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An Investigation of Longitudinal Motion of the Slender-type Body at Fully Submerged Condition
(Part 3 On the Experimental and Empirical Estimation Method of the Hydrodynamic Stability Derivatives)

by Toshikazu Murakami, Member

Summary

This paper consists of two parts. The first part is on the outline of renewed large forced motion mechanism to be used in the
maneuvering test on submerged body and surface ship model in the large towing tank of Meguro Model Basin, and model test
method. The second part is on the construction of empirical estimation method of hydrodynamic derivatives of two-dimensional
linearized equation of longitudinal motion of submerged body utilizing the test results of 37 models of various hull forms and their
about 250 model configurations. The empirical estimation method is summarized in functional forms. The hydrodynamic
derivatives of hull are expressed as function of equivalent length to diameter ratio, and the contribution of control surface and
propeller to the hydrodynamic derivatives are expressed by interference coefficients as function of diameter to span of exposed
control surface ratio ,and propeller diameter to hull diameter ratio, based on their open water characteristics respectively.
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Fig.1 Definition of axes and motion coordinates

(arrows indicate positive direction)
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Table 1 Definition of non-dimensionalization
PHYSICAL QUALITY DIMENSIONAL | NON-DIMENSIONALIZATION | NON-DIMENSIONAL
QUANTITY | FACTOR QUANTITY
ANGULAR VELOCITY @ Vv o
ANGULAR ACCELERATION & vyv &
BUOYANCY B 05pgVy B
FORCE F 05pv22V?2 Ce
LENGTH L w3 ]
LINEAR VELOCITY Y v
LINEAR ACCELERATION v Vi g
MASS m 05pv f
MOMENT M 05p7V? Cu
MOMENT CF INERTIA I 05pV i
TIME t Vaal ;
NOTE V :DISPLACED VOLUME OF NAKED HULL
V: VELOCITY

p :DENSITY OF FLUID
g : ACCELERATION OF GRAVITY

Czs = (m —Czw)w
Czc=Czw w
)

Cms = —(me+rhfcc)va

Cmc =Cmww
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Czs =(m+Czq)q
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Fig.2 Schematic arrangement of large forced motion mechanism
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Table 2  Statistical values of model principal particulars

Lm) | Dm) | V(m) | L D | Cp | (LUDka

Minimum 1.500 | 0.168 0.052 291 | 0.531 299
Maximum 5.000 | 0.800 1.125 14.07 | 0.953 | 1237
Mean 2170 | 0419 0.328 7.09 | 0.715 6.79

Std Deviation | 1.080 | 0.115 0.232 3.27 | 0.130 3.15

S-TYPE T-TYPE M-TYPE

HULL FORM

Fig.6 Classification of hull forms
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Fig.7 Effect of immersion on drag coefficient

(M.T.=S, M.C.=HSR, L=4.000m, Rn=1.026 X 107)
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Fig.12 Effect of propeller diameter on dynamic hydrodynamic
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Table 3 Example of effect of amplitude on hydrodynamic

derivatives
MODEL CONFIGURATION NAKED ALL APPENDED
9, 3° 5° 3 5°
Czw -0221] -0202| -0847] -0.846
Caw -1.852] -1882] -1852 -1.821
Czq -0.283| -0460| -0.618] -1.141
HYDRODYNAMIC |  czg -0.107] -0.090{ -0.756 -0.724
DERIVATIVE Cmw 1.286]  1.386]  0.612] 0713
Cmw 0.107] _0.123] -0513] -0362
Cmq -0452| -0443| -3070, -3.278
Cmg -1542| -1.480] -1.610] -1.681

Pl EDkgat & E 2 TIT - e KRB RO % Fig.13
WZEDEEHTHLE,

2B AL TIZE— A v MCE$ B O EREEIL LB
EORLICEATZ2HOTH D,

NI | -El ectronic Library Service



The Japan Soci

131

ety of Naval Architects and Ocean Engineers
R K IEOREEENZ B D05
c | DATA SOUGHT TEST RESULT

Cza
Cma

Cz,Cm

S
=
=<
(922
Czdef Czdea
Cmdef Cmdea §
3
0,08
40 -30 -20 110 O 10 20 30 40 40 30 20 10 O 10 20 30 40
Bef(degree) Sea(degres)
06 e e e 06
. : 04
Czw  Czw ‘
: 0.2
Cmw Cmw -. & ,
2 8
02
: 04
08 i L 1 06 i i
Q 0 01 02 03 04 05 0 005 01 0.15
3 & w
£ 1 T im T
5 _
Czq Czq
0 €
Cmg Cmg ;
Z -
o Cxu
=
L
—1
Ll
3
< S S S
0 005 01 015 02 025
a(mvs’)
Fig.13 Example of test results
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4.3 BHEBRRCDNEBBEROLE

