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Abstract : Herein, a case study was conducted on the bilge pumping performance of a 24,000TEU class container ship with an overall length of 400m.
Although the bilge system of the 24,000TEU class container ship was designed in accordance with the rule requirements of the Classification Society, the
bilge system did not satisfy the 2 m/s requirements of SOLAS Reg.1lI-1/35-1 under the rated flow rate and maximum flow rate conditions of the bilge pump
installed in the ship. In particular, assumptions were made that No.1 ~ No.4 cargo holds were flooded and filled entirely by sea water and the evaluation
of bilge pumping performance had been performed for No.l ~ No.4 cargo holds. According to the evaulation results of the , the mean water velocity at
the main bilge pipe for No.2, No.3, and No.4 cargo holds did not meet the 2 m/s criterion. To resolve this problem, in this study, the branch bilge pipe
in each cargo hold was changed from 1504 to 2004 and the mean water velocity at the main bilge pipe for No.2, No.3, and No.4 was calculated as
2.479m/s, 2.476m/s, and 2.459m/s, respectively.
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(1) The actual internal diameter of the bilge main should not be
less than the required internal diameter of the bilge main
according to SOLAS Regulation 1I-1/35-1.3.9. (W73 7]&)

(2) Each bilge pump should be of sufficient capacity with the
water velocity to be greater than 2 m/s at the actual internal
diameter of bilge main. The study led to the belief that
Class Rules should be formulated in such a way that the
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internal diameter of the actual main bilge and the bilge
pump capacity are addressed as dependent variable, not as
independent variables. (% 7))

@3

~

The bilge pumping system should ensure that the average
water speed at the bilge main is not less than 2 m/s during
the discharge of the flooded water from the flooded
compartment where it is expected to take the longest time
to discharge all flooded water. In addition, when calculating
the water speed at the bilge main during discharge of
flooded water, the flow energy loss is calculated using
Darcy - Weisbach Colebrook - White's
equation, and pipe wall roughness of 1.0mm should be
applied. 2 m/s 7]F)

equation  and
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Table 1. Specification of 24,000TEU class container ship and its
bilge pumping system

Overall Length (m) 400
LXBxD (m) 384x61x33
Required internal diameter of main

. . 344.2
bilge pipe (mm)
Selected size of actual main and 400A

common bilge pipe (9.5t, ID 387.4)
200A (8.2t, ID 202.1)
or

150A (7.1t, ID 148.8)

Selected size of actual branch bilge
pipe for cargo holds

Required capacity of bilge pump acc.

3
to class rule (DNV or LR) 681.2 m’/h

3
Nominal capacity of actual bilge pump 2007710 m/h

110/40 m
Max. flow rate of actual bilge pump 1160 m’/h
Water speed at bilge main pipe with 1.605 m/s
requried capacity of pump ’
Water speed at bilge main pipe with 1673 mls
actual nominal capacity of pump ’
No.4 Acc. No.3 No.2 No.1
C/H |Space| C/H C/H C/H

Fig. 1. Schematic arrangement of cargo holds.

Table 2. Specification of cargo holds

Cargo Hold Net Volume (m®) Depth (m)
No.1 41,526.4 31
No.2 47,151.0 31
No.3 51,099.2 31
No.4 52,365.5 31
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Table 3. Arrangement of bilge pumping system (No.l Cargo Hold)

Node | Node (8511.)40) Lg;it lznf)f Fittings and Valves

100 101 400A 1 Check Valve

101 102 400A Butterfly Valve

102 110 400A 246.5

110 111 200A Butterfly Valve

111 112 200A Check V/V, Elbow
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Table 4. Arrangement of bilge pumping system (No.2 Cargo Hold)

Node | Node (8511.)40) I_ggg lznf)f Fittings and Valves
100 101 400A 1 Check Valve
101 102 400A 2 Butterfly Valve
102 103 400A 218
103 110 150A 10 Tee(branch)

110 111 150A Butterfly Valve
111 112 150A Check V/V,Elbow
103 120 150A 10 Tee(branch)
120 121 150A Butterfly Valve
121 122 150A Check VIV, Elbow

Table 5. Arrangement of bilge pumping system (No.3 Cargo Hold)

Node | Node (8511.)40) ngiﬂzn?)f Fittings and Valves
100 101 400A 1 Check Valve
101 102 400A 2 Butterfly Valve
102 103 400A 188
103 110 150A 17.2 Tee(branch)

