particular the local axioorsconstitutive laws of wake and thrust
deduction have been scrutinised again, triggereguegtions of Dr.-Ing. habil. Klaus
Wagner of Rostock.

The following exercise shows that nearly all thealmed problems have finally been
solved, the solution of the energy wake problelhogien. The test case shows that the
model powering performance in a wide range of dddlance ratios can be derived from the
data of only one run down the model basin, maysiegureely moving models, not
requiring a towing carriage. Evidently the saméitegue can be applied on full scale. Thus
in both cases a dramatic gain in reliability andt@ifectivity can be obtained.

The Mathcad document and the data file will be madavailable on request. Despite
extreme care in every detail the evaluation may dticontain inconsistencies and/or
errors. The author will be most grateful for any canmunication, not only concerning
such mistakes, but maybe concerning lack of claritin the exposition, questions
arising and experience gained in applications.

'‘Unneccesary' to mention that in routine applicatios the programming will be quite
different, typically in terms of subroutines, whichhave been used only occasionally in
this document. But in view of the sensitivty of thgproblem at hand colleagues are
warned: there will be 'no plug and play' program. In any case careful scrutiny of data
and intermediate results is absolutely mandatory.

And to repeat: The method proposed offers dramatitechnological and commercial
advantages. No propeller open water and hull towingests are necessary and the
extremely short propulsion tests provide a wealth foconsistent data and results.

Preliminaries
Mathcad permits to handle physical quantities,
but all data are being used without their SI units
in view of further use in mathematical subroutines,
which by definition cannot handle arguments witltsun

Constants

Gravity field g:= 9.81 mseéd? g:= gmlsel

Units

Force N := newton
kp:=g'N

Torque Nm := newton m

Power W := watt
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Routines

Left inverse

Leftinv(A) :=

Filter

. / o
Fllter\t, X, ord max> =

MS 25.04.2014 14:04h

r<rows(A)
c<cols(A)
s« svds(A)
for iD0.c-1

-1
ISVi’ie<s|>
UV<«svd(A)
U« submatriX UV, Qr-1,0,c- 1)

V «submatriX UV, rr+c-1,0,c-1)

T

A iy lefteVI1SV-U

inv.le

Ainv.left

n<« last(t)
for i00..n
for j00. 3

Ae(t)

|
X« Leftinv(A) x
X 0.trend—A X
X0.red X~ X 0.trend
At%tn - tO
AX 0.red X 0.red, ~ X 0.req,
for i00..n

. AX 0 red
X O.req*x 0.req ~ I

n

XO.red.lf_Cﬁt(X O.recb
for kO ordma)+ 1.n-ord

max
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Xo.red.ﬁfo

2T
We———

At

for kO1. Ordmax

X 1.red.lf(FX O.red.lf('(‘k"")'i )

X 1.red.F

«—X
ni 1ok O.red.lf1+

(ki )
1-k

.2
X 2.red.E <X o.red.Fk'('k'w" )

.2
X (k-0
2.red.B gy _k( )

XO.recf_Re<inft<XO.red.|§>
Xl.recf_Re< inft<X 1.red.|§>

X2.recf_Re<inft<X2.red.I%>
for id0..n

“XoredE

XX + i.AXO.red
Oi O.req n

+X 0.trend

3

<k-1>
X 1.trend™ Z KX\ A
k=1

BX 0 red
At

X1 X1 redt + X1 trend

3

X2 trend™ Z K1-X\ A
k=2

<k-2>

X2 X 2 redt X 2.trend

[Xo X1 Xz]
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Evaluation of model data VWS 2491/1340
according to rational method proposed

TID :="VWS 2491 /1340"

Date:= 860909
Test:= 8

Test identification
Date of test
Test No.

Basic data
Ship model VWS Mod. 2491.0

mod_eval 23.mcd /5

Barge Carrier, which has not been built,

body plan and contours of stem and stern
to found in the first appendix.

