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Some Results of Self-Propulsion Test of a Ship Medel
Supplied with Skin Friction Correction by Thrust of
Water Jet

By Mitsuhisa IKEHATA (Member)

The author has intended to obtain the self-propulsive performances of a ship of full
size directly from the data of the self-propulsion test of the ship model, in order to
investigate the scale effects on self-propulsion factors. It is necessary to reduce the
excess wake of the model down to that of the ship as well as to supply the model with
skin friction correction. Then, the author has had the idea that the method similar to
the water jet propulsion would be available to this purpose. The idea has been realized
by the apparatus illustrated in Fig. 4. The water jet spouted from the nozzle located
at S.S. 138 on the flat bottom flows into the propeller disk to accelerate the velocity
of wake stream. Thus, the wake of the model in the propeller disk becomes narrow
nearly close to the feature of the ship wake. Total flux of jet is then controlled by the
valve to generate the thrust corresponding to skin friction correction. On the self-
propulsion test the sum of two thrust forces generated by the propeller and by the water
jet counterbalances the resistance of the hull of the model. This balancing condition is
inspected by the zero towing force of the resistance dynamometer.

As shown in Fig. 10, the results of one example as for 4 meters long model of 240
meters long full bulk carrier, Cp=0.8, have given some interesting conclsions that,
in the condition of with~jet, the effective wake factor (1-w) has been raised 15~20%
higher while the thrust deduction factor (1-t) has got 3~6% up and the relative
rotative efficiency (9r) 2~3% up. Those gains of self-propulsion factors are thought
corresponding to their scale effects.

The calculation by the author’s method based on the modified blade elements theory
has also given almost same results as those of with-jet. It proves the validity of this
calculation method.

It has been shown in comparison with the results of the test with jet that the wake
factor has been estimated to about 10% higher value by 1978 ITTC performance
prediction method.
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Fig. 1. Aspect of flows with and without jet.
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Table 1. Principal particulars of model ship.

Lop 4. 000m L/B 6.0
B 0. 667m B/d 2.76
d 0.2415m Ca 0. 800
14 0.5283m?®  (including jet nozzle)
S 3.6096m?  (including jet nozzle)
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Fig. 2. Body plan of model ship.

Table 2. Principal Particulars of model

propeller.

Diameter 0.1167 (M)

Pitch ratio (Const) 0.7143

Boss ratio 0. 1800

Expanded area ratio ‘ 0.6649

Max. blade width ratio 0. 3008

Blade thickness ratio 0. 0500

Angle of rake 10.00 (DEG)

Number of blades 5

Blade section MAU-Type

Direction of turning Clockwise
7, Kr, 10Ka
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Fig. 3. Open test diagrams of model propeller.
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Table 3. Estimations of delivered horse power and no. of revolution

of ship propeller.

DHP (PS) No. of Rev. (R.P.M.)

" Vs (KT) : -
| DAM | 2)T.M | 3DM | 1)AM| 2 TM]| 3 DM

12.16 7614 7464 77.5 78.3 74.7
13.67 10850 10520 87.9 87.9 85.5
15.19 | 15590 15000 14170 9.5 98. 6 95.0
16.71 20990 21090 21030 107.9 110. 0 107.2
18.21 | 30840 | 30400 31350 121.9 123.3 121.4

notes 1) A.M. . Analytical Method, 1978 ITTC P.P. M.
2) T.M. . Theoretical Method, Author’s modified blade elements method.
3) D.M. : Direct Scale-Up Method.
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The Effects of Non~Uniformity and Turbulence of Flow on
Hydrodynamic Characteristics of Propeller

by Mitsuhisa Ikehata, Member,
Masahiro Ando, Member

Hajime Maruo, Member
Michio Ito, Member

Summary

It is recently noticed that the non-uniformity of flow brings some deviation of the
relative rotative efficiency from the unit and the difference of the effective wake factor from
nominal one. The investigations are expected to enter in more details either experimentally
or theoretically. The present paper is the report-of the experiments and analysis works
about the hydrodynamxc characteristics of the model propeller acting in the wake flow of the
alternate mesh screens of dxfferent patterns, such as some circumferential non-uniform wakes
of the cosnf function mode, a radial non-uniform wake and homogeneous wakes. -