110 111 150A 2 Butterfly Valve
111 112 150A 2 Check V/V,Elbow
103 120 150A 17.2 Tee(branch)
120 121 150A 2 Butterfly Valve
121 122 150A 2 Check VIV, Elbow

Table 6. Arrangement of bilge pumping system (No.4 Cargo Hold)

Node | Node (8511.)40) ngiﬂzn?)f Fittings and Valves
100 101 400A 1 Check Valve
101 102 400A 2 Butterfly Valve
102 103 400A 141.5
103 110 150A 19.7 Tee(branch)

110 111 150A 2 Butterfly Valve
111 112 150A 2 Check V/V,Elbow
103 120 150A 19.7 Tee(branch)

120 121 150A 2 Butterfly Valve
121 122 150A 2 Check V/V, Elbow
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Fig. 2. Schematic diagram for bilge pumping system.
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Fig. 3. Performance curve of bilge pump.
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Fig. 4. Concept of bilge pumping performance.
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Table 7. Equivalent uniform roughness for pipes (BSI, 2000,
Annex C, Table C.1)

Commercial pipe (new) Equivalent uniform roughness of
material the surface, mm

OGrlals:;ddrawn brass, copper Smooth

Steel 0.05

Asphalted cast iron 0.12

Galvanized iron 0.15

Cast iron 0.25

Concrete 0.30 to 3.0

Riveted steel 1.0 to 10.0

Table 8. Roughness value, mm (Miller, 1990, p.190, Table 8.1)

New smooth pipes 0.025
Centrifugally applied enamels 0.025
Mortar lined, good finish 0.05
2. Steel | Mortar lined, average finish 0.10
Pipes Light rust 0.25
Heavy brush asphalts, enamels and tars 0.5
Heavy rust 1.0
Water mains with general tuberculations 1.2
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Table 9. Equivalent schedule of the 40 steel pipe length chart (NFPA Code 13 2013ed, p.13-237, Table 23.4.3.1.1)

Fittings and Valves Expressed in Equivalent Meter of Pipe

Fittings and Valves | 15mm | 20mm | 25mm | 32mm |40mm | 50mm | 65mm | 80mm | 90mm | 100mm | 125mm | 150mm | 200mm | 250mm | 300mm
45° elbow - 03] 03| 03] 06| 06|09 ] 09]| 09 1.2 L5 2.1 2.7 3.4 4.0
90° standard elbow| 03 | 0.6 | 06 | 09 | 1.2 | 15 | 1.8 | 21 | 24 3.0 3.7 43 5.5 6.7 82
90° long-turn elbow| 02 | 03 | 06 | 0.6 | 06 | 09 | 12 | 1.5 | 15 1.8 24 2.7 4.0 4.9 5.5
(ﬂg‘ien‘ﬁnzgosgsoo) 09 | 12| 15| 18 | 24 | 30 | 37 |46 |52 | 61 | 76 | 91 | 107 | 152 | 183
Butterfly valve - - - - - 18 | 21 | 3.0 3.7 2.7 3.0 3.7 5.8 6.4
Gate valve - - - - - 03] 03] 03] 03 0.6 0.6 0.9 12 L5 1.8
Swing check - - 15 | 21 | 27 | 34 | 43 | 49 | 58 6.7 82 9.3 137 | 168 | 20.0
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Table 10. Calculation results for No.l Cargo Hold (Actual

Arrangement, 400A-200A)

g | SHon DS L Pslf:c1p Eilévgy s];e;u:Nsz
Level (ﬁ}ﬁ) N?;ifl(lqug Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 321.63 0.758 2.18 2.18 0.00
10% | 519.74 1.225 2.56 5.66 3.10
20% | 657.88 1.550 2.86 9.06 6.20
30% | 770.57 1.816 3.12 12.42 9.30
40% | 868.18 2.046 3.35 15.75 12.40
50% | 955.51 2252 3.58 19.08 15.50
60% | 1035.26 2.440 3.79 22.39 18.60
70% | 1109.11 2.614 3.99 25.69 21.70
80% | 1160.00 2.734 4.14 28.10 24.80
90% | 1160.00 2.734 4.14 28.10 27.90
100% | 1160.00 2.734 4.14 28.10 31.00
Mean Velocity (nv/s) 2.121