IR TR O L D MAZELIZBET 5 IR % Cza
KA Cma L BHFREBTRD LD Czw B LU Cmw 13, #
HORBR TR AN A 2 FFHIZ DT TR D 2 DTt LEIRY
RER TN A & ESXRIC R S TR S H DO TAREMIZ
HRICHEDTH D, D% T 572010, 5k Oy
ORI SN TDZNHH#ESRE A L D LD T Fig14 IZ
X L7z,

[Czw]naked
[Cmw]naked

[{Czw)with app.
e NGO
<
{Cmw]with app.

0
[Cma}with app.

[Cza)with ap;_a.

Fig.14 Comparison between static and dynamic test results of

linear velocity derivatives

T ORISR R SRR RIRBR AT
JE B OEH TR NOF OMB 2 BRWTIZIE—FKT 5 &
Wz kI,

FrRORER TIRERERT R RV CEME TEHAI L 7= o TR
EEEBNRRICL > TRAELO LV ENITHEEDO I VD
EEZOND U EOZ LIFBHRBOEHEEALHEET DD
DTHBHEEZTINTHA I,

4.4 HREERRORRNBELI-
Bax

A SRR BB C AR S O JFU & S DAL TEM S
LI EBARTERERDND D, Z OHER DAL MEREK
EHETDRAICET D b OICBMET 5 HFIEIC O TR~
.

RN Ar ZHBEN TR 2 1Bk L, EhERD
FARICHET 2#BICTRAF IR 22252 &,

SORNARUEBD

A AR 5

DRE FT1 5 2008 £ 6 H

Fpi=Fh
MH,ZZMH]—AFF}{,I
V2=V1+&)]Ar
V2=V1+6510Ar+a~)1(f)1dr >(1])

WHr=wy

W= )
THHNDL, T bEHRNDMEEERT Tieo (12), (13) R

IR L,

F,{:a—FV+a—E&+a—F0):a—Ed)+£§ (12)
ov v Ow oo 06
M=y M M M M s )

ov ov ow ow

FRAFTIGETFE R T b0 LT 5L 0=(p.q ) DL
X GIROME EREND~ N v 7 AERTHLOTH S,

(14)
-9 p 0

iz, Ar=(AX, 0,Az)" & LT, ZO#55%% Table 1 12757
TERITTACDERIZHE > TERITILT D &

[Czw] = [Czw], \
[Cmw] ;= [Cmw] |—Az [Cxw] |+ X [Czw]
[Czq] ,= [CZ‘]]/*A":'[CZ“L*A’AC[CZW]/
[mq] ;= [Cmq] +Ax{ [Czq] +[ Cmw] | }—Az{ [Cxq] /+[ Cmu ] }
+ (A ) [Caw] = ARAZY[ Czu ] +[ Cxw] p+ (42 ) [Cxu]

[Czw] = [OW],

[Cmw] ,= [Cmw] | —A2 [Cxw] 1+ A% [Czw] ,

[C24] ,= [C2q] | — A2 [Czu] + AL [Czw]

[Cmq] ;= [Cmg] + A{ [Czq] +[ Cmw ] | }—A2{ [Cxq] 1+ Crmii ] }}
(%) [Cow] | —MRAG([ Czit ] +[ Cxwv] ) + (42 ) [Cxii]

&(15)

[C25],= [C25],
[CmS ] ,= [CmS ], —A[CxS ] +45[C25], J

45 MREZKMEBHEREENZREROLE

EROTRNWBREIREOFEIZ LV RDEN D0 HE
\ZHREA 8 D D T | BT I KRR O 2 73 1R BRI
fokoohiborHEMI 5 LT,

FEMITBITDFH 2 S IRBRIILU TS Fikic k-
TiThihd, ML —ERE, —EEE TERMEL L2k,
RE A BREA O VLT R B S B THUE
FENWZRDEITINRNTRAINZ IR AZ 7 OEHEK
ROBKEITV, ZOROMOEEM, oM, FHAEED
BARBEFHAL T, 20D SERAT IR DOTIIC
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XTH) T FROBE— AL MREDIKRDOND, Z ORERE
E»5E N5 HNIMGAEIE WIND AXIS (B35 b D7
DO THARERBRERIZL D O, ZOEEZET A L0
HE L7,