Length L:=6.5m
Breadth B:=1.00 m
Draught Tg:= 0.255 m
Displacement V= 1.431 %
\%
Block coefficient 0= LB Tg

Density of tank water p:=1.00 10Q’-kg-m'3

Mass, model M hom:= PV
2T
MaSS, added V half_ellips:: ?
~ Vhalf_ellips
? half_ellips= T LBTg

L:=Lm?t
B:=B-m?t
Tg:= Tgm?
Vi=vm?
0 = 0.8633
p:=pkg tm’

M nom= 1431.0000

LB
5519V half_ellips™ 0-8679

? half_ellips = 0-5236

Thus the ship is much fuller than the equivalent

half-ellisoid

and added mass data of ellipsoids provide only very
crude estimates. The following value has been"read
from figure 67 on pages 244-245 in the monograph of
W.G. Price and R.E.D. Bishop: Probabilistic Theory
of Ship Dynamics. London: Chapman and Hall, 1974.

0.5
m, = —3
X" 58

M hyd =M nomMx

- 2
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m = 0.0259

According to Sainsbury (Ship
and Boat Builder 1963/12)
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Model scale
Location of trip wire

Surface

S:= 8.967 M

Propeller model VWS Prop. 1340

CP propeller, right handed
Diameter of propeller

Disc area

Pitch ratio, design
Pich ratio, actual
Number of blades

Rate of revolutions
at open water test

Model test conditions
Carriage velocity

Frictional deduction

D:=0.195m
m_2
Apn=—D
D™ 7%
PD.des:: 0.825
PD.act:: 0.813
Z=4

n open’: 12:Hz

F = 0.168

Vearr= FndoL

Cp:=0.183

_ 2
FE=CppD™Vcar

Input: Digitized .jpg files

Data:= READPRN "mod_data.dgt"

nr:= Ias( Dat§0>>
time
tr = Datahs+ no-sec

t:= t-sect

relative shift of model
Srawr = Dat%s+ n4-m

_ -1
Sraw = Sraw'™M

MS 25.04.2014 14:04h

nsi=0
rate of revolutions

n raw,

=n -HZ_1

raw
thrust

T raw = Datahs-k r,3'N

r

T T

raw -

= Datahs+ r,1'HZ

mod_eval 23.mcd /6

D:=Dm?
A p =0.0299

V carr = 1.3415

F = 12.5234

Fig's 6, 7,8,91In
VWS Report No. 1100/87
to found in the first appendix.

r:=0. nr-ns

Data are taken over four full
periods.

torque

Q rawr = Dat%s+ r,2'Nm

_ 1
Qraw= Q rawNmM
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Rate of revolution faired
This value has been chosen as

ord jax = 15 ‘optimal’, closest to the steady
e conditions.
[nfair Ny n 2] = Fllter<t, N g Ord max>
En y
E.=n — N e =— stdev E,) =0.0541
n raw "~ '’ fair n n
mear( nI‘air> ' >
Frequency of revolution
11
Nraw 10 Nm= mear< nraw>
N fair nm,=9.8880
9
8o 50 100 150
t
2
Snoy
%
29 50 100 150

Velocity and acceleration

— Eiltor/
[Srel Vel arel] = Filter | t, Sy, ord max>

E<=Sraw— Srel stde\< ES> =0.0032
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Surge
200
3
£ Srawl0 0
£
c
£ 3
£ Srel'10
@ -200
400, 50 100 150
t
10
£
£
=
o E.100 0
n S
3
[
104 50 100 150
t
Relative speed
0.04
0.02
Vel
0
-0.02
0044 50 100 150
t
Acceleration
0.01
0.005
gl
0
0.005, 50 100 150

t
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'Final' values

Viair = Vecarrt Vrel Afair = Arel

Scrutinize data
Correlate torque and thrust

Torque/thrust correlation

Something has happened

in the measurements

0 of the higher torque values?
raw Was there a problem with the

dynamometer or did the flow

0.6 pattern at the model propeller

suddenly change?

0.8

0'415 20 25 30 35 40

T raw

Thesystematic problemsabove T =32 N, Q = 0.8 Nm have been observeiearl

and have already been mentioned explicitly in tagidoVWS report No. 1100/87. There
may have been many reasons for this behaviourhatas not been observed in the other
runs. After much deliberation torque data are bemmgected according to ‘initial’ linear
correlation.

