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Abstract : The objective of this study is to present a resistance performance map developed using the dimension parameters of a bilge keel appendage
attached to a fishing vessel using CFD. The dimension parameters consist of three length and breadth measures of a bilge keel appendage from nine
selected cases. The size of a bilge keel attached to an existing ship should be 90 % of the ship length and 5 % of the ship breadth. In this study, bilge
keels with a length of 63 %, 77 % and 90 % and a breadth of 5 %, 7 % and 9 % were considered based on ship length and breadth. The effective power
in each of the nine cases was predicted using CFD. Based on results from an existing ship, effective power in the case with the shortest length and
longest breath was reduced by 0.3 %. The case with the longest length and breadth showed an increase in effective power of 1.7 %. The case with the
shortest length and breadth showed a decrease in effective power of 2.3 %. The proposed map can be utilized to select dimensions according to the sailing

and work patterns of fishing vessels from the perspective of resistance performance.
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Fig. 1. Definition of dimensions of bilge keel.
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Fig. 2. Bilge keel attached to fishing vessels.

Table 1. Main dimensions of the bare hull

operating condition

Length between perpendiculars,

9.46
Lpp (m)
Breadth, B (m) 2.87
Draft at F.P.& AP, Te/Ta (m) 0.35/0.53
Displacement (m’) 10.7
Wetted surface area, Wsa () 4.0
Position of longitudinal center of 1,306
buoyance from mid-ship, Lcg (m) ’
(;enter of buoyancy above base 0.232
line, Vg (m)
Design speed (knots) 11.0

Table 2. Main dimensions of the three appendages

Bilge Keel
Lappend (M) 8.500
Boappend (M) 0.150
Displacement (m’) 0.08125
Wetted surface area, Wsa () 5.470
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Table 3. Study items according to changes in length and breadth with regard to bilge keel
> Lappena Increase
LAppend/ Lpp:0 6290 LAppend/Lpp:0.7669 LAppend/Lszo. 8985
A B c |
B e en
In(;‘"g; sde =?)%871 Lappena = 5,950 mm Lappend = 7,255 mm Lappena = 8,500 mm
Bappend = 250 mm Bappend = 250 mm Bappend = 250 mm
b | E| P
BAppend/B
=0.0697 LAppend 5 950 mm LAppend = 7,255 mm LAppend 8 500 mm
Bappend = 200 mm Bappend = 200 mm Bappend = 200 mm
G ‘ H ‘ I, Existing Vessel
BAppend/B
=0.0523 | Lapena = 5,950 mm Lappend = 7,255 mm Lappend = 8,500 mm
Bappend = 150 mm Bappend = 150 mm Bappend = 150 mm

Table 4. Attachment by condition of breadth of bilge keel

(Lappend/Lep = 0.6290 is fixed)

Table 6. Attachment by condition of breadth of bilge keel
(Lappend/Lep = 0.8985 is fixed)

Contents. Lappend/Lpp = 0.6290

BAppem[/B
=0.0871
[A]

BappentB
=0.0697
D]

BappentB
=0.0523
[G]

Table 5. Attachment by condition of breadth of bilge keel

(LAppend/ Lpp = 0.7669 is ﬁxed)

__ Contents. ~ Lappend/Lep=0.7669

-
-

BappentB
=0.0871
(B]

BappentB
=0.0697
[E]

BAppem[/B
=0.0871
(B]

Contents. L append/Lpp = 0.8985

BAppend/B
=0.0871

(€]

Bagpend B
=0.0697
[F]

BAppend/B
=0.0523
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Fig. 4. Mesh system used in fishing vessels.
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Fig. 7. Wave contour with regard to bilge keel G.

Fig. 8. Wave contour with regard to bilge keel I (Existing Hull).

Bilge Keel A

Bilge Keel G

Bilge Keel I (Existing Hull)

Fig. 9. Pressure distribution applied to the hull surface with
regard to bilge keel A, C, G, and 1.
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Table 7. Main dimensions used in study on bilge keel
Contents S (Bare hull) | S (Bilge2 Keel) Scale Lep Ty B Ar Ca* Can*
(m?) (m) Ratio (m) Ta(m) (m) (m) E+3 E+3
Bare hull+A 6.221
Bare hull+B 7.549
Bare hull+C 8.878
Bare hull+D 5.027
Bare hull+E 2.0 6.100 so | 94s | OB 1 29 | 297 | 25 | els
Bare hull+F 7.174
Bare hull+G 3.833
Bare hull+H 4.651
Bare hull+] 5.470
Table 8. Estimation of the EHP by study of bilge keel parameters (CFD)
Bllge Vv (ktS) Vm (m/s) Fn Ram*E-06 RTM(N) by CFD Crv*E+3 Cem*E+3 Cr*E+3
Keel * Rns*E-09 Crs*E+3 Cys*E+3 Crs*E+3 Rrs (kKN) Pg (kW) Pg (PS)
A 11.0 2.5305 0.5450 4.3185 110.99 17.9800 3.4906 14.4894
0.0523 2.2933 4.7933 19.3443 15.320 86.684 117.891
B 1.0 2.5305 0.5450 4.3185 111.57 17.5896 3.4906 14.0990
0.0523 2.2933 4.7933 18.9522 15.422 87.266 118.682
C 110 2.5305 0.5450 4.3185 112.94 17.3405 3.4906 13.8499
0.0523 2.2933 4.7933 18.7016 15.627 88.422 120.254
D 11.0 2.5305 0.5450 4.3185 110.68 18.3847 3.4906 14.8942
0.0523 2.2933 4.7933 19.7506 15.254 86.314 117.386
E 11.0 2.5305 0.5450 43185 111.17 18.0545 3.4906 14.5639
0.0523 2.2933 4.7933 19.4189 15.340 86.800 118.049
F 110 2.5305 0.5450 4.3185 112.13 17.8117 3.4906 14.3211
0.0523 2.2933 4.7933 19.1747 15.485 87.623 119.167
G 11.0 2.5305 0.5450 4.3185 108.95 18.5686 3.4906 15.0780
0.0523 2.2933 4.7933 19.9361 15.006 84.912 115.481
q 11.0 2.5305 0.5450 4.3185 109.37 18.3139 3.4906 14.8233
0.0523 2.2933 4.7933 19.6802 15.078 85.318 116.033
I 110 2.5305 0.5450 4.3185 111.44 18.3378 3.4906 14.8472
0.0523 2.2933 4.7933 19.7031 15.361 86.916 118.206

- 588 -



H] 239% 4
9] T3 Ao

AN}E BoFArh AS 1= A A
o2 e

5.4 CFDOl 28t X&ds HIt Y (MAP)

Fig. 10 Table 8¢] A¥E WP o2 A5 W
gk Blolth 7RSS WAL Aol Lypaas M Ao
2 e grolm A2 5 ALY FQl Bypess W F
2 v golth 52X (Contour)S & vFE S YER
TF LappendLop®t Bappend/B7F 75 A &o] 7R 2+
Agro] oAl FHE Btk AFoR AZF o]
(Sailing)> A2 91 P Work)o] 2 H$- I o wet
A, B, C F, 1999 A5x4 o] 7bsaitt 2 24Kt
olFe°] B A, D, G H 1999 AxdAo] 7hs

3.

2
o

N
o

Lp

-]

4r e
L w

offt

O

7ol =

Work 4' Contour Level: El:tive Horse Power(PS)

e

0.08

Bllpg [ ves—————————— A

Fig. 10. Resistance performance map according to changes in

bilge keel parameters.
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