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           Open Water Test SerieS With Six-Bladed

                          Propeller MOdels

                                   ByAtsuo  Yazaki,  Mlembe?i*

                                      Einesuke  Kuramochi,  Mbmber'S

                                   and  Michio Takahashi, Mlamber**

                                 Abstract

 
The

 paper  records  the  result  of  experiments  with  a systematic  series  of  six-bladed  aerofoil  propeller
models,  designed in accordance  with  present-day  practice,

 Charts of series  are  shewn  by so  called  v'ffpK･8 design diagrams.

                             I. Introduction

 
Further

 to the work  on  five-bladed propellers, a paper read  in the  Society of Naval Architects of
Japan (Vol. I02).and  on  the  effect  of  number  of propeiler blades (Vol. 103), a systematic  testing  work
with

 
six-bladed

 propeller models  has  been carried  out  in the Experiment  Tank  of  Ship Propulsion
Division,

 
In

 
this

 repart,  author$  write  the  result  of this  work,  and  give the design diagrams  for the six-

bladed propellers.
                                                  Table 1

       II. Propeller Models Particulars ef  Prepeller Models

 List of  model  propellers  are  given  in Tablel.

 Constructional diagrams  and  tables, stating

all  particulars of  blade sections  of  the  AU-
series  and  the AUvr-series, are  given  in Fig.

1 ancl in the  Tables  2 to 4.

 The  AU-series  has no  wash-back,  but AUw-
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       Table  of  Ordinates for AUw-type.

Value  are  giyen as  of  Blade Width,

 Value  are  given  as  %  of  Ymax.
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Series has wash-back  on  trailing part  of blade sections.

  Experiments  have  been clone in twe  AVw-series  of  expanded-area  ratio,  namely  O,55 and  O.70, in

order  to provide means  of interpolation and  extrapolation,  and  in one  AU-series of O. 70 expanded-area

ratio,

  As  te pitch ratio,  O.5, O. 7, O.9 and  1.1 are  tested  ior all  disc-area ratios.  Pitch distribution is

constant  from  the  hub  to the tip.

  All twelve  propeller models  have  a  diameter  of  250mm,  and  are  made  of  aZuminium  alloy.
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                             III. ()en  Water

   
The

 
tests

 
were

 carriecl  out  by means  of a  propeller open

 
,･aecorcling

 te the scheme  of  the Experiment

 
'Tank

 of Ship Propulsion Division. The
.arrangement

 of  the  test instruments  is
･shown in Fig.2.

  All propeller moclels  have  been tested
,over

 a  100%  slip  range  at  an  immersion
'to

 the center  of  prepeller shaft  equal  to

 the screw  diameter, and  the  number  
of

/revolutions
 was  kept constant,  namely  12

revolutions
 per second,  and  the  speecl of

･advance varied  from  zero  to above  the

,speed  for zero  thrust.

  For fixing the net  thrust, the correction

'for
 the  resistance  of  the screw  hub  at

'vanous
 speed  of  aclvance  was  applied.

  Mean  temperature  of  water  among  these

rtest is 9. 0eC., and  the  Reynolds number
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     Table  5

List of  Reynolds  Number e･s

TypeLFosmula(1)
'

AUvvG-55

       l
Fermula(2)  Formula(3)

5,6Qxle5

 AUw6-70
          5.6oxlos
&  AU  6-70

 accovding  to the fellowing formulas  are

 Table 5. So, it is considered  scale  effeet

 gligible.

      Rni==nD21v

      Rn2  =  nD21v  
-
 aelz

      Rns==bmn'nD21v

   n::;Revolutions  per second

   Dz  Diameter  of  screw

   ae=Expanded-area  ratio

   z=Nutnber  of  blades

  bmn==Mean  blade width  ratio

   v==Kinematic  viscosity  coeMcient

  Rn=Reynolds  number

          IV. Diagrams

 (a),Curves of  Kr,

  These  curves  are  given  in Figs, 3,

I

11
5.13xl04

6.ssxl04I

 g, ggxie4
/11

 12.s2xlo.
/

O.7

a6･

e.s

O.7

O.6

 O.5>Et9

 .e-4-Lx

 O.3

O,2

a

o

as  inis

 ne-

(1)(2)(3)

Ke  ancl  epo on  a  base of  J;
          4 and  5.