Fig.15 (ZHERIRER K ONEMBER) bR b Iz it IR

BTN K AR D REEE) B AT 133
GEOMETRICAL {: > = o+t
SYMBOLICAL HRP=H+R+P
[Ciil, o, =ICill +ICiil HCil  , +(Cill,, )
HYDRODYNAMICAL . N
+([Cijl,,+[Ciil,,(H,+[Cii],,m,’f[CiJ]H(,,;[Cu]m,,))

HOMBBEZREELO TR AL, 205 DR D5 mRER
BORICIZILA JVABRICKRERERH DHIZH D 6T
W WFERIRBR A H B T E BB,

T T T 5T T T T
R g s 1
-3 2 ig
£ 2, ; 50
3 b T~ e S S -
g B fe]
8 g e
N L, O ........................ 4
0.1 : 05
1 1 1 1 1 1
{Cla)mode! [Cma)model
T T T T T T T T
o
£ a
[} £
[}
] 5
=) £
o
101
[Cm3eflmodet
T T
IR s, o] S e
e |l .8/ I -
& : 2, : :
3 ; S T :
2 | f LS i
o : Q, H :
® ; § o z
'e {04 ' 02
i 11 [ ul ol i i
[Clsea)model [Cméea)model

Fig.15 Comparison between model and ship test results of linear

velocity and control surface effectiveness derivatives

5. AMBERERZHA L-AMURBOHE X

5.1 HEZDERNERS

HeE RO AN 7235 2 K PRER2EO TR
ERXAROKM E BERBOMAETHFICL E O FHEOT
BHEEZ . ZOBEZFHIHLTEBRREREZLVELDD
ZEET B, ZOEBXFEMMBIE, KOT a T 0K
MR HI & > T Fig 16 (IZBR LT,

Fig.16 Decomposition of configuration

LRDOEBZFICH > THRAMBRK[C)EEETTLRD
XD, [CylidsF I —DWAHRE T, C g 2 >0
TIRAFICE T 2 BKTOMNMEEE . FTIRAFO—FH
FEAXEFE—A e ZFRITEHEEERTHLOTH S,

[Cil irp=[C il it [Cil [ Cigf Rty [ Cisf rmy [ Cil p
HCil payt{ Ci pry [ Cild emy H Cifl rep)
I I CTHAMRE DO FIRZ FITEROBFTH D | EHRZN
2 SH L5 EIIIEINO N O BERORHAED O ZFE ORI
HELREFETILEERL TS, ERTLRNOZALZRD S
Tl BROSEEREBENTEONOT, ERELFIH
LEWESCEDELEDD &,

[Ci usr=[Cy] i {[Ci] ur— Cyl 1} +{[C11]HRP’[C1];]HR}(16)
AR ITE D,
bRz & HIZEERIR IR TIERILT 5 &

[CyIrnpnr) [CyIuipyrepyspcyercr) 17
C, =[C, ] y+—L T O ] g g —— LT (G (17)
[Cylurr=1Cy 1y [Cy Ina [Cyilrs [Cylrs [Cii]ps

=[Cy ] u+[K; I RlCy I s+ Ky ] p[Ci T s

& %% £ nsn, ZZ VG[Cij]R’B,[Cij]p!B AR RS %3&1
BRO7aXToFMERERTLOTHD,

5.2 NILOFTAORESK
MERIRHEAEORRE ED L EERREIICp £ LD TH
%, MR EEREAE O W RIS ME RS RE SR L
D ZOfEIX LD IZKE ARFE LTS Z L. POINTED
TAIL O FREED M INE BREUTR & & B D% L W [EERFE
MEOMERFEREEBRE LW E B 222 T, B0
&Di&bm%tofm[%k; %g
LEBINDFEMAR(LMD) ZERTDHI LT LI, KA
BARER & (L/D) RBIRE & 0 £ LT Figl7 IZERT 5,
72, MHEDOH—TIE(L/D)eq.? 2 IR TKRDERIZIEE S 1
Do
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1.5 T T
[Cza] jy=—0.51671-0.1727(L/D) ,,,~0.00024342(L/D) e > W : :
[C2#] 1= 1.0645-0.13904(L/D) ,, +0.0070363(L/D) g* B |
[C2q] yy=—0.14395-0.057213(L/D) ., +0.00018164(L/D) g §"
[C24] g =0.079-0.036844(L/D) o, +0.00044466(L/D) o > 8 Sos | ? .
[Cma ] ;;=0.92749+0.079205(L/D) ,, ~0.0025531(L/D) g f : :
[Cmiv] 1= 0.24809-0.056639(L/D) o, ~0.0028555(L/D) eg > s s 10 5
(L/D)eq.
[Cmq] y=—0.30285+0.012239(L/D) 4, ~0.0027666(L/D) eg > _ o . , .
Fig.18 Variation of destabilizing moment ratio with equivalent

