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UV 324 BWMS 2X= Q3 HIF A
ANZE Mg #7 AT

Seo, Kil Cheon

Department of Marine Systems Engineering

Graduate School of Maritime Industries
Korea Maritime & Ocean University

Abstract

This study quantitatively investigated the increase of ballasting time through
simulations when installing UV type BWMS to existing vessels. The actual
pressure loss resulting from installing flow control valves at the front of the
BWMS was not taken into account quantitatively in this study due to the lack
of relevant information and documents. It was found that the increased ballasting

time was about 20.8% based on the calculation results.

As a result of the shipboard test, the increase of ballasting time before and
after UV BWMS installation on board was about 22.2% which is almost similar

to the above calculation result.

In addition, as a result of the land-based test and the shipboard test, the
average flow loss of land-based test due to the installation of UV BWMS and
the filter was 18.56% and the average flow loss of shipboard test due to the

installation of the filter was 13.9%.
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The simulation of ballasting time as per the different pipe material roughness
was undertaken for 55K LPG Carrier, 325K VLOC and 23,000 TEU Container
vessel. As a result of this simulation, it was found that the ballasting time of
55K LPG Carrier was decreased at about 1.9% in case where plastic pipes were

used instead of steel pipes.

It was also found that the ballasting time of 325K VLOC and 23,000 TEU
container vessel was decreased 0.73% and 11.13% respectively by using plastic
pipes instead of steel pipes. The decrease rate of ballasting time in the case of
23,000 TEU Container vessel was remarkably increased due to the large increase
of pipe length compared to 55K LPG Carrier in spite of the small increase of
pipe size from 300A to 350A.

Therefore, it is advisable for concerned parties to minimize ships’ operation
losses from the increase of ballasting time by considering the plenty capacity of
the actual ballast pumps on board and the actual pressure loss of the UV
BWMS when selecting a UV BWMS. Additionally, larger capacity of BWMS,
larger size of pipes and inside coating of pipe are recommended to minimize the
increase of ballasting time after installation of BWMS.
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Table 2-1 Specification of ballast piping system

Node Node Nom. Dia. Length(m) Elev.(m)
100 110 300A 5 5
110 120 300A 1 0
120 130 300A 20 0
130 140 300A 5 -0
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Fig. 2-3 Dimension of simplified ballast tank
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(5) DP1 + DP2¢} P1e] A7} ofeff (D] FH=zA AHddsid ths TGAE o]
Foba, FEzdel APSHA Fow ARe EZ4TE /HPEka

@~4)E w¥hE3sto] A4kgt.
|> (DP1+ DP2),— > (DP1+ DP2),_,| <10 ° @h)

(714 i = Axte] dHE3lsoln)
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6) Axstng s BISE Folol APHE AR Wy FAE Yzo
o

< ol&3sto] s 7Rt BEF g AYAREE ARt

AR o7 A4k 3 (B4 o] “DP1 + DP2 - P1 = 0”7 o] &3l

b | p
TFHEHC] ALHYE Hxo EE FFc AR AT ez 1FHI
S
=

W o] Brhwsith mepd A (DS FRzdowd AeHd =W, 4
(D& 59 £4 DPlo] Pxo] BZ faol o Eat7] uze] A4ds 6o 4
AzA% FYeA pHEM W BEE: §2e Aze BE 550 o5
249

22 % &4 AR

221 HFRANAS B¢ &4 A

BA Ao Bt £4e Mol By AVl we vBEAY BRAE
9 wpdAe] f2 W8 Sol BE 59 SAZ TRY 4 Yo B
L BERE D BN U

o d
Moody Chart[14]5 Ar&3t= Zo] w3 o|al
A EHAATE Agste Y FYS 5

2 Uyehis S7k0ls Abgats wilo] QTHISL SAAFE Agss W
I F7HEClE AMgshe F 7EA ROl gk AAlxFEo] A-YEH JA= &
AR, AW O R Fig 2-49] S7H40)E g3ty Qo B A= of

W= g8kt
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Fittings and Valves Expressed in Equivalent Feet (Meters) of Pipe

12 3/4 1 114 112 2 2112 3 312 4 5 6 8 10 12
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in.
Fittings and 15 20 25 32 40 50 65 80 90 100 125 150 200 250 300
Valves mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
1 1 1 2 2 3 3 3 4 5 7 9 1" 13
45° elbow -
(0.3) (0.3) (0.3) (0.6) (0.6) (0.9) (0.9) (0.9 (1.2) (1.5 (2.1) 2.7) (34) 4)
90°
1 2 2 3 4 5 6 7 8 10 12 14 18 22 27
standard
elbow (0.3) (0.6) (0.6) (09) (120 (1.5 (1.8) (2.1) (2.4) (3) (3.7) (4.3) (5.5) (6.7) 8.2)
90°
long-turn 0.5 1 2 2 2 3 4 5 5 6 8 9 13 16 18
elbow (0.2) (0.3) (0.6) (06) (0.6) (09 (1.2) (1.5 (1.5) (1.8) (24) (27) 4) (4.9) (5.5)
Tee cross
3 4 5 6 8 10 12 15 17 20 25 30 35 50 60