‘Correct' torque values

Red T, QT jiy ) = |i<0

k<0

for i00.. last(T)
Treq‘_Ti it Ti<T im
Qreo]“Qi it Ti<T jim
j%j +1 if Ti<T|im

T re%(&Ti if TiZT lim

QreskeQi it T.2T iy

ke—k+ 1 if TiZT lim

[Tred Qred Tres Qres]
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T “m = 32

[T red Qred Tres Q res] = Red( Traw Qraw T Iim>
Correlation of reduced sets

s / o o
j=0.last Tyoq) A red 1 A red , - T red
X red= Leftlnv<A red)-Q red

‘Correct' torque values

k:i=0.last T A =1 A =T
t< res> res o res ; res,
Q corr=A resX red
Torque, corrected
0.95
Qres 0.9
QCOI’I’
0.85
0855 34 36 38

res

‘Correct' torque values replaced

Rep T QQ com Tjim) = |ke0
for i0JO0.. last(T)

Q«Q corr, it T.2T |im

ke—k+ 1 if TiZT lim

Q

Qcorr= Rep< Traw Qraw Q corr T Iim>
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Fair torque, thrust and force values

A 5. = (N gas 2
falrr'0 \ falrr>

X 1= Leftnv(A i) Traw X q= Leftinv(A 5 -Q corr

Agoir = Ngaic 'V ogai
falrr'1 falrr falrr

Ttair = Afair X 7 Q fair = A fair X Q

E1=Traw T fair Eo=Qcorr~ Qfair
stdev' E1) = 0.4704
Bt

i mear( Traw>

Faired thrust and torque data

stde\( EO> =0.0117
EqQ

er: eQ::W

Thrust
40
-
raw 30
Tfair
20
1Oo 50 100 150
t
Thrust, noise
5
€1
% 0
-5
0 50 100 150

MS 25.04.2014 14:04h

A .
falrr'2

mod_eval 23.mcd /11

SENNRY:
\V falrr>
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Torque
Qcorr 0.8
Qfair
0.6
044 50 100 150
t
Torque, noise
5
°Q
% 0
-5
0 50 100 150
t
Normalize polynomial
j=0.2
XT 21X Q.
X KTH, = —— X kpH = ———
I oD% i pD°!
Thrust and power ratios as functions of hull advane ratio
. . . J . . . J
KTHH) "ZXKTHJ'JH KpH(in) "ZXKPHJ.'JH

J J
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Recording of raw and faired values MS 201308
Dat gy =t

<1> <2> <3> <4>
Datygw =~ =Nraw Dalygy ~~ =Vifajr Dalygy ~ =afpj Daligy = Qraw
WRITEPRN( "dat_raw.dat) := Dat 5,
Datfair<0> =1

<1> <2> <3> <4>
Datgqir = =nNgajy  Dalggjy °° = Vigjy Datggy ™ =agy Datgj " = Qcory

WRITEPRN( "dat_fair.dat) := Dat¢;,

Identify nominal wake fraction

MS 0805112230
Problem solved
As the detailed numerical exercises have showprbiglem of the performance
evaluation solely based on the results of quaadst@ropulsion tests is singular.
The only way to solve the problem is to provideadditional axiom or convention
permitting to identify the nominal wake fractiohetphenomenological parameter in
the wake axiom.
The additional axiom postulated before is thattyeraulic or pump efficiency of the
propeller has a maximum at the centre of the rafgeerest.
In earlier evaluations this axiom has been applihlout appropriate scrutiny to
randomly available samples. The following procedbee'range of interest' is changed
until the postulate is met.