[Cmg] yy=—0.4472+0.11216(L/D) . —0.035975(L/D) cq.” ) _
" @ “ J length to diameter ratio of hull

HARG A CRERADOMAEDOEIZE & SE—A S b

i Munk' iz ko THMERRE K, k, ZAVTHD LS SORND Z ORELD IR <725 Lha <2 oMH

FNRHLHN, FE—ETHD I ERaN5, FOEHEZ

WIZRDLENTNEDT
0.758 TH 5, FHAMENPBARIRAEFOME L 0 /NS VO ITERE
M =§V2v(k2 _k, )sin2a (19) R TAETIMWIZYL &S5 HIC LD STABILIZING
MOMENT B3 5026 EE X LN TWVWA,
INERDBBREORIZET £ Bl ARG T OBz L > TRETHE— A
Cma=2(k,—k,) 20) k& Mi EBREZ M. T ORREAT DB IIIET D Z2 HHn

F LY Lo OFFC TS L4 5 &
LB, TOBLEREOKERD. V5Ll bOE ‘

Fig.18 12”7, M=Mi-LzoXZ 1
LET S, BloZoXaeERub L, A v MBI WS
2 T . .
’ BRI B
05 15 -
g oalon : 4 Cma. = Cma, i —ClzaX Cza (22)
g : © . :
8 b — 08 o2l S : L72%, Clzat % Fig.19 {Z(L/D)eg N — AR LTz, £72K
2 : ; 0 . - L o
0 5 Wora 10 15 0 (UDjeq
. , ’ , Clzow = 0.5450+0.12887(L/D),, (23)
T ey LB D, X L20 L AR L DR RO TR LI b 0N
3" Boofope—t—ftom Fig20 Tdh 5, B dhi#RIE
3t o, o o
“r _ *r ‘ ] Lo /L =0.76598 —0.0018842(L/D)., (24)
5 i L -1 L L
° S wom ’ * e * LEXHLIISNAN Fig20 2 5ERMICEL T LDE
° . 3 JNZIE D ERDOK 1T%DAEIZEAEL THWDIDOTHA
wbog ] s eemEh,
. i PR - %\3 o
§ g . ]
08 1 S g6 bt ER
o : a 5 T T
08 oo e 08 L 4
S I N Y B P IS B S ]
0 5 (WDe, 10 15 [ 5 Wola 10 15
3 T -
’ &
_{ -2 i 2 b
i At _
. ] Lt o T
ol " T I 0
2 ; . 10 - i 0 5 10 15
0 5 WDjeq. 10 15 [ 5 W 10 15 (L/D)eq
Fig.17 Relationship between hydrodynamic derivatives of hull Fig.19 Variation of non dimensional lift position with
and equivalent length to diameter ratio of hull equivalent length to diameter ratio of hull
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R T E K AR DOREEEN B DT 135
5 T T
15 T T o
<o : 4 s
T oo@D """ D """""""" 5 ) B b g T
3 3 BT *
E S & o g Oa~_o 2 U R
05 kv UTURRRO R _
5 : 4 b A .
0 é i o
0 5 10 15 (L/D)eq.
(LD)eq.

Fig.20 Variation of I lift position with slender ratio in static test

AR EE ., [EIE A ANE I B 5 i AR 3K Lamb' VoK
DI ATINE BRH TEBMICERBIR D,

Zw=—pV xk, 25)

THoHnb, BERETORIBAEITRORIIET 5,

Cow,l =—2k, (26)
(4] T T
_0.5 S R LR -
=" S & a OD o o ©
% PRI ST S _O_O_'f .......... Q- [ 0 .
[&]
- S S T 4
-2 I 1
(o] 5 10 15
(L/D)eq.