(flow turned
09) (1.2) (1.5) (1.8) (24) (3) (3.7) (46) (5.2) (6.1) (7.6) (9.1) (10.7) (15.2) (18.3)

90°)

Butterfly -~ -~ -~ _ -~ 6 7 10 -~ 12 9 10 12 19 21
valve (1.8) (2.1) (3) 3.7) (2.7) (3) (3.7) (5.8) (6.4)

1 1 1 1 2 2 3 4 5 6

Gate valve - - - - .

(0.3) (0.3) (0.3) (0.3) (0.6) (0.6) (0.9 (1.2 (1.5) (1.8)

Swing - _ 5 7 9 11 14 16 19 22 27 32 45 55 65
check (1.5) (21) (27) (34) (43) (49 (58) (6.7) (82) (93) (18.7) (16.8) (20)

For Sl units, 1 in = 254 mm; 1 ft = 0.3048 m.
Note: Information on 1/2 in. pipe is included in this table only because it is allowed under 8.15.19.4 and 8.15.19.5.
‘Due to the variation in design of swing check valves, the pipe equivalents indicated in this table are considered average.

Fig. 2-4 The equivalent length of fittings and valves[16]

nhEEA 2 2(2)e] Darcy-Weisbach F2]o2 A4bstAth v &A=

= L
Moody chart t4lell Colebrook-White &21& 2833 0H, 23z ZH17]

%/_f 0881n(37D 32‘37) (3

2127 AQ3)NAH ars FEEA(P), = PEEAASF, 1S B Zollm), L,
= TREEF 9 W] SUdol(m), pv T UZ(ke/m?), V= F5(n/s), «
< # "o AHZ(n), pe Tl WA, Rev #olERFo|th

2 EAAFE A S8 28g & H 7%%_17]% Az Ql Aukg wj
A AE&st= 0.5 mmE ARESIA S I8 #EEF 4
+ O3 Z7IEEC] AT, AA A FAGolA 7}% dey AHgEHE ZoE
*H A = NFPA Code 13¢] 57H4e] 71&& &3t e Fig 2-4

o
U
v}
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=¥, B¢ 4 AW AAE AT AAU 5 BEs 457} 2
a3, 5o PEsh HEE L% o # ATl

9 Ao wep A =
ME ITTCAAN ATsE BEs)5e B4R ZolA 20CToMe] EF
[18]5 A&3lFom, Wt He+= ZH2F 1024.8103kg/m?® 0.001077 Pa - s
sAch

2.2.2 UV BWMSO|A 9 T &4 At

BWMSE AX|stH BWMSH 3t 5 43 FFAA@EE o3 T &
Hol F7hH o= WASA Bk BWMSA BAsE B £4L BWMS A=
A7k AFHe ARE BEE + ATk FATW, AFA WL I Y £
o wp AEE xFste 43S =AU/ WE Be FY S0 BT
Ao o dHAT, AZAR olslels B ARE sy} o

geb B Aol f@EAolERdNe] dA FEEde wAsA %1
W8] BWMSS AP 82e zAeA e A9E A4

MAG sk HARA B Ao Y5 ALYALS vlwsck

o
0,
0
>
@
=
>
\H
b(
g

293 p 2 e AHAA Y golBE HQE @)
.

L+ L, )pV

APBIV‘LS' f( D 2 - KV2 (4)

o714, UV BWMS® ZFHAEL 300AA: 297.9mm), dse WEE
1,024.810 kg/m*eolt}. 3 1,500m’ /(< 5.978m/s)ol Al UV BWMSel 2|3 &
oF=4 & 0.7bar(=6.963m)o] =& Kzk-e 0.1950| T},

APy =KV?=0.19512 )
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A3 F AX A

3.1 UV BWMS Ax]d] ;& By A2zt A3}

BVMSE ¥l AN A4, BN AAEF Ayem A4t 49
A% FANI Aol FABRE A Hdl, BUMSS 34 o0
E A8 Fok BUMS 4% ol A9 HuHoz wmathd YYD

mlm

£ ATe] 2ol BWMS AX o3 olFe] HaS HejAzte] Aol ]
= AolmE B ATAE okghel 3744 A9l tiate 27t R4 Az
NZHe Agslel 1 ARE WA,