MS 0810201430
Explanation added
The axiom, a condition limiting the complexity detmodel, has been adopted to get
along with only two parameters to be identifiegirobust procedure. Consequently
this condition has to be provided for by appropriglection f the range investigated.
After all the procedure is meeting the standardgrally envisaged.
The detailed analysis reveals that the excellentitseobtained earlier have been
strictly accidental. The hydraulic efficiency happd to be stationary in the sample
randomly selected!
According to the above explanation all attempisiémtify the two parameters from
randomly chosen propulsion data, may be at onlydaraitions, are doomed to fall
'by definition’, due to the model purposely simetit

MS 25.04.2014 14:04h Copyright M. Schmiechen 2008
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Determine range of data

V fair
JH fair = —
T D
IH fair.mean™ M€ H fajr JH. fair. mean™ 0-6984
4 fair.min = MiN( Iy tair JH_fair.min = 0-6370
IH fair.max'= MaX Iy fajr JH fair.max= 0-7871

Determine jet efficiency

Based on axiom of jet efficiency
and on thrust identity!

I H = JH fair.mean
wT3=05
ht3:=07

Given

2kylin) 1 1

> (1-0pyhyy® hrt T
H (010 ) = Find hyy)
HTJ_T<wTJ,jH> = | for iD0. lastj)

Nry<H T<°J TJ) Hi>

NT1J
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Based on axiom of constant hydraulic efficiency!
h TP = 08
Given
h
TP
_ (
hrE—r1- 0 rghyy)
nJp
/ L .
Hpl® 130 gph1p) = Find hy)

N1y H P(‘D TJ’hJP.thPHI>

NTJ

Solve for nominal wake
and mean hydraulic efficiency

Given
Hrypotahgpmhtprin/=H ToT@ 100 H)
JetEﬁ<Q) TJ’hJthTPH’J H> = MinErr<Q) TJ’hJPr&

Determine maximum hydraulic efficiency
n:=5
4Aj :=0.001

I H.c = IH fair.min

Index< v, Vm> = |j0

while vj V m

je<j+1
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AJ<jH_C,Aj> = | for i00..2:n

TH T H.e+ A )
k+ «k /i

T TH\JHi>

Kok oui
PKpH] Hi>

kTi.j Hi
h «—
TPHC

Qe JetEff 0 13,0 3p N TPHI 1)
Wy,

hryeH 170130 H)

for i00. 2:n

oeoTyhry

/
h 1o h 1o

RN TPH —
i L

h 3p.mas~Max hyp
mMe«— |nde)< hJP’ h mea>>
O ] Hm—i H.c

A

Ip.c= 100t A j .4 j ) Jy ¢ = 0.6984

This result ‘explains' why the former
evalution with the value 0.7 has been
accidentally correct!
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SampRangée m_C,Aj> =

for i00..2:n

i et =)
k+ «k /i
TEkTH]] Hi>

Kp K pui
PkpHIH,|

k Ti J Hi
h «—
TF"HI K

Qe JetEff 0 13,0 3p N TpHI 1)

mod_eval 23.mcd /17

IH

S:= SampRang(e H.C,AJ'>
W= <S4>0

N Jp.m= <S4>l

Evaluate over a wide range

- rOUnCV\ 106 %.fair.meaa

J =
H.c 10

Aj =

_ rounc{ 10< H fair.max- JH.fair.min)]

4y ¢ =0.7000

10-n

MS 25.04.2014 14:04h

Aj = 0.0400
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Kp |:= SampRang@ r1|_C,AJ'>

N TPH
Q
Determine derived magnitudes
. - /
i:=0. Iast\.JH>
Nry=HyyTWrydy)  Wi=wogn TJ
KtJp TP
nTP-::— nJP:—
i K Pi i T‘Ji
Equivalent open water chart
1
nJp
nqy; 08
NTp
W 0.6
T
10 04
Kt
“P 02 \

MS 25.04.2014 14:04h

0.5

mod_eval 23.mcd/ 18

‘Equivalent’ open water chart
of CP propeller model in the
behind condition according
to rational procedure
proposed.
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Compare with traditional evaluation
based on propeller open water test results

Data

[0.35 48.0 63.5]

0.40 43.0 59.5 KT and 10 KQ values read in mm
0.45 38.0 53.0 from Fig. 0.2 in

050 33.0 48.0 VWS Bericht Nr. 1126/88
0.55 28.0 43.0 scale:= 200

0.60 22.5 37.5
10.65 17.5 32.0]

Dataprop::