O.8e.7o,6

 g
   lto,5

 SVO.4
 yia3kO.2e,to

o  ar a2  a3  a"s o,S a6  a7as･ae  /,o Ll t:2

         J= VE,>tD

          Fig,4

S'5
P'.akl'

 a3

O.2

at

o

AU.6-55
coNsrnNrp/rc"
EXRA.R.-･0.550
BossreArlo-o.1so'
B.T,/?.-O,050
reAKEA)VlfIE-!oto,

EXPERXntErvr/"IERreRArtaN
KeKrnt'"--L-'rmr

-I-

IJttt.tt'''

ls
xN9

s1I..

xxl's(,' f-'trl

icL+tr

xS･pKx'D

>xNxLx

N x･

'' xxx-'

xxxxx''x

xxxNNxNxNxxNXxi'

oato,za3a4asa6o.7o.sagf.bt.t1.2

O, 
'8

O.7

O.6

e.sgyb

 O,4LkO,3

a2

o,/

J!' vah7p

   Fig.3

O o al  a2  a3  a4 as-a6  
'a7as

 ae  to

           V-  LZx31D

            Fig.5

O.8a.7o.6

 e
  lto.5

 S)'O.4't

  `},a3a2e.to

'

'BossRArto-o.1so

AUv6"70
ceAtsrAlvrplTcff
EX)P.A.1?,-O.700

B.LR.--O.050..t

EAapEfetekNrrvrmpoR4norv
'RAKEAIVCZE-.Ioco･'f:

--;--"---

'

x ¢

×
xNk

b

xx-x'xeAx 'ttl1
sxN-txNKNx･p I?1

NxxNx'xN ! vx.
･Qxl...Nk 'K

L･:'r-

O.･NSN･alx
xNx･Ngo;o

x

×
N"tt'x

xxthftxX'

Kx.'N

NNNNx･xNNNxx-

  O.8

  O,7

   O.6 ce･
     R

   o.5 S)"
   O.4 ",
   o.3 "e

   O.2

   at

   oLf
 n2

NII-Electronic  Mbrary  



The Society of Naval Architects of Japan

NII-Electronic Library Service

TheSociety  ofNavalArchitects  ofJapan

OpenWater  Test Series With  Six-Bladed-s nH s
PropellerMedels

     The  meaning  of  symbols  is as  follows: -

                          KT  
==:
 Thrust coeMcient=  Tlpn2D4

                          K}2:=Torque  coefficient=QIPn2D5

                           not=Propeller eMciency  in open  water=K7V12-Ke

                           
l=

 Advance  ceeMcient=  VLtlnD

                  
T=!Measured

 thrust  Q=Measured  torque

  (b) v/`Bp.vll{lteM'slgPneeddiaOgfraad;nas
 
Ce

 
P=Density

 
of
 
tank

 
water

  
In

 
these

 
diagrams,

 we  used  metric  units,and  density ef  sea  water  is assumed
 
as

v"gp-x.S
 
design

 
Diagrams

 are  given in Figs.6, 7and 8, Propeiler s of AUipr-type
and  7, and  AU-type  te Fig. 8.
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 The  meaning  of  symbols  is as  follows: -

           Bp=  Power  coeMcient=:  NPO･StVLd2･5

             8= Diameter  constant=swfV{A

          HID=Pitch  ratio

            N:=Revolutions per minute  fQr ship

            P  =Delivered  herse power  in sea  water

           VtL==Speed oi  advance  through  the wake  water  in knots

            D==Screw  diameter  in meter

          1 }I'=75 kg rn  sec-i

                          V.  Some  Considerations

 (a) Comparison between AU6  and  AUw6

 Table  6 gives the  relation  between  optirpum  values  of  no and  8 (which means  optimum  cliameter for

given  $peed  of  advance  and  number  of  revolutions)  forAU6  and  AUvv 6 propellers.  for various  power

coeMcient$.

                                 Table  6

AV  6-70 I AUw6-70 AUw  6-55
    VRF
               s 1 Hm  l no s i HfD  I no 

,
 s l HfD  ir-ny'J-

    
-,H

 invZ,,, 1 .,,,n"umr,',5anM7,,Vfinv  ,,g"r'  ,6s3 46.3 ,,. T ,,,, 
-

      5 l ss,e .810 .597  56.2 .818 ,60e 56,5 ,796 i ,604
     6 ] 65.7 .745 .550 65.0 .760 .5M  66.3 ,733 r ,557
      8 j 84.3 1 .667 .473 S4.0 .690 ,476 85.2  .650 1 .481
                                                                 1
     ID j 101.2  I .630 .414 lel.5 i 

.648 
,
 ,41S 104.1 ,585 1 .423

     l: Ilg:X Ig9,g. I:gg lg:i,2il5S:il:Z: l:gl: r:ig I' I&F2

         Table7  From  this table, it is known  that  AU6-70  and  AUw6--70 have

      
M'wa-'r'

 almost  same  values  of  no and  S, but in valuesof  pitch ratioAUw

              HwF/HEs  Pitch  ratio
-.mJv---  , 6is  larger than  AU6,  Moreover, AUw6-55  has  larger values  of

     O･5 O-98-O 

L-
 

no
 and  S, and  smaller  values  ef pitch ratio

 than  AUw  6-70.
     O.7 O.9co

     e.g l e.gs3 Table7give$  the ratio  of aeffective  pitch of AU6-70  and  AUw

     1･O l O･986 6-70 propellers ior various  face pitch ratio.  This  table shows  wa-

 
*HwE=uEffective

 pitch fer AVwG-70  sh  back  on  trailing  part of blade sections  decreases a  effective

  
Hw==Effective

 pitch 
for

 
AU6'70

 pitch  by about  2%.