Table 11. Calculation results for No.2 Cargo Hold (Actual
Arrangement, 400A-150A)
Tank Flow Water_Vel. Pslttlzlp Eil‘;vgy S];?]tlévl;f;d
Level (ﬁ}ﬁ) N?;ifl(lqug Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 258.98 0.610 2.06 2.06 0.00
10% | 422.31 0.995 2.36 5.46 3.10
20% 536.10 1.263 2.59 8.79 6.20
30% 628.92 1.482 2.79 12.09 9.30
40% 709.30 1.672 2.97 15.37 12.40
50% 781.22 1.841 3.14 18.64 15.50
60% 846.89 1.996 3.30 21.90 18.60
70% | 907.70 2.139 3.45 25.15 21.70
80% | 964.59 2.273 3.60 28.40 24.80
90% | 1018.24 2.400 3.74 31.64 27.90
100% | 1069.15 2.520 3.88 34.88 31.00
Mean Velocity (nvs) 1.766
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Table 12.

Calculation results for No.3 Cargo Hold (Actual
Arrangement, 400A-150A)

Tank Flow Water.Vel. Pslfllsp El;}:r‘gy Sé?]u:N:f;d
Level (ﬁﬁﬁ) I\/Eifl(lqus) Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 240.97 0.568 2.03 2.03 0.00
10% 393.98 0.928 2.31 541 3.10
20% 500.56 1.180 2.52 8.72 6.20
30% 587.49 1.384 2.70 12.00 9.30
40% 662.77 1.562 2.87 15.27 12.40
50% 730.13 1.721 3.02 18.52 15.50
60% 791.63 1.866 3.17 21.77 18.60
70% 848.58 2.000 3.31 25.01 21.70
80% | 901.86 2.125 3.44 28.24 24.80
90% | 952.10 2.244 3.57 31.47 27.90
100% | 999.77 2.356 3.69 34.69 31.00
Mean Velocity (nvs) 1.650

Table 13. Calculation results for No.4

Arrangement, 400A-150A)

Cargo Hold (Actual

Tank Flow Water.Vel. Pslfllsp El;}:r‘gy Sé?]u:N:f;d
Level (ﬁﬁﬁ) I\/Eifl(lqus) Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 237.95 0.561 2.03 2.03 0.00
10% 389.18 0.917 2.30 5.40 3.10
20% | 494.52 1.165 2.51 8.71 6.20
30% 580.43 1.368 2.69 11.99 9.30
40% 654.84 1.543 2.85 15.25 12.40
50% 721.41 1.700 3.00 18.50 15.50
60% 782.19 1.843 3.14 21.74 18.60
70% 838.48 1.976 3.28 24.98 21.70
80% 891.14 2.100 3.41 28.21 24.80
90% | 940.80 2217 3.54 31.44 27.90
100% | 987.91 2.328 3.66 34.66 31.00
Mean Velocity (nys) 1.630

Z}7} 28 m, 424 m, 47.4 m=A
Azt At 7hd HolA, sid s =
o fEouA £4dol AAY] Wil 7A4
Table 129} Table 139 A] fraolYx|&d2 4 &3
A A 2" A o 2 A H“Eﬂi e UrEMX]UJ 6H
oo F32 49 stEA o] 9 Zt) 5
olebd f&Fo] wold wf frEoyAEAol Z}OWOk st
o, 4 ﬁ‘r%%% 2| Al ol A 2-AY 5} s AE
YA A 2ol A A 5} TR &
A 3} Tr*}owﬂ e A2, 49 shEA] WA X H(Fig. 2
ol A Node 103~112 2 103~1227-7H2] Zdo]7} 3 3}&F 9]
WA A dolrr} ¢ A7) wio|t). Table 59 Table 6=
Hlaste] B, 3 SEA-2 U X He] do|7t 21.2mo] AL
49 =78 237 meo] 7] wEoltt

gk, A A B UA Ao o] oo FF

- O
L

- O
- T

)
(V5]
rE o
310_‘11
m{m
b
op
g

LA r:i rr

U)ol Aol ek faduxEdde] e S vA7]
ol 5, ZF s #e] do] T8 HA o= ujx|ste{of &
s AS F1E 4 2l