<0>
prop

<1>
prop
scale

Jp open= Data

Data
KTraw™=

<2>
prop
10-scale

2:-1-Data

Kp.raw=

k:=0. |an< Jp_opea

A JP.opep; = <J P.opeQ)j

. / , - .
X KT.open= Leftinv(A JP.ope% K T.raw X KPo'= Leftlnv(A JP.ope}] K'p.raw

KTp=A JP.opei KT.open K pp:=A jp.opei KPo

Thrust and power ratios as functions of propeller
open water advance ratio

kT.oper{j P> = ZX KT.oper}'j PJ K P.oper<j P> = ZX KPg 1 PJ
j j

K T.open K T.Oper<‘] Pi> K P.open*~ K P.oper{‘] Pi>

MS 25.04.2014 14:04h Copyright M. Schmiechen 2008



Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Compare with open water values

Thrust ratios

0.075
%32 034 038 042 046 05
Jp
Power ratios
0.3
0.22
Kp
KX
K'p.open0.15
B88
0.075
0

03 034 038 042 046 05
Ip
Wake fractions based the model propeller
open water performance
Thrust identity
Jpri=1
Given

KT opend PT)=K TH

Jpr = PT(K Ti>
JpT
wr =1- !
T IH

Wirad=WT

MS 25.04.2014 14:04h
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j=0.1

A = (] J
M \Hi>

X W = Leftinv(A 51w

kKwr(iH) =) X W, H
j

Power identity

Ipp=1

Given

K p.openi PPI=K PH

J

PP

JPP.’:‘PP<KP.> Wpi=1o—"

i i P.
| ‘JH
|
j=0.1

A =] J
M \Hi>

X W = Leftinv(A 5w

kKwr(iH) =) X W, H
j

Wake fractions

0.6

w 0.45
VAV
Wirad
88 03

0.15

0.5 0.6 0.7 0.8 0.9
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Determine propeller effiencies: open condition

K T.operiu'J P 8-K T.open
NTP.open™ (- CTopen™ 5~
P.open n-<J P>
! i
Propulsive efficiencies
1
0.75
nTp
KK
n TP'Open 0.5 M
B=8
0.25
%3 032 038 042 046 05
Ip
Jet efficiencies
1
0.8
N1
X 0.6
N TJ.0open
E-=2a 0.4
0.2
%3 032 038 042 046 05
Ip
Hydraulic efficiencies
1
0.8
nop
X% 0.6
N JP.open
BE-2-3 0.4
0.2
0

03 034 038 042 046 05

MS 25.04.2014 14:04h
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_ 2
 TJ.0pen’
1+ ,11— CTlOperi]
N TP.open
1 JP.opep
TJ.open
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Determine resistance and thrust deduction fraction MS0805181630

Determine time range
t = mean(t)
Determine velocity range
V= mear( Vfair>

min|V o = 1.3118

Problem solved

As has been observed earlier the thrust deductioman
accordance with the global approximation of theishr
deduction theorem is too crude to permit the idieation of
reasonable energy wake fractions.

Accordingly further attempts have been made tcacpthat
axiom but without success. By the way it has besited that
the value of the longitudinal hydrodynamic inergiarucially
affecting the momentum balance and the final result

Further it has been observed that the maximum afdiae
filter selected has considerable impact on thdimetentified.
Accordingly a procedure has been developed to Eoitite
from quasi-steady to steady conditions.

tp = 66.5759 A=t -t

V= 1.3417 &V fair =V fair =V m

max( Vegip) = 1.3621

Determine thrust deduction fraction
based on simple axiom in accordance
with global approximation
of thrust deduction theorem

v fair,
J o=
H.falrr D

n fair

73 fair = Ht/wg,d H.fairr>

\
W fair, =W TJ fair,
afairr

g

1-

= fairR = Fp

A = PRl
MR, ”TJ.falrr fair
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-M

1+ m

nom, x.nom> Afair
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

k:=0.1

A = /
Iler,k-|—l \

A = At
MRr,S r

K
Av fairr>

B MR = T fair * I:fairRr
- [ .