(1) Case 1. BWMSE ZX|5t7] A B4 A AIzE

() Case 2: BWMSE AA& F f@AolMEE Hgalx e Ao HP5

A A2k
(3) Case 3: BWMSE AHX|g & fFFAlojWBEE &3 A5 BFF A
A ZE
B AT thato] mHE AMute] AxE BWMSe AHAL=e 1500m’/ho]BE
FEFAAHB Y AXE A9 Aol ol BEZo FA EEFHFFe] 1,500m’h

% %
ooz Aid Afde EEFHS 1500m’h B EEZFFE 20.73mE 13
of Asrstarh

d719) 37FA Akl Aol Wil B g 7F 0%l 100%74A ¥ e
) B AgAzte] Mekel 7 HP ¢ FoM Y Hro EEFHFY BT
_‘_':_
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Table 3-1 Ballasting time calculation results (Case 1, Existing piping

system)

Accumulated | Pump disch. | P Total head | 1¢ad loss
Tank ccumulate ump disch. ump otal hea at UV
lovel ballasting flow disch. loss BWMS
eve time(h) rate(m’/h) head(m) (m, A) (m, B)
0% 0.000 1946.0 8.29 8.29 0.00
10% 0.793 1891.6 10.00 7.84 0.00
20% 0.952 1835.4 11.70 7.38 0.00
30% 1.031 1777.4 13.40 6.92 0.00
40% 1.107 1717.4 15.10 6.46 0.00
50% 1.186 1654.9 16.80 6.00 0.00
60% 1.267 1589.9 18.50 5.54 0.00
70% 1.352 1521.9 20.20 5.08 0.00
80% 1.441 1450.4 21.89 4.61 0.00
90% 1.623 1374.9 23.59 4.15 0.00
100% 2.152 1294.6 25.28 3.68 0.00

- 16 -
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Table 3-2 Ballasting time calculation results (Case 2, with UV BWMS and
without flow control function)

Tank A]cocumu}ated Pump disch. Pump Total head HZ?dUl\(}SS
Level a}lastmg ﬂovg disch. loss BWMS
time(h) rate(m/h) head(m) (m, A) (m, B)
0% 0.000 1706.7 15.40 15.40 9.01
10% 0.904 1658.7 16.70 14.54 8.51
20% 1.085 1609.1 18.01 13.69 8.01
30% 1.176 1557.8 19.31 12.83 7.51
40% 1.263 1504.8 20.61 11.97 7.01
50% 1.352 1449.6 21.91 11.11 6.50
60% 1.445 1392.1 23.21 10.25 6.00
70% 1.542 1332.0 24.51 9.39 5.49
80% 1.644 1268.9 25.80 8.52 4.98
90% 1.852 1202.2 27.09 7.65 4.47
100% 2.457 1131.2 28.37 6.77 3.96
- 17 -
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Table 3-3 Ballasting time calculation results (Case 3, with UV BWMS
and with flow control function)

Tank Accumulated | Pump disch. Pump E(e)ill HzildUl\(;ss
Level ba}lastmg ﬂovg disch. loss BWMS
time(h) rate(m’/h) head(m) (m, A) (m, B)
0% 0.000 1500.0 20.73 11.90 6.96
10% 1.015 1500.0 20.73 11.90 6.96
20% 1.212 1500.0 20.73 11.90 6.96
30% 1.309 1500.0 20.73 11.90 6.96
40% 1.397 1500.0 20.73 11.90 6.96
50% 1.486 1449.6 21.91 11.11 6.50
60% 1.579 1392.1 23.21 10.25 6.00
70% 1.677 1332.0 24.51 9.39 5.49
80% 1.778 1268.9 25.80 8.52 4.98
90% 1.986 1202.2 27.09 7.65 4.47
100% 2.591 1131.2 28.37 6.77 3.96

Table 3-3914 f#FAol 71502 Qldte] HaFo] 1500m*hE AT HE
T T %Y Ao gz EESF(1190m)e}t s A ~E oA Bk

TFEAQR0.T3mE Aol E vEaL Ao AR, 27 2.1.2%89] AltbEAt
B9 FExdd FgH7] Asids & FFELLE FEY EESTTe LT

<l 20.73mojojoF T,

gS
—r

of

meba Ao B UV 384 BWMS o] AX =1 593 AlE# ol
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stetulelsh Adtel #g® A fFAolMbel @ FELHe Hol
8.83m(= 20.73-11.90)¢ < At}
e Ca5e 1 i Case 2 === Case 3
before BWMS after BWMS after BWMS
installation installation without installation with
flow control function flow control function

3

25

£ 2
@
E
s
ol
b=

W 1.5
)
o
o

1

05

0

0% 10% 20% 30%

40% 50% 60% 7J0% 80% 90% 100%

Tank Level

Fig. 3-1 Ballasting time calculation results for 55K LPG Carrier

Fig. 3-12 55K LPG &4k 9] Cased %3

Al wlme Aol

Collection @ kmou
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Table 3-4 Comparison of ballasting time for each case with 100%
ballast water level

