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Some Examples of Nominal-Wake-Coefficient-Estimation
applying the Theory of Three-Dimensional
Turbulent Boundary Layer

By
Jun IsHIZAKA

Abstract

Numerical estimation of nominal wake on a propeller disk has become important for preliminary
design of stern hull forms. Numerical calculations of nominal wake coefficient were performed for
four ship models by applying the theory of three-dimensional turbulent boundary layer.

The assumption has been made in this study that the nominal wake cofficient is composed of
the potential and the frictional wake coefficient, and that the wake flow does not include bilge
vortices. The potential wake coefficients were calculated from the numerical results of the Hess-
Smith method. The frictional wake coefficients were obtained by the application of the first order
approximation of three-dimensional turbulent boundary layer.

Numerical results of nominal wake coefficient show good agreement with the measured ones,
except for the case that strong stern vortices exist in a wake flow, for example for a case of a

tanker ship model.

1. a2

BEEROMIBRENCE, AFRERGERDOERIEL
), BDOBRGRBETELLLNBEETHS, LHL
RS, ERINTAHERRROMERT, ERMNKT
SERLTWEV, Lo T, RRWCEEIhE
HOEBIER,S DT T EHES—RW TR o TV
b0 0%V, EXMBEEER N - A CEHINE
WABRER» DHET 5 HETH B, TOFETI,
FEBOEFEREDLVEEORE 0L, fl2iE
frameline JEIRDOZE(LR EWCDOWT KD 25255 Z
LA S TR, AHERAKOE I ERETKD 5
NNEZ DX BT INET B LBIREL Bb
hs,

HETORARE LTI, 3WITIMERBERZISH
L CHIRS TR ET 5 FER REIh TV 3D,

* HEEERESR
C RREN: BAMs7T4£3A1H

LA L, ERCETSERVEEV. 48, 3T
ELIE RS — U & 5 AR R O BEERAHE
FHEPEIELT, UTOXS ki siTol. 7,
REMHED M WREIC D\WT, AR GRS SKiEst
Bz X ook, EREE B L, Wi, #B0dD
BRI DWW HEE R, RAFEOEBLCEE L
57— 2 OIRERFE L, &k, AT TIRHEE
OMRERLY, FRIMEER T ERBELC
Wit FHEE RS O EICEY T 5 AW
BEiCIEd 5z 225, MECRBLEEL LERNE
PR RET D EELT L L X b, ¥, HEOET
CEELTiE, TEBRVEEDY AT ALK EIND
XO5THE Lice TOdIT, ERITIISERK
BEEATHTD, EUEEE LCoFIHEORSH S %
BhETHELE LI,

2. HEZEE
AR (W) Ot
(245)



Mg (g e )
ET5, 2, SETeRSERE, vz T r5HE
WIRATBIND & HEES, Us —iiEcd
%o f(2), 20 BXOEER% Fig. 1 €FRT,

F4

Zo

£(Z)

A,
N

_ZO

Fig. 1 Coordinate system of propeller disk

RC, w ZEREIEOE LTS -
U=tin+ Uout— %o (2)
ET B, T, un XERBFELOBLNALE
BED & BB, touw EEFVY »iihd 2 %
&G, wo IFEOHEEER COMET 5, 4,
EEEBIIERENGE T 5,
(2 X% (1) RcRALEET S L

_E o (V7@ uout>
M o R
2 (% (V=& %o ( Uin
= 1— 3
w5 (i avas o)

LBo ERZRWT, AOE 1ETETF Vo 4 A
TRfRsic, 2 ERERARRKCEY T 5, K7V
¥ VR GR S (W) Offir:, Hess-Smith hix &%
T sows DERENE, BEPICERTES, UT
RS (Wr) OB HEOMER B3,

(3) RNAVE 2 H B LTI, BIERE U CREE
BEEX D, MBI TGS AEE A KSR
MEBVEEZEZDE, wlERT VT v L OEE
s WELWELEETE S, ¥, ESERPERRE
SmL Licz o s, v FROHSHEE v=0 55
SRBESOBELEETES, A 2HELT
i, BRES 0% 2o T
2 gzo S'l/=f(z)_uo~(1_ Uin

Wy=o
778 )a o Ue o

)dydz

—2

(246)

—2(fus o
—SSQUgadc (4)

LEXRDTCLRTE, MR ES T Lk LI
EEEAER R kDB Z ENTWRERC E R LT W
Bo PREERE (5,7,0) 1% Fig. 2 wkTE () o
B & b icRT o

A interpolation

propeller diameter

\

truncated section of streamline tracing

separation section

7
A

Fig. 2 Illustration of present method (1)