EMR*BMR-AMRX MR

Error/acceleration correlation

~b.005 0

0.005
Afair

t13= X MR,
thd:= t13n 13
R= > BV gy Y

r \ falrr> MRk+ 1

k
Determine total inertia
/ Afair,

P tairl = FF'\l_ g

A = i T fai
MI o ”TJ.falrr fair

A = Qgai
er,l falrr

A =AMt
er,z r

B M1 =T fairrJr I:fairlr
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0.01

mod_eval 23.mcd /24

[ 0.399 |
« 33.715
MR ™1 74.445
-0.016 |
E
MR
‘ ‘ = 0.0272
BMR
Mo E MR 2 fair
hyd.id" Afair Afair
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quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

X ) = Leftinv(A B 0.4015
X M1 =|1329.2432
Emi=Bm -AmXwmi _0.0158
Error/acceleration correlation
4
2
Emi
EMR ©
-2
0 50 100 150
t
t =X
TJ MI0

— N =
AM =M pomy 1+ My nom) - X mi,  AM=132.3991

X
Ml

x.meas™
M
nom

-1 m =-0.0711

m x.meas-

Extrapolation from quasi-steady to steady conditios

- - k.max, M.tot.meas, m.x.meas
16 1300.70 -0.091 determined by repeated computations with
12 1376.69 -0.03795 varying maximum order of the filter

10 1385.36 -0.03189
8 1393.59-0.02614

inertia:=
7 1423.06 -0.00555
6 1432.24 0.00087
5 1437.10 0.00426
| 4 1435.18 0.00292 |
ord = inertia °” M ot meas= inertia 1~ My meas= inertia 2~
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

I max = Iast< 0rdmax>
1:=0.] max
A O =1

I

e

/
Leftinv A o)

Ao

J = <Ol‘d

=

XM
M tot.steady™ X M,

Plot of extrapolation

mod_eval 23.mcd /26

‘M tot.meas

inert(ord):= Xp + X .ord?
0 1

j=0.16 orqj =)

M tot.fairjj = inert<orqj>

1500

1450

M tot.meas
1400

tot.fair

1350

M tot.steady

1300

ord

Scrutinise result

M tot.steady
1+m

M steady~

X

MS 25.04.2014 14:04h

max

ord

M = 1409.9049 M hom= 1431.0000

steady

Difference in 'observed' and nominal model mass

AM =M AM =-21.0951

steady” M hom
Of course this result is strictly accidental. Buit may
also be speculated that the model was not fully
ballasted, two 10 kg 'weight pieces' missing for
whatever reason. In view of the uncertainty theres no
chance to identify the coefficient of the hydrodynmanic
inertia.
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

'Ship efficiencies'

1- thq

L RTi - 1—wi

n RJ =1 RTi'” Tl

mod_eval 23.mcd /27

Hull efficiency,
'Rumpfeinflussgrad’

Configuration efficiency,

'‘Konfigurationsgutegrad'
NRP =NRJINJP Propulsiveﬂ efficiency,
: ! ! '‘Gesamtgltegrad'
N ot =1 Rotative efficiency,
! equals 1 by definition
in the rational theory!
Ship efficiencies, rational
1.4
1.2 ////
NRT
nry 1!
NRP 0.8
0.6/
045 0.6 0.7 0.8 0.9
IH
Wake fractions
0.5
0.4
W
x> 0.3
W trad
B88 0.2
0.1
0
0.5 0.6 0.7 0.8 0.9
IH
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quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Compare with traditional evaluation
based on hull towing test

Resistance, traditional: hull towing

Scrutiny of data

[0.90 13.6]
1.00 16.8 Values vin m/s, of Rin N
1.10 20.7 read from Fig. 3.4 in
Datay,y, = 120 25.2 VWS Bericht Nr. 1126/88.
' ‘ They conicide with those in
1.30 30.4 VWS Report No. 1100/87.
| 1.35 33.2)
Viow = Datatow<0> mseé! Viow =V tOW-m'l-sec
._ <1> . -1
Rtow = Datayg,, = N Rtow = RtowN
Fair data
- - - K