Case 1 Case 2 Case 3
Total ballasting time(h) 2.152 2.457 2.591
Difference 0.0% 14.2% 20.4%

Table 3-4= B3 T F9Y7F 100%<¢ 7ol Case 1, Case 2 2 Case 3¢ 3
123 Ax= BWMSE AX|st7] o] ¥ BWMSE AX|3sta

s

g4 xawmo 0
FAIMEE AAF A9ol WRS AT 204% AolE YEhE AL

gl = Anh
32 BT W@ o] AAY] Zolol] mE B AL W)

3.21 55K LPG Aute] By vjd ¥ AZr|d & I+ HAZLE
Moody Chartell Al Ag53stal A= A= A7) #2 Table 3-5¢9F T

Table 3-5 The value of material roughness

Igelt&sl‘fisg, rrslt)er‘tazl;r Concrete, Steel, Sewers
Perspex lined coarse musted
Roughness
of Material 0.0025 0.1 0.25 0.5 3.0
¢ (mm)
47) WiE 8 AR gk Aolol wWE HAL AN WE mmsts] st

of B Aol Ao BES wiwe AAZI% 44 FAR Plastic 3
4e SR

Steel, mortar lined %t-S Steel, rusted®] A7) zkz vlwste] A4k

o}
Table 3-6<2 w3 ¥ AR~ zko] 0.1 Steel, mortar lined A &2l H3FF

- 20 -
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b Adto|tt. fEFAojHE V)
7

#kol 0.5%1 A2l P A At vlaste] 2.59143F

L

o

saee o otk

Al

ol A= A

& Pgstel ANt

Table 3-6 Ballasting time in case of steel, mortar lined with flow control

function for 55K LPG Carrier

Tank Accumulated | Pump disch. Pump Total Hz?dUl\(;ss
Level bqllastlng ﬂov;/ disch. head loss BWMS
time(h) rate(m”/h) head(m) (m, A) (m, B)
0% 0.000 1500.0 20.73 10.41 6.96
10% 1.015 1500.0 20.73 10.41 6.96
20% 1.212 1500.0 20.73 10.41 6.96
30% 1.309 1500.0 20.73 10.41 6.96
40% 1.397 1500.0 20.73 10.41 6.96
50% 1.485 1487.2 21.03 10.23 6.84
60% 1.576 1428.3 22.40 9.44 6.31
70% 1.670 1366.6 23.77 8.65 5.78
80% 1.769 1301.9 25.13 7.85 5.24
90% 1.972 1233.5 26.49 7.05 4.71
100% 2.562 1160.7 27.85 6.25 4.17

Table 3-7& W& ¥ A&~7] Zte] 0.0025%] Plastic 1@ 2] HEPF HYAS
AlRkRE A 3}olt,

_2']_
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Table 3-7 Ballasting time in case of plastic with flow control function
for 55K LPG Carrier

Tank Accumulated | Pump disch. Pump Total HzildUl\(;ss
Level ba}lastmg ﬂovg disch. head loss BWMS
time(h) rate(m’/h) head(m) (m, A) (m, B)
0% 0.000 1500.0 20.73 9.36 6.96
10% 1.015 1500.0 20.73 9.36 6.96
20% 1.212 1500.0 20.73 9.36 6.96
30% 1.309 1500.0 20.73 9.36 6.96
40% 1.397 1500.0 20.73 9.36 6.96
50% 1.485 1500.0 20.73 9.36 6.96
60% 1.574 1455.4 21.78 8.82 6.55
70% 1.667 1392.3 23.21 8.09 6.00
80% 1.764 1326.1 24.63 7.35 5.44
90% 1.963 1256.2 26.05 6.61 4.88
100% 2.543 1181.9 27.46 5.86 4.32

M# ¥ AR grol 05 2 01 A WS A A 259147
2.562A1% el Blslt] A AlZke] 2.543A1H0. 2 27 o Z
=

N
N
B>
ok
rr
P
o
(o
o
+
e}

Fig. 3-2+= 55K LPG &RHAS] B3 njd A& T
A4kgt Adoltt. Case 12 T4 Adtel AHgE+= WRE7E F2HE
oM Case 2& W& mortar T8 E & A|Folx, Case 3
o} 55K LPG =HFHd 9] 79
s AF, Wiy Ad WA H
Aes AL + Atk

%

L
-
@

rlr m[
mlo
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mCasel m Case 2 m Case 3
Steel, rusted Steel, mortar lined Plastic

2.5

0 IIIIIIIIII

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Tank Level

1

w1

=

Ballasting Time (h)

0

wul

Fig. 3-2 Ballasting time calculation as per the different pipe
materials for 55K LPG Carrier