=R A

.
] A] H(Fig 201]%1 Node 110~112 F7Foll 4 &3}7] v & ] “
OﬂLVH*‘OI g Ad Aow o dHAR 1
= tr=A WA A el 200A0] L, 3t
Ao 7] wiTol FatfEo] FA

4 O L ol
o>. il
% l?i
=
o
=
Y,

(o
il

Table 10, Table 11, Table 12 X Table 1494 & 5 5=o],
2 B 3 FEAH U 4 FEHL 2ms V]S Y
AZIA Zske, AR oR 2 dFdA gideR &
24,000TEUT 7 Elo]y X¥F2 SOLAS Regll-1/35-1 72 2]
JHA A A gFshA] b Auto] Hr}

24,000TEUR Z1E]o]q AuhS SOLAS Regll-1/35-1 713 2]
EdHA el Agstes st7] M e WA 2HE v
o] A7|& WA= 59 2HE FHMoF sk, = AT
M Zh shEe] WA S 150A001 A4 200A S7HAIA ALt
S st om, 1 A= 217 Table 14, Table 15 2 Table

1637} Zu},

jud

HT ol

- 1107 -



SRR DR Ea
Table 14, Table 15 2 Table 16042} o], ‘Xl%lﬂ&%

150A°1 A 200A= BAsHA HH, 2W &%, 3W = %

491 B BEUE 2ms Vs UESAITE AlE i‘d%

T A

Table 14. Calculation results for No.2 Cargo Hold (Modified

Arrangement, 400A-200A)
Tank Flow Water. Vel. Psl:lzlp Efllgr‘gy S];?]ﬁ:N:f;d
Level (i?;;) 1\/?;11?1(11%55) Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 458.69 1.081 2.44 2.44 0.00
10% | 72833 1.716 3.02 6.12 3.10
20% | 916.69 2.160 3.48 9.68 6.20
30% | 1070.43 2.523 3.89 13.19 9.30
40% | 1160.00 2.734 4.14 15.48 12.40
50% | 1160.00 2.734 4.14 15.48 15.50
60% | 1160.00 2.734 4.14 15.48 18.60
70% | 1160.00 2.734 4.14 15.48 21.70
80% | 1160.00 2.734 4.14 15.48 24.80
90% | 1160.00 2.734 4.14 15.48 27.90
100% | 1160.00 2.734 4.14 15.48 31.00
Mean Velocity(nys) 2.479

Table 15. Calculation results for No.3 Cargo Hold (Modified

Arrangement, 400A-200A)

Tank Flow Water. Vel. Psl:lzlp Efllgr‘gy S];?]ﬁ:N:f;d
Level (i?;;) 1\/?;11?1(11%55) Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 446.23 1.052 2.41 241 0.00
10% 709.61 1.672 297 6.07 3.10
20% 893.57 2.106 3.42 9.62 6.20
30% | 1043.72 2.460 3.81 13.11 9.30
40% | 1160.00 2.734 4.14 16.19 12.40
50% | 1160.00 2.734 4.14 16.19 15.50
60% | 1160.00 2.734 4.14 16.19 18.60
70% | 1160.00 2.734 4.14 16.19 21.70
80% | 1160.00 2.734 4.14 16.19 24.80
90% | 1160.00 2.734 4.14 16.19 27.90
100% | 1160.00 2.734 4.14 16.19 31.00
Mean Velocity (nys) 2.459
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Table 16. Calculation results for No.4 Cargo Hold (Modified
Arrangement, 400A-200A)

Tank Flow Water_Vel. Pslttlzlp ET;‘;’Y S];?]tlévl;f;d
Level (iﬁﬁﬁ) I\/Eifl(lfjs) Head Loss Level
(SHm) | (dHm) | (LH, m)
0% 457.29 1.078 2.43 2.43 0.00
10% | 726.10 1.711 3.01 6.11 3.10
20% | 913.88 2.154 3.47 9.67 6.20
30% | 1067.15 2.515 3.88 13.18 9.30
40% | 1160.00 2.734 4.14 15.56 12.40
50% | 1160.00 2.734 4.14 15.56 15.50
60% | 1160.00 2.734 4.14 15.56 18.60
70% | 1160.00 2.734 4.14 15.56 21.70
80% | 1160.00 2.734 4.14 15.56 24.80
90% | 1160.00 2.734 4.14 15.56 27.90
100% | 1160.00 2.734 4.14 15.56 31.00
Mean Velocity (nvs) 2.476
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