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Induced Velocity of Propellers at Zero Advanced

   Ratio in Consideration of Slip Stream Contraction

by M.  Takeshige＊

1.  Summary

  The formula for the calculation of propellers has been jntroduced by M.  lwasaki， S.  Kawada T， Mo

rjya.  Applyjng these formula in the calculation， the cylindrical voltex sheets have constant radius without

contraction . 

  Practically vjsualisation of the flow through a model roter by means of smoke has shown the contrac

tjon of the herjcal wake， so the author tried to lead the formula in consideration of sljpstream contracti-

on， using Morjya's mathematical expression for the herical wake

2.  List of Symbots

q : parametric varjable of a helix

/V:number of blades

V : velocity of oncoming flow

S2 : angular velocity of propeller

h : V/9

r : circulatjon round a blade

r : distance of any blade element from axjs of propeller

r' : djstance of any blade element from the axis of propeller which is located on the y-axis

R : tip radjus of propeller

R : distance between the point P on the helical vortex filament and the point e which is located on

   the blade passing through the y-axis

ds : length of vortex element

ッ :angle measured between tanzentjal line a目he point P and the line P(～

Z : corresponding speed ratio of the propeller

3.  Co-ordinate System used in the Desciiption of Herical wake. 

  For a description of the helical wake， a non-rotating co-ord inate system fixed in space.  The cartesian

co-ordinates x， y， z or cylindrical polar co-ordinates r， q， z will be used wjth the usual relationships

/between them. 

  if the position of P is stated in cylindrical co-ordinates P(x'， y'， z')，its cylindrical co-ordinates are

igiven by (See Fig.  1)

       J，cノ?'q，〆＝re-pa COS qiC  ピ＝re＋pa sin靴

     with r positive and op is parameter
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Fig.  1 the geometrical relations of the wake spir1

4 Basic Equation

  In the Biot-Savart law， the following expression is obtained for the jnduced velocjty dw at the point Q

due to an element of length ds on the wake helix of strength dr at the point P

                     dr sjnジ       ，
                      4π . 天2ds               dw ＝一

   where Rrm＝PO＝＝Vh-t q l｝F(Ftg?ii5-66g-i5ie H pq cos q k7＝一7'ii-17 F-i2＋r12E＝'2i2tts i n2 q ic

                ＝～/アi2ε一2Pq-2r r/e一 Pψcos qiC十r/2十h2 q2

The equation of the line PQ can be written as

               x    アー〆           ζ

               hop 一re-Pep cos opic-r'一rerPep sin qh

   and the equation of tangent of the herical wake at the point p can therefore be written as

              X-hψ  アーre一Prp COSψた  Z-re-Pq sinψk

                h 一一 rpe'' pq sinψr rpe-Pg COS伽

where
. レ

g.  1n v ＝

/1 rerPep cos qic-r' rerPrp sin                              re-pa sinψん hψ12                          殊i2

Lrpe-pep sin qic rpe-pq cos qk一 1＋i rpe-pep c6s qk h i'＋

h- 争鼈黷 VE:':iiE」pep-6E. lis- 狽?r i？

lh. 一一一一r-p. e-pg-sinqk l

                        R・～/'h？「平一7互「弄2Pψ

   and ds-Vζdxつ2. :Fてみづ奮「不て∂～う融一》ん葬戸ラ28-2P・dq

The indnced velocity js perpendicular to R and ds. 

lf djrections of cosine are given as 1， m， and n， we oblain

i1如＋m(re-Pψcos gP・iC一〆)＋nre-pq sin伽＝0
  1/

ilh＋m(一rpe＋P¢cos OPk)＋ηρ18-pq sin qk＝0

一一
^1！;欝鋸疹1二;二:訟111∴S謙;！l

then direction of cosine becomes respectively

l一ﾚ濃一瀦∴欝1鷺
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         1re-Pep sinψん hψ
     m＝＝ 4
           rアe-Pψ COS ψ配  h

         lihg一 re-Pep cos qk-r'i
      n＝ 'Zl'h rpe-pq sin qk

Here the element of indnccd velocity in the x一， y一，

    伽。一当「酔cos gん一〆「e-Pψ si'' 'fk idw

           -rpe'Pq sm q ic rpe-Prp cos opic I

    伽 三婆呈。紹1伽

    伽・一鷲∴監〆1伽

or dwx ＝＝ ldw dwy ＝＝ mdw dwz ＝＝ ndw

and z-directions at the pojnt e are given by. 
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                  Fig. 2the speed diagram for 1he blade element at radjus〆. 

so that the induced velocity which is normal重。 the resultant speed～/V2十(r'の2 aUhe point(～(o. 

 becomes  dwn＝dwx cosφ一dwz sinφ

                                  v                  97ノ

             ＝▽v・＋s？・，乃''wマ1マー砺・2・伽

 substituting Biot-Savart raw

               dr  sinり    9r！ 1-Vn
            ＝一4πR・ds▽v・;IJ)・ア互

 using equation sin り， ds，'and〃. 

               S2「「ノθ一Pca「e-Pψcos Vk一〆  sinψk-Vhi q「e｝ Pq COS. 9k一ノノ1

       産璽    一rpe'P・sin・ρりC・S・… ト‘一rpe-eg-Sln・・k…
 dWnニー                            v砂＋(アの2   4n R3

   dr .  一(2(rr' pe'pe(re-pq-r，

＝. 一 黷ﾌ

   dr
   4釈の

・・…)＋一
吹ore一…(P。・i・。・＋・・…)一〆｝〕

     ～/r2e-pa-2rr！8-Pφcosψκ十r/2十h至「ひ23～/〃24＝てグ！S2)2

k・蓑・・一・・礎・・一裳・・…の＋(瀞2 穣・一・・(P，・i…＋・・…)一餐｝

r'.  O)
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  by introducing the nondimensional quantities

                           r . .  r' .  V
                        ξコーR，  ξ！＝-】更andλ＝. 諏一一

             dr e. ei pe-pq(e. e-pq-ei cos opk)十a2｛ee'pq(pop sin qk＋cos qk)一6'｝
                                                                             dq
         -  4πR         へ/ξ2e-2pq-2ξ●ξノe-Pq cosヒψん十ξノ2一←λ2 q2 3～/λ2十ξ万

  after all， the complete multiple integral for the contraction i s obtained as

                dr

wn(ξ・)一∫1礁1∫1ξ●ξノρ驚鐸鑑諜チ幾灘拶)一ξ'｝4・

                  dr

一(ξ・)一s:霊ξ・ξごξ・

The value of 1 is ind・uction factor and represents a correctional factor. 

                          5.  RecDmmendations for Futnre Work

(1) The anthor shonld like to calculate the values of I and compare with the values which hane been

  clarified by T.  moriya

(2) Experirnental stnd ies of tip volticity might be taken into consideration in mathematical model. 
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