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Statement of the problem

On behalf of the Netherlands Shlp Model Basin values of the

Goldstein-factor x were computed for a Three bladed propeller
In a homogenous flow. Following Goldstein [1] and Kramer [2]

where z is the number of blades and ¢ (u ) the solution for
E g-of the partial differential equation:
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wilith boundary conditions:
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SO, that ----am-?i--- anda 29 tend tT0 zero as u approaches Infinity.

The differential equation can be solved analytlcally for

O sMgM, and for puzp, . This was done by Goldsteln and
Kramer and results in solving an infinite set of linear
egquatlions with Infinite unknowns. We solved the eguation by
a numerlcal method after mapping of the sector 04t < -g— into
a strip. This may be done since ¢ (u, £ ) 1s a perilodic

function of E . Moreover @ ( a ) = -0 (-
The mapping
As 1n our problem z = 3, we have
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ut X = mh, v = nk




f = O for v = 0O,
1o -~ _
(EP v -£)f = q(x) for y = Kk,
with
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We now try the followlng iteration:
2 T\ 2
(ggb Pé )£ q = BP0, + Of = F_(x,¥), s = 1,2,... (4.1)
with fs+1 = 0 1
for n = O and MO f .4 =q +Cf = G (mh) forn =K (4.2)
We put
fqg = Ay + B (4.3)
Where A satlsf'les
2 142
(-—-9-5 — 0 A, = Py (% .4)

k

with As+1 = O forn = O and;uﬂyAs+1 arbltrary forn = K
Now 1T 1s possible to build up AS+1 11 AS+1 1s known for
n =9, If we put AS+1(mh,k) = fs(mh,k) we have the following

conditions for BS+1:
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( 19 —50 )Bg, = O
with BS_}_,1 = Q for n = O
andpcsyBs+,1 = kGS "'/“éyAs-;-'t = Cs(mh) for n = K, (4.5)
We now define a "gstandard!'" function U 'as follows:?
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he K=
with

U = (O for n = O

péyU = 0 for n = K and m # O
!péyU = 1 forn=Kand m = O
Then we have:

B, 4 = ch(m‘h)U(mh - m'h, nk) (4.6)

M=o

If the "“standard! function U is known the procedure is as
follows: let be available an estimate fs‘ Then using (4.1}
we calculate F, and using (4.4) A__,. From (4.2} and (%.5)
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where the integration is to be performed along a circle

around z = O, The residual of the pole z = e"Em Ls
cosh mE sinh E and the residusal of z = O 18
- 8inhim

/sinh E

So we have:

Ml(m) = e"' m'Em/s-a:mh E

and

with R = h/k and sinh 3E_ = R sin S22 0 57,
2K

Computation of f{x

The iterations described in section 4 weyre mainly performed
by the electronic computer ARRA.As filrst estimate of f(x,y)
we chose f,(x,y) = O. The interval used was £ in the x-direc-
tion and ""g{l" in the y-direction. The calculations were made
with five places of decimals., As an illustration of the

speed of convergence of the lteration used we gilve wvalues

of fq, fE-’ f3_, fu, for part of the x,y-region for Hy = g :‘
£, X m%y 1 2 3 Iy
-10 . 00295 . 00557 . 00754 00860
-~ 8 , 00694 01327 ,01831 02146
- 6 . 01500 . 02919 04158 05092
- 4 ,02785 ,05568 . 08316 10924
-~ 2 .03938 . 08198 . 12888 18395
0 .03889 , 08004 . 12621 18153
+ 2 . 02504 04977 07342 ,00414
+ 4 .01198 .02295 03174 03693
+ 6 , 004g2 , 00923 01234 04374
+ 8 .00189 .00352 00464 . 00508
+10 .00070 . 00131 ,00172 . 00186



£ X :%y' 1 2 3 I
-10 00286  ,00541  ,00733 .00836
- 8 .00673 .01287 01778 ,02086
- 6 01448 02821 04028 LO4qgl7
-4 02680  ,05373 . 08056 . 10632
~ 2 03843  ,07937  .12553  ,18040

O .03785 07830 12409 17940

+ 2 02464 04902 07242 . 09297
+ 4 01180 ,02262 03128  ,03638
+ 6 00484 00909 .01215  .01354
+ 8 . 00186 . 00346 00456  ,00499
+10 . 00069 .00129 00169  ,00183
f3 -10 .00286 . 00541 .00733  ,00836
- 8 00074 ,01288  ,0178C  .0208¢
- 6 01451  ,02825 .04032  .04952
- 4 .02684 05379 . 08064 10641
- 2 03848 07945  ,12563  ,18051
0 03789  ,07835 2415 17947

+ 2 .02465 oLi%eTel .07245 ,09300
+ 4 .01184 .02263 03129  ,03640
+ 6 ,O00485  ,00909 .01216  ,01352
+ 8 .00186 .00346 00457  .0050Q
+10 . 00069 .00129 00169  ,00184

£), -10 .00286 . 00540 .00732 ,00836
- 8 .00675 .01286 LONTTT , 02084
- 6 01449 02823 04029 O49L8
- 4 .02683 05377 . 08063 , 10638
- 2 .03848 ,O7945 . 125673 . 18050

O .03788 .07835 12414 . 17946
+ 2 02464 .04903 07243 , 09208
+ 4 .01180 0226 03127  ,03636
+ 6 00484 ,00908  ,01244%  ,01350
+ 8 .00186 ,00345 00455  ,00499
+10 . 00069 . 00128 00168  ,00183

7. Results

As results of the computation we have the following table
3 and for various u, and !-‘//uo

of X

(g) for z=
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. 1250

1375
. 1500
. 1625
. 1750
. 1875
2000
2125
02250
2375

2025

. 2118

L2494
, 2680
, 2865
. 3048
. 3230

.5853

.6135
6271
OL4OY

.6535

. 79938
, 8117
.8229



. 5000

. 5125
. 5250
5375
. 5500
. 5625
. 5750
.5875
H000
5125

. 7125
. 7250
1375
. 7200

. 7625
. (750
7875
. 8000
. 8125

. 8250
8375
. 8500
. 8625

.8750

0327

. 5625
5781

4.0182
1.0681
41,1242
1.1879
1.2608
1.3452

2.5

6786

6308
., 7026
LY
. 7255
. 7365
L7473
7578

.9910
1,0173
1.,0485
1.0860
1.1316

. 8229

.8335
. 8436
. 8531
. 8620



-0 -

u o 1 2.5 Y 5 10
. 8750 1.3452 1.1316 1.0245 , 9940 . 9805
.8875 1, 4450 1.1879 1.051 1.0089 .9780
. 9000 1.5642 1.2588 1.0876 1.0812 . 9761
9125 1.7100 1.3497 1.1385 1.0646 . 9760
. 9250 1.8932 1.4696 1.2107 1.1154 , 9804
\9375 2.1325 1.6325 1.3163 1.1940 . 9941
. 9500 2.4593 1.8653 1.4770 1.3200 11,0287
0625 2. g4Y 2,224 1.7383 1.5342 11,1107
. 9750 3.7683 2,849 2.217 1.9426 1.3142
9875 5.65 4,312 3.376 2,960 1.938
1.0000 e o oA s e
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