.. The measurements of velocity fields of cosnf mode have shown the well correlation of
the ‘intensity of turbulence with the shear rate of the velocity profile along the circumference. -
From the results of the performance tests of the propeller behind the one or two uniform
meshes screen, ‘it has been found that the influence of turbulence of flow reduces the low
Reynolds number effect of the model propeller. Accordingly, the characteristics of the model
propeller in the wake of the two uniform meshes screen’ has been offered to apply to the
analysis of the self- propulswn factor at any low Reynolds no.

It has been shown that the circumferential non-uniformity of the cos zf mode, where n=6,
raises-the efﬁc1ency of the propeller higher than that of the open condition, that is the high
relative rotative’ efﬁmency over the unit. The results of analysis of data based on some
theoretical considerations have allowed us to conclude that the relative rotative efficiency
responds to the circumferén_ti'al non-uniformity of flow nonlinearly and quasi-stationarily.
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Fig. 14 Measured wake field of SR159 model

0

. 50520
HO}_ R 2--C0S40
TRTR . , ~ B-C0S69
7 o o-SRISY
6t ; . . :
. Te e JTN =0.2W(1-W)
5 N e ) /
'/'/ @ ‘\ o0 ..

.!," 5 A;,,g ° .
N ° 2 .\
0ot . A P S
il /sl . AR
. ° @ ° g s \
N

0703 04 05 06 07 08 05 10 W

0 0.1

Fig.15 Relation of intensity of turbulence
to wake fraction

Fig 14 0t O ERRT. WRORSIRFEEV 0
4~T7% T, Fig.7 O cosdf T 25 Huiins
TWb, hEFHhuE, BHURE CHoaiilhoz
BrRifEc& 5,

BEMARPE R S, xﬂ)—/ﬁf*&h@ﬁﬁ%
25T, HETEOHTRw & HLIHRE OMEBIY & o
L@prmlsfﬁaozyu»/#ﬁmmﬁ@kkb
deﬁLﬁ%L{Létb,mﬂﬁ wﬂﬁfmwA@
FEEEL IR B, mﬁ0m9bw&@ﬁ%%&%%o
R LT, ﬁﬂ%mz&bmoﬁbbtm%ﬁ&B
Rbo UL, LI, W3R - WANDROR L 72BIGR 1 V')
Vzﬂlw)kmAbmehb Emroz##a
LREEE D X5 THDe ‘

48 =

%T%~ﬂ%ﬁh#in«7%&m&&?%%ko
WL, TORERTROBINETH DD b H ST,
FLOBIRING & A X o Toe 48], HIROMHTOK
A THDH cosine B D= — FE& ORI %,
LA Z Y = VOFERL > TERLT ZDH TSR
SRR AR BERIMR LT - TREOLDOMRAEXE
T, fEHEE LD TCHIRTHLRDOL 5 b

. EHRE—HOM, AT cosnd DATEE $D
BERIL,  FOWE () Wb b, T r s iR R
MREE L D EB AR, Thbb, 1.0 kD 7 R
Foin, EBRECHESh, BRIICLENbh,
;t,nnﬁﬁ“&W%T%~m%&©ﬁﬁ%,“ﬁ%
— FORBIZ X DFRfE—E LA Ted 52 LD DT
750 T2

