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Abstract

A theorectical method is presented for the calculation of the effective wake in an axisymmet-
ric sheared inflow. The effective wake is essential in the design of optimal propulsor and in the
reduction of propulsor induced vibration and noise. The nominal wakes are mathematically
modelled and the effective wakes are calculated using the computer program developed on the
basis of the linear momentum theory. The results show that shear effects are dominant near
the hub and the effective wakes reveal some differences near the hub for the moderately and
heavily loaded propulsors but they arc well coincided with the other experimental or theorectical
results for the lightly loaded propulsors. To improve the results it may be necessary to consider

nonlinear terms neglected in this study and body boundary condition on hub.
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Table 1 Comparison of computed effective wake parameters with Huang & Groves(4] and measured
Taylor wake fraction at various propulsion conditions in the three wakes

. Huang & Groves Present Method
oat (Yird) Jy Cr v
Us /m eas. u, U, ‘ Yo u,
Wake ’ 1—Wr ( U, )m ( Us )0.7 ‘ ( Uy >m ( U, )u.'r
1 0. 640 1 1.250 0.370 0.685 0.676 0.672 0.681 0.671
| 1.070 0.654 0.695 0.689 0.683 0.713 0.688
1.268 0. 356 0.694 | 0.694 0.694 0.698 0.693
C 0. 665 1.157 0.498 0.704 0.699 0.698 0.711 0.699
l 1. 066 0.676 0.706 0.704 0.704 0.729 0.707
]} 1.290 0.360 0.667 0.642 0.642 0.655 0.646
D 0.615 | 0.174 0.500 0.681 0.655 0.649 0.700 0.653
\ 1.054 0.706 0.685 0.661 0.654 0.691 0.664

Table 2 Computed parameters for the approxlmatlon of nommal wake by the Bessel functions

" Nominal Wake ' ko C C, 5/b RMS(%)
- 1 0.8363 0.4346 1.3375 1.7260 0.530
c 0.6307 0.5083 0.9176 1.9583 0.546

D 0.6630 0.4698 1.1159 2.0218 0.530

shear A %-0] #AA7 =l Eelet. g A FEFEE FAFS 7}77}
Table 13} Fig. 8, Fig. 10, Fig. 13614 2 uksk &A= 2 ow ol ot TAfFEE 4A W&
o] =¥ A4 dewd ¥ A7 A#Hst Huangs  F Z7FA A Azte A& SA 9]?‘&
o o] B AFASE N FAYR AAE R v RZdAdE JAAE A A
gl gieh. e Fig. 9, Fig. 11, Fig. 12, Fig. A 3] & LR 92 E ad A3
14, Fig. 1501111 wim ubsl el 4 AFst AAH 7540 g F %7}111 dAY F=g FAL F9
2 Fol7t ARz H$r] duRTelA ¥ Z Aol o #u3E o 3ta oo o& Auidol A B
Bolx gl 0161?& Ans EE ol e AR FAA Hdo] WA A% 9@ &80 FAE +

2 2 g, yuAE £ a7 7E 7HEd

o] Aqlgetx sk & AEA % Aol AdE

Aol 2GS FAd e FY AGE AR 5. & =

wage] AAA z wAdd zHE FAE T @A

Fow AAEC). %vwﬂb Ao mde e EAE 3 2 oo FolAe $EF ol 2o i FAIDAY

AzALs Agets WA A Q)4 2 vbs 7ol Sawnd F44d tﬂaﬂ o}, = AsE Huang

g9 $T4E A 17&% 4889y dFoz 47 & Groves(4)9] o) & B AFA wasgedl £ d

g, shebd] JrEddae A" AAzAE AE o AR g A8 elgs #FEdd F9 A4t

& AL A Mg A2
e Ho HFel A

Aoz derh g e FL AAE Rolx 3lEE ¢ 4 U
9

o] A& At Huangs 9l
Al A
i'g

Bl N S 2 21

=
solol® EFatw AA A 29)e] & AAFE 3l Ty
o2 g A A & 1. A g F3 5L modified Bessel &5

AL AAR BT 5 Qo Au FTo 9 FEel é/}—;‘ﬂ%vﬁ%mk}s}ﬂ | 28% F AUt

22 @7 w o, ol WA Ew FAsAM £ 2. 2A7d G5l 5 A AL 75 G
Aok whasls 0.7b TAAAE F& QAL we B sagson e Hrr A5s A
Za 9% o 4 ghe 3. AR A S A AE fFEFS 2A

KU EMEGE B2TH 15 199054 34



32

gt 0.7b Aol A= Ayl A Ao dAale] A
AN HEE AL FAR g g
Zol A oleld Ad vdg g
5l 75?]]&73_-5 2o Add A
. AR FaAFe
AF F &3 Aol A 423 old g & 5+ ).
doer o e AdE U7 dads wdgs =
H ol 2 2 F3F 29 A4 kAl zhgle] I
23k o vrelst HAurge HIAA 2Hq G 284
o WA aFd tdel 2 2d4e AEL 9
T AIA A s ke ol of st

AR

Auol el 2l

242

itd

o g

Ll

[1J Goodman, T.R.,
Propeller in a Shear Flow”,
1979.