Fig.21 Variation of vertical virtual mass ratio with slender ratio
LEREOMEEEREOLE L - T Fig2l (Z/RL7E, XEF
D HFR L

Co/2k ;= —0.929 +0.0024606(L/D),,, 27)

LEXHLITENDD, EBREIBBAREFOMEOK 93%
L —FET . / WVORRIZBEBRLWZ EBah 5, FRERIC,
BEEMAEOEREZ o, HEE b ETHL

5

A4¢1:—p§%ﬂawaf+b0xk%r~§pv3xk" (28)

LEIRINDIOTERTICDOERICWEST. K"EFETRD,
ZOEEERE L OBRIER Lz, #05 DOfER % Fig.22
K (X Fig.23 12537, Fig.23 7> 5 #HAMEIZ K > TV B 43
AR b ElERA MR E T 52— A FORS
WRE & Uik 3 % 1A S P 44 o BRAB AR h ol 2 i
HLTHEWESTH B,

Fig.22 Eginalent virtual moment of inertia £ in out definition

0 5 10 15
(LD)eq.

Fig.23 Variation of moment of inertia ratio with slender ratio

Czq EART V¥ VR EBERICL L O bDITK D E
BEND EMNEL., Kx[Czqli &[Czqlf £ EE, FIIXRT
VX AFIZE &S L OITINEBREE k, TREIND L
T5HE

[Czqlf =[Czq] ~[Czq]i =[Czq] — 2k, (29)

LD, ZZTOmq TR TEBRICEZ LD LEEL T,
INLOkERD TCHEBAREILL EOHIOEFNA
Lzg, f %3RO T, FOEKTE L £RIZEAT HLE % Fig.24
& Fig25 IZBIR LTz, 2 b 0K E R RN LR
7= Fig.19, Fig.20 # < B3 L BHIREBREF O ) D& H R1X
FHHRBREEOMBE X D ENRIFICH DD TR NP L HR
INns,

5 T ° T
4 - & e .
a
- 3
g
N
° 2
.
0
0 5 10 15
(LUD)eq.
Fig.24 Nondimensional position of lift in dynamic test

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

136 AR LY CE BT 5 2008 4 6 A
1 g © ! LEIT D, Fio. Fig26 1IR TS 2 W CTRERM O INE
08 Lo O . S | B
2
< 06 YL S S TN B
g 1+4 b
J o4 P
° : ° o o
02 [ @0 LD RTINS DT 1O, BEASBIR B I, f ML
o : ; B 2 RPN BUR BT lncn ZAERL L BOBOR S &
0 5 10 15 T5HE, RORICEETRIND,
(UD)eq.
Fig.25 Position of lift in dynamic test p—Ct A
5.3 MI=E BRAMER . O\

NVDOREFHMOEENIIKE BT D, LizndoT
LAk WAL ST AnCa7A): iU D AP EVAT RN NN 3/ ST (AN F o7 g8
TWHRIEREICS E O BEL TR 28EEZ TS L,
IV DFEAT H DOWN WASH 50V it UP WASH DO % it
BEZT AMALANOINA L IZR oD THB EEZ
Lhd, ETEIRERBOEEBLZTH LB NS, HIZ
B RBREOREOBREN E D D h b ERMA I T
R, Lo T, 206 OREDUR SRR RE T84 ok
DB LIFBEDOF, RAJRE/L DT, SEORKUEREL L TF

= EXPOSED CONTROL SURFACE AREA, Ae

Fig.26 Definition of control surface parameters

\
FTHE P OAEEAIERE & L T Whicker & Felner 1 & » TH& X [CoWv] g g=—m gx2x——
’ \%
N OFROK (300 FHRA LU L = oK . o
N . s s [Cmw] g p=[Czw] xlycp
RO E RO TFBEIEE T 5 2 & 12 Uiz, FUARIICK \ 39
S CREE RIET OIMEOR 0 1 E R OREDZE A L [C24] g p=[C2] xIpycp
NMEBONNOERLEOEOLEEZ NN FEOER Y i _ -,
N . N [Cmq] p g=[CW] g pxlpcp )
LB IXZ O KEZ B E2ED 80 J1E 90%DILEILH 5 DT
BREET—IOLYFLDIHLSTHRATSZ Lic Lk, P18 6 LT 45 FEREROTE AR & SR D b % R i
[Cla] 0.9x 2ra, 30) B AMEICBI L TIIAEO =PI B IZ BT 5/ VO ER
a -=
¥ \/ e d LRIEb O (db) £A— AT, NEE. AIEEICEL
cos 2 c—+4+18 . -
cos” 2 TR R OMLEIC BT B/ VL OEE d (he) & EiEb Ok