L LA D, (4) RELDE AW CERERR
BaBor LixEMTH S, Thik, HRRERE e
NREMEBEETT I EPRMPTH B2 & 2, BRMHE
KR SHERBBORHPHE 2N LE S, &
WRTE, coRfEEZMBET 25 4) RostE
%, BRABESEHLEVEBBMETTS 2 L 2%
7o

% ¥, Square Station (S.S.) 1/2 fHE % TOFEIE
BRORRD D, T e RSENICHAT itz s Ek
CEORD D, WITELNFRMICTOWT 3 RIEEL
RRBE LR 2 AW CERESE (H; Bk
B, Ou; EBREX, Cr; RHEBELIRGGE, 8 2
WIRhBOBEREE) 2Kdb, T OREFD, FEX
N B HBERLE (Separation Section) % EH 5, (4) =
OFHE X FIALE TIF 5> i, 7R EE NiEE
CXDHBIE E THEIX 5, BEILE T rRSH
BETrRIEEEL 2 21T %, DLEOBiHEZE
LD Fig. 2 ThHs, RrbdbbrdXdic,
TDTrRRIEFRLEESr_RFERIIERLZ &I
BB LEEB-T, (4) REKRDOLSCEFT 5,

€y Vo

= 8 (@ us ry
_F(Cz'—C1/)2 Scl, Uw” ag (5)

T2, IF BHEAE coEEE®T 5, LR




HBOFESLMEALI2Z LT s, KiEsEosE
FEBEH ot ELBRD,

(6) R XV RDONEREEERGEKRET 5,
LU, HBOMESZERLTV5DT, LisiEEl
ERSL5NBTTER,

DR X 0 B o BEAEmRE S (3) RATE 1
HIVEONBERT vy v VERGEEE N2 bR T
BHERBREE T B, BF VT 5 LRES R O E b
AR GEREEBETO IR —F v — + % Fig. 3
RS,

on Body Surface! Calculation of

Potential Velocity

I Streamline Tracing I

at Prope]le; Disk

Estimation of Stream-
Lines flowing through
Propeller Disk

I

Caleulation of Boundary
Layer Parameters

1

Decision of
Separation Position

l

Movement of
Propeller Disk

I

Estimation of Frictional Estimation of Potential
Wake Coefficient © 1wy Wake Coefficient : w,

Estimation of :Nominal
Wake Coefficient :

wy = 107+ w,

Fig. 3 Flow chart of presént method

3. FERRLZTE

KR HER L ERROEER, V1 LR
IO T r_SERS Table 1 ©5R7, Model-A 3%k
RBET, —fic Wigley Bl LIFIEH T3, ML
CHAMBB D Model-B 13, MBALRHTENEE
WK EBEBTH 0, BkESHICERRROS W
ERARBEORERZHRAL WS, REOFEMIE, X
ik 4) A Eh TV 5, Model-C 13 =[E4 2 fifast
Bkl oI HERR Y, Model-D 1 SR-48 ORE TH 5,
LR LGNS, Bk d T Y ABRORR
REBTTbh T3,

RAREEORT vy v VIRESHR IR T v S

3

Table 1 Principal dimension of model ships
and propellers

Model ship A B C D

Length
Lpp (m) 4.0 4.0 7.0 9.0

Breadth
B (m) 0.4 0.4 1.0 1.64

draft d (m)| 0.25 0.24 0.42 | 0.67

L/B 10.0 [10.0 | 7.0 | 5.5
Bjd 1.60 1.67 2.40 2.46
Cs 0.44 0.45 0.57 0.82
Cp 0.67 0.57 0.60 0.83
Cu | 0.67 0.79 0.95 0.99
Reynolds No. |5 5« 1093.7x 108 1.6 x 10 1.3 % 107
0.20% | 0.20% '
Propeller
diameter 0.15% | 0.16* | 0.30 0.25
DP (m)
0.10% | 0.12%

notes; * virtual propeller diameter for wake
calculation '
A mathematical ship form (wigley)
B mathematical ship form
C cargo liner
D tanker
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Fig. 16 Body plan and streamlimes of Model-C
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Fig. 20 Profiles of displacement thickness and velocity on outer
edge of boundary layer at separation section of Model-C
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Fig. 15 Profiles of displacement thickness and velocity on outer
edge of boundary layer at separation section of Model-B
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Fig. 25 Profiles of displacement thickness and velocity on outer
edge of boundary layer at separation section of Model-D
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