(2] Goodman, T.R. & Valentine, D. “Effective
Inflow Velocities into a Propeller Operating in
an Axisymmetric Shear Flow”, DL Rep., SIT-
DL-80-9-2129, Nov., 1980.

{3] Goodman, T.R. & Breslin, J.P.
and Experimental Induction Generated by a

“Momentum Theory of a
JSR., Vol., 23,

“Theorectical

Propeller in-an Axially Symmetric Shear Flow”,
- Rep., SIP-OE+82-2, Feb., 1982.
(4] Huang, T:T. & Groves, N.C. “Effective Wake:
. Theory and Experiment”, 13th Symp. of ONR,
Oct., 1980.

(5] Breslin, J:P. & McKee, T.G. “Effective Wake

from Radial Shear of Inflow”, Unpublished,
Oct., 1987.
(6] Vegt, J.J.W. van der, “Actuator Disk in a

Two-Dimensional Non-Uniform Flow”, ISP,
Aug., 1983.
(7] Park, E.D.;
Stator Arrays In a Class of Shear Flow?”,
Phd. Thesis, SIT, 1987.
(8] Report of Propeller Committee,
the 17th ITTC, 1984.
(9] Abramowitz, M. & Stegun, I.A., Handbook of
Mathematical Functions, Dover, 9th ed., 1970.
[10] Conte, S., D. & Boor, C., de Elementary
Numerical Analysis, McGrawHill, 3rd ed., 1980.

“Induced Velocities Generated by

Dissert.,

Proceeding of

dhol %, o) S
g 2]
A7/V) (Ve t+ Vi/r)=hky (-1
A (D2 A 24
rEVertr Vi—(kor)*=0 (1-2)
24 04 modified Bessel u}A Aoltl, =z i [9]o]
2E

V() =Calo(kor) +CoKolhor)
2% & 4 gk o™ C, G giold
CLCy 3 bt 97 Ad mhest 2o AAzde
SR L)

1) V(®)=1/Up (1-4)
(ii) dV(8)/dr=0 (1-5)
(i) V(r)=1/U(r» (1-6)
(iv) V(rd)=1/U(r) -7

o]n}] o=

LS e

iRz AAE FAH Ulr), Ulr)e
A AA2HY g,
2 (1-4), (1-5)2.Z 3¢

C1=kos/ UK, (ko8) (1-8)

Cy=kod/ UsIy (kod) (1-9)
s T U

e €, CF ol g3hd (1-6), (I-)A oz 0|

A4 kool HE AF FAAE A& F A
kod [ ToCkor1) K1 (kod) -+ Ko (kor1) 11 (Rod) | = Uy/ U(ry)
(1-10)
ko8 (To(korz) Ky (kod) + Ko(kora) I (Rod) ) = U/ U(r2)
(1-1D)
A9 a3 A & 4o A o F] itera-
tione] @9 dch, 2 F£X A4 AF& FHE &
szt
(1) 499 AEA UGy, Ulr)E Ao

(i) d99 65 At

(iii) A(1-10), (1-11)9) Z79 Z $ol g fixed
point iteration(10}5 -+ ek,

(iv) F2ol el 7oA ket v adte] FY &
g bR 6 HeAs (D), ()E LS
et

(v) v 2Ezke wsketed AR Ae EHF A
T 2.4 (root mean square error: RMS)&
#eE AE Ad.

B oodTe At m o] £ 3A S wbREEd o

A A TR AR A sl zbrhe] Al 4To] Table

20} Aelstels = AtE Fig. 2. Fig. 3, Fig. 4o]

Journal of SNAK, Vol. 27, No. 1, March 1990



Tk A el 3 QT

i

2ol givh
2 22

fl:Io(/!T)Ko(f'T')"*Io(llr')Ko(l«lT)
Se=L(per) Ko pr”) + L' r) Ky (pr)

So=— kL (ur) Ki(1 k] r") — i Cur ) Ko(1 R 1)
Ji=— R k(LRI 7 ) f1— 1 Ko(L R 7)) f2

So= 1y Qur” ) fr— o) fa

f=h0/1fs

KA GE 2T AT 15K 19904F 31

Ss=Solfs
o= dk k fily (ursinka)

gf:f: dk k [ fily(ur)—f1} sin (kx)

ga= f " dk & fiKo(kr) sin (k2)

g1= IyChor) /11 (kod) {11 (kod) Ko(kor')
+IyCkor”) Ky (kod) }

g5=1,(kor) /L1 (ko3) {1, (ko8) Ko(kor”)
+Ip(kor ) K (R8)}

83