. / .
X R.trad:= Leftinv(A R.trad> R tow

A = (v >k

R.pltj'k \ pItj
R trad.plt= A R.plt X R.trad
Resistance, rational

. - 5 k
= 0. last Vg k=03 ARrar, = Viai
X R.rat'= Leftinv(A g 15 R

Ryat.plt= A R.plt X R.rat
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Resistance

50

40

30

R trad.plt

20

10

13 1.32 1.34 1.35

plt

A = (Vg K
R.towr'k \ falrr>

Rtow = A R.towX R.trad

MS 25.04.2014 14:04h
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Thrust deduction fraction, traditional

k:=0.1

mod_eval 23.mcd /30

. k
Athd = <J H.fairr> T fair

B thd*= T fair * F fairR =~ R tow

X thd= Leftlnv<A thd) B thd

thdsan = ) (3 KX
trad ;\Hi> thd

Thrust deduction fractions

Xthd:[

0.4
0.3
thd
X
thdtrad 0.2
E-=9
0.1
0
0.5 0.6 0.7 0.8

IH

'Ship efficiencies', traditional

KT JH
n RP.trad’~ (1‘ thdtrat%)'#
1- thdrag i
1 RT.trad = Ttraq
I RP.trad
1 TP.trad = PR RT trad
I TP.trad
n rot.trad ; TP .open

1 RJ.trag ™ 1 RT.trad " TJ.0pen
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0.1200
0.2612

0.9

Propulsive efficiency,
'‘Gesamtgitegrad’

Hull efficiency,
'Rumpfeinflussgrad’

Behind efficiency

Rotative efficiency,
Anordnungsgutegrad

Configuration efficiency,
'‘Konfigurationsgutegrad'
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Compare with results of rational evaluation

Propulsive efficiencies

0.8

N RrP

S 0.6

" RP.trad

== 0.4

0.2

05 06 07 08 09
JH

Hull efficiencies

1.6

14

NRT
NRTwad B2 o © © 0 © o E—ay

== 1
0.8
0'60.5 0.6 0.7 0.8 0.9
JH
Behind efficiencies
1
0.8
nTtp
S 0.6
N TP.trad
E-=9 0.4f
0.2
0]
0.5 0.6 0.7 0.8 0.9
IH
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Schmiechen: Re-evaluation of
quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Rotative efficiencies

1.2

1.1
n rot ’\E\H__E/E/E/E/E/E/!
X%
Nrottrad 1
[=R=NZ]

0.9

0'%.5 0.6 0.7 0.8 0.9

IH
Configuration efficiencies
1.2
1

NRJ
S 0.8
N RJ.trad
== 0.6

0.4

0'20.5 0.6 0.7 0.8 0.9

Output of results for comparison with the results
of quasi-steady 'model’ trial (mod_trial. mcd)

Volt Rratplt Rtrad.plt
res_mod_evak

JH NTRP NRP.trad

WRITEPRN( "Res_mod_eva)"= res_mod_eval
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quasisteady model propulsion tests
with VWS Mod. 2491.0/1340

Some conclusions

This rigorous re-evaluation of the model test ladfiomed the results of the former
re-evaluation

and shown why that evaluation accidentally happénddd correct concerning the
determination of the nominal wake fraction etc.

Concerning the determination of the resistancetlangt deduction fraction numerical
studies have shown that the momentum balancedgatiyuaffected by the value of the
hydrodynamic inertia assumed and thus the finalesabf the resistance and the thrust
deduction fraction.

Further the analysis has shown that the valudseohtrtia identified strongly depend on the
maximum order of the filter applied to the raw d#&taecordingly a procedure has been
developed to extrapolate from quasi-steady comditto the steady condition.

In view of the remaining uncertainties the smalueaof the hydrodynamic inertia cannot be
identified. A nominal value has been assumed aguptd Sainsbury.

Concerning the determination of the energy waketifra the problems observed earlier
have not yet been resolved, maybe they cannotsévesl in the context developed so far.

For the time being further analysis has to be @elay
(The file had to be reprinted due to problems whith pdf-writer. MS 090626)

END
Model data VWS 2491/1340 re-evaluated
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