(d/b) (hc) Z_—RIZ, L0 FEDHTFig27 ICKR L7z, %
7o, RF ORI —RA TS 5 & ROBFIINHT B,

I Ta AT AT b, Qi 174 RERO%IEA

2RT,
ZORE D LRENBIMET B EE, AR B S [Kza ] g=1.21+2.59(d/b) )
HITE D BAREIT Laep EREDZENT L L ELBOE S L+ 5 [Kz#] = 0.880+ 1.72(d/b) (hc)
& [Kzq] p=3.95+16.1(d/b)
[KG ] x=0.774+0.363(d/b)(hc) > 4)
4 \ [Kma ] g=—0.129+0.545(d/b)
[C.a]ps=—[Cla]x=% [Kmw] o= 0.267 +4.41(d/b)(hc)
v’ [Kmq] y=—4.53+17.8(d/b)
[Cryalrp=[C.a] ggxlcp >(31) [Kmq ] = 0.0259+ 5.43(d/b)(hc) J/
[Czq] g p=1[C. a]R,BXiACB
[Cmq]R.B:[Cza]R,BXiACBz J
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Fig.27 Variation of control surface interference coefficient with

diameter span ratio

Fig.27 7> & &I PR E O TR [Kijlranme) 1% db D
BN L oK E S RBEANH LDV F OIS H -
TW5h, BISHEE RO EE BT 5 hisierss 3HE L
7= Cza % BRI N #86R 8 & U CEE L Fig27 (C@FHITH
LI, TOMBIIRE 1 2L 2 THE, ZOBEEFRE X
% L BHIRERD RO T2 Czo, THULOD I AR O BERS & HE
ETHIENAREE NI XL FIZ@OHITRLIZBDE—IK
ATxT L

[Kzq] o= 0.406 + 1.45(b/d)

[Kma ] p=0.455+ 1.35(d/b) (35)
[Kmq] p=0.642 + 1.70(d/b)

LET D, ERoXTRFEROAL D EEFEER LV, L
Mo TEHEILT Cza % FERERIPE MR E L TRAW R
JOTFRPHKZOTIEBRVNEE X, THHEK
[KzOrymry %2 VIAARBINC #h#R TifEl U Fig.28 (2R LTz,
ZORNPBAVORCRIET R LB NVICRIETE
R LELDEAINORRIZE S TRELSERD Z 0
ND, 2 ZTRKEW TAIL CUT % & DMEIDO AN AFLROIEE
REMNRE W L ITHEOFE AT H TRAILING VORTEX 75

NDOBHOFEHE RELSEZTWBEHTIERV L BiX
ha,

R(H)+H(R)

[Kza)

db
Fig.28 Control surface interference coefficient of various

configurations

5.4 TARSICKDIRAREEK

7RG IEATH T T8 AoV & & O AMEaERIT
Hom AEELER N H LD T, = ORE LB DR
HELTHRALE,

2
[Crafpym L AV -z Cr= F (36)

2
1+Cr 5 EpAPV,,Z

Ap, VplZFNFN T X7 EE. KO T aXTRAEES:
KT, 7oRITBAEETEMREOFHFHRBRLIKRES
2. RHOBEIITHE PLoRO-RAEEZIZTIVTH
A9,

(1= W) wiry app =0.2939 +1.006(Dp/D) — 0.4268(Dp/D)*  (37)

TaRTHRLEFLEOEBE b TH L, TaRTHR
BEER 9 2 i BE e OV i B2 B89 Dt o0 AL RRE Rt /1 AR B
EFROLZHOTKRORICEERTED,

[Cma]p = [Cza]FyBxl!PB
[Czq]p = Cza]P,BxiPB (38)

[Cmq] p p== Cza]P,BXZPBZ

IHhHORERANTT T ICET L FEMREE L &0,
EVFELDTFig29 IR, Fig29 2 &0 ELdHBIzYo
T, a2 OTEHREIE T SO ORE S LS
ORXZERPYETLEEX, FEOREW (b) & VDE
£ (D) DlETuRFERE (D) ENVOEREDLLOREE
ST & o 72, Fig.29 O AR TEBIL THRO X 1
FENTHLINTHS I,
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P

[Kzo], [Kmal, [Kzq], [Kma]
w

0.1 02 03 04 05 06
(be/D)(Dp/D)
Fig.29 Propeller interference coefficient of various

configurations
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KR EEND,
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