 (b) Comparison between AU5  and  AU6,  AUw  6.

 Table 8 gives the relation  between optimurn  values  of vo and  S for blade numbers  for varieus  power

coeficients.

 Wlth  large blade area  ratio  O. 7e, as  shown  in Fig,9A,  the six-bladed  propellers  have  smaller  values

                                 Table  8

lVkF
   l6
 3 i 36.2

 4 i 46,7
   lg

 
ri
 g;I:

 s l s6,o

 le i 104.0

 12 
'
 121.S

 14 138,9

AV  5-50l

 HxD  I no

AUvv6-50*

[ H/p  I vp

AU5-7e

s sl  HID  I no

AUS-70$*

s [ H!D no

i 1,e32

  ,888
  .788
  .720
  ,635
  .583
  .550
  .525

I ,72s]
 ,672l,
 .613i
 .564
  .483
  .425
  .S80
  .343

J11

i1/

35.846,35G.666,485,6les,on3.3141.3i 1.067 i･ .720

I. iijg,5 I i2k'
,i
 .725 ･ .55S'1･
 .637 l .ra3
l .ss4 i

 .e5

i l,sg" Ig::'T

3s,4 I 1,los i

45.8 1 .941
55.5 , .849
64r6 I ･787
ss.3 l .707 1
lol.1 l .6s2
IZS.1 .614
135.0 .585

,720 1 35,S Los5  .71e
,661 1 es,2

Ig:5, 
'
 g:l;

.472
 i 84.3

    1.410 101,2
    1.364

 l 118,5

.331 134,7

  ,900 .652

  Sl: l 1:9,,,,
  ,667

 ! 
.473

     1
  .6SO .414
     [
  ･595 r ･371
     '
, .575 l .so5

*zaExtrapolated
 irom  AUw  6-55 and  AUw  6-70

Extrapolated  from  AU  5-50 and  AU  5-65
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of  ethciency  in low  power  ceeMcients,  and  have  ]arger values  oi  eMciency  in high  power  coeMcients

than
 these  values  of  the fiye-bladed prepellers.

  Ancl, with  small  blade area  ratio  O. 50, as  shown  in Fig,9B,  propeller eMciency  of  five-bladed pro-

pellers is better in low  power  coethcidnts  and  worse  in high  power  coeMcients,  and  cliameter constant

is larger in low pewer  coeMcients  and  smaller  in high power  coeracients,  than  these values  ef six-

bladed propellers.

  (c) Numerical  examples

  Below is given some  numerical  examples  showing  the  principal dimensions  of  the  optimum  screws

designed with  the  aid  of  the  systernatic  AU  and  AUw  screw  series  diagrams  for some  single  screw

ships.

  
'(1)

 Catcher beat (780 GT  class)

  Say BHP=3,500ff', Ar==180 and  VA  =15.  1 knots, result  ef  screw  design with  five and  six-bladed

propellers having  sarne  expanded-area  ratio  O, 50 is as  Table  9.

                                           Table  9

PropellerTypei

AU575eAUw6-50

Number  of  Blades  Diameter  (m) : Pitch  Ratio
t )

56

'Ptopeller

 Efficieney(%)

3.4403.deO1j O.960O,948

1.Il1･l'
70,468.9

(2)Say
 PHigh

 speed

=15,  OOO H),cargo

 boat (15, OOO  DWT

N:=120, Vlii= 13.3 knotsclass)and ae=O.55,  result  of s¢ rew

 Table  10

design is asTable  10,

Propeller  Type  Number

  AU5-55

  AUw6-55  r
             1

ef  Blades

56

I Diameter  (m)
;

Ptich  Ratio

6.1506.210± O.mo9O.795

Propeller  Etiiciency (%)

6L560.8

(3)(A)(B)SuperSay

 PSay

 P

tanker  (46,
r  24, OOe  IP,

==  24, ooe }?,

OOO DWT  class)

N=120,  VLt=:11.6

N=350,  VLA=10.8knots

 and  ae=O,65,

knots and  ae=O.  65,result

 of  screw

result  of  screwdesign

 is as

design is asTableTable

NII-Electronic

11,12.
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       Table  11

Prepe!ler  Type  I Nurnber of  Blades  Diameter(m)  Pitcb  Ratio  I Propeller  EMciency(%)
          1 1

                                1
  AU5-65  5 6S70  i O,75e  ua.9

  AVw6-65  6 S.nO O.736 53.9

                        Table  l2

Prope11er  Type

AU  5-fi5AUw6-65

Number  of  Blades

56

         l
Diameter(m)c  Pjtch  Ratio

, .L

3.6003,670E O.620e.sgo

Propeller  EMciency(%)

37.037.8
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