Table 3-8 f#AlojHE 7]5o] &= BWMS AX] Al 37FA wj#-S 2835}
e w HIFF AP A zpo]E YERATE Case 19 Hlsle] Case 3¢ 2%
= 1.9% By AgArzte] Zadt= As & 5 Ak

Table 3-8 Comparison of ballasting time as per the deviation of
material roughness with flow control function for 55K LPG Carrier

CSase 11 Case 2 Case 3
(Steel, (Steel,
rusted mortar lined (%1%56535)
¢=0.5) ¢=0.1) <
Total Ballasting Time(h) 2.591 2.562 2.543
Difference 0.0% -1.1% -1.9%
- 23 -
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Table 3-89] A5 4w EH BWMS AX| Al #j#e] A zold] @2 3
F AHYALE ZAES 2 AoVt e o2 HBAth Iy 39 dFelA
283 HEg wjde] dol= 20melH o= At A rdd AHd H
P B AFAMUE AR JHAS U Agolnt. AA thF duto) A=
M4 WS WAZRE BWMSZIA 200m o 4% 457} tiRiolng By
i AEe] AR Zolo] mE BT AHYAIRE Wste= AA]l tEF A4
ProfileS A &3t AET RV} o] the AFES £t

322 tj@Aute] B wiR ¥ A7 BE BT AYAT

3 9l+&= 325K VLOC(Very Large Oar Carrier)y+ 23,000 TEU 7]
ol Mut £ tjgaure] A$ 55K LPG At vlmatel fAolun 7)ol
9}% 8, ﬁé*é—’? A2 AIZES Aol Zpol 7t UesA] &l a7t Ut o
sto] wjk ¥ A7) WSl g HIPF %

Ll

Cargo
Water Hdid Water
Ballast Ballast
Tank Tank

O Sray

Fig. 3-3 Sectional drawing of 325K VLOC
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AA) 325K VLOC®] SvrHE = Fig. 3-33% zZom BWMS7F 7]%4 3" Deck
of AXE1, HP5 FujBel 37]E= 900Ac)th BWMSeA NO.1 H3 4 853
7R 2] Aol oF 175meld HP 4 FZ £ 5000m/hZ A4S 35+
}.

325K VLOC #H3&<4 wj#ax 9] Fig. 2-20] w2 Node ¥ & Table 3-99
2

Table 3-9 Specification of ballast piping system of 325K VLOC

Node Node Nom. Dia. Length(m) Elev.(m)
100 110 900A 11 14.45
110 120 900A 1 0
120 130 900A 175 0
130 140 900A 11 -14.45

325K VLOCE] it AZ7|E B3P A2 At Al4bE 3= Table 3-10, Table
3-11 9 Table 3-129} Zt}.

_25_
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Table 3-10 Ballasting time in case of steel, rusted with flow control
function for 325K VLOC

Collection @ kmou

Total Head

Accumulated | Pump disch. Pump loss at

Tank = lasti fl disch. | nead 0%

Level allasting ow isch. loss

time(h) rate(m’/h) head(m) (m, A) BWMS

’ (m, B)

0% 0.000 5000.0 38.95 8.64 6.96
10% 1.045 5000.0 38.95 8.64 6.96
20% 1.248 5000.0 38.95 8.64 6.96
30% 1.347 5000.0 38.95 8.64 6.96
40% 1.438 5000.0 38.95 8.64 6.96
50% 1.529 5000.0 38.95 8.64 6.96
60% 1.619 5000.0 38.95 8.64 6.96
70% 1.710 5000.0 38.95 8.64 6.96
80% 1.808 4300.7 40.96 6.40 5.15
90% 2.039 3465.9 43.04 4.16 3.35
100% 2.880 23974 45.19 1.99 1.60
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Table 3-11 Ballasting time in case of steel, mortar lined with flow

control function for 325K VLOC

Collection @ kmou

. Total Head
Accumulated | Pump disch. Pump loss at
Tank . . head
Level ballasting flow disch. loss uv
eve time(h) rate(m’/h) | head(m) (. A) BWMS
’ (m, B)
0% 0.000 5000.0 38.95 8.22 6.96
10% 1.045 5000.0 38.95 8.22 6.96
20% 1.248 5000.0 38.95 8.22 6.96
30% 1.347 5000.0 38.95 8.22 6.96
40% 1.438 5000.0 38.95 8.22 6.96
50% 1.529 5000.0 38.95 8.22 6.96
60% 1.619 5000.0 38.95 8.22 6.96
70% 1.710 5000.0 38.95 8.22 6.96
80% 1.806 4357.0 40.80 6.24 5.29
90% 2.035 3509.1 42.94 4.06 3.43
100% 2.866 2424.1 45.14 1.94 1.64
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Table 3-12 Ballasting time in case of plastic with flow control function
for 325K VLOC

Collection @ kmou

Total Head
Accumulated | Pump disch. Pump loss at
Tank . . head

Level ballasting flow disch. loss uv

eve time(h) rate(m’/h) | head(m) (. A) BWMS

’ (m, B)

0% 0.000 5000.0 38.95 7.96 6.96
10% 1.045 5000.0 38.95 7.96 6.96
20% 1.248 5000.0 38.95 7.96 6.96
30% 1.347 5000.0 38.95 7.96 6.96
40% 1.438 5000.0 38.95 7.96 6.96
50% 1.529 5000.0 38.95 7.96 6.96
60% 1.619 5000.0 38.95 7.96 6.96
70% 1.710 5000.0 38.95 7.96 6.96
80% 1.806 4390.2 40.71 6.15 5.37
90% 2.033 3533.0 42.88 4.00 3.48
100% 2.859 2437.4 45.12 1.92 1.65
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W Casel

Steel, rusted

80%

Ballasting Time (h)
= o w
[ wu N i w w

o
w

o

10% 20%

W Case2

30% 40%

Steel, mortar lined

50%

i Case3
Plastic

60% 70%

Tank Level

90% 100%

Fig. 3-4 Ballasting time calculation as per the different pipe
materials for 325K VLOC

Fig. 3-4= 325K VLOCY| wj# Aj=d 3

o)},

B AgAzt WEE AL

Table 3-13 Comparison of ballasting time as per the deviation of
material roughness with flow control function for 325K VLOC

Collection @ kmou

Case 1 Case 2 Case 3
(Steel, (Steel, (Plastic
rusted mortar lined =0.0025)
¢=0.5) ¢=0.1) v
Total Ballasting Time(h) 2.880 2.866 2.859
Difference 0.0% -0.5% -0.7%
- 29 -
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Aol ME 7)ol 2l BWMS A A 325K VLOCS] Wi A 534
M A7t WEE Table 3-13% 2tk 24 AR vt Sepag A2 )
B AE A B AL AR AR B AGATE BRELS 0% AL A

g o & ik olel@ A= 325K VLOCS] A%, 55K LPG &ikdst mm A
ga5 Fulge] Alo|=s) 00AR AA Zrhstel wjwe] AWl WaE
= BY5 AP 27 BE gael A9 GFo] gee & & Ak

=1
=

ot

23,000 TEU Holy Aute] A o+ wH =+ Fig 3-5¢ 2o
™ BWMS7} 71&#4 39 Deckoll A1, B¢ Fujde] =7]E 350A0]th,
BWMSelA NO.1 P ®AZAe]l Aol 200melw B¢ &S
1,500m*h= Al4+& 35

iﬂ

o
[

Cargoj Hold
Water |

Ballast [
Tank

Water
Ballast
Tank

Water
Ballast Ballast

\Tank — @ag %—A Tank /

Fig. 3-5 Sectional drawing of 23,000 TEU container vessel

Water

23000 TEU HHloly By widdA9 Fig. 2-20] @& Noded k2 Table
3-14¢} £,
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Table 3-14 Specification of ballast piping system of 23,000

TEU container vessel

Node Node Nom. Dia. Length(m) Elev.(m)
100 110 350A 8 11.19
110 120 350A 1 0
120 130 350A 200 0
130 140 350A 8 -11.19

23000 TEU HAH ol Aute] w3 AZ7]o & HFPF YA ALbE 3
+ Table 3-15, Table 3-16 ¥ Table 3-173 %t}

Table 3-15 Ballasting time in case of steel, rusted with flow control
function for 23,000 TEU container vessel

Accumulated ggﬁ? Pump Total HZ?dUI\(;SS

Tank Level ba}lastmg o aie disch. | head loss BWMS
time(h) (m’/h) head(m) | (m, A) (m, B)
0% 0.000 1387.6 23.31 20.72 5.39
10% 1.112 1348.1 24.16 19.57 5.09
20% 1.335 1307.4 25.02 18.42 4.78
30% 1.447 1265.2 25.87 17.26 4.48
40% 1.553 1221.6 26.72 16.11 4.18
50% 1.664 1176.3 27.57 14.95 3.87
60% 1.778 1129.0 28.41 13.78 3.57
70% 1.898 1079.6 29.25 12.62 3.26
80% 2.024 1027.7 30.09 11.45 2.96
90% 2.280 972.8 30.92 10.27 2.65
100% 3.028 9144 31.75 9.09 2.34
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Table 3-16 Ballasting time in case of steel, mortar lined with flow
control function for 23,000 TEU container vessel

Accumulated gg?ﬁ) Pump Total HZ?dUI\(;SS

Tank Level bqllastmg flow rate disch. | head loss BWMS
time(h) (m’/h) head(m) | (m, A) (m, B)
0% 0.000 1500.0 20.73 20.72 5.39
10% 1.029 1457.3 21.73 19.57 5.09
20% 1.235 1413.3 22.74 18.42 4.78
30% 1.339 1367.7 23.74 17.26 4.48
40% 1.437 1320.5 24.75 16.11 4.18
50% 1.539 1271.5 25.75 14.95 3.87
60% 1.645 1220.4 26.74 13.78 3.57
70% 1.756 1166.9 27.74 12.62 3.26
80% 1.872 1110.8 28.73 11.45 2.96
90% 2.110 1051.5 29.71 10.27 2.65
100% 2.802 988.4 30.69 9.09 2.34
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Table 3-17 Ballasting time in case of plastic with flow control
function for 23,000 TEU container vessel

Accumulated gllércn}? Pump Total HZ?dUI\(;SS

Tank Level bqllastmg flow rate disch. | head loss BWMS
time(h) (m’/h) head(m) | (m, A) (m, B)
0% 0.000 1500.0 20.73 16.24 5.39
10% 1.015 1500.0 20.73 16.24 5.39
20% 1.212 1500.0 20.73 16.24 5.39
30% 1.310 1454.5 21.80 15.32 5.07
40% 1.403 1403.6 22.96 14.32 4.72
50% 1.499 1350.7 24.11 13.31 437
60% 1.598 1295.6 25.26 12.30 4.02
70% 1.703 1238.1 26.40 11.28 3.67
80% 1.812 1177.6 27.54 10.26 3.32
90% 2.036 1113.8 28.67 9.23 2.97
100% 2.691 1046.1 29.80 8.20 2.62
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=== Case 1 === Case 2 === Case 3
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Fig. 3-6 Ballasting time calculation as per the different pipe materials for
23,000 TEU container vessel
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Table 3-18 Comparison of ballasting time as per the deviation of
material roughness with flow control function for 23,000 TEU
container vessel

Case 1 Case 2 Case 3
(Steel, (Steel, (Plastic
rusted mortar lined =0.0025)
¢=0.5) ¢=0.1) -
Total Ballasting Time(h) 3.028 2.802 2.691
Difference 0.0% -7.5% -11.1%

Al TREE FYs g A7 bE Bd5 A2 Table 3-199

Table 3-19 Comparison of ballasting time as per the different material
roughness with flow control function for different type of ships

Case 1 Case 2 Case 3
(Steel, (Steel, (Plastic Difference

. rusted mortar lined =0 0025’)) between
Ship Type ¢=0.5) «=0.1) F - Case 1 &

[ ) Case 3

Total Ballasting Time(h)
55K LPG Carrier 2.591 2.562 2.543 -1.9%
325K VLOC 2.880 2.866 2.859 -0.73%
23,000 TEU 3.028 2.802 2.691 S11.13%
Container Vessel
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Fig. 3-7 Comparison result of deviation of ballasting time with
flow control function as per ship type and pipe roughness

Fig. 3-72 Table 3-19¢] ZA#E HA HY F JEF UHed I90=2
325K VLOC$¢} 23,000 TEU ZH ol Auke] @y A AIZH2 55K LPG &Rt
Aol vt Frkeks AS & 4 ATk 325K VLOC2] 7 $-ol= 55K LPG &%t
Ao vlste] B4 Fulld Aol =Z7) 300A A 900AE 3u] AHA wjHH A
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Fig. 4-1 System diagram of UV BWMS for land-based test
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20183 79 AAT SHAE Zy= Table 4-13 2om 1A17He] S74A
717 &<+ 5 % BWMSel| &3t Hi {3 &4E2 18.56%% A= 2l
ATt

Table 4-1 Flow rate of BWMS and test facility
Duration of Flow rate of | Flow rate of test | Flow rate
test BWMS(m?/h) facility(m*/h) | decrease(%)
1 10:15~10:20 291.80 357.69 18.42
2 10:21~10:25 277.30 367.54 24.55
3 10:26~10:30 294.80 364.38 19.09
4 10:31~10:35 290.80 350.32 16.99
5 10:36~10:40 305.70 369.18 17.19
6 10:41~10:45 301.30 361.73 16.70
7 10:46~10:50 300.00 372.84 19.53
8 10:51~10:55 306.00 365.56 16.29
9 10:56~11:00 298.90 358.29 16.57
10 11:01~11:05 297.00 376.30 21.07
11 11:06~11:10 299.30 360.33 16.93
12 11:11~11:15 299.80 371.87 19.38
390
370 A— /\’/'/:’\ ,//E\ o
Ul .&\\ . e ™o

= 350 o

E 330

.