ﬁ-m@mﬁﬁ,ﬁﬁﬁfﬂ~@ﬁﬁ?é7m«7ﬁ
PEOINER, FEEFHENEL, BEFERALLARL T
Voo

iii. 7" 5 QMMM TR, Ry=nD?v % 3X10°
LTFidl, vA v AEEEREECEbN S,

v, FRNTEEO LA A RPN, WSRO
AN L o T hiEfIEh D, 22y Y a A7) —V
BID 2.8% FIME T R,=2.5%X10° { bl ¥ TF =
5 R R REL S DERRD Do

v. EREN, R, HH 3X10° LIS THTHEN
WA IR AEAIL, BROBEDHH 22 v aAs
Y= VEBFO T BT R TR B R T B,
ChR LT, A Ry BOEEEER TS 57
B, BHHRERSEHEE TS5 & W OMENRD
B

vi.. &f@A 27 Y = OEBENOME XY, FHEED
i HE A & ARG BB,

KOs T, &R 7 ) -V IFRICB ER Wil
fefBt OB T EE, ERCHD S h oBRE KK o B
(185, BRHRE W 14 LU STG
AVA=DH 2L DRILELET, ok, APED
EERCHE A LB st oBFIE, SCRARIERIRR O
PR A (FFEfEE AR &), Lo, B
SE BT AT R = v # — o HITAC M-200H
L HEIREATE SiHg = 4 — o HITAC 8250 % FIf L i
CERELT BRATKEERELET.

% £ X A

1) Froude, R.E.: A description of a method of
investigation of screw-propeller . efficiency,
Transaction  of  the Institution  of Naval



44 e AR R

SHNE BI150E5

Architects, Vol.24 (1883). .

2) Froude, R.E.: Experiments on the effect of
direction of rotation in twin screw, Transac-
tion of the Institution of Naval Architects,
Vol.39 (1893).

3) MMM : W T 2k VR O HEE P REHEE

CO, HEERP SRS 451635 (FE5L -12):

4) Tamura, K. & Sasajima, T.:Some investi-

.. gation on propeller open-water characteristics
for. analysis of self-propulsion factors,
Mitsubishi Technical Bulletin, No.119(March
1977).

5) EMEEH, SEHRS RER—, DnE, BE
S RSN T B TR T - v 1 LY
DEE, BaFE SR & ek, 851695 (88 53 - 6).

6) Yamasaki, T.:On some tank test results

.~ with & large model propeller—0.95m in
diameter, part 1—, HEREBELHTE, &
144 % (WE 53 - 12).

7) 15th- ITTC Report of Performance Committee
o (1978)...

8 ?@}(ﬁj‘cr’ﬁ, HE i Bk @ﬁfh%fﬁ%ﬂ?ﬂﬂﬂ7 =
“FEHFEOWT, RBEKEERLE 1ML
A BRER 1980-1-04 (FF 55 - 6).

9 BB, AR o JAMHEEM R S 5 R
L RBoEBI oW T, E&Jﬁﬁ“?%nm 25 459
= (1967).

100 KF & HEB F: Iﬁ‘#‘@ﬂz‘lbx7 RS H
@ﬁ%&k&ﬁ?ﬁﬁ%, g42m JTTC 51 MEK
B (FE52-2).

11) Van Oossanen, P.: The choice of propeller
design parameters with respect to cavitation
control,. Proc. of Symp. on Hydrodynamics
of Ship & Offshore Propulsxon System, Oslo
977, :

12) WM, ?5%?% B ﬁi‘éﬁéﬁéﬁ‘ﬂh& FrAZ
~ D, Eﬂiﬁﬂﬁ SO, #5130 B (R
46 + 12). . .

@

HEXEZR B SR I & B W /R 39—
ﬁ@%%k%?é%ﬁ%m%%

e R ORFCHAT HWHHTRMEL v, EREH
OFUBREY w, L OWMARRS % we, HIEEFAKL
%wt: 79'34\7[:[3‘&%3@&2 [ &@‘5&, u@ﬁi'\
DWATELE W* J:ﬁ‘jjéﬂl’- y 7 BT,

el ) (=)
p=tan{ (w50 (=5 )} a2

CHELBbN B, kL, YRREOFEEMETHL, &
DEFoBEEs e [, NAHEERX 0 L T5L, BHEr
W dL, #H AT, Az dQax, HBOR®,
PN ERELTELE, KOXdRkEXZDh D,
dL=pW*I'dy (A-3)

AT=dL cosﬁ:pr<m——wé-‘~)dr (A-1)

, dQ:?dL:sinB:pf<
a) MR :
u=u=—E L BT, (A4, (A D) ST B L1

|M D OHES, P REBRDB, [ w, w; kir@@@
%C*Cz%é ZEERMTTEDLT L,

To—pf [’o(r){a)r w”"(r) }dr (A6)

a=of" Fo<r>{uo+—“i“—°2——@}df (A

IRED O RBMOBETH B, Rk 7r 7 RE, R
AYRTH B, BT 701X Tovo/Qow‘ﬁ“a"e\-)/%Kﬁfi %o

L) BRSSP EENREE ¢ :

CERF LB —EE L, ﬁf‘]\ﬁ%u@ﬁﬁlﬁt
FOBREELB Dw,we 137,00 OB TH B, R

e >rdr (A-5)

e owT 1 HoFEEE LHA— TEbT L, (A-d),
(A5) b 1 HYEy DFIFHES, FHr 1243, dm“r
-53/‘{.52‘160

T=p fb (TG, Owr—TC, 0wi(r. 032} dr

(A-8)
— R

Q=0f (TG, 00w+ TG, a7, 052 rdr
(A9

ZHE 7 1k, BARHAEE v 2 HVT, ,
n=Tu,/Qu="n,ng (A-10)
THEAbRD, REL, % 1%, HEH-KEcXse,
(A-6) L (AB) LB LEAER, To=T, T4kbb,

of i o252

=0 [ (TG By0r TG, 03wi7, 02} dr

, (A-1D)
D uo VuB@'?‘%ffﬂFfCﬁbZ:o uo (A1) @n:}:-cp;/jp_ﬁb
T s, Tl 8 X0 wie(#) ﬁsuoogg]gg(vcgézoo
WN—BEC KT B HERGRL, 7 13, HEH—FKo
& (A1D Dk, EEBENOKTELbRD,

T p=Qw/Qo T (A12)

B, (A1 of#Ee (AT 2HAWEE, (A 9 b

BRHCRREE B,

Qu=Qw{1—-[47£]c}
c o, [412) BRRTHEZ BB,

[MR]G_—-—__f [r@ B —ujor

+re, 0)Mffo(7)w}wr]dr :

(AW
MJ@<A1@;D [M%#ﬂROlﬁ%@ﬁ%%%
2B EXHETH B, ’

ZoT

(A'18)

w(0)=ue+5u(0)

I'(r, 0)=Fo<r)+61“<”';ﬁ> } '<A‘,15>



7 e R RIET RS TRIE— LA R 45

Lx Rk, SEUME, 0 & du ORI KA NI 2,

ST Cr. 0) :—;—c(r) W(r, 0) ‘ZC;

Rl o) BEEE, dCilda ZHENREERYE
T, 0u O wy, w ~NOEBRIEROBMELEELLR
5 DT, Wap, Wi K%ﬁbbxklﬁc, (A-14) & (A-15),
(A-16) % fRALT, du=0 ofMErAV-3L, &R,
R B o

Lanslo=—f [ { Loty SEY (50T cos Botr
_(V[nD)* rE(5u(0) 21 c(r) dCy) 7 dr
T Ka J, { v } {2 D W}“D’C"SB"T

(A-1T)

Elho T, VI E R 7 v _F ORIHEEE, 21X
7w ’\Diiﬁﬁ’ KQO Qiﬁéﬁl b "I’ﬁ{%ﬁ%%?}?vﬂko o0
ROEARHECTETH 5, LT, [4d71:>0, Tich
LRATATE . 72 2B 1HERT 52 &0 EH
Rt (A17) Kb, {6u/V}? RS THE 0 2 FF
1, cosPo kL Ue, Weg, Wao, OF TP E D, FRESNDOEET
SEFIRENETD B, MBTRE—EELT T — X
LT {0u/VEE B aRhiEiva, FrXSHE
BLanT (VinD) Ko ¥ ZhiEL LHBOHN, &
BEAEREARNDLRIIET %o