£ 310 ,

3 _ — .

o - 5l -

T 290 =
270
250
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&—BWMS
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55
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Fig. 4-2 Flow rate of BWMS and test facility during land-based test
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Fig. 4-2= Table 4-12] A8 & ©]&3sto] S5Evtth 534424 51 BWMS
#s 2] @A vehd Zlelth. FE 9 BWMS Ao 9§

BA
2 1856%= e o e AA WA oF T &4

SN

ol

42 AJ3ANE 23

4.2.1 UV BWMS F3ol| mE B3P AAIZE vl

UV &2 BWMS A4AE 7|2 Z De-ballasting 71=< 2w R™ BWMS &
I AL 5 Fo FYP5 AHYAIE HIE AT 4 o UV 2] BWMS
< o} Wi wf gz UVE xAste] AES AEAZIY =

g Aoldle AEd 2 A= e fsty dx7 @2 BIFFE A5

B2 de-ballasting Al A 2@ HEFe thxT HIFFY wjE AHS selsd
BWMS &3 A 9 B3 $o] FPF At wHstE

IMOS] BWMS #2l5<l 7lol wet AAl A3AES AN UV 32
BWMS7} A X5 Adule] A YL Table 4-29F Zth

_39_

Collection @ kmou



Table 4-2 Particulars of the testing ship

Particulars
Ship Type Car Carrier
Length(m) 199.1
Width(m) 323
Dead Weight(ton) 22,598
Gross Tonnage 55,598
Delivery Date 1995
Capacity of B;llllrajl‘;efump(m3/h) & 1,000 & 2

gl A Auke] p&IDE Fig. 4-3% Zth Fig. 4-3 a)e tizF @34 UV
BWMSE AXA 9k H&47} WEHE Wlasold b A8 BRI UV
BWMSE #AAHA d92 wZse WiEolth Fig 4-3 a9 b) 77te] By
A AZHE FASW UV BWMS B9 & 9 E3 o Azt FAT

4
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a) Piping diagram without passing BWMS and

filter
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A N,
N

—
i
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b) Piping diagram with passing BWMS and
without passing filter

Fig. 4-3 Piping diagram of UV BWMS for shipboard test during

de-ballasting operation

ARAIE 23] F<¢F Fig. 4-3 a) 2 b)et #Zo] UV BWMS &34 A 2 &3 %
BY < AYAIRE Hsk= oty Table 4-33 2t
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Table 4-3 Comparison of ballasting time during shipboard test

Case a) Case b) Increase
(without (with rate of
passing passing ballasting
BWMS) BWMS) time
Test No.1 . .
(Ballast capacity: 470m°) 28min 36min 28.5%
Test No.2 . .
(Ballast capacity: 405m’) 28min 34min 21.4%
Test No.3 . .
(Ballast capacity: 383m°) 25min 30min 20%
Average 27min 33min 22.2%
o ATollA AAIRE FAAY HFS s sl AHre] UV BWMS A
A AR AR F PR A A BF 44 Auot Bede Bd An R
o WA AZL Ptk YU BB B WX FFABre
g FEFEA Tlse AT BT AYAZD AL Ao AR Ao
Mg ot BEF ALPAZ F7bo] S FFH mws sPshyck
Table 4-3¢] A&} o] UV BWMS &3 A B A A X B 22.2%
Z7khe A ¢ & 9lem o] e Table 3-49) 7414} Aol 20.4%9F 2 &
o7 flaS & F Utk

4.2.2 UV BWMS 28 &3 B& #F vl

Fig. 4-4 a)= A4AE Al A-sAx ZE] 2 UV BWMSE BHA A AEAE
(©)

Aoe FAstonR o] Aol oA FFE FAL = Aok W, Fig.
4-4 D)E TEZ vlo|g) 231 BWMSE E#319<S wfo] e s 4 g
o Fig. 4-49} Zo] U3 & Hd =& 752 W 29 T34 A =

Fol £ WsE FAY 5 Yok
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a) Piping diagram with passing BWMS and
without passing filter
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Fig. 4-4 Piping diagram of UV BWMS for shipboard test during ballasting
operation
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Table 4-4 Flow rate deviation with/without passing through auto-back

flushing filters

[e)
3 4

Fig. 4-5 2 Fig. 4-6 FE E3}o]
FASS 2] A 23 Z FHE R7]5A T

A

1202

1002

802

602

Flow rate{m?/h)

202

NO.1

Test Cycle

NO.2

Test ) 3 Decrease rate
Operation Flow rate(m’/h)
cycle of flow rate(%)
Flow rate passing through 1029
NO.1 BWMS with by-'passmg filter 13.60
Flow rate passing through 889
BWMS and filter
Flow rate passing through 1066
NO2 BWMS with by-'passmg filter 10.88
Flow rate passing through 950
BWMS and filter
Flow rate passing through 081
NO3 BWMS with by-.passmg filter 1732
Flow rate passing through i
BWMS and filter
€ 7% W3 7= 3 Hx /8 U

NO.3

BBWMS only @ BWMS and Filter

Fig. 4-5 Flow rate